Arl CL QI |nld'3£h£c

A

ﬂ!{.”f aem-l

l‘ eVe

4\




he jush anie. ;L g

| Chinese Loom Ex;o-iml
|

) An velividaal | s f[bg_

Se l 612 iwgrmdfmﬂi He

b lwilkh e qiven rMles a

var*ﬁﬂhu_ﬂ['




Reonat dgert
é. Selects |an lathon Had | ¢ exﬁe&&;l lo | maxim:ze
its | performence reaswe | aiven| tle eviddenole provicld
by He pacepl sequence |ard| ubalever bult-in| ldiowledgs
He qag/r,- hals .
D tries] Jo| do ﬁﬂn& Pight ﬂnirb*




_Tﬂ«%IL Desc r-pbm 4( Environpunt

L Dc.scr.FL'w

o!

nys

E"'IVI mw#

W rabisra(

aauL

e

ask

C rvirgsnmien &

Ly

PEAS

4

qlwqys £H'?q MM—

14 ‘h




-
Aacwl' chtaw
[" low |{o C’(Lb'&'? o até,enl- lo | werk Leost ot {le
SJM C«VIVIro—WWlME
- Seveoal d.«.yms od LM#QLJ:)’
\—'7-\19_15 L Qule.s (\%%ﬁ) <}Lc/ir_w_.:[\§)l
NCL ; Y™, <ot w Hn n Y
il aﬁf}w FArL N twd;ﬂhs TR
Types ol A—gmk
- Sim's’,e. wc,x'-\maea( ~ ﬁaef
|
~ HMocel Rellex *Lﬂkﬂl Pales
~ Qoal ~ba Sen-ch
- UL;L'H'"LC'SCD{ w (qum# N»ver ﬂWrMSO*LS)
~ Lewﬁ:lff}" bas.eol Lﬂﬂ‘d'h'\'j




-
Problesm Represenlation

ldioen




Un:lorm  Seardn
L, LL‘MJ / brald [ore. (adaeh
— Only | aMle [lo didnadich | qeal ardl [nen el shale
Al%m:lh%: Bls € Dls
Breadih ~ frs}  Search
£ i o v . ¢
- wrikes necala!aor nodses | Lo o qmaed ord moves| to
e | npdy | Hat iy been ivi He Gueue | Lie lo%"
Ly Tost i Toab oul
=) 3&W,-ecal Lol el |Lle |shallowest path fo [He énq}
D) Time Lomgle- by Ex‘:cmwlmL (O lodj)
- Dephhn - [irst Seaeh,
L fraveses 4 Amph |Usia | @ Slack
Ly pusine s mqgir Rodes| to A Stk @l [moves to tle bf nsde
Ly Tl i lag omd
= Pl mamory (omplexty Van Bf (0(mY)
=) cont eom P)de L e S_rﬂ?l\ as, an [infinle th!-"\
D Tivne | Complexity | Exporenial (O($))




Jb

‘g}




aunoh cb’rwa{wﬁ Ne addibionall et wabil e aoal| s
yeacheo
E\/qll,(ﬂl-fm TMCA'JM\E p@\) = S(h) ‘l'lq(lﬂ)
4 A h) cosl | So ‘dr
[" l’l@ﬂ ~) {}hmqlﬁd ms@ }o ﬁgq'
L ) = estimaled Jolal| cod)
@ CMPUCS whless  tlee G Mﬁ'hileb Ynos hooles
) 'E'W\ftqﬁnmpkxsly: E\P-m-nl-iq, " Lt eon | pives lovarols
f,:'hcﬂd'f“—t— E,_;M Hle ﬁmn‘s’cic
D ot Complexidy 1> olfecled by JLa relative ¢rror
ot g sl Y ) h timale
Ly Lelafve Envo — b -t
T T R 60 el o)




I
W hy ﬂ[o

e ﬂ“fi chﬂ\m Learnire,

/,

bfj%r

alle

Loaol




-
:E'V\L')-:es

I
o loanize

+ sbjecds | ((SFE cp imeges)
= Slenes (5hl-'¢, ~ "W“l—asb)
< athviles | (clynpmic | = Vickeo$)
4 events | (dynomic|— vieleon))

D) These ot classes in AL Eadn




MV r\l..u.w....M 4 A7 TN
e R eSS HAr e
3 3 _ T T T e
pn ! M 3 i
S | § - nm : :m.
»%mmw : 9 N -
um.._uw M m HE. 3148
...Mu § (- - c < R\ MMJMIT
: ._ : 3 B = L
2 mmmw g m.w B Mm s SLEruE
3 i : 353 3
3 %wmw 3 i ww .Ww\.m,.wm
N /,,..MMW wmm: A T
K I.m a 9 M wvh..mh% Mw:. ,wf.mmqb\w%./u/k
B wmw u..:.M/ﬂ ; ind
_W. N I S 3 ,wL. A<t -
=l __ _ _




I I O R I
Bench mw"é*"":s
Z‘ evalugle | He qug“-)r @ﬁ KL [resulls

crloia
- adlwacy - does ;lf wnrl&
~ Sd;u.tal ‘ < Hiwe wfnrkk;l’?

~ .Sloray.' ﬂqq}nmk ~ sfam cwf,cxa'b

::Clas':r{:cql-:m ‘Q-W‘BOT"”MCC
Ll Compa.e. /4?’ rLSuﬂ's lo - arouhd Judh [sid GM&:{ Sd-)

Y whin lﬁ‘adiyb a_ set waldy anl [[or | Phe
mbvpretalion | [on ‘et | 2o lge labeld] Allen ity whle
maitaming e Same | meanirey | byl for te mogle]
Lhose| would L dwo | Jifhen] classes)

:9 \U"'u’\ M‘Lﬂ'\';Plﬁ’ ,QLQ' oL Cor Rﬂ[ﬁl an e,{o‘ok,l ¢ HoY
0y domprriry| a Number of e op teulk of the ML i,
Lhe A rptind Jrulh,



\ .
MT:W_I Bendnmar-le




4

C««P dence - based ’sw,awu,

del \-ﬂiumﬁ O th‘p:,iy

of lcetaidy

vk

. [ He | tesullts

o
Mw A

Hneshold,

when S

—mcc,vu' Oozwa-r\s c\qmskns\‘o ( ]ZC?C) (wve

Ly qraphical ilishubion of el pedormance| hased o
lass:Liealionm | Pnreshpld
gy~ Opprl pofomrance
W 7 -
e Yl pondor | qlue 55i
N ) J h
/|




P_ecaj( ’Prec Sitn

(urve

L,

gp-aphfcﬂl l'

athration 0—#

antngcy

He

rﬁl‘l/lrhe_i_dﬂ

I

Al

precisien

Y
I,

of rlevance

%‘1’

&

(X




-
SQPUVJ'SCOL

-
Ltﬂ"ﬂl'l'n

4,

lubeleal

_ Goal

(ojt. J—s

3

heeds

Uy

{4




ardl -l-rieb

e




I T O R R
fhve Bayes
Label: y
S Plelx)
WMP‘JL.
.‘ Pllc, %) Pe) - Plxlc)
pccp{) : Qré_()/"’_-\J
Tﬁay-gﬁ, 'Quh.
% /Ua‘iw(_ K‘ycs houwl Cﬂ?mlﬂ fs i::o“ﬁ PcdmLJ '“CS
Plc ) | and | Plocllx)  fo chsir.
3_) we  Capn| ude | LS la Calcu&ll&fu,e. a’-'&‘-ribw#"ﬂm a&wa‘B
wlh a [dinsly Tormaa| $rat |maldhes qur | dale
L we | Use e novmal D,Sl'ﬁ whon A4S da'm(&l{d{ L? 7“'"'
Cepbral_lind om0
1 207"
P = oo
_:a.flml Liwl' Theorem
LD When iwetggpbv\ﬂ{ut"' yendom varables ove aﬂea(,“,e;r S
terde J’D\uarol O normm{ a“&h'ILuHM




resul s




Mearest

/Ue?a l"tb(?l"

Zl QSSJ‘gh cass | o a olﬂ’-‘\ Fnﬂ"' ,LQS:J on| te | clasdes 91! Ve

mfﬂrﬂ&l— neﬁ‘ah\:ors in | He -'-mhfr:) jggl-

Set| of fraini no Saum ples | S&L,y}
X:: | fealee refpresmhlmn
y: - label
unkhmm‘olb X

d. sr,'Co(- e : chsy lalels
3. G’ﬁQSa'L)' X | acordive e nmmrlv class i I b hcﬂlu_L@.!
(,qlcula\lfc}h |
1L RO
P10 = 2 90%,7) 9 =)o iy g




L U{SAQ[ | He chHUClo-g co-mlllhuoub Varinbles
d. 2
D(x,x) = [2Z (x~x)
Monhatlen Dislonce
L wled v Me | conlexl| ef | bingry of enoded variobles
Dk, %) = Zl | x - !
‘ =
\
Hmhkj Dslance
L u A ,11., ml(xlf G-\e qut%on‘cql varables
n O it x; =X
D(’(/x') = Z J\(X’X) g J:{/l 7€ X;#X




LOJ :sl-jc Lﬂrcs;‘piw
[' erothg‘-c o1 dgﬁ:&'ﬂﬂ \umufr; b}' M}b \f_&,rhq_lg&_,
Pa;n,mkzs | & funchion (660 wnkl an
nFPmlil HSB.”' S M
:) chL‘OW Oﬁ-hlﬂo" he ‘:'W as A c{ﬂ’% gy LIQVC’-
outliors
2D we a 5;6"“'01 aw&l-io-n
a@ A
= 2
2 = W-x b
> F ) :( - ) w|— we:&H' vecdor
= m \;—’ Lias
D W | s to!| be| maxim:zed
wﬂ = QY Mmax Tr G‘Cw-x;)--n_ (4— o-(u))(})
‘ _‘ ‘ w i:t.;:: L=
—Tm'.n;r\ﬁ" ANoovithm
A. Vel ze \ueilwl w°
2. bl |Loss fundion 22 |cqrueqs
5 apelale weishl | acconting Yo | Graeienk Dastent lovnirs
L increase | les \grd




Gradien! Destenl Leww'rj

Zavls




r Modines (svus)
Sipport Veslor

L dass,JCy a’alq

le Lesl

beun

.»:LHA.
eent
paiv of Jm,»w-




/uﬁr:gﬂ Aorim; zation 'Prmc«Fle—

Z—v fnmi e Hypoplare | with as mach mara i between| ohla Fcaml&
ol Hyoor fore, Lo lmﬂp room | Jor | fujue Sieges paka.
tle clossfication] moe rabugt

lwil

Jb
3
|
o
b
3
s
&
h
S
£




[N O T e A O O R
walws when uSie, SVM.s
- /V O &?UOL‘O;L'&’Y
L dﬂt'ﬂ Set i nol | linear Wle
Solud eons.
Slacl, Van"llrlc‘: aallol o Seme letor
* = m " - ”.iL + Cz h
W Ve, k. flw <, g
4_ ~» ’iljﬂ&fﬁpwtw
He smallr (€] Hel lapair Pl |puraiva| but will
more.  [izprrecdy Mﬁmrb T
""'CUVILI pMLLJM ﬁlMﬁL‘DW “"‘L Jﬂ& Lo w.._lq, .'\— Sfp—tmue,
— pm{ 'LW\S!;VMl:(M (ﬁ
Lt SR I N ab
438y ™ o5 d%
14 A 9
Eﬂf ?0‘&"’"‘) c{&&&ra'&al.'ofh oM 4)()‘“> Msﬂtﬁf( G‘L Al-
) ;'n,% é /on ngr A-‘QICI(H‘, lu;l-cul e m‘“ use
& il rmsl'.‘m I‘L(J—(‘f X‘&) 'Mhﬂ.l' Ce}-qu;-a l—-UJB SamF[(&
X, Xy | T J-Lns ﬂﬁomtan 5 mﬂﬂj
LO-NL( trice




\
Q{é =| uje; hi
L *hcwi

. b(x)

Lﬁ e Sorgle
" Joweds fle | boundary — Shpfert vectors



CM‘J nakion o«L distined Clas&\t o

em-ly p«ai oV

L tomealorale feaburts

Ly lalie | all Lealues | aipl ymj' Hem

lenle fusiw
L Coynbine CIQE:S-'I-'CQJ- 6] r@SL."'S
L Jale. caln Bealte ard pub i+ Pomgh o spectied




UF\ SH@-U‘VJSLO[ Leqmlr\a

Unlenown| (aSels

- Iﬁqmir-ahw el 1€e

N l—o CO")fJ'"-"'I l’

,ow-lf, Cdublus)

Wa wheld Sel | ool dviole




k |

- M

Heaws ke '
N

Deline

L

coleulnle

I

caleulqate
bovdess
based on

Loy
point




.-
EKPLLI'CA}FM HaxfmI'Za.l-'M

hrarn

Varerices é(

e‘x = Qrq max 'P(Dl@ = aramax g P(G,UH))
Fa! e

coVasondle

ot e <

D -

Sam

F!ﬂ":

\ Ny

—'

cl Q,S\-U’ emibber

'5"! ; P

od

Jle

dala powls




Aaa’omc:ﬂdﬂw Clusl-cr'y:]

Zo mb-qrd/l?cql ﬁqu:ﬁ “Ni" shats il S"*“al-nv“’l ch S
stat |with su‘n%l lov clusles

pid{ lwo dusles wibhn | mivieal oliclare

- Co-mPlck UHL‘!,;}'—" dist (X:7) = naX ”x 7”?-

x&X :rc:-:v’




S/

518




Prmc..Plt Com‘:e,nwl Analys's
L Com gule e principle L’W
L Phote | e | dempasents Pat c?kve He | moot | varince
qiven Sample Xy ... %
4 it N oala Yo mean ©
Xol= X 1= 'i Z; X
2, Lompale Ve coveriornce podrix
> = v Z x x,
3. Compule {le ti?:n\/qluxé‘ ol ”—L‘@Varamu M X
solve ot )\: | olet Q-‘ln:)\l'):o
L%MW "~ Ikenlily Malrix
4, compule phe eqmwdﬂs
Solve fot v 1 (A=AT) v =o \
6nd notmalize | | — ,,—:-;-,', ﬁ'v‘ﬂ = ¥ty ’3’1@)
S e fisk| ke eispavedors (of |2 carrespont fo| He
le principal LWEMLS W, L. Wy
G project He clale
 PA /*::’«) xT
= NS




™~
<

~ 7

e 0 Q

QD 00 Q

LE‘._
QA O c




Tcda)mnard Newral Aebwrork CF /V/V)

Z’G -Cru’.. om C?"r[‘{,ﬁ -V eVo/ nitwrth | i 5 CMFMM erly wiln

NneAron S 'pf'rom }Lt Prcvfowj;. oV from }'Le. n.ek’r We—r

Excﬁfli‘o.w-

—v geip| tomectiong | or tesilual comnertions

D) Hwo! layws ae! called | Ll éﬂﬂml“‘, if Her exist a




auds:;

(,@D

:

—
|| 1 |

4
a :

O

(w4 cr(w?’ o{wl o + bz)* l;b)’r \:)

wcfab&

Q

ctivation

OE . 4
A v
h —

bas

End ~40 - Bl (earnira

1PMI'




 Ablcial o
mimes | dhe | Lehoaviour (od a b[lo[afj;call e | Wiz 5]
M lewves .nﬁmls ;- proceshe s them a‘ﬂLﬁ]ﬂLﬂﬁﬂz oL a.glqwl
Lim:dation
~ don onlyl selve F,o!,luc-s, Wt ae| liearly .;arm[ln-.
b 16 carmel burdle more_complex csses, La| Fhel XOR probler
T Rosundatt  Pocephron
L k near classfier »hval Jries | lo Seporale data fm\ls o Jwo
elasSes  usina | o linear| Lonndory
-+ introcuces \wehis
Alaoc. Uom
Al i 4"&L- weighis remndomly
L toke o Somple X: ad | predd y
3 for wor| predictions | updale (W
L 1 Lreasel we:}\nle | §J=0 oy =1
Lo oleerease \otiwle il P ET el y =0




Xol Problm




Ve

=

Vo A

Die

e

D/%Jcssioh

4

Lo a.‘s‘-i' ¢

Rﬁﬂ e SSioN




] |
T‘I:tl n;r\b A/m'ml A/d'wﬂ"ts

—?TL\,L

Froblem

opL

m?ho-h

The madas it JmPﬁ&%iuc

I

PcLD' he i (, 'l-l' e,

s




Sclfffwswl Lcﬂ'f'ﬂmh

- Teasy; N

= qven faleld 4*&5”‘“3 dala {:vaj }”

~ %gq[: Vlﬁ( aphm.«xl m@l W BE

l ":gml
~[ calealale adec{-»ve. j/[Q) i maE
~ ualahlc, O in |badewad pass
X 1 x
o Oﬁ’; Loruwnld | T yref
Lalels




Srj,e Le/v Tm iriirsy - Qeﬂrcsecm

55,/”9.'»4 ackvabion | funclion | o(2)

Fidid-fm Y s el addivation | whih o | $le Samsi)

wwedsSues Oyor l:..t el Fzgﬂilgj Vﬂ._lm,c.;'" Qk-;gl 1 {f-ll wluc

L;I&rnvﬁ &OQD Fosclion




QV\alt LG!)’U Trﬂn 1/5 — Classccﬂ-l-rm

L ng@;d a ctivation ﬂmabow (J,m—% an | we

birary| dlessLialion

% A+ | class presence




Slodrastic Gradient Descent (SGD)
Uiiliallz] W L b raudenly
2 %&m):ﬂ_‘_-ﬂ Fr@a’ahlmﬂ érmcud( PGSS
3| caleulale | oSS rtptd wn i | ConVesece
a| uqoo{nl-b wefﬁh# w1 akiwaiel Poss
1Lk Say| we, have| e Loss Mah = ‘2,4 (y-?j
o wa  lkrow 9 =wx +b
=) L= %(7- wer))
:-..) The 3md€mk Gﬁ He lo3s Mﬂm with rt&pw(- e
W @ﬂﬂ’{ o o Qs Q&”awsi
- |t
ﬁ=&(y-(wx$\))] X ;’-7)
N /
59 )
3k =%(7'(‘”‘Tg}] y=¥
E} UU“’\ ‘n'ﬁ,s we@ (en ﬂalgk’q‘d‘- e OLam;{L-p DUSIP:S
o | learhire vale o
MERERERwn
L= h~a(?-7)




Beck propagal iom
Wah LA ar\all b iq;wmiﬂm-
. Forwarel pass autput predicled | 5 2
: TJ;:PT,‘ Lcﬁs ~v Seme (058 funthion CQ&LJ{_C)’ "f)
~ Dackwool pass
calealale ' {le dervative aﬂ e (oss Mﬁw uns P n&guL
s Ue fKJIcM ¥
: ﬁsm?qjgk e @MAMJ’ backwads
L. c_@-m':mk éradﬂen]- of Lle loss wilh u'.sbu.,(, lo Hol
Weights | avol binges | in He mlfm# laly-¢r
L uSe, | Chaim | rule :
oL oL 2a 92"
At T QL 22° ouwf
W - oeshis inlayes {
6"+ ackvakiny in {ayerL
Z 2 Wdrd o wehled sum 0B Whpats| for Ly
2= duvilve of e adialion  Cinckion
b\Pd&Lkr We. ;Md a'&j‘mses
Eol o agh @




I .
Vamdqr\:sGMolml- Probb..m

5l | deey, | nelworks | (rowy liyes) | gredentts

Loy

L—an* bude dcm'r\n] lcmLProPamh

N
1
_Pﬂ'ccplive Fielo

4 w&q&_éﬂlﬂm" oS |,

L[ M?V& T.]:e!d

((




Conl/olul?w

A D‘-Lﬁ Lmd:}'eSﬁ'M

— SLO(.Q ﬁu}fhcfowb oveT s;é'lhﬂ.(— ool (:a’ta_(aﬂc d e R(J:Vb G‘B-

e | dule

( %) Mﬂnwﬂ\l;ﬂ”f }Ley fr dﬂ). weaﬁlq‘at .Swns)

(Q”VD' whior? Lay-c}'

—Exa@‘;ie,:

3
:
&
S
.
o
X
'
Y
)
[
N
N
N




Ma x M \U:'M/) dxl ‘pr”"U‘ S‘lr.‘olz, yal

4424

Sé Ak Sridle] —+ how mudh e e
> Z|10 27 movesS

12> 4 [[

/

CMV@I&#M’IQL Aearal Aelworlk s (C/W/)
\

Ly Wodsle desigradl| For| protessire gris=like.

|

% The—}' UsE | & WLIV’IE"’;M oﬁ (@_ﬂm’ﬂ{#aﬂ

Fﬂr” "U‘L'q,—]y




I A T R A
bﬂntﬂ A"‘SMMJIQ‘I';M

Z Aunment

-}rﬂim‘v:) Aula

e X3

'th%e_

Newral




[N A R R N
Recu,rrenl— /Uml Nelwork GZMIA

G

T

UL

-

T
ROV —

RNV —

"
npute

i

copy

d:tLS'-'wﬁ

— (n:o(hl\ Sjﬂl-b

hidden S

l"tlc

= be (‘"H,

)
1774

{i wnelion

xt)

cukped

Che)




]
RA/A/ Ex

-

htéﬁ"m

entorle

=) 1

t

/

&

>

Lilcg_ly




[N A S N N O A A R A
f&tl&p P&L}IM @ﬁ )Q'U/U'?’
Lthey| ae | Many ~to = One | Hen| Mo | loss fndios
iS calewlaled ¢ He end
EC '“_ey e Nﬁmy-]-d "'MM)" dlen E’q,oln S"/P ha
its | owh | tmor.| The whele ooy s Sisply | Heo| St
% Gv7] Bﬂ«”&pfﬁ jﬂ‘-?&ﬂ , He |Sanwe we::,H' ML X gé};ﬂ;_
udodal_;ol [ov ecuf/. SLLJQ
-‘Q s Corin, Lear] lo ekplgdirf) Gmdkmﬂ's O
Vaan.h:h_a) Grediesls.




Long

- _9101-')- Term /’lﬁm

ory (LSTM )

Ly eud.

43|

ond

forges

.4

Lo

yir.

at

s Shoy

Slale




Teed Al
class:lieation problems
Lo o we drask o Al fo mabe o corredk dlgessn?
Lee-,k: O[-\:U’(AP an jmoe with | We nose ol a secoval inage

lhuwmons | See ;magﬂ 47 macti’h,eb f"'ﬂg&z

How fon we husl Semdrmk:)zf 1S l- H!btl or WW%
L" 22 SRV A of.{,t? Al #}! ‘ Lo
L on We | Same how add o walrwarl &

qul ons/ Prnciples’  propesed by Penlagen
- RQW ‘sble. —v Nirmon qmdul o!.r_velbrm[.

+ Equi Lablc ~ | no |ham  Hreua luninlenliong| bias

= | Traceable | 4l Qor.'ums Should] b J—mhsﬂnwl

= Relisble | ™ | mgle gute | model| doesn’d gueskey | anl of Seape
~» Governable o Should Lo |able 4o skP w anel conbpl

C()P 7 ¥ l&"l 'l'

Lv GL\“%& Sma e ch.g.éf 64 ile V"IQELLL Ne w\%k mwﬂd
dnamée,_& < Mo way - meuﬁ L clslen |or |sell- crenled

ﬂmyo. S no |way ot h@w{y\j 1o [ WA Fﬁdduor ex:J—;.



