DsSc |40 A

lectec e

[&c twreé - /

/\_/_
I-——aatara L AUmMOr e & /
/’:aar yre vece Zo

D)meas:‘am//‘rj : % 07[ O[Earm/ej n  a

.,[(_aafurg VEec Xy

[roin /'nj set

/ 2 =2(n) L
)(:E(X Jj;) "'(XL J‘/”)/-
Tfo"l") Crror
Tf_S‘t Crror =

\7eﬂf’/c, /I‘ZQ'D{IJ_/)

OfojZ;'z t/'ﬂj

Unber Fre f,;‘ry

N%/Z.St /Vél\l7;)é 9rs /Jrféfcfuf

—

M/S&]Eu/ 0[0/ 50"% c /p.ss lr-f leortiun CF

fzj resSsion

P e A/‘ct

2T > o X
Find the cloese Fon o 2

/’/el,‘gfgé /Mbﬂ/ : j/'

1 E‘u/ia,eam D/‘s-z:amcg — 2 —~norsm

— ~



0P =30= [ 2 n-q0t =G0 7-7)

; L@‘y Eudibenn  Distance trats all '{:é’ﬂﬁﬁéfbj

\w f;‘)f

Smn(,](a/o{/,';,‘nj 75‘5454(,,'&5 (= - Score ) .

>, - M
oy, )tJ_)T =D (2,,2;)7 = ( ,
G,
Dfé?f)dn Baan 4“"]
K NN
TN ——
choese k nearese n&/‘jf:é ors anJL vote
Ff‘(’/dllct
. 0[;,.& ehe oSt copmm sn Inbels ) the
}( controls oor"r/i/c’/m‘tj

kT wdefioiny T sy

gqm/{y

X, - Ka
PR

/< héarlst

/.7oan‘1/4rz\

}< d/ -2 oveér 7[,‘579/5\7 —7 com /J/c;c bvcm darz
0[,;,& nearest ’W"/’AU[
1 L/ (,loész, Zzo < Ae /:'n <
o |
;@@ o
T8 NN => overge e
g |
© | o
o |@

ne(‘i}ubo >

ngi'\% 60/

/jﬂ/'ﬂ1> .



E m pPi-ic ol R sk M n i ml 2 2t100

}Jrﬂdfc Zion Fu’léf//or)

H¢x ) —> Y
7 \
takes  in }7"6’ AI'&ZM /9‘59/,
o {ga-cc(re, véetor
exn) |- (expeérience é,:)’zé) = $0000 4 |vpoe X exp. T Soo0 x G [ #-

/35§umlpvfw| s -Me futuzé_ vl ée //'/<4 1,46_ pase

7

Unseen

/7
i den : use pese O{atc( zo M easuce how gaaA A /9/&611,1:7*//,;/: fmnt-ﬂrbn 5

An
A

S ]Corma”j qmn'&@ how well 4 /9/04,'4-&1'04 ][omw&/m I[fﬁs zhe 0{at¢| )

U

Ly rea Soff-'n7 Error

o~

{095 ')EM/JL{/II(M - MeonSet g, A'_’]Ej[érence éer_weev\ H éI")“)j ‘( ‘L/'-

. Absoluze /ass_- _.(0145 [HC;ZIH)J yl) _ /H(;:f:)) 1 j//

—_—~——  —

’ 5714@/& {!755.' ‘/(S‘I ( HC;Z“)/J 7.) = ( }/((;:Ill))—— f/i)l

. /.’.]\/emlj@/ [oss =2 Emf,}-,‘m/ Risk
° Ac/uem{ on tféi,'nn'nj see

n

/\J\/_ﬁ

R(H) z L Z *((H( )—(’751'))) yl) (— cholca g:)[ /asg 7[-5141,1’4};,,\
=1



7
M asm fz—fnj EMP[H'CA / /< 1.5/i .

Kest/,‘c-&l"j our  Search {ﬂf Pré%:‘cf/}m f”’"é*"”"’ to A spalltc et of fupatons

—
J
Agf:u-r,4f51‘s 4/455 ;

i, 2 ) st

I Ln\waa-:[\esa's C/a55

2+ [”55 FMV)L"(/I’(M

3. 1[!'44 H 10 fMI.Z-II’i? risl

L \ N o Function
/_\__\’_\_/\

Hio = wo b myx

Cﬁf”f”””\‘j 5 HC;?) = W, fWir gt Wady -+ Wi,

Wy~ ) ne -{:48 Faramﬂ res5 or Ul/&llﬁ}rts‘

W, > b/'c‘s/ AatE/mff)d the /j/gg,/,lfxl'm, w/«;(,, all gche ace 0,

WA =2 hov much Pr&%,‘cu'm c/)447@
- 4 =5 2 4+l
. /’ﬂfﬂme’rc/ vectrr 7 &R w & K
G v
S I4C -> -2 _ C T X . )9 )T
0, PP = waJ_._wA) ((} y | d



50/ H[;’?/V_j); Wy + Wik, +--- 1+ Whrd

_ w7 Aug ().
— N

n

ALSp/u,fg [oss Kaég( b—\—?) '31’ _Z I H()—Z(U) - f/,/
i<

G

15| 5 hug (D) - 1

(!

K I}/« _{mqﬁnéé : ; maj,',,:/ F/y%"ﬂi Rﬂlés(l:‘?) qC/’ ﬁll V[-/LL@J‘ 1] (I?

m
VL; that — makesr the Surface /UWE’SL mininil zes the rishk
\)/ /’[a v 7

4 >
‘ @/cbo/us -2 \7/0{4@4 c "4/37 KAIJS (.,./)

set ¢ equa./ 2o ©

gD)l/é {0/‘ b\:—)

‘Howewer, Rats 5 nor  differcatiable
ot Afferentisble

l// Ty 5¢]uo,/e (055

s l:?) = ’)— —,L = _ oy 2
) 7 ‘ ? F:ZI ( 7 (}L )) yl) (/V\laq 5qua,gé Erra/)
L5 TRV -1 MR

Léagt fqug,c

1

I(SC] - '7) _Z—( CJIU ‘Aug(;jd) _Y; )J\
=

I/(’T, P':AL{ (;:H/) _1:7
| _ -, 2 1 _7
= XS - - _
‘j// <- ; }J:(V, .- ))n)/
/ | :
vk

/lfs ’\9 N T ® )



I il 3
Dés)gn Me tr)e ' Kfﬁ! - _1/7 %_I ( pi - yl)
~) ) i
Aug (% > =73
X:( M,ﬂ )) | =L -yl
Aug (7<) i
J I
Sa F>: >(\/_\—/7
xS e
nxb(\‘f'l
= & K
| .
/ )(I(”/ \JLAM)
T —
I
- E
Ky = F lix Z -9 1
» A B s =7
Finb gradiene | Tz (7 X2 -9 1]
U
Aqu ] °)‘K5<{ L
Az JWo ) ,)arf;fa[ éjrdf; vat(ve
R i -
Usg = (X Z=9) (xZ~y)
- (x;’-s??)T(X:'?)
=TT T -2 —7)
= (XTxT-ygT)(x~" -y
S 4 L A S R
o L
2TxTE = (4 x ) & ccola
-y _ ->
= VIX""
T T -2 —77 - _>/—"7
- W XTXew —2yixw YT
' ﬂ( I o—=> 5 - - ‘77’ - "77'_7‘]
ﬂ'“A j"ﬁ\éi‘cﬂq‘f/f Z—L?ZW/X/XW -2y lxw 4y 'Y
- _J




b .
Iz Lyl =0
50/ = 777
:_VT(Z 7<T><w> -2 XY
A”sq
Ser i = 0

_ — -2

2 2xTxw —2x¢ )=0
- 1 >
)(’XW> :XT\‘f

\)/I

s ll T =
L= (xTX) x'vy

d/‘lrg‘_ z

SU/(AT/l'Jq .
Gfr”‘ Ah'é’q v p Zscent
derivatice = a5 slye af:
L) fos [TIve : jacreas ‘g
N fya—m‘ve : Accrea;.'z
Zero £l
! Fﬁ}'f z/ =l é/&r lvative .
for £ 3
as 7[01 a ction "{L 2
2f
° GT—’ 5/906 ) -2, J,‘rt’z‘h'm
2f
22, )’/@/;e e S b vt 2o

(ﬂ&rm 2 / 2 7 totiva >

( leas ¢ Squart

cwrye

T
C2,2.)

il

SO/MT/I'M)



) @—fft%lé'ht

Jdf = Lo, 7[:/< - R

Af Ery (2)

== () -

A
C -t/w 4 49M/0:7-1f’"‘- '3 —‘{U//(O 'Jf

7'2_)( _)) 7£ & '-29 /'q I\t/’ 9{1"’551’//‘.;" )
32

inpat veceor £ k4

Tt pat vérts- £ R %

-
j reo }u'dnb a /J/)rg x:'mamlﬂn ; K9 /UIUL' QL/, =

/
FUEsafz)+ 5 3(3).
7\

ééd"‘jé I'ﬂ }7

. 4 zp.,é:‘éqt [ he Aectinm /(f Sfef/)és--; asSceaT |
'/v\’_~A

v v
n eg ~tive ""Aj ?
) — - Af
( Steepese Af.schff) 0/1”"\76 S j/é (2 ) =l$ ,{// A\__é-’” cost/
J
J 2 A ™M A xio) 244
Zau ap whea B =0
[
/ v
v A Irectiva aﬂi j’ﬁ#{‘ﬁt
g J"|f';t

%M =7 té e Lattouwss

’ 6%”&4»“::,-» gllfjﬁfht— [ﬂ/u'bll’l/llli‘ﬂtv'dn )_

\/}
OL/"'IJ Mf Ml’ﬂ:lmu»y.

"46'61 s | tfrart€ To wardj Bl Pt al pmu Szp/, éy step

Start agn érél\m ry /056‘(5/‘04

mMpve g J:‘reau'm 07[ M (nfjaz,{ré ﬁra A;éht)'



P /\&I(

2

-
n,é;‘thj /Jon‘r\'l’/ 2 (e) ’gm,n,'nj vale //) >

[ -2 >/t
5¢M/00»Z£ jr&élé’nu: Aié (z)) ot 2>(/

Lc,DJc.f,: rale

ZCLH): ;>(7ﬁ) j;{-; C;Ct) -,[c;f’ N oas /M/m‘nj rate

/\—’\—W

e whta con (/é/jeJ\ ) retan 2—) ct)

\%

{04ﬁ/ hﬂfﬂfﬂﬂﬁﬂﬂ~

s Sn/m//

(e~ —?
2 )i el

o
G rod ‘ der x|
radigst AM&&;& wieh ERm:
4K i} A p nx bt
170 = f5 (32 tlag(zm) 2, 9))

= b 238 (g (V) T4,

Dy

=]
Lor 54«444 los s -

Ak 5 42 (
4,/_5 "">) 7121-(/)“\7()( 'j) e _y) Au 0;7:/))

Sv M,véc‘te rofle

e L2 L pxz 2_ (Aug (X)) i) pug ()

s,  emacl equatis

E@ndoc-,‘r, 40[ yfaé)'g,t 4:54@».'5

50'\7/;0(,7:4‘?‘4'::4 a7£ 3/‘/\4.9/..5 258

rEmory 2 /}p/'hc .

SG )

— ~—

Lt xy

be Av/‘s cr,'éqrgd_/ Aaq/ﬁ Aﬁ\vé to £0M/7‘-—'~1"A Py

Onec e
Y



)5 Zo  czpm pecte

j”ﬂl J"ﬂn C.

’ "5'49 smoller sec L) Is clled, mial — bateh
— ~—

it s 59.//90( 5w¢/:a,5ti‘4 jmc&fﬂnt )
—_ I

L

AN approximavios  of the full  gediest ,

00}5/51‘;«@#/3 fag

* /3’0655 s Sam e as jra\él‘gqb o/e;cg,.t

Y
ekc!/ot yrﬁ Ju'mz ,:5 Lgn/lot_fé’d\_ ram AL:M /y (m'n ;A }qﬁué )_
L%St Squaz(g \7‘,9, ‘{f&\t

—->

T 2R 5 (hg ) 25 ) AR
1 £

= 3 X xs T~ 9s)

—/—/ﬂ4£ 57[7[

/'\_/—\_/_\

teech Szep af G D_, Mmpre i the “becr ” Jn'rf’a'c:b-—;

bet 5/0"\//;7_
-4 A - n 7z
ac Sr(’/ o /L SCT/)) e ’n I jﬂaJl 7 ‘{-',géz,',,,,)
é[A'& %‘Gfif’rl
e
%Sﬂf\z/ 7[dr Massive d,afasct

Rbsplute  (oss

at Sowe port
_—

neot A.‘ 7[7[0/5», tiable = 5M6jrm bileaz descent
-/\/_\/’-’—\

C P /I%E_ W, Se 7[(/1»4 o2/ /,) \/-I/



frwé/f:mz reach a [Po1aT Whee tlrc j"c‘ll‘dn'b 15 et Jc][/'ar/&

@
(o} fe,u /ﬁtt(’n«\(qb

/ Ah_l/ V&/’-A 5'0(,6 Q/e/fuaj,/':/e 7[\1444 .

e Do defines o ling fies below
| — N —
) <l e )L\v‘/)cﬁlldf\ X
|
\IJ/

)

bt (R sl -7,

N
-¢ u’)AP 7’/‘4&&\ A[//ll/a Z;L/(//
@ ' s a Sedb derfvattve 'S

\
f‘flp /aq_a nieh )’été a’e’,,‘ vat)ve ‘

F2) 2 £(2) Lo o2

7

any aLember éecwch =4 &md —’).I

SNEY 2 F(2,)15(%-2)

J ;

-ﬁé'?) fmé Ae " vative )'Iﬂe'

5Méj/; ({,\ent , N
/'a o\// A/ imenSiva

7

validy 5a4jr/\J\f(’4L v lies  delow or

at f%)@ 7£(/l‘1bm‘lal/] ] l

Zo
[ -2 (o — _ -
F(2)24(3D+5 (57-F)
@ @O O
S Mé\?mé{fe nt descenc
/W
b /c Sogm e AE’H‘ vati-e
FrDé/em - m{'ﬁl,(, 10T Qo.qve/ﬁa
\}
d"’"’c"ﬁe lecira I'/j ate 'y
fao/) [ Z‘Prq'ﬁl‘d-)
m

¢ hoose a c{ﬂcr(iwsu'ry\ /éaffu'nj rete

sche dule n(e) >p

c \ \ LY
choose hd¢t) = /\fE € IS itlatis, ¢ 1S  Coastaqc
/



Qésb [Lze lv3s Suéirmél‘(,,u Jé’Scla'l‘/

ame as Gf 4 Cxcept «use

sub 7 (7 jent

I‘I]St@ﬂlA o 7[ 7’ﬂ AJ.P/I'L .

N e M

Sub 970 drenc

5&(6&/&&1 K(:")) = —rif Z

-2

50, Loby (- Aug (V) 1) -

0
U sadgradion

Awé ()_(>';J)

- >
5(“_;. X l)_) yl) - ? _-:;4“\7(;:,;})

wo- /-)—u3 (5:7 ("/) - Y.
I = Aug (XP)

U

empicical 15 k

saéjm/f,t -éC:'?J' >_<7li), ];).

1=

1_.,[ - A%j ( ;7 ﬁ)) > Y
2 aug (X)) <Y,

LD Aug (V) =

J-{ !;>.AM\?C;>"U) B) \l/;

>

fow A g (X)) <Y
f

0" ST A (RT) =
| - .
U éM/ﬂj(‘lﬁ‘-’ /Ib)c \
—| Z¢ro Vector as Smbj raJﬂPﬂ'ﬁ~
L 5( - =7 dy .
1 -—[ - B X J \‘/’)
\—/\_’_\’_/—
U
s ks fe G D
—> (1 -
I 1) - l:/?C\“) —/’]L")X;’___Z SC..)
Aere&s n i learn ,‘nj ate
not  fixe4.
résnlt
mehion 7egression robuse -y outlio.s
é”ﬂ vexity P T z conves
—_ noe

C/ﬂnl/é)(




AN con vex

ﬁ/ﬂéﬁ./ /‘Vitl/l .
\ / /7

not SC/|'9D£7 Loavex
hY

-

@ Def: Fnetisn ?[‘- R —7 R s Loavex 7/[ 7[0/ every choie of a b ER
A

ond © & Lo, 1]

Cir-t) fta)r e f0) 2 [((1-0)a +¢h).
Y A N [ A o S _

J &

the line Lonneted, the 7[1/104\(//"’4 turve

fram a To b

A |
@ "JE _A\/):: ()’-) zZ, O 7[_0/ 0\// %, thea 7[ r's (oque X .
—
¢
(ontave  Ap w/vj 7 P! ‘fﬁj)uf APp o xlrmativa |
an{y /'7[ 71‘ s Twize él’ff(’/e.,f,,'g‘ dle.
(r / : )
Lf‘gt g /;p,zpléa/a =t My I Mop
Y T,
,[J_ ()= FCro) + £7(25) - Crexo) + 5 () (* -%.)* & laylor e xpunston

Pa;;,“:#.‘m‘es: a/:»u@rJ\ , Aao«’lvva,rJJ ][/at.

(Dn veéx 'vf 7[0/ e U(’(j X o, })am Lola s up= “’4 — 7[4 L,'n;\

[dnl/d’—v jJrap@rtj

50(/)}/056 7C(J‘) £ 7)) ae  romvex.

VI/,JIA.(( > o

@ w,flx) T “’zj()z) 5 covep Fmv-'aleé

@j(f(ﬂ)) Is  convex , /Jkov?JtGA g i ﬂaﬂ’d?&r&as[nﬁ\.

[ g \
@) max /z/’[[(k), JC) JL’ 15 coavex .



7[;&0/6”' i(kj convex 6’_0 ¢ ornverges <o g/oé,\/ a/;z,'MMM Uf 7[ )

that Step  size )5 smcll enougl..

j lvén

Con vexity [’ Mmore 4';1’1?451';74

bf’f I .F Kd‘ -2 K K lonVE€x 1.7C ][”r g\/g:7 lel';(; DJ[‘_ ZE) —L_? & }ZA\

t e [o, ],
- -> -2 =7
(1-e) £+ f(8) 2 f((1-€)a +¢h ]
fécoﬂé pﬂ/}y;,:,',,@ /a d- d,‘,‘,eqs;pq .
Dese G-e 4* # "f Second  desivatives
\U/
Hfsﬁla/l /Vl&ltr,\)c_
0. 75 K"‘—?R}
. af’ =
_——e‘;{* (X) T ax (x")
H(R) =7
Q+f - 4hxa
a2 (X)) e R
JXJ)(I ;XJ.XJ\
ST T T T
oXAX) - . —%i;(;)
Jd XL
L”/
Pef . coavex if all  elyavalues  of the Hessina oz H(X) awe 2 ©.
5""'/’/8 case . patrix 'S Aiajone./ 2 Av‘&ijona/ gnlnes ae the é\iﬁm/a/ae;_

/wro/ag, '{:y

@ WI7C C§7/ 1 W2 j(;7) l\f cunVex ][”f Wl ) “i 7/57_

& Lez A be mat/;x/ X b veerss



3(;(7):’]1‘(/“;71‘1-’7) |‘5 coavex

. -7
23 2 7[\144:-;&/.74 ol x

foe FCX) comvey

) ()= ) T

Lonve x

Siace 7[()1) = x Lon vey .

[ "fl o £ /as\iff e~

S T S N B S R

P/Dé/EM : Oltp it 3‘f H ( ;-) '3

/It,LMég/\

H(;?):W" LIPS S A P

{,
E.no,L:nj
Jeio i} <7T" : 5,'3qga):/'1/ _f{fjiao
7=1 [ o f 2=0
Ye {1t \/;:_/, %

/II/7€¢,/ c/aszfller ///'ﬂep,f g/e“'.s,'u/; 7['0,,,“;,',,,,_
iAEoL:

A weightad  vore

Cowh  term Wik  Lores o1 The Iatel,

C HG). s o« ("y,wr)lp/azze,_

- H C)??) o IS the L{aw's:‘oq Lﬂw’a{ﬂfﬂ-

,{ 5<>é kl/ a 5rr.'9),~c /1'4(3

J7£ ;<> & Kd ) A d ol A"?‘?f’qﬁﬂflal (Ay/lifr_) )J/ane .

- N 947 n ,'faée a][ /"{ ( ;2) 'S /)’O/Wftl"?””l/ zo zh e Allﬁfﬁnz z 7[;Urv; 'ﬁ4 e A&fs)w;

/70(4" l{fa/ﬁ\_

leg 7= (v - Wd).

Thc Aé;/‘_f,‘uq

éyun&,& a]L H( ;Cﬁ) = ﬁb?(/E?) ‘;/7 'S M to l:.?J .



] - 2
X = xTx)XT Y.

Traa ; norrel equo tioa
4 - ).
precice siga ( Aug (X ) w )
/jrpé lem -’ Ftﬂa/’-;.dﬁ /_)y/'nts {Aq-& aa 7(4,— 7[‘/’7’” Ac":’;uq Amﬂé&,‘l /78&,‘5:'04
even if the - cdrrect/l 4/457{f:'e&_ —\) . Boetn éa”.?\ l
! b,
OVLt//'f’f / 0\‘--‘-_*’ }
vss5 |
- . '_______@
—_—_,—— — — —__"—\_\§ -l |/n55 l loss
/ | :
-/ -
o Losg ) /D/DL/EM
~ . 26, wa:goi 7 g _ - — <
/() J-f S:jn[H(X )}:f; ] o ° _—49}/ —\
7[’!) ) A = - O\)o g
jﬂ—/llv{( )/ y,) I Z ' ) 7/ da du,f///l@/-
| i sign (HEV) £ Y S e
) dg«_;'s o
i / J '\‘F ) * / Lomndaf
Ry (H) =+ < , A
D‘I() "l;zzll/f ,7( ¢y1 )
g'VI/J/'rl‘c<’ rl‘fj( ,
Fraé/!m
v
ﬂa;jo/aSja‘?[/‘Cc;’b).W) rate - % ﬂ{ i it /Jrec,{,‘&t:ﬂ”
M -2 /\
4
M"”’-"‘"'I2£ risk =D maximize agcarc,57 Sum &
j’/adl'é’/\‘ -
l)
ro ' —7 Vg
—f\éf—i: 9ra Aléﬂé 'S o G/mast Cvey wheee N G’ p !
W *
N p— /'Iard o o,;timfzc Expected, o-[ loss
5U—f/ﬂj‘a €0 /a§5
e = e
o Sign (H(X)) = perceperon  Loss
/ ¢
on (H(X), ) = = g - . |
ve&a C " ) C ll"/(x7)/ S-'jn ( H C X7))/{y ano{fj jrabvj with Aliﬁﬁfltf
‘———(rv—/ -From L(co('ﬂ',;/\ é”%ﬂAqrﬂ as

F"’//uftfw‘c.’ €t A )[-/am 51184/‘5.',,, Lol,,,dq,;z' /Ja:‘qt

m"so/cusﬂff&f!« B



Ltoon (Ab(jé;>) L2 ) \7) = max C o, _—yAujC ;(7_) :\?) Deeisian

Boctn by
Y | |
# |- -3
Co’ﬂ/e)‘ . 0 ’ /055 I
' . - -
Mmlaimn 2 ¢ EM/O/‘f/\cq,/ sk ' @ tosps | @
|
S ST 7 T T 1 e
[I ’055 )

@
Sabjrmél‘{’qt d(‘SCL‘ﬁT_ \

)
if ~IAu(K) 0, ged = =R (K)
YA (R) <0, Greh = D
- y/—luj (<) - =0 , Subgred = o
SM‘Jﬁrad ﬂﬁroﬂ(A‘lj(;?)' :’7J 'l/)
/ 57 1\7[ s:'gn(,Auj<>_(7)“:’>) =_7
Tl - Aug(F) i senlAug (XD F) #Y

Sigal Aug(X'") - W)=Y

_trq,n ; /) 5>
;‘3('&-—(‘!) - :?C""/ _ /’l[_ﬁ)X‘r)L Z ’\/ >, ~, -2 .
S~ i Aug (XY) QI}A(AW(XH;).W)#%

/VEJ‘IC-L" $19n (ﬂugC;())- ':/)*)_

A

Mﬂk)(l,r\qw/\ Mﬁ.r(‘gh é{mSSfff(rﬁ_
\W\

/)/aé /e,\,, with )Jé’r cepTron i no ,;M & /'CZ - IJ 0)ae> erza'f//z o/@s: ,;[,‘g,l,

U

(7:/&7(,‘-“,,‘,«3\
DF—F ' }.‘qp_f/,ffi gg};,.m}o/c —_— 1-7[ %fr(’ exise 2 /,-4(,4/_ L/mssa'f:'o/ wA.‘;A I”'fed’/i
— P UGt
/\/%—\/x’_\—
&/aSS:‘[,‘es 2he A;, ten .

pef Y Ma Ggin o~ mallest Jp.'steqz e bt’t ween A!a:’s A 60:4 P Jw, 9 md a  trAcar1G  Poinp

—_  ~—

!l



Find  tlassifien ks madimize  mougin
@
lyg-f,rt’f 7 ¢ACCA /1.34 tlon .
(gng,;,;,,',\,, o Cnspre ,70/'/: 75 Smffi; lenc /7
ez | 20
N
ensure  thav np  pPree (s wathin  zhe
/),-.76 /l”h f4f£ Un/j malkes ‘C/lﬁ /7/’541'& tiva
U
éy ma\/<.'r\j_ Wy v - "",, Vd’rj l“’ye .
4
Not  whae we  hant.
\H/
-2
tdeoe W 45 gmall 4 possible.
M
Oue 97[ 0,// = jﬁt/'f.’_’yl'nﬁ Y, ':/7 A qj{;:l;/) Z [}
OEU/ o,l/ d.ﬁfol /Jol'rlts .

find thee =gy

paimize

Acgemin || %Il

w

‘R/__/_\
Vi 42 Ay (X )21,

l/& Zvr

( I‘/&IKJ\ 50(/)/;0,—¢

U

MM aximl ze Mo g1,

i fh/;/}pz ’/awf T a

~—_— T —

b Aug (X)

Zoor'n (n 9

onrlex

& How D

/WaaA Ilﬂ e )

—>
X

1

/Jﬂl'/;t,

=/,

far {faa. the  bouy, dory_.
s 12
bclusion Zone
IJ /hrze V(’r:z\ 5-tge/9 .
V2
Smaller W\ﬁrf.'/\

C]uﬂdfq?bfc

. sudh  that

Op tirel zaion.



be‘llﬂl'.u

&

éﬂmnjm -4,

G

(T/\ c 5,,/ % U'Ur’) <2 Hp,,A — Sim ,‘5 OL/WﬁlyS
g“/)ll)y:—t a Il'nfM/ comb (notivs Uf the SMPIUO’E veztor).
Vecty —.

Lee S he  the  ser of Suppoe  ectors.

BX = 5 fia Aug(X"),

1£5

/J’"DAIQM ! wLa-L f{; Non - SePﬁ/ﬁ\}Jf}f'{y )
:‘Aea: all oo Some &/af;:f?&azic;n; zv be %f wranL
but not tw """Uﬂz__
L@
X &
® @
\ @
@ \
@
9 ,\,I,'s-;lqsiffl'st\ﬁy
7 L : &{,Mﬁ ' 4 5/ovo/< avw"Jl
- C [ give mu .
Fo. ¢ 2o0. ; e
A I Sl ¢ allow e slocle ot the  ct
hin [l ey, + C > é, : of misclassfieanos,
- - 1= )
W>é_/<d1’l %éR |
. )
5“4]6’4'(. to % :’> ‘ Al{j <3<7“)) 7/ [~ é: ﬁf 5!” J‘) g 7/0
(5@]5'& neowgia Svan) , As £ =2 70J mocgin hadens
pereep tron  luss
I~ loss
Hl'nye /055
—_— ~—
-
o YHOX) 2 "/
‘élﬁﬂqe = ‘/ R S //
Li-gHX)  YHEZ) <. 0 [ ' hinge (o35
V% |
}fﬂ’m ( e /70/'/, z5
->
:MAX{ o . | — y/"/(X )Jl’ ‘oo close <o '646
baMa&n@\ .
7/”(5/ 507&, - S/ <) 7(""4’I”j l:,> that Miaim zes
§C7 D T2  troala

Ry (Z)= 11707 4

-2

c 2. mo»X{ o, I—y;if-x"’}_

it

&

—




A V'éﬁvt/é‘-/'a‘zad\ sle
" —  ~———

Feaewre  Meys
——— 1 -

N on - {"nc«r f@qfcué, map’s
Care fw/ choae Dt/éf][f-ctfr:\_ )

U/

allonw  w«s 2o

. 'Flt COMF/&)‘ , ho -—/I"?(’a/‘ ’)a,iffrng

while el us:‘ng ’l'nfar mm{&/s .
r 5. R*-k" '
Featu-e /qulp . % A T fu_n;'ﬂlﬂr) "El:qt fVlAés " a o{-— JI.'mdnfl'ana/ vector
%__\
Qb ourputs a - dimeasional (few-fq’e veszor
ll-&- créctes new {gazr,(_ypy q[ram ‘t}wc 0/& 0nEés .

A basis funtion - g RY oK.
T 1

vector $ingle new featac .

hiale o = 04 I< I X
¢ FOFR R S JUR) 2 (BE) - b))

/:C'GLZwal pa mﬂ\éfe P F V‘ﬂ&mj 445,‘5
('UAy 7[66056(/6/ oo P ’>
v
turn nor—lines. pattens . = //',,fa/ lpa-cf e-ns,
(] '
” @ & &
& ‘e
= \
o S I i 2R
& Cé} © \\ @

750:/1 Uipa s



1”/"“‘ Space Fé’a,tb(rd Space

}7’0651{"0’(1 2

Trmv'n ! 1 Trﬁu'm'ng sec
2. ]:6’4'5“’5 ez 2l PP Sez
3~ ,J'/It’hf /o Ae/
Fre biet : I %4

Given  nen Inpet
- e (—2
2. rap to '[ém:tbf’c’ Spcece x -2 ¢ ® )

Prebice: /_{(}71:3) A '/'\”ﬁ([z-)(;b/)_

bﬂfiyr) matr)y
(nxd) = (axk)
v)
P"EAI c tion 7[“44_'6;':14 :
N~ —/—

- - -2 —_
Hp' ['Z) = '/-/t»rj (z) takes I Vector -27

I’ 7[€a¢l U p SPOI ce

@
\ . @
L@’ ) . 7[84\.'&6(/& 5/)4 ce
' ¢ the sam@
® \ |
Cs) on {7 CADI"jC’S N {emtures .

H(x) = Hg( 5’(73)) - X Au H17))

- 1 U
T Gke in Lvegctor L n IIIIUL\«_'C
\
/
& ‘@)
&g \ lapat
, ' (5 Spoce
N © 4 P
N 5
@ (E2N :U
(wa/<5 non —- /Ilafqr
E KM W;t4 Fe&.fé(/e_ /Mﬂfif
o~ —

H}d thot mtaimi2es sk /n 7[60\ Zu¢ Spacc

A D
\I/l

H tha e i 2es risk la l"l/Jbtt 5 jporce .

S/Ja<e



C"S /U'l\7 ces ’_.l [s a /"’Jdn,’ 7[14’)4'&‘;14 of ‘é‘é }*Jqfd"‘nf'e’/‘_
T/ll,d L € Ceon 7[,'t 9.47 ]Ch;;gv,'., b le
Hin) = widlert - 4 whgln

W

Gaussian  Kadie)  Basy Fumetiva [ K BE)
/—\__’_\/,_/_\—/_\———

I'Afon : Setm o 7‘ écw/;f

Ho(») - W.buhr/’,(“) + W, éqlmp[l»)7‘l"’3 b”—"ﬂ/) /13).

Buamy
mecsce  how Close 25 = M.
with cento /L{ f o A w;té‘tﬁ & 7[0/ lore GTMS;I'Q " éﬁs ’s )[‘h be Cloo .
%
mo\kes l/€r\7 \?en Era/ 6& s f« e Tioa

2

———7 r,
1‘)\7 o'J'\/ u.t'(/.rlnj [ wé can l[lt [am/Jléx /ga_ttf’ 1.

H&'gl)t - W

[}

Too many C/‘ﬁluss.'a.,\ 7[014(,11};/1 :
=7 Over ficticy

U



vl T, et

L As
- /\’-\
e /N
coly N
. ) !
o cor
e NG
» I YA \
o\ 4
.\ /;
-l
I)_@ | lacge P CT worssion (7&”"1"/" proce compley [vverfictica
S N—
AV
wéasucg,  he w,\,,//c’/xiq\_ yq[ <he MeL{&(

T‘r

rinivize ) o) o preves ovgr/[,'vtf,\z
Reglo gchy  [eese  squae
-
ié/m . /gena/,'za }4/95 [l v [l
hyper paramet er  thee
ottt o redeoff

v

K(2) - LS (2 -p(x”)- Y) o+ A NEN
L———V~—J

)=
ragu/m//‘zp/_

AN

rggwlz/,,.‘zqu'un teran
K)'Age Keg ressiva
RO ) =5l g5 =707 + 0=

Caleulate —j—l_i, and, ser o O,

{alMi;\J’,‘

(67¢ +a51) 477

T ~
add  small numbe ) <o JL.'uyoﬂ'l/ of ¢(¢

f

U

1w Prove

}1("/}9 f'ﬁ/ whn ww,ﬁ[:d/fnh‘ riey

9n ‘J","C/‘Jq mumé(w-
2%.57



AT =2 more regelasi 2o tion,
s, y
“u \1/ sf'mti(ff model /]J(’/lo«/l'.?-& wM[J/L’x}rﬂ\
I—(O (% /9 (‘L [L ;\ f"lﬂ?\ f I/l'/l-éc. e'va
Cross - voli dewion. w
]
| tra,'nfﬁﬁ
* >
' wm/;/w,‘.,,_,‘,\
bc’sr/
Mnél ers (_01,\4‘!‘/‘9 ¥ = QA [ LCse I") i ,‘5/< )[J/ o
W, 1
B ™~
/ — golue “_;‘h ey ‘Alﬂw
_ - best bese 507'4\&),‘ ‘thoue /0\7"’/"'“/:
| ey

\ S

- \
/ AN \
-~/

\ \ \\ _ ) 7\
\ /
N~ ] - 7

|/ 0*
S luthva Jeast
|eesz
Lass o

A\ )
//VVD
¥
=
mesn 57M°"’A Crrof
withoue rdjuf/ﬁc".
rfs/< €
- 2
(|~ 117

/ﬁd/ ?7//'3 & KO)(?aj_

}j —nors ow»

4 >\ /P
T = /
1@y = (2 1m1 )
{_7; 2 =D 6/)&/731!’--4 Jl‘jéh’)L&_
}9:_) =) Mar hqtt(’n J\fs tearce

mo!!;t/

dc’o/cuse e

wmp lexiey



1

& —rosrm
| - A0rm
(/(/5& l — Nocm =) L_a .gSO
- > | i z 5
- - ~> -5 - —_
Riw) =7 2( & ¢(Zv)=9:) +2)I-1,
e NO Q/Dsuﬁ /o/,v. W/b(fzf‘an_
e Sméfjfwit,‘(nt [)agb(mc 7
4 S‘/ &/5€ 50/(/(“‘0" — j['éc-fq/(" )‘rv-/’a/ €Cret .
L
> e T~ —l \
N LT,
/ 4 N \\\‘
/ /( \\ /v‘\‘ = /)
\/ '\/ \\a) - /
~ ’ / 7
NN
< /
@'en(m/ rggg/./c,,\ [z thon
R(Z) = R(Z)¢ pc=).
J%cjvf(f‘ﬂ/:‘;—w& [\ neerr mo bl
Loss 2 éjm/ anzotiom ot e
S'q(;(ﬂ/e 2 -norm f,'p/ge fé’\f/fkl‘-?’].
Square [ — o rm Lassy
5<7uow€/ = norm T2 ~n0im, e/«m; e &
hx'ng@ 2 — aorn §o,[1— SVAN

NS

)
e/




[/ 7
0 the, /‘e\7ub/f/lf‘f7mu'u« e the b - E‘d/(\,/ gta/;/g,’,.& , DN

Hi@h - Dinensiona| — Feacae  /Veps
/\/\/\/_,__/_\/_\

linegs precﬁ,‘ct,'m rale 2 seralght llaee,  |iae
([ lim totion )

l

v

-

bass fuactions ﬁ (x

meps doka o a4 aew spoe that s

9 0 o/ ,
2 oo/ g }M(’ar/y\ gepamé}c.
0 0 \\/ (6} o g -
voYoN Y = e i/ -
< ¢ v v [
°os AN =) € rain
/
) _) L
H(? ) z=Wot < f, ()t - - -
Doz spece featwe  space
)
K

/]eﬁl‘so\yll éDC{r] Afhr;\ 1o [0)’1 ;4(7 & A 51,"/@,'94; /l'n e .

PIPL}(JN‘". {_{U\-./ Y MDOS& W 7

V&Sr[/y) 2 \7 (n(’/h, 7[60( wre  map fmnct-'ﬂq thot moalees & "] &éaﬂiﬂ set

|ineens (4. = seperer bl

J

Cgac/; 6144;&}/1:4/ féc,tw@ /p.a./ces 1:/7& dmﬁa &asipr  Tg 6/0'5:[7[;. )

-2 _ ]
€%) Mongmial +  F(F)=(1, %, % X % x> x,%)

J /



oo T
(0, v, %%, xir)

) £24 -r[é)

-

L 4 _
S0, X 6B e P(X) 6K

)
TS N A S S AN 2
Ay, b

Ve g(?)é KHgé"T( 1}+[})

’7Y‘Dé/("\1 : ognﬂ/utat,-ar)a//l wsf:/g_ ZC,, fittl'ngz o ,I.m%r /Jr{ 41,“‘4.“ rule.

Kfrn o/ Tric ke
— e —

dear we  con trm mony linear  predictors  as i we have  mapped Acea
—_—

‘o [eﬂtu»«e S'P&t&& > w ithout ﬂéwi’l/’i 40}”; So.

-5 b / oaM/ﬂM/‘”""/"U"“/ costly
keX, X)) =0(R) 4 (X7
/[\

-t/l(/e RS Such 7[1441,1/1\,,,, —(;hm‘/ prs not ¢ g/tu,}g ""'“V}’ ,',17 +o /‘_édtl/lré

TN
J
’< ernal Funetiog
N

—)
P P (%) =(), X’a\; fﬁjﬁj’)ﬁ)&/ﬁ 7‘17(}))
3 oy, 7
ILCX_)%) :—é}'(" Xj.x)) "5 A }<E/‘/);,l JCQ(' —tA)D %‘

[Jﬂlj/lo wi o] Iéc'/no, \\/
— — -2 D
le ( )<>] >‘j)) = (1+ X x }) - fs  Jeerncl 7[0/

k-order monpmiel mor//)"f@s\

—> T
¢(;<>)¢(X9 with

Loen: eplacing all  jastames of
kX, %)
k ernalize  the 0;(70/,'-6/1/\4
0\\/3,-5/( e )‘}Jl"‘ it 2 rwmpy.’nﬁ ‘v 7[,&\_'64(/‘6 5/)aoe_ (/ /< ernel t r('o[<)



' 04/1 CO rtaln #athzé ﬂ/la/) /mve éff)'éfﬂ,qt/g\ — va/;m‘:dé Lgmm/s,

cn}dq_ cortana /gm/n[nj c.(ga,-f'%m S Lan be /c(rrm/;'gfd_
Kerne/ K,'d(_qe /{ggréss[uo <& /Cﬂmal SV/N
T T 0 - —

r A’\g@ req réss on

4 = , =24 - PR —
aqmin § Z(FLXY) T o) 4 a4 T 02
g2
0
\V4

AcgMis —ﬁ— @ &—dNt 2ol o

/7
v PRy -2 -9
}Lé’f/)a\{)‘z-d , r¢}9/9145 a// 1M$€tan ces a-f ¢ (x ) : ¢ ( X’) wieh ]4C X X ))
\/ré write (s J(Mw )

—>
_ 5 | .
et The 50/“”""’ & x 15 A [i near combiac tion 07C ﬁ( < ’) :

4

"/ -2 5, _
% E C ¢>é _5(7,5)) : ;7— :/;_)ﬁ (% ”)) + 2 )‘ "‘7 B j/mén'(ﬂz‘/ o7L /‘djp(/pf/‘/Z!J //‘5L

=

b

S-G/U)'/lﬁ faf C?ﬁ_g

Sé’t‘&l'n\y t Z2¢ro

BH B (- dn BRY 2 ) FL Y
L_’_‘\/\———x_J

a;
!



And

—_—

—2 T = —> T
w T = {b o wheee o= Cay--- C/,,/
>

50} the /urob/ﬂ/h :

a/gmq — /d7"" —f/ // _/_A-—DT/D

(/’

AN

U/ ‘ﬁé'j Corn éé /<p/n4//-2 e 14

a/\qm/n L ¢¢/"> / + Aﬁthb ¢T_‘7

Mm
nlw "/Uf”rmfg o th'oq solutson :

27 ). = o 7.
rnsid g (]5 we bee (_(? ? )’J ?il {—? )J
’ ﬁéi 'Lbj

? - ( i Fiwn) F3%)

\)

=1 ‘Dc»«)) 2 k(X" , X %)
se, Cisy) ertry af ¢¢T I's é 'D”)} ¢ (X IJ)) k(->») -> u/)
/Eé >U} 7[))) _ N
PP -
— k@/nc../ maoterx
k(xcn/ ;{cm)
)V’é hﬂlvc ﬂfgmfl"['//km\\t// _/./\;?T/a
0

M

(k fnz\l)lgv/

The  keronl _ridge  reprossion.
M, e ;’ﬂ7 o /JrﬁA,'@&'y—q ey new poine:
H(R) -

T F(X) = z a: BCEY) BT

" A Wff‘-yhthI St 07[
5: E CVD ar 7 )} kernal
151

eva luations,

va—/f‘



Keonel Sof €t = SUM

M s

Q/ﬂfv)r'/\ ()‘ZLDTKZ? + ’V’)—

-
a

max <
L

1=

/1.4./<g NC v /UrE‘ 4/&0/:94 !

HeRD = Z a:i (R, X)
1ES

the set Df SL(F/va/f/

p0wﬂdi'09€ :

‘/19)(‘—

Y;(k&’);}’ ,

vécto .

nxn /(é’/mz/ metri x can ke Very /C(’\ﬁg-

/<(’/f)ov / Ft/-ction
C S S i i

Vh{).dl /( (,,70,/ : naust Lngjleﬁe

l

dot /}raJ ue®

k(X,X")= PLR)FR)

Ne v )ees pal construntd, ]C’Dr\q ocher
}<£ —) /) ) - l<r £ I<JL
[ X 7( ) = }(I X )42-

w.r.t.

/é(’rn h/ 'Ccm Ui s .

K (R,R) = by (BLR) 9 (X))

F(X,X7) = £k, £03)
7/)£Urérv\ "
A’ 5ymm &trc f&{nc?’,t'alj < 15

AN
U/

tht  lepenal  mneei x ) K B}

a valth lclfrml

K /5 [‘: }<€ma} Grauss,‘qn /<€//M I

—_—

X

some

- (1)

mot/J/-')lej )

5;’ (X7

I's ) oSItive  Sem. - Jre ’[/'n ife ][0(' 4:/:7 choile D7t 44\%

/7C/|)



-2 -2
_H;?—_)?)}/z < s e e Jeteeen X andh X)
e 247

\\

k(X , %2
A
- e ke = Viy?)

Zn terpretat va: RBF  kema]  measues 5)'M|'/hﬂ'€é')\ of X mnﬁ(l _)_(7;,

very simtlar =k (;ZDJ 7) 2
ve-y Jr-‘ffemz:.- k[ 7) X) = 0.

- —_ N — — — ~

F@famdtef 6 (W 7) controls  the scale
9 =) - Vg 6 m ]// J
I_’{Zn):;zﬁ'/iéy)Jijl /M\‘}(/' [5 alle /)/
s

) N
wibe- zhe  Gruassiga.

Xy \l/ ||
Jum Oq£ éum)g
X X &R
S(D =(X, X,L/
K )A /: /*F/no:/

i
/’rei/‘ctf.h N }—{[;Ej = Z a; kc;(?cl)_) 7?]
iz)

. —t ; —> 0
&’7& /J&l/qnve € all' /!ﬁ/‘-—,ﬂ J] 7[‘(;(— ea‘é -ﬁ/ﬂ,,”,,y //”fﬂﬁ X ) .

—_——

-3, <= -2 -2
. /< [X> ))J 7() :\\; (o] »)G;/ 0,/,\7 X7 ) fﬂf 74/01‘4 >< .

H (;{) Is /ﬁfjflb Jﬂf/erm;'qaei\ é +he tra s aia /Jﬂl‘qu C/ﬂls'(, to ;(>

U
<2,/ -2
Gssocicted  veishe Sice  f(RV )

Beterms ac the dltance

&4 646’/5 Zon J’.V .

REE foanceion placed  ae  coch trwiing  poie =D Fum of by

> =2 - fa
{—/( 3"-) /ﬁfﬁf’/ﬂ A{P f?rm/vz£4 é\y train ,‘:7 lja,',,t C/ogs-t/ <o X . as aq >S4 /K ce
!

A \7@”5/@/1-24'6;00 ”7[‘ /< NN rale

K B F [4[//’4-} Mﬁf?

T N — N ———



- 2 2
The map ping ¢ /)Z with  @ntnes af the 7[\0/;14 S 4
Rl LR/ R r ha2s
e Xi o 7ETe ik — T Xixg X,
rapp /'-17 to Gn i f)'fl Jte A'{"’M”ﬂ s‘l'zm»./ H)' égfﬁ 5/’5“&
- —— -
H\V/"ffjﬂd(aﬂez‘ar-' Y =2 lkeme| width "'"'J'(”)[’.”"’Q\
_D s T Y ar
y\l/\ —2 rnw-e wider =) \7%55‘/41 Ol/@r/ﬂ/d/'fﬂz
y7 =2 mrl 5. wer => jqay S3iom 51F’“’6’7’"”'f\
N sToN S \
wergicrs /| L/
en) GT'\veq a nee {/ou\,ar with X = xn f)eﬁ”‘IS/ ))rt"/éh'cf/ ies 5/.764('@5/ \I/
..I-\
)’omdfumj [/h/,‘p,é/f_
/4554(;«/7'0/'0/)1 WA&, Nature ﬂgng/mt% a h v ,C/ﬂwef) It /);‘cks' X Y4 Y
3[/17 ) Som e /erén 51'/)‘12\ d,‘s o ém tion X
' jal‘n'b J”.ﬁﬁr/;am'uxy M{X =2, Y ¥ \7 ﬁ)-lff’s (233 ][-M// ""fv,
Y=o 7=
X=o 0%, ‘ = Eagries 016 the Jre” J;‘stn‘éau'm eoble sum to  l00),
,, $7y '
0 ! < \
! (o 7 | > 2 Wix=x y=9) =1
' : ) 2o 41 Y50, ' §
X ;(7 07 l
/V\ﬂl/gffml dl‘striémﬁiw) 7[0/ )( XS 7[0,4,\J| %7 Summfr\j_ vuer 1/4,(¢4(5 OIL \f
U
W(x=n)=2 Blx=xrY:Y)
yé‘{/o){j,
or

D& iy) .._,é}

L) = 5 B(x=x,7=1)



© Lonbitions) Proép,é}/ffz :

W (Y=g xe2) = p(x=2, =) pix=% Y9

oo W(xzx]Yey):

pix=») LY =9
Y:a \f:l _U_l[‘)’:f/()(:})
g 0% U”/ﬂ 7 - loo
= 570 Ou/a T Y’O i /7
. = A
< 51 107, —_ j_])_(\fzj/x;‘f)
- b P

f Yoo 200, & 257
A\
/

- 207
= ?az &~ 252

Bﬂ,ygfg T/Ic‘ﬁrrm

W(x=x|Y=Y)2LY=9)
B (x=)

%a\yﬂjﬁ pf& 1$i1 Téwr!m
— e — T ——

Probdie the  mose likely labe| Y Glven X = x

i.e. Prdlu't-‘b the J thert reaxnizes M[ T_,_ y/X - h/

In B /'491312\ Ip/o éo,b,'})l "43(4‘& 5 /C;.S;fy(,' Mtf,/,,-.

P/é’é-‘ct, / "7E (M?Y'—’ / X = )(’) 7 _ZE( \f: O/X :)‘))] Oth('ﬂ‘sc ]Jrngd‘&t .

[

8&]@5 6/4551' IC) cation ,/u/@

- o ternnt,) /e 7[o/m :

]9/6 J’}f&t { l~]C

P(X=x|¥=0)0(y=1) 7 B(x=x]|Y=0)P(Y=0)

0 ther wise }0/1! ér'ot o.



éD/W:'/: wous pfjcr;é Uion

paf:  p. R ok"

b
P a< x<s) g Px(2) dn

/#0{/« /)'/cf(Q_ [t )‘_5 tov jé"& a VA/L(e Df /( 1 any. }'ﬂt(’/(/bl/ E%LZ.
P(X=2) =0, =22 puh. of continuods rov. bc:‘y exactln @ Ccortain

Cxn)

7.

:Z{/z _/[/(25<3<<}0) __/;DVKZX)JM,

7.5 o

¢ Loy A[‘Lr’&na/ (,j(é’nsifg_ }9 [X / 7= ‘y) > co” A.'c,',;,);,/ g \//
g

Y;o \f_: |
ﬂ\ o> D&

47 f[)‘tllﬂﬂh/ 0n X

U
con &I;E{'OVMI 4-5 tll'&(,t €(1q 07‘: \// jlll/p,, X .

Discrete | b/, Y s discrete

—~————

Pr=9]

X = x)

Y=

Xz

velue

2:’«7_

'S



« Toiat Dr‘svn’éuu'm

- N~—————

plax, o) = p(n/\f:a}ip(j’:o) /
P>, 1) :}D(R/T‘;/)/[;KT;/) ’

Vﬂ»{iﬁfﬂfl gaqn A""J\

j’fﬁrlrla‘, class ) |'7C I‘;()L | Y= I)M[ ‘f:/] >

plrlY=e)0(v=0)
) /Vlwltﬂ/c‘,“ﬂ/ p s p/,'éo,a"m

—>
rp,qnlmzvl vestir X

o A
péf: P,(()().' R ‘DRT.

’ Ba\yes /:f/o r

Peebie O true | w

) })rc’é.‘AC [ b Ttree D @

Plew:) = W C Case @) t P ( lase ®).

Cae () : [V ({ czse ®) = /H.]C VY actually /) PfBJH‘LC o)

=WPCY s actually )) '],V(prcé.‘a: 0/ Yo Acrually 1)

lose & lewe @) <p/y

‘MMM/@ U} Predy et ’/

:ﬂ( 7/ l|$ qLﬂbzq//Z) (7) -M(préél‘ct // 7/ i3 az_tuﬁ//ﬁ D)

Baffj 4/0;55.’7[)19;/ /7@_4 the SM,,//ES-(/ 70551'}.7/(’, esror }j/uba/h’/ftb\ vf 61/\17 c{as;:’ffﬁf,

¢
the @ro €3 cc,//ﬂé; 54\785 €rro-

- lﬂ moSE  cases | the W oy ,;.gssa'é/c Crro~ /]/:Jéﬁé;/l.rﬁ s 2o,




W (T=0)=0(Y=1)=05.

Mfa:(”’/\f>a)

e /)) ()ﬂ/ }/: I)
Vee/'s o —{-L][ s &"5“4//5 )) l’?(}?fd%iﬁf/ © / )/:' })
Bownbrnzy 9.5 - 0.3
[
L ;/rz'\ Df £ c/mdg/ \//: o
Crvor 1
.ﬂ)( \7 élé‘tb{c{/'j\ D) ﬂ)( P’ﬁé[ct | / \{ :O)'
/—\Mw
0.5 - 0.3
|
v
. arta of P wabe V=1
Bmyes c:/csti][:(r }
s optimel '
I
AV | |
)J(DA’@M 1z rec/u,'rzs /(now,'ni 445 \/D.'/If/ J\Etr.'éat,dﬂl
U
Efﬁir«mt& : AD np= /Qnow Jo,'a‘c 41'51‘/.';&1'5"04\
~
we  kaow the detar . v y
el i’ g 0]
x=n 4 Y-y L
:)a/'nt F/Ué ,\( £/’
L4

EhiE A Per-q)x 229 <

}’Wa/@fnm]

CSlimace
: MX.: Y-V) ~ #(X:)L #7:7)
M’)d/t;'ﬂrm} ( )L/ )"-’ #(}':\7)
JE(Y;VZX:)’L/;\\; Bl X=x !T:\l{)
# ()( :)'(,}
Law o—f la- e number :  as date, size n—>r byese fsm‘m'w%

convlyes =0 thar  prae  velues

/JruL.



[//a_ss.' I[l'éf : [n o /ﬂﬂ\qe/

MS-'nj Cst|neeed, /orwé_ ﬁ/ 3«\}/@5

R(Yz0 [X22)

op e / /

based, oo

ee tlmete >_’> compeace anbj( /,/-gd,,‘ct,
—!E ( \{: ! ( X ;/’!/ [gﬁyef 0{5&/.5,‘.74 /H[&.
Male/vaaar.,  2stimaze :
PY=f] x 22, x=%: = X=ka)
Plxzn, -~ |Y=d)
Er timaote Aén;l.{’;’_)\ ﬁj/ CoNntineods 5{!5 ff.'é&ttf'un ]
’ P“”é/fﬂn s mose  valuts  never Seen ra binea,
V
Hfswjmm @56 ma tor
. fa/f/zvse XX,  came Lrom oj(enff—ti 7£ A;S’EU\‘?MM
mfﬁym/s w0 |
‘Divibe  emass (125 le bins CaiJ b ).
withia cach  bin d
’ g afaeq ez/m,/- s:z6t. |
¥/
75[)1) withia by Y ¥ doen posats & Ca", 5,) bt S
n XCQ['Q,') /oo}/ptj [/
— -t
b//) wideh l}
As we 4et mo.z data bin wibeh Aa2a poines
. Aért’chse b/ et /_\ (l/
- - mbr o 6.4
|l7¢=cose N mbe, f 1S \/ }}&7[:/\
paf 1
/"'5 n 0,,.4 # b"ﬂj - dd/ <: —_—
CS5timator awraa%% true AﬂﬂSi'fﬁ | > 4
éj I 07[ /ﬂrye /IM’W;Ff_ Yet Smooth
estimeze p( X ’Y:\'/]
éan,'qu/ }gmémi'/itj . ettt Cbﬂta Wwhe \f = I/U &,/\él( use A/;taj//otm €s ¢ /nplar

\



LJ/ /aw af /ﬂrj@ nunber J&\/if’fzwée; Trul Atf‘/ts.'tz_

estimate |V (‘f; ]/)( = ;1_/ - Siiccrote /lrué ) La/lé{idm&v{ o0 contirdous  Veacizble

);/zble/v: x may noe be seen in 4@9:

|\
Two /_)};/,rgaﬁhrs:

@@Mat #(Y:U tad 3"(\1’“—0) within b amtcu'm'ry x.

* 7['l"dt b;(, M‘qt&lllfll":y o

- timeate
#(T=9 withia bi)
# (ports with bin)

PCT=9[x=n) =

=<

=2 (touat \I/:f 5 Aﬁw'é@ 4)y ¥ [P oials

);ay()/s rule 1

/JrEA:'Ct Y=Y that occurs ST

Lithia  the bla.

@ &m};ajz F/am Ba\yg/j ro(//ﬁ
. @3timate l}["/ \f:y) M(7=V) }}X ()z)

plel 7=9)W(Y=Yv)
Fx(#)

_[E(‘)’:&) =2  Llouat ﬂ
1

}) ()L/ Y= (/) =) restist 44\75&;/ L’:S(/”yfhm e Tim et
Pody=1)

| ]

I (%)

. Wse lmyefé rule ﬂ)(‘f:y/)(:h_/ =

F)< ()z) - A’Isr’yﬂ"’m" Estlmater




Boay &1/.7}9/4,;435 ‘Eﬁc SSrme ;'7C we hse ‘LAC Same é,'.qs
L;LE kN/U,. # aJC bins might resunlt  over - or  wnbie-- ][I.'Z'CI./IQ\I
‘ true ] ( j i
Undrer ﬁtﬁ.‘v\ ovee f ithng
Muleivar ate /4.'sfag/am ﬂm,‘fz Es¢imatas
—>
Estinmat e P [X )
A .
. Jn’v%e 4 into re;thnju/ﬂf 4}'45 with réj“/”fi‘{@ T /f”'yf”
) J
© &gt mete
_P(;l?) V“M:’ﬂ !71'/1 # A"ﬁ” )70]"'[5 é Z’ﬂ;J b’}
n 7(('Q/ 7"-~U€A)_
| Z J!&Ul }70,‘,,.@5
o A A A as n =7
- —r— _
~ — _‘__) .L_I - Péf él"]
I IO =D
e S Sl
S S S
T (U l
A\
b,'/ls
Curse 0# 4;'475” S9N /f’bo\
~————
\;/I
Noz ol cueatle b/& 7Cewg/ pa,’,,-w Iz cach ,é/,g af we 4\/40
. / JyI—ME'/IS,'aﬂ /J\'tz\
! e 1 < Ilf\
w EsUYmet ")
O A B
—> T
— DS IR O N Y
SRR
é //0/’0i5 Ja tach 5)'4
one  dowa pont Ja cach bin.

ool



fwfﬂmc <ric

/jzﬁnsf—fz E.S-Cl.mpltfu/\

iy s el e i

His togram  neebs

¢

has no  shape  of  true A(’nS,'*y /(/é/j [/,fx,’éle

,»./,SSJ‘vg

St h:jh 4.}'\4 ens on -

I

“ 4
Lmz Yetr JrAt’ﬁ hungfy

d
i Apo. : A55u — e True dg,\ Sitn fo//v W Spmé dlstn' Aott,'rm.
er) qawss.'ms ', _
— (- M)” : C IL: Sums "1[ MAC/?- van A«’M varlable
) —
)(h,p{,é’):—é lé 1 a/€ GMSS,. v
, > £V f q 7
7 !
parameters
AR
M center 6 w;’At/\
)7Mf4 metriy V/‘Stfié“t/l‘ﬂ’l; A@ff/mlﬂgA }J_,/ d[fq[w numéef 6% /QWMM&WS.

er) plas u, 8) = ;15)? exp [ [/n;;iu); L e abrobet
-}J"OJIWK o f i'q&elp_ Jpo StivE ronbonn  pumbe
") fenyih of  commen®
plo; e, b) = (_(l<))¢9/_< S P A fronars
. CA) oyt time | . -
plx; 2, d) - fﬂ’f’fd = Forees
©er) Alstrbuddy of wealth.
Z dee, . Rssume bota  Lomes froom  gome pore META ”E?"Sffz
(/ts/e bote o estimate Jacamé e
Masimun Lite[ihsod Estimetisn
(/(/55 Aaf&\ o @stirmete peranetes = @smmetiy  the P arame Tec



~ a0t [rkely deta =
= peeie e (y\ fﬁ\},Cnn// 5} e
Ve ; | ),1 \\/
s
/’I_ ) ! | )l [/ I
= 5 6('.,‘.%)3::' é\
Lee p be C-fﬂwsfmn /Jroé\ )16/15{1‘41 UL%/ILT,L'/).
}]CX'U ] }LL} é} C’luq.,,-ci’f,'ej A»Ow /'/q’(b\ e 1s to Cee h/('lj l."[ fﬁl/étf"\cfﬁf
\p JL and & u sed,_
N ) 2
) )p(hl s )L(j é_) quﬂﬂf’t; f:'é’_) th{ /)'lic"/.})voé D-F S€€i'/i7 )bl)' ")OL ¢
1=
‘ :)m"\{, A\engh‘y o]L bata
Ukelhoh  f B w6 et e e
M )q.m,‘ 2e );l‘t’ }l.l“ot)i A
M . &
1 v
mosl Alﬁﬂfa }70 ‘neg 1145 Aayh l/a/w!’;
v
0 L/aﬁ - /,’/,,,:},'AWJ, =) fos;e o W-'l/[L ONLR
_év (M, 6) = In L(m,8).
M
= g1 () & Anloab) =ly(a)tlnlh)

)

= _2_.4 /A(/"(h/)

Verivete P et to o
{'D /l,n!,_uzl N
MLE Lie Foussor  Distihutin

—

1%

5 h(i)

4
4

N

N)s

/L("/E O/,V.]g =

"l[itf"nﬂ 442‘01 N

tompute  Unle 4.

Pewonete vs. Avn = poe ~meThie & tlretion

bisesh wel o



- Nona ~ paa metic 0‘})/7/001/!5 con 7[,‘5 o é'.C”"Q J,g,,j;-y | but gun e lyts f bert 4

— ES/J.'co:/,;l\ i hv'g}l A,IM—.SIML

“ Vocerme v Oupproches  ceqguie Jess J,c,za) }Jroviéﬂé' thot  thtg o cowwcla speeficd.

- trul

+ }jé,/&,/h( tric eStivac, tiya .

. . foN
--- Noa '}’Waﬂ'ff" estmatsy

ms -Sper ;IC,‘ezl poramete.- 411"5 t r-'éuﬁw,‘

Bay(% With Ml/lw‘.f//k eptares

i th }« T[f“ e, }ank Yy mﬂxfml'Zfﬂj

Po(X)Y=9)1(y=9)

Multivarjote  Crauss an A&lsjfl & timation

X~ N(w, )

Vin = [ g'z(h‘/“)/é .

(27 &*

)

Y
@ An /Hielu‘ r.u. X, X Gy f/gm Qau SS;ﬁm/ 4(1[7[6”4’41' M ean é“t Same Var ance .

Joint A:(nsira

plX, - xd) = POX) PEX2) -oplxd)
—t(n-m)%*/

n

(77 ¢ - ()

I u) S v . )lllt"”'d)l
- 7 ex/J( SolN Ll o e M A

(=27 é*) 2 &%

I

G o (TN
24 \D
/{\

controls the wihth

5/)/)0/:'0::/ C’,A%S SiGas

2 - lll"/hfjp'/'m/ Womn/ﬂlo



6 %, - x4

An'ff!ré’q Mmewy  oad  Varsibnces

[n L(}i G/ AUSsian

)7()(, - YJ\) =l [~ 1

< , (z,—/u, (b))’
(ﬂ} "4 ex’( [ e J)

D@ jﬁl‘ﬂ@ :

"0 0O
é: V) éJ-L 0
O o 44’

Dl

-5
PC}“):W exp(-3(%- 2) R

v hee 16/ (s che Aftfrﬂﬂfn;.rlt of &

d
/}ra J] uct

@ X, X4 apt z'nl.(}).

(/e Vaésionee .

Lov(Xi,x;) = ELOX - &)(X - 1]

lvat(: Vnr(Xu) =/DUCY"J X')

éo&/aru'ﬁfuc Ml §ure kau much z wo Quapnrftfe; 1/9;{7
- | = +
o ¥
N 20 9’
e T
4 »
_;L U) n, l —_
AR
Covx;, X)) = E[{x; ~Ki)(x;-M30]
C I/hxéxl)
IV e, ancl /Mﬁf/l)( B /0\/ [ YIJ)(J)

uf 4"“&\74&/ ﬂf =

loy C Y,) YA)
Ver( xs)

| ° [ow’/owr ol [/7]}78/)5}7}:#/(;

e €V€i7 S/I‘Cﬂ %’ﬂf//dl) m/J\l/C 5}‘/5
Sorne Gaussion

P —_ e _

AMB - /—]/;9nz«’//n &r&lﬁl5ﬁ-hn5
. LouToass Gl piy)s aliaged
(h"//_?t’/ }g//f/;,'e;
Lot coveriane mava

. D;Mgﬂ/la}

- Gatars  ore Janomnee s,

v ge thes .



£ symmetry , Lov(Xi, %) =lovl X;, X0)

= [ o> 2T A, = . _\c/, ‘4
P > it e (- 1% R ) ozancd, axis - isne
(‘"-?/) r /5/ / J Q—Aus;,'an

é =) (g(/ﬂl/léml( ma t’l'/' N

ative
/ ney (__ \ \ -
Cov

[dl/ © R | x
PRSI \
- T N \
. s /p/yc n@ya\t;'uc

whlcé watn Sre I/h/l'A oV aak n.etrsiees .
x :

(1%

' f-F C is  the votetipn o{— Sone Jt:’h\gaml toverAan el ’)ffa.t;‘v{ CoVellane

matnx Lo That s £ =R¢,.

s SYMmETAC, positive  Semi- Jw;‘fm‘oe) zenl 70

v

év‘yn volues 7 0.

5 Loes

@ C Jll.ﬂlqu“/J "\’l"Dh &,// S e entres

@ c 4/0’70'11-}) J"%;[("/eﬂt entveys
@ C not J,‘h704;,/

/M L E 94/ Mh/t{yay,'c,fe G—ﬁus,’cﬂ
—’\.,—\_/—\/_\_/—‘/\,_\
—>

M i conteols  Grawssiaa-s oo

C. controls 4‘&1{55:'&-1 ’3 Shﬂ/’e

n
-2 _ . = s
}M’nlc "Vl_a X0/
1= *

Fo- ﬁ) 20 oe Ass« ~ption,
more g/’h"/" cal
’;Jo-mmt’ff’f
gstimate - Mxis - i 7,,(,!‘

\/ - G’én(’r&-’

\V



yws e~ [ilecly,

to it @_gl;/..c};
. ;[Wz prenes Veryiaace c)7C the Amﬁc;

2

a ) >
st =w 2NK" = K
=1

@ /-]-fo—c;/llgr;eJ] .w

g 2
z
G, :Sﬁrh/)/(’ Venane 07L 1121'54115
FA . .
6) = 55(»4,.7’[ (VAR TN 07£ we, 740
@ Grér;oml Crawssans.
INLE for sovens) ance i and oy
L = (k) = (k)
] = d = D)= .
L‘J (/)’Z X ¥ )—,uiﬁ-"J
<=
l"{ﬂw mh"f mc-t/l‘)(
Uy - ) D) = 2
xlll) JL‘[U x, = X, T - X
1 | - ] _ T
/ " —_7 x_ ) ! —) C = —17 X
( )
Y MR

Bayes class.fier

| fit Goussian F20 PIR| 7 =4)

2. J[V’ néw  poial /J/ei,'at . rho\xiwn"?n'nz P })"';‘)/ \‘)'=\7)_U)(7=./)

Df‘ofs::m Bﬂbm z(yyl

Sufoce  Letween d ffércn t Classi fice tion

- ) (f_“)l :’Z‘L) 2 H

choose cless ) f = =

-9

<—




- A Loves,aae mats, < ] J‘(fﬂ ticel , 4,‘4\70,,4,/

L

Axis— hl.’yrmﬁ &/mcss.‘ws

e
pedles  cles ) if X220
n, CI '("7;_ C)-
C = "t < Cv»»/m,z‘/ CoVeriornee 7[;/ ecet 5/5,551
PN
< /lol’/famq welg heek everage

-[01/01/'9,446 Patri X equa.)) Aéc,'s,'w, Z?obmio,7 |inea-

v Linee. /)/‘Sﬁr/'n, In ant /Qno./ysr's (LA )

Y Veeishon éoqqéa,/z

© lovasiance  matrix CI,C% ‘L-'ﬁ[(r/qt, ;404—-}!{&\79441.

- Pecision boan tlc,/? s qua & 76 tic

—t [764’.5;04 LUM/IJ:,/Z d/
&uﬁ\dlfh trc Discrimin ant /q"‘"(yffs.

( @A)

Contivien|  Zodepertrrn,

A h"JI £ /'14(/76’»1“(’4(: f{

WA -8)=pca) bes)
thede [ R(AIB) =1 (R)
\U [ 17 (81A) :l[(g)
Piarg) =2 a).

A AﬂA( ]5 ~n€ Md(."/yfnéc’n?‘/ ,]C /C’&Vmﬁ? B dﬂ@)’ not G /btl"m@ yOL(f La/{;f
that A bhappens.
A— L

Keal  wo-ld Ami&t ore o\(vmys ot :'446/(’44&:

U
/

bM,'L Some qgre ./8(7 c/ose,



A 5 4 o Af/ﬁ/bﬂm//z ff)J(f/o(n 0{0’15 j;l/(’q C l—‘(:

P(ABlc) =lp(Alc) IP(B))
a

W(AIB c)=1(Al)
/]\

/861/”/711 3 w.'// et inf/@r)(/o /'/:] g,}/p/; c .
leh/ﬂ.'/lj 5 }mp/yhs " addian,  to £ dpos  ppe :'r://gn“, gowr Agl;(]f chere

R h”’/’/?('ns Qive, C

@n) ;w/\/f./c.' o d clgs not :'m!./,;.

Lﬁ (5vavu!1 = Q = 0.490%
_I_’ ( Suevi veh / Pc/”“ :I) o0 65)

t‘)(]”f 5/”-“: €7 £0 é,‘z,'[mh//z I Aé}’p"df’)t ‘? llI/("7 ﬁ”alﬂ'(‘/ /]VI-C!:

B Srviveh =t [Pels = 1, Foe 2 50) = 0708 earig Pelass = 1 il oo
)4 [ju,,/,'w.A =1 / Foe 2 50) =0, 696 ,'n)[/fnte Slace 7’391/5 alrecly 'tp//,'ng\
T 77 T Pl
Y, X 4 mufu;,//:z (‘0/14:"5/'17461/(7 .'1316}:;(/:4(»,0 S Y )[

Pix, - xa |X) = RX 1) PO 1Y) Pxs|Y)

Cucse of A g n3ion alie,
v
PR )Y 2g) = P, xa] Y=Y)

Hdwel/é’ ) ;7C )CemfufﬂS Gre mutzga,//Q ram{it/ma//;k ,'qéé,a(ﬂ/!rmff \7{‘/@” Y

: \
P (% 17=29) O (X [V 28) - Pacxs ]| Y=9) S \
1




/:u/ Bmycs C /QSYI./[I‘F/‘ y \],/

Prejéet poiaes

e4timate |- Az,’mﬂns-'a’) [,,,—

/;(X,,..XA,{ & "/,‘)

= /]I(Xl / Y:.}’,') -~ P4 [XA/ Y= y") ;'7[ X ... X4 mwcptc.//l wan,'ﬁiaqli fnJ.(f/;g,,Af,.-(,

>

I

éia,oh 7[30 EVre

. Y
g ) V9 |

VEAML(Jl <he  Aumber gf bins neebody € cove

the ;'n/_w.t Sp eace }CW his ¢94 rer

Naive Baygs Al or,'té/h )

@ RSy e \X/ - XA mutqp,//j fﬂlﬁfffﬂﬂ{r(’n'f/ g,',,(.,, +he class  abel,

() Gssimate  one- dimensionsl  dunsivies p, (2015 02) - paLAIY=A)

@ ,chk g ma %My 20§
Polay)Y=9s) P xbly=9) [P(V=7.).

Croussion Neaijve Bayes

14 (X/ IY) N })()( L/ \‘r) A /)fﬂib(r_c a"[ ’ - J\ C’ﬂMSS,'h/l with A;ff{f{’n'@ vlan

6, 0] )
Al‘ Jllllﬂ(/lj;d'll jﬂ‘ll551.""
¢= " wi€h (11.'@\7.9%1 ovanante,  Mmat X
2
0 44
each ¢ Jass hes own A,'mg onql LoveAnace matri X

\V
&0 QDB wth Jz-'orﬁma/ Covarian.

Np“‘ ve {34\7@5 Vﬂ/’/( WC’// l‘l‘l Aiy}) ~ Jo-M[nSJ'Uﬂ s
A ——

P cactical 1ssues

,U/)[Y7l \)/) T _[Z ( XJ]/ )’) mu}?ﬁlf{yiﬂj /02:5 o7L small Pfﬂéaéf/,'-f/;\

/Jatgnt/c‘/ 0&,,— c,n,lf,f/aw

&t)mete

pmJ\ Vasignce



Teed ({7 CR(X:=n]Y=Y) -'-ﬂz(x;~_;z,4/y;y,-)ﬂ’[,v_—¢,.)

A
= (2 e (X=x /7—’7.')) ¢ Loy (Y=9)

J=1
SUr mativn

ot il Oplicatiun

Regressin i the  seuse of  Frbabiling
E 12 /v\ =2 lease Squa.e

(minimize greor)

Lo 4

. , /)
curve 1[)'-6'“-"1 a/}/ rodch

J

4

k/ﬂr\/ /7 Yo éhé f/l'j 6;& Vie~ N
There s Uncertalnty, oo the  dee generorion  process,
— N——

/]Abdfé/fnl Vrceree,nty
C_/ /‘MJIVNI Crror

Serle ry = Wy, + w, x ( Expecienc ) + 5.
R e e
5.\(1.1. lineer Copetssyon ?
unexp oingh //_\\/ 2
Varnaat e ! -
[

(en domm "5 p! | s
Crrvr
< . Sym me <7 e

'cg,.f(’ftA atl Réero.

AN
eX/IPffc"\c.é _

Sﬁ /Mrg_ - Wo +W) X [Ex/;m'ﬂncg) t N (o0 6 ")
l_—,——\)
b3

<’_7 So./hf; ~ N ZW’+W( XCEX/JC‘#:%(&) , é J—)

Fa 3gqgra/J \)//\,N(A“?(;:D)":/?J él)

- . '
F// ony, G[Mfurc veetor pe L fbf/‘éat \f 'S Jlrplw—; O[m/u 67-‘9”(55,%

Centeeh ot /—14\7 (x) =



é;’/'/é”\ Some Aﬂl’fﬂ 5 = /Mréanff"f

/7
estimate by MHvizing likeli boo &

I 1 ]’ﬁb—[‘\"ﬁf{.
[}
ply;m,és) gaussion 4L
pLe; M, 80

Yim, g) e L S-S s
Hj }][ ) } ﬁ?é e )

i .
: [ — —2t1) —2 _ )+
~ ﬁ;/y—n;l\% [:-— 2’6" 1:27 CA«\?(X )~ ff// ]

v

7 -

0bsecve deta sce { (r UJ Y;)JL_
y ( VI'}“"’a rox'v 6)

n-dasure }:'/L:/,'A.a«i /,‘/<‘9//'Ao UJ;

W]“{A /55/;(4_ 7o (‘) /l)

S0 \ / 1 (-t
ot _,)/ D¢ \‘/. 5) = = 51-
LIS 4) ) Pl Y Aag (X)), 6), .) p (95 =
N ) _-;L_CVJ ’—J\?';—(?\i))L I UQ{: 't/o.,/lllfl\? })a,rﬂ; —7"I/
Z(V—ij é): T e §* s ’Cl'} >
i) Vam 6 * : }J(y,) w4) - (/f\;_/_,l
VZ” d" 6 {2—
~ o Sy RX)”
A '4) - /n ’J’ ZT_; e PE
n 2 i) e
< = ) (Y - iy ”
_1_2, //7 (J-? e Z =
L [ _ —’) _7(:)
; //) (./J_rg’) t //1 ( 6 /
v
= =2 -—’ul
ot ':2, (AH—Z,_) - _‘LY| j /él
| L /-
- .>, (Buag (X)) - Z =) 4 E gl O
i —T- 3 2 |
asg max = N 2 (qu(;()”))- ;D“\‘/;) + ,E /’1 Z_z_ - ’E /y] [27)7
-2 2,6 Co <
[ ! I R
J

CoaStanT

\
\,‘ CynStant

arij [— 2 2_ (Auj[—'vu)) o= ‘\/.')1_7

N—

g [ £ 3(a .7 00"

v



an

N/
Yh»'m'w.\'aini ™ena 5751@,60( Eror,
—> d —

o x (XT)() I)<T}/

o-jL reyu/ﬁfl'zar&t"n

Pfob;,é ;/J-S‘ﬁ)‘a \/IIE'—-’
-——mm-v e — — v

réca (l fl‘djE 7e yres Sion

= ZA( H(X"; &) Y i

o
__01(7;’:\ .z

— -

oletion . D% (XTx4a)1) X7

hd/pj (onTsy / v Vf’][ )‘rt,'ﬁi_

Zn Ea_yesim /Go’//a:,‘vz .
455.;7/; 50/1'&0C bk c4/n(c.t:}nj\ bedief-

Vrior on Lvei'yb s .

we  believe it s roe l"/"/ﬁ\ <  be sSmoll [ clese To
pries helef  copturt, b o Ssuming
—
(/Vl‘ o /\/(U/ SJ—)
n gnth , not /ron don.
By hayes rule
P2 (D] K, 1) A e (] 2, %) PR(R),
T s )
ror ; /.‘
ﬂ"‘)ﬁlr\’q.;c "‘7‘5/;/'171:}1 }’ z @C
u}:infc

argmax [P;_? (,':"7/ ;<7, \/)
‘:/7

corgmas [ Pl ]2, %) P20 ]

"

acgrax la [Py (4]2,%) y2 (2]

arge [ ln Pr(91205%0) 4 Ja ¥2 (5]
=acgmis [~ In Py (I]W, %) =) prr2)]

Zés0 )

1‘444

/t./;g .



zogein [ MSE(R) ~ In /7\:’(;;),_—7

wv

V)
-7, 2
Decision Tree
* A /ogtwé\ tree
Intectn| — wnobe ask  yes/so  cuessim,
LL’&»)C nohe e JC"C/!’S,'UJ) s ((//as; ladels ).
D 17
a‘!‘/L» [/g,\,, voo T s A _{echeaa(/ d,ﬁ ”anlr S
To Iha/QQ /p raé;'a‘,/'yq —> Traversse 't/c’,c_ B
”JK‘} s ¢ l/\fl‘th $Sia /d flvée, Cyatanaia Pl[( é"u omts
! ! I o o tar Y g\ F
0 o '_l_r¢ =5 A( 6
+—— L'__ ‘,_""— vy T réqeéat \qr&&d,y\ /9f°bct£ur5
L 4 L] ’ a
node S “ ook at el ImsSa‘u& ques eiow Zsl;/,'-:s)
¢ ‘ ! { . /H‘ck 1he  one Tha®  pese  sohuce  uatetaints,
| N/
s . b
nobe ntatve:
o qaa& q%'a'd/\ ,(/1{!.!5 &[‘0
AA%ﬁun‘ﬂ;_ Qﬂéc’/t&l'tlfi ' Aﬁ&u by 0[‘0‘5_
Su/?/ze%& Octr nv && ontaras /er/; v UpaS
1,0 e v
P f/om c/ass T
UNrizin 'fl -—
C1-p) fram L/gs,s - J/ {
/ enttop L
" ') 0s Grint
1 ! ‘ .
4 Mf55{4551']£;Ca'$1'm rate min {/9J }’FJ’ < p i
¢ Giai index Xpli-p)
I minimzes Uncerigaty
, Enﬁmﬂy R /,/w_(/ﬁ -/-C{_P) lvg—l’/,? Aty
W
ol A2 }J.w}wrfu‘d/; I oa€ 0/"/55
/; or 6/-'19)_




Lé’L /{A[S) be b Uncertainty Store 7[0/ o  set °7L lebeler /)m'n‘fé} 5

U”’Cf’/fﬂ it M [5)

P / \PI{

N/
J($0) mis)

PL M’(SL) + }',2 V—(S;z)

“J Ciz, Is]
)Z, o2 S
/ N
L4, 0] (9, (5]
Vs : 13 I$
il Giat i 2x g5 x oo
S) + Pomlsg) = 1. 24 415 4
Vo pw(se) + Pomlse) 0 725 2 555 i
s
Elﬁ)l ] mlm'm;ze
X, <0, S )jDOA Ungertainty ;
Yaeseiva .
J N
(5,01 s, 1351
L i S ys | 3o
PM(S) P ilSp) = 2570 t 55 2 20 == = 772

RcCu/J;w//L hs[‘ (/l(_s-tlrﬂ'ls _tllél'f'/ /Vl/r”.m |‘2-</5 U (f’/fﬁhlllfﬂw~

Ovefolil“ftfnj\
. Vo — L
INENEE
v \ ’//’ \
, v 2N o
° o\ ° 0

sc/)[/af& J)(rffc-élp\ 0[0/ h// tral',,,'q‘z J]Ul'qu



Kf]m/q/)'z—olt;‘fm

6"”'/”/'-0(2 Oilffﬂl/JI:L“(Dn.S'C/lxcf’yA Trte /\\/

[0, 20]

2
XX

B . + replase node L\y MoSt  Lommva
¢ Eacly - stopping - Stop Carly.
Eoly-stppiy - seor el e
-Q/ r l“ﬁ CLDOI/'?_G r‘g&u‘es \/,,/,'dc,ﬂ.’q Qerol,
Stop  reCussion  when leeep it otherwise cesecve v,
) "”er (s ”IDM/& Cntmg}] i (L(/)Lf’rbn'ﬂ‘bg\ 'S IU“")‘
« trée i> two &eep_
P ])doi.fiw{ Tree /Ur‘:l/)(’/frr'ZS :
" Can C@(,LﬂMMVJ&\'tc_ &147\ Type 0{- dhta,
“ Con Aicommo bate any number oF clucses.
" Con /50/7[ eaf{j\’ 7[,‘@ ;,/72 40»1’01 seé.
' Vcrhv expressive.
'ng.fc l%,/n[/‘ —  0ae hich /ye/fpr—vs 17’1/;4\ a /ﬁ:t[c, ;omje« ‘%am 64&.-’)1,@
Pecision  Stump — is g ek |earaer.
ng 2/
— +
. ﬁu” Aél—l\s;an 1ree 'S o Strog /Zérﬂfr
0/Ci
AT
0 0

§

\

(o]

'

1

B 00Stian
_
' 7—"9“." 4 l/vchlk
Z’Mf%sc weé ff/rc
—_—T

c /&(S s ,’14‘(’/ ,

H, . » =L~ 17

of  misclassified  points, traa

omvcher Class ik



Ké’,ﬂfépt‘) C réex tl"ll mure C/a‘S_S‘,'%;'gr , [,(/7444,-,:,‘,,2\ Wg,'ih.,;s_
Z:/"m/ C/ﬂss,'][,’pf s a }1'4(41/- opmé;'ﬂh'&:'w; 01[ /’/, e /L/k_

Cx) Jnestase Wefght—

\_A .

}"w/g;,k welyht A
Fl‘fm( c(ass,'ff(’f ! 51?/!( 6(, /_{’ éh) + d* l’/L [}’) 'f‘(j H5 (7"}}

A AIM 5005‘6

nomalized.

. /Vlchsuz.'ni Pffj[ﬂf mMgacé . BJ

v §b(_/;/;vsc l/»e,',;,z, nt Step £ G in Jj(.e))

1 Use w@f;/-ts o /fmm n L[a.ssff:':r;

l—lt Y gl C“/l )_7.
T/’f’ g MArg)'/\’/ R

s T W R € L)

T 0
[-1, 1]

moecc Wc’/; he

o jpoJ' predietion 5 5ng, MWQ\M, —>  the /M’?U e, the bheete He

)ess welsht i Jw ) "
)8 ; < P < 25
I éag, Pwﬂl[& ‘ll‘”) qj\ a9 ‘MIUU Can /‘)Ul/, *



/)e/-,[wn/wmze, 07& Hc:

|+ 7e
A = -'JL_'//) =T T
y | - re
_rf S
7 Ll
2 A
|‘ =l e g 2 /af}ar rt
| \
v,
-

l"’ffdl*’/’@ var 4/“”";[/7” s hetesr theoce  chomie.

Ty &qt,'ni Mrlg}n—’s .

welght m,‘ssifreA poiat  more /7641/;/5\.

Yy
Y: He (X)) < 0.

B

v o
(t1) : > i)
Wi A wi exp (- @t ¥ He (x )).
~ l—_——‘
7 7o

b/o ’7‘9"""‘\/1}0 w

m-‘ja/a,sfi[:‘eé =2 Y. He ! 3»7"'/) <o

U

— &y YiHe (X)) >0
Voy
F).ﬂ c.( 6/”55,—7[/‘ff" mol Vl/(fé/rc
_L X _
Ht(’” = 2 ‘Zc/‘/t[»7].
t=1
A/\ﬁarft/)m :
L —>(1)
Aiven dara (2", g) ... P ,Yﬂ/) [adels  )a ’{/‘l, L
T
— ]
¢ initielize wlight  vector AL (‘»‘T} ZL, 7)

- r‘eftqf, .

' \7(\/(’4 Aato\ 41..21 Wl'l-ﬁ Z»t; ;7 (‘9 ‘o week /é’hf’)ﬁr' .

réceive o c/assf/:‘er, He: & =2 C1.11 Lo,

| +ve

’%.6:3_/”

| —re

— _ < =>4
WO g 2 ep (~ae U He (%))

)

T
He(x)- 2 %eltc (%)



—

/0 /z"mq

Jé’u,'s .

194

_Stu'h/!?.

: tfi all fﬂa.turﬂ.s ! t/lresﬁo/d.

* choose  That which  maximizes fA( ""hrj{a.'

4l
/‘-ﬁ = z W; Cf)y, }{-ﬁ [;7u)) 6_ C'—I, Ij.

iz

Vi
=2 WMoy m, 20¢ /of/]lla/vhom @
[+re
At = ilﬂ
(~r¢
74&’& : 514/’/7»’;@ a eah faw4 T, the weal< }Fmrm’ retury, 5 «@ cele H ,
whase errove 7} If(’/? z "\fél'?};te.!' 5{&“ i £ -QL_ -y
~L . <~y AT

Qj[l'l" , /UllﬂJr_f} 'Vc,,'.,,‘,-,g erro— It at most e > f/l .

Boostch  devisin  tree  cesistem %o overfietins.

trwe ro-
tra -'rn'n;\ esron.
W{’y weal [ean er —2 7[5'»"5 to /fafrl .
Rcm Jzam /20-49;1
_/'¥__’_\_\
> S /(7\«/ . tral Jam‘s A1 v, oh 4,1/ 4«:,1‘,./ /ﬂat&mﬁ
ga osted Jlff—lbl‘zm tree:
\J " 7
F/cvcm; dea:’s o1 Ttree 7[49'\4 vver fitfu’nz éj AI-JH‘AZ J,c.tc-. yam ‘4""”/#\-
—_—
T/q.’n a beaneh o]L 'f//d} quiclels
Av t’fﬂljt’ -(/N’"? <o make ][,)'44, /)/724,'5&'04
Foo © =1 o 7
Choose n’ -f/'q,‘,,,',y /70)146 “an /fam/gL y w'th /e//qwmen‘&

‘f‘fﬁ Jt::. 1519, tree He .



Az euch nol@) restriee To ore of K Z[Mxtu’@/ Chose, /a’lJOm/Q\_
igel classifier mujority VoTe of H,--Hy

Wmmoa Sftt/ﬂ?\_. n’=n (éyo't;-z,c,p/

k=17



