Ko
logs ~p

'Percef_ﬁ% w**mgmwl Z

Pote: Perceptron al

.—Zpé" Y,',X-)
- feu s 2,

pmaxgc -

eh'#ab wax, vh.?msm 37p&rplan<é~kn<4go

o way clossin ba‘u/a Mwm
N Z:J“'dllﬂ S M“*éa"‘/ J-»r“d‘ﬁx x4
¢ leernelised 49 = max fo, —V/ L J’{(( g e b¢ X}f
skenelised percepiron: A7 g mm y,an S
Lincar Sy ‘(‘H'mduq” sc) hewrol i Py P
Z g actonaa
W= AN 30 Ay, fendute sdectin

Iote: wzsﬂkq weax, mou- mh

eleerneliced SUM: o=

o Matticlase »One—ve - M we
elass Wi e elase:

s One~vs-One: Trmin ¢
clagses aud lof

L:nmr ression
w s Fetf: ard

RS,
Yoo “led’ y €T P il " w

Ia- r._,

‘”“1":/«/, wh;

é r Tlaiie *
7 il wfo {=
so{vec bomf\/ [4551

4 459( L8, one

2 ANy
b

A form sol. wr* —(XTX*/\'lLT"XTy

Laﬁlﬁ‘{"é ?g}k%ram ﬂmm! ),"h‘,fw‘(ﬂk,) A ‘,.‘4.,‘.: y .: T P

gy r¥= S" in .
Lote: For / ;5{7:
A/

“Jeenn-cli

«lagiafic mn(."P ! ww'eﬁ

.,//afefﬁ?
W 4ssum¢ Bernowlli nojzes ’f’(

£ ESTINA e
m 4// %e re:{ e prob whick «:oigwuus
vssien: o

X

of Yhe model

"yWK

HLE: Get Lagistig foge Léo)
Gmot’ma'f VwLév) —//(/{-w»r Tx) (—yx) -—'FZ | xw (’yk)

MAP: ad r7‘ +he MAP e etimaite,
SEchs%c Conit M@ s 7
;‘Tﬁ*m—*‘£4~ avi Grot ‘nmy Thm Ay ) Wa & [ag, W=

= ?( Jq-ﬁ:‘ pcm" /X' NeD & —19»« 7‘/‘4,,,,,44, el wri {i} P _{ at

ranelpy, (bl tc

Phen = Wy Ve ey ’(
bble M/JZan%ﬁé?zts péeheds (/) Iy,

& py= 1L Le. mvmenic pro rzss:on)
l(»mea?qgﬁw)ﬁ(—w/‘,% L

,“,,‘ L b/./l

+ AW S e

z-aég({(f«p(y%i
&rid(w %) ‘/ﬂ'txp( yac)

' U+ ep Dk

r%rfss/o MA/{; wn Alqncea’ -h‘ammg alrta
mﬂac‘f &#houﬁ(a%s

o5

& el

wh«r«: e < ;ew» nd cate
o ) 7 9/<eS

Jrg“’ J '{éi‘{" ")g
-Hf( ch%t{’wr wl {ar5¢<;4 confilence]:
ﬁr 44 .(Pmr é(

Linada: Satz. Se A Stpmshr - /h4r‘m Hana
G)A hc} e recle EW: G-)EI/% yerse,, gﬂ/sma/ )Mﬁ.ru/ or*‘ho;zm
Eor: (Fscl«‘rz Ene. ﬁymm l‘j’t‘h‘lé e et Gema i pos

w, p=174 o 4 1)
Km-cmw Im:‘amsw( sl wckst:‘(d""ﬂ’ "—Mé L,
(A) Siam le =l +le.
(z Hy;:‘h ‘A\m‘-f,:sn [cc);‘k‘; 5f kk{ Z (xf(
(B) Seali s le {, 3«414 . (x x% >0
| @) Mapping: le (o,8) = Llle,, (2 S e

’ MM:A/
Brawples of kan.dsh‘g« Eﬁ:% 4ol
+Lin eeonels k(xxf =sx!
s Palynsymial lernel: ke Exise) = BBee )X
«Gaussiaa (RBE, g o,o)ll&m&/ lc(kx)) exp il / )
 Sigmeisl feanls) leeonels Fanla (ke xTx' b lo=$’ap¢
Ar i Jcrﬁl y&rﬂ/ﬂk‘/‘u/ e sampetiten it galivhar {«\ wudbiclass
prediict by: o= F 74 regression

1-4 i L (wTy) b = 5 ) classif ca.fl-wt
cach unt j on ’-#xe, Fpat L Lt
(.S ,Z?_F) WLz Z(P) (L;, .F)V

“‘Tﬁf
r mh Gl i au et LA
Far eaclh M,4Jon ﬁz{ [’—’L‘V{ ~A: A8
0z Zistaeren, wiih o shene 25 2y
\% @)=t €q§ﬁ4uﬁj ;lv::: g ,g-hc idlolesl oy Wy b ol Firee npts
g, <3 The ou-%pu:l naoron 18 o, linee wnt andl we ace usivg Mg
1souared eror cost {'.«_w‘ =(y-£)% /.43,.5.%; .&f— 41(%)—4/(,«.(27,9())
() P ahon: h =di)
Vo -

74¢fouf\’

eoitfive cceﬁf’s e

-vaw\ C'}\on 7

!"'=

pro
W= w;‘x,‘.,.wf;?, gy,
- J

GV E

bdbxl (Satichic
e if’m% )’P(

l;l/eizv 2, amﬁﬁz 5&92

_“' ,‘m,p Uz
wE

-—"’ ‘{'V’(Hv/,‘DX* ¢{V"(f‘¢vu’< y

i‘*?(:)* y?(y??zs'/)’ T '/

75’ (B2) tucce DBy FPCBIAITA)

=T{x ?SBI =, ( X
Chain prle: ”;a ?( fy) zy),, 2 @/ j&) 7 Rébo= ?yﬁw() £Ripx)
*Eglimate priac: 'P(V—\,) Cut(Y=y)/n

+Estimate {¢4.+ul‘¢ Mg‘f‘nbﬁho'—v ﬁz:« «,)—U(x;,,ay;,o;‘) HLE P»l«,)

. whete /u, ;= Ay )
i—//onL ‘/—'17 =7 ( - r/
O Ty Traict: Ty oSBT |
" _Mﬁ.&yg 4?:01- ", ,,;‘ ga,ﬁ‘s} vzat‘{:?; s - -'Dtnmu‘-m A—"?LET’ ayz f -'P %4) (I—Zé?(Y—O)J 7)
@) lntialise clusher o 5 % Data: D & =
/X)” _c_‘fl S‘Aﬁlﬁu ()mrn— M?m54 € /‘(l. ”“k +‘l ) T,r.' gz m« JET éJ” “‘(’f P)“‘
< g e 7 hw “‘“‘f"" = ngfes(plrnolegltpls,, - etiee)
(ﬂm Stip's Update coilies as mean of a5 ianedl data points (g,[lf,/p)) o /(AP
O o, /u o2z X7, M= lEx | 23] “Hpourts of cluster | Rem B ﬁwcs are coua(a‘mn/ﬁ/wdtw 5:\«4«: V:
vk—u;mw m;-l-,aksadim : L ‘2; X,/{‘/; %y Pl :-Hn a’b f, dibe %
Nstact gtk ravdom paint as ccy‘"a" xamp 204, i) [ i Ay tEATN
&gl c«""bfrx. o d‘&;f)w' Lrom dhe diadriontion ectiviate PlY=A)= ?/'/=¢) "@ B (i d11=2)<l6 it PO~ 4T 'ﬁf"j’i
/})( ke )= //?l i,(.., J—-,g} !(k(—)é(‘;[fé E’fnahnah‘,»‘hmr.ca‘-‘ geé E" 05) V'ef'(,—, f Given a new f—kmpl-( h(q"'l’l )( =, =)( —/dt‘la‘hﬁ&ﬂt
/(-6(14&/5 . w*‘z FLagip? ) 'Z PYes =i} ‘the gma/[,gg/* #-% res of S AL e hinwan rt e no'F couﬁu#( o (Hae
el ercep d@'—m’«;mm m‘\x(o - ,M Nier (kix )) mlfas{wmb‘zr slxvemfbe a \C‘uuﬁm o{'g-ﬂlt cont Cpylm)
Kerne] SV ~ wranin NI aax (O, A= RTL)+ S TKat Plp=it) = =
where L= ['74 l((’“.,*,,‘) ,"/nk(X Xn) VQLM—A
Preolict . ’;E:s M(Z,;,,al% o /2 A\ TK na"‘ﬁ»«'!f 61 (i
Lecnel lincar Tegressan: V-“"-3“""( K 7/ 7zt Aot i "
Claged {aew solution: o= (K + )l-ﬂ T2 2 ’")M
Predicd I:Y y= Z’fﬂ ot 1((:( x) T3 ""*, r. Y= -xrs;«qxﬁ (,_
d”¢( e, O Ihitalise U= Wy = O ) 1/"/ ol ' s ( ("“‘ i3
(D For £242,... do i ?)25:; )/:(;P - <V.1(L,,:- “%?[V [)( )( >( g )20
P d_,ﬁq et m,{w e, 4,0(‘ vily at roudow g pese for Sonie €x, poslzr:cr = A=, z~»’(7, & =
'*Jc, & 7 qﬁﬁ(%nfwreiam4cm-fb;ﬁmj;:h5ﬁ 64:‘7011 ovj &*M
SOy set ve Jhe clisice behieen frastin < r;rqq,lcm 2 l(uu«vdc)f‘r‘i“
%@rﬁuﬂ =+ Thda sc::':x —~rA k.zrvuf isafof L X X+ T8 mm( S G, + ,5,&994’ ccr Pl (e af doe
> & Sy V’)\-)-:’GX k()( x’)_[((x‘ ) m:um«.«ses -&1; ’ag{a& (.(ef o;@? N
(5) Pos,. Semi- del’: Fardm/ " Awt/ sef S=5x,. x,,,Z,C)( e beaonel Vst w;(a(crr Plolx) = PLAT Alely) e
(Graud matrine | _ k(’f.r,xd iy, *n7> T"JM almindefl)ie. »lf::w set: A 24 0.0% 9 Ay +4],
w25a) = Y Oneyin)) o ho s H-—w lan; Costly a)=1c,cc.,,
(A) Ew of Kare >o ( 2(‘( w(d by Sermpctr 7 E’fa‘f"ﬂ P .*’\4 =1x 7 :
(B)Vwéf Wl 2O = _, 2 o(_rn,_ o’—;.,,g,_/,}}l = (%) o
) Hawphuinsren-leibecivm feir Definitluelt: Calgaorial Lhive

Far <ine Symm Matrix /4‘3/(""'5 i

A pes. Aef

&= d’d“ (Ag) -~ O -Pfl»\(‘

le=4,...

»

MLEP| =< ly ): (x
’?reﬂ(&‘f* y= “rﬁ""»‘?

\'?

\ S dﬂsﬁ}ﬁerﬂ; il
MLE’:(PX(X) ’P{sz = ent(lf= e

N o safliciety
P & /a el &z)

7 ~Y[X k_,, <&y

3;, PROTA /RPN s P P

< Ca-py)e,, <&y <=7 Py % Cinr & Ciy 244 G

-7 fé [@m~cV iy, Cnfem]= I 5—.‘ Hoe £<—,o<ul¢4/ cesd is pinimine
flg WbﬁZ&-:}Cousda Jhe <lass pior Aistr, Pl /x) neduae thot the

coot 't for classifyivg a redevard wescage 43 rf‘rc(¢wtrf/ /s larger Hhan the

costt £ of classi iag A zrr-e/cmm‘l messagqe oo relevand. The copd of

lass 4 < 23 eHl Vo be zeco How Hoes the clagsification rube
it AN e AT o’
Jron sd RS ALy#d] a=S
1 e = A =4
C"iy_ﬁ'ﬂéﬁu ey, A p? ) Hw A0y¥a] a
-r = -43'2.“[1 /745504 Afa= 4_]+f74 i an,.o_]’

H
%’J‘ ‘~4 éf"‘-«(_{ﬁ—ad? G_{Cé R g <
ferpeflf |- G Pl leelien

-€‘4,4n-.r( are IMW'F

*
&=

e

=)

4 ﬁ.:w <o

?Ca?gr :g?umc Yk
i G i <] 3
R o X

«Estivnad oistr.: =
prim A//c:j(v.:) y,-;& i3 = 00 //{7'

= Ve
.’Pr.a,((g,—f ?:’./f,a ( ’7) )J‘ZQM;M J_j’?(y Jv) Ple) —1
U:* 2 M HW mh c«/uﬁcr a5 a prejoak MY a/msfr (¢3 é\«m&n?a»ssa«)

i i, [lectihasdl of a":‘ﬁq is: 'P(‘Dre) ,., ’P(‘D‘
?z’emmra)- w; P(D|S; =TT 0 v& ca) L(D;©)

CL chrs +o m:mmu ne /‘3— lileelihoodl,
—zmesﬁ-/ (D es»-—/e (r w%(/a?) & log(Fa;P(c;|9)))

sclore Moozl %9

< (81 =70lu Z) = 20 ?(xz =2lu, Zw)= §PE= 2,0 bil2i=2 4 Zw)
Ly uzz /(a -? wmt PO s a Causajan Baes c&sg,ﬁd. ©B<)

ﬁ 6 lab.gl & y;,m
/4m~ tHarol-EM: fu.faﬁ; “;olaramdé(s PreAjed post /r/“! clss fer e »
m« Cam (b dits coftl, Yrese labele. Cemfw"c m-.t,a»rﬂa GBC 7?.?«44

r'n ialise parcmeters.

leniate 2l m-&mﬂrsh:
Pler |21 9 -*2?@ 9#3 Plx; |2+ 6" 4)79(; [o71)
be;; 6%1) T TR Pl ‘)‘P(z,, 7

éa‘\

E-s-rcp
Y= ’P(z, !x, 5 9’5")

Za, /“’z
. i Va; ()‘) sz ‘17
_J”( )
i shep: it Sl Ha_po :
g )* "“Zﬁj;mgf “%Zﬁiw 191)1- ooy el ]
SE ,,,,'P(k 2; {n;)lx,,,, Ll Es,, T v? (x,/: Jen| P “’]
"=1i—4 ;5 40“% (Pl Ie))lx 0“ =% =-/>(-, VleglPlx.z;16)
58 -4f5mz‘zi' 2“’<))°3 iz o) ri )’U()«)x.
w'fd"; ""r\;[’(> ov A, r} )
- -—— " s
Z:f"’ e ot d

; : Ye
/&,%?é Chargr -’polz Doda nat il £ Dosct e#ock on/ dep&r‘(f:«n curnent state,

W We fave o sﬁ;dmﬁ stade Yo with P Y
a prebabil n‘yior e neset stade: TLT 7 7/- Yot
Sequcnce l,m-e-.‘vl-t Hepen e sr.w: k las% ‘l’"’ 1
(el i r‘/éz“?(‘fem e krﬂ&‘] ))(ézmbz._g f‘t-’f’atc-!/{v ha(s:«pwvxs¢4//arnm5
t4

eriori esh
oun A o vaate Z /x) 105(?(1" /x‘/a»

HA‘?MMJ{ ar /Y;’;‘»v 1)“" {ﬂ)( -2 ‘
a e il Plews, Faeesfn X e P, w)
gy /‘fnlﬁu,» > &'P@m""’% ,X4"">("rw)

’P(“’/",n -0 Ky Yy -v'f»)“
4 n fd
Y= 4/@(4~ )

4(‘3!0“ Wi

LU () Perivatives of activation
*Sigee iol: plz)=Atveqp (- ?))

220 4, B7C

M‘FJL'"M( Unt (Z¢w) ‘(@}'— 0 pwnl/tﬁll' (((ﬁ’ié): Ak 244
Y ol d-vorm: iy = Zica x| @ oz y
ull:.;—nonm ")({/I’ "_ E-;Jw)f ]’ I 8 o }
Havleov Chaine &) P ;C‘? =2 ’P?; Y )= Z/T" (o LA

i b '—“) " ‘Ht Ll z

e 1,$#"Pro 1,{7 g/}{’i! n%#"f? e L'7”1&;/’~ ‘M w
Wuyﬂl ta sheww: 77( %,V.; r"fs)—?(‘f&f 75)7"( ‘7’4’ VF) i < on1fia 2 J0

(‘oa \ {4 5, /5 il V(.{ély4 \/%‘ NP t{,r_ 2 ? ﬁ’g, '{5 L%fr,’{i_,

: 7(',\/4’\(5' ,P(Va

Pl I YPA
=Plel Ply,

5
41 -/f.\

Xi=e ly) = fﬁ%ﬁ%ﬁ PN+ 2 Lo (Pily))
() = "‘"".'» @('1‘)"1;?(’”‘1) ,Qrswwx o« a0 Ll £



M

/ﬂraba bilities L%F_aﬁzéw‘w’c% a)

e frr Cur)= Fyuc

X—x) ﬁ( *)

*Pages. cwrhnwéu?) b ly /X“X)A(X) il

Fopp Ul V—y) =
» Hath; plilea ﬁamsr

F 02—

I/AA’B] P[A%?&Pf?lﬂ?[/ﬂ
il Yoe: PIAB)= ?&]‘P{B]

%exaow Aiatribudion: { s
bi o

=X

[ &)= er explZ T T
""f’{;fﬁvar‘ml—c na‘rm%/a/»eh‘ )(""/Ué“ Z)

Lo 6) = AN G2 AT (’ay(z besZ /x /))
CDF):

Cumufa‘/?v—é ﬂ/‘b

&)= //E?f'i

_{‘/2 a[/

f(m (/u’/) ¢{\/*—7, //) = R
/(—*méﬂ/ iays Loss. -Func-ﬁm L@)-— .'-‘-AJQ ki"’fi’/ﬁ'/(

arauin Z _ win
5 Al imaA f{l,

o/(-

[ ,k‘ A ”.4

itaege é

o%JWIS{

Uorma { a/re.‘{r X //&"ff'z /“)

W
gt
¥

) B

S

Y= '/“k]

W pweians A/ 5. @)lm*/m/tse clmekr ce«nlzrs
6‘7"[‘5&4( =4ty alla—uill,
(z)nﬂf,& /{¢ m,ea/,m(,ltll Z,—‘,) V e ol

M-

R =»4 1k,

‘D&( -h [ —/‘&I |
ivatiou _f 7/ ‘/Z.IL‘IZ)MQ@M Z] ,{/x, /Z‘/

AN
M= = -»rfi/ 1‘5

Fix -?.;.-J '"7/ﬂ

m.n
’%z-;_,

4\"6&‘1 VF

A i le;«

s-cfaralc coun pevm-wr/ —wiSe,

u(‘%m:n Z

A= R =

derive éw)% set do zero:

Z Zizya e f-/‘.e (/‘Zc

A
>id)- "-27/4(

- /(J[(A
i /’J,t/

(kig: /{,ﬂ 0|

"7/?:2‘ }A Xt EA 4 ["/{r? é)ﬂ x,p/ujjgf S

& My = vadlinn (eg, i:2;%]

%%‘%ﬁ%;w pelsoete % ‘ﬁ) Y

Lpid ,ﬁ;{&&»
c)k(»,c,) k‘gﬁ ?)'

= 44:4 -(444

/

(il )gfip, 7??
x) d»‘ (y)%? e )

o
B S Ap a0

Ropositions SVD:

X=0ZV [= /43[%) el

x,Ze o
U e TE“kW

Vélz

whe Ma

‘%‘lfg 4’15‘1))
v>3

)
ﬂévf%wm e

Nt E. {/ﬂ(lﬂr"?

) Ta.az{-or.c we !n-w< 0n.[ 4~a m&":dse P2 24,7 6):

Die-pol (*7

Ko The or?ﬁmzsa{vaw Fra«%m “'5’“'."//Xw-7/(; adeits
o wuiigue ol only if or¥e VYietq. A28 male(92 full.
?rap_ Conve \5'045 laed clhech! wanoler adldition Yaus show

Moot eact decmn 1o conver l«aukay)l

(Safy: Sei L e LD Dpun'st L Smau ;éww Uonves |

wonn {520 (£0) far el .

5447 (/—ftmw) S« ,’(’ (a )—’f éow/@(aﬂauu 3:#

ber’whz.ge Teke .. ,)g)éé b)L Zaliley O, - £, ¢ /
HEb)e Lt tan

/5 <onpEX

Wewr:(Jensea % E) < ¢ 2 dancave: wffj)%[% B
?mf XK+ Ao has g”%vvz.//a/ﬂ’am belsa, Ix/bo
=) XAy /Mu@r*(zb ey
'Pr Qe' M foﬁ Sdome %K =P mhcre Fal:-liz‘lzgomy . !
7?66" {abwcf lwmd) =3 X 2= ><4-4x 2=k slaz= Z<6<,>v‘ )z‘ _
(EM @'ﬁace J‘rld&) /[A/Fﬁ')é’ Cﬁ)A 2:04, TA)

o= (17
+r. 5 ¥ .
g%{i(za?fi) @Cﬁ 2z .f’f:'; c;?;ﬁ?/e ﬁ;ﬂ )2%4 M-step s U Y'J

optimising v ot Hie proamereas T A A
ﬂ (A, /‘3)‘* "Ek\ a’; CPleaig Xz, «q’—’;z \,]“ Elagzi0 rag(rw,?(\ 2 )]
i (il %;

by t/ y7 7 s . \b
,; Q/Z*./f Xck ) ) e, W’ ” = eoa (U10) Ny f: L expl-da)
= L,Q(zx(IXo( mg,(%/\ff—x 7:5%(,‘) / (} ; Tageey it

- 2 5
)iﬁ& e XZ(:L[; e a;w’? <zn‘ﬁ/pammkrs T Aahe,
e ale pammaas St o Zero, f i med dure
Wi, )m ol 4’21 lice +o c&feﬂmaﬂ‘ with deffecent midure wmf)dn&n'lsbad‘

ke dbesntt fup how feo cem’zwz Hie 1":5«»’1‘11«3 ma/ds Whot st eqy

wanlof :foh 54,,33.45-# }AW Shalsle “< dw&s-t

_Néompare log-lice! ool oof tise moalels o

E’“‘lﬂfk A? g)lw-{-)f m(‘;;/ms( E{‘Pxe) b»c‘~ 4&:;('6,“‘”[56 ug-{*-av{
xe 2% Gezle hewe PY=P ) 6%
= ?@@?r 23? le)= % ?2 ?bl (2:2::‘1:1

D108 ¢ *’J"S* ~._ré Zp 10 =Epf] /435 v Lié)ébf
- f/j-érd (gﬁj l (97 ,Z\Jf’f) L..mﬂ zb=h-o(‘-:;h-2r—?3
é _,.7 loale)-2, ’J 23 Qv(m
’ (‘.,pr? b§~ 05(1 fggfn)?' Q?I‘Sx‘;)"wﬁlyﬂ"‘}f"”s v_é'\v

) Conpu 9“" g"mxm@mﬁ L"wr‘!’ 9} 25(‘(4’"' ) .\‘ ‘E’(
/4 . &) /~}~L

k/ “— N/ Ly
.'r)cﬁz'pfkg {nd—u«%%#..q. XS p.,m,wg 4lbmmald,-;,h.bh+,f,ﬁ4@ €r>

Hick: 0 oft a bjin- distr, with m Yrials 2 ouccess probeblity p i pm
o 3“:2&*;4“ o e i e iale Lo prebrtip 20

= B My P, = OB

ou@w" frmﬂ ;pé 8= ﬂbm".’"*‘\f‘ QIS ol Pl [-)3 ’Jﬁ:f}?r,, ERISES [FORTN (B



