Pretraining Language Models (part 3)

Wel Xu

(Some slides from Greg Durrett, Alan Ritter)



Administrivia

> Project 3 is released (seqg2seq for dialog; can be used for MT)

» Readings —

- T5 by Raffel et al.
https://arxiv.org/abs/1910.10683

» GPT-3 by Brown et al.
https://arxiv.org/abs/2005.14165



Last and this Lecture

- GPT / GPT-2
- BART /T5
- GPT-3

» TO/Flan/PaLM/OPT (this class)



Recap: BERT vs. GPT

~ BERT: only parameters are an
encoder, trained with masked
language modeling objective

» No way to do translation or
left-to-right language
modeling tasks

» GPT: only the decoder, autoregressive LM

> (Small-size versions) Typically used
for unconditioned generation tasks,
e.g. story or dialog generation
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Lewis et al. (2019)



Recap: BART / T5

» What to do for seq2seq tasks?

» Segquence-to-sequence BERT
variant: permute/make/delete

| ABCDE
tokens, then predict full A4 44
sequence autoregressively

Autoregressive
Decoder

Bidirectional
Encoder

>

P

» For downstream tasks: feed <

document into both encoder + A B E «<s>A B C D
decoder, use decoder hidden
state as output

>~ Good results on dialogue, summarization tasks
Lewis et al. (October 30, 2019)



Recap: GPT-3

N Th |S |S the lanrmaI Way” ;r::en::(:)c:sluf;a;::n\;ilael::;i?ed gradient updates using a
of doing learning in

sea otter => loutre de mer example #1
models like GPT-2, BERT

peppermint => menthe poivrée example #2

plush giraffe => girafe peluche example #N

cheese => ik Brown et al. (2020)



Recap: GPT-3 Few-shot Learning

» Model is frozen and BRI
IS given a few In addition to the task description, the model sees a few
demonstrations. examples of the task. No gradient updates are performed.
Translate English to French: task description
sea otter => loutre de mer examples

peppermint => menthe poivrée
plush girafe => girafe peluche

cheese => prompt

Brown et al. (2020)



New Models from 2022



Instruction Tuning

(A) Pretrain-finetune

( )
Pretrained Finetune on Inference C) Instruction tunin
g — g | (© : w
| Instruction-tune on
Requires large dataset of Pretrained : Inference
L task-specific examples ) mBa:n&tg’sks —> ontask A
Model learns to perform Inference on
. many tasks via natural unseen task
(B) Promptlng 5 language instructions )
( Improve performance I

via few-shot prompting
Pretrained Or prompt engineering Inference
LM on task A
\ Y,

» We want to optimize models for P(answer | prompt, input), but they’re
learned on a basic language model objective.

> Instruction tuning: supervised fine-tuning on data derived from many NLP
tasks (with natural language instructions in prompts) Chung et al. (2022)



Instruction Tuning

- Early ideas from UnifiedQA (Khashabi et al. 2020) and Meta-tuning
(Zhong et al. 2021)



Unified QA

Extractive [SQuAD]

Question: At what speed did the turbine operate?

Context: (Nikola_Tesla) On his 50th birthday in 1906, Tesla demonstrated
his 200 horsepower (150 kilowatts) 16,000 rpm bladeless turbine. ...

\Gold answer: 16,000 rpm

Dataset

SQuAD 1.1

At what speed did the turbine operate? \n
(Nikola_Tesla) On his 50th birthday in 1906, Tesla

-

Abstractive [NarrativeQA]

enamored of themselves." ...
Qold answer: fall in love with themselves

Question: What does a drink from narcissus's spring cause the drinker to do?
Context: Mercury has awakened Echo, who weeps for Narcissus, and states
that a drink from Narcissus's spring causes the drinkers to "Grow dotingly

4 Multiple-Choice [ARC-challenge]

Question: What does photosynthesis produce that helps plants grow?
Candidate Answers: (A) water (B) oxygen (C) protein (D) sugar

\Gold answer: sugar

Yes/No [BoolQ]

Question: Was America the first country to have a president?

Context: (President) The first usage of the word president to denote the

highest official in a government was during the Commonwealth of England ...

Gold answer: no

EX  Input demonstrated his 200 horsepower (150 kilowatts)
16,000 rpm bladeless turbine. ...
Output 16,000 rpm
Dataset NarrativeQA
ﬂ\\\ What does a drink from narcissus's spring cause the
drinker to do? \n Mercury has awakened Echo, who
AB Input weeps for Narcissus, and states that a drink from
Narcissus's spring causes the drinkers to ~  Grow
dotingly enamored of themselves.'' ...
Output fall in love with themselves
Dataset ARC-challenge
4// I What does photosynthesis produce that helps plants
nput grow? \n (A) water (B) oxygen (C) protein (D) sugar
) Output sugar
MC Dataset MCTest
Who was Billy? \n (A) The skinny kid (B) A teacher
(C) A little kid (D) The big kid \n Billy was like a
Input king on the school yard. A king without a queen. He
// was the biggest kid in our grade, so he made all the
rules during recess. ...
Output The big kid
Dataset BoolQ
Was America the first country to have a president?
YN 1 ¢ \n (President) The first usage of the word president
DPUt  +6 denote the highest official in a government was
during the Commonwealth of England ...
Output no

Khashabi et al. (2020)



Meta-Tuning

~ Turn binary classification tasks into a “Yes"/“No" QA format

Classification Format 0 AUC-ROC Scores for Each Label Description
Hate Speech Detection '

A total waste of time. 0

0.9 1

classify

Question Categorization
Great movie, must see! 1 03
Topic Classification g

ng

-
~

‘Convert , o
Sentiment Classification

Question Answering Format

After Meta-tun
o
o

‘Meta—tune

[Question] Is the review positive? 0.5 —— improved
re L he
[Context] A fotal waste of time. 222" | “No” Stance Classification 0.4 lcﬂ;’;czeg otion
a ¢ (S ® (
- , 13 »
[Context] Great movie, must see! Yes Evaluate on Unseen Tasks 03 | | ~ ' ' '
03 04 05 06 07 08 09 10
UnifiedOA
(a) Task Conversion (b) Meta-tuning and Evaluation (c) Results

Figure 1: (a) We convert the format to question answering. We manually annotate label descriptions (questions)
ourselves (Section 2). (b) We finetune the UnifiedQA (Khashabi et al., 2020) model (with 770 M parameters) on a
diverse set of tasks (Section 4), and evaluate its O-shot classification (ZSC) performance on an unseen task. (c¢) For
each label description (question) we evaluate the AUC-ROC score for the “Yes" answer, and each dot represents a
label description (Section 3). The z-value 1s the ZSC performance of UnifiedQA; the y-value 1s the performance
after meta-tuning. In most cases, the y-value improves over the z-value (above the red line) and is better than

random guesses (above the black line) by a robust margin (Section J).
Zhong et al. (2021)



» Extended from
LM-adapted T5
model

(Lester et al. 2021)

» “Instruction Tuning” —

using existing
labeled training
datasets from
many tasks +

crowdsourced prompts

T0

Summarization

Poundland store on Whymark Avenue [...] Ho

The picture appeared on the wall of a
would you rephrase that in a few words?

W

Sentiment Analysis

Review: We came here on a Saturday night
and luckily it wasn't as packed as I
thought it would be [...] On a scale of 1
to 5, I would give this a

.

~

Y

Question Answering

f

the Panthers defeat?” is in “The Panthers
finished the regular season [...]"”. Can
\ you tell me what it is?

I know that the answer to “What team didi\

.

Multi-task training

4 )
Graffiti artist Banksy

is believed to be
behind [...]

o

.

10

Arizona Cardinals ]

Zero-shot generalization

Natural Language Inference

Suppose “The banker contacted the professors

and the athlete”. Can we infer that "The
banker contacted the professors"?

Figure 1: Our model and prompt format. TO is an encoder-decoder model that consumes textual
inputs and produces target responses. It 1s trained on a multitask mixture of NLP datasets parti-
tioned into different tasks. Each dataset is associated with multiple prompt templates that are used
to format example instances to input and target pairs. Italics indicate the inserted fields from the raw
example data. After training on a diverse mixture of tasks (top), our model is evaluated on zero-shot
generalization to tasks that are not seen during training (bottom).

Sanh et al. (2022)



Recap: I5

» Frame many problems as sequence-to-sequence ones:

[”translate English to German: That is good.”

e w
"cola sentence: The Fae sa gut.”]

course is jumping well.”
q y

e ~N "not acceptable"]
"stsb sentencel: The rhino grazed

on the grass. sentence2: A rhino
is grazing in a field." "3'8"<]
\. J
( \ ( 1 ° . . \
"summarize: state authorities six people hospitalized afEer
dispatched emergency crews tuesday to @ storm in attala county. )

survey the damage after an onslaught
of severe weather in mississippi.."

\ _J

Raffel et al. (2020)



Natural Language Prompts

» Some examples from TO paper:

QQP (Paraphrase)

L1

Questionl

Question2

Label 0

How is air traffic controlled?

How do you become an air traffic controller?

.

{Question1} {Question2}
Pick one: These questions
are duplicates or not

duplicates.

J

!

(: {Choices[label]} ]

.

I received the questions
"{Question1}" and
"{Question2}". Are they
duplicates?

J

'

(i {Choices[label]} j)

XSum (Summary)

L

Document

Summary

The picture appeared on the wall of a
Poundland store on Whymark Avenue...

Graffiti artist Banksy is believed to be
behind. ..

{Document}
How would you
rephrase that in
a few words?

\

y

( {Summary} ]

~

First, please read the article:
{Document}
Now, can you write me an
extremely short abstract for it?

( {Summary} )

v,

Sanh et al. (2022)



Task Generalization: TO

» Pre-train: T5

> Train: a collection
of tasks with
prompts. This uses
existing labelled
training data.

> Test: a new task
specified only by a
new prompt. No
training data in this
task.

e N ( N N N
Multiple-Choice QA Closed-Book QA Structure-To-Text Sentence Completion BIG-Bench
CommonsenseQA Hotpot QA Common Gen COPA Code Description

DREAM Wiki QA Wiki Bio HellaSwag Conceptual
QUAIL ~ 7 /
4 N N Il (G.enE Hindu Knowledge
QuaRTz Sentiment Summarization N /
_ _ 4 A Known Unknowns
Social IQA Amazon CNN Daily Mail Natural Language
Inference Language ID
WIQA App Reviews Gigaword
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Flan

> Pre-train, then fine-tune on a bunch of tasks, generalize to unseen tasks
» Scaling the number of tasks, models size (Flan-T5, Flan-Palm), and fine-
tuning on chain-of-thought data

Instruction finetuning

P

Please answer the following question.

What is the boiling point of Nitrogen?
=

-320.4F

Chain-of-thought finetuning

A ;\

.

nswer the following question by f : \?\
o e The cafeteria had 23 apples \
g step-by-step. =
. | originally. They used 20 to
The cafeteria had 23 apples. If they I make lunch. So they had 23 -
used 20 for lunch and bought 6 more, ) f 2 20 = 3. They bought 6 more
how many apples do they have? Language apples, so they have 3 + 6 = 9.
\\ j// \ guag < PP y > )|
model . 4
Multi-task instruction finetuning (1.8K tasks) | - Y |
[ \ [ Geoffrey Hinton is a British-Canadian
. R / \ | computer scientist born in 1947. George
Q: Can Geoffrey Hinton have a Y Washington died in 1799. Thus, they
conversation with George Washington? / could not have had a conversation
Give the rationale before answering. ) \_ together. So the answer is “no”. )

Figure 1: We finetune various language models on 1.8K tasks phrased as instructions, and evaluate them on unseen tasks.
We finetune both with and without exemplars (i.e., zero-shot and few-shot) and with and without chain-of-thought,

enabling generalization across a range of evaluation scenarios. C h un g Et d I . ( 2 O 2 2 )



Chain-of-Thought Prompts

- Using explanations (some rationals) to improve model performance,
usually in few-shot prompting

Instruction
without
exemplars

Instruction
with exemplars

Without chain-of-thought

Answer the following
yes/no question.

Can you write a whole
Haiku in a single tweet?

yes

N
/Q: Answer the following
yes/no question.
Could a dandelion suffer
from hepatitis?
A: no

Q: Answer the following
yes/no question.

Can you write a whole Haiku
In a single tweet?

A:

A

yes

Yy €

With chain-of-thought

Answer the following yes/no question
by reasoning step-by-step.

Can you write a whole Haiku in a
single tweet?

A haiku is a japanese
poem three-line
poem. That is short
enough to fit in 280
characters. The
answer is yes.

\

h 4

Q: Answer the following yes/no question by
reasoning step-by-step.

Could a dandelion suffer from hepatitis?

A: Hepatitis only affects organisms with livers.
Dandelions don’t have a liver. The answer is no.

Q: Answer the following yes/no question by
reasoning step-by-step.

Can you write a whole Haiku in a single tweet?
A:

A haiku is a japanese
poem three-line
poem. That is short
enough to fit in 280
characters. The
answer is yes.

4

Wei et al. (2022)

Figure from Chung et al. (2022)



Flan

Finetuning tasks » Fine-tuned on 473
@ Y uffin Y atura D
T0-oF s Instll'\lucttionlsv2 datasets, 1836

: Natural language inference Closed-book QA
Commonsense reasoning

Oliostion cencration Code instruction gen. Conversational QA Galice effect classification
el bc?ok OA Program synthesis Code repair Commonsense reasoning t a S k S
Adiercarial OA Dialog context generation Named entity recognition .
Extractive QA \ 69 Datasets, 27 Categories, 80 Tasks j Toxic language detection
Title/context generation P ~ Question answering

Question generation

Topic classification
Struct-to-text

T(R nin :
Program execution
Arithmetic reasoning Explanation generation Text categorization > S O I I l e d a ta S et S

Commonsense Reasoning  Sentence composition
55 Datasets, 14 Categories, Implicit reasoning 372 Datasets, 108 Categories,

\ 193 Tasks / \ 9 Datasets, 1 Category, 9 Tasks / \ s e / S u p p O rt m u Iti p I e

< A Dataset is an original data source (e.g. SQUAD).
< A Task Category is unique task setup (e.g. the SQUAD dataset is configurable for multiple task categories such as k
extractive question answering, query generation, and context generation). ta S S
< A Task is a unique <dataset, task category> pair, with any number of templates which preserve the task category (e.g.
query generation on the SQUAD dataset.)

» E.g. SQUAD can be

Held-out tasks
7 N @ N 4 D 4 B d f Q A
MMLU BBH TyDIQA MGSM u S e O r O r
Abstract algebra Sociology Boolean expressions Navigate e Crade school
College medicine Philosophy Tracking shuffled objects =~ Word sorting ; . .
Professional law Dyck languages seeking QA MAHIREDlEMS q u e Stl O n ge n e ra tl O n .
57 tasks 27 tasks 8 languages 10 languages
& J/ & J yV |9 4

Chung et al. (2022)



SQUAD 2.0 (span-based QA)

» SQUAD 1.1 contains 100k+ QA pairs from 500+ Wikipedia articles.

» SQUAD 2.0 includes additional 50k questions that cannot be answered.

» These questions were crowdsourced.

Passage

Super Bowl 50 was an American football game to determine the

champion of the National Football League (NFL) for t
The American Football Conference (AFC) champion

Denver Broncos

defeated the National Football Conference (NFC) champion Carolina
Panthers 24-10 to earn their third Super Bowl title. The game was

played on February 7, 2016, at Levi's Stadium in the
Bay Area at Santa Clara, California.

San Francisco

ne 2015 season.

Question: Which NFL team won Super Bowl 507
Answer: Denver Broncos

Question: What does AFC stand for?
Answer: American Football Conference

Question: What year was Super Bowl 507
Answer: 2016

Rajpurkar et al. (2016)



Flan

> Instruction fine-tuning can be done on various models (PaLM, T5, etc.)

» Flan-T5 models publicly available

. pre-training Pretrain  Finetune % Finetune
teams Moce i Objective FLOPs FLOPs Compute
80M Flan-T5-Small encoder-decoder span corruption 1.8E4+20 2.9E+18 1.6%
250M  Flan-T5-Base encoder-decoder span corruption 6.6E+20 9.1E+18 1.4%
780M  Flan-T5-Large encoder-decoder span corruption 23E+21 24E+19 1.1%
3B Flan-T5-XL encoder-decoder span corruption 9.0E+21 5.6E+19 0.6%
11B Flan-T5-XXL encoder-decoder span corruption 33E+22 7.6E+19 0.2%
8B Flan-PaLM decoder-only causal LM 3.7E+22 1.6E+20 0.4%
62B Flan-PaLM decoder-only causal LM 29E+23 1.2E+21 0.4%
540B Flan-PaLM decoder-only causal LM 2.5E+24 5.6E+21 0.2%
62B Flan-cont-PaLM  decoder-only causal LM 48E+23 1.8E+21 0.4%
540B Flan-U-PaLM decoder-only  prefix LM + span corruption 2.5E+23 5.6E+21 0.2%

Table 2: Across several models, instruction finetuning only costs a small amount of compute relative to
pre-training. T5: Raffel et al. (2020). PaLM and cont-PaLM (also known as PalLM 62B at 1.3T tokens):

Chowdhery et al. (2022). U-PaLM: Tay et al. (2022b).

Chung et al. (2022)



PALM

>~ 540 billion parameter model created by Google (not publicly available)

» Trained on 780 billion tokens, 6144 TPU v4 chips using Pathways to work

across multiple TPU Pods).

Performance on 58 Tasks

—e— Gopher 5-shot

80 " _e— Chinchilla 5-shot
GPT-3 0-shot
-@o-- GPT-3 1-shot
i PaLM 0-shot

i< PalM l1-snol = |- L. L. .
—<&— PalLM 5-shot
- == Human (Avg.)
-== Human (Best)

Normalized Preferred Metric (Avg.)

o<
. = :
. — @-—;"—:“’ ‘“

()
?

108 10° 1010 1011
Model Parameters (Non-Embedding)

Total dataset size = 780 billion tokens

Data source

Proportion of data

Social media conversations (multilingual) 50%
Filtered webpages (multilingual) 27%
Books (English) 13%
GitHub (code) 5%
Wikipedia (multilingual) 4%
News (English) 1%

Chowdhery et al. (2022)



PALM

(a) (b) (c)
goal _step _wikihow english_proverbs navigate
£ 80% 80% 80%
Q
2 60% 60% 60% .
D
0% 40% 40%
(C
g 20% 20% 20%
@) «@= PalLM 5-Shot
= 0% === Human (Avg.) 0% 0% .—./‘
== = Human (Best)
8b 62b 540b 8b 62b 540b 8b 62b 540b
logical args logical sequence mathematical induction

100% 100% 100%
< 80% 80% 80% == —————— -
)
2 60% 60% 60%
D
DN A0T5 s et s i 40% 40%
(©
E 20% 20% 20% /—‘
@) «@= PalLM 5-Shot
= 0% == Human (Avg.) 0% 0%

== = Human (Best)
8b 62b 540b 8b 62b 540b 8b 62b 540b
Model Scale Model Scale Model Scale

Figure 5: 5-shot evaluations on six individual tasks with interesting scaling characteristics. For each task, the
“normalized preferred metric” is used, where 0% corresponds to random guessing for multiple choice tasks. (a)
shows log-linear improvements with scale, (b) shows “discontinuous” improvements with scale, and (c) shows

relatively flat improvements with scale.
Chowdhery et al. (2022)



PALM

Explaining a Joke Logical Inference

/ Input: Did you see that Google just hired an eloquent \ / Input: Shelley is from Virginia, but is visiting that city with
whale for their TPU team? It showed them how to that famous market where they throw the fish. Going home next
communicate between two different pods! Tuesday!
Model Output: TPUs are a type of computer chip that Question: Is it likely that Shelley will be near the Pacific
Google uses for deep learning. A "pod" 1is a group of Ocean this weekend?
TPUs. A "pod" is also a group of whales. The joke 1is Model Output: The city with the famous market where they throw
that the whale is able to communicate between two the fish is Seattle, Washington. Seattle is on the Pacific
groups of whales, but the speaker is pretending that Ocean. Shelley is visiting Seattle, so she will be near the
the whale is able to communicate between two groups of Pacific Ocean this weekend. The answer is "yes", it is likely

E TPUs. ff h that Shelley will be near the Pacific Ocean this weekend.

Figure 1: These examples demonstrate exploratory capabilities in prompting PaLLM to generate explanations
using chain-of-thought prompting (Wei et al., 2022b). All examples were generated with greedy (1-best)
decoding of PaLM 540B. The prompting was done with 2-shot exemplars, which are shown in Section 9,
along with output on more examples using these same exemplars.

Chowdhery et al. (2022)



OpenAl GPT Model Evolution

July 2020

l Large-scale language model pretraining

Training on code

JUIY 202' ‘ GPT-3 Initial _l Instruction tuning

GPT-3 Series Codex Initial 7 InstructGPT Initial March 202 |

LM + code training then instruction tuning

July 2022

GPT-3.5 Series l Supervised instruction tuning

RLHF ext-aavi RLHF
' '

' Inc Nov 2022

Image Credit: Yao Fu

https://yaofu.notion.site/How-does-GPT-Obtain-its-Ability-Tracing-Emergent-Abilities-of-Language-Models-to-their-Sources-b9a57ac0fcf74f30alab9e3e36faldcl


https://yaofu.notion.site/How-does-GPT-Obtain-its-Ability-Tracing-Emergent-Abilities-of-Language-Models-to-their-Sources-b9a57ac0fcf74f30a1ab9e3e36fa1dc1

InstructGPT

> Instruction tuning — also see Google’s TO and Flan

rrompt  EXplain the moon landing to a 6 year old in a few sentences.

Completion GPT-3

Explain the theory of gravity to a 6 year old.
Explain the theory of relativity to a 6 year old in a few sentences.
Explain the big bang theory to a 6 year old.

Explain evolution to a 6 year old.

InstructGPT

People went to the moon, and they took pictures of what they saw, and
sent them back to the earth so we could all see them.

Source: https://openai.com/research/instruction-following



InstructGPT

Likert score O
5
o InstructGPT
.._-
4 O
Supervised Fine-Tuning
o
o —0
3
GPT (prompted) o
-
GPT ®
o O
2
| | |
1.5B parameters 6B 175B
Model size

Quality ratings of model outputs on a 1-7 scale (y-axis), for various model sizes (x-axis), on prompts submitted to InstructGPT
models on our API. InstructGPT outputs are given much higher scores by our labelers than outputs from GPT-3 with a few-shot
prompt and without, as well as models fine-tuned with supervised learning. We find similar results for prompts submitted to GPT-3
models on the API.

Source: https://openai.com/research/instruction-following



InstructGPT

» Reinforcement learning from human feedback (RLHF) - uses human
preferences as a reward signal to fine-tune models

Step 1

Collect demonstration data,
and train a supervised policy.

A promptis

Step 2

Collect comparison data,
and train a reward model.

A prompt and

Step 3

Optimize a policy against
the reward model using
reinforcement learning.

A new prompt

. »
Sampled from our Explain the moon several model Explain the moon 1S Sampled from Write a story
prompt dataset. landing to a 6 year old outputs are landing to a 6 year old the dataset. about frogs
sampled. |
o ©O |
A |abe|er Explain gravity Explain war The polICy S
O O
demonstrates the M (C 1. |Q generates N
deSired Output [ satellite of... the moon an OUtDUt‘ W
behavior. Some pec;ple went |
to the moon. A labeler ranks
# the outputs from @ Once upon a time...
- : best to worst.
This datais used SET 0-6-0-0
to fine-tune GPT-3 /')?5{\ The reward model o
with supervised .\.\5'2{/. | calculates a /.)?5<\
learning. y \ reward for Ve 7l
- i i i)
@@@ This data is used v the output.
to train our @ |
reward model. N The reward is
0-0-0-0 used to update he
the policy
using PPO.

Ouyang et al. (2022)




InstructGPT

> Significant usage and improvement on generation type of tasks

Table 1: Distribution of use
case categories from our API

prompt dataset.

Use-case (%)
Generation 45.6%
Open QA 12.4%
Brainstorming  11.2%
Chat 8.4%
Rewrite 6.6%
Summarization 4.2%
Classification 3.5%
Other 3.5%
Closed QA 2.6%
Extract 1.9%

Table 2: Illustrative prompts from our API prompt dataset. These

are fictional examples inspired by real usage—see more examples
in Appendix A.2.1.

Use-case Prompt

Brainstorming List five 1deas for how to regain enthusiasm for my
career

Generation Write a short story where a bear goes to the beach,
makes friends with a seal, and then returns home.

Rewrite This 1s the summary of a Broadway play:
{summary }

nmmn

This 1s the outline of the commercial for that play:

Ouyang et al. (2022)



Open-source Efforts



OPT: Open Pre-trained Transformer LMs

Average across 14 NLP Tasks (Zero-Shot)

70

» GPT-3 models only released via API access.

)]
O

» PALM not generally available outside

Avg. Accuracy
(@)}
o

Google
» Doesn’t support reproducible s0
experiments. ol e e
Figure 3: Zero-shot NLP Evaluation Averages.
» OPT ( 125M-66B-1/5 B)’ to rou g h |y Across a variety of tasks and model sizes, OPT largely
, matches the reported averages of GPT-3. However, per-
matches GPT-3 , with Palram eters formance varies greatly per task: see Appendix A.
are shared with the research
community

Zhang et al. (2022)



OPT: Open Pre-trained Transformer LMs

» Includes 114 page logbook for training 175B model, interesting read

2021-11-16 11pm [Myle]: Run 12.08 6 Considerations for Release
e Previous run failed with mysterious error: “p2p_plugin.c:141 NCCL WARN NET/IB : Got async event : Following the recommendations for individual re-
Pott oIt searchers generated by the Partnership for Al,’

*. Nowiaglle along with the governance guidance outlined b
/shared/home/namangoyal/checkpoints/175B/175B _run12.08.me_fp16.fsdp.gpf32.0.relu.transformer _| NIS% g & disclosi ill f the details ; Y
m_megatron.nlay96.emb12288.Irnpos.0emb_scale.om_none.tps2048.gpt2.adam.b2_0.95.eps1e-08.cl1 , WE are disclosing O ¢ detatls 1n-

0.Ir0.00012.endlr6e-06.wu2000.dr0.1.atdr0.1.0emb_dr.wd0.1.ms8.uf1. mu143052.s1.ngpu992/train.log volved in training OPT-175B through our log-

9 . g
CKPT_DIR=/data/users/myleott/175B runl2.07.me_fpl6.fsdp.gpf32.0.relu.transformer_Lm_megatron.nlay96.emb12288. Lrnp b00k’ our COde’ and pr OVIdlng researchers access

0s.@emb_scale.bm none.tps2048.gpt2.adam.b2 0.95.epsle-08.cl1.0.Lro.00012.endlLr6e-06.wu2000.dro.1.atdro.1.0emb_dr. to model weights for OPT-175B, a]ong with a suite
el et bl s of smaller baselines mirroring the setup for OPT-
BLOB_URL="<<<SCRUBBED FOR RELEASE>>>" 175B. We aim to be fully accountable for the devel-
e opment lifecycle of OPT-175B, and only through
cp --recursive --include-pattern "checkpoint_5 13250*.pt" "$BLOB_URL" checkpoint_ 5 13250 increasing transparency around LLM development

can we start understanding the limitations and risks
of LLLMs before broader deployment occurs.

e e ek e By sharing a detailed account of our day-to-day
INCLUDED_HOSTS=node-[1-38,40-89,91-94,96-119,121-128] \ training process, we disclose not only how much
AR b-s”eei’-”f-S"eep—"Pt-e"—L’"-”Sb \ compute was used to train the current version of
-n 124 g 8 -t 1 ,
_p $RUN ID \ OPT-175B, but also the human overhead required
--checkpoints-dir /shared/home/namangoyal /checkpoints/175B/ \ when under]ying infrastructure or the tralmng pro-

--restore-file $RESTORE FILE . .
f = cess itself becomes unstable at scale. These details

export RESTORE FILE=$CKPT DIR/checkpoint 5 13250/checkpoint 5 13250.pt

After Launch:
sudo scontrol update job=1394 TimeLimit=UNLIMITED

sudo scontrol update job=1394 MailUser=<scrubbed> MailType=ALL Z h a n e't a I (2 O 2 2)
& -




Bloom

» A BigScience initiative, open-access, 176B parameter (GPT-2 architecture)
» 59 languages (46 natural language + 13 programming language)
» 1.6TB of pre-processed text

Viethamese - 2.7%

Code - 10.8% _
Spanish - 10.8%

. e
Indic family - 4.4% Indonesian - 1.2%

Portuguese - 4.9%

French - 12.9%

\ Catalan - 1.10%

Basque - 0.15%

Arabic - 4.6%
Chinese (Traditional) - 0.05%

Chinese (Simplified) - 16.2%

Niger-Congo Family - 0.03% English - 30.04%

https://huggingface.co/bigscience/bloom



LLaMA

- Released by Meta Al on Feb 27, 2023

» Weights of all models are publicly available (non-commercial license)

params dimension n heads n layers Ilearning rate batch size n tokens

6.7B 4096 32 32 3.0e4 AM 1.0T
13.0B 5120 40 40 3.0e—4 AM 1.0T
32.5B 6656 52 60 1.5e4 AM 1.4T
65.2B 8192 64 80 1.5e=4 4AM 1.4T

Table 2: Model sizes, architectures, and optimization hyper-parameters.

2.2
—— LLaMA 7B

2.1 —— LLaMA 13B
A 2.0- —— LLaMA 33B
o N —— LLaMA 65B
o) 1.9- N
= 18- N ——
£ S
— oy
= 1.71

1.6

1.5

0 200 400 600 800 1000 1200 1400
Billion of tokens

Figure 1: Training loss over train tokens for the 7B,
13B, 33B, and 65 models. LLaMA-33B and LLaMA-
65B were trained on 1.4T tokens. The smaller models
were trained on 1.0T tokens. All models are trained
with a batch size of 4M tokens.



LLaMA

» Trained only on publicly available data: Dataset Sampling prop. Epochs Disk size
: CommonCrawl 67.0% 1.10 3.3TB

> English CommonCrawl C4 15.0% 1.06 783 GB
Github 4.5% 0.64 328 GB

- C4 (another CommonCrawl dataset) Wikipedia isq ras  RI0B

- GitHub (from Google BigQuery) oy Mo ol e

> WlklpEdla of 20 |anguages, StackExchange 2.0% 1.03 78 GB
» Gutenbe re and Books3 (frOm Theplle) Table 1: Pre-training data. Data mixtures used for pre-

training, for each subset we list the sampling propor-

. . tion, number of epochs performed on the subset when

g AFXlV ( Iatex ﬁ Ies ) training on 1.4T tokens, and disk size. The pre-training
runs on 1T tokens have the same sampling proportion.

> StackExchange.

~ Split all numbers into individual digits, and fall back to
bytes for unknown UTF-8 characters



LLaMA

>~ Transformer variations that have been used in different LLMs (e.g., PaLM)

> Pre-normalization Transformer (b) kS xlf’l
to have better-behaved gradients T'“ add;ﬂonJ\
at initialization than in the TR o
original Transformer (a) /m
- s ddiion
1 BN

addition Multi-Head
A Attention

Multi-Head T

Attention Layer Norm

-

X] X1

(a) (b)
Xiong et al. (2020)




LLaMA

» Transformer variations that have been used in different LLMs

» RMSNorm (a) instead of standard LayerNorm (b)

root mean square mean
_ a; ] — 5 _ a; — W
a; = RMS(a)gi’ where RMS(a) = \ - ;ai. a; = . g;
™ variance

(a) (b)

Zhang and Sennrich (2019)



LLaMA

» Transformer variations that have been used in different LLMs

» SwiGLU activation function — combines Swish and Gated Linear Unit (GLU),
also used in PaLM

30 = Swish(B=1)
Swish(B=3) - % PR (A

s — Swish(B=9) Swishg(x) = zo(fx)
= RelU T . | . | .
. og(z) ~ sigmowd function
15
10
0.5
0.0 —

e /

-3 . -1 0 1 2 3

Shazeer (2020)

https://medium.com/@tariganwarph/activation-function-and-glu-variants-for-transformer-models-a4fcbe85323f



LLaMA

» Transformer variations that have been used in different LLMs
» SWiGLU activation function — combines Swish and Gated Linear Unit (GLU)

Visualizing GLU in terms of matrix operations without the bias matrices b

and c:

(—  Input W )

Sigmoid - = - , aglzW)

— - GLU(z,W,V. b,c) =0c(zW +b) ® (zV + ¢)

AR

T | i o Dntaaad AR T, o S Nl 2 Bt
........ ‘ SuitGLU (z, W,V .,b,c, 3) = Swishz(zW +b) ® (zV + ¢)

olzW)® (zV)

We see that the overlapping matrix entries as shown in the last operation
above are multiplied together so the output of xV+c acts as a filter for the

other half of the operation. So depending on what the matrix values are in

the filter, those same entries become prominent or are diminished from the
sigmoid activation matrix. S h a Z e e r ( 2 O 2 O )

https://medium.com/@tariganwarph/activation-function-and-glu-variants-for-transformer-models-a4fcbe85323f



LLaMA

» Transformer variations that have been used in different LLMs

- AdamW (Adam w/ weight decay) optimizer

Adam and

N
o

Training loss (cross-entropy)

N
o

0

10° |

A

Algorithm 2

and

]

| — Adam
| — AdamW

AdamW with LR=0.001 and different weight decays

12:

13: until stopping criterion is met
14: return optimized parameters x;

: given o = 0.001,3; =0.9,8; =0.999,¢ = 10" %, w € R

. initialize time step ¢ <— 0, parameter vector x:—o € R", first
moment vector m;—g < 0, second moment vector v;—g < 0,
schedule multiplier n:—0 € R

: repeat

t—1+1
V fi(x¢—1) < SelectBatch(x:—1) > select batch and
return the corresponding gradient

g,  Vfi(x..) R

m; < Bim;i_1 + (1 — B1)g, > here and below all
operations are element-wise

ve < Bavi—1 + (1 — B2)g?

my < m:/(1— %) > 3 is taken to the power of ¢
v < vi/(1— B5) > [ is taken to the power of ¢
n: <— SetScheduleMultiplier(¢) > can be fixed, decay, or
also be used for warm restarts )

Xt Xt—1 — Nt (aﬁzt/(\/i}_t +¢€) +wx

0

Epochs

Loshchilov and Hutter (2017)

https://towardsdatascience.com/why-adamw-matters-736223f3 | b5d
https://www.fast.ai/posts/20 | 8-07-02-adam-weight-decay.html#understanding-adamw-weight-decay-or-12-regularization



LLaMA

» Transformer variations that have been used in different LLMs

Add & Norm
Feed
Forward

- Rotary Positional Embeddings (RoPE)

101 —— RoFormer
9 - BERT Add & Norm
g - Multi-Head
Attention
w 7 . 1 J
§ \
s 6-
- Positional »‘
S
3 Encoding S
4 - Input
Embedding
3 -
2 -
T T T T T T |nputs
0 50 100 150 200 250

Train Steps (K)

Figure 3: Evaluation of RoPE in language modeling pre-training. Left: training loss for BERT and RoFormer. . S U Et d I ; ( 2 O 2 1 )



LLaMA

- LLaMA-13B matches and outperforms OPT and (old) GPT-3 for zero-shot
and few-shot performance

BoolQ PIQA SIQA HellaSwag WinoGrande ARC-e ARC-c OBQA O-shot 1-shot 5-shot 64-shot

GPT-3 175B  60.5 81.0 - 78.9 70.2 688 514 576 GPT-3 175B 146 23.0 - 29.9
Gopher 280B 793 81.8 506 @ 792 70.1 - - - Gopher 280B  10.1 - 245 282
Chinchilla =~ 70B 83.7 81.8 51.3  80.8 74.9 - - - Chinchilla 70B  16.6 - 315 355
PaLM 62B 848 805 - 79.7 77.0 752 525 504 B 84 106 - 14.6
PalLM-cont 62B 83.9 81.4 - 80.6 77.0 - - - Pal.M 62B 18.1 26.5 _ 27 6
PaLM S540B 88.0 823 - 83.4 81.1 76.6  53.0 534 540B 212 293 - 396

B 781 801 S04 192 T30 48 27 564 B l68 187 220 261
[ LaMA - - - - - - - - 13B 20.1 234 281 319

33B 831 823 504 828 76.0 80.0 578 586 LLaMA 238 249 283 320 360

65B 853 828 523 842 77.0 789 560  60.2 65B 238 310 350 39.9

Table 3: Zero-shot performance on Common Sense Reasoning tasks.

Table 4: NaturalQuestions. Exact match performance.



Alpaca

>~ Released by Stanford on March 13, 2023

> Fine-tuned Meta’s LLaMA-7B on 52k instruction-following demonstrated
generated (Self-Instruct) using GPT-3.5 (text-davinci-003) for S500.

N

@ Meta
LLaMA 7B
Text-davinci-003 \

B Supervised B .
52K Finetuning Alpaca /B

175 Self- B Modified Self-instruct Instruction-following
Instruct Instruction Generation examples
seed tasks
Example seed task Example Generated task
Instruction: Brainstorm a list of Instruction: Brainstorm creative
possible New Year's resolutions. ideas for designing a conference
Output: Lt
- Lose weight Output:
- Exercise more ... Incorporating flexible
- Eat healthier components, such as moveable .
walls and furniture ... Taorl Et a I . (2022)




Self-Instruct

- Address the labor-intense process for creating human-written instructions

Step 2: Classification

Task Pool Step 1: Instruction Generation Task Identification

LM

famous person on this topic.

o-
o—
O ~-
O-p

175 seed tasks with
1 instruction and
1 instance per task

Instruction : Give me a quote from a } LM

Step 3: Instance Generation

—

Yes
Instruction : Find out if the given text is in favor of or against abortion.
. . Y L\
Step 4: Filtering Class Label: Pro-abortion j:ia:t
Input: Text: I believe that women should have the right to choose whether |  Qutput-first LM
\\\or not they want to have an abortion. )
Instruction : Give me a quote from a famous person on this topic. h No
Input: Topic: The importance of being honest.
Output: "Honesty is the first chapter in the book of wisdom." - Thomas I i
\\ Jefferson ) nput-first

Figure 1: A high-level overview of SELF-INSTRUCT. The process starts with a small seed set of tasks (one instruc-
tion and one input-output instance for each task) as the task pool. Random tasks are sampled from the task pool,
and used to prompt an off-the-shelf LM to generate both new instructions and corresponding instances, followed
by filtering low-quality or similar generations, and then added back to the initial repository of tasks. The resulting
data can be used for the instruction tuning of the language model itself later to follow instructions better. Tasks
shown in the figure are generated by GPT3. See Table 10 for more creative examples.

Wang et al. (2022)



Self-Instruct

» Using multiple prompting templates to (a) generate the instruction,
(b) classifying whether an instruction represents a classification task or not,
(c) generating non-classification or classification instances

Come up with a series of tasks:

Task 1: {instruction for existing task 1}
Task 2: {instruction for existing task 2}
Task 3: {instruction for existing task 3}
Task 4: {instruction for existing task 4}
Task 5: {instruction for existing task 5}
Task 6: {instruction for existing task 6}
Task 7: {instruction for existing task 7}
Task 8: {instruction for existing task 8}
Task 9:

Table 6: Prompt used for generating new instructions. 8 existing instructions are randomly sampled from the task
pool for in-context demonstration. The model 1s allowed to generate instructions for new tasks, until it stops its
generation, reaches its length limit or generates “Task 16 tokens.

Wang et al. (2022)



Self-Instruct

Given the classification task definition and the class labels, generate an input that
corresponds to each of the class labels. If the task doesn’t require input, just generate the
correct class label.

Task: Classify the sentiment of the sentence into positive, negative, or mixed.

Class label: mixed

Sentence: I enjoy the flavor of the restaurant but their service is too slow.

Class label: Positive

Sentence: I had a great day today. The weather was beautiful and I spent time with friends.
Class label: Negative

Sentence: I was really disappointed by the latest superhero movie. I would not recommend it.

Task: Tell me the first number of the given list.
Class label: 1
List: 1, 2, 3
Class label: 2
List: 2, 9, 10

Task: Which of the following is not an input type? (a) number (b) date (c) phone number (d)
email address (e) all of these are valid inputs.
Class label: (e)

Task: A{instruction for the target task}

Table 9: Prompt used for the output-first approach of instance generation. The model 1s prompted to generate the
class label first, and then generate the corresponding input. This prompt is used for generating the instances for

classification tasks.

Wang et al. (2022)



Self-Instruct

“ A: correct and satisfying response % B: acceptable response with minor imperfections
C: responds to the instruction but has significant errors ® D: irrelevant or invalid response

I

61 30
3 .

BREEE o'Omw 2

‘GQ'Y o Q\G?“ oW ‘GY‘Y o

R R

100%

75%

50%

25%

0%

Figure 5: Performance of GPT3 model and its instruction-tuned variants, evaluated by human experts on our 252
user-oriented instructions (§5.4). Human evaluators are instructed to rate the models’ responses into four levels. The
results indicate that GPT3 g, s Outperforms all the other GPT3 variants trained on publicly available instruction
datasets. Additionally, GPT3gg, .1nst SCOres nearly as good as InstructGPTy, (c.f., footnote 1).

Wang et al. (2022)



OLMo

- Released by Al2 on Feb 28, 2024

» Open-source not only the training code and model weights, but the full
pre-training data (Dolma dataset) and intermediate checkpoints

Size | Layers Hidden Size Attention Heads Tokens Trained
1B 16 2048 16 2T

7B 32 4086 32 2.46T
65B* 80 8192 64

Table 1: OLMo model sizes and the maximum number of tokens trained to.
* At the time of writing our 65B model is still training.

Groeneveld et al. (2024)



Takeaways

» New and actively developing situation. A lot is going on ...



