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3.1 Application: Visual Segmentation
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complementary scenes

\/

Tuple: <girl, walking, bike> , ,
Question: Is the girl walking the bike?
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3.1 BHE4%EPRINEFS

® Hey Siri
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* N RIS SRR R, XMEEIEREAR "8 .
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3.1 What is Machine Learning?

« Machine learning is a subfield of computer science that originated in the study of artificial intelligence

« A field that combines computation and statistics and is closely related to information theory, signal
processing, algorithms, control theory and optimization theory =~ ———Michel Jordan

« Machine Learning = Matrices + Optimization + Algorithms + Statistics ...

« Machine learning (ML) is a field of inquiry devoted to understanding and building methods that

'learn’ —— Wikipedia

- b
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3.2 XA M

& EiE
« BMEIEEE—TMES (example, sample) ZHpY
- BMEARH—EARAHE (features, B2 (covariates) ) HIBMAR
- IWEFEIJ AP, EUR—MEFHRIEYE, BHEMRARE (label, StBiR (target) )
« BMEARFHIES IS ESEEENN R, EFHIREREERER, XMKERIRETEIIYE
%1 (dimensionality)
& fRE
. fGEAtERY: LR, SVM, Decision Tree, Random Forest, XGBoost, etc.
« REZFY: HHENMEZESERIRATE—K, BEEHIERR, ERHERARESES
(deep learning)

« CNN

 RNN
« Transformer YA RN =g NIl m
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3.2 XA M

fiRro=E
ZEHEE (1000) pevar=
f ETEE
3
2EEE (4096) e ey .
= |
f Ol ()2 ()3 OT : m & FE I
2%EREE (4096) ‘ = - - ' :
§ || EERmEsS !
3x3 fﬁxacf;m:—;, %15 2 2 N ) . | i
. \ U mammt &
£EER (10) 3 x 3 BEHE (256), HFE 1 t 1‘ T t | !
T T | o | Xn
255 v)) |
SEEE (84) 3x 3 B (384), 7 1 4 } 4 4 | : |
L4 4 8 '
i i ol ) g® o g - ' N
HEER Nz 7% 1 2 3 ) T & 31 |
seanco | (NN B g L i | [t - |
| |
2% 2 FGLRE, 182 3x 3 BALRE, 18 2 o1 ol o o A EES !
i i | > H, > H; H, : EEN :
5x 5 B (16) 5x 5 BIAR (256), 7 2 ‘ ! t 1 ! trr J
t t Rttty el o
2x2 »?t*ai[ﬁ%;%, 182 3x3 Fﬁkﬁi&%%. 18 2 X, X, X X7 T i D EgSE
5x 5 B2 (6), 72 1 x 11 R (96), 1 4 E9.3.1 FEEIFHEMELEH TN
t t t
E 5 (28 x 28) B 5 (3 x 224 x 224) B B

E7.1.2 MLeNet (%) ZlAlexNet () E10.7.7 transformerZety

Ae=rarl
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3.2 XA M

® BiREREY

s HNEEEXRENMNSEENERZ, XN EEEAZHBERE "I B, FIIFRZ L8R
& (objective function)

- SESENEFUNEEN, &ENANRKEIZEFERIRE (squared error) , BIFRUESSERR

B ERFER,
- SIERRDNARAT, &FENAERRSREIMCIERSE, RIFN-SSEPRERAFTRIEALEH,
(VR LAZ BT

- MHEZBEBERERESE, LIsIMUIRKTREL.
« REMTHIMHUERBEEET —MELRTZHHE T (gradient descent) .

/T\%%Eﬂdﬁ_
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® W
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- ¥ (supervised leamning) JBISTE "EMNGIE' WISRFIRNGE. B4 "BIER

5" HERERA
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. E%
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|

> BB < LIRS
Y
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& it F

« B2K (clustering) [BIfR: RBIRERIE N, KIEBEELEUEDEE?

* ER o (principal component analysis) [BJE: FABESHEIDERNSHCREIRIBRIELTE
L3RS SER e

- FAERXEK (causality) FIHEREHEES (probabilistic graphical models) [GIfR: FAIIAERTHIANER
2rTF S EIRAVIR A IRE?

o FERXITUIEMLE (generative adversarial networks) : AFAIRHE—FNSAEGERNGE, EER
EGAIE X EFEE RIS EdE. BENSEITE E2eEESLFEEREE S S HE RN,
EBELOEFINS— N EEMS AKEIuE,

[ - ahfE ]
BHEET 22Fh HiE

I - ‘ MJTﬁ h
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*NESSTT MIRGARIREE (ERRME) RENSEESNILE, SEaThH

SURIZIEFI(CICROERE. BE, BENBIFEIATERERRLE=N—MFE.

& REFIEANZFIN—K, HAFNELSRIEZIESENSRERTAR. REZFSIZEE
WFIZ BRI THIZ RRNRTFES.

AEFIMUBMN T ERNRZINRERE, MENK T SZRRNSELEE.

& RAEREFILHEBISHNTSHE, KEFEHERN GRS EERR AR AR £ XS
LR (BEGPU) BIRISEHERARZAY.

& ARG R ILARIEIET, BRI B TFR X — iR IS
R,

I
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M EDFRREF

«  HtE[E]T

« Softmax [8]3
« ZERGIES
© BRUHERZS
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BEX: ZMEOPEFNARENRE: 8% RREZEEFETEYZENXRELER, BInly
FRFRAPx TN, XEEFEATESWIEN—LEIRE, HRX, BIEmEMRAEELER
IE%E, MRSSEIESH .

® 250l : FAIFERIBEEENER (FHhER) flIER (F) RKEEBEME (Ex) .
o N FHE—TEEFUNFEMBIREE, FHIIFEEWE—1ESLAVEUES.
o XNEUIREERETEENEENS. ERfER. EESF=INANER, 1ZEUEERIGEHEE
(training data set) Bgi)llZkEE (training set) .

o BT8R (tLUI—REERZEXNAIEEE) FRAEAR (sample) , BAJLFRAEGER (data
point) E¢&UEREZA (data instance)

« BABEHEFURER (LbaiFullEENTE) FRAE (label) 8xBiR (target) . FUUFTHE
HNETE (ERMFEE) TR (feature) EiIEE (covariate) .

/\T\%@ﬂdﬁ b
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& BATE
1. Z4i=El

PTiC€ = Warea - AT€A + Wage - age + b.

2. IRECEEL IRSEH (loss function) BEEEMEFSIHESTUEZ DEIE, EEIk]
SUCEERHMIEOIRE, BREN TR, SFETNREIRGR0. EIRFR
IR R R TRy, 1O (w,b) = o (59 —49) .

A

i)
y )
e y(l)
>
X

/TN%%BWJT
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L(w,b) = Zl w, b) %Z%(WTX@) —l—b—’y(i))Q.

=1

TGRS, FNFESH—HSH (W, b*) | XESHEER/IMUERBIIEFER LREIRK.

w* b" = argmin L(w,b).
w,b

/Y\J%:Sﬂdﬁ b
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& BATE

3. BBVEEE TBF

- BENFREENAERITEIREARZ (FUBRETBEEAREKIE) XRTRESHISE (BX
BHoJUFRABE) . BLRPHiTrIeeIERE: RATEEREFHSHR], BBz
NMUEE. FLt, #iIEESESXEETEEMAIHRENMEN—IMbES, XTI EMLE
FEHNEEE TFE (minibatch stochastic gradient descent)

- IEERERH, EIELEmE—NMEER, ESEHEEHENGERERN. RS, BT
/M ERIIIREKR T RS RIS (ﬂzﬂlﬁ"ﬁﬁf‘ ) . &=aE, BIVEEHERIL—1TFUCHE
HIIEE, FMZHRISHEVEFIRTE,

(w,b) < (w,b |B‘Zawb )(w b).

wew—ﬁza Wl (w,b) = W—WZX (w x4+ p— y())

b=b— 7 20w b= g 3 (wx0 +5-49). re=rsorul
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4.2 softmax [@])3

& ENFAARF NS S HITE.,
s BAMER D KITEEE: FEE "S5 , TR “W—p :

« R TR R R TSRS 2
. RAFIPEIASEME AT IR S ?
. EANEISHHANORI. . . RS
. R R TAE RS
& EETA: BIN—NBEHLDTFE, BRERANE—2CHRERE. BITTLUE—
FREREMERE, SMEEIRIMHE Wb, BEE EEETES T, 8
" R,
& SN
. TLEBEH

o ORI
i 7/ VI N\T=TS ;JTdﬁ

- MHEIE 4



4.2 softmax [@]13

& ILEERAS
» ATEUFrEAEEIRIRMHNR, HITFE—TEZS T HBLANER, 135N —M .

01 = T1W11 + ToWwiz + T3wi3z + T4w14 + b1,
092 = T1W21 + ToWa2 + T3Wa3 + T4Waq + bo,
03 = T1W31 + ToWs39 + TaWss + T4wWs34 + b3.

Wit =

/TN%%BWJT
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4.2 softmax [@]13

PIL2EE4 . softmax 1IBE

- BB EEENEEY T LIIAETENER, AREEEEHEANEHERIZRFINEATAIRITR
M, Fla0, an&Ry™1. y2F80y"35350790.1. 0.8%10.1, ARAFAIFUNEISEEIZ2, ERAIAVGIFF
KE 8",

- BRIt ERY BRI E LR — S E, RLERGIXERE RS H]
Al, Z—HH, RIEGANAE, BIIATLIARE.
- ERHEEAAMR, HIIWRRIEEHTEUE LrYmHERE I FNE /A1,

y = softmax(o) HH ;= Zixfx(;g())k)

/Y\J%:Sﬂdﬁ b
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4.2 softmax [@]13
& IRERE: TR

q
V) = — Y _y;logg;.
j=1

& fliiLHix

exp(o;)
.y y;ilo
I(y. ¥ JZ; Hlog s o

y;log Z exp(og) — Z Y;0;
J=1
= IOgZEXP(Ok) - Zyjoj-
j=1

k=1

M“

o exploj) .
Do, 1(y,y) = ST exp(on) y; = softmax(0); — y;.

/Y\J%:Sﬂdﬁ b



4.3 Z =R

® [ShEE=
BN LB ENSFINA — NS MR ER TR EREAIIRT, EEREIE B EmHY R EY
RERE,

- KRG EERTZESERERSE K. 5 EEatR LENE, E2IEN&RHEL.
BATILIERIL-1EEFRT, B&a— EEFEEmllEs. XMSRMEETR/IS EREL,

BtE

(EEA=

BAR

c XTMZERFANGA A, M md, HiEmES S5 1M ST,

/Y\J%:Sﬂdﬁ b
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4.3 Z =R

& BAIBLIEMEX € R (n*d)KR/RNME

FARIMILE, HAPEAE

FAEBd M ASFIE

& WFESh SRS THRSHESERAN, AH  R\(n*h) EREHENEE,

H=XWW 4+ p)
0 = HW®? +pb®@.

0= (XWD + bYW 1 b = xWHW® 1 bOW? 4 b — XW + b.

® (E(HFI TR Z BN SN REER TR BIEE RN EEREL (activation function) o,

/Y\J%:Sﬂdﬁ b
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4.3 Z =R

® Em ]
 RelLU
ReLU(z) = max(x,0).
- Sigmoid E{ZX iomoi — !
sigmoid(x) e —
i tanh(z) — L SXP(727)
« Tanh RZ 1 + exp(—2x)

/Y\J%:Sﬂdﬁ b
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4.4 \NEEEERIEH

& FA IZENTIERIZ ERAWL T DB S IERIEEIE, HEPTXINMAER, FIRNAHE, 3WTRISEUE,
A IS ARV AT RSP RAFHIEC BRIRZE, (BRI A REFSS BRI SR B ARRAYS IR .

R, ZERFAWIRERRFRIERE, AMNTTSERAEYE, XMRDELIIMNEAIgESTEA
LA,

B RIFAIE— BB RO REIES, SEETSRENIRR, SRBREEGRARESR,
XEHREMNESHNERBNEBE—B L TEE, REE4EER(EZRI1000,

/Y\J%:Sﬂdﬁ b
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& HFMEZMLEE (convolutional neural networks, CNN) EH22FIFIBABAREISHR—LE

RIEliS RS .

® EfR%itHE
THN AR X a0

O11]2

o1l 1 19 | 25
314 |5 * —

213 37 143
6|78

8 R, FENATESERTE, BITSLEIIMHETRNTEAAL, XERTAIREER
EEEEAT RSN, Hil, — 240 2406MEG, SiT10RM5 5455, BROBIEE
2007200, HI—3k, BAEIEINARELTHSEREE. MERRRAERSEMITE.

&8, HITERZENEFREGNEENSE. fla0, NRF(TLMWRIBAIEMA DR DTTR.
SEN el LAEXSS BT M.
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4.4 BIREHR

& IRFEALUSINEENSENREE. XERFEELSHARBHRENSHE.

& STV VSRS, BN ASIIEN (B— M ATFHE) |
& BRI AT E M AR,
s EGIEREA n, EFRAp, HIEH s, SIURAEREN K, RHERHEE?

(N—k+ 2*p)/s+1

/Y\J%:Sﬂdﬁ b
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4.4 BUGHR

& ZRNEE
- HMABEEZMNEER, FEWE—NSMAZEEEERBNBEERIIGIRZ, LUESHAEL
EHITERXEE.
TP 1Z RN A R R i
11213
1|2
415|6|*
I P 3|4
012;—*01.=789 +=5672
314|535 . > | 3 \ ol 112 104|120
6|78 [ 011
3|45 *
213
6|78

El6.4.1 M NEEBENERXITE,

/‘\T\%@ﬂdﬁ b
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4.4 BUGHR

& S iEE

s ERRITHHEMEEEET, MERENESELIINR, KIESIEINMEEEERIEL, BIRE
DBEIDHERLGAEEABERE.

- BN, BAITLUSENEEEERNAEEHERLN., mIsLageE ASR—L, RATN
BEAEMFIN, M7 HEFERMmIET.

- Alt, ZHBEBEHMYEFIZ T REERICTIES.

. Fciflcon BIR MM AT HEEREE, FHitknflkw BTN S BIIEE. N THRESZS/MNE
BREIE, BATTUUASNMNGEEESIE— MK c x kh x kwfIETRIZKE, XIEFEESTZM
foARZco x ci x kh x kw, EEHEXIZEEFR, SPMHLHEECABTEBABE, BLAXINIZE
HIBENEIZITE S

/\T\%@ﬂdﬁ
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4.4 BUGHR

®iCRE
B EIAFIIGIEEGRE, (IS EFNE R I8l

FEMJPFESH LT, S8TMHELTTHESBRIREE (BA) Bk,
(X (pooling) B, BEEANEER: BFESHENNMERISUENE, FEIIFENIERFERER

= REER, XHEERIE

. 2K

ISR,
- X NILREMFISCRE
A L Tl
0112 21 s
2x2 &K
I LERE 718
61718

- FENYICRERNEHERAZD?
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®) 4.4 GRHENLEE (LeNet)
¢ BEBFATHSRNENEZ—, BRETENNRESTEEIEERErExXE.

® XMRBEEHATGTI/REREPMHAFTR Yann LeCun{E1989FIEHAY (FLAHARR) , BRIEIRA!
EigPRFSEF.

® SRY, Yann LeCun&kiR S B—RiEE REASHERINIIGEIRMERMEHT, JTIELRT T
ZERMEMEEHA T ZAIRLR.
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4.4 HFRHZEMELZE (LeNet)

® BNMSTRRPNEFPITE—INEIRE. — 1 sigmoidiGREHIEICRE. B, |ARelLU
HIRXICREEAW, (BEilfE20HLL0F URRBLhIE. SMEHREERS SEREM—»

sigmoidipliGEAEl. XEEEFMARPZI SN ZHIFIEEL, EER

IRINBERNEE,. B—FRE

Ao hiEE, MEANSHERLI MLIEE. B2 2BRE (P1R2) ET=E FRIFSYER

EAE, SHRNMERIABHEX ). BEd. SE. BERE.

EHINE
ILRE

T
T -
] il 1] o

6@14x14

m S24HEE

28x28 HIAE L 6@28x28 e SLBE?ESEI
C145IEE C34HIEE )

[£16.6.1 LeNetFRIEIE . MARFEHF, HhA10MEsEERATHIZR,

7 \\J%JTUQ
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4.4 AlexNet

2IEEE (1000)
?
PIEIER (4096)
?
IEEE (4096)
?
3x3IRALRE, F1iF 2
1
EEERE (10) 3x 3 #E (256), HE 1
t t
SEEE (84) 3 x 3 HT0Z (384), HFE 1
? ?
SEERE (120) 3 x 3 £IRE (384), H7E 1
} ?
2x 2 FHCRE, Hig2 Ix3IBRLRE, $iF 2
t t
5x 5 EIRE (16) 5x 5 #FAZE (256), H7 2
} }
2x 2 FHGLRE, Sig2 Ix3IBALRE, SiF 2
t t
5x 5 HIE (6), IEHFE2 11 x 11 EFE (96), H1IE 4
t t
B (28 x 28) EH (3 x 224 x 224)

&7.1.2 MLeNet (&) FlAlexNet (£)

MJT@
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Alexhet

EFHERE (1000)

t

SR (4096)

t

ZEERE (4096)

1

3x 3 MAILRE 182

t

3 x 3 BHE (384), AT 1

t

3 x 3 MR (384), tHFE 1

i

3x 3 EHE (384), AT 1

1

Ix IMALRE, 18 2

1

6 x 5 #HIE (266), tHIE 2

1

Ix IMALHE Hig2

{

11 = 11 #INE (96), F0E 4

VGG
EIEHEE (1000)
T
EEEE (4096)
T
EEEE (4006)
1
[
VGG ¥
v
2x 2 mICRE, #1E 2 7
t
3% 3 EFE AR 4
t
[}
4 []
3x 3 BIE, A7 4

El7.2.1 MAlexNetBIVGG, Efl&R EEEHRIZiT.
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4.4 GoogleNet

1x 1&IRE

> BEESHE |«
T ]
3x 35TE, H7e1 5x 58, H72 1x 1 E&RE
| | t
1x 1 &HE 1x 1ERE 3Ix 3HAILRE, HRE1
~ ~ J
LD

E]7.4.1 Inception3RHIZEH4,

5w

FiERE

t

ERTHILRE

IxIBMALCRE

t
e T T
==
4
3Ix 3mAILRE

=
2 x e T [
L 5

s | s

t

3IxIHEALCRE

¢

3x 3 EHNE

¢

1x 1 E&RE

¢

3IXIBALCRE

$

Tx7EHE

&7.4.2 GoogleNetZ2#4,

\%ﬂdﬁ
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4.4 More Models

@® ResNet
Bi5%E
@® MobileNet 2R
i"_---- ______ A\
® Transformer LRy
| |
| EfusmmE !
HEE : : :
, i mamEt | 1
| Mt | | | f :
| n
| t || swEn ix
| | e E e s e wull
I 4
nx | S V0 [ mamme Je
P o & HIER i : ) :
I
| : | mmex ||
V|| BRERES | | EER |
I
S W N W N N
1B ——(P CP-— R B
B BAE

’ o sl
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