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ABSTRACT

Since the project is separately carried out with requirements and
development, it is required to accurately analyze the requirements.
In Requirement Engineering, it is very difficult to define
requirement Specifications that is based on natural language for a
project. We propose a template-mechanism for generating code via
UML diagrams from natural language-based requirements by
analyzing software requirements adapting with Abbot’s textual
analysis and Fillmore’s semantically linguistic way. We expect this
method to help develop software that is reflected by the
requirements very completely. In near future, we need to generate
smart codes with learning natural language based requirements.
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1 INTRODUCTION

In 2022, Korea government amends Software Promotion Act
such that a business with a total business size of 500 million won
or more among software businesses pursuant to Article 2, No. 3 of

the Software Industry Promotion Act shall be ordered separately[1].

As the separate ordering law for software design and
implementation is passed, the importance of SW requirements and
SW design is increasing. One important issue is how to implement
source codes with satisfying customer requirements more
accurately without the redundancy of requirements.

However, the methods of eliciting and analyzing the
requirements are still insufficient on the software development
lifecycle, which is due to the characteristics of the requirements. In
the early stage of software development, many stakeholders present
their own expectations and opinions about software [2]. When

clients and stakeholders elicit software requirements, they
incorporate their thoughts and expectations into the requirements
through human language, i.e., natural language.

Therefore, Natural language based requirements may be
ambiguous due to the inherent characteristics of natural language.
In addition, due to the lack of understanding of the software product,
requirements with different sentence types but similar semantically
may be generated.

This paper proposes a method to reduce redundancy of
requirements and improve ambiguity in the process of deriving
requirements made in natural language. Hopefully, this method will
reduce the required cost of software development.

We mention this paper as follows. Chapter 2 refers to related
works and studies. Chapter 3 remarks about the code generation
approach with natural language Requirements. Finally, we remark
expectation and limitation with the conclusion.

2 Related Works
2.1 Fillmore’s semantic analysis

“A; " type(9) = Argument{Moun)

Ay...Ay = { Actor, Counter-Actor, Object, Theme,
Result, Source, Instrument, Experience, Goal}

"P"Type(9) = Predicate(Verb)

Figure 1. Fillmore's Case Grammar for Use-case Extraction
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Park's research proposed a new case mechanism by applying it Tl N
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2.2 Abbott’s Textual Analysis :

Part of speech Model component ‘ AL

The door lock device I

Use-case Diagram

Proper noun Object

T 0w

Improper noun Class

Doing verb Operation 2

Being verb Inheritance

The smart door lock system

Having verb Aggregation

Modal verb Constraints

User \nlruder

Adjective Attribute

Figure?2. Abbott's Heuristics for Mapping Part of Speech
Abbott’s Heuristics is suitable method for identifying initial
objects of the software from the sentences. Figure 2 shows the
mapping Part of speech to component of the high-level design
model for requirement analysis[5]. 3
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3 Code Generation Approach with Natural
Language Requirements
3.1 Natural Language Requirement Specification

The smart door lock system consists of parts, such as panel, bolt, |

database, and controller. 1 nere are two input devices, such as Panel Jane || s

and camera (Eye Scanner) to scan iris information. The smart door l
seani()

lock system must have three main cases: Iock unlock, and Jwam.
(DA 2 eye scannen Q) sholld ScandW) an ifis data frdm the User. The .
Siris data will be sent to the database. The panel(O) also can receives
snput from the user and then sends(M) the input to the controller. ]
“The controller(0) would be able to check(M) input data withthe =
=database. The database can check(M) the input from the controller]
“with data in the table. If the input matches up with registered datas
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22N event happens. And then, the controller checks in info database
wio check up if the input matches up with data. If the input does not
Jmatch up with the data, then increase the error numberby 1. If the
werror number hits 3, then it sends the error message backto the
wcontroller. Then, the device(O) wams(WM) with displaying the error
-'ﬂessage And then, the smart door lock device(0) locks (M) the bolt.
2By the way, the smart door lock system can lock(M) the door by
‘J.re.sEigglock button.

Method }
. v . . " blic void [lock()|{....
Figure3. Requirement Specification using Natural Language e Pltic void
H bli id|warn ()4
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public void scan() {}

/*call other object’s
Function®/
Controller.recognize();

public class Controller {
Object event;

public void unlock() {}
public void lock() {}
public void warn() {}

smart door lock system as a natural language requirement
specification. Figure 3 shows the requirements document for a

smart door lock system in natural language. The natural language Figure4. Gode Generation Process from Natural L anguage with Naming Traceability
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sentences usually refer to the opinions or needs of stakeholders.
However, before analyzing the requirements, the meanings of
sentences are ambiguous, and there are semantically similar or
conflicting between sentences [5]. Therefore, these requirements
documents should be redefined through analysis as requirement
sentences necessary for development.

The box @, @ shows that the case of how to lock up the device
by different conditions. We put ‘O’ for objects and ‘M’ for method
that we can extract from the requirement. These conditions can be
used for designing the software to implement.

3.2 Code Generation Process from Natural Language

The nouns acting as subjects or objects, and the main verbs
representing the main action of the requirement. In this paper, we
show how to apply mechanism in each process by extracting some
parts of the requirements in figure 3. We focused on the main
elements of the requirement sentence. Figure 4 show the process
how to generate code from natural language by tracing names [6].

Step 1: Natural Language Requirement Analysis

The first part of the document mentions the configuration of the
system. In this configuration, the smart door lock system speaks the
name of this software. Other nouns mentioned are objects of this
system and refer to how each object in the system performs its task.
We visualize the elements of a sentence using Stanford Parser to
analyze the sentence structure of the requirements.

(soor]
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FigureS. Requirement Structure by Stanford Parser

Figure 5 shows the structure analysis result of requirement by
Stanford parser. Identifying right structure of the requirement is
key to the code generation process. Stanford parser parses the
requirement sentence to extract dependency between the elements
of the sentence. In figure 5, warns is the main verb of the
requirement sentence. The word “warn” is VBZ. It is a simple verb
present tense, indicating the prototype of the verb. Stanford parser
found the main verb by extracting the dependency of the sentence
structure. The common noun (NN) in front of the main verb is the
subject of the corresponding sentence and becomes the subject of
the main verb action. This result will be used in step 2 and step 3.

If the input does not match up with the data, then increase the error number by 1. If the error number

hits 3, then it sends the error message back to the controller. Then, Ehe deviceEams|with displayin:
the error message for user. And then, the smart door lock device locks the! bolt. By the way,lthe smartl
Iaoor ock systemlcan ocK the door by pressing lock buttan.
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Figure 6. Applying Fillmore's Case grammar Method to Extract Usecase Diagram

Step 2: Generating Use case by Fillmore’s case grammar

In Step 2, we extract the main verb and the noun that performs
the main verb based on the analyzed requirements. A requirement
sentence must have 2 or more nouns. Currently, we apply Fillmore's
Case-grammar technique to identify the roles of each sentence
element and classify the sentence elements according to the
identified role. Then, the subject (noun) accompanying the main
verb can be identified, and several nouns centered on the verbs are
connected in the form of a node. The connected nodes are
represented as in figure 6 with the verb as the center, and nouns of
the same form are merged to create a use-case diagram.

Step 3: Generating Sequence Diagram by Abbott’s Heuristics
In step 3, we generate a sequence diagram by using Abbott's
Heuristics theory. Abbott's research emphasizes the importance of
connections between entities. This is because the entity object
contains more information about that software. Furthermore,
according to Abbott's heuristic, association of objects is identified
by examining verbs and verb phrases that indicate states [7].
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Figure7. Applying Abbott's Heuristics Method to Extract Sequence Diagram
First, we identify the type of entity objects in the requirement
statement. Based on the structural analysis results analyzed in step
1, we analyze each noun as an object and a verb as a method that
performs between objects. After identifying the object of the

requirement sentence, we identify the verbs between the objects.

public class{

0Object event;

public class |DoorLockSystem
Class. {

public veid scan() {}

/*call other object’s
Function®/
Controller.recognize();

Object event ;

public class

public DoorlLockSystem() {
Object event;

public void unlock() {}

I public void lock() {}

Method public void¢Tock(D public void warn() {}

public void

Fi“bllc voidgWarn( " public void recognize() {}
}

Figure8. Skeleton Code Generation

J. Kim et al.

At this time, we don’t track of how the data or information
comes and goes but the functions that is performed by the verbs are
expressed by the name of the verb. Then, we put all together in the
form of a sequence diagram, it represents as a sequence diagram as
shown in the figure at the bottom of figure 7.

Step 4: Generating skeleton codes

In step 4, we create a code template based on the designs created
in the previous steps. Each element created in the previous steps is
used as a material (class name, function name, variable name,
object name) for generating code templates. Figure 8 shows
generated code template result. It contains class names, method
name from objects and message flows in the sequence diagram.

4 CONCLUSIONS

Even though there is a limit of the Requirement based on natural
language, our approach finds to generate high-level design from
natural language. In this time, we focus on natural language-based
requirements in requirement engineering, which works on how to
automatically generate code with natural language based
requirements. To do this, we adapt requirement engineering with
Abbot’s textual analysis and Fillmore’s semantically linguistic way.

We propose a template-mechanism for generating code via
UML diagrams from natural language-based requirements by
analyzing software requirements adapting with Abbot’s textual
analysis and Fillmore’s semantically linguistic way. We expect this
method to help develop software that is reflected by the
requirements very completely. In near future, we need to generate
smart codes with learning natural language-based requirements.
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