


——>fm mD&EXV\ Xe& w@g\& 5&?@80“333 &QC}X\“""’B s D‘V?\‘GA mDX@EQ \T\C&B \J%%@ Ef

aw\\' oS .

Ougerntsed Leavaicn, pask -1
— tolkes s & fopuls Wi Fos owtecy oukpull, Ravas fow 2
& »N berome m@mb\@ emoug\A Yo QNGAUNJZ %@u}@u& {fogne @

g’“‘“ﬁlﬂ * house paice pXQA\'L{"m

fmFu/@/,

— The ally @ o i ¢
5 geexally fis andes ggpastion whidh s mater posk Ef SUP%\)\'MA leo&’w*j oo Yo ofor sne & called clasetfrntion.

Dupesvised Leowoiney poxt o7

A
— CXazs:@'an'm algovihms laavn bosedon Ho dntmsel provde) § classifres e Frpuli tate classes ov mkagxm;iepmir-g on fgpe f dotuet we tan hove Lo to ang Wﬁoq[agjes,
—> (asstfraly, “ o P

sifalion puedicls ezt frud volues § eokpul waltke seggession whidh com ek ffratle Aiffexent pousthtlrlies, —> et we Mtow seme Sexh ® bourdony fo classify
7 We can hove ruliipk slf F fpud oot clonsffniion v smemsien algostiins. ohjedt tolo AP caleguures
Ungugevuised Reatning Pash-1
APSEEMEE AT ) e
> el Ruoe ave ro sudput Sabels, feskad R gl butes o frd e pobberre tn e dobosek.
= B i Reolgourhim decilles ok hered bwo qrougs forming oflor ossessing e dotosek, sudn alseuithe fs called dusteston algorithm | s clasifes dota foto closlons.

= Thedatosr fou 2 ot ove any Robels, ool R ettt frod pateras o gpoup Hhe datasell whih ave semlas.

) . P
Uosugerised lointng eosk -0

CusLy
—> Poober Yype o USL fo enlled ovemally deteckion, which delects whin angihing wausuol ccons Es o) delecbion goithns deke G Pag v eny bge & asapros
B g0 & swapiubsuy
— - B glrmm.s:um\ﬁj geduckion , 1k Yoles a bty datasek & compresses wifh mtatmol data est. e

ju? tex ’Y\DJLQV‘DDQL\

—> Toke o Rook ok Hem when PD&\\‘\DE.

/
~inea¥ z’eﬂgessfgvx cnedel ‘)axlb”f

= M L= fopuk voriable 0% Jentuse
b N 5 &= Ou}‘:\x} “ < 7"&&3@{ vorralle
Sfje, fa s?u{ ‘ Pz eres m = bola) no %) h@x'w‘mj MDWF[ES

')(Lm, SU>> 8 7% Mnfnﬁ @lamPLﬁ, valies

|
Fivead deuession snedel paglh
nputs, ouFpull ave B
Laotatnn sel and Trained.
&
feaatas oo withe

~ n
L—> £ > Yo, pedecd
bt y

§
Adsta hupothe s functran
Utoziin 2.
{—%ESO - watb Lw\»an ﬁ isa 5{,11{31,\_}7 JZ:NL)
LD = warb

3 His 5o Liear vegaesimn with one veriable or
. wniva iabe Ainead vequeusion



(JQS% —‘(; U\DL%«D@W ggwdujio\

A~

b NG
e Y
jm,bé fpo-damebess o8 cofficients ox wejghbe

NG

ﬂw.bb&“) sw®,

=T frod ovveck b we o cah Farction ik ensasites e contect ness of o saph
5oy o ewy
soted e¥vor cosh fnciion

o

TN A o\*
S Zztﬂ[’_j“

84, ()

— bl - m(:::;:(yi T(wwd) » waybe wytle o

§ sz\:g-bJL

FJ@: wr e b=0

o 2
Tl ;,2%“ :Z:A[gwum) _ :jm]

m;m-mbe\TLD,)
w N

T L V(e
Jeo .,2.?1 .

4 / o

,‘F v 5

" "" 7L
s

W

Visualiacn oot foretes

> Back Yo m’\‘ainal wode) wheny b+0
7

—w

D)
5 5D plot B 2 vorsabls ie wb
Giraph Yooks  somenal Ve soup bowl

R4

N}
w

> Hhie 3= o &[m“{ﬁ w'”Pl"" %*‘ ;**Ww\ TnLrease fa buges, hence we we some Ko calle Vob , i hos ellies e amls o 7 allat
19 alled contoun plob (=
Same. \\uj\\l' o 3P plot .

TR el e o pordcalox ellipsesepursent ASPE vluis o w8 b heme ot AF ea ) bt have same wabur 47
= Tmajrrﬁ contows oy Yop wew uf mountain , Whidh s oliced.

Al points ab same heights

(ot o them)
> ey veprsenked by croues o conbaun Plols a¥e gien n conral gaply all have same
.

whied T

Tiobiog Liveat_seyssion= G gaind d esont
= Guadient descent wosks foya forclion it wony pasametess too Be —_— RAGIEENS)
We glonk with some value P wand b
Generally ek fm to 0O
—> e keep ranging w,b unkd we serble af o neax o micima

Nebe : fudion mag have move #an 1 wivimurm.

T Ferckion & abwag bow v homreek slopad o squased evew coh flor. bl e b aatn o cash fure bosed o messol abwstls i aptoph will be veny complex
= Gutodink descent Shosses the path of shespusk desert. unkl we sach a o veova Il emivime.



Loplemecting qudienl devent
—~ e )

= s we o 3T (wyy T st epeat
duw

oL = gmall tve nusmber btw 041

L onbicle Yo wodn we descend b 1 single skp

o b 0l Q Ty
1S

—> wab az sieal fantoualy updatid
Cougeck way ;,,Flmnéncmuf Stmallontous updalt

TGkl empovany vkl apdall both | fhen stove i aclual volues

Cowve

Trcavieck
w-ol 3 D
Rl - 2.
b-d
b RACHS) temp_ w N
Eerpow boo s F(Y,y)
ob
temp_ b
Lemp b

= TP o oo amall, maled webs foo louly hence b decstases R ef ey o the mmede)

- - Rp«jz/ 55»\.'@.11: Jescent overshooks & never Zacher a minfwum i SM’U\E Qdescent divorges o2 %\,Jg Yo convenge
—> what ‘mﬂ;z-«s e e ave aﬁz’euclﬁ ak o miaima?

Ko values fusetbuy don’t updall as BT -0
O (jozarelod

>R e appindh o i gedient desent, aviomabially fakes smales sleps wikl minima 5 atlzined (2 Aottt snbie. gy an d hevie Sheps becomes smallu)
7 Gaodin sy denches i even it cont Fank .

- gm"hckj =W +b

J(wp)- OZ\T Z LSF%@“) _ dmjl

L dodtng  Lineox Zequestion S Gutadient descent By Linenx weqdession
s o) S > )

P N i

P20l D Tl 5 9 T(ed.

. LY (Rt -y
dw =

b= 3 T(wb) 5 3 Jlop) -

3% ob \Z Z bﬁ“‘“{r‘w) - ﬂU))

N . single
The %JPE t? ](Z"‘LJ““ FXGJL“MQ,Q n Sc]/umeebh ex¥oy cast }i.,d;.m s called conver }ZW,L'M > it has enly Slb\)ul mintma & ne loeal eminima.

Recoing Gundel. dusrt

T Gndit doseent on o lnouae price preditor Wik i dotageinls,
Ha s wlled bath M‘gnt dscent oy eadn &ky\f He descent uses Aﬂl{ He M’nr‘vﬁ (’)Kamp)(s.
Theve ae other kinds nf deqretsion foo whiclt reed nob balie Hie enbite bokde f;x each skP



ﬂMu\uFu f’m\qm PO T A
L
% J feket et unber o kv

7. feabuses o ; Gl Fraining example
it o sk FH numbet Lo avector which includes ol e fratuses zf hatning example

wJ ? valued * feq e o # Lraining arample

Exomple

I P INCS E Ut
Bl v ] v veckor il g
weig
e o, o 4]
far(@- =.T+b
¥
Aot prochuck rf vectows
Thee ©s alled malkple Rineox  veqression.

Crm’c malifaisly thxzas\'m)%;P

“&A'Of"lok&n Past -1
pUSIPYCChele

> This makes code ghockr § move efficient, uses madern numesinl Moeon alaebeor Libvavin, wes GPU.
ws P, avdoy ([ @e,menhs])

Fo s
S

:b :
e\ s FLo ’nP.QXd’(ﬁ([@lE"ﬂn‘éD
LO tndening  fox cw\jv\j)

)sing oo
ST (e Nargy)
f-0
for 5 o wemge (0, 0)
£+ w3 ali]
£ ﬁ;\a
Using veclodisalion

£ompdok () b o> whn Aalreck 6 Jovger o vans muck meve foglex Fhon He e

\{e &oxqoum) Pm&»ﬂ

T why © veclorigakioc foakn D
in Loop eoch element % accened sepasalely mulkipliel added buk io veclosisabin enkise avags e ounsed & ealdiphed abencs, Hen compatn pefarms vouy effient adeikon .

\’fa\oxtja\.'m o vouy effient § Scali well fo Roge dakesels
@m,ﬁtenk Jesent for culisple roear stequession
- J- fw, ]
fa,=%-Zrb
T(3.by
epeak %
Wy Ty XS TUEY)
e“’q

b=b-ds JT(IW
b

]

Gitodient descanty B¢ one feabuse v m fealuses

o fr o foue o _omolhigle fonbutes
w=w - o S i @ (5} ™ . “>
:;(F%(ﬁ) - g0 L Worw - L ZU:\,O"D/go) x, P
] .
2 Ttab) : @
o o s oL ZG*»L‘D) ) LT

M i : Z_ ht"‘)) j

|or
a3
<



— Ritecalive way nf fﬂa\,\\j w, b

j & mmﬂ\ N

> woks only fou dincan dag)wess ton

2 Soves e s wiboud rhnabions
Disodvantages

< ien) genedalised o otte Ravnioy olgorifhes

-5 slow when auwmber fﬂnlw«a axe lm%;x far, 10,000

~p complor ML Lebeor®s uge ovmal g so backend (meud)

Foaluse scaling_peork =

> This nahas gudient discent ach moe fakey

Bramply

e gz buy v, 1

%280 =

300~ 2000 s fut 5 forsy .
N Frome = 0-6 S smalt o

e loger Re sisef faluns, Lowor wit be i volie f 1l weighk § Vicewoun
.

stoom
* het o T
@ —rplot o T(3,8)
S
o s, wBy, DI oo

Noakien in sige Nosy small hange i <5,
Vo foge o have fonge. fmpark honce 7b v i & ou swall sange
& w, Nein ia Jorge sy o3 %a s semall

“He elipes ate sosmall Re descent bounces o Aot befoe seaddivg 04 hewe we need some soxh f o hack
T Make both %, & %, componable te mahe some heges fo wnrs & vany beth %, &ty soy insange 0 fol, oo e plobs begin do loak Like Huis .
g ERE-AS)

eve #e descent daches e minima much move caly
Feabue Scoliog gk

——> How fo seals fnbunas
B 300 %L Zoo0

DA 9
02 Yy &)
D .- A
("\E)X"A«»‘ saled o mar volue of varge
2008 ;7 )

atn foy

SRR 5‘]@{ each  fotun oy
e © 2 Aeceplable > 0 & o sl
Seola) 5 P doxges = m g s
o st Ty ey £3
-0.3£ %5 £33
Mean noymalisakion 5
300 £, L Loeo QL %.£5 B kA
O 2,3 > decep
Wean of all obe LIERTS Meawo of all ohs LI DR DEEE S
% s &= M Lo, - P 100 £ L1608 > oo Honge, - vesealt
. -
%L sk " raled —_ N
‘\)\&\0& 2000- 306 5 -0 ~D.68] L Mul ®o0l > * small
et min ebenl e > " Jge
S“Vrm -0.12& 1, L0202 “0hp £ Ay £0.54

e voluus V“’%}M belwan -1 b 1
1LT

Z~scove rovmalisolon
R et etion

Glodalt standard deveotton @ ek Poabuna
G

Noy mal A-ﬁsu\,uv.h ox bell shapel wove ((same ox o)

Grmussion Ui bt bk o
200 £ %, & Looo

w, - -

saled &

=5

el ol S =L WY |



e hics geodiont Jescent for con vexgerce
SN husiid .

= LQAXn \‘nj Quave

RICAS)

Nolwed T oYtey 106 fonation
“ T - zee v

o Lo 3ee e Seo,
fhexabiang

Aflen each oxabian T vub decteose it T T ven i L skep tb means

« §oo

% s chesen Peotly or funs to Some bug ta Fe cade

« Tocams bo flablen ol means the ne longex Amm-qj hence T hos mote o5 less commngel

Theve & ro tellig affor bow oy thevabions guodient descent convenges

= Audoratic wnvergerce fok

Lk € be vewy small nuebes ke 167

12T (@0 devansss by L€ tn oce thouakion Handeclont convergence

Disads : fhig coedr ol o € 16 vouy hond amce vy peefoc Leara

Choosicg Jeasring 3ol8
—> Tn fandnig we f R goph 1 fan o isrel chosen properly, (pvbug in cod)

T T Loy e ok Lihe s, 5»&4,D(r‘sw-31u314 ov ey intade pomilly
T

Aeeakon
> Buen e & 75 small Faphh thun Hoe js bug fo cade

2
(#s s dore o bug)
— Tay wik many X, gomewlly  3n 9 prev £ like
T \ﬁw\m A
T verghighs

Hpadiow

[eatute engintesing

W= wtold

0O.00!, O3, D.01,0-08, O, 0-3, |.

il wing mnlutkon Qesrga new Falows, by 0w fouming oo combinicg vyl flalues

B¥B,b(@ =W, W,y b

> kg, § it

%o deplh
ot M2 Houa R plob
L0 (D) < syt w4
Rgea Wielps prebit puce mote accordily foe we el o new fioku

olnonil g o

e may needa e e [ dofsd puepedy coyens s ro puper shbine, we cheose PP pelynemid deguee o fodo
Qusd ok fo L fin o ok (e ofir mamia) | it oy ofine i anly T e wbteor o wrat w1 1y

— Featunt sesling  betomes sl trpovtort be g, Pt 0% Voxying

Module -3

—> Llossifienbian

Binory class ficakion  oukeores bove oaly 2 possibiliia

no Yes
gnj«!ﬁ e
o L
o J L; pesitive ase
vegalive clasy

—> mﬁ Lineox gemsian cannst be usd o clascfly P

* Rl o Paining ¢WFl e risen boundony ide e oot Jesivelole

Logisle detessin

—> Hos 8- Like comve .
> The furcfion osed Yere <5 called  gigmoid funchion o gtk funchon > g(%) =

209 9B =4

) E.o % 4B:05

e Feocco ;3@)@@

W oenvs s we com tell Phow a mihake M cade oy gl doo i Rt eetbod




Lﬁ > 0w fonchions (predickd) wil] loab  omeschab Ithe 18

$, (B sz B

5(%) . 0 &gfmzy

~%

Fan(@) - 3(2-2) -9 - |

V4 £@ 2

E {Z.mk'm vobur furssouk fo be O 2 707 chawe Pak=y is 1.

ox
YA “ .- -G

f<3:0>+ P(y-0:1
peobo bilily

Herce ﬁm s alio wyithen ay

Decition bounday P ply-1]2:2Y)
= Ty genemnk hon fy (D305 thin§=lebe g0
X BEY

{;JBC:@ 205

22 (D52 > g1, +8)

towt, Z=0 bewme fhe decision boundony S say futhi ox w1, o), bey

Hhan boundany s
L+, -A:0

%*%:' sat fine with iy Yeut =3

T rght f dve ot el oo

Ex 2 L ze i+ wuleb

]&x Fa ot bb wewstabe

Ren o 70 5 e e
R s deciin lbu:tﬂaj  what_ faside & assgned oa O, oubside @ 1
L—’ﬂ\)
S ouipret is Mool ok o reed

3
To o0t by, ooy o W A el
2
> can be any of 2 degter cunve

foside 6 oubade & sl on O e 1 Yt reed

~ The asve doerdk en 2 tepoums § i
= The Hhiekold solia ¥ dection boundiony need vl be 0.5 alweys, i% o oxbiborily dusen o
B By oot dotion ot an Ui 0.9 0y Rueehld codk Bk s 0.2 roligrant below & beniggn i sdeduces e chasce 7 Pl pasifius

TP B banig havieg m haini evampls with 0 fatons with boo fogl 5 061 (fuemes dekectan)
3 < ) ?
BW oot ot fane. > T(HY) - r.‘T Z% (?3,5@)/ 9 D

]ﬁ'ﬁ Lroeax g gession 7(:3 logistec dequessian
! N abshe oy ol v e 5 b

Good cd funckion for lagak weqaession.
s ren- eonver

founcbon

>
A



T - L5 1 )

—y
las % LG;EBGLU» Su)
Lt o s (1)
[_Ajw'&JnL ﬂo&s g_nd"lm
“eg(fany) b g
L g, 5) (s 3
SERC

gt
g f » s ; > > sipifiet paitis
only Ot { an g on e (OJ\>0“1
() ; i el
1
J¥i Pl
@z,x{@
=5f dg prdics 16 sckually e § L & vony clse o O
S v . D« a o = wo ~L{3Lw\a)mxoo
e In (-2)

asdmfh‘e

“h D ~la (1= U

i
— when 91065;0 % \mwO f
ﬁwmgwig‘j:o 3 losau 8

~Overall st fuehian will be convex whon Hhb is fenplemenkd
T(z:. 1L~ N
(.9 ;;L(;mmjg
LCEEMQLN)@“D = >\°j G}E?,LUU’D # S@,):]

Jajé_ Boul)  of 3@:0

\ 0 R _
dcal for o laghe g

— The abow \Disﬁum ton Yo wuiklen o 7@“&&»&2

LC?‘G’:JB (1""2 j“)> = *j@ \@j (763); Lm“")) - <L"\jw) [oaj O *fm,@u“?)

How A we esd up with Hhe mmpiﬁm loss ﬂma. 5 the based on me}&mﬁ called Ejmu«\ L‘ka[r}xoﬂ e,sL‘mAL‘nv: wlveh s Fm‘}rgf shkabes

J(B.y) - i [ 91y (o)) + (o) Vg (- Fa,bc«m))j
f=¢

_
m £

This coth )Qm, ‘s row eorvot § hos only ene tngle obal minica.



Crandient descend, implementotion

-
R R A
o

be b- X 3 T(@)
3b

LT - LY Fasten-y)
aﬂ(,) m;@mﬂ 5°)

@ 0.8 tvorisn
aib;r(m) 5 ﬁz@“’“")’fﬁ

= Ris also con ke montlond i aralysed wh feowniog corvel
—> Veclogigodian, fadur sealing i oppliable hone oo

feblew 4 overfiic

sy T > undexfehs e cume ov bt high bias
. biag s #a progan finks By Be corve i ash dine GeinE ba ang sk Dae willesk Poite mkl, henie e modd wms brosed 6 hes high bres
- —— 2 fk R delosek purtbby wedl) B s called epreaalisabion, #hos cestlor Wigh bl ror high vonsence
e

Aasing oufticy
> Colleck ot fuoining examples

T Geleck fiakwsa fo tnclide oy caclude =5 by is called feohuut seleckon
incladivg to many $aluns sy abo cange sven friong -

= Regdowisadin

Rede e o s meloa (107

- 2B - By D
{2 223 - 2R a0 thj; a- 0237 Omosotha?
0
=i 100 “
Tt —p.poel " £10

Jegulatioation indudes all chosen ﬁn\om bk g pusenls fotens F"‘“ havingan mvendy %"55%
Mol whellor  we d«w\ﬂg I o os s ey less Ju'?fuumg prockically.

Cosk frien R vplpisatien.

= LI soy He f)e wi vw e g ro b
o pivenk #o fom overfitbing we mud peralige W & W
we can do i by,

=2 2 . =
i A [fam-g] ket 0ee

1000 coy tho S num, heree Wy G, weald st be e,
Hhe bosic idea i ek Rat i He wemhs on sratl rhs Vike o

= n ]@“M bouse Fx"“'”j [L‘-\ux deq xm‘mj
T = 2 D,
J (a,w:; ;[_fgh‘ﬁ)>3ui) o ﬁ%uﬁ

sean squoted exuex A xeju\niéjakmfmarwjex A>o

A 73 scaled by multplying by 2%“ con ths mabes it easy Vo choge A

Seve indide A b aho bk b cbes vouy Dbt diffunce f we penalize b ov ned
2

Ne valie dectde e alobve Sedecff bebwsen o

when A s Yoo Vgl moded wrdofls —> ;@/ijwﬁ N

g cact & minimizing w&\e\\ﬁ

<

Fookutes

doodv: vseful Batow it be lock

low ~ oxealBil A A W

wp

J

5 (e R deiek cancbly, cosk e 6 goro bk s woill b I ed job 6 pudihin with bt oot e el s aveb, it hos gl et

03 e f ome Jalipet rorga slightly Hhe
Foph ol wopltly chage o oudiy fo fb
Rk oo, erce i hos Ngh verienee

1 o stepl edel with fewey ﬁum hence 15 less prone fo overlif:
Do io o ekl ot oy flsbias e do sot knows whith 10 peaiys ¢ hich fo red feve we peralse Al fabow e all

Prsomelons , iy makes madel coneckly ﬁ} #e doli



Tyivokion zf powtial &eifu-qD cast ?u.nc sf \ai\g{-e'c seq¥ession

™

= Z log (aatuo) + (-5) 13 (- fany b“’))]

™M ey

—f(w) - wath
Lm KB\%U@B v () log C‘“?“ﬁ]

93 =) | 4 amn. Ug)gl
RESY) el { ?Qﬁ{,) o 7@@{) £l j

fty -

| +e

L " Q:wmg_ Q £ Q——m“ﬁ)L L\ Lo >i)

G [?M —@”f)

() w[\ _gcw]

i o
i, [m () R 1) LQ?O (Y200 (fn >>J

Yey)

* i = Li () %m ﬁf)
- : 1:% {\:}U‘ﬁ(»{)) - @ NU) Cfm}] 0 e [( Rﬁﬁb( DJ

E:*;%[gfjﬂﬁ -sffawg%)]

D
5 s ute




o«

) -

Sf[\ﬂ )

ob

3T

ob

9T

)

L ()

0 56

| el

1sb)

- (DY

Tt 2
[\Jretulpjj

-

AR A

-\

SAN

™

—Cu)i&lu')

- €&

[5\05[?[1]) + (1“3) \D%(\*?Uﬁ}\]

“"Q{

I~f1) 3b

| J

L e = s fw[u»ﬁmj
e:(usx{»lu) [H&{w ub)J

|+

L@%ﬁ S - () »i%%;mwﬂ

[3 “9fY - ) +;Ve€m>]

LA

3b

T

5%

55



Y (a9 ) 2P4) uy
-

3 T(a,m -
m

9
b

= i
5 [ ) ;
TCap - :L(#m(%'é'ﬂ“)
Fren wyshwabs by a Ltk 5o et chabien
Lerot: p.01 g N’iS

/
< \ ‘
\e ﬂrJ,\\MA's@,cﬁ\ ’L’ﬂ FArS deqte ssion

T 0 ggnand whn e Batn e radel it Lo fookunes Han Hrs s o Fighor sk o ovexfHing

here o ey cot foe, o fi

J@p- 1 S & > o S o

(- -1 rZ [519(fan (29) + (-5 leg (1~ £, ))] +1f\,m P
%

T - i) o @
a%dd (&) - ;L( Lo (9= 9%) *Cj +A Wy
= =

&I ;TZ( o (6D 4°2)

ﬁmd 2 r\E,L\XaJ\ Ek &&P
F Novwal eq” methed does wek doquive folunt scaling methed

Nownd o feosE oo vl nethad o ol for ©

€ wiient descen t

Nozea)l £g, "

—

iakuibion,
9
# Need Yo hosse X

T(B) -0 &% 1O+
J
4 7oy _ \/
28 )) = %0

# Neads many tloalions
F Works well even when

L\‘n };(:i v"\"""""d)
whin How o wuliple ol . Ngpothesss fane.
) . 2 .
mel — = is Longe
0e /™ J(8o8u0r00) - 1 S Th (o) - B
9m 2,'1 o 3
3 TW:0 o,
5 (F ==a3)
sde fox 8,66, .8,
Fou o Rtncar segessian lev(v\\ﬂrr\ hauul.\,ra s G m fmm o [
ald oy e
i (1 )\ 25} [ S
(43} <2 - - Y | N
T ° | ER ' >< i (1“‘)‘ y= [y || o (X XJ xj
jLnJ ”

1] ks et desEn S
= mobx | ()
Ll Sickn \33\,5 v

:mx (o

5cn&¥a”j

# No need fo chense o€
2 No need o thoall

~ exdor mxn

o eds O(r?) Wove to beudalt (xTx)"

*8bw  when m> 10°
Ok-ok fox 10° fakn fox Ofo 10"



Stodhaste gaediest 2 €8 229 Jechuse &y
T dabmt s ey foge hen eadh thoabian o modifly ol Take OCo) Fime o praess thisugh fha whole Jobouck

adient

— Heree we need some. so¥h f allwabic
Xq:m} %
—> S Jroske Szmﬂﬁzn{ deseent %‘ e Contoun Flb% B3
% <05 (b)) =)
(s eveny j ven & oty i

3
3

nevon canvenges s b amercioh ol

Slockostic P
wolozs for esch romg, bk when we. have a vouy derge

Jalosel R s frne oo b s vy nean do minfmum
lied inskad of baton gpiacdient descert

Rosgh devtion of roieal &
756 > depsesents devivatie o J©) @er™
greo 2w 9
o T
36,
V7 Jeoy - [
5 ]
[ et of
2E v fta) [
iv Jie) & A—g
- sh,,  of,,
2 A
GLM < PRy anyhng like this.
n
Lyp = 2wl - Zgr:’
4 e

axn

g To)= O g seacking alobal miaimg

TE: L5 (1)
) : Z@Lv )

— % (e Yo ()

PN . me)“_ & e iy, C"L“))
— ty— J L] e ho (5%)

Me C“‘”) - Sm

@
ho () — jm

J ()
ge |9
jL"\

70 3 47 (19

%UW) _ 5@)

ot %

>k - s ()
— Z(0) = b2 (ne)
V4 ah
—> Ly(A®) = t2(er)
— bu (pe0) = b (cre)
— V] 8RC - CRHCTR
(a}mlaaau; e, ,gaé)

— AR - Z A" (sum oo o)

= T
g7 g1 (0 (xew)

7 | €5y (x @"ﬁj

S \Te g 4T
?XX@X&

XTx 0

| — — —
57 [X‘%@JVXJ%Q*XLLyN

what & X is neo
faves bl D
(35 means we Hwe a‘e)un
dant {EDW e F@W
wx,\;u\\ ox LAMO)J% Ae@e"l
~deot. This won be solved
byt (1) Psusdo trvedse

)

S

O

T

() Esomining whidnf the Labooe
Broagy de perdent -

=

i T TT T
9 V9 @‘xxé}*@x& —3‘XQ~§j



Advonced N laprthms

Weleeme
ek 4~ obieady applid vansal nek
Wek L - ol Youx swn ~ =
Wek 3~ kchniquus
weele b~ dedsion byeey

Newrons and e buaty
o bl adels perflam highly wil even when JafBack i veu

Lo

ﬂw W brolog feal neons grfroial newonts) fohe some fopuk 72 some number, Compull Semeding, o oubpul anolux umber Whidn okt os an fopul for e raewden(s).

o Thete wes reed for e o chis ML models couthtt hadle Ha boebodeeot § dofs e oun o onins

D) pdiicen
—> as ackivolien. ; tetn flam rauno suenee e o ha\u Qyoel Fen\uma &oxn alse walled aclWuatrons

> Erampl Sk fdens sall paedicien
. — Wdden
&), inpak Resgor. ot ijm

e oudpk
shippa of fox dabilily s yox
— __ar s a
maskebteg suove nes S i L pobab. o beig
pesoened pd
maleal apelsty
Jeatues wlich ons G T combo. £ ovignald jﬁ L5 e ) el s catlad oMo bton iy
guen edginelly fratorss, Ha hidden Lagex wode s activa ¥ons adpd © o ; :

—7 Neuson o% newdons ﬁ;wmﬂ o guup is alled o fayer
S R e Jager hove acess o oll £ B o bt Aiffeunk nouens Chomie anly specfie topuld ond fgnovs oes . This 6 robdre morsally b e do tb olgotiHemial
loges he demy vession, emodel W pre diels whiHe e Tshivh  would be a fop-selle or noh, b olio

> T we hde B frob wlomn we on Jub WE sur with o

Jees faluse engracaricg auto makically

> Thaowe on be wullfple hidden Lugs too of voriows sy compeisivg o Aiff o f gansons
— The 2 hildeo lnjm & P o u? vamnens i o Widdea Joges > iy bos fongs iompack on %‘ue\qy ¥ edel

> decidrog his comes urder el ek wouk orchi kchune
7 When fow s wultiple fddlen Lﬁ@o) such models o ahe Gl multilayer pescspbion

I;Mmple‘ Irmge ey leon
M gud e whide dakasdly velws ?\m 0-268" iy slowa}
cloormn vector: Tl adal fobus 6 e dopul & munk sukpar P ideakity o] persan i imy

Neckor ue gk et ay

— mxn pived ng s o

> On Pothning it iabo 0 1D

eodh small tog Yo
la all 3 pies WL
Biays puoress o by
Wed den Jowgon 1 > Nesks 5;:1 shinght alges in fmage. Lecksal a Lsuﬁ Eoomsd in img
slghtly Zondeut port & in-

neasans, .
e s e v pd ey, vete fu ek ‘ Afj comms covvesprdsle diff s somms of
3 0gagels diYf poali P fan & hin do matched  Looks o) even rove zesed ouk o o img

T Nebely enplishy praormed e s o do s, it leowd e by el

Nossol vel wosk fager
(33
c\: SR 3% Lugvn

N
L newo

i—lo|—@—

© L0 this i inpuk for
O~ = g( B, .rLHD,) >0 7 3
( ” Fager 2 a, = 5&3,0].&\1 b
[2]

(- 0™ 7 eb) _0
Op ~ "M, @4
(Asu.]‘“\m\u)

@ - alT g (@2 b




Mote complox raual ool wmdks
L I S T

f=

~—>L\m,ﬁj e é\n'g\'k as  FZeno o¥ene

—> 8x8 g ; 285 >k O->black

> 25units harce bl 267 -

£
X2 BG) :pukob. & beirg o

hoond wsiten 1.

Wi algo qons o g Fvght e fom a0 o3,

s

deefe”

‘5

bod  (efPen
Seed. coffac

— ovdey £ Bows X cdovmns

Rous {olewmus
—+ T degesion ek we Jusb deall with vetloxs bk fou we will deak it mokores mainlly

— Teduincally buior & mete qpwal Hor cabux, bl leu wasidin ooy 6 Iike joat like mabux

is inbialy o (gl wabex o}l convodtny &
becomes 2D Nuompy @en

C)u Anj a FJWQﬂ ne{usoxt

_weveaty

Noson

gjoes pundicieon ot
& 0 B fat dalo. 2rew

H—

— Digh cossificabion example:

Some e grven
EVicy

omr.,) Hip i called r@xm’d Vmpajqkm °

on asbibny loger L G anbibeosy ik 3 (e j“mm)
] ¥ [
5(4%[5_,&[10“%_ >

OZ]""\ML'S'\ ]K"(L"m (Laj & giwes activaken VJ*%)

Bakoond puopmgabion 5 cied fir lesntng

We hae move hdden Lﬁ% tebally § ik 0%
on de ceasiy of we 3$ clotex fo oukpal )anol

o e Aifsels ox imeensly foge 5 solvivg by watvies (s orpuiabizrelly  eyliviedt

—, m above cade we oapliukly pass B Aol for one fager b onothu, we n Ao R suteralially by oy eonbioned belew:



Fwmd pop i o sigle M

5 aghabion

—> Db conshodion 3 Sigle Lo of W@W

svoord piepagation

unids = W shape [

we WY = g A0 cose S cnusx
L e g0 o coloomsd W

%
each colowmn

a-eu) = np-(jvws@mlg
Cxeodian ouypul D—U(ﬁY wnib sige
— denie lng ke Fopu; G soibialisng L with sero
paocess & geluyns oukpal

i weght vechses

IN = cadex
—> sequontral i desponsible Fx&\’d,gmj (o>
WP oy § dectors
o fages § faally sehurniag e JE»\,IMS.

To o Q’p&@\ o AGT !Y)

Pifical salelligence (AT)
/ \
Aol aowiows iatelliape AN Fwlifial apnenal ,rﬂkugme (penT)
- Speofic applications Iike

— Al apsble sobols; con do onaghivg
P diy ing con, smad ¥ huran an do
sprker CE

—= O kseaing Alorithe hypotfesss
Sare pok o bimin can We do nob boow whotloy T brote hos only Lalas puen Bt des we o b bowe et He alp o b B progres
lson maltiple things

i SMl for e faker

> The proppes isvomy dow os whod o bl tal nemnen des is oy cwte complionkdhan & steple ke oy Vneor vegpesion § e A ool ko oo bt fuclions compltely

How newel rokwmls o inplevanial offiontly?
s

by vecbsigobion. o proggom beimrnes bl ¢ et

implementatien -
d acctor woy f widing
cavie Num-yt;mksn
BT getuxns bonspose
ety



[\QOAU@ -7

A
Tences Plow c:dwn fabion

~ Hordweitlen Jo'g\E (,Lt&s.ﬁ'mL‘gm example.

ype o lus fonchion = exglacoe Jaler.

Tahining debatls
Pralegy

—>

Rliog an cu o i 1o fare gpoes cont forc

epent WUl whea fovom e menimizabion bascolly  similon o ﬂﬁf Lewalions
—

oty all e come ander Beves btony buk-lader gt cespgd tako Jenson flow

= o e dale g minimiye less ¥ Grindyent descent
e koykp Toe wlo cbulall portid desiv bur L backond pemgabion olys dees i vouy effiuently, call kil FEO)
= e o e b algn B pediont dsent whith ou fale ‘
A « - S ackvakion }Z.M ﬂmsx‘gmm‘A which can make pragm dun euch L\JQ,

Allemalives Jo 2t M Mﬂ

hhave
funseness 6 net o O ord clasif ibway doups deotes hence we Ui anofle aclisbion ngLLxBM alled Peckified Qoo wut ﬁmkrmj s aiven by
(RelV) 9 = ma(0%)
> Commenty wed achivabion finctions
Saugr laler
Cowr o
ol both was oy o8 o) i 5@:% o)
A3z ik s Me Vesias o ouivelien foncben
Q]m)o_ﬂ,\-‘?ﬁ o Fualren ?AM Search about tan h and Leaky relu most of the places we prefer leaky rely over

rely....for reason refer what are the things a function must qualify to become an
activation function....(1) it must be non-Linear...(2) It must be diffable and deriv must
not be zero else it will suffer with vanishing gradient problem, which is the case with
— D,C?md an% (om have AAF]ZW_“} ackuo Won ?wmh’:ms. tanh, sigmoid and step function ( which is also an activation function but not at all
preferred).....Leaky relu does not have this prob, basically leaky rely is max( 0.001z, z)
...0.001 can be replaced with any small number....

— Ackivation fane. & oubpab Ragen:
Depending on g houcbushis f wodd fle ackvabing furc. f subpud g @& deorded -
—> i ourpad dupr ooly bz & clas f ouFpub: Binayy clasifiabin > Srgmad fave.
—> o0 pul wn have both tve G -ve volua : Exshckprie @ Regwasion © Liceor ackiuokian fanchion
s ife 5 - an\j rue N Ex- house e - > RelU

— Aebiudon {Z\N_‘{) Wdden fogorn:
— motk common chote B RelU. detons:
() ReLU ts fauler
() Rely becomes Lo} only i om pod whoans Siymed  Llattens o bothends | when Ba guaph flaHens gprodvent descent betomes Slowes, whan il
becomes foo slows  sZmed. fane. alio uns veprakdly Youlliy in Slowing down He everall pigim

Fon b acdiodin KM S wh ackivabion
Loabguela « -



Wy do we cord ockiatinn firciens 7

if we we lintox ackiuabon g»—mh'nn comngete (b jub gus oa o beome o eimpl Lintox seqseasion medel, fois dealy Be puoepore 4 "“L"Zﬁ a el nebuovk

> juab o Lineox deopession

wsing all fincon bak siymed aF end cabes (ba siople \ogishe deggession e

—> Mot we Iowify toings into eulbiple dase B MNTST lhaed wyithen At classi fenben
> St man olgo dem o

— Tt o geewbiakon f Lyiske wgrason whih o biow cow douifiation fo molbiclas ¢ lasifiabion conlen)

Fnel ibgeb becomes logeske daggeasin
D e e R B e o]

Spase akaptinl Cuoss enhopy lass (e Hon

5 i vaba o aj Bvow cloe fo ore &ib & comvy fon penally & veu low if b woes wiengy Fer ik s Reauily peralicd

a-az)- = Plyel|)

0, : ka = F[S:ogf)
lss 2 g laa, ~ (1=g) In (=) e

&

~ylna, =(1-g) lna,

— . 'Y

Fyr g0

obpad

— The o baving sft o ackimlion = callid sofman faps o6 soflrman celivalion fonc on
Uitde offos bow £03) s foer & &, o By (1o medil below) A

r“ﬁ?iﬂ?im*a‘:ﬁf@::‘i

betbex version

showa laty,

weduce e Soundd] exoxs we lale some meswos

B —
> dourdoff emor forg

€ e et Kle a seposalioniatle 3 the zourd off exxoxl
Jodo this we hame acbivedion fis. 4 oulpd g to Lowon 6§ medify B les fo
> logishe vequession el vk fFie bk for sl W oo 3‘.); pronounied o awd fhy  we teplrert Fo covtecan f {Lumg ooy

Lot give puebabs o we
wal e [ast fae

4 dometh give probabs Atodu we
wuik e last bae




4ok ol Tohe Macoun
Seseo kel whe popullonised

Moltibbd Jonsfeation - clossifiatin o

o et cutoviald w ek ing Fou cnld be cliph bols 2 el g
—E A ,se\@xm-s @ geli an < Garke® Nahwe ot e con fr\@(»n}mE w-s?

W o, . - ba > of

) - - pelihion -0/

—> These ow Lagpeds fo sche #s
(D Tomd & 2 3 seporeli b B ndels which moskigoll one f e e quations & Fose 3 combine b B B g o)
(ML codely)

) Rllewabively bain pre runal nexumrk wth  thiee ourpuls

L J

Advan

L

ol spkimia adien

= Wye oy "%‘L(Sib)
Sus:
J
— if sormehow e can Canfrol alphas valbie o be Jorge inikally Ben dmiease R olpy will gun even Buks, s can be dowe by Plom Bgouithn”
ggam mgoz{ﬁ‘@m
Ficamy 11308,
STP oo nobes o 8kps ou beoming ol £ Sawe dir” Hen L T &S uhe
forction hos begun fo ovehoet Men % anlomatially LA o Bok B fuc con sooch He wrtnima offyently

~>I{Z o

Adacm . Adapkie moment eshimation
v iSisSL S Slos e

R S Iy (e A8
"ou,

Wy s w, o T,
dus,

Wi © Wom Al T(W8)
Swg
beb~o 2 JT(&b)
TS
Lf wyroxb keeps on meving in Same ditvee 1 fntvease oy

< osullabing 2 decvease O¢p

Thi s dome Hrough complon sleps & s beyend Hhe Scapeuf i cowue

Traple mentation.
ot nerds Some inidied wolue of &
Toy mlbipl 0 Longe § seallin & preh Hoome  whids giues He best per fovmance vall

Rdom alag. &5 mose whust 0o tuned ro & wosks mud fufr Hhan grodient desient

Rddecfonad J’_L?qa ‘3 pes

—> Dy Raes: Eoch mion oubpul 3o fanc. § ald e ociivabion oubpuls 8 e previouws Jlmﬂq

127

_a!:zj:j(.:)‘iz:l' ?[\J ey

—> Convolubional layex heve th only loeoks ab prucly Ja
designaled aman

Tl bodin  ECor omample @ b hos lagh f ke as fopuk & oudpul f A pabind ot ony Magresib et cordibin

s Wy
PRI b Lages + comelubird > 0k omolubinal Sy e hove many asikcioe choites suh ax b big wind o o impud
odpur ¢ ¢ bigmedd Hak a single ranen should Lask ab 6 how ruamy newrony Should o Losjen

have
=By Dy e offackily we can buld agos mox¢ uerfd o dose Sagg.

4
Hhe frest weunen Vese boks ot
pat 1-90 nat ore looks aX W20 § 55 on



[rﬂna}’ TN %ex tvakive ¢

= pathon pakoge  Sym Py > b for olubs

5 like Plosehort bubef moh
fo ol bl devtotion backumnd piop fo wad oy B e wor fo obadali b fom I do 37mkE we woutd o fo coliadali evenyihig aquin Gagain

3 ot pip.

,uawae nulzaﬁ nehmgk

_ J(; R adsdin of o o G0l el v bhod (o AL G e bwords v 5 Bomd prp

S fd dandie we s fan g E e bk ce e st sfont fom }A{ 5 bockwond «

TP E tncked we e fovwonad pup o ol walale dot, foxa medel, hoverg M ovede & P porowels b would endop Feking (mp)skps 5 ieeffiient
whios fovwod prop will Aokt () slps > effent

> Wi s dore 10 bserflos & onild aude AT ox automate Xf o iakn

T\ TOA]LJJZ J

D ing what o by rexk 7

Deu

= Dd,m;ﬂ Qeataieg olas.

ET_, possible solutruny

T R ey we mainly

leava about dfageecht e
whax todo ek whn own moded 6 o wotkicg H sy we wad it o

Frbotig o melel
— Weo we o jub L fabes Ko we can Juat MLJ%«WL & Yestan tdea abeu) b bios § vestee buy B b wb o cote with rmlels Wik mony )Enh»u_« ¥ous o vgov dackle 1R probly

We bain moded oo boinng Jala Ghat ik porfetmance on howwadd i prdils it wnatg 303 jor dubs -

T Ve geeially gplil ks tado Zpoiti, uaiorny 6 fat
cost fore f madd
§>> cotaons whd
wll ke osed 2 At inchide segudos afim faer
- Lugfji;jm % fogy itz lous.
Toe ? fackon of bt seb ol hos beo ersclasfiud

© oPFh © o o

lrofodin waed )
wepwsends deguee

Taieing tract s an oven opHmish eskimale f gpreraligation exnor oy o kel cms Dained s P dabost
her we chesse o boaad on for, T P
o e o rude) gt o wonm obling T or sofomce R iy, oo Ovmly sphinsli esbimedl gt tlychun evsas oo How do bkl B?

> We meddy Ropsundos f dols splibing
deguluisation @ anby Joce wshen minimiziog.

—od Wl eV ek @ e il reasiny degeas of e & v lab Xfa b predth e acany f mekel sive e
maduive hos pever seenths beore L well bea

foin i ale e st solisakion eox

= Dot toich ke fat sk bl & cchie 3 katning, ome & b loved Ly o we con ot vb ePPuery bagd an dab sk ponfuance



Disgprgioy b ard sowone

— pudple v > €V seh

e < dhade o

Bt B i emample

LEMMP\@ 7 how o o can have both L&]L Vosence & Lugl« buas
b fohally overfet Hlan fox some growmn T sfrked b oy € Hon e F‘"
gk vonine “hgh b

~—> Wah by § voweve dotert hagren fo Licos seguassions bu) can Vappen wha we dain  rowal vebwmch Todicator ® % Jpan

2 egplas i kion and MM&i

il

EEblble ool ffpm forrte
T Gpech wergoibion @roweple
Lk soy 4’«:-%‘3 Svey : (9.87.
Jou * sy
We sy Phunk s s igh bod hsman fewel porlomance is 1967
b e ok %’i J;m bud I, st be seduad Hi madel os waince prob.

R

Jeob T To evoluak o cabl we rcal ssme boseline
mw@ﬁ_ pu b

e boselioe con be g0 o @ mee madeh bk B any meded o fut hing b do sto ehblah bosclie B enes

Rl J.%l« we Cu hgh - gk tho
Noriene peb e L g high vewenie b

Jalaporats T
oo T onib s
od o £ Hem alf

W‘Mww be oo B T, coy B el by hrsiad on Hab:

i)
Core: fitbma sl fie b o dokusdt

Gonse flathens sub co3 o mattin bows ok move MPW\B we olledk & will have ofmost same augy. ey

Eamtk
s we T dalapoinks wean
Fda betts bdegous  Coxve b fr Hom wetl

> ymodd way do 50 will on hoining A5 B b may swepass homows ok Tg, will be Raler bud o we ot mote dafa B i sesoled-
inchial iy

T T gt e compuds onallly expmsive deing i prtess agom M again bl b dvs Yalp gbon dua f how el is kg

D,
—eeiding whak o Yoy resd sevsaid

= IF folong oa mose W::;L ;:»m madd) oo ek flouibiliy b 2 veny complicaled models
O Tonge ool mebwmsk exanki o hugh wouence 7
Mo o lovpr cald with well dhosen vemularssafien o flLde
betlex o2 o¥less b os well os awmablor maled.

Box # betomes mose LWPﬂE#«'efnUﬁ \neu\xg.
Biasvoniet & neusall et wmsls

= eolwoys hax fo hadesf] Lebumn bissond veuience bod i ol wbwogl Hi 5 ot necessosally e oz
flarmp st okl o o b -
oyt hos high vessere

we con eose AP lambda fox JifF

e




Polomg oo brdaning dafa sk oo by e ol e el il hove o oina s oflon e fice hugh wnience prchs

by o erd Ll

e Roe (30 ol ofgefea conbinved on neqk ‘
= Bramph,

Cooe
(@)

Lebi sy o ol o b0 poedi o wons st frms pul ok how §7% mor 6 if ol 057 poplabion hos Sreeose Han th
Herre v cannod lookak oo 7% Gl abwuk madel whon How 1w a

s on ov Slhewed Jous toveled
L)
We the Guman gais o ewnow mebeizs Torcivin Gtecatl fo fble o sikaabions

—
a,%«.aa il mevesy

pedik 1 . Bk

Fous \ozio mes sare

o b e ) s ez OPHEE
Yecoll would be gero g ——— " T *
7 T greak e o Zow veall v geno praven s weless e . - .
= Dan algs puedics 30r0 alumy Hon guecsion s ande fnel 3

Rewtimn Wl oo ccouaily el s predieling -

&

Recall fely td baving s hino marsy et dtagrased.
&,W« cant be ashﬁhcg. possible }an amﬁ;\ cnedel.
L paae ety

on Solio b
— Roctscally oz s bodef) b Fom, coees

e g o

L 00 % Bahold fom 5 4007 Pyeéug.‘,,\ T bub vecsst § (oo of ol who hae lessen il be pradicied compora by )
et g

@3 now wewill be  mose confident Hhak he how e Miseose)

bodesff btos previsin

& veeald
\"gf‘ Guohd i e is
o o2

> Genevally e manoatly pok o Hoshold

= B on ommm db #b mamumlrﬁ Bon we o aotor mebrz called F 1 seove
Fl seme

Challene:  we asn') evaluaking abgo vping L ks

We v juba sinl sove Wik cmn dictly bl vy Rk o B bal ol
Methad -1
Foke MS% PER fe PR > eob Rab %‘A
>

Medhe) 2 »FL-Scoxe
_— emphatis

TH cowbines AR € gives move %o whichever s lowse,

FL -

) _
'z — mmj
rer |

higho e some belt o medel

@oeg 8 Vou veu luiah . Trelead o stmple comran

poinl’y -0) hos 057

@exo s



Thontte o § 10 dnlprest
Ee - exmad] Spam Somi Liex um‘mﬂ ]@u o

fo calth hold of spameers
Pﬂw o absen) o7 backbnck emad) Bom whoy
r‘nis ocroy¥entes . \" oune
Chosteng g‘%l\)- doss am vewy ('meX'\u:d'

E“’“‘jﬁ{‘jﬁﬁf
— Frest Juck {éx booa € orience, thon tha one

hove 1006 wuscdasified among S8 Hhun pick a tndom subsek f 100 and leohal Hom and classcfy
— Loy we we
i Than ohork addve ssing sier pebs Irke phoxmacuntical sparn ¥aller han mispelled wouds frest
- -

classce method {;\\mueé\ %90: ‘“"’J

b

QAVODU\Q QQL:L i m%nmf‘nkem o alse be

! - e ‘)j
Jake ous: 54«\3 example 0 citall a aew one

ta boduc foq noite,
by uinhr\g oytoking mivier ina ek

gdb,UA s placad & wMPEc’.

Ronks do com ek e i spond o
%ﬂ@ Hee wilm#«?ﬁ)ﬂﬂi oW Born oa code.
E M%ﬂ#\t«!\d FDX PL)D)‘O o r( {%x)x)maﬁnghhn)
we o Juat ygpe i Rondoon anR bhe & &lno%szf(f
wxth J.ﬁf” colow ard conuorlsy

Tosha i sy s for o diffony ik
T8 bainicg sk fs vory Emall ephion Lecrls T ocas, m

—We anblea maded pi-baind ona by daliieh, g 145 eurpul By € frebne b o oorkas e ned 11

—Refous 1o ?Xe/'i’rmmt‘vw% port Efmauw

—5 Reprs o madifientan o ool o part

e Jouplznd semeoce eligh modd 6 %h?{wmg L Sort . Ex saeme foaj Tn—ga&, and's ,‘nFufe ke

mew weghls enly i ouhpak Bupr ol s can b bept Bame foo Pk g beiod el s
Loghtyy ef Rt Hon e

50-tomingys while )Z"‘f

Tances would be &v

ko burld o gead

model.

fope
—>The :mFu}n 7@& pae- Franed & ovse snode) mst be

thy dees o5 sl 7
Coy e waded drrogaiye qeren  fakous whih weald ke appliakle o0 ovy b oo,

.
= W N

Pk asle x%a machioe ﬁmmnrﬁ pejedt
eS| LA RO

Afbr Faining model o7 dplageent we may
capin colleck Adl5

F/;)Ja(ntés/ bias and ethies



T deution kaees frotanss Jake on Jiecveld Vol

Lke Bee ts sond ox ooh vound /rLAmwe il ee o Toling mosedhon bvo dicre wl o |
)
Conkinu value ool 7 (
e« Rl sr  poialy L . b feokons,
el @0 pasent o alosenl )
Ounl /honglys 0xt callid rdes Rerongeh abl B decision beees some willdo
o - 33 € some bad o Lusing sk on CVox absh
o\& dook nade LT .
& SRt inaly ] Sop is ob & atl bl e buss 4o

Pk ont d-does el o drcining se)- § Hean
\mﬂ nadey obo 53““&\\5&! well fo new dala

;
Ieadning pdocess

What ave some ey devisions we ovade,...

Plecess of bustdig o dectsim bee >0 s deuidd boued o puily

—> et fntuna et be used ak vaob nake?
= What « kb subeaumb cede

Why we pefec Fres wi
lowex depths 7
5ok b doeso't gk oo big
and  anwiely
~—> Big b an move prone to
3 P )
m:u@'H—rrs.

e basically (. e el Hhal splibbng
Jortlor doon 15 unwor thy

Measuiun_puils

—> Enbuopy fur don deoled by W ()
P ¢ fackion o eramples  which ox wmect

pulyy ol 1
Hepy

¢ P Tonpulg o HCP)
Noe) af SO ek & SO aitong
Foe fuckisn which o aght webave lihat entiopy
Por o . v wweng s~ A — We dabe log boue 2 coy weakr will be o busgh L hith eales
PrR=1  eose do predick puckals b

R = =P log, (PO P Yea (p) =~ e (P = (=) ey, (1))

> On ok boce o aynagh SN bebows Juit et sebting @
Hovahold woli bewme componiely dFFradk

Nobe: G com puf el porpues (0)( 1o 0) = O
To susmmadize,

Eobopy foochsn & o meorsa o topusily fo sek ol

Stads fror O moes to L G romes bazkitod 0 fune. o Buackion
& +ve eramples 0 gowmple

Grini e,
Theee ave oy el fae. whih ok \ike enbiopy furctron ke oy cotbuin whid will Lo pirtend 1o open sovnie pockase This concho ke uaed fo ke decisan bun ok v i

PR ,,? simphiihy, i0 Ra covnse e willjuak Vool al @nbinpy funtion, Whidh ol mark wdl G mast R Ha apolication;



Chesia spik » iofaalian goin
= Th way we deade whal Bobwe fo Bplitonak amde fs behak ol secdees entopg He mosk.
> deduckon of enbopy 5 catled fafayralion guin
How bo compull tafigmakion quin ?
Tofo. qpin 0 pwalg
s i,
) shaold be
iofo g ogen.

*+ Toffsmatken gpin « HCP-M) - (wut HQFJ‘“) " wucauH@m%)

wrghied g

paccess & building o dewrsimn b

[freeteea e
j — Gt ekl woob nodde  fox which
fentune Yoy l,uaLut info ain
— Rﬁfea,"‘zx{wu& oF abh nodes

> We buld B usirm dewaieng Fuse ane dora rt
3 kS|
by ok Yonce b enllid st sglibing

L we buid anevemd), Jewsion o L:! putting foaptho wor'oU3 Sea) sub-dension by
—8ome Ubiaties Ve 2god Jufratk hotzes fov chossing mmimon deph
= Lo Bichue ol ke for gl mon depihe & i s Vhe friting hpler dogee pelyrerials hile troining Jorgp nannal eitioonhs , dmsWsunaly athows dee b o Lemin e omplee el but ol
oo vk asmfitleng -
pararelbe
— To Regy, 02 can use s -vabida bon s o pih man depth e by prouseg manyg vabus 6 finably Jusssing one which doa bab on CU sk T prockise. spon-sawece Libtodtes hase even belifs uyy
Yo dumte i ponaon for us.
> Protloc wou o o slop whan fnfo g by spliHing fudher s belousa Fhicshold vl

EE N e ﬁ:{ma‘mplgm%mmle S o o =

Vi et oding f ol oo
—5 How o fuckle fkuns whic con fobe on mote than 2 ol
Lels souy e 09 o shape ol puinly and) ovoumd
LI spld eon shape solo 3 fiolonss

> Eov ahape sglb i 3 fotTion

> Tf o atigerial fabon can e or § vabus, cxcali & binonsy fiobuea (O o 4 valbud)

= T e ik s L i e hot fobue

= e Baloun e Buings Ve PRt Qhiont o dound, mbionnd ek o ot codigpriiol flauns  Fue tomeck #om do 10 Han b betones ool e Habian be [ b resnal retrls
tos.

Conttnms voluad Refii

— \hat fa fotow tan fike on continums wabis D
How do ou tackle rb?

T hek woighy aho be o Foalans i #a cxcarmple, Han,

—‘7\'\)@‘7{& M Ptesholdy & wopuls i &P;,,/Jh ora i Goes oy iofo goin 13 chhasen.

= O cmsention would ke fo ok o2 cramgles U o it ox % vl 4 continoos fialine ke ol fe volas that o il b He sorkd Lo rining cnaoghs ool for considinal
D 1 Hhuesheld oven b



5]

Reqssen be
e Yedue tavondance = Vo= ( Wup Vi F Vg Vmﬂ:.»)
= LK sy gou bove Fo predivh weighk f R anveal.

/2 vouiance.
Nete: Hoa s rothesg e Wik a devsion bl whih Ghomes fo use same frotumy o oplit along laf G¥ight

7 Orce Re dlgo senchu to o o) nade if paedicts e vaba R R QRO cromple hith venched Bt ) e

— If You were comstruckin o dec b fram scwiton using hi Ao sok t oy fo predick e waaht, hey devisinn i to Pese  which fakwe losplet on
T Suprme Bo o J possibiliba os Bllows, hewdo you hoote whidh & bat?
— T dogifiabion we hied fo soduce enbopy, hu we by fo dedice vomence f woshl e g vousble

sub roches
> T wehld oy F voninie fa oo 4 subhack) for vontewe ok Tate > i apunnithy 15 ol veduclian n vaniasee .

obu P geduckan tn vontance 0 o0 il
= o g o opiting s way and caliudabig nlid shpping catonia & vofy smchel

Using wallipl dictien bres

— Ditady & vty sicgle b b hishly semsstine o now dala
— To dockl e we build a delli docision tves, 755 calbd o Fvee ensemble.

B e darge gut L haiving crapl we gk an orbialy 35 b Ak coles 3 ekl ot 2o seba.

= Now, comsiler we bove i Eusemble § fves - Tfa cewdads comes b e wnn tn alld en & Huy o made fo ol - Mejely Sike ol bwame e ool puedic b

amplie
ety 2

vt
= This fechigge & used T build an ensemble o duas
= Pick, pak tb back, pick again

=k bl A sun dak, pak-it i by 6 perfovm sampling i ¥ePbitment @w enaenple can et o)
=3 By doig Hhis we ond p with dal sinilar do Faining b Gfan we make dec b for eachsf Rae

BaaﬁeA Jectsian

56 o 9
e IR S NTA

—> One dsady J8 weilad 16 we erdup wik mote of s Same splibak Yol nede. T2 sikie B - Eokex Random fovast.

— This make olgo enplose hows smallchargs in SofF ofpels #ha moded_ o whon rews s comes predibian wilt ke move ¥ las Aqaxaly.

— W ﬁ““’“ﬁ bugll 6h— 128 fun oo & ankain ne 3 Joy b Juat becoves "ust computatioally heavy & mob cwch betiex ab perfovmonce

/<L€" Posst
ﬁr;f;:v rajer alges vaed fo barld enser bl s,

— For suctesstoo by ‘-\L,A";}ZZQM{ cramples otk hod ban s donifed emadron

S The by e bossk e olao whih ods up raling o madel woth very nitely

— e hod b s dorfd and rows prekicg Hom s Wigho puobak.

5 Py ke kol have bl Ohances o prckiy Hhate examples bk hod bewn eib-clomified by prev b e frow Lo k=l o How i 78 done 5 complen math
Which oo be arplovedl fakp,.
K6 boat shands Bt onbume ?QALw \as,sl«'nﬁ

STk s iy MF weahl bo AP bomng examples bome 14 nerd rub ke doo ey dorder sals L cogh nenbing :>-



When o we Jeciston has/

41 Basaen Sen

e e e L T

- . . 8 - N — N 58 . 8 — A —
e ——— —— — —— — - m——— Ly b . ] o g § e - Sy B e £ @

. e w— e ———t e

o . B Nyt e e § —————— g

© et . ——— w— 1 e 3 w—

41 Ao Famat
RO U ) W —

M b p— bt & —— . — = o PP B3+ Bt § e & . S —
§ S e b a—— e S § — el =t N s e e S T T . T -

e g 4 4 ey e e 4 S ety o — e —
————

B

b e ol - . g ———— —

e e ol o w— ) — —— - -t -




1 r

\\JJH 5} u?@X'\) \';,ecﬂ y,‘\’_,eo ¥0 \"ms’

oo Ut o

[/\)Eg:f_mwld
> (s furing , anomally dekckion  ~> Module - 1
— Recommendir sy ~ o -2

—> Rein forte creat leagning ~S s =5

Whak ¢ ,—_Dualef',jj ?
5 Th ey wabelled dabaparnt & gpouge Ham 6 buies fo fiod patt 7o Hhon

— B Griouping siemilon news, ofenping DAL, ashenomial dafe c\m{ﬂ“

Hv:lqnns induien
> Randomly pieks porals egul to F lislos o2 nead (oo e need 2 o)
s fes

THTE fusk angns Ban o slorli mong Hhe canbotd
> Fitst b assige e o ondom Ban T goer Hhvough all Haiing onamples § assigu coch pointhy ils st canbod
—> Thon b moves e canbord fo avy loatian of all porols assignad o Rak e

¢
~> Now ogpin b check s all haining  enampls & wossigns Ham  Hen A%mnj
—> whon aflbx an Tlexatien nothimy changs Hen il means k- Ha olgoutthn hos comegel.

K Hoars dlaprithn
~ ML p; ox wchws hovicg same Afmensions oy hduing tamphs
i EREv) i
o datonce o [ A0 . ) ) q 1) &
= L2 rotr wany o wirhig 2 2y 5 inalge we minge squand db [l
2 whak o bt Vs o haining oxamples asigrd o 1P
= ML oaliminall thal diskr b e cmmen matbad

M2 s yermthalye ek sl

Optin gt shjecice
0 ot f b (1, K)o ik ek enampl 2 cvmailly atsiged
P sty o broid ke

g e e
P st conbord o el o it examplt » hos bem csngrned

Loy furetion « M
TE ) - L NZH £ o)

3

ik bbw all pombs
& Rui dugler anbroils

fo iz i sodwve ando sakicolly sl fo asige peinls fo cluast oo

And o cove cDuslex ambwids .
oS mhed o mawn vadud]  ordinals o enample asignal b Ay oo

Lritelang $rmes

e Db (W) st be L on babig euaplele) e KB40 Jebe B wuidbe e han Lbning cnneple po il

—> Randorly pek b Meining Guompls & avign p, By o o
—> 8o we sondenly tachaline & bod mullrple cdels § Hon compull cort fane fr Hom e o with lowert one wtll be chosen

—> Guneally we vardlomly inibalise tb S0 dees 5 doing b ke ey s jusl mebie i computaiic natly heay




Chomsog #e romber of Dol

— Elbows methed

T ke gt ko plote o B f b W ohed Tdawos swpdly Gafln Rk b sows down @ o 03 o0x pueffnsd b § B Y pordicalon pont

7> Ko ke embigaus coy many —ating con, JotK s ane g actinss ameoth & o cameb be spetlel chosiy = Dislos just o educe T

buide ofF b hoo gl img boles 6 R oo o o0 compros

bude gy bbw no o bkt Sz § b of meralacluiog
Hence st £ Ha fimes 7ls 0a who decct how many Sl ot e uted ocoxding fo aux need

Ficdg snvsual ant
Promollly deteckon smeple s Rivowfy engive fatun

x, = haak g ankd

%y = wibuabien fokeadly

X LAPT Newemue s X

Dlnaisy askibion. * ftck Bing e do wilh debuek 13 buibla medd which calunlals probebolly o poinls boing seen i dabek

i p(tm)< € P Flag thak ewmple oy arerally
&

we choase
i

Usage :
G dec ebekon 5 pobl flaluncs: how ofe log in D oo wnbpage visded P anaactons T tapivg speed 7

cranufocluviog >

G PLHL oul Qalfon booxd ]
Ulonss L J

(Nasal ) Dishibukon
ot

oy Leu«bLL,P,J Aty brbutien
A = dandom Naxiable
pachab- dekrmined By p G "

Sy wegla ©0 w2 G gob Lu;,)na)m L) loale Vke His

T)L:,\: Z1ll) Baea wndex wmve- 1 coy max P&L(,Jb.gmlw equal to 1.

o~

2 = . 2

v mLV.Z@lO» )L> 5w s o Singh o Wi ks, ofen % hes molliple usuable oo
Foomdly debuckn clgonit

“
= | s p(E) = p(m ) # Pl o, ) e P (e praden. 2 p (s posnt)

‘ et

s Lotodn wotls well even i fooluns axa nob shadedeadly fndeperde
2, sa lat o oo Fw\'nj o o fe wrbes drmouded i % fralow f Al dminioy exampls

~even o ore fialse 5 les Hon aoumed Hen b will Plag o8 an amomally ey plag) oy bemes vexy svall b sediciog  pls)

/i comes bone
Reopuphs haght dopiesents pla):p(x2)

colld elbow eop e wanue lasks liled
00 50 o o WFwtll abwoys erdup
it \oaﬁebt volia o K

I Pagged seemily e Voo o it eloselly oy gie capteda ox hageadons <k

Hhese ana. meﬂﬂ ol ranfoon Ihelihod for p Qo= Some wae L fagkad a‘f tlmales very Likte Aeff o bub rd helpe o offor calodadvans




Doprs G vmbaltg 2 soumotly, Heltn sy

To puschial siluatvon ks ok gven if Hare 0w some anamalous orample o Pacning sek tds ol

To geneval ids bettes T CVE b o0 huve sene
anamolies 10 Ham

Whan wedo colleck dals of fon we heow o) o scmall abnbe d  eanmpks o anamelos hance we use Rum s ith bbels o Piadn, check & ewluali | Fot example,

i Renomber P Plawed ongraes sy ouvery small Hom we ton omib, KB seY & jusk make LV sek.

Eveludlig o emoded

*havieg some aomallies Jolps #e madel, why rob una sopervisad algo. on Hi dels.

Poovally dekeclion ve suporvised  Loosning

5 Bl avomatlis eybe ontdely LPP fom prrivanes b 2l fo vae ancrally debec (f oo daks ts £ HG dype) coy anyiuing deviabing avay fommuh il be faggad.
L\A.:Lim}ngiw ways fo hack fato syplems hence we use amomally defee fon fox sewnily ols

Cheosteg whal faluw fo ase

—> I vatopanssed feouning chessing whad falous fo e & Shak ok bo baomes vey i poxhant
—> T3y bo male Fatow st

® smalli valius o
s move efﬁeLk\)(
We fons forre e fentwas o make b gavsi

D:xeut\ﬂ \95 “ m%‘\)’ give @xxox Fon e Qexe 4 we wu'ke \BSC wr 000) o aved Hseevors

—>Sare ;ﬂu(\ggsk‘ma"—\mﬁ wat be qpf\"@‘ fo v g et sels oo

Evon mulﬂé ‘s

B hove to look ol Hat cromple & by do frane ook why wor b an axomally § Yy to me wp with anew fnlou whith
coan  vecogTLLE Ruse  keads sz onemalliey

Modu -2

R ecommendon splorms

M ecommendlatisns
SRRl

T we have wes as well as some ne 70 slems
M, = 02 of wes
Mo - o thems (hons o)

¥(i3) - 1 i vae § haswokd e movie

I(u1) =y (them o, vaex no)

3(ttem a2, vaeros)
¥(30-0

Jlri)weling atven by vae, F fomavie T (defroedoaly tf W3

> Look o woures vsar Weset sokd g padid He sabing 7& &L f ol high  Hen seommeod it do Hem



2 s defrod foxo them Glos M mos o it

i P PR <
L ugex

Usiog pes shem faluns

L asseme we have gul-uua afm)n novics .

= e

R P
w(JJxU)J( E@u—vw\é looks Arke Lneor

Feguestin

Erept P o b IfF Lceon Seggugon model e one fov cack st

gev wec i waling predit oo f e

IS

o w w(“u) Da ; ’ Nl —
WY @5 g0, . z E G 0 @ D u
N <5“‘ e bi"o = S { wY o b~ y t +2 u; )
= 25 éf

We do oo Dode by o mmesder 3 N
e by oL e o oot o o faath 7l e emalicad

Whal o we Do ot have any prex foakins ... . fomod) svfriing
s et vectey

hoving nek
(ﬂgoamkve F‘ kxuﬁ Jaax,%m

Lt assume e oy boowo ) LVF 1 wae

)
velichon of 2 The crove opens we Vave move accvdakly we s delretae o
oux 2
' (who have zoled e movisd)

Cost fane bon

[QON%
Gt &0 o o I vony JL(H)

Riking foaefor both o dhove cont fncliens we gob Collabenitve fik g oxcthe

o Ovesll oy forc. betoves

or:;\ o9 }_ Do T nE
\::nygu‘ W:l)"”) j‘(“% b, X) = ‘& Z <“"(‘J)' “[‘) w* 3 J>> 4’ o 2 Z ( Z ; (%lf >
® Mr\”v (o) (39) )1 - fon o0
R DR

w fomiamze 1 Gundiest descond

o Nare e fosense Hak wolitple vsos hae gold Pe some mane clbovabiely, giving wb eense P hak s oo oy be Like Rakatlos 4 whaX ox appropvall fotws Laial meve,
Ris io busn ablows as bo paedech fow offer wions fhak haven™ ek dakd Hhal same movte ooy dearde o 3lT 14z e

Prinary Labels : fus, hes and. chicks
APRRRARARCTIIAN AN TNNNNNS AN
L2 fled  O:dalhed 7 unvokd



Mean nogmalisa en
PRSI IO

> Rlgo becomes move effiint i we pexfoim mean nodmalisation

Lebs gay o news vaex Eve comet & hos oot yaled ) cow if we son e madel th will predid ol all vakioms by Eve & qe0 ik & not geasenable
o) =y Wb f P e b 58

To countn thiy we vse mean nemaltation

This s o wmode deassnsble piedrctim

— Doe to mean seumolisabion alae becomes o Lrblle fosle too.

—5 We o aho aovmalile colooms Tskad o dows i con be done ashn aew mevte owcives buk genedolly ils rob doce fo B3 way coy we Joat now hows ke usex cmay like 1L

!fe»soxﬂm s Solomeotation f el ngm fillowteq

intbia frse w0 a3 B .
Fovowicble arm wonoble fe i csouss
4F, vowsd
out A borma
Shich oxa to e opimid PP anbora Fially
Letl, BaX diffonniaten & wib W
&f vosiaoles veq, special frc.

fo modify

PR WV

mJ ) JePnleJ feme

!sﬂjm&&sk Ltmmdm Slew 10 5tmilen ona

on lakd & decomoended.

Co Mlelomn K‘ ﬂj ve Can%n’z ool F:‘“’“‘"ﬂ

G) )
from X7 we compli W
& > ewst be zfs:m«e
Gils ok 0] 5 .
cox® siye
(&1 (=)

N . PRI .
lebs oy ounzeg Top 100 AV VAR FyeaDJd«smg dabing

movies

Desp lsoing fov cnferk bosed herry
s Ui oo s wwie far snn bave P 02 f W Yoy 6P ze § wna por hidn Dager b onbpul Jager st he same e § il

5ok can combine b 7y do ome maldl ol

fv wakieg sgake
label

for

oy
o pueuenl oven ]f'Ha‘wj

Usiog #i 1o )E'ﬂ& seemidox tleme
= This con be Aomfuthf\aUﬁ\!ﬂﬁ \'\anj TJIZ L) %mml‘ﬂl o veu nge,

How fo faclkle i P PTO . .
8l wn be compiled§

bept deady 50 Hhat whw

User comes Tay can be pmen\eflwuiul



Reco o mend \"nj ][Z\am “&%M@%

oy T dooe T Zskps  gehiewd § danking

se § movies we warea
- - =
W‘e o " meURA -
hnce we only need fo compull

Ny as) we o done

ﬁ%m& Tssues z:P Recommendex sLa.skm\s

Tevsmsflow inglementolro f conlet bosad frkoing

Le ﬂeiﬂak’g’.}m‘ﬂ'ﬂn
6 gebucing deensiom fo one.

-
[¥idipad Comporent Pnolios

Reducrg #e nomber 9 folons

— PR Polps @ visualisobion f dafs, say we hove S0 o3 100 28 1090 o, Witk PR we wduce R bo 2o B falons a0 that we can plot ik

Z-awh & Combinaken o

n ;he N A Polows o, 6 Ay
wonies & Ao He offax one

TR lgosithe
> Fendues should be nowmalied )@mk £ MMJ&‘% e, ?F neaded ﬁ)u # ﬁﬂ-‘w sml(mﬁ cwab olio &Laprlfﬂ

AR derovs abl axd & 21t Jo male ths owa axet, ona el g Fhe dak sk be spumd widely fe b st aplee alles caminon voriakon f dof.

Jeconstuckion s?
o CSF(\A RIRN
T e e seducing (appionimally ame

o 1D dads Han adge
v . Aatm wil) e
witl choose Hi Y,e.-%:pﬂ componen b 88 front Fv\'nu?ol campontnt:

Contuckd)

~— How s fa,.\h Fx«ju@ on amy

(hme.:k'm vector =P rmﬂ) . <um'£ veeksy to Jre"of Z'u»u'a) = Auk‘% ot gm ozl ﬁD new o Ak R gtk fomn o2 £ new amiy + oai} WO a‘lpnﬁ FE, Q‘)Pinw(:;h
origin
a Aas potots

I puiniipel componeat will ko L' 4o 1" poincipal component

2

Yoo M &e boib axa eqpmﬂﬁ
bualed Galao s o cnplane

™ anfmun  Nodence

Z 4%, <) ool
Aol s 2daind)
we oot o Fhi aow o we have

Y 3 "
i ol tanpot far et whith voud Jufa veusy fasty
Yeve qia label ghos spectol tenpotiance TR alio Yo casd ike sosien now

Rlgo wicimiges Ak pagalllio yas oplood vother fhon parfen P A

Valoe mote $he
et 5 dehaseed




MOJJAJL’E)

— Rewnnd ]QML(» 2 adb el dkn Soee Hhing deutsehle  ths geumded & whin ¢} does Some thing ardesrvable ths penalised.
— HF',\:{AJ"MS z{) geto ffmemnt }ie‘ym;,‘ﬁ; contbolling yobots, {émxﬂ opkimip ton, Froancrol (sheck) hracking , Plﬂging games (facludig vides %QJ‘\E&,)

Moxs vover example

— Th Youex cam be I any zf% stx beva ov skaln’

> e ak &
= &b ey assesate weth skt
Id 166 DI T
6)nﬁlLQLL'nn, a(a?.uoo—»za , New $k\ﬁ é‘ o

@, a, R(D), &)

ok skalih, go legf, Seword = 0, &=3

e lvoln g@%ﬁagﬂ%

R; S dewand sr[w‘e‘*uﬂ'
A coank %Ucm" ngnea’oﬂlg a avmbor clee fo i)

Rokusn = R+ (R 4Ry 4.

Py crample (-0
»«)g:“ M;;mf; Qe go b kot willbe e veward 5w then

~uq.*4g5h}‘4a\4~~
A tybed o geb max ewsrd s wuibben

— Drocount factor alko f‘“‘““‘ M"“ﬁ‘% —ve vewonds i forter it Pua[u.s ausay leser. He -ve wolue will be added.

Uegesitenln g ol oy

= O fob 1o deiofovieean fning o o come op with o poliyy (1) which ke skl @) o topak § map it o an acken (a) il whobe perfarad.

shalt Y ackes
(2 o Ca)

Revew § Loy corcepls

—> FPosndism o seioforement Bouoiog applikion i calld Morksy Desston pecas (MDP) | it sehs Hhak o fuli only depeads on awmank Skl 6 nob on anyfRing Hal™ it have
occovved P8 do gething to He cwanl staly.

ShL -ackion volus fanchon eoitin ch Q {ima-m)
—> Guresolly deroled by Q(s0)

Lo sasy Huse one Fhe ophimol bahouraws oF Jifprant stols
QU2 <) » detuwn th gy ente (L g Wt flom 2 Han behows cphimally
T EE R A

Q(82) - Relusn’ 1f 3you
otk ta shall 8

—> fake acken a (orce)
= behave cpimollly adler ok

Qi waiblen i way in some books
So i we Nk waydo compi Qlee) fuallaloly on we can jusb go o pehig ot 0ea) oy eplival bebaion.



taduidion t’) bel) e eg)”

Erampl

—Ths wzﬁ o compall R(50)

Qs,a) = Rg) + € m:’mQ(&’,a’)

=Y

<R (i & bamials)

(8) is aho wlhd oz He fmmediali sowad
167, of devas
b dees ot

STl

Rardom (sho sk ) evidsament
SOLESE ) el
— Die fo some  Yardomness n envivenwmeat R s%g(em may ot Vuf&m as womandd  Ex on commanding e Joverx o P@.}am fx»t\(wlm( ackon, it deer 50 wa/%’ﬁmfs b
—> Here tn slochoshie we hove muit ke geluvas, canimiy oy setuxn Dresad male sense oy dehuva & a > ety frelied) o e b agpedhn Ef&mqo&‘ﬂmum

Motheoabially ©bs
waibben 4 oy

Mesfie)
Bellran g

Qs a> <R+ {E [r:;i Rea) ]

S wiuté grould be
# 2.0% k4

—> Up unkil row e wover could ke fo one P gt pusthions, Base oxe Disevele sl | say now Hhak Cuehicle (fuck) can be any whon oo a fag By ie conbtaves stali spoct
- ‘o o waltouous slali MDP o clli s o veetor

mef\@iywn%nuu% ‘g}“&ﬁ&AWl‘fﬁfﬁ
5;:.1::me i ofven by it Sl éf LJLLWJO tncludes
on to g dra”, it edven X '
ﬁm) hs \»%-Jl to megdeen | b petibien fo Y, & e Compiistng & mony numbers whick could ke on any
Tle 2ol P\'Jdm Jow & ot Yangye v? ot

Gbs amaﬂm sl & e hew
fab 1k can b
&x}e* L}\M%Q

sal: o feorn a ralgTM, oven & picke a: e gaas to moimiqe dehudo

/ \
Lonar Jarden
IS & !
Lo Mgt by is douching ‘emw\ dae O - oores fx oo [ s ayven, gpeesatly b ne Wih ol 4 (6*%“]

N@Qe"ﬂ\nm Yhe Qmﬁ )aﬂm ]to_mhsw\
ﬂwgm& We well use  Belimand eg) o oanlt o w s
loks % e;mmlplg z% o by, Gore .Su,Fe)(w,seJ
lmvmmﬂ Hren to fien o map %om 2 toy i€
J

Y}‘ - v -

— Tk W - [sj 3 Oubpuk = B(8)
[=N Q ur

ks :j !

g bom shabt ackion poir o faxg) whed @lsd

e TP fu canal whuovk s hamned pipody o

2 B fov amay salT & AU fur @ wolin e Q(ga) - R + 1 v, ) oy
S S
" 3

ochiens = no%.ﬁjfﬂ%&lmﬂ;n'g?}‘}
be cludohd § R oo one amers fum can ke

t
oo i? o
° porfosmed.



We  shod (= T’me\'wj gardom  ac bens
{a, W ) 29 )
L&/ a, Ry, .L‘>
CRRYS

(o R(e), &'m>

ta tieably Q fane 1 o Yordom
G

/%@J\ny e fuples i onerample
fn -\aain:ﬁj ek

alkx ?wm«ﬂ Rage we Paseouwy
el bosed on i aflp §hy to
toe op with o foe- wduth

%L} n é cu}FuE ‘j’

Mach J 41[

B Jﬂg cloves e ek Becent
loob0 @mmPla ,,,,, Bz uﬂ,lﬂ
Seplay bujfer

Q e 18 @ bebbex egirmall 48 fonc. on we
g B opentadly Jorg erougle we o pethy e osltmolt ) @ fanc.
Thes algp ¢ cathd DOY 3 deep-Q- rabwork

Rt scfiament - inpioved sumol bk orhtlelon
- - oulpuls *DPMFA'L}AH fur Qlsa)a) same feme, Hd olso Falips  cabaila

5 fong we hav
> toskd o havirg ene oupul for B(5,2) Bvammiog it Four Wmes, fow four AifPrantactions w e A i ) foe
g )

How ts ackion input hese
Hhen 7

Rlaostthe geﬁwmgn{ 8 E»ng Fly

—> Euen whrle Jlm.\mj we nead Yo F\LL ot ackens, how do we do rég Foy 4 we we 5’7{"&45 poliay

Now oz V:ij sabsequuntackions  we can  ertho pek
optien 1 ox ophen 2 We wan \"nf{foUlﬁ have Lu‘ské’ Etben veduce o

* v e coy soy Hsle \'a:\«‘qli::r:«j Q , Qlewan) wos low fo o Bpwrex volue Lk -l
Hos alge cever doer b ophen Lt F;LLeJ 8o we fobeduze o WtHe explovaton e £.

Love

— To supervised cheiee o hagpex padare lrg oy cake olgs. 3tot Hees slowor  bu) ta unsupewised :Jcmﬂmhe 6100 lmes Dowex ... S0 Wa & vouy tepertant,

mﬁoxﬂlm ﬁ(%\'nemen{'. mial-bakh € 5oP) u‘m\um

Mini-ba bk CQPPLEALE Jo both &upanw.secL & umsupervise J&W\b\ﬂ> ?‘l LD'\.\EMJ{ \;;:&Ql}\ m:;ﬁ%{ u
RARRARR e main oo ol ae
miaimas Tha s chay

sony 7f ue have vogy g whiad o
algn becomes oo low 2 we we only
o o thote pex bakhn.

) each rhealien o

procteally fneripensive

by pon. pasamzfens e —> By 2ofh updalis e cbserve BaX alge convergm mote deliably

hose . Thuse @x Ot aumﬁ\mﬁ ssiilakion ox dMierswsn oy sihan wnelisble PEep.
pecked o 0dd upte L.

The highn Hocoef of e © 78 Ao apHy wehanges

wind~batch, Say an theradten wey

0d 6 @new & wote Han & f

e svenwril Qos O e fhen b would
be bads To prevent +his we we sofd opdalic

Sl < deta foveament
Pt SN It




Refer last Moon rover lab for more info on reinforcement learning, several papers have been

. mentioned in labs to study from, refer those at times....do download all lab files
Ao oo fonc.

Lok sl mox (2,25
ELV  ft0:§ » f vo
0((514) (¢t orLo

SEL g0 <) D > sl ompreliy

e O std de
b i should b
Se3- leok- Gromerol
ia r‘JaAL'BM B

rwve.




= ,/ eagning
A~

‘A]Laﬁ u n n@uﬂx nefu&x./m

ff@p mevni /m’uzoj m{ o&)ﬁ
Shtudised Jata s datobas with colopan, ouws ek

ot
Comveludional NN f:' >
Unghurloved data = ©imyy, audes 0¥ tent to tdanslabe
|~ Recosting M

0

o

=
=

‘/JM s A ieep le .eo da

hewaty s ook pexfectly defrred heve, depreds on oo well fabuwes awe engjreexed

\/\Jlﬂj i ,sf:mg(o? lxu)? I{NM
Gn{mlvenk Yoecomes Nezy fow (’ \u
Bl Cole

(

Qg Yo whih Pammf_lxm;, Sd— ufxlc\kpb ety &\aml:s ~_
N) "
Maduk -2
IBY R
: e R6.5

11288 enttis as tapal

{ img 15 GHKBR fhon s gpora hove GGhx S+

!

r(ujb > w
&

I+

J‘ N N ] b
Lon sl Remve ssiom Cost funchib
Conishe Bemuession Cestjurciin

L(S, 9) - ~((glesd + (g ‘%4”39

Tloww) = o= iLCﬁU? 5 > Pfhor bymadcach
=i Y bhos caring

| )
1+&'

g ()

[&X3 a’éj =

- @) (1 - )
“da s ofa) (1momi3) - a(l-a)

(=) -

@ Ina+ (ig) In(t-))

aL - -3y
Ao o

db . o-y

&8 = < a>j
da e Az ——



'\J/(;J/'li)‘alt'),:‘nj 1&35»‘41 3@:12251/’5»&
VTR A T
Leé sag we wenra wpdalt (BOO fimes.

'\le&nggsJ
Netho ised implementation

sesbng _in @jﬁsx

Noke =0 s/ e
OF = TP gm“jﬂm'w'\[‘f) > y"”’“%ﬁwlw C* )= /“I‘/WJN\% L""‘A (a3 OT q a‘“T“J'”Jc a2 ’ﬁp wte assext )a"‘L ‘ff%m fo ﬁa’k
(5/1> 4 [[ »(»,7,—v~J] 5 Jlon Q#QT e o-ad e Q,,:“::{aj r\o’&"ﬂ“‘y oshe some fhin ’i;;ﬂ;fﬁ)

Iz

Verdouisjnn avas mubbiple Granple

!/ R e

Ackivabin forckiers

z -2
farh = = . . A . .
e —e boch ts alatb wogs supetion fo siqmoid fckion coy Ths cenbeved ar 06 mam cmes a1k 0 i ke g B

g -z
e+ e

Fonh camed b vead in autput Lagord birows clsf "oy werneal oubpud o O o L il

TPXDHEW\ with sx‘:}mofa?é, lask 5 whn Z vedy sall ot ywﬁa Hon 3@-9“3;;5 Clae to aene ich lows Jooon %]mwn'nj a bt

w @ max(oz) L,,,LJ Relu 5 /

Belu

Reckiffed [ieass unil a: max(z,2) A* 0:0) oxysome sm\ﬁd

Wog do e need acnlincon abtobion Loetios

—51\76 we odabe all neweas wih Loesy gmm\iw\ For it caded comact Leava m\j‘&uﬁ o @mp\w Pan Sieple Lraeor ge?{(mt‘m,]m,w e picd ven—Rinessr ]ﬁmz}-‘ms o1 octivadion flnc
> Lzcamy B it el vosy gl wlen e do comprsson (o Wl fags) e abond i Lol
> TP e el o butd wf  seguession on e on v b ooy 0 te eubpd dagex fo g B Jsired oudpet

) - T@QT@ Leok walyy = h(2)
W) (o 4 7o

P R

Zh=
C +e

e (e
(Ped) = = o e

1 :ﬁ 2>p0



Crandirt desert b costad_nchomds

—= L@P):ms Txae = prevents Fj‘ﬂ’“‘ )ﬁw %ij bu}Pu}ﬁfshape [_m)

Tn\)gxfd z? Ao o/ b

. I IS4 all House hove fo be

) T_% compuied 5;{

op oo «ﬁx By we need
below de ek .

€369 {n0g « (1-g) w0D)| 3 - (a3 () s o7
.y | N
35 R %:93 i’i:’ %‘;—»3@‘) i: . 9(2)
b/@t A‘%#ﬂ dz* .o, L R 3% .
35 3(-9) 35, St 56 eb

(5]
[Ve 1 1
‘\&X\«::)ow\ ft Falisedeon

T Voqustic [ frocor Regiession e can inibialize all weinls fo yono bk we camet do R same 7 dep 5 G radiont desent ot sk Ly 7

= Q&mw
Lets &aj(fgva ax U hedden ﬂﬂb, with tus newsons.
O

L oad > Or~»oudput

18] H[] R wco

Now Siace dow ) 8 § p
Siace dow] a&mL‘f Wi game  APin wpdafions axg A&Wg’ Sproa be same Yamce Hay ot be able o obulakt mﬁ% conplon_ it jusl s

Tho s e o RS lgely e o e

L we :«\;L‘alg@ das W T\P»K&x&am.iay&niﬁljz> a 0L

%

5&\6&)\& ooy sowoll ey 7ﬂ we ate Using  Sigmesd og M«};QL;,j QM% volug moLijaJ:anhuj
Soval] Yarce wakin {easnin ey Senarl ;j@ sukpuk ex 120 L:je.ﬂ desl inclve
Bk o singrod fan 3 5 ool ek of i e

oo lager Ol b nm 5 ddn [mah
[
J - @2 & e @ 4 o
&[ ) g?zcu) @ X“‘ﬁ
&



Figascg o bimnsive 4 s Gerenally Vedostead

(] 4 W ¢
X (ﬂw; h[m) 220, [m“‘?mj
(ﬁw,x)

&J[U Cnﬂj, h{mj)
)Etlj . an»o

17 0
>QC (ﬁ(n J‘ }>
gl
The G fagors asdormatcally compels & analgie complen 81l

\gouzﬁf n mes  using \mjw nengons 5 ?ms{é easy
0o 8 @ @ gmj]a ijn > S\ou}é@r«p[cz é ,‘Afﬁmﬂf

meow\ E{ Bﬂ&LwK{J« o
oy

> 0 fvend pup el e Coche o Shme a fovalues soffub fag can be wied e badpup, we coe 2,ub

) -

/M@sﬁ Vs LJ F&XV&&JMLE&&

b€
bock o
Pp

ks f back puop

Wb axe pawomebess
Hupes pasamebess e el by ay, ik wlbimalely anbul fi pasomebess
Eo 0l # i bon,  hidleo lagens, H oy, huice f ackivalion fonc., depdosisntion, rini-babds ¢y ¢, mameckusn ek

( ovise ,/,j Pa.& FO&&MEJLK Eunmj

Modele - 4

%RN,MB %LSF}/{ woold be F‘% 20 ox 8020 & bof 20 /LO, bot row where fove 75 sbundance {J;RA we can howe ngwr enampls. in ).zv/{uf Srke megbe (0000 ’H{M o sy
wdhon frain f}Kﬂ"\fLX ”ﬂﬂdﬂbwssph i Jike A8//1 ex Cﬁf/ovh/a/ ox 99 5/9-2{/025 eh-

— Dev Elast seb st come foe same dofaseh cot diffeweat onssfos gn: ol axe pics clicked 'gbrv\ Smotl rﬁmp

> Naimally o ppl sy foy st hae Fomie s ol flen homsas oy acleolly Youe hoin [ sk bu g col] b fanin fhest

Thes con bewsme e P“Wﬁ'*’ ’Fﬂ‘ opbimel eten s 1S/ So #"L \m)"’u‘{‘s ?%)1% meddl f/\lﬂptnis on ‘E/.\Jd\ oo
@6 B‘jﬂg E&m«}

B quinciple fos codhine loring

To 0N e oot how To womry b baadeff oy gpthng e defa L soviene ek offeckn bios woch & chossing biggu i) ooith pope wquloisobin L biss elrtaifiont
affakin wience



9}

iL,\ff) u\a\mm\*w

e - T consad gek omeh
R i BOR
T(mm EC\J e [1j> s = ney ) 4 A 2 2, N 0o [
e 5 B BT ) e ;LQ 287 *2n %]“M]F “wm” ") Z(wm‘
Tep Js

Feobenion notm

Why seglastsckion teduss puefiitiog ?

> A w) wrtbl For gaadiad valueT 1a stqmeid ox bos b - aleat fracas -+ wedces ﬂmfb‘ﬁ hence. sedces overfldin

A Dk sl

We copg NN Hhea wordonly vemese fewr neammns Ghoin i o Jeb i ovesfllng s deduced.

gachobilifs ok o vasson

tabgin wiih  Zoadom values will be L,&

83 sy ok s S wnib & 2% Srorce o dugpieg romevs 20 10 cummons 4. diepped B warghls § L5, fogns ons oaned boned oo M s e snlt 28 s oot kb
Toon bime becomes e § computabion berwess o complox dua bo R

oot o 03/ Lesp-pmb
—vab eadh s § qebicat decent we yero ok Miffeert sekof vensors b Be same ane.
Sab Jush bive wedowt wse Quepout= & keeP o vuuvon € predizt R s pokr
Undexhording depond

— The frpalks gel eltmtoaled Xmsomlj erce He newron cannot uia':‘:i prtialny feale . waahbs ], wequlaztiadin

Sl g & Sffoet fous Mot Jagon B Lo Ymvivg e nestns v Lo kecpprob Evcie varsce & 70 e uhers we do o worty oo ovnfiling Yerp_picl s L. T Jager & gpneanllont, pocal:

"iic\cxir g ilsdone withlvale
>One Jown st diopouk 5 cast fanc fs not well deffnad anymove, so one £ o pabl p-pre > 0.9
o The donsrie § # G o hmoc. e mose Sypes pasionchss s own side § dtopords et fon il defrd avmos, so e § e publ | TF

St o b g Rupaa) & ensue bl Jeaening o 16 antomal & Foem fmplement dup-ouk
TED gl v RS Tl mputehon f et fore brames st a5 il ose dued o sk
Ofes eqlmistion ratiads

ke ougmertobion Mﬂzwv ety

aikially qmoh will wedocft Gon oog damining ks g veehd hem s sloppel semeuhere ot middle.

Eﬁ“lj sloppin B e bl ko bet ween bras & vonieme

|

Qe o= be sure to cosmalige test § dev seli

) 1
pn e O Lo

et Wy otz i)
4 Unourdined  fopols fake aldb f ibeiobins fo commre § boune oumnd o lot teo

Whnells g /;ztx p\nlvﬂj %)mlfen%g

Lebs Yoke an m:.m?ksf NN et loblo neaons wih lacex ackvakion gpt Hen e con ghow Mok 5o s had fo Hiain laie N0t o s pvtlen,,
zcwl 7y: W

Q, :3(}0 a, ;jQzL) 5 L‘)DJ(J)D)’L

A parkid 6”15 how we r'nfka\l:jc welale

s (0 (-3 [
3:53 o SN

oubpat lasger

W [a]w {ﬂw [\J%

L oll cke excepboskpul hayor 22 1) = [\5 Oj s liaibly o Hhao 1
o 15

.l
NN LS = : S o
hen g+ W [:Dg ‘i >< \]ﬂ ths wes [QO Q'J m:mf; [ L‘Hje %j&&.m{

will vanish
L—>:f Lis lovae s s vexy L»uje Euwsilf mPioﬁe °



%y

'12\
. —>0—8
A azglz)

R WA F 0, w, b d Wy,

!
L,\J[ j> mp.¥ondom.wnda (&‘“Fﬁ »"n;v.,sach( ! )

N T
b7

T
His seb Hhe vosiene So’ﬁ/' K} Fﬂ( fanh
His 15 el Youres inikalizaton

We caa dso add L\VAXQ("\&‘LL& Tk

Relu we wse
woliplies b Ha fuenala & b con be B Rela \FE—U
Laned tov n

2
Sometions we uae J/:
SRR

f € 5 wewy srall volus o £

) bt
flo): \in S —fea) o) {le): He)—HO)  cvsosisg

£ 2¢ e 0O
" won 30 €
3
e 14\ o\)“#
&\wx 5
m“? Lm & ¥eshoe o by wekes 6
/
me%u\m‘,&/

D
T/ALE J\WCL )\E[\j - } LO[LJ) )L[U$ KLSL\QF ofe a [aﬁ veclse AP

Groad check

)lfbxca_L:

Ao [(J- (6.6, .8

appren

-3 (e.6, - a,

)

2¢&
cheok etbs 2™, 2%
tpuy

fo chick . Ju%rm ‘Ag[e .
= x 10~ Sx@i‘

: M{ ]Mgﬂrr’ml}z+/l.49j)2 0%~ ok =ty

ek ymivant

12

0~ Mﬂbﬁ
] fﬂ*f\am&n@o{{m ?{] %m& check
oy s Vedy oo Jo calgpad check

leok fox whidh bayer €, whone 40 i differioq bt Acbug
ie A0 i cdudes sgulonisabion fese bvo
ceg compaling et betormes diffust whan saedorly subiek doemsons o duoppel
b check fmplement Aepout
Very wtely # to bappens e i

Pt ien plemen fbion z{ %&@t devent s covderh When whb 0w clae -\\_05&‘10 Lbu) as we wun %mciiené descent W, berome L"JD”‘ 6 b dewiv becomet inoccwrnks cﬁ‘ex ot

Jorchek B ool e cme dun gud chak o soedens inbelizoin§ Hhnchel  afbr wth wsrdw omey fim o0



u fai ’lm{_)n a&ﬂ ent devent

Lets <y Hhae axe syac bunining

moke SO0 botches wrtly (0 cxamples aoch

x,[ 0 6) D (\,,a@‘ =) (20es) RSN
(ma‘“) XXX X x ?)xw f
X{l} oo X%L—iﬁ‘ . PSS

* [

B G ) (ees) | Gee) =) 12

7 [5 9 'é'}’:} 15 ey J 3 )

Y ! £23% [

(viow a?{@) j[ | og)

Miar Saboh &5 %2 G

Pist bk spdiod dagmnt;
.SSC - &000
Fms 1 tn wgeésBc);
G prop on X2

— 7 mici-boldh opdetes of few every Minbokch Yeve il alwoys be

e comegging ke boleh  qradient decent
Shidh comedges without any naise

Soere Vol

— A\t d{ tiene ig wnskd e fo novse Tece we need come JQ]\,,,WM

o e R e el plio st

a4 A&@u}\
& oda detla

— > Fx FL?&
(Ma ?S‘xac)

5] _ WCU xiél . é‘J
B @ )
P57 (27) )
o9 \Iedmr:jeA fenple mentulton
; one  epech z{ {mz.\;ﬂj sk
;C(J .
n[l ) 3[1?)( ij> T, lbalkh 3}@%@& Aescent Tna sinale epech it g \,ijh ol Lxaining cuomplhs & por epein
%”“‘5* 00 oyolieal desient pabs one slep
ZL (49 40 + N Zl“‘) ] bk in cnéni balh 5 s = © & o « smampks o pne minibakdh g «
\DD (oo =l »
" N o 85 mosg sl
back e
# f Fj 2 size
UJ[U LL)EL—- DL)\UJ[U
)
&j[w <DL0LXDCJ
Uedawshood o cntobobehs todiaat Jessent
- Chasing misi baboh 873
£3
Dot guadiert Jeart 5 ST Fevaickabd = 1 Bodd  wdont desent (R Y5 = (x.9)
—> . . - -1 Shdradke « - m I S &
P \\ o (X Jy > CL “)
T Ve miai -bokh size & somewde@ o bobeen L&
itedot pee S
# ihetotion #'&Kﬁw"{bnj
Shodasks Btk Mini _bndch
Loo ces \;m{(f“é ?{u@\om‘m&b@ Too madh Hieme \)ep\vwsls&cm e
08 Lo 578 I%Mﬁj & zamfu\irﬁ ﬁeu@u\m\m pe {%ﬁmgw -%S‘E e

o o otoample

Checsiog i kb s
/](al@ aupmJ’éTom\a.Lb CPU A PO
T4 dber s 40 smdll Bun (04 2200) e balh

Typicds v ase fo poms £ 2 5 66 18,256 512

Fastesh \emﬁm'nj fa Semkl\/

O{zzmxw we con ctate a Vupes-panetes £ picdeodt He besb ominichathy sige too



Exporentilly_weibel iy setge
Y- k 02 pfi
Bt (8 e Bop tsaloast St o8 oy & geeok D s
Y: B+ (g B, o Aujﬁf \ s
E <teeat Bt

B- 048
p-0.0 -
B PO, t(O-RYO, ‘-g ;5 5 amall  Hen mowe weiah— & Afuen o oxeal olue fove e %MF)‘ il T ey <55H°“°>

P dame o quaphos fouc geb apdebd shaly (g guoph)

Using fis we ase Joma barld  hypee pareter whidh rates Lot B

Undewstond. ing @ pocenlally ma‘j\v%ei avelages
SE e e

Y, = &(Q@)@;p@%@—p} B, - Q—ﬁ) {QL *®Q‘+@ZQJ
v pon + 1-B)O; - (-B) [0, + pO. +Fo.+p0.]

2. 3 o n
ﬁn:Q'@ E©ﬂ+@en_[+gﬁeﬂi+@9m+ ape spe,] — O
" Ps powwen T u:u's%aje Yo Adex datagoinks & secbuced
Cremesslly [3=0.9 fox NN
No EY waent Aa{avmn{s Tolen tate somedeyation s aiven by !

=

B wline % 55 Tacueases ij)\ L)“ﬂ.ﬂj&i cnede 51&‘3&»&5 \eece fese iy 3XQFL .

0 @ & o \L " o - ap 1}315 o o w @

B\‘m ~ comdestion
L0 = G iason

Lk ot gophs o bH, fe 520 & fae ¥ Be shork fe cvmege et cbudnled propealy,

L‘D"Lg o ng&j} &s!:;g!b’@r}*.ﬁ'\
S0 cnsleao\xy Yy we cﬁ/mt RHS 10 () Yo

=P
= T¥ 1 5 ks \*fg o small hee Db 1)) be /Qmﬂc
-

»

/‘>N\.a,mj a times penp\: fqnoxe. inibal F\msy E,Jualc checke fakes
phes i gen wena covuet we an impeoect 0

e e T " o ﬁ/
Evsn\uauj boh e jﬁaf\é Lm&,.'ngl@ Showsn 0 5&?& on i:ﬂ&) )g:ﬂi %-&ui

ng e \;:as coxxeckon .
% ool
o e
Crtadionk Jeseonts it exorectun s e B josert

- P g +(-R)dw eest commen value fox B s 0.9

o apned we ot apply bus comakion coy oflr just [0 chewabiong cur sbo wmilve wewmed up
Updaken B 0 \%‘3 ({M&M
We W) = oK Gy, Lokl 93,50 & apso
b b-o Y mobix with game dinenerans a5 AW both destions sanbe osed Jusk oL will Af???‘"
. e - - v db
maay abtee uﬁdle‘t we

Oy B ¥AW o~ hee Yy, Ondy up EE‘."_‘A suded  Gen by Bueneed fo Yuay DLQSA(,\.



p\y\m\gjﬁ) tovewhiesd di’ we wanna glow dowe bub 1 cxease feasning tn Voxi gontol 414"

3
_ = C AW fssmall o e T b & Ab f'é[a?t & we wanna | b
4, Bt v (-8 R i

Bap = Pr b pee (1@ QLT K by, is small & gy © by endtodiog with J& wupAat\Z speed D
apdadien : [ «
wal comome vabue %g P, - 0119
W- W~ o dw
&, tE
£- ¢
b. b - ol db
by tE_—TE" o3 00 o N8 <0 fen algo doudd b il

asbmatien alao:
e

oikializatin: 9y, =0, Yt O Shp O bap <O > nogmally A&Mmﬁwa:( BB € s vaed § K i Yaned

—> Tk a combicaken 30 momentam £ RS prop

—> Bray covseekion PestDx«\sJ ©0  memeabunm &§ RMS plep e G = P 4 - 2

Updalten
We o~ v be b- &

(830 1 ~a €
Feotrny _lt decy

- /:-F we ﬁls.qu whuce e lmx”.’ﬂj Wl oo helps Ha ahﬁa., s = called J&ix‘ﬂf'ﬁ %ake Jemj

= Tolakion, inikally we andule bigg ex shops bt as we sl do go fewads winime \owes |mwning 2ol & betbex a6 we can oscillabe m o Hghtex wegon

Fow do e de cwase 0L
\

@ B ——
14 (Jeaguske % epodhvor)

epoch o
@ oL () e et decay

k & a qombec less Ran one

G ek o

©

—J&fgk noo
(w) of- k . Bou £ 50 luygpor pamreber
Je
e ASM fome  porhiculer 6@5 we Lb'wm(je A

o |
o - 5> Algccete Stain wpae

20 % steps
() Masund deemy v f bosaing dime s b Sooge Hon leownigg soli = chsened b sguln ineseod and dueabed comdl
79 o3 and whon gequived.

The peobl

ke of local cplica

alio a fowl sphima, s & moze common kidd & i wllad o odd le porat

Be gradient & 3eno o o
> all doks heve oxt ot ophimg

= Thow o very inkibions bond  lowen Moeosionl spoce b @ wege fo bl dinenpins e inbuibion decveoses. Mot ofbn 7o kgl dmesonad spae we shopok soddl povat el
e Ran SwoeJ opha

-~

— Fooblen £ plattiu - g

P lalean g o Bomie whow Jevtvdive & close #o(j@w ]E,x o Q"”j Lme, e iE &*'136 s0 rm““* 7(7""4 vey \wj brme and ot Aescends ALF DF 4



Modile -3

Juning cess
7Y _pioeess =

of expsreatiol a
oo 2 R
Sy et T B S b o o ol R iy B2
masl ienp - aiéw\»&;% \o&% u;xcn'{kj
Jecesellay iy
B )

fow o deose Ba valuwy & LﬁPu vpxqm&xs ?

— We wn Haste Some mo sg Yondlom poioks fa a M- dpeersirol space W o s e L %%Pmmgeexﬁ;

— Coone fo F\'ﬂg Seoxcln
fo space say o @M&'u&m Has:nt A weld fhen we Foom b Rat degr'en ard  fake move éam[p].é’s ?ﬂm e and 80 w0 a’quL«'rj 0.

Ustoq oo sppseprial_soale fo ek hype pasarcdes

= Bompliog umifosnly deart make much sense, we luvelo somple ackas an appuspriali Lonh.

~ et
Lekd sy we b o dsse 10 brbuen S0 ol e wmforcly semchig 5 fre
B\l » « - s v X thow b fom Oio0el e L. fue samd Whe 01 02, - 4 s not LY ey we pever explomd bebwen  ©. 000) g 0.
we Jhooar  0.020 1 e 0. ool Q‘o\b‘m ©.\ "

To seoxch @ wa T \Eﬁ seli we fonphment &y woy

Lol sy smadh botwan o &b Y
Some asnosnd= @ v dpen i Boen e -
o giod « loy o & endelog b %6 [oh cnd] 5 hgp posareie < (% ek o ol bad s 7 F g eaidien

End Lot soy we bae ko cheose B

P betoen O fo 0.%99

p- o - T .. ©9a9
xRy ~x

@) - s.%000 Yo ©-Nens F» Leth gms\nl):) Tole g ows 10
e Cram ey

R o-1d ko 0-UC Se We need fo sanple veouy
b} E ﬁemdﬁ vensdng fo i

D\\ﬁa\)@y (S]]
e;xomp\f\

A P aox}@ desen to 1 b s é.ems:hm&j Tncenses, Yy \Nb\\b,j 2oy

ovg e 2oOD elom?h

e ey
= Bomt Lines hypor pnarelon an o shol o thee domes Huy meed bobe  yelakd ex reeubuotd  oflor canbuin poniod f L

= Wow peple go abaok senchig o Nyjpe posmnelos

Babyed o oded : Fooda shialy
Sdore b Ak 0 vomy buge ar Hewan IR CPY ar RU piriies) s eromdlorad dbsdually € hypexprnmeless ove opdokd.

T:wwg oy wodely ok o Yoo 2 Couiay shaksy
> Moy colily with I ) ,spjgw% \«g‘p_iv),&cxvmﬂa ode Onsen & buasiad Fm&um,hj E\ Pa best one & [F\'t,\»d.

The \‘jFQ ’SY opp#och  we hecge Af'f@&; o0 c\me\QE\L«'sml wasvnes 6t omoud § Afe we bow

\
Nogmali zing acki,
AT2RNy 2

— DBabh cos walizabion (i Vg bo wencascbers Sovgg Leffe § Chushin Szegedy), mokes by prpmoran semeh paiblon vony o rabes 90 e wbes, R e
alse Vel fo hain dep nebuwosks mote casily

7 We gueally aeswolize We iopuk so Bk compuloion brames esicd, con we siniloady novoclise o5 of e eadke Sapen P



5 s, mew Ree €3 0 choler fo whiay madefy 4 ficolly output of0 e

Loplrataion
LE sy e hoe 2 o wdpat Bgm F

©

CL R N {

ek 20

L ZLE“ 15

Whn we docob oo e Teen o3 mew & vosurne @3 L Hen

~GY
z -zl
ol apep e 3948,

o eBan b 2 CER P emn & ymience af rooa lised dafn Yorges

Cap ot hoable potacmbe Wi o opdale)  bsscg Some gy,

R p ]
25 g iebo ccbivndivn fac. 1 jt (z m> = 6T uge ase oy ongumnts o0 s b e gemetslly covralize 280

Ex o .sjmm): Vasn (e Dmao\ Bon 1 gt be Kmﬁ»u &% fen- o rean fo fake odunntag F ths  non-Racox raten

Nobe ' B Yo & B o o porential ovg. is Aiffeet

Fitbng balh nowmalizmiron iy a_novnal oobucmsh

3700
R 900 g . . SN {7 om
KW Z[\j o <9 zm . jC CJ) w [23\&/,_) z
e
Fotsemet evs \,\)’:OJ g\? W82 LB mbmj
/ 0 20
. B-p -
' ) (s
P rs{ ﬁN] QPM} i

The above dhowse W\MMM S 59( boldy gudent dscend

For oo b gl bt

$3 0,00 €0 oo E\J
X b = i .] Cﬂ( 53>
B

723 [ IO I o
A ——z L*T,z]
[

—>.

wersh e avy. ez RMS prop % moment ov Ada

oy Vesks & dafa f secend v Nakoh & vasmnalizes, hdoent ook Zuolian o fost i ke agn

P&Yamz’}f«s ) UDEU) \hm) iju’ \/DJ

pe] I (e
?_E ) L)JE C\[.'llt] «»Eﬂj

e we sl 2 AT S TRt sublack &

oh we mn\]%£ Yemoue b&]

x [EURN T
2 Achual posocelog o on[j w . 3/ e P 0
D(Nﬂm{m < 2z 65“31 fEU = Cn“{ \>

§Fowe all bRl calalbn 7 oox vob dmm el e o ol

Looplrectaion
"Y"X b ot Xw\seo J 55 mini bokh+ )t
C/"‘“Vuﬁ %Smma prop on 7\%@
T coth widdeq daper vae B to mobe 2y 2
B back pro Yo campoli Amaa)é\am/ axed
Uf&u}? as %[loujé? ;
WP, P s dwt?
[} 5s)
(Ll Fbwj _schpt

(13
- x® ™
Tt con be -—LPAAF(& thee u&h RMS pxop, b ementue EE;MOM

)



Why does Bach s sl

Toopak disbibubion.
—> TP ioped Do bububinn o o bl say sl 4o Sl 2. B mcdd i fou fopuds & pobern Sl L Hon # wfll mast probobly 0ob A o weld oo dalh from sholf 2
;? Z\a\u\é s fonchion b dronges Han b o even wosse Tl moving fomskli o sl s ealld M

even £ ground b funclion t5 same ,
(ke g & ak o ot

shal !
Shatsi 2

Uy otk nowe  weshs?
= The dala fo paew Bompu oy o covonrall Mt ot oa mabl Lovs dsfo BN arbost mear & vowence will be foon Pred doegy Rk Selps ¥a odd o deons e quily & effou

-oienlly. T lnds Yoo e Be e hanga dna to prev bgoa Th 1 skl & peasides Jalen Logn & wonta fram mand o ok o0
= The depoodency € ove lagex o0 prev Joor 4 § s one e feor- Tk ualiens o couphog brboan whal cody gy pamckoe s do do with bl povacelon

BN abo Yot o coabion el
—> jut Whe dupod R 2 oo iofo fager by dlimicuting rasms o wrdo i emsums boder lgon do et deperd 60 puevions

Bogos sk T oainslon oy B9 0dds addibive e sime g o R bk 8 el so Hoe & o dge moie fokedued

becce s Boge bl o St tepdonisalion effel
—>Rs 8az=§mfm\n§z}\’\\ e nevse whoduwd ), oy moxe ramples ar considodd aba fiene fance Ho !ﬁgﬂwﬁm\«‘w e??&} s L

No ¥wobizoion cdlapse nusbes  betwen 061
Slondordization : et meon O& wonieree L

Pakh cso ot ok dime
eSSl e ST
> Yoo ef ity compute p&"an enltie miatholch T done tsing enponentially weishtad avesmge

We g Huoug h
$3 523 3}
W oW 9IS S

—

g
T\.

Leafn 2D
Ll 0o & 2%
& ab bab bime wc compdl Z, veing axpementally woghled wndf b

1[0 ﬁif@

0 frce s Ty Vvt e ik s o cabuele Pl vempined Byl bie

Sefl o Re g seen
C- % dosse
oub gt feugn bty & nemans > Zoukpd =1

fone - o
t-e The decston brandosies  adelioamr F,g snal] NN
lonk fo Lecore wone non-lieasn wlan dephd o T

Jotoicn o seffrt dossifoer
What i hordwat e 7 Th loigud vocber & avigeed o o ond atl ebse cwe swigeed o gerw

based vo maxtmun Vhebhead esfmation

Eola
'Ltg 1ED ‘ _ZHJ\“ﬂgj
J=!

e 6 )

1) (g
g2
k:'h\u\



Deap bty fogncks

(ﬂems‘,x?\vof

~ If wo implement o prep in S oy b ol back peep adomabianly

e o i f weorcbess ek v Beein fomdprep Hen th gl # bk o Wodale deurvabis

—ds vace oy as I
& abes compuiton gmphhere Fo frad all devivakives-

—/jwst)




Stach ML B

\ I
M,@Mlﬁt&
gquase oux madel i done bub we Ganaa {iﬁ@m fepiove b How do gou chase what 4o g\o?

Q&Eﬁ&“&b&’fﬁ
—> T olvaye bebler 4o have Vg por prscsnckes, ik porfoon dffeseot Hhocgs un bwmhed Th bekber f b fes prsaetess 0o iode perdenl 6 dumbing ene shouldnt offick oRess,
= Whn e duok B tvads sk > biggocnebeork Miffocn algo. AP ophini zess o

o " JB\J o > Rcwﬂw«.fm&«‘m/ E'ﬂﬂe), %:nrnﬂ G55
PN o Sl o 2 Beges dev sk

pofn wetl 7 vl wedld » chonge dev ok ew cash oo

— Exly Shoppiog bé\faw@%&‘,\ ) th e lo do QMA&W e e lhacdle ]EHc‘nj zf duat o dev sk

le numbor  evaluakion mebut

= Su.VPnsc Yo e precisian & 2wl ww combir bt Yo o &Thslc mebie o evoduall B medsl. Evolusken s eoater if fFow 15 oaly evt wseber /\}Mn“dp\e fo check

Dol ond epltniarg mebas

T Tks oot luays ey o tombine metaiss fobo a Sicale  ruber Hon we do Hhi

 Soy Ruw o N mebuits, foo we home ore F o on ephorziog o all s ay sabiafiice

_ oy e prck e i s vunbtoe 7 2P e ol e o bishold oy ddove bk 14 wtll b aepled
—rFx orample, below 100 me  wrdh ighel auway Hen_

ausany s ephmizing mebue  § donbice i smua?nd\rﬁ mebur,
T deo st didobdons
s Devs tab el st come o sae sipereet § dafm
— The b P ke awmlot do what we enpect fobone

S g duord ot okt
= F0-30  ox 6072020 5V s ok v amal sye dota buk date s vouy loae  Say o million o2 tomelhong Yo sl aroun: [the 17607 fe dev £k 45 ore abo e,

When o charge dov [ la? 55 ord s ?

> Lot sy Howone Lo oz PAR o P e e oo & pfuiming bebber an seoies b duc o voutous s (Ve eRinl) B eomsidoud Letber | o fae sthunkions Hou s 0 nesd bo charge mehtic Syplem o change
o] st sek

T S
— Bags ophimad cxor: Hu bal puable cvev you o Voo oo o furcdion wapped fom % o
> T soeally clie do human b1 pfumence By cad couflakion Wores wre pitly gpd ¥ Jowifiyng o5 Thell wly oo, huron Vel inpiing del v ke hasd

91992\5\5 bas gy E2
Humon 1% F5% &
e Yo diffoance v alled overdoble bras
Thaining  ewor 87 87«
Dev oy 0% o
4 L R

fnma o0 Yeduting varence



Undesshondiy buman loel porfucance

~ Boyes et <%J’ S fhes %Aﬂz:. e330% oy \wuman \ael Fe\%\mm
Trotine 4 ¢ Aiffevence
% onirce
Dev .

Sustosicg doren lowd yorfomarc

Pae ave ol fosby o crackine hot
atiery Yo buge dotobases

Wurars oxe mae bobley al Nobusal percephion fosle such o3 speech vemmulion, compulor piscon ek Basah some madels pedon okbes B huoans hona beon
e honde o o eaduine fo porforn oo well on o nolussl protessing foak

@;EM

(pting oo ewnex_anslys

> whenwo we by to impleoset sane paedble 5ol do tnpie awwioy f medd gy p-iliwlak by hew o Tk ool impiose R mald) and Hon decde hilfor b wesih puassing

Clianiog _op iocomsestly obeled o
> Deponding o0 Vo wuch oviet © Veiny comed by tnomictly Labelled dafi we can vemove ov fou 7
—r Divelat sek musk b from somt  dplububisn hraio o con b fPoma I5ffeent one

Bl your fert s iy and en e

— Buiding o ok tyslen Hon mbxk:vj oo &5 cad) smpioscay s bebles YRan building  He perfeck one ok Frwsk g,

> ot doks e may exsenler o vel world stmiby bo these cunt beal Meximom ro doy/tat seb

Brus guonence wilh mismaibed dabn AB babudios

o Lokl oy hoin ewes oV By ey 0T bk bd daba & Ao dotm ts Affecd enevple e dola hos high v g bak ik has buvay img oo
> Now we do mob Voow § v 5 hgh o alge werks wel s jut HeX deu et o herd

> husin dev cwvor - o small ki boin sk 5 mwved oub os buoin -deu sk Han Hemedd <o rob broind oo ¥hé

Boyes ounov <
K :J]_, aueidakle  bofey
TRk ewey

% Verieatl
Teain dev  ewes -
})Mn envis mat

dev ooy
}73‘3 oo & over fitling

ot ewvor:
Come’ ;imm st it fibudesn

Py s o
= ramk% wanstally ow dobka Niffers bog Yo 'ﬂ“%‘&e et

= Thoe 8 o viske of mvenfrrkng mio He omal) sck BT Hak e v sgotuiaing En Al g ray leok Aike 5 fo iy by e may st sl b wegnge e s cou



We take a vumal awotk bl fsa s lon Yosk and allex b to s Be npwer topu . We abler i oukpat JZDAdu;[5> oxadd rew Logow s xu:vw‘zesJ & bioan e (ﬁm Z-u-mﬁ) fmvmx‘x:\ mev
Joyess 2 (sz—\'ﬂw«mﬁ)

Whin s Yonsfor ioartng watd 5 if W ooks have some b bype
= Joto fou fo bt wor oviginally brained B o vouy sbardad & Pr oo ek e dake 78 Lo

—> oo level 7(7—m\—ux=s ,@u\u}u& lett & mé\:)irwh modd & uefd for vew model foo

Moldi-ogk lans, ng
=& a‘-“\@mﬁ»« vision model whth  delecks mﬂqu elU' oF sosmt bine b3 gonra have L rasver Br gach 9\25, o Hhan Iww.B sgfm‘,b eeunall bzl J@x/ @JQQ]ZJ’PJ
; . ;3 .
ven ® data ia onesin 33 % x wheever e el v . . " onS . eoth woxxon betwan
= evea i daln g fokele £ om0 be babed fu whateser fabels able l%unot&ﬁ“‘“%‘s \sw\xgg%wm fu ol qoens ie coixen Moy nu}g»‘ﬁi&

T combiningatl oukpuli give 1

- whn [N TR \mm&u’ﬁ asuA

wnina

LS|
— Ex gperch veregustion bk ch oo wemmge smnad folvs oo pho e Ban words o havscsipl 1L, aow i smptes o o hand design vasten iy
—> whak of we wank 0w cathine o foue iy ) s on il see Hen B 6l ay b ) lening i con be Ao ooy hen You &6 A0 10 Kl sl

SE- fue vy Ft Beos o o) cop th fre o cotde ik datubse
~ Fox \\,a\m werplex Josks we need J(M_?)‘ s gim

Wheo Yo wse end Yo ond Bonning 7
— Mang o Yme a combinabior
bt hond Aesign ard end fo

@0 Jeomai g



4 N w
(\_ O\‘\\JO\\,LﬁL\Q L,L J \‘w% J J[ W \’m

DUV N N o~ o~

A~~~

A&B
N
— Tl dols Trpuk hoem & NE| Q,w_%,z tosg o bhaoh tog Bon topod w5 BRIGRXD Wik s ol
> G o 1000 oo iy Hhor by B esllian MF\;E/ He N0 will have 1o snany memem asdl KmL\d &f?ﬁ\nlf fo
> Heare we  use covuslukion c?@»o\-ﬂon. averd @D&HM‘

kcltso enacple for_coovolubipe opex

™ Sey we a 6xb rmj (o %&%smﬁb n‘ngm}i s 6r6xd
> W we a filloc o2 kesnel Fosmg BRI Vo oulpak will be XK mabuix

o elements ave motkplid wow wise and gommed up

Dga.-aeLoy(a Ixl + oxl + 1 xl 2
+ i
OAD4 1}y & U XO > [ 2
! >k e fikev s moed  comkoomly o conhee & sabuix
+
ox | 4+ ORo+ KK\ |

= Oy dowe condie @ webix? S b belps by fakows ke o et
E Ja Steople flen ik debehs vedal elge - =y Sale tmome

ekl oy filx b burighd priels on leftty dowben ones g sighi-

e:{ tg it geveused Hheo volues sipn Dange, pr o o0 be  vaslued by fokiog absoluli volue g Cocvelution cmatin,
Mt o e Yines alr. io Cllor ot Foooted o pataretens § oo Lok, s oy debect conte oomplon edec ak
o “ovous asghs oo

TN ing comohed wilh f )(f[!g), offes mefr X mefrl makde
* downside

> ek ol comehie @B e b tng geb oo small
= 2 downsak pirch o el o taed vory bt compoud fo pich o meadl, boas o ot f wobices ovedap . We ow thibw ing owey © b deb ok edd ges

= To s both f Hae probs, wepod R img Wil sug p prach on ald srdes, Han He dfmecsion bewmes mi2p-fr x mi2p i

1T

> ®y@

L e 7 P21

1

Thew ave ootmally bwo hories fo pd Q\m;a & Same comvolokions

0 padding pod €o Hal faput 830 fa somess
eatpuk size ve

M= my2p Ll

O Sl £ o ually odd @ compuly waim
2



é/)a:‘)/ulfvww volubons

~ Nowrally we Jusb move ore Yom o one Colosen buk in shuded  We move & dows ew & colowmn ahead

IR = B P
podding +p ¢ ‘

shude & &

Whak e ou doieg hese 5 aild exms contlabion o o thecaliad Al ause (& eoled conmlohion in ML Vetebuae)
Tediranlly e coavoliing  malRematically
Bl s P ety € bty o apion s pofi
by g B ssocaticly pupatyghs e (BB« pefpee)
Bt weto ol ek e for L b we do ot o i

5\53 ]@U«n@. Va3
h € 6
t 8 9

3
&
5

© o a

¥
3
1

fow ave Yhae convelied P
* Il - hxkxd \
Tha teqpueve mead i Rak il infm)f £ F:\kx.s hove S0t mombex # channels

/6xze.x SNLMWE Row wise pueduck o token nannel wise and fommed up  ond wwikben
bkt wdth I J T flou ore f flievs Hon fe choe opesabion s done £ fires and ol adpuk matuizes e shichel

e f flyeus < £

e fhete ave § 353 Blacks

33:143.& comvolabionall actwesk

Bay we have P mosbec of moxa fiber, how cang holnable posa mebess o prcsent 7

mlleg
¢ jﬂ

bias
ik o cndded fop
0 - @ ) L (R Ced
P s aine 9 Eah e w2 {19, g alt weghbs s £ ) f o m XM
3 %9
o ] v fa] bias: M 5 ofben takes [xix ix M
PP podding n} - 00 d Fhress ackvations « a > 'nHE X rnjzj . ﬂcﬂj > . > ofte = U9 <
-3 (9 (&S] [4-13 1l (w3 )
Topak = A koM T “Lc \ “w/u; - ﬂ o if iy bakch/miaibatch o Se M then | —> P TR M) X ﬂ;
W 3 &t
Oukpad = M7 5 M, X7, 1

H

A stople_conyolobin ebuewl ovanel

Topesd Loyess in convolobionol et wseks  Conueludon (cen)
Pacling ( Pest)
Faly conoacted (FC)

o8 \
\'@aunﬁwtcﬁ ey

Thes wdoces He szzf waduix by peocling oo aub mabhics gpes %f“’“"f} Max pas) ~ fobes He mox ole f sabmatux 9 mast commonly yaed
Pug ool = = v avg el in sk mabix 5 ok eflen wsed
Sy Hoe fo RX k mabic 66 pesled with 2x 2 fitks

max F"’ :ﬂvu} T x M x N,

{. firtes 53, oudpak "k xm,
wovwal fou oo nede—f LJ holds 50 shade Mo pova welews to .
e :

Max ¥ ayg Femir‘nj




M/ﬂa&

F¢ 3
£ S s ! otk s
o GVl o R g B CoaV 2 Tm”’i—mmz | . — |!|— O
2

)

&=
o
2% 821 3 et 28K28%6 WXt b ﬂE; " OO 0 &% SX 6 Softmex
t o 10 ou}Fuﬂ
400
) 0 \ 3 " 120 B
f oncefel © tosd Lke newesl AN - peolie i ot e (s s 0
ﬁdlj conrerled fayex s oo Jﬁ‘jvt T peskoy laga e posaenel exs deszomjwn) WY ‘@m@@ﬂ ngy’h @\aspn)
g
B0%n 8%y | e com g on e g v 120 Ve
BrERBRE) + 6 fogptor axe veferd ata Lagin corelipes
SREXBRIE T4
(kooR 20) + 120
Q;kmm} ~ R
(8 k%1 + 10
Why Coqvololions ¥
Soy we by fo peoces by ANN Hhee
o wappng  22X32%3 — £ srasne > poweebers | SRS KRG 46 = HSh
6
Dot X hfok > potaretens s 1R K S0 688 foo wory podameln fova stogle layer WIich &5 paocessing asmall

L\QN D frosp o1 32 *32

Wi 1o comactrd with ooly 1 sub mabix
) ofex el Nove oo effed on Wi

This makes medel lexy prove o ovorfil
Toanslabon vononce : even if we shift @ few pixel acat s o cak
-l lower fevel feabutes or sace Wi can b hantled vory efffcently

We build o CNN & ve %»mc&:-at descent to Dphmac pasaseless fo veduce JT

S WAETS)
=1

Why ook ab g shdies?
Due to oy ne o hyponposmetenn s Affosk to bidld @ o fom scmabch hoe we we aubbeelures simlonfo populbor aves i hove een builf
B lent -5, Plenek, VGG,

ResNek | Tovephon

el went ks

> 0k ok bive  sawmeid fanh woe wed and nod Rele

LeNel -6

5 Compufabion wos Slow hamce  flhexs leled ak porttnlar huents oy 25 60k poxa mekexs

> aon-lteouly § tnbediced afl ‘m\;n\j 1“:!*“

> Relu s wed

2560 M ailli o
5 had Jotal s ponse novenalisakion it i wold covndise He ke oukpul =6 lian. pos elexs

RAlexNet

To ppoeval e we Pmeg& M, Mo &

[/_’@nlﬂaﬁm wal sac Ainensions P

NG~ 16 27 1 B8 M para relens

Vol @ wosks dmest same 23 Va6 (b Yence wmang sae \J oty (6



T B we chck wszdoad Bleds to Fﬂm e ek werk
Reoble with getng deep
r e e e comd etk ol weights o Fordowly  inbalied
o b g choed by e bime L sk e lnt Loy b bl fo tondas e it clbliabins ik sandom racbos (oikally)
The Lots whith & compuled ab end houels Hhiough back paop fo updats gpadients, now o¥ 1o lago LR wes sotan bl oo muck hewce updabing apadients Hhese st m:ikﬂ
Now e updalis fo torled Sagns abo wart vean cuch beemune Hheie gadients bove ban bl (e 0o w-ab) :
Rence. Jzeya rebweyks Jake \m’s ftme to \eawn Loss -

\ S

~—

Howle sshe #a 7
T e it fid e g s b e g e Sk Daex fagy § o Hobt Iopuls neonngfl
> - - P v %(J.enb fo awvdve aF ey N < uplala -

\
\ Skipeonnecked

\

We eslblah skt coneckions whou duta g Hkmj\\ £ onoand blocks
We combine odpuk Edalh aFond vy b o pdhe b fllow

How do we combrnef 5 () we toke both donsore 6 add Hom clemeak wim o3 concalenall Hem
Advenkages
—> eoch blak augrents o dala - Now W work of eoch bleck tsTo figue oud ook thaan add do fopak totlon Hon fauring b hat He fopab fe-

= Buen f e ou adding date insbiod of) concnlonating imibially Fe woighh axe conkoad swund g S0t invhilly we ont passicg dalal elebively uncharged
= 5 Boch Black has simpley Hings o leavn, hos acees bo betber taf}

— Shoylex a«%\fcni paths futon-

> inilly oo qadiond o meawsoglett we can qub o updolts froen chovler oy & L oo H#e ol leouns more eneaniogful wapdol e frum lorgon ot . Heree Less aluwsi | Henee fraining becomes

> Moduluily e ibs eony Yo odd Blotks
Shape mismalch

i only AON 5 toveled > e have 1o roalch disensrons a0 e aesd some way Vo deshape Hings fou AN

S oCon s adio maded 5 T ewsh maidy How ou cons banilh on Mabmy o Wy cannok keep mualerabing else He ockiakion Sensoy will b too by § e il ke an orplasian {  patametess

Hee i Bou ove oo many Mlaks e prefix aldibion over conikenakion 6 Han ox ol Ship wmerhions whith we alditon conbintosly
Con *e{éx o YTvid on

Shape caching s & Poflcon B
~To siplfy cons Wocks we can use 41 & vald poding g0 thab My 41, fo prsenel
= To aljud dephh e can we \x1 il wil aquind depth ol we o adiust e svorall depth

Now esen o He leovoing fs Tesignified  hete He oubpur will skt be sy to 2™ rhsetf beree ot maliing model ansy s

Mast offor the pasblecr 2 He learnioy becora wsuse au e go dupor s i avoided how

Why  Restey wosh ! We T vakes cabtipled fo makh shap, i gy be leovnble o fusk o0 frued mabex fo pode
L Eale an exam Fle

A~ By — a

(152

> a

X - B‘C) NN

o o © o0

{1°%)
Now, QE 3 :acz[li—mj* q[u) o

o 3( wtl*ﬂ&[uqu i)Um] W, a[l(ﬂ)

Say gy is Relu



Nebwoxk to Nekwork and X1 convelubons

e ot ook aubpud b depth & Hen M

%E;\@g]@[w =t ter] m
> ewn if we darde to keep M care thy sblladds con- Lisenewnily Jance  will leasn someifing

Tnceplen ochn

= 828 ol o laps e fave o chene ok v gbla dp ackles onvor 0 pool fago | incepine el sagy o e ol
= skl J o ooy o choste e pirscal s oplives fo maded € leb vt chomse e cntaning full ovas amary 4

> Pacblem © computubional cask Goruolve SXS with 283 28 2 28X 2EXERS
P
o
5%% © 2gx28% B> —=X& o 28X 28%X33 Thete o 112 00 £ 28522 § 31 vo FERS
Some
e 232 skl P 28X 28NERE R R gn
70 % el bplpliakions 28X 28X6%S 4192 733 = 120 millin Stenple btk mulliple
A imeng
whab @ we uwe X1 com? u
z Cony Frikr & adpol
coms s %S Klb
28% 28 Kqy 23 % 2axle —22X%  28x18%32

nr32

-6

1XX1L ?

outrle ceck layer

2BR 28X In) AAD xIp + 28R 2R RS RS R 6 X332
~ WRam

—

> Chaks hellon oudpub enn be prediled flom i lapen
— Vobidoles Youw reacrgful dat o5 here

— Ok os Segplonion provenks model fom mg»ge«ﬁj

Mol

= Thi &5 computabibnally los heavy, Voo we may dun B on devias leke mobile fim foo

= kay ka: Newral w deplhuue  sopatable convolutions

Nosoral conu 5 6X6K3 %k Sx3%x 3 - AR hx T\Q‘

o’ The cob vedued o sane&“:g g A o L
coth o AR Ex hra XA

ie cmb o~ Hfiey poomelns < A flerpuidons 7 H fidess

BR 323 R AR x S
Q@f\‘% wise seijMe cony,
N MR ¥ Fxf - mxmxm
'ﬂc
Po'm{m.gg Comi.
TRMOA M * UX 1 xm = mxwoxom
#fitbas <

(Eraln %X 63 ——= A XhRS
4 ax3 3 ) S coa b aga % fxh a3 s haa

REXD * 3R Eve RRAA e hraxs P -
UXIRD & Mgk x & = 2RO



Mobile et Ruchefeclave

e wise
Mobile meb Vi 5 fopuk & oukpal

Mobtle et v2 > y‘quk —‘—> Evp" —— Aepthoe —— Psﬁuh‘ml\> ouk pul piseckin ?sdm‘u et cony ket bk ik sy feor e vame
( !

(erenmels)

bbbl ek Bk e ot
Pdvantones o mebile meb 9 o b T oo o

b oot & depthse Ho wodel lomwes widen fancans these and Hon dua do pusgec o Sager o ety hen 8 obo sebiced bunce deplagohle o s deviis

Effient Net

How b scape ap ot down o mekl bosed oo devie b deplayd on ?

Ales daslalion f e depth o OO 03 make lavos widey
wh bae b ke o o hode ff 4 oplemect Wb
[ tm o ook popm cecbird in et o ol ?o]

Toosfer Lewwing
Pray o foo logon & bain offes o1 dpends

— R{,%qh}ﬁ , Sheasing, Lol woipng
= Roply A on REE Shamcel and allor e
~—> ohen Jada 5 oo lmgt Pan dok i tolen %ZM Sondile | difabions an appled & H is Puakd o bokl and preesia)

Oby

e lealydls

Clas?” with lotalizakion "
SO0 o T T s R

e
2 by

o whellers oy ohink & preseat e ned

el potat copuhieots ) bouscding o

3~ woeeyle b

> what /2 # folol beioh  daes beund g box occopy
A~ backgund o 5

wash

]r; ore Tob ereeding f whish sbjeck & prsent

!&«J;«q«lﬁ delec tan.
His oubpuly hetlen the objek s prant on abieat € vonima lardoarks - Bx we vk bodos of ages, wonth prsihin f eats ek

oudpt gy | P

e 7 Jand washs



A aliding wind o cveps b fings § cald b f ebjeck & pument b thea came s doce fos Do Syzp. <t s
Disnside : computation et
1oRLb X3 o3 D8 X 28 %3

Lebs smyomm el Yok gl 8 x wx3 dege Bt e Yave fongon dimensions Yihe

n.\k!mrg,"&"‘ffﬂ‘ #)N ‘_‘%
(G & e oo 10 96 s3)

@ FClamen tato cow e
Now 10 sliding windew oppod we would ctep B k32 by shide <1 Gfed b ey fo maddel Fevie ok hrcopubli
= Ix\xM ~oos i 16X 16K 3 ax £t compulshions
ﬁaﬁ 28%28 A3

THL o ot a¥ ol recessoniy 05 muh Kok b same hence whnb we o = Ged £ Vorgp. teng drietly to emodel T cae § exibxs W eudpus 202k mbnik

nibs

New 5 & Sace o Nding o tcdows eodpd  opplefl idow & 00 Tn makda

w o - O “
booon Yl . . Lo -
T
Sawe log it applied o 2852813 gom us Ry
Ovx 2pal 1o Yo oukpul accodall buuscling boves
YOLO alyoufhen - You loak Only orce
e
e divede He iwage fato %@& say 3% 3 Hh oubpab wil contedn > b
which b s | 58 2o oubpud will b 3x3xe

€& compub  th convolobiemally, He objeck s csiyod o e grad o

wdp otat (o) :v /\ﬁ

cax
will ) sy be < brle
. o i .

Cosdinake s > Tt ‘emunding bov bbby
. less Pan 41 o ibs Toxc

Hote e e complo s et -
0 & @ e e w:) Gy bt by con be gpaake fhan Lteo  widh o1 beht P boundig bures o sl Han welth o buight of o gl
Agein by &by, ou dabeos & laght & widl compoud o qud red porols
L Arrenion o bovsdlig box
L e
e soy o om vse s .

TUP R s > comren The g e vl P Tew B s b common
degyon

odeo of enloye egon

Now, 1 qred se s aal) ik gl cole ooy Bk Hay hove B pocat bonce Han ase waltiple bourdiq botes |, how fo dal wiib #e P

AN bounding bores peediclons o seaq He ore wilk highut ore o prhal & all ofla boes whih chow Tov Wghor Hhan 0.57ew O ase elimioaled
3

(et v



LHC“"K,LQ (es

Say two dbjech Den, how do we Jeal with %7

we ddaw voush anches bores i objecdt ke th then th will be osfed wle b

Bay Boe aw ™ archor bore Yo will - eukpuk ook ?
& = classes

Sl b \

Box 1\ Lioikabions
uk have orly 2 acchev bore bt thee o 3 ok in o cell
Pe 7 2 bl Showe same ardey Sox shape

T
M

by | arcYer bor L
b Pduon ted teplemenfations may Speefy cbows of objecks v anches boes

a - - tclude B cean to opoup Tooethex b whih hove fame shape & amin andhex bex o ik

| 1
by \ onex  boy m

hewe P b by b baseg ey
Ly say we ou usin nxn apuid

Bea g i DRNx FHarcher x # Lok Now wheo we dun th will look ke i
. =S %M-A el will hove obleant
Q predthion.
~ geb i Jf pradizlion with €
(sepasabely | berce Bort wntl be suns cqpual fo 10

- -{Lx ech class e mon- cax suppstion, o apravali (‘msm)
Froak paadiclins

) )] not el waudh
E «‘D’“Lff“? J

The Yorodyo chasified mary  aoyens 0n b oot cbjnls ewa theugh f th deased , do aved Wi e Bun cov et ooly oo corkin diis How do we delavmine Reue vegons ©

The  sepraens sgtors. whioe obyat mayle preseat s Hobs > %
Conu veb 15 ooy un oa e
Th won clowex Phan YoLO lance chmrpp wore made

fon- comolabional implemen falkimm
oo lukenak terple men o

fo pradad veguims icshad of sag montabiow alng. oo lubbmal Jagon w00 caed

V- N
lowbze bk
Bl <« B R Ot bk eoill ek Ve B wobeve

ofies o caxtoin paint e Ty & My, A ogpin

fo form g Hen ik clossifes pivels fo ek G ok et



How db we  tnorase o 55Q

m&me; ooomn7
ﬁam s poced o oubpalr

1

ey
BE pek I el te 2, ealkiply with ol el wfrlln 4 Pl th on cudpuk;
of s wlew fow & o padding  wilth valus Ko,
J
alw o
ok 2
Then serond ele. 1 vakide s 2 s\,«ﬂ; #Hwt OCIB’)'J“‘\%B
| e : Fela ] - * &
o|2 |1 —

go ea 9\&\\3 fome Yo F«'U ol

,% Wiz SL,, conneclions from <atlion laons. The pument bger hus igh lovel contulead 0o § pobidl o i Faken for ipumoechin
L“?/—\J \ﬁ_}

fe it Loows Hoe s fales exad voyen whoo cab i et

a ok o th s 2 for here -

we age addig o3 Con cakmalig

hete eo dimensions Wy Ocerdinglyy

Ore_dhet learrion

Lestn oo Just ove example Jo weogure pessonagin
Gieniland
Aingl, ing 2) - dugen f Afp bho ng
TP Alighg2) 4%
>T

> Same peron

> AP -
> Dusioy Haining if RPN o chaten oy Pen s fore 16 @oaly aatifed §

- caaddl ooy noy fadn cudh.

= hile taoising el we acad cultiple g
fosan bal e i ]@Mﬁ Jased o addwew peeple o datobate one-ghot

An encaling o cumbed oub an imagy thieogh e model & A ) e plotel

[mwcnﬁ can be used.

N EVE }i%w ww]

el s Aot povin
The cmedell looks aF 3 imgs andhex, poschioe, negalive L (ﬂ ? N/‘ mqﬁq \[{iw ﬁ(p)\ wh\wﬁm\\ +ol, 0 /
—r
e pewsan - N -
—sto oved bl edludisn T />~ L(/gmp“\» N“"\
e ~#eo1)” : - i PR
)]« |ipen- oo \lfuu )] - \IF(Q)»F(N\)J £ oL £O



3D Genesalizshion & medels

Brade e il 1y, evcalig mabdis ohbe sk | el O 5 olbnnatie o bkt by D
O]k [ (RN
Hox! Cxf 10 W
5= (% e,
() +£>
]E V\Snxmﬂ”j Kewgant nenxal ndmxld age ued «K;x j“\Do\ﬁ\h
o
N 2
3 - G(wﬂx)]‘ "76(1N>k> 3D

/><L seeniladily
FLao) + L9, Oada row has  myxmxmy Q\m i abe 3D wow

_ Dhldhase enaling can be. pionpuld § shoiad ok o phic o make  Hhogs fute

LRSS | ¥ Sx&wrl ——> WroXle Kb

M=
Newsh sl Foomsfes

Corlert ~ (1) Geremive -(6)
sk - (o)

What _ave Jewp cony cele loatning ?

Toilly b sees Hhingy ke eclies Yalex on b @l vecagnizicy ot shas

J C[’\> “t\LAWL(C)GJ *?1;31165,(,,)

% é—»m similon s slyled 96 & slle f imgSP

v

how slion 15 content o oviginal & ppnemiel g s P

~— Toikice & vordomly

~> Use gpaliest Jeent do mininizeT(G) > G = 6 - 2 C&) ie we o2 pdang pirel vabu

C ontonb ol furc tion

> Gay o bt Vg B v compulig gonbent wsb, B lager comnol be ab vou eanly sl ooy bl by o seplitatt ackl img & cand be o Lokt el elie b wdl loose spabiol cnfy

= Ui prehaiad oy vk Bx UGG & cmpuli oS00 g Al DL st gl one steilo

> Tt (061) \Z \ o 80 o)

Style codt fonc.

Saﬂ e \(’2’5”‘ P'a  ockisban fo  messure slyle . Slyle 1 comelation bebuween achvations ocvats chancels
T thay hove sedlon vabuo thon both o those feokurs dord o secoy Yogerley
Style mabuy
-

w}ﬁ\i’:@\

[ . K// (oo}

O ackivakakin ok Gip k) e & “”CCDx“LED. G[w sstes Yo covtelald aw chamels kEK bk U ”}hL(D
k'
o m
LR mu\kmn\@klﬁ B s catld
L Z G 1{ Vv h g ot covelald o ol will be J(M% e small  ( onotealisel rowvelolipn ) T IeE madttes ont
LL o ' d calld Sptam adhies
s} 06)
< . G? [ e (50D = (06 muny)L
} ’ >, b - Gy RPER Z } an)
Felleimg o apocdabive g (Z f P m>

¥

\nyfex@mw eter



Ne tatisn

Example: Nawe enlily  decogniron

% Howg Pobbey € Hedmome Guiangen

LR N &
8 ) 1 o 1 9 o ° ®
ijD 5k1>
Xm~ o Hm}wnj enample
X0 % inpub i i Hﬂinfﬂ? erample
) *
Tx = logh o 3
4]
A oulpal
DI
g g o kgt
— ) BN
Ty = length o T oubput

How do we Hepesent wnads i é‘ﬁ“k“Le_?
= We wme op with veabuloy CJJA«&M@&)

— 0w we use one heb encodiing o gepiesents e wmd

coch o0 s o ene hot enceded veclox

-

= what i feve 3o new word which s en coonloml © We creals

nt A sku&mi ne{:wﬁl«?

w
‘:J
= Topubi & odpals can be APf forgihs 1o diff ceamples

+ Dosat shoe featuves leamned arsass Diff positions of deak.

A pass Das

iﬁ

o>

Rn

(s

1wy Tu? @
P o
_— a
S w—> =&,
l \A')Aav
& elly awo mabin,

ot sondeny cbalng | Y s
it oo 3 Pt
X X

Wax

Aa>
~ Hete b dociney dabe fom npuk & piev ot

> Wy e eprant b e doto Bor wmds ofla D Ex

trvented o new spell

i) ‘?X&‘J’ ou}pu}
—= RN only decieons daln fer previosly scanned words and ook e words Hhak come ol i,

1 d porof mame ele O

cotmally commerail  appiabions hove SOk — ook wends Lmq ooy have ik i edlions

o new token called  waknewon wetd <ONK

A KTe>
o<
T G
s T“J
yo
Pty
a ©
D
Waa
0
Tos
Wan
<Ta> <
X

Run s alao deproseabed Hhis way

B - disekional RUN (RRANN) does it Hho oy
TQM:, came Yo home. > hewe TqAAS Vs name
5o o oo o

T sk dably beor



ud) > Cvﬂpu.k% P & molkfh'aol w('w‘q/

Forusd_Hepaop or i
<o> o 5
a0 a - 3‘<mm & o g 54 \3q> ~p gemesnlly tanh  fomebimas Relu

TN C N e

C{W: SCLGQ \:a,wy? x(% + \Dﬂ>
Ax7 S0 X“* b > . J}
a7 = g (W, + Waa a S(mp'\\'g«e
. ot ok en N <«
3% o (0,6 + by) g - SQﬂga f\::!)
5\'m \i Lred notakion
P
| [ RSk <b>] N a‘vl)
U‘)a - Waa | Waa 4 LX \)@)‘\.("u:\,\g alacked
: <

L\'\@!’i’jnr\%&“&j stocked)

L4 K->
oo okt malkiplicn Vo £ e we gk W, KT Wag @

Dok ppmgstan suugh bree

Yoo
[ -
ol va U]t L — > back prep
! | 1
AT :Y & . 4}> > g@g angll prep
pavs (534 y
Yy g U T Y
1 ol
hyrr e e AT qa>
/‘ a a a o
\
)
1 wax oy Wa
xu7 3 43>

e B!mxﬂ cgossenlno@ ;? g med

Ly
A Lyy N L2 I
L Cg«) 5«>> - 3&%\95 5 _(\* 549} \@50“2;{? elee

_ epose colegonial cas G)«Wj ﬁmﬁ
Tl =

L (\\3 ; 5> - E }\ft Cg&%) 3&9)
=




Nome  enklly secsgpuhon s many Fo mory. ahilelase e many of Emany oJp

Seofiment Vs vs wany fo one
Muse Hrewden s ere hm,ﬁ

Modune busvslabin 05 rnany o oy~ b Lpavhs o encadox & a detodey

Kels sy dhereoms Rserlenes < The apple & pun saled . =51
44 - per . -5,
R *l“d o FKW“MW\ nactly e some, how dees machine J,f/?m,n%&?
By Lovgage ekl > T outpuli e pobobilily o lhelives f Rat sk

P@“i & fnj i B sutpak

To build sudh o eadd we  needa lpu%e Jakn b os o Codpos
- Fiat we folenige fu sendence [(Eas> > end ) semtence 6\5&“]

SNek we bold He ol

A2 Lt
X =3 b 0o s supit (equal to nom { womuds o :.iFuh>
ok all wauds]
pababy o Vo [
:_) 1 > pioksb. f word bergy k3>
G4 §< comefing gfen > 9 3

/T T teovaed ,T

Coals overoge & Mnif slep o o, KE&?

A X “a>
Y7 X .

3

RN leares fo predict e woud o o Hee.

L C\%w/ 5m>j - Z :j;\a \‘tj g‘w

PLe®s™ %)+ B R ) - N )

‘Jamg‘unﬂ Novel Qawmes

APt we o o makl, T qf dough wea of wab i b Vasnl e can Sompk o @guenc,

> e et froma pebiulos ot s chaten o dondon fom o dandar Hhr fo) forand o &7 mde b0 prdvd
Sanpligy > o e o Bep? TE cs ensieh, Hhon ookl b Geresokd e, wnbe] some fred 32 s

5 Tf weds b wank iKY dobe oporkf bt e ten code ko

C boseckes el bonguage model
Tookod f wod it ase ktbasos ifp Gofp. T sasly wel & & oo compha Han cevmal. moels




Jonishiog gedie with RV
Rowap: ia bock pip we tse dhain vole molliply ey Jetiies, i many smatlinbis home o0 e g0 bock Rt o qadiint beep qpihing sl

To seevey o wold ik come 10w omp tflunces wond Nk woe lorg ime ofbuik - Here, we need fo feda wayto esescome Sonisling it el
B ploding gpodieat ol oot gyve NeN whus & o effeect 8 whb dip P

<

i f pradicals go abuve o coxbein Hihold Hen sx cmoliy i s

Ly
Oated

RON i, >

Q&W
= 3 @, A«;»} _Lw] +\>q>

%0
x

The oo, whith cliody abe oo, wos Qi

6(m P\\’%@\A

GRU wik has o newveveble called'c’ e shuck for meresy cell

2 <%
C = o

A evexy ime hep e Suaxwiile & “(’_“: 3 (U)Q [L“"Z V{QJ +hﬂ>

Hhon e bove o ll (1) & ha wha Lhe o0&

0= vl e ] <)

o shonds B apdaks goh
apli decks by how voch we e goiog fo spdoli He coll ol

<4y
[ E L (\* n‘(‘(e—w>
SR et o [ qurebly 6O o L ce B bihov veny vy Lo opbl
g
]
aefiror

T A s nob opdakd b alvast  temotns conshont, hence addieising voatshing quodint problen.

-t i
(&

A7 T ol hove sare diension

Pkl

—— nobobion oho umd in lfewlare

)
I
R
L 5@C LR * éHi "’éwj ¥ \39

F

5 Té&x Eéc»p} 1«5>J 55 §>3> s delevonce %mﬁ te Yells Tow wlevant o

Vs
C R e ) )

A%y
e s r\u‘if‘w+@~?@é*'°



| C
Lona shoxd bewm  eemery
& 3)

pebe ool
gl
oukpuls

&40: D; . ﬁmk(ﬁ”)

Vayiakions 5 gephole conecion

r‘/\ = VC@{ [Qu—w‘ 1/\@’ C/\H)J + h‘_>
i=fuo

U cam b doke LST M unibe & oo cmFen § moke a mokl

eckional  RNN

= Lets us dake iofo (%‘Dm bl &befne
= Tefs fow ot goes bo medk & fom e exd ik comen o Shoa¥ oo
> Dicadv. > & cods fo hove Conplebe opme o dobn avosldble o Stk proceiiny , e appliakons do kave complete sequece cwilabl beirehard tsclf emeepb s
like spech fo Yok Whow eabire sasyuence Moy cob be  paesent, e ae oo complen vexaiens g BRWN

- Nuxml)j %ﬂ'bb e j@( NLP fe LST™ with BRNW

tidivec”
toachuonrd

Conneckion

i diwe® ot word comechion

Tep Ruvs

= Notmally deomany RV lages aveel clocked on  fop of each ofber oy oy o compoabionally very expensive as b tempotal dimension & Migh
= A fw RNN fosgons Q\Dmb by neeal ANN Ype f nebuwecks os2 puekhy commen

= Bete ekead P RN, GRU or LST M with RRN of BRNN can olbo be used
i 0§
T

o £ e

A S I baving oo B0 Taens oY end

Woxd) depiaen

— Make okl wdenshind anclogrs ke wons wama  king - queen

7 Pieviwly we vepasented word s one-hob-encaded Vetlows. T theve any diods Yo 1bD  Hete wecanob cslabluh sy delobiodhip bebween woil

Ee T owill hove ovonae o coas to Bt otk & if soce how modine lrew apple & ovange dcldbad +hen RS

Ex king & queen an mose velaled Yhon king and. apple

© © © apple conld leoun this mote &43{]:5



Se, o o we ocdiee W)

W bl e fabae enbeddig — Feoluses t0 which iy ona cclitly embaddad sl ke Ho consprvms #o & Josd an aralogy

- vJE we Fﬁgje& all  Fhese Mﬁa combecbleol  vechous to o 2D F)uﬂe on we con e how srorilen

werds axe %’(murﬂ;‘ *"’aa‘\%*‘
e ke foluses Uke Hae & omign s to wwusds — This projeckion @6 dove Haough LSNE alppiitha

depeseated as Q.
S391
L ebibon in coPpUL

~ 300 dimeasin e dox

\

g o 3n£md<l{m9>

> 0 nebwotke pievioucly we %A ooe-hot  encoded Jata mow inslead we ?eew\ eonbe Med data

—> Stmilon }o mb&y\\g an fmay i Slomese nek woule.
t«vbz&o\xnﬁ

“o‘wgf ies —*I

em Lenm 85
iy mapping Jeke Yo will hold bue 1 sxigied graph ohich had m Adimeasions, b man

~ help o ana\ﬁaj easoning ok Wdd e tn 2D iog sen by TSNE dae.

—>  Man i woman It King P

& = € el _
man woman kinay @?
Lo we fm& & E_LS @7 ¥ & S N e

&=

St M;?,w L sfem C@m 5 &\““j» €., +Q%Nﬂ>

89«“5““[5 We Ll caming é»‘m(\m\g &tm Cu,w) ()\_TN;

[T \
2 (Aot Fano\m> (ragritude o wg)

opues Cesine % Onj\g
bek wee n weckous

Whak  we e actually Imx“;nj hers 05 @ e‘“\aw\o\ma et

Ey
— 1ok

— Wk
O cavem apple ... Zolw  KUNKD 0.

[l

> ove heb encoded

iﬁf@ % 2 é % % =& : veckes & vt 7

N

[oR 2

O\W%E: .

o proc ke we ute gpevaled foe. to ool Op an embeMing



hetong ool eckoddgs

= Topak can ke oall weads befou @u oxt wnlent v\mael'w]
- ov o fw wonds befou

s ova feo words befoa & aller

—ov o neoxby 1 owerd qﬂdfﬂua wexl well

Werd 2 vee
Sergurs
> Come up with feu conlabdugel poba $o cteali sopovied wend pioben
. chowe a dondom word ox conbeal & hense o vordon word as Eatgel § by o pradith bagel hete we ase juab By bo leasn wedd prbedliogs & nol make o celd gad o padelig
(oanle n o soal windess)

Conleak '@ & boxaek L

O ~E s — () -4
Sefbmax.

P(HQ = @J\

O, : puaveter osecaled wih oukpur }

k8T
gh\e\eﬂ%&mpd&m: Z@%d &y ey hheayy espeuially ‘]e Yoeze ow oy weads
——— &

Sat® usion o e, waschuial 54&1\u g\m‘I@g,, o quodie Lesmahial ohﬁk\as&h rorn e 2 fp
I
£ wntommon ores dsep dewn th
S‘YK“
O [=)
25k sk A 20k
98¢ 0
Classifies o bionches Sch hoy Hakwod
Sre s ey wnslm,,l¥“

25k

We con chore 'C goudanly b fon we il end op mopping wodS btk e o B sently ich is 00t gd Thow ot cnsny g i i wosds 2 o comflly and oepped

Negadte Sargling
Pk o conber= gl fum senbence € Vel ik g 2 Rl ot e omanpl & pek oy waade o vondon fan covps € amign s to fen ramy we do B Fo grenlt I oot eranpls
£ e b oy Lo i Hhon hate smatt k, mopge 25

« -~ - seal - - = logek - - &-20

Fon vae sugerviad coded o leata o map fon o dob

Pls*1e9- w(ole.)

now we doin oaly e 1 emample wkid dol 10k ouamples i one- idesebion

+ howdo we choute —ve examples 7
Sample oceesding to empesial fut f wouds e of to how ofkn worde oppesy buk i endsop baking wors e aan He ek
or dandocly somple wing L whik o offe end of extveme
Netak- e
My i e,
KO R () R TR R R

ok

PRI
dn



Grlobal  vectoxe ]&x woid Hepesentation

Y\G = oofdine | appaxs fo contert 4 1
[ t
4L &

MOM

e wk 5
Miaimize Z g "?(XQ) (91 g + by +L,\),’ _ lbg x?j
?CXQ) & weighting ter F@ibj: oif XS:O

L el lihe i e e sume s reb e bgh
&R - < Jarion Cg{:(;:ay z«:yelﬁ ik net deo low

‘ol
Reles o 04 hou ot syomebe ef - e,18w

2

We w\\}%zmgbn{ss Bak He iadsuidud m\a@ﬂﬂn@& ax mkzxpwék\uﬁ

2 \ n
Oend iment dasf

Recomnine wwouds & avyy fheir € vetors & san Sfk max on kYo puedich emokiy

Pacblen o il claafly lost comoent
s oo et cag el appeis S many fice
& goad alleunabive

5 Yo wse RON B H

De biogiag waxd mi‘nag'li’,\gi
) i O

Giendex ,ethnicils biss ek e lawt must e Jebrased

tow do we do 7
7 Sey Hhoye s gendex boreas e selock «F;w cowcls tn Hith bias e w\‘a\.} Lle Qo & 100,01 Gy e 0w Han s ,Erd e % L. s

S Pl oM i su neo b A" ol Hewerds which pad to be debiosed au pagjecied fo nen-bios i S Ry s called Nawhra lizadion

~ Egudize pava e paks ke 0y, b pur Haw ob equol it Sim oon-biat Apg™

beos dis”



= Bay we waeara bulda mochine Evanslation medel, hewdo we boild i 7
2 So we hove ac imay & e have fo genesale & caphion oy comment av ok

> The cotch i Pue both is we wank e most likely qaswes, eot dandoen ans we -

encadey i,
Hch o Luwosd ok o bice

Jewdes

Rekicg #ha st sl seoterce.

=_—— D e b o ik st oy oot ek guedily P ik dumek ok cud ol ey oo offen uard s wil) o lobeled mast ikely eien  dh e Bt Laeclabrn,
g o
whih opgesst ap’"
9 5 o e preked
b coledas condibiondd lrgrage mode oy seiond bol it ok o Vacg el bk cubed o fobig oo dmdom e v fal 7L 4 velow whith caplus iopak sekesce B T ek
picked
we aeed gome giﬁozn&?m
= This hos o hugpea pusameter olled boarm wid % (B) | it dlways peks bp B words § caluoles nent woud for wch pesibilly & sent ouk £ alt fhase oopin pieks fop B.
. ooy oces aiscled in Blue ox prked , Bon i clientaaked seph: =3 $3=~¥‘n5 o)
(&=2> b
25 o E 9 o
ok TO“EEEW (\5 ‘:)<>11>: F(ﬂwl) P( > | m>
Sept [:{E: it cualuabes  3ek Ess&h‘\;kes in ore Bon
&
ke
P> b 2 B copies f omadel will be wode fo eululs e
Rese agpun
— ouy jed,\c‘ wos  aNg man C <>c> K4 i T d ek
XY, Y > , tow all fue 0% less Pon cae, f we have D\o“@ genteace flen comploc will loste P £

doicndd voluw, & soffex ;\m Bounding off pishlor . How o we owvcore i P

.
Yy
- daskad "’Y Leeij %al:sz Fxochrf we folke \95 & \AegF buacke nf Yﬂcciur,\& = ouq wan Z \oﬁ ?L 5”\9 S 4%>>

W X5t ypor gagametes defiaed by v ;{3 o= > no rewmalisabion o we dreete @ balawed oo
_]'\:j 21 > complete “ Lebween O & L lke OF or

e i ve hose bo luge B 5 bebter ol slows sw;uj
452 o " - swall B o wese v, fub

2 P g 5

.

> WY € beam sentch s mohing & it w o b own rdel Bl iy bl Mo Jo we ol ?

= F\m\\j we also wodrolie & by molkiplyiog L

039y max

—> Lebs sony e &5 o seatence whih i rons \oked oy Ve az)

cvaluak uhak /A extod i duto Brow gowh & what [ dw o Rud
B P e Beawn saath  we tan N Bram widd of  alled poumalisakion
< o RN we hove o evabinle o oxditalute b apply Vewow deos in tewae B



Scode

Blingual evobuokion wrdevsbudy
ik g bih seore £ Ha cudpuk s close o buman bantlabie Thiy acs as an alleccative fo hoving o huran cualialr o ubuk

= sag we have D wefesenes & ol onn covtrek, we have to Som cuy oakpl
— MT oukpok & maduae dransh bon ofp

o, phuision z‘? oux gb 'i/? , st a bod scosing sag ) hene we ip B werd counr to max o s? ouwtencas i bWl senlence
= many words matdh werds Po wesd W' pavas bwve i frusk sentence we clp b o 2
o eifes o gef solences s et «w&ﬂ-@) -

clipped covmbs | row ks demonshaled considetion 4 weid | we an comder - wewds oo
catled - graem
(g (- ge=)

= Pow do we scove Pk we compuls clip cownls

5 > connk, (negar)

€
g 5Lase = BP @f"
% Counk (m:ftm) v;
Noiam e o pp. (1 if =T ofp kea > wf gplen
Y 3 | el
Q@ e e Mheg wise
Eﬁ.’ﬁﬂt/oﬂ odel m\m‘pm
> Say Yo o deally long seotrnce, Kon s hond o predick #e senbrnce o suck cora Re modive g bud efp, b Yo redify a2

@l & BP addad 9

3 sentences ox foo bl
v‘gw:j will erd op agtbvnj
high o T fockle Ra

we ue BP

> o & R coduae sﬂw[axsnj ak graseat 7 TE looks ok o sentewce, coorotines b enbinely Hen hanslabs, Now, how dees Viman Jod 7 e \osk aF sentences in porls #Ren trantlate it

— & we will moke modkine do e same oo
k\mk,m ede]
cogmal wode

[STRS

5 how jepoatart 6t fo penexali ©

F

BRwN

H tferﬂ wwn mna«aﬂ

hete atbnbion el ade ompukd using @ small NN

LOD

: |

namm <)

Afu pressose we  Lime 5&:;% > andip dake

fobe back gfp 2

— Pspecho tam 3’ how intense Sound i with furquency 5 plepmad o3 pie-piocessing chep

o How do we go dhesk boiding cpeah Yol 1g?

A sepovofi RNO compuls o ofp & ib ecreves weiglats Lom each words Yoo, wWsoh speifiee how tompytart i ok wotd o opedali X specrfe oukpulk
" P ‘s e s e = P



We an do i by otenton molel theell o ik looks ak o contoin dime fort Eodpul fhe chasbers fivosds
Cast Miumea%wé{ ﬁmww

Say o ioput s of fl 100 hedke i 100 £ per second e hasrctess ave genesoted  conbinmly Eo ol choec o s nbseduced

Z & colled blank
E. The quik
space
Yk _hiece 11 ___qam,
Cb[‘aﬂas& all chox  not spavaled Lg S b one Yo beomes e o
G o ik
ol sty He mede Esazu e
AN procesies Hh dato s uendvally - Tiians formess  praesies Jate pavallely
~2 Rbtenkisn 9
made. o
> S0P atbentian = S v Ve e woorlt 0 antene b tompuls € sepisentatios fox Wh WY W o weighls
> Ml hed  « > fou Yoop cuen self abtention  puecess © 8L
Qo
Wk e
5B rkin abio calld saled dob produck sdepuesentotion W
TR durersinalo & solid Ho prevent it fror explocing veow' £

cqpurg, s ke asbiog wholé bappanieq there ?
A, B.V) < ablention - baad vaor for sepismiakion o word Re . =) RS

los hay
Qg ks
e VE value
- A, KY) - E e
; Z &<w%‘>> ak 5 s ke anueiog Ho question

(& Now, a«\&lﬂr.ﬂ & dore consideing suxzounding wotol

Volue Bells it how ethn wed ehould be sepueseated dhu fo Hs
f{‘.u\%r f‘hgf;‘ ablenbon

Each bine we cobuadale sel) abbenbin & called head

Serord. qpueskon - ve S albhestion o e Hhad -3

all frrek answens o h 22 heads ooe
kel e they 6§ gen = op

%« Sime Lime wein s axt

W W Wl & we compule k;‘?w oy . Molkihead CQL,@) = wmxoeq‘;bww e,
§ i Vi hed with Bloe axdew,

Vghust sfbman o W & Rkl ST

Thagh it oppeows ke we ou ibevating
fo ol adole oo we con caluwlali ol Vase

Soy

ity

Hen coes> nontwerd boll o guen Ecks wun

e mes o predict aedd & Se on
>ifpisfed & its iaidolly enly 45eS> &

foe, Hhen Yoo m-kimes
Xesn L R
Fomdes O e i generatad



7 e o
() ool Aimensions
IMosthional ) " eE e _BeS . s/ s
¥ a2 oeeck ) omead
pes deflexs fo paition wod 4 based indewig oooo oo

a o Affemt dveosin o eenling

sy V7 e o ko
A o kel
Bol  Pion

i=( 3

é“%‘ o® o oiWla)) EHay (ontan conlentral seounte em\méa\ing & pasitional ouoat‘«j ;"FD

i m"'\j with Yo we oge geshial Mebwsrk Yo ko pass on prikondd
— THow foumes ahe vars o lager vexy Smilor o bk mn ks purce ot pus along quitizedl 8y

= = N n e el adda cexn,similon Yo bask roam
o ek ichead  abbekon, Wi i ol iy ale vy loe i her acms b e hamclabin oo b b dem 6 4 hideo woid 6 pilends cvongthing e i puedicted cowed
=

Gabs wadedl fo puedich o lidden wosd.

= Best, Bosb Distell s oy o & s ool

alng Hese posibons
which ave dobied, Ha volves

% yeod %S fU)




