/b{a¢ hive /. ea ru\'v\.& Definidign

X A"'\\AV‘ Same| (4159) - ficld of Sludly -'-lacrl-g'ves
Cowpu-\-ers +le q\o'\li’q fo learmi wiibig be;us explicﬂ\/

'\>§ o<~§qwmed A

X Towm Mbcuell (4998 - A lomprder PFiaw 18 Sid fo
ot {owe €x perievice E wth respect t0 Some task T
OwA Sowme ?erfowaw e ?l \'F \\S PGV{OFWQMCQ ot —\-,
As wmeasured by O (mproves Wikl expiefence £E.

é@u&&&l Le‘ﬂ"-i\r\i

K MOSY  widew, USed ML 4wl
X a gqivew datagel with X awh Y lakels .
Goel: fin wmappimg €1 X—>
X &eimssio\n ?I'O\olew: u&iui CY glf&i&“ liwe
to wep dhre quﬁiw.s\u'ps
X Classification poblem: Uk-diffeeut oiputs  do sy,

UV\ Sup<g vised leag-_yn‘mcf)

X Mo labels ae givew ; fiud i\a%treshv\qS sfaucture  (w {be deiny
X 'Fi“d-ivxs Wk nges i {he  deda be’ou& *og:"‘ﬂer

x  Soticl el wosk am\\,sas, macie soimeuMcov. y Cox He-“p“f**/
Qw\:\cw




Livear Regfession aud Gadiewt Descewy

?(edac.& pr\'tes oF Viouses

g(2e #b@lwow\g (x(e

2404 3 Gy
AYAg 3 132
1536 3 Mg
\_,_\rs/ y

X

\(aiw'v-& Cet . Leorvd\d& A l&oﬂ\'\ﬁm
Okl fune biom 4o vuke  prrcticiven

\'\\’{)0'\-\'\(3\5
Size:—> h j___l> ectiwed e ?“Q?
#b&k(oow\s —r
HON do We (epresen W& YA = Side

X2 = & bdcoowny

WY = G + Gxq1 6%

wre h(’()':“é),"x,‘
Gy e e

C— = '\
‘/\O() = Z_ 9& TXe 0 Where X =1 6 X
4= 0

awg’(’KSl Seduces n= A feedugeg

C\‘s (W) % (; m = # ‘\mmues exaw‘;\es (rOWS)
o. \& J K = X (K\\l) = 'f(“\\ﬂ\\"% exq'm‘ale

'L y = C)u;\-fu\



Q) '
( X ‘I yC\)) =i .l""u’l '\'m.\\ﬁi\‘&'emwek

A
><2= 2404 , X5 3

¥ o= A4

/U(M, ngCV‘ X dof\ase\\ Wow do \e \eam/fuk 1he ewwe{us ) 2

Lhoose O o they his) 2 N '(ur fkm\wu& exawmple .
Choos< yalnes /( w Cost fuudiol.,
ok & bWy Muwiwmipe (I'IC&(“) ‘-‘/\Z = SGCJ)

/ i=0

wmalee watM gagiec squgred 1pss {uncdion
Why do e use he squace foss Z

T\Ae S,Cluqc*‘d e(coc {orces MCX) avch Yy 1o wedch | H LIS
W\‘\V\i\M‘Q-cck o U=V , \_F Poss'\ble Gue) 1S almys
7 0 because 1% \S Scfuqre 0§ « (eel humbes Y-V,

"\}‘A*-; 1 dhe Stiutc.:rd loss {:umd\ov‘ belter Lo others e
\§ yous doda dues wet ik ol poiuis &cocdly ji.e. LG~y
is Weges O foc Sowe ?o‘m‘( W Madiec whel B you choose
(as 1% wilt alway s \/lq‘)Pcv\ ™ ?cm-\"se) tbed wighk be due s
vo\se | lb\ awy (OW‘(”EX S\/.s’tew\ -H/le:e will be Wiawy Swall
'\V\degemolavu-\ Causes Ew e diffetevce beluwee., hix) oo,
CWNSN:M-\ €rrof | tuiitowmeudoal '@dﬂ&)-



ACCO& d'\\l\i 40 lhe Cewdcal [iwmi} Thepsem | fUe Hofal wmeise
wWould b  dickri buted Mot welly =D We wawt 4o ?’ltk fue begy
or f «{-ukiuS Fuis Moise Aiskribution Iy atcound

AS.SV\W\L R = \A(X)—YI -\l/«e, (Jc\r'\- of N 4hal Y our model
Cavi vk exp\qi\al ollows  Aoswal disdribu)iow N Cp o)

T\Ae. A/ocwo\\ digkribudiom Was fwo Qu-mwe\us
(SyStemcaic esfod of

,U :—EL@l - -M{{:z(lﬂ¢£)<\3_\/.\ OUr  Mrgsugewtesss |
Lp Jo  Cotcect ’V', gtg'&: 0
otz ELR? T =2 Sy V)5

T\nc bes\ ()rfd.\-c{ 0¢ S .\.\AQ G\ne CTO\\»dnw. efro = WoOvse )
Wwithh Ake dtgWiesy  disheibuyiow (s walles\ yoriavice)

afoumer ke (de*c\ec} \Iﬁl\‘/‘Q -

4 ¢ o Cavedl ey oaW
2() =2 out

Qeadient  deccownd ([(as-\- Weeiw SﬁUaceg a[&oﬁ‘\'\/\w)

Stack Witk Sowe talue of B (soy6 =0)

ere c\no\mi(m‘\ 2, | Ui\ \Ao()e{u“y, e (ouverge Ao o Uc\ue
Of 9 "\’\M‘n\ \M-i\l\“ﬂ'l-}_cs 1(9)-

A = LPQI\Ai\A& (de

Oy = & - g

CT‘/\'\S uedo\‘\e s 5‘\Wu\\°t\n<ous\y P«fbﬂMed ﬂ:r all yedueg
0‘: &= O{ ooy V\) ; Tc\kes feeeq\co“»l o Step iV the ceclion
of sleepesh odecrease of .



b -

B(cau (e
OW

: ol
G\S — 'o-‘-q\"' 1[9)
\w\m, 1s LS mivug L

d
ate S0 is tle  dicedion of clouge (steepuesy.

Fyra ot 8=0- & slope a4 4he
poivis , 3B will glecremse: 0¢=0:0€
4. 2... O('(Z) = 4.9
2. 4-0-(-2) = 4.1

—t » O

e s+ 0 =6 + & - slope , thew  K(6) will imcrease.



[V\ Ocdes ‘\0 in(e Wom\ '\'\ﬂ? c\\ 0('\'\L‘M,"\k \/ng ’\o wo:k oy
Wwhay (s the fdr'\\'&\ Ao live term, ouv dhe r\'&‘ﬂ-\' side:

Lc-\s {\’(5‘\ Wock % ouk -foc owe *ro;\\a{vui exqule, S0 WX

i ) - ;‘é‘ 1 (=) - v)?

d
- 2-% ‘(h(k)“? ) i a@(l"g(")"Y)
; d*)
= (h(’g)"Y) : 755 Cgo Mo 10 %, +.. Q\n'k"-y)

All of thece Aecms o wot
= (hey =y ) - X0 depewd aw B = Coust. =50

E ek {wle&‘xs‘ => Xy

E:r a s‘m&\e +rq'm'\u1 CXQ\M(P\( : Hag VES  us Jbe
updale (wle:

6;\ 3 Q& + & C)’d) T l,,erm)) .xgi)

This le is Callech  tue  [MS updlule fale | aud 18 also
Kuoww as the Widtow=Hoff [eacuing rule .

T\Aefe afe AWo Ways 1 wodify {his wekhod {os c\'{cq'\uim%
Sek O‘Q wiove {-\MM ouwe €x awPlc.



R e Qeoc\ uu\ Cowu e:ieu ce { (&ﬁ\‘-\'\ t‘godi VAt dlec( Qv\'\-]

6\8 r G\S + & i:Z-A ( l"gc "d)) - )/m) . Xi.‘) 1({0: evey &)

i / Abdcw = 4 n{fq'\aiux exawmgpke

DiSﬂd\lqu\OSe: we haye 4o cleuled € {Le sum ovtr w
M o o do owe Sk
€ w s Ny [ty L/fa).(m.oa)=> Very slow

MWere (S an alterncive 4o bedcln slodiewt  olescewt +ha
o Wocks Vety well . Cousidey He {6|lowiv& a\So\'H‘ﬂm.'

Z.Ooe { (S—\oc\ﬂas\ic_ ‘ic—uelcem’r
foc i=4... wr 3 Aescent )

O 8 5 Gy = )
S (foc euu'y's)

g

\w s q\&oc'\\-\/\m We (ceem-\cd\\/ (Uw ‘\'\M'OUK\/\ the 4rodumi
Sekr ;| awl each  Lime We eulountts o -HOGV\\'W:S e&aw‘\lc.l
We qu‘er § Le Pos Mekers  aleprrivg to dbe &(ﬁdi%* of
e ecror iYW cegpeed Yo dhak Sivice +'ali\d'|w$ exawmple only.



Whecea batew quockiewt  descewt Wag 0 scanm {heowgh

Hre euntice -\'ra'w“'m& ek be{:)ce -\qutv\i Q S'\ui‘e .S+I:|p ~ a costly
operstion if w ig lacge — sdocMaskic  qeediewt descewt Caw
shkork Yhe W(l(\l\& froiress r{slq-\- Ay | owh couliuves 4o weke
(no%mss wWth ey ekawele iy looks o 0{-\1\/1, Slochastic
3(ad&em’t descet | Gevs § “cloge" 4o the mivinmuwm fster
Yroav bakch ir:.ch'w\ deStewk - MD\A!\’M‘ 5(9) = Ao

g sXi ¢ cthownge => shog a\&on\%hw\

/UG(W\&\ equoitowmy

(tadievy  descewt {ives ué owe Wy fo wiviwmige
Ze-\‘s diS(uss a  Secomd Uay o-f dg'\u% So/ "'\d; +ivne etrf'sr-
brivg  the Wi 2ediow exgicly oud Wil Cesocting o
av  \Yreqotive a\\&of'\\-hm, ‘V\ -‘-\aig \Me.\\nuk, we will wmiuimize
AN ‘07 explicirly -\akws Vg decivadives Wil (especd 40 fle
Q‘;s (0w Sie-‘«&w'nw5 Abems Yo 2ero . o euable Uste de dhig
Wik Uoul \Mw(m& Yo Weite (eslms of algebr awd Poges full of
madrices of aegivatives ‘\e-\r‘s intcoduce Sowe usietionn for
doivy Calculus Wikl wie krices.

MQ’\(({ checiyudivec

WX W
f-OY < {u\;\c\iom F W\ —">R, We de{'\ua the dfr'\VﬂhVe
of € wih (especk to A Ao be:

dg . de T
VA GCA) = df‘M . °‘/:\4u

4F 4f

d,'l‘ul - .d_v;-n




T\Aus ) Y Vie l"&mel'l'th-\ UA F(A) S HsdfE G mxw Wweed 1k,
Whos e (i\'&) - elewmevd (g CK‘G/O( A\l .

gu——

'FO(' EKQWPlel &4‘)‘005( A =ZAJM Am
At A2y

WMed ' X Ounoh '\‘Ac F\ch‘*iov {: w\z—)P\ \s &I'Jc\n by

s o 2by 2
CAYy = -‘-BZ-AM+ S'A..%L YA, Ay

Ue -“ae\,. ‘Ao;\,t:

3
VRET SR i A

A‘zz AZJI

A(Wled Wt the fools of weteix Aeriuativey [e4 us wow
?ﬂchd o F\‘wd (v closed ~form the  yulue of 6 {\ed waiwg~
W‘.\Z-es 1(_-6) We bc:gv reudhwl 3 W Meteix - vectorial
WoXaXiow,

Qiven o traming  Set; define dhe desiqu  Wedeix X 4o
Le the m X W Wmedfix  AhaX  Cownmdaimg the “‘f«i\r\i\ni
exqw,‘)lest ;\V\Pu’t Vaurvables W (dY (ows




A‘.SD,\P_-\- }; be {he . —dimeusSional Vector COwI-m'miwl
all fhe -\ar&c*r Values from the ‘\'foﬁv\\'ug sei

(1) )
{_Z"’

~v
I\

\
— / -

/Uow, Sivte heckm) = C XG))‘ ’ 9, We cavr €asily
Vﬁr\‘;\/ YUk

T;rn)". 9\[ ym\
S A e N I
Lx )0’_\ ),(h)

1]

\_\40( . M\') ~y (A‘)-)

L\46 (X (“‘5 —7(“!

T\dus u.siwi j\\ﬂc {ac\ Flhek -(or o Vecdos 2, We
oge Had 272 - S 22

l(e) - '{21' ;(M‘“ci\) — 7(&\ )Z
gl G Giy\T () ¢y
= 5 Uhgts®) =y YL (g (x ) ~y<")



Fi\r\c\\\\/ / Yo wmiviwmize Y, led's {iw‘} S deciyudive
WIS\ (espect fo & . l-\euce,
A ~
5,30 = 7 Z(x0-5)" (x6-3)
= 5 - V,((x8x — (xe\"5 -3T(x0)+ 575

s XT~><9 —AT‘S?:..,..

Thus, dhe value of 6 4led wininazes 8) is Rive,
i Clowed {QI'W by ile 81(,«;‘{1'0\4
T

e = (XT'X)_4'K ;



Locally weishted & Logistic feqressio,

A
X
>\\r>‘>‘ e =2 S'\(Q'\&\"‘\ (ivie woul
7 WX ko ()ro\ﬁJe. a qoed {i-\-
" ‘V\S“‘QQJ we add owv exim %c.’mxc
X xL owd £} v = By eq-x:fez-xl,

the we obdein o slightly betts

N
N&fvc\\/, X w&\,\-\ seewa thay the Woce features We odd,
tue bebbes. Poweyer dhere 15 olss o dawes (W adeing oo
Wiaey featwres . Lyen, “"AQ\A&\« the filted uoe pesses -\\arov.k\a the
dada ()et€ec-¥\7, We Wodd Uok  expect s Ao be a Vﬂ}&ocd

chelfc Yor of | Sy, ’/'Ov.s't\n& ‘)riceséy) fof all dimrer.) l\'\ﬁv:'s
areus ().

Sjirm's\n\ \\ue = UV‘W{:{HW‘S liv\ Wiy, 1be date
cleart, SMawg  Shruciwe Lot fc:pweu\
b}’ {Ue  warkd.

xS - Feokees = al«r&- I+ iwg

\V\ -\-\Ae Or\'&'\w\ lineacr ceicess\ovu a\&or'r\\nw\ , A wuke o

Qredfc.’n‘o\,. a¥ a qusy Fomsf x (ice. 4o evalunk hix), we
Luov HZ

A. F¥ 6 40 mivimize E;Cy(‘)"eTX(;‘)l.

L. (uwpl 67 x



\V\ (om¥osk , the ‘0(&\\\, \aleii\ﬂ\tc’ liner (¢ gressiow a\iui‘”'w.
does Yue {-Zo“owius :

. \ . 4 2
A Fit B o mimize > W (7"‘_,6T-><“5.

2,- Ouk Qu\ OT' X '\tr&w\l txamgle ‘)rcdu'(-litl\u
\ / (9(ekioy
Wheee W™ is o wegded fametion , (£ ]xP = x| is swat,
Mea W i close do 4. If IxP-xl s b"&)"'\"e"'

W {¢ close 4o 0.

lotedly, weic\teh (ecce $.Si0 s
i (.Y O

i Patameteic” \Muimx algorithn, (finear reglessiow)
- FX a fiven gt of Porawmetus (6,) 4o data,
v Mo wotier ‘Aow \:ij Yous +rq¢uiu1 Lk $ \/ou -F\ {he
MMQ(S.T(AEV\ you (ouled emse {he whole -h‘Q'luqusa{-
andk Walke Oredickiong &us\- h&'w\i $le f)q'b.me:ltrs..

/-Ikre )«OU heedd o (&ee? Wece
)

|
Now = posorwe fei léc\iM(Vt% o«logri’chw v (ot weightedt).

. A(M.OU\M\ of dq'\C‘A’ e&(&wc'\!rs You vieed o keo,p
i(Q\)JS \t‘\»\ge‘;\7 WI\\A Side oF dc."q.
. Ho* &r e’y fof’ ‘9\3 Ja-\o\ S‘-‘\S



0< W' ¢ 1,

To eyaluae W ot @ Certau X:
(B L% B to minjmize Cost fumc-
‘\'i()\ﬂ \ RC’\U-IM e';‘;
,0(0\\7 Iamfl\n"ted 2
fix 0 4o Winimite {he wmodified
Cost {uudu‘o\n.z w'. (7"’—0"')(';") :

1=

Where wm is o we«'&\.\ wctiov .
w ( CK“)")()Z
Y - -

W=E = exp z

\§ '*m -x| s S\ WD 4, x is fhe loedion where
We Wank o walke a fredic-‘i.o\a. xm is \\4: Iu(u\- x for Ahe
-\ iroi\uiv\i examgde W dells e how MuchWe shigul >y
A ttulion to the yolues of CXG>,7(\)) whe .F.'-H\'ui dbe line.

L\A"ﬁ\' daees lOLa\\sl We\&\’l“fd ¢ Q&VQSSiOV\ do 2— .
\¢ am esawp)e XN i e foom X =D W« 0
\E o extiwple x9 4s cose b0 ¥ = WA 4

Twe  sum 15 Shew  essewraly oir dhe dtpway Abad ore clee
Y0 5. TTecws Mok Wi wuWiplied by 0 dissappeny.

preo{cc\i ()8

X Weighk for Yok xm



How Ao we chuose Sve idth 2

(Ao
"C‘ = bowd w(d.\\,‘l (ovAols Wow ciqick\y Ahe
(ue\'&\.\-\' of a '\m“mi\ak exawmple {al\s off
()
(i) _ __ (%" = 3)

DC?CV\d'\ui ow Yhe Udice o€ T, Wwe (am  clhoose o
Lakkes or Slivmer \oell Shapeok cucve . Wwicn causes you
o look  iw o b'\&&&r OF nacrowes lividow  iw geds b
Peade Now wany weashy excamples Yo uge w owker fo il
Yo straigh liwe.

U"“’t (iq We Use '“AQ Sslmoce_d 2¢(of 1w Jr\«g CSB‘\"((AmdevZ'._

ASﬁuMc Mee i o Frue Price of a house
Gy = T ¢i) Ci) Gy .
> = 6 x t+ £ ) Whee £77 is an ecrol
Tewr  Yual tucludes Uumodelled effetds &+ rauwdowm ueise
_ Uge weal distri'bution
ASSUM( Lok éc‘) 1S Aisder buyed N (O, s )
The ()robu\pil\'\q deusity :

ant
e - demortsd) A LU




T\n'\s '\\MP\'\es "

)
Gives X auar Thela, wbod 1s M probubilily of a pactiwlac

Vopuse's peice 1 .y
Q ( Gy _ BT‘XH’)I) Wiga\g

Al ~*7
'P C,(ﬂ l x(‘: ) - = Cx"-'( - =
¥\|miwt.{

....> ”'XMIH A /V[BT c.l )

(|a ssification

X by Clagsifitalion »> v € f047 (Awo casses)

X DA

—_—
X

A()()\sl‘ma \\'\4{“ ('e%r'eSS'\o\n & Vied o &oud jdecy

0.5 > N (oul\d I'(‘Ol' exawmple {-\-\ a
7 1 Straight Iwe Like s auv Hacech~
e Vidd it o Q.5 an, \L{“S ab ove

% 0.y will be cunded off 10 1 ond

E\A{*I'\\Ai“s beldw 4uv 0.



Led's wow cousiote ¥t Same dodaget bl iuclude o
G AR

XKdXA x
oS

7._.

X

DO\L Yo Y  ouMies , our \ivg dnifds aus the
Vaalme  wif\ Mo ass \3\4«-} Mace s\ d Q.\ﬂm.bc 5. Tuig
(esealhq v Gur Wedel uy) wak g e afe ClSSuv«p'\\CMJ :

A\m\\nc: e otwgle W< L& fails. [ulliag 0w e

X

We can easih, sec fvo b X wlue  Wold &-c\ A\
‘/-Ua(uc whaichh 1S &Ito\\u- \lbow .



A
Zbi\y\\c (egessjm_ 3(7'-‘)= |+e¥
Siiwbicl {uchriov:

As we coutd see & doesw!{ weke [
Seuse -FM' by (x) fo fuke Ualueg lereerdbon, 4 g5 Swedis $uan 0
whea  we  kow Y y € §0,43 3% 4

k-
We wank Iy () € JO, 2
£ t My lx [/:L Jo

== >

hg (<) = (67x) = 14e®™ Z

?(*/:/‘ I)( ) = qu()()
P( y: 0, X ) - /’_ ldo ()\) CYQN';S -\-\Mx ‘™ Oue, Sivce

toe, kuow flay Y &€ {Uﬂj

N
P(\/\X,g) = \/‘H(k])’ : (/"‘l’!bb()) 4‘7

A’SjU\M\'\A& -\'\Aor‘r we afe lAOlu\'ug 4 ‘\'m(ui\.cs exaw‘ok_g) e
Can -\‘L?w wele down Hae Likefibioed of due poramelers ag

L(B) = p(31%;0)
_ ;!—J—va“’lx“’,‘“

-6

= __}T(\do Cx“’)yﬁ) (1= hylx?) ’ )



[} s easies 4o wosimize e [og Likelihopd :
=> i vy log (b ) (4= M) - log ( A=bylx “)
Now we veed Y0 choose a D 4o wasiwize £(8) ¢
Z—PA(&DH\\AW Bokcha SEedind  0scen
AR URI i

LC-’-‘_S Stacd b\/ Nwhiwi Wwith st Ove ’\tq‘miwi example (x,y)
G “dake olesivatives 40 decive '\L‘E SA0chastic &md{oh\-
qm\n‘\ (u\e B

LR TN N






