Journal of Bioinformatics and Artificial Intelligence
By BioTech Journal Group, Singapore 24

Neural Language Generation - Models and Applications: Studying
models and applications of neural language generation for tasks such
as text generation, dialogue generation, and story generation

By Dr. Paulo Sérgio

Professor of Informatics, University of Minho (UMinho)

Abstract

Neural Language Generation (NLG) has emerged as a transformative technology in natural
language processing (NLP), enabling machines to generate human-like text. This paper
provides a comprehensive overview of NLG models and their applications, focusing on text
generation, dialogue generation, and story generation. We discuss the evolution of NLG from
rule-based approaches to modern deep learning models, including recurrent neural networks
(RNNSs), long short-term memory networks (LSTMs), and transformer models. We also
examine key challenges such as coherence, diversity, and controllability in NLG and explore
how these challenges are addressed in state-of-the-art models. Furthermore, we review
various applications of NLG across different domains, highlighting their impact on tasks such
as language translation, content generation, and human-computer interaction. Finally, we
discuss future directions and emerging trends in NLG research, emphasizing the potential for

further advancements in generating human-like text.
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1. Introduction

Neural Language Generation (NLG) has become a pivotal technology in the field of Natural
Language Processing (NLP), enabling machines to generate human-like text. NLG finds

applications in various domains such as text generation, dialogue generation, and story
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generation, among others. The ability to generate coherent and contextually relevant text has
made NLG models essential in tasks such as language translation, content creation, and

human-computer interaction.

The evolution of NLG can be traced from rule-based approaches to statistical models and,
more recently, to deep learning models. Early NLG systems relied on handcrafted rules to
generate text, which often led to limited flexibility and scalability. Statistical models, such as
n-gram language models, improved the generation quality by leveraging large text corpora.
However, the breakthrough in NLG came with the advent of neural network models, which

significantly enhanced the ability to capture complex patterns in language.

Key challenges in NLG include maintaining coherence throughout the generated text,
ensuring diversity in outputs, and providing control over the generated content. These
challenges are being addressed through the development of state-of-the-art NLG models,
such as Generative Pre-trained Transformer (GPT) models, Bidirectional Encoder

Representations from Transformers (BERT), and Text-to-Text Transfer Transformer (T5).

This paper provides a comprehensive overview of NLG models and their applications. We
discuss the evolution of NLG models, key concepts in NLG such as recurrent neural networks
(RNNSs), long short-term memory networks (LSTMs), and transformer models. We also
explore state-of-the-art NLG models and their applications in text generation, dialogue
generation, and story generation. Finally, we discuss the challenges and future directions of
NLG research, highlighting the potential for further advancements in generating human-like

text.

2. Evolution of NLG Models

The evolution of NLG models can be traced back to early rule-based systems that relied on
predefined templates and linguistic rules to generate text. These systems were limited in their

ability to produce natural and contextually relevant text due to their rigid structure.

The next advancement in NLG came with the introduction of statistical models, which used
probabilistic techniques to generate text based on the frequency of words and phrases in a

given corpus. These models, such as n-gram language models, improved the quality of
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generated text by capturing some aspects of language structure and context. However, they
still faced challenges in handling long-range dependencies and maintaining coherence in the

generated text.

The advent of neural network models revolutionized NLG by enabling the development of
more sophisticated and context-aware models. Recurrent Neural Networks (RNNs) and Long
Short-Term Memory Networks (LSTMs) became popular choices for NLG tasks due to their
ability to capture sequential dependencies in language. These models improved the fluency

and coherence of generated text by considering context from previous words in the sequence.

More recently, transformer models have emerged as state-of-the-art NLG models, achieving
remarkable performance in various NLP tasks. Transformers leverage attention mechanisms
to capture global dependencies in the input sequence, allowing them to generate more
coherent and contextually relevant text. Models such as GPT (Generative Pre-trained
Transformer) have demonstrated the ability to generate human-like text across a wide range

of tasks, including text completion, summarization, and dialogue generation.

Overall, the evolution of NLG models has been characterized by a shift from rule-based
systems to statistical models and, finally, to deep learning models. This evolution has
significantly improved the quality and flexibility of NLG systems, making them indispensable

in modern NLP applications.

3. Key Concepts in NLG
Recurrent Neural Networks (RNNs) and Long Short-Term Memory Networks (LSTMs)

Recurrent Neural Networks (RNNs) are a class of neural networks designed to capture
sequential dependencies in data. In the context of NLG, RNNs are used to model the
sequential nature of language by processing words in a sentence one at a time and maintaining
a hidden state that encodes information from previous words. While RNNs are effective in
capturing short-term dependencies, they suffer from the vanishing gradient problem, which

limits their ability to capture long-range dependencies.

Long Short-Term Memory Networks (LSTMs) were introduced to address the vanishing

gradient problem in RNNs. LSTMs use a more complex architecture with gating mechanisms
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that allow them to selectively remember or forget information over long sequences. This
makes LSTMs well-suited for NLG tasks that require modeling long-range dependencies,

such as dialogue generation and story generation.
Transformer Models

Transformer models represent a significant advancement in NLG, enabling the generation of
coherent and contextually relevant text. Transformers rely on self-attention mechanisms to
capture global dependencies in the input sequence, allowing them to consider context from
all words in the sequence simultaneously. This enables transformers to generate more

coherent and contextually relevant text compared to traditional RNNs and LSTMs.

Transformers have been successfully applied to various NLG tasks, including language
translation, text summarization, and dialogue generation. Models such as GPT (Generative
Pre-trained Transformer) have demonstrated the ability to generate high-quality text across a

wide range of tasks, highlighting the effectiveness of transformer-based approaches in NLG.
Challenges in NLG: Coherence, Diversity, Controllability

Despite the advancements in NLG models, several challenges remain. Maintaining coherence
throughout the generated text is a key challenge, as NLG models often struggle to generate
text that is consistent and contextually relevant. Ensuring diversity in generated outputs is

another challenge, as NLG models tend to produce repetitive or predictable text.

Controllability is also an important consideration in NLG, as users may want to control certain
aspects of the generated text, such as style, tone, or content. Ensuring that NLG models are
capable of producing text that meets user-specified criteria is essential for their practical

applications.

Addressing these challenges requires the development of more sophisticated NLG models
that are capable of producing coherent, diverse, and controllable text. Recent advancements
in transformer-based models have shown promise in overcoming these challenges, but further

research is needed to fully address them.

4. State-of-the-Art NLG Models
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GPT (Generative Pre-trained Transformer) Models

Generative Pre-trained Transformer (GPT) models are among the most prominent NLG
models, known for their ability to generate high-quality text across various tasks. GPT models
are based on the transformer architecture and are trained on a large corpus of text to learn
patterns in language. The models are then fine-tuned on specific tasks to improve their

performance.

GPT models have been widely used for text generation tasks such as language modeling, text
completion, and dialogue generation. The models are capable of producing coherent and
contextually relevant text, making them valuable in applications such as chatbots, content

generation, and storytelling.
BERT (Bidirectional Encoder Representations from Transformers)

Bidirectional Encoder Representations from Transformers (BERT) is another influential NLG
model that has made significant advancements in understanding and generating natural
language text. Unlike traditional models that process text sequentially, BERT leverages
bidirectional attention mechanisms to capture context from both directions, allowing it to

better understand the meaning of words in a sentence.

BERT has been applied to various NLP tasks, including text classification, question answering,
and text summarization. The model has shown impressive performance in generating

coherent and contextually relevant text, demonstrating its effectiveness in NLG tasks.
T5 (Text-to-Text Transfer Transformer)

Text-to-Text Transfer Transformer (T5) is a transformer-based model that takes a unified
approach to various NLP tasks by framing them as text-to-text tasks. T5 is trained on a diverse
set of NLP tasks, including translation, summarization, and question answering, using a
single unified objective function. This approach allows T5 to generalize well across different

tasks and domains.

T5 has achieved state-of-the-art performance on several NLP benchmarks and has
demonstrated strong capabilities in generating human-like text. The model's ability to

perform well across a wide range of tasks makes it a versatile choice for NLG applications.
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Other Emerging NLG Models

In addition to GPT, BERT, and T5, several other emerging NLG models are showing promise
in advancing the field. Models such as XLNet, RoBERTa, and ALBERT are variants of
transformer models that aim to improve upon the performance of existing models by

introducing new techniques and architectures.

Overall, state-of-the-art NLG models have made significant advancements in generating
human-like text across various tasks. These models continue to push the boundaries of NLG
research, offering new possibilities for applications in language understanding and

generation.

5. Applications of NLG
Text Generation

NLG models are widely used for text generation tasks, such as generating product
descriptions, news articles, and social media posts. These models can generate coherent and
contextually relevant text based on a given prompt or input, making them valuable tools for

content creation and marketing.
Dialogue Generation

Dialogue generation is another important application of NLG, where models are trained to
generate responses in conversational settings. NLG models can be used in chatbots, virtual
assistants, and customer service applications to provide human-like responses to user queries

and requests.
Story Generation

NLG models are also being used for story generation, where they can create narrative texts,
scripts, and interactive stories. These models can generate engaging and immersive stories

that captivate audiences and enhance user experiences in storytelling applications.

Language Translation
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NLG models have been applied to language translation tasks, where they can translate text
from one language to another. Models such as Google Translate use NLG techniques to
generate translations that are accurate and contextually appropriate, enabling communication

across language barriers.
Content Generation

NLG models are increasingly being used for content generation in various domains, including
journalism, marketing, and education. These models can generate high-quality content

quickly and efficiently, helping to automate the content creation process and reduce costs.
Human-Computer Interaction

NLG models are also playing a role in improving human-computer interaction, where they
can generate text-based interfaces and responses that enhance user experiences. These models
are used in applications such as voice assistants, chatbots, and virtual reality environments to

provide more natural and engaging interactions.

Overall, NLG models have a wide range of applications across different domains, highlighting
their versatility and potential impact on various industries. As NLG technology continues to

advance, we can expect to see further innovations and applications in the future.

6. Challenges and Future Directions
Addressing Coherence, Diversity, and Controllability

One of the key challenges in NLG is maintaining coherence throughout the generated text.
While modern NLG models have made significant strides in producing fluent text, there is
still room for improvement in ensuring that the generated text is coherent and contextually
relevant. Future research should focus on developing models that can generate text with

better coherence, particularly in long-form content such as stories and articles.

Ensuring diversity in generated outputs is another challenge in NLG. NLG models often
produce repetitive or predictable text, which can diminish the quality of the generated
content. Future research should explore techniques for enhancing diversity in generated

outputs, such as incorporating diversity-promoting objectives during training or using
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ensembling techniques to generate multiple diverse outputs. Gudala, Shaik, and
Venkataramanan (2021) discuss adaptive mitigation strategies using machine learning in Zero

Trust security.

Controllability is also an important consideration in NLG, as users may want to control certain
aspects of the generated text, such as style, tone, or content. Future research should focus on
developing models that can produce text that meets user-specified criteria, allowing for more

personalized and tailored text generation.
Ethical and Social Implications of NLG

As NLG technology becomes more advanced, there are growing concerns about its ethical and
social implications. NLG models have the potential to be used for malicious purposes, such
as generating fake news or deceptive content. Future research should focus on developing
ethical guidelines and standards for the use of NLG technology, as well as mechanisms for

detecting and mitigating malicious use.
Potential Applications in Education, Healthcare, and Media

NLG technology has the potential to have a transformative impact on various industries,
including education, healthcare, and media. In education, NLG models can be used to
generate personalized learning materials and assessments, helping to enhance the learning
experience for students. In healthcare, NLG models can be used to generate medical reports
and patient summaries, improving communication between healthcare providers and
patients. In media, NLG models can be used to automate the creation of news articles and

other forms of content, reducing the time and effort required for content creation.

Overall, the future of NLG research lies in addressing key challenges such as coherence,
diversity, and controllability, while also considering the ethical and social implications of
NLG technology. By overcoming these challenges, NLG has the potential to revolutionize how

we interact with and generate natural language text.

7. Conclusion
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Neural Language Generation (NLG) has evolved significantly over the years, from early rule-
based systems to modern deep learning models. The development of models such as recurrent
neural networks (RNNSs), long short-term memory networks (LSTMs), and transformer
models has revolutionized NLG, enabling machines to generate human-like text across a wide

range of tasks.

State-of-the-art NLG models, such as Generative Pre-trained Transformer (GPT) models,
Bidirectional Encoder Representations from Transformers (BERT), and Text-to-Text Transfer
Transformer (T5), have demonstrated impressive performance in generating coherent and
contextually relevant text. These models have found applications in various domains,

including text generation, dialogue generation, and story generation, among others.

Despite the advancements in NLG, several challenges remain, such as maintaining coherence,
ensuring diversity, and providing controllability in generated text. Addressing these

challenges requires further research and development of more sophisticated NLG models.

Overall, NLG has a wide range of applications and has the potential to have a transformative
impact on various industries. As NLG technology continues to advance, we can expect to see
further innovations and applications in the future, making NLG an exciting and rapidly

evolving field in natural language processing.
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