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PEAESE, IO — S H A RFIE . X AR 22 B e R IR 2 S SR L —

TP EIEAML BEALHE 2 Fh 3 Tl 5 FRFAE,  BIMsA T PR 2 MURpAE AR T DAL 22 .

- Clump Thickness

- Uniformity of Cell Size
- Uniformity of Cell Shape

 J

R, AR T S 5 MORFEIRRRE, ARPRAh R PIR AL 3 B, (HRAE L
A, AR A R 3 AhE 5 iR, A, URAEFJCRR 2 MURIE,  BF bR SR AT LA
IR R B RFAE, B B2 B RN . IBRE AR TCIR ZAMRHIE, 2B A X Lk
TEHBAFAE R, AR A A B A . BATU G &F— AN, MGFREN, RmE
— NG RBERTT, LT EN T REMEE. B8 —F, REHS FXFMAHIL
B =AML, TRAE—NERKMFIRLER, —HS -HEESMINE, 5T EREZANHRHE,
b, BATREA ARG B EALN
DUAER BB — T, X ERFATINH 1 B> WA, BATEEE T R
A AP IETE ZR” o PR X LERE AR TN, 5UAR 5 5~ AR B0 1) il R R
FATEAN T [l R, RS ] oR e  —NELR R , 2 Ja JATIA 4 1 0K,
H bRt — B A 45 2R
BUERAS NG : RBIREE R — R AT, PRI RS S SRR AL X P A 7] @«
1. RAE—R#MEER LY, BR—F, R LTSRS ER HE, XER
AP TR =AH Gz 2042

2. IREVWZES, ERRES — ARSI — DN RIK S . X TN,
REHIWTEA 12T B A ?

TEX A [, B T2 S I [ U )

R — e —N el A R, RO R AE, R CH BT, RS E R A S

8



HLEs 5 S)FE-28 1 J-5] 5 (Introduction)

—ANELNME. PSRRI EL BR A ESNE.

el =2 — DRI, FUARSIETAIE, M o RFRK T R, M 1 FoRIK
FUE L. U BATRYEK S R S, EelTEy o 81, AU AEREHEN — 4
K5 0 b2 1, BOYRADEIEEUE, PrilRaten s,

DA At W 2 5T R P

i3



HLEs 5 S)FE-28 1 J-5] 5 (Introduction)

1.4 TREF

Z% M 1 - 4 - Unsupervised Learning (14 min).mkv

AR, BATRA G2 A LB RN T A S E .

Supervised Learning Unsupervised Learning
X /O “‘\l
X X 'D(D
®y X b o ll/-E:]—"\ll E} /
o O (0" O
0 O/
Xy X,

BB, Cand T IE ] B BEEE, WEERTTR, ZA SRR A
FAEH AR R A PR PR, B R BB R o BT DL, 6T B 2 51 BLA A 2 e
A CaIF M AE, JIZERNAIEAE S, 2RISR T .

FET MR 2 20 o, BATCFIMIEEE B LR fA AT R S B8R RE T
B g M B 2 2 R B AT (bR 2 B AT R IR AR 28 B A2 R a8 T AFRATT A 2ol
& FAFIIATALEE, ORI EOE SRAT A B RNE, e — RS RAE
WA AR BIEA SE A 2 xS de,  Te R o STt BE I K AT A R TR R R
RS, MRS —A, ZEAFL M, TR S A T B ST e H U 7 AN F]
ik FrAMECERIES . HIGEY, EREBHAERZ T .

SR ) — M7 il R AE AR ORI b o S SRAR ARG MR L e, AR AT PAZIIX A URL
P4k news.google.com G « A iGHT [ BE R ARLE, WERARH 2, AR 2 (MM 25 (K18 B N 7
EHPREX A >, AR SRIBRIIHTIR o P A AT A8l R A R AR W 2 A T AT
Bt ENIRER . Fril, REHESEFE2 R K, FrelEnrs—ii.

HIAEW], JERFEEME IR 2 2 SR RS AR IR 2 e i el A L
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HLas = ) IRFE-28 1 F-5] 5 (Introduction)

Genes

A

Individuals

Hrpl A R B2 PN . —> DNA SO R 167 FEA B MA —HA A
i, SEH AR, RESTHENREH MR MER . BR L, IRER 2/ DF
SERER CRIE, PrOUXEegith, 20, 2, KEEH0, XEHO RS THM AL, BIA
AR AT — R E IR A ARBEM s AT — AN IREREL, B MARKRBIAFH
KEAFRBIH (N ...

FrBLXAN R T E A >, RUOSBATBCA R AT & RSk — 25, thln, K25 —3K1
N, REEREEE “RMN, AH =, F&. RATARU, 21, XA —HHdE. A
EHE R A A4 AREER AR, HEEAFIENATEBLEAF FER, XK
RORAT A EARBE A S BIEE IS5 ? w2 YR 2L B St SR R 3 %4
K, BBAEFERTRIEMRLEFEIRLL o RO BATRAT 45 S5 A 8 ok [l N A £ P i Kcdis . P
Al A TG B 5 2T

T B 2 S BUREAE RERIN T . BT HEURR T RN UERE . Jf S AE K E s
b TR, A KRBTSR, TR A RERINLES 2 T I R A, A RAREE
g AL ARLENL S U R LA, ARt BELE VR A RHE P L AR A5 5 R R 5 Rl L FH AR A 52 R 45 1)
grire PFrRACRIRIIAIIE R, tLIREH K& email [], B2 1K Facebook [ 4K+
TR, FATRER H BhHgs B AR - 40e? RIRRAL I AR BL AR 2GR, RGP
AN AT H . V2 AR KB, FHEHEEEER. TEL (R R I
FHEESE, BRI R, JF AT R 0 2R R4 T, AR fE B s
A RO B BN R 40 3 T 3 — AT . Xt TE B ST, RO BRATINA P A 1
TR, BRNTBARATRIE R AR T, ORI BRI RS BA TS TP i . 3
MIAFIEWERAE — S 18, YR S Tids, 55, AEANTHUL LR R EE T AR DX
— Yl Fa, THUE SRR T ROCEAE T, XSRS T AWV, A A
IR E, AR T 2 A2 WS AE 1) o SR SE R R 1, R R e =2 2T P i —Ff

11



HLas = ) IRFE-28 1 F-5] 5 (Introduction)

PRI YRARAT S — e BSeRA - IXG RN B )l W, ARSI ns Bl e ? 4] LA
BET, ANERERERRA, SsE, HENR, XA NEARERR, HERLE
&, PUONEEA NERAEULLE, [F)— I AR WS, AR LP- I A RIIRIE TSI & o FrL, W]
REAE — D IZAE A R 2 A AN, AP RN R AE B0, (RIAE AR N LN XS R
S FATBPIAN 22 50 AL i (Al TR IR 2652 5 AE B, 128 Ul il A\ AR BE AN [RIBEAS
I RALK TR, BRI UIEN . UERGEM O R EHEENE—E,
BGRPIALE R, 7R T BATEUE IR L5 - 534, AN B 2 X0 P A H B,
RWASTT EAE e I BT, Sebe b, AR ISR AR — Mt 45 R

1, 2, 3, 4, 5, 6, 7, 8 9, 10,

BBl C2EIER A NS E s R T

S AN KR

1, 2, 3, 47 57 67 77 8, 9, 100

Cocktail party problem

Speaker #1 Microphone #1

Speaker #2

BRERXNTWE AR, SIRMIEZ AR, —IB? ORI, T

AN, 58 O ASE AAL AL - 5 BEAR 265 R R AR BB 42 31— HE R 5 B AS JAVA T,
WFREAEE, B EEARGRANE IR, ZREMRIXAN NS B . FH5 kX
NGRS AR A 038 AR A8 18] R P 500 AT RAsgh FH — AT ARG SR 58 il

I BRI ALY

[W,s,v] = svd((repmat(sum(x.*x,1),size(x,1),1).*x)*x");

WFFEN R 7 ORI [A) A B 4 SR AT AT o FRAN S Y 42 15 B 1) L, (HE IR
T AR IER R ARG, V2 S RIS R . BT RL, X R AFEAR TR
L AT 5548 H Octave Z 231555 . Octave, 52 5 2% TR IR A1, £ — M Octave B Matlab
T, W25 JRAm JA JUATARS R AT S23l.

12



HLEs 5 S)FE-28 1 J-5] 5 (Introduction)

JETH, REHARMNT— KT W ] Octave [KI%1IR, #RmEHT LA Octave SR SEF— 454
ET . B, WMERE Matlab (EAR? ), RATLLA Matlab. S5 F, fEREARE, XK
BN, BATE PR @R A, 1E Octave @I MHEAL, KINIKAFLE Octave 1]
DLA A HE DL 5 1. PRt Se I e o) Sk . X L IR e R B L i svm R FIEL) i
., FWRESME Octave HOLEIF T . WIRIRKE TR TAE, (HAEH) C++E{ JAVA 1]
W, RS TERSREATINNY, FHEHERAN CH+El Java . BTLL, ARATEASELX BE5E
%, 58 c++3 Java 5 Python, ‘& FURFIXUGIE FORIISH MG . (Gidit: XY
L, BIAE Python A2 1 1)

WOZNE], fERBHLIESIRHE TR, KB, %510 DUE sk, sl
Octave A FEINEE, WAL Octave 1F % 2] TH, URMEAEMTH, EaibiRx
VRN SRR FE AR E 2.

F b, VP2 AIEREER A A A2, A TR Octave KAifH—2
{2 S Bk R A P i, A ERCAIEE TR, A B E S c++5 Java SUAIIE S .
FIHEW, XFEUEE T DAL IR EVEIZIT B L EHH Co+sEBU SRR, BT, AN, 1EH
—%iRSE, RLFPAMER, EXRATPIREH L Octave X FhgmfEHAITEM A, ik
R EEYMRTX — B EAER, A, RIS, IR &, ARATRIT R
R R AMMEM TR ROEWTIRE NPT, BACRFEIERILARE IV A, SHLE
FOVTFRN G, R E, R XA TR, JFHAHH Octave.

5, WA TARMARNE, AR T RA]

BAVNAE T B3], CR RN, TR FERRE ISR, JRESRE AT E
HAR H R A

U, A BARATE AT B MR R . W SRR G B, DO R RO A
SRHAT, FATHIXA 2 BB 22 5T 1

BEFA RG], WA R 5], A EAS P W T, RATE ],
AT DL — AN R RO R R e = 5, FTL R BlE%.

AT, RALE R — R i, fRe] DS EC B ST I, R
SR EREAE, PR R AS R I T .

B e — M BRI, XA H S B R BA T AU, BRI . R E e T 4
SRR, R BMEMOR, AT R SR . BT AR I A S B DY, AR
WM e, VER— AR 2T AR, AR A IE FUMR B rh i —FE

13
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o7, BB ME A AN A, T — DI, SRR AR FURS € 12522
Bk, TP/ IR PR AT TAR), AT R RSB EA .
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HLes2F 2 A28 1 - AR B2 ME 8] U (Linear Regression with One Variable)

2.  BAZEZR4: [BIIH(Linear Regression with One Variable)

2.1 BRIRR

SEM: 2 - 1 - Model Representation (8 min).mkv

AT — 22 FE R A RS BT, 1RaE B EERNMNL, B
R CRE & 1R E S SRR e B AR

EPATE S — AT RGP T D3 A% 0, BATE A A — e,
Yo S0 & M AN RS 25T A Ao AEIX L, IRELRGEAR b3 2 R e a1
HIRAIBIEE . LEIT U, ARARAR AR 551 1250 ~F- 07 ORI, AREE S JRbAT 13X b5 7 fe 3
Z /DR A, ARATDMSN — R M MR, thVR R HA, I EREET Bk
&, YRS VRIRIT A, AR LAK ) 22000035 70) A A IO A& SEHLX AN 5 7. X2
B S S A — A

o o 500 %
Housing Prices x Xx X
400 X
(Portland, OR) X =
300 T W Xx
N X x XXX
Price 290 X+

(in 1000s 100

of dollars) o
0 500 1000 1500 2000 2500 3000

Size (feet?)

Supervised Learning

Given the “right answer” for
each example in the data.

ERIRAE RE 2 SR B TR SRRk U, ATg b T IEmRR A S, R URRAN:
IRYEBA AR R YL, 5T SLbrrIiidsg 2, mH, ERARY, XA EA A E, 6]
VAT R R BRATTRR A < BT (A T — SR e AR T I R ks, [
I, A AR H LR B A 21 T 3 M SR, S BATT AR T L AR 5
s AT T HRAEAE AR, AR LT 5 R A2 RAE (IR B R R, X 0/1 B K
e, St DR UL, AEME S S AT — MR, XA R g .

PR AE BRI HVNE BImR IR IR A I H .

CAZ AT B 2 58 By A6, BAEFRATTNA B A 254 (Training Set) U1 R R Fs:
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WL 2% SRR 28 1 8- AR 4R % [B] )5 (Linear Regression with One Variable)

Size in feet? (x) | Price ($) in 1000's (y)

2104 460
1416 232
1534 315
852 178

ARG PR A IR IX A [ ) i B b ic R
m ARG S K

x AR /4 N\ AL B

y RERARZE/ AR

(x,y) AR L

(x @,y D) fAFREE AW

h ARERE: I EIE R T R ER BB AR N R % (hypothesis)

[ Training Set ]

v

[ Learning Algorithm ]

\ 4

ey L

A — A B S RIR I AR T 2, AT AT DA B0 BT JATT R I 258 5L DS R A fet
BA W EMRG A2 T, #FENTAE T, Rafh— 1 R%, BHEERNNG h
. h ALK hypothesis(f %), h¥on—AHG HA b RN, SR IR AR &
fpsa, it h ARAERAR) RS H y 6, y EXRG TR i, kg —
By BURRE -

PR IEF AT AR hypothesis, [T, ZEEE G5O B A &, FAT1SEpr
R BLR N GR B W BTN 2 ) BT, TS )45 B — B sth, 28 Ja R BT Y s 2
M RSHE NSNS R NS Ry T 255 J2 132 S s VR i o AR s it 5 . TR,
RFEATH G5 R, FATZ TR h?

—PATRERIRIETT AN hg(x) = 0o + 01, DUNREH ML/ AR, HILIXFE
(¥ i) L A P2 B e [T U )
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HLes2F 2 A28 1 - AR B2 ME 8] U (Linear Regression with One Variable)

2.2 RAUTEREL

SE I 2 - 2 - Cost Function (8 min).mkv

FEIX BT BATTRE 2 AT BR BRI, XA B 3R 5RIE 2E T8 iy 7T RE A B 2k
HEANBARANE . W

Training Set Size in feet? (x) | Price ($) in 1000's (y)
2104 460
1416 232 M= G
1534 315
852 178

Hypothesis: hg(a )_®+1
9, S: Parameters

How to choose #;'s ?

FELAERNAFBAT — DEXFEI UGS, mOR TINGRANEE, ki m =47,
1 BATH B e R KL, th A2 PR HEAT I 1) BR KL, AEIXFE I ZRPE R BT 2 ho (%) = 6 + 6,1x-

PP ORIFATZ 5NN — SR JATILAE ZA 2 N IAT B R G S E NS H
(parameters) 6y Al 6, f£pi i I rR 8 R HLAR IR Ay il B G

PATEF RS ERE 1 345 20 ELZARXT T3 TR SR A HERA AR R, KLY P F000 4
HSUIGRETLEMEZ WP ZER CFETIELTE) MERHEIRZE (modeling error) .

AT B bR (82 3545 H AT DA A5 R OR 22 10 5 AN BE S SR ML 2 8. BRAEA3ARA
B 1(00,6,) = ﬁ m (he(x®) — y©®)Hh.

P — AR, = DAER 580,816, T (0o, 61):
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HLes2F 2 A28 1 - AR B2 ME 8] U (Linear Regression with One Variable)

100~

(s N
6, 2 20 g

W] LA H A = 4 23 8] FRAE AR — MRS (60, 6,) B /MR AL

AR BRI BRR A1 T7 1R 22 B B, A IR RAR - J7 1R Z A B . AT P AR
RN I, RBDRZET A s, X RS HR R, R nl I, #—a
B o AT AR AR B BB BEAR U3t R AR Y, (BP0 iR ZE AR R BT BE A A R ]
VA i) R o FH BT o

fEJE SR EE T, BATE AR IR s KL, EATRINIVERIEE X TR 2 i
[ U e i A A R o

WVFIXABREY (09, 6:) 17 G, W REIRUIIR A RIEE I AR, £ R I LA,
AT S B — DR AN B By B AR IR, JF 2l B R e AETHBAT 4, DA AT
e HK.
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HLes2F 2 A28 1 - AR B2 ME 8] U (Linear Regression with One Variable)

2.3 AU RBBIE LA |

S A HM: 2 - 3 - Cost Function - Intuition | (11 min).mkv

FE B, Bdings 7R B MR B RE S AR, 1ERATEE
LT oRARE e EA RS2, BE RN REERRE T 4.

Hypothesis:
ho(z) = 6y + 61

Parameters:
9()-, 01

Cost Function:
.](0().()1) = ﬁ Z (ll(;(.l'(i)) — .l/(i))z
i=1"

Goal: minimize J(6, 6,)

0,0,

ho(z)

(for fixed #,, this is a function of x)

| ¢

3 7 hg(x)
2
y =0
5 1
0
0 1 2 3
Flay = el 2D sl
( : .
= g,w o, NN <l Yv\\/\gweS (Slv
= lsyas ———
& Andrew Ng.
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HLes2F 2 A28 1 - AR B2 ME 8] U (Linear Regression with One Variable)

2.4 R RBBPEWEE I

S H: 2 - 4 - Cost Function - Intuition Il (9 min).mkv

KATERA, BT IR A S A s AU L, X B A 2B B R D2 RS
2R, SRR S8 v R AN R BB I U, X B B RE L8 N AR T e T AV, (HANELER,
BRARBE I X B AE, It AR AR, AU IR0 R SRR B AR A K

100
o o
< 5o
=
25+
0=
10 S
0 T~ 52
—lOl =S s =~ L
~— 10 S (8.,8,)
— & -20 -20 6, <—

AN BREIRE T, S5 2R, WA LU HRAE =2 2 (A R A LE —ME13 (B, 61) B /NI 5

h()(.’l?) .](9(),91)
(for fixed 6y, #;, this is a function of x) (function of the parameters ., 0;)

700

600
g S00
£ 400 il XA
%300 \ -
E 200

o
S

Training data
= Current hypothesis

1000 2000 3000 4000
Size (feet®)

XL R, Ay SRR S A B AR X LA R By RS IR AT AR, e AT

=)

1000 -500 0 500 1000 1500 2000
[N

RLFBBRAT ARER,  BAR AT ARE RO LI T, SEEIE TR R B 1 /M

5%, BATHIET R —MAa L, BENS B 3R 1 X Lo A0 R By B /ME
K12 %0,/10,K .

ATHEAA B g ML FE I L i R, AR5 N L7 ok ik X e s i, IX AR
BAR—AMEIIE BATEBRE G, FEdEfE. B2 SHMNEN, XL h2 R A i
I, RIS TR AT A, BRI FRAT ] B IE 75 I 2 2 5 A 3 R4k HH X e b /IMEARA B
0ROy ME, (6T — TSR, BATKEA AP, GBS A 2R B AR s Ky
/MUK Z 0,16, I1E .
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HLes2F 2 R 28 1 - AR B2 PE 8] (Linear Regression with One Variable)

2.5 BT F%

S HM: 2 - 5 - Gradient Descent (11 min).mkv

B B B A2 — A I OROR R Bl MBI R0 BT DREASE AR 2 T B B0 R SR AR A R B
J(6o,61) fit/Ma-

B E T T I A AR JHIAI AL 3 — D2 HAH 5 (60,04, ..., 6,), THEA
W8 REEANTT T D REERM R EBE TR Z WS HA G . BAREIR A M E S 3
B = ER/ME (local minimum) , FONEATIFBCE ZRX A IS EA G, FrARERH
SEBAE RN R i/ MERA TR 2/ HME (global minimum) |, JEFA RIS KA
By ATREZHRBNANIE 1 )5 A foe /ML -

Starting at different points lead
to different local minimum

1(6,.6,) .

R — FARIESSLAE L iX — b, SCERAB R A X PR 1l b, FERRE PR
g, FATEM R 360 FE, BHERMNMAE, It EH CEELN A L, D
SRR XD R 2757/ 2 R IRATE7E L3 EiX — L, R — TR, R
RRIBAER N W7, REEEFRE, REHE AR, REAZMTAT7 & NS T
2 SRJEIRIEIR A SRR OB —, B EIRPER, MXAFI R, RIEPYE, Jf
DB A2 T7 Tk i RN W, AR)E SUEHE T —/NE, JEIRIESHE, B BRI R e
OEDAE

HLEARE NP4 (batch gradient descent) 1% A 3 0N:

repeat until convergence {

7]
05 :=0; — “'WJ{HIJ-.HI] (forj=0and j=1)
J

}

Hra2 )% (learningrate) , ‘BT | AT GE LMY BRECT FEFE B S K W)
W NI EEFE 2K, ERERE Y, AT —IRES R LA S50 25 STl R
Fe LA BR £ 1) 5 50
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HLes2F 2 A28 1 - AR B2 ME 8] U (Linear Regression with One Variable)

Gradient descent algorithm

repeat until convergence {
d
—=> 0;:=0; —az;-J(0,61) (forj=0andj=1)

} J

Correct: Simultaneous update
temp0 := 0y — a LJ(_(}(..U,)

0o
templ := 8, — a ‘f‘%.l((}“.(h)
to := templ

0, := templ

TERBIE RIS, A — AT, BERE T W, BRAE T 0, Fe;, % j =
0 Filj = 1K, L7 EHH, B MAAS TR (o)A (6,). STIUBERE FHEFLERIU B Z AL A2,
FERXANFIE A, WRAREE XA SN, IRFHE N R0, M0,, SRR ANEN
AT EX AR R

Ooi= 6y » FHEHO;:= 00

SEITTES s RROZIE A AL R 7y, 8 IR — 3SR 0, M0, IME, SRS RN
0,16,

ik D IR AR

Gradient descent algorithm

repeat until convergence {
d
— 0 :=0; —az-J(00,601) (for j=0andj=1)
()0_,‘
}

Correct: Simultaneous update

temp0 := 0y — ny‘z:.l(()(,.(),)

templ = 6, — (\%J(()”.()l)

By := temp0
6, := templ
FERRRE N PSR, 3X 02 A SR I SR (9 07V o AT MR 4 A/ e 2 [ B B
B, (RIS SE AR BN B () — A F U7 A Je xR, [RAD SR B H AR SEIL T
o NATRBNEAEE N B, AbATT S 2 A5 558 .
FERET R, JATTEEE N AN T 2. REKS [ HRMERA HIEE
X, MEAREEB IR IR, W SRR BN R HL, 3% SRR X AN o)
aai%/(eo,el), aaigl](eo,el)o
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HLes2F 2 A28 1 - AR B2 ME 8] U (Linear Regression with One Variable)

UIRARAS BRI 7, ARG, RIMEVRZ BTBCA B AR 73, 88 B i 1 3 4
FERE TR, RS2 — VMRS ZROE, vk SR M U Rk
AR, A IRATRE US4 SRR T SRR T A RN .
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HLes2F 2 A28 1 - AR B2 ME 8] U (Linear Regression with One Variable)

2.6 PR T R ELVLEE AR

S H: 2 - 6 - Gradient Descent Intuition (12 min).mkv

TEZ TR, FRAIG T — N LT R R R S, AR IRASIERATT IR A
F— T, BEMHESZ — N ANEIE R A, DL BT BRI T R 4 .
BhE N REREWTT

d

hik: XTOWME, 15 (0) &P NI Mt T, —HENRT %, AR R
IME. HaZ2 2% (learningrate) , ‘B HRE | IATHTE RELLARA BRE T FRAE S B K )7
W[ A TA 2 K.

3(@\\ (@\QW\

TR VB RS0 i, HeA b AT DU BUX AL A Ik, BRI R — A i B
2, RIS BB D) T3 — 5, LR VE B XA EARIAE, BRI A RILF 5 0 St 2
MR R B L, 4 B MRRR EAF I = A MR R DU A ACE KB, BIFE, %4
WA A, AR THESS FI, RGFMHN6,, 0, FHFETo Mm%
EXRa.

BOR RN TSR 6):= 0 — a 30/ (6)

IEBAPREE R a KN Bla KK BT A5 0L

B IEILRAC R, AT ER 2 DA RERIIA R AR A, FrB R a KNS, WRERRTE,
BNES —HRilsl, ExRERZ DA RERIE 2R HARR .

WERaAR K, AT T A RES O s, HEFRIERE, T RERNE
27—k, I SO IR, RO AR s, ELRR AR ISP B AR AR R R
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HLes2F 2 A28 1 - AR B2 ME 8] U (Linear Regression with One Variable)

L, Frel, e XK, BELIBEENEL EEKEG

BUE, LA AN, HIEEE IR XTI, BAE T AR BU 18] 4 BRI A
e, AR IRATTSAC O, AL — DRI AR AL, AR T — PR R A B R AR ?

BRI 0 WA AL R AR A, FEX )L, B B — MR B BUR H R AK A .
IR R R SR ETF, FOVERM A VI IRER . XEWE IR LR R
R EAEG0 AR, M0, T RRAE,, Bk, mRRKSH O T R R
R, A ARREE T Bk BB L SeA A BB, EAR RS HIE . X iR T ot AR
FJHE R aRFFAALNS , BAEE T R AT DA R ) A R (K

PAPRE AT, XA R EY (6) -

Gradient descent can converge to a local
minimum, even with the I%a_te_t_x_,_,ﬁxed

(91 = 01 — J(gl) ‘ 7 T
61 x
0 e i}

As we approach a local J(61)
minimum, gradient

descent will automatically
take smaller steps. So, no
need to decrease o over 0,
time.

HAKBIC R B/ME, BRI EAIRE L IS, A a i mrantl, Wi
WHFr— DR LTI, WP E W RN A, POV s S B0 A BER . BIFE, E1X
ML), WERIF 0, R KILRISE, BEIRER, BB ABER . R R
AR, R PEBORBEGL %, Tl B TR P)E, BiSRa2h—ma. AR5
PAEFEE N2, XS, AR DRRERRAIA ER A S L0 L, /N
R, B THNA R, R REIRA T, FIX p i S B s e s S /. pr
P, AT DR TR, SRR, 6 EH IR = . i CABEE
FE T FEHERISAT , IRRE BRI FE 2 B SRS MR, LR e 28 R s IR AR /N, AR L,
DS R R AR /M

BB, FERRRE T RRET, HIRATEGL R A AR A, BT BEE 2 B SR BCE /NG
WP, XA RN S BATHEIL R AR A i, AR AR R i I A5 %, P A Jdi %
R AR, FRUE & B SRS, B LUBE L R BERE E SR BN IR, X2
BRI TR EE . BT LASERR B30T 2 5 A ha
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HLes2F 2 A28 1 - AR B2 PE 8] (Linear Regression with One Variable)

XA TS, AR DU E ks MU By, AN RS2 ) i AR A
R -

FERE TR, BATERRA sy, RIRERAR, ZrERARrARdm . B
OB BA AT 5 R Z R, GG T R, DURCT I A BG, BAT &3 e —
AMDLES S S HE, BIZR PRl E

26



HLes2F 2 A28 1 - AR B2 ME 8] U (Linear Regression with One Variable)

2.7 BREE T FERI LR

S H: 2 - 7 - GradientDescentForLinearRegression (6 min).mkv

FE LRI ARSI P BA TR 250 TR BE T BB, BORE T R AR SIS, e AU I
LR EANZAE AR P T5R ZE AN SR AR B, JRATELRBE RE T B Ao
PR G BATR A BIEE, IR T HARR G B LA RE L.

B BT B AN A el VA B0k B e o 4«

Gradient descent algorithm Linear Regression Model

repeat until convergence { he(x) = 6y + 61z

9]
0; :=0; —a—J(0p,60
3 =05~ (6o, 01) .
= — l?)
(for j=1and j =0) o2 ; (ho(x v)

2

}
X AT A2 P [l U il s PR B2 N Bieis,  SRBEAE TR AR s B 348, BRI

2

m
0 Jd 1 ; ;
—_ = ) —y®
aejf(eo,ea 7 ZmZ(he(x )—y®)
=1

j=1 it 6161](90,91) =i ;f;l((hg(xﬁ))_y(i)).x(i))
T3 25U i
Repeat {

1 . .
Bo:= 0y — aaz‘,ﬁl(hg(x(‘)) - y(l))

0,:=0, — aiZ?il ((hg(x(i)) —y®) .xa))

}

BATHINIE TS0, A BHOV LR TR, Scbn b, fEbld 2 2h, WA
LR T, (AEAN AT BB TR, fRASERE TIERE 2P, BATEME T
PR IIIERREA, FERREE N, ETFSER SR I, BATH ZHEATRAISE, Frbl,

T AP TR, FATRAME SRV, AT ZX A m A 2Rk
AR, A, HEEBRRE T R A4 U T BATR E S IR I GRREA, T
s b, A A AR B R B, AR IR, BB IR, TR
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WL 2% SRR 28 1 8- AR 4R % [B] )5 (Linear Regression with One Variable)

FRR AR NGE T — LN T4 ERERRET, AN HIXLT57%.

EFLHETTE, MARNIZERISE S, RN IZC2ERE THREM R, JFHRTEM
FIBIRAE R T, XA P T2 MR R RS LN BTk

WERAR Z A KL, A Bl 2 2 f AT RE S 2 d i AR LR M AREL, ARRZFNIER —
FH A By B ME R EUELE, AT ERR L N B AS USEE . R MRS, &
B SRBNZXATT %, BT DEATR E2 PR TR0, tae thACHr o8 By i/
fH, 1XJE 55— MR IER T 2 (normal equations) ) /7 1% . SERx EYEHIE SHIIEHL T, B
JET B LU s R B a2

BUERRAT O SR TR T, JATRT LAAEA A PRSP s TR LN B, A TR AE
AFEFHLAS ] R KR E . BTeL, SUSRK R A 2 RIS — LR 2 5k

FER — B, S RIRIZACIIRR R PRI, OB R R T e N 9 K
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WL 2% SRR 28 1 8- AR 4R % [B] )5 (Linear Regression with One Variable)

2.8 BT REAE

S 2 - 8 - What_'s Next (6 min).mkv

FEFE TR — I, Xt B MEAREIEAT — M A = ST IR A RAR AR B
fied e RN R, A TR URAE TR B — IR RS S A B AR, BRE AR 2 B 2 A
P 7, (BB TRRERA T, WHEAPEE, A SR TR —HA, B PR [ B
PR F 21 I 2K

WL AT, URAT CASEHURME Y S R R 2R R AR . s B, RAEAREOMUAN A Z
IR, B A R R A A ok A B+ A BB A TS B2 5 B8 2 ALas 22 SR, JF
PRV LA AR IR RPN SR A B AR 1 — AT 2 0y 2ORALGUR B s, 45
T AT B ORI RS, RARA BRGELM AL, R IR e S AR B2 —
NS RIS, FERREN T Z AT MR BN, A G, FL L, Oy T SEEL
a5, BATA R LR AR A 2 PEACECR R . 38 1 R LM, AR AT LA
IRPRI 2 E S A VR TG B T AR E AR . BRI, 7 3 BRI 2 15 75 2 o1 4%
ORI, FTTRA 2 R R, RIRWATIN. 9 . SRIEFEMAE, e
R A B R RO

WARAR A7 BB IX LS, A RSE 4 m] LRI X 2 50 T2 ME B (B, (H 2
RARXS X LS AT LV A E , AT E XL 7 BOX R S, AR —F T —
LRI, B IR PRI R — LL R T ZERNE W EMEARE RN, T 2 JRdm Bl I 5k
DL SEDN £ -6/
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HLas 2 SR8 1 Ji-2R AR E i (Linear Algebra Review)

3. ZR1EARH B Fi(Linear Algebra Review)
3.1 FEREME B

SZERHM: 3 - 1 - Matrices and Vectors (9 min).mkv

—_— | 4or e
. 1373 gr |
= 149 WA

—= 14 lyy g

7 T

G4 wL  nekcix
) [ [‘Rq Wi ]
K 1 B BB B
1402 191
_ 1371 821
e B < 4= 1371 821
147 1448
AREBIUT, BIMTTE.
460
R —RMEFRIVIERE, U SUh R iR A, .y = | 232
178

NI4ES| s (4x1) .
WREN 1R MEMN RS &, AKRN1 RS FE, AENO RS HE, A
1 &5 m&E.

V1 Yo

_ |2 N
= y3|’ y= Y2
Va V3
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PLgs 2% STURFE-28 1 -2 AR ZR (BT (Linear Algebra Review)

3.2 AN ERE
S H: 3 - 2 - Addition and Scalar Multiplication (7 min).mkv

FERERIINE: AT BB AT A
F

1 0] |4 05 5 05
2 5|+|2 5 |=|4 10
3 1]|0 1 3 2

RIS A TR AR
10 30 10

Ix|2 5]|=|6 15]|=|2 5|x3
31 9 3 31

HE TR
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HLas 2 ST FE-58 1 J-2R AR E i (Linear Algebra Review)

3.3 EREFETRTE

S H: 3 - 3 - Matrix Vector Multiplication (14 min).mkv

FEFEA ) B IEDIE . m x nfIFE IR In x TRIA &, 3 20H)2m x 1A &

O w0 2wl ot
[« + 35 =16

Gxg) t orS =%

———i

el & s =%
AR
Tz 13|, \
UEOROTE) B X @l - \z
o | A
@"q“ G| Tl

[ v« | 4223 + W2 1 &%l = ¢
Ox( + 1¥x3 *O¥L t¢xl =13
| % (+E Dx L +Ov2 4 orl = -
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HLas 2 SR8 1 Ji-2R AR E i (Linear Algebra Review)

3.4 JEFEFREE

XM 3 - 4 - Matrix Matrix Multiplication (11 min).mkv

ElGE P

m X nfHFEFeLin x offifE, AL Mim x oFHkE.

AN R U AN I B 15 2 — M) TR — T, B e S AN EREARIB, I
AEATHIFRA AT LR R B R B

¢ = A % B CO = A0 X BO + A1 X B2
C1=A0XB1+ A1 XB3
(co c1 A0 A1 B0 B1
= X
G2 63 A2 A3 B2 B3 C2 = A2 X B0 + A3 X B2

C3 =A2XB1+ A3 XB3
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HLas 2 SR8 1 Ji-2R AR E i (Linear Algebra Review)

3.5 FERESRIERITER

S M 3 - 5 - Matrix Multiplication Properties (9 min).mkv

piElE PR T
FERE R SRVE AN 2 S Hfd: AXB#BXA
MRETRIE E A, Bl AX(BXC)=(AXB)xC(C
AR AR R SRIET, A MR E R IRER], Rk T Y 1, RATRR
X R B A . AN TR, — R T B E RoR, AU 1T AR RE,
e EABA TS AEIR ML (RN TEX AL LRy 1 DAME# )y 0.
AATT=AT1A =1

XA, HAI=1A=A
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HLas 2 SR8 1 Ji-2R AR E i (Linear Algebra Review)

3.6 . #®E

A H: 3 - 6 - Inverse and Transpose (11 min).mkv

FEFERY: AR —Dm x mAEE U7, WmRAWHER, 0. AA1=A"1A=1

AT MEAE OCTAVE BX# MATLAB H3E 4T TS50 e 300 0 e

FEFERFE B . WA M x nBEERE (RlmATnd1) , BBifTj5 s R Za(i,j), Bl: A = a(i,))

5E AR B NIXFE— M x mIMAEREB, 35 2B = a(j,i), Bl b(i,)) = a(j,i) (BRIZifT
FFICERANEATHRFILE) , 12AT = B. (HE%4id N A'=B)

BHWKRE, ANPGRS —FNE LT 1 S0 R BRI R 7 45 FEI 2k
BRI [, RIS RIAMEE .

i
a b|"
a c e
c d| =
S
R (1) B B AR o

(A+B)T = AT + BT

(AxB)T =BT x AT

AnNr=4

(KA)T = KAT

matlab R E: BHEAT ML x=y'.
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HlLes2E 2 A28 2 -2 A m 4 M Bl (Linear Regression with Multiple Variables)

F2H

4. 223 B 2814 [B] H (Linear Regression with Multiple Variables)

4.1 ZYERHE

SEM: 4 - 1 - Multiple Features (8 min).mkv

H T uIE, BATRS 1 AR SR K [ AR R, BRAE FRATTRE 55 A A 2R i B 22 R R AL
Ban b5 B BR R A, MR — DN EH 2R AR, SR T R IE N (g, X1, .0, X)) o

Size Age of Price
(feet2) Number of Number of home ($1000)
bedrooms floors (years)
2104 5 1 45 460
1416 3 2 40 232
1534 3 2 30 315
852 2 1 36 178

RS EZRFLIR, BATSIN— RIGH AR
n ARFHILIHE
xOfKH @ NGRS, RAFERERE T IT, 2— R (vector) .

by, BRI
1416
@] 3
X 2

I

40
X ORBASAERFEF S © A7H05  AMSIE, GRS | DGO j AMEE.
i FE I = 3,x = 2,
XFZBEIMRE h RIRHN: he(x) = 0y + 01x1 + 0,05+, +0,%,5
EA AR+ NSRRI SR, N T ARSI, 5k, =1, WA
RN hg(x) = Opxp + 0,x1 + O0,+... +0,X,
SRR P MR — A + VAR, AR — ARSI 4 + 14RO B, 5
EAEMEXTIAERE R mx (n+ 1)e BILARATUFLN: ho(x) = 07X, Hhth FARTAFMERE
HE.
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WLas 2% SRR 28 2 JH- 2 A8 4 % [F] )5 (Linear Regression with Multiple Variables)

4.2 ZZERE TR

S H: 4 - 2 - Gradient Descent for Multiple Variables (5 min).mkv

HRAFEANERHRAL, ELZRBANERIAY, FATEAE MO, WX A
B BUR T LRI R, B J(8,6y...0,) = = 312 (he (x@) — y©)*

Hrb: hg(x) =0TX = 0y + 0,x; + 0,x,+...+6,x, »

AR HARFH B AR B[] A [ B h — 4, 2 R AN R B N — RPI S 8
Z A ANV REEBE R IR RE A

Repeat {

d
0.:=0.-a——1(0,,0,.....0,
j =0 ) (0o,0, )

1

}
P
Repeat {
d [ L
—f. _ {1y gl
0;:=0,-a— ~ S Z(hﬁ(x )-y")
] =1
j
RFPHERE:
Repeat {
1 < L
0, =6, —rrﬁ Z((l]e(x“‘)—y“])lx}”)
i=1
( simultaneously update @,
for j=0.1....n )
)

Bo: = 0 — a—- T, (he (x@) — y©) xg”
1 m

61i= 01— a— > (h(x®) = y©)x{”
i=1

m

1 . , ;

0,:=6, — “Ez(he(x(‘” —y®) xél)
i=1

AV IREEH L — RIS HUE, HHETA RIS ARG, Baira S8
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e 2E 2 A28 2 -2 A m 4 M Bl (Linear Regression with Multiple Variables)

1, Wt E B2
B

‘L_I‘ﬁ,fﬁ{jl\[%lﬁ ](6) = ﬁ ﬁl(hg(x(i)) - y(L))Z ;H\:EP: hg(x) = HTX = 903(0 + 91x1 +

O,x5+...+60,x,

Python f{fil:

def computeCost(X, y, theta):
inner = np.power(((X * theta.T) - y), 2)
return np.sum(inner) / (2 * len(X))
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WLas 2% SRR 28 2 JH- 2 A8 4 % [F] )5 (Linear Regression with Multiple Variables)

4.3 BRI T PSR 1-4FIE48 K

ZZ M 4 - 3 - Gradient Descent in Practice | - Feature Scaling (9 min).mkv

FEFRATTTE NS 2 AERFAL i R I, AT RAIE I SR R A B A AL 1 RUEE TR T B
JET RS s AR S

PGS O ) RO, B SR T FH PN RFAE 55 2 RS A s Ta] i) 0, ROTFRIME Y o-
2000 PSR, 1 b5 (A BCR E N2 0-5, LA NS H ISR, il A e B i) 46
e, G S BARE, BN BREILR T EARE 2 R IIE A s

J(0)

> 0,
DR 1) 5L R P A R I RS B i -1 3 1 2 18] i

Feature Scaling
Idea: Make sure features are on a similar scale.

E.g. 1 = size (0-2000 feet?) &

size (feet?) &~

=2 &1 = "a00p
T2 = number of bedrooms (1-5) < L_/
= — T = number of bedrooms
T J(0) 5
2 —
( N O Sx< | SES
’ J(0)

A L TR 2 xn—xns—””, Hdr 2 FIME, s, etrEZE.
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HlLes2E 2 A28 2 -2 A m 4 M Bl (Linear Regression with Multiple Variables)

4.4 BHE T FRIESERR 2- X K

ZZ M 4 - 4 - Gradient Descent in Practice Il - Learning Rate (9 min).mkv

Bf 5 Bk SRR WS S ol 7 B RS AR BRI R (AN R T AN R FRATTASRESR AT TR, 3AT
AT AL S AR A R 501D PR SR LI B3 AE T I T WA

min J(0) s> <Ll

deciease_

oS e
@gﬂ \(‘Qr»f\'n on .

0 100 200 300 400
—=, No. of iterations

A2 F BBt YRS T i, B Ak A s B AR 5 2 A IR EL (9] G 0.001)
BEAT LA, (HIEH A L IR A R T A .

BiPE R B SR I AR IR AR B 2 S AR NS, iR 3] Faid /s, Ik BT 7 3%
PR ZARR s R Faid K, RFIGEARTREASI/MUOT R, RSl 5 7 B
MEFETCERSH

I H AT L R 2 S 5 R

a =0.01, 0.03, 0.1, 0.3, 1, 3, 10
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HlLes2E 2 A28 2 -2 A m 4 M Bl (Linear Regression with Multiple Variables)

4.5 FFHEAZ [ 1H

S H: 4 - 5 - Features and Polynomial Regression (8 min).mkv

s A PRI 1

hg(x) = 6, + 6, X frontage + 6, X depth
x, = frontage (GEEE) , x, = depth (YAFITRE) , x = frontage * depth = area
(MR 5 W: hg(x) =6y + 0%
ANERAFFAE T Ira s, A 3RATR 2 dokod M BAT T B, Hean—A> k07
B hg(x) = 0y + 01x1 + 0,x3
BE IR hg(x) = 0y + 01x; + 0,x2 + 05x3

Polynomial regression

Price

V) 960-{—91.’174—92.’132
y

= 6y + 61z + 921‘2 -+ 03:173

Size (x)

A H B WEEIRIR S FF U e & 2 BRI 54k, AT LA
Xy = x5,%3 = x3, MR LA R AR
AR e B BT, FATIE T LA
ho(x) = 0y + 0, (size) + 0,(size)?
i
hg(x) = B, + 0, (size) + O,Vsize
VE: WURIRATRA Z WA, RIS TR TR SERT, RHEA R L.
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WLas 2% SRR 28 2 JH- 2 A8 4 % [F] )5 (Linear Regression with Multiple Variables)

4.6 IEMAHFE

Z% M 4 - 6 - Normal Equation (16 min).mkv

FIE AL, FRATEAEE I BE T REEE, (HR T a2 v [T () 3, TR AT
R AR TT % e
Intuition: If 1D (0 € R)

= J(0) = ab? +bh + ¢ U'l((})

Y
' 0 g

TR 2 A Gl I SR AR T 1) 7 R R AR A AR AR R U N ) S 5K - a%j](@,-):o .
B IRATI R IER RN X (BT xo =1 FHBRINNGELE R NE y, WF]
MIEMGFEEERE 6 = XTX)XTy .

b TARGRAERE R E,  bAR-1 AARIMEFEMY . WHMEA = XX, W (XTX)"1=4"1

PAF o HdE A i«

Examples: m = 4.

Size (feet?) | Number of | Number of | Age of home Price ($1000)
J, bedrooms floors (years)
o T o &3 Ty y
1 2104 5 1 45 460
1 1416 3 2 40 232 1
1 1534 3 2 30 315
1 852 2 1 36 178
1 2104 5 1 45
X — 1 1416 3 2 40
T 1 1534 3 230
1 82 2 1 36

L X(0) [ X(1) | X(2) | X(3) | X(4) [y
1 |2104 |5 1 |45 | 460

1 [1416|3 |2 |40 |232
1 [1534 |3 |2 |30 |315
1 (852 |2 |1 |36 [178

iz FHIERUT RE T R S 4
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HLes2E 2 A28 2 -2 A m 4 M Bl (Linear Regression with Multiple Variables)

| | | | | | | | 160
2104 1416 1534 852 2104 1416 1534 852 249
n 3 3 2 i . 4 2 e
. 3 3 1 |* 3 5 3 [X[as
15 10 30 36 5 30 36 178

fE Octave H', IEMGFEEE:

R
l'.::':
CCROSRCN -
b o -
Leaes
= i e e
eee——
—
=

pinv (X' *X)*X" *y

e TR LEAN AT R R Gl 2 RN RPAE 2 [ ANJSE, 4 ] i 25 9 RO SR R R
SRR B B RS PRANRFE, A AT RE R R E B0 K TN GREE AR , IR T2
AREHIH

TR T B 5 TE A AR 1 L«

BBIE T A
B Fa L
2R — B
SRR K {2 RERCFIE T B (XTX) ™ ISR G B R B

BEAN K, RURAE R T B (] 52 2%
NOn3), WHEKUEMn/hT 10000 B2
Al AFESZ (1)
& T PR A FUE T MARL, A& &8 R R 2%
HoAh R

ST, NBRMEAR R REH IR, brdETr e — MR TS50 B AT %,
R, RERERRHRE DT —)7, BIER G RMET R, A IR T ik

B BATE DR A S FRBOR R 2%, B0, HBATI R R, B RIAS,
HATFER, Khr X T ENE, IR ARAE T Rk X T AR B R IR K22 > Bk,
AT AR B T k. DIk, BB T Bk —NMREA IS, TeES
KERAEAS R AR BT A . s BATCL SRR D, S UFRIM — L8 A i 5%, RD9bR
TR GBS AR BN Lo (B T IR E L R R, iy R i g — A
PUBERE T P BRI B ARSI EL, MRS BRI R R, DLRAR R B i, XA
LA EEAR AT

IEMTRER) python SCIL:

import numpy as np

def normalEgn(X, y):
theta = np.linalg.inv(X.T@X)@X.T@y #X.T@X Z1F X.T.dot(X)
return theta
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HlLes2E 2 A28 2 -2 A m 4 M Bl (Linear Regression with Multiple Variables)

4.7 EMTGTRERATESE (&)

Z% M 4 - 7 - Normal Equation Noninvertibility (Optional) (6 min).mkv

TEIX B IR R IEM 7 FE (normal equation), ULAEATIA AT YE,  HHT3X & —Ff
BONGRNEIRE S, JFBEA N EA RIZ 7 I [, B, REEZERRE, fTi
BN, BT X BRI AR R OB AA N, VFIRAT BE R A MR R T 2, IR H &%
LGSR AE M (ERMEIRECH BARIE TR AL MRS &R, A K R

TAVES W EW R 0 = (XTX) Xy

#E: ANRERICHESEEET.

HUFEEE AR, HiHE o=inv(X'X ) X'y , FISXTFAEREX X 45 B AN AT IS
(YL T30 ?

AN RARNE — s AAMEARE I FNIR, IREVE S HE, A7 LeRE R AT I, T e M A AT I, 3R
ATTRR AR L AT 3 RE B g 7 S BRAR AL R R

i) PR B UAE T XX AN AT I )RR 2D & A, 7E Octave HL, SRR &R SLBIO 11
B, RSB ERIME. 76 Octave B, A /BT DUOR AR, — MR,
pinv(), H—NE inv(), XWEZIEMZERZEVFHERE EF, — SR imiEr i,
FARR I AT pinv() BRECRTDURIREC: ERVIERE, SRR O, RO
X' XFeANA Y

fE pinv() A1 inv() ZIE, AW AKX 0 2

Hevinv() SIAT e BUE TR, lan, EREA SRR, W, /& DAk

FONRSTIRS TH R 5 g0 DL I KO RS AS TH S s, [FIIE, ARENTE 1 K& T
3.28 Ff (WU BEABIBALNEL ), XFE, RIVIXPNMRRIEER IR 290 R L0 xq = x, =
(3.28)2,

SR b, URAT AR AR — NPT RE, R FETSARP MAHORIR IR AL, FEFEX XK 2
ATETIERT

FHoAEERE, FERERRERRIEE, 2 BARR 2 S FR R %, FTRES SEUR
MEX' XA RGNS BRI, fEm/D T EEET n (URHE, F1a0, fmaET 10 0
WEFEA AN T 100 FRFHEEE .. EHRIAESH M+ 1) ESHRE0, THLHR—
101 4ERRE, Sl 10 DUIGRFEA TR L 101 MSEIME, X TAFrTR & ikRqE L
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HlLes2E 2 A28 2 -2 A m 4 M Bl (Linear Regression with Multiple Variables)

—BEFIE, HXIEASR—AME R B, EMRAIE R AE 10 MEA, BUERM
X 100 2 101 NS4, HlEiL A LD,

MG BATHAE 2], nf AN R FEA IS RIX 100 5% 101 24, @%, RATSMEH
— R I NG 2R B v, I PR S SRHE B R A P SRR R, SRR Mm btin
ZINPRRSHE P i R RIS AR — AN R NI I 2R, BRI { FAAR 22 IRFIE SRR BIAR 2 53 11
SR BZAIRRIUEREX X IS5 RO A AR, SE B TR R AT, s
FEBRIX A M

e, BRIEE BRI — 2 RIRHIE, 1RIX Ex, Fllx, SRR, BONZRME RS
[, 9 — L RAGRFERS, AT DUBIBRIX A A B RAE L th—AS, JEZU ANRFAE )
TRE, AU AE I . Rk, w e ROZ IR SR TR RS 2R T 2 R IRFAE,
WRAE ZRIHMERE, HIBIIAFRZROCNIE, MRS SR RS, R kR
D RRAER VR AT RE 2 WA, TR EFHISM M IERAL T %, WRAEREX XA AT i
ff,  CEERD, AoBBfEn) , wRAE Octave L, AT YT R pinv() sk
B IR AN R (2 AR BUZE (R 7 AR R it BIAEX X IR 45 R AN AT 1, (H BRI
AT IR A& IERAIK) o 25 HE AN AT 0 R AR PR 1 0 A 2 R 24 5 i DA K 22 B R A [l U3 o,
H BN BT 308 ) W] RS 20 22 [ S X T X A AN AT 3 [

B A

6 =X"X)1XTy HIHETISE:

J(6) = ﬁzg’;l(hg(x@) - y<i>)2 Hr: hg(x) = 07X = Oyxg + 011 + Oyx,+... +0,x,

F RIS AR A, WHTO) = %(X@ —y)?2 , HAX AmiTnd| IR
(MARERNE, nNFRHENED , 0 AnAT 1 AIRIERE, y mAT 1 ZIRAERE, X7 (0)i#47n
AR
1
J(6) = 5 (X6 = y)"(X6 —y)
= (O7XT ~ Y00 - )
= %(GTXTXB —0TXTy —yTX0 —yTy)
FERR(O) T, TERBILL JUANERE R R S5
dAB

== =T
dB
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WLas 2% SRR 28 2 JH- 2 A8 4 % [F] )5 (Linear Regression with Multiple Variables)

dXTAX=2AX
dax
FrblA:
@) 1
8 =§(2XTX9—XTy—(yTX)T—0)
1 T T T
=§(2X X0—-X"y—X"y—-0)
=XTX9—XTy
A0J(0) _
a6 =0,

e = X"~ XTy
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HLas2A S R FE-55 2 FA-Octave #0 2 (Octave Tutorial)

5.  Octave FFE(Octave Tutorial)

5.1 EARERE

SR 5 - 1 - Basic Operations (14 min).mkv

TEIX BT, B AR —FhgmFEIE T Octave 15 o IRAENE A B ok AR U M ST IX
TR IRATE L0, BN I Hk.

LR EHERHA RIS S REERNLA ¥ 2, 146 C++. Java. Python. Numpy
A Octave. FAILAE L Octave IXFEH SR F N, 2242 RENS E PR BE A7 M~ 2] R BRI
BeRT. St b, fERER, REWE BT RN I BUE BN, 86 AR PR
2 Octave. (Zi#id: X2 MK, BIFEEEZH Python)

Octave /& PR JR 4R 75 (prototyping language), flifi] Octave fRAEPRIEILSLILIR
MBS, RN RS, IR TR AT R BRI E AR A F AR TR A C++El Java X L6
W F CERER ST 1o JFRIUH RIS TRRAR S 5T/, HLE % > B ) R AR 5.
FTLL, Ui SRARRELEAR % ) HIETE Octave DPEMISLEL, JEANMIESLILLE, FH
¥ Java T, XFEMRELEETTA HOCERI ).

PRI WL, NATE 55 2 1 F T HLES 2 2] 1R 45715 5 /& Octave . MATLAB. Python.NumPy
AT R,

Octave fRUF, FUNERIFEM . 258 MATLAB tREF, (H'EAREEN NAS LM
(SABAE P 22 A B AR 2R 1Y) matlab, matlab THREZLEL Octave 58 K%, M EAT & Fl D Wi
UL K)o IXUHLAS 2 SR A/ 2 ] matlab (). 40 RARAEDS (£ ] matlab, k. A] LL7E
X TER B H

AR AR2: Python, NumPy 5035 RiF &, JBIEE AN RE, #HEERITE, ZEAAG
AHIEIRE T, FOIREAE ST R EHEUE, H, BOYXETE F0: Python. NumPy ]
EVEMECT Octave K, 2 FHRRG— . IEFNIXRE, FrLAFREBZIE WA ZEA NumPy B
H RRFEEXTTRIEN, FREWAEX TR A A Octave K EFET .

ARSI PO A 20— R B4, HAR 2l R, ilidiX — & %1 Octave ) dr 4,
iEYRHNIE Octave g HIR AT 4 -

J&i 3] Octave:

47



HLas 2 S]RFE-55 2 Ji-Octave ZF2(Octave Tutorial)

S

IIAEFTHF Octave, X 2 Octave i 21T

' )ctave, version 2%

ICopyright ( 2009 W. Eaton and others.

IThis is free software; see the source code for copying conditions.
IThere is ABSOLUTELY NO WARRANTY: not even for MERCHANTABILITY or
FITNESS FOR A PARTICULAR PURPOSE. For details, type 'warranty'.

Octave was configured for "1i6¢& c-mingw3

Additional information about Octave is available at http://www.octave.org.

Please contribute if you find this software useful.
For more information, visit http://www

Report bugs to <bug@octave.org> (but first, please read y
http://www.octave. ] gs.htm]l to learn how to write a helpful report).

For information about changes from previous versions, type news'.

octave-3.2.4.exe:1> |}

IAELEFR IR TE B FE A Octave XA :
HINS5+6, SREHE 11,

BN 3-2. 5x8. 1/2. 2/6 &%k MERMMNER,

|Reporr bugs to <bug@octave.or (but first, please read i
lhttp://www.octave.org/ to learn how to write a helpful report).

IFor information about changes from previous versions, type news'

octave-3.2.4.exe:1>
ans = 11
octave-3.2.4.exe:
ans =
octave-3.2.4.exe:
ans = (

octave

QS

octave

ans =

octave-

octave

octave-3

ans = 0
octave-3.2.¢

ans =

octave-

XA I A (o Is B
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PR TT CAHCZ RIS, Bt 1==2, TFEERN false (R), X B H 2 5 S RmIERE,
1==2 ARV XM 0 &R,
HEE, NETFSHEIERRIMNREIN LTRSS (~=), MARSE T ENCS I

F(1=), XM HEAN— g REE S AR .
pctave-3.2.4.exe:8> 1 & 0 % AND

pctave-3.2.4.exe:9> 1 || O % OR
ILBRNEERRIZHE 1&&0, HHNRT SR RNEHRY, 18&&0 Wi v, 1810 KEL

BHE 1110, HitESER A,
octave-3.2.4.exe:10> xor(1,0)

ans = 1

A FEIEE WXoR (1, 0 ), HiRFEI{EN1

M4 5% Octave 324.x JfUA, fZERINI Octave $2/R, TR T 47T Octave iR
A, SRR ERR.

WNARARA R BRI BA — AN dr &

N2
octave-3.2.4.exe:11> PS1('>> '):

-

WA MR CEB AR T .

BTk, AKX Octave HAE &,

WMAES Mg, ML EaMEN 3, L FRE s, BrTEadT 3.

>> a = 3
a = 3

WHRARAE ST — N, (EAE B A LRGSR, R UEmAEIn—"N %, 1]
DAFREHT ERgn s RIS, ANFTEME Al 2R 74

% semicolon supressing output

HAIX A 2 AT EEA 2R 7 o
AEZS— N/ BT B EbET hi".

cHEFT3IRTHET 1, el BfECERNEAZR.
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AURARAEST BN N AR B, B R — NS, RWT DMR T X A fif -
W EaSE TR R, WRREATHIZAE, A AFRA a BRI SETEHK T .

*F T B SE el LU DISP 2 Wk

% semicolon supressing output

>> disp(sprintf('2 decimals: %0.
2 decimals: 3.14

>>

R, BRI CIET I, X T2 laid C¥ET MFAUE, fRmr LA X i
NGRS QLS SNEIE e
Bl MTYE A BN A N 0.6%F 8, IXBIZATEIY 6 A/ 0E 2.
=%

A — s i R SR PR

>> format Tong
>> a

a = 3.14159265358979

>> format short
>> a

a = 3.1416

N, ARG B 1A AR
EET5 i AL — N HEFEA:
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Xt AR RERATIRA, R BN — AN =AT S HERE,  URIFIRERT UF [ &

AL RVIFRIE 123, VE—AMTIAE, BEL—A3( 5 x1( AT )WmE, 53
B, — AT =HI R

WRIRAE, A PIEE, RATE2;37, BEEA T A3 17 1 A mE, [
I 1K — AN [

TR A NS, .

V=1: 0.1: 2

XAZAATE R . XANMEAv—HME, WEUE 1 R, HEaiig s KN 0.1, HE
BEIE 2, FEIXFER A A EVERE, TSR AMTRE, KR4 147 11 AR
M, HARFMEMICERE 11.11.21.3, HILEHE, B R%E 2.

AT LA g —ANEGvIF A 2167 AT, IXFEV R E T 1 2 6 1NN

IR LA — e A A T 2R A R R
filtn“ones(2, 3)”, WA LARRAE SAERE:

JERHN 2, WAT=FIRIFERE, AT EAE AT AS i &
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ARAT DRI AN 7125 24 R A R e A DR g 72
WA AT =B R, AT =AIARERE R TR 4

DPP

Hm
G

AR 2 177 ORAE BRI

IR W HATIAE , FH Rand #r @S2 — A7 =FIRIHRE, FIOVAEA 1 Rand 74
W H—4T7 =F e R ABENUE, W rand(3,3)" 4, XHER T —A 3x3 IIFERE, JFH.
HETE TR AL

0.467747 0.684916 0.346052
0.022935 0.603373 0.307135
0.212884 0.857236 0.456541

HUEArT oM 1 208, Bl IERENX — gl FATAT LS RIEUE 519 T 0 A1 1 22 1]
[P

R, URANEA A m TR &, B, PRANE A RS A RN LA &, R LA
wEEAW, HHET D AT=SINERE, JFH, kRBE="ME, > TMEN o &
oA, i ESEET 1 bR ZE .

>> w = randn(l,3)

-1.44264 -1.27860 -0.69640

BT LI B T
HFH hist i &2 B 7 1A

> w = -6 + sqrt(10)*(randn(1,10000))
>> hist(w)

>> hist(w,50)

25| BT AL -
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>> I = eye(6)
I —

Diagonal Matrix

] g 0)
0 0]
0 g 1
0 0 0
0 ) 0
0 { 0

RIS AERE, B help 4:

>> help eye
>> help rand

>> help help

LA EDHRI A AL /S Octave [UZEAIR(E. A B {RaEIE EHIUHRE, B D2 &0

B ofe. INAEERAE, KX LLEAELE Octave H# SR
FERIGIIA A, K2 KEZ R R4, I ENIE Octave Hxt HdlE 2t AT &

ZIHRAE
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5.2 BIHIE

S 5 - 2 - Moving Data Around (16 min).mkv

fEIXERT Octave HIAH-F R, FARTTIENHUNTE Octave ALk .
WNARARA — LA TR, AR ERHEEEE M3 E] Octave H1?
ERHEEIR AN — D HERE?

AR o R 3R AT AR 3fe 2

AT RAETH L5 R 2

URART s Bl LBt B AT R AR 2

BENFL Octave I,

HENA, BRI ARG A, BHUR IS 4RI -

A=1[12; 34;56]

XA 347 2 FIMKFE, Octave T size() &R BRI

FrbA size(A) f4ilAl 32

= B =

———RT O E 10} T
Kb b, size() A REIFZ—A 1x2 BFERE, FRATATLLA sz SRAFK.

WE sz = size(A)

it sz At —A 1x2 BFERE, 2B—InEa 3, B oA InHRe 2.

PTUVnRSEN size(sz) BF sz MRGE, REIRGR 12, R4 1x2 ffERE, 1
A2 73 MERRE sz YL

REATASEN size(A, 1), #RME 3, XANaLaREAKMENE IR, AR
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B —NERE I RE, e A FERERIAT AL

R, @4 size(A, 2), KiklAl2, Wkt A FEFERIFIEL

WMRRE—ANHE v, B v = [1 2 3 4], RIEEA length(v), X iR
[EIE5 S5 11/ A NP A1

RFTEAEEN length(A), I THEFEAR —A 3x2 MFERE, BRIECR YL BZ 2 3,
ESJEREA RS A B B

{EUHE AT 20 B length &4, MARMNEMEEM length 54, i
length([1;2;3;4;5]), iRl 5,

Q0T 22 0 A A - 4R 08 «

MIATFTIHF Octave B, AT CAE—NERINERIS T, XMERIEZ Octave )25
fiE, pwd 747 LA /RH Octave AT ATALEE1E

cd i, BERBUERE, TSSO C:\Users\ang\Desktop, XA 4 H &k
ARy T S

WREA 1s, Is KE T Unix 30 Linux 4, Is iy 4K 510 3RS FTA B

{>> pwd
ans C:\Octave\3.2.4_gcc-4.4.0\bin

> ¢d 'C:\Users\ang\Desktop'

> pwd
ans = C:\Users\ang\Desktop

>> 1S

volume in drive C has no label.
Volume Serial Number is 0C32-EOEC

Directory of C:\Users\ang\Desktop

15 [lectures-slides] squareThisNumber.m
L) matle ion.m

costFunctionl.m | ox1]

featuresX.dat

8,071 bytes
106,465,044 ,480 bytes free

Fr b, WAL B WA featuresX.dat I priceY.dat, P MRARMERAIHLEE
23] Al

featuresX SCIFUIXANE LR, £ DS HEMIEIRRISCA, LRI D R
Hs, BAEEPE 4717, B ANETREA, AR 2104 F9ER, A 3 M ENE, BB

THAY 1600, A 3 MEbEEE.
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1 a 1

3
16 3
2400 3
1416 2
3000 4
1585 4
1534 3
1427 3
1380 3
1454 3
1940 4
2000 3
1890 3

priceY XA ICAFHLR ISR T I EE, Tl featuresX F1 priceY AJe I/ IS8
ISR, BA N Z EAEEE TN Octave Mg? JATTH FHEBEN featuresX.dat, XK
K n#k T featuresX CfF. [FIFEHIRTATLAINEL priceY.dat. HIUHLFZFPIpEA] LLTE K,
IR Ay & 5T AR I Load (' featureX.dat'), AW LAY, XERRIA Hfr <
RO, RAAE RSB TG T — DR s B, A B — T
11, Octave T ] 51 5 RKE R T4 H

A4k who 4, BEE R EFKM Octave TAEZE AT PTG &

>y matlab_session.m
fcostFunctionl.m [ml-class-ex1]
IfeaturesX.dat riceY.dat
8,071 by
406,465,044 ,480 b

i>> load featuresX.dat
>> load pric
> load( ' featureX.dat')
lerror: load: unable to find file featureX.dat

>> load('featuresx.dat')
» load('featuresX.dat')

> who
variables in the current scope:

A ans C pricey
C a b featuresXx

AT LAE AT LLEE N featuresX [HZE, KB~ featuresX
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— e

eaturesxX =

2104
1600
2400
1416
3000
1985
1534
1427
1380
1494
1940
2000
1890
4478
1268
2300
1320
1236
2609
3031
lines 1-22

7 WN
TR LR A AE B I A AR

BN W W

B

I &bdbwWwNAWONWWARWWWW

(f)orward (b)ack, (q)u1 t

AT size(featuresX), fHHIMEERE 472, RRIXZE A 47x2 AERE.
FflHh, N size(priceY), g5 471, FoRIXE—A 47 e HE, &—DMIE

B, AFRCRR NSRS B FT A kY (e

who BRERELLRE B4 0T TAE M a4 &, FREEH S —

PRANMBEAT R

reaturesX

b

C

featuresx 47x2
pricey 47x1

4 1x2

\Y 1x4

v 1x10000

Total is 10201 elements using 81347 bytes

double
double
double
double
double
char
logical
double
double
double
double
double

FIRE R R A AR &, AU, 5 7SRRI 4ERE .

double = 2XUKEEF A/, XU,

FAL, BAVE A7 E ?
BATKA R V= priceY(1:10)

57
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RFORIZR AR YIURT 10 DNITERAN Vi,

pricey(1:10)

3999
3299
3690
2320
5399
2999
3149
1989
2120
2425

BAnRAVEIEFENESR, WAM save hello.mat v 14, XA ESKEEVLT
B—AY hello.mat 3¢, iREATEIZE, BIfERAEE BT — M, &N
hello.mat.

H1 TR A FU L [F] I 2226 T MATLAB, It LLIX AN KRR LTHA MATLAB HIARIR, KV #R
YERGAESTMRTN MATLAB SCo A SRAEVRIC B b B bR s A —FERITE, A R

BUEBRATERR A A &, BN clear, XM T/E= AT A A&, BT AL
TE AR e A T

EHR N hellomat S0, FEFILM 7 2E v, FOVRZITIEZREvFEANT
hello.mat SCfF, FrLARRATHIA T save dr&fift /A4 XA SHEE 2 18 —sEh
A7, B R B R4 i) ik f e, B, wRv IR RIEdE, A K 4 5 4 5 K,
AW /N i RARAEE SRR B NREE R, AR DA

save hello.txt v -ascii

XA BIEAF A SO SO, BE BRI ascii RGA7 OO A SRS

BN T LS, MM EHA T helloaxt STIF. WHATHFE, BATALARIL
AN SCAR SRS AF TR FATTH Hs

T A 2 L IDUR i A7 s 1) 7

B ORBATTF RV R R R 177

an A & A R

>> A =[12; 3 4; 5 6]
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PRNIA —HEIERAAS 3x2 HIFERE, BUERANTIN ERSME, A A(3,2)

R RIIBIA FERER (3,2) Jua. XEURZIATERE BEEMEREA, Sl A 32, 3 Al
2 73 RIS FE R SR AT ANEE AT, BRI i B 6

AL RTEVHEN A2, 1) SRIRIBIZE “ATHIFT e, B SRRz AT 8IS TR .

FAu, ARIEEN A(:,2), RFKIRIE A FEFESE AR TA TR, XG53 246.

RFTRIRIEIA FERERIEE SRR TT R

PR AT PLAEIZ S Al P IR S RO BRI R 5

WHEG IR LT, WTRIRtE A2, HERIERMASGIRE AC[1 3],:),
XA MU A FERESE—ANRGMERN 1 803 oo ER, i vLIRHUK 2 A FERE S
TR =ATHR 4, B9 RoR 2B MATIE—FeER, B

>> AC[1 3],

A AR L LR AR — R R IR E RS 2 2.

FATIEREMAT 2B ? RS A FEFE, A(:,2) iR 5.

PRAFT DO B E, FRATLAR A FERERSE =41, SRR EItE )y 10 11 12, FRskbr b
R T A S, R ANIAER0,1L12))g 1T, BIIE A JEFERE 5
T 135, B AR 101112,

:,2) = [10; 11; 12]
1 10
11
5 12

e N oR—ANMERME, LRI ABCH A = [A, [100; 101;102]], KPR RTE
JEHE R A TN T — AR ZURERE, R AFERE R E ONEORIN A FE R T b —
AN INE) FHERE .

% append another column wvector to r

10 100
11 101
12 102

WG, A AN, IRAREAA AC), X2 MERRRI LA, 2R
AT TCERTIN D AR A AR, XFERATE 2] 17— ox1 (A&, XEETTRHAE
A FRTTRARSIE R
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R TUAMIIF

WIERI A EHEN [12;34;56], LA A BAN[1112;1314;1516], AT LUH#
—/MERE €, C = [A B], XAEEMRICXFIAERN BEGEE I, HIFA £/
MEB fEAL, RXMRAR T CHERE, MZEZITAN B Hiltk.

Hien A C = [A; B], KB SRR TR MEFIAREBE N . Prel, [A;B]
AR AR SRIE AT MR i, RALIER E NS, FrAE A £ Bl BAE T
i, C Wid—"1 6x2 Ffk,

b, 2 SHE PRSI T AT, L ¢ StEHE LK A, AR5 HAT R T T,
SRJEAE N R E—A
FIAME S — T, IXA[A Blan R [A, B] &R, XIS IERIS SRR
I L XA, A BEARBLAE AR T EREIERE, thy BRI e fr & BE LR
RO 2 EFFEERE RS &, EAERIAERE, JF TSk, AR RRER
i LA T B AXAD, Octave BEMS AR J7 U AR PR 45 B FRAT 120 & 52 2% (R RE R DA KX
BAm AT i2sh. XM s EdaiX —1ik.
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PANNRRARE, BIFHI A2 T , TIRE R S — N REANZ AR i s —F
MERFE ) R _ESEACR I EIA T8N R, BB ARG X RIA, M5 H COfE Octave FHEIX
Moy S EB i, BRI RS ARG .

MR, WA B EAEIR A AL, R REICAHE . REMAEE, T — TR
CLFMRLE iy <, MOIRLE S IXFEAE R4 o 5 200 5 o 2] Sk, WIERARELIRBIREAS Octave
4, PRATREEIARRIR 2 AR B2 B, AR5 VRt T DL & R th Rt R PRI AS, 3
FERLREMR A FA R B R AR A R A 2 17
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5.3 THHEEE

S H: 5 - 3 - Computing on Data (13 min).mkv

WAE, IREZY4s T1E Octave W AR I BAF B0, ARl HE Bd e A7 N R R 4545 . 7
XA, A AR B AT IE 5, T 5 JAT T X i SR AR S B RAT TR 2
DY AP

XA Octave & H, RILAEPLHIAT 4G — L8305 . LLINBEE AN —> 3x2 HIHERE,
BEBN—A 3x2 ffE, BECH 2 x2 FfE,

ARSI FERE R, Ll A x €, FATREN AxC, &1 3x2 FHFEIRLL 2x2
FRE, 132X —A> 3x2 FHFE.

Octave was configured for "1686-pc-mingw32".
Additional information about Octave is available at http: YWw.octave.org

Please contribute if you find this software useful.

For more information, visit http: w.octave.org/help-wanted. html
I
iReport | s to <bug@octave.org> (but first, please read
http://www.octave.org/bugs.html to learn how to write a helpful report).
|
For information about changes from previous versions, type news'.

octave-3.2.4.exe:1> PS1('>> ')
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R FTEAEE— AN e R, s kR MRz H AL *B, X Afi Octave Ki4EFE A
e R 5 B T RIR N ITERAHIEA. *B
KHEE o 13 11198 11, AR 2 k0L 12 193] 24, X MNMERER

TTRMIEE . EH KU, 1E Octave i 5 — B RE R TR MIZH

‘ mﬂ

X HE—MEREA, XA A2, G EAR G — AR .

D — iyl
ATV A [1; 2; 3] RAAE, REATLEA 1./V, BRI DTRIEE, Fribx
Bk, M ilHid 1/11/21/3.
FERER AT UK ARRERAE, 1. /A BRAPR—AN TR IEE.
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[ REHL, X B RS S IR R R — AN TR TEAE
BAVEAT AT SR Bua 5, Wt A e R i T R s 5.

> log(v)
ans =

0.00000
0.69315
1.09861

A B R eMImIRISH, BHiale NI, LUXEITTENRHIEZHE.

.7183
.3891
20.0855

WIEFTLAH abs KXF v HE—ATCFERLNME, MR v IEE. AT —
AMIZFERSEEAN TCHORANME, BRI R X AR RTR. BF-v, Slivh MR
AR A, XEMT -1 bl v, —BOREER —v BT, HSEME T —1+v.

WA=, i EATEx v RN TR AN 1, AT LUX 24, &t
WA 34T 1 FIf 1 &, AREHEIRAS 1 A EER ORI AR, Rt E A [123] HE
[234]. AT —1, length(v)m4, KIIXFE—K, ones(length(v) ,1) A4 T
ones(3,1), AREHMIIAZE v +ones(3,1), HEEW v K&K ILERE I EiXE 1, XEERL

Ko R TTREM T 1.

2 0 —X A

FMERERRTNEREEN v+, v + 1 WS TS v PN REN L 1.
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HULE, EBRATRIKIRE 2 .

FEFEA WRREERE M E, WA A, KA A FFREER. 48, mR
®EA") ", WEE A HEWK, BLARXEHRBIHEE A.

WA — LG R, beln: a=[1 15 2 0.5], X & A 1474 5% %, val=max(a),
TR [m] AR R i B K AE 15

HIEFLLE [val, ind] =max(a), XA5REIARFEH H R AEF Aval, YLEAZAEX
RIfZRE], JoE 15 MR IHEN 2,/ Nind, FiLL ind = 2.

Rl —F, mEARHAS max(A), AR —PNHFERE, P& — 21K K
KA.

WAVER XA, XA a FFFa=[1 15 2 0.5], WHREA a<3, XHHTET

RIS, Prilyos/hT 3 fklEl 1, fHIUERIE 0.

Pk, RE[1101]. B2, XadEFERRE—IoaRS 3 3T, ERES 1
JTBRE 3MANRR, RE 10 RoRH 5.
WARIKE find(a<3), XK EViRa FRIBLITTEZ DT 3 0.

>> find(a < 3)
ans =

B A = magic(3), magic BRFCKIR[FI—NHERE, FONBETTFESNZI )T (magic squares),
BATEA DUR XA B EATET A AT AR GRS M 28 N ke &8 55T AH R A 4H .
MIRYEIRFT AN, IXTENLAS 2 3] EIEAR A L, (HIRAT CAR X AN 7 VAR J7 (AR Bl — A 3

17 3 BIRIRERE, XA R MR AT T T B . 54T R, BRI =
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TR AR RE A T[] — N

magic(3)

FEHAA FH IS ST R A, XA R S 2 RAEH .

WERFHN [r,c] = find(A>=7), KRR A AR R TET 7 TR, K,
r MepMFRapATMA, EER, BAT7H SRR RTET 7, BEATHE IR
KFET 7, FATE=FTGERTET 7.
mailing list.

>> A = magic(3)
A =

= find(A >=

0 e— ikl
G —F), HSZERMORESA LZIEICEX A find BE, 2ELELHP, RAFE
2> H help BT LT, BYRAEMEHXAEE, SidEAHIRE, FRATCLH help B
B, #AN help find RILFIFH IR,
A HEREANNE, —DNERMBEE, X2 a HRE:
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0.50000

> sum(a)
flans = 18.500
>> prod(a)
ans = 15

>> floor(a)
ans

BN sum(a), WL a FHHETRINERT -

W AR EATIARIREE K, A prod(a), prod = EE product(F’fR), &Kk [Alix U
MOV iUEI A

floor(a) M FHU&ETILN, X T a FHITER 0.5 F4 F &AL 0.

A ceil(a), F#onm BTSN, FrbL 0.5 K B NS i Beil B4, a2 1.

BN type(3), XEHFFH A 3x3 KIFEME, WHREAN max(rand(3),rand(3)),
KPR 25 F R IR R A 3x3 FBEALAERE, I HIZ 03 HL B -

BNBIN max (A, [1,1), XEHEHRE SR K.

Fr A — iR KAE 2 8, 55 42 9, =AM RMER 7, XHM 1 LRI A S
C R 341 SN

AR, AR max (A, [1,2), XEAAREATRERME, Bl SE—AT7HEK

HA%T 8, B ATHRAELT, H=17729.
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9

>> max (A,
ans =

8 9

>> max (A,
ans =

it AR AT AR AN TP iR R A5 AT B — B B, 734k, IRZEERNE, BRAEOLT
max (A) i [l ) e — ) B0 R AR, AR ARAE AR RN E R A I BORAE, IR AT BU A
max(max(A)), BEIRATLLKA R — AR, REEA max(A(:)), ZFHEELZET
A AR, JRRED Al E I ROE.

e, AEERAHE ABON—A 9 47 9 SIS, BT BA R R AT 5 AX
2R 1 SRATAR AN S 1 o

KA —A 9x9 BT I, FATRR—A sum(A, 1), XA B — SRR, X5
UE T > 9x9 [BE T KRR SRR — S IR AN S, #RD9 369.

= magic(9)

58 69

68 79

78 8

7 18

17 19

16 27 29
26 28 39
36 38 49
37 48 59

e Ne )RV, RV, I LUV
HEbbuiin S B S

N =

> sum(A,1)
ans =

369 369 369 369 369 369 369 369
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BUEBADRRAF AT IO, SN sum(A,2), XFEREEITA FR—17 AR I 2
369.

IAEBA RELARIN R TCR A SATIAERDE —A> 9x9 ISAAAERE, SN eye(9),

RIGEATE AIZ R LU BALHERE, B T XL ITERSN, o KA AFE] 0.

BN sum(sum(A.*eye(9))

RXSEPR ERSRAF T, IXAFEREXS M 2 TR AR S 369,

PRALAT BASK 55— 2% 0] HA A A2 2 369

flipup/flipud 7 E /1A N #F

[FIREH, QARARAESRIZANFERE RIEHERE, N pinv(A), BFFABTRER, FMite
BRUEHRE A SR, DRLIX I AR R 0

& temp = pinv(A), AEHHtemp TLIA, XFr LGB MR AT RRE, XML
A1, HAbTTER N 0.

T B o R B AT S AR, FEIBAT SE AN I R R, R FIN
ERBEERIGER, 8 BALIRI S ST, FEH: R T, 32 F 5 b 5 U R,
A AR SR M P, Gl R PIATARAD, AR AT AR T AL VR B, IR PR R B 4T
i PR AR A FH £ 2 20 B
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5.4 ZEEE

XM 5 - 4 - Plotting Data (10 min).mkv

MR SRS, AR LA R, W DA EORTE G PR R N A, JF E T RASE
e E MRS IERBT, ANER T EIRKHK.

BIAAE Z BT, BRI T 22 A B 2 (0), R LATE BB AR 5 B B id 2 U
S WHEAFOLN, ZEIEERE S I FA A, R a8 KUK SR ) k. s
ff172&, Octave ¥ fi 511 T H AR CKEA R K 3 22 SIS, BRI 4
Yoo el oA 2 SRS, AR R IR VAR S VAN 7y o fEIX BT, AT R
R—1 Octave ) T B R Z: A AT ALAL VR FRIHE -

AT AR AL B — LB IR 2

[0:0.01:0.98];

sin{2*pi
WIR AL EsZ R, XRREST, ATERA plot(t,yl), HMEZE, FEH

TRAK:
0 Adam.  EECECERETERETT @ CTTE——

02 04 06 08

0.167805. -1.27009

BEh AR g, IHRy1, W FATRINIET 0 IE % R
EFRATTR Ey2

>> Y2 cos(2*pi*4*t);

> plot (t,y2);

Octave K VMR ATAVIETZ A, JFHARX AN RZERAE T, KRN fhcos()M 1 JF

I
H >
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G SR A R IESZ A AR % 2%

WA, A plot(t, y1), fRIEZmE, AL K%L holdon, holdon
B ThBE K0T 1 UG HITEIH I 2 L

RIMEL Y2, FaN: plot(t, y2).

WELARF B ELHI R LR, BRI BN TS ¢ SHIRZEE, r&on
i fd F i Bite: plot (t,y2,°r’), BN Lar4d xlabel('time'), SRhxic X HHBEIZACT4,
i\ ylabel('value'), SRhric 3B HIMH.

i VARV, W L . J
02 04 06 08 1

0.0317758,-1.30377

[ B FR AR P DR R G FR A 25 ek Bt 26, X4 legend('sin', 'cos' ) ¥4
EIEIEAER B, RoRIXPHAMLERRNE. BN title("'myplot'), EREHT

P8 B 7 K M P R e

d VAV L\ .
02 04 06 08

0.530727. 1.33213
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MR RAFIX BB, /%N print —-dpng 'myplot.png', png&—ANE1ECHE
i, RREFE T, B ARG AR — AN S0

Octave 1 7] DLORAENIR 2 HARKAE =0, AR LA help plot.

BRGUNSRARAR, MHXAEIR, Hd cose ik MR KL,

Octave 7] LIiEAR N E G455

REEN figure(1); plot(t, yl);¥ExRH—KE, 26 TEEt yl.

BEN figure(2); plot(t, y2); BERFE KK, 24 TEEt y2.

subplot @74, FATEMH subplot(1,2,1), TREMES A 1%2 Bk T, it
RIS, RREAE T, MatEsm — 12801 il

ciement

3 (O | —KLT -4
BB — M T, R plot(t,yl), BIFERANEERES —MET. WH
FEEN subplot(1,2,2), MAFMEMEHE T, A plot(t,y2); BFEy2 B
AT, WEE & T
a4, PR AR R ZIRE,  Eelneiod[0.51-11], fiAdm4: axis([0.5 1
-1 1)) W R W E AL B Ay E R . BART S, R B R i S R
£ 05 F 1, BHIIEE -1 2 1.
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ciement

F Octave H'H help 174 T R4 .
wJa, AL
C1f GEk—IEEBD .
IERATIE A T — 5x5 1) magic J7F:
>> A = magic(5)

17

23

4
10
1y |

A W —ADTIW R T R FTAACHERE, Hate imagesc (A)in 4, BER Ll —> 5*5
FURERE, —A 5*5 BTk &, ARG S A FE R AN R A

FILw LS FH R 2L colorbar, kA —/NHEEH M4 imagesc(A), colorbar,
colormap gray. XsEbr ERAER I [AZT = rd: 1817 imagesc, RJFiaiT
colorbar, #R5iz17 colormap gray.

AT —MREER, —NKRESGE, AR — MG TR AT
o S 7 AN TR R P EE T35 I )AL
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0.957215, 116643

PRI A BHEA R R XN T — DA R

#Hi N\ imagesc(magic(15)), colorbar, colormap gray

1,b = 2,c = 3385 1% Enter f, HIXZHX =AML R HAT, BiE R =AM
—ANPAT, ERR TR = AR
EiRMBa = 1; b= 2;c = 3 MR THRAFEZ S, WEATHH HAEFTAR .
XA Z IE S EE N S B BRI . HIE SIS 75— Octave 1 BE{EHER]

IR, BE%&AGAHn imagesc colorbar colormap, #iX% &4 BER—1TH.
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colorbar, colorm

imagesc(magic(15)), colorbar

1.24975, 1.512%1

PIAE VR ENTE W] 224 Octave HHAS[F B, 78 R I AL, Boks 15 URIREFELE Octave
b, BEisENES], ki if while for E4), 3 B URIE R
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5.5 EHEH]: for, while, if iEH)

S H: 5 - 5 - Control Statements_ for, while, if statements (13 min).mkv

FEIX BT, FRAEE RIREMAIRE) Octave &7 5#HITER. Ul "for" "while"
"if IXLEIES), I H A SRR T RE .

PSEE YRR ] “for” 1A,

B, WER v HBON A 10 17 1A E A E

>> v=zeros(10,1)

CO0O0OO000O0000O

BERES A “for" 35, ik i T 1 ] 10, SHRHE 1 = 1:10. KERv()
FMESET 2 B9 @ 07, R RS L end”.

My FER X —NMES 2 —K07. 2 0T, R, Xetedkm @ &%
T 1 3| 10 KiBER)ZER, 1k @ WG 1 3] 10 HME.

>> for i=1:10,

A, pRid ] PLE W E AR indices (RT]) 2T 1 —HF| 10, RMFIX— &, XK
indices 2 —M 1 3 10 751,

RBTTELS i = indices, XSEBr EAIREIE | 52 1 8] 10 2—F. RIS
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disp(i), WMEEMREI—FERILER. FrARXEZ—4 “for” M.

512
1024

> indices=1:10;
> indices

indices =

1

I>> for i=indices,
disp(i);

end;

WRARX) “break” F1 “continue” &%) LI, Octave L1 “break” #1 “continue”

), JRATLAZE Octave FRJE B A AR LEE AT )
BRE IR E IR while JEIFZ W TAEK:

> 1 =

>> while i <= 5,
v(i) = 100;
1 = 1+41;

Rt A B Fik @ BUEM 1 JFe, AR RELE v() 5T 100, #E @ BB 1,

HEi KT s fFik.
WAERE — AR, RIECEP 1RSI AN o R, O0RA1H 100 6k, Xk
7 while TR VAL o
WAEIRATIR 47 53 50— A1 1

>> i=1;

>> while true,
v(i) = 999;
1 = i141;

1fb1 =E 6,
reak;
end; k
end;

X B AR R R break i), H7UE v(i) = 999, AJEik 1 = i+1, 3

i T 6 MIBHE break (15 IL7EH3F), Z55% (end).
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IR SR IRATVEE — MG —A if 155, PrOAIRA EARITr] LRI A2, ik i 45
T 1 RJEIHA NI RGN, while iBAESRE v@) 5T 999, AWrikidgn, 54
i kF 6, M—APILEARKGS, REH while 753K, EABE L. FTLEUE 45 R
el E v BET s MR, I HICEATIRE N 999.

FrA, IX#2 if AR while A ANES . HEHEVERES end, HEIIEF]TH
A end GRS if THH), A end Z5RZ while 1EA],

WAL FIRMEH if-else 5]

B, PREE—FgE: RIRF EER N Octave, IRATLABEA exit A4 4R )5 Bl it iR
Octave, E(E 4 quit ALl

eJa, AEFRATRULULRR S (functions), 404 2 SCRIE FH R 44

AL BAF T — AT US4 “squarethisnumber.m”, iX /& /£ Octave #f
B 5w I EREL

AEFRATFT AN SO o TETER, FRAE R AR K 5 AR 3 SR AT R AN S, A2
FEELR, AR AR AR MO Windows 4%, B4 AT UGS PR, ARl FA
SKATFFIZ LA o ARARA A AT A SCARGR RS AT LA, A0 S0 A B A0 ARRD I 1A B TR AR
Flo MARAR A B ICHEATL T, MMAEH . @ UIRA S T HoAt T DAGw 8 B8 B SOk 4
LR

BEBARULUIFTIE Octave HLE SCER%L:

AN A =AT
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—lon jf— ';;rv'. e .q'ffl%‘“@ﬁf’_“im

¥ = RN25

%—4T5% function y = squareThisNumber(x), X#iti5f Octave, FKAHIR[A]
— Ayl AR A —AME, JF HR X AMER TR y B 5346, 'R T Octave
KANREAE NS RS x, A EXREE, Btk y ST x ’P.

WA —FE R ThAE, X HEX L RIE “search path (R BEE)” X AMNARIEI A
e BT AN SRR ZAEIL Octave MHE R EEAT, RTT LA R THIX A 1E N — AR AR, B
TR, AUE T IR BRI ARTE 5 TP R ARSI R 2

PRATLAEFH addpath @ WS INEEAR, WNINEG1%“C:\Users\ang\desktop” K 1% H S 78 N £
Octave {48 R FEA%, JXFE RIS IR B 21 Ho A 542K N, Octave (KA HIIE 22 7E Users\ang\desktop
Hx T IR XM, ERNALNRRHEFT, EU59R 88 /£ 5w DLk 2
“SquareThisNumber” iX/>ER%L.

B, WA BB RIS, AHEG, NERRERITRBC T, %l od
W E PR BIER B3R, SEbr B2 —FERRCR

Octave i&A7 — AN H A VF 2 S 15 & #0UAT RIRES, IR At 2 & wl L AR v s SC— > ek 8L
IR EE R 2 MEREZ NS H KB AT, 2 AR

“SquareAndCubeThisNumber (x)” (x°FJ7 LA K x K137 77)

KU R EOR FE AR A y1 A y2, 3R Ry LR T Ja R, y2 i
SRR, XL R E IR E 2 AME.

AL F 2 RE SRR GG &, LR TAT BE AR € B C++, JEHEHLT,
YONAE N R EER FME R g —AME, {H Octave HIIEIREEMIEIA—FE, AT LUR[E ZAME.

WRREN [a,b] = SquareAndCubeThisNumber(5), )5, ait&T 25, b %
T 5 3277 125,

P A A SRR 5 2 AN RO HaR B 2 ME, X — s 2R IRZ T .

WJE, FREGRFW R — T AEE R AR EURH T

B, WA A EESE, BRIXEE, B RUN1, [2,2),8,3], AR E A
Octave BRHCRIFEAM BREL J(0), METHHAR OEFT BRI 8 i

HAERAN T E R E] Octave H, FRICLMAEFFRENX = [1 1; 1 2; 1 3];
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3T %
2 ¢+ X
y
14 X
0 t t {
0 1 2 3
X

N

Goal: Define a function to compute the cost function .J () .

TG — PR REE S IR B T € PR,

Coaes New o A xS iRERIE. g
BZ Uk Xx Z-A BEAER A Pow

~

8
function J = costFunctionJd(X, y, theta)

% X is the "design matrix" containing our training examples.
% y is the class labels

me= size(X,1); % number of training examples
predictions = X*theta; % predictions of hypothesis on all m
examples

sqrErrors = (predictions-y).”2; @ squared errors

J = 1/(2*m) * sum(sqrErrors);

BUEEHXEKALE Octave HizfTHy, FEEAN I = costFunctiond (X, y, theta), &
FTEH JET 0, RFINUUREMEIIEx N [1;2;3], y B [1,2;3] RERE 6, &
T 0, 0,55 T 1, X4 TIRINLF 45 BERIARILR, XL T USE e A RN BUR 4R .

TAH S, G SR IV E O 55T7[0;0], AB AN 0 2 FTA BITRIME, N4 —FE,
KEO =0, 0,15 T 0, RGHITFMARMEEL, 402 2333, 9fr b, st T 1 10°F
T, WEURE —MEARE T RE, Ik 2 BFT7, ik 3 DT, ARJERRAZm, Wt
VIZRE AR WIf, X2 2.33.
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>> ;hcta - lOZlJ;
>> j = costFunctionl(x,y,theta)
error: x' undefined near line 31 column 19

Merror: evaluating argument list element number 1
llerror: evaluating argument 1list element number 1
> § = costFunctionl(X,y,theta)
‘ 0
;>> theta = [0;0];
II>> j = costFunctionl(X,y,theta)
2.3333
(1A2 + 2A2 + 3A2)/ (2*m)

lerror: m' undefined near line 34 column 23

> (1A2 + 2A2 + 3A2)/ (2*3)

2.3333

ol T

PRIt S ae SR ARAIE T AT BLA s, h SR 1 IR A B 28 SRR BAT T i
BN ZRFEA 22K LS, XA R BRI BRATTR e ORI e By i AT 1 e R A
B T DATHS IR AR R B . BB I HL oM y R LA . Bt JRATX LA
fET PN R0, ZE AR AL

BUEARFIIEWT/E Octave FA8E T 5 Y IERA MR HITES), LLl for P83, while FEFFAN
if ), DLAAnTE SOMMSE ] R 4

FEAE TR Octave HREMMNHR, A YHE— T IR EAL, X UEFRI Octave 2

AT R BRI A
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5.6 &AL

S HM: 5 - 6 - Vectorization (14 min).mkv

FERX BT, PR KRR N, LIRIRZH Octave, B2 HIMITE S, LN
MATLAB 5# {/K IE{EF Python. NumPy I Java C C++, FIf7iXuif & #8EAT &AL MRS
JE, IXEGEESCARERE R, A5 B SRIEREL, MATEE SRR, Cagd @ik, @
R EUE T T R e T N BT R 1.

T 24 VRSN 27 21 AR, W SRARBE L 3 ) A X e 2 PEACHEE , i B et B0
FFECE A ENT, AR B SR MR s % ] DA S5 . ISR IR s, A8 % IR
DRI B, EHEEAR MR UGSATEE R, I H A A AR TSR AT R
M — LB IFATREAE R G54 HR, IR RS 1R R] U SE A AR SR SE LR 75 2L Th RE
Ut SEEL TS AR fa R, A BB R A R RE AR

HABARG] 7 5 A QSRR L. iRAR A AE Octave Hiit A a3 LLb &
— AR A RPN R TRAORE R - AR 2607 T DL, SRR s i 1) A T VR
K, R A AL, AR .

EFRATRE L)1 IR A WAL BRI R he(x) = X 6;%

WRAVRAREL N S hg (x) » FER B SRA, IARATLLE it = 0 #lj =n 1,
(E 3 5 —Fhoy ZORAEAR, 38 ho(x) BIEOTx, AAMREATLLS SR A& AR, Hrhomt
FE0o~ 01~ 0y, WMRAKAPANHERE, WHE n=2, FHWRIKRIE x HlExgs 21+ xp, XH
FEEMEE, S IRPIFA E ST 20

e
oy
a

Pednisd, XA R A EAL KA ST 3K

I =
I

S.
9"1

(=Y *
=,

]
: |
L

Le—

Unvectorized implementation

prediction = 0.0;
for j = 1l:n+l,
prediction = prediction +

theta(j) * x(3j)
end;

T hg ()RR AELT, BATTREE LEVIIHMA R prediction WM{EN 0.0, THXA
B Eprediction FIRELERRhg(x), AEREH— for 63, j BUE 0 Fln+1, &
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HEprediction FUUIEIL B SN Ltheta(FRLL x()EHHE, XA EIERMATS I,
JBE AR T, XA AR TARZ 0, LA, 61+ 6, {HEEN MATLAB
fIRARA 1 TR, /£ MATLAB 116y, FATATRERH] theta(l) KFoR, X —AITREK)E
MK, theta(2) M =AILER, RETREH Htheta(3)F R, K24 MATLAB H [1] T Fx M
1R, Rt A X IRK) for FE3F, jHUEM 1 HEIn+1, MARZM 0 3 n. X
—AREERARD ST, FATH A for FEHRX n ANJTRETINAM.
TEVECARL, 2 PR [ AL AR S I -

Vectorized implementation

= prediction = theta" * x;

TRIE x FOFEMInE, kR & ELSE Eprediction® T thetat B llx, Riin] LUX
et HHEIAIXLE for PAMMAN, RATE TR, XA EFH Octave
e BERAL RO BUEL, S MEARECE ORI S A I &0 LU R AR, 3 1) AL Y SE LB ]
B, R IEAT R N L. I Octave ST M EALII 1%, fEHAB RIS S
[FIE T DASE I

IEBATRE —A cr+ 1B T

Vectorization example.

hg(z) = Z 025

j=0
= 97‘;1‘
Unvectorized implementation Vectorized implementation
- double prediction = 0.0; double prediction
—for (int j = 0; j <= n; j++) = theta.transpose() * x;
prediction += theta[j] * x[j]: /r -

SR, AL (1 CH+BUEZ AR, IR AT PSS G X R A ACRS DR e E ok
FARMBUE L EARKUE I A2 VR R FEBAE CH+ OB R AR, HRARE R T R 1R S A
LEAEARKUE I AE AR ISR, R A Y A RS RAE T SR RE A7 SE VP AR, (ER I8 —
NEERMANAR, ARAT DG S — B fa . AR .

BUE, AEBATRE — DR RMBI T, IR B VA S0 T B (1 SR R«
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] m X
—=10p := 0y — ax— ho(z(P) — (D))
= 0o 0 —a— E_] e ) — ¥ )zg

1 : ;
01 :=01 —a— > (he(z™) — y)z{"
1 1 ”m ,:1( vo(x') y')x,

1 m 2 ) \
02 :=02 —a— > (he(z?) — y@)zf”
o 2= ’:1( 1o (\) — y'\")xs
(n=2)

PATHR AN T 0. 10 2 555, RN %0, AR, 6, 6,5k
IR, BOREATEWARHE R, rbinfET 2, XEHGERANTFTFEN 0y 01+ 0,17 HHT,
LN IZAE L R, AT — A EA RS ST, X B BT R =40, R
AL G/ R,

A DA REIIX =A TR TN —, SR —A for B3R, w2l j55T 0. & T
1. 55T 2, REWG, . HEALIRANTH F B 77 20k, BRERAVE R REBA — D51
Jitte A LM =ZATAEEE —A for FBHF, —RSKBLX =AN TR, ERATRE B ERGEN
X=, PR EATEE AT T AR R SEI . 02T

BATHALOEM—A 1R, REERHO-a FeLIEARKIFES KEHO.

XHEM s T

= (hle) -2

A

(

'§|

[N

IR — T E Akl WEROE D rE, 1 n+1 4EAE, a &K

B, SEXER AR,

Vectorized implementation: \‘R‘“ |
L/‘“':'L IS

Di=OIgs R

Bt CLXNE IS B — DN EIE, BN a kL 6 £ — P, FrLlost2o - adfs
B &

WattazmeE & We ?

Se
$+ &

$)

XOR—AFR
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AT BIX LA T ﬁﬁf:ffbuiﬂ
(

i%t,ﬁu%%*4¢m%,W%W XA TR, BATHE A T e iX B Y,
FAI=4 u = 2v +5w L, FATBE R ELSET 2 FellmEvi L 5 LR EW. HIXAM)
FULHH, WA E A R SR TA I, X B ASR AN 2 R R A TE EE

u(j) = 2v(j) + 5w(j) (forall j)
u=2v + bw

X AT A FRATRENS 1A B AL SEDLZR P AT

FTEL, A B RAEATIEMN . 1550 EMM, I HIREIRISCRe B E . WRIRSEAE
AREEAREA 1 H e BN R AL, Rt ELE STl AN, R REAR B IE R S0 Fr DARD
FEARBA T8 2B AR T2 A A, SR R SERX AR s, AR SR Be SEEZR L Rl H ik . 4
RARGEFEIE R AT LA B SE 1, ARHAY BAR AT LU A AT — NS4 (B A, 4
RARFESCILLAE BRI, A — A A PA_E R R

A EATVE LSO L AR ER TSR Z AR, S R A A s B P w1,

IBAT M LEAR DT LRI for FBFAMRINZ, thiid H C5AUSEH00. 61+ 0,0

PRI A P TR AL S BT 3K, AR BE 22 B A5 21— A i A5 2 2R Ak R A 539 T 4 0k A
BBV Z SRR B A2 AL, Xa2—MRIFETS, L2 T Octave B
HHHALIIE S, W0 C++. Java SRILARIIARIDIZ AT 5 i AL
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5.7 TAENIRZ IR

S 5 - 7 - Working on and Submitting Programming Exercises (4 min).mkv

FEIX B, FAR PRI LA — T3 T TERFEE AL AR, DA An e R AR L 422 &
Gio XAMRIE RG] LA RS I VR B 2% 25 S B2 )7 & 2 15 1A

fE'ml-class-ex1' H st rft, ARG T KEMSCMF, Hbh—R@E 2 diik g Cokgni,
PESE— NS ROZ AT A AR 2R 2] h pdf SCAFIOEESR,  Ho — AN RATEL SRR 9 5 1) SO 2
warmUpExercise.m XSO, XA IR T RIR AR R4

PR B R PEAE—AS 5x5 HIAERE, B2 A = eye(5) IXKIEBUZRE AL 5x5 (1)
FALHERE, PUTE warmUpExercise ()X /N FEESLEL T IR [A] 5x5 (W EALHERE, K e ffF—
T, PR EZ TSR T AR — ).

" ‘. vT'iv"- oy

=
Xx A+ W AR A Nowe P Sutend en 2
S muweg  twe  sen
=
1
fusctica A * waraOpExercise()
SNAFMUPEXERCISE Example function im octave

Al A" WARMUIEXERCIOE() i» an ex
x$ ideatisy matrix

BAERI R Octave %[, ILFERE|FKATH F C:\Users\ang\Desktop\ml-class-ex1 U
RGO LI TRF BXFEEM A warmUpExercise () F 7B ik 1] 7 IATTHRIA
BRI AN 1 —A 5x5 1 57 HRE o
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1
0
0
0
0

submit()

[ml-class] Submitting Solutions | Programming Exercise 1

Select which part(s to submit:

1) armupExercise.m

3 plotting [ plotDat ]
puting 1 (for one iable) [
lient Step (for one variable)
uting 1 (for multiple variables) [ computeCost.m ]
lient Step (for multiple variables) [ gradientDescent.m

Feature Normalization [ fedtureNormalize.m ]
8) Normal Equations [ normalEqn.m ]
9) All of the above

" your

PRI T LIAZ AN T D PRGNS, FEAEX L H X TN submit (). FEFRAH
71 P ASRIE RN 1" XIS Rl 3 1) L 7 ARtk BRATTFTOT PRAE R, S A 42 0

@™

jm],(‘]agg] SUb."".’thiQ_{_], Solutions | Proaramming Fxercise

warm up exerci

Data plotting

Computing J (f}

Gradient Step

Computing J (f oot Programming Exercises

Gradient S‘.i.*p’ v [ o s I
) Feature Normal e i e o R
8) Normal Equatic

9) A1l of the abc Gwoses Linear Regression with One Variabie

~ your choice [1-¢€
7 (Email address):
IPassword: 9y

- Connecting to ml-cl
[ml-class] Submitted Homework 1 Part 1 Walm up exercise
- Congratulations! You have successfully completed Homework 1 Part 1

R, SRR, PRI, R el r 2 VR AR EE! S
SEREML 155 1 387y IXHUHIN T URCZMOT 17— 3 2hS], WIARIRIEAS I AN I,
MACRER—2%HE, WHRRA TEEZN, FEn] ARSI s %%, mr BLAE R
Wt VR SRS 2 B HORBUR TR 3RAE R SE. KRR T5%, IR
SEMGBEVEAL IO, By EARARRER XT -
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

F3H

6. % [HH(Logistic Regression)

6.1 7KK

S HY: 6 - 1 - Classification (8 min).mkv

FEIZAS DAL R LA, THIR /20 70 K10 L

FETP R, REF AR y & BHURE, JA TR 3 — MU fZ 4R (Logistic
Regression) (115035, X2 H AT ST ) 2 19— 3 5k

FETP R, FATZ T 45 R w5 — A (Bl IEREER) « 20281
A5 FIWT— B H IR T B RO FIT— IR R 5 R R R TE: 2RI HATT
WARE] T R 7 I B DOl — A R A S R I R .

Classification

— Email: Spam / Not Spam?
~> Online Transactions: Fraudulent (Yes / No)?
= Tumor: Malignant / Benign ?

AT ZTei 73 2K I @I a6 08
FA 1K F 28 & (dependent variable) ] G2 & TIN50 HIFR NG H 25 (negative class)

FIEZE (positive class) , NMIHEZEYye 0,1 , Hrp 0 Roxfimk, 1 RoRiERRE,

— Threshold classifier output hy(z) at 0.5:

”

— If hg(xz) > 0.5, predict “y =

If ho(z) < 0.5, predict “y =0”
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

Classification: y = 0 or
= e

N
hg(x) canbe>1or<

—— —
A

Logistic Regression: 0 < hy(z) <1

GRBATE I EANE A FOR R — D KA, 03K,y BUEN 0 83 1, H
U SRARAE P LR B, R A i ek s i E vl e KT 1, 8w/ 0, BIERTY
WZRFEANPRSE y #%T 0 B0 1. RERANFIEMRZRZIE 0 80 1, (HEWRFEE
BRMMEZ KT 1 BEE TN T 0 IiE, M RERA B B DABATIAE R ORI ZERT FU i Sk
MR AR A RE, AR B EKIZE 0 B 1 Z[H.

WA — T, IR RS R R EE, BA TR EE A RER M . AT s
RAFEI A T BT mA R R B 2, EZ R SRR AR R, E
G TR y BUEE B, W 1001,

FERE RGOS, BA PRI ha 7 > 2 m A Sk A1y
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

6.2 REKRS

S H: 6 - 2 - Hypothesis Representation (7 min).mkv

FEIX BT, BB IR B R B RIE S, At il, R, ZAftA
FERTBRBORF R BA TR B BERTIRATURL, 7 BIATHI 70 8 E 0 th (B2 0 A 1 2 1],
U, Bl B — AN R SR B A B s s, XA PR E R TN A 0 AT 1 22 T

[ JBREAE — e e 1 P Lo 7 S 10 AL, BATT AT A 2 P 0] U B 759 SR HE i e 1) — 2%
EEE

N “‘*a("\( e
> (Yes) 1+ X X X
o-$ //
Malignant ?.4.- _/*/,/
- (NO)O-
_~~ Tumor Size
> 4

ARG AN AR FRAT R RETRIME SR, SRR T 20 K, AT E 4 0 54 1,
AT AT LATR -

Hhg(x) >= 0.50F, Fill y=1.

Hho(x) < 0.50F, Flll y=0 .

Xt B R B8, IR A AR TRALT- REAR S 3t 5 B SR AF 55 o RAEFRATI OO
B —ANER RRT BB, R A SEBIMA SIFRATHI I RS ok, IR 3RATI3R
KB E L.

(YeS)lf

Malignant 24""

v

S "™ Fumor Size

— (NO) 0 -
~

X, A 0.5 /Fy RMER TR 2 RIS RSB AGE 1. FTRUAEH, &bk
VEABEAY, TR LT (4 £ PT LABEAR[0, 1] AFE I, R ANIE A A PRI A 1Y i) L

FATGIN—ABER, AR, 2R AR ARG IR 0 M 1 28], 2R
AR RIS he(x) = g(07X) H: X ARFHLAE g RREEEE (logistic
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

1
1+e-2°

function)& —/M H M2 4E KA S L4 (Sigmoid function) , AR N: g(2) =
python UG SZE :
import numpy as np
def sigmoid(z):
return 1 / (1 + np.exp(-2))

ATRAGRIEKE SSF

R, BA GBI [ Rt -

SR g(2) = —

14e~2°
ho () FIMEAZ, X4 rmAZE, RELFENSHOHEm L RE=1 W
(estimated probablity) Elhy(x) = P(y = 1|x;0)
Blhn, WX T4 E Mx, B CARE NS EH R e (x) = 0.7, WIZRIRA 70%H)
JURy NIERZE, RNy A7 EZKRELFR N 1-0.7=0.3.
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

6.3 HlEiAF

Z% M 6 - 3 - Decision Boundary (15 min).mkv

IAEHE T Y 312 5 (decision boundary) MERr . X ANRE & e BE 47 b 35 B FR AT 2 4 (]
HPE & R T AT A

Logistic regression 1 - g(2)

> hy(z) = g(07x)
1

— g(Z) = l+e—= lZ

FEZRR AT, FRATH .
Mhg(x) >= 0.58F, Tl y = 1.
Mhg(x) < 0.58, T y=0 .
WRAE Lzt r s g, JATmES
z=0 I g(z) =05

z>0 B g(z) >05

z<0 W g(z) <05

X z=60Tx , H:

0Tx >=0 I, # y=1

Tx <0 I, Fidll y=0
BRI T — M.

Decision Boundary

= ho(z) = g(6p + 0121 + O222)
no
3

FHZH0 ZAE311]. MHE-3+x +x, >0, Blx; +x, > 30, HEEHN y=
1o FRATAT AT HLkx, + x, = 3, IXFRERAFRFATRIY 194> FLL8, K Ty 1 1 X Ik A7
T 0 F X IR A BT

92
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L2 ST URFE-28 3 J7-1Z 45 A1 ] (Logistic Regression)

X X
X Xuz\
xx\3

X X

RONTER L&A BN y=0 MM y=1 MXKL, FATHZE R RHE:
ho(x) = g(6o + 01%1 + 0%, + O3xF + 0,x2)72[-1 00 1 1], WFRATAF B A0 58 U FU45 b 2 R
MAEJR A HAEE 1R

FRATT AT LA 52 2 AR TR SR 3 R R 2 2R FEAR ) s L
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

6.4 AT EREL

ZZPH: 6 - 4 - Cost Function (11 min).mkv

FEX BT, FATES R il &2 SR R R S 40 . FAAk U, BB E UK
WESEIIVEAL H AR AT s EL, TR M 2% o il R o F) 328 [ VA R R L 5 1) A

Training set: {(=V,y""), (®,y?),---, ("™, y'™))}
Tro
m examples ze | ™ xo =1,y € {0,1}
Tn
1
T

How to choose parameters 6 ?
T A RIS, FRATT 7 U R0 BT B AR 22 1)~ 7 e B8 Bk, 34T

AT DA IZ R R IR T I AN E L, (HAR AT, A TR Ry (x) = ﬁ%)\?ﬂﬁﬁ

e-9Tx

& T AR BRI, BAVE BIARN BRECK 2 — AN EM %L (non-convexfunction)

N “non-convex” N “convex”
=== b S
> >
0 0

AR BRI B RO VP 2 J5 M0 ME, SR IR F W7 T4k 4 5 /M
SAEEARACH EH: J(6) = 237, 2 (hg(x©) —y©)*
FMVEH 5 SGZERENE R EEON: [(0) = I, Cost(hg(xP),y®), Jtif

Cost(hg(z),y) = { _log—(110§(zzggg ﬁ“; z (IJ

he(x)55 Cost(hg(x),y) ZAHIK R U B FR:
Ify=0
Ify=1

v

0 1 0 ho(x) 1
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

XFEMEE I Cost (hg (x), y) BB e : 23LBRI) vy =1 Hhp() WA 1 WRZEN 0,
4y =1 Hhg() AN 1 NRERA he () Z/NEK; HLEFH y =0 Hhg()t N 0 i
RN 0, My =0 Hhg()AN 0 BHRZEBIE hg ()2 KA K.

B HIE Cost(hg (x), y)fEIALIN T :

Cost(hg(x),y) = —y x log(hg(x)) — (1 —y) X log(1 — hy(x))

i N B A5 51

18 = =y Olog (o (<) = (1 =y ©)iog (1~ ho (+))

Bl: j(o) = —% m . [y®log (hg(x(i))) +(1- y(i))log(l - hg(x(i)))]

Python XA S :
import numpy as np
def cost(theta, X, y):
theta = np.matrix(theta)
X = np.matrix(X)
y = np.matrix(y)
first = np.multiply(-y, np.log(sigmoid(X* theta.T)))
second = np.multiply((1 - y), np.log(l - sigmoid(X* theta.T)))
return np.sum(first - second) / (len(X))
FEAFBNZRE— MM R B, FATVE AT LA BE R S B Sk A3 e AU e B /N
ZHT . HIER:

Repeat{ 6;:=6; — aa%j](B)

(simultaneously update all  6; )
}
k315
Repeat { 0;:= 0; — a— 3, (hg(x® )—y® )x{
(simultaneously update all 6; )
}
TECA PR, FATRE SCT SRR AR R B, ™tk 53T B P 2 R TR 98
R ), E RS AT DASIE B AT T 246 (K AR EL B B S A A T — NI AL LR AR B8 8 (0) 2 e —
AEEREG, I B R AR A
RS Sug
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

J(6) = —=¥™ . [yDlog (hg(x(l))) +(1-y®)log (1 - hg(x(l)))
%fg:: hg(x(l)) = m

m:  y®Olog (hg(x(i))) +(1- y(i))log(l - hg(x(i)))

= y®Dlog (w) + (1 y(i))log(l - ﬁ)

=-1ﬂ”bg(1+e‘“¢®)—(1—yﬁﬂmg(1+69%@)

\ 5} a : _ i . i
JITEA: aT’j](e) =36, [—% m [—y®log (1 +e eTx()) -(1- y(‘))log(l + eeTx())]]

L m _ @D ,-gTx® @ ,0Tx®
_ P () D B Oy
=Y 14 0720 (1-y®) L+ o070
i=1
1 m 0] @) ,6Tx®

S 9 _(1- g
m v 1+ 87x® ( y(l)) 1+e BTx(l)]
1

® xj(i) PULEC I @ ,0Tx®

1 <y Ox y©OxDe

m 14 8720

0] 6Tx® 6Tx®
_ 1 =y 1 +e ) e NG
1+ e07x® j

ng(l)

= __2(37@ - 1te HTX(L))

1w 1
- _ @ __ = ~5,®
mZ(y 1+ e‘eT"(D)xj
=1

m
1 . g
=—;§w@—M@WMP

i=1

m
1 . o
=E§}%@m)_ﬂ%#0
i=1

VE: BINMSBIIOBEEE T BESE R _EF b2 SENE AR R T RS, (HRIX
Mhe(x) = g(0TX) SN EIATAE, Frehsibr LRA—FER. 5346, FEIBiTBEE FRESE
A, BEATREAEAR R 1A 2 Al 6

—ERBRE R BRI AL R B TR R BRI LAAL, I SR RN B
B MOFE, XSS I AR, T L AN TN LR B S 5, @ L T
PR EVEEEINPOE . XS E AT . LSRR (Conjugate Gradient) , R#ARALIE(Broyden
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

fletcher goldfarb shann,BFGS)F145 [R 7 A #RIEALZ(LBFGS) , fminunc /& matlab fll octave
WS I — AN R AMER AR E, A R IR AT R B RN R AN S BRIk S, 2

octave Ff# [ fminunc PREFIAHL =5

function [jVal, gradient] = costFunction(theta)

jval = [...code to compute J(theta)...];

gradient = [...code to compute derivative of J(theta)...];
end
options = optimset('GradObj', 'on', 'MaxIter', '100');
initialTheta = zeros(2,1);

[optTheta, functionVal, exitFlag] = fminunc(@costFunction, initialThe
ta, options);

FE R — DRI, FATEAC AN ZFEA R A s X LB it DR, R4 B
MINZREE RV BB 52 3, BATTIE 2 FREB)—Fl EEBATT H AT BOSE ) 1595, 2Tk s
SHER,  BA TR AR LR BRAAS 2 SRA T Z 8 el T 5
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

6.5 faj4b B A ERHURIBH X T Fe

S HM: 6 - 5 - Simplified Cost Function and Gradient Descent (10 min).mkv

FEIZ BRI, A PR R — bR B T 5 — SR T VAR S AR R 8, SR 3R AT I
FIRT7i% . RN AR Z -G AT ia FIBERE T Feid, KRG 2R RIS 4. B, Wr
TIXAR,  RARLZ A Q] S — A e BE RS R R ) B

XA IR AR R

Logistic regression cost function

m

J(0) = # > Cost(hg(z), y#)
i=1

. B —log(he(z)) ify=1
Cost(he(), ¥) = { —log(1l — hg(z)) ify=0

Note: y = 0 or 1 always
AKX T AL E IR
Cost(hg(x),y) = —y x log(hg(x)) — (1 —y) X log(1 — hy(x))
BT, S A AN R B
Cost(hg(x),y) = —y X log(hg(x)) — (1 —y) X log(1 — hy(x))
= — =37, [y©log (he(x®) ) + (1 — y®)log (1 — hg(x®))]
UM B, N T HA B HL B ANE? RAEREHRR L (0) B
'MEKIZH0 .

min/(6)

It CABRAT AR B Bl NI — T, IR A TR 2125 2400

WARFRAVE NP RIREA, BRI x, FATT IS N ZGEARI S 40, K
B LR OHABCBE R T o

Fsh, BAVEBL N, P BB IRAMRE: p(y = 1|x;0), HERT xBlOAZ
B, oy =1 B, RO BATMEBIIGE M y = 1 8, Fril, STkt
T2 W 5 KPR B e MEARH B (8) . AEN— DR T ORI, IXFEIRATA BE NI 2R ER
EONERE

se/MEARIY BRI 71, S Al IR BE R FRvE (gradient descent). 1% & AT BRI %L

J(6) = = [y Olog (e (x©)) + (1~ y©)log (1~ he(x®) )
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

AR IRATEL MU IX A KT O R A ME, Il A2 FRAT 138 B FH A0 T PRV R AR
Want min, J(&) :

Repeat {
1 & (y _ {0y, @
8; -=f9,;-—0€;§(h§(r) ¥ )x;
(simultaneously update all &, )
}
FMEREGEHFEANSEH, HRERANTRER, P H el CmEy R o RS
I . SRS E1FH:
Want min, J(0) :
Repeat {

0 =0 -a : 2(179(.\"")—_\'“’).\',"”
me '

(simultaneously update all ¢ )

}

HRART S TG, RSB R R,

0j:=6; — a— 3T, (hg (x®) — y@)x;®

AT SRR E, BFEXART, 7 (=1 8 m ERA, FCSTabe Hn el
@”,%uwmﬁ¢ﬁ%ﬁmgﬂmw@ﬁﬁxﬁ%ﬁ£,ﬁmﬁﬂu%ﬁa?%ﬁgg
eI TR

L , . )
0;:=0;— (Z;Z?Q(ha(x(l)) - y(l))xj(l)

-
&
g=|8

UL, MR n A, WA ER: LA sMReaiEe, 6, 6, —HE,,

T2 R B XA T
Bj:= 6 — a L BT (hg (x®) — y ), ORIFI F 76 1) (1
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

BUE, QRTINS R W AN BRAT T2 B FAE LN 81V b i HEAT FLER 3, IR i it
KL, IZAS T I FRATHIR AN BB T A

W2 AR AAIE R A] YA 2 [ — A RENS 2 BRI I AN )@, AT EZ R m 4 E
BRAETREeAR L bR b, ARBIE SURAE T AR .

Xt A BT B R 2

hg(.x) = HTX = 60.7(0 + 91x1 + 62X2+.. . +6nxn

ML 4R R A R B hg (%) = ——

1+e-07X

PRI, RIEESEHT S E M SR B AR, (H B TR B 8 SURAE T &k, FTbliZ s
BR BRI BR R T e, BRI IR PR B e S b P AN 8 A AR IK 2R 7

FESEHT IR, IR ITE R R LR P (BRI AR BR B T RVE R, JRATERE 1 el i b B2
By LA OR FLURCSI, JROE S AT R RE I 77 i A IR [ A b, SRS IUBREE T IE, DA IR & 1E
IS

M AE FBGRE N R S BB AR R AR, AT XA R S He, 20, 6, 6, —HF
On> BATFHEEHIXARIEARFEHIX LS. WATEAT LR for JEIR K H X LB,
H for i=1 to n, ## for i=1 to n+l. M4, TH for BIHEZATLLL, HAEEN
T, FATESEME A R ARSI, FT DA X L n S ER

BRI — 5, BAVZRIE RN [TV B RAELR G BAT1E B T RHESBOR ]
PErRBHEE T R CSCR I, IXAMRAEAR 7 i, iG] T A A A SRR R AE v
EEREARKITE, 2R FRHEARBIN 5, RIRE AT DB AR R, B RE N BRI pR

FRIXAE, BUIEVRANE W T S P R[] A, X — PR ook, &l Re A b A
Sz gy s
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

6.6 BN

Z% M 6 - 6 - Advanced Optimization (14 min).mkv

FE_E— AR, JATHS T IBEEE T B T a MR R A A e By (0) . fEA
RS, FREFARAT— L m AL — LS AR &, R IX e, FRATTARE
A I B RN B, BEATIZ AR ] T R P RO R, T I R A5 B0 BN 5 o KB AL
arsE I, tean, BATEEH BRRHEE . DERA A A EEREA A E R T B,
AT M Y (0), TR TAEZAE /M, AN T EZ M R B0, HAS
oo W, ENSTHEHPREART: J(0) L& 55T 0. 1 HE n B FH.

Optimization algorithm
Cost function J(0). Want ming J(6).

Given f, we have code that can compute

- J(0)
gy %J(e) (forj=0,1,...,n)
Gradient descent:
Repeat {
2 0;:=0; - (1‘0"7;.](9)
}

RBEERATC L TSR T W] LASEHLIZ P 1 AR , 82 b6 B N B PR 2 e AT i e
-

7 M IEREE T RN B HATHEE HAUD R (0) MIXebfm T4, RE1E
XS SIRREE T RET, R el AT DONEAT R AIMEIZA B 2L

X BERE R BER L, TN MR B, FREFRIE AT 2 SAUD AR FAC i Ey (0)
PR 5 g A R S O, (B, W SRR A AR IE B RENS I X 28 () RSP,
WABA TR F A E%ﬁEﬁﬁ%ﬂ%ﬁﬁﬁm@iﬂl]((?)%ﬂﬁ‘?riﬁﬁa%]w)o FTEL, 5 5EREST
LI AR i, BRATT AT A AR L R B

SRTBERE T FEIF AN BRATRT LME I e — 509, Ay oAb — 25500k, md. BRIk,
ﬁu%ﬁﬂ‘]ﬁ%ﬁﬁﬁ%ﬁ?ﬁﬂ%ﬁﬁﬁﬁl‘@iﬂl](e)%l]{ﬁ%%ﬂﬁ%](@)?ﬁ/l\lﬁE‘Jiﬁ, i/ e RS
HR AN R B A FTr %, R BFGS (2 REVE) M1 L-BFGS (FRAFIZZRE
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

) RS S R, ENHEA - MInRERI . J(6), DU F5E
VRSB, AR A LR T B BE BRI SRR MU RN R . X =R I B
HE T AT TR EWE . SEPR EAREBURIEHE SAERIRE R, 5L T EE, IRAT
PLL 15— T TR BB T SR8 70, AR BRI URARAA T — LERpE -

X =P VAR A

— AR AR — AN, B AT ETFEIEEE IR o, TN TRk
fg— Tl LI A, 205t H B S BT ARAN R B Tk AT AR S — AN RE R A R T
i H, Sk, TS — AN BRI A FRAEER, FRONERMEIER (line search) 1%, ERTLLH
RN F IR o, HFAZEFE - NMFRETEE o, FIbEHEETUCAEIGE
PR TR, MARRATEE QP XL EEMCE SR ERE, A
WRIERE— NP 2T, BTV e A B S it R T A R R, ANl o6 Te15)
JRMAT A MVEATHE, Ca 7 AT TR 7T

S b, B F A8 IR Le Bk DR — B H) 1, VR AR T, A A,
11 LB LA AT A FOE i LSRR BTV BFGS A1 L-BFGS (114175

FATEBR 158 4 AT RE RN AL Se Bk, RN TR 2 A2 2] [, A 2
IE PRI L SR N BRI E A AT 2, 2 SR e SR B s R, R JRAB 10 3 R 2
MIELBAIE FREESE 2 T, FRARARBIFAESE ] L-BGFS. BFGS iXLE5T1:, BRIFMRZHUHE
RN ER . Lhr b, RASEVRIEME B SRR SRR TR, 8 5
WRERE, PSR T ee vk, R R SR E R — AN, i, ZR—AFJ5
W, FATHrREMR R T — 2N CE B i HR T BT I iR A R . B R BIE TR
i1 Octave A5 EZHVIAHIH] MATLAB iff 5 AT UL

Octave 4 — M BAR Y F T S Se e k(AR 50, b, an SRR B A &
A7 IR AR5 RERS B AN R 45 R  F 2R X Le B30 SEAS B B AN A X D, BRI
R AR IEAE AR BOHLES 7 SRR A — AR R & 5 L RARIEZE R €. Co+. Java 55
%, IRATRES M SR AN E K, DA IR IRIR B — AN BEAR AT S LK B SR R o RATE L-
BFGS B 45 AR Bl b, RIVFIF S5A NI 220, TR BAE LA IR -
QAT FH X e B 7

Y
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

Example:

o= o

J(6) = (6, — 5)% + (62 — 5)2

29-J(60) = 2(6, — 5)
3954 (6) = 2(62 — 5)

EIT U, R — DS AN SEI I, XS EGE0,M10,, PRI, JE XA e 2L
PRAT LA R0, M1 0, HIME, GRARKE (0) B/ MERIE, I8 A E R/ MEK260, =5 .0, = 5.
AT B Y () ) T B R A2 IX A RIS 3

d
6—91](9) =2(6:,—5)

0
6—92](9) =2(6,-5)
R PATAENIE S/ IME, AEARAEZEAA BR B BIX A e /IME 2 F U0 2 R [ ix e 5
%, ARG I EE S m RS, AR R IE AT — MERIXFEY Octave PRI
function [jVal, gradient]=costFunction(theta)
jVval=(theta(1)-5)"2+(theta(2)-5)"2;
gradient=zeros(2,1);
gradient(1)=2*(theta(1)-5);
gradient(2)=2*(theta(2)-5);

end

AETHR XM B B, B BR8] ) 258 —AMER A A, BRI N iZ /e — > 2x1 1)
i, BB L MBI PN ST E R S IX BT S H00, 32473X 4 costFunction BEUS, R
LA SRR AR, XA R fminunc, ‘B EKIR Octave B LI /ML S,
MEerTr
options=optimset('GradObj’', 'on', '"MaxIter',100);
initialTheta=zeros(2,1);

[optTheta, functionVal, exitFlag]=fminunc(@costFunction, initialThet
a, options);

PRELEE J1A™ options, iX~ options Z& & 1E A — N E 451 AT A7 6t VR AEZE 11T options,
JITEL GradObj 1 On, X HIKERE HRZHONIT I (on), RXEWRAE RILER K ES XN
IR — B, ARG B ORISR, T 100, BATGHE—A0 MAENYIMGE, ©
A 2x1 AR, AR fminunc, XAD@7FF 5 KRR FBATRIFIE XK
costFunction PREMIRE . WIRIRIHHE, EMASMHAZ mBRATILE T —A, HIRIR
WA DAEE BB T, AAERESNERE I ERa, RATEHCOKM. REES
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

FAAE IR S = R IR AL, ORI SRR RS B R R, R B R EERI01E .
iEREVFIREAE Octave FATAFE:

//www.octave.org/bugs.html to learn how to write :

'mation about changes from previous versions,

2.4.exe:1> PS1('>> ')
> c¢d "C:\Users\ang\Desktop'

> options = optimset('Gradobj’', 'on’', 'MaxIter', '100');
>> initialTheta = zeros(2,1)
initialTheta =

0
0

g] = fminunc(@costFunction, initialTheta, options)
optTheta =

5.0000
5.0000

functionval = 1.5777e-030
exitFlag = 1

) [ ———— A

FrL RS TiXANKT theta ) costFunction BR¥L, it 55 HACH BRH jval LURESE
gradient, gradient A P ICER, AT EEON T theta(1) A1 theta(2)iX 5S4 i 341

WA BEARMINIEZAD LT b 22 B EEAR R 5%, e U R BE . £
JEAE, B EAERA SRR R, s FER 2k AT, fR ) DUHE I SR S T
ZMEIRIH, R AR A0S N G E B A SR T SRR B IR AR T

DUAEAR CL 2 5038 e F X S8 s R A S0, A1 1 IR B8 B0%, AR AT LA — AN %
MRACEE, &k SRl Rk AR — . DRIt VPR A s T, AN i B T I e AR )
TEAT R G R B R

Jir LA 2 30 — MR KRS 2 o1 ) R, Rk PRX s s Rk, AR FiE. A
T IXEERE S, URE N 1% BE A I R [ YA RN 2 (8] U B A T BE ORI e e, T i A AL R

A~

FE TR — M, BARZE SRR B SR S 2 A r 2 RA 5, REEEEZ

Iy KA B B IE R B AT
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

6.7 ZRADR: —NWZ

A HM: 6 - 7 - Multiclass Classification_ One-vs-all (6 min).mkv

FEATRA, AT R B U ] £ I 22 4E ] )T (logistic regression) KAk 22 3811 43 2K il
A, Bk, AR A X 2" (one-vs-all) 17> R

S IXHE L T

AT ARV I 75— A S SRR 1 S MR B A SR B AN [R] 0 SO B
o VAT BLE SN EARAE, B4, ARVFTG LR R SO, s AN A AR AE R 58
KPR, SR TFR B TAERIHEEE . Sk 8 AR Sk B XN RIIR AR B A B Z I
(RIS B2, FATHRA TR A4 HEHA WA, 2AlHy =1,y =2.y =3,
y =4 KK,

5B AN TR RIS, NSRS N B S SE R BIRKIS T, Al AT e %A A
W, Wy =1 BMIGRAE; sF B TRE, H y=2 kAR, 8/ TRy = 3%
(i

S =AMOIT AN SR IELEASCAT SR MIHLAR 5 23 43 2RI, TR A A n] e A 2 X 43 R e R
MR, L. MR, BE FER, o ERFTAIIET, y A7 DA MRANOEUE, —ME
SEEEUE, a1 B3, 13 4 S e HdE, DRI 2 3 SR, RE—
R, T2 0123, i/ 1234 #AEZ, RESVCHPEN 1 FFHIRmAZ
0, HSEHERAREHA R B J IR 25 L

SRR T2 /TR —Ay, —ousr 38 i, FRATRIEE B R T e 2RI

Binary classification:

A

X
X X
© L8,
O
Xy

EF A BRI KFUE, Bl R B AR AR e
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

Binary classification: Multi-class classification:
% % & wX
af w B %, A Peex
0.0 g_X%
O O 0 O
X1 ST

HH 3 MR AT 5 RAGE 3 A, MRS 3 NSRBI RS, JATI753]
A SR EEAT 73 W ?

FATIHE CLFNTE T AT —onr 38, W AMERDE R RIE, T EAEvF IRt RnE,
LR Bt 58— 70 9 —ORIESRA R . HY— X 2 (10 SRR, JRATT AT DIORE L I #E 2 2R 73 ) it
F.

N PR A R IATEEAT — 0 2 K TAE, AN XA THEMBNON X R T

One-vs-all (one-vs-rest):
N

A x
AN xx X

x
oo

X2

\ 4

Xy
Class1: A
Class2: O
Class3: X

WAEIRA A —MINGREE, ot EERIZORIA 3 M3, RAITH=ARER y=1, J7iE
Ry =2, XXFoR y =30 FATHHZEMAPSAEH —MINGE, KT 3 D> "Jun
i

ATV =MICAE R 1 TFG, Skbr EIRATATRAAIEE —AS, B Dy illgede, 28
A2 RIZRA 3 MR, A 1 WOENIESE, FRATEIE —MEINZEE, N BRI
BE, RATEM G — D EER S .
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WL 2= STRFE-28 3 J-12 45 [F] 3 (Logistic Regression)

One-vs-all (one-vs-rest): a2 050
A 7 OOOO
O
A % X / X
AA X X 1
X;
X
oS0
Xy ;
Class1: A «
Class2: 0 «
Class3: X <

X HIE AR IR, TR A, FTRUXREAR, BB = AN 1, EY
(E A 0, FITIRATRIGE—ARAE AR V140 288, IXREIRATIEA B — AN IEL R

N T RESBURRERI A, AT Z AP ARIFLRIERE (y=1) , BEHE
A BT AR 2, X AMBALRIERSY (0). e, ZDU IR 5 — AN bR A
ER% (y=2) , BEHETRBROARRE, BHAEAILE b (), K.

BUERAEE — RAOBARFIEA: AP () = p(y = i 0)Fh: i = (1,23....k)

p A

X, | A (, &« o | o) (2)
‘ AA,/("(‘; O (8h) ( Q?{) \ x:x l\e (*)
& R 3
Pis i e ') A \X
‘:V/ @) ,\»)(‘ ) (“.‘:)O\

Xy

X3

B e AERATH BT, FA TR A 80 KBRS AT i, R & — M AL &,
H ke e e T RETE R 4 R AR

Bz, BAOCSIEEMOMNGE T, REBEMIR NG ZE R 52558 hP (x),
Horf i X NARF—ADATRER y =i, e, 7B, FATS AN« {8, A
EAMTI . BATEI R RIEBRAT A RS BERA x, REBRATEE ML 2P 0
EONIG]P Eﬂmiaxhg)(x)o

PRIAERNIE [ APt 7 &R 10 T7VE, 158 I — >0 288 42 T 15 FE e RIOCR B i 11
2R AT AR — N IEFR 228, TRl 2 0, JANTHEA &S RIMRE, ATy
FEAMA . IXRRZ IR, DL X 2 1T, BN, ARBLE AT DL
TR 57 R85 FHAE 2 2870 SR In) L
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HLas 5 ) IR FE-28 3 F- IE 4L (Regularization)

7. IENI4k(Regularization)

7.1 JTHLAH R AR

SEM: 7 - 1 - The Problem of Overfitting (10 min).mkv

FIPE N IE, BATC L2 TR M2 5%, AR AR E e, EAT6E
A RO A DR VE 22 I R, LR X AT FE B R R S IO ST LI, 2l B LA
(over-fitting) ) il {1, W RES FECEATRCRIRZE.

FEX BT, B A IR AR 4 25 B A 100 8, I BLYE BU2 54 TSR LA
AR R G —FFR 9 IE WA (regularization) FUFE AR, & AT DASGE 84 b i 2L A il AL

WA A 2 RHE, FATE I 2 13 BB RERESS I o M IE RIS (AR
Pret BT REJ LT 00, (HRFTRESANRESE 23T A HE «

AN A R T

] v S
2 2 £ r
Q-‘_ E " - " E
Underfit Just right' Overfitting \
Size Size Size
6o + bhx Oy + 012 + Oy Bo + 012 + a2 + O35° 4 O

P MR — MR, RAE, AREIRGF UG N AT ZREE; = PR —
ANTYTT AR, e S R R, K T SRR BT . BRATR S
M, EE AN RE A T, ERERIAIIR 2, RAG, BEARGEAR N I Hhid NIRATH
WIZRERABAE B N AR B AT T R e 2 RORAN 5 1 m 8] AR R (DL dr 3

I3 2R fi R AR A A TR 14 1) 7L

FAZ A, x KB R, A0S AR, (BRI ) e T T REAE 22

W R, WRIATRI 7 A ) e, Rz an e b3 ?
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HLas 5 ) IR FE-28 3 F- IE 4L (Regularization)

LEF LA B IRATIERA T FIRE . 7T DO T T e Or B MRLEAFAE, B (A —
SRR PRI SR (Bl PCA)
20BNk, OREE T HIRFE, (ESEIDZH R/ (magnitude) .
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HLas 5 ) IR FE-28 3 F- IE 4L (Regularization)

7.2 AU ER%L

S EM: 7 - 2 - Cost Function (10 min).mkv

TR ] A e e SR FRAT T R AR AR

hg(x) = 0y + 01%; + 0,x3 + 05x35 + O,x4

FATAT AN Z AT S A Y, TR RIS B 7 LG A4, Brbhan R3edAiTRe
TR S I R BT T 0 1T, FATR AR A& T

BT AT Pl 2 AE— R RN e S 400 E, X IEMML R AT 5. -
TPRAE B 03 M0, IR/, FATERLE B A s K, fE oMo, wE — R,
R, BAEZ R B MU I 1 7 ZR XA R TIPAFE B T, A S LR
— L0, 716,

IEHURHARGTERAA T min - [T72 (he (x®) — y©)” + 100063 + 100006]

T AL XA A AR BRI BB 4 L K105 716, 5% T 5 SR F0 S Mgk L 2 BT 2N 22 o (RN 3RATT
AR Z HRAE, FATIEARE PR AE JATE AL, A PR B B AEEEAT 1557,
I HARARHY B B A IR B A SR e 61 LU 8 T O RE o IX RN 45 RS 2 7 — MO R
REBT LI LA BRI J(0) = —— (B (R (x©) —y D)2 + A X7, 67]

HAANFRNIENIE S5 (Regularization Parameter) . iE: RIFWHF, FATANTG,
AT 20 IE A A B R A 5 SRS £ R RS0t b 4n R B TR

Unregulated Regulated

t

Too big lamda

Size of house

SR E LS HO K, ISEFTEI SRR ML T, SRR ho(x) =
6o BHLR LI f ELAR TR O, R

TR AT = 57, 07 AT LAEO T NIE 2

B R AT4 A WO RANIE, T4 Cost Function SLATAERIN, FIATIY 6 (i
(RA450,) Hhete— R L.
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HLas 5 ) IR FE-28 3 F- IE 4L (Regularization)

BE A FMERKT, Bas CAufhey) #aEinT o, ZXHRNIMERIMRREZ %
AT T B A

PR FIEAL, FRATER — SR A RME, SRR RE S AF AN IE AL .

[ B A B O TR IEIAL, LEBATIE X S B B2 A (Bl AN A [ )
ke, I AFRATE AT PLLE A ATTE S id FE AU T
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HLas 5 ) IR FE-28 3 F- IE 4L (Regularization)

7.3 IEN{k£R it BEIH

Z%PM: 7 - 3 - Regularized Linear Regression (11 min).mkv

XFFERAERIARRAE, AT RTHES TR 22 Sk — M TR TR, —FPt Ik
MITFE
I ARZR P R AR A B O -

1 m . . n
= @y — y(Dy2 2
10 ZmZ[((he(x )—y®) H-ZH’)]
L= j=

DR PRATTEAL FHBE LN Bk XA e B IME, ORI BEAT IEMIAE, By ABE:
JEN BRI o A T -

Repeat until convergence{

0p: = 0y — a =31, (he (x®) — yD)xg”

0;:=6; — a[- X (ho (x©@) — y@)x? + %ej]

1

}

Repeat

X EEISE ST = 1,2,...,n BT BT A AT 45

6= 6;(1 —a7) — an- Ty (hy ) = yO)x”

FTUAE Y, IR A2 [ R T P S (ARG T, R OCHRAE J5UA S50 SR R (14
Bt B QM T — NEAMAE.

FRATT ARt ] A FH S0 75 R SR SR A L U A ek [ AR, 73k s

0 -1
1

p=1XTx 45l ° XTy
1
FHRHERER A (n+ D)« (n+ 1),
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HLas 5 ) IR FE-28 3 F- IE 4L (Regularization)

7.4 EMLIGEHE B A

S H: 7 - 4 - Regularized Logistic Regression (9 min).mkv

BEXE AR [T 1), FRAE 2 BT A URER C 42 S i A A Sk JRATTE S8 o] TEA
BRIE T BEERAUACH s Ky (0), #E TR T M RIS, IR R RE T %
RE ST R EY (0) -

Regularized logistic regression.

xOx XO ho(z) = g(Oo + 0171 + 0223

2 9 5
X >(ox?(oxx —{—03:6%:17% + 04725
X% "X . +O0szix5 +...)

B OIS S ERRER T2 4R BH, FATHE A s g i — A I Rk, 32K
R4

1% . . , , 1
J(6) = ;;[—ywlog (ho(x®)) = (1 = y©)log (1 = ko (x@) )1+ ﬁjz 67
Python {5 :

import numpy as np
def costReg(theta, X, y, learningRate):

theta = np.matrix(theta)

X = np.matrix(X)

y = np.matrix(y)

first = np.multiply(-y, np.log(sigmoid(X*theta.T)))

second = np.multiply((1 - y), np.log(l - sigmoid(X*theta.T)))

reg = (learningRate / (2 * len(X))* np.sum(np.power(theta[:,1:the
ta.shape[1]],2))

return np.sum(first - second) / (len(X)) + reg

B/ MEZAT B R, EER T, AR N RSN

Repeat until convergence{
B9: = 0o — a— 3T ((he (x @) — yD)xg”)
1 ; M@, A
0;:= 0 — a[-- 3 (ho (x@) — y@)x¥ + 261

for j=12,...n
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HLas 5 ) IR FE-28 3 F- IE 4L (Regularization)

e B L ERFELERIE R, (HRRTE ho(x) = g(07X), FrLlS5&ERIFAR.

Octave 1, FAMKIHAT LA fminuc pRECKSKAFAHT & Ui MU S HL, EAERN
=2 N RIS R A R NEIR

1. EARIETA IR SR m] U A R B I A T DA PR 2k e 0 o ) 3R 0K SR TR — #E

B TP T hg (O A F BT BLE AT IR K ZE ]«

2. 0o AS HHAPHUEF—AIENLE.

H BT RS &5 2 AT REIE R i1, (E02 — HURREE 12kl H . Mg s ik
AIENAE A, HAMBE, FRXLES 7 ST B BLAR AT RE D2 V2 TRIMAN T . BIE, fRCE
S 7 F RN I ER, BRI 7 35 s FI B s 27 21 S kAb™ o

FENRIGEREE T, BATR A2 — DR s R AR LR MR 2R 8, TR R R R, &
SRR [ R, A n] AR IS 2 AR AR R o AR AT AR DA B3 KA AL R 5 2648, ]
PAF R o 22 W m A i JRATIRE N ARKe A2y, LEDUAE AR ok il RLRR) D795 K N AR 225
AP
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HLES2E 2 U268 4 - 4% . FRiR(Neural Networks: Representation)

FaH

8. fHZMLL. FTik(Neural Networks: Representation)

8.1 JELMER

S M: 8 - 1 - Non-linear Hypotheses (10 min).mkv

AT A2, TORFELE B T2 W [ A XA — R, Bl HHFIER 2,
TR R 2 AR K.

M
9\4(90 + 6121 + Oa2

+03x120 + (i.;:z:'f:zrg
+0s5x3x0 + G125 + ...)

X, O

HIAVExy, xp B RIABEAT B, FRATRT LA AR 4 -

RN OB B, A ARZMER) 2 I, el 7 BT N S (1 7 SRR, (]
BERATA AR ZHRRE, FIA0RT 100 N E, FA1A I 100 MRAERM E — Lt
2 TR, 2 ok R AR AR I N RFE LA, BIEEAT FORFH W RRHE A2 45 (o +
X1X3 + X1 X4+ FX5X5 + XoX4F. .. +XggX100), AW EHEZL 5000 N A MR ATRFIE, X
XTI R AR R ZEH SRR IER 2 T .

RBEIRA A N GR— DAL S G (i — sk B R BB R —R )
WAVEREA BEX A0 ? — R AR BN IR Z IR G BE AR Z AR 2 B R, AR5
PRy b= AMMEERAE (R BRRED SRAE AL .

BT RE K-, SRR ARG —AMA GiAE RGB ED » FATTAT LLIE ]
Fr BRI FALE _ERPTME R, SR IR 125 [ A SRR F X AME 2R R R S
B bR R
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HLES2E S URAE-28 4 - 4% . FRiA(Neural Networks: Representation)

pixel 1 pixel 2

- %—[Q\_) - =

pixel 2
+ Cars pixel 1

+ Cars pixed 1 = “Non*-Cars
= "Non"-Cars

BAERATR A AIHAZ 50x50 FRRAPE T, FHHIATR A B RVEHE, Waf
2500 MRHE, IR IATEBE— DR P RHE L S A e — D 2 U, £ A 2525002 /24
(G 3 /A k. Wl 2R R AR, AREA RO AL PR A 2 (RFIE, X AT
i AL IR 25
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HLES2E 2 U268 4 - 4% . FRiR(Neural Networks: Representation)

8.2 & LRI

S 5: 8 - 2 - Neurons and the Brain (8 min).mkv

Mg — MRS Z AL, BRI AR H RS RO I &S -

FER T TUR A, B FRATN AL 4% o KDy e BEAR A U DR AN [R] R85 2 >0 e L. T
ARBOVEANMERZEE EATRE, fEXBAit, SRR S i AR, t
PEFATIRE RE v AR e TR A 4 R LN BB RIBL 827 > 1)l 3 B 2
HRLEART] BE 2 BOGR b o BVF, X — KN T B2 AR AR SR i3 ) 3 IE A R g
PLE e Fi4h, BATIER RN IR 28 2 500 KX L il R A 22 0 248 7 2R R B PR AT TR 2%
BB VL R 5%, MR R S B i R A TAR B N 22 2 R 58, A A AN L A4
FATHHAR A e 1 77 [ 57 S WL — — NSRRI K e ?

MBI T ) LS MAAAER 2. Hib TS MIEE, £ 90
TR IR 1o (HRRIL, MM RILNER . KRB a2
THEEA B KRS . IR i TE e 4R TRV IS AT L AR, A R LR IEIS TR R
PRI 2 2% o 152 BTN R R AN A — S 3R AT 15 T 2 FHe I BR AR, a5 i
WA 2808 TV 2 N SR B S HE RO o A ARAEERUR IS, 4R AR i 5 AN SR
RORMAFIRIPLAS . RIRT A2 25 DUOR A2 W 1075 sRAC B R, 22 e A BRERATT R i 3

PATRE A B, FEMWAR 7, W0 H K REAL PR Al A - N33 I F15 o BhF-4n
RAORRBERATE, R EIRZ AR R A XL RN\ TR A D FHE . AL res
RE BRI X L, ANFEFRHRITE, AREMN ETIARKRER LSS kK, K
AR Tk, RGN — 5 S Sk BL 1 R R R —AMEE, A kAR
Oy, —EEIX T T AEE .

~ ' Somatosensory
. - Cortex

~
¥

R I B8 X /N 2L E X IR AR T 0 B2 S22 ARBUAE IEAE BRI AU, X EEf) 2
Bt HAmWEIF &GS, IHUREE SRS IR &=, ERat, /R4 GE A3
i
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HLES2E S URAE-28 4 - 4% . FRiA(Neural Networks: Representation)

M2 RGBT T XN RIS, FEH SRR 58 B R A2 UIWT . 72X A O
T R ILEER R SRR L, IR R S B 22 A5 5 B 2R AR BT 58 K2 . A
RIXHEM T o MAGRRAV IR ZR =2 B KB ERE T AV RER&E S
o FTEL, UK SHVIE R, I8 ASh P T LLSE RSB 55 . EATAT LR IR, JF
AR R A & 2 R 8 o B IR N ZH 23 B3N A8 0 8 BT o TR 28 53— M8 5
XA LR AR AR R E B2, I AR AR AL B BE 1Y, AP SRARA— A RIS ALL
MBS, A AR SE B R RE A R B o XA SRR — Ee R S, Rt
SES, WA SRV, RN F P 2T AR B A il sifE s, A
WVFAFAE— o2 2 505, W RLR R A BEALSE . Wrsd Al se, AN R Zis 1T E T IR
Fr, B BTN ANR] R SRRSO SR BT 58 B T BT IO SEUF 31« B VPERATT 75 220
A AR — e B B S B (M 27 S B3, SRR S RN I B 22 B ] A BLX LA
AR A B o EARKIIRREE b, T DISS AR A SR A TG LA ] — P A IR AR R A BRI L
PARFT—NEROLIE, KAt A e

MR LA T

REKER AT kA 2w AT ERERER: X SEPR 14408 BrainPort 1]
ARG, EHEILLE FDA (38 & S 25 E BR) MR RGP B e R RN 1B W
Yo BN, IRERTALES DR ERGSK, H9ET, ERlRERERIE AT H %5 7
HARIE R o ARE—IREG BT Sk 222 i) AR S, AR AME S 2R Sk A
FEALE b, AT e R RO R MR R R R AR N e XM R, B EEE
BUERIZhRE, AR AN R Gomt RELL URBAE L2 Bh L2 2 I ERATTA kB R 10
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HLES2E S URAE-28 4 - 4% . FRiA(Neural Networks: Representation)

Human echolocation}sonar)

AR AT, KT AR A BCE ARG AR PR 70T DASEBL: AT A
SRR, BCE M o AIAEA RIIN L, SAE AR A XA I, JF 2
A B 3 [ SR f) 7R AR A — XA R - TR R YouTube 2 )5, Lo KIUA Ll Aiihg
TN NRA T, MPOVREIRBS MR, BARKE TIRER, (HZE T, it
A ADY AEAE S T AN R AL PG, ARBETE AR, AT DURF BB N HE T o IR — MR

A IRBRI % T

2~
Haptic belt: Direction sense

B =AM RRGE B, WIRIRIE ERAERE b, 1S Es 2o, i H S A B A
M o AT MG T R, ST S SN 7 1A 15 7K
A LA ] T

Implanting a 3" eye

WERIRAE TS ERAS = HIR, FiEh e R HIREE . ik, RS AEE LA
TREAT o QIR ARREIL ) LFAE ] A JRES N BRI o, ) 2 23 Sl ek th 22 ST Bt (1 7 ik,
IR B SR . MWFER RS EORUE, AR IRATRER O 27 S S0, SRR AE TSN B3R
AT RN 2 S A B A R, VPR R BT R T B A ) Bl (1 251k A
THEBENBEML: A —RAEHNE DL E LS.
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HLas 22 STRFE-58 4 - M 4% : Rik(Neural Networks: Representation)

M2 2% ] BE N BA AT I — B E AR (N TR RER I T 7, (HIRAE X IR P HR A2
RIZg IR R, E R IS A I N o ERER A RN EOR T % RIAERE TR — L8
WA, BATRITARIRN B R 28 1 B0
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HLES2E 2 U268 4 - 4% . FRiR(Neural Networks: Representation)

8.3 BRI~ 1

S 5: 8 - 3 - Model Representation | (12 min).mkv

N TR ERP L P AR, AT 2 S BB 25 K e 2 I 282 TR 2 R — D& T
HOAT LA A — ARG/ Z 4% (processing unit/Nucleus) , ‘B0 15 VF 2 M N /B 58
(input/Dendrite) , 3 H A — Mg /H5¢ (output/Axon) o #IZS 4% & K BHI 2 70 AH H 4%
FEIF RS F RIS — A 2%

X O
‘A m f \Schwanncell

Myelin sheath
Nucleus / -

Yoyt cite”

TR A TR e B TR S A R AT A . XL S HIR AR R AT
R, FLSCmil 2 —LEPRas i LR i A R e e R A3 — MR, et 2 s I e B4
R, RIE—BEs RS A A T, KRR

KRB L, B R S — DL TON R Z, 5P RX A2 ek
WO R, it 5, B R DR AE R R B A ST BR 4 HiAt v g ot X
WA NI B G HIRER: FA TR Tt B SRR ST THE, IR et o fs
R X WRBATR NN IZE R R U RIRAS ) — LA, ik — s
TCLEARRIIUA A IE K, IF SRR IREIILA AR . AR —Le R . P i IR IS AR B2 25 K% 126
—MHE, A EBRIRE S F K 4 R o
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HLES2E 2 URAE-28 4 - 4% . FRiA(Neural Networks: Representation)

Neurons in the brain

PR RS AER B e b,y B — MG SR — /A IR, X e T
(IS HIG, activation unit) KN —SSRFIEME Al FF FLARYE AR 5 RSB Al — N
o FEDZR—AN OB ENARAE N 8 5 2 ) B s o R, TEME ML b, SHCT
W ALE (weight) .
(%) “Wlas it

o=\
e’
. s hy(z)
~ )
- “‘p& R k e (“\ \ égi

Sigmoid (logistic) activation function.

FATBAT T RBAT R TTHIM A 2%, FORWTT

he(x)

Layer 1 Layer 2 Layer 3
Horix,, x,, x3 /2 ANHIC CGinput units) , AT EGEEIEM AL TAT.
ay, ay, azZHAIRTE, ENATTHEHEEITAE, REEBFT—E.

Ja st BT, BNt ().
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HLES2E 2 U268 4 - 4% . FRiR(Neural Networks: Representation)

T P AR A RV 2208 B BT R RUOR R 2 AL UK I 4%, B — M AR R T
— 2N R, FEN—A 3 ZIHMEME, H—ZRNMANZE (nputlayer) , fif5—
AR (OutputLayer) , Hhii)—ZSONESEUZ (Hidden Layers) o A% — R #0HY
In—AMmZ A7 (bias unit) -

Neural Network

> ’l(—)(;l')

Haden \ayer
=5 g
Layer 3 Ovtpun "3”

NG EEFR VR RS B R AR .

al REW) RIOE | DEERTT 0ODREBIE j RSB + 1 R ARUE 4
B, 0o WM — ZHUE B RO AR . RS BUE j+ 12 1S 5
TREENAT R, VAR RIS s B O BIEURAERE . Bilin. B EIPR R kg
oW R 3*4.

T BB IR, 0 BT AN e o 2RI

af) = g(@l(é)xo + (ﬂl(i)x1 + @f;)xz + @f;)xg)

agz) = g(@z(é)xo + (ﬂz(i)x1 + @z(;)xz + @;;)X3)

agz) = g(@gé)xo + @éi)xl + @g;)xz + @;;)xg)

ho(®) = g(035'a;” +6,7ar” + 07a;” + 6[7as”)
AT T U RHERE R T I AT (o AMINZREEE)D IRES TR ML, JATH
BERGREN N ZRIE AR MRS TATHIPP 22 W 48 SRRy ST
AT LGS : A adloR b 2 A B MR — A Joes B2 A R 52
CERATTAEXFE M2 B4 1 BV RR N T 7] 4% 4% 5797 ( FORWARD PROPAGATION )
x, 6, a AAFEREER R, FATAILIASE0 - X =a -

x
0
e |910' e e 1ﬂll
-1

X = . O= . . L ., a=a
X,
rL e e Oy 4
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8.4 BEIRIK 2

Z% M 8 - 4 - Model Representation 11 (12 min).mkv

( FORWARD PROPAGATION ) AHXT T8 FHAE IR kgt FIH Ml A 7 A 015 T R
TR, DAt s o, WG TR R R

€I ..(2)
“1
& ~(2) — |.(2)
r= | < Z9
T2 _(2)
I3 ~3
() = @y
al?) = 9(2(2))
1 1 1 1 1 1 1 1 2
oy o o o] [N\ ([oix+ o+ 0P +on]\ (ol
(1} (1) (1} (1} 1 _ (1} (1} (1) (1} _ | .f2]
G| |80 G2 Opp By | X |y | [T G| Oz Xot G2y +8pp X0 035723 | | = @y
(1} (1) (1] (1} (1} (1} (1} (1} (2]
8y O3 O3 O *3 By xp+ 855720 + 85570 + 8557 x5 iy

Bfl1% 2@ = 0Dy, M| a@ = g(z®@) , WHEHRM of = 1. 5 HIE RN

Yo
ol o o off1x|", |- o (o + o + P + o) =hato)
ﬂl:32]
A4 23 =9@a®@, U] hy(x) =a® = gz®).
XA IR T — NGRS T AT T 5 A R IRATEER AN I GRR i AT 1 5
P ER NSRRI PR AT B, S R — D SEBI R IR AR AE R — S B B
;@ — 9 y xT
a® = g(z@)

AT HELFT T fi# Neuron Networks [t TA/EFRFE, Ao A0 23043 304 -
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[ o}

> — he(x)
‘ ”‘x"".";
! 11:“2'

Layer 2 Layer 3

A 25 H LA Phag, aq, ap, as, T4 Logistic Regression [1977 24 H hg (x):

D

¢ H L ) &)
k@ty):g(@?oo‘l’ *®'\Q\3

) o)

(83 Oy
""@\1‘1; T, Og

Hg 2 W 44 4% 2 logistic regression, W AN IRATTHE logistic regression H )% A\ 1] &
[y ~ xa] AT R0l ~ of?], 1

ho(x) = g (9§Z)ag” +0Pa? +0Pa® + 9§2)a§2))

AT Ui ay, aq, ay, az B B e B RHEE , WA X, x1, xo, 23 AR, IF B EAT
Rl x5HGEN, FONREEE TR, Frilaeiuit, 3F HAE MG %, B uxes s
TR AR AR I8 B AR o TR T7 T 3, 1 R B 2 1 T 0l it

T AR 22 I 28 A LG T 3B R [ A AN A [l A AR 3
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8.5 FHERE W B 1

S H: 8 - 5 - Examples and Intuitions | (7 min).mkv

MAJTE _EF, #hE2 P 4s efig il nd 2 SR H B B — RPIRHE . 7@ 2 4 )3,
FATHE R e 8 b B R AR R AR ey, 2, - Xy FRATTEAR BT DUAE ] — 28 — I R 2 A
XEERHE, (HR AR 2K L JRARRFAE AU BR ] . FERPZE I Z% D, JFURTHIE R RN,
FERAT] BT =R A M Z8 4 5 rb, 55 = 2 Wt fa 2 080 HS R TI0NR Y f) 2 56— 3 B R
fiE, TAEAAZ R ARRAAE, FATTAT BLASE — 2 b BRI R ph e M 26l 27 21 J5 H 043
EH R — ZR 5 T T A L AR B T RFAE

P Mg h, BERZ T Coh i) M E R R R B S E, anZ 5 (AND),
W EY(OR).

ZGIUEHT: 5 (AND); T TP R AL M KBTS output ERIBI, AL
EH#BI 2 sigmod BREL, RAFEAERREEK.

AT AR R — M 243878 AND BR L

T1,T2 (S {() l}
y = x; AND 29

@ > ho(z)
(=)

Hrhg, = —30,0, = 20,0, = 20 FA TR H R Ehy ()BIN: he(x) = g(—30 + 20x, +
20x,)
BATENiE g () I G A -

N

J

0 L
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x To | he(x)
0 0 3(-30\ N o
-0 1 %(-— o) %o
. 1 0 3(-10 %0
1 1o g (e %)

FTBAFRATE: he(x) =~ x,ANDX,
Fir CAFRATT S«
Xt /& AND PR

P REAN9 > OR BRI

Ty T2 he(z)
0 0 0
0 1 |
1 0 I
1 1 |

OR 5 AND Ak —#f, X5 RAET HIHUEA -
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8.6 FEARIE WM I

Z% M 8 - 6 - Examples and Intuitions 1 (10 min).mkv

ZIGIBHRIZE T (BINARY LOGICAL OPERATORS) Yfft NAFFIE N A /RE (0 8k 1) B, &
ATTAT PAR — A B — B 2 T LME N e g AT, N T RIS BT, A A %
W FEAN A AL E AT

TEM#ETE (CABESHIN-30, 20, 200 AT ATEAF T2% 5 (AND) -

@ 22 —> ho(z)

NRME T (ZAETHIN-10, 20, 20) AT A 9/E AR T2 85 (OR) -

(D)
@ 2 g@ > ho ()

TREFZ T (EAMCES RN 10, -20) A LA NE [ T2 4F (NOT) -

— h(-)(.’lt)

BATAT LA FA A 22 TR 20 G 1l B 9 B2 258 B 228 ) 29 L SEZ I B 532 21 P 3 B o A9 T R AT T 22 55
L XNOR Ihfig G N AMALII—HE, By 1838 00 , B
XNOR = (x; AND x,) OR((NOT x,)AND(NOT x5))

B SR — AN EER IR (NOT x4 )AND(NOT x,) #4342 76«

O,
Fiasl
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RIGIE R AND HIFHZ TE N F 7 (NOT x ) AND(NOT x,) I #H 4 TG LA S 7~ OR )4

Z T HE
@
/\
O©; \,
” v

WATHAFEN T —AHELIL XNOR B HFFIREHIPH AN 24 o
FXFPITEIATT AT LLIZHL i HOBORE R 2% (e85, RS B 5E N 73 5 AR AL
TX AR 428 D 5% 1) I 5 2 Atk
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8.7 ZRIIRK

S H: 8 - 7 - Multiclass Classification (4 min).mkv

BEAVEAIEFIF N (BERy = 1,2,3 .0, BB FIXREN, ZEAR? f
MBI —AMPE ST DR N IR BEIEEMRE, b ERIMIZE 4 A
. Fln, SHE—AMEy 1800 AT IR G RITN, 5B AMEH THWR B NRE.

BN R AR, FATHIEE, S 4 MR e iR RE R 4 28, R
— MRS ES S EIa b ¢ d]T, Hab,c, d U —NA 1, FoR4ui2E. FHiki%
L I 2% (¥ T BE S5 AL 7R 1

0
], he(z) ~ M, etc.

_when motorcycle
phiabiidesiial L

2R X 248 SR TR il 1 45 RO DU AP RT RESS 22—

T 107 107 TO7
of11110]|0
of1oy|7(|0
0] LOJ LOJ LT
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BS5H

9.  MZML K% (Neural Networks: Learning)

9.1 AR

SR 9 - 1 - Cost Function (7 min).mkv

[ VAN U R eV ER A U T AN TRV RPA

BB B I ZREA A mAS, SN S — 4 A — 45 5 Sy, LR
IR, SRR neuron NS, Bt ZM 2T, SRR R AbE HoT
A4

K225 1K) 70 25 SO PRI L :

TR RRNEZ K
TR S, =0,y = 0or 1R —3K;
%

KEN2: S, =k,y, = 1RRDHE i (k> 2)
Neural Network (Classification) (), D), (6@, y@) (2m)_ )
; , = total no. of Iayersm network
: S} = no. of units (not counting bias unit) in
layer [
Layer  Layer Layer Layer
Binary classification A Multi-class classification (K classes)
y=0or1l Yy e RK Eg. [:‘; . [:1:} [ﬂ ’ [ﬂ
neBedilaricnmaangoia bk
1 output unit K output units

FATT [ 5132 ] 1 ) s B AT A A R 809 -

2(0) - Sy oan () +{a-y° ogfa- (<)) [+ -3

2m =
EREENAT, FATAE MR s, XFbE (scalar) , thHH—HZREy, |
AL, BATAT AAIRZ f AR, AR R () — N EEE K R, IF HLAAT
YIZREE IR AR B th 2 [RURE AR BE 1 — 1), PRI BRAT TR AR B K 2 LB AR B S AR 2 —

5, H: hg(x) €RX 5 (he(x)), = i output
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x
]

PLgs 2% STURFE-28 5 J8-FP 4 I 45114 =] (Neural Networks: Learning)
|:i
i=1 k=1

1

yk(')log( (X(i)))k ( y('))log(l—(h(a(x“)))k)}
LSS

2m 7T

o 3|H

Il
N

XA LR AR 22 AR bR L S 1) SEAROE S — 1, AT B I AR AR e Ok W 4%
BT RS HIEWIRER 2K, M AEEZ, X TE—ATRE, RATHSS H
KANTI, A LA ARG ER, S —ATRAEE TR AR R4 R, SRS TER FAEIR
FEKA TN bk BT R PR 1R — 1, R 5y R SEBR i HEAT LA

ERNE R —TUR R R T R — 205, F—2M0 IR 5 T2 MR 16 AT
FIAT (s, +1 BB e ocddoe) , IERIER T 5], HIZE (s)2) s s
TCHUITIRE . B: hg(x) 55 BLILME 2 18] (¥ 25 25 AN FEAR-FEA S H IR, 0 S H0HEAT
regularization ] bias JUAL 3 JT A ZHK~F-J7 F
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9.2 RMFEEHE L

S 9 - 2 - Backpropagation Algorithm (12 min).mkv

ZHTBATE T SEAR L P 28 TN S5 SR I R ERATR A T — AR &R 7 i, AT — =
THRIER—Z— Z#AT R, HBEJE R h (x)-
BUAE, ?ﬂTﬂ‘ﬁﬁﬁ[‘@%&B‘Jﬁ@ﬁ#](@), HATHTZERA T S Lk 5k, i

HARERA—ENIRE, Ral—EBREARKESZNRE, BREEEH R D—
AR ] B Ak S

B IATAI NG R G — A f] (x W,y D), FRATHIBIZE LR —ANPU 2 A2 2
HhK =4, §,=4, L=4:

HI [ 4 S

Gradient computation

Given one training example (z, y):
Forward propagation:

£ B DY KD

a® = g(2?) (add a((,g))

»(3) = ©(2)4(2) Layer  Layer Layer  Layer
a® = g(z®) (add af¥)
2(4) — ©(3)43)

a®) = he(z) = g(z¥)

1 2 3 4

Layer Layer Layer Layer
(| 2 3 4

BATMI G — ZHRRZE TS, 1222 RIS T B (al” ) SSebrfl (yF)
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Rz, (k=1:k) .

RATASKRIRRE, W: 6@ =a® -y

FATRI AR Z AR AT 2125 6@ = (0D) 6@ « ¢'(2®) Kl g'(z®)
£ S HEHINPE, g'(®) =a® «(1—a®). M(OD) 8N RIE FHAIRIENF.
T RGSHE ZNiEE: 6@ =0@)T6C) « g'(z2®)

NS B RMAER, REAER%E. RATH T AR ERERE, LR
ERBOR SHC T, BBA = 0, EFFRATA AR IE ML A TR A %S)](e))=a]?”6}+1

B RE R AE T T B RARIN e

I REEH T E LR

j AR H AT Z T B0 BT AR, R TN — B MR R,

i AR —EHRZER T R AR, SRR B P BT R R — 2 PR T
R

IR IR G EMAG AL, I HIRATA I ZRER fE — ANMRHERE ME T AR ) & o 76 BT R IR
fHOLH, FATH E A R R TR A R B e . RSy B O
FATFIRE R EAH 5 — R AR Z 00, (HEBRNTFENEDNINGETFIRZES T, iR
FERITHR—AMERE, A THAL RFTRX AR IR 5 1 BINE | NS ROTZRE |
NS EEIA T F R RZ

AT BIER RN

for i=I:m |

(
set a"'=x"

- - . I -~
perform foward propagation to compute a" for I1=123...L

(L)_

Using 6"=a""-y'

perform back propagation to compute all previous layer error vector
A::'::Ail”+u:"n‘f”

\
J

BV S8 AR AR D o SR B — SR I BT, A I ZRER 45 R 5 b e I 4 T )
SRR R —EIIRZE, R ZIR ZE R AERRA T M B RS BN E R %,
Eﬁ?tHTAg.)ZE, FAVE AT LA A R B i 3 80T, THRIE T

om._1,0 D ;r
Dij '_ZAU +/10ij ifj£0

W, _ 1,0 .. _
Dij-—ZAij if j=0
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7t Octave 1, WIRBMIEMH fminuc XAEREVE AR AR B ACEFERE, TATTH
B REE RIT ON R E,  CER SRR H e AR IS R 4 R R
R EATE = MUEHFE, Thetal, Theta2 F1 Theta3, ~F4r5IA4 10*11, 10*11 Al

1%11, B ACRD AT DS I AL ) e 4

thetaVec = [Thetal(:) ; Theta2(:) ; Theta3(:)]
...optimization using functions like fminuc...
Thetal = reshape(thetavec(1:110, 10, 11);
Theta2 = reshape(thetavec(111:220, 10, 11);
Thetal = reshape(thetavec(221:231, 1, 11);
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9.3 RFEHEHEERENER

Z% ;9 - 3 - Backpropagation Intuition (13 min).mkv

FE_E— B, AT T I LR L, MR 2 AR, 2458 — G BIIX M AR,
S BRI R XA B A 2 BRI IR, M ER R, T, SLAEANRITE X LD IR,
BUERNZ QA S AL — A o iR — R, Binseds BN IR RN S FIAE AR
FOEWA XM I, RISRIEH 1, AL T2tk MR SE R R R E, W
A EUE, SRR EIECT IR A, W TR AR S, R e i TR
ZAE T, (HEMEML, BIAERIIE, JIMHE IR A O MR R BTN iR
N R TR IR EIR TSR W SHAT 1, B0 — MREL B . (SOd g fE5 > 1R 2
%] AR SZ 21X He 25 3] Bl 22 B/ BEFE IR, KX L8 R D IR 73, JUE 1 S fs
IR BRI SEILN, XFRA RE B DRI A %,

FEIX B, AR PR AT 18— N S PR FR SR I IX SRR 12D 0%, JF HAv B4
PR—ANSE 4T B2, B LD BR SR AR A 4, iy Bl I X B, IRfgEE
fi, DR ADEHENTEL (EATREVREIEE 1 IX B, e 2 515 A AL FE KRR
2o KRB AR, REERNDE, HRREEA ST, KRR, MK
B R IAEFRX A 24T, A RHETIIR WAFIX 2 — A HE AR AR 1 5025, (HIE 2 A B I B AL A
REA LEVFAERh, N T A AR S R A R I, JRA T RAT 4RI 7E — T Tl 1) A% 4 1) S 2L

A A A 51

(= W WY )V

2 [
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Forward Propagation

S TR A 7«

What is backpropagation doing?

J(O) = _% >y log(he(z)) + (1 — y™) log(1 - (he(ﬂ:“’}}}]
=1

A (\(m mj

y,

Focusing on a single example =, 3%, the case of 1 output unit,
and ignoring regularization (A =0),

cost(i) = yV log he(z)) + (1 — y) log he (z'V) |<—
(Think of cost(i) ~ e{m(*ﬂ — y(f}?}?) —_— N

l.e. how well is the network doing on example i? ;jm

W) ) Wy
S y * “3 a0

Forward Propagation >
(B

() W . B) &)
@ , -. 8, = Ol +©, 73,

— 65-” = “error” of cost for aﬁl) (unit 7in layer 1).

—_—

Formally, é.('Ll) = cost(i) (for j > 0), where
cost(i) = y log he(z®) + (1 — V) log he (z?)
£ —a e

— "
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9.4 LIER: BHASH

ZSZEAH: 9 - 4 - Implementation Note_ Unrolling Parameters (8 min).mkv

FE b — B, JATRE] T BRI R AT AN BB S8 7RI B
i, FRAETSHE M R A A AN S AR, BRI S BONE B T R &, DI
AT IAE R A5 R e i) A P 75 22
Advanced optimization

function [jVal, gradient] = costFunction (theta)

E>pt'rheta = fminunc (@costFunction, initialTheta, options)

Neural Network (L=4):
0, 03 0¥ _matrices (Thetal, Theta2, Theta3)
DM D) DEG) - matrices (D1, D2, D3)
“Unroll” into vectors
Example
81 = 10,80 = 1_0, 8a =1 5 halz)
6(1) G—RE;? (_)(;) e&wxn.(_)(;s) c RIX11

- D(l) € Rl()xll D(2) € R]Oxl] D(3) € ]Rlxl]

’ @(\\ : ®(\) @Vl)
- thetaVec = [ Thetal(:); Theta2(:); Theta3(:)];
- DVec = [l&(:); D2(:); D3i(:)]1;

Thetal = reshape (fthetaVec (1:110],10,11);
Theta2 = reshape (thetaVec(111:220),10,11);
Theta3 = reshape (thetaVec(221:231) ,1,11);

Learning Algorithm
- Have initial parameters 6V, 6 00,

- Unroll to get initialTheta to pass to
- fminunc (@costFunction, initialTheta, options)

function [jval, (gradientVec] = costFunction (thetaVec)
- From thetavec, get Ll) o) O“] ceshage.
— Use forward prop/back prop to compute D'V, D(?). D®and J(© /(©)
Unroll D, D), D®) to get gradientvec.
SRS Iencves
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9.5 BERE

SEAH: 9 - 5 - Gradient Checking (12 min).mkv

BIAI —ANBOAE AR (IR i 28 ) (F FBERE T BRSEVERS, W RESAAAE — 1%
B GG R, BRE, BRI E LRI/, HRZRER T RE A2 R .

N T B R AR )R, BRATTR o L A6 2 (1 2 {EL A% 55 ( Numerical Gradient Checking)
Jride XA T3 R AR B R R AR IS AT A S B TR R A TEER

XA L A TR F S R AR AU R B B WS B DD 2R 007 TRk 6 B AR YRR
TSP ST EHE ] DS THBREE o RIS T2EMRE R 6, BATUHEHAE 0-¢ ALAT G+ 1)
ROMA (e —ANAEE/DE, EHIEE 0.001) , RFEREMN T, HUMETHE 6
Ak AR E -

(o)

Octave H AT

gradApprox = (J(theta + eps) - J(theta - eps)) / (2*eps)

B0 AR, FRATIFE 0 ST AR o PR AR R B e SR e B
SR BRBATRIR, A R0, BEAT RS R

0 J(01+&1,02,05..0n)—](81—£1,0,,03..61)
004 2e

B Jr B 10 T BN S A A DT R S ) e T B AT AR

AR A5, oH AR A e T o i AR R Di(}) o RIS, BATERAZHERE REIT
PR, FIREATER 6 FEFERIT v, HAVETEE—A 0 #iF 5T rBsE
fH, KX EEEA T NIRRT, R 2R A5 H X AR Dl.(}) BEAT HEAL
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for i = 1:n,
thetaPlus = theta:
thetaPlus(i) - ctnetaPlus(i) + EPSILON;
thetaMinus = theta;
thetaMinus (i) = thetaMinus (i) - EPSILON;
gradApprox (i) = (J(thetaPlus) - J(thetaMinus))
/ (2*EPSILON) ;

end;

Check that gradApprox = DVec
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9.6 FEHLHIERAL

Z%PM: 9 - 6 - Random Initialization (7 min).mkv

FEATIRAL SRR B AR S . B H ROV IERATEZ I A S 808 0, IXFER)
FIUETTERT T2 AR R AR B2 ATAT IR, (ER X T 48R U AN T AT o A REA TP A
MBI ZHHR N 0, IR ERAE BATEE R M PTA WS oo A MR R E. [FIEE, Wk
MG S EH N —ATE 0 1%L, 45 R t2 k.

BATEFE VRS EONIE Tie 2 M FIBENUE, BB ATERENIAE — RSN 10x11 192

How ke, AT
Thetal = rand(10, 11) * (2*eps) - eps
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9.7 LREER

X PM: 9 - 7 - Putting It Together (14 min).mkv

NG — AR P AR R 2% I PR 2L 3R
PILESERE o — R B SR IR g 454, B E R 2 D2 UL R E B E 0 HH %
SAHTT,
S R IR TR FATIN ZR R R A
5 — R R TT RO AT ZRE M 45 RS HH &
U AR FERUZEORT 1, B OREEAS BRR0R 1 s MO R, 8 16 00 R BRs)= 5o i
e UL
FRATT R 2R [0 A B (10 2 BORRE A [ 2 ) B e
YIGRAPZE N 25 <
1. ZHNEENLYIaG 1L
2. MAIEFEAERE TR H A hg (x)
3. wWEHEANEE ) KA
4. MU FAERR TSI 5
5. A EUE IR T V28 36X L i T £k
6. MEADUALSE R R MEAUHT B 2
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9.8 HEE

Z%PM: 9 - 8 - Autonomous Driving (7 min).mkv

FEIX B, BAR AR 2 — A B 3 S i I e I 4 5 ST K B 7o ARl 2 i
PR P 2R ST E 3 2 B, e BV AR 22 0ok F DA B #2T RICK R I B
MIZ I Dean Pomerleau S L Z= R 1), AUZIMFIF, ARWIT 5 E A2 1 i Bk Mg
Kifo EIXFI I, IR AR B A7 fERXBMI T, et
PRAT I BAR R4

FENEME R T T, BRI IR B AT R R

FEERURIRRR RER - 2RTE R, W 7 — o, A 1 — sl AR)E B iR,
PRAT AT 21— 26 KT RS B s [ 25 B A NS 3 ) 7 1) o il A X LRI % L SR O X B
BRI N F RN TT A Lol AU B X R ERAE R 17 2 S8, Tifx
A LR L[] A7 SR A o DRI, R PAEE X BL, ot A& PO R A 2 — AL L, T
TR — ml B AR B (A R 18 AR (1 17 /293 -

T P R 35 AR 0 R PR A o S R Y AT BT 1. OF L SRR, X2k A S
X B (s A 4 P AR X B PR IOAT BT 1), RAHTN k%, JF HSEhs LAERR 2 M 25T
RS 0, IR B2 B e — 2 R X B BRI — S K L X BUE s B A
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XX SEIFRIG K O I, R A2 2% D BENRIIaIL T, IF BAJRIET, A1 %
EIRGF AT R, B RN DEARIE BT BT M. KA FIREAT T RS I
ZJa, AeARFAGKRXBUIBIEREZ KON T SR — AN BARRAT BT FiX R
AN R, R DB T — NI AT BT L, AMBRITAG P, ftl— B
PR IR AR E X3, Tt — 2k F S X B, o it 7 IR AT BT 1)

ALVINN (Autonomous Land Vehicle In a Neural Network) & — /3 T- 1 25 [0 2% (1) 59 BE 22 4%,
NI E R 1, ALVINN GERS 51 Naviab, F7E—idCREMR DS, X
VIR SR T AR L VRS LRI SN A8 R HEAT B Bl S B SRS . S ALVINN T BER
B, RXERHTIIG, WA NBIIRE.
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SRJE 1L ALVINN L, ALVINN SRR FDRE AT 7 8RS G0 A i — Tk B A B s JF g2
EE LTI, AR RIIIZER T BEATN 30x32 18K, I HAE M S (4T ALVINN (1)
SR L, Rl R AR R, ALVINNG 2GRS A5 AR I R Ty
[ S AL A S5 2R o —TT0f, FRATTI P 2% e 6 A (K7 T2 BE ALK, KL Zd o B IR
FRATTAR) o 22 X 2% {1 E A8 HE TR MU SR 2 B O 2 7 1, o LA B 2R Y, th B ST AT
MNGILRE, MM BINETRIE, AR P e, FWETmirs s,

BB ALVINN ZER 12 B fr, OF A R AL R s 2 M 2 AT IR, 2
LMK FIN TAR, & ADRGEAE R MTRT R, DR A E RS, 70l A (S
JE B i IR I 28 45 B AAT BT 1] o BRI B, FEIX 2% AT TE B ISR 1 20K e 24
MR, R R T — AT, BRI O,
FRATTEATIE A 22068 82 (87 1 5 RE BRI, 48 2 S+ B T I, 7 RO TR N 2
MAETEM 28 1K) B A5 BTG T, HER BAGRE BT, XUEE R, Rk R AT
BT, PR A G S A TE .

KR TS BB B HER . 8R, BABEA R L BN et ula keIl B 3)
BUEOR . ERE, BRNSE—LeE KA, AR AL 7 — L8 FEX A TV SRS E A2 3%
HHAR . BN, AR A2 T AR SR A e i 2%, I H itk s oK i E 3
YR, IR U N (Rt .
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Fe6

10~ L A HL 28 % 3 B9 28 1 (Advice for Applying Machine

Learning)

10.1 #E N —H M4

XM 10 - 1 - Deciding What to Try Next (6 min).mkv

FIHATN L, RATCENH THZ AR HE, IR — BIRE XU iR
F2, ARRKIA CCEAAMATEISON— A T VF 2 BN a A I AR ER T .

ST, FETENLES S ST N P IRIRAAAE B IR ORI 220, — AR NBSC AR T ER =Rk
A s I LR S 5. T — S AT AT R e 5 AR TG, AR ARE T -
AT BE VAT 8 4 BB AR IS TR BE 5 . DR RO AT I TRVR SR AR 2 o B ) 25K b FRAE
R RARAE BTS2 ST KR GE, RAEWS W] B RRE R — 2R e A I . SR IERANIERE
PRI, ARSI Z 5 BT LB, BR IR IR 48— e s A ORI 3 3 BRI 1
EREREAT IR . Bk, JOR RS I BUR BREE T R — ML as 2 2] R 48, B A
WA Ot LA S R G MIPERE , IRRL T HR5E 45 T OR ROZE R ACTE I 2 O 1 iR —
[, FRABATIRAE P TN 5 A0 1) 22 1B, AR C 22 e i 1 IR AR 2R PRl ), At ey
AR R By B fEL, B, EARASRRANSE ST S HLE,  WERAREDR AR A B e ol B2 — 21
W5 RAEA _EHEATIGS, SR A B T B O ik 2 T EORRR 22, BRI 1)
SR, BN RBZEATR?

PR AR AT DA AR 2 B R ot IR AN SR PR, b — R A 2 5 2 1l
PR . BAORTE, BVRIREEAR B8 A 1 S el b TR EORIRIUE 2 (A R b 22 5 4L
. BRMRE, WA BUFZ NAEY 115 2 0 AR SE 2 SRR . AT TR, B
A5 R N ZR B AR RE 2R 1R A2 2 (B I RAS B 2 ()l 25k
P sebr EIFERAE R TR T ORI LB, 3RATTHR e SR A

FRATTHhRE 1 S 8 e 2 PRI TR)VR S A AR B 22 I i b, X SEbr RT3
TN T3 —NT7E, VRV BEAR B 2 ol F S D AR . R SRARA — R AL

146



PR S URFR-56 6 J-R I HLAS 2% 2J X 22 1 (Advice for Applying Machine Learning)

ety xp, 235555 . WIFAIRZHRAE, WVFURAT LAAE— RN A AT SERFAE A AR i — /N
grokB IR G . BE VR URTE B 2 RAIE, BVF H AT ARFIESR, SRRVPFARIRE
HiWyo VA BRI 2R AE (10 A BERWCER TE 2 (s, [FIRE, KT DS AS Y e o
MKW, el sl EORAS B 2 10 55 R 5261, B8 AT il BRIk AG 5
ZHR, ZHAMMEEESE, R NI, FRERER, AR A BT
BRIV 8] 58 X 28 TARZ A, BATHURERITE H AR W] o AT w] A28 0 22 T 2URFAE
Wi, Bl V5, x BV 5, xq, 2 (3RAR, FRATTAT DATEAR 2 (8] R 5 ReiX—Jrik, K
AT AT LA A 7 i N B R IE WS BRI . BA B AN, IR 207
IEHATT LAY T R R B /NS A BEE I R T H « BRI, KRR ILFX L
JHERIRR R R L, Wi il, K2 BN MR 2 I AKX LTk ik —Fh, L
AU, BADRZ BRI, SRIETE L NS A B R T RHEREE, 2Ra
VA AU “GFIE, EBATRMIXEE 551 BBl o 2 HORAIEIE” o BARIBHEA 1R — i
B RIRZE NE T 278 A I TRR S A ATTRE R 5 1) — R 532k 7S AN H 8 A 1)
Ja, ATRE I AL B kBRI — KA HM . REHE, A RIERFTER LIRS
FUIE, HEERE R D R0, B RS SO R 5, RN A — AR
TR, RERMEH], SRR A HERR IR 2k 5%, AN IRT B K E AL ZAE TR I
6] Fie 280k B E LR 2 5 RGEPERER) B B BRAT 7R ZE — AN LR IR SR I3 5477 »
I RIINGREF 1 AT ORI R FAE R R B BORIIAR 22, BATR — 2] DAt At
7y

AT 2 M ZRSE] ——EH AR, BANECR, T RE BT RA R, A5 LE
SR M) LR T i

LRI D RAAIE R 2

2. 2503 T 2 IR AL

3. 250 In 2 W AE

4. 225> IE AR 2 A

5.2 IS N IE AL AR EEA

FATARLZFE LR E T R AT 2R SO BATA 52, i ] — e L8 22 ST 2 Wk
SRS B BATTRNIE L TR L8 5 320 BATTH S5 A R

FERE T RGP BRI, B S R ERFAE L& 22 ST RIE MRS, SRJA 1R 2 5 I LB

M, BERITUGTTIRIX LT %, BTN ILEs 2 T2 WRE . “CRR e R X
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R AR, ARIEE AT AN, BEMIRA T M R BA . XIEE B Aes
YRR, BEAEDEEMEIRRIRCR, A arEfzl, A RAE . X RIS R
TR BRI WS, (BIREIRATUI — miiod, RESRR R PATRISEEL, 2R 2 ek
I 18] £, A AN M B ST 5 EEAEAR 20 I () SR BE AR AT SEEIL,  (H XA 2 I (8 F A2 1 70 |,
PRONIR AR R 2 ST BRI, 548 T U B e], DRIk, A28 R L RS, &
RS RA UV IR K27 2] S

fEWZ G, NGk, FERILREFE. EE TR ZAT, IfTkiEE
AE XI5k,
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10.2 PEAE—/ MR

S PH: 10 - 2 - Evaluating a Hypothesis (8 min).mkv

FEARFTRAR AN — N BRI BRI R B ek B 7R R I ERIE
FRATHE VL oAy A A 10 2 T 38 G 3 300 5 AT AR UL 55 1 T
Evaluating your hypothesis

| Fails to generalize to new
examples not in training set.

price

\

- ’I‘g(.l') =0y + 01z + ()2.1‘2
+ 0;;.1'3 -+ 94.‘!‘4

HBATHE 2 A FIR N S HI%, FA15 B REFS ERMIIGRZR ML, AA
YRR AR /DI ZRR Z e fHr g3, (BRI CERIE, (XOCER XM A
AARNINGRRZ, FARERMIE M2 — D B R . M HBA Tt > 7 i e i
B BIG] T, T DX HET BRI 2R B R—AE .

W4, ARzl — MRS R BRI LA R ? X T AN L] 5, BATAT B
B A Eh (O HEATHIE, SRR MR EEES, (EX TR B A AN IR—f i Ol ik
AGARZRAEAS R A ), AR EE R R R BORBEAT WS, MR A =R AT

\ size

NS

RESEIL -
PRI, BRATT B 50— IR REAL A T B v ek o A A6 56
N TSGR A, BATR A S N GRS, S8 70% 1A 1 N
ke, MR 30%MEEE/E il ol . AR 2 — R I ZRAR AR 2 B2 A 5 Ao A

MOKcE, A TE B AT Ve, SRJE FR 0 O ZREE AT 2
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Evaluating your hypothesis

Dataset:
Size Price
2104 400 (zV), y M)
1600 330 | <ppnnq (22, y®)
/ 2400 369 :
5o
ACY° 1416 232 :
3000 540 (zm). ym)
1985 300
1534 315
T EBosil) | My = N0
10.[. 1380 212 Teyt (@ 2 le
1494 243 Set o Mo o Hest exonp

o [}
) glmieey [\ best, Y

Andrew

MR EEPF A AEE IS W SRR BRATBAR 2 RN S8R, il Sis Fl iz, &
I PRy s SR %=
LT m AR, FRATTAI R A Bt o SRAX R By
20 TR AR AR, FRATIRR T ) AR A I SRRk T SR eR b

1 Meest i i i
‘]test (‘9) == m Z Iog he (Xt(es?t) + (1_ yt(es)t) Iog he(xt(es)t
test =1

AR, 3 TE— ARSI, 5

lif h(ix) =205and y=0,orif h(x) <05and y =1

—_— h , =
err(hg(x), v) { 0 Otherwise

NEPA N L B G
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10.3 MEELE BRI X IIEE

S48 5: 10 - 3 - Model Selection and Train_Validation_Test Sets (12 min).mkv

RBEEATEAE 10 DASRIE ) — TR 2 8] AT 2 H% -

1. hg(z) =6+ 012
2. hg(x) =6+ 01z + G2
3. he(z) =609+ 601+ -+ 0323

10. hy(z) = O + 012+ - - - + 01021

ARG VORI 2 55X B 05 SR A TR0V MR, (L ASE RIS BRI
RN 2 ML, T e T8 g B — ISR . A A B T2 X
W LE K P R

s T GO%HIECHRIE A IRt () 20%H ML M e XS, (T 20% 0 KCHE
R

Evaluating your hypothesis

Dataset:
Size Price
2104 400
1600 330
Cosle 2400 369 T;:;‘"r
1416 232
3000 540
1985 300
., 1534 315 5 Caoss vehidotion
O 4427 199 ) sk CeV)
1380 212
o/ } tagt
O oa oy 3 S
WAL R TN

1. HIIZAEIZRH 10 MY

2. JH 10 MR 0 A2 AR TESR THRAR HHAE R R 22 (AR B BRI AED
3. GRHUCHY BR B R R/ AR T

4. FIAPER 3 vhafeth IOBEROOH IR AR T A5 4B iR 22 (AR eI AED
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Train/validation/test error

Training error:
J Q) = 1< h (1) (i)y2
train( )__Z( e(X )_y )
2m i3
Cross Validation error:

Jo(0) = WZ(h (x$)—y8))?

cv i=1
Test error:
% (I) (I)
0)=—>_ (h,(x))-¥&)’
test thest —
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10.4 ZWriREF £

2% M 10 - 4 - Diagnosing Bias vs. Variance (8 min).mkv

BIRBAT AN, R FIRRRIA M, WA 22 DB E L
Bt mERER, BEaRT Z IR a1, MBI EARRIE, ZA L
B AKX, IR ZER O, WA ZH 5%, B AR M R ?
TG R — R AR, BRI DL O I P ARG L P O — Ao HSR —AMRA
Rbtita7Rds, 185155 T DL Sk i e UK T iEAE AR . AR B, FRAESE IR A AR
BN R AT ZE R L, Ay BEARBERT EATA AN EIRA LR, JF B RESRIE R ERE
PR — ARSI R, RENE AT — DR R ZEIE A T 2 R, PRI A 1) xSRI e
Bk S S SR ROR AR R B, R Z2 A0 e 22 1) TR R A R R AU 5 A UL 5 14 1]

18
X
8 g
& & 4
X
Size Size Size '
00 + Hlilf 60 4 ()l;l' - {)2;172 Oy + 91.1‘ + ()2;172 + ()3.1‘3 oy ().1.1‘1
High bias “Just right” High variance
(underfit) (overfit)

FATIEH 2R ZREE AN SRR SR (AR B AR 22 5 22 T B s il e R — 5K
I _ERFE B 34 -

J oo (0)
= (cross validation
= error)
W
"! rain ( ”)
(training error)

degree of polynomial d
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Bias/variance

1< i [
Training error: Jirain (0) = % Z (ha (X( )) - y( ))2
i=1

1 < i i
Cross Validation error: o (0)=—— Z (hy (Xc(:v)) - yc(;v))2

cv i=1

error

Price

Price

L]

\—/;1 ( degree of polynomial'd\z

XTINZREE, 2 d BUM, BREGREE, RERK; ME d MK, ek

Size

[EfEE, RERAD
PR XA, 2 d BUMY, BRMEGREER, RERK: HEEE d Bk,
WRZE RIS N E RS, e RURIRATHIBI T a6 4005 I SR HE O I ik
W R BRATHIAS IR ZZ BN, BATURAT A Wt 7 220 R 22 e 2 AR 1 1) 1%
A TFAIE:
Diagnosing bias vs. variance

Suppose your learning algorithm is performing less well than
you were hoping. (J.,(0) or Jiest(€) is high.) Isit a bias
problem or a variance problem?

Bias (underfit):

o (0
5 crogsgalidation __S—-\no\.\ (Q b-(\\ \';L }\31\
= rror)
o \orona -IN(SE 2~ —Sf@a(e3
/ Variance (overfit):
%'\05 Jl('qul(”) l
' (training error) I&M {93 \,.,“ Ne lew
l 1
| = 8 8 > Stau(®
&= degree o?pglynomiald Se(® ._> Sk >

>>
WZRIERZEFIAE AR R ZEIE AN 22/ RIS
A XIAEAE R ZE I R TN R N 7 2/ WA
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10.5 IENfLFfmEE/ 5 2

2% 10 - 5 - Regularization and Bias_Variance (11 min).mkv

FERAHEN GRS, — e i — LB AL Ty ok b i U . (ERRIRATTAT g
SRR BER BN T BIERATTFE 45 N HOE I B 75 22 82 55 NI A 126 5 2 U o
HERAL D 17 Lo

w b b
8 - g 8
5 a| [ &
X X
Size Size Size
Large \ Intermediate A Small \
High bias (underfit) “Just right” High variance (overfit)

FATIEFE— RV B ENA A H, E@HZ 0-10 ZEHEI 2 HRRIME (.
0,0.01,0.02,0.04,0.08,0.15,0.32,0.64,1.28,2.56,5.12,103% 12 4~ . FATFEFHEEHE Ml
£ SCE AL .

Choosing the regularization parameter A\

MOdel. II()(.I‘) = 9(] + ()l‘l" -+ 02.1'2 + 0;;.1'3 + ()_;.I"l

m m
1

. . A ,

=\l A7)y _ ,,(1))2 2

J(0) = 5 E (ho(z'*) — y\")* + 5 EI(JJ
j=

i=1

1. Try A=0
2. Try X =0.01
3. Try A=0.02
4. Try A =0.04
5.

Try A = 0.08

12.Try A = 10

HEEARITTIEN -

LAEFZRE N ZR 12 DASFEIREEE IE AL SR

2.1 12 AL 5508 58 IR UE R TS 58 IR IR VR %

3. L FEAT AT IR 1R 2 B /AR

43Z I YR 3 rpigk RS RUO I A THERAS R 2, JRATT ] DAR IR I ZREE AN 52 X
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WAE SRR ACHT R BOR ZE 5 N FHME L HIE — gk &R L.

Bias/variance as a function of the regularization parameter \

ho(xl)) — y&))?

Small
N

\’)io.,_)

\j()‘ o ag

o M A BUNN, JIZREERZERVN GEIE) Mg SERIERIRZRCK
o [FE A KGN, WZAERZEAWIEI CRINGD , MAE ISR 7R 72 W2 Ja i/ e

B
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10.6 2> 2R

S PH: 10 - 6 - Learning Curves (12 min).mkv

F ST MR AL — PR G (10 TR, R H A 2 2 I BRI — A2 S B2 I AL T
ZE\ i, S R S S AR — MRS B R (sanity check) o 272 3] fHZ 2 Hs
WZREER AN XA R 2V R R SL IR (m) IR B il )[R

B, WeRBFATAT 100 17808, BAT VAT R IR, B0 > E 2 AT I8l . BARE
NSRBI AT BE I, IZRAAALRE BE 05 AR 58 SE il BB N ZREE , (HAZ N2k
SR BRI R RIAN BEAR 2 1t 32 1 A8 S A 08t Bl ik S i

Learning curves

=5 Jirain(0) = 3 Z(/m(z ) — y®)2

-2 '1""(9) = 2m,.,. Z(}I()(J"((‘r)) B I/((:))-

i=1

)

/ Sl

—> ™ (training set size) M (training set size)

error
error

AR M 2 S0 AR e i 22/ R AR BIT, AT — 2 EL R B T

Hdls, TUEH, TRNGER 2 A KIREBA A KKEOU:
Ilg(.l') = 9() -+ ()1.1'

High bias
“ g __\& e T O

size o N,
\&31 / Srmals)

M (training setsize)

price

size

WAL Ve R 22/ R A TS DL R, BB 21N ZREE A —E Re A H B
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Gner R P 22 > it 2GR0 iy 22/ A RS BA T — R ki 2 R A, I
HIENAEARR /N, wT UG, B IR IREZIT KT INZRERIREN, EUIZREENS N 2 %
FE T AR AR R R ROR

price

High variance

& \
size

> 7

M (training set size)

error

price

>

size

ot A U ey 2 A S BT DL, BN 2 HtE B ZRER T RE AT DABR R SRR
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10.7 #E N —H M4

Z ;10 - 7 - Deciding What to Do Next Revisited (7 min).mkv

TATELND T EREN— A2 2 F0E, FATRHE 1R e £ i B, i 22 M7 22 1) 17 A
TR 3K A2 Wk W S AR B FRA T, RS v vl A BT Bt 2 ST BEE U RCR , Tk m]
RERHETT M ?

EBRATEX B B BT BT, AR FHRE S, KRBT Z AT e 5. R 1.1
R I I NF AR T 28, AEERATRE — B RAVEA AT OL T Rz EFE LR

1. RAGHE 2 MU GRe bl — — g ok e s 22

2. FRI A RFE AR —— R T 22
3. ARG 2 R — — i e i 22

FARIE N 22 I AR — — 7 R e i 22

SR IE U AR B A —— fiff e s i 22
6. I ACRE R A—— o i 5 22
LR X 2% (145 2 A i 22«

Neural networks and overfitting

4.

5.

—= “Small” neural network —= “Large” neural network
(fewer parameters; more (more parameters; more prone
prone to underfitting) to overfitting)
Yoy —

O3>0 OSPOST0C

(@, =% - 0\\\0 MO

N OIS
) 4 R iy
Computationally cheaper Computationally more expensive.

Use regularization (A) to address overfitting.

S 0
fERB/NIFE LS, RULTZSEED RIS, 55 FEERZERNRIE, HiHAAR
M IME BRI E N LS, RUTSEE 2NN, K5 ST EMERE, BTHE
ARAN PEER,  (ER 0T DL I 15 DU 7 B ke 18 8 T B i 2 454
TH I B A 28 X 2% 3SR FH I U Ak A B 2 LU SR FH e /N R A 28 X 48 3850 BB 0
T 28 X 28 F ) Bk 2 0 2 B0 e £, 18 N —EFFRIZis in 24, 7 S ifH
YEERE, AT DAAEEHE > NN . A2 G UEAE AN IAREE, EFX0EAN [F] Bk 2 )2 B 248 I 25 11|
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G, SRIEIEFEAS UG UESRAUH B/ N IR R 2%

g, PLEAGREAIN AR ZER T Z R, LSS Wiz n R 2 S i Tk . AR
BEAE SRR, URAT PAFE 7 s F A3 Py 2 SR H W Wik 8 kA ] e 2 35 B o TR
BEIT IR R TE R SO . I RARELAE 1 LA E LT A N A, JF BES InfTis A TR
2R ELZE AT LUE I LA 57 31 T30 R A RSB 1) AL T o ARt RE AR R A IR BB B 222 S N
M, AT ERER K AR SR A A a2 S SR AR 2 S 1) . Ay X L
B — L3y, KT % WiZE, VAL i8R Wk Re s HOAEH B /R 3G AR
RIS 22T, e TR T AE
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11.  HLE$FE REEH¥ 1T (Machine Learning System Design)

11.1 HAEMMTA

SERHM: 11 - 1 - Prioritizing What to Work On (10 min).mkv

FEFE TR, BHARBIPLES 72 ] RGBT o IXEERLBUR R S AL Wit B 2R P g%
FARGN, VREEERI EE ] [ EAT S R T IS bR i — N R
PLES 22 ] R G R T T R ERAR I OB P AT REAS R AR 4 5, (B RVCATRA TR 2
XEARPRARE A IR, AR KR LS 2] RGN, 98 KR I Ta] .

A BL— B E A > SR AR RO B AT R

N T FFGIZHE AN, BRATTE 56 B R A AN T £ I R IA AL [ e . FRATTRT A
WePE—N 100 Nk H LA B SRR AR o IR TR B B3R, AR X 1] 2 75 A2 R e
MBI, KSRGS HATHFFLE GRIDY 1, AHIDY 0, RSF8 100x1,

N T REIEA 7RG FE, BATT IR 2, Flan:

L WEEREZHE, LRI 5 2 B R A AN SL3 B A
2. FETUBARRIE S BT R — R E 2R HIRHIE

3. HETHRIFRIESCE BT R — ROVE R RAE, RA55 RS A0R 1 A 2
4. HRNZIFENPF SR G watch 5k watch) JFR A5

FE X EEIE T A, A5 M R E NOZAE TR — IR SN ARG A7, A IR AR, B
B R e . HIRAVE LS 210, SO LSk X2 — T, AR —HET VAR
e SLPR b, HRTE EHE S X ERAE AR 5ok 2l B SR s s Bk, AT D
B TRZN T o KED NIAZRE TR ATRERI T, AR AR R Bk, oy
R T — ARk A "ERATREUAH Honey Pot T H & KRR HHRIL . "

BATRAERE 5 IR URRZE DT, RS EIRIRERM N EMRGIER %, W
AR5, EHEERAR 4. Pk, R RIS IER 5%, REbiRTE
FIVRIVAE, BEEZIAHERATRATT
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11.2 RESIT

S M 11 - 2 - Error Analysis (13 min).mkv

TEARCERE S, BATHSPEENRZE ST (Error Analysis) IS . X2 BIRE R St
R o WERARUERS T FENL & 22 ST AR TG, BRE M IEN LA 2 NIRRT, I ISR T
AR N ERINARG, W2 A BN R; MAME RS, ZFERN]
PAR Pt ST e

B W FEHLAS 22 ST IR TRl R, B 2 A A6 — RIS a], B2 71 s LR 24 /N,
KA R PR SR ok, BUERCRA T AR 3, SRRARAEHERN RS, Hi
RERIRIR R R B{EIZTRAER, RN TIET i, &)5IEEE IR
ol . — BGE, ART DO A ) 2k, GBS AR, DR ISR ZE, R IRAY
FER A R R ZE AN R 5 ZE T, s ) ) AR T 2 Jm, FER R E FBE 2 3
FNL, BFIMANE L PRAERE R TA M X AR R R X AEIRNIEEARAL &2 > ]
I — MR HITE, IRIFARESR T RIE /R 2 15 7 2R IR AL i, BB R R EE 2
MkE, R A SRATRIEIRNAZMAT A, ZAERHER, BEOSIREIESE, $hbar 3]
2k PRI, ARARMERNE R NAZ AL [RIAEAE A 2 M7 R BE s SR R B (H2 SRS — A
AR ] L RIAE AN TE SR BT iR, R AT DUOE e i H 27 5] i 2okl gt — 2D ke . kAT B IZ
ot 7 R IRE G — i oL o 2 R L PR LA I, XA PR FRATT L UHTIE S oK 5 AT TR
R, BRI H SR DRI, AR MO ESE, FEEEAS I A — e 2t
K. B 7w RS i A, AR A R E R R ES T, RSB HIRNE
IERIRHIAE I RAS T, aF BRI G UERFE R, 528 HE — B MRLL IRl S8
RN R, G I R IR 7 AL M A S AR BRI, ARAT DU IR R 4t
PERIRUE: AT 2 BB SR B R 2 . B XA G, XA FR AR E R VRIS BT
FIRAEA R, B SRR BUER D RGN, R)5 BRI LR E.

e — A2 S SR IHERE T 150N

1o AN B RE PR S SR TG, SEBZ ST A A8 SIS e SR it Ui 5
%

2. A M, P RIEINTE 2 K, BCE R INE L, SR H Ak

3. HATIRE ST NI E A SRR th BAVFIE P E TR Z 1) s fl, BHRIXLE
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DRVIPESECE S U Ry Bz

CAFRAT IR S At e 25 A 091, 15 22 3 A P B 2 R 0 58 SRR B rh AT 1 B 7 A
BRI B AR, B 7 ARSI LE R A B2 o 4 . N PE 2 b SR, 175 B b
SRS AR Bl B R T B A4 . SRS 4 SRR — AL (TR ZE i K, B T

BRI 258 B0, RILR A HDILAERAE, G0 IX SRR IR

Flinicst FERPES LT 200, FE IR e I T 2 RS, RFE
HILRBUR 2 T L UG5 FIL .

RZE ST IEAS BT B FRAT AT R Z R BUERE AT B « A I AT 7 B2 R Y,
SRR HEATEL, FERCAY LL N, AR SR ) s — AR B 4 S A %%, 3 AT R 58 XU
EEEIR 2.

FE R AT M B Y ms fE  K B b, X TR’ TN Z K
discount/discounts/discounted/discounting AbFH i [F]— AN 3] 2 7 U FLAX AR AT LA B AT B
V5, WA R — ST A o RZE TS B B IR AT X S, AT RE SRR A A
AR B A X PRI 75 56 SR 5 R B0 RSz 90 11 22 SRk i — ol S 4

I, MORFER IG5 o) B, R R 2 R 2R 2 HARE, ST IR 2 AR
FOVR, R ARSI ARVE I, R ESE T S X Ly, EEFRRINE
WRFIEF, MAXARHMELIREE RE . SRR G W TR, REX NG . (HigiE
AN BUE TS, AT DERERXANT, RERBRERAE/NT o« IRA LB SR
HSZERARIIBTARE, B AR B VRIR: IR RNE RS s 1 BRI, BRI e
FRTEIR, 3K 4 RO o PR S B BV F (RS 8 o T AR SR AR E 58 SCIRAIE AR b ok STt 12 72 43
B, MAREMIASE B (B2, ERA B ARXFENRE ERMUIRZE 1T B W b
PERAEIER . T ATRIE S HEFEVRTE S SCIIE A B b SR AR 22 04T o

BEE— T, HARFERE T ASBT LS 22 2] Te] @, PSR HEE R S — AUy fii B
B AR 4 eI . BILFAR L AR KR HE T RSS2 R
I [ EAGIE A b, AIE AT LI T B 7 i IR, ANERLORI AR B, i K
Agedk, MRR AR SEIIRII S SR TR G, ERER—MERA T
(¥ B, SR BIR R E T — 5 1l . B EATT T DL A S B 4 %, Sl AR 22 40 T,
KREFMIC T 24, RERIERMITT e F— R BBRIRE 7 — MR A 5%
WSRO — M EE RSB, X SR BI R sl A AR, PR R IR 25 X
SR TR IR M FVAIO R, RS U Yo, FERERBEE 4, R4
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RZE T AT A B ERAT R G ik B A 4
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113 RXRFIFIREEE

S HM: 11 - 3 - Error Metrics for Skewed Classes (12 min).mkv

TERTTHIAOTRAR T, BARBI T RZT, DLRSE RZ R EENE . e, e
HEATHORVEAR IS 5%, R TR, 77 RENTERREERE. 4 4E
FFHEL R, MR NGB MIRZ R, XA 20 TURI S ST i il
DI, XA S R AL (skewed classes) A1 il St L R BN BA I
IGE PG 2 ME R sy, AR B b2 sl

(B FRAT I B P SR SR TR RE A2 75 A I, FERATINZRSE R, R 0.5%I1 5541
FEBNEIMR o RBERA S — R ST TR SR, FERTA T DU R # R 2 R, TR
LARZEE AT 0.5%. SRTTIFRA T T I ZRi 45 2 FIPh 2 P 2 S0 1% 0IRZE . 1K, 1RZEN
RANEASBERL A PP SR RO A AR 1 o

BEUEF (Precision) FIEAZFR (Recall)  FAI TR SHIE T (25 5 43 e U Al 1.«

1. IEHHE R (True Positive,TP) : THIIIANE, SZhrAE

2. IEMEE (True Negative,TN) : TiMINME, SchriiE

3. $5REE (False Positive,FP) : THMINE, Pl

4. SRS 5E (False Negative, FN) : Tl A, SZbrAE

. HEA=TP/(TP+FP). {5, TEFTATFRATIIIAT LR (Frms A, Sebr_EAT Bk
TR E S b, T

A =TP/(TP+FN). ], TEFTATSEBR_EA BRI K A, R TR R e 11
WNIE AL, LT

XFE, T BRATRIAHA 2 T ARy AR 505, KA 2R 0.

PRI
TREFERE
Positive Negtive
Positive TP FN
SEFME
Negtive FP TN
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11.4 EHERAE SR B I

ZZ M 11 - 4 - Trading Off Precision and Recall (14 min).mkv

FEZHTAIERAE D, BATRBE AR A B2, AR 2 R 8 n A PRl B R . 7
IRZ RN, JRATA B2 RENS R UIE AT 3 A0 7 (0] 3 AR A 0 116

FERXTIRA, BB EVRRNAZE LM, RN RS — S d e R A m] A A
PG AR R SE A R 77 2 ARSI TR A S0l e BT A 81 o AR, BRATTR B30 i #)
ZERAE 0-1 2], HATVE R 0.5 HKITIMHAI

> prec true positives
- precision

Trading off precision and recall 1. of predicted positive

true positives

= Logistic regression: 0 < hy(z) <1 = el = — o oTactual pose
Predict 1if hg(x) > 0.5
Predict O if hs(zx) < 0.5
Suppose we want to predict y = 1 (cancer)
only if very confident.

1% (Precision)=TP/(TP+FP) 51, TEFTAH A TTIA B MR K A, Sebr LA %
e RPN TE R e A 1=y SN

A4 (Recall)=TP/(TP+FN) I, 7EFTA SEFR EAT B IhRs B A b, BT T A 2 1 i
PPN = A 117 20 58

IR PATIA B RAEARR E RO T IO E (RO, BRI B i E
R, BATATLMEAI LG 0.5 B KHIIIME, @10.7, 0.9, IXFEMERAT S U 5= 9 N\ o
PR T V5 IR S8 A B B T UM 980 A e P A8 1«

WURIA A B EE 2R, AR T A 7T e R R i A #7321 — 5
WA 2l BATATLMEFA L 0.5 HANYIEIMYE, 0.3,

AT LA F BREE ST, AeR S EAERM KRG, 2 m TR £
I BRI AN [R] T AN [+ =
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'}(\'V%Liu» 2009

M
1
S
@ “rhregh M
E S & -a)
& 054 i
0.5 1

Recall
BAFEA — DB EANE XA RER 5. —F 525 F1L fH (F1 Score)
HAFE AN

P
FS 12—
1Score: 25—

HAVEFAE FL R = 0 R .

167



HLas 2 STRFE-58 6 Fi-MLE% %~ 3] RGBT (Machine Learning System Design)

11.5 P22 HIEEE

2% M: 11 - 5 - Data For Machine Learning (11 min).mkv

FEZRTRIALER, BATRHE T PP iads. EX AT, BREMEHE T, Wig—T
PLEs2 2 R gt 5 — D EE R I, RAEED KBNS H 2. 2/ —
SRR, G SR EAEE AT, R KRR R KRR EdE, POEE
AR ME— RSB R BER . (HFIEY], £—ER%M T, SR MR IFRX L
Pttt o 15 BKE B AR AR A 22 S FRE T 3T I 25, 7T LR — R B ik
RGN EA RIFVEREI A 2 505 o 1R G BUAEAE Y BUAE X B2 X6 T R I 1) ATl 57
I BARREAR BN BB AT OL T o IX AT Bl — MREF 5 ARG IR mtk s 2 S 5
e P, EXBAIH, 1EIAT R 1e— TR .

IRZIRZ AR, FINRIIPALHEFEA 2 Michele Banko F1 Eric Brill ZE4T 7 — A7 @ ) f
FC» A 2B R LA 7 S SRR X 70 LA S R i ) ], AT 220K T VR 2 RS TR 0 5%
RIS B AR RS, XA A 2R R B SR RCR AR AR 4T

Designing a high accuracy learning system

E.g. Classify between confusable words.
{to, two, too}, {then, than}

For breakfast | ate eggs.
Algorithms
- Perceptron (Logistic regression)
- Winnow

- Memory-based
- Naive Bayes

bean, FEXFERG) T RAERIZ T M8 E(to,two,too), FEIXAMII T, “HAELN
T2 MEY, XSGR EREE T TR X LS ST R, i
—RINEE A, IS, HaRE, -SRI FRE AL E, A RIS
(o ARMTH T JURPANRI 2 2] B, X Be B H R AEAATT 2001 AR HEATAR FE I 5, #HC4
AN B AT ¥ —A 52, TR BT, HRE R
k43" (perceptron). AATTHREL 17— 28k 28, (HRMAE B/ HSE, Al Winnow
SR, ARZEAL TRl 1)@, (B — L8 T5 1 A AN, W LAt , (HEEFRAKRZ .
WA —FEET WA I E, BER AR T, (BRI G2 — s, 1 BARITH
TR X FAREE AT A A EEL, JRAT R A EIRN, HArHRERATS A

168



HLas 2 STRFE-58 6 Fi-MLE% %~ 3] RGBT (Machine Learning System Design)

HIRGHE 2 A, mAMESSEE . AT SRR SR T IINEREEEE R, IR Ix e
FAFERA T ARG, X 2SR ER.

Accuracy

Training setsize (millions)

R HARE IR, HERM I, ARAAMUITERE, Hk, BEE UGBS
K, FEBH EAARU AT BALHIZREE RN, 0.1 AN E75 2] 1000 75, HALEE T 10
JCHBERIIZREE IR, X LR O RE th#O RI HE 55 1

FHEL L, WRREFAER AR, ATRERES TSN, WRIRG XA
SGREIAE ZBE, AN TR BRI, ©F EERA TR AR, &
ERRESIR A . T RIUR G B T AER B 7y, Rt oafy — RIVF2 AFE
R TE R 1 AR S IR o XSS R, VF 2 AR 12 ) S0 I ) 2R B0 AR A 8L
(IR, KIERRT— iy, ([HRFIEREREVEREN, RIRREB S D EIEKERIIZRE
o BIXFERISEIR, SR T — R ENLAS S S A 3R S R I AASR A i 5
RN, TR R BRI

I AKRPBGEAEAT AR I, A AR BN ? BUOSIER AT — 2253, JFH
ERIXFP AR E N, AR 2K E MR EHE 2 REBAT A — A s TR A N R 7
X MAR LS BN AZ I AR RIS

AN KRR — 2B s, FEX BB A KEBRATA A HRIZREE, BA B e AT
PLE 2 Iy, RS TR HME R, X5 BT LA B BT ISRk e s Tty , 151
n, GERIRATRA T —LK SIRENIE, W: two. to. too, RUIVLTIREW ik, HHLH
i B ) A AL B, B ARHERR R 2 5, FA DA A X T ARG 138
WY, AT KRN SRS YR T 83 /5 ZEH AT 2“4 (two),  TTAZ 137 to B
too, PRUMLRFAESHE, WRTH-2 A BRI TE s A — N, e 4 B 08 HOME BRI E RS y
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At 4o BAJiE, WX =HGRERE T, A2 RIS .

BALTAIRE —F, KEMEIEZAHBRIEL. BSRLEA 2% 1 6E BRIy
H, BN AR ERES B EE, WA R 2 RHIE R Z 4 ] s [ )5,
ol Pl A VR 2 BB R IC IR N 2%, 8SGR T3 4 — Mt IR 2 S8 22 21 5, IR
FEH KN, ENARZSH, XESHT UG AR AR AL I IREHH]
X, PRI ER I R R ZE 5%, PO ERATRE & AR SR, i B A
A ARH SRR 5 S Hk, XSS e S BRI A AR W R 2R sk B R WIRE, W RIRATTH
REEHHR IS AT IR L, XA ENERMRIF S IR, Bk, IZRESM SRR T .

BUERBEBATE A THER AR RIS, XM EL T, RERMNBEAREZ 24,
ERMFNGELSHIEELR, REREL, BAXUERIMARTRESTELS.
AR U ZRiR 2R A E R iR 2 .

1 PP R LN A RN T RIS I 5L, BAIA B EAZA S
R ZEFITT 72

Rl 22 1), BATTRE I PR A — DN IR 2 ZHUR 22 I ok, DUEBATTRE
19 2| — M EURMW Z %, I HIE AR KRR ARILE

Large data rationale

= Use a learning algorithm with many parameters (e.g. logistic
regression/linear regression with many features; neural network
with many hidden units). ~ low bies olywithme.

—_ /_S¥'°\“(©> (/"'\\ e gMo.\,\

i
\

| Use a very large training set (unlikely to overfit)

\\ e — S Yco'a (® % j‘\?ﬂ Q®>

L__,> _j(—eg{(e?} uu\\ \\QL S,\,‘o\l

PAVEBLRA TT Z 18, BATRFZAG B T 2, I R X i ME e i, 3477
B 2% AT LS B —AMIRIR Z RIS 22102 2 S0k o XA AT RE O AR A s Bt 5 - M
IRA _ERUE, X2 REA BB FIMEA 2 HEEE, HBENA - RHREFNRE, X
RN AREPRIERIR Z I RBPTE . B KEMINGEEESE, KRMIESIIE L 1 £H,
PR 2 FATTFR 1 — BB AT RE 26 AT, WRARAT KR EE, 1 HARNZ T — M IR 2 2
B2 s, AR 22— MR 3 SRR mtkRe =2 > k.

AT RBAIII: B, —DARLHKER TRAME x, RERA(EC RTINSy (E S ?
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PLas 2% SRR 28 6 JH-HLas % ) RGN 151 (Machine Learning System Design)

BRIYIZ AT DAIER y AT DAARYERFAE (e Bl AR T LE R o Lo, FRATT SR L Re A5 31— 4K
fgkse, JFHARZDINGET NG - DMEREZSHIE I FIED? MRIRA GBI A
#H MABZIE, RAFE—MERIRL 12 S Hik.
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F£7H

12.  Z#EEYL(Support Vector Machines)

12.1 4L B#x

XM 12 - 1 - Optimization Objective (15 min).mkv

FIHATCNIE R Wil — RINAFEF 2 5L ERE AT, 22 HRTERE
AR AL, Bk, HEERARIZIEFME 5 A LRI HE B, MEEENE,
TR SR, BB I R B AR B I SR BRI, SRR LI AR TR Ko Ll
s VRO SRR R IR, DL AT SR NS4, S e
N BEINGR KR SR R T DAL B AR T, SRR 9 SCHF [ &AL (Support Vector
Machine). 52 [RAMBEMEHLL, SCREAENL, s R/ SVM, 7852 5 BRI ARt
iR SRt 7 — R DIE M, EENaE KR e BRI, AR ORI, AR
o EMEHIRTED, B M A FEHHMT R AR 4. 498, DGR IR A
BT3RS TRERR SRR WGWE, fEARRY, RV Z I RRIHRE .
BTN AR R)E— DM Hik.

IEABATZ AT AR 5%, RATAAE HAsoT e, A, BATHGSEIRZAEE.
N T RSCRF RN, L b, B2 WIZHR B s BT — sl — s B RS 2 A
Ji BRI SCEF A L

Alternative view of logistic regression

\ P —— =

| K

If y =1, we want hy(z) ~ ],
If y =0, we want hy(z) = (, 0Tz <0

——
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Wz, FEZERATFRATCLAE TR LR EIE, NUALR S RS R #. 24
1M, T R SR ea f iR Bk Hz Rore T x.

BUEG IS T RAVBZEH A A WRA A y = TR, OB R AERAE
WZREH BGR AN SE T, NoE AR G UEET, B2 y =1, BHERNAGEh(x) &
i 1o BROASRMTARZ IR AR AR 2K, IXERE 2 heQOEILT 11, 07x BTk
T 0, REM>>EEZZEAT 0. XEFAMT z &on 607x, 2 zz KT oif, B[
ZEAT T, ARASHE A BRI T2 48 B VA ) ORI T 10 AR, AR 5 — A,
By = 0. FA71A R R H 4 BRI T 0, XX T-0Tx, B sie z i/ T o,
DRI Aot I 1 i b 1 i HE fEDES O

S i : (% ¢)
Alternative view of |0ngth regression

Cost of example —(ylog IL()(.L (1 —1y)log(1l— ho L)

_A@log1+()”91 G—J log(1 —~ T —()T l(—

If y = 1(want9TL > 0): If y=0(wanté”z < 0):
R e’

(83

AR ARRE— LR B AR A B L AR RIUREIEAR (x, y) W2 AR s 5L
FEINIZ B — 30, PR, T RO B BOE 2 A X ITE IR AR, I HIX s —
AN/mIi, B, EZEEIHA, X EFX TR R — N INGRFEA B B R A . B
e, WURIR 7e 4 OB B R RN . B4, FATE 1584 — IR AR AR IR X
— T

BUfE, Je2mE 1/m IX—D, (E2IX— T2 somi A A0 s Eeh X — .

BUE, — ok P AR L

—RRyET LI SR y T 0 DL

FEEE— MO, BB y = 1, BEIHE H AR B0 R 26— IGE/E A, DYy = 1,
(A=) TOKET 0o Bk, HE y=1 MHEAPR, BE (y)bh , &OBH y=1
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W z &omo™x, Wl: z=0"x. 08, A RS, y BTA 5. JATA X
T, AR y =1 Mbreedleh, X—THET 1. ZFEHRY 7RI A . n R
MR Tz WAL RSB T MMM, RAIFERTUEDR], 2z 8GR, HitEm
BTOTAHERNS, z MBI AESA AR D MU RIS, i AER . X W
fERE T, AT AERIRAFEM SR IERE ARy = 1, REROTx BRI K. By, A0
PR I IZ — T AR AR /I

BUETHR LSRR AL, BATNIZ BIT4G:

HAT = WA o8 BT, R RBHS ERBUZERz =1

R ST PR E AR BR

RO«

AT BRECR 27K T NIZ BB (A1), R 3 i — 2% (R 2 AR ml A AR H AR ALY
Hk, HE, ERXER FEHL, UERAERLGEHL, UL RA Rz, i
2, BT IX B O AR BT R AR AR R B T R B AR A B, B
R AL KT B AL T A2 T EZER 2y, Senlid 2 125 8 A A A KRR, IXJFEA
FEAR B, H, X ELBATRASE B AU s A, ARy = LIMRTIR T 1. IRVFREAR S,
ZNAZREMFIZ AR B R F R, (B L, EZ R T, X2 G EREE,
I BN EAL, R ERILs . Blin, BR 5 RS S 1 R A

HET, BATRETR Ty = 10, oMb 2y = O, SR W RORAF A0 52
RO BB R 15 300, BRONSE—IB0HBR 1. W Hy = O, A2 T2 o 1.
FTUL B FR A RER 128 0. (AL, SRR B A B AR B8 B DTk - = i —
Wirs. I H, WRAREX Az, A, KRRz, DU, IR5E T
RPN AR A, [FIR, FATERAR R ORZ, ATk,
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ERBATH —ASF A R BORAE:, RIS 0 ROTIRRIAKTFEL, SRR — %R
2, BEK. WA, BAELEREGEXWAN TG4, LUK, EARZ Ncosty (2), AN,

R EERIRE Ncosty (2) . X P fgfE RN Eeh, XNK y=1 M y=0 1
b, A TIXEE 5, BUE, BRATHOT I SR E L.

Support vector machine
Logistic regression: :k J

-1 m \I/ A
mﬂin = |:Z ( log hg(z'™) ) (1 -y ((- log(1 — ho(.r("))))J +ﬁ Z();’

o (%) PERTT MY A
Support vector machine: 1K ne %
2@ { i S

mia ¥ C 2 U”cod\(e“*t D e () ke () + Zx‘l{:o@l
® =

M;A,(u-931+1) - u=5 S + NQ& i

" — T O 7 ~miaie C = >\
min lole-O+lo  —> y=8 2C ArG e

u

2 moinC'g[y(i)(fo.etl((}T;xf(i))+(l—y( \eosto(0T 2 ] Zaz

KR AEZ AR B AR Y (0) . VPN TIERERAZIET AEK . K2R
NZBANCSETTRESMNE, B2, ZKBRELPEZ, B3 7Rk B, KRS
R TR E R RAT LA R . T CRFR BN S, S5 EIRA 1 EL R X B ey costy (2), Uk
sEcosty (07x), FFEH, AKX — T N costy(2), MmtRMAcosty(0Tx). X BN
Bi¥costy, Hie L HIFTIRBIMIAN %2k, BLok, A % costy, R BTN RS LL.
R, X TSR ENL, AR 17X B/ Me A @, R

T T / X
% ZSI“| (—l()g’w(f"‘)) + (1 —y'") ((—]ug{] _ hﬂ[.r"j))) i
=t e (e%) kC.o"’t.( BT“(n) .

R, BN IR ZH BUE, $ZIRSCR BT, Hee b, JAIMBSE 2
AR, ORI SEER B SR LA
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B, BATEREL/mIX—T S8R, RO M T AIMER S RENUN, xf T2
BERNEMT S, A F R ST (HX B R RAE, BRZ M 2 MU R 1/m
R, (HAZ, RWFHFERN 0 &IUE, i, BFDv1/m (AR, Kk, fREE
FEXA MU, TERATHE A 1/m X3, SRR BRI 072 — .
RHEEMEEE, KaRaE Dyl BUEd —RAMERE: RIZER Y - 5)? + 15 &%
AMER FufE, X ERAMEDY: Hu = SIS R /IME.

BUE, WRIRNTARZOR XA Hdrer ol LF 40 10, XA H/MEREAS K 17 K
1310 x (u — 5)% + 105/ NIMEw, 28000, X R/ wE VI 5. IR — 25 Ko L
PRI EMET, XA B e MEIZ T RS Bl . R, X IR S22 Em.
AR, ok A AR Ao b — A Em, FEA S SCE RS R/ IMER 0 1H -

9 RS LA, AT IR SR A AU, — 280N fbRAESG], A
R, L, W EE, EEmRErE, AT 5 SR INGFEARART,
FARBATIEA T, FATAGA LTI — TR XA T 3A TR E i/ MeAin
EIENACZHA, SRJEFRUEABIB L ? X B AR RIX A 30, RN ERA B RRH
T, AR, BATRRZMACIXEIA + A X Bo BATHTHI 2 58 i 8 B A I S50k
FIALH B XAE, AT AR N T, RIS L. Bl MEA.
ARPIEIENSHUL 88/, WRIEXT B WM 5, (HX T SCF AL, LI, JATRAE
M NAF S B0 X AL AR BERX P AREIIE, AL 27— TR 5 — THRAT A I
FRBUER — DA RIS ERRNC, RSO AR, € x A+ BRI, fEZER AT, fik
4EL —ANERRIME, BWES T B ERIMNE, MiXE, M TRC BUENIEF /I
MME, A, MHBRR 4B AT R . BRltt, X2 — MR 07 3R 2 X A
BB — AR, RS HORJUE & 50 5 — TP, 382 B0 2R T
o HEMR T LRI RIS HC HIER1/A, [ 1/AFms N fEmERE, I HiXpJr i
HEX WA RIEFIEAME, FAC = 1/2, (ERBIFARRXEE, WR%HC = 1/, XA
WAL B AR RS RAE R MR, A FESAE 6. Bk, mAEIRRE . o, RIMAEM
ZEMA, JFHAERCRRE . ik, XaE ] 1SR ENL AT B H AR

. Ram/MEZA Hir %, 152 svm 223 ZIZHC.
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SVM hypothesis
qlwcih%mﬁ%%+uﬂWmeﬂﬂ+éiﬁ

Hypothesis:

he®d J{ [ L e™x 2o
© othervive.

SR B TIZ SR . AR, SRR AL, MR R, e
SHON, R FRIUF MR R EBFMy ST 1, ER%T 0. Fit, XMERE
HET 1. 0T K THEST 01, SREST 0B, Frl% I SHOM R X RS
RAER. T4, AR SR R ERE S

PEBE TRIBR, LEFRATHIE 2 LI F B B R FL AR, KRR EJREAER A4, L
B SUM BRSO 22 501 4, RIS YR AT Vs, 2 S Ak dRstt
(L8
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12.2 KiAF K EWEE

Z%PM: 12 - 2 - Large Margin Intuition (11 min).mkv

MTE RS FFmENVE R KB K8 FERX—, TN HEHAPWE L, XFH
BT BRATE W EAE SVM B8 BB A A FET
Support Vector Machine

n

. : s , = 1 ,

: i 1 i i i 2

2y m()mC E [y( )cost, (0 z®) + (1 — y')costy (67 ))] B 5 E 9;
i=1

i=1

\ Cost, () %ﬂ.(i\
27\

-1 z€& 1 ze&

>Ify=1, wewant inl_(notjust>0) O™ = = |

alf,y:(),we want 7z < —1(not just <0) ©™ <™ -

X SR IR S ) AU AR B, AR A2 T LR T Ok Tz AR B L cost, (2),
UERR ] T IEREAS, MAEA LR RE 1 % Tz e Blcost o (2), Bz, BIfEiL
TATVEE T, B MR R B DR AT 4 o WERIRA — AN IEREAR, y=1, W

RfgfEz >= 1, A ekiHcost, (2) 45T 0.

BAIEUL, WERARAE — N IEREA, BAT2mEOTx>=1, RZ, Wy =0, TATWE —
T, Hiflcosty(z), BERAEz <= —1HX A ERBUE A 0. XS SRR AL — 8
Jio HSE b, WRARA AN EREAY = 1, WILSERAIMULEROTe K 46T 0, SUAER
KNG 450, ZKREVIROTx>0 KIS, FATHEAACH By 0, KU, WRIRA
— AR, WX TREEOTx<=0 Hie W il Ef > &, H2, CREMENLIERE &, MY
IERIEM AR, BN EEROT x>0, FRATHEMZL 0 HRKIEZ, kT
&1, RWHERAo/MREZ, HnIRAEE/NTET-1, XA TSR m L L
AN T = DA 222 T, B Ul 2 A R R

LR, HEREAM RPN . ERERNTE T, EFmENY, M2
Bt as . BARME, JREETRSFE —DRE AT A HBCBE DR K
B RN MR CIME Y 100000 2iF B ARH KIIEL AR5 RS SR Sl 4 it
NEER?
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SVM Decision Boundary

m

1110in (Z [y(‘)(,'osh 0TzD) + (1 — y)costo (0T V)| + 5 ()j
M i=1 = = i=1
Whenever y*) = 1: e
EBT%G) > Cost Q)
1 1 E

Whenever (") = (:

© T €-\ '
. /4354° L?\

R CAEHR, M/ IMEARHT R B, BATTR SR B4R —AMESE—T08 0 (1
e DI, AEFRAT AN UK 28— 08 0 BTSN B DU R, EEan3RATT AT BL
ECBERK TARF R HE L, R BAT RT3 A E U 1 B2 .

min CiZ::[y“) cost, (6"x" ) +(1- y‘”)cost(@%“’)}%é@f

BATCEERMAN—MNGEFEAIRE Ay = 1, RESE TN 0, RTEZEMI LR
=0, 1507 >=1, Fpolith, XFF—MNGREAR, b8 Ny =0, AT flicosty(z) HHi
EHN0, HATHEO x <= 1. Bk, WAEHBIRAIACF . EFHFESH, AFH 05
T 0, MESH TR, BRI EESEEE 00y 0, B A RE s —
A0, HRULRZCTHLL 0 N =52 —FRLISE 0, XHEE—TRACTLL 0, Ktn] Lok H
%%, BINERFIEE R 0.

AU IIZIR: 67xO >=1, W yORET 1 1, 07x® <= -1, WIRFEAI
Fe—MAREA, R IRRAEX AL [ BRI %, 24 0k B /MR AN 0 T AR 6 1) bR 5 I
15, PREAFE— A H B PSR T

SVM Decision Boundary: Linearly separable case

X3

Xy
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FAAINE, WEARARBSEXA RS, KA IEREA, A AR, W LA 24
FEERLIET . RMEER, A FELLIERRAS I UAHZENFINELZ,
A DB IEREAS RO A S22 0 T

SVM Decision Boundary: Linearly separable case

X

Xy

ot SXHiE — ARSI ST DR ERE AR AR A I . (B 2 2 /DDA FR A
AR BRE A

o FATRT LA — 2% BEZE A PRSI A 73— 2R R ATL IR, T LUK IEREA RN GREA T,
EALDOR R T, IX L e 10 T R A A R U AL B, SCRF BN S FEX A B
CRRFL T, BT AT AR e F S O R . RFBRONERRFEL, BE
B AR N RH T . R0 B IEREAM GREA e BAREL . B ERUE, R4
EABWE? XK R ORI, 1A EE B U i8] B (margin) .

SVM Decision Boundary: Linearly separable case

Large margin classifier
2 I PSRBT 2, FRATTE B R C R SR AN R A 8] TR R B A PR
SRTAS A 2 B ZRREA AR H L, FE 0 AR Rt 2 L BRI ZE . Rk, XA
B R R IRL R, T2 SR R EALRA SRR ER, Kve 55 71— K]
PRy B FEA o BRI SCRF R B AT I PR I R TR BE 23 2R 4% T IX H SRR L — AT 7
AR TR ) 25 2R

FANTE R th VF AR RE SR L — BUKAT B A A4 R A A4 &P B IS AL ? B
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] ALK A KR EE 7 SR AR e 7 BRANIE B B REX — R
Hoh = MBI _E WA 23X A A IR 2 7= A KT B S8 o o 23X AN B AT Bl TR
B SCRF AUV R IGE,  RISS PR IERE AN GOREAS T S5 R 1] BE 23T

Large margin classifier in presence of outliers

X; N B ;', x x
Sy KX
@ X
- kip X

Xy

FEARFTR AR T K83 A%, BARPFRJE — s BATREX AN KA 70 8485 i 4
PR B C I E AR R, FACAIIG I E Y T 100000, HEXHXFER— s, Wi
PATRE LRI PRI, IR AL 7 BT IERE AR REAS o I8 A AE LA 2R i/
e R, AR BRI Ry = 1My = 0P ARELL T AU B B0h 24 X — U &
NERNSH . WRBARE] T XS L, WFRATT /M 1] e A2 il

0Tx® > 1if y® = 1
min =Y’ n_ 0% s.t to= q ? .
24=17 OTx® < —1if y@ =0
FsL b, SCREIAEALIUE 2L IXAS KA EE 43 828 BT A AT 50 e, 0 H=2 M R A F K )
PR A IO, VRIS ST 54 2 50 5 (outlier) FOSEM. ELENFRATAIAN —ANEHAM K IEFE
Ao

Large margin classifier in presence of outliers

C \Jc(a \ﬁt

Xy

FEIXH, WARARIN VIXAFEAR, 9 TR REA BRI BE 20T, R A SR 856K
LOXFERTRFT, XA T BRI FMEOIL, AEET DR E, UEET A,
B BRI NIX Sk FRE AL BIX S G, IXSKAE AR B MR NS5, BEM
FEH R, XESL EIER SRR ENR S e RS, WREARR T, [HEmRC
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WEI/D— 5, RARK ¢ REMAZRK, WRRESBIIXFRE, GRBR I RA R
LRMERT 3, ARARAEIX A — S IEREAR BCE IRE I A — SRR, MISCHFr AL 28
EAtEZE DI Bk, KBRS EGRHIA, AUENEM Egs it 1T IEMWSECAE R KK
15, RN, BEREIRCHERZMT1/4, ARENTZ AT IEN S5, X2
ORISR, B S A JER/NOTER . REASFBIMIR LRI PR, (A5
B S SCRF IR LRI (5, BCARARFE AR RIIR, BT AR — W )R,
RRIFIFR PRI T2 AR BE A 2 2tk W] 73 A I, SO ) S0 AT PSS AP 45 2R

[FE C = 1/2, [Kitk:

C BORN, MET A BUh, WRESSBENG, s7%E.

C BUNN, MET 2 8K, MRS SBURIG, &Mz

FAVH JG A A SCRF 1R AL 22 F1 T 22, A A TIN5 50 T a0 4] Ak B 25 ) X -4
SAPAFE AT AT, IXTIRG T — BT AT A SRR B AU K ) BE 4 2 3R 1
HMEM . EHBEREEHFEANX I IF, REMBR L X HA USRI
FE LA, HAREXS T PSR E LA 2 .

ATFRP AN L T, WHORIATFELIIT b 4a LA a8 ot A 2 i X e 2
B U £ ORI EE AR R R8 10 2 SRAEATT R UM, 76 T — 15U, JOlmsidix s o] Y
JERIBCE B, R ARREX AN, 0 B A e 45 31— AN K E) B 2 2R 25 1
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12.3 KiUF 4R B EREE GEE)

SEPM: 12 - 3 - Mathematics Behind Large Margin Classification (Optional) (20

min).mkv

FEATIRT, RN — LK E R KT 5 FBCA B . AN N7y, IR5g4m] A
BEE, (E AW WX T R AT B RO SCRF IR LA B DA iR, DU oder 43 81K T #E 5 28 4% »
PR RO R EL R

Vector Inner Product Uy v
> U= SV =

ne? D w17

\h

Nu\\ e QQ-\%{*\ \Q NeXer oy
= (WT+at R

F:. Qn«l‘f\\ -S:‘ ef‘o'&k‘f'w\ dxf v oadty u.
/QT\) =p- Nell = =\Ty
. Signed, = W+ UV < (GR
70\'; &
W 0t = e Qlull
‘/sf p<o

B, IEHRAGRFRE N FRTAEARFIR. BRERAWANE, uflv, TkE
ISR, WAEGE —dEmE, BATE T, «"visR. vt fiaEufivZ JKN
Bl TR gimE, T U EATEERXAE B JATH, X2 A EuEfERg E, B
BN, TEN L, SERE M u M ul S A&, E, RESWHER— M E
AU ARG NulForules, BulfRE, RIS LR . R EIL A
W R, ull = u? +uZ, SRR, BRI PUERRIE TR
2/ 7o RN I 17 B R BE L RNE T .

PAELERATRORE Ry, POSEATEHHE AR, v — 1 HE, ERNmIrEy,
Mvy 72 A Al IEAEX R, PHAELERATRE B it FuflvZ BN, X
HAkfiz, BATRAEvBR SRR b, B DNEMBEE, sS3FU— 4> 90 FERRR
B Elu b, TR REIXFALIKE . RIXFALLKKE Ip, Fltpi K, =
F R AR LR, BETEE TR, pRoBalmEu LK, FEbmr Lo
u'v = pllull, BEE Bl KR FARE 5 IR U EE S p B1E, [

183



WS ST IRFE-28 7 F-SZFF M EAL(Support Vector Machines)

I VE L, IRt AR R AR, BREHR. SN EARE: uTviid
[y up] EA—ATPISIRIRERE R Bl o BRIEAT PG Blluy X vy + up X vy o IRIGZPEACEL R,
XN AR aa HFARERE R ER—5), v =vTu. BRI uv b s, #
uft sl b, AR S, RRHMES TR, A RCuMv A BT, R
FHL LA PR RIFERERSSR . B — i, AR ER P ufyedoe — s, pthi—4s
o, Bl iR I SRR AR

&

|

-

“%
7

RJE— R, TR BV R MR E, pF L ERAMF SR, BIEw fese IE(H, Wrrae 7.
TEERY, R RPN E, v MR EE, wilv 585k A
KT 90 FE, WA vi e Elu L, SARRREN— M, XEpfKE, ERXMEET
TAMR AU vRE T pR Lluffie . Mi—— AR EpfEX BE MK . ENBHES,
mRuRvZ A I /N T 90 B, HBAIALO LK Ep R IEME. SR RIXAF KT 90
B, WipHs oot e @R AN MBI EER . iR EATZ BRI F 90 B2, A
I B2 T () Y AR SRR o AR SR T [l B AR RN AR o JRAT T3 T SRk 2 A X 2855 1) &
PR R Jo ik P R B R S5 ) AL PP A H A e

SVM Decision Boundary
>0
j=1

s.t. 0Tz
H'l",.( i)

1 if y(¥) =
-1 ify'P =0

IA IV

R BA T SE AT 4 H R SR R AU R b () H bm ek . O TR, Bf— AL,
RN T ik B bR & BOE 2 G e o
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= \”‘
SVM Decision Boundary = (7 &
n ; \
mﬂin%Z()f = 3{(@}*5:\ ’i—( ‘G, \ e “B\lz
=1

=
s.t. h0 (V) > 1 if y® =1 = \\all

&l » =
—0T2 < -1 ifyP =0 19'1 S-a
S;“f(;‘*‘hof\: 95 0. nfl

T QD R )
o o ¢ )
? 2 % A : * 9‘7<L\ e
U

) 3
”S Y "ISZ\‘I

3 I -
) o
K{( ' Andrew Ng

T TR, 46, = 0, 5 SRR TSRS E Yy 2, AR
AP Exy, %0 PUERNTHE— T HARESL, SRR LI AL AR . 2RI
HEAME, B =208, SARTFAUSIE: 207 +69) =L (VOTT67) » RIVAAHA
B0, 0, UKL R EINE S BTk — UL ROMER, Sk BT ROMKRE. R
RO R H RO S ik, T4 TR E LAy 5 — kA2 o B O K P i i
SRR 22 A IR 5 S, 0S5 B3k T WO R
LIRARTAT LUK 5 1R 6o, 0,, 05, WO, = 0, HBHLIEO,, 6,10KFE . 1EX BENK 2050,
BORRBOMER, SIUURG, 0,1, (R, B¥ EREIRRTEAE, RS %H,
AR R T 5K HHE S 22 0, A2 BN R A TR A0 AR SR 4 L 1012 TR

SCRFFENUSI M, SRR MESE MR RN, BRE KRR

DUEB R ZEE XL 0Tx HIRAMB M ENINE L BESHREOSE —MHEA
x, IXEFAAWERAERT— AT Fr b, Bllmd TAEAFHBET, uviirEl, BTk
X RS, ORx OB Tufly .

EBAVE— T B AR DR HUIGEAR, AN ERAEZE, 1
XORFRIXAREARD, BT I, R B B Y . kR TR

185



WS ST IRFE-28 7 F-SZFF M EAL(Support Vector Machines)

HAIIZGAEA . REREAHLANESRE. ghk b —MATE N, AR EER
PMNGFEA R AR, D, BAA SR ERS e B R, ok o M fThix
H, 6, EENMZE, WANFOTXO K@t ae?

BT BT B39, BATTH SR T 2t R BRI GFEA BT B S Ee, RJEHOK
FRERMABRMKE, RECERLE. RECHApOARFRX RS iMIGREAE
S RO LRI . BRI N A, BATRERZ0TxO% 255 Tp bl
B0 WK, XHETe, -« + 0, xP . XER RSN, #T LUk e
Ao ® 2 8] (¥ A A

XEF T RAUTAWE? X HERIAEEZ: ZAN0Tx® >=1 #3#FH6Tx® < -1,
AT @ - 161 >= 1IZAN AR FARER. BEROTx® =p@ - 161, HHHEFAEAIRA
Hir. BATEBENA TLH, 6TxOMAZRTp® - 161l

SVM Decusnon Boundary
unn Z(I L — “9“

m.‘”uw>1 if ) =1
/ ;
p -0 < -1 ify” =0

whvr(- p'" is the projection of z'*) onto the vector 6.
Simplification: #; = 0

e | X X Ke
l X ' @) ‘ X

i R e, AT AT PR Lﬁ%%ﬁﬁ@ﬁTUﬁ%ﬁ%?nwz

DAELLFRATE P8 R i I ZRre A . BIFE, ARSI 2 BTBOfIfL, B, = 0, AR
B PR RN AR R RIE T . IR — Mk dE, FAVBOR SRR A B2k £ A
WRFED T XA — N EFE IS, ROV EREERIR /N XA A B I A A 1) 2R AR
U FATRE — F AL EIA SRR

YT IXFEE RS0, vLLE RIS 0 F I LR R 90 BEIEACH), RiX
A IR PR FR A — DS B0 X AT ) R — )0, = 0T I R R A R 5
FLAAUE I JE (0,0) 0 IRAELLIRATE — Fin TR H AR 8Ok 14
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SVM Decision Boundary
m”in % Z()f = '\T' \\S\l-L \
i=1

s.t. |pf") - 18] = 1! if ¥y =1
=i . :
p ol < -1 ify® =1

\\fll(‘l*(%_jj(-i) is the projection of z(*) onto the vector 6.
Simplification: 0y = 0

FEAMEA, FAURBCE RBAE —MEAx D, GURRELXANHEA R S HOmH%
5, BOURIXANMEMALEB, METp®, wdrFa. b, XM AN ERTEx@,
IR AR, e ROM AR . Jl e ok 5, XA L Bogp@,
HUE AMFEAR BRI S B B . Bk, XABOYIERR . p@FsL B E,
p B RAEA T, XA T A SE R ORI AT 90 [, p@HIEANT 0.

FAT 2RI Eep O¥g 2 A /ANE, RIS IRATE SO H bx s Bt i, X1 1E
AT, BATFZEp® - 161 >= LR IR pOFEX B AR /N ARk H A 1HR Zo 13
HARE R B IER p® AR, A TR Ep™ - 101 >= 1, HSLHLHIE— I IMEAREIZ P
AR IR p® N, BATRAAHOREHCR . I, T HREAT E A FHEp® -
161 <= —1. FATCEAEXNMFERTE Bp@ 2/ —DAEF NS FFIE— K 5820 1)
TR K (HAZARNIK B iRk O A kB — 2800, Eruve . Fit, XEERK
MRS HA RO I F .
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SVM Decusuon Boundary [
= unn Z() = —\- \\S\\'L < :

p Sl o) >1f ify' =1
/

P16 < -1 ify =1

where p(') is the projection of z') onto the vector 6. y v
Simplification: y = 0 < Mo fm TS
® S\ |
; (\‘\ o Q (:1) t/} 3 <\ o\ Gaka
o O el \w‘sg_ o\ / Swalle, .
e X X . O | vk x.
(J X@ ‘l(h\ (‘) \ ‘73
7 o, N 0) \\ < %'
q e\l <= A
2 N e Y F° Sum hypothes,
\_,—/ il

Andrew Ng

MR, KB A RFARSEDT . LB, SO LR TIX AR R, Bk
SATRAKA o 01 FIX ST, R B2 40 1 77 ), b, 7EXAN SRR,
T L TR R A AR, T A, XA s SR — IR B TR
B0, PUTE MR AR SR BB R Bl BB, B AR BT BIMREA, RIREA
x@, I TR B L, SRR R0 L, e Rix R, BKERp®, H—
ARER, IMREA R @ . FRAGFIRE Y, BRI, p@ KR AE. IRek &S BlE
p® Fp@XE Y KEER KL T o WRRAIRE R Lt 25, PO - 191>, MFE Hp™
AR T, ORITEHC AT LA AN T o BRI Sk 0 e AT I R TR S, ARSI IRAS,
SRR R DU A0 RS MR L . L, W IRATA A0 RN ECE N, AT 40Tt
AT I8/, 5t B L SR e B Lo A 32 PR 0 o SR S R 1 B L T 5 2 7 K
[ B 43 S 6 SR

FIXGGER, XAGOMRET . BA R B IEREAR GO AR BIOMIE . B )X
— R SR MR 4% A S L TR KT B 8 SRR X 43 IE REAC N 1R A i
AT BE B o A ) BE FRE R A p 0, p @), p®) S S i 8, Lk I BEAR K, B3 i i
pD, p®@, pOV LR, S FE B A AT DR S — MR/ 0T, IR I SR B L
£/ IME L BR B EC EL T

DA 9t S H SR ) AL A5 26 2 PR K I B 43 S SRR R o BRI A A i
pOREH, ENTRINGREAR RS DR . F5— M, RIS SR B T
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SVM Decusuon Boundary

\\ @.‘* o
< min Z()* = '—‘ Well" e \ \\
p 2P o > 1} ify® =1 \ X
s ) 6 0o (0) < Jsos
pU-Bl -1 ify =1\ \eme
where p*) is the projection of ' onto the vector 6. v
Simpliﬁcation: MosYrA fm s> o
URN\PY| =
(\\\ © ¢ (S') J} )/ S =\ Can e
& e
o O 3 O {’ / Lo \\u-.
R N ) A K o EN
O s o L O " < (S
7 f\ o N\ ) el <= @ l\’
Y < O\\ () b () =9 Q\)M M‘j’o%(.ﬁ)
\\/‘ \\E}\\ ‘ ,3 <

HGR AR BN . XABIERZ: 6, = O R RIAIERFE I B 5w WRAIR4
Oo A2 0 FTE, & SO RARA BRI I . JO A RS . Sebr b, SR
[ ML AR TR BE 0 2R AR (04518, SR M RIFERAL, TENIT A AR RN, —BRATRINI
TR UE I 3RS

ZRTAARE, RIEG, ANSE T 0, STRF BN BN S HR LA IXAS H AR B8 H0n R
HCEARE RO, ERATCUMRZ, RIEGAET 0, SKRFAENVR B IEFEA
AR A 2 8] R KT8] B 73K o

S BAVRRE T O AR BN — AN KIEBE Rz £~ — AT, BITHiaite
BRI M SR R LR B, S BTN — N R AR AR 7 s
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12.4 ZRE 1

X M: 12 - 4 - Kernels | (16 min).mkv

[ AN 2 AT i Vit vl LA P v 20 0 14 2 I A R R A R Tk ) LR EAT 20 B ) 2K

i) /8«

]

N T AT LB PRI HAEL T, BATHIRATTBE /200 + 01x1 + 0,0, + O3x1X, + 0,x7 +
Osx5 + K.

FATATELH — R B RGE AL f R B HBR P R — T BIAN%: fi =%, fr =% f3 =
X1X2, fo = %%, fs = x2

AFENh (x) = 01f1 + 02+ +0nfro IRT, BR T X EA RAFIEEAT A& LS, ABH
U ITERRIE S, fo, 37 BATRTLUR A% B8 BOR TS B (FRFALE -

o — AU GRSl x, FATHR O x BB A AR S R B i E K AR
(landmarks)l (™, 1), 1G) BRI ALURE KA HURT FUHRFAIL £, £, f o

W)
\7)
. 2

. '

. 9}‘5")

X1

Bltn: f, = similarity(x, (D) = e(— M)

207
Hep: lx— 1O =% (x5 - l}l))z, SR BT RHAIE S5 AR 1D 22 8] 1 ER RS (A

EBl i similarity (e, IR ZBREL BARTT S, X B2 — A R #i% B % (Gaussian Kernel) .

E: BARBEESHIMBA2ER ERRR, ARFELEXBMC.
XLEHIFR IR A A7 WR— IR x 5 HARL (A A BE BT AUL T 0, MIFTHFAE f
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R Te 0 =1, MRl SHbRLZ RIBEREAT, WLl Fe-(7HAND = o,

BRIV ZRSEG] S AP ML o], S EHARI O 5AR ol WFHE:

B PP ARRR N xp, x, THE EARARAIARE o WTAEH, RA Ux SIOEEGH 4
BHA R BB f B SR 22 8o (3] .

TE T, sefla T an b E AL, FOAHEIOTER, (H2EI@OMORzT,
WA BEE 1, Tify,fs3800 0o Fithy(x) = 0y + 01 f1 + O2f5 + 01f5 >0, HLHlly = 1. [H
BATLRH, AT BB S G R, Wiy = 1, ERN TESOM A, FARE=A

bR ARG, Ty = 0.

Predict “1” when
Oo +61fr +0a2fs+ 0sfs >0
e KA o’

05 1

XHE, B2 s P il 2T RS T L R AR — A B AR Bl AN AT T
W bR P At KD HE L 5, AE TN, BRATR A BORFEANZ I SRS B AS B AOARFAE, 1T A2 3
%R EOT R TR IE S, £, fo o

191



PLas 5 S RAE-28 7 F-SCFF &AL (Support Vector Machines)

12.5 R 2

% PM: 12 - 5 - Kernels 11 (16 min).mkv

FE =", FATHE TR EOX MEVE, DURERRIHE £ R R #& L —
SRR . FEIX T, FRKHN A SRR AT, R B AR PR
FH B FH I A8 o

Uy iz P bR 2

AT B SRR I SRR R R e P bR i B, R SR GREE T m AN 2], ATk
Bm A bR, HHAU® =x® 1@ =x@) 10 = x (M) XU A TE T BIETRAT
13 B HTRAE A2 B SLAE SR AT R AE 5 U R b T AR AR 2 R BE B A Rl By, B

fl-j(f:l =1
f'lm = sim(x®, D)
£ = sim(x®,12))

iy —
J

FO —
O = .5'.!'!;'1[:-:“' el =1

;;EJ = sfm[x':‘_:',i':m:'}

SVM with Kernels
= Given (z'V), V), (22 !/(2)2s-~ , (@™, y™),
- choose IV =z 1) = () J(m) Z p(m)

Given example x: ) 1 o

A PR B B P B 1 BB, A5 S 60 LB -
o Giix, PEBHES, M0TF>=0 B, T y=1, HURZ.
HSIHSEAR R HO: IS 67 = 076,

minC ¥ [y@cost, (OTfFD) + (1 — yD)costy (0T fFO)] + = Z;‘ o7 fE ARSI R,
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IRATVIE T X 5 IR WAL ITHEAT S i 4, ETHEEY T 607 = 6T oy, FAVHOTMOLE
676, HrhMEMRIEFAVIEFE ML R BT A F K —DNFERE . X R 28 T ittt 5

Mg EUF, AT DI AR R A R ek R, (O B E Mok AT SR TTVE
ANEH S5 EE, P SR R AR A

FESE, FATA A MESCHE [ BRI AN BB TTI%, ARAT DA LA R (G
liblinear,libsvm %5) o {EA X Lo fe IME AT AT BRI B CZ AT, FRATTHE % 5 240 5 14
SR, I B RIRA TG = ek A, A TEAE P 2 BT AT R R TEO R L B

G, SCRRIAEALAR AT DLANEE FAZ R 5, AN A AZ R B O S 1% BR i (linear kernel) ,
MIATA KT MR L, 838 BAT U ZREERRE AR 2 M sl JE 5 > %, TR
P A AN A% B8 SRR 2 AL

N T SCHF I E AL PN S EC N o 1 FE :

c=1/2

C BRI, METABVN, WRaSFBENE, shE:

C BUNK, METABK, WRaIFEUNE, iz

oK, AIRE FEURTTZ, W2

oBUNK, RS FEINWE, =TE.

WIRARE T A IR, IRETRESE B S Ee A8y, JFoRiRE BB RUR . X aie
P R B SR BNV, A BIX B0 T 22 A7 210008, Regh ik —2ext T3k
TR B ED 52
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12.6 fF X FFMENL

% PM: 12 - 6 - Using An SVM (21 min).mkv

HAThiE, RATCLMRT svm LB R ZE T, XA FoR ZEIHe S8 T i3
AT IEH SVM. ARSERR LT 5 20— S0 5 1P SCRpmENLEIE, -5 T —MRen i i
o AE A ANTE 2 AT RORUAI P SRR SRR B, REAEUURE C SR ARRESHe, W
BEH T A REATH RN, B S Bom N5 it B SRR B, sk —
SO AR AR FATT IR R S G 23 A FH R R BOR SEBLIX S TR . [HIRERY, I DARE DR svm B ARk
WA AHR R A, BORERFE M T IRZFEEUEIA T o PRI ARER Hh 2 R R A
B QARAIX A, — LT L. SR SRR U A S AR P i — A, AR 25 A Ok s
— BB . VPRI, RIELF R R Z M2 liblinear Al libsvm, {HJ2 BT IR
LR PE VT DL RASOX AR5 )L o AR AT DLEESEVF 2 AR VT R 22 RS 5 2% o1 BV ) 1 2 S A1

TE Wi BB SMRAT T Fof— 2t 4, -

Z 1% %% (Polynomial Kernel)

FRHAZ R EL (String kernel)

RI7K% %L C chi-square kernel)

H 7 EASEZ K E (histogram intersection kernel)

L

IR AT, B 1) A A0 2 AR 1 S B AR bR 2 ) P P 9 SR TR, 3 21 4% R 0 R
T2 Mercer's TEHEL, A BERSCRF I AL AL IR AR IE A AL HE .

2T SN

A TR Z BN B — X 207 R R — A2 R K. R —IEHRNE, W
AT ERAER, UL SHI e . FATFEFEAL AT LA Gk A SCRE I SRR 2 359y
Kl LR R ZHCCRF RN EHH N BRI 2250 Thhe, AR ZEE B AR
RERAEGIRE ORI SVM FILILEE, (EDR IR 7 2O LA
1. BRI SHCHIEEE. BAEZ BT RIS IR 2 /77 243X J7 THI I R

- AR T EE A RS BER B R AR S, b — AR AT
AR NESEL WA WESEI IS, Bt s B, A N 72
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B2 SVM GZRFFEND , XM T A AR svm GRFREHD .

MIZHEIARERY, A FGR) T SCHF BV, FEPE M), IRATRZ A £ ?

T TH R — g 1 ) FR PR

nNRFAERL mIIRREARL

(VIR TS, nERTZ, RIZEEERE &G SRR — R A0 dE 2
PERERY, AT P8 [ A Bl AN A B U SR 1] L

) Rni, WHmA/NREE, Bliinfe 1-1000 2 8], WimfE 10-10000 Z &), 1 H
Wi R U SR ) AL

G)a R nd /N, MmEK, HlainfE 1-1000 Z [, MimKT 50000, WIAEH SCEE &L
ARG, MR TR T S8 Qi RGN SE 2 (RRFAE, SR o FH A2 A 1] VA BAN A A bR B0 S 1] B AL

(A 4RI, PPRMLETE L) b =FB o0 N HT BE A BUF IR, (ER I ZRph e 2%
FREAEEAS, RSO ARSI AR T E RN REBUR R, AEE R M.

BRI SVM B2 TAERREF, (E2 ENITIASA — 218 . iR B RIZRE,
HAHSYZRERER G T, REE MR ATIMIE, WHELNRHEE R,
SR P AR S s AN AL R B SR bl WRARE BIXANLIIT B, B F 7RIS,
B E AL R B SRR L. RN AT, RICEANTBIE — R RH ERE M. .
B R AASH A R B SR Al LB AT AW AR R S0, AN E R IZH RIS R AW
R SVM, B E MR A FE, IR AU S B (R R ARYE RSB IE L, Horh—
ANATRESEL S — AN R HRIEH P — AN RARN R T7, 328 el B A% e B0
SVM 53— MR AT REIR AT 2. (H/ZREE SYM (KR 2L BER N, A0k A8 AN TRT (¥ P9 A% o 0ok
VSRR SR BN, X MR R, IRANERY, MREZiA 177 (10,0000 AR,
A REAE 5 77 (50,0000 , PREGRFAEAR & RO AR KM . TR — AR E LA R,
VRIERX MR B, A s 8RS Rr i S U 2 R AE 2R o AR AT A HX WA 2
C3ck HENENTES S

WJa, AL TAF ARHENE? X T T BR80T X e A [F) i &
— BRI PR P2 AR PR AE A R A — AR, BB A RS
R R ISR R A 0 T VR 2 X PR 0] R, R W 25 I GRS SRk T B > R, (ER iR
IRA N EF IR SVM SEI, BRI ATIF LR IR LM MR IR Z , RAERA I
ZHTRA R, HARASSEY], svm BA IR R, &Rl B, 451K svm
AL LSRR BN A R bR M, B HAEIIE . X T SVM PRAN T ZE4H0 ) i AR o
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WS ST IRFE-28 7 F-SZFF M EAL(Support Vector Machines)

FESKEBRIL A 5 B e AN 32 e £ I 248 il 5 B A ke ) — S EEOK )i, i DU R RAE AL sVm
AR BN R EAR O — AN ARIEIRA AL, A2 I RE = b svm &, JUHZAE
KEE—MERY, BTRXEGHNSE, H LGB, WIRMRAEEE L8, X8
B, (HRRIIAARE e, BEZMZXANFIRIER SR FIL, XML
ARRKFKZR, BIBBIPLE ST R, A E S A E X R B2 R A, (Hi
HUANAE Z HT A B B R S SR B 2. (BRI W S M B2 R 2 /0 8dE, 1RE
2 AR TR RO Z2 0 BT AR 27 5) SR 438 HE T B0 B R S B AN L HL At e ks
PR SV ENEIN AR B ST T, 38 WX 8y T 2 LE AR A FH 2228 [ )54 /2 SVIMY 3 7y T B8 I B 2
HA2, C&uid 7, sVM MR IZ IR —Fiikam KN > 5k, X2 —IMER, B8 T
A & — NI TT k25 S R AR A s . PRIk, SEPr b 538 4RRIH . Mam 2,
SVM — M AR T AR R e S ik, RS RIS BORRES . (i
TE: A GPU TTELLANE, ML REEARAT. D

PLER 52 3] RGERT T — AN TEIZ (B AU Ui, 1A o3 — NMEARZE MR AR R 9 K TR,
YRR DT E R RIAR 2 3007, G A2 Tolk s S RSE QU LV 2 P E REIPLER 2 2] R St
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P28 22 2 URFE-28 8 JA -5 2(Clustering)

$8H

13.  F3&(Clustering)

13.1 TME2Y. fih

SEM: 13 - 1 - Unsupervised Learning_ Introduction (3 min).mkv

FERAIAT, BRI IR/ AR IR — DS DI 1, RO R A2
ARE AR A B AT LTSRN S bR 8, A2 AT FIAR A5 HE -

WA, AragAE B = 2IWe? AR — TR, WG R g IR B 22, 2R,
FATERA DB H G MBI — T U

FE—N A 2 T o, BATE — DNEARZERINZREE, AR HAr B REs X 77 IE
FEAFIAREAR R AL T, FEX LB 2 20, AT — RIIR%E, BATHEGE S —
MRERRH SRR, EARRE AT, ATREEE BCA M AR AT ARAs, AT
ol w2 XA

Unsupervised learning

Training set: {zV,2®,2®), ... 2™} <

ERXRBIANE — RIS, B, B, ROTBNGETLERAFD x@ . —
BExM ., FATEA MRy, Fit, B RERXs R m b m e, tptdvl, 7Rk
B, BT A — ROV NG, T — AL, SR BA S RN
T PRENBATHRIRIE K ) N AEEE R 2 58 20 - AT R R SR SRR Bh A1 F 4k —
P o B B ROEAE G R AT BLor B A 0 TR SR (FRONTRD 5 — AR s R BI1R E H )IX
BRI TIE, BRI,

197



P28 22 2 URFE-28 8 JA -5 2(Clustering)

Unsupervised learning

I .

Training set: {z",z(?,20),... . p} e
R RIRAN BN R 2 B U, R RATE RS B AR R E
VR, eI DUAFRATHR 2 H At R B 1 5 4 sl HoAh ) — 2K, A R .
BATVK RN BREEE. WE, BATEREEENEHARE . T84 REE— R Rkl
LWe?

Applications of clustering

—> Social network analysis

Organize computing clusters Astronomical data analysis

FEIX T TURRE R R L8 e, FREG A5 280d — SR teanTiidg ordl. WyvrvRee 8 B A7
fit T2 % HIE R, TR R AT A R 2 B, ZREURAT A AR SRR % 7 7
T 5 7 it ) ol SR A B A R IR ST o ARSI ER T S B V2 WA IEFERT T IX
FE—LGNEE, MfTToRVE—REN, RUEHACINES, 111 Facebook, Google+, E /& HoAt ) —
BefE R, HLani: ARG IRMLE AR, XL N A H SR R, Rk R %
IR N BRI, 3X T BE 75 2 55 — AN RRENE, 1A BT & R IAL S 46 Hh 58 R B VI AL -
A — M AEAEW TR R, Aoy B2 A Y SRR BT R S 4 O ST S LER R, Bl S 47
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P28 22 2 URFE-28 8 JA -5 2(Clustering)

A B Ly PO IRARFE B 0o, AREE T RN R UME T A, fRATELE
BB IR, ERm RN . Bt s ol U B s

fJa, JSLPR LIELEWE S A A SRR NE TR R IR R85 XA R, T ff—
B L2 e R G D, T A BRI SRR A I I B — AR B 22 S B
FEN— R, BATRITIa 41— BRI IR A%
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P28 22 2 URFE-28 8 JA -5 2(Clustering)

13.2 K-BEHEE

XM 13 - 2 - K-Means Algorithm (13 min).mkv

K-SELRE ¥ S SRR, SRR — DR IL R, 285 R e SRR AN A
4.

K-SME 2 — AR, Bt BT R B R n AL, HIREN:

H PR BENLE L ARV (cluster centroids) ;

xR T AR DN, IRIEEE KA O SR R, RS B AR R O R
oK, SR Al mOEORERI T S J 38

THEARE NP EE, Rz R O i S B P E A E

HADPIR 2-4 HED O RAEEL.

N AN RIIR

AR 1K
Reration number 3
6
5T -
4 4
3T o
2k
4 a
P,
0 e
2 0 2 4 6 8
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P28 22 2 URFE-28 8 JA -5 2(Clustering)

Reration number 10

MR 10 )
Futp?,.. 1k RFREIApL, Fc®,c@,...,cMRfifiE 55 i S B oL i R 25

ORRS, K-HEEERHARISDT:
Repeat {
for i =1tom

c(i) := index (form 1 to K) of cluster centroid closest to x(i)
for k = 1 to K

pk := average (mean) of points assigned to cluster k

}

FAE RN DIR, S for [EARIRED IR, B X Epl tHRHNIZ)E
T, B for [EIRERXPOIIER, Bl XMTRE—RK, EHHEIZETL.

K-S4BL 5325t T DURAE At ] TR bl 70 N VF 2 AR A, RIVEZE S AR H IR X - A4
AERTE DU T AR AT LA T BB RO B G 00 2 S i A0S 5L RS A A RS ) R P -SAEL B000Ks
Hda oy =28, FITH B0 A 2 A 1) T i =FhRF

T-shirt sizing

Weight

Height
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WLES 22 SRR -5 8 J&- 2 (Clustering)

13.3 fRfL B 5

S H: 13 - 3 - Optimization Objective (7 min).mkv

K-S e/ Mb Ir E, S2 BE B/ M TE B8 o 5 BT SRR 1) SRSt i 2 ) R BE B 2 A,
it K-YE AR R (X FRE2S B Distortion function) A:

J(cW,..., ™, Hi) = —Z”X(‘) ~H "

Hhp .o REGxOFAE R0 BATRIRIOLL H AR R AL e e

B cM,c@ cMFILu2,... uk:

oy T(E, Y i)

13- -« 3 BEC

[N A 465 H ) K-S ARENE, BATANE, 25— MEAZ TR O 5L,
171 575 — AMIEPR U P80 g SUE B o IR R 22— OB AR I M R

e, AIRAERHIL T HER
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13.4 FENLAIGEAL

Z% P M: 13 - 4 - Random Initialization (8 min).mkv

fEIfT K-PMESFVERI AT, BATE BRI R L ., NI R EFRE
i

1 BAIVNIZESEK <m, RPESErL m i 80N T IR L] 8o

2. BENLEFEK DN INZRILH], SRIG LKA 0 I 5 IXK I GRS A 4

K-EHELI)— N BT, B AT RE R E AL DR RAMELL, X TG I 1

yRAQ
Local optima s
o X o
. e <
X, 5%
o xe
. L B x .
] C(w)
gy L ,}WD 8 .
. o o 3( © ) P X o .
/7 . e .

N T PRI T, BATHE R 7 E 2 e AT KA, R R ER AT BE ALY 4R
W, wJa IR Z ST K-EMER SR, SR R N SR . XM IEAEK BN I
fi& (2--10) MERFATH, HAWRKEKR, XAt gAY,
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13.5 EHERBEH

S H: 13 - 5 - Choosing the Number of Clusters (8 min).mkv

A TR B BIE BRI TG, R R TR AR R A, N TREATIE . ik
B 85 RATIE ] K-BMESIRR BRI 4, Rk BB RIS T 1% H BIhR 3R

BNAMER R, EEERISH WA, A DAl Re iR &AM AR R . 5%
TR, AT R AR e UK, R R H AR JRATH AN RS
KighT K ERKTTE. RERE, I e 02— N REE, R5THERARR
o TS AR R AL . KRBT

Choosing the value of K

Elbow method:

&
~ ~
= o =
Qo Celhow o
s L
o o
c =
b= =52
N e
o 7 é o]
&) (&)
—_—
1. 2 3 A 5 & 7 8 1. 2 @ @4 5 B 7 8
K (no. of clusters) K (no. of clusters)

BATATRE RG] — SR AT XREM 2R . 18— N8 Il e 3 v U B fi
WA PRAE X —AE, BRI GE — MUS RN ER L. FHEANTE, R iRih
HARIIBE I, 82X AR ARIE T FEOEAT . Foo KRR VA . IRE RILIX P,
B E SR N, N132, 23325, RETE 3 KNHEIAS]— M. ke
Ja, AR PR AEE S, BIERMRMH 3 MRISKIT RIS EFN, X —E A
RURIIZR A 5, WS R AR, K = 32 Gt FRAFIRIZ, ARATHIEK = 3. 41K
S FH PR R I O B i, B SRR T — MR R IR AR, AR — R A SR IE PR K
N EE TS

Filn, AT TAHEG] AT PR S MRS, RATA S 3 AR
S, ML, BRI 5 AN RSEXS, S, M, L XL, SXRE R4 G S AE R SRS A i
(¥ T-HIL A2 755 R B IS S BRAT 7 P XA ] R il LA A 1
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RESEEH:
TARACLRE /R B T 5 i
(1). BRIAT R FERE B Minkowski/ (HLAFERAHE: p = 2)

1
n p\p
dist(X,Y) = lei — il
i=1

(2). AN-REEMIFRE Jaccard):

|A N B|
|A U Bj|

J(4,B) =
(3). RTZALLE (cosine similarity):
nE A Ex My I AL, WIERZEH, HRZEN:

xTy D=1 XY

|x] - [y| \/Zl N

cos(0) =

(4). Pearson FZ /R < R HL:

Dy = _ cov(X, Y) E[(X —pu)(Y —py)] 2iz1(x — )y — uy)
T oxoy ox0y VIS G 0P O — )2
Pearson AHIE RELRIW x . yALbRIA) &% H PR 2 i 5U5 199 A R 5%
2. R MR TR AR

(1). ¥tk p

FMATRE#Z, — gD RAE SRR, W2 —k. Hsedar L2
A R (BEAS JEA5 o I 70 ARRE AR 0 o 122 TR A R AR ) B 451 )

(2). SEEELE:

FALT A, FRBEEAPIA SRR R, 06 2 58 B (AN B85 T 1A 70 2K 1Y
FEAKL 5 2R SR ACK EL 7] 1) )

(3). V-measure:

P — A0 58 B AT 35

(1+B2) *pr

V= B?xp+r

(4). FEEE A%

FEARIRE R R E: s(D)

A AU TSRS 2 R AR EAE AR R PRI B N a (D), RURRATRED

TR AARUSE T SRR B L E R G M A AR BT 2 B 8 by, DR ATRER

A (DEBIGE 1 RoRFERCRRBEH, B0E-1, FoRREARINZ 2] 515
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g, JTAUN 0, FoRFEAINZAEL S B FT A FEAS [Ks () BB SO IS ES R R B A

.
~_ b —a®
SO = (@, b(D]

(5). ARI
BAIRESIHENDITTER,  PINELLE R HZ:

X = {XIIXZl""XT}IY = {YI’YZ""’YS}

XY e =N
a={ay,ay...,a.},b ={by,by,..., b}
C ¥ L Y, | sum
X, | n, m, n, | a
X, |y iy m, | a
X, |y A n. | a
sum | by b b, | N

1 n;; = |Xl n Yll
Xij Cr%,-,- —[(Zicz) - (Zicd))/ck
2lEicz) + ()] - [(icz) - (zicz)l/ck

ARI =

206



HLAS 5 > - 28 8 Ji-F44E(Dimensionality Reduction)

14, %% (Dimensionality Reduction)

14.1 FHPl—: BIEES

S M 14 - 1 - Motivation |_ Data Compression (10 min).mkv

I B A ST I, RO RESE. A LA R A 5
JRHBEA=E TG, B A e vrR

A, BARTT IR TR S AR

S

DRV m REAR B B o — R K IR 4 »
AT AEEE, PRI P A A TS A7 A 2 1), (B A R FRATTAN PR IRATT i 27 3] S

B, EBARBELER A A FAEsE 7, AR SRS, G2,
VFZHRHIE, IREHIP MK H

Data Compression

= X Reduce data from
@
5 % 2D to 1D
s X
8 X
X
X
x X
Ty (cm)

ERBLRAIARF AN AVRFAE: 20 K FEOKRERIR: xp: R SET RN A — IR K E .

FRL, X85 T BATR I URER, WVFARMA I IR My, XA FEA I
B, VPRATEZM R A Bt 24, WA — DN ERX AR . XA
A, 3% B KIE T (B SR EASR IR A A VISERRE, W IR A A AR

Rt N g fde 2 — 4. B BRATTEER A AR AS R AR R B — 2 2R (R,
MRS R AL ST, 55— MR R 25 R0 K, A7y R DI I 4
TERFRAIBLE % 2T BURF AL DUAE [ AR, PUAMCER AT [Fl— AR DU I R (0 45 R AN e A <5
(HTIRZE KEEESE) , TR PIE AR E A Se 5, R, AT SR A — 23
B2 —4 .
MIXAFSAE A B VAR EAE Tl B i RARAT J LB AN BT EJTIRAHE, B2
EIRAFAER 5 R B AR B IRAE . A ATREA JLAASF B AR RN, thF—A> TRERAG IR —
FAMRHIE, 5 " TSR AN = E AR, S8 =TGR ML, — T 2 MRHIE
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W, ELbr ERZAAER HNAE, EERERRAIE R ASLLRAL, IRMRLE TRE AT 2 1
HSEAEA m TR IR AE—FE

Data Compression

Reduce data from
2D to 1D

T fem)
FM skl
ZHER BN FRET WLE AL k3. wn RAREN & ——an R URAR, R0
i, A B EEAF AT AN —— R REAH — MR xy, XV
BE CELTMHLRAT 5D, WMo, ATRER ©AT R LT . KRR
ANRFAERE w8 A O o AR B TE Q0 (1 1T e 2

B

M ER AT, BIFIXH
RIRALLLATT 1), AN [F RFAE , HR5E AT I RE T -

5| %~ Reduce data from
Q 7
£ x X 2Dto 1D
SN " WY ek
>y
N4 L@ RS (@R
S Jl{ L‘i.“
w XK et
I S T {cm}l: ‘,I:(m} e-‘m_l — z{'m}em
¢
N NS N N

o d(

1
KB N =2 2 =gk XA TP AT EDR — A = e R AL A = R 2 Ry

L. RS LR, BATRE =4EmE i 2] —A> “4E i b, a5 ira 1)
B AAER — P b, B2 T 4ERRHE R &
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L2272 R FE-28 8 J&-[% 4 (Dimensionality Reduction)

T3 {

o €I

 \"Jé Ty e o W :
D { 2
%2 eR =) : R

E 13 Q;

TXAE (P Ab BRI A AT DA FH T 48T A0 4 B 1 2500 B BT AR L g 48 5, 51 ks 1000 ZE 1)
FFUEF% 4 100 4.
BRI E RN, )5, XA RATRES HIRATH) — 222 ) Bykis /T R, (HIRAT

SAELUR AL 2 E .

I

209
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14.2 FWL—: BERETHAL

S M: 14 - 2 - Motivation II_ Visualization (6 min).mkv

FEVF 22 Je Hem ST AR, AR IRATRER Bl vT AL, BA T e 3 4R B — AN A Aok
&, BERYET LA BIEAT

Data Visualization

Mean
Per capita Poverty |household
GDP GDP Human Index | income
(trillions of | (thousands | Develop- Life (Ginias |(thousands
Country uss) of intl. $) |ment Indexexpectancy|percentage)| of USS)
Canada 1.577 39.17 0.908 80.7 32.6 67.293
China 5.878 7.54 0.687 73 46.9 10.22
India 1.632 3.41 0.547 64.7 36.8 0.735
Russia 1.48 19.84 0.755 65.5 39.9 0.72
Singapore | 0.223 56.69 0.866 80 42.5 67.1
USA 14.527 | "46.86 0.91 78.3 40.8 84.3

[resources from en.wikipedia.org) Andrew Ng

BTG H R T2 AR E KOS, & DMHER R 50 MHE (W16pP, A
%) GDP, “PEIFFrEE) o WIRELRGIXAS 50 4k (0 AE T AL A AT REM . A FELE K TR
Fofrz 2 4, FAIE AT DU AL 1

Data Visualization

2 gwb.‘.o«.
K
.
15 ° . °
~
°
5 ?‘J$M . ° = " L4 uSA
4 ° ° & e B .
(,\Oe 05 ® . °
. ® L4
o™ N o’ ¢ ° ° .0 . .
Kt‘)»\.\k-s }L 0 . LI . - .. .
. o ?
»
05 & S R =
e
! °
kg IY o [
15 e ° >
W % 15 1 05 0 05 ] 15 2 LOM*I?_‘ ;:‘ ¢
2 13 \?\ 2 1
! .

AR R RRE T, BRI R A ST 4E R, B A R R St A AT B
SERIT

210
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14.3 FE 357 7] R

2 M: 14 - 3 - Principal Component Analysis Problem Formulation (9 min). mkv

TR M (PCA)E B H UL I B4R B

fE PCA H, FRATEM A RILE]— I MR (Vector direction) , 4FATHEHTA (115047
P R Z B L, AT B P R ZE R R T RE /N o T 1A ) R — i LR
(B, T HT R 22 R ) i ) 2 1) I AR SR LR K

a

(

N4 R 0 M T A -

7] R B AR P ke e, H AR AR BN A B u®,u®, . w1 B BEHR Z R
R BT S A B ) EE L

T oA S AR AR RN R 5% B i s IME R IR % (Projected
Error) , TIANE RN 2 AR B ME TN R 72 o 2Rk Bl VAR H R BN EE R, M35 7
AEAEATII o

ﬂ B ]

Iy Iy
}/,f
I, AR EIR R (A TR , AR R T A A iR

(FEHTALEY) .
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HLAS 5 > - 28 8 Ji-F44E(Dimensionality Reduction)

PCA Rin MRFLFELERIKAS, 7T LU RBEAT K 548, Wn2R 100 ZEf A& Js rT LLA 10
UERFIR, MAIEATFEN 90%. [FIFEERALBEAUIR) KL 22 He Al PCA it FI& 547 . {H PCA
BORERELE S, I EOREERE F R R B

PCA H3 AR — KU b S W 4 AT B 4R PRI AL 2 o FRATTT DA 37 3R HH 1 S 707 o) ) 2
PEREATHEY MRS 75 I T A B B BT, R T A 4R 25, W DUIK 2 B4R M f] AL A
R e B AT R AR I RCR o RIS SRR FE I DR B 1 A B A5 2

PCA FARI—MRKIIML R, ERTEELSHIRGM. £ PCA MitFEERE A
i 2 NI BEE S HEGRRYE AT T S AR R T 54T T3, SR sl R A 5 HIEMR, 5
REDAF-> vaih M

B, X A AT DU AR R SR R WSRO B4 — € M e B A, 242 T
B ) — SERF AL, VISR SRS AR A B R BEAT T W e A BT RCR,
BESRNER
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L2272 R FE-28 8 J&-[% 4 (Dimensionality Reduction)

14.4 E R4 E %

2% P: 14 - 4 - Principal Component Analysis Algorithm (15 min).mkv

PCA JR/bndft Bk 4k
P REMEE . BT BRI RIEEME, RJEL x5 =% — o WR%E
MERAENFRBER L, RATETH LR HBRbHEE o2,
B RIS I MRS (covariance matrix) £ ¥ ==Y, (x©) (x©)
RISy R MRS IAFEI B (eigenvectors) :
7t Octave HFATW] LAFIH A RAE SR (singularvalue decomposition) KK fi#, [U, S,
V]= svd(sigma).

Principal Component Analysis (PCA) algorithm
From [U,s,V] = svd(Sigma) b we get:

U = 'll‘(l) ,“’(2) s ,“v(n) c R*Xn

| | |

n
1 . T
i = ® @
Sigma m;(x ) (x )

Principal Component Analysis (PCA) algorithm summary

- After mean normalization (ensure every feature has
zero mean) and optionally feature scaling:

m

\\1
Si =
o m Z \ T_ c..x'\'
[u,s,V] = svd(slgma)

T A nx nEFERIFHERE, B RUR —DBA SEEE 8] MR ZE R TT A
R AR AR IRA 1A B R MnZERE Bk e, RATA FENUEBGTE A R, 3R
G n X kEFEIIAE R, AT Urequee Bas, RGBT AT TH B SRAFE R (K BHRFAE 1) 22 O

Z(i) = UT * x(i)

reduce

Forbcign x 14E/), PIRATIR Nk x 14EfE. 7F, BA A T7 ZZRHIEBEAT A2
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HLAS 5 > - 28 8 Ji-F44E(Dimensionality Reduction)

14.5 EEEHSHBE

ZZ W M: 14 - 5 - Choosing The Number Of Principal Components (13 min).mkv

FE AT BT T 7R %

IR S GprE PSP il POl

A S T3 7 15 2 SN R4 7 2 00 Ee R AT Rl O 50 i PR TT /N ke £

WA 17 B BN T 1%, B RORH R A BUR G 24T Q0% B IRE TR T, gt
PNV TR 95%H0Mi2E, REAEIH B35 Hh M IR BER RS GE PO S T

RATATBASE Ak = 1, SRIFHAT EERA T, P, equee Mz, SRFHHLBIR T DT
1%. WRARITER Sk = 2, WHIHE, BRI MER LGN T 19600 8 U5
S AL W3 A BLAFFE SRR

AT — AT 7 Ak ek, 4FRATTAE Octave il “svd” B MLHOIT 162, oA 1375 =

NS [U, S, V] = svd(sigma).

HARSZ—n x nffEFE, AAXMEL EAE, mHERITTAGE 0, FATALUEAHX
ANFERER TR BT R 72 5 I SRR TT ZE I EL B

%Zﬁl "x(i) B x((lizgproxllz =1- % < 1%
Lompor — Ihse
eV
ZiSit 4 g9
ZisiSi

FER G Bt Jm, FATTAT PR AN R IR R A5 5 AL -

® _ i
xapprox - Ureducez()
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L2272 R FE-28 8 J&-[% 4 (Dimensionality Reduction)

14.6 EERIEHER

S H: 14 - 6 - Reconstruction from Compressed Representation (4 min).mkv

FECARTROALA Y, RIS PCA E 4L . 72T LA AT B 75 244 1000 4k FBHE [ 45
100 4ERHIE, BUEA =4EdR R48 3] — Z4ER0R. Bl iR — N EASEE, ROZaeRE
B EAEFRR,  IBIRIEA 1 i 4 B ) — R e

FiTbA, 4Ez®, €100 4k, BB FRERMF RO, KAREZ 1000 4%
47

Reconstruction from compressed representation

I

A
X
X
L8]
)
W ".t
* —3
A
SN, ) iy _ e — »46“2
L — Ur(*.(l-u(:(:l <
\\\ = \‘QAM }
5 Z'L ;-*Y“l““’" ) A
X XM N Ak R
21 v )

PCA 5%, FATATREA — XA, WA x @ AU, AT
SEREACRT B XA — 4P . AR IERNFHE R A sedl, bnz®, fheixit
ML E AN BIX AN = E . 455 — D riz®, BAVEARER EXAELGH —
AR ? x A 248, 2 N 14, 2 = Ulpgueexs HRIITIREN:

Xappox reduce " Z Xappox = Xo

i
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L2272 R FE-28 8 J&-[% 4 (Dimensionality Reduction)

Reconstruction from compressed representation

T2 €I

(O

W ot
*r —
2
— 2=U~ 2eR = xeWl
reduce®
W) = UQQ&W& E .%
S Z"t LK‘“‘"‘ . A
v % r\'( * m n¥k kx|
- :1 N« )

ARFITA, 3R —ANESE I 5 SR IRBARAR AR L. FTRL, R R MR R z A )R
FEAE 3R o FAS BB 1 — N AR AR x, BATR XA ROy I 2 54
Hdl .

BEATNIKE EZMNEA R x FPIRE. BT, 48 Riric R e, SIEsm

W ANfTRIF PCA, RIAHT B 4R AEx IS B R ez XA, A S AR BLAE e 1
AT R UK SR R Rz, W B 0 B — AU IS AT 1 e 4R

AL AR SN TE U] SRR T PCA, AT TR B F 2 R — e R AE SR Al F PCA 1R %

REAE, TER ORI, RABR— RS T anfTik Pk
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HLAS 5 > - 28 8 Ji-F44E(Dimensionality Reduction)

14.7 E T HTER R AR

S M: 14 - 7 - Advice for Applying PCA (13 min).mkv

LA TIEAER X — 7K 100x100 B ZA K BEAT AN LSS 7 20, BB
A 10000 M.

1. BRI H A W B R 46 22 1000 AMRFAE

2. WRIEXINIRIBAT 2 I 5k

3. ETINNY, R Z AT S MR U, equce RN IRFIEX FAR R E (9 B2, SR Pt
AT T

VE: WRIRATA 2 IS IR A, R F IR 2 ST TR Urequce -

BRI ZLRR I AT O — A H LA IR0 ) 2 B 70 I 002, R T
WA QR THRAERIEE) o XFEMEAERE A, AmsiE NG R . JRRE T EE 7
B PRI A 34— SO RFAE, B AF IR 54 R BB A RNER, BtTaesEkIE
HEBENRE. RS IATEAT ENA AL, % BRIG R, Ao T ERE R,

F3 AN LR R A, BRI LB A i 2 ST AR i) — 3R 2y, X BARIR 2 I
IRAROR, BIFIERNITA R REIT a0, RAEALERNE (BIEST RIS HHRE
WAE) 425 I8R LB RS .
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WL 2= STFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

FoR

15.  RE &M (Anomaly Detection)

15.1 A ERIBIHL

S H4: 15 - 1 - Problem Motivation (8 min).mkv

FEFE R — RS, FKe m) R A 44 57 5 Kl (Anomaly detection) il . 3X /241
e BRI — AN N o XA B — N ACAE T B R T E A T AR E 2T
A, BN, BT R R A ) R

Mo WAINE ? N T AR AR, AR FRAE— M I

RAEARAE — A CHLSIEERIE R, URAE B LTI BN P~ 2 B, AR ZE kAT
QA(STEAZEHIIR), TN — 7, RIE T WS EE R — SR e AR &, bean 5]
IR AR, B SR RRE S

Anomaly detection example

Aircraft engine features: Dataset: {z(1,z(® . 2™}
— T1 =heatgenerated
- Ty =vibrationintensity

KRR, REH T — MRS, Aax@F M, I RARE RS T mA 5 RE, R

SRR I R R, R R I T
|

il * % w
= X X
8§ % % x
x X X X
X x
Z) (heat)

KRR RS BN, #RIRI TR R . KR, SR A AT DUE T &
MR RA — R, URA—DFH CHLII N E B, A WAL B R &

Xeest o FITVH AR 7 AL i Rt A « AT 1405 SR RN IX AN 3T ) KWL 51 B2 5 b S, Elia e,
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P22 2 URFE-28 9 -7 % 45 (Anomaly Detection)

AT B FIWHXA 51 R B T EE B B, R EEERE N IEFRGI%, Ba
AT L E SR ezt 2 P R, 1A 2P K.

g B x @, x @, x M, AURAEBAR G2 LR, FAIHBREREIE xpes
FEARETEH I, BN EE AR T2 8 1 LR A0 o BATTT R e (R R B BEAR 4%
TR A7 B S VR AT R T — H R T RENE p(x).

ao (vibration)

Iy (heat)
IR, TR R P R R T A R B T R R s, TR ez R, R T
H B AT B 1 R
XN TTERR B A, FIEUWR

. <& anomaly
i ) {>= & normal

WRVERII: D = 95 i1 E S IE

PRp (x) AEAEIE T ABIR AT RENE, Eidp(x) < efMAFIEH ).

S AN = PR I B o 51 A Z R AR TR A S (Kt , —NRFAE [ & vy
R E W M/ AES K, VIR, ERRAARN R, BT TR
o PRI X SRR i — MR, AT DA MR RS LA B iz s

BRI A EE L, RREA e AR OL, BT R AR,
CPU R, MIZ% B RAE . ARIEIX LSRR AL T DR — MR, HERFIW Lt L2 A
R ATREHES 1.

219



P2 22 S URFE-58 9 -7 % 45 (Anomaly Detection)

15.2 HH AR

S A H: 15 - 2 - Gaussian Distribution (10 min).mkv

FERXAIF, PR A, RO IS A . BB e A R AR
WHMREAVANNERE x FEEH DA x ~ N(u, o) W H R 5% L R BN -

p(x,u,02%) = ﬁexp (— M) PATRT CLRFH A B R T AR i u Ml o2

202

B p=—3m, x®

m

1w
o? = ;;(x“ - )’
AR
> pun=00c=1 > U= -(’:_-_5 e 0.2¢
f /;
o
e N I
~ R §
>p=0,0=2 2>u=3,0=05
L {// v :;//‘/{ & SRR S S
% _'? Andrew t

T MLER S ST o 07 ZEATEHE A R Umi ARG i A i (m — 1) X RMWER T,
TESEPRE R, BURREREH1/mit 21/ (m — DX HIRAD, HEARAE — AR H K
YIGREE, FENLARF > DU 73 N SE ST IRAE A 1 /miX AR B A 2o IX AN RAS 1 28 AR 2
WRAHEMBCEAREE ERA A, (ERESEEEM T, AT, JLFAT L AR A T,
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WL 2= STFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

15.3 &k

Z% M 15 - 3 - Algorithm (12 min).mkv

FEATRIA - PR WL v e AT 5 e A I B0
SRR 5
T E RIS x®,x®, xM, ATEE R MHET S g A1 o? BIETHE.

L
=5
i=1
.
i=1

— BIRATIFRAT 1P E AT Z RS THE 25580 10— IR B, ARFEARTETHSE p(x)-

2
p(x) = [Tp@wma) []{_ exp(~ L H

]

%p(X) < Elﬁ-7 y‘jjkf_l‘l"urﬁ’o
TR A PRI, DL B0

/'L1:5701:2

W s h N @

8 8 B e e
W

f/.l,2:3,(72:1

NI = 4R RIR RS KR B A TR 2B R I AR R T A T p (o) 18 -
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WL 2= STFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

PATLEFE e, Fp(x) = el NBATHIHAEDL T, Zp(x) > el FINEE Ny 1 o,
A -

FEX B, AN T W Ep (), Wit xAIBERRME, IR —Fh 5k il
Bike RIS, FEIXFERG, FAThss Tl H i BEREN G S8, HTSHhT, 53
S u Moo, RIFRIHIREA, BEPEARRTRRH .

FEFE T RIS, BATRIRARFUX — 0%, RN ERAMA A, ERERE TR

A R
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WL 2= STFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

15.4 FRAEH— M RERN RS

S%M: 15 - 4 - Developing and Evaluating an Anomaly Detection System (13

min). mkv

SR ENE R AR B IR, BRERATCERIES R LR y BEREIFR
TR 5 B IR K AT — R BRI I R B A SBA TR —A
SR RGN, AN CRFEBUER) MEFRETF, BAVAH RS0 B4
PP TR ISR, SRS FR I () 1E 5 B30 R S 5 B0 Ve 45 1 I ) Pl 58 SR 96 S At
%,

. FATH 10000 & IEH SIEEIE, H 20 G578 S EOESE.  RATXFES
3

6000 5 1= H 51 # 1 HHAF il grde

2000 £ 1L % 51T 10 6 54 513 AR/ o2 s g4k

2000 5 1E % 51 %A 10 & 7 H 51 KB A il sl 4R

BARKIPEN 7 AR -

1. ARIEMREES S, A THRAE A P R 7 22 4 e p () BRI AL

2. WA XAGIR A, FATE A RN IE AR, JFTRmEdE 65w, R FE
B E EHER GE AR LBIRIESE &

3. ikt e J&, EPXOTINRSEHEAT IO, HERFERRAGMFUE, HEAERE X

Ztt.
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WL 2= STFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

15.5 FHEKN 5 WEFIX L

S 5: 15 - 5 - Anomaly Detection vs. Supervised Learning (8 min).mkv

ZHTBA TR B W R I R G A T bR e B, 5 B S ST SR L, TR TR
A B T R F B o 20 38 2 S H AR
P EEAL:

SR B2
FEHADBRIERE CREERE y=1 , K| FEEAEKERIER SR 5K
EHmEE (y=0)
VP ANFRISRA &, ARH A RIEARH D | A2 ks, BTk &
B AL A SRR RN R % 1%, ARARIB R IE R LB v e 5 I ZRde
AR H AL

S AABF 53 T A 5 RO R A
M.

Bt JAEAT AR AR BT CHLEI ) | Bt WRPRL R RABUR Rk
For TR o0 0 SR AT AR L

iy LI PRAELLAR ] 1 — 52 30 Tl R A A PR IRRFAE » BELEARIEIZAS i) BB AR R — AN 57
HORTI, B R N SRR Ak, TR ZEOR A A AT RE B ) — L R, I8
WOk, IEREAREERRAD, HEANMZ 0, Wi, I 1KE RIS AR R R
KM, TR T IR ) R, 3 AZ A P PR SR A e A T B
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WL 2= STFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

15.6 EFERHIE

S HM: 15 - 6 - Choosing What Features to Use (12 min).mkv

XTSRRI, AT AR O, N IR IR AN T R AE .

SRR R BCRIE AT & 7 A, WSREEE I A AN i A, SR A N S RE S
TAR, R Bl 3 R R e s T A, I Bk 8 x = log(x +¢), H ¢
NAESEE:  B#E x=x¢ ol 0-1 ZM—A0EL EIE

(Y iE: 1F python 1, EHF np.loglp() %L, loglpsi log(x+ 1), W LLEE4%

ISR, [ A R A2 np.expml ()

x=log(x) .,

RIEEIIHT:

A LD A A S PR M PT RE R A B I p QO PRI S A IR 1
AL N R ZE T RS T B HRATT, BATAT LA AR S SIS R TN O 1 PR Hdie , L%
RETTHR L8 ) R FRATTAT RERE A [R)RE P A ILHAT T 75 B G0 — e S AL, 19 0 IX 2L B Rs Ak
JE RAT BRI A5 R 0 75 B BRATT S e st AT S W AGL I

Want p(x) large for normal examples z.
p(zx) small for anomalous examples .

Most common problem:
(p(:r) is comparable (say, both large) for normal
and anomalous examples

=
K
/7 &I e T

A / e ,\x

! [ \‘; &5 ;QB iy

x

% el
\\ gy

20K 6 T -6 M0 IR X X —
- Ly ¢ I
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WL 2= STFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

FRATIE B T LIS K — B SR AR AERE AT AL, SRIRAT — e (0 SE A (ORRALE (e B
(AL (B 5 HOR BN ) B, ARSI h L i T SRR B 1)1 o, FATTRT A cPu
BB W 2418 15 B B EEBIE Dy — DT HORRAE, RZE R UK, (8 W REE R 55 45
FEFAN T — L R

FERX BRI, AT T AL BERFAE, DLW RFAEEAT — 28/ NN B 4, 1R300 B
BIER AT, R FHEEIR M A R AR S RN 21 7 STRER, BEAT HOIRZE 04
Jiik, RARER AT A RE. A BB X TE, B8 1A TR R R E AR &,
135 BRI S AN SIS, AR 25 P A [F R 3 B o
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P2 22 S URFE-58 9 -7 % 45 (Anomaly Detection)

15.7 ZouEmaAm GEB)

S H: 15 - 7 - Multivariate Gaussian Distribution (Optional) (14 min).mkv

ABAEBATA PSR SR AL, 110 ELIX P AN RFAE PR 37 B LB B, XA L, — B
e 07 0 AT AR T RE AN REAR S HRUn) S o Bt . FLRAIAE T, — B iR 7 oA B Sl o &
I FAE AR R 22, PR 13 H— S EE BRI A 2 1 5

TR AR IRE, A2 (RYE e AN RIS B KRN 22— i 7 73
ATRERIGRAT N FE L AT, IRWT R R 1 X PrARGR KB SR T RE2 7 HAE, (HEHp()Ex
DySRAEIE R VO FEI N o 2 70 770 A s G 2 AR B v i €0 sl 2R Pl s (R P S T

29 (Memory Use)

0 02 06 08 1 12 14 16 18

a1 (CPU Load)
FE— R S A A b, AT p(x) BOD7: IS v SRR REAE RS R 1
JURRJE R E oK, fEZTomM s, BATRARRAL R B J7 Z3ER%, A )

FHIE— R p(x)o
HATE ST E B RAER P AME, R FE S AR

- 71 (= 1y)?
v = [pegrop) = | [=—ew-L 5
j=1 j=1 V27 29,

m

1
IERNNG)
H=m )
i=1

ey . 1
5= a;“‘“) ~WEO - = — (X = X - k)

HHrhp A, 2D RITHUR FRHERERE AT SR . SR BAT

HE TR (): p(x) = ——exp (—3 (= )7L (x — )

(2m) |Z'|%
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WL 2= STFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

Hrr,
|Z| R EHFE, 7F Octave HfH] det(sigma)its
T1 R, NEERATREE P 2 R A e s AR A Y

0]« _[1 0 0l _ (06 0 0w _[1 0 ’U]\. _[1 05 'M 22 1 08
I H»‘" l., 1] K [UJ“ 0 1 k=1 5= 2 #=1o)*  los 1 F=1o]*= |-08 1

r

EER s AIAFKER, WA T
Lo A B A Y
2. WP R, AR 1 ARV ZE, RN CREFRFE 2 (W2
3. LR, AUFIE 2 AT BRI R ZE, TR OREFRFAE 1 (9w 22
4. T ZERE, AR PN RRIE A SR 22 K AL L, B0 2 8] Y IR AR G

5. B T ERRE, AR PIANRFOL B SR AT O 22 IR b, B0 2 8] B O O
Z TeR AT 5 i R AR R (RO R

FTLLIERI A, JRAS ) e o AR 2 22 e i o AR AR 1) — > 14, RIS B B AP 28
1. 24 3, 3T, WER BT 220 R A M 2o i EA AR AE R, BRI &

WA TR T .
IR 7 3 1 RO 2 T 731 8 6
IR A AT % LR A A

ABEHRRAAE 2 F AR S (BRI LGB R | A SRRl R AR S
R BEAT 2H A R 75 VR g

THEARHME,  BEIE R AR HRFAIE THEART B R GRS B R I

WIREA m>n, ARETEDTTEERE A
AR, WEHETEE m > 10n SIAMFETUR
W FE T EZ A
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WL 2= STFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

JE i o AT A 2 AR, W RAFAEZ TR SRR B A AR AR ELORHR A 00, 3RATT
R DA R B TR PR 7 3Rl Pk S A A
IERIMNEREARKNK, I HEARZRAL, AT LU 2 o sl A .
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WL 2= STFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

15.8 A Z TR MEATRERN (LB

S M: 15 - 8 - Anomaly Detection using the Multivariate Gaussian Distribution

(Optional) (14 min).mkv

FERATRBN W B — DM, KT Zoomofn, BEIK— @ i & ms, =4
RS, p M Eo AERBA, BT L8, HNM A e IHE — AR 5
R

ZR T 2 sl A 2 TC RS 4 A :

Multivariate Gaussian (Normal) distribution

Parameters [t, 2

1 1 T
nlx;u, 2) = PIEETST exp (——(;z: STV RS g u))

T To I €I T T

DAHEWNANSE, p M Ze HhplX—ndim BN 2 P77 28, & —Mn x ni
TR X B AR MR, e p A X, ARIARR p M 2, RS2 —A
YU EI A R A — 8, IRFER), XEEHGE = MEA, IRLeRRATIE LT IE 1L 1

PRIt AEFATHRR S HE & 8BS A T A

A AHREAD, x@, L x MR —Andi g, RAERMFEARE A2 T
I Z AT RS p A 2 DU RARHER

A TRARBEE w RAURIIINZRFEA KT

1 m
= ®
K mZx
=1

IHFREL:
1w .
= @ — @ _—
z m;u WO - w7

XS R M BAVER PCA FERHE, A £ 05 k. i DUMR R & A iR mAS A,
XSRS SE w ARG TS E 2. L, IX B4 H AR 2 R fl it o AN
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P2 22 S URFE-58 9 -7 % 45 (Anomaly Detection)

o AEBAMTLORAIE M A R Al A BRI k. o, AT A X — VIt HE
TR AN e R 1 2

Anomaly detection with the multivariate Gaussian

1. Fit model p(z) by setting ; & m
1 m : “‘ ™~ ;S>(< . % X
p= e o L
" i=1 é ' x % %
1 m . ‘ : x"i x’g
Y= — 2 , ,(z) o= 3 o 0
—> (@9~ ) - p) 4 X

=1 ol LY B gy
0 02 0s os 1 12 14

2. Given a new example z, compute

W S A T T
[p(“)'@w)é—‘lm%”( J@-w"sw-p)

Flag an anomalyif p(z) < ¢
B, BAHERAIIIZGSE, MIATAEER, JATTEp(x), ERIE, BOEpfif
W —HEZ.
Anomaly detection with the multivariate Gaussian
1. Fit model p(x) by settin
zz( ) by g

= ,,%Z”J(i)

=1 S\

L 52 i : @

N = : (1) _ /('l) —u\T
e =W =gt

2. Given a new example x, compute

1 L im0
)= ————exp|—=(@—p)' 7 (z—pu
o) = g e (3 - ) E @ -

Flag an anomalyif p(z) < ¢

R, Az AR R 2, EREI S 1 R 1 7 R
FFAEIZ A H B IX B R AR AR

JEUAR A 5 22 T TR A R O AR A«

b BT ZHEREZ N
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P2 22 S URFE-58 9 -7 % 45 (Anomaly Detection)

Relationship to original model
Original model: @ ) = p(z1; az) X p(@2i p2,0%) X -+ X p(@n; fin, 07) l

- B

-";' r

Corresponds to multivariate Gaussian

1
p(z; 4, B) = ——F—T exp (-—(-’v —
i 7 (2~r)e|>:| 2
where Z’ E
JR GG RN 22 76 e 23 A B s an ]«

-> Original model vs. = Multivariate Gaussian
1)(;1:12111'”.]2) > R BT < I)(_’lf'l:’[".ag) plrip X) = l_.!j)l\‘_' ('xp( ~%(1 - ;4!'@1 = I'))
Manually create features to + Automatically captures
capture anomalies where ), x5 correlations between features
take unusual combinations of
values. T x« . Cfu led vy <1

> K37 X T memon- < <k S
. Computationally cheaper Computationally more expensive
(alternatively, scales better to large . 5%, = e
n n=1lo,000, h=to0, oo D __'1_ = Yy
) — g T T +x5
OK even if m (training set size) is Must havefm > njlor else ¥ is
small non-inverti D;e.
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Plas 5 > URFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

16,  F#EF R4 (Recommender Systems)

16.1 |H)EE A4

SR HM: 16 - 1 - Problem Formulation (8 min).mkv

FER ORI, JARTE— T HERE R Gt BARVHERE RGA AR A -

F DB ERPUE AT — AN BRI R FEIUFE, BARR U S AE
MIEAR AT, BHE M TARERZX LB TR IR R AATIR, B T ARATT, R AL
WE N R A, B, VR SR LR 5% ) B AT IR o B W B IR B S R HERE
ARG BUE, e AR 2 BIA B EEALR G IHER: R Gt PRIIL, W SRARZE FE M h AR S idb,
oM KA B 5, BX iTunes Genius, f71RZ 1R B R Sk EHERE ™ dh g . G,
SRR IR, M A R R R R, S54 IXUeHERE R 4E, ARG iR 2%
Kkt 4, ol BV AT A R AT . X R G R K — O, EEInA
AR RIXFERI AT o BRIE, XHERE RGUPEREMISGE , R XX Ll R SRR AN B A

HEF RGO MTHNY L, 152 RS2 5T Rt JRATAT BA 2 — A R 25 5)
L, RGN SR E R R NIE, 5, TR T IR (B,
AR IEE R RO TS, VS AT MRS RGORE foll, ARAT 1T E R S dll b
BRBIRSE . X RTH ATEX A S R 2 .

T HERE RS H A B AN SRR B JLSETRAR WL 51 e f—
KA, JFRIRRA . R B T, wPHLEE Sk, SR ME R, Rk
FRIORHE, A5 2 SIS I P A TR R OB, Rt ZERLSS S ST oy — Rk AR, ekt
S, T AT B I, TR SR, A R LR R 3% S A
fiF. B, RERETEG, 15 AR H MR TR . 68, fRaLl
ANV, AU ST SC T RS E, 4672 RGOS B AV T 58 B2 3L,
(I HERE R, JRA TN N AR ST IEAE, Z5/b, R AR5 T AR 7T 1
AT R, BLERE TR R AR e BRI, IR RHE R R G Y
AL

FATI— AN T FE 46 1 SR RGEN
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Plas 5 > URFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

AT IA T — SRR, FATA 5 MR 4 AH, BATESRA P S AT 70

Movie Alice (1) Bob(2)  Carol(3)  Dave(4)
(r Tove at last g c | 3 6—|
Romance forever ,
Cute puppies of love "|_®5 _Lf' _.'l |' o @D
Ensﬁiﬁ?archas;ﬂ ==
Swords vs. karate O o S @ %

B = AR 2 16 s SR AR E01E i, JATATLAE Y Alice A1 Bob LA~ BE fiil ] 5 2%
557, 1 Ccarol M Dave AT HE M S5801E v . I HiH — M ST B REETTIE 7).
A R — DR AR TR N AT BE At B S W 24T 22070, IR B
HERF IR

TSI LRI

n, REM T HEE

n,, RERBEHEE

r(i,)) WERAT @R @ RN r@)) =1

y&D REHF j HHE © S

mARGR T j PR 0 F S S R
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Plas 5 > URFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

16.2 2 TAFKEERS

S H: 16 - 2 - Content Based Recommendations (15 min).mkv

FE— NI AR RGEE, BAMERBOE T JA A B AR 70— s, X
SR SRIX L AR P AR AL o

FERATHIBT b, FATRT DMB B AR A PSRRI, W AR U TR, x,
R HEEIIBEREEL

Movie Alice (1) Bob (2) Carol (3) Dave (4) I T
(romance) (action)

Love at last 5 5 4] 0 0.9 0
Romance forever 5 ? ? 0 1.0 0.01

Cute puppies of ? 4 0 ? 0.99 0

love
MNonstop car 0 0 5 4 0.1 1.0
chases

Swords vs. karate 0 0 5 ? 0 0.9

VA3 LR AT — AMRFAE I &, G (D2 35— S I RFALE [9] & 49[0.9 0]

N RATE I T X SRR MR R G, RIRBRATR AL R,
ATTRT LR B — S H P # U G — SR AR, oW RS — AN P A 4. T
e, JATA:

OVH P j S HnE

xOHES © HRAAE ) &

ST j R WATHIES . (09)Tx®

R %

EEXPF T j, ERPE R R AN TR ZE 1~ T A, B TE A T

Z GNT (@) _ ~, @) 6))
Wz Y, (@70 ()
ir(,j)=1

Hrb v (G DRSBATVRIEEALE A j VEE 0 MR . £ B2 R DR, iR
ZEWORIE M TN Z AR e LL1/2m, FERX BRATEME R . IF HIRATAXS T7 Z 1510247 11 0]
PRALE

AR R BOR R A — NP, D8 TS R AR A AL AR R
KA
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Wlas 5 > R FE-28 9 Fi-H#ETE & 45 (Recommender Systems)

ny ny n
1 o 2 A -
oz ONT () _ @ENY2 22 (D2
i3 D, (@O —y ) 42 S (6
j=1ir(,j)=1 j=1k=1

AR SR IRATTEE B L N B2 R SR A e UM, FRATT TS A BR ) O 5 U A5 2B EE T 10
Eb T/ASWAR

HIED: = 9,9) —a 2 ((O(f))Tx(i) - y(i'j))x,g) (for k=0)
ir(ij)=1

0= 00 —a| Y () x® =y + 26 | (for k #0)
ir@=1
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Plas 5 > URFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

16.3 thFRITIE

S 5: 16 - 3 - Collaborative Filtering (10 min).mkv

FEZHTAIEET WA IIHER R G0, X ARHE, BATHESR 7 AT RIARAE, (R
SORHE ISR TR IS MR, AERBATIAE S8, AT L 25
HLRZ IR o

Nm Mm n

1 . . . A .
i _ UNT 4@ — @2 32 2 (O
i Sy (OO0 -y £ 2% (1)

""" i=1 jr(i,j)=1 i=1k=1
R R BATER A H P IS5, WRA B RRHE, XM IERATTAT T . iR
JEEIE AT AR 22 21X R
BATEIAL H BB SO A £ x A0 AT

Jx®, . xm) g gy
Mm n
1 . , y A ;
=5 Z (O Tx® — y@Dy2 4 EZ Z(xlgl))z
@@)r()=1 i=1k=1
My n

| >

N
j=1k=1

XA B BOR fin 3 K 45 R T

Jrp=1

69:= 0 —« ( D (@D O — yeDx® 4 w]@)

iir(i,j)=1
Mm n
UNT 5@ — 4 @0Y2 (52
x(l) ..... x("m)zz Z ((9 ) x Y ) + ZZ(X )
i=1 jr(i,j)=1 i=1k=1

T R FERIE AL, FATER AMEH 7 2, WR T EE, FESHE.
Bir )5 e SRE A A AP SR AN T

1. WlE x @, x @, xm g 9@ g Jy—BERE ]/ ME

2. M FBREE T B MR B B

3. NG sE LR, BRAITHM@D) xOR/H P j A @ s

MR AN SRR IR AT R AR MR AL 1 D% RS A E L , I LR AN S N RE L
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Plas 5 > URFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

TR, (EEIRATAT AR I LBl A v e FH P HERE R AR
fn, AR P IEERE R O, BATATLLF RS il #x D), A mi ds
(RIRFALE 7] 22 TR) AR EE S e D — x DK AN
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Plas 5 > URFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

16.4 PhRITIEHE
2% M 16 - 4 - Collaborative Filtering Algorithm (9 min).mkv

B[R BEILAE H -

s, x(m), fFOW, .., 00,

Ny Nu n
1 . . . A ;
i Z UNT, @ — y@ENY2 3 Z (D42
9(1{‘.3,‘5%nu>zz Z (@)« v +zzz(0k )
j=1ir(i,j)=1 j=1k=1

é%%e(l)’ LY ] e(nu) ’ {Eﬁ‘x(l), seay X(nm):
[l /M @, L x ) FIg D), 9,

JOxD, . xMm) g g ()

1 1 Mm n 1 Nu n
=2 D (@O =y 23N (x4 23N (002
@,))r@,jH=1 i=1k=1 j=1k=1

mi J (X(l) x(m) g® (9(”“))
X(l),...,x(nm),9(1),_",0(%) e ! oy
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Plas 5 > URFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

16.5 [FEb: KRB F

S HM: 16 - 5 - Vectorization_ Low Rank Matrix Factorization (8 min).mkv

fE LU, BATRE] 7 ORI HE, AT s & UF B iz Bk i A
S, BLR A R R AR AT U oAb A

211

LA, IREER RS AR b

2. PP RAEE b, BB e SRR R, AR AR 4 A

PR ZAG At SEL— AR E, 5 P R S A T L

PATE R T I ER L, JOREZMIR, KX R, T diis
B ANHEREF

PATE AR, RGP, e XAMERE Y e —4> 5 17 4 ZIRRERE, BXF
XS P VR B AR A AE AR R L

Movie Alice (1) Bob (2) Carol (3) Dave (4)
Love at last 5 5 0 0
Romance forever 5 ? ? 0
Cute puppies of love ? 4 0 ?
Nonstop car chases 0 0 5 4
Swords vs. karate 0 0 5 ?
5 5 0 O]
5 7 7 0
Y=|7 4 0 ?
0O 0 5 4
0 0 5 0
HEH )
@NT (D) @Dy ... ()T (V)
e (D) (EOPED) ... (@) ®)
(HU }}T'{J.[:r,,,j} {H[E}}T'{J.hrm}} o {H[”"})T{.IT[‘" '“J:l
P EIlEPS 2
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Plas 5 > URFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

For each product i, we learn a feature vector z'" € B".
= W, = Tomoaw . ¥+ adion , Ya= C-JMA:, e T ---

How to find movies j related to movie i ?

T

< . }
S moll “‘:&m - ?LLJ) n =2 eve § ad L o Ve imdler

5 most similar movies to movie i:
Find the 5 movies j with the smallest [|z'” — "]

BUEREARR QX RHE SRR B AT 7525, AR — MROTER ok &
P LR I ROA M o Nt S @ MR Ex @, (R TR I A F R
5 J, DRUE PR 0 L A ARAE 1) B[R] P BE RS O R DRV, Sk RE AR )b 3R B RS ORI H
5 ERMIEE AL, BRI L, R NEXRAEY @ sVF A AT ARt Y
j BB, BN, HHPEREMEE @ KR, SRR 5 S AR AL
HIRS, N T ReZ P HERE 5 BRFTIARY, KT BRIk AR j, XA R S 3K
MIEARAN AR @ FIBRE R, IXPERBURELE VR AL HERE LA A A 52

W IXAN T, AR RBERNIE, A fTREAT — A AT SRS BT (R P A A 1
SEAT VR T (R Ay SRt BE B4R, S I 2 STRFE S, SRR B S AN i R T i
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Plas 5 > URFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

16.6 1T LAE LRV BMEH—H

Z% M 16 - 6 - Implementational Detail_ Mean Normalization (9 min).mkv

EBRATRE I PP et -

Movie Alice (1) Bab (2) Caral (3) Dave (4) Eve (5)

Lowve at last 5 5 0 0 2 5 5 0
5 T 7
Romance forever 5 ? ? 0 ? - ) " .
. Y=|7 4 0
Cute puppies of love ? 4 0 ? Ty 00 5
B ]
Monstop car chases 0 0 5 4 ? _
a 0 5

Swords vs. karate 0 0 5 ? ?

RIRATHE — NP Eve, FEH Eve A NALMTHFZITES

A Eve HEFF HLEZNE ?

=
T v el el el

» AT 29U

WATESEFENER VIEFATHER AR, DX AR

P2 FTE H P %
5 5 0
5 ? 7
Y=|? 4 0
0 0 5
0 0 5

HLRZ VP20 1)~ YA {E

0 7 [ 2.5 |
0 ? 2.9
T 7 H= 2
4 7 2.95
0 ',_? 1 2'::

-

SRR EATFIRZAHH Y R IUIZR S .

5, M

BRI HIPE 0 #2
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|—1.25
A SRPRATE F RTINS R S
TP E E RN E 2, TR0 TxO + gy, XT Eve, FRATHIHI 2 s
ZH T

2.5 25 =25
2.5 ? ?
¥ 2 -2
-2.256 =225 2.7
—-1.25 3.75

—2.5
-2.5

@

1.75

—=1.25

RS- JRRC RS R




HLas 5 ST IR FE-28 10 - KRIRHL A5 2% > (Large Scale Machine Learning)

%10 F

17« KIEHLEE2% ] (Large Scale Machine Learning)

17.1 REHIEERN S

SEM: 17 - 1 - Learning With Large Datasets (6 min).mkv

UEARFA A — M7 Z AR, 39 e £ 1 AR ol AR B PR IR BE AP IO 5 21 . BRATTRY
ZEFERI—ANE 100 Ji kIR MR ?

PAZEPE BRI, A IRBEEE RS, AT 2t SRR iR Z 1075 A,
URBAT 22 S HVE TR AT 20 YOS, XME L2 ZAER RITHEAN

HEMZ M E R R E N A KIS 2 S J 2, WiFRAITA A 1000
MR RERAT BT FIROR , FRATRT LA ] 27 >0 it Lok 35 B

T \
§ <: § _-;(,u{ g}
¢ “ Trrman(8)
/ﬂ\
m (training set size) m (training set size)
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WL 2= STRFE- 28 10 JA- KHUEALES 2% 3] (Large Scale Machine Learning)

17.2 BEHLEEEE T Rk

S HM: 17 - 2 - Stochastic Gradient Descent (13 min).mkv

BRBRAT R TN KU I8, T TT A2 R F BB B T 3% (sGD) K
B HEBLBE T i

TEBEHUBEEE FRkeh, A1 UM BRI — A B — 2RI AR

cost (6, (x®,y®)) =3 (hg (x®) = y©)°

BERLLIE T B, St I B L Beh SR -

Repeat (usually anywhere between1-10){

for i = 1:m{

0:= 6 — a(hy(x®) — y©)x;®
(for j = 0:n)
}

}

SEHLBERE T M SETE S Ot R B 24 0 . A B e e H I 2Rk
R, TEBBEE T B ST SE YOk RN, BEALBRRE R SV Ok i T RIE . (H X
BERVEEARAE TR, AR — B0 0 IER 7 T ) PR BE k BRSR S50 7
i 4 e B AMEL BRI B, (ELAS T B TE s B A ML O R — 5, T R 7 /ML B A

0.5

500 1000 1500 2000
o
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HLas 5 ST IR FE-28 10 - KRIRHL A5 2% > (Large Scale Machine Learning)

17.3 PMLEME TR

S H: 17 - 3 - Mini-Batch Gradient Descent (6 min).mkv

LR T B SEE RN THEE RS T P EE MBS N BRI (M 5%, FHE

WRD NGRS, [ IRSH 6 .

Repeat {

for i = 1:m{

=0, _a%iil(he (x)- y(k))xj(k)
P
(for j = 0:n)
i+= 10
}
}

WHEAN A b FE 2-100 Z (8] RKFEMAEFAE T, FATRT LU A &AL 175 2R3
ARSI, n SEIRAT FH A A R B LB RERE SCRF AT AL B, A BRI ek
RILEASZ M CSRENUBREE T EEAEED
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WL 2= STRFE- 28 10 JA- KHUEALES 2% 3] (Large Scale Machine Learning)

17.4 BENLESEE T FEdics

S H: 17 - 4 - Stochastic Gradient Descent Convergence (12 min). mkv

BUERA I AN T BRI, BRI a AYIEEL

FEHLEARRE T PR, JATAT LA R K i ARR B R B, 22 AR, ARAR BEIRR
FIWTBERE TR TS (B2, ERBERIREREL T, XA, BEATHEARAMN
KKT

FEREHLBEE e, TAVER — IR 0 R E— AR, RERER)E, K
H X o O PN RS T STARN B 2ME, RG22 X L6~ I 5 xc B AR R TR B2 8] 4 R B
K%

A M
Mo. of iterations MNo. of iterations

A 1 é-
Mo. of iterations Mo. of iterations

BB LB RGO, T A 28] — TR T R 2 Sl b BRI R (o
EE TR RIS - BATT UM (R TR, YRR T A
T (b TR AFTR) ¢ s AR R R RIS B T (e
BFTR) . AL AR A 2 T A 7 — LR,

RN T B AT F 7R, RITHS B TE, T BT AT R 2 B AV
INCCSETY

B THLTT A4 5T A AR UM O BT, 180 %

constl

"~ iterationNumber + const2

Wt FATTAN W s 3 4 R e /ML, I el 27 3T 3, BRATTAE A SRRSO AR AE fie /MBS
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WL 2= STRFE- 28 10 JA- KHUEALES 2% 3] (Large Scale Machine Learning)

EAEA R BATAN R ER A RE A AR I RCR T, X b AT I B P AE 2 T B
H

Aa)

oo s00 o so0 1000 1500 2000

BT, KBS, JAT A T R I5E, A I L AL B T PR SENEALE AL
AR BRI R IR B, JX 7 AN 1 B I S F B 2R, RS B PR AR SR (14 QA B 2
172 A 75 BRI B 1000 4, 8 ZAEAR, SK— T PIME. MM, fREERT
CAORIERE LB S T PR IEAE IR H I R AU, thn] LR e R IR B 2 STl R a ) R/
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HLas 5 ST IR FE-28 10 - KRIRHL A5 2% > (Large Scale Machine Learning)

17.5 FE&R22 2]

Z% P M: 17 - 5 - Online Learning (13 min).mkv

FERX A, S — PR I R (L% 22 ST AL, MU e 2R 22 ST HLA . 7EZR5E 2THL
LR FRAT AT LAY A 1]

SR, W KRB h s VF 2 KA 28 AR, AR AN A A (R 22 STHLI B, AR
HEB N SCETT Pt B 7 B Bt AT 27 20 o R R K )2, A SRARA — > SR AT P i
FURHIESL BRI, BEANIREIEE, VRBEMR R — MEL 2 SILH], AR >
M RGE, AR RTEX A AE BRI — 250 T Il (R R 5

1BE A — MR Btz ARk 55 1 A =, F P AT R IE VR )8 R 2 A A Hi2 21 B A AR 55
FIRHEBEARAE — AWk, AR 2080, ARG AT VRIR, AT TAR AR L 27t L 5%
AR A0 2 B2 3R L 2%, it R S R, SR 5 IR 0 st Hh s B S (R R IR S5 A s
o, FaUIRSs0 KizffRrI B, RaBis20 LK1, RIERIEIRITE 7 KX A
1%, RPA RSB RIRS, BAXHRAN LA, G fhflaEs, REMhA1ELE
VAR SSRGS, AL, AR BRAME S BA TR A2 S kT B IA T, A FATA8 25
JUT I A%

AN GEIORM R 27 3T (IR AR AR R A i LA 24 55 > SV i ) R o Bl U i A 2 £ (1
SEIEEM S . W AELMEEHA FF AR 3, T a— DR, Mt BREEA
R e A it s e P TR b AT B 5

BAEBATIEAE L E — KW~ =], 829 — S AT A Z 8 B R ERIE 2 I
PATE P — Ay, P ARIEREZ (y=1) BiME2Z (y=0) .

BULE, JRATA B — MR, SRIEIN P B 32 4 A0 8 B ATRI D AR 55 O T ek . TR
BEARA SEFRATH —AMRFAE, HARFEEE &, AR A, F besh i BLACRE & B s
BRI R p(y = 1).

FELR 5 ST L S BENUBEEE T PR AT S8 0L, BRATXH B — A SEBIEAT 24 30, T EXE—
ANFERTE LTINS AT IR IR .

Repeat forever (as long as the website is running) {

Get (x,y) corresponding to the current user

6:= 6; — a(hy(x) — y)x;
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HLas 5 ST IR FE-28 10 - KRIRHL A5 2% > (Large Scale Machine Learning)

(for j = 0:n)
}

— EX AR S ST e T FAME R LRSS, AFHEEAAEE T XA
BB AEAE T, FRATTH SR AT DR B (03 N2 it g 44, SRE925mT DA B P B 2 BT 9 A
SRR R D& N A

OSBRI WA RS, i, AT R 4R 40E 3 MR, H P
HHE 2 T, AT BT LIRS 3 ASET ISR, BRI ERATTI A AT BL— IR 3 AN SE4)
Hh 2 ) I TR

ToX 6 i) 5 (R AR AR — AN R AR SR B BRI, A — 8 AORE AR AL 4557 > i)
Ho BUVF, ARATRUEAT —MRE SRR, SlisiT LR, RERE— RS, — AR E
PR, SRIEX AT — A2 S . (R IR SR SERRIN )8, 7EIX L8 L, IRaB 3
KA TSR 2 W8, FRBRA b ER R A58 B BE 4R, BUmARZ B2 R T A
i — M2 ) BLRRIESE 7 2, IXLER] AW A s vh ok 2 =) o XU AEZ
AW, RIEHAR AT 2060, FATHE XA EE SRS T FRENEARH 2L,
— XA )R, AT — A E RS, AT MR — D PR, A
FEA 23], SR G B Fe R AR IR R 1 T 25, 17 HL A0 SRR J—Ff S A — AN IR SR R I
X EEA RS AR FEAEIE . AR, 42N —MEAEUE, Wi Ra — A i
JURE, B URE RTINS, ESER, SRR B MRIE AR, XAME
Ly S BE, AT DAMSAG R AR A 2 2] B s, R A SR B R P AT A
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WL 2= STRFE- 28 10 JA- KHUEALES 2% 3] (Large Scale Machine Learning)

17.6 BREML T ABIEFFAT

S HM: 17 - 6 - Map Reduce and Data Parallelism (14 min).mkv

PRSP TR AT AT X AL 45 2% >0 il Al 35 A AR B . 2 iR 2, 2R
FATHIHEEBLEE T PSR ROR AR R R G R i e, BRAT R X BN IR AT IR,
THE R BT, TR, TR AR K. R IRA TR K AT B R D Ln A2 &
TSN, bR G RN EEERRN — T4, RS EATR I 45 RIS AR R AT IR
75 9 U A S T 1o

HART S, QSRR 2 VLR 2B, XHISREE I BRI SRR, T84 B ek 3 AT
Solicss 2 GUHEAL (8 F— S HEN AR cPu 0D, BLUABIEAL ) H .

Blhn, FATH 400 MNZRSEB], FATAT LORHE R T BERISRAMESS 2 lcss 4 B it 5L
AT b HE

Machine no | Samples Computation Result
1 1-100 (1) — §1100 A o api\ ook 1 .
Eemp- §=1(}‘0(" ) =YW 8; = 8; — a—(temp™ + temp®
2 101-200 | temp'® = $208 (hg(x") — )] 400
: —— + temp® + temp™®)
A A l3) — $1300 P SR (|
3 201-300 | temp i=201(he(x") =y ]'\1'_
4 301-400 | temp™®) = $1%, (ho(x") = y))x}

i=301

RZ BB U Ca WA 2 cPu 2 ML OARIHMTHIA BE RIS 5, X
W AR ARSI N e E G (U AR
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WL 2= STRFE- 28 10 JA-R A SER: B A SCE iR 51 (Application Example: Photo OCR)

18 MR . B F 3CF iR A (Application Example: Photo
OCR)

18.1 ) iR A HiRE A

S M: 18 - 1 - Problem Description and Pipeline (7 min).mkv

BGOSR N TR 2, —aKk4s i 1B A TR B0 S0 7. IREEA — 3 33l S o
PO ER RN Z

ﬁ‘—) LULA B’s ANTIQUE MALL

e [Lueass anriove mac]

.........

AT FERIXAER TAE, FTERI TS
137N (Text detection) ——F B B 107 5 HADIA BN 573 B TR

= S

2.775V)4r (Character segmentation) —— K 30543 #l il — AN B — 7555
3.7FF5r9 (Character classification) ——ffiiE & — MR A4 AT LS MR ER

RIS, A UESS AT LA — > B /N AR 57 5T A ok«

[ Image ]—)[ Text detection Charal.‘te‘r Charafd:.er
segmentation recognition
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HLES 5 ST URFE-26 10 F-R R s B R S0 iR 5 (Application Example: Photo OCR)

18.2 JE3IE O
S% M 18 - 2 - Sliding Windows (15 min).mkv

Bl E D2 — IR R G T O SR . BE AT 7R BAE — 3K B R TFRBIAT A
ST B R VR 2 [ RSE B B R RN ZR— AN BEMSHER LUnAT N IR Y o SR )5 BAl T 2 i
IZRIRBAT N BB R BirR A B RO AE BATEEBEATAT AR A B B HEAT BTG SRR
BIRAF BT s R, AR ARSI 5 AT N, SRR (R P T Bl B DX St AT BY
o ROBTBIR ) AR R AT T, DA B AR B B AR e

—BSERUE, FAE OB DX, F AT I RT3 B P AT BT, KRB BT
VR $Z L4/ N SRR IR AN R, SC g B AT HII, st A

0
W

& BRI T 307 IR%], ERNSBEA A X 7 F 5AE74F, R, BHE
BN AR T, — BT AR, BA RS i X8 AT — 2, KA
K BB M X IRHEAT 5 IF . BAE BRATCLIE i AR DRI P2 1, o I 3o vy B LU 5 2 B KA IX 3
G Ba] A BEIE W LU R FE KD o 1 Bl rh 2R ) X 22 13X 60 RS A 7 S 10
DX, T 20 EE0 ) DX 38l 2 AR ) o
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WLERF T URFE-56 10 JE-RL A S B 307U (Application Example: Photo OCR)

PAEAERZ SOOI BL . N PR INGR - IMERUR S ek 307 7 H— ST AT
%, TR BN ZRER B B RF IR P R A AN A I 215 2 8] R 1 P SR A 2L

H B N N A 1|
Wi N M .

Positive examples (y = 1) Negative examples (v = 0)

ANTIOUE MALL

BRI ZR5E ), BA IR A B o D AR AT 775100 .
PLEMER TR B e BB TR K0 B, AR ML SR EpL
B R A BRI G — N FEas T
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WA S ST URFE-56 10 JA-R A S B 3071 (Application Example: Photo OCR)

18.3 FREUKEH M A THIE

S H: 18 - 3 - Getting Lots of Data and Artificial Data (16 min).mkv

USRI Y FEAR TS ZE 00, B4 345 56 2 (s T IR, R REs A EAF I RCR
1. MELET, AVEMRSEE, AR L2 DLEEREN, BATA TR A Lol
i L.

PABRATHI ST IR0 L 9], AT TAT LA s Il T 2% Ak, 9805 R IR AN ] 1 7
RIS L B A AS R T BE AL TS 557 B it — e SR Se B, X AR FRATRER IR — DR K
M ZRge . XRNFI RG] .

ST, AR CAH SR, IR0 TN, Bk O 7T B it T —
Tl e, BRIALEL . N EIRA TN SRR AT n] BN il X PR AR B IR 1 Bt 2R e, 3]
AT ARSI RE 1 7592k B3 K2 B

ARG 2 Bl 1) LR i

LN T HGE 5 A

2. FEhWCEE . FRid B

3. 4008
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WL 2 STFE- 28 10 JA-R A SER: B A SCF iR 51 (Application Example: Photo OCR)

18.4 EfR4r1T: BRSO EERE T M

S 18 - 4 - Ceiling Analysis_ What Part of the Pipeline to Work on Next (14

min).mkv

FENLAS A ST T o, 3RATTIE & 7 B LA P R A REREAT S T, BRATTUn{ e
FRTER— P8 7> S (LA SRATTAE R (B RDRS ) 25 e 7 XA it mT LAt BR 20 B ok [ 25
[ 2 JA TSR N F, BATFRAEE T

[ Image ]—)[ Text detection Characte‘r Charal_:t.er
segmentation recognition

TR Bl AR — A3 (i AR R BN, ERRAM AT, RATIEE 4y, TR
it 100%IEF A 45, SR E B B IR RCRAR T T 220 BRAERATHIB] b SR RUR
N 72%I) IERI .

AR FATA ST AL 2 Ha R PR 45 3R 100% 107, R IR G AR 72%3 5 %) T
89%. XTI AR 1T A £ BRI TRDRE SR 52 i AT SOl s 4o

BT FEIEREIE, LTI 4 R 100%IEH, KILRG S AEEOR Rig
THT 1%, XEWE, RITOFRFIIGHITROCE RS T .

BREAF LB, b7 R R 4E R 100%1EM, RGN SARCR SRTH T
10%, X MR TA TR BEAR 2 BOZHBN 52 (K (I AIRS 73R4 2 B 1 PR R

Component Accuracy
Overall system 72%
¥ l ‘q °/u
Text detection 89%
: \L [ /s
Character segmentation 90%
» \ lo,":
Character recognition 100%
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HLES 22 2 HRFE-58 10 -2 45 (Conclusion)

19. & %5 (Conclusion)

19.1 2 S5 S

SEM: 19 - 1 - Summary and Thank You (5 min).mkv

XGRE] (HLEs52 1) IRITERJE — B, JATe2 —E IR K — B T . £5)5
XA, BAR PR [ B NI TR E BN, AR A TR LR AR A

PERIZT TR A RIS ), B A FRATT 223 7 2eA T AW ? A2 TER e, BATHE 7 & R 1]
T EIANERNE R, S RZ . SRR R LSRG S B I B, IRRE
AWM EER AREA, i@, y@,

SRIGEATAE TR Z I [ A AT M B 2 >0 0 K-BME SRR L F T4 32 gy 23 #
PLECE R R — R IITCARSHAE x O B ) 575 R 5%

R, AR R, ] DU TR E I SRRV . gesh, BATEAE [ i
T SRR (4 P BE R A A, LEUnAERE R . DAL 2 2 R 8, AR IFAT
ARG 7%, A Hotl— 2o KN o Eban, FIFtH AL S BRI 3 & 1 7
KEIZ

wJa, BATEIRD] TRZ R TR &3] RGRI SR X4 T EREFIE L
AR T IE W TARMR A, FrCABATRE] T 22 A0 75 Z2 (0 )8, AR 2 T il k7 22 1]
AR IEAL, (RIS AT 18 1R R N RE A M R AL, it bl S IR AT A — L
W RGN, A TAEA R T ORBAZIL S IS A . PRI IRATIE T 22 ST BIE v o
o A TVHAERE, Bodn. EHER. HEERK FL 8L AV S AL RS Y
WREE . 28 AR RN . FATRA T 22 I FIERFR, DU = > AR IE
WiglT, TRENNG 7 L2k, tinsa> ik, Freishg ©iREzEadr. BRI S
N

AT I e TR AR BOMAR SRR E R RN AZ B, RTS8 £ 71 7] E
DERC 2SR TR SIS T, B B 2 S SR B o ) 55545

BER VXL LSL, A R IRIAEAUOU RN UIR L TR, E B R R EAEA L
MR AR TR S o KIHLES 2 ST R GE. P, BLERUR X T TR AN A . R IRER
BNt AER, FIIAE, RMIZCLRER H O CL ROl 2 T LK T IE?

>
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ARG, Hlas2 12— T IR T A RE ) B e f, e, fRE%
SEA R T N X SR a8 2] TR ORANE M KRR BE ST - 3y BARNTH IR 2 N AT REEAH
JSLFR AT, R FTA AL o 1 TR, #E Y SE R AILAS 2 S R S8, TP HTE SAE L™ dh
MR JF BB A EARAE RN LA 2, MU SR A CRAR, A8—H, @ik
FEEAPNERLTCT I IES T

AT IR, FOXT TR HORIE R332, Brel, iR

R, R, PILBHEZ U — il Btk WA ACEREE — g, B
FEHUAE, AR ATREST I [ — 28R, 22— S8R ZR i . L, BRIRRI BT 258X TP
FEAR T EAE — L[], FRNE, VR —MRICKAN, ERT AR ML HIGEAAR,
AR, ARACIRSGT H N R R DR IX S PRAE A JRAE, AR 2 MU 1 I 5] A TE KN
PRARIRAE T I Z I (R RABOR LE B 51, URATTR I 2 N, 3B S AL (R R AT ST Le g R 25 >
AR A N R IR IR LR 2] o FRATURATIZR TR 0 R | 3RANE VRAMR 2 NAERX T TR kR
W51, R NHAERX TR EAE TARZ I, R2 AHOGX T TRTTIR 7 H SRR 1. P
L, POy BARMTRE MIX T TER AT Frficak !

Ja AR R TIE B TR R !

Andew Ng
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UiRes
B3 3T By
R

1. B X
SECRNG T IS
l 1 f(xo+4x)—f(x0)
fi(xo) = Jim ==— ——= (D
s f'(x) = lim {00 (2)
X—Xo X—Xgo

2. EA S IHE LT E A E R X
BRHF (O TExo AEIO 2 A7 SRS 5 UM

EGH: f'-(x) = lim_ [Go+d)—f (o) _ i, FO)=F (ko)

— )
Ax X=X, X—Xq

HiH f'4(x0) = lim, [Go+A0)—f(*0) _ 1y LOI=f o)
X—

Ax x-xg X Xo

3. KB ik HESEMZ AR R

Thl: BRELf (x)Exo AL FITle f(x)fEx AL P

Th2: 5 B BAE Hxg AT, My = O RxAIELE, RZNARAL. Bl REOES

TS,
Th3: f'(xo) FF1E& f'-(x0) = f'+(Xo)
4. P # 2R KT S Ak LR

PIZTIRE © y —yo = f'(x0)(x — xo)

1
fr(xo)

FETTHE: y—yo=— (x = x0), f'(x0) # 0
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5. U 32 By
WU = u(x), v=v)fEHxn] T, N

(1) (uxv) =u +v'

2) (w)' =w'+ v d(uv) = udv + vdu
Uy, _ vuwr—uvs Uy _ vdu—udv
®) Q) == @=*0) @) ="

6. EXFHEHIR

(1) y=c CE&¥0 : y'=0 dy=0

2) y=x*(aAEF) N: y =ax*? dy = ax® ldx

3) y=a* W: y =a*lna dy=a*lnadx R (e¥) =e*
(4) y = loggx M

I} 1 1

y == dy=

xlna

xlna
(5) y=sinx MJ: y'=cosx d(sinx) = cosxdx

(6) y=cosx M: y' =—sinx d(cosx) = —sinxdx

(7) y=tanx Ml: y =——=sec’x  d(tanx) = sec?xdx

cosZx

(8) y=cotx M: y' =— = —csc?x  d(cotx) = —csc?xdx

sin?x
(9) y =secx l: y' =secxtanx d(secx) = secxtanxdx

(10) y =cscx  M: y' = —cscxcotx  d(cscx) = —cscxcotxdx

1

Newre d(arcsinx) = J%de

(11) y = arcsinx N: y' =

1
1-x2

(12) y =arccosx M: y' =— d(arccosx) = — dx

1-x2

1
1+x2

(13) y =arctanx M: y' = d(arctanx) = - L dx

+x2
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1
1+x2

1dx

1+x2

(14) y = arccotx M: y' =— d(arccotx) = —

(15) y=shx M|: y'=chx  d(shx) = chxdx

(16) y =chx M|: y'=shx  d(chx) = shxdx

7. EERE, REH, RBRHERSEITENHERNRERNME

(1) REEHEEEEN . Wy = fOOERx LT FRRES:, Erixbnl 3 Hf (x) #

0. WISLR BB xRy 0T, I BT = 7

dy
(2) BEERBWEEIEN:Fu = ) Sxn] T, My = F)EXR S (p = o(x)) 7S, T
HEREY = f(e)ERXTTF, Hy = f'(1) - ¢'(x)

(3) WK =7k
DR R, iy xR My RS SR I, y2, iy, o
SRS B AL KR B B O S L

2) ARk HIF (x,y) = 01 2 = —% Hof, Foy),  Fy (o y) i BIFRF (x y) b
x Ay B 4

3) R T A AR

8. H H=EM AR

(D (@)™ =a*In"a (a > 0) (e¥)™ =¢*

(2) (sinkx) ™ = k™sin(kx +n - ;T

|
—

(3) (coskx) ™ = k™cos(kx +n - g)
1) ™™ =mm-1)-(Mm-—n+1Dx™™"

(5) (Inx) ™ = (-p-v L
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(6) EAMBEA: Hulx), ve)¥nial S, M. ()™ =30 clu®@v@=0, Hrf

u® =y, vO =y
9. Wi ERE, FHAR
Thl: (% 5 H)

A RS (o) T 2 5

(1) RS () FExo FIRERBIRA A E L, I HAEBLSBIAER £ (x) < f(x0)Bf (x) = f(x0),

(2) fEOTEXMETT T, WA f/(x0) =0

Th2: (P /REE)

BERRELS (o)l AL KA F

(D FEM X A)[a, b] EiEZE:  (2)fE(a, )N AT (3) f(a) = f(b)
WAE(a, )N, 1 f'(E) =0

Th3: (hut& B H e e )

BERRELS ()i A2 AR A

(1) 7E[a, b] F¥ELE;  (2) 7E(a, b) P9 AT 5

MITE(a, b) P A77E— g, i T = pr(g)

Th4: (F]PG e 2 BE)

WERELSf (%), g ()i 2 %A

(1) fE[a, b] Li#EL:; (2) fE(a, ))NFTSHSf (x), g'(x)¥FE, Hg' (x) #0

0 YN TG (O )
WIE (@, YAFAE AN, - ==

10. ¥ AIEIEN
B T AR R
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WA (), gOTRFA: lim £(x) =0, lim g(x) = 0; f(x), g(x)TExo I BEAT AT

(TExo M rIBR4M) Hyg'(x) # 0;

lim 2847 (whoo) .
(x)

x-xg 9’

lim 29 = |jm L&

x-xg 9O)  x-xy 97(X)

JUE

BRI (CRURSE AR

WERELS (), g ()i /& 5 Ak ;li_{?of(x) = 0,;i_¥£10g(x) =0;fFHE X >0, Hlx| > X

W, £, g () %, Hg'(x) # 0; lim g :8@@(%)0

. f(x) . frx)
R LASLA A2
M xhgclo g(x) xl—>x0 gr(x)’
I T GBI R

BERRELS (x), g ()i /2 2% A Jim £(x) = o0, lim g(x) = oo; ), g () fExy HIALBRAT
G (xR ATHRAD) g’ () = 0; lim L8422 (st

lim 29 = jjm 22

I . =
: x-xo 9X)  xoxe 97(X)
@iﬁﬁim\ﬂll'(gﬂﬁﬁﬁ}r&lﬁm P2 A] 5

11. REAR

BERREL () 1E Rix AEIZEATIR A BArn + 1B 350 IR 7 T MR mix, #Ex
HxZ B ZDAFE—ANE, fH15:

F) = £ o) + F/ () (x = %0) + 2 f" (o) (& = x0)? 4+ +L0D (e xoyn 4 Ry ()
$ob Ry (6) = L (e — s S ()T Ao I B AL

%xo =0, MnPirZeih .
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f)=£(0)+f(0)x + f"(O) Z4. +f (O) Xx™ + Ry ()

(1) 3h Ry () = L2 ymtt e o bz . (1) AR RS AR

(n+1)!

i LR R BT E X, = 0L IIZR B A -

7‘L+1

1)e—1+x+x++x+ et

(n +1)'

B o=14x+=x2+ - +—x"+0(x")
2! n!

xnt1 n+1
2) smx—x——x + - + 51 —+(+1)' n(€+7n)

. 1 x™ . nm
11 =x—;x3 +---+;sm7+o(x”)

3) cosx—l——x + - +—cos—”+ cos(€+—n)

(n+1)!
=1 —Lx2 4 X g™ n
=1 Sx° T +n!cosz+o(x)

( 1)1’1 n+1

a1 2,1 3 | n-1x"
) In(1+x) =x—-x"+2x w4 (=1) +(n+1)(1+§)n+1

M= x —ox? 4 2xd — e (D "+ o(x™)

m(m-1)---(m—-n+1) XM

5) (1+x)m=1+mx+@x2+~-+

n!

m(m-1)---(m—n+1) n+1 m-n—1
L e (1+8)

(14 20)™ =1+ mx+ 22 4 TEZEED yn g (m)

12. BRI H5 BT T B BT

hl: WEES()TE(a, b)XEINTTS, RV € (a,b), #HS(x) >0 (HHf'(x) <
0) , MIBRELSf () TE(a, b) P2 FFBE M (BRI

Th2: (HURME AL B AE) WL ) TEx i S, H A xo JEEUAE, W' (xo) = 0.
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Th3:  CHURAE M — T8 70 260D KRR () TExo 3 — 4RI P, Bf "(xo) = 0 (EK
fOTEXAEIESE, ABf " (xo) MFLE. )

(D Hxidag i, f/eo)d “+7 22 “=7, I f (o) IRKAE

(@) # HxZidxg i, £/ “=7 A2 “+7, MF (o) tRk/MES

@)V f ()i x = xo MIPITIAAZ S, W (x) A RARAE -

Tha: (BB I EE — 7870560 Wf () FE xS B f"(x) # 0, Hf (%) =0, NI:

BF(x0) < OFF, Flxo) WAKAE:  24f" (o) > OFF, fxo) MHR/ME. ¥ W
' (x)0, BEHIERIK

13. BT IR E
(1) 7K 2%

£ 2im f) = b, B lim fG) = b, My =b BNy = f()HKFHIEL.

X—+0co
(2) HyE i 2

%xllgl_ f(x) = oo, Eixlir;lj(x) =0, Mx =x, FAYy = f(x)FIETEBTLZE

(3) RTIEL #a = lim 22, b= lim [f() —ax], W y = ax+bFRAy = FC) A
4
14. BRI P A

Thl: (MIEPERAERED HE T 7)) <0 (Bif"(x) >0 , WfFE)ET i
CERIMTEDD .

Th2: (SR ARIEE 1) B Ex L f"(x) =0,  (Bif"(O)PFIE) » MBI &idx, i,
f”(x)'}E%, T (0, f (20)) 995 5o

Th3: (F BRI E R 2) W f () TExe RSB A = S8, Hf"(x) =0, f"(x) #
0, M (xo, f (o)) NP AL
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15. P54

dS =1+ y"2dx

16. fli =
12y = FGOTE 5 (x, y) b ik = % T BT
{ x=@(t) | _ ler@pro—er@y©)l
y =y(t)’ [@r2()+yr2(6)]3/2
17. fEEA

1

H ZeE A MAL I 1R ke (ke # 0) 15 M ZRAE iMAR I I 3B ARp AU PR &R p =
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LHERH
GRIES

LATHIR$4T (B RIFEH

‘ |Al,i =j
(1) &A= (aii)nxn’ W apdjs + apdjs + -+ + aphjn = { 0,i#j
‘ |Al,i=j
Bay;Ayj + agilgj + -+ + aniApj = { 0,i #j
All A12 Aln
B AA = A°A = [A|E S ar= [ A2 Az A gy
= = P . - - . s e - L Y
Api A - Amn
X X X
D=\ " r T == e (- x)
S S

(2) A, B ANk 7%, WI|AB| = |A||B| = |B||A| = |BA|, 1H|A + B| = |A| + |B|A—E K

RN

Mo
(3) |kA| = k™ A|, Anh 7.

(4) WAIMMITE, |AT| = |A;|A7Y = [A]7Y GEATT) | [47] = |4

n=2
A0 _| AcC|l_| Ao -
G| A %= A =] 4 Y=iaum . 4Kk, @
0 Amxm
= _1 mn,A B R
I BYC LR
I 1 1 1 I
s e s X X X
(6) JufE5 TﬁUﬁDn=| ! 2 " | == Tligj<isn (i —x5)
Ixi’l—l x‘l’l—l xr‘r:—ll

WA TTEE, 2;(0 = 1,2, )R AR MR, W A = [T A
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S

[ @1 @z - ain |

HilE mxn/l\%&zai,-ﬁlsﬁimﬁnﬁua@i%'l fa1 daz ™ an Jlﬂjﬁﬁlﬁﬁ e AA,
Am1  Am2 Amn

B (ay) o #m=n, NFRARZnBAE RS 7

SRR R E
1. JE R B v

&A = (ai]-),B = (bij)%ﬁﬁ/[\m X n%EBiy }H\Um Xn %EM;C = (Cij) = a;j + bijﬁ\'y‘j%ﬁﬁiAEB

KL, i NA+B=C .
2. JERE ¥R

WA = (a;;)&m x nHilE, kot—NEEL Wim x ndE R (ka )PV Sk SHEREAREE, 12
kA

3. FEFERITRVE

-&A = (aij)IELI:.m X n%ﬁl‘i’ B = (bl])%n X S%EIQ‘:’ %K/l\m X S%EIQ‘:C = (Cij)’ /H\:EP Cij =

Airhyj + ppbyj + - + by = Xioq auchi  FROVABIISRRL, 1LNC = AB .
4. AT, AL, A ZHEZERRA

(1) (AT = A, (AB)T = BTAT, (kA)T = kAT,(A+ B)T = AT + BT

(2) (A1 =4,(AB)"1 = B4, (kA) ! = %A‘l,

H (A+B) =41+ B VA —EHT.

(3) A)'=|A"2 A (n=3), (AB)* =B*A*, (kA =k™'4* (n>=2)
H(A £ B)* = A* £ B* A~ —% L.

(4) (A—l)T — (AT)_l,(A_l)* — (AA*)_l, (A*)T — (AT)*
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5. HRA LR
(1) AA* = A"A = |A|E
@) 14 = A" (n=22), (kA =k"14*, (4")* = |A|"2A(n = 3)

(3) HATIE, WA = |A]A7, (4°) = L4

(4) HAFMB T,
{ n, r(A)=n

r(A*) = 1, rA)=n-1

0, r(A)<n-1
6. HRA ISR
Ao AB = E; & |A| # 0; & () = n;
& AT LR AV RE R o ARERME: o Ax=0 AAEM.
7. HRFERERRIN &
(1) Fhr(A)=ATHR=5F%;
(2) 7(Amxn) < min(m, n);
(3) A#0=>r(4) = 1;
(4) T(A+£B) <7r(A) +r(B);
(5) HI55AZ WA DA R I F) R
(6) r(A) +1r(B) —n < r(AB) < min(r(4),r(B)), ¥ H 4 AB = 0
W: r(A) +r(B)<n
(7) #HAU71E= r(AB) = r(B); #B M1t = r(4B) = r(4);
F1(Amxn) =1 = 1(AB) = 1(B); #i7(Amxs) =n = 1(AB) =1(A).

(8) r(Apmxs) =n & Ax = 0 G ZEfE
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8. HRA K
G 5 =0 2
(él g) =( f;—ch—l OB—l); (LO? g) =(Aql Bf;l)

KA, BRI,
&

L. HREBRARRERR
(D ay, -, as MM Ko B DH —ADEER DR AEL RN,

(2) ay,ap, -, aRHETLR, ag,ay, -, as, BEYEMKS BRIULH Ay, ay, -, a ME— 2R

No

(3) BATLAHay, ay, -+, as MR IR © r(ay, ay, -+, a5) =r(ay, ay, -+, a5, B) -
2. HREEHK LM M

(D AHR, BRI, 8RR, #rToxk.

(2) O nPndimE a,a, - a,ETLxRe |[aja, - a,]ll #0, nindiFEa, a, - a,2%

‘ﬁ*ﬁéé it |[a1,a’2,"‘,an]| =0,
@ n+ 1/ ndE LA .

@ Hay,ay - as TR, WM& EIZMET G Bl—dHmELR A, ity
BRI

3. AR BAR LR
(D ay,ap, -, a, iR B DH N E A LT R A ELEERR.

(2) ag,ap, -, a8ETR, a,ay,,as, BLMMFKS B WTUHa,, ay, -, a,ME—ZHER

7No

(3) ﬂﬂu EEal: A2,y (Zséjé‘rﬁf%ﬂi\‘ < r(“l! Az, as) = r(al, A3, , A, .8)
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4. MEBHNREERFRBRZERRER

Br () = 70 WARIHr (4) 5 ART 5 BLALI £ R oS5 2 9
(1) 27 (Ampn) =7 = m, MARITFH R TR

(2) 7 (Amn) =7 <m. WARITF AL

(3) #7(Amxn) =7 =, WARIFI A RALLENETE Xz

(4) 7 (Amn) =7 <10 WARGF I RALLEHER K.

5. n4 A B 7 ] ({1 AR A SR RO AR R

ey, Qy, e, 0GPy, Br, o, BB IR AV IR, IR H A -

€11 G2 " Cin

= €21 €2 ™ Con | _ C

(B, B2+, Bn) = (a1, a2, ay) = (ag, a,, ay)
[ Cn1 Cnz CnnJ

HAPCRIHRE, HRAHEa, ay, -, a,FI3EBy, By, -+, By WL I FERE
6. AR HR A
%ﬁ%yﬁ%al, az,"',anggﬁl,ﬁz,"',Bnﬁgﬁé*/—ﬁﬁj\%U% X = (xl,XZ,"',Xn)T,

Y=Wunys—y)" Bl y=xia + a0, + o+ X000 = y1B1 + y2Bo + 4 Yy W
AR ARNX = CY 8L Y =C71X , HPCRMIEay, ay, -+, a,BI3EBy, Ba, -+, B I

ERSE]

7. MEHAR

(a,B) = a;b; + azb, + -+ azb, = a’B = pTa
8. Schmidt IEXS4k

%(Xl, Az, ", a#}%‘@?ﬁ?% Jﬂﬂﬂ’l‘@jﬁﬂl, Bz, oty Bs'fi/ﬁ\:%%ﬂiiy Hﬂi{l%ap Ay, , A E(Jgéllﬁ:l_

MEGE=12,-,n), FHEBHAML, iy, :% Wy1, Vo, Vi G IEAZ 4. Hop

_ — _ (az,81) — _(@3,B1) o (a3,B2)
br=ar Br=ar—grSh o Bs=as =P, 5B
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_ (as' .81) _ (as' .82)
(B1, B1) (B2, B2)

9. IEXTH: RMVEIERTH

_ (as: Bs—l)
(ﬁs—l' ﬁs—l)

Bs = as B1 By — Bs-1

e 2% ) — AL B P [ S A SR PP IESE, SRRV IEAT T, 5 IEAT R rh B4 ) A B i ]

S EA

1. FE3EMHEN]

( allxl + a12x2 + -+ alnxn == b1
éﬂ%‘fi?‘ﬁ%éﬂi Uor¥y ¥ UopXp + oot Qondn = by yyen 2y m D = (4] 2 0, W
An1X1 + ApaXo + -+ ApnXx, = by,

AR, Xy = 2,0 = 22, Xy = o, F D RAED th 5 B TE R R

BB P 4751 3.

2. nfiEfEAR e Ax = 0R A ESE. < Vb, Ax = bEATHE—fF, — b, r(Amxn) =

ne Ax = 0 5 EM.

3. TR RAR R T D EFKA, LR RAMRRER AR

(1) WARNM X nFEFE, Zr(Ampxn) =m, WXAx = b s BAET(A) =7r(A:b) =m, MM

Ax = bHf#E.

(2) BExy, xp, - xs NAx = bIIE, Wkix, + koxy + -+ kexs 2ky + ky + -+ kg = 11K

Ax = bIRs (E%0y + kg + o+ g = OF, JNAY = OIIfiR. HEHIZ 2 Ax = biIf:

2x3 — (%1 + x3) NAx = Of1IfifE.

(3) FEFIREM LA Ax = bEffe r(A) + 1 = r(A) © bAREHARIF M Eay, ay, -+, 4,22
MR,

4. TIRE TR AREMPERAER, FEM, FFREMTTEARER
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() FFRIiEHAx = OfEA i (A FM) . A IETWN, hTRREIEESEA ST
TR H IR R, tAx = O R g A SR R A E], FRONIZ TR
fER IR, AR IR R EEOEN — r(A), RS TR — A IERR O SO R B R R AR

(2) My, my e nEAx = OFIIEREMR R, HD:

D 1,12, nerAx = OIfifs

2) MM, e, MR IETE R

3) Ax = OFE—#R AT LAEAn L, 1y -+ e R IER . kymy + komp + - + kempr2Ax = OFIE
fi, Hrbky, ko, o, kAT H L

FE R B RRAEAE AR AE [ B

1. 55 )RR AR AR AV ARRAIE ) 2 RS B M R
(1) BAZAR—ANEFEAE, W kA, aA + bE, A%, A™, f(A), AT, A~Y, A*G —ANEFEAE 70 31 N

kA, ad + b, 2%, ™, £ (1), 2,2~ 5L LA RIS RAR R (AT 15

(2) Ay, Ay, A NARIRANRRIEE, MY, A =2 ay, [T A = |A] , \TTJAl 0 & A
BAFHEE

(3) WAy, Ay, -, A NAWISNRHEAR, S RFFEF RN ap, ap, -+, s>
Foa=kiay +kyay + 0+ kga

N A"a = k A%y + k,AMay + -+ kAMag = ki ATay + kA5a, + - ko Alag o
2. MR B ARACLHE R IR &8 B 4 R

(1) HA~B, N

1) AT ~BT,A"1 ~ B}, A" ~B"

2) |Al = |B|, Xio; A = Xiq by, 7 (A) = 7(B)

3) |AE — A| = |AE — B|, XVAMAL
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3. FEPEETARAINT A AL B 7R 40 b BE A4
(1) AR TTRE, WAR it R84k EARRHIEEL, An—r(LE—A) =k;
(2) AR ALk, WEPYAP = A/HA = PAP™Y, MNIMA™ = pA™P~1

(3) HEELL

1) #A~B,C~D, mu[ g g]~[ LO? 10)]'

2) #HA~B, WfA) ~ fB),If (D]~ If B, Hf(A)ARFnk T FEAIRZ .
3) FANFI FALHRE, AR F R A (EARE R ) =5k (4)
4. SERFRAERERORRAEAE «  ARPAIE 1) B AR B X £

(D ARUFERE: WA, BAWANB 5 B, WERAAAE AN B REP, {458 = PT1APIAL, N
MRAEFEASBMEL, i NA ~ B

(2) FHANEERR ML . anRA ~ B :

1) AT ~ BT

2) A7 ~B™' (A, B

3) Ak ~ Bk (kHIEEEHD

4) |AE — Al = |AE — B|, MfiA, B A FEFFHAEE
5) |Al = |B|, MIfiA, BIRII o] g sk # AN nl i

6) f£(A) =Fk(B),|AE — A| = |AE — B|, A, BA—5EHMLL
¢t

1. n N Ex,, Xy, -, x, K ZIRGFIR B EL
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fQx %0, %) = Xy 20y agxyy, Hay; = (67 = 1,2,--,n), FKAnIT kKA, fi

X1
X
%:ﬁﬂ.%éx=lf

Xn

[ @1 @z - Gin

,A='l G212 Gon | sy o £ A LY
a

n1 An2  ° Qnn
Rf = 2T Ax. AR DR, BRay = ai) = 12,,n), BT AR
XPRREERE, H ZIRB S RHE R — — X B, FFREAERE AR Oy — IR B )k

2. ke, “IREKITEENMTETR
(1) A5z 38

MFAE— M, ARIERUER G R B AT WO S POy bR R, e ik
WS PRAHIR, XTI E

(2) tifETR
TR = (x4, Xg, 0, X)) = xTAxZ A R Hx = CyfNf = xTAx = yTCTAC

Y =Xl Ay N f(r < n)RIRHEIG . 72— BEOEN, —IRBAREE A ME— ), 5
PRI G RAS A 5%, (HARBAS A I J7 B Edir (AR B ME— B 3E -

(3) Mk

Sk R A Bl & R AR ARG = 28 + 25 + -+ 22 — 2}y — - — 22, Horr

HNARIFE, pRIESEIREG r— p N GBESR AL HVE R —.

3. FIEZ BRI IR BRI HET , —IRB R HAERE ) IE 2 1
WAIEE= kA(k > 0),AT, AL A" IE5E; |A] > 0, AvJi¥; a; >0, H|A;| >0

A, BIEFE= A+ BIEE, {HAB, BAAN—EILE

AEES f(x) =xTAx > 0,Vx # 0

o AMEBIT £ 7 XERTE

o AWFTERHEE R T %

o ARIETHETRECm
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SN ILEP{HA = PTP

SIFEIERFFEQ, fQTAQ = Q71AQ = ,
An

Hea; >0, =12, niEE= kA(k > 0),AT, AL A" IEE:  |A| > 0,AWi¥; a; >0, H

|4zl >0 ©
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BRI HHES T

RENLE LRI

1. EHHRREEH

(1) T3k AcB, HARAE, WBEKA.

(2) MW&%FfF: A=B, BlAcB, HBcA .

(3) I fF: AUB (A +B) , AS5BHELH MR

(4) ZFHM: A—B, AREMHEBREA.

(5) BFMF: ANB (WAB) , ASBRIFRAE.

(6) HfFHM (AAHE) : ANB=2.

(7) Hd ) : ANB=2,AUB=0,A=B,B=4 .
2. IBHAE

(1) Z#eff: AUB = BUA,ANB = BNA

(2) &4 (AUB)UC = AU(BUC); (ANB)NC = AN(BNC)
(3) 4t (AUB)NC = (ANC)U(BNC)

3. T EEMRAR

4. EEEHA
A1A2 An%%ﬁﬁ:’ H*Dg,ﬁ:y‘j%\ﬁjﬁ%,ﬁ:’ El]AlﬁA] = Q'i * j' il:le =4
5. IR HIEAMS

(1) Wi FAERAERT RN RN R, H™ M E LT
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MEZR P (g) R UAEFAE A LR 2 RT3 AN R
D SR EFRA, P(A) =0

2) XsREMFR, P(Q) =1
B KfALAy Ay, HAA; = 2(i # ), N P(U A) = ® , P(A).

(2) MR R AR
1) P(A) =1—-P(A4);
2) P(A—B) = P(A) — P(AB);

3) P(AUB) = P(A) + P(B) — P(AB) ¢, 4B c A}, P(A—B) =P(A)-P(B)H.

P(B) < P(A); P(AUBUC) = P(A) + P(B) + P(C) — P(AB) — P(BC) — P(AC) + P(ABC)
4) Fihy, gy, AT, PO 4 = 1, (P(A)

(3) HHAMEAR: SLRMITAERAEARA,  HEANERKERATREEARE, Rt

HIFARER BRI
SRR

#AR: P(A) =

(4) USRS FEACS[ALQONBR IRE RN ) — A Xk, HARMEAS s IR A 45 T g

AR BER (KB, AL AR

te, AMFHHLN: P(A) = s e e me

6. BMEIIEARA

P(AB)
P(4)

(1) #f#=: P(B|A) = , RIRARAEMFAE T, BRAEM#R

@) eMxEAN: PA)= ?zlP(A|Bi)P(Bi),BiBj=®,i¢j,i§13i=!2.

(3) Bayes ~i\:

P(A|Bj)P(Bj) —12 ... n

P(BjlA) = o) =
(Bl4) Y, P(A|IB)P(B))

e EIRA RSB RN EAT A B
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(4) ik a3 P(A1A2) = P(Al)P(A2|A1) = P(AZ)P(AllAZ) P(A1A; - Ay) =
P(A1)P(Az|A1)P(A3|A147) -+ P(AplA1As -+ Ap—q)

7. EERIBhSL
(1) A 5B HEM . P(AB) = P(A)P(B)
(2) A, B, CHPiSL < P(AB) = P(A)P(B); P(BC) = P(B)P(C); P(AC) = P(A)P(C);

(3) A, B, CHMEMSL < P(AB) = P(A)P(B); P(BC) = P(B)P(C); P(AC) = P(A)P(C);

P(ABC) = P(A)P(B)P(C).
8. J v B R

B EARIC ML E T n Ik, HRUCLE A FEAF A KA p, W n SR A KA kIR
FIMEEN: P(X =k)=Ckp*(1—p)"F .

9. EEAXESE®

(1) P(A)=1-P(4)

(2) P(AUB) = P(A) + P(B) — P(AB)

P(AUBUC) = P(A) + P(B) + P(C) — P(AB) — P(BC) — P(AC) + P(ABC)
(3) P(A—B) = P(A) — P(4B)

(4) P(AB) = P(A) — P(AB),P(A) = P(AB) + P(AB), P(AUB) = P(A) + P(4B) =

P(AB) + P(AB) + P(AB)
(5) FMHMEFP (- |B) i LRI BT 15

#iltn: . P(A4|B) =1 —P(A|B) P(A,UA,|B) = P(A,|B) + P(4,|B) — P(A,4,|B)

P(A1A;|B) = P(A,1|B)P(A;|A1B)
(6) Ay, Ay, e, A MIEIAL, MP(NEL, A) =12, P(4), P(UL,A) =TTL.(1— P(4Y))

(1) Hff. HWSMIHZ MPER: A 5B HY=A 5B B, (HRZAMIL, A5B
B F (BEED AHIEF#MRHE =4 5 B AL
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(8) %AltAZI'"!Am'Bl'BZ"”!Bn*agz,&j’ I)_I\IJf(Al'AZ'"'JAm)'—ﬁ g(Bl,Bz,---,Bn)iﬂi‘HfL
ML, Hf (), g(D) R FEA R S E IS E R R, BAh, RN 1
(80D M S5 AT S A BT

FENI R B R H MR

1. FEHR & R MR I A

WUEH A BNV AR5, R i A e AR A 23 8] b, BUE TSSO s PR O B L A2
5, R A AR A7 R B A

2. M MBS S PR
EX: F(x)=P(X <x),—0<x<+w

M (D0<SFx) <1 (2) F () B A
(3) HIELF (x + 0) = F(x) (4)F(=) = 0,F(40) =1
3. B ABEH R R FIMR A
PX=x)=p,i=12,,n,- pi=0Y2.p =1

4. EERIEN R BB R T E

MR (0); ARSI, Ho: (D) f(x) =0, (2)[_*02" fOdx =1 3)xNf ()MEs, N

f(x) = F' )ik #iF (x) = [©_f(H)dt

5. ¥ WA AR

(1) 0-1 94 PX=k)=p*(1—p)* ¥ k=0,

(2) —WisrAi:B(n,p): PX=k)=Cp*-p)» ¥ k=01,-,n

: : N L _
(3) Poisson 7;fi:p(1): P(X =k)= e A>0,k=012-

1

(4) Y= AU (a, b): f(x):{ E'G<X<b
0,
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_(x—w)?

(5) EEDM:Nwo?): @)= e 202 ,0d>0,—00<x <+

V21o

le™™ x>0,1>0

<®%ﬁﬁﬁfuyﬂ@={ !

(D JUTH A :G(P):PX =k) =1 —-p) p,0<p<Lk=12-

(8) B L 434 H(N,M,n):P(X = k) = C’}‘Cf%_”f‘,k =0,1,---,min(n, M)

6. FENLAR B B IR oA

(DEHAE: PX=x)=p,Y =9X)

W PY = y)) = Zgxp=y, PK = x1)

Q) FESR: X fy(x),Y =gKx)

W:F,(y) =P <y) =P(gX) <y) = [, @dx:  fr() =Fy(©)
1. BEEAAES®

(1) X~N(0,1) = ¢(0) = —,®(0) =3, d(-a) = P(X < —a) = 1 - (a)

L
V'
(2) X~N(y,02) =ZE~N(0,1),P(X < a) = d(EH)

(B) X~E()=>P(X>s+t|X>s)=PX >1t)

(4) X~G(p)=>PX =m+k|X>m)=PX =k)

(5) B HALBEMLAZ &R 71 e BN B 1B KT e 5 B SRR BEHLAR R AR 70 A1 R B

B, EA—E AT TR

(6) AERAF AR AR ES a2 &

L HRENI R B X

1 RN B R B &0

PN BENLAZ B R BENL A & (X, Y),  BRE T NF (x,y) = P(X < x,Y < y)

280

PR



AL 7 > URAE- - AL 2 21 I B i

2. B BAREN AR
(1) BREMERENE PX =x,Y =y} =pij;i.) = 1,2,

i

(3) %fEptife PIX = x|Y = y;} = % P =yjlX = x} = %
-]

3. “4EESMEREHRRKE R

(1) BEAMEREIEF(x,y):
D fey)=0 2 [T7[ f(x,y)dxdy =1

2) ks Feoy) =7 7 fwv)dudy

(3) BRI fr(x) = [T FCry)dy ) =17 f(x,y)dx
(@) AL fyy Cely) = 2020 Frx ) =725

4. B R _HREN R BB &R

1
(1) 455 4: (x,y) ~UD) ,f(x,y)=§ S®)°
(2) Z4EIESDAG: (X, Y)~N(uy, g, 02, 02, p)

_ 1 -1 ((xmm)® L, () (—H2) | (V—H2)?
fy) = Znalazx/l—pz'eXp {2(1—p2)[ a? 2p 010, t a2 ]}

5. BB B SE AR RIAR S
XHY A EIST & F(x,y) = Fy(x)Fy(y):

© pij = pi. - pj CHECED S f6y) = fr(Ofy () GELAED
XY (A e

R A pxy = ONF, FRXFY AR, BNFRXATY AHSC
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6. P3/NBEHLAR B 1] L R B BER A

BEAL: PX=x,Y=y)=p;Z=gXY) N:

P(Z = z) = PLg(X,Y) = 2} = Zgayp=2, P(X = %0, Y = ;)
B XY)~f(xy),Z=gXY) N:
FE(@)=PlgX.Y)sz}y=[[ . . fydxdy, f,(2)=F,(2)
7. BEEAXES®R

() IBERAR: fxC) = [1] fOoydy, fr0) =17 fGoy)dx
(2) P{X,Y) € D} = [, f(x,y)dxdy

(3) X, V)M ZHEIER M AGN (g, 1y, 0f, 05, p) WA

1) X~N(uy,02),Y~N(uy, 02).

2) XS5YMEM I p=0, XS5YAHMHR.

3) CiX + CRY~N(Cyuy + Capip, C20? + C30% + 2C1C,0,0,p)

4)  XKT Y=y M&Ma AN N + pj—; (v — 1), 02(1 — p?))
5) YRTX = xRN N, + pz—i(x — 1), 02(1 = p?))

(4) #ZX5Y¥L, HArmMRMN (uy, o), N(uq, 02), M:
(X, Y)~N(uy, uz,0%,0%2,0), C1X + CY N(Cypy + Copp, CE0f + CE03).

(5) HXEYMEML, f)Mg)NESRE,  WfFX)Mg(Y) WA T,
BENLZE & I B PAFE

L ¥ e

BIHUA: P{X =x;} = pi, E(X) = X xipys
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VEGT:  X~f(x),EQX) = [*7 xf(x)dx

PERT:

(1) E(C) =C,E[E(X)] =E(X)

(2) E(C,X + C,Y) = CLE(X) + C,E(Y)

(3) #F X MY ML, MEXY)=EX)EQ®Y) 4I[EXY)]? <EX?E(Y?)
2.77%&: D(X) =EX-E)]* = EX*) ~ [EQOP?

3. R /DY),

4. BHE: DO = Zilx — E)]Pp;

5. B4R D) = [Tl — EO] f(x)dx

RS -

(1) D(C)=0,D[E(X)]=0,D[D(X)] =0

(2) X5YMEM, NDX+Y)=DX)+D(Y)

(3) D(C;X + C,) = CED(X)

(4) —ffH DX +Y) =D(X) + D(Y) +2Cov(X,Y) = D(X) + D(Y) + 2p/D(X)/D(Y)
(5) DX)<EX —-0C)%C #EX)

6) DX)=0PX=C}=1

6. FEVLIA B MBI A E

(D) XFFREY = g(x)

XANBEHEA: PX =x}=p,EQY) =X g(x)pi;

XNHELE: X~f (), E(Y) = 12 g(x)f (x)dx
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2) Z=gXY) ;X V~PX =x,Y =y} =py; EZ)=Z:%;9(x0¥))pij
K~fy)E@) = [17 [7 90 y)f (xy)dxdy

T.WHE  CovX,Y)=E[(X —EX)(Y —E(Y))]

8. HKXERE pxy = % KM IR U E(XR); kB0 E{[X — ECO19)

PERT:

(1) Cov(X,Y) = Cov(Y,X)

(2) Cov(aX,bY) = abCov(Y,X)

(3) Cov(X;+ X5,Y) = Cov(X.,Y) + Cov(X,,Y)

@ lpX,V)|<1

5G) pX,Y)=1eoPY =aX+b)=1, HFa>0

pX,Y)=—-1ePY =aX+b)=1, Hfa<o0

9. EEAA G4 ®

(1) D(X) =E(X?) —E*(X)

(2) Cov(X,Y)=E(XY)—E(X)E(Y)

3) lpX,NI<1L,H pX,)=1eoPY=aX+b)=1, Hba>0
p(X,Y)=—-1ePY =aX+b)=1, Hba<0

(4) NI 5 AT H I AR A

p(X,Y)=0 © Cov(X,Y) =0 o E(X,Y) =E(X)E(Y) © D(X+Y)=D(X)+D(Y) &

D(X —Y) =D(X) + D(Y)

T XSYHAIN EIR 5 AR — A BSR4, HARL Z 2k AF.
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BHEG RS

1. FEAME
Bk BRI R4, TR AR, FXER.
A HREIRE B EATTE.

{7 B REALREAS : ok B ERX MmN AH I SE B S SR F A fBENL A B X, Xy o, Xy FRNE
B R RREALREA,  RIFRFEAS

Bt B, X, o X ERELBARX I MREA, 9K, X, —, X)) EREAIIELRIA,
Hg()HAEAERARIMSE, WHKg(Xy, X, -, X ) NGETHE

FEAIIME: X =30, X
FEARJ 2 S2 = —— XL, (X; — X)?
FEARKE: FEARKBYESAE: Ay ==-Yr XK k=12,

FEASKI 0 SE: By = — X, (X, — XK k= 1,2,
2. 54
X2 x2 = X2+ XZ+ 4+ X2~y (), HX, Xy, X A EMS, HFEARMN(0,1)

43 A T=JYLT~t(n) HAX~N(0,1), Y~x2(n),BX, Y M EHAMT.,

F . F = Z:: ~F(ny,n,), HHPX~x2(ny),Y~x2%(ny),HX, YHEM,

IIEL: BPX < xg) = o, WHRx, X B asr i3
3. IER BRI E AR SR

(1) %Xy, Xy, Xy R H IESSARN (1, o) FIFEA,

x:1 L X;,5? = n (X — X))
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X-u
4) W—ﬁ~t(n -1

4. REARES1®
(1) XTFx2~x*(m), AEQ*(m) =n,D(x*m) = 2n;
2) R FT~t(n), HET)=0,D(T) = == (n>2);

1

Fi_q2(nm)’

(3) MTF Fmn), 4 =~F(n,m),Fap(mn) =

(1) WTFALE MY, B EX) = E(X),E(S?) = D(X), D(X) = 2&

n
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