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ANYURY. T I THINK YOU MEAN YOU
- | | sAYING YOU Cap CARE

LESS MPLIES YOU CARE
AT LEAST SOME AMOUNT.

J

/
1T %

WERE THESE UNBELIEVABLY EVERY CHOICE. OF PHRASING AND
T DUNNG o TR e s Vol | SPELUNG AND TONE AND TIMING
‘ THROUGH A VOID, TRYING IN CARRIES COUNTLESS SIGNALS AND
\ VAIN TO CONNECT WITH ONE CONTEXTS PHD SUBTEXTS AND MORE,
AL NSRRI I | AND EVERY LISTENER INTERPRETS
WORDS OUT INTO THE DARKNESS. [ e S E N 3 =Loh (A,

YOU CAN NEVER KNOL) FOR SURE. WHAT
ANY WJORDS LJIlLI"EPJ\J o AMONE:

ALL YOU CAN DO IS TRY To GET BETTER AT
GUESSING HOL) YOUR WORDS AFFECT PEOPLE,
50 YOU CAN HAVE ACHANCE OF FINDING THE
ONES THAT WILL MAKE THEM FEEL SOMETHING
LIKE. WHAT YU WANT THEN TO FEEL.

EVERYTHING ELSE. IS POINTLESS.

Bl -

LANGUAGE ISNT A FORYAL SYSTEY.
LANGUAGE. S GLORIOUS CHADS.

/
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&./01&345*46627859,:2;;2<=2>;2?+/

" HSY&R+),-

T ASSUME YOURE GMING ME. TIPS ON
HOW YOU INTERPRET LJORDS BECAUSE
YOU WANT ME T FEEL LESS ALONE.

|
IF 50 TH!IEN THANK YOU.
THAT MEANS A LOT

9

BUT IF YOURE JUST RUNNING (Y
SENTENCES PAST SOME MENTAL
CHECKUST 50 YOU CAN SHOL)
OFF HOL) WELL YOU KNOW 1T

1

THEN T COULD
(ARE LESS.
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' U .\O BEST DIGITAL
NEWS PLATFORM

U@LV Malawi yawapoteza mawaziri 2 kutokana na maafa ya COVID-19

1 HSHEET ($) * 1 (H,"=". /., "0&

TUKO.co.ke imefahamishwa kuwa waziri wa serikali ya mitaa Lingson Belekanyama na mwenzake wa
uchukuzi Sidik Mia walifariki dunia ndani ya saa mbili tofauti.

Swahili English i X

Google Translate
L

Malawi loses 2 ministers due to COVID-19 disaster

TUKO.co.ke has been informed that local government minister Lingson Belekanyama and his transport
counterpart Sidik Mia died within two separate hours.
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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 | wrote are not mean,

| 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

be a bore!”

S: | broke the window.

Q: What did | break?

S: | gracefully saved the day.

Q: What did | gracefully save?

LHUK*JO V.17 . )07,

XH6@ ¥ . 69(96U6K(JObW: . ) 0?2%6". Y

1% UK*JO 10? * 2.$0 *79 * K-("*?,

XH6@ ¥ . 69(96U6K(J06*6? . $06* 7 96*6K - ("*26" . Y

How many users have signed up since the start of 20207
1232456/ . -7"8(9:6; <==>6-$07%6

@A2<26/?0*"09B*" COEFEFGFHGFHI

What is the average number of influencers each user is
subscribed to?

123245 *JK8/ . -7": ;<== 8§1232456-$0?B(9L / . - 7"8M:
;<== $-N$/?(N0?$ O<=PQ RS -$0?B(9 :6
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Definition: "#$%%$&(Webster dictionary)

I =$%&/7%4&=$4=&/+&*%C*%+%0=%7&?1&4&8(*7TU&C$*4+%U&%=""

| =$%8/T%A8=$4=84&C%*+(0&840=+&=(8&%_C*%++&?1&)+/06&8(*7+U&+/60+U&Y
I =$%&/7%4&=%$4=&/+&% C*%++%7&/0&4&8(*G&(A&8*/=/06U&4*=U&%=""

"(11($")*+,%$&-%)*%. +/#0+(1+*2%$3%$&+(1+! 4 $%$&

[ signifier (symbol) ! signified (idea or thing) J

= denotational semantics
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Common NLP solution: W+3BJ&8J& 7Y %=U&4&=$%+4)*)+&'(0=4/0/06&
5/+=+&{h&nym sets 4078ypernyms ,g/+&4h&*%54=/(0+$/C+1"&

e.g., synonym sets containing “good”: e.g., hypernyms of “panda”:
from nitk.corpus import wordnet as wn from nltk.corpus import wordnet as wn
poses={ 'n':'noun’,' Vv':'verb''s’ :'adj (s),'a’ :'adj',' r' :'adv'} _ " "
for synset in wn.synsets("good"): panda = wn.synset("panda.n.01")
print ("{}: {}" .format(poses[ synset.pos ()], hyper = lambda s: s.hypernyms)
", " join([ lname() for | in synsetlemmas()]))) list (panda.closure (hyper))
noun: good

[ Synset(‘procyonid.n.01"),
noun: good, goodness Synset('carnivore.n.0l"),

noun: commodity, trade_good, good 2ynset(lplacente:|.n.(;)11'),
adj: good ynset('mammal.n.01'),

Synset('vertebrate.n.01"),
Synset(‘chordate.n.01"),
Synset(‘animal.n.01"),
Synset(‘'organism.n.01"),

noun: good, goodness

adj (sat): full, good

adj: good

adj (sat): estimable, good, honorable, respectable
dj t): beneficial d

> (sa)_ S REEEES Synset('living_thing.n.01"),
adj (sat): good . 4

adj (sat): good, just, upright B

E ’ ’ ' Synset('object.n.01"),
Synset('physical_entity.n.01'),

dverb: well d
adverb: well, goo Synset('entity.n.01")]

adverb: thoroughly, soundly, good
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| +064=84+8A&*%+()*'%&?)=8&./++/0680)40'%

| %"EH*(A/'/%0+R&5/+=%7 &4+8&4&+I0(0B&A &
H#$/+8&/+&(051&' (**%'=8&/0&BEY 8=+

| N/++/0680%8&.%40/06+&(A&S(*7+
| %"6'R&%TUL?474++U&OIA=IULS/DA*TULEYRV#E80/0@4U&
| L.C(++/?5%&=(&GYHTAKTK

| R)?@%'=/<%

| A0R[)/*%+&$).40&547(*&=(&*%4=%&407&ATAC=

| M40d=&'(.C)=%&4")*4=%&8(*7&+/./53*/=1&
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LO&=*47/=/(045&YFTU&8%&*%64*7&8(*7+&4+&T7/+*%=%&+I|.?(5+I&
$(=%4FH0A%*%0Y(=%584 5('45/+%6C*%+%0=4=/(0

=>0*7%6. 706HLE" 1 0620$"6F$

R)'$&+1.2(5+8&A(*&8(* T4BR 2% &* % C* Yo+ 0 TR 1€Y'= (*+J

(E%5&i&)-&-&-8-8-8-&-&-&-&-8)&-&-&-&-K
$(=%58i8j-&&-&-&-8-8&-8!8-8-8&-&-&-&-&-K

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




(&-1)"?'60$4'6-85."*.'50 #&"$".:?1-).

Example: /088%7?&+ Y64 2B ) 896*8+% 4+ $UGREA*E&5% &3QBBEH 785/GY%E&=(&.4='$&
7().%0=+8&'(0=4/0/068R % A==5%&f(=%5

Q)=J
(=%58&i&j-&-&-8-8-&-&-&-&-&-8)&-&-&-&-K
B(=%5&i&j-&-&-&-&-8-8&-&!8&-8-&-&-&-&-&-K
H5%+%& =8(&<%'=(*F&BH4R45
#$%*%6&/+&0(&04=)*45806rHDEFLRA (*&(0%(=8<%'=(*+K

Solution:

e M()57&=*1&=(&*%51&(0&;(*7Y%=d+&5/+=&(A&+10(0l.+&=(&6%=&+/./54*/=Im
e Q)=&/=&/+&BUBHE=(&A4/5&?47511&/0'(.C5%=%0%++U&%=""

e |nstead: learn to encode similarity in the vectors themselves

"%
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L \/[+=*/?)=/(045&+%.40=Atérd’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
I 10%&("&,'%&2(+,&+)$5%++")6&#4%-+&("&2(4%*0&+,- #+ #$-6&Z[.L

I ;$%08&4&8(* &4CC%4A*+8&/0&4&=UontdI& [+&E&$Y&+%0=& (A& (*7+&
=$4=&4CC%4*&0%4*?1&,8/=$/04DEFLEH7 (81"

I W+%&=%$%&.401&'(0=%w—H&A L 7 &) C&AE&* % C*%+% 0wl =/(0& (A&

I HSU& (96)4+96,)-&H . %6(/)0&'T "1 )% 281" 4&1/%/*2/%52--9% '%+*1 %6778
! /291")52)* 0&#-9%6*'9%6%+/%0'1;1% ,2'31"  &%"0.2)1#*)#*&%-. 2496*)59%6*54+"%6-#+"%
I <H12%52/4=0/)*"18%%1,2'31™  /9/)%(*2*/58)*1*)5%*2& (!

I " These context words will represent "#$%#&
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,%08&8/55&7?)/578&4&7%0+%&<%'=(*&A(*&%4'$&8 (*7TU&'$(+VI6 &5 ELTAEFELAEB (¥ 7+8

=$4=&4CC%4*&/0&+/./54*&'(0=%_=+
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#3% &% &A&=*/?) =YY C*%+%0=4=/(0
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expect =

CrHs% )

"&H

(1")&8&

(")1&
o

("% +#
4
I"#&)

\_ I"+$& Y,

come
go
take
. (ee
give keep
make get

meet i

see continue

want
expect

think

say

need help
become
remain
are .
be )
wergas
being
been
haq
has
have
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{(*72<%' NIG(5(<%=&45"8&2-1:1&/+&A&A*4.%8(*G A BLIFBBHOHTEE.

L7%4J

;908$54<%8&4854*6%&, (T THEL& (A% =

Z<%*1&8(*7&/0&4A&A] %7&<('4?)54*&/+&* % C*%¥V60=%7&?1&4&
f(&=%$*()6$&%4'$&C(+/=t(0&=$%&=% =U&8%$/'$&$4+8&4& ' tDFPE&*EBGT =&
,90)=+/7%h1&8(*6+&

W+%&=8Ya8*/=I&(A&=$%&8 (*7 & <B(*EAOZ & =(845")54=%&=F% & C*(?4AA&/6/<%0&
c,(*&</'%&<%*+41

H%%C&47@)+=/06&=3$%&8 (*F(@<&0 FDU&=$/+&C*(?47?/5/=I
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Z_4.C5%&8/07(8+&407&C*('%++&A(*&'(.C\WRH | w,)

Pw—z | we) P(Weiz | W)

P(we_q | we) P(Wey1 | We)

problems  turning banking  crises  as

\ J L J
Y Y \ Y J

outside context words center word outside context words
in window of size 2 at positiont in window of size 2
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Z_4.C5%&8/07(8+&407&C*('%++&A(*&'(.C\WRH | w,)

P(We_z | we) P(Weyo | We)

problems  turning crises  as

\ ) )
\ J
T Y Y

outside context words center word outside context words
in window of size 2 at positiont in window of size 2




3-&50="#I"-1R"#$0=""2%+#3$0-+
1(€%4'S&C(+/=/{0& 1, ..., TUKC*%7/'=&'(0=%_=&8(*7+&B8/=$/08A4&
B/07(B&AGA]_%67&MIBR40& H0=06 1§ BRAREALS/G65/S((79
F/G%5/$((7&(6)—1_[ 1_[ P(Wes; | we: 60)

t=1 m<]<m
8 is all variables | Jj#0

to be optimized

sometimes called a cost or loss function

HSUL@ Yo' =/<Y&A) OHA) &+ &= $%& 4<%*46%1&0%64=/<%&5(685/G%5/$((

1
(9)———logL(9)———z Z log P(wes ; | we; 6)

-msjsm
JEV)

I N/0/./DI0B&(? @%'=/<%&A)@=/K0&. /./DI0B&C*%7/'=/<%&A")*4'
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;%0&840=&=(&./0/. /D%& $%&(?@%'=/<%&A)0'=/(0J

J(6) = z z lOgP(Wt+] | we; 9)

-msjsm
Jj#0

Question: 3(8&=(&'45")54=Ph8 . ; | w; 6) m
Answer: ;%&8/56&e two <%'=(*+&C%*&8¢7 &

| v, 9%608y #+8-8&$%60,06*89(*4

| 1, 9'%08w #+8-8&5(0,%)\ &9(*4

HBY60&A (&4 V0=t ABFEAE (0=% =&BFT&

exp (U ve)

P(O|C) - ZWEV eXp(u\Z;/vc)
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«  N\-236%8&9#04(9+&-04&3*($%++&"(*&$(2PHAQ; | w;)

° P(uproblems | vinto) +'(*,&"(*&(pr0blems | into ;uprobleer Vinto» 9)

P(wrwior | Voar() P (uyop+96t V00t ()

P(w gopse | Vo P(upsgopne |v%#-()

problems  turning banking  crises  as

\ J L J
Y Y \ Y J

outside context words center word outside context words
in window of size 2 at positiont in window of size 2
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# Exponentiation makes anything positive
J I Dot product compares similarity of o and c.

ulv = u.v = Y3 Ugpy,

T
exp( Uo vc) Larger dot product = larger probability

T
Dwev Xp (U Ve)
" Normalize over entire vocabulary

to give probability distribution

P(o|c) =

o #$/+&/+&40&% _4.C5%&ida$htaliection R™ — (0,1)" ~— Open
exp(x;) region

softmax(x;) = S = p;

j=1€xp(x))
o #3%A=.4 A)0'=/(0&.4C+8&A*?/=*4*|&<4)HBLE&C*(?4?/5/=1&7/+=*I)=/(0&

. [2-& G%$-)+%&-236#''qtyt<)/o+&3*(c5-G#a#,/a,a’z("&sicMTa —
o JH(' N GUbS-)+8&+ HEBE+HHOO+EH(2U683*(G-GHEH /& (BFZTOBIN R 1o v

cause it returns a distribution!
o 8%0% )%0,6/&)+%48&H#0&T%%3&[%-*0#00
I 1%
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#(&=*4/0&4&.(7%5B8&BPEH51&4 7 Q)4 KY%=%*+&=(&./0/./D%E&EA&S (++

o "N0G'ASHE *%C*%+YelliF=800&

Vaardvark "X e —
(T%5&4*4.%=%*+(BI0& Ve =
5(06&<%'=(* : y—
o *2104H8 . — \
L\()&.(O) &."’ /0'&$&l_ . 0 _ vzebra E R2dv ] | ‘ A%Aﬁ%
o' 71.%0+/(0456%'=(*+&407& .
V'.401&8(*7+U&8%&$4<%J] Ug - -
° "0%0.%.?7%*)&%<%*1&8(*7&$4 : " -
:8(&%':(*+ | Uzebra | ® =

o ;%&(C=/./D%&=$%+%&CA*4.%=%"+&?|8845G/BE&TBUELEIBEL6&*/6$=8A/6)*%1
o ;9%&'(.C)=%&155% = (*&6*47/%0=+K



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

Zoom U. Whiteboard — see video or revised slides

The basic Lego piece: The chain rule

. A & AT
Useful basic fact: 9xa _ dax
ox Jx

If in doubt: write it out with indices




4*0+'K%)"

e Chainrule!Ify=flu) and u=g(x), i.e., y = flg(x)), then:
dy _ dydu _ df(u) dg(z)

de  dudx — du dx
: d d
e Simpleexample: %Y _ % g3, 7)4
dx dx5(x +7)
y = f(u) = 5u’ u=g(x)=a3+7
@ 3 d_“ 2

dy

—— = 20(x> + 7)3.3x?
I I (x )°. 3x
)
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10 =73 S logp(welw)

t=1 —m<j<m,j#0

FY%=0+&7%*/<%&6*47/%0=8A(*&'%0=%*&8(*7&=(6%=$%*
1(*&(0%8&8% 4.C5%&8/0A(F&g0%E&Y% 4.C5%&()=+/7%RB(*7

Y+, - a4l
Ogo)* g -4l

"HIUE&' ) ( "#S

N()&=$%08&45+(&0%%7&=$%&6*47/%0=&A(*&'(0=%_=&8(*7+&,/=d+&+/.i
5%A=&A(*&$(.%8(*G 1" 45=E4% & C4*4. %=/ B%& %"



)#%)*$0+/*))'1&*50"+F.A

o :%&88%0=&=$*()6$L&6*47/%HOLERA'$SE %0=2%*&WDEA&S/07(8
o :%&A5+(&0%%T&B*AT/%0=+&A(*&()=+HT%&<Y'=(*+&
o \06*/<%&4=8$(. VK&

o f%0%*458&%4'$&8/07(8&8%&8/55&'(.C)=%&)C74=%+&A(*&455&C4*4.%=%*+&=]
)+%7&/0&=%$4=&8/07(8"&](*&%_4.C5%J

P(w vsoene |Vrsswens ) P (s [vrasopna )
(" e, #Sagne ) ' s Bague

problems  turning into crises  as

\ ;oo )
\
Y Y Y

outside context words center word outside context words
in window of size 2 at positiont in window of size 2
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$18=8(8:<0'=(*+MZ4+/%*8&(C=1.IDA=/(0" & O<-ARURSY &I07"

#8(&.(7%5&<4*/40=+]
" RG/G*4.+&,Rf1
*004#%$,8%(0,98]Q, +#49U &9 (*4+&S3(+#,#(08#04%3%04 YV A0 LOERMBO &
2" M(0=/0))+&Q46&(A&;(*7+&,MQB;1
*%04#$,8$%0,%*&9(*4&"*(2&SG-0&("U&S$(0,%)\,&9(*4+
5'#+&6%$,)*%&+@APE2H&H"3']

O77/=/(045&%AA/'[%0'1&/0&=*4/0/06J

" Y%64=/<%&+4.C5/06
(&"-*7&8($)+&JA& (' " DI#27 S+#236Gf & 2(*%8%6\3%0+#I%E&., 2UQHO0&,
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o :%&P4<%&A&' (+=&A)J /D86 &B840=&=(&./0/./D%
* Gradient Descent /+&40&456(*/=%$.&=(&./0/.JLOH&

o Idea: A(*&")**%0=&<45)P38&A%")54=%&6*4 7 /YdEH RIGES Y0 0 &= MEH & =% C&/0&7/*%'=

Cost
A Note: Our
objectives
. may not
Learning step be convex
like this !

But life turns
out to be
okay "

Minimum

= 0

Random
initial value

D>
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e WC74=%8&%[)4=/(0&,/0&.4=*/ &0(=4=/(01J

grew = gold — 0 75.J ()
I

( a&tep size (*&earning rate

e WC74=%&%I[)4=/(0&,A(*&+/065%&C4*4.%=%*1J
new __ pold 0
627 — 62j - CY (jf(f?)

ogold
J

e 056(*/=$.]

while True:
theta_grad = evaluate gradient(J,corpus,theta)
theta = theta - alpha * theta grad
#
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ProblemJR(9) /+8&4&A)0'=/(08I(BE7 (8+8/0&=$%&'(*C)+&,C(=%0=/4551&2/55/(0+K 1
o R(6V¢J (0)8I&EBBIEBLEERBO+<%&=(&'(.C)=%
N()&8()57884/=84&<%*1&5(06&8=/.%8& ?%A(*%&.4G/06&4&+/065%&)CTA4=%K

Very ?47&I7%4&A(*&C*%==1&.)'$&455&0%)*45&0%=+K
Solution: Stochastic gradient descent (SGD)
 W%3%-,%46/&+-236%&9#04(9+F&-04&)34-,%&-",%*&%-$'& (0%
O56(*/=%$.J

while True:
window = sample window(corpus)
theta grad = evaluate gradient(J,window,theta)
theta = theta - alpha * theta grad
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2" 3).40&5406)46%8&407&8(*7&.%40/06&,19&./0+1

" (¥72<%'&J0=*(7)'=/(0&,19&./0+1

S (*72<%'&(?@%'=/<%&A)0'=/(08&:6*47/%0=+&,29&./0+1
9" BC=/./D4=/(0&?4+/'+&,9&./0+1

E" F((G/0684=&8(*7&<%'=(*+&,1-& JO+&(*&5%++1

I "%



