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Machine Learning
= Looking for Function

* Speech Recognition

i “How are you”

* Image Recognition

* Playing Go
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Different types of Functions
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Regression: The function outputs a scalar.

Predict PM2.5 today oo
PM2.5 temperature i .
! Concentration OMmorrow

of O

Classification: Given options (classes), the function outputs
the correct one.

Spam EMAL)
filtering ’ » ‘ Yes/No
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Classification: Given options (classes), the function

outputs the correct one. .
P Each position

NS — is a class
g (19 x 19 classes)
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Playing GO
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Regression,
Classification
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R Ty Structured Learnmg
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ﬂk create something with X
%q structure (image, document) .

Regression,
Classification
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Case Study
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YouTube Channel

NTU SPEECH LADB
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The function we want to find ...

e Hung-yi Lee

y=f(
no. of views
on 2/26

RIX=1 8 2 EEIEE

1. Function with Unknown Parameters

Model ¥ = b + wx;  based on domain knowledge

feature
v: no. of views on 2/26, x,: no. of views on 2/25

w and b are unknown parameters (learned from data)

weight bias
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Model ¥ = b + wx, based on domain knowledge

feature
v: no. of views on 2/26, x,: no. of views on 2/25

w and b are unknown parameters (learned from data)

weight bias
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2. Define Loss from Training Data

» Loss is a function of
parameters L(b,w)

» Loss: how good a set of

values is.

BINTR ERNNEEX — FAMHLoss, LossBtEE— 1 Function JBiX/ FunctionBRJEA. 2
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L(05k,1) y=b+wx; —s y =05k +1x; How good it is?

Data from 2017/01/01 — 2020/12/31
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L(0.5k,1) ¥y =b+wx; —s y =05k +1x; How good it is?

Data from 2017/01/01 — 2020/12/31
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b+wx; =y 1
. loss: L=—= ) e,
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e = |y — j",r| L is mean absolute error (MAE)
e = (y — j})?' L is mean square error (MSE)

EREA IHE S —XRANRE, BB IR, MERABIS TR, XN ANKRIA) IR Z IR,
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(EMAEIREFFRIEZ ARYEE LB AR EG X TR INA B9 Em H 28y IRy < 18,4
SHERZELE, X—MitEZEIERGE SEIRIX AN AL EZIRILossAY mean absolute error 85 2MAE, 1N
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HiHIZES N RIEEMAE EARI T EXMREN A R ICREINREINREE #1828 Loss FHMRE
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Error Surface
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Model ¥ = b + wx, m=
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af://n59

3. Optimization

BTRBAHNSZZINE =S BE =L EMAIFIE ALER— P RECRIRE IR R AER
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3. Optimization vl argmd

Gradient Descent

» (Randomly) Pick an initial value w?

aL
» Compute w lw=wo

T =
N e T

° /v
EX—| JREE FHAIE—S %R0, Optimizationfy75;%, iU Gradient Descent, BT EmftieR,. 5%

RS EMNRMPSHRFT N MR W HATRIHIB LI N RS E, RBWIX M RARISEH.

BBAENIWK AR EERIRHE, AR SB R AR Loss, X—RHZ&FRerror surface, R 2NIATE
BI—/ MBI F4E M, B 1EZIMerror surface, 2 Z4EHY22DHY, FRXiB A B — NS FRLAFIE RIS/

error surface,21DHS.

> (Randomly) Pick an initial value w©

' 3 d
» Compute W [w=wo
Loss ) o aL
L . wh e w? =)o fw=wo
e aL

: 2 n ﬁ |w=wo 7:learning rate
A - hYPorParam-te%
w' w? \/ w

B9 B R ROEIEAEE B AT B EINIFE— L7534 AT LU RA ) — MBI AIWEAIE 3l 5%
LIFERERENATY BRRIREA JRENUREAILER, RAEWOIX M,

o BBETRIFHEITE EWSHRWORIEHR Wi SE3TossHIMARE P OL /w|(w = w°) R

error surfacefItJERIZE bl 2X—KEBRIEL, BRI IPINRX— K ELIRI R E50Y, 56
REHERRR TR DO ERS GIAtE X MU ST, DBt s Ailti(g.

o BRNRAEBLLERSRIBELERRANE FAIMIEWHIEERX BB I8 T LA Lloss3E iy SNR B HEAIF
KRR SRR DO REEBILERS, 2X MY DAt RRAIBt RS AR AARIE B
DR EANE BRI HEWER/N T WO BATRTLALELossBUEEE /N ARIX MHRIRFALIZ
TEWRIEZR /N BRIRIRIERIZR 2 EE A RIEANE, iR X FR ARHEGRIRE — D AL M7,
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SRR — T, BBX— N X, 5 2 A, BBt iR 2 AibtliRe,
EMRHLEERIE, Rt R At S B —E,
PBX—LBEZ KR, X—EHIEEAA/NBURR TS,
o FE—HHEBEEXMIBBPTES K X MISHRERX X NEERHEA—S RN LR E
o B4 BRTRIRLSN RS T M0IX—IR A B BIMNRFAAS NS AN XN RFAHA 1iXis
R X nilfilearning rate, IS ERER 1XMearning rate B2 BRI, E2IR

ETBER LV IR, dISRNIR/IN—r BRI S # I updateFiRIB, SR R ST — R S HHIEE FRX
MR 285>, FEE CIRERIZRA I ffthyperparameters

BEZFER, Bt ElossaILAR G RINE?

LossiXMEEZE S E XAY, AT LATERIZ B 189%E XA8E, Ffi ikt losst 2NAYE R IEFIVE BrY%E
SHE, BRANERARIENIA lossHITE X BREA AT sER R AY, (B2 ossAIX—Munction, 21RE SRERY ARETLA
5, RS KERE—Moss function, FLELEIHERE 100, BRETRERTE HY, AR XX — N curve, FiX
BATEENIA T 7 R ARSI, XN curve H AR — NEXLW oss, ER KM EELEHN—MIF B BES K,
HREZE— M tlikgeneral Mcase, EBHARE—1MNELAESH Error surface FTLUXMossAIX N curve,iX
Aerror surface, ERJLARHAFAR IR E TR G0N, E—EE S ERAR (B RHBSLEESE NI X
— MR ossHITE X FERFNA EHI— R LEXHE BB A fe R E (BiXMoss, X MunctionZ{R
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3. Optimization w il argmigl

Gradient Descent

> (Randomly) Pick an initial value w?

| » Compute W lw=wo
Liss wl(—wo—r}a—L| w0
N\ aw =Y
B aL
: = n % |w=w° n: learning rate
P— S hypcrpimttey\
__.-—.wﬂ e \/ —

BBEANRIANBIEWAEER— BBX MR ER AW X—PRIS R LD RIER BRINSRR
ERHFIERTERE MEEWiREN R MO SR SEw’

w! — w® —na—w|(w:w0)

BB R RREH TN BRI R E— WIS ISR AeBREMEELBW BNS D A5
BRHEIw AIRRBY LR B MEFRRE AMAVEWB N E REREE TE.
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(tERHEE TR EEERIIRR,

o F—FRRRIREETIOT AR—THASIRER KSR ERAERAISHNTIE RETERORMSH
2 RRSBITEILR AR sESiRiR, FAY LR EBIRE 100758 MBS EEH 100K AR HHAA
BEH T IBEREEHRLURIXMIE— 1 hyperparameter ;XN 2{RE SRER, ffi— N deadline

o BREERI—FIRE LAY TRAATEER SRIHA VMRS AL AR E— M5, BRSO RIE
FRX I, H HEIEFR0REHE NSRIX—INEF A HRRZ0,05€ _Elearning rate nifZ20,ATLURAY
SHHARBRNE BMRIRFI2X MNEERPRR BANEW B W BEHEIW? ReEHE

WERRWHRET B EREHRX M ER T IS ERASEERN,
Gradient Descent

> (Randomly) Pick an initial value w?

0
» Compute W lw=wo

aL

* =5 lw=we

wle«w
> Update w iteratively

Does local minima truly cause the problem?

Local
minima

global
minima

0 ® .
w wt  w? w’ \/ w

{Relge2S L& ILIR, Gradient Descent XA B— BRI K LS E R EIEIERIFAIAE )
RBEREB, LA LossTRIMIBBN W, TEX M FEHE, IBWIR EEA ML =X NS ARAT LALE
lossER/\BEANSR Gradient Descent, 2MWOXAMETT, M EREHHIHAAMI BANE tRETREEZIW X
B ARG REEET AFRE N EBBIWHE.

BRI A — MU B X ANERIT LA loss B/ \iditsyF, I fglobal Bminima, W XMt 75 1L
local flminima, EAYAEGRIA EBELIX M lossiABEE—R (BEEAEE Nerror surface FEIIRAK

\\\\\

FRLAE EaRe=ITEIE A2l Gradient Descent, RRAMF A %, XN G iE&Blocal minimafdlaiE,
RB1NEERKEglobal minima (EHRBEEXEH RIFEEXHEH BXMHEHILREZLIRMES, S50
L BRFEMSREZIEFENEB RIRIFEE S IZnetwork, B 2fidGradient Descent ZLIGHTIE,
H3local minimaE—/MBRIERE /(i I/ EMGradient Descent B9, EIEEXHIMERI AR ocal minima,
FRRME X B2 ESBHE EXINIRHITEES ST S EARIHIAR, Gradient Descent,§
local minimaRYalE, EixXNE XM FERE, 2548 local minimafYia (B2 2B SRR

3. Optimization w*b* = argminL

> (Randomly) Pick initial values w?, b

» Compute

P oL : L

a |w=w°.b=b° wl e w®— n w |w=w°.b=b°
f oL aL

ﬁ |w=w°,b=b'J bt « b — n B |w=w°.b=b°

Can be done in one line in most deep learning frameworks

» Update w and b interatively
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NI 240961+ 2 RE— NS E096F 2, ABLhr L HAIRI A RRBE RN S, BwiRb, BRER NS5
ER T, EEMHGradient Descentlg, ESLIRNIA — NS B TEARR, & — 1SR BREANE /R
ALARIRAGHE RIS EL.

o KA TMERM NS EATHENAIIBHYE # 2w BRbO

o (RETEWIRIossHIMD AREITEDLITossHIMS ITEEREWEHRWRINIE, bEHLboiINI R, TEWEH

WolI &, bFERbHINIE (RETEWITLAYRS AT EbXI LAY,
oL

—|(w = w’,b="0°
ob
8_L w=uw"b=1"0"
ow

&G FIRERIIN A, — N SEERHRII ML ZEFTwERD BwORiRlearning rate 3R L35
BUERIEEIW EbR#Elearning rate 3k LD RILEREED

L
w! — w’ —ng—wl(w:wo,b: b?)

bt 0" — n—|(w = w’,b = 1b°)

WRIFAESEMORIE AR KK Edeep learning AYframeworki& ], S FA W Fl— <FERIpytorch
#m B8O EEER BRI RERN (REico—T ME—1TE, Bt oBNERBELXR 7 (fHE=se
AEDE B ST, R 2 rT LB S BMERE R, ArLAXIS i RIFR AT ARIE M D 2B ARED, X
— LB E—TERN XNE— TN ZEEMAENR XKAILIB SHRES B ERERFILSE A
WrBYEFWERD, REHIFRE R LIREI— MNMRIFHIwW, w* ERERIFAIb b*.
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Compute dL/dw, dL/0b
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Compute dL/ow, dL/db
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Linear Model

Machine Learning is so simple ......
w* =097,b" = 0.1k
y=b+wx, L(w*,b*) = 0.48k

Step 2: define

Step 3:
loss from . e
optimization

unkno: training data
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FBWERbAYERIZA EEHHSRAY ABXBAWERb AT LALEI0ss/\E0.48k (BRIXE, 2— MEATBER(ESR
BRERG, BIF AR ARX=ANTEREEN, )14 HiBMERE BRI EEMES R=NEH L EitHE
loss, B{ JESLEAANE201 72120205, SRAIWE REL FrlA ESLHAMERSLREEBhighME fME
BREFAIARERRAIMEIREL AR EX— PR TN, L IRZEZ0.48K,

w* =097,b" = 0.1k

y=b+wx, L(w*,b*) = 0.48k
loss from . S_tep 3:.
o optimization
training data
- —d
T,
Training

v = 0.1k + 0.97x, achieves the smallest loss L = 0.48k
on data of 2017 — 2020 (training data)

How about data of 2021 (unseen during training)?

L' = 0.58k
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Red: real no. of views

y = 0.1k + 0.97x, blue: estimated no. of views
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— b+ wx 2017 - 2020 2021
Y= 1 L = 0.48k L' = 0.58k
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_ 2017 - 2020 2021
y=>b+ Z W; X; ,
— L = 0.38k L' = 0.49k
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y=b+ijxj
j=1
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showi3K 447 E EHIREERXE SRV SBHNBEREE KB NNE TR ALK AESIETRIIN
IR CREINME A BEEERI K RERCREXEERE T .

0.05k 075 -031 012 -001 -0.10 0.30 0.18

28
b+ _ 2017 - 2020 2021
Y= Wj Xj L = 0.33k L' = 0.46k
j=1
56
_ 2017 - 2020 2021
y=b+ Z Wj X; L = 032k L' = 0.46k
j=1

Linear models



EREEERN—X REEFTNAIPRRAVEERIXERA Frliwi*20.79 BB FIERE EIXE R
=X BI=XRZE0.12,2/58175K20.3,AItXE0.18 NI BAE R MR ERIMKXFINKEIER ERESR
ERARSRB BTN FRRAMER AR ELAY, FrbAw: walRws SN 1RERNE iELossAT LAE g &R L 2
0.38kAYE ZHRAYERwW1 ws welRw7ZIER, T 1% BRI-CRAVE BMRATBERIT, BERREB B REZ R
e, A LA BB M B E EE S K AKEE BRI TR

RIeE IS8 R BERENE, 28K — 1B FERI— 1 BE—RAME NR, EFTNURRAINE AR U
HSREESRERR, )45 _E20.33k BRE2021 FRIETH L IR B EIIAYE R ER0.46k Bek N EF—

Z0.46k B EREZS R SENNEBEHLT 7 B RKERREXHE HITFELE T — MR IF3pixXiA
XEEEL B IE R IBRARINX X IX X EISE BB, el fffeature HEfeaturedfe t—weight, B
IiE—" biasgERIFTNAIER XFAMEEIE— N L EIE = IfLinear model BBEAIHE T REE &
EFELinear model{f{{5 81,



	Regression
	Machine Learning
	Different types of Functions
	Case Study
	1. Function with Unknown Parameters
	2. Define Loss from Training Data
	Error Surface
	3. Optimization
	那怎麼样找一个w,去让这个loss的值最小呢?
	有同学问说,為什麼loss可以是负的呢?
	什麼时候会停下来呢?往往有两种状况,

	Linear Model


