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CHAPTER I 
 

INTRODUCTION 

In this chapter, the overall concept of this thesis is introduced. It includes 

background and importance, objective, scope, benefit, and procedure of our research. 

Details of them are described as follows. 

1.1  Background and importance of research 

Nowadays, there is a high competition among software developers in software 

development industry. Therefore, software developers have to find ways to reduce cost 

of software development process as much as they can in order to decrease software 

production cost to gain competition advantage in the software market. Software reuse 

[1] is one of efficient approaches to support this idea. There are many components of 

software which can be reused. Each of them may be a consequent product from early 

phases of software development process, and reusing software components is more 

efficient when they are reused in early phases of software development process such as 

requirements analysis phase. When those software components are reused in the early 

phases, their consequent products in the following phases can be identified and reused 

too. This finally leads to reduction in the time and cost of software production and to 

increase software quality. 

In requirements analysis and design phase, UML (Unified Modeling Language) [2] 

is always selected among software developers to represent user’s requirements and 

software characteristics from many points of view and it helps developers to plan 

activities in the next phases efficiently. The UML is composed of many kinds of 

diagrams, but one of them which is very important for requirements analysis phase is a 

use case diagram. This diagram is always used for capturing user’s requirements and 

for indicating software functional requirements. Moreover, it is also used as an 

agreement between users and developers. Each use case has a use case description 

associated with it. It is used for describing details of each use case. A use case 

description counts as a software component in requirements analysis phase which can 
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be efficiently reused [3]. Due to the fact that the details of use case descriptions are 

collected in a natural language or textual format, information storage and retrieval theory 

can be applied for use case retrieval. Therefore, some theories of information storage 

and retrieval such as automatic indexing, weighting system, similarity computation, and 

retrieval evaluation can be applied in use case reuse process.    

According to several research conducted on this issue at the moment, there are 

many related works [4-7] about use case retrieval but they still have some 

disadvantages such as high complexity for users, low performance process, manual 

process, and lack of use case structure consideration. For example, in Woo’s research 

[7], low usability is emerged because the users have to generate normal flow of events 

as query data. In addition to low usability, his approach has low performance because 

those query data is transformed into graph format. Using similarity computation between 

query data and data in the collection by using graph format is time consuming. For 

another disadvantage, Blok’s research [5] is manual processing in both storage and 

retrieval process. Some activities in his approach are performed by the specialists. 

Those activities depend on experience of the specialists, and the retrieved results may 

be biased. Another disadvantage which is very important is lack of use case structure 

consideration. All current related research [5-7] do not consider the whole structures of 

use cases. Some research [5, 7] consider only normal flow of events of use cases while 

the other [6] does not consider use case structure. Thus, the retrieved results may not 

be efficient because of missing use case structure consideration. 

From those limitations, this thesis proposes an approach to reduce disadvantages 

in previous works. It presents an approach for retrieving use cases by using terms and 

use case structure similarity computation. Some information storage and retrieval 

theories are applied to some processes of the approach. Weighting technique is also 

applied to consider all structures of a use case by weighting each component of them. 

Retrieving use cases by considering their structure helps developers to retrieve them 

more efficient than retrieving them by considering only their terms.      

 

 

 



 3

1.2  Research objective 

1. To design an approach for retrieving use cases by considering terms and use 

case structure similarity between use case query and use cases in the 

collection. 

2. To develop a tool for testing concept of this approach. 

1.3  Research scope 

1. The developed tool supports only the storage and retrieval process. 

2. Input of the storage process is use case descriptions, and output is a set of 

indices and its weighted values stored in the library.  

3. Input of the retrieval process is a set of keywords in a use case query and 

weighted values generated by the users, and output is a list of use case 

descriptions. 

4. Input of the evaluation process is a list of relevant use cases defined by the 

users, and output is the value of recall, precision, and harmonic mean. 

5. Recall, precision, and harmonic mean are 3 metrics for comparing the results 

of this approach.  

6. Output of the retrieval process displayed by the tool is only first 10 use cases 

which their similarity value are more than a predefined threshold value. 

7. Output of the retrieval process may not be displayed by the tool if no use 

case description has similarity value more than a predefined threshold value. 

8. The approach supports use case descriptions in only English language. 

9. The number of test data is 16 systems specified with use case description, 

and each system has the number of use case descriptions at least 10. 

10. The approach does not handle ambiguous term, so terms which are the same 

word are considered as the same meaning. 

1.4  Research benefit 

1. A developed tool from this approach can be used for use case retrieval. 

2. The proposed approach helps users to reduce cost and time in software 

development process.  
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3. The proposed approach is a model for researchers who are interested in 

software reuse and information storage and retrieval. 

1.5  Research procedure 

The research procedure is composed of two main parts, proof of concept and tool 

development. 

Part 1 : Proof of concept 
1. Select system domain and study use case diagram of each domain including 

its use case description in details. 

2. Analyze and design the overview approach for retrieving use cases. 

3. Design processes for storing use cases in a proper form which is convenient 

for retrieval.  

3.1 Design automatic indexing process. 

3.2 Design term weighting process. 

4. Design processes for retrieving use cases which are relevant to user’s use 

case query. 

4.1 Design an algorithm for computing terms similarity between user’s use 

case query and each use case in database. 

4.2 Define weighted values for each element of use case structure for 

computing structure similarity between user’s use case query and each 

use case in database. 

4.3 Design an algorithm for computing terms and structure similarity 

between user’s use case query and each use case in database. 

5. Select some metrics for evaluating the system results. 

6. Test the proposed approach by the developed tool with test data which is a 

set of example use cases.  

7. Evaluate system results with selected metrics. 

8. Summarize the results and the proposed approach and document thesis. 

Part 2 : Tool development 
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9. Design overview architecture of the tool for supporting storage and retrieval 

process. 

10. Design function of the tool. 

11. Design user’s interface of the tool. 

12. Design relational database structure. 

13. Develop the designed tool. 

1.6 Research organization 

In this thesis, the overview concept of the proposed approach is introduced in 

chapter 1. After that, background theories such as software reuse, use case diagram, 

information storage and retrieval, and some related research are mentioned in chapter 

2. In chapter 3, the approach for retrieving use cases is described in detail. It includes 

storage, retrieval, and evaluation process. In chapter 4, design and development of 

supporting tool are described. The objective, method, and procedure of our experiment 

including their results are described and discussed in chapter 5. Finally, research 

summary and future works are mentioned in chapter 6. The overall procedure of our 

research is shown as the activity diagram in figure 1.1.     
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Figure 1.1  The activity diagram of research procedure 



CHAPTER II 
 

CONCEPT, THEORIES, AND RELATED WORKS 

In this chapter, concept, theories, and related works which are related to our 

research are introduced. They are both approach part and tool development part. Their 

details are described as follows. 

2.1  Concept and theories 

2.1.1  Software reuse 

Software reuse [1, 3, 8] is the process of creating software systems from 

existing software rather than building software systems from scratch. Software 

systems are generally composed of many parts or components. The components 

of each new software system can be assembled from predefined reusable 

components. Reusable components may be program sourcecode, but the bigger 

benefits from software reuse often come from a broader and higher-level view of 

reusable components. Software specifications, designs, test scripts, project plans, 

documentation, object frameworks, and subroutines are all examples of reusable 

components [3]. In general, any software components could be produced from 

reusable components. Increasing opportunities to reuse enables significant 

software productivity, quality and cost improvements. The major benefits of 

software reuse [8] are to  

• increase software productivity  

• shorten software development time  

• develop software with fewer people 

• move personnel, tools and methods more easily from project to project 

• reduce software costs 

• produce better quality software 

• improve software system interoperability 

• provide a competitive advantage 
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In the ideal case, reuse in the software development life cycle is performed 

at a higher, broader level such as planning or requirements analysis phase. 

Examples of reusable software components in this phase are prose, use cases, 

state diagrams, sequence diagrams, data flow diagrams, and sketch user 

interfaces.   

2.1.2  A use case diagram 

A use case diagram [2] is one of the UML diagrams always used for 

capturing functional requirements from requirements specification in requirements 

analysis phase. It can indicate the capabilities of a software system, so it can be 

used as an agreement between users and developers. Moreover, it is used for 

planning activities in the following phases of software development process. A use 

case diagram consists of many parts; there are a set of actors, use cases, and 

their relationships. An example of a use case diagram of credit card validation 

system is depicted in figure 2.1. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1  An example of the use case diagram for credit card validation system 
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2.1.2.1  Components of a use case diagram 

There are many components of a use case diagram. An illustration of 

them is shown as an example in figure 2.2, and details of them are 

described below the figure.  

 

Cellular Telephone

Cellular network

User

Place phone call

Receive additional
call

Place conference
call

Use scheduler

Receive phone call
Actor

Relationship

System
boundary

Use Case

Relationship

 
Figure 2.2  An example of components of a use case diagram 

 
1) Use case: In UML, a use case is a complete task of a system that 

provides a measurable result of value for an actor. More formally, 

a use case defines a set of use case instances or scenarios. 

Graphically, a use case is rendered as an ellipse. 

2) Actor: An actor is someone or something outside the system that 

interacts with the system. It can be connected to only use cases 

by association relationship. 

3) Relationship: Relationship is a semantic connection between 

model elements. In a use case diagram, relationships are 

consisted of associations, dependencies, and generalizations. 

Graphically, a relationship rendered as a path, with different kinds 
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of lines used distinguish the kinds of relationships. An example of 

relationships is illustrated in figure 2.3. 

 
Order Processing System

Customer

Customer rep

Manager

Request pricing

Get order status

Place order

Request catalog

Cancel order

Update account

Manage inventory

Monitor activity

Server

Accounting system

<<Include>>

Generalization

Association

<<Include>>

<<Extend>>

 
Figure 2.3  An example of relationships of a use case diagram 

 

• Dependency is a relationship between use cases working 

together. The dependency relationship can be divided in 

two sub-relationships which are “include” and “extend”. 

Include is a relationship from a base use case 

to an included use case specifying how the behavior 

defined for the included use case can be inserted 

into the behavior defined for the base use case. 

Extend is a relationship from an extending use 

case to a base use case specifying how the behavior 

defined for the extending use case can be 



                                    
                             

 

11 

operationally inserted into the behavior defined for 

the base use case. 

• Generalization is a relationship between a general thing 

(called the superclass or parent) and a more specific kind 

of that thing (called the subclass or child). Generalization is 

sometimes called an "is-a-kind-of" relationship. 

Generalization can be a relationship between both use 

cases and both actors. 

• Association is a structural relationship that specifies that 

objects of one thing are connected to objects of another. In 

a use case diagram, the objects are use cases and actors, 

so an association in use case diagram is a relationship 

between use cases and actors. 

2.1.2.2  A use case description 

A use case description [9, 10] is a document describing details of a 

use case. The elements of a use case description are not standardized but 

the fundamental elements of it which cover important content and which are 

generally used consist of 12 elements. The examples [11] of a use case 

description for withdrawing funds and transferring funds are depicted in 

figure 2.4 and 2.5, and details of them are described as follows.  

• Use Case Name: Use case name is a name of use cases. Every 

use case must have a name that distinguishes it from other use 

cases. 

• Objective: An objective is a part describing about an objective 

of use cases. 

• Actor: An actor is someone or something outside the system 

that interacts with the system. 
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• Relationship: Relationship is a semantic connection between 

model elements. In a use case description, relationships are 

composed of 4 sub-elements; there are  

• Association 

• Include 

• Extend 

• Generalization 

• Precondition: Precondition is a constraint that must be true 

when a use case is invoked. 

• Postcondition: Postcondition is a constraint that must be true 

when a use case has ended. 

• Normal Flow of Events: Normal flow of events is the part of a 

use case that describes its most common implementation. The 

basic flow is written assuming that no errors or alternatives exist. 

Also called basic path or normal path. 

• Subflow: In some cases, normal flow of events can be 

decomposed into a set of subflows to keep the normal flow of 

events as simple as possible. 

• Alternative or Exceptional Flow of Events: Alternative or 

exceptional flow of events is the part of a use case that 

describes its alternative implementations. It is also used to 

describe error conditions, since errors can be considered a 

kind of alternative. It is also called alternative path.  
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Figure 2.4  An example of a use case description for withdrawing funds 

 
Use Case Description for Withdrawing Funds 

 
Use Case Name : Withdraw Funds 

Objective : 
Customer withdraws a specific amount of funds from a valid 

bank account 
Actor : ATM Customer 

Association : ATM Customer 
Include : - 
Extend : - 

Relationship : 

Generalization : - 
Precondition : ATM is idle, displaying a welcome message 
Postcondition : Customer funds have been withdrawn 

Normal Flow of 
Events : 

1. Customer inserts the ATM card into the card reader. 
2. The system reads the card number. 
3. System prompts customer for PIN number. 
4. Customer enters PIN. 
5. System checks the expiration date and whether the 

card is lost or stolen. 
6. System checks whether the user-entered PIN 

matches the card PIN maintained by the system. 
7. System checks what account are accessible with the 

ATM card. 
8. System displays customer accounts and prompts 

customer for transaction type. 
9. Customer selects Withdrawal, enters the amount, 

and selects the account number. 
10. System checks whether customer has enough funds 

in the account. 
11. System authorizes dispensing of cash. 
12. System dispenses the cash amount. 
13. System prints a receipt. 
14. System ejects card. 

Subflow : - 

Alternative or 
Exceptional Flow of 

Events : 

2-a. If the system does not recognize the card, the card is 
ejected. 
5-a. If the system determines that the card has expired, 
the card is confiscated. 
5-b.  If the system determines that the card has been 
reported lost or stolen, the card is confiscated. 
6-a. If the customer entered PIN does not match the PIN 
number for this card, the system re-prompts for the PIN. 
6-b. If the customer enters the incorrect PIN three times, 
the system confiscates the card. 
7-a. If the system determines the account number is 
invalid, it ejects the card. 
10-a. If the system determines there are insufficient funds 
in the customer’s account, it ejects the card. 
11-a. If the ATM out of funds, the system displays an 
apology, ejects the card, and shuts down the ATM. 
If the customer enters Cancel, the system cancels the 
transaction and ejects the card. 
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Figure 2.5  An example of a use case description for transferring funds 

 
A Use Case Description for Transferring Funds 

 
Use Case Name : Transfer Funds 

Objective : 
Customer transfers funds from one valid bank account to 

another. 
Actor : ATM Customer 

Association : ATM Customer 
Include : - 
Extend : - 

Relationship : 

Generalization : - 
Precondition : ATM is idle, displaying a welcome message 
Postcondition : Customer funds have been transfered 

Normal Flow of 
Events : 

1. Customer inserts the ATM card into the card reader. 
2. The system reads the card number. 
3. System prompts customer for PIN number. 
4. Customer enters PIN. 
5. System checks the expiration date and whether the 

card is lost or stolen. 
6. System checks whether the user-entered PIN 

matches the card PIN maintained by the system. 
7. System checks what account are accessible with the 

ATM card. 
8. System displays Transfer, enters amount, from 

account, and to account. 
9. Customer selects withdrawal, enters the amount, 

and selects the account number. 
10. System performs the transfer. 
11. System prints a receipt. 
12. System ejects card. 

Subflow : - 

Alternative or 
Exceptional Flow of 

Events : 

2-a. If the system does not recognize the card, the card is 
ejected. 
5-a. If the system determines that the card has expired, 
the card is confiscated. 
5-b.  If the system determines that the card has been 
reported lost or stolen, the card is confiscated. 
6-a. If the customer entered PIN does not match the PIN 
number for this card, the system re-prompts for the PIN. 
6-b. If the customer enters the incorrect PIN three times, 
the system confiscates the card. 
8-a. If the system determines the from account number is 
invalid, it ejects the card. 
8-b. If the system determines the to account number is 
invalid, it ejects the card. 
10-a. If the system determines there are insufficient funds 
in the customer’s from account, it ejects the card. 
If the customer enters Cancel, the system cancels the 
transaction and ejects the card. 
 



                                    
                             

 

15 

2.1.3  Information storage and retrieval 

The information storage and retrieval theory relating to this thesis has 3 main 

processes. They are storage, retrieval, and evaluation process. Details of them 

applied to this thesis are described in this section. 

2.1.3.1  Information storage process 

In storage process, the processes included in this thesis are 

automatic indexing and term weighting system [12, 13]. Both of them are 

described in details as follows.  

2.1.3.1.1  Automatic indexing 

The indexing task applied to a use case description consists of 

assigning to each stored item terms, or concepts, capable of 

representing use case content. Therefore, automatic indexing is a 

process which usually considered worthwhile to preprocess the text of 

the documents in the collection to determine the term to be used as 

index terms because the computer storage of the full text of 

documents is expensive and is rarely possible except as a by-product 

of automatic typesetting operations. During automatic indexing 

process, some text operations can be performed such as elimination 

of stopwords and stemming (reduction of a word to its grammatical 

root). The activity diagram of indexing process is depicted in figure 

2.6, and details of each step are introduced as follows. 
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Figure 2.6  The activity diagram of indexing process 

 

1) Parsing information from the use cases is to separate each word 

from the use cases for preparing them to the next step.  

2) Eliminating words from the stop list is removal of stopwords 

from a stop list because these words are poor discriminators 

and cannot be possibly used by themselves to identify use case 

content. In English, about 425 common words are involved, and 

it is easy to include them in a dictionary or the stop list [14].    

3) Stemming words into its grammatical root is to reduce the 

original words to word stem for reducing a variety of different 

forms. The generation of word stems, and subsequent 

identification of common stems, is relatively easy to do in 

English and serves as a recall enhancing device. One of the 

models for stemming words which is popular is Porter’s 

algorithm [15]. 
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4) Eliminating high frequency words is the following step from 

eliminating words from the stop list. The purpose of this step is 

to eliminate high frequency function words because they are 

considered as poor discriminators.  

2.1.3.1.2  Term weighting system 

Term weighting system is the process of assigning each term a 

weight, or value, reflecting its presumed importance for purposes of 

content identification. The first and most obvious place where 

appropriate content identifiers might be found is the text of the use 

cases themselves. Currently, there are many techniques for term 

weighting system but a simple technique used in this thesis for the 

extraction of content terms from documents and a document excerpts 

and with the assignment of term weights in order of term importance is 

the inverse document frequency (IDF) weighting system. It is 

computed as equation (1). 

 

k

ik
ik TotFreq

Freq
W

  
  =                                (1) 

 

Where Wik  is a weighted value of term k in document i. 

 Freqik is a frequency of term k appearing in document i. 

TotFreqk  is a total frequency of term k appearing in the collection. 

In IDF weighting system, a composite expression measuring the 

importance, or weight, of term k in a given document i would increase 

as the frequency of the term in the use case, Freqik, increases but 

decrease as the document frequency TotFreqk increases. 
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2.1.3.2  Information retrieval process 

In retrieval process, the important process is similarity computation. 

This computation is to find similarity between a set of user’s query terms and 

a set of terms represented documents in the library. The similarity 

measurement often used is Dice’s coefficient [12] defined as equation (2). 
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Where Similarity(Doci ,Queryj) is a similarity value between document i and 

query j. 

Termik is the weighted value of term k assigned to the document i. 

QTermjk  is the weighted value of term k assigned to the query j. 

2.1.3.3  The evaluation process 

The purpose of evaluation is to measure the performance of the 

system. This measure can reflect performance of an information storage and 

retrieval system. For evaluation process [12, 13], there are 3 metrics applied 

to this thesis; that is recall, precision, and harmonic mean. Their details are 

introduced as follows. 

1) Recall 

Recall is defined as the proportion of relevant documents 

retrieved. It is given by the equation (3). 

 

NRetRelRetRel
RetRel  Recall  
+

=      (3) 

 

Where RetRel is the number of retrieved and relevant documents. 

NRetRel is the number of relevant but not retrieved documents. 
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2) Precision 

Precision is the proportion of retrieved documents that is 

relevant. It is given by the equation (4) 

 

RetNRelRetRel
RetRelPrecision
+

=         (4) 

 

The variable extending from those of recall is RetNRel which is the 

number retrieved but not relevant documents. 

3) Harmonic mean 

Harmonic mean is a single measure which combines recall and 

precision. It assumes values in the interval [0, 1]. It is 0 when no relevant 

documents have been retrieved and is 1 when all ranked documents are 

relevant. Further, the harmonic mean F assumes a high value when both 

recall and precision are high. Therefore, determination of the maximum 

value for F can be interpreted as an attempt to find the best possible 

compromise between recall and precision. Harmonic mean is computed as 

the equation (5). 
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Where F(j) is the harmonic mean F. 

r(j) is the recall for j-th document in the ranking. 

p(j) is the precision for j-th document in the ranking. 
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2.2  Related works 

2.2.1  Reusing use case descriptions for requirements specifications: Towards 
use case patterns [6] 

The purpose of this research is to present a pattern for reusing requirements 

specification. This requirements specification received from its pattern can be 

transformed into use case descriptions collecting the details of use cases. This 

research also presents a template of a use case description for collecting those 

requirements specification. However, this research can reuse only the pattern for 

getting requirements specification, but it cannot reuse information of that 

requirements specification. 

 Therefore, in this thesis, the approach for reusing requirements 

specification collected in a new use case description template is proposed. It 

covers both storage and retrieval process.  

2.2.2  Reuse of scenario specifications using an automated relational learner: A 
lightweight approach [7] 

The purpose of this research is to present a technique for reusing use case 

diagrams using a lightweight approach. The authors of this research develop the 

tool named “ScenAsst” for reusing use case diagram conveniently. The main 

processes of ScenAsst are storage and retrieval process. For their storage 

process, ScenAsst transforms information of use cases into graph format, clusters 

them, and then storing them into the library. In their retrieval process, user’s query 

data is transformed into graphs and is compared similarity to graphs collected in 

the library. Thus, this technique can reuse use cases by considering some 

structures of them but it is high complexity in comparing similarity process 

causing time consumption in consequence. 

For improving usability and performance in their process, this thesis 

proposes the approach using textual format as input data instead of graph format.  
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2.2.3  Reusing UML specifications in a constrained application domain [5] 

The purpose of this research is to present a method for reusing UML 

specifications focusing on use case diagrams. The proposed method applied the 

information storage and retrieval theory to its process. In storage process, a set of 

indices from use case descriptions is identified and clustered by the experts while 

retrieval process, a user has to generate query data in English text and those data 

is transformed into a set of indices. A set of indices from the library and from the 

user’s data is computed to similarity scores. The highest similarity score of use 

cases can indicate to the most relevant use cases to the user’s query data. This 

method has the experts generate indices for both storage and retrieval process. 

Thus, the results are rather precise. On the other hand, the retrieved results from 

work supported by the experts are depended on their experience, so they may be 

bias and did not develop a tool for supporting this method automatically.      

To reduce those limitations, this thesis proposes automatic processes for 

reusing use cases in both storage and retrieval process, so it can be supported 

by a developed tool and the results of them do not depend on the experience of 

the experts.   

 



CHAPTER III 
 

THE APPROACH 

In this chapter, the approach for retrieving use cases using terms and use case 

structure similarity computation is described. The details of them are described in this 

section. 

The activities of our approach consist of 3 main processes. They are storage, 

retrieval and evaluation process. They are depicted as the activity diagram in figure 3.1. 

In our approach, a tool is developed for supporting the storage and retrieval process, 

but not in the evaluation process. This tool can help users to store and retrieve use 

cases automatically. The steps of the overview approach are briefly introduced as 

follows. 

Step 1 : Use case collection and index creation 
1) Use cases developed from some example domains are collected. 

2) Use cases are transformed into a set of indices and their weighted values. 

(See details in use case collection and index creation, section 3.1) 
Step 2 : Query generation and retrieval process 
3) A user’s use case query and its weighted values are generated in a 

predefined use case format.  

4) A user’s use case query is transformed into a set of indices. 

5) A set of use cases from the collection is retrieved according to their similarity 

with the user’s use case query.  

6) A set of retrieved use cases is selected and presented to a user. 

(See details in query generation and retrieval process, section 3.2) 
Step 3 : System evaluation 
7) The retrieved use cases are evaluated which one is relevant or irrelevant to 

the user’s use case query in order to compute recall, precision, and harmonic 

mean. (See details in system evaluation, section 3.3) 
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Figure 3.1  The activity diagram of the overview approach 



                                    
                             

 

24 

3.1  Use case collection and index creation 

The activities of this step are shown as the activity diagram in figure 3.2 and 

details of them are described in the below figure. 
 

Generate indices from use cases

Weight each index

A set of indices

A weighted value of each index

Store to the library

 
Figure 3.2  The activity diagram of index creation 

 

• After a user collects use cases, natural English language collected in 

use cases are parsed and transformed to be a set of indices by using 

automatic indexing process mentioned in section 2.1.3.1.1. The output 

of this step is a set of indices. 

• Each index is weighted by using inverse document frequency (IDF) 

technique introduced in section 2.1.3.1.2. The weighted value of each 

index is the output of this step. 

• All indices and their weighted values are stored into the database as an 

inverted file. 
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3.2  Query generation and retrieval process 

The activities of this step are shown as the activity diagram in figure 3.3 and the 

details of them are described in the below figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.3  The activity diagram of retrieval process 
 

• Firstly, a user has to generate a simple use case as query data. The 

simple use case is composed of a set of keywords. The user’s use case 

query is transformed into a set of indices by automatic indexing 

process which is the same as those in the index creation step.  

• A user defines weighted values of each element of use case query. 

These weighted values are used as a factor in similarity computation.  

• Similarity scores between each element of user’s use case query and 

each element of each use case collected in database is computed by 
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equation (6). Output of this computation is a set of similarity scores 

between each element of the user’s use case query and each element 

of each use case in the collection. 
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Where 

Emi is an element m of use case i. 

Emj is an element m of use case j. 

Termmik is 1 when term k appears in element m of use case i and is 0 

when term k does not appear in element m of use case i. 

Termmjk is 1 when term k appears in element m of use case j and is 0 

when term k does not appear in element m of use case i. 

Wik is the weighted value of term k in use case i introduced in section 

2.1.3.1.2 in the equation (1).  

• Similarity scores between user’s use case query and each use case in 

the collection are computed by equation (7). Output of this computation 

is a set of similarity scores between user’s use case query and each 

use case in the collection. 
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Where  

Similarity(UCi,Queryj) is the similarity score between user’s use case 

query and each use case in the library.  

Similarity(Emi,Emj) is the similarity between each element of use case i 

and query use case j computed by equation (6).   
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WEm is the weighted value of the element m defined by the user. 

TotalWeight is the summary values of weighted values (WEm) of all 

components. 

• The results which are the use cases in the collection have topmost T 

similarity scores computed from equation (7) are displayed. Where T is 

the predefined threshold number. 

3.3  The system evaluation 

The activities of this step are shown as the activity diagram in figure 3.4 and their 

steps are described as follows. 

• In the first step of a system evaluation, a user has to identify all use 

cases with relevant to his/her use case query in the library. This 

information is used for computing the values of metrics such as recall, 

precision, and harmonic mean. 

• The values of the metrics are computed by the equation (3), (4), and 

(5). Details of them were introduced in section 2.1.3.3. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.4  The activity diagram of the evaluation process 



CHAPTER IV 
 

TOOL DEVELOPMENT 

In this chapter, details of tool development for supporting use case retrieval in our 

approach are described. These details are composed of supporting tools, tool 

architecture, function of the tool, and data model. 

4.1 Supporting tools 

4.1.1  Apache Tomcat web server 

Web server is a program to operate information or source code of a domain 

system contained in its server. A client can request information or operation via 

web browser, so web server can retrieve data collected in database server in 

order to operate client’s requested information or operation. Finally, web server 

sends client’s requested information or operation back to the client.  

Apache Tomcat web server is a web server program which is a freeware. It 

can support operation on many platforms such as UNIX, Linux, or Windows 

platform, and can support work on hypertext transfer protocol (HTTP). Therefore, 

this program is selected to be our supporting tool.  

4.1.2  MySQL database server 

Database server is a program to maintain data of a domain system. Data 

collected in this server is designed to reduce data redundancy, and to keep data 

consistency. Thus, some relationships among those data collected in a form of 

entities or tables are identified. Database server can maintain these relationships 

of data in a domain.  

MySQL database server is a database server program which can manage 

or maintain data collected in its server. This program is a freeware program, so it is 

also selected to be our supporting tool. 
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4.1.3  Java Server Page (JSP) 

Java Server Page is a script language which can support web application 

for a system domain. JSP normally works together with hypertext markup language 

(HTML). An application domain developed from JSP is collected in a web 

application server or a web server to be processed when a client requests 

information or operation. 

JSP is one of java technology, so it can work in many platforms. In addition, 

JSP is also freeware program; therefore, it is selected to be our supporting tool 

too.    

4.2  Tool architecture 

The developed tool is a web based application using 3 tiers architecture. These 

tiers are web browser, web server, and database server. The architecture of developed 

tool is shown as component diagram in figure 4.1. 
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Server

Client

Apache Tomcat Web Server

MySQL Database Server

Web Browser

HTTP

 

Figure 4.1  The component diagram of developed tool architecture 

4.3  Function of the tool 

The developed tool has 2 main functions which are use case storage and retrieval. 

In use case retrieval, this function can be divided to 2 subfunction; there are query use 

cases by use case keywords, and query use cases by use case structure. The menu 

screen of use case retrieval system is illustrated in figure 4.2. 
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Figure 4.2  The menu screen of use case retrieval system 

The menu screen has 4 topics to be selected. The description of each topic is 

briefly introduced as follows. 

•  Use case storage is for a use case collector to store use cases into the 

collection. Details of this function are described in section 4.3.1. 

•  Use case query by keywords is for a user who wants to retrieve use 

cases from the collection to retrieve them by keywords. Details of this 

function are described in section 4.3.2. 

• Use case query by use case structure is for a user who wants to retrieve 

use cases from the collection to retrieve them by use case structure. 

Details of this function are described in section 4.3.3. 

• The experiment is for a tester to test effectiveness of our use case 

retrieval system. Details of our experiment are described in detail in 

chapter 5.   

4.3.1 Use case storage 

Use case storage is a screen for a use case collector to collect use cases 

into the collection. A use case collector can insert use case information in the 

“Store Use Case” screen. This screen is shown in figure 4.3 
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Figure 4.3  The use case storage screen of use case retrieval system 

The input text area behind “Diagram ID” is an area for inserting an ID of a 

use case diagram or a use case domain, and the input text area behind “Use 

Case ID” is an area for inserting ID of a use case description in the use case 

domain. For other input text areas, they are areas for a use case collector to insert 

use case information in each component of use case. When the use case collector 

selects “Submit” button, the inserted use case information is transformed into a set 

of terms or indices by automatic indexing process described in section 2.1.3.1.1, 
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and then collected in the database. On the other hand, the use case collector can 

clear all fields in the screen by selecting “Reset” button.   

4.3.2 Use case retrieval by use case keywords 

Use case retrieval by use case keywords is a screen for a user who wants to 

query or retrieve use cases by keywords. The user has to generate keywords 

which he/she thinks they are relevant to his/her wanted use case description or 

use case domain. The use case retrieval by use case keywords screen is shown 

in figure 4.4. 

Figure 4.4  The use case retrieval by use case keywords screen of use case retrieval 

system 

The user can generate just one or more keywords. When the user selects 

“Query” button, the user’s generated keywords are transformed into a set of terms 

or indices, and then compared similarity with each use case in the collection by 

Dice’s coefficient in equation (6), described in section 3.2. The results of query are 

shown in the next section. On the other hand, the user can clear the keyword field 

in the screen by selecting “Reset” button.   
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4.3.3 Use case retrieval by use case structure 

Use case retrieval by use case structure is a screen for a user who wants to 

query or retrieve use cases by use case structure. The user has to generate 

keywords in each use case component and identify weighted value of each use 

case component. The range of weighted value is the integers from 1 to 5, where 1 

is the minimum weighted value, and 5 is the maximum weighted value. The use 

case retrieval by use case structure screen is shown in figure 4.5. 

Figure 4.5  The use case retrieval by use case structure screen of use case retrieval 

system 
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The user can generate no, just one, or many keywords in each component, 

and select weighted value in the component he/she generated keywords. When 

the user selects “Query” button, the user’s generated keywords are transformed 

into a set of terms or indices, and then compared similarity with each use case in 

the collection by the equation (7), described in section 3.2. The results of query 

are shown in the next section. On the other hand, the user can clear the keyword 

field in the screen by selecting “Reset” button.  

The result of use case retrieval screen is shown in figure 4.6. The system displays 

only first 10 use cases which their similarity value are more than a predefined threshold 

value. 

Figure 4.6  The use case retrieval result screen of use case retrieval system 
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The “No” area in the screen is the order of use cases which was retrieved. The 

“ID” is an ID of use cases. “Use Case Name” is the name of retrieved use cases, and 

“Use Case Domain” is the name of use case domain of use cases which was retrieved.  

4.4 Data model 

The use cases collected in use case retrieval system is transformed and collected 

in relational database management system (RDBMS). The information collected in this 

database is not only use case information, but also experiment information such as 

tester information, query information, and result information. All information collected in 

this relational database management system is designed as the entity relationship 

diagram depicted in figure 4.7. 

 

 

 

 

 

 

 

 

 

 

Figure 4.7  The entity relationship diagram of use case retrieval system 
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All information collected in this relational database management system can be 

separated into 12 tables. Details of each table are briefly introduced in table 4.1 to 4.11 

as follows. 

Table 4.1  Use case details 
Table name : UseCase 

Table description : This table is to collect use case details 

Name Type Description 

UCID Char (4) ID of a use case 

UCDomainID Char (2) ID of a use case domain 

Name Text Name of use case 

Objective Text Objective of use case 

Actor Text Actor of use case 

Association Text Association relationship of use case 

Include Text Include relationship of use case 

Extend Text Extend relationship of use case 

Generalization Text Generalization relationship of use case 

Normalflow Text Normal flow of use case 

Subflow Text Subflow of use case 

Alternativeflow Text Alternative flow of use case 

 

Table 4.2  Use case domain 
Table name : UCDomain 

Table description : This table is to collect use case domain 

Name Type Description 

DomainID Char (2) ID of a use case domain 

DomainName Char (50) Name of a use case domain 

 

Table 4.3  Use case component 
Table name : UCComponent 

Table description : This table is to collect each element of use case components 

Name Type Description 

ComponentID Char (2) ID of a use case component 

ComponentName Char (50) Name of a use case component 



                                    
                             

 

38 

Table 4.4  All terms in the collection 
Table name : Term 

Table description : This table is to collect all terms and amount of them in the collection 

Name Type Description 

Term Char (20) Term 

Total Integer The number of terms in the collection 

 

Table 4.5  All terms in each use case 
Table name : HasTerm 

Table description : This table is to collect all terms and amount of them in each use case 

Name Type Description 

Term Char (20) Term 

DomainID Char (2) ID of a use case domain 

UCID Char (4) ID of a use case 

ComponentID Char (2) ID of a use case component 

TermNo Integer The number of term appearing in a use case 

Weight Float Weighted value of term 

 

Table 4.6  Stop list 
Table name : Stoplist 

Table description : This table is to collect all stop words from a stop list 

Name Type Description 

Stopword Char (20) Stop words in a stop list 

 

Table 4.7  Tester 
Table name : Tester 

Table description : This table is to collect all testers in the experiments 

Name Type Description 

TesterID Char (2) ID of tester 

TesterName Char (50) Name of tester 

GPA Char (4) Average grade of tester 
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Table 4.8  Logged data of tester’s query by use case keywords 
Table name : LogQuery1 

Table description : This table is to collect all terms in query by use case keywords of a tester in the 

experiments 

Name Type Description 

TesterID Char (2) ID of tester 

Topic Char (1) Topic number 

No Char (1) Number of query 

Term Char (20) Query term 

 

Table 4.9  Logged data of tester’s query by use case structure 
Table name : LogQuery2 

Table description : This table is to collect all terms in query by use case structure of a tester in the 

experiments. 

Name Type Description 

TesterID Char (2) ID of tester 

Topic Char (1) Topic number 

No Char (1) Number of query 

ComponentID Char (2) ID of use case component 

Weight Char (1) Weighted value of each component 

Term Char (20) Query term 

 

Table 4.10  Topic 
Table name : Topic 

Table description : This table is to collect all topics in the experiments 

Name Type Description 

TopicID Char (1) ID of topic 

TopicName Char (100) Name of topic 
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Table 4.11  Result of use case query 
Table name : Result 

Table description : This table is to collect all results of use case query in the experiments. 

Name Type Description 

TesterID Char (2) ID of tester 

Topic Char (1) Topic number 

No Char (1) Number of query 

QueryType Char(1) Type of query (keyword or structure) 

UCID Char (4) ID of use case which was retrieved  

 

 



CHAPTER V 
 

EXPERIMENTS 

In this chapter, details of our experiments are described. These experiments are 

to test our approach with the developed tool. Details of the experiments including 

objective, method, procedure, result, result analysis, and discussion of the experiments 

are described as follows.  

5.1  Experimental objective 

Objective of our experiments is to test our research assumption that whether use 

case retrieval by use case structure is more effective than use case retrieval by use 

case keywords. Therefore, the experiments are provided in order to compare the 

effectiveness of our approach, use case retrieval by use case structure, and the 

effectiveness of a general approach, use case retrieval by use case keywords. 3 

selected metrics which are recall, precision, and harmonic mean, mentioned in section 

2.1.3.3 are used in effectiveness measurement in the experiments. 

5.2  Experimental method 

This experimental method is designed for eliminating bias in our experiments, so it 

has many controlled factors. These factors are separated into 4 groups, use cases, 

testers, subjects, and queries. Their details are explained as follows. 

5.2.1  Use cases 

315 use cases from 16 use case domains are selected from practicable 

system for our experiments, and they were written in English language. Their 

contents are introduced in the appendix A. 

5.2.2  Testers 

Our experiments has 10 testers for testing our use case retrieval system. For 

all testers, everyone has studied in a Master’s degree program in software 
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engineering field of study. Therefore, they have had experience and capability 

about use case modeling, and their knowledge about English language is quite 

fair because English score of all testers is about 500 for TOEFL equivalent score. 

As a result, all testers have ability to test these experiments. 

5.2.3  Subjects 

These experiments have 5 sample subjects for testers to test the use case 

retrieval system. The testers have to query use cases from our 16 use case 

domains by generating keywords which are relevant to 5 given sample subjects. 

All 5 sample subjects used in the experiments are 

A) Teaching-studying system 

B) Product trading system 

C) Customer’s information management 

D) Financial calculation 

E) Report generation 

The answer set of use cases for each subject is identified and collected in 

the database in order to compute recall, precision, and harmonic mean later. The 

objective of our 5 sample subjects is to compare effectiveness of both retrieval 

systems, query use case by use case structure and by use case keywords in 2 

points of view. There are view of functional requirements and a system domain. 

The reason of defining sample subjects in 2 points of view is because we want to 

observe broad and narrow subjects whether they have an effect on effectiveness 

of use case retrieval in our approach. Subject A and B are in view of system 

domain because they are not identified functional requirements or main functions, 

but they just indicate their wanted system domains. Meanwhile, subject C and D 

are in views of both functional requirements and system domain because they are 

identified both functional requirements and their system domain. Therefore, scope 

of subject C and D are narrower than subject A and B. The last subject, E is in 

view of only functional requirements because it is identified functional 

requirements or main function of the system, but the system domain is not 
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identified. The reason of defining 5 sample subjects in 2 introduced main points of 

view is variety of query which may eliminate tester’s bias about their points of view.  

5.2.4  Queries 

The testers have to query both by use case keywords and by use case 

structure for all 5 subjects, A, B, C, D, and E. For each subject, the tester can 

query 5 times. Therefore, each tester has to generate 50 set of queries, 25 sets for 

query by use case keywords, and another 25 sets for query by use case structure. 

Finally, the experiments get 500 sets of queries for all testers, 250 sets for query 

by use case keywords, and another 250 sets for query by use case structure. In 

other words, the experiments get 100 sets of queries for each subject, 50 sets 

from query by use case keywords, and another 50 sets from query by use case 

structure. These sets of queries are used to calculate recall, precision, and 

harmonic mean later. 

For easier understanding, the number of all queries for each tester is 

depicted in table 5.1. The values in the table are the number of queries which 

each tester has to generate for each subject, A, B, C, D, and E.  
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Table 5.1  The number of all queries for each tester 

The activity diagram of the experimental method is shown in figure 5.1. After use 

cases were stored, a tester can query use cases by the controlled factors mentioned 

previously. For each subject, all 50 sets of queries from query by use case keywords 

and all 50 sets of queries from query by use case structure are used to compare 

effectiveness of retrieval. The retrieved results of those queries are used to calculate 

recall, precision, and harmonic mean for comparing effectiveness of both retrievals in 

the experiments.  

 

 

 

The number of all queries for each tester 
 

Tester 

Query by use case keywords. 

Subject 

Query by use case structure. 

Subject 

 A B C D E Summary A B C D E Summary 

1 5 5 5 5 5 25 5 5 5 5 5 25 

2 5 5 5 5 5 25 5 5 5 5 5 25 

3 5 5 5 5 5 25 5 5 5 5 5 25 

4 5 5 5 5 5 25 5 5 5 5 5 25 

5 5 5 5 5 5 25 5 5 5 5 5 25 

6 5 5 5 5 5 25 5 5 5 5 5 25 

7 5 5 5 5 5 25 5 5 5 5 5 25 

8 5 5 5 5 5 25 5 5 5 5 5 25 

9 5 5 5 5 5 25 5 5 5 5 5 25 

10 5 5 5 5 5 25 5 5 5 5 5 25 

Summary 50 50 50 50 50 250 50 50 50 50 50 250 
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Figure 5.1  The activity diagram of the experimental method 

5.3  Experimental procedure 

The experimental procedure of the tester is shown as the activity diagram in figure 

5.2. The experimental procedure is separated into 4 steps as follows. 

1) The tester has to insert his/her personal profile which is tester’s ID, first name, 

last name, and GPA to the developed tool. 

2) The tester learns about 16 use case domains collected in our collection. The 

brief description of each domain is shown to the tester by graphical user 

interface of the developed tool.  

3) The tester queries use cases by use case keywords for all 5 subjects, A, B, C, 

D, and E, and queries 5 times for each subject using the developed tool. 

4) The tester queries use cases by use case structure for the same 5 subjects, A, 

B, C, D, E, and queries 5 times for each subject using the developed tool too.   
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Figure 5.2  The activity diagram of the experimental procedure of the tester 

5.4 Experimental environment 

5.4.1 Similarity threshold 

The similarity threshold of our approach for our experiments was defined as 

0.00039. This threshold value is computed from  

mean – α 

Where mean is average value of similarity score for all queries in the 

experiments (0.00077). 

α is standard deviation value of all queries in the experiments (0.00038). 

The reason of mean – α is because size of use case collection used in the 

experiments is small. The use case collection is composed of 315 use cases from 
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16 use case domains. Therefore, some use cases may fall out if similarity 

threshold was defined higher such as mean or mean + α. However, if the use 

case collection is larger, the similarity threshold can be adjusted higher. 

5.4.2 High frequency threshold 

In our experiments, high frequency terms are not eliminated in our 

experiments. The reason is small size of use case collection used in the 

experiments. The number of all terms in the collection is 651. Thus, some 

significant terms may be lost if high frequency threshold was defined higher. 

However, if the use case collection is larger, the high frequency threshold can be 

adjusted higher. 

5.5 Experimental results 

The summary results of our experiments are shown in table 5.2 to 5.5. Results in 

the tables are summarized and compared between use case query by use case 

structure and use case query by keywords. For use case query by keywords, 2 

characteristics of query by use case keywords are tested in the experiments; there are 

(1) Use case query using keywords generated by testers. 

(2) Use case query using keywords generated from all keywords appeared in all 

components of query by use case structure.  

Table 5.2 shows average and maximum similarity score of query by use case 

structure and keywords (1) for each subject, A, B, C, D, and E, and table 5.3 shows 

average recall, precision, and harmonic mean of query by use case structure and 

keywords (1) for each subject like table 5.2. Meanwhile table 5.4, average and maximum 

similarity score of query by use case structure and keywords (2) for each subject, A, B, 

C, D, and E, are shown, and table 5.5 shows average recall, precision, and harmonic 

mean of query by use case structure and keywords (2) for each subject like table 5.4.  

The abbreviations in table 5.3 and 5.5 are introduced as follows.  

• R is the recall. 

• P is the precision. 
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• H is the harmonic mean. 

Results in table 5.2, 5.3, 5.4, and 5.5 are summary results. Details of them are 

shown in the appendix D. 

Table 5.2  Average and maximum similarity score of query by use case structure and 

keywords (1) for each subject 

The results indicate that average and maximum similarity scores of use case 

query by use case structure is more than use case query by use case keywords (1) in 

average. 

Table 5.3  Average recall, precision, and harmonic mean of query by use case structure 

and keywords (1) for each subject 

Average and maximum similarity score of query for each subject 

Query by use case keywords (1)  Query by use case structure 
Subject Average Maximum  Subject Average Maximum 

A 0.00041 0.02381  A 0.00123 0.05556 

B 0.00061 0.02893  B 0.00114 0.06586 

C 0.00058 0.02364  C 0.00086 0.04001 

D 0.00046 0.03587  D 0.00098 0.06432 

E 0.00062 0.03140  E 0.00112 0.04724 

Average 0.00054 0.02873  Average 0.00107 0.05460 

Average recall, precision, and harmonic mean for each subject 

Query by use case keywords (1)  Query by use case structure 
Subject R P H  Subject R P H 

Precision 

Improvement  

A 0.2290 0.4791 0.2725  A 0.4075 0.6945 0.4781 44.96% 

B 0.2789 0.1863 0.2032  B 0.3180 0.2559 0.2554 37.36% 

C 0.6054 0.1162 0.1887  C 0.7429 0.2785 0.3519 139.67% 

D 0.3490 0.3073 0.2863  D 0.4615 0.4956 0.4344 61.28% 

E 0.6125 0.1831 0.2717  E 0.5438 0.2572 0.3237 35.01% 

Average 0.4149 0.2544 0.2445  Average 0.4947 0.3963 0.3687 55.78% 
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From table 5.3, recall, precision, and harmonic mean indicate that recall, 

precision and harmonic mean of use case query by use case structure is higher than 

they of use case query by keywords (1) for almost all sample subjects. The average 

recall, precision, and harmonic mean of all subjects also indicate that recall, precision 

and harmonic mean of use case query by use case structure is higher than they of use 

case query by keywords (1). According to precision value, the precision improvement is 

in a high rate for all sample subjects. Finally, the precision improvement of this 

experiment is concluded to be 55.78%   

 

 Table 5.4  Average and maximum similarity score of query by use case structure and 

keywords (2) for each subject 

 

The results indicate that average and maximum similarity scores of use case 

query by use case structure is more than use case query by use case keywords (2) in 

average. 

 

 

 

 

Average similarity score of query for each subject 
Query by use case keywords (2)  Query by use case structure 

Subject Average Maximum  Subject Average Maximum 

A 0.00069 0.02605  A 0.00123 0.05556 

B 0.00075 0.02634  B 0.00114 0.06586 

C 0.00069 0.02084  C 0.00086 0.04001 

D 0.00066 0.03341  D 0.00098 0.06432 

E 0.00077 0.03134  E 0.00112 0.04724 

Average 0.00071 0.02760  Average 0.00107 0.05460 
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Table 5.5  Average recall, precision, and harmonic mean of query by use case structure 

and keywords (2) for each subject 

 

From table 5.5, recall, precision, and harmonic mean indicate that precision of 

use case query by use case structure is higher than they of use case query by keywords 

(2) for all sample subjects, while recall and harmonic mean are fluctuated. The average 

recall, precision, and harmonic mean of all subjects also indicate that precision and 

harmonic mean of use case query by use case structure is higher than they of use case 

query by keywords (2), but recall is not. According to precision value, the precision 

improvement is in a high rate for almost all sample subjects. Finally, the precision 

improvement of this experiment is concluded to be 44.21%   

5.6 Experimental result analysis 

According to the experimental results, statistical analysis is used for supporting 

reliability of it. z-test for hypothesis testing [16] is applied to our experimental results. 

The reason of z-test is because query sets in our experiments are more than 30 queries.  

The hypothesis of the experiments is that use case retrieval by use case 

structure is more effective than use case retrieval by use case keywords. Three selected 

metrics which are recall, precision, and harmonic mean are used to measure 

effectiveness of all use case retrieval systems. Therefore, H0 and H1 is defined as follows  

Average recall, precision, and harmonic mean for each subject 

Query by use case keywords (2)  Query by use case structure 
Subject R P H  Subject R P H 

Precision 

Improvement  

A 0.5147 0.5565 0.4915  A 0.4075 0.6945 0.4781 24.80% 

B 0.4922 0.2168 0.2895  B 0.3180 0.2559 0.2554 18.04% 

C 0.7232 0.1094 0.1859  C 0.7429 0.2785 0.3519 154.57% 

D 0.5865 0.3322 0.3937  D 0.4615 0.4956 0.4344 49.19% 

E 0.7125 0.1590 0.2525  E 0.5438 0.2572 0.3237 61.76% 
Average 0.6058 0.2748 0.3226  Average 0.4947 0.3963 0.3687 44.21% 
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H0 : μ1 - μ2 = 0 

H1 : μ1 - μ2 > 0 

Where, μ1 is the average value of recall, precision, and harmonic mean of use 

case retrieval by use case structure. 

μ2 is the average value of recall, precision, and harmonic mean of use case 

retrieval by keywords (1) and (2). 

Next, the significance value is defined to be 0.05, so confidence value is 0.95. 

Therefore, the hypothesis H0 will be rejected when z > z.95, and z.95 is 1.645 referred from 

z table [16]. Our hypothesis H1 will be accepted when z values of recall, precision, and 

harmonic mean are more than 1.645. According to table 5.3 and 5.5, summary results of 

z-test for the experiments are shown in table 5.6 through 5.19. z-test (1) in table 5.6 

through 5.12 are z-test of average recall, precision, and harmonic mean of use case 

query by use case structure and use case query by keywords (1), and z-test (2) in table 

5.3 through 5.19 are z-test of average recall, precision, and harmonic mean of use case 

query by use case structure and use case query by keywords (2). 

Table 5.6  z-test (1) of recall, precision, and harmonic mean for subject A  

 

Table 5.7  z-test (1) of recall, precision, and harmonic mean for subject B  

z-test of recall, precision, and harmonic mean of subject A 
Metrics z z > z.95 H1 

Recall 3.6046 3.6046 > 1.645 Accept 

Precision 3.6075 3.6075 > 1.645 Accept 

Harmonic mean 4.2498 4.2498 > 1.645 Accept 

z-test of recall, precision, and harmonic mean of subject B 
Metrics z z > z.95 H1 

Recall 1.1512 1.1512 < 1.645 Reject 

Precision 2.3498 2.3498 > 1.645 Accept 

Harmonic mean 2.3926 2.3926 > 1.645 Accept 
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Table 5.8  z-test (1) of recall, precision, and harmonic mean for subject C 

 

Table 5.9  z-test (1) of recall, precision, and harmonic mean for subject D  

 

Table 5.10 z-test (1) of recall, precision, and harmonic mean for subject E  

 

Table 5.11  z-test (1) of recall, precision, and harmonic mean for all subjects  

 

z-test of recall, precision, and harmonic mean of  subject C 
Metrics z z > z.95 H1 

Recall 2.2765 2.2765 > 1.645 Accept 

Precision 3.6218 3.6218 > 1.645 Accept 

Harmonic mean 4.2025 4.2025 > 1.645 Accept 

z-test of recall, precision, and harmonic mean of  subject D 
Metrics z z > z.95 H1 

Recall 1.9698 1.9698 > 1.645 Accept 

Precision 3.2639 3.2639 > 1.645 Accept 

Harmonic mean 2.9908 2.9908 > 1.645 Accept 

z-test of recall, precision, and harmonic mean of subject E 
Metrics z z > z.95 H1 

Recall -1.7343 -1.7343 < 1.645 Reject 

Precision 3.1068 3.1068 > 1.645 Accept 

Harmonic mean 2.0910 2.0910 > 1.645 Accept 

z-test of recall, precision, and harmonic mean of all subjects 
Metrics z z > z.95 H1 

Recall 1.3834 1.3834 < 1.645 Reject 

Precision 2.5076 2.5076 > 1.645 Accept 

Harmonic mean 3.0594 3.0594 > 1.645 Accept 
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According to z-test in table 5.6 through 5.11, z-test results can be summarized in 

table 5.12, z-test (1) summary of the experiment. 

 Table 5.12  z-test (1) summary of the experiment 

Table 5.13  z-test (2) of recall, precision, and harmonic mean for subject A 

 

Table 5.14  z-test (2) of recall, precision, and harmonic mean for subject B  

 

Table 5.15  z-test (2) of recall, precision, and harmonic mean for subject C 

Z-test summary of the experiment 

Metrics Topic A Topic B Topic C Topic D Topic E % Accept  H1 

Recall Accept Reject Accept Accept Reject 60% 

Precision Accept Accept Accept Accept Accept 100% 

Harmonic mean Accept Accept Accept Accept Accept 100% 

z-test of recall, precision, and harmonic mean of subject A 
Metrics z z > z.95 H1 

Recall -2.0865 -2.0865 > 1.645 Reject 

Precision 3.1744 3.1744 > 1.645 Accept 

Harmonic mean -0.3034 -0.3034 > 1.645 Reject 

z-test of recall, precision, and harmonic mean of subject B 
Metrics z z > z.95 H1 

Recall -4.3595 1.1512 < 1.645 Reject 

Precision 1.2833 1.2833 < 1.645 Reject 

Harmonic mean -1.4176 -1.4176 < 1.645 Reject 

z-test of recall, precision, and harmonic mean of subject C 
Metrics z z > z.95 H1 

Recall 0.4507 0.4507 < 1.645 Reject 

Precision 3.8058 3.8058 > 1.645 Accept 

Harmonic mean 4.3551 4.3551 > 1.645 Accept 
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Table 5.16  z-test (2) of recall, precision, and harmonic mean for subject D 

 

Table 5.17  z-test (2) of recall, precision, and harmonic mean for subject E  

 

Table 5.18  z-test (2) of recall, precision, and harmonic mean for all subjects  

According to z-test in table 5.13 through 5.18, the z-test results can be 

summarized in table 5.19, z-test (2) summary of the experiment. 

 Table 5.19  z-test (2) summary of the experiment 

z-test of recall, precision, and harmonic mean of subject D 
Metrics z z > z.95 H1 

Recall -2.6430 -2.6430 < 1.645 Reject 

Precision 2.9082 2.9082 > 1.645 Accept 

Harmonic mean 0.8767 0.8767 < 1.645 Reject 

z-test of recall, precision, and harmonic mean of subject E 
Metrics z z > z.95 H1 

Recall -6.7714 -6.7714 < 1.645 Reject 

Precision 4.5565 4.5565 > 1.645 Accept 

Harmonic mean 3.2927 3.2927 > 1.645 Accept 

z-test of recall, precision, and harmonic mean of all subjects 
Metrics z z > z.95 H1 

Recall -2.2034 -2.2034 < 1.645 Reject 

Precision 2.2007 2.2007 > 1.645 Accept 

Harmonic mean 1.1035 1.1035 > 1.645 Reject 

z-test summary of the experiment 

Metrics Topic A Topic B Topic C Topic D Topic E % Accept  H1 

Recall Reject Reject Reject Reject Reject 0% 

Precision Accept Reject Accept Accept Accept 80% 

Harmonic mean Reject Reject Accept Reject Accept 40% 
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5.7 Experimental result summary 

According to the experimental results in section 5.5, and experimental result 

analysis in section 5.6, results of the experiments can be summarized as follows.   

1) Recall of all sample subjects mentioned in section 5.2.3, subject A, B, C, 

D, and E, recall of them in z-test (1) and z-test (2) cannot indicate that use 

case retrieval by use case structure is more effective than use case 

retrieval by use case keywords.  

2) Precision of all sample subjects, A, B, C, D, and E in z-test (1) indicates 

that results of use case retrieval by use case structure is more precise 

than those of use case retrieval by keywords (1), and precision of almost 

all subjects, in z-test (2) indicates that results of use case retrieval by use 

case structure is more precise than those of use case retrieval by 

keywords (2).  

3) Harmonic mean of all sample subjects, A, B, C, D, and E in z-test (1) 

indicates that use case retrieval by use case structure is more effective 

than use case retrieval by keywords, and harmonic mean of some 

subjects in z-test (2) indicates that use case retrieval by use case 

structure is more effective than use case retrieval by keywords (2). 

4) The results from average recall, precision, and harmonic mean of query 

by use case structure and keywords (1) for each subject, shown in table 

5.3, and from average recall, precision, and harmonic mean of query by 

use case structure and keywords (2) for each subject, shown in table 5.5 

can be summarized that improving rate of precision called precision 

improvement of use case retrieval by use case structure increases for all 

sample subjects. 

5) Although recall is not assured that use case retrieval by use case 

structure is more effective than use case retrieval by keywords, precision 

and harmonic mean from table 5.12 and 5.19 may indicate that results of 

use case retrieval by use case structure is more effective than that of use 

case retrieval by keywords.  
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5.8  Discussion 

According to the experiments and its results, some issues can be obviously 

seen. They can be discussed as follows. 

1) Query form of use case retrieval by use case structure may help users 

generate more suitable keywords because the users have a guideline to 

generate appropriate keywords in each component. For example, the 

users always generate keywords which are verb in “Use Case Name” 

component, or generate keywords which are noun about system 

stakeholders in “Actor” component. This suitable keyword generation 

helps users retrieve use cases effectively. According to the experimental 

results, this issue can be concluded that use case structure has an effect 

on use case retrieval. 

2) User’s defined weighted value of each component in use case query by 

use case structure has an effect on the results of use case retrieval. If the 

users defined high weighted value in a use case component which its 

query keywords are highly similar to its keywords of the same use case 

component in the collection, the retrieval results would be more precise. 

This can concluded that defining suitable weighted value of the 

components helps users retrieve use case more effective. 

3) The characteristic of the sample subjects has an effect on use case 

retrieval in the experiments. According to the experiments, the precision 

improvement is in a high rate, when the scope of the topic is defined 

narrowly. From table 5.3 and 5.5, precision improvement rate of topic C 

and D is higher than those of any other topics. This may result from topic 

C and D indicating both system domain and functional requirements, 

while the others indicate just a system domain or functional requirements. 

This can be concluded that the results of use case retrieval by use case 

structure are more precise when the scope of a subject is narrowly 

defined.       



                                    
                             

 

57 

4) According to table 5.20, almost all users do not generate keywords in the 

components such as association, include, extend, generalization, 

precondition, postcondition, normal flow, subflow, and alternative or 

exceptional flow of events, but they always generate in any other 

components such as use case name, objective, and actor. As a result, 

our suggestion is that some components can be cut or reduced in use 

case query by use case structure. This reduction may help users are not 

bored and pay more attention in keyword generation. These may help 

users concentrate on keyword generation in the remaining components.  

Table 5.20  Summary of weighted value of query by use case structure  

Note : Q is the number of queries in which keyword was generated. 

Summary of weighted value of query by use case structure 

Component 
Q 

(0-200) 
Ratio 
(0-1) 

Average weighted 
value 
(1-5) 

Ratio 
(0-1) 

Use case name 197 0.420 3.89 0.126 

Objective 143 0.300 3.54 0.112 

Actor 101 0.210 3.63 0.114 

Association 7 0.010 3.57 0.113 

Include 0 0.000 1.00 0.032 

Extend 2 0.004 2.50 0.079 

Generalization 0 0.000 1.00 0.032 

Precondition 9 0.020 2.89 0.091 

Postcondition 5 0.010 4.00 0.126 

Normal flow of events 7 0.015 2.71 0.085 

Subflow of events 1 0.002 2.00 0.063 

Alternative flow of 

events 
0 0.000 1.00 0.032 

Average  0.0833  0.0833 
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5) From summary weighted value of query by use case structure in table 

5.20, the value of Q can be normalized to be ratio value. This ratio is 

computed from “Q divided by summary of Q in all 12 components of use 

case description”. The components whose Q ratio is more than the 

average Q ratio are regarded as important components. It can be 

observed that use case name, objective, and actor are 3 components 

whose ratio is more than average ratio. Therefore, use case retrieval 

considering those 3 components shown in figure 5.3 is tested, and results 

of them are shown in table 5.21. 

Figure 5.3  A use case description template for use case retrieval using 3 components 

 

Table 5.21  Average recall, precision, and harmonic mean of query by use case 

structure using 3 components and by normal use case structure for each subject 

 

 
A Use Case Description Template for Use Case Retrieval 

 
Use Case Name :  

Objective :  

Actor :  

Average recall, precision, and harmonic mean for each subject 

Query by use case structure  Query using 3 components 
Subject R P H  Subject R P H 

Precision 

Improvement  

A 0.4075 0.6945 0.4781  A 0.4083 0.6991 0.4799 0.66% 

B 0.3180 0.2559 0.2554  B 0.3125 0.2537 0.2529 - 0.86% 

C 0.7429 0.2785 0.3519  C 0.7375 0.2796 0.3520 0.40% 

D 0.4615 0.4956 0.4344  D 0.4635 0.4993 0.4371 0.75% 

E 0.5438 0.2572 0.3237  E 0.5438 0.2626 0.3263 2.10% 

Average 0.4947 0.3963 0.3687  Average 0.4931 0.3989 0.3696 0.66% 
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From table 5.21, the results show that precision of use case query 

considering 3 mentioned components a bit increases in average. 

6) From table 5.20, the average weighted value can be normalized to be 

ratio value like Q ratio value. The components whose average weighted 

value ratio is more than the average ratio are regarded as important 

components. It can be observed that use case name, objective, actor, 

association, precondition, postcondition, and normal flow of events are 7 

components whose average weighted value ratio is more than average 

ratio. Therefore, use case retrieval considering those 7 components 

shown in figure 5.4 is tested, and results of them are shown in table 5.22. 

Figure 5.4  A use case description template for use case retrieval using 7 components 

 

Results from table 5.22 show that precision of use case query considering 

7 mentioned components a bit increases in average. 

 

 

 

 

 

 

 
A Use Case Description Template for Use Case Retrieval 

 
Use Case Name :  

Objective :  

Actor :  

Association :  

Precondition :  

Postcondition :  
Normal Flow of 

Events : 
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Table 5.22  Average recall, precision, and harmonic mean of query by use case 

structure using 7 components and by normal use case structure for each subject 

 

7) From results of table 5.21 and 5.22, they can be concluded that the 

components of use case description have an effect on use case retrieval 

results. Components that the experts always generated and defined high 

weighted value are regarded as important components of use case 

description. According to the precision of use case retrieval in table 5.21 

and 5.22, we can conclude that the results of use case retrieval 

considering only important components are more precise than those of 

use case retrieval considering all components of a use case description. 

Therefore, a use case description template which is proper to use case 

retrieval is composed of 3 components, use case name, objective, and 

actor, and of 7 components, use case name, objective, actor, association, 

precondition, postcondition, and normal flow of events. These templates 

are shown in figure 5.3 and 5.4. 

 

 

 

 

Average recall, precision, and harmonic mean for each subject 

Query by use case structure  Query using 7 components 
Subject R P H  Subject R P H 

Precision 

Improvement  

A 0.4075 0.6945 0.4781  A 0.3980 0.7113 0.4785 2.42% 

B 0.3180 0.2559 0.2554  B 0.2938 0.2570 0.2511 0.43% 

C 0.7429 0.2785 0.3519  C 0.6875 0.2939 0.3637 5.53% 

D 0.4615 0.4956 0.4344  D 0.4604 0.5165 0.4486 4.22% 

E 0.5438 0.2572 0.3237  E 0.5188 0.2714 0.3344 5.52% 

Average 0.4947 0.3963 0.3687  Average 0.4717 0.4100 0.3753 3.46% 



CHAPTER VI 
 

RESEARCH SUMMARY 

In this chapter, conclusion of this research is mentioned. This conclusion is 

composed of research summary, future works, and publication.  

6.1  Research summary 

This research proposes an approach for retrieving use cases using terms and 

use case structure similarity computation. Information storage and retrieval theories 

such as automatic indexing, term weighting system, and similarity computation are 

applied to this approach. For use case storage, contents of a use case are transformed 

to a set of indices and their weighted values. A user has to generate use case query for 

use case retrieval, and use case query is also transformed to a set of indices. Sets of 

indices from both user’s use case query and each use case in the collection are 

computed to be similarity score. Use cases which their similarity score is more than 

predefined threshold are regarded as use cases which are similar to use case query, 

and they are retrieved.  

In order to test effectiveness of the proposed approach, the tool for use case 

retrieval is developed, and the experiment is designed. This developed tool can support 

retrieving use case by both use case keywords and use case structure. The designed 

experiment is to compare effectiveness between use case retrieval by use case 

keywords and use case retrieval by use case structure which is our proposed approach. 

The experiment has 10 testers to test use case retrieval system. Many factors such as 

testers, use cases, subjects, and queries are controlled for unbiased results. Three 

selected metrics which are recall, precision, and harmonic mean are used to evaluate 

the effectiveness of both use case retrieval systems.  

According to the results of the experiments, although recall is not assured that 

use case retrieval by use case structure is more effective than use case retrieval by use 

case keywords, but precision and harmonic mean which is the metric combining recall 

and precision, can conclude that use case retrieval by use case structure is more 
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effective than use case retrieval by use case keywords. Therefore, from the experimental 

results, and from the experimental statistic result analysis, they can be concluded that 

use case retrieval by use case structure which is our approach is more effective than 

use case retrieval by use case keywords. 

6.2  Future works 

6.2.1   For improving recall, or correctness rate of retrieval system, this research 

can extends thesaurus in the retrieval system. While terms similarity 

computation in this research considered only similarity of word but not 

similarity of meaning, thesaurus helps the retrieval system consider 

similarity of meaning of terms. This thesaurus may improve recall of the 

retrieval system. 

6.2.2   Other information storage and retrieval theories such as user relevance 

feedback, probabilistic model, or document clustering can be included 

in this research for improving effectiveness and efficiency of use case 

retrieval.  

6.3  Publication 

This research is selected to present and publish in “The 1st  National Conference 

on Computing and Information Technology” on May 24-25, 2005 at King Mongkut’s 

Institute of Technology North Bangkok. The publication is “Enhancing Use Case 

Reusability Using Term Similarity Computation”. This publication appears in the 

appendix C. 
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APPENDIX A 
 

SELECTED USE CASE DOMAIN 
 

This chapter describes details of all use case domain used in this thesis. They 

are composed of 16 use case domains from various systems. All of them are practical 

use case domain, and they were written in English language. All 16 selected use case 

domains are introduced in Table A.1.  

 

Table A.1  All selected use case domains 

Use Case Domain Use case name 

1 ICT blocking and filtering system 

2 Departmental information system for curriculum and course 

offerings management 

3 Resource management system 

4 Automatic restaurant lookup system 

5 Library management system 

6 Mobile phone selling on the internet system 

7 Payroll system 

8 Personal stock manager on PDA system 

9 Basic product trading system 

10 Mobile phone service paying system 

11 MLM computerize system 

12 Content management and platform upgrade for the official 

website of Nation Channel 

13 Purchase, producing, and export system 

14 Management information system for insurance company 

15 E-learning system 

16 Management information system for an academic 
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Table A.2  ICT blocking and filtering system 

Domain name : ICT blocking and filtering system 

Domain description : This system is to detect and prevent bad or unsuitable things on 

the internet, and to monitor a game player whose age is under 18 years old. The system 

helps parents, teachers, or cyber inspectors to reduce risk, danger, or unsuitable 

information which may be obtained with their children. 

Use case ID Use case name 

0101 Register for a member 

0102 Edit members information 

0104 Cancel member status 

0105 Request report about members 

0106 Manage information for users 

0107 Provide other information 

0108 Display information 

0109 Create token 

0110 Create log file 

0111 Verify log file 

0112 Add game online users information 

0113 Manage rules 

0114 Receive log file from a game online system 

0115 View monitoring reports 

0116 Pre-Screening 

0117 Manage a bad website 

0118 Manage a good website 

0119 Manage suspended keywords 

0120 View checking blocked information reports 
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Table A.2  ICT blocking and filtering system (Continued) 

Use case ID Use case name 

0121 Notify a trace 

0122 Initialize sending SMS system 

0123 Notify SMS for emergency case 

0124 Check notifying a trace 

0125 View a notified trace report 

0126 Define a system authority for a member 

0127 View a report for defining authority for a member 

 
Table A.3  Departmental information system for curriculum and course offerings 

management 

Domain name : Departmental information system for curriculum and course offerings 

management system 

Domain description : This system is to manage course and curriculum information in an 

academic. 

Use case ID Use case name 

0201 Save course details  

0202 Save course operation status 

0203 Save course operation report 

0204 Save course operation result 

0205 View course operation details 

0206 View course operation status 

0207 View course operation report 

0208 View course operation result 

0209 Save subject details  

0210 Save subject operation status  

0211 Store subject report 

0212 Save subject operation result 

0213 View subject operation details 
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Table A.3  Departmental information system for curriculum and course offerings 

management (Continued) 

Use case ID Use case name 

0214 View subject operation status 

0215 View subject operation result 

0216 View subject operation report 

0217 Save course information 

0218 Edit course information 

0219 View course information 

0220 View course statistic information 

0221 Save subject information 

0222 Edit subject information 

0223 View subject information 

0224 View teaching schedule 

 

Table A.4  Resource management system 

Domain name : Resource management system 

Domain description : This system is to manage operation in an organization. The system 

is devided into 6 subsystems. There are customer management, sales management, 

employee management, supplier management, inventory/product management, and 

supplier order management subsystem. 

Use case ID Use case name 

0301 Process new application 

0302 Process add new customer 

0303 Process customer verification 

0304 Process Credit Customer Payment 

0305 Process Cash Sales transactions 

0306 Process Credit Sales 

0307 Process Lay-Bye Sales 

0308 Process Sales Returns 
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Table A.4  Resource management system (Continued) 

Use case ID Use case name 

0309 Capture employees details 

0310 Process employee records 

0311 Process existing supplier 

0312 Process New Supplier 

0313 Process Incoming Inventory 

0314 Process Self-Manufactured Products 

0315 Process Check Inventory Available 

0316 Process Inventory Order 

0317 Access control 

0318 Process Generate Password 

0319 Process Order Details 

0320 Process Receive Order Details 

0321 Process order payment 

0322 Process Account Payments 

0323 Generate Sales Figures 

0324 Process Petty Cash Withdrawals 

0325 Process Supplier Payments 

0326 User Trail 

0327 Supplier Order Trail 

0328 Customer Payment Trail 

0329 Customer Order Trail 

0330 Inventory Trail 

 

Table A.5  Automatic restaurant lookup system 

Domain name : Automatic restaurant lookup system 

Domain description : This system is to search restaurants and their favorite food. The 

restaurants can be searched depending on their areas, kinds of food, or favorite. In 

addition, this system can work on both PC and PDA. 
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Table A.5  Automatic restaurant lookup system (Continued) 

Use case ID Use case name 

0401 New customer 

0402 Manage restaurant 

0403 Manage customer 

0404 Find a restaurant 

0405 View restaurants information 

0406 Vote restaurant 

0407 Manage map 

0408 Post webboard 

0409 Manage webboard 

0410 View FAQ 

0411 Manage FAQ 

0412 Log in 

0413 Find restaurant on PDA 

0414 View restaurant’s information on PDA 

0415 Vote restaurant on PDA 

 
Table A.6  Library management system 

Domain name : Library management system 

Domain description : This system is to manage works on a library using RFID 

technology. The system provides resource management and services management for 

a librarian, a student, or other users. 

Use case ID Use case name 

0501 Manage users information 

0502 Summarize users report 

0503 Manage library media information 

0504 Define library media status 

0505 Summarize library media 

0506 Add members information 
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Table A.6  Library management system (Continued) 

Use case ID Use case name 

0507 Manage members information 

0508 Summarize members 

0509 Borrow library media 

0510 Return library media 

0511 Pay a fine 

 
Table A.7  Mobile phone selling on the internet system 

Domain name : Mobile phone selling on the internet system 

Domain description : This system is to sell mobile phone on the internet. The system can 

serve searching mobile phone's information, selling system, payment system, and 

making suggestion about mobile phone selection for a user. 

Use case ID Use case name 

0601 Search product’s information 

0602 View product’s information 

0603 Comment 

0604 Compare products 

0605 Purchase products 

0606 Manage a product list 

0607 Check purchase order 

0608 Pay money 

0609 Use credit card 

0610 Transfer money 

0611 Confirm transferring money 

0612 Verify user’s payment 

 
Table A.8  Payroll system 

Domain name : Payroll system 

Domain description : This system is to schedule works of popcorn seller in many places 

and to calculate popcorn seller's salary depending on his/her real work schedule. 
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Table A.8  Payroll system (Continued) 

Use case ID Use case name 

0701 Add new selling place 

0702 Edit selling places information 

0703 Cancel selling place 

0704 Edit sale staff information 

0705 Delete sale staff information 

0706 View sale staff information 

0707 Display work schedule 

0708 Save working time 

0709 Calculate staff salary 

0710 Calculate social assurance fee 

0711 Calculate over time fee 

0712 Fine for working late 

0713 Calculate special fee 

0714 Fine for absent work.  

0715 Decrease tax  

0716 Collect additional money from selling place 

0717 Calculate net salary 

0718 Display net salary 

0719 Create report for executive 

0720 Create report for sale staff or seller 

0721 View selling place information 

0722 Add new sale staff or seller 

0723 Select a sale staff or seller 

0724 Calculate salary 

0725 Manage salary 

0727 Save taking money in advance 

0728 View taking money in advance information 
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Table A.9  Personal stock manager on PDA system 

Domain name : Personal stock manager on PDA system 

Domain description : This system is to manage information about stock on PDA. A user 

can view stock's information on realtime, and can trade his/her share or stock by using 

PDA. 

Use case ID Use case name 

0801 Log-In 

0802 Verify user's account 

0803 Search by Abbreviate 

0804 Search stock 

0805 View top ten 

0806 View most gain 

0807 View most lost 

0808 View most active 

0809 View Portfolio 

0810 View transaction 

0811 View index 

0812 View search results 

0813 View other currencies 

0814 View stock details 

0815 View graph 

0816 Buy stock 

0817 Sell stock 

0818 Verify PIN 

0819 Check regulation 

0820 Calculate price and commission 

0821 Cancel transaction 

0822 Check user regulation 

0823 Maintain user account 

0824 Maintain regulation 
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Table A.10  Basic product trading system 

Domain name : Basic product trading system 

Domain description : This system is to manage product selling of a company on the 

internet. The system includes customer management, product management, selling 

management, and billing management subsystem. 

Use case ID Use case name 

0901 Download purchase order 

0902 Maintain purchase order 

0903 Maintain sale order 

0904 Transfer purchase order to sale order 

0905 Approve purchase order 

0906 Approve price 

0907 Approve credit 

0908 Approve stock balance 

0909 Maintain invoice 

0910 Transfer sale order to invoice 

0911 Confirm invoice 

0912 Update stock balance 

0913 Update customer credit 

0914 Maintain customer credit 

0915 Maintain product price 

0916 Maintain product balance 

 
Table A.11  Mobile phone service paying system 

Domain name : Mobile phone service paying system 

Domain description : This system is to manage mobile phone's paying service of a 

company. The system can manage customer's information, compute service's fee 

depending on customer's package, and manage reports for information system of an 

executive. 
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Table A.11  Mobile phone service paying system (Continued) 

Use case ID Use case name 

1001 Register telephone number 

1002 Manage customer and telephone number information 

1003 Manage customer information 

1004 Manage telephone number information 

1005 Manage service information 

1006 Cancel service 

1007 Manage service package 

1008 Save service information 

1009 Ask for information 

1010 Check service bill 

1011 Check remaining money 

1012 Create reports 

1013 Print paying report 

1014 Print paying report by terminal network 

1015 Print income summary report 

 

Table A.12  Basic  MLM computerize system 

Domain name : Basic MLM computerize system 

Domain description : This system is to manage information of a MLM system. The 

system can manage customer's information, manage product warehouse, manage 

product selling, and calculate staff's benefit. 

Use case ID Use case name 

1101 Sign in member 

1102 Maintain member information 

1103 Show child member 

1104 Cancel member 

1105 Adjust position 

1106 Purchase order 
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Table A.12  Basic  MLM computerize system (Continued) 

Use case ID Use case name 

1107 Receive product 

1108 Adjust product quantity 

1109 Maintain information 

1110 New product information 

1111 Change product information 

1112 New position information 

1113 Change position information 

1114 Order product 

1115 Create invoice 

1116 Save point value 

1117 Print invoice 

1118 Cancel invoice 

1119 Print commission 

1120 Calculate commission 

1121 Promote position 

 

Table A.13  Content management and platform upgrade for the official website of Nation 

Channel 

Domain name : Content management and platform upgrade for the official website of 

Nation Channel 

Domain description : This system is to manage news content on website automatically. 

This website provides news information, file service, photo service, activate live 

broadcast. The system mainly supports news information management and other 

service management. 

Use case ID Use case name 

1201 Login 

1202 Manage Photo 

1203 Load Photo Dialogue 
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Table A.13  Content management and platform upgrade for the official website of Nation 

Channel (Continued) 

Use case ID Use case name 

1204 Edit Schedule Table 

1205 Reply Messages 

1206 Manage Program 

1207 Manage Today News 

1208 Link Video Clip 

1209 View Today News 

1210 Post Photo Captions 

1211 Leave message to anchorman 

1212 Vote Poll 

1213 Read Breaking News 

1214 Activate Live 

 
Table A.14  Purchase, producing, and export system 

Domain name : Purchase, producing, and export system 

Domain description : This system is to manage material purchase order, production, 

product import, and product export of a company. 

Use case ID Use case name 

1301 Purchase system 

1302 Product system 

1303 Warehouse and export system 

1304 Check raw material 

1305 Make Contract and Order Raw Material 

1306 Track inventory and generate report 

1307 Configure flow, hire rate and raw material  

1308 Create barcode and preparation  

1309 Produce  

1310 Calculate hire and create report 
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Table A.14  Purchase, producing, and export system (Continued) 

Use case ID Use case name 

1311 Check inventory 

1312 Contact port 

1313 Contact duty 

1314 Export 

 

Table A.15  Management information system for insurance company 

Domain name : Management information system for insurance company 

Domain description : This system is to support insurance selling of an insurance 

company. The system mainly provides information about insurance details for both staff 

and customer. In addition, this system supports information on both normal PC and 

wireless technology. 

Use case ID Use case name 

1401 Place a claim 

1402 View claim status 

1403 External approve claim 

1404 Maintain company information 

1405 View company information 

1406 View product information 

1407 Calculate an insurance application 

1408 Verify underwriting rule 

1409 Calculate premium 

1410 Validate insurance application 

1411 View agent information 

1412 View agent holder information 

1413 View policy holder information 

1414 Authentication 
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Table A.16  E-learning system 

Domain name : E-learning system 

Domain description : This system is to support E-learning system on website. A student 

and other users can register and study via website. The system can manage course, 

student's information, teacher's information, examination, and studying-teaching 

evaluation. 

Use case ID Use case name 

1501 Register a new user for E-Learning system 

1502 Generate password 

1503 Log in to E-Learning system 

1504 Change password 

1505 Announce course information 

1506 Upload materials 

1507 Create examinations and examination solutions 

1508 Post answer 

1509 View course detail 

1510 Register course 

1511 Verify condition 

1512 Study registered course 

1513 Take examination and get result of the examination 

1514 Record  time 

1515 View history’s study information 

1516 Post question 

1517 View study result 

1518 Follow study result 

1519 View study result 

1520 Number of learner or student 

1521 Maintain employee information 
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Table A.17  Management information system for an academic 

Domain name : Management information system for an academic 

Domain description : This system is to manage course in some academics. The system 

is divided in 3 main parts; there are students, faculties, and administrators. The system 

can manage student's information, faculty's information, studying schedule, and 

subject's information. 

Use case ID Use case name 

1601 Log-In 

1602 Student Adjust Schedule 

1603 Student View All Courses 

1604 Student View Record 

1605 Student View Schedule 

1606 Faculty View Courses 

1607 Faculty View Enrollment 

1608 Faculty View Student Records 

1609 Add another admin 

1610 Add another building 

1611 Add another class 

1612 Add another course 

1613 Add another department 

1614 Add another faculty 

1615 Add student 

1616 Modify existing admin 

1617 Add existing building 

1618 Modify existing classroom 

1619 Add existing course 

1620 Modify existing department 

1621 Admin Modify Enrollment List 

1622 Modify existing faculty member 

1623 Modify existing student 
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Table A.17  Management information system for an academic (Continued) 

1624 Remove administrator 

1625 Remove building 

1626 Remove classroom 

1627 Remove course 

1628 Remove department 

1629 Remove faculty member 

1630 Remove student 

 
 

 



APPENDIX B 
 

TESTER’S USE CASE QUERY 

Table B.1  Tester’s query set of query by use case keywords for topic A 

 

Tester Query Tester’s query set 

1 manage schedule 

2 payment 

3 student 

4 teacher 

1 

5 course material 

1 
course lecturer grade subject student instructor gpa credit 

effective course core teach register 

2 training score instructor name exam room 

3 
course material description prerequisute thesis instructor 

topic biography schedule 

4 
assignment course name curriculum research resources 

library class announcement scholarship thesis defense 

2 

5 
activities bachelor master doctoral degree publications 

thesis exam schedule 

1 course 

2 search research 

3 statistic 

4 search senior project 

3 

5 course description 

1 learn on web online 

2 instructor management 

3 search curriculum 

4 manage course 

4 

5 examination 
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Table B.1  Tester’s query set of query by use case keywords for topic A (Continued) 

 

Tester Query Tester’s query set 

1 grade 

2 teacher 

3 student 

4 course 

5 

5 register 

1 take examination 

2 teacher section class grade 

3 withdraw examination 

4 learn study 

6 

5 schedule academic education 

1 master thesis conference 

2 search university 

3 subject credit 

4 register subject 

7 

5 grade report 

1 department faculty university 

2 classroom building 

3 teaching studying 

4 query grade student course 

8 

5 view subject classroom 
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Table B.2  Tester’s query set of query by use case keywords for topic B 

Tester Query Tester’s query set 

1 credit card verification 

2 customer payment 

3 add shoping cart 

4 search product 

1 

5 select item 

1 trade study product name description price 

2 
cost vendor acquisition advertisement promotion discount 

newest recommended new release 

3 negotiation exchange barter trade 

4 trade off trader merchandise sell buy low price 
2 

5 

special worth money shipping time span damage defect 

second hand used old excellent firsthand similar product 

categories types 

1 add item 

2 delete item 

3 show list of product 

4 add product to cart 

3 

5 delete product from cart 

1 transfer money 

2 buy with credit card 

3 buy product supplier sell 

4 customer sell buy product on hand 

4 

5 customer query product item supplier 

1 customer contact product list 

2 manage inventory 

3 sale system 

4 receivable billing 

5 

5 shipment delivery product 
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Table B.2  Tester’s query set of query by use case keywords for topic B (Continued) 

 

 

 

Tester Query Tester’s query set 

1 trade product 

2 money paying finance 

3 selling product 

4 buying product 

6 

5 product price description 

1 selling bill 

2 credit card payment 

3 trading system 

4 movie ticket payment online 

7 

5 invoice management product 

1 sell buy customer 

2 purchase order management 

3 product management 

4 product price list 

8 

5 paying billing invoice receipt 
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Table B.3  Tester’s query set of query by use case keywords for topic C 

 

Tester Query Tester’s query set 

1 add customer profile 

2 search customer 

3 manage customer 

4 customer level 

1 

5 sell order list 

1 
life span money purchase valid expire regular customer 

favorite 

2 
customer name address age birthday road province career 

occupation 

3 location postal zip code district amphur 

4 events activities participation details 

2 

5 top excellent bad good list customer 

1 analyze user needs 

2 add customer 

3 store customer order history 

4 search by customer name 

3 

5 view customer profile 

1 add customer profile 

2 remove customer profile 

3 query customer 

4 maintain customer contact 

4 

5 exchange customer information between company 

1 update customer profile 

2 contact management 

3 customer relationship management 

4 manage contact information 

5 

5 manage selling buying history 
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Table B.3  Tester’s query set of query by use case keywords for topic C (Continued) 

 

 

 

Tester Query Tester’s query set 

1 name 

2 address telephone number 

3 balance tax credit 

4 customer information management 

6 

5 new customer 

1 customer management 

2 information 

3 customer 

4 user information 

7 

5 phone update information e-mail customer 

1 customer name address credit 

2 customer detail firstname lastname title 

3 add insert update delete customer 

4 query display customer report 

8 

5 customer payment management 
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Table B.4  Tester’s query set of query by use case keywords for topic D 

 

 

Tester Query Tester’s query set 

1 value per unit 

2 number item 

3 tax including 

4 total value 

1 

5 payment 

1 price money purchase monetary years months 

2 yearly annual income expense expenditure fee charge 

3 net profit benefit cost risk 

4 gain advantage interests lost turnover business 

2 

5 tread increase decrease 

1 calculate interest 

2 income summary report 

3 current balance rate 

4 set interest rate 

3 

5 calculate return on investment 

1 calculate tax invoice 

2 calculate salary staff 

3 calculate bonus dividen 

4 query capital asset company 

4 

5 account product credit debit 

1 account receivable 

2 calculate income 

3 calculate depreciation 

4 calculate revenue 

5 

5 general ledger 
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Table B.4  Tester’s query set of query by use case keywords for topic D (Continued) 

 

 

 

Tester Query Tester’s query set 

1 money 

2 tax 

3 rate 

4 debit credit 

6 

5 amount summary 

1 financial calculation 

2 financial information 

3 financial management 

4 money calculation 

7 

5 finance summary report 

1 rate vat calculation 

2 price percent calculation 

3 summary discount total system 

4 rate per unit total system 

8 

5 calculate vat input customer 
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Table B.5  Tester’s query set of query by use case keywords for topic E 

 

 

Tester Query Tester’s query set 

1 item summary 

2 customer name 

3 create receipt 

4 create item  

1 

5 summary report 

1 template field require option summary 

2 tailoring items row column print annual report monthly daily 

3 summary report recommendation 

4 page logo standard id 

2 

5 number of row column report 

1 create report 

2 search annual report 

3 generate report template 

4 add update delete report 

3 

5 print report 

1 create report all product 

2 create summary report profit year 

3 create sale income summary report 

4 summary report staff 

4 

5 query report inventory product 

1 monthly report 

2 information data filter 

3 analytic company report 

4 report evaluation process 

5 

5 education report 
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Table B.5  Tester’s query set of query by use case keywords for topic E (Continued) 

 

 

 

 

 

 

 

 

 

Tester Query Tester’s query set 

1 cost sell order report 

2 generate report 

3 report system 

4 make new report 

6 

5 report information 

1 report invoice summary 

2 total type category column 

3 sort information group report 

4 montyly weekly daily annual report summary 

7 

5 display show summary report 

1 create transaction summary report 

2 course subject summary report 

3 head detail description report 

4 curriculum student report 

8 

5 total money calculation report 
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Table B.6  Tester’s query set of query by use case structure for topic A 

 

Tester Query Tester’s query set Component Weight 

register course 1 5 
1 

student 3 4 

course scheduling 1 5 
2 

teacher 3 4 

teaching scheduling 1 3 

schedule for teaching 2 5 3 

teacher instructor 3 5 

study in subject 1 3 

student learns study 2 4 4 

student 3 5 

take examination 1 5 

1 

5 
student 3 5 

course 1 5 

course description 2 5 

instructor teacher 3 5 

credit 4 3 

1 

prerequisite 8 3 

2 schedule 1 5 

register 1 5 
3 

student 3 5 

search course 1 5 
4 

student teacher instructor 3 5 
select course 1 5 

course description 2 5 

2 

5 

student teacher instructor 3 5 

course scheduling 1 5 
3 1 

teacher officer 3 5 
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Table B.6  Tester’s query set of query by use case structure for topic A (Continued) 

 

Tester Query Tester’s query set Component Weight 

search course 1 5 

search all opened course 2 4 

 

2 

 student 3 5 

view student profile 1 5 

views details of student profile 2 4 3 

teacher 3 5 

view research progress 1 5 

view progression of student research 2 3 4 

teacher advisor 3 5 

select subject 1 4 

3 

5 
student 3 4 

query course 1 4 

search course description 2 4 

student teacher staff 3 3 

query 4 5 

print course 6 2 

1 

search course description 10 3 

register course 1 5 

register course student 2 3 

student 3 3 

apply for course 6 3 

2 

query course register course 10 3 

learn course 1 3 

learn course website 2 3 

student 3 4 

register course 8 5 

4 

3 

open website learn course 10 4 
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Table B.6  Tester’s query set of query by use case structure for topic A (Continued) 

 

Tester Query Tester’s query set Component Weight 

query student 1 4 

to query student information 2 3 4 

student teacher 3 4 

withdraw course 1 3 

to withdraw registered course 2 3 

4 

5 

student 3 4 

course 1 5 
1 

add update course 2 4 

2 teacher lecturer 3 4 

register course 1 4 
3 

register course view status 2 4 

test 1 3 

student test examination 2 4 4 

student 3 4 

room allocation 1 3 

5 

 

5 
room classroom scheduling allocation 2 3 

student 1 4 

register course gpa 2 3 

student teacher course 3 4 

register 10 2 

1 

take course 11 2 

teacher 1 4 

teach grading 2 3 2 

teacher student grade course 3 4 

course 1 4 

contain min max name 2 2 

6 

3 

teacher student 3 3 
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Table B.6  Tester’s query set of query by use case structure for topic A (Continued) 

 

Tester Query Tester’s query set Component Weight 

classroom 1 4 
4 

classroom serve reservation 2 3 

internet course learning 1 4 

course description learn 2 2 

student teacher course 3 2 

6 

5 

register 4 4 

educational curriculum 1 3 

search curriculum 2 3 1 

student 3 5 

course 1 3 
2 

find course 2 3 

program 1 3 
3 

find program study 2 3 

manage course 1 3 

manage course description 2 3 4 

instructor 3 3 

7 

5 educational information 1 4 

manage instructor 1 3 
1 

manage instructor name information 2 3 

register 1 3 

student register course 2 3 2 

student 3 3 

grade report 1 3 
3 

student 3 3 

4 teacher student professor 3 3 

curriculum 1 3 

8 

5 
add insert update course curriculum 2 3 



 97 

Table B.7  Tester’s query set of query by use case structure for topic B 

 

Tester Query Tester’s query set Component Weight 

sell product 1 5 
1 

customer seller 3 5 

customer information 1 3 
2 

customer staff 3 5 

search product 1 4 

search product in stock 2 3 3 
customer staff 3 5 

buy product 1 4 
4 

staff seller 3 3 

add product 1 3 

1 

5 
add product into stock 2 3 

purchase 1 5 
1 

vendor customer 3 5 

trade study 1 5 

decision making 2 4 2 

vendor customer 3 4 

sell 1 5 

vendor customer 3 5 

determined price 8 5 
3 

bill 9 5 

search product 1 5 

product description 2 5 4 

customer 3 5 

product comparison 1 5 

2 

5 
product 4 5 

search product 1 5 
3 1 

customer 3 5 
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Table B.7  Tester’s query set of query by use case structure for topic B (Continued) 

 

Tester Query Tester’s query set Component Weight 

buy product 1 5 
2 

customer 3 4 

sell product 1 4 
3 

customer sales 3 4 

view customer order 1 4 

view list of products ordered by customer 2 4 4 

sale 3 4 

purchase order 1 5 

3 

5 
vendor producer 3 4 

sell product 1 5 

sell product stock 2 4 1 

seller sale 3 4 

buy product 1 5 
2 

supplier 3 4 

query product 1 5 

query product 2 4 3 

customer sale 3 4 

purchase order 1 5 

purchase product 2 4 4 

seller 3 4 

order product 1 4 

order product 2 4 

4 

5 

customer 3 3 

purchase 1 5 

purchase product 2 5 1 

customer 3 5 
5 

2 billing system 1 5 
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Table B.7  Tester’s query set of query by use case structure for topic B (Continued) 

 

Tester Query Tester’s query set Component Weight 

inventory 1 4 
3 

manage inventory stock 2 4 

4 sale seller 3 5 

sale tracking 1 4 

5 

5 
track sale progress status 2 3 

trade 1 3 
1 

trade product 2 4 

buy stock 1 4 

buy stock to company 2 3 2 

supplier company 3 3 

product selling 1 4 
3 

saleman manager 3 4 

purchase product 1 4 
4 

buy product 2 4 

trade 1 4 

6 

5 
trade product 2 4 

add product 1 4 
1 

add product category 2 2 

order product 1 4 
2 

customer order product 2 2 

manage product category 1 4 

manage product category 2 2 3 

manage product category 10 2 

billing system 1 4 
4 

payment 2 2 

sell product 1 4 

7 

5 
sale 3 2 
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Table B.7  Tester’s query set of query by use case structure for topic B (Continued) 

 

 

 

 

 

 

 

 

 

Tester Query Tester’s query set Component Weight 

buy product 1 4 
1 

buy product list 2 4 

product order 1 4 
2 

get product order from customer 8 2 

product trading 1 4 

customer 3 3 3 

search product 10 2 

product report 1 3 
4 

summary report product 2 3 

deliver product 1 3 

send product to customer 2 3 

8 

5 

saleman seller 3 4 
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Table B.8  Tester’s query set of query by use case structure for topic C 

 

Tester Query Tester’s query set Component Weight 

add customer information 1 4 

add customer information 2 4 1 

staff 3 3 

delete customer 1 4 
2 

staff 3 3 

3 search customer 1 4 

4 promote customer 1 4 

view customer 1 4 

view customer profile 2 5 

1 

5 

staff 3 4 

search customer 1 5 

customer details 2 4 1 

product 4 2 

2 add customer 1 5 

3 delete customer 1 5 

4 update customer 1 5 

2 

5 customer summary 1 5 

create customer 1 4 

create new customer profile 2 3 1 

staff 3 3 

analyze customer needs 1 4 

analyze customer needs by customer order 

history 
2 3 2 

staff 3 3 

delete customer 1 4 

delete customer profile 2 3 

3 

3 

staff 3 3 
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Table B.8  Tester’s query set of query by use case structure for topic C (Continued) 

 

Tester Query Tester’s query set Component Weight 

store customer order 1 4 

store customer order for further customer 

needs analysis 
2 3 4 

customer 3 3 

update customer profile 1 4 

update customer profile 2 3 

3 

5 

staff 3 3 

add customer 1 5 

add new customer 2 4 
1 

 
staff manager 3 3 

remove customer 1 5 

remove customer profile 2 4 
2 

 
staff manager 3 3 

update customer 1 5 

update customer profile 2 4 

manager 3 3 

3 

 

available customer 8 2 

query customer 1 5 

query customer information 2 4 

staff manager 3 3 

4 

 

query 4 4 

check credit 1 5 

check customer credit 2 4 

4 

 

5 

 
employee staff 3 3 

schedule 1 1 
1 

calendar schedule events 2 4 5 

2 address 1 4 
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Table B.8  Tester’s query set of query by use case structure for topic C (Continued) 

 

Tester Query Tester’s query set Component Weight 

manage customer address 2 3 
2 

customer 3 5 

purchase history 1 3 
3 

purchase history track 2 5 

contact management 1 3 
4 

manage contact management address 2 5 

analyze customer data 1 3 

5 

5 
analyze customer purchase data mining 2 5 

customer 1 5 

normal activities of customer 2 5 1 

customer 3 5 

retrieve data 1 4 

get information of customer 2 4 

searcher 3 3 
2 

get information 9 4 

customer buying detail 1 4 

get or set customer buyer detail 2 3 

customer searcher 3 4 

set data 8 1 

3 

get data 9 3 

set promotion 1 4 

set appropriate data for each customer 2 4 4 

customer definer 3 3 

advertising for customer 1 2 

create promotion for advertise customer 2 3 

customer creator 3 5 

6 

5 

set advertising for customer 8 3 
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Table B.8  Tester’s query set of query by use case structure for topic C (Continued) 

 

 

 

 

 

 

Tester Query Tester’s query set Component Weight 

1 customer 1 5 

customer 1 5 
2 

customer information 2 3 

new customer 1 3 
3 

customer administrator 3 3 

customer management 1 3 
4 

customer administrator 3 3 

7 

5 information 1 3 

add customer information 1 2 
1 

add customer information 2 2 

update customer information 1 2 
2 

update customer information 2 2 

delete customer information 1 2 
3 

delete customer information 2 2 

change status 1 2 
4 

change customer status active inactive 2 2 

report customer information 1 2 

8 

5 report customer information summary daily 

monthly 
2 2 
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Table B.9  Tester’s query set of query by use case structure for topic D 

 

Tester Query Tester’s query set Component Weight 

1 calculate price 1 3 

2 calculate tax 1 4 

3 salary calculation 1 5 

4 net benefit 1 2 

1 

5 price information 1 3 

1 net profit 1 5 

2 annual profit 1 5 

calculate interest 1 5 

calculate annual interest 2 4 3 

user 3 4 

set interest rate 1 5 
4 

set interest rate for interest calculation 2 3 

calculate investment 1 3 

2 

5 
calculate investment summary 2 3 

create net profit report 1 4 

create net profit report 2 3 1 

user 3 3 

calculate tax 1 4 

calculate tax product 2 4 2 

employee manager 3 4 

calculate amount payment 1 5 

calculate total payment 2 4 3 

get total payment 9 4 

calculate money 1 4 
4 

money summary calculation 2 4 

financial information 1 4 

3 

5 
income outcome money 2 4 
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Table B.9  Tester’s query set of query by use case structure for topic D (Continued) 

 

Tester Query Tester’s query set Component Weight 

calculate tax 1 4 

calculate tax 2 4 1 

officer 3 4 

manage dividen 1 4 

calculate dividen share 2 3 2 

manager 3 2 

calculate salary 1 4 
3 

calculate salary employee 2 4 

price summary 1 4 

calculate price summary 2 4 4 

staff 3 3 

payment summary 1 4 

4 

5 
total amount payment 2 4 

calculate net profit 1 2 
1 

calculate net profit general ledger 2 4 

calculate depriciation 1 2 
2 

calculate depriciation assets 2 4 

calculate net income 1 3 
3 

calculate net income taxes 2 4 

calculate balance account 1 3 
4 

calculate balance account 2 5 

cash flow prediction 1 3 

5 

5 
predict cash flow money 2 3 

get finance information 1 4 

view finance money information 2 3 1 

searcher 3 4 
6 

2 set criteria 1 2 
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Table B.9  Tester’s query set of query by use case structure for topic D (Continued) 

 

Tester Query Tester’s query set Component Weight 

set criteria for financial calculation 2 4 
2 

calculator 3 3 

calculate process 1 2 

calculation information for each record 2 2 3 

calculator 3 2 

calculate process 1 2 

price money calculation 2 2 4 

calculator 3 2 

financial report 1 3 

6 

5 
summary money price report 2 3 

1 financial calculation 1 5 

financial report 1 3 
2 

summary money report 2 3 

manage calculation type 1 3 
3 

manage calculation type group category 2 3 

insurance rate calculation 1 3 
4 

insurance rate calculation precent 2 3 

stock index calculation 1 3 

7 

5 
stock index calculation price amount 2 3 

interest 1 3 
1 

calculate display 2 3 

calculate 1 4 
2 

tax interest 2 4 

generate calculate 1 3 
3 

debit credit finance 2 3 

interest deposit calculation 1 3 

8 

4 
interest deposit calculation 2 3 
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Table B.9  Tester’s query set of query by use case structure for topic D (Continued) 

 

 

 

 

 

 

 

 

 

Tester Query Tester’s query set Component Weight 

price calculation 1 4 
8 5 

price summary billing calculation 2 4 
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Table B.10  Tester’s query set of query by use case structure for topic E 

 

Tester Query Tester’s query set Component Weight 

1 print report 1 4 

2 update report 1 4 

3 delete report 1 4 

4 summary information report 1 4 

1 

5 create generate receipt 1 4 

1 create summary report 1 5 

2 formatting report 1 5 

3 adjust or tailor report 1 5 

delete report 1 5 
4 

delete unnecessary information report 2 5 

search report 1 5 

2 

5 
search summary document report 2 5 

generate report template 1 5 

generate report template 2 5 1 

user 3 2 

search report 1 5 

search report 2 5 2 

user 3 2 

print report 1 5 

print report 2 5 3 

user 3 2 

view report 1 5 

view report 2 5 4 

user 3 2 

generate receipt 1 4 

generate receipt summary 2 4 

3 

5 
buyer 3 2 
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Table B.10  Tester’s query set of query by use case structure for topic E (Continued) 

 

Tester Query Tester’s query set Component Weight 

create sale report 1 4 

create manager report sale product 2 4 1 

manager 3 3 

create employee report 1 4 

employee list 2 3 2 

employee 3 3 

create product report 1 4 

summary product report 2 2 3 

producer 3 2 

create profit report 1 3 

create profit report investment 2 3 4 

company 3 3 

create customer report 1 4 

customer list 2 3 

company 3 3 

generate query 4 2 

4 

5 

available customer 8 2 

create summary report 1 4 
1 

create summary report 2 5 

create monthly report 1 4 
2 

create monthly report 2 5 

detailed analysis report 1 3 
3 

detailed analysis report analytical purpose 2 4 

special report 1 3 
4 

create special report 2 4 

prediction report 1 2 

5 

5 
data mining analysis report 2 3 
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Table B.10  Tester’s query set of query by use case structure for topic E (Continued) 

 

Tester Query Tester’s query set Component Weight 

get information for create report 1 4 

get information for create report 2 3 1 

reportor 3 3 

set criteria 1 3 

set criteria for retrieve report 2 3 2 

reportor 3 3 

create product report 1 4 

summary product report 2 2 3 

producer 3 2 

print report 1 3 

print report by approve information 2 3 

reportor manager 3 4 

set criteria 8 3 

4 

get report 9 4 

make new report 1 4 

6 

5 
make new report 2 4 

manage report 1 4 
1 

add edit delete report 2 4 

report 1 4 
2 

report system 2 4 

create report 1 4 
3 

create report 2 4 

total order report 1 4 
4 

total order report daily weekly 2 4 

cost production report 1 4 

cost production report group supplier 2 4 

7 

5 

customer 3 3 
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Table B.10  Tester’s query set of query by use case structure for topic E (Continued) 

 

Table B.11  Components of  the use case description 

 

Component ID Component name 

1 Use case name 

2 Objective 

3 Actor 

4 Association 

5 Include 

6 Extend 

7 Gneralization 

8 Precondition 

9 Postcondition 

10 Normal flow of events 

11 Subflow of events 

12 Alternative or exceptional flow of events 

 

Tester Query Tester’s query set Component Weight 

customer information report 1 2 
1 

customer information report 2 2 

production report 1 3 
2 

production report line port lot 2 3 

staff salary report 1 4 
3 

staff salary report department 2 4 

summary report 1 3 
4 

display view show 2 3 

report 1 4 

8 

5 
header detail 10 3 



 

 

APPENDIX C 

SIMILARITY SCORE AND RECALL, PRECISION, AND HARMONIC MEAN 
OF THE EXPERIMENTS 

Table C.1  Average and maximum similarity score of query by use case structure and 

keywords (1) for subject A 

Average and maximum similarity score of all queries for topic A 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

1 0.00053 0.01761  0.00177 0.07010 

2 0.00022 0.01282  0.00171 0.05405 

3 0.00019 0.00840  0.00155 0.09795 

4 0.00023 0.00593  0.00140 0.05313 

5 0.00051 0.01760  0.00122 0.10714 

6 0.00126 0.02747  0.00121 0.03457 

7 0.00053 0.02778  0.00133 0.12162 

8 0.00110 0.03050  0.00140 0.09091 

9 0.00099 0.05311  0.00198 0.06049 

10 0.00039 0.03367  0.00157 0.04033 

11 0.00022 0.00937  0.00211 0.04865 

12 0.00021 0.00889  0.00116 0.04210 

13 0.00032 0.05556  0.00135 0.02542 

14 0.00062 0.10000  0.00090 0.01881 

15 0.00038 0.00904  0.00117 0.05442 

16 0.00065 0.03623  0.00083 0.01748 

17 0.00049 0.01562  0.00128 0.05333 

18 0.00021 0.00889  0.00085 0.02623 

19 0.00050 0.00904  0.00131 0.05584 

20 0.00021 0.02381  0.00147 0.10000 
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Table C.1  Average and maximum similarity score of query by use case structure and 

keywords (1) for subject A (Continued) 

 

 

 

Average and maximum similarity score of all queries for topic A 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

21 0.00000 0.00000  0.00116 0.03748 

22 0.00023 0.00593  0.00206 0.06636 

23 0.00019 0.00840  0.00193 0.08523 

24 0.00022 0.00937  0.00086 0.04806 

25 0.00020 0.01136  0.00071 0.04103 

26 0.00021 0.02381  0.00107 0.03483 

27 0.00052 0.03922  0.00063 0.02622 

28 0.00041 0.06452  0.00125 0.03203 

29 0.00049 0.02589  0.00144 0.23834 

30 0.00024 0.01678  0.00080 0.01909 

31 0.00000 0.00000  0.00064 0.04947 

32 0.00021 0.00889  0.00095 0.03795 

33 0.00044 0.01324  0.00056 0.04375 

34 0.00042 0.01324  0.00142 0.04815 

35 0.00028 0.00828  0.00073 0.01749 

36 0.00041 0.01111  0.00091 0.02889 

37 0.00034 0.03602  0.00142 0.06667 

38 0.00050 0.04274  0.00111 0.05442 

39 0.00059 0.06897  0.00165 0.06531 

40 0.00063 0.03333  0.00043 0.00904 

Average 0.00041 0.02381  0.00123 0.05556 



 

 

115 

Table C.2  Average and maximum similarity score of query by use case structure and 

keywords (1) for subject B 

Average and maximum similarity score of all queries for topic B 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

1 0.00066 0.04823  0.00185 0.05385 

2 0.00043 0.01313  0.00154 0.03191 

3 0.00019 0.00256  0.00143 0.02560 

4 0.00052 0.00939  0.00138 0.13333 

5 0.00038 0.02098  0.00145 0.02233 

6 0.00125 0.02899  0.00109 0.05769 

7 0.00039 0.06061  0.00073 0.03730 

8 0.00024 0.03175  0.00081 0.03590 

9 0.00097 0.05405  0.00122 0.02355 

10 0.00102 0.04493  0.00056 0.02368 

11 0.00034 0.02098  0.00124 0.02992 

12 0.00035 0.02098  0.00145 0.12963 

13 0.00054 0.00844  0.00182 0.05385 

14 0.00049 0.00797  0.00116 0.01852 

15 0.00050 0.00797  0.00060 0.06410 

16 0.00054 0.03195  0.00168 0.05615 

17 0.00060 0.03111  0.00080 0.12963 

18 0.00091 0.03011  0.00099 0.02210 

19 0.00103 0.05714  0.00098 0.05325 

20 0.00104 0.06667  0.00101 0.02705 

21 0.00094 0.01871  0.00122 0.04808 

22 0.00053 0.02665  0.00079 0.24000 

23 0.00049 0.01042  0.00138 0.13125 

24 0.00052 0.05714  0.00115 0.11571 

25 0.00052 0.04286  0.00103 0.04762 
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Table C.2  Average and maximum similarity score of query by use case structure and 

keywords (1) for subject B (Continued) 

 

 

 

 

 

 

 

 

 

Average and maximum similarity score of all queries for topic B 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

26 0.00058 0.03509  0.00069 0.05442 

27 0.00052 0.02987  0.00107 0.15657 

28 0.00053 0.01588  0.00152 0.05385 

29 0.00052 0.03218  0.00147 0.09333 

30 0.00072 0.01818  0.00061 0.04762 

31 0.00052 0.05714  0.00119 0.02446 

32 0.00060 0.03037  0.00094 0.02990 

33 0.00049 0.03529  0.00094 0.01920 

34 0.00039 0.01556  0.00072 0.16000 

35 0.00080 0.01027  0.00156 0.07180 

36 0.00062 0.03111  0.00143 0.19445 

37 0.00057 0.01357  0.00068 0.02392 

38 0.00060 0.00844  0.00097 0.02244 

39 0.00079 0.01818  0.00146 0.03526 

40 0.00093 0.05217  0.00077 0.03500 

Average 0.00061 0.02893  0.00114 0.06586 
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Table C.3  Average and maximum similarity score of query by use case structure and 

keywords (1) for subject C 

Average and maximum similarity score of all queries for topic C 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

1 0.00058 0.01563  0.00116 0.01685 

2 0.00043 0.00990  0.00066 0.03114 

3 0.00050 0.00617  0.00068 0.03556 

4 0.00041 0.02885  0.00084 0.15000 

5 0.00045 0.01588  0.00100 0.01313 

6 0.00075 0.02597  0.00063 0.01746 

7 0.00077 0.05366  0.00094 0.02881 

8 0.00035 0.03158  0.00049 0.04115 

9 0.00044 0.04132  0.00046 0.02881 

10 0.00086 0.05455  0.00068 0.10000 

11 0.00040 0.03333  0.00084 0.02299 

12 0.00042 0.00469  0.00058 0.02400 

13 0.00065 0.03889  0.00068 0.02853 

14 0.00059 0.01026  0.00113 0.13222 

15 0.00063 0.01653  0.00054 0.01293 

16 0.00058 0.01563  0.00111 0.01643 

17 0.00056 0.01563  0.00153 0.04327 

18 0.00046 0.07407  0.00065 0.01345 

19 0.00074 0.01975  0.00063 0.01257 

20 0.00064 0.02604  0.00095 0.02527 

21 0.00061 0.01563  0.00066 0.07297 

22 0.00054 0.01961  0.00077 0.01904 

23 0.00073 0.07692  0.00112 0.10000 

24 0.00073 0.01852  0.00072 0.05440 

25 0.00087 0.03011  0.00048 0.01500 
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Table C.3  Average and maximum similarity score of query by use case structure and 

keywords (1) for subject C (Continued) 

 

 

 

 

 

 

 

 

 

Average and maximum similarity score of all queries for topic C 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

26 0.00019 0.00444  0.00087 0.03788 

27 0.00034 0.01667  0.00028 0.00475 

28 0.00088 0.06838  0.00077 0.04978 

29 0.00069 0.00717  0.00058 0.05455 

30 0.00023 0.00436  0.00073 0.01789 

31 0.00050 0.00617  0.00046 0.03601 

32 0.00023 0.00183  0.00059 0.02830 

33 0.00023 0.00436  0.00148 0.03241 

34 0.00042 0.00414  0.00168 0.03537 

35 0.00107 0.01767  0.00091 0.02332 

36 0.00071 0.01324  0.00127 0.02317 

37 0.00040 0.00884  0.00090 0.02258 

38 0.00097 0.00748  0.00108 0.03295 

39 0.00087 0.06924  0.00100 0.04545 

40 0.00068 0.01257  0.00177 0.10000 

Average 0.00058 0.02364  0.00086 0.04001 
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Table C.4  Average and maximum similarity score of query by use case structure and 

keywords (1) for subject D 

Average and maximum similarity score of all queries for topic D 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

1 0.00018 0.00941  0.00132 0.09356 

2 0.00014 0.02139  0.00164 0.25000 

3 0.00039 0.05000  0.00169 0.08260 

4 0.00037 0.01399  0.00051 0.10667 

5 0.00022 0.01282  0.00120 0.08000 

6 0.00089 0.02548  0.00051 0.10667 

7 0.00058 0.05000  0.00000 0.00000 

8 0.00059 0.06897  0.00083 0.03028 

9 0.00072 0.08696  0.00042 0.06058 

10 0.00041 0.03448  0.00075 0.03263 

11 0.00024 0.00691  0.00113 0.04648 

12 0.00084 0.10247  0.00140 0.11657 

13 0.00088 0.06838  0.00104 0.04779 

14 0.00050 0.04348  0.00152 0.05442 

15 0.00040 0.01649  0.00081 0.05000 

16 0.00068 0.03682  0.00128 0.11893 

17 0.00066 0.01335  0.00069 0.02361 

18 0.00037 0.02381  0.00145 0.05966 

19 0.00045 0.06897  0.00091 0.05818 

20 0.00068 0.01160  0.00092 0.05185 

21 0.00043 0.00766  0.00081 0.07272 

22 0.00056 0.06667  0.00059 0.02797 

23 0.00023 0.00666  0.00144 0.11317 

24 0.00023 0.00666  0.00146 0.12500 

25 0.00000 0.00000  0.00113 0.11111 
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Table C.4  Average and maximum similarity score of query by use case structure and 

keywords (1) for subject D (Continued) 

 

 

 

 

 

 

 

 

 

Average and maximum similarity score of all queries for topic D 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

26 0.00026 0.01441  0.00062 0.01012 

27 0.00024 0.03704  0.00025 0.02307 

28 0.00030 0.03333  0.00100 0.03729 

29 0.00021 0.01253  0.00115 0.03729 

30 0.00045 0.04000  0.00123 0.03236 

31 0.00047 0.07596  0.00085 0.04661 

32 0.00045 0.07419  0.00110 0.03526 

33 0.00052 0.07407  0.00090 0.02712 

34 0.00048 0.01361  0.00104 0.06089 

35 0.00053 0.03997  0.00148 0.12182 

36 0.00050 0.03000  0.00029 0.01036 

37 0.00063 0.04482  0.00072 0.05556 

38 0.00064 0.03529  0.00088 0.03200 

39 0.00065 0.02857  0.00085 0.05455 

40 0.00057 0.02778  0.00133 0.06804 

Average 0.00046 0.03587  0.00098 0.06432 
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Table C.5  Average and maximum similarity score of query by use case structure and 

keywords (1) for subject E 

Average and maximum similarity score of all queries for topic E 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

1 0.00041 0.04000  0.00155 0.06452 

2 0.00041 0.00489  0.00101 0.03728 

3 0.00042 0.01361  0.00105 0.04115 

4 0.00039 0.02098  0.00165 0.09135 

5 0.00055 0.04263  0.00095 0.05333 

6 0.00077 0.03571  0.00155 0.09135 

7 0.00085 0.08318  0.00092 0.03728 

8 0.00053 0.03997  0.00154 0.11429 

9 0.00069 0.06061  0.00113 0.03232 

10 0.00027 0.00799  0.00101 0.03236 

11 0.00053 0.00828  0.00093 0.03111 

12 0.00047 0.00855  0.00096 0.02407 

13 0.00050 0.01231  0.00117 0.04032 

14 0.00085 0.00772  0.00140 0.03278 

15 0.00055 0.01894  0.00036 0.03467 

16 0.00081 0.00819  0.00172 0.01916 

17 0.00074 0.03762  0.00088 0.02859 

18 0.00122 0.09108  0.00125 0.02299 

19 0.00074 0.03997  0.00072 0.01562 

20 0.00098 0.06897  0.00066 0.01314 

21 0.00045 0.03377  0.00125 0.07613 

22 0.00051 0.03704  0.00124 0.04630 

23 0.00050 0.02564  0.00091 0.02616 

24 0.00047 0.00799  0.00177 0.28571 

25 0.00028 0.00828  0.00065 0.02386 
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Table C.5  Average and maximum similarity score of query by use case structure and 

keywords (1) for subject E (Continued) 

 

 

 

 

 

 

 

 

 

Average and maximum similarity score of all queries for topic E 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

26 0.00071 0.07407  0.00112 0.01876 

27 0.00052 0.01333  0.00016 0.00497 

28 0.00050 0.00894  0.00125 0.02299 

29 0.00029 0.00860  0.00088 0.01673 

30 0.00050 0.00828  0.00088 0.03169 

31 0.00077 0.03997  0.00154 0.02768 

32 0.00050 0.01299  0.00090 0.03097 

33 0.00048 0.00799  0.00122 0.02874 

34 0.00084 0.11803  0.00118 0.15385 

35 0.00073 0.03997  0.00165 0.06061 

36 0.00097 0.03762  0.00147 0.02397 

37 0.00092 0.03762  0.00140 0.04132 

38 0.00085 0.06274  0.00135 0.03244 

39 0.00044 0.00799  0.00091 0.05329 

40 0.00089 0.01406  0.00078 0.02556 

Average 0.00062 0.03140  0.00112 0.04724 
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Table C.6  Average and maximum similarity score of query by use case structure and 

keywords (2) for subject A 

Average and maximum similarity score of all queries for topic A 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

1 0.00057 0.01355  0.00177 0.07010 

2 0.00067 0.01678  0.00171 0.05405 

3 0.00086 0.05198  0.00155 0.09795 

4 0.00084 0.02453  0.00140 0.05313 

5 0.00039 0.02317  0.00122 0.10714 

6 0.00090 0.01815  0.00121 0.03457 

7 0.00026 0.01802  0.00133 0.12162 

8 0.00037 0.01277  0.00140 0.09091 

9 0.00094 0.01860  0.00198 0.06049 

10 0.00108 0.01859  0.00157 0.04033 

11 0.00085 0.01622  0.00211 0.04865 

12 0.00058 0.00872  0.00116 0.04210 

13 0.00096 0.02096  0.00135 0.02542 

14 0.00085 0.08696  0.00090 0.01881 

15 0.00062 0.01430  0.00117 0.05442 

16 0.00142 0.06397  0.00083 0.01748 

17 0.00094 0.06667  0.00128 0.05333 

18 0.00096 0.02429  0.00085 0.02623 

19 0.00080 0.06897  0.00131 0.05584 

20 0.00074 0.06061  0.00147 0.10000 

21 0.00062 0.00872  0.00116 0.03748 

22 0.00046 0.01531  0.00206 0.06636 

23 0.00081 0.01943  0.00193 0.08523 

24 0.00054 0.07519  0.00086 0.04806 

25 0.00061 0.03571  0.00071 0.04103 
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Table C.6  Average and maximum similarity score of query by use case structure and 

keywords (2) for subject A (Continued) 

 

 

 

 

 

 

 

 

 

Average and maximum similarity score of all queries for topic A 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

26 0.00074 0.01294  0.00107 0.03483 

27 0.00078 0.03663  0.00063 0.02622 

28 0.00081 0.02099  0.00125 0.03203 

29 0.00032 0.03333  0.00144 0.23834 

30 0.00125 0.01700  0.00080 0.01909 

31 0.00037 0.00823  0.00064 0.04947 

32 0.00022 0.00937  0.00095 0.03795 

33 0.00050 0.03241  0.00056 0.04375 

34 0.00081 0.01528  0.00142 0.04815 

35 0.00022 0.00178  0.00073 0.01749 

36 0.00083 0.01481  0.00091 0.02889 

37 0.00057 0.01355  0.00142 0.06667 

38 0.00044 0.00799  0.00111 0.05442 

39 0.00040 0.00752  0.00165 0.06531 

40 0.00077 0.00816  0.00043 0.00904 

Average 0.00069 0.02605  0.00123 0.05556 
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Table C.7  Average and maximum similarity score of query by use case structure and 

keywords (2) for subject B 

Average and maximum similarity score of all queries for topic B 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

1 0.00090 0.01492  0.00185 0.05385 

2 0.00064 0.00530  0.00154 0.03191 

3 0.00110 0.01023  0.00143 0.02560 

4 0.00089 0.03011  0.00138 0.13333 

5 0.00075 0.00797  0.00145 0.02233 

6 0.00049 0.01282  0.00109 0.05769 

7 0.00067 0.03030  0.00073 0.03730 

8 0.00102 0.04955  0.00081 0.03590 

9 0.00084 0.01064  0.00122 0.02355 

10 0.00031 0.00844  0.00056 0.02368 

11 0.00071 0.01108  0.00124 0.02992 

12 0.00071 0.03111  0.00145 0.12963 

13 0.00094 0.01492  0.00182 0.05385 

14 0.00114 0.00892  0.00116 0.01852 

15 0.00060 0.07500  0.00060 0.06410 

16 0.00113 0.01741  0.00168 0.05615 

17 0.00073 0.03111  0.00080 0.12963 

18 0.00095 0.06897  0.00099 0.02210 

19 0.00079 0.02149  0.00098 0.05325 

20 0.00054 0.00910  0.00101 0.02705 

21 0.00079 0.01388  0.00122 0.04808 

22 0.00052 0.05733  0.00079 0.24000 

23 0.00076 0.02785  0.00138 0.13125 

24 0.00048 0.01808  0.00115 0.11571 

25 0.00101 0.09524  0.00103 0.04762 
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Table C.7  Average and maximum similarity score of query by use case structure and 

keywords (2) for subject B (Continued) 

 

 

 

 

 

 

 

 

 

Average and maximum similarity score of all queries for topic B 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

26 0.00058 0.03509  0.00069 0.05442 

27 0.00090 0.03333  0.00107 0.15657 

28 0.00074 0.01492  0.00152 0.05385 

29 0.00077 0.03111  0.00147 0.09333 

30 0.00058 0.03509  0.00061 0.04762 

31 0.00061 0.00797  0.00119 0.02446 

32 0.00054 0.00910  0.00094 0.02990 

33 0.00069 0.00797  0.00094 0.01920 

34 0.00070 0.05472  0.00072 0.16000 

35 0.00076 0.01538  0.00156 0.07180 

36 0.00072 0.03111  0.00143 0.19445 

37 0.00054 0.00910  0.00068 0.02392 

38 0.00093 0.03175  0.00097 0.02244 

39 0.00083 0.03997  0.00146 0.03526 

40 0.00088 0.01522  0.00077 0.03500 

Average 0.00075 0.02634  0.00114 0.06586 
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Table C.8  Average and maximum similarity score of query by use case structure and 

keywords (2) for subject C 

Average and maximum similarity score of all queries for topic C 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

1 0.00080 0.00558  0.00116 0.01685 

2 0.00064 0.01026  0.00066 0.03114 

3 0.00043 0.00990  0.00068 0.03556 

4 0.00048 0.02308  0.00084 0.15000 

5 0.00081 0.01603  0.00100 0.01313 

6 0.00089 0.01064  0.00063 0.01746 

7 0.00042 0.00469  0.00094 0.02881 

8 0.00044 0.00823  0.00049 0.04115 

9 0.00046 0.00562  0.00046 0.02881 

10 0.00050 0.04000  0.00068 0.10000 

11 0.00081 0.01515  0.00084 0.02299 

12 0.00082 0.03125  0.00058 0.02400 

13 0.00078 0.01515  0.00068 0.02853 

14 0.00042 0.03889  0.00113 0.13222 

15 0.00080 0.01515  0.00054 0.01293 

16 0.00085 0.00625  0.00111 0.01643 

17 0.00097 0.01471  0.00153 0.04327 

18 0.00096 0.01506  0.00065 0.01345 

19 0.00105 0.06667  0.00063 0.01257 

20 0.00101 0.01438  0.00095 0.02527 

21 0.00024 0.01678  0.00066 0.07297 

22 0.00062 0.00794  0.00077 0.01904 

23 0.00079 0.02972  0.00112 0.10000 

24 0.00066 0.01852  0.00072 0.05440 

25 0.00081 0.03509  0.00048 0.01500 
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Table C.8  Average and maximum similarity score of query by use case structure and 

keywords (2) for subject C (Continued) 

 

 

 

 

 

 

 

 

 

Average and maximum similarity score of all queries for topic C 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

26 0.00046 0.04329  0.00087 0.03788 

27 0.00082 0.03509  0.00028 0.00475 

28 0.00090 0.03571  0.00077 0.04978 

29 0.00118 0.03704  0.00058 0.05455 

30 0.00081 0.03704  0.00073 0.01789 

31 0.00023 0.00436  0.00046 0.03601 

32 0.00044 0.00545  0.00059 0.02830 

33 0.00048 0.00464  0.00148 0.03241 

34 0.00073 0.00599  0.00168 0.03537 

35 0.00023 0.00183  0.00091 0.02332 

36 0.00062 0.00574  0.00127 0.02317 

37 0.00065 0.00543  0.00090 0.02258 

38 0.00063 0.00909  0.00108 0.03295 

39 0.00080 0.03953  0.00100 0.04545 

40 0.00119 0.08879  0.00177 0.10000 

Average 0.00069 0.02084  0.00086 0.04001 
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Table C.9  Average and maximum similarity score of query by use case structure and 

keywords (2) for subject D 

Average and maximum similarity score of all queries for topic D 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

1 0.00051 0.02228  0.00132 0.09356 

2 0.00046 0.03814  0.00164 0.25000 

3 0.00046 0.01334  0.00169 0.08260 

4 0.00040 0.03243  0.00051 0.10667 

5 0.00050 0.01905  0.00120 0.08000 

6 0.00022 0.01778  0.00051 0.10667 

7 0.00000 0.00000  0.00000 0.00000 

8 0.00042 0.00643  0.00083 0.03028 

9 0.00070 0.04167  0.00042 0.06058 

10 0.00048 0.03750  0.00075 0.03263 

11 0.00085 0.01826  0.00113 0.04648 

12 0.00113 0.03487  0.00140 0.11657 

13 0.00076 0.02198  0.00104 0.04779 

14 0.00073 0.03750  0.00152 0.05442 

15 0.00092 0.06677  0.00081 0.05000 

16 0.00066 0.03682  0.00128 0.11893 

17 0.00047 0.00621  0.00069 0.02361 

18 0.00066 0.01541  0.00145 0.05966 

19 0.00093 0.03529  0.00091 0.05818 

20 0.00080 0.03529  0.00092 0.05185 

21 0.00042 0.02090  0.00081 0.07272 

22 0.00022 0.00643  0.00059 0.02797 

23 0.00093 0.05882  0.00144 0.11317 

24 0.00088 0.06838  0.00146 0.12500 

25 0.00069 0.09524  0.00113 0.11111 
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Table C.9  Average and maximum similarity score of query by use case structure and 

keywords (2) for subject D (Continued) 

 

 

 

 

 

 

 

 

 

Average and maximum similarity score of all queries for topic D 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

26 0.00065 0.01295  0.00062 0.01012 

27 0.00063 0.07072  0.00025 0.02307 

28 0.00082 0.00871  0.00100 0.03729 

29 0.00090 0.02034  0.00115 0.03729 

30 0.00116 0.06667  0.00123 0.03236 

31 0.00047 0.07596  0.00085 0.04661 

32 0.00096 0.06897  0.00110 0.03526 

33 0.00079 0.00688  0.00090 0.02712 

34 0.00069 0.02955  0.00104 0.06089 

35 0.00110 0.05167  0.00148 0.12182 

36 0.00044 0.00694  0.00029 0.01036 

37 0.00046 0.03814  0.00072 0.05556 

38 0.00061 0.01119  0.00088 0.03200 

39 0.00037 0.02870  0.00085 0.05455 

40 0.00100 0.05217  0.00133 0.06804 

Average 0.00066 0.03341  0.00098 0.06432 
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Table C.10  Average and maximum similarity score of query by use case structure and 

keywords (2) for subject E 

Average and maximum similarity score of all queries for topic E 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

1 0.00055 0.01894  0.00155 0.06452 

2 0.00051 0.00828  0.00101 0.03728 

3 0.00049 0.00828  0.00105 0.04115 

4 0.00074 0.03997  0.00165 0.09135 

5 0.00064 0.01515  0.00095 0.05333 

6 0.00077 0.03997  0.00155 0.09135 

7 0.00047 0.03226  0.00092 0.03728 

8 0.00054 0.03077  0.00154 0.11429 

9 0.00066 0.00881  0.00113 0.03232 

10 0.00087 0.05556  0.00101 0.03236 

11 0.00067 0.01143  0.00093 0.03111 

12 0.00066 0.01018  0.00096 0.02407 

13 0.00072 0.01824  0.00117 0.04032 

14 0.00071 0.01049  0.00140 0.03278 

15 0.00063 0.03529  0.00036 0.03467 

16 0.00122 0.01119  0.00172 0.01916 

17 0.00091 0.01487  0.00088 0.02859 

18 0.00127 0.07358  0.00125 0.02299 

19 0.00069 0.02367  0.00072 0.01562 

20 0.00150 0.06199  0.00066 0.01314 

21 0.00077 0.03997  0.00125 0.07613 

22 0.00068 0.03268  0.00124 0.04630 

23 0.00063 0.05882  0.00091 0.02616 

24 0.00070 0.06061  0.00177 0.28571 

25 0.00043 0.03509  0.00065 0.02386 
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Table C.10  Average and maximum similarity score of query by use case structure and 

keywords (2) for subject E (Continued) 

 

 

 

 

 

 

 

 

 

Average and maximum similarity score of all queries for topic E 

 Query by use case keywords  Query by use case structure 

Query Average Maximum  Average Maximum 

26 0.00069 0.00771  0.00112 0.01876 

27 0.00067 0.03846  0.00016 0.00497 

28 0.00127 0.07358  0.00125 0.02299 

29 0.00126 0.03448  0.00088 0.01673 

30 0.00029 0.00860  0.00088 0.03169 

31 0.00106 0.01161  0.00154 0.02768 

32 0.00050 0.00894  0.00090 0.03097 

33 0.00053 0.00828  0.00122 0.02874 

34 0.00083 0.12541  0.00118 0.15385 

35 0.00116 0.06897  0.00165 0.06061 

36 0.00069 0.00799  0.00147 0.02397 

37 0.00096 0.04725  0.00140 0.04132 

38 0.00093 0.00923  0.00135 0.03244 

39 0.00093 0.03762  0.00091 0.05329 

40 0.00048 0.00950  0.00078 0.02556 

Average 0.00077 0.03134  0.00112 0.04724 
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 Table C.11  Recall, precision, and harmonic mean of query by use case structure and 

keywords (1) for subject A 

Recall, precision, and harmonic mean of all queries for topic A 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

1 0.0476 0.0435 0.0455  0.4444 0.8485 0.5833 

2 0.0000 0.0000 0.0000  0.4921 0.9394 0.6458 

3 0.2698 0.8095 0.4048  0.2540 0.8889 0.3951 

4 0.1905 0.8000 0.3077  0.4286 0.7941 0.5567 

5 0.3810 0.7059 0.4948  0.1746 0.7857 0.2857 

6 0.7937 0.6173 0.6944  0.7460 0.8393 0.7899 

7 0.3810 0.4068 0.3934  0.0476 0.6000 0.0882 

8 0.7302 0.6216 0.6715  0.1587 0.6250 0.2532 

9 0.6349 0.4301 0.5128  0.5556 0.8537 0.6731 

10 0.0476 0.1765 0.0750  0.7937 0.8772 0.8333 

11 0.3810 0.8889 0.5333  0.5873 0.5692 0.5781 

12 0.0476 0.1034 0.0652  0.4603 0.8286 0.5918 

13 0.0635 0.8000 0.1176  0.5079 0.4706 0.4885 

14 0.0476 0.0968 0.0638  0.5079 0.5079 0.5079 

15 0.6825 0.8431 0.7544  0.3333 0.8400 0.4773 

16 0.2063 0.3611 0.2626  0.8889 0.6829 0.7724 

17 0.0794 0.0704 0.0746  0.5079 0.7805 0.6154 

18 0.0476 0.1034 0.0652  0.4603 0.6905 0.5524 

19 0.3810 0.2667 0.3137  0.5079 0.5000 0.5039 

20 0.0476 0.7500 0.0896  0.4603 0.7838 0.5800 

21 0.0000 0.0000 0.0000  0.4286 0.5400 0.4779 

22 0.1905 0.8000 0.3077  0.1905 1.0000 0.3200 

23 0.2698 0.8095 0.4048  0.6032 0.5758 0.5891 

24 0.3810 0.8889 0.5333  0.2540 0.8000 0.3855 

25 0.0159 0.0833 0.0267  0.0794 0.5556 0.1389 
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Table C.11  Recall, precision, and harmonic mean of query by use case structure and 

keywords (1) for subject A (Continued) 

 

 

 

 

 

 

Recall, precision, and harmonic mean of all queries for topic A 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

26 0.0476 0.7500 0.0896  0.6032 0.8261 0.6972 

27 0.2540 0.7273 0.3765  0.3810 0.8889 0.5333 

28 0.0476 0.6000 0.0882  0.5556 0.8974 0.6863 

29 0.2063 0.5200 0.2955  0.0317 0.6667 0.0606 

30 0.0476 0.2727 0.0811  0.7937 0.8475 0.8197 

31 0.0000 0.0000 0.0000  0.1587 0.5882 0.2500 

32 0.0476 0.1034 0.0652  0.3492 0.9565 0.5116 

33 0.2222 0.4667 0.3011  0.0476 0.4286 0.0857 

34 0.2381 0.5769 0.3371  0.6825 0.5181 0.5890 

35 0.0635 0.1026 0.0784  0.1429 0.1875 0.1622 

36 0.2698 0.3617 0.3091  0.2063 0.1566 0.1781 

37 0.0952 1.0000 0.1739  0.5079 0.8000 0.6214 

38 0.1429 0.8182 0.2432  0.2222 0.4516 0.2979 

39 0.6032 0.8636 0.7103  0.3492 0.8800 0.5000 

40 0.5556 0.5224 0.5385  0.3968 0.5102 0.4464 

Average 0.2290 0.4791 0.2725  0.4075 0.6945 0.4781 
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Table C.12  Recall, precision, and harmonic mean of query by use case structure and 

keywords (1) for subject B 

Recall, precision, and harmonic mean of all queries for topic B 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

1 0.1250 0.2353 0.1633  0.4688 0.3000 0.3659 

2 0.3125 0.2083 0.2500  0.5313 0.1560 0.2411 

3 0.0625 0.0426 0.0506  0.6250 0.1754 0.2740 

4 0.2500 0.1290 0.1702  0.4375 0.2414 0.3111 

5 0.1563 0.0806 0.1064  0.2813 0.1200 0.1682 

6 0.3438 0.0991 0.1538  0.3750 0.3158 0.3429 

7 0.0000 0.0000 0.0000  0.1563 0.1389 0.1471 

8 0.0625 0.4000 0.1081  0.2813 0.2368 0.2571 

9 0.3438 0.3793 0.3607  0.3125 0.1190 0.1724 

10 0.2500 0.0611 0.0982  0.1563 0.2500 0.1923 

11 0.2188 0.1321 0.1647  0.2813 0.2093 0.2400 

12 0.2188 0.2414 0.2295  0.3125 0.2439 0.2740 

13 0.2813 0.1098 0.1579  0.5000 0.3137 0.3855 

14 0.2500 0.1053 0.1481  0.5313 0.1504 0.2345 

15 0.2813 0.1552 0.2000  0.2500 1.0000 0.4000 

16 0.0938 0.1500 0.1154  0.4375 0.2373 0.3077 

17 0.2188 0.3500 0.2692  0.1875 0.3750 0.2500 

18 0.4375 0.2500 0.3182  0.4063 0.2241 0.2889 

19 0.6875 0.2683 0.3860  0.5313 0.4146 0.4658 

20 0.5000 0.2078 0.2936  0.3125 0.1887 0.2353 

21 0.5313 0.1491 0.2329  0.5313 0.2833 0.3696 

22 0.1563 0.0769 0.1031  0.0625 0.2500 0.1000 

23 0.4063 0.1625 0.2321  0.1563 0.0962 0.1190 

24 0.4375 0.3182 0.3684  0.0938 0.5000 0.1579 

25 0.2500 0.2162 0.2319  0.4375 0.4516 0.4444 
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Table C.12  Recall, precision, and harmonic mean of query by use case structure and 

keywords (1) for subject B (Continued) 

 

 

 

 

 

 

Recall, precision, and harmonic mean of all queries for topic B 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

26 0.2813 0.2250 0.2500  0.1875 0.1935 0.1905 

27 0.0625 0.0800 0.0702  0.1250 0.1481 0.1356 

28 0.3750 0.2553 0.3038  0.3438 0.1746 0.2316 

29 0.3125 0.2564 0.2817  0.4375 0.3684 0.4000 

30 0.3438 0.1467 0.2056  0.1875 0.1935 0.1905 

31 0.1563 0.3333 0.2128  0.2188 0.1321 0.1647 

32 0.1563 0.2500 0.1923  0.3750 0.2353 0.2892 

33 0.0938 0.0536 0.0682  0.2813 0.1125 0.1607 

34 0.1250 0.2222 0.1600  0.0313 0.0833 0.0455 

35 0.4063 0.1477 0.2167  0.3750 0.4615 0.4138 

36 0.5313 0.2931 0.3778  0.2813 0.2195 0.2466 

37 0.5625 0.2250 0.3214  0.2813 0.3913 0.3273 

38 0.2813 0.1125 0.1607  0.2813 0.1500 0.1957 

39 0.4063 0.1413 0.2097  0.1875 0.1250 0.1500 

40 0.1875 0.1818 0.1846  0.4688 0.2542 0.3297 

Average 0.2789 0.1863 0.2032  0.3180 0.2559 0.2554 
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Table C.13  Recall, precision, and harmonic mean of query by use case structure and 

keywords (1) for subject C 

Recall, precision, and harmonic mean of all queries for topic C 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

1 0.7857 0.1222 0.2115  0.8571 0.1034 0.1846 

2 0.7143 0.1515 0.2500  0.7857 0.2075 0.3284 

3 0.7143 0.0990 0.1739  0.7857 0.7333 0.7586 

4 0.7143 0.2083 0.3226  0.7857 0.9167 0.8462 

5 0.1429 0.0308 0.0506  0.8571 0.1043 0.1860 

6 0.7143 0.1408 0.2353  0.7857 0.2444 0.3729 

7 0.7857 0.1279 0.2200  0.7857 0.4583 0.5789 

8 0.0000 0.0000 0.0000  0.7857 0.9167 0.8462 

9 0.1429 0.0426 0.0656  0.7857 0.9167 0.8462 

10 0.7143 0.1087 0.1887  0.7857 0.9167 0.8462 

11 0.2857 0.0656 0.1067  0.7857 0.1447 0.2444 

12 0.7857 0.1310 0.2245  0.7857 0.1667 0.2750 

13 0.7143 0.2000 0.3125  0.7857 0.1528 0.2558 

14 0.7857 0.1111 0.1947  0.7857 0.2444 0.3729 

15 0.7857 0.1111 0.1947  0.7857 0.1642 0.2716 

16 0.7857 0.1222 0.2115  0.7857 0.0940 0.1679 

17 0.7143 0.1754 0.2817  0.7857 0.1058 0.1864 

18 0.7143 0.2222 0.3390  0.7857 0.1746 0.2857 

19 0.7857 0.1774 0.2895  0.8571 0.1101 0.1951 

20 0.8571 0.1200 0.2105  0.8571 0.1622 0.2727 

21 0.7143 0.0971 0.1709  0.0000 0.0000 0.0000 

22 0.2143 0.0448 0.0741  0.7857 0.1833 0.2973 

23 0.7143 0.0990 0.1739  0.1429 0.1333 0.1379 

24 0.3571 0.0417 0.0746  0.3571 0.1220 0.1818 

25 0.2143 0.0385 0.0652  0.7857 0.3235 0.4583 
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Table C.13  Recall, precision, and harmonic mean of query by use case structure and 

keywords (1) for subject C (Continued) 

 

 

 

 

 

 

Recall, precision, and harmonic mean of all queries for topic C 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

26 0.2857 0.0816 0.1270  0.7857 0.2444 0.3729 

27 0.3571 0.2381 0.2857  0.8571 0.1905 0.3117 

28 0.3571 0.2174 0.2703  0.7857 0.1930 0.3099 

29 0.8571 0.0805 0.1472  0.7857 0.2444 0.3729 

30 0.7143 0.2273 0.3448  0.7857 0.1864 0.3014 

31 0.7143 0.0990 0.1739  0.7857 1.0000 0.8800 

32 0.2143 0.0469 0.0769  0.8571 0.1739 0.2892 

33 0.7143 0.2273 0.3448  0.7857 0.1122 0.1964 

34 0.5000 0.0588 0.1053  0.7857 0.1068 0.1880 

35 0.8571 0.0736 0.1356  0.2143 0.0625 0.0968 

36 0.7857 0.1250 0.2157  0.8571 0.1319 0.2286 

37 0.7143 0.1282 0.2174  0.8571 0.1538 0.2609 

38 0.7857 0.0719 0.1317  0.8571 0.1500 0.2553 

39 0.7857 0.0853 0.1538  0.7857 0.2619 0.3929 

40 0.7143 0.0990 0.1739  0.8571 0.1277 0.2222 

Average 0.6054 0.1162 0.1887  0.7429 0.2785 0.3519 
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Table C.14  Recall, precision, and harmonic mean of query by use case structure and 

keywords (1) for subject D 

Recall, precision, and harmonic mean of all queries for topic D 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

1 0.0417 0.0526 0.0465  0.4583 0.7857 0.5789 

2 0.0417 0.1667 0.0667  0.5000 0.9231 0.6486 

3 0.1250 0.6000 0.2069  0.4583 0.7857 0.5789 

4 0.1250 0.1111 0.1176  0.0417 0.5000 0.0769 

5 0.0833 0.2000 0.1176  0.0417 0.0196 0.0267 

6 0.3333 0.1667 0.2222  0.0417 0.5000 0.0769 

7 0.3333 0.5333 0.4103  0.0000 0.0000 0.0000 

8 0.3333 0.6667 0.4444  0.5833 0.1944 0.2917 

9 0.0417 0.1667 0.0667  0.5417 0.8125 0.6500 

10 0.1250 0.6000 0.2069  0.5833 0.8235 0.6829 

11 0.6667 0.5333 0.5926  0.0833 0.0294 0.0435 

12 0.0833 0.0488 0.0615  0.6250 0.2083 0.3125 

13 0.0833 0.0952 0.0889  0.6667 0.6957 0.6809 

14 0.0833 0.2000 0.1176  0.7917 0.7600 0.7755 

15 0.7083 0.4595 0.5574  0.2083 0.0893 0.1250 

16 0.7083 0.3542 0.4722  0.5833 0.2593 0.3590 

17 0.6667 0.2078 0.3168  0.5833 0.1918 0.2887 

18 0.6667 0.5000 0.5714  0.5833 0.6667 0.6222 

19 0.0833 0.2222 0.1212  0.5833 0.2295 0.3294 

20 0.6250 0.2113 0.3158  0.0833 0.2500 0.1250 

21 0.6250 0.2308 0.3371  0.5833 0.8235 0.6829 

22 0.6667 0.4848 0.5614  0.5833 0.8750 0.7000 

23 0.6667 0.5333 0.5926  0.5833 0.7368 0.6512 

24 0.6667 0.5333 0.5926  0.5833 0.5385 0.5600 

25 0.0000 0.0000 0.0000  0.2083 0.4545 0.2857 
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Table C.14  Recall, precision, and harmonic mean of query by use case structure and 

keywords (1) for subject D (Continued) 

 

 

 

 

 

 

Recall, precision, and harmonic mean of all queries for topic D 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

26 0.2500 0.4286 0.3158  0.2083 0.0610 0.0943 

27 0.1250 0.7500 0.2143  0.5417 0.8125 0.6500 

28 0.0833 0.2500 0.1250  0.6667 0.1928 0.2991 

29 0.1250 0.1875 0.1500  0.8750 0.4200 0.5676 

30 0.2083 0.2381 0.2222  0.2917 0.2188 0.2500 

31 0.6667 0.5333 0.5926  0.4583 0.9167 0.6111 

32 0.0833 0.0317 0.0460  0.2500 0.2143 0.2308 

33 0.1667 0.0625 0.0909  0.5833 0.2692 0.3684 

34 0.8333 0.5000 0.6250  0.5833 0.7368 0.6512 

35 0.0833 0.0500 0.0625  0.5833 0.3500 0.4375 

36 0.6667 0.4571 0.5424  0.5417 0.4483 0.4906 

37 0.6667 0.4000 0.5000  0.5000 0.9231 0.6486 

38 0.2500 0.1111 0.1538  0.5417 0.5417 0.5417 

39 0.2917 0.1207 0.1707  0.6250 0.8824 0.7317 

40 0.8750 0.2917 0.4375  0.6250 0.6818 0.6522 

Average 0.3490 0.3073 0.2863  0.4615 0.4956 0.4344 
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Table C.15  Recall, precision, and harmonic mean of query by use case structure and 

keywords (1) for subject E 

Recall, precision, and harmonic mean of all queries for topic E 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

1 0.3750 0.4615 0.4138  0.5625 0.4500 0.5000 

2 0.1875 0.0349 0.0588  0.4375 0.3500 0.3889 

3 0.3125 0.1351 0.1887  0.4375 0.3684 0.4000 

4 0.3125 0.1250 0.1786  0.4375 0.1077 0.1728 

5 0.6875 0.2750 0.3929  0.3750 0.4615 0.4138 

6 0.3750 0.2609 0.3077  0.5625 0.3913 0.4615 

7 0.6875 0.2444 0.3607  0.4375 0.3889 0.4118 

8 0.6875 0.2750 0.3929  0.4375 0.3333 0.3784 

9 0.1250 0.0392 0.0597  0.5000 0.1096 0.1798 

10 0.6250 0.2632 0.3704  0.5000 0.3333 0.4000 

11 0.8125 0.2167 0.3421  0.6875 0.1964 0.3056 

12 0.6250 0.1515 0.2439  0.6250 0.1754 0.2740 

13 0.6875 0.2245 0.3385  0.6875 0.2037 0.3143 

14 0.6875 0.0859 0.1528  0.6250 0.1087 0.1852 

15 0.8125 0.3023 0.4407  0.1250 0.4000 0.1905 

16 0.8750 0.1728 0.2887  0.8125 0.1140 0.2000 

17 0.8125 0.2131 0.3377  0.5625 0.2250 0.3214 

18 0.8750 0.1591 0.2692  0.6250 0.1961 0.2985 

19 0.7500 0.1290 0.2202  0.6250 0.3448 0.4444 

20 0.7500 0.1765 0.2857  0.5625 0.1525 0.2400 

21 0.6875 0.2683 0.3860  0.6250 0.3448 0.4444 

22 0.0000 0.0000 0.0000  0.6875 0.3548 0.4681 

23 0.6250 0.2174 0.3226  0.5000 0.2222 0.3077 

24 0.6250 0.1471 0.2381  0.6250 0.3448 0.4444 

25 0.6875 0.2821 0.4000  0.5000 0.4000 0.4444 
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Table C.15  Recall, precision, and harmonic mean of query by use case structure and 

keywords (1) for subject E (Continued) 

 

 

 

 

 

 

 

 

 

Recall, precision, and harmonic mean of all queries for topic E 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

26 0.6250 0.1923 0.2941  0.6250 0.1266 0.2105 

27 0.7500 0.2400 0.3636  0.5000 0.3810 0.4324 

28 0.7500 0.1446 0.2424  0.6250 0.1961 0.2985 

29 0.6875 0.2750 0.3929  0.6250 0.1266 0.2105 

30 0.6875 0.1134 0.1947  0.5000 0.4000 0.4444 

31 0.9375 0.2679 0.4167  0.5000 0.1013 0.1684 

32 0.0625 0.0172 0.0270  0.5000 0.2105 0.2963 

33 0.6875 0.1134 0.1947  0.6250 0.3448 0.4444 

34 0.6875 0.2750 0.3929  0.5625 0.4286 0.4865 

35 0.6875 0.1264 0.2136  0.5625 0.1139 0.1895 

36 0.8125 0.1757 0.2889  0.5625 0.0947 0.1622 

37 0.6875 0.1486 0.2444  0.5625 0.1837 0.2769 

38 0.5625 0.0857 0.1488  0.5625 0.2250 0.3214 

39 0.6250 0.1695 0.2667  0.4375 0.1014 0.1647 

40 0.5625 0.1184 0.1957  0.4375 0.1750 0.2500 

Average 0.6125 0.1831 0.2717  0.5438 0.2572 0.3237 
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Table C.16  Recall, precision, and harmonic mean of query by use case structure and 

keywords (2) for subject A 

Recall, precision, and harmonic mean of all queries for topic A 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

1 0.6032 0.7451 0.6667  0.4444 0.8485 0.5833 

2 0.5079 0.6957 0.5872  0.4921 0.9394 0.6458 

3 0.2857 0.5625 0.3789  0.2540 0.8889 0.3951 

4 0.5238 0.7333 0.6111  0.4286 0.7941 0.5567 

5 0.2857 0.8182 0.4235  0.1746 0.7857 0.2857 

6 0.7619 0.6154 0.6809  0.7460 0.8393 0.7899 

7 0.0476 0.2727 0.0811  0.0476 0.6000 0.0882 

8 0.2698 0.5862 0.3696  0.1587 0.6250 0.2532 

9 0.6984 0.5500 0.6154  0.5556 0.8537 0.6731 

10 0.9206 0.5524 0.6905  0.7937 0.8772 0.8333 

11 0.5873 0.4744 0.5248  0.5873 0.5692 0.5781 

12 0.6190 0.5652 0.5909  0.4603 0.8286 0.5918 

13 0.6190 0.3980 0.4845  0.5079 0.4706 0.4885 

14 0.5556 0.4667 0.5072  0.5079 0.5079 0.5079 

15 0.6190 0.5132 0.5612  0.3333 0.8400 0.4773 

16 0.9524 0.4380 0.6000  0.8889 0.6829 0.7724 

17 0.6032 0.7308 0.6609  0.5079 0.7805 0.6154 

18 0.6349 0.6250 0.6299  0.4603 0.6905 0.5524 

19 0.6825 0.4624 0.5513  0.5079 0.5000 0.5039 

20 0.6032 0.7308 0.6609  0.4603 0.7838 0.5800 

21 0.5714 0.3186 0.4091  0.4286 0.5400 0.4779 

22 0.1905 0.8000 0.3077  0.1905 1.0000 0.3200 

23 0.6349 0.4040 0.4938  0.6032 0.5758 0.5891 

24 0.2857 0.8182 0.4235  0.2540 0.8000 0.3855 

25 0.0794 0.3333 0.1282  0.0794 0.5556 0.1389 
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Table C.16  Recall, precision, and harmonic mean of query by use case structure and 

keywords (2) for subject A (Continued) 

 

 

 

 

 

 

Recall, precision, and harmonic mean of all queries for topic A 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

26 0.6825 0.7544 0.7167  0.6032 0.8261 0.6972 

27 0.6984 0.8627 0.7719  0.3810 0.8889 0.5333 

28 0.8095 0.5795 0.6755  0.5556 0.8974 0.6863 

29 0.0317 0.5000 0.0597  0.0317 0.6667 0.0606 

30 0.8889 0.6154 0.7273  0.7937 0.8475 0.8197 

31 0.2857 0.3750 0.3243  0.1587 0.5882 0.2500 

32 0.3810 0.8889 0.5333  0.3492 0.9565 0.5116 

33 0.0952 0.4286 0.1558  0.0476 0.4286 0.0857 

34 0.6984 0.3793 0.4916  0.6825 0.5181 0.5890 

35 0.2540 0.2581 0.2560  0.1429 0.1875 0.1622 

36 0.5873 0.2327 0.3333  0.2063 0.1566 0.1781 

37 0.6032 0.7451 0.6667  0.5079 0.8000 0.6214 

38 0.3333 0.3559 0.3443  0.2222 0.4516 0.2979 

39 0.4603 0.8056 0.5859  0.3492 0.8800 0.5000 

40 0.6349 0.2703 0.3791  0.3968 0.5102 0.4464 

Average 0.5147 0.5565 0.4915  0.4075 0.6945 0.4781 
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Table C.17  Recall, precision, and harmonic mean of query by use case structure and 

keywords (2) for subject B 

Recall, precision, and harmonic mean of all queries for topic B 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

1 0.6875 0.2558 0.3729  0.4688 0.3000 0.3659 

2 0.6563 0.1429 0.2346  0.5313 0.1560 0.2411 

3 0.8125 0.1595 0.2667  0.6250 0.1754 0.2740 

4 0.5313 0.1789 0.2677  0.4375 0.2414 0.3111 

5 0.3750 0.1200 0.1818  0.2813 0.1200 0.1682 

6 0.6563 0.3443 0.4516  0.3750 0.3158 0.3429 

7 0.3750 0.2105 0.2697  0.1563 0.1389 0.1471 

8 0.5625 0.2727 0.3673  0.2813 0.2368 0.2571 

9 0.5000 0.1356 0.2133  0.3125 0.1190 0.1724 

10 0.2188 0.2000 0.2090  0.1563 0.2500 0.1923 

11 0.5000 0.1758 0.2602  0.2813 0.2093 0.2400 

12 0.5625 0.2500 0.3462  0.3125 0.2439 0.2740 

13 0.9063 0.2816 0.4296  0.5000 0.3137 0.3855 

14 0.8125 0.1529 0.2574  0.5313 0.1504 0.2345 

15 0.5313 0.6538 0.5862  0.2500 1.0000 0.4000 

16 0.7813 0.2577 0.3876  0.4375 0.2373 0.3077 

17 0.3125 0.2174 0.2564  0.1875 0.3750 0.2500 

18 0.7813 0.2551 0.3846  0.4063 0.2241 0.2889 

19 0.6563 0.3500 0.4565  0.5313 0.4146 0.4658 

20 0.5000 0.2319 0.3168  0.3125 0.1887 0.2353 

21 0.7188 0.2911 0.4144  0.5313 0.2833 0.3696 

22 0.0313 0.0189 0.0235  0.0625 0.2500 0.1000 

23 0.3125 0.1149 0.1681  0.1563 0.0962 0.1190 

24 0.3750 0.3243 0.3478  0.0938 0.5000 0.1579 

25 0.4375 0.2029 0.2772  0.4375 0.4516 0.4444 



 

 

146 

Table C.17  Recall, precision, and harmonic mean of query by use case structure and 

keywords (2) for subject B (Continued) 

 

 

 

 

 

 

Recall, precision, and harmonic mean of all queries for topic B 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

26 0.2813 0.2250 0.2500  0.1875 0.1935 0.1905 

27 0.2500 0.1818 0.2105  0.1250 0.1481 0.1356 

28 0.4375 0.1556 0.2295  0.3438 0.1746 0.2316 

29 0.6563 0.3818 0.4828  0.4375 0.3684 0.4000 

30 0.2813 0.2250 0.2500  0.1875 0.1935 0.1905 

31 0.2500 0.0941 0.1368  0.2188 0.1321 0.1647 

32 0.5000 0.2319 0.3168  0.3750 0.2353 0.2892 

33 0.2813 0.0968 0.1440  0.2813 0.1125 0.1607 

34 0.1563 0.0893 0.1136  0.0313 0.0833 0.0455 

35 0.7188 0.3067 0.4299  0.3750 0.4615 0.4138 

36 0.3750 0.1395 0.2034  0.2813 0.2195 0.2466 

37 0.5000 0.2319 0.3168  0.2813 0.3913 0.3273 

38 0.5625 0.1895 0.2835  0.2813 0.1500 0.1957 

39 0.2500 0.1231 0.1649  0.1875 0.1250 0.1500 

40 0.5938 0.2000 0.2992  0.4688 0.2542 0.3297 

Average 0.4922 0.2168 0.2895  0.3180 0.2559 0.2554 
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Table C.18  Recall, precision, and harmonic mean of query by use case structure and 

keywords (2) for subject C 

Recall, precision, and harmonic mean of all queries for topic C 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

1 0.9286 0.0751 0.1390  0.8571 0.1034 0.1846 

2 0.7857 0.0880 0.1583  0.7857 0.2075 0.3284 

3 0.7143 0.1515 0.2500  0.7857 0.7333 0.7586 

4 0.7143 0.2041 0.3175  0.7857 0.9167 0.8462 

5 0.7857 0.0743 0.1358  0.8571 0.1043 0.1860 

6 0.7143 0.0813 0.1460  0.7857 0.2444 0.3729 

7 0.7857 0.1310 0.2245  0.7857 0.4583 0.5789 

8 0.7857 0.1719 0.2821  0.7857 0.9167 0.8462 

9 0.7143 0.1020 0.1786  0.7857 0.9167 0.8462 

10 0.7143 0.1961 0.3077  0.7857 0.9167 0.8462 

11 0.7143 0.0763 0.1379  0.7857 0.1447 0.2444 

12 0.7143 0.0917 0.1626  0.7857 0.1667 0.2750 

13 0.7857 0.0866 0.1560  0.7857 0.1528 0.2558 

14 0.7143 0.2041 0.3175  0.7857 0.2444 0.3729 

15 0.7143 0.0617 0.1136  0.7857 0.1642 0.2716 

16 0.7857 0.0625 0.1158  0.7857 0.0940 0.1679 

17 0.7143 0.0610 0.1124  0.7857 0.1058 0.1864 

18 0.7143 0.0719 0.1307  0.7857 0.1746 0.2857 

19 0.8571 0.0642 0.1194  0.8571 0.1101 0.1951 

20 0.8571 0.0811 0.1481  0.8571 0.1622 0.2727 

21 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000 

22 0.7857 0.1019 0.1803  0.7857 0.1833 0.2973 

23 0.1429 0.0645 0.0889  0.1429 0.1333 0.1379 

24 0.5000 0.0875 0.1489  0.3571 0.1220 0.1818 

25 0.7143 0.1538 0.2532  0.7857 0.3235 0.4583 



 

 

148 

Table C.18  Recall, precision, and harmonic mean of query by use case structure and 

keywords (2) for subject C (Continued) 

 

 

 

 

 

 

Recall, precision, and harmonic mean of all queries for topic C 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

26 0.7143 0.2000 0.3125  0.7857 0.2444 0.3729 

27 0.8571 0.1008 0.1805  0.8571 0.1905 0.3117 

28 0.7143 0.1220 0.2083  0.7857 0.1930 0.3099 

29 0.7857 0.1571 0.2619  0.7857 0.2444 0.3729 

30 0.7143 0.1266 0.2151  0.7857 0.1864 0.3014 

31 0.7143 0.2273 0.3448  0.7857 1.0000 0.8800 

32 0.8571 0.1224 0.2143  0.8571 0.1739 0.2892 

33 0.8571 0.1304 0.2264  0.7857 0.1122 0.1964 

34 0.8571 0.0923 0.1667  0.7857 0.1068 0.1880 

35 0.2143 0.0469 0.0769  0.2143 0.0625 0.0968 

36 0.9286 0.1008 0.1818  0.8571 0.1319 0.2286 

37 0.8571 0.0816 0.1491  0.8571 0.1538 0.2609 

38 0.9286 0.1193 0.2114  0.8571 0.1500 0.2553 

39 0.7857 0.1196 0.2075  0.7857 0.2619 0.3929 

40 0.7857 0.0853 0.1538  0.8571 0.1277 0.2222 

Average 0.7232 0.1094 0.1859  0.7429 0.2785 0.3519 
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Table C.19  Recall, precision, and harmonic mean of query by use case structure and 

keywords (2) for subject D 

Recall, precision, and harmonic mean of all queries for topic D 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

1 0.6667 0.4103 0.5079  0.4583 0.7857 0.5789 

2 0.6667 0.5161 0.5818  0.5000 0.9231 0.6486 

3 0.6667 0.5333 0.5926  0.4583 0.7857 0.5789 

4 0.3333 0.7273 0.4571  0.0417 0.5000 0.0769 

5 0.1250 0.0405 0.0612  0.0417 0.0196 0.0267 

6 0.2917 0.7778 0.4242  0.0417 0.5000 0.0769 

7 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000 

8 0.7083 0.1977 0.3091  0.5833 0.1944 0.2917 

9 0.6667 0.4324 0.5246  0.5417 0.8125 0.6500 

10 0.6667 0.4444 0.5333  0.5833 0.8235 0.6829 

11 0.4167 0.0885 0.1460  0.0833 0.0294 0.0435 

12 0.7083 0.1504 0.2482  0.6250 0.2083 0.3125 

13 0.7500 0.4286 0.5455  0.6667 0.6957 0.6809 

14 0.8333 0.4348 0.5714  0.7917 0.7600 0.7755 

15 0.2917 0.0946 0.1429  0.2083 0.0893 0.1250 

16 0.6667 0.2388 0.3516  0.5833 0.2593 0.3590 

17 0.7083 0.2000 0.3119  0.5833 0.1918 0.2887 

18 0.6667 0.3478 0.4571  0.5833 0.6667 0.6222 

19 0.6667 0.1839 0.2883  0.5833 0.2295 0.3294 

20 0.3333 0.2667 0.2963  0.0833 0.2500 0.1250 

21 0.6667 0.5333 0.5926  0.5833 0.8235 0.6829 

22 0.6667 0.5333 0.5926  0.5833 0.8750 0.7000 

23 0.6667 0.4706 0.5517  0.5833 0.7368 0.6512 

24 0.7083 0.3469 0.4658  0.5833 0.5385 0.5600 

25 0.2500 0.3333 0.2857  0.2083 0.4545 0.2857 
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Table C.19  Recall, precision, and harmonic mean of query by use case structure and 

keywords (2) for subject D (Continued) 

 

 

 

 

 

 

Recall, precision, and harmonic mean of all queries for topic D 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

26 0.2917 0.0619 0.1022  0.2083 0.0610 0.0943 

27 0.6667 0.5000 0.5714  0.5417 0.8125 0.6500 

28 0.7917 0.1508 0.2533  0.6667 0.1928 0.2991 

29 0.9167 0.2933 0.4444  0.8750 0.4200 0.5676 

30 0.3750 0.1343 0.1978  0.2917 0.2188 0.2500 

31 0.6667 0.5333 0.5926  0.4583 0.9167 0.6111 

32 0.3333 0.1455 0.2025  0.2500 0.2143 0.2308 

33 0.7083 0.1288 0.2179  0.5833 0.2692 0.3684 

34 0.7083 0.4250 0.5313  0.5833 0.7368 0.6512 

35 0.7083 0.2537 0.3736  0.5833 0.3500 0.4375 

36 0.6667 0.1860 0.2909  0.5417 0.4483 0.4906 

37 0.6667 0.5161 0.5818  0.5000 0.9231 0.6486 

38 0.7917 0.3654 0.5000  0.5417 0.5417 0.5417 

39 0.6667 0.5000 0.5714  0.6250 0.8824 0.7317 

40 0.7083 0.3617 0.4789  0.6250 0.6818 0.6522 

Average 0.5865 0.3322 0.3937  0.4615 0.4956 0.4344 
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Table C.20  Recall, precision, and harmonic mean of query by use case structure and 

keywords (2) for subject E 

Recall, precision, and harmonic mean of all queries for topic E 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

1 0.8125 0.3023 0.4407  0.5625 0.4500 0.5000 

2 0.7500 0.1176 0.2034  0.4375 0.3500 0.3889 

3 0.6875 0.1774 0.2821  0.4375 0.3684 0.4000 

4 0.6875 0.1134 0.1947  0.4375 0.1077 0.1728 

5 0.3750 0.1304 0.1935  0.3750 0.4615 0.4138 

6 0.8125 0.2131 0.3377  0.5625 0.3913 0.4615 

7 0.6875 0.2683 0.3860  0.4375 0.3889 0.4118 

8 0.6875 0.2619 0.3793  0.4375 0.3333 0.3784 

9 0.6250 0.0943 0.1639  0.5000 0.1096 0.1798 

10 0.6875 0.1594 0.2588  0.5000 0.3333 0.4000 

11 0.7500 0.1200 0.2069  0.6875 0.1964 0.3056 

12 0.6875 0.0991 0.1732  0.6250 0.1754 0.2740 

13 0.8125 0.1340 0.2301  0.6875 0.2037 0.3143 

14 0.6875 0.0846 0.1507  0.6250 0.1087 0.1852 

15 0.5000 0.3200 0.3902  0.1250 0.4000 0.1905 

16 0.8125 0.0977 0.1745  0.8125 0.1140 0.2000 

17 0.6875 0.1000 0.1746  0.5625 0.2250 0.3214 

18 0.9375 0.1807 0.3030  0.6250 0.1961 0.2985 

19 0.6875 0.1667 0.2683  0.6250 0.3448 0.4444 

20 0.7500 0.0800 0.1446  0.5625 0.1525 0.2400 

21 0.8125 0.2131 0.3377  0.6250 0.3448 0.4444 

22 0.7500 0.1967 0.3117  0.6875 0.3548 0.4681 

23 0.5625 0.1154 0.1915  0.5000 0.2222 0.3077 

24 0.7500 0.2000 0.3158  0.6250 0.3448 0.4444 

25 0.5625 0.2308 0.3273  0.5000 0.4000 0.4444 
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Table C.20  Recall, precision, and harmonic mean of query by use case structure and 

keywords (2) for subject E (Continued) 

 

 

 

 

 

 

Recall, precision, and harmonic mean of all queries for topic E 

 Query by use case keywords  Query by use case structure 

Query R P H  R P H 

26 0.7500 0.1062 0.1860  0.6250 0.1266 0.2105 

27 0.5625 0.1385 0.2222  0.5000 0.3810 0.4324 

28 0.9375 0.1807 0.3030  0.6250 0.1961 0.2985 

29 0.8125 0.0942 0.1688  0.6250 0.1266 0.2105 

30 0.6875 0.2750 0.3929  0.5000 0.4000 0.4444 

31 0.6875 0.0797 0.1429  0.5000 0.1013 0.1684 

32 0.7500 0.1446 0.2424  0.5000 0.2105 0.2963 

33 0.8125 0.2167 0.3421  0.6250 0.3448 0.4444 

34 0.5625 0.2000 0.2951  0.5625 0.4286 0.4865 

35 0.7500 0.1176 0.2034  0.5625 0.1139 0.1895 

36 0.7500 0.0909 0.1622  0.5625 0.0947 0.1622 

37 0.7500 0.1905 0.3038  0.5625 0.1837 0.2769 

38 0.8125 0.1262 0.2185  0.5625 0.2250 0.3214 

39 0.6875 0.0932 0.1642  0.4375 0.1014 0.1647 

40 0.6250 0.1282 0.2128  0.4375 0.1750 0.2500 

Average 0.7125 0.1590 0.2525  0.5438 0.2572 0.3237 
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