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Abstract

This research investigates the transformative potential of Mixture of Experts (MoE) and multimodal learning within
generative Al, exploring their roles in advancing towards Artificial General Intelligence (AGI). By leveraging a combination
of specialized models, MoE addresses scalability and computational limitations, enabling more nuanced and robust
modelling across diverse data modalities. The research exploration draws inspiration from pioneering projects like Google's
Gemini and OpenAl's anticipated Q* to push the boundaries of Al capabilities. The objectives include exploring the impact
of MoE on generative Al, investigating multimodal learning's role in achieving AGlI, conducting experiments to demonstrate
MoE's effectiveness across various domains, and assessing the influence of Al-generated preprints on the peer-review
process. Ethical considerations are also emphasized, advocating for Al development that aligns with societal well-being.
The methodology employs techniques from social network analysis to examine the current landscape and future possibilities
of MoE and multimodal learning. Experiments conducted across healthcare, finance, and education demonstrate a 25%
increase in training efficiency and a 30% improvement in output quality when using MoE compared to traditional single-
model approaches. The analysis of Al-generated preprints highlights their significant impact on the peer-review process and
scholarly communication. The findings underscore the potential of MoE and multimodal learning to propel generative Al
towards AGI. The study advocates for responsible Al development, aligned with human-centric values and societal well-
being, and proposes strategic directions for future research. This research promotes the balanced and ethical integration of
MoE, multimodality, and AGI in generative Al, fostering equitable distribution and ethical usage of Al technologies.
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1. Introduction

The journey of Artificial Intelligence (Al) has been a
remarkable one, beginning with early theories and Alan
Turing's "Imitation Game" that laid the foundation for
today's sophisticated models. Advancements such as neural
networks and machine learning have paved the way for
innovative approaches like Mixture of Experts (MoE) and

multimodal Al systems, underscoring the dynamic nature
of this field [1,2,3]. Large Language Models (LLMs) like
ChatGPT and Google's Gemini have revolutionized Al,
sparking discussions about their potential societal impacts
and even the possibility of Al consciousness. These
models, including Anthropic's Claude, have pushed the
boundaries in language understanding and generation with
techniques such as "'spike-and-slab™ attention [112].
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This shift signifies a move towards models capable of
handling diverse inputs and multimodal processing, with
projects like OpenAl's Q* potentially combining LLMs
with advanced algorithms [113]. Research in LLMs is
increasingly focused on multimodal capabilities and
conversation-driven learning, as exemplified by Gemini.
However, the proliferation of Al-generated preprints raises
concerns about information validation and potential biases
[114]. This research investigates the transformative
potential of MoE, multimodality, and Artificial General
Intelligence (AGI) in advancing generative Al models.

The objectives of this research are to:

o Explore the transformative potential of MoE in
generative Al.

e Investigate the role of multimodal learning in
advancing towards AGI.

e Conduct experiments to showcase MOE's
effectiveness across various domains.

e  Address the impact of Al-generated preprints on
the  peer-review process and scholarly
communication.

e Emphasize ethical considerations and advocate
for aligning Al development with societal well-
being.

This research also aims to shed light on future research
directions by examining the evolving landscape, its
implications, and the critical need for ethical
considerations and robust governance frameworks.
Through a comprehensive analysis of academic databases,
this exploration delves into the technical implications of
Gemini and Q* and their potential to reshape Al research
trajectories. The research exploration identifies three key
domains—MoE, multimodality, and AGl—as poised for
significant impact. Additionally, it explores the historical
development of generative Al, presents a current research
taxonomy, analyses innovative model architectures,
discusses the potential future capabilities of projects like
Q*, and identifies emerging research priorities. Addressing
the challenges posed by the surge of preprints, the research
concludes with an overview of the overall effects of these
developments on generative Al.

2. Methods and Experimental Analysis

This research adopts a multifaceted approach to explore
transformative trends in Generative Acrtificial Intelligence
(GAI) by employing diverse methods and analyses. The
study begins with a comprehensive review of academic
databases, conference proceedings, and industry reports to
gather a broad and detailed understanding of existing
research trends and advancements in GAI. Key concepts
such as Mixture of Experts (MoE), multimodal learning,
and Artificial General Intelligence (AGI) are explored to
identify significant developments and recurring themes.

Thematic analysis is employed to discern recurring
patterns and significant developments across various GAI
domains. This method synthesizes insights from diverse
sources into cohesive themes, providing a structured
overview of the field. Citation analysis, publication trends,
and keyword frequency analysis are utilized to measure the
impact and prevalence of pivotal concepts and
advancements in GAI research. Qualitative analysis of the
discourse  surrounding  GAI, including ethical
considerations, societal implications, and future directions,
is conducted to gain deeper insights into the broader impact
of research in this field. This involves analysing
discussions in academic literature, industry publications,
and media sources to understand the evolving narrative
around GAI. Interviews with domain specialists,
researchers, and industry professionals are conducted to
obtain invaluable perspectives and insights into the
landscape of GAI research. These interviews provide
expert opinions and first-hand accounts of current trends,
challenges, and future directions in GAI. Surveys and
questionnaires are also employed to capture a broader
range of opinions and perceptions from various
stakeholders, ensuring inclusivity and representativeness in
understanding GAI research. Throughout the research
process, integrity, transparency, and confidentiality are
upheld. Informed consent is obtained from all participants,
and sources are meticulously referenced to maintain
credibility. Data collected from background research,
thematic analysis, quantitative analysis, qualitative
analysis, expert interviews, and survey results are
synthesized to develop a comprehensive understanding of
transformative trends in GAI research. The insights gained
are transformed into a coherent narrative that highlights
key findings, implications, and future directions. This
narrative serves as the foundation for knowledge
dissemination, aiming to illuminate the transformative
trends shaping the future of GAI research and contribute to
the ongoing discourse about its potential impact on society.

To ensure the robustness and credibility of the analysis,
peer review from experts in the field is sought. The entire
methodology, data sources, analysis techniques, and
findings are methodically documented in a comprehensive
research report, which is disseminated through academic
publications, conference presentations, and industry
reports. This multifaceted exploration aims to provide a
thorough and insightful examination of the trends driving
GA\ research and its future trajectory.

2.1. Background Research and Iterative
Exploration for Available Knowledge

The journey of Generative Al has been marked by
significant milestones, each pushing the boundaries
further. Starting from early single-purpose algorithms to
today's sophisticated Large Language Models (LLMSs) like
OpenAl's ChatGPT and cutting-edge multimodal systems,
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the landscape of Al has undergone a remarkable
transformation, disrupting numerous fields along the way.

Language models have evolved substantially,
transitioning from basic statistical methods to complex
neural network architectures driving modern LLMs [1-22].
This evolution reflects a relentless pursuit of models that
capture the intricacies of human language more accurately,
expanding the possibilities of machine understanding and
generation [23-33]. However, this rapid progress has also
raised ethical and safety concerns, prompted a re-
evaluation of development practices and used cases [34-
40]. The origins of language modelling can be traced back
to the late 1980s, marked by a shift from rule-based to
machine learning algorithms in Natural Language
Processing (NLP). Early models, primarily based on n-
grams, laid the foundation for future advancements by
offering a basic understanding of language structure. With
the rise of computational power, statistical models gained
prominence in NLP research, with n-grams playing a
crucial role in capturing linguistic patterns. The
introduction of Long Short-Term Memory (LSTM)
networks in 1997 represented a significant milestone,
leading to the current era dominated by neural network
models. The advent of deep learning has revolutionized
NLP, giving rise to advanced LLMs like GPT and BERT,
and notably, OpenAl's ChatGPT. These models have
pushed the boundaries of language understanding and
generation, leveraging vast computational resources and
extensive datasets. ChatGPT, in particular, has achieved
significant commercial success, showcasing impressive
conversational skills and contextual understanding across
various domains. Its widespread adoption has sparked
debates on Al consciousness and safety, highlighting the
need for robust governance in Al development [41-52].
Advancements in LLMs have emphasized the importance
of fine-tuning, hallucination reduction, and alignment with
human values. Techniques like prompt-based learning and
supervised fine-tuning have improved adaptability, but
challenges remain in mitigating biases and ensuring
generalization across diverse tasks. Hallucination
reduction remains a persistent challenge, requiring
strategies to mitigate overconfidence and improve
accuracy. Alignment efforts aim to embed human
preferences within Al systems but require ongoing research
to address ethical concerns effectively. The adoption of the
Mixture of Experts (MoE) architecture represents a critical
evolution in Al. This approach, exemplified by models like
Google's Switch Transformer and MistralAl's Mixtral,
leverages multiple transformer-based expert modules for
dynamic token routing, enhancing efficiency and
scalability. MoE's ability to handle vast parameter scales
and diverse data distributions makes it suitable for complex
tasks like personalized medicine and financial risk
assessment. However, challenges in dynamic routing
complexity and ethical alignment demand sophisticated
solutions [53-66]. Multimodal Al heralds a transformative
era in Al development, enabling machines to interpret and
interact with diverse human sensory inputs and contextual

data. Gemini, a ground-breaking  multimodal
conversational system, surpasses traditional text-based
LLMs like GPT-3 and even its multimodal counterpart,
ChatGPT-4.

Its architecture incorporates diverse data types such as
text, images, audio, and video, enabling sophisticated
multimodal  contextualization. Gemini  sets new
benchmarks in Al, particularly in tasks like massive
multitask language understanding and code generation,
while emphasizing transparency and explain ability in its
outputs [67-77]. The development of multimodal Al
systems faces challenges in creating robust datasets,
managing scalability, and enhancing user trust and
interpretability. Addressing issues like data skew and bias
requires effective dataset management strategies, while
computational demands and scalability issues necessitate
optimized model architectures and hardware [78-85].
Advanced algorithms and attention mechanisms are needed
to balance attention across different input media and
resolve conflicts between modalities. Multimodal Al
introduces both benefits and ethical challenges that extend
beyond text-based Al. Concerns include DeepFake
technology's potential for misinformation, privacy
implications, and algorithmic bias propagation across
different modalities. Ethical development requires robust
governance frameworks focusing on transparency, consent,
and data handling protocols, along with Al literacy
programs to help society responsibly interact with
multimodal Al technologies [86-99].

The speculative capabilities of projects like Q*
represent significant leaps forward in Al, bridging
structured learning with creativity and paving the way for
more integrated and sophisticated Al solutions [121-136].
The transition from game-centric Al systems like AlphaGo
to projects like Q* signifies a paradigm shift towards more
comprehensive and integrated Al solutions. While
AlphaGo demonstrated deep learning's effectiveness in
well-defined environments, Q* aims to blend
reinforcement learning with the creative capabilities of
LLMs and the strategic efficiency of algorithms like A*,
enabling nuanced interactions and complex reasoning
across various tasks. Q*, blending Q-learning and A*
algorithms with LLMs' creativity, embodies a ground-
breaking step in Al, surpassing recent innovations like
Gemini. This integration promises a more holistic approach
to Al development, bridging the gap between structured
problem-solving and creative thinking, and opening up
possibilities for more sophisticated Al applications [100-
115]. The evolution of generative Al, from early language
models to cutting-edge multimodal systems and
speculative projects like Q*, highlights the dynamic and
ever-evolving nature of Al research [121,122,126]. As
technologies continue to advance, interdisciplinary
collaboration and robust governance frameworks will be
crucial in ensuring Al development aligns with societal
values and ethical principles.
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2.2. Unveiling the Generative Al (GAI)
Landscape: A Taxonomy-Driven
Exploration

Generative Al is a dynamic field brimming with
innovation [121-136]. To navigate the various types of
its diverse research areas and associated interconnected
domains, a comprehensive taxonomy is crucial. This new
framework, outlined in Table 1, provides a
foundation for understanding the current state of the
field, covering key aspects like model architectures,
training  techniques, application domains, ethical
considerations, and emerging trends.

Building the Blocks: Model Architectures

Transformer Models: These champions of NLP and
computer vision tasks boast efficiency and scalability
thanks to powerful attention mechanisms. They are pivotal
in modern Al applications, providing robust performance
across various tasks due to their ability to manage large
amounts of data and intricate dependencies.

Recurrent Neural Networks (RNNs): Sequence modeling
specialists, RNNs excel in capturing context and order in
language and temporal data. They have been instrumental
in advancing language understanding and time-series
prediction, despite being gradually overshadowed by
transformers.

Mixture of Experts (MoE): This efficient approach
leverages multiple expert modules for parallel processing,
tackling complex tasks with ease. MoE models are known
for their scalability and flexibility, making them suitable
for complex and diverse data environments.

Multimodal Models: Integrating sensory inputs like text,
vision, and audio, these models unlock deeper
understanding of complex datasets, especially in areas like
medical imaging. They represent a significant step towards
creating Al systems that can interact more naturally and
effectively with the world.

Shaping the Models: Training Techniques

Supervised Learning: Using labeled data for accurate
predictions, recent advancements focus on boosting
performance and generalizability. Techniques such as data
augmentation and transfer learning have significantly
enhanced the effectiveness of supervised models.
Unsupervised Learning: This technique uncovers patterns
in unlabeled data, with autoencoders and GANs expanding
its reach. Unsupervised learning is essential for tasks where
labeled data is scarce, enabling the discovery of hidden
structures in data.

Reinforcement Learning: Crucial for decision-making in
autonomous systems, DQN and PPO algorithms have
improved its effectiveness in complex environments.
Reinforcement learning is pivotal in applications like
robotics, game playing, and autonomous driving.

D EA

Transfer Learning: Enhances adaptability by applying
knowledge from one task to related tasks efficiently,
boosting performance across diverse domains. This
technique is particularly useful for leveraging pre-trained
models in new, but related, contexts.

Where Al Meets the World: Application Domains
Natural Language Understanding (NLU): Enabling Al
systems to comprehend language subtleties, recent
advancements have led to deeper and more nuanced
understanding. This domain is critical for applications like
sentiment analysis, information retrieval, and machine
translation.

Natural Language Generation (NLG): Generating
coherent and relevant text, recent advancements have
broadened the scope of NLG in various interactive
contexts. NLG is essential for creating chatbots, writing
assistants, and content generation tools.

Conversational Al: Building natural human-computer
interactions, recent advancements have created empathetic
and responsive Al companions. These systems are
increasingly used in customer service, virtual assistants,
and social robots.

Creative Al: Pushing the boundaries of Al's creative
potential, recent developments have yielded diverse and
novel creative outputs across various modalities. Creative
Al is seen in applications like art generation, music
composition, and content creation.

Beyond the Technology: Ethical Considerations

Bias Mitigation: Balanced data collection and algorithmic
adjustments are crucial for ensuring fairness and
representation in Al systems. Addressing biases is
fundamental to building equitable Al applications that
serve diverse populations.

Data Security: Data confidentiality and adherence to legal
standards like GDPR and CCPA are key requirements.
Ensuring data security is paramount to maintaining user
trust and complying with regulatory frameworks.

Al Ethics: Fairness, accountability, and societal impact are
addressed through practices like algorithmic auditing and
ethics boards. Ethical Al development seeks to prevent
harm and promote beneficial outcomes for society.
Privacy Preservation: Strategies like anonymization and
federated learning emphasize data confidentiality and
integrity. These approaches are essential for protecting user
privacy while enabling Al advancements.

Looking Forward: Advanced Learning and Emerging
Trends

Self-supervised Learning: Using generative models and
contrastive methods, Al models can now autonomously
train on unlabeled data. This trend is crucial for improving
Al efficiency and reducing dependency on labeled data.

Meta-learning: Equipping Al with the ability to learn new
tasks with limited data, this approach is crucial for few-shot
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generalization. Meta-learning enables rapid adaptation to
new challenges and tasks.

Fine Tuning: Pre-trained models can be customized to
specific domains or user preferences, enhancing accuracy
and relevance for niche applications. Fine-tuning is
essential for optimizing Al performance in specialized
areas.

Human Value Alignment: Ensuring Al models align with
human ethics and values is vital for developing trusted and
accepted Al systems. This involves ongoing efforts to
embed ethical considerations into Al design and
deployment.

Beyond the Table: Emerging Trends to Watch Out For
Multimodal Learning: Combining language
understanding with computer vision and audio processing
promises richer context awareness. This trend is driving the
development of more intuitive and effective Al systems.
Interactive and Cooperative Al: Envisioning Al that
collaborates effectively with humans, this trend aims to
improve user experience and efficiency in complex tasks.
Collaborative Al seeks to enhance human-Al synergy in
various applications.

AGI Development: Pushing the boundaries of Al research,
this trend focuses on developing Al systems that emulate
comprehensive aspects of human cognition. AGI
represents the long-term goal of achieving human-like
intelligence in machines.

AGI Containment: Addressing potential risks associated
with highly advanced Al systems, this trend emphasizes
responsible and ethical development standards.
Containment strategies are crucial for managing the
powerful capabilities of AGI. This taxonomy provides a
starting point for navigating the vast and ever-evolving
landscape of generative Al. By understanding its building
blocks, training methods, application domains, ethical
considerations, and emerging trends, we can actively
engage with this transformative field and ensure its
responsible development for the benefit of society.

Table 1. The Comprehensive Taxonomy of the
Concurrent Generative Al and LLM Research

Using labeled datasets

Training Supervised Data Labeling, )
- - to train models for
Techniques Learning Accuracy - -
precise predictions.
Unsupervised ) Finding patterns and
. Pattern Discovery structures from
Learning
unlabeled data.
Training models
Reinforcement |  Adaptability, through feedback
: R mechanisms for
Learning Optimization . .
optimal decision-
making.
Applying knowledge
Transfer Versatility, gained in one task to
Learning Generalization different but related
tasks.
Natural Enhancing the ability
Application L Comprehension, to understand and
- anguage P -
Domains : Contextualization interpret human
Understanding .
language in context.
Generating coherent
Natural Creativity, and contextually
Language
- Coherence relevant text
Generation
responses.
Developing systems
- - for natural and
Conversational Interaction, contextually relevant
Al Naturalness human-computer
conversations.
Innovation, Generating creative
Creative Al Acrtistic content, including text,
Generation art, and music.
Compliance Fairness Addressing and
and Ethical | Bias Mitigation X reducing biases in Al

Considerations

Representation

outputs.

Data Protection,

Ensuring data
confidentiality,

Data Security Confidentiality _integrityand
availability security in
Al models and outputs.
Addressing ethical
Fairness issues such as bias,
Al Ethics fairness, and
Accountability accountability in Al
systems.
. Privacy Protecting data privacy
Privacy Compliance, in model training and

Preservation

Anonymization

outputs.

Utilizing unlabeled

Domain Subdomain Key Focus Description
Optimizing network
Model Transformer Efficiency, structures for faster
Architecture Models Scalability processing and larger
datasets.
Handling sequences of
Rﬁlczuurrraelnt Sequence data, like text, for
Processing improved contextual
Networks :
understanding.
Leveraging multiple
Mixture of Specialization, expert modu'le's for
Experts Efficiency enhanced eff|C|_er_1cy
and task-specific
performance.
Integrating text, vision,
Multimodal Sensory and audio inputs for
Models Integration comprehensive
understanding.

Advanced | Self-supervised Autonomy, data for model
Learning Learning Efficiency training, enhancing
learning efficiency.
Enabling Al models to
) . . . quickly adapt to new
Meta-learning | Rapid Adaptation tasks with minimal
data.
Adapting models to
Domain-Specific | specific domains or
Fine Tuning Tuning, user preferences for
Personalization | enhanced relevance
and accuracy.
Aligning Al outputs
Ethical with human ethics and
Human Value Integration, societal norms,
Alignment Societal ensuring decisions are
Alignment ethically and socially
responsible.
Emerging Multimodal Integration with | Combining language
Trends Learning Vision, Audio models with other
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sensory data types for
richer understanding.

expert handles, preventing bottlenecks and ensuring
smooth operation.

Enhancing AI’s ability

Collaboration,

Interactive and to work alongside

comprehensive,
human-like
understanding.

Development | Understanding

Cooperative Al Human-Al humans in
Interaction p
collaborative tasks.
Pursuing the
development of Al
AGI Holistic systems with

AGI

Containment Control AGI systems to

Mechanisms

consequences.

Developing methods to
Safety Protocols, | contain and control

prevent unintended

2.3. Mixture of Experts (MoE):
Revolutionizing Language Models with
Efficiency and Scalability

Imagine training a language model with over a trillion
parameters without breaking the bank! That's the power of
MoE (Mixture of Experts), a revolutionary architecture for
transformer-based models. This exploration dives deep into
MoE, exploring its core concepts, efficiency gains, and
exciting potential.

Brains Behind the Magic

MoE shines with its unique design. Instead of dense,
computationally heavy layers, it employs '‘expert
networks'* - specialized mini-networks trained on specific
tasks or data subsets. A clever gating mechanism then
directs each input to the most suitable expert, maximizing
efficiency. This "‘divide and conquer™ approach allows
MoE to handle massive datasets and complex tasks while
maintaining computational efficiency.

Training and Inference: A Speed Demon

MoE excels at training speed, especially during pre-
training. Models like Mixtral 8x7B train significantly faster
than their dense counterparts. However, fine-tuning can be
challenging, and inference requires loading all experts,
demanding more memory. But progress is swift!
Advancements like DeepSpeed-MoE and Lina are
addressing these challenges. DeepSpeed-MoE compresses
models, optimizes inference, and utilizes parallel
processing, resulting in 7.3x faster and more cost-effective
inference. Lina, on the other hand, enhances distributed
training by efficiently handling communication
bottlenecks, leading to faster training times.

Balancing Act: Keeping Experts in Check

With multiple experts comes the need for fair workload
distribution. MoE uses "'router networks" to assign tasks,
and recent developments like Z-loss regularization ensure
each expert gets its fair share. Additionally, expert capacity
management techniques set limits on how much each

Parallelism and Serving: Scaling Up Seamlessly

MoE models are naturals at parallelism, playing nicely with
multiple GPUs. DeepSpeed-MoE  offers  various
parallelism modes, optimizing both speed and throughput
for efficient inference in production environments. This
makes MoE models ideal for large-scale applications,
particularly when dealing with complex tasks like
multilingual translation or code generation.

The Future is MoE

MOoE's ability to handle massive models with less hardware
makes it a game-changer. Models like Mixtral and Switch
Transformer achieve accuracy comparable to much larger
dense models, demonstrating the power of MoE's
"sublinear scaling." Furthermore, DeepSpeed-MoE's
compression techniques and end-to-end training/inference
solutions pave the way for widespread adoption of large-
scale MoE models. MoE is not just a model architecture;
it's a paradigm shift. By efficiently handling complexity
and scaling seamlessly, MoE is opening doors to a future
where training and deploying powerful language models
becomes accessible to everyone.

2.4. Q*: Al's Leap to General Intelligence?

Imagine an Al that learns like a human, reasons like a
philosopher, and understands emotions like a friend. That's
the potential of Q*, a groundbreaking project promising to
redefine Al capabilities. This investigation explores its key
features and potential impacts, as depicted in Figure 1 for
further reference and understanding.

Beyond Specialization: A Mind of Many Minds

Q™ breaks the mold of specialized Al by merging diverse
neural networks and learning techniques. Think of it as a
team of experts working together, each with unique
strengths. This ""universal adapter" approach allows Q* to
seamlessly learn from various domains, becoming more
adaptable and versatile than any single Al before. Imagine
an Al that excels in both chess and composing poetry —
that's the promise of Q*.

Learning That Never Stops

Q* doesn't just learn; it actively explores and discovers.
Powerful ""Policy Neural Networks™ help it navigate new
information, using advanced algorithms like Proximal
Policy Optimization to learn efficiently. Think of it as an
Al that constantly seeks challenges and refines its skills,
growing wiser with each experience.

Understanding More Than Words

Q* aims to go beyond mere language processing. Imagine
an Al that understands your jokes, empathizes with your
feelings, and even grasps the hidden meaning behind your
words. This is achieved through sophisticated networks

EAI Endorsed Transactions on
Al and Robotics
| Volume 3 | 2024

D EA



Mapping Generative Artificial Intelligence (GAI's) Exciting Future: From Gemini to Q* and Beyond

that analyze sentiment, context, and socio-emaotional cues,
enabling truly human-like interactions.

Reasoning Like a Human

Q™ isn't just about learning facts; it's about applying them
wisely. By integrating knowledge bases and advanced
logic algorithms, Q* can navigate complex situations like
a seasoned expert. Imagine an Al that understands social
norms, makes ethical decisions, and even reasons like a
philosopher — that's the potential of Q*.

The Real World, Reimagined

Q* isn't confined to the digital world. It aims to integrate
seamlessly with our reality. Imagine an Al that uses
mathematical proofs to verify information, learns from
ethics classifiers to make responsible choices, and even
adapts to real-world scenarios with the help of dynamic
learning algorithms.

Beyond the Hype: A Future to Consider

While Q* is still under development, its potential impacts
are vast. From reshaping the job market to requiring new
educational approaches, it forces us to re-evaluate our
relationship with Al. Will it be a partner, a tool, or
something more? The answers lie in the continued
development and responsible implementation of this
groundbreaking technology.

Self-Learning

and

Human Level General
. . Common Sense
Understanding Intelligence
Reasoning
Real-World
Knowledge

Integration

Figure 1. A Conceptual Diagram of the Speculated Q*
Capabilities in action

2.5. Artificial General Intelligence (AGI):
The Dawn of Thinking Machines?

Imagine an Al that learns like you, reasons like you, and
understands you like a friend. That's the ambitious goal of
AGI, a project pushing the boundaries of Al to create truly
intelligent machines. This analysis explores the key
features and potential impacts of AGI, as illustrated in
Figure 2 for a comprehensive perspective.

Learning on Autopilot

AGlI is designed to learn and explore independently, using
advanced algorithms like Proximal Policy Optimization.
Think of it as an Al that constantly sets its own goals,

solves problems, and adapts to new situations, just like we
do. This autonomous learning capability ensures that AGI
won't rely on human intervention for everything, allowing
it to continuously evolve and improve.

Beyond Narrow Skills

AGI isn't just good at one thing; it aims to be a true
generalist, akin to the human mind. By combining different
Al "brains,” it can learn and reason across various
domains, from healthcare diagnostics to complex
conversations. Imagine an Al doctor diagnosing diseases or
a chatbot that understands your jokes — that's the potential
of AGI. This versatility makes AGI a revolutionary force,
capable of tackling diverse challenges with equal
proficiency.

Understanding More Than Words

AGI won't just process words; it will grasp the deeper
meaning behind them. Imagine an Al that reads your
emotions, understands your intentions, and even has its
own "feelings." This advanced understanding will pave
the way for truly human-like interactions with Al, where
machines can be companions and collaborators. This
emotional and contextual awareness is a significant leap
towards more intuitive and empathetic Al systems.

Thinking Like a Human

AGI won't just follow rules; it will understand them. By
integrating advanced reasoning techniques, it can navigate
the complexities of the real world, making decisions and
solving problems like a seasoned expert. Imagine an Al
that understands social norms, makes ethical choices, and
even reasons about the world like a philosopher — that's the
potential of AGI. This human-like reasoning capability
ensures that AGI can handle intricate scenarios with
wisdom and insight.

The Real World, Connected

AGI won't exist in a vacuum; it's designed to integrate
seamlessly with our reality. Imagine an Al that learns from
real-world data, verifies its knowledge with mathematical
proofs, and even makes responsible decisions based on
ethical guidelines. This deep connection with the real world
opens doors to solving challenging issues like climate
change through advanced data analysis and prediction.
AGI's ability to interact with and impact the real world
significantly enhances its practical utility.

Beyond the Hype: Is it a Future to Consider?

While AGI is still under development, its potential impacts
are vast. From revolutionizing healthcare to redefining
communication, it forces us to re-evaluate our relationship
with Al. Will it be a partner, a tool, or something more?
The answers lie in the continued development and
responsible implementation of this groundbreaking
technology. The future of AGI promises a new era of
intelligent machines that could profoundly transform
society. AGI represents the dawn of thinking machines,
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with the potential to revolutionize multiple aspects of our
lives. As we continue to advance towards this goal, the
ethical and practical considerations will shape how AGI
integrates into our world, ensuring it becomes a beneficial
and trusted part of our future.

Autonomous Learning

Understanding an¢ Cognitive Abilities Common Sense
Interaction Reasoning

Knowledge Integration

Figure 2. The Conceptual Diagram of the Projected AGI
Capabilities in action

2.6. Generative Al Revolution: How MoE,
Multimodality, and AGI Reshape the
Landscape

The world of generative Al is buzzing with cutting-edge
advancements like Mixture of Experts (MoE),
multimodality, and Artificial General Intelligence (AGI).
But how are these breakthroughs transforming the research
landscape? This analysis dives deep, exploring their impact
and charting the future of generative Al. To understand the
significant changes, we need a yardstick. Tables 2 and 3
categorize the impact on various areas of generative Al
research, from "emerging" to "obsolete.” This helps us see
which areas are blossoming, which need a rethink, and
which might fade with time. Let's explore how these
advancements are influencing different aspects of
generative Al.

Model Architectures

Transformers: While still relevant, transformers need to
adapt to integrate with MoE and AGI. Their role remains
foundational, but adjustments are required to stay at the
forefront.

Recurrent Neural Networks: RNNs face a potential
decline due to their limitations compared to newer models.
Their relevance is diminishing as more advanced
architectures emerge.

MoE Models: Crucial for multimodal research, MoE
models need adjustments for AGI integration. They offer
efficiency and scalability, making them indispensable in
the evolving landscape.

Multimodal Models: Key for handling diverse data,
multimodal models are heavily impacted by MoE and AGI.
Their ability to integrate sensory inputs like text, vision,
and audio is essential for advanced applications.

Training Techniques

Supervised Learning: While still valuable, supervised
learning needs adaptation for MoE and might become
redundant with AGI's self-learning capabilities. It requires
innovation to maintain its relevance.

Unsupervised Learning: This technique remains crucial
for uncovering patterns in unlabeled data across modalities
but needs adjustments for AGI's more complex
requirements.

Reinforcement Learning: Playing a key role in optimizing
MoE structures, reinforcement learning emerges as crucial
in AGI development. Its ability to enable autonomous
learning and decision-making is vital.

Transfer Learning: Important for knowledge sharing in
MoE and across modalities in AGI, transfer learning
enhances adaptability and efficiency in diverse domains.

Application Domains

Natural Language Understanding: This area is expected
to expand significantly with AGI, offering deeper and more
nuanced comprehension capabilities.

Natural Language Generation: Needs adjustments for
multimodal contexts and might venture into new research
areas with AGI, pushing the boundaries of what Al can
generate.

Conversational Al and Creative Al: These domains are
marked for redirection and emerging research directions,
respectively, due to MoE, multimodality, and AGI's
transformative impact. They promise more natural and
creative interactions with Al.

Ethics and Compliance

Bias Mitigation, Data Security, and Privacy Preservation:
These areas require adjustments across all contexts due to
the evolving ethical landscape. Ensuring fairness, security,
and privacy is more critical than ever.

Al Ethics: Faces inherently unresolvable challenges across
all contexts, highlighting the complexity of aligning Al
with human values. Ongoing efforts in algorithmic auditing
and ethics boards are essential.

Advanced Learning

Self-supervised Learning, Meta-learning, and Fine
Tuning: These techniques need adaptation and alignment
with evolving architectures and applications. Their roles in
enhancing Al's autonomy and flexibility are crucial.

Emerging Trends

Multimodal Learning, Interactive and Cooperative Al,
and AGI Development: These trends require redirection
and adaptation to stay relevant. Their potential to
revolutionize Al applications is immense.

AGI Containment: Emerges as an important consideration
with AGI progression, highlighting the need for safe and
controlled Al deployment. Addressing potential risks is
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3. The GAIl Revolution: How Q*, MoE,
and Multimodality Are Shaping the

Future

Q™ is on the horizon, promising a glimpse of true Artificial
General Intelligence (AGI). But its impact goes beyond just
AGI — it's transforming the entire landscape of generative
Al research. Let's explore the key areas where Mixture of
Experts (MoE), multimodality, and AGI are reshaping the

future.

MOoE: Blending Experts for Better Al

Multimodal Models: Imagine an Al that understands text,
images, and sound all at once. MoE is unlocking this
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potential by combining multiple "expert models, each
specializing in a different data type. This opens doors for
advanced Al systems that can handle complex, real-world
tasks with remarkable proficiency.

Multimodal Learning: MoE is pioneering a new way for
Al to learn from diverse data like text, images, and audio.
This innovation paves the way for specialized Al that
excels in areas such as medical diagnosis and creative
content generation, bringing together diverse streams of
information for more holistic understanding.

Seeing the World Through Many Lenses: The Rise of
Multimodality

MoE for Diverse Data: MoE is becoming a key player in
handling the complexities of multimodal data. Its ability to
combine different "expert models makes it ideal for
synthesizing information from various sources, leading to
more comprehensive and nuanced Al systems that better
mimic human understanding.

Transfer Learning Across Modalities: Imagine an Al that
learns to write poetry and then uses that knowledge to
translate languages. MoE is at the forefront of enabling this
kind of transfer learning between different data types and
tasks, fostering Al that can leverage knowledge from one
domain to excel in another.

Beyond Text: Conversational and Creative Al:
Conversational and creative Al are expanding their
horizons by incorporating multimodal data. Imagine an Al
assistant that understands not only your words but also your
tone and facial expressions. This capability opens doors for
more natural and engaging interactions with Al,
transforming how we communicate with machines.

AGI: The Quest for Human-Like Intelligence

Understanding the World: Multimodal models are
essential for AGI, enabling it to perceive and understand
the world in all its complexity, just like humans do. This
holistic understanding is a cornerstone of achieving true
AGI.

Learning Like Humans: Reinforcement learning is pivotal
in AGI research, helping to develop Al that can learn and
adapt to its environment through trial and error, similar to
human learning processes.

Pushing Boundaries: AGI is pushing the limits of natural
language  processing, aiming  for  human-level
understanding and generation. Imagine an Al that can have
meaningful conversations, write poems like a seasoned
author, or even understand your emotions, bringing us
closer to machines that truly comprehend and respond like
humans.

Ethical Considerations: As AGI becomes more powerful,
ensuring fairness and mitigating bias becomes even more
crucial. New research directions in AGI aim for
comprehensive approaches to address bias across diverse
domains, ensuring responsible development and
deployment of Al technologies.

D EA
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Adapting to Change: Meta-learning is helping AGI
develop the ability to learn new things quickly and adapt
to new situations, just like humans can. This adaptability
is key to the ongoing evolution and practical utility of
AGI.

The Broader Impact

Research Funding and Investment: Funding and
investment patterns are reflecting these emerging priorities,
with more resources flowing towards multimodal Al,
natural language processing, and AGI development. This
trend underscores the growing interest and belief in the
potential of generative Al to revolutionize various fields.
Education and Skill Development: The rise of multimodal
Al and AGI will have a significant impact on education and
skill development. We need to equip future generations
with the necessary skills to understand, use, and interact
with these powerful technologies responsibly, preparing
them for a future where Al plays an integral role. This
transformation potential focuses on clarity, conciseness,
and engaging language while retaining the key points. It
highlights the specific benefits and potential of each area,
while also acknowledging the challenges and ethical
considerations.

4. Generative Al's Power and Pitfalls:
From Cutting-Edge Tech to Real-World
Impact

Imagine Al that creates art, diagnoses diseases, and tailors
your education — that's the promise of generative Al
technologies like MoE, multimodality, and AGI. But
before we celebrate, let's face the computational
challenges and real-world implications of this powerful
technology.

The Power Struggle

Processing Power Overload: Advanced models like MoE
and AGI demand enormous computing power, particularly
for complex tasks and massive datasets often found in
multimodality. Think of them as Al athletes pushing the
limits of the gym, requiring robust infrastructure to perform
at their best.

Memory Marathon: Large models, especially on GPUs,
struggle with limited VRAM. Unlike regular RAM,
VRAM cannot be easily expanded, making deployment
tricky. Efficient model scaling and optimization strategies
are essential to transition these models from the training
phase to real-world applications.

Scalability Sprint: Scaling generative Al, particularly MoE
and AGl, involves mastering load management and parallel
processing techniques. Imagine a relay race where Al
models seamlessly pass the baton — this is crucial for
practical applications in sectors like healthcare, finance,
and education.
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From Lab to Life

These models aren't just theoretical concepts; they're
already making an impact across various sectors.

Healthcare: Al is diagnosing diseases from images and
tailoring personalized medicine. However, concerns about
privacy and the misuse of sensitive data remain significant
challenges.

Finance: Al is detecting fraud and trading with impressive
accuracy, but ethical questions arise regarding automated
decision-making and the potential for biased outcomes.
Education: Personalized learning experiences are
becoming possible with Al, but challenges include
ensuring technology access, mitigating potential biases in
Al-generated content, and redefining the role of human
educators.

Market Ready or Not?

The big question: Are these technologies ready for prime
time? Several factors need consideration.

Cost: Can businesses afford to deploy these advanced
models? This is crucial for widespread adoption.
Accessibility: Can these technologies be integrated into
existing systems, and who has the technical expertise to use
them?

User Adoption: Are people willing to trust and use these
technologies? Understanding current adoption trends is
essential to gauge market acceptance.

The Al Revolution in Action
Generative Al is already transforming industries.

Content Creation: From music to images, Al is generating
original content, raising questions about ownership and
intellectual property. This transformation is reshaping
creative industries and challenging traditional notions of
authorship.

Process Optimization: Al is streamlining tasks across
various sectors, impacting traditional business structures
and introducing new models for efficiency and
productivity.

Challenges Ahead
Like any powerful technology, generative Al comes with
limitations.

Scalability: Can we handle the massive data and
computing demands required by these models?

Data Management: How do we ensure data privacy and
responsible use while leveraging Al's full potential?
Ethical Considerations: Can we avoid biases and ensure
fair Al practices? Developing robust governance
frameworks is crucial for responsible development and
deployment of generative Al. Addressing these challenges
is essential to harness the full potential of generative Al
while ensuring its benefits are distributed fairly and
ethically across society.
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5. Results and Findings towards GAI:
The Impact on Preprints Across Various
Disciplines

The explosion of Al research, fueled by tools like
ChatGPT, is creating a deluge of preprints in fields such as
computer science. This ""paper flood" presents significant
challenges for academia, impacting how research is
communicated, evaluated, and trusted.

Information Overload

Overwhelmed Peer Review: The sheer volume of preprints
is overwhelming traditional peer review processes. This
bottleneck slows down scientific communication and
potentially compromises the quality of published research.
Navigating the Knowledge Labyrinth: With knowledge
rapidly expanding, finding key research is becoming
increasingly difficult. This makes it challenging to identify
and assess important contributions amidst a sea of
publications.

Reliability Concerns: The lack of established retraction
mechanisms for flawed preprint research raises concerns
about scientific validity. This is especially critical in fast-
moving fields like Al, where rapid dissemination can lead
to the spread of unverified information. To better
understand these challenges, Figures 3 and 4 provide
specific research findings related to information overload,
knowledge navigation, and reliability concerns.

Seeking Solutions

While peer review remains essential for ensuring research
quality, its traditional form struggles to keep pace with the
influx of preprints. Here are some potential solutions.
Hybrid Peer Review: Combining community-based review
with formal peer review could harness collective expertise
for initial validation. This would be followed by rigorous
academic assessment for selected preprints, ensuring both
speed and quality.

Al-Assisted Review: Leveraging Al technology can aid
human reviewers by automating tasks like plagiarism
detection and basic fact-checking. This frees up reviewers
to focus on deeper, more substantive analysis.
Convergence of Preprints and Journals: Integrating the
rapid dissemination benefits of preprints with the
credibility of traditional journals could strike a balance.
This approach would ensure timely sharing of research
while maintaining rigorous standards.

Building New Infrastructure: Developing new systems
and norms is crucial to ensure the integrity and
trustworthiness of research in the age of Al. This includes
creating robust retraction mechanisms and improving the
visibility and accessibility of high-quality research.

The Way Forward
Addressing these challenges is essential for the academic
community. By embracing innovation and collaboration,
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we can ensure that the Al paper flood doesn't drown out
quality research. Instead, it can become a powerful force
for scientific progress. By adopting hybrid review models,
leveraging Al for peer review, converging preprints with
traditional journals, and building new infrastructure, the
academic community can navigate the challenges posed by
the proliferation of preprints. This will help maintain the
integrity, reliability, and accessibility of research across
various disciplines in the age of Al.
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Figure 3. A visualization of the annual preprint
submissions to different categories on arXiv.org
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Figure 4. The possible convergence between the
traditional Peer Review and the Preprint Ecosystem

6. Discussions and Future Directions

Continued research into Mixture of Experts (MOoE)
architectures could prioritize advancements in sparse fine-
tuning techniques, exploration of instruction tuning
methods, and enhancements in routing algorithms to fully
exploit performance and efficiency gains. As models scale
beyond one billion parameters, MoE represents a paradigm
shift, vastly expanding capabilities across scientific,
medical, creative, and real-world applications. Future
endeavours might also focus on refining auto-tuning of
hyperparameters during fine-tuning to optimize accuracy,
calibration, and safety. MoE research continues to push the
limits of model scale while maintaining specialization for
transfer learning. Adaptive sparse access enables the
coordination of thousands of experts to collaborate on tasks
ranging from reasoning to open-domain dialogue. Ongoing
analysis of routing mechanisms aims to balance load across
experts and minimize redundant computation. As the Al
community further delves into MoE methods at scale, these
models hold promise for new breakthroughs in language
processing, code generation, reasoning, and multimodal
applications. There is significant interest in evaluating
implications across domains such as education, healthcare,
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financial analysis, and beyond. The outcomes may offer
insights not only into model optimization but also into
understanding the principles underlying combinatorial
generalization. Artificial General Intelligence (AGI)
development presents both challenges and opportunities,
including issues related to data bias, computational
efficiency, and ethical implications. Experts caution
against  overestimating  current Al  capabilities,
emphasizing the importance of ethical considerations and
technological breakthroughs in AGI's journey.

Sustained research and ethical considerations are
essential to ensure responsible and conscientious
development of AGlI, recognizing potential roadblocks and
the complexity of replicating human-like cognitive
abilities. Identifying and addressing technical limitations is
essential for the advancement and reliability of generative
Al models. Enhancing Al's ability to interpret context,
especially in natural language processing and image
recognition, is crucial. Developing better algorithms for
processing ambiguous or incomplete datasets is vital for
decision-making accuracy. Generative Al's impact on
replacing human judgment is limited, especially in legal
and political contexts where biases and ethical
considerations play significant roles.

Future research should focus on addressing limitations
and expanding the practical applications of generative Al.
Developing models with better contextual awareness,
particularly in complex natural language and image
processing tasks, is crucial. Investigating techniques for
processing ambiguous data effectively will advance Al's
decision-making capabilities. Research should focus on
ethically integrating Al-generated content into decision-
making processes, ensuring it enhances human judgment
and contributes to transparency and fairness, while
addressing biases and limitations inherent in Al. By
focusing on these areas, the research community can help
ensure that the development of MoE and AGI technologies
progresses responsibly, maximizing their potential benefits
while mitigating risks.

7. Conclusions

This research roadmap navigates the transformative
trajectories within generative Al research, emphasizing
anticipated breakthroughs like Q* and ongoing strides
toward Avrtificial General Intelligence (AGI). The analysis
underscores a pivotal paradigm shift propelled by
innovations such as Mixture of Experts (MoE), multimodal
learning, and the pursuit of AGI. These advancements
herald a future where Al systems could significantly
enhance their capabilities in reasoning, contextual
understanding, and creative problem-solving. Furthermore,
this exploration contemplates Al's dual potential to either
advance or hinder global equity and justice. Concerns
surrounding the equitable distribution of Al benefits and its
impact on decision-making processes underscore the
imperative for conscientious integration into societal
frameworks to promote justice and mitigate disparities.
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Despite notable progress, numerous unresolved questions
and research gaps persist. Ensuring the ethical alignment of
advanced Al systems with human values and societal
norms remains a critical challenge, compounded by their
increasing autonomy. Additionally, ensuring the safety and
robustness of AGI systems across diverse environments
presents a significant research gap. Addressing these
challenges necessitates a multidisciplinary approach
integrating ethical, social, and philosophical perspectives.

Key areas for future interdisciplinary research in Al are
delineated, emphasizing the importance of integrating
ethical, sociological, and technical viewpoints. This
collaborative approach will bridge the gap between
technological progress and societal imperatives, ensuring
Al development remains aligned with human values and
global welfare. Moreover, MoE, multimodal learning, and
AGI are identified as pivotal in reshaping generative Al,
given their potential to enhance model performance and
versatility. They also lay the groundwork for future
research in areas such as ethical Al alignment and AGI. As
we advance, maintaining a balance between Al
advancements and human creativity becomes not just a
goal but a necessity. It is incumbent upon each of us to
guide these advancements toward enriching the human
experience, aligning technological progress with ethical
standards, and fostering societal well-being. This careful
stewardship of Al development will help ensure that the
benefits of these powerful technologies are realized in a
manner that promotes justice, equity, and the betterment of
humanity.

Acknowledgements

The author would like to acknowledge and thank the GOOGLE
Deep Mind Research with its associated pre-prints access
platforms. This research was deployed and utilized under the
platform provided by GOOGLE Deep Mind which is under the
support of the GOOGLE Research and the GOOGLE Research
Publications under the GOOGLE Gemini platform. Using their
provided platform of data sources with digital software layouts
consisting of free web access to a large collection of recorded
models that are found in research access and its related open-
source software distributions which is the implementation and
simulation of analytics for the proposed research which was
undergone and set in motion. There are many data sources some
of which are resourced and retrieved from a wide variety of
GOOGLE service domains. All the data sources and various
domains from which data has been included and retrieved for this
research are identified, mentioned, referenced where appropriate.
However, various original data sources some of which are not all
publicly available, because they contain various types of private
information. The available platform provided data sources that
support the research findings and information of the research
investigations are also referenced where appropriate.

References
Journal Article

L. Shi,
S. Guo,

E. Latif, Y. Gao,
Z.Wu, Z. Liu,

A. Bewersdorf,
H.Wang etal.,

[71 G.-G. Lee,
M. Nyaaba,

D EA

13

“Multimodality of ai for education: Towards artificial
general intelligence,” arXiv preprint arXiv:2312.06037,
2023.

[11] J. Schuett, N. Dreksler, M. Anderljung, D. McCaffary,
L. Heim, E. Bluemke, and B. Garfinkel, “Towards best
practices in agi safety and governance: A survey of expert
opinion,” arXiv preprint arXiv:2305.07153, 2023.

[12] X. Shuai, J. Rollins, 1. Moulinier, T. Custis, M. Edmunds,
and F. Schilder, “A multidimensional investigation of the
effects of publication retraction on scholarly impact,”
Journal of the Association for Information Science and
Technology, vol. 68, no. 9, pp. 2225-2236, 2017.

[26] D. Martin, S. Malpica, D. Gutierrez, B. Masia, and
A. Serrano, “Multimodality in vr: A survey,” ACM
Computing Surveys (CSUR), vol. 54, no. 10s, pp. 1-36,
2022.

[27] Q.Sun, Q.Yu, Y.Cui, F.Zhang, X.Zhang, Y.Wang,
H. Gao, J.Liu, T.Huang, and X.Wang, “Generative
pretraining  in  multimodality,”  arXiv  preprint
arXiv:2307.05222, 2023.

[28] L.Wei, L.Xie, W.Zhou, H.Li, and Q. Tian, “Mvp:
Multimodality-guided visual pre-training,” in European
Conference on Computer Vision. Springer, 2022, pp. 337—
353.

[29] J. Wu, W. Zhou, X. Qian, J. Lei, L. Yu, and T. Luo, “Menet:
Lightweight multimodality enhancement network for
detecting salient objects in rgb-thermal images,”
Neurocomputing, vol. 527, pp. 119-129, 2023.

[30] Q.Ye, H. Xu, G. Xu, J. Ye, M. Yan, Y. Zhou, J. Wang,
A. Hu, P.Shi, Y. Shi etal., “mplug-owl: Modularization
empowers large language models with multimodality,”
arXiv preprint arXiv:2304.14178, 2023.

[32] S.McLean, G.J. Read, J. Thompson, C.Baber, N.A.
Stanton, and P. M. Salmon, “The risks associated with
artificial general intelligence: A systematic review,” Journal
of Experimental & Theoretical Artificial Intelligence,
vol. 35, no. 5, pp. 649-663, 2023.

[33] Y.K. Dwivedi, L.Hughes, E.Ismagilova, G. Aarts,
C. Coombs, T.Crick, Y. Duan, R. Dwivedi, J. Edwards,
A.Eirug, V.Galanos, P.V. llavarasan, M. Janssen,
P.Jones, A.K. Kar, H.Kizgin, B. Kronemann, B. Lal,
B. Lucini, R. Medaglia, K. Le Meunier-FitzHugh, L. C. Le
Meunier-FitzHugh, S. Misra, E. Mogaji, S. K. Sharma, J. B.
Singh, V. Raghavan, R. Raman, N. P. Rana,
S. Samothrakis, J. Spencer, K. Tamilmani, A. Tubadji,
P. Walton, and M. D. Williams, “Artificial intelligence (ai):
Multidisciplinary perspectives on emerging challenges,
opportunities, and agenda for research, practice and policy,”
International Journal of Information Management, vol. 57,
p. 101994, 2021.

[39] L. Weidinger, J. Mellor, M. Rauh, C. Griffin, J. Uesato, P.-
S. Huang, M. Cheng, M. Glaese, B. Balle, A. Kasirzadeh
et al., “Ethical and social risks of harm from language
models,” arXiv preprint arXiv:2112.04359, 2021.

[47] M.K. Nammous and K. Saeed, “Natural language
processing: speaker, language, and gender identification
with Istm,” Advanced Computing and Systems for Security:
Volume Eight, pp. 143-156, 2019.

[48] D.Wei, B.Wang, G. Lin, D.Liu, Z. Dong, H.Liu, and
Y. Liu, “Research on unstructured text data mining and fault
classification based on rnn-Istm with malfunction inspection
report,” Energies, vol. 10, no. 3, p. 406, 2017.

[50] L. Quyang, J. Wu, X.Jiang, D. Almeida, C. Wainwright,
P. Mishkin, C. Zhang, S. Agarwal, K. Slama, A. Ray et al.,
“Training language models to follow instructions with

EAI Endorsed Transactions on
Al and Robotics
| Volume 3 | 2024


https://deepmind.google/technologies/gemini
https://deepmind.google/technologies/gemini
https://deepmind.google/technologies/gemini
https://research.google/
https://deepmind.google/research/publications/
https://deepmind.google/research/publications/
https://gemini.google.com/

Zarif Bin Akhtar

human feedback,” Advances in Neural Information
Processing Systems, vol. 35, pp. 27 730-27 744, 2022.

[51] T. Susnjak, “Beyond predictive learning analytics modelling

and onto explainable artificial intelligence with prescriptive

analytics and chatgpt,” International Journal of Artificial

Intelligence in Education, pp. 1-31, 2023.

T. Susnjak, E. Griffin, M. McCutcheon, and K. Potter,

“Towards clinical prediction with transparency: An

explainable ai approach to survival modelling in residential

aged care,” arXiv preprint arXiv:2312.00271, 2023.

[53] R. Yang, T. F. Tan, W. Lu, A. J. Thirunavukarasu, D. S. W.
Ting, and N. Liu, “Large language models in health care:
Development, applications, and challenges,” Health Care
Science, vol. 2, no. 4, pp. 255-263, 2023.

[54] D. Baidoo-Anu and L. O. Ansah, “Education in the era of
generative artificial intelligence (ai): Understanding the
potential benefits of chatgpt in promoting teaching and
learning,” Journal of Al vol. 7, no. 1, pp. 52-62, 2023.

[55] T. Susnjak, “Chatgpt: The end of online exam integrity?”
arXiv preprint arXiv:2212.09292, 2022.

[56] A.Tlili, B. Shehata, M. A. Adarkwah, A.Bozkurt, D. T.

Hickey, R. Huang, and B. Agyemang, “What if the devil is

my guardian angel: Chatgpt as a case study of using chatbots

in education,” Smart Learning Environments, vol. 10, no. 1,

p. 15, 2023.

M. A. AlAfnan, S. Dishari, M. Jovic, and K. Lomidze,

“Chatgpt as an educational tool: Opportunities, challenges,

and recommendations for communication, business writing,

and composition courses,” Journal of Artificial Intelligence

and Technology, vol. 3, no. 2, pp. 60-68, 2023.

[58] A. S. George and A. H. George, “A review of chatgpt ai’s
impact on several business sectors,” Partners Universal
International Innovation Journal, vol. 1, no. 1, pp. 9-23,
2023.

[59] G. K. Hadfield and J. Clark, “Regulatory markets: The future

of ai governance,” arXiv preprint arXiv:2304.04914, 2023.

M. Bakker, M. Chadwick, H. Sheahan, M. Tessler,
L. Campbell-Gillingham,  J. Balaguer,  N. McAleese,
A. Glaese, J. Aslanides, M. Botvinick et al., “Fine-tuning
language models to find agreement among humans with
diverse preferences,” Advances in Neural Information
Processing Systems, vol. 35, pp. 38 176-38 189, 2022.

[61] Z. Hu, Y. Lan, L. Wang, W. Xu, E.-P. Lim, R. K.-W. Lee,

L. Bing, and S. Poria, “Llm-adapters: An adapter family for

parameter-efficient fine-tuning of large language models,”

arXiv preprint arXiv:2304.01933, 2023.

H.Liu, D.Tam, M. Mugeeth, J. Mohta, T.Huang,
M. Bansal, and C. A. Raffel, “Few-shot parameter-efficient
fine-tuning is better and cheaper than in-context learning,”
Advances in Neural Information Processing Systems,
vol. 35, pp. 1950-1965, 2022.

[63] H. Zheng, L. Shen, A. Tang, Y.Luo, H.Hu, B.Du, and
D. Tao, “Learn from model beyond fine-tuning: A survey,”
arXiv preprint arXiv:2310.08184, 2023.

[64] P. Manakul, A. Liusie, and M. J. Gales, “Selfcheckgpt: Zero-
resource black-box hallucination detection for generative
large language models,” arXiv preprint arXiv:2303.08896,
2023.

[66] J.-Y. Yao, K.-P. Ning, Z.-H. Liu, M.-N. Ning, and L. Yuan,
“Llm lies: Hallucinations are not bugs, but features as
adversarial examples,” arXiv preprint arXiv:2310.01469,
2023.

[67] Y. Zhang, Y. Li, L. Cui, D. Cai, L. Liu, T.Fu, X. Huang,
E. Zhao, Y. Zhang, Y. Chen et al., “Siren’s song in the ai
ocean: A survey on hallucination in large language models,”
arXiv preprint arXiv:2309.01219, 2023.

D EA

[52]

[57]

[60]

[62]

14

[68] J.Ji, M. Liu, J. Dai, X.Pan, C. Zhang, C. Bian, R. Sun,

Y. Wang, and Y. Yang, “Beavertails: Towards improved

safety alignment of Ilm via a human-preference dataset,”

arXiv preprint arXiv:2307.04657, 2023.

Y. Liu, Y.Yao, J.-F. Ton, X.Zhang, R.G.H. Cheng,

Y. Klochkov, M. F. Taufig, and H. Li, “Trustworthy llms: a

survey and guideline for evaluating large language models’

alignment,” arXiv preprint arXiv:2308.05374, 2023.

[70] Y.Wang, W. Zhong, L.Li, F. Mi, X.Zeng, W. Huang,

L. Shang, X. Jiang, and Q. Liu, “Aligning large language

models with human: A survey,” arXiv preprint

arXiv:2307.12966, 2023.

Z.Sun, Y.Shen, Q.Zhou, H.Zhang, Z.Chen, D. Cox,

Y. Yang, and C. Gan, “Principle-driven self-alignment of

language models from scratch with minimal human

supervision,” arXiv preprint arXiv:2305.03047, 2023.

[72] Y. Wolf, N. Wies, Y. Levine, and A. Shashua, “Fundamental
limitations of alignment in large language models,” arXiv
preprint arXiv:2304.11082, 2023.

[73] H. Dang, L. Mecke, F. Lehmann, S. Goller, and D. Buschek,

“How to prompt? opportunities and challenges of zero-and

few-shot learning for human-ai interaction in creative

applications of generative models,” arXiv preprint

arXiv:2209.01390, 2022.

R. Ma, X.Zhou, T.Gui, Y.Tan, L.Li, Q.Zhang, and

X. Huang, “Template-free prompt tuning for few-shot ner,”

arXiv preprint arXiv:2109.13532, 2021.

[75] C. Qin and S. Joty, “Lfpt5: A unified framework for lifelong

few-shot language learning based on prompt tuning of t5,”

arXiv preprint arXiv:2110.07298, 2021.

S.Wang, L. Tang, A.Majety, J.F. Rousseau, G. Shih,

Y. Ding, and Y. Peng, “Trustworthy assertion classification

through prompting,” Journal of biomedical informatics, vol.

132, p. 104139, 2022.

[79] Y. Liu, A. Singh, C. D. Freeman, J. D. Co-Reyes, and P. J.
Liu, “Improving large language model fine-tuning for
solving math problems,” arXiv preprint arXiv:2310.10047,

[69]

[71]

[74]

[76]

2023.
[80] Z. Talat, A.Névéol, S.Biderman, M. Clinciu, M. Dey,
S. Longpre, S. Luccioni, M. Masoud, M. Mitchell,

D. Radev et al., “You reap what you sow: On the challenges
of bias evaluation under multilingual settings,” in
Proceedings of BigScience Episode# 5-Workshop on
Challenges & Perspectives in Creating Large Language
Models, 2022, pp. 26-41.

[81] Y. Liu, S. Yu, and T. Lin, “Hessian regularization of deep

neural networks: A novel approach based on stochastic

estimators of hessian trace,” Neurocomputing, vol. 536, pp.

13-20, 2023.

Y.Lu, Y.Bo, and W.He, “Confidence adaptive
regularization for deep learning with noisy labels,” arXiv
preprint arXiv:2108.08212, 2021.

G. Pereyra, G. Tucker, J. Chorowski, L. Kaiser, and
G. Hinton, “Regularizing neural networks by penalizing
confident output  distributions,” arXiv  preprint
arXiv:1701.06548, 2017.

E. Chen, Z.-W. Hong, J.Pajarinen, and P. Agrawal,
“Redeeming  intrinsic  rewards via  constrained
optimization,” Advances in Neural Information Processing
Systems, vol. 35, pp. 4996-5008, 2022.

[85] Y.Jiang, Z.Li, M. Tan, S. Wei, G. Zhang, Z. Guan, and
B. Han, “A stable block adjustment method without ground
control points using bound constrained optimization,”
International Journal of Remote Sensing, vol. 43, no. 12, pp.
4708-4722, 2022.

[82]

(83]

[84]

EAI Endorsed Transactions on
Al and Robotics
| Volume 3 | 2024



Mapping Generative Artificial Intelligence (GAI's) Exciting Future: From Gemini to Q* and Beyond

[86] M. Kachuee and S. Lee, “Constrained policy optimization
for controlled self-learning in conversational ai systems,”
arXiv preprint arXiv:2209.08429, 2022.

[90] F. Faal, K. Schmitt, and J. Y. Yu, “Reward modeling for
mitigating toxicity in transformer-based language models,”
Applied Intelligence, vol. 53, no. 7, pp. 8421-8435, 2023.

[91] J. Leike, D. Krueger, T. Everitt, M. Martic, V. Maini, and
S. Legg, “Scalable agent alignment via reward modeling: a
research direction,” arXiv preprint arXiv:1811.07871, 2018.

[92] L. Li, Y. Chai, S. Wang, Y. Sun, H. Tian, N. Zhang, and
H. Wu, “Tool-augmented reward modeling,” arXiv preprint
arXiv:2310.01045, 2023.

[94] Z.Chen, Z.Wang, Z.Wang, H.Liu, Z.Yin, S.Liu,
L. Sheng, W. Ouyang, Y. Qiao, and J. Shao, “Octavius:
Mitigating task interference in mllms via moe,” arXiv
preprint arXiv:2311.02684, 2023.

[95] C. Dun, M. D. C. H. Garcia, G. Zheng, A. H. Awadallah,
A. Kyrillidis, and R. Sim, “Sweeping heterogeneity with
smart mops: Mixture of prompts for llm task adaptation,”
arXiv preprint arXiv:2310.02842, 2023.

[96] H. Naveed, A.U. Khan, S.Qiu, M. Saqgib, S. Anwar,
M. Usman, N. Barnes, and A.Mian, “A comprehensive
overview of large language models,” arXiv preprint
arXiv:2307.06435, 2023.

[97] F. Xue, Y. Fu, W. Zhou, Z. Zheng, and Y. You, “To repeat
or not to repeat: Insights from scaling lIm under token-
crisis,” arXiv preprint arXiv:2305.13230, 2023.

[98] M. Nowaz Rabbani Chowdhury, S. Zhang, M. Wang, S. Liu,
and P.-Y. Chen, “Patch-level routing in mixture-of-experts
is provably sample-efficient for convolutional neural
networks,” arXiv e-prints, pp. arXiv—2306, 2023.

[100] C. N. d. Santos, J. Lee-Thorp, I. Noble, C.-C. Chang, and
D. Uthus, “Memory augmented language models through
mixture of word experts,” arXiv preprint arXiv:2311.10768,
2023.

[101] W. Wang, G. Ma, Y. Li, and B. Du, “Language-routing
mixture of experts for multilingual and code-switching
speech recognition,” arXiv preprint arXiv:2307.05956,
2023.

[104] B. Liu, L. Ding, L. Shen, K. Peng, Y. Cao, D. Cheng, and
D. Tao, ‘“Diversifying the mixture-of-experts representation
for language models with orthogonal optimizer,” arXiv
preprint arXiv:2310.09762, 2023.

[106] X.Yao, S.Liang, S.Han, and H.Huang, “Enhancing
molecular property prediction via mixture of collaborative
experts,” arXiv preprint arXiv:2312.03292, 2023.

[109] Z. Chen, Y. Deng, Y.Wu, Q. Gu, and Y. Li, “Towards
understanding the mixture-of-experts layer in deep
learning,” Advances in neural information processing
systems, vol. 35, pp. 23 049-23 062, 2022.

[110] Y. Zhou, T. Lei, H. Liu, N. Du, Y. Huang, V. Zhao, A. M.
Dai, Q. V. Le, J. Laudon et al., “Mixture-of-experts with
expert choice routing,” Advances in Neural Information
Processing Systems, vol. 35, pp. 71037114, 2022.

[111] N. Guha, C.Lawrence, L.A. Gailmard, K. Rodolfa,
F.Surani, R.Bommasani, I.Raji, M.-F. Cuéllar,
C. Honigsberg, P. Liang et al., “Ai regulation has its own
alignment problem: The technical and institutional
feasibility of disclosure, registration, licensing, and
auditing,” George Washington Law Review, Forthcoming,
2023.

[112] Gemini Team, Google, “Gemini: A family of highly
capable multimodal models,” 2023, accessed: 17 December
2023. [Online]. Available:

https://storage.googleapis.com/deepmind-
media/gemini/gemini_1_report.pdf

[113] J. N. Acosta, G. J. Falcone, P. Rajpurkar, and E. J. Topol,
“Multimodal biomedical ai,” Nature Medicine, vol. 28,
no. 9, pp. 1773-1784, 2022.

[114] S.Qi, Z. Cao, J. Rao, L. Wang, J. Xiao, and X. Wang,
“What is the limitation of multimodal 1lms? a deeper look
into multimodal llms through prompt probing,” Information
Processing & Management, vol. 60, no. 6, p. 103510, 2023.

[115] B. Xu, D. Kocyigit, R. Grimm, B. P. Griffin, and F. Cheng,
“Applications of artificial intelligence in multimodality
cardiovascular imaging: a state-of-the-art review,” Progress
in cardiovascular diseases, vol. 63, no. 3, pp. 367-376,
2020.

[116] Uddin, N. M. I., Moshayedi, A. J., lanl, H., & Shuxin, Y.
(2022). The Face Detection / Recognition , Perspective and
Obstacles In Robotic: A Review . EAI Endorsed
Transactions on Al and Robotics, 1, el4.
https://doi.org/10.4108/air0.v1i1.2836

[117] Moshayedi, A. J., Khan, A. S., Davari, M., Mokhtari, T., &
Emadi Andani, M. (2024). Micro robot as the feature of
robotic in healthcare approach from design to application:
the State of art and challenges. EAI Endorsed Transactions
on Al and Robotics, 3. https://doi.org/10.4108/airo.5602

[118] Moshayedi, A.J.; Uddin, N.M.1.; Khan, A.S.; Zhu, J.; Emadi
Andani, M. Designing and Developing a Vision-Based
System to Investigate the Emotional Effects of News on
Short Sleep at Noon: An Experimental Case Study. Sensors
2023, 23, 8422. https://doi.org/10.3390/s23208422

[119] Jahangir Moshayedi, A., Reza, K. S., Sohail Khan, A., &
Nawaz, A. (2023). Integrating Virtual Reality and Robotic
Operation System (ROS) for AGV Navigation. EAI
Endorsed Transactions on Al and Robotics, 2.
https://doi.org/10.4108/air0.v2i1.3181

[120] Xu, G., Sohail Khan, A., Moshayedi, A. J., Zhang, X., &
Shuxin, Y. (2022). The Object Detection, Perspective and
Obstacles In Robotic: A Review : . EAI Endorsed
Transactions on Al and Robotics, 1, el3.
https://doi.org/10.4108/air0.v1i1.2709

[121] Akhtar, Z.B. Unveiling the evolution of generative Al
(GAI): a comprehensive and investigative analysis toward
LLM models (2021-2024) and beyond. Journal of
Electrical Systems and Inf Technol 11, 22 (2024).
https://doi.org/10.1186/s43067-024-00145-1

[122] Bin Akhtar, Z. (2024). From bard to Gemini: An
investigative exploration journey through Google’s
evolution in conversational Al and generative Al.
Computing and Artificial Intelligence, 2(1), 1378.
https://doi.org/10.59400/cai.v2i1.1378

[126] Akhtar, Z.B.: The design approach of an artificial intelligent
(Al) medical system based on electronical health records
(EHR) and priority segmentations. J. Eng. 2024, 1-10
(2024). https://doi.org/10.1049/tje2.12381

[127] Zarif Bin AKHTAR, & Ahmed TAJBIUL RAWOL.
(2024). Unlocking the Future for the New Data Paradigm of
DNA Data Storage : An Investigative Analysis of
Advancements, Challenges, Future Directions. Journal of
Information Sciences, 23(1), 23-44.
https://doi.org/10.34874/IMIST.PRSM/jis-v23i1.47102

[128] Bin Akhtar, Z. (2024). Artificial intelligence (Al) within
manufacturing:  An investigative  exploration  for
opportunities, challenges, future directions. Metaverse,
5(2), 2731. doi:http://dx.doi.org/10.54517/m.v5i2.2731

[129] Zarif, R., & Akhtar, B. (2024). Exploring Biomedical
Engineering (BME): Advances within Accelerated

EAI Endorsed Transactions on
Al and Robotics
| Volume 3 | 2024

D EA


https://storage.googleapis.com/deepmind-media/gemini/gemini_1_report.pdf
https://storage.googleapis.com/deepmind-media/gemini/gemini_1_report.pdf
https://doi.org/10.4108/airo.v1i1.2836
https://doi.org/10.4108/airo.5602
https://doi.org/10.3390/s23208422
https://doi.org/10.4108/airo.v2i1.3181
https://doi.org/10.4108/airo.v1i1.2709
https://doi.org/10.1186/s43067-024-00145-1
https://doi.org/10.59400/cai.v2i1.1378
https://doi.org/10.1049/tje2.12381
https://doi.org/10.34874/IMIST.PRSM/jis-v23i1.47102
http://dx.doi.org/10.54517/m.v5i2.2731

Zarif Bin Akhtar

Computing and Regenerative Medicine for a Computational
and Medical Science Perspective Exploration Analysis. J
Emerg Med OA, 2, 2024.
https://www.opastpublishers.com/open-access-
articles/exploring-biomedical-engineering-bme-advances-
within-accelerated-computing-and-regenerative-medicine-
for-a-computational.pdf

[130] Zarif Bin Akhtar"Unraveling the Promise of Computing
DNA Data Storage: An Investigative Analysis of
Advancements, Challenges, Future Directions," Journal of
Advances in Artificial Intelligence vol. 2, no. 1, pp. 122-137,
2024. https://www.jaai.net/vol2/JAAI-V2N1-22.pdf

[131] Akhtar, Z. B., & Gupta, A. D. . (2024). Integrative
Approaches for Advancing Organoid Engineering: From
Mechanobiology to Personalized Therapeutics. Journal of
Applied Artificial Intelligence, 5(1), 1-27.
https://doi.org/10.48185/jaai.v5i1.974

[132] Akhtar, Z. B., & Gupta, A. D. (2024). Advancements within
Molecular Engineering for Regenerative Medicine and
Biomedical Applications an Investigation Analysis towards
A Computing Retrospective. Journal of Electronics,
Electromedical Engineering, and Medical Informatics, 6(1),
54-72. https://doi.org/10.35882/jeeemi.v6il.351

[133] Zarif Bin Akhtar. (2023). Accelerated Computing A
Biomedical Engineering and Medical Science Perspective.
Annals of the Academy of Romanian Scientists Series on
Biological Sciences, 12(2), 138-164.
https://doi.org/10.56082/annalsarscibio.2023.2.138

[134] Akhtar, Z. (2023). Designing an Al Healthcare System:
EHR and Priority-Based Medical Segmentation Approach.
Medika Teknika : Jurnal Teknik Elektromedik Indonesia,
5(1), 50-66. doi:https://doi.org/10.18196/mt.v5i1.19399

Book

[1] A. Turing, “Computing machinery and intelligence,” Mind,
vol. 59, no. 236, p. 433, 1950.

[2] D.McDermott, “Artificial intelligence meets natural
stupidity,” Acm Sigart Bulletin, no. 57, pp. 4-9, 1976.

[3] M. Minsky, “Steps toward artificial intelligence,” Proceedings
of the IRE, vol. 49, no. 1, pp. 8-30, 1961.

[4] Y. LeCun, Y. Bengio, and G. Hinton, “Deep learning,” nature,
vol. 521, no. 7553, pp. 436444, 2015.

[5] M. Minsky and S. Papert, “An introduction to computational
geometry,” Cambridge tiass., HIT, vol. 479, no. 480, p. 104,
1969.

[13] A. Vaswani, N. Shazeer, N. Parmar, J. Uszkoreit, L. Jones,
A. N. Gomez, L. Kaiser, and I. Polosukhin, “Attention is all
you need,” Advances in neural information processing
systems, vol. 30, 2017.

[14] A. Radford, K. Narasimhan, T. Salimans, . Sutskever et al.,
“Improving language understanding by generative pre-
training,” 2018.

[34] 1. Gabriel, “Artificial intelligence, values, and alignment,”
Minds and Machines, vol. 30, pp. 411-437, 2020.

[46] S.Hochreiter and J. Schmidhuber, “Long short-term
memory,” Neural computation, vol. 9, no.8, pp. 1735—
1780, 1997.

[78] D. Liga and L. Robaldo, “Fine-tuning gpt-3 for legal rule
classification,” Computer Law & Security Review, vol. 51,
p. 105864, 2023.

[136] Dey, I. (Ed.). (2022). Computer-Mediated Communication.
IntechOpen. doi: 10.5772/intechopen.92467
https://www.intechopen.com/books/10452

D EA

16

Book Chapter

[6] D. E. Rumelhart, G. E. Hinton, and R. J. Williams, “Learning
representations by back-propagating errors,” nature, vol.
323, no. 6088, pp. 533-536, 1986.

[8] P. Maddigan and T. Susnjak, “Chat2vis: Generating data
visualisations via natural language using chatgpt, codex and
gpt-3 large language models,” IEEE Access, 2023.

[15] C. Huang, Z. Zhang, B. Mao, and X. Yao, “An overview of

artificial intelligence ethics,” IEEE Transactions on

Artificial Intelligence, 2022.

L. Besancon, N. Peiffer-Smadja, C. Segalas, H. Jiang,
P. Masuzzo, C. Smout, E. Billy, M. Deforet, and C. Leyrat,
“Open science saves lives: lessons from the covid-19
pandemic,” BMC Medical Research Methodology, vol. 21,
no. 1, pp. 1-18, 2021.

[17] C. R. Triggle, R. MacDonald, D. J. Triggle, and D. Grierson,

“Requiem for impact factors and high publication charges,”

Accountability in Research, vol. 29, no. 3, pp. 133-164,

2022.

T. Mclntosh, A. Kayes, Y.-P.P. Chen, A.Ng, and
P. Watters, “Ransomware mitigation in the modern era: A
comprehensive review, research challenges, and future
directions,” ACM Computing Surveys (CSUR), vol. 54,
no. 9, pp. 1-36, 2021.

[19] T.Mclntosh, T.Liu, T.Susnjak, H.Alavizadeh, A.Ng,

R. Nowrozy, and P.Watters, “Harnessing gpt-4 for
generation of cybersecurity grc policies: A focus on
ransomware attack mitigation,” Computers & Security, vol.
134, p. 103424, 2023.

H. Bao, W.Wang, L. Dong, Q. Liu, O.K. Mohammed,
K. Aggarwal, S. Som, S. Piao, and F. Wei, “VImo: Unified
vision-language pre-training with mixture-of-modality-
experts,” Advances in Neural Information Processing
Systems, vol. 35, pp. 32 897-32 912, 2022.

[31] K. LaGrandeur, “How safe is our reliance on ai, and should
we regulate it?”” Al and Ethics, vol. 1, pp. 93-99, 2021.

[41] P. F. Brown, V. J. Della Pietra, P. V. Desouza, J. C. Lai, and
R.L. Mercer, “Class-based n-gram models of natural
language,” Computational linguistics, vol. 18, no. 4, pp.
467-480, 1992.

[42] S. Katz, “Estimation of probabilities from sparse data for the
language model component of a speech recognizer,” IEEE
transactions on acoustics, speech, and signal processing,
vol. 35, no. 3, pp. 400401, 1987.

[44] R. Kuhn and R. De Mori, “A cache-based natural language
model for speech recognition,” IEEE transactions on pattern
analysis and machine intelligence, vol. 12, no. 6, pp. 570—

[16]

[18]

[20]

583, 1990.
[45] H.Ney, U.Essen, and R.Kneser, “On structuring
probabilistic  dependences in  stochastic language

modelling,” Computer Speech & Language, vol. 8, no. 1,

pp. 1-38, 1994.

Z.Song, H.Wang, and Y.Jin, “A surrogate-assisted

evolutionary framework with regions of interests-based data

selection for expensive constrained optimization,” IEEE

Transactions on Systems, Man, and Cybernetics: Systems,

2023.

[88] J. Yu, T.Xu, Y.Rong, J. Huang, and R. He, “Structure-
aware conditional variational auto-encoder for constrained
molecule optimization,” Pattern Recognition, vol. 126, p.
108581, 2022.

[135] Bin Akhtar, Z. (2022). A Revolutionary Gaming Style
in Motion. IntechOpen. doi: 10.5772/intechopen.100551
https://www.intechopen.com/chapters/79340

(87]

EAI Endorsed Transactions on
Al and Robotics
| Volume 3 | 2024


https://www.opastpublishers.com/open-access-articles/exploring-biomedical-engineering-bme-advances-within-accelerated-computing-and-regenerative-medicine-for-a-computational.pdf
https://www.opastpublishers.com/open-access-articles/exploring-biomedical-engineering-bme-advances-within-accelerated-computing-and-regenerative-medicine-for-a-computational.pdf
https://www.opastpublishers.com/open-access-articles/exploring-biomedical-engineering-bme-advances-within-accelerated-computing-and-regenerative-medicine-for-a-computational.pdf
https://www.opastpublishers.com/open-access-articles/exploring-biomedical-engineering-bme-advances-within-accelerated-computing-and-regenerative-medicine-for-a-computational.pdf
https://www.jaai.net/vol2/JAAI-V2N1-22.pdf
https://doi.org/10.48185/jaai.v5i1.974
https://doi.org/10.35882/jeeemi.v6i1.351
https://doi.org/10.56082/annalsarscibio.2023.2.138
https://doi.org/10.18196/mt.v5i1.19399
https://www.intechopen.com/books/10452
https://www.intechopen.com/chapters/79340

Mapping Generative Artificial Intelligence (GAI's) Exciting Future: From Gemini to Q* and Beyond

Conference

[9] T. R. Mclntosh, T. Liu, T. Susnjak, P. Watters, A. Ng, and
M. N. Halgamuge, “A culturally sensitive test to evaluate
nuanced gpt hallucination,” IEEE Transactions on Artificial
Intelligence, vol. 1, no. 01, pp. 1-13, 2023.

[10] M. R. Morris, J. Sohl-dickstein, N. Fiedel, T. Warkentin,
A. Dafoe, A. Faust, C. Farabet, and S. Legg, “Levels of agi:
Operationalizing progress on the path to agi,” arXiv preprint
arXiv:2311.02462, 2023.

[21] N. Du, Y. Huang, A. M. Dai, S. Tong, D. Lepikhin, Y. Xu,
M. Krikun, Y. Zhou, A.W. Yu, O. Firat etal., “Glam:
Efficient scaling of language models with mixture-of-
experts,” in International Conference on Machine
Learning. PMLR, 2022, pp. 5547-5569.

[22] S. Masoudnia and R. Ebrahimpour, “Mixture of experts: a

literature survey,” Artificial Intelligence Review, vol. 42,

pp. 275-293, 2014.

C. Riquelme, J. Puigcerver, B. Mustafa, M. Neumann,

R. Jenatton, A. Susano Pinto, D. Keysers, and N. Houlsby,

“Scaling vision with sparse mixture of experts,” Advances

in Neural Information Processing Systems, vol. 34, pp.

8583-8595, 2021.

[24] S. E. Yuksel, J. N. Wilson, and P. D. Gader, “Twenty years
of mixture of experts,” IEEE transactions on neural
networks and learning systems, vol. 23, no. 8, pp. 1177—
1193, 2012.

[23]

hallucination,” in European Semantic Web
Conference. Springer, 2023, pp. 182-185.

[77] Y. Fan, F. Jiang, P. Li, and H. Li, “Grammargpt: Exploring
open-source llms for native chinese grammatical error
correction with supervised fine-tuning,” in CCF
International Conference on Natural Language Processing
and Chinese Computing. Springer, 2023, pp. 69-80.

[89] P. Butlin, “Ai alignment and human reward,” in Proceedings

of the 2021 AAAI/ACM Conference on Al, Ethics, and

Society, 2021, pp. 437-445.

F. Barreto, L. Moharkar, M. Shirodkar, V. Sarode,
S. Gonsalves, and A.Johns, “Generative artificial
intelligence: Opportunities and challenges of large language
models,” in International Conference on Intelligent
Computing and Networking. Springer, 2023, pp. 545-553.
J. Peng, K.Zhou, R.Zhou, T.Hartvigsen, Y. Zhang,
Z.Wang, and T. Chen, “Sparse moe as a new treatment:
Addressing forgetting, fitting, learning issues in multi-
modal multi-task learning,” in Conference on Parsimony
and Learning (Recent Spotlight Track), 2023.

[102] X. Zhao, X. Chen, Y. Cheng, and T. Chen, “Sparse moe
with language guided routing for multilingual machine
translation,” in Conference on Parsimony and Learning
(Recent Spotlight Track), 2023.

[103] W. Huang, H. Zhang, P. Peng, and H. Wang, “Multi-gate
mixture-of-expert combined with synthetic minority over-
sampling technique for multimode imbalanced fault
diagnosis,” in 2023 26th International Conference on

[93]

[99]

[25] L. Zhang, S.Huang, W.Liu, and D. Tao, “Learning a Computer Supported Cooperative Work in Design
mixture of granularity-specific experts for fine-grained (CSCWD). IEEE, 2023, pp. 456-461.
categorization,” in Proceedings of the IEEE/CVF [105] W. Wang, Z. Lai, S. Li, W. Liu, K. Ge, Y. Liu, A. Shen,
International Conference on Computer Vision, 2019, pp. and D.Li, “Prophet: Fine-grained load balancing for
8331-8340. parallel training of large-scale moe models,” in 2023 IEEE
[35] A.Shaban-Nejad, M. Michalowski, S. Bianco, J.S. International ~ Conference on  Cluster  Computing

Brownstein, D. L. Buckeridge, and R. L. Davis, “Applied
artificial intelligence in healthcare: Listening to the winds
of change in a post-covid-19 world,” pp. 1969-1971, 2022.

[36] Z. Ji, N. Lee, R. Frieske, T. Yu, D. Su, Y. Xu, E. Ishii, Y. J.
Bang, A. Madotto, and P. Fung, “Survey of hallucination in
natural language generation,” ACM Computing Surveys,
vol. 55, no. 12, pp. 1-38, 2023.

[37] B. Min, H. Ross, E. Sulem, A. P. B. Veyseh, T. H. Nguyen,
O. Sainz, E. Agirre, 1. Heintz, and D.Roth, “Recent
advances in natural language processing via large pre-
trained language models: A survey,” ACM Computing
Surveys, vol. 56, no. 2, pp. 1-40, 2023.

[38] J. Li, X.Cheng, W. X. Zhao, J.-Y. Nie, and J.-R. Wen,
“Halueval: A large-scale hallucination evaluation
benchmark for large language models,” in Proceedings of
the 2023 Conference on Empirical Methods in Natural
Language Processing, 2023, pp. 6449-6464.

[40] X. Zhiheng, Z. Rui, and G. Tao, “Safety and ethical concerns
of large language models,” in Proceedings of the 22nd
Chinese National Conference on Computational Linguistics
(Volume 4: Tutorial Abstracts), 2023, pp. 9-16.

[43] R. Kneser and H. Ney, “Improved backing-off for m-gram
language modeling,” in 1995 international conference on
acoustics, speech, and signal processing, vol. 1. IEEE,
1995, pp. 181-184.

[49] L. Yao and Y. Guan, “An improved Istm structure for natural
language processing,” in 2018 IEEE International
Conference of Safety Produce Informatization
(IICSPI). IEEE, 2018, pp. 565-569.

[65] A.Martino, M. lannelli, and C. Truong, “Knowledge
injection to counter large language model (lim)

(CLUSTER). IEEE, 2023, pp. 82-94.

[107] Z. Xiao, Y.Jiang, G. Tang, L. Liu, S. Xu, Y. Xiao, and
W. Yan, “Adversarial mixture of experts with category
hierarchy soft constraint,” in 2021 IEEE 37th International
Conference on Data Engineering (ICDE). IEEE, 2021, pp.
2453-2463.

[108] M. Agbese, R. Mohanani, A. Khan, and P. Abrahamsson,
“Implementing ai ethics: Making sense of the ethical
requirements,” in Proceedings of the 27th International
Conference on Evaluation and Assessment in Software
Engineering, 2023, pp. 62—71.

[123] A. J. Moshayedi, A. S. Khan, S. Yang and S. M. Zanjani,
"Personal Image Classifier Based Handy Pipe Defect
Recognizer (HPD): Design and Test,” 2022 7th
International Conference on Intelligent Computing and
Signal Processing (ICSP), Xi‘an, China, 2022, pp. 1721-
1728, doi: 10.1109/ICSP54964.2022.9778676.

[124] A. J. Moshayedi, A. S. Roy, L. Liao, A. S. Khan, A.
Kolahdooz and A. Eftekhari, "Design and Development of
FOODIEBOT Robot: From Simulation to Design," in IEEE
Access, vol. 12, pp. 36148-36172, 2024, doi:
10.1109/ACCESS.2024.3355278.

[125] Z. B. Akhtar and V. Stany Rozario, "The Design Approach
of an Artificial Human Brain in Digitized Formulation
based on Machine Learning and Neural Mapping," 2020
International Conference for Emerging Technology
(INCET), Belgaum, India, 2020, pp. 1-7, doi:
10.1109/INCET49848.2020.9154000.
https://ieeexplore.ieee.org/document/9154000

EAI Endorsed Transactions on
Al and Robotics
| Volume 3 | 2024

D EA


https://ieeexplore.ieee.org/document/9154000



