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xut,s­��}£xupRw �Á¤6±��Ov's­��}/xypr}/t�¬�n'w
��tW��tWsW¬$xun't4�ft/xun'w�z�w���w�� ©�p�q³�
x:pRxuq�~�tWq>x:�Tn't,����q>t|z·�TpRxynOw�xyn'tWs³z'�
x­�¨�D�I���R©�qyp�q
xuw"w ��q4xynI�Dx{q>�'vIv�w s>x6p��"xyt,s­�
xupR� t��D�Iz�p�� xut,s­��}/xyp���t�z�t,� t,��w�v'�ftW� x|¤�mon'prq4p��I}/���Iz�t|q6�D���DvIv'syw v'sup��Dxyt¨q>tW�Rt|}£xyp�w��
w��o~���}­Â���suw��'��z·p�����w sy�4�
xupRw �Á¬²xyn't{},w�z�pR�I��wD�T�
�DsupR~I�Rt|q,¬G��q³��tW�R�M��q]xun't{�
�D���'t|q�wD�oxynIt6xys­�Dp��'p��'��vI��su����t,xytWsuq
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x�xun't��I���_�ft/xun'w�z�w���w�� ©¾p�qÈq�xupR���6�'�Iz't,sÈz�tW��tW�Rw v'�ft,�"xW¤Ó±��½xun't¯����xu�'syt���t
t,§�v�tW}/x®pR�fv'suw
��tW�ft,�"xuq¯~�wDxun�p���xyn't¹�Iqy��~'p��RpRx�©¶wD�Ow��Is®q>w���x��M��syt¿�D�Iz�p���xyn't¾t|z�pRxyp��'�¶ÔÕp��fv'��xu�Dxyp�w��
v�t,sy��w�su�4�D�I},t�w���xun't:�D����w sypRxyn'�4qW¤
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��xyw]�IqytTm��"���I���¶��w sÄtWz�pRxyp��'�
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x­��syt|}/w�s­z6prqov'suwD¢�t|}£xyt|z{w �"xywfsytWv'sutWqyt,�"xuq¡xyn't�t,§�v�t|}£xu�Dxyp�w������ }£xu�I�D���R©ªqy����vI�Rt]�ftW������wD�Æqyp���p��r�Ds
qu�D�fv'��tWqW¤
ÝIw�s:t|z�p-xupR�I���D�Izdp��fv'��xu�Dxyp�w���v'�Isyv�w qytWq��Mt4tWq>xyp��4�
xut6�D�rq>w¨xun't{z�tW�"pr�
xupRw �Iq]~�t/x��Mt,t,�Oxun'tª�I���g�fw�z�t,�M�D�Iz
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x
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�
xyp�w�� !·�	r��]xun't{~�tWq>xÌ�4�Dxu}­n'p��'���'�Ip-x�#�"  �v��­!��Qr"�y�:prq
qytW��su}­n't|z$¤:mon'tW����w�s]t|��}­n��
��sypr�D~'��t³�Mt�t/§'�D�fp��'tÌpRxuq]z�prq>xu�D��}/tÌ��syw �µxyn'tf�ftW���·�D��z�}/w �fvI�Dsut:xun'p�q�xuw=qyw��ft
v'sutWz't/ÑI�'t|z¨z�p�q>xu���I}/t ¬��Tn'pr}­n¨qyn'w �'��zª~�t:z�t/ÑI�ItWz¨��qT�Ì���'�I}/xyp�w��¨wD�Gt,susuw�sMv'syw ~I�D~IpR��p-x�© ¤
±Fx�p�q[��w syt:z'p��6}/�I�-x|¬�n'w
�Mt,� t,s|¬�xyw{z'tW}/prz�t�xun't³vIsyw ~I�D~'p���p-x�©ªwD�8�D��tWsysuw�s|¬'q>p��I},t�xyn'tWsyt³p�q[�'w6w�~'¢�tW}£xupR� t:}/sup-xut,sup��
��w sGxyn'prq,¤G±������ }­Â:wD���D��©:� w"w�z:xyn'tWw�su©:��tTz�t|}/prz�tWzÌxuw]��v'v'suwl§�pR�4�
xut�tWsysuw�sÆv'suw�~I��~'p��RpRxyp�tWqG�TpRxyn4�]q>p��fv'��tMw ��xy��p�t,s
xuw
	 ÖjL��/M:R2Ï�
6Ø � qyqy�'�fv�xyp�w��¨��qM��w �R��w
��qW¤
±��=xynIt:},��qyt]wD����÷�õ�ýWû�õ$ÿÆ÷�ÿ����2���
û­���ÆúSù��d����t¨± ;¿�fz�prq�x­�D�I},t�� Ý prqT}/w��fv'�'xytWzªÑIs­q>x X

� Ý " � Ä �� t,§�v�� Ä ÙN��� Ä ����� �lÙ��U ÁúÀ ���� � Á õ � Î! 
�Tn'tWsyt"��"$# U&% À ���� � õ � ¤8mon't,�=xynIt]ÑI�I�D�$vIsyw ~I�D~'��p��RpRx�©6wD�G�D�¨t,susuw�sMp�q�qyt,��tW}/xoxyw4~�t

�8s|�­¦ ósó � ó � ���|� "
îï ð � Ý pR�'�)(+* é� ÷,� Ý.- �

� pR�'� Ý â �
Ê pR�'� Ý ÷/�)(+* é� Î

�Tn'tWsyt0�)(+* é� prq[ºu}/��xÆv'suw�~I��~'pR��pRx�©�»�vI�Ds­�D�ft/xut,s���w�s��
��sypr�D~'��t k ¤Gmon't¡v��Ds­�D�ft/xut,sDõ � nI��q²�'w
�O��tWquq²qypR� �'pRÑ�},��� xÆsyw �Rt
xunI�D�4p��4w��'s�v'sut,��pRw �IqGsut,v�w�syxX��° ^ ¤ â ¤ � �/¤²±Fx¡sutWqynI��v�t|qGxyn't[�'w�su�4�D�I� qyqy�'�fv�xyp�w��4w��Á}/w�susutW}£x8z'�Dxu�I¬�pR�Á�'tWquq>t|qyqu�Dsu©�¤
±��¨�fw q>x�},��qytWqo�Mt�},���ªp����'w syt]pRx³��qyt/xKõ � " � �£¤

ó
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û����Gú�ù���� � tÞp ÊIÎ,� |TtW��t,�4qypR�fv'��t,s¡w���xu�Rp�t,s¡z't/xyt|}£xupRw ���ft|}­nI�D�'prqy�¹�o��qÄ�IqytWzÁ¤Ð)[w
�� Ý " � � ��� � Ä � � �
���Iz

�8s|�­¦ ósó � ó � � � �u"43 � Ý pR�5� Ý â6�)(+* é�Ê pR�5� Ý ÷6�)(+* é� Î¤íMtW}W�D�IqytTpRx¡p�qè'"�'p-xut[z�p7�6}/�'�Rx¡xuw³qy�l©Ì�TnI�
x�p�qGxun't[sut,�r�
xupRw �f�Tp-xun4w��'s8tWsysuw�sÄvIsyw ~I�D~'p���p-x�©��8sW�&¦ ó�ó � ó � � � �Æxuw�xysu�'t
tWsysuw�s­q�w��¡z'�
x­�'¬�xyn't8�)(+* é� xun'sutWqyn'w��rz'qX��tWsyt�}/w��fv'�'xytWz�~�©¨� qyqy�'�fp��'�6xun'tÌt,§�v�t|}£xyt|z����'�Ì~�tWs�w��¡t,susuw�s­qo��syw �
z'�Dxu�6qyt/x­q,¤oà[qyp��'�{z�tW��t,��w�vI��tW�"x[z'�
x­�f��t:n���z��D�¨prz�tW�6wD�Gxyn't³v�tWsX}/tW�"xu�D� t�wD�Gt,susyw suq _�9+:;: x : {� wD�Æxyn'tÌ�
�Dsup���~'�Rtk ¤¡mon't:},��x�v'suw�~I��~'p��RpRx�©4�M� qMxyn'tW��q>tW�Rt|}£xyt|z{~�©=q>w���xyp��'�ft,susyw suqMq>��}­nªxunI�
x
�8s|�­¦ ósó � ó � � � � i © �y��â a(aVa �¡sW�&¦ ósó � ó � � � � i Û �y��â6� (+* é� â��8sW�&¦ ó�ó � ó � � � � i Û Ç © �y�úâ a(aVa â��8s|�­¦ ósó � ó � � � � i w �y� a
�Tn'tWsytd�ßprqMxyn't����'�Ì~�tWs�wD�Æw�~Iqyt,su�
�
xyp�w���qM���Iz _<9+:;: x : {� " ��= ��¤
mon'totWsysuw�sGz�t/xutW}/xyp�w�����t|}­nI�D�Ip�qy�¹},���Ì����qywX~�to��p�qy�I�D��p��,tWz���qGz�tWv'pr}£xyt|z³p��fÝ²p��I¤ @ �Tn't,�Ìxysu�'tTz'�Dxu�Xp�qÄ�l�
�Dp��r�D~'��t�¤
mon't|q>t[ÑI���Isyt|q¡� pR� t[�D�ªpR�fv'sutWquq>p�w���¬ ~I� q>t|z4w��ªz�t,� t,��w�v'�ft,�"xoz'�
x­�³qyt/xuqW¬"n'w
����tW�R���MtX�4�l©�t/§�t,v�tW}/xMw �'s�tWsysuw�s
z�t,xyt|}£xyp�w��Vxyw��Mw�suÂ�¤�¥�n't,�VtWsysuw�s­q:��syt6qyw�syxyt|z���},},w�s­z�p��'�¨xyw�xun't,p�s�v'syw ~I�D~IpR��p-xupRt|q�xun't{� su��v'nIq]��suw�� xyw v�xyw
~�wDxyxyw��gp��R���Iq>xys­�
xyt X tWsysuw�s4v'suw�~��D~'��pR��pRxyp�tWq4w���qu�D�fv'��tWqW¬T}/�'�Ì�'�r�
xyp�w��¯w�����w �'�Iz¯tWsysuw�s­q,¬o}/�I�³�'�r�
xupRw ��w��]���D�rq>t
tWsysuw�s­q,¤Ð)��'�Ì~�tWsuq�w��fxun'tXxyw�v{�Rt,��x�wD�$xun't[�Iw�z'tXz�tW�'wDxut�xynIt�xyw�xu�������'�Ì~�tWs�w���tWsysuw�s­q8� qyqyw�}/pr�
xyt|z�xyw�xun'prq��Iw�z't�¬
���'�Ì~�tWs�wD�²��w��'�Iz=tWsysuw�s­q¡�Ivªxuw
�)(+* é� �D�Izª���'�³~�t,sTw��²������qyt]t,susyw suqM�'vªxyw
�)(+* é� ¤

*,+ éIðBæÔëÐ
?>�å ï�íIé��Rå 7"é�ælå îÆç�î
3�3�îÆí$ç'ä�æ
ðuí'ñÈé$ç'ä�3>é�� ï,ñ�ñ�ðyðFî$ðFïû3£ðBîÆëÃæ + ñ�ä$ñ��'ñ�� î²ì$ë=ñIç�æ¨äÁé�æ,éÒï,ñ æSB6å æ +F�GE�

 0.50

 0.25

 0.75

 0.00

67.00
1.00
1.00

287.00
42.00
112.00

58.00
1.00
2.00

217.00
0.00
1.00

Percentage of true errors found

Percentage of false errors found

One SOM node Four nodes in SOM layer 1

629.00
44.00
@
116.00

Probability of 
sorted errors
(according error 
  probabilities)

total number of errors
total number of found errors

total number of false errors

sample 
number

Probability

A × eCBfc ¸ h ¸8Ú ¶�· B�j ¶ Ù ¹TØ c�j ¹�º
¥dt:nI�l� t�p��fv'��t,�ft,�"xyt|z�q>pR§=z'p-Ç�t,sut,�"x[p��fv'��xu�Dxyp�w��¨v'suw�}/tWz'�'syt|q,¤ = ����p���vI��xu�Dxyp�w���suw���xupR�'t|qo�Iqyt]xyn't³m������I���
� q¡���fw�z�t,��wD�Tºu}/w�susutW}£x­»�z�prq�xusyp�~'��xupRw �Á¤ÆÝÆp�suq>xMq>xytWv6wD��xun't[p��fv'��xu�Dxyp�w��6prqÄxuw:ÑI��z6�:qyt/x¡w��1Dl��~�t|q�xo},���Iz�pr�
xu�Dxyt

a
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 w �­! ß�E � � "qp f © Îzf � Î(aVaVaWÎzfGF � � � ¨�H ��! ß�E � �ú÷ � ¨JI ��! ß�E � �ú÷ aVaVa ÷ � ¨LK ��! ßLE � ��| Î
��w sGxyn'tTw ~Iq>tWsy� tWz³vI�DsyxÄwD�$qy����vI�Rt�!/xzyV{£¤Æ±��fv'��x­�
xyp�w��fprq8z�w �'to�Iq>p��'�]w��ItM�It,�'suw���w��'��©�¬��Tn'p�}­n4}W�D��~�t�qyt,��tW}/xytWz
tWp-xun't,s[z't/xytWsy�fp��'prq�xup�}W�D���R©��S}/��w qytWq>xT�'t,�'suw���� X

�4¦4� ñ�M �ONh¦�P��Å#Z" f © Î
w sT�"pr��su���Iz�w �¦q>tW�Rt|}£xupRw �

�4¦2� ñ�M �ONh¦�Pl��#Ð" f �!Q FSR ¸ ©UTVT w2W º= }£xy���D�8�
�D���'t|q��Dsut�}­n'w"q>tW�d� },},w�s­z�pR�I�{xuw=��w�},���Ä�'t,�'suw��Oq>xu�
xup�q>xypr},qW¬Á�Tn'tWsyt�xun't6q>pR§�v�w quq>p�~'p��RpRxyp�tWq���w s��fp�quq>p��'�� ¡�¢ {� �l���R�ItWqT�Dsut XX �Iqyt��ftW�D�=�
�D���'tWq� ¢ ¡ZY� "�� ��� �[ v'pr}­Âª��s­�D�Iz�w �¦qu�D�fv'��tX��suw��¶xysu�'�I},�Dxyt|zS)[w�su�f���$v�z���¤� ¢ ¡ZY� \ �V��� ��� � Î À ���� � �^] � É ® ³ Â �L_ É ® ³a`cb · ¶<d³ ` � É ® ³ Ç �L_ É ® ³e v'pr}­Âª��s­�D�Iz�w �¦qu�D�fv'��t]� },},w�s­z�pR�I�³xuw��I�'p-��w sy�´v�z���¤� ¢ ¡ZY� \ b ������� � Ä À ��� � Î ����� � ù À ��� �|�f à[qyt�s­�D�Iz�w �¦z�w �'w�sM��suw��¦},�R�Iq>xytWsK#� ¢ ¡ZY� "�� � Î �Tn't,sutKr�"hg i�� � � Ê4a	a �Å�B� Î r/t o �i à[qyt��'t|�DsutWq>xo�It,p���n�~�w sTz�w��'w so��syw �¦}/���Iq>xytWs�#� ¢ ¡ZY� "�� � � f ��xzyV{ Î �Tn'tWsyt f "��Dsu�Ä��p�� ¨Uj Ù�!·� f ör��xzyV{ Ä !��	r��^x`y({(Ùk à[qyt��'w�z�t:qyv�t|}/pRÑ�}]�mlD�¯sut,� syt|qyqyp�w��6�fw�z�t,�Á��w�sTp���vI��xu�Dxyp�w��� ¢ ¡ZY� " ��npoGq É� �­!/xzyV{V� #��
r s b8t$bmuwv ¹TØ¨Ú®¸ÄÚ�·yx h ·�Ø Ú eCBfc ¸ h ¸8Úz¶�· Úw· º¡Ú{z º ¸p¹ B º5|
 �z�p-xupR�I���D�Iz·pR�fv'�'xu�
xupRw �Ov'syw�},tWz��'sutWq�w���xun't4m��"�������g��syt�p���vI�RtW��tW�"xytWzd�'��z�t,s³qypR§�w�v�t,s­�
xupRw �I�D�Äq>xyt,v�q]pR�
w �'s�)[° = qywD��x��o�Dsut�¤Vmon'tªËIw
�o}­nI�DsyxÌw���xyn't|q>t¨w v�tWsu�Dxyp�w��IqÌp�qfz�tWv'pr}£xyt|zÈp��¯Ý²p��I¤ â ¤ÈÝÆp�suq>xfq>xytWvÒp��Ìp�qfz'�Dxu�
v'sut,vIsyw�}/t|qyqyp��'�I¬Tp�pr�{prq{xun't�xusu��pR�IpR�'�ÒwD�:xun'tOm��"�������«�'t,�Isu���X�'t,x���w syÂ�¬Tp�pRp��{p�q{xyn'tdtWq>xyp��4�
xupRw ��wD�³},�R��q�xut,s
q>xu�Dxyprq�xup�}Wq,¬�p����8p�q�xun'tXvIsyw�¢�tW}£xupRw �4wD�¡��pR�I},w��fv'��t/xut|��qy����vI�Rt|q¡w � xuw:xun't�m������I���Û��w�z�tW�S¬��'�Äprq�xyn'tXtWz�pRxyp��'�f�D�Iz
��p��Mp�qoxun't�p��³��x­�
xyp�w��¨q>xyt,v�¤
 8§�},�R��z�pR�I��xynIt¡v'suw�~'��t,�¿w��'�l��sypr�D~I�Rt¡qyt,��tW}/xyp�w��{�S}/w
�
�Dsupr�
xyt|qu�$�l��sypr�
xupRw �IqÁw���xyn't��Iqyt¡wD��xun'tom��"�������Å��w�sÆtWz�pRxyp��'�
���Iz=pR�fv'��x­�
xupRw �¨}W�D�=~�t:qy�'�f�4�DsupR�WtWz=��q X} ~ °��
x­�6v'sut,vIsyw�}/t|qyqyp��'�fpR�I},�R��z�tWq�qy}W�D�r�Ds[���Iz�� tW}£xuw�s���t,� t,�²t('"�I�D��p��W�
xupRw ��wD�Ä�
�Dsup���~'��tWqW¬Iv�w quq>p�~'��t:xys­�D��q���w sy�4�
�

xyp�w���qT�Rp�Â�t]xun't���w��D�Bxys­�D��q���w sy�¶���Iz=sy�'��t�~I� q>t|zªt|z�pRxyp��'�4wD�Gw�~���pRw �Iqot,susuw�s­q,¤G±��¨w��'sX}/w�z�p��'�fxyn't|q>t:��syt
�'w�xytWz¨� qov'nI��qytWq = ¬ í�¬��X¬I�D�Iz¨ [¬'��qTz�t|qy},syp�~�t|z{�r�
xut,s|¤}�} ~ m�s­�Dp��'p��'��q>xytWvÌw��Ixun'tTm��"�������¦�'tW�'s­�D���'t/x��Mw�suÂ�¤Á±Fx¡},���³~�t�z�w��It�tWp-xun't,sÄ�TpRxynf�'w sy�4�D��m��"���I���¶xys­�Dp��'pR�I�I¬
�Tn'pr}­n���quq>�I��t|qT���'����©ªw ~Iq>tWsy� tWz¨}/��tW����z'�
x­�'¬�w�s[�TpRxyn�w �'s[�It,�¿syw ~'�Iq>x[p��I}/w ��vI�Rt,xyt³z'�Dxu�4� t,s­q>p�w��¨w��
xynIt[m��"���I���´���R� w�sup-xun'�¨¤ÆmonIp�q8q>xytWvf�f��Â�t|qÄ��}/���Iq�xut,supR�I��w������R��z'�
x­�XsutW},w�s­z'qW¬D�Tn't,sutMxyn't[�"�I�³~�t,s8w��
}/���Iq>xytWsuqGprqÄz�t/Ñ��'tWzÌ~�©�xyn'tTm��"���I���´���l© t,sZl8¤DmonItMw�xyn'tWsÆxys­�Dp��'pR�I��w v�xyp�w���q²w��Ixun't�m��"���I���´z't,�'w�xytWz
�TpRxyn¨�Rt,x>xut,s­q�ÝV�D��zûä�¤}�}�} ~ ��w��fv'��x­�
xyp�w��{wD��}/���Iq>xytWsMq>xu�Dxyprq�xup�}Wq¡prq�z'w��'t�~�©ftWq>xyp��4�
xupR�'�³xyn't��ftW���6�D�Iz4�
��sypr�D�I},t�wD�Á�
��sypr�D~'��tWqW¬"�Tn'p�}­n
�DsutoxynItTw��'t|qÄ��t���sytTt|z�pRxyp��'��w�s 9 ���Iz³p��fv'��xupR�'��¤Ä ¡q>xyp��f�Dxyt|q8�DsutT}/w��fv'�'xytWz���w s8tW� }­nÌw���xyn't�},�R�Iq>xytWsuqW¤
mon'tWsyt¡��syt�q>tW��t,s­�D���M�l©�q$xuw[z�w[xyn'prq,¤²±���xynItMqypR�fv'��tWq>xÆ}W��qytGxyn't|q>tM�DsutÄxynIt�»D�Mt,p���n"x­»ovI�Ds­�D�ft/xut,s­qÁw��"xun't
m��"���I����¬"}/w��fv'�'xytWzfp��{q>xytWv4pRp��£¬��D�Izf�Iw³��z'z'p-xupRw �I�D�'�Mw�suÂ³�It,tWzIqÄxyw³~�t[z'w��'t ¤Ä��w��ft�v'sut,v'suw�}/t|qyqypR�I�
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*,+ éIðBæ���
,G�ì�ñ�ð�é�ælå î²ç'ï³î�3Mæ + ñ���FD5NF�G�� ìIéIï,ñ"ädñ"äÆå ælå�ç'èOé$ç'äÒårë�ì$í�æ,é�ælå îÆç=ïWî
3�æ^B:éIðFñ=æ + é�æ + éh�'ñEì�ñ"ñIç
í'ïWñ ä�årç·îÆí$ð[ñG��ì�ñ�ð>årëªñ�ç�æ/ï â

Preprocessing

Estimate cluster statistics

SOM training
(compression model)
make clustering

z

x

y

z

x

y

Edit: check if sample is outlier 
in this cluster

raw data

Error 
probabilities "clean data"

Impute: select the missing values
according to the cluster statistics

A,B,C,D,E
Phases

Phases
F,G

Phase H

Phase J Phase J,K

For each data record (sample):
     find the best matching unit (cluster)

Phase H,I

which sample,
which cluster

STEP i)

STEP ii)

STEP iii)

STEP iv)

STEP v) STEP vi)

only with Y3 data
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Probabilistic

Log−transform=NO Log−transform=YES

SOM training data
2

External data

Selection of best 
matching unit Deterministic

Data compression 
option 2 Discard outliers during 

SOM−training

Data compression 
option 1

Preprocessing
option 1

Preprocessing
option 2

Preprocessing
option 3

Preprocessing
option 4

Compute
imputation 
statistics from

:
:

Cluster mean
3

Vector length equaliztion=YES
4

Min−max equalization=YES

Check of bounds=NO
3

Check of bounds=YES
3

Min−max equalization=NO

A0 A1

B0 B1

C0 C1

D0 D1

E0

A

Using robust 
(Huber estimator)
with SOM−training

Basic SOM
(no robustness 
in training)

B

C

D

E

Outlier
handling Impute most obvious

outliers only
Impute all outliersMark as missing

(do not impute)

Random 
donor

Uniform 
pdf

Normal 
pdf

MLP 
(regression)

Nearest 
neighbor
donor

Impute missing
value within
 cluster from

l−cluster
L0L L1

4−clusters
L2
16−clusters

L6
4096−clusters

TS−SOM
layer

F0 F1

Rule based editing used
before SOM training

All edit rules ingored
5

F

G

H

I

J

K

G0 G1 G2

H0 H1

I0 I1

J0 J1 J2

K0 K1 K2 K3 K4 K5

Preprocessing
option 5

Edit rules =NO

Vector length equaliztion=NO
4

Using only fully observed
records with SOM (normal SOM)

Using incomplete data training
(our new IC−SOM algorithm)

E1 E2
Simple bounds check
2
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ÈÆ�m�������m���ë��­��G¢���¡��¸�Gª�¤��^�L�£ U�L�����»�£¤��7�L�����»�<������¢¥�^�L�a���¥ª;���
¢8�&·S���?�«���L�{�G§<¡7�£���5���� J�h���L�m�5ïj�'Åy�G�j�����
�¨� ¶ �.�y� Ã � ¶ ï<���.�y�)�Ò�2ÁG�©�.�y�)�2Á©����Á ÃE� ���<¤½Á©����
©°!� ¶ ¯�
.�a���^¡����<¢¥�a�O�"ï.ñáÁ<�0°)�!�£ U�L��� Ê ���1��Qo����<¤)�L�����0¤��&�J���L�����Ò�¨�a�L�¦�<�!�£¤)�L�y¤������a ��Ò�L�<�¨�£¤������7�<�.�<������¢¥�^�L�a���a¯1�p���0�<�G�J�G¢������^�J��ª;���2�. ^���O�L���������<�Ò�&�G������§�¡7����L�'�L�7��¢8� Ê �O�!����¢8�1O©���<¤8 ����¦������§<��§��7¡��7�S¿�¯2È��'���!�£¤8�'�O�+���y�á¡��«¿��^��O8¬ F Ê?� ���^�<�L���<�8�G �¡��<�!�L�^�J�J®1ª;���¦�£¤������7�<�<¯
�2�����!�©��ª¦�G¡�¡��7�©�{�.���^��¿?��¢������!�J�G�O�.���?¡����8�������<�Sª;���L¢ ��­��c�����a�O�L�{�G¡��� ^��¡7�"�«���L�{�G§<¡7�£�^¯.�p�<�"���a���L���²�{�'���<�&�)�'�O��<�y�Ç�a¤��7�L�������<�!�£�"�<����¢���¡¨¤��{�!�L���7§����L�����1�Zª;���¥ ^���O�L�������������&�G������§�¡��a�a�����Æ¤����L�£ U���^���L�����a¯����£ ����<¤�¡�¿Æ�0�?���!�����§����S�'¢������ ¢8�G­±�B>O�<��¡7�A�a�G�L�������<�L�7�����1� ���<¤J���1� ª;���� U���7¡��a�a¯¨�p�����^­���¡����<�&������¿
�&�G������§�¡��a�5�G�����5ï<�'Åj�G������<¤+�¨� ¶ �<���á�5���{ J�/�G���±���^�����!�L�a�L�£¤¼�L�<�L���&���^���G�<¤,�^¢���¡��&¿�¢��^�O���L�A�^�²���������Éª;�L��¢w�L�<�����^�����!�L�a�a¯��0�G�L���ª¦�L�<�8�«���L�{�G§<¡7�£�©���«���¥���G��§c�^�^�Æ�c�^�L�L����§��£¤º¯�°+�¼��¤�¤��7�L�����½�2ÁG�j�.ÁZ�E�¨���&�G������§�¡7�¥�{�)�<�!�£¤¾�5�7�L�¼�2ÁG�y�.�y��&�G���{�G§�¡���¯ÈÆ���<�L�£�!�a���±�S�¨�,��­��c�^���7¢��^�O�J�?�5���{ J�ç���L�Æ ������!�a�L�&�&���7����¬ Ê ®8���<¤h�G�������a���!�����O¬NO�®²¬;�5���a�  ����<�L��¤��a�L�����»�a�L�����¤��^�L�£ U�L�����c®U¯��p�������7¢ ��ªZ�L�����L�<�"¡{�&�!���^�y���������©���±¤��^�L�a ��y¢����L��ª¹��¡��L�"�c���L�7�L�����a�a�º�G�<¤m���G�y¢"�< J�m¢����L�"ª¹�G¡{�!����a���G�L�����a�a���L���G���L���¥î<�J�S��������¯¥�p����¡��G�!�L�a���������{�)¤��^���7���a¤¾ª;�L��¢á�L���¥î<�J�!�)������§�¿¸¢¥��¤��7ª;¿��7�<�²�L����¢8� Ê �G�<¤�L�7��¢8��O"�«��¡7�<�a�a¯�p�����£¤��7�'�<�G�J�G¢������^�J�¨ª;���5�&�G������§�¡��a�p�G�<¤��^­��c�^����¢¥�a�O���5�G���)�!���&�5�����±�J�G§�¡��a� Ê ���<¤"O�¯
 P¡�¢¤£;¡�¥�¦N§ ¨#£N©�ªf¡#]�«¬¨#£N©�ª0¡�_ ¬¹��­����£¯ Ê ® ¨&£;©¬ªf¡	]�«�¨&£;©¬ªf¡�_ ¬;��­����£¯�O�®�5ïj�'Åy�G�j��� ��¯­O®���®O�¯ Ê � �<¯ O���� Ê ¯ ¯1�
�¨� ¶ �.�y� Ã ��¯­O®���®O�¯ Ê � �<¯ O���� Ê ¯ ¯1�¶ ï<���.�y� ��¯­O®���®O�¯ Ê � �<¯ O���� Ê ¯ ¯1��2ÁG�y�.�y� °<¯ Ë � Ê ¯ Ë �<¯­�®��� Ë ¯­�Áy����Á ÃE� ��¯­��� Ê ¯ Ê � �<¯ �1� Ê ¯ Ê °W�Áy����
©°!� ¶ ��¯­��� Ê ¯ Ê � �<¯ �1� Ê ¯ Ê °W�öE�	±	� ø¼õ	��²�û2ü ��
&üVþ�,"�1õ��ºý�û0
Gü þ�,"��³´�������	,±ø���ø���

 P¡�¢¤£;¡�¥�¦N§ Ijµ�£H¶u·®¸�¶�¹�¢¤º�¥�¡�¥�£N¦;£H¶8» ¬;�^­��<�a¯ Ê �G��¤?�^­��<�a¯¼O�®�5ïj�'Åy�G�j��� Ë ¯ °1�
�¨� ¶ �.�y� Ã Ë ¯ °¶ ï<���.�y� Ë ¯ °�2ÁG�y�.�y� Ë ¯­�Áy����Á ÃE� Ë ¯­OÁy����
©°!� ¶ Ë ¯­OöE�	±	� ø\³���²�û2ü ��ù�.��L��� ú�±��	±�ü-��ü �¾½������¿�#,±ø���ø��¿

�2�G§�¡��!�?�!���&�'�'�L�����^���L���.¤��^�L�a ��L�����¾�!���G�L�{�S���� a�^¯.°+�¸�L���"����§�¡7�¥Å �{�'���G�J�G¡Ò�a�L�����J�5���¸�L�����¥¤��&�J����Å"¬¹�E�pïj�¨®5�{�ª¹��¡��L�)���O�!�7�L�����£�^��Å�¬;��Á.ð2���¨®5���0ª¹��¡��L�)���^�O�&�L�����£�^¯
�2���������a� Ê � Ê O��<�«���o�"���������<���5�<�� J�� ��������a�L�����<¤
�'�O�S�<�y�À¡{�«¿��a��� Ë �ÀO
¬ Ê �W°¥���<¤ Ê?� ���a�������<�'�& ^¡7�<�!�L�a���J®U¯��p���î<�������a�0�!���&�6�����y�'���+�<�y� �^���L����������§<��§���¡7�7�S¿8 ��������£�.¬;§<¡��� 8���G¤��G�V���£�S��¡������^����������®Z�5�<�� J���S�J�G�L�¦ª;����¢ ���������£�S��a�L������������§<��§���¡7�7�S¿»�G�<¤,�^��¤É���½¡7�&�0�a�!�a¯/°+�/��¤�¤��7�L�����6�����^¿»���< ^¡7�<¤��m ���¢���¡��G�L�����²�^��������ª;���< U���7���<��ª;����ª¹�G¡{�!��c���L�����7���a�y¬;���L�a�^���2�L���y¡7�����O���a�!�¦¡7�����a���J�G����®¦�G�<¤8ª¹�G¡{�!�©���^�O�&�L�����£�'¬;���a¤
�Ò�����y�L�a ^���<¤8¤<�G�V���a�!�¦¡��7�<�^���J�G�<��®U¯Z�p���
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�S�0�¸�G�����^��¡7�����a���J�G���<���L����Q.�+�&­����"���� ���¢���¡{�&�L�����?�^���L�������L��§<�G§<�7¡����S¿�¯m�p���uQ©� �G­��{���{�¡{�G§c�^¡�¡7�£¤m����¡7¿²���¸�L�<��¡{�«¿��a� Ë ¯)ï'���c�^�)¡���ª��� ����L���a�.��ªZ�L���¥���J�G�����'�<�«����î<�^¡{¤¸�&�G¡����£��¬;ª;�L��¢á�L���m�L�?§c�G�L�L��¢8® X����¢�§��a�y��ª¦���L����¤��G���±�^���L�����a������¢�§��a�)�Gª�ª¹��¡��L���<�^���G�L�����£�©���<¤m����¢�§��a�y��ª¦ª¹��¡7�£�©�c���L�7�L�����a�a¯���¢����S¿¸���������<�

Ê �



Ì©Í1ÎºÏ<ÐÒÑ{Ó»Ô�Ï�Õ�ÖÒÎOÓ,×�Ö,Ø�Ù�Ú7Û�Ü�Ø8ÛºÚ�ÛºÝ'Þ�ß2à Ð�â�ÓOâëÏ�ã�âÒäOÍºâ�ÓºÑ;ÖÒåhæLè�é1ÚyÞ<Í1ä�ß/ê�é�é�ê�ì
¢��a�����L�<�G�5�'���+�<�y� �<���p���G�'¤��^�L�£ U�L�£¤²�G��¿8ª¹�G¡{�L�����O�!�7�L�����£�y¬¹���pª¹��¡��L�����^�O�&���7���a�J®U¯
 P¡�¢¤£;¡�¥�¦N§ I C ¹�¢WÁ Â ÂfÃÀÄ�Å�ÆLIÈÇ ÂfÃÀK 7�É ¨#IPÇ�5ïj�'Åy�G�j��� Ê O¤° Ê Ê �®� °W�

O O¤° Ê Ê ¯�� ��Ë
�¨� ¶ �.�y� Ã Ê �®�1O Ê�Ê�Ê O®�

O �®�1O Ê � � O��¶ ï<���.�y� Ê � O®� Ê�Ê?� °®°
O � O®� Ê � Ë �®��2ÁG�y�.�y� Ê °�¯1O O Ë<Ê � �
O °�¯1O O��1O O�� �Áy����Á ÃE� Ê O¤°1¯ ��¯ �®�
O O¤°1¯ °�� �¤�Áy����
©°!� ¶ Ê O®O�° °�� O��
O O®O�° ��� °®°öE�	±	� ømó��ÈÊuËPÌ�Í�ó»ø��V� ú#�©ûºø���ø�ù��«ü ú2ý6
Î�/���«ü 
/�«ü ù1
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241.00
47.00
Ï
175.00

 0.50

 0.25

 1.00

 0.75

x 0.00

y

21.00
0.00
0.00

195.00
47.00
Ï
168.00

10.00
0.00
3.00

15.00
0.00
4.00

11.00
1.00
5.00

34.00
7.00
29.00

8.00
0.00
0.00

5.00
0.00
0.00

2.00
0.00
0.00

104.00
33.00
98.00

2.00
0.00
0.00

1.00
0.00
0.00

5.00
0.00
0.00

5.00
0.00
2.00

4.00
0.00
2.00

14.00
3.00
12.00

6.00
0.00
0.00

17.00
1.00
7.00

19.00
2.00
18.00

4.00
0.00
2.00
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241.00
60.00
189.00

 0.50

 0.25

 1.00

 0.75

x 0.00

y

25.00
0.00
0.00

195.00
60.00
182.00

13.00
0.00
3.00

8.00
0.00
4.00

12.00
0.00
7.00

35.00
10.00
31.00

5.00
0.00
0.00

3.00
0.00
0.00

4.00
0.00
0.00

111.00
39.00
111.00

5.00
0.00
0.00

4.00
0.00
0.00

7.00
0.00
0.00

4.00
0.00
2.00

3.00
0.00
2.00

12.00
4.00
ñ
12.00

2.00
0.00
0.00

11.00
1.00
7.00

16.00
6.00
15.00

7.00
0.00
2.00
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332.00
25.00
111.00

 0.50

 0.25

 1.00

 0.75

x 0.00

y

172.00
25.00
104.00

44.00
Ï
0.00
6.00

91.00
0.00
1.00

25.00
0.00
0.00

21.00
5.00
15.00

34.00
2.00
19.00

28.00
0.00
0.00

91.00
17.00
67.00

10.00
0.00
0.00

22.00
0.00
2.00

16.00
0.00
0.00

6.00
0.00
0.00

11.00
0.00
0.00

17.00
0.00
3.00

29.00
0.00
0.00

3.00
1.00
0.00

19.00
0.00
4.00
ñ

9.00
0.00
1.00

5.00
0.00
0.00

11.00
0.00
0.00
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332.00
29.00
136.00

 0.50

 0.25

 1.00

 0.75

x 0.00

y

199.00
28.00
130.00

75.00
0.00
1.00

34.00
1.00
5.00

24.00
0.00
0.00

16.00
2.00
3.00

14.00
0.00
1.00

13.00
0.00
0.00

19.00
0.00
3.00

108.00
17.00
88.00

20.00
0.00
0.00

16.00
0.00
0.00

8.00
0.00
0.00

42.00
5.00
19.00

8.00
0.00
0.00

4.00
0.00
0.00

5.00
0.00
1.00

6.00
0.00
0.00

27.00
5.00
19.00

12.00
0.00
2.00

14.00
0.00
0.00
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629.00
44.00
Ï
116.00

 0.50

 0.25

 1.00

 0.75

x 0.00

y

67.00
1.00
1.00

287.00
42.00
Ï
112.00

58.00
1.00
2.00

217.00
0.00
1.00

5.00
0.00
1.00

15.00
0.00
2.00

23.00
0.00
0.00

25.00
0.00
0.00

48.00
0.00
1.00

54.00
9.00
18.00

32.00
0.00
0.00

123.00
28.00
75.00

52.00
1.00
5.00

32.00
3.00
10.00

45.00
1.00
0.00

12.00
1.00
0.00

23.00
1.00
2.00

66.00
0.00
0.00

37.00
0.00
2.00

37.00
0.00
0.00
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629.00
55.00
130.00

 0.50

 0.25

 1.00

 0.75

x 0.00

y

67.00
0.00
2.00

296.00
53.00
126.00

67.00
1.00
2.00

199.00
1.00
0.00

7.00
0.00
1.00

19.00
1.00
1.00

21.00
0.00
0.00

27.00
0.00
0.00

37.00
1.00
0.00

56.00
8.00
19.00

36.00
0.00
0.00

134.00
37.00
87.00

36.00
1.00
3.00

42.00
6.00
13.00

34.00
0.00
1.00

11.00
1.00
0.00

24.00
0.00
3.00

59.00
0.00
0.00

43.00
0.00
2.00

43.00
0.00
0.00
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y ^�G� �¹·Ê Ë ¯ Ê�Ê�Ê�Ê�Ê�Ê Ë Ë ¯ Ë�Ë �¤°��®° Ë ¯ Ë�Ë �¤°���° Ë ¯ Ë�Ê�Ê O Ë O
O Ë ¯ Ê�Ê�Ê�Ê�Ê�Ê Ë ¯ Ë�Ë<Ê ��¯ � Ë ¯ Ë�Ë � Ê �®� Ë ¯ Ë�Ë �¤°���° Ë ¯ Ë�Ê�Ê O Ë O
� Ë ¯ Ê�Ê�Ê�Ê�Ê�Ê Ë ¯ Ë�Ë<Ê ��¯ � Ë ¯ Ë�Ë � Ê �®� Ë ¯ Ë�Ë �¤°���° Ë ¯ Ë�Ê�Ê O Ë OöE�	±	� øL\b7��P$�ÊR��$y?9½<ó$C¥ø��V� ú#�j
Î�/���«ü 
/�«ü ù1
8ÿSú	�<$�²�m
�Z­��c�^���7¢��^�O� È 
 �����Ê � O�¯ ¯�O Ë � Ê � Ë ¯ °��¤¯1�®O�¯ Ë ¯ � � �¤° Ë °
O � ¯ O Ê�Ê O � ¯ Ë ¯ °1� Ë � Ë � Ë ¯ � Ê O���¯�°
� Ê ¯ �W��� ��Ê Ë ¯ °W� Ë �¤°�� Ë ¯­O��1� Ê ° ÊöE�	±	� øL\bQ��P$�ÊR��$y?9½<ó$C?üA,R�	.��/���«üVú�ý^
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/�«ü ù1
8ÿSú	�o$�²�m
�Z­��c�^���7¢��^�O� ��¡7�<�<� §c����� ¤��^¡7��� �.Á<� �G�'Áy���Ê Ë ¯­�¤°®° � ¯ Ê Ë ¯ Ë�Ê£Ë � Ë � Ë ¯ Ë®� ¯ � ��� Ë ¯ Ë�Ë�Ë�Ë � Ë ¯ Ë�Ë�Ë�Ë<Ê �
O Ë ¯­� Ê O1� �®� Ë ¯ Ë � � � � ° Ë ¯ Ë ¯®� ��Ê � Ë ¯ Ë�Ë�Ë<ÊaË � Ë ¯ Ë�Ë�Ë�Ë<Ê ¯
� Ë ¯­� Ê O1� �®� Ë ¯ Ë � � � � ° Ë ¯ Ë ¯®� ��Ê � Ë ¯ Ë�Ë�Ë<ÊaË � Ë ¯ Ë�Ë�Ë�Ë<Ê ¯öE�	±	� øL\bW��P$�ÊR��$y?9½<ó$C¥ø��V� ú#�j
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mõTS¬³½ÿSú	�GÊ=Y�²
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�³$S¬³½ÿSú	�GÊ=Y�²
¯�¯7¯
�Z­��c�^���7¢��^�O� ��¡7�<�<� §c����� ¤��^¡7��� 
y ^�G� �¹·Ê Ë ¯ O®�®� Ê � Ë ¯ Ë °WO®O��¤° Ë ¯ Ë ��� Ë�Ë � Ë ¯ Ë<Ê ��� Ê � Ë ¯ Ë�Ê£Ë ��� �
O Ë ¯ Ê ��� � �®O Ë ¯ Ë °WO®O��¤° Ë ¯ Ë ���W� ° � Ë ¯ Ë<Ê ° � ��¯ Ë ¯ Ë�Ë ¯®¯ Ê �
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Î�/���«ü­
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ÿSú	�l�j²�:�Ê�ö
�Z­��c�^���7¢��^�O� È 
 �����Ê ����¯Ô�®������� Ë ¯­��� � O � ° Ë ¯ �®��Ë�Ê �
O ����¯ �1� ÊB� �1O Ë ¯­� Ë °1� Ë�Ê Ë ¯ � O�°1�����
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8ÿSú	�l�j²�:�Ê�ö
�Z­��c�^���7¢��^�O� ��¡7�<�<� §c����� ¤��^¡7��� 
y ^�G� �¹·Ê Ë ¯ � � �®¯��¤° Ë Ë ¯ Ë�Ê O��¤¯�¯ Ë ¯ Ë<Ê O1�¤¯®¯ Ë ¯ Ë�Ê ¯ Ë�� �
O Ë ¯ � � �®¯��¤° Ë Ë ¯ Ë�Ê O��¤¯�¯ Ë ¯ Ë<Ê O1�¤¯®¯ Ë ¯ Ë�Ê ¯ Ë�� �
� Ë ¯ � � �®¯��¤° Ë Ë ¯ Ë�Ê O��¤¯�¯ Ë ¯ Ë<Ê O1�¤¯®¯ Ë ¯ Ë�Ê ¯ Ë�� �öE�	±	� ø¼õ`_c���P$�ÊR��$y?9½<óbC¥ø��V� ú	�j
Î�/���«ü­
Î�«üVù1

ÿSú	��)6$2öìÊ�öidj$
�Z­��c�^���7¢��^�O� È 
 ���<�Ê O�¯ ¯ Ê O�°�¯®� Ë ¯ �®��� Ê£Ë � Ë ¯­O � �W� Ê �
O O�¯ ¯ Ê O�°�¯®� Ë ¯ �®��� Ê£Ë � Ë ¯­O � �W� Ê �
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y ^�G� �¹·Ê Ë ¯ Ê?� O ÊB� O Ë Ë ¯ Ë�Ê£Ë�Ë®� � Ë ¯ Ë<ÊaË�Ë®� � Ë ¯ Ë�Ë ��� �®�
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ÿSú	�l:«öLÌ�:K:
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 ���<�Ê � Ë ¯ Ë � Ë ¯ � ° Ë
O � Ë ¯ Ë � Ë ¯ � ° Ë
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ÿSú	�1X+Xo$�Z¨öPÍaZ<²
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 �����Ê � � ¯ � � ��°���� Ë ¯ ¯�����O���° Ë ¯Ô� °���O��®�
O � ��¯­O�� Ë �¤¯1� Ë ¯­��� Ë ¯®�®� Ë ¯ � ��� Ê�ÊB�
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O Ë ¯ ¯ � �®�®¯�� Ë ¯ Ë�Ë � � �¤� Ë ¯ Ë °®° Ê�Ê ¯ Ë ¯ Ë � � � � � Ë ¯ Ë ��¯ Ê °�¯
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8ÿSú	�l�ì � *)6$ U+d�)
�Z­��c�^���7¢��^�O� ��¡7�<�<� §c����� ¤��^¡7��� 
y ^�G� �¹·Ê Ê Ë Ë ¯ Ë � Ë � Ë�� Ë ¯ Ë � Ë � Ë®� Ê ¯ Ê ����O1���
O Ë ¯ °WO��1�®O�� Ë ¯ Ë�Ê£Ë®� � � Ë ¯ Ë �®�W� Ë O Ë ¯ Ë O��W�®�®� Ë ¯ °�� � � ÊB�
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ÿSú	��ËìÊ�ösX
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