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Membership Functions

Triangular.
Trapezoidal.
Piecewise linear.
Gaussian.
Singleton.

f .f"-—\\\

triangular trapezoidal singleton

O © QO O O

Gaussian Piecewise linear

Fuzzy Inference

Ifxis Al and y is B1, Then z is C1
If xis A2 and y is B2, Then z is C2
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s(1) =1 1-1-1]

s(2) = [-1 -1 1 1]
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Hopfield B2 HA 202

Step 1 : Compute weights to store P patterns
p

W = > s"(i)s(i) - pI
i=1

Step 2 : Determine update order
Step 3 : Set initial output
Y« X
Step 4 : Foreach unit vy,
Do Step 5-7
Step 5 : Compute NET

NET = x,+YW'

21

Step 6 . Update intermediate output

1:NET >0
yi=1Y, - NET =20
-1: NET < O

Step 7 : Test stop condition
If y is converged, stop
else, change i according to predetermined order
and goto Step 4

22
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Associative
Memory uzzy
Theory

Algorithm
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S °W = S'if and only if height(S) > height(S")
[T = 3]
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(H# M& 2XHMean Squared Error) Alztcteta
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(2-1) T X| S HLET

Clustering

« Clustering

— Unsupervised ot&
TArgel JiE S HIE 22 HO|[HE R 0
IjEQIA, ZoidM S0 E2] &5 99

i Vi ! A 3
% Cluster : AFMXM O 2 Za|ate o|0|2 MA HOlANLE =

= eSS oLz F2 tds 20|
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K-Means

Deep Unsupervised

Neural Network =%t
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K-Means &1 2|&

® K-Means 2 12| Z0| 4L HHED} 1 TE0| £3H= S2jAE Q)
SAlato| W@ 922|C|eHEuclidean)?{2| 2 (A3} 8t 2

® K-Means 212|520 452 £7| TS LA HFst=7tof wtat

I.
= ges
/ Number of /
Clusters
No

Centroid

{4—]

No object
move group?

Distance object to
Centroid

Grouping based on
minimum distance

35

FCM(Fuzzy C-Means)

« FCM(Fuzzy C-Means)

- 449 HO|HE 4 E2{2H0 £ots &% §=& 0|&8510] H|o[H
=Fols €1eF

- 7AbdE REEIHY AH2lgE 0|85 53

- HCM Z12|E52 otLto| HIO|E 7t ofLte| F2{AFOf 2 S3r o= QUX| T
FCM2 HX| 25F =S 0[8510] 271 0|2 2 AHE &8

—

“ EMY 12| E : Expectation} MaximizationtHA £ BIESI0 XA E
%

% HCM(K-Means) : S22|C|ot AHZ|E 0|83sI0 KIjo| 1EC =2

= Fole E2{AHE E18E

36
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Crisp Clustering

& Fuzzy Clustering

,./"—"“x.\‘
2 2 | X,
3 X x = ., x X\
| * x x X x 2 ' x X\
] X v ' |
E ANTE E '
o =X X o = N X %
o X X LN o J
X X X =
X X : xxx X X X xR ]
X x / X . X A
X X Y ( /
x _— S 2 a \ ’ ' E &
S Rock Typing with b Rock Typing with
Crisp Cluster Analysjs - “~——Ffzzy Cluster Analysis
Poromk‘ orosity”

37

FCM(Fuzzy C-Means)

« FCM(Fuzzy C-Means) Algorithm
1. A%ehs UE X7|5bsta oteto e 473

HCM

/=1

/1
0< > u,<n
k=1

c:2<c<n@Ee 7H4)

m: mz>1

U:

chu,k =1, Vk=1-n i ]

FCM

U:

O O —
S - O
—_ O O
S = O
— O O

05 0 0 0.2 O
0.5 0.7 0 0.8 0.1
0 03 1 0 0.9

38




FCM(Fuzzy C-Means)

« FCM(Fuzzy C-Means) Algorithm
2. 2{AH FH AY

Z (U/k)m X

n
l/ — k:1

:
3

39

FCM(Fuzzy C-Means)

« FCM(Fuzzy C-Means) Algorithm

DSEA
3- —)'\——l%l-_l_ 7C§IA_|

dy = dlx, —v;) =|x, -

/.

5 1/2
Z Xy =)
/:

HCM : %" =1 | minld}) jec

u,(k’”) =0 , Otherwise
FCM f+1 = - J
Z(d/k)z/nm
/=1 djfk

but «{""=0 , |, =®

40

29



FCM(Fuzzy C-Means)

« FCM(Fuzzy C-Means) Algorithm

4, Z8 =7

if (max|u “ —U "] <) STOP

ELSE WA 2%=...

41

FCM 7|8t OFX}3}

First Image Second Image Histogram

= AEN 3

30



SILLA
Alzfciora

(2-2) A= 7|5 FCM

Slke

Deep FCM Model Nafefeta

- Clustering Layer

44

31



Deep FCM Algorithm

Parameter initialization

Compute 2° layer cluster centroids

4

o - Lim1(qsr) M ui

Compute cluster centroids

_ Zk=1Ui)" X
Vij = Yh=1Un)™

We; =
D O

4

Compute 2* layer membership degree

X

1

New membership degree

1
Ug=—""—"—7"

¢ (dik)m—l
=1 jk

qsk = 2

cc (dsk)m
sm=1 Ht_

Yes

Yes

45

gjo

46
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Deep FCM Z1}

FCM Zu}

47
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(3-1) Fuzzy Max-Min
Neural Networks

H =2
T

2 Classification

&0 &O©
ojo

50
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Unsupervised Learning

©

THE

Clustering

@
®

51

Fuzzy Max-Min

Neural Networks

if NET 21ThenY =1

elseY =0
‘ NET = x1W1 + x2W2
V2
w = Di=1 XiW;
1241 w>
‘xl ‘
X2
SR
s HEEE

Y = NET V6,
NET = (x1 A Wl) \Y (x2 N Wz)
=V (A= (%, W)

w»

Fuzzy Max-Min Neural
Networks

52
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NETE @12 HE{(x,
A(1)1

e LHof 2f5f

AN (wyi)}

NET =

)= At 20| ALt

. B HE(,

56
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- =5 HH(o)2t 587 HH(E)7 €S 4R0= AE7HSK|(wy) et
HFO|OjA2H(6;)S HAOHX| b=
« SEOH| S 8% A 2o HAZHSK|(w) 2 BIO| O 22(6;)
S A
= L-O
do; do; \
/iji(n) =Aw;(n—1) + m(tj —0)) 6W;i = 1,when o; = wy,
do; = 0 otherwise.
A6;(n) = AG;(n — 1) + ﬁ(tj —0)) Ew
J L= 1,when o; = 0,
90,

= 0 otherwise.
wji(n + 1) = w;;(n) + alw;;(n) + BAw;;(n — 1)

K i(n+1) = 6;(n) + aldb;(n) + p6;(n—1)

57

58
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(3-2) Deep Fuzzy Learning
Algorithm

Deep Fuzzy Learning
Algorithm

.~ Clustering Layer

Input Layer

60
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Deep Fuzzy Learning

Algorithm

Initial parameters (c,m) and
threshold (¢) l
v Calculate output (0, ) of output layer
NET =V]_, ALy (o wj)} —
Set Target vector and Input vector 0,=NET,; v 6,
T v
Calculate the cluster prototype (’7?) Calculate Err(zr Signal Vector(TSS)
n n q
< 1
v®) = Z(ﬂik)mxk/ Z(um)"’ TSS = Z ZE(tf - 0)?
k=1 k=1 p=1j=1
Calculate Membership Degree of Update Weight (;;) and Bias (6,)
Middle layer Jo:
1
a lxx — v]? e Awji(n + 1) = Awj;(n) + W(ti - 0;)
Hir = 1/2(72) n 30-”
= 1 vl A8j;(n+1) = A0j;(n) + —— (t; — 0;)
aeﬂ
NO
Error Test
TSS < Ey
YES -
Exit 61
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RGB X{'2 HSV &fj'2 iz}

—

V =max(R, G, B)

4

. V —MIN(R,G,B) ifV %0
0 ifVv=0

60(G —B)

V —=min(R,G,B) Lf V=R
% 60(B -R) . s
H=q120+ V —min(R,GB) YV=0
60(R-G) . 2
240 + V- min(R,G,B) ifV=8
HSV AHAFF IfH<OH=H+360

65

If=V. «(1+ (1.0 — })) > 1.0
than Vyeu=1.0
Else

than Vo=V * (1+ (1.0 = V))

{0
it
08
0x
>
1o
Ofn
12
08
19
oy
P
!
|

66
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1. Fuzzy C_Means & 1 2|5
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» Topic_proportion(obesity_health)(500)12(20).txt

Eqiis E4E J|A HIE
1 0.011
2 0.004
3 0.012
4 0.055
5 0.103
6 0.022
/ 0.009
8 0.044
9 0.006
10 0.014
11 0.094
12 0.636
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2. 28 EM=0]| O|St DA J|HI0] E =& %! EA
3) Zt EE|o| 7|74 H|E =2} 30|
« Result_Topics(obesity_health)(500)12(20).txt
Erﬁiﬁl 1 2 3 4 5 6 7 8 9 10 11 12

2015 | 0.004|0.000 | 0.006 | 0.034 | 0.169 [ 0.031 [ 0.021 | 0.090 | 0.005 | 0.018 | 0.068 | 0.553

2016 |0.012{0.000 |0.012]0.037|0.151 [ 0.023 | 0.000 | 0.043 | 0.000 | 0.043 | 0.144 | 0.534

2017 |0.006|0.011|0.011]0.062|0.103 {0.017|0.001 | 0.030 | 0.010| 0.011 { 0.179 | 0.560

2018 |0.012|0.003|0.014|0.073|0.149 [ 0.013 | 0.006 | 0.033 | 0.002 | 0.011 | 0.107 | 0.578

2019 |0.014|0.007 | 0.011{0.042|0.108 | 0.016 | 0.005 | 0.041 | 0.006 | 0.007 { 0.131 | 0.611
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1. saliency(term w) = fraquency(w) * [sum_t pit | w) * log(p(t | w)p(t))] for topics t see Chuang et al (2012)
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2. relevance(term w | topic t) = A* p(w |t} + (1- A) = p(w | t)/p(w); see Sieverl & Shirley (2014)
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- 2% (Classification)

— Ol =(Prediction)

- Hl23H(Segmentation)

- XN =LA BHEMHE HE HA OlAS)

S22 Y9dY

— AZEAN ZOXAL QStAR EEE 2L SO Crakst 20l A

- E0| DIAHE Y B, D2 EE DHE Ay A
DW=, DM M2 SO AFE
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I ‘-’I*r'i"lEEI (nEl:iElil:lrl TrEE)

= g5

— Human readabledt EC|REZ HATSZ ZUE & H O|of

(if..then.. gtAlo2 20 H&)
- ] PRI SHZ=0l o0 =0|

« COHN

- 8 J|E:ge ZAHN 2Ee Itz
- ZAAE FAHQ 20l 2 s
— Hill climbing &4] ¥ Greedy &4

| ot cerst At=

=

O &2l &2 local optimization®l bt Al

Sk A
= T

Day  Outlook == Humidity Wind PlayTennis
D1 Sunny Hot High Weak No
D2 Sunny Hot High Strong No
D3  Overcast Hot High Weak Yes
D4 Rain Mild High Weak Yes
D5 Rain Cool Normal Weak Yes
D6 Rain Cool Normal Strong No
D7 Overcast Cool Normal Strong Yes
D8 Sunny Mild High Weak No
D9 Sunny Cool Normal Weak Yes
D10 Rain Mild Normal Weak Yes
D11 Sunny Mild Normal Strong Yes
D12 Overcast Mild High Strong Yes
D13 Overcast Hot Normal Weak Yes
D14 Rain Mild High Strong No
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I g|A|-'1:1§a| oFa|
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S|
=

Fl
IS

el

Ol

- CHAID(Kass, 1980)

- CART(Breiman &, 1984)
- ID3(Quinlan, 1986)

- C4.5(Quinlan, 1993)

- C5.0(Quinlan, 1998)

- 0I=2 &8s 28 U

i
e
N
o
o

| 03 op=iz

= EAHQ AMZEHEZ JIEt 7

2. DIOF MES0| BE 22 SHAH, LTk
siet SefA= goj28 ROttt (B8 =)

3. 8K ¥oH ™MHO|E(Information Gain)0| =2

(Z, HIO|EE 7I& & LESH & Q) 249 M

™—= T M=/ ™/

o=
(o|f HE0|EL %EEM (Entropy)2| H%}E 7

4 MEHE| =M O 2 JIX|(Branch)E ¥ 5} &
(2t 59l ESS JR9| ZUS BFCHE B2

5.7t =0 ti5tof 2EHA 2 Of STttt
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| 103 op2=iz (4745 5o} oI°)

| 03 op=iz

» HEXQI OAIZEER J|B 27 20els

- BSOIME N B 2R 4 US 24 2E0 S
A E 21| (Entropy), & 0l=(Information Gain)

» WEZI =& oY &

PN |
Entropy(S) = = P(+) * log, (P(+)) = P(=) * logz (P(-))
P(+): 2H d2E2 M=/ & A2E2 M
P(-): B HIZES N/ =& H2E2 M

Entropy(S) T5}7|

S = PlayTennis[9+, 5—]
P(+) ==
5
P(-) =,
9 9 5 5
Entropy(S) = — Ve logzﬁ -5 X logzﬂ =0.940

HIOIHE S&ol)| &1 =2 B3l
oAl P&t Label Entropy?! Entropy(S) et
Nodell Entropy2l XIt0IE F&

0
HI
=)
Jn

Gain(S, A) = Entropy (S)- > ‘S“Entropy(S)

veValues (A)

1. Gain(S, Outlook) F+5}7|

Values(Outlook) = Sunny, Overcast, Rain Outlook = E 014 Raino|2He 2t 74l
Ssunny = [2+,3 =1, Sovercast = [4+,0 =], =[3+,2— }7 ———» Y REL = 5740|2 574 S0f|A PlayTennis
7} Yes9l A7t 374, No®l Z<S7} 274

Sv
Gain(S, Outlook) = Entropy(S) — Xyesunny,overcast,rain 5 Entropy(Sv)
5 4
= Entropy(S) — 2 X EntTOPY(SSunny) 1z X Entropy(Sovercast)
=0.940 — > x 0.971 — = x 0 — = x 0.971
14 14 14
= 0.246

5
— =X Entropy(Srain)
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| 03 op=iz

2. Gain(S, Wind) #+s}7|

Values(Wind) = Weak, Strong
Sweak = [6+,2 —]
SStrong =[3+,3 -]

. . s
Gain(S, Wind) = Entropy(S) — ZUE{Weak,Stmng}?vEntropy(Sv)

8 6
= Entropy(S) — ﬁ X Entropy(Sweak) — 1z X EntrOPY(SStrong)
= 0.940 — 2 x 0.811 — 2 x 1.00
14 14
= 0.048

| 03 op=iz

3. Gain(S, Humidity) 7t5}7|

Values(Humidity) = High, Normal
SHigh = [3+v 4 _]
Snormar = [6+,1 -] <
. .. v
Gain(S, Humidity) = Entropy(S) = Xyenignnormary 5 Entropy(Sv)
7 7
= Entropy(S) — -, % Entropy(Suign) — -2 X Entropy(Snormar)
= 0.940 — - x 0.985 — — x 0.592
14 14
=0.151
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| 03 op=iz

Outlook ‘= E 9| Information Gain : 0.246
Wind = E9| Information Gain : 0.048
Humidity = E 2| Information Gain : 0.151

[t2tA Information GainO| 7%
"Outlook” = EZ Root Node=Z A EH

I fME] ER| AFE

bu!hmk
Sunny Overcast Rain
Humidity Yes Wind
; igh Nonn<’ Strong Weak
No Yes No Yes

FIGURE 3.1
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| cumi 222y

A E C
| |DMHE dd Ltol
2 1 30CH
3 2 20CH
4 30 20CH
5 4 40CH
5 e 30CH
7 6 Joch
g 7 20CH
g 8 20CH
10 g Joch
11 10 & 40CH
12 11 20CH
13 12/ Joch
14 13 & 20CH
15 14 G J0CH
16 15 & Joch
17 16 G 30CH
18 17 G J0CH
19 18 & 20CH
20 19 & 40CH

| o1l zea
n7es Lto] Ao d=gR
e 30CH e} YES
Test Data

JE 0|50| 7tE =2 "E20F" =&

o}

YES
MO
MO
Lol
YES
MO
YES
MO
YES
Lol
YES
MO
Lol
YES
MO
YES
MO
YES

it
=
o
0
UE

[ I YT, R ST

BE ROjol 053]
D E

E[SEE ZEoe

MO YES

YES YES

YES YES

MO MO

MO YES

MO MO

MO YES

MO YES

YES YES

YES MO

MO Kle]

MO YES

YES MO

YES YES

YES YES

YES MO

MO YES

YES YES

YES MO
AgEgos ‘
MO

ZER M= 4

79

-
u
Sorg Qoo ol Q000 f 20T oCoCoCl 8 2 899999900

El:)

HM Entropy : @. 9702585 M4546656
¢ @.11625598989239365

L]

ey
zec)
2ach

Aar)
aar)
zac)
sac)
@)
sac)
Aar)
sac)
@)
aar)
agr)
aary

29| Informationdain
ol2| Informationdain

AFHED Informaticnaain

oo &
NO
MO
MO
NO
kLol
MO
MO
YES
YES
MO
kLol
MO
MO
YES
YES
MO
YES
MO
MO

Azolz
NO

¥ES
YES
WES

EEGE

YES
YES
YES
NO
YES
NO
YES
YES
YES
NO
NO
YES
NO
YES
YES
NO
YES
YES
NO
YES
YES
NO
YES
NO
YES
YES
YES
NO
YES
YES

i 0.92816996444958253
;9. @1981MARTSR55R938

MYRRHR

HO

Hegs Informationdain

: B.32365Q159815155627

ARER 0RO InfermaticnGain

Melg s Azl
& YES

;0. 2@8E9R515487F248751



| cumi 222y

oAM= gd Lo AFolz  FBoe ARsEgoz 30
1 o el NC YES NO NO
2 of 2@ YES YES YES NO
3 <] 2ecy YES YES NO NO
s of s@ch NO YES MO NO
7 <] 2ecy NC YES NO NO
B of 2@ NO YES YES YES
a <] el YES YES NO YES
12 e 3@ch NC YES YES NO
14 ] ey YES YES NO YES
15 e 3@ch WES YES YES YES
17 ] ey NC YES YES YES
18 e 2ach WES YES N NO
e ] apch YES YES NO YES
21 o 2ach NC YES YES YES
23 ] ey YES YES NO YES
25 o Lro) NC YES YES YES
26 e ey NC YES NO NO
27 o 3@ch WES YES YES YES
29 e apch YES YES NO YES
@ o Lro) WES YES N YES
A Entropy : @, 9729505M4546686

=

Entropy2t Information Gaing A Atsi 7t “FOf O 2 2=

Y& O|50| 7tE &2 "LIO["E g = ES RE=R

90| InformationGain
"—HJIEI InformationGain : @.2@99865470109674
AF0EL] InformationGain @ @.BEQB2335238512825
Hzo%2| InformationGain : 2.@

g R080 InformationGain @ @. ME4393446710154
HEiE =2 o yo|

i 3o

i Q. @91 27FAAE2A 1 EER1

2h+g| ofi=l E2)

20CH
5ol
YES NO
NO AEHER
YES NO

LabelO| ZtS2 [ 7}X| bHE
aYHx gy ol Pols  Haoy  MEges | qojoR
1 e sech [Te] YES HO O
12 e EL [Te] YES YES O
26 e sech [Te] YES HO HO
BF Fat: o

XFZHoZ 'NO"Ets 27 4
Test Data= FOfSIX| %=Cta o=

YES

Root Node
2208
YES NO
L0 NO
40cH
30CH
NP0 1= YES
YES NO
YES Ay
Lt o

NO | | xEES

YES NO
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I Eﬂcl I3|AE (Adndom r'an'.:ll')

BHE TYAERR

N

O[AMEAEEL|Q| EHE S 7 MSHY| @leh [ ol B

- DTl 7t M Ztst 2H|& Overfitting —.—I1|§
Ol ZM7t el ZiotH 2Ltalsto] *f30f7|
R HE =Y AEE= O|F s{{ASH| 2ot
o 2 Kot =l (2001 Leo Breiman)

-EHEHTEAELS o JHo| QANANLIRES
dgot O, 24 Ve E2|9] O F4E SA
It B2 MES g2 S (EE labe)z
of|Z5t= L12|F

-OEY Yds o YUY I 5t

CiaTs-A

I Eﬂcl I3|AE (Adndom r'an'.:ll')

= E| M 9y
- Y ZYHAEE EQIE WMT I,
Zt L E= HESIH £-d(feature)2
MEM(XpA] E%)% S0 2
- S22 585t 2| E= 2 (resampling) &,

HE A E 2| (bootstraping) B4l QI
Hi 4 (Bagging) Al S AHESH?| Z0f,
A a& E1|0|E1“'01|A1 oftH st OOl H

ME2 oj2f ¥ ME2 51, & ofEs
MES ©y MEQ CiX 22 47 98,
- BN Oo R otg CHAO|A TN a5
oA = 63% Feot MEY &,
WEE E|X| 2 LHX| 37% H|O|H
HMEE OOB(out-of-bag) ME0|z2t &t

81

Instance

Class-B

Majority-Voting

Final-Class

Random Forest Simplified

Randomfy’i \n

19

Treez

Tree 1
it v you
old~ N young ? }". ™
diseased heaithy he,.?lthy diseased
wl short male ~ female
healthy diseased healthy healthy
Tree 3
*  Mew data with attributes: oA
old, retired, male, short retired . working
2 A
healthy healthy
tall - : i _short
healthy diseased
Fabio Sigrist Clicker question » i
20
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N 4

E
Ral
12}
ot

Fgte o 947 1 WO o= HE BeelEx| 1 A5 S LEHET| 2

O E-le (==
A= sk (Membership Function)2 A& 3L}
o A& Bl XISHO| OZ S | HIZZAZE 092 o110 AN AME 1 AMO| ¢S =
b OFZ0| 7Pt 42 10| FHIke e I

* HX| Y2 a% g uE ALESH0] Chs1t 20| Z2l &/t

Poa(x) =1 — py(x)

7|7} 2 Lwxto| K| &3t = (0/180, 0.25/182.5, 0.5/185, 0.75/187.5, 1/190)

K| 2 HhXto| HA| &= (1/180, 0.75/182.5, 0.5/185, 0.25/187.5, 0/190
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p(x)
p(x)

1a(x) N pp(x)

pa(x), pp(x)]

[

b

=

oy

o
o = (0/165, 0/175, 0/180, 0.25/182.5, 0.5/185, 1/190)

of cH
= min
|

=

3

S
=
X

ey

=7
H%|

Hang(x)
Q]

t(Intersection)

.
(<]
=

PN
=
7t 2 =R

Xl
=

ol

10l
ol
ol
K1

Hl

s

A

1a(x) U ppg(x)
85

[a(x), up(x)]
st = (0/165, 0/175, 0/180, 0.25/182.5, 0.5/185, 1/190)

Maup(x) = max

<l %

KD

m




N 4

X SIMEEEL]

* HX| MBZEZ = 7|ES| o MBZEZ| 0N =Y E RN 224t 27 MM
XA E =& X2 YWY
* HX| 0|22 H&d] HIO|H degts Bolotn E2| #=8 273

* J|ES oMZZELZt S B2 H-E ALE

PE|E B0 RESIAL £ e YRETE HOF AUX| @S W 7K B=
|El MES| S 0|5& A 4t5}0]

28 pYo|A HX) AR HX| H0
o5 E2|0| HIAE =EO0|M AHBE £42 MY

X S[A2 S EL|

O
- J|Zo| N TPER|Q SFL % BBET} oc
S ool ChohA TS Sof UL =
off IR K|S WA FL0| s T i = B

I x, =10 -

x3 =15

* 2t 20| Thef loj#4+Z Holstm, %, = 20
Z0iZl oHS| A% =S 2O} B xe = 23
Xe = 25
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N 4

Ofl A

O s IX| OIAIA™ERL 52 st EBfo|d Al
D1 1 100 0.0
D2 10 150 [ 00\
D3 15 200 0.1
D4 20 300 03

250
350

0.7
\ 09/
500 \1.0/

1 A (o)

4 * 590f CHok Qo

O o “R|YAAHZFTI|2t" & “temporarily”, “continuously”, “constantly”;
o Q"2 “Low" ‘medium”, "high”.

Constantly 4 Low Medium High

Temporarily Continuously

10 20

NERESIEL
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N 7

Erjol'd Ao HX|=}

Temporaril | Continuou | Constantly Medium

y sly
D1 1 0
D2 0.8 0.2
D3 0.5 0.5
D4 0.2 0.8
0.5

1 0
0.6 0.4
0.9
1
1
0.6
0

o (o |Oo |o
(e}

o || |O|O

Xl QA EHERZ| #+H

1. & JEZI 757
. P

s=0+0+01+03+07+0.9+1.0=3 (“AMEE" 249 positive examples)

®* Ppo=1+1+09+07+03+0.1+0=4 (AMEE" £ negative examples, Pyes2
o/ &8l

®* P=P,, +P,=3+4=7 (al examples)

ofzh A2 Edll MAl AEZI E(SM) S A4t

E(SN] — _% _]0g2g - % -]0g2$ = [], 085 bit.

88



N 4

A SIMEEEL 2

2. X|AAHF7|2 42| temporarilyof Lot HEZI| L5}H7|
E(SN, X|S47437|7H):

® Py temeoraiy = min (0, 1) + min (0; 0.8) + min (0.1; 0.5) + min (0.3; 0.2) + min (0.7, 0)
min (0,9; 0) + min (1,0)=0+0+0.1+02+0+0+0=0.3

* P, temeorarly = min (1, 1) + min (1; 0.8) + min (0.9; 0.5) + min (0.7; 0.2) + min (
min (0,1: 0) + min (0,0)=1+0.8+05+02+0+0+0=25

emporarly = ) 3 + 2 5 = 2.8

) 0,3 0,3 2,
Zt, temporarily = - 5 - loga 575 -

HX| SAHE2ZEL 7+¢

* Temporarily2t OrXtZFX| 2 Continuosly, Constantly e & 23t A 4t2 =3 SIH

ofgff #ef Z2 20 ¥s = US

Pres 0.3 0.9 2.4
P 2.5 1.7 0.4

no

E (bit)
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N 4

A SIMEEEL 2

3. "KYAFT| £82| & AE=T ALk

2,5 17 0.4
E(SN, x| %7|7t) =T 0491+T 0931+T 0,592~ 0,486 gy

4. “K|HAZ7|7H S0 O3t “HE 0[S AL < AERT - &4 AE2T>
o G(SN, X|°47-|’<7|7f) =0.985 - 0.486 = 0.499 bit.

3 AN S

2" £9o Y& 0|50 71 &2

5. ol £40]| tiet Zt X|FAHZ7| 2t H8=52 2K=E At

= —

2 (Low,Medium,High) 1t X| ¥+ ZF7|7HTemp,Cont,Const) 2| A& E o] wE st

=
St 25 02 S92 HA

ok

X|¥9HZF7|2t | Tempo | Contin | Consta | Tempo | Contin | Consta | Tempo | Contin | Consta

rarily | uously ntly rarily | uously ntly rarily | uously ntly

D1 1 0 0 0 0 0 0 0 0

D2 06 | 02 [\o 04 | 02 o |[\o [\o 0

D3 01 | o1 | \o 05 | 05 o | o | \o 0

O D4 0 0 [ 02 | 08 0 & 3 0

o D5 0 0 0\ 05 | 05 o\ | o\ | o
. D6 0 0 o\| o 0 0.6 o\| o\| o4
D7 0 0 0 0 0 0 0 0 138
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N 4

2HE HA| oA AYER S B

>

|

O
AL Z O XISt Pyes=0.1 Pyes=1.4
Pyes: Pnogl- Low - E_l 2 = Pno=1. Pyes=1. Pno=0.1
0 1 1
N 0 1 |06
0.1 [ 0.9 | 0.1

0.3 | 0.7
0.7 |1 0.3
" 1

o LT [X)YFZ=TIZF = temporarily and =8/ = high]
[X] G AHZ=Z(7F = continuously and =&/ = high]

[X] Y7 F=2]ZF = constantly and =2/ = low]

=2 HIZEQ ALZET RE 00|22 E2|0|AM XA
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o MJ 1M & Ao &8 [ YAFI/7F = continuously and & = medium]

[X] 97 Z=2]7F = constantly and 2/ = high]
1 o A Tlaof 2 M7 DO A= 242 [0.8,0.8] / [0.2, 0.2] = (D))
° E2|S mat P2 PPy, 2l 22 2424 [0.9,1.7] 3k [1.4, 0.1] = P
P o Mt aZof ot MBS F5H7| RIS otfet Z2 ME AL
o; = EtZka'#x (Dj) - X ) (?)
N 2 (Dj}'ZthI]

Xyes = 1, xp0 =0

Xyes Xno Xyes Xno

.Q9*Q8*1+L7*Q8*0+1A*&2*1+Q1*02*0
’ (09 + 1.7) *0.8 + (1.4 + 0.1) = 0.2

s OIANNZHECZ ZE2 HOIEDI0IY S =RIIEeZ Xel&dD USH
SAS/EMINER, SPSS AnswerTree, R, Weka S0lA Ol E Al

» JMNBEECZ = HFotHL 2=Fote d) FHE YE2 =, HO0IE =0
CHEr OIS JHE S =X &0 UE2 M2 2
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Al Lab-OB)J

B X|s B2l

—_ o

AFEQIA] Al AR

Al LaB-0OBJ XpMiS] &) »

EIHOIE Nvidia TX2Z2 2CIS ALAH AR -Tensorflow, Caffe, Keras, Deep Leaming Framework
GPU =2 8§ CUDA, SISl S ST 2% oisH MS-CNN, YOLO v2.0 Deep Learning Algorithm
Ubuntu 16.04, CUDA, DNN, OpenCV X YOLOE CIE T M A ANBX] ¥S

CAMERA
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