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� 1 � ½g⌠⌠��

½g⌠⌠]�\αjjBu�M÷�A�HO\hw��Ω��q��{í�����uπCw��½g⌠⌠

b≥ª{��°���{íSO��A�pG

v w��ß�DHKNs@�íMμI¿�Xz�C

v w���l�μP���≈vAHMwlHWμñ���ax��HeufTºC

v ���H��AHMw��HºXRH���IC

v bOI�D�IΩ�wñ��B�μ÷C

�≤w����{í�½g⌠⌠A�Ohh{� (MLP) Mb�íτ� (RBF) ⌠⌠A�]��¼w��GiP
�����w����±��[H��C½g⌠⌠∩�iH²z�A MLP M RBF ⌠⌠A�xs�ú���

íH���C

�≥O½g⌠⌠H

Ny½g⌠⌠A�≤P�÷�tC�¼AHj¼���íMFí��c�SIAqú\απs�εCH�tC

W°Ají�s�¼]p�≤D����{íA¿�\h÷p�Ny��MΣ
�C

½g⌠⌠�Swwq°Σ��Γ��∩�C÷MAS�μ�wqα≈Aϕa[\π�tC��¼F²N�e�

ÑA��qUCí� 1G

½g⌠⌠O@�¿j�¡μteBz�Aªπ�xsgτ���ú�����M�VCª�ⁿ≤jú�U�Γ

Φ�G

v zL��L{q⌠⌠≥o��C

v ñí½g
suj�]�@≡�[v��
xs��C

�÷�wq�≤L≤�⌠�Q�A��\ 2C

�FN½g⌠⌠P���wq����pΦk��A�í��u�Ω��wqσrC�pA���u��k�

¼izL�p¡Φ�Φk≥o��A�N���xsbjkY�ñCb�BAªNO½g⌠⌠CΩ�WAzi

Hδ��u��kOY�½g⌠⌠�S�C²OAu��kπ�Yμ��¼�cABb��Ω�ºejε@X

F@�	]C

�∩�ÑAWΦ�wq∩≤�¼�cP	]��D�pC]�A½g⌠⌠iH�X�h�p�¼A�ú�nú

e∩���M���ºí�÷Y@XSw	]C�÷Y�íb��L{ñPwCpG���M���ºí�u

�÷YΩϕAh½g⌠⌠��G��±ⁿu��k�¼��GCpGDu�÷Y≤�ΩϕAh½g⌠⌠��


±ⁿu�T�v�¼�cC

�u��δ�OLk�μí�½g⌠⌠�≡�[vC]�ApGz��í�ú����M���ºí÷Y�≥

ªL{Ah�n��≤����p�¼C²OApG�¼�í��úO≥½nAhq�iH��½g⌠⌠


≤��o}n��¼�GC

1. Haykin, S. 1998. Neural Networks: A Comprehensive Foundation, 2nd ed. New York: Macmillan College Publishing.

2. Ripley, B. D. 1996. Pattern Recognition and Neural Networks. Cambridge: Cambridge University Press.
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½g⌠⌠�c

÷M½g⌠⌠b�í�cM	]W�nD�CA ²YαA�@δ⌠⌠[c�O���Chh{� (MLP) �b

�íτ� (RBF) ⌠⌠ON����]]��ΘX��w��t	
�C�w���]]��ΘJ������

τ�C

��{bú�H��Ω�� bankloan.sav ñAzQnq@∩U���HΣXiα�H�	CM�bo��DW

� MLP � RBF ⌠⌠ANOiNw�w]���t	
�C��qτ�CHU���U≤A��τ���÷

�íC

��c��eX[cA]�b⌠⌠ñ�su�g⌠≤�XjΘKqΘJÑhVey
ΘXÑhCb��ñG

v ΘJÑh]tw���C

v ⌠�Ñh]tLk[ε��I�μ
CC@�⌠�μ
��úOw����Y�τ�F�τ��δT�í

í��M≤⌠⌠�¼Aí��M≤��	i�ε�WμC

v ΘXÑh]t���C
≤w]���{Ot�Γ��O��O��A]�Nª½ssX�Γ�ⁿ��

�CC@�ΘXμ
úO⌠�μ
�Y�τ�CP�aA�τ��δT�íí��M≤⌠⌠�¼Aí��

M≤��	i�ε�WμC

MLP ⌠⌠ie\�G�⌠�ÑhFb�¼pUA�G�⌠�Ñh�C@�μ
úOb�@�⌠�Ñhñ�μ


�τ�A�C@����úOb�G�⌠�Ñhñ�μ
�τ�C

� 1. π�@�⌠�Ñh�eX[c
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� 2 � hhP��

uhhP��v(MLP) {����w����A����h�� (��) ��ú�w��¼C

d�C UCOΓ��� MLP {��ípG

�μ±UH
��αδ�π���SΦ�Hiα��ϕU�A���o�SΦ
�OnMa�H��IC��

Lh�ß@���AoiH��Lh�ß�Od��
VmhhP��Mτ��RAMß��⌠⌠
N��ß

���n�Pa�H��IC

σ�t��½≤l�¿�MJ��ⁿ�≡δ (MIA�uªfv) v°ºfw�ϕ�Θ�C�oo�q���

T⌠p�i²�zH
bfw�ⁿv°�P�A�Ta�zi���	C���ⁿ MI v°ºfw�v°O²

��A�zH
iVm⌠⌠
w�¿�Mϕ�Θ�C

Ω��q

]��C ]��iHOG

v Wq. ϕ���NϕΩΦW��Ñ������]�pA�
uu@��qí��Ah���i°�WqC

Wq���d�]A��Bl��	�v��ΘC

v ��. ϕ���NϕΩΦWwÑ������]�pAA�íN�qD�úíN�D�íN���Ah��

�i°���C�����d�]ANϕíN��Hα{��A���H��nÑ���C

v ��. pGY@��i°���]s≥�Aϕ�ª��Nϕt�Ω�Nqx}�w����A]�AX±�

�ºí�Z≈C�����d�]AH�≈ϕ�����Hd
�μ��¼JC

�{�	]wⁿw������Aϕ��qh�A²ziHb
���Mμ���W÷@U�½kΣA�

∩��{\αϕW��qh�A���≤����qh�C

��MμñU������i�O�qh�MΩ��¼G

ϕ 1. �qh���

��¼ rΩ Θ� �í

�� (s≥) L

��

Wq

w����C iⁿww���]�]�O��@�q]���C

�O��sXC �{�bπ�{��íA��� one-of-c sX
��O²�Ow���P]��CpG@�

���h� c �OAh���xs� c VqAΣñ�@��O��� (1,0,...,0)A�G��O��� (0,1,0,...,0)

A...A�ß@��O��� (0,0,...,0,1)C
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�sXΦk�W[[vΣ�����Ao��PVm�CFM�A≤huδ�v�sXΦkq��ú�úAX

�½g⌠⌠CpGz�⌠⌠Vmiμ�D�CAziHN�ⁿ��O�Xb@�A�	≤π�Ñ��O�[ε

�AH��ε��Ow��ñ��O��C

��� one-of-c sXúOHVmΩ��≥ªAY�wwq���Od��]Op�]��\� 5 ��y�

�z�C]�ApG���Od���]t�[ε�ºw���OúbVmΩ�ñAho�[ε�ú��≤{

���wñCpG���Od���]t���º]���OúbVmΩ�ñAho���ú��≤{�A²

iα�≤��ñC

�πC ��]��M@�q��w]iμ�πAH∩�⌠⌠VmC����πúOHVmΩ��≥ªAY�w

wq���Od��]Op� (��\� 5��y��z)C]NO°�π��¼�wA	��VmΩ�
pΓ

¡í�B��tB@�q�]����p���j�C pGzⁿw��
wq��A�½n�Oo�@�q�

]����bVm��B����MOd��ºí��ⁿ��tC

��[vC �{���ñ��[vC

�s�GC pGznδTa�s�GAúF���P�{�]w�A��
�ú�����P��l��B�

P�Ω���M�P�����C��D�
�Ω�pUG

v ��ú��C {��bH≈ⁿú��BN[vΣ���l�H≈�¿l��BN�
[c∩�H≈�¿l

����í���
�ú��AH����≤[v�l�M�
[c∩	���h⌡tΓkC�
Yn½

sú��P�H≈��GA�²��P
�ú����P�l��AA⌡μC�uhhP��v{�C

v [ε���C uWMp¼σ�VmΦk]��\ � 6��yVmz��Ta�s≤[ε����FM�A

Y�Oσ�Vm]�s≤[ε����A]�[vΣ����l�]tqΩ��ñΓXl��C

YnN����	��CA�HH≈Φí�C[ε�CYnτ�Y��MΦ��¡w�Az]\�Qn�

oX�úP��MΦ�AΣ[ε��HúP�H≈���CCb��Ñj�ípUAiiμh�BΓAH

úP�H≈���C@�[ε����C

v ����C �Giα�ⁿ�]�M@�º�Mμñ������vTA]�ϕ�����≤�A�ⁿúú

P��l��íCpP�����vTAziH��úP�����]unb]�M@�º�Mμñiμ

�±�H�⌠�w�¬�¡w�C

��hhP��⌠⌠

b\αϕWA∩	G

�R > ½g⌠⌠ > hhP��...

1. ∩�
�@�]��C

2. ∩�
�@�]��@�qC

ziH∩	�abu��v��W�≤�π@�q�ΦkC∩��G

v ���C εh¡í�AMßúH��t (x mean)/sC

v �A�C εh�p�AMßúHd≥ (x min)/(max min)C�A����≤ 0 M 1 ºíC

v �πß�A�C εh�p�AMßúHd≥��π�� [2*(x−min)/(max−min)]−1. �πß�A����≤

-1 M 1 ºíC

v LC S��π@�qC

π����qh��μ�
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YbΩ��ñX{@�h������ (μ�) �qh�AN�π�u�qh�v��C
≤�qh��vT�

{���GpΓA]��������π�wwq��qh�C

�yΩ�C ¬�@�ñΩ���Ω�A�Bw∩�eπ����qh��⌠≤μ�ⁿúw]��qh�CY�

j¼Ω��Ah¬��iα�n@��íC

Γ�ⁿúC }�∩��AHCXπ����qh���μ�CziH���∩��Hⁿú�qh��o�μ�C

ziHbuΩ�sΦ�v�u��°�vñⁿú�qh�C


≤�qh�O�{��½n��A]�zb��μ��
�wwq��qh�ºeALks�∩��
⌡μ

�{�C

��

���Ω��C ��OⁿwN@�ñΩ���j¿VmB�wMOd���ΦkCVm��
�
Vm½g⌠

⌠�Ω�O²��¿FbΩ��ñ�Y�±��[ε���ⁿw�Vm��H�o�íC�w��O@�W�

�Ω�O²A�
l�Vm�í���H�KVmL�C��z��Vm��ABϕ�w��p≤Vm��

�A@δ
í⌠⌠Vm≤[¬�COd��Ot@�W��Ω�O²�A�
s���½g⌠⌠F
≤Od[

ε����
�m�¼AOd�������¼�w�αOú�u�Ωv�⌠pC

v ��[ε���∩�rH≈ⁿú[ε�C ⁿwH≈ⁿú�C@���]VmB�wMOd��[ε���∩

�r]±��C% μ°i	�z�ⁿw��∩�rANnⁿú�C@����[ε����±C

�pAⁿw 7B3B0 @�VmB�wMOd����∩�rA∩�≤ 70%B30% M 0%Cⁿw 2B1B1 @

��∩�r∩�≤ 50%B25% M 25%F1B1B1 ∩�≤NΩ��	��VmB�wMOdTí��ÑC

v �������ⁿw[ε�C ⁿw@����N@�ñΩ���C@�[ε�ⁿw�VmB�w�Od�

�CN��ñt����[ε�ⁿw�Vm��AN�� 0 �[ε�ⁿw��w��A�N��t�ⁿw�

Od��Ct�t�≥	��[ε��q�Rñ�úC⌠≤�������	≥	��	°���C

��G������NLkO�b{�s≥⌡μ��ú��P��GC��\DnhhP��DDñ�u�s

�GvC

[c

u[cv��O�
ⁿw⌠⌠�[cC{�i�
∩�u��v�[cA�OziHⁿw�q�[cC

�
[c∩����]t@�⌠�Ñh�⌠⌠Cⁿw⌠�Ñhñ��\�μ��pM�j��Ah�
[c∩

��pΓ⌠�Ñhñu��v�μ���C�
[c∩����⌠�MΘXÑh�w]�
τ�C

�q[c∩	²ziM�a�ε⌠�MΘXÑhA�Bbz�²�DQn�[c��nß��
[c∩���

G�����C

⌠�Ñh

⌠�Ñh]tLk[ε�⌠⌠�I (μ
)CC�⌠�μ
��ΘJ[v�M�τ�C�τ���
τ�A�[

v�OH⌠ptΓk
MwCY⌠⌠]t�G�⌠�ÑhAhb��G�Ñhñ�C�⌠�μ
���@�⌠

�Ñhñ�μ
[v�Mτ�CbΓ�Ñhñ����P��
τ�C

⌠�Ñh���C@�hhP��iH�@�HW⌠�ÑhC

�
τ�. �
τ��NÑhñ�μ
[v�Mu��v
ß≥Ñhñμ
��C
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v ����C �τ�μípUGγ(c) = tanh(c) = (e c−e −c)/(e c+e −c)C����Ω����Nª�α½
d≥

(-1, 1)Cϕ���
[c∩��A��⌠�Ñhñ��μ���
τ�C

v SigmoidC �τ�μípUGγ(c) = 1/(1+e −c)C����Ω����Nª�α½
d≥ (0B1)C

μ��CziH�TⁿwC�⌠�Ñhñ�μ���A]iH²⌠ptΓk�
MwC

ΘXÑh

ΘXÑh]t����]]���C

�
τ�. �
τ��NÑhñ�μ
[v�Mu��v
ß≥Ñhñμ
��C

v μ�C �τ�μípUGγ(c) = cCª��Ω���A�≡�ª��ú@⌠≤�≤Cϕ���
[c∩��A

pG�⌠≤��]��Ah��ΘXÑhñ��μ���
τ�C

v SoftmaxC �τ�μípUGγ(c k) = exp(c k)/Σjexp(c j)C����Ω����Vq�Nªα½
Σ
�¿

b (0, 1) d≥B�M� 1 �VqCSoftmax u�b��]����O��α��Cϕ���
[c∩��A

pG��]����OAh��ΘXÑhñ��μ���
τ�C

v ����C �τ�μípUGγ(c) = tanh(c) = (e c−e −c)/(e c+e −c)C����Ω����Nª�α½
d≥

(-1, 1)C

v SigmoidC �τ�μípUGγ(c) = 1/(1+e −c)C����Ω����Nª�α½
d≥ (0B1)C

�π	�]��C u�bw∩�
�@���]���A�α��o��ε�C

v ���C εh¡í�AMßúH��t (x mean)/sC

v �A�C εh�p�AMßúHd≥ (x min)/(max min)C�A����≤ 0 M 1 ºíCpGΘXÑh�

� Sigmoid �
τ�Ao�O��]������πΦkC��∩�ⁿwiM�����π�í�@�p�

�εF���iTO���π�]����b�
τ��d≥�C�ΣO�� 0 M 1 �wq Sigmoid τ�

�d≥¡εA²oúb�d≥�ABϕ x ��p�M�j��A�� 0 M 1 �X{b�����íñC�

���í� [x−(min−ε)]/[(max+ε)−(min−ε)]. �ⁿw@�j≤�Ñ≤ 0 ���C

v �πß�A�C εh�p�AMßúHd≥��π�� [2*(x−min)/(max−min)]−1. �πß�A�����≤

-1 M 1 ºíCpGΘXÑh��	����
τ�Ao�O��]������πΦkC��∩�ⁿwi

M�����π�í�@�p��εF���iTO���π�]����b�
τ��d≥�C�ΣO�

� -1 M 1 �wq	���τ��d≥¡εA²oúb�d≥�ABϕ x �Σ�p�M�j��A�� -1

M 1 �X{b�����íñ)C����í� {2*[(x−(min−ε))/((max+ε)−(min−ε))]}−1. �ⁿw@�j≤�

Ñ≤ 0 ���C

v LC S��π��]��C

Vm

uVmv��O�
ⁿwVm⌠⌠�ΦíCVm�¼M���tΓk�Mwi��Vm∩�C

Vm�¼C m��¼�Mw⌠⌠BzO±�ΦíC∩�HU⌠@Vm�¼G

v σ�C 	b�Θ��VmΩ�O²ºß≤s[vΣ��F]NOAσ�Vm��VmΩ��ñ���O²Ω

TC]�σ�Vmi��	C����A]�������∩�FM�Aσ�Vm�n≤s[v����

F�Σñ@�ñεWhA]�iα�niμh�Ω��ΘCo∩u�pv�Ω���Ñ��Ω�C

v uWC bC@VmΩ�O²ºß≤s[vΣ��F]NOAuWVm@���@�O²ΩTCuWVm�	

≥�oO²�≤s[v��F�Σñ@�ñεWhCY���O²�ú��LA²S�F�⌠≤@�ñε

Wh�Ah{��A�Q�Ω�O²	≥iμC∩≤π��÷w���u�jvΩ���ÑAuWVmu

≤σ�VmF]NOAY�\hO²MΘJABΣ���D
�W�Ah±�σ�Vm�ÑAuWVmi

��ta�oXz�¬�C
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v p¼σ�C NVmΩ�O²�¿j��Ñjp��OA�b�Θ@��Oß≤s[vΣ��F]NOAp¼

σ����O²�O�Ω�Cp��nA{��A�Q��Ω��OCp¼σ�Oσ�MuWVmºí�

ΘJΦíAB�AX�≤uñ¼vΩ��C{�i�
MwC@p¼σ��VmO²��A�OziHⁿ

w@�j≤ 1 ²p≤�Ñ≤xsbO�Θ�[ε��j���π�CziHbu∩�v��WA]wixs

bO�ΘW�[ε���W¡C

���tΓkC oO�≤⌠p[vΣ���ΦkC

v 	��@mΦ�C �π@mΦ���Φk�	]	A�≤σ�Vm�¼A]��ΦkúA�≤uW�p¼σ

�VmC

v Φ�U�C �Φk��MuW�p¼σ�Vm@���F]iMσ�Vm@���C

Vm∩�C Vm∩�i²zL����tΓkC@δú��n�≤o�]wAúD⌠⌠b⌠p�J��DC

���@mΦ�tΓk�Vm∩�]AG

v �l Lambda (λ)C ���@mΦ�tΓkº Lambda (λ) ����l�Cⁿw@�j≤ 0 Bp≤ 0.000001

���C

v �l SigmaC ���@mΦ�tΓkº Sigma ����l�Cⁿw@�j≤ 0 Bp≤ 0.0001 ���C

v �íñ
M�í��C �íñ (a 0) M�í�	 (a) wq�í [a 0−a, a 0+a]Abo��í�����h

⌡tΓk�H≈ú�[vVqC��h⌡tΓkOb���tΓk���íA�F�MΣπΘ�p�º�

�A@�}a�í�p�º�C�ΦkA�≤[v�l�M�
[c∩�C ��íñⁿw@���A��

�í�	ⁿw@�j≤ 0 ���C

Φ�U	tΓk�Vm∩�]AG

v �l��vC Φ�U	tΓkº��v��l�C�¬���vϕ�⌠⌠NVm≤�A²iαy¿t�ú¡

wCⁿw@�j≤ 0 ���C

v ��vU�C Φ�U	tΓk��vU	C�]w	A�≤uWMp¼σ�VmCⁿw@�j≤ 0 ²p≤

�l��v���C

v �qC Φ�U	tΓk��l
q��C
q��i�U≤w��¬��v�y¿�t�ú¡wCⁿw@�

j≤ 0 ���C

v ��vYε (Hg��μ�)C ϕΦ�U	MuW�p¼σ�Vm@����A��ng���� (p) �V

m���Ω��ΘHN�l��v	C
��v�U	C���i²z�ε��vε�]� β = (1/p K)*ln

(η0/ηlow)AΣñ η0 ��l��vBηlow ���v�U	A� K �VmΩ��ñp¼σ����� (�uW

Vm�VmO²��)C�ⁿw@�j≤ 0 �π�C

ΘX

⌠⌠[cC π��÷½g⌠⌠�KnΩTC

v í�C π��÷½g⌠⌠�ΩTA]A]��BΘJMΘXμ����B⌠�ÑhMμ����AH��


τ�C

v �C HLksΦ��ϕ
π�⌠⌠�c�C��NAH�@�qM]�h����W[A�c�]�V
V

°�¬C

v [vΣ��C π�Y�⌠p�A�⌠p��π�w�Ñhñ�μ�MU@Ñhñ�μ�ºí�÷YCY�N

@�ñΩ����¿VmB��MOdΩ�A[vΣ����HVm���≥ªC��NA[vΣ���

��iH�o�ϕjA]�o�[v@δúA�≤�¬⌠⌠�GC

⌠⌠�αC π��≤P
�íOu}nv��GC��G��Oñ��ϕOHX�VmM�����≥ªA

�OpGS������A	HVm���≥ªC

� 2 � hhP�� 7



v �¼KnC H��MπΘΦíπ�½g⌠⌠�G�KnA]A��Bú�Tw���∩�����±B�≤

ñεVm�ñεWhMVm�íC

ϕ�Oτ�BSigmoid τ��	����
τ�M�bΘXÑh�A���¡ΦM�tCϕ Softmax �
τ

�M�bΘXÑh�A���μei�tC

	�]���qh�
π�ú�Tw���∩�����±CpG⌠@]��π����qh�Ah�π

�¡íπΘ�∩�� (�∩≤¡í��í)CpG���]����OAh�π�ú�Tw��¡í��±C

]�π��O]��ºú�Tw���∩�����±C

v ���GC H��MπΘΦí
π�C��O]�����ϕCC�ϕ�ú�C�]���Oº�T�ú�

T���[ε���C]�°iw�T��º�[ε����±C

v ROC �uC π�C��O]��� ROC (�¼�@�S�) �uC]�π�iú�C��uUº���ϕ

μC∩@�Sw�]��
íAROC ��C��Oπ�@��uCpG]���Γ��OAhC��u�°

Q�ñ��O��V¼AMt@��Oiμ±�CpG]���Γ�HW��OAhC��u�°Q�ñ

��O��V¼AMΣL��OπXiμ±�C

v �n¼q�C π�C��O]���
n¼q�C�C�]���Oπ�@°�u�ΦkM ROC �u�Φ

k�PC

v Wq�C π�C��O]���Wq�C�C�]���Oπ�@°�u�ΦkM ROC �u�Φk�PC

v [ε�ϕ�w�C π�C�]����[ε�w��ϕCpGO�O]��Ah�π�C�����Oºw

�Ω�≈v��s���AΣñH[ε����O@��s��CpGO��]��Ah�π��G�C

v w��ϕ��tC π�C���]����w��	t�ϕC	tPw��ºí��S�iú��íC	�

��]��ú���ϕC

[ε�BzKnC π�[ε�BzKnϕAΣñKnX�Rñ]tM�ú�[ε��B��AH�O�VmB

��MOd��]tM�úC

���½n��RC ⌡μP��RA��R�pΓbMw½g⌠⌠�C�w���½n�C�ROHX�V

mM�����≥ªA�OpGS������A	HVm���≥ªCo���iπ�C�w��º½n�

M�A�½n��ϕμM�ϕC��NApG�jq�w���[ε�AhP��R�pΓ���QB�

�C

xs

uxsv��O�
Nw��xs�Ω��ñ���C

v xsC�]���w����OC �
@�xs��]���w��M�O]���w��OC

v xsC�]���w�Ω�≈v��OC �
@�xs�O]���w�Ω�≈vC∩≤e n ��OAt

���C��Oxs�O���AΣñ n Obunxs��OvμñⁿwC

wxs���W�C �
W�ú��TOzαOd���u@C�qW�i²z	≤/�N²e⌡μ��GA�

ú�²RúbuΩ�sΦ�vñxs���C

≈vMΩ�≈v

π� Softmax �
τ�Mμei����O]����C��O�w��A��Oñ�C�w���[ε�k

J�O�≈vC

π�¡ΦM�t��O]����C��O�w��A²LkNw���¬�≈vC{��xso�w�Ω�

≈vAY�⌠@≈vp≤ 0 �j≤ 1A�OSw�]���MúO 1C
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ROCB
n¼q�MWq�]��\ � 7��yΘXz�O	�Ω�≈v���Cϕ⌠@Ω�≈vp≤ 0 �

j≤ 1A�OSw����MúO 1 �A�²�N≈v�πb 0 M 1 ºíAB�M� 1CΩ�≈vOzLú

HΣ�M
iμ�πC�pApG[ε�π�T�O]��º 0.50B0.60 M 0.40 �w�Ω�≈vAhC�Ω

�≈v�úH�M 1.50 Ho� 0.33B0.40 M 0.27C

pG⌠@Ω�≈v�t�AhbiμWz��πeA�N�C�	∩�W[���Ω�≈vC�pApGΩ�

≈v� -0.30B0.50 M 1.30Ah�²N 0.30 [�C��H�o 0.00B0.80 M 1.60C��ANC�s��úH

�M 2.40 H�o 0.00B0.33 M 0.67C

�X

u�Xv��O�
NC�]���[vΣ�⌠p�xs� XML (PMML) ��CziH��o��¼��A

N�íΩTM��ΣLΩ��ñHiμ��u@C pGwwq���Ah�∩�Lk��C

∩�

���≥��C ]�������AHN[ε��J�RCo��ε�i²zMwOnb]�M�O]��

ñAN��	≥	�°����C

ñεWhC o�OMw≤��εVm½g⌠⌠�WhCVm�zL
�@�Ω��Θ�≥⌡μCi��UC�

h
ñεVmA��	UC���d�hCbϕ
�ñεWhwqñABJ�∩�
uWMp¼σ�Φk�Ω

��ΘAH�∩�
σ�Φk��NC

v �jBJ�� (ú]t��Yε)C �d��Yεe��\BJ��CpGbⁿw�BJ��ßS�X{��

YεAhVm�ñεCⁿw@�j≤ 0 �π�Cz]iHⁿw�≤pΓ���Ω���C��∩�����

��� (pGsb)Ah���Vm��C��NAσ�VmiO�bC�Ω��ΘßVm�����YεF

]�ub����sb��∩��A�≤σ�VmCVm��wΩ�Γ���o����d��Fub�

���sb��iH���∩�C

��GbC��πΩ��ΘßAuWMp¼σ�Vm�niμB��Ω��ΘAHpΓVm��Co�B

��Ω��Θ�²Vm�π�CA]�q����zú�����A�∩�ú�≤�ípUu��∩

�vC

v �jVm�íC ∩	OnⁿwtΓk⌡μ��j�	�Cⁿw@�j≤ 0 ���C

v �jVmg�C �\��jg�� (Ω��Θ)CpGWL�jg��AVm�ñεC�ⁿw@�j≤ 0 �

π�C

v Vm��ñ��p�∩�≤C pGP²eBJ�±�AVm��ñ��∩�≤p≤�h��AhVm�ñ

εCⁿw@�j≤ 0 ���CpGOuW�p¼σ�VmAu�b����Ω�pΓ������ñ��

hC

v Vm��±�ñ��p�∩�≤C pGPΩL�¼��v�±AVm��vp≤�h��AhVm�ñεC

ΩL�¼�w���]���¡í�Cⁿw@�j≤ 0 ���CpGOuW�p¼σ�VmAu�b���

�Ω�pΓ������ñ��hC

nxsbO�Θñ��j[ε���C ���i�εUChhP��tΓkñ�]wC�ⁿw@�j≤ 1 �

π�C

v b�
[c∩�ñA�
P
⌠⌠[c���jpO min(1000,memsize)AΣñ memsize OixsbO�Θñ

��j[ε���C

v bi�
pΓp¼σ����p¼σ�VmñAp¼σ����O min(max(M/10,2),memsize)AΣñ M OV

m��ñ�[ε���C

� 2 � hhP�� 9
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� 3 � b�íτ�

ub�íτ�v((RBF) {����w����A����h�� (��) ��ú�w��¼C

d�C YqH�q	�A���Φí
���ß�qA�N�ß�¿���OC��HfΩ�
w��O¿


� RBF ⌠⌠i²�q��O��ß�q°
C

Ω��q

]��C ]��iHOG

v Wq. ϕ���NϕΩΦW��Ñ������]�pA�
uu@��qí��Ah���i°�WqC

Wq���d�]A��Bl��	�v��ΘC

v ��. ϕ���NϕΩΦWwÑ������]�pAA�íN�qD�úíN�D�íN���Ah��

�i°���C�����d�]ANϕíN��Hα{��A���H��nÑ���C

v ��. pGY@��i°���]s≥�Aϕ�ª��Nϕt�Ω�Nqx}�w����A]�AX±�

�ºí�Z≈C�����d�]AH�≈ϕ�����Hd
�μ��¼JC

�{�	]wⁿw���]��Aϕ��qh�A²ziHb
���Mμ���W÷@U�½kΣA�

∩��{\αϕW��qh�A���≤����qh�C

��MμñU������i�O�qh�MΩ��¼G

ϕ 2. �qh���

��¼ rΩ Θ� �í

�� (s≥) L

��

Wq

w����C iⁿww���]�]�O��@�q]���C

�O��sXC �{�bπ�{��íA��� one-of-c sX
��O²�Ow���P]��CpG@�

���h� c �OAh���xs� c VqAΣñ�@��O��� (1,0,...,0)A�G��O��� (0,1,0,...,0)

A...A�ß@��O��� (0,0,...,0,1)C

�sXΦk�W[[vΣ�����Ao��PVm�CF²OA≤huδ�v�sXΦkq��ú�úAX

�½g⌠⌠CpGz�⌠⌠Vmiμ�D�CAziHN�ⁿ��O�Xb@�A�	≤π�Ñ��O�[ε

�AH��ε��Ow��ñ��O��C

��� one-of-c sXúOHVmΩ��≥ªAY�wwq���Od��]Op�]��\� 13��y�

�z�C]�ApG���Od���]t�[ε�ºw���OúbVmΩ�ñAho�[ε�ú��≤{

���wñCpG���Od���]t���º]���OúbVmΩ�ñAho���ú��≤{�A²

iα�≤��ñC

11



�πC ��]��M@�q��w]iμ�πAH∩�⌠⌠VmC����πúOHVmΩ��≥ªAY�w

wq���Od��]Op� (��\� 13��y��z)C]NO°�π��¼�wA	��VmΩ�
pΓ

¡í�B��tB@�q�]����p���j�C pGzⁿw��
wq��A�½n�Oo�@�q�

]����bVm��B����MOd��ºí��ⁿ��tC

��[vC �{���ñ��[vC

�s�GC pGznδTa�s�GAúF���P�{�]w�A��
�ú�����P��l��M�

P�Ω���C��D�
�Ω�pUG

v ��ú��C bH≈ⁿú���íA�{����
�ú��C�
Yn½sú��P�H≈��GA�

²��P
�ú����P�l��AA⌡μC�ub�íτ�v{�C ��\H�ovB�ⁿ�C

v [ε���C �G]��s≤Ω���A]���F TwoStep �stΓk
P
b�íτ�C

YnN����	��CA�HH≈Φí�C[ε�CYnτ�Y��MΦ��¡w�Az]\�Qn�

oX�úP��MΦ�AΣ[ε��HúP�H≈���CCb��Ñj�ípUAiiμh�BΓAH

úP�H≈���C@�[ε����C

��b�íτ�⌠⌠

b\αϕWA∩	G

�R > ½g⌠⌠ > b�íτ�...

1. ∩�
�@�]��C

2. ∩�
�@�]��@�qC

ziH∩	�abu��v��W�≤�π@�q�ΦkC∩��G

v ���C εh¡í�AMßúH��t (x mean)/sC

v �A�C εh�p�AMßúHd≥ (x min)/(max min)C�A����≤ 0 M 1 ºíC

v �πß�A�C εh�p�AMßúHd≥��π�� [2*(x−min)/(max−min)]−1. �πß�A����≤

-1 M 1 ºíC

v LC S��π@�qC

π����qh��μ�

YbΩ��ñX{@�h������ (μ�) �qh�AN�π�u�qh�v��C
≤�qh��vT�

{���GpΓA]��������π�wwq��qh�C

�yΩ�C ¬�@�ñΩ���Ω�A�Bw∩�eπ����qh��⌠≤μ�ⁿúw]��qh�CY�

j¼Ω��Ah¬��iα�n@��íC

Γ�ⁿúC }�∩��AHCXπ����qh���μ�CziH���∩��Hⁿú�qh��o�μ�C

ziHbuΩ�sΦ�v�u��°�vñⁿú�qh�C


≤�qh�O�{��½n��A]�zb��μ��
�wwq��qh�ºeALks�∩��
⌡μ

�{�C
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��

���Ω��C ��OⁿwN@�ñΩ���j¿VmB�wMOd���ΦkCVm��
�
Vm½g⌠

⌠�Ω�O²��¿FbΩ��ñ�Y�±��[ε���ⁿw�Vm��H�o�íC�w��O@�W�

�Ω�O²A�
l�Vm�í���H�KVmL�C��z��Vm��ABϕ�w��p≤Vm��

�A@δ
í⌠⌠Vm≤[¬�COd��Ot@�W��Ω�O²�A�
s���½g⌠⌠F
≤Od[

ε����
�m�¼AOd�������¼�w�αOú�u�Ωv�⌠pC

v ��[ε���∩�rH≈ⁿú[ε�C ⁿwH≈ⁿú�C@���]VmB�wMOd��[ε���∩

�r]±��C% μ°i	�z�ⁿw��∩�rANnⁿú�C@����[ε����±C

�pAⁿw 7B3B0 @�VmB�wMOd����∩�rA∩�≤ 70%B30% M 0%Cⁿw 2B1B1 @

��∩�r∩�≤ 50%B25% M 25%F1B1B1 ∩�≤NΩ��	��VmB�wMOdTí��ÑC

v �������ⁿw[ε�C ⁿw@����N@�ñΩ���C@�[ε�ⁿw�VmB�w�Od�

�CN��ñt����[ε�ⁿw�Vm��AN�� 0 �[ε�ⁿw��w��A�N��t�ⁿw�

Od��Ct�t�≥	��[ε��q�Rñ�úC⌠≤�������	≥	��	°���C

[c

u[cv��O�
ⁿw⌠⌠�[cC{����]t@�⌠�ub�íτ�vÑh�½g⌠⌠F@δ�ÑA

ú�n�≤o�]wC

⌠�Ñh�μ��C ∩	⌠�μ���Φk�T�C

1. b��pΓ�d≥jM��μ��C {���
pΓd≥��p�M�j�A�Bb�d≥�jM��

�⌠�μ��C

pGwqF�w��Ah{�����wΩ��hG��⌠�μ���O��Ω�ñú�������

�CpG�wq�w��Ah{���� Bayesian ΩT�h (BIC)G��⌠�μ���OVmΩ�ñú�

�p BIC ���C

2. bⁿwd≥jM��μ��C ziHú��v�d≥AB{�Nb�d≥�jMu��v�⌠�μ��C

P²e�@k�PAd≥ñ���⌠�μ��O����Ω��h� BIC 
MwC

3. ��ⁿw�μ��C ziH�g���d≥A���ⁿwSw�μ��C

⌠�Ñh���τ�C ⌠�Ñh��
τ��b�íτ�AΣ�NÑhñ�μ�us�v
ß≥Ñhñ�μ�

��C∩ΘXÑh�ÑA�
τ���Oτ�F]�ΘXμ�	�O⌠�μ
�[v�MC

v �A�b�íτ�C �� Softmax �
τ�AH²��⌠�μ���
�A�¿�M� 1C

v @δb�íτ�C ��ⁿ��
τ�AH²⌠�μ���
¿� Gaussian ≡X½δ�ΘJτ�C

⌠�μ�ñ�½�C ½�]�OM�
b�íτ�e���C�
pΓ�½�]���O 1+0.1dAΣñ d O

ΘJμ�� (��]���O��P@�q����M)C

ΘX

⌠⌠[cC π��÷½g⌠⌠�KnΩTC

v í�C π��÷½g⌠⌠�ΩTA]A]��BΘJMΘXμ����B⌠�ÑhMμ����AH��


τ�C

v �C HLksΦ��ϕ
π�⌠⌠�c�C��NAH�@�qM]�h����W[A�c�]�V
V

°�¬C
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v [vΣ��C π�Y�⌠p�A�⌠p��π�w�Ñhñ�μ�MU@Ñhñ�μ�ºí�÷YCY�N

@�ñΩ����¿VmB��MOdΩ�A[vΣ����HVm���≥ªC��NA[vΣ���

��iH�o�ϕjA]�o�[v@δúA�≤�¬⌠⌠�GC

⌠⌠�αC π��≤P
�íOu}nv��GC��G��Oñ��ϕOHX�VmM�����≥ªA

�OpGS������A	HVm���≥ªC

v �¼KnC H��MπΘΦíπ�½g⌠⌠�G�KnA]A��Bú�Tw���∩�����±MVm

�íC

���¡ΦM�tC��A	�]���qh�
π�ú�Tw���∩�����±CpG⌠@]��

π����qh�Ah�π�¡íπΘ�∩�� (�∩≤¡í��í)CpG���]����OAh�π�

ú�Tw��¡í��±C]�π��O]��ºú�Tw���∩�����±C

v ���GC π�C��O]�����ϕCC�ϕ�ú�C�]���Oº�T�ú�T���[ε��

�C]�°iw�T��º�[ε����±C

v ROC �uC π�C��O]��� ROC (�¼�@�S�) �uC]�π�iú�C��uUº���ϕ

μC∩@�Sw�]��
íAROC ��C��Oπ�@��uCpG]���Γ��OAhC��u�°

Q�ñ��O��V¼AMt@��Oiμ±�CpG]���Γ�HW��OAhC��u�°Q�ñ

��O��V¼AMΣL��OπXiμ±�C

v �n¼q�C π�C��O]���
n¼q�C�C�]���Oπ�@°�u�ΦkM ROC �u�Φ

k�PC

v Wq�C π�C��O]���Wq�C�C�]���Oπ�@°�u�ΦkM ROC �u�Φk�PC

v [ε�ϕ�w�C π�C�]����[ε�w��ϕCpGO�O]��Ah�π�C�����Oºw

�Ω�≈v��s���AΣñH[ε����O@��s��CpGO��]��Ah�π��G�C

v w��ϕ��tC π�C���]����w��	t�ϕC	tPw��ºí��S�iú��íC	�

��]��ú���ϕC

[ε�BzKnC π�[ε�BzKnϕAΣñKnX�Rñ]tM�ú�[ε��B��AH�O�VmB

��MOd��]tM�úC

���½n��RC ⌡μP��RA��R�pΓbMw½g⌠⌠�C�w���½n�C�ROHX�V

mM�����≥ªA�OpGS������A	HVm���≥ªCo���iπ�C�w��º½n�

M�A�½n��ϕμM�ϕC��NApG�jq�w���[ε�AhP��R��njqpΓB�

�C

xs

uxsv��O�
Nw��xs�Ω��ñ���C

v xsC�]���w����OC �
@�xs��]���w��M�O]���w��OC

v xsC�]���w�Ω�≈vC �
@�xs�O]���w�Ω�≈vC∩≤e n ��OAt���

C��Oxs�O���AΣñ n Obunxs��OvμñⁿwC

wxs���W�C �
W�ú��TOzαOd���u@C�qW�i²z	≤��N²e⌡μ��GA

�ú�²RúbuΩ�sΦ�vñxs���C

≈vMΩ�≈v

LkNw�Ω�≈v�¬�≈vA]�ub�íτ�v{���¡ΦM�tPΘXÑh��O�
τ�C{�

�xso�w�Ω�≈vAY�⌠@≈vp≤ 0 �j≤ 1A�OSw�]���MúO 1C
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ROCB
n¼q�MWq�]��\ � 13��yΘXz�O	�Ω�≈v���Cϕ⌠@Ω�≈vp≤ 0 �

j≤ 1A�OSw����MúO 1 �A�²�N≈v�πb 0 M 1 ºíAB�M� 1CΩ�≈vOzLú

HΣ�M
iμ�πC�pApG[ε�π�T�O]��º 0.50B0.60 M 0.40 �w�Ω�≈vAhC�Ω

�≈v�úH�M 1.50 Ho� 0.33B0.40 M 0.27C

pG⌠@Ω�≈v�t�AhbiμWz��πeA�N�C�	∩�W[���Ω�≈vC�pApGΩ�

≈v� 0.30B.50 M 1.30Ah�²N 0.30 [�C��H�o 0.00B0.80 M 1.60C��ANC�s��úH

�M 2.40 H�o 0.00B0.33 M 0.67C

�X

u�Xv��O�
NC�]���[vΣ�⌠p�xs� XML (PMML) ��CziH��o��¼��A

N�íΩTM��ΣLΩ��ñHiμ��u@C pGwwq���Ah�∩�Lk��C

∩�

���≥��C ]�������AHN[ε��J�RCo��ε�i²zMwOnb]�M�O]��

ñAN��	≥	�°����C

� 3 � b�íτ� 15
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