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Abstract 

 
This paper describes CD-Builder, a natural 

language-based CASE tool, which aims at 

supporting the Analysis stage of software 

development in an Object-Oriented framework. 

The CD-Builder uses Information Extraction 

technique to analyze the problem statement. This 

paper discusses the design of CD-Builder, IE 

technique and the future enhancements. 

 

1. Introduction 
 

Graphical CASE (Computer Aided Software 

Engineering) tools provide considerable help in 

documenting and analyzing the output of Analysis 

and Design. However, they do not contribute to the 

initial, difficult stage of the analysis process, that 

of identifying the object classes, attributes and 

relationships, which will figure, in modeling the 

problem domain. To contribute to this part of the 

analysis process a CASE tool has to be able to deal 

with human languages, which software engineers 
use to communicate with the customers. This gap 

in the software engineering motivated us to come 

up with a natural language based CASE tool CD-

Builder. CD-Builder uses Natural Language 

Processing techniques to analyze software 

requirements texts written in English and 

automates the process of designing class diagram 

to some extent. The term “Some extent” is used 

here because it is believed that a CASE tool will 

never be able to do an optimal software design on 

its own, because the software designer must 

possess a good technical knowledge, experience 

and Intelligence to come up with an optimal 

design. The initial model is displayed using a 
graphical CASE tool –CASEXpress- and allow the 

human analyst to refine it further if necessary. 

 

2. Information Extraction  
 

An information extraction (IE) system extracts 

specific, well-defined types of information 

(concepts) from text from a restricted domain. 

Information Extraction is based on a set of pre-

defined templates of what information is to be 

extracted (or what is relevant for extraction) by 

ignoring other information(1). 

 

One of the major challenges in Information 
Extraction is how to represent the following three 

different types of domain knowledge needed in the 

task(2), namely: 

1) The meaning of the input text, 

2) The domain knowledge, and 

3) The target information that is to be 

extracted 

 

Natural languages have several different sentences 

with same meaning. For an information extraction 

system, only the meaning is important, not the 
syntax structure of the sentence. So, when these 

sentences are available, there should be a process 

to identify the meaning of the input text. To 

simplify this process of identifying the required 

concept for information extraction, there needs to 

be a less syntax-dependent way of representing the 

input text that is also able to express the meaning 

of the text. Some systems use semantic network for 
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this purpose and some systems use external file to 

keep the meaning of the sentence patterns.  

 

The second important piece of knowledge required 

in an Information Extraction system is the 

knowledge of the domain application, i.e. the 

domain ontology. Domain ontology defines the set 

of basic terms comprising the vocabulary of the 

domain area and the relationships that bind these 

terms. Usually, information extraction systems use 

an external file similar to a dictionary to store the 

domain ontology.  
 

After having represented the meaning of the input 

text and the application domain field, the third 

piece of information that needs to be represented in 

an Information Extraction application is the target 

information to be extracted. Frames or templates 

are common knowledge representation tools in 

information extraction applications to represent the 

target information to be extracted. A frame can be 

considered as a template of slots with each slot 

corresponding to a piece of relevant information 
that is to be extracted.  

 

The IE system extracts information from a text 

using several stages of processing, beginning with 

syntactic analysis that identifies syntactic 

constituents such as subject, verb phrase, direct 

object, and prepositional phrases. Each word is also 

assigned a semantic class. At this point the IE 

system applies a set of domain-specific text 

extraction rules to identify references to relevant 

information. Text extraction rules form a critical 

information source for information extraction, but 
one, which, unfortunately, is highly domain-

specific and must be acquired for each new 

domain. Text extraction rules developed for one 

domain cannot, in general, be transferred to a new 

domain. 

 

Building rules requires both system expertise and 

domain expertise. Domain experts take a 

representative set of several hundred texts and 

annotate them by hand to create an answer key for 

each text. This annotated texts defines the relevant 
information by example, and is used by system 

developers to guide development of text extraction 

rules. If some of the annotated information is 

missed by the rules, this indicates the need for new 

rules or for broadening of existing rules. If 

information is extracted that was not marked as 

relevant by a domain expert, this indicates that a 

rule is overly general and is creating errors. 

 

3. Core of CD-Builder 
 

The CD-Builder analyses the problem statement in 

several stages. The following diagram shows the 

modular architecture of the system. 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Figure 1 – System Architecture 

 

 
First the problem statement is spilt in to sentences 

using SentenceSplitter module. As we are not using 

the syntactic parser, the problem statement has to 

obey few lexical rules. Here a dot character ‘.’ 

represents a full stop, and acts as a statement 

terminator. But it will not handle the situations well 

when an occurrence of '.' does not have this role 

(e.g. in abbreviations, URLs, numbers, etc.). In 

such situations user have to avoid the full stop 

character or use comma character instead. If we 

had a syntactic parser we can resolve this using the 

part-of-speech (pos) tagging and word sense 
disambiguation. Apart from that, valid text is 

essentially free format.  

 

Before free text can be analyzed by the parser, a 

certain amount of format handling has to be 

performed in the text. FormatHandler module 

implements these structural features. This can also 

be referred as a simple tokenization module, which 

splits plain text file into tokens in a lexical 

preprocessing phase.  
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Then the problem sentences are analyzed and 

processed by the GlossarySubstitutor module. In 

English language, several words or phrases can 

give same meaning. GlossarySubstitutor module 

will replace such words and phrases with a base 

word, which is defined in a glossary file. A 

glossary serves two purposes: it declares properties 

of the terms it contains, by annotating each term 

with a set of tags, and replacing the canonical form 

of a term from a set of synonyms. As most 

traditional NLP systems, CD-Builder makes 

“sense” of text using the tags. (e.g. /INF for 
information, /PER for person, /ITM for items etc). 

To guarantee uniqueness, glossaries are always 

well formed, i.e. there is at most one base term for 

each possible term.  

 

When the glossary substitution part is over, the 

glossary substituted problem statements will be 

sent to rule matching module. The problem 

statement is stored in a vector of strings. The 

problem statement can be viewed as a collection of 

set of words (entity) and tags separated by a 
specials character (#). The entity and tags 

collectively said as “string element”. For easy 

manipulation, each string element is stored in an 

object of class StringElement, so every line of 

problem statement can be viewed as a list of 

StringElement and is referred as problem list. The 

string elements are split using the special character 

#.  

 

Similarly the rules can also be viewed as a list of 

StringElement. Each rule is stored in a separate line 

in a rule file. The rules define the sentence patterns 
that can be needed to extract the information and 

some actions, which are going to be performed 

when the sentence patterns are found in the 

problem statement. Depending on the domain, 

different rule files will be used. Normally, for a 

particular domain, one combined words rule file, 

one general rule file and one domain rule file are 

used. The combined words rule file contains the 

rules to identify “and” or “or” separated words. 

The general rule file contains domain independent 

rules, which are common for all domains. The 
domain independent rules can be classified in to 

two groups as follows: 

The “has” relationships (eg : A has B) 

The “is a” relationships  (eg: A is a B) 

 

All the contents of these files are converted into a 

set of list of StringElement, one list per one rule. 

After the list of problem statements and list of rules 

are created, they are used to match with each other.  

When searching for a match, at a time, one list of 

problem statement and one list of rule are sent to a 

function, which will check for a match.  

 

First three entries (StringElement) of rule list 

shows the sentence pattern used in the problem 

statements. When the rule is matched with the 

problem list, the three StringElements from the 

problem list that are matched are referred as 

problem list fragment. That problem list fragment, 

together with rule list is used to invoke a function. 

This function populates a directed graph, from 
which the classes and relationships are identified.  

 

More than one rule can be matched with one 

problem list. For this reason, if a match occurs, the 

graph is populated using the problem list fragment, 

and then the problem list fragment is replaced with 

a single SrtingElement, so the subsequent rule 

matching can be performed. When one line of 

problem statement is taken, all the rules are applied 

to that line. If no further matching is possible, that 

line is discarded and the matching is performed 
with the next line of problem statement.  

 

After all the problem statements are processed, the 

graph will contain necessary details needed to draw 

the class diagram. The graph will contain the 

details about the classes, attributes and the 

relationships of the classes. In order to identify 

these details, the graph is sent to another module, 

which is known as ClassFinder. The ClassFInder 

extracts classes and attributes, generalization 

relationships and other relationships from the graph 

and creates a list of ClassDetail objects. 
ClassDetail has following three subclasses: 

 

1) Object – to store the class name and 

attributes of a class 

2) ClassGeneralisation – to store the details 

about subclasses and super classes 

3) ClassAssociation – to store the details 

about classes and their relationships.  

 

After all the details are stored in the list of 

ClassDetail, that list is sent to display module to 
draw the class diagram. 

 

 

CD-Builder uses CASEXpress to display the 

identified class diagram. CASEXpress is a Linux 

based CASE tool, which can assist in the analysis 

and design phase of software engineering. It 

provides the designer to design the class diagrams 

and automated code generation as well. In case of 
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CD-Builder’s concern the module that is handling 

the canvas objects and which drawing the class 

diagrams gains the attention.  

 

The display module of CD-Builder is acting as an 

adaptor between the requirement analysis part of 

CD-Builder and the CASEXpress. Since 

CASEXpress is using XML for serialization(3), CD-

Builder uses XML DOM parser to embed the class 

diagram details in a CASEXpress compatible 

format. 

 
The display module receives a pointer list of 

‘ClassDetails’ objects, and extracts the data from 

the pointer list and builds the DOM tree that 

represents the class diagram in the CASEXpress 

defined structure. Then the DOM tree is passed to 

the CASEXpress. 

 

 

4. Future Work 
 

In our application we have not used a syntactic 

parser to syntactically analyze the sentences before 

processing them mainly due to the lack of time.  If 

we were to have a syntactic parser it could have 

mean that there would be lesser number of 

restrictions on the way the problem statement is to 

be given.  

 
From the outset we wanted to make the application 

domain independent but due to the time constrains 

and because we used Information extraction 

technologies we had to restrict to a restricted 

domain. It is very easy to expand the domain. 

There is no need to do any changes to the existing 

codes. The domain can be expanded just by adding 

the GLOSSARY files and the RULES files needed 

for the additional domains. To do this the only 

additional work that is to be done is prepare the 

GLOSSARY and RULES files for the domains.  
 

Even though the application we developed does not 

produce the optimal class diagram, any one who 

wants to improve the Quality of the design 

document has the opportunity to improve with the 

enhancements to the way the algorithm we have 

used to get the information from the problem 

statement. One method is to use fuzzy logic to 

improve the model matching part of the process. 

By using Fuzzy logic there is a possibility to check 

for the best possible match and with a scoring 

system and make the application more flexible with 
the syntactic restrictions we have on the way the 

problem statement should be given.  
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