
 

ANNOUNCEMENTS

1 All assignments long andshort optional andnon optional
are released

7 Kaggle competition dataset released BASELINES out soon



last few lectures

I FULLY CONNECTED NETWORK 8 w b9

61
we

nonlinearity

II RESIDUAL CONNECTIONS

fl the residual connetion
f Allows for gradient shortcircuit

III CONVOLUTIONAL NETWORKS

Convfilter 5 5 3

image
32 34 3



TODAY LANGUAGE ishard but I might be biased

sense of contextbecomes extremely relevant

Q What are the atomi units the pixels of language

Berry the llama was spotted in Baker Lab

1 Words Berry the llama the underlying
dictionary

vocabulary needstobe
knitantlyupdated

2 Charatters A b c scalable from
a language perspective

to words 10Tunitsof compute
10 bytechars 40T unitsof compute

3 Subwords walk ing chat g P t

The atomic units are called TOKENS



vector representations notion of similarity

Tokenization where are you going
I

Need torepresent in aPradhi says use something numerical format
more precisely weneeda

V where when are you going vector

from moving

10 8

where when are you going from moving

where are you going I 0 I 1 I 0 0 1

when areyou moving 0 I 1 I 0 0 I 1

where are you from I 0 7 1 0 1 0 1

POT PRODUCT SIMILARITY

dot 5 4 dotsa.sk 3
Matt

FLAW SENTENCE STRUCTURE IS SOMEWHAT CAPTURE

BUT SEE ARE MISSED

If 101 1m each vector is 1M and Stef mostlyzeros



Capturing semantics a stupid example

5 this building is made of stone
54 Ezra Cornell sat in Gater hall
sk this illu is made of stone
541 Tushaar went to his illa

Bryan house

Matt said
SIMILAR

COILS
APPEAR IN SIMILAR

YET

Inside it
context target token

5 ti ti we tin ti titi titws
context context



Binary lassification that we Don't careabout

liven a target token ti
context tokens ti w fit titi titw Ci

we want to build a binary ds

P 1 ti i probability that a is a
true contextof ti

similar tokens in our e.g illa target
appear in similar Ci this is beautifulAxs

is thetruecontext
U
we can usethe notion of some similarity

bw ti Ci

P tifti.ci TP 1 ti titk
WE K w

whatis the probe that title
is a true contexttoken

of ti illy
ensginalization

_dot tititkbw 0,1

Computes similarity bw target
Ctxtoken

Cimilar to logistis regression



Q what should ti titk be we

IDK what ti tix are but I can learn them using
EI

token astarget

apple

token as context

in Iffy
building f

we dotprod fexdotstone TH
th

OBJ maximize P Y truetarget true context

started the idea of learnable embeddings



Reformulation Given a targettoken canyou predilt
the context tokeni

illa this building is
target context

data DI IT apple

17H building vegtor
of

l stone

Normalization is done wing softney f.FI g



Aside PERPLEXITY

min NW loss straightforward Max log likelihood
take negative NL

model predicts
sentence

PERPLEXITY Complete this trun is confirmation

RESULT model is shocked

perplexity Random NLP
Benchmarks

lower isbetter
higher is
better

HamaJOB
is knownto
be muchbetter
than Llama IB



visualizing learned embeddings using PCA

superlative

adj

comparative

adj

female

King mart womain queet



Statin Dynamic embeddings

once trained there learnable embedding are static
One embeddingfor eachtoken

the bank teller us the riverbank

same embedding
representation

NEED DYNAMIC EMBEDDINGS

Mrans
003780Website

Rmp

1 Reddit
Ranked

Final document comes
80 from 20 from 30 from



softmax self attention

the bank teller

interested in emb for bank

dot ve l the vec bank similarity b w the bank

dot uei bank vec bank's

dot ve teller vec bank

Returnedlinks searchEvery use them

keys

to form a weighted

average of all
embeddings

the bank vei the

bank bank vec bank

teller bank Vec teller



POSITIONAL INFORMATION

bank the bankteller different from bank the
riverbank

the bank take sort at the river bank
11 2 13 14 15 167 7 18



Attention computations Efficiency

is a n long

0 Softmax QKT v
sequence with

d dimensional tokens

Time O nd 111 9

space O n to streak Q K V Rmd
linearx linearx linear x


