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1. INTRODUCTION

Agile software development methodologies have become increasingly popular in recent years due to
their flexibility and adaptability. Manifesto [[L], a set of values and principles for agile development, empha-
sizes the importance of responding to change, delivering working software frequently, and collaborating with
customers and stakeholders to meet their needs [2]]. One of the key components of agile development is the use
of user stories to describe the software requirements.

User stories are a simple yet powerful way to describe software requirements from the user’s perspec-
tive. A user story typically consists of three parts: a brief description of the user role, the specific functionality
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or feature required, and the business value for the user. User stories are usually written on index cards or
sticky notes, which are then organized and prioritized in a product backlog. While user stories are effective
in capturing the user’s needs and goals, the process of creating and managing them can be time-consuming
and error-prone. Furthermore, as the number of user stories increases, it can become challenging to manage
them effectively. To address these challenges, several approaches have been proposed, including the use of
templates, tools, and techniques such as acceptance test-driven development (ATDD) [3] and behavior-driven
development (BDD) [4].

In this paper, we present a novel method to generate user stories” XMI model [5] using natural lan-
guage processing (NLP) [6] and model-driven architecture (MDA) approach [7]]. Our method aims to automate
the process of creating and managing user stories, while conforming to its proposed meta-model [8]. We focus
on the MDA approach for our method because it is supported by the object management group (OMG) and is
the most commonly used approach to model driven engineering (MDE) [9]. MDE is a software engineering
paradigm that considers models and their meta-models as the main entities in the software systems development
process. MDA is also aligned with the Agile manifesto, which emphasizes iterative and incremental develop-
ment. MDA is regarded as a technological advancement for the software industry’s future, with the aim of
automating the development process of any information system. MDA provides its attributes, as evidenced by
its advocacy for adhering to multiple guidelines and standards [[10]. Thus, we put the focus on the generation
of the XMI model format, as it is an industry-standard format for exchanging and sharing metadata between
software tools and systems [S)]. XMI is based on eXtensible markup language (XML) [11] and is used primarily
in the context of MDA approach, and XMI model format plays a crucial role in simplifying the exchange of
model information between software development tools, enabling efficient collaboration, and promoting MDA
practices.

We also, based on the NLP which is a branch of artificial intelligence and computational linguistics
[12] that focuses on the interaction between computers and human language. NLP is the study and creation
of models and algorithms that allow computers to meaningfully read, comprehend, and produce human lan-
guage. NLP techniques involve a combination of linguistics, statistics, and machine learning. Some common
approaches used in NLP include text analysis to involve the application of various NLP techniques to analyze
and extract meaningful information from textual data.

To delve into the core of our study, the remainder of the paper is structured as follows. The next
section provides a summary of the related work. Then, we describe the system architecture, the NLP and MDA
techniques used, and the XMI model generated. We then we present a case study conducted to validate and
illustrate the proposed method. After that, we analyze and discuss all obtained results. Finally, we conclude
the paper by discussing the implications of our method and identifying future research directions.

2. RELATED WORK

Few studies have been proposed for automating the process of generating and managing user stories
in agile software development projects, dealing with NLP language and MDA approach. Some of the most
relevant studies are discussed below. First, Elallaouia et al. [13]] propose a process of transforming the unified
modeling language (UML) use case diagram from user stories according to the MDA approach. The transfor-
mation is done automatically, using the Tree Tagger parser’s NLP technique. In other work, Allala et al. [14]
present a method to automatically transform user requirements in XMI format (XML metadata interchange)
to test cases using model-driven engineering and NLP to ensure the automatic transformation. Baina et al.
[[15]], suggests enhancing the agile iterative business process design methodology by integrating a model-driven
approach with an automation assistant. This assistant would convert user stories and textual requirements into
a business process model and notation (BPMN) [16], the automation is done dealing with their XPDL2MDE
Eclipse plug-in.

Moreover, Georges in [17]], extracts the feature and variability from Agile specifications expressed by
the epics and user stories and their related source code for software product line migration based on relational
concept analysis and formal concept analysis. This method is implemented using the NLP techniques. Gupta
et al. [18] propose a BDD approach that automates the generation of a simplified version of UML diagrams:
class diagram, use case diagram, State machine diagrams, and activity diagram from the user stories and their
acceptance criteria. The generation is done automatically with Python language and an NLP-based tool. Nasiri
et al. [19] propose an automated method to extract UML activity diagram represented by business process

A novel agile method for user stories’ XMI model via NLP and MDA (Nassim Kharmoum)



4380 ) ISSN: 2302-9285

models from requirements, which are presented as acceptance criteria of the user stories. The extraction is
done automatically by dealing with languages Prolog, Python, and NLP using Stanford coreNLP tool.

After studying the different works done. We have that all papers based on the agile user stories as an
input of their methods to generate automatically new out that can be a graphical or a textual model. But few
studied papers deal with MDA approach to drive the out generation. Therefore, all approaches rely on a case
study to assess their methodologies. So, in this paper, we propose a new method that automatically generate a
new structured and standardized representation of user stories in XMI format from a textual one, the objective
is to support the use of user stories in the MDA approach.

3.  PROPOSED METHOD

The proposed method will be part of our Agile user stories’ driven method project, which aims to
automate the generation of new models in different MDA’s abstraction level form user stories’ XMI model. To
do so, in this contribution, we generate user stories’ XMI model using a combination of NLP techniques and
MDA approach. The method streamlines the process of creating and managing user stories in agile software
development projects, reducing manual effort and improving the quality of requirements representation. We
emphasize that our method will benefit from the experience we gained while generating models and proposing
a novel user stories meta-model [20], [21] in the MDA approach and agile context.

3.1. User stories’ meta-model

In this method, we based on a part of our proposed user stories’ meta-model in the MDA approach
[8] Figure E], which is considered as the backbone of this contribution. The main three parts of user stories will
be the main elements for generating user stories’ XMI models in compliance with the proposed meta-model

Figure 1, we have as classes: “UserStoryModel”, "Backlog”, "Epic”, "UserStory”, “UserStoryDescription”,
”UserRole”, ”"Function”, and ”BusinessValue”.
| £ UserStoryModel [1.”] backlogs £ Backlog |
‘ = name : EString = name : EString
= description : EString
T ——— = estimationType : EstimationType = HOUR
= serrolerrerix
- AS [1.*] epics

2 FunctionPrefix
= |_WANT

H UserStory

H Epic |

= title : EString

= name : EString
= description : EString

£ BusinessValuePrefix

[1..*] userStories
= SO_THAT

[1.1] userStoryDescriptionI

H UserStoryDescription

[1.1] userRole [0..1] businessValue

[1..1] function

E BusinessValue |

= prefix : BusinessValuePrefix = SO_THAT
= value : EString

E Function | ‘

= prefix : FunctionPrefix = |_WANT
= value : EString

‘ E UserRole | ‘

= prefix : UserRolePrefix = AS
= value : EString

Figure 1. The proposed meta-model

3.2. Input user stories textual model

The input module receives user stories in natural language format. User stories typically follow a
structured format that includes the “user role”, function”, and business value”. The input module handles the
ingestion of these user stories for further processing (Figure [2fa)).

3.3. User stories’ validation, extraction, and generation with NLP

The NLP module employs various techniques to extract the essential information from the user stories
[22]. We deal with spaCy, which is an open-source Python library for NLP [23]. Spacy library includes to-
kenization, part-of-speech tagging, lemmatization, and dependency parsing. Tokenization breaks the text into
individual words or tokens, while part-of-speech tagging assigns grammatical labels to each word. Named
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entity recognition identifies important terms like proper nouns or technical terms, and dependency parsing ana-
lyzes the relationships between words in the sentence (Figure[2(b)). For our study we use the “en_core_web_sm”
which is a pre-trained English language model in the spaCy library. So, the steps to generate our user stories’
XMI model are:

— User stories validation: the first step is to validate the user stories input model structure. We check for the
correctness of the following mandatory parts “User Role” and “Function” and their prefix; like ”As” for
”User Role” and I Want” or "I can” for the “Function”, after that we check the third option part which is
”Business Value” and their prefix like ”So that”. To make our method generic, we propose a list of the most
commonly used prefixes for each part of user stories. Also, for our proposal, we take just affirmative user
stories.

— User stories extraction: in this step, we deal with just the validated user stories with affirmative form. we use
the spaCy’s matchers to keep the “User role”, "Function”, and “"Business value” based on their "prefixes”.

— User stories’ XMI generation: in this step an XMI file will be created and conforms to the proposed method,
to do so, the three extracted user stories parts will be successively at the XMI node: ”UserRole”, "Function”,
and “BusinessValue”. Then, we group all user stories by their “UserRole” as an epic. At the end, all epics
are grouped in one “"Backlog” that has the name of the studied system (Figure [2|c)).

User Stories User Stories’ < XMI User Stories>
< User Role [>
< Function f>

With NLP Techniques < Business Value />
</ XMl User Stories >

User Stories o £ User Stories

fffffffffff Validation, Extraction, and Generation

Text Format XMI Format

(a) (b) (c)

Figure 2. Our proposed method; (a) source user stories’ text format, (b) user stories’ validation, extraction,
and generation, and (c) generated user stories’ XMI format

3.4. Generated user stories’ XMI model based on MDA approach

The generated user stories’ XMI model it conforms to its proposed meta-model and represents the user
stories in a structured and standardized format, making it easier to understand and analyze the requirements.
The MDA techniques include employing the UML to define the structure and relationships between the user
stories, using the object constraint language (OCL) to establish constraints and rules, and employing the model
transformation language (MTL) to transform the extracted information into the XMI model.

3.5. Proposed user stories processing system

To facilitate the automation of the user stories’ XMI model, we have proposed a user-friendly and
ergonomic system using the Python streamline library [24] which is a data driven web application library based
on Python. The purpose is to design and enhance the management and visualization of user stories in agile
software development projects in a simple web interface. Leveraging the power of the generated XMI model,
the system provides an intuitive and interactive interface for stakeholders, product owners, and development
teams to view, analyze, and collaborate on the user stories. With this web interface, teams can efficiently track
the progress of user stories, visualize backlog items, and ensure alignment with stakeholder needs, ultimately
enhancing the efficiency and effectiveness of the agile development process.

In summary, the proposed method offers several advantages. Firstly, it auto-mates the extraction
of key information from user stories, reducing the risk of errors and inconsistencies that may occur during
manual processing. Secondly, it employs MDA techniques to generate a standardized and structured XMI
model, enhancing the clarity and understanding of the requirements. Lastly, the method has a user-friendly
and ergonomic web interface, and it is flexible and adaptable, making it suitable for various agile software
development projects. By automating the process of generating user stories” XMI model using NLP and MDA,
the proposed method significantly reduces the time and effort required, while improving the quality of the
requirements’ representation in agile software development projects.
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4. CASE STUDY

To validate the proposed method, we conducted a case study in a real-world software development
project. The case study aimed to illustrate all the proposed method process to generate the user stories’ XMI
from a simple user stories text file. The case study involved an e-commerce website, and the team consisted
of "new user”, ’customer”, and “webmaster” involved in the requirements gathering and management process.
The new user can create an account on the website to be a new customer. A customer can search for products
on the website, add and purchase items to the shopping cart, also he can track the status of any order and
has a comprehensive analytics dashboard. However, the webmaster can manage and ensure all the website

functionalities and content.

In the experimental approach, our system was used to automatically extract key information from user
stories and generate the XMI model. The team members entered the user stories in natural language format,
and the system applied NLP techniques to extract the relevant information. The MDA module then transformed
the extracted information into an XMI model, which was displayed in a human-readable format.

4.1. User stories’ text

In this case study, we propose 10 validated user stories in a textual format for the e-commerce website
(see Table[T). These stories outline various users interactions and scenarios aimed at improving the website’s
functionality and their Business values. We selected the e-commerce platform as a simple example, allowing a
better understanding of the proposed method.

Table 1. Input user stories in textual format

Id  User stories

As a new user, I want to create an account on the website, so that I can access personalized features and information

As a customer, I want to search for products on the website, so that I can find items that meet my specific requirements

As a customer, I want to add products to my shopping cart, so that I can keep track of the items I want to purchase

As a customer, I want to complete the purchase of the items in my shopping cart, so that I can receive the products

and make the payment

As a customer, I want to track the status of my order, so that I can know when to expect the delivery

6  Asa webmaster, I want to have a comprehensive analytics dashboard, so that I can track and analyze website performance
and user behavior

7 Asa webmaster, I want to be notified of broken links on the website, so that I can fix them promptly and ensure a smooth
user experience

8 As a webmaster, I want to have a streamlined content publishing workflow, so that I can manage the creation, review,
and publication of the website content

9 As a webmaster, I want to ensure that the website meets accessibility standards, so that it can be accessed and used by all users

10 As a webmaster, I want a seamless deployment process and version control system, so that I can easily manage
and deploy updates to the website

B SIS S

W

4.2. Generated XMI user stories

The generated user stories’ XMI, as illustrated in Figure |3} presents the target model. This XMI
format facilitates the presentation of user stories through an XML-based UML metadata information exchange,
adhering to the standards set forth by the OMG. By utilizing this standardized approach, the exchange of
information between systems becomes more seamless and interoperable, promoting efficiency and consistency
in software development processes.

4.3. Proposed user stories processing system

We also develop a web interface with Streamlit library to facilitate the automation of the user stories’
XMI model. The proposed interface allows us to select the text file that contains the list of user stories, also
allows us to select the prefixes for "User Role”, "Function”, and "Business Value”, thus via this web interface
we insert the metadata of the generated XMI model like "XMI Name Space” and "XMI MetaModel Schema
Location”. During the user stories processing, this interface visualizes the validate and the non-validate user
stories also allows us to visualize and download the generated user stories” XMI model (Figure {4)).
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=?xml wversion="1.0" encoding="UTF-8"2>
E|<:'.15rm‘.:U5er5tDryHDdel xmlns:xmi="http://www.omg.org/XMI" zmlns:xsi=
"http://www.w3.org/2001/¥MLSchema-instance" xmln
%xz3i:schemalocation="www.usmm.com ../metaModel/userStoriesMetaModel" name=
—| <backlogs name="E-Commerce backlog" description="E-Commerce web application">

(S

version="2.0"
E-Commerce Model":>

mm="www .nsmm.com" xmi

2! <epics name="new user" description="User Stories of User Role : new user">
= <userStories title="create an account on the website">
6 —| <userStoryDescriptions

="new user"/>
="greate an account on the website"/>
<businessValus valus="1 can access personalized features and informationrn"/>
- </userStoryDescription>
- </userStories>
i <fepics>
—] <epics name="customer" descripti
<userStories title="search for prodoncts on the website":>
<userStoryDescription>
<userRole value="cmstomer"/>
<function wvalue="search for products on the website"/>
<businessValue value="i can find items that meet my specific reguirementsrn"/>
</userStorvDescription>
</userStories>

<userRole valu
<function W

T

n="User Stories of User Role : customer":>

(LTS
|

i |
i}

[ <userStories title="add prodocts to my shopping cart">
EE| <userStories title="complete the purchase of the items in my shopping cart":>
H <userStories title="track the status of my order":>
2 ~ <fepics>
= —| <epics name="webmaster" description="User Stories of User Role : webmaster":>
44 <userStories title="have a comprehensive analytics dashboard">
45 —| <userStoryDescriptions
46 <userRole valus="webmaster"/>
47 <function value="have a comprehensive analytics dashboard"/>

48 <businessValue valus="i can track and analyze website performance and user
behaviorrn"/>
</userStoryDescription:>
</userStories>

E— <usecrStories title="be notified of broken links on the website'":>

H <userStories title="have a streamlined content publishing workflow":>

EEI <userStories title="ensure that the website meets accessibility =standards">

H <userStories title="a seamless deployment process and version control system">

<fepics>
- </backlogs>
L</usmm:UserStoryModels>

Figure 3. Generated user stories in XMI format
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User Stories Processing ,_C|]ﬁ
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Function Expressions g P Browse files
Limit 200MB per file « TXT
o
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Business Value Expressions *
So x LR User Stories Name ™ User Stories Description *
XMI File MetaData E-commerce E-commerce web application
XMI HameSpace * Generate User Stories Files
WRwLUSmm.com Valid User Stries Not Valid User Stries

XMI MetaModel Schema Location * 1 0/ 10 0/ 10

www.usmm.com ../metaModel/userStories

< Generated XM| File

Figure 4. Proposed user stories processing system

5. RESULTS AND DISCUSSION
In this section, we analyze, discuss, and evaluate our proposed method. We have reviewed the related
work and identified six methods that are relevant to our research. To define our evaluation criteria, we focus on
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the OMG guidance and subsequent work [25]. Our final criteria are based on the input and generated model
construction, the model alignment, the NLP and MDA coverage, and the use of assessment methodology.
Tables 2—-5 shows our evaluation of these methods, as well as our own proposal.

Table 2. Studied papers comparison (input model)

Studied papers Agile approach Type Representation NLP coverage  Assessment method
[13] Yes Textual representation User stories Yes Case study
[14] Yes Textual representation XMI format of Yes Case study

user requirements
user stories and

use case

[1S] Yes Textual representation User stories Case study

[17] Yes Textual representation  Epic and user stories Yes Case study

(18] Yes Textual representation User stories and Yes Case study

acceptable

criteria

[19] Yes Textual representation Acceptable Yes Case study
criteria

Proposed method Yes Textual representation User stories Yes Case study

Table 3. Studied papers comparison (generated model)

Studied papers Agile approach Type Representation NLP coverage  Assessment method
[13] Yes Graphical representation ~ UML use case diagram Yes Case study
[14] Yes Textual representation Test case code Yes Case study
[15] Yes Graphical representation BPMN Case study
1171 Yes Textual representation Source code Yes Case study
18] Yes Graphical representation Simplified version Yes Case study
of UML diagrams

(class, use case, state
machine, and activity)
[19] Yes Graphical representation ~ UML activity diagram Yes Case study
Proposed method Yes Textual representation XMI format of Yes Case study
user stories

Table 4. Studied papers comparison (model alignment)

Studied papers Agile approach Type Representation NLP coverage  Assessment method
[13] Yes Automatic NLP & Java Yes Case study
[14] Yes Automatic NLP (stanford CoreNLP) Yes Case study
[15] Yes Automatic  Eclipse plug-in XPDL2MDE Case study
1171 Yes Automatic NLP Yes Case study
18] Yes Automatic NLP-based tool BDD Yes Case study
[19] Yes Automatic NLP (stanford CoreNLP) Yes Case study
Proposed method Yes Automatic NLP (Python) Yes Case study

As a result, all the studied papers have a common focus on the Agile approach for their proposed
methods. All input models are textual in nature to express the users’ requirement in a structured format, the
majority of studied method as well as our proposal based on the Agile user stories except the authors of [19]
based on the acceptance criteria for their input model. However, for the models’ generation some authors
generate a graphical representation for their models like Elallaoui et al. [13]], they generate a UML use case
diagram. Baina et al. [[15] generate a BPMN model, for [[18] generate a simplified version of the UML diagrams
(class, use case, state machine, and activity), also on [19] generate a UML activity diagram. Always on the
generated model, the rest of authors generate their models with a textual representation, [14] generate a test
case code, and [17] generates a source code. For our approach we generate an XMI format of user stories
which is a standardized way to exchange user stories model information between different software tools and
platforms, enabling efficient collaboration, and promoting MDA practices.
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Table 5. Studied papers comparison (MDA approach)

Studied papers Agile approach MDA coverage  Meta-model coverage ~ NLP coverage  Assessment method
[13] Yes Yes Case study
[14] Yes Yes Yes Yes Case study
[15] Yes Yes Yes Case study
[17] Yes Yes Yes Yes Case study
[18] Yes Yes Case study
[19] Yes Yes Case study
Proposed method Yes Yes Yes Yes Case study

In addition, all the studied methods generate models automatically, which aligns with the criteria. For
the model alignment implementation, all authors use the NLP techniques to automate their model alignment,
except in [15] the authors based on Eclipse plug-in XPDL2MDE to generate the BPMN model. Besides,
just [[L4], [LS]], [[17], and our proposed method deal with an MDA approach and based on meta-models for
representing and aligning our models. Furthermore, all methods use a case study to evaluate their proposal.

6. CONCLUSION

In conclusion, this paper introduced a novel method for generating user stories” XMI model using
NLP techniques and MDA approach in the context of agile software development. The method aimed to
streamline the process of validating, extracting, and generation of user stories format in human language in
a meaningful, structured, and standardized one. The approach offers substantial advantages in terms of time
and effort reduction, and enhanced comprehension and communication. By automating and standardizing the
process of managing user stories, the proposed approach has the potential to significantly advance the field
of agile requirements management and contribute to the successful delivery of high-quality software products.
Our challenge in future contributions is to generate different UML diagrams automatically from the generated
user stories XMI model, while respecting the MDA approach in the Agile context.
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