
Large Language Models

Mirella Lapata
School of Informatics

University of Edinburgh
(based on content from Greg Durrett, Devon Wood-Thomas, AssemblyAI, and NuMind)

Ed nburgh
NLPUniversity of Edinburgh 

Natural Language Processing

Mirella Lapata (University of Edinburgh) Large Language Models 1 / 48



What is Generative AI?

Generative create new content
(audio, code, images, text, video)

Artificial Intelligence automatically
using a computer program
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Outline of the Talk

Yesterday is history,
tomorrow is a mystery,
today is a gift, that’s why it’s called the present.

Alice Morse Earle
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Generative AI is not a new concept
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So What Has Changed?
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So What Has Changed?

I am writing an essay about the use of mobile phones during driving.
Can you give me three arguments in favor?

Act as a JavaScript Developer, Write a program that checks
the information on a form. Name and email are required,
but address and age are not.

Create an “About me” page for a website. I like rock climbing
and all outdoor sports and I like to program. I started my career as a Quality
engineer in the automotive industry but I was always curious about programming.
I started with automation and microcontroller programming. I moved to Poland
7 years ago. I started web development by myself 4 years ago with HTML and
JavaScript. I am working now as a Full Stack Developer.
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How Did We Get Here?

� How did we get from single-purpose systems like Google
Translate to ChatGPT?

� What’s the core technology behind ChatGPT? Is it without risk?

� What’s the future going to look like? Should we be worried?
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Language Modeling

I want to

eat
fruit

lots

swim

play
video

tennis

shovel snow

Given sequence of words so far (context), predict what comes next.
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Language Modeling

A language model assigns probabilities to sequences of words, w = (w1,w2, . . . ,wl).

It is convenient to decompose this probability using the chain rule:

p(w) = p(w1)× p(w2|w1)× p(w3|w1,w2)× p(wl |w1, . . . ,wl−1)

=

|w |∏
t=1

p(wt |w1, . . . ,wt−1)

This reduces the language modeling problem to modeling the probability of the next
word, given the history of preceding words.
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Language Modeling

Given sequence of words so far (context), predict what comes next.
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Recipe for Creating your Own Language Model

Step 1: Collect a very large corpus:
� Wikipedia Books, StackOverflow

� Quora, Public Social media,

� Github, Reddit

Step 2: Ask LM to predict the next word in a sentence:
� randomly truncate parts of input sentence

� calculate probabilities of missing words

� adjust and feed back to the model to match the ground truth

Step 3: Repeat over the whole corpus.
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Self-supervised Learning
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Neural Network Language Models

5×8 + 8

+

8 × 4 + 4

+

4 × 3 + 3

= 99
trainable parameters
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Transformers: The King of AI Architectures
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Exploiting a Pre-trained Model: Fine-Tuning
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Fine-Tuning Creates Specialized Models
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From Language Models to Large Language Models

How good can a language model become?

The bigger the better!

Since 2018, we have witnessed an extreme increase in model sizes.
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The Unexpected Effects of Scaling Up Language Models
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Prompting and Instruction Tuning
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LLMs are General-purpose Monolithic Models
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The Alignment Problem

How do we create an agent that behaves in accordance
with what a human wants?

Lots of questions here!
(Who is the target? How are we determining “what they want”?)

If we have AI systems with skills that we find important or
useful, how do we adapt those systems to reliably use

those skills to do things we want?
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The Alignment Problem

Caching out alignment for LLMs: the HHH framing (Askell et al., 2021).

Helpful

Honest

Harmless

The LLM follows instructions, performs tasks, provides answers,
and asks relevant questions to clarify user intent when needed.

The LLM provides factual, accurate information and
acknowledges its own uncertainties and limitations.

The LLM avoids toxic, biased, or offensive responses and
refuses to assist in dangerous activities.
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Can a Machine Learn Human Values?

A preference (or reward) model could be used to further train the baseline model to
prioritize responses with higher preference scores.
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Can a Machine Learn Human Values?

� Collect human demonstrations using a
group of about 40 human annotators for a
pre-selected set of prompts.

� Demonstrations can be thought of as
ideal answers.

� Use them to fine-tune a pre-trained model
in a supervised manner.
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Can a Machine Learn Human Values?
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Are Language Models Always Right or Fair?

� It is virtually impossible to regulate the content LLMs are exposed to during training.

� Because LLMs are trained on the web, they’ll always encode historical biases and
may reproduce harmful content.

� They generate hallucinations by fabricating nonexistent or false facts.

� LLMs may occasionally exhibit various types of undesirable behavior (we’ll see
examples).
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Are Language Models Always Right or Fair?

Bard’s error wiped $100bn (£82bn) off
Google’s parent company Alphabet
as shares plunged by 7.44%!
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Impact on the Enviroment

Larger models use more energy during their deployment!

A ChatGPT query takes 100x more energy to execute
than a Google Search query

Llama 2 (a ChatGPT-like model from Meta) training
produced 539 metric tons of C02
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Impact on Society
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Is AI Going to Kill Us All?
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Is AI Going to Kill Us All?

Tim Berners-Lee

It seems easier to minimize the harm a superintelligent A.I. can do than to prevent rogue
A.I. systems from existing at all.
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The Australian Research Council

The Australian Research Council, March 2023
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Parting Thoughts

� What is a bigger threat to mankind,
AI or climate change?

� Who is in control of AI and who
benefits from it?

� Does the benefit outweigh the risk?

� All risky technology has historically
been strongly regulated.
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