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Patient103 Patient103Patient103 ...time=1

²
time=2 time=n

Age: 23

FirstPregnancy: no
Anemia: no
Diabetes: no
PreviousPrematureBirth: no

...

Elective C−Section: ?
Emergency C−Section: ?

Age: 23

FirstPregnancy: no
Anemia: no

PreviousPrematureBirth: no
Diabetes: YES

...
Emergency C−Section: ?

Ultrasound: abnormal

Elective C−Section: no

Age: 23

FirstPregnancy: no
Anemia: no

PreviousPrematureBirth: no

...

Elective C−Section: no

Ultrasound: ?

Diabetes: no

Emergency C−Section: 
³

Yes
´

Ultrasound: ?
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Emergency C−Section: ?
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Elective C−Section: no
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Customer103:
�

Customer103:
�

Customer103:
�

(time=t0) (time=t1) (time=tn)...

...

Own House: Yes

Other delinquent accts: 2

Loan balance: $2,400

Income: $52k

Max billing cycles late: 3

Years of credit: 9

Profitable customer?: ?

...

Own House: Yes

Years of credit: 9

Profitable customer?: ?

...

Own House: Yes

Years of credit: 9

Loan balance: $3,250

Income: ?

Other delinquent accts: 2

Max billing cycles late: 4

Loan balance: $4,500

Income: ?

Other delinquent accts: 3

Max billing cycles late: 6

Profitable customer?:
�

No
�

�/N�35�:-/35�:�,$&���#7��v$&>,A -?�)�R+?���#-?��¨:�#7;7��%+&��G

ÅJÆ ñ ÞOå�ËOÊ�ë���ËRÓ�ÍeÒ
	�Î�Ë,ÒRÞ�ë,ØQé)é�È%Î)Ò�Þ*Ï��ÕÛH×;Ð,Ò�Ô
Ç�Î,Ú�Ù�ËOÊ�ë���ËRÓ�ÍeÒ
	�Î�Ë,ÒRÞ�ë�
*Í�Ó)Ó�Í%ÒRÑ�ë�êOÖQé�ÓOË�Ï���ö

ÝOå�Ë,ÒÜæRÊ�È�Æ�ÍJÞ�Ð,Ù�ÓOËRë�ê�ÎQÏJÞ�È#ÚQË)Ê
�ÜøýÇ�È
� ��Ë,ÒRÖÜê)ÊRËOÔ�ÍJÞòêRÐOÊ)ÔÜÐ,É)É�Ó�Í)é,Ð�Þ*Í�È%Ò
�

ÅJÆ ñ ÞOå�ËOÊ�ë���ËRÓ�ÍeÒ
	�Î�Ë,ÒRÞ�ë,ØQé)é�È%Î)Ò�Þ*ÏàøÜîH×;Ð,Ò�Ô
� Å#ÒQé�È#ÚQË����Oû)î���� ñ�� ��� Ë)ÐOÊ�Ï�ë)È�Æ�ë�ê)ÊRËOÔ�ÍJÞ��àû��

ÝOå�Ë,ÒÜæRÊ�È�Æ�ÍJÞ�Ð,Ù�ÓOËRë�ê�ÎQÏJÞ�È#ÚQË)Ê
�Üø � Ë�Ï
� Ø*é)é,Ë,ÉRÞòê)ÊRËOÔ�ÍJÞÜêRÐOÊ)ÔÜÐ,É)É�Ó�Í)é,Ð�Þ*Í�È%Ò
�

� T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~

 $&>,@�3��:A�- � >)>1�!�"!�� N�3�+/+?>  $&>,'�$��%A @R�$#��,��7

C� &%(' ©�©*)  >,A=�4$&35�:�,N,+¦7�$?�5���:-�¶.-1AI<��B>�������'��R0��e�R-

Sharp
 Left

Sharp
Right

4 Hidden
   Units

30 Output
/
   Units

 30x32 Sensor
 Input Retina

Straight
 Ahead

~ T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~

02143��&5 ��� �ò� ��� �Õÿ � ° �,1 ® �76�� ° �
198 ° � �

�R+?+?<�G":�:e0D0�0<; 0D�5-?�:0��.$&��;W�4>,A

= T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~

��� � � �?> ° � � � °A@ � � �����CB

� >R7��e�QGH+?�5<�>,��+����!�.�4�4@Q�:$&'

2D��5$&-?+�68',�:���:$��%+?�5>,�á�,3�'�>,$&�5+���A�-4G¯���4N�$��%3����:+?-:¹
7��#�4�5-?�5>,�º+�$&�:�:-:¹*$&�4'�$&�:-&-?�5>,�E;F;G;


DC�<�<�35���#7�+?>102�:353{6 �v>�$&A=�,+��#7º7��,+?�,@*�,-?�

���N*7�7�����'1�5�*7�N*-?+�$&�

Ã <�<Q>�$?+?N����5+¤���v>�$D+?>�AI>�$&$?>%0!G��:��>�$&AI>�N*-2��A=<*�,�4+

� "�:�,$&���,�4$&>�-&-��vN�3�3"A=�{FR�#7R68A=�:7��.��7��,+&�

� "�:�,$&���,�4$&>�-&-DA�N�3�+?��<�35�P�5�R+?�4$&�*�%3"7��,+&�%@*�,-?�#-:¹�<�3�N*-
+����!02�:@;�,�*7B���:0D-��v�:�#7�-


� "�:�,$&�E@R�B�,�4+?�����P�4FR<Q�:$?�5A=�4�R+&�,+��5>,�

� "�:�,$&��7��#�4�5-?�5>,�*-�$��%+?���:$/+��*�%��<�$&�#7��.� +?�5>,�*-

���N�A�N�35�,+��5���,¹�3����v�:3.>,��'�3��#�%$&������'

  $?>�'�$&�,A=A1�5��'�3.�%��'�N��,',�#-/0��5+��º35�:�,$&���5��'
�4A1@Q�:7�7��#7Q(

} T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~



ÀÂ�¾�¤�IH � 	��à­ý� °�� � ¬ �
�?	�� °


DC�$&+���9*�4�.�%3"�5�R+��:353��.'��4�*� �

����e���:-?�.�%�;AI�:+?��>R7�-

���>�AI<�N�+?�,+��5>����,3¦�4>�AI<�3��4FR�5+¤�E+?���:>,$&�

���>��R+?$?>�3÷+?���4>�$&�

2'¤���v>,$&A��%+?�5>,�;+����4>�$&�

  ���53�>O-?>,<��R�

  -��R�L��>�3�>�'��E�%�*7B���4N�$&>,@���>�35>,'��

�£)+&�,+��.-?+��.�4-

<JKJLJ

S"M T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~

����� � � ° � � �ç��� �¯� 	���	��ON � 1QP��¤� ® B

 "�#�%$&������'SR�'
AI<�$&>J�)����'�0D��+?�;�4FR<Q�:$?�5�:���4���%+/-?>,A=��+?��-&K

2'¤A=<�$&>J����>J���4$D+?��-&K$T!¹

�0��5+��º$&�:-?<Q�#� +/+?>1<Q�:$�� >,$&A��%�*� �!AI�#�,-?N�$&�VU�¹

�@���-?�:7E>,�;� FR<Q�:$&���:���4�XWY;
»Z; ',;.¹� "�#�%$&�E+?>=<�3.�e�B�����:�LK,�:$&-

2T!G  3.�e�E�����#�LK%�:$�-

[U�GQ\ >%��'O�,AI�#-202>����5��02>�$?3.7E+?>�N�$&�*�%A=�4��+

[WIG�>,<�<Q>�$?+?N����5+¤�E+?>1<�35�J���,'O�%�5��-?+�-?�43��

S5S T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~

��� ��� 	!�
	�� �
1ON � �"� ÿ � � �Q± � �*°


2T!G  3.�e�E�����#�LK%�:$�-

[U�G  �:$&�4�:�R+�>,��'��,A=�:-202>����5��02>�$&357�+�>�N�$?�*�,AI�:�R+

����*�,+��4FR<Q�4$&�5�4�*� �J(

����*�,+��4F��,�4+�35�;-?��>,N�3.7E@Q�!35�#�%$&���:7Q(

2#�>J0ý-?���,353��5+D@Q� $&�4<�$&�:-?�:�R+?�:7Q(

����*�,+D-?<Q�:�4��9*���,3�'�>,$&�5+���AÁ+?>135�#�%$&�º��+L(

S{ª T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~

« ��¬ ��143 « ��� �
	!�
	��^]`_ ¬ � � �¤�¾	 � �


����5$?�#�4+D>�$��5��7��5$?�#�4+�(

 � �:�������4$D>,$/��>,+L(
Cä<�$&>�@�35�4AºG��.-D+�$��,��������'�� FR<Q�:$&���:�*� ��$&�4<�$&�:-?�:�R+&�%+?����� >%�
<Q�:$�� >,$&A��%�*� �!',>O�%3l(

S{¿ T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~



ÿ � 1a1 ° ��� � � « �¯� ���¦�Ab���	 � ���71�	


[cVdfe�e�gih.j�e.klh!G&mCeon&p�q1¡rjseoklh (J(

ZtçGumCeon&poq1¡rv (J(

<;G;F;

Sxþ T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~

Nw1 °�° ��P��¤�ú­Õ�yxP	��¤���z12	{3|1 � « �¯� ���¦�}b���	 ��~
���71�	 t


��{�4�/�5-���9*�*�%3�@Q>��,$�7�-?+?�,+?�!+?���,+D�.-/02>,�¦¹�+?���4�
tY���L��Rò·i-�-


��{�4�/�5-���9*�*�%3�@Q>��,$�7�-?+?�,+?�!+?���,+D�.-/3�>O-?+4¹*+?���:�
tY���L��R��P·L-�-


��{�4�/�5-���9*�*�%3�@Q>��,$�7�-?+?�,+?�!+?���,+D�.-�7�$��e0D��¹�+����4�
tY���L��R�-


��{�4�/�5-�����>�+D��9*���,3"-�+&�,+�� ���;+����!'O�,AI��¹�+?���:�
tY���L��R�tY�����"�L¹�0D���:$&�C�����5-/+?���P@Q�:-?+D9��*�,3÷@Q>O�%$�7
-?+?�,+�� +?���,+D�:�%�;@Q�P���������:�,�#7º-�+&�,$?+?�5��'I�v$&>,A����%�*7
<�3.�e�)�5��'=>�<�+?��A��,3�35�EN��R+��53¦+����P�:�*7B>%��+?���P'O�%A=��;

� ���.-D'��5�,�#-�� >�$&$?�#�4+��J�,3�N��:-:¹*@�N�+D�5-/��>,+D>,<Q�:$��%+?��>��*�%3

S"� T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~

ÿ � 1a1 ° � ÀÂ� ¬!� � ° �"	�� � ���z12	 3|1 � « ��� �¯�¦�
b���	 � ���71�	


D� >�353��#� +?�.>,��>,��$&N�35�:-L(

����:N�$&�,3÷���:+¤02>,$�KE(

�<Q>,35�)��>,A=�5�,3¦�vN����4+��5>��;>,��@Q>��,$�7��v�#�%+?N�$?�#-L(

<;G;F;

S"� T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~

� ÀÂ� ¬�� � ° �¾	�� � ���z12	�3|1 � ��� ��� 	����rb���	 ��~
���71�	

�2���Z�(�������I���L���(�a�K� p��y���K���Z�a�K���������K���Z�2�K� p������K���Z�[�|���|�����L���(�2��� po�

[���I���L��G¯�RN�A�@Q�:$�>%��@�3.�,�LK�<��5�:�4�:-/>��E@Q>O�%$�7w�

2p|�I���L��G¯�RN�A�@Q�4$�>%��$&�#7E<����#� �#-/>,���

[�������L��GH�RN�A�@Q�4$�>%��@�35���LKBKO�5��'O-/>,���

2p������L��G¯�RN�A�@Q�4$2>,��$&�:7;KO����'O-D>��w�

[�|�|���K�LG¯�RN�A1@Q�4$2>,��$&�:7�<��5�:�4�#-D+?��$?�#�,+��:���#7;@R�I@�3.�,�LK
�v��; ��;.¹*0����.���;�:�%�;@Q�!+&�,K,�:�;>��E@�35���LK*¥W-/���4FR+D+?N�$?���


2po�|���K�LGH��N�A�@Q�:$�>,��@�3.���LK�<��5�#� �#-/+���$&�:�,+��:���:7�@R��$?�#7

S{~ T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~



� P�� � �
	���	�� « ��� ��	��
	��O]`_ �¯® ¬ �
� °


ZtY���L��G¯+����!+?$&N��P+?�,$&',�:+D�vN��*�4+��5>,�

¢¡tY���L��GH+����!35�:�,$&���#7��vN��*�4+��5>,�

Zt,£"¤�¥7¦"§o���L��G¯+?��� +�$��,�����5��'=�J�%35N��
Ã ���!$&N�3��!�v>�$D�#-?+��5A=�,+?����'I+?$��%�5������'��J�%35N��#-:G

Zt £"¤�¥7¦"§ ���L�4¨ ¡t©��ª¬«f­K­�h.g®gieop
���L���

S"= T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~

ÿ � 1a1 ° � � �"�
� � � « ��	!�
	��§Àà���¤�

¯Q°?±³²?´uµ·¶f¸�¹»ºI¼�½�¾,¹L´w¿�ºIÀ·´fÁ
��>1$?�:<Q�#�%+?�:7�35�QG

�£)�:35�:�4+/�1+�$��,�����5��'��4F��%A=<�35�C���%+D$&�,�*7�>�A
·�;,��>�A=<�N�+��Vhip.poe.p,���L��G

hipopoe.p
���K�4R�t £Â¤�¥7¦�§ ���K�¬�^¡t©���K�
¼
;®D*>,$/�#�,����@Q>��,$�7B�v�#�%+?N�$?�ÄÃ ¦ ¹�N�< 7��%+?�!02�:��'��R+[� ¦ G

� ¦ ¨Å� ¦ �³­Æ�iÃ ¦ �ihip.poe.p,���L�
­��.-�-�>�A=��-�A��,3�3"� >��*-�+&�,�R+4¹*-&�e�$-
;.·�¹�+?>1A=>R7��:$��%+?�!+?���
$��%+?�!>,��35�:�,$&���5��'

S{} T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~

­Õ� ° �
�2	 ÿ � 12� � � °

Determine
Ç

Target Function
È

Determine Representation
Ç

of Learned FunctionÉ

Determine Type
Ç

    of Training Experience

Determine
Ç

Learning Algorithm
Ê

Games against

Ë
         self

Games against
Ë

  experts Table of correct
         moves

Linear function
of six featuresÉ Artificial neural


Ì
       network

Polynomial
Í

Gradient
Ë
  descent

Board 
➝ value   ÎBoard

➝ move

Completed Design
Ï

 ...

 ...

Linear
 programming

 ...

 ...

ªFM T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~

021 ® �?> °�° ��� ° �
	 �¢���Q� �
	��ç��� ��� 	��
	��


����*�,+D�,3�'�>,$&�5+���A�-/�:�,�;�,<�<�$&>eFR��A��,+���� N��*� +?�5>,�*-/02�4353
� �,�*7E0����:���?(


2#�>J0ý7�>)�:-D�RN�A�@Q�4$�>%��+?$��%�5���5��'I�4F��%A=<�3��#-��5����N��4�*�4�
�,�:�4N�$���� ��(


2#�>J0ý7�>)�:-/� >�A=<�35� FR�5+¤�E>,���R�)<Q>�+����#-��.-
$&�4<�$&�:-?�:�R+?�,+?��>��;�5A=<���� +D��+L(


2#�>J0ý7�>)�:-D��>��.-��E7��,+?�1������N��:���4� ���:� N�$��,�4��(

����*�,+D�,$?�P+����!+?���4>�$&�4+?�5�:�,3¾3��5AI�5+&-�>%��35�:�,$&���,@���35��+���(

2#�>J0ý�:�%�;<�$&�5>,$�KO��>%0�35�:7�',� >,��3��#�%$&���4$/���435<Q(

����*�,+D�43�N��:-��:�%�;02�!'��4+��v$&>,AÁ@��5>,35>�',�.�4�,3¾35�:�,$&���5��'
-?�R-�+?�:A=-L(


2#�>J0ý�:�%�º-��R-?+?�4A�-��,35+��:$�+����4�5$�>J0��
$&�4<�$&�:-?�:�R+?�,+?��>���-L(

ª[S T UWVWX Y[Z U4\ T ] ^[UW\?_ `5Z�X UWa.X b[`.`5ced%f5gWh.i jlkLmnk f5o jli j5p5q5r�s[t,] X VWu.UWT T qvt,VxwLZ y{z�|?] T T q8S{}�}5~


