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-2.8
-5.8
-1.2
-0.8
52
9.8
5.6
52
0.4

-7.6
-10.4

8.8 60 100
10.9 48 100
17.7 34 100
222 27 100
278 25 100
291 26 100
30.6 23 99
26.1 3 100
248 35 100
213 42 100
17.3 55 100
8.2 53 100
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# years at

Tid Employed Etieu\::xltic::n present V(\;;er?r:;
address
1 Yes Graduate 5 Yes
2 Yes High School 2 No
3 No Undergrad 1 No
4 Yes High School 10 Yes

Model for predicting credit
worthiness (f5%)
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2010 manthly weather variation, Cambridge (UK)




SRS — DK

TET ST YT WA BT
A T
¥ L Rl T Tl B LRI 3H SRar
T [ 1 N T e R
palas

NREErE, EMERZERK, NATLFmNFEE RIS



BRSFN

o Z2il—: RORHBASYSE — o

o FIBT: TENXESHMAE RN EAS?

FREK S22 A TH AN

AN | pRKEREEEE G <mailservice@vstc.edu.cn>
B jal: 202222095 07H 18:39:40 (2Hi—)
WA ( huangzhy@ustc.edu.cn )

FHIE

BEHRIRIHR R
&7 !
EBOLA, FHEIE, FREIRE,

IR B R X R W A AL W MR A, AL el
PR, DURMEEINAES S, WA L M ES SN s, PR

P2 A

R AR R EL A
<~§§‘§§‘§\ y

SLEEE N B ah Rk, HA R

Hi— S rAiE

&ﬁM$mﬂﬁMMﬁ.ﬁﬁhﬁﬁ%%ﬁﬁ%wﬂ%:%mﬂgggl\\\

Copyright 2022

BTSN, {18

FRRERERRTE L AL

S YN Tg= L

Zig: —i

SRR

=5

=i

1: {FEHbE: vstc.edu.cn

AR

PUER PR, TTHmME!
ARER, AR SR gHLE, U SR A . TR R

Ifiz!

AS

S kva Y pandaxlm
]

YHIE3: SEIRAVBRAREEIE: 36309527

LR R B RIA BIARE—1 0 2SRl



BRSFN

o == i?ﬁﬁn il
o F: RPXIEER (TIX) D EZ?
EA0: 111350‘41‘*5% ANFHAR: 50, 48, 49, 45

FIE2: ENRER

ET—ESESHN, BT LUSESTED (LB b I F— 1 Full e



PEST

o &55FEPRIZEG . EIRESLTR
e |
s @0 e

‘h:;#:‘e//’/’ B O%

BT

et
3 FuNETR
1 > ANEH
- 0= T
> R R %
S >
>




BRSFN

o DRETN — EXRENX 3/\4 o
%§ﬁ1i)% 2.
o E2x0: —HEEE (IZE) X Y) > ISR .
CWEE, B—RERETR (ky) T =

Annual Defaulted
Income Borrower

= x: HUESI/EME (IIN) ikt
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o 115 2 |No Married |100K  |No
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Home Marital Annual Defaulted

= Owner Status Income Borrower Home

1 |Yes |Single [125K  [No Owner

2 |[No Married |[100K No Y‘e%

3 |No Single |70k |No - MarSt
4 |Yes |Married |120K |No ‘ Single, Divbreed

5 |No Divorced 95K Yes

6 |No Married |60K No Income

7 |Yes  |Divorced [220K  [No < 80}5/ ;> 80K
8 |No Single 85K Yes

9 |No Married |75K No -

10 |No Single 90K Yes
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ID Home Marital Annual Defaulted
Owner Status Income Borrower Home
1 |Yes |[Single [125K  [No v Owner N
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2 |No Married | 100K No / \ HEI]'I-TUI-,‘ﬁ“
3 |No |Single 70K  |No - MarSt
4 |Yes Married |120K No ‘ Single, Di OI"CGd \M‘arried
5 No Divorced 95K Yes
6 |No Married | 60K No Income -
7 |Yes  |Divorced [220K  |No < 80},</ > 80K
8 |No Single 85K Yes
9 No Married |75K No -
=
10 |No Single  |90K Yes [H"Fl,‘ﬁ“
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Home Marital Annual Defaulted

= Owner Status Income Borrower
* ‘ 1 Yes Single 125K No
ﬁ L k %H‘j 2 |No Married [100K  |No
* ® ' 3 [No Single  |70K No
4 Yes Married |120K No
5 No Divorced | 95K Yes
6 No Married |60K No
7 Yes Divorced |220K No
= z:-% E: 1.m\ %E’z*x\j- P 8 |No Single |85k |Yes
D ZE D 1 N I ﬂq ° 9 |No Married |75K No
10 |No Single 90K Yes
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Married i d
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Y?y WAO

Yes Owner W
Single, Divorced \MAarried i
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Income

< 80}5/ > 80K - < 80'f/ > 80K
&= = = .=

YRR Home Owner, MarSt, Income tEAEIRRE: MarSt, Home Owner, Income
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WABE (FRFRRD

Home Marital Annual Defaulted

< SOV > 80K




o3 REM

o FRERI D SSEASRINITIT AE

AR (PR

Y Home Marital Annual Defaulted
Owner Status Income Borrower

Married

Home |-

Yy Owner w’o
_

Single,y/orced \\‘/Iarried

Income

< 80V > 80K




o3 REM

o IR SRR BRI R

WABHE (R

Home Marital Annual Defaulted

Owner Status Income Borrower

Home .-

P No Married |80K ?
y7 Owner QO «
s

Single,y/orced

Income

< SOV > 80K




o3 REM

o FRERI D SSEASRINITIT AE

WALHE (PR

Home Marital Annual Defaulted

Ownrer Status Income Borrower

Home .tNo Married |80K ?

Yy Owner QO ,//z

Single,?/orced N\‘/Iarried

Income

< 80V > 80K




o3 REM

o FRERI D SSEASRINITIT AE

WALHE (PR

Home Marital Annual Defaulted

Owner Status Income Borrower

Home

Yy Owner N\io //
A
Single,?/orced \I:/Iarried

Income

< 8OV > 80K




xR

ReRM

o IR SRR BRI R

WABE (FPHFZED

Home
Owner

Single,?%)rced

Home Marital Annual Defaulted
Owner Status Income Borrower
No Married |80K ?
QO 4
MarSt gl

\Illlarried ,,x’/
--7 ZK5Defaulted Borrower 5 “No”

Income

-
-
-~

< 8OV

> 80K

RRITE: RERMEIEIL/EE



o3 REM

o QMMETER NIRRT ?
o EARRRNFEILE, AJLARRALITI=12%:
o 1 4FHIESER : BB |58 0EE ERERX o REIHUHLE
o 2. FERRREEN : ETIRERWHIE, BEEMTERYRRN
o 3. RERMIEEE: BERDI T, ERTUSER

ID Home Marital Annual Defaulted
Owner Status Income Borrower Home

1 |Yes |Single [125K  [No Owner

2 [No Married |100K No Y‘e% WAO

3 [No Single 70K No - MarSt

4 |Yes |Married |120K  |No ‘ Single, Divbrced

5 [No Divorced |95K Yes

6 |No Married |60K No Income -
7 |Yes |Divorced 220K  |No < 8Ol,</ ;> 80K

8 |No Single 85K Yes

9 [No Married |75K No -

10 |No Single 90K Yes
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D Home Marital Annual Defaulted

Owner Status Income Borrower Yes
1 |Yes Single 125K No
2 |No Married | 100K No Defaulted = No
3 |[No Single  |70K No Single, Married Defaulted = No
4 |Yes |Married |120K |No Divorced arrie
5) No Divorced | 95K Yes -
Defaulted = Yes Defaulted = No <80K >= 80K
6 No Married |60K No
7 |Yes Divorced | 220K No Defaulted = No Defaulted = Yes
. \ /
8 |No Single | 85K Yes 5]51::% % ‘ﬂ-.E : . % < i/_[E .
9 [No Married | 75K No 1Z5 M S VCIF1F1LL -
10 |No Single  |90K  |Yes arst (C) Annual (d)
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ID Home Marital Annual Defaulted
Owner Status Income Borrower
1 |Yes Single 125K No
2 [No Married | 100K No
3 [No Single 70K No
4 |Yes Married |120K No
5 |No Divorced | 95K Yes
6 [No Married |60K No
7 |Yes Divorced |220K No
8 |[No Single 85K Yes
9 [No Married |75K No
10 |No Single 90K Yes
Home
Owner
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Customer Id | Gender | Car Type | Shirt Size Class
1 M Family Small 0
2 M Sports Medinm Co
a M Sports Medinm Co
4 M Sports Large 0
5 M Sports Extra Large | C0
] M Sports Extra Large | C0
T F Sports Small Co
5 F Sports Small Co
9 F Sports Medinm Co

10 F Luzury Large 0
11 M Family Large 1
12 M Family Extra Large | C1
13 M Family Medinm 1
14 M Luzxury Extra Large | C1
15 F Luzxury Small 1
16 F Luzury Small 1
17 F Luzury Medium 1
15 F Luzxury Medinm 1
19 F Luzxury Medinm 1
20 F Luzxury Large 1
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Entropy(t) = = ) p(jlt) logp /It)
J

o IS REENTA (BIEMFHE) EEARER
= p(j | t) BT RIEHET 255! BRI

» TR TR REHIE
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Entropy(t) = — Z p(jlt)log, p (j[t)
J

C1 ) P(C1)=0/6=0 P(C2)=6/6="1

C2 6 Entropy =—0log0—1log1=-0-0=0

C1 1 P(C1) = 1/6 P(C2) = 5/6

C2 > Entropy = — (1/6) log, (1/6)— (5/6) log, (1/6) = 0.65
C1 > P(C1) = 2/6 P(C2) = 4/6

C2 4 Entropy = — (2/6) log, (2/6)— (4/6) log, (4/6) = 0.92
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$S4EA | Yes Yes No No No
$$4EB | No Yes Yes Yes No Entropy(p)
28 [0 [co |c 1 |c
| busaEAzs
$MIEA | Yes Yes A | No No No
$%EB | No Yes $5EB | Yes Yes No
=]l Co Co 23 C1 C1 C1
Entropy(Ayes) Entropy(Ay,)
\ ;
Y
A A
M = [Ayes| Entropy(Ayes) + 14wl Entropy(Ay,)

Gain(A) = Entropy(p) —
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$5EA | Yes Yes No No No

$34EB | No Yes Yes Yes No Entropy(p)

2251 @) Co C1 C1 C1

| IsiEBRIS

Y$MEA | Yes No No $HIEA | Yes No
Y$MEB | Yes Yes Yes $MIEB | No No
=]l Co C1 C1 5 Co C1

Entropy(By,.s) Entropy(By,)

\ ;
v
B B
M = [Bres| Entropy(By.s) + [Brol Entropy(By,)
Gain(B) = Entropy(p) — M < Gain(A4)
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» TR XTI RAHIE
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o THE AR AR BRfEs  |(GINI() =1-2 [p(|OT

C1 0 P(C1)=0/6=0 P(C2)=6/6="1

C2 6 Gini=1-P(C12-P(C2)2=1-0-1=0
C1 1 P(C1)=1/6 P(C2) = 5/6

C2 5 Gini = 1 — (1/6)2— (5/6)2 = 0.278

C1 2

P(C1) = 2/6 P(C2) = 4/6
Gini = 1 — (2/6)2— (4/6)2 = 0.444
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o Efeigit&n0l Parent
: 2
sz CL 6 |GINI(t)=1-) [p(j|1)]
2 6 j
Gini = 0.500
“n
Yes No GINI,,, = > —-GINI(i)
i=1 N
Node N1 Node N2
Gini(N1) N
SIT =1 — (5/6)2— (1/6)2 SmiChidren
=0.278 NI lnaren
c1| 5| 2 - = 612+ 0.278 +
2| 1]4 GiniN2) 6/12 * 0.444
Gini=0.361 =1-(2/6)° - (4/6) = 0.361

= 0.444
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(i) Binary split (i) Multi-way split
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» BEIRYYRERET)II40IER "EE" (A
« USRI IGESMHENREALF, HIHI "XHE"
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= EUIRANS IR D BRI RRIHITE R, LR BEEIEZEN
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| ICIFEEREE
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0 MTEETEMNS, EEANEESNARIVES

d(x,x") = JZ (xi = %'9)?

o BeX0/1mE, NWAEERAXAEE (Hamming) &
o BRILEZSN, WFNAMS (WRFATF-IDF) |, vl{ERRZEIE
o Et I RANESNSKEES

SR HUEEA
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BRZEETIN,
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(c) 3-nearest neighbor
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= (EARBERSSHFETION, MAFTEXNEEHTHSR (WREBUFE)

o KESRIER— RS, FEEER, B35

SFFHRA

= BT, BRRFEILRNGRELATENZES, BETRESIRRER

o KIEBLZETREMERETAR, ZEERNEK

o KIERDZFEEEIREEEHTIELE, ST HKIRS
= PIE0, [EEIEEARERTHE, BERAFEEAK, MIAEEEEX

= (EIFGEZE: #uEShAk) E40: J\H(160,60000);
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AFA. BWXid¥md, BSCHEIN, - (WsLidab, EYIdSa b, &
B] At XSS EEREEACKT ACHENIRI S EZRE R F 3 m
dNEEREE dNEEEE

» Sarwar, Badrul, et al. Item-based collaborative filtering recommendation algorithms. WWW 2001.
» Amazon recommendations: Iltem-to-item collaborative filtering. IEEE Internet computing, 2003
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» Hamilton, Will, Zhitao Ying, and Jure Leskovec. "Inductive representation learning on large
graphs." NeurlPS 2017
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o35 RREIN

0 3%E——BUIHL (perceptron)

o BiR: SH—FEZS (FHIEEYE) Yo ARS5IRIEE
o BN HFARRSFHERIEX={x}, x € R
o i RSy € (-1, +1)
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0 93— BUIHL (perceptron)

o 19575 HRosenblattfgt, LRSS SHFRIETIRIE
o BAINBYRIER . HAT(ESEIEA D
= IR, ATLAR—FRESRG+ 13801355207, MRX M EATEE
LRI 53 HY
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o I PEREE F(O = sign(w - x + b) = {
o FRBEYEE S w-ex+b=0
o ES R BIME 1R B BTE B A

= E(xo, vo) ZRBEES: w-x+b = oﬁﬁ&ﬁ;«an lw - xq + b| HESHIESE

o IRDER (g, y) BIBIFES: w-x; +b = 0HIEEE A —m y;(w - x; + b)

+1, w-x+b=0
-1, w-x+b<0

xi%ﬁﬁj\ﬁjl %yl?g_'l ' Jn\Ui-l—%E"J(W ‘X + b) >0
EZyiA+1, WEHERW-x; +b) <0

o ¥REREN argmln Lw,b) = —¥y.emYi(Ww-x; + b),
o FIRE: ?56 U’*%ZW*DID {(BISHRR R E T/

EEEEASH, XRESHRIILBRESZREHEHRIME
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L "E%IWL—?—_J /f T%F__FB%E — i%AE%q-SJ

min L(w, b) = —z i - x; + b)
w,b XiEM

o FEHN#IERHw, b,
o BB NPREARTHBIR/ MR EREL
= BIRBENIEH—MRD ERXIwHIbHI TR,
s RIRDERA(x,y:) . BBAIRKREIL (w, H)HIERE

Vwl(w,b) = —y; - x;
VbL(W, b) = =Y

= EEEw, HITEHw «w+yy, - x,b < b+yy;, HFy(0<y<1)
N, B, FRAFEIER (Iearnlng rate) .
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o o —zFFAE=EN (Support Vector Machine)
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o SHFEEVHIENES

o BB FFEREy = sign(w - x +b) = {

+1L,w-x+b=0
—1l,w-x+b <0

o JRTRD FE(Decision Boundary): w-x+b =10

o 1595 5B E (Margin Boundary) : w-x+b = +1

0 2 fEF[AIE(Support Vectors): JEEW - x + b = +1 BYEEAR

IRRDHR

=1 w:x+b=0

S

R wex+b

- wyx+b=-—
A LR 2 I HBERd (x) A s

SRR —




o ZIFMmEN

o 2 FFEEA
o TR ZERIERSd(x): STISFIREIREES RERIIEE

= ,"\l—\'_'\xi:EI:UqZEW x+b = OHQEE%%”Tln yi(w - x; + b)

« SFHRERETEAEE

Iwll

BEAfb - BMNORZAMIESE: 2 HE0ERaSR

Iwll
2

o BfREREL: argmax L(w,b) = —

Iwli

o FIREE: HWEISEWHb, FEEBIR&EX

argmaxL(w,b) = —
o Iwl

s.t. y;(wl-x;+b)>1, i=12,..,m




o XFFREYFEIEE
o L(ESER argmax L(w,b) = ——

s.t. y;(wl-x;+b) >1, i=12,..,m

AR PR
gW%EtTXvﬁ@ sl

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

.....

argmin L(w,b) = EIIWII2
S. t.’ yi(wT - x; +b) > 1, i=1,2,..,m
o (REZFI)EER, ARSI RAL AEEFIE, aTLAMERIRL
EEARXT @AM, BT SRS ALK AR
o (REFEI)EAMS, KELSNARARIIRIMUCEE (SMO)

from sklearn.svm import LinearSVC
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o AER: AR ER
RO, SVM
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: - 2
min L(w,b) = 2 lwl

min L(w, b =—Z (Ww-x; +b
w,b (w,b) xiEMyl( ' ) s.t.y;(wlx; +b) > 1
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« EREFG: soft margin SVM (IRE%3) . _'.- . .
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= 7 % k(e ;) =exp ( — ”iﬁgjig) § > 04 & M4 6% 4 5T (width)
#EEEMHE  k(z,zy) =exp(— Lsm-"”) 6d>0

Sigmoid#  k(xi,x;) = tanh(Bz z; +6) tanhAH WG EWKHK, 3>0,0<0
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RHEtZER &7 E— AR TR

= FESE —MNIEER, IEEERET R
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o3 ERFES

o BWENFILA

o Bagging (Bootstrap Aggregating)

= XIFEARSAHERETENG, FIESMRUZANER, R FHIREERE
HYFME

» FEF/INGE
« BRMUSR: BEVLFRM

o Boosting
= BITIGESMREE, EEANRBEEETIEREENIGER (1RE)
« FERIMRE
« HAYLE: AdaBoost




PEHLFRIR

o ERFITIA: BEVIFRM

o sxEi8IBagging&EA: EIAEE

o fEAL: SN, RUIESENZERVIRIIE, RAREI=ZEREETIE
» BENERIRIHEEER/E 9458 N IISCI Z NG
o FEALGEN M MFIEE R T s B9XI o4 IE
o FENUERIERERH TO 8| (RMERFFIEFTEEYE)

o TN SZSEURTRINIEERK
o RIZFEA=RRARNESHBEVARN, SSAEEEFuNERBEH

37, ERRIETISSEER 40%, FBATHERLUL EHNRAS

TR == EIPEIR+FERRIEERR— D IER= 0.4° 4+ 3 % 0.4% * (1 —
0.4) = 0.352

sklearn.ensemble.RandomForestClassifier




AdaBoost

e
o Ep=SE%: AdaBoost
o s FEIERIBoosting& £
o EiXFE: FIRER—INGEGEANARIMARA, )I[Z&—H555725:8,
REIBIX L5y e L IRV e EE RS SE, FER— 1 ERZRAY5E D
2588
» EE—SENEESR, SEYIGERRIFEARESF— M EBEwW,, W, ..., wy,
- BEARIIIEIEE—FE, RE.;
« EE—EEES,
» HHBRIS5 DR D e ARNINESBNBRIES
» A1 REs O IR AR EE NI B M FEIE ;
= 550 RN ENRIEZ Ao s RN E IR ER R RE.

from sklearn.ensemble import AdaBoostClassifier
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o AN 2R E
o EAES
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53 ABRINTN

R? — AT 530

= T/F: Trueor False, T"I~_DRERNERSSE
= P/N: Positive or Negative, Za~ahA Y EEANEYF! KT

o PIMESRIE X

= E1E(True Positive, TP): f£AA1EHI, FTNALE , (IEF)
= {ERfA(False Negative, FN): A IER], Fullath, (EEiR)
= {B1E(False Positive, FP): #EA GG, FUlAIE, (&R
= EfA(True Negative, TP): #FAAGMEI, FullA%, (IEH)




O ilI]ﬂl:Fﬁl\ PEIRBUAOHER? — 38 tRAccuracy

BERE AT /<. TP, FN. FP, TP
PREDICTED (Fmjl) CLASS

Class=Yes | Class=No

Class=Yes a b
ACTUAL TP EN)
(E*) Class=No C d

e _ a+d TP+TN
o 1 1: Accuracy = =
PN TERR Y = afbtctd  TPHTN+FP+FN
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o IR SRR E

HHIRER? —F8FRAccuracy

ZN\

o 241 Jg—HE200MNHEIEEAR, LA TEERSSEERIRS
KR, BlalAccuracy 2% /0?
PREDICTED (fiil]) CLASS
Class=Yes | Class=No
Class=Yes 60 40
‘ Class=No 20 80
TP+ TN 60 + 80
Accuracy = = 0.7

TP+ TN + FP + FN _ 60+80+20+40
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o WA 2 SR ELAIRER ? — AccuracyBIEIRME
o FEARAARYEREY, THMLERUEASHE
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