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TEERAEAE IR R, PR N AR B EAE . RATESH—ANEE, MXFREN, EHF
— NS RIBERTT, BBibTTENEELREBAMHE. R —T, REAE PP A
B =FPREE, TR —NERKNFIRER, —HES—HESMEMNSE, 5 NEREZAFHE,
HE b, FRATREAH BV RAE AT,

BUESREI— R, X ERIRAIN A 7B ). HEABAEE, IATEIREF M
AEAA AP IETE SR o FARYRIX LR AR B, SRAG D5 AR i 41 A A
BAVENE T B S, B EE EERHEH — &S5, 2 S RAINA T odimd, H
H s A2 — S 25 3

PUAERAS /NS : B IRAREE R — R AT, VR R S ) EIER A B X PR A ] 8 -

1. WAE—KMEFPEY, BR—T, A LTSRN RSa R e, XK

AT TR =/ H AL 2 /D2
2. IRAEWZEF, RNRES — MRS — AR . T R—K S,
PREFIBTEAT S G 2 Hd ?
XA, AT 288, 12 Al H ) g

R —fe— Al G, RO RENE, WERIA BT, RS ER DS,
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—ANESLNME. SRR, R A ESNE.

) A R, ORI, M 0 RFRIK P RS, M 1 Rk
JUE . U BATRYE K S R SR, elTEh o 81, U5 EREHEN—A
KSR 0 b2 1, BOVAADBIEEE, Prilate s,

A_E i A M 2T A 2
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1.4 LB

SEZRM: 1 - 4 - Unsupervised Learning (14 min).mkv

AR, FATRA 15 P EERHLAS 22 T 1. I B =7 2

Supervised Learning Unsupervised Learning
X /O
X X | © O
% X b o l,/-E:,_"\II \E} _/
o O (0" O
O Y B
Xy X,

A, CENE T B B SNEGEE, WERTR, XA EEEE T
SRR O AR I BB A, RO R AR R R IR o i DA, o T M 2 2] L A R s
HATCLFRMAE, IHEENNMHERESR, & RESCEET

FETC MR 2 20, AT RN AT B ERA /A, AR TR S8R R T
B o M B 2 5T P B AR AT AR 28 B A A A A AR 28 B il 2 bR 28 . Pt DABRATT 2 S ot
&, WAFILTALEE, RS IR EE R AT 4 BIREARNE, st RS RRE
MBS R BRSNS 2 BRI ROE AR, T MBS 5 ST RE A T HE e A S AN R R SR SR AR
R, g —A, ZEAF. R, TolhE A > FIE ] s 2K L w7 A [
(Mif%. B AMECRES . HIGEY, EREMIERZ M5 .

RN ) — M7l R AE A ORI o A SRAR ARG MR AL e, R 7T PAZIEX A URL
P41k news.google.com £ F - 43 HGHT I £ RARLE, WERART 2, ARF Z MR N A .
E R L, LSO SRR R o P AR AT A i AR AR R AR 2 B T AT
HaIt ENIRKR . Prol, REHE SRR — 38K, FrlERs—ii.

FHUEY], RRFEATC T E 2 X FA FRE AR 2 e R R AL
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HLas = 1 IRFE-28 1 F-5] 5 (Introduction)

Genes

A

Individuals
Hrh A SN AR BN . > DNA BOOERE 0] 7. AR A — 4R A
s A REEANME, ARZESHT I EATREH — MEERZER . SR B, RE 2%
SERRCARIE. PrIlRegite, 24, 4, RSSO, ZKEHO RS THBMIRE, A
Al AN A — R E IR R ARBEMAI R Ie AT — N IR, 1B MATRRBIATH K
REAFRZEHPH (N ...
PR LGB T B 22 2], U TEAT SEAT 5 FE 255, b, 15— 381
N REERE SR, A =38, 8. JATZU, 2N, A MR BAR
R R4 . WAFIERERAT 2K WEBARE N A LA R RRR, XK
RG240 ABAREE H SR BIHEE A E A 2 i DUk EE [ St ISR LE AR 3] %A
e, IBOFARTTRIE T LE R TRLE o PR FRATEAT 45 5505 IR R B SR [ml B S rh i 8t
LAl A TG B 5 2T
TeME 2 S BCREAE RERN N & ATHLRB T NN . BOA e A AR K EE
Ht TAE, MREA KB THENUER, MATER R ARERINLES % T R A, dRARRE
AL ARLENL &5 W0 A LA, ARt ELE AR A BedE hoL AR A5 B i R 55 L FH A 4 52 R 45 1)
rte FTRACARIARIE S, HAIRZH K email 1, BUZ1K Facebook FIIIA . AR+
TR, AT BBt gs B AR 70 4l ? BIAEAL B A AN B AR RGN, DRA B P
AN? G E . W2 A A KRB, AHEHTREER. PrEL, JREER 2R IX LB
HHAESE, BRI, JF A SIEEE R o> B R R4 T, AR REE 30
FEAT R A R BN R G 7 T 37— iR EAT B o XM E A 2], O ERAT AT AT (1ot
FEE, ERANTBCARATRIIE A A4 T3, ULL B RS B A TR e S rh i . 3
MIARGERERAE ST, YL 5Ty, 5. IIATHL AL FIEMEE R
U)o e, JoMUE A I AT T RSO T, IREERREAA I T AN A A
FIEVERE , R T2 R R ANV AR 1) o IX AR TSR 1, BRI R TE B 2 ST P i — i
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PIE G VRRAT T — o BSRN ARG R 2. T8, R

SNSRI ? RAT By
BBRT, APrEbEEERRN, EiLE, MER, Za2 NFERENR, HERILE
&, PONEA NHRAEDLE, B — IS E, AR LP I ARIRI RTINS & Brd, W]
REAE— AN IXRE NG 0 B P AN N A A9 (]I R AE B0, BRI AR AE S /NIRRT
S BATBIPIANZE 58 WA B3 ), BRI Dk e 2 o AR S 77, 8 U il A B R AN [l B A
Z S RAER TR S, BARGZFRERPIUIEN o UG P 3 3k H B N 21—k,
SR ASE B ik, A T AL IR 3R o 4, XA BRI 2 X 73 A A BT
AT LA A IR T, SERr b, ISR IR — N 4 R

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

FrbL, CaUIEREEMRE T B HK T .

S AN KR

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

Cocktail party problem

s

Speaker #1

Speaker #2 Microphone #2
EHE XA

Pl

N,

BE2AWEIR, R B2, g

BRE FRALT- 5 AR 255 KB AR B 12 31— HE R 5 s JAVA T,

WEEESRNIE, B EELXRANERNIER, KB NNESF 2 Bl H . $F58 kb, X

NG NEAR A 03 PR A 1) i P B892 mT BAAE T — A7 AU SR 52 B
LA IX B R (AR «

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

WER N RAESE T RSN (B A e & S X AT o FRAS & UL IX AN 72 T8 S 1) @t (ki
T, MR IEMgRAEIAEE, 2R BN R SRR . BTRL, XM N ATEAR R
Wi, FATTHT HAE F Octave % F2 3455 . Octave, 72 56 5% 1 FFIE B4, 48— M4 Octave B Matlab

TR, W25 5ERR RA T UTAE AT sL .

12



W8S 2 S) R FE-28 1 J-5] 5 (Introduction)

JETH, REFARMNT— FOC T Wl F Octave MY, Rk AT AR Octave Sk SEH— L84
7. B, WA Matlab (iEAR? O, RBATLUY Matlab, F52 1, fEREAHL, XK
BRI EE, AV DR @EY, £ Octave FIFIEAY, K3 AHAE Octave 1]
PAA NHMELUE S PR b S IX 862 S B . 3 B I L R G L i SVM (GZHRFFTEAL) B
i, ARENE, Octave L OZEAF 1o AURIRIKIETERX AN TAE, (HIED) C++5L JAVA ]
i, e EMRZRZATINN, JEREIRN c+3 Java . FTEL, RATDASEHLX L5
%, 1B C++5{ Java 5L Python, ‘& HJE IR FoRSEISEINE 2. (EE: ZMHEH
I (155G, BRAE Python A2 3 1)

HE W2, ERANLGF TRIEHFRMIAE, KIL, 3T E s, R A
Octave fFNgifE S, WAL Octave fE 472 TR, LURMENFERTA, EXibiRx
MFIER S M R L.

FL L, R NS A F B2, A& Octave Kifs —2
e I ENER R, AAERCRIbE TIEE, R4 B ER cr+ElJava BUIIE S
YR, XFEOE E W AR R SRS AT L BT C+sEBUREBR, BBl BAE, fFN
—HIRSE, ROV HER, EXFEATF ARSI Octave XAMMAEIEIHIN, ik
e BRI — i BRI, BAE, RTINS, BRI T, ARATIT A
AR T I E R B RO IR 2 XA T, BARIRE RN A= IR T 61, BpLas
FAPRNG, BN S, REA XA R TR, JHAMA Octave.

B, RETAMBNAE, BAA NIRRT

AN T IRME 2], BRI, TR REREE, IHEEE RN
R R A

G, A BARMNTETC AT BER R R . A SRR FRic i O, DO R by Rk 2 AR by
SR, FATHEIRAS A B 2 3 6 R

BT S 2RI RN A BT I R 5], FRA A A LR T, A TR 2,
A AN RRFER IR e s B —ile, Frel e TR .

W FHAIBI T, AL R — A YL, ARAT P B 2 S e, RO
SERFAE, FLEEE At T .

e — M BRI, XA SR GO BT AL, BRI . R B 14T
SRR, RAE. SEPER, RIS RE ORI . P AR HE XA SRR S), JdiTRE
Woff ke, AR — B S e, AR BRA T FLREE B h i —

13
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a5 7, LBt R T S AN, A2 DR, BT IR AR TR € 152 2
ik, e IR PRI TAER, MBATEE R AR SEIEAT.
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HLes 27 2 RAE-28 1 - AR B2 ME 5] (Linear Regression with One Variable)

2. BARE L [E]IH(Linear Regression with One Variable)

2.1 BRIRR

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

TATHIEE — A2 I BRI HFE . EIRRBAUD, REE BN FIRALR, &
HENRIRE 2 T E 2 R e B .

EEATEE AR g XA TR TN B R A, SRATEAE A — A Bt dk, #L
Pa S0 A A N s 2 T A s A% o AEIX L, IRERGEAF b3 B R BT e, 1
IR LT ¥, WERARAACH P57 1250 ~FJ5 ROK/N,  ARE S IRAIATTIX b5 1 RE S
2. M, IRATCUE) — PR R MR, iR A, MR R
&, WVFRAT LS VRIRIIIIA, AilRe LAKZY 220000(3 70) 72 43 B A S2 40X AN 5 o XA
B R S R — A T

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.

EBHRAENE A SR B TR SRR U, A b 7R A s, B URERA:
IRYE AT ESE R YL, 5T LB g 22, mH, ERARRY, KA E A, (5]
A BRR I, BRATARYE 2 i A T e — AR 0 R, O T XA T B AR,
I, 30T 53— AR WA 2 2007 3, I SR, A SRATT AR T s i) a2 1
i, FRATTIEAE G HRAEAE R, I AR B iR A2 BRI AR, X2 0/1 B i 1Y
e, SEHE— DR, FEME S S h AT — MR, XA BRI gk .

PR AR PR VNG BImAR R IGRAEAR IEH .

LAZ AU B3 2 38 By A6, ABAEBATTRNA HE A 2548 (Training Set) W1 R R Ps:
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HLes 27 2 RAE-28 1 - AR B2 ME 5] (Linear Regression with One Variable)

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

2104 460
1416 232
1534 315
852 178

FATHG 2L R AR XA [ R bic R
m AR ZREE L HR

x ARFHIL/ N R

y AR B/ A &

(x,y) FRAVINZREE 1 S

(x @,y Oy RFKEE AW LS

h AREZ ) LRI TT S8R EB AR AR 1% (hypothesis)

[ Training Set ]

v

[ Learning Algorithm ]

h 4

e L e

e — A S I IR LA 3, JRATRT DA B AT JAT I SR8 L D3 2 A A
PAHEE IR TATN 7 T, FAFRMTAE T, RE%H— A, B ERRNNE h
e h AU hypothesis(ffi&), hiom— M eEL, Hi el RIS, stB IR A &
ipsE, BIL h ARIERAN xfERAGH y H, y (ERRG FRIfE: Bk, h 24
2y WERE .

BAIE IR I RICEE hypothesis, [AITT, ZEA7 L 55 0 00000 il R, AT 5B
BRI W G AT 2 I B, BN 2 A5 B AME B, AR AT TN s
HI RSN NS RN S h, - 00t 255 J2 (K2 B A e AR oot AR B A5 3R TR 4,
RFFBAT G5 A B, FAVZIM TR h?

—HMATRERIRIETTHON: hg(x) = 0o + O1x, BINAEH —MRHEARAA R, RIILIXH
[ I R 502 B A [ U )

16



HLes 27 2 RAE-28 1 - AR B2 ME 5] (Linear Regression with One Variable)

2.2 RYTEREL

SZERIM: 2 - 2 - Cost Function (8 min).mkv

FEIX BT AT E SO R B, XA B T 3ATTFRIE 2 A i A T RER LK
SEATBARAE - Wil

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

Hypothesis: hg(x) = @%—(Dr
Oi's:  Parameters

How to choose #;'s ?

FELAE B AR BATT — MEXFERIUIZREE, mARR TINZGAEARI AR, i m = 47,
111 BAT TR B B K, gl A PR SR AT T 11 R K, SRR IR B BB K hg (X)) = 0 + 0%

PR RBATE G — R TERATIAE B R N BN EF S ENSH
(parameters) 6y A1 6, 7Epi i X5 P8 & B RIRIA Ay Bl ERI#EER .

HAVBEFERISERE T BAAF 2N 0 B LA T FA TR GREE A HERRRE RE , R i 7000 )
ESNGEDEEMEZ M ZER CREPIELT) MEBERZE (modeling error) .

A1 bR (R H T DA AR 220 07 PR S BN B4, SRR
B J(05,601) = 5= T (ho () — y©) b

BAVLH] AN E, = AR5 N0, M10, F1T(8,,6,):
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HLes 27 2 RAE-28 1 - AR B2 ME 5] (Linear Regression with One Variable)

100~

(s N
6, 2 20 g

WA] A HAE =422 [ R A7 AE —MEAS (B9, 01) /DK Lo

AR BR B AR J5 R 22 R KL, AT I RO~ 05 iR Z2 AR B B BT i AZESR Y
WREKPT I, RBOIRZET A 8 8, X RS HR A, Rl B R, #RE— A a
BRI o A HAR AR B BB BEAR S R AR L, (ER 105 R ZE A R BT RE S A k]
Vi) R FH I BE T .

FEJE SRR, BATE PR AR KA s KL, EIATRINIV R IEF R TR 2 ki
(5] U i LA 5 R o

WA BREY (09, 6:) A mAME, FTREARTIIR A RIE S I AR, FE5 TR AL,
PATE S DR 8 By 10 AR R, JF SeulE B AR EAE T 5 A, BLRIRAT]
EHERH.
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HLes 27 2 A28 1 - AR B2 ME 5] (Linear Regression with One Variable)

2.3 RYrEFHIE TR |

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

FE AR, Bedllgs 1A BB e B e S R MU, k3R ATE I —
S ORI — L S, BE A R R R T4

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) |

7 hg(x)

3
2
Y . 1 =0
0
0 1 2 3
Ty = 35 (Vv 42D e |-
= —é,w a NN 7 Mnimize S (Slv
,;;»,,\\7 i '.®| . SR
~ Andrew Ng
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HLes 27 2 RAE-28 1 - AR B2 ME 5] (Linear Regression with One Variable)

2.4 RN BEFEWER I

SZERIM: 2 - 4 - Cost Function - Intuition 11 (9 min).mkv

RATUR, BA PR IR AN AU, I B A BB B VR D2 TR A
2 B A0 SRR S5 e R AN RSB U IX B (R RS 8 R AT RE 2 T AN, (BN EEER,
BRI X BRI 15, IR AR R, AW IR0 5 SRR B AR AN K

10 -
0 T~ s
il BB e SlEmEd
AU R ELIRE 7, S B, WA DA tHAE = 457 8] WP AR AE —ME1RT (00, 01) /M AL
h()(.’l?) .](9(),91)
(for fixed 6y, #;, this is a function of x) (function of the parameters ., 0;)

700

600
g S00
AR
% 300 \ i
E 200

100 Training data

— Current hypothesis
%000 2000 3000 4000

5 1000  -500 0 500 1000 1500 2000
Size (feet”) [N

R X LB, Py B R BE B AT P AR X S AR B By P R A B A A KRR, eI
BB BRAT AR, AR ARE BB BOM REFK i, SE B T ek By 1) B M

28R, BAVTHIEFR R R PR B0 HE, Behs B 3 b X SR ok By R ME
Z400,F10, % .

AT AT B g DG PP IX 28 fUH R, AR5 N DR T7 V2R 158 X L p i e, X AR
BRI FATERE LA, HEdEE . E2SHENL, XL IR AR A
HH IR, BRI SE Tk LT, PRI AT B TR 75 2 1) 2 G 15 4 P SR A H X 6 e /M AR B
B0, e, KfE, 72—, RATKEANH—FEE, B8 B 3R H AN R Ey
/MU 240,16, KI1E .
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HLes 27 2 RAE-28 1 - AR B2 ME 5] (Linear Regression with One Variable)

2.5 BEE TR

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

BiEE T R — > SRR BR B MBI B3, BRAT DRI IR BE R B SR SRR X R 2
J(60,61) HIE/Mi.

BiPE R B9 i i AR - UG ATRENLE £ — DS HIIH 5 (60,64, ..., 6,), TH5EAR
el RIREATFH T — D REEAN REUE T PR 2 S HA G . BATFEEX A E 2
BN FEER/ME (local minimum) , BFONIATIFBCA ZX A IS EL G, B DA RER
5 JATAS 2N = B e ME R 2 42 Ris/ME. (global minimum) , EFEAFEI TR S HH
& ATRE IR BIANIF 1R s foe /ML -

Starting at different points lead
to different local minimum

1(6,.6,) .

MR TARIES AR L IR — g b, SZAEARAR G 2 X PR AT 1l b, FERBRE TS
b, BATEME B e 360 K, BERBMNMAE, It B BRI, FMED
SRR XD B A T5 R 7 RN TR L BRI — R ARG — T, R
RRIRAER N WL JT i, REER L KR E AR, NAZ M ATT A NS R
? ARSI B TRl OE 2, B8 R, WZAF A, RABIE,
PE MT AT R B N i, ARG SOEE T /NP, IHKIESE, B RIVREGL R R R
OEA

HLEFEE FB% (batch gradient descent) Hi%H AN

repeat until convergence {
05 :=0; — ff[.)—(;-f{-‘l'n-_ﬂl] (forj=0and j=1)
1
HrafZZ 1% (learningrate) , ‘B iRE | AT E BELLAMY bRECT FRFE AL B K 5 )
M NAHERETFE 2K, EHCEE A, A —XER R LT E S BR 2 2 S R
e AR BRE 1 T 2L
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HLes 27 2 RAE-28 1 - AR B2 ME 5] (Linear Regression with One Variable)

Gradient descent algorithm

repeat until convergence {

19
—=> 0;:=0; - J(0o,0,) (for j=0and j=1)
c)()J /
}
Correct: Simultaneous update
te "ll)“ = 0() - O ”’ 1((}() U])
templ := 6, — m J(6y.0,)
to := templ
@, := templ

FEBRRE TS, A — NI I R, BRRE R, RATEE e Me, , X j =
0 Flj = 10, =R, FTLMRE BRI (00) R (01). SEBUBAEE R RS2 M 2 Ab i,
FEIRAFRILA A, W RAREEFEANERX, IRFEFN TR0, M0, FMEERERNERX
i, AT EEIXRE R

Oo:= 0y » HEHO:= 0,

SETT R ARBLZ S A A TR 4y, I A — 0 TH A 0, F1 0, (KI{EL, SR Rl
0,10,

ikt — P R I A

Gradient descent algorithm

repeat until convergence {

d
=D ()J — ()j p— (1;)7)—](0()01) (f()l‘ J — () '(1[1(1 J — 1)

} J
Correct: Simultaneous update
temp0 := 0y — .)0 J(6,60,)
templ = 6, — m J(6y.6,)

0y := temp0
0, := templ

FERRRE N B SET, I AR 10 S RIS ST 10 759 AT RN AT A /R 75 BRI 5
W, RIS SRR BT R b i — Al T 5% BAT e & UkE], R S0 S H AR S BT
o BMNTRBIBEEE TR, AT B R .

FEFE T RGP, BATERE XM B 2. OELS T HREBCH HIEE
3G WRR B AR PREE,  WERARAGE R T B 32 X LSt 1A 0 T -

a a
a 6_60](00’ 01), «a a](eo' 01)-

22



HLes 27 2 RAE-28 1 - AR B2 ME 5] (Linear Regression with One Variable)

U RARASEAR ), AN, BUSER 2 BTBCA B R MAR 73, B0 30 # fied (i 4
FERE TR, VRAF B — VIR ZER0E, W TSN TR AR
TR, A R ERATRENS 45 SRR L R SR T A DR .

23



HLes 27 2 R 28 1 - AR B2 PE 5] (Linear Regression with One Variable)

2.6 PR T FEH B AR

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

FEZ BT, AT T — 7 BT BEEE T R SE S0 A IRAAERA T E IR AT
Fo— N, HEMHIRZ — FIZAERRM A 8, DSBS T B S0E B SR R A A s e
B B RE TR -

6= 06, — aa%j](e)

TR XTOMRE, 1R (O)Fb T NIRRT M AT, —EIART %, RALSH| R &
ME. Hrhaf2 >3 (learningrate) , ‘ERJE 1 IATUTE BELLAT BRBCT AR L R KT
[ R TR 2 K.

3(@\\ (@\QW\

T FE, SRGH i, JEA b AT LUBEUX AN S I, SR R — 4T
2, WIRF S BT IX— i, LIRA1TE B IR AL B RMATE, HRIK AT 5 5 M 2
VIR A EILL, 104 LR AL TE AR IR = AW M B B LU A KT KB, BIE, X%
WA ERNR, WERBTHESH, Bk, REFMHN0,. 0, FHEEToME A
EXFRLa.

BRI TSR 6):= 0 — a 30-](6)

IEBATRE S IR a KN a KR 2 AT A0
WRaKAN T, EIFRAEESTHERRDN, GRS REER PN E S —F— R A iia),
LB A AR, AR BAR 2 P A BRI R AR, P AR a K N, ATRER RS,

WRaKK, IABEE T BETT RE ML AR, EEATRETCIES, T — s
27K, ik OB IR, RGBT, BRI BLSEBR b S R IR ROk



HLes 27 2 RAE-28 1 - AR B2 ME 5] (Linear Regression with One Variable)

M, Frel, Ra XK, BERIFBOLENEL HEREG

B, JIEA AR, 3R XA T, JAE T AR — BURH R A BRI
e, U RIS AE O, AL — DRI ERAC A, AR TR N A B AR ?

BARKE O WIIRAAE R B BAR A, XL, B CEAE— AR I e e A B3R s e A1 A
SRR R A SER ETE, FOVERIBFVILIIRIE . XEWE IR AR R
R B0, AN, WAUEETe ST ERNG,, B, WRIRSE O 24T R
R IABRE T B SR S A HB, SN ECES R X WARRE T ot A B
VR aRFFAAL BB R AT DA R i B (e

ARG A7, XA REY(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.

KB E R B/ME, BRI T RS, ARt syt R
PEEF—PRR I T B, MVFE RIS A, POV f i) S ECEAR S BE . BUE, 7R
RO, BRI R b, (R KIEITHL AR, 2B AR . EERE
A, R PEBORIBEGI S, il #RE N P)E, i eRa2h—ma. A5
WAEFBE T2, RN, AR DRMERNIA RS LG H,
R, BTN, TR ERRIRA T, BRI R S Bes ISk sl /. fr
L, SR HAT PR RS, BN, 6, RO IIIE R 2 /o B LABEE A
BN FEERIEAT , URRE B L 2 A SRS MR, BB B 28 R Bl R L AR /I, IR B,
2SR = AR /ME -

RIS, FERRRE N BRI G R S i (R R, BRRE R BT 2 E SR /M)
W RE, I R 2 A T SRy R B AR i, AR AR R B IR 55 T, pr A Bl %
R EAR, FRAE & H SRR, Bt DUBR R BERE H SR IUBC MR, X2
BRPE N BEROB0E . i SRR B3 28 53 S ha o

25




HLes 27 2 RAE-28 1 - AR B2 ME 5] (Linear Regression with One Variable)

XA T RS, VKA BL ek MR AT Ry, AN R Bl b AR
PR .

FERL PRI, BATERAC sty BIRIERIAR, 2otk Bl Qs k. W
WA BATRTHAS PP IR E RS, S5 AP T L, LRI st RATS AR —
AIMLER I BE, BIZR I R 50E
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HLes 27 2 RAE-28 1 - AR B2 ME 5] (Linear Regression with One Variable)

2.7 PR T FRRI Sk [E)5

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

A5 VAR BRI A TR 256 T 6 T B SH0E, BT R AR RIS, B AR
ZEPE R _EANZAE IR PR A s A I BO , BRATTELRE LR B A
PR . BATR RIS, IR N T R ARG BRI 2k I 50 B

B BT AR AN Ak el VA B0k B e 4«

Gradient descent algorithm Linear Regression Model

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

Jd
()_] = 0) e (l%.](()().(}])

=1 _ (D)
(for j=1and j =0) ~ 2n ; (ho(z y'")

2

}
XA A2 PR [l ) e PRGN BTk, ORBEAE TR AR s 8 3 58, B

2

m
0 Jd 1 ; ;
—_ S @y —y®
35 Co0) = g5 ) (o) =)
=1
j= 0 HTJ_ 5. ](00 1) =_ TTL (hg(x(l)) y(l))

j=1Ww5%K%ﬂo=i 1 ((he(®) — y©) - xO)
RIS R

Repeat {
1 . .
Bo:= 0o — a—3L(hg(x®) — y©)

0,:= 0, — G%Z?il ((hg(x(i)) —y®). x(i))

}

FATRINIE A SE, AR MAOAREERRRE T . Sthr b, BN E I, BHARS
EEDRAT, AR AT HEE TR, RIREME TRNE—Dh, RATHHE T
PR BIINZRREA, FEBBRE T D, ETHSEMO RSN, AR AT RAISSE, Frll, 1E
AN ERIER R, AR B IR — AR, XA TR ZE BT A mAN IRk
AR R, #EEBERE R BREIXA A U T BRAITEE B X GRS
e b, AR ARSI R N IRE, AR R A, AEEEA IR, TR
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HLes 27 2 RAE-28 1 - AR B2 ME 5] (Linear Regression with One Variable)

BERASRENGE T — LN 4. BRI AR T, FATERAN HIXLET57%.

EFLHBTT S, BARNIERIR S, RNIZE 25 TRER R, JF Hite™
FIRIZ LR rh T, Xt AT Aotk B RR L R

IRARZ A LR, A 28 A2 2 iiTR] g 22 sl i SR 2 MEARK, RO IE T —
FH A Ry B/ ME R BUE S, A ERRE N X AE AL, R miRET, &
IERBNZXAT %, T EARTT B2 D T REAfEO0 N, tBe thAQHT o8 £y i i /s
{8, X2 5 —MFR N IER T T2 (normal equations) ) 7775 . SEPR EAERGE BECRIITEIL T, #6
JE N B L IE U R T ] — 28

BUERRAT OB AR TR B, BATR LA R AOPA S s IR R B, AT TIERAE
AFFIHLES S R E . FreL, SRR A 2RI — ML a4 2 5%

FEN — B, S URRZAC AR L T B Sk,  RORHEARR T S N5 K

28



HLes 27 2 RAE-28 1 - AR B2 ME 5] (Linear Regression with One Variable)

2.8 WTFRHIAE

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

FESE TR — AL, X 2 EARKCEAT — IMRIE A B 2T [T A0 RAR MR B 2
fied 1) B AR R, AR A TR LA A — DR R R D AR B AR, B AR 2 Hix e AR
B 7 i, ABEBTRREA T, WHATPES, i 25 ORI A, B PR it [ Bt
PR F 21 2 v AR o

AT, URAT CASHMME Y B 5 R R 2 e [l AR . s B, AR L
[l R, B T A RE R AT [ ok A B A Bh AT B S5 B 2 LA o ST, O
FETHE B AR o 1L DY SRR AN R fR gt 1 — i R 0y sURA SR B,
A M EATAE B ERRIIIZREERS, WERARAAELMEAE, WRIREAF LR LR —

24 AMARIRES, REREN T BT AR E N, AR, SR, J8 TSI
aei S B, PATA TR — e R AR A 2 AR . i B Rk LM, AR TT LA

IR 2 2 A VR T 2 T AR AR AR AR o B, T 3 BRI T R 5 A 7 B S
TR, RETHRARIEREM AR, RIRWFTIN. B« SRAFEAF R, e
ELCIEES - WSl

WRAR A7 B IX RS, AR T8 42 F] DAk X 20 50 T2 e A s (B A, (H 2
FARN I LM ST LEVF A E , A Xy B AR B, BAEE /B T —
AR, B IR RI SR — LE VR TR 2R IE A ME B RN, T 2 R Bl S H%
ANAE PR K B
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HLES2E 2 R 28 1 -2 A0 Ea i (Linear Algebra Review)

3. ZRMHEARE B i(Linear Algebra Review)
3.1 RN &

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

. IXANE 4x2 SEFE, B 44T 2 81, WimNAT, nF, I4m x nBl 4x2

—_— | 4or e
. 1373 gr |
= 149 WA

—= 14 lyy g

7 T

G4 wL  nekcix
A5 0 B B BB 4
1402 191
_ _|1371 821
e CRRETD < 4= 1371 821
147 1448
AREBIUT, BIMTTE.
460
R —FMEFRIVIERE, b iR iR AN, .y = |22
178

AVULEF & (4x1) .
WwrEA 1RSI HMEM RS ME, £EN1R5IF&E, AN 0 K5l m&E, —#3EA]
H 1 &5 HE.

V1 Yo

_ |2 N
Y= ys|’ Y= Y2
Va V3
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HLas 22 ST FE-58 1 J-2R AR Eml i (Linear Algebra Review)

3.2 IERFRETRE
SR H: 3 - 2 - Addition and Scalar Multiplication (7 min).mkv

TR AT SEH S K AT LI
E

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

RIS A TR AR

1 0/ |3 O 10
Ix|2 5]|=|6 15]|=|2 5|x3
31 9 3 31

Ha Tk bl
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HLas 22 ST FE-58 1 J-2R AR Eml i (Linear Algebra Review)

3.3 JEMEW BRE

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

FEFERE R AR A m X nffFEFER Un X T FE, [2FZ2m x 1K FE

N e e 2l rokrixe
fx[ + e £ = 1'-L:>

Gxg) + orS =%

———i

el & s =%
CRPEIE
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 22 ST FE-58 1 J-2R AR Eml i (Linear Algebra Review)

3.4 JEFEFRE

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

R R -

m X nfEFEeLAn x ofEFE, AL Him x oFERE.

U FERFE VAT B (TR 26— TR U — R, LRI I A PN EREARIB, R
A EATHIFRA AT LA R 9 B R R R

¢ = 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 22 ST FE-58 1 J-2R AR Eml i (Linear Algebra Review)

3.5 JHREIRIR IR

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

R B RS [ PR
FEFE R FIEAN LSS AXB #B XA
FRE gk e s A, Bl AX(BXC)=(AxB)xC
SAALARRE: FEARRERISRIE T, A AR R R IE R, A R SRE Y 1, 3RATIAR
IXFHERE AT AR SRR, — B 1 B E R, AUESGEA T ARSI RE,
WFE EMEIE AR AL (oML EReReh 1 BAb ey 0. W
AA T =ATA=1

TR, HAI=1A=A
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HLas 22 ST FE-58 1 J-2R AR Eml i (Linear Algebra Review)

3.6 ifi, #%EH

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

FEFERI: IRERRAR — S m x mAEFE O7FE) , WRASHRE, . A4 =A""4A=1

AT MAE OCTAVE B MATLAB HH 3t 17 S50 o () 306 4B B

R E . WA Im x nfrFEFE (RImATnAD , SBiATi 5 TR 2Za(l,j), Bl A = a(i,))

TE AR BEONIXFE— M x mIAERER, 2B = a(j,i), Bl b(i,)) = a(j,i) (BRISi1T
FPTCR AN FATHSTER) , 1AT = B, (Y458 A'=B)

BHAUKRE, MARPTHGRSEE %NS LT 1 FIe R A4 N7 45 FERISHEAE
B S, RISRIAINEEE

i

T
a ¢ e
=|bdf

(9}

b
d
f

LR P A B A I
(AxB)T =AT £ BT
AxB)T =BT x AT
AnNT=4

(KA)T = KAT

matlab R E: HEFT M, x=y'
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WLas 2% STUFE- 28 2 Ji-2 A8 4R % [F] )5 (Linear Regression with Multiple Variables)

F2)H

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

4.1 ZYERHE

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

H ATk, JATAS T B AR /R AL ) (el VTR, AR BA T B A 2R 088 T B 22 PR RFALE
B0 55 B MR RS, MR DS 2 N RR IR, BB IRIE N (g, xq, .0, %)

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

W EZ LR, BATFIN— RIVH AR
n AARFHIEI SR

xOREE @ MGy, RAEEMETRET, &R (vector) .

BT, IR
1416
x(z) = ; ’
40

x].(")ﬁ%%%ﬁ[i%ﬁﬁiﬂlﬂéﬁ P ATHES jOMRHIE, MR @ MRS j AMRHIES

n EEfE? = 3,42 = 2,

TEZTEMRE h BRN: hg(x) = 0y + 0,x; + 0,x,+...+60,x,,

EAAARTAn + I SHRInANLE, N TR ARG EAL L, Ay, =1, WA
REAN: hg(x) = Opxg + 01x; + 005 +... +0,X,

SR B I S H O — A n + 1R A&, AR NI GRSt n + 14E1 &, 4F
MEFEPEXILEE  m+ (n4+1).  BIARAT AR N: ho(x) = 67X, Hrb EARTAARHFE
E.,
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WLas 2% SR 28 2 Ji-2 A8 4R % [F] )5 (Linear Regression with Multiple Variables)

4.2 ZREHE TR

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

5 RAR B AN RIAEML, 2 ARBENERITY, FATHAE MU B, XA
B BUR T R Z ISE T A, B ](90,91...9n)=$Z’£1(h9(x(i))—y(i))2 :

Hrb: hg(x) = 07X = 0y + 0,x; + 0,x,+...+6,x, »

AT H AR A B [ 5 i vh — R, R AR AR R B N — R BI S H
LA BRI A HE S AR T B R

Repeat {

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

1

)
SIE
Repeat {
0;:=0;-a _dj 2111 ;(ll.g,(ﬁﬁ""‘J-)’[”)2
)
KPP
Repeat {

1 « ) .
i) _ [0y o iy (1)
é"j .—HJ- rr—m é] ((hy(x")-y"™) x;")

( simultaneously update @,
for j=0.1....n )

}

0p: = 0o — a3, (he(x®) — y®) xg”
1 m

91: = 91 - QEZ(hG (x(L)) — y(l)) xil)
i=1

m

1 . . ;

92: = 92 - QEZ(}‘LG (x(L)) — y(l)) xél)
i=1

FAVTHIREENLE 3 — RIS EUE, HRTARBINER G, B ira S8
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WLas 2% STUFE- 28 2 Ji-2 A8 4R % [F] )5 (Linear Regression with Multiple Variables)

fH, WA E S
R
ST B AL J(0) = 52 (he(x @) = y©)” b ho(x) = 67X = Ogxy + 012, +
0,%,+... +0,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% STUFE- 28 2 Ji-2 A8 4R % [F] )5 (Linear Regression with Multiple Variables)

4.3 PARE T RRIRSEER 1R

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

FEBATHI X 22 GERS AL i I 5, JA T AR UEX SRR LA B A I A RUBE A 35 Bk
JE T B SR T HR A S

LGt R B, s B AT AN RRAE, B R RS A s IRl o, RSP RIMEN o-
2000 P SR, 1 s A ECR AE N2 0-5, BAASZH IS AR, 2l A Qi e Ko 2
efE, B BB B, BT RS AR 2 RS R el

el

<
—
S

|

DR IR 7 12 SR T AT R K R AR A TR -1 1) 1 2 18] dnA

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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WLas 2% STUFE- 28 2 Ji-2 A8 4R % [F] )5 (Linear Regression with Multiple Variables)

4.4 PR T RRVASEER 2-% 3%

SZ I 4 - 4 - Gradient Descent in Practice Il - Learning Rate (9 min).mkv

Pf P2 T Bk SRR W S ol 7 LS AR EOR SR AN [T TR AN, BRATTASRESR AT, 3RA1T
] AL AR R ) PR AN B3 AE o I A8

min J(0) s> <Ll

deciease_

oS e
@gﬂ \(‘Qr»f\'n on .

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

A 28 8 2B SN 7%, B AR AR R U AL AL B S 2 AN IR (il n 0.001)
BEAT EEHE, (EEH G LX) EER 4T

BN PSR IR OS2 25 ST R IR0, RS ) Raid /s, WA RIS /5 (1%
PR AR s WER S Faid K, RS A ZIB/MUGT R, W RSBl J& i
/IME T BRI

IR DA i A 3] R

a =0.01, 0.03, 0.1, 0.3, 1, 3, 10
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HlLes 22 2 A28 2 -2 A m 4 M Bl (Linear Regression with Multiple Variables)

4.5 FFALAI 2 I e )5

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

Gn G TR ) e,

hg(x) = 0y + 6, X frontage + 6, X depth
x; = frontage (GBI , x, = depth (YAFIVRIE) , x = frontage * depth = area
CHAD 5, M he(x) = 0y + H1x0
AANERH I AE T IraEdE, A AR 2 i Aokl M3 B, tein—A> k07
i hg(x) = 0y + 0,%;, + 0,x3
B SRR hg(x) = 0 + 01x1 + 0,x2 + 03x3

Polynomial regression

Price

V) 900-{—91.’17-1—92.’132
y

= 6y + 61z + 921’2 -+ 03:173

Size (x)

T H AT Z WG IR G e fE & BRI 514h, FRATATELA-:
Xy = x3,%3 = x5, MK EEAL LR AR
AR BR B BRI, FRATTIE AT LA
ho(x) = 6, + 0, (size) + 0, (size)?
e
hg(x) = 0, + 0, (size) + 0;Vsize
VB WA TR 2B, (EISAT R R R SEERT, R L
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Hles 22 2 A28 2 -2 A m 4 M Bl (Linear Regression with Multiple Variables)

a.6 IEHHHE

XM 4 - 6 - Normal Equation (16 min).mkv

F)HATA L, FRATHAEAT FHBEEE TR, (RXS TR e 2 vk [m] U i, TR T A7k
peok At saEia) 7RI S P
Intuition: If 1D (0 € R)

~ J(6) = ah% + b6 + ¢ U J(6)

S
I 0 4

TERRTT A A2 8 I SR A THT AR 7 Rk R A3 A ek B R /N S 801 - a%j](@,-):o .
BB RATI LRI N X (BT xo =1 FEABRMNNGELERAME y, WF]
FIER TR E 0 = XTX)1XTy .

EAR T RFGERERE,  Ehs-1 RN BEREA = XTX, . (XTX)"t =471

DT 2o His -

Examples: m = 4.

Size (feet?) | Number of | Number of | Age of home Price ($1000)
\L 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 2 30
1 82 2 1 36

| 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 FIERUT RE T 3R 2 4

N
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WLas 2% STUFE- 28 2 Ji-2 A8 4R % [F] )5 (Linear Regression with Multiple Variables)

| 1 | |
2104 1416 1534 852
i 3 3 Y 4 X
| 2 2 1
L 15 10 30 36

1E Octave ', IEMITFEE/E:

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

N S oo

b o -

CO T3 & o

SS S o

[ S ——y
>

P —

=

| | | | 160
2104 1416 1534 852 249
5 T R s
' .f 'l' X 315

5 30 36 178

TE: T AREEAN RS R GBS RO R IEZ [RIANRSL, R & 5 ROS AL IR
SRR BAAL A RST PRANRFALE, AT AT RF AR K TINZREE B » T REJ %2

AHEFN.
BB R B R R A
BBIE T LA
Y ] Ha E
TE S YA —EEA

RFAEBCRE N K I R

I XTX) T A R AE B E n BRI

B EARM R, BRI BR300 T B () B2 2 P
NOM®), WHEKU 4n/NT 10000 B2
Al LAEEZ 1)
FOEH FERPERRL, ANE A 8 A ) R A 4
FHoAth A

BT, RERHEAR R H IEA KR, W iR — MR i ESHe & R 07%.
Bk, NEREARESENT—, FOEE M RARHETT AL, AL R T R

b FRATTEE I 2 S BRI 2%, i, SIRATUERI 2R, QB EAR I,
WAT=FER], SEbr EXFT BRI, FEARAE FHFRAETT AR T IR Ee B R i 2 2] B0,
FATEAFAIIAE I BEE T 0. Rk, BREE TR R — AN EEA HM S, fTULHER
RERHEAR B A RE )@ 5 AT PSRRI T, S UR3IR)— S Am R 5%, 9w
HETTFREAE G EE AR AEEA] b o (B0 TIXANRR & B2k [ B, bR TR — 1
EUBH R N R S PR B AR TR, AR AR AR, DLARUR R IE AR B R MR, IX M A
FEHGR AR I

IERUTRER) python S :
import numpy as np
def normalEqn(X, y):

theta = np.linalg.inv(X.T@X)@X.T@y #X.T@X Z/F X.T.dot(X)
return theta

R B Sl it
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WLas 2% STUFE- 28 2 Ji-2 A8 4R % [F] )5 (Linear Regression with Multiple Variables)

4.7 EMTGTRERATESE (HEE)

SZI: 4 - 7 - Normal Equation Noninvertibility (Optional) (6 min).mkv

TEIX BAAIHFRIR IEM G2 (normal equation), DL BRI,  HFiX 2 —Fl
BONBRNRINES, JF BEA N3 RIXJT I A, B, RAEER R8RS, hTH
SBONIERN, BT DX BORTE AR R SKTBUR A, MVFIRAT BE R AR R T %, JE &%
FEM LS SRR A M. (HRMEIRECH B IE TR 2RI RS R, IR KRR,

BAZEIRHENT: 0 = XTX)71XTy

#FVE: ATWREREHESERET.

FUFEEA TR, SiHE o=inv(X'X ) X'y , FBXTAEREX X 45 B AT
FR 1% DLIE 73 e?

WRARNE — R A FNR, IRERVF RIS, A LRERE AT, A e P AT, 3k
ATTFRABLEAN T 3R By 7 7 AR AL AR R

7] R PR E R T XX B AN AT [ RRAR D A, FE Octave B, BRAR T € R SR B0 H 11
B, ESRB—ANERERE. £ Octave B, A PABRE AT LLIRMEFEFERS, — RN
pinv(), 53— inv(), EWHEZAINZERLEFITHELE LR, —S2Prigmihis,
HMERR . S pinv() BT DURIIEC: BRI R, XTI O e, BRI R
X' XA

76 pinv() A1 inv() Z[d], XA EAXGE ?

Heinv() SIAT e BUE TSRS, @0, ERINE SRS, i, 2 A

FORRSFRRS THE I T 22 WP IR RS TR 55 7, R, ARt niE 1 K5 T
3.28 R ( WUHTABIPRALNEL ), XFE, AREIX B NREE R R 290 R 2R xq = x, %
(3.28)%,

S b, ARATARBZ R — AN ERPE TR, RIS AP AR SRR AR IR, FEREX XK 2
ANATIE

BRI, ERE KRR EE, Sl EAIRE A S FE R, ATRES S EUR
FEX' XSS R RATTIE R, B, fEm/FEEET n BORHR, Fln, AmsET 10 N
WZHARANSET 100 KRR . ZHRIE MM+ 1) ESHRE, TR
101 4EfRE, Sl 10 MIIZRFEA PR BN 2 101 DSHUE, X TAETREEIRIE L
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WLas 2% STUFE- 28 2 Ji-2 A8 4R % [F] )5 (Linear Regression with Multiple Variables)

R E, ARXIEAR R MR B, EMBAITE BRI 10 MEA, DUERN
iX 100 5 101 NS4, HlEiL AL,

G FATEE 2, Wfer i N e AR LIS B)IX 100 B 101 NS4 @ %, JAIe
— B EOE NG 2 PEARE T 25, T B S LR B R A A S e R, SRefif Tk 2m bn
/NI ABE R ) . RS RAT — AN I ZRAE, AT AR 2 IR AR BIR 2 A&
ZH. B APRRIUFEREX XSS SO T A e, SE RPN A T, e
HARIX A0

oG, BRAEMA R T A 2 RIVEHE, (BX Lo Fllx, LR R, FONER L RRAL
[, A LS RERFIERS, AT DUMERIZ A4S R AR AR L b — S, JEZ NS AE RIS
ORE, BRI R R . R, e ROl WL T R AR A 2 RINRHE,
WA Z R EMER, ERMAIAF R 2 RIALE, GRS IESE SRS, R MR
PV FIRFIESR SR W e 2 WA, IR I8 M IERML DT 2. SRR X X AN m gt
K, CEFERG, Ao HPUXAENL . WIRAE Octave B, "TLAHIDhI %L pinv() Rk
o XA R LR PEABUR I 7 9 R D0 o BIVSEX X R 45 R AN T, (EL BV
AT HRAR A IERAFK) o e 25 HH AN AT S0 R R PR 15 0 AR 2 R 2 5 P DA R 22 s R A [l U3 o,
H B RT3 e A B2 120 2 (R SR X T X AN AT i [

WA

0 =XTX)"XTy WHESLE:

J(0) = =3, (ho(x®) = y©)* Jtifi: hg(x) = 87X = Byxo + 01, + 0,25+ +6,x,

B ERIA R AN FERIASE, WHJO) = %(X@ —y)? , HApX AmATn B RERE
(MAFERNE, nORFRENED . 0AnAT 1 FIGERE, ymAT 1 FIFERE, Xj(0)dt1Trin
AR
1
J(0) =5 (X6 — V)TX6—y)
=2 (07X~ y")(x0 ~ )
= %(GTXTXB —0TXTy —yTX0 —yTy)
BTN O)WMST, FERHBILLUF JUANERER R S50
dAB _

— =47
dB
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WLas 2% STUFE- 28 2 Ji-2 A8 4R % [F] )5 (Linear Regression with Multiple Variables)

dXTAX=2AX
ax
Frbif:
aje) 1
8 =§(2XTX9—XTy—(yTX)T—O)
1 T T T
=§(2X X0—-X"y—X"y—-0)
=XTX9—XTy
20100) _
~ 69 _01

e = (XTX) X"y
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HLas2A S R FE-55 2 F-Octave #0 2 (Octave Tutorial)

5.  Octave #{FE(Octave Tutorial)

5.1 EARERE

S EHM: 5 - 1 - Basic Operations (14 min).mkv

TEIX BRI, B BAR—FhgmfEis 5 Octave 155 o VRAEEE F Tk A H IR IH Hh SLBLIX
RPN 22 ), s K 2L 2 S B

HEEREHZRAAA R P HIEE S RESNLAF ], 4 C++. Java. Python. Numpy
Al Octave. FAILAEHIER Octave IXFEHIRAIE T, “AAERENS AR 47 3] JF B 4RIX
SeBL. b, fERE, WAHE BT M MNLEA I TUHE BN, 85 68 R 71
L Octave. (Ja#id: X & MU AENL, BIFEFZZE M Python)

Octave &t —FiREF (117 451% 5 (prototyping language), fii/f] Octave VR Pui il SZEL /R
A, RN, R T BT R BTG E AR R T RIS T ] C++8 Java X L&
T F REEE RS IUAT 1o JTPRIH B TR AR F B, A& > B A 2R 5 51 A .
FiTLh, WiRARBELEARI) % 2 HIETE Octave FHRGHESEIN, FEAMANESIILLS, FH c++
B# Java BT, XAEAREERETTA KRR E].

TP WL, ANATVE B 22 B T LA 5 ) 54615 5 /& Octave . MATLAB. Python. NumPy
FIR.

Octave fRUf, FUNT RN . 258 MATLAB tHREF, HEARLEN NS LIFHEN.
(FUABAE N 2 A B AR FH Y 2R 1Y) matlab, matlab ThREZ L Octave 58 K%, M 1A &Fh D hit
A LLR ). X UHLES 2 TR I AE 2 F matlab [f. G0 RARAEDS (£ H matlab, Rt 0] LL7E
XITEREL AL -

WRPRS: Python. NumPy Bi# RiEF, M LH A RE, #HEPH, XLEAAE
AR 7, PUOIREE ST R B IS, MH, FONXLETE S : Python. NumPy ]
TEEARELT Octave Sk, 102 S RRGL— il IEFRDAIZFRE, BrLAFRSRZTE BN EH NumPy B
# RRFERXTRAMEL, FREWSEX TR Octave KRG .

ARG PR I — BRIV 2, H bR R di R, ilid X — & 41 Octave K%,
iERHNIE Octave fE F KA 4 .

J3 3] Octave:
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P

HILEFTH Octave, IXsZ Octave iy 217

' )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> |}

IAELEFRRTE R LA Octave 065
HMINS5+6, REMEE] 11,

HIN3-2. 5x8. 1/2. 206 %%, [HFIHINAE.

|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

ans

octave

ans =

octave-

octave

octave-3

ans = 0
octave-3.2.¢
ans =
octave-
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PR T AE RIS S, BN 1==2, P A RN false (fR), X I H 755 S FR AR,
1==2 THREF MR, XHEH 0 &R,

HHER, NETHSNEEREABIREN LS TRS (~=), MRS T RS %
F(1=), KRMHA— LT F h AR — R T

pctave-3.2.4.exe:8> 1 & 0 % AND

pctave-3.2.4.exe:9> 1 || O % OR
IERNEEEEZH 1&&0, MHNRT SR REHRY, 18&&0 AWk, 14810 K&

BRE 1]10, HitEERAE,
octave-3.2.4.exe:10> xor(1,0)

ans = 1

B FEGEEE WXoR (1, 0 ), HiREMEN1

MEF A EF Octave 324.x LA, ZBIAM Octave 275, ‘ERIR 1 2] Octave HIfR
A, DEMHRHERER.

IERARANEE BRI, XA B 2

PN

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

-

IE M2 Hn OB E T .

IR, BATK% 2] Octave HIAF & .

ES — 1w, WA EaREN3, i TRE#E, BRTECET 3,

>> a = 3
a = 3

IR — MR, A S R E R, IR U 2 TR — Ao, o]
LMRITERt, BONFIZEIR, T EVE TR

% semicolon supressing output

Hrp X A) & A FTEMEfT R
BUER DRI 2RDbSEThi"s

cHEFT3IRTAET 1, Fril, BfEZRRNEZR.
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BERARAEATEN A B, B R — AR, RTT DME T X A fif:
BHEaE TR Rr, WRIEATENZE, A AR a RIXFE BHTEIHR T

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

>>

KA, HRIE I CIET S, W T ZT#iEd BT RSk, AR7T DAE AT A
SEAR IR RORE 45 RAT BN 2 B 5o

Bl MTHE RIS/ 0.6%f 8, IXMNAZFTEIR 6 A/ NEUE
A — et A A A PR A 2

>> format Tong
>> a

a = 3.14159265358979

>> format short
>> a

a = 3.1416

N, AERATRE B I E AR
EET5 i AL —ANHEFEA:
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STAFEFEREATIRAE, BB RX R —ANZAT RIS, AR IERE T DU )

LR VIFRE 123, VEAMTEE, BEHLE A 3( 5 x1( 17 )WEE, 5
B, AT =B

IR —ANFlaE, AT 12,37, BEMEA T 43 47 1 FlE, [
X e — Nl

MR AE RS, W

V=1: 0.1: 2

RAZIN TR : XA v A, ABUE 174, MEEHES KN 0.1, HE
BEINE] 2, JEHXFERINER ARV ERAE, ATRSR AT R, XA 14T 11 AU
B, HUEFEMICERR 11.11.21.3, KL, BHRHMHE 2.

Tt my LS — AN v I R A 216 BEATIRE, KRRV B BORAE T 1 2 6 IS

B — e A [ 77 V2R AR R R
Bl ones (2, 3)”, ta] LU RA RS

JERAN 2, WAT=FIRIGERE, At RT DA XA A 4
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PRAT DB IS T 2 1l A A R R RS T i
WA AT =B R, AT =S MAFERE TR e %

AR 2 (175 2R A R -
AR AW AT IR, I Rand iy &AL —A—AT =FIHERE, O9fEM T Rand

W H—4T =FIICRBNBENE, W rand(3,3) @4, XHEMR T —A 3x3 MHEFE, JEH
H A R BINBEL.

0.467747 0.684916 0.346052
0.022935 0.603373 0.307135
0.212884 0.857236 0.456541

HAENT oM 1 208, PFrek, 1IERFDYIZ— R, FATAT SR EES 51T 0 Fl 1 22 J8]
P

AR, IRFREM AR AR &, B, RAEA A A A LA &, AT LA
WEEAW, HHET DT =FIMNEME, JEH, RE=ME, —THMEN o &
oA, JiZEEE ST 1 bR R .

>> w = randn(l,3)

-1.44264 -1.27860 -0.69640

IR LA A Ok
I hist iy 2 BT K

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

>> hist(w,50)

25t B
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>> I = eye(6)
I —

Diagonal Matrix

1 ) 0
0 0]
0
0
0
0

A AR, U help 74

>> help eye
>> help rand

>> help help

PAEVH# R A HR 2 Octave HIFEARRE. A EIRAEEN LI YR, BCOZ>] 88

i ofe. INSEERAE, KX RAEAE Octave HAAZKIZ
FERE TR, R KEZ B2, HEMHENIFE Octave Xt Hdlidt 175

Z BRI
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5.2 BB HHE

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

FEIZBRT Octave HUAHSURMSIT, BHITIRN HUWNFTLE Octave HA23) % .
R — AL, AREFHEEAR 32 Octave H1?
EREHAE AN D HERE?

QR o 4 o R AT A 3 2

U AR AT T B L 2

QT A% 2l X LR P R AT R A ?

AT Octave &M,

HENA, BRIV ATRIFELE A, XA 2 A
A=1[12;34;56]

XR— 347 2 FIMHERE, Octave i) size() fir 43R IFIRFEI R

JIiLL size(A) #4iRE 32

= -

@

bR b, size() mAREIE—A 1x2 EFE, BATATLLH sz RAFHG

WH sz = size(A)

Rt sz whe—A 1x2 MR, 5B— A IcReE 3, B IiERE 2.

TR size(sz) BE sz B, REEGE 12, £ —A 1x2 KR, 1
A2 73RN sz R YERE

WAL size(A, 1), #iR[ 3, XA BIARKMERE —DNIoR, AR
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s — ARG, Wae A SERERATE

FRE, 4 size(A, 2), HiRll2, W2 A FEFERIFIEL

WREE—A R v, B v = [1 2 3 4], SR/EHEN length(v), EAmLHER
[ e R AL SRR, R[] 4

IRIATEAEEN Length(A), HITHEFEAR —A> 3x2 (FAERE, UL KIOYERE N 1Z2 3,
IR L 1% A & 223 ] 3.

HOEH RATIE RN 2 AEH length 4, TARNHEHEHA length 4, Hin
length([1;2;3;4;5]), i&lAl 5,

URARTLE 28 Gt I SR B A TR K -

YHIATFTIT Octave I, FATEW DA DERINEKIET, XA BKIERZ Octave {1223
AL, pwd 27 LLE R Octave 4R FTAbIE%.

cd i, EERBURERAE, T LB EECA C:\Users\ang\Desktop, XA 24 H skt
AR T S

RN 1s, Is KAT—A Unix 30 Linux 64, Is A 4550 H RS _F 0BT %

{>> 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
[lec Lur es-s l 1(11 squareThisNumber.m
costFunctionl.m
featuresX.dat

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

g b, WAEM AP featuresX.dat 1 priceY.dat, & NEARMR UKL
2] Al

featuresX CAFUIXANE LR, & — A AHMIIEGER S, St 2R BNk
Hdls, BARETH 4747, BN THA, B 2104 P8R, 73 MEE, B8k
TN 1600, A 3 PhEMEEE,
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a

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 IX/NSCAFLRZUIZREE A AS Bt FTLL featuresX Al priceY sl ™17 AL
MRS, BARLZEMEEIE N Octave WE? ATAFHEEA featuresX.dat, XHEK
R T featuresX . [FIFFHIFEFTLLINE priceY.dat. HSCHUFZMIMER LLSER,
IR A5 B R TR load (' featureX.dat'), tH/2n LA, SXERFIA 164
RORRMFAR), AR RIELAEBER T DT H A, BSR4 o
H1. Octave I 51 5 RF R THT i

734k who 4, BEE R FEHKAY Octave TAFA[AIH A A &

>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

FrLAFR AT LLEE N FeaturesX [, KR featuresX
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— e

eaturesxX =

BN W W

B

7609
3031
lines 1-22

TWW
Sl A A A L R R
EFLIEEN size(featuresX), fRHHIEHIRE 472, R A 47x2 HIHFE.

I &bdbwWwNAWONWWARWWWW

(f)orward (b)ack, (q)u1t

FA, FAN size(priceY), ZiRE 471, TRt 47 A, &I

K, AR ZREE T T E M ARY (1R
who PREBELLVRE B AT TIE 2 M P A 2R, FAFEH S 1 whos w4, BEE
PRI TR

reaturesX

double
double
double
double
double
b ?  char
C logical
featuresx 47x2 2 double
pricey 47x1 double
¥4 1x2 double
v 1x4 double
w 1x10000 double

Total is 10201 elements using 81347 bytes

FIAE R R AR R, AU, 5 TR
double FEZNURERE MR, XMpRY, XEEEHAGELH, TR

TR ARAE R AN B, JRAJLMER] clear w4, AV clear featuresX, %R

JEHHIN whos 14, &KL featuresX JHE T .

Th, WAVE LA EARE Y ?
BATKAE V= priceY(1:10)
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RFRWR FE YRIHET 10 DITHERAN VA

pricey(1:10)

3999
3299
3690
2320
5399
2999
3149
1989
2120
2425

BRI EAENAESL, A save hello.mat v #74, XML BB RV

BN hello.mat IS, iEFATIEN 2, BUAEIRE SR Lt I 1 — AN EcE, &0

hello.mat.

1T A U L A 22 %% T MATLAB, BT LLXAMEAR LA MATLAB FIARIR, PRk
TERGUEESAFIRAN MATLAB SCfF o A SRAE AR I B L B s I — BRI, A %
Ro

DUEIRATERR T AR, HEMA clear, XEEKMIKR TIES MR BTG AE &, BB
FE AR (A B T o

HATRILAN hello.mat SCIF, IERHLM T LE v, BRI TEVENT
hello.mat SCfFef, FrEAERATNIA M save fr il 7414 XA Hd 148 it e X
fAE, BOE VR AR R, Eik, SRR RRIEEE, A e R R,
AR E AN SRR B NRER AR, AT LA

save hello.txt v -ascii

XA AT AR AN SRR, s E R B ascii ABAFOCA ST

WHNT XA A LG, ORI B T helloaxt ST, WERITH &, FATRT UK
XA SR SO TG AT Kbl -

X gt B ORI A7 8 1R Tk

e T ORBA TR AR 10 7 12

B A & SEIAFERE:

>> A =[1 2; 3 4; 5 6]
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PRNIA—FEIL A 3x2 HIEFE, BUERANTIN ERGHME, A A(3,2)

RHRIIBIA FERER (3,2) JUE. XHLRZRNTER BEHEMEILA, S A 32, 3 M
2 73 AT FERE R = AT ANEE —BIXS R TCER, Rt B 6.

HALTTELA A2, 1) SKRIRIIZE “ATHIFTA TR, B SRR ZATEIZIIM AT .

FAt, WARIBEN A(:,2), RFIRE] A FEFESE AT TR, XEEE 246.

RFRIRFA FEREREE —FI T TR

PR AT BB S A A X SR RO R R IR 5

WELRER LT, WRERA SRR, HHRIERMASIRE AL 3],:),
XA BRI A FERESR —ANRGUEN 1 83 TR, M2 BRI A FERER) 55—
TR =ATHE 5, B 9Rnm2IOZMATIRE—FeR,

>> AC[1 3],

AR L LA A — R R SHRE IR 2 H 2.

WATEREMA 2WE? R A FEFE, A(:,2) @mAIREIHE 51,

PRAT LN BE IS, FRATUAB A JEREIEE =51, REKERE M 10 11 12, Kbk
REHT A S, SREIE—ANFIR E[10;11;12104 T8, RULIE A MBS —51
B 135, B AEACEHY 101112,

> A(:,2) = [10; 11; 12]

1 10
3 11
5 12

B ROR—MEME, ERAHE AR A = [A, [100; 101;102]], XFEMIL F2rE
JERE R (AT T BN T — AR B RE, BRI ATERE B E N ER A SERERAEA LM b
ANFAS N (B R

% append another column vector to right

10 100
11 101
12 102

BJa, A AN, WK AC:), X MREIRIELSEN, R
AF AT TCER TN A B A R, XFERATTAE 2] 17— 9x1 MUl &, IXEEITER A
A FHITCERHASIE R .

59



HLas2A S R FE-55 2 F-Octave #0 2 (Octave Tutorial)

R

WL 240 A FHN [12;34;56], FHK—A BA[1112;1314;1516], Fn] LUFT &
—AMEME €, C = [A B], XAEEBRILEPAEM BEGEE i, A TEED, M
MEB fEATIL, XFELRT CHERE, mi/eEEEAM B Ak,

HILATLL C = [A; B], XEMSERRICHT)EH MR EE NE. Al [A;B]
VR AR SR IE AT AN R IE — i, R IR B HES, FrUAAE A fE B BAE R
M, C W 6x2 FERE.

A st S HEEAUE ST —47, PrEl C mlEHE L A, RRHATEI T,
SRJEAE N R E— A
FAMNAE S — T, XA [A Blar2ER [A, B] & —HEH), XPIMEIERISE R ZHFR .
I AR IXEERRAT, A BRI IR 7B EIERE, B B RS X & B LR
IR 2 EARE R R ik, BRI R, B ATE) i, AU8CE R R R
L LA R RS, Octave BEWSIR 5 (AR Pk 3t 75 B 3A T2 & B A% HOFERE LA LR
BEit T s, XUl idEi — ik
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FANNRRRI, AP 5E 2 T7R R, FRJE R > — N RN ARSI o s —F
MERFZHI N _EACACRS I BIA T TR, EEF A S X EEIA, A5 H CIE Octave X
Mo S E B, 2RI RS R m .

MR, A EHCIR A S HACAE, RN REICARE . IRERAE, T — N RAT
CAFMRLE %, (OB IXFEAE R A i /5 2200 5 4 > SR, W RARZHR B R Octave

i<, PRATRE B AR VR AT AR LA R, SRR R il LA AR SR LR PR A, 3X
FEmtREAR Feba ok B AR A I 2 17
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5.3 TFHEHE

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

DUE, IRELES THE Octave W AR N BA- i HE , ARl JEBdm A2 AN RS54 o A
BT, JARA A B BT IS 5, A S A LR X L is SRR SERATT 0 2
PR AP

XL Octave & 1, IRILEPLEHIATIAL — L35 . EEINBEE AN — 3x2 HIFERE,
BEBN A 3x2 JlE, BECH 2 x2 ffE,

PAF PRI, Bl A x €, AN AxC, IXR—1 3x2 FEFELL 2x2
FERE, AENXFE—A 3x2 .

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 ATEIS A e, Woa Tk MussIz S AL *B, IX A M Octave KiAEFE A
R — TR 5 B T HIR N ITERAHIEA. *B
KHES Ao 1R 11 /53] 11, 25 = oE 2 RLh 12 155 24, IXHUZEPIANREFE R

TLENLEHE . WKL, 1F Octave H i 5 — kL Rt RN H .

‘ mﬂ

X EJE—MERFA, XEIHAN A2, X MEAR R AR .

20 — A
TATRV AN [1; 2; 3] AR, JREATEAMA 1./V, B2 DuRmEE, prilix
Bk, ®iemist 1/11/21/3.
FERE AT CUXPERAE, 1. /A B3lAP R —ANTTERE .
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EFEH, X BB SR RoR N — N Ie R I TERAE
BAVER] AT RO Bz 5, A e R T SR Eua 5.

> log(v)
ans =

0.00000
0.69315
1.09861

i B e MRS H, B e VR, LUXEETTE N RHIEIZH

FIETTLAH abs KX v (R —PNICESRANME, HRXH vlE ER. AT —
KRR AEANTCFRAE, AR LSRR X AR A TR EH-v, GHvh TR
AR, XM T -1 bl v, —BOEEN —v BitF 7, HSET -1xv.
A=A, A VE v h A TR 1, IBARATAT LUK A, e
A 3AT 1AM 1 &, SRR 1 [ EEREOR I EAR N, Flithvia E A [123] &
[234]. AT —A, length(v)m%, FIXF—kK, ones(length(v) ,1) #AHHT
ones(3,1), AEHMMZ v +ones(3,1), HEEH v FFHILREIN FiXL 1, X

Ko MRATTHREM T 1

2 0 —X A

SRR EONER BN v+, v o+ 1 ST v PO EE L 1.
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HUE, EBRATRIRIRE 2 A

FEREA IRIRE R G E, WAERH A, AN A WEERER. 5%, mR
LEA"), MR A BEWK, BLAEEHFHRBHERE A

LG RS, . a=[1 15 2 0.5], X 2&—/> 147 4 FI4EFE, val=max(a),
TRH I m] AR R R ORAE 15

WIEWTLLS [val, ind] =max(a), XK EARRE B EAE Aval, LARZIE X
REZE], JEE 15 MR THEN 2,/ Nind, FiLL ind = 2.

RERIEE—F, WA 4 max(A), AR MEFERIE, SRR — 5K &
KAE-

WAVERFXABIT, XA a HFEa=[1 15 2 0.5], WHEHA a<3, XEHTIET
RIIBH, FrelgcRAAT 3 [EE 1, HNRE o

Rk, kE[1101]. Mstd, XfafEFERE e R S 3 AT HEL RJERIERE
TBERE 3MARNRR, R 10 RRHS.
WAREE find(a<3), XHHVFRa HRFLEITER/NT 3 1.

>> find(a < 3)
ans =

WA = magic(3), magic BRECKIR[EI—ANERE, OB FEEZ)JT (magicsquares),
EATEA LT X BCATER : ST TITA BIAT RGNS fiy 20 R 45 T AH R (11

MIRIEFFTEN, IXAENLAS 2 ) AR I, EER AT DX AN AR 7 B AR il — 4 3
AT 3 FURIHERE, T AN BE 5 A0 BRI 1 7 1) 75 T AT HAL B A=A
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TR ARARRE RS T 7] —

magic(3)

FEHARA FRIHLES 5 S B, X AN B LS 2 KAE o

WREHN [r,c] = find(A>=7), KWK PrA AP KT T 7 KT R, B,
r Mesr MFRRATH], XHER, BATHEFINTRRTHET 7, HEATHEZIINTR
KTFET 7, HEATHE=FINTERTET 7.
mailing list.

>> A = magic(3)
A =

‘ [r,c] = find(A >= 7)

r

20— kiarrl
I —F), HSZIRMREA LZIE XA find BE, DELEAHM, REFE
2 help BB AT UL T, UM XARE, =id /B4 HREHE, et LU help B
B, BN help find RIRFFEEICRY.

wE NS, — /M ERMEE, X2 a HRE:
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0.50000
>> sum(a)
lans = 18.500
>> prod(a)
ans = 15

>> floor(a)
ans

BN sum(a), Wt a FATEICREIMERT .

IR IRARIE A TEIRAT R, B prod(a), prod B product(FeR), KR [EIX Y
ANTCERITAA.

floor(a) &M FMUELN, BT a PHIICER 0.5 KB T E ALK 0.

B ceil(a), Fonl LIS, FrLh 0.5 ¥ i NN EAT 4, it 1.

BN type(3), XKHEHRR D 3x3 KFEM, WIREA max(rand(3),rand(3)),
IXFEEIA 45 R AR A 3x3 BN RE, JF H B0 3 HUBIUR KA -

BN max (A, [1,1), KPR 2145,

Fr A — B KB R 8, 52 9, B=FIMim K MER 7, KER 1 FRIA %
Wl 58— A48 P 1 B KA

FEXFHL, WUERIREEN max (A, [1,2), KRS ATREKRME, Bl 3B—1TRERXK

E25T 8, B ATmAMERT7, B=1T2 9.
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9

>> max (A,
ans =

8 9

>> max (A,
ans =

Pt UK AT A XA AR SRR AT 80— SR fE, 740, RERITE, BT
max (A) & [Al ) e B — B B K AE, I RARAE B BN R R A IO, R BRI
max(max(A)), BEIRATLLKA FEFEEE AR, SREHA max(A(:)), XFEEELZETE
A AR, JRIRED Al RO

e, EBAHE ABON—A> 9 47 9 FIMIBETT S, BT K BAT R R REAT RN
2L R SRATHR FEAHAE 1 o

XA 9x9 BT B, FATRK—A sum(A, 1), XAEHAREIRE— SRR, IXH5%
E 7 —A> 9%9 HYBE 7 M Se i — S SR A A 45, #0 369,

= 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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BUEBRATARAE AT IR, BN sum(A,2), REEAEEI TA a7 RN RIS 2
369.

IAERAIRFAR N LT R A FATIAERGIE — A 9x9 [HRAIHERE, SEN eye(9),

NFEATE AIZ SRR LUK ANLIERE, BT X ALITHRIN, Hfb o RA 2135 0.

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

XSEBR EAERAG T, AN A 2T R NI SE 2 369.

PRULTT BLSR 53— 26060 4R AT 2 1 369

flipup/flipud ZRoR[a] L/ T ##

[FIREHE, U1 SRR RO ANRE R I AE R, SN pinv(A), BHANNSERE, fRitite
BRUEHRE A SR, IR AR R IR .

® temp = pinv(A), K5 Htemp FeLIA, XSLbr BAFRIMRE AR, XL
N1, HARITEREN 0.

AT o R RO P R B AT SRR, FEISAT e AN S Bk G, R
WRBBIRIIGER, B8 UL RIS RATALAL, TERE ORI, Jo2x k3 IR 5 R IR,
G AR Rty B, ey R — AT AR, PR T DASR R PTG AR K B, KRR S A
M B AR PR A P 1) 27 2D B
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5.4 2 EIHHE

SBEI: 5 - 4 - Plotting Data (10 min).mkv

IR A RS, AR UM, AT DOE R G B A R N &, IR H T BLSE
B FRVER G IEFIBT, ANEEH T EENH.

BIanfE 2 f AL, JIRE T M AR KLY (0), R LA BIRRIAGE L T PSR Tk
S WHEABILN, LR FET AR, e BRI SEER N 2 k. s
({172, Octave 47 ¥ fil L[ T H AR K EA R KA 3 2 S Sk, BRI %k
i 2Rl 2 SRS, AR IR ARIOR S SR I R 7 o AEIXBO, SRAR T r
k2% Octave [ T HRZ AT AT ALAL VR FRIEE -

FAT SR P A B — L K Aok 22 1

[0:0.01:0.98];

sin(2*p1
N ARIAR LR T2 R K, IGRIRAE S 1, BATERA plot(t,yl), FFEIZE, #itiEl

TIXAE:
0 Adam.  EECECERETERETT @ CTTE——

04

0.167805. -1.27009

B2 R, Yhsdyl, At BA TR 00 15 5% ek H
AT E y2

>> y2 = cos(2*pi*4*t);
>> plot(t,y2);

Octave F MR ZATHIIESZIE, I HARXARZERATE, XEMNHcos(x)M 1 IF
a5,
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U SRR [R]IN FR IE SRR 5 2K

WEMAHAZ, FiN: plot(t, y1), RRIEZRRE, FAEF K% holdon, holdon i
Bt Dhe R R HIE IR 2 L.

PIAELHy2, fiN: plot(t, y2).

WELAF B O H R LR, FrAREX BN SIS r 26 R %88 r&oR
BT B E: plot (t,y2,°r’ ), HIN a4 xlabel('time'), SAric X HRIZACF4,
#iN ylabel('value'), RbricaEEHIMHE.

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

0.0317758,-1.30377

] B AR AT PR FRICER I 25 R B 28, X A4 legend('sin', 'cos' )B4
BIGIREA ET7, Romixma g RrNE. A title("myplot’), EREIHT

P8 S 7S T P 1 o

d VAV L\ .
02 04 06 08

0.530727. 1.33213
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IRVRERAEX IR EE, #R%IN print -dpng "myplot.png', png & —ANEMECHE
B, WRARIXFE T, e AR — A SO

Octave 11 7] LLIRAE AR L HAB A% 20, IRATEABEN help plot.

BRI AR, Ml ANER, @4 cose ik AN EME s,

Octave tH A LIEAR A B G455

REEN figure(1); plot(t, y1);KErRZE KK, £ TEEL yl,

B figure(2); plot(t, y2); KERE—KE, &M 7T EEL y2.

subplot @74, FATEEH subplot(1,2,1), EHEMGE A 142 T, Wk
RN SHL RREMAE T, BlERE M8 R,

ciement

A ) - — T -
HILAEAE AT, WA plot(t,yl), BIERXANEERESE —MET. R
N subplot(1,2,2), MAFMEME T, #A plot(t,y2); IfEy2 Bir
EAL, Wk MET.
B — A4, RATASCRS R, k(o5 1-11], A4 axis([0.5 1
-1 1)) AR BE 1AL B Wb Ay B S . BT S, ek A PR R il ) Y R R R
£0.5 %1, BHEVERE -1 21
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ciement

] Octave F'H help x4 7 it 4l
wE, AL
Clf GEBr—EEE)

iEFRATTREE A 25T — 5x5 1) magic 77 %
>> A = magic(5)

17

23

4
10
1y |

AW AT 77 2R T HERE, At /2 imagesc (A) i, B2l —> 5*5
FIRERE, —A> 5*5 KRk B, ANFEIRIZEN B2 A R A B AN AR

FILw LS FH R 2L colorbar, kA —/NHEE A M4 imagesc(A), colorbar,
colormap gray. Xskbs ERAER—KEET =4 1817 imagesc, AJFIEIT,
colorbar, #AJFIZ4T colormap gray.

AR T —MEEEE, —ADNKESAE, FFEALEIA BT % ProaxAEie
S S TR AN [RIAR R R B X I8 PR«
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0.957215, 116643

YRAT LA BIEA R HT5HE B R TN ANRI AR E

#i\ imagesc(magic(15)), colorbar, colormap gray

1.24975, 1.51251

&

XK 2302 — M8 15%15 (1) magic 77 FEAE A .
e, BA— TRBAI. 1RE SIBPTR A E SR RO . RN a =
1,b = 2,c = 308)5 1% Enter §#, XKL= dr & FNHAT, BERE =%
—AAT, BRI IR = AR
EKiRMBRa = 1; b= 2;c = 3R> S RAEEZ T, WEAT HH HAR ARG .
RN TIR IS S IER M S B R B0 ] . I 5 7 — ' Octave B fEHE

TR, B2 %&aAHn imagesc colorbar colormap, #iX% &4 EER—1TH.
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colorbar, colorm

imagesc(magic(15)), colorbar

1.24975, 1.512%1

PUAEARENIE W] 22 Octave W ANFIF G, 78 R T IR, oK 15 VR IR EFESE Octave
i, BEsHEA), el if while for 1E4), 3 HE RIS R %L
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5.5 BHIEA]: for, while, if iEF]

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

FEIXBAT, AL IR ERNNIRK Octave F2/7 SH1ER] . #Wl: "for" "while"
"ift XLEIEA, I HanrE SCRE R R

P E VIR “for” 1A

B, WERK v HBON— 1017 1B E A E

>> v=zeros(10,1)

CO0O0OO000O0000O

BERES A “for" 1535, ik i T 1 F 10, SHREE 1 = 1:10. RE ()
MEST 2 10 W7, EHEES L end”.

Ay FESRRE—NMES 2 —R07. 2 FIRDT, RIS, X n @ %
T 1 F| 10 FEA)ZER, ik @ w1 #) 10 HFIME.

>> for i=1:10,

FAN, ARET LUES % ERE indices (R5]) T 1 —HZF 10, RMBIX— 5. X
indices HiZ&— 1M 1 2] 10 751,

REATAE i = indices, XEhr EMIEIIT i 55 1 ) 10 2 —F. (KATE
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disp(i), WEEREIFEMIEIR. FrRlZig—4 “for” M.

512

1024
> indices=1:10;
> indices

indices =

1

> for i=indices,
disp(i);

end;

WRARYT “break” F1 “continue” 15H] LA #Z, Octave HL 1 “break” Fl “continue”

WA, YRATLALE Octave PRI HLAT IR LLfiE A E A
ERELERE R — while JEFF2 4T TAER:

> 1 =

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

KA BB ik @ BUEM 1 JFes, AR R ELE v() T 100, ik @ #3511,
HHli KT 57k,

BUERE — FER, RIVECZBUG 1 IRERNAT I oK, 80TH 100 B, Xt
7& > while TEIA I EVESEH o

BUERA TR T3 5 — A 5

>> i=1;

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

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

X BN R R AT A break iF5). BT UL v(i) = 999, AJ5ik i = i+1, H
i 251 6 UMK break (fFIL7EH), 454 (end).
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HIRIX M BATE — R A if 155, PrARA B ORTR] LB IXME ik § 2%
T 1 RJRITHAE NI R, while IERJERRE v() %1 999, AWrikitgin, )54
i 153 6, M MHIEEHES, JEH while f53, iEAIHEEILH b, LS R4
AR FE v (T 5 MnR, IR HA eI E N 999.

FTEL, X if AR while 1ERIRIAEEH . JF HEVES A end, LHAH] 55
H—A end SRR if iE6), BB end ZRAIE while 1A,

ARG FRME A if-else 15A):

Befa, B3 WRRTE EHE Y Octave, IRAILABEN exit fy4 4R G B4k 2B
Octave, E(# @4 quit H1ATLL.

e, AEIRATRUL VLR EL (functions), 404 2 SCRIH F R 4

WAL BAF T —ANFSEE XHISCAF 4N “squarethisnumber.m”, X5 /2E Octave ¥
55N LR

AEPATTIFRXA A R, A BRI S PR RAT TR A S, AR
MEEVR, WRARABAE KT Windows 48, B4 A LMEH S FARFEF, A RidHEA
SRAT TR LA o AN ARARA T B A SO g AE st T B, A0 A I 24T ARS B9 1] R SR AR
Alo WRARHAGICEARET, MEEH . FREVRA S TR0 HAth v] LA bR 50 AR G
B

DAERA TR AIAI/E Octave HLE iR %:

A RE =47
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—lon jf— ';;rv'. e .q'ffl%‘“@ﬁf’_“im

¥ = RN25

¥ —475# function y = squareThisNumber(x), iXmi#if Octave, FtAHiX[A]
— Ayl FARE—AME, IF HaR BFXAMER B TR R y B 5956, €% UF T Octave
XA NS ERSH x, B EXREE, Bk vy ST x ’F.

A — R SR ThRE, X R AL iE “search path (R EEER)" XA AIE 1 A fH
(1o A LAITRARAEZAE L Octave SR AT, RTT LA NI E 9 — MR AR, 51
FIRAEMRL, ACE TR SR g S S T R AR S [F) 2

RAT LS addpath s 2R IIEEAE, RN 12 “C:\Users\ang\desktop”#4-1% H S 7 i 2|
Octave [1J#H R HAT, X FFEE IR B HAR B AR IR N, Octave K AR AIIE 2 £ Users\ang\desktop
Ha Mm%, X0, EERIMAEANERHERT, EA59R 5HE £ 0 5 ) L3 3]
“SquareThisNumber” X/ R4k

B2, IARIRA BB RS, AHEG, R ERRERITRECCRT, el od
T S B E IR BTER H T, SEhr B2 —FERRCR .

Octave i&A —ANHAh ¥ 2 2 15 5 #0 A RIS, A2 & wl BLAR IR LR L
R EME R Z MESEZ AN SR X B — M, ARy

“SquareAndCubeThisNumber (x)” (x [ F- 77 LL K x IS J7)

XYL R BOR EME AP y1 M y2, 8RRy LR P RIS R, y2/t
SRS R, KU, A AR R 2 ME.

A L [F) 2 T RE AR AR I g AR 1E &, LU R AT BE AR € B C++, JEHEHLT,
YONTE N R HOR [FIE H BB — M, {5 Octave HIIEILSE WA —HE, AT LUR[EIZAME .

WEKREN [a,b] = SquareAndCubeThisNumber(5), )5, ait&T 25, b Hisk
T 5 W3LT5 125,

Pt LA A SRAR 75 208 RO BRI ZAME, X — R 2 RIR 2 7 8.

wJa, PRERFWR— T DNEER— SRR 7.

BT, WA RS, RIXRE, Bl N1, 12,21,03,3], BB FRZE A
Octave PRECKIFEMAM R J(0), WRTHEAR O1E xSRI A & HfE) .

BN EIE K E] Octave B, FICIWMAIFREANX = [1 1; 1 25 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 () .

WS P RAREE L, BRIRITE T E 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);

BUEMIKTE Octave HIZ{TH), FEEAN I = costFunctiond (X, y, theta), &
IS J5T o, XEFAWMRRNESEx N 1,2;3], vy HA [1,2;3] RIERE 6, %
F0, 0,5 F 1, X4 TG 45 BEIRILR, XL T DUE R BLA FRINBHR M.

AR e, a3 E 0 55 1-[0;0], B4 XML /E 0 /& fir e B TR, AINI A —F¢,
BHO, =0, 0,5 T 0, SR s, 4R 2.333. SEfp b, M T 1 107
77, WELRE—AREARNT I R 2, Ik 2 BFT7, ik 3 BPTr, ARIERRL2m, Wi
WIGRREARE IS, XA 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

@ T

DR Mt S e R AR IE T FRATTX LA s B, H SO 1 AR AR R 2 X R AT
BRI ZRRE A 2 LS, X AT DU S BRATTR 8 R e By AT T e Bk ke .
B S T ATHSE IR AR AT R B0 o /DI T I A y R AL o AR AT LA
I gREE, AR AL o

BUEARFIIEWTAE Octave IASE 5 Y IEHA TR, Ll for P53, while FEFAA
if 4], LU SCRMsE Y pRi K

FE3E T ORIY Octave HAEMUANE , M PHE— TR, X2 —Fal EMEIRE) Octave f2

FRIgATARH PR AR
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5.6 MEL

SZERIM: 5 - 6 - Vectorization (14 min).mkv

FERXBAL, JRHA RAELIANE, TIRIRZH Octave, IEZHIHHEE, Hn
MATLAB 5% /R IE£E /| Python. NumPy 5{ Java C C++, JTf IX40iE 35 # HA K Fh 2 AL EL
2, IXLCPESC R N B, A5 BEEAEREL, MATE R SR, Saan s,
R HUE T T T R s T R TR .

T 4 VR SEBUML S 27 21 AR, W SRARBE L 5 A1 AT Se 2 PEACKZE , Bl B v RBU%
AT ENT, AR A LR R B M S5 . iR XS, A48 % R
DRI e, ZAEEAR, R UL THEE N, JFHE A AR TR AT REA
R — L IFATRE A RG4S, R, XA 1Rn] DU SE D AR SR SE LR 75 ZE R T g
Uk, ST AE AT, ARG B AL A AT R P AR

A BB 5HE SRR . WRAIR R 7E Octave H¥i NaFkLLbiji &
— AR A RPN AR AITE P . AR 2017 T AU, R A& i e AL T ok
SEHL, ARt — MRS Z, WA IS Z AR,

EFRAIRE L6 7 IR — A WAL AR E: h(x) = X2, 6;%

WRARAR L B hg (x) > FER A IRA, IARATLLE it = 0 2lj =n [,
(3 5 — P 2ORAEAR, 8 hg(x) BIEOTx, IAMREATLLS SFA AR, ot
700~ 01+ 0y, WRRATMEER, MR n=2, FFHWRIRIE x BlExgs xp+ xp, XH
MEEAEL, S IRPIAA F ST 5

[o-] IR
&= e, | w= | %,
g '92 Jl L ?‘1—5

PEanid, XA AL A S5 2K

Unvectorized implementation

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

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

T8 hg () AR M EALR, AT REE LBV AR prediction WI{EN 0.0, XA
A fEprediction WA RHRhg(x), RIGHREH—A for FE¥, j HUE 0 Bln+1, &
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Eprediction FUIE A SN Ltheta()FLL x() EHME, ZwEFIER AT,
N PRI — T, X ALK N e 0, Ll A 6, 61+ 6,, EIN MATLAB
fIRARA 1 JT8R, £ MATLAB 110y, ATATRESH] theta(l) KFor, X A TTEKRE
WA, theta(2) T ="TJ0&K, RETAEMHtheta(3)%r, FIJU MATLAB 1 MR A
1R, Rt v A X IR for 4E3F, JHUEM 1 HEn+1, MARZMN 0 3 n. X
—ARFEEPARSSEIT . BATH A for FBFRXT n ATTRBEATIN
TENELRL, 3P ARGZ AR A SE L -

Vectorized implementation

= prediction = theta" * x;

A x FOE MR, MR FHESL Eprediction®s T thetalt BHeLhx, LA LAIX
FEHE. SHEIARYE for PEARANY, /RATE TR, AT ZF M Octave
A LA e, BB A [ 80 DA S A AR, TR ] B A Y S B B 1
B, CBISATECR M ISR X HE Octave BTl A &AL 75, EHAMRIEE S
[FIRE AT LS .

EFATRE A C++ HIHIT

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 -

SIS, ARV ) C B2 MEACE %, ARAT LS A TR A A R R
TARKIBUELAEARBUE I AR VKA 7 AR CH+ g P [ B AT SR, AR VR P A A B fEL AT
LR PEACK R IR A A0S I AN R, R e 28 A P A AR R T AT RE A7 eV AN, (H AL —
APERMEARR, AP A3 — BOE R AT RS .

BUE, AEBRATRE — DR RGBT, A m] VA S50 L T B 1 SR L«
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] m X
—=10p := 0y — ax— ho(z(P) — (D))
= 0o o —a— E_]( ol ) —y)xg

1 ; :
01 := 01 —a— > (he(z®) — yP)a{?
1 1 “Ill l:](ll)(l ) Yy ),]

1 m s ) i
02 :=02 —a— > (he(z?) — y@)zf”
2 & ”m ,:1( Al o
(n=2)

PATHXFHNNS ] 26T 0y 1. 2 FEMPAAHE, FHHR;, LALLM 01+ 0,k
SR, BN P RIER, FTndET 2, XEHRIATHR X 00 0, 0,347 FHT,
IR LA 1202 A 20 BERr, BATTH — AN B A SR, X LR RIZ AT R = AT, A
ARG RS

PRy AR RSB = AN RE ) 75z —, B —A for #B3F, wLZik j5&T 0. &
1. 5T 2, REH6; . (LR A ELK T RS, BEERAVE HRESAH — A H R K
Jiike BEAR EHZATANSEE —A for FBFF, — RSB =AT5 88 AERATRAE B AEH
=00, FREATRGR —AT T R A AR RS AT

BATFACOE M — 10k, REHAHO-a FLIENHIIFIES KEHO.

XHRE § FT

LS (b)) 7

IR — TR Al HE. WELOEN A FAE, 7D n+1 4ERE, a &K

i, SHERXERE—AAE.

Vectorized implementation: m“* |
L/‘R':'L IS

778 ks 2R

FrLAXANBE B H A — AN REE, BN a Ll § 2— AN, FrLomi2o - asfd
E=ITi] ST s 8

Watt a2 mEE & We ?

Se
8- |8

$)

XOJ—A i
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TRk AR R ER T, REEIAL.
P T x ot
g-.@m -30@
o CR \
- \ ‘ fR '['Q’sz

e b, AECLRTI — AN/ NS, A RAREREX AN RE, BATHE N T AR A B,
T2 u = 2v +5w L, FATU A EudET 2 U EvIIE 5 RblAEW. HIXAp
TULE, AR ANE] O AT AN, 3K B AR AT R R TE 2

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

u =20+ 5w

XA R A ATTRENS ) A ST IR A [

Frik, A BDIREAEHA . G5 LEMS, I HOGEIRIHSERE R E . i RAIRIEAE
ARE AR EATECE EEM B E R, VR B AN, R RR1S BIERRE SR . BT ARD
R SE TN RN, SR R R SeUX R, IRUISRAE SEEL R 1 A B9k .
RARGEFIE R I AP DB SF U, IRIA BEAR AT LU [ A — NS A A BE AR,
FARTESEIZAE R B, AL — > B A BL_E R AEE

A AL LSO LA MR R SE LA A 0], R H ] E A SE IR A [ ),
T W IB AT 2 B AR AT AR for JEFRERINZ, tit/e B C SRS E R0, 6, 0,.

PR s TRl AL SBT3, AR L% RE AT B — > w45 2 2RV I R B3k . T =44k 17
FAIRATRAE Z J5 R EE B 2 B I 50E, X o — MR ETS, TieZX T Octave 5
H S HANRE S, W0 Ce+y Java RAEURIAASIEITE &R
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5.7 TAEMIRZHIHRIELR

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

FEIX B, BABIRP A 20— T T TR R AL A As, DA T4 ARk 52 58
Gio XAIRAC RG] ARTI RL 0 VR IR A 27 SRR 7 2 2 15 R o

fE'ml-class-ex1' F s rf, FATRME 7 REKSCMF, Hpf — @ EZliRH OokgiiE,
PEES — NS ROZAT S AR SR 2] h pdf SCAFROEOR,  H — AN IRATESR AR 9 5 19 S0 2
warmUpExercise.m X NICAF, XA IR T RIRAEIRZE RS

VR BRI HE IS > 5x5 HIFERE, B2 A = eye(5) IXRHEBUZRRH AL 5%5 (1)
FRALHERE, DUAE warmUpExercise ()X AN AEmt LIl 73R [A] 5x5 B RAFERE, FERAE—
T, AR AR T AR — )

E B

‘. vT'iv"- oy

eIz lg-
B
Xx A+ W AR A Nowe P Sutend en
“ meewg  twe  sen o
=
1
fusctica A * waraOpExercise()
SNAFMUPEXERCISE Example function im octave

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

PLAE R 23R Octave % 11, ILFERFIFLH H K C:\Users\ang\Desktop\ml-class-ex1 X
RREHRIR LI TR BXFEN warmUpExercise ()4 T Bk [ T HATHRIA
5 HIAAD B> 5x5 F FALHE P .
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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

IHUERT A2 a0 R AP BRI AACRY, REAEIX B H S A submit (). JEHRAZH &
7 P ASRIE RN 1" SX I R A T S Ak, FRATTFTOT PRAE R, S AT 42 5 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

N B, EIERRIRSS A, IPRHERAS, RE MR LRI YRR S8 EE! ORI
e 15 15y AN TARCSLMoN 7R, WRARIR S I AN IR,
IAEREIR—FHE, WUREE RN, BT LAAkSLAE AT iR A %05, W] DIAERK
W VREE RS 2 BoR HORHUR TR R E R GE. LR RSB, IR
SERIKIEAEL AU, BeAs EARARREZ X -

4_H$
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

F3H

6. % [HH(Logistic Regression)

6.1 7KK

2% HY: 6 - 1 - Classification (8 min).mkv

FEIZAN LS 3N R LA, FHaa /2350 2K 10 L

FE SR, REF AR y 2B HURIE, JAHR 2] Ml OZ #E)T (Logistic
Regression) (1155035, X2 H T ST ) 2 K — R ) Sk

FEG SR, BATZRTI R A5 R TR TR (B R B R) o 720280
R A T — o H 7 IR A A BRI Iy — IR AT 5 e B R RV 2 AT 3RAT]
WAREN TR 73 SR DO AR A SR I A2 AR

Classification

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

AT Tl 73 2 e B AR R
FA K X148 5 (dependent variable) 7] 68 J& T FI PN HIFR N A 2% (negative class)

FIEZE (positive class) , NMIEZEYye 0,1 , Hf 0 Ropfimk, 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 Ji-12 45 A1 3 (Logistic Regression)

Classification: y = 0 or
= e

N
hg(x) canbe>1or<

—— —
A

Logistic Regression: 0 < hy(z) <1

UERBATE DL M SRR AR — A R, XT38,y HUEN 0 B 1, (2
AR AR R R PE I, R AR s B BT R K T 1, BT o, BIERTE
WGFEARIIbRZE y #SET 0 B 1. RERAVAIESRZESAZINE 0 B 1, (HRURE.
BRI KT 1 BN T 0 191, BB IR AT PE. BT CAIRATZE B T ORI ZE R 7L 51
ML R AR, XA SRR B A 0 B 1 Z (A,

RS — T, 2R AR 4 KA, AT EAE N R ENA M . AT RER A
XANFEI A T I T AR R B 2, (EZ R A sy b — Ry SR A,
EH T y BUESEUIEN, 1: 1001,

FERE TRMAAT, FRATK IR ST 45 [ A5 407
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

6.2 RULTRRN

XM 6 - 2 - Hypothesis Representation (7 min).mkv

R BT, BREL RS R B FRIE, W2, 03, ZHMtA4
PRI R ECRAR R BA TR B BERTHERATUIL, Ay BEATI 70 885 (A2 0 A 1 22 1],
Ut FATIA AR AN R AR B R R L XM S R TINE EEAE 0 A 1 2 6],

[R5 21 1) Lo 7 S 100 A, BAT TR AP 2 P8 0] U R 59 SR i e 1) — 2%
HZk:

N “‘*a("\( e
- (Yes)1-- X X X
o-S //
Malignant 2. - _/*//
—2 (No) 0 4
_~~ Tumor Size

AR LR A B FRATT N RE TS (R, RTINS T3 S ), JRAT 75 2% o 8 1,
FATRT LATRGI -

Hhg(x) >= 0.5, T y=1.

Hhg(x) < 050, FM y=0 .

XTSI, IR — AN R T BEAR I M 58 o AT 55« R FRATISUA
TE AR R BB IR, A5 AR 2B BRI ok, SR 3RAT13E
B MM B,

(YeS)lf

Malignant 24""

v

S "™ Fumor Size

— (NO) 0 -
~

X, A 0.5 /Fy RMER TR 2 RAEIC A B A GG 1. FTRUEH, bk
VEABEAY, BRI LT (5 FT AR BR[O, 1) ASE L, AN IE A i I R 1 il L

FATBIN B, BRI, 2R R AR BRI AE 0 F1 1 28], 125
BB ho(x) = g(0TX) Hh: X RFHEFE g HAREHEmE (logistic
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

function) & — A F (B4 O S %L (Sigmoid function) , AXA: g(z) = ——

1+e-2°
python AL S :
import numpy as np
def sigmoid(z):
return 1 / (1 + np.exp(-2))
R AGRISIE ST

R, BA G RIZAE AR s .

SBREAE:  g(2) = —

1+e~z°
ho () MIFEIAZ, X T4 ERMAZE, REEFNSEOHF ML RE=1 W] ek
(estimated probablity) Hhy(x) = P(y = 1|x;0)
Blan, AR FaE Ry, i CerE S AT S e (x) = 0.7, MR 70%(1)
JURy NIERZ, RNy A7 ERELFE N 1-0.7=0.3.
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

6.3 HlEihF

XM 6 - 3 - Decision Boundary (15 min).mkv

DUAEDE S TR 3K4 5 (decision boundary) FIRE R . X AE B 4 i 35 B F AT T BE A 122 4[]

I BB R B AE T SAT 4
Logistic regression

— ho(z) = g(0Tx)

— g(Z) = 1+i—:

FEZERRENE T, FRATTR:
Mhg(x) >= 0.58F, T y =1,
Mho(x) < 058, Fll y=0 .
MR _ERZH K s R, FATATE Y
z=0 i g(z) =05

z>0 W g(z) > 05

z<0 I g(z) <05

N z=0Tx , R

0Tx >=0 W, Ml y=1

7x <0 I, M y=0
IAEARBEIRA A — ML

Decision Boundary

=3

9(z)

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

A 4

HHZH0 RiE311]. MH4-34+x +x, >0, Blx; +x, > 30, HEEHN y=

1o AT LA R E L, +x, = 3, RFEATZIATBAL 7> FL, KN 1) XA

My 0 X7y BRIt
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

A AT EE LR AT DL, RN R G IR?

Y L
X, V“":b‘;

RIOvREZ M A gE M y =0 MK y=1 WX, FAIHE - IRITRHE:

ho(x) = g(0g + 01x; + O3, + O3x% + 0,x2)R[-1 001 1], MFANERNK A 2L FE 1T 2 |

RAEJR R HAEEN 1 IR
FATTAT CL AR H R 28 (AR R ORAE B AR 3 AR R e i 5t
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

6.4 R K%L

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

FERXBAL, BATEN BTS2 B R IR S50 . Bk, JEE CHK
A ZHURAL H AR I AT R B, 3 2 > 1Rl ) 2 ] A PR P05 T

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

How to choose parameters 6 ?
T B Rl AR, JRA T SO R U Fr A B AR Z2 1)~ 7 e BEAG BoRU, kAT
] DU 348 (e YA A A X AN 8 S AR R RRAE T, 93N T hg (x) = ﬁ%]\ﬁﬁﬁ

TE ST BN R ES, BAE B IARAN BECE 2 — AN FEM R 2L (non-convexfunction)

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

KRR TR T BB KO VR 2 R M ML, XK BB IRV R 4 R M.
SAER IR EEON: J(0) = =51, 5 (he(x @) — y @) .
TATEHE SUBH AR EEON: J(0) = — X, Cost(hg(x©),y®), Irin

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

hg(x)5 Cost(hg(x),y)Z[HIFIK AW T EFiR:
Ify=0
Ify=1

v

0 1 0 ho(x) 1
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

XA Cost (hg (x), y) BRELRIRF it HSEBR y =1 Hho(OWA 1 BHRZER O,
My =1 {Hhe()RN 1 MR EBIE hg ()N R H92BR y =0 Hha() By 0 I
AN 0, Hy =0 Hhg(OARN 0 BFRZERE he(x)HE KM K,

KA Cost(hg (x), y) fRIALIIT

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

A B A5 2

J(0) = - X1, [~y Plog (g (x®)) = (1 = yD)log (1 = hg(x®) )]

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

Python f{AS 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))
TEAF B — MO BB UG, FRATTE AT DL BE R T PR SRL02 R SR AT BE A8 AU e Bl /N Y
ZHT . HiER:

Repeat{ 6;:=0; — aa%j](B)

(simultaneously update all 0; )
}
RFE1FE):
Repeat { 0;:= 6, — a— Y, (ho(x® ) —y® )x{’
(simultaneously update all 6; )
}

FEXARII S, FATTRE ST BN T B E, P54 0 A 2 2 8 X T PRI Y
BRI, fE2 AT LR B RAT T e AR B R B = 25 AT — AN DA 1)@ . AR R By (0) =2 —
MR, I HEA R e .

eI
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HLas 5 ST R FE-25 3 Fi-1Z %8 [0 (Logistic Regression)

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

218 hy(x©) = —2

1+e_9Tx(i)

M y©Olog (he(x®)) + (1 - y®)log (1 - he(x®))
= yOlog (—rm) + (1 =y )log (1 - —%r)

= —yDl]og (1 + e—ew) —(1-y®)log (1 + egrxm)

\ d ] 1 . 3 @ ) o
P aT',-](e) =%, m Zi[-y®log (1 +e0"x ) -(1- y(‘))log(l +ef'x )]]

L m (l) —gTx® @ ,0Tx®
__ Y Y C R ¢ ) A N
T om = y(l) 1 4 -07x® (1-y9) 1+ e"T"(i)]
i=1
1 m 0] @) ,6Tx®

_ J _ J
m ® 1+ o070 ( y(l)) 1+e ng(l)]
1

® xj(i) e0TxO 4 @ ,0Tx®

1 <y Ox y©OxDe

m 14 870

m (D) 8Tx®Y _ ,6Tx®
_ 1 y (1 +e ) e O
m 1+ e0™x® J

QTx(l)

= __Z(y(l) - 1 +e ng(L))
1+ 1
= @__ = ~N,®
== 200 T
i=1
1 m
= __Z[y(l) — g (x®)]x
m i=1
m

1 , o
- EZ[h@(xm) — y 1

i=1

. BARSRIBERL N BERRR I B B L SRR B T RRENE —FE, (HEXE
fIhe (x) = g(OT X) SLAERVAP AL, FrUlsebr ERA—FEM. S50, FEBATHRRE TS
T BEATRAEAE UK IF S AE 5 6 2

BRI B SIRZ AR KR TRRE N BRELEADIAN, I S E R A e
B/ MOFE, REERRE M AR, 1 HIE W AT RN TR FA 23R, lH R
B SRR PR . XA IEHIBEE (Conjugate Gradient) , JR#BHLALIE (Broyden
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

fletcher goldfarb shann,BFGS)F145 [R A 72 AR 4412 (LBFGS) , fminunc /& matlab Fll octave
HrER AT I — A B MER AR, AR I BRATT R B RN B AN S HRIR S, N2

octave T f#FH fminunc BREKIAHD R

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);

FEN S, AT AT ERINZRFEA A s B IX e B i P ke, IRJR4
YIRS AR BB E SC, FRATTIE AR B — A B BRATT H i A0 S ] AP 50, ik Tk e
FHRIEER, BATRN BT BRIRAS B BA TR 4 R A5

97



HLas 5 ST R FE-25 3 Fi-1Z %8 [0 (Logistic Regression)

6.5 fRj4b B AeAS EREUIBE I T F

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

FEIX B, BATRE 2 — PR B s TR S AR B AL, R S 3RAT T LA
M5 RN BA A Z TS R0 fia FIRE L T L, RIUG 2R RS . i, W
TR, ARBURLZRGE T S A SR I AR RV B

M AL IE R [ R A BR A

Logistic regression cost function

m

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

—log(hg(z)) ify=1

Cost(he(z),y) = { —log(1 — hg(z)) ify=0

Note: y = 0 or 1 always
EAAF AT LA S I
Cost(hg(x),y) = —y X log(hg(x)) — (1 — y) x log(1 — hg(x))
B, 2 A AR iR L

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

= 23, [y Olog (ke (x)) + (1~ y©)log (1 — e (x®)))

RURICAMRI AL, T RA HBYL, %8 AR ? Jol B R R L (0) WU
MERIZHO.

minj (6)

FF IR B B R AN, OB P B3 5540

SRRVt MRROREA, BIEMFIE x, FRATIT UL &R A S50,
f R BT

b, RATBBATRIL, SR LR R p(y = 1 0), BRXT xbhons
Mooy =1 MR, RTUUOSRIM BRI y = 1 OR%, Fibl, 5 TR
AT RO MR B (0), 19— TOMBAL, KRERATA e UIZ 0
OREHIES OB

MR RS J7I%, 21 FUBEBE T M (gradient descent). & RRRATHIR 11 B4

1) = = =511y Olog (kg () + (1~ y©)iog (1~ hy (x©)))
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

WAV E S/ MGIEA R T O R BB, I 2 T 138 5 FH B FE T PR R R RREAR
Want min, J(&) :

Repeat {
1 & (y _ {0y, @
8; -=f9,;-—0€;§(h§(r) ¥ )x;
(simultaneously update all &, )
}
BANEREEHENZH, HXAATREN, 2 EACmEY IR o FLUSH
I . SRS E1F3:
Want min, J(0) :
Repeat {

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

(simultaneously update all ¢ )
}
WEARARTH S — T, RIS
0= 0) — a— ¥ (he (x®) — y ),
RICEEEXE, BEIXANART, £ i=1 8 m FRA, Hgom 2 miie 2
x” ﬁﬁu%%lﬂiz/l\{)ﬁ@iﬁﬁ%](e)ﬁiﬁliUJEﬂéﬁ?iZE, FATR AT LUK B RE T e
TEQ R

) ) . .
9]': — 9j _ a;Zﬁl(he(x(”) — y(l))xj(l)

E:'
&
g=|8
UL, MR n A, WA ER: LA sMRefiEe, 6, 6, —HE,,

LR T EE XA AT
0= 6; — a— X1 (hg(x®) — y @) OH [ T Hi AT 0 1.
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

U, WERARIEIZAN BB RN AN B AT B FH AL 101 VA1 b 2B AT LR A, AR i 4t
KB, XA I IR BATH R A B VB LT B
W2, AR HAIZ AR [ R [R]— AN SEENG 7 BRI i B, A E AR [m] )4
BRAETREAR . S2br b, R E SURE T A& .
X2 [l A (B B AL
ho(x) = 07X = 0yxy + 01%1 + 0,x,+...+0,x,

ﬁ%&ﬁ%&ﬁ@&@ﬁ:m@yﬁrL_

e-0Tx

PRI, B SR 2 MUK N B ek B A AR R, E TR e SURAE T4k, it A2
BRBIRIBE T B, ERARVE [ VA B0 B B S B 2 AN 58 AN R I AR

FESGHTPRRART, EFRATAE R VS LR PE ] VA B0 BE R B viing s JRATTIR B T ey M 26 B
B LA DR LIRS, FROE W AT RIRE I 7 i AR IR I A e, SR ISR RE TR, DARA RS 1E
S

AR P FRER DL B RN, BATEXEARKZSH0, Mo, 6, 6, —HF|
0, FATHEAXANFIE KRR IX LS. BATEF LMER for TR HIX L 241,
H for i=1 to n, ## for i=1 to n+l. M4, AH for EHELATLLN, HAEEN
T, BATESREM ARSI, WTUHEHA XL n NS HIRIN .

BB — R AT AR R R B UF B RHAEAE T, AT 2 T R AR 502 W]
S B N B R SICR BE I, X ARSI 753, 0 A TR A . SRR R RAAE 9
FZEREARRINUE, AR AR AEAR TR 53, [FIRE T CLLE B R A ey, BB RE T R i A R

BRIERE, BUIEPRANE W S DB R A A, X —FhAE R Rk, FE TR A A A A
Iz — o B
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

6.6 WmEIL

S 6 - 6 - Advanced Optimization (14 min).mkv

FE_E— AN, JATRHE 1 RIRE LN B A J7 i i/ MEZ R A A R 8 (0) « 7EA
DR, TR FARAT— L m AR AR — L S AR &, R FIX e 7%, FRATTAERE
AR AR L N B, AT AR [0 s RO e, TR KA 55025 S I & b o K R AR L
AEE i, than, FRATEEH R RE.  BUERATIRA M RG4S B T B,
HATE MO Y (0), TFATAEE R/ M, TIB2FATT TR Z M 25 5 A0S, HMAS
Hoo wf, BT HMPERN: J0) Uk 5T 0. 1 HE n WA S H05

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)
}

BB L 58 AR T AT ASBUX B F 3 (10X, IR A8 5T R P A ) ol 2 S RAAAT IX 28
S

g P AR T PR IR B S HAUS R (0) AIX bl 34, RE1E
KRR BIBERE T, SRS BT LIOAFRA T MBI A R 5L

XFFREEE R BER A, BN MEAR B, IR PRI AT B4 S AU R SAR i 8y (0)
PR R 7 B B AR R B, (2, A RARA SR AU Ry 42X 2y (0) s,
WABA TR F A E%ﬁEﬁﬁgﬂéfrﬁﬁm@iﬂl]((?)%ﬂﬁ‘?riﬁﬁa%]((ﬂo BTl 5 ERESIT
SX P ARRS 2 5, FRATTA RT A P 6 BE R B

SRTBERE T FEFF AR IATAT LUE I ME— 500, I A — Bk, BHmd. BRIk,
ﬁu%ﬁﬂ‘]ﬁﬁ)ﬂﬁ%ﬁ?ﬁﬂ%ﬁﬁﬁﬁl‘&iﬁ](e)%ﬂf)ﬁ‘?riﬁiﬁ%](é’)%/l\lﬁE‘Jiﬁ, X EEHE %
AAENBA AN A Tr %, FEHERREE Y BFGS (BRREYE) Al L-BFGS (FRIAZRE
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

%) W H S R R, ENR A MOTERIE R J(60), VLR B Mk
THEF O, SRR BB B2 T B SE A AR (i SRR SR B IMUAR I BRI . X = R B 0 B
HEH TART TR G . SChr EARERE 8 SAEFARZ R, B LA I R FOR L8 5R0E, fRmT
PAL T2 — TR BB RE ), ANk BRI VRIRAR AT — LR -

XEMEEA A

AR R AR AN, RE AT E TSR a, Proln TR ek
g R R 5 25t TSR S TR ARAN BRI 7 i A RT LR BT — AN BRI A RO A
mH, sk, MAImsed — NN EIER, POV R (line search) 5%, ‘B LLH
BZAANFE R o, JFAZNEE - DMFRIEE o, FIbEEET USSR
WA R 2 1A, AR T2 Sk, X ehr EAEMOE 2R 1, A
RIS — NP2 213, BT DL E AT R 2SS i P T BB R B, A e e 3|
AT A VA, O T AT TR G .

SR b, Bt 2l AR B AR K B ] T, B A T A A A A
111 EL 2 L T4 2R 45 22 3L PR R BFGS A1 L-BFGS Y41

ATk b 5e 4 W] RE R A e B, IR VR 2 AR 3] [, A R
IE PRI LS VR A PR IIZE MO 4, G SRR S B0 SRR R, A FRAE T 3 R iR e
ILERRIE NERER 22 1 Rl AR AN EAE ] L-BGFS. BFGS IXLEHIE, BRAFIRZHUE
THEITH L 5K bR b, TASEURAIg S B SRR R PR, s it5
WRERE, ROART TR, Bl @SR E B — MR, tniid, BsR—A P07
W, APt R T — e N A5 i MR8 FOr iR A s S8R BIER
i Octave M 5EH VIR MATLAB ifi 5 Al LA

Octave 7 — M HEH HARM A H T SLBLIX S8 e AL 530, TBL, SRR EER T
I AR DRt RE AT B AN [ 45 L o FR6 Z0UH H 3 S S SE AR I BN 2 A Xl 4, BRItk
USRARIEAEAR ML 2 SIRE P A — ORI RE & B SRR IEZE (AT €L Co+. Java 55
5, IR RE ARSI AR, PAOR IR S — A BEAR S S BRSSO . RUNAE L-
BFGS Hl# 45 iy bk LI SE B b, RIUSIF SAKEF A 201, BRI B LEFRATI R 1 -
G o s P X e B
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

Example:

o= o

J(6) = (6, — 5)% + (62 — 5)2

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

T, UK — A E A SEI I, XS EGE0, 10, L, T8I e 2L
PRAT AR 216, M1 0, FOMEL, GRARKET (6) S/ MERIEE, IR A E R MEK 260, =5 , 0, = 5.
AR AR (0) 1) T B3 R B2 IX A RIE

d
6_91](9) =2(61—5)

0
6_92](9) =2(6;—-5)
AR IATAFNTE B AME, (H AR AT R R BX A e/ ME, 2 L ansh B2 T P i te g
%, AHRFE I MR, AR IE 4T — MERIX R Octave BRIHL:
function [jVal, gradient]=costFunction(theta)
jVal=(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

XREFH S XM R AL, BRBOR B 5 —AME SRR, BTN %2 2x1 1)
Iri) B, A5 FEE 1) S PTG 30T 3 B PR 7 5 8000, 38 4T3X ) costFunction BREUE, FRiE
AT LA SRR AL R KL, XN EEOY fminune, ERIR Octave B A HE/MEEE.
e
options=optimset('GradObj','on', '"MaxIter',100);
initialTheta=zeros(2,1);

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

PRELEE J LA™ options, iX> options Z& 5 {E A— AN EdE 4514 il A7 fif VR AE 2L 1 options,
JITLL GradObj 1 On, X B EHEEL HARSEONTT I (on), RXERE IRILAERSLE L IX A
AR —ANBREE, SRS BB BRI, BT 100, FRATA AN BUEIINIGETE, ©
2 2x1 W, AR fminunc, XAD@FF5 KT8 FIRATRINIE X
costFunction BREHIIRE . WIRIRIHE, EMSMHAARL mBMATILE T —A, HIRIR
WA DS G T, AN B ENERE ) E R e, RATREE KM RAEES
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HLas 5 ST R FE-25 3 Fi-1Z %8 [0 (Logistic Regression)

SR IR S R AR AL R, SR ISR AR RS B R R, AR B R RI01E
iR VRIRELE Octave AT AFE:

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

'mation about changes from previous versions,

.2.4.exe:1> pPS1(’
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
exitFlag =

FTLAR'S TIXMKT theta [f) costFunction PR3, ‘TIitSHARM B EL jval DLRBH
gradient, gradient /ML EK, BN BKECT T theta(1) 1 theta(2)iX AN S8 1) w54
A EIRMARIA LT 22NN B AR R 58, ERER B s BUE . B
FEfE, PR BRI AN REH RS, s B RA T, Rl D SR R T
ZRPEIRIA, AR AR B A S N G AR SR T A1 B (K e AR 7
IUAEAR L2 R WA 8 F X B i R I RS0, AT T IR e, AR ol DM — AN R 2%
MIPRALPE, ek B SR AR — f . BRI VPR A RO RN, AN T I S AT
IEAT R I B B
Fir A3 A — MROKIOPLAS 2 T el R, e PRix s s 0%, AR N A
TIKEEHE S, PR R A I B R VAR A (] UA1 S T ORI e R e, I gt e AR AL IR R

A~

A
o
ho

H

FE N — DRI, ARG RAR U IE PR C 2 12 4R A 5k, SRE e e 2 2K
oy KA B R IEH AT
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

6.7 ZRADREK: —NE

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

FEACTIRUA Y, FRATTHE VR 2 a0 {5 FHIZ 4R [51)9 (logistic regression) KAt £ 285 43 2 1v1
HARRE, BAEE— AN —3F £ " (one-vs-all) {15 F5H%.

S XL .

BN R BRBLAE T AN ST BVERE B S R AR A SR B AR ) SOk B
o BT LA SN EARRE, B4, URIVETE LR RIRSCE R, B AR AR R 58 A
X, SRIX AR E TARMIMAE . SR E AR ok 5 IHE ARl A R4 b
(FIRAE, A8 2, FATHEAT T IXFE— A4 2 HRA A, 45Hy =1,y =2.y =3,

y =4 RAE.

S AT RA RS, IR AN S ISR BRI BT, A r] BE A A
i, H oy =1 XADERRMRE: @B TRE, H y=2 RR%: &8 rmEly = 3%
k.

FEAT s AERRIEFEMCA SR RIS 55 2] 733K 1 8, T84 VR AT e AR EEIX 7y R LG K
RER, Za. WA 8E FER, X LR, y arBUR—MRNOEUE, —M
EEHEUE, a1 B3, 13 4 s e HE, DR 2 3 S, A —
FeHIE, XT PR 0123, ib 1234 HAEE, REEICKDEMN 1 JHHIRTTAZ
0, HSEEREARIEHSA 200 5 f 1 45

SRS T Z BT —A>, ZIer R, Bl EE A R AT fE 2 (R IX

=

i

Binary classification:

A

X
X X
© L8,
O
Xy

RET— ARV, BA TRV AR IR
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WL 2= STRFE-28 3 Ji-12 45 A1 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 PSR A5 RACEE 3 4201, M4 3 NSRBI R4, BA T 152
— A FOR AT 73 SR ?

FATIAE D FITE W HEAT — o038, WTLMERDE# R, T BBV RBHRLE, W
PR ER SR — 0 N NI 3 2 (2 SR IR, BRATTAT DR L AR 2 3803 2K i)l
F.

N HECRA BUNATIEAT — X 2 I K TAE, AR THE RN — X R TT %,

One-vs-all (one-vs-rest):
N
A x
AN xx X

x
oo

X2

\ 4

Xy
Class1: A
Class2: O
Class3: X

PHERATE — DI, e EERRRIAE 3 0, BT =MERr y=1, itk
TRy =2, XRR y =30 RATTHEMAIREH —MINGE, BH2m 3 A "Jon
iAo

PAVRM A =MIACERKIZAN 1 IT48, SCbr EIRATRT LRI —AS, B D lgeee, 2%
M2 FISRM 3 sE N HSE, SRR 1 e NIESE, BANAIE —SETRI IS, W R B ER
B, BATERA B — DR 2K,
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WL 2= STRFE-28 3 Ji-12 45 A1 3 (Logistic Regression)

X
One-vs-all (one-vs-rest): ¥ 050

=T 0.2
A X / Op0
AN "xx &
X
oS0

N

v

X1
Class1: A «
Class2: 0 «
Class3: X <

RHEM=MRIEREA, MEIAGRIREA . TR, WE=MENERN 1, B
fHEY 0, FHEEATRINGE— MRAERIZ AR 72 2RKAs, XFERATHE 2] — 1B .

N T RESKBLZAEIFEAR, A Z AR H Db NIERZE (y=1) , RJERH
A RHAFIC A TR, XAMBRATERS (v). B3, KMMERABESRS A KbricH

ER% (y=2) , BEHILERIPRCAARE, BHXMEELLE b (o), RIS

e JERAG 2] — R A B LA hg)(x) =ply=ilx;0)H+: i=(1,23....k)

0l A il sl )
/60 2 Of m
‘ A/A’/ C 00 0O 6 \\\xx X 1\9 (y)
/R0 ox
¥ Oot (‘::j\_,'\
| 7. 7.

5 FERRAT T AT, A TR P 1) 73 BRI AT — 3, R xR — M AR &,
A A v ) BE L O AR

Bz, BB T, REBEMIR NG A R 5258 hP (),
Horp @ XA NIRRT y =i, &5, AT, IS HmA N x fE, H
T BRATEMIIRAERN A BB TR x, RERIEENE BP0
EONIG]P Eﬂmiaxhg)(x)o

PRILAERNTE | A Bk 73 S8R 1 7705, 1458 tH R — A 70 SR8 02 WIS B de v RAOR B B 1)
WA ATNAER N IEFR S, TRiERL2 D, RATHA B MR AE, ATy
e AME . R 2N R, LA 275, B IXANITE, RIS AT LUK
WA 7 2R FAE 2 2R K 1 L.
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HLas 5 ) IR FE-25 3 F- IE 4L (Regularization)

7« 1ENJ4k(Regularization)

7.1 JTHLAH R AR

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

BIBAENIE, ATCL 2] TR 5, SRAPERAREE T, 16
oA RO VE 22 1), (R 2R e A TN B LR 58 P& 2 I BT, BB A
(over-fitting) () [Fl i1, AIREZX FECEAIMCRIRZE

FEIXBAL A, BRI VRMRRE A2 R AU TRl L, O FLAE U2 g TR IK LA,
FATHER IS —F PRy IE N 1L (regularization) FIFEAR, W] ABGE s /b i 2 & )

AR IATE ARH 2 BORAIE, FRATTIE R 22 2315 2R m] BERERS A I shad Bl 2 (AR
Wk BT e L8 00, ERFTRESAREME 25T 1 Kdh .

A B T 1«

] 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

S MR AN, AU, ARG HE BRI 2R R =T R
AU IR, o TomiRA S R A EE, K T EIERAR . TE . BATAT LA
M, AR T, ERRIAIR 2, RAG, EARREAEH i Hhid NIRATT
WIZREAEAEFT i N AR AT TN P e 2 R RAN G 5 1 v ) RO AR (DL fie 150

32 ) P A7 A SR A i AL

FAZ TR, x PO, LA OBRGT, (B SL  TI PR E 70t FT REAE 22

L, GRBATAIL TG A, Az an ] AbEE ?
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HLas 5 ) IR FE-25 3 F- IE 4L (Regularization)

1. EF SRR B ERATIEM TN AFAE . AT DU F T (R B WP e, s i i —
LR R R PR B R B T (54 PCA)
2.0ENMk . IREFFTA R, (HR20 281K/ (magnitude) .
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HLas 5 ) IR FE-25 3 F- IE 4L (Regularization)

7.2 R R %

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

T R T Y i e SRR ATT R AR AR S

ho(x) = 0y + 011 + 0,x2 + 03x3 + O,x}

FATAT LA BT B e, IR IR ik I 2 1 WA A, prLin R A 16E
TR S R R EEGL T 0 BY3E, FRATBEIR I HO9UE 1 o

BT CABRAT VB Al A AE — e FR T B/ Nx Be 2450 I0ME, 1Kt 2 IE ML A7k 3R
TORTE ZIH 03 MO, KN, FATERAE B A s B, fEH e M0, WE— ik,
XEE LS, BATE Wl Em MU I 1 7 ZEREX AN R ST N TG [, IR R B HEUD
—LE0; 116,

IEHURHOARGTERAI T min - [T72, (h (x®) — y©)” + 100063 + 100006]

AL A A AR R B 105 716, % T 25 SR A0 52 igh L 2 BT 2N 2 . (RGN FRATT
AR ZHIRAE,  FATFFA RIEH PR SR AE JATELAG ST, A TR BT B AEREAT 151
I HAEAA B Bme UUAL AR SR FEIX LE AR T IR L IXRR I A R 1) 1 — N fa] FL
REB LA MO J(0) = o [X1 (he (x @) —y@)2 + AT, 67]

HAAFRAIEN{L 240 (Regularization Parameter) . 7E: MRAEF], FATAK0, it
(BT 53 TE I AE PR R 5 JE BB 0 7T RS Hd P

Unregulated Regulated

”

Too big lamda
4
I/'
Y/

Size of house

AR PR IE NS E N K, W SAEHTA S HCE ML T, SBURRA R he(x) =
6o, Wl BRI BELFRIEL, ERRIE.

TN AN — A = X7, 67 AT LAEO BN ?

UM IR A4S 2 AR KHITE, AT ff Cost Function /RTTEEMI/N, FTER 6 HIMH
(NEFEO) HAE—EREE L.

Price

s
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HLas 5 ) IR FE-25 3 F- IE 4L (Regularization)

B A HMERRT, a0 (AEFEe,) #MainT o, EHRAIPIE R A RER —%
AT Tl E L

P T IE AL, BATER NGB A KME, ZREA BESE AR IR AL

[ 5 — N ACHT R Oy T AR IR AL, AR FRA T I SN N 38 B2 1 [ VA A [m] )
s, TR AFRA TR AT DALk Ad T8 St BEADL5 T
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WS 5 ) IR FE-25 3 F- IE 4L (Regularization)

7.3 IENALZ kS

S 7 - 3 - Regularized Linear Regression (11 min).mkv

XFFERNERIARRAE, FATZRTHES 7R E 2 S8 — PR TR TR, —Fh Ik
MTTE
RN AL B AR B O -

1 m . - n
08 ﬂ;[((he(x(l)) —y®y? +AJZ=19]-2>]

AR R BATEAE FBR LN B X MR R B /ML, DS ERATIAR ST EAT IR Ak, i DU
JE R B SRR 1 IR I«

Repeat until convergence{

0o: = 0 — a— YT, (he(x®) — yO)x

6;:=6; — a[%zzﬁl(hg (x®) - y(i))x].(i) + %0]-]
}
Repeat
X EmEET = 1,2,...,n BT AT R 15

6y = 6)(1 — a2) — a - B, (hg () = y )"

ALV, RN AN B A RIR B2 T PR R AR T, BRI AE IR B3 R i)
BLnti B0 T — N ESNE

FRATFI At m] DA FH TE AT R oK e LE U A B [ SR, 73k s

0 -1
1

g | XTX 44| ° XTy
"
EIFHAERERSE N (n+ 1)« (n+ 1),
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HLas 5 ) IR FE-25 3 F- IE 4L (Regularization)

7.4 IENALH)Z 8 B SR

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

BEXZ AR R R, FRATIHE BT AR C 22 S I AR ik . JRATTE Je 2] TAEH
BT FBERAAACT B EY (0), # T oRES] T MR SRS, X A S 7R
fRE ST R EY (0) .

Regularized logistic regression.

XX 500 O
0°0
%[x O 000 ho(z) = g(0o + 0121 + Oo22
x OX XO o\T) = 9\bo 171 227
Ao ?(Oxx +03x3xo + 042373
%
X x X ) +05x%m§+...)

B O SRR T2 RE, FAThes A g in— A IE e ERIL s, 52K
IS

1) = [-yO10g (1 (1)) = (1= yOYlog (1~ ho (+O))1 + 5= > 6]
=1

i=1

Python {75
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/ MEZAN R E, BIER S, B HEREE T AL
Repeat until convergence{
0o: = 0o — a— 3T ((he (x @) — yM)xg”)
. . i 2
9] = 91 — a[%Zﬁl(hg(x(L)) — y(l))xj(l) + ;9]]

for j=1.2,...n
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HLas 5 ) IR FE-25 3 F- IE 4L (Regularization)

E: B LEERRZIERIE—FE, ERFTE he(x) = g(07X), FrLASLMERIAAR.

Octave 1, FAMKIHAT LA fminuc pRECKSKMAHT B8 BuR MERI S HL, ESE R
FEZ K0, ) B U 5 H Al LA R o

eSS

1. EORIE A IR 48 (5] U= o fR s P82 T e AR L DAk (8 22 P [ 0 1 2 U R — #,

{EER T W (e Co) AR T LG A AR K ZE 51«

2. O AZ HHAREM A IENLL.

H BTR SR &5 S AT ReId it , (Eo — FURRRE 172k RE . g5k
AENAEEAR, A, PR LS S B T e C2e tbvF 2 TREMIRA T . BlfE, 12
A 7RIV TR, H R e RS TARNNIE I 55 5 AL a8 27 21 BERA8™ e

FNRIGERRE S, BATRE S — DR RN AR E 7 288%, TiR R LMERIA L, &
FEIZ RV, AT DUR G 2 AR . VBRI R B A S R R AR 7 28 4%, W]
PR R o 22 I R . SRATEE DR A2, LEBUAE AR R (P L) 755K N A5 A2 2
A7
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HLES2E 2 U268 4 - 4% . FRiR(Neural Networks: Representation)

Fa4H

8. fHZMLL. FTik(Neural Networks: Representation)

8.1 JELMER

S0 H: 8 - 1 - Non-linear Hypotheses (10 min).mkv

PATZ AN, TR R LA BT AL Z B T HRAT XA, B HRFER 2R,
LR S 2 AE K

T M
9(60 + 6121 + G2z

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

X, O

HEAExy, o B RIHEAT BT, FRATRT AR AR & -

ZHTEAICAF DI, AL MR 2 W, Rl BT L S 4 i 70 R . ]
BERATA AR Z L, AR T 100 MR, FA1A EHIX 100 MRHERM E — Lt
(2 WY, 2 Fof R e R I AR &, RIMERRATT SR B RHE I 4 A (e x, +
X1X3 + X Xgt. . FXpX5 + XpXat. . FXggX100), AT A HT 5000 ANHA TR AIEFIE. X
X TR R [ VAR 7 A SRR R 2 T

R HATIA YNGR — MERR YU SE T R (Bl — K B B e — Wi
FAVEREA BERX AMNE? — R INERBATH IR Z IR B AR Z AR B R SR A A
FIX LSy b —MMEEIE HERIFEBGRRD RAENRHIE .

AN EATREHIR B, SAMERM ARG —ME (mAE RGB ), FAITAT Ak LA
BRI FALE BRI EAME R, RGN ] A SRR I M &R R R A
B B R
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HLES2E 2 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

FAEHATR A AL 50x50 BARM/NE T, FF HIANTREFTAA KB R UARAL, WA
2500 MRFAE, WARBATEBE— DX P PRHE L S A — D 2 TR, 245 2125002 /24
(B 3 {34 L. Ml 2R m R, ANREA RO PR A 2 (RHIE, X AT

s ZEAN 2 P 45
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HLES2E 2 U268 4 - 4% . FRiR(Neural Networks: Representation)

8.2 & LA KA

SR HM: 8 - 2 - Neurons and the Brain (8 min).mkv

MR 28 FE— PR T Z A%, E R R H K2 HE RERLU IR L 4s .

FEIXTTERA, PR RN RIS DN E REAR U A AN R O ML 2% ST i L, i
ARPUVEANEZHE EATRIE, XA, JAEH RIS R AR, o
SEBATRERNTE T LA EA R4 o AR BIBACKINLAS 2 > 1)L, 382 R 3
ARLEARR] e BOGBRI FE  o BVF, X RHI N TR B AR AR R BRI H 32 IR AR g
BLES o 38k, BRATIERE Ul 2 W0 28 2 15 AT X 8 ] R 22 X 2% 7 A ) iR R A AT AR =
BT AL RIS, RN S BB R IR T B S 52 2] R 48, A A A Z81)5
FATIT VAR e AT (27 ST e —— AN Rie ?

MW ZIZHGE T ) LA, MARIERET 2. Bl FAREE, fE 90
FARRE IR T o BRI, MM RN 1o Hh— AR e p 2
THE A Sl KR % SRITOHE i L L8R TSNS AT AR, 4 2 AR IEIZ AT K
PRI 22 2% o 1E2 H T3 AN R R AN HoA — S 3R AT T T 2 He R BRI, s rpi
W 28 55F TV 22 L SR Fe B ST RO o S ARSI, S 4R AR 113E 5 AN RN E H]
BORMFRBIHLES o KN AT BLaE 2 5 LA T AT 1007 SR BE ER, 22 e I B RA T (K 5

PAIRE A HEE, FEMRER 7, T H R REAL PR A AS T K N FT 1« BL-F-4n
RAFEERN R TIRZ AR AR A X 2 1 AE T AT b IR A . AN REAS
REB s KIS X L, ANFRIFHRIT %, AREN ETDARREFRESSI. AR, K
AR 7%, R E— N — 2 S FRsi T BL 12 AR R — MR8, A kAR
Iy, SR T T AES .

~ ' Somatosensory
. - Cortex

~
¥

ORI FRYIZ B 73 X /N P AL XIS VRO o B S VRBAE IEAE PR RS, ISR 2
Hoe. HAWEIF &GS, HEHEE SRS IR &=, BRIk, R4 ae0 A&
i .
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HLES2E 2 URAE-28 4 - 4% . FRiA(Neural Networks: Representation)

M2 RGRE M T T XN, B 5 5 R A2 I . 72X 5L
N R HER R NSRRI L, IR R I B A S B R AL BT A = .
RIZFEM T o MAGRERNAN LR ZR 222 B KRR ERE T EAVTRIER RS
o FTEL, WERVRXS SN, AL S n] A AR s HE AT 55, e ATn] LUE B, JF
AR PG & 2 B PRE o EANTIE Rl i IR 23 e R 3 AN B 20 S8 B o T T P25 53— A1 1
XYL S AR B AR R E B2 5 I A R AR AL B BE 1Y) Un RAR A — A FTRI A 2400
B RSES, ARG B E R o XA SRR ML e — SR S5, AR o
SEES, WIXAESCEB, RN A — B 20T ARG A el se (s s, A
WVFAAE—Fh2E I 500, AT AR AL BERRSE o W AR fiot, 10 A2 7% B8 AT B TN E M FE
s B BT AR SR AR Ee R0 P e PR R T 0 (SR B 1 o iV AT T 75 LAY
W LT AR A RS BR R 27 2] SR, SRR SEELE ORI I 2 B 4R G i Kb PR AN
AR Bt o AEARRIRERE b, 7T DS AR SR A T T LA AT — P SR BRI L
FAEMT AL, KAt e

N LAM T

KRB R 2B/ AT ERREE: XKk B2 4408 BrainPort (1)
R4, CUEILTE FDA (EE & 251 s 2R) ik R alis i B e el BRI 18 g
Yoo EREELRE, IRERTALE S NGk, AT, SRR SRR I AT H K
HRIIKPLEME o ARE AR Sk B2 MR 51 b, I8 AR IME R ER ST 2Rk
FAGLE L, AT RE AR R R R NN R R R AR e X T3R5 R, MRS E
BUERIDIRE, AERTXAT R G RELL R IRAE L+ 70 ph BL 2 2 FBRATT 5 Sk B AR 4
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HLES2E 2 URAE-28 4 - 4% . FRiA(Neural Networks: Representation)

Human echolocation}sonar)

RARAH AT, KT AR E A EE AR A ARA PRI ASEEL: 7RAT L
SRE R, BEMEE k. AEIAEA RIS, B AR EER XAERE R i A
PRI 38 ok ) P PR S — A PR N . IRARIE R YouTube )5, w4 AILA LB ik
TN NRB T, B R AEIRBISE R B, BARK L THRER, (H2da{Tmass, 1l
ATLADUARE ST ANE BT 250G, AL RETETRAR, fhn] DA TEERIANGEAE o IR — K

HHRERAIZT -

2~
Haptic belt: Direction sense

F=AMITRMGE BT, WRIRIC E AR b, S 88 2, iy HLA R AL A
U B R AT T A, SRR T B SR g 1A (K 3

Implanting a 3" eye

WERARAEF S FARAS = RN, Fikthagr AR IR . ik, OSARR S A
T o WRARBESE ) LR AT A AR N B R, KN 4 27 3 Bl et = S bl (0 5 3%
I AL BRI LR . MIERRE SR UL, IR FRATRESK ORI 22 ) Sk, SRS AR THEHL R
AT KN 2 A S Z M S, B VRROR R AT AN R B gt (0 i e 254k A
THRER AR A REEHE IR R LS.
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WL 22 STURFE-28 4 JB-FPE %% : R (Neural Networks: Representation)

M2 2% T BE N FA T IF— B E A BB (N TR REAS I & 7, (HIRAE X AT ER h R e e
ML IR R, 2R T IR ST N o BB BN HORTT % BRIAERE T ORI — L8
URARET,  JRATTRETT AR TR N B4 22 0 258 (R BOR 4755
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HLES2E 2 U268 4 - 4% . FRiR(Neural Networks: Representation)

8.3 HREIFR R~ 1

XM 8 - 3 - Model Representation | (12 min).mkv

N T R AR, JA T 75 1 S B i A 22 X 4 R BRI 7 B — M TT
AT LA S — AR EE R IC /M4 4% (processing unit/Nucleus) , B0 VF 2 5N /B 58
(input/Dendrite) , J HA — M th/5¢ (output/Axon) . #2248 2 K &4 4 JoAH T4
PRI RL H R R AT — A 2%

W
et Axon terminal

2

L Node of Ranv'kez/ﬂ\

/

Dea
[Axon] Kf/ \Schwann cell

; Myelin sheath
Nucleus / -

Yoyt cite”

A TR E A TR RS I AT A . I g R AR A SN 1
R, FLSmlR —SEias i R . B DL R 22 e AR A 3 — MR, Bl s il i e )l
R, RIE—BEs g A g T, X,

R SRR AL, B TR 5 — ML TOR RIS, 5T RX M2 ek
POX AR, 205, A RS RIDIR AR 2 B Qi Bk Kbt 2T, X
R A NREH R AT it 5 CREITE B BT 5, I a2 oot
TR X IRA TR AL IS R 1 S . A SRR AEE B — UL, stk — AN
TCEE R LA A& Sk, 51 REUR VLI . an R —SeE Bl fn i IR i A8 2 2 DK i 1 346
— R, IBAEBRIRE AL H ki 45 K o
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HLES2E 2 URAE-28 4 - 4% . FRiA(Neural Networks: Representation)

Neurons in the brain

MR SRR e e b, MU — /MBI B2 T
(Y EIE LI, activation unit) K49 —LSRHEME ot , I HARYE AL B IR B A — /N
He TER—ANLUZHE ERBAME N E &5 IR MR 7RG, TEME M, S0
WRNALE (weight) ©

(%) “Wias ait

Yo |

o Uopkput
O— e hole)

R -_-__-—-"—
)y helde Looe

gk ey

Sigmoid (logistic) activation function.

FATBEH 7R T TTRIM %S, FORITT -

he(x)

Layer 1 Layer 2 Layer 3
Hrbx,, x,, x3AHANHEIC (Ginputunits) , ALK RGEEHRRALS TN,
ay, ay, azie ARG, AT GTHEERT AR, RERIEFIT =,

RJE M ERTT, BRI R ().
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HLES2E 2 U268 4 - 4% . FRiR(Neural Networks: Representation)

T2 W £ AT 2 VF 22 2 4 P T AR R R L U R I 4%, B — 2 M AR B
—EHMANTE, FTERN—A 3 2%, $—ZRNMANZE (nputlayer) , f&—
JERRONHHZ (Outputlayer) , ™A —/ZBONEETEUZ (Hidden Layers) o 3RAITNEE—/Z#EHY
—"MpZZ 547 C(bias unit)

Neural Network

> ’l(—)(;l')
HWadea \ﬂ-\x_tr
— =
Layer1l * | Lay%/LayerEI Outpua "3”

T It oy

I N B RRIC IR T B AR T .

ai(j) REFE] ERIE @ DNIEHIC. 0OREMNE j ZMEE RIS + 1 ERARERE
B, e WA NG — Z i 858 — EMRE AR, RN DU j + 12 MBS
TREEATE, DLER R MBEGE R ICEUN — BB AERE . N BT R B R X 2
OWIIRT . 3%4,

b0 i Rl o 3D B N R U S S L s | B P

aiz) = g(@l(é)xo + 01(1)9(1 + Qfg)xz + 91(;)3@)

2 1 1 1 1
ag ) = g(@z(o)xo + 02(1)9(1 + 92(2)352 + 92(3)353)

2 1 1 1 1
ag ) = g(03(0)x0 + 0§1)x1 + 93(2)352 + 93(3)353)

2) (@ 2) (@ 2) (2 2) (2
he(x) = g(@l(o)a(() ) + Qfl)ag ) + sz)ag ) + 01(3)a§ )

BT AR T R R R B AT (ANINZRSED MG TR Mg, BATH
SRV ZR A AR FATT A 22 X 2% Sk o ST
BATRTLARIIE : B A>a#BAe b R xR TR B R SE 1 o
CHRATAEIXAFE A 247 (1 SEIE AR I [7] 4% 4% 55092 ( FORWARD PROPAGATION )
x, 6, a DAREMERR, BAITTLER0-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 HREIFRR 2

S 8 - 4 - Model Representation Il (12 min).mkv

( FORWARD PROPAGATION ) #HXF T8 I K gmtt, FIH A BT A A
NfEE. AL e g s, WRE RS )RR

x : 2
i | 2 = |,

o ?{2)

.'133 =3

2(2) = oy
a® = (@)

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) — |tz

gl [0 O Oy Oy | xo | | T Y| Bz Xot Ozg Xy + Oy X + 85523 | | = |ay
1 1 (1} (1] (1] (1] (1] (1] (2]

Qai*n] ’93i1] B35 By *3 By Xg + B7 %1 + B35 % + B35 x5 A3

B4 2@ =0Wx, M a@ = g(z@) , HEHEHEM o = 1. HEHH KR

Ly
(2]
1

2]
2 2 2 2 (2) (2} [z} (2] [z} (2} [2) 23y _
3 [E}'ED] 9‘1:1] 9'1:2] 9{:3] x =3 (910 ay + 0 a7 05 a; 6570, ) = ha(x)

at?
al?
A4 23 =9@a®@, U hy(x) =a® = gz®).
i36 PRSI ZREE b — IR ST b5 0 R T B MRt AT 54
TAVTER N GE R MR AT R B, (643 A — A Sl I RFAE AR AE R — 51 B . Bl
2@ — g x xT
a® = g(z?)

N T U T T f% Neuron Networks 1 TAF JEEE, FRATSGHE 22 2130 7 de A
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[ o}

> — he(x)
‘ ”‘x"".";
! 11:“2'

Layer 2 Layer 3

2 Hos g Plag, aq, ay, as, 1401 Logistic Regression [1) 5 4 i hg (x):

D

¢ H L ) &)
k@ty):g(@?oo‘l’ *®'\Q\3

) o)

(83 Oy
""@\1‘1; T, Og

HIh 2 M 2% 18 /2 logistic regression, H AN KA logistic regression H1 )% A [7] &
[y ~ xa] AT R0l ~ of?], 1

ho() = g (020 + 620 + 00 + 6Pa?)

BATAT Lhag, ay, a,, as B E A RIRIEE, B X, X1, X2, x5 IREAAA, I BB
Rl x5YCEN, BN R, BTblaf B ult), JFHARRHORET %, AT bhiXeesE
1 R R I B AN x5 [ 3 e B e F) F0 3 88

X A A 2 X 258 A L T3 8 RV R 2 P ] A PR PR 35
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8.5 FHMEME W EM 1

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

WA B, R 2% Behg il 2 SIS O B S — RAIRHIE. 7X@ naZ i e,
FRATTA BR A1) ot R B o 0 S A T e, X, o, s BRATTER SR AT LA — 8 — TR TR AL &
KA, (HRIRATVIIRZ IS AR AE (BRI . FEMRZE &b, JRARSRFAE RN Z,
FERAT LI =B E RG] T o, 58 =2 W4 M 6 TR A 12 55 — 2 1
fiE, WA Z A A JE AR, FRATTAT DL 55 5 v (R R E S A 2 I 45 088 1 2 51 J5 LA
H f— ZR 510 F T T LA R B RAALE

P gs b, FERZTT CoIaE) M H ] FRE R EHHE S, a4 5 (AND).
W E(OR).

BB B 5 (AND): R BT R K TS output ERIAR, Al
L#5 2 sigmod RIEL, FREEISRAMEK.

AT LA X BE ) — MR N 25 7R AND BRI

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

()
@ > ho(z)
(=)

Hg, = —-30,0, = 20,0, = 20 A TIFHIH EEhe ()BT N: ho(x) = g(—30 + 20x; +

20x,)
BATHNIE g () G2 -

N

J

0 L
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T To | he(x)

0 0 q(-30) xo
-0 1 %(-— o) %o
. 1 0 S('“) %0

1 1o g (e %)

FrUAFATA : he(x) ~ x;ANDx,
Fir AFRATTIF -

IXHi/& AND R

T REN 1 OR 4L

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

OR 5 AND #4k—#¢, X5 H7ETIEUEAE.
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8.6 FEAFIE WM 1

SEM: 8 - 6 - Examples and Intuitions Il (10 min).mkv

“ItZHRIEH T (BINARY LOGICAL OPERATORS) i NRFE A /RE (0 8% 1) B, &
TR LA —AN B — B0 2 T DME Dy e RIS ST, N T RR AR g Ay, JATA TR
e EANR A B AT

TEMZET (SAESHI-30, 20, 200 FTLAEMCNEH R TS5 (AND) -

@ 22 —> ho(z)

TEMMZTT (ZABESIN-10, 20, 200 ATLABEA 1R 46 (R T 24880 (OR) -

(D)
@ 2 g@ > ho ()

TNRIPZETT (AME A 10, -20) A RIS N PE IS5 R T2 48 4F (NOT) -

— h(-)(.’lt)

FRATT AT DUR]FH 0 22 T0 R 2H 5 Jl B D 53 24 PR 22 10 % DA SIC I B A 2% ()38 B o A7) A AT 1 82
PLXNOR Ihig CRIAMIBAMELA—FE, BN 183580 , B
XNOR = (x; AND x,) OR((NOT x;)AND(NOT x5))

e tiE — AN AEFEIA (NOT x,)AND(NOT x,) &5 70 FIFH 4 7T«

O,
Fiasl
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RIGH R AND HIFHZ TEH 7R (NOT x, ) AND(NOT x,) I 4 TG LA S 7 OR )4

ZICHATH G
@
/\
O©; \,
qb// : ;

BATIAER T — D REs2HL XNOR 1 HFFIHREHIAH L LK .
FEX AN T IETRATT AT DAIR T A4 R T A ek 2, 0 REAS B B N 5 2 AR
SRk L 2 30 |l (N
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8.7 ZRRK

SR HM: 8 - 7 - Multiclass Classification (4 min).mkv

MPATEAIER RS ER (BEtRy = 1,23 .0, Wb FXFE, ZEATR? R
AT G — D B FEARRAEE N IRG BER ARG, fEh 2 RAINZA 4 4
. Pt H—MEN 180 TR SRTN, 5 MEH T A .

N R =AYERE, PIATIER, R 4 Mg T sl RERER 4 2%, Ml
—MNEEER RS I ab cd]”, Ha, b, o, dHIHE AN 1, FoR AT T HZ ZH
2 PR [F ] BESS R R -

0
], mxm)z[gl etc.

_when motorcycle
phiabiidesiial L

A2 X 2% B0 (A a8 RO D Rl e T 2

T 107 107 TO7
of11110]|0
of1oy|7(|0
0] LOJ LOJ LT
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F5H

9.  MZML K% (Neural Networks: Learning)

9.1 AR

SEH: 9 - 1 - Cost Function (7 min).mkv

R WA= S R SV SR 7 0F [y N TR

B EMEINAHEAEMA, BN —Hi AR —HiiHE Sy, LERRHEN
ZKEH, S FRREEZI neuron NS, RN EMA TG, SRS — BT AT
IR

K 2% (153 2858 SCFIFMBDL: R FKME R,

“HpHK: S, =0,y = 0or 1ERM—%K,

KE3H: Sy =ky = 1RR-FBHI L (k> 2)

Neural Network (Classification)
{(zV, D), (3, 42), ..., (x{™), y(m))}

, = total no. of layersin network

S} = no. of units (not counting bias unit) in
layer /
Layer Layer Layer Layer
Binary classification A Multi-class classification (K classes)
y=0or 1 y €RT e [i]. [H [8] [{]
] 0 ] 1
pedestrian car motorcycle truck
1 output unit K output units

FRATT Bl JE 32 [m] U5 (v 2 R FRATT AR R B
IR R S0 (i) (i) (i AN
J(H)——E[;y logh, (x”)+(1-y )log(1—h9(x )) +%;ng
w2 R, BAIAE Mt E, XHirE (scalar) , WA —NMREEY, H
AL MR, AT LA IR Z AR, ATy ()& —N4EEEAK R &, FF HIRA
I R 1 IR A8 et A (R RE 4 P 1 — A 1) i, DRI ERATT A R Bl LE a8 B (e VA B i A —

B, SN: hg(x) e RF, (he(x))i = i*"output
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J(@)=—ﬂi2yk°"°9( o(x), +(1- y"))'og(l—(“e(x“)))k)}

,LZ_; J'le( (l))

RANE R R 2R 2 A B O I (1 B AR 2 — FE R, ATy Sl 1A PR L%
FUETIMS R 5 IR RIREG 2K, WE—ARRR, T8 ATRE, RAITH 2% 0
KA, SEA AT AR RIEIA, WA ATRAL A K DA R S5 R, SR J5 A I 7EA
FER AT A BT RedE foe i 10—, K Sy b i SE P Bt it 17 LU AL

A — IR HERR T2 00)5, & 2110 FEFERIA. R R RIPEA IR Y
AHAT (s, +1 RIBGE Rocle) » TERINIEAIRA 1], mizz (s)2) IHEE
TEHPTRE . Bl: ho ()5 HSHE Z 8 MR B R FEA-REA S A, 2 K04
regularization (1] bias AL FE i A5 2 £ 115 Al

Si

i=1
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9.2 RIMERRHEE

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

ZRTBATAETH S AP 22 R Z TR S5 R I AR 1 —FhE P& ik, AN — )=
IR —E—ZTHHE, HEEE 2 h(x)-
BUAE, %Tfrﬁﬁ%@i&ﬂ‘]ﬁ%iﬁ#l(@), FATHZER A — P A AR S, thal

HARIESE - ENRE, Rl 2 BRARESZENRE, BRIEEEHE = D
AR U B AR 4k B

TR FRATH IR A — AL (x @, y W), FATTI e 28 o 4 572 — N DU J2 1 i 22 I 245,
HhK =4, §,=4, L=4:

i AR RR 5

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

BATIIEG — R HRRZE T, 222 B BATTRITIN (a” ) SShail (y%) 1A
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MRz, (k=1:k) »

HATHSKRERIRE, W 6@ =a® —y

FATRI ARG R ERT— B2 6O = (0®) 6@ « g/(z®) H g'2®)
RS HEREINSEL ¢'(2®) = a® « (1—a®). [i(0®)T§W M LA E S EIRZE A
T RSB RINRZE: 63 = (D) 6D x g'(z?)

FE R R R, FEEIRE. BATE T HrE MR mZsUs, 0 b8
m&ﬁ%ﬁ@ﬁT,@&kﬂhWﬁﬁﬁﬁEﬁEM%%@ﬁﬁ:é%ﬂm=#%ﬁl

LI R A bR T R ARE S

I REHAPTHH SRR ILZ .

j AR E BT Z PR R IT R R AR, RO N — R RN AL B R AR

i ARET—ZHRZR T AR, 2 BIBEFELE PSR AT R T — 2 PR ZE T
R

AR EA T B IENAALHE, FF HIATRIIIZRAE R — MRAAERE B T A 1) o A b1 BRIk
THOLH, AT EA A R R TR AU R B e 2 . RS — R B
HATFRRE T E W HAE — B RRZE ST, ERBATFHE NN NAETT HRERTT, R
ZEHTTHR—NMERE, BATHAS KB RXMERAE. 5 | RIS | MNEOE RTINS
NS TP ER T .

AT EEFR 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

IV 50 ) E 1 P B 2 O S 2, R 1 SR 5 L 5 30 22 9 4 T
SRR —BRORZE, ARIERI R IZIR IS AR I RE T S S T R T 1R %
TR T A2 05, AV AT DA S B B I S5 T, S

l 1 l D . .

D= ;Al@; +107 if j#0
A 1 D . .

Di=—a0 if j=0
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7f Octave 1, WIRILATEFEH fminuc IXFERIPLALFVE SRR MR HACE S, AR
B AR S I O R, LR SR H S A AR IS BT e 4 R R
BERATA = MALESEFE, Thetal, Theta2 Al Theta3, R~F4r#lN 10*%11, 10*11 Al

1*11, I AARRS AT LS I RE A 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 RINEHRFEIENENER

S 9 - 3 - Backpropagation Intuition (13 min).mkv

FE_bE— Bt AT T R AR, SR 2 ARG, 2488 — KR BIX A AR,
B ENGUE R R, RN VAR B A Z ZoRPIR, M E R KE R T, S A RIEIX LD IR,
B RZ AT A 7E— B o AR — R, HLin el U BRI IR A RN S R AL AR
BOEWA XM A, RESRIER K, M T2tk B AR R N EE T F, W
FHAE EVE, RFEERE AR, TR EMERRR AL, Kt e e TR
ZAET, HEMEMW, BIARIIE, RIMLHIRE A O R FERREE BRI A R
N XTI FR R TG R HAT I, B — MREVL B AR . o g2 > 1 A2
JS21% F] LA SZ BIX 2625 3] % s D REFE B IR, R X S8 R BRI EE 17—, U 1 A 1%
FEEE BRI SEIL, XA e H CERIXMEIE.

FEX B, BAEF IR 18— TR A SRR EIR X R R AP IR, JF B4
PRSIt B A2, BARX ED IR T TR AEMAT 4, oy Bl IX B, IRAERE
fiit, EEDER -ADEEIEE HATRIREEE T IXBAUR, 7RE2 53 R AL R KRR

A AR RAE, KZRIRIDER, RKIREBIA mehar, KRR m. MR
Bl S AR IRX A B T, AR BARIZAZ — D AE AB AR I 5%, (G2 A B I BULA
REA LLVEAE BN, N 1 B S AR R i, BRATEERAT 4RI FC— T Al [ A 1 1) S 2.

HI [ A% 4 i

m« MY  { '

2 [
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Forward Propagation

S AR S 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 SKIER: BRIFSH

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

FE b — B, BATRE] T B R A 1R FATH AN B B S8 7R X B
Hh, FRAESE L [ R A AN S AR, EREIRI S BONGE R I e &, DAEER
A IHE e im0 R v ¥ A P 75 2

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 BRERL

XM 9 - 5 - Gradient Checking (12 min).mkv

BBATS AR SRR (I 28D IR T AN, ATRE S fifE—
A DGRV, B, BAAMUINE LR AERW N, (B2 IS R T Bt A R el i«

NG S A I R, AT TR B — T L B B2 Y8 G 56 ( Numerical Gradiient Checking)
Jr e SN 1 ) SR AR S A T B AR SR AR I8 FRAT TV S S U R 75 L R AT R

TR G EME I B TR o BT FRANRRER) 6, AT AL 6-¢ AT G+e 1
RAMAE (e —ANAEH/NE, EHIER 0.001) , REREMUN I, HUMETHE 6
Kb FIAAE -

Octave H{UMSU1T:

gradApprox = (J(theta + eps) - J(theta - eps)) / (2*eps)

07— AR, B Z i P EOE TR . RO e B0 i ks 96 A X
— A SHWBCE AT, R A RE 0, BEAT R A 2 -

0 _ J(01+£1,05,05..00)~)(01-€1,02,05..6n)
264 2¢

B e BT T B I e 17 A% 4 7 0 S ) e 5 B AT AR 6

MR LT AL, TS R S B AR R Dl.(;) o K, BATERZIERE T
O, FIREATEA 0 FERERIT AR, AT a4 0 #UHE—NT R
{8, RRXSEEA T NE OB R, RS XA ERE ] Di(}) BEAT LA
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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 FENLYILELL

SZERHM: 9 - 6 - Random Initialization (7 min).mkv

PRI SRR 2 LIRS HL. B H RN IEBRA TR AT A 2808 0, KRN
FIUG T30S T2 AR RN OR LR FTAT I, (AR T2 M 2R B AN FTAT I R BAT T
MIRIARS BN 0, R EWRAE BA T — R A Bas ocil A MR RE. FE, iRk
MWIEFT A S EE O — N E 0 0%, 45 R —FE.

PATEE YIS EONIE e Z MFIBEHUE, BstBRATZRILYIG— RSN 10x11 (92

HERE, AR
Thetal = rand(10, 11) * (2*eps) - eps

141



WS 2% STURFE-28 5 JE-FP 42 I 45 11 ] (Neural Networks: Learning)

9.7 LZZEER

S 9 - 7 - Putting It Together (14 min).mkv

NG — IR IR P A I R0 B
PR LR s 25— B F R LM R 25, RV E k2 DRV RGERR 75 H %
DA HTT,
R RN BAT R B R IR R
w5 — R MR TT R BA T ZREE 1 45 R HE
AR BSIRZHOR T 1, B ORAR S BRGRUZ 1 BT N O ), 8 1 DL FEOUR 5T 1 2k
[LEF UL
FRATTFC I EE P 52 R B2 R BR8] 2 AR B e
WIZRAHLE N 2% -
1. ZHNEENLYIaG 1L
2. AAIEFEAEREIT I ATH he (x)
3. wWEHEAEE ] KA
4. B RFAERR TSI 55
5. A EUE AR T V28 36X L i T £k
6. MEAIALSE R R MEAUHT B 2
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9.8 HEEL

S 9 - 8 - Autonomous Driving (7 min).mkv

FEX B, BAR RIS B [ S S S 4 R 2% 22 5] (R EE 224 o IR A
MR8 R SC I B s B3, gl R U IEE 2 2ok B D Bl 35T ORI R B
MAZ T Dean Pomerleau JI L Z 2, AR IRAIFEIF, AEWT 56 E A7 1 i HE Mg e
Ko ARSI, AREL Y] A A AL EOR SR ARAT A 7 FERRXBAUIZ /T, e &
PRAT R B A4

FE NIRRT 7, BURI A BIHT T AL R

FEEITRRIKRRER 258, WA T — i, A 17—, AR LTI iE K,
PRAT LA 31— 26K T R A o IR 2 2 B A SB35 (1 170 o i R 3 LR 2% 1 2 A X B
BRI N RE LRI T . AN A TORIIX B, W BRI F) A2 S8, T i
A s U L[] AT SRR R o RIE, RE ARG ZE I IXBL, At b oA A 2 — i B L,
TR — R E AR BRI E R 1R AR 117 295 -

XM P B — 38 200 L PR A 2 2] SRR AT BT 170 JF L, SR, IX— SR A5
X B A R 28 X 28 A X LA R IAT BT 17, RO 228, OF HLSEBR EAERPZE 2% 0T
A2 21 R, AR T B W4 A — S R B X B, AR B — S R T X BB o 5 B
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DX L BRI AR (X I, R e p 26 Q2 BENLOIAGAL 1, I HATIRALRT, AT A
IR AT R, B BRI A RIEFTEAT BT . R X FIREAT T RS K A
ZJa, AEARFAORX B BIEREF RO b SRt — A BARRIAT 37 X &
AN AR, IR DRI T NIRRT BT L, AMBRIJT A B, vt — B
BRI AR X I, TR — 2k R X B, Fom ettt 7 I RIAT BT 14

ALVINN (Autonomous Land Vehicle In a Neural Network) & — /M E T #1428 I B BE R 4,
I S NS ok A S 2500, ALVINN REBS 5] Navlab, 2E7E s ERIRY, X
TR e AR RS . THEAUANER S & FORAEEAT B 2 B B ST . P ALVINN T RE
Bk, RAEHHMTING, R ING—D NE IR S,
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SRJE L ALVINN S, ALVINN SR FDRE AT 19 0 B A — sk B e B s IR HAD SR 2
BEE BB, AR RIRINZAE B R BUR S  30x32 153K, I HAF N AR A4S ALVINN ()
ZIEMEMS, B R S EVE, AVINN IR 2N 5 NS T SR T
[ SEAFAUT ISR o —TF UG, FRATI R L I 1005 TR REALIT, K2 i 73 B I 25
FRATTAR e 22 X 2% 68 RE A6 HE A AU\ SR 2 B (R 25 B 1, 0 Ll B SRR, th B R AT I
NNGRERE, A BNZRTE R, RIS ATZ T IsAT i, T miTsr.

FEADB ALVINN 2R 12 RECALE Fr, OF B R B AR S 2 M 2 3T I %R, 2
LMK EIN AR, & ADRGEE R MTRTT R, DU EEE S8, A
JE e AR I 25 43 B BAT B0 TT 17 o BEANIZ L, FEIX 2% BATTE B IR 1 2R e 24
RIS el KB 1 o P B T B w2 O i ' i A = 26 E 2 S e iy s 3 Y W
FRATT AT TE X 22 06F IO (49 1 5 E R0, 5488 o S 3+ i I, 77 R OUZE TR g N LA 2
MBI B 5 TG BT, HERAEE LT, WETE RS, ok PRz sfr
BT, R A 5] SR E B

R IE TP MR IR BB BRI . IR, BATBEAIR 2 I Sedt il Kok L3 A 30
PR IR, RRINSE L KAX, AATER AL 7 — SR LIS T A R i 2 %
BB . AHIIN, AEFTRRE— N B 5L T S A AR R RO R R 45, 25 Hh In bt sk i E 3l
R, BRI — R NARUE R Rt -
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F6 )

10~ L A HL 28 % 3 B9 28 1 (Advice for Applying Machine

Learning)

10.1 #E N —H M4

S 10 - 1 - Deciding What to Try Next (6 min).mkv

=

FIHATNIE, BATCENDA T ARSI, WRIR— BRI i
¥, RRRIA COEAARARSEI SO — A TIRVF 2 SN A I BRI TR T .

SRT, FEMENLES 22 ST NS P IRIRAE BRI 220, —HB > NHSEESR T /B Rk
A s ISR 2 B T S AT R B BRI ZR 0, AR AR T
fATTAT BE VA 8 A PR ERE IS HTX SE % . BRI SR SEIN EVR SR AE oS ) 2 b JRAE
MR RARAE BT HLAS 2 ST R ST, ARRENE ] FU/ERRIE S — 2RI B IE . SObRAIE R
PRI, AR TRUIAN 2 Ja (K LBELA R, BERE A VRS 41— SE SEFT IR ORI 2, BRI
EREHHTR R FAARRYE, R 5 o0 B Al AR AR AE T R — I HLEs 2 ) R 48, BiE AR
BB S LA 2T RGEIIPERE, VRD AN PRE 32 T R BZAE FRIRAE S ? 1 ReIx —
e, FRARVYIRAE P T 540 122 S, B PR Q22 Se i 1 IR AR ZR PRI, At ey
WA R By BOEL, B, RS RMRIIE SIS ELE,  WERAREOR AR A v ek B B — A
Wi s RS _EHEATI, BV DR TN s i 7 A T EORHIER %, DUAE R ]
BRSO EE, B PRBMIZE AT

K EARAT DUAR I AR 22 o7 ok et X AN AR RS, Herh— M2 E 2 1l
ZrkEA . BARCRUE, WYFRAEAE BIEL fh i Al b T BRI 2 AN L 5 2 4
i BIREIE, BB 2 NAED 7 IF 2 AN E 2 RIGREAR . AT, ERE
AW E AR KU ZREE, A —5E MR R R AN ? (EAT IR SRS 5 2 (I 2R 5
Pa b EIFBATIE R AR5 TR LBAA, 3RAT I e I A

AT RNTE EFEEE AT 2 M AR PR E 2 I8 b, X Sebr ER T8
TN T3 ATk, PRIV REAR B R 2l A SE A AR o DRI SR AR AT — AR AR AR
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EE Iy, o, x5 5555 . WVFHIR ZHFIE, WVFRTT DAL — s [R) PO SERHAE AT 2Pk ik — /N
Iy G o B WVFUR TR SR B 2 HORE, L VF H AT RORFESE, SRR IR A R IRE
il o VrAs S M KIUE 2R 0 A BER R TE 2 (080, RIREMD, (R AT LUEIX A ) B ey
—MEREIITH , Hen s H e s ARG 2B 2 1 By S R ], ml PR AT b B R R AT B
ZHK, ZRREMEEEESE, KR DRI, FRERERE, JATHE A B
PRI () 56 BX 26 AR 22 Ji, JRATAE A AN H AR AT o AT 0 m] RL22 a0 hn 22 T Uk Ak
75, Hlnx, P TT, WP T5, xq, 2 WIRAR, JRAT T LAAEAR 22 I [l k25 f& X — T 1%, K
AT AT LA B8 H A 7 k08N B R IE AL S BARIE . AP IE Ay, BHIRZ T
RERAT LY TR A — AN /N H B K I T I H o IR, K2 BRI FEIX L
TIERIRHE R SRR, WEUE I, KB RIEET AR A N IX T Ak —Fh, L
AARATTS U, FRAT DR AR SR, SRS AE BN H IO RIUCEE T — KRR, AR5
PR — AU AP, LEIRATSR MR L8 5 1 R Edh o 2 HR R IR o ARG IR A 1k —
B RRE AL T 27N I 182K 78 B AT S PR 1 — 7 125, TRIAE 7S/ 5 A ]
Jo, AR R I B IR 2 — kA MG . SEIB I, A — RAIE R TER RS
I, HERE T DT, BN IR S AE IR, IR A — R R
BITTE, REAREH, AR HERR B AR 2205, AT RT3 48 KB AN 0 S48 S 1 I
] o f 28Ik B EHALE - 2] RGEIERE R H AR FAT 75 2 — AL [ AR RS T o5
LA TiE R 1 BRI R TR A SN s I g R A BOR IR 22, JATT R — B AT EAfigAt
27

SRAG L U RS —— 8 WA XU, EAUECR, TR sea 2, %R
JeRH R LR T

122 D R ) B

2. 2R 2 RHE

3.2 N 2 WURFAE

4. 5238/ TE NG A

5.2 N IE WAL EEA

FRATAS B AZ B AL b T ) ST 2ok e AT 0%, T i ] —Lep L8 7 ) 2 Wik
SRS B FRAT R0 TE L TR £ 7 V20 FRAT T SR A A R

FEFE TR B B, 3 Je N A E R L &8 S BE R RE, REFEZ G R LB

Mg, B TFLA TSI LT, EATR IO HLES 7 e ik “2ins s ig. X
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RIS, REEPATEAING, BEIRN TR RIR B S M. X8 E Haehs
TYRR, S —FEIERIACR, H AR, 4 R—AE L. X — RIS &R
TR BRI Z W%, (HIERATU ] — A0S, RS WNE R PAT AN, 2 2L
I TEJ PR, A B A 1 S 5 AR AR 22 I TR R SRR A S B, (RLIXAE R g e 4 TR AE 17070 |,
DR THEL AR R o ST SRS, 5 7L H B e], DG, fE8 FoRJLTT iR, &
R SR A R AT AN VR K2 3] S

FEMZ G, FRNA— Wk, AEREILIREE . TR =, nfTiaEE

B X7
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10.2 PPi— MR

S 10 - 2 - Evaluating a Hypothesis (8 min).mkv

TEARTT AR FRARS 41— N BRI BRIV B I R . 722 5 iR,
TRATTR DAL Ay R SR i 10 G fe] 38 S i 405 R R S 1) ) 2
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

A E - A FIE IS HI%, BATH B REF S ERMIIGRRERDME, FA
WARE M EFE NUIGRR ZE 2 1IR3, ERMTCEmIE, UGB R
ARADNIINGRRZE, FEAREU I E ot — e 2 — D aF B s . i HBEATH > 7T id M E R
BERREUNIB T, BT RAXHES 2RI 2R L ANE T

2 ARz I — MBI R ORI A E AR ? X TG, FATRT A
B )BT I, R R G, (E0 TR A I — R — i L, ik
AGARZRALAS R ), AR ZE L R R BOREAT ISR, St R IRAE L =R AT

\v size

RESEHL

DRI, FRATTRE 2 53— M7 R Al AT BB s e B 10 5 e

N TR, BATR AR RN RN, 8% 70% 41y
IZkE, MRS 30% MR E s . REE ) — mUR I ZREEATN S B8 B A
(oot , JEH BT BAEHEAT DR, ARJE FE BRI ZREE A SR
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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

MAREEPP BT W SR BATIR R A R M S R, arillhildeis iR, 3,
AT PR S R 2
LT AR AR, FRATTA A RS et S e By
20 T IR AR, BRATTER T AT LR TR Sk v S AR B B b

1 & i i i
‘]test (‘9) - Z Iog he (Xt(es)t) + (1_ yt(es)t) Iog ha (Xt(es)t

est i=l

BAKHIME, A TGRSO, i

lif h(ix) =205and y=0,orif h(x) <05and y =1

—_— h , =
err(hg(x), v) { 0 Otherwise

SR JE XTSRS RSR T
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10.3 MEAEFEFRZ X IIEE

SEM: 10 - 3 - Model Selection and Train_Validation_Test Sets (12 min).mkv

PSR ATEAE 10 R FIVCH) — ST BUH 2 3 (7 4%

1. hg(z) =6+ 012
2. hg(x) =6+ 01z + G2
3. he(z) =609+ 601+ -+ 0323

10. hy(z) = O + 012+ - - - + 01021

AR VA % U B A58 SR I MR S, (LI R 5B SR
PRI 25— L, TR e T8 AT MR . 3R T T2 X
o IE SR B A

B 5P GOSH ML A Ay NI, T 20%HECHRIE Hose XU S, (57T 2090 44
i g

Evaluating your hypothesis

Dataset:
Size Price
2104 400
1600 30
o
Cosle 2400 369 © oy
1416 232
3000 540
1985 300
., 1534 315 5 Cross vakidotion
O 4427 199 ) sk CeV)
1380 212
o ./ } tagk
RO, oy oy 3 S
R R TR

1 fEFHIINZREEIZR 10 MR

2. JH 10 MRBL IR G A SR UE SR THRAT A RE R 22 (AR B B ED
3. ERUAH bR BB e RO AR

4. FIPER 3 rhafe ORI AR T AT 4 iR (AU e B ED
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Train/validation/test error

Training error:

1 & . .
Jiain (0) ==Y (1, (xV) = y©)?
traln( ) 2m§( 0( ) y )
Cross Validation error:

Jo (0) = WZ(h (x$))—y8)?

cv i=1
Test error:
Mhest (I) (I)
Jea (0) == X (0, () - Y
est 1=1

152



WLEF ST URFE- 56 6 Ji- R HL#% 5% 2 B9 321 (Advice for Applying Machine Learning)

10.4 ZWiRERNH £

S 10 - 4 - Diagnosing Bias vs. Variance (8 min).mkv

BPRIBAT AR A TFIEN, IR FVENRIA AR, IBAZ R N ILPIFIE L
BoRMEEKR, AT ZWER, #aiidl, MINELELRRIE, Eaid
. WAZWIEL, A FRESG R, WA ZEA K, SRR R?
SRR — rUARH HEL, ROV RE AT H BRI 00 A 3K P A L e R — At LS — /MR
Rltitazsas, 16515 AT DA Sk i o UK JHEANE R . AR B, AR E IR A AR
T RAMZENTT ZZ R L Ay BARBEXT EATA — IR B, I HLthRETRTE BB R
PR — ARSI, RERE T — DN M ZEIE R TT A R R, PRONIZA IR AR T R e
Sk S ST BRI ROR AR R B, v 22 A0 w8 7 22 1 TR R A b SR R AU 5 A UL 14 ]

I%Ei.o
X
8 g
& & 4
X
Size Size Size '
0o + 012 0o + 01 + 0222 0o + 01z + 022 + 32> + 042
High bias “Just right” High variance
(underfit) (overfit)

AT 2 B U ZRBE AN A IR TE SRR A bR R 22 15 2 I OB il 7E R — 5K
B LR B

J oo (0)
= (cross validation
= error)
W
"! rain ( ”)
(training error)

degree of polynomial d
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Bias/variance

1< i i
Training error: Jirain (0) = —2m Z (he(x( )) - y( ))2
i=1

1 < i i
Cross Validation error: Jo (6) = —— Z (h, (x§)) = y&)?

cv i=1

error

Price

Price

L]

\—/;1 ( degree of polynomial'd\z

T INGEE, 2 d BUM, BRAMSREEMR, RERK; ME d /K, ek

Size

FEfeiE, RERAD
XTSI, & d BUNY, BORMERER, RERK: HEHE d Bk,
WRZE RBUGIR/N R RH S, Fedlt s FATRIR BT 455 1005 I 2Rt S B I 1%
AR PRATHI A ISAETEAR ZE BN, FATURART A W 77 2230 R 22 e 2 AR 4 L1 1) P13
FATRIE:
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 >

>>
WIGRERIRZE A IS IE SRR Z LA W2/ R
L XIIEE R K T IIGRERZER . 722G
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10.5 IEENtLFIRZE/FE

SEZH: 10 - 5 - Regularization and Bias_Variance (11 min).mkv

FERAEN AR R b, — el — S IE M 7R by i 5 . (H 2 IRATAT e
SR HIRE BER R BOR/N T BRERATTAE 3 N HOME I B 75 2825 5 NI A 16 35 2 WU R v
KSR ABL ) 7L

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)

BATESE— RPN A [, B2 0-10 ZIMKEH 2 FRAMME (0.
0,0.01,0.02,0.04,0.08,0.15,0.32,0.64,1.28,2.56,5.12,103L 12 ) . IRATFEFEIEEIR 4 NI
£ XA AR

Choosing the regularization parameter A\

Model: hg(z) = 0y + 012 + 0222 + 0322 + 042"

m m
1

. . A ,

=\l A7)y _ ,,(1))2 2

J(0) = 5 E (ho(z'*) — y\")* + 5 EI(JJ
j=

=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

R TTIEN -

LAE FHIIZREE IR 12 NS [RIFEE 1E U4k, (i 75

2.1 12 ALy 550068 58 AR UE R TSR B A8 I UE VR 72

3.0 AT H AT e VR ZE B /N Y

43I IR 3 A AR SR THSEAR ARk, AT AT LARI R I 2R s X

155



WLEF ST URFE- 56 6 Ji- R HL#% 5% 2 B9 321 (Advice for Applying Machine Learning)

BAESRER A R EOR 225 N B2 — 9K B L

Bias/variance as a function of the regularization parameter \

ho(xl)) — y&))?

Small
N

\’)io.,_)

\j()‘ o ag

o 4 2 BUNY, IIZRERZERVN GIED TS XIRIER IR ZER K
o fEFE A RN, WZRERZEABHIIN CRIE)D , M3 EAEE R Z 2 Sl NG

A

156



WLEF ST URFE- 56 6 Ji- R HL#% 5% 2 B9 321 (Advice for Applying Machine Learning)

10.6 &> HHZE

S 10 - 6 - Learning Curves (12 min).mkv

) AR A — PR L (0 TR, G H A 2 2 I AR — A 22 S SR I AL T
ZE JT R 2 ST MR 2 BRI — MRS B (sanity check) o 27 2] G2 4y
WIREE IR Z M IR IRV NGRS EE (m) (R B B3R

B, WARIATAT 100 ATHE, FATA LATHIRIT4G, 2> AT 8 . BAR AR
N ZREAT B R, IR TLRE BE 5 AR 5 58 S HE MBI ZR A, (HARZ 25
SR R KA BEAR 17 1 32 1 5 S TE SR B4 I i R 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

A el M 2 S R R e 22/ R0 ARSI, AT — S ARG B R I

Hll, FTLUEH, ERINGER 2 A KRZEHA A KK
Ilg(.l') = 9() -+ ()1.1'

High bias
r 2 __\& RO

size o~ ",
\\a}fo',(\ / S kenin (s)

M (training setsize)

price

size

ot A UL e i 22/ RIS RIS DL, S8 2L SR A —E e A

o
=t

and
[y
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AR R P 27 2) GRG0 s 22 /i 0 BRI A R s R i 2 AR, F
HIENWAEARR AN, WTAEH, 2458 G ISR R ZE I K TR R ZE T, RN ZRA g fn o8 2 4
AT AP AR R ROR

price

High variance

& \
size

> 7

M (training set size)

error

price

>

size

ot A U e T 22 A A BT DL, 500 2 e B ZRER T RE T DUBR R BARICR
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10.7 HRE T — P4

Z ;10 - 7 - Deciding What to Do Next Revisited (7 min).mkv

TN A T EREN— A FE, BATRHE TR R e i 7, 2= AT Z2 1 1)
IR T LS WL N B B FRA 1A, WRLET7 ik P R Bl T ool 27 SISk iR R, Twkes m]
REREAEDT HIME ?

EBATRX B B BT B T, EREIFLESR, KL EATZATe . FE 1.1
IR I I NFREI T 28, AERATRE — B RAVEA A TE 0T ROZEFEIE R
1 2 1IN GRS il — —fift R vy g 22
BB IR A B — — itk 5 22
AR T 2 R IE — — o i 22
B 0 2 T RS AR — — il ok e i 22
D IE AR FE A —— i R s i 22
6. ZURIE N IE AR B A——fiff e 7 22
P2 R4 1R T ZE A 2 «

Neural networks and overfitting

1.3

2.
4.

e
EIN
»lZ,
=
2l
3. &
»lZ,
=
»lz,
=

5.

“Small” neural network
(fewer parameters; more
prone to underfitting)

Computationally cheaper

—= “Large” neural network
(more parameters; more prone
to overfitting)

8@««

Computationally more expensive.

Use regularization (A) to address overfitting.

Sy T

fEF BRI 2%, RIUTZHECD G DL, B S mZEMRE, HitEA
RUOTSHBREZWEI, K5 8= Z2Mid e, BARTE

IV IME TR IR f 45,
RO EEBER, (HAZ R UIE

1o T A T Bk R i S i 8 4

A B R AR e 22 00 2% 2R I A A B 4 BRI O A 22 X 2% O B
X RRZR N 2 v (1 BRI R BRI, W RIHR B IR, Oy 7L

YEGESE, AT LLIEEEE 7> il ZRdk.

A2 XRAEEEANI S, X A A B2 R B 22 X 25 )1
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GRA s,  ARJAIE PR SIS UESRAUH e N IR R R 2%

G, BLERGEBRAIN AR R ZE AT Z R, A LA Wiz ml f ) 22 ST i T ik . R
BE2E ) SRR, ARAT AFE 7038 F BA B3 26 py 7 R Wik 8 dd A m] e A 35 Bh o 1wk
SETT IRV RERETE R S o WRREEME 1 LA E U R A R N A, JF R g M. A
AR AT UAE AL & 22 1 D512 RO AR SEBR IRl R T o ARt BE AR RS R AR 0 B 22 ST A
b R, AR R A A A IR 2 27 S SR A Rk 22 S I . AT BRI LS TP 9
B 25075, RTTE. W, DRSSO R WA e HOE T B /KA e it
RIS 2221, AR EA TR T A
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11, MLE:% S RS (Machine Learning System Design)

11.1 HAEMMTA

ZZ M 11 - 1 - Prioritizing What to Work On (10 min).mkv

FESE ORI, BAFRBIDLAR 7 ) RG AT o IXEEAUAIORE R S AL Beih R 2R P&
FARGIN, IREERI LB [N AT WE S ek T I R — AN A
PLER2 2 R N IR A A TE AT REA R A 58, (BB A TR Z R 1
REIRVE AR A HI, FTREAER RIS 2 2] RGN, T8 KR A,

A CA— A BESR R 3 a8 O BT T g

N T RPN, FRATTE S B P R An T £ R IA R [ B . FRATTRT A
HFE—N 100 ANk IR B MR AR A A TR R B AR IX 1] A 75 AR B A
HBL, RS HATHHFLAE GRIDY 1, AHBDY 0, R4 100x1.

N T REIEA 7 IG5, BATAT DSR2 25, .

1 BEREZREE, IR 2 A SRR AN AR B R e A
2. BETERARRIES HAE BT R — RPN E IR HIRAE

3. FETHRARRIESUE BRI A — RIVR IR ARFAL, B IE75 iE i) 1 db 2
4. RHTENZERPHEHIR GE watch 5 watch) 1R S 315 %

FE X EE T, AW M R NAZAETE — I AL SR AR A7, A B e R, B
B R e A . S IRAVE LA ST, SO AT LSk i R — T, AR HETTVE R IR
e PR L, MRTE EE S X ERAE AN R 7R 2k L m s FE i, IRATRE L
B TRZ N T o KRED NIFAZE S AT RER T, AR RREIERE Bk, Ry
FEJFREA T MR "ERATRIKEH Honey Pot 151 H i A K& £k E .

HATRAEBE 5 I BRRE R VR ZE DT, RS HIRIKERM N EMRGER T, W
HEAR R 7592, EBCEER R —A . B, REA AT Rk — D EIEREF757%, BELLIRAE
FILRIVA, HERIUAH EATIRA R
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11.2 RESHT

S 11 - 2 - Error Analysis (13 min).mkv

FEARRBARES, AT SVIRRZE ST (Error Analysis) TIHES . XS HEBIIRTE R4
R ORE o BSRARHE S FENLER 2 ST ARV, BB MG N 2 S NI RE Y, foe i A SEEBR T vk
AR ANERERNRG, W2 2R E; M2AME RS, XFERR]
PR RSB e

B M TEHLAS 27 > (0 L, Bt 22 R Ae— RIS [R), w2 7 R SC 1 24 /b,
A EUR PR AHESE R ok, BUERCRA Y . AR B, SRR ARAHERNRS, H2
HREARREERI0EER . BT A58, ER IS EET i, f&/FEEZ IR
W . — BG5S, ART DO A 5] 2k, JERm A S AR, DURIRIRZE, SRR IR
FER DA RIRZEM R T Z R, 8GE R AR 25, FRRE R 2 L
IR, BEMMAEZ R IEAR RS A . R AMMIRRE: XA VRRIFR AL 8% 27 5] i 7
I — MR HITTE, IRIFARESERTRITE /R 2 15 7 2R IR IR AL &, BB R R 2
st LRI 2 o SERTRIEIRNOZMSAT A, RARFEAEN, FEOVTREIES, hobaE3]
M2k PRIt ARARMEANIE IR SAZ AT R AEAE A2 7 SR s Sk iR B (H2 RS — A
AR g A RIE A SE ST IRI, AT DA I ] 2 > il 2R Al g2 (k. AT UK
Foft 7 SORTRE G — i o 2 R L PO R DL A TP, SRR P . FRATTL SURTIE R T3 AT T
KA, BRI E SRR RIS, A RMAUEESE, FEEIEA AR — R e
W BRI M2 AN, —HEEA A ERREST, RORER Y. HIATER
BB > A, WaF BRI X IRAEEH L, RJ528 BB — B WLl SR A
WAL IE. DRIUL, JE I el R AR R A SR MBI S ARSI IR, AR AT LR IR R 4
PERIRUAE: AT 2 B IR SR R 2. BF XA G, XA R R R R R R BT
MURAIEA &, B SRR BUERADRGMELL, )5 BRIk LR E

Fe S — N2 S SR HOHERE T 10N

1L AR RE PR SE B AR, SEBZ ST A A8 SRR e SR Bt X /5
%

2l S ek, R RIEINTE 2 HE, BUEE I ZRHIE, R H A
3. TR ZE DT N TR A SRR T BATTS A 7 A TR Z 1S, B R IR
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LB T A R R GRS

CABRATTRT L3 MR A 3o 2% 991, % 2 70 M AR R Ao 6 52 SCIG TE AR i RATTH B3R A
BRI B A BT, B 275 ARG IX LR A H2 IR 28 0 Ao e 24 bR 4, 077 '8l
SRR E R B BT IR 2 . SRIG T 20 2R as KR — AL I L A R 2 B K, R Tk

B BRSO /2R A . BN, RIE RER D FEEGRRE, 0T IR SURRAE H I TR

BIINIE S FHARDES LT 200K, R8I B DL L T 2D %, RIE M
H IR E R % TS U a6 TARAL

WRZEETI T I AN S BE T BOIRA T W B2 R BB R AT 3 o A7 I AT A R A,
SRR HEAT LA, FERETY LU, FRBUE RN — MY S A S 20, B AR 28 X
TEERRZ .

ZE B -a (< o O =vAR 7  1  S SS  EPRDC B =5 A (W O AR A
discount/discounts/discounted/discounting A& F i [F]—AN1a] 7 7 U SLX AR AT DA BRATT
V5, AR — ST B . 1R 2T AN B B IRA B X S, AT RE AR A A
AR BRI AT X IR AR T 52, SR 5 AR BB AG 56 0 5 SRR Wl — o BE 4

BRI, HORTEMIE 5 > BRI R, IR RS R 2R ZHARE, SKBLR 2 A
OB, WUORAE AR SR ORI ARTE B e, AR T A X e 1, REFRRIE
AR, LXARMELIRMH e o« FURR SR TR, REXARNE. HEE
DR BB PG, R LB B XM, RZERR KGR/ T o ARA] LB e R
HSEERUR BB ARE, E3EA EARR B S URIR: IRIVARR R 7 BERIL, e ik e
FFEEIR, X2 R KR i AR S B SRV (AT B o T AR SR ZHAE A 72 28 ek B ok S iR 22 51
B, TARENRE L. HE, ERF S ASENRE EREORZE . RIEX A L
PERAGIEM . BT AR IRAE 2 XIGAE 7] i bR ARGR ZE 47

BN MRTER I — AT AL 8% 2 o1 i RN, JRER A7 PR S I — AN T SR
RIEA R4 7RI EE . FILFIR IS AT REEHE TG R REN
I I AER G S b, MG A AT LY R TR SR 7025 BRI, ANEHOREGSE R T B, B3 K
AGEFE, MR/ RERH SR S . SR THIEI S 5, Bl —NMERE
TR, SRFE B R IE T — B B0 BN IRA TR LU B Sikas B R, Il I iR 22 70 M,
KEFMA T A5, RIERIGERAR T e H— R BRIRf 7 —MREAEE
MELESEIL, SCA — MEUERI PSS, X IR R AR, PRt A AR 2l X
LEAROR T REMS S M SR AR L, TR RIS DE , ARSI F AT 4, it 4
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RZE TR LA B3R T R G ik % AT 4

164



LS 2 SRFE-28 6 JH-DLAs 2 ) REiM0 51 (Machine Learning System Design)

11.3 RIRFHIIRERE

SZEMMM: 11 - 3 - Error Metrics for Skewed Classes (12 min).mkv

FERTH RS, BILR) TiRZED M, LRBOEIRZE L BERN R, R, e
FA SRV RIS 5%, R TR, B 7 RENIMEAREERE. F—E
TR EE R, SR — NG E R 2E R, XN 20 TR 2 2] S Bl
ORI, XA A FE AL AL (skewed classes) 1. Sk il R BN BA 1)
IR P 3 2 MR — R s, AR B A Fe bR Sl .

G FA T A B P S SR OO 2 A5 P, TERRATTMIIIZRSE b, AT 0.5% 1 5451
FEGIERR o BRI E — ARSI TRIVENE, FEHTA B0 T S0 iR =2 R e r, 8
LRFERA 0.5%. SR BT I ZR 15 2 I eh 2 I 28 A AR 1% 2. XN, RZEM
RN BEA VA SRR A 4 o

AR (Precision) FIEAZE (Recal)  FRATH ST 25 43 VU Ff 6 1

1. IEHEE (True Positive,TP) : TRIINEL, SKhrAE

2. IEHETE (True Negative, TN) : TRIINAE, SZFRAMER

3. #HREE (False Positive,FP) : Tl NEL, Sthr A

4. R (False Negative,FN) : Tl Ny, b NE

W EAER=TP/(TP+FP). I, TEFTAH A TIIA GHEMR AN, SEBR A
IR E b, B mRL

EAR=TP/(TP+FN). 5, 7EFTH Sehr LA GEM R r A b, Bl P A P R 1
PRI AL, LT

XA, 0T IRATAA ARAS S B R oy RYER R, i a%ag 0.

FRIE
BEFERE
Positive Negtive
Positive TP FN
SEhrE
Negtive FP TN
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11.4 BHERMNE SR B

SEZRMM: 11 - 4 - Trading Off Precision and Recall (14 min).mkv

FEZATHEREE A, SRATTRBIEERA A B2, VB 2R S PP B e . fE
R N, FRATTIA B2 BE 08 ORALE 25 vHE 2 A0 [ 2 FR AR X 1445

FERXFTURS, PR S URRILZE A, R ) AR s — Se i NI 4 [l 34 D SR
DAL R AR PR SE A R 75 2 AR I A F00 e 1 5 PR 81 o AR, BRATT R B3 i )
ZERAE 0-1 2 M8), BAIEHRME 0.5 R FHAE .

> 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.

P #HEZ (Precision)=TP/(TP+FP) |, 7£FTA FATHIA EIEMB K AT, Sebr BA %
PERTR AR N B o0 L, e

4% (Recall)=TP/(TP+FN) |, 7E A SEPR AT BB A ey, B T A AR e
RPN NE o= P 4T ] S

RIS B AR AR T R IS OL T IO R (Mg e, BRI R m i
%, BATATLMERMLL 0.5 FARMIEME, 410.7, 0.9, XFEFRAT Sk 8 152 Fw N\ %
PR R [ IS 202 18 IR B B TR e Ak 5 O o

WERBA A BRIk R A A, AT REH AL T A Al e B IR 19 A #1521t — 2D
BE. 2Wr, JATATCMEA B 0.5 SE/ANM AR, U103,

HATTELRAF AR IR, BEaR 5 EMERISCREHRIER, thZFRRRYE
B A AN R T AN ] «
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—ﬁv&s‘n\l 2 0-aq

M
1
S
2 “hvegh M
E S & -a)
& 0.5+ i
0.5 1

Recall
BANF B — DB BATE ARG 5. — M2 F1 /8 (F1 Score)
HAHERAXN:

P
F,S 12—
1Score: 25—

TRATTEPRAEAT FL AR e e O IR
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11.5 HLE$2E S KIEHE

S%M: 11 - 5 - Data For Machine Learning (11 min).mkv

FEZ BT, FATS T PN FEAR . IR, EM B — T, #he—F
Plae ) RGBT 5 — AN HEER T, XA KBRS 2/ fEZ AT —
SR, W H WA AEE HHOTES, M@ KSR RIS R E R, KDy EdhE
AR ME—RESCPRERER . (HFIEY], £—E% M, REEX MR IFRIX LK
fERAT 4 AR R E R BRI AE TR ) 22 2 SR 34T Uk, AT DU — Mo 20 7 iR
PG BA RIFPERER 2 DI B0E . TG AT AT HE LA IX L 2% AR5 T VR D ) R AR B
I BARBERAT B R EHA AT O T o IX AT PR —MRAF 77 ARSI IE T mtk B 2 21 5
%o Bk, EXBAAH, AERAT A — TN XA

RZARZERT, FOARMFALIE T 5t Michele Banko F1 Eric Brill JE47 1 — 15 i ) iff
T AT 2 i R AL 27 ST SRR IX 70 LA S VR HA) A, AT 120K T R 2 RN R I B
RN BE AR ORI, X LA R SR SRR RO AR IR 4F

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, FERXFERA) T RAEIRIZ T M8 (to,two,too), FEXAMITH, “HAELN
T2, KR SIRERRITRIG] T TRAMTHEE WX RIS 2 2T 1, 4
RME A, R IR, AP AR, AR TR E A E, AR A
1o ARAMITHL T USRI B2 S 5k, IXEE R AE AT 2001 SEHEAT T SR, A48
BN LLATRIE . BRARAIBE ] T — AN 0522, H T8 EIH B —T7 2, BobefE
k145" (perceptron), ARATHREL 17— 2ot KW, (HEIAE BRI, WA Winnow
S, ARRAUT IR, (EAE — L2805 T XA T ANF, i £ R A, (HOERRAKRZ
A PR T WAE I B, A MR R T, AREME e — &, M HARIH
TR E . R BAREIRRTT AN A EE, AT AR, A gR®RAT 2 A
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LS 2 SRFE-28 6 JH-DLAs 2 ) REiM0 51 (Machine Learning System Design)

SRS 2 A, MARME SR AT A B T INGREEE SR D, Sl X
FAFERTARKMINGEEIEE S, XIS R EER .

Accuracy

Training setsize (millions)

R IE, HAeRE A, WEAMUIRYERE, FOR, B IR Gy
K, fERE BRI E B RIZREE RN, 0.1 AN EJIEI 1000 H A, 2 E T 10
BN G RREA, X BRI PERE XS B AE 38 T

Foz b, ARG —ARE, AR T A HEN L, WRRS XA
SEEEZ BRI T ERKNE, TF EEIRA TR ARSI L,
AR L. T RBURIRIE AR R B, BIEaf —R5VFL AR
IR FL R 1R EE R . IXBeEE R W], V2 AR 2 ST SVEA I 1R 5L AR R AR
IR, XIEHR T —Ledi 1y, (HRFIERRmVERER, RIRREW S — AN RE RIS
o BIXFEMEEIR, SR T A ENLER ST PR IR S R AR R 5
BN, TRAA R BRI

IR YIELEA AR BT, AT ARG RN ? RO WIRBATE — A2 21 50%, IR A
IR AP UL E K, TRARBRE RSB R R RIERATRA — S rtk RSk iR 77
2, AR 25 R AT 4 R B

AT X R — SRk, TEX B A KRB RA TN A HIIGRE, BAVERTERATH
HLAS ST ), RAAEE B & T RIS S, XL ST DU B AT A R AEf s Tty , 451
s WREATRA T L% 5 IRENIE, W: two. to. too, BNt AEW ik, HLF
IS )2 A AL A, B ARHERIR RS, RATRAEEN TR T8
&, A RERE Bk VR b A 3 F ZIA R P (two), A E B to BX
too, [KULARFAEMGHE, WA A Rl e v o i — M1, st AR 45 FR 08 1 A5 R E AR RS y
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AT 4o BAJE, WX =H 5 RE R T, BN %A A1 RIS

AL BANIHRE —F, KERGIE LA RRF. BRI EA L0815 SRy
{8, BEAVEH — A& ZRESHN A, LA R 2RI A28 B3 sk e ml ),
B R AT VE 2 BB R T A e R, I8 SRE 53 4h— R AT IR 2 280 22 S Bk, I Lei2
EH BRI FL, ENHRZSH, RESHAT LG AR MR8, IR E R
X, PRI EIA R R 225, PN BATREW M & AR 228 e, i HLRDA 3K
ATA AR SRR 2 I 5%, X2 S SR RE e L& AR W R R . IRA FTRE, A RIATH]
REEFHRISATIR NS, KM EARMRIFB S IS, Hit, NZRZERSMRIKT .

BUER A 1 AR AR R HIgREE, RSO0 T, REBNIH A IRZ S,
HAWRNAEE LS H R EEIL R, BEREL, MARLERRAKATRESTE LS. B
AR ZRIRZEA A E R iR 2 .

7 M RIS I A RN T mEtERER A S Hk, A B EAZAA =T
W ZEFITT 72

Rt 2 e, BATR B R — N RAIR 2 MU0 S R il vk, DUERATTRE
AR — MR Z R L, I HIEE AR KA UITZREERARILE -

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¥'°\“(©> i\ he  Small.

|
\

| Use a very large training set (unlikely to overfit)

\ - — St (e\ % jr.q QB)

L__,> _j(—eg{(e?} uu\\ \\QL S,\,‘o\l

BATEBLEAT T 2 R, BAT SRR AT T 22, I HOB R X P MBI i, AT
B 2] LIS B — MR Z AR TT Z2 057 21 5k . X AE AR FRA T REMS AR 1 U i X a2 . A
WA R, XA RBEI BB RRLEA 2 HE R E, HRATA - FIRIFERE, X
A ARRIERRZR SRR ITE . ©F KERNIGEGEE, XaeRER2E2 R £,
PR 25 RATTHE T T —BERTREAI %A, R KE R, W HARNZ T — Mt A IRE 2
e A5, WA SR MREF I KRS atk R 2 I Fik.

AT RBEHINIR: T, —DARLHKER TRAEE x, RERA S Cor TN H y (515 ?
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PRONIX AT LIER y AT DR AR AL A o A e B TN 1R o L0, JRATTSebr R REA 3 —4LpE K
fgese, IHHAERNNGE T NG - DHIRZSHN 7T FIED? QERIRA R EIX M
&, WAEZIE, REGH|—MERRLF 122 I k.
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B7H

12.  Z#EEYL(Support Vector Machines)

12.1 4L B#x

S 12 - 1 - Optimization Objective (15 min).mkv

FIH AT RO Wil — RPN R % ERE I, 2Bk
HARFRPL, [k, BEEWARIIZE MM A5k A GRS 5k B, M E A,
IVAREEESX - orN PR KA DN € R E AR B R R N R R A T N A =
e ARSI RO IR E R R, DLRANE SR IE A S, SR . B
—/NEEINSER K BB Z R T DAL AR G, SR N SCHE ] & AL (Support Vector
Machine). 52 EAMMLEMEHLL, SCRFAENL, sEERFK SVM, £5% 5 BRI IRLE
TiRE PR T — R R OIS, SR KR . B, 7R ORI, AR X 5
%o AEMERIREET, WB B A FETRER S . SR, MUOGRE IR
(EXFSCRF A ENL, BT RERER R KR ZROWRE, EART, RSV Z IR E
EBREAMNPN AR HJaE— S HE

IEIIATZ RO R 2 5%, BAIMIRA BbsoT g . B4, BADTIRS XA,
N T HA SR RN, FHL b, B NZAR NI R BATWT — 5 — mUE ORI 2R
Ji RS R AL

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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W2, EZH BT HEATCDEAE 7K BBt Bob 0, FAGK s e 2. 248
M, T ke — g iR ez RoxeTx.

BUEE BN BAVEZZ AR 4 RE A y = IR, REBZAERAE
WL BRI RAE, NaFE AL IGIEET, S22 vy =1, BERNAEhy(x) &
T 1. PUONEATARZE LS IEAEA DR, XMEWRE S he()BEILT 11, 6Tx B 2E K
T 0, XEM>>EEBRZZAT 0. XRFANMT z £ 07x, X zik KT o, RIF|T
B R, ARASHE A DL 32 48 [0 i R T 10 AR, JRBRATA 57— AR,
Hly = 0. 3474 B e s B R &I T 0, IXXERIT-0Tx, Bl z 2im/hT o,
DRI Aot 2 ) A e o 5 ) B LA O

S i : (% ¢)
Alternative view of |0ngth regression

Cost of example —(ylog IL()(.L (1 —1y)log(1l— ho L)

_i‘@log1+e-"q E_J logll =g e -(’T lé

If y = 1(want9TL > 0): If y=0(wanté”z < 0):
R e’

(83

WRAREE— DGR A AN B, AR RIENREAR (x, y) #h2 B A B EL
X BB R, T A B EOE A X A RO GREE A SR AL, JF B Bl —
AN/mIL SR, EZEEA, X A I KR AR A T B .
7B, RPN e B UM R BN X B B4, AT A5 20— NI ZRRE AR i
— i,

WAE, SeZmE 1/m X—I0, (H2X— T s A A BB X — .

BUE, —iERE R I

—RRyET 1N Ry T o Ml

FEH— M, B y =1, BEE A br s oh ARA S —IURIEM, By = 18,
A—y) ST 0. Bk, M7E y=1 BIFEAFE, BIE (oy)d , TAEE y=1
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—log(1 — ——)icHE— I, X BLIF b —3kAIAT 5L

1re—?

HH z FomoTx, Bl: z=0"x. B, EATRECE, y BTG 05 BAT R
TR, ARy =1 ROEECh, X WA T 10 XEEEUR Y T R SRR A an
HKXTz WRE IREFE BT AN AL, RAIFAETDESR], Sz R, w2
HTOTx GRS, z X AMESAERIEE /N WM REO S, AR N X
fRE T, AT AR AR IERE Ay = 1), REKO xR BRI K. B, AN
PRE P X — T AR AR /I

BUEITHIR SR ENL, BATNIXEITAG:

A Te WA R ETFHE, Bt —log(1 — ——)— f— e, EIREUX Bz = 1

1+e~2

L B R E A B AL

RO«

AR AR 27K NI BB (A1), R 3 i — 2% [R1 2 A [ml A A AR ALY
HE, B, AR -FEL BRRMERLGmisg, JRXRaarmL. i
2, B TR B OLARE IR R A AU R8T R I B P AR R B AL, BT
P ALK B AL T A2 A I EL R 3, Senlid 2 (1075 B I HA R (AR, IXIFA
FEARE B, EE, X ELBATTRAE OB AU s AL, ARy = TRVRTIR T 0. IRtiTREAR ],
RXNZBEM FIZ AR R PR S, EEEsE b, R R, XA,
I HSCREENL, ki ERRA . B, S S TR R A S I I AR A

HAl, FATARWI Ty = 10H0L, Aoh G022y = O, BRI WERIRF 41U %2
AU BB R 15 0, BRUASE — TP BR 1o ik My = o, ABARX im0 1.
PrA EIRFRIEA R T 78 0. B, XA RN G2 A0 sk Bt ook KX —
iR . JFH, MR I TR Nz 8, A, KBS S Rz e, RER T
SCHRFIFENLR AR A, R, BATEH AR R CmZ, HARLET %,
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RBATH —SF AR R BORAE, B 0 ORI B, AR5 %R
2, BLE. WA, BUEILRGXWA TR a4, LIAKRE, EARZ Hcosty (), [FINS,
FIL A EERFRE Acosty (2) . IXBI TA2 a8t WK y=1 M y=0 K1E
Ol A TRREEE U, BUE, BATHITIE SR A 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

= moinC'g[y(i)(fo.etl((}T;xf(i))+(l—y( eosto(8T 2 ] Zaz

X RBATHEZ 4R 1 A AT R K () o VPR TTRRE B RA R AEH AT XK
N HAEMN SIS, (H2, XBEIRITMARZ, HR o3 7 RE0 5, XY
R ITREE RERAT LeA R . 6 T SCRFA BN, S EIRATEL R X E e Jycost, (2), Uk
sEcost; (0Tx), [FIFEH, FRAKGIX —TUG e Acosty(2), LR Mcosty(07x). X B
bR ¥costy, Bie L BT BS54 . ek, AR k% costy, i BT R 2% 2k .
BRI, % T sCREmIENL, A 7 X B METa &, /i

"~ :.....,. . J/ ‘l
% ZSI“| (—l()g’w(f"‘)) + (1 —y'") ((—]ug{] _ hﬂ[.r"j))) i
=t e (e%) kC.oﬁ.(sT*(n) .

RJE, BN IR S . BUE, LIRS RENLEIE], Fse b, RIIW-PE M
AL, RO RBESEE R B 2R A
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H5E, WANEEREL/mIX 30, B, XA T MIMER SR BN, Xt T2
BRI, AN F ST, (X BTN RS RRNE, PR EA R MU R &1 /m
KT, (HA2, XESBHFEEN 0 &IME, K, BOY1/m (DR, B, fRATE
FERXA /MU, e AT R S A 1/m X0, R 2 S Ee# L — R
RERMEER, SR, BOER —R/MEiE: RIERY(u - 5)? + 1R
AMERTFufE, XN RAMEDY: Hu = SIS R /ME.

BUE, A RIRATARZOR XA HAr e Bk L4 10, XA H/MEREBAL K 10 5K
1510 x (u — 5)% + 1085/ MAMEw, JRT, (X B ERNIuETIN 5. PR — 2% HoRk bl
PRI /AMETIT, XA B i MEIZ T RE I A BlufE . DL, 3X BRI E 2MH 25 H Em.
AR, ok H AR AR L — D Em, AL SCE SR/ IME R IO 1H -

R LA, BTSRRI SCRF IR AU, — S N AR ARSI, AN
WHRRIH. B, xR, EHEmREE, RATEMWI: 5 SR INGREARART,
B AR IENAEIT, BAIAEAE X IO XAl T AR E i/ MEATN
EIENAEZHA, ARG CHABIIB L ? X B AR RX B S — 00, [FNHH B Rox% —
L, AEAEFEL, BATA R IIIA + A x B FATHT A2 18 I 1% E A F E N S HE
B HI. XA, FATHBEBEALBIR BT, RIS WL BIF/MEA.
FEPRAIEIEM S HOE /0, RN T B I F, (HX T SCRF &AL, Mme], 30 R
=N FI 2 08 80X A T AKX P . ARFATE, A 58— TR 5 — J0RAT T I
BBHER — AR EFRANC, RSO AR, € x A+ BIABL, 28R AF, Qg
L —NERRIKIME, EWES T B ERIINE. MiXH, HRTRC BUENIER /I
FIfE, A, MREPR 24 BHA AT KIIRCE . Bk, X R Mo E 75 3R f X
B 8 — R AN 7532, RIS HoR g A& 3 5005 — UL ik, 82 35028 — IR A
e BRI LHEX BB HC BB/, B /A Hi f e, It XA T
HIX A RIBATFEAME, FIAC = 1/, ERWIFASRIZRE, MRNC = 1/A0F, ZPHAD
WAL B VSRS R AR RO, MEAEAE 6. Bt el Ba, RIAEM
KHEA, IF HRERCRAE . B, K2 7SR FENLUHBATR AL H bR

o Iam/MEXA HEre L 152 svm 23] B ZHC .
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HLas 5 S IRFE-28 7 F-SZFF R EAL(Support Vector Machines)

SVM hypothesis
. ‘“J“C.i, [0 costs (072®) + (1 — y©®)costo(67 )] + 3 Zﬂ‘*
Hypothesis:
}\9[@ ‘[ [ L e™x 2o
= otheroie.

G A TR R AR, AT L B MU R, 315
ZHONS, SRFREITE 2 e R BRIy fEST 1, SR T 0. B, X MR
BT 1. K0T x KT BESET oI, BiESET 0, Frllas I S50 mt 2 SO B LR X
BREIER . A, USSR BN ERE .

PR TORIGISA A, AT RE MNER A AEE B AR, Sebr R4, B
S SYM BB BB 27 S04 4, I W RR I e VB ek, 2 BEmi 2%, JE4lt
R BRI
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12.2 KA F K EME R

SEM: 12 - 2 - Large Margin Intuition (11 min).mkv

MATE RS R ENUE VR RE 7 K88 fERX—H0, FRNHHAPIE L, XH
BT BRATE VLA SVM B8 BB AR
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™ = = |

-~ IfgLfQ, we want 7z < —1 (not just < 0) OTx <™ - |

X TR SCRF A AU AL AR BR L, B0 X BRI H T 06T 2 AR i B costy (2)
R T IEFEAR, e X Bk 1 Ok Tz ki #lcost (2), Bifh& Rz, IAELE
HATEE T, XA R B D Z A RA A WERARA — AN IEREAR, y=1, NI

Rz >= 10, R eki%cost, (2) 4% T 0.

Hr)ilhiid, WERIRA — N IEREAR, NI B Tx>=1, k2, WHy =0, LATHE—
N, Ei¥fcosty(2), ‘B REAMEz <= 11 X HE R EAE N 00 X2 SCHF R BT — M.
HEL b, R N IEREARyY = 1, MIHSERAMUNE RO TR T45T 0, SLAEKHZFEARTS
Lo, XRBENIRET x>0 KT, FATBAACN REUE Ny 0, K, wRIA—4
PREAS, N FREEOT x<=0 Whos U1 ERG 7> 5, HR, SCRFmENLIZRE &, AU E
REIETR 0 N OREAS, RUAUEEROT x>0, FATFTE M2 0 [ RIRZ, K T-%T
1, WA 0 MRZ, HnIRA BTN TEET-1, A TSR SR T
— NS A, B B A R R R R

HOR, AR BEAM 7R . (HRIERANTE — T, EXRFmENT, EMETF2T
Bt ags k. BRI E, RETRESFERE AT XA HEBCHRE R — R KR
o EetandA MRBCI{E 2y 100000 BiE HBHER RINE, RS SRR &l a4 it
KA
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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 CARHER, W/ MEACHT R BRI, BRATTPRE 2 ARAY BB —MEER — T8 0 (1
L. DI, AEFRATZ A I 28— T8 0 AT T EEZOUAL . L an3RATT AT BL
ECHEM T AEF RIE L, AT LT SR A BN U R 1 E &2

min Ci[y(” cost, (67x?)+(1-y" )cost (6" x(‘))}+%iznl:6f

i=1

BANCLEIMAN—MINGHEARE Ny =1, RESE TN 0, R EMM LIRS
—ANg, H130Tx >=1, Fplth, XFF—MNGFEA, Fr%hy =0, AT fficosty(z) HEM
90, BAVTETx <=—1. B, WIEBBRATOMRACRE . EPESH, HEHE D%
T 0, HAFECREAMAIE, BFOSERA T ERESEBEE D0y 0, FILA A —
Wi 0, BULECHLL 0 Nk 0 — e LAEE . XA —TURCIRLL 0, BRILTT LM
%, BEONERANIEE R 0,

XAEM LT IIZR: 0Tx® >=1, R yORET 1 1, 67xO <= -1, WRFAE
R AMNREA, KR PROR XA R, R B M IXAN 6 T A8 560 1 BRI
15, PREAE)—AAEW A B SRIL T .

SVM Decision Boundary: Linearly separable case

X3

Xy
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FARTI S, ERARH S0 MRS, KA IEREA, A A, W LA B
AL . WEER, e FELEIEFEARDIT. BREZFARNEL,
A DB IEREAS R SRR A SE 4 23 TT

SVM Decision Boundary: Linearly separable case

X

Xy

bedn, X — ARSI AT DS IEREA MR AR T . (HE 2 2 DD IRANEERKIFA
AR AR AR

B P TAT LA — 2% B 22 (RS, 3K 5 — SR R AL T, W LLRE IEREA R A 23 T
(B R I, XSGR FEL TR LRI R I IR, SORF R RN LR 2 e £ TR
CRRFEL T, BT AT e g QR . RFBORERRGFEL, BL
AR ERMER R T £ BIEREAN AR EE REMTEL . Boe EREE, KR4
B X R ORI, XA E I i 1R] FE (margin) .

SVM Decision Boundary: Linearly separable case

Large margin classifier
] X SRR LR, FRATTE 2 2R R SR SRR SR AR 2 8] S K A o R PR
SRR AN 2 B ZRAE A AR H A, R BRI ot & LU R R R I 2 . BRIk, XM
B MR R AL IRLE, X2 SR A EALEAT SRR R, ROE S5 71— AN K]
BRI BREAS o DRI SCHF IR LA I R R IRIBE 73 R4, X LSRR b — LI 7 1
DUAL i R R 45 R
AT R thVF AR RE SR L — BUKIAT A o B ARA i R A4 2P AR IRANEE R B
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Al AN KRN B AR HOWE 7 BANTE FIEBEA R — i
s 2 B _E RS AT 23X AL i B 2 7 A KRR ) 2R 38 o e Z XA B AT Bl T
BRAR SCRF R BRI e, BISS IR IEREACR SR A R s K B TR BE 20 O

Large margin classifier in presence of outliers

x| o O ; xxx
D5 KX
@ x
- kip X

Xy

FEATTERA R T KIAEE 7 2885, BARVF RS — mi: BATRIXA KRN 73248 i) 1 4k
B C R ERARR R, FRAICHEIBEHLIEIY T 100000, K HEXHXFER— N HdEs, ©iF
PN PR FEIXAE IR FETE, T K B B 7 BT IEREA MR AS o A A LELEACH R B iy
R RE R, FAIA R ARy = TRy = O RMELL T #EAEAAAUHT R Boh 2 X — TR &
NERZE . WERBARE] TZFERSEL IR e/ 1] B e A2 -

1
min=Y"_, 07 s.t
7 =

{ 0Tx® = 1if y0 =1
j

OTx®W < —1if y® =0

FoL b, SRR E NI HX AN K TR BE 23 28 2 T AR LA 58 s, U AR At T K 1]
PR T AR IS e, R0 27 2] S22 52 50 i (outlier) [IFENA o ELANFRA TN —ANERAM TEFE
.

Large margin classifier in presence of outliers

C \lc(a \ﬁt

FEXXH, GERVRIN TRRAFEAR, N TR FEA KB IF, VP REA RG] 56K
LUXFERRFT, XA BRI O, T DR E, O —FEA, it
R BRI PRF T NIZ 56 RER BTS2, XA AR . AR IENLSHc, BEM
JEH R, XESL LIERRFENIG SN, e R, RS T, (LR
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BEEM/D— 5 IRARR ¢ RERAEKRK, IRREAXBIIXFZRE, SARMEIRAL
LRMERT 7 (0, ARARAEIR A — SRR AR B IR R I AT — S8R, ISR A B LB 2okt
EAME S I Bk, KRR A, AR WEM L4 1 7 IS H AR KK
15, RN, ZRBIRCHIMEMELIT1/1, ARBANZAMHEHE K EN S, X ZCIE
WORIIETE, BESEM 2 AEF/DNRIEE .. IRRA SRR 2P ARSI, (HA25K
b L 2P SR ) AL %, SHCARRIEFE AR RKIHR, BT LRI — R RN,
R B EFRIPSR T o B 2 BRI HEE A SR etk o] 73 OIS %, SCRF Il L AT BAGS tH P25 2R

[ C =1/, Hik:

C BRI, MHT 2 BUbh, WRxSHEEME, mE.

C BUNK, MET A BK, it REURUE, SRz,

PATVRAJE 2 G 3 [ BN LI ZE AT 22, Ay ARSI ¢ T o] b 20 203X kb -1
SARFFENNTEM . AR, XIRG T — L8R T O A SRR R R L SO R BE 7> R A5 1
B EHRKEEFEAX I, RENSOR E3F, XA HSHCRARF R HHE
FEFLI, R BN T B SRR R A LR A 2

ATRAFBAMSE T2, AAEBATELINT g i RARAL R L. Dt 2 X R 2
EARMTAG HORTRI B KA 00 ? BAEARTT R BCA VIR, 2T 1R, BRng iR X L m f iy
Ja B SR B, RMERE XA AR 17 LR G i 45 21— A K TR B2 SR AR 1Y o
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123 KiAFAPRERREF LB

SEM: 12 - 3 - Mathematics Behind Large Margin Classification (Optional) (20

min).mkv

FEARFTRA, BR - LEREBG 2R 5 I R AU, R5e 4 ml Bl
BRI e, (B AR R AT RE LR SCRF IR AL (DL AG i R, DU g 43 21K TR R 7 26 4%
7 A B R B R A

Vector Inner Product Uy v
> U= SV =

wet b MR;]

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
Lao £
W 0t = e Qlull
‘/sf p<o

B, ARG ARFE N — T RTRENRKFIR . BRAEWNAE, uflv, JHE
ISR E . WAEGE —dEmE, BATE N, «SovlgER. o v fia EufvZ [ A
Mo BTR2TgEmE, T EAIEERAE B 10, XHR R Eu e, B
EAFA Uy, TENG L, SERE Ml A&, E, IRESHITFEKN—1M&E
HLE AR TEE NulFomufiEs, BufRRE, RS RO LA R . AR BRIk AL
R, ull = u? +u?, SRR B, SRR PERMIE TIXAMOKE
2/ 7 o RN XA 1) R RE i RIE T .

PAEEBATRSSRE My, FOSEAITETE AR v i — P RE, ERWDrEy,
M, & BRI Ay DIEER 5, BEERATRE B Tt Hufv 2 B . X
HARRE, BATR ARvBEE R MR b, BAULDEMER, 830 90 EEGHH
BBl b, BT RRERERFALNKE . R FLLKE p, Bikpsi 2 KE, =5
Fi R EvERE M Eu EE, BTSSR, pRoB Rl Eu LR, BT ok
u'v =p-lull, BEEGuRKE. ZRTFEABRB—FIrE. WRARA LA B o FE, [
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e, AR RS TR R, B SRRE. MFRARKE: Wt
[uy up] XAS—ATPBIRIFERESE Lv o RIE AT EA1S By X vy + up X vy o ARFEEIEARH AR,
KM AN HFERERZR . ER— ), uv = vTu. BRI R u v Hh B, K
uftF Al b, AR vRE S, RRHFEAMELTE, A2Cufvii i B2 — T, K
FL BT DR RIFERERI SR . B — R R EFR P uliEEoe — s, pthg— Ak
A, Pltbu” vl A SEEUE AR

&

=,

“%
7

RJE— R, T B E RN AU, pF s ERATTSH, BIe vl fe e IR, WrTfe it 7l
TR, WRu2— A ROLXFER A&, v —DROUXFER R &E, whlv (8% A
KT 90 B, WA vIRERu b, SEIRER— e, XERpIKE, EXMEET
TAR AU v 5e TpR Lhul)VE s, ME—— s AR R 2pfEX B 7. fEARTHE S,
nRuMv AR /NT 90 fE, HAMMKLLMKEpRIEE . SR RIXA T A KT 90
FE, Mph & 7). Mgz AN NRBRH B R 1. R e B M KT 90 B2, A
IFa) 22 [ (Y YRR SR o AR 0 T Al B AR RR o BATT% P RIS S A X 25k T &
PR B J5 ik PR R B R S ) AL P A H A e

SVM Decision Boundary
>0
s.t. (;"—‘.1-("
o7 (1)

1 if y(¥) =
-1 ify'P =0

IA IV

KR AT HT 45 B SR B R B bR eR 8. O T, Bl sk,
SN T ik H bR R BOE 2 By e e
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= \”‘
SVM Decision Boundary = (7 &
n ; \
mﬂin%Z()f = 3{(@}*5:\ ’i—( ‘G, \ e “B\lz
=1

j=

s.t. h0 (V) > 1 if y® =1 = \\all
T > =
—0T2 < -1 ify® =0 i@g,l O.=0
Singlicotion: ©.=0. 2 :
T 3
5 3 )
5% = Q' = [p- s «
e © ©_
v = O %, ﬁ@qu
S, - 5©
e,

T TS, 40, = 0, KRB A SRR, RAMHES B 2, FULARA)
AP ey, X PHERNTIE— T HARESL SRR LG M F AR 2RI
HEAME, B = 268, SARTFAUSIE: 207 +69) = (VOTT67) » RIVAAHA
B0, 6. (RATREHERFIE S BT — TR RO TGRSR B RO Rif
BRI SR 05 Hii, 6 2 R 24— 0 A2 o B 0 P . 3
BRAVHR 2 AT R X, 9 IS T RO K

BRI LIS I 5 160, 01,0, WO, = 0 IBHR0,, 6,00 KT . FEIX BIRAS /286,
BRSO, TIURNG, 0,8 %, (R, B EAEIRREAE, RS %,
RULAERA 1 FoRA e 5o S0, 5 2 A BN R AT LR RO 5 T2 1012, R
SRR, SRS RITROTEHIT, R BN .

P TRAS IR, 0T B R AMARE 100 X . S B HR RO sE — A
X, T AURAER — TN L RATEH TERRE T, uTolRaE, RIS
TR, ORI OB Fuly .

ERATE — TR BATEE DB —RIIgGREA, A — D IEREAERE, 1
XORFRIXAREAR D, EREARCT f I 9, R B B Y . kR TR
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HETERREA . RERBA R EANE MR, gH bt —Ma TR A, &R EEX
PMNGFEA R AR, DUE, BATE ISR ERSHERE AR, ko, mEfhix
H, 6, EENMZE, WANFROTXO K@t ale?

FEFHBATZ /T 1759, BATHHE A5 20 BRI AT 2 2 8m &, R EOK
FRERMABRMKE, RECERLE. RECHApOARFRX RS iMIGREAE
SRR BRI . RIRRATZATLIT R A, BATEIERZOTxOR 2% Tp Fbl
B0 MK, X To, - x + 0, 20 XFHT RN, Hn LUk 5e
Floe @ 2 E] ) AR

XEYFTERAUTANE? XEFEMZERZ: ZM0Tx® >=1 8#H6TxO < -1, 41
A UHp® - x >= LXANMARPARE K. B0 =p®@ o1, KILEAEIHIMAH
bro BATERBENA TLHR, 6TxOMAZRTp® - 161l

SVM Decusnon Boundary
unn Z(I L — “9“

s.t. ‘" ol > 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

BUEALTA G P8 T X IR AT . BUAE, AREEAE A 2 AT fRIfL, Blog = 0, AR
& FAF A EN IR AT AR R T . X2 — ik, TV R R EL 2R A
RFTLF o EAE—DNAER I HIEEE, FOVERIEEEIR N o XA R ST IR AR B B AR
e BAIRE — T AT A AENIAZEFE.

T RXFEIEFEZ G, ATUE RIS Hn e S R AR 90 FEIEAZH), FILiX
A BRI RS TR N — NS HA RO IXANTT A E 5 — )6, = O fRI AL AL R TR 3R
G UEIE I .(0,0) 0 BUAELEIATTE — MK i B AR BSR4

186



HLas 5 S IRFE-28 7 F-SZFF R EAL(Support Vector Machines)

SVM Decision Boundary
m”in % Z();’ = '\T' \\S“‘L <
1=1

s.t. |pf") - |16l > 1] if ¥ =1
> . -
p ol < -1 ify® =1

\\-'here_];(") is the projection of z(*) onto the vector 6.
Simplification: f5 = 0

Qm AN\ |

ELMREA, FAURBCE R —MEAx D, GURE LI MEA R S50 #H
5, BRI EMALEB, METp®, wARFa. Kb, XM EARmREREx®,
I AR, e RO AE X . Jl e ok 2, XA L Bogp@,
HUE —AMFEAR BRI SRR B0 s . ik, XAMBOEAERR. p@HEs R —AUE,
p B RALA T, XA T A SE R ORI AT 90 [, p@HIEANT 0.

HAT 2RI Eep D% 2 AR /ANE, BRI IATE AL H bx s BUm i, X1 1E
FEART S, BATFZEp® - 161 >= LERZIE pOFEX B AR /N A ks AR Zo 1m0
HARE R B IER p® AR, A TR Ep™ - 101 >= 1, HSLHLHIE— 1ML REIZ P
AR IR p® N, BATRAAHOREHCR . i, T HREAT E RATTHEp® -
161 <= —1. FATCEAEXNMFERFE Bp@ 2R —DAEFNIEL TFIE— K M52 0 1)
THAK . (HAIAIN B bR Mo i kB 280, e . ik, XEERK
AR AU S R RO LR
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SVM Decision Boundary [
< min % Zﬂ'j = —\{' \\S\\x < .
1

et 58
s.t. |p'¥-16]| > 1 if g =1
/

P16 < -1 ify =1

where p'¥) is the projection of z(¥) onto the vector 6. y v
Simplification: y = 0 < MosHn fm sl o
(W WS\ ‘ =
; (\‘\ o ? (:1) l/} Q/ ) <\ o\ o
S
\‘\\ O \\9\\ \w‘sg_ ,:) L / o \\y-.
e X X . O | vk x.
O X@ ‘l(h\ O < ‘73
7 o, N 0) \\ < %'
(’ e\l <= O B 4
;O b ¢ W\t | () o Q“M \u‘j'o 5,
\_,—/ il

MR, KB —ARRKRALT . S, SR RLEE T IX AR, SRR
SATRAAF . 01 FIX T, KA S50 177 1, Bk, EXAJE R LT,
FE LR Y. MR EREO AN, TR, XAG MR RE — A BB T
B0, BLTE LN FLARE SR AR 7E R RO, Hmx A TR RTIRBIIREA, FRAREA
x @, I TR B L, SRR R0 L e, BKERpD, H—
ARER, IMREA R @ . FRAGFIRE Y, BRI, p@ KR AE. IRek &S BlE
p® Hp@IXEHHY KEER KL T o WRRAIRE R L5, PO - 1911>1, MFE Hp™
KT, ORITERAT LA N T o BRI Sk @ e A A T, A A L TRAS,
SR FRHLAT UE SHO TR MEZ . L, 0 R IO 0 IR N, T 4074k
(R D578 /08, SR RE AR SR I LI A7 30 PR W30 L o S S I R WL T R 28 7 K
[ B 4 2K R

BIXAGL, XAGOERFER . RO B ERAM AREA S FIOME R, BHEIX
— I — 7 ZRUA R M I S S e T K2 A I B S8 SRR X 43 FF TR A R AR i
AT BE B o A ) BE R A p @0, p @), p®) S S i 8, Lk I BEAR K, B3 3o i e
pD, p®@, pOV LR, S F I BALIR A AT LR S — MM 0T, X T SR B AL
B/ M AR R BT B

DA A A S o ) BB S K I B 43 K 28 PR R ok PR K i
pOREH, EATRIGREABI RS DR . FE— M, RIS BRI T

ARG, BES %6, = 0.
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SVM Decusuon Boundary

\\\ @.‘* o
< min Z()* = '—‘ Well" e \ \\
p 2P o > 1} ify® =1 \ X
i . C vary
PO-ol < -1 ifyP =1\ \eye
where p*) is the projection of ' onto the vector 6. v
Simpliﬁcation: MosYrA fm s> o
URN\PY| e
(\\\ © ¢ (S') J} )/ S =\ Can e
Cma
o O 3 O {’ / Lo \\u-.
. SR < O v X EN
O s o L O " < (S
2 TN © |\g\ ¢~ | @ o
Y < O\\ () b () =9 Q\)M M‘j’o%(.ﬁ)
\\/‘ \\E}\\ ‘ ,3 <

AR AT B XAEIERR: 6, = Of R R IATIE RSB . IRk
0o As2 0 HITE, & LHURIRA B AANEL R A TAS MRS Kb L, SF
[ AL A KT BE 7y KA I 518, S OIEM] RO, UEM T AR AR H 2RI, R ATHIR
T HROE I R HE)

BT aL, B0, ANSE T 0, SO A RN EHAF 5 AR VLA A H b ek 200
ECHARE KIELL, ERATLAUM AR, RfEO AT 0, SCRFAENIAR SR IEREA
ANGEAS 2 18] R KT8] B 73

B BATRE T AT AR BN KR 2885 72— 1 3,A, BT iaiTie
WA R SR R AL SR B, N EA TS — N R IR AR 2 Ik 7 2645
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12.4 ZERE 1

SBEI: 12 - 4 - Kernels | (16 min).mkv

[ AN 2 T Vot T LA P vt 20 0 14 2 I S PR SR At ok Tk ) L ER3EAT 20 B 1) 2K

]

N T AT EEPORIIAEL S, WATHIRER T BE/Z00 + 01x1 + 0,0, + O3x1X, + 0,x7 +
Osx5 + ---HIEA.

FATATELH — R B BSB RFAL fORB HAER R AT BIU%: fi=x,fr =% f3 =
X1X2, fo = %%, fs = x2

AFENhg(x) = fi + forto. o SRI, BR T A IRRFEREAT AL DASh, 30 A1
THERKIES,, fo, f37 BATAT LRI FTAZ 2R BOR S BT (R RFAE

g — AR, ATH O x B AR AE S R B ik E M
(landmarks)l (™, 1), 1) BRI ALURE SR AL HURT FUHRFAL £, £, f o

o
. .
X2
. 9}‘5")
%1
Bltn: f; = similarity(x, V) = e(— %)

Hos fx — 1O =3 1 G — 12, Al B RE S BRI 2 1 B RS A
B K similarity (c, IO) 562 A% 268, BART 5, X B2 — A B Bi% K% (Gaussian Kernel) .
H: BANRBEESHIMBEMAL2EHFLERRR, ARE LEXBWE.

XEEHARIVE AT 4 2 IR — NGRS Bx 5 AR L (8] U RE B BA T 0, WGHTRFAE f
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R Te 0 =1, MRl SHbRLZ R EAT, WLl Fe-7THAND = o,

BBFRATIINNZRSEG] S AP MHE Dy xo], SR O SRR ol WTFHE:

B KT AARR A xq, xR EARARRIAR R f o WTLAEH, RE L 5IOE S 4
HARNKE . B x5 fAE SR E 32 3o 1] .

TE R, Ssefla T an b B L, FOAHEIOER, H2EI@MORHzT,
PLf B 1, Tifo, 00 0. [Hibhg(x) = 0y + 01 f1 + 02> + 01f; >0, HLHly =1. [
FRT DR, % T EI@FGE SR E R, WAy = 1, (@& THESERS, FRHE =

bR EELE, Ty = 0.

Predict “1” when
Oo +61fr +0a2fs+ 0sfs >0
e KA o’

05 1

KRE, B LD dt P R I RS IRV (2 AR I — A B — A I ZR S An AT 13k
B AR T A5 R KR L 5, AETUI , BAT IR BRFAEAS R U ZRSE AR B (FRFALE, T 23
A% B SR R o, f 0
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12.5 %K% 2

BEMI: 12 - 5 - Kernels 11 (16 min).mkv

FEE— R, BATTE TR BOXAEVE, DU EREA I & SEO LR R &L —
SRR o I TR, PR AN TS SR AT, IR N B AR SE PR A
PR F X A8 25

AR AR e R AR 2

FATEF ARSI A BRI PR BRI Th A m A e, A%
BmAHipR, HHAAD =xD, 13 =@, 1M = (M) SRR AL AE T DIAETRAT
75 BURPBRF AL RS T AE S5 R AR Y 2R b A FLA AR AR 2 1) B 0 Rk B, B

fl-j(i':l =1
£ = sim(x®,1M)
£ = £ = sim(x®,12))
O = .‘:'.!'_ri'l[.'-.'“' 10) =% =1
(D) _ s (&) jim)
m sml[x )

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

TR T4 4 0 SR R, B 0 S L LB
o itx, HEFRHES, 40TF>=0 B, W y =1, HURZ.
MR BRSBTS 67 = 070,

minC Y™ [y@cost, (0TFD) + (1 — yD)costy (8T fFD)] + = 27 07 AE RS AR,
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TATIE T A 5 () IE WAL TUEAT Se i 8, ETHSERTST 07 = 07Oy, ATHOTMOfRE
076, Horh M AR F AT (A% R T AN IR (K — /MR R . IR SR R A T AL A

B EYF, FRATE AT AR AR A A R R B, R BT MRS TSI U5k
ANE 5B T, DR S RE SR )

FEIL, BATAN R MR RSN AN B T5E, IRAT U R BLA 6 Cln
liblinear libsvm %) . 7E{f FIX L8 F AL B MEIRAT TR AT BB BT, BRATTE R 75 29w 5 1%
R, I B SRBRA VA O eR A, IS A A F B A TR A O AR 2 TR

G40, SCRp BT LAASE TR e B A8 A R OO R A% B Y (linear kernel),
MBATAR A AR %, s BRI GRS MR R 22110 S b i, AT DR
FHIZ AN A% B B SCRE ) L

R SRR AL AN S HC R o 1 -

C=1/2

C BRI, MHETABDN, W SEEG, miE;

C BUNE, METABK, ARt SHRME, mikZE;

KRS, FIRERSEURTZE, SR

oBUNE, FTRES SBURME, T,

WRARE T AR R, Rt SR [ S SR, JRoEIRE BIX LR . Xt 2
FFIAZ R B SCRE ) B LSS, A IR B SC TR ZE AT Z 18, RRZA R —Lenf T-HAL R
TUHE B EN G .
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12.6 A FFRIEN

SEPM: 12 - 6 - Using An SVM (21 min).mkv

HAr ALk, JATCEIHE T svm LB R MR, EX M Rk e E Tig
ITEE B SVM. IRSEFR LT ol i — S8R VG . SCRF AL, Sl 7 — DR A 1]
o AR ANAE 2 AT R R SRR B, BB A EUUR A OS5 Bk R E SR,
BEH T RIATH AR N, B sl N5 R B O REDREE B R, sOoR— M0
S5 AR AR FRATT IR R Sl ] 2 FE R R BOR SEBLIX e TR . [HRER, DA TR svm B ARAL
)RR E A, HESH AR E S VRS EEUE AL T o BIL RS I (R B P A G 11
A ELRAOXRE — a2 Lo SR SR 2R U A A AL P T K — A, AR 221 VR S
— LR . FYFR AR, RIELF 3R Z 2 liblinear Fil libsvm, {HUZ B R
2 B T LA SRAMOX A 5 ) o PRV DLZERE VR 22 4R T R 43 F SR e 5 25 o SVE I 3 T4 AR

TE R A% R AN TIE A o — i P8, 1

£ %% (Polynomial Kernel)

TR RE (String kernel)

R %% C chi-square kernel)

BT B Her% %L Chistogram intersection kernel)

faragarey

X EEA R ) b A A AR VI SR B AT bR 22 8] AR B 2 R A B RFALE » XA R A 75 2
i /2 Mercer's SEHE, A REHSCRF R EHLI LA R AR

EZ NGl

BB HRATIA F Z BT R ) — R 2T R g — D 2R R R — Ik,
PATTRZ AR, DRI SHA R . BATFFE AT DL ZRke A SCRF [ B UR MR 2 0
K. HERSHCEFFAENRIMF A NERNZ I KIRE, WA ZERAE R,

RERAESIRE CK SVM BITLALE P, (ER IR 2 L5

1. RRMSHCHIE S FAEZ AT RSP eI R 2 /7 ZAE X5 T HIE T -

2. PR R A SRR EE T AR Bl B, e —ANIER R ATEF AT
BARMTNZSH, WA WSS, WAzt B, A Nifb i 1 2edt
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L8 2 S RFE- 28 7 JA- S mE AL (Support Vector Machines)

Bt sVM CGZRFFENL , X R A T A A R U svm G &L
MIZHRI AR, AR T SRF I EAUSERL, FEPE 0], RATRZ AL £ ?
T R — e 58 Y PR
NFFER, moAII R A S
(VIR TmINE, nERTFZ, RIIZESEE & A SCRRATIZG— R AR AR

PERRAY, AT 8 [ RS 2 Bl AN A e B S 1 L
()W /N, 1 HmA/NEE, FliinfE 1-1000 (8], MimfE 10-10000 . [&], 1#H &

TR R B SR T AL
BV RnEUN, MmEK, FlanfE 1-1000 Z (7], MimK T 50000, WIS R A EHL2

RN, T S GG 1Y BN EE 2 (KRR AE , SR 5 18 2 AR I A BN H A B B SR AL
A3 — PRI, PREMILEAE LN E =R 5L R #0A] Re A BUF ORI, (RGP M 4%

AREAEHAS, SRRSO R LR R FEAE TS RN R B L R B, AEAE R R MA
AR SYM B2 TAER R, (HRENIASH — 218 . IR F JEH S R,

HASH R ERERX AN T, REELMRATIeE, WA ELNRHELE,

SN AR RN S A AL R B SR L. RARE BIXANLIIT B, B E 7RIS,

BCE AN AL SR B SRR R L. TEXAN AN, BAEETBIE— B R . R

B RS RASH A BB SRR A AL E A TR IR R AR B SV, AN R I8 L R A

BRI SVM, B R A, JFan AL EE R . (R ARYE IR SEBLA 150, Forh—

MATRES LS — AN EINA R BRI — AN RAS RO TT, 328 S B A% e R

SVM 53— M RA AT BEAR G 2. (HARBEH SVM KR 2L EHNN, 40008 FHAS 5 1 P9 % 6 Bk

SOV G IR BB, XMA R, IRENER, MREZIE 17 (10,0000 FIREARRS,

FHEZ 5 /7 (50,0000 , FRAGRHEAS & B AR 2 R AR — MR E AR, t

VRAEIXAMAR R B, AN o8 B SR ) BN LA R IAF A 2 Rt o AR AT UL IX N EAS 2 7

LG A FH I .

e, MAMEGAEH THAREIE? X TR XL e @, 0TI rxX LA F 7 &

— AR IF IR Z M S AR FTRE AR A R A — AN A 2, BE SR AN TR A2

AR M ER A SRR 0 TR 2 X RE R IR, R 25 Rkt ok il B R, ER 2R

PRA— AR IFE SVM SEILE, BT RERIE TR LR IR LM Z MR IR 2, R RATIE I

ZHPRA R, (HRESEY], svM BA R ER, & —Fi O Lial . B, 45 svm

AR SR BN A R iR M, SRE B S IE. X T SVM IRAN TR B0 R A -
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L8 2 S RFE- 28 7 JA- S mE AL (Support Vector Machines)

FESEBRIL A o, JR B e AN A 2 P 2% BT A AR R — D R RV, I U R ARAE AT Svme
(IR A TR E AL OB — AN A ARIEIRI I, #hE M T RE s Ll svm 18, JEHRAE
EFE—AMERF, ETXBAHNSH, F LEGUNER, RIS E 0w, Xz
B L, (R IR T, TR RS R SRS, XA
ARKRKZR, HIRBBPLESZ T HERI R, AN EfSR G R e TR EIFNEE, H2
HLAE Z BT R B S SR B (ERl N2 IR 28R, IR
% NG T AR 22 T AR = ST B35, it ] 8 T AR RPALE AR B AT LR LAt e e
PREE TR AR A5 5 T, 38 K Ly T 2 LU AR A P2 A ] VA /2 SVMY I T B o 3
B2, B4l 1, SVM UIRBY 2 U0OR R — R R 2 S Sk, X —MER, B8 T
H A& — DN RITTIEL S R MAR LR L. B, Sebr LSRRI, 2R 2
SVM e fifl X Be okt i 2 1 B0, AR IRIF I ARG HRIOIRES . (e
T i GPU THRLLALS, HhZe IR AT .

HLAR 5 2 RGN BEI2 1 R TR UL, X2 o9 — MEAR ZE MR FL AR ORI T,
PRA] LA e B BIR 2 407, WREAS S 76 Tolk SR S U0 37 VF 22 i MR RE LS T R 4.
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F 8N

13.  F3&(Clustering)

13.1 TME2Y. fih

S 13 - 1 - Unsupervised Learning_ Introduction (3 min).mkv

TERZRARI, FHRTFIRN G RRTIL . RS — MBI DI Z], VIR A
I AR E 21 R . BATRE EALTH RN 2 TEhr B, AN AT A FR 2 R

Wz, A aRRARRE =20 ? FERIRR —JT 4R, JRE W S 0 A B 2>, AR,
PATE A b ERG HL 5 B 21— T L.

FE— A BRI 22 2] b, AT — MAPRBERIIZREE, FRATH) BFR 2k BIRea81X 7y 1E
FEAFIAREA R AL T, AEIX BB 220, ATH — RIR%s, BRATHEJ S —
MEBRRE. SRR, EIRRE A, AT BOA AT T ARAS, JRATERH
Kl U X :

Unsupervised learning

Training set: {z,2®,20),...,2(M} <

FEIXBIAVE — RIS, AR, FHit, RAOTNGETUSRAFx® x® L —
BRI, FATRAEMbREy. Fit, KRR Qi G 8. et mIEk
B, BT A RPN, A S AR, SRS ERAT S RN
55 RINBATHRIIX AT A AR 20 e 2l o AT T R ZEE R A B AN 93k —
Fhait . B R EARE R AT LA B T I R (RRONRR) » — M RERG R B3 I
LRI, BB N ISR

197



P2 22 2 URFE-28 8 JA -5 25(Clustering)

Unsupervised learning

I .

Training set: {z(1,2®,2®),...,2(M} <
PRI AR — AR B I 48R, IS FRATTIE A S B A T fry R
FOVB, eI DO BRA TR B At SR (K 25 # B St ) — e, i AN U AR
BAVR A RIRIEEE. o), BATRESN A% T4 JEREE— R R AT
AWg?

Applications of clustering

—> Social network analysis

Organize computing clusters Astronomical data analysis

FERX T TURAR A e e, G2 280d —Le i teinmiidg . IR RIEEdE R A7
fit TWFZESHIER, AR BRAA T BRA R R, AEURTT LU AN R 2% 7 73
BIEH R i BUE 7 IR AU G A MRS o A28 0 A S EAAVF S TN SIEAERT FUIX
FE—LE A, ARATIRE RN, RUEHIZMES, (U0 Facebook, Google+, i & HAtifK)—
SefE B, PRAni: IRZHERIPLE NI AR, TMIXEe AW 4R NI, ik 20 R %
PIHINAE - PR, SX AT RERR 2 50— N BRREIE, R Ay B e R AR S I 25 Hh Sk R VT AC .
LA MR IEAEDT TR A W, Ay BB AL SR BEE R B I AH LT SRR, ol S

198



P2 22 2 URFE-28 8 JA -5 25(Clustering)

R B G DN WERARFIE R ot i, ARSI SENL WM E TA . 4, RAT LA
BB, EORAT R L . Bt E oL, LB

i, WSLPR LIRERT AR RS TR R IR R AN RR, T
BEIRICEE L AR 1) o B 1) IR R SRR IR R AT AR 2 — AR B 22 ST

FET =M, BATRIFR 4 — A BRI B
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13.2 K-BME R

SR 13 - 2 - K-Means Algorithm (13 min).mkv

K-SME R Bl M TR RS, SRR — D ARAR LB SR, AR5 K s R R
H.

K-SR — AR, BT AR L B Rl n AL, TR

HAGIEFEK BN AL, FRONIREH D (cluster centroids) ;

X HARAE P AN, SRR KA O BRI S BRI L R
Bk, IR —AN hl SRR AT SRR — 3

VAR AP EIE,  RAZ AL SR oL R B B E AL E

HEOPIR 2-4 HAETO RN EEN

AN RER

AR 1R

6
5 = —
4 4
3 - -
.
1 A
0 =

2 0 2 4 6 8

ER 3 R
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Reration number 10

EAR 10
Futp?,.. 1k RFREIApL, Fc®,c@,..,cM ik 558 i S B oL il R 25

OIEL], KIEEEN RS
Repeat {
for i =1 tom

c(i) := index (form 1 to K) of cluster centroid closest to x(i)
for k =1 to K

puk := average (mean) of points assigned to cluster k

}

FAEDP A LER, F—A for AL IR, B X T8RRI, TSN IZ)E
TR A for MR REA LS, B XMNTE-DRK, HEFTHEIZEER RO,

K-B{E 5005t AT DAARSE M T4 800 70 M vr 2 AR, RIEFE 3 F 1R X 7 i 21
FERIRE LN tm] RLe N B s A B 00 & B v AR B P IOURFAE AL RS FIHT K-394E 50008
Hdla oy =28, FTH B 2 A 1 T-HIL2 1 =Fh RS

T-shirt sizing

Weight

Height
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13.3 L Bix

S 13 - 3 - Optimization Objective (7 min).mkv

K-SAME e /M IR R, 2 B /M T B8 w5 AT SR B (1) SR 2Rt s 2 IR PRI EE 8 2 A,
H K-IERC RS (XA R Distortion function) A:

m
1 . 2
](C(l) """ C(m)' Hiyeeos :uK) = EZ”X(L) —Hc® ”
i=1
Hu, oREEx ORI RSP0 BATRILAL B bR 2 3R A5 5 B/
B cM,c@ ML u2,... uk:
min J(e™, Je e TP T
ety o )
[T TR Ty

[N A 45 1 RSB AREE, BATRGE, 23— AMEH L TR O 5N,
T2 —ANMEI U FI 080 g SRR AR o ISR RE — 8 2 8 — ARARHERAE I MU B
B, ARSI TR
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13.4 BEVLHIZEAL

SR HM: 13 - 4 - Random Initialization (8 min).mkv

FEIEAT K-SEFER 2T, BATE S ERENAIIR A KRS0, NI HERE
{18

1 BAINIZEEK <m, RPESEHO QN EE NI I 2R sL 0l 1 AcE

2. BEMLEFEK DML, ARG 2 KA RO 5] 5K A I GRS B 45

K-EEL ) — N HEAE T, B ATRERIE AR — DR RAMELL, THX R T A6 15

o
Local optima s
. X X <
. x@

. L B x .
x. L

TH L e X

/7 . . o

NT FRPGZA AR, BATEE FEZ RIS KBERE, B R E TS
1, BJa R Z RIEAT K-EMEE R, RPN BB NS R X P T IEIEK BN
i (2--10) i& TR, (HRMRKER, XA REASE I B s .
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13.5 EERBEH

SEM: 13 - 5 - Choosing the Number of Clusters (8 min).mkv

BT PrB ey LB IR I 55, I8 T BRI A R R, N THET R £ .
BRI B ERATZH EFIRRRNPRA 4, RFIEFRERT IS T 1% H MR %K
I

HNHERE, EHRIEH WIHERN, A DA RES R AR ERE N . 5%
T EEN, BAT R B R KA, R RIS B BATH RS
KigAT K IERRTE . KERE, I R = 02— N R, V5 THE AR R
B A A R A . KIRREIEL T

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)

BATTRES AT BN — SR RBATXFERI LR o AR — D NRIRFR . X il 2 i B 0 e e
IEBARERZRE K, BRI BA — MRUE AL FEANTE, WR kA
ARG, LK AARKIE R R o AR I EREN” o AR 2 R R,
ERRAE SR N, N 132, N2F]32)E, RS 3 B BEE]— AN S ity
Ja, WEARE L T B RS, BARRAE 3 AN RISREAT R B R IET, KRR IR
R R, AR R FRASAR IR, K = 325l FREARIRE, ALK = 3. 1K
JS2FH “REFR I R A, I ERARAT ] T —ME IR R ], IR AR e — R R
N E BT

Blhn, AT TS 7, BATEDR P RS A RS, BT Ak 3 R
~FiS,M L, BATRA R 5 AN RSEXS, S, M, L XL, SXFF R B A [ R S5 A i
0 T2 75 RERCAT M A BRATTAR 2 73X A il R ) it AR HE 1
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RRSEFR
L ARACLRE /3R BT SR vk g
(). ] KRR B Minkowski/ (FLrpIRERFEE: p = 2)

1
n p\p
dist(X,Y) = | ) x = i
i=1

(2). AR RS (Jaccard):

_1AnB|
" |AUB|

J(4,B)
(3). RIZFLLEE (cosine similarity):
n4E M Ry MAic e, WiERZe, HRZER:

xTy D=1 XY

BRI N R

cos(0) =

(4). Pearson B /RIMH IR RN
Dy = cov(X,Y) _ E[(X — )Y —ur)] _ Zica(x — ) (Y — #y)
OxOy Ox 0y VI — ux)? 2T (7 — iy)?

Pearson AR REHI R xc y AR ] B % H 8% 21 5 A )R AR 5%

2. BRI RAR bR

(1). ¥tk p

RELTRERAR, —DEh A OE—DIGIRIREA, W2 — . HsSElar B Oyi2
TEBf 28 (AN SR A% P IR 70 SR R AR B0 5 2 SR AR e e A 25 ) EL A )

(2). BNk 7

RELTH R, FISBIREABIA SRR, 05 2 e B (R JE AR vh 11 70 2510
REAEL 2T ) A A KL 91 )

(3). V-measure:

Py — PRI SE B R ANALT 2

V_(1+32)*PT
- BEPxp+r

(4). FoERE

FEAF R R A s(D)

15N AL T AR A B R AR EREAR B A B ya (i), RIS ATREN.

75 ) ANARALLRE - SRR A B L AR C I T REAS - 0 BR E by . R FT RE

R ABs()EBEL 1 RRHARURISREGH, BEIT-1, FORREARIRIZIKE 535
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gk, JEON 0, FoRFEAINZAEL S B HT A FEAS s () B BME RSO RISEE R I FE B A

. b(@) —a(®)
s)=———75
max{a(i),b(i)}
(5). ARI
HHRESHAND TR, WAIREREIR I 2
X = {XllXZ ..... XT'}’ Y = {Yl' YZ ..... YS}
XANY e R A EON:
a = {al az,..., ar},b = {bli b2 ..... bS}
Cl|E X Y, | sum
X, | n, m, n, | a
Xy |ty My | 2
X, |y A n. | a
sum | by b b, | N

1 n;; = |Xl n Yll
Xij Cr%,»,- —[(Zic2) - (Zict))/ck
Tlicz) + (zicz)] - [(zicz) - (zicz)/ca

ARI =
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14, [&4E(Dimensionality Reduction)

14.1 FHPl—: BIEES

2% M: 14 - 1 - Motivation |_ Data Compression (10 min).mkv

XA, FRABTFAGRIL 8 —Fh BT To B 2 ST el i, PO B4t . A LSS TR 1 Ji
PR/ P] REAR B P e . — R BRI, SR IRAISE T — s, Bl k4 A e irk
RS, BRI A B> T H SR N A7 B i s 1), AE e Mk FRATIn PR AT 57 2] Bk

HES, RN ELAE R 4 . A A—MAEZIET, BATREN SIS, A2,
VFZAFE, M MEK B,

Data Compression

1 e Reduce data from
X 2D to 1D

T9 (inches)
X

1 (cm)

BB HATARRIPI AN VRFAE: 20 KB KRR xp0 M SRR A — MR K .

FITBL, 324 T HATRETURFIR, VPSRN0 T IRRFIEx Ay, XA HEA
FE&, VPR ZAM A2 > Bt 2] — 4, RA — DR A . XA A A
e, X RIS (B SEPR BRI AR VISEERI, W& I RA T AR,

Rl N defde 22— 4. BUEBATZER A PIAA R AL SR — SR Pa g R,
MRS R A AR ST, 7 — MUER IR A 45 R K, A4 SR T R 25 2R
VENBA T & 2T AL . BUAE A )RR R, WA 0 ) — N 2R 0 P 45 SR AN 5 Al 45
CHTRE. KRS , TP A ERHE A LB, K, HATA R A 241 8
B ZE 4k

MRS AE A BRI AR PR AAE Tk B RIRE LA A ERT BT RIRHIE, B
CIRAEE A 5 R BART ERRAE . AR TR LA K TR, thir— A TR IR =
BRI, % " TRAIR A=A HRE, B=TREE IR A ML, — T2 ML

207



L2 27 2 R FE-28 8 Ji-[% 4 (Dimensionality Reduction)

WAE—E, b BRI A, LERERIRANIE R BLERAE, IR MIIRLE TR AT 21 1
HIAEH @ EETUR RFE—

Data Compression

Reduce data from
2D to 1D

T 4em)
F\\u‘k S\'\\\\

ZER-EAPAETT WIAZIER. s, R IRAAN & —— R IREE, IR%

i, A EEOX LA AT AR —— R AT REH —MRFE: x, XV
e CELTRHL RAT 51D, o, AT RER

et KAT RS . R R AR R EN KT, hiriXm
ANRFAERE 5 A 5K o AR L AE S0 R T E

FEIX LRI TT 18], AR HRFAE , D€ RAT B AIBE T

7| %~ Reduce data from
Q 7
E x X 2Dto 1D
= .XJJ‘ a
e 5 P zMWel® 5 ,(Mek
A o e mew
4 2
y%éﬁf
I S T {cm}li :I:(-:rt) e-‘m_l — z{'m}em
¢
KA KK

Rl N =gef s 4. XA 7 BRATER — A =R R A R A 4Rk

L. AR S LR, BATR =4S 21— e 0w b, sfia 5 oA m
HAR AR — Pl b, BEEENRER &,
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3 {

I

xIro

\((i) c “i-s

g
a(.‘)

X I Ak 3 sk A2 R AR T 40 ArT 4 B A5 [ BT A AR B O 4 2, 9 W 1000 411
FRAEPE 2 100 4.

WA 2, ), RAEBATRE S AT PATI— 22 2 SRIa AT thikchg, (H3RAT]

SAE LRI 2 E .
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14.2 FHM—=: BEEFTHAL

SEM: 14 - 2 - Motivation II_ Visualization (6 min).mkv

FEVE 2 S HL 2 S i, i SRBATRER B rT AL, SRATEE e S 4R 2 — N EAF IR k7
R, FRERTLAFE B IAT.

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

BAERANTAA R T2 AR E KOS, 5 DML EAAT 50 MFE (W 6pp, A
¥ GDP, “T¥FFansE) o WIRELREIXAS 50 4 A FTALALR AN ATRET . {8 1 FELER 7 1285
FPEE 2 4k, FAME AT DOR L ATHLAL T

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 I RRAE T, B4R RS2 R A ST e, OB AR RRHIE AR SRt A AT E
SERIT .
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14.3 FE 5517 A R

S M: 14 - 3 - Principal Component Analysis Problem Formulation (9 min). mkv

F RT3 o M (PCA)E B i DL I B 4 S0

£ PCA 1, FRATERR K] —DITF AR (Vector direction) , A THEHTA 4
BN Bz A E BN, A1 BRI TR E RS AT RE N . Ty R AR i R
F T B, T R 2 A IRFAE ) 58 (R0 1% 1) [ B Al 2R R R

a

(

N 2 R 0 B I R A -

7] R B AR B ke e, H AR AR BN A B u®,u® . u O B BEHR ZE R
TR B 5 L BB ) LE A

T oA S LA R RN R R . R M MU R PR % (Projected
Error) , TAME RIA S R f MU TN R 22 o 2otk BNV R B K2 B Es R, M 3 medr 7
AEAE AT o

ﬂ B ]

I Fi |
}/,f
T, AR EIR R (R E TR AR R TR R 2

(FEETUALEE) .
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PCA s MRFAEREAE R A, T AFISRIEAT Bod 545, 40 2R 100 ZER & feJa AT ELH 10
RN, WMAEAZEN 90%. [FIFEEMGALFE SR KL B H Al PCA i & 47 . {5 PCA
BOREREYE IR, 6 EORERE R TR R i

PCA H AR — KU b e X B4 3E AT B AR PR AL 3 o JRATT AT DA 73R S o ) (Y L 22
PEREATHEY MRS 75 AT 1] A BBy, CREJE T B4R 25, AT DAIR B B 4R T fr] Ao
RN B AT R A I RBOR . RIS KRR DR R T R B A5 = .

PCA BORM—MRRIIL AR, ERZELSHIRKIN. /£ PCA HITHE R 5B A
i 2 NI BUE S RO R AT T2 S B AR T AT T 1, S s R A 5 8EMR, 5
EDAr = WA

(B, X — AR AT DA AR R sk A AR RN A — € e iR AR, B4R T
Bt 1) — LERFAE, R TCVR Il S H AR TR A B R AT T W) RES A BITUI R RCR,
B ESRNER
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14.4 ERRO O EE

SEZ I 14 - 4 - Principal Component Analysis Algorithm (15 min).mkv

PCA Ji/bn4i Rk 4.

—bRIEA AL BATH EH LT RHERIME, RES x5 =% —
TERAEANFIREES E, BATE T ZRHER U EE o,

Wjo PR

FBRIMEM T ZHE (covariance matrix) Z: Y = %Z?:l(x(i)) (x®)"
BB E Y Z RS RHER & (eigenvectors) :

1f Octave TIATH LRI A RAED#E (singular value decomposition) KK fi#, [U, S
V]= svd(sigma).

Principal Component Analysis (PCA) algorithm
From [U,s,V] = svd(Sigma) b we get:

U= |V @ .. 40

| | |

e IR“ xXn

n

1 ; AT
] =— @) (x®
Sigma m;(x D) (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 nx n4ERERRERE, XA RIUE— A B 5 8 2 8 e N R ZE R T [ ]
A RIRERE . AR BT A s M B Bk, FATRTFENU TR ETE A &, 3R

1A AL EISENE s BV e B, SRJFIBE I H-S3R AR ELR 374 1 2 .

70 =yr

i
reduce * x( )

Horpoon x 145, RIS ROk x 14EFE . VE, FATANT7 ZAFEHEAT AL B
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L2272 R FE-28 8 J&-[% 4 (Dimensionality Reduction)

14.5 EFEFE RSB E

SEM: 14 - 5 - Choosing The Number Of Principal Components (13 min).mkv

FTRAN SRR BT T8 7 5 3%

IR S GprE PSP il POl

A P37 157 5 W SR8 07 2 0 E 9 R T /N BT 50 i P R i R £

ISR EBA BN T 1%, BB FASIRI S 90%H M FR T, Wk
FRAVF (BT 95925, A AE-AR 5225 O R AR B TR AU P T

RATATLSE Sk = 1, RIGHATEERA DT, Fi U equee Mz, RIEHHLBIRE DT
1%, WREARITET Lk = 2, WIHLIHE, EEHRIITTLMERD bl T 19008 8 ORI
S AL 38 5 DL FE A SR

AT — BB 7 SR Mk, UFRATTAE Octave i FH “svd” B ML A1, AT 1345 =

ANSH: [U, S, V] = svd(sigma).

HrpS2—n x nffEFE, RAXMML EAE, mHERICHGE 0, FATATEAMEAX

ANKE R SR 5T 18 57 1R 2 5 R85 7 25 10 L AR«
1 - 0) 2
1712}21 lx® — xalpprox" - I si < 1%

LI O] Zizasi

Zikzlsii > 0.99
IS

fER A Bl Ja, FATAT BRI T I E R R A5 S5 A RS AE -

® _ i
xapprox - Ureducez()
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L2272 R FE-28 8 J&-[% 4 (Dimensionality Reduction)

14.6 EREHIEHRS

S% M 14 - 6 - Reconstruction from Compressed Representation (4 min).mkv

FECARTIOARSI R, IR PCA BN EAR T . 7ETR AR VT B 75 4T 1000 4k (15040 i 45
100 HEHFAE, BRAA =AM AR — “4ERoR. BT, IR ANEAEENE, MZAE ]
B EAGHR, [0 BR A ) 4 1 — R A

FiTbL, 45Ez®, XA 100 4k, B4 FBMRIERER R, XAEEZ 1000 4115
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 iy, FATATREA — X FERIREA . WP REAx @ @ o AR, FAHEIX
SEREACE B XA — 4P . SNRITERATHRZE R s, tnz®, freix s
RIALE JEAATH I B — =T 2558 — > mz®, BATE AR 25X A5G —
ez [aIE? x N 2 4k, 2 N 14E, z = Ul gucex, FIRBITTREN:

Xappox reduce * Z,Xappox = Xo

.
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L2272 R FE-28 8 J&-[% 4 (Dimensionality Reduction)

Reconstruction from compressed representation

T2 €I
A
X
X
&Iy )
)
o b
* —
2
— 2=U~ ':z e — xeWR
reduce®
\\3 U“& : ’%
; = e,
S Z"t K‘“‘"‘ . A
’\( % '\( * m nxk kx|
- :1 N« )

WRBTRD, 35— MRS 5 AR B AT AR Bhe B L, XAt R R MR GE R s z Bl 2R
AR « BAS BN BRI — N2 AR R G o, A TAEIX AN IR Oy S i da
AENTVONREER MR RR x FPGE. Frel, g Rmcrgdage, SIlEm
AT PCA, AR e AE R AR B R YER TRz IXANH, Ay BEARBLAE T8
AR BCR AR YR TRz, WL 84 21— DI ABR AT (K v 4R
BUE VR FNTE U] S LT PCA BA TR EE I FH 2 R — SRR SRR ] PCA 1R %S
R, ERTORIALBUD, AR — IR G T Wit k.
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L2272 R FE-28 8 J&-[% 4 (Dimensionality Reduction)

14.7 ER I ITERI R L

S 14 - 7 - Advice for Applying PCA (13 min).mkv

TERAEFRATIEAEEE X — 7K 100x100 &3 K #EAT M THSEN LA OpL AR 2 20, Bt
A 10000 /MEFE.

1. DRI EE R o Bk Bl I 4 & 1000 MRFAE

2. SRIEXTINAEEIBAT % I 5%

3. CETII, SR Z AT 2T MR U eguce B AN BRI Fe SR 1 Bz, 285 TR
AT TR

e WERIRATA R SIREAE A MRS, R X INZREE 2 ST TR U e quce -

BRI LB TG O — AN LA R AR R B 7 I 0, R T
MG QR THRAER B o XFEERE A, AnsliE N b2 . JERLE T L2
BT R ORI AU 25 TR — SR, BB BT S 45 R R A KIER, BIrTaea Rk
HEENRHAE . RS RATEEAT EM AL, S 8R4 AR, Ao FhiE B H0E.

F AN LA R, BRI LR A BT E N2 ST R ) — 38 4y, X BARIR 2 I
AT ROR, BRUFIE 2 N SR A RHE T4, RAEA LB IR (BEIET RIS R E
WAE) A5 R BRI 7 #.
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WL 2= STAFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

FoH

15.  RE &M (Anomaly Detection)

15.1 A ERIBIHL

2 #4: 15 - 1 - Problem Motivation (8 min).mkv

TEFE TR — R, FHe 15 R KA 2 72 Kl (Anomaly detection) [ . 3X &AL
i S EE ) AN B o XM ENE R DA ANE T B B A T AR 2
AL, (HAFEEE R, AT — B B O )

HraRFFERNWE? 9 1 RS, bz — i,

RABARIE — A RHLSIEE ARG RS, R WL G BN L R, R kAT
QA(fi EAZEHIIGR), I — 7, ARIE T WHLSI 2R — SR it AR i, b 5|
IR PG, B S RRE) A

Anomaly detection example

Aircraft engine features: Dataset: {z(1,z(® . 2™}
— T1 =heatgenerated
- Ty =vibrationintensity

KRR, REH T — MRS, Aax®@Fx ™, I RARE RS TmA 5 EIE, R
SRR I BEIR, R R IR

il * % w
= X X
8§ % % x
x X X X
X x
Z) (heat)

RHERREAD R B BRI RE . XA, S A R T BLE L K
ARG RA — R, VRE —DF LI EE A2 B R, TREET WL A R e &
Xpest o FITVE AR 7 AL Il REU LA « JRAT 195 SRR IX AT ) KL 51 B2 5 oAb e, Bl il
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WL 2= STAFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

AT B FIWTXA 51 R B F 2B B, IR EEERE N IEFRGIE, A
AL B Bizik 212 AR, 1A 2 — 2

g e B E x @, x @, x M, TAUBRAEBAR SR LR, FA IR BREREDE xees
FEAFE T, BRI AR T2 80 1 LR a0 o AT R 2 (R R B BEAR 4
P A7 B S PR AT LR+ — AR AT RETE p (%)

ao (vibration)

Iy (heat)
IR, LR R A )RR B T2 A R B T AR R, TR ez R, R T
AH AR AT B It AT
XN TTIERR B Al vE, RIBWR:

anomaly
if p(x){ >=¢ normal

WRVERII: D = M 95 i 1E s IF

Bifp () NBATLE T — BRIk, Eidp(x) < el MAFIEHE A .

S AN 3 B RAR I B o 51 QA E SRR TR B S L OB, — NIRRT v )

s A2 AER K ViU, EIRIZAAR N 7 HcE, BERIT TR

o SRR X SRAIE M — MR, ) DU IR BRI L AR Sz R
PR — D o, RHEATRE RS AR OL, BT A R

CPU M4, ML MIE(E S5, MRYHIXECRAE A) DR g — MR, RISRHIBT R L1+ BN LA

FEAT A RE A 1.

:mb

J
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WL 2= STAFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

15.2 EE oA

SR IM: 15 - 2 - Gaussian Distribution (10 min).mkv

(EBAHh, A A, BN, WG AR,
W R ATNR R x F RN x ~ N, 02) W3 HE 3 5 1 86 0N«

pCx, 1, 0%) = ——exp (— SA5) AT LI B OB R B Ao 57

202

BT p=—ym x®

1 m
2 _ @ — N2
o mE(x 1)
i=1

AR«
» llI:,Oja-:Al ” -9/‘: 0:,_3 e 0.2¢
o | ' /;
P
i N I
——x ; 3
>p=0,0=2 2>u=3,0=05

e ML 2 o T 07 Z A 1@ B H B Dmi ESe i 2 i (m — 1) IXBRESR— T,

_4‘— _'?7_ Andrew t
RSP, B RERE A1 /mit 21/ (m — DESEXHIRAD, RERE — AR KK
RS, FENLES S > U S 70 N BE STBE FH 1/ mIZ AN A A 2o X PSRRI 2 A 2R
WP B AR E BTG AR, (BRAESLEMEM T, AT X BN, JUFar LR AT
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WL 2= STAFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

15.3 &HyE

SEH: 15 - 3 - Algorithm (12 min).mkv

FEATIALS R, PR L e 3 20 Af TF R W R ik
S H RSN B
T ERBERE @, x®, . xM, ATEE R MHET S g A1 o? BIETHE.

1
__§ ®
,u]-— 'lxj
i=

1 m
2 _ (l) 2
0'. = — p—
j mZ( 1)
i=

— BIRATERAT 1P E AT Z RO THE 28 588 A — N U ZRse B, ARPEAE R THEE p(x)-

(g — up)?
p(x) = | |p(xu)0f) = exp(——)
[Totsmen =[Tgen- %
Yp(x) < efff, N
TEZ—ANHEANRFER IS, CLRFER 7 AT 5
j M1 = 57 01 = 2

8 8 B e e
W

f/.l,2:3,(72:1

N =GR BRI KR AL TR 2B IR MR A T At T p () 1H :
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WL 2= STAFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

PAVERE e, Fp() = efFNEATHAEDL T, Zp(x) > el TN EHE oy % L,
BRI -

FERXBALA, AT T Uil Gp(x), Wt xHIMEERME, DIFA —Fh 5w il
Biko [AINS, fERXAERT, BAThL Tl s SRR S S8, #ET ST, 58
S op Moo, RERIHIFEAR, PR SRR .

FEFETORMURAE T, BATRIRAWI U —5Fi%, RN ERAMA A, ERERE TR
AR
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WL 2= STAFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

15.4 RN — N RERI RS

S 15 - 4 - Developing and Evaluating an Anomaly Detection System (13

min). mkv

SRR EER — MR B A 5, BRE RN TR SRR y IEREIFR
EFE RS E IR T H . AT S — Rk BRI R B A HEATFFR—A
SR RGN, BAINHIME (CRFEBIER) MEGEE T, FATAH AR5 5 4
o FH A IR, AR5 PR () 1 5 B0 R0 S5 B VR A 1 50 ) 5 SRS 36 2 AN A
%,

flhn: FATH 10000 &IEHSIEMEIRE, A 20 G751 B0EE. AT BCH
o -

6000 & 1L 51 1B 1F il grdk

2000 & 1T 51 5EA1 10 £ 55 51 SR B 1E 58 X e 4

2000 & 1EH 51 #A 10 £ 55 51 B BAR1E 4

FARBITEN TR R -

1 MRS, AN THRAIE AP S A7 22 040 7 p () R 3

2. WA AR AR, BV R e AE AR, JFEE & 5w, A F
B E AR 5 E AR LOIRIERE &

3. iEth e J5, BRI, (HERFERRAKKFUE, BEAERSEEE

Z o
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WL 2= STAFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

15.5 FEKN S WEZEIX

S M: 15 - 5 - Anomaly Detection vs. Supervised Learning (8 min).mkv

2 WA ML I R RSB T A bRC B 5 M ST AL, TR
AT B TR M B 7 ST A 5
Wi L
SR M)

EEDEMIERE (REHE y=1), K| [FIBH KRR IER SR 5
EffmE (y=0)
VP AFIRSERRH, AEH e IRIEARE A | A2 WIERSEes], LuHTl% &
B IE SRR RN R 1% 12, ARARIB B 1L [ 856 m] e 5 Il gt
AR LT

AR T 5 8 T A5 CURARA R e
HIA .
Bl SRVEAT AR A7 (B CHLEI S8 | Bt BpRit e ae KT R K
Ko MR e 7 SR AT AR L
AL IR (A2 31 B A A R RO, B LRI/ I R A
BRI, SRR AU ST 554k, X TR HR A T TR 2B s,
Bk, IEREARIERRD, BRI R 0, WRR, HBT KSR R
R, T 20 T R, SR I 1 S R RIS

i
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WL 2= STAFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

15.6 JEFEARHIE

SEM: 15 - 6 - Choosing What Features to Use (12 min).mkv

St SRR, BAE AR IE R B E ), N IR IR A0 T R A -

S RO R SR ERT & i 0 A, SO (4 2 A A i oAt S R SVt R g
TAE, AR BRI S B e e il T 0 A, Al TR x = log(x 4+ ¢), e ¢
NAEFE S B x=x¢, ol 01 ZIIM— A EL Sk

(9w VE: 1E python 1, JEH A np.loglp() B3, loglpwi log(x + 1), W LLEE%

HILA SR, R RECHE np.expml())

x=log(x) .,

REDT:

AN I TR — L SR R R T RE R A B A p (o) B, BRI A 9 A8 I 1Y o
RGO IRZE ST RS T BIRATT, FRATTRT LA AR S gl St iR T D 1 i Hdle , WL
E T — L8 i B o AT AT B HE A 1) e LA T 75 LI N — Lo R RFAE S8 00X L8 R
JERAT AR SR RE 0 15 BB AT B S M AT S H AR

SR ARLIR 22 7 A

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 % K5Il (Anomaly Detection)

FRATEH P LB — AR G R E AT A &, SRIRAS — SEB I B 47 O AE e it
AZAFIEAE 2 1 KB, i, A A O T SN LR DL o, FRATTAT LA cPU
G35 A 2438 15 B R B 9 — AN BT RARAAE , A SRAZAE e K, (A 7 R R IR S5 o
FEREN T — L

FEX B, AT T I B, ASOORFEHEAT — e N e e, LR85
BIER 30, A5 FHCEIR M e BRI S RN A2 T A STRR IR, 34T IR 2250 BT
JTik, KRR A FE I RS A BIRIELIX TR, BB T AR T IE B AF AL AR &,
T BRI 5, S B M AR R S 3 1 L
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WL 2= STAFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

15.7 ZRELT A GEB)

SEM: 15 - 7 - Multivariate Gaussian Distribution (Optional) (14 min).mkv

RAEHATA PR SRIAFAE, 10 X PIASRAE (B RVE F LE B T, XA AL T, — B
FET A AR R T B AN BEAR A M U S B o FUERIAE T, — R s i A AR R S e 2%
[ IS AT P ANRAE AR i 22, PR 3t — AN BRI A 8 T 5

BRI HSRAFE, AL ERIZ ORIE e FANFHEE R KRN & — i mifi
ATBRPAF A E L ST, IR RS X PR R EE SR REZ 7 HE, (HEHp)EH
PYERAE I H VR N o 22 e vt i A 4 G S 4 1B o i €6 il 2 o (R RS T

29 (Memory Use)

0 i " " "
0 02 06 08 1 12 14 16 18

a1 (CPU Load)
FE— Mmoo A h, BN pQ) WTiRE: BN SRR R
JURN R L Bk, £ 2 omi AR, BA TR MERHAE R P 7 Z2HERE, R

FAE— RIS p(x)-
PATE St A RHAE T8, AR5 fRE ST

n n
1 (xj — 1j)?
p(x)=1_[p(x,-;u.aj2)=n exp(— )
joi jo1V2mg; 20j
1 m
- 0
=)
i=1

1w . 1
5= EZM) — O =" = — (X =" (X~ )

by A, A RITE R R IR AT HE . R AT

HE TR A (O: p() = ——reap (-3 (x — "7 x - )

(2m)z|z|2
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WL 2= STAFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

Horr:
|Z| & EMERE, 7E Octave F1 ] det(sigma)iti
I1 EWHERE, RIIRARE B W7 22 5B 2 AT s e AR A 1

i’l 0
(01

BB e

r 5 s "
0le_[r 0 l)] =0 ) M 2 1 08
H= M = [n :1 #=1of* " los 1 F=1o)*= |-08 1

EEE s AAFERIER, A KR T
L2 i mE i A R

2. T ZIERE, AUFIE LT RUMARZE,  [RIOREFRFE 2 (19w 22

3. WP R, ARFIE 2 AR ZE, RN CRFFRFIE 1 W2

4. WP ZERERE, FEANDCRR PN RRAE A SR i 25 A b, S0P 8] A IR AR G

5. G PT R R, FE AN PIANRRE B R A O 2 A, 5 I TR SR SR
2 Je T AR 5 S A AR R R R AR

FTUAIER A, JRAS (0 i o0 AR R 22 e s i o A AR R — A 14, BIHR R A 28
1. 24 3, 3T, WR BT 220 I RS 2 i i B AR R RO, BN RA Y &

WAt T .
Ja et 4 A1 R R 22 5 e 34 A R R ) Pl
5 e > A EZTE ik

BR8] A St B AT DA Ry
FAEHEAT L5 BT IR M R

H Bl PURHIE 2 18] A Sk

AN, BEE R HUE A RFIE

THEART B R IIZRER N B RIS

WAEA m >n, AREGEHITZRRE A
AR, EEFEE m > 10n FIAMFIETUAR

W FE T R AT
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WL 2= STAFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

J s e o AR R 2 A, A RAFAE L R SRR B A7 R A B ORHR A L, AT
A DA A3 B TR PR 7 3R Al S S A Ak
WRMGEARAK, I HBAKZ RHE, AT BUE 2 7o m A i
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WL 2= STAFE- 28 9 Ji- 57 % K5l (Anomaly Detection)

15.8 EAZTRHAMETRERN (&2

SEM: 15 - 8 - Anomaly Detection using the Multivariate Gaussian Distribution

(Optional) (14 min).mkv

FERATR BN B Ja — DML, KT ZoomioAn, BRIK— S @ L &R ki, 24
RERZH, p M 2o FERXBARS, 1EIRATHX LA, 5 BATHE — AR B 75
LRI A7

LA — T 2 s m A A 2 e IE 045

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

DEAWANSE, p M 2o HdplX—ndim &M 2 K7 280, & Fn xni
. X B A MR, W% p MZHE X, MRS p M 2, RAT A3 —A4
ORI FE AT — B, URANER, IXEHGE =R, BT AT RE S T .

P, AEBRATRIR S EAU & BB vl i

A AHREAD, x@, MR —AndiE, RAERMFEARE A2 i i.
T 2GRS E w A5 DLRFREA?

TRV B E p RAUREIUIGREA B2

m

1IN o
" m;x
HREY:
z= ii(x(” = (x® ="
mi=1

RH AR JAVEA] PeA FikmHg, A £ BE R r bR A F A _ L&A A5,
KGRI SE p AR T SE 2.0 b, X B4 ISR R R AR fli vt e AN
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P2 22 S URFE-58 9 -7 % 480 (Anomaly Detection)

Zo ARBATLOR AP0 R TR HAR A B R WA 0L . 4, BATI AL A X — V13t
TR AN ?

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
= ;(w ) (@ — p) 4 X

2. Given a new example z, compute

W S A T T
K}“”‘@ﬂ?@ﬁep( @ =W @)

Flag an anomalyif p(z) < ¢
B, BAHEEATIIGSE, MIBATRREER, JATHSEp (), ZRIE, BOEp
R —HEY
Anomaly detection with the multivariate Gaussian
1. Fit model p(x) by settin
zz( ) by g

1 :

_ (%)
ST 4,
L =1 S\
2= 130® - @O -p?

m “ of
=1 ‘

2. Given a new example x, compute

1 1 s
——¢ — )T BT (5 —
(27r)%|2|%0Xp< 2(:1: It) (x u))

p(z) =

Flag an anomalyif p(z) < ¢
i, oA R 2, R AT A L Y R o
FHEZ R H R IX B RE R SRS
JRARAEIY 55 22 50 e AR B 1) 50 SR
Horr: W7 Z5EREE R
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P2 22 S URFE-58 9 -7 % 480 (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 1
— p(z;p,X) = ————Fexp (-——(;zr — 1
/ (2m) (2|2 E
1
where Z’ K
JRGRRETYAN 22 75 i 7 A LU N & -

-> Original model vs. = Multivariate Gaussian
1)(;1:12111'”.]2) > R BT < I)(_’lf'l:’[".ag) pzpX) = 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 ¥ . Cfu led rom -1

—95(3:-7‘:- Mem o~ gém g
. Computationally cheaper Computationally more expensive
(alternatively, scales better to large . 5%, = e
n n=1lo,000, h=to0, oo D __'1_ = Yy
) = g > T ¥
OK even if m (training set size) is Must havefm > njlor else ¥ is
small non-inverti D;e.
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Plas 5 > RFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

16. H#EFH &% (Recommender Systems)

16.1 |H)EE A4

S H: 16 - 1 - Problem Formulation (8 min).mkv

PR TORIGIS A, BBV THERERS . WAEAIHHERE RGN AR A

F— APV E RS P — AN EE R . R U8, FARRTT S ANE
MR A ], BHE M AR LB TS I R TR, BH R ARATT, S ZE AL
BN R A, B, VR AR 2% ST S R R e o B W B AR 2 S R HERE
ARG U, AEREA AR Z BB ARGF IOHERE R Gt DRIIL, W SRARZE R M AR 1 idh,
oM AR ES B, B iTunes Genius, 7 1R 2 (X Rt B R el BIHERE ™ i g P . G, T2
LRIk, WA FRA R B R, 5555 XU R g, IRIEN IR %
Kkt Bud E PP A4 R FIT . IX e R G SRR K — N, EEln AT
AR IR AR o PRIUE, XHHERE R GUPEREMISGE , KX e il R A7 SR AN BB )
S o

HEAE RGN TR AL, EAARPUER S PR, AT AL SRR
U RGNS b2 BRI R0E, 8, BAEEARITE & TR (HA2,
WARVRE IEER LR FN, HE2HRRIMEE RGERRE Y, BTENFERZ Al s
PR mE RIS XRABNT AERTRTRERIRRZ —.

PARTHEHERE RGU 2 — AR 2 - XA PRI e J VAR BRAETHE L a2 2 1 — 28
KEE, IFMRF DT KHRBATEER T, WPk, R REZE), Rk
FERURALE, KRR S FARIPEREA R KRIRE . Ik, Nl 23 —FoR A, B
X —LE ], T REFF AN T AR, T R, A SRR DUNAR E B S — B A R
fite B, AEKETahBct, P AERE H DO ERITE TR, A i E, Re L
A ANEE, AU S FAE T RO AL, HEF R Gl R R B K — M7 IR Z e,
B @I R R, FATRRE —/NBRE I AR, 20, KBNS 1A B1X 7 T 1
=AM, B, BLERE ST P RO AR R . I, AR IRA DT AT 1R R 48 R R
Xtk

PTG 7 IF R SCHERE RGTH ) L
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Plas 5 > RFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

AL AT — AN BN, AT 5 BRHAT 4 A, ATZOR A VAT 70

Movie Alice (1) Bob(2)  Carol(3)  Dave(4)
ﬂ* Toveat last g c | e 6—|
Romance forever ,
Cute puppies of love "|_®5 _Lf' _.'l |' o @D
Ensﬁar chasei ==
Swords vs. karate O O .S @ 4,_

W =#BHR R ZE A, ERESNRSIE R, AT LG H Alice #1 Bob fEA-F- S 1l A 5 %
55, T Carol #1 Dave fUFEMIA SENMEF . It HIEAH —AFH 45 Fr A (K s AT 43
AR R — AN TR T A A NPT e e A T B I HRE T 204y, I LA AE Dy
HEFE IR o

NI LERRIC

n, RERFIEE

ny, RFHELMEE

r(i,)) WRAS jeEsE @ LN @) =1

y&D RERF j B TS

mARFF T j VRIS I LR I
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Plas 5 > RFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

16.2 ETARHKIEERS

SR HM: 16 - 2 - Content Based Recommendations (15 min).mkv

FE—ANIET WA MR R G, BAMRBO T AT BHER AR VI — L5808, X
SER A A SRIX e AR PG AR AL o

FEBATHIB) 7, FATTRT CUB AR B LR AR AT IR AE, Wixe AR A2 IIRIBAEIE, x,
RE R .

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

VU350 LR — MREIE IR i, e OS2 55 — 30 BB U ARRAIE 1) 52049[0.9 0]

T RATT I T X SRR SR A — MR R G BB R R AR, 3R
AITAT ELEE A — S B P BN — SRR AR, oW — M P RS H. T
&, BAH:

OVH P j WS HnE

xOHES © HRRAE )

ST j ORI o BATHMTES N (09)Tx®

AR

EEXPR j, AZERAERNAREAL AN TSR ZE PO AL, I b TE R I

Z GNT @) _ ~, @) (6))]
Wiz Y, (@70 ()
ir(,j)=1

Horb v (4 NFRBATRIE SR 7 j PEE 7 RHRS o 7R — BRIZR PR Rl AR R o, 4%
Z AL NI 2 T LA/ 2m, EIX BEATmE . IF HIRATAN T Z 500,247 1L
PALEE

Em AR R BOR R NP, D8 TSR R, AR BT AL AR BR
KA
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HLES 22 2 URFE-58 9 JA-#E7F R 45 (Recommender Systems)

Ny Nu n
1 . . o2 A ,
in  — UNT 5@ — @D z (Ny2
9<l>‘,’1‘5%nu>zz Z (@) ) +zzz(ek )
j=1ir(i,j)=1 j=1k=1

AR IATEL RGN AR OR e DU, FRATTVHSAA Y BR B i 3 205 15 2K B B0
SR /A WE

0= 0 —a > ((@V)xD—yiD)x{ (for k =0)
ir(i,j)=1

0P:=00 —a > (09)x® - yiD)xP 4200 | (for ke 0)
i:r(i,j)=1
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Plas 5 > RFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

16.3 thFEITIE

S%M: 16 - 3 - Collaborative Filtering (10 min).mkv

FEZ AT T AR NHERE R G, XT3, RANTAER 7 o] HIRRHIE, I
SRR R VRN IS A, GRIATA T S, BATR LA 345
HLEZ IRIRFALE -

im Mm n
1 o, .
i _ UNT (D) _ @2 4 2 (O
DM WD LR SN ED
i=1 jr(i,j)=1 i=1k=1

{HR R BRATEE R A P IS5, WERa B AEHIE, XM AT T o PRt
VAT LAFIIN A S IX
PATRIARAC H b8 SO RIS £ X Ano i3t 47

Jox®,. . x(m) g g()
Nm
! UNT (D @@.1)y2 A S (Ny2
=S D (@O = yE2 £ 23N (1)
@@ ()=1 i=1k=1
Ny n

| >

N
j=1k=1

XA B EOR i S B 5 R 0T

x)i=x) - a( D (@9 x® — ytig] 4 Ax,(ci)>
Jr@n=1

%W:e@—a< Ez(wmfﬂ0—¢m¢“+wﬁ>

iir(i,j)=1
Mm n
UNT 5@ — 4 @0DY2 (D42
x(1) ,,,,, xmm)zz Z (77 x yERTA ZZ(" )
i=1 jr(i,j)=1 i=1k=1

e AR FEREIE AL, FATEE AL T ZI, WURGERE, FESHIS.
P SRS AE P A BRI T

1. WlE x @, x @, x(m g 9@ g ly—BERE ]/ ME

2. [ FHBR B T BESE MR B B

3. NGk E, BRATHM@O) xOR/H P j i @ iFs

AL IXAN 27 1 FESRAF AR AR R 0 25 1 A7 O LB (0 B B , IR e AN 0 N e i
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Plas 5 > RFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

TR, (EZRIRAT AT DU IX Sl A a2 F P 42 HLRE IR
fn, AR P IEERE R xO, FATATLLF R il #x D), A mi ds
(RIRFALE 7] 22 TR) AR EE S e D — x DK AN
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HLES 22 2 URFE-58 9 JA-#E7F R 45 (Recommender Systems)

16.4 PR I8 HE
S 16 - 4 - Collaborative Filtering Algorithm (9 min).mkv

P F L BE AL H A

s, x(m), fFOW, ., 00,

Ny Nu n
1 . . s A ;
i _ UNT 5@ — 4 ENY2 4 Z ()y2
72, D, (OO =y yeg) ) (o))
j=1ir(,j)=1 j=1k=1

é%%e(l)’ LY ] H(nu) ’ {Eﬁ‘x(l), seay X(nm):
[l B/ @, L x ) FIg D), g (),

JoxD, . x®m) g g ()

1 1 Mm n 1 Nu n
=2 DT (@O =y @y 4 IR N Oy 4 23N (002
@i,))r(,jH)=1 i=1k=1 j=1k=1

x@ . x(m) g@  g(hu) 1ot ) yurny
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Plas 5 > RFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

16.5 FMEAL: RBFERED#

%M 16 - 5 - Vectorization_ Low Rank Matrix Factorization (8 min).mkv

FE_EJUTA, JATRE] T PR SRS, AT B S UF A SR &
WS, AR B RAZ SRR T U H Al 1

2455

LA — A I, IREES RIS AR e

2. PP IR B, A B SR, ARR] AR LA

PR E g SEBL— MR BRI i, S P R i SRR A T 5

PAVE R T AR, BOR ZM2, KX MR, AT 0 07
B —AHEREF

PAVE AR, DURDUGIR ™, M2 XAERE Y s —4> 5 17 4 SIIRERE, Bk
XL RS I VR B AR AR AR B

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
HEHE PS5
@NT (D) @Dy ... ()T (V)
e (D) (EOPED) ... (@) ®)
(HU }}T'{J.[:r,,,j} {H[E}}T'{J.hrm}} o {H[”"})T{.IT[‘" '“J:l
S ElEPS-2
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Plas 5 > RFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

For each product i, we learn a feature vector z'" € B".
3) xl:romm(&_ " \y'.l'h. M\‘D“_’ .K—jz CIJMA:E} ‘Alt: ~rms

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'" — 2],

BUEREAR R QX RHIE S MR B AT 7522, A BN — MROTER ok E E
P LR I ROAR M o N WS @ A MRHIER Ex @, (R TR I A F R
5 J, DRUE PR 0 L A ARAE 1) B[R] P BE RS O R DR, TSk RE AR )b 3R B RS DR H
W j FERMIEE EAMLL, BAERME X E, NS |, B A T RER X R
jOBER . —TF, MAPEREIEE | R, R 5 5 B AL
WS, N T ReZ P HERE 5 BRFTHR, IRTE BRI IR R j, AR R 5K
MIZLRA RS @ MRS Hl, IXPRURBURELS VRN A HERE T LERAS R F i

IR %, A EARBERNE, A ATHEAT A A A TSR BT AT R P AT AT )
ST VPR T B (RIS A AR e 4, S I 2 STRFAE 2 SRR B R LA i R T i
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Plas 5 > RFE-28 9 Fi-H#ETE & 45 (Recommender Systems)

16.6 #ET TAE LT WEHF—1L

S M 16 - 6 - Implementational Detail_ Mean Normalization (9 min).mkv

EBATRE P P it -

Movie Alice (1) Bab (2) Caral (3) Dave (4) Eve (5)
E B F
Lowve at last 5 5 0 0 2 5 5 0 0
5 T 7T 0 7
Romance forever 5 ? ? 1] Ty ° -
Y=[7 40 77
Cute puppies of love ¥ 4 0 7 ? 0 0 5 4 5
LI
Monstop car chases 0 0 5 4 ? _ =
a0 5 0
Swords vs. karate 0 0 5 ? ?

IERBATHIE — AN Eve, JFH Eve WAT MR, AATATUAT 2 K
N Eve HEFFHIFZIRE ?

PATE T ENER YRFEEATME A — A B, RdE— P X — SR PF
25 I P R Z BV 23 T 2 (R -

s 5 0 0 7 2.5] [ 2.5 25 =25 =25 7]
57 2 0 7 2.5 2.5 ? ? -25 7
vy=|? 4 0 2 2| #p=| 2 |=2Y= 4 2 -2 7 i
005 4 2 2.25 -225 —-2925 275 175 7
005 0 ? 1.25 -1.25 -1.25 3.75 -125 7

SRIGEATHIIXAHE Y FRERIIZRE . A R T T I Rt i S5 R T o7
Gy, W TR ERP I E RN E 2, OO Tx® + gy, XT Eve, FRATHIHA 2 s
BEAR HLSZ PR A R 1% LR T 2 70
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HLES 5 ST IR FE-28 10 JA-KRIRHL A5 2% > (Large Scale Machine Learning)

%10 F

17 RKIEHLEE2% ] (Large Scale Machine Learning)

17.1 REHIEERN S

S 17 - 1 - Learning With Large Datasets (6 min).mkv

USRI — MIRTT ZZ RO, SNBSS A A AT CAFE B /R TAT S A i 5 R AT
ZEFERLA— MG 100 Ji kIR M4 2

PAZRAE [R5, A — BB RE T RS, AR Zat SRR AR 22 10705 1,
UARIRATTI 27 S AT BT 20 UGB, X Q2 R ARH KA .

RO ) R LA XA R I 2R e 5 AL 2, VFRATTA A 1000
MNGREEABBERAT BAF HIRCR, FATRT LAz ]2 ) th 2ok 35 Bl I o

T \
§ C § _-;(,u{ g}
¢ “ Trrman(8)
/ﬂ\
m (training set size) m (training set size)
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HLES 5 ST IR FE-28 10 JA-RIRHL 5 2% > (Large Scale Machine Learning)

17.2 BENLEL B T Rk

SZERIM: 17 - 2 - Stochastic Gradient Descent (13 min).mkv

BN TR A KB, AT LS (R BEHLG R R (S6D) K
B RBEE T ik

TEBBHLBA R R, BN SURA B O — A RSB AR

cost (6, (x®,y®)) =3 (hg (x®) = y©)°

BEBLBAE RIS B B SExt IR BERR, SRR

Repeat (usually anywhere between1-10){

for i = 1:m{

0:=6; — a(hy(x®) — y©)x;®
(for j = 0:n)
}

}

BEHUBAEE R SAAE R — O R EEH SR 0, TR H B Sl BT A Ml sk
R, FEREE RSB B S USRI, BEHLBREE R SAE CAE ) TR (HEX
RERUBEAFAER I R, R4S — BRI LR (077 PO B . BRIk AR 203
FI 4 B IMARI L, B T RETE S B B MRS — A, TR AE R, IME S A

0.5

500 1000 1500 2000
o
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HLES 5 ST IR FE-28 10 JA-KRIRHL A5 2% > (Large Scale Machine Learning)

17.3 /MUEE T

SR HM: 17 - 3 - Mini-Batch Gradient Descent (6 min).mkv

ANHEEBEE T B SE A T HERBERE T M RE MBS T SRR (a5, FH5
HRb NSRBI, [ IRSH 6 .

Repeat {

o }fmA MY _ )y K
=0, ‘ZbEZ(%(X ) y )@
k=i
(for j = 0:n)
i+= 10
}
}

WHEBN A b £ 2-100 Z (8] XFEMIGFARE T, FATRT UL R AL 15 2ORME A
b IIZRSEB, AR BATHI A LA AK o B e LU, RENE SCHF TAT AL BE, IR A B B A
RIVGAZM CHBENUEEEE T FEARED o
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HLES 5 ST IR FE-28 10 JA-KRIRHL A5 2% > (Large Scale Machine Learning)

17.4 BEHLBRRE T Bl

SEM: 17 - 4 - Stochastic Gradient Descent Convergence (12 min). mkv

BUERA I BN L T B SR AR, BLRSA 21 o HOIEER.

TEHLEERZ PR, BT LACH R iy ISR R 3, e, IR EIFRR
FIWTBERE TR B (HA2, ARSI T, KRABSER), BT EA
KKT

FEBEHUBERE T B, RATER—IREH 0 AT — AR, AR5 R is s, K
H 3o O PN ER S T SEARAN FR-FIME, SRS 223X B8PS 55 o B AR R P2 ) 4 R B
NE

A M
Mo. of iterations MNo. of iterations

A 1 é-
Mo. of iterations Mo. of iterations

BIEATLHIXFE BRI, ATRE AT E]— N ATER A2 W] R0 1 s R (i
EEZETN BRI o FATRT DA naoR S BTN 22, BVFEREE T B
T (b FER AR 5 B AT RE B AR AT AR R B AT AN TR (Cnpean e
LR RATRA IR RA B ] e A7 £ — L8R

A SR PAAF 2 0 i A an bR ST R, AR BT, IR ARATAT RE 2 TR Eak MR
N Ras

FATH AT LU 2] R EEE AR s, Bl <

constl

" iterationNumber + const2

It 5 FATTAN W M 52 30 4 R i /ML, I U 2 ST 3R, BRATT A S IAe Sl A foe /M B
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HLES 5 ST IR FE-28 10 JA-KRIRHL A5 2% > (Large Scale Machine Learning)

TAEA . ERE S AT AN TR BRI REAT AE R IRCR 1) X AT IR B FTRE 9 11 S

Fm

Aa)

oo S0 0 s00 1000 1500 2000

SR, KB, BAIAGE TRk, A I H BEAURG LR B SR A R A
AR BB PR R I, XA TR AN T B E I T F BN SRR, SR B PR AR SR AU BR
172 A BRI i 1000 4>, B ZADAFER, KT PEME. NMAXRIE, JREER]
PACRAEBEAUBEE T P IEAE IR WIS B AU S, il DR e RIR B 22 ST R a i R
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HLES 5 ST IR FE-28 10 JA-KRIRHL A5 2% > (Large Scale Machine Learning)

17.5 FELR%ED]

SEM: 17 - 5 - Online Learning (13 min).mkv

FERZALS, WG — R OB RIS 22 ST L], ISR L2 ST FELRE ST HL
i LEFRATT AT DAL A i)

BR, VE R uh el V2 KA Z8 AT, (A R RIFE S IR 5%, AR
HEATIA SCEIT R (7 B Bt AT 24 3] o e B K52, ARARA — > e SR AT i
SURKBESL IR, BEANRIIMEE, IRBEMIR R — MEL 2 SILE], BRI 2>
B GT,  ORJE A TR A5 BRI — 2550 T Xl fR R 5

e RA — AR AR IR B AR, AR I VR R AL A A HiiZ 2 B MR IR ST
[FIRHBCE AR — AW, AR AT 2080, AR AT VRIR, A AT TAEAIER L 27 2%
AR A By B0 2%, st s K, SRS IR 0 9t T LR s B R IR S5 A A
tetn, Faficiisso kg iR, RS20 2 KM, SRR 4 7 XA
B, P AN SEZZAN SRR, BAXRNIEREA, A thilaER, REMmIHEL
VA SEARRIE S RSS S AL, AEFRAME S FA VR — A2 S PR B IA T, A FATA8 25
JUIT R .

—ANFLFEIRM T 2 3T IR SR A AL AR 17 R 2 5 3] SRR 2 X B A T AR B i
SHHRERI 2] . AL HRE FREAWRI i, TR, Mk BEeE A
R B A s B e P TR AT SR 3

BAERATIEAEZE — KW A =], 52— AR R AR A 3 B BRI 2% I
MG —ANRAY, AP AR (y=1) 8 ERZ (y=0) .

BUE, BRATA BB — MR, ORI P B2 A 8 B ATRI D AR 55 iR T e dE . T
BEARA SRPATH —AMRRE, HAMRREEE B, RdR e, H bR LR E 1 s
B ) R p (v = 1)

FELR 57 ] S S RENUBE RE T BRLEA LU, JRATTH B — s Bl EAT 22 20, TR —
ANBERTE ISR ATIEIR .

Repeat forever (as long as the website is running) {

Get (x,y) corresponding to the current user

0:= 6; — a(hy(x) — y)x;

248



HLES 5 ST IR FE-28 10 JA-KRIRHL A5 2% > (Large Scale Machine Learning)

(for j = 0:n)
}

— HX AR ST T, BAME A DL EF S, AR EEAAMEE 7 X7
FOIF AT, FRATT R SEE AT DUAR G s S 7 B 14, 50925 mT LA REFE P B 24 AT 9 AN
by SEE ST DL N

B A IFA R — AR &, Flan, AT—kg 5t 3 AMmis i, H A
R 2 T, FAVSERS ERTRLIRAS 3 ASEII SR, R ERATI A AT PL— IR 3 AN SEH
Hh g ) IR TR

TX S ] (R AT AR] — AN T AR SR B BR AR, A — 2 BOREAER L #5572 21 1) et
Hro BVE, ARATRAEAT — MR E RIS, Sl LR, RERE— S, —MiEE
IEAR LR, SRJE Hig T — eI Hk . (HaR X e R SR ), B s jn) @il B, fRF 3
KA T AR 2 R, B W BERORAT— ] W Bl 4, B AR 2 AR AT A
R — MEZ 7 S BFRE S 7 ), INIX L AN A8 B8 ok = o I AR
AW, SRIEEARIATHTE 20, AT XA S0E S BEHUBE FE T PRS0 #2500, M
B A, FATA AL — A E AR, FATS MR DR, MRS
FEAH 20, IR 5 B FE A REAR TR AR LT 25, 1) HLAD SRR Je—Fofr 82 AT — AN IEE I B I
R EE A RS EAHE . AR, 420 —MEAEUE, Wi RsE — N i
FIRE, XA RE R TN s, RSB, SRR ) RIE g2, XAME
2 25k, AT LU S R AR I S SRR, K LR SR Bl R O AT
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HLES 5 ST IR FE-28 10 JA-KRIRHL 2% > (Large Scale Machine Learning)

17.6 BRAFALRIMBIEIHAT

SEM: 17 - 6 - Map Reduce and Data Parallelism (14 min).mkv

MRS TR AR AT 0 T KRN 45 2 =0 T AT 5 R AR B M . iR 3], iR
FATHIREE L T PSRRI R e (B i, BRATT 5 ZEXT NIRRT IR A,
THE A 2 EACH, HRA, THEAU RS K. ARERATBE R BATNBIEE P A A2 6
THEHL A — GRS EBIR RN — D75, R EATRTH IR SRS AR A, KR
(75 R RS R 1 o

BRI S, WSR2 S kR R0y, HIREE MR BRI SRR, T4 (E ek X AME
Forlicss 2 QSN (B RS HHENIAR cPu 0D, DUEBIEEAL ) H K.

Blhn, FATE 400 DMNZRSLA], FATAT CLRHERE B T FERSRAES 7 Bess 4 S5
BEAT AL EE

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

IRZ mP AN E R B DA N 2 cPU M2 ML ORIMT AL B i, 1K
MR SRR R AL S B R G CEEIAEIAPY) .

250



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

2% H: 18 - 1 - Problem Description and Pipeline (7 min).mkv

PGSR N TR 2, I akgs s 1 B A iR lRnl 7o IX A — 3334l SeAs o

WA HE IR Z

ﬁ‘—) LULA B’s ANTIQUE MALL

", |LweaBss antiove macy]

.........

N T SERIEFEI AR, F 2RI T 2 5R:
LT (Text detection) ——Ki /& L9507 5 H AR TR 5 70 BT K

= Sy

2. 7474 (Character segmentation) —— ¥ 37— M — B 7 5F
3.7%F45r2 (Character classification) ——fi € & — MR &A4 ATLLHAES L ER

RIBIXAN A, B TUE S5 AT LA — > B R /N AR 5 ST e 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 ¥EBNH O

S 18 - 2 - Sliding Windows (15 min).mkv

T Bl E H2 IR R G A O R . AR BATT 76 2 AE — kB A A iRAT A
ST B R VR 2 [ € RO B B R RN SR — AN REMS HER IR AT N IR SR )5 BAT T 22 i
IZRIAT N BRR R IR A ) B R RO AR BATZEREATAT NI A B B AT B 3k SRR
BIRAS RV e g i A, LAY R A T ONAT N, SRR AE B L sl B s DXk i AT B
B KBTI B A E BRER AT A, A0 eI B A T A Al 52

—BIER R, AT BB R DXk, FE DU R RO B AT BT, e B BT
IR i e 4 N SRR PR NI RS, A3 EAT P, Wb Aimsh

0
W

TN D EAR WY T3R5, BRI X 0 745 53R 745, A, eHE
ENE AR TAF, — BT AR, A PRI X AT — 2, SRR
K BB K XIHEAT & JF . B BRATLLTE i AR PSR A, o D o vy B2 L 5 B B KA IX 3

A BAR] A BEE 5 B BE KD o R B S0 i X o2 2 1 X B0 R 5 A R S0 1
DX, T 68 P DX 3 e s £
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WL 2= STRFE- 28 10 JA-RL A SEB: B A SCiR 5 (Application Example: Photo OCR)

PLEAERSC AT B BRI MERDR S ek 7 B A T
55, TR UGG A 38 R B R RIS AR 7 5 22 T PR JB A RN R

H B N N A 1|
Wi N M .

Positive examples (y = 1) Negative examples (y = 0)

ANTIOUE MALL

BRI ZRE e, BA IR AT B e D AR EEAT 77700 .
PAEAER TR B e — M BO2 TR R B FIRIRIZE 2%, SCRF A AL
B A R G — A R AR R
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WA S ST URFE-56 10 JA-R A S B 3071 (Application Example: Photo OCR)

18.3 RIUKEHIEM N THIE

S 18 - 3 - Getting Lots of Data and Atrtificial Data (16 min).mkv

UERBA TR RRARTT Z 10, T2 AT E 2 B T INIRERL, R Aehs A B AIRCR
Mo WETET, WAVERSRSEEE, BURA LR L EBSRAN, RATE TREHZA LAY
i — LR

PAFRATTIR) ST R 2 A, AT AT AR I i T 3 8 A Ak, 985 1 X B8 [/
PRIC b AR K BEAL T SR R GG — 2o A TR S, i ik 3RAT R /A — A TEIR K
Mg, XRMNEIFIHAET.

HRITSE, MHCEREE, REXIETEE, Bk OA 7R - R AT — L
il BeRe . BORIALEE . N ERA TN LB EIE A W A2 IR AL B /5 B S, 3141
A5 AT DRI FR) 75 VR B3 K B P s

EPS/RET EZ -GN IRIVIRFS

LANLHEHE & A

2. F B bRidEdE

3.4
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WL 2= STRFE- 28 10 JA-R A SER: B A SCE iR 51 (Application Example: Photo OCR)

18.4 EfRIHT: WD EERE T EM

S 18 - 4 - Ceiling Analysis_ What Part of the Pipeline to Work on Next (14

min).mkv

FENLER 22 ST BRI v, BRATIE W 7 2 0 LA B REt AT S & O T, A Tan T Re
RHTE W — &7 foe (ELAG BATAE I ARG 0 25 5 e 7 XA il jBUnT DAGE S 1 PR 73 # R [m] 25 o
[ B AT S RAB N, BATSRAEE T

[ Image ]—)[ Text detection Characte‘r Charal_:t.er
segmentation recognition

VR Pl i — A3 Pt L A R R RN, _EBRAM T, JRATTIEE—# Sy, TR
1t 100% LR A5 R, ARG 6 B VB ARCRIET T 20 o BAERATI B 5 SRR
N 72% I IERf .

IR BA TR ST T 44 H 45 SR 100% IEH, RILR GRS 72% 385 %] 1
89%. IXEMRE AR AT AE 22 Ay EE BN IS [R]AE 7 R 2  FAT TR ST 43 o

PRV FOEREEE, LR g R 100%IEH, KIL RS SARRCR Rt
THT 1%, XA, ROV FRVIET TR CE e 1.

B S HRATF R BRI, PR I A R 100% 1B, REH RS SR TH T
10%, X FRIREFATAT e 22 ROZ BN T 2 (VIS [RIFDRE g R4 e S FH 1 S iR B

Component Accuracy
Overall system 72%
¥ l ‘q °/u
Text detection 89%
: \L [ /s
Character segmentation 90%
» \ lo,":
Character recognition 100%
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HLas = ST IR FE-28 10 -2 45(Conclusion)

19. K %5(Conclusion)

19.1 2 S5 S

S A H: 19 - 1 - Summary and Thank You (5 min).mkv

WM F] (HLAE ] B E— B, BATCA — ¥ IRK— B T . &/
KB, FRARPH I R R X TR BN, SRS R U LA AR B .

PEIK T RIS (8], B AFRATAR] T et 2082 fEIX T TER, FAHE TR )

T LIRS, PR EE . SRR SCRF RIS BB TR, X REE
HAE MM BERRREAR, Hax®, y©,

SNFBA AL T IR Z I R R TE B 27 20 Bl K-EELIRSE T T ety 32 p - 40
LB AR R A — RAITCAREHAR x O B ) 55 Rl 5%

IR, A ARREIEAE, AT U T R WA I SE AL . B4, A TRAER 8
T SRR S BRI R, PN R G . DL 2 2 R G, BARIRT
RGFIBSHL T T, A HAL—LeRp S o tetn, BT SEUSE R AR i 3h & 1 4y
KEk.

o, WABEHRE] TR Z 6 T AERNIES % o] RGNS XA T B F AR
TS SRR IR T TAERER, BT ATRA R 2 T (i 22 A7 Z2 ) IR B, B URE 1 g7 22 1
AR IENAE, IR A TR 8 7 ERE R T RE QM A, R BRI A — ML
TSI RGNS, A TAEA R T RBOZMSEHE A FIEA TS T2 3 ke
Fo M TVHINEERE, todn: EHER. HRIEDLL FL ML A PR ST SREA HUR AT
YIZRER . A2 G UE SRS . FRATEALA T 2 2 S, LS e aff (R 1 SVE R IE
WIBAT, TREMNNET sk, ik, FEEe 7iREsir. RS
N

P I 86 TR REA RObE 51 /R IUE B R R BHZERHG LEIRIE S ST 1) FIAE T 7) L.
MAERCEEAR TIRZ IS AT LR, G R 2 2] SR AT B o S BA8 5%

{HER 7RIS, B A EARBAEA U AU LS TR, B2 H R ERA R
R P 2 TR AR RIS 2 2 RSt FTEL, DA LR TTIRI A A . AR IRER
B RATVIE — BRIk, FIITE, MRAZ O R H COL AN I T L K T ?

ﬂﬂ

48
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HLES 22 > AR5 10 - 245 (Conclusion)

FATHBHE, HLass ol — T IR Db AR B f i i B 2R, TIAE, IREg
SRR T NI LN 324 2] T ROREIE R KR RE ST - JeA BARNTH IR 2 N AT REFEAH
JS2FRAT, R TR ORI 22 ] TR, M S8 R IOBLER 22 21 R 48, TF AR B SR L™ i
AR JF BB A AR 8 N LA 2, AU SR A AR, A9—H, Bk
EEEANPNEREEET I IES I

ARSI, HOXTTRSHR 2 — M52, Frel, B!

R, AR, RIEEELZU— . B, WA ARTEREE g, JIE
FEBUAE, BAURSATREST I [A] W —LePR, 22— LeRr AR VE . BT L, FRIRKNE A5 22 58X TR
FEAR TG ZAE LR (a1, FRnE, VPR MRICKN, AEHARZRE FHEEA R,
IEBR b, ARAKORET I R R AE I LEPRAE . JRAE, AR 2 MU e 8] AT BN
PRARIRTE T U 2 I TRRMOX SE R S . IRAITR I 2 N, 3RS RAEI TR DR ST LE g AR S5 >
AR XA LR IR MG R ] o FATARA TR 20 AR ! RANE A TR 2 AAEIX T TR P AR AR
W55 71, R NIRRT TR EAE TRZ I, R2 ANHOWX TR UTER 7 B QIR 2R 1. P
PL, AL A BARMTRE MIZ T TER A Friicak !

e JE BARYL ! R UURRITIERABIX TR |

Andew Ng
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UiNes
B3 31 04

REHF

1. F¥E X

SPECR I M

1 — Jina S Xot+Ax)—f(X0)
f(xo) = lim - (1)
e f’(xo) = lim fO)—f(xo) (2)
X—Xo X—Xo

2. EA S IHE LT E A E R X
B A (O TExo AEHIZE . A7 SR BT SUA:

ESH: (%) = im [0/ o) Jyyy LEZIC0) () — x4 Ax)

- )
Ax xX—xq X=X

HFH: f4(x0) = lim fOoo+A0)—f(%0) _ 13y LS (x0)

Ax x-oxi  X—Xo
3. R RS ESEZ AR A
Thl: BRELSf () TExoAEFITle f () fEx AL AT o

Th2: 45 B BUE Kixg AT T, Wy = fOOTE RxAbiESE, RN, RIREGES

EES
Th3: £ (e JFIES f'_(x0) = f'+(xo)
4. P # 2R KT S Ak LR

VIR &y = yo = f'(x6) (X — o)

BBTHE: Y = Yo = = o (0 = %), (x0) # 0
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5. U 32 By
WU = u(x), v=v)EHxn] T, N

(1) wxv) =u +v'

2) (uw) =w' + v d(uv) = udv + vdu
Uy _ vur—uvs Uy _ vdu—udv
(3) (;) - P2 (U # 0) d(v) - 2

6. EAFHEHH R
(1) y=c CFED m: y'=0 dy=0

(2) y= x% (a NSEE) Iy y’ = qx%1 dy = ax® dx

3) y=a* W: y =a*lna dy=a*lnadx Rl (eX)' =e*

(4) y,=; JIE dy:de il y = Inx (lnx)’:i

xIlna xlna
(5) y=sinx MJ: y'=cosx d(sinx) = cosxdx
(6) y=cosx M: y' =—sinx d(cosx) = —sinxdx

= r“ . ! = 1 = 2 = 2
(1) y=tanx N: vy oo Secx d(tanx) = sec’xdx

(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 WMJ: y" = —cscxcotx  d(cscx) = —cscxcotxdx

— . I-” . ! — 1 ] — ;

(11) y = arcsinx N: y Neprr d(arcsinx) mdx

(12) y =arccosx N: y' = — 1ix2 d(arccosx) = — 1ix2 dx
— l—” . ! — 1 — ;

(13) y =arctanx M: y vy d(arctanx) 122 dx
— e = — ! = -

(14) y = arccotx JI: y Toez d(arccotx) 1122 dx
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(15) y=shx M|: y'=chx  d(shx) = chxdx

(16) y =chx M|: y'=shx  d(chx) = shxdx

7. 2EERY, KRB BRHEUERSEOTREFFE R RBRHE

(1) REEHEEEEN . Wy = fOOE R fIELT N REESE, ErixbiT 3 Hf (x) #

0. MR BBLE S B Ry AL T %, LD = 4

dy
(2) BEERBWEEIEN:Fu = ) Sxn] T, My = F)EXR S (p = o(x)) 7S, 1
HEREY = f(e)ERXTF, Hy = f'(0) - ¢'(x)

(3) BB R =71k
DR . By R R My BB R I, 2, Iy, e
SRS B R KR RS B O S L

2) ARk HIF (x,y) = 01 2 = —% Hof, Foy),  Fy(y) i IFRF (x, y) b
x Ay B 4

3) R T A AR

8. ¥ H=EMFH A

(D (@)™ =a*In"a (a>0) ()™ =eX

(2) (sinkx) ™ = k™sin(kx +n - 72[

|
—~

(3) (coskx) ™ = k™cos(kx +n - g)

WD (x™® =mm—-1)-(m—-n+1x™"
M = (—1)-n LD

(5) (Inx) ™ = (-1)\" —

(6) FAEZEAR: Hul), ve)BnHATS, W: ()™ =3 ctu®@v®@D, I

u® =y, v@ =y

260



WL > URAE- - AL 2 2] I B ik i

9. o EEE, REAR

Thi: (3% 5 2)

A5 BRI ()i /2 AR A

(1) BRELf () PExo I FEABIRA A € L, IF HAEBLABIAER £ (x) < f(x0)Bif (x) = f (%),
(2) fEOTEXAETTT, WA f/(x0) =0

Th2: (¥ /REE)

BERRELS (o) i AL KA F

(D FEMIXA)[a, b] LiEZE:  (2)fE(a, )N AT (3) f(a) = f(b)
WAE(a, )N, E f'(E) =0

Th3: (hot& B H e e )

BERRELS ()i A2 AR A

(1) 7E[a, b] F¥ELE;  (2) 7E(a, b) P9 AT F;

WtE (e, yWTFE— A, i LOL@ = p1(e)

Th4: (R[4 1EE )

WAL (), gQo)ii 22K

(1) 7E[a, b l3%ELE: (2) #E(a, )N S EHF (%), g'(O)¥EE, Hg'(x) £0

- A f)=f(@) _ f1E)
WAE (a, YW AFAE—AE, A gb)—g(a) g€

10. 35
BRI T (CRUR 5 SRARR)

WS (), g () /& 54 xllgcl f(x) = O,xliqr? g(x) =0; f(x), g0 Exy AR T S

(fExo i BR4M) Hg'(x) # 0;
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lim 9% (o) .
1(x)

xX—Xxg 9

we lim £ = fjm 22
X—X gx) X—Xg g/(x)

BRI GRS RR)
BERRELS (x), g ()T /2 2% A ;I_I)‘Ic}of(x) = 0;911_1)10109(36) =0; X >0, Y|x| > X
I, £(0, g, Flg'G) # 0; lim %ﬁ@(g‘zo@o

m: lim 22 = im £9
x-xg 9(x)  x-xq /()

VI TT CRIAE R IR

WRRELS (), g ()i 2 2 A Jim flx) = oo, lim g(x) = o00; f(x),g(x)fExy AR AT

% (xR TN Hg' () # 0 lim L4245 ()

m:  lim 22 = lim £®

X—X( gx) N X—Xg g1(x)’

IR UIT (SR AN PR (7 2 17T 5

11. REAR

HxZ BB DAEE—AE, fH15:

F) = £ o) + F/ () (x = %0) + 2 f" (o) (x = x0)? 4+ (e xoyn 4 Ry ()

(n+1)
o Ry () = LB (x — xRN () TE Hxo K I M AR T3

(n+1)!
Lxg =0, NnkrFhAa:

FG) = £O) + F/O)x + 2 f1(O)x? + o+ LoD 4 R ()

_ @) nga N T TN
(1) HAH R, (x) = X, EE 0 Hxz e (1) RFNFE IR AR

(n+1)!
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W TR R B E Xy = 0L I ZR B AR -

xn+1

DeX=1+x+-x2+ - +—x"+ et
2! n! (n+1)!
- 1 5 1
Wo=14+x+ox"+ -+ —x"+o(x")
xn nrm xn+1

n+1
2) sinx = x——x + - +—sm +( +1)|51n(€+7rt)
oy — a3 ey Pgin ™ n
B o=x SX T +n!sm2+0(x)

1 xn nm
3) cosx=1——=x%+4-+=—cos—+
2! n! 2

= +1)'cos(f+— )

n
g =1 —%xz + -~-+1—!cosnz—n+0(x”)

( 1)nxn+1
(n+1)(1+&)n+1

D In(l+x) =x—sx2+2x% -4 (- nnlx-+
gjz:x—%x2+§x3 (= 1)”1 +o(x”)

m(m 1) X2 4. +m(m l)n'(m n+1) XM

5 (1+x)™=1+mx + 202

m(m-1)---(m—-n+1) n+1 m—-n—1
L e (1+8)

S (1+0)" =1+ my +2E2x2 o HECIERED yn ()

n!

12. BRE5 1R T HA ) BT

hl: ¥EE6Hf (0 7E (e b)) XN AT, MKV € (a,b), WA () >0 (Hf'(x) <
0) , WIERELS (x)7E(a, b) A& SR (B R R

Th2: CRURIE DL ZEA) WRES () Ex P T, HA X EEURAE, Wf'(xy) = 0.

Th3:  CHURAE S — 00 26D WKL () TExo M3 — 4RI P, Hof "(xo) = 0 (EK
fOOTEXALIESE, ABf " (x) MFAE. )

(D& Hxgidx i, /el “+7 22 “=7, Nf (o) NRKAE

@) & Hxgidx, f/e)H “=7 2“7, NIF (o) R IME

263



WL > URAE- - AL 2 2] I B ik i

@)V f ()2 x = xo KIPITAAZ S, W (x0) AR -
Tha: (BB I EE — T80 560 Wf () TE mixo B f"(x) # 0, Hf'(x) =0, NI:

Lf' (o) < OFF, fle) ABERAE:  f"" (o) > O, f Qo) AH/ME. s R
f1(x0)0, BEITHESRAL

13. BriL L HIRIE
(1) 7K 2%

#lim f()=b, S lim f(x) = b, Wy=b HHEEY = fORKTHIEL.

(2) By ELHTIT 2

%,}LT— f(x) = oo, Ejixlirgf(x) =0, Nx =x, PNy = f(x) I EHTTZE.

(3) RRIELL Fia = lim B2, b= lim [f(x) —ax], W y = ax + bFR Ny = FGOMIAHS

xX—oo X

T8
14. BRI ™ o B T

Thl: (MIEPERFIEED HE T Ef7() <0 (Bif"(x) >0 , WfFE)FET i
(BRI

Th2: (5AMKAGER D) HES" (x) =0, (Ef"(O)MNEE) , HxBsh % idx, T,
)35, W (xg, f(xe)) NP3

Th3: (P s A EEE 2) W f () TExo s RSN A = 34, Hf"(x) =0, f"(x) #
0, U‘\U(xo,f(xo))?\j?jnjﬁo

15. P55
dS =1+ y"2dx

16. B

2y = FOOTE S Cx, y) bl i Zk = —22 st 240

(1+y2)3/2
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{ x = @(t) PG GRIGVIG]
y=9(t)’ [pr2()+r2()]3/2

17. BER}EE

i ZGLE IMAL T R k (ke # 0) 5 HZAE SMAL IR FA2p U R R R: p = %
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ZAERH
GRIES

LATHIR$4T (B RIFEH

. |Al,i =j
(1) -L&A = (aij)an’ I)_I\IJ ailAjl + aizA]-Z + -+ ainAjn = { 0. :,t]
. |Al, i =j
ayAyj + azihaj + -+ anidnj = { 0,i %]
Ay A o A
B T Hrh., 4% — Ayr Ay o A | _ N — (A4.3\T
I AA* = A*A = |A|EH: A" = = (4) = (4ij)
Apr Apz o Apn
I 1 1 1 I
X b X
D=0 0 == Thyas Gamx)
P

(2) %A, BAnbhJ7k%E, W|AB| = |A||B| = |B||A| = |BA|, 1H|A + B| = |A| + |B|A—E %

Mo
(3) |kA| = k™ A|, AN ITFE.

(4) WARnTTRE, |AT| = AL |ATY = |A]7Y GRARTIED , |47 = |A"?

nz=2
A 0] _ A C|_ A 0] _ -
G |0 o=l 5 Gl=l 4 Pl=1ausl . 4wk
0 Amxm
= (=1)™ -|4||B| .
I BYC LR
I 1 1 1 I
s e s X X X
(6) JufE5 Tﬁ'JitDn:| ! 2 " == [ligj<isn (i — ;)
=t 27t L Xl

WARNN TTFE, 4,31 = 1,2, n) AR MEER, W |4] = [T, A
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S

[ @1 Gz - i

S an/l\iﬂlai,-ﬁlfﬁi‘cmﬁnﬂE‘Ji%i‘%ll Gz1 Gz G Jlﬁjﬁﬁﬁi e WA,
Am1  Am2 Amn

B (ay) o #m=n, NFRARZnBAE RS 7

SRR EEE
1. JE R B v

&A = (ai]-),B = (bij)%ﬁﬁ/[\m X n%EBiy }H\Um Xn %EM;C = (Cij) = aj + bijﬁ\'y‘j%ﬁﬁiAEB

2. JERE ¥R

HkA.

3. FEFERITRVE

-&A = (al])%m X n%ﬁl‘i’ B = (bl])%n X S%EIQE7 %B/l\m X S%EIQ‘:C = (Cij)r :/H\:EP Cij =

Qirhyj + aipbyj + -+ ainbpj = Yo ay b FRNABIIFRA, idNC = AB .
4. AT, A7 AT ZHZAMRR

(1) (AT = A, (AB)" = BTA",(kA)" = kAT,(A+ B)" = AT + BT

(2) (A=A AB)T =BT, (kA) T = AT,

H (A+B) ' =41+ B VR —EMIL.

(3) (A) =1AI"2?A (n=3), (AB)" =B*A", (kA)'=k"'A* (n22)
{H(A £ B)" = A"+ BN € BIL,

(4) (A—l)T — (AT)—l’ (A—l)* — (AA*)_l, (A*)T — (AT)*
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5. ARA'ME R
(1) AA*=A*A=|AIE

(2) A | = AT (n=2), (kA" =k™ 1A%, (A" = |A|"24(n = 3)

(3) FHATIE, WA =|A|A7L, (4) =—A
|A]

(4) AFANNITTRE, .
{ n, r(d)=n

r(A*) = 1, rA)=n-1

0, r(A)<n-1
6. HRA ISR
Ao AB=E;o |A|£0;or(A) =n;
o AV LAFRIR WIS R RN © ALEREE: o Ax=0 RAE#.
7. B REER ST
(1) Fhr(A)=ATH=5%;
(2) 7(Amxn) < min(m,n);
(3) A#0=>1r(4) =1;
(4) r(A+B) <r(A) +7(B);
(5) M)A M AN 53R R R P ok
(6) 1(A) +7r(B)—n <r(AB) < min(r(A4),r(B) ¥ H#EAB = 0
M: r(A)+rB)<n
(1) HAY##E= r(AB) = r(B); #B M#{E = r(4B) =r(4);
FT(Amxn) =1 = 1(AB) = 1(B); £1(Amxs) =n = 1(AB) = 1(A).

(8) T(Amxs) =N © Ax = 0 R G EM
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8. FHORW AR

(é g) =( f;—ch—l OB—l); (g g) =(Aql Bf;l)

XHA, BY AR,
&

L. HREBRARRERR
() ay,ap, -, a Bk S EDF A FE N DR EL LR,

2) al,az,"',as?f‘ﬁ%?'iy Ay, Ay, 0, Ags ﬁg%'l‘i*ﬁ%ﬁ Bﬂuﬁﬂal,az,m,asﬂﬁ—?ﬂ%ﬁﬂ%

No

(3) BATLhHay, ay, -, a kb RIR © r(ay, az -, as) =r(ay, @z, a5, B) -
2. HREEHK LM M

(D) I AHR, BEAARROG, BARTR, HBrTok.

2) O n P ndRE ap,a, - a, LTRSS |[aja, - ay]l #0, ninZiFEa, ay - a, 2k

HME o |[a,az -, a,]] =0 -
@ n+ 1 n4Em LK.

@ FHoay, ay - asBMETCR, WA EEMETE R B— R, Ehifsy
BRI G

3. AR BAR LR
(D ay, -, as M Ko B DH —ADEER DR AL MEERR.

(2) g, ap,, acRETR, a0, a5, BEMEMIKRS B ATLAHay, ay, -, a ME—LPESR

No

(3) ﬁﬂu Ehall Az, -, (stjé‘riﬂé/ji\‘ < T((Xl, Az, (ZS) = T((Zl, Az, ", A, B)
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4. MRANBSEMERIBZ KRR

Br(Amscn) = 70 ARk (A) S5 AT 911 B I B PR e 2 RN
(1) #1(Amxn) =7 =m, MARATHEHLIETR.

(2) Hr(Amxn) =1 <m, JARAT R EHL MK,

(3) #Hr(Amxn) =1 =n, WARF A EHLMET K.

(4) Er(Amxn) =1 <n, WARFFEHL L.

5. n4k ) & 75 A {) AR A BT AR RE

%all ap, an}éﬁl, ﬁz, s, ﬁnﬁﬁiﬁfl‘ﬂVﬁ‘JWfﬁ%, )”ﬂ%@ﬁﬁ%/&ﬁ?'ﬂ

€11 G2 " Cin

= €21 €2 Con | _ C

(B B2+, Bn) = (a1, a2, ) = (ag, a,, ay)
[ Cn1 Cnz CnnJ

HACRIWHRE, FRAHE, ay, -, anBI5EBy, By, -+, B HIIE P HIRE o
6. ALFRR AT
%“Fﬂ%yﬁ%ab 0‘2""!“115%181',82''"',BnE,:Jégyiﬁ:ﬁ}%u7‘Eé X = (xlleJ”'an)T’

Y=uyo oyt Bl oy =xag +x0, + -+ xpany =11+ y2B2 + 0+ YnBry MIA
BEAFR B AR NX =CY B Y =C7X , HPCRMEay, ay, -, a 2136y, By, -+, B I

R
7. MERINR

(a,B) = a1b; + azby, + -+ ayb, = a’f = pTa

8. Schmidt IE3Z4L

Py, ty, e, AT K, WATHIES,, By, -, B FFITIERS, A Ry, ap, -, a; MLk
ﬁﬁ@=Lzmm,EE&%&%,ﬁmzéﬁﬂWﬂnwun%ﬂﬁEiﬁiﬁoﬁ¢

_ _ _ (a2,81) _ _(a3.B1) o (a3,82)
Pr=ar Ba=a—grsh o Bs=a =i P, 5B
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@B, (@B
BB Barb)

9. IEXTH: RMVEIERTH

Bs = B1

S

B2

L (as' ﬁs—l)
(ﬁs—l: Bs—l)

Bs-1

e 2% ) — S B P W [ B A R P PR RS, SRR ODIEAC T, 45 IEAS A ) & 0 B AR )

B, AR H TR A, .

RGN
1. FTo3EMEN
( allxl + a12x2 + e + alnxn = b1
éﬂ%‘ﬁ?‘ﬁ%ﬁﬂi Ap1Xy + QgpXp T+ GonXn = by gz m D = 4] % 0, MR
Ap1X1 + ApaXo + -+ appXx, = by,
AR, Xy = 2,0 = o2, Xy = o, Fr D RAED 5 B TE N AR A

(BT 47515,

:—l’%

2. nhHEAT e Ax = 03

n e Ax = 0R A Efi.

fiff. © Vb, Ax = bR HME—f#, —BHh, T(Amxn) =

3. TR RAR R T D EFKA, LR RAMRRER AR

(1) BARNmM x nffifE, £r(Apxn) =m, MWXTAx = b5 % HT(A) =r(A:b) =m, MIfi

Ax = bBEfE.

(2) &xl,xz,"'xsj'gAx = bﬁgﬁg’ )I_\”Jklxl + kzxz + b + ksxsi—,lkl + k2 + + kS = 1H¢j‘m?ﬂ
Ax = DI B2k, + ey + o+ kg = O, WMAX = OFIfR. HEHF20Ax = biIfE:

2x3 — (x1 + x,) NAx = O[1Ifiko

(3) AEF RN EHAx = bEfiRe r(A) + 1 = r(A) © bARREHARIA AR ay, ay, -+, a2k
HRIR.

4. FHREMTTRRARAARERER, BE, FaRkat T BEARER

271



WL > URAE- - AL 2 2] I B ik i

(D) FXRITFEHAx = OlEA M (DA EM) « HAIEEMN, TR EREEL A1)
REZFFIOT R R, RbAx = O R g A SRl — AN B 8], AROVIZ T R
fif e, M A YERGEN — r(A), MR TR RO T R R A R

(2) M, 10, nereAx = OFIZEREE R, BI:

1) 11,1, nreAx = O

2) Mny,Mg, e, NERIETEE

3) Ax = OFME—fA# AT LUy, 1y, - e R MER . kymy + komy + - + ket Ax = OFIE
fil, Holky, ko, -, kJEAT WL

FE R B RRAEAE AR AE [ B

1. 55 )RR AR AR AV ARRAIE ) 2 RS B M R
(1) BWARAM— MR, T kA, aA + BE, A%, A™, f(A), AT, A=Y, A*F — N 43 51

kA, ad + b, 2%, ™, £ (1), 2,27 5L LA RIS RAR R (AT 15

(2) %“/’{1,&2,”‘,Any\jAE(Jn/[\tl:%?iE/fE_’ m”z:l:l Ai = Z?:l aiiJ ?=1Ai = |A| ’ }\j\ﬁﬁlAl 0= 4
A AR -

(3) WAy, Ay, -, ALNARISNRHEAE, S RFHER RN ag, ap, -, s>
#oa=kia + kyay + -+ kga,

M: Ata = k Aay + k,AMay + -+ kAa = kAtay + koAb ay + - kAtag o
2. MRS . ARADARE R AR & B A R

() #A~B, N

1) AT ~BT,A"1 ~B71,,A* ~ B*

2) |Al = |B|, Xizq A = Xi=q by, 7 (A) = r(B)

3) |AE —A| = |AE — B|, XVAROL
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3. FEPEETARAINT A AL B 7R 40 b BE A4
(1) wAAnN TR, WA b8k BRRHEEA, An—r(LE —A) =k;
(2) WARTX Mk, WEPAP = A/HA = PAP™Y, A" = pA™P~!

(3) HELR

1) #A~B,C~D, ‘gg]~[ gg].

2) #A~B, NWFA) ~FB)IFA] ~IfB), HAFfFA)RFRTFnh AR Z TR .
3) FHANTIXFAHRE, WHIERRHEE AN S (ERE R THE) =7 (A4)
4, SENTIRAERERRHEAE . R R B R AL A R

() FALEERE: %A, BN A 7 BE, WA — A 5B [P, {F18B = P~YAPRSL, NI
MHFEASBFELL, 1CAA ~ B

(2) FAERE R PE T : InRA ~ B
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