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Abstract  

The current software industry has an emerging issue with natural language-based requirement 

specifications. However, the accuracy of such requirement analysis remains a concern. It is noted that most 

errors still occur at the requirement specification stage. Defining and analyzing requirements based on natural 

language has become necessary. To address this issue, the linguistic theories of Chomsky and Fillmore are 

applied to the analysis of natural language-based requirements. This involves identifying the semantics of 

morphemes and nouns. Consequently, a mechanism was proposed for extracting object state designs and 

automatically generating code templates. Building on this mechanism, I suggest generating natural language-

based comic images. Utilizing state diagrams, I apply changes to the states of comic characters (protagonists) 

and extract variations in their expressions. This introduces a novel approach to comic image generation. I 

anticipate highly productive comic creation by applying software processes to Cartoon ART. 

 

Keywords: Cartoon, Emotion, UML, State Diagram, Requirements, Natural Language 

 

1. Introduction 

The software development process typically involves requirement analysis, design, implementation, testing, 

and maintenance phases. Notably, 66% of software errors occur during the system specification phase[1]. 

While natural language provides a convenient medium for describing atypical requirements, discrepancies in 

interpretation between developers and clients can significantly increase the risk of software failure. Errors at 

the specification stage often led to systemic development failures, underscoring the need for precise 

requirement analysis and specification to align with the client's intentions. 

This study uses the Unified Modeling Language (UML) model to minimize errors in specifying and 
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designing requirements. UML offers greater visibility than natural language, facilitating more transparent 

communication. I integrate two linguistic approaches to derive UML from natural language descriptions 

automatically. Chomsky’s syntactic structure analysis helps identify and dissect sentence structures at the 

morpheme level. Fillmore's semantic frameworks analyze the relationships between the sentence elements. 

This study maps linguistically extracted information and essential components for state diagram generation 

within the UML framework. This approach enables the extraction of state diagrams by analyzing the state 

changes of main characters in cartoons, as described in natural language. Subsequently, a JSON code template 

is constructed using Fabric.js to generate cartoon images. In existing research, Java code was generated by 

creating a state diagram through natural language analysis[2]. In this study, I apply existing research to 

cartoons to create cartoon images. 

The paper is organized as follows: Chapter 2 discusses related approaches and linguistic theories. Chapter 

3 outlines the proposed mechanism, and Chapter 4 presents a case study applying this mechanism. Finally, the 

paper concludes with discussions of the findings and directions for future research. 

 

2. Related Works 

2.1 Code Templates Generation from State Diagrams 

This study presents a code template generation approach that combines software development process 

techniques and design thinking mechanisms [3]. Figure 1 shows part of the state diagram-related skeleton code 

generation process proposed in this study. 

 

 

Figure 1. Software Development Process for Skeleton Code Generation 

 

Requirements specifications are defined to extract use cases, which are used to derive state diagrams. A 

state diagram generates skeletal code that constructs a state table and represents the operations and events for 

each state within the class. This approach promotes systematic and structured software development. 

In this study, I do not go through a mapping process between requirements and use cases but instead, extract 
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state diagrams directly from language-based requirements analysis. 

2.2 State Extraction Approach with Requirement Modeling 

This research conducts natural language requirement modeling based on states and modes to understand 

system requirements [4]. They design and implement a MoSt (Modes and States) meta-model to facilitate the 

extraction of states and modes from natural language requirements. It is proposed that this approach will 

enhance the efficiency of requirement management. However, it is acknowledged that the existing model, as 

outlined in prior studies, mandates natural language requirements to adhere to a predefined template. This 

stipulation poses a limitation in accommodating the diversity of natural language requirements. 

In response to this limitation, my study takes a novel approach by incorporating linguistic principles to 

analyze complexly structured requirements systematically. Unlike conventional templates, this linguistic 

analysis allows for a more flexible and adaptable approach, ensuring broader applicability to diverse forms of 

natural language requirements. By sidestepping the constraints of a rigid template, I aim to enhance the 

versatility and effectiveness of my state extraction approach, making it more adept at handling the intricacies 

inherent in a wide range of system requirements. This emphasis on linguistic analysis adds a layer of 

sophistication to my methodology, fostering a more inclusive and comprehensive understanding of natural 

language requirements in the context of state extraction and requirement modeling. 

2.3 Chomsky’s Syntactic Structure Analysis 

Chomsky's contribution to syntactic structure analysis is rooted in his expertise as a linguist, enabling the 

systematic extraction of sentence components [5]. To conduct a comprehensive syntactic analysis, sentences 

are systematically divided into hierarchical components, progressing from the overall sentence to clauses, 

phrases, and individual parts of speech. 

 

 

Figure 2. Part Of Speech Tag 

 

Figure 2 shows the frequently used parts of speech in this study. Notably, the tags assigned to both primary 

and derived parts of speech exhibit similar forms. To distinguish between the two categories in my research, I 

introduce an asterisk (*) as a suffix to denote primary parts of speech tags. 
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I employ the Berkeley Parser, which applies Chomsky's syntactic theory [6]. This parser facilitates the 

creation of tree structures, allowing for a detailed examination of the hierarchical relationships among sentence 

components. Through this approach, I can gain deeper insights into the structure of natural language. 

2.4 Fillmore’s Semantic Roles Analysis 

Fillmore is a linguist who focuses on the relationship between nouns and verbs in sentences [7]. This theory 

analyzes syntax by studying combinations of semantic roles based on verbs. 

 

Table 1. Part of Fillmore’s Semantic Roles 

Role Definition 

Agent A person or entity causing a verb’s action to be performed. 

Experiencer A person or thing affected by a verb’s action, replacing the dative. 

Object An entity affected directly by a transitive verb’s action 

Instrument The inanimate entity causally involved in a verb’s action. 

 

Table 1 is part of the semantic roles domain of Fillmore. The case is redefined in research that applied 

Fillmore's linguistic theory to software engineering, and the requirement sentence is analyzed to extract the 

use case [8]. Based on this, this study redefined and applied the appropriate role for state diagram extraction. 

 

3. Extract State Diagrams from Requirements 

3.1 Requirement Analysis Process 

In this study, I reconstruct natural language sentences and extract state diagrams through linguistic analysis. 

To extract the state diagram, the semantic domain of Fillmore among the linguistics used in this study is 

redefined, as shown in Table 2. 

 

Table 2. Fillmore’s Semantic Roles Redefined 

Role [Notation] Definition 

Agent [A] An entity affected directly by a transitive verb’s action 

Object [O] The entity that undergoes an action or change of state 

Cause [C] The entity that causes an action or event 

Stimulus [S] The entity that triggers an action or event 

Instrument [I] An entity used to perform an action or event. 

 

The cause in Table 2 refers to the cause of a particular event, and Stimulus refers to a condition for an event 

to occur due to a trigger of a specific event. 
 

3.2 Cartoon Creation Process 

The process of generating cartoon images from the natural language proposed in this study is shown in 
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Figure 3. 

When a natural language sentence is input, the double text is preprocessed into a single text. I analyze the 

syntax structure of preprocessed sentences through the Berkeley parser. Each analyzed component is given a 

redefined semantic domain. A state diagram is created based on linguistic elements. In this case, the state of 

the state diagram is mapped to the morpheme of the syntax structure analysis step. A state diagram is extracted 

based on the mapped elements. The extracted state is connected to the state of the cartoon object. The cartoon's 

protagonist expresses four emotions: joy, anger, sorrow, and pleasure. The protagonist's state generates an 

image as a facial expression according to emotion. 

 

 

Figure 3. Process of Generating Cartoon Image from Natural Language 
 

4. Case Study 

If the mechanism proposed in this study is applied to the cartoon story, it is shown in Figure 4.  

Figure 4 illustrates an example of the male protagonist, Edward, purchasing a beverage from a vending 

machine. In Figure 4, the state diagram and JSON code for image generation are generated by analyzing the 

five steps of the requirement sentences. 

Step 1: Natural Language Analysis. 

The natural language requirements are processed according to the existing procedure. Complex sentences 

are divided into simple sentences, and the missing subject is inserted to complete the sentence. 

Step 2: Identifying the morpheme of a sentence through the Berkeley parser. 

 Preprocessed sentences undergo morpheme segmentation with the Berkeley Parser, grounded in 

Chomsky's theory. The parser analyzes sentences, phrases, clauses, and nouns, representing them in a tree 

structure. The Parts of Speech (POS) tags associated with each element facilitate the verification of their 

respective grammatical categories. In Figure 4, an analysis is conducted on the second sentence of Scene 1 and 

the fourth sentence of Scene 2, both containing expressions of emotion. 

Step 3: Analysis of the role of Fillmore mapped to morphemes. 
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Figure 3 illustrates Chomsky's Syntactic Structure analysis mapping with Fillmore's Semantic Role. Based 

on this, Fillmore's role theory is applied to the elements of analyzed sentences. Roles are inferred and assigned 

based on the mapping table that aligns parts of speech with semantic roles. In the first sentence of Scene 1, the 

giving verb induces emotional change, making it the 'Cause's Predicate,' and the tool used, coke, assigns the 

role of 'Instrument.' A similar analysis is applied in Scene 2. 

Step 4: Mapping core properties and roles in a state diagram. 

Referring to the object diagram employed in previous studies for cartoon creation [9], the primary objects 

within cartoons are identified. Each element of a linguistically analyzed sentence is then mapped to a 

corresponding component of the state diagram. Elements analyzed through Fillmore's theory are utilized in the 

transitions of the state diagram, while emotions analyzed through Chomsky's theory are applied to the states. 

Based on this, a state diagram representing the main objects is generated. 

Step 5: Create cartoon images by mapping state diagram properties with cartoon properties. 

The states within the state diagram are categorized based on significant emotions such as joy, anger, sorrow, 

and pleasure. Emotion-indicative facial expression assets are retrieved from the JSON file for the objects and 

displayed on the canvas accordingly. The expression assets, reflecting the emotions of the main object, are 

loaded onto the canvas to create the cartoon images. 

 

Figure 4. Example of Proposed Process Application 
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5. Conclusion 

This study applies the linguistic theories of Fillmore and Chomsky to analyze natural language requirements. 

Consequently, it proposes a mechanism that converts natural language descriptions into state diagrams and 

cartoon images. Utilizing this proposed mechanism, it is possible to generate cartoon images that naturally 

reflect changes in the state of cartoon objects through systematic analysis. Moreover, the state change of the 

cartoon object can be clearly understood through the state diagram. However, as it represents only the state 

change of one central object, the detailed state of the object cannot be confirmed. 

Future studies will address the state of all objects and allow for the expression of detailed state diagrams. 

Additionally, it aims to generate high-quality cartoon images and codes by extracting various types of diagrams 

and state diagrams. This advancement will enable a transition from text-based requirements to visual 

storytelling, offering a new dimension to the fields of cartoon production and content creation. 
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