OueHABaHe Ha aNTOPUTHBM 33
MALMHHO 0by4yeHune

[ou. UBanno lNeHes

KaT. ,,KoMnoTbpHM HayKn U TexHonormm*



OLI,eHFIBaHe Ha XUTTOTE3d

* AKO Nnosiyd4eHaTa Xmrnote3a € C roJiitMa rpeLllka (OTK!'IOHFIBa ce
3HAYUTENHO OT KOPEKTHUTE CTOMHOCTU B OOYYUTENHUTE NPUMEPN),
npunarame cnegHuUTe Nnoaxoau:

* I3non3sBame nosevye obyynTenHu npumepm

* OnutBame c No-manbk bpon npomeHaunsu (feature)

e OnuTBame C AOMbBAHUTE/IHN NPOMEHNNBU

e OnuTBame C NOJIMHOMHU NPOMEHNANBU (OT MO-BMCOKA CTEMEH)

YBennyaBame UM HamassBamMe CTOMHOCTTa Ha NapameTbpa Ha
perynapusaumusaTta A



[lo-HaTaTbLWHO OUEeHABaHe Ha XMNoTe3aTa

* [locTpoeHaTa XxnunoTe3a Mmoxe aa 6bae ¢ Manka rpelka 3a obyymtenHurte
NAaHHU, HO Aa 6bAe HeTo4YHa (Mopaau npeTpeHupaHe - overfitting)

* Paszpename obyuymtenHmTe AaHHU Ha ABE MHOXeCTBa:
e ObyunTenHo mHoxecTBo (training set)
e TecToBO MHOKecTBO (test set)

* OBUKHOBEHO OBYYUTETHOTO MHOXKECTBO CbabpKa 70% OT AaHHUTE, @ TECTOBOTO
MHoXecTBo 30% OT AaHHUTE

* [pn Te3n MHOXKeCTBa NOCTPOABAHETO HA XMNOTe3aTa NPeMrHaBa Npe3 ABe CTbIKKU:
1. Ob6yyaBame 6 U MUHUMU3UPAME [i1-4in(0) C 0BYUMTENHOTO MHOXECTBO (training set)
2. W3uncnasame rpellKaTta c TECTOBOTO MHOXecTBo (test set)



N34ymcnasaHe Ha rpeLwlkaTa

* 33 IMHEeNHa perpecus

Mtest
_ (i) (1)
]test(g) — thest ; (hG (xttlest) o ytelst)z

* 33 KNacMPUKaLMOHHM 3a4a4U
err(hg(x),y) =1,ako0 hg(x) =2 05uy=0umn hyg(x) < 05uy =1
err(hg(x),y) = 0 B IpOTHUBEH Cy4au

[OpHMAT M3pas gaBa KaTo pe3yaTar 3a rpetkarta 1/0

¢ Cpe,u,HaTa rPeLWwkKa 3a TECTOBOTO MHOXECTBO NMNOKAa3Bd KakBa HYaCT OT TECTOBUTE

AaHHUM ca KnacuduumpaHm rpeLlHo
Mtest

z err(hg (ngé)st) ) Yt(el?st

=1

Test Error =
Miest



Ba)keH npobaem B MaLLMHHOTO 0by4veHme

price

ho(x) =60y + 012 +_9_2:r2
+ 935{?3 + H_LIJE

size

Rorato cme Hamepunu
CTOMHOCTUTE Ha NapameTpuTe
69,04, ..., 04 33 papeHo
MHOXeCTBO OT 0byynTenHu
NaHHM (training set), rpeLwkKaTa
332 TOBA MHOXXECTBO €
BEPOATHO Aa bbae No-masiKa B
CpaBHEHWE C rpeLlKaTa 3a
NPOWU3BONHN AAHHMN.



N360p Ha moaern

Kak na nsbepem noaxoAdll, mogen 3a xunoresara?

1. hg (x) — 90 + Hlx > 0(1) _)]test(e(l))
2. hg(x) = 0y + O1x + O,x7 - 0@ S, (6)
3. hg(x) =0y + 0,x + O,x? + O3x3

- 9 —>]test(9(3))

10. hg(x) = 6y + Oy + -+ O19x10  — Q0 - [, (6CQD)
BbBexKaame HOB NapameTsbp d — CTeNEH Ha NOJIMHOMa B MOAenNa
N3bupame moaen ¢ Han-HUCKa rpeLLlKa ]test(H(d))



N360p Ha moaern

* NU3bupame Hanpumep Oy + O1x + O,x2 + 03x3 + ,x* + O x>
* M3uncnaBame rpeLLKaTa 3a TeCTOBUTE AaHHM (test set) Jppsr (6))

e KaKk oa cme CUTYPHU, Ye rpellkaTa He € MaJika CaMo 33 TeCTOBUTE
NAaHHU (T.e., Ye HAMaA NpeTpeHnpaHe Ha AONbAHUTENHUA NapameTbp d
3a TeCTOBUTE AaHHMU)?



ObyunTenHn/BannampaLin/TecToBm AaHHM
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N34ymcnasaHe Ha rpeLllkn

* [pelKa 3a 0byuynTeNHUTE AAHHMU (ngining error)
1 . .
Jerain(0) = %Z(he (x) — y)2

* [pewkKa 3a BaAMampalmTe JaHHM 7%Cross validation error)

Jeo(8) = = (hg(x$) = y§))?
Vi=1
* [pewkKa 3a TECTOBUTE AaHHU (Test%rror)
test
Jeest(®) = 3= > (ha(x(2h) = )’

=1



ANropnTbm 3a M3D0P Ha MOAeNa Ha

XNMNOoTe3dTd

1. OnTumusmpame napameTtpute 6, n3non3Bamkmn obyuntenHure
AaHHMU (training set) 3a BCMYKKM NOAMHOMM (T.€. BCUYKM CTENEHMN)

2. Hammnpame moaen cbe cteneH Ha NoAnHoMa d C Han-MaJiKa rpeLlKa
3a Baauaupawmte aaHHu (cross validation set)

3. OueHsABaMe rpeLlKaTa Jip¢ (0(?), kbaeTo d — cTeneH Ha noAMHOMa

OT CTbMKa 2, U3N0N3BalKN TecToBUTE AaHHMU (test set)



Price

OTKNOHEeHMe 1 BapualmA

Size

90 + 91:17

High bias
(underfit)
)e!

Price

Size

O + 012 + Ooa?

”JUSt rightn
=L

Price

Size

O + Ohx + O22” + O32° + 0427

High variance
(overfit)
FUR



OTKNOHEHWE NN BaPWalUWNA

* [pewKknTe B NoNy4eHUTE NPOrHO3M MOraT Aa ce Ab/KaT Ha
oTK/NoHeHune (bias) nam Bapuauyma (variance)

* BucoKko oTknoHeHue npmnumHasa underfitting, a Bucoka Bapuauyusa
npuynHaBa overfitting. CtpemeXbT e xunoTte3arta Aa NOCTUra ,,31aTHa
cpena’“ mexxay Aserte.

* [pelwKaTa Npu oby4yeHMe HamanABa C YBe/IMYaBaHe Ha cTeneHTa d Ha
NnoJIMHOMA

* [pellKaTa Npun BaananupaHe HamanfAsa C yBesmyaBaHe Ha cTeneHTa d
10 HAKaKBa CTOMHOCT M HapacTBa Npu cneaBallo ysenmvyasaHe Ha d



OTKNOHEeHMe UK BapmaumA

* Mpu ronamo oTknoHeHne (underfitting) aBeTe cTOMHOCTU J;1 g7 (0) W
Jov(8) ca Bucokn, J,(0) = Jirqin(6)

* Mpu BUcoKa Bapuauma (overfitting) /;,-,;-,(6) ma HUCKa cTOMHOCT, a
J.,(8) e mHOro no-ronaima oT Jrqin (6)

Underfitting
J-Z'-':]Z-lh val -:!;1Ii:1r'.(e}
Overfitting
(high variance)

[ ‘l

Cost J(O)

-
d (polynome degree)
Optimal value for d




BanaHue Ha perynapusaumaTa Bbpxy
BapuaLMa N OTKJIOHEHME

Linear regression with regularization

Model: \h{:}(;ﬂ) = HU e ?—];;;; + ﬂz-rz + fj.j T3 4+ 042 4
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BanaHue Ha perynapusaumaTa Bbpxy
BapMauma U OTKJOHEHMEe

C HapacTBaHe Ha CTOMHOCTTa Ha NapameTbpa A KpuBaTa Ha XMnoTe3aTta cTaBa Nno-
nnocka. OT gpyra cTpaHa, Korato A npubnukasa 0, ce nony4yasa overfitting. Kak ga
n3bepem npaBuaHa CTOMHOCT Ha A? 3a U360p Ha Moden Ha XnnoTesaTta M Ha
CTOMHOCTTA A cnegBame CTbMKM:

1. Cob3aaBame CNUCHK CbeC cToMHOCTM A (Hanp. A =
{0,0.01,0.02,0.04,0.08,0.16,0.32,0.64,1.28,2.56,5.12,10.24})

2. Cb3pgaBame moaenu € pas/indHa cteneH Ha NOJIMHOMA
3. 3aBcsiKo A OT cNMCbKa 3a BCUYKM moaenn obydyaBame napametpute 6

4. W3uymcnasame rpellkaTa ¢ Banampallnte agaHHu 3a /., (6), nanonssaiku
obyuyeHute 0 (nonydyenun c 1), 6e3 perynapusauuma (r.e. npn A = 0)

5. W3bupame moaena c Ha-masiKa rpeLlka 3a Baamaupalumrte AaHHU

6. [llpunarame nsbpaHutTe moaenm n A Bbpxy TeCToBMTe AaHHMU 33 U3YUCAABAHE HA
Jiest(0), 32 Aa NpOBEPUM KaKBa e rpellkaTa npu Heno3HaTu AaHHK



KpnBK Ha 0Bby4eHMeTo

e ObyyeHMe Ha aNropuUTbM C ManKko AaHHu (Hanp. 1,2,3) necHo Lwe
noseae Ao rpetwka 0, 3aW0TO LWe ce Hamepu KpuBa, KoATo Aa
NPEeMKMUHAaBa NPe3 BCUYKMN TOYKU

* C yBesiM4aBaHe Ha obyyntenHuTe AaHHU rpeLlKaTa LWe HapacTBa

e Cnep HAKaKBa CTOMHOCT M Ha bpoA Ha obyuynTenHuTe AaHHU
rpelKaTa HAMa Aa HapacTBa NoBeye



[ ONAMO OTK/IOHEeHne

* Mlpy MaNKo 0BYUYNTENHUTE AAHHU - [1-4in (0) € Mmanka, J.,(0) e
ronama

* Mp¥ MHOTO OBYUYUTENHWN AAHHU - [1rgqin (0) 1 ], (8) ca ronemn,
Jerain(0) = ], (0)
* M3BOp, - aKO 06yuaBaLLMUAT aITOPUTBM € C FO/IAMO OTK/IOHEHME,

nobasAHeTo Ha HOBU AaHHM HAMA pa posepe oo nopobpeHune Ha
TOYHOCTTA Ha obyueHnerto



KprBa Ha 0Bby4YeHMETO NPW roaamMo
OTK/IOHEHME

More on Bilas vs, Variance
Typical learning curvefor high bias(at fixed model complexity):

2rror
|
I

! train error

desired performance

M (training set size)



[onAaMa BapmaumA

* Mpy MaNKo 0BYYNTENHU AAHHMU - [14in (0) € Manka, J.,(0) e ronama

* Mpy MHOTrO OBYUYUTENHWN AAHHM - [1-4in (B) HapacTBa ¢ yBennUBaHe Ha
OaHHUTE, a ], (8) Hamansaga. Jiqin(0) < J.,(0), HO pasnukaTa
MeKAay ABeTe 0CTaBa 3HaYMTeNHA

* N3BOA - aKO 06y4aBaLLMAT a/IFOPUTHBM € C FTONIAMa Bapuauums,
nobasaHeTo Ha HOBU AaHHKU MOMXKE pa poseae Ao noaobpeHUe Ha
TOYHOCTTA Ha obyueHnerto



KpnBa Ha oby4yeHMeTo npu ronama BapuaLma

Maore on Bias vs, Variance
Typical learning curve for high variance{at fixed model complexity):

ermror

desired periormance

Lrain enror

M {training sei size)



[TpenopbKu 3a NpuaaraHe Ha oby4asall
ANTOPUTHM

[la NpeAnonoK1Um, 4e CMe peannsnupanm perynspusnpaHa IMHENHa perpecusa 3a
npeAckasBaHe Ha UeHW Ha KbluK. [pr TecTBaHe Ha NOCTPOEHaTa XMNoTe3a ycTaHoBsABaMe,
Yye TA AaBa rosiima rpeLlka B nporHo3ute. KakBo MoXKem Aa HanpaBuMm, 3a Aa nogobpmum

TOYHOCTTA?

» [la usnonssame noseye obyyaBaln npumepwu (training examples) — cnpassame ce ¢
rofisma Bapuauusa

,EI,a N3Mnosi3Bame rno-masiko NnpomeHInBu (features) — CNpaBAmMe Ce C rosiifMa Bapmnaunai

,£I,a n3nosissame JONbAHUTENIHU NPOMEHIUBUN — CMpaBAMeE Ce C rONAMO OTK/IOHEHUE

[la u3nonssame AOMBAHUTENHWU MOAUHOMHU NPOMEHANBHU (X2, X5, X1 X, U Ap.) —

CNpaBsAME Ce C roJIAMO OTK/IOHEHME
e [la onutame HamansiBaHe Ha A - cnpaBAMe Ce C Fo/ISMO OTK/IOHEHUE
e [la onutame yBesinyaBaHe Ha A - cnpaBAMe ce C rosisma Bapuaums



—]

DEeNoOPBRU TTPU N3TMOJI3BAHE HAd HEBPOHHW
MPERNA

o"
napameTpu, BepoaTeH underfitting) BepoaTeH overfitting)

RGN

Heobxoanmm ca MmanKo M34ncneHums

Heobxoamumm ca nosevye U34ncneHus

Moxem aa nsnonssame perynapusauma, 3a ga ce
cnpasum c overfitting



