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The SEC said, “Musk, your tweets are a 
blight.
They really could cost you your job,
if you don't stop all this tweeting at night.”
Then Musk cried, “Why?
The tweets I wrote are not mean,
I don't use all-caps
and I'm sure that my tweets are clean.”
“But your tweets can move markets
and that's why we're sore.
You may be a genius and a billionaire,
but it doesn't give you the right to

How many users have signed up since the start of 2020?
SELECT count(id) FROM users 
WHERE created_at > ‘2020-01-01’
What is the average number of influencers each user is 
subscribed to?
SELECT avg(count) FROM ( SELECT user_id, count(*)
FROM subscribers GROUP BY user_id ) 
AS avg_subscriptions_per_user

S: I broke the window.
Q: What did I break?
S: I gracefully saved the day.
Q: What did I gracefully save?
S: I gave John flowers.
Q: Who did I give flowers to?
S: I gave her a rose and a guitar.
Q: Who did I give a rose and a guitar to?

G(C<HI'>'20&.$'.$"7'-+'$4"'7*$4'$-'%+0="&.*)'?-5").

abe bore!”
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Definition: !"#$%$&(Webster dictionary)
! =$%&/7%4&=$4=&/+&*%C*%+%0=%7&?I&4&8(*7U&C$*4+%U&%='"

! =$%&/7%4&=$4=&4&C%*+(0&840=+&=(&%_C*%++&?I&)+/06&8(*7+U&+/60+U&%='"
! =$%&/7%4&=$4=&/+&%_C*%++%7&/0&4&8(*G&(A&8*/=/06U&4*=U&%='"

'(!!($")*+,%$&-%)*%.+/#0+(1+*2%$3%$&+(1+!"#$%$&4

signifier (symbol) ! signified (idea or thing)

= denotational semantics
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Common NLP solution: W+%U&%"6"U&;(*7Y%=U&4&=$%+4)*)+&'(0=4/0/06&
5/+=+&(A&synonym sets 407&hypernyms ,g/+&4h&*%54=/(0+$/C+1"&

[ Synset('procyonid.n.01'), 
Synset('carnivore.n.01'), 
Synset('placental.n.01'), 
Synset('mammal.n.01'), 
Synset('vertebrate.n.01'), 
Synset('chordate.n.01'), 
Synset('animal.n.01'), 
Synset('organism.n.01'), 
Synset('living_thing.n.01'), 
Synset('whole.n.02'), 
Synset('object.n.01'), 
Synset('physical_entity.n.01'), 
Synset('entity.n.01')]

noun: good 
noun: good, goodness 
noun: good, goodness 
noun: commodity, trade_good, good 
adj : good 
adj (sat): full, good 
adj : good 
adj (sat): estimable, good, honorable, respectable 
adj (sat): beneficial, good 
adj (sat): good 
adj (sat): good, just, upright 
É
adverb: well, good 
adverb: thoroughly, soundly, good

e.g., synonym sets containing “good”: e.g., hypernyms of “panda”:

'"

from nltk.corpus import wordnet as wn
poses = { ' n' : 'noun', ' v' : 'verb ', 's' : ' adj (s)', 'a' : ' adj ', ' r' : 'adv ' }
for synset in wn.synsets( "good"):

print ( "{}: {}" .format(poses[ synset.pos ()], 
", " .join([ l.name() for l in synset.lemmas()])))

from nltk.corpus import wordnet as wn
panda = wn.synset( "panda.n.01" )
hyper = lambda s: s.hypernyms()
list ( panda.closure (hyper))
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! f*%4=&4+&4&*%+()*'%&?)=&./++/06&0)40'%

! %"6"U&gC*(A/'/%0=h&/+&5/+=%7&4+&4&+I0(0I.&A(*&g6((7 h
#$/+&/+&(05I&'(**%'=&/0&+(.%&'(0=%_=+

! N/++/06&0%8&.%40/06+&(A&8(*7+

! %"6"U&8/'G%7U&?474++U&0/A=IU&8/D4*7U&6%0/)+U&0/0@4U&?(.?%+=

! L.C(++/?5%&=(&G%%C&)C`=(`74=%K
! R)?@%'=/<%

! ^%[)/*%+&$).40&54?(*&=(&'*%4=%&407&474C=

! M40d=&'(.C)=%&4'')*4=%&8(*7&+/./54*/=I&à
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L0&=*47/=/(045&YFTU&8%&*%64*7&8(*7+&4+&7/+'*%=%&+I.?(5+J&
$(=%5U'(0A%*%0'%U.(=%5&S4 5('45/+=*%C*%+%0=4=/(0

R)'$&+I.?(5+&A(*&8(*7+&'40&?%&*%C*%+%0=%7&?I&(0%̀$(= <%'=(*+J

.(=%5&i&j-&-&-&-&-&-&-&-&-&-&!&-&-&-&-k
$(=%5&i&j-&-&-&-&-&-&-&!&-&-&-&-&-&-&-k

l%'=(*&7/.%0+/(0&i&0).?%*&(A&8(*7+&/0&<('4?)54*I&,%"6"U&9--U---1

Means one 1, the rest 0s

'$
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Example: /0&8%?&+%4*'$U&/A&)+%*&+%4*'$%+&A(*&gR%4==5%&.(=%5hU&8%&8()57&5/G%&=(&.4='$&
7(').%0=+&'(0=4/0/06&gR%4==5%&$(=%5h

Q)=J

.(=%5&i&j-&-&-&-&-&-&-&-&-&-&!&-&-&-&-k
$(=%5&i&j-&-&-&-&-&-&-&!&-&-&-&-&-&-&-k

#$%+%&=8(&<%'=(*+&4*%&(*=$(6(045

#$%*%&/+&0(&04=)*45&0(=/(0&(A&similarity A(*&(0%̀$(=&<%'=(*+K

Solution:
• M()57&=*I&=(&*%5I&(0&;(*7Y%=d+&5/+=&(A&+I0(0I.+&=(&6%=&+/./54*/=Im

• Q)=&/=&/+&8%55`G0(80&=(&A4/5&?475IJ&/0'(.C5%=%0%++U&%='"

• Instead: learn to encode similarity in the vectors themselves

Sec. 9.2.2

'%
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! \/+=*/?)=/(045&+%.40=/'+J&A word’s meaning is given
by the words that frequently appear close-by

! “You shall know a word by the company it keeps” SV@&W@&8#*,'&:XDY7&::U

! !0%&("&,'%&2(+,&+)$$%++")6&#4%-+&("&2(4%*0&+,-,#+,#$-6&Z[.L

! ;$%0&4&8(*7&w 4CC%4*+&/0&4&=%_=U&/=+&context /+&=$%&+%=&(A&8(*7+&
=$4=&4CC%4*&0%4*?I&,8/=$/0&4&A/_%7`+/D%&8/07(81"

! W+%&=$%&.40I&'(0=%_=+&(A&w =(&?)/57&)C&4&*%C*%+%0=4=/(0&(A&w

! "#$%&'(%')*+%,)*-&#,.%(/*)0&'1'"*1')# ,2'31'" 4&1/%/*2/*52--%'%+*1'*6778!

! /291'"*)52)*:0&#-%*'%%+/*0'1;1%+,2'31'" &%"0.2)1#'*)#*&%-.24%*)5%*5#+"%-#+"%!

! <'+12*52/*=0/)*"1$%'*1)/,2'31'" /9/)%(*2*/5#)*1'*)5%*2&(!

These context words will represent !"#$%#&
'&
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;%&8/55&?)/57&4&7%0+%&<%'=(*&A(*&%4'$&8(*7U&'$(+%0&+(&=$4=&/=&/+&+/./54*&=(<%'=(*+&(A&8(*7+&
=$4=&4CC%4*&/0&+/./54*&'(0=%_=+

Y(=%J&8(*7&<%'=(*+&4*%&45+(&'455%7&8(*7&%.?%77/06+&(*&,0%)*451&8(*7&*%C*%+%0=4=/(0+
#$%I&4*%&4&7/+=*/?)=%7*%C*%+%0=4=/(0

banking  i

!"#$%
!"&'#

(!")&&
(!")!&
!")!'

(!"*+#
!",+'
!"#&)
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!"#$%
!"&'#

(!")&&
(!")!&
!")!'

(!"*+#
!",+'
!"#&)
!"+$&

expect  =

')
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;(*72<%' ,N/G(5(<%=&45"&2-!:1&/+&4&A*4.%8(*G&A(*&5%4*0/06&8(*7&<%'=(*+

L7%4J

• ;%&$4<%&4&54*6%&'(*C)+&,g?(7Ih1&(A&=%_=
• Z<%*I&8(*7&/0&4&A/_%7&<('4?)54*I&/+&*%C*%+%0=%7&?I&4&<%'=(*

• f(&=$*()6$&%4'$&C(+/=/(0&t /0&=$%&=%_=U&8$/'$&$4+&4&'%0=%*&8(*7&c 407&'(0=%_=&
,g()=+/7%h1&8(*7+&o

• W+%&=$%&+/./54*/=I&(A&=$%&8(*7&<%'=(*+&A(*&c 407&o =(&'45')54=%&=$%&C*(?4?/5/=I(A&o 6/<%0&
c ,(*&</'%&<%*+41

• H%%C&47@)+=/06&=$%&8(*7&<%'=(*+&=(&.4_/./D%&=$/+&C*(?4?/5/=I

!*
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Z_4.C5%&8/07(8+&407&C*('%++&A(*&'(.C)=/06𝑃 𝑤𝑡+𝑗 | 𝑤𝑡

…crisesbankingintoturningproblems… as

center word
at position t

outside context words
in window of size 2

outside context words
in window of size 2

𝑃 𝑤!"# | 𝑤!

𝑃 𝑤!"$ | 𝑤!

𝑃 𝑤!%# | 𝑤!

𝑃 𝑤!%$ | 𝑤!

!'
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Z_4.C5%&8/07(8+&407&C*('%++&A(*&'(.C)=/06𝑃 𝑤𝑡+𝑗 | 𝑤𝑡

…crisesbankingintoturningproblems… as

center word
at position t

outside context words
in window of size 2

outside context words
in window of size 2

𝑃 𝑤!"# | 𝑤!

𝑃 𝑤!"$ | 𝑤!

𝑃 𝑤!%# | 𝑤!

𝑃 𝑤!%$ | 𝑤!

!!
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](*&%4'$&C(+/=/(0&𝑡 = 1,… , 𝑇U&C*%7/'=&'(0=%_=&8(*7+&8/=$/0&4&
8/07(8&(A&A/_%7&+/D%&mU&6/<%0&'%0=%*&8(*7&𝑤$"&\4=4&5/G%5/$((7J

𝐿 𝜃 =,
%&'

(

,
)*+$+*
$,-

𝑃 𝑤%.$ | 𝑤%; 𝜃

#$%&(?@%'=/<%&A)0'=/(0&𝐽 𝜃 /+&=$%&,4<%*46%1&0%64=/<%&5(6&5/G%5/$((7J

𝐽 𝜃 = −
1
𝑇
log 𝐿(𝜃) = −

1
𝑇
5
%&'

(

5
)*+$+*
$,-

log 𝑃 𝑤%.$ | 𝑤%; 𝜃

N/0/./D/06&(?@%'=/<%&A)0'=/(0&⟺ N4_/./D/06&C*%7/'=/<%&4'')*4'I

F/G%5/$((7&i

𝜃 is all variables 
to be optimized

sometimes called a cost or loss function

!"
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! ;%&840=&=(&./0/./D%&=$%&(?@%'=/<%&A)0'=/(0J

𝐽 𝜃 = −
1
𝑇
*
!&#

'

*
%()*)(
*+,

log 𝑃 𝑤!"* | 𝑤!; 𝜃

! Question: 3(8&=(&'45')54=%&𝑃 𝑤%.$ | 𝑤%; 𝜃 m

! Answer: ;%&8/55&use two <%'=(*+&C%*&8(*7&wJ

! 𝑣- 9'%0&w #+&-&$%0,%*&9(*4

! 𝑢- 9'%0&w #+&-&$(0,%\,&9(*4

! #$%0&A(*&4&'%0=%*&8(*7&c 407&4&'(0=%_=&8(*7&oJ

𝑃 𝑜 𝑐 =
exp(𝑢0(𝑣1)

∑2∈4 exp(𝑢2( 𝑣1)!#
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• I\-236%&9#04(9+&-04&3*($%++&"(*&$(23),#0O𝑃 𝑤𝑡+𝑗 | 𝑤𝑡
• 𝑃 𝑢𝑝𝑟𝑜𝑏𝑙𝑒𝑚𝑠 | 𝑣𝑖𝑛𝑡𝑜 +'(*,&"(*&P 𝑝𝑟𝑜𝑏𝑙𝑒𝑚𝑠 | 𝑖𝑛𝑡𝑜 ; 𝑢𝑝𝑟𝑜𝑏𝑙𝑒𝑚𝑠, 𝑣𝑖𝑛𝑡𝑜, 𝜃

…crisesbankingintoturningproblems… as

center word
at position t

outside context words
in window of size 2

outside context words
in window of size 2

𝑃 𝑢!"#$%#& |𝑣%#'(

𝑃 𝑢)*%+%+|𝑣%#'(

𝑃 𝑢',#%#& | 𝑣%#'(

𝑃 𝑢-*(!./0+ | 𝑣%#'(

!$
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𝑃 𝑜 𝑐 =
exp(𝑢0(𝑣1)

∑2∈4 exp(𝑢2( 𝑣1)

• #$/+&/+&40&%_4.C5%&(A&=$%&softmax function ℝ9 → (0,1)9

softmax 𝑥: =
exp(𝑥:)

∑$&'
9 exp(𝑥$)

= 𝑝:

• #$%&+(A=.4_A)0'=/(0&.4C+&4*?/=*4*I&<45)%+&𝑥: =(&4&C*(?4?/5/=I&7/+=*/?)=/(0&𝑝:
• ]2-\^& G%$-)+%&-236#"#%+&3*(G-G#6#,/&("&6-*O%+,&𝑥;
• ]+(",^ G%$-)+%&+,#66&-++#O0+&+(2%&3*(G-G#6#,/&,(&+2-66%*&𝑥;
• 8*%_)%0,6/&)+%4&#0&T%%3&[%-*0#0O

! Dot product compares similarity of o and c.
𝑢1𝑣 = 𝑢. 𝑣 = ∑%2 3

# 𝑢%𝑣%

Larger dot product = larger probability

" Normalize over entire vocabulary 
to give probability distribution

!%

# Exponentiation makes anything positive

Open 
region

But sort of a weird name 
because it returns a distribution!



C-'$&*0+'$4"'?-5")I'P7$0?0M"'=*)%"'-2'7*&*?"$"&.'$-'?0+0?0M"')-..

!&

#(&=*4/0&4&.(7%5U&8%&6*47)455I&47@)+=&C4*4.%=%*+&=(&./0/./D%&4&5(++

• ^%'455J&𝜃 *%C*%+%0=+&all =$%&
.(7%5&C4*4.%=%*+U&/0&(0%
5(06&<%'=(*

• L0&()*&'4+%U&8/=$&
d`7/.%0+/(045&<%'=(*+&407&
V`.40I&8(*7+U&8%&$4<%J

• ^%.%.?%*J&%<%*I&8(*7&$4+&
=8(&<%'=(*+

• ;%&(C=/./D%&=$%+%&C4*4.%=%*+&?I&845G/06&7(80&=$%&6*47/%0=&,+%%&*/6$=&A/6)*%1

• ;%&'(.C)=%&455<%'=(*&6*47/%0=+K



SN'3-&5O="#'5"&0=*$0-+.'-2'/&*50"+$

• Zoom U. Whiteboard – see video or revised slides

• The basic Lego piece: The chain rule

• Useful basic fact:

• If in doubt: write it out with indices

!(



,4*0+'K%)"

• Chain rule! If y = f(u) and u = g(x), i.e., y = f(g(x)), then:

• Simple example: 

!)

𝑑𝑦
𝑑𝑥

= 20(𝑥> + 7)>. 3𝑥?



T+$"&*#$0="'340$"1-*&5'U"..0-+A

F%=d+&7%*/<%&6*47/%0=&A(*&'%0=%*&8(*7&=(6%=$%*
](*&(0%&%_4.C5%&8/07(8&407&(0%&%_4.C5%&()=+/7%&8(*7J

n()&=$%0&45+(&0%%7&=$%&6*47/%0=&A(*&'(0=%_=&8(*7+&,/=d+&+/./54*e&
5%A=&A(*&$(.%8(*G1"&#$4=d+&455&(A=$%&C4*4.%=%*+&𝜃 $%*%"

"*

"#$%& ' ( "#$
)*+ , - !

" . #/

0 $ %&
' )*+ , - $

" . #/



,*)#%)*$0+/'*))'/&*50"+$.A

• ;%&8%0=&=$*()6$&=$%&6*47/%0=&A(*&%4'$&'%0=%*&<%'=(*&v /0&4&8/07(8

• ;%&45+(&0%%7&6*47/%0=+&A(*&()=+/7%&<%'=(*+&u
• \%*/<%&4=&$(.%K&

• f%0%*455I/0&%4'$&8/07(8&8%&8/55&'(.C)=%&)C74=%+&A(*&455&C4*4.%=%*+&=$4=&4*%&?%/06&
)+%7&/0&=$4=&8/07(8"&](*&%_4.C5%J

…crisesbankingintoturningproblems… as

center word
at position t

outside context words
in window of size 2

outside context words
in window of size 2

! " !"#$%$#$&'()#(*

𝑃 𝑢"+ |𝑣!"#$%#&

! " #(+, #$&'()#(*

𝑃 𝑢',*#%#& |𝑣!"#$%#&

"'



3-&5O="#I'V-&"'5"$*0).

;$I&=8(&<%'=(*+m&à Z4+/%*&(C=/./D4=/(0"&O<%*46%&?(=$&4==$%&%07"

#8(&.(7%5&<4*/40=+J

!" RG/C̀6*4.+&,Rf1
.*%4#$,&$(0,%\,&S](),+#4%̂U&9(*4+&S3(+#,#(0&#04%3%04%0,U&O#J%0&$%0,%*&&&9(*4

2" M(0=/0)()+&Q46&(A&;(*7+&,MQB;1
.*%4#$,&$%0,%*&9(*4&"*(2&SG-O&("U&$(0,%\,&9(*4+

5'#+&6%$,)*%&+(&"-*7&@A*>B+$2#&#"3'1

O77/=/(045&%AA/'/%0'I&/0&=*4/0/06J

!" Y%64=/<%&+4.C5/06
`(&"-*7&8($)+&(0&)2C('&0"D!#27S+#236%*&G),&2(*%&%\3%0+#J%&,*-#0#0O&2%,'(4U

"!



WN'P7$0?0M*$0-+I'G&*50"+$'X".#"+$

• ;%&$4<%&4&'(+=&A)0'=/(0&𝐽 𝜃 8%&840=&=(&./0/./D%

• Gradient Descent /+&40&456(*/=$.&=(&./0/./D%&𝐽 𝜃
• Idea: A(*&')**%0=&<45)%&(A&𝜃U&'45')54=%&6*47/%0=&(A&𝐽 𝜃 U&=$%0&=4G%&+.455&+=%C&/0&7/*%'=/(0&

(A&0%64=/<%&6*47/%0="&^%C%4="

Note: Our
objectives
may not 
be convex
like this !

But life turns 
out to be 
okay "

""



• WC74=%&%[)4=/(0&,/0&.4=*/_&0(=4=/(01J

• WC74=%&%[)4=/(0&,A(*&+/065%&C4*4.%=%*1J

• O56(*/=$.J

G&*50"+$'X".#"+$

( a&step size (*&learning rate

"#



U$-#4*.$0#'G&*50"+$'X".#"+$

• ProblemJ&𝐽 𝜃 /+&4&A)0'=/(0&(A&all 8/07(8+&/0&=$%&'(*C)+&,C(=%0=/455I&?/55/(0+K1

• R(&&&&&&&&&&&&&&&&/+&<%*I&%_C%0+/<%&=(&'(.C)=%

• n()&8()57&84/=&4&<%*I&5(06&=/.%&?%A(*%&.4G/06&4&+/065%&)C74=%K

• Very ?47&/7%4&A(*&C*%==I&.)'$&455&0%)*45&0%=+K

• Solution: Stochastic gradient descent (SGD)
• W%3%-,%46/&+-236%&9#04(9+F&-04&)34-,%&-",%*&%-$'&(0%

• O56(*/=$.J

"$



!"#$%&"'()*+

!" #$%&'()*+%&,!-&./0+1

2" 3).40&5406)46%&407&8(*7&.%40/06&,!9&./0+1

:" ;(*72<%'&/0=*(7)'=/(0&,!9&./0+1

>" ;(*72<%'&(?@%'=/<%&A)0'=/(0&6*47/%0=+&,29&./0+1
9" BC=/./D4=/(0&?4+/'+&,9&./0+1

E" F((G/06&4=&8(*7&<%'=(*+&,!-&./0+&(*&5%++1

"%


