
Large Language Models
Model Zoo

Sharif University of Technology
Fall 2023

1



2



3



Background

4



Background

● Tokenization
○ WordPiece
○ BPE
○ UnigramLM

● Attention
○ Self-Attention
○ Cross Attention
○ Full Attention
○ Sparse Attention
○ Flash Attention
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Background

● Layer Normalization
○ LayerNorm
○ RMSNorm
○ Pre-LN
○ Post-LN

● Position Encoding
○ Absolute
○ Relative

■ Alibi
■ RoPE
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Background

● Activation Functions
○ ReLU
○ GeLU
○ GLU variants

● Training
○ Data Parallelism
○ Tensor Parallelism
○ Pipeline Parallelism
○ Model Parallelism
○ 3D Parallelism
○ Optimizer Parallelism
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Background

● PreProcessing
○ Quality Filtering
○ Data Deduplication
○ Privacy Reduction

● Architectures
○ Encoder
○ Causal Decoder
○ Prefix Decoder

● Objectives
○ Full Language Modeling
○ Prefix Language Modeling
○ Masked Language Modeling
○ Unified Language Modeling
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Background

● Adaptation
○ Transfer Learning
○ Parameter Efficient Learning

■ Prompt Tuning
■ Prefix Tuning
■ Adapter Tuning

○ Instruction Finetuning
○ Alignment Tuning
○ In-context Learning
○ Chain-of-thought Prompting

● Dataset
● Model Size
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Dataset
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Dataset (RefinedWeb)

11
The RefinedWeb Dataset for Falcon LLM: Outperforming Curated Corpora with Web Data, and Web Data Only (ArXiv 2023)



Dataset (RefinedWeb)

12
The RefinedWeb Dataset for Falcon LLM: Outperforming Curated Corpora with Web Data, and Web Data Only (ArXiv 2023)



Dataset (The Pile)

13
The Pile: An 800GB Dataset of Diverse Text for Language Modeling (ArXiv 2020)



Dataset (ROOTS Corpus)

14
The BigScience ROOTS Corpus: A 1.6TB Composite Multilingual Dataset (ArXiv 2023)



Dataset (ROOTS Corpus)

15
The BigScience ROOTS Corpus: A 1.6TB Composite Multilingual Dataset (ArXiv 2023)



Dataset (MassiveText)

● MassiveWeb
● Books
● C4
● News
● GitHub
● Wikipedia
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Scaling Language Models: Methods, Analysis & Insights from Training Gopher (ArXiv 2022)



Models
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BigBird

18
Big Bird: Transformers for Longer Sequences (NeurIPS 2020)



T5

● Google
● Encoder-decoder transformer

○ No bias in layer normalization
○ Using relative positional embedding
○ Placing layer normalization outside the residual path

● CC
○ 20 TB each month

● C4
○ 750 GB

● mT5
○ mC4

19
Exploring the Limits of Transfer Learning with a Unified Text-to-Text Transformer (JMLR 2020)



T5

● Machine translation
○ WMT

● QA
○ SQuAD

● Summarization
○ NEWS

● Text classification
○ GLUE

● Task prefix

20
Exploring the Limits of Transfer Learning with a Unified Text-to-Text Transformer (JMLR 2020)



T5

21
Exploring the Limits of Transfer Learning with a Unified Text-to-Text Transformer (JMLR 2020)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Oct-2019 11 1T Enc-Dec Span 
Corruption SentencePiece Relative AdaFactor



T5

22
Exploring the Limits of Transfer Learning with a Unified Text-to-Text Transformer (JMLR 2020)



T5

23
Exploring the Limits of Transfer Learning with a Unified Text-to-Text Transformer (JMLR 2020)



mT5

● 101 languages
● mC4
● Data sampling

24
mt5: A massively multilingual pre-trained text-to-text transformer (ArXiv 2020)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Oct-2020 13 1T Enc-Dec Span 
Corruption SentencePiece Relative AdaFactor



PanGu-α

● Autoregressive model
○ Query layer after stacked transformer layers

● 1.1TB Chinese data
○ Common Crawl, e-Books, encyclopedia, etc.

25
Pangu-α : Large-scale autoregressive pretrained chinese language models with auto-parallel computation (ArXiv 2021)



PanGu-α

26
Pangu-α : Large-scale autoregressive pretrained chinese language models with auto-parallel computation (ArXiv 2021)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Apr-2021 200 1.1TB Causal-Dec Next Token BPE - -



CodeGen

● Causal-Dec
○ PaLM

● Natural language and programming language data
● Multi-step approach
● Train sequentially

○ PILE
○ BIGQUERY
○ BIGPYTHON

27
Codegen: An open large language model for code with multi-turn program synthesis (ArXiv 2023)



CodeGen

28
Codegen: An open large language model for code with multi-turn program synthesis (ArXiv 2023)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Mar-2022 16 577B Causal-Dec Next Token BPE RoPE Adam



GPT-NeoX-20B

● Eleuther AI
● Auto-regressive model
● Trained on the Pile dataset without any data deduplication
● Parallel attention and feed-forward layers
● Rotary positional embedding

○ 25% of embedding vector dimension
● Hyperparameter interpolation
● ZeRO optimizer

29
GPT-NeoX-20B: An Open-Source Autoregressive Language Model (BigScience 2022)



GPT-NeoX-20B

30
GPT-NeoX-20B: An Open-Source Autoregressive Language Model (BigScience 2022)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Apr-2022 20 825GB Causal-Dec Next Token BPE Rotary AdamW



Parallel attention and feed-forward layers

● Standard serialized formulation

● Parallel formulation in each Transformer block

● 15% faster training speed at large scales
● Small quality degradation at 8B scale but no quality degradation at 62B scale

31
PaLM: Scaling Language Modeling with Pathways (BigScience 2022)



GPT-NeoX-20B

32
GPT-NeoX-20B: An Open-Source Autoregressive Language Model (BigScience 2022)



GPT-NeoX-20B
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GPT-NeoX-20B: An Open-Source Autoregressive Language Model (BigScience 2022)



GPT-NeoX-20B

34
GPT-NeoX-20B: An Open-Source Autoregressive Language Model (BigScience 2022)



OPT

● Meta AI
● Auto-regressive model

○ A clone of GPT-3
● De-duplicate The Pile
● Dataset

○ RoBERTa
○ The Pile
○ PushShift.io Reddit 

35
Opt: Open pre-trained transformer language models (ArXiv 2022)



OPT

36
Opt: Open pre-trained transformer language models (ArXiv 2022)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

May-2022 175 180B Causal-Dec Next Token BPE - AdamW



OPT

37
Opt: Open pre-trained transformer language models (ArXiv 2022)



OPT

38
Opt: Open pre-trained transformer language models (ArXiv 2022)



OPT

39
Opt: Open pre-trained transformer language models (ArXiv 2022)



BLOOM

● Causal decoder model
○ ALiBi positional embedding
○ Additional normalization layer after the embedding layer
○ Full attention

● ROOTS corpus
● GPT-3 architecture and hyperparameters
● Diverse data source
● GELU

40

Bloom: A 176bparameter open-access multilingual language model (ArXiv 2022)

What Language Model to Train if You Have One Million GPU Hours? (EMNLP Findings 2022)



BLOOM

● ALiBi positional embeddings significantly outperforms other embeddings for 
zero-shot generalization

● Adding layer normalization after the embedding layer incurs a significant 
penalty on zero-shot generalization

41

Bloom: A 176bparameter open-access multilingual language model (ArXiv 2022)

What Language Model to Train if You Have One Million GPU Hours? (EMNLP Findings 2022)



BLOOM

42

Bloom: A 176bparameter open-access multilingual language model (ArXiv 2022)

What Language Model to Train if You Have One Million GPU Hours? (EMNLP Findings 2022)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Nov-2022 176 366B Causal-Dec Next Token BPE ALiBi Adam



BLOOM

43

Bloom: A 176bparameter open-access multilingual language model (ArXiv 2022)

What Language Model to Train if You Have One Million GPU Hours? (EMNLP Findings 2022)



BLOOM
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Bloom: A 176bparameter open-access multilingual language model (ArXiv 2022)

What Language Model to Train if You Have One Million GPU Hours? (EMNLP Findings 2022)



Galactica

● Meta
● Dataset

○ 48 million papers
○ Textbooks
○ Lecture notes
○ Millions of compounds and protein
○ Scientific websites
○ Encyclopedias
○ …

● Tokenization
○ Markdown

● <work> token
● Prompt pre-training

45
Galactica: A large language model for science (ArXiv 2022)



Galactica

46
Galactica: A large language model for science (ArXiv 2022)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Nov-2022 120 106B Causal-Dec Next Token BPE Learned AdamW



Galactica

47
Galactica: A large language model for science (ArXiv 2022)



Galactica

48
Galactica: A large language model for science (ArXiv 2022)



Galactica

49
Galactica: A large language model for science (ArXiv 2022)



Galactica

50
Galactica: A large language model for science (ArXiv 2022)



Galactica

51
Galactica: A large language model for science (ArXiv 2022)



Galactica

52
Galactica: A large language model for science (ArXiv 2022)



GPT-1

● Transformer model (2017, Google)
● GPT-1 (2018)
● Generative Pre-Training
● 12 Layers
● 768 Dimensions
● 117M Parameters
● BPE
● BooksCorpus dataset (1B)
● Adam
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GPT-2

● medium
○ 355M
○ L = 24
○ D = 768

● Large
○ 774M
○ L = 36
○ D = 1280

● XL
○ 1.5B
○ L = 48
○ D = 1600

● BPE
● WebText (40GB)
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GPT-3

55
Language Models are Few-Shot Learners (NeurIPS 2020)

● Decode-only transformer
● Scaling up the size of language models
● 175B parameters
● Likes GPT-2

○ Sparse attention
○ larger batch sizes with a lower learning rate

● Dataset
○ CommonCrawl
○ Webtext dataset
○ books corpora
○ English-language Wikipedia

● ICL



GPT-3

56
Language Models are Few-Shot Learners (NeurIPS 2020)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

May-2020 175 300B Causal-Dec Next Token - Learned Adam



GPT-3

57
Language Models are Few-Shot Learners (NeurIPS 2020)



GPT-3

58
Language Models are Few-Shot Learners (NeurIPS 2020)



GPT-3
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Language Models are Few-Shot Learners (NeurIPS 2020)



GPT-3.5

60

● Training on code data
○ Code-based GPT model (code-davinci-002)
○ Reasoning

● Human alignment
○ RLHF
○ InstructGPT (January 2022)

● Chat GPT
○ InstructGPT
○ Dialogue



GPT-3.5

61



GPT-4

● GPT-4
○ Multimodal
○ Text, Image input-Text output
○ Next token prediction
○ RLHF
○ System prompt
○ Prompt
○ The model’s capabilities seem to come primarily from the pre-training process—RLHF does 

not improve exam performance
○ Data contamination

62
GPT-4 Technical Report (ArXiv 2023)



Data contamination

● n-gram overlap and embedding similarity search
● Rephrased Samples

○ Paraphrasing
○ Translation

● If such samples are included in the training set, a 13B model can reach 
drastically high performance (MMLU 85.9)

Rethinking Benchmark and Contamination for Language Models with Rephrased Samples (ArXiv 2023)
63



Data contamination

Rethinking Benchmark and Contamination for Language Models with Rephrased Samples (ArXiv 2023)
64



GPT-4

65
GPT-4 Technical Report (ArXiv 2023)



GPT-4

66
GPT-4 Technical Report (ArXiv 2023)



GPT-4

67
GPT-4 Technical Report (ArXiv 2023)



Codex

68
Evaluating large language models trained on code (ArXiv 2021)

● Fine-tuned GPT
● Dataset

○ Public Python Github repositories
○ 54 million public software repositories hosted on GitHub containing python files under 1MB

● Github Copilot
● Codex generates 100 versions of a program by repetitive sampling



Codex

69
Evaluating large language models trained on code (ArXiv 2021)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Jul-2021 12 100B Causal-Dec Next Token BPE Learned Adam



Gopher

70
Scaling Language Models: Methods, Analysis & Insights from Training Gopher (ArXiv 2022)

● DeepMind
● Dataset (MassiveText)

○ MassiveWeb
○ Books
○ C4
○ News
○ GitHub
○ Wikipedia

● Models ranges from 44M to 280B parameters in size
● The 280B model beats GPT-3 on 81% of the evaluated tasks



Gopher

71
Scaling Language Models: Methods, Analysis & Insights from Training Gopher (ArXiv 2022)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Dec-2021 280 300B Causal-Dec Next Token SentencePiece Relative Adam



GLaM

72
Glam: Efficient scaling of language models with mixture-of-experts (ICML 2022)

● Generalist Language Model
● Mixture-of-experts (MoE)
● Decoder-only Transformer
● 7× larger than GPT-3
● 1.2T parameters (Activates 97B parameters)
● The largest GLaM (64B/64E) model achieves better overall results while 

consuming only one-third of GPT-3’s training energy



GLaM

73
Glam: Efficient scaling of language models with mixture-of-experts (ICML 2022)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Dec-2021 1200 600B MoE-Dec Next Token SentencePiece Relative Adafactor



MT-NLG

74
Using deepspeed and megatron to train megatron-turing nlg 530b, a largescale generative language model (ArXiv 2022)

● Microsoft and NVIDIA
● Causal decoder
● Dataset

○ Common Crawl and Books3
○ OpenWebText2
○ Stack Exchange
○ PubMed Abstracts
○ Wikipedia
○ PG-19
○ BookCorpus2
○ NIH ExPorter
○ PileCC
○ CC-Stories
○ RealNews



MT-NLG
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Using deepspeed and megatron to train megatron-turing nlg 530b, a largescale generative language model (ArXiv 2022)

● 530B model (3× GPT-3)
● This model beats GPT-3 on a number of evaluations
● Training

○ 8-way tensor slicing by Megatron for memory efficiency
○ 35-way pipeline parallelism using DeepSpeed



MT-NLG

76
Using deepspeed and megatron to train megatron-turing nlg 530b, a largescale generative language model (ArXiv 2022)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Jan-2022 530 270B Causal-Dec Next Token BPE Learned Adam



AlphaCode

77
Competitionlevel code generation with alphacode (Science 2022)

● DeepMind
● Encoder-decoder transformer
● From 300M to 41B parameters
● Competition-level code generation
● Multi-query attention
● Dataset

○ Selected GitHub repositories 
○ CodeContests 
○ Codeforces 
○ Description2Code 
○ CodeNet

● Fine-tuned on a new competitive programming dataset named CodeContests
● Ranked at top 54.3% among over 5000 competitors



AlphaCode
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Competitionlevel code generation with alphacode (Science 2022)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Feb-2022 41 967B Causal-Dec Next Token SentencePiece - AdamW



Chinchilla

79
Training compute-optimal large language models (ArXiv 2022)

● Causal decoder
● MassiveText
● Gopher architecture

○ AdamW
● 400 language models

○ 70 million to over 16 billion parameters
○ 5 to 500 billion tokens



Chinchilla
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Training compute-optimal large language models (ArXiv 2022)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Mar-2022 70 1.4T Causal-Dec Next Token SentencePiece
NFKC Relative AdamW



PaLM

81
PaLM: Scaling Language Modeling with Pathways (ArXiv 2022)

● Google
● Causal decoder
● Dataset

○ 780B tokens
○ Webpages
○ Books
○ Wikipedia
○ News
○ Articles
○ Source code
○ Social media conversations



PaLM
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PaLM: Scaling Language Modeling with Pathways (ArXiv 2022)

● Parallel attention and feed-forward layers
● SwiGLU
● RoPE
● Multi-query attention
● Lossless vocab
● shared input-output embeddings
● 540B parameters (Dense model)
● PaLM memorizes around 2.4% of the training data at the 540B model scale



PaLM
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PaLM: Scaling Language Modeling with Pathways (ArXiv 2022)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Apr-2022 540 780B Causal-Dec Next Token SentencePiece RoPE Adafactor



Parallel attention and feed-forward layers

● Standard serialized formulation

● Parallel formulation in each Transformer block

● 15% faster training speed at large scales
● Small quality degradation at 8B scale but no quality degradation at 62B scale

84
PaLM: Scaling Language Modeling with Pathways (BigScience 2022)



PaLM

85
PaLM: Scaling Language Modeling with Pathways (ArXiv 2022)

● 6144 TPU chips
● Two TPU v4 pod with 3072 chips



PaLM

86
PaLM: Scaling Language Modeling with Pathways (ArXiv 2022)



PaLM

87
PaLM: Scaling Language Modeling with Pathways (ArXiv 2022)



U-PaLM

● Trains PaLM for 0.1% additional compute with UL2 objective
● Same dataset
● Non-causal decoder PaLM

○ Employing 50% sequential denoising, 25% regular denoising, and 25% extreme denoising 
loss functions

88
Transcending scaling laws with 0.1% extra compute (ArXiv 2022)



U-PaLM
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Transcending scaling laws with 0.1% extra compute (ArXiv 2022)



UL2

● Mixture of denoisers
● 20B model

90
UL2: Unifying Language Learning Paradigms (ArXiv 2023)



UL2

91
UL2: Unifying Language Learning Paradigms (ArXiv 2023)



UL2

92
UL2: Unifying Language Learning Paradigms (ArXiv 2023)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

May-2022 20 1T Enc-Dec MoD SentencePiece - -



LLaMA

● Decoder-only transformer
● A set of foundation language models varying from 7B to 65B parameters
● LLaMA-13B outperforms GPT-3 on most benchmarks, despite being 10× 

smaller
● 65B-parameter model is also competitive with the best large language models 

such as Chinchilla or PaLM-540B
● BPE
● Pre-normalization [GPT-3]
● SwiGLU [PaLM]
● Rotary Embeddings [GPTNeo]
● AdamW

93
LLaMA: Open and Efficient Foundation Language Models (ArXiv 2023)



LLaMA
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LLaMA: Open and Efficient Foundation Language Models (ArXiv 2023)

Release 
Time Size (B)  Tokens Category Objective Tokenizer PE Optimizer

Feb-2023 65 1.4T Causal-Dec Next Token BPE RoPE -



LLaMA

95
LLaMA: Open and Efficient Foundation Language Models (ArXiv 2023)



LLaMA
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LLaMA: Open and Efficient Foundation Language Models (ArXiv 2023)



LLaMA
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LLaMA: Open and Efficient Foundation Language Models (ArXiv 2023)



LLaMA
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LLaMA: Open and Efficient Foundation Language Models (ArXiv 2023)



LLaMA
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LLaMA: Open and Efficient Foundation Language Models (ArXiv 2023)



LLaMA
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LLaMA: Open and Efficient Foundation Language Models (ArXiv 2023)



LLaMA

101
LLaMA: Open and Efficient Foundation Language Models (ArXiv 2023)



LLaMA

102
LLaMA: Open and Efficient Foundation Language Models (ArXiv 2023)



LLaMA
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LLaMA: Open and Efficient Foundation Language Models (ArXiv 2023)



Falcon

● 180B, 40B, 7.5B, 1.3B parameters
● REFINEDWEB
● Open source
● Falcon 40B

○ 1 trillion tokens
● Multilingual Falcon 40B

○ English, German, Spanish, French, Italian, Portuguese, Polish, Dutch, Romanian, Czech, and 
Swedish languages

● Falcon 180B
○ 3.5 trillion tokens

104
https://falconllm.tii.ae/falcon.html



Mistral

● Decoder-only transformer
● 7–billion-parameter language model
● Mistral 7B – Instruct
● Grouped-query attention (GQA) 
● Sliding window attention (SWA)
● Rolling Buffer Cache

105
Mistral 7B (ArXiv 2023)



Mistral

106
Mistral 7B (ArXiv 2023)



Mistral

107
Mistral 7B (ArXiv 2023)



Mistral

108
GQA: Training Generalized Multi-Query Transformer Models from Multi-Head Checkpoints (ArXiv 2023)



Mistral

109
Mistral 7B (ArXiv 2023)



Mistral

110
Mistral 7B (ArXiv 2023)



Pythia

● 16 LLMs all trained on public data seen in the exact same order and ranging 
in size from 70M to 12B parameters

● EleutherAI
● Decoder-only autoregressive language models
● All models were trained on the same data in the same order
● The data and intermediate checkpoints are publicly available for study
● Pile
● BPE tokenizer

111
Pythia: A Suite for Analyzing Large Language Models Across Training and Scaling (ICML 2023)



Pythia

● Flash Attention
● Rotary embeddings
● Adam
● ZeRO
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Pythia: A Suite for Analyzing Large Language Models Across Training and Scaling (ICML 2023)



RWKV

● RNN+Large model size
● Parallelizable RNN with Transformer-level LLM Performance
● RNN problems

○ Training time
● Train like a transformer
● Inference like a RNN
● R: Receptance
● W: Weight
● K: Key
● V : Value

113
RWKV: Reinventing RNNs for the Transformer Era (ArXiv 2023)



RWKV
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RWKV: Reinventing RNNs for the Transformer Era (ArXiv 2023)



RWKV
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RWKV: Reinventing RNNs for the Transformer Era (ArXiv 2023)


