“) Byyes Decision ThOY Sproy 200%

How B ke plecisténs tn the Prgs?zzce
fy’ uﬁc\er%u?cfj 4

st-/oﬁ : gnd W £1 . Wiy
Kadaror Adetection oacrcraft.

Code 5/@1«@ . Decg/o-z‘c‘on.

Odserved Data. e X
SHate Y d { thelchosd j_[}(n(:é (O
P (x| 3) — CanAEHam( Aistribodu,
mode( how datp & ﬂehmdd.
alm /S'Pd. &g
EM j € (-1, l> chpﬁe { Bud
L e Z(—%—ly mea My .

vz’ EJ J Variakee ~" -

Salmn

L:‘_, y 1.5 Pb‘) m . Sf@éﬂsf
le apyth d 7 \\
ﬁ&. - .

=2 X

PCYly) =




(2 How to le<ide ge‘t Riss - Sulmen”
Moy umum Lckg(l,‘zoa/((ﬂl,) Airplane or Bird

¥unum Cikettoor _
Galeake il plxly)  ( pleida) 769
H P(X(\G l) 7 F(xld- -—() Jﬂec_dﬁ_

"H'frthSP y =-
Equtwdedlrj [o 37_(():)#;1) S50 -ltkelzhool
xy--'

Seems peasorable , bk what d
burds ane mere lzlze@ tean dLLr}O/ahag( e

Mugt dake v accowt bro
probubilly  ply=1), ply=-).

@A,«?wesfubr P(t‘jb() = 17(%17)]7[3)
P 7

probel Y Conditiond o obserurlisn
g ply=ilx) > ply=-1lx) a(ewtog =]

i) (9 eacoo
MoXwmum o Posp rigre CHap) 'jm.‘p W";L‘ 7y 1)



(3) Bnother Ingnediont
> whak does it cost Yu e

& mistabke ?
e, 5?1.”05’( dou Jec'cﬂe 5: |,~6u,+ 7‘94.1,51 &:-—L'

(€. yau may pay a bty poatly @ you
dec"mllz ik a g?f‘i w/é)n ok 03 aCdplane.
(Fascals Woogr : Bet on &od )

Pum(”j e\,eyg—(:ﬁ[@ 4»06«@(7;{@:/.
hl'cohhooﬂ’ftmoéw'n P (x lj) XéX,Jé)’

?T' LoV P ( Y )
ﬂLeCfSLI'n t“u,l.( oLCX) dé‘)e"f
lvgs ﬁneémq L(a(()()/y) :Z?l' 3! -:::l?;‘ia,:s?”
6. L(x@y)=0 , ¢ oAX)=y
L(9y)= | , Y 02y , al emrs penalged
+He Same.

ov 1 (et D , i( e ERY ,
T L A=l y=-N=10 PASCALS CASE

12 (d®)=-1,9=1) = 10,600,000,000 000
Y= 1, God exisls , y=-1, God oz w( exist,




(4

Al

[Ci s k.
e risk o& the Aecisiom rule
71, the éi_xﬁ?dcd loss.
K('O\): 2 LCOK(X)/y) P()(/:j)

I (Note  inigyaie [

Jd x u CM*knu:‘W.l]

-

MW

%35 [eciSwon, Theo Says
“pick b Aecision ru?e 3

) eohich

iz Hhe rislk ”
2 = Augrmo Kla) R(2)2RE)

e A VV R€A.
A = sel g all Aeusi rules

7\
A 1§ Banes Decision
€ (3) s Bageg Kisle




(5/ @gﬁus Kk

Baygg Rish (& Hre ;es-é o La]
Ao ,/ : (&) joubww plly)ply) £ LEr)
(6] /m an /am/asa"e f:ﬂ/&ag/ul?(og

e) Yo Can 47‘197/% Lhe losses

(e-4- gambli ker)
e gm{gr»zar/'::\'j @@a Aecs can o

o- seolu.emfe é 0466“'& X)--.-Xn

ok Slates Y- yn  whee
ecch (K4 ane indgmesdedly identic
AES‘{ribuTzﬂ( —fnm P(X/,H/)g ‘9 a!j

Bad — y you an pld\tj 1) a game amct an
l’ni—elltdf»ak owomd. (use Gume Theory afansleuo()
Bad - d_ary of (a),13),0),(d) ar LWinY

Nole = Cegative Sapilists  sludy whethe- peaple
nse decis mih@ . Kahuerman £ “Tverk argue el
pesple do ml — Prospect Theary. Debabblz




)  Beller  un Aef.slandmg 0()

Bapes Declsm Thew) -  Keexpress
V(AN = ; 3 L () Pbsy)
— > \
= Z PO i\ZJ Uabg)Ply %),

')’,eﬂl‘e ed'h ¥ _
é{%: AL H/()U 5 L(OL(X)/H) P{‘j IX)
oL (¥

O?ﬂam@ MAD 2 ML as specieal cases,
€{-VI} and e [exs et
Ponalizes ALl Crors equally
L (MX),&): I, za OL(X)éfj ,

= 9, otherwise

€4l ’\/
Tren )= A1 Ply=a6)Ix)
A pap eshnle

¢ also ply=D=ply=-1) , o

AGK) = ANS- HAX (X (Y=ot ML estub



4
(—7) E Xany ley D xlyle | o ():f.?]
Vaul e S
46 (-1 plyl=h J
L Ctx)y)=1 7 if x4y , =0 olrews.
e c\som
Baues Lule A ﬁwdﬁ
Aﬂe AlXK)= AME MK 1x~My] =) | 5 Bow
yéi-hd '
Suppos¢ X IS a vectw My M)
(i" 'M AU’HQWW$ lX-—M ,Z
o laig)= L o e X
2‘1"'62' N P
4 De(.'lS(':" & = - 3—”
Sep g —— . '
\ﬁt;‘/ﬂ‘% —7 ] y=- 5
- _ T=""/ _ X
|d J’(UD)"-)— et (X-1y) 2y (1) ‘ :
'ZTTIZJ)K * 71 ~ ,"‘\_‘
Canspions uidh L - 7=
uﬂefml Covariance. Decis”_—" ao~
Roundt's .




Liweas| in

fowe Desil ~ Y (R (214

Aespbel a

i

\ﬁii !

dézitl- (‘?t?va:nl oceyrs whee RO =)= Kl =),

W

Hewe  pabr_ shifke the S ".‘;‘4"':1_ Lane
-~

as
the

oy

(g P [4=1) | _ZL[Z-H_,S;“@%\) (

F(ﬁ ’3).: ' e . —
- . i w 2
vk e g, =

PlETy=-) 5 . zu 13* {4119
-Y¢x -L'!.)Z (e-p) ‘Ctnzel,
—;W_ = (El _&')'rz_-(r_ + t_—‘;-ll Z 4%

-4 &uTZ My

Hene ML rule /esh malyr cmes]amls 4 a rele. |

Clesfy ¥ as %'—' i

T ==\

Ve ey uiZH YR IR, 50

[’S—l-,i Y T T
g=ot - (ap) TE e p] TR ETE S

X1 @ pnof ply) Plyt> PP
lx) - (x13=1) Py =) :
%}2 - 3 P?Tm”)? =) (P‘té) el

- E(il:[:"o + Log P! 1) tu-the mtio.
3 pey=Y g =) < tadep § 2

BT+ Pls)

of -
(ﬂ.’l-&b ',Z ')'(' t l/z- t-(:l = pl‘,c-l)

055 Fnutun R(o)=1)= LL)Ply=) 1Y+ LOVA) Ply=-109

hen

K(d\(ﬂ‘hﬂ = { H) PLE=L W) 4 4 Gy-D) PY=alr) !

)= 1S ")‘)}’ P‘j =¥ = Ly - L( \,’I)} Plos-l\)t)
te when  log Pln=rly) = log { LEV) -L0,7)
3 f Lg-’--llZ) ’3 ( 1.‘!/‘” —L:;)j»'
7 ahdivomdd Shift f“"""‘
"3 i glae




(7
S Decisu
4”1(% whfm u\ S not mamg

V&“L"’[ﬁ —C4y- Y amw‘a/te M valueg
5 Y contvuous valued

i thi Chwe usualﬂ
() ue (-l B bm’ag classification

?'i?)‘() & < ],'Z. - -M> mu,H-i.-cl&S! C’/dSSZ‘F/a.tZM.
W)y € (=o8,00)  regrssion.

fooke:  machine leaming also addrsses cases

wheve ? = (3,/52 ; ,/v’o) iL o vecter

K1
Lé{ n,

but  +hic 1 beJtm( the sope Yi € $ 1% My
o Phi¢ Course’ y & (~=e0)



() Froblewm ) By Decision Thevyy
we usually Ao not lenoeo 1At
Aistribckoy P (ylX) and pPCx)
nsteed we buso daln  Ny= § (X9 EHA)

E€. We haw baulk vecords B) 1ncome ard
Savugs 7) N cuslomers ,and lonwo i(f ey
defathed or not.. 4 (X, 9):ic M)

s 7 T detaubled or
M&%‘y JP"‘“ or

Keb) Assu)’nplu{/l. )

- In ann Hachine Lﬂﬂw@ Fnbltfm
e aSSume % e data we observe U
genented by an (tubewn) prota bily Aistréss.

The datn Exanyle
P—‘J:ﬂl) / (—7-(2/57,) ) 2 é—‘”/fﬂ”)

are lkhpendm{ ,llen'-lilq% A 1stributed (iid)

Samples  from  PCXY),
We towit T sblain a Aeciston rube Y= oL(¥ Wiy
15 pook (e, small rist) fov all possible Samples 107
pLx 4) Cdﬁnemh’g{h&\) A decison rle wich hos
low Figk Jor by date exanples (memoriychipn) isnet gd ok



(1)

——

Al

w6 -

P

This suggests +wn  sbarleqies.

Wﬂ\ ¢ The Pobabilislic Agproach.

Use the Aeba {02,):i=t60) b lorn Prolabildy

#n‘w&ms p(x( anf,( L. Then 4”5 Bngu- Deasmﬂeuy.
£.6- P(:):\'%: '{,l&g\;u) luc:l[zatbg ﬁl,mh;,,c’
p) A) =1, 4=
P(D"»—I) ’-’Zl.ﬂ:[ ({"4) I%:l) :0,2[%{}9”',[ ‘
BHLn Msuqum Plxly=) = N Cp,, 2. VL)
0 Pegiy=D) = N (U 2) sormel = con
Moz Z Iy ) Raye 2 Tlyd) X
) V% Ty
R 7Y T lpe) (Rt (251
=] ] _‘_,-.
ETFT 2L L T Tl on ) ety
T 2 Ily=)
€. esmle e men ard Covarianes
ps5es Y= and ¢=-) r:si% ortly ~the dd'lﬂ assyne/
, Hok class (ef. agan x; b class y=17) Y:=1).
Mole:  Thit She bequws learn
T neametnc d»jdﬂ‘j lbn—élmm«dﬁd /mb%/ Aishelar

_—,' oe will Adisns, p,e"l'fld!_'ﬁ" /77.3 28
e laler lectures.

TN
\

]T




(I'LB 31’:&&33 [2): _@’(lstm icule

Leam the decisn vube y= &) duectly .
Defne the emprical risk Romp (o, %) = Yo FLLAEDYD .
This depends on fre Alaset @ Ky = 4 €%, Y):i=ten)
For example (bt not alwgys - see later lectuns).
sted Q) = agmun Kemp(a:i X

obwidioy -Owly  bther 4o learn Hhe Pz&bzlr'lg

distribdions i opur Aol gral is b oBlain Hee devsion rule I
dﬁ Yo v meke vauslaks wken
ledrn He probe Adrstributong — beauce tod “uang 4,
male aspwu,zh' aboit “thom (see ned” lectwns) which
be incorredt . Csee example o next Pege)
(Li)  you should conceutvate yeur efbrl

lﬁ pleal((ﬂ with the detn_tologh & hard b ~clessity,
R Ca ‘& hard ':bac[aSSifg i
cfzé- = —

S

X JL easy b c lissity the dete n reguons R ad K-

Cenise e WADTL (odain only U aid e xanpls Ieecticy)
S0 oar L o R2 (e cn)te cxesples)

s hould o
vut ﬁw. Pnbabt s-\-ul-eé toould P24 etlud a byt & LR




. A
(V) Pt o i Bl * | =_ T ¥ ge
Sugese we assune the — - X pady)
Avstrioutum P(i[g)an' daussians  — '1";)0%___0 2

% Gaussans 4re hon-rpbust N !

Outlipg i the dota — unliboly values f X — can
ik bf; chaﬂfs 1o the estvurta ¢f the vions and
Covanaizes ¢ She (aussiars.

E vaple:
hiad o T mean=2. 'I men=20
0 % S "‘...; ';_,

(8-t hawe b assume o raded (x1y) whe
tarn from data, - §) model 1S wmngfk-l’cgp ;zf?labs }"';"’l

Sl & We 4 learn Pl2Rly) our cshmate
6(] e men N%we , hewe (j-ﬂte;y Adeasisr bounds®)
Can be Corru."l'e'{ la\;’ oitliey ﬁ,ﬂm@ %m—hg bpw’d@-

Bub i tsteed , e Just searsh fic a limeor
Plane tut sepenstes the datafon =1 aud y=-
we only need 4 %Mﬁs Azta new

one a‘-[-ln"r_

—12

ke

e boundan) — ARy, Y
Ths i porhianevly helphl g " X,
hase litite doctt; as & usuely e =

the @ase. deci%on tandeny



[14)
We

By

mé

Fundamenlal Problem ¢] Hechine leaming
toant B fud ()4 MromiTe . lck R(:)

— that 1€ lrcetion .

it e ony lenow the M_El.rlhl risk l?m,p(d:%u)
9‘/ Hee M”ﬁb{. (XM: {C_‘)_(ilﬂo:f,c "Q’\n/

Fnling L) 4y minmeyg  Bonp (0 Xy)  may mly
’mort§s the Aulaset w?’lzlt i f’m{ whal wed(gmL.

Funﬁamml-d l:ésug’_ﬂm . the detrsel N, auush

n$

=

(e4

Let A

tovd . Samples from  PC2Y) .
ght . Ag dhe dataset gpch b{;mer N > o0, Hhe
é’mpcvz&( rsk C wnveraencesS W P’a&ézltg)—&,
the Fnﬂfs Ask. 1 RenplouXg) = R(X)
be 1he set oA al Adecisim pules
nt, WAP,) St’y(’n‘h;lﬂ planes, neas\ nesl‘bf') olecism "{WQS)
Now suppose N i lage cnoygh  so et
| Remp (%) - R 1 small ,ofr 4ll €A
e we cam Selezt & tule L = e R(3))
oA

avk be confidect hek
RCA) is che 4ty min R(L)

te. et Hhe rule o Loorksdcge"? on
ol datq «rm PI%Y) , Hhat it \/fnerahje,("_

How loM shald N be 7 14 dt’f?mﬁ on e Sed 4

i

Jeasin rules - Thic 1§ Mvanced Haterial.



(l 5) Wemon{a-l'm ‘L@Mh%bm Alvancel ’744"7«?

Reu\o ()= N 2 L(QLZX-),‘j‘)

- e L(-"L("“))m) E {
By lawcd ltge. numbus Rep () e RLA= 3 P%) Ly

g.i_cx 93 shnm%.mms C Chenmff, Samov ( nmess.,)
3 ) ve’
F,—Q[Kc..f(oﬁ] Wre) < e N

leve "< 8 @ N>-Llms 550
“ e'8®  [mien

50,-([ N$"_lﬂ$ ; ten woyth ?mb SI-§
-—ZC-O, < € ;7 Rlmst cerbin we can eslomale
%&‘2 AW’DM [Oﬂn'l PAC) -/ Jle rigk aa- =4 afm,, NSt %ka
uwt | e must cwmler many difderart rules Ze A
— ﬁ( si-mrltc:'l $u’yose Cae Consider a.-ﬁ_m-{e no,

0 Fubes v l-bH
(.0.47 Y&(

L)) e be. Iw 0
we Lom Rewy g oy h%é: ,‘,’;,b.‘iz,g

Booles lequaldy: @ (p'or ... arAt) € 2 Pia?)
let  P-LAY) bt prob thet lkenrlel )-RLoC')l pr
P £ Mb beagt one ribe AY hag cror aﬂemlw-tlm e\ .
¢ He "€ New wnépt;l “4:5”< ':8)
&
'ﬁ ”7[4(0‘1 “95\/ | then il Fmb?l—é
llem C«L') 'LL‘L”)\ C € 4f|yf al v=\‘hHH. ﬁjci

Hence nunbrﬁ cnm,kg needed grovos raptdly wilh, Y .‘Jg'?,,
T ocuray reqriael €, Certaidy S




Dewclon ule: X _—;Allfkh/w (LY,
Renp (2] smalk, bk R X brgy.
[€. bad pveALzﬁ@ new Jdakq .
Genevllgadon

% o decton e X sp that
emp lX) B s7mel, bt R CX) 13 Sweall.

In pmuHae _ crocs-validates .

{,Cxu‘j() L 16 N\{_
6 lean tho rule A
Yest sek ¢ (.Xj,:ﬁ): = b l"(’\/ —
L "o e rete &
Chome 2L S0 Lk %emp[:(\ 1S Sl ony

bith o by Set ond test seb .
How | restact the  possibelika o) < -

’lmm’wﬂ sek



A A o). Miz‘d

What Q) we have an ojoite
Gdamla €Y. e sot- dl &7{14%?14%45

The Vapnile—Chervowenles Lc ceunmsm Cle &
Aficte Peasue ﬁ e M § 2 hypollnic ¢ A .
Intoduce the concgt d Shallaring .

b hare n dea examplea (fecues /Jatiribale) (g:ity
b A-dim space. Wik genwd poithom assmphin Uaia dm{
l7e ot & lower A omensond sudspece), .

) ore 27 gm?ﬂe Aichrtomres ) ¥ dan —
s the exanplx itk hpo ¢ lsces A positie and ”‘8‘/“’

j_i:empdw%. s ;:;{;,sl .

e %Aﬁ 414551;}1?5 ] S"wl‘lﬁ: n exanﬂw.s e
m Space W ;o all dickiomies 4 He Addla
P o classifor 6, A wiich Clasie Ho did
‘% 0 e b 3 et 2D e are P i,
ot - [_'_": &m‘l% th
-~ } “w oo """Cybddia—

@ dicktony , b Can prd 2 sepam lane
tch Cld%t‘[’l‘a'ﬂg‘ datn Mﬂ% > P4 P l hﬂ’

Howe , we know thet we can  classry iy Aok
;M*Iaty before coe Cven (ook at K.

(17)




PAc

Advayced i/cciml‘
ﬁlrfwol clas A

The VC-dimenson d ;ig
[ Jéte may iy nunbn ﬁ ok o e

A . e this degends om-he dinensins of e Spoc=
Br se[)enr:l—l{j @pt’r’hna} tte
Ve dmensyy = A4 e V(=3 Ao
X Aum g Spe . planes in 2D Space,
s On ble¢ w -t Preove Theorems o
) ;'Z-t; S :;;L\:fm @Hf-ﬁ&z&e @?&mens@i  bat
‘Zk{m nonbr ) tlagsihen (g ples)

Fr CXd.m’Zl?/
wilh pob > B
R < Rawploch) =+ /) hlimznn) -4

N
Theorem whe h & He vC dimena «d A Frall A
P s e Jolel amaad 4 date.

foral:  In order 4 wrerallxe , you hare 1o
restruck the  Lomplexrly 3(@.-9: 'VC)EW) ¢ sl
ch%d-lm(you uge by -[1&1;3 by accomt B anowit of dil




