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Subject: Any subject for which you use an LLM, or specific subjects like technology.

No background on science or technology needed!
Note: we recommend that before doing this activity, the students do an unplugged activity
in which they get familiar with the idea of predicting a word to complete a sentence. We
recommend doing an “exquisite corpse” (folded story) game, in which a student has to
complete a sentence that another student started writing, having access only to the last
words of the sentence. At the end, a paragraph, or short text is created.

Activity duration: 45 min

Steps:

1. Word embeddings (10 min)

2. Introducing context (10 min)

3. Be an LLM (25 min)

Learning goals:

� Understand the basics behind LLMs: how they work and how they are trained.

� Secondary goal: one first needs to understand how they work to then understand
why they fail in certain things, which answers to trust and which not to trust, etc.
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How does a large language model (LLM) work?
Learn the inner workings of ChatGPT, Claude, Gemini, etc.

Have you ever wondered how a machine generates answers for your questions? How does
it “think”?

You will go through the same steps and mechanisms that an LLM uses to generate
text. Like an LLM, your goal will be to generate the word that follows in an incomplete
sentence.

v Assignment 1: Word embeddings

Machines cannot recognize words like us. Instead, they need representations of those
words with numbers. More specifically, each sentence is split into tokens and each token
is then transformed or “embedded” into a vector in a vector space of a very big dimension,
one that you cannot draw anymore in 2D or 3D. In the exercises below, we will make a
simplification and do some exercises in 2D to be able to visualize the ideas.

�Question 1: Have a look at the following link https://tiktokenizer.vercel.app/
to see how an LLM splits sentences into tokens.

v Instructions for Question 1. Write a sentence on the field on the right of “System”
and you will see the sentence splitting that the machine creates on the right. Each part
is marked with a color and is assigned a token number that you can see in the box below.
If you hover with your mouse over a text piece, you will see the number that corresponds
to it in the box below, marked with the same color. Those numbers identify the tokens.
Then, each token will have a vector embedding. But we will learn about those in the
exercises below.

Machines cannot recognize words like us. Instead, they need representations of those
words with numbers.

Note: in the exercises below, we will ignore the transformation into tokens, since for us
humans, it is easier to work with words directly.

v a) Place the following words (use pencil!) on the grid below, grouping
them by meaning. If you think two or more words are related in some way, place them
close together. Otherwise, place them far away from each other. The word cat is already
placed as an example. Don’t forget to mark the bullet point for each of the words.

Words: cat, wolf, horse, dog, zebra, tiger
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Solution: There is not a unique solution. The idea here is that the student
groups the words together into clusters depending on the meaning. One possibility
is that domestic animals are grouped together in one cluster (cat, horse, dog) and
wild animals are grouped together in a separate cluster (tiger, zebra, wolf).

In the following picture, we added the words kitten, puppy and foal, which are the
baby versions of cat, dog and horse respectively. This relation is indicated by the arrows.
Note that all arrows have the same direction (inclination).
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v b) Can you find an analogous relation between the groups of words you
placed in the grid above? If you do, connect with an arrow the pairs of words that
follow this relation in the grid above. Note that you may need to move the words you
already placed to make sure that all the arrows indicating the relation have the same
direction (inclination).

� Question 2: In the picture, the relation has the meaning of “baby”. What
is the meaning of the relation between your groups of words (also called
clusters)?
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Solution: the analogous relation to “baby” is “wild version”:
The wild version of the cat is the tiger
The wild version of the dog is the wolf
The wild version of the horse is the zebra
Therefore, cat and tiger need to be connected by an arrow (from cat to tiger), and
analogously for dog - wolf and horse - zebra.

After splitting the sentence into tokens, the LLM learns to transform or “embed” each
token into a grid, grouping them by meaning, as you did above. However, the LLM’s
grid is of much higher dimension than 2D or 3D, and cannot be drawn anymore. In
this grid, meaning relations (like “baby version” or “wild version”) are arrows.

v Assignment 2: Introducing context

v a) Given the clusters of words below, place the word mole in one of them.
Pick the cluster that you think relates to the most commonly used meaning of the word
mole. What you are doing now is creating an initial embedding of the word mole.

Solution: the solution is not unique. One would argue that the most commonly
used meaning of the word mole is the skin spot or the animal. Thus, the student
should place the word on the bottom cluster (skin spot) or the right cluster (animal).
The exact position does not matter, it is enough if it is within that cluster.

Now, given the following sentence (which we call context):
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“One mole of any substance contains 6.022 · 1023 particles, which is known as Avogadro’s
number”

v b) Change the position of the word mole from the one you picked above to
the one that better fits the given context. Keep the old position marked.

Solution: the new position should be on the left cluster (it does not matter where
exactly), the one related to Avogadro’s number.

v c) Draw an arrow between the old and the new positions of mole. This arrow
is the transformation of the initial embedding of the word mole when taking a context
into account.

v Assignment 3: Be an LLM

Now, using the idea of embedding from the previous exercises, you are going to go through
the same process as an LLM to predict the next word in an incomplete sentence.

Your goal as an LLM: predict the next word in an incomplete sentence.

STEPS:

1. Embedding:

v a) Place the following words in the grid below, grouped by meaning, as
you did above.
Words: lion, traffic light, street, tiger, zebra, building, giraffe, cross, city, leopard, crocodile

Solution: there should be two separated clusters, one with the words (lion, tiger,
zebra, giraffe, leopard, crocodile) and another one with the words (traffic light,
street, building, cross, city). Of course, it can happen that some student realizes
that zebra can be in both, since “zebra crossing” is also an element of the city. This
is ok, they can put the word in both clusters.
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� Question 3: Did you find it easy to put all those words in this 2D grid?
What would happen if you had to create 4 groups of words instead? How do
you think you could place all the words in the dictionary in this 2D grid?

In general, if you had to place all the words in the dictionary, it is impossible to do it
in 2D grids, since you will eventually put together words that have nothing to do with
each other in meaning. This is the reason why you need more dimensions, not just two!
Current LLMs need more than 10000 dimensions!

Up to now, the LLM (that is you now) has just embedded some words into a grid,
which is called creating a “vector representation”.

2. Attention mechanism:
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v b) Given the following sentences (contexts), mark the words that make the
word “zebra” have the meaning it has in the sentence.

1. I went to a zoo last week and saw many animals, but my favourite one was the
zebra.

2. I crossed the street at the zebra...

Solution: again here, the students can mark different words, since all of them are
important, and this is just based on their intuition. However, the words that should
be marked as “the most important” (they are the ones that change the context and
meaning for the word zebra in the sentence) are given in brackets [...] below:

1. I went to a [zoo] last week and saw many [animals], but my favourite one was
the zebra.

2. I [crossed] the [street] at the zebra...

What you are doing here is marking (or “paying more attention to”) the words in the
sentences that modify the meaning of zebra in that context.

Now, we are going to pick sentence number 2:

“I crossed the street at the zebra ....”

This is the sentence that is incomplete. Your goal as an LLM is to predict the word
that follows “zebra” in that sentence.

v c) First go to the grid above in assignment 3a) and move the position of
the zebra embedding to fit better the context of the sentence “I crossed the
street through the zebra....”. Hint: Use the words you marked in part (b) (the ones
you have to pay attention to) to get an idea of the words that should be closer to the
new position (embedding) of zebra.

Solution: considering that with high probability, the students have initially placed
zebra together with the other animals, they now have to move its position to the
cluster for words related to the city (analogously to what we did in Assignment
2.b)

You have now taken into account the context (the words you paid attention to) to
change the representation of the word “zebra”.

3. Prediction:

Once you have taken into account the context of the sentence, it is time to predict the
next word.
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� Question 4: Which word do you think follows in the sentence “I crossed
the street at the zebra...”?

Solution: The most likely word that comes after zebra is “crossing”.
Complete sentence: I crossed the street at the zebra crossing.

After having taken into account the context, and moved the representation of “zebra”
accordingly, the actual LLM uses a trained neural network to make the prediction. This
neural network is shown a lot of examples of many different texts from the internet, from
which it learns to associate words to their most likely prediction.
In the grid, the neural network “moves” the point representing “zebra” around until its
final position. This final position is “closer” to some words than others. Then, the LLM
assigns higher probability to those words that are closer and lower probability to the words
that are farther. Finally, it chooses the predicted word based on those probabilities.
All of that, you do intuitively, since you already have a lot of knowledge that you acquired
through experience, and you don’t even need to assign probabilities for each word, you
just know.

You can predict the next word ‘intuitively’ because you have gained a lot of experience
with language. The actual LLM trains a neural network with examples from texts in
the internet to make the final prediction.

v d) Create a prompt (anything that comes to your mind) and paste it in
two different chats of an LLM. Does it give you the same answer in both?

For the same input text, the final prediction is not always the same. The reason for
this is that the LLM assigns probabilities for each possible word that comes next and
then picks the word based on them. The choice is thus probabilistic.

v Assignment 4: LLM’s learning

One of the main differences between LLMs and other computer programs is that LLMs
learn. In other computer programs, the programmer needs to tell the machine what to
do in all the possible cases that the machine may encounter. For language, this would
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imply having to tell the computer what to reply to each possible prompt that the user
writes.
This is not how LLMs operate. They learn from examples and then reply autonomously
to each possible prompt that the user writes, without the programmer needing to do
anything.

� Question 5: Which of the steps that you have done in Assignment 3 do
you think the LLM has to learn? Think of all the steps in which you used
your intuition.

The process above that you have done intuitively, the LLM needs to learn how to do it.
It needs to learn all the steps:

� How to best embed the words.

� How to pay attention to the important words in a sentence, those that may change
its meaning (context).

� How to change the embedding of the word depending on the context.

� How to then predict which is the next word, for which it learns a transformation of
the vector (it learns to change the position again, adding previous knowledge that
it may already have).

After all this, it needs to go back from those vector embeddings into the tokens and assign
a probability to each token. Finally, based on those probabilities, it selects one token and
then transforms it into a word to complete the sentence.

How does it learn all those things?
By seeing tons and tons of examples of sentences from text in the internet. The analogy
to how it does it is as follows: the LLM takes a sentence from the internet, “covers”
the part that it wants to predict, then makes the prediction, and finally “uncovers” the
sentence to check how good its prediction was. Then, it readjusts its internal mechanisms
based on that feedback, and it gets better and better in its predictions the more data it
gets. This way, it learns word patterns (which words typically go together), and how to
move in the embedding grid based on “concepts” (like the concept of “wild animal”, as
we did when we linked with arrows the “wild” versions of certain animals).
The actual way is more technical and less visual than what we have presented here, but
we focused on understanding the main ideas behind it.
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