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Recap: {RE-BENE

- RE- D=6

A

Low Variance High Variance
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Recap: A ZEMEIREEN

° Reg I m e 1 - M Test error
. . Regime #2
 High Variance i m
* Sym pto m S /ﬂ\cceptable test error €
 Training error « Test error
- Training error < € freining error .

® TeSt error > e # Training instances

« Remedies
« Add more training data

« Reduce model complexity
« Complex models are prone to high variance

« Bagging
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Recap: A ZEMEIREEN

o Reg i me 2 - - Test error
 High Bias - m
) Sym pto ms /&cceptable test error €
 Training error > €
. Re me d | es Training error X
 Add features # Training instances

« Use more complex model
« kernelize, use non-linear models

« Boosting
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M=0 M=1 M=6 M=09
wi | 019 082 031 0.35
w? 127 799 232.37
wi -25.43 -5321.83
wk 1737  48568.31
wi -231639.30
wi 640042.26
wi -1061800.52
w¥ 1042400.18
wi -557682.99
wg 125201.43

10



IHISANIESR

s T EFESIEE RN HTSH W BX,
- B

- KR w EEEREEXERERES, lgnrER/)N, BZREKX,

- f5iE
» ST KA LIUWES I SHIEEZ—.

- FEIRSRERARER N — MIMOTR, FTLASH ISR

FER/INISE R EL

20-Sept-26

ER TR

o

11



1=

- IREHUSSEIE
- IE
» IENITH

20-Sept-26

12



BERIE

EHRRERELIEIN— M EYMIIN, A LASKRIEEIER

T RE IR NS EER L,




HAEERY SHRAHZ L

- REMLURIE R IZRRESIZICIERERIRYFE
» REXIEURIIINETIEE
* REHOKR/N (SE=)

Total cost = measure of fit + measure of magnitude of coefficients

} |
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MWl SEERNES

« 5= AF (Residual Sum of Squares, RSS)

>
square feet (sq.ft.) X[l]
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¢ Q SmallRSS —=> model fitting

training data well
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M=0 M=1 M=6 M=9
wy 0.19 0.82 0.31 0.35
wy -1.27 7.99 232.37
w3 -25.43 -5321.83
w3 17.37 48568.31
wy -231639.30
wE 640042.26
wg -1061800.52
w3 1042400.18
w3 -557682.99
wg 125201.43
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» BN EUERERRALE

a

IFEREHEIR/N?

BEKH (Sum) : AE5E, BAERRHSHEERE.
« BYHEF] (Sum of absolute values, L1 norm) : EFTF Lasso, 8EE
EREEAR, FSUMERIE.

- B (Sum of squares, L2 norm)

D
iwll, =, 1w

R, 1Mo HETBE.

||W||2—ZD W.2
2 i=0 J
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Total cost = measure of fit + measure of magnitude of coefficients

\ ) \ J
| |

RSS(w) ||w||2
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~ ==\ = \ ]2 2
ISR W BB H/IMELITREUSE): RSS(w) + A ||w]|
N RAKIE T SRR 2R,

« JNER 1=0:
B AEBER/N_FED], B W
e YER N=o0:

Sw # 0, NINERRE o, RBEZ w =041, {Xfi= RSS(0)
- WNR 1 BXEHE:

2
BNTFREZIE, BE0 < |Iwl[; < [|&-s]|
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eI EREREY

- WNR w BEBITEs/IMULATREISE:
RSS(w) + )*||w||z

AT HAGEURE" A0 "RISEREUVN ZIERIN .,

Ridge regression, I5[5]13

(a.k.a. L2 regularization, L21E NI{k)
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(RE-HENE

 Large A
- {EZS (high bias) , FZ(& (low variance)
o flg0: HAr=oohlt, W=0, REEMLAEZETTN

« Small A
- {RE(K (low bias) , B5Z% (high variance)
- fBlEn: A =00, MESMZINERIN_ iﬂlﬁ E%L uA

ARLE, 1 IEHRENSKE
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IRl EEERIERE

v [RSS(w) + 4| Iwl[,| = VI(y — Hw)"(y — Hw) + Aw"w]
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= Wg + Wf + ot le)
=wlw
° ﬁﬂﬁﬁﬁ‘%g? %'fétlﬁ—éﬁ’%ﬂ = [wg, -+, wpllwy, "'rWD]T
2 aWZ

= 2W

- wiw FUF w?,

ow



IRIEIDE ] W

3D plot of RSS with tangent plane at minimum
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* Vcost(w) = —2H"(y — Hw) + 2Aw
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1. #&28YEEIE (Model selection)
EEGFETIEREZERNESE 1

2. HEEIE(L (Model assessment)
mikEiRZ e, EEHHEIZIREE (generalization error)
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(RAERYEITEE

Training set Test set

1. 28U EFE(Model selection)
X MEERY A

- EllEEIE EfHITSE W,
- FENRAEYE LTG0 W, thae
o« EERNEHERESER A

2 1ERENFE(L (Model assessment)
- ITE Wy (BliEE V' EERIEVRE) UNifiRE
» FBLAUELZ{CiRZ (generalization error)
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Training set Test set
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Validation Test
set set
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falntE: Reading Minds

- (FEZRIK?
* RARHIIERNERALL SR hl IR R ?
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T ABHITISIEERE?

WE (Efficiency) :
« IR |w|y = 1008, BPAE—IRITNRNITEFFEEMERX.

- IR w 2R, 1TEERBATIEERERIHE.
D =
yi =gowj hj(x)

5 I

AR (Interpretability)

» MREAFAERIESTRNAERK?
- EIIFFHIbERE, LR KERI R E.,
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Lot size

Single Family

Year built

Last sold price
Last sale price/sqft
Finished sqft
Unfinished sqft
Finished basement sqgft
# floors

Flooring types
Parking type
Parking amount
Cooling

Heating

Exterior materials
Roof type
Structure style

Dishwasher
Garbage disposal
Microwave
Range / Oven
Refrigerator
Washer

Dryer

Laundry location
Heating type
Jetted Tub

Deck

Fenced Yard
Lawn

Garden
Sprinkler System
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Amr

- A FTE A BERIRE TS
- U LRSI,

, IR ERBIERMERERTAR,

- TR ITTEERERS (FFHEBSHART) .

Vi = € [000..00Q]
j}[’ = Woho(X) + €; [é (]? 8 8 8 8]
9i=wihi () + € [010..000]
9: = woho(x) + wihy(x) + € [110..000]
yi - WOhO(x) + Wlhl(x) + ...+ WDhD(x) Ei [1 1 1 1 1 1]
2D+1
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SNERPPAL 8 MFIERIFRE 5
HFJESH, B4

o T6MEHERE 21 o
o 2MFHIEERL 3 &
o TOOMNFFEEE 7.5+ 10%°F
« LEFEHEBFRIAER 500 {23!
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RSS train (ﬁ')

0

1

2

3 4 5 6

# of features

Features

# bathrooms

# bedrooms
sg.ft. living
sq.ft lot

floors

year built

year renovated
waterfront
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FLEE

AILUZK (Greedy variants)
« BIMAIEE (Forward selection) : MWZEFFIR, BIRIIN— N S&IUFEFHALE.
- 5MRiEER (Backward elimination) : MW&¥H AR, BXEE— &
AEEAFLE,

- i ITEATT, HSEER
- TRA: AIEEPENRERERIT, MRLEFRIE.
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F-Example
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So < {}
for i «1..k:

Find feature f; not in S;_,, that when combined

with S;_;, minimizes the loss the most.

Si « Si—1 U{fi}

Return S,
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o BFNDEIR(ES: 1. 1EF or &L; 2. IEN
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FIRIENHGHI TSR

s MOERRSHIRSERERTFE, BiJEaEREIIEN{LSCH?
- NeBREHAR (B3R EERE) .
- BUIENNE, 1BEBERE "Wds” 2istRa0,
- BERN, FEFIESKEBR "3lR"
* IFFBRMPFIXI N ANFIERE M 1516_?4: HY4FLE.

L1 IEN4k (Lasso [|E]IF) B9t E4E:

B iR
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EIR: ISEN/L2ERNHLET

Total cost = measure of fit + measure of magnitude of coefficients

\ J \ J
| |

2
RSS(w) ||w||2 = Wi + -+ W5

BRI EZE ),
(BEAFSRINgEZI0;

Eut, IREFESHELE. pbgils, (8
A BEB TN SEIMISHIEIRIE

20-Sept-26 48



BHE(CILE]IFRES?

« A AT RSB NOIS EAREGE H 02

B

S 5 v &
N ) S NN (@
(oo((\ (00(0 AICRRe) o g ¢ 503& W <
SR N S A PG G
0 2 X S
¥ \\\Se@ﬂ‘ NECS SR

20-Sept-26

49



BHE(CILE]IFRES?

Pl INEANIGE—ANRE, BNTEENRKEEERN0, H
AR, (B RS EIRRE, AEE.

---------------------------------------------------------

5 e o X
AN e : Qe sl
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¢ PN O B O \&® SRINC &
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BHE(CILE]IFRES?

- P2: WNEREEM N SEFRXBFE (#bathrooms and #showers)
FIREINTT, BlINRZEEESEHENKGE, MASREE—,

---------------------------------------------------------

S 5 P &
N PO\ RN ) & O e :
(00 (00 .\\4 ‘6'\ O \S \0\)\ \\,b\_?/ (\(., 605& &\(\Qo e(% o(\\.
& &8 Lo R & o Q b PX AR\ &
o & o} ) =X S @ Q N o 2
X % 3 (¢ 5 & %° &
\\e"} \e& C

IRBRE B EF ISR E XA
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Lasso[a])q: L1iERNMLEIYT

Total cost = measure of'fit + measure of magnitude of Coefficient's
Y Y

RSS(w) [Iwl|, = wol + -+ [wp|

N\

Leads to sparse solutions!

Lasso [O])3

(a.k.a. L1 reqularization, L1IERI{L)
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Lasso[@])q: L11EN{EEl)

IR w BB RIMELATREISEIRY: RSS(W) + A [|w]|,
A AT "HUSEEE" 1 “SIUERIE" ZIBIRINE,

- 408 1=0:
B AEER/N_FED, B W
« YER N=oc0:

2w = 0, fLINEER oo; RBEA w =008, 18{/1= RSS(0)
« QN8R 1 BNA[ElE:

BAFREZE, BEO < |19, <||&"|
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= e
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* NRFANEFIUSE— MBS,

SREFA?

* BN IR RILNAERY A BUE

{BIXR(E

] Lasso




ZRERR - Lasso[o])3
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Coefficients ﬁ‘/j
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It favors solutions that are sparse A
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- Lasso [o])3t=8S
- FEIOSIF(ES
- RS
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[olEi: eiEiCBiR?

s NTKE W, BNNBEBESXTRMUNTREEEE, AG:
- S A FE (closed-form solution) ;
« BEEE NF (gradient descent) EiEPERIZEBEEHITIEAEF.
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{li{t Lasso [O]!)3

» Lasso SHRICEREL: RSS(w) + Allwl|,

* [AJRR:
* wj| BISERETA? \/f"”lx.
- w; >0/, SEO+1, wy <0, SEHON-1; »

 Bw; = 0 WSEHAHTS (FERXEE sub-gradient)

B [ sgn(x) z #0
&) = ol mg= {20 EA0

- B)EEEITRSEL, WBiRB AT ME
« FFLA Lasso BEAIEMRMAEIR (WSFRFE, RBEEE. IDinHE FE. 8
FAEseFE. /)NBRFESE) FKiE,
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ik MR B

« RIRKEIR: &/IMEETRE g
g(w) = g(wg, Wy, -, Wp)

ERERTE AR LI BIRIMERYE, (BESE AR EOUICEA]

1&*5
- MMt P& (Coordinate Descent) ELERIZ:

————————————————————————————

R = i
R ;
o EENZAAR W <« ming(w)
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A5 FIEED

o QYAEEN F— TR ?
« At random (random or stochastic coordinate descent), round
robin, ...

.« (L
o TTHRIGIFELIK
« E—ERM TSR, wWEEME
» XfLasso ERERETHIEL
o (AIAJ{E1E?
» T O, SREGESRE IS =
- WEMBFHIE— N SE/ARFPLRON
- BRI EHARSHE e
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» Lasso [@] 3455
« FHIEERESS
- IREYIS
- IENESERE
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t f
ISR, IS FiFh I

BT w W, T
SREW,  omEmi CLawCEUTE

FiFATEZ0RE

Test
set
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FToM— MBI RIEIRESE IR

All data

zzzzzzzzzz



ERAVERFHRE TR

Test
Rest of data




TR RS2

Rest of data

N

EIR P IR,
BREEAE AR




[Ol8— T

RIERAYITIE

RARRBAKLRAR MET W, HIMERE?

y g_lﬁilEg

LU
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Small validation set
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Valid
set
4

Small validation set

AT

s FA—EEARR L FEIERMNSIRIES
- SChr b, AILMERESERFRYE= 75

20-Sept-26



t

Small validation set

1Z BN &R ?
« BEXR: YWHBFE

FI

1R R

/IIIII'
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i Reslft of diata i
N | N | N | N | N
K K K K K

SHERENIRI D79 K D R/AVEIERYFER (folds)

FEF AR A 2 TR A FIAR AR 97




errory (A)

YWF Kk=1,.. K:

~ (1)
W;

s BIREEEP 1 M FEEARIESE, HR K-1 N FEERISGS

IR E it wi';

- BEE KX, 881 F8
errorg(A) .
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YWF Kk=1,.. K:

error,(A) W/(12)

s BIREEEP 1 M FEEARIESE, HR K-1 N FEERISGS

IR E it wi';

- BEE KX, 881 F8
errorg(A) .
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v’\7§3) errors(A)

YWF Kk=1,.. K:

s BIREEEP 1 M FEEARIESE, HR K-1 N FEERISGS

IR E it wi';

- BEE KX, 881 F8
errorg(A) .
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YWF Kk=1,.. K:

errory ()

s BIREEEP 1 M FEEARIESE, HR K-1 N FEERISGS

IR E it wi';

- BEE KX, 881 F8
errorg(A) .
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" (5)
W;

YWF Kk=1,.. K:

errors(A)

s BIREEEP 1 M FEEARIESE, HR K-1 N FEERISGS

IR E it wi';

- BEE KX, 881 F8
errorg(A) .
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Choose A" to minimize CV(A)
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UHRIREK(E

s MFEEL LR BXUESEXR/NMA 1 (BIK=N, B—3 X
UT{LIERIF,
J

- BIrBEEX, 81 1 #FRgr N ™MRE,

(ALY |

SIE) A,

Leave-one-out
cross validation

- SCRRR AR : J@EENK=5 8 k=10, ELSEFNTE/RAZIENX

2|~

5-fold CV 10-fold CV
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I3 3E XESIE/ILassoiEE )

» XX IGUEHWERRIEFERE TR SAETNNFBER A,

s BEERIRRAITFEAHRGRFE, FEIEE A BB T4F 5k
ERSEEZ/,

S%&fk: Murphy, Probabilistic Machine Learning: An Introduction, 2022 & A\151€
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Lasso[o])3ad[a)RR

 Lasso
- HB—HFEEEHERXES, Lasso {FESEE(IPERIEEEF—ZP7.
- BERZIERT, FIJERECIeeH —EEikiE,

IE'JEI
« 256 b, IREA7EFuN4EEE_E1FFELTF Lasso;
* {B Lasso &5EIFENIFFIAIME (BRI FIHDI%E) .

- ML (Elastic Net) w ~ min RSS(w) + Ay |[wl| + Ay | w|]
- AT Lasso 5 KEIA BOMES;
- [FRERNEE L1 5 L2 BYETIIT,
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» Lasso [@] 3455
« FHIEERESS
- IREYIS
- IENESERE
o fEHEIEVITEW

20-Sept-26

81



JUTEERE: IRKEItL

= o
- A
23 \
-
P
/'/
4 [
// S K /
y -
// ,"/ |
2 Pk = il i :
7 / - A
/- 5 ] i
| /

w " A A o
2 “ P / // /\ & P //,
/ i / 4
g A Wi #f
/ y / "
S /f f 4 ‘/ /'.
£ b -
/ o g /
| i s /
’ —a P & 4
\ oS |
R ’,,/ ;
/ ol II ' %
- ) Y P2 e
\ i ! " ENRE e MEE
L > i \‘\ - il \R /“ |
. s
W1

82

20-Sept-26



JUAEER% . IRCRIi{L

-Ij]lw equivalent (;.]‘SSI;I . L1 Regularization (Lasso) L2 Regularization (Ridge)
it moves away from the ol .
4 '82 minimum - Feature Selection - Coefficient Shnnkage

Coefficient B, Coefficient B A

The Least Square
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2@ vs. Lasso[a])3{E{L

Ridge solution as a function of A - OLS and L
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« https.//www.mlvisualization.com/visualizations/ridge-regression
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INE=R (Weight Decay)
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I28{E1E (Early stopping)
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I F B AR, WNRERIESE FAYEIR (Loss, BIRESE)
RKETERAETE, giiEbiEA.

Underfitting Overfitting

(Y =l |

wiESE FRYIR

Loss

]
. Epochs
20-Sept-26 early stopping \_) 96



FEHZES (Dropout)
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tr&¥ig (Label Smoothing)
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