Tntroduction o Machine LEOJLn?r')ﬂ .

Machine Leanntrg 3n o gerenol oense afews Lo the culmiration eé ubzd—u.l.r doka_
obtctred  (rom a?ven doko_ to be able to Procens Pr'&v?ou.:;ly uNnseen caped
of the some cokegory. A good Leaxner whould e able +o generalie. daka,

and this on .Jv_u.“rul_n,d o an  Snduckfee -M.maon?nd.

Great care must be token to enswa thot only meanigful data. & befrg extracted,
and ot the pr‘ope:zt?eb tyhSeh axa &avou:nble b; chonct, ke tn the

p?seon Superstition exo.mﬁe,.

Ho.v?ns prior khomle,dae, mﬂm‘d?”ﬂ the propesty o Ctu.n_bbnon greatly helps 1o
deduca. (ohethex the %\dor‘mat‘f’on gn wedul, or mob. The lax obtofre d dua
to prfor knowle,dae I35 called Inducttve bBfon, However, lnv?ns @ Veny otgtd

prfor moken the Jeanning to be Lexs qll&“fble-

* S_upo:.v?se,d Lenm_nﬁ-ﬁi—

The 'b'o-?n?na dota. PPOV?ded hox addrEonal ?.nd-or‘ﬂﬂl:?on than the ‘I:col:?rg dota_ )
Such ax lobels {df ?r-ﬂ whot the given pictusa represents. TThis odditforal

dﬁhl. "SLLP&V‘:S&:" -th& ._Lgm?na PI"OC‘.EhEn_’ hencn, 'Hf Name .

x Unsuperieed Leamning i~

No d’.’“uu.hc& betwoeer ‘l:rn?m?ng and “:ﬂb{:?rﬂclnl:m- The oltawTEhm ~hee do o d:'nd dobsfvlfmﬁfbm

by ‘T.ESeU.. Clu.bl:o\frﬁ oOL dota. el Go a_-l;yp?mt exarple.
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* Ri?nd,m-cment Lea_vm?na_

Tru?n'?ns examplen Corta’s more 'fn(}orrrn’c?on Han teo{:?rﬂ exampes. [his velves the
Qsent ?.n’ccv_od:Trﬁ uhith the enPronment $ha. Trefl-and - error manner. &

amd_ exompledOr 7% woutd e Q‘Lﬂmm?rj.

— Other Clo.bs'?d feabfors Prclude -

o ACIIV& GDC{- PCLbS'Ve»

- Active [eawrmex rﬁqlm te when the agest ocE?uel; seeks &or‘ &e&dbo.r;k and upey Poput
Farssve Leannens usuolly do Pefthen

» Helpfulnese of teachere

- Humans tying to undarstand tobwa con be labelled o mbuwa be?ns a_ pangie
teachen, oo matwe Stmply doesnt cosw wobot hurmors ds .

— A secusity software leoxning by deally 10fth hackens would modil the hockens
odversiol teachenn, and they ack an " Lonrsk-cave ” training scerario.

OHtne. w2 Bokeh Leonn‘ﬁ-ﬁ_

- Bateh leonning wsually bos longe amounts 0& doka_ Jor the a\c]ent to learn Jrom
before makdng the ol coll ; whexar onlre deasinihg sugufres the agent

to g'iw_ answern on te 90, mah.?rg mistakes ap & leonnn
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Formol model, — Nomenclabusee.

* fDor'ﬁo.?n Set -

A st X Wb contafw all the obje_d:s we Wb to Lobel. Zoch element ©n
X S» h’_Prebenth. by o vedbor od U dml:uau.b

* Lobel Set -

+ Riset Y ukich cortalw oll posstble Lobels that every element & X may be

Quoarxde d.

o

nrﬁd{:tb&'r

* ,I’Yl?ﬁ

A {trite sequence qb pairs, Lohew each pafr & X <Y Lkool-u?rﬁ ok wupenvised Jeo.nn?n\z))

which Hhe o.aenb o accers to .

*x Leannes's Outpuk -

* B funckfon h:X—>Y obtained from anolyging the trafning daka.
Tre unction S aleo called an cloxsiffen, predfcbor, Hymsthesis o oo prediction rula -

o Lebt the -’cm?n?ra doka_ be STuen by S, the Pred?ctor obtefred 8o J‘LO,PJUL):EI\EE.d as A(8)
whew A' & dhe pradictor.

*  Dalo- S@_n@togfon modp_,l_'.—

+ He sk ansume e Unstorces §n X o amou;d:ad Voo seme pdt D, and thot thow o
o "correct” LchlL%ﬂ &w\d:?on d»:X—>V. Both 'DJd- arg  unkrouon ﬁoﬂ\&Oﬁ&_’x_‘b_ The

'l:r‘a?n?nj data. B obinfhed by d:.tn.?n?ns o sample 1€ X ond Lu:?rg & 12 8&{: Az correct

Label .
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* Meopuww od— Succens -
The ervor ¢ o cloxsiffer Ss the probabs?ltly that the Jobel Ghen by the ogent doennkalfyn

with the "tru label”. T 8o supresented by .

Lo, = P [h@ + &@] = D({z!¢#he })
J .
Loss 0&— edSmodoe b Pob. that E)\/ LOTUSJ worike
D-dfskr of 2 h+ ¢ ol 4D
(}— .\Er-u.n. &M\CHM"

L S atoo known oo sk, %Chenal?éoﬁ'or\ eyor, trua evor ., eke

+ However,, the o,aentfnb ro idea whob the \aluas of D, ¢ v} S0 the true eswor
canok be. coleulabed by the ogent. e thexafore de(]l?ne Empesfesl esvor
LLb?na the -l:rofl’ra doln. 0o &-@U.owa -

_,.,no.%.x‘: Whe b
Jo Wrong

7 Lgth) = ‘ {te[m:l : b+ y:

empencal L Mk m

b& h
We thus try to miofmfe the empeaical risk. The proces f Com?na up With on estimator
to rfefmiy empeddial rik & Empodiol Rik Mitmiztfon (ERM). Howeven, tHe does

hlva SOme Problems.

Pobem Ouerffitfg ~ " I & too good 4o be frue, f probobly .

Considen. tre estProdor hE) = f:  FueSandz=a
0 ; obhowsse

The entfmator con be ween 1o have e,mpan‘(col ercor 0n 2pns, meonwhile Wa tru exxor
s 05, which & horr?ble. Such a phenomenon Whexe the eotPmator an&orm Clmo-é?r\ﬁ\y

well Lotth trfn deka, builooorl/ outede. ;| S» colled on OVm.qlf’H:?rﬂ-
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* ERM U.b?rﬁ Trducte Bos i.‘—

Suose Hhak you defre o et of forctons, H , i pr hraoleclje. of the problem. fleo, Supposz
+Hot he H, Ovenf?tisg does, rot occuse. From His blas, we can choose on estimator beH
wuch that HeH; L(M2LuP) | te) the ERM for h 2o the least.

+ Theufere, the problem row becomes choasing 0. proper. seb H, and. proving
that o\/erudﬁ’ct?r\ﬂ connolt occuse dor oy element .

- Ao understand that mcﬁﬁ the s%e of H proted® us agofinic QV&FH:'?nJ

ot H‘w_ cosk DJ— J\&O-"Lﬁ?ﬁﬂ bEcom?nj SUH (—I'ﬁdﬂ'o“ L)

- TThe SFrnpleﬂ: restrictfon on the set H would be to make l{:(\n"nfte. We. vl how show Htet
ERMy wil b oveny®t § H & (}?n‘-’{:&) provided thet the ‘i:r‘o?n‘u’na somple. & SmH‘?c?erfl:[y

Lanae_. We make the Jolloutng reonondble assumption to ofd ub.

* Reolfyobiltly Assumptfon =
MH, FHeH suhthot L (60,
In words, therw efsks an estimator dor every set whose true rih S zpn0. Note
that this tntwn fmdfes bt the empeital sk & 2000 O woell _for eveny ERM
x The Ui-d avgurmptfon -

Al points In S oxe samped independorstly d-rom the tru distSbutfsn, D.

« Becouse the comple S & o mutoxioke RV, by extension, ouwr ERMg estmalor

would be a swundom vasdable ox well, wheh Means thak the trae Msh o RY)
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- Rs the true rfsh S oo R, we con only tolk b tews of probobilitfes now. e deffe o
dew teme—
1y Conftdence. Parnmekern-(1—§)
Tt § 3o the probobflity of cbtafmg o bad Sarmple, (-6) o the con}. paameken
2) Aecuoey ponameber - €
hs  1otEn \S,&G%))e 3o sofd o be a fdflusa, woheras <€ S5 sotd to be

&Ppr‘ox?nnl:ely Corred-

+ e would Johe the upper. bound of P[{Sx - I-DS’S\) ’e}] to be low-
prob. o+ ad&?rﬁ bod S.

, o) =0
Let the et qf bod hypotheres be %?veh by Hg = {he H: %,&Lh) > éj me@&i%ok?rﬁ\
-~ oV’ ©

odd?tierally deffre m?sleﬁd?ra gamples M = ‘[51 3 he He, L =O}
- U {5: L=ol
heHp
e wonted to fid Pﬁs‘ L 6> €3] from ualighfon omgumptin
@a have ot L(h)=0 . LB a_U@ 4
> s L el ¢ ™

p[{s}: La}l'@>é}] < P[U {S: LsLh)=0}]

he He

‘5 S PBS:\—SU\%OK]

hetg

P(Ave) < PlA)+ (D)
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Result

Coroll ohz

S?mf'?h'i’rs RHS -
2 PELS:\-SLH%OEJ ¥ P[{s:vzes, h@=¢@}]

hetg heHB

2T P[Hmux)_] -5 U I- L® < S TL-¢)

heHg xeS hel, ©eS
B i Z(l_ej“

Now, wee tok (I-€)£€°

5 e ¢ X E™ - el e m €™

heHg heHg

The probability of a&kt‘?rj a bod sarple fo copped by lHle'me (m= \SD
> PES: L-Dleths)> 69 < IHIQ—e)'“ < IHle'"‘e

Let 6€(0,1) ond €> O, Leb'm' be an %\t&aﬂt which Sotieffes =

m > l_-gﬂ('“'/ﬁ)

E
Then, &0" any l,obf;”-"rq (}unt‘ifm 'd-' ond any dfstrSbutn 'D" whera the rwea[?aab‘i’l?{:y

QbSumpl:?m I'\dde aor- o SQmPIe' S o} SEY' m, we have 'H‘D-l:

L 5)2 € usty prokatsty atieant (1-6)

Thot &, the mimimum S?g— o} the Sample that O 1o be taken o hove o ConJ-?dancP.

of (1-8) wfth error € & o L\mwm}b
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