[image: image1.jpg]@ UNIVERSITY OF
&, ALBERTA
CMPUT 466/551 - Machine Learning

Winter 2006
Department of Computing Science
University of Alberta

Instructor: Dalc Schuurmans, Ath409, x2-4806, dale@cs.ualberta.ca

L. Leammj JF}\CW\/ o Bias-Var jance

Stud.ed  reveral /Zam,‘,\ﬁ a%wlﬁ\ms

Specitic repreytntal) ous for xvy

h!x=Yy
H
TpecFc eror Lunchpns "‘"’(1;/7)
Algocitnm,e 5
How 4o wmmk he b
Givea &,y - Heur>

Conptalioazl ; - .
onputationd complesihy ndractab, | 7‘7, hevri st s

gu’f /‘6511[51 (oqcerned Lp/}ﬂ’l fﬂ’l‘f"”‘ /, ?vﬁ(/'o»\

Lrth
fﬁpm/ torcern o Covpuitaton



[image: image2.jpg]L&/un,\«i ﬁr vgt’»\tm//'ﬁ#,‘eﬂ“] performance

Evaluale learner b\/ imq/,ﬂ of ["Y/’V\“‘CI‘”
Eunluat Hy/ﬂf"\(i(’s by @MAMLL/ of ifs /Nﬁ/,'“l,‘,,,,_y

£ valuak f/‘fd; chous 10‘,/ Eff(\; %)

Ab)‘{f’w% Vidw DF Lunchon }earn/'\j
tha t fﬁy\o/‘C_S COm/oLT/%)LA‘@w\

i

Leawrner /5 just « rap

{romn 4%'/1.\/7 Jﬁ&lu,f«/w(f fo hc//w)‘(rzjtr

&y
D[l S hi A=Y

r

(x*, \(r>

161) . random ?Aarv()(cj

Asiune g -P,'xgt(‘)‘of/\f’ di st b fon E‘Y

Pl — <0

P‘f(x

f

I'4

Cach baining ianplC a5 - -4,

/s olreawn /V@glwwﬁy Vo By
So are fulvee dest Ganples



[image: image3.jpg]typothesis  h naps X5 v us Learne L maps &4 8 1y 4o b

G
E,Qw‘;)l\/ of a  hypothes’s L Lo pmn 4‘%%%7 surplec o size
= expeciedd predic Foow ercor
/ ) parsibly +fa:m‘7 sels
= £ treCh&) Y J
Xy / | Aistd
2 e,
Ej L_[ﬂﬂ_f_[fb_ﬂ,oi tinloy
' ‘YV"‘P(FS
Exy trc(h)y) '
= By 1(her # ) \U’
> Py (b1 #Y) o
o v
fg. neal yalucd predichio- - o5t
h, over
)_:1(7 err ﬂ\/%),v) = hypolheses
\J} i
= Je ) /l’lU) - n oists o,
k/ V) lest erto Eyy €f"(”1&i[x\l\/) hypothesis emprs
n "
Yroa @O Ex;y; f’f/'(l/)_x,-v 0(,’),\/,3 = ;IZ,:. 6’7/‘)’{{1, \lq‘)



[image: image4.jpg]&\Aal.i\/ of a lerner [
Delecmaed oy the distributbon Hut e

evner induces over  hypothesss erors

wi 3 e« denxﬁ,? of
b . '
T hyp. epeded ecran

0 hypothess  ploled enor

One goed Swemany of qualiky
= €ypecled Wypotnesis apoked e,
= Exy Exy éf/’(fy! Cx»/n,j
7 P )
"k oy

9

Nate -

—_—

Coddl Lok At Yals A didriboibon
Pﬂ (&y err/l:,):,Z «l ) >a/)
fastad of )‘qr} expected  value

L:,xx E/’»y N//ﬁ_’.‘ZM\/ 7)

Will also  exwmmne  txpeded dtaning &vor

Efi Ex:v: W’P(hi‘ﬁ & LY >
1

N ¥ B
= £y 42 oelhy o))



[image: image5.jpg]Aaalys's of eapected error Aside (L1 Dptimal Jeast squacts predeton

e

A ssumnme ff'/‘(\//‘l‘f) = /l; '7)1

Glven dirtrilbution of y s ) wWhat /s the
best jmfjf ¢ that Pinm7e S 24{3605/40/ foof)

i /
Assame W closed under lineur comboiqhions

o For aay ¢ *
and limts (e, a tlosed linear Space))

o = _ 2
Assume  learaer Mini i zes ‘/*/m'/u‘ﬂﬂ reor - ty (c-v)
2]
A ! 2 Z 12 t» (C _; (
%_"Y = QWﬁV"‘/M tj(l‘f,' (W":“%J 7 B \/ \/)
» e H r Ey(‘? ’Y)l
d . 2 - . P
= argen 17 (- y) S e s 5,69
e H bias variance
© p'hw?u( c* 2 _\7 ) Dran ges 19[&3

c auﬁ do an\/fh/’hj oloput [/q/,’g(_‘(‘(



[image: image6.jpg]For a 7&\5/@( d.’ﬁﬁlowﬁag PW

the Optmal /r\eﬂ(,\e)(,bv\ Lunchon s

%,92)(\ == E(\/’K)

Sinte this minni#C 6{@1’5%6&( )‘/in:C/f oo ~
at el X

T Comdld gual ngech‘f’ba iy the et squares
precletor

/490{0/@2

-

Vectors

—

veekor VY, A

IV I = Z‘:, Y,'Z
Qs TN

defnss ijfz
Qr%o?own/-\/l\f : Lj\y}:v

0{(1//\1/\ o Z‘: [\/; —'4/“)l

S (¥ ¥ Y

< linaar combimtions

Functions Yo

R are ke Wclors

Funetons

funchon fix )

n:W

<7/£j> = [ F[ij(() O{ﬁ(

S Ex A9
l‘/i(%h’-\éf Gll«u)l-e
Oﬁhﬂjwd \C.Ljfdft‘j>=0

dlfq) = f(«‘”m %M&

j(qhgﬁ. ,ﬁz, - ‘FL?

defives a clored Ui S

i

e ]mel,\f comdoalion kS

deFines a closed lreqr ﬂ(mchz



[image: image7.jpg]iskos Bsaiing ; AMK/yS of é{p(&%@( error (qjq\}\)

Pt of fiesla oechen of 4 oo H Assume  edfy) = (f -5)"
—\_;5 = q;:jr‘w"\ p{(l/ 4 ) {H = Wgwm d({‘[fl \ ’
veS he 4 '

Yroreehon Abporen Projection theocem Assame  H  closed undev liner (ombinfrcus
and limts (le a closed linear qu(f/

for oy veS ﬁoram, he
y-ys L ¥ fefy L b
ie. g j(ﬁ poive J5 =8 Asuae  learner mininazes ‘F/‘ﬂl)lmy anrer
n (x) = X =
Z -y 0 I " o :
E, (P - £, ) bixy =0 by 7 g Lx,y' (I/}/I,\*L/I‘J
= e :
1
Pipbagortnn Hotorsn, Biepres, Thowy; 2w L g (i-y)
for fny Kég for MV hel he H

dleny = dery » dif )
EXGE(,\-Lm)Z = L, ()= G
FEL ([h&\ ’M)}L

2 Ve
- do vy sl



[image: image8.jpg]- |
OF all functions  hiy= Eylt) minmses Ex/“lwf Therelwre
u ” Z
Eo (Wi -v)® = “noine L [h'@ -y)
" I
(onsider clored linear hypothesss spece H - by (Weey )
. 4
Let W = ﬂ:j'“'“ EKV(L{‘)'\AL FE (W - 1«”&)
A
. A

PMp/m', Loy pm)‘ecﬁem of h oo M

ﬂr‘ao{“. l,]% = Wﬁr‘wn E)(L/ /l"{l)’yjz

he H " ” g
= wges L /hm = Lo+ he -y)
he Y 4
_ *
s Amgria lf)(»/ (L‘(’)‘)"D‘]J&
Letf 4 " A°
b2 By M-l )it <)

b By Wl -y
T g £ (b - W)

he H
V4
p-d
T'r\mJ{ ;S/ L]X = I’\H

OfrH'W'l olor i H
not st

approxiematisa error



[image: image9.jpg]New coasder /@ec‘fu( error of lerners Mﬂj . N"t{ '. E‘y (17 M(M 'y)l : £ /1/] ey )

2 .
Exy Ex (lj\q(x/—y) L does erd depenid o )lmm,a\g Jajs Xy

77 l/:/S ‘}fﬂl‘f‘vr‘f‘l? eror /v MV\M 9/715”(5710"
w( o0pt mad l/tyf,o#\gﬂ 0n {f’:mé\j oty

9[ <xpecled oror 0 fost Example

01‘”"’"’96 oves )mwn'vﬁ ‘Ti\uemer Alsor Ly Ay qm,'m\/ﬁ Tt ’-(j
’ z
T E,, Rey-v)
= Exy E/(\/ (l’\ ("\’\f} i .
h 2 A
- © x 2 - o (X, y 0 )
+ Efy ﬁmf (l’)!‘y(ﬂ-lx&)) Er,y,(%fy >/ .
_ y ¥l A
. epesics e M By (ln*/x; §i= h’x_y/«ﬂw
o Py fursondn Hhn, /
( by ﬂmj(’d«oﬁ sy )
ﬁno/ qu ootqq 1L{/\‘\-,
= Ex> ([,1 *(Xl % jl o,#m‘(.:yf e AH /ﬂ“ﬁ
oy " P
L E - - i = g \ ) 2
ol E (hﬁtm = }q"m} o — Pecal| xy v?eH Exzv,’ (b\@(,)_w



[image: image10.jpg]Thert fore -

Eoy Exy (huyryf ot
= " (]m_”l a Ll o Coasides how quantikes chanse a5 use
lncrea e ffm/n}mj Somple j(%{ 71
2 e Varitncer oOltcrase woth increasing
c 3 " , ¥ tinin L 9
s 2 tx,v, ( i‘j(x,')‘\/,) L’rro(j OLH:I . “N&Lﬂl/{ p\/pOﬁler.'S SRR S
5t
m;: hypetheis v opbimer| est eror o H ﬂayf constant
< A A ¥ al in ' i (
+ }:fi Ex; /"\5_7[)(;\ “MX;)) LZ;;Z (bies) test - bpecled  hypethens lrovn evor icpares

2T0C
@ Tials \‘Mpl,\({
= = A X 2
+ tl‘y Cx (J’\X \i(/( B L\(,(/) \/ﬂm@a —
_ @ hp- dest gror

®

L mwediale (OnTeRUL aCL

U’f{{/‘w‘ kst eror a H ]

oxpe ded OPJ“M/ expecled @
vwww;i,« b eti(# > im)/ o s b
Yoct - - Yrain e ced.

frcor b i 20090 R A

%mmwj sample 57



[image: image11.jpg]REFERENCES

Oves g cocves

(oasider how/ q/uvmfw'%'as zw\mﬁe A5 wl  herearc
the complexity  of g hypothesis Dpace Sect 2.4 CA_G(D i

e Optmal fost eror in decranses

HaCHc’ Tibsk.‘rw\“ Friedngon (01]

v expecied Yraining  tror decrecses

v vaAligece  IACraaes

{pmal FesT
DN’M +§/’0{‘ ‘n b

Cxpecied
{rain evpr

2t




