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1 Data collection
Introduction
Data preprocessing
< 7| <= 18
- OO|f =% : 2X0j| Mot CHYst H|0|E{S 2 o= 2
712(x1) EE(x) E&(x;) | YMEy)
19.3 65.4 3.2 0.18
3.6 Nan 6.3 0.34
15.8 55.3 4.8 0.23
35.1 81.2 Nan 0.42
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Model selection

Introduction — s
& 7| st b
« Oo|H ™KX2| . &=l HIO| & Z2FX| 22 O|&X|E ot &2 Sl 240 Mot
AR = B = O

712(xy) FE(xp) B5(x3) U (y) 712(xy) FE(xp) B=(x3) U (y)
19.3 654 3.2 0.18 19.3 65.4 3.2 0.18
3.6 Nan 6.3 0.34 3.6 35.8 6.3 0.34
15.8 55.3 4.8 0.23 15.8 55.3 4.8 0.23
35.1 81.2 Nan 042 35.1 81.2 3.3 042
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Introduction

Data collection

Model selection
& Application
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7| 2(x;) =5E(x) S5(x3) LAEH(y)
19.3 65.4 3.2 0.18
3.6 35.8 6.3 0.34
15.8 55.3 4.8 0.23
35.1 81.2 33 0.42
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Introduction o o

< 7| <= 18
- RE WL SE0| 0|0 RHI0| Ol 52| 822 0| 50| 75 eHA| mtefst= 1
- IE ME 8l HE . RE HIF IPH0M 7Y Rt ds8 REs MEict, SiE HES
28510 H&5t= 1
712(x) HE(x,) BE(x3) YAt (y) o= LA )
213 51.2 7.2 0.19 0.15
12.6 418 5.1 0.31 0.40
36.5 88.1 6.8 0.20 0.22
274 61.2 2.3 0.39 0.23

ko
nQ
okl
N
=
oA
sl
rx
1=

KOREA .ﬁ Data Mining

UNIVERSITY Quality Analytics 9



Introduction
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2. Regression model
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Regression model evaluation

% 2|7 (regression ) 22

22X Zet 2=20[ o=t g
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| E

=2 400 Za vy
Y a4
NR(n) | BE(r) | B8 | UAR(y)
19.3 65.4 3.2 0.18
3.6 35.8 6.3 0.34
15.8 55.3 48 0.23
35.1 81.2 3.3 042
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Regression model evaluation

¢ Mean absolute error ( MAE )
- AN 2t 2= o Fet g Xto|e| HOigtE2| Ha 4k
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Regression model evaluation A = 3 =5

¢ Mean absolute error ( MAE )
- AN 2t 2= o Fet g Xto|e| HOigtE2| Ha 4k
- ZEOZE Sl &2o| ofl2{et 29| o7t Hakl= Jar HA
- &K Ho|Hete SYE =2 EAM0| 2 A0|2ts HE

o == i

- 2 i B[l o= gX0] 2Rt AL H2X| Thefo| o3&

EC NE HEp) | olE HEe) y-9

1 3 86 -3

2 86 76 10 MAE:3+1O+8+4+3—5_6
3 100 92 8 5
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Regression model evaluation

% Mean squared error ( MSE)
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Regression model evaluation

1 .
MSE = NZ(%‘ - )
i=

% Mean squared error ( MSE)
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Regression model evaluation

% Root mean squared error ( RMSE )
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Regression model evaluation

N
1
RMSE = \MSE = NZ(% —9)?
i=1

% Root mean squared error ( RMSE )
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Regression model evaluation

% Root mean squared log error ( RMSLE )
- RMSEO| 235 HE3{E X &
- ZEHOIX| 2 U= 02FE 2 siA0= o=
- RMSEO|A Zte| BOA A7[0f deh= BO| g TS siZst?| et JtiX el o
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1
RMSLE = Nz[log(y} +1) = log(y; + 1)]?
\1 i=1
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Regression model evaluation

=2~

N
RMSLE = j [log(y; + 1) — log(y; + 1)]?
i=1

J

. EIBHOIX %L HUOZ oS £ sjM0E Of

1= 1

- RMSEQ| Z2OE HE

% Root mean squared log error ( RMSLE )

Sl= K&

—

= A8 EH3) | 65 "2e) || logy +1) —logly; + DI
1 83 86 [log(87) — log(84)]?
2 86 76 [log(77) — log(87)]?
3 100 92 [log(93) —log(101)]?
4 75 79 [log(80) — log(76)]?
5 92 89 [log(89) — log(93)]?
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Regression model evaluation

=2~

N
RMSLE = j [log(y; + 1) — log(y; + 1)]?
i=1
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% Root mean squared log error ( RMSLE )
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Reg ression model evalu ation RMSLE = j El[log( 7i + 1) — log(y; + 1)]2

J

% Root mean squared log error ( RMSLE )

28 MZhy) | oI5 22 AZe) RMSE RMSLE
30 20 10 039
30 40 10 0.28
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Regression model evaluation

% Mean absolute percentage error ( MAPE )
- MAEE Hlg= B2t5t0o] moich 2t
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Regression model evaluation waps =S

i=1

% Mean absolute percentage error ( MAPE )
- MAEE H|Z22 H25o #o0 ¢f
- AZ[ o|EHQ oo ZXMERl tre{e| XO|7F A LiEtL= 2 40| STt E
=HMES HZ

- 2K 240 00] ZetEl BR0= AHE0l =7F
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st NE B2 | ol B KM

1 83 86 0.04 MAPE : 100 X 0.32 = 6.36
2 86 76 0.12 5

3 100 92 0.08 A H4E 0|=5t= ZHEO|
2 - 79 0.05 6.36% XtO|7} LI= = 0%
5 97 89 0.03
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Regression model evaluation

* ARAR(R)
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Regression model evaluation P HC7
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Regression model evaluation P HC7
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Regression model evaluation P HC7
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Regression model evaluation R =1 Sy

* ARAR(R)

- L0 055 BF BulR ot AELH 2 XS EQtHE F(-)2 ¢s 2

Y 4 . Bz
——  AE el B
[
@
N N2
) i=1(Vi = Vi)
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Regression model evaluation ISP 3 7 D

Z?ﬂ()’i - )2

R/

* B8A(R?)

- GHIOlHQ| 4t 7|Bto = of It X[2E A7F A

- OO|He| A7|0f et Sz 29X = BIIXEE, CHE X ESe 2 W2 725
zo M
oL OO
. LDHEO|0EFEZ2 EF BHO=E ot AEL 2 2XE EQICHH Z(1)Q| 42 E¢Y
Shd AE 2y | dEHxm) Yi — ¥ Vi—y
1 3 86 -3 -4.2
2 86 76 10 -1.2 R2:1 — ﬁ = 0.44
354.8
3 100 92 8 12.8
4 75 79 4 122 AN B+ 0| Fsts 220
5 92 89 3 48 44%°| AFHZ 7K O &
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3. Classification model
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Classification model evaluation

K/ =

< 25 ( Classification ) &=A

. FOITIIO|HSS 22 S0t

i

SiAE LIRO|F:= X

d

» 2| GIO[E2| SajAet ZHO| OS¢t 2227 LXA[ot= HiES SHA ZE2S Eot

Input Data Classification Network Output
///7 0 ‘\\\ P(V))
O [
P(V2)
] EH m
\__ = A/ P

=5 22 oA
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Classification model evaluation

% =25 23 ( Confusion matrix )

- AN FEu REOl oF ZuE A JEl= ®I|oH A
« True/False: &K HEI REO| Of|F Aot s USHK| / SLSHK| RH2X(E H
«  Positive / Negative : 2 20| 0f|= Z1t0f| CHot &3
True|[Positive
of|= At
Positive Negative
Positive True Positive False Negative
(TP) (FN)
AlHl AT
=Hl 234 Negative False Positive | True Negative
9 (FP) (TN)

ot 2& Zit&

D Mini
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Classification model evaluation

4
i

Positive

Negative

_— Positive True(?g)sitive False (l;l;\el?ative
51 ==t Negative False Positive True Negative
< H2E (Accuracy) (FP) ™)
« TN HO|H & SHIEA =F7F O|F T GOl HlE
« SHAOf RUOIM ZHY A2t Q1 EoF X[ & X2 H|O]H Ao|e] 2wl |7t A= 8 HESHA

Pl R PNE::

Accuracy = TPATN
y TP+FN+FP+TN
o= 21t
nielfe] ZOtX| A
ccuracy -

20| 46 6
AN Zof

Z O X| 5 43
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Classification model evaluation

Positi True Positive False Negative
ositive TP) i
AII-" 711'.
M5t E A o Negative False Positive True Negative
: FP TN
% o= ( ccuracy ) (FP) an

« TN HolH & =HIEA 277t O|FH T HIO|H 2| Hl=
«  SM0 AANM 7HY H2HA el BIFX[BX| T B|O|E AtO|e] 2nHo| Z2X7t US EF HESH

2ot WIIK | ®

—

TP+TN
Accuracy =
TP+FN+FP+TN
o= At
10| ZOHX|
. 46+43
Accuracy : =0 89

Al A7

=X 2ot — s 4 STt 22 malo)

89%0| Mzt 2 J7IX|H E5
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Classification model evaluation

Positive

Negative

Positive True(?g)sitive False (l;l;\el?ative
=gt Negative False Positive True Negative
% UL (Precision) 9 (FP) )
«  BHO| positiveZ =75 Tl H|0|E SO0|A, 2K ZLtE positive?! H|O|E{2| HIE
«  EHO| positiveZ Of|S3FAX| 2 X 217t negative [ 2 X171 47| = =M AH L=
k=
. . TP
Precision =
TP+FP
o= Zat
AT Y | HA o
Precision : =
SR 55 23 P5+45
2 At
SRSl 45 37
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Classification model evaluation

4
i

Positive

Negative

Positi True Positive False Negative
ositive TP) i
AR ZAat
I T Negative False Positive True Negative
o, (] ..
< 2T (Precision) #P) )

«  BHO| positiveZ =75 Tl H|0|E SO0|A, 2K ZLtE positive?! H|O|E{2| HIE
=
|

«  REO| positiveZ OSSR MK 217} negative® M 2 =H|7t 7= S-OIM A L=

yNE:S
. . TP
Precision =
TP+FP
o= At
AWy | A oY
Precision : 0.55

SR 55 23 P5+45
AlMl AT Slct 522 =l
AX| 2ot XAl DﬂoE' = 37 OHI:O =TT El:eol

55%0| MA-2 ATHAUS 22
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Classification model evaluation

4
i
i)

Positive

Negative

Positive True(?g)sitive False (l;l;\el?ative
o =gt Negative False Positive True Negative
% TS (Recall ) @ Uy
« 22X 217} positive@! H|O|E SO0f|M, 20| positiveZ =/t HIO|E{2| H|E
- AX| 2f0| positive M, ZEO| 0| F gt positive?! A7t 523 A=t I AHE L= X|E
TP
Recall =
TP+FN
oz Zt
e 2hX} (SRSEECIONG
Recall : s =
of e 15 85 *
2 At
g 2HAL 25 9875
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Classification model evaluation

T
i
i)

Positive

Negative

Positive True(?g)sitive False (l;l;\el?ative
N =gt Negative False Positive True Negative
< M= (Recall) (P )
« 22X 217} positive@! H|O|E SO0f|M, 20| positiveZ =/t HIO|E{2| H|E
- AX| 2f0| positive M, ZEO| 0| F gt positive?! A7t 523 A=t I AHE L= X|E
TP
Recall =
TP+FN
o= Zat
of B | H4 Ext .
Recall ——==0.15
2 2tX} 15 85
2 At SIEY 2= 2O
S 2t 25 9875 I = 289
15%2| IoIE22 AYSHAE 2 F
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Classification model evaluation

o= Znt
Positive Negative
Positive True(?g)sitive False (l;l:l?ative
AN 2t
Negative False Positive True Negative
% Fp - score @ ™
« YR AEL| trade-off 2A 2 F &i= SAI0 =7 ot= A0| 0|3 F
- J2Eet MelEe| VIeXetdns 8010l B Mol ¢S ofLtel Uz #oist
INE=

JEULO| =0T 7tsX|E gt otH, g = 19! F, - scoreE 2|0O]

1+B2%)(precision xrecall
Fﬁ—score=( F-)(prec )
pB2precision+recall

o= Zat
& 2t g B
& et 15 85
Al 2t

. 0.38x0.15 .,
F, - score . ——==0.11
0.384+0.15
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Classification model evaluation

4
i

Positive

Negative

Positive

True Positive

False Negative

AR 24 (TP) (FN)
s Negative False Positive True Negative
< Fp - score ) (N
. HUTot NG| IIETSWRS TR0 HUE WSSO ZhS SiLto| Foz ESH
INE=
F. - score = (1+p?)(precision xrecall)
B B2precision+recall
Model A Model B
HEE 0.9 0.5
Hels 0.1 0.5 E SHL0| 2CHZtS LIEFHR| &2
= L= Stle X BEE BHs7| Q¢
F; - score 0.18 0.5
Mean 0.5 0.5
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[ ] [ ] [ ] positi N .
Classification model evaluation
Positive True Positive False Negative

A4 23t T (i
X Negative False(lF’I;J)SItlve True (l_\l”(igatwe

% AAZr (Threshold )
- 53 2= EFOM| Rl 7|=X|2 O ER0M=7[2He 2 052 47
H 0Ol

- HAIZE 2800 merN S2Eet sl 40| HEtK[EH, JBEL MEs v WU
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=2
A
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Classification model evaluation

Positi True Positive False Negative
ositive TP) i
AII-" 71:'_'.
T Negative False Positive True Negative
: FP TN
+»» ROC curve & AUC o Neg

« ROC curve : X=2 Fall-out X| &, Y=S Recall X|E2 Sl= S| =2 BSSHE HhAl
*  Fall-out: &K 217} negative®! H|O|E S0[A, ZE 0| positiveZ &/t H|O[H 2| HIE

« AUC:ROC cuneE £=X|3tst 22, ROC curvel| HAEES o0

Recall

A

1

AUC

»

0 1  Fall-out
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Classification model evaluation

% Overconfidence in deep learning

« Overconfidence : REIO|A EH A ZE 0| FSt= =HEO

. LC}sE B EIOIA = overconfidence®t S14H0| =X

. 257} Bl 0|0 AE FRSIX|B, RHo| HRE

|confidence score — accuracy]| 1

confidence score = accuracy
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4. Conclusion
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Conclusion

< LIt & 0| Ar8El= 71 X &2f Ciet

o o

- HZE 0=0| 2 EXME CHIRE AtY7F ZHOFX[H  uncertaintyd] CHSH O|S7F 582
- QHEOIF = 5

=& = SO Alctel 22| L5 &85t 2E EIt
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