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Abstract
Utili zation of Machine Learning for M ortality Prediction

This article presents and evaluates general possibiliti es of machine learning application aimed to predict a
raw result of patient operation (dead – living, nearmiss+ yes- no) on the basis of the patient anamnesis and
his/her pre-operative state. It introduces briefly a task of predictive data mining as well as applied machine
learning methods. At the same time it presents mortality prediction results when applied to Merged Czech
National Cardiac Registry (MCZR) administered by MEDICON Center. The reached results are compared
to results obtained by a Bayesian model implemented within a currently used informational system PATS
(Patient Analysis and Tracking System).
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=GUDYRWQ � UHJLVWU ��� EVDKXM � YHON � PQRåVWY � ~GDM$ � QDYt � MVR � QHXVWiO � GRSO�RYiQ ���@�p� Y ����� ]QDP\ � =
G$YRG � S�tVWXS �)� W�PW � ~GDM$P � MHMLF� ]DEH]SHþHQ �G� QiVOHGQpK � ]SUDFRYiQ � M � HYLGHQWQt � å � W\W � UHJLVWU\
PXV � Eê � SURYR]RYiQ �2  UiPF ¡G¡ QIRUPDþQt �p� V\VWpPX � 3�HGP�WH ¢ WRKRW � þOi �j�$� VDPR]�HMP� QHQ � GLVNXVH
WRKRW � REHFQ� ]QiPp�p� IDNWX � DO � VWXGL � MHGQ �£� PRåQRV��� RERKDFHQ � VWiYDMtFtF� LQIRUPDþQtF � V\VWpP$ R
QHMQRY�Mã �$� HRUHWLFN � PRåQRV ��¡ DXWRPDWL]RYDQpK � ]tVNiYiQ � ]QDORV ���¤� GDW�
$XWRPDWL]RYDQ �!� tVNiYiQ � ]QDORV ����� GD� �'DW � 0LQLQJ ¥ M � QRY� V � UR]YtMHMtF � Y�GQ � RERU � GHILQRYDQ ¦ MDNR
NRRSHUDWLYQ � VQDK � OLG ��� SRþtWDþ$ § DXWRPDWLFN ¨ Y\KOHGiYiQ © XåLWHþQêFª LQIRUPDF ©¤« UR]ViKOêFª)¬ DWHF ª >�@�
3UREOHPDWLN ­ M ®£̄ KiSiQ ­!« FHO ¨ VY ¨ ãt�L ° YHON ± SR]RUQRV ² M ® Y�QRYiQ ­ QiYUK ³S¬ DWDEi]t ° SRSLV ³ SUREOpP³ D
VWDQRYHQ © FtO$ ´ 7RW § MVR ³ W\SLFN ¨ ~NRO µ OLGt ´ 3RþtWDþRY ¨ DOJRULWPµ SRW ¨R­ QDO\]XM © QDKURPDG�Q ± GDW ­ D
vyhledávají závislosti související s cíli definovanými li dmi.
'DW ­ PLQL ¶p·P«�® VY ¨ SRGVWDW� LQWHJUXM ® ]NXãHQRV²�¸ ]tVNDQ ¨º¹N® W� © G�tY ® YROQ� VSRMRYDQêFª�§ ERU$�
• GDWDEi] »p¼ GDWRYêF½ VNODG$�
• matematické statistiky,
• VWURMRYpK ¾ XþHQt�
7HFKQLN ¿ ]tVNiYiQ » ]QDORV À�»zÁ GDÀ V ÂPÁ�¼ P��XM » Q ¼ GY� SUREOpPRY Ã REODVWL Ä 3UYQ »�Á QLF½ M Â SUHGLNFH Å GUXKRX
SDÆ YODVWQ Ç H[WUDNF È ]QDORVWt É�Ê UiPF Ë Y\Xå Ë Ì�Ç ~GDM$ QDKURPDG�QêFÍ£Î�È ]GUDYRWQtFÍ UHJLVWUHFÍ O ÏNÈ DSOLNRYDW
DOJRULWPÐ RER Ñ ]PtQ�QêF Í)Ò UREOpPRYêFÍ�ÓNÔ ODVWt É $OJRULWPÐ SDW�tF Ç G Ó�Ò UYQ Ç SUHGLNWLYQ Ç REODV Ì�ËGÕ ÏNÈ Y\XåtW
S�tP ÓÖÆ�È NRQVWUXNF Ë SUHGLNWLYQtF Í PRGHO$ VORXåtFtFÍr× DS�tNOD ØÙÒ � Ë SRVX]RYiQ Ç YKRGQRV Ì�Ë HOHNWLYQtFK



LQWHUYHQFt � DOJRULWP� GUXK � VNXSLQ � O ��� DSOLNRYD � QDS�tNOD � MDN �
	�� GSRU �
	 � � Y\WYi�HQ � ]QDORVWQ � Ei]H
expertního systému.

3�HKOH ��� UHGLNWLYQtF � PHWRG
ýDVW � SRXåtYDQR� W�tGR � DOJRULWP$ MVR � rozhodovací stromy [7] � -HGQ � V ��� XþtF � V �
� OJRULWP\ � NWHUp
Y\WYi�HM � UR]KRGRYDF � KLHUDUFKLFN � VWURPRY � VWUXNWXU � QD ]iNODG� NODVLILNRYDQ � PQRåLQ � WUpQRYDFtFK
S�tNODG$ � -HMLF ]iNODGQ � P\ãOHQN � M �"!#� ORåHQ � QD VWUDWHJ $ $ �UR]G� %'& SDQXM� ( 1 & NDåG ) UR]KRGRYDF * ~URYQL
YROtP + WDNRY, DWULEX - �YHOLþLQX� . NWHU ,0/ HMOpS + RGG�OXM + MHGQRWOLY ) NODVLILNDþQ * W�tG\ ( $SOLNDF *1- RKRWR
NULWpUL & V + VQDåtP +32 WR . DE 4 Y]QLNO, VWUR 5 E\ % F 20/ HMPHQãt ( 3UDNWLFN ) ]NXãHQRV -6$7- RWL 8 XND]XMt . åH
MHGQRGXãã * VWURP4 Y\ND]XM * Y�Wã * NODVLILNDþQ * S�HVQRVW (:9 S�tSDG� QXPHULFN ) SUHGLNFH . NG 4 QDPtVWR
S�L�D]HQ * S�tNODG ;=<�+ NODVLILNDþQ *>- �tG� �QDS� ( ~VS�ãQ ? RSHU @BA#CED DQR F ~VS�ãQ ? RSHU @BA#CEDHG H I S�HGSRYtGiPH
S�HVQR JLKNM GQRW J �QDS� O SUDYG�SRGREQRV P ~VS�ãQ Q RSHU RBS#TVUHWYX ����KRYR�tP T[Z regresních stromech.
Dalším populárním algoritmem jsou QHXURQR \#] VtW�� 3$YRGQt̂ FtOH ^ Yê]NXP_a` HXURQRYêF b V c d6c E\O e VQDKD
SRFKRS f dge PRGHORYDW h MDNê ^ ]S$VREH ^i^ \VOtP j0e MDNê ^ ]S$VREĤ IXQJXM j OLGVN k PR]HN l 3UiY�
QHXURI\]LRORJLFN m SR]QDWN n XPRåQLO n Y\WYR� f d ]MHGQRGXãHQ m PDWHPDWLFN m PRGHO\ h NWHU m V j GDM c Y\Xå c d S�L
�HãHQ c SUDNWLFNêFbpo OR brq XP�O m LQWHOLJHQFH l =iNODGHŝ̂ DWHPDWLFNp bNt PRGHO_H` HXURQRY m VtW� M j IRUPiOQt
QHXURQ h NWHU k M j S�HYRGĤ IXQNF j QHXURI\]LRORJLFNpK tu` HXUR `v_ G t PDWHPDWLFN m �HþL l 1HXURQRY m VtW� VH
VNOiGDM cwq IRUPiOQtF bu` HXURQ$ h NWHU m MVR _ux ]iMHPQ� SURSRMHQ n WDN h å j YêVW_vyz̀ HXURQ _ M j YVWXSĤ REHFQ�
Yt {#j QHXURQ$ l 3RþHd QHXURQ$ e MHMLFbax ]iMHPQ | SURSRMHQ c�x V c d6f XUþXM j DUFKLWHNWXU_ �WRSRORJLL } VtW� l 'UXKêP
]iNODGQt ^ U\VĤ QHXURQRYêF b V c d6c M j MHMLFb VFKRSRQRV d XþHQt l ([LVWXM j FHO | �DG e XþtFtF b DOJRULWP$ SUR
U$]Q m PRGHO n QHXURQRYêFb VtWt l 1HM]QiP�Mãt~̂e QHMSRXåtYDQ�Mãt ^�^ RGHOH ^ QHXURQRYêFb V c d6c M j YtFHYUVWYi
QHXURQRY | Vt" � XþtFt� V �[� OJRULWPH � ]S�WQpK � ãt�HQ � �EDFNSURSDJDWLRQ��
Podstata S�tSDGRYpK �p� VX]RYiQt VSRþtY ��� WRP �N��� �HãLWH � S�LVWXSXM ���=� UREOpP� WDN �N��� V � VQDå � QDM � � MHKR
SRGREQRV �w� SUREOpP� �HãHQêP ��� ~VS�ãQ� Y\�HãHQêP � G�tYH � 1HKOHG � WD �1� U �a� RY� SUREOp � QRY � XQLNiWQt
�HãHQt � DO � VQDå � V � MH  RGYRG � �w¡ PRGLILNDF � �HãHQ � ~VS�ãQêF¢r� PLQXORVWL ��£ GHILQL ¤#� SO\QH ����� V � MHGQ � R
SRVWX� DQDORJLF �¥� RGYR]HQ�3¡ MHGQiQ � YODVWQt¢N� OLGHP � 3RGREQ� MDN �
� S�tSDG� OLG � SRMH� VWURMRYpKR
S�tSDGRYpK �L� VX]RYiQ � ]DKUQXM �[¤#� OR � �DG �L� �HVQ�M � GHILQRYDWHOQêF¢:� RVWXS$ ¦ PRGLILNDF � G�tY�MãtF¢ �HãHQt�
MHMLF¢7�N� PELQDFH � Y\VY�WOHQ � QRY� Y]QLNOêF¢ VLWXDFt � NULWLFN � ]KRGQRFHQ ��� UHYL ¡�� QRY� Y]QLNOêF ¢ �HãHQ � þL
Y\WYi�HQ � QRYêF ¢§� �tNODG$ Q � ]iNODG� S�tNODG$ G�tY�MãtFK �"̈ S�tSDG� GLDJQRVWLFNêF¢ª© OR ¢ P$ ��� EêW
redukován na PHWRG « QHMEOLåãtF ¬ VRXVHG$.
9êã ­ XYHGHQ ® PHWRG ¯ UHSUH]HQWXM ° QHMþDVW�M ± SRXåtYDQ ® PHWRG ¯ VWURMRYpK ² XþHQt ³ 'REUêF ´gµ êVOHGN$ O]H
GRViKQRX ¶
± SRPRF ° PHW ²¥· VWDWLVWLFNêFK ¸ QDS�tNOD · lineárního regresního modelu. Dalšího zlepšení
YêVOHGN$ OLQHiUQtF́ UHJUHVQtF́ PRGHO$ ¸ NWHU ® MVR ¹º² PH]HQ ¯ SRX] ­ Q » KOHGiQ °z¼ ± QHiUQtF́ NRPELQDFt
YVWXSQtF ´ DWULEXW$ ¸ O ½�­ GRViKQRX¶ DSOLNDF ° QHOLQHiUQ ° UHJUHVH ¸ SRS�tSDG� ]DYHGHQt¾ SRMP¿ ORNDOLW\ À /RNDOLWD
SRXåLWpK Á UHJUHVQtK ÁÃÂ RVWXS ¿ VSRþtY ÄsÅÆÂ �HGYêE�U ¿ WUpQRYDFtFÇÈÂ �tNODG$ SRXåLWêFÇÈÂ U ÁÆÅ \WYi�HQt
regresního modelu.
'DOã É ]QiP ÁY¿ VWDWLVWLFNR ¿ PHWRGR ¿ XþHQ É M Ê SUDYG�SRGREQRVWQ É ED\HVRYVN Ë XþHQt Ì - Í[Î#Ï ORåHÐNÑ Q Ï %D\HVRY�
Y]WDK ÒzÏ MHK Ñ=Ó RXå Ô Õ6Ö M Í YKRGQ ×aÎ HMPpQ ÏaØHÓ �tSDG� ]SUDFRYiQ Ö ]QDORV Õ6Ö ]DWtåHQêFÙrÐ HMLVWRWRX Ì 7]Y Ì QDLYQt
%D\HV$ Ø DOJRULWPX Ú M Í=Î#Ï ORåHÐgÐNÏpÎ P�Q� SUDYG�SRGREQRVWQtK ÑÛÑ KRGQRFHQ Ö FtORYêFÙgÙ \SRW ×ÜÎ Q ÏpÎ iNODG�
KRGQR Õ MHGQRWOLYêFÙ DWULEXW$ Ì -HGQ Ý V ÍLÑ MHGQRGXFKR Ò PHWRGX Þ NWHU Ý M Í RYãH ß ]DWtåHQ Ï:à K\ERÒ SRNX á MVRX
MHGQRWOLY ×âÏ WULEXWãäØ ]iMHPQ� ]iYLVOp å 8P�O æ LQWHOLJHQ ç#è UR]YLQXO é Yêã è ]PtQ�QRê P\ãOH ë¥ì¥êäí SRGRE�
VRILVWLNRYDQ�MãtFîLï D\HVRYVNêFî VtWt�

Úloha predikce mortali ty - definice
&tOH ð ~ORK ñóò UHGLN ç#è PRUWDOLW ñ M è VHVWDY ô õ ~VS�ãë¥ö÷ò UHGLNWLYQ ø PRGH ù SU úûò �HGSRY�� YêVOHGNX
NDUGLRYDVNXOiUQ ü LQWHUYHQF ý Q þ ]iNODG� SDFLHQWRY ÿ DQDPQp] ÿpþ S�HGRSHUDþQtK � VWDYX � 9êVOHGH� � SHU þ��#ý MH
H[SOLFLWQ� GHILQRYi���Nþ�� iNODG� DWULEXW$ 1($50,66 	�
 67$78 � REVDåHQêF
�� UHJLVWU� 0&=5�
1($50,66 	 M � SRþtWDQ ��� DUDPWHU � NWHU ����� SURYHGHQ � RSHU 
���� NYDOLWDWLYQ� RKRGQRFXM � MHM � YêVOHGHN�
-HGQ � V ��� � LQiUQ ! SDUDPHWU " KRGQRW #%$ R]QDþXM � ~VS�ãQR & LQWHUYHQFL " KRGQRW #(' LQWHUYHQF ) QH~VS�ãQRX�
3DUDPHW * 67$78 + R]QDþXM � SDFLHQW$, VWD,�-/.0. SHUDF 1 � 243 SDFLHQ5 M 6 VWiO 6 QDåLYX 7/8�3 ]HP�H 9:,�- U$E�KX
RSHUDFH ;=<?> ]HP�H @BA SU$E�K CED�F VSLWDOL]DFH GIHKJML XWQ N UHRSHUDFH GBO?J ]HP�H P E�KH Q � RKSIL $ T/UEU SHUDFL VBW?X
]HP�H Y SR]G�M Z QH [ � \E] Q ^ S UEU SHUDFL VB_?X VPU ` ]S$VREHQ a MLQêP Z G$YRG b Q cd[ G$YRG b Y\YRODQêP Z RSHUDFt��
3DFLHQèZ E\ Y Z NODVLILNRYiQ Z G U W� ^ W�t ] GO c QiVOHGXMtFtK U?f OtþH�
• 7�tG a4\hg 1($50,66 i M c ���OLERYROQ j KRGQRW a SDUDPHWU k 67$786�
• 7�tG amlng 1($50,66 i M c � V 67$78 o M c U$]Q p R ]hqKa ��



• 7�tG ����� 1($50,66 � M � � � 67$78 � M � �
	 HE �
� �
ÒNROH� M � ~VS�ãQ � VHVWDYHQ ��� DNRYp��� NODVLILNiWRUX � NWHU� EXG � S � VYp � QDWUpQRYiQ � VFKRSH � DSULRUQ� � WM�
S�H � ]DSRþHWt � RSHU ����� �!� RE� � NG " QHMVR# ]QiP" DWULEXW" 1($50,66 $ DQ % 67$786 � UR]KRGQRX � R
S�LG�OHQ � SDFLHQW � G � MHGQ �'& Yêã � XYHGHQêF� W�tG�(
G$YRG # ]QDþQ � RGOLãQRV�)% ~GDM$ VKURPDå�RYDQêF�*� LQWHUYHQFtF�*�+� OLãQêF� W\S$ QHO &,� VHVWDY % � MHGQRWQê

SUHGLNWLYQ � PRGH - SU �.� ãHFKQ " W\S "!� SHUDFt /10 þOiQN # MVR#32 UH]HQWRYiQ "4� êVOHGN "5� YR #32 UHGLNWLYQtFK
PRGHO$ EXGRYDQêF687 H]iYLVO 9 SU : SDFLHQW;3< LQWHUYHQF =?> \S@BA \SDV < �]QDþHQ : &$%* C
D SU :FE DFLHQW\ G X
NWHUêF 6 E\O D QDYt H SURYHGHQ DFI QiKUDG D FKORSQ� �]QDþHQ : 569&(� J 'DW D W\S@ 569& K E\O DFL�D REGREt
1995-1999, data typu CABG pak za období 1995-1998.

Obrázek 15R]G�OHQ M SDFLHQW$ G N W�t O �W\ P O D Q &$%*�
7DNW R IRUPXORYDQ S ~ORK T M U ~ORKR VXW ODVLILNDþQt Y NG Z MHGQRWOLY [ SDFLHQW Z �]i]QDPZ\R̂ ] DFLHQWHFK�
S�L�D]XMHP U�_+R`_ LVMXQNWQtF a W�tG b ÒORKV M U PRåQ [ GiO U IRUPXORYDc MDN R ~ORK V SUDYG�SRGREQRVWQ d �UHJUHVQt��
NG Z NDåGpK Rfe SDFLHQW$ QHS�L�DGtP U
U [NOX]LYQ� G R MHGQ [
e S�HGHg GHILQRYDQêFa W�tG Y DO U S�L�D]XMHP U MLP
SUDYG�SRGREQRV c)d S�tVOXãQRVc)d�_hR MHGQRWOLYêFa W�tG b'i W�FKW R5j ORKiF a MVP Uke G$YRG Vml HURYQRP�UQpKR
UR]G�OHQ n SDFLHQW$ G R W�t _*T
e G$YRG V*] �HKOHGQRVc)d Y\KRGQRFHQ n VOXþRYD o d EX� W�tG Zqp*TFr �SDW V U MHGQ S R
YODVWQ n QHPRFQLþQ n PRUWDOLWX s QHE R W�tG ZFr'T't � u WRPW Rv] �tSDG� V U MHGQ SwR SUHGLNF d DWULEXW V 1($50,66���

$NWXiOQ x PHWRGLN y �HãHQt
1iURGQ z ]GUDYRWQ z UHJLVW{ NDUGLRYDVNXOiUQtF| LQWHUYHQF z M } VSUDYRYi~ VW�HGLVNH � 0(',& �'� [10]. Je
SURYR]RYi~���� URVW�HG z H[SHUWQtK � LQIRUPDþQtK � V\VWpP� 3$7 � �7K } 3DWLHQ � $QDO\VL � DQ � 7UDFNLQJ
6\VWHP��� ��@ � 7HQW � V\VWp� QDEt] z NURP� SURVW�HGN$ VWDWLVWLFN � DQDOê]� WDN � PRåQRV� EXGRYiQt
SUHGLNWLYQtF| PRGHO$ �h� W � MHGQD��� UiWNRGRE� RULHQWRYDQêF| �VORXå z��
� �HGSRY�G � YêVOHGN� RSHU ����} GDQpKR
SDFLHQWD� � DO }8� GORXKRGRE� RULHQWRYDQêF | �V }q��� P��HQt � Q � YêYR� REHFQêF| MHY$ GDQpK � RERUX� � 3UR
NRQVWUXNF ��� �FKW � PRGHO$ V } XåtY � ED\HVRYVN � DQDOê]\ � 9êVOHGN � ED\HVRYVNpK ��� UHGLNWRU � LQWHJURYDQpKR
G � V\VWpP� 3$7 � MVR�k� UiPF � SUH]HQWRYDQ � VWXGL } SRYDåRYiQ � ] � UHIHUHQþQt ��� SRKOHG� WHUPLQRORJLH
XþHQ z V } MHGQ ��� QDLYQ z %D\HV$ � PRGHO � MHK � SUHGLNWLYQ z VFKRSQRV�)� MVR � DO } Y\OHSãHQ � WtP �¡ ,} UL]LNRYp
IDNWRU\ ���`~ LFK   M } ]QiP � Y]iMHPQ ����� YLVORVW � MVR� VORXþHQ\�

3RXåLW ¢ DOJRULWP £4¤ GRVDåHQ ¢ YêVOHGN\
3UYQ ¥ DSOLNRYD¦�§,¨ PHWRGR ¨ E\O © WHFKQLN © WYRUE ª UR]KRGRYDFtF « VWURP$ ¬ %\ ­ SRXå ® ¯ DOJRULWPX ° &��� ¬ -HGQi
se o vylepšenou modifikaci algoritmu C4.5 J.R.Quinlana [12] ¬ 9 ± VURYQiQ ¥1° S�HGFKR] ¥ YHU] ¥ S�LQiã ¥ GY�
Y\OHSãHQt ² ]YOiãW� SUYQ ¥v³ QLF«!´+µ ]QDPQ� RYOLYQLO § ]S$VR¶ ]SUDFRYiQ ¥ GD̄ UHJLVWUX ¬ &�� ·.́3̧ UYQ ¥ �DG�
XPRå�XM ±v³ DYHGHQ ¥ SURP�QOLY ¹
º�± Q ªf§ KRGQRFHQ ¥ FK\EQ ¹ NODVLILNDF ± S�tNODGX ¬ ýDVW § WRWL » SRåDGXMHPH ² DE\
Q�NWHU ¹ FK\E ª E\O ª SRYDåRYiQ ª ] © ]YOiã" QHåiGRXFt ² WM ¬ RKRGQRFHQ ª Y\ããt¼ VWXS�H ¼ ]iYDåQRV)̄® S�L
SURFHV½!½ þHQt ¾ .ULWpULH ¿ ~VS�ãQRV À)ÁÃÂ!Ä U$E�K ½4Ä URFHV½5Â \WYi�HQ Å UR]KRGRYDFtK Æ VWURP½5Ç HQ Å VDPRWQê



SRþH
�
FK ����� � � NODVLILNDFL � DO � MHMLF 	 VRXKUQQ 
�� HQD 
 7tPW � ]S$VREH � O ��� SRWODþ � � Yê]QD� MLVWp 	�� GUXKX
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PRGHO� PDM � � HQGHQF � NRQYHUJRYD� ��� �tSDG� QHURYQRP�UQpK � UR]G�OHQ � S�tSDG$ G � W�t � �YL � Obrázek 1) k
WULYLiOQtP� PRGHOX � NWHU ������� � DãH� S�tSDG� SUHGLNRYD ! NRQVWDQWQ� W�tG �#"�
 'UXKê � Y\OHSãHQt� RSURWL
&�� $ M % LPSOHPHQW &(')% WHFKQLN * ]YDQ + ERRVWLQ , QDYUåHQ + )UHXQGH -.& 6FKDSLUH- >�@ / -HGQ 0 V %21 LWHUDWLYQt
JHQHURYiQ 3 Q�NROLN & NODVLILNiWRU$ 4 S� 5 NWHUp- V % GDQ687 ODVLILNiWR 9 ]DP��XM % Q & VSUiYQR :87 ODVLILNDF 5 S�tNODG$
FK\EQ� NODVLILNRYDQêF; VYê - S�HGFK$GFHP�
Sesterským systémem k C5.0 je algoritmus generující regresní stromy Cubist [12]. Jedná se o modifikaci
UR]KRGRYDFtK 1 VWURPX 4 NG * MV 1<:>= OLVWHF;@? DPtVW 1 W�tG * JHQHURYiQ * UHJUHVQ 3 URYQLFH /�A S�tSDG�
SUREOHPDWLN * NDUGLRFKLUXUJLFNêF ; LQWHUYHQF 3CB \W 1 URYQL ')% SUHGLNXM 3 PtU : S�tVOXãQRVBD5E7 MHGQRWOLYê - W�tGiP�
A S�tSDG� UHJUHVQtF; VWURP$ VQLåXM % NYDOLW :F: þHQ 3 IDNW 4�G�%H: WUpQRYDFtF; S�tNODG$ M % S�tVOXãQRV B N
MHGQRWOLYê - W�tGi - YåG * MHGQR]QDþQ 0I& GRFKi] 3JB HG * N %�K P�Q� IRUPiW : YêVWXSX�
-DN 1.? HXUiOQ 3 SUHGLNWR 9 E\ L SRXå 5 B YtFHYUVWY 6NM HUFHSWUR ? �PXOWL�OD\H9 SHUFHSWUR ? 0/3� 4 NRQNUpWQ�
DOJRULWPXV��NWHU6 M % VRXþiVBD3 QiVWURM % 'DWD(QJLQ % >��@�
L%$5 OQP �,QVWDQFH�%DVH R 5(DVRQLQ , 7RRO S UHSUH]HQWXM % LPSOHPHQWDF 5 V\VWpP:TM �tSDGRYpK 1 XVX]RYiQt�
-HGQ 0 V %U1 XQLYHU]iOQ 3 SUHGLNWLYQ 3 V\VWp- SRXåLWHOQ6VM U 1XW ORK\ 4 Y % NWHUêF; MV 1�: MHGQRWOLY + S�tNODG *VM RSVDQp
YHNWRUH - QXPHULFNêF;Y? HE 1 V\PEROLFNêF;Y; RGQRW / 6\VWp - E\ L Y\WYR�H? Q & NDWHG� % N\EHUQHWLN\ 4 )(/
ý98 P >�@ 4 YêVOHGN * MHK 1 DSOLN &(')% Q & GDW & VW�HGLVN & 0(',&2Z MVR:VM RGUREQ�M 5 SRSViQ * Y % >� [\& >�@�
9 % YãHF;]M �tSDGHF;]7 URP� ED\HVRYVNpK 1 PRGHO : E\O &2K DMLãW�Q & QH]iYLVORV B̂ B UpQRYDFtF;�& WHVWRYDFtF;�R DW�
þtP G E\O 1 ]DEUiQ�Q 1_M �HXþHQt / 1HEH]SHþ 3 S�HXþHQ 3 M % QHMY�Wã 3 ]HMPpQ &̀ =HM �tSDG� QHXURQRYêF; V 3 BD3 D
UR]KRGRYDFtF; VWURP$ : %D\HVRY & PRGHO : E *21 GKD R FK\E * QHP� L Eê B YêUD]Q� ]NUHVOHQ�
.YDOLW & MHGQRWOLYêF;aM UHGLNWLYQtF ; PRGHO$ E\O & KRGQRFHQ & SURVW�HGQLFWYt- 52 b �5HFHLYH9 2SHUDWLQJ
&KDUDFWHULVWLF S N�LYH7 >�@ / -HGQ 0 V %c1 PHW 1JR<: PDMtF 3 S$YR R.= UDGLRORJLL 4 þDVW 1N= \XåtYDQR :d5 YH
]GUDYRWQLFWYt /)A S�tSDG� SRVX]RYiQ 3 UR]KRGRYDFtF; PHW 1JR M % GHILQRYiQ & MDN 1X7 �LYN & Y\MDG�XMtF 3 Y]WD; PH]L
SRþWH- VSUiYQ� SR]LWLYQ� & QHVSUiYQ� SR]LWLYQ� RKRGQRFHQêF; SDFLHQW$ Q & U$]QêF;eW URYQtF;fM UDKX
RGG�OXMtFtK 1XM R]LWLYQ 3E& QHJDWLYQ 3 NODVLILNDFH / = & SR]LWLYQ 3 SDFLHQW*2M�1 YDåXMHP % SDFLHQW * SDW�tF 3 G 1 W�t R�g Dh
�S�tSDGQ� SRX K�% �� 4iK)& QHJDWLYQ 3 SD7�= ãHFKQ * RVWDWQ 3 SDFLHQW\ / .YDOLW & SUHGLNWLYQtK 1 PRGHO :j1 GSRYtGi

SORã % SR R 52 b N�LYNRX / 3�tNOD R WpW 1k7 �LYN * M % XYHGH?V?�& Obrázek 2.

Obrázek 2 3�tNOD l 52 m N�LYN\

1 & S�tNODG� UR]KRGRYDFtK 1 VWURP: O K�% QHMVQ 0nK�% XSR]RUQ 5 B Q & WHRUHWLFN 0 ~VND L 3 S� 5 Y\WYi�HQ 3 SUHGLNWLYQtFK
PRGHO$ / 3�HVWRå % UHJLVW9 REVDKXM % WLVt ')%XK)0nK QDP$ SU 1]1�oE& VOHGRYDQ + W\S * LQWHUYHQFt 4 NDåG 6 ] % ]i]QDP$ VH
VNOiG 0VK Q�NROLN & GHtWH7 DWULEXW$ �S�LEOLåQ� ��� / 1�NWHU +VK W�FKW 1 DWULEXW$ PRKR:p? DYt ' WHRUHWLFN * QDEêYDW
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 QHMOpSH
GLFKRWRPLFNêF � DWULEXW$��=iURYH� SOD ����� ]Y��3$ � WHRUp � �SUREDEO � DSSUR[LPDWHO� FRUUHF��� HDUQLQ � WKHRUHP�
>�@ 
 NWHU��� HILQXM � PLQLPiOQ � SRþH��� UpQRYDFtF��� �tNODG$ SU � GDQR��� ORXEN� UR]KRGRYDFtK � VWURPX�
SRåDGRYDQR � PD[LPiOQ � FK\����� þHQ � � VORåLWRV� SURKOHGiYDQpK �!� URVWRU � K\SRWp] " 6ORåLWRV � SURVWRUX
K\SRW

�$#
M � GiQ � SUiY� SRþWH � DWULEXW$ " 'O � 3$ � WHRUpP� M � SU �&%(' DWULEXW$ 
 PD[LPiOQ � FK\E �*) � + D

KORXEN � VWURP�-, GRSRUXþHQ� SRþH� S�tNODG$ .�/ PLOLyQ$ 0 3$ 1 WHRUp2 QDYt 3 S�HGSRNOiG 4 URYQRP�UQp
G�OHQ 5 S�tNODG$ G 6 MHGQRWOLYêF 7 W�tG��- 8 WHG 9 HYLGHQWQt :<;<8 SRþH= DWULEXW$ PXV 5 Eê = YêUD]Q� UHGXNRYiQ�
3�HKOH > YêVOHGN$ GRVDåHQêF 7 DSOLNDF 5 MHGQRWOLYêF 7 PHW 6�> M 8 XYHGH?!@ Tabulka 1 0 %D\HV$ @ PRGH A MH
UHIHUHQþQt :CB DOJRULWPB &�� D M 8 XYHGH ?!EF6 GRY G RGKD >	@ HOLNRV = 52 1 SORFK 9 �MHGQ 4 V 8&6	H ODVLILNDþQt
DOJRULWPXV��QHO I<8 YR A J = U$]Q K KRGQRW9ML UDK B RGG�OXMtFtK 6NL R]LWLYQ 5FO QHJDWLYQ 5 S�tNODG\��

Algoritmus \ Typ dat
RSVCE

����� P ]i]QDP$�
CABG

����� Q ]i]QDP$�
Bayes* 0.709 0.711
MLP 0.715 0.720
iBARET 0.696 0.702
Cubist 0.652 0.672
C5.0** 0.621 0.612

Tabulka 1 3�HKOH R GRVDåHQêF S YêVOHGN$ T 52 U SORFK\

=KRGQRFHQ V YêVOHGN$W
UiPF X KRGQRFHQ Y SUHGLNWRU$ SRPRF Y YHOLNRV Z�X 52 [ SORFK \ P$åHP ] GD�̂_ SUHGLNWR̀ SRYDåRYDZ ] a LGHiOQt

pokud je velikost jeho ROC plochy 1, nulová plocha indikuje ideální invertovaný prediktor. Naopak
QiKRGQ _ SUHGLNWRU b MHKR c YêVOHGHd�^ HQ Y QLMDd NRUHORYîfe UHiOQR gih �tVOXãQRVZ�Y SDFLHQW a N ] W�tG� b Y\ND]XMH
52 [ SORFK gkj YHOLNRV Z�X ��� lnm WDEXON \ YêVOHGN$ M ] ]�HMPp boc<] MHGQRWOLY p PRGHO\ Y\ND]XM Y Yê]QDPQRX
NRUHODF X SUHGLNF Y V ] VNXWHþQêP X YêVOHGN \ LQWHUYHQFt l 2Wi]NR g M ] YãDd VWDQRYHQ Y KUDQLFH b R q NWHU p O]H
SUHGLNWLYQ Y PRGH r SRYDåRYD Z ] a VSROHKOLYê l 'O ] SUDNWLFNêFs ]NXãHQRVZ�Ytr u<]vu�a YiJQ Y KUDQLF X VSROHKOLYRVWL
SRYDåRYDZ SORFK gwjyx HOLNRV Z�X ����
$Q X MHGH ^zu SUHGLNWLYQtF s PRGHO$ WpW j KUDQL {�] QHGRVDKXMH l Obrázek 3 VKUQXM ] PRåQ p G$YRG\ l . ] u WUiW�
LQIRUP a|{�] GRFKi] Y X c VDPRWQR g GHILQLF Y GDWRYpK j ]i]QDPgih DFLHQWD l 9OLYH } ãXPgih � X P��HQt b SRS�tSDG�
YOLYH} QHVSUiYQ� Y\SOQ�QêFs þ X FK\E�MtFtFs ~GDM$ GRFKi] Ynd~q DOãt} LQIRUPDþQt} ]WUiWiP l 9ê]QDPQêP
RPH]HQt } M ] WDN p PRåQRVZ SRXå X Z�Y SRX u<] LQIRUPDF Y ]QiPêF s S�H q j<h HUDFt b QLNR r X�x SU$E�Kg RSHUDF ]��|X SR
Qt l .RQHþQ� GDOã Y FK\E g�h �LQiã Y VDPRŴ�_ PRGHO b S�tSDGQ� MHK jM^ HYKRGQ � YROED l 'DOãt } G$YRGH }�} $ c<] EêW
X UHODWLYQ Y QHGRVWDWH d GDW l 5HJLVW ` VL {�] REVDKXM ] WLVt {�] SDFLHQW$ SU j RE a VOHGRYDQ p W\S \ LQWHUYHQFt b SRGtO
SR]LWLYQtF syh �tNODG$ �W�tG a�� UHVS��� � M ] YãDd�x HOP X PDOê�
%\O j WHVWRYîFjv�Ch ULQFLSLiOQ� Yê]QDPQ� RGOLãQêFs PHW j�q WYRUE \ SUHGLNWLYQtFs PRGHO$ l )DNW b�c<] DQ X MHGQ a�u
QLFs	^ HGRViKO a Yêã ]zu PL�RYDQpK jkh UDK g VSROHKOLYRVZ�X QD]QDþXMH b�c<] VSROHKOLY � SUHRSHUDWLYQ Y SUHGLNFH
PRUWDOLW \ M ] QD q VWiYDMtFt } REVDKH } UHJLVWU$ REWtåQ� UHDOL]RYDWHOQi�



Obrázek 3'$YRG � ]WUiW� S�HVQRVW � S� � NRQVWUXNF � SUHGLNWLYQtK � PRGHOX

=iY�U
1DY]GRU � WRPX �����
	 GUDYRWQ � UHJLVWU � VKURPDå�XM � YHON � PQRåVWY � ]i]QDP$ �GHVHWLWLVt 
������ VWDWLVt 
�� SUR
MHGQRWOLY � W\S � RSHUDFt ��� W\W � LQIRUP ��
�� PDM � ]QDþQ � PRåQRV ��� Y\XåLWt � Q�NWHU � W\S � ~OR � S�HVW � QHPRKRX
Eê � Q � MHMLF � ]iNODG� VSROHKOLY� �HãHQ\ � 3UH]HQWRYDQ � YêVOHGN � QD]QDþXMt � å � G ��� êã ��	 PtQ�Q � W�tG � ~ORK
SDW� ��� DN � SUHGLN 
�� PRUWDOLW��� UiPF � NDUGLRYDVNXOiUQtF� LQWHUYHQFt � 3�HVWR ��� Y�WãLQ � SRXåLWêF� PHWRG
VWURMRYpK � XþHQ � JHQHUXM � SUHGLN 
�� Yê]QDPQ� NRUHOXMtF � V � VNXWHþQêP � YêVOHGN � � SHUDFt � DQ � MHGQ �!	
DSOLNRYDQêF� PHW �#"%$ HJHQHUXM � SUHGLN 
�� WDNRY � NYDOLW\ � DE � E\O� SUHGLNWLYQ � PRGHO� Y\XåLWHOQ � QDS� � MDNR
NRQ]XOWDþQ � H[SHUWQ � V\VWpP\ � 1HMOHSãtK ��� êVOHGN &(' \O � GRVDåHQ ��) RPRF � QHXURQRYêF� VtWt � UR]G � * RSURWL
Bayesovu prediktivnímu modelu však není statisticky signifikantní.
1 � GUXKR& VWUDQ&+� \WYR�HQ � PRGHO�,	 KOHGLVN � H[WUDN 
�� ]QDORV��� Yê]QDPQ� QDSRPiKDM ��� LGHQWLILNDF � D
VWUDWLILNDF � MHGQRWOLYêF� UL]LNRYêF � IDNWRU$ � VWHMQ� MDN �-�/.#� DQWLILNDF � MHMLF � S�tSDGQêF�0� ]iMHPQêFK
závislostí.

ýOiQH .1� ]QLN *�	�� SRGSRU �1� ê]NXPQpK � ]iP�U & Transdisciplinární výzkum v oblasti biomedicínského
LQåHQêUVWY � 06 2 ����������
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