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Abstract: The rapidly evolving field of artificial intelligence (AI) continues to witness the introduction of 
innovative open-source pre-trained models, fostering advancements in various applications. One such model 
is Llama 2, an open-source pre-trained model released by Meta, which has garnered significant attention 
among early adopters. In addition to exploring the foundational elements of the Llama v2 model, this paper 
investigates how these early adopters leverage the capabilities of Llama 2 in their AI projects. Through a 
qualitative study, we delve into the perspectives, experiences, and strategies employed by early adopters to 
leverage Llama 2's capabilities. For the purpose of data analysis, the capabilities inherent in the Llama 2 model 
were employed to conduct keyword extraction from the context of the early adopters' case studies. The findings 
shed light on the model's strengths, weaknesses, and areas of improvement, offering valuable insights for the 
AI community and Meta to enhance future model iterations. Additionally, we discuss the implications of Llama 
2's adoption on the broader open-source AI landscape, addressing challenges and opportunities for developers 
and researchers in the pursuit of cutting-edge AI solutions. The present study constitutes an early exploration 
of the Llama 2 pre-trained model, holding promise as a foundational basis for forthcoming research 
investigations. 

Keywords: llama 2; llama2; llama 2 projects; llama 2 model architecture; llama 2 fine-tuning  
 

1. Introduction 

The rapid advancements in artificial intelligence (AI) have ushered in an era of groundbreaking 
open-source pre-trained models, empowering researchers and practitioners across diverse domains. 
One such model that has recently gained substantial attention is Llama 2, introduced by Meta, an 
industry leader in AI technology [1]. Llama 2 represents a compelling fusion of innovation and 
accessibility in the domain of Large Language Models (LLMs), rendering it an appealing option for 
pioneering users seeking to harness its potential in their artificial intelligence endeavors [2]. 

As AI technology continues to evolve, understanding the perspectives and experiences of early 
adopters in utilizing novel pre-trained models like Llama 2 becomes crucial. Early adopters play a 
pivotal role in the adoption and dissemination of these cutting-edge technologies, driving innovation 
and providing valuable insights for further model enhancements. Exploring their utilization patterns, 
challenges, and strategies can offer crucial guidance for both researchers and developers, fostering 
the effective application and development of AI solutions. 

In this context, the present paper presents an early investigation into how early adopters are 
utilizing Meta's new open-source pre-trained model, Llama 2. Through qualitative research methods, 
we aim to capture the essence of their experiences and perceptions while employing Llama 2 in their 
AI projects. By delving into the practical application of Llama 2, we endeavor to identify its strengths, 
weaknesses, and potential areas for improvement. 

Despite being publicly announced only 10 days ago, Llama 2 has attracted considerable attention 
from early adopters. In the short span between July 18, 2023, and July 28, 2023, these adopters have 
demonstrated successful implementation of various tasks, such as model deployment, chatbot 
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development, fine-tuning in different languages, domain-specific chatbot creation (medical domain), 
parameter customization for CPU and GPU, and runtime efficiency optimization with limited 
resources. 

This study contributes to the broader landscape of AI research by shedding light on the practical 
implications of adopting Llama 2 and the value it brings to AI applications. Furthermore, by 
highlighting the early adopters' perspectives, we seek to foster a better understanding of the model's 
impact on the development of AI technologies and the potential challenges faced in its utilization. 

Four pivotal hypotheses are introduced, which will be substantiated through the out-comes of 
the experiments: 

• Hypothesis 1. Research Objective: Research Objective: The research aims to assess the audience's 
response to Llama 2 and verify Meta's expectations that an open-source model will experience 
faster development compared to closed-source models [2]. 

• Hypothesis 2. Research Objective: The research aims to assess the challenges encountered by 
early adopters in deploying the Llama 2 model. 

• Hypothesis 3. Research Objective: The research aims to assess the challenges encountered by 
early adopters in fine-tuning the Llama 2 model. 

• Hypothesis 4. Research Objective: The research seeks to unveil that the medical domain 
consistently ranks among the primary domains that early adopters engage with, undertaking 
fine-tuning of models. 

Section 2 provides a concise background and context concerning the evolution of language 
models, natural language processing (NLP), the transformer architecture, and supervised fine-
tuning. In Section 3, the Llama 2 models and licensing are presented. Section 4 delves into the training 
process of Llama 2. In Section 5, we showcase the case studies and projects conducted by the early 
adopters of the Llama 2 model. During the data analysis of the Llama 2 early adopters' case studies 
presented in Chapter 5, and subsequently following our local deployment of the Llama 2 model, we 
leveraged its capabilities to identify three keywords that more effectively represent the domain/focus 
of each respective case study. Utilizing Term Frequency-Inverse Document Frequency (TF-IDF) 
vectorization, the K-Means clustering algorithm, and TF-IDF matrix, we transformed textual entries 
into numerical representations, thereby capturing the significance of individual keywords. The 
primary objective was to group similar projects' keywords into a predetermined number of clusters. 
Subsequently, each project was assigned a cluster label based on its similarity to other projects within 
the same cluster. To further analyze and interpret these clusters, we employed Word Clouds, 
generating them for each cluster. These Word Clouds visually depict the most prevalent keywords 
in each group, enabling us to gain valuable insights into the core themes and focal areas encapsulated 
by each cluster. Subsequently, we highlight the key findings derived from the analysis of early 
adopters' experiences, followed by a comprehensive discussion of the implications arising from the 
utilization of Llama 2. The paper concludes with recommendations for future research endeavors, 
emphasizing the significance of ongoing efforts to refine and optimize pretrained models like Llama 
2 for the betterment of the AI community and humanity. 

2. Background and Context 

2.1. Evolution of Language Models 

The journey of Language Models' evolution has been nothing short of extraordinary, surpassing 
all expectations and redefining the boundaries of artificial intelligence. Starting from simple rule-
based systems, these models have undergone a remarkable transformation, culminating in the 
emergence of colossal models like GPT-3, boasting billions of parameters and demonstrating human-
like fluency and creativity [3]. The relentless pursuit of innovation and research in natural language 
processing has ushered in a new era, where machines can comprehend and generate text with 
unparalleled accuracy and context-awareness. This evolution of language models has transformed 
language from a barrier into a bridge, connecting humans and machines in ways once deemed science 
fiction. As language models continue to progress, the line between human and artificial intelligence 
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continues to blur, paving the way for a future where machines play an integral role in shaping how 
we communicate, learn, and interact with information [4]. 

The Evolution of Language Models marks a groundbreaking revolution, fundamentally altering 
how we perceive and interact with machines. What originated as simple statistical models has rapidly 
evolved into remarkably sophisticated neural architectures, capable of grasping the intricacies of 
human language and generating coherent responses rivaling human speech. The introduction of 
transformer-based models and innovative pre-training techniques has propelled language models to 
unprecedented heights, surpassing previous milestones and reshaping the landscape of AI 
applications [5]. Today, they power a multitude of real-world applications, from chatbots and virtual 
assistants that enhance customer experiences to language translation systems that facilitate global 
communication like never before [6]. As the evolution of language models continues, fueled by robust 
research and increased computational power, we are witnessing a future where machines transcend 
being mere tools and become companions, collaborators, and confidants in our quest for knowledge 
and progress. 

2.2. Natural Language Processing (NLP) 

Natural Language Processing (NLP) represents a groundbreaking advancement in the field of 
computer science, enabling machines to comprehend and engage with human language with 
remarkable precision and fluency [7]. This revolutionary technology has transformed numerous 
industries, spanning customer service, healthcare, finance, and education, transcending the limits of 
human-machine communication [8]. NLP's capacity to decipher language intricacies, encompassing 
context, semantics, and sentiment, empowers businesses to extract invaluable insights from vast 
unstructured data, driving them towards unparalleled efficiency and innovation [9]. As NLP 
continues to evolve and integrate into cutting-edge applications such as virtual assistants, sentiment 
analysis, and language translation, it solidifies its indispensable role, shaping the future of human-
computer interaction and propelling society into an era of limitless possibilities [10]. 

In the ever-changing realm of Artificial Intelligence, Natural Language Processing (NLP) stands 
out as an innovative field that has shattered the boundaries of what machines can achieve. Leveraging 
advanced algorithms, deep learning techniques, and sophisticated linguistic models, NLP has 
triumphed over the once daunting task of understanding human language, ushering in a new era of 
seamless collaboration between humans and machines [11]. Its applications go beyond traditional 
text analysis, encompassing speech recognition, language generation, and sentiment-aware content 
creation [12]. NLP has evolved from being a mere novelty to becoming a foundational element of 
modern technology, reshaping how businesses operate, how individuals interact with their devices, 
and how society harnesses the power of information [13]. As NLP continues to advance, unlocking 
new realms of communication, its potential for further innovation and societal transformation seems 
limitless, establishing itself as one of the most potent and awe-inspiring branches of AI. 

2.3. Transformer Architecture 

The emergence of the Transformer Architecture marks a groundbreaking advancement in the 
realm of deep learning, forever reshaping natural language processing and the AI landscape [14]. Its 
innovative self-attention mechanism, free from conventional recurrent or convolutional structures, 
shattered the constraints of sequential processing, enabling unprecedented parallelization and 
scalability [5]. The Transformer's capacity to model long-range dependencies and capture intricate 
linguistic patterns gave rise to a new generation of language models such as BERT [15] and GPT [3], 
achieving previously unimaginable levels of contextual comprehension and context-aware language 
generation. This architectural marvel has become the cornerstone of state-of-the-art applications, 
spanning machine translation, sentiment analysis, chatbots, and voice assistants, setting the gold 
standard for language-related tasks and unlocking the true potential of AI-driven language 
processing [12]. As researchers and engineers continue to refine and push the boundaries of the 
Transformer paradigm, its profound influence on artificial intelligence will only expand, cementing 
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its status as one of the most influential and transformative developments in the history of modern 
deep learning. 

The Transformer Architecture stands as an unstoppable catalyst, reshaping not only the 
landscape of natural language processing but also extending its influence into various domains 
within the vast expanse of deep learning [16]. Its attention-based approach, facilitating efficient and 
contextually sensitive information flow across extensive sequences, has transcended the boundaries 
of language tasks, leading to its seamless integration into computer vision, speech recognition, and 
even music generation [17]. This groundbreaking architecture has shattered records in model size 
and performance, establishing new benchmarks for AI and ushering in an era of cutting-edge models 
[18]. With its remarkable adaptability to diverse problem domains and data modalities, the 
Transformer has become an indispensable and versatile tool embraced by researchers and 
practitioners alike. As the Transformer continues to evolve and inspires the next wave of architectural 
innovations, its profound legacy will be eternally etched in the history of AI, commemorating its 
status as the driving force behind unprecedented progress and achievements in the field of deep 
learning. 

2.4. Supervised fine-tuning 

Supervised fine-tuning stands as an incredibly potent strategy that revitalizes pre-trained neural 
networks, unlocking their full potential by adapting them to specific tasks with unmatched precision 
[19]. By harnessing the extensive knowledge embedded in pre-trained models, supervised fine-
tuning facilitates rapid and efficient training on task-specific datasets, significantly reducing the 
reliance on large amounts of labeled data [20]. This empowering approach results in models that 
showcase exceptional performance, even when faced with limited training samples, making it a 
game-changer in scenarios where data is scarce or expensive to obtain. Supervised fine-tuning has 
ignited a revolution across diverse domains, spanning from computer vision and natural language 
processing to audio analysis, empowering researchers and practitioners to leverage state-of-the-art 
models without starting from scratch [21]. With its ability to transfer knowledge, enhance 
performance, and democratize access to sophisticated AI solutions, supervised fine-tuning solidifies 
its position as an indispensable technique, breaking barriers and propelling the AI community 
towards unprecedented efficiency and innovation. 

Supervised fine-tuning emerges as a formidable ally in the quest for exceptional AI models, 
wielding the potential to transform generic pre-trained architectures into specialized powerhouses 
tailored to specific tasks [22]. Its capacity to adapt and specialize neural networks with limited labeled 
data circumvents the resource-intensive process of training models from scratch, accelerating 
progress across the artificial intelligence landscape [23]. Empowering practitioners to achieve 
unprecedented levels of accuracy and performance, supervised fine-tuning revolutionizes various 
applications, from image classification and sentiment analysis to machine translation and speech 
recognition. By fine-tuning on specific tasks, these models acquire domain expertise, showcasing a 
refined understanding of intricate patterns and nuances within the target data [24]. As this technique 
continues to evolve, pushing the boundaries of AI capabilities, supervised fine-tuning solidifies its 
position as a transformative force, ushering in an era where potent machine-learning solutions are 
within reach for a wide range of practical challenges [25]. 

3. Llama 2 Models and Licensing 

The LLaMA and LLaMA 2 models are instances of Generative Pretrained Transformer (GPT) 
models, built upon the original Transformers architecture [1]. The LLaMA models employ GPT-3-
like pre-normalization, utilizing the RMS Norm normalizing function at the input of each transformer 
sub-layer [26]. This approach enhances training stability by rescaling the invariance property and 
implicit learning rate adaptation ability. Additionally, LLaMA benefits from the SwiGLU activation 
function, replacing the conventional ReLU non-linearity activation function, leading to improved 
training performance [1]. 
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Incorporating insights from the GPT-Neo-X project, LLaMA incorporates rotary positional 
embeddings (RoPE) at each layer, contributing to its overall performance [1]. Notably, LLaMA 2 
introduces essential architectural differences, as detailed in the corresponding paper's appendix [1]. 
These differences include an increased context length, doubling the context window size from 2048 
to 4096 tokens [26]. This extension enables the model to handle more extensive information, proving 
beneficial for tasks involving long documents, chat histories, and summarization. 

Furthermore, LLaMA 2 implements a grouped-query attention (GQA) format with eight key-
value projections, addressing the complexity concerns associated with the original Multi-Head 
attention baseline [1]. This modification proves effective in managing the increased context windows 
or batch sizes. 

As a result of these updates, LLaMA demonstrates significantly improved performance across 
various tasks, surpassing or closely matching other specialized GPT models such as Falcon and MPT 
[27]. The model's promising performance paves the way for further research, anticipating future 
comparisons with prominent closed-source models like GPT-4 and Bard. 

3.1. Accessibility and Licensing 

Llama 2 is an open-source project, rendering its source code accessible to the general public, 
thereby enabling unfettered scrutiny, utilization, modification, and distribution. The project adheres 
to a permissive licensing model, affording users considerable freedoms to employ the model for 
diverse purposes with minimal constraints [2]. 

From the perspective of the research community, this permissive licensing confers notable 
advantages by fostering unrestrained access to the Llama 2 model [28]. Researchers can seamlessly 
integrate the model into their scholarly inquiries, experiments, and academic pursuits without 
encountering legal impediments. Such open access facilitates collaborative efforts, encourages 
innovation, and drives progress in the realm of natural language processing [29]. 

Likewise, the business community also benefits significantly from the implications of this liberal 
licensing approach. By virtue of this framework, companies and startups can seamlessly incorporate 
the Llama 2 model into their products and services, sidestepping the necessity for intricate licensing 
arrangements or substantial financial commitments. This unimpeded access empowers businesses to 
conduct extensive experimentation with the model, catalyzing the development of novel applications 
and innovative solutions, and harnessing Llama 2's capabilities [29]. 

The permissive licensing strategy employed for Llama 2 is widely regarded as a propitious 
development for both the research and business communities [29]. It propels widespread 
experimentation, fosters robust development, and facilitates broad adoption of the model, thereby 
potentially engendering transformative advancements in the domain of natural language processing 
and its associated fields. 

It is imperative to highlight that the utilization of Llama Materials for enhancing any other 
sizable language model, with the exception of Llama 2 or its derivatives, is subject to restrictions. 
Moreover, if the products or services offered by the Licensee manage to amass a user base exceeding 
700 million monthly active users, a distinct license request to Meta becomes mandatory [30]. 

3.2. Llama 2 Models and Versions 

Meta has developed and publicly released the Llama 2 family of large language models (LLMs), 
comprising a set of pre-trained and fine-tuned generative text models with parameter sizes spanning 
from 7 billion to 70 billion [1]. Among these, the fine-tuned LLMs, specifically named Llama-2-Chat, 
have been tailored to optimize performance in dialogue-based use cases. Through comprehensive 
benchmark assessments, Llama-2-Chat models have demonstrated superior capabilities compared to 
open-source chat models. Additionally, in human evaluations focused on assessing helpfulness and 
safety, Llama-2-Chat models have shown comparable performance to some prominent closed-source 
models, including ChatGPT and PaLM [31,32]. 

Llama 2 encompasses various parameter sizes, such as 7B, 13B, and 70B, and offers both pre-
trained and fine-tuned variants. The parameter size plays a crucial role in determining model 
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accuracy, with larger parameter sizes signifying extensive training with vast corpora, leading to more 
precise and dependable responses [31]. In addition to the various size variants, it is pertinent to 
mention the availability of a fine-tuned version of the model tailored specifically for chat applications, 
denoted as Llama 2-Chat [32]. 

In order for a user to download the pre-trained models, they are required to request access 
through the official Meta website, agreeing to the specified terms and conditions. Upon approval, the 
user will receive an email containing a custom unique URL, which grants access to download the 
models. Within a new Python project, the user can utilize the provided Git URL on GitHub to clone 
the Llama 2 repository [31]. By executing the download.sh script, the user will be prompted to enter 
the custom unique URL and choose the desired models for download. The available options include 
7B, 13B, 70B, 7B-chat, 13B-chat, and 70B-chat [1]. It is essential to note that the pre-trained model files 
are quite large, hence the user must have sufficient storage space, processing power, GPU and RAM 
to handle these models, especially if they intend to perform fine-tuning [26,31]. 

4. Training Process 

4.1. Pretraining Data 

The training corpus of Llama 2 comprises a novel blend of publicly accessible data sources, 
excluding any data originating from Meta's products or services. During the data selection process, 
diligent measures were taken to exclude data from websites known to contain substantial volumes 
of personal information about private individuals. The model underwent training on an extensive 
dataset comprising 2 trillion tokens, exhibiting twice the context length of its predecessor, Llama 1 
[28]. This design choice strikes a balance between performance and computational cost, with a 
deliberate emphasis on up-sampling the most factual sources to enhance knowledge while mitigating 
potential hallucination issues [1]. 

The developers of Llama 2 retained much of the pretraining settings and model architecture 
employed in Llama 1. The model adheres to the standard transformer architecture proposed by 
Vaswani [33], utilizing pre-normalization with RMSNorm [34] and the SwiGLU activation function 
[35]. Furthermore, it integrates rotary positional embeddings (RoPE) [1,36]. 

Key differences between Llama 1 and Llama 2 lie in the augmentation of context length and the 
adoption of grouped-query attention (GQA). These architectural modifications contribute to the 
improved capabilities of Llama 2 and its ability to handle more extensive contextual information 
during language generation tasks [1]. 

4.2. Llama 2 Fine-tuning 

Llama 2 is pre-trained using publicly available online data [27]. An initial version of Llama-2-
chat is then created through the use of supervised fine-tuning. Next, Llama-2-chat is iteratively 
refined using Reinforcement Learning from Human Feedback (RLHF), which includes rejection 
sampling and proximal policy optimization (PPO) [1]. 

In the pursuit of optimizing the performance of Language Model Models (LLMs) for dialogue-
style instructions, the key aspects revolve around the quality and diversity of third-party Source-Free 
Tuning (SFT) data [36]. Although numerous sources provide such data, their limited diversity and 
quality led the focus to prioritize the collection of high-quality SFT examples, resulting in significant 
improvement. Meta’s study also found that a limited set of clean instruction-tuning data could yield 
satisfactory outcomes, and approximately tens of thousands of SFT annotations were sufficient for 
achieving high-quality results [1]. Notably, the annotation platform and vendor choices influenced 
the downstream model performance, emphasizing the significance of thorough data checks. The 
validation process confirmed the high quality of outputs from the SFT model, suggesting a potential 
to reallocate annotation efforts towards preference-based annotation for Reinforcement Learning 
from Human Feedback (RLHF). The investigation encompassed 27,540 annotations, excluding Meta 
user data, and drew parallels with related research highlighting the effectiveness of focusing on 
quality over quantity in instruction-tuning endeavors [1]. 
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The Reinforcement Learning with Human Feedback (RLHF) is a model training approach used 
to further align the behavior of a fine-tuned language model with human preferences and instructions 
[37]. Human preference data is collected, where annotators select their preferred choice between two 
model outputs, aiding in the training of a reward model that automates preference decisions [38]. 
The collection procedure involves a binary comparison protocol to maximize prompt diversity, with 
annotators rating the degree of preference for their chosen response. Safety and helpfulness aspects 
are specifically focused on, allowing the application of distinct guidelines to each. The reward 
modeling data, referred to as "Meta reward modeling data," comprises over one million binary 
comparisons, surpassing existing open-source datasets in terms of conversation turns and average 
length [1]. Continuous updates to the reward model are essential to adapt to the evolving Llama 2-
Chat iterations and maintain accurate rewards for the latest model. 

The reward model plays a crucial role in Reinforcement Learning with Human Feedback 
(RLHF), where it takes a model response and its corresponding prompt, and outputs a scalar score 
indicating the quality in terms of helpfulness and safety [38]. By leveraging these response scores as 
rewards, the RLHF process optimizes Llama 2-Chat to align better with human preferences and 
enhance helpfulness and safety [1]. To address the trade-off between helpfulness and safety, two 
separate reward models are trained - one for each aspect. The reward models are initialized from 
pretrained chat model checkpoints to ensure knowledge transfer and prevent information mismatch. 
Training objectives involve converting collected human preference data into binary ranking labels, 
with a margin component to handle different preference ratings [1,39]. Additionally, the reward 
models are trained on a combination of newly collected data and existing open-source datasets to 
improve generalization and prevent reward hacking. 

4.3. Llama 2 Eco-consciousness 

In alignment with Meta's corporate eco-conscious responsibility, the developers meticulously 
recorded the Carbon Footprint associated with the GPU hours of computation on hardware [32]. The 
Carbon Footprint resulting from the pretraining phase involved a cumulative usage of 3.3 million 
GPU hours on A100-80GB hardware, with a power consumption range of 350-400W. The estimated 
total carbon emissions during this process amounted to 539 metric tons of CO2 equivalent (tCO2eq) 
[1]. 

Specifically, for each Llama 2 model variant, the corresponding GPU hours, power consumption, 
and carbon emissions were recorded as follows: 

• Llama 2 7B: 184,320 GPU hours, 400W power consumption, and 31.22 tCO2eq carbon emissions. 
• Llama 2 13B: 368,640 GPU hours, 400W power consumption, and 62.44 tCO2eq carbon 

emissions. 
• Llama 2 70B: 1,720,320 GPU hours, 400W power consumption, and 291.42 tCO2eq carbon 

emissions. 

In total, the combined emissions for all Llama 2 models amounted to 3311,616 GPU hours and 
539.00 tCO2eq carbon emissions. It is worth noting that the entire carbon emissions were effectively 
offset by Meta's sustainability program. Additionally, since the models are being openly released, 
there is no need for others to incur pre-training costs [32]. 

5. Llama 2: Early Adopters' Case Studies and Projects 

Having presented the foundational components of the Llama 2 model, this chapter proceeds to 
showcase the case studies and projects undertaken by the early adopters. For the purposes of this 
research, all projects pertaining to the Llama 2 model within the GitHub repository were selected, 
encompassing the time span from the launching date, 18th July 2023, up until the 28th July 2023. 

5.1. Official Llama2 Recipes Repository 

The 'llama-recipes' repository serves as an accompanying resource to the Llama 2 model, aimed 
at facilitating swift and practical implementation of fine-tuning for domain adaptation and model 
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inference for the fine-tuned versions [40]. With the primary objective of user-friendliness, the 
repository provides illustrative examples employing Hugging Face converted variants of the models. 
For seamless access to the converted models, a step-by-step guide on model conversion is provided 
for reference. 

While Llama 2 holds tremendous potential for various applications, its novelty necessitates 
careful consideration of potential risks associated with its deployment. As extensive testing is 
inherently limited in covering all conceivable scenarios, developers are encouraged to adopt 
responsible AI practices in order to address these risks. To aid developers in this endeavor, a 
dedicated Responsible Use Guide [29] has been formulated, offering comprehensive insights and 
guidelines. 

To obtain the models, developers can readily follow the instructions outlined in the Llama 2 
repository, thus ensuring a seamless process of model retrieval. By providing a supportive ecosystem 
of examples, guidelines, and downloads, the 'llama-recipes' repository is poised to empower 
developers in harnessing the capabilities of Llama 2 while adhering to best practices for responsible 
AI deployment. 

5.2. Llama2.c by @karpathykarpathy 

The Llama project repository offers a comprehensive solution for training the Llama 2 LLM 
architecture from scratch in PyTorch [41]. The repository facilitates the export of model weights to a 
binary file, which can then be loaded into a concise 500-line C file (run.c) for efficient model inference. 
Additionally, the repository enables users to load, finetune, and infer Meta's Llama 2, though this 
aspect is continuously evolving. The project stands as a "fullstack" solution, encompassing both 
training and inference functionalities for Llama 2 LLM, prioritizing minimalism and simplicity. 

Contrary to the notion that large parameter LLMs are necessary for practical utility, the 
repository advocates for the effectiveness of comparatively smaller LLMs in specialized domains. By 
narrowing the domain appropriately, even compact LLMs can demonstrate remarkable performance. 

It is important to note that this project originated from the nanoGPT model, which was later 
fine-tuned to accommodate the Llama-2 architecture in place of GPT-2. Notably, the core aspect of 
the project involved crafting the C inference engine in run.c. Given its recent inception, the project is 
in its nascent stages and is undergoing rapid progress. Credit is acknowledged to the inspiring 
llama.cpp project that prompted the development of this repository. In pursuit of minimalism, the 
choice was made to hard-code the Llama 2 architecture, adhere to fp32, and generate a pure C 
inference file without any dependencies, enhancing ease of implementation and accessibility. 

5.3. Llama2-Chinese by @FlagAlpha 

The Llama2 Chinese Community stands as a dynamic and innovative hub, dedicated to 
optimizing and advancing the Llama2 model specifically for Chinese language applications [42]. 
Leveraging vast Chinese language data, the community undertakes continuous iterative upgrades of 
the Llama2 model, bolstering its prowess in handling Chinese text. Comprised of a team of skilled 
NLP high-level engineers, the community provides robust technical support, guiding members 
towards professional development and achievement. Moreover, the community fosters an 
atmosphere of knowledge exchange, organizing regular online events, technical discussions, and 
project showcases, encouraging collaborative learning and innovative breakthroughs. As a global 
platform, the community welcomes developers and researchers from diverse backgrounds to unite 
in their shared interest and passion for large language models (LLMs) and collectively explore the 
boundless potential of Llama2 in the realm of Chinese NLP technology. With a commitment to open 
sharing and responsible AI practices, the Llama2 Chinese Community stands poised to shape the 
future of Chinese language processing and inspire cutting-edge solutions in this thriving field. 
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5.4. Llama2-chatbot by @a16z-infra 

The LLaMA 2 Chatbot App is an experimental Streamlit application specifically designed for 
LLaMA 2 [43]. The app showcases an interactive chatbot interface with session chat history, allowing 
users to engage in dynamic conversations. It offers the flexibility to select from multiple LLaMA 2 
API endpoints on Replicate, including 7B, 13B, and 70B options, with 70B set as the default. 
Additionally, users can configure model hyperparameters from the sidebar, such as Temperature, 
Top P, and Max Sequence Length, to tailor the chatbot's responses. The app also features "User:" and 
"Assistant:" prompts, distinctly distinguishing the conversation participants. Furthermore, models, 
7B, 13B, and 70B, are deployed on Replicate, utilizing A100 40Gb and A100 80Gb resources. A Docker 
image is thoughtfully provided, enabling easy deployment of the app in Fly.io. For an immersive 
experience, users can access the live demo at LLaMA2.ai, while retaining their session chat history 
throughout each interaction, although refreshing the page will reset the history. The LLaMA 2 
Chatbot App offers an exciting exploration of language models' capabilities, empowering users to 
engage in interactive conversations while experimenting with different model configurations. 

5.5. Llama2-webui by @liltom-eth 

The llama2-webui repository offers a user-friendly solution to run Llama 2 models with a gradio 
web UI, facilitating GPU or CPU inference from any operating system (Linux/Windows/Mac) [44]. It 
extends support to all Llama 2 models, including 7B, 13B, 70B, GPTQ, and GGML, with 8-bit and 4-
bit modes. Users can leverage GPU inference with a minimum of 6 GB VRAM, or opt for CPU 
inference, providing flexibility in choosing the hardware configuration. Supported model backends 
include Nvidia GPU with transformers, bitsandbytes (for 8-bit inference), and AutoGPTQ (for 4-bit 
inference), making use of GPUs with at least 6 GB VRAM. Additionally, CPU and Mac/AMD GPU 
inference are enabled through llama.cpp, and a demonstration of CPU inference on Macbook Air is 
showcased. The web UI interface utilizes gradio, ensuring an intuitive and interactive experience for 
users, regardless of their proficiency level. This repository empowers users to effortlessly experiment 
with various Llama 2 models and configurations, all via a seamless web-based interface, promoting 
accessibility and ease of use across diverse environments. 

5.6. Llama-2-Open-Source-LLM-CPU-Inference by @kennethleungty 

The repository presents a comprehensive and well-explained guide for running quantized open-
source Large Language Models (LLMs) on CPUs [45]. The guide covers the usage of LLama 2, C 
Transformers, GGML, and LangChain, offering step-by-step instructions to facilitate smooth 
deployment. With a focus on document question-and-answer (Q&A) scenarios, the guide provides 
practical insights for implementing self-managed or private model deployment. By hosting open-
source LLMs locally on-premise or in the cloud, teams can address data privacy and residency 
concerns, reducing reliance on third-party commercial LLM providers like OpenAI's GPT4. While 
GPU instances are commonly preferred for compute capacity, this project showcases how quantized 
versions of open-source LLMs can be efficiently run on local CPUs, mitigating excessive costs and 
enabling budget-friendly deployments. Through this valuable resource, users can explore the 
potential of open-source LLMs and empower themselves to tailor LLM applications to their specific 
needs, effectively expanding the range of options available for model deployment. The step-by-step 
guide is accessible on TowardsDataScience, providing a well-rounded understanding of running 
quantized open-source LLM applications on CPUs for document Q&A tasks. 

5.7. Docker-llama2-chat by @soulteary 

The Docker LLaMA2 Chat repository offers an efficient and user-friendly approach to 
experience the capabilities of LLaMA2 models in various configurations [46]. The repository provides 
a step-by-step guide for fast and straightforward local deployment of official LLaMA2 models, such 
as 7B or 13B, as well as the Chinese version of LLaMA2. The deployment process is made easy 
through Docker, allowing users to run quantized versions of the LLaMA2 models on CPUs with 
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minimal resource requirements. The repository includes comprehensive blog tutorials, enabling 
users to explore different types of LLaMA2 models, each tailored for specific use cases. With detailed 
instructions and commands, users can quickly set up the LLaMA2 models and initiate them through 
a web interface, gaining immediate access to interactive chat applications. The repository showcases 
a variety of LLaMA2 models, including INT4 quantization and CPU inference support, widening the 
range of available options for model deployment. Moreover, users can leverage the provided Docker 
image to run GGML models and experiment with diverse LLaMA2 applications. The repository's 
user-friendly approach and extensive documentation make it an excellent resource for individuals 
seeking to delve into LLaMA2's capabilities and integrate it into their projects effortlessly. 

5.8. Llama2 by @dataprofessor 

The Llama 2 Chat repository presents a user-friendly chatbot application built using the Llama 
2 [47]. Specifically, the app utilizes the Llama2-7B model, which is deployed by the Andreessen 
Horowitz (a16z) team and hosted on the Replicate platform. The application has been refactored to 
be lightweight, ensuring easy deployment to the Streamlit Community Cloud. To run the app, users 
need to obtain their own Replicate API token after signing up on the Replicate platform. With the 
provided API token, users can interact with the chatbot and explore its capabilities. The chatbot's 
implementation allows users to try other Llama 2 models, such as Llama2-13B and Llama2-70B, with 
varying parameter sizes. This chatbot app serves as an accessible and engaging platform for users to 
experience the power and versatility of Llama 2, making it an ideal choice for those interested in 
exploring large language models and their applications. 

5.9. Llama-2-jax by @ayaka14732 

The JAX Implementation of Llama 2 is an ambitious and advanced project focused on 
implementing the Llama 2 model using JAX, enabling efficient training and inference on Google 
Cloud TPU [48]. The repository aims to develop a high-quality codebase exemplifying the 
Transformer model's implementation using JAX while providing valuable insights for the NLP 
community by facilitating the identification of common errors and inconsistencies across various 
transformer models. This implementation supports various features, including parameter conversion 
to and from Hugging Face, model architecture components, cross-entropy loss, logits processing, 
generation methods like beam search and sampling, optimization, data loading, inference, and 
training, among others. The environment setup involves specific versions of Python, JAX, PyTorch, 
and Transformers. Users can create a virtual environment, install the necessary dependencies, and 
download LLaMA weights for the implementation. Special configurations are provided for TPU pods 
and multi-host environments. This repository serves as a valuable resource for anyone interested in 
JAX-based implementations of transformer models, particularly the Llama 2 model, with a focus on 
performance and efficiency using Google Cloud TPUs. 

5.10. LLaMA2-Accessory by @Alpha-VLLM 

LLaMA2-Accessory is an open-source toolkit designed for the pre-training, fine-tuning, and 
deployment of LLMs and multimodal LLMs [49]. This repository builds upon the foundation of 
LLaMA-Adapter, introducing more advanced features to enhance LLM development. The toolkit 
offers support for a wide range of datasets and tasks, including pre-training with RefinedWeb and 
StarCoder, single-modal fine-tuning with Alpaca, ShareGPT, LIMA, UltraChat, and MOSS, and 
multi-modal fine-tuning with various image-text pairs, interleaved image-text data, and visual 
instruction data. Efficient optimization and deployment techniques are also included, such as 
parameter-efficient fine-tuning, fully sharded data parallelism, and advanced visual encoders and 
LLMs like CLIP, Q-Former, ImageBind, LLaMA, and LLaMA2. 
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5.11. Llama2-Medical-Chatbot by @AIAnytime 

Llama2-Medical-Chatbot is an innovative medical chatbot that harnesses the capabilities of 
Llama2 and Sentence Transformers [50]. This combination allows the bot to deliver intelligent and 
context-aware responses to medical queries. The chatbot is further enhanced by the integration of 
Langchain and Chainlit, providing advanced language processing and understanding capabilities. 
Operating on a robust CPU machine with at least 16GB of RAM, the chatbot ensures smooth and 
efficient performance, making it an invaluable tool for medical professionals and individuals seeking 
reliable medical information and assistance. 

5.12. Llama2-haystack by @anakin87 

The repository contains experimental work where Llama2 is used with Haystack, an NLP/LLM 
framework [51]. The notebook showcases various hacky experiments aiming to load and utilize 
Llama2 within the Haystack environment. While it's not an official or fully refined implementation, 
it may serve as a useful resource for others who are also experimenting with Llama2 and Haystack. 
The notebook highlights the installation of Transformers and other necessary libraries, the loading of 
Llama-2-13b-chat-hf with 4-bit quantization, and the process of handling Tensor Parallelism issues. 
Additionally, a minimal version of Haystack is installed, and a creative approach is taken to load the 
model into Haystack's PromptNode. 

5.13. Llama2 Chatbot by Perplexity AI 

Perplexity AI is an innovative company at the forefront of AI development, specializing in 
creating cutting-edge search tools [52]. With a vision to foster knowledge sharing among diverse 
communities, the company's primary focus lies in building a versatile conversational answer engine. 
This unique engine allows users to receive direct and accurate responses to their queries, complete 
with well-sourced citations. The company successfully implemented the Llama 2 model at an early 
stage, enabling users to choose from three distinct Llama 2 chat models and interact with them via a 
publicly accessible chatbot web interface. Additionally, the company provides the specific ChatBot 
free of charge, while also offering a pro subscription option that affords users access and professional 
support for navigating and engaging with advanced models like GPT-4. 

5.14. Llama2 Chatbot by NimbleBox AI 

NimbleBox AI, a company affiliated with Techstars, has established itself as a prominent Full-
Stack MLOps platform, specifically engineered to facilitate the efficient deployment of machine 
learning models [53]. Its infrastructure is robust and well-equipped to handle large and complex 
datasets, enabling swift training processes without compromising the precision of results. 
Additionally, NimbleBox has achieved successful deployment of the Llama 2 model, offering guest 
visitors the option to choose from various chat versions and parameter configurations. Notably, the 
company emphasizes that the application primarily serves research and demonstration purposes. It 
acknowledges potential limitations, such as the generation of imaginative responses that may be 
inaccurately informed (hallucinations) and the risk of producing misinformation. Moreover, the 
platform discloses that user conversations may be shared with the authors of the models, unless the 
option to disable this sharing is selected in the settings. 

5.15. Indian-LawyerGPT by @NisaarAgharia 

The repository is an ambitious project that aims to adapt two state-of-the-art language models, 
Falcon-7B & LLAMA 2, to specialize in Indian law [54]. Starting with a modest set of 150 question 
and answer pairs related to Indian law, the project has now amassed a dataset of 3300 instructions. 
To achieve this, the project utilizes PEFT & QLoRA, a powerful combination known for its memory 
efficiency and high-performance fine-tuning capabilities. The dataset covers various aspects of Indian 
law, including constitutional law and civil rights, providing comprehensive knowledge for the 
models to become proficient AI legal experts. The project also offers transparency into its progress 
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through TensorBoard, allowing interested parties to observe the models' learning journey. By 
combining cutting-edge language models with a rich dataset, the Indian Law AI project aims to push 
the boundaries of AI applications in the legal domain. 

5.16. Document-based_question_answering_system_using_LLamaV2-7b Pu by @10deepaktripathi 

The repository demonstrates the implementation of a question answering system using the 
LLamaV2-7b language model [55]. By combining LLama-v2-7b with chroma db and langchain, the 
creator has built a customized document-based question answering system using their own data, 
fine-tuning it with three specific documents: their cover letter, resume, and dissertation. The sample 
results showcase the system's effectiveness in answering various questions related to Deepak 
Tripathi, such as identifying his academic supervisor and describing his profession and skills. The 
answers generated by the system are impressive, highlighting the successful fine-tuning process and 
the use of the specific documents, enabling LLamaV2-7b to comprehend and respond accurately to 
the queries. This repository serves as a compelling example of harnessing advanced language models 
for document-based question answering tasks, revealing the capabilities of LLamaV2-7b in 
understanding context and providing relevant answers based on the provided data. 

5.17. Llama2-flask-api by @unconv 

The "Llama 2 Flask API" repository provides a simple Flask HTTP API specifically designed for 
the Llama 2 LLM (Language Model) [56]. Being fully compatible with the ChatGPT API, this HTTP 
API can effortlessly integrate with any ChatGPT API-supporting application by adjusting the API 
URL accordingly. 

5.18. Amulets by @blackle 

The repository showcases an intriguing application that utilizes Llama 2 to search for unique 
poetic creations known as "amulets" [57]. An amulet is a special kind of poem that relies on language, 
code, and an element of luck. To qualify as an amulet, a poem must meet two specific criteria: its 
complete Unicode text must be 64 bytes or less, and its hexadecimal SHA-256 hash should contain 
four or more consecutive occurrences of the number 8. The repository stresses the idea that a poem's 
significance is not solely derived from conforming to obscure constraints, nor is an amulet collectible 
solely due to its rarity. In essence, an amulet is an exploration of poetic artistry and creativity that 
transcends mere formal definitions, making it a captivating endeavor in the world of poetic 
expression. 

5.19. LLM-Pruner by @horseee 

"LLM-Pruner" is a comprehensive and efficient framework for structurally pruning large 
language models (LLMs) with a focus on task-agnostic compression [58]. By utilizing a minimal 
training corpus and automatic pruning methods, it enables the compression of LLMs to any desired 
size while retaining their original multi-task solving capabilities. The repository supports various 
LLMs such as Llama 2 and provides step-by-step instructions for pruning and post-training, along 
with evaluation procedures. Continuously updated to enhance support and performance, "LLM-
Pruner" offers a valuable solution for researchers and practitioners looking to compress LLMs 
without compromising their abilities in solving diverse tasks efficiently. 

5.20. Llama2-discord-bot by @davidgm3 

The repository presents a Discord bot that leverages the latest Meta Llama 2 model for 
interactive conversations [59]. The bot utilizes the Replicate platform to run the model efficiently in 
the cloud. The bot automatically responds to messages in visible channels, making it an interactive 
and engaging addition to any Discord server. The repository provides easy-to-follow instructions for 
setup and usage, allowing users to chat with the AI model effortlessly. 
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5.21. Llama2-qlora-finetunined-Arabic by @h9-tect 

The repository provides a valuable code example for fine-tuning the new Meta model LLama 
V2 on Arabic language data using the Qlora framework [60]. The dataset used for fine-tuning is 
"Arabic_guanaco_oasst1." Additionally, the repository showcases the process of quantizing the 
model into 4-bit precision. To facilitate the fine-tuning process, the SFTTrainer from the TRL library 
is utilized, which offers a convenient wrapper around the transformers Trainer. This integration with 
PEFT adapters enables straightforward fine-tuning of models on instruction-based datasets. By 
sharing this code example, the repository aims to empower researchers and practitioners to adapt 
advanced language models for Arabic language tasks efficiently. 

5.22. H2ogpt by @h2oai 

H2oGPT is an Apache V2 open-source project that offers a versatile platform for querying and 
summarizing documents, as well as interacting with local private GPT Language Model Libraries 
(LLMs) [61]. It provides a private offline database capable of handling various document types, 
including PDFs, Excel, Word, Images, Code, Text, and MarkDown. The repository includes a 
persistent database employing accurate embeddings with options like Chroma, Weaviate, or in-
memory FAISS. Efficient context utilization is achieved through instruct-tuned LLMs, eliminating the 
need for LangChain's few-shot approach. Parallel summarization is supported, with output reaching 
80 tokens per second for the 13B LLaMa2 model. The project offers a user-friendly UI and CLI for 
interacting with multiple collaborative or scratch collections. It supports a variety of models such as 
LLaMa2, Falcon, Vicuna, WizardLM (including AutoGPTQ), and LORA, and provides GPU support 
for HF and LLaMa.cpp GGML models, as well as CPU support using HF, LLaMa.cpp, and GPT4ALL 
models. h2oGPT is compatible with Linux, Docker, MAC, and Windows, and also offers support for 
Inference Servers such as HF TGI server, vLLM, Gradio, ExLLaMa, and OpenAI. 

5.23. Llama2-burn by @Gadersd 

The Llama2-burn Project is an open-source initiative that aims to port Llama2, to the Burn, a 
deep learning framework implemented in Rust [62]. The repository provides Python and Rust scripts 
to facilitate the conversion, loading, and verification of Llama2 model weights into parameters 
compatible with Burn's framework. Users are guided through a step-by-step process to load, test, and 
convert the model, ensuring the compatibility and functionality of Llama2 in the Burn framework. 

5.24. Llm_finetuning by @ssbuild 

The repository contains scripts and tools related to training and inference using various 
language models, including Llama 2, Bloom, Tigerbot, Opt, CPM, RWKV, and TransGPT, among 
others [63]. It provides functionality for data preparation, training, and inference with support for 
multiple Chinese third-party datasets. The repository also includes sample data for single-turn and 
multi-turn conversations in Chinese. 

5.25. Llama2win by @xunboo 

The repository "llama2win" offers a simple way to run the Llama 2 language model on Windows 
using an executable file [64]. The provided example demonstrates the model's performance on an 
AMD Ryzen 7 PRO 5850U processor. It showcases the model's ability to generate stories and 
demonstrates its token-per-second efficiency both with and without OPENMP support. The 
repository caters to users seeking to run the Llama 2 model on Windows platforms and provides 
insights into its performance characteristics. 

5.26. VietAI-experiment-LLaMA-2 by @longday1102 

The repository is an experimental project focused on using the LLaMA-2 language model in 
conjunction with QLoRA on the Bactrian-X dataset for the Vietnamese language [65]. QLoRA likely 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 August 2023                   doi:10.20944/preprints202307.2142.v2

https://doi.org/10.20944/preprints202307.2142.v2


 14 

 

refers to a specific question answering or question generation framework. The goal of this project is 
to explore and evaluate the performance of the LLaMA-2 model, in the context of question answering 
and question generation tasks using the Vietnamese language dataset provided by Bactrian-X. The 
repository aims to contribute insights and results from the experiments conducted on this specific 
combination of models and datasets, potentially improving language understanding and generation 
capabilities for Vietnamese. 

5.27. Llama2.go by @nikolaydubina 

The repository is a native Go version of the llama2.c implementation, offering pure Go inference 
code ported from an experimental implementation [66]. It provides an easy way to run the model 
and evaluate its performance on different checkpoints using the included tokenizer and weights. The 
repository showcases differences from the original llama2.c implementation and introduces 
optimizations such as transformer steps parallelism, loop unrolling, and in-matrix parallelism, 
aiming to improve the model's token per second throughput. Users can experiment with this native 
Go implementation and customize it to their needs, enabling faster inference for the LLaMA-2 model. 

5.28. Llama2.openvino by @OpenVINO-dev-contest 

The "llama2.openvino" repository provides a sample implementation of a llama-based model 
using the OpenVINO runtime [67]. Users can experiment with this implementation to understand 
how to integrate the llama model with OpenVINO. The repository offers three options for running 
the model: using the OpenVINO IR pipeline, the ONNX pipeline, or an interactive demo with Gradio 
or Streamlit. Additionally, quantizing the model can be explored to further optimize its performance, 
and the system requirements are set at 128GB+ RAM for successful execution. 

5.29. Llama2_chat_templater by @samrawal 

The repository provides an abstraction to generate chat templates conveniently for Llama2 
models, using specific tags and structure, when prompting it in a chat style [68]. Users can initialize 
the template with a system prompt, add user messages and model responses to the template, and 
retrieve clean lists of strings for messages and replies using the provided methods. The tool simplifies 
the process of creating and managing chat templates for Llama2, following the required format. 

5.30. LLaMA-Efficient-Tuning by @hiyouga 

The "LLaMA Efficient Tuning" repository supports the training and fine-tuning of various large 
language models, including LLaMA, LLaMA-2, BLOOM, BLOOMZ, Falcon, Baichuan, and InternLM 
[69]. It offers several training approaches such as (continually) pre-training, supervised fine-tuning, 
and RLHF (Reinforcement Learning from Human Feedback). The repository also provides an all-in-
one Web UI for training, evaluation, and inference, making it easier to work with these models 
efficiently. It supports quantized training and inference (QLoRA) as an experimental feature. 

5.31. Llama2-Prompt-Reverse-Engineered by @mosama1994 

The repository contains code used to decode the best practice Llama 2 prompting style [70]. It 
includes the tokenizer model and provides examples for both single user message prompts and 
multiple user message prompts with assistant responses. The decoded prompts follow a specific 
structure with instructions and system tags to ensure helpful, respectful, and safe assistant responses 
without harmful or biased content. 

5.32. DemoGPT by @melih-unsal 

DemoGPT is an open-source initiative that leverages GPT-3.5-turbo to auto-generate LangChain 
pipelines, enabling the creation of interactive Streamlit apps with just a prompt [71]. The LangChain 
code generated undergoes a self-refining process, combining document understanding from the 
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LangChain documentation tree and user prompts to produce robust and efficient code adhering to 
best practices. The code is then transformed into user-friendly Streamlit applications, fostering an 
iterative development process and democratizing the development of Large Language Model (LLM) 
based applications. Llama 2 is also integrated into DemoGPT to enable the entire system to run 
locally. 

6. Results 

In the previous chapters, we thoroughly examined the architecture of Llama 2, its models, the 
methods employed for model training, the technologies utilized, and the fine-tuning process. 
Furthermore, in Section 5, we presented the most significant Case Studies and Projects undertaken 
by early adopters. Despite being at an early stage of research, Llama 2 has garnered significant 
interest from early adopters, who have promptly engaged in fine-tuning the model for various 
domains, including the medical domain. A similar trend was observed with the public release of 
GPT-3 in early 2023, where early adopters swiftly embraced the technology for diverse medical 
applications [3]. As we are still in the nascent stages of development, the only certainty is that pre-
trained models like Llama 2 will gradually replace older models in various domains. 

6.1. Data Pre-Processing and Llama 2 keyword Extraction 

During the data analysis of the case studies of early adopters of Llama 2, which were presented 
in Chapter 5, we locally deployed the Llama 2 model and utilized its capabilities to identify three 
keywords that best represent the domain/focus of each case study (Figure 1). 

 

Figure 1. Llama 2 model deployment for keyword extraction. 

The model-generated responses exhibited a satisfactory level of accuracy in capturing keywords 
in the given context. The results obtained from the Llama 2 model are presented in Table 1. For 
research purposes, the Llama-2-13B-Chat model was employed. Through this table, we can extract 
valuable insights into the emerging trends and tendencies for domains that will be early adopters of 
this new pre-trained model. Analyzing the patterns and preferences of these adopters will provide 
valuable information to anticipate the adoption trends across various domains. 

Table 1. Llama 2: Early Adopters' Projects and their Areas of Focus. 

Llama 2: Early Adopters' Projects Areas of Focus Cluster 

Recipes Repository [40] 
llama-recipes, Fine-tuning, 
Responsible AI practices 

2 

Llama2.c by [41] 
Llama-2 C inference, nanoGPT, 
Minimalistic implementation 

3 

Llama2-Chinese [42] 
Llama2 Chinese Community, Chinese 

NLP, Large language models 
0 

Llama2-chatbot [43] 
LLaMA 2 Chatbot App, Interactive 

chatbot, Large language models 
0 

Llama2-webui [44] 
llama2-webui, Llama 2 models, 

GPU/CPU inference 
3 

Llama-2-Open-Source-LLM-CPU-Inference [45] 
Quantized LLMs on CPUs, Document 

Q&A, Self-managed deployment 
4 
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Docker-llama2-chat [46] 
Docker LLaMA2 Chat, Efficient 

deployment, Interactive chat 
applications 

3 

Llama2 [47] 
Llama 2 Chat, Large Language Model, 

Streamlit app 
0 

Llama-2-jax [48] 
JAX Implementation, Llama 2 model, 

Google Cloud TPU 
1 

LLaMA2-Accessory [49] 
LLaMA2-Accessory, Large Language 

Models, Multi-modal LLMs 
0 

Llama2-Medical-Chatbot [50] 
Llama2-Medical-Chatbot, Medical 
queries, Context-aware responses 

3 

Llama2-haystack [51] 
llama2-haystack, Llama2 integration, 

NLP/LLM experiments 
0 

Llama2 Chatbot [52] 
Perplexity AI, Conversational answer 

engine, Llama 2 implementation 
1 

Llama2 Chatbot [53] 
NimbleBox AI, Full-Stack MLOps, 

Llama 2 deployment 
1 

Indian-LawyerGPT [54] Falcon-7B, LLAMA 2, Indian Law AI 1 
Document-

based_question_answering_system_using_LLamaV2-
7b [55] 

LLamaV2-7b, Question answering, 
Document-based QA 

1 

Llama2-flask-api [56] 
Llama 2, Flask API, Language Model 

integration 
1 

Amulets [57] 
Llama 2, Poetic amulets, Language 

and code exploration 
1 

LLM-Pruner [58] 
llm-pruner, Language Model 

Compression, Task-agnostic Pruning 
1 

Llama2-discord-bot [59] Discord bot, Meta Llama 2, Interactive 1 
Llama2-qlora-finetunined-Arabic [60] Fine-tuning, Arabic, Quantization 2 

H2ogpt [61] 
H2oGPT, Document querying, Private 

GPT LLMs 
4 

Llama2-burn [62] 
Llama2-burn Project, Deep learning 

framework, Rust implementation 
3 

Llm_finetuning [63] 
Language models, Training, Chinese 

datasets 
0 

Llama2win [64] 
llama2win, Llama 2 on Windows, 

Token-per-second efficiency 
1 

VietAI-experiment-LLaMA-2 [65] 
LLaMA-2, Vietnamese language, 

Question answering 
1 

Llama2.go [66] 
Llama2 Go implementation, Native 

inference, Performance optimization 
3 

Llama2.openvino [67] 
llama2.openvino, OpenVINO 

integration, Model optimization 
3 

Llama2_chat_templater [68] 
Chat templates, Llama2 models, 

Abstraction 
3 

LLaMA-Efficient-Tuning [69] 
LLaMA Efficient Tuning, Large 

language models, Web UI 
0 

Llama2-Prompt-Reverse-Engineered [70] 
Llama 2 prompting, Decoding, Best 

practice 
1 

DemoGPT [71] 
DemoGPT, GPT-3.5-turbo, Streamlit 

apps 
4 
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6.2. Data Analysis 

The data analysis objective is to uncover common themes and focus areas within a dataset of 
textual entries. We demonstrate the application of this approach on our current dataset, employing 
the popular Python libraries pandas, scikit-learn, matplotlib, and wordcloud. 

Textual data often contains valuable insights and trends, but extracting meaningful information 
from large text datasets can be challenging. Clustering is a widely used technique to group similar 
data points together, allowing us to discover underlying patterns. In this paper, we employ the K-
Means clustering algorithm to organize textual entries into clusters based on their semantic 
similarities [72]. Additionally, we utilize Word Clouds, an effective visualization technique, to 
visually represent the most frequent keywords associated with each cluster [73]. 

• The dataset used in our study consists of projects' keywords, specifically the "Areas of Focus," 
retrieved from a CSV file. To begin the analysis, we preprocess the data, removing any irrelevant 
characters, and converting all text to lowercase to ensure consistency. 

• Next, we perform feature extraction using Term Frequency-Inverse Document Frequency (TF-
IDF) vectorization. This technique transforms the textual entries into numerical representations, 
capturing the importance of each keyword within the entire dataset [74]. 

• The K-Means clustering algorithm is then applied to the TF-IDF matrix to group similar projects' 
keywords into a pre-defined number of clusters (in our case, five). Each project is assigned a 
cluster label based on its similarity to other projects in the same cluster [Table 1]. 

• Furthermore, we generate Word Clouds for each cluster, which display the most common 
keywords in each group. The size of each word in the Word Cloud reflects its frequency within 
the cluster [73]. By visually analyzing these Word Clouds, we gain insights into the main themes 
and focus areas within each cluster. The outcome of visualizing the Word Clouds for each cluster 
is depicted in Figure A1, presented in Appendix A. 

Based on the clustering results obtained from the Llama 2 early adopters' projects dataset, we 
can draw the following conclusions: 

• Cluster 0 - Language Model and Model Integration: Projects in Cluster 0 are predominantly 
related to language models, model compression, and integration with different frameworks or 
platforms. These projects seem to focus on improving the performance and efficiency of Llama 
2 models for various applications. 

• Cluster 1 - Language Model Applications: Cluster 1 comprises projects that involve language 
model applications in different languages, such as Chinese, Vietnamese, and Arabic. 
Additionally, this cluster includes projects related to question answering and document-based 
QA using Llama 2. 

• Cluster 2 - Model Implementation and Inference: Projects in Cluster 2 center around the 
implementation and inference aspects of Llama 2 models, including implementations in specific 
programming languages (e.g., Go) and integration with hardware accelerators like Google 
Cloud TPU. 

• Cluster 3 - Chatbot and Interactive Applications: Cluster 3 consists of projects primarily focused 
on chatbot development and interactive applications using Llama 2 models. These projects 
emphasize creating conversational AI solutions with the help of large language models. 

• Cluster 4 - GPT-3.5 and Streamlit Apps: Projects in Cluster 4 are specifically associated with 
GPT-3.5 models and their applications in developing Streamlit apps. This cluster demonstrates 
the utilization of Llama 2 models in creating interactive and user-friendly applications. 

In summary, the clustering analysis has successfully grouped the Llama 2 early adopters' 
projects based on their semantic similarities. Each cluster appears to represent distinct themes and 
areas of focus within the Llama 2 ecosystem. These insights can be valuable for understanding the 
diversity of projects and identifying common trends or specialized applications of Llama 2 among 
the early adopters. The identified clusters can guide further exploration and analysis of the projects, 
enabling researchers and developers to gain a deeper understanding of the Llama 2 community and 
its various use cases. 
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6.3. Data Analysis Findings 

Despite being publicly announced only 10 days ago, Llama 2 has garnered significant interest 
from early adopters. Within this brief timeframe (July 18, 2023, to July 28, 2023), these adopters have 
successfully accomplished various tasks, including model deployment, chatbot development, fine-
tuning in multiple languages, domain-specific chatbot creation (medical/law domain), parameter 
customization for CPU and GPU, and optimization to enhance runtime efficiency with minimal 
resources. It is essential to acknowledge that the sample size used for these activities is relatively 
small, given the short duration since the model's launch. Consequently, drawing definitive 
conclusions may be premature; nonetheless, certain hypotheses presented in the Introduction chapter 
could be reasonably supported based on the observed early adoption trends. 

Hypothesis 1 

Research Objective: The research aims to assess the audience's response to Llama 2 and verify 
Meta's expectations that an open-source model will experience faster development compared to 
closed models [2]. 

• Null Hypothesis (H0): There is no significant difference in the audience's response to Llama 2 
between the open-source model and closed models. 

• Alternative Hypothesis (H1): There is a significant difference in the audience's response to Llama 
2, with the open-source model experiencing faster development compared to closed models, as 
expected by Meta. 

Certainly, the measurement of timing is a challenging aspect to quantify; nevertheless, the 
immense enthusiasm displayed by the media and the prompt response from early adopters may 
serve as indications that the open-source nature of Llama 2 has attracted such a response. It should 
be emphasized that in early 2023, following the public release of ChatGPT and GPT-3.5 model via 
API to the general public, there was a notable mobilization of developers who promptly engaged in 
fine-tuning the model for various domains [3]. However, being a closed model, its expansion is 
restricted to OpenAI itself, relying on the feedback and recommendations from adopters [75]. 
Therefore, the null hypothesis could not be rejected with confidence. 

Hypothesis 2 

Research Objective: The research aims to assess the challenges encountered by early adopters in 
deploying the Llama 2 model. 

• Null Hypothesis (H0): There is no significant difference in the challenges encountered by early 
adopters in deploying the Llama 2 model. 

• Alternative Hypothesis (H1): There is a significant difference in the challenges encountered by 
early adopters in deploying the Llama 2 model. 

Based on the data presented in Table 1, it can be observed that early adopters did not encounter 
any challenges in deploying the Llama 2 model. Simultaneously, within the official GitHub 
repository [31], a total of 376 issues have been reported, the majority of which pertain to inquiries 
regarding model utilization and fine-tuning, rather than issues during model execution. This finding 
emphasizes the significant level of preparation that a product must undergo before its public launch. 
Notably, the Meta company had evidently prepared the ground thoroughly prior to making the 
model available to the public. Consequently, the null hypothesis can be rejected with confidence. 

Hypothesis 3 

Research Objective: The research aims to assess the challenges encountered by early adopters in 
fine-tuning the Llama 2 model. 

• Null Hypothesis (H0): There is no significant difference in the challenges encountered by early 
adopters in fine-tuning the Llama 2 model. 

• Alternative Hypothesis (H1): Early adopters encounter significant challenges in fine-tuning the 
Llama 2 model. 
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The findings of this study indicated that early adopters promptly engaged in fine-tuning the 
Llama 2 model for both specific and non-specific domain projects. This prompt adoption could be 
attributed to the clear instructions provided by Meta simultaneously with the launch of Llama 2 [26]. 
Therefore, the null hypothesis cannot be rejected, suggesting that there is no significant difference in 
the timing of fine-tuning. 

Hypothesis 4 

Research Objective: The research seeks to unveil that the medical domain consistently ranks 
among the primary domains that early adopters engage with, undertaking fine-tuning of models. 

• Null Hypothesis (H0): There is no significant difference in the interest shown by early adopters 
of Llama 2 between the medical domain and other domains. 

• Alternative Hypothesis (H1): Early adopters of Llama 2 prioritize the medical domain 
significantly more than other domains, indicating a greater interest in utilizing LLMs for medical 
applications. 

Just like the research conducted for the GPT-3 model [3] after its launch in early 2023, early 
adopters of Llama 2 also show a keen interest in the medical domain. This emphasis on the medical 
field highlights the significant role of LLMs in medicine and its impact on human life. Consequently, 
the null hypothesis can be confidently rejected. 

7. Responsible AI and Ethical Considerations 

The adoption of AI models like Llama 2 in real-world applications necessitates a robust 
commitment to responsible AI practices and ethical considerations. This section explores the 
responsible use of Llama 2 by early adopters and sheds light on the ethical challenges that arise with 
its widespread utilization. 

As Meta mentioned in its paper, the open release of language models (LLMs), including Llama 
2, holds the potential to bring substantial benefits to society [1]. However, it is essential to 
acknowledge that LLMs are novel technologies that inherently carry certain risks associated with 
their usage [76,77,78]. As of now, testing of Llama 2 has primarily been conducted in English, and it 
is practically impossible to cover all possible scenarios that might arise during real-world 
deployments. 

Given the potential risks, Meta emphasizes the importance of responsible and safe usage of 
Llama 2 and its variant Llama 2-Chat. Before integrating these models into any applications, 
developers are strongly advised to conduct thorough safety testing and tuning that aligns with the 
specific use-cases and contexts of their projects. Such an approach will help mitigate potential ethical 
and societal implications that might arise from unchecked deployments [1]. 

To assist developers in responsibly deploying Llama 2 and Llama 2-Chat, Meta provides a 
dedicated responsible use guide [29]. This guide outlines best practices, guidelines, and 
considerations for ensuring the safe and ethical integration of the models. Additionally, code 
examples are made available to facilitate the implementation of these practices effectively. 

In Section 5.3 of Meta's paper, further details of their responsible release strategy are presented. 
This section delves into the methodologies and frameworks employed to address ethical concerns, 
data privacy, fairness, transparency, and other critical aspects that underpin the responsible 
deployment of Llama 2 and Llama 2-Chat [1]. 

Meta's proactive approach to responsible AI release underscores its commitment to promoting 
ethical AI practices within the AI community. By providing developers with the necessary tools, 
guidelines, and insights, Meta seeks to foster an ecosystem where the benefits of LLMs like Llama 2 
can be harnessed responsibly while minimizing potential risks and ensuring positive societal impact 
[28,29]. Collaboration between the AI research community and developers will be crucial in 
continuously refining and optimizing the responsible use strategies for Llama 2, driving the AI field 
toward a more ethical and sustainable future. 

In the realm of Artificial Intelligence (AI), with particular emphasis on Language Model Models 
(LLMs) exemplified by Llama 2, a multitude of ethical considerations and salient facets come to the 
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fore, which bear profound significance in fostering the development and implementation of 
responsible AI practices. Some of the most pivotal aspects are outlined herewith: 

1. Bias Mitigation and Fairness: Early adopters' experiences with Llama 2 have highlighted the 
importance of addressing biases in AI outputs. As a pre-trained model trained on diverse data 
sources, Llama 2 may inadvertently inherit biases present in the training data. Researchers and 
developers must implement robust techniques to identify and mitigate biases to ensure fairness 
and equitable outcomes across diverse user populations [79,80,81]. 

2. Transparency and Interpretability: The complexity of deep learning models like Llama 2 can 
present challenges in understanding their decision-making processes. To promote transparency 
and interpretability, early adopters have emphasized the need for methods that provide insights 
into the model's internal workings. Future research should focus on developing techniques to 
make AI models more interpretable, enabling users to comprehend the rationale behind model's 
predictions [82]. 

3. Privacy and Data Protection: Llama 2's success heavily relies on the vast amount of data used 
during pretraining. Early adopters recognize the significance of safeguarding user data and 
respecting privacy concerns. Employing privacy-preserving methods, such as federated 
learning or differential privacy, can uphold the confidentiality of user data while ensuring the 
model's effectiveness [83,84]. 

4. Ethical Use-Cases and Societal Impact: As AI technologies like Llama 2 become increasingly 
integrated into various domains, early adopters have stressed the importance of identifying and 
promoting ethically sound use cases. Research should extend to analyze the societal impact of 
Llama 2's deployment, considering potential consequences on individuals, communities, and 
societal values. Striking a balance between innovation and responsible AI practices is crucial to 
harness the full potential of LLMs while mitigating unintended negative effects [85,86]. 

5. Continuous Monitoring and Auditing: To maintain ethical AI practices, early adopters advocate 
for continuous monitoring and auditing of Llama 2's performance. Regular assessments can help 
identify potential biases or deviations in the model's behavior, enabling timely adjustments to 
ensure compliance with ethical standards [87,88]. 

6. End-User Empowerment and Informed Consent: As AI models like Llama 2 become integral to 
user experiences, early adopters have emphasized the significance of end-user empowerment 
and informed consent. Users should be well-informed about the AI's involvement in their 
interactions and have the right to control and modify the extent of AI-driven recommendations 
or decisions [89]. 

The utilization of Llama 2 by early adopters brings forth important considerations regarding 
responsible AI and ethics. By addressing bias, promoting transparency, ensuring privacy, and 
evaluating societal implications, the AI community can uphold ethical standards and foster trust in 
the deployment of Llama 2 and other AI models. Moving forward, continuous research and 
collaboration are vital in fostering responsible AI practices that contribute positively to society while 
unlocking the full potential of Meta's innovative open-source pre-trained model. 

8. Future Directions and Research 

The frontier of Language Model Models (LLMs) is brimming with possibilities, with notable 
contributions from the open-source pretrained LLM "Llama 2." The ongoing evolution of LLMs fuels 
the exploration of crucial research avenues for researchers and practitioners alike. A paramount 
direction involves the pursuit of larger and more sophisticated models, exemplified by Llama 2's 
remarkable up to 70 billion parameters, with the aim of elevating context comprehension, refining 
reasoning capabilities, and producing precise, contextually relevant responses [32]. These 
advancements hold the potential to revolutionize natural language processing, opening doors to 
novel applications and enhanced performance across various domains. 

An imperative focus within LLM research revolves around tackling biases in the models. The 
possibility of biases in the training data leading to biased outputs raises concerns about fairness and 
equity in AI applications. Hence, researchers are diligently delving into techniques to alleviate biases 
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within the Llama 2 model, striving to create systems that are more resilient and impartial in their 
language generation [1]. Moreover, considerable efforts are directed towards enhancing the 
interpretability of LLMs, allowing users to comprehend the decision-making processes and offering 
explanations for the models' outputs. This facet plays a pivotal role in cultivating trust in AI systems, 
promoting accountability, and reinforcing transparency in their functioning. 

Moreover, there is a keen interest in exploring the multimodal capabilities of LLMs, including 
the dynamic Llama 2 model [1]. By seamlessly integrating visual and textual information, new 
frontiers emerge, facilitating a more comprehensive and contextually-aware approach to content 
understanding and generation. Multimodal LLMs, exemplified by Llama 2, possess the potential to 
revolutionize diverse applications, ranging from image captioning and video analysis to virtual 
assistants. As Llama 2 continues its advancement, the fusion of language comprehension with visual 
data is anticipated to yield increasingly sophisticated and human-like AI systems. The open-source 
nature of Llama 2 paves the way for researchers and developers to actively contribute to and derive 
benefits from these exciting advancements in the realm of language modeling. 

To date, the assessment of Llama 2 [1] performance has been primarily reliant on benchmarks 
provided exclusively by its developers, which encompass datasets such as TriviaQA, SQuAD, and 
GSM8K, among others. These benchmarks are widely acknowledged for their reliability. 
Nonetheless, there is a growing consensus regarding the necessity of conducting independent 
evaluations employing supplementary benchmark tools and datasets. Notably, the LAMBADA 
dataset presents a language modeling and word prediction benchmark that aligns well with the 
proficiencies of LLMs [90]. This dataset allows for evaluating LLMs' predictive capabilities when 
tasked with filling in missing words within sentences. Similarly, the RACE (RACE: Large-scale 
ReAding Comprehension Dataset from Examinations) dataset serves as an evaluation resource to 
assess LLMs' competence in comprehending and responding to questions based on given passages 
[90]. Furthermore, the SuperGLUE benchmark, as an extension of GLUE, encompasses more 
challenging tasks that are particularly apt for evaluating the capabilities of advanced LLMs [91]. It 
serves as a means to assess how effectively LLMs navigate complex language understanding tasks, 
including ReCoRD and CommonsenseQA. Consequently, incorporating these additional benchmark 
tools contributes to a more comprehensive evaluation of LLMs' performance, particularly with 
respect to their language modeling, comprehension, and reasoning abilities. 

Finally, although the license agreement may impose certain obstacles for those seeking 
substantial profits from Llama, initiatives like LLaMA2.ai [43] are deemed necessary. The success of 
ChatGPT lies in the user's ease of running such models without the need to install software or deploy 
models themselves [3]. A compelling proposition entails Meta's potential development of a 
comparable tool to ChatGPT, encompassing both an API and ChatBot UI. Additionally, this tool 
could be endowed with the capability of being fine-tuned by user-generated inputs on current topic 
tasks. Consequently, the acquired knowledge from these tasks could be incorporated into the 
pretrained model as updates, thereby augmenting its adaptability and usefulness. 

The development of such models necessitates collaboration between the parent company and 
early adopters. Early adopters, through domain-specific projects and fine-tuning, play a crucial role 
in unlocking market demands. Subsequently, the parent company and the open-source community 
take charge of meeting these demands and providing the necessary offerings. 

9. Discussion 

The investigation into early adopters' utilization of Meta's new open-source pre-trained model, 
Llama 2, has provided valuable insights into the practical implications and challenges associated with 
its application in AI projects. This section discusses the key findings and implications of this study, 
as well as identifies potential avenues for future research in the realm of AI model adoption and 
development. 

• The investigation into application diversity and effectiveness of Llama 2 indicates a notable level 
of interest among early adopters across a broad spectrum of AI projects. These adopters have 
demonstrated successful deployment of the model on multiple platforms and technologies, 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 August 2023                   doi:10.20944/preprints202307.2142.v2

https://doi.org/10.20944/preprints202307.2142.v2


 22 

 

particularly when fine-tuned for domain-specific tasks. This observation underscores the 
model's versatility and effectiveness in addressing various AI tasks, making it a potential 
solution of interest for researchers and developers seeking a unified model suitable for multiple 
applications. 

• Early Adopters' Feedback and Challenges: Despite the limited availability of feedback, early 
adopters reported encountering minimal challenges in both deployment and fine-tuning 
processes of Llama 2. This outcome reflects favorably on Meta for synchronously launching the 
model with model recipes [40], which seemingly contributed to a smooth user experience and 
implementation for the adopters. 

• Cross-Model Comparisons: In order to obtain a comprehensive assessment of Llama 2's standing 
within the AI landscape, it is suggested that future studies conduct comparative analyses with 
other prominent pretrained models. By undertaking cross-model comparisons, researchers can 
glean valuable insights into Llama 2's distinctive contributions, advantages, and areas in which 
it outperforms existing alternatives. Such analyses would aid in elucidating the specific 
strengths and capabilities of Llama 2, contributing to a more holistic understanding of its 
potential in the field of artificial intelligence. 

• Extended Use Cases and Domains: While the present study provides insights into early adopters' 
deployment of Llama 2 in specific applications, future research endeavors could extend the 
investigation to encompass its implementation across additional domains and diverse use cases. 
Exploring Llama 2's potential in emerging fields, such as healthcare, finance, and environmental 
sciences, would not only exemplify its versatility but also widen its potential impact across 
various industries and research domains. 

Finally, the examination of early adopters' utilization of Meta's Llama 2 pretrained model has 
provided valuable insights into its multifaceted capabilities, effectiveness, and encountered 
challenges. The knowledge gained from this study lays a solid foundation for future efforts aimed at 
refining the model, addressing ethical implications, enhancing scalability, and exploring novel 
applications. By leveraging the collective feedback and experiences of early adopters, the AI 
community can engage in a continuous process of evolution, propelling advancements and 
breakthroughs in the realm of artificial intelligence. 

10. Conclusions 

In conclusion, Llama 2 represents a significant milestone in the field of natural language 
processing. Its open-source nature, combined with its capabilities for research and commercial 
applications, holds the potential to empower diverse users to explore and implement innovative 
solutions responsibly. This paper has not only explored the foundational elements of the Llama 2 
model but also investigated how these early adopters harness its capabilities in their AI projects. Ten 
days after the launch of Llama 2, the fine-tuning of the model for medical-specific domains and 
chatbots demonstrates a prevailing trend among researchers towards a pursuit of a more robust and 
contextually appropriate AI framework, aimed at fostering a higher level of quality and ethical 
standards for future AI applications. Moreover, we have discussed the implications of Llama 2's 
adoption on the broader open-source AI landscape, addressing challenges and opportunities for 
developers and researchers seeking to develop cutting-edge AI solutions. This study marks an early 
exploration of the Llama 2 pre-trained model, laying a promising foundation for forthcoming 
research investigations. By embracing ethical considerations, we can harness the power of Llama 2 to 
drive positive impacts across various domains. 
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Figure A1. Word Clouds for each cluster. 
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