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9) Kiazad, K., Holtom, B. C., Hom, P. W., & Newman, A. (2015). Job embeddedness: a multifoci
theoretical extension. Journal of Applied Psychology, 100(3), 641-699.

10) Gerhart, B., & Milkovich, G. T. (1989). Salaries, salary growth, and promotions of men and
women in a large private firm. In R. T. Michael, H. Hartmann, & B. O'Farrell (Eds.), Pay
equity: Empirical inquiries (pp. 23-43). Washington, DC: National Academy Press.

11) Moore, D. W., & Trout, B. T. (1978). Military Advancement: The Visibility Theory of
Promotion. The American Political Science Review, 72(2), 452-468.
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5. 8490 H2|FyEe|(7) « 5. 849 melgyHe|(7) « 5. 5490 B2|Fyne|(7)
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ALY

A5 2 A5 Bl G AFE PAA A780) £ ol A3
EGA006)9 AFNHE &7 Fiel QAAE Aol B ATE AYs
A AF A A WFES AL Y19 4&4(2014)h QUAbgre] wst
e AMEgred, 9% o] wet 2FoMe] FHART TEHS FASHE
ws) Soha WSS olgfd ATk s1Ee] ol2d WM @xY A
BISAL BlEste 5 AT 49 FHE A7 Filo] AgHU.
A ATIME AFH ATE Bolo] AT WMol FPL olFE o] Fa
shch. FAA dolEEL Batel s ol BhAo] YA Flshs Ty
glo] F4sHe Aol SAFo] AUtk oIS AMH] SISk AA| doleE uhe
o WS BAHSE AR 2usk: ol Wasit,
H AL 1&%Ao] A A Aol 24X 2 e o we Ak W
SOl A% Al B8 weto] #e A7t TSt AY A A Al 9HES B
%
3

g

mlm

of¥] AHE AFOEM A w2 opshs 7]l BIsEs} s, o)
At 7% B HolHE AIZ B3] 4T AYEE BT X v
Sol BuET k. 53] B e Holee sk BASH: o AlS B3l
L ksl A% Folth

2.2. FHFSAl 4,07 Al JFAY #E

ARl HAAA FH5kd Y 2.0 dAlsks Mgz 20229 5¢€ =9
A 4.0 o] AEEGE A 27 FEOR YA WS AdAch: A

= SRE o, Al Ve 2 542 AR Sk o AR &L= Al
718F F/5Ql Bt AR AAZ AR Aok Jd A5t 7 76 £ 2 EA

5Ol AAEA. ot 7|2 KoM - ARt A AlE &89 E k=9o] &

14) e, AL (2000). AALQIA HHS A A ook 24 AdAstelalE, 10(1), 51-78.
DBpia.

15) 783, (2014). T2 TR WA Tgo] B A7 WBEy Syusts B4ow, Bt
T 8} SO,
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a5 BESIgE AF nde] gAY A7 & v $3 A8HE AY 3
A wyEchs slaey doEe 1Ed "est ok dols BN 9y @
5L YL A9 AAndelg AF wdS ATl WAHe] Yk I o
Lt B4 AF 2Ee oY AFYNPRS FUHOE Yt HSE AP
LS Hstn Qe AF mdw Zo] vkl WAt Aue] 9Fe Fi
AL GEAAA 2D AT 49 FHUS] tie ulAgAHe] Z7ietd
w90 HgEst QoA BAH ] W

o]ti(Rasmussen, and Williams,
2007)160). wetA, TEo] HE L7l Hojxl= BEAE Holr] flote] FHTo= H
A8dS B8 AE Eol= ol AREEIAL St

2.4. el W7 A7

g7t AEA, ohaAl EE ZRE oY B7ERNe] B EANE A A
o] 71382 &&ot= Axolth 17 "l=olA 19909 ===, 49EE #
sto] wet ZZAWYE(Organizational citizenship behavior)¥ &2 A%
Z85dof wat 7120 Frge SAHEE FESH Ho R FERQI 18
OH Frbo] IRt =8 AFE ATEW, 7] AoA HSHRJ AFAHS
AN, B+ B7EAE B7stH &4 277 €0le0 YTt SRt =
Aol F&E3It. o] AS- HIEKY HAo] S0zttt ABZstr] ojH Yt 19) 3
7hAbe] oieh oheet el Bt Thedikivks A AHol#ta & 4 Qlth A
4= I SAHY B7HE SHANL shEAE BAE ATt 3 ARE 2R

S

fr o

Q.

o, ol
19
o

-

Rl

16) Rasmussen, C. E. and Williams, C. K. I. (2007) Gaussian Processes for Machine Learning, The MIT
Press, Cambridge, MA,

17) Borman, W. C. (1997). 360 ratings: An analysis of assumptions and a research agenda for
evaluating their validity. Human Resource Management Review, 7(3): 299-315.

18) Fletcher, (2001). Performance appraisal and management: The developing research agenda.
Journal of Occupational and Organizational Psychology, 74(4): 473-487.

19) Atwater L. E., & Brett, J. F. (2006). 360-degree feedback to leaders: Does it relate to changes
in employee attitudes?. Group & organization management, 31(5): 578-600.
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7} mdlo] ENS 71
A 287l Sl mEtA )&

3.1. Ho]X|Qt YEL A

wWalely W F shtel Wolxeh YIEYAE EutA o] (Thomas Bayes)
7 A Wolx AelE JMoR Fth AF Bd AN FHUSE 54 o
72 s 92 ) M2 deaYaA 238 48T 49 24
o B ol 4 ok ohgel AFAAE A ool 2ol AR 4

A AWE SPHoR wgsel AAHths WolA AFsA Al q@
AN A5E7] ok THu Hﬂ ok MEYAL WS 119 4T AEHS
38402 BEY 4 o], BE Whol it ARst FHA g, WAEE
o BAZH BaRe A9olE gs}gg} Aue} W 719 BAS AMon 2EY
% 9ol -8R, o5, 202220, Wb, AFAA TES AT

AgErt Foa & 4 9o

(I 2-1) 712 HOIXI2t HERS 2¥

21) #ofi2], o}, (2022). HlolAjt HIEHZ 71t =14 o & 24 A Y. Ad==43F2AceA,
48(1), 131-141.
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(a8 2-1)2 7181 Hojx|t YEYAY AAJo|ct. THr}t o] H|o]Z|qt
HEYI+= =EWNode)2t AA(Edge)=2 #4449 WFE vl LHZ(Directed
Acyclic Graph, DAG) ZEo|t}, of7]A gL =5 Yeti, sHEE 9]
EQWWEL2&ﬁ£s§%%¢i€%miﬂﬁﬂh?m%%%ﬁ%7vmtﬂé
HA e =EEL AR AR Eolr), off 1¥g HH FAEI} XieEoA
Z-ER TFols AR B £ et 74 Xe 29 BE kEoli, Z+ XY
AA e gt &, BE LB OE ki JFE uAE =EE Y|t
o, A4 LB B LEZRE IS He L5E Qu|dith

mw1PPﬂE%ﬂhlﬂ%4ﬂﬂ§~5P@lﬁwﬂmﬁ' A58 gEg =52
+ th LEES XUY 5YES /Mo, 99

of @t HEYIE A%t o] S B
A7t FAHL, B ko gt AR FES AL £ ot

S,
C==0. O

EtY >

“ ¥

(J% 2-2) 013 2WZI(Markov Blanket) 22! GlA|

(a9 2-2)+= tgFst 845 x;obsto] Ho|X|Qt YIEQIZE 4T AAoltt.
2 o BT Ho|Xb YEYI FRE EAN5H] A= iRz ERYF
(Markov Blanket)®™ ZAFE &9 AHZA(Chain Rule for Conditional
Probability)o] gt o|siE sfiof gttt miEZ EPFS B k=9 &E A4t
Al g kEo - FJFS v = 59 %

=
9 A e A Lrol k ThE Bn LTtE ey vV odFd 1R
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(V-structure)E F/dsict. mizZ Bz B3st &84 J&24S oeotA |
FAZlE b 583 9L oY =& I 59, $5 5 TAE B9 ot £
3 BEE AAS 23 g A4S g4 T 5 Uth22)

ZA% FE9 AdHHAE Foto] B FE ARE U AR FEY #
oz Eafg] & 4 ot A4S 8ot AXE wesiola 3 FEE
A & £ 9loH, YEYT HAY F+2& oldstr| &olsitt. oj=st AR &
9 A4S 4 (DI Zo] yerd 4 Utk

3.2. o1 Hlo|= =g

£ A7 e4Mow ol YENIE Fotel AF dolHd] e A
T2 APST. 4713 upeh Zo] wlo|Aet UEYIE wEe} IAE FHY
A Bl 49 A% BYolH BAFES0| 42 EHoE AF B I
2w otk wed] B ATOIAE dolH Hlo|=(Naive Bayes) Z@S
Agatgct. tols Holx Bde 1/ woR THHE ndE, AFAd] 7}
7} WkgEe] SYdor Qe nAE WS wste] PAsidtt A4
FHGEE0 A W 4] EYHoz WIHT NF Ao e F2
2, Yolu Ho|z melo] /b WAL ¥ WgE mlolsty & 4 Atk E AT
AL olE Hlo|2Z /|2 FEjz sul, AT BHo] uet FBL FrlE A
S 59 WPe F3 olnf ekt wate] tjste] Arwnole

I

o o

MU r

Q.

22) D. Margaritis. Learning Bayesian Network Model Structure from Data, (2003). Doctoral
dissertation, School of Computer Science, Carnegie Mellon University, Pittsburgh, PA, USA,

23) Sucar, L. E., Bielza, C., Morales, E. F., Hernandez-Leal, P., Zaragoza, J. H., & Larranaga, P.,
“Multi-label classification with Bayesian network-based chain classifiers”, Pattern Recognition
Letters, Vol.41, pp.14-22, 2014.
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3.3. Gaussian Process Regression (Z7F-AIQF 34 3]H)24

Gaussian Process Regression (GPR)2 H|AE 3|7 EAE s|2st7] A3t H

ojx|Qt FHLHol 7I¥tet =gt Rdo|ty. GPR2 E4T T FHE 7HI5HA]
21, FoiZl Holeo] tisf ot BEEE A RUAPTe RN mie {FASHA H|
Ag TAE 5T = Ut GPRE &EZ P (Probabilistic process)2&, Zt
glolg ZQE 719 AHIAE 7|Hto g ulgf 7S o=5l= ¢ AMEEHTH o] B

g2 E9] HolHY E24dds & wtgshd, I &gl gt AR (@47

Observations

Gausslan field

Inputs

(O3 2-3) 712AI2t 2+Y 37

GPRO A2 AY F4(Kernel function)Z, °ol+= F HloJg EQIE 7H9] &
AEE SHote 9T 3t GPRAA = oSt AY T8 AT = loH,
AJO] M2 flo]E 9] E/4o] w= vHAY mjEHS ¥rYst= 9 #$ F835t

33.2. A4 I S5
=

GPRIIA 5= AAshe $83%% 84E #E I Adolt. 8 #Ad &

24) Rasmussen, C. E., & Williams,

C. K. 1. (2006). Gaussian Processes for Machine Learning. MIT
Press.

30 | wmilitary Science & Technology Annual Report



= o= &t Exponential Kernel> F EQJE Afo]9] A7} Hol
AFLE FAETE AFH 082 fashs SeE, F43% Hs°] Sl dolEo A%
sity. Matern 5/2 Kernel2 gt 429 REdES 28T 5= 9lo], HolH
b RE"A €AY FFsHA WY o 2% A8 Jhssith Squared
Exponential Kernel W% FE&2 &5 JAE Ldst= 9 AREEY, A
£Zo]1 Begg glolg o] Agsltt. Rational Quadratic Kernel2 o8 A
oA WE/do] & HlolHE EEHst= d FEst, thefet 2719 #HIkE =
25t= o Agsi

3.3.3. GPRY A T4

GPRE BAY dolHol s SedsA Bd= & glon, a2zt A 1 of
Zgto] oiet AFEEADE AT 4AS /T ek e A4k Hge] 2
7] ggo] dolg AEZ ALSE 3 ERE

Rt olZ Azkol B7Keke, A g
of et =9 Aol 2A b 4 Uk WA A

3.4. Support Vector Machine (AZE H¥§ mX1)25)

Support Vector Machine (SVM)2 &7 2 39 &AE dfZst7] At 4=
St Ax Sk &arE|Eo|tt. SVM2 A3EZE HE(Support vectors)E ARE5}o]
A 7t AAE AsiH, o Ad TE AMES] BAF HolHE AY
iy ZF UTE. SVMZ 13+ Z7tolA dloly 719 A9 AA(ZH HAN)E =
ot mRX(Margin)2 A ZE #WEQL 24 FA Aol AZE Yu|siH, o] mixlZ
Hjslol= Zlo] SVME] FEZFojt},

25) Scholkopf, B., & Smola, A. J. (2001). Learning with Kernels: Support Vector Machines,
Regularization, Optimization, and Beyond. MIT Press.
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output & (X v, k (x.x;))

v, welghts
<., A <, A - <, A dot product < (x) Dx = k()
I g ™~ "1
Dx ) Dix,) Dix) Dix,) mapped vectors $(x ) Oix)
| )
7 4— . 4 support veclors x| .. X,

J1 test vector X

(™ 2-4) Architecture of Support Vector Machine

3.4.1. SVM ZH9o] &7

SVM Coarse Gaussian> 7F-$-A|QF AdE ArE-stH, Ad 3ol & A5l 3l
Fate] AAZAQ F HES vgste o A AR Ade AAE F4sHA
28 4 9tk SVM Medium Gaussiane Z3F 2719 7F-AIE AE=E, dolH
o AAZA A} AFAN EAES 73 YA wrFstH HAHAFH HEHE A
2gl¢ 4 9ok SVM Fine Gaussian2 w9~ 22 7h¢-AIQE A& A&l 717k
& HolE ZJAEZ o] zolE AYsA 72 F AAT FAFY HFol
A3ttt SVM Linear= A& dlolHE WEA 5T o YA HIAY H o
e A g2 o)t} SVM Quadratice 22 ks AE S A&
£ %Fskal, SVM Cubice 3z v AdS S8 o 53

BotAIRE BEJ =Tt FotdaE ALt v&3 A vt
sA o] S713tt. SVM Kernel> thefet 714 A& vAdE tlolgE A
g F o] FASA e dHolge A& & U

b

o

N
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3.4.2. SVM9] 33 3HA
SVMe] A mad A E & ZFsiy, A £ AXE HEHRE
HeoleE axdoz ERd & s Holth E3, A3 dHvHE ALE
Atk AT HolE AEZE ujg AAY wol=2T7t B
AS- Asol Astd & Jdom, Ad g stolHAFuHE AFEHA

3.5. Decision Tree (SJAFAALF)20)

=0

(
O EN0
010 011 110 o

1110 1111

(J3 2-5) QAEZUR 2

golHE 7IMe=z AEAS We7] fiet 44 7IRE dalEseld B &
gl g wezor Zdsta] 2H5siH, ZF 2718 (Node)olM £33 HolH

-5)9} 22 S HHESte] HEHo® X L-E(Leaf Node)olAl

(19 2
e 459 24 Ed: 25 BA9 99 BA =5 483 4 glon,
Aol 1 s4o] golgt muz de] ALHT}

35.1. ARG BY9 £5
JARUTE B ADFH 2d BPwo] wet oy P etk Fine
Treel: dlol8E W9 AAsH] L] B2 FHES AFAAT BAT 9

o] 9tk Medium Tree= @ AWUs Hate 2712 HAs| sl

z rutm

26) Breiman, L., Friedman, J. H., Olshen, R. A., & Stone, C. J. (1984). Classification and
Regression Trees. Wadsworth.



ALY

WAS YAt E Gt A5 52 F+AY & Urh. Coarse Treew ¢

gk, glolE o] ARl e F&5] WA g 4 Sl

AL oldfstn s 418 FAL /T glom, EY 728
A dolE ol #3 whge Audon Ak 4 vk EF, WEY wol
3 W4E L5 0% 4 AT, w2 S4Y 5 9on goly AXest v
gestth T B8 @ojuss AR ddel AN, Ef 7x

rr

(E
=
)
H
Hu
)
rE
ek
>
)
2
Hd
i,
1o
-0,
o
oX
-,
AT
)
i)
>
)
o
uls
ok
)
~N
%0
o
RO STl
. Horlo X b ofm

-

AN
Eogt o2 gko] AWAY 4 o), BE 4L A
_?__

3.6. Ensemble Methods (FAFE 71H)

Bagging ¥}

Boosting®] QJt}. o] F W] n% ZA Eg|(Decision Tree)E 7|¥ICOZ 34
gk, "lol8E A5t Wlo] =

o
o,
r
M
=il
1o,
o,
o
)
&
i
m
=]
il
N
o
2
AN
o ©
=
r
)
(s]
o
)
a9
5
)
1o
o
o

27) Breiman, L. (1996). Bagging Predictors. Machine Learning.
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3.6.2. Boosted Trees (3£~ E2])28)

Boosting<> °Fgt 3h5715 «AH o2 shgAl7H, ol dE7|dA F& A5
 HolHol 8§ B2 7FAE Fostd d5S FdAI7I= 7IHelth Boosted
Treest= oJ23F WA 02 o7 24 EJE shgol 2% Hd=E, 3 WA EF
7b ahgE &, 1 EfoA Zx dSE dHolHo 7FEAE Folsto] thE EfE
XA 71 YL wHESIT Boostingd] AHL Wl =2 dE H52 ATS
o, &40 EFEE 2 AYLE 24T 5 Atk Zolth 18y &4 g
& Ao R Qls) HE At o, BpARo]l WAL 4 qUoke AT ot

3.7. Linear Regression (A& 3]7)29

Linear Regression (A% 37)= 51 H#HS
Bt 7IMolth. o1zl dlolgof 7MY & Yl a9,
Hapo] of@A JFZ H|A=A ST 5 Atk AP A
A 7Y F stu=z, Ha AFH (Least Squares)& AMESH] ZFRH(Residuals)
HAsletcr,

1 1

3.7.1. Linear Regression® &%
7182 A% 3)HBasic Linear Regression)= T =
Heot SEH 719 A dAE 2dgtith 448 A9 3H(Interaction
_Q_ =]
=

il

A5h= "HAolt}. Stepwise Linear RegressionS H A8 7|HE AMSS| 8
ot HSET AEgomi wmdo EFLE Fol= Z|Molth. B AP I
(Robust Linear Regression)x= =0|Z&} o]AFX|7} Q&= floJEo|Ax AISHA
ZEok, dut AF 3]A7F o)A o wet vhH, M- (M-estimator) 59
71 &5l ol gAY YAFE Eol= WAeE AEIt

3.7.2. Linear Regression9 A1} sHA
A A= olsfstar sfAsH7] 491, AA4F B]Eo] Hil mje Fg&ZH o=

28) Freund, Y., & Schapire, R. E. (1997). A Decision-Theoretic Generalization of On-Line
Learning and an Application to Boosting. Journal of Computer and System Sciences.

29) Montgomery, D. C., Peck, E. A., & Vining, G. G. (2012). Introduction to Linear Regression
Analysis. Wiley.
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3.8. Neural Networks (X173%)30)

Neural Networks (A% 217t o] A4 F#2E EuIst 7|4 sk <
502, o7 AS(Layer)l= F+44¢

= %%(Neuron)—ol Are 2 25lH A QlE o
ol Aoty Jd=S Sdlsich AL EASE v AE e 45 4~ Q)
o

of, 4g dS EAlIM S de= EHtT

3.8.1. AP Ed FF
ARG 28 24959 7|9 e v FF2 vhdoh. Narrow Neural

Network: & $9 Rad 245E 7H AAwez, 71dst voje Hus
Aotz © Attt o] mHe Fx7F Testo] Sk &Eh wlEX|TE, HAE

30) Goodfellow, 1., Bengio, Y., & Courville, A. (2016). Deep Learning. MIT Press.
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SAIE AYst= H A A& 4 Ao Medium Neural Networke 5%t
719 24958 wd +5 7 Edz, AE B39 S AlSot AT
HeS A o A3, HAd fazed 7o) dES AL o Ao Wide
Neural Networks W2 A 2452 Zoet Zdz, 5307t flojy o
g5 AEsHA AT = A3 2 HolgAloA adpolA|gt, A4t Blgo] il

SAge] ¢o] 9t

oflt LU

o dr
My
o

N

Bi-layered Neural Networke= &+ 719 2432 7HKl AAFYO R, &5 +X
Ho B33 By 'S okad o o, Ade A= AT g5 &
7t =34 £ Qlth. Tri-layered Neural Networke 3709 245 712 Al

=

Aoz e et Holy mE e e 4 eH, =
=2
=

A o AARE, ALE BlEo] £ sk ARl 23 2

o J
&
©H
1o
fin}
o,
)

4 5 A8 ol ANk Brke BAT 3
7|9gk Hdst EaEE

719H%r HA3KExpectation-Maximization, EM) ¥ilg]&olgt Fo|Zl dlolH
7h 3 7hsotar, oot WHSH TEH o' FEI7F TEEA] ofop AAAHR A
FolA &E HE9 neuHE aFoE 4T o AMESte WS galEE]
3D EM €1El&2 5|& nt23 X FE(Hidden Markov Models, HMMs)o]4t
Hlo] At HIEYA(Bayesian Networks)?t &2 & H4 ARG A] HolE7} &
XAt B t}’gﬁ glojgoA gt5d e 7|Hte R A H4E FA5HaL o]
= gt oo g& REHZ 7HsotA Tt
2 vE SEEEE FY5= DAE-step)e} olFA 4 H
olf 9 SEHEE AEsto] Bd mEtn|EE AFFsks DA(M-step)E HZo}t

O

31) G.-T. Park, C. Tran, and W.-Y. Shin, 2019, "Network-Embedding-Based Link Prediction Using
the Expectation Maximization Algorithm," J. Korean Inst. Commun. Inf. Sci., Vol. 44, No. 11,
pp. 2123-2126.
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Segelel dolg ghe dZsid), o2 EAslshE (1% 2-7)3 Zol uEhd 4

W=
At

INITIAL VALUES

y

» EXPECTATION STEP

Y

MAXIMIZATION STEP

ol

(OF 2-7) 7|42k z[cHet ¢02|F S8

EM &ale]EofA= 34* o] g 1“41(E) dAAE TEHE HolEet
A WS AR £ T SEREE AAtetd, ZdiskM) @A olA
< 71l @AM 2483 dolHE Hge® A UWHEH—’FE 24, o=t

e dubHoR B3 sk B dfEs 24X Webh A HoE YA

R 21— %
o2 "ojd wi7tR] A&EH g V&S ST A 2AE AER
EM €1g&9] AL 93t E-step, M-step2 4122 YeEHH 4] (3), (4)

&} go] yerd 4 it
Q16") = E,  u[log P(X, Z0)) 3)

0"V = argmax,Q(016") (4)

oA X T dojg Julehy, z- FR) WA ojulaith ®9, 0
L mEol Hehmgs 0V A% g0l mietulg 2412 Yenfe, Qb
AR 71ggke ojul3t.
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5. Hlog o4t}

g 2dof| AEH dHoje= AHaste A45d dHolE(Continuous data)olt.
G4l AR E= HlolE= o] thefstal Hert W7l diiEel, 2de] B3
4= €°17] S8 Hlol"HE ol4tstd "R7F Ut olikele A& g &3

7to g2 UiFo] ¥FHP(Categorical data) Ho|HZ W= AL 9u|g
t}.32) o] B3l HolE9 E{AAS o1, B4 9 PN B
AE AA et 5 ok ol A+ 1 1h Equal Width Binning(EWB) %'

AMESHATE. EWBE 953 HolHE 44 HOoE Uiro] #7E sk W
olt}. o] {2 dlo|E7} BE A 5}% SHAZE UARE 7oty wWRE A4
7bsotH Fdo] zrdsith EgE UolH H|o]z2 ERVIA AgET AZ50]
Ue= AR AF AMEHTE3Y)

A& =°f, 0dolA 100874 E24 HolgE EWB W42 3749 I&5(11
5 0~334, 2715 34~664, 371%F: 67~1008)02 UHFdH, ofst dA-dgs
rstA goFd 4= Stk 01310} 1Al Ho]X|Q HEHA E‘j“’ﬂ/ﬂ g o]
HE 4% = ayos &84 4 Qlth

-+

L
o
=2
L5
3

wi O, 1> flo o r

£ Agold PAme] A9 RE AFY AF dolHrt B4 AgH. ¥
A dolew AgHt. dE g2 AL
A7} Qe o R Aol AFs o

32) James Dougherty, Ron Kohavi, Mehran Sahami. (1995). “Supervised and Unsupervised
Discretization of Continuous Features.” In Armand Prieditis & Stuart Russell (Eds.), Machine
Learning, Proceedings of the Twelfth International Conference, Morgan Kaufmann Publishers,
San Francisco, CA.

33) Yang, Y. & Webb, G. 1. (2002). A comparative study of discretization methods for
naive-Bayes classifiers. Proceedings of the Pacific Rim Knowledge Acquisition Workshop,

159-173.
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B 3-1) BAf TZ2 85 715

A B BEFHAL 4zt 2ozt

+&5H 1.44 2.55 0.00 6.00

e 4.21 1.45 0.00 5.00

AQXA] 1.48 2.11 0.00 11.00

AAS 2.75 1.83 0.00 5.00

At 0.02 0.18 0.00 4.00

A 5.42 1.20 0.00 7.80

9] 0.25 0.40 0.00 2.00

k2 imEss 0.02 0.20 0.00 2.00

<584 26.09 5.79 0.00 30.00

A2EH 4.65 3.12 0.00 8.00

Aqd 0.00 0.00 -1.00 0.00

k! -0.05 0.45 -12.00 0.00

ARH%4 4.43 1.03 0.00 5.00

4= d3 0.00 0.01 -2.00 0.00

Hot ¥y 0.00 0.04 -6.00 0.00

Hopds 0.73 1.33 0.00 5.00

HHg=F 0.73 1.33 0.00 5.00

AT & 0.73 1.33 0.00 5.00

A4 0.84 1.92 0.00 6.00

g2 0.16 0.37 EEy 1(&4)

A8 tHHE7 83.61 96.48 1.00 451.00

oA tHEE7 40.86 46.81 1.00 201.00

StHeA hAg7E 48.75 72.39 1.00 322.00

* R A FARRC R BrRSo] 2] o

o] ¥2 F8 P& it FIIES AX/E=EE UEH ZAojth. AR g2
Zgaof H|sto] FrigEo] AlEstE o] Qlof oy FEOoE FAEo| Stk HiHo]
M 2 a2 5B, 44 5, B FH, 3§ 50| ¥ FHO
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o [ ] [ ] R—
[ | 27 | | 2xzox|
[ | 25 | | =5

(1Y 3-1) 32 WIS 4N=E

(1 3-1>e el 2 Fa §Ro| e wx R AZYoz HAE ¥
RO AES MY, 125114 389 Aol trehdt. ol 49t 39) 25%S
Aglat 37k 50%0] et W5 WMAS vekdch o A9Rc) wacl e
7} d 37 et A4 wEEe] RAgo] o gk AL & 5 Atk ¥% 1
TS SEE Wl b 2 LR AES) WePF AXw, wEel s
THE 27h9) WSleh 2 Aolvh LA Fom, B ARS W e A U

U B3 £919) W% Aolr ilg Ak AL Rol

o,
ox EE i

Muly=)

52

AN
=



ATEI AT

A LA st WA Al A2 oudt ok Am A W
At AF A ojNeh AT B BB G4 Hopyd, HAIY g
2, AES 5 WISl Folgt grolth Fu AW npEE ALES
A A A

=2

o %9 YA Wi o ALzl

A4g AYsta, AP 119 ALTAE e W2 A2 Ug=d], o
7] 9J5to] STATA 145 A}8sto] AHE HElAS T8t}

R | T [ R

LEEST

f

o

(1 3-2) MHE HEA
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(A9 3-2)+= FAY AT HEZiolth YA HA & AAH LFBH
< HFE =2 Jde g0k e, Bi F Ao S5+ diyer 1
2A 2x=o] AR, Ade] ddo] g2 Aoz yehdth A=A A3
FEI7F Hole A% AuBATE Ao & 5 e, AAE IHZoA AP ¥
Bl = oj¥o.

7}2 RS ARE3to] 183K Clustring)S E5ko] miel 7t
sttt AA FE FolA 29 HEY fAME 7IECE Fe Ao7ld, 4

A

o

2 Fol# 4 glomg APS 2 HBWAL Urkn 1]
% d

/5—11

WA BAAY AYA WA Uk Fele ol

Cluster Dendrogram

300-

200~

% ‘

100 -

R :l.[ii. -\.iliii

(O 3-3) SHAHY HE=T7H

(a9 332 22 AAE A% dEsIges A gzl ol
Az uu zuﬂ 28] Fgol Y, AL AY FEoz FAZ H3ith A
WA RS 2REY, AW AR AUEE Aeoln T owAE sbEd Bud
Hapassl gAY, ety TR, AW, AT AUEY 7o) SARE )
Hol U, ZAWS 4Fo] & RS 371 4T W St W] Aok
T % Atk A, WEo] SARE BA dol AREAYL JA s B
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27F o (E 3-2)004 sPdE 1 AEEAE Ed oE IEETe
B2 TAE EAFAN dRb CRases 2 :
o AREATE B2 A5 2EILEHTZCl AAsHE B7E ZARL
FHIAE A Q‘ﬂ SRS mWole RA ugernz, Z 9u
o mEbd AR BUHE 3F AR 20l ¥oy, I3oA
FAMIE 2R AdFE 2719 OF W dEo] Hissital & ¢ Qo

2 4

oy

e = rlo
X
rlr

7]

o,
T
jm|
-~ 9

4. 3F RAT wAEY 29 ¥E

ol Aol At thAEsE FUK BYS J1E0R Tt MAlEY I Ee)
o

A%< AUC(Area Under the Curve)Z H|1d}o], H|o|X|t HEYT ARE9] &
442 Wk AUCE ROC Al ofgfe] Wae vehjn], mdo] oy &
7 2ANA Aoty FEsHA AEsteAlE S0k S8t A #o|th

ROC Aozt EE o] WE HE9 A== g et (I 3-4)= ROC —1.'—
A HES Yepf ok ROC F4AL 53 Aol 4 (Threshold) 24

of W& AYLE HoF= I IZo|n. AJAH0] @“—'\T A EYgs =5 ‘IH,
A2t FAZ AE FESHAY 18R g2 F= 47HA0lH. o] F 2 Al
D7 28 9 o AsE A% —?—9}5—‘?} gkl e FZo= o
Aot Afoltt. LF= B8 HA XSt HFoE wASoF shedl, A2=
25 BYots 499 BEEE U= ASE FFo=E Fx wYdst= FFoltt 4
N &2 ZERL Azl g2 @itk (" 3-4H0A B 5 ko] F
£ E0l81 TEE Eold ATE BXT gEo| AAtt. ¥ EEiE R
FH 79 FE0| IR 53], AAE FoE WHSI= BEE A= |1
% QE(False Positive)= £57|(Classifier)?] AZFAHE IA o=t}



AT

0.8

Probabiliity Density

Noise

Threshold
JrSignal

2 4 ] g

(33 3-4) ROC =M 2EiZKThreshold) JHEE

Sensitivity

Decision

threshold/

Specificity
(I8 3-5) ROC
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(" 3-5+= T8¢l W2 157 et 4Ag/4S Uehd ROC FAloth
= Ao 7}77@&% AFE7t & 43 Bojgtr & & QUoh
AUCE IA9 st BE9] 3715 @tk AUC gtol 19 7Mhe4E 1do 4
| S8 9nlstar, 8ol HAF Zo] 0.52 Fee FAS A&y sdgt
A5 Yepdth 0.5 b]gtojgtd F2R9 @l:ﬂt} gong 83814 k= 7 o]

AHEE wAlEY daEE2 ot Zoh WA, 24 Ef(Decision Tree)=
golgE 7|&o wet 5t Aq&Z $st= Ef #+x9 Rdolty. Tk,
FFE 71" (Ensemble Methods)Z o8] HES AFd A5 455 =°l= 7]
Hog oFEZOZ Bagged Trees? Boosted Trees’t Uth. SVM(Support
Vector Machine, AZEHEHA) AZEWEH} tpXlZ S5l Hlo|HE 75,
oot Ad I HE8E S e AET EF Edolth. 4A7%%W(Neural
Networks)2 o2 59 -ﬂ?ﬁ—% Sl HolHE ko, HAdE HdS AYst=
g o ot A5 Wit mxjwo gz MY 3A(Linear Regression)=
d &9 719 AY TAE ZdHs= 7HoR, 7P 7242 IAHES W
Hio]r,]-

Hoh qREZQ Y AP s SH5t7| o] 7 AxE HolHE F&sty b
olg] MAlgd AUC £4& AHA|S

4.1.1. 20199 Hl°olg w4lzd AUC 2423

Bayesian Network(0.87)= 7Fg 5% Jd= A2 EIOH, Neural
Networkstt GPR¥} #2 EASH RdlHt U2 H5& A o= ¥ 1t
o] JAFTAE FAZCE U} EZHN Holg 124 EAZ & wtg7]
[q]U o7 H/Hg_q-.

Hlo]x|et YEA= B3 HAE wdS ShEdhe Aol s o 7HEgt

TREE 953 d& 45 By

oflt



ZASP YT

B 3-3) 20193 Z22E AUC

Model AUC Model AUC

Bayesian Network 0.87 Narrow Neural Network 0.81
Medium Neural Network 0.86 Boosted Trees 0.70
Rational Quadratic GPR 0.86 Bagged Trees 0.68
Exponential GPR 0.86 SVM Quadratic 0.68
Matern 5/2 GPR 0.85 SVM Cubic 0.68
Wide Neural Network 0.85 Fine Tree 0.67
Squared Exponential GPR 0.85 SVM Coarse Gaussian 0.62
Robust Linear 0.84 SVM Medium Gaussian 0.62
Stepwise Linear Regression 0.84 Kernel SVM 0.62
Linear Regression 0.84 Fine Gaussian SVM 0.62
ngrerls‘g;‘;ﬁion 0.84 SVM Linear 0.60
Bi-layered Neural Network 0.83 Medium Tree 0.58
Tri-layered Neural Network 0.81 Coarse Tree 0.50

4.1.2. 20209 ©lolg #Aled AUC 2423t

2019¢13} ubb7FR] 2 Bayesian Network(0.88)= 29 & 19 As2 HA
t}. Linear Regression(0.86) ¥ Bi-layered Neural Network(0.85) R49E: =
< 29 d5 A5 LT
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(B 3-4) 20199 ZHE AUC

Model AUC Model AUC
Bayesian Network 0.88 Fine Tree 0.68
Linear Regression 0.86 SVM Linear 0.66
Interactions. Linear 0.86 Boosted Trees 0.63
Regression
Bi-layered Neural Network 0.85 Bagged Trees 0.62
Medium Neural Network 0.85 SVM Quadratic 0.62
Narrow Neural Network 0.84 SVM Cubic 0.61
Exponential GPR 0.84 Coarse Tree 0.61
Matern 5/2 GPR 0.83 Medium Tree 0.61
Rational Quadratic GPR 0.83 Kernel SVM 0.59
Squared Exponential GPR 0.83 SVM Medium Gaussian 0.59
Wide Neural Network 0.83 Fine Gaussian SVM 0.59
Tri-layered Neural Network 0.83 SVM Coarse Gaussian 0.58
Stepwise Linear Regression 0.82 Robust Linear 0.50

4.1.3. 20218 Hl°olg w4lzd AUC 2423
Bayesian Network(0.88)= 20219 HlolE A% 7} =& AUCE Y

O, Linear Regression, Neural Networks ¥ GPR EdHT} Y42 9= 52
< Hth
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(B 3-5) 2021 2EE AUC

Model AUC Model AUC
Bayesian Network 0.88 Medium Tree 0.65
Linear Regression 0.85 Fine Tree 0.64
fnteractions Linear 0.85 SVM Cubic 0.64
egression
Narrow Neural Network 0.84 Boosted Trees 0.62
Exponential GPR 0.84 Coarse Tree 0.61
Matern 5/2 GPR 0.84 SVM Quadratic 0.60
Tri-layered Neural Network 0.84 SVM Linear 0.57
Rational Quadratic GPR 0.84 Bagged Trees 0.56
Squared Exponential GPR 0.84 SVM Medium Gaussian 0.53
Stepwise Linear Regression 0.83 Kernel SVM 0.53
Medium Neural Network 0.82 SVM Coarse Gaussian 0.53
Wide Neural Network 0.81 Fine Gaussian SVM 0.53
Bi-layered Neural Network 0.79 Robust Linear 0.28

4.1.4. 2022 dHlolg wAlEd AUC #4143}

Bayesian Network(0.89)+= GPR, Neural Networks &Eof H|§ 4AF Hof
AARE ofds] Wl A dE J5Z EIoh o] HolEoA= Rational
Quadratic GPR(0.91), Exponential GPR(0.91)%} Z& Gaussian Process
Regression E@E0] £3] 73t A2 EAAW, BN ofAs| dolge £z
A AE Rdgsto] ARl 52 FAISHAITH
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(B 3-6) 20221 2EE AUC

Model AUC Model AUC
Rational Quadratic GPR 0.91 Boosted Trees 0.76
Exponential GPR 0.91 Fine Tree 0.73
Bi-layered Neural Network 0.91 SVM Cubic 0.73
Wide Neural Network 0.91 Bagged Trees 0.70
Linear Regression 0.91 SVM Quadratic 0.69
Interactions. Linear 0.91 SVM Medium Gaussian 0.66
Regression
Narrow Neural Network 0.90 Kernel SVM 0.65
Tri-layered Neural Network 0.90 Fine Gaussian SVM 0.65
Stepwise Linear Regression 0.90 SVM Coarse Gaussian 0.65
Medium Neural Network 0.90 Medium Tree 0.59
Matern 5/2 GPR 0.90 SVM Linear 0.53
Bayesian Network 0.89 Coarse Tree 0.50
Squared Exponential GPR 0.88 Robust Linear 0.50

4.1.5. 202349 dHlol¥ HAld AUC 423

Bayesian Network(0.88)+ 2023¥ox= 923t A52
Networks(0.90)4+ Linear Regression(0.90) EdEof H|g] o= AJ50]
A3 o= "ol B0l S7Fge] Wt Bayesian NetworkZF E42t H|A
3 HE'Z Adste d AT AZ F UZ AR I8y Bayesian
Networke %3] 2 £F9 & 5= Holal lon, ¥y A=
582 = °

Hay 71e
489 e mdol ¢

H

¥FOoL}t Neural
B

35 4ue 5 9 23 APoIAE o8 B 2y
% et
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(B 3-7) 20234 2&E AUC

Model AUC Model AUC
Medium Neural Network 0.90 Fine Tree 0.67
Linear Regression 0.90 SVM Cubic 0.65
Interactions Linear 0.90 SVM Quadratic 0.65
Regression
Tri-layered Neural Network 0.90 Boosted Trees 0.64
Wide Neural Network 0.90 Bagged Trees 0.62
Bi-layered Neural Network 0.90 Medium Tree 0.62
Exponential GPR 0.90 SVM Coarse Gaussian 0.59
Rational Quadratic GPR 0.90 SVM Medium Gaussian 0.59
Matern 5/2 GPR 0.90 Fine Gaussian SVM 0.59
Narrow Neural Network 0.89 Kernel SVM 0.59
Squared Exponential GPR 0.89 Coarse Tree 0.50
Stepwise Linear Regression 0.89 SVM Linear 0.50
Bayesian Network 0.88 Robust Linear 0.50

4.1.5. HAHY AUC BA4n 1%

7 AL "ol E AREote] ohFet malRd HES g5 ¥ ROC JA9
AUCE AXISE 23} wo]z¢ HEYT HdS ZIst oz Zdo] 0.909] 717t
£ 72 YUtk GPR Ed E3F 9% AFEE YER Y 1 }% HlolH &
GPRE HE&sk= dH 1o Ask= o2 ZA7F JeBE 2 Aol FFsHA]
%2 Aoz wotdErEss) AFAAY Kol A Qi IAE HEste= H ol
ol lem= JefobA] Iokth. Ho|X|t WEYT Hdol AL QA Alol9] ¢
HAE & Uetfiz 9o, B9 2R gE5& AAlsts H & Z3o] %12
oE 2 A9 HdE AEsiyiot. £3F, UolH Hjojx HHo] F= 7t LE9]

)

l

35) Saltelli, A., Ratto, M., Andres, T., Campolongo, F., Cariboni, J., Gatelli, D., Saisana, M., &
Tarantola, S. (2008). Global Sensitivity Analysis: The Primer. John Wiley & Sons.
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FX LBV stHE ASEER FE5joF & mEtu|g ] =X AgFer St
st g AAto] thatAlZHPolynomial Time) Sl 3=t

32 AR AF A doleE AHgstel Uoln Holx nd ez B §
A AF 592 A4t toln dlo]x nde wolXet FBES Hgom
7 1 zhe] P EYolel FPgstol Folxl kto et AN HES A4
T 4 Atk AFW 42e] FRo| A WhELe] BYHoR weiHuE, 1}
oln Holx mdz AHstgon], BAwe] 2 BKRR WA At

(O™ 3-60)2 FAHE A3 i YolH g HER 2ot ddfolt. FARE
o] 7ol s= dEor FAERIT Ze Aw 2ARE 12 A, 02 HAEE
oju|gtct. shEo] oy 4] vt Qledl, BRE TE vehd A4 =i A
HHNEEL g dFe E 4 e AF9%, 57 59 248 AT
T At HrlgrEo g g8ata QR
K
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7. SR F7tRd ey 24

7.1. tHE7} Frlnd g3 BA

A5 A9 Holelg &85t K-fold Cross ValidationZ &3l ZE2] &
T BAHIAT (E 3-9E AFTHE 0.55 71F2E 39S W Aol
%, AFeEo] 0.5 ool AFHrkm Bk A AA WF Ae} vl@sto]
Az|5=r1=2 wdslgich VB mdl dx #@rletEule s]1Eog 3t Aslro]
1, HErt Frtnde dHyrls grlgEo g 2715t Jekroltt

(B 3-9) BAY TIF OIEk Hlw
g
718 md
v] Aldt Algtr
LIESEy 33,227 4,313
AA|
At 2,833 4,672
o
7} F7wd
At H) A
v A 32,727 4,813
AA|
A 2,628 4,877

57HAzte] g A dHolHE AT Ay, 7|2 EdY 95 Ak
84.1%(37,899/45,045)%°ou, wHBE7E FU7RE 2E9 d4E A
83.4%(37,604/45,045)2 AZ A5 ol HBEIIE 2719
g d& 90| daE= 9 lﬁJE} (E 3-1002 =¥ X@E%
o7 YHBEV} Ak wt 71% 3 A

T Qlth dx’E RAS A9E HY H|nEd X AL E 45E ougrit
SAIRE Aol Eelth

F_EL

&oHo o & e e
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H 3-10) ¥z Meic H|w

AFAE) VARCARR= )] the s} 27}
19 85.3% 83.7%
20 85.3% 84.5%
21 85.3% 83.4%
22 82.9% 84.5%
23 81.7% 82.2%

202095E 20239714 ttH¥7F G50 E ROC FAES IHESSH. AT
= oty Oy Zow, HL Mo| J|Erd(tiHgrt AQ), FE2Ao| thHE v}
F7I2E o] ROC AHolty, AHEI] oz WA o] 45 43 ndo|r}

0.8
0.6
0.4
0.2
—w Reputatlon
wio Reputatmn
D

0.8

0.6

0.4

0.2
—w/ Reputation
wio Reputation

True Positve Rate (Sensitivity)
True Positve Rate (Sensitivity)

0 0.2 0.4 0.6 0.8 1 0.2 0.4 1
False Positive Rate (1 - Specificity) False Positive Rate (1 Specrhcny)
(a8 3-9) 201939%= ROC (O 3-10) 2020H3= ROC

-
-

bt
®
bt
®

e
o
e
o

e
»
e
»

e
N
e
N

True Positve Rate (Sensitivity)
True Positve Rate (Sensitivity)

—w Reputatlon —w Reputatlon
wio Reputatmn wio Reputatmn
D

0.2 0.4 1 0.2 0.4 1
False Positive Rate (1 Specrhcny) False Positive Rate (1 Specrhcny)

(O 3-11) 20213= ROC (d¥ 3-12) 20224%= ROC

U




AT

-
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z )
£ 08 2038
2 2
@ [
ZI Los
£ £
¢ @
g 0.4 g 0.4
o 0.2 0.2
= ——w/ Reputation 2 ——w/ Reputation
= wio Reputation L w/o Reputation
DD 0.2 0.4 0.6 0.8 1 00 0:2 0:4 0‘.6 0.‘8 1
False Positive Rate (1 - Specificity) False Positive Rate (1 - Specificity)
(a8 3-13) 20233= ROC (d¥ 3-14) S&dk: ROC
s} &g ofRo] W ROC AL BT 2, tuwsbl m3d nde
HoEr} oz Yol AY A9] $U 45 uth ol TRt 84F F7)
ste Zlo] AF d& BEE9] He= FAPI7Ide AV ke AS AlARIH.

7.2 oliteiAg 9] A

o] <I¥ 3-15°Itt. <3l BRH T WA ZoEE gt 848 U
W=, EE, FF, GG= & =
3 thB7re olite} <
AAI= ] 3Tt

) B £
[Stated
Sten |Statet
et [state2
@) c
FE
[Staten S
|State1 iatet
@] [ (@] F [state2
[Stated [StateD
|statet | Jstatet =
|state2 Statez S
|state3 State | —
|statea Stated. | —
[states |States
&
© c o H o © 3 @) K @) L @) W
state0 Stated Stated Stated Stated Stated stated
statet Statet statet Statet statet statet statet
state2 Statez tate2 [Statez tate2 tate2 state2
N ‘/Q [ £ © Pf @) a o R © s @) T
Stated Stated Stated Stated Stated Stated Stated
state1 State1 statet state1 statet stater statet
jstate2 state2 statez state2 statea statea statez

(J% 3-15) CiHE7} = X2 29 Bar chart (34F
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2019¢¥} 2020¥0= 129 A% 22 84.06%, 85.01%, 2021¥X=+ 9
FY AF 84.5%, 238EE 154FY AF 84.45%= 7MY =94t 202289 %
£ Aot 904 155719 oA 7MY &2 Ag=E &I 5= Stk

ojl4tstAIg el ®iSto] wE AL Hdf, Faghe] Zol= 20199 0.36%,
20209 0.5%, 20214 1.24%, 2022¥ 0.33%, 20234 2.22%=, 2022¥& A
QstalE 11 Zpol7h wid AR QIAFE 2 Zpol= obd A= woEHTh

ojAtetA g o] Wato] wet FYL Zpo|7} F WIS HolA] b= o]f= HHT
7} AAjgol AR WEY 5 Aok AA 20199FH 2023974 HEIE
AARE HE&2 AFHEAY] 24% FFolty. EATANA HHBIME v AAG
3% dHolHE Ya(NaN) 22 wrdstal, o= ok Al 7M 22 £82 State
= 022 A=A

FE 7o E gyt oAsHAIg L Ay HAHE 7|EeE 37 Y
og o], 7M ¥ SR 1/3 AF7MA= State 0, 1/3 A-8H 2/3 AH
Atol= State 1, 2/3 ARFE HALSHZIA] State 22 EFEHH

FF Factor GG Factor

g 3-17) 2 (a¥ 3-18)2 A= JAF ofFo] mE vHyg7r J+5 370
o] #ELr R A Zolnt. 20198 AR 8,660 & HHHB7F M7t
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e AU 7429902, of= AA ddAe 85.8%° dEett. g ofFe
BAIRLC] THEB7E vt Sl o] dEHoR gt
(B 3-12) A= TSRt 5 TGyt g
AFAE | AFHEE) | WANRE) | AAR(E) | vldAE0) | AAE%)
19 8,660 7,429 1,231 85.8 14.2
20 8,719 7,322 1,397 83.9 16.1
21 8,947 7.484 1,463 83.6 16.3
22 9,222 6,342 2,880 68.8 31.2
23 9.497 6.895 2,602 72.6 27.4

(E 3-12)0= A= g, oH®E7E njAAR, g7 AARRe] glo]
E7} °1°D% 497 592 A AFHHA ] orAB 7 vl AARE D AAIRL
&S Yetdoh d=d tHE7F vjAA] 2 20199 7,4297(85.8%), 2020
A 7,322%‘(83.9%), 20218 7,484%8(83.6%), 2022 6,342%8(68.8%), 2023
6,895%(72.6%)°1H i HAAR} H[ES FolE: AFYS HIth ttHEz A
AAR= 20199 123198(14.2%), 202089 1,397%(16.1%), 202149 1,463
(16.3%), 20229 2,880 (31.2%), 2023 2,602%(27.4%) 2.2 Z7}15l3ic}.

gzl A4 Mg WY /R e B 4 Yk ok twEmzte
F840] JEIUA B7h 44 HEE RoHT Qb Ao AZED. g
AN F EAFAe AFAY HES (E 3-13)% 2t

-

H 3-13) ¢4 CfH

Tt AR & TiE o

agar | WUV lwagae | awae | i | asie0
19 1,231 934 297 75.8 24
20 1,397 1,088 309 77.8 22
21 1,463 1,185 278 81 19
22 2,880 2,542 338 88 11
23 2,602 2,257 345 86 13




ALY

Rt A% % U037 B8-S 201940 75.8%% 74 wekoit, 2021
GREE 80% olAoR Astdrt AFAE 2019We] 24%2 A BUAT,
20239714 A&A o st AL Bt

olo} o] Bzt Ao} mAlAgo] Y|EwE} eyt F7h mao] Hlwst
LY d9Eel @ 4 Aty Bustdslel, A= cumst 44t wgE go)

EEhE F3olo] o4} Sz0] ME PUEE A2

H 3-14) GEHEIL A HOH &g = Feix
=

e o]4te} 4F(States)oll TWE HEE(%)

3 6 9 12 15
19 77.1 77.3 77.3 76 77
20 77 77.4 77.2 77.4 77.1
21 81.7 81.1 81.2 80.5 80.7
22 88.88 88.05 88.2 87 88
23 87.5 87.2 87.7 87 87.6
2l 82.77 83 88.75 82.65 82.71

ChHE 7L o]4kst 74151011 wat 35E2d o 77.1%, 6 E 9FFqAE 77.3%, 12
T2 76%, 155F0lA= 77% A, ol4tst Aol wsto] wet Heh= tiEf
76~77% $Fo7 & Hok= gtk 202092 77%, 214olE 81.7%, 20224
o= 88.88%, 2023L%°ﬂL 87.5%% BLLE HRlth. ttHB7L H4E 3004 15
FE7HA] ol4ksket Sok FYEol A5 2 AA Aot 57hd B Alox
ojAtgto] wE WI}= A9 QUSIth wEbA o]ikst AlE2 B Ao & o
TS vAA g Ao mrkHn,

O g zEE AR QY9 HolHE 53 B¢

AL & ¢ At 7| AA JA¥Y Holgrt vtg=EAA
o7} Qith. I A= (& 3-15)9 Zrh

2
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H 3-15) M| IS(CIHEI AA| CIOJE) HIY & HEiT H|w

oJ4t3l 4=F(States)oll wE FHE(%)

A= 3 6 9 12 15
AA | A8 | FA | 48 | JA | A8 | JA | A8 | ZA | 4R

19 83.7 | 77.1 | 84.02 | 77.3 | 84.02 | 77.3 | 84.06| 76 |84.01| 77

20 8451 | 77 |84.74| 77.4 |84.74| 77.2 |85.01 | 77.4 |85.00| 77.1

21 83.20 | 81.7 | 84.30 | 81.1 | 84.30 | 81.2 | 84.18 | 80.5 | 84.23 | 80.7

22 84.71 | 88.88 | 84.47 | 88.05 | 84.47 | 88.2 | 84.38 | 87 |84.61| 88

23 82.23 | 87.5 |83.53 | 87.2 |83.53| 87.7 |84.20| 87 |84.45]| 87.6

=& 83.59 | 82.77 | 83.92 | 83 |84.11 |88.75|84.12 | 82.65 | 84.19 | 82.71

Al

M
it

(F 3-15)= AA HolEE g5t 4@ oA dA'=E £8)% o
AR dlofERte ShEet A H(EAIA AR R 7)) Aot

201930 od®7E AARR] HlolgRr 7HAAL AREE FAEe 2y, VS
83.7%°NA 77.1%% "ojFrt. 6, 9, 12, 155F% o 83%0lA 77%HE FASH
FE0F "olA: ATE EAth 202092 HE $Eo] FARHA oF 84%lA]
T7%7HA], 20219%E 9F 83%0lA °F 81%7HA] WolFth 202240l RE £&
o] AZ=TL 7]E oF 84%°lA 88%7IA AAEoIiTh 20239 E Eo} A g0l
oF 82%0lA 87%7HA A5sATh 20219 ERE thAB7IL vhdd dlojH& st
&9 A9 AT} 0% HA] 51 20229 ERE 7]E dlo 139} Hl Al e
L7t ¢ ZolX= AL &9l 4 Qich

whEkA] 20227 E 9 E}Dduéﬂ golg7t Ad ddAE dA5ste 2 2
FE TAE Aoz #dd & Ao ole IF AT d5olA gt
o] XE 7Hs/dS AARRET

ChHg7E g40] #ok offof] mE ROC A2 off 1 =

3 oHwke EZAdE wWeb XsHA] ottE Wel e As AelE Hud
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(J% 3-19) 201949= ROC
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(J% 3-21) 20214E ROC

o o o
IS o © -

e
N

True Positve Rate (Sensitivity)

—w/ Reputation
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(d¥ 3-20) 2020%= ROC

1

o =]

o

True Positve Rate (Sensitivity)
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.6
.4
.2
—w/ Reputation
w/o Reputation
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(d¥ 3-22) 20223% ROC

1

1
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c —w/ Reputation
= wio Reputation
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(J% 3-23) 2023H= ROC
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thEgrE AX dolEE 243 23, oigrt f5ol ®E ROC F
sf 2, thdgrt F7bE REEdA)o] o Agdes ozt of5d
gt &= 9l IEU I Xol7h =X Yol ROC FAlo] Ao g olF
= 0 9Hgrt 845 F7tete] shawt Bdo] A7 oS Aol vz

7.3 A& 23] ©E CPT »4 2%

gzt A HEZ wid Frleta Slvh & tHBzte A AR £
SHA|RE, ol FHRJISZREO Fus Htgstie g% Fa3% 84 & 7t
s780l Utk wEkA, ‘jr@”éﬂ'ﬂ z2ote 2Hd9] shsE E9 g
(Conditional Probability Table, CPT)& AREsto] ttHE7IO] JFLE EA 5}
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(¥ 3-25)°4= ZFo] IS o] Bar chartE® EHoIAcE AF9t F¢
(Z State = 1) =49 HHB7HEE)Y FEEEE= State 0 = 81%, State 1 =
15%, State 2 = 3%°|t}. ol= ZF Al AFAEc]l H7KEE tHEZE Tt
State 0°] & &Eo°| 81%, State 1°] UZ FE©C| 15%, State 2] US &
o] 3%U= Uttt FEEY HHBVHFPY SEREE= State 0FE 2714 7+
7k 82%, 16%, 2%°lH, shaAte] B 7HGG)E 86%, 12%, 3%= H|<SHH. ]
Atsl =30] 391 99 CPT #h2 o (I 3-16) ¥ 19 <3-2603

(& 3-16) ST Tlg RF0 M2 CPT (TIA HIOJE)
CPT(%)
T2 EA = S A
LI Edh= %= LI Edh= Z{= LRk Z=
State 0 82.75 81.34 84.23 82.11 88.55 85.52
State 1 14.85 15.17 14.2 16.29 9.29 11.76
State 2 2.39 3.47 1.56 1.58 2.14 2.7
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Discretization State
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EN LN E=PY
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(38 3-27) SEHE TISA bar 22D (WA HIOJE)

E3td o] ttHEyl CPTE Ry AAER, 534 sF2AF &% State 094
4 =0 B82S Holth sAu ol thHmy} u]AA|Re] FolEE EatE o]

o2 F4gol e Woluth wehd chidste ANE tae dolHeg
sfol 248 Fake o) @ 3173 2

H 3-17) S8 T |70 M2 CPT (CHHEZL 4A| HOJE)

e N

CPT(%)
T A TR SHaA
oA A= Ll K= LB K=
State 0 34.62 25.07 26.09 14.35 58.99 43.26
State 1 55.85 62.85 66.58 78.04 31.77 45.56
State 2 9.51 12.06 7.31 7.59 9.23 11.16
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H 3-18) /T Tg {20 T2 CPT (LHHE7H AA| CIOH)

20199(%)
28 2327} =8 st
k= Z= vl A5 A LRk A5
State O 32.7 18.1 2.7 3.3 48.8 36
State 1 03.9 73.4 92.2 93.2 49.6 60.2
State 2 33 8.4 4.9 33 1.4 3.7
2020(%)
State O 1.1 0.1 3.4 1.2 2.6 0.9
State 1 96.1 93 92.4 93.2 93 88.9
State 2 2.7 6.8 4 5.5 4.3 10
20219(%)
State 0 76.9 60.4 3.1 0.3 51.7 33
State 1 22.7 36.3 92.4 94.6 46.8 59.7
State 2 0.2 3.2 4.3 5 1.4 7.1
20229(%)
State O 22.8 19.2 39.8 26 80.1 75.4
State 1 62.2 59.7 51.8 03.9 6.3 9.7
State 2 14.9 21 8.2 10 13.4 14.7
2023d(%)
State 0 42.6 30.7 43.1 35.3 70.3 64
State 1 43.2 51 46.4 51.8 15.5 17.6
State 2 14 18.2 10.4 12.7 14 18.2
%)
State 0 34.62 25.07 26.09 14.35 58.99 43.26
State 1 55.85 62.85 66.58 78.04 31.77 45.56
State 2 9.51 12.06 7.31 7.59 9.23 "11.16




ATEI AT

Discretization State

state2 i
statet I
i
state0 I -
& E.‘ Xt ‘ =5

l
an
Al

ot= &t

(a3 3-29) 2019 ZIZAt bar 2=
(CHHAA| HIOJEY)

state2 i i
£ statet I
state0 i -

t sa i

Discretization State

(38 3-31) 2021 ZIZA} bar 12T
(CHEHAA] HIOJE)

state2 i h

state1 _ .

Discretization State

| |
state0 - T

=

sax =3
Al
(d¥ 3-33) 2023 ZIZX} bar 2T

(CIEHAA| TIOJE)

ot= &t

Ol

72 | Military Science & Technology Annual Report

Discretization State

ot= &t

state2 i i 1
statet I
1 1
state0 | | 3
& E.‘ Xt ‘ = 2 Xt ‘ l ‘

|

b
(J3 3-30) 2020 ZIZAt bar 1
(CIHAA| H|O]E])

state2 i i

R state1 _ .

Discretization State

state0 -

t ot= &t

>

agx ==

b
(O™ 3-32) 2022A ZIZAt bar 2T
(CIHAA H|O]E])

Ol

state2 i i

tatet I

Discretization State

i
state0 .
ot= Xt

agx sa i
|

%
(O3 3-34) SEAT ZUZXt bar 12T
(CIHAA| H|O]E])



202040 AF G339} A Qo] State 1°] tithsich. 3] 2020E0= A
FA9] 7oA 2+ 96.1%, 93%AtE BFAE 2 92.4%, 93.2%E 7|=5t
AL, SFFAY BFIIAE 93%, 88.9%F "L =2 AFS RATH

202140l GRS H7olA State 091 A7 v]AFA = 76.9%, AFAH=
60.4%01ct. StAT FFAF 71 BrlolAE= State 19 FEo] HAFAE
92.4%, AFAE= 94.6%= i =UTE SHFAY BIiAE= mIFAY] S
State 0%} 10] Z+ZF 51.7%, 46.8%= SAFOoH, AFA] AL JFAZEEH
State 1& W& &E0°| 59.7%2 7P =3t

202240l AFFARS] BIbolA State 19 8HEo0] t]AFAE 62.2%, JFAE=
59.7%% =hth BFA Bt 47 51.8%, 63.9%=2 7HE &= UERdth st
Ak opFAFe] B7PoAE State 0°] PR B9 80.1%, HFAY H+
75.4% % tjS- =9ttt

202340l AGARS] H7tofA] State 10| U[AFARE 43.2%, WA= 51%2
o4 =t 53& 7F BH7MAZ State 10] UlXFAE 46.4%, AGA=
51.8%% =A YebEdoh SHATE SRR HUtoAl= State 0°] mIRIEAN=
70.3%, JFA= 64%= vl-$- =ttt

(& 3-18)°] AlAloh= vHh= A A
2)9 gEo] =th= Ao, ol Huo] mXIgA] H|s| dHHor Lot
Aolt}, ol= 29 AHAlFt UK 3
A A5 HYst= H AHSE & U2 Ushdth E5] thHE7 Y9 S|
S 2022493 202399 HEE(E 3-1H)7F A AAE Aer wdd o
THHE7EY] A82 7]E9] FAE7IRl Y3 9T AT 78S AR

zl
_>\i
1o
o,
o
o)

8. A4

B A S BY 4R Sud] a2 APoR Fold dRE 4
S d 718 fusl 93 Adel Aotk Ao 2R Fhu 24 Aol
HohaEo] ZtElo] gk ol ol% FWdTh 2RE ey 48 AA
A 2% Ao} 0@ 7|7t JU8 TR 247)7k0] 7 AelA] IS B
ofste] §7]8 Holshs WS AT 4 Utk obee WukHel we LYtk
L ABAS o ol Wisl gd] stg A4t 445 d4v WigEes
wgElo] e HE sl o & YA



ALY

oht MAlZ g o] AES skt 1% HolAe YE/A =Y AUC

= = 5 7F ok wdE Sl
TR, AREE oHErst Al oFo] wE AHYEE wHud Ay, 202093
202190ll= HHEBE7F 23E HolE 9] HELrt Wetoy, 202283 202340

€ &F 37k 49 EAH.

WrgES oadt 29E VRte R AES 5T 2Y, A58l w2 aES
FAFRAEE, B7IGES] gAste} 71Ee] AlEEol diAadREel " MEHo| &
UL & =+ A e duize AT A9€9] 5 71z BUEEY] ddEel o
& Ao & 5 3l

g 242 53l B7135E 9949e gl 2de 234 wida Ao

o
%
ot rr 2 FT,’E

N
N
II
mE
i, 19
5 =
2o
o,
L .
jus)
=
Iy

nﬁ L

%—i Aig AHEHE, ROC Ao|7t A4 ot o

2 2 & g olvh o s A4 EE
] UHL% 27}0}1 °1°D% AFA A diid &2 delistate 1 E= 2)9] 3
7He ot gdBte] S8/de] AR ol tHE/Pt 2dd 2l &8
7Fs/dol v Ad oz digErt.

Bz AT A o FAHCR BY] 95 CPT BAS 712 A
Alstoet. AgAte]l BHwzE Ak St deptie] Hlgol AA vetgth vk
E2 AWEE 201949, 2020@°04= AFA SOl BTl S3F FE
e B7F vlgo] EF 80% oldelttth. ey kel wet Aozt AW ohd
B717F h‘oﬂ Ho= Hlgo] S7Iske A9k AET. ole oHBrt At

heste) OM :

OoE,

Z£2 ALy tEy dro wat dFE R Ge Hr ©ASE Ao| dold wuhE
BARY] gzt A5E AF FEC] NS AL AFT Hart Ao B
% Ak

AR .

74 | Military Science & Technology Annual Report



1. 3¢ A1 A5A=

B g AN Y AFue S g3 k30 A, J1E Bk
mog AALE AUt AUPSE AR Fust] WrhEsS AAs
T EQl #el ARE At BA, 23 AAANE aPshe, Ak Aol o
g gUsle] F4o] Ytk F¥ AFUA A Wk deol fuge,
Zgol ANSIUOE FHHEG 3 AU WHAN] o5 AF FAo
2~38159 A ST ojd, 7, 2, ¥ 379 SUE WAt 42
A42 Rolsta ok A4 Ao WAL A, 2% A AU 4
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S B BZHAL =3Eavdy gk
<54 27.6 0.91 17.4 30
LR 9.86 0.55 0 10

z 4 4.76 0.83 0 5

STAE:S 8.33 1.16 0 10
A#EA 19.33 0.89 0 20

A -0.07 0.50 -7 0
Het Y -0.003 0.04 -1 0
AH48% 4.63 0.22 3.8 5

AT 3 3.05 1.10 1 5
AT & 3.02 1.11 1 5
ANgT 3 3.02 1.11 1 5
A4 3.80 2.14 0 5

XS Eus 0.43 0.49 O(Fail) 1(Pass)
84 BB 16.47 2.89 6.19 25

SEA T Bz 14.78 2.24 10.35 24.36
oAt ThHB7 16.51 2.58 1.75 25

gt A4t AR Wbl EREA gk

gEigch 1& A3, 02 ALEHA ke A49E uisith Wito] 04302
Y 1 AFHE (AL T S Ak HIYRE AP AT GI 5
7], sFEAE0] HII3E Aag AFAA BHr

JUE] BT AR BEEE HsolT

(a9 4-1)2 F7HE 5 #ifo] w2 TEZ A I"Boxplo) &2 HETH
THo|t AAE ‘oA, 2FFAT AFFHY Hio] 7 vlSo] A= A

2 ¢ 5 grk 2YRY Ay Hagel e Fol 12,67, AAFAL 20
o AR AT W2 ANY MO BEUAE el Eyol, 2
3 2 Rol7t g o Ueht B W4E JFoE WY But oyuEd

(A3 4-1)°4 A g2 YebE= IQR(inter Quatﬂe Range)A Zol= =7t
50%9] HeIE ujettt. EFEAFY AHFHSZ EH & o IQRO] W% AA o

76 | Military Science & Technology Annual Report



_{’\_

2% H47 o Aot 2

9] 47 F=e| Holy
A

vl o] olulAl 911:1]

2w

-

S

10

I =erz [ e
O as [ wnae

a8 4-1) 72 WIS YXEE



Bl

SHX
of

AL

X
il

@

0

A

. HlolH

F

vAO
i
Ho

=

xr
T

Ko,

to] AHEAE &

)

(FE 4-2)%}
Az AASAZE 0.7 A= $£F0lH {94+ 0.05

1
T

STATA 140|t}. A 447}

g

’

o

,_]t

ol

2~
e

g

i

=943 AL=2 0.5 AL At
271 A, ASBA 7 Foctal 27 oot

9|

=z F o
T ?J-’ﬂ L

me

__00

Bo

MNO

2

of

el

e

5

45

10

. .
N

30
25

20

15

10

o

.
.
o
. -
&8ss smme

IR E
LR S
4

s8ee

L X

‘ ‘
.,
|

[ some o
e

=22z

Q3 4-2) 72 Wi

78 | Military Science & Technology Annual Report



c0'0yd
I L0007 L0050 LIPS0 LFES0 L8910 6100 LITO L0620 L9910 LEFI0 8T00- L9950 &Ry €D
I HE50 W8IF0 L9TF0 L9710 9000 L9100 L0ZT0 L8110 L8510 LFO0- L2920 whERY @D
[ SHLO WGIL0 WSEI0 JFS00 L6070 L80F0 WETE0 LEIT0 LSITO0 WLIFO wB& (D
[ B0L0  WS810  LGPO0 WS0T0 W66§0  L6T0  WLOTO 46800 .Z850 <BS 0D
[ 29510 0 W60 4E8C0 4870 WF8I0 48800 WTLED whiE 0
[ gz0'0 7100 9¢0°0 F81°0 5800 6500 9810 EERE ©®
i H900 7200 €000 8100-  6000- 40900 BRBE O
I LT1°0 G700 201°0 7000 40800 B O
I 600 W0 200- 0810 Bl ©)
I £LT0 070 WSLTO BT ()
I «I8T0 0800 RE ©
I Ge00 REkEE ©
I Ve (9)
(DN ZT () (D) ©) ® 3] C)] © @ © @ 09 <t
= Lo

LIRBHBENEHALA | 79



ALY

(13 4-2% ARA4e Bxo| st
AN AF WA vt 49
AR, AAE TFNAE A% AuAE
7o) ATEAL A4 g Ao B 4 gtk 34 FEI ZRBAT A3

o] AFHZ(scatter plo)E FAIZ Aol
=
=

o] Bl Eohy B 5 Ut

X

- o

FA2 w2 Hedol o= dbolgrt BAES A Hert e BESHE A
= A2 &AL & Sl

Cluster Dendrogram

Height

ol2eH, RARE ZHsAol AT WEY 4 9

olzl JTEAS e . T ALY Wrt 27 HYHe Briwo|
AU AU JBWAL £ A0 et Bohgel fAel] st
FAR BHE A7 AT B % Aok AP Ae AuwA oY v
4 3)e olglon, FRAHYS BY CSRIY B4 A ZRPYo] LR
ok RARRE WS Wolw, Wekt 2 7 RARE WEg Bty ¥ 4 3
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4. Fn HAlEd 24 v

SR TR 2 ke Sk mdo] el chepet wlalely 2uelE
o 452 AUCE vlmsle], Wolxet YIEYT AHgel HAYE Brlstoet,

4.1.1. 20199 dlolg HAlZd AUC 421}

H 4-3) 2019 2EE AUC

Model AUC Model AUC

Matern 5/2 GPR 0.94 |Linear Regression Robust Linear| 0.88
Rational Quadratic GPR 0.94 Coarse Tree 0.83
Bayesian Network 0.93 Bagged Trees 0.8
Squared Exponential GPR 0.93 Boosted Trees 0.79
Exponential GPR 0.93 Fine Tree 0.78
Tri-layered Neural Network 0.92 Medium Tree 0.78
Medium Neural Network 0.91 SVM Linear 0.77
Narrow Neural Network 0.91 SVM Quadratic 0.75
Stepwise Linear Regression 0.9 Fine Gaussian SVM 0.74
Wide Neural Network 0.9 Kernel SVM 0.74
Linear Regression 0.89 SVM Coarse Gaussian 0.74
Interactions Linear Regression 0.89 SVM Medium Gaussian 0.74
Bi-layered Neural Network 0.89 SVM Cubic 0.72

Bayesian Network(0.93)= Matern 5/2 GPR, Rational Quadratic GPRO]
olo] &3t A& Ade2 ERon, Hilyd digE AAoA W =2 &5
9] AUCE 71Z3t9th A74% AY A= AUC o] 0.99E 7|=5t0] <=3t
452 Hola glom, vy e & Sh5ot= A HolFi Qlth




ZASP YT

4.1.2. 2020 dlol¥ =AY AUC =447

7FAIRE Y 3 AG Rdo] THY 9% e Holdl o, AR =
4 Algo] tr2o 2 =2 AUCE UYL Qltt. Bayesian Network(0.86)= Tt
£ wAlyd gagEy H|aste] 7 £ AUCE UEHHL QAL o3
=2 29 9F 452 Edh

inj

B 4-4) 20203 22E AUC

Model AUC Model AUC

Rational Quadratic GPR 0.93 Bayesian Network 0.86
Squared Exponential GPR 0.93 Coarse Tree 0.8
Matern 5/2 GPR 0.93 SVM Linear 0.79
Exponential GPR 0.93 Kernel SVM 0.79

Wide Neural Network 0.92 Fine Gaussian SVM 0.79
Narrow Neural Network 0.91 SVM Medium Gaussian 0.79
Medium Neural Network 0.91 SVM Coarse Gaussian 0.79
Tri-layered Neural Network 0.91 Medium Tree 0.79
Stepwise Linear Regression 0.89 Boosted Trees 0.79
Interactions Linear Regression 0.89 Bagged Trees 0.79
Linear Regression 0.89 Fine Tree 0.79
Linear Regression Robust Linear| 0.88 SVM Cubic 0.72
Bi-layered Neural Network 0.87 SVM Quadratic 0.71

4.1.3. 20214¢ dHlolg HAlgd AUC #4241
AZY, 7H-AIQE 18 3 A l:'._‘?a]%
o, oWl JdxoE: E3F AF 39 7|5 mdo] 453 A
Bayesian Network(0.88)= A9 $£F9 AUCE UYEHY
SVM Al 2kt 5L U2 d& 582 Eth
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(B 4-5) 20214 2EE AUC

Model AUC Model AUC

Bi-layered Neural Network 0.95 Bayesian Network 0.88
Linear Regression Robust Linear| 0.95 Tri-layered Neural Network 0.84
Narrow Neural Network 0.94 Fine Tree 0.84
Exponential GPR 0.94 Medium Tree 0.84
Matern 5/2 GPR 0.94 Boosted Trees 0.83
Squared Exponential GPR 0.94 Coarse Tree 0.82
Rational Quadratic GPR 0.94 Bagged Trees 0.79
Linear Regression 0.93 SVM Cubic 0.74
Interactions Linear Regression 0.93 Kernel SVM 0.7
SVM Linear 0.92 Fine Gaussian SVM 0.7

Wide Neural Network 0.92 SVM Coarse Gaussian 0.7
Medium Neural Network 0.91 SVM Medium Gaussian 0.7
Stepwise Linear Regression 0.91 SVM Quadratic 0.65

4.1.4. 20229 to]g HAlHYd AUC &4
202292 o2 Axo H|8jA AUC o]
Ao g 39, AFY AE EEo]

23}
AH ez Hobdl

Mg we Az

Bayesian Network(0.79)= GPR, A3 ZEREct= X0

5% wHsT Uk

A BT 7
45 HelFm,

FYH % 4
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(B 4-6) 20224 2EE AUC

Model AUC Model AUC

Matern 5/2 GPR 0.84 Bagged Trees 0.78
Squared Exponential GPR 0.84 SVM Linear 0.77
Rational Quadratic GPR 0.84 Boosted Trees 0.76
Narrow Neural Network 0.84 SVM Medium Gaussian 0.75
Exponential GPR 0.83 SVM Quadratic 0.75
Stepwise Linear Regression 0.82 SVM Coarse Gaussian 0.75
Wide Neural Network 0.82 Kernel SVM 0.74
Linear Regression 0.81 Fine Gaussian SVM 0.74
Interactions Linear Regression 0.81 Medium Tree 0.73
Linear Regression Robust Linear| 0.81 Fine Tree 0.73
Medium Neural Network 0.8 Bi-layered Neural Network 0.71
Bayesian Network 0.79 SVM Cubic 0.67
Coarse Tree 0.78 Tri-layered Neural Network 0.63

4.1.5. 20234 dolg HAlgd AUC E4Z27}

20239 AF A AL LadEel 0.90e] AUCE HerH 7MY &2

2 Hr9o "o}l olojA 7FoA|or A 3|7, AAY A muo] =Lo
< Yehdtt Bayesian Network(0.82)= A3 Zd3} FARE 4
Jsg Helrt
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(B 4-7) 20234 2EE AUC

Model AUC Model AUC

Linear Regression Robust Linear| 0.9 Medium Neural Network 0.83
Linear Regression 0.89 Bayesian Network 0.82
Interactions Linear Regression 0.89 SVM Linear 0.82
Squared Exponential GPR 0.88 SVM Cubic 0.76
Rational Quadratic GPR 0.88 Fine Tree 0.75
Exponential GPR 0.87 Medium Tree 0.74
Matern 5/2 GPR 0.87 Kernel SVM 0.72
Bi-layered Neural Network 0.86 SVM Coarse Gaussian 0.72
Tri-layered Neural Network 0.86 SVM Medium Gaussian 0.72
Boosted Trees 0.85 Fine Gaussian SVM 0.71
Stepwise Linear Regression 0.85 Coarse Tree 0.71
Narrow Neural Network 0.85 Wide Neural Network 0.7
Bagged Trees 0.84 SVM Quadratic 0.67

4 1.5. HAlEY AUC EXZ43} 1

7471 = :
3 maSo Guve dnold S4w A5 A% 2H GPR AL Rde
B Ay MEe T shgete, ANHOE ®O AUC 7S 71=sto] olg

Bayesian Networke= ®Wid ARl d& HAs& HoFH, ol#3t
Bayesian Network”7} HJo]E AEQ] HE/Jo]
mEelS yehdeh 53] AF 95 242 of
IJAE S WEof sl=Y|, Bayesian Networke= ¥4 719 IAE ©
Pt a5 4 Stk FolA R 5ol 4
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2 ATE B2 59 AF AR 201399 HojHS A8kl wolx|gt
MESE FHSIET BARE AF 9% F 4 Uk JFAE, AAIF,
s mde] Fotsteck

UNOEOGEONONONORORORORORGRO,

(28 4-4) Y@ 7|2 @Y

g9 2L AF 29g yolH #ol= mdz A Aolth k& zE AF
ATE Gulsti LE ofs =EQ DRE Q7KL AFAAN B7HES e
th (O™ 4-H0lA Z2e] X7t BrHAIR] ZoARE olojd vert FFE
I7b AR gL FL mdolmz, AWl ugk iy A7
QAN 7 FEL Bt Anto] AN ATL

al
o] LAt Z+ BWrItEC) Tt FEIF Fojd o A

-

o
il

o
d
HU
A I SRR NS

A e g5 & ==7F 4
oo A 52 olixel PEExE I, YurHow ot sERus} 4
Hug dguspe] tfste] oSttt 2o RS FAIE kEE 24

37) o154, WA, A9, 7A412021) “HlolAIt HEYZ 7|5t HA] medlg7] ARSPed A5 2
ransactions of the Korean Society of Mechanical Engineers A - February 2021
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£ AT 7% Bdo] SRt b ZY B9e (AY 459 2ol
AN, A4 Thams G4 BoREo] ohme o] vl eth

g 2REAY EEslE wasE, 2REEe A4yuo 3
wre UehAE, cheimske kst Relart Wkt Agolne AwA Sk

Aol Atk & 4 Utk wWebd, oleidt B b 27kshe Aol i Wak
2 AR 98 duwst #obE nae pAstact. gk 434, 53
920 Mo EAH

L ACNCEOROR0RORCRCOROROR0ON N A"

(38 4-5) u CLHYIL It 22

A== AY(GeNle)9 I ZI=(Strength of Influence) 7152 %519
A5 9T Are d24E AY w712 32dEd 9¥E A= 4 ko
o] AR eI FE LE=ERY W= Y Yetdle Aotk T
Bre 7 RS 248 GEEE 1Mo AYE 7IEo=E AXbHE38)

mEo) v EAA (19 4-6)9F Zol Uith ™A X9 FA &
=55 IFY ATt Aottte AL Yugith OHD} A= A4 oAF 24 W
H % EM(Expectation Maximization) €118|&S AME-SIITT

_4

38) Bayesfusion, LLC. GiNle Modeler Programmer’s Manual, 2023, Available From
https://support.bayesfusion.com/docs/GeNle(accessed Feb. 14, 2024)
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T 4-10) ¢ HsiT d|w

AFAR(H) e che®s} 27t
19 72.2% 80.7%
20 62.9% 74.4%
21 70.2% 82.6%
22 67.4% 71.8%
23 67.3% 70%
Sl 67.7% 76.7%

5=
o,
N
u

e
o

S
'S

&
N

—w/ Reputation
w/o Reputation

0 0.2 0.4 0.6 0.8 1
False Positive Rate (1 - Specificity)

(2 4-7) 1949= ROC
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(2 4-9) 214= ROC

True Positve Rate (Sensitivity)
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(J3 4-12) 8 ROC

QR 3429 o ROC T4l Wd @ ¢
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ROC %412 wd, Herd(hansbl w3 md)o] 22 4w o 7ol 9
A% AL FAT 5 Yk ol GHBPL 274 A9 AF A2 Aol o §
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ALY

o it wetd, AFAe} stEatel chEwbe B8sHe Zo] AWsitn &

AT}

4

8.2 o]it3} A g9l aw}

41 R HAR 23} go] FUSH oSt 34 B3 S mE ®

9 gEug vmetad

H 4-11) HE OEHE7L O|uts} =F0| M2 ZF Y

A (d) ; 017:6}2} —r—c(StatSS) 2] Q."E(/ia)z =
19 80.69 80.26 79.17 80.26 82.21
20 74.37 74.12 73.38 75.12 72.88
21 81.57 83.19 82.11 83.19 80.75

22 71.75 72.01 70.99 71.75 71.5
23 70.1 70.36 71.64 71.9 71.64
B3 76.6 76.5 76.35 76.7 77.04

olAsl & dxd AHIEL 19W%E 80.69% ~ 82.21%, 20€%E 72.88% ~
75.12%, 219% 80.75% ~ 83.19%, 22W% 70.99% ~ 72.01%, 239% 70.1%
~ 71.9%, B3 dol8E 76.35 ~ 77.04%= ©o]Atst ayprl 3x Ldth o=
OHE7ME vAARE RS HolH 7 ok 2RE|Y] wiioltt. olof wet
OHE7ME AAIRE HlolE e AESte] AgkES AT & F7HHQl 24
Fotct.

filo

A
s

i) 3 6 9 12 15
19 82.91 87.26 84.47 86.64 80.64
20 74.9 77.45 78.54 78.54 80.36
21 83.76 82.47 85.04 81.62 82.47
22 71.33 70.09 71.65 70.71 09.78
23 73.95 75.88 74.27 72.66 74.91
Rl 75.39 76.89 76.62 77.17 76.76
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oAt T ddmd AHoEZ AWEE, 19¥Ee} 209WRIAE 27t 1 w
BTt 86.64%, 80.36%% 7P EA YEgth I8y 21WE0 1_ =0l
A 81.61%, 229 EoAL 1542 W 69.78%= ©]Als} o]%& IE o= } stet
St AR Btk 23dx: 155F0)A4 74.91%E, Hx 3539 73.95%0|

vg oF 1% A53ort, wd XHIX*O?L A7t golA|aL %\E} ol& HIEFC
2, Fu ZE9] - olis}t A&o] RElo] Ao F JIFE VXA Y= A
o7 mohETh

(B 4-13) TA| ¥ LR(CHHEIE HA| HOJE) HtE & Hetr H|w

o]4t3} F(States)oll TE H=(%)

A% 3 6 9 12 15
AA | GF | AA | AR | A | g5 | A | I8 | JA | g%

19 80.69 | 82.91 | 80.26 | 87.26 | 79.17 | 84.47 | 80.26 | 86.64 | 82.21 | 86.64

20 74.37 | 74.9 | 74.12| 77.45 | 73.38 | 78.54 | 75.12 | 78.54 | 72.88 | 80.36

21 81.57 | 83.76 | 83.19 | 82.47 | 82.11 | 85.04 | 83.19 | 81.62 | 80.75 | 82.47

22 71.75 | 71.33 | 72.01 | 70.09 | 70.99 | 71.65 | 71.75| 70.71 | 71.5 | 69.78

23 70.1 | 73.95 | 70.36 | 75.88 | 71.64 | 74.27 | 71.9 | 72.66 | 71.64 | 74.91

Ea ] 76.6 | 75.39 | 76.5 | 76.89 | 76.35 | 76.62 | 76.7 | 77.17 | 77.04 | 76.76

AA HolHE ghset A(AAN)} dHEIFE AAG dolgut ah53t -
(gH)9] FE=g vjuwg Zdy, 22d: 2 F9 HolHE ALstaes thH®Est
E AAIRE Hlolgyt skttt 499 Heert o =94th §9], 1993 20499 F
- 155204 47 86.4%2F 80.36%=Z A5t o=

4 A4S, g HolHE 85 &8T & US Ao=E Hodr

20199 %E SAEZA] ttHE7E AAGE glolERhE &8 ROC FA2 of

@ 2™ 2o
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False Positive Rate (1 - Specificity) False Positive Rate (1 - Specificity)
(a8 4-13) 199 ROC (a8 4-14) 204= ROC
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8.3 AF Zio| & CPT 4 Z3}

g/t =
gt ek
o®g skag AT

=(CPT)& AR&sHA
g2 dlol"HE 7|et

7 o x 1,0 =
Stated 3% stated 5% || Stated 1%||
Statel 7% Statet 12% || State135% 10|
statez 51% I state2 33% I state265% [
P © Q
Stated 1%| IStated 1% stated 11%(]] istaten 25% D |
Statet 1%| IState1 0% Statet 38% (10| IState1 14% ||
statez oa% (| |State2 oo% [N |stat=251% [ |State2 1%|
(O™ 4-19) O|XIZ(Z=0)Q! H#L2| Bar chart
o | o x 1o =«
stated 7% Stated 2% State0 0%
State1 0%| State1 10%|[] State1 15%|[]
state2 93% | State2 55% I state2 35% | I
(® (SR (SR o
State0 0% Stated 1%|| stated 5%] state0 67% [ |
State1 0% State1 0%| State1 3% | State1 27% |1 |
State2 100% (| [State2 oo% || |State2 542 | State2 6%]]

(a2 4-20) XIZ(Z=1)9! AL2| Bar chart




AT

E 4-14) SYE: Tg |RF0 2 CPT (HA| HIO|E)

CPT(%)
T A TR A
Ll A= Ll A= Ll K=
State 0 24.8 31.3 25.4 32 24.8 30.8
State 1 57.5 19.2 36.7 16.2 56.7 22.8
State 2 17.5 49.4 37.8 51.7 18.3 46.2

SMdE AA HolH= k5t 4% 49.4%, 7Y 4% 51.7%, skaAY] 4
46.2%9] ﬂgi 297E0] Ad EUH. ol divre] AFAEC] e AlsL

state1 - - _

Discretization State

state0 - - - 1

AS R E2X e
H=
(O8 4-21) ST Tt bar 1242 (MA| H|O|E)

(A% 4-21) AFA) cheimst B e Rolth AV et Zo] 4
7t 71 S Stae 291 91%0] /13 WAL, 091 el Pruct dol prstn
9t 7ol Bt ol thEgst WUARY Holg7} 0oz Wgsle]

% mske ANSH %S Ulo] Q7] wjRolch. webAl, nlUAIA} chul
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o ki B 4 vk ThABTL v]AARe] 3%

(B 4-15) Sd= Tig |70 ME CPT (CHHEI HA| HOJE)

CPT(%)
S =R =2 24}
LR %= Ll REEs Zik= L= %=
State O 31.2 2.8 46.4 22.2 31.8 3.5
State 1 60.4 59.1 36.8 40.1 60.6 69.4
State 2 8.2 37.9 16.6 37.6 7.4 26.9

AFAe] A 15424 AFA 59.1%, 5= 40.1%, sFFAF 69.4%9] &=
M =390 ols JEA BF 1 AR HUHE w2 ZoE 1Y 4 Q.

state2 - - 1

state1 - _

Discretization State

state0 . I

=a=PA ot= &t

o
il
=

(8 4-22) SAT TIgXt bar I2HT (CHHAA| HOJE)

o];

(18 4-22)°014 EWH State 0°] o3t F& A
= AS A

Aglon], AFAEY Bzl S4shehe
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(B 4-16) /i T8 RF0| T2 CPT (CIEHE7F A H|0|E)

20199(%)
T8 F3A T2 HER

IR g IR g IR Zih=)

State 0 17.2 0.3 70.2 40 38.7 2.2

State 1 75.4 57.5 24.5 58.8 57.7 82.2

State 2 7.3 42.1 5.1 1.1 3.4 15.5
20201(%)

State 0 44.8 3.2 79.2 55.4 49.7 7.6

State 1 50.2 63 18 38 44.2 69.5

State 2 4.9 33.6 2.7 6.5 6 22.8
20214(%)

State 0 59 33 60.4 38.8 56.2 12.2

State 1 37.5 73.3 36.1 53.3 40.2 72.2

State 2 3.4 23.3 3.4 7.7 3.4 15.5
20229(%)

State 0 0.6 2.4 0.2 0.6 8.2 0.6

State 1 78.4 33.7 64.9 44.7 82.9 74.8

State 2 20.8 63.8 34.8 54.6 8.8 24.5
20239(%)

State 0 41.8 4.4 5.8 5.6 1.3 0.2

State 1 52.9 75.9 49.6 183 81 54.9

State 2 5.2 19.6 44.4 75.9 17.6 44.8
FTHAE(%)

State 0 31.2 2.8 46.4 22.2 31.8 3.5

State 1 60.4 59.1 36.8 40.1 60.6 69.4

State 2 8.2 37.9 16.6 37.6 7.4 26.9
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39) Economou T, Stephenson DB, Rougier JC, Neal RA, Mylne KR, 2016, 'On the Use of

Proceedings of the Royal

Bayesian Decision Theory for Issuing Natural Hazard Warnings,"

Society A, vol. 472
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D Decision / C. Consequence of

Actions Failure

© Cost of
a -
Actions

(d3 4-29) HIOIX|t AIATY ZH GA|

(AF 4-200% Hlol At A A2 I GHEE THRLY A4 4,
B, WY 5 ol 949 FBY BAS BAUT (AF 4200904 9
wEL gRo 43 EX Ad 59 A4S Uehiy, A24Y Eb ouy ¥F
2 AFSH 24 AR et B3, whER mSi oay BN By
SHe ul8g oujsict,

slolAet SjAage] HHoE Auskste] FAOR Uehfd heat o] vt
¥ % ek

a,(z) =arg,, , minE [Crla C) (5)
Al (5)lA a,, ()= T A3 27t FoIHS o FHY P2 UehlH, o=
iAol wE A 1T o 7dEHE FHEo] 7P W2 P52 UEhd
o B TE AT ot FolFE 9 AlAE AH Col tigt AR FE VW
< 9u|et, Cpla, O+ B% a9t AAHS AA Aeo] JEshs FHE T+E
olulgict. o]t QA2 oy WA JHset HES HFslolo] FH|E
E.[Ca, O)& FHAstohe QAEAS QulstH, oAEAS ol 9lo] B4
o] Aotz oA -8otA 8T 4 Ut

40) T. Economou, D. B. Stephenson, J. C. Rougier, R. A. Neal and K. R. Mylne, 2016, "On the
use of Bayesian decision theory for issuing natural hazard warnings," Proc. R. Soc. A.472.
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9.2. A AqA(Numerical Example)

Y@ AF 2@ BN WFOR wolXet oy mde TdstW (1Y
4-30y2 Zo] viebd % Sitk Wo]ek oAER HHelH Al OAFEE wE

©,

(Action Node), M2 ¥F LE(Mission Node), C,2 AF & I+ Az 4
o] g HE k&, C= AFeE QI WAst= vl &5 oudtt. 1
I, AA F(Dash Aro)= 9JAFEA LER E0jek HHO TEL UguLy],
o|F &3l AAEA LBVt HE =TEE9 HHE It FH| gt oAk
d& WE & UEE st = o

R O

=

(13 4-30) M TZ HOIXIQH OUfzE B
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10. 238

JuAF 29 AFNNE Fu AF doleHg v HolXgt YEYIS
A8l BAPERA g FREE BN BAYR GF FRES AT
23 2RRA, 2o 3, W, ERPL A4 2 IS F 8dom B
golch 4ge A% vl YiHoR wedE BPSL AF AT a9l
2 uehit 5 @7 Wan A4 GOl Holdol Ukt AL AT 4 Ak

£, BY P GBI ALY FAAGOR AgEO, Ty
7} A4S BAYROR 48R Zo] AF ASEE Rolb Ao= veht o
HR7PE AFEAGROR S ek B TSk

2% 43 AF A ERE Bl TS Yok ANSIA @k o
Bk ot BAARE B §BoE Asgue] Bk olRoldE ZREA
ueh Aghgol Rk thih, IAE AL BARKE $EAY Bt 4By
A oF7] A AT, A SFFAS ARt B4 Wel 2%
SF Ao] it sict
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