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&RXUVH�3ODQ�

&RXUVH�7LWOH��$GYDQFHG�0DFKLQH�/HDUQLQJ�

&RXUVH�&RGH�����'6/���� 6HPHVWHU��9,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����

(YDOXDWLRQ�6FKHPH��,6(�06(�0DUNV������� (6(�0DUNV�����

&RXUVH�'HVFULSWLRQ��
7KLV� FRXUVH� FRYHUV� NH\� WRSLFV� LQ� DUWLILFLDO� QHXUDO� QHWZRUNV�� LQFOXGLQJ� SHUFHSWURQ�� PXOWL�OD\HU�
QHWZRUNV�� EDFN� SURSDJDWLRQ�� HQVHPEOH� OHDUQLQJ�� UHFRPPHQGDWLRQ� V\VWHPV�� HYROXWLRQDU\� OHDUQLQJ��
UHLQIRUFHPHQW� OHDUQLQJ�� DQG� GLPHQVLRQDOLW\� UHGXFWLRQ�� 6WXGHQWV� ZLOO� JDLQ� D� VROLG� XQGHUVWDQGLQJ� RI�
QHXUDO� QHWZRUN� VWUXFWXUHV� DQG� DOJRULWKPV�� H[SORUH� K\SHU�SDUDPHWHU� RSWLPL]DWLRQ� WHFKQLTXHV�� DQG�
OHDUQ�DERXW�DSSOLFDWLRQV�LQ�LPDJH�SURFHVVLQJ��ELR�LQIRUPDWLFV��GLJLWDO�IRUHQVLFV��DQG�UHWDLO�DQG�ILQDQFH��

&RXUVH�2EMHFWLYHV��
�� 7R� XQGHUVWDQG� WKH� IXQGDPHQWDOV� RI� $UWLILFLDO� 1HXUDO� 1HWZRUNV� �$11V�� DQG� WKHLU� WUDLQLQJ�

DOJRULWKPV��
�� 7R�*DLQ�NQRZOHGJH�RI�HQVHPEOH�OHDUQLQJ�PHWKRGV�DQG�WKHLU�DSSOLFDWLRQV�LQ�UHFRPPHQGDWLRQ�

V\VWHPV��� �
�� 7R�H[SORUH�HYROXWLRQDU\�OHDUQLQJ�WHFKQLTXHV�DQG�WKHLU�FRPSRQHQWV��DORQJ�ZLWK�DQ�LQWURGXFWLRQ�

WR�UHLQIRUFHPHQW�OHDUQLQJ��
�� 7R� OHDUQ�GLPHQVLRQDOLW\� UHGXFWLRQ�WHFKQLTXHV�DQG� WKHLU�SUDFWLFDO� LPSOHPHQWDWLRQ��DORQJ�ZLWK�

WKH�DSSOLFDWLRQ�RI�PDFKLQH�OHDUQLQJ�LQ�YDULRXV�GRPDLQV��

&RXUVH�2XWFRPHV��&2V����

8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������ 'HVFULEH�IXQGDPHQWDOV�RI�$UWLILFLDO�1HXUDO�1HWZRUNV��$11V��� 8QGHUVWDQG

�����
'LVFXVV� HQVHPEOH� OHDUQLQJ� WHFKQLTXHV� DQG� HYDOXDWH� UHFRPPHQGDWLRQ�
V\VWHPV��

$SSO\�

�����
([SODLQ�IRXQGDWLRQDO�XQGHUVWDQGLQJ�RI�HYROXWLRQDU\�OHDUQLQJ�DOJRULWKPV�
DQG�WKHLU�UHOHYDQFH�LQ�RSWLPL]DWLRQ�SUREOHPV� 8QGHUVWDQG

�����
8VH�GLPHQVLRQDOLW\�UHGXFWLRQ�WHFKQLTXHV�DQG�DSSO\�PDFKLQH�OHDUQLQJ�LQ�
GLYHUVH�GRPDLQV��

����$SSO\�

3UHUHTXLVLWH� 0DFKLQH�/HDUQLQJ�
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&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2¶V��ZLWK�3URJUDP�2XWFRPHV��
�32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V���

&RQWHQW +RXUV

8QLW����$UWLILFLDO�1HXUDO�1HWZRUN���
7KH� EUDLQ� DQG� WKH� 1HXURQ�� +HEE¶V� UXOH�� 0F&XOORFK� DQG� 3LWV� 1HXURQV�� 3HUFHSWURQ�
5HSUHVHQWDWLRQDO�3RZHU�RI�3HUFHSWURQ��7KH�3HUFHSWURQ�7UDLQLQJ�5XOH��*UDGLHQW�'HFHQW�DQG�
'HOWD�5XOH��0XOWL�OD\HU�3HUFHSWURQ�DOJRULWKP�

���

8QLW����0XOWL�OD\HU�1HWZRUN���
)HHG� IRUZDUG� 1HWZRUN�� 0XOWL� OD\HU� QHWZRUNV� DQG� %DFN� 3URSDJDWLRQ� DOJRULWKP�� 7KH�
'LIIHUHQWLDEOH� 7KUHVKROG� 8QLW�� 7KH� %DFN� SURSDJDWLRQ�$OJRULWKP�� ,QWURGXFWLRQ� WR� K\SHU�
SDUDPHWHUV� DQG� WKHLU� VLJQLILFDQFH� LQ� QHXUDO� QHWZRUNV� 3RSXODU� K\SHU�SDUDPHWHUV� WR� WXQH�
�H�J��� OHDUQLQJ� UDWH�� EDWFK� VL]H�� QXPEHU� RI� KLGGHQ� XQLWV��*ULG� VHDUFK� DQG� UDQGRP� VHDUFK�
WHFKQLTXHV�+\SHU�SDUDPHWHU�RSWLPL]DWLRQ�XVLQJ�OLEUDULHV��H�J���VFLNLW�OHDUQ��.HUDV���

���

8QLW����(QVHPEOH�OHDUQLQJ�DQG�5HFRPPHQGDWLRQ�V\VWHP��
2YHUYLHZ� RI� EDJJLQJ�� ERRVWLQJ�� DQG� VWDFNLQJ� WHFKQLTXHV�� FRPSDULQJ� HQVHPEOH� OHDUQLQJ�
ZLWK� VLQJOH� PRGHOV�� %DJJLQJ� DQG� 5DQGRP� )RUHVWV�� %DJJLQJ� WHFKQLTXH� DQG� PRGHO�
DJJUHJDWLRQ�� )HDWXUH� LPSRUWDQFH� DQG� YDULDEOH� VHOHFWLRQ� LQ� 5DQGRP� )RUHVWV� %RRVWLQJ�
$OJRULWKPV�� ,QWURGXFWLRQ� WR� ERRVWLQJ� DOJRULWKPV� �H�J��� $GD%RRVW�� *UDGLHQW� %RRVWLQJ���
$GDSWLQJ� ZHDN� OHDUQHUV� LQWR� VWURQJ� OHDUQHUV�� 5HFRPPHQGDWLRQ� 6\VWHPV�� 2YHUYLHZ� RI�
FROODERUDWLYH�ILOWHULQJ�DQG�FRQWHQW�EDVHG�ILOWHULQJ��(YDOXDWLRQ�PHWULFV�IRU�UHFRPPHQGDWLRQ�
V\VWHPV��

���

8QLW����,QWURGXFWLRQ�WR�(YROXWLRQDU\�/HDUQLQJ�DQG�5HLQIRUFHPHQW�/HDUQLQJ��
,QWURGXFWLRQ�WR�(YROXWLRQDU\�$OJRULWKPV��&RPSRQHQWV�DQG�RYHUYLHZ��*HQHWLF�$OJRULWKPV�
DQG� *HQHWLF� 2SHUDWRUV�� 3RSXODWLRQ� VHOHFWLRQ�� DQG� YDULDWLRQ�� )LWQHVV� (YDOXDWLRQ� DQG�
6HOHFWLRQ�0HFKDQLVPV��$VVHVVLQJ�ILWQHVV�DQG�VHOHFWLQJ�VROXWLRQV��(YROXWLRQDU\�6WUDWHJLHV��
,QWURGXFWLRQ� WR� VWUDWHJLHV� DQG� YDULDQWV�� &0$�(6�� 5HLQIRUFHPHQW� /HDUQLQJ�� 0DUNRY�
GHFLVLRQ� SURFHVVHV�� 4�/HDUQLQJ�� 6$56$�� 3ROLF\� *UDGLHQW� 0HWKRGV�� 3ROLF\� JUDGLHQW�
DOJRULWKPV��H�J���5(,1)25&(��

���

&2¶V
32¶V 362¶V� %7/�

�� �� �� �� �� �� �� �� �� ��� ��� ��� ���� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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8QLW����'LPHQVLRQDOLW\�5HGXFWLRQ��
,QWURGXFWLRQ� WR� 'LPHQVLRQDOLW\� 5HGXFWLRQ�� /LQHDU� 'LVFULPLQDWH� $QDO\VLV� /'$� IRU�
FODVVLILFDWLRQ�$OJRULWKP�DQG�VWHSV��3ULQFLSDO�&RPSRQHQW�$QDO\VLV��&$�IRU�GLPHQVLRQDOLW\�
UHGXFWLRQ�$OJRULWKP� DQG� LQWHUSUHWDWLRQ��1RQOLQHDU� WHFKQLTXHV�.HUQHO� 3&$�� 6SDUVH�3&$��
,QFUHPHQWDO� 3&$�� (YDOXDWLRQ� DQG� ,QWHUSUHWDWLRQ� 5HFRQVWUXFWLRQ� HUURU� DQG� YLVXDOL]DWLRQ��
,QWHUSUHWLQJ�FRPSRQHQWV�YHFWRUV��'LPHQVLRQDOLW\�5HGXFWLRQ�LQ�3UDFWLFH��SUHSURFHVVLQJ�DQG�
GDWD�VFDOLQJ��)HDWXUH�VHOHFWLRQ�YV��H[WUDFWLRQ�

���

8QLW����$SSOLFDWLRQ���
0DFKLQH� /HDUQLQJ�� $SSOLFDWLRQV� LQ� ,PDJH� 3URFHVVLQJ� DQG� 3DWWHUQ� 5HFRJQLWLRQ��
$SSOLFDWLRQ� LQ� %LR�� LQIRUPDWLFV�� $SSOLFDWLRQ� LQ�'LJLWDO� )RUHQVLFV�� $SSOLFDWLRQ� LQ� UHWDLOV�
DQG�ILQDQFH�

���

7H[W�%RRNV��
�� 6WHSKHQ�0DUVODQG��³0DFKLQH�/HDUQLQJ�±�$Q�$OJRULWKPLF�3HUVSHFWLYH´�&5&��3UHVV���

>8QLW����@���
�� 7KRPDV�*��'LHWWHULFK��³(QVHPEOH�/HDUQLQJ�DQG�5HFRPPHQGDWLRQ�6\VWHPV´��0RUJDQ�	�

&OD\SRRO�>8QLW�����@��
�� &KULVWRSKHU�0��%LVKRS���3DWWHUQ�5HFRJQLWLRQ�DQG�0DFKLQH�/HDUQLQJ´��6SULQJHU�>8QLW��@��
�� $XUpOLHQ�*pURQ��³+DQGV�2Q�0DFKLQH�/HDUQLQJ�ZLWK�6FLNLW�/HDUQ��.HUDV��DQG�7HQVRU)ORZ���

2
5HLOO\�0HGLD�>8QLW��@��

5HIHUHQFH�%RRNV��
�� 7RP�0��0LWFKHOO��³0DFKLQH�/HDUQLQJ´��,QWHUQDWLRQDO�(GLWLRQ�������0F*UDZ�+LOO�(GXFDWLRQ��
�� 6LPRQ�+D\NLQ��³1HXUDO�1HWZRUNV�DQG�/HDUQLQJ�0DFKLQHV´��3HDUVRQ�(GLWLRQ��
�� &KULVWRSKHU�0��%LVKRS��³3DWWHUQ�5HFRJQLWLRQ�DQG�0DFKLQH�/HDUQLQJ´�6SULQJHU��
�� *LRYDQQL� 6HQL� DQG� -RKQ� (OGHU�� ³(QVHPEOH�0HWKRGV� LQ� 'DWD�0LQLQJ�� ,PSURYLQJ� $FFXUDF\�

7KURXJK�&RPELQLQJ�3UHGLFWLRQV´��0RUJDQ�.DXIPDQQ��

2QOLQH�5HVRXUFHV��

�� KWWSV���ZZZ�FRXUVHUD�RUJ�OHDUQ�PDFKLQH�OHDUQLQJ
���KWWSV���QSWHO�DF�LQ�FRXUVHV����������
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&RXUVH�3ODQ�

&RXUVH�7LWOH��&ORXG�&RPSXWLQJ�

&RXUVH�&RGH�����'6/���� 6HPHVWHU��9,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����

(YDOXDWLRQ�6FKHPH��,6(�06(�0DUNV�������� (6(�0DUNV�����

&RXUVH�'HVFULSWLRQ��
7KLV�FRXUVH�SURYLGHV�LQWURGXFWLRQ�WR�IXQGDPHQWDOV�RI�GLVWULEXWHG�V\VWHPV�DQG�FORXG�FRPSXWLQJ��7KH�
FRXUVH�DOVR�GLVFXVVHV�FKDUDFWHULVWLFV�DQG�EHQHILWV�RI�FORXG�FRPSXWLQJ��,W�SURYLGHV�LQ�GHSWK�NQRZOHGJH�
RI�FORXG�FRPSXWLQJ�DUFKLWHFWXUH�DORQJ�ZLWK�EDVLFV�RI�YLUWXDOL]DWLRQ�� ,W� FRYHUV�DOO� WKH�FORXG�VHUYLFHV�
�,DD6��3DD6��6DD6��DQG�LQFOXGHV�FDVH�VWXGLHV�RQ�RSHQ�VRXUFH�DQG�FRPPHUFLDO�FORXG�SODWIRUPV��

&RXUVH�2EMHFWLYHV��
�� 7R�EHFRPH�IDPLOLDU�ZLWK�FRPSXWDWLRQDO�GLVWULEXWHG�V\VWHP��
�� 7R�XQGHUVWDQG�&ORXG�&RPSXWLQJ�DQG�LWV�HFRV\VWHP��
�� 7R�OHDUQ�YLUWXDOL]DWLRQ�DQG�LWV�VLJQLILFDQFH��
�� 7R�FRUUHODWH�VHUYLFHV��ZHE�VHUYLFHV�DQG�SURWRFRO�XQGHUVWDQGLQJ��
�� 7R�H[SORUH�SRWHQWLDO�RI�&ORXG�&RPSXWLQJ�DQG�LWV�DSSOLFDWLRQV��
�� &DVH�VWXG\�RI�RSHQ�VRXUFH�EDVHG�FORXG�V\VWHP�

&RXUVH�2XWFRPHV��
8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������ 8QGHUVWDQG�WKH�EDVLF�FRQFHSW�RI�GLVWULEXWHG�V\VWHP�� 8QGHUVWDQG�

������
'HVFULEH�WKH�PDLQ�FRQFHSWV��NH\�WHFKQRORJLHV��VWUHQJWKV��DQG�OLPLWDWLRQV�RI�

FORXG�FRPSXWLQJ��

8QGHUVWDQG�

������
([SODLQ�WKH�DUFKLWHFWXUH�DQG�LQIUDVWUXFWXUH�RI�FORXG�FRPSXWLQJ��LQFOXGLQJ�
6DD6��3DD6��,DD6��SXEOLF�FORXG��SULYDWH�FORXG��K\EULG�FORXG�HWF��

8QGHUVWDQG�

������
([SORUH�YLUWXDOL]DWLRQ�WHFKQRORJ\�DQG�YLUWXDOL]DWLRQ�RI�FORXG�UHVRXUFHV�� $SSO\�

������
3HUIRUP�FDVH�VWXGLHV�RQ�YDULRXV�RSHQ�VRXUFH�DQG�FRPPHUFLDO�&ORXGV�DQG�
6HUYLFHV��

$SSO\�

3UH�UHTXLVLWHV� 2SHUDWLQJ�6\VWHPV��)XQGDPHQWDOV�RI�&RPSXWHU�1HWZRUNV�
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&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2V��ZLWK�3URJUDP�
2XWFRPHV��32¶V�DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V���

&2¶V

�����������������������������������������������32¶V� 362
V� %7/�

�� �� �� �� �� �� �� �� � ��� �� ��� �� ��

������ �� � � � � � � � � � � � � �� ��

������ � � � � � � � � � � � � � �� ��

������ � � � � � � � � � � � � � �� ��

������ � � � � � � � � � � � �� �� �� ��

������ � � � �� �� � � � � � � � � �� ��

&RQWHQW +RXUV�

8QLW����2YHUYLHZ�RI�FRPSXWLQJ�SDUDGLJP��
'HILQLWLRQ�� *RDOV�� 7\SHV� RI� GLVWULEXWHG� V\VWHPV�� 'LVWULEXWHG� FRPSXWLQJ� V\VWHP�
,QIRUPDWLRQ� 6\VWHP�� $UFKLWHFWXUH�� $UFKLWHFWXUDO� 6W\OHV�� 6\VWHP� $UFKLWHFWXUH�� *ULG�
&RPSXWLQJ�� &OXVWHU� &RPSXWLQJ�� 'LVWULEXWHG� &RPSXWLQJ�� 8WLOLW\� &RPSXWLQJ�� &ORXG�
&RPSXWLQJ��(YROXWLRQ�RI�FORXG�FRPSXWLQJ��%XVLQHVV�GULYHU�IRU�DGRSWLQJ�FORXG�FRPSXWLQJ��

���

8QLW����3URFHVV�DQG�&RPPXQLFDWLRQ���
5HPRWH� 3URFHGXUH� FDOO�� 0HVVDJH� 2ULHQWHG� 7UDQVLHQW� &RPPXQLFDWLRQ�� 3K\VLFDO� &ORFN�
6\QFKURQL]DWLRQ��/RJLFDO�&ORFN��0XWXDO�([FOXVLRQ��(OHFWLRQ�$OJRULWKPV�� ,QWURGXFWLRQ� WR�
&ORXG� &RPSXWLQJ�� &ORXG� &RPSXWLQJ� �� ,QWURGXFWLRQ� WR� &ORXG� &RPSXWLQJ�� +LVWRU\� RI�
&ORXG� &RPSXWLQJ�� &ORXG� VHUYLFH� SURYLGHUV�� 3URSHUWLHV�� &KDUDFWHULVWLFV� DQG� %HQHILWV� RI�
&ORXG�&RPSXWLQJ��

���

8QLW����&ORXG�&RPSXWLQJ�$UFKLWHFWXUH��
&ORXG� FRPSXWLQJ� VWDFN�� &RPSDULVRQ� ZLWK� WUDGLWLRQDO� FRPSXWLQJ� DUFKLWHFWXUH�
�FOLHQW�VHUYHU���6HUYLFHV�SURYLGHG�DW�YDULRXV�OHYHOV��+RZ�&ORXG�&RPSXWLQJ�:RUNV��5ROH�RI�
1HWZRUNV� LQ� &ORXG� FRPSXWLQJ�� 3URWRFROV� XVHG�� 5ROH� RI� :HE� VHUYLFHV�� 6HUYLFH� 0RGHOV�
�;DD6�� �� ,QIUDVWUXFWXUH� DV� D� 6HUYLFH� �,DD6��� 3ODWIRUP� DV� D� 6HUYLFH� �3DD6��� 6RIWZDUH� DV�
H6HUYLFH� �6DD6��� 'HSOR\PHQW� 0RGHOV� 3XEOLF� FORXG�� 3ULYDWH� FORXG�� +\EULG� FORXG�
&RPPXQLW\�FORXG��

���

8QLW����9LUWXDOL]DWLRQ��
,QWURGXFWLRQ� DQG� EHQHILWV�� ,PSOHPHQWDWLRQ�/HYHOV� RI�9LUWXDOL]DWLRQ��9LUWXDOL]DWLRQ� DW� WKH�
26� /HYHO�� 9LUWXDOL]DWLRQ� 0HFKDQLVP�� 2SHQ�6RXUFH� 9LUWXDOL]DWLRQ� 7HFKQRORJ\�� ;HQ�
9LUWXDOL]DWLRQ� $UFKLWHFWXUH�� %LQDU\� 7UDQVODWLRQ� ZLWK� )XOO� 9LUWXDOL]DWLRQ�� 3DUD�
YLUWXDOL]DWLRQ��9LUWXDOL]DWLRQ�RI�0HPRU\�DQG�,2�'HYLFHV��6HUYLFH�RQ�'HPDQG��

���
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7H[W�%RRNV��
�� 7DQHQEDXP��³'LVWULEXWHG�6\VWHP��3ULQFLSOHV�DQG�3DUDGLJPV´��6WHHQ��>8QLW�����@�
�� -XGLWK�+XUZLW]��5��%ORRU��0��.DQIPDQ��)��+DOSHU��³&ORXG�&RPSXWLQJ�IRU�

'XPPLHV´��:LOH\�,QGLD�(GLWLRQ��>8QLW���������@��
�� -D\DVZDO��.DOODNXUFKL��+RXGH��6KDK��-D\DVZDO��.DOODNXUFKL��+RXGH��6KDK��³&ORXG�

&RPSXWLQJ�%ODFN�%RRN´��>8QLW���@�
�� 5RQDOG�.UXW]�DQG�5XVVHOO�'HDQ�9LQHV��³&ORXG�6HFXULW\´��:LOH\�,QGLD��>8QLW��@�

5HIHUHQFH�%RRNV��
�� *RRJOH�$SSV��6FRWW�*UDQQHPDQ��3HDUVRQ��
�� &ORXG�6HFXULW\�	�3ULYDF\��7LP�0DWKHU��6��.XPDUD�VZDPP\��6��/DWLI��63'��2¶5(,//<��
�� &ORXG�&RPSXWLQJ��$�3UDFWLFDO�$SSURDFK��$QWKRQ\�7�9HOWH��HW�DO��0F*UDZ+LOO��
�� &ORXG�&RPSXWLQJ��3ULQFLSOHV�DQG�3DUDGLJPV��5DMNXPDU�%X\\D��-DPHV�

%UREHUJ��$QGU]HM�*RVFLQVNL��:LOH\�,QGLD��

2QOLQH�5HVRXUFHV��

�� KWWSV���RQOLQHFRXUVHV�QSWHO�DF�LQ�QRF��BFV���SUHYLHZ
�� KWWSV���ZZZ�VKLNVKD�FRP�RQOLQH�FRXUVHV�FORXG�FRPSXWLQJ�E\�QSWHO�FRXUVH�QSWHO��

8QLW����,QIUDVWUXFWXUH�DV�D�6HUYLFH��,DD6���
,QWURGXFWLRQ� WR� ,DD6�,DD6�GHILQLWLRQ�� ,QWURGXFWLRQ� WR�YLUWXDOL]DWLRQ��'LIIHUHQW�$SSURDFKHV�
WR� YLUWXDOL]DWLRQ�� +\SHUYLVRUV�� 0DFKLQH� ,PDJH�� DQG� 9LUWXDO� 0DFKLQH� �90��� 5HVRXUFH�
�6HUYHU�� 6WRUDJH��1HWZRUN�� 3ODWIRUP�� XWLOL]DWLRQ� WKURXJK�9LUWXDOL]DWLRQ��9LUWXDO�0DFKLQH�
�UHVRXUFH�� SURYLVLRQLQJ� DQG� PDQDJHPHQW�� 6WRUDJH� DV� D� VHUYLFH�� 'DWD� VWRUDJH� LQ� FORXG�
FRPSXWLQJ��&KDUJHDEOH� VHUYLFHV��3ULFLQJ� SULRULW\�DQG�SHQDOL]DWLRQ�� 3ODWIRUP�DV� D�6HUYLFH�
�3DD6��� ,QWURGXFWLRQ� WR�3DD6�:KDW� LV�3DD6��6HUYLFH�2ULHQWHG�$UFKLWHFWXUH� �62$���&ORXG�
3ODWIRUP� DQG� 0DQDJHPHQW� �FRPSXWDWLRQ�� VWRUDJH� 6RIWZDUH� DV� D� 6HUYLFH� �6DD6���
,QWURGXFWLRQ�WR�6DD6��:HEVHUYLFHV��:HE�����:HE26��
&DVH�6WXG\�RQ�6DD6�

���

8QLW���&DVH�VWXG\�RQ�2SHQ�6RXUFH�DQG�&RPPHUFLDO�&ORXGV��
$PD]RQ�(&���*RRJOH�&RPSXWH�(QJLQH��0LFURVRIW�$]XUH��&ORXG�IRXQGU\��2SHQ6WDFN��

���
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&RXUVH�3ODQ�

&RXUVH�7LWOH��&\EHU�)RUHQVLFV�
&RXUVH�&RGH�����'6/�3���
3URIHVVLRQDO�(OHFWLYH�,,��3(&��

6HPHVWHU��9,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����

(YDOXDWLRQ�6FKHPH��,6(�06(�0DUNV�������� (6(�0DUNV�����

&RXUVH�'HVFULSWLRQ��
7KLV� FRXUVH� SURYLGHV� D� WKRURXJK� XQGHUVWDQGLQJ� RI� F\EHU� IRUHQVLFV�� HTXLSSLQJ� SDUWLFLSDQWV�ZLWK� WKH�
HVVHQWLDO�NQRZOHGJH�DQG�VNLOOV�UHTXLUHG�WR�LQYHVWLJDWH�GLJLWDO�FULPHV�DQG�DQDO\]H�GLJLWDO�HYLGHQFH��7KH�
FRXUVH� FRYHUV� D�ZLGH� UDQJH� RI� FRQFHSWV�� LQFOXGLQJ� WKH� XVH� RI� F\EHU� IRUHQVLFV� LQ� ODZ� HQIRUFHPHQW��
F\EHU�IRUHQVLFV�VHUYLFHV��EHQHILWV�RI�SURIHVVLRQDO�IRUHQVLFV�PHWKRGRORJ\��DQG�WKH�VWHSV�WDNHQ�E\�F\EHU�
IRUHQVLFV�VSHFLDOLVWV��

&RXUVH�2EMHFWLYHV��
�� 7R�8QGHUVWDQG�FRPSXWHU�IRUHQVLFV�SULQFLSOHV�DQG�PHWKRGRORJLHV�LQ�ODZ�HQIRUFHPHQW��
�� 7R�'HYHORS�VNLOOV�LQ�HYLGHQFH�FROOHFWLRQ�DQG�SUHVHUYDWLRQ�RI�GLJLWDO�HYLGHQFH��
�� 7R�*DLQ�SURILFLHQF\�LQ�DQDO\]LQJ�DQG�YDOLGDWLQJ�GLJLWDO�IRUHQVLF�GDWD��
�� 7R�&RQGXFW�HIIHFWLYH�H�PDLO�DQG�VRFLDO�PHGLD�LQYHVWLJDWLRQV�LQ�IRUHQVLF�FRQWH[WV��

&RXUVH�2XWFRPHV��&2¶V����

8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������ 'HVFULEH�FRPSXWHU�IRUHQVLFV�SULQFLSOHV�LQ�ODZ�HQIRUFHPHQW� 8QGHUVWDQG�

�����
,OOXVWUDWH�WKH�WHFKQLTXHV�WR�FROOHFW��SUHVHUYH��DQG�DXWKHQWLFDWH�GLJLWDO�
HYLGHQFH�

$SSO\�

������ $QDO\]H�DQG�YDOLGDWH�GLJLWDO�IRUHQVLF�GDWD� $SSO\�

������
([SODLQ�LQYHVWLJDWLYH�VWUDWHJLHV�WR�FRQGXFW�FRPSUHKHQVLYH�H�PDLO�DQG�VRFLDO�
PHGLD�LQYHVWLJDWLRQV��� 8QGHUVWDQG�

3UHUHTXLVLWH� ,QIRUPDWLRQ�6HFXULW\
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&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2¶V��ZLWK�3URJUDP�2XWFRPHV�
�32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V���

&RQWHQW +RXUV

8QLW����&RPSXWHU�)RUHQVLFV�)XQGDPHQWDOV���
,QWURGXFWLRQ� WR� &RPSXWHU� IRUHQVLFV�� 8VH� RI� &RPSXWHU� )RUHQVLFV� LQ� /DZ� (QIRUFHPHQW��
&RPSXWHU� )RUHQVLFV� 6HUYLFHV�� %HQHILWV� RI� SURIHVVLRQDO� )RUHQVLFV� 0HWKRGRORJ\�� 6WHSV�
WDNHQ� E\� &RPSXWHU� )RUHQVLFV� 6SHFLDOLVWV�� 7\SHV� RI� &RPSXWHU� )RUHQVLFV� 7HFKQRORJ\��
&RPSXWHU�)RUHQVLFV�(YLGHQFH�DQG�FDSWXUH�

���

8QLW����(YLGHQFH�&ROOHFWLRQ���
:K\� &ROOHFW� (YLGHQFH"� 7\SHV� RI� (YLGHQFH�� 0HWKRGV� RI� &ROOHFWLRQV�� &ROOHFWLRQ� 6WHSV��
'XSOLFDWLRQ� DQG� 3UHVHUYDWLRQ� RI� 'LJLWDO� (YLGHQFH�� &RPSXWHU� LPDJH� 9HULILFDWLRQ� DQG�
$XWKHQWLFDWLRQ�

���

8QLW����'LJLWDO�)RUHQVLFV�$QDO\VLV�DQG�9DOLGDWLRQ���
'HWHUPLQLQJ�ZKDW� GDWD� WR� FROOHFW� DQG� DQDO\VH�� YDOLGDWLQJ� IRUHQVLF� GDWD�� DGGUHVVLQJ� GDWD�
KLGLQJ� WHFKQLTXHV��SHUIRUPLQJ�UHPRWH�DFTXLVLWLRQV��1HWZRUN�)RUHQVLFV��1HWZRUN�IRUHQVLF�
RYHUYLHZ��3URFHVVLQJ�FULPH�DW�LQFLGHQW�VFHQHV�

���

8QLW����(�0DLO�DQG�6RFLDO�0HGLD�,QYHVWLJDWLRQV���
(�PDLO�LQYHVWLJDWLRQV��([SORULQJ�WKH�UROH�RI�HPDLO�LQ�LQYHVWLJDWLRQV��([SORULQJ�WKH�5ROHV�RI�
WKH�&OLHQW�DQG�6HUYHU�LQ�(�PDLO��,QYHVWLJDWLQJ�(�PDLO�&ULPHV�DQG�9LRODWLRQ��8QGHUVWDQGLQJ�
(�PDLO�6HUYHUV�

���

8QLW����0RELOH�'HYLFH�DQG�&ORXG�)RUHQVLFV��
8QGHUVWDQGLQJ�0RELOH�'HYLFH�)RUHQVLFV��8QGHUVWDQGLQJ�$FTXLVLWLRQ�3URFHGXUHV�IRU�0RELOH�
'HYLFHV�� $Q� 2YHUYLHZ� RI� &ORXG� &RPSXWLQJ�� /HJDO� &KDOOHQJHV� LQ� &ORXG� )RUHQVLFV��
7HFKQLFDO�&KDOOHQJHV�LQ�&ORXG�)RUHQVLFV��7RROV�IRU�&ORXG�)RUHQVLFV�

���

8QLW����/DZV�DQG�$FWV���
&RPSXWHU� &ULPH� DQG� &\EHU� &ULPH�� 7\SHV� RI� &\EHU� &ULPHV�� ,QGLDQ� /DZV� RQ� &\EHU�
&ULPHV��3ULYDF\�RI�2QOLQH�'DWD��(OHFWURQLF�UHFRUGV� ���

�����&2V
�32¶V ��362¶V�

�����%7/�

�� �� �� �� �� �� �� �� �� ��� ��� ��� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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6U��
1R�

1DPH�RI�$VVLJQPHQW� 6�2� +RXUV

��� :ULWH�D�QRWH�GLVFXVVLQJ�WKH�UROH�DQG�VLJQLILFDQFH�RI�FRPSXWHU�IRUHQVLFV�LQ�
ODZ�HQIRUFHPHQW��

6� ��

��� &UHDWH� D� SUHVHQWDWLRQ� RQ� WKH� GLIIHUHQW� W\SHV� RI� FRPSXWHU� IRUHQVLFV�
WHFKQRORJ\�DQG�WKHLU�DSSOLFDWLRQV�LQ�GLJLWDO�LQYHVWLJDWLRQV��

2� ��

��� 'HYHORS� D� FDVH� VWXG\� KLJKOLJKWLQJ� WKH� EHQHILWV� RI� XVLQJ� SURIHVVLRQDO�
IRUHQVLF�PHWKRGRORJ\�LQ�D�VSHFLILF�FRPSXWHU�IRUHQVLFV�LQYHVWLJDWLRQ��

6� ��

��� ([SODLQ�WKH�VWHSV�WDNHQ�E\�FRPSXWHU�IRUHQVLFV�VSHFLDOLVWV�ZKHQ�KDQGOLQJ�D�
GLJLWDO�HYLGHQFH�FDVH��

6� ��

��� 'LVFXVV�WKH�LPSRUWDQFH�RI�GXSOLFDWLRQ�DQG�SUHVHUYDWLRQ�RI�GLJLWDO�HYLGHQFH�
LQ�FRPSXWHU�IRUHQVLFV��DQG�GHYHORS�D�SURWRFRO�IRU�HQVXULQJ�LWV�LQWHJULW\��

6� ��

��� $QDO\]H�WKH�SURFHVV�RI�GHWHUPLQLQJ�ZKDW�GDWD�WR�FROOHFW�DQG�DQDO\]H�LQ�D�
FRPSXWHU� IRUHQVLFV� LQYHVWLJDWLRQ�� DQG� GLVFXVV� WKH� FKDOOHQJHV� DQG�
FRQVLGHUDWLRQV�LQYROYHG��

2� ��

��� ([SORUH� GLIIHUHQW� WHFKQLTXHV� IRU� YDOLGDWLQJ� IRUHQVLF� GDWD� DQG� DGGUHVVLQJ�
GDWD�KLGLQJ� WHFKQLTXHV�� DQG� SURYLGH� H[DPSOHV� RI� UHDO�ZRUOG� FDVHV�ZKHUH�
WKHVH�WHFKQLTXHV�ZHUH�FUXFLDO��

6� ��

��� ([DPLQLQJ� WKH� LQWHUDFWLRQ� EHWZHHQ� FOLHQWV� DQG� VHUYHUV� GXULQJ� HPDLO�
FRPPXQLFDWLRQ���

6� ��

��� ([SORULQJ� WKH� FKDOOHQJHV� DQG� WHFKQLTXHV� VSHFLILF� WR� PRELOH� GHYLFH�
LQYHVWLJDWLRQV���

2� ��

���� &RPSDUH� DQG� FRQWUDVW� GLIIHUHQW� WRROV� XVHG� IRU� FORXG� IRUHQVLF� WRROV�� DQG�
SURYLGH�D�FULWLFDO�DQDO\VLV�RI�WKHLU�VWUHQJWKV�DQG�OLPLWDWLRQV��

2� ��

���� :ULWH�D�UHSRUW�RQ�WKH�ODZV�DQG�HWKLFDO�FRQVLGHUDWLRQV�WKDW�JRYHUQ�FRPSXWHU�
IRUHQVLFV�� LQFOXGLQJ� WKH� 'LJLWDO� (YLGHQFH� &RQWUROV�� (YLGHQFH� +DQGOLQJ�
3URFHGXUHV�� DQG� UHOHYDQW� ,QGLDQ� DFWV� VXFK� DV� WKH� ,3&�� &U3&�� DQG�
(OHFWURQLF�&RPPXQLFDWLRQ�3ULYDF\�$FW��

6� ��

7H[W�%RRNV��
�� -RKQ� 5�� 9DFFD�� ³&RPSXWHU� )RUHQVLFV�� &RPSXWHU� &ULPH� ,QYHVWLJDWLRQ´� )LUHZDOO� 0HGLD��

1HZ�'HOKL�>8QLW����@��
�� *XLGH� WR� FRPSXWHU� IRUHQVLFV� DQG� LQYHVWLJDWLRQV�� %LOO� 1HOVRQ�� $PHOLD� 3KLOLSV� DQG�

&KULVWRSKHU�6WHXDUW��FRXUVH�WHFKQRORJ\��WK�(GLWLRQ������8QLW�>�����@��
�� &\EHU�&ULPH� DQG� /DZV��'5�8�� 6�� � 3DQGH\��'5��9LUHQGHU�.XPDU�� +LPDOD\D� 3XEOLVKLQJ�

+RXVH��>8QLW��@�
5HIHUHQFH�%RRNV���

�� �.HLWK�-RQHV��5LFKDUG�%HMLWOLFK��&XUWLV�:��5RVH��$GGLVRQ�:HVOH\�³5HDO�'LJLWDO�)RUHQVLFV´�
3HDUVRQ�(GXFDWLRQ�

�� 7RQ\� 6DPPHV� DQG� %UDLQ� -HQNLQVRQ�� ³)RUHQVLF� &RPSLOLQJ�� $� 7UDFWLWLRQHULV� *XLGH´��
6SULQJHU�,QWHUQDWLRQDO�HGLWLRQ�

�� &KURVWRSKHU� /�7�� %URZQ�� ³&RPSXWHU� (YLGHQFH� &ROOHFWLRQ� 	3UHVHQWDWLRQ´�� )LUHZDOO�
0HGLD�
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2QOLQH�5HVRXUFHV��

�� KWWSV���RQOLQHFRXUVHV�VZD\DP��DF�LQ�FHF��BOE���SUHYLHZ
�� KWWSV���ZZZ�FODVVFHQWUDO�FRP�FRXUVH�VZD\DP�LQIRUPDWLRQ�VHFXULW\�DQG�F\EHU�

IRUHQVLFV�������
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&RXUVH�3ODQ
&RXUVH�7LWOH��&RPSXWHU�9LVLRQ�

&RXUVH�&RGH�����'6/�3����
3URIHVVLRQDO�(OHFWLYH�,,��3(&��

6HPHVWHU��9,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����
(YDOXDWLRQ�6FKHPH��,6(�06(�0DUNV�������� (6(�0DUNV�����

&RXUVH�'HVFULSWLRQ���
7KLV� FRXUVH� H[SORUHV� WKH� ILHOG� RI� &RPSXWHU� 9LVLRQ�� FRYHULQJ� YDULRXV� WRSLFV� LQFOXGLQJ� LPDJH�
SURFHVVLQJ�� JHRPHWULF� WHFKQLTXHV�� OLQHDU� ILOWHUV�� PRWLRQ� DQDO\VLV�� DQG� GHHS� OHDUQLQJ�� *DLQ� DQ�
XQGHUVWDQGLQJ� RI� WKH� SULQFLSOHV�� DSSOLFDWLRQV�� DQG� HYROXWLRQ� RI� FRPSXWHU� YLVLRQ�� IRFXVLQJ� RQ� DUHDV�
VXFK�DV�LPDJH�HQKDQFHPHQW��VHJPHQWDWLRQ��REMHFW�WUDFNLQJ��FDPHUD�SURMHFWLRQ��GHSWK�HVWLPDWLRQ��DQG�
IHDWXUH� H[WUDFWLRQ�� ([SORUH� OLQHDU� ILOWHUV�� )RXULHU� WUDQVIRUPV�� RSWLFDO� IORZ�� SDWWHUQ� UHFRJQLWLRQ�� DQG�
GHHS� OHDUQLQJ� WHFKQLTXHV� IRU� WDVNV� VXFK� DV� LPDJH� FODVVLILFDWLRQ�� REMHFW� GHWHFWLRQ�� DQG� IDFH�
UHFRJQLWLRQ��

&RXUVH�2EMHFWLYHV��
�� 7R� XQGHUVWDQG� DQG� DSSO\� FRQFHSWV� RI� &RPSXWHU� 9LVLRQ�� LQFOXGLQJ� LPDJH� SURFHVVLQJ��

JHRPHWULF�WHFKQLTXHV��OLQHDU�ILOWHUV��PRWLRQ�DQDO\VLV��DQG�GHHS�OHDUQLQJ��
�� 7R�GHYHORS�SUDFWLFDO�VNLOOV�LQ�LPDJH�SURFHVVLQJ��XWLOL]LQJ�GHHS�OHDUQLQJ�IRU�WDVNV�VXFK�DV�

HQKDQFHPHQW��VHJPHQWDWLRQ��DQG�REMHFW�WUDFNLQJ��
�� 7R� H[SORUH� JHRPHWULF� WHFKQLTXHV� IRU� FDPHUD� SURMHFWLRQ�� GHSWK� HVWLPDWLRQ�� DQG� IHDWXUH�

H[WUDFWLRQ��LQFRUSRUDWLQJ�GHHS�OHDUQLQJ�PRGHOV��
�� 7R� JDLQ� SURILFLHQF\� LQ� GHHS� OHDUQLQJ� WHFKQLTXHV� IRU� FRPSXWHU� YLVLRQ� WDVNV�� LQFOXGLQJ�

LPDJH�FODVVLILFDWLRQ��REMHFW�GHWHFWLRQ��DQG�IDFH�UHFRJQLWLRQ�

&RXUVH�2XWFRPHV��&2¶V����

8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������
([SODLQ� IXQGDPHQWDO� FRQFHSWV� RI� &RPSXWHU�9LVLRQ�� LQFOXGLQJ� LPDJH�
SURFHVVLQJ�� JHRPHWULF� WHFKQLTXHV�� OLQHDU� ILOWHUV��PRWLRQ� DQDO\VLV�� DQG�
GHHS�OHDUQLQJ��

8QGHUVWDQG�

������
,OOXVWUDWH� SUDFWLFDO� VNLOOV� LQ� LPDJH�SURFHVVLQJ�XVLQJ�GHHS� OHDUQLQJ� IRU�
WDVNV�OLNH�HQKDQFHPHQW��VHJPHQWDWLRQ��DQG�REMHFW�WUDFNLQJ��

$SSO\�

������
8WLOL]H� JHRPHWULF� WHFKQLTXHV� ZLWK� GHHS� OHDUQLQJ� PRGHOV� IRU� FDPHUD�
SURMHFWLRQ��GHSWK�HVWLPDWLRQ��DQG�IHDWXUH�H[WUDFWLRQ�

$SSO\�

������
'HPRQVWUDWH� SURILFLHQF\� LQ� DSSO\LQJ� GHHS� OHDUQLQJ� WHFKQLTXHV� WR�
FRPSXWHU� YLVLRQ� WDVNV� VXFK� DV� LPDJH� FODVVLILFDWLRQ�� REMHFW� GHWHFWLRQ��
DQG�IDFH�UHFRJQLWLRQ�

$SSO\�

3UHUHTXLVLWH�� 3UREDELOLW\��6WDWLVWLFV��/LQHDU�$OJHEUD��
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&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2¶V��ZLWK�3URJUDP�2XWFRPHV�
�32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V���

&RQWHQW +RXUV

8QLW����2YHUYLHZ�RI�&RPSXWHU�9LVLRQ���
&RPSXWHU� YLVLRQ�� LPDJH� SURFHVVLQJ�� HOHPHQWV� RI� LPDJH� SURFHVVLQJ�� 7KH� +XPDQ� (\H��
&RPSXWHU� YHUVXV�+XPDQ�9LVLRQ�6\VWHPV��(YROXWLRQ� RI�&RPSXWHU�9LVLRQ�� DSSOLFDWLRQ�RI�
FRPSXWHU�YLVLRQ�

��

8QLW����'LJLWDO�,PDJH�3URFHVVLQJ���
,PDJLQJ�JHRPHWU\��LPDJH�VDPSOLQJ��LPDJH�HQKDQFHPHQW��LPDJH�VHJPHQWDWLRQ��LPDJH�
ILOWHULQJ��3KRWR�PHWULF�LPDJH�/LJKWLQJ��UHIOHFWDQFH�DQG�VKDGLQJ��RSWLFV��GLJLWDO�FDPHUD�
VDPSOLQJ�DQG�DOLDVLQJ��FRORXU��FRPSUHVVLRQ

��

8QLW����*HRPHWULF�7HFKQLTXHV�LQ�&RPSXWHU�9LVLRQ���
,PDJH�7UDQ�IRUPDWLRQV��&DPHUD�3URMHFWLRQ��&DPHUD�&DOLEUDWLRQ��'HSWK�IURP�6WHUHR��7ZR�
9LHZ� 6WUXFWXUH� IURP�0RWLRQ�� 2EMHFW� 7UDFNLQJ�� FRPSXWLQJ� LPDJH� JUDGLHQW�� UHSUHVHQWLQJ�
LPDJH� JUDGLHQW�� ILQGLQJ� FRUQHUV� DQG� EXLOGLQJ� QHLJKERXUKRRG�� GHVFULELQJ� QHLJKERXUKRRG�
ZLWK�6,)7�DQG�+2*�IHDWXUHV�

��

8QLW����/LQHDU�)LOWHUV�DQG�WUDQVIRUPV���
/LQHDU�ILOWHUV�DQG�FRQYROXWLRQ��VKLIW�LQYDULDQW�/LQHDU�V\VWHP��VSDWLDO�IUHTXHQF\�DQG�)RXULHU�
WUDQVIRUPV��VDPSOLQJ�DQG�DOLDVLQJ��ILOWHUV�DV�WHPSODWH��1RUPDOL]HG�FRUUHODWLRQ�DQG�ILQGLQJ�
SDWWHUQV�

��

8QLW����0RWLRQ�$QDO\VLV���
'LIIHUHQWLDO�PRWLRQ�$QDO\VLV��2SWLFDO�)ORZ��$QDO\VLV�EDVHG�RQ�FRUUHVSRQGHQFH�RI�LQWHUHVW�
SRLQWV��'HWHFWLRQ�RI�VSHFLILF�PRWLRQ�3DWWHUQV��9LGHR�7UDFNLQJ�

��

8QLW����'HHS�/HDUQLQJ�IRU�&RPSXWHU�9LVLRQ���
,PDJH�&ODVVLILFDWLRQ��2EMHFW�'HWHFWLRQ��)DFH�GHWHFWLRQ��IDFH�UHFRJQLWLRQ��HLJHQ�IDFHV��FDU�
RQ�URDGV��6HPDQWLF�6HJPHQWDWLRQ��0HWULF�OHDUQLQJ�

��

&2¶V
32¶V 362¶V�

%7/�

�� �� �� �� �� �� �� �� �� ��� ��� ��� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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6U��
1R�

1DPH�RI�$VVLJQPHQW� 6�2� +RXUV

�� &UHDWH� \RXU� ILUVW� FRPSXWHU� YLVLRQ� PRGHO� ZLWK� NHUDV� WKH� &RQYROXWLRQDO�
&ODVVLILHU�LQ�3\WKRQ��

2 �

�� 'LVFRYHU� KRZ� FRQYQHWV� FUHDWH� IHDWXUHV� ZLWK� &RQYROXWLRQDO� OD\HUV� DV�
&RQYROXWLRQ�DQG�5H/8��

2 �

�� /HDUQ�PRUH�DERXW�IHDWXUHV�H[WUDFWLRQ�ZLWK�PD[LPXP�SRROLQJ� 2 �
��� ([SORUH�WZR�LPSRUWDQW�SDUDPHWHUV��VWULGH�DQG�SDGGLQJ�� 2� ��
��� 'HVLJQ�\RX�RZQ�FRQYQHW��&XVWRP�&RQYQHW��� 2� ��
��� %RRVW�SHUIRUPDQFH�E\�FUHDWLQJ�H[WUD�WUDLQLQJ�GDWD��'DWD�$XJPHQWDWLRQ��� 2� ��
��� ,PSOHPHQW� DQ� LPDJH� SURFHVVLQJ� SLSHOLQH� LQ� 3\WKRQ� XVLQJ� 2SHQ&9� IRU�

WDVNV�OLNH�LPDJH�HQKDQFHPHQW��VHJPHQWDWLRQ��DQG�ILOWHULQJ��
2� ��

��� 'HYHORS� D� EDVLF� LPDJH� VHJPHQWDWLRQ� DOJRULWKP� XVLQJ� WKUHVKROGLQJ� RU�
UHJLRQ�JURZLQJ�WHFKQLTXHV��

2� ��

x 6�6WXG\������2�2SHUDWLRQDO��

7H[W�%RRNV��
�� )RUV\WK�DQG�3RQFH���&RPSXWHU�9LVLRQ��$�0RGHUQ�$SSURDFK����>8QLW������@��
�� +DUWOH\�DQG�,VVHUPDQ���0XOWLSOH�9LHZ�*HRPHWU\�LQ�&RPSXWHU�9LVLRQ³��>8QLW������@��
�� 6KHLOD�$QDQG�DQG�/��3UL\D�ʊ$�*XLGH�IRU�0DFKLQH�9LVLRQ�LQ�4XDOLW\�&RQWURO��7D\ORU�	�)UDQFLV�

,QF��,PSULQW�&5&�3UHVV�,QF��'HF�������
�� 5DIDHO�&��*RQ]DOH]�DQG�5LFKDUG�(��:RRGV��³'LJLWDO�,PDJH�3URFHVVLQJ´��3HDUVRQ��
�� �(��5��'DYLHV�³&RPSXWHU�9LVLRQ��3ULQFLSOHV��$OJRULWKPV��$SSOLFDWLRQV��/HDUQLQJ´���
�� �6LPRQ�-��'��3ULQFH�³&RPSXWHU�9LVLRQ��0RGHOV��/HDUQLQJ��DQG�,QIHUHQFH´��

5HIHUHQFH�%RRNV��
���'��)RUV\WK��-��3RQFH�´&RPSXWHU�9LVLRQ���$�0RGHUQ�$SSURDFK´��SGI�
���%DOODUG��'DQD�+��DQG�&KULVWRSKHU�0��%URZQ��´�&RPSXWHU�9LVLRQ´�3UHQWLFH�+DOO��(QJOHZRRG�

&OLIIV�1-��

2QOLQH�5HVRXUFHV�
�� KWWSV���YLVR�DL�FRPSXWHU�YLVLRQ�FRPSXWHU�YLVLRQ�ERRNV�
�� KWWSV���FRPSXWHU�YLVLRQ�KDQGERRN�JHQHUDO�YLVLRQ�KWPO
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&RXUVH�3ODQ
&RXUVH�7LWOH��%XVLQHVV�$QDO\WLFV��

&RXUVH�&RGH�����'6/�3���
3URIHVVLRQDO�(OHFWLYH�,,��3(&�

6HPHVWHU��9,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����
(YDOXDWLRQ�6FKHPH��,6(�06(�0DUNV������� (6(�0DUNV�����

&RXUVH�'HVFULSWLRQ�
7KLV� FRXUVH� JLYHV� RYHUYLHZ� RI� EXVLQHVV� DQDO\WLFV�� GDWD� DQDO\WLFV�� GDWD� ZDUHKRXVLQJ�� DQG� EXVLQHVV�
LQWHOOLJHQFH�XVLQJ�3RZHU�%,��([SORUH�WKH�KLVWRULFDO�EDFNJURXQG�RI�GDWD�DQDO\VLV�DQG�GLIIHUHQW�UROHV�LQ�
WKH� ILHOG�� /HDUQ� GDWD� FROOHFWLRQ�� PDQDJHPHQW�� DQG� YLVXDOL]DWLRQ� WHFKQLTXHV�� LQFOXGLQJ� KDQGOLQJ�
LQFRPSOHWH� GDWD�� 'HYHORS� ([FHO� VNLOOV� IRU� GHVFULSWLYH� VWDWLVWLFV� DQG� GHOYH� LQWR� GDWD� ZDUHKRXVLQJ�
FRQFHSWV��$SSO\�\RXU�NQRZOHGJH�WKURXJK�UHDO�ZRUOG�FDVH�VWXGLHV�XVLQJ�7DEOHDX�IRU�GDWD�YLVXDOL]DWLRQ�
LQ�GRPDLQV��
��
&RXUVH�2EMHFWLYHV��

�� 7R�JDLQ�NQRZOHGJH�DQG�VNLOOV�LQ�EXVLQHVV�DQDO\WLFV�DQG�GDWD�DQDO\WLFV��
�� 7R�DSSO\�GDWD�FROOHFWLRQ��PDQDJHPHQW��DQG�YLVXDOL]DWLRQ�WHFKQLTXHV��
�� 7R�XWLOL]H�WKH�GDWD�VFLHQFH�SURMHFW�OLIH�F\FOH�IRU�HIIHFWLYH�DQDO\VLV��
�� 7R�DSSO\�EXVLQHVV�DQDO\VLV�WHFKQLTXHV�WR�UHDO�ZRUOG�FDVH�VWXGLHV�

&RXUVH�2XWFRPHV��&2¶V����

8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������ �'HVFULEH�EXVLQHVV�DQDO\WLFV�DQG�GDWD�DQDO\WLFV�FRQFHSWV� 8QGHUVWDQG�

������ $SSO\�GDWD�FROOHFWLRQ��PDQDJHPHQW��DQG�YLVXDOL]DWLRQ�WHFKQLTXHV�HIIHFWLYHO\� $SSO\�

������ $SSO\�WKH�GDWD�VFLHQFH�SURMHFW�OLIH�F\FOH�IRU�FRPSUHKHQVLYH�DQDO\VLV� $SSO\�

������
([DPLQH�UHDO�ZRUOG�EXVLQHVV�VFHQDULRV�XVLQJ�EXVLQHVV�DQDO\VLV�WRROV�OLNH�
7DEOHDX�

$QDO\VH�

3UHUHTXLVLWH� %XVLQHVV�6WDWLVWLFV��%XVLQHVV�LQWHOOLJHQFH�
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&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2¶V��ZLWK�3URJUDP�2XWFRPHV�
�32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V���

&RQWHQW +RXUV

8QLW����%XVLQHVV�$QDO\WLFV��
,QWURGXFWLRQ� WR� EXVLQHVV�DQDO\WLFV��+LVWRULFDO�2YHUYLHZ�RI�GDWD�DQDO\VLV��'DWD�6FLHQWLVW� YV��
'DWD�(QJLQHHU�YV��%XVLQHVV�$QDO\VW��&DUHHU�LQ�%XVLQHVV�$QDO\WLFV��

���

8QLW����'DWD�$QDO\WLFV��
'DWD�&ROOHFWLRQ��'DWD�0DQDJHPHQW��%LJ�'DWD�0DQDJHPHQW��2UJDQL]DWLRQ�VRXUFHV� RI� GDWD��
,PSRUWDQFH� RI� GDWD� TXDOLW\��'HDOLQJ� ZLWK� PLVVLQJ� RU� LQFRPSOHWH� GDWD�� 'DWD� 9LVXDOL]DWLRQ��
'DWD� &ODVVLILFDWLRQ� 'DWD� 6FLHQFH� 3URMHFW� /LIH� &\FOH�� %XVLQHVV� 5HTXLUHPHQW�� 'DWD�
$FTXLVLWLRQ�� 'DWD� 3UHSDUDWLRQ�� +\SRWKHVLV� DQG� 0RGHOLQJ�� (YDOXDWLRQ� DQG� ,QWHUSUHWDWLRQ��
'HSOR\PHQW��2SHUDWLRQV��2SWLPL]DWLRQ�

���

8QLW����'DWD�$QDO\WLFV�XVLQJ�([FHO���
%DVLFV� RI� ([FHO�� 2UJDQL]LQJ� GDWD� ZLWK� ([FHO� �� 3HUIRUPLQJ� VLPSOH� FRPSXWDWLRQV� DQG�
DJJUHJDWLRQV�XVLQJ�([FHO���:RUNLQJ�ZLWK�6XPPLQJ�DQG�RWKHU�5HSRUWLQJ�IXQFWLRQV�LQ�([FHO���
:RUNLQJ�ZLWK�SLYRW�WDEOHV�DQG�FKDUWV��'HVFULSWLYH�VWDWLVWLFV�XVLQJ�([FHO��'HVFULEH�GDWD�XVLQJ�
FKDUWV� DQG�EDVLF� VWDWLVWLFDO�PHDVXUHV�±�+LVWRJUDPV� �� 3DUHWR� FKDUWV�±�%R[�SORWV� ��7UHH�PDS�
DQG�6XQEXUVW�FKDUWV�

���

8QLW����'DWD�:DUHKRXVLQJ��
'DWD� :DUHKRXVLQJ�� ,GHQWLI\� SXUSRVH� RI� GDWD� ZDUHKRXVLQJ� �� ,GHQWLI\� EHWZHHQ� NH\�
FRPSRQHQWV� RI� D� GDWD�ZDUHKRXVH� ��'LVWLQJXLVK� EHWZHHQ� GDWD� ZDUHKRXVHV� DQG� GDWD� ODNHV� ��
'HWHUPLQH� WKH� UROH� RI� GLIIHUHQW� ZDUHKRXVLQJ� WHFKQLTXHV� �� 'DWD� :DUHKRXVLQJ� 7RROV��

���

&2V
32¶V 362¶V�

%7/�

�� �� �� �� �� �� �� �� �� ��� ��� ��� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��



'�<��3$7,/�&2//(*(�2)�(1*,1((5,1*�	7(&+12/2*<�

.$6$%$�%$:$'$�.2/+$385��������
�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,��$FDGHPLF<HDU����������

3DJH�_�����

'LIIHUHQWLDWH�EHWZHHQ�XWLOLW\�RI�UHODWLRQDO�':��FXEHV��DQG�LQ�PHPRU\�VFHQDULRV���&RPSDUH�
WHFKQLTXHV�IRU�GDWD�LQWHJUDWLRQ�ZLWK�UHJDUGV�WR�ZDUHKRXVLQJ���8VH�ZDUHKRXVLQJ�WRROV���8VH�
LQWHJUDWLRQ�WRROV�IRU�ZDUHKRXVLQJ��

8QLW����%XVLQHVV�,QWHOOLJHQFH�XVLQJ�3RZHU�%,�
*HWWLQJ� GDWD� LQ� 3RZHU� %,�� 2YHUYLHZ� RI� 3RZHU� %,� 'HVNWRS� �� &RQQHFW� WR� GDWD� VRXUFHV� LQ�
3RZHU�%,�'HVNWRS���&OHDQ�DQG�WUDQVIRUP�GDWD�ZLWK�WKH�4XHU\�(GLWRU���DGYDQFHG�GDWD�LPSRUW�
DQG�FOHDQLQJ�WHFKQLTXHV���&OHDQLQJ�LUUHJXODUO\�IRUPDWWHG�GDWD���0RGHOLQJ�WKH�GDWD��0DQDJH�
GDWD�UHODWLRQVKLSV�±�&UHDWH�FDOFXODWHG�FROXPQV�±�2SWLPL]LQJ�GDWD�PRGHOV�±�&UHDWH�FDOFXODWHG�
PHDVXUHV�±�&UHDWH�FDOFXODWHG�WDEOHV�±�([SORUH�WLPH�EDVHG�GDWD���([SORULQJ�GDWD��,QWURGXFWLRQ�
WR�WKH�3RZHU�%,�VHUYLFH���7XUQ�EXVLQHVV�LQWHOOLJHQFH�GDWD�LQWR�GDWD�LQVLJKWV�

���

8QLW����$SSOLFDWLRQ�RI�%XVLQHVV�$QDO\VLV��&DVH�VWXG\�XVLQJ�7DEOHDX��
'RZQORDG� GDWD� IURP� .DJJOH� DQG� EXLOG� WKH� GDWD� YLVXDOL]DWLRQ� E\� XVLQJ� 7DEOHDX� 6RIWZDUH�� 5HWDLO�
$QDO\WLFV��0DUNHWLQJ�$QDO\WLFV��)LQDQFLDO�$QDO\WLFV��+HDOWKFDUH�$QDO\WLFV��6XSSO\�&KDLQ�$QDO\WLFV��

���

6U��
1R�

1DPH�RI�$VVLJQPHQW� 6�2� +RXUV�

��� ([SODLQ�GDWD�PLQLQJ��FOXVWHULQJ�DQG�(7/�SURFHVV�� 6� ��
��� :LWK� WKH� KHOS� RI� WDEOHDX� FUHDWH� GDWD� VRXUFH� ZLWK� DQ\� VHUYHU� �64/��

0\64/��
2� ��

��� &UHDWH�3LYRW�WDEOH��3DUHWR�FKDUWV�ZLWK�DQ\�.DJJOH�GDWD�LQ�H[FHO�� 2� ��
�� &UHDWH�D�VLPSOH�GDVKERDUG�XVLQJ�.DJJOH�GDWD�ZLWK�WKH�KHOS�RI�H[FHO 2 �
�� :KDW� DUH� WKH� GLIIHUHQW� W\SHV� RI� GDWD� VRXUFHV� WKDW� FDQ� EH� FRQQHFWHG� WR�

3RZHU�%,�'HVNWRS"�3URYLGH�WKUHH�H[DPSOHV�RI�HDFK�W\SH�� 6� ��

���
([SODLQ� WKH� SURFHVV� RI� FOHDQLQJ� DQG� WUDQVIRUPLQJ� GDWD� XVLQJ WKH� 4XHU\�
(GLWRU� LQ� 3RZHU� %,� 'HVNWRS�� 3URYLGH� DQ� H[DPSOH� RI� D� FRPPRQ� GDWD�
FOHDQLQJ�WHFKQLTXH��

6� ��

���
'LVFXVV� WKH� LPSRUWDQFH� RI� PDQDJLQJ� GDWD� UHODWLRQVKLSV� LQ� 3RZHU� %,�
'HVNWRS��3URYLGH�DQ�H[DPSOH�RI�KRZ�\RX�FDQ�FUHDWH�D�FDOFXODWHG�FROXPQ�
WR�HQKDQFH�GDWD�DQDO\VLV��

6� ��

���

&$6(�678',(6�86,1*�3RZHU�%,�
5HWDLO� $QDO\WLFV�� 0DUNHWLQJ� $QDO\WLFV�� )LQDQFLDO� $QDO\WLFV�� +HDOWKFDUH�
$QDO\WLFV��6XSSO\�&KDLQ�$QDO\WLFV������25�
$V�SHU�VWXGHQW¶V�FKRLFH��EXLOGLQJ�WKH�GDVKERDUG�XVLQJ�3RZHU�%,��WDEOHDX�LQ�
DQ\�GRPDLQ��

2� ��

x 6�6WXG\������2�2SHUDWLRQDO��
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7H[W�%RRNV���
�� %KLPD�6DQNDUDP�3RFKLUDMX��6ULGKDU�6HVKDGUL�³(VVHQWLDOV�RI�%XVLQHVV�$QDO\WLFV��$Q�

,QWURGXFWLRQ�WR�WKH�PHWKRGRORJ\�DQG�LWV�DSSOLFDWLRQ´��6SULQJHU���
�� *�&�%HUL��³%XVLQHVV�6WDWLVWLFV´���UG�HGLWLRQ��7$7$�0F*UDZ+LOO�
�� /DXUD�,JXDO�6DQWL�6HJXt�´�,QWURGXFWLRQ�WR�'DWD�6FLHQFH´��6SULQJHU��
�� &RQUDG�*��&DUOEHUJ�³%XVLQHVV�$QDO\VLV�ZLWK�0LFURVRIW�([FHO�DQG�3RZHU�%,´���WK�HGLWLRQ��

3HDUVRQ�
�� %KDUWL�0RWZDQL�´�'DWD�$QDO\WLFV�ZLWK�5´�:LOH\�3XEOLFDWLRQ�

5HIHUHQFH�%RRNV���
�� �3DQJ�1LQJ� 7DQ�� 0LFKDHO� 6WHLQEDFK�� 9LSLQ� .XPDU�´,QWURGXFWLRQ� WR� 'DWD� 0LQLQJ´�3HDUVRQ������
(GXFDWLRQ�,QGLD���

2QOLQH�5HVRXUFHV�

�� KWWSV���QSWHO�DF�LQ�FRXUVHV�����������
�� KWWSV���ZZZ�FRXUVHUD�RUJ�VSHFLDOL]DWLRQV�EXVLQHVV�DQDO\WLFV



'�<��3$7,/�&2//(*(�2)�(1*,1((5,1*�	7(&+12/2*<�

.$6$%$�%$:$'$�.2/+$385��������
�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,��$FDGHPLF<HDU����������

3DJH�_�����

&RXUVH�3ODQ�

&RXUVH�7LWOH��%XVLQHVV�,QWHOOLJHQFH�DQG�$QDO\WLFV

&RXUVH�&RGH�����'6/�2����
2SHQ�(OHFWLYH��,,��2(&�

6HPHVWHU��9,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����
(YDOXDWLRQ�6FKHPH��,6(�06(�0DUNV������� (6(�0DUNV�����

&RXUVH�'HVFULSWLRQ�
7KLV� FRXUVH� FRYHUV� %XVLQHVV� ,QWHOOLJHQFH� �%,�� DQG� $QDO\WLFV�� LQFOXGLQJ� GDWD� ZDUHKRXVLQJ�� GDWD�
PLQLQJ�� ([FHO�EDVHG� DQDO\WLFV�� GDWD� YLVXDOL]DWLRQ�� DQG� %,� SODWIRUPV�� *DLQ� LQVLJKWV� LQWR� WUHQGV��
FKDOOHQJHV�� DQG� DSSOLFDWLRQV�� /HDUQ� GDWD� LQWHJUDWLRQ�� (7/��PRGHOLQJ�� SUHSURFHVVLQJ�� FODVVLILFDWLRQ��
UHJUHVVLRQ�� FOXVWHULQJ�� DQG�DVVRFLDWLRQ��'HYHORS� VNLOOV� LQ� ([FHO� IRU� GDWD�RUJDQL]DWLRQ�� YLVXDOL]DWLRQ��
DQG�DQDO\VLV��8QGHUVWDQG�HWKLFDO�FRQVLGHUDWLRQV��SULYDF\�� DQG�XWLOL]H�%,�SODWIRUPV�IRU� UHSRUWLQJ�DQG�
VHOI�VHUYLFH�%,��

&RXUVH�2EMHFWLYHV��
�� 7R�XQGHUVWDQG�WKH�IXQGDPHQWDO�FRQFHSWV�DQG�LPSRUWDQFH�RI�%XVLQHVV�,QWHOOLJHQFH��%,��DQG�

$QDO\WLFV��
�� 7R�GHYHORS�SUDFWLFDO�VNLOOV�LQ�GDWD�ZDUHKRXVLQJ��LQFOXGLQJ�GDWD�LQWHJUDWLRQ��(7/�SURFHVVHV��

DQG�GLPHQVLRQDO�PRGHOLQJ��
�� 7R� DSSO\� GDWD� PLQLQJ� WHFKQLTXHV�� VXFK� DV� SUHSURFHVVLQJ�� FODVVLILFDWLRQ�� UHJUHVVLRQ��

FOXVWHULQJ��DQG�DVVRFLDWLRQ�PRGHOV��
�� 7R� XWLOL]H� ([FHO� IRU� GDWD� DQDO\WLFV�� LQFOXGLQJ� GDWD� RUJDQL]DWLRQ�� FRPSXWDWLRQV��

YLVXDOL]DWLRQ��DQG�EDVLF�VWDWLVWLFDO�PHDVXUHV��
���
&RXUVH�2XWFRPHV��&2¶V����

8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������
8QGHUVWDQG� DQG� DSSO\� WKH� IXQGDPHQWDO� FRQFHSWV� RI� %XVLQHVV�
,QWHOOLJHQFH��%,��DQG�$QDO\WLFV��

8QGHUVWDQG�

������
'HVFULEH� GDWD ZDUHKRXVLQJ�� LQFOXGLQJ� GDWD� LQWHJUDWLRQ�� (7/�
SURFHVVHV��DQG�GLPHQVLRQDO�PRGHOLQJ��

8QGHUVWDQG�

������
$SSO\�GDWD�PLQLQJ�WHFKQLTXHV�IRU�HIIHFWLYH�GDWD�DQDO\VLV��LQFOXGLQJ�
SUHSURFHVVLQJ��FODVVLILFDWLRQ��UHJUHVVLRQ��DQG�FOXVWHULQJ��

$SSO\�

������
8WLOL]H� ([FHO� IRU� GDWD� DQDO\WLFV�� LQFOXGLQJ� GDWD� RUJDQL]DWLRQ��
FRPSXWDWLRQV��YLVXDOL]DWLRQ��DQG�EDVLF�VWDWLVWLFDO�PHDVXUHV��

$QDO\]H�

3UHUHTXLVLWH� %XVLQHVV�6WDWLVWLFV��%XVLQHVV�LQWHOOLJHQFH�
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&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2¶V��ZLWK�3URJUDP�2XWFRPHV�
�32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V���

&RQWHQW +RXUV

8QLW����,QWURGXFWLRQ�WR�%XVLQHVV�,QWHOOLJHQFH�DQG�$QDO\WLFV��
'HILQLWLRQ� DQG� LPSRUWDQFH� RI�%,� DQG�DQDO\WLFV��2YHUYLHZ�RI� WKH�%,� DQG�DQDO\WLFV� SURFHVV��
7UHQGV�DQG�FKDOOHQJHV�LQ�%,�DQG�DQDO\WLFV��

���

8QLW����'DWD�:DUHKRXVLQJ��
,QWURGXFWLRQ�WR�GDWD�ZDUHKRXVLQJ�FRQFHSWV��'LPHQVLRQDO�PRGHOLQJ��([WUDFW��WUDQVIRUP��/RDG�
�(7/��SURFHVVHV��'DWD�LQWHJUDWLRQ�DQG�TXDOLW\�

���

8QLW����'DWD�0LQLQJ�DQG�3UHGLFWLYH�$QDO\WLFV��
,QWURGXFWLRQ� WR� GDWD� PLQLQJ� WHFKQLTXHV�� 'DWD� 3UHSURFHVVLQJ� DQG� IHDWXUH� VHOHFWLRQ��
&ODVVLILFDWLRQ�DQG�UHJUHVVLRQ�PRGHOV��&OXVWHULQJ�DQG�DVVRFLDWLRQ�PRGHOV�

���

8QLW����'DWD�$QDO\WLFV�XVLQJ�([FHO���
%DVLFV� RI� ([FHO�� 2UJDQL]LQJ� GDWD� ZLWK� ([FHO� �� 3HUIRUPLQJ� VLPSOH� FRPSXWDWLRQV� DQG�
DJJUHJDWLRQV�XVLQJ�([FHO���:RUNLQJ�ZLWK�6XPPLQJ�DQG�RWKHU�5HSRUWLQJ�IXQFWLRQV�LQ�([FHO���
:RUNLQJ�ZLWK�SLYRW�WDEOHV�DQG�FKDUWV��'HVFULSWLYH�VWDWLVWLFV�XVLQJ�([FHO��'HVFULEH�GDWD�XVLQJ�
FKDUWV� DQG�EDVLF� VWDWLVWLFDO�PHDVXUHV�±�+LVWRJUDPV� �� 3DUHWR� FKDUWV�±�%R[�SORWV� ��7UHH�PDS�
DQG�6XQEXUVW�FKDUWV��

���

8QLW����'DWD�9LVXDOL]DWLRQ��
3ULQFLSOHV� RI� HIIHFWLYH� GDWD� YLVXDOL]DWLRQ�� 9LVXDOL]DWLRQ� WHFKQLTXHV� DQG� WRROV�� 'DVKERDUG�
GHVLJQ�DQG�VWRU\WHOOLQJ��,QWHUDFWLYH�YLVXDOL]DWLRQV�DQG�H[SORUDWRU\�GDWD�DQDO\VLV��

���

8QLW����%XVLQHVV�,QWHOOLJHQFH�3ODWIRUPV���
,QWURGXFWLRQ�WR�%,�SODWIRUPV�DQG�WRROV��5HSRUWLQJ�DQG�GDVKERDUGV��$G�KRF�TXHU\LQJ�DQG�GDWD�
GLVFRYHU\��6HOI�VHUYLFH�%,�DQG�GDWD�GHPRFUDWL]DWLRQ��3ULYDF\�DQG�GDWD�SURWHFWLRQ��%LDV�DQG�
IDLUQHVV�LQ�SUHGLFWLYH�DQDO\WLFV��5HJXODWRU\�FRPSOLDQFH��H�J���*'35��&&3$���(WKLFDO�
FRQVLGHUDWLRQV�LQ�GDWD�GULYHQ�GHFLVLRQ�PDNLQJ�

���

&2¶V
32¶V 362¶V�

%7/�

�� �� �� �� �� �� �� �� �� ��� ��� ��� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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6U��
1R�

1DPH�RI�$VVLJQPHQW� 6�2� +RXUV

��� ([SODLQ�GDWD�PLQLQJ��FOXVWHULQJ�DQG�(7/�SURFHVV�� 6� ��

��� :LWK� WKH� KHOS� RI� WDEOHDX� FUHDWH� GDWD� VRXUFH� ZLWK� DQ\� VHUYHU� �64/��
0\64/��

2� ��

��� &UHDWH�3LYRW�WDEOH�ZLWK�DQ\�.DJJOH�GDWD�� 2� ��

��� &UHDWH�D�VLPSOH�GDVKERDUG�XVLQJ�.DJJOH�GDWD�ZLWK�WKH�KHOS�RI�H[FHO� 2� ��

���
([SODLQ�WKH�SXUSRVH�DQG�EHQHILWV�RI�UHSRUWLQJ�DQG�GDVKERDUGV�LQ�D�EXVLQHVV�
LQWHOOLJHQFH� �%,�� FRQWH[W�� 3URYLGH� DQ� H[DPSOH� RI� D� NH\� SHUIRUPDQFH�
LQGLFDWRU� �.3,�� WKDW� FDQ� EH� HIIHFWLYHO\� WUDFNHG� DQG� YLVXDOL]HG� XVLQJ� D�
GDVKERDUG��

6� ��

���

'HVFULEH�WKH�FRQFHSW�RI�DG�KRF�TXHU\LQJ�DQG�GDWD�GLVFRYHU\�LQ�%,��'LVFXVV�
WKH� DGYDQWDJHV� DQG� OLPLWDWLRQV� RI� DOORZLQJ� XVHUV� WR� SHUIRUP� DG�KRF�
TXHULHV��3URYLGH�DQ�H[DPSOH�RI�D�VLWXDWLRQ�ZKHUH�DG�KRF�TXHU\LQJ�FDQ�EH�
EHQHILFLDO�IRU�GHFLVLRQ�PDNLQJ��

6� ��

���

'LVFXVV�WKH�LPSRUWDQFH�RI�SULYDF\�DQG�GDWD�SURWHFWLRQ�LQ�WKH�FRQWH[W�RI�%,�
SODWIRUPV� DQG� WRROV�� ([SODLQ� KRZ� RUJDQL]DWLRQV� FDQ� HQVXUH� FRPSOLDQFH�
ZLWK�UHJXODWLRQV�VXFK�DV�*'35��*HQHUDO�'DWD�3URWHFWLRQ�5HJXODWLRQ��DQG�
&&3$� �&DOLIRUQLD� &RQVXPHU� 3ULYDF\� $FW�� ZKLOH� XVLQJ� %,� V\VWHPV��
3URYLGH�DQ�H[DPSOH�RI�D�GDWD�SURWHFWLRQ�PHDVXUH�WKDW�FDQ�EH�LPSOHPHQWHG�
LQ�D�%,�HQYLURQPHQW��

6� ��

��� &DVH�6WXGLHV�DQG�$SSOLFDWLRQV��5HDO�ZRUOG�H[DPSOHV�RI�%,�DQG�DQDO\WLFV�
DSSOLFDWLRQV��,QGXVWU\�VSHFLILF�XVH�FDVHV��8VLQJ�DQ\�VRIWZDUH�7DEOHDX��
3RZHU�%,��

2� ��

x 6�6WXG\������2�2SHUDWLRQDO��
7H[W�%RRNV���

�� 5LFN�6KHUPDQ��%XVLQHVV�,QWHOOLJHQFH�*XLGHERRN��)URP�'DWD�,QWHJUDWLRQ�WR�$QDO\WLFV����
>8QLW����@��

�� �)RVWHU�3URYRVW�DQG�7RP�)DZFHWW���'DWD�6FLHQFH�IRU�%XVLQHVV��:KDW�<RX�1HHG�WR�.QRZ�
DERXW�'DWD�0LQLQJ�DQG�'DWD�$QDO\WLF�7KLQNLQJ´>8QLW��@��

�� 5DOSK�.LPEDOO�DQG�0DUJ\�5RVV��7KH�'DWD�:DUHKRXVH�7RRONLW��7KH�'HILQLWLYH�*XLGH�WR�
'LPHQVLRQDO�0RGHOLQJ����>8QLW��@��

5HIHUHQFH�%RRNV���
�� &RQUDG�*��&DUOEHUJ���%XVLQHVV�$QDO\VLV�ZLWK�0LFURVRIW�([FHO�DQG�3RZHU�%,���WK�HGLWLRQ��

3HDUVRQ�>8QLW��@��
�� $QG\�.LUN���'DWD�9LVXDOL]DWLRQ��$�+DQGERRN�IRU�'DWD�'ULYHQ�'HVLJQ���>8QLW��@��

2QOLQH�5HVRXUFHV��
�� KWWSV���RQOLQHFRXUVHV�QSWHO�DF�LQ�QRF��BPJ���SUHYLHZ�
�� KWWSV���ZZZ�VKLNVKD�FRP�RQOLQH�FRXUVHV�EXVLQHVV�DQDO\WLFV�FRXUVHV�FHUWLILFDWLRQ�WUDLQLQJ�E\�QSWHO�

VW����
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&RXUVH�3ODQ�
&RXUVH�7LWOH��'DWD�9LVXDOL]DWLRQ�DQG�6WRU\WHOOLQJ

&RXUVH�&RGH�����'6/�2����
2SHQ�(OHFWLYH��,,��2(&�

6HPHVWHU��9,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����
(YDOXDWLRQ�6FKHPH��,6(�06(�0DUNV������� (6(�0DUNV�����

&RXUVH�'HVFULSWLRQ�
7KLV�FRXUVH�H[SORUHV�WKH�VLJQLILFDQFH�RI�GDWD�YLVXDOL]DWLRQ�DV�D�SRZHUIXO�WRRO�IRU�XQGHUVWDQGLQJ�DQG�
FRPPXQLFDWLQJ�FRPSOH[�LQIRUPDWLRQ��3DUWLFLSDQWV�ZLOO�GHOYH�LQWR�YDULRXV�FKDUW�W\SHV��EHVW�SUDFWLFHV��
DQG�WHFKQLTXHV�IRU�YLVXDOL]LQJ�QXPHULFDO�DQG�WH[W�GDWD��7KH\�ZLOO�GHYHORS�VNLOOV�LQ�YLVXDO�VWRU\WHOOLQJ��
HQDEOLQJ� WKHP� WR� FUHDWH� FRPSHOOLQJ� SUHVHQWDWLRQV� DQG� DYRLG� PLVOHDGLQJ� FKDUWV�� 7KURXJK� SUDFWLFDO�
H[HUFLVHV� DQG� H[DPSOHV�� SDUWLFLSDQWV� ZLOO� JDLQ� SURILFLHQF\� LQ� GDWD� YLVXDOL]DWLRQ� DQG� LWV� UROH� LQ�
HIIHFWLYH�GDWD�DQDO\VLV�DQG�GHFLVLRQ�PDNLQJ�SURFHVVHV��

&RXUVH�2EMHFWLYHV��
�� 7R� XQGHUVWDQG� WKH� VLJQLILFDQFH� RI� GDWD� YLVXDOL]DWLRQ� LQ� FRPSUHKHQGLQJ� DQG� FRQYH\LQJ�

FRPSOH[�LQIRUPDWLRQ�HIIHFWLYHO\��
�� 7R�H[SORUH�YDULRXV�FKDUW� W\SHV��EHVW�SUDFWLFHV��DQG� WHFKQLTXHV�IRU�YLVXDOL]LQJ�QXPHULFDO�DQG�

WH[W�GDWD�DFFXUDWHO\��
�� 7R�GHYHORS� VNLOOV� LQ� YLVXDO� VWRU\WHOOLQJ��HQDEOLQJ� WKH�FUHDWLRQ�RI�HQJDJLQJ�SUHVHQWDWLRQV� DQG�

QDUUDWLYHV�DURXQG�GDWD��
�� 7R�OHDUQ�KRZ�WR�LGHQWLI\�DQG�DYRLG�PLVOHDGLQJ�FKDUWV��HQVXULQJ�WKH�LQWHJULW\�RI�GDWD�DQDO\VLV�

DQG�GHFLVLRQ�PDNLQJ�SURFHVVHV��

&RXUVH�2XWFRPHV��&2¶V����

8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������
8QGHUVWDQG� WKH� VLJQLILFDQFH� RI� GDWD� YLVXDOL]DWLRQ� LQ� HIIHFWLYHO\�
FRPPXQLFDWLQJ�FRPSOH[�LQIRUPDWLRQ�DQG�LQVLJKWV��

8QGHUVWDQG�

������
,OOXVWUDWH� GLYHUVH FKDUW� W\SHV�� EHVW� SUDFWLFHV�� DQG� WHFKQLTXHV� IRU�
DFFXUDWH�DQG�YLVXDOL]DWLRQ�RI�QXPHULFDO�DQG�WH[W�GDWD��

$SSO\�

������
'HVFULEH� YLVXDO VWRU\WHOOLQJ� WR� FUHDWH� FRPSHOOLQJ�SUHVHQWDWLRQV� DQG�
QDUUDWLYHV�WKDW�HQJDJH�DQG�LQIRUP�DXGLHQFHV��

8QGHUVWDQG�

������
'HVFULEH�GDWD�YLVXDOL]DWLRQ�GHFLVLRQ�PDNLQJ�SURFHVVHV�DQG�HQKDQFH�
FRPPXQLFDWLRQ�DFURVV�GLYHUVH�VWDNHKROGHUV�

8QGHUVWDQG�

3UHUHTXLVLWH� %XVLQHVV�6WDWLVWLFV��%XVLQHVV�LQWHOOLJHQFH�
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�32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V���
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8QLW����,QWURGXFWLRQ�WR�9LVXDOL]DWLRQ��
1HHG� WR� YLVXDOL]H� GDWD� DQG� KRZ� YLVXDOL]DWLRQ� FDQ� EH� DQ� HVVHQWLDO� WRRO� IRU� H[SORULQJ� DQG�
FRPPXQLFDWLQJ� FRPSOLFDWHG� LQIRUPDWLRQ�� 6HYHQ� VWDJHV� RI� GDWD� YLVXDOL]DWLRQ� DQG� YDULRXV�
W\SHV�RI�FKDUWV�OLNH�FRPSDULVRQ��GLVWULEXWLRQ��FRPSRVLWLRQ��DQG�UHODWLRQVKLS��([SORUDWRU\�DQG�
([SODQDWRU\�DQDO\VLV��

���

8QLW����9LVXDO�EHVW�SUDFWLFHV���
(GZDUG� 7XIWH¶V� YLVXDO� HQFRGLQJ��&RQYHUVLRQ� RI� GDWD� LQWR� YLVXDOL]DWLRQV� WR� GUDZ� YDOXDEOH�
LQVLJKWV�

���

8QLW����9LVXDOL]DWLRQ�RI�1XPHULFDO�'DWD���
&KRRVLQJ�ULJKW�FKDUW�IRU�WKH�GDWD�RQ�KDQG��'DWD�DQDO\VLV�DV�D�GDVKERDUG�WR�SURYLGH�QDUUDWLYH�
DQG�FRPPXQLFDWH�WKH�UHVXOWV��

���

8QLW����9LVXDOL]DWLRQ�RI�7H[W�GDWD��
9LVXDOL]DWLRQ� DQG� WKH� FKDOOHQJHV� RI� KDQGOLQJ� WH[W� GDWD�� 8VH� RI� FKDUW� W\SHV� VXFK� DV� ZRUG�
FORXGV�� VFDWWHU� SORWV�� KLVWRJUDPV�� OLQH� FKDUWV� HWF�� WR� YLVXDOL]H� D� GRFXPHQW�� 7RSLF� PRGHOV��
ZRUG� HPEHGGLQJ�� DQG� FUHDWLQJ� YLVXDOL]DWLRQV� ZLWK� EXEEOH� FKDUWV�� EDU� FKDUWV�� DQG� W�61(�
FOXVWHUV����

���

8QLW����9LVXDO�6WRU\WHOOLQJ��
9DULRXV� W\SHV� RI� YLVXDO� VWRU\WHOOLQJ� WHFKQLTXHV� DQG� WKH� SLWIDOOV� RI� WUDGLWLRQDO� SUHVHQWDWLRQ�
PHWKRGV��6WUDWHJ\� IRU� EXVLQHVVHV� DUH� DGDSWLQJ� YDULRXV� SUHVHQWDWLRQ� WHFKQLTXHV� OLNH� 3HFKD�
.XFKD�� 3UHVHQWDWLRQ� =HQ� WR� LPSURYH� WKHLU� FRPPXQLFDWLRQ� DPRQJ� SURIHVVLRQDOV� DQG� KRZ�
WKHVH�WHFKQLTXHV�DOORZ�WKHP�WR�ZHDYH�D�VWRU\�DURXQG�WKHLU�SUHVHQWDWLRQ�WR�PDNH�WKHP�PRUH�
WKRXJKWIXO��HQJDJLQJ��DQG�LQWHUHVWLQJ�WR�WKH�DXGLHQFH��

���

&2¶V
32¶V 362¶V�

%7/�

�� �� �� �� �� �� �� �� �� ��� ��� ��� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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8QLW����6WRU\�WHOOLQJ�IUDPHZRUN��
7\SHV�RI�QDUUDWLYHV��DXWKRU�GULYHQ�QDUUDWLYHV�DQG�UHDGHU�GULYHQ�QDUUDWLYHV��6HYHQ�GLIIHUHQW�
W\SHV�RI�VWRU\�W\SHV�DQG�KRZ�WR�FUHDWH�D�QDUUDWLYH�DURXQG�D�GDWD�VFLHQFH�SUREOHP�WKURXJK�
YLVXDOL]DWLRQ��0LVOHDGLQJ�ZLWK�FKDUWV� %DG�YLVXDOL]DWLRQ�FDQ�EH�PLVOHDGLQJ�LQ�GHFLVLRQ�
PDNLQJ�

���

6U��
1R�

1DPH�RI�$VVLJQPHQW� 6�2� +RXUV

�� &UHDWH�3HFKD�.XFKD�WHFKQLTXHV�IRU�KDQGOLQJ�EXVLQHVV�� 2� ��

��� :LWK� WKH� KHOS� RI� WDEOHDX� FUHDWH� GDWD� VRXUFH� ZLWK� DQ\� VHUYHU� �64/��
0\64/���

2� ��

��� &UHDWH�3LYRW�WDEOH�ZLWK�DQ\�.DJJOH�GDWD�LQ�H[FHO�� 2� ��

��� &UHDWH�D�VLPSOH�GDVKERDUG�XVLQJ�.DJJOH�GDWD�ZLWK�WKH�KHOS�RI�H[FHO� 2� ��

���

([SODLQ� WKH� FRQFHSWV� RI� WRSLF� PRGHOLQJ� DQG� ZRUG� HPEHGGLQJ� LQ� WKH�
FRQWH[W�RI�WH[W�GDWD�DQDO\VLV��'LVFXVV�KRZ�WKHVH�WHFKQLTXHV�FDQ�EH�XVHG�WR�
XQFRYHU� KLGGHQ� SDWWHUQV� DQG� UHODWLRQVKLSV� ZLWKLQ� ODUJH� WH[W� GDWDVHWV��
3URYLGH�DQ�H[DPSOH�RI�D� UHDO�ZRUOG�DSSOLFDWLRQ�ZKHUH� WRSLF�PRGHOLQJ�RU�
ZRUG�HPEHGGLQJ�FDQ�EH�XVHG�WR�JDLQ�LQVLJKWV�IURP�WH[W�GDWD��

6� ��

���

'LVFXVV� WKH� GLIIHUHQW� W\SHV� RI� YLVXDO� VWRU\WHOOLQJ� WHFKQLTXHV� WKDW� FDQ� EH�
HPSOR\HG� LQ� SUHVHQWDWLRQV�� ([SODLQ� KRZ� WHFKQLTXHV� VXFK� DV� GDWD�
YLVXDOL]DWLRQ�� VWRU\WHOOLQJ� IUDPHZRUNV��DQG�PXOWLPHGLD�HOHPHQWV� HQKDQFH�
WKH�HIIHFWLYHQHVV�RI�FRPPXQLFDWLRQ��$GGLWLRQDOO\��KLJKOLJKW�WKH�SLWIDOOV�RI�
WUDGLWLRQDO�SUHVHQWDWLRQ�PHWKRGV�WKDW�PD\�KLQGHU�HIIHFWLYH�VWRU\WHOOLQJ�DQG�
DXGLHQFH�HQJDJHPHQW��

6� ��

���
&RPSDUH� DQG� FRQWUDVW� DXWKRU�GULYHQ� QDUUDWLYHV� DQG� UHDGHU�GULYHQ�
QDUUDWLYHV��+RZ�GR�WKHVH�QDUUDWLYH�W\SHV�GLIIHU�LQ�WHUPV�RI�FRQWURO�RYHU�WKH�
VWRU\� DQG� DXGLHQFH� HQJDJHPHQW"� 3URYLGH� H[DPSOHV� WR� LOOXVWUDWH� WKH�
FKDUDFWHULVWLFV�RI�HDFK�QDUUDWLYH�W\SH��

6� ��

�� &DVH�6WXGLHV�DQG�$SSOLFDWLRQV��
5HDO�ZRUOG�H[DPSOHV�RI�'DWD�9LVXDOL]DWLRQ�DQG�6WRU\WHOOLQJ���8VLQJ�DQ\�
VRIWZDUH�7DEOHDX��3RZHU�%,��

2� ��

x 6�6WXG\������2�2SHUDWLRQDO��
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7H[W�ERRN�5HIHUHQFH�%RRNV���
�� 1XVVEDXPHU�����.QDIOLF��&ROH�6WRU\WHOOLQJ�:LWK�'DWD��$�'DWD�9LVXDOL]DWLRQ�*XLGH�IRU�%XVLQHVV�
� 3URIHVVLRQDOV���
�� 1DQF\�'XDUWH���³'DWD�6WRU\��([SODLQ�'DWD�DQG�,QVSLUH�$FWLRQ�7KURXJK�6WRU\´���
�� %UHQW�'\NHV�´(IIHFWLYH�'DWD�VWRU\�WHOOLQJ´��:LOH\��

2QOLQH�5HVRXUFHV��
�� KWWSV���ZZZ�HIIHFWLYHGDWDVWRU\WHOOLQJ�FRP�
�� KWWSV���'DWD6WRU\�([SODLQ�,QVSLUH�$FWLRQ�7KURXJK�



'�<��3$7,/�&2//(*(�2)�(1*,1((5,1*�	7(&+12/2*<�

.$6$%$�%$:$'$�.2/+$385��������
�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,��$FDGHPLF<HDU����������

3DJH�_�����

&RXUVH�3ODQ�

&RXUVH�7LWOH��$GYDQFHG�0DFKLQH�/HDUQLQJ�/DERUDWRU\�

&RXUVH�&RGH�����'63���� 6HPHVWHU��9,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����

(YDOXDWLRQ�6FKHPH��,6(����� (6(�32(�0DUNV�����

&RXUVH�'HVFULSWLRQ��
7KLV� FRXUVH� H[SORUHV� PDFKLQH� OHDUQLQJ� WHFKQLTXHV� DQG� WKHLU� SUDFWLFDO� DSSOLFDWLRQV�� 7RSLFV� LQFOXGH�
QHXUDO�QHWZRUNV��HQVHPEOH� OHDUQLQJ�� UHFRPPHQGDWLRQ�V\VWHPV��HYROXWLRQDU\� OHDUQLQJ�� UHLQIRUFHPHQW�
OHDUQLQJ��DQG�GLPHQVLRQDOLW\�UHGXFWLRQ��7KURXJK�KDQGV�RQ�H[SHULPHQWV��VWXGHQWV�JDLQ�SURILFLHQF\�LQ�
LPSOHPHQWLQJ� DQG� HYDOXDWLQJ� WKHVH� WHFKQLTXHV� IRU� UHDO�ZRUOG� SUREOHP�VROYLQJ�� (PSKDVLV� LV� RQ�
FULWLFDO�HYDOXDWLRQ�DQG�GDWD�LQWHUSUHWDWLRQ��

&RXUVH�2EMHFWLYHV��
�� *DLQ�SUDFWLFDO�H[SHULHQFH�LQ�LPSOHPHQWLQJ�DQG�WUDLQLQJ�QHXUDO�QHWZRUNV��
�� ([SORUH�HQVHPEOH�OHDUQLQJ�DQG�UHFRPPHQGDWLRQ�V\VWHPV�WKURXJK�H[SHULPHQWV��
�� 'HYHORS�VNLOOV�LQ�DSSO\LQJ�HYROXWLRQDU\�OHDUQLQJ�DQG�UHLQIRUFHPHQW�OHDUQLQJ��
�� $FTXLUH�SUDFWLFDO�NQRZOHGJH�RI�GLPHQVLRQDOLW\�UHGXFWLRQ�WHFKQLTXHV��

&RXUVH�2XWFRPHV��&2V����

������
*DLQ�SUDFWLFDO�H[SHULHQFH�LQ�LPSOHPHQWLQJ�DQG�DSSO\LQJ�PDFKLQH�
OHDUQLQJ�WHFKQLTXHV��

8QGHUVWDQG�

�����
'HYHORS�SURILFLHQF\�LQ�VROYLQJ�UHDO�ZRUOG�SUREOHPV�DQG�LPSURYLQJ�
PRGHO�SHUIRUPDQFH��

8QGHUVWDQG�

�����
'HPRQVWUDWH�WKH�DELOLW\�WR�VHOHFW�DQG�DSSO\�DSSURSULDWH�WHFKQLTXHV�DQG�
HYDOXDWH�WKHLU�HIIHFWLYHQHVV��

8QGHUVWDQG�

3UHUHTXLVLWH� 0DFKLQH�/HDUQLQJ�
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&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2¶V��ZLWK�3URJUDP�2XWFRPHV�
�32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V���

([S��
1R�

1DPH�RI�([SHULPHQW 6�2 +RXUV

���
&RQGXFW� H[SHULPHQWV� WR� REVHUYH� DQG� DQDO\]H� WKH� EHKDYLRU� RI� D� EDVLF�
QHXURQ�PRGHO�

2� ��

��� 3HUIRUP� H[SHULPHQWV� WR� WUDLQ�SHUFHSWLRQ�PRGHOV� DQG�YLVXDOL]H�GHFLVLRQ�
ERXQGDULHV�

2� ��

�� ,PSOHPHQW�DQG�H[SHULPHQW�ZLWK�IHHG�IRUZDUG�QHXUDO�QHWZRUNV� 2 �

��� ([SHULPHQW�&RPSDUH�WKH�SHUIRUPDQFH�RI�VLQJOH�DQG�HQVHPEOH�PRGHOV 2� ��

��� ,PSOHPHQW�DQG�H[SHULPHQW�ZLWK�$GD%RRVW 2� ��

�� ,PSOHPHQW�DQG�DQDO\]H�EDVLF�JHQHWLF�DOJRULWKPV�IRU�RSWLPL]DWLRQ� 2 �

��� ([SHULPHQW� ZLWK� 3ULQFLSDO� &RPSRQHQW� $QDO\VLV� �3&$�� IRU�
GLPHQVLRQDOLW\�UHGXFWLRQ�

2� ��

��� &RQGXFW� H[SHULPHQWV� WR� DQDO\]H� WKH� LPSDFW� RI� GLIIHUHQW� DFWLYDWLRQ�
IXQFWLRQV�RQ�QHXUDO�QHWZRUN�SHUIRUPDQFH�

2� ��

��� ([SHULPHQWV� WR� HYDOXDWH� WKH� HIIHFWLYHQHVV�RI�GLIIHUHQW� IHDWXUH� VHOHFWLRQ�
PHWKRGV�LQ�PDFKLQH�OHDUQLQJ�

2� ��

���� ([SHULPHQW�ZLWK�GLIIHUHQW�K\SHU�SDUDPHWHUV�WXQLQJ�PHWKRGV�WR�RSWLPL]H�
WKH�SHUIRUPDQFH�RI�PDFKLQH�OHDUQLQJ�PRGHOV

2� ��

��� $QDO\]H� WKH� LPSDFW�RI�GLIIHUHQW�DFWLYDWLRQ�IXQFWLRQV�RQ�QHXUDO�QHWZRUN�
SHUIRUPDQFH�

6� ��

��� $QDO\VH� GLIIHUHQW� K\SHU� SDUDPHWHUV� WXQLQJ� PHWKRGV� WR� RSWLPL]H� WKH�
SHUIRUPDQFH�RI�PDFKLQH�OHDUQLQJ�PRGHOV

6� ��

x 6�678'<��2�23(5$7,21$/�
7H[W�%RRNV��

�� 6WHSKHQ�0DUVODQG�´0DFKLQH�/HDUQLQJ�±�$Q�$OJRULWKPLF�3HUVSHFWLYH´���
�� 7KRPDV� *�� 'LHWWHULFK�´(QVHPEOH� /HDUQLQJ� DQG� 5HFRPPHQGDWLRQ� 6\VWHPV´� 0RUJDQ� 	�

&OD\SRRO��

&2¶V
32¶V 362¶V�

%7/�

�� �� �� �� �� �� �� �� �� ��� ��� ��� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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�� $XUpOLHQ�*pURQ�³+DQGV�2Q�0DFKLQH�/HDUQLQJ�ZLWK�6FLNLW�/HDUQ��.HUDV��DQG�7HQVRU)ORZ��
3XEOLVKHU��2
5HLOO\�0HGLD�

5HIHUHQFH�%RRNV��
�� 7RP�0��0LWFKHOO�³0DFKLQH�/HDUQLQJ´��0F*UDZ�+LOO�(GXFDWLRQ��
�� 6LPRQ�+D\NLQ��1HXUDO�1HWZRUNV�DQG�/HDUQLQJ�0DFKLQHV���3HDUVRQ���
�� &KULVWRSKHU�0��%LVKRS���3DWWHUQ�5HFRJQLWLRQ�DQG�0DFKLQH�/HDUQLQJ���6SULQJHU�
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&RXUVH�3ODQ�

&RXUVH�7LWOH��&ORXG�&RPSXWLQJ�/DERUDWRU\�

&RXUVH�&RGH�����'63���� 6HPHVWHU��9,,�

7HDFKLQJ�6FKHPH��/�7�3������� &UHGLWV���

(YDOXDWLRQ�6FKHPH��,6(�0DUNV����� (6(�2(�0DUNV����

&RXUVH�'HVFULSWLRQ��
7KH�FRXUVH�LV�GHVLJQHG�WR�GHYHORS�VNLOOV�WR�GHVLJQ�DQG�DQDO\]H�&ORXG�&RPSXWLQJ��,W�VWUHQJWKHQV�WKH�
DELOLW\� WR�WKH�VWXGHQWV� WR� LGHQWLI\�DQG�DSSO\� WKH�VXLWDEOH�&ORXG�&RPSXWLQJ�IRU� WKH�JLYHQ�UHDO�ZRUOG�
SUREOHP��,W�HQDEOHV�WKHP�WR�JDLQ�NQRZOHGJH�LQ�SUDFWLFDO�DSSOLFDWLRQV�RI�&ORXG�&RPSXWLQJ��

&RXUVH�2EMHFWLYHV��
�� 7R�&RQILJXULQJ�WKH�&OLHQW�6HUYHU�IRU�'LVWULEXWHG�6\VWHP��
�� 7R�OHDUQ�WKH�KRZ�WR�LPSOHPHQW�GLIIHUHQW�VHUYLFHV�RI�FORXG�FRPSXWLQJ�
�� 7R�OHDUQ�WKH�GHSOR\PHQW�DQG�FRQILJXUDWLRQ�RSWLRQV�LQ�$PD]RQ��$:6���

*RRJOH�&ORXG��DQG�0LFURVRIW�$]XUH��

&RXUVH�2XWFRPHV��&2¶V���
8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������
$SSO\�NQRZOHGJH�RI�FRQILJXULQJ�FOLHQW�VHUYHU�V\VWHPV�IRU�GLVWULEXWHG�
VHWXSV��

$SSO\�

������ $QDO\]H�GLYHUVH�FORXG�FRPSXWLQJ�VHUYLFHV�HIIHFWLYHO\�� $QDO\]H�

������ 8WLOL]H�DSSURSULDWH�GHSOR\PHQW�DQG�FRQILJXUDWLRQ�RSWLRQV�LQ�PDMRU�FORXG�
SODWIRUPV�IRU�FUHDWLQJ�FORXG�EDVHG�VROXWLRQV��

$SSO\�

&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2¶V��ZLWK�
3URJUDP�2XWFRPHV��32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV�

&2¶V�
32¶V� 362¶V�

%7/
�� � �� �� �� �� � �� �� ��� ��� ��� �� ��

������ �� � � � � � � � � � � � � � ��

������ �� � �� � � � � � � � � � � � ��

������ �� � �� � � � � � � � �� �� � ��

������ �� � �� � � � � � � � � � � ��
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x 6�678'<��2�23(5$7,21$/�
7H[W�%RRNV��

�� 5RQDOG�.UXW]�DQG�5XVVHOO�'HDQ9LQHV�³&ORXG�6HFXULW\´��:LOH\�,QGLD��
�� *DXWDP�6KURII��³(QWHUSULVH�&ORXG�&RPSXWLQJ´���&DPEULGJH��

5HIHUHQFH�%RRNV��
�� 5DMNXPDU�%X\\D��-DPHV�%UREHUJ��$QGU]HM�*RVFLQVNL��³&ORXG�

&RPSXWLQJ��3ULQFLSOHV�DQG�3DUDGLJPV´��:LOH\,QGLD��
�� -XGLWK�+XUZLW]��0DUFLD�.DXIPDQ��)HUQ�+DOSHU��5RELQ�%ORRU�´&ORXG�&RPSXWLQJ�

IRU�'XPPLHV´���:LOH\�3XEOLFDWLRQ��

([S��1R�� 1DPH�RI�([SHULPHQW 6�2� +RXUV�

��� 53&��50,�LQWHUIDFH�LPSOHPHQWDWLRQ� 2� ��

��� &RQILJXULQJ�WKH�&OLHQW�6HUYHU�IRU�173� 2� ��

��� ,QVWDOODWLRQDQGFRQILJXUDWLRQRIW\SH�+\SHUYLVRU���(V[L�� 2� ��

��� ,QVWDOODWLRQ�DQG�FRQILJXUDWLRQ�RI�W\SH���+\SHUYLVRU��90ZDUH��
9LUWXDO�%R[��HWF���

2� ��

��� :RUNLQJ�DQG�,PSOHPHQWDWLRQ�RI�,QIUDVWUXFWXUH�DV�D�VHUYLFH� 2� ��

��� :RUNLQJ�DQG�,PSOHPHQWDWLRQ�RI�6RIWZDUH�DV�D�VHUYLFH�� 2� ��

��� :RUNLQJ�DQG�,PSOHPHQWDWLRQ�RI�3ODWIRUP�DV�D�VHUYLFH�� 2� ��

��� 3UDFWLFDO�,PSOHPHQWDWLRQ�RI�6WRUDJH�DV�D�6HUYLFH� 2� ��

��� ,QVWDOOLQJ�D�SULYDWH�FORXG��2SHQ�6WDFN�� 2� ��

���� ,QVWDOOLQJ�26�RQ�D�9LUWXDO�0DFKLQH�0RQLWRU�� 2� ��

���� 2IIOLQH�PLJUDWLRQ�RI�YLUWXDO�26�� 2� ��

���� /LYH�PLJUDWLRQ�RI�YLUWXDO�26�� 2� ��

����
6WXG\�DQG�LPSOHPHQWDWLRQ�RI�LQIUDVWUXFWXUH�DV�6HUYLFH�XVLQJ
2SHQ�6WDFN��

2� ��

���� ,QVWDOO�DQG�FRQILJXUH�*RRJOH�$SS�(QJLQH� 2� ��

���� +DQGV�RQ�YLUWXDOL]DWLRQ�XVLQJ�;HQ�6HUYHU� 2� ��

���� +DQGV�RQ�FRQWDLQHUL]DWLRQ�XVLQJ�'RFNHU�� 2� ��

���� 'HSOR\PHQW�DQG�&RQILJXUDWLRQ�RSWLRQV�LQ�$PD]RQ��$:6��� 2� ��

���� 'HSOR\PHQW�DQG�&RQILJXUDWLRQ RSWLRQV�LQ�*RRJOH�&ORXG� 2� ��

���� 'HSOR\PHQW�DQG�&RQILJXUDWLRQ�RSWLRQV�LQ�0LFURVRIW�$]XUH� 2� ��
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&RXUVH�3ODQ�
&RXUVH�7LWOH��3URMHFW�,,,

&RXUVH�&RGH����'63���� 6HPHVWHU��9,,�

7HDFKLQJ�6FKHPH��/�7�3������� &UHGLWV���

(YDOXDWLRQ�6FKHPH��,6(�PDUNV����� (6(�32(�0DUNV�����

&RXUVH�'HVFULSWLRQ��

7KLV� FRXUVH� LV� LQWHQGHG� IRU� VWXGHQWV� LQWHUHVWHG� LQ� DUWLILFLDO� LQWHOOLJHQFH�� 5HLQIRUFHPHQW�
OHDUQLQJ�LV�DQ�DUHD��

&RXUVH�2EMHFWLYHV��
�� ,GHQWLI\�WKH�DUHD�RI�SURMHFW�ZRUN��
�� 5HFRJQL]H�WKH�QHHG�DQG�DELOLW\�WR�HQJDJH�LQ�OLIHORQJ�OHDUQLQJ��
�� )XQFWLRQ�HIIHFWLYHO\�RQ�WHDPV�DQG�WR�FRPPXQLFDWH�HIIHFWLYHO\��
�� $EOH�WR�SUHSDUH�WKH�WHFKQLFDO�UHSRUW��
&RXUVH�2XWFRPHV��&2¶V���
8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������ ([SODLQ�WKH�QHHG�RI�D�VRIWZDUH�SURMHFW�IRU�WKH�VRFLHW\� 8QGHUVWDQG�

������ ,GHQWLI\�UHTXLUHPHQW�DQDO\VLV�OLNH�IXQFWLRQDO�DQG�WHFKQLFDO�UHTXLUHPHQWV�IRU�
WKH�SURMHFW�

8QGHUVWDQG�

������
&RPH�XS�ZLWK�GHVLJQ�GRFXPHQWV�IRU�WKH SURMHFW�FRQVLVWLQJ�RI�$UFKLWHFWXUH��
'DWDIORZ�GLDJUDP��&ODVV�'LDJUDP��$OJRULWKPLF�GHVFULSWLRQV�RI�YDULRXV�
PRGXOHV��FROODERUDWLRQ�GLDJUDP��(5�'LDJUDPV��'DWDEDVH�'HVLJQ�
'RFXPHQWV��6HTXHQFH�'LDJUDP��8VH�&DVH�'LDJUDP�

8QGHUVWDQG�

������ $EOH�WR�GHPRQVWUDWH�DQDO\VLV�DQG�GHVLJQ� $SSO\

������ 3UHSDUH�WKH�WHFKQLFDO�UHSRUW�FRQVLVWLQJ�RI�5HTXLUHPHQW�VSHFLILFDWLRQ��
$QDO\VLV�DQG�'HVLJQ�RI�3URMHFW�

$SSO\

&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2¶V��ZLWK�3URJUDP�
2XWFRPHV��32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V���

&2¶V�
32¶V� 362¶V� %7/�

�� �� �� �� �� �� �� �� �� �� ��� ��� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��



'�<��3$7,/�&2//(*(�2)�(1*,1((5,1*�	7(&+12/2*<�

.$6$%$�%$:$'$�.2/+$385��������
�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,��$FDGHPLF<HDU����������

3DJH�_�����

&RQWHQW�

7KH� SURMHFW� ZRUN� LV� WR� EH� FDUULHG� RXW� LQ� WZR� VHPHVWHUV� RI� )LQDO� <HDU�'DWD� 6FLHQFH�� 7KH�
SURMHFW� VKRXOG�EH�XQGHUWDNHQ�SUHIHUDEO\� E\� D�JURXS�RI����� VWXGHQWV�ZKR�ZLOO� MRLQWO\�ZRUN�
DQG�LPSOHPHQW�WKH�SURMHFW�LQ�WZR�VHPHVWHUV�� �

,Q� 6HPHVWHU� 9,,�� WKH� JURXS� ZLOO� VHOHFW� D� SURMHFW� ZLWK� WKH� DSSURYDO� RI� WKH� JXLGH� �IDFXOW\�
PHPEHU�� DQG� VXEPLW� WKH� SURMHFW� WLWOH�� $ORQJ� ZLWK� WKH� V\QRSVLV� RI� WKH� SURSRVHG� ZRUN� RI�
PD[LPXP� �� SDJHV� EHIRUH� VHFRQG� ZHHN� RI� $XJXVW� LQ� WKH� DFDGHPLF� \HDU�� 7KH� JURXS� LV�
H[SHFWHG� WR� FRPSOHWH� GHWDLOHG� SURMHFW� E\� WKH� HQG� RI� VHPHVWHU� ±9,,,� DV� D� SDUW� RI� WKH� WHUP�
ZRUN�VXEPLVVLRQ�LQ�WKH�IRUP�RI�D�MRLQW�UHSRUW��

7KH�WHUP�ZRUN�ZLOO�EH�DVVHVVHG�E\�SDQHO�RI�WHDFKHUV�DSSRLQWHG�E\�+HDG�RI�WKH�'HSDUWPHQW��
2UDO�H[DPLQDWLRQ�ZLOO�EH�FRQGXFWHG�E\�DQ�LQWHUQDO�DQG�H[WHUQDO�H[DPLQHU��

1RWH��

��� 3URMHFW� ZRUN� VKRXOG� EH� FRQWLQXDOO\� HYDOXDWHG� EDVHG� RQ� WKH� FRQWULEXWLRQV� RI� WKH� JURXS�
PHPEHUV�� RULJLQDOLW\� RI� WKH� ZRUN�� LQQRYDWLRQV� EURXJKW� LQ�� UHVHDUFK� DQG� GHYHORSPHQWDO�
HIIRUWV��GHSWK�DQG�DSSOLFDELOLW\��HWF��
���7ZR�PLG�WHUP�HYDOXDWLRQV�VKRXOG�EH�GRQH��ZKLFK�ZLOO�LQFOXGH�SUHVHQWDWLRQV�DQG�GHPRV�RI�
WKH�ZRUN�GRQH��
���&DUH�VKRXOG�EH�WDNHQ�WR�DYRLG�FRS\LQJ�DQG�RXWVRXUFLQJ�RI�WKH�SURMHFW�ZRUN�
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&RXUVH�3ODQ�

&RXUVH�7LWOH��,QWHUQVKLS

&RXUVH�&RGH����'63���� 6HPHVWHU��9,,�

7HDFKLQJ�6FKHPH��/�7�3������� &UHGLWV���

(YDOXDWLRQ�6FKHPH��,6(�0DUNV����� (6(��32(�0DUNV�����

7KH�VWXGHQWV�DUH�H[SHFWHG�WR�XQGHUJR���WR���ZHHNV�,QWHUQVKLS�WUDLQLQJ�LQ�WKH�LQGXVWU\�DQG�ZRUN�RQ�WKH�
UHOHYDQW�DUHD�DV�DVVLJQHG�E\�WKH�LQGXVWU\��7KH�ZRUN�GRQH�VKRXOG�EH�PRQLWRUHG�DQG�HYDOXDWHG�E\�WKH�
FRQFHUQHG�LQGXVWU\�H[SHUW�EDVHG�RQ�WKH�UHSRUW�SUHSDUHG�E\�WKH�VWXGHQW��7KH�GHSDUWPHQW�KDV�WR�DVVLJQ�
IDFXOW\� PHQWRUV� WR� D� VWXGHQW� ZKR� KDV� WR� FRPPXQLFDWH� ZLWK� WKH� LQGXVWU\� DQG� PRQLWRU� WKH� HQWLUH�
LQWHUQVKLS�UHODWHG�ZRUN�SHULRGLFDOO\���

7KH�VFKHPH�RI�HYDOXDWLRQ�DV�VWDWHG�XQGHU�����

D��,QGXVWU\�H[SHUW��VXSHUYLVRU���������

E��'HSDUWPHQW�	�)DFXOW\�PHQWRU���������

7KH�IDFXOW\�PHQWRU�ZLOO�FRQGXFW�SUHVHQWDWLRQ�DQG�VXEPLVVLRQ�RI�UHSRUW��DW�WKH�EHJLQQLQJ�
RI�WKH�VXEVHTXHQW�VHPHVWHU���

�� 7KH�,QWHUQVKLS�FDQ�EH�DYDLOHG�E\�WKH�VWXGHQWV�GXULQJ�WKH�VXPPHU�YDFDWLRQV�DIWHU�FRPSOHWLRQ�
RI�VHPHVWHU�,9�RU�9,���

�� 7KH�&UHGLW�RI�WKH�,QWHUQVKLS�ZLOO�EH�FRQVLGHUHG�LQ�VHPHVWHU�9,,���

�� ,QGXVWU\� H[SHUWV�� VXSHUYLVRUV� VKRXOG� DVVLJQ� WKH�ZRUN� RI�PLQLPXP����� WR� ����KRXUV� IRU� ��
ZHHNV�GXUDWLRQ�ZLWK�SHULRGLFDO�PRQLWRULQJ�DQG�HYDOXDWLRQ��

�� 2Q�FRPSOHWLRQ�RI�,QWHUQVKLS�ZRUN�� WKH�VWXGHQW� LV�H[SHFWHG�WR�SUHSDUH�D�UHSRUW�RQ�WKH�ZRUN�
GRQH�DQG�JHW�LW�FHUWLILHG�IURP�WKH�LQGXVWU\�H[SHUW�DQG�DOVR�VXEPLW�LW�WR�WKH�GHSDUWPHQW��
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6HPHVWHU�9,,,�



'�<��3$7,/�&2//(*(�2)�(1*,1((5,1*�	�7(&+12/2*<�

.$6$%$�%$:$'$�.2/+$385��������
�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,,�$FDGHPLF<HDU����������
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�� 5HJXODU�7UDFN�6\OODEXV�

&RXUVH�3ODQ�

&RXUVH�7LWOH��'HHS�/HDUQLQJ�

&RXUVH�&RGH������'6/���� 6HPHVWHU��9,,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����

(YDOXDWLRQ�6FKHPH��,6(���06(�0DUNV��������� (6(�0DUNV�����

&RXUVH�'HVFULSWLRQ��
7KLV� FRXUVH� SURYLGHV� DQ� LQWURGXFWLRQ� WR� GHHS� OHDUQLQJ�� FRYHULQJ� WRSLFV� VXFK� DV� SHUFHSWURQ� OHDUQLQJ�
DOJRULWKPV��QHXUDO�QHWZRUNV��&RQYROXWLRQDO�QHXUDO�QHWZRUNV��QDWXUDO�ODQJXDJH�SURFHVVLQJ�XVLQJ�511V��
DQG�GHHS�UHLQIRUFHPHQW�DQG�XQVXSHUYLVHG�OHDUQLQJ��7KLV�FRXUVH�FRPSUHKHQGV�LQ�GHSWK�GHHS�OHDUQLQJ�
FRQFHSWV�� LQFOXGLQJ�GDWD�PDQLSXODWLRQ��PRGHO�EXLOGLQJ��RSWLPL]DWLRQ��DQG� WUDQVIHU� OHDUQLQJ�DQG�DOVR�
H[SORUHV�JHQHUDWLYH�GHHS�OHDUQLQJ�WHFKQLTXHV�IRU�WH[W�DQG�LPDJH�JHQHUDWLRQ��

&RXUVH�2EMHFWLYHV��
�� 7R�XQGHUVWDQG�GHHS�OHDUQLQJ�FRQFHSWV�DQG�SHUFHSWURQ�OHDUQLQJ�DOJRULWKPV��
�� 7R� EXLOG� DQG� WUDLQ� QHXUDO� QHWZRUNV�� DSSO\�&11V� IRU� LPDJH� SURFHVVLQJ�� DQG� XWLOL]H�1/3�

WHFKQLTXHV�ZLWK�511V��
�� 7R�H[SORUH�GHHS�UHLQIRUFHPHQW�OHDUQLQJ�DQG�XQVXSHUYLVHG�OHDUQLQJ�PHWKRGV��
�� 7R�GHYHORS�VNLOOV�LQ�JHQHUDWLYH�PRGHOLQJ�IRU�WH[W�DQG�LPDJH�JHQHUDWLRQ��

&RXUVH�2XWFRPHV��&2V����

8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������
'HVFULEH� WKH� IXQGDPHQWDO� FRQFHSWV� RI� GHHS� OHDUQLQJ� DQG� SHUFHSWURQ�
OHDUQLQJ�DOJRULWKPV�

8QGHUVWDQG�

�����
8VH� DQG� WUDLQ� IXQGDPHQWDOV� RI� QHXUDO� QHWZRUNV� IRU� LPDJH� SURFHVVLQJ�
DQG�QDWXUDO�ODQJXDJH�SURFHVVLQJ��

$SSO\�

�����
([SORUH� &RQYROXWLRQDO� QHXUDO� QHWZRUNV� �&11V�� IRU� DGYDQFHG� LPDJH�
DQDO\VLV�DQG�WUDQVIHU�OHDUQLQJ�WHFKQLTXHV��

8QGHUVWDQG�

�����
8VH�GHHS�UHLQIRUFHPHQW�OHDUQLQJ�DQG�XQVXSHUYLVHG�OHDUQLQJ�PHWKRGV�IRU�
GHFLVLRQ�PDNLQJ�DQG�JHQHUDWLYH�PRGHOLQJ��

$SSO\�

3UHUHTXLVLWH� 0DFKLQH�/HDUQLQJ
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&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2¶V��ZLWK�3URJUDP�2XWFRPHV�
�32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V���

&RQWHQW +RXUV

8QLW��� 'HHS�/HDUQLQJ�&RQFHSWV�

)XQGDPHQWDOV� DERXW� 'HHS� /HDUQLQJ�� 3HUFHSWURQ� /HDUQLQJ� $OJRULWKPV�� 3UREDELOLVWLF�
PRGHOOLQJ��(DUO\�1HXUDO�1HWZRUNV��+RZ�'HHS�/HDUQLQJ�GLIIHUHQW� IURP�0DFKLQH�/HDUQLQJ��
6FDODUV��9HFWRUV��0DWULFHV��+LJKHU�'LPHQVLRQDO�7HQVRUV��0DQLSXODWLQJ�7HQVRUV��9HFWRU�'DWD��
7LPH�6HULHV�'DWD��,PDJH�'DWD��9LGHR�'DWD��

���

8QLW����1HXUDO�1HWZRUNV���

ERXW�1HXUDO�1HWZRUN��%XLOGLQJ�%ORFNV�RI�1HXUDO�1HWZRUN��2SWLPL]HU��$FWLYDWLRQ�)XQFWLRQV��
/RVV�)XQFWLRQV��'DWD�SUHSURFHVVLQJ�IRU�QHXUDO�QHWZRUNV��)HDWXUH�(QJLQHHULQJ��2YHU� ILWWLQJ�
DQG�8QGHU�)LWWLQJ��+\SHU�SDUDPHWHUV��

���

8QLW����&RQYROXWLRQDO�1HXUDO�1HWZRUN�

,QWURGXFWLRQ� WR� &11� DQG� /7,� 6\VWHPV�� ,PDJH� 3URFHVVLQJ� )LOWHULQJ�� &RQYROXWLRQ�� (GJH�
'HWHFWLRQ��%OXUULQJ��6KDUSHQLQJ��%XLOGLQJ�D�&11��,QSXW�/D\HUV��&RQYROXWLRQ�/D\HUV��3RROLQJ�
/D\HUV�� 'HQVH� /D\HUV�� %DFN� SURSDJDWLRQ� LQ� &RQYROXWLRQDO� /D\HUV�� *UDGLHQWV� DQG�:HLJKW�
8SGDWHV�� )LOWHUV� DQG� )HDWXUH� 0DSV�� ([WUDFWLRQ� DQG� 9LVXDOL]DWLRQ�� 7UDQVIHU� /HDUQLQJ��
3UHWUDLQHG�0RGHOV��,QFHSWLRQ��9**��5HV1HW���2EMHFW�'HWHFWLRQ��5�&11��)DVW�5�&11��)DVWHU�
5�&11��0DVN�5&11���

���

8QLW����,QWURGXFWLRQ�WR�5HFXUUHQW�1HXUDO�1HWZRUNV�

2YHUYLHZ� RI� 5HFXUUHQW� 1HXUDO� 1HWZRUNV� �511V�� DQG� WKHLU� DSSOLFDWLRQV�� .H\� GLIIHUHQFHV�
EHWZHHQ�511V�DQG�IHHG�IRUZDUG�QHXUDO�QHWZRUNV��511�$UFKLWHFWXUH��5HFXUUHQW�FRQQHFWLRQ�
DQG� KLGGHQ� VWDWH�� %DFN� SURSDJDWLRQ� 7KURXJK� 7LPH� �%377�� DOJRULWKP� IRU� WUDLQLQJ� 511V��
$GGUHVVLQJ� WKH�YDQLVKLQJ�DQG�H[SORGLQJ�JUDGLHQW�SUREOHPV�LQ�511V�� ,QWURGXFWLRQ� WR�/RQJ�

���

&2¶V
32¶V 362¶V�

%7/�

�� �� �� �� �� �� �� �� �� ��� ��� ��� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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6KRUW�7HUP�0HPRU\��/670��XQLWV��$UFKLWHFWXUH��FRPSRQHQWV��DQG�DGYDQWDJHV�LQ�FDSWXULQJ�
ORQJ�WHUP�GHSHQGHQFLHV��%LGLUHFWLRQDO�511V��%511���%HQHILWV��DUFKLWHFWXUH��DQG�WUDLQLQJ�IRU�
FDSWXULQJ�FRQWH[W�IURP�ERWK�SDVW�DQG�IXWXUH�LQSXWV��

8QLW��� 'HHS�5HLQIRUFHPHQW�	�8QVXSHUYLVHG�/HDUQLQJ�

$ERXW�'HHS�5HLQIRUFHPHQW�/HDUQLQJ��4�/HDUQLQJ��'HHS�4�1HWZRUN��'41���3ROLF\�*UDGLHQW�
0HWKRGV��$FWRU�&ULWLF�$OJRULWKP��$XWR�HQFRGLQJ��&RQYROXWLRQDO�$XWR�(QFRGLQJ��9DULDWLRQ�
$XWR�(QFRGLQJ��*HQHUDWLYH�$GYHUVDULDO�1HWZRUNV��$XWR�HQFRGHU�IRU�)HDWXUH�([WUDFWLRQ��$XWR�
(QFRGHUV�IRU�&ODVVLILFDWLRQ�'HQRLVLQJ�$XWR�HQFRGHU��6SDUVH�$XWR�HQFRGHU�

���

8QLW����*HQHUDWLYH�'HHS�/HDUQLQJ��

7H[W�JHQHUDWLRQ�ZLWK�/670��'HHS�'UHDP��1HXUDO�6W\OH�7UDQVIHU��*HQHUDWLQJ� LPDJHV�ZLWK�
YDULDWLRQ�DXWR�HQFRGHUV��,QWURGXFWLRQ�WR�JHQHUDWLYH�DGYHUVDULDO�QHWZRUN�

���

7H[W�%RRNV��
���-RVK�3DWWHUVRQ�DQG�$GDP�*LEVRQ��³'HHS�/HDUQLQJ�$�3UDFWLWLRQHU¶V�$SSURDFK´��2¶5HLOO\�

0HGLD��,QF������>8QLW��@��
���,DQ�*RRG�IHOORZ��<RVKXD�%HQJLR��$DURQ�&RXUYLO��³'HHS�/HDUQLQJ´��0,7�3UHVV�%RRN�>8QLW����@��
���)UDQoRLV�&KROOHW��0DQQLQJ�VKHOWHU���³'HHS�/HDUQLQJ�ZLWK�3\WKRQ´�>8QLW����@���
���'DYLG�)RVWHU*HQHUDWLYH��³'HHS�/HDUQLQJ´���2
5HLOO\�0HGLD������>8QLW��@��

5HIHUHQFH�%RRNV��
�� -RMR�0RROD\LO��³/HDUQ�.HUDV�IRU�'HHS�1HXUDO�1HWZRUNV´��$SUHVV�������
�� 6DQWDQX�3DWWDQD�\DN���³'HHS�/HDUQLQJ�ZLWK�7HQVRU)ORZ´��$SUHVV�������

2QOLQH�5HVRXUFHV�
�� KWWSV���OLYHERRN�PDQQLQJ�FRP�ERRN�PDFKLQH�OHDUQLQJ�LQ�DFWLRQ�DERXW�WKLV�ERRN�
�� KWWSV���ZZZ�FRXUVHUD�RUJ�OHDUQ�GHHS�OHDUQLQJ
�� KWWSV���QSWHO�DF�LQ�FRXUVHV�GHHSOHDUQQLQJ�
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&RXUVH�3ODQ�

&RXUVH�7LWOH��7H[W�0LQLQJ�DQG�$QDO\WLFV

&RXUVH�&RGH�����'6/���� 6HPHVWHU��9,,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����

(YDOXDWLRQ�6FKHPH��,6(���06(�0DUNV��������� (6(�0DUNV�����

&RXUVH�'HVFULSWLRQ��
7KLV� FRXUVH� SURYLGHV� DQ� LQ�GHSWK� H[SORUDWLRQ� RI� WH[W� PLQLQJ� WHFKQLTXHV� DQG� WKHLU� DSSOLFDWLRQ� LQ�
H[WUDFWLQJ�PHDQLQJIXO�LQIRUPDWLRQ�IURP�XQVWUXFWXUHG�WH[WXDO�GDWD��,W�LQFOXGHV�YDULRXV�PHWKRGV�IRU�WH[W�
SUHSURFHVVLQJ��IHDWXUH�H[WUDFWLRQ��DQG�WH[W�FODVVLILFDWLRQ��7KH�FRXUVH�ZLOO�DOVR�FRYHU�WKH�XVH�RI�QDWXUDO�
ODQJXDJH�SURFHVVLQJ��1/3��OLEUDULHV�DQG�WRROV�IRU�WH[W�DQDO\VLV��VHQWLPHQW�DQDO\VLV��WRSLF�PRGHOLQJ��DQG�
WH[W�YLVXDOL]DWLRQ���

&RXUVH�2EMHFWLYHV��

�� 7R�XQGHUVWDQG�IXQGDPHQWDOV�RI�WH[W�DQDO\WLFV�DQG�LWV�DSSOLFDWLRQV��
�� 7R�OHDUQ�IXQGDPHQWDOV�RI�,QIRUPDWLRQ�UHWULHYDO�DQG�QDWXUDO�ODQJXDJH�SURFHVVLQJ��
�� 7R�H[SORUH�WH[W�DQDO\WLFV�IUDPHZRUN�IRU�VRFLDO�PHGLD�FRQWHQWV��
�� 7R�GLVFXVV�WKHRUHWLFDO�WHFKQLTXHV�RI�RSLQLRQ�PLQLQJ�DQG�VHQWLPHQW�DQDO\VLV��

&RXUVH�2XWFRPHV��&2¶V����
8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������ 'HVFULEH�WH[W�PLQLQJ�DQG�DQDO\WLFV�IUDPHZRUN�� 8QGHUVWDQG�

������
,OOXVWUDWH�NQRZOHGJH�HQJLQHHULQJ�DQG�PDFKLQH�OHDUQLQJ�DSSURDFK�WR�
WH[W�FDWHJRUL]DWLRQ�DQG�FOXVWHULQJ��

8QGHUVWDQG�

������
'HVLJQ�WH[W�PLQLQJ�PRGHOV�WR�VROYH�SUREOHPV�E\�H[WUDFWLQJ�
NQRZOHGJH�IURP�GDWD��

$SSO\�

������ ,PSOHPHQW�WH[W�PLQLQJ�WHFKQLTXHV�DSSURSULDWHO\�� $SSO\�

3UHUHTXLVLWH�
([SORUDWRU\�'DWD�$QDO\VLV�DQG�9LVXDOL]DWLRQ��3UREDELOLW\�DQG�6WDWLVWLFV�
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&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2¶V��ZLWK�3URJUDP�2XWFRPHV�
�32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V���

&RQWHQW +RXUV

8QLW����7H[W�0LQLQJ�DQG�LWV�RSHUDWLRQV��
'HILQLQJ�7H[W�0LQLQJ��*HQHUDO�$UFKLWHFWXUH�RI�7H[W�0LQLQJ�6\VWHPV��&RUH�7H[W�0LQLQJ�
2SHUDWLRQV�� 8VLQJ� %DFNJURXQG� .QRZOHGJH� IRU� 7H[W� 0LQLQJ�� 7H[W� 0LQLQJ� 4XHU\�
/DQJXDJHV��7DVN�2ULHQWHG�$SSURDFKHV��

���

8QLW����&DWHJRUL]DWLRQ�DQG�&OXVWHULQJ��
&DWHJRUL]DWLRQ��$SSOLFDWLRQV�RI�7H[W�&DWHJRUL]DWLRQ��'HILQLWLRQ�RI�WKH�3UREOHP��'RFXPHQW�
5HSUHVHQWDWLRQ��(YDOXDWLRQ�RI�7H[W�&ODVVLILHUV��.QRZOHGJH�(QJLQHHULQJ�$SSURDFK�WR�7&��
0DFKLQH� /HDUQLQJ� $SSURDFK� WR� 7&�� 8VLQJ� 8QODEHOHG� 'DWD� WR� ,PSURYH� &ODVVLILFDWLRQ��
&OXVWHULQJ��&OXVWHULQJ�$OJRULWKPV��&OXVWHULQJ�RI�7H[WXDO�'DWD��&OXVWHULQJ�7DVNV�LQ�7H[W�
$QDO\VLV��7KH�*HQHUDO�&OXVWHULQJ�3UREOHP��

���

8QLW����,QIRUPDWLRQ�([WUDFWLRQ�DQG�LWV�3UREDELOLVWLF�0RGHOV��
$QDSKRUD�5HVROXWLRQ��$UFKLWHFWXUH�RI�,(�6\VWHPV��+LVWRULFDO�(YROXWLRQ�RI�,(��7KH�0HVVDJH�
8QGHUVWDQGLQJ�� ,QGXFWLYH� $OJRULWKPV� IRU� ,(�� ,QWURGXFWLRQ� WR� ,QIRUPDWLRQ� ([WUDFWLRQ��
6WUXFWXUDO� ,(�+LGGHQ� 0DUNRY� 0RGHOV�� 6WRFKDVWLF� &RQWH[W�)UHH� *UDPPDUV�� 0D[LPDO�
(QWURS\�0RGHOOLQJ��0D[LPDO�(QWURS\�0DUNRY�0RGHOV��&RQGLWLRQDO�5DQGRP�)LHOGV��

���������

8QLW����3UH�SURFHVVLQJ�DSSOLFDWLRQV�XVLQJ�SUREDELOLVWLF�DQG�K\EULG�DSSURDFKHV��
%RRWVWUDSSLQJ��6WDWLVWLFDO±.QRZOHGJH�%DVHG�,(��8VLQJ�$�VWRFKDVWLF�FRQWH[W�IUHH�JUDPPDU�
�6&)*�� 5XOHV� IRU� +\EULG�� 3UHVHQWDWLRQ�/D\HU� &RQVLGHUDWLRQV� IRU� %URZVLQJ� DQG� 4XHU\�
5HILQHPHQW�� %URZVLQJ�� $FFHVVLQJ� &RQVWUDLQWV� DQG� 6LPSOH� 6SHFLILFDWLRQ� )LOWHUV� DW� WKH�
3UHVHQWDWLRQ�/D\HU��$FFHVVLQJ�WKH�8QGHUO\LQJ�4XHU\�/DQJXDJH��

���

8QLW����7H[W�0LQLQJ�LQ�0XOWLPHGLD�DQG�7H[W�$QDO\WLFV�LQ�VRFLDO�PHGLD��
,QWURGXFWLRQ��6XUURXQGLQJ�7H[W�0LQLQJ��7DJ�0LQLQJ��7DJ�5DQNLQJ��7DJ�5HILQHPHQW��7DJ�
,QIRUPDWLRQ�(QULFKPHQW��-RLQW�7H[W�DQG�9LVXDO�&RQWHQW�0LQLQJ��9LVXDO�5H�UDQNLQJ��&URVV�
7H[W�DQG�9LVXDO�&RQWHQW�0LQLQJ��'LVWLQFW�$VSHFWV�RI�7H[W�LQ�VRFLDO�PHGLD��$SSO\LQJ�7H[W�
$QDO\WLFV�WR�VRFLDO�PHGLD��$Q�,OOXVWUDWLYH�([DPSOH��

���

&2¶V
32¶V 362¶V� %7/�

�� �� �� �� �� �� �� �� �� ��� ��� ��� �� ��
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������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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.$6$%$�%$:$'$�.2/+$385��������
�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,,�$FDGHPLF<HDU����������

3DJH�_�����

8QLW����$�6XUYH\�RI�2SLQLRQ�0LQLQJ�DQG�6HQWLPHQW�$QDO\VLV��
7KH�3UREOHP�RI�2SLQLRQ�0LQLQJ��&ODVVLILFDWLRQ�EDVHG�RQ�6XSHUYLVHG� DQG�8QVXSHUYLVHG�
/HDUQLQJ� IRU� 'RFXPHQW� VHQWLPHQW� DQDO\VLV�� 6HQWHQFH� 6XEMHFWLYLW\� DQG� 6HQWLPHQW�
&ODVVLILFDWLRQ�� 2SLQLRQ� /H[LFRQ� ([SDQVLRQ�� $VSHFW�%DVHG� 6HQWLPHQW� $QDO\VLV�� 0LQLQJ�
&RPSDUDWLYH�2SLQLRQV�DQG�2SLQLRQ�6SDP�'HWHFWLRQ�

���

7H[W�%RRNV��

�� 5RQHQ�)HOGPDQ��-DPHV�6DQJHU����������7KH�7H[W�0LQLQJ�+DQGERRN��DGYDQFHG�DSSURDFKHV�
LQ�DQDO\VLQJ�XQVWUXFWXUHG�GDWD���&DPEULGJH�8QLYHUVLW\�3UHVV��>8QLW�����������@��

�� &KDUX�&��$JJDUZDO��&KHQJ�;LDQJ�=KDL��0LQLQJ�7H[W�'DWD��6SULQJHU�>8QLW���	��@�
5HIHUHQFH�%RRNV��

�� &KULVWRSKHU�'��0DQQLQJ��3UDEKDNDU�5DJKDYDQ��DQG�+LQULFK�6FKXHW]H��³,QWURGXFWLRQ�WR�
,QIRUPDWLRQ�5HWULHYDO´��&DPEULGJH�8QLYHUVLW\�3UHVV�������

�� �%LUG��6WHYHQ��(GZDUG�/RSHU�DQG�(ZDQ�.OHLQ��³1DWXUDO�/DQJXDJH�3URFHVVLQJ�ZLWK�
3\WKRQ´��2¶5HLOO\�0HGLD�,QF��������

�� 'DQLHO�-XUDIVN\��-DPHV�+��0DUWLQ��³6SHHFK�DQG�/DQJXDJH�3URFHVVLQJ´�
�� +DQ��-���.DPEHU��0���	�3HL���³'DWD�0LQLQJ��&RQFHSWV�DQG�7HFKQLTXH´���0RUJDQ�

.DXIPDQQ�3XEOLVKHUV��6DQ�)UDQFLVFR��

2QOLQH�5HVRXUFHV��

�� KWWSV���ZZZ�FRXUVHUD�RUJ�OHDUQ�WH[W�PLQLQJ�DQDO\WLFV
�� KWWSV���RQOLQHFRXUVHV�QSWHO�DF�LQ�QRF��BPJ���SUHYLHZ
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.$6$%$�%$:$'$�.2/+$385��������
�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,,�$FDGHPLF<HDU����������

3DJH�_�����

&RXUVH�3ODQ�

&RXUVH�7LWOH��7LPH�6HULHV�DQG�)RUHFDVWLQJ�

&RXUVH�&RGH�����'6/���� 6HPHVWHU��9,,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����

(YDOXDWLRQ�6FKHPH��,6(���06(�0DUNV��������� (6(�0DUNV�����

&RXUVH�'HVFULSWLRQ��
7KLV�FRXUVH�SURYLGHV�DQ�XQGHUVWDQGLQJ�RI�WLPH�VHULHV�DQDO\VLV�DQG�IRUHFDVWLQJ��,W�H[SORUHV�YDULRXV�GDWD�
W\SHV��PRGHOV��DQG�LQWHUQDO�VWUXFWXUHV��,W�GHYHORSV�D�VROLG�VWDWLVWLFDO�EDFNJURXQG�DQG�OHDUQ�HYDOXDWLRQ�
WHFKQLTXHV� VSHFLILF� WR� IRUHFDVWLQJ��7KH� FRXUVH� IRFXVHV� RQ� UHJUHVVLRQ�PRGHOV��$5,0$�PRGHOV�� DQG�
PXOWLYDULDWH� WLPH� VHULHV�PRGHOV��$SSO\� WKLV� NQRZOHGJH� WKURXJK� UHDO�ZRUOG� FDVH� VWXGLHV� WR� HQKDQFH�
SUDFWLFDO�VNLOOV�
&RXUVH�2EMHFWLYHV��

�� 7R�XQGHUVWDQG�WKH�SULQFLSOHV�DQG�FRQFHSWV�RI�WLPH�VHULHV�DQDO\VLV�DQG�IRUHFDVWLQJ��
�� 7R�GHYHORS�VNLOOV�LQ�DSSO\LQJ�YDULRXV�PRGHOV�IRU�WLPH�VHULHV�DQDO\VLV�DQG�IRUHFDVWLQJ��
�� 7R�JDLQ�SURILFLHQF\�LQ�HYDOXDWLQJ�DQG�PRQLWRULQJ�WKH�SHUIRUPDQFH�RI�IRUHFDVWLQJ�PRGHOV��
�� 7R�DSSO\�WKH�DFTXLUHG�NQRZOHGJH�WR�VROYH�UHDO�ZRUOG�IRUHFDVWLQJ�FKDOOHQJHV��

&RXUVH�2XWFRPHV��&2¶V����
8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������
([SODLQ�WKH�SULQFLSOHV�DQG�FRQFHSWV�RI�WLPH�VHULHV�DQDO\VLV�DQG�
IRUHFDVWLQJ��

8QGHUVWDQG�

������ 'HVFULEH�GLIIHUHQW�PRGHOV�IRU�WLPH�VHULHV�DQDO\VLV�DQG�IRUHFDVWLQJ 8QGHUVWDQG�

������
$QDO\]H�DQG�DVVHVV�WKH�SHUIRUPDQFH�RI�IRUHFDVWLQJ�PRGHOV��WR�PDNH�
LQIRUPHG�GHFLVLRQ��

$SSO\�

������
,OOXVWUDWH�WKH�NQRZOHGJH�DQG�VNLOOV�WR�VROYH�UHDO�ZRUOG�IRUHFDVWLQJ�
FKDOOHQJHV��SURYLGLQJ�DFFXUDWH�DQG�UHOLDEOH�IRUHFDVWV�WR�VXSSRUW�
GHFLVLRQ�PDNLQJ�SURFHVVHV��

$SSO\�

3UHUHTXLVLWH� 'DWD�$QDO\WLFV��0DWKHPDWLFV�DQG�%DVLF�3URJUDPPLQJ�/DQJXDJH���
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.$6$%$�%$:$'$�.2/+$385��������
�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,,�$FDGHPLF<HDU����������

3DJH�_�����

&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2V��ZLWK�3URJUDP�2XWFRPHV�
�32V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362V���

&RQWHQW +RXUV

8QLW����,QWURGXFWLRQ�RI�7LPH�VHULHV�$QDO\VLV�
,QWURGXFWLRQ� WR�7LPH�6HULHV�DQG�)RUHFDVWLQJ� �'LIIHUHQW� W\SHV� RI�GDWD�,QWHUQDO� VWUXFWXUHV�RI�
WLPH� VHULHV�0RGHOV� IRU� WLPH� VHULHV� DQDO\VLV�� $XWR� FRUUHODWLRQ� DQG� 3DUWLDO� DXWR� FRUUHODWLRQ��
([DPSOHV� RI� 7LPH� VHULHV� 1DWXUH� DQG� XVHV� RI� IRUHFDVWLQJ�)RUHFDVWLQJ� 3URFHVV�'DWD� IRU�
IRUHFDVWLQJ�±�5HVRXUFHV�IRU�IRUHFDVWLQJ��

���

8QLW����6WDWLVWLFV�%DFNJURXQG�IRU�)RUHFDVWLQJ��
*UDSKLFDO�'LVSOD\V��7LPH�6HULHV�3ORWV���3ORWWLQJ�6PRRWKHG�'DWD���1XPHULFDO�'HVFULSWLRQ�RI�
7LPH�6HULHV�'DWD���8VH�RI�'DWD�7UDQVIRUPDWLRQV�DQG�$GMXVWPHQWV��*HQHUDO�$SSURDFK�WR�7LPH�
6HULHV� 0RGHOOLQJ� DQG� )RUHFDVWLQJ�� (YDOXDWLQJ� DQG� 0RQLWRULQJ� )RUHFDVWLQJ� 0RGHO�
3HUIRUPDQFH�

���

8QLW����7LPH�6HULHV�5HJUHVVLRQ�0RGHO��
,QWURGXFWLRQ���/HDVW�6TXDUHV�(VWLPDWLRQ�LQ�/LQHDU�5HJUHVVLRQ�0RGHOV���6WDWLVWLFDO�,QIHUHQFH�
LQ�/LQHDU�5HJUHVVLRQ��3UHGLFWLRQ�RI�1HZ�2EVHUYDWLRQV���0RGHO�$GHTXDF\�&KHFNLQJ��9DULDEOH�
6HOHFWLRQ�0HWKRGV� LQ� 5HJUHVVLRQ� �� *HQHUDOL]HG� DQG�:HLJKWHG� /HDVW� 6TXDUHV�� 5HJUHVVLRQ�
0RGHOV�IRU�*HQHUDO�7LPH�6HULHV�'DWD��([SRQHQWLDO�6PRRWKLQJ�)LUVW�RUGHU�DQG�6HFRQG�RUGHU�

���

8QLW����$XWR�UHJUHVVLYH�,QWHJUDWHG�0RYLQJ�$YHUDJH��$ULPD��0RGHOV��
$XWR�UHJUHVVLYH�0RYLQJ�$YHUDJH��$50$��0RGHOV���6WDWLRQDU\�DQG�,QHYLWDELOLW\�RI�$50$�
0RGHOV� �&KHFNLQJ� IRU� 6WDWLRQDU\� XVLQJ� 9DULRJUDP�� 'HWHFWLQJ� 1RQ� VWDWLRQDU\� �� $XWR�
UHJUHVVLYH� ,QWHJUDWHG� 0RYLQJ� $YHUDJH� �$5,0$�� 0RGHOV� �� )RUHFDVWLQJ� XVLQJ� $5,0$� ��
6HDVRQDO� 'DWD� �� 6HDVRQDO� $5,0$� 0RGHOV� )RUHFDVWLQJ� XVLQJ� 6HDVRQDO� $5,0$� 0RGHOV�
,QWURGXFWLRQ���)LQGLQJ�WKH�³%(67´�0RGHO��([DPSOH��,QWHUQHW�8VHUV�'DWD��0RGHO�6HOHFWLRQ�
&ULWHULD� �� ,PSXOVH� 5HVSRQVH� )XQFWLRQ� WR� 6WXG\� WKH� 'LIIHUHQFHV� LQ� 0RGHOV� �� &RPSDULQJ�
,PSXOVH�5HVSRQVH�)XQFWLRQV�IRU�&RPSHWLQJ�0RGHOV���

���

&2¶V
32¶V 362¶V�

%7/�

�� �� �� �� �� �� �� �� �� ��� ��� ��� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,,�$FDGHPLF<HDU����������

3DJH�_�����

8QLW����0XOWLYDULDWH�7LPH�6HULHV�0RGHOV�DQG�)RUHFDVWLQJ��
0XOWLYDULDWH�7LPH�6HULHV�0RGHOV�DQG�)RUHFDVWLQJ���0XOWLYDULDWH�6WDWLRQDU\�3URFHVV��9HFWRU�
$5,0$�0RGHOV� ��9HFWRU�$5��9$5��0RGHOV���1HXUDO�1HWZRUNV�DQG�)RUHFDVWLQJ��6SHFWUDO�
$QDO\VLV�±�%D\HVLDQ�0HWKRGV�LQ�)RUHFDVWLQJ��

���

8QLW����&DVH�6WXG\��
)RUHFDVWLQJ�'HPDQG�RI�VLQJOH�SURGXFW�FDWHJRU\�6.8V��7LPH�6HULHV�)RUHFDVW�&DVH�6WXG\�ZLWK�
3\WKRQ��$QQXDO�:DWHU�8VDJH�LQ�%DOWLPRUH��7LPH�6HULHV�(FRQRPHWULF�)RUHFDVWLQJ��
*OREDO�)RUHFDVW�RI�WKH�3ULFH�RI�D�5DZ�0DWHULDO��$QDO\VLV�RI�7HOHSKRQH�'DWD��$�&DVH�6WXG\�RI�
)RUHFDVWLQJ�6HDVRQDO�7LPH�6HULHV���

���

7H[W�%RRNV��

�� 'U��$YLVKHN�3DO�'U��3NV�3UDNDVK�³0DVWHU�7LPH�6HULHV�'DWD�3URFHVVLQJ��9LVXDOL]DWLRQ��$QG�
0RGHOLQJ�8VLQJ�3\WKRQ´�>8QLW��DQG��@�

�� 6¡UHQ�%LVJDDUG�0XUDW�.XODKFL�³7LPH�6HULHV�$QDO\VLV�DQG�)RUHFDVWLQJ´7HFKQLFDO�8QLYHUVLW\�
2I�'HQPDUN�&RS\ULJKW��������%\�-RKQ�:LOH\�	�6RQV��,QF�>8QLW������DQG��@�

5HIHUHQFH�%RRNV��
�� 3HWHU�-��%URFNZHOO�5LFKDUG�$��'DYLV�³,QWURGXFWLRQ�7R�7LPH�6HULHV�$QG�)RUHFDVWLQJ´���
�� :LOOLDP�:�6��:HL�´�0XOWLYDULDWH�7LPH�6HULHV�$QDO\VLV�DQG�$SSOLFDWLRQV´�'HSDUWPHQW�RI�

6WDWLVWLFDO�6FLHQFH�7HPSOH�8QLYHUVLW\��3KLODGHOSKLD��3$��6$�-RKQ�:LOH\�	�6RQV�/WG��
�� -DPHV�'�+DPLOWRQ��³7LPH�6HULHV�$QDO\VLV´�SULQFH�WRZQ�XQLYHUVLW\�SUHVV�

2QOLQH�5HVRXUFHV�
�� KWWSV���UX�E�RN��RUJ�WHUPV�"T IRUHFDVWLQJ
�� KWWS���KRPH�LLWM�DF�LQ�aSDUPRG�GRFXPHQW�LQWURGXFWLRQ���WLPH���VHULHV�SGI
�� KWWSV���ZZZ�FRXUVHUD�RUJ�OHDUQ�SUDFWLFDO�WLPH�VHULHV�DQDO\VLV
�� KWWSV���RFZ�PLW�HGX�FRXUVHV�HFRQRPLFV��������WLPH�VHULHV�DQDO\VLV�IDOO�

�����GRZQORDG�FRXUVH�PDWHULDOV�
�� KWWSV���VZD\DP�JRY�LQ�QG�BQRF��BPJ���SUHYLHZ
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�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,,�$FDGHPLF<HDU����������

3DJH�_�����

&RXUVH�3ODQ�

&RXUVH�7LWOH��'HHS�/HDUQLQJ�/DERUDWRU\�

&RXUVH�&RGH�����'63���� 6HPHVWHU��9,,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����

(YDOXDWLRQ�6FKHPH��,6(����� (6(�32(�0DUNV�����

&RXUVH�'HVFULSWLRQ��
7KLV�KDQGV�RQ�FRXUVH�SURYLGHV�SUDFWLFDO�H[SHULHQFH�LQ�GHHS�OHDUQLQJ�WKURXJK�D�VHULHV�RI�H[SHULPHQWV��
6WXGHQWV�ZLOO�LPSOHPHQW�DOJRULWKPV�DQG�WHFKQLTXHV�XVLQJ�SRSXODU�IUDPHZRUNV��FRYHULQJ�WRSLFV�VXFK�DV�
QHXUDO� QHWZRUNV�� &11V� IRU� LPDJH� FODVVLILFDWLRQ�� 511V� IRU� WH[W� JHQHUDWLRQ�� DQG� *$1V� IRU� LPDJH�
V\QWKHVLV��%\�WKH�HQG�RI�WKH�FRXUVH��VWXGHQWV�ZLOO�KDYH�JDLQHG�SUDFWLFDO�VNLOOV�LQ�GHHS�OHDUQLQJ�DQG�WKH�
DELOLW\�WR�EXLOG�DQG�WUDLQ�QHXUDO�QHWZRUNV�IRU�GLIIHUHQW�DSSOLFDWLRQ��

&RXUVH�2EMHFWLYHV��
�� �8QGHUVWDQG� GHHS� OHDUQLQJ� FRQFHSWV� DQG� WHFKQLTXHV�� LQFOXGLQJ� QHXUDO� QHWZRUNV�� &11V��

511V��DQG�*$1V��
�� 'HYHORS�SUDFWLFDO�VNLOOV�LQ�LPSOHPHQWLQJ�DQG�WUDLQLQJ�GHHS�OHDUQLQJ�PRGHOV�XVLQJ�SRSXODU�

IUDPHZRUNV��
�� $SSO\� GHHS� OHDUQLQJ� WHFKQLTXHV� WR� VROYH� UHDO�ZRUOG� SUREOHPV� LQ� DUHDV� VXFK� DV� LPDJH�

FODVVLILFDWLRQ��WH[W�JHQHUDWLRQ��DQG�LPDJH�V\QWKHVLV��
�� (YDOXDWH�DQG�RSWLPL]H�WKH�SHUIRUPDQFH�RI�GHHS�OHDUQLQJ�PRGHOV�WKURXJK�H[SHULPHQWDWLRQ�

DQG�DQDO\VLV��
��
&RXUVH�2XWFRPHV��&2¶V����

������
$SSO\�GHHS�OHDUQLQJ�FRQFHSWV�DQG�WHFKQLTXHV��LQFOXGLQJ�QHXUDO�
QHWZRUNV��&11V��511V��DQG�*$1V��

$SSO\�

�����
,PSOHPHQW�DQG�WUDLQ�GHHS�OHDUQLQJ�PRGHOV�IRU�LPDJH�FODVVLILFDWLRQ��WH[W�
JHQHUDWLRQ��DQG�LPDJH�V\QWKHVLV��

$SSO\�

����� 'HPRQVWUDWH�DQG�RSWLPL]H�GHHS�OHDUQLQJ�PRGHOV��� $SSO\��

3UHUHTXLVLWH� 0DFKLQH�/HDUQLQJ�
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.$6$%$�%$:$'$�.2/+$385��������
�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,,�$FDGHPLF<HDU����������

3DJH�_�����

&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2¶V��ZLWK�3URJUDP�2XWFRPHV�
�32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V���

([S��
1R�

1DPH�RI�([SHULPHQW 6�2 +RXUV

���
,QVWDOODWLRQ�RI�$QDFRQGD�RU�0LQLFRQGD�DQG�ZRUNLQJ�ZLWK�
7HQVRU)ORZ�DQG�.HUDV�

2� ��

���
,QWURGXFWLRQ�DQG�ZRUNLQJ�ZLWK�*RRJOH�&RODE�IRU�XVLQJ�*38V�
DQG�738V�IRU�ODUJH�SURMHFWV�

2� ��

���
,PSOHPHQW�D�SHUFHSWURQ�DOJRULWKP�WR�FODVVLI\�D�OLQHDUO\�
VHSDUDEOH�GDWDVHW��

2� ��

���
%XLOG�D�IHHG�IRUZDUG�QHXUDO�QHWZRUN�XVLQJ�D�GHHS�OHDUQLQJ�
IUDPHZRUN�DQG�WUDLQ�LW�WR�FODVVLI\�LPDJHV�IURP�WKH�01,67�
GDWDVHW��

2� ��

���
&RPSDUH�WKH�SHUIRUPDQFH�RI�GLIIHUHQW�DFWLYDWLRQ�IXQFWLRQV�
�H�J���5H/8��VLJPRLG��RQ�D�FODVVLILFDWLRQ�WDVN�XVLQJ�D�QHXUDO�
QHWZRUN��

2� ��

���
([SHULPHQW�ZLWK�YDULRXV�RSWLPL]DWLRQ�DOJRULWKPV��H�J���
VWRFKDVWLF�JUDGLHQW�GHVFHQW��$GDP��DQG�REVHUYH�WKHLU�LPSDFW�RQ�
PRGHO�FRQYHUJHQFH��

2� ��

���
'HYHORS�D�FRQYROXWLRQ�QHXUDO�QHWZRUN��&11��WR�FODVVLI\�
LPDJHV�IURP�WKH�&,)$5����GDWDVHW�DQG�HYDOXDWH�LWV�DFFXUDF\�� 2� ��

���
$SSO\�GDWD�DXJPHQWDWLRQ�WHFKQLTXHV��VXFK�DV�URWDWLRQ�DQG�
KRUL]RQWDO�IOLSSLQJ��WR�HQKDQFH�WKH�SHUIRUPDQFH�RI�D�&11�RQ�
DQ�LPDJH�FODVVLILFDWLRQ�WDVN��

2� ��

���
)LQH�WXQH�D�SUH�WUDLQHG�&11�PRGHO��H�J���9**����RQ�D�
GLIIHUHQW�GDWDVHW�DQG�PHDVXUH�LWV�WUDQVIHU�OHDUQLQJ�FDSDELOLWLHV��

2� ��

&2¶V
32¶V 362¶V�

%7/

�� �� �� �� �� �� �� �� �� ��� ��� ��� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,,�$FDGHPLF<HDU����������

3DJH�_�����

����
%XLOG�D�UHFXUUHQW�QHXUDO�QHWZRUN��511��ZLWK�/670�FHOOV�WR�
JHQHUDWH�WH[W�EDVHG�RQ�D�JLYHQ�LQSXW�VHTXHQFH��

2� ��

x 6�678'<��2�23(5$7,21$/�

7H[W�%RRNV��
�� �-RVK�3DWWHUVRQ�DQG�$GDP�*LEVRQ�³'HHS�/HDUQLQJ�$�3UDFWLWLRQHU¶V�$SSURDFK´�2¶5HLOO\�

0HGLD��,QF������>8QLW��@��
�� <RVKXD�%HQJLR��$DURQ�&RXUYLO���³'HHS�/HDUQLQJ�E\�,DQ�*RRG�IHOORZ´�0,7�3UHVV�%RRN�
�� )UDQoRLV�&KROOHW��PDQQLQJ�6KHOWH�³'HHS�/HDUQLQJ�ZLWK�3\WKRQ´��
�� 'DYLG�)RVWHU�³*HQHUDWLYH�'HHS�/HDUQLQJ´���2
5HLOO\�0HGLD�

5HIHUHQFH�%RRNV��
�� RMR�0RROD\LO�³/HDUQ�.HUDV�IRU�'HHS�1HXUDO�1HWZRUNV´��-��$SUHVV�������

2QOLQH�5HVRXUFHV�
�� KWWSV���OLYHERRN�PDQQLQJ�FRP�ERRN�PDFKLQH�OHDUQLQJ�LQ�DFWLRQ�DERXW�WKLV�ERRN�
�� KWWSV���ZZZ�FRXUVHUD�RUJ�OHDUQ�GHHS�OHDUQLQJ
�� KWWSV���QSWHO�DF�LQ�FRXUVHV�GHHSOHDUQQLQJ
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.$6$%$�%$:$'$�.2/+$385��������
�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,,�$FDGHPLF<HDU����������

3DJH�_�����

&RXUVH�3ODQ�

&RXUVH�7LWOH��7LPH�6HULHV�DQG�)RUHFDVWLQJ�/DERUDWRU\�

&RXUVH�&RGH�����'63���� 6HPHVWHU��9,,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����

(YDOXDWLRQ�6FKHPH��,6(�0DUNV���� (6(�2(�0DUNV�����

&RXUVH�'HVFULSWLRQ��
7KH�7LPH�6HULHV�$QDO\VLV�DQG�)RUHFDVWLQJ�/DE�RIIHUV�D�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�WLPH�VHULHV�
GDWD�DQG�HTXLSV�VWXGHQWV�ZLWK�IRUHFDVWLQJ�VNLOOV��7KURXJK�WKHRU\��KDQGV�RQ�H[HUFLVHV��DQG�FDVH�VWXGLHV��
VWXGHQWV�JDLQ�SUDFWLFDO�NQRZOHGJH�LQ�DQDO\]LQJ�WLPH�GHSHQGHQW�GDWD�DQG�PDNLQJ�DFFXUDWH�SUHGLFWLRQV��
&RXUVH�2EMHFWLYHV��
�� 7R�OHDUQ�KRZ�WR�KDQGOH�DQG�3UH�SURFHVVLQJ�WLPH�VHULHV�GDWD�HIIHFWLYHO\��
�� 7R�H[SORUH�GDWD�YLVXDOL]DWLRQ�WHFKQLTXHV��
�� 7R�XVH�VWDWLVWLFDO�PHWKRGV�WR�DQDO\]H�WLPH�VHULHV�GDWD��
�� 'HYHORS�IRUHFDVWLQJ�PRGHOV�XVLQJ�GLIIHUHQW�DOJRULWKPV�DQG�WHFKQLTXHV�
&RXUVH�2XWFRPHV��&2V����
8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������
$SSO\�WLPH�VHULHV�GDWD�FOHDQLQJ��KDQGOLQJ��DQG�SUH�SURFHVVLQJ�WHFKQLTXHV�
HIIHFWLYHO\��DSSOLFDWLRQ�OHYHO��

8QGHUVWDQG�

������
$QDO\]H�DQG�LQWHUSUHW�WUHQGV�LQ�WLPH�VHULHV�GDWD�XVLQJ�YDULRXV�PHWKRGV�
�DQDO\VLV�OHYHO��

8QGHUVWDQG�

������
8WLOL]H�PRGHOLQJ�WHFKQLTXHV�OLNH�PRYLQJ�DYHUDJH��H[SRQHQWLDO�VPRRWKLQJ��
DQG�$5,0$�IRU�DFFXUDWH�SUHGLFWLRQV��DSSOLFDWLRQ�OHYHO��

8QGHUVWDQG�

������
(YDOXDWH�DQG�LQWHUSUHW�WKH�LQWHU�GHSHQGHQFH�DPRQJ�YDULDEOHV�LQ�WLPH�VHULHV�
GDWD�XVLQJ�PXOWLYDULDWH�DQDO\VLV��VWUXFWXUDO�HTXDWLRQ�PRGHOLQJ��IDFWRU�
DQDO\VLV��DQG�FOXVWHU�DQDO\VLV��HYDOXDWLRQ�OHYHO��

$QDO\]H�

������
$SSO\�WLPH�VHULHV�GDWD�FOHDQLQJ��KDQGOLQJ��DQG�SUH�SURFHVVLQJ�WHFKQLTXHV�
HIIHFWLYHO\��DSSOLFDWLRQ�OHYHO��

$QDO\]H�

3UHUHTXLVLWH� 'DWD�$QDO\WLFV��.QRZOHGJH�RI�0DWKHPDWLFV�DQG�3URJUDPPLQJ��
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�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,,�$FDGHPLF<HDU����������

3DJH�_�����

&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2¶V��ZLWK�3URJUDP�2XWFRPHV�
�32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V���

([S��
1R�� 1DPH�RI�([SHULPHQW� 6�2�

+RXU
V

�� ,PSOHPHQWDWLRQ� RI� 7LPH� 6HULHV� 'DWD� &OHDQLQJ�� /RDGLQJ� DQG� +DQGOLQJ�
7LPHV�VHULHV�GDWD��

2� ��

�� ,PSOHPHQWDWLRQ�RI�3UH�SURFHVVLQJ�7HFKQLTXHV�� 2� ��

�� ,PSOHPHQWDWLRQ�RI�6WDWLRQDU\�RI�D�7LPH�6HULHV�� 2� ��

��
(VWLPDWLQJ�	�(OLPLQDWLQJ�7UHQGV�RI���$JJUHJDWLRQ��6PRRWKLQJ��
3RO\QRPLDO�)LWWLQJ�� 2� ��

�� (OLPLQDWLQJ�7UHQG�DQG�6HDVRQDOLW\�RI�'LIIHUHQFLQJ��'HFRPSRVLWLRQ�� 2� ��

��
,PSOHPHQWDWLRQ�RI�0RYLQJ�$YHUDJH�WLPH�DQDO\VLV�GDWD�DQG�6PRRWKLQJ�WKH�
7LPH�DQDO\VLV�'DWD��� 2� ��

�� &KHFN� RXW� WKH� 7LPH� VHULHV� /LQHDU� DQG� QRQ�OLQHDU� WUHQGV� DQG� FUHDWH� D�
PRGHOOLQJ��

2� ��

�� ,PSOHPHQWDWLRQ� RI�0RGHOOLQJ� WLPH� VHULHV�0RYLQJ� DYHUDJH� ([SRQHQWLDO�
VPRRWKLQJ��$5,0$��

2� ��

��
,PSOHPHQWDWLRQ� RI� 'HSHQGHQFH� 7HFKQLTXHV� RI�0XOWLYDULDWH� $QDO\VLV� RI�
9DULDQFH� DQG�&RYDULDQFH�� &DQRQLFDO� &RUUHODWLRQ�$QDO\VLV�� �� 6WUXFWXUDO�
(TXDWLRQ�0RGHOOLQJ��

2� ��

��� ,PSOHPHQWDWLRQ�RI� ,QWHU�'HSHQGHQFH�7HFKQLTXHV�RI�)DFWRU�$QDO\VLV�DQG�
&OXVWHU�$QDO\VLV��

2� ��

&2¶V
32¶V 362¶V�

%7/�

�� �� �� �� �� �� �� �� �� ��� ��� ��� �� ��
������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
������ � � � � � � � � � � � � � � �
������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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3DJH�_�����

7H[W�%RRNV��

�� $YLVKHN�3DO�'U��3NV�3UDNDVK�³0DVWHU�7LPH�6HULHV�'DWD�3URFHVVLQJ��9LVXDOL]DWLRQ��$QG�
0RGHOLQJ�8VLQJ�3\WKRQ´

�� 6¡UHQ�%LVJDDUG�0XUDW�.XODKFL��³7LPH�6HULHV�$QDO\VLV�$QG�)RUHFDVWLQJ�%\�([DPSOH´�
7HFKQLFDO�8QLYHUVLW\�2I�'HQPDUN�-RKQ�:LOH\�	�6RQV��,QF����

5HIHUHQFH�%RRNV��
�� 3HWHU�-��%URFNZHOO�5LFKDUG�$��'DYLV�³,QWURGXFWLRQ�7R�7LPH�6HULHV�$QG�)RUHFDVWLQJ´����
�� V�:LOOLDP�:�6��:HL��³0XOWLYDULDWH�7LPH�6HULHV�$QDO\VLV�DQG�$SSOLFDWLRQ´�'HSDUWPHQW�

RI�6WDWLVWLFDO�6FLHQFH�7HPSOH�8QLYHUVLW\��3KLODGHOSKLD��3$��6$��-RKQ�:LOH\�	�6RQV�/WG��
�� -DPHV�'�+DPLOWRQ�³7LPH�6HULHV�$QDO\VLV´���3ULQFH�WRZQ�XQLYHUVLW\�SUHVV���

2QOLQH�5HVRXUFHV��

�� KWWSV���UX�E�RN��RUJ�WHUPV�"T IRUHFDVWLQJ
�� KWWS���KRPH�LLWM�DF�LQ�aSDUPRG�GRFXPHQW�LQWURGXFWLRQ���WLPH���VHULHV�SGI
�� KWWSV���ZZZ�FRXUVHUD�RUJ�OHDUQ�SUDFWLFDO�WLPH�VHULHV�DQDO\VLV
�� KWWSV���RFZ�PLW�HGX�FRXUVHV�HFRQRPLFV��������WLPH�VHULHV�DQDO\VLV�IDOO�

�����GRZQORDG�FRXUVH�PDWHULDOV���
�� KWWSV���VZD\DP�JRY�LQ�QG�BQRF��BPJ���SUHYLHZ
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�$Q�$XWRQRPRXV�,QVWLWXWH�
%��7HFK��'DWD�6FLHQFH��

6(0�9,,,�$FDGHPLF<HDU����������

3DJH�_�����

&RXUVH�3ODQ�

&RXUVH�7LWOH��3URMHFW�,9�

&RXUVH�&RGH����'63���� 6HPHVWHU��9,,,�

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV����

(YDOXDWLRQ�6FKHPH��,6(����� (6(��32(�0DUNV�����

&RXUVH�'HVFULSWLRQ��

7KLV�FRXUVH�ZLOO�LPSOHPHQW�UHOHYDQW�VNLOOV��NQRZOHGJH�DQG�WRROV�WR�DFKLHYH�WKH�JRDO�VHW�IRU�D�SURMHFW��
3URMHFW�0DQDJHPHQW�ZRXOG�KHOS�DVSLUDQWV�LQFXOFDWH�D�VWURQJ�OHDGHUVKLS�TXDOLW\��VHW�JRDOV�DQG�WDUJHWV�
DQG�WDNH�VWHS�E\�VWHS�DFWLRQ�WR�DFKLHYH�WKRVH�JRDOV��3URMHFWV�DUH�WKH�JDWHZD\�WR�VWDQG�DSDUW�IURP�RWKHUV�
DQG� EHFRPH� SURGXFWLYH� HQJLQHHUV�� 7KH� SURMHFWV� IXOILOO� WKH� SXUSRVH� RI� V\QWKHVL]LQJ� WKH� NQRZOHGJH�
DFTXLUHG�GXULQJ�WKH�\HDUV�DQG�GHPRQVWUDWLQJ�WKH�VWXGHQW
V�DSWLWXGH�E\�DSSO\LQJ�WKH�NQRZOHGJH��7KLV�
FRXUVH�DOVR�DFWV�DV�DQ�DLG�LQ�XQGHUVWDQGLQJ�WKH�GRPDLQ�WKURXJK�SURSHU�PRGHOLQJ�DQG�DQDO\VLV�XVLQJ�WKH�
VWDWH�RI�DUW�WHFKQRORJ\�DQG�WKHQ�DSSO\LQJ�UHOHYDQW�VRIWZDUH�HQJLQHHULQJ�SULQFLSOHV�WR�GHYHORS�PRGXODU�
DQG�UREXVW�DSSOLFDWLRQV�WKURXJK�WKH�XVH�RI�VWDQGDUGV�DQG�YDULRXV�WRROV�

&RXUVH�2EMHFWLYH�
�� 7R�XQGHUVWDQG�6RIWZDUH�'HYHORSPHQW�/LIH�&\FOH�DQG�SUHSDUH�SURMHFW�SURSRVDO�EDVHG�RQ�

UHDO�OLIH�VFHQDULR��
�� 5HFRJQL]H�WKH�QHHG�DQG�DELOLW\�WR�HQJDJH�LQ�/LIH�/RQJ�/HDUQLQJ��
�� 7R�H[SHULHQFH�SURMHFW�PDQDJHPHQW�WHFKQLTXHV��
�� �)XQFWLRQ�HIIHFWLYHO\�RQ�WHDPV�DQG�WR�FRPPXQLFDWH�HIIHFWLYHO\�ZLWK�WKH�RXWVLGH�ZRUOG��
�� $EOH�WR�SUHSDUH�D�WHFKQLFDO�UHSRUW�RQ�EDVLV�RI�WKHLU�SURMHFW�VWXG\��

&RXUVH�2XWFRPHV��&2¶V���
8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

������ ([SODLQ�WKH�QHHG�RI�D�VRIWZDUH�SURMHFW�IRU�WKH�VRFLHW\�� 8QGHUVWDQG�

������ ,GHQWLI\�UHTXLUHPHQW�DQDO\VLV�OLNH�IXQFWLRQDO�DQG�WHFKQLFDO�
UHTXLUHPHQWV�IRU�WKH�SURMHFW��

8QGHUVWDQG�

������ 'HPRQVWUDWH�WKH�VWDWH�RI�DUW�WHFKQRORJLFDO�WUHQGV�WKURXJK�SODQQLQJ�
DQG�GHVLJQ�SURMHFW�DVSHFWV��

8QGHUVWDQG�

������ 'HPRQVWUDWH�DQDO\VLV�DQG�GHVLJQ�� $SSO\�

������ 3UHSDUH�WKH�WHFKQLFDO�UHSRUW�FRQVLVWLQJ�RI�656��$QDO\VLV�DQG�'HVLJQ�
RI�3URMHFW��

$SSO\�

3UHUHTXLVLWH�� 6RIWZDUH�(QJLQHHULQJ��3URJUDPPLQJ�/DQJXDJHV��'DWDEDVH�(QJLQHHULQJ�
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6(0�9,,,�$FDGHPLF<HDU����������

3DJH�_�����

&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2¶V��ZLWK�3URJUDP�
2XWFRPHV��32¶V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362¶V��

&2¶V�
32¶V� 362¶V� %7/�

�� �� �� �� �� �� �� �� �� �� ��� ��� �� ��

������ � � � � � � � � � � � � �� �� ��

������ �� �� ��� ��� ��� ��� ��� ��� �� ��� �� ��� �� �� ��

������ �� ��� �� ��� �� ��� ��� ��� �� �� �� ��� �� �� ��

������ �� �� �� ��� ��� ��� ��� ��� �� �� ��� ��� �� �� ��

������ �� �� �� ��� ��� ��� ��� ��� �� �� ��� ��� �� �� ��

&RQWHQW

ཙ 7KH�SURMHFW�ZRUN�LV� WR�EH�FDUULHG�RXW� LQ� WZR�VHPHVWHUV�RI�)LQDO�<HDU�&RPSXWHU�6FLHQFH�DQG�
(QJLQHHULQJ��'DWD�6FLHQFH���7KH�SURMHFW�VKRXOG�EH�XQGHUWDNHQ�SUHIHUDEO\�E\�JURXS�RI���VWXGHQWV�
ZKR�ZLOO�MRLQWO\�ZRUN�DQG�LPSOHPHQW�WKH�SURMHFW�LQ�WZR�VHPHVWHUV���

ཙ ,Q�6HPHVWHU�9,,��WKH�JURXS�ZLOO�VHOHFW�D�SURMHFW�ZLWK�WKH�DSSURYDO�RI�WKH�*XLGH��VWDII�PHPEHU��
DQG�VXEPLW�WKH�WLWOH�RI�WKH�SURMHFW�ZLWK�D�V\QRSVLV�RI�WKH�SURSRVHG�ZRUN�RI�QRW�PRUH�WKDQ����
SDJHV�EHIRUH�VHFRQG�ZHHN�RI�$XJXVW�LQ�WKH�DFDGHPLF�\HDU��

ཙ 6WXGHQWV�VKRXOG�PDLQWDLQ�D�SURMHFW�ORJ�ERRN�FRQWDLQLQJ�ZHHNO\�SURJUHVV�RI�WKH�SURMHFW��

ཙ 7KH� JURXS� LV� H[SHFWHG� WR� FRPSOHWH� GHWDLOHG� V\VWHP� GHVLJQ�� DQDO\VLV�� GDWD� IORZ� GHVLJQ��
SURFXUHPHQW�RI�KDUGZDUH�DQG�RU�VRIWZDUH�� LPSOHPHQWDWLRQ�RI�PRVW�PRGXOHV�RI� WKH�SURSRVHG�
ZRUN�DW�WKH�HQG�RI�VHPHVWHU�±9,,�DV�D�SDUW�RI�WKH�WHUP�ZRUN�VXEPLVVLRQ�LQ�WKH�IRUP�RI�D�MRLQW�
UHSRUW���

ཙ 7KH� WHUP� ZRUN� DVVHVVPHQW� ZLOO� EH� GRQH� MRLQWO\� E\� WHDFKHUV� DSSRLQWHG� E\� +HDG� RI� WKH�
'HSDUWPHQW���

ཙ 6WXGHQWV�KDYH�WR�FRPSOHWH�PD[LPXP�RI�WKH�SURMHFW�ZRUN�������LQ�9,,�VHPHVWHU��

ཙ 3URMHFW�,9�HYDOXDWLRQ�LV�EDVHG�RQ�WKH�FRQWLQXRXV�EDVLV�E\�WKH�SURMHFW�JXLGH����

ཙ 7KH�RUDO�H[DPLQDWLRQ�ZLOO�EH�FRQGXFWHG�E\�DQ�LQWHUQDO�DQG�H[WHUQDO�H[DPLQHU�
1RWH��
�� 3URMHFW�ZRUN�VKRXOG�EH�FRQWLQXDOO\�HYDOXDWHG�EDVHG�RQ�WKH�FRQWULEXWLRQV�RI�WKH�JURXS�PHPEHUV��

RULJLQDOLW\� RI� WKH�ZRUN�� LQQRYDWLRQV�EURXJKW� LQ�� UHVHDUFK� DQG� GHYHORSPHQWDO� HIIRUWV�� GHSWK� DQG�
DSSOLFDELOLW\��HWF���

�� 7ZR�PLG�WHUP�HYDOXDWLRQV�VKRXOG�EH�GRQH��ZKLFK�LQFOXGHV�SUHVHQWDWLRQV�DQG�GHPRV�RI�WKH�ZRUN�
GRQH���

�� &DUH�VKRXOG�EH�WDNHQ�WR�DYRLG�FRS\LQJ�DQG�RXWVRXUFLQJ�RI�WKH�SURMHFW�ZRUN��
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3DJH�_�����

&RXUVH�3ODQ�

&RXUVH�7LWOH��022&

&RXUVH�&RGH����'6022&���� 6HPHVWHU��9,,,�

7HDFKLQJ�6FKHPH��/�7�3������� &UHGLWV���

(YDOXDWLRQ�6FKHPH��,6(���06(�0DUNV��������� (6(�2(�0DUNV�����

7RWDO�������0DUNV�

'XULQJ�WKH�VHPHVWHU��VWXGHQWV�ZLOO�KDYH�WKH�RSSRUWXQLW\�WR�FRPSOHWH�D�EHOORZ�PHQWLRQHG�OLVW�RI�

022&�FRXUVHV�WKDW�IRFXV�RQ�DGYDQFHG�WRSLFV�LQ�GDWD�VFLHQFH��PDFKLQH�OHDUQLQJ��DQG�UHODWHG�DUHDV��

7KHVH�FRXUVHV�DUH�VSHFLILFDOO\�GHVLJQHG�WR�SURYLGH�LQ�GHSWK�NQRZOHGJH�DQG�SUDFWLFDO�VNLOOV�LQ�WKHVH�

GRPDLQV��%\�XQGHUWDNLQJ�WKLV�VHULHV�RI�FRXUVHV��VWXGHQWV�ZLOO�H[SORUH�DGYDQFHG�FRQFHSWV�LQ�GDWD�

VFLHQFH��GHOYH�LQWR�FXWWLQJ�HGJH�PDFKLQH�OHDUQLQJ�WHFKQLTXHV��DQG�JDLQ�YDOXDEOH�LQVLJKWV�LQWR�WKHLU�

DSSOLFDWLRQ�LQ�YDULRXV�GRPDLQV��7KURXJK�WKH�FRPSOHWLRQ�RI�WKHVH�FRXUVHV��VWXGHQWV�ZLOO�GHYHORS�D�

VROLG�IRXQGDWLRQ�LQ�WKH�DGYDQFHG�DVSHFWV�RI�GDWD�VFLHQFH�DQG�PDFKLQH�OHDUQLQJ�

��1DWXUDO�/DQJXDJH�3URFHVVLQJ�

��%LJ�'DWD�$QDO\WLFV�

��$GYDQFHG�6WDWLVWLFDO�$QDO\VLV�

��'DWD�0LQLQJ�DQG�3DWWHUQ�5HFRJQLWLRQ�

��(WKLFDO�DQG�6RFLDO�,VVXHV�LQ�'DWD�6FLHQFH�

x*XLGHOLQHV�IRU�022&6�(YDOXDWLRQ���

���(YHU\�VWXGHQW�RI�)LQDO�<HDU�%�7HFK��VKRXOG�UHJLVWHU�FRPSXOVRULO\�IRU�WKH�RQH���
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