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If I have seen further it is 
by standing on the 
shoulders of Giants

Isaac Newton

letter to his rival Robert Hooke 

2Image generated with Stable Diffusion XL 1.0 on Amazon Bedrock

https://aws.amazon.com/bedrock/stable-diffusion/
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LLMs in 2017-2021: Visual summary
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LLMs in 2017-2021: Key take aways

• Transformer architecture and transfer learning changed the game

– Initial approaches focus on embeddings (BERT) or generation (GPT)

• Most notable LLMs are open-source

• Model evolution trends:

– Bigger (e.g. 175B of GPT-3)

– Optimized architecture (e.g. DistilBERT, GPT-Neo)

– Optimized prompting (e.g. T5 classification as text generation)

– Larger training dataset (e.g. XLM-R multi-lingual by using CommonCrawl)

– Multi-modality (e.g. CLIP)

• Technology is also evolving (e.g. AWS Inferentia & Trainium, HF library)
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Image generated with Stable Diffusion XL 1.0 on Amazon Bedrock

https://aws.amazon.com/bedrock/stable-diffusion/


AWS DEEP DIVE DAYS - GENERATIVE AI

© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved. 

What's past is prologue

William Shakespeare

The Tempest

5
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LLMs in 2022: Bigger and trained on more data
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2022

Image credit: PaLM: Scaling Language Modeling with Pathways
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Emerging capabilities of LLMs
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LLMs in 2022: Optimized
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2022

Chinchilla

Image adapted from: Training Compute-Optimal Large Language Models
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https://arxiv.org/abs/2203.15556
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LLMs in 2022: Multi-modal
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2022

Credits: Stability.AI
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https://stability.ai/news/stable-diffusion-public-release
https://openai.com/research/whisper
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LLMs in 2022: Technology evolves
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2022
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LLMs trends in 2017-2021 2022

• Model evolution trends:

– Bigger (e.g. 540B of PaLM)

– Optimized architecture (e.g. Chinchilla)

– Larger training dataset

– Multi-modality (e.g. Stable Diffusion)

• Technology is also evolving (e.g. AWS Inferentia2)
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Anything I missed? 

Image generated with Stable Diffusion XL 1.0 on Amazon Bedrock

https://aws.amazon.com/bedrock/stable-diffusion/
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Ah right, Chatbots! How to forget LaMDa? 🤔
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2022

Credits: El Pais
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https://english.elpais.com/science-tech/2022-06-26/lamda-the-machine-that-is-like-a-7-year-old-kid-can-a-computer-have-consciousness.html
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LLMs in 2022: The elephant in the room -- RLHF
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2022

Image credit: Training language models to follow instructions with human feedback
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https://arxiv.org/abs/2203.02155
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LLMs in 2022: take aways

• Emerging capabilities of LLMs

– Generalization with few shots

– High-quality text generation

– Ability to handle domain-specific and general knowledge

– Reasoning and problem-solving

• RLHF sparks a surge of renovated interest into conversational AI

• Multi-modal models take off

• Most notable LLMs are now closed-source

14
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2023

— Technology

— Open Source Model

— Closed Source Model
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LLMs in 2023: the raise of closed source models and apps



AWS DEEP DIVE DAYS - GENERATIVE AI

© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved. 

Llama: major Open Source release since BERT (2018) and GPT-2 (2019)
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2023
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https://ai.meta.com/blog/large-language-model-llama-meta-ai/
https://crfm.stanford.edu/2023/03/13/alpaca.html
https://lmsys.org/blog/2023-03-30-vicuna/
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2023
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Open Source is back in business...
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Credits: TII

Falcon 180B

Estimated costs for 

LLama2 70B: $22M
Reference: Nazneen Rajani

https://about.fb.com/news/2023/07/llama-2/
https://www.tii.ae/news/uaes-technology-innovation-institute-launches-open-source-falcon-40b-large-language-model
https://twitter.com/nazneenrajani/status/1681336461784928256
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2023

— Technology

— Open Source Model

— Closed Source Model
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Invent and simplify: DPO
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Reference: arxiv:2310.16944

Image credit: https://arxiv.org/abs/2305.18290
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Technology also evolves
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2023

— Technology

— Open Source Model

— Closed Source Model
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https://huggingface.co/blog/peft
https://aws.amazon.com/blogs/machine-learning/aws-and-hugging-face-collaborate-to-make-generative-ai-more-accessible-and-cost-efficient/
https://huggingface.co/blog/4bit-transformers-bitsandbytes
https://aws.amazon.com/blogs/machine-learning/announcing-the-launch-of-new-hugging-face-llm-inference-containers-on-amazon-sagemaker/
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LLMs trends in 2017-2021 2022 2023

• Model evolution trends:

– Bigger (e.g. ?B)

– Optimized architecture (e.g. Zephyr7B)

– Larger training dataset (NB: mostly AI-generated)

– Multi-modality (e.g. Stable Diffusion XL, GPT-4, Gemini, Titan)

• Technology is also evolving
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Image generated with Stable Diffusion XL 1.0 on Amazon Bedrock

https://aws.amazon.com/bedrock/stable-diffusion/
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LLMs in 2023: take aways

• Closed-source landscape is accelerating

– Models and applications evolving very quickly

– Multi-modal becoming fashionable (e.g. GPT-4, Gemini)

– LLMs are becoming a commodity (e.g. Amazon Bedrock)

• Open Source landscape is keeping up

– Competitive models available with commercial license (e.g. Llama, Falcon, Mistral)

– Lots of experimentation and innovation (e.g. Zephyr)

• Specialization is on the rise 

– Natural language to Code (e.g. CodePilot, Code Whisperer, LlamaCode)

• Emerging architectural patterns

– Retrival Augmented Generation

– Agents

21
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Generative AI Stack in AWS

GPUs InferentiaTrainium SageMaker

EC2 Capacity Blocks NeuronUltraClusters EFA Nitro

Amazon Bedrock

Guardrails AgentsBroad choice of models

Amazon Q   Amazon Q in 

Amazon QuickSight  

Amazon Q in 

Amazon Connect  

Amazon 

CodeWhisperer

Customization Capabilities
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Thank you!

© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved. 

Please complete the 
session survey.

Please create a

Survey QR code from 

CSAT Link 

in Session Tracker Quip.

https://www.linkedin.com/in/
luca-perrozzi/

lperroz@amazon.ch

Luca Perrozzi

https://console.harmony.a2z.com/qrcode/
https://console.harmony.a2z.com/qrcode/
https://quip-amazon.com/LWw0AVKCsGjr/DKB-Chat-your-Data-Torsten-Saemann
https://www.linkedin.com/in/luca-perrozzi/
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Backup slides
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Image adapted from: 

Harnessing the Power 

of LLMs in Practice: A 

Survey on ChatGPT and 

Beyond

https://arxiv.org/abs/2304.13712
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Image adapted from: 

The Rise of Cognitive AI
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https://towardsdatascience.com/the-rise-of-cognitive-ai-a29d2b724ccc
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About estimated LLama2 70B costs: $22M
Pre-training dataset 

• 2T tokens

SFT dataset

• 27,540 high quality human annotations (filtered among M of examples)

RLHF dataset

• 1.5M human dedicated annotations + 1.5M open-source annotations
References: llama repository and paper

Disclosed pre-training costs

• 7B model:  184k GPU hours,  $300k

• 70B model: 1.7M GPU hours,   $2.5M

Overall estimated costs

SFT and RLHF $11M (avg 3.9 turns). This does not account for all the human evaluations they did for helpfulness and safety.

Adding training costs and evaluation costs, even with a super conservative estimate, the LLaMA 2 has a price tag of $22M
Reference: Nazneen Rajani
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https://github.com/facebookresearch/llama/blob/main/MODEL_CARD.md#hardware-and-software
https://arxiv.org/abs/2307.09288
https://twitter.com/nazneenrajani/status/1681336461784928256
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Model evolution patterns
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Adapted from: Natural Language Processing with Transformers
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— Open Source Model

— Closed Source Model

2019

https://www.oreilly.com/library/view/natural-language-processing/9781098136789/
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2023
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2022

Credits: InfoQ
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AlexaTM 20B: Few-shot learning using a large-scale multilingual seq2seq model 
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