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Foreword  Table of contents

Introduction

Large Language Models (LLMs) have revolutionised the field of artificial 

intelligence, enabling machines to understand and generate human-like text 

with unprecedented sophistication. In this chapter, we will explore the practical 

aspects of working with LLMs, empowering you to harness their capabilities 

without requiring a significant investment in terms of time and effort.

We'll begin by addressing the computational demands of LLMs, delving into 

their model size and memory requirements. Understanding these factors is 

crucial for determining how and where to deploy these powerful models 

effectively. We'll then cover the concept of quantization, which can significantly 

reduce model size and memory usage while preserving performance.

Finally, we will turn our attention to hands-on experimentation. We'll guide you 

through various tools and libraries that enable local model inference, allowing 

you to explore LLMs on your own machine. Additionally, we will begin to explore 

elements of cloud-based platforms like Google Colab and AWS SageMaker, 

which provide scalable environments for more advanced LLM development and 

deployment. By the end of this chapter, you'll have a solid understanding of the 

practical landscape of LLMs and you will be equipped with the tools needed to 

easily experiment with LLMs and their potential applications.

http://expoplatform.com
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Let us begin our journey by understanding the computational demands of Large 

Language Models. The size of these models and their memory requirements are 

crucial factors in determining how and where they can be deployed.

To train such a model, one must have a reliable and vast source of inputs and 

correct respective outcomes. The model training step is an iterative cycle of 

taking a set of inputs, producing a set of corresponding outputs, and then 

adjusting the internal model parameters in such a way as to minimise the error 

between expected output and actual output. This error is computed by a function 

that measures the difference, or distance, between the expected and actual 

outputs, and is commonly referred to as a loss function.

The model parameters are therefore the learnable weights, or constants, that the 

model itself adjusts during training in order to minimise the difference between its 

predictions and actual outcomes. Typically, for LLMs, parameters include values 

for word embeddings, attention mechanisms, and other architectural components 

that enable the model to understand and generate text.

The number of these parameters directly impacts the model's complexity and 

computational requirements. More parameters generally means a more powerful 

and fine-grained model but also demand greater computational resources for 

training and inference.

During training, an  is used to adjust these parameters based on the 

gradients computed from the loss function. It helps in guiding the model 

towards better performance by updating parameters in a direction that reduces 

the error between predicted and actual outputs. are the outputs of 

each layer in the model when given an input. Activations capture the responses 

of the model to the input data and are crucial for computing gradients during 

, a fundamental step in training neural networks.

"optimizer"

Activations 

backpropagation

expoplatform.com | How to play with LLMs 4

https://www.geeksforgeeks.org/optimization-rule-in-deep-neural-networks/
https://www.geeksforgeeks.org/activation-functions-neural-networks/
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It is important to note that the complex loss functions typically used for LLMs 

are non-convex functions, and no known deterministic methods exist which can 

guarantee that the optimisation will find the global minimum. This means that 

while such models can be trained to increasing levels of accuracy, there can be 

no guarantee that any such model will be infallible. This also means that finding 

the optimal parameters is a computationally intensive task. The requirement for 

vast amounts of labelled data, along with the computationally intensive training 

is what makes the creation of new models a significant technical and financial 

challenge.

Let us recall that floating point numbers can be stored at different levels of 

precision (i.e. number of decimal points) in memory and that the level of 

precision is decided by the number of bits dedicated to storing a given number. 

The obvious impact of lower precision is higher rounding error from 

mathematical operations. However, in the context of LLMs, lower precision 

during training means less granularity in step size when seeking optimal model 

parameter values, as well as value precision for finding the global minimum.

Consider that a single model parameter at full 32-bit precision is represented by 

4 bytes. Therefore, a 1-billion parameter model, where the parameters are at full 

32-bit precision, requires 4 bytes * 1 Billion (4 bytes per parameter), or 4 GB, of 

GPU RAM to load the model for inference.Much more GPU memory would be 

required to train the same model in order to store the states of the numerical 

optimizer, gradients, and activations, as well as any temporary variables used by 

the function.

These additional components lead to approximately 12–20 extra bytes of GPU 

memory per model parameter. So in order to train a 1-billion-parameter model, 

one would need approximately 24GB of GPU RAM at full 32-bit precision, six 

times the memory compared to just 4GB of GPU RAM for loading the model.

Memory needed to train the model in full precision:

expoplatform.com | How to play with LLMs 5

Model Parameters 4 bytes per parameter

Adam optimizer (2 states) 8 bytes per parameter

Gradients 4 bytes per parameter

Activations and temp memory variable size 8 bytes per parameter (est.)

TOTAL 4 + 20 bytes per parameter

http://expoplatform.com
https://www.geeksforgeeks.org/adam-optimizer/
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You will sometimes see other formulas for KV cache estimation in online 

resources, as n_layers or num_hidden_layers is used to represent the number of 

layers variable which is equivalent to the Q matrix. Many model configuration 

files also have a single variable called n_hidden_size that represents the 

num_heads * d_head matrices, which is equivalent to the number of heads * 

dimensionality of key value head matrix.

As an example, let’s calculate the KV cache memory requirements for the  

 7B model.Phi-3-small-8k

The KV cache size per token at full 32-bit precision can be calculated as:

2 * 4 (load in full-precision) * 32 * 4096 = 1048576 bytes per token = 0.00105 

GB per token

KV-cache size when loading the model parameters in half-precision (fp16):

2 * 2 (load in half-precision) * 32 * 4096 = 524288 bytes per token = 0.00053 

GB per token

Total overhead of KV-cache for a single max sequence of tokens �8192 tokens) 

in full precision:

8192 tokens * 0.00105 GB per token 7 - 8.61 G1

�+lease note that the above size is for the max sequence length supported by 

the model. %horter sequences will occupy less memory space.)

By reducing the precision of model parameters (or weights) post-training, you 

can dramatically reduce the hardware requirements for inference. [n our 

example of generating text with the +hi-3-small-8k model, if we load the model 

in full precision, we would require a whopping 36.6 GB of memory. Tot many 

G+Ss even support this much VPAM on a single hardware unit. Mn the other 

hand, if we quantize the model weights to a lower precision like fp16, we only 

need 18.34 GB of G+S VPAM. This allows for faster computation and reduced 

memory usage.

������������������������������������������� ~}������|���������������

7 billion parameters * 4 (full-precision) = 28GB for parameters © 8.6 GB KV 

cache 7 ¢  �§� ¡¦

[f we load the model parameters in half-precision (fp16), we will require 

approximately 18.34 GB of G+S memory:

7 billion parameters * 2 (half-precision) = 14GB for parameters © 4.34 GB �8192 

tokens * 0.00053GB per token) KV cache ≈ 18.34 GB

http://expoplatform.com
https://huggingface.co/microsoft/Phi-3-small-8k-instruct
https://huggingface.co/microsoft/Phi-3-small-8k-instruct
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Due to the smaller memory footprint, model loading is also faster. However, using 

lower precision comes with a tradeoff between speed and accuracy. When we 

quantize the model to lower precision, we lose some of the fine-grained attributes 

of the model, but the difference is usually minimal and not noticeable in most 

conversations. If you are willing to sacrifice some accuracy for speed due to 

hardware limitations, then considering lower precision might be worthwhile. 

That is why most of the time inference is not done on full precision (i.e. 32-bit) 

but rather at 16-bit or even lower precision.

As we delve deeper into the world of LLMs, it's important to understand how we 

can optimise these models for different hardware configurations. This leads us 

to our next topic: quantization.

Quantization reduces the memory needed to load and train a model by reducing 

the precision of the model weights. Quantization converts the model parameters 

from 32-bit precision down to 16-bit precision, 8-bit, 4-bit or even 1-bit by 

potentially trading off some of the model quality in exchange for significant 

reduction in computational requirements.

For example, by quantizing the model weights from 32-bit full precision down to 

16-bit or 8-bit precision, you can quickly reduce your 1-billion-parameter-model 

memory requirement by 50% to only 2GB, or even by 75% to just 1GB for loading.

Image 2.2. Memory required to load 1B parameter model weights at different precisions

Quantization

4 GB @ 32-bit 

full precision

full precision 

model

2 GB @ 16-bit 

half precision

16-bit quantized 

model

1 GB @ 8-bit precision

8-bit quantized 

model

http://expoplatform.com
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This may come at the cost of model quality though in some cases, quantization 

has been . We will dive deeper into model 

quantization methods in Chapter 5 where we will be discussing deployment of 

LLMs for real-world applications.

shown to improve performance

Now that we've explored ways to optimise model size and memory usage, let's 

turn our attention to the practical aspects of running these models on your local 

machine.

http://expoplatform.com
https://arxiv.org/html/2402.16775v1
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Before exploring cloud-based solutions for deploying LLMs at scale, let's begin 

with local model inference. This approach offers an easy and cost-effective way 

to start experimenting. We'll cover tools like GPT4All, LM Studio, and the 

Transformers library, as well as frameworks like Llama.cpp, Ollama, and vLLM, 

which enable you to experiment with LLMs with fewer parameters on your own 

machine.

To train such a model, one must have a reliable and vast source of inputs and 

correct respective outcomes. The model training step is an iterative cycle of 

taking a set of inputs, producing a set of corresponding outputs, and then 

adjusting the internal model parameters in such a way as to minimise the error 

between expected output and actual output. This error is computed by a function 

that measures the difference, or distance, between the expected and actual 

outputs, and is commonly referred to as a loss function.

GPT4All is a free-to-use, locally running, privacy-aware chatbot which does not 

require GPU or even internet to work on your machine. It is an open-source app, 

available for Windows, Mac, and Linux (Debian-based) platforms.

With this app, you only need to download it, choose the LLM for chatting, and 

start chatting with the LLM. There's no need to write a single line of code.

A GPT4All model is a 3GB — 20GB file that you can download from the app 

interface. Currently you can choose from over 1000 open-source language 

models.  supports and maintains this software ecosystem to enforce 

quality and security.

Nomic AI

expoplatform.com | How to play with LLMs 11

GPT4All

https://gpt4all.io/index.html
https://nomic.ai/
http://expoplatform.com
https://gpt4all.io/index.html
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In the above figure, we are running the 4-bit quantized 

model on the GPT4All Linux app on CPU completely locally, without internet. 

You will notice that when asked “What can you do for me?”, the model answers 

the question and then goes on to write about a poem titled “Whispers of the 

Forest”. It continues to act as a poetry writing assistant, which is due to the 

limited capability of the chosen model rather than the GPT4All app itself. A 

larger model would not exhibit such behaviour.

Phi-3.1-mini-4k-instruct 

You can also upload your local sensitive documents to the chatbot for various 

text generation tasks such as summarization, question answering, and more. It 

supports both CPU and GPU hardware when available.

LM Studio helps you find, download, and experiment with LLMs locally on your 

laptop. LM Studio is an easy-to-use desktop app for experimenting with local 

and open-source Large Language Models (LLMs). 

The LM Studio cross-platform desktop app allows you to download and run any 

ggml-compatible model from Hugging Face or anywhere else and provides a 

simple yet powerful model configuration and inferencing UI. 

Image 2.3. Phi-3.1-mini-4k-instruct model running on GPT4All app in Linux 

LM Studio

http://expoplatform.com
https://huggingface.co/bartowski/Phi-3.1-mini-4k-instruct-GGUF
https://lmstudio.ai/
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“GG'' refers to the initials of its originator (Georgi Gerganov) in GGUF and GGML. 

Read more about the GGUF and GGML data formats here: GGUF vs GGML

The app leverages your GPU when possible and you can also choose to offload 

only some model layers to GPU VRAM.

The app leverages your GPU when possible and you can also choose to offload 

only some model layers to GPU VRAM.

Image 2.4. LM Studio inference on a Windows machine

Image 2.5. LM Studio inference on a Linux machine

http://expoplatform.com
https://deci.ai/blog/ggml-vs-gguf-comparing-formats-amp-top-5-methods-for-running-gguf-files/?source=post_page-----060a4cb1a169--------------------------------
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Though UI based tools like GPT4All and LMStudio are good, they are also limited 

in terms of which models you can use and how much customization you can do 

to the open-source models. 

Cases when you want to test the latest model that was just released by a 

research team, or fine-tune a model, or do quantization serving, is not straight 

forward in the tools. To have more control and cover more use-cases for your 

robust requirements we turn to more advanced libraries.

In the previous chapter, "A primer on LLMs," we introduced , the 

house of open-source models.

HuggingFace

The HuggingFace Transformers library, once known as pytorch-transformers 

and later as pytorch-pretrained-bert, is a toolkit that allows you to interact with 

models available in the HuggingFace repositories.

A Python library is a collection of functions and methods that allows you to 

perform many actions without writing your own code. It typically consists of 

pre-written code that you can reuse to simplify the development process. In our 

case, we can use the Transformers library to load large language model 

architectures, configurations, and model weights provided by the contributors 

of these models in just a few lines of code, rather than writing our own code 

from scratch for model architecture and configuration. The repositories on 

HuggingFace are similar to GitHub repositories, and they host gigabytes of 

model weights using git LFS. The Transformers library simplifies downloading 

these models to a single model load command.

Apart from this, the library also provides general-purpose architectures (BERT, 

GPT-2, RoBERTa, XLM, DistilBert, XLNet, etc.) for Natural Language 

Understanding (NLU) and Natural Language Generation (NLG) with over 120k 

pretrained models, 20k datasets, 50k demos, and deep interoperability between 

TensorFlow 2.0 and PyTorch, two most prominent deep learning frameworks 

used to build and train neural networks. It’s not just about using the models 

though; the library also provides tools for pre-training, fine-tuning, quantization, 

and serving the models.

Transformers Library

This makes the Transformers library an invaluable tool for anyone exploring 

language models.

http://expoplatform.com
https://huggingface.co/
https://github.com/huggingface/transformers
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https://huggingface.co/NousResearch/Hermes-2-Pro-Mistral-7B
https://huggingface.co/mistralai/Mistral-7B-v0.1
https://colab.research.google.com/
https://github.com/Expo-Platform/llm-book/tree/main/notebooks/Chapter_2
https://the-hitchhikers-guide-to-llms-for-events-from-zero-to-product.readthedocs.io/en/latest/notebooks/Chapter_2/index.html


�����
�����
�������	���� ������������������

7/3135* .12-6$1-)%(#",'0"'&4!+',�0�'���� 98

WWWWWRRRHTMJSGFPIFTLGEGFKJW@N>WPIKWPWGKDFMKDFCWG>QKIMDFKBBMAKDFWPIFM?M=MPBW

AKDKIPBWMDFKBBMAKD=KCWVKIKWFNWFKP=VWPD<WPGGMGFWJK;HTMJSKD<TLWHTMJSGFPIFTL>GKIW

OVPFWMGWFVKWJKPDMDAWN?WBM?K:;HTMJSKD<TLWHTMJSGFPIFTLPGGMGFPDFRRRCU

�

svunrs soikjor|{t

sssss qvunrzt

ssssshdobrmha|s_srkwfdh^fiqvunr]sifrbidmrfd|ki|_lorlz\hdobrmha|\rkqlvbanly

sssssZfdfinrfamha|s_sjkafY\Zfdfinrfp

ssssssssssshdobrmha|]t

sssssssssssjngmdf[mrkwfd|_ ]t

sssssssssssrfjofinrbif_ \ ]t

sssssssssssifofrhrhkdmofdnYrx_ \ ]t

sssssssssssakm|njoYf_cibf]t

sssssssssssfk|mrkwfdmha_rkwfdh^fi\fk|mrkwfdmh`

ssssszt

sssssif|okd|fs_srkwfdh^fi\afvkafp

sssssssssssZfdfinrfamha|� ~�hdobrmha|\|unof� ~{~]t

sssssssssss|whom|ofvhnYmrkwfd|_cibf]t

sssssssssssvYfndmbomrkwfdh^nrhkdm|onvf_cibe

ssssszt

sssss q sXif|okd|f} y

��� ��

�����

���

� �

� �

� ��

����� ����������� �

Á§ÃµÂ¸

¬¿¼®Â·¼¿º¶¹µ¿¶³¿¯·¾·À¶Â¶ª¾¿¶ ¶¯¶®µ¾ªÂ¼Â®µ¾©¯ª¶¨«¿¼Ã¾Â·¶¯·¦¶µ¯¼¶²¿¿·¶¦¿²¯Ã¿¦¶

¶©¿·Ã«±¾¿¼¥¶¢Ã¡¼¶¯¶ ¶©Â·©¿®Ã¶Ãµ¯Ã¶¤¯±¾¿¼¶¦¿®¿·¦¾·À¶Â·¶¾·¦¾¤¾¦«¯ª¶

®¿±¼®¿©Ã¾¤¿¼ ¶²¿ª¾¿¼ ¶¯·¦¶¤¯ª«¿¼¥¶»Â³¿¶®¿Â®ª¿¶²¿ª¾¿¤¿¶Ãµ¯Ã¶Ãµ¿¶³¿¯·¾·À¶Â¶

ª¾¿¶©Â³¿¼¶ ¶®¿±¼Â·¯ª¶«ª¾ªª³¿·Ã ¶±¿ª¯Ã¾Â·¼µ¾®¼ ¶¯·¦¶®«±®Â¼¿«ª¶

¯©Ã¾¤¾Ã¾¿¼¥´

�Ãµ¿±¼¶¾·¦¶³¿¯·¾·À¶ ¶¼®¾±¾Ã«¯ª¾Ã§¶Â±¶±¿ª¾À¾Â«¼¶¯¾Ãµ¥¶�ªÃ¾³¯Ã¿ª§ ¶Ãµ¿¶

³¿¯·¾·À¶Â¶ª¾¿¶ ¶¼«²°¿©Ã¾¤¿¶¯·¦¶«·¾¨«¿¶ÃÂ¶¿¯©µ¶®¿±¼Â·¶²¯¼¿¦¶Â·¶Ãµ¿¾±¶

¿½®¿±¾¿·©¿¼ ¶²¿ª¾¿¼ ¶¯·¦¶®±¾Â±¾Ã¾¿¼¥¶¢¶§Â«¡±¿¶ªÂÂ�¾·À¶ ¶³Â±¿¶¼®¿©¾¾©¶

À«¾¦¯·©¿ ¶¼¿ª�±¿ª¿©Ã¾Â·¶¯·¦¶¦¾¼©«¼¼¾Â·¼¶ ¶ÂÃµ¿±¼¶©¯·¶ ¶¿½®ªÂ±¾·À¶

§Â«±¶Â£·¶®¿±©¿®Ã¾Â·¶Â¶Ãµ¿¶³¿¯·¾·À¶Â¶ª¾¿¥

ÌWÍN<KBWIKGQNDGÇ

ÕÓ

ÜÚÙ

ÜÙÚØ

Õ×

ÕÓ

ÜÚÙ

ÔÕÛÝ ÝÖÒÑÐÕ×

äàãâáßÞ

���p��y�wi�h��h��p�pu��r�L��m����mi�y����m�d���,�y�u��ir������d����r�qu����

�����������h�m��r�m�M����(�.k.�.�F������k).�U�i�i����h�����i�i���

�p�g���r�m�M���.

Request access 

to Meta Llama

http://expoplatform.com
https://llama.meta.com/llama-downloads
https://llama.meta.com/llama-downloads
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Originally  was a C/C++ port of Facebook’s LLaMA model, a large 

language model (LLM) that can generate text, translate languages, write 

different kinds of creative content, and answer your questions in an informative 

way. Now it is not limited to the LlaMa family of models.

LLaMA.cpp

Facebook (or Meta) changed the casing of LlaMa characters to Llama when 

Llama 2 was released. Llama stands for Large Language Model Meta AI.

llama.cpp supports inference, fine-tuning, pretraining, and quantization (up to 2 

bits) of  models with minimal setup and state-of-the-art performance on a 

wide variety of hardware — locally and in the cloud. It also supports conversion 

of other model extensions to .

ggml

ggml

LM Studio is powered by llama.cpp. llama.cpp is one of the most stable, 

production-grade framework with multimodal support and bindings in 14 most 

popular programming languages .including python

Running inference with llama.cpp on Linux -

1. Create a new  environment:conda

Image 2.�. Create a new conda environment with python�.11

�����

/-*.('/,)(%)'$$*(#)'!!(#(/  ' �%�-*�&+""'$�

653231044

http://expoplatform.com
https://github.com/ggerganov/llama.cpp
https://github.com/ggerganov/ggml
https://github.com/ggerganov/ggml
https://github.com/abetlen/llama-cpp-python
https://conda.io/projects/conda/en/latest/user-guide/getting-started.html
https://github.com/ggerganov/llama.cpp
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http://expoplatform.com
https://github.com/ggerganov/llama.cpp
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úø÷ùö

./main -m ./models/tinyllama-1.1b-chat-v1.0.Q4_K_M.gguf -p "What is the 

meaning of life?" -n 1028

http://expoplatform.com
https://llama.meta.com/llama-downloads/
https://huggingface.co/TheBloke/TinyLlama-1.1B-Chat-v0.3-GGUF/tree/main
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http://expoplatform.com
https://github.com/ollama/ollama/blob/main/docs/import.md
https://ollama.com/download
https://www.ollama.com/
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Amazon SageMaker is a fully managed service provided by AWS that enables 

developers and data scientists to build, train, and deploy machine learning (ML) 

models at scale. It simplifies the ML workflow by providing tools for labelling 

data, selecting algorithms, training models, and deploying them into production. 

Key features include:

�� End-to-End ML Workflow: SageMaker offers a seamless workflow, from 

building and training models to deploying them for inference.

�� Managed Notebooks: Integrated Jupyter notebooks allow easy collaboration 

for data exploration and model development.

�� Built-in Algorithms: SageMaker includes a variety of pre-built algorithms for 

common ML tasks, reducing the need for custom coding.

�� Hyperparameter Tuning: Automated hyperparameter optimization helps find 

the best configuration for model performance.

�� Model Deployment: Easily deploy models for real-time or batch processing 

with automatic scaling.

�� A/B Testing: Conduct experiments with multiple models to evaluate and 

compare their performance.

�� Secure and Scalable: Built-in security features and the ability to scale 

resources up or down based on demand.

�� Support for Popular Frameworks: SageMaker supports popular ML 

frameworks like TensorFlow, PyTorch, and scikit-learn.

It provides a comprehensive environment for machine learning, covering the 

entire process from data preparation to model deployment and monitoring.

http://expoplatform.com
https://aws.amazon.com/sagemaker/
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The jupyter notebooks in SageMaker Studio runs on AWS infrastructure. That 

means you can utilise powerful GPUs on-demand and halt billing immediately 

after you no longer need them. This helps tremendously for people who don’t 

have the resources to invest in powerful GPUs like  and . But at 

the time of writing, they only support 80GB of GPU RAM per instance. And since 

you likely want to train models larger than 1 billion parameters, you will need a 

bunch of them connected together.

 Nvidia A100 H100

Amazon EC2  instances have up to 8 GPUs, each with a Nvidia 

A100 GPU and a total of 640 GB GPU memory, at the price of $32.77 per hour. 

Depending on your use case it can still be a lot more cost-effective than trying 

to create your own GPU cluster node like the .

p4d.24xlarge

Nvidia DGX A100 system

Amazon SageMaker Studio is a cloud-based fully managed integrated development 

environment (IDE) with pre-built tools for end-to-end ML development.

Image 2.17. SageMaker Studio UI

SageMaker Studio

http://expoplatform.com
https://www.nvidia.com/en-in/data-center/a100/
https://www.nvidia.com/en-in/data-center/h100/
https://aws.amazon.com/ec2/instance-types/p4/
https://www.nvidia.com/en-in/data-center/dgx-a100/
https://aws.amazon.com/sagemaker/studio/
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��  After creating a ipykernel, start a new notebook environment. Select the above 

created kernel and after that, you use the notebook like any other jupyter notebook.

In the above commands, first we create a new conda environment called “llm-

playground” with Python, pip and ipykernel packages. After activating it, we 

then install a jupyter kernel so that we can choose this environment in the 

Jupyter Notebook.

SageMaker Studio Lab enables quick experimentation with machine learning 

tools, frameworks, and libraries in a plug-n-play environment similar to Google 

Colab. It is completely free and separate from your AWS account.

You can choose between CPU and GPU, and it also provides many popular pre-

packaged frameworks and customization opportunities with dedicated storage 

of up to 15GB.

Image 2.19. Changing jupyter notebook kernel in the SageMaker Studio notebook

SageMaker Studio Lab

The catch with the studio lab is that it seems to be only available after account 

approval i.e. not available to the general public. The author requested an 

account with a personal email I� and did not receive access after months. Then 

when the author�s university email id was used to request access, it resulted in 

instantaneous account approval.

Another catch with studio lab is that because it is free, you can only access the 

resources for a very limited time before exhausting the daily limits. The limits at 

the time of writing were0

@ Max GPU notebook usage in a day B ; hours

q pai continuous notebook run time on Wa] ` V hourc

Un a whole day, you can run two such cycles or many shorter continuous jobs for a 

total of Q hours in a day.

http://expoplatform.com
https://studiolab.sagemaker.aws/
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Please keep in mind that AWS can change the limits anytime.

If you are able to get access, then you can easily play with models like Mistral 

and stable diffusion in the studio lab.

Image 2.20. Runtime limits of SageMaker Studio Lab

Steps to do inference with Stable Diffusion v1 on SageMaker Studio Lab:

�� Login to SageMaker studio lab

�� Scroll down and click on “Open Notebook” in the “Make AI Generated Images” box.

Image 2.21. Open Notebook button on SageMaker Studio Lab dashboard

nickname

http://expoplatform.com
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�� On the new opened page, change compute type to GPU and click on “Start runtime”

Image 2.22. Start runtime button on the SageMaker Studio Lab dashboard

��  Click on the “Copy to project” button and it will open a window similar to the 

SageMaker studio.

Image 2.23. Copy to project button to start the jupyter lab in the SageMaker Studio Lab

nickname

nickname
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Output:

Image 2.25. Out of the prompt using the Stable diffusion model running in lab’s notebook
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Like Google Colab there are other alternatives that provide a free tier with some 

GPU hours.

�� Paperspace Gradient - is similar to Google Colab. Though they provide some 

GPU hours, they do not specify the number of free GPU hours. The quality of 

those GPU hours is not good either, i.e. one will see frequent runtime 

disconnection. With the free plan, you will get the M4000 GPU which is 

inferior to the Tesla T4 GPU in Colab, but you get free persistent storage.

�� Kaggle - is one of the best options. Kaggle gives you 4CPUs, 29GB of RAM, 

and 30 hours of Tesla P100 GPU per week. The quality of these GPU hours is 

reliable because there are no disconnections. By the way, Kaggle is owned 

by Google. You can easily run smaller LLMs and test them.

�� Saturn Cloud - has a hosted free plan where you get some unspecified free 

compute per month as well as resources with either a 64GB RAM or one T4 

GPU with 16GB RAM. Though the quality of GPU hours is inferior to Kaggle, it 

is a decent free alternative.

�� Lightning AI - provides free monthly 22 GPU hours. In their free tier you also 

get one studio with 4CPUs which is fully free without the GPU. The quality of 

these GPU hours is amazing because you never disconnected once 

connected to the machine.

�� GitHub Codespaces - provides up-to 4 core CPU and 16GB RAM in the free 

tier. You can also easily run smaller models. The VS Code interface with a 

terminal is also available in codespaces.

�� Azure ML Notebooks  Google Vertex ML notebooks and - each cloud 

provider offers free credits that you can use to run notebooks on powerful 

infrastructure on-demand. Azure provides $200 in free credits, but it is not 

easy to use. Google Cloud, similar to Azure, provides $300 in credits that are 

valid for 365 days from allocation.

http://expoplatform.com
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This chapter delves into the practical aspects of deploying LLMs (Large 

Language Models) locally or on cloud platforms like Google Colab and AWS 

SageMaker. It begins by emphasizing key considerations such as model size and 

memory requirements. The chapter discusses challenges and solutions for 

managing model memory during loading and the KV cache requirements at 

runtime. It also introduces quantization as a method to optimize computational 

needs at the expense of slight model quality reduction, a topic to be explored 

further later in the book.

Moving into practical implementation, the chapter explores local model 

inference as a cost-effective approach for experimenting with LLMs. It 

highlights tools like GPT4ALL, LM Studio, and the Hugging Face Transformers 

library, along with frameworks such as Ollama, llama.cpp, and vLLM. 

Additionally, the chapter provides examples of using Google Colab for LLM 

experimentation and outlines comprehensive solutions like AWS SageMaker 

Studio, Studio Lab, and Sagemaker Jumpstart for more advanced usage with 

larger models requiring high computational power. It also introduces Bedrock, a 

serverless generative AI service from AWS that allows developers to easily 

integrate powerful LLMs into their applications with minimal code.

Looking ahead, the next chapter will delve into the architectural patterns of 

LLMs. It will cover prompt engineering, RAG (retrieval-augmented generation), 

customization and fine-tuning, reinforcement learning from human feedback 

(RLHF), pre-training models from scratch, and LLM agents. As we venture into 

these more advanced concepts, it may be helpful to review the foundational 

ideas covered in the previous chapters.
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A

Amazon Bedrock: A fully managed service offered by AWS that allows users to 

LLMs models from leading AI companies through a single API.

API (Application Programming Interface): A set of protocols and tools for 

building software applications, often used to interact with LLMs and other AI 

services.

G

GGUF/GGML: Data/file formats used by Llama.cpp and other tools for efficient 

storage and inference of large language models, developed by Georgi Gerganov.

Google Colab: A free, cloud-based platform for writing and executing Python 

code, often used for machine learning and data analysis tasks.

GPT4All: An ecosystem of open-source large language models that can run 

locally on consumer-grade hardware.

GPU (Graphics Processing Unit): A specialised processor designed to accelerate 

graphics rendering, also used for parallel computing in machine learning tasks.

H

HuggingFace Transformers: A popular Python library for working with pre-

trained transformer models, including loading, fine-tuning, and deploying these 

models.

I

Inference: The process of using a trained model to make predictions or generate 

outputs based on new input data.

F

076CE2: The process of further training a pre-trained model on a specific 

dataset to adapt it for a particular task or domain.
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K

Key-Value (KV) Cache: A memory optimization technique used in Transformer 

models to store previously computed attention values.

L

Large Language Model (LLM): A type of artificial intelligence model trained on 

vast amounts of text data to understand and generate human-like text.

Llama.cpp: An open-source C++ implementation for running LLMs, known for its 

efficiency and ability to run large models on consumer hardware.

LM Studio: A user-friendly desktop application for running and experimenting 

with various large language models locally.

S

SageMaker Jumpstart: A feature of Amazon SageMaker that provides pre-built, 

deployable machine learning solutions and models.

SageMaker Studio: An integrated development environment (IDE) for machine 

learning, provided by Amazon Web Services.

SageMaker Studio Lab: A free version of SageMaker Studio with limited 

resources, designed for learning and experimentation.

O

Ollama: A tool for running, managing, and developing with large language models 

locally.

P

Pre-training: The process of training a Large Language Model from scratch to 

predict the next token for a given sequence.

Q

Quantization: The process of reducing the precision of model weights to 

decrease memory usage and computational requirements.

http://expoplatform.com
https://towardsdatascience.com/how-gpt-works-a-metaphoric-explanation-of-key-value-query-in-attention-using-a-tale-of-potion-8c66ace1f470
https://en.wikipedia.org/wiki/Large_language_model
https://aws.amazon.com/sagemaker/jumpstart/
https://aws.amazon.com/sagemaker/studio/
https://studiolab.sagemaker.aws/
https://ollama.com/
https://www.deeplearning.ai/short-courses/pretraining-llms/
https://www.qualcomm.com/news/onq/2019/03/heres-why-quantization-matters-ai


�������������
���������������������������	����  !��#� �" ��������

@8<:<>3)7:;6?-:62.1,+509+0/=*405(9'0%%$& BA

C

FED c!����h Yh�����Z�X T�Z�_S ] �[���OJ�[Z#� ]P ����#�h���h Q�I�#�e�Q �N 

H��X#� �e��Z"Z��##N "�h ��[h�# ���M�hW O��`Z�� #��h�Z�XG

qnmlpoknjin� ] Q��e #��h�Z�X O�Q�# �h�`Z����[h� Z��h�Q[��Q Z� �`� e�e�h 

|]�����Z�� P� ]## ��[ v��Q�| M`Z�` "�hO� �`� ���Z� "�h O��N O�Q�h� tts�G

�

����� ]� �e��J��[h�� #Z�h�hN "�h "��� tts Z�"�h���� ��Q ��hIZ�X� W��M� "�h Z�� 

`ZX`J�`h�[X`e[� Z�"�h���� ��e��Z#Z�Z���

http://expoplatform.com
https://cloud.google.com/tpu
https://en.wikipedia.org/wiki/Transformer_(deep_learning_architecture)
https://blog.vllm.ai/2023/06/20/vllm.html

