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I love purple cats. Purple cats are great

J’adore les chats violets. Les 
chats violets sont géniaux

I love purple cats. Purple cats are great

[subject] [verb] [adj.] [obj.] [adj.] [sub.] [verb] [adj.]

I love purple cats. Purple cats are great

(+) Positive sentiment

I love…

…purple cats. Purple cats are great

Textproblem.se

Translation classifications

Iing Generation



I love purple cats. Purple cats are great.

Representingtext

Text encoded as string of cheetos
Varible length
Discrete

or Unicode

Not ordinals b 98

c 9
b Than u

Is closer to

it



I love purple cats. Purple cats are great.

Representingext Tokenization

Break text into features

Charater 1 1 l o r e

Word level I love purple cats
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Hate
I
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[START]
[STOP]
[.]

EmbeddingRY.ieFtIfts floating point
We

numbers

Represent each token with É
a vector of numbers

One unique vector for each

token in the Vocabulary in
Embedding dim d



[START] I love purple cats. Purple cats are great. [STOP]

Representingtext

Special tokens for start and stop of text

we'll see later why this is useful

d
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Embedding
Embedding

[START] I love purple cats. 
Purple cats are great. [STOP]

Embedded textR

eggiinex.ae
if

w

Replace tokens w their embedding vector
Input to network



I love purple cats. Purple cats are great.

g

Representingext Tokenization

Charater level l l o v e

Small Vocab too

Many features in a single observation eg sentence

Word level I love purple cats

Large Vocab 50,000

Few tokens per obs
L what if we encounter a new
word like a name



I love purple cats. Purple cats are great.

Bytepairembedding

common w.rs shoudibesingle tokens
Limit Vocab size let rare or unseen words

be multiple tokens
e g

Cats cats Purplish Purpl ish

Gabe G a b e



I love purple cats. Purple cats are great.

Byte

pairembeddings
Start w all words55 7 ÉñbiÉtokensthat appear together
character tokens most often

Cats c a t s at 3 ca 2 pi z ur 2 re z

great g e a t

f
2 P1 le 2

purple P n r p l e
cats c at s

are a r e

ove l o v e great g r e at

3 Repeat until desiredVocab size



Byte PairembeddingGPI
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Embedding
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wordembedd.is

EmbeddnsmP
words to poits
often interpretable

WE This is a parameter we can learn
with gradien descent



Wordembedd.mg



I          love     purple     cats

I          love     purple     cats

Convolutional

Fully-connected

I          love     purple     cats    and      dogs

Convolutional

Fully-connected

I          love     purple     cats       and        dogs

t.ph nearalnetwrks
Sentences text
does not have a

fixed length

Ok for Conv

Layers



Longrangedependercies.sc

Need to recognize who
he refers to



I          love     purple     cats         .    I        could        not    imagine      a         world   without    them              

Kodiddd

only

oÉdÉdÉÉÉÉ



I          love     purple     catsI          love     purple     catsI          love     purple     cats

RecurrentConvolutionalFully-connected

Recurrentretworks

Idea process features in sequence
L Share weights like convolutional layers



I          love     purple     cats

Recurrent
Recentretworks

or rain tan etc

X.TW b

we
02

w 03we 4

Wt 4 w Q o X.TW Qi Wptb
X X Xy Xy

Each neuron depends on the

Previous in the same layer
t Arbitrary length input
t No fixed receptivefield

Downsided

t sharedweights



I          love     purple     cats

(+) Postive sentiment

Classification Makeprediction using
representation at the endy

d d d fix PLAN
OCQTwotb.IEreressionr

OIL contains info from every

feature

Loss X y w logPCyIX



I          love     purple     cats

[subject]    [verb]    [adj.]     [obj.]

I          love     purple     cats

(+) Postive sentiment

I          love     purple     cats

Je          adore      les       chats     violets
I          love     purple     cats 

otherproble.me

Tnf



I          love     purple     cats

[subject]    [verb]    [adj.]     [obj.]

Tagging Make prediction for every
to Word Multiple Labels

E Part of speech tassing
predict at each location using
corresponding representation

ix PEE.IE t iEELoss

X Y W log PC
sum loss over locations



I          love     purple     cats Purple       cats       are       great

[subject]    [verb]    [adj.]     [obj.] [adj.]    [sub.]    [verb]     [adj.]

Backwardinte
prediction

L Only making prediction based on
The first word



I          love     purple     cats Purple       cats       are       great

[subject]    [verb]    [adj.]     [obj.] [adj.]    [sub.]    [verb]     [adj.]

Bidirectionalue
Include both forward
and backWard info

i I

Xiwat w̅pt5
O Eat 4 5

P X SM II IF b



I          love     purple     cats Purple       cats       are       great

Can stack RNNs asMultilaterRNI conv of f c layers



I          love     purple     cats I          love     purple     cats I          love     purple     cats

Recurrent Convolutional Fully-connected



I          love     purple     cats     [Stop]

Languagem.de li How do we learn to

generate text

Prediction withoutinput



(Next word prediction)

[ {Start}, I, love, purple ]

{Start}    I      love     purple Cats
Predict

5.1

6.9

.32

6.9

4.1

.87

.32

8.3

9.1

5.1

7.7

.23

f( )
.02

.18

.01

.24

.51

.01

p(word = dog | input) 
p(word = colors | input) 

p(word = cats | input) 
p(word = love | input) 

p(word = rain | input) 
p(word = I | input) 

Input

…

Languagemodelline Predict next
word.based on context



{Start}    I          love     purple 

x
x1 x2 x3 x4

y
h1 h2 h3 h4

Prediction

Loss

Cats

Languagemoddlid
pyy atsld softn.tl wtb

catsWdxV Need 1 output

perword in vocab
ad at

NLL

Loss log Ply x



{Start}    I          love     purple 

x
x1 x2 x3 x4

y
h1 h2 h3 h4

Sampling

.02

.18

.01

.24

.51

.01

p(word = dog | input) 
p(word = colors | input) 

p(word = cats | input) 
p(word = love | input) 

p(word = rain | input) 
p(word = I | input) 

…

Cats

{Start}    I          love     purple 

x
x1 x2 x3 x4

h1 h2 h3 h4 h5

Cats

.12

.08

.01

.91

.01

.01

p(word = very | input) 
p(word = much | input) 

p(word = {Stop} | input) 
p(word = love | input) 

p(word = rain | input) 
p(word = I | input) 

y

Very

…

L Pick next word acciding to
Fred probabilities



{Start}    I          love     purple 
x1 x2 x3 x4

y
h1 h2 h3 h4

Sampling

.02

.18

.01

.24

.51

.01

p(word = dog | input) 
p(word = colors | input) 

p(word = cats | input) 
p(word = love | input) 

p(word = rain | input) 
p(word = I | input) 

…

Cats

{Start}    I          love     purple 

x
x1 x2 x3 x4

h1 h2 h3 h4 h5

Cats

.01

.95

.01

.02

.01

.01

p(word = very | input) 
p(word = much | input) 

p(word = {Stop} | input) 
p(word = love | input) 

p(word = rain | input) 
p(word = I | input) 

y

Much

…Very





Dataset: sentences
{start} I love purple cats {stop}
{start} Dogs are adorable {stop}

{start} Purple rain is my favorite song {stop}
{start} Neural networks are cool {stop} {start} I have a pet goldfish {stop}

{start} Goldfish crackers are delicious {stop}

{start} I love purple cats {stop}One sentence:

How many observations?



Dataset: sentences
{start} I love purple cats {stop}
{start} Dogs are adorable {stop}

{start} Purple rain is my favorite song {stop}
{start} Neural networks are cool {stop} {start} I have a pet goldfish {stop}

{start} Goldfish crackers are delicious {stop}

{start} I love purple cats {stop}One sentence:

Loss:

log P X IX ix



Dataset: sentences
{start} I love purple cats {stop}
{start} Dogs are adorable {stop}

{start} Purple rain is my favorite song {stop}
{start} Neural networks are cool {stop} {start} I have a pet goldfish {stop}

{start} Goldfish crackers are delicious {stop}

{start} I love purple cats {stop}One sentence:



{Start}    I          love     purple       cats 

x
x1 x2 x3 x4

y5

h1 h2 h3 h4

Dataset: sentences
{start} I love purple cats {stop}
{start} Dogs are adorable {stop}

{start} Purple rain is my favorite song {stop}
{start} Neural networks are cool {stop} {start} I have a pet goldfish {stop}

{start} Goldfish crackers are delicious {stop}

{start} I love purple cats {stop}One sentence:

h5

x5

{Stop}
y4

Cats
y3

Purple
y2

Love
y1
I



I          love     purple     cats Purple       cats       are       great

[subject]    [verb]    [adj.]     [obj.] [adj.]    [sub.]    [verb]     [adj.]

Vanishinglexplodinggradiente

c

Equivalent toMany layers
Vanishing exploding gradients



By Guillaume Chevalier - File:The_LSTM_Cell.svg, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=109362147

long sherttermmemots.fi I i

network



By Guillaume Chevalier - File:The_LSTM_Cell.svg, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=109362147

I Love Purple Cats



I          love     purple     cats

Je          adore      les       chats     violets



I          love     purple     cats I          love     purple     cats I          love     purple     cats

Recurrent Convolutional Fully-connected



Recurrent Convolutional Fully-connected



Attention

x1

x3

v1

v2

v3

v4

x2

x4



Attention

ϕ1

ϕ2

ϕ3

ϕ4

x1

x3

v1

v2

v3

v4

x2

x4



Attention

ϕ1

ϕ2

ϕ3

ϕ4

x1

x3

v1

v2

v3

v4

x2

x4



Attention

ϕ1

ϕ2

ϕ3

ϕ4

x1

x3

v1

v2

v3

v4

x2

x4



Attention

ϕ1

ϕ2

ϕ3

ϕ4

I

Love

Purple

Cats

x1

x3

v1

v2

v3

v4

x2

x4





Attention

ϕ1

ϕ2

ϕ3

ϕ4

x1

x3

v1

v2

v3

v4

x2

x4

x5



1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Embedding



1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Embedding



1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Embedding



1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Embedding



I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Embedding



I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Embedding

I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Concatenated Embeddings

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6





1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Embedding
1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

5.1 6.9

7.7 4.1

.23 .87

-.4 .83

8.7 2.2

1.0 5.2

-.4 .83

8.7 2.2

1.1 4.6

.57 9.1

5.3 .11

Position 
Embedding

0
1
2
3
4
5
6
7
8
9
10



5.1 6.9

7.7 4.1

.23 .87

-.4 .83

8.7 2.2

1.0 5.2

-.4 .83

8.7 2.2

1.1 4.6

.57 9.1

5.3 .11

Position 
Embedding

0
1
2
3
4
5
6
7
8
9
10

5.1 6.9

7.7 4.1

.23 .87

-.4 .83

8.7 2.2

1.0 5.2

-.4 .83

8.7 2.2

1.1 4.6

.57 9.1

5.3 .11

0
1
2
3
4
5
6
7
8
9
10

i





Autoregressive language modeling
(Next word prediction)

[ {Start}, I, love, purple ]

{Start}    I      love     purple Cats
Predict

5.1

6.9

.32

6.9

4.1

.87

.32

8.3

9.1

5.1

7.7

.23

f( )
.02

.18

.01

.24

.51

.01

p(word = dog | input) 
p(word = colors | input) 

p(word = cats | input) 
p(word = love | input) 

p(word = rain | input) 
p(word = I | input) 

Input

…
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WaveNet PixelCNN





{Start}    I          love     purple       cats 

{Stop}CatsPurpleLoveI





I          love     purple     cats

Je          adore      les       chats     violets



I          love     purple     cats

Je          adore      les       chats     violets

{start}     Je          adore      les       chats  



{start} I love purple cats {stop} {start} Je adore les chats violets

Je adore les chats violets {stop}

Encoder Decoder



{start} I love purple cats {stop} {start} Je adore les chats violets

Je adore les chats violets {stop}

Masked attentionSelf attention

Encoder Decoder



1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

Je
Adore
Les
Chats

[Stop]

[START]

Violet

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

Decoder 
Embedding

I
Love
Purple
Cats

[Stop]

[START] 5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

Encoder 
Embedding Je

Adore
Les
Chats

[Stop]

[START]

Violet

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

New 
decoder 
embedding

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45 1.2 -2. .45

Je
Adore
Les
Chats

[STOP]

[START]

Violet

I Lo
ve

Pu
rp

le
Ca

ts

[S
TA

RT
]

[S
TO

P]







1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Embedding



1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Embedding



1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Embedding



1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Embedding



1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Embedding

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

8.7 2.2 5.2

.23 .87 9.1

8.7 2.2 5.2

.23 .87 9.1

8.7 2.2 5.2

.23 .87 9.1

-2. .45

2.2 5.2

.87 9.1

-2. .45

2.2 5.2

.87 9.1

-2. .45

2.2 5.2

.87 9.1

2.2 5.2

.87 9.1

I Lo
ve

Pu
rp

le
Ca

ts

Pu
rp

le
Ca

ts
Ar

e
Gr

ea
t

[S
TA

RT
]

[S
TO

P]

[.]



1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

I
Love
Purple
Cats

Purple
Cats
Are
Great

[START]

[STOP]

[.]

5.1 6.9 .32

7.7 4.1 8.3

.23 .87 9.1

-.4 .83 6.8

8.7 2.2 5.2

1.0 5.2 8

-.4 .83 6.8

8.7 2.2 5.2

1.1 4.6 .74

.57 9.1 .93

5.3 .11 .6

Embedding

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45

8.7 2.2 5.2

.23 .87 9.1

1.2 -2. .45 1.2 -2. .45

Je
Adore
Les
Chats

[STOP]

[START]

Violet

I Lo
ve

Pu
rp

le
Ca

ts

[S
TA

RT
]

[S
TO

P]


