SUN YAT-SEN UNIVERSITY

*ﬂnn%j

Machine Learning

LA Bl
sheny/76@mail.sysu.edu.cn
AR B2

linzhzh6@mail2.sysu.edu.cn

20 ERERIFESHRA T
2021 SFRRZFHA



mailto:sheny76@mail.sysu.edu.cn
mailto:linzhzh6@mail2.sysu.edu.cn

IRIERH

L8 (1L1E1.3)
EENRE 5IREE (BR2.4L5M)
CERMEARE (BR3.4LLM)
HEMLE (BRS.5LU9M)
X FEFEEH (BR6.5. 6.6LL5M)
DA RS (7.1£7.4)
RRR (4.1F4.2)

CEREFS (FR8.5LL5M
MBES AL LR
BEXFHRA, 2016 B2 (FR9.2. 9.4.2, 9.5F19.6LA5M)
IR AEIT - 10. f&4E (10.1F0110.3)

https://cs.nju.edu.cn/zhouzh/zhouzh.files/p

ublication/MLbook2016.htm# 11 . §E1{$ >j ( 16 . 1§ 16 4 )

IR

B (36%FHET)

HHHHHHH
NNNNNNNN

v
#l
#
2
3

lllllllll

© 00 N O O A W DN P



https://cs.nju.edu.cn/zhouzh/zhouzh.files/publication/MLbook2016.htm

IRIERH 3

e e (B1EEER)
JUAFATE 5 papmsms (HoS6125)
21 (36FAT)

MR (F1EEED)
Mg (525 FR2.3.2502.3.3LL5)
 ZHEEN (BTEEID)
DB 2KE (42250
ORER (BAZA4.1F04.248ER)
. ERREFE 3 (F8EFR8.2708.4.3LA5M)
GiitE SRR LR N
SRS AR, 2019 LB (BUAEEER)
ENIRAEIT - 10. P&4E (553, 16E4£ER)

http://blog.sina.cn/dpool/blog/s/blog 7ad4

8fee0102yjdu.htm!?type=-1 11 §E1{$ }j (9&)

@OO\ICDU"I:bOOI\)H



http://blog.sina.cn/dpool/blog/s/blog_7ad48fee0102yjdu.html?type=-1

IRIERH

1. &if 1. MR
2. IRBNTh 5ikdF 2. TiEEEH]
3. LM AEE 3 ey
4. FHEE ML 4. EEFLE
5. XFFEEN  Fptosu

6. WITHIZZREE  #Rch1500 — R4

7. IREH HAZK60% —

8. B 1 A
X — 2. #EFEN

10. P4 3. A

11. B ZE ]




Gareth James

Daniela Witten
Trevor Hastie
Robert Tibshirani

with Applications in R

@ Springer

Gareth James, Daniela  Aurelien Géron. Hands-On

%0'
O'REILLY G

Hands-on

Machine Learning
with Scikit-Learn,
Keras & TensorFlow

Concepts, Tools, and Techniques
to Build Intelligent Systems
powered by

lllllll

Aurélien Géron

Witten, Trevor Hastie, Machine Learning with
Robert Tibshirani. An Scikit-Learn, Keras, and
Introduction to Statistical TensorFlow: Concepts,
Learning with Tools, and Techniques to
Applications in R, Build Intelligent Systems,
Springer, 2013. O'Reilly Media, 2019.
http://faculty.marshall.usc.edu/gareth- https://www.oreilly.com/library/view/hands-on-
james/ISL/ machine-learning/9781492032632/

Trevor Hastie
Robert Tibshirani
Jerome Friedman

Data Mining, Inference, and Prediction

Trevor Hastie, Robert
Tibshirani, Jerome
Friedman. The
Elements of Statistical
Learning: Data Mining,
Inference, and
Prediction (2nd Edition),
Springer, 20009.

https://web.stanford.edu/~hastie/Elem

StatLearn//


https://web.stanford.edu/~hastie/ElemStatLearn/
http://faculty.marshall.usc.edu/gareth-james/ISL/
https://www.oreilly.com/library/view/hands-on-machine-learning/9781492032632/

K] 4% B3R

] 442 245
* Prof. Andrew Ng (Stanford University) , *EZA#H %
* Prof. Hung-Yi Lee (National Taiwan University), ZF&5HIR
SRS
 Journal of Machine Learning Research, JMLR
https.//www.|mlr.org/
* International Conference on Machine Learning, ICML
https.//icml.cc/
* Annual Conference on Learning Theory, COLT
http://learningtheory.org/colt2020/cfp.html



https://www.jmlr.org/
https://icml.cc/
http://learningtheory.org/colt2020/cfp.html

1. 51
2. RBENF E 5ikEF
A S
3. ki iERY ﬁ%lfﬂ 2%15
B 225 XX £ o
4. Lz IUL% 1. M58 S OB T
5. X FFmEI=H (BN, 458)
6. DINtHT 97 25285 2. tlasFE I —fg 3L
7. SRk (ZEMEX AR RNIiE ERAHER)
8 RS ) ‘3M%%2%%ﬁ%%
0. FEsk (FRBVROFZ R, SRESHOML S, Ik eRE. HiERk.
L ZISIRS, FIFNERES, BRI
10. PEL

11. B E ]



LR
RBHE SR
R EE

. FREZ P 4%

X FEEE

. DAt Er 7 K88
IRRH
ERES]
.S

10. pE4E

11. 5B E 3]

© 00 N O O B~ W DN P

AR

© WEIREEMMTHRE B —1NERE

GHsRE—

4L AF$BHY — PCA, LDA, LPP, CCA

PR — BHRES) (E4ERAD)

T

SRR —— £ E)T — R ZkEYT
i (Gt FSERES)

l iZ3EY3 —  softmax[EY3

I~ XEMRE ~ [~ X ERE

T MRBERN - JRE MR



1. &2
2- *H-ﬂi‘ ,13— J‘jlj'.j:x h :/1—\| A s ~
ARSI W TR 5 R 5 5]
3. hhiER |
‘ . BEANGNE L 5
4. AR
5. SIZ*%['ET_I%*)-L E BP GoogleNet !
—— i CNN A exNe DesnseNet
6. JI_I\n-l_'EﬁﬁgéﬁE i Hopfield RNN i N/
7. RER \ T 19908 2006\ 2012
£ b < RBM LSTM  DBN VggNet Capsule Net
8. i }ﬁ%j : \ ResNet
9. B2 i DBM

10. P4
11. B ZE ]



LR

FRBNRE 5k
SRR EY

 THEZ 4K

X FEFEE

. DAt Er 7 K88
IRRH
ERES]

10. pE4E

11. 5B E 3

© 00 N O O & W DN P

EFRIENS%E A

- NSEFINEHRAR
RSN — | KSVM
| — -~ | KPCA
R EpR. JLAIEIRR. [ElfRm Kt KLDA | (EH)
R R — — LKLSR
y — | KCCA
SVM > 1:?(“_/‘ —
—| —ARETE
Y
\J \ | \J A \J ¢
[Fi)8 | XHBa)8R | Sx#EEE || Hing Loss| | SMO|| SVR | | Ranking SVM




B ——RETRHA

1. 241
£ 24 S
s b =)
2. IRBNE 51 =
- - BEFIEER, FEFIFIEAMEFIFHN—LFE
3. £k iEA ST T T T
|
\ | Loy BERTHTARY LUk EsKeE 3| |
4. FRZZ N 2% | / NERHRR |
| / |
=3 I proTeenmTmssnsesesseenees e |
S. i*#rt_'—l%*}l | —| Bagging — FEHEFN | :
__ | . e 7~ o= e G
6. DIt Er 47 283 | %ﬁz ______ J/ |
s | F> . AdaBoost | IREEEEEAIME |
7' lj&aQb-(.\T : | 5 BOOStlIlg < -------------- :
L | Gradient grosse ; |
8. EMF ] : Boosting |77 Y
| \ ERrmEss |
HX & I \\ SrEEEIRERTT / / 25, IRKREREIIRS
9. BB | SRS T - %?@Eﬂﬁi
. S a
10. &4

11. B E ]



© 00 N O O b W DN P

LR
FRBNRE 5k
SRR EY

 THEZ 4K

X FEEE

. DAt Er 7 K88
IRRH
ERES]

10. f4E

11. 5@ S

?ﬂ:]'

© BFEIEXI S AEETE

i
A

EHHEXME - [RAYE

HKEEE - BRE

HUEESE - BEE

AR PR

yTywe— S . :

Bl S AR SES srnge sy |
\ A i

v \ | \ \/ \ ¢
SBEBEMIT||K-Means | |Fuzzy KM| | SOM | | BiR BR3¢ | BB | | FEMMEEIE

__________________________________________________________________________________



1. 4518
=k PR ) 3 T = R B 4 T
2. AN Sk BFESHEEEEF
3. Lk MR AY - B
. ] LMNN
4, }Hﬂéf_émgﬁ i Isomap HLLE / LSE
] LE MVU
5. XFFEIEM P i LLE/ m/
E PCA MDS
n H oo : > Nonlinear
6. J\I:H-'ﬁﬁgéﬁﬁ . e e / LPP 2DPCA LLDA TR Li
7. RER 1990s 2000 02 05 06 o8 oo
R, \ > DL
8_ EE }ﬁ %}j E Autoencoder EDBM
i Deep feature learning
0. B2 § YRR S AREAE R |CPUTHRIET

10. P4
11. B ZE ]



L
RENFE 51
Lt RE

. TP 4. i

s 3]
o AgentETIME R IRKE I H M TEIRES

10. P4
11. 583

..........................

4 o > B
> e [ M
5. XFREIEH o
OjE > B
. D
(== B T :
6. JI_I\I:H-:'Eﬁﬁ géﬁn': i E [ 0o |
AR
TREIE) .
RTE = = On-Policy - Sarsa
7. RRH | .. s
(Model-Free) BHa) (Value-based)
£E b =4 iéj\ —»| Off-Policy [ Q-learning DQN
> (FE
B. P " ! I
HFHE wEEEE | —
> (Policy-based) [] (Policy L»: Actor-Critic 9! DDPG
9 E‘égé 4 Gradient) !
. 2




R ——IRIZB R

« BERRIENFEY, REAKER THRISFIERRIE,
ZERIFFZINERBENMXBEE, THRISEZESIISHM
MR ACRABIEM R BN, ARRIRHE X SEFRE)RE IE H H11H
{2 .

v BRENSEF IR

v BERRRRNL S F SR E

v BEK LR S)IRE

v BEHCMEF SIRE

v R LAR R fmiR SEPR N A R By F S e A TAE P IR
v BEWE KR E SR F SR B M LAH

v BB E RN ERF




CEE

Symbol

Description

Units

Parameters available to participants as sensor data

T2
T24
T30
T50
P2
P15
Nozzle P30
HPT Nf
HPC N2 Nc
epr
Figure 1. Simplified diagram of engine simulated in C-MAPSS [11]. Ps30
phi

C-MAPSS 2 NASA Fl TR ESL KRB K
BirBEExmtNITE, BPR

farB

LPC

Total temperature at fan inlet
Total temperature at LPC outlet
Total temperature at HPC outlet
Total temperature at LPT outlet
Pressure at fan inlet

Total pressure in bypass-duct
Total pressure at HPC outlet
Physical fan speed

Physical core speed

Engine pressure ratio (P50/P2)
Static pressure at HPC outlet
Ratio of fuel flow to Ps30
Corrected fan speed

Corrected core speed

Bypass Ratio

Burner fuel-air ratio

Bleed Enthalov

°R

°R

°R

°R

psia

psia

psia. 21 channels of
rpm

pm  parameters

psia  are monitored

o
wm - and analyzed.

pm

#03E P T IEEE PHM 2008 ifEHkbk 3=, * ;th:l«:l
PC_NiTl_dmd
W31
W32

Demanded fan speed
Demanded corrected fan speed
HPT coolant bleed

LPT coolant bleed

pm
pm

Ibm/s
lbm/s

e Sensory data of 519 engines are used, which were obtained under 6 operational conditions
with different combinations of altitude (0-42K feet), Mach number (0-0.84), and throttle

resolver angle (20-100 degree).

* Run-to- failure data of 260 engines are used as training data, and 259 engines without run-

to-failure are used as testing data.

*Saxena, et al. "Damage propagation modeling for aircraft engine run-to-failure simulation." 2008 international conference on prognostics and health

management. IEEE, 2008.
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Fig. 3: A simple illustration of bi-directional LSTM
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KL (g9 (@) |p(@]|X, Y)) = / 4(w) log p(%&d&

w|X,Y)

——KL(go(w)][p(«))

£\ Q¢(w)4 W

KL(gg(w)||p(w|X,Y)) =&
N
—Z / g (w) log

KL(a6() [p(1X, Y)) = [ a5 log 2620 0w

1 a stochastic
random subset of {1, ---, N}

KL(gg(w)|lp(w|X,Y))

D(¢, S, €) = KL
h\

Y

Key point: g (@) is
differentiable transfd
parameter-free distr

wX,Y)
estimator with S being a

KL(gs(w)|lp(w[X,Y)) o Es,[D(, S, €)]

A stochastic optimizer can be used to obtain an optimum ¢*
for minimizing D(¢, S, €), and this ¢ is also an optimum to

KL (g4 (@)l Ip(w]X, V)

S Implementing VI with g4 (@) under w = diag(e)¢p
and € being a product of Bernoulli distributions
is equivalent to implement dropout in deep network

with EL(X,Y) = ?:1”3’“) - fw(x(i))”z/ZN-
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FIGURE 1.1. Wage data, which contains income survey information for males
from the central Atlantic region of the United States. Left: wage as a function of
age. On average, wage increases with age until about 60 years of age, at which
point it begins to decline. Center: wage as a function of year. There is a slow
but steady increase of approrimately $10,000 in the average wage between 2003
and 2009. Right: Bozplots displaying wage as a function of education, with 1
indicating the lowest level (no high school diploma) and 5 the highest level (an
advanced graduate degree). On average, wage increases with the level of education.
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- RBFNRIRZE (testing error)
A AT ENEIRZE (FLahsk)



gz ZES NN IRE

WEIRZER K/
B NHERENOMESNR— T EZFINOMEEEEE .

B NRVZKIREL KR, MiRAFEE “XIUE"T

B NRVIZIREAL /), MiRAFEE “THUET



gz ZES NN IRE

N \ \
I EFRIE
WMRIGIRE T/, MHEATEREE TS
HaemAE S RER:
B —> & #fet
4 COTT LTS bx 8
]l i;’_
% .
## -
* . X 4 oA o K AE R
- —> RMet
(RIA A4 G & 69 AR AT )

mRINZIREL KR, WHAREE “TUE”



WIS S5REREFE

EXPRNAFRHEZEANTER, RTIRFGFRRE, ATLIRH
> B (hold-out)
> X EGHESE (cross validation)
> BEn%L (bootstrap)



WIS S5REREFE

BR Sk
HISIEEERES
\
PLEGRES AN ER
> EEERREND AR ERES

>IN %/ S

£
—
2

X7 B R T RERFF L

&Y —EE

>IN/ MR A A EE BB s 2:1~4:1

>—fxE TXBENLX 57, E

[T

B LI B IME



WIS S5REREFE

RN IEIEE:
BRIBEBESEFRERS AN K NEUNERFE,
BXRk - 1PN FENHEEANEE,

R THFEERMRE,
ERZIRE kNN EREVINME, k&EHABEUERZ0,

Dl D2 D3 D4 DS DS DT D8 DQ Dl{]

W45 URENES
Dy |Dy | Dy | Dy | Ds [ Dg [ D7 | Ds | Dg Dig| —> MKLR1

Dy |Dy (D3 |Dy |Ds [Dg | D7 |Dg [D1o Dy | —>MRER2 |3 g
Zx

D2 DJ D4 D5 DG D7 Dg Dg DIU Dl —)@1‘]1‘.&%‘%10 ‘

10 7 X UIE = & H



WIS S5REREFE

RN IIEE:

S58WEEM, BEEEDN D AN FERIEFEEZ MRS A,
AT RDNEEFERR T ARSI ABNEA,

kTR X IEEB s ERANERRITEEPR,
ERANTTHEEREXp Rk RN IGIEERAVINME, Flans ey
“10K 1037 X X 3G 1E”

Dy Dy | D3| Dy | Ds | D | Do | Ds | Do | | Dig | —> MXZERE 1 ]

Dy |\Dy | D3 Dy |Ds |Dg | Dy [Dg [Dro Dy | —>MRAER2 |3 yg
%R

Dy |Ds | Dy |Ds |Dg | D7 | Ds | Dy |Dro Dy | —> MXLERIO0

10 47 X g &



WIS S5REREFE

BB E: UBIIREEZAEM, XHIBEEDEMEIREMXISE]
WZED , D /DMt EE,

BT “8F)RE” (bootsrap sampling)
INFR “BROIXRE” . “OE8XFE"

o ® 2
O OO
e 27 ) Ce _®

> I S A LRI, SEIMER STREERENE FAm MG
> BIEATAFNE: WIREIEES s SN TRMIIGE, %
R I RAMTR



F2E HEENE5EEF

1. NGZIRZESMAIRE
2. S 5EBERE
3. tEEE =

4 mESHE



e E R B ERALZ RN TN INE, RIRTESS

ERAARNEEEEEFESSBARITAIZESR

ToERREE “F” B, NMYBURTEZE
AEHE, BEURT(ESEK




i

a3ESEFERNEREER "IHIRE"

HRESBEMOMERRR HIZE" B HE” -

acc(f;D) = 121;1]1(16(’9') =¥j)



M BE R B —— 5 S

=EKE, Webi RS2 h KR EEE &S 1F A0 3 Skl
bk 2R g & T B Sk B IE {5l = IE FRAVEE 3R,
AT E ERNESEILEIRRERNGERES,
SRR RIS
RSP TI 2 S
1E451 FN (i f51)
45l TN (H )
o o TP L, . TP
S P =Py Fp eSS R=Tp+FN




H &6 1= N
HEEE E——49 3 o)l

= {514 FIUM L SR Y

ég\ “&F':- Kb
=B ZE, WebiEZEiIEh R EEEHEZ]
=] BB |

PE 2R 54 2 FUN L SR AV L

-5l IE AR EE R,

LR EERMEEEE

P = g = Ry 7> 3
IR RIEEEE S

SRR RIFIEE
B SR USRS
=451
2




EREEE——

RIEF S SRR TN ZE SR3% IE 5 AT g 14 A/ e B T HE
FEANTEF AT EGIZEITIIN,
MAIAREEER-EERMZ, BHiF “P-REZ”




B2 B —— 5y I

RIEZE S SV TN 25 R % IE 57T gB 14 R/ Gl 1 THE,
HZEANFOAERAE S IE GIFETTTIM
M ASEIEER-EeHF%k, &R “P-REAZK” .

TR L
"EER=EER” BRYEUE,

AIAXE=S PRE%
BRYAITERMESK




MR B —— 3 30

RIEF S22 B TUNIZE Rz 1
FZE A ARAE J9 1E il
5 R R

WA LAS

2

= FIRT REME KN XSGR THEF,

T,

%%, 18

I/-( “P Rl j%” )

5

FI AT F383C
2B LT F388C
FIREA LT F 3258




£ 5EE = ——73 K9]

EEP-R]

Lo ERAERANRIFIEE=:
F1_2><P><R_ 2XTP
~ P+R  FEIEE+TP-TN
oK 45 R A
o ek i) =5 5
HESOL 54
1E451 ( FN (i f51)
IS&il FP (f




£ 5EE = ——73 K9]

LEP-REIZ B o EREANEF1IE=

2XPXR 2XTP

=P R T EWAE+TP—TN
Error Type TextCNN Bert-wwm
P R Fq P R Fq

Improper Collocation of Words 85.15 | 4990 | 6293 97.69 | 5490 | 70.29
A Mixture of Sentences 91.26 | 84.60 | 87.80 98.96 | 85.50 | 91.74
Redundancy of Sentence Components | 78.46 | 62.59 | 69.63 9258 | 73.35 | 81.85
Shortage of Logicality 88.58 | 67.50 | 76.62 | 96.06 | 68.30 @ 79.84
Spelling Mistake 69.76 | 9090 | 78.94 | 83.26 | 97.00 89.61
Incomplete Sentence 77.24 | 70.60 | 73.77 | 78.07 | 80.80 | 79.41
Improper Words Order 75.02 | 79.60 | 77.24 | 70.14 | 88.80 | 78.38
Correct Sentences S7.77 | 96.30 | 7222 | 62.85 | 98.80 | 76.83
Total (Macor index) 7791 | 75.25 | 7489 | 84.95 | 81.31 | 80.99

Table 4: Comparison between TextCNN and Bert-wwm for Chinese Grammatical Error Identification.
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ETRZ: Precision=a/(a+b)
AE#E: Recall=a/(a+c),
&EimE: miss rate=1-recall
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True False
O | Yes - b
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= [No C d
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Precision=a/(a+b)
: Recall=a/(at+c¢),

miss rate=1-recall

accuracy=(a+d)/(a+b+c+d),
error=(b+c)/(a+b+c+d)=1-accuracy

Human

True False
O | Yes 3 b
& HIEH | fFRIEMH |
= |[No C d
= Bapl | Afafl




Human

> H/[\7F§ True | False
— QO |y
[&i#%=] Precision=a/(a+b) ; & | 8 ﬁ%ﬁ“
AE#: Recall=a/(at+c), = (No c d
. - okl 1141
#®=E: miss rate=1-recall Ry | ARG
accuracy=(a+d)/(a+b+c+d),
grizsz. error=(b+c)/(a+b+ct+d)=1-accuracy
Precision2 7 K28 FUll 9 FE—1 &5 B IE R R A TEAT,

Accuracy;@ X 0 K 2Z B _E RV IERZRAIITFM .
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Class Predicted Class | Correct?
Orange Lemon
Orange Lemon
Orange Apple
Orange Orange
Orange Apple
Lemon Lemon
Lemon Apple
Apple Apple
Apple Apple

215 Macro-average
ST E S ERMNL

REH, EXMMEEFL

|\

_1om
Macro-average—a i—q average;

Class Accuracy
Orange 1/5=0.20
Lemon 1/2=0.50
Apple 2/2=1.00

=¥1Y: (0.20+0.50+1.00)/3=0.57




13 Micro-average

ZaAERANNTMA/NKITEFYE

Class Predicted Class | Correct?
Orange Lemon
Orange Lemon
Orange Apple
Orange Orange
Orange Apple
Lemon Lemon
Lemon Apple
Apple Apple
Apple Apple

Micro—F =

WL 4/9=0.44
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f(x) = wixy + wyxy, + -+ wyxy; +b

Hox;, xR BN LBEE

X = (xl; X9, ", Xd)ZEEEEI d/l\}g'l‘i*ﬁitﬁl‘Jﬂ_Tﬁu

frim(®) =02 - xpm + 0.5 xpe + 0.3 - wam + 1



AR — R AT

FMHERE—ARAZI

f(x) = wixy + wyxy, + -+ wyxy; +b
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f(x) = wix; + wyxy + -+ wyxg + b

f(x) =wx+b
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AHHXx; = (Xi1ixi2; '”;xid)a Y €Yo

ZMEYT (linear regression) RIBRY:
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¥

f(x) =w'x;+ b, 15 (x;) =y;
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f(x) =w'x; +b, EFf(x) =y,

BB AL
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2 E)FiR B FEE
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(wb) 15 (wb) 13
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(Eucl idean distance).
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¥

RERTHIRE R MR TERI KR

m m
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5% fHPNHEMRTCERE, WEEETEE (gradient
descent method) . ;% (Newton method)
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ME T EER—MIEREE.

Gradient descent

“

\ Process

~
/

A

'/-"n.v
- ":na
os — <
o7 OB Py , 06
05" o4 onT __/»" on 9,
02 — "
0, T Solution

3(60,0,)




N

whE TREEEL
MIN: BFrRHE (w), BEERMVE(w);
it E(o)R/MEw*.

> FENLEE— DN HIIE Eo©
> HTEVE(0®)




N

RN By
AN : BFFRHE(w), HERBVE(w);
Wit : E(o)BR/hRo”.

> BEHLE— MG Ee©

: \o > HHEVE(0®)
) > @&ETD = o) +@>< (_VE(w(k)))

¥ 31%/ 5K )

X |

—ni X VE(w®)




B TS PR — — LUK BRI U LR AR Sy 5

whE AR E

MIN: BIRRHE (@), HERHAVE(@);

MWith: E(@)BIRNEo*

> BEHLER—M IR ES®

> HHEVE(0®)

> ot = ) 4 x (—VE(w(k)))

B~ EECET
= [T

@
\4

)



N 2

GHERN S P s BORE Bt 4R 00D = 0® + 1, x (VE(0®))
N BARRME (w), BEERHVE(w);
Miti: E(o)BR/)hmo.

> BRI — IS Ee© Al

> HEVE(0®)
> oD = g x (—VE(w(k)))

BFIVE(0®)
“JLEAE"

&S
........




i =1 s -
FIF kMRS

1. BERERN
2. BTS2 4 [E))3
3. %k % (=)
4. T~ N MR
5. X & JLZ[5]Y3
6. Softmax[a]ly3




%tk EYT (multivariate linear regression)

HHE: D ={(x1,y1), (2, ¥2), -, (X, v)}, EHx; eREy; €R
ZOFESS: FEERG AEE

REAFEY, (=1.2... 0 A m E=EEE, WEEY
S m NI

f(X)=w.x, +w, X, +---+w,x, +b

=w. X +b,

i=12,---.m

fi(x) TR MU BIIL H bR m sy B 5 @ o0
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%tz R (multivariate linear regression) %

HHE: D

BWELMRVAIREN: f(tne1) = 0 Xpeq + b

EEitE
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53 -

(.

= {(x1, y1), (x2,¥2), -,
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[~ M4FEB (generalized linear model)

y = o x + bEEHREK

=g Yw'x +b),
>Iny = w'x + bTH y=g"( )

>y = p® x+b T

BRI R RV EL R 82 (link function)

ST MERNAZT N MRBIZE g(-) = In(-) BTRY4FH.
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REMFS] (53K[a)0)

D gzlglb\n_.\

9&)3 D = {(xl' yl)» (xZI yZ)' "t (xm' ym)}
Hrehx;, = {x;1, X5, ", x;4} € RY, y; € {1,2,--, K} REFRIE

Features Classification
Outlook Humidity Wind Class Play Yes or

REFheE wE X

Sunny Hot High Weak No

Sunny Hot High Strong  No

Overcast Hot High Weak Yes

EFN

Rain Midd High Weak Yes

Rain Cool Normal Weak Yes

Rain Cool Normal Strong  No

Overcast Cool Normal Strong  Yes

Sunny Midd High Weak No

Sunny Cool Normal Weak Yes

Rain Midd Normal Weak Yes

Sunny Midd Normal Strong  Yes
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Hrehx;, = {x;1, X5, ", x;4} € RY, y; € {1,2,--, K} REFRIE
RE: SRREMER (—MHBES S B ENAE /B ATk
X SEF AT 7 AR L 25 44D

Sunm/)verc&st Rain

High Normal Stron/ N\/eak
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HHE: D ={(xy,y1), (x2,52), , (X, Vi) }
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Lo = (X1, X0, x50} € RY, y; € {1,2, -+, K} AEARIE
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X SEET 77 KAV R 2544))
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HHE: D ={(xy,y1), (x2,52), , (X, Vi) }
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X SEET 77 KAV R 2544))

g HBI—DSUEBIETF BENERNZ AL NEGRRR R R

(AJ 3K R 1B 4k B X #0400 98 R B AE 9 sk e/ 38D
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> BEE—MEEAMIEESISE, FRBIZFEXN)ISBE
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> FHia, WERT S, HRBINIERESENERT R,
> B, EFE—THEYE, RERX—BERIINEHIESE TS
T, EEITTFEE—ITIENFEH TREFNTE.
B R, XETREELKEBHERERTE, BrEHTS,
FRFX LT &R o B MBI T R R K
B R, EFTENEBRERDE, PBawEPETR, XL
FRIEFHNENEM, HEXTEHHEITHE
> RfE, AEIAMHIT TR, EEMBIIGBIEFEHEER
TR, RERBEERNRMAL.
> &a, MENTR, 8N FESETEMTASEZENE.
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RRWMF SR BA TR E SRR T EE.

—MRME, FEEXTERENRHET, H(1HERRFE
TXERBENERRARRETRE—XA, G/
“EHE” (purity) SRS

KESE X B EEHIT?

Sunny Weak High 1

Sunny Strong High -1

Sunny Weak Normal 1

Rain Strong Normal 1 K HEIE—

Rain Weak High 1 o &ie
CHA DR TR

Rain Strong High -1 /;%E\* )

5uny ‘ain Stmy weak

Play:2 Play:2 Play:1 Play:3
Notplay:1 Notplay:1 Notplay:2 Notplay:0
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MESFEEVINRER, HREvIM X &8 TDHRERAE
EEMa EBENaVBIELR, 1E'7'7D” NerE LA E M Xt
HAREDHITRISTREN “EE218mE -
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Gain(D, a) = Ent(D) — z Dl
v=1
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X RIE RS Xl ErERE

Ent(DV)
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O 18253 ( C4.5RFER)
SHEMa BV A EERNBUE {al,a?, ---,ad"}, Fa3kiF1TX49,
MEFEEVIDXER, HRFvMN D XERB8S TDHFE
EREMa EBUERaVRIHER, 12R-DY . WA EEBEMaX]
HAREDFHITRI M ARE “1BmER” .

Gain(D, a)
IV(a)
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DY |D”|

BEEEREE: MATEE V() = - Di log, D]
%IE&BL"‘E’JJE'I‘EE FrrimaF v=1

Gain_ratio(D, a) =
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(0BT S F 1E ) 440 B 37 (UL 98 BR 3SR AE A da sk ek )
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> IDIRRWF IJFIE[Quinlan, 1986]LUE B8 s /o NISKIEFER 77 R4
> C4.5RFEFIFESJE X[Quinlan, 1993] e MFIEXI B Pk HEREES

TEHKENEN, BAPEBIERERSH
> CARTRIERIZE SJE % [Breiman et al., 1984 K A E BRI #H K EZEX o B4
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> FHia, WERT S, HRBINIERESENERT R,
> B, EFE—THEYE, RERX—BERIINEHIESE TS
T, EEITTFEE—ITIENFEH TREFNTE.
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FRFX LT &R o B MBI T R R K
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O #45T (neuron) EHEY
M-P#ZZT4E R ( McCulloch and Pitts, 1943 )
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o iiN: kBEHMMEE ) Wiyl ).
EfEEReEAES T L HEX .
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RAZIAI > g

Ej:flf §U:u§€‘)\1§4‘7 L 5 ‘!,.f’> % A ' :
wammmEsTes o |

® lfijdi: ] /%SZ/EA;&H’J&\
EDECESL: Th

Myelinated axon

I'I'1

\, FiAHBEL \
Wi g > FE



TR AY

O #45T (neuron) EHEY

SSER B (activation function )
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LBOMERE  TICEABIMHRE, 3 TR B T B A M R 45
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2514 R 3 LY oK 3 Ft B R 2
I Sl5)==¢
A o 41 f(s):1 A . e +e
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0 0 -/ 0 -
FEL T
ISR Sigmoid & £ X i 1E 1] 6% %4 (tanh)
BN AUER I EZ RN H AR BIEZMN
A PR £ B]

1) REKRESHMMIFSEREREN,

2) BERIEEIHREI,

3) BRI ZIFTAVAF L B M BB F T I,
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O 12 p g iR A
BEFHETIR—ENREXEWERER, AISRIHEMLE,
MNHEIBZENAES, AISHENERAES TETESH
WHFERE, IMEBIHRETITER, iy, =
(X wix; — 6, ) HE (BRE) KA M5

nbul laver y = sigmoid(W 3ls + b3)

T hidden layer 1 hidden layer 2
[, = tanh(Wix + by) 1y = tanh(Wyly + bs)
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O S ERITRMEZMLZE (multi-layer feedforward neural networks)

HHE: D ={(x,y1), (x2,¥2), ", X, ¥m)}s x; € R%y; € R
fRAY . Er B JTRYBUE R #ER Sy sigmoid R 21

A A AR N (R V)

W &
| “Exg

| BEEMMETSHERS
N T2 (BRI Fawy,

..... > HMABRRITHETSERESR
N T Z B BEIR A,

k k
d MEM X1 X xéi Xk = (xf» ---,xf,‘,f)
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O S ERITRMEZMLZE (multi-layer feedforward neural networks)
%&TE D = {(xl;yl); (xz;yz);”', (xm,ym)}, X € Rd,)’i € Rl
PREY {c k k

i &

e MR RE TN
q

Bj = thlwhjbh
y]k — fsigmoid(lgj - 9])
7--» FhNIREREZ TR R L

d
— 4K

ap zizlvlhxl

br = fsigmoia(@n — ¥Yn)
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k ; : \,
Xd sigmoid ek £
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Microstructures of Cognition)
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EEBM vs BEUBEM
> ELEM (continuous attribute)
AENB EELGZZ N AEMNEE: ABNSS
> BEUEM (categorical attribute)
HEEXB ERERNFTeEREE: MR AE 0.1 AHIER



—_EEEE

- “EEHERERMRE 0 F1 1
> {540: Rain: { Strong, Weak }
s BIKATER x;  x;
> X; = (Xi1; Xi2;5 o3 Xin)
> xj = (le;sz; ....;Xjn)

> ¥R n FHERE, ARBHSFESE— 1 ESNERE

| Feaures
Sunny: 1  Cloudy: O

‘ Outlook Temperature Humidity Wind Hot: 1 Cold: 0O
#7241 Sunny Cold High Weak  High: 1 Low: O
¥EZA2 Sunny Cold High Strong Strong: 1 Weak: 0
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» LERARN ARERIEL: B

FEAR2
Jaccard & # 2
0 1 sum 3
0 1Ta| 1b Jaccard R E A — A2 X
b+c+d
sum 4
| Jaccard &%
FEAR1ERR FEAR2 2B H
5 A &R B _AnBl___ 1ANB|

]_|AUB|_|A|+|B|—|AnB|



Jaccard R

+ EBRXAHENE, ATXAEESE

- HERS

>

YV V V V

B4 A> 15 AIFiT

Jaccard & #

_|AnB| |A N B|
T JAUB| |A|+|B|-|ANB]|

liml1
[T

10
E$H B—> 30ALFIF J(A,B) = 1530 — ¢ = 0-29
ElH C—> 100 AHFIE .
£ — s HIs MY ] _ _

EH A, C—>HEFIFISA

J4,B) > J(A,0)
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EEREM vs BEUBE M

> ELEM (continuous attribute)
AENE EFBEIXH Z A sERVEUE

> BEUEM (categorical attribute)
FEENE ERBRA T eERVEUE

EFEM vs TFREM

> BFEM (ordinal attribute)
BlanE X A1, 2, 3MEREM, “17 5 “2” tkREiE. 5
“3” tkEoE, A “BFEM

> ILFEEM (non-ordinal attribute)
FlanzE i A { K, K E BRI HHNEHEN, TeEEEERMN
ELEFHITHE, A “TFEM”
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O x5 FEXFEEM, Value Difference Metric (VDM)
EBtu AN E{EaSbh2Z B]RIVDMEEE K

k AERFER EEiINMERBEPERMuEEUE AR
\k T

VDM, (a,b) = )

=1

TR u BB HaIRERE



BEEITE

ORBSEM (BFREMEFEMN)
X kBT EEE S 5VDMEEEHE S

5 . z
MinkovDM,,(x;, x;) = (Z | — X0 |” + z VDM, (7, xju))



Bt

OREEENH (BAFMEFEMN)
XA R EEESVDMEESHEE S

ne n p
MinkovDMp(xl-,xj) = (2 |xl-u — xju|p + z VDMp(xiur xju))
u=1

u=nc+1

O mfE M (weighted distance) , LAANAR AT RERE RS A5
1
distwmk(xi,xj) = ((1)1 . |Xi1 — lelp + -+ Wy |xin — Xjnlp)p
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BESH

- BRNBRESTREE
> X473 E2Z55% (Partition—based clustering )

v UEEEAENEEERZE

v BEIREXITAZN &

v' k—means

» EREBEH 3L (Hierarchical-based clustering)

vV BERXRBERREENERXNEREHITI S, A RAE
RGN . BIEEXTEAIXA “BIKEL” BIRERE,
WARA “BIiE T 5 RREE.

v AGNESEE (BJR[E EMEXBEEIR)

> BEFEA T (Density—based clustering)
V BRBRREMEBEERD AN REREERAE
v" DBSCAN



JRBUZR 2L

JRBIBZ S
’*"/E%ééii RHETFEBIFE S (prototype-based clustering)
It K H AR B R A ge @ —H [R B ZiH]

O 5 A3 %=2
BEBELT, BB ITINGRE, BXEAUFITEREET KR

O ZREE
kMEEX. FIMEEsLEL BEEEREEX



RERK——IEE A

O kEFE

HiE: D = (a1, Xz X}y % € RV

mE BETRE (HEARZEFEESRRMENS) BREEY

HEHE . RMELERISC = {C,,C,, -

55 IR EHTKRE

, C B RIRE

ok
F=) Y lx—ml} sebp, =

=1 x€C;

Cil

EEAE—TEEE L2BE T RAKRE

\EfEN, MR R 1

4
-

Y rec, XEFEC AR E

REDERENXEIZE,

/




RERK——IEE A

O kMMER A

BiE: D ={xy, x5, %}, xj ER"

RE ETREE (MATEFEERERMNR) MERAEN
RiE: mAMLIRXIDC = {C1, Cy, -, OB RIRE

k
E=) ) llx—mlf

=1 x€C;
55 A EFKE
1 &FLNERNFL ERS) , BERENIREISHE
HAIDRIERS, FEI—PMRIRER;
2. EFEIRNERNEMERE, 1FAXRFHRFRL;
3. BRI LSRR, HEWSAL (HaEREHAIRER)

pail
=




K-means= %5

» K-BEREXEZAZ—MARBENHEREGZE, BAUT=
38
- (1) EFRREEE SRR ERREE S,
- (2) RABABAETRRNITTREERTNRIEEN
- (3) BEREMIENE, RERABREEIREN R HHRE.
- R
- REARKEWMN—MESATE, HE. RE.
- SBABIEE, REHENTREHSHE.
- WTEER, BAURRE.
- RA:
- BRBRBEROME, AXIHRERR.
- FEATRIFCHMENRURKNMAERALE.
- SRR MUKES. FAREUE.
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SHNREXSRAZE
> X3 B2285% (Partition—based clustering )

v LIBEEEARNEEER A

v BRIEEX T AZI R

v’ k—means

> EREEZ 3L (Hierarchical-based clustering)

vV BEXBEREENERXINEBEHXITRIS, MM
IR RN, BIREXNTEAIRA “BRKEL" WREREE,
AR “BINET” BT HREE.

v AGNESEE (BJKE EMEXREFIR)

> BEERAEHE (Density-based clustering)
V BRBRREMEBEERD AN REREERAE
v" DBSCAN
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1. BERE

* “Single-pass”—*“HiEH—[a]”

- ITEEEIEEIR

« ‘L5 BAVFIRT— —HEUEMEE

Nothing

Co | mmEmisxR |, EFE2SXE, 51 @ | S XA

5 B B 5 M0 T B SHIE, ANER OB ICEE,

@ | = sErE. © | #rTE—zE. @ ﬁﬁ?—ﬁ\%ﬁﬁq
Lo

Q@ siexmmes | @ EeSEmISme |

© N7 EHE 3 NS
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2. BIRERE
RRERE T AR IE— MR SRR R TR AT O &,
SRS EIEN SRR — AR B RIR 5

Step 0 Step 1 Step2 Step3 Step 4 agglomerative
- (AGNES)

«m

l
divisive

Step 4 Step3 Step2 Step1 Step 0 (DIANA)
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BESH

- BHMREXShREE
> X3 B3EE (Partition—based clustering )

v EEEEAENEEERZE

v BHIEEX D AR

v’ k—means

» EREBEH 3L (Hierarchical-based clustering)

v BRBERREENERRXITHIBEAITII G, NMH R
RIRELN . BREEXSEAIXA “BREAL” BRERE,
wA[RA “BINET BT HRERE.

v AGNESEE (BRI LHEXBEEER)

> ZEELA L (Density-based clustering)
vV BRigREREWERBEFERA DT XERRERAE
v" DBSCAN
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SRR

« BERIE: BHAK x, MNTHEK x; B e fPimA,
H x; B2— T2 g, NWiIREKR x, B x; EERIX

ISR



« BEEHIA: BN x, LTHARx; B9e M4, B
xim— MO R, MIRHER x, B, ZEEHIA
° ’Egﬁrh RTH:$ZIK Xi 5 Xj Eﬁf—ﬁﬂifhﬁlj

P1,D2) Py HF P =%, 0p=%;, Hpi11 B
p; BEEHIE, NWZEERZEAA,

ZURSOES



- BEAEE: XK xl 5x , BEERER xk 1% FHF
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WA: FAED = {z1,22,...,Tm};

1
2

5 %

e

10:
11;
12:
13
14:
15:
16:
1¢
18:
19:
20:
21:
22:
23:

24
25

JUY -

RIS % (e, MinPts).

VIR O RES: Q=10
y Yori=Lsxmmdo
i E M Az K1e- 42BN (z;);
if |Ne(xj)| > MinPts then
KA, MAZONRES: Q=QU{z;}
end if
end for
: WIBERRIREL: k=0
 MIBEWR VT MFEASES: T =D
while Q # () do

WRHBATR T MEARES: Toa =1}
BENLIEE —MZOX Fo € Q, ¥R Q =< o >;
I'=T\{o};
while Q # () do
HYH BAFIQH B E M AR g;
if |[Nc(q)| > MinPts then
BAFHIFEARMABRFIQ;
D=y A;
end if
end while
k= k41, & REAMBEC) = Toa \ T
Q=0\Cx
: end while
: return %545 R

#itH: FRISC = {C1,Cy,...,Ck}
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ﬁE’J*REER_Iﬁc/J f & 'NﬁBLJI‘REER_I
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kISR 3] 248

k ﬁ%‘\ﬁ (k—NeareSt Neighbor’ kNN) lﬂ:géi > ?iﬂﬁﬁ)”ﬁl}ﬂﬁﬁﬂ{ﬂ
e EERRFER, VIR

WSS (lazy learning) BY{CER HEERE, FUWEIRERE
B TAIE
which class? ° . °
T
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% Ni(x)
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.
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> IRIBEEMNERESE, AIISAED PixHSxHPBEMELEN R,
M EE X ke S B EMBICEN, (x)

> TEN, (x)H
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&AL R IR — N E

s IR R 2R

> BBE R =T, HEESEREZEETI—
(subspace) , fEIXF =8 PR

K4 “F=8)”

EXREERS, BEEITE

HIEHFER BAZSHERY,
BES5ZEIJEIEVEX
R IF N ER MY
i, BlS4gE=EPa—
™R % < 8] AN
(embedding)

//"")i“".?é‘i*m-

LRENES.
AL 7S % %,
/

(a) =475 1A P ALK 5] 49 4F & & (b) =47 18] o &4y @

& 10.2 IKAEHNTEHE



&4 (Dimensionality Reduction)

s BUEESE. STHIMTE
+ WRFRALTRIF

y
X2 . —
S ERAE

| (AF) X, (FFIAN)
5 ARdCINE




Samples for class 1 and class 2

]
A

classl
class2

y_values

Transformed samples with class labels

® classl
A class2
A
A A A
[ ]
A A
A

e A )

A
& ®
A ®
A
A A L] e ©® L]
A A A i
°® A
[ e®
[ ]
[ ]
L]
T T T T T T T
—4 -3 -2 -1 0 1 2 3

% _values
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J¥5 JR UG A PEdE RSO 2R

train.d; AbF BIL KF HEMN FL ) T 1958 F & FE RF kL AFHHEMN HE
HHEM FA 4 FE Z— EPL S

traind, IR BL X¥F FF A Fu B TE AN HEE R P SR AF HEN HE

trainds A7 BIL KF AKRFIE A 2008 F FE K BRILSE EHE 40 KFEFH HKE
Hesk TR 3k

traindy, HEB AL EHE FE FH M LA G Fh R wn EZghe “3-]

test.dy AR EL KF R BT AFE T WA AR 2E €45 KF KF XF

test_do BB K HeRk N 3RAF AB KF4 554 HEEk bR AF X% HEER

BEHR
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O =59 (Principal Component Analysis, PCA)

XJF 1

ERT

TR T AR — R4 A,

ERXBMEEFREFAR, WMAA—NETE

(EZRVSYEHE ) M BHEARREITIESRRIE?

> AFERXHNETH, BACKBNETXFRER
- RITEMMN: HALEX BT HAESERESIT

» BAASMN: BARERXNETH LRSS ER RIS




> EFERXHNETH, BACKBNETXFRMER
® RITEME: HARBXMEFEESEESIT
® EAFA I HARERXMEFHE LSRR AIREDIT




F10E wmHtEY

1. sk = SJHhA
2. DRLETMNEMZES]
3. DRLETRIEHZE 3]
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BUFIIERTE

« History: fZobservations, action, rewardsZBXHIF
5'] Hy = 01,R1,A1,02,R3, A, ..., 0¢ 1, R4, At -1, O, Ry
=S8

> B8 ¢ 2RI ARANRES 5




BUFIIERTE

« History: fZobservations, action, rewardsZBXHIF
EIJ Ht — 01! Rl) Ali 02) Rz,Az, ) Ot—li Rt—l'At—l’ Ot’ Rt

> BiE) ¢ ZHMAETRREE = e
. ETRSEEMHARRTFhistory: _
> AgentitFETN{E (actions) B
> IfERFFE observations/rewards B
O




BUFIIERTE

e Policy: F3FRagentEH/ ERTBBNITAEI

> MstateF|act ionf—FhAk St .
]

> IAERME (Deterministic policy

a=1(s)

> FEH5EHE (Stochastic policy) H
n(als) = P(4; = a|S; = s) O




BUFIIERTE

B2, (Value function)

> BRI EXT AR ZFARE TN

> BT ENIRES (states) BYEFIR

> FEIEREZ B TIER _

'U(n_.ﬁ (State Value) : MIRITR _

Un(S) = Ex[Res1 + YRe42 + ¥ Reyst+...... |S¢ = s]

Z{E{E (Action Value) :
MKIZEFRE, ERFERS T TARFRENE

Q:(s,a) = E;[Res1 + YRts2 + Y Rpy3+.. ... |IS¢ = 5,4 = a




(LS IE (Agents) 7338

o T IN1ERIZE S]Value Based
> A REE No Policy
> BIEKE Value

« ETREZHIZESJPolicy Based
> BEEE Policy
> R HB1E/AZL No Value Function

e Actor Critic

> B5EEE Policy
> H1Ee/AZY Value Function



B FESIMCIE (Agents) 9

o HT1EAIg)5R{L5>] Model based RL
> (RIESERE S (B R
> WEXTIMERIESR

o TtRBEYIE{ILFES] Model—free RL
> KIESREGE{E 52
> PExTFIMERRE




