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ɮ̔ɬ� aNl_ 

1.1 ɚɩʕǨ 
 

� � ʂȩ�§ª�¥Ę}ɎŽ_Ñ]8ʳɑÏ̍³ŐʳĉɑɗɲɃţńÏ̎bʳ

ĉÏɟn�x¨�{ze}ɑʫɲɃvʋłMZ]rTl8˒Ɛ8³Ő}���

˦ʡbˑ˘_ɎŽM8³Ő}˦ʡƈŖmʇ]ZǓŇMZCq8˦ʡďǞ}�ª

�b��ª�y��MZ]rVǞM]ʂȩɄŗ}³8³Ő}˧ʢȁɉaĦM]

ʂňǆƸ_ɔ˿MZ]rVŅȁ˧ʢa8ÅɟoqŬ]ÝǾy˘]��ª�xá

ɇ˅Æ�ª��vǎÛlrJy_oq8ȱM]ɭ¸}³_«ƊvĠlrJyb

xcrVŅȁ˧ʢ}áɇ˅ÆˇɆbǃŝlry8ʗˍ}¤�~©�¨�§ª¥

ƽʣbȁĖɎŽ_˕]Æa{d{q8Ǭʀɏ_a˧ʢˇɆ}ˈb¯btZʂň

¤�~bŘBrJy_{rVo}ȳ8áɇ¤�~a˧ʢ}¤�~ɲɃ}ȡɓȲ

_{tTV˦ćƈŖĘ}Ƞ}³8Ņȁ˧ʢaoqĦM]ɭ¸_ɔ˿MZCq8

¤�~©�¨�§ª¥ƽʣ}ƜĘbʨβisZ]rV 
� � áɇ¤�~a��|¥�©¤�~ymʮusrVosa˅Mƺê8ʳĉɎ

ʢêiTaÀȪɕƺb8ŠɺëĖ°ƀʢɯ_oq8ïǳ}˓ȩn˦ć}ǒƼ]

b˜ȰnèȎMTqlrȳ8˧ ʢiTaƿˇʓbǑvʥr[25]Váɇ¤�~aó

Õ}ʂȩƞėym8Îȁ}ùÕɏ{ʂňȼȞymˬÞb?rV˨]˫8áɇ¤

�~a˧ʢȁɉ}ˤʨ¤�~x?ryƫusZCq8J}¤�~a˧ʢ}ûś

ȁĖ_ʤsrVmM8˧ʢbʗˍ}ˇɆȼȞvatcqƾǐxcm_ĶɃɏ{

¤�~©�¨�§ª¥ǠɰvĈůxc{]y8ʯɱxc{]¤�~_ɔ˿lr

Jy_{rVo}Tl8áɇ¤�~ɲɃvƜĘlrJya8Ņȁ˧ʢ¤�~ɲ

Ƀɚɩ}³x8ˤŝ{ʹ̅x?rV 
� � ˧ʢ}´{˅Æŵˁa®ŖÎȁx?q8Îȁ}˃ĖȼȞnʂňɲɃ{z}

ȼȞaɔǋɏ_Îȁ}ɎŽ_Ờv±BrVŅȁ˧ʢ_ytZ8˃ǕbưĘM

T®ŖÎȁ}áɇ¤�~aoq̊d8˖}ŖĶaáɇ¤�~bÔ]Vǳɚɩx

a8®ŖÎȁb˃Ėġȋ_˳tTazAaȫůlrJyx8Ņȁ˧ʢbɔ˿M

Z]ráɇ¤�~vąǝlrV 
� � ®ŖÎȁbáɇ¤�~}ņ̅_˳tTĤŋaȅ:x?rVMaM8z}o

A{Ĥŋxm8˃ĖɌƌ_˳r˸a˥řapˈřix}�§��b?q8J}

«˚}řĘaÎȁ}˃Ėʼʤ_ʤsrVoJap®ŖÎȁŷǶ}˃ĖȼȞv·



 

2 
 

ȫlrJyoq8Îȁ}ʂňȼȞy��|¥�İʖƭvąǝlrJybxcrV

Ņȁ˧ʢaos_otZáɇ¤�~}ȼȞvąǝxcrVMTbtZ8ȏɜa

u�{�¤ª_®ŖÎȁ}˃Ėġȋ}ɎɅv·ȫlrJya8Ņȁ˧ʢ}áɇ

¤�~©�¨�§ª¥_ytZˤʨ{Ʋŀb?rV 
� � ð˛Őaáɇ¤�~ɲɃ}ɎŽbǣd8ɕƝƵȷɏ{¤�~ɲɃ����

bƞƵisZCq8áɇ¤�~Ɣ˥ƽʣaǡ_˧ʢáɇ˅Æ¤�~ɲɃ}ˤʨ

{�ª¥_{tZ]rV«ǟ8³Ő}áɇ¤�~ɲɃɚɩairĄǱȔ˶x?

rVáɇ¤�~ɲɃ����air°ŭóx?q8áɇ¤�~}˥ɏɚɩmJ

sapx?rVƈŖ}�§ª�¥e}˪ǔyɭ¸}ȱĘ_Ñ]8Ņȁ˧ʢb¤

�~ɲɃ}ƜĘ8˦ʡ}Ŭů8ɭ¸Đ}ƜĘv˛lr˸_8áɇ¤�~ɲɃ_

Đvÿlƨʨƭb̊itZ]rVáɇ¤�~}ů˥Ęaáɇ¤�~ɲɃvƜĘ

lrTl}ˤʨ{čǎǵËx?rVMTbtZ8³Ő}Ņȁ˧ʢ}áɇ¤�~

ɲɃ_ytZˠā{˥Ę �¥v˪ɎlrJya8ȂlZˤŝ{Ʋŀb?rV 
 
 

1.2 ɚɩ}Ʋʏyɓɏ 
 

� � ɂÇʂȩɟÏ}³_8áɇȣĕbʇ]Z8ɎŽMZ]ZďǞMZ]rVá

ɇȦˆaoq«ſ²ɉɎŽ}ìĺ_?roA_{tZcTȳ8áɇȦˆapm

TpMTņ̅m8zJxmʩBrV˦ʡ����}ˤʨ¤�~yMZ8áɇ¤

�~aɔǋ˧ʢ}ʂňȼȞ_Ờv±B8áɇ¤�~b?rɦƔ_ɨk{p8

óɟÏ}Ŭů_Ờvĩwx8ȧċ{˦ʡġȋn�§ª�¥ʂȩġȋbˊJr

İʖƭm?ryƫusrV2007 Ɛ}˦ʡġȋaʅš{Úx?q8o}ȳ8áɇ

¤�~ɲɃa˦ʡȁɉ_Ờv±Brrexa{d8?rɦƔ_óɟÏ}ʂȩ

ŬůyʍbtZ]ryʮBrV 
� � Ņȁ˧ʢa˅ÆvʴÝlr˸_8Ĩʒ_{rǅȆbȜƁ?q8o}³x8

ɕƺ}˃ĖȼȞa´_ʒŴlrV˦ʡƈŖ}ɭ¸bȱĘy�§ª�¥Ę}̊Ɣ

Ę_Ñ]8³Ő}Ņȁ˧ʢaoq«ſ8áɇ¤�~}˥Ęɚɩ_ˤʫMZcTV 
� � ³Őxa8˧ʢaˤʨ{áɇÊÄyʡˇ}Ȋx?q8¤�~vʂňMZɲ

ɃlrȋȄyMZ8˧ ʢaɟÏÕɸ}Ŝǘáɇ¤�~v˺lZ]rVo}Tl8

˧ʢ_ytZ8ĶɃɏ_¤�~v�¨�§ª¥lrJyaȂlZˤʨx?rV

ǞM]�ª�¥ʪĈC]Z8³Ő}Ņȁ˧ʢ}¤�~ɲɃƽʣa8oq̊dʨ
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βisZ]rVŐ˸¦�¥yȖːMZ8³Ő}Ņȁ˧ʢ}áɇ¤�~ɲɃƽʣ

airŝc{Ƶ˨ɪ˫b?rVo}Tl8áɇ¤�~Ɣ˥yɲɃ����}o

qó˿ĘaȂlZƨʨx?rV 
� � ǳɚɩaɅŪĀǷɃʻ_or Cox ȖÚ��ª� �¥vɇ]8áɇ¤�~

}Ɣ˥ÕɸvɵdVJ} �¥}�¤��yMZ8ʉĶɏ_˃ĖȼȞ_Ờv

±BrǅȆvʒŴlryym_8ƻVāq�ª�̍Censored data̎vodþɃ

lrJybxcrVJ}ǟȟa8ʉĶɏ_ɅŪǧ˫yöř˥}ˬÞvʒ˥xc

r«ǟ8ǧȲ·ȫbxc8ˠɇƭb̊]yʒBrVáɇ¤�~˥Ę �¥}ɵ

c_otZ8Ņȁ˧ʢaoqĦųɏ_8�£{�¨�yǾÆev˛lrJyb

xcr«ǟ8Ĕǹɏ_˧ʢ}°ʙˇɆvÔ¯lrJybxcZ8˧ʢ}Ĕȿɏ

{˝ň_Ǯćx?rV 
 
 

1.3 ðʢɚɩ 
1.3.1 Őûśáɇ¤�~ɚɩȼȞ 

 
� � áɇ¤�~Ờ}ǃŝ_Ñ]8áɇ¤�~aoqˤʫisZcTVŅȁ˧

ʢ}áɇ¤�~ɲɃa8®²ɹap˦ʡȁɉbʿʻMTȵȲ_{tZ]TVȥ

śaáɇ¤�~Ɣ˥yɲɃ}ɚɩamAƵȷy]Br«ǟ8³ŐŐûxaŢi

qb˜]eszm8?rɦƔ}ƵǹbxcZcTV 
� � áɇ¤�~Ɣ˥_ˬlrɚɩa8«ʘɏ_¯ʰ}ǟȟ_ĀepsZ]r̝

Ŷ˩Ųąȟ8áɇǾÆeȟ8áɇǉȲ �¥yɂÇáɇ��|¥�© �¥x

?r[15]Vo}³x8ɂÇáɇ��|¥�© �¥a«ɋŜdÙɇis8ĸǧ_

ȏɜƭb̊]ǟȟx?rV 
� � Ŷ˩ŲąĆȟa«ɋǣdƪɇisTáɇ¤�~��|¥� �¥x?q8

ůƭĀǷ}ǟȟx?rVÇʤɏ{Ŷ˩ŲąĆȟa 5CS y CAMEL {z}ƺȟx

?rVů˥ĀǷiTa¤�~˥Ę �¥y˟AyJta8Ŷ˩Ų}Ƣȁʂ̉_

otZ8áɇ¤�~_ŵMZ8ĀǷyąĆvʢAy]AȻƦx?rVJ}ůƭ

țɰ}´ʬƭbƜ]ȳ8ąǝʃǹaĀƂMnl]yƫusZ]rV 
� � áɇ¤�~ɲɃ_T]lrʨβb̊ƔĘ_Ñ]8áɇǉȲ �¥bÿZc

TVo}³x8ǮĹ{ �¥yMZa81968 Ɛ_ Altman bǎÿMT Z-score
 �¥x?r[6]VŅȁ˧ʢaJ} �¥vɇ]Z8®ŖÎȁ̇ű_ rating vʢ
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tTV1977 Ɛ_ Altman TVaǬĄ} Z-score  �¥_âǓvʢtZ8ŰʳĀ

Ƿ_oq8 �¥}ř˥v¾uap¬u_ŘĒMZ8ZETA  �¥[5]vǎÿM

TVJ}Ǔ˛a �¥}�¨�¥}ˡǀɴōvǫ_ǃŝMZ8 �¥}Ŭůƭ

vƜĘMTV 
� � ³ŐŐûxa8Ŀ̈ʝ̍1996 Ɛ̎a Z-score  �¥_totZ8F-score
y]A �¥_Ǔ˛MZ8Őû}Îȁ��|¥�ʢȳɚɩ}ƒɬv˪eTVo

}ơ8˴˽̍1999 Ɛ̎aŜïĀǷ_otZ8ˇɆ˂ëȿ8ɻˇɆ{z}˃Ėǅ

Ȇvʒ˥M8Îȁ}��|¥�ʢȳvɚɩMZ[12]8Ƶđɏ_Îȁ}��|¥�

ʢȳv·ȫMTVƛɁa®ŖÎȁv�¨�¥_MZ8˃ĖǅȆ}³apř˥v

ĮqÿMZ8ŜïɔʊąĆ �¥vØtT[33]VJsp} �¥a8Ȼ_˞ħ}

ȑı�ª�vǕlrTl8 �¥}ƪɇa˰ůisZ]ryʒBpsrV 
� � ɂÇáɇ¤�~}˥Ę �¥_ŵMZ8ɚɩ}ˑ˘ɎŽ_Ñ]8Logistic
 �¥y KMV  �¥a˧ʢ}áɇ¤�~ɚɩ_ƍƑdƪɇisZcTV˴ ǩ8

˴ƬN(2000 Ɛ)aĄlZ Logistic  �¥vćɇMZ8³Ő}®ŖÎȁ}��|

¥�ʢȳvɚɩMTVŰʳĀǷ_otZ8Logistic  �¥aÎȁ��|¥�ʢȳ

·ȫ_ŵlrǮĔƭvȀůMT[13]Vo}ơ8os_ˬlrɚɩaŕľis8

Logistic  �¥vǓ˛MZ8 �¥}ȏɜƭv̊lTV[14]Logistic  �¥}Ǭ

ŝ�¤��yMZoqƑ]ƪɇɴōx?rVo}ơ Credit Monitor  �¥8 
KMV  �¥{z}ğ«áɇ¤�~vƔ˥lr �¥̞Credit� Metrics y

Credit Risk+{z}ʁĶáɇ¤�~vƔ˥lr �¥bŕľisTV 
� � KMV  �¥aÎȁ}ǾÆe_Ǖnm8Îȁ}ǼÝřǫvćɇMZÎȁ}

áɇȼȞvĀǷlr �¥x?rV³Ő_aȈťƭ}?rǾÆeÏɟbŪőM

Z]{]ȳ8®ŖÎȁ}ǾÆe�ª�aƺ_òs_d]yƫusrVKMV  �

¥aǾÆe�ª�bʨpm8ǼÝ�ª�b?sb8ˠɇxcrVTrM8³Ő

ǼƘƈŖaȂlZǲƵȷx?rTl8®ŖÎȁ}ǼÝaÎȁÝåy˾ŵɯy]

AȻƦb?q8KMV  �¥aŭóɏ_³ŐƈŖ_ˠɇy]B{]yƫAV 
 
� �  

1.3.2 ɅŪĀǷ_or Cox ȖÚ��ª� �¥}ɚɩɂȼ 
 
� � ɅŪĀǷaŜɧ�x~�yɅŪǧ˫}˫}ˬ˚vɚɩlrūɣx?q8´

_ɅŪɂˁyos_ŵƪlrǧ˫�ª�8iTaʄʯ¤��vɚɩMZ]Z8
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J}ƺȟaěū8ɟÏū{z}̃œ_ƍƑdćɇisZ]rVo}³x8��

¨�©�ª�vþɃlrîÓƭb?rȳ8ƪɇɴōbƑbtZcTVɂőaʂ

ȩūn˦ʡūyɲɃū{z}ĵ̃œ_modÙusZcTV 
� � ɅŪĀǷ_or Cox ȖÚ��ª� �¥a Cox D.R b 1972 Ɛ_ĄlZŕ

ľisT}x?q[4]81986 Ɛ_ Looney, Lane y Wansley aŜïąĆĀǷ}ʄ

ʯūŔɝɃʻ_oq8Ȕ˶ɏŊƋ̍ stepwise regression̎l ǀř˥vćɇMZ8

Cox  �¥vȄɵMT[1]VǬĄ_8J}ƺȟaÎȁ˃ĖǣǱʾƷ_Cerɚɩ

_ƪɇis8Ƶđɏ_˧ʢb«Ɛ˫yºƐ˫Èû}ɛɆMTɜȿv·ȫMTV

1996 Ɛ Lee y Urrutia aŰʳĀǷxà˵Ïɟ}ɛɆǟ˿_C]Z8ɅŪĀǷ 

�¥aLogit �¥oqȏɜƭb̊]y]AJyvȀůMT[7]V2007ƐBellotti 
T y Crook J bŰʳĀǷ_oq8à˵Ïɟ}ɛɆǟ˿_C]Z8ɅŪĀǷ �

¥a Logit  �¥oq8·ȫʖĐboq̊]yȀůMT[2]V 
  � 2004 Ɛ³ŐŐû}ūʓbĄlZɅŪĀǷvćɇMZ8Îȁ}˃ĖȼȞvɚ

ɩMTVx ǩƃa non-parametric ƺȔx®ŖÎȁ}ɅŪǪʊy¤�~ɜȿǪʊ

vȖːĀǷMT[19]Vo}®_8?rūʓb Cox ȖÚ��ª� �¥vÎȁ˃

ĖǣǱʾƷ_Cerɚɩ_ƪɇMZ8Ɲ �¥bÎȁ}ǶƐƔ}˃ĖȼȞvo

d·ȫxcry]AJyvȀůMT[17]V 
� � ɅŪĀǷaʂȩy˦ʡ̃œ_C]Z}ɚɩƪɇb˜d8ūʓTVa Cox Ȗ

Ú��ª� �¥vÎȁ˃ĖǣǱʾƷ_Cerɚɩ_ƪɇMZcTesz[20]8
Ņȁ˧ʢ}áɇ¤�~Ɣ˥_C]Z8����ɏ{ɚɩairĜĀxa{]y

ƫusZ]rV 
� � ǳɚɩaɅŪĀǷ_or Cox ȖÚ��ª� �¥vȄɵlrumqx?q8

®ŖÎȁ}˃Ė�ª�apˠā{ǅȆř˥vˡǀM8Cox ȖÚ��ª� �¥

vØrVŅȁ˧ʢ}ɫŖap̝ �¥}®ŖÎȁ}˃Ė¤�~·ȫ_Cerƪ

ɇvȧdɚɩlr®_8Ņȁ˧ʢ}áɇ¤�~ĀǷ8ʴÝ8ɲɃ_C]Z8Ƀ

ʻǽǂvǎÛM8Ņȁ˧ʢ}áɇ¤�~ɲɃʖĐvƜĘlrV 
 
 

1.4 ɚɩ�§��y�}ª� 
 

� � ǳɚɩaȜƁūʓ}ɚɩʃǹyɅŪĀǷ}ŔɝɃʻ_otZ8ɅŪĀǷ_

oq8Cox ȖÚ��ª� �¥vØrV®ŖÎȁ}˃ĖȼȞ_Ờv±Brʚ
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Ǝ�x~�_ĀǷvʢ]8ˠƝ{ř˥}ˡǀǟȟ_otZ8®ŖÎȁ}˃Ėȼ

Ȟ_ʟM]Ờv±BT�x��vˡc8Ņȁ˧ʢbáɇ¤�~vƔ˥lr�

¦ª�vɵdV 
� � ǳɚɩaºu}ǟ˿apɚɩvŽ˪lr̝ɃʻĀǷyŰʳĀǷVɃʻĀǷ

_C]Z8´_ɅŪĀǷ}ŔɝɃʻyáɇ¤�~Ɣ˥_Cerˠɇƭ8?ya

Cox ȖÚ��ª� �¥³8�£�ª�}ʯ˥ǟȟy �¥ř˥}ˡdĤČv

ĀǷlrV«ǟ8ŰʳĀǷ_C]Z8³Ő}®ŖÎȁv�¨�¥_MZ8�¨

�¥v �¥�¨�¥yȀů�¨�¥_ĀeZ8 �¥vØq8ip_8 �

¥}ȏɜƭvȀůlrVŰʳĀǷ_a ST̍ Special Treatment:³ŐʳɑÏ_RȻ

ĆþɃSis̎Îȁa��|¥�©¤�~b̊]yj{M8˾ ST Îȁa��|

¥�_{p{]yj{lVˠā{˭åvˡǀMZ8 �¥}ȏɜƭvąǝM8

ÎȁŷǶ}˃ĖȼȞv·ȫlrV«ǟ8Ņȁ˧ʢaƣT��|¥�ȿ_oq8

Îȁ}��|¥�ȼȞvąǝlrJybxcrVJs_otZ8Ņȁ˧ʢ}á

ɇ¤�~ɲɃvƜĘlrV 
� � ɚɩǟȟ}ƺ́a¯ʰ}oAx?rV 
����̝̔ɅŪĀǷ}ŔɝɃʻvɿÄM8´_ɅŪĀǷ}³}ˤʨ{�£�

ª�y�ª�}ȻƦvɿÄlrVCox ȖÚ��ª� �¥báɇ¤�~vƔ˥

lrˠɇƭvʸǤMZ8CoxȖÚ��ª� �¥}Ȅɵ_ɃʻǒǄvǎÛlrV 
 
����̝̕ɅŪĀǷ_or Cox ȖÚ��ª� �¥}�£�ª�y˾�£�

ª�}ʱůǟȟn8 �¥}ǮƲȀůy PH ÉůȀůvɿÄlrV 
 
����̖̝Cox ȖÚ��ª� �¥}ŰʳĀǷx?rVJ}ˢĀaǅȆ�x

~�}ˡǀ8ř˥ˡǀ}ĤČ8�ª�þɃ}ĤČvʤǤM8 �¥}ʃǹvȖ

ːĀǷlrJy_oq8 �¥}ǮĔƭvȀůlrV �¥}ŬůƭyĚĀƔ

vȀůM8ˡǀisT�¨�¥yʬŴǱ˫ap}Ờvǈ˲lrJy_oq8

ǫ_ �¥}ˠɇƭvɜʶMTV 
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ɮ̕ɬ� ɅŪĀǷ}ŔɝɃʻ 
2.1 ɅŪĀǷ}Ʋŀ 

 
� � ɅŪĀǷa���yʺǻ_otZ8ÿǶT�ª�vɇ]8ɅȺ?r]aÂ

˫}ɅŪǧ˫_ŵMZĀǷyǌȫvʢ]8ɅŪǧ˫yʃżaŜɧỜ�x~�

y}˫}ˬÞ8iTao}ˬ˚ɦƔvɚɩlrǟȟvǅlVɶğ_]Bb8Ȼ

ů¹Ë}ɎɅǧ˫_ŵMZ8ĀǷyǌȫvʢAJyx?r[28]VɅŪĀǷaJ}

Ȼů{¹ËvȒ¿¹Ë_ůʏlrVJ}Ȓ¿¹ËaɅȺȒ¿8Ǯɍȿ8˻ŧ8

ëĉ˟ɺ{z_ʶʽisrJybxcrVȒ¿¹ËaļwrɴōbƍƑ]yʒ

BpsZ]rV 
 

2.2 ɅŪĀǷ�ª�}ȻƦ 
 

� � ɅŪĀǷaɕƝǞM]ʄʯǟȟx?q8ǬĄaěū8ʄʯū{z}̃œ_

ƪɇis8o}Ɯ]�ª�ĀǷʖĐy��¨�©�ª�_CerþɃ_aîÓ

ƭb?rȳ8ʂȩūn˦ʡūyɲɃū{z}ĵ̃œ_modćɇisZcTV

ɅŪĀǷa¹Ë}ɎɅǧ˫y?r¹Ë}˫}ˬÞƭvɚɩlr_?TtZ8o

dÙusrVo}ȳ8ɅŪĀǷ_aɅŪǧ˫y]A�¨���b?q8JJ}

ɅŪǧ˫aÍƲ}ˬÞƭ}?rºu}ǧȲ}˫}˫˷vǅlVŭóɏ{ɅŪǧ

˫a­u}ʨɼbļisr̝˪ŢȲ8ʀȲ8Ȼů¹Ëx?rV���}�z�

{¨ĩcʬŴǧ˫}˰ůƭb?rȳ8ʬŴǱ˫vˡůMZap8ʬŴǱ˫}ʀ

Ȳaix8ɚɩisrȻů¹ËbˊJp{]ŖĶb?r8J}oA{ŖĶ_a

�ª�}��¨�bɎɅlryŁbsrVɅŪǧ˫�ª�ao}ŭóƭ_oq8

ºu}ɧ̆_Āepsr̝ 
̍̔̎ŭó�ª�[28]̝ ɚɩŵˁ}ʬŴ�ª�aóZʬŴ}˪ŢȲyʀȲ}

˫_?tTVl{uV8Ȼů¹ËaʬŴǱ˫Èû_ˊJtTy]A

Jyx?q8­u}ɅŪǧ˫�ª�aŭóɏx?rV 
̍̎̕ƻVāq�ª�[28]̍Censored data̝̎ Ȼů¹ËaʬŴǱ˫Èû_

ˊJtZ]{]y]AJyx?rVȻů¹Ë}Ű˸}ɎɅ_oq8

ƆƻVāq8ĲƻVāqyĚ˫ƻVāq_ĀepsrVƆƻVāq

aȻů¹ËʬbŴǱ˫}˪ŢȲ}č_ɎɅMTVĲƻVāqaȻů

¹ËbʬŴǱ˫}ʀȲ}ơxɎɅMTVĚ˫ƻVāqaȻů¹Ëb
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ʬŴǱ˫Èû_ˊJtTesz8ùÕɏ{ǧȲbĀap{]ŖĶx

?rV 
 
� � ǳɚɩ_a �¥_ˬlrƻVāq�ª�aĲƻVāq�ª�x?q8o

saTr�¨�¥}ɅŪǧ˫a8ʱůMTʬŴǱ˫vˋB{]ŖĶ_8Ȼů¹

ËbʬŴisrJybxcrȳx?rVƻVāq�ª�vř˥̓_ʱůM8ŭ

ó�ª�v̔_ʱůlrV 
 

2.3 ɅŪĀǷ}ɕˬˬǘ 
 

� � ɅŪĀǷ_C]Z8«ʘɏ_ɅŪǧ˫ˬǘvɇ]Z8ɅŪǧ˫}¤��v

ǍdV«ʘɏ_8ɅŪǧ˫a´_¯ʰ}ŉu}ˬǘvɇ]8ɅŪ�§��}Ȼ

ƦvǍd̝ɅŪˬǘ8ĀƉˬǘ8ɜȿųƔˬǘ8¤�~ˬǘVo}³x8ɕŵ

ɏ_ˤʨ{}aɅŪˬǘ8ɜȿųƔˬǘĩc¤�~ˬǘx?rVJ}­u}ˬ

ǘbɞMZ]rƞƘyƲŀa˟Aesz8ǘū®_aŭó_ĸɯx?q8o}

«uvƣry8ȓq}ºu}ˬǘbǌɱxlrJybcrV­u}ˬǘaɅŪ

�ª�}Ɍ{r˿vʸǤMZ]r[28]V 
� � ̍̔̎ɅŪˬǘ[28]:ɽɨɅŪȿym]]8ãÕ}ɅŪǧ˫ T aʱůMTǧ

Ȳ t vˋBrɜȿvǅlVl{uV8ʬŴɚɩŵˁbǧ˫ t vʂtTơ8irɅ

cZ]rİʖƭx?rVS(t)yʰòlr8o}ǘƘa̝ 
 
                             F(t) = Pr(T≥t)                        (2.1) 
 
� � ɅŪˬǘağʺ˾ŘĒˬǘx?rVʗř˥a 0 vĮr˸_8ɅŪˬǘ}å

a̔x?q8ʗř˥aȴ˰ŝ_˒Yd˸8ɅŪˬǘ}åa 0 x?rVl{uV 
                              
� � � � � � � � � � � � � �   S(0) = 1                             (2.2) 
             
    

lim
!→!

! ! = 0 

                                                                  (2.3) 
ʯɱÚ̝ 
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        S(3)� =� 3 Ɛ}ɅŪȿ̠
!Ɛ˫ɅŪxcT�¨�¥ǘ

ǱĄʬŴʉ�¨�¥ǘ
         

 
  � � (2) ĀƉˬǘ[28]̝ ɽɨȒ¿ȿym]]8ãÕ}ɅŪǧ˫ T bʱůMTǧ

Ȳ t vˋB{]ɜȿvǅlVF(t)yʰòlr8o}ǘƘa̝ 
                     � � �    F(t) = Pr(T<t)                       (2.4) 
 
                    � � �     F(t) = 1̑S(t)                        (2.5) 
 
ĀƉˬǘ}å}{¨�ª�¥a[0, 1] 
 
  (3) ųƔˬǘ[28]̝ «ʘ}ųƔˬǘ}ůʏyĸN8?rȻů¹Ëb̍ t�t�∆!̎
Èû_ɎɅlrɜȿvǅl8!(!)yʰòlrVJ}Ȼů¹Ë}ɎɅlr��ª�

vɞlVo}ǘƘa̝ 
 

! ! = lim
∆!→!

!(! < ! < ! + ∆!)
∆!  

                                                                  (2.6) 
  (4)¤�~ˬǘ[28]̝ǵËȒ¿ȿym]]8ʬŴãÕa?rǧȲ_ɅŪMZ]

ry]AǵË}®x8JsapğÓǧ˫ûȒ¿_{rɜȿvǅlVl{uV8

ƝãÕb t ǧȲ_ɅŪMZ]Z8o}ơ8ğÓǧ˫̍!, ! + ∆!)Èû_?rȻů¹

ËbɎɅlrǵËɜȿx?rVl{uV8ɚɩŵˁbɅŪǧ˫ t ǧȲ_ɖ]Za

p8! + ∆!ǧȲ}¤�~ȿx?rVℎ ! yʰòlr8o}ǘƘa̝ 
 

ℎ ! = lim
∆!→!

!(! < ! < ! + ∆!|! > !)
∆!  

                                                                  (2.7) 
  � ¤�~ˬǘa?rɜȿxa{d8ɅŪȿx?rȳ8ƨm̔oqŹi]_˰

p{]Vℎ ! ≥ 0aƝȶx?rV 
� � ŰʳĀǷ_C]Z8odƪɇisrɽɨ¤�~ˬǘ}ǘƘa̝ 
 

! ! = ℎ ! !"
!

!
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                                                                  (2.8) 
 

 
2.4 ɅŪĀǷbáɇ¤�~Ɣ˥}³}ˠɇƭ 

 
� � (1) ɚɩŵˁapjry8ɚɩŵˁa˧ʢ}˅Æ}´{̇ű8®ŖÎȁx?

rVÖ}ÎȁxmɅŪǧ˫}�¨���b?q8ÃixÎȁɅŪǧ˫}ůʏ­

ub?r̝̔8®ŖÎȁ}Ƶɫap˾®Ŗix}˞ɦV̕8Îȁb®ŖMTƝ

Ǣap˾®Ŗix}˞ɦV̖8?röĸǧȲapʯɱM8®ŖÎȁbɛʈix

}˞ɦV®ŖÎȁaɛʈ_{rİʖƭb?rTl8RɅŪSy]A�¨���b

?ryʒBpsrVmM8®ŖÎȁ}˃ĖȼȞaʙšx?sb8RɅŪSy]A

ȼƳ_{tZ]ryʶʽlrV˖_8®ŖÎȁ}˃ĖȼȞaēưx?sb8RȒ

¿S_˒]yʶʽlrJybxcrVos_otZ8ɅŪĀǷaRɅŪS_ŵ

MZʵɾɏ8ɷɜɏ_ĀǷlrƅùx?ryʒBrVip_8ɅŪĀǷ}Ƀʻ

vćɇM8®ŖÎȁ˃ĖȼȞvĀǷlr}aĶɃɏx?ryƫAV 
� � ǳɚɩa®ʰ}ɅŪǧ˫}ůʏ̕vǉɇlrV®ȥyȧ�¨}ǼƘ®Ŗʪ

Č_oq[29]8˃ ĖȼȞĩcga}ȼȞbɌƌ{ŖĶbÿT˸_8®ŖÎȁ_ŵ

MZ=ȻĆþɃ[vuerVl{uV8ST̍gaȻĆþɃ̎y̏ST̍˾®Ŗ¤

�~ʾľ̎vuerVST Ǽa˚ʇ̕Ɛ˃Ǖˉũ_{tTÎȁx?q8̏ST Ǽ

a˚ʇ̖Ɛˉũ_{tTÎȁx?r[29]V«ʘɏ_8ȻĆþɃ_ąůisT®Ŗ

Îȁxa��|¥�_{r¤�~b̊]yąǝisr«ǟ8˾ ST ®ŖÎȁxa

?iq��|¥�_{p{]yƫusrVl{uV8³ŐʳɑÏ_=ȻĆþɃ

̍ST [̎vuepsr{p8=Ȓ¿[_j{l8˖}ŖĶ8=ɅŪ[_j{lVǳ

ɚɩaÎȁ}®ŖǧȲvÿɎȲ_MZ8=ȻĆþɃ[}ǧȲvʀȎȲ_MZ8�

ª�vĭĮM8ĀǷlrVǧ˫ğÓaƐx?rV 
 
� � (2) �ª�}ȻƦapjry8®ŖÎȁ}˃ĖȼȞa˃ĖʼʤapĮƣlr

Jybxcrez8Ű˸}ɚɩ³_a«ʘɏ_8Ȼů}ʬŴǱ˫vɚɩlrǧ

˫ˏ_ʱůlrȳ8ÎȁaʬŴǱ˫}č_(ǧ˫ˏ}Ɔê)ʳɑÏ_=ȻĆþɃ[

vÆepsTŖĶm?q8osp}Îȁa�¨�¥_òs{]yʒBZCq8

«ǟ8ʬŴǱ˫È˯_=ȻĆþɃ[vÆepsTÎȁaʬŴǱ˫³_ʬȫxc

{]ȳ8�ª�Ʊŕ}��¨�bˊJryƫusrVŜǘ}áɇ¤�~Ɣ˥ 
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�¥(KMV  �¥{z)aodƻVāq�ª�vćɇxc{]Tl8�ª�Ʊŕ

}ǑŞ_{ruex?ryƫAVos_ȖfZ8ɅŪĀǷy]Aƺȟa®ŖÎ

ȁb˃ĖŬů}Ǆʇǧ˫vɅŪǧ˫}�ª�_j{lȳ8��¨�©�ª�}

ņ̅vʭțlrJybxcrV 
 
� � (3)ʸǤƲʏapjry8ɅŪǧ˫ˬǘ_oq8ɅŪȿbƣps8ˬ˚ɘʽ

_otZɶğ_®ŖÎȁ}��|¥�ȿ_ˎǏlrJybxcrV®ŖÎȁa

RȒ¿S{p8��|¥�_ʶʽM8oAxa{esb8��|¥�_{p{

]yʶʽlrV��|¥�ȿ}ǘå_otZ8Ņȁ˧ʢaÎȁ}áɇ¤�~ȼ

ȞvąǝlrJybxcrV 
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ɮ̖ɬ� Cox ȖÚ��ª� �¥ 
3.1 ƌɇ �¥}ɿÄ 

 
   ®ŖÎȁ}ɅŪȼƳvĀǷlr_?TtZ8ǬĄaÎȁ}ɅŪȼƳ_Ời

nr�x~�vǊɩlrVJJxa8ÎȁɅŪȼƳ_Ờinr�x~�vö

ř˥yŁc8ɅŪȼƳ_±BrỜvöř˥ỜyŁdVosx8öř˥yɅ

ŪȼƳ_±BrỜvʸǤM{esb]e{]Vʄʯū®8öř˥bɅŪȼƳ

_±BrỜvĀǷlrJy_C]Z8odÙusrǟȟaºub?q8«u

a AFT  �¥̍accelerated failure time model̎[28]x?q8ɔʊŊƋĀǷy

ÒToA{ǟȟx?rVɅŪǧ˫ t }ʗȶŵǘ! = ln!(!)_ �¥vTØrVö

ř˥a Y _ytZ8«ʘɔʊ �¥x?ryÉůlryVl{uV̝ 
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! = ! + !!! + !"�                        (3.1) 
o}³x8PaŊƋÞǘ}�~�ª(vector)x?q8W aʷƇĀƉ̍error 
distribution̎x?rV 
� � ɔʊ �¥aɔʬɏy]A�¤��b?resz8ɅŪ�ª�_ytZa

 �¥³}ɅŪ�ª�aʷƇĀƉ W _˰ůisZ]rVmA«uaɅŪĀǷ}

ɅŪˬǘ_otZ8öř˥_ŵMZ¤�~ˬǘvØrV´_ºub?q8¶ȟ

 �¥yĒȟ �¥[28]V¶ȟ �¥}ǘƘa̝ 
 
                         ℎ !,! = ℎ! ! !(!!!)                       (3.2) 
ℎ ! a˾�{��ˬǘ}ȳ8! ∙ aÍƲ}˾�{��˚ǋˬǘyʨβisZ]rV

Ŝǘ}ƪɇa 1972 ƐǎÿMT Cox  �¥! !!! = exp !!! vɇ]TVo}ƞ

Ƙbɶğx?q8ip_8ÍƲ}!!!å_ytZm8ˬǘåa�£�x?q8l

{uV8! ∙ b˾�{��}ǵËvȭˌMTĒȟ �¥}ǘƘa̝ 

ℎ !,! = ℎ! ! + !!

!

!!!
(!)!!(!) 

(3.3) 
� � o}³x8ŊƋÞǘPaǧ˫}ˬǘx?q8öř˥!bɅŪȼƳ_±BrƠ

̀aǧ˫_ÑtZřĘlrV �¥}Ȅ˙apjZ8Ēȟ �¥}ŊƋˬǘå

aÍƲåbĮsrez8čɬ}ůʏ_otZ�ℎa˾�{��}Tl8ŊƋ �



 

13 
 

¥}�£�ª�Ēȟ �¥a˰ůisZ]rV 
 

3.2 Cox ȖÚ��ª� �¥}ȃʨ 
 

� � 1972 Ɛ Cox bŕľMT Cox ȖÚ��ª� �¥aŜŋŨɅŪĀǷ}ǟȟ

x?q8Ɲ �¥aɅŪĀǷ_oq8ƻVāq�ª�vþɃxc8���£�

�¤�~ �¥̍semi-parametric model̎}«ux?q8J} �¥}�¤�

�yMZ 
1. ƻVāq�ª�}ɅŪǧ˫ˇǜvĀǷxcr 
2. Ŝɧɕˬ�x~�bɅŪǱ_±BrỜvĸǧ_ʒƴlrJybxc

r 
3. ���£��¤�~ �¥x?rTl8ɅŪˬǘ}ĀƉ�{�_Ce

rʩɨmq_ƨʨb{] 
4.  �¥}Ȅ˙apjZ8 �¥}³_8ǧ˫_ÑtZřĘlröř˥

vŸòlrJybxcr 
� � ®ʰ}�¤��_oq8J} �¥aƍƑdƪɇisZcTV 
Cox ȖÚ��ª� �¥}ŔǳƞƘ̝ 
� � ! = (!!,!!,,!!)xɅŪȼƳvỜlröř˥v�ɞlVJ}oA_8Cox ȖÚ

��ª� �¥a¯ʰ}oA_{r 
                            ℎ !,! = ℎ! ! !!!!!!                     (3.4) 
� � o}³x8ℎ !,! a�x~� X _ỜisrŖĶ_8®ŖÎȁbǧȲ t }
¤�~ȿvɞl8ℎ! ! a�x~� X _Ờis{]ŖĶ_8®ŖÎȁbǧȲ t
}¤�~ȿyɞlyÉůlrV 
� � J}oA{ƞƘvŸòMTɃɈa ℎ̝ !,! }ůʏ_oq8osağÓǧ˫û

_Ȓ¿lr¤�~_ɞis8Ȓ¿}ɦƔymɞisrVǫ_8¶ȟ �¥a˾

�{��ƭb˚ʇˬǘ! ∙ _ŵlrˡǀǅǘ}ƞƘvɜàlrTl8ɅŪˬǘy

¤�~ȿˬǘ}ˬÞ_oq8ŵƪlrɅŪˬǘbƣpsr̝ 
                             ! !,! = !!(!)!!!!                     (3.5) 
 �  
� � o}³x8!!(!)a t ǧȲ}ŔȯɅŪˬǘx?q8! !,! aɚɩŵˁböř

˥!ap}ỜvįeZ8t ǧȲ}ɅŪˬǘvɞlV 
� � ℎ !,! = ℎ! ! !!!!8o}³}Ŕȯ¤�~ˬǘvƆ_ɥly̝ 
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!" ℎ !,!
ℎ! !

= !′! 

                           (3.6) 
� � ɶğ_ʩBr8ǧ˫ t yöř˥!}ö˗Ờ}¯x8ãÕ¤�~ˬǘ h(t,X)
aŔȯ¤�~ˬǘℎ! ! }řĘ_ÑtZřĘM8l{uV8ƝȖːåaǧ˫ t y
}ˬÞb{]JybĀarV«ǟ8Ŕȯ¤�~ˬǘℎ! ! aTrǧ˫ t yɕˬM8

!}Ờvįe{]Vo}Tl8Cox ȖÚ��ª� �¥_a8ǧ˫ t����
�!}˫_À½Øɇb{]JybĀarV 

� � Cox ȖÚ��ª� �¥}³_�!"a�£�ª�}oA{ƞƘx?q8Ŕ

ȯ¤�~ˬǘℎ! ! }ƞƘ_Cerʨβb{d8o}Tl8ǌʯlr˸_8Ȼů

ĀƉ}Éůb{dZ8Cox ȖÚ��ª� �¥a���£��¤�~ �¥x

?rV!}Þǘ!vʩɨmr˸_8¹č_Ŕȯ¤�~ˬǘℎ! ! }ƞƘvǅůlr

ƨʨb{]Tl8 �¥}ƪɇɴōbǃŝlryƫAV 
� � Cox ȖÚ��ª� �¥}ŰʳĀǷ}³_8Ƣžřǘ̍ dependent variable ̎
aÎȁ}RɅŪǧ˫Sx?rVȽɫřǘ̍independent variable̎aÎȁ˃Ėȼ

ȞvỜlröř˥x?q8l{uV8ĵ®ŖÎȁ}ǧ˫ƒĂ�ª�x?rV 
 


�
� �£�ª�}ʩɨmqyÉůȀů 

�
����£�ª�}ʩɨmq 

 
� � Cox ȖÚ��ª� �¥³}�£�ª�}«ˢ8l{uV8P}ʩɨmq

_C]Z8çŻƔˬǘ (partial likelihood function)vɇ]8ǌʯlrV�¨�

¥a n ãb?rŖĶ_8�¨�¥}ɅŪǧ˫vʬŴMZ8!!aˡůisTɮ!ã
®ŖÎȁ}öř˥x?q8!!aɮ!ã®ŖÎȁ}ɅŪǧ˫x?rV®ŖÎȁ}Ű

˸ɅŪǧ˫!!oq˨]ŖĶ_8ʬŴǱ˫Èû_˃ĖġȋbˊJtZ]{]yj{

M8!!=0 yʰòlrV®ŖÎȁ}Ű˸ɅŪǧ˫a!!}ŖĶ8l{uV8ʬŴǱ

˫Èû_˃ĖġȋbˊJtTyj{M8!!̠1 yʰòlrVos_otZ8®Ŗ

Îȁ}ʬŴ�ª�a̝ 
 

!! , !! ,!! , ! = 1,2,… ,! 
    �
��	
 �

� � ®ŖÎȁ}ɅŪǧ˫vŹapŝix}́_˴Ălry̝!! ≤ !! ≤ ⋯ . !!.�
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!!}č_8irɚɩ˞ɦ³_C]Z]rlfZ}®ŖÎȁv¤�~˺!!_ůʏl

r̝1!! ≥ !!28l{uV8ɅŪǧ˫a!!}lfZ}ãÕ˺Ķoq8ŝc]V�

mM8!!}³_?rãÕaǧ˫!!_Ȓ¿_{ry8JA]AŖĶ_öř˥!!bŵ

ƪMZ]rãÕaǧ˫!!_Ȓ¿_{rǵËɜȿa̝�

! 
��!!�	
 ������!!��
 !!�	�	
 ������!!��


= ![
��!!�	
 ������!!��
|!!���]
![!!�	�	
 ������!!��
]

 

=
!(!!,!!)

!(!!,!!)!∈!!
 

=
!! !! !"#!(!!!!)
!!(!)(!"#!(!!,!!)!∈!!

                                �
�,	
  �

= !"#!(!!!!)
(!"#!(!!,!!)!∈!!

 

 
ŊƋÞǘ�~�ªP̠(!!,…!!)}çŻƔˬǘa̝ 

! ! = { !"# !!!!
(!"# !!,!! )!∈!!

}!!!
!!!   

�
�-	
 �

ǘƘ�
�-	
 _ŵMZŵǘvyr̝�

!"#$%(!)
!" = 0�

  �
���	
 �
ǘƘ�
���	
 vʯɱlry8�£�ª�P}ǬŻǌůåbƣpsrV�

�

�


�
�	�ŔȯɅŪˬǘ}ʩɨmq�

�

� � Ŕȯ¤�~ˬǘℎ!(!)yŔȯɅŪˬǘ!!(!)a���£��¤�~}ƞƘx

?q8ŵƪlrǌʯǟȟaºub?r̝ 
� � (1) ���£��¤�~ȟ[28] 
� � ���£��¤�~ȟvɇ]Z8ŔȯɅŪˬǘvǌʯlr}a 1973 Ɛ

kalbfleisch y Prentice bŕľMT}x?q8ůʏMTŔȯɽɨ¤�~ˬǘ}ǌ
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ʯƘa̝ 
 

!! ! = [1− (1−
!! exp !"!
(exp !′,!!!∈!!

)
!"# !!!!

]
!!!!

 

(3.11) 
� � o}³x8!!a!!ǧȲ_˃Ėġȋ_˳tTÎȁǘx?rVǘūˬÞ_oq8

¯ʰ}ŔȯɅŪˬǘ}ǘƘbƣpsr̝ 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! = exp![−!! ! ]                     (3.12) 
 
� � (2)Breslow ȟ[28] 
� � J}ǟȟ_oq8ǧȲ!!_Ŕȯɽɨ¤�~ˬǘa̝ 

!! !! = [ !!
(exp !!!!∈!!

]
!!!!!

 

(3.13) 
os_otZ8¯ʰ}ǘƘbƣpsr̝ 

!! !! = exp!{− [ !!
(exp !!!!∈!!

]
!!!!!

} 

(3.14) 
 

� � ǫ_8ǌʯMZƣTöř˥}ŊƋÞǘ!!_oq8ÎȁbÍƲǧȲ!!}ɅŪȿ

bƣpsrVl{uV̝ 
                         ! !,! = [!! ! ]!"#!(!!!)                   (3.15) 
 
 

 
 

3.3.3  �¥ǮƲȀů 
 

� �  �¥óÕ}ǮƲaĻa_CerȀů_u]Z̝!!:! = 08!!̝Ūő!!a 0
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xa{]VƌɇǟȟyMZ8ŻƔȖ test8Wald test8Score test ­ub?rV 
� � (1) ŻƔȖ test(LRT) 
 �   �¥}³_ N ãř˥b?ryÉůlry8o}ŊƋÞǘ�~�ªaPx

?q8ǬŝŻƔˬǘ_otZƣTŻƔåaln!(!)x?rV �¥_C]Z8ř˥

b«uŘĒlry8ǞT{ �¥ŊƋÞǘ!∗bƣps8ŻƔˬǘ}ǘåa

ln!(! + 1)_{rVLRT bȀůʄʯ˥v¯ʰ_ůʏlr̝ 
                        !! = 2[!"# ! + 1 − !"# ! ]                (3.16) 
 
  � (2) Wald test 
  � Wald test a´_8 �¥}ř˥b}¡¨�¥isrfcaĻa8ĩcǞM

]ř˥aŸòisrfcaĻavąǝlrVN ãř˥}?r �¥_C]Z8

ŊƋÞǘaPx?q8ɮ k ãř˥}˄ȾåvȀůlry8ǘƘa¯ʰ̝ 
 

!! = !!
!!!

 

(3.17) 
o}³x8!!!a!!}ȆȯçƇvɞlV 
  � (3) Score test 
� � Score test a �¥_ǞM]ř˥vŸòxcraĻavȀůlrJybx

c8Ɍ{rř˥bļisr �¥}ȖːvlrJybxcrVip_8ř˥˫

}À½ØɇbɅŪǧ˫vỜlraĻavȀůxcrVN ãř˥}?r �¥

_C]Z8ŊƋÞǘaPx?q8ƱŕƒĂv̢_8ĀǗöĀǗʢĂṿ_ʱů

MZ8ɮ k ãř˥bŘĒMTŖĶ_Þǘa!!x?ry8ǘƘa¯ʰ̝ 
 

!! = !!!
!! − !!!!′!

 

(3.18) 
 
o}³_!!a«˶çƥĀ̍partial derivative 8̎!!aº˶çƥĀ8 !!aº˶ʦ

ĶçƥĀx?rV 
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3.3.4 PH ÉůȀů(Proportional Hazard) 
 
� � PH Éůa �¥}³_8öř˥}Ĕǹ}řĘaǧ˫}řĘ_Ñum8ĵã

Õ}¤�~ˬǘ}˫aȖÚɏy]AƭˈvǅlV1)K  �¥}Ȗȿ¤�~aŏů

ɏ8ǧ˫}řĘ_ÑtZm8řĕ_{p{]y]AJya PH Éůx?q8PH
ÉůvȭˌlrJya Cox ȖÚ��ª� �¥bƵɫlrčǎx?rV 
� � ƌɇȀůǟȟaŎɞȟyȀůȟb?rV 
� � ��	
 Ŏɞȟ̝ǗȲŎvʬŴMZ 73 ÉůvȭˌlraĻavąǝlry]A

Jyx?rV´_Ȳ}ĀƉyìĺvʬŴMZ8lx_isTÉůvȭˌlra

ĻavʬŴlrVƌɇ}Ŏɞȟa Cox-KM ɅŪǪʊȖːȟ8ɽɨ¤�~ˬǘ_

orŎɞȟ8score Ŏɞȟɯb?r;	��V�

� � �		
 ʄʯ˥Ȁůȟ̝ �¥bŔǳÉů}®x8?rǡŪĀƉvȭˌMZ]r

ʄʯ˥vØq8ȏʪÉʸȀů} p åx �¥b PH ÉůvȭˌlraĻavą

ǝlrV 
� � ǳɚɩa®ʰ}Ƀʻvɚɩ}ŔɒyMZ8CoxȖÚ��ª� �¥vØrV�
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ɮ 4 ɬ� áɇ¤�~Ɣ˥ŰʳĀǷ 
 

� � ³ŐŐû}Ŝǘūʓa®ŖÎȁbRȻĆþɃSisTJy_oq8®ŖÎ

ȁa˃Ėġȋ_˳tTyůʏMZ]rVosx8ǳɚɩa®ȥʳĉĮƙƹyȧ

�¨ʳĉĮƙƹx®ŖMTÏɟvɚɩŵˁyMZ8®ŖÎȁbRȻĆþɃS

̍Special Treatment̞Ɋɤ ST̎_ÆepsrJyv®ŖÎȁ}˃Ėġȋ_ů

ʏlrV 
 

4.1 �¨�¥©�ª�}ʸǤ 
4.1.1� ɅŪǧ˫}ůʏ 

 
� � ®ŖÎȁ}˃ĖȼȞvɚɩlr˸_8ǬĄ_ʬŴǱ˫vˡůlrVʬŴǱ

˫Èû_«ˢ}ÎȁbŜɧĤŋx˃Ėʛŗ_˳ramMs{]«ǟ8«ˢ}Î

ȁa˃ĖȼȞbʙšx?q8Jsp}ÎȁbŷǶ˃Ėʛŗ_˳raĻa8ĩc

]u˃Ėʛŗ_˳ravʇ]ZʬŴxcmVos_otZ8ɅŪǧ˫�ª�v

ŭó�ª�yƻVāq�ª�_ĀerVl{uV8ʬŴǱ˫Èû_˃Ėʛŗ_

˳tT®ŖÎȁ�¨�¥vŭó�ª�_ɤM8˃ĖȼȞbʙšx?rÎȁ�¨

�¥vƻVāq�ª�_ɤlrVŰʳĀǷ_C]ZʬŴǱ˫Èû_ȻĆþɃv

ÆepsT®ŖÎȁa˃ĖʛŗÎȁx?q8��|¥�İʖƭb̊]V«ǟ8

ȻĆþɃisZ]{]®ŖÎȁv˃ĖȼȞbʙš_ąůM8o}oA{Îȁa

��|¥�İʖƭbÔ]V 
� � Cox ȖÚ��ª� �¥}³_8RȻĆþɃSisTÎȁ}ɅŪǧ˫aƝÎ

ȁb®ŖMZap8˃ĖɌƌ}Tl8ʳɑÏ_RȻĆþɃSvÆepsTix

}ǧ˫x?q8ĆþɃSisZ]{]®ŖÎȁ}ɅŪǧ˫aÎȁb®ŖMZa

pʬŴǱ˫}ʀȲix}ǧ˫x?rVǧ˫ğÓaƐxʯ®lrVo}®8ȻĆ

þɃSisT®ŖÎȁ_̔vÆe8RȻĆþɃSisZ]{]Îȁ_̓vuerV 
 

4.1.2 �¨�¥}ˡǀ 
 

� � Îȁ}ʂňġȋ}ɎɅa˚ʇɏ8ĕƳɏ˞ɦx?rTl8ǳɚɩa´_®

ŖÎȁbŬůȼƳap˃Ėʛŗix}ĕƳ�§��vĀǷlrV³Ő®ŖÎȁ

}y�¢y¥¦�ª�ǁ˼ĈƔ_oq8®ŖÎȁƝƐƔ}y�¢y¥¦�ª�
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}ɎʤaʑƐ}̗ǭ̖̓Ǣčixx?rVo}Tl8T7̔Ɛ̍ ɂǧȲ}«Ǳč̎

}y�¢y¥¦�ª�_otZÃƐ}ÎȁɅŪǧ˫bĀarVʳɑÏap®Ŗ

Îȁ_ŵMZ«ǧèȎ8ŊƤ8ʀȎinrʪů_ory8č̕Ɛ˫}y�¢y

¥¦�ª�ap8ÎȁƝƐƔaRȻĆþɃSvuepsraĻaąǝlrJy

bxcrVl{uV8RȻĆþɃSisT®ŖÎȁbĄlZˉũ_{tT}a T
7̕Ɛx?q8T7̖Ɛair̋ũx?rVo}Tl8T7̖Ɛ}˃Ė�ª�vɇ]

Z �¥vØrVǳɚɩ}�ª�aŐȢŬ�ª�ª�ª�y³Őñŝ˧ʢap

ĭ˺MTV³Ő}®ŖÎȁ̗̖̓ɟvˡĆMZ�¨�¥yMTV�¨�¥�ª

�}ûʲa8ST Îȁ̍ŭó�ª�̖̖̎ɟ8˾ ST Îȁ̍ƻVāq�ª�̖̎

̓̚ɟx?rVʬŴǱ˫v 2004 Ɛ 1 ǭap 2010 Ɛ 12 ǭix_ʱůlrVǳ

ĀǷxa8̂éƭ}ɜʶ}Tl8ʬŴǱ˫včĝ}ĀǷ8ơĝ}ĀǷ8̗�¥

ª�_ĀeZ8ospsvŰǠMTVŭó�ª�©�¨�¥_ŵMZ8ȻĆþ

Ƀisr̖Ɛč}˃Ė�ª�vɇ]8ƻVāq�ª�©�¨�¥_ŵM8ʬŴ

Ǳ˫}ʀȲ}̖Ɛč}˃Ė�ª�vÙAV ÚBb8Îȁb 2008 Ɛ_ȻĆþɃ

isTŖĶ82005 Ɛ}˃Ė�ª�vɇ]8ʬŴǱ˫}ʀȲ 2010 Ɛixʇ]Z

ɅŪMZ]rÎȁa 2007 Ɛ}�ª�vɇ]8J}oA{Îȁ}ɅŪǧ˫aĀa

p{]Jyx?rV 
� �  

4.1.3 ˃ĖǅȆ����}ˡǀ 
 

� � ɕˬɚɩŕľyŰ˸ȼȞ_otZ8ˡǀMT˃ĖǅȆa´_ÎȁʂňȼȞ

}ĭɐʖĐ8˝ňʖĐ8ëĖǒƼ]ʖĐ8ɎŽʖĐ̍Ƶ˨ʖĐ̎{zvĬǦM

Z]rVùÕɏ{˃ĖǅȆ����a¯ʰ̝  
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ʤ 4-1 ǅȆ���� 
X1 Operating margin X2 ROA X3 Current assets profit ratio 

X4 ROI X5 Fixed assets profit ratio X6 ROE 

X7 Return onl long-term capital X8 Financial expense ratio X9 Net assets per share 

X10 Retained earnings assets ratio X11 Cash flow ratio X12 Inventory turnover rate 

X13 Accounts receivable turnover rate X14 Operating cycle) X15 Accounts payable turnover rate 

X16 Working capital turnover rate X17 Mobile asset turnover rate X18 Fixed asset turnover rate 

X19 Long-term asset turnover rate X20 Equity turnover r rate X21 Current Ratio 

X22 Quick Ratio X23 Cash Ratio X24 debt-to-long capital ratio 

X25 Equity ratio X26 Liquidity ratio X27 Non-current assets ratio 

X28 Fixed assets ratio X29 Long-term debt ratio X30 EPS  growth 

X31 Net profit growth X32 Operating profit growth   

 
� � o}³x8X1̑X8 aĭɐʖĐ}ǅȆ̞X9̑X20 a˝ňʖĐ}ǅȆ̞X21
̑X23 aəǱëĖǒƼ]}ǅȆ8X24̑X29 a˨ǱëĖǒƼ]}ǅȆ̞X30̑
X32 aɎŽʖĐ}ǅȆx?rV 
 

4.2�  Cox ȖÚ��ª� �¥ŰʳĀǷ 
4.2.1�  Cox ȖÚ��ª� �¥Ȅɵ˞ɦ 

 
� � öř˥}ɕˬ��¤�~�vʯɱlrJy_oq8öř˥}˫_öʊƭ

̍1)CC%(A H%,/̎b?ryĀarVo}Tl8 �¥vØrč_öʊƭy]A

ņ̅vþɃlrV�

� � Ŝˤöʊƭ̍6JC,%")CC%(A H%,/̎vʭțlrTl8ǳɚɩa´ƵĀĀǷy

]Aǟȟvɇ]8ˡǀMTǅȆ_ŵMZ´ƵĀĀǷvŰǠlrVJsa 8}

*H%(")D* ˬǘxŰɂMT}x?rV�

� � �¨�¥}³ap 	�
 ɟv�¥ª�̔yMZˡÿM8³x8ŭó�ª� 



ɟ̖̍Ɛ˫ÈûȻĆþɃisTÎȁ̎x?q8ƻVāq�ª� ��� ɟ̖̍Ɛ˫

ÈûȻĆþɃis{atTÎȁ̎x?rVʬŴǱ˫̝	��, Ɛ � ǭap 	��� Ɛ

�	 ǭix_ʱůlrV´ƵĀĀǷ}ʃǹa¯ʰ̝�

̍umaˬƧMZ]r´ƵĀvÿl̎�
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 ʤ 4-2� ´ƵĀĀǷʃǹ

 
 � �  
� � ´ƵĀĀǷ}ʃǹapʩZ8č}¬u´ƵĀ}ɽɨ˄Ⱦȿa 99.9%_ˋB

TJybuarVosx8È®¬u}´ƵĀv COX  �¥}ř˥_lrV 
� � o}³xVɮ̔8̕8̖´ƵĀa˝ňʖĐvʸǤlr8ɮ̗´ƵĀaĭɐ

ʖĐvʸǤ8ɮ̘´ƵĀaƵ˨ʖĐvʸǤM8ɮ̙a˝ňʖĐyɎŽʖĐ8ɮ

̚aĭɐʖĐyɎŽʖĐvʸǤlrV 
� � ¬u}´ƵĀv �¥}ř˥yMZ8Ȕ˶ɏŊƋĀǷǟȟvɇ]8˾Ǥɜ

{ř˥v˲śMZap8Ǭʀ} Cox  �¥bxcrVR } Survival vćɇMZ8

ř˥y���ª�}ˡǀyʩɨmq_oq8¯ʰ}ǘƘbxcTV 

 
(4.1) 

R } survival v˗NZ8 �¥}�£�ª�bǮƲaĻavȀůM8ʃǹyM

Z̝ 
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ʤ 4-3�  �¥Þǘ} Significance Testing 

 

 �¥óÕ} Significance Testing a¯ʰ̝ 
 

ʤ 4-4�  �¥óÕ} Significance Testing 

 
­u}Ȁůǟȟ} p<0.05 }Tl8 �¥óÕaǮƲƭb?rVV 
 

4.2.2� PH(Proportional Hazard)ÉůȀů 
 

� � Cox  �¥vÙɇlrčǎaȖȿ¤�~aŏůɏ8ǧ˫_˚sZmřĕ_

{p{]Jyx?q8osxa PH Éůx?r 
� � PH Éůa Cox  �¥}ǮĔƭvȀůlrˤʨ{����x?q8R xa

cox.zph ˬǘvǎÛMZCq8J}ˬǘa Scaled schoenfeld residuals _oq8

PH ÉůvĀǷlrVJJxa8ǧ˫yöř˥̍covariate̎}ȽɫƭvȀůl

rJyaǧ˫ˬǘ} Scaled schoenfeld residuals }ƑʏɔʊŊƋ}�§ª�a

̓vȀůlrJyyĸNx?r[22]VJ}ˬǘvɇ]8PH ÉůȀů}ʃǹa  ̝
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ʤ 4-5�  PH(Proportional Hazard)ÉůȀů 

 
� � ɮ̔ĂaɅŪǧ˫y Scaled schoenfeld residuals }ɕˬÞǘx?rVɃʻ

_oq8ɮ̖Ă} P åaɕŵɏ_ŝc]}x8�§ª�a̓yʸǤxcrVl

{uV8 �¥a PH(Proportional Hazard)ÉůȀůvȭˌMZ]ry]AJ

ybĀarV 
� � R v˗NZ8PH ÉůȀů}Ŏa¯ʰ̝
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Ŏ 1:  PH ÉůȀů 

 
� � �£�}ȉˏaɅŪǧ˫ƒĂvɞM8ʌˏa Scaled schoenfeld ȓƇåvɞ

lVŰʊaÞǘPbǧ˫_ŵlrǕƭÞǘ Beta(t)x?q8Ȳʊa̕äȆȯç

Ƈ}á̄Ě˫x?rVmM cox  �¥a PH Éů_ȭˌlry8ŰʊaȘƏ_

orfcx?rV 
� � ®ʰ}ŎapʩZ8õuř˥}ŰʊaghȘƏ_˒YdJybĀarTl8

PH ÉůaƵɫx?rV 
 

4.2.3  �¥}ʸǤ 
 

� � ĵ´ƵĀÞǘbɅŪǧ˫_ŵlrỜvɶğ_ĀǷlrJy_otZ8®

ŖÎȁb˃ĖȼȞ}ǓŇ_C]ZĨʒvǎÛlrV 
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 � � ɮ̕´ƵĀÞǘ7̛̙̘̟̓̒̓̕8l{uV8ɮ̕´ƵĀaàˀ�x~

�x?q8˃ Ǖġȋ}¤�~v¯IrV«ğÓ}ŘĒ_oq8ɕŵġ˵Ɣa̓̒

̖̗̘̚x?q8̖̘̘̓̒̕äv¯ITV 
� � ɮ̖´ƵĀÞǘ7̗̜̟̓̒̔̓̚8l{uV8ɮ̖´ƵĀaàˀ�x~�

x?q8˃Ǖġȋ}¤�~v¯IrV«ğÓ}ŘĒ_oq8ɕŵġ˵Ɣa̓̒

̛̙̘̕x?q8̖̘̓̒̔̚äv¯ITV  
� � ɮ̗´ƵĀÞǘ7̘̜̟̓̒̓̕̚8l{uV8ɮ̕´ƵĀaàˀ�x~�

x?q8˃Ǖġȋ}¤�~v¯IrV«ğÓ}ŘĒ_oq8ɕŵġ˵Ɣa̓̒

̖̔̚̚x?q8̛̓̒̕̕̚äv¯ITV 
� � ɮ̘´ƵĀÞư̡̖̗̈́̓̒̔̓8l{uV8ɮ̘´ƵĀaġ˵�x~�

x?q8˃Ǖġȋ}¤�~v?IrV«ğÓ}ŘĒ_oq8ɕŵġ˵Ɣa̔̒

̖̚äv?ITV 
� � ɮ̙´ƵĀÞǘ̡̜̜̔̒̓̓̓8l{uV8ɮ̙´ƵĀaġ˵�x~�

x?q8˃Ǖġȋ}¤�~v?IrV«ğÓ}ŘĒ_oq8ɕŵġ˵Ɣa̒̕

̗̘̚äv?ITV 
 � � ɮ̚´ƵĀÞǘ7̖̗̙̟̔̒̔̓8l{uV8ɮ̚´ƵĀaàˀ�x~

�x?q8˃ Ǖġȋ}¤�~v¯IrV«ğÓ}ŘĒ_oq8ɕŵġ˵Ɣa̓̒

̛̙̘̕x?q8̖̘̓̒̔̚äv¯ITV 
 

4.2.4� � ŔȯɅŪˬǘʩɨmqy �¥}ɜů 
 

� � čɳ} coxph ˬǘapTrÞǘP}ǬŻǌů˥vƣTesz8ɽɨ¤�~

ˬǘ!! ! ?r]aŔȯɅŪˬǘ!!(!)}ǘåaƣZ]{]Včɳ}ǌůǟȟ_o

q8R } survival ³} basehaz ˬǘx8ɽɨ¤�~ˬǘ!! ! }ǘåvʯɱlr

Jybxc8ˬǘ˫}ˬÞ_otZ8ŔȯɅŪˬǘ!!(!)}ǘåvǌʯxcrV 
� � basehaz(h)_oq8ɽɨġ˵ȿˬǘ}ʃǹa̝ 
 

ʤ 4-6� ɽɨġ˵ȿˬǘå 
t 3 4 5 6 7 8 9 10 

!! !  0.0084 0.0128 0.0264 0.0460 0.0732 0.0918 0.1725 0.1928 
t 11 12 13 14 15 16 17  

!! !  0.2285 0.2909 0.3790 0.4098 0.4993 0.8183 1.4167  
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� � iT8!! ! = exp!(−!! ! )}Tl8ǘƘ_otZ8ŔȯɅŪˬǘ!!(!)vʯ

ɱlrJybxcT̝ 
 

ʤ 4-7 � ŔȯɅŪˬǘå 
t 3 4 5 6 7 8 9 10 

!! !  0.991 0.987 0.974 0.955 0.929 0.912 0.842 0.825 
t 11 12 13 14 15 16 17  

!! !  0.790 0.748 0.685 0.664 0.607 0.441 0.243  
osx8Cox  �¥}ǘƘbƣpsr̝ 

(4.2) 
ʯɱMTɅŪˬǘ_oq8®ŖÎȁ}ɅŪǪʊvǍdJybxcr̝ 

 

  
Ŏ 2� ɅŪǪʊ 

� � ɅŪǪʊvʩsb8ɅŪǱ˫b̘̔ƐvˋBTÎȁ}ĎĶb̊d{]Vl

{uV8ŜǘÎȁ}ɅŪǧ˫a̘̔ƐvˋB{]y]AJybĀarV 
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4.3�  �¥}·ȫyȀů 
4.3.1�  �¥}ǧȲ·ȫʖĐĀǷ 

� � xcT Cox  �¥_otZ8®ŖÎȁĵǧȲ}ɅŪȿvʯɱxc8ip_8

 �¥}ǧȲ·ȫʖĐvĀǷlrJybxcrV 
� � �¨�¥}³apÍƲɏ_˃ĖưĘ̕ɟy˃Ėéƕ̕ɟvˡǀM8Îȁb

®ŖapʬȫȲix}ȕƐƔ}�ª�v��{¨MT®x8xcT Cox  �¥

_otZ8ĵɟɅŪǧ˫b t ƐvˋBrȿv·ȫlrV 
 

ʤ 4-8� ǧȲ·ȫĀǷ 

 
 
� � ʸǤ̝ʤ 4-8 }³_8S aÎȁ}ȼƳx?q8R̔Sa˃ĖʛŗvɞM8R̓S

a˃ĖȏƌvɞlV̖ 7̔̕aʯɱlrɅŪǧ˫Ȳx?q8ʢĆa Cox  �¥x

ʯɱMZÿǶTǧȲɅŪˬǘ}ǘåx?rV 
� �  �¥a T−̖Ɛ}�ª�vɇ]ZØtTTl8T Ɛ}�ª�a T̖̐Ɛ}

ɅŪȿv·ȫxcry]BrVos_otZ8ʤ}ǧȲ·ȫaɅŪǧ˫R̖S

apŢiT}x?rV 
� � ÚBb8�ª�R̗̓̓̓̓̕S̍ ST ķ)̎_C]Z8t̠̗_ŵƪlrɅ

Ūȿ̍ĢV̓̓̓̕Ɛ}ɅŪȿ̎vʯɱlry8o}Ïɟ̜̜̔̚Ɛ}˃Ė�

ª�vɇ]8 �¥}³_ t a̗x?q8ʯɱMTȿa̓̓̓̕Ɛ}ɅŪȿx?

rVÒToA_8t̠̔̓_ŵƪlrɅŪȿ̙̍̓̓̕Ɛ}ɅŪȿ̎vʯɱlr

y8̖̓̓̕Ɛ}˃Ė�ª�vɇ]rV 
� � ®ʰ}ʯɱaTrɅŪȿbxcr8?r®ŖÎȁa˃Ėġȋ_{tT}a

Ļa8ga}ąǝŔȯbƨʨx?rVl{uV8ˠā{˭åvǊi{esb]

e{]V 

� � JJxɅŪǧ˫ t }˭åa!!" = !ǧȲ˃Ėȏƌ}®ŖÎȁǘ

 �¥_ÙusT�¨�¥ǘ
_ůʏlrV 

� � ʯɱMT�¨�¥a t ǧȲ}ɅŪȿao}ǧȲ}˭åoqź{]ŖĶ_8t
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Ɛ_˃Ėġȋ_˳tTyąǝlrVoAxa{]y8t Ɛ_a˃Ėġȋ_{tZ

]{]V 
ĵ˭å}ʯɱa¯ʰ 
� � Cp=197/202=97.5%̞� Cp5=195/202=96.5% ;� � Cp6=183/202=90.6%; 
� � Cp7=169/202=83.7%̞� Cp8=146/202=72.3% ; � Cp9=120/202=59.4% ; � � � � � � � � � � � � � � � � � � � � � � � � � � �  
� � Cp10=95/202=47% ;  � Cp11=84/202=41.6% 
 
� � 000420̍ST ķ)̎_C]Z8ɅŪǧ˫b̚Ɛ˫vˋBrȿa 89.7%8̛

Ɛ˫vˋBrȿa 65.4%8̜Ɛ˫vˋBrȿa 17.4%8®ʰ}˭åapąǝM

Z̛Ɛɓ_aȻĆþɃisZMi]8Ű˸a̜Ɛɓ_ȻĆþɃisZoq«Ɛ

˫ǣatTV«ǟ8000404(
Ʋ�0)}ɅŪȿå]8Ɲɟ}˃ĖȼȞaʙ]

y·ȫxcr8��|¥�_{rİʖƭbÔ]y]AJybĀarV 
®ʰ} �¥aǧȲ·ȫʖĐbʙ]8®ŖÎȁb˃Ėġȋ_{rǧȲm·ȫx

crJybĀarV 
� � ®ʰ}ʃǹ_otZ8 �¥aʙ]ǧȲ·ȫʖĐb?ry]B8ip_8

®ŖÎȁb˃Ėġȋ_˳rǧ˫vǌʯlrJybxcrV 
 

4.3.2� �  �¥ǌů}ȏɜƭĀǷ 
� � JJxa8ØtT �¥_ŵMZȏɜƭĀǷvʢAVʮ]ǏBry8 �

¥xąǝMTʃǹaȏɜ}ɜȿvʯɱlrV 
� � ˡǀMT˭åaɅŪǧ˫̡t }�¨�¥ǘbó�¨�¥vĠlrĎĶx?

q8J}˭åa survfit ˬǘapƣpsrVʯɱMZÿǶTɅŪˬǘåv˭åy

Ȗːlr̝Ű˸ɅŪǧ˫̟t8·ȫ t ƐÈû˃Ėġȋ_˳rȖÚ̠ʯɱMZÿǶ

T˃Ėġȋ_˳tZŰ˸mȻĆþɃisTɟǘ/Ű˸ɅŪǧ˫̟t }ÎȁĶʯV

Ű˸ɅŪǧ˫̡t8·ȫ t ƐÈû˃Ėġȋ_˳p{]ȖÚ̠Ű˸ɅŪǧ˫̡t }

Îȁ}³8·ȫMT t Ɛûġȋ_˳p{]ɟǘ/Ű˸ɅŪǧ˫̡t }ɟǘV 
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ʤ 4-9�  �¥ȏɜƭĀǷ 

 
� � o}³_8t=4 }˸_8Ű˸ɅŪǧ˫̟48·ȫ 4 Ɛ˫Èû˃Ėġȋ_˳r

ɜȿ}ʯɱǘƘa̝ 

! =Ű˸ɅŪǧ˫̟48·ȫ 4ƐÈû˃Ėġȋ_˳r�¨�¥ǘ

Ű˸ɅŪǧ˫̟4}�¨�¥ǘ
 

� � l{uV8Ű˸_˃Ėġȋ_˳tT®ŖÎȁa8 �¥_otZ˃Ėġȋ

_˳tTyąǝisTɜȿx?rVt̠58t̠6 }ʯɱaĸ®x?rV 
 
� � «ǟ8o}³_8t=4 }˸_8Ű˸ɅŪǧ˫̡48·ȫ 4 Ɛ˫Èû˃Ėġȋ

_˳p{]ɜȿ}ʯɱǘƘa̝ 

! =Ű˸ɅŪǧ˫̡48·ȫ 4Ɛ˫Èû˃Ėġȋ_˳p{]�¨�¥ǘ

Ű˸ɅŪǧ˫̡4}�¨�¥ǘ
 

� � l{uV8Ű˸_˃Ėġȋ_˳p{]®ŖÎȁa8 �¥_otZ˃Ėġ

ȋ_˳p{]ąǝisTɜȿx?rVt̠58t̠6 }ʯɱaĸ®x?rV 
 
ʤ 4-9 apʩZ8 �¥aəǱ˫}·ȫȏɜƭb̊]esz8˨Ǳɏ{·ȫȏ

ɜƭb̊d{]y]AJybĀarV 
� � Ņȁ˧ʢ_ytZaÎȁ_§ª¨v˅l�{~¥aədZ8®ŖÎȁÃơ

̕Ɛ˫}˃ĖȼȞv·ȫlrJybxcr{p8Ņȁ˧ʢ}áɇ¤�~Ɣ˥_

C]Z8?rɦƔ8Ĩʒ_{sryʒBrV 
 

4.3.3�  �¥ŬůƭȀů 
� � č˔} �¥aʙ]·ȫĔʖbĮsTesz8̂ éƭ}ɜʶ}Tl8ǳɚɩa

ga}ʬŴǱ˫y�¨�¥vˡǀM8 �¥}ŬůƭvȀůlrVl{uV8 �¥}

�¨�¥yʬŴǱ˫}ˡǀa �¥}ȏɜƭ_Ờv±B{]JyvȀůlrV 
� �  �¥}ŬůƭvȀůlrTl_8Ɍ{rʁĶ}�¨�¥vˡǀM8osps_ŵ

MZ �¥vØrVip_8 �¥}ȏɜƭvĀǷlrV 

·ȫǧȲ Ű˸ɅŪǧ˫̟t8·ȫ t ƐÈûġȋ_{r Ű˸ɅŪǧ˫̡t8·ȫ t ƐÈûġȋ_{p{] 

t=4 0.998 0.746 

t=5 0.986 0.803 

t=6 0.600 0.869 
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� �  �¥vØr�§��yǅȆ����ačɬyɕƝx?q8ʬŴǱ˫v 2004.1̑
2007.12 _ʱůlrVJ}Ɣ8ǧȲ·ȫʖĐĀǷvʢAƨʨb{]Tl82004 Ɛvó

Z®ŖÎȁ}ɅŪǧ˫}˪ŢȲ_ˡůlrVl{uV8ɅŪǧ˫a 2004 ƐapʯɱM8

2004 ƐÈ˯®ŖMTÎȁa�¨�¥_òs{]Vos_8Ɍ{r �¥ʁĶv­u}

�{�_ĀeZ �¥vØtZ8ip_8 �¥}ȏɜƭvĀǷMZ]dV 
� � �¥ª�̝̕ǵË_ȭʠlr®ŖÎȁ}³ap8l ǀMT�¨�¥ʁĶa¯ʰ̝̍ �

�|¥��¨�¥̝ȏƌ�¨�¥̛̠̝̔̎ 

 
ʤ 4-10� �¥ª�̕}�¨�¥ʁĶ 

 
� � l{uV8ˡǀMT�¨�¥}³x820058200682007 ­Ɛ˫xʬŴǱ

˫Èû_ĄlZ ST _{tT�¨�¥aƐȕ 11 ɟx?q8Ķʯ��|¥�©�

¨�¥ 33 ã8ȏƌ�¨�¥ 264 ã8ó�¨�¥ 297 ãx?rV 
ř˥}ˡǀyčɬ}´ƵĀĀǷ_otZ8ƣT Cox  �¥}ǘƘa̝ 
 

 
(4.3) 

 
o}³x8!!,… , !!ačɬ}´ƵĀx?rV 
č˔yĸȅǟȟx �¥} PH ÉůvȀůlr̝ 
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� � �  
Ŏ 3̝PH ÉůȀů 

 
� � ʃǹapʩZ8 �¥a PH ÉůvȭˌMZ]ryĀarV 
� � Ɲ �¥}ŔȯɽɨɅŪˬǘ!!(!)a̝ 
 

ʤ 4-11� ŔȯɽɨɅŪˬǘå 
ǧ˫ t t̠̔ t̠̕ t̠̖ 
!!(!) 0.9877604 0.9734031 0.9557413 

 
� � Jsx8�¥ª�̕} Cox  �¥bÿǶTVč˔}˭å}ˡÿǟȟ_ot

Z,ˠƝ{˭åvÿl̝ 
 

ʤ 4-12� ˭å 
ǧ˫ t t̠̔ t̠̕ t̠̖ 
!!" 0.9877604 0.9734031 0.9557413 
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� � ØtT �¥v˗NZ8ʯɱMZÿǶTɅŪȿv˭åyȖːlry8 �

¥}ȏɜąǝ}ɜȿbƣps8ʯɱ}ʃǹa¯ʰ: 
 
 

ʤ 4-13  �¥ʃǹ 

 

 
ʤ 4-14  �¥ʃǹ

�  
� � � ®}ʤ 4-13 yʤ 4-14 apjry8 �¥}ąǝȏɜƭå]y]BrV 
� � č˔} �¥vØr�§��yĸȅ_8�¥ª�̖y�¥ª�̗} �¥

ʃǹvɔǋɏ_ÿlV 
 
�¥ª�̖} �¥ʁĶa¯ʰ̝̍̍��|¥��¨�¥̝ȏƌ�¨�¥̠̝̘̔̎ 
 

ʤ 4-15� �¥ª�̖}�¨�¥ʁĶ 

 

 
ʤ 4-16�  �¥ʃǹ 
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ʤ 4-17�  �¥ʃǹ 

� � � �  
 
 
�¥ª�̖} �¥ʁĶa¯ʰ̝̍̍��|¥��¨�¥̝ȏƌ�¨�¥̠1:11̎ 
 
 

ʤ 4-18 �¦ª�̗} �¥ʁĶ

 

�  
ʤ 4-19�  �¥ʃǹ 

� � � �  
 
 

ʤ 4-20�  �¥ʃǹ 

� � � �  
� � ®ʰ̖�¦ª�ʁĶ} �¥ʃǹ_otZ8¯ʰ}ʃʻbxcT̝ 
� � (1)Ɍ{rʬŴǱ˫}�¨�¥vɇ]T_maaupm8Cox  �¥}·ȫ

ąĆʖĐačɬ}ʃǹy˒dZ8 �¥}·ȫȏɜƭm̊]Vos_otZ8

Cox  �¥aŬůɏ{·ȫʖĐb?ryƫAV 
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� � (2) ��|¥��¨�¥yȏƌ�¨�¥}ȖÚ_ˬÞ{d8 �¥}ʃǹa

ȏɜƭb̊]V �¥aŬůɏx8�¨�¥}Ờv?iqįe{]yƫAV 
� � (3)ĵ�¥ª�}ʃǹvȖːlry8ȏƌ�¨�¥ǘ}ŘĒ_Ñ]8��|

¥��¨�¥}·ȫȏɜƭb®br«ǟ8ȏƌ�¨�¥}·ȫȏɜƭb¯brV

o}ĤŋyMZ8l ůMT˭åa!!"�ɅŪǧ˫̡!}�¨�¥ǘ

ó�¨�¥ǘ
8ȏƌ�¨�¥ǘ}Ř

Ē_Ñ]8t vĆ}ǘåvyry8˭å}ƇɌbŹid{q8ĚĀƔb¯bry

ʒBrV 
� � ɔʬɏ_˭åapȏɜƭ_±BrỜvĀǷlrTl8ʤ 4-21 a̖�¥ª

��¨�¥}˭åvɞMZ]r: 
 

ʤ 4-21� ĵ�¥ª�˭å

 
 

4.3.4�  �¥ĚĀƔĀǷ 
 

  J}ɳa �¥a��|¥��¨�¥yȏƌ�¨�¥vodĚĀxcraĻav

ȀůlrVCAP Ǫʊ 8ROC Ǫʊy KS Ȁůvɇ]8 �¥}ĚĀƔvąǝlrV 
   �¨�¥v �¥�¨�¥yȀů�¨�¥_ĀeZ �¥}·ȫĔǹvĀ

ǷMZ]dVó �¨�¥Ķʯ̗̖̓ɟx?q8o}³x8��|¥��¨�¥

̖̖ɟ8ga̖̓̚ɟx?rV��|¥��¨�¥}³_8ÍƲɏ_̗̕ɟ̍̚

̓̌ v̎ĮqÿM8 �¥�¨�¥_lr8ȓq}̜ɟvȀů�¨�¥ylrV

ȏƌ�¨�¥apÍƲɏ_̘̜̕ɟ̍̓̌̎̚vˡǀMZ �¥�¨�¥_l

r8ȓq}̔̔̔ɟvȀů�¨�¥_lrV 
 �  ʬȫǱ˫v̗̓̓̕Ɛ̔ǭ̑̓̓̕̚Ɛ̔̕ǭ_ʱůM8 ®ŖÎȁ}ɅŪ

ǧ˫}˪ŢȲv̗̓̓̕Ɛ_ʱůlrVǅȆ����y �¥Øq�§��a

řǫM{]VÈ®_otZ8ÿǶT Cox  �¥}ǘƘa̝   
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                    (4.4) 
o}³_!!(!)}ǘåa¯ʰ̝ 

ǧ˫ t t̠̔ t̠̕ t̠̖ 
!!(!) 0.987 0.972 0.959 

 
 � � CAP Ǫʊ 8ROC Ǫʊy KS Ȁůvɇ],osps_ �¥�¨�¥}·

ȫʃǹyȀů�¨�¥}·ȫʃǹ}ĚĆƔvȀůlrV 
� � CAP Ǫʊa �¥îēvʒ˥lrɔʬɏ{˥Ęǟȟx?q8İʖ}ȲKy

_ɽʯ˟ɺ¹Ë}ɜȿĀƉvǍ]Z]rVCAP ǪʊvɱÿMTesb8ǬĄ_

˟ɺɜȿv̊apÔix_ǈĂin8ip_8̇ űɽɨȖȿvȉˏ_MZ8CAP
Ǫʊ}ʌˏa˟ɺ̇űɽɨȖȿvǍd[32]V 
� � ROC Ǫʊ(receiver operating characteristic curve)8̕D Ŏí}ƞƘx�

ª�vĀ̆MZ]Z8Ǫʊ®}ĵȲaĸ«áĳĊȱ}Ĭƪx?q8´_ �¥

b �¥�¨�¥yȀů�¨�¥vĚĀlrʖĐvȀůlrVROC ǪʊaƆ®

_˒]gz8 �¥}ĚĀʖĐaƜ]yƫusrVAUC Þǘa ROC Ǫʊ}ʃ

ǹ_ŵlr˥ĘĀǷx?q8ROC Ǫʊ}¯ê}˿ɨvɞlVAUC Þǘå]

gz8 �¥}ĚĀʖĐaƜ][34]V 
� � KS(Kolmogorov-Smirnov)Ȁůa´_ �¥b �¥�¨�¥_ŵlrĚ

ĀʖĐvȀůlrV˗ƌa �¥}·ȫʃǹv˗NZ8ó�¨�¥v��|¥

�yȏƌ_ĀeZ8KS ʄʯ˥_oq8̕�¥ª�áɇʴÝ}ĀƉ_aƇɌb?

raĻavȀůlr[34]V 
� � (1)CAP Ǫʊ 
� � Matlab _otZ8 �¥ʃǹ} CAP ǪʊvǍc8ip_8 �¥}ĚĀ

ʖĐvĀǷlrVPower=areaA/areaB 8ǘåaŝc]gz8ĚĀƔb̊]V 
� � Matlab }ʃǹ̝ 

CAP Ǫʊ}ʃǹ 
 areaA areaB power 

 �¥�¨�¥ 0.4028 0.4558 0.8837 
Ȁů�¨�¥ 0.3292 0.4667 0.7054 
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� � � � � � � �  
Ŏ 4:�  �¥�¨�¥} CAP Ǫʊ 

 

� � � � � � � �  
Ŏ 5:� Ȁů�¨�¥} CAP Ǫʊ 

 
� � Matlab }ʃǹy CAP ǪʊapʩZ̝ �¥�¨�¥ym8Ȁů�¨�¥

ymĔʖb̊dZ8��|¥��¨�¥vȏƌ�¨�¥vodĚĀlrJyb

xcryĀarV 
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(2)ROC Ǫʊ 
 
 

ROC Ǫʊʃǹ 
 AUC S.E. 95%C.I. Comment Standardized 

AUC 
1-tail 

p-value 

 �¥�¨�

¥ 
0.94171 0.03287 [0.87728,1.00613] Excellent 

test 
13.4369 0.000000 

Ȁů�¨�¥ 0.85268 0.08619 [0.68375,1.02161] Good test 4.0919 0.000021 

 
� � ʃǹĀǷ̝ �¥�¨�¥yȀů�¨�¥} ROC Ǫʊ} AUC Þǘb̊]

Tl8 �¥}ĚĀʖĐbƜ]yʒBpsrV 
 

� � � � � � �  
Ŏ 6̝�  �¥�¨�¥} ROC Ǫʊ 
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Ŏ 7̝Ȁů�¨�¥} ROC Ǫʊ 

 
�  
(3)KS Ȁů 
 

KS Ȁů}ʃǹ 
 H pValue KSstatistic 

 �¥�¨�¥ 1 1.6105×10!!" 0.8192 
Ȁů�¨�¥ 1 3.9140×10!! 0.7143 

� �  �¥}ĚĀƔbƚ]y]AïÉʸ}¯x8KS Ȁův˗NZïÉʸvĻů

MTTl8 �¥aod8��|¥��¨�¥yȏƌ�¨�¥vĚĆlrJy

bxcryĀarV 
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� � � � � � �  
Ŏ 8̝ �¥�¨�¥} KS Ǫʊ 

 
Ŏ 9̝Ȁů�¨�¥} KS Ǫʊ 

 
� � ®ʰ}ʃǹapʩZ8 �¥�¨�¥xm8Ȁů�¨�¥xm8 �¥a

od��|¥��¨�¥yȏƌ�¨�¥vĚĆlrJybxcrV 
� � zVpy]Ay8ǳɚɩaŜǟ˿ap �¥}ȏɜƭyǮĔƭvȀůMTV

Ņȁ˧ʢ}áɇ¤�~Ɣ˥_C]Z8ʙ]ĨʒvǎÛlrJybxcrV 
� �  �¥}ŰʳĀǷap8®ŖÎȁ}˃ĖȼȞ_ɕŵɏ_ŝc]Ờv±B

r˃ĖǅȆvʩuerJybxcrV³Ő®ŖÎȁ}ɂÇɲɃÕɸair°ɲ

óx?q8ǳɚɩ} �¥}ʃǹ_otZ8®ŖÎȁa˃Ėʛŗ_ɔ˿lr˸

_8J} �¥vɇ]ZÎȁȼȞvʺǙlrJybxcrVl{uV8Ɲ �

¥a®ŖÎȁ}˃ĖǣǱʾľ_C]Zm8̊]ĨʒÝåvǎÛMZ]rV 
 



 

41 
 

ɮ̘ɬ� ʃʻ 
 

� � ǳɚɩaɅŪĀǷ}ŔɝɃʻy³Ő®ŖÎȁ}ȻƦ_oq8ÎȁʂňȼȞ

_Ờv±Br˃ĖǅȆvˡǀM8Îȁ˃ĖȼȞv·ȫlr Cox ȖÚ��ª�

 �¥vØtTVƝ �¥a®ŖÎȁ}˃ĖɲɃ_ĨʒvǎÛMZ]r«ǟ8

Ņȁ˧ʢ_ytZm8 �¥v˗NZ8̇űÎȁ}��|¥�ȿvʯɱlrJ

ybxc8ip_8áɇ¤�~ɲɃvƜĘlrJybxcrVǳɚɩ}ɃʻĀ

ǷyŰʳĀǷ_ory̝ 
� � (1)Ö}Ïɟx?tZm8˃Ǖġȋ_˳tT}a˥řapˈřix}Ǆʇɏ

xĕƳɏ{�§��x?rVo}Tl8˃ Ė�ª�}lrĀǷlryJ_oq8

®ŖÎȁ_ˤŝ{Ờv±Br�x~�vʩuerJybxcrVJsp}�

x~�vɇ]8ˠā{ �¥vØry8ĕƳɏ_Îȁ}˃ĖȼȞy��|¥�

ȼȞvĀǷlrJybxcrV 
� � (2)ǳɚɩa®ŖÎȁv�¨�¥_MZ8Cox ȖÚ��ª� �¥vØq8

ŰʳĀǷ}ƺȔ_otZ8Cox ȖÚ��ª� �¥aɕƝ̊]ƪɇÝåb?r

JyvʳǤMTVJ} �¥aĕƳɏ{ �¥x?rTl8ĕƳɏ_Îȁ˃Ė

ȼȞ}řĕv·ȫlrJybxc8xcT �¥_ŬůƭȀůvMTʃǹ_o

q8 �¥aŬůƭb?rJybĀaq8 �¥}ʃǹa�¨�¥iraʬȫ

Ǳ˫y}˫}ˬÞƭb{]8 �¥}ʃǹaá̄xcr 
� �  �¥}ʯɱʃǹyȀůʃǹ_oq8®ŖÎȁ}˃ĖȼȞvąǝxcr«

ǟ8Îȁ}ɅŪǧ˫m·ȫlrJybxcrVJspaŅȁ˧ʢ}áɇ¤�~

�£{�¨�_ąǝǽǂyĨʒƲŀvmTplV 
 
� �  
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ɮ̙ɬ� ǳɚɩ}°ˌyŽǯ 
6.1� ǳɚɩ}°ˌ 

 
� � (1)ǳɚɩa®ŖÎȁ}ɅŪǧ˫_Ờv±Brř˥vˡǀlr˸_8®Ŗ

Îȁ}áɇȼȞ_ˬ˚lr˃ĖǅȆvʒBTesz8GDP {z˾˃ĖǅȆ}�

|~�vʒ˥MZ]{]Vo}ơ}ʆʇɚɩ_Jsp}�x~�vòsoAy

ʒBZCq8 �¥}ʸǤĐvƜlZ8 �¥}ȏɜƭv̊lrV 
� � (2)ř˥vˡǀlr˸_8´ƵĀĀǷvʢtZ8ip_8ƣT´ƵĀvĆ_

ǞT{ř˥yMZ �¥vØq8JAMT}a �¥}ʸǤĐvƚlTy]A

Jy?xrVmM8ɔǋɏ_®ŖÎȁ}˃ĖȼȞ_odỜlrǅȆvĮqÿ

lJybxcr{p8 �¥}·ȫȏɜƭboq̊d{rV 
� � (3)ǳɚɩ}��|¥�©�¨�¥̍ST Îȁ̎a̖̖ɟbMa{]Tl8�

¨�¥}ʪȇaˌqm8?rɦƔ_ �¥}ʸǤĐvƚlTVȑı�ª�bˌ

q{]Jyaǳɚɩ}˰ɉx?rV 
 

6.2� ʻǚ}Žǯ 
 

� � (1)Îȁ}��|¥�aŐ˸yŐû}�~§ʂȩɄŗ}ỜvʐĘnl]T

l8ǳɚɩaǅȆ����_C]Z8�~§ʂȩ{z}˾˃ĖǅȆ}�|~�

vʒBrfc8ip_ �¥}ʸǤĐyȏɜƭvƜĘlrV 
� � (2) áɇ¤�~ʴÝ �¥_ˬlrŕľaǘŜdZ8ÚBb8Loglistic  �¥8 
KMV  �¥8 BP� Neural Network {zbŪőMZ]rVJsp} �¥_ȖːM

Z8Cox ȖÚ��ª� �¥aĕƳɏ{ �¥x?rTl8Ɍ{rǧǱ_a�¨

�¥�ª�}ȻƦ_ƇɌb?q8ɚɩ}ɓɏ_oq8 �¥_ŵMZ8ip_

Ǔ˛lrƨʨb?rV 
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