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Machines that learn to recognise what they see and hear are at the
heart of Apple, Google, Amazon, Facebook, Nettlix, Microsoft, etc.
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Millions of labeled examples are used to build real-world

- applications, such as pedestrian detection s
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Arthur SamuelZE X HH8EF 3 (1959):

AEEHXMEEHITRENTEAT, BF
HEHZE S g N — .

Alpaydin (2004) FEIEHEE B XHHEEFS]
WEX, “Hl=5FIRHBIERUIENEZE
, UL ENIEFEeErmgE. 7 (
Machine learning is programming computers Substantive
to optimize a performance criterion using Exportiss
example data or past experience.)

Drew Conway 2004
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http://baike.baidu.com/view/21717.htm

Previento Wind Power Prediction

HLeg5 3 & X -Oxford

Machine learning

Machine learning deals with the problem of extracting features from
data so as to solve many different predictive tasks:

UForecasting (e.g. Energy demand prediction, finance)
OImputing missing data (e.g. Netflix recommendations)
UDetecting anomalies (e.g. Security, fraud, virus mutations)
QClassitying (e.g. Credit risk assessment, cancer diagnosis)
URanking (e.g. Google search, personalization)

U Summarizing (e.g. News zeitgeist, social media sentiment)

U Decision making (e.g. A1, robotics, compiler tuning, trading )

AN + Zite




O Human expertise 1s absent (e.g.
Navigating on Mars)

O Humans are unable to explain their
expertise (e.g. Speech recognition, vision,
language)

L Solution changes with time (e.g. Tracking, ES5SGF=
temperature control, preferences)

L Solution needs to be adapted to particular
cases (e.g. Biometrics, personalization)

 The problem size 1s to vast for our limited
reasoning capabilities (e.g. Calculating
webpage ranks, matching ads to facebook

pages)
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Introduction: digit classification

The task: write a program that, given a 28x28 grayscale image
of a digit, outputs the string representation
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3k’ : Zico Kolter, MLSS 2014 by
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Training Data

( 9' ’ 2) Deployment

Machine Learning

( O 0) Prediction:hg/ 2' )
Hypothesis > <
——  function o
( y ﬁ8) he PrEdlCtan:hﬁ\ q /
(]
X $H T 5 5 /AP £ JtrErx¥
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Training Data

( 9' ) Deployment

Machine Learning
( Prediction = hy ( 2 )
Hypothesis
functi
( ! — ur};lon Prediction = hy ( q )
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(L ERBIES U
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m 1037 X3 4E (10-fold cross validation), ¥
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A M FAEfe X 5
m R4, YEUE, ATECBCEAR AL, 140, TR AT b X
A2 XEIRANAZE (FA X FH KL FR)
m age(X, “20..29”) ~ income(X, “20..29K”") =buys(X, “PC”)
[support = 2%, confidence = 60%]

m contains(T, “computer’”) = contains(T, “software”)
[support = 1%, confidence = 75%]
A EKATD
R HE F 3R AR ) S B 2 PR AR TR (oK ), FH Tk i T
W AnAR 38 W P AT NRFAERS 257 0 3K, SRR HiE B RS BRI VR 0 2R
oo SR (decision-tree), 43 ZSHIIN, 40 kX 2%
TOUI PRI 2 6 R o mast Vs ) Je VR AE
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2 RESM

m LB E
m KFr5(Class label) A %0: W s o4, TE G IS, Blan, @i B &
Py
m RIBREN: KA N IR, s/ MU TR IR AE LU
2 385 & (Outlier)H#1

m RS AT DAL 1 b, AR T3S I A 5 DL S A, e A =4 R
2 AHFIREHHM

m EHANRE BIH T

m AR AEZYE, A
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A KRERALNAE B
m SRERI Ml 2 AL SRR AR, K SR e o R M -AEL A B A 45 v H e 4R
R BRI ST SRERII T2 T W 0 e g 55 s o A
2 HP: KIAIEF LA N EIE

X FHRER ERAEERTR | TREH ST EEE
2ql3.12 LARP4,DIP2 re11169552-C intergenic 2x 10-10
20g13.33 LAMAS rs4925386-C intron 2 X 10-10

1g41 DUSP10 rs6691170-T intergenic 1x10-9

1g41 DUSP10 rs6687758-G intergenic 2 x 10-9

30926.2 MYNN rs10936599-C cds-synon 3 x10-8
Antecedent Consequent Support % Confident %

MERSH- 2 EERMR RLE 20.525 69.408

RERSH-2HMER AIW-LL2W 16.891 57.895

MENSH-2HBMEN KRLE-KHHZE 8.063 30.263

¥R 7% 15 W -1GT i 18.969 57.522

IR RS - IGT AV S ] 16411 50.442

RIBIZH-% RO R--X 22265 4569

RAZH-X i E-X 20914 42323

k2 W-X RO LRH 16.891 37.795

RIAiIZ - IGT AR 11.037 33.923

RAGi2M-IGT .l o 10214 30.973

RAF i WF-NOD P 7.7:3 2140 62.857

¥y #F-NOD OO 1.248 37.143

A& #-NOD Al E-F 0.681 20.000

R ¥ 5 H-NOD BUWN-FE 1.248 37.143
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A B
= Flf5/Econfidence () : KRNI R T 207 th, RIS ST A
20 53 M A b, ML L AE TS MO T /08 R 28 5,

IS ST 7 107 A e S
Confidence(A —> B) = P(B| A) = LANE)
A EFE P(A)
m R ESup () s FAENIIEE ST I S SR A A
LUK b, RIS A HU 058 5BV T A3 b «
Support(A— B)=P(BA)

Transaction ID | Items Bought S THAS C
1000 AB,C > support = support({A, C}) = 50%
2000 AC » confidence = support({A, C})/
3000 AD support({A}) = 66.6%
4000 B,E,F
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JRYE T8 S AT RBRAI o
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s A RRREREE R IR, KIERTIRER (K+D T, Bk
, WHIE- TS, WWAN. W THRIME - DM EER, MRAT
13, Wik T2, BHBIARKRBMEK-DELK. RENLKTFEZE— X FEH
o BT A K — TS AT B A B oG
2 Aprioriég P
m ARATIE IR A AR 2 5 AR A e A
m e WAR (MR, PRAT, WA R—AMREM,
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#l: WA —Electronics I FEFHREMEIR). BHREFFINFHSE,
Bl | D | =9. Aprioriff @ F %I FHIRFER . BRAVEH B2

FeApriorifE s FIRDF KM E DL
TID TIDHI 5 R
T100 L1,L2,L5

T200 L2,L4
T300 L2,L3
T400 L1,L2,L4

T500 L1,L3

T600 L2,L3

T700 L1,L3

T800 L1,L2, L3,L5

T900 L1,L2,L3 (B
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¥ XHFE T
{L1, L4} L (L1, 14) 1 ¥ {L1, L2} 4
{L1, L5} (L1, 15) 9 — | {L1, L3} 4
{L2, L3} (L2, L3) 4 {L1, L5} 2
{L2, L4} (L2, L4) 9 {L2, L3} 4
{L2, L5} (L2, L5) 9 {L2, L4} 2
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Grouped matrix for 52 rules

size: suppart
color: lift

2 (opensource +0)
2 (webdesign +0)

?
-
o
@]
=
¢
L

1 (EGYPT +0)
1 (software +1)
1 (freeware +1)
2 (audia +1)

2 (music +J)

2 (freeware +0)
1 (t-shirts +0)

1 (freeware +1)
2 (windows +J)
2 (shopping +0)
2 (linux +0)

5 (software +0)
1 (reference +0)
1 (dev +0)

2 (css H0)

1 {tools +0)

20 (design +0)

LHS

RHS
{HISTORY}
{[EGYPT)

+ {audio}
O Ifreeware)
& {t-shirts}
@ & e O {windows)
+ o 2 [opensource}
* @ {mp3}
® {music}
& 2 o @ @ & {software}
® 2 [shopping}
@ & {linuxg
@ {reference}
@ o {css}
& o webdesign}

L]
4
o

2 Juseful}
O ltutorial)
O fhowto}
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A LRGSR FTERIR,> A TAEX

ARKETAGAZKE:
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A F—F AR GEE R EF K
m JUR R E
- A JE M B B R IE PR Ju e I 1R A AN TR R SR S
- BRI IR E R EYE, SRR A
m WETAL

» BB R B IR BY KX Rh o i, DL R AR R 73 28 (14

F T -
/ |
AN
youth Middle senior e
/ N PRI

student? Buys computer

credit rating?

aied

/
/10 %S fa{r excellent

/ \
no i no .ﬁgﬁtﬂﬂ?cfl 6 @
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2 H = %:ﬂ*%iﬁmﬁﬁﬁA*
O Q’““—/l\%*éﬁﬁfli%ﬂﬁﬁjﬁéﬁx, FERER B c A g e, R
— 2k AR B SR B AR, T AR OZ s A R SR T

O H%ﬁm B 7 5 ¥ N 4 SR

Ao/ = < age=youth,

- student=yes,

/ \ credit rating=none >
youth [Mmiddle aged senior
student? - credit rating?
yes excellent  fair

| ﬁ \ \
no no m‘tﬂﬂ?cf‘l QQ
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FRZR SRR S E 53 28 A

BT E T 4R, 3F UF-THENE X 69 4 XN £ 5
35 AR B A vt 6 A S48 2 — AN R

5 A TR LGN AR AT R AL AT (MIF"ER ) B —
AN B BIR

o B aA ETR, BN G4 ("THEN"SE )

IF-THENZLI 5 T 28, A EAHR KAt

IF age = “youth” AND student = “no” THEN buys computer = “no”
IF age = “youth” AND student = ““yes” THEN buys _computer = “yes”
IF age = “middle_aged” THEN buys computer = “yes”

IF age = “senior” AND credit_rating = “excellent” THEN
buys computer = “yes”

IF age = “senior” AND credit_rating = “fair’”” THEN buys computer =

KK EE
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AR FAG AT 12 B A
15 B35 35 5T VA R S A B2 B8 3R 3 R X o i 2 AR A%,
Ve E A, TUAR )| ShAE A IR R AR AR Ty,

A KR
Gain (S, A) = Entropy (§) - Z %"”Enrropv(&.)

vel (A4)
« V(A) & s kA bk

* SRR
o S, SESTEIBPEA LS TR A G

o EEEx O @




N BR P AR
AR MATE, &mm R,

St & A7 R

ID3 &S f

PM2.5IE%, {22 Rk X, AR
; Qutlook Temperature PM2.5  Windy Class
: sunny  hot high weak M
= sunny  hot high strong M
« overcast hot high weak F
= rain mild high strong F
= rain cool normal  weak F
7 rain cool normal strong M
: overcast cool normal strong F
= sunny  mild high weak M
@ sunny  cool normal weak F
14 | rain mild normal  weak F
= sunny  mild normal strong F
= overcast mild high strong F
.« overcast hot normal weak F
1= rain mild high true M
> K ¥ %

2 a4
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# ?Ha & ¥

Values(Wind) =Weak, Strong

S =[9+,5-]
Sweax < [6+,2-]
Ssirong < [3+,3-]

S
Gain(S,wind) = Entroy(S)- )’ | ‘Entropy

ve{Weak,Strong} ‘ ‘

= Entropy(S) — (8/14)Entropy(S..) — (6/14) Entropy(S,)

= 0.949 - (8/14)0.811— (6/14)1.00
=0.048

PS: Entropy(X)=-Yp(xi)log(2,p(xi)) (i=1,2,..n)

el *
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~ nﬁ:‘ﬁf”ﬂa o\.s

AT H B R 8 R AR
m Gain(S,0Outlook)=0.246
m Gain(S,PM2.5)=0.151
m Gain(S,Wind)=0.048
m Gain(S, Temperature)=0.029

27 VAE 5, Outlook3iz 8.3 5 % K

J; ¥,
Btiﬁtﬂ-ﬂiﬂﬁ-cnl 6 Q




ID3E L SEf

D1,D2,..D14
9+,5-
Outlook
Sunny Rain
Overcast
D1,0D2,08,09,D11 D3,D7,012,013 D4D>5,D6,D10,D14
2+,3- 4+ 0- 3+,2-

?

?

MR — A~ )& MEAE X B, ?

Seunny=1D1,D2,08,D9,D11}
Gain (Sg,n,,PM2.5) =0.970-(3/5)0.0-(2/5)0.0=0.970
Gain(Sq,nn, Temperature)=0.970-(2/5)0.0-(2/5)1.0-(1/5)0.0=0.570

Gain(Ssunny, Wind)=0.970-(2/5)1.0-(3/5)0.918=0. 019 :; @
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Normal

No Yes No Yes

H T RFME, T UARYE A SR T
) 4o 4o R AAZ £ 3 2 {Sunny,Cool, Normal Strong} A& & &
R B 2 fgyeset 7 &, FTAH] EE TP,

o o el * )
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o AEATIE T A M vt Ay 32 Ay 2ol }ﬂ ﬂ" >R A AX
ARA A F Wet i o K Ao Web BT 43 & W 247 FF
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L 3l
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S MS RS g

FRrE RIS ST

LAP(x]y;) P(y)&ATR X RBTE
ﬂfjﬁ'xﬁﬁ E%ﬁ” P{Xl}'IJ p()’l]
E X ¥
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Nt Ay 2 32

P(C. N X) B P(C;)xP(X ‘Ci)
P(X) P(X)
X =<kZ&=K, &F5=170-175, 4KE=50-60, & d=kF>
C1 — 5.% C2= ﬁ‘
P(C,)3& - s 22M%  (Prior probability).

P(C, \X)ﬁﬂ? J& Btk % (Posteriori probability),

ST AR VAR B9 BB AT AT B . ARYEAE K
KRR SO EE, EEHBE, LS
Bt 5

P(C;|X) =

o ol el * IS




DI B3 2K 8%

g1y Lo e

Woet A o K A2

1. BEDEAEFEAH — D n4ERFL N &
X={X,X,,..., X }&A~, F7alfaid*n1i
JEIEAL A, ..., AFEARHIN E &

X = <y<7x_\:‘[;/<, %%:170—175’ 1ZIKIE§::50-60’ :5‘1“4:\72//1$>
Cl — 5.% C2= ﬁ‘
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‘”%' l_. pipa

Nt A4 K A2

2. BEAMNKC,,C,,...,C . HE—DRIWIBIRFEAX,

SrRIER TN & T BEA s E MR GREX ) BIZR.

EIP=S1rp *F%%ﬂfﬁ@gﬁéﬁ%ﬂ;ﬁﬂB@*ﬁéjiéj\;g‘ﬂé%%‘éci, P,
=<k k=%  §%=170-175, =50-60, * db=iksE>

SRR R 4
1 73 2

P(C,|X)>P(C,|X) 1< j<m, j#i

AR ULty e 2
P(X|C,)P(C,
P(C[X)= km(”
Nk, HFPX)THAIONER, HFHEZEPXI|C)P(C)
i KR
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DI B3 2K 8%

X =<k&=%K, &F5=170-175, 4KRE=50-60, & =kF>
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