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8QLW����9LVXDO�$LGV�)RU�('$��6WXG\�RI�GLIIHUHQW�FKDUWV�DQG�SORWV��('$�ZLWK�SHUVRQDO�
HPDLO�ORDGLQJ�GDWDVHW��GDWD�WUDQVIRUPDWLRQ��GDWD�DQDO\VLV�� ��

8QLW����'HVFULSWLYH�6WDWLVWLFV��8QGHUVWDQGLQJ�VWDWLVWLFV��0HDVXUHV�RI�FHQWUDO�WHQGHQF\���
PHDQ�� PRGH�� PHGLDQ�� 0HDVXUHV� RI� GLVSHUVLRQ���
6WDQGDUG�GHYLDWLRQ��YDULDQFH��VNHZQHVV��NXUWRVLV��SHUFHQWLOH��TXDUWLOH��

��

8QLW����*URXSLQJ�GDWDVHW��8QGHUVWDQGLQJ�JURXSE\����JURXSE\�PHFKDQLFV��GDWD�
DJJUHJDWLRQ�JURXSZLVH�RSHUDWLRQ��JURXSZLVH�WUDQVIRUPDWLRQ��SLYRW�WDEOHV�DQG�FURVV�
WDEXODWLRQ�

��

8QLW����&RUUHODWLRQ�DQG�7LPH�VHULHV�DQDO\VLV��7\SHV�RI�DQDO\VLV��0XOWLYDULDWH�DQDO\VLV�
XVLQJ�7LWDQLF�GDWDVHW��6LPSVRQV�3DUDGR[��FRUUHODWLRQ�YV��FDXVDWLRQ��IXQGDPHQWDOV�RI�76$��
&KDUDFWHULVWLF�RI�7LPH�VHULHV�GDWD��76$�ZLWK�2SHQ�3RZHU�6\VWHP�'DWD��

��

8QLW����+\SRWKHVLV�7HVWLQJ�DQG�DGYDQFH�GDWD�YLVXDOL]DWLRQ�WRRO��+\SRWKHVLV�WHVWLQJ��
S�KDFNLQJ��8QGHUVWDQGLQJ�UHJUHVVLRQ��7\SHV�RI�UHJUHVVLRQ��0RGHO�GHYHORSPHQW�DQG�
HYDOXDWLRQ��,QIHUHQWLDO�6WDWLVWLFV��

$GYDQFH�GDWD�YLVXDOL]DWLRQ�WRRO��7DEOHDX�&RQQHFWLQJ�WR�GDWD��&UHDWLQJ�6KHHWV�DQG�
'DVKERDUGV��3XEOLVKLQJ�WR�WKH�ZHE�

��

7H[W�%RRNV��
���³+DQGV�2Q�([SORUDWRU\�'DWD�$QDO\VLV�ZLWK�3\WKRQ´��6XUHVK�.XPDU�0XNKL\D��8VPDQ�$KPHG��
3DFNW�3XEOLFDWLRQ��

5HIHUHQFH�%RRNV��
�� ³3\WKRQ�IRU�'DWD�$QDO\VLV´��:HV�0FNLQQH\��2¶5(,//<�3XEOLFDWLRQ�������

2QOLQH�5HVRXUFHV��
�� KWWSV���ZZZ�FRXUVHUD�RUJ�OHFWXUH�GDWD�DQDO\VLV�ZLWK�S\WKRQ�H[SORUDWRU\�GDWD��

DQDO\VLV�L1H:V�
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��&6(��'DWD�6FLHQFH��6HP��9�

�$FDGHPLF<HDU����������

/LQHDU $OJHEUD� 6WDWLVWLFV� 3UREDELOLW\ WKHRU\�3UHUHTXLVLWH�

&RXUVH�3ODQ�

&RXUVH�7LWOH��,QWURGXFWLRQ�WR�0DFKLQH�/HDUQLQJ�

&RXUVH�&RGH�����'6/���� 6HPHVWHU��9�

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

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

&RXUVH�'HVFULSWLRQ��
7KLV�FRXUVH�LV�DQ�LQWURGXFWLRQ�WR�WKH�WKHRUHWLFDO�DVSHFWV�RI�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�DOJRULWKPV�
WKDW�HQDEOH�PDFKLQHV�WR��OHDUQ��IURP�H[SHULHQFH��&RXUVH�ZLOO�SURYLGH�LQ�GHSWK�NQRZOHGJH�WR�WKH�DUHDV�
RI� 6XSHUYLVHG� DQG� 8QVXSHUYLVHG� 0DFKLQH� /HDUQLQJ�� 7KH� FRXUVH� FRYHU� FRUH� 0DFKLQH� /HDUQLQJ�
DOJRULWKPV�IRU�FODVVLILFDWLRQ��UHJUHVVLRQ�DQG�FOXVWHULQJ��
&RXUVH�2EMHFWLYHV��
�� 7R�XQGHUVWDQG�SDWWHUQ�FODVVLILFDWLRQ�DOJRULWKPV�WR�FODVVLI\�PXOWLYDULDWH�GDWD��
�� 7R�XQGHUVWDQG�DQG�LPSOHPHQW�VWDQGDUG�PDFKLQH�OHDUQLQJ�$OJRULWKPV��
�� 7R�XQGHUVWDQG�WH[W�PLQLQJ�DQG�LWV�DSSOLFDWLRQV��

&RXUVH�2XWFRPHV��&2V���

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

&����� 8QGHUVWDQG�WKH�SDUDGLJPV�RI�VXSHUYLVHG�DQG�XQVXSHUYLVHG�PDFKLQH�
OHDUQLQJ��

8QGHUVWDQG

&����� ,GHQWLI\�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�PXOWLSOH�PDFKLQH�OHDUQLQJ�
DSSURDFKHV��

8QGHUVWDQG

&����� )RUPDOL]H D WDVN DV�D PDFKLQH OHDUQLQJ SUREOHP� $SSO\
&����� ,GHQWLI\ VXLWDEOH DOJRULWKPV WR WDFNOH GLIIHUHQW PDFKLQH OHDUQLQJ SUREOHPV� 8QGHUVWDQG

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

&2V�
32V 362V

%7/�

� � � � � � � � � �� �� �� �� ��

&������ � � � � � � � � � � �� �� � �� ��

&������ � � � � � � � � � � �� �� � �� ��

&������ � � � � � � � � � � �� �� �� �� ��

&������� � � � � � � � � � � �� �� �� �� ��
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��&6(��'DWD�6FLHQFH��6HP��9�

�$FDGHPLF<HDU����������

&RQWHQW� +RXUV

8QLW����,QWURGXFWLRQ�WR�0DFKLQH�/HDUQLQJ��0DFKLQH�/HDUQLQJ��'HILQLWLRQ��7HUPLQRORJ\��
7\SHV�RI�OHDUQLQJ��0DFKLQH�/HDUQLQJ�3UREOHP�FDWHJRULHV��0DFKLQH�SURFHVV��/LIHF\FOH��
3HUIRUPDQFH�PHDVXUHV��WRROV�DQG�IUDPHZRUN�DQG�GDWD�YLVXDOL]DWLRQ��

���

8QLW����5HJUHVVLRQ��6LPSOH�UHJUHVVLRQ�±�+\SRWKHVLV��FRVW�IXQFWLRQ��SDUDPHWHU�OHDUQLQJ�
ZLWK�*UDGLHQW�'HVFHQW��OHDUQLQJ�UDWH��*UDGLHQW�'HVFHQW�IRU�OLQHDU�UHJUHVVLRQ��
0XOWLYDULDWH�/LQHDU�5HJUHVVLRQ�±�0XOWLSOH�IHDWXUHV��+\SRWKHVLV�IXQFWLRQV��
*UDGLHQW�'HVFHQW�IRU�PXOWLSOH�YDULDEOHV�DQG�)HDWXUH�VFDOLQJ��

���

8QLW����&ODVVLILFDWLRQ��/RJLVWLF�5HJUHVVLRQ��'HILQLWLRQ��+\SRWKHVLV�UHSUHVHQWDWLRQ��GHFLVLRQ
ERXQGDU\��FRVW�IXQFWLRQ��*UDGLHQW�'HVFHQW�IRU�/RJLVWLF�5HJUHVVLRQ�� 0XOWLFODVV�&ODVVLILFDWLRQ��
5HJXODUL]DWLRQ���2YHU�ILWWLQJ�	�8QGHU�ILWWLQJ��FRVW�IXQFWLRQ��5HJXODUL]HG�/LQHDU�5HJUHVVLRQ�
5HJXODUL]HG�/RJLVWLF�5HJUHVVLRQ�DQG�.��1HDUHVW�1HLJKERUV�&ODVVLILHU�� ���

8QLW����%D\HVLDQ�/HDUQLQJ��,QWURGXFWLRQ�WR�%D\HV�WKHRUHP��1DwYH�%D\HV�WKHRUHP��1DwYH�
%D\HV�&ODVVLILHU��%D\HVLDQ�%HOLHI�1HWZRUNV��,QWURGXFWLRQ�WR�+LGGHQ�0DUNRY�0RGHO�DQG�
,VVXHV�LQ�+LGGHQ�0DUNRY�0RGHO��

���

8QLW� ���'HFLVLRQ� 7UHHV� DQG� 690��'HILQLWLRQ�� 7HUPLQRORJ\�� WKH� QHHG�� $GYDQWDJHV�� DQG
/LPLWDWLRQV�� &RQVWUXFWLQJ� DQG� 8QGHUVWDQGLQJ� 'HFLVLRQ� 7UHHV�� FRPPRQ� SUREOHPV� ZLWK
'HFLVLRQ� 7UHHV�� 'HFLVLRQ� 7UHH� DOJRULWKPV�� UDQGRP� IRUHVW� DQG� H[DPSOHV�� ,QWURGXFWLRQ� WR
6XSSRUW�9HFWRU�0DFKLQHV��/LQHDU�6XSSRUW�9HFWRU�0DFKLQHV�VRIW�PDUJLQ�690��KDUG�PDUJLQ
690��.HUQHO�7ULFNV��3ULPDO�DQG�'XDO�)RUP��&RVW�)XQFWLRQ��

���

8QLW����&OXVWHULQJ��,QWURGXFWLRQ�WR�&OXVWHULQJ��7\SHV�RI�&OXVWHULQJ��3DUWLWLRQLQJ�0HWKRGV�
RI�&OXVWHULQJ��+LHUDUFKLFDO�0HWKRGV��,QWURGXFWLRQ�WR�WH[W�PLQLQJ��0HWKRGV�DQG�WHFKQLTXHV�RI�
WH[W�PLQLQJ��$SSOLFDWLRQ�RI�WH[W�PLQLQJ��

���

7H[W�%RRNV��
�� 0DFKLQH�/HDUQLQJ��$QXUDGKD�6ULQLYDVDUD�JKDYDQ��DQG�9LQF\�-RVHSK��.LQGOH�(GLWLRQ��������:,/(<��
�� ,QWURGXFWLRQ�WR�0DFKLQH�/HDUQLQJ��(WKHP�$OSD\GLQ��6HFRQG�(GLWLRQ��������3UHQWLFH�+DOO�RI�,QGLD��
�� 3UDFWLFDO�0DFKLQH�/HDUQLQJ�6XQLOD�*ROODSXGL�3DFNW�3XEOLVKLQJ�/WG��
�� )XQGDPHQWDOV�RI�'DWD�6FLHQFH��%\6DQMHHY�-��:DJK��0DQLVKD�6��%KHQGH��$QXUDGKD�'��7KDNDUH��
�VW�(GLWLRQ��1HZ�<RUN��

5HIHUHQFH�%RRNV��
�� 0DFKLQH�/HDUQLQJ�E\�7RP�0��0LWFKHOO��,QWHUQDWLRQDO�(GLWLRQ�������0F*UDZ�+LOO�(GXFDWLRQ��
�� 'DWD�PLQLQJ�DQG�DQDO\VLV�0RKDPPHG�-�=DNL:DJQHU0HLUD-U��&DPEULGJH�8QLYHUVLW\3UHVV��

2QOLQH�5HVRXUFHV��
�� KWWSV���OLYHERRN�PDQQLQJ�FRP�ERRN�PDFKLQH�OHDUQLQJ�LQ��

DFWLRQ�DERXW�WKLV�ERRN��KWWSV���ZZZ�FRXUVHUD�RUJ�OHDUQ�PDFKLQH��
OHDUQLQJ�

�� KWWSV���QSWHO�DF�LQ�FRXUVHV����������
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��&6(��'DWD�6FLHQFH��6HP��9�

�$FDGHPLF<HDU����������

6HW 7KHRU\ DQG 'DWD 6WUXFWXUHV3UHUHTXLVLWH�

&RXUVH�3ODQ�

&RXUVH�7LWOH��'DWDEDVH�(QJLQHHULQJ�

&RXUVH�&RGH����'6/���� 6HPHVWHU��9�

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

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

&RXUVH�'HVFULSWLRQ��
7KLV�FRXUVH�LQWURGXFHV�WKH�IXQGDPHQWDO�FRQFHSWV��SULQFLSOHV�DQG�WRROV�RI�GDWDEDVH�V\VWHP��7KH�FRXUVH�
LQFOXGHV� UHODWLRQDO� GDWD� PRGHO� DQG� ODQJXDJHV�� GDWDEDVH� GHVLJQ� WHFKQLTXHV�� 64/�� GDWD� VWRUDJH� DQG�
LQGH[LQJ�WHFKQLTXHV��$OVR��WKH�IRFXV�LV�JLYHQ�RQ�FRQFXUUHQF\�FRQWURO�DQG�UHFRYHU\�WHFKQLTXHV��

&RXUVH�2EMHFWLYHV��
�� 7R�XQGHUVWDQG�IXQGDPHQWDO�FRQFHSWV�RI�GDWDEDVH�V\VWHPV��
�� 7R�JDLQ�IDPLOLDULW\�ZLWK�64/��3/64/�DQG�'%06��
�� 7R�OHDUQ�GDWDEDVH�GHVLJQ�WHFKQLTXHV��
�� 7R�XQGHUVWDQG�LQGH[LQJ��WUDQVDFWLRQ�PDQDJHPHQW��UHFRYHU\�DQG�VHFXULW\�WHFKQLTXHV��

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

&����� 8QGHUVWDQG�IXQGDPHQWDO�FRQFHSWV�RI�GDWDEDVH�V\VWHPV�� 8QGHUVWDQG�
&����� &RQVWUXFW�ORJLFDO�GHVLJQ�RI�GDWDEDVH�XVLQJ�(�5�'LDJUDP�� (YDOXDWLQJ�
&����� 6WXG\�DQG�DSSO\�64/�TXHULHV���3/64/�SURFHGXUHV�WR�GHVLJQ�	�PDQDJH�WKH�

GDWDEDVH�
$SSO\�

&����� $QDO\]H�	�FRQVWUXFW�JRRG�GDWDEDVH�GHVLJQ�� $QDO\]LQJ�
&����� 8QGHUVWDQG WUDQVDFWLRQ FRQFHSWV DQG FRQFXUUHQF\ FRQWURO WHFKQLTXHV� $SSO\
&����� 8QGHUVWDQG�IDLOXUHV�LQ�GDWDEDVH��DSSURSULDWH�UHFRYHU\�DQG�VHFXULW\�WHFKQLTXHV�� 8QGHUVWDQG�

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

&2V�
32V 362V

%7/�

� � � � � � � � � �� �� �� � �
&������ � � �

&������ � � �
&����� � � � � � �

&������ � � � � �

&������ � � �

&������ � � �
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��&6(��'DWD�6FLHQFH��6HP��9�

�$FDGHPLF<HDU����������

&RQWHQW� +RXUV

8QLW����,QWURGXFWLRQ�WR�GDWDEDVHV�DQG�(�5�PRGHO�
3XUSRVH� RI� 'DWDEDVH� 6\VWHPV�� 9LHZ� RI� GDWD�� 'DWDEDVH� DUFKLWHFWXUH�� 'DWDEDVH� XVHUV� DQG
DGPLQLVWUDWRU�� (�5�PRGHO��(QWLW\� VHWV��5HODWLRQVKLS� VHWV��0DSSLQJ�&RQVWUDLQWV��.H\V�� (�5
'LDJUDP�� 5HGXFLQJ� (�5� 'LDJUDPV� WR� UHODWLRQDO� VFKHPDV�� ([WHQGHG� (�5� IHDWXUHV�
6SHFLDOL]DWLRQ��*HQHUDOL]DWLRQ��DQG�$JJUHJDWLRQ�

��

8QLW����5HODWLRQDO�0RGHO��64/�DQG�3/64/�
5HODWLRQDO� 0RGHO�� 6WUXFWXUH� RI� 5HODWLRQDO� 'DWDEDVHV�� 'DWDEDVH� 6FKHPD�� .H\V�� 6FKHPD�
'LDJUDP��5HODWLRQDO�$OJHEUD��
64/��2YHUYLHZ�RI� WKH�64/�4XHU\�/DQJXDJH��%DVLF�6WUXFWXUH�RI�64/�4XHULHV��$GGLWLRQDO
%DVLF�2SHUDWLRQV��6HW�2SHUDWLRQV��$JJUHJDWH�)XQFWLRQV��1HVWHG�6XE�TXHULHV��0RGLILFDWLRQ�RI
WKH�'DWDEDVH��-RLQ�([SUHVVLRQV��9LHZV��
3/64/��7ULJJHUV��6WRUHG�3URFHGXUHV��3/�64/�3URFHVVLQJ�ZLWK�&XUVRUV��3/�64/�6WRUHG�
)XQFWLRQV�

��

8QLW����5HODWLRQDO�'DWDEDVH�'HVLJQ�
5HIHUHQWLDO�,QWHJULW\��IHDWXUHV�RI�JRRG�UHODWLRQDO�GHVLJQV��IXQFWLRQDO�GHSHQGHQF\��FORVXUH�RI�D�
VHW�RI�IXQFWLRQDO�GHSHQGHQFLHV�DQG�&DQRQLFDO�FRYHU��
1RUPDOL]DWLRQ��3XUSRVH�RI�QRUPDOL]DWLRQ��)LUVW�1RUPDO�)RUP���1)���6HFRQG�1RUPDO�)RUP�
��1)���7KLUG�1RUPDO�)RUP��1)���%R\FH�&RGG�1RUPDO�)RUP�%&1)���

��

8QLW����'DWD�6WRUDJH�DQG�,QGH[LQJ�
6WRUDJH�DQG�)LOH�VWUXFWXUH��2YHUYLHZ�RI�SK\VLFDO�VWRUDJH�PHGLD��5$,'��)LOH�2UJDQL]DWLRQ��
2UJDQL]DWLRQ�RI�5HFRUGV�LQ�)LOHV��'DWD�'LFWLRQDU\�6WRUDJH��'DWDEDVH�%XIIHU��
,QGH[LQJ�DQG�+DVKLQJ��%DVLF�&RQFHSWV��2UGHUHG�,QGLFHV��%��7UHH�,QGH[�)LOHV��0XOWLSOH�.H\�
$FFHVV��6WDWLF�+DVKLQJ��'\QDPLF�+DVKLQJ��,QGH[�GHILQLWLRQ�LQ�64/��

��

8QLW����&RQFXUUHQF\�&RQWURO�DQG�&UDVK�5HFRYHU\�
7UDQVDFWLRQ� FRQFHSW�� 7UDQVDFWLRQ� VWDWH�� &RQFXUUHQW� ([HFXWLRQV�� 6HULDOL]DELOLW\�

5HFRYHUDELOLW\�� WHVWLQJ� IRU� 6HULDOL]DELOLW\�� /RFN�%DVHG� 3URWRFROV�� *UDSK� EDVHG� 3URWRFROV�

7LPHVWDPS�%DVHG�3URWRFROV��9DOLGDWLRQ�EDVHG�SURWRFROV��)DLOXUH�&ODVVLILFDWLRQ��5HFRYHU\�

DQG�$WRPLFLW\��/RJ�%DVHG�5HFRYHU\��&KHFNSRLQWV��6KDGRZ�3DJLQJ��%XIIHU�0DQDJHPHQW�

��

8QLW����'DWDEDVH�6HFXULW\�DQG�$XWKRUL]DWLRQ��
,QWURGXFWLRQ�WR�'DWDEDVH�6HFXULW\� ,VVXHV��'LVFUHWLRQDU\�$FFHVV�&RQWURO�%DVHG�RQ�*UDQWLQJ
DQG�5HYRNLQJ�3ULYLOHJHV��0DQGDWRU\�$FFHVV�&RQWURO� DQG�5ROH��%DVHG�$FFHVV�&RQWURO� IRU
0XOWLOHYHO�6HFXULW\��,QWURGXFWLRQ�WR�6WDWLVWLFDO�'DWDEDVH�6HFXULW\�

��
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��&6(��'DWD�6FLHQFH��6HP��9�

7H[W�%RRNV��

�� $��6LOEHUVFKDW]��+�)��.RUWK��6��6XGDUVKDQ��³'DWDEDVH�6\VWHP�&RQFHSWV´���WK�(GLWLRQ��0F*UDZ�
+LOO�(GXFDWLRQ���8QLW�������������

�� 7KRPRV�&RQQROO\��&DURO\Q�%HJJ��³'DWDEDVH�6\VWHPV���$�SUDFWLFDO�DSSURDFK�WR�'HVLJQ��
,PSOHPHQWDWLRQ�DQG�0DQDJHPHQW´���UG�(GLWLRQ��3HDUVRQ�(GXFDWLRQ���8QLW����1RUPDOL]DWLRQ��

�� &RURQHO��0RUULV��5RE��³'DWDEDVH�6\VWHPV��'HVLJQ��,PSOHPHQWDWLRQ�DQG�0DQDJHPHQW´��1LQWK�(GLWLRQ��
&HQJDJH�/HDUQLQJ���8QLW����3/64/��

�� 5DPH]�(OPDVUL�DQG�6KDPNDQW�1DYDWKH��³)XQGDPHQWDOV�RI�'DWDEDVH�6\VWHPV´��3HDUVRQ�
(GXFDWLRQ�)LIWK�(GLWLRQ��8QLW����

5HIHUHQFH�%RRNV��
���5DJKX�5DPNULVKQDQ��-RKDQQHV�*HKUNH��³'DWDEDVH�0DQDJHPHQW�6\VWHP´��)RXUWK�(GLWLRQ��

0F*UDZ+LOO�(GXFDWLRQ��

2QOLQH�5HVRXUFHV��
���KWWSV���RQOLQHFRXUVHV�QSWHO�DF�LQ�QRF��BFV���SUHYLHZ�
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��&6(��'DWD�6FLHQFH��6HP��9�

& DQG &�� /DQJXDJHV3UHUHTXLVLWH�

&RXUVH�3ODQ�

&RXUVH�7LWOH��6RIWZDUH�(QJLQHHULQJ�

&RXUVH�&RGH����'6/���� 6HPHVWHU��9�

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

(YDOXDWLRQ�6FKHPH��,6(�06(�0DUNV�������� (6(�0DUNV�����
&RXUVH�'HVFULSWLRQ��
7KLV� FRXUVH� DFW� DV� JXLGHOLQHV� SURYLGHG� IRU� VRIWZDUH� GHYHORSPHQW�� ,W� FRPPHQFHV� WKH� PDLQ�
PHWKRGRORJLHV�RI�VRIWZDUH�HQJLQHHULQJ�DQG�6RIWZDUH�'HYHORSPHQW�/LIH�&\FOH��6'/&���,W�DOVR�
FRQWDLQV�H[SRVXUH�WR�GLIIHUHQW�WRROV�DQG�PRGHOV�ZKLFK�SOD\�LPSRUWDQW�UROH�LQ�6'/&�

&RXUVH�2EMHFWLYHV��

�� 7R�H[SRVH�WKH�VWXGHQWV�WR�EDVLF�FRQFHSWV�DQG�SULQFLSOHV�RI�VRIWZDUH�HQJLQHHULQJ��
�� 7R�PDNH�WKH�VWXGHQWV�DZDUH�RI�WKH�LPSRUWDQFH�RI�6'/&�LQ�WKHLU�SURMHFW�GHYHORSPHQW��
�� 7R�H[SRVH�WKH�VWXGHQWV�WR�DJLOH�SURFHVVHV��

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

&������ 8QGHUVWDQG�V\VWHPDWLF�PHWKRGRORJLHV�RI�6'/&�� 8QGHUVWDQG�

&������ 6WDWH�656�IRU�WKHLU�SUREOHP�GRPDLQ�� 5HPHPEHULQJ�

&������ 8VH�80/�IRU�2EMHFW�2ULHQWHG�0RGHOOLQJ�� $SSO\�

&������ 8QGHUVWDQG�FRGLQJ��WHVWLQJ�PHWKRGV�DQG�LPSRUWDQFH�RI�VRIWZDUH�
PDLQWHQDQFH��

8QGHUVWDQG�

&������ 8QGHUVWDQG�LQ�GHWDLO�DJLOH�SURFHVVHV�� 8QGHUVWDQG�

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

&2V�
32V� 362V�

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

&����� �� �� �� �� �� �� �� � � �� �� �� � �� ��

&����� �� �� �� �� �� �� �� � � �� �� �� � �� ��

&����� �� �� �� �� �� �� �� � � �� �� �� � �� ��

&����� �� �� �� �� �� �� �� � � �� �� �� � �� ��

&����� �� �� �� �� �� �� �� � � �� �� �� � �� ��
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�
7��<��%��7HFK��'DWD�6FLHQFH�6(0�9�

�$FDGHPLF<HDU����������

&RQWHQW� +RXUV�

8QLW����,QWURGXFWLRQ�WR�6RIWZDUH�DQG�3URFHVVHV�
6RIWZDUH�3UREOHP��&RVW��6FKHGXOH�	�4XDOLW\��6FDOH�DQG�FKDQJH��6RIWZDUH�3URFHVVHV��
3URFHVV�DQG�3URMHFW��&RPSRQHQW�6RIWZDUH�3URFHVVHV��6'/&��6RIWZDUH�'HYHORSPHQW�
3URFHVV�0RGXOHV��3URMHFW�0DQDJHPHQW�3URFHVV��$JLOH�'HYHORSPHQW��;3��RWKHU�$JLOH�
3URFHVV�0RGHOV��7RRO�6HW�)RU�$JLOH�3URFHVV��

��

8QLW����6RIWZDUH�5HTXLUHPHQWV�$QDO\VLV�
,QWURGXFWLRQ�WR�5HTXLUHPHQWV�(QJLQHHULQJ��9DOXH�RI�D�JRRG�656��5HTXLUHPHQWV�
3URFHVV��5HTXLUHPHQWV�6SHFLILFDWLRQV��2WKHU�$SSURDFKHV�IRU�$QDO\VLV��9DOLGDWLRQ��
&DVH�VWXG\�RQ�6RIWZDUH�UHTXLUHPHQWV��

��

8QLW����6RIWZDUH�3ODQQLQJ�	�5LVN�0DQDJHPHQW�
5HVSRQVLELOLWLHV�RI�6RIWZDUH�3URMHFW�0DQDJHU��3URMHFW�3ODQQLQJ��3URMHFW�6FKHGXOLQJ��
3URMHFW�6WDIILQJ��3HRSOH�&00��5LVN�0DQDJHPHQW��
&DVH�VWXG\�RQ�&2&202��

��

8QLW����6RIWZDUH�'HVLJQ�
%DVLFV�RI�6RIWZDUH�'HVLJQ��)XQFWLRQ�2ULHQWHG�'HVLJQ���')'��2EMHFW�2ULHQWHG�'HVLJQ
&ODVV� GLDJUDP�� 6HTXHQFH� 	� FROODERUDWLRQ� GLDJUDP�� 'HWDLOHG� 'HVLJQ�� &DVH� 6WXG\� IRU
6RIWZDUH�'HVLJQ��

��

8QLW����2EMHFW�0RGHOOLQJ�8VLQJ�80/�DQG�22�6RIWZDUH�'HYHORSPHQW�
%DVLF�22�&RQFHSWV��80/��80/�'LDJUDPV��8VH�&DVH�0RGHO��,QWHUDFWLRQ�'LDJUDP��
$FWLYLW\�'LDJUDP��6WDWH�&KDUW�'LDJUDP��3DWWHUQV�DQG� &RPPRQ�'HVLJQ�3DWWHUQV��22�
$QDO\VLV�DQG�'HVLJQ�0HWKRGRORJ\��,QWHUDFWLRQ�0RGHOOLQJ��
+DQGV�RQ�IRU�6WDU80/��

��

8QLW����&RGLQJ�	�7HVWLQJ�
)HDWXUHV�RI�6RIWZDUH�&RGH��&RGLQJ�*XLGHOLQHV��&RGLQJ�0HWKRGRORJ\��3URJUDPPLQJ�
3UDFWLFH��&RGH�9HULILFDWLRQ�7HFKQLTXHV��&RGLQJ�7RROV��&RGH�'RFXPHQWDWLRQ��6RIWZDUH�
7HVWLQJ� %DVLFV�� 7HVW� SODQ�� 7HVW� FDVH� 'HVLJQ�� 6RIWZDUH� 7HVWLQJ� 6WUDWHJLHV�� /HYHO� RI�
7HVWLQJ��7HVWLQJ�7HFKQLTXHV��6RIWZDUH�WHVWLQJ�7RROV��'HEXJJLQJ��6RIWZDUH�7HVW�5HSRUW��
DQG�,QWURGXFWLRQ�WR�6RIWZDUH�GHSOR\PHQW�	�0DLQWHQDQFH��
+DQGV�RQ�IRU�6HOHQLXP�RSHQ�VRXUFH�WRRO��

��

7H[W�%RRNV��
�� 3DQNDM�-DORWH��³6RIWZDUH�(QJLQHHULQJ��$�SUHFLVH�DSSURDFK´��:LOH\�,QGLD���8QLW��������
�� 5RJHU�6��3UHVVPDQ��³6RIWZDUH�(QJLQHHULQJ�±�$�3UDFWLWLRQHU¶V�$SSURDFK´���WK�(GLWLRQ��0F�*UDZ�

+LOO���8QLW������
�� 5RKLW�.KXUDQD��³6RIWZDUH�(QJLQHHULQJ�3ULQFLSOHV�DQG�3UDFWLFHV´��9LNDV�3XEOLFDWLRQ��
�� 8JUDVHQ�6XPDQ��³6RIWZDUH�(QJLQHHULQJ�FRQFHSW�	�3UDFWLFHV´��&(1$1*(�/HDUQLQJ���8QLW����
�� 5DMLE�0DOO��³)XQGDPHQWDOV�RI�6RIWZDUH�(QJLQHHULQJ´��3+,��7KLUG�(GLWLRQ��8QLW���
�� *UDG\�%RRFK��-DPHV�5DPEDXJK��/YDU�-DFREVRQ��³7KH�8QLILHG�0RGHOLQJ�/DQJXDJH�8VHU�*XLGH´��$GGLVRQ�

:HVOH\��8QLW�����
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9���$FDGHPLF<HDU����������

5HIHUHQFH�%RRNV��
�� +DQVYDQ�9OLHW��³6RIWZDUH�(QJLQHHULQJ�3ULQFLSOHV�DQG�3UDFWLFH´��:LOOH\�,QGLD�(GLWLRQ��
�� 6RPPHU�9LOOH��³6RIWZDUH�(QJLQHHULQJ´��3HDUVRQ�(GXFDWLRQ��,QGLD��
�� 3�)OHHJHU��³6RIWZDUH�(QJLQHHULQJ´��3HDUVRQ�(GXFDWLRQ��,QGLD��

2QOLQH�5HVRXUFHV��

�� KWWSV���RQOLQHFRXUVHV�QSWHO�DF�LQ�QRF��BFV���FRXUVH�

x ,6(������

�� (DFK�VWXGHQW�PXVW�EH�JLYHQ�D�FDVH�VWXG\�WR�ZULWH�656��
�� (DFK�VWXGHQW�PXVW�VWXG\��GHVLJQ�DQG�GUDZ�GLDJUDP�IRU�JLYHQ�FDVH�VWXG\�DV�LQ���DERYH�XVLQJ�

DSSURSULDWH�2EMHFW�2ULHQWHG�'HVLJQ�7RRO��

x ,6(������

�� 6WXGHQWV�PXVW�EH�DVNHG�WR�VWXG\��GHPRQVWUDWH�DQG�SUHSDUH�UHSRUW�RQ�WRROV�RI�IROORZLQJ�W\SHV�
D� &RGH�(GLWLQJ�7RROV�

1RWHSDG����6XEOLPH�7H[W��-HGLW��$WRP��9LVXDO�6WXGLR�&RGH��%UDFNHWV��
1HW%HDQV��(FOLSH��%OXHILVK�9,0��

E� $QGURLG�GHYHORSPHQW�7RROV�
$QGURLG�6WXGLR��$QGURLG�$VVHW�6WXGLR��$,'(��3KRQH*DS��)OXWWHU��6WHWKR��

F� $3,�7RROV�
6ZDJJHU��3RVWPDQ��5(67��62$3��

G� 7HVWLQJ�5HODWHG�7RROV�
-PHWHU��6HOHQLRP��&XFXPEHU��7HVW1*��-8QLW��

H� 5HSRVLWRU\�0DLQWDLQLQJ�7RROV�
7RUWRLVH��*LW��*LW+XE�%LWEXFNHW��
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9���$FDGHPLF<HDU����������

&RXUVH�3ODQ�

&RXUVH�7LWOH��-DYD�3URJUDPPLQJ�

&RXUVH�&RGH�����'63���� 6HPHVWHU��9�

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

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

&RXUVH�'HVFULSWLRQ��

7KLV�FRXUVH�SURYLGHV�WKH�REMHFW�RULHQWHG�DSSURDFK�XVLQJ�-DYD�SURJUDPPLQJ�FRQVWUXFWV��7KH�FRXUVH�

LQFOXGHVEDVLFV�RI�-DYD�ODQJXDJH�SURJUDPPLQJ��WKH�GLIIHUHQW�REMHFW�RULHQWHG�IHDWXUHV��SDFNDJHV��ILOH�

KDQGOLQJ�DQG�PXOWLWKUHDGLQJ��7KLV�FRXUVH�HQDEOHV�WKH�VWXGHQWV�WR�GHYHORS�WKH�*8,�EDVHG�DSSOLFDWLRQV�

XVLQJ�DGYDQFHG�IHDWXUHV�VXFK�DV�VZLQJ��GDWDEDVH�KDQGOLQJ��QHWZRUNLQJ�DQG�FROOHFWLRQ��7KLV�FRXUVH�

SURYLGHV� WKH� EDVLFV� IRU� GHYHORSLQJ� DQGURLG� DSSOLFDWLRQV�� JDPHV�� DQG� PDQ\� PRUH� SURJUDPPLQJ�

ODQJXDJH�DSSOLFDWLRQV�LQ�WKH�GLIIHUHQWILHOGV��

&RXUVH�2EMHFWLYH��

�� 7R�LQWURGXFH�WKH�FRQFHSWV�RI�REMHFW�RULHQWHG�SURJUDPPLQJ�XVLQJ�-$9$�SURJUDPPLQJ�FRQVWUXFWV��

�� 7R�H[SRVH�WKH�VWXGHQWV�ZLWK�WKH�-$9$�FRQFHSWV�XVLQJ�LQKHULWDQFH��LQWHUIDFH��

SDFNDJH��,�2�DQG� H[FHSWLRQ�KDQGOLQJ�PHFKDQLVPV��

�� 7R�GHYHORS�WKH�SUREOHP�VROYLQJ�DELOLW\�XVLQJ�*8,�GHVLJQLQJ�FRPSRQHQWV��

�� 7R�EXLOG�WKH�IRXQGDWLRQV�RI�DGYDQFHG�MDYD�SURJUDPPLQJ�IRU�DSSOLFDWLRQ�GHYHORSPHQW��

&RXUVH�2XWFRPHV��&2V���

$W�WKH�HQG�RI�WKH�FRXUVH�WKH�VWXGHQW�VKRXOG�EH�DEOH�WR��

&������ 8VH�WKH�MDYD�SURJUDPPLQJ�FRQFHSWV�IRU�VROYLQJ�WKH�SUREOHPV�ZLWK�
REMHFW�RULHQWHG�DSSURDFK�� $SSO\�

&������
'HYHORS WKH UHOLDEOH DQG XVHU �IULHQGO\ DSSOLFDWLRQ XVLQJ
LQKHULWDQFH��LQWHUIDFH��SDFNDJH��,�2�DQG�H[FHSWLRQ�KDQGOLQJ�
PHFKDQLVPV��

$SSO\�

&������ &UHDWH�WKH�DSSOLFDWLRQV�XVLQJ�WKH�*8,�GHVLJQLQJ�FRPSRQHQWV�ZLWK�
WKH�XVH�RI�PRGHUQ�WRROV�� $SSO\�

&������
$SSO\ WKH NQRZOHGJH RI WKH DGYDQFHG MDYD SURJUDPPLQJ FRQFHSWV
IRU�GHYHORSLQJ�WKH�DSSOLFDWLRQV�IURP�GLIIHUHQW�GRPDLQV�� $SSO\�
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9���$FDGHPLF<HDU����������

&RXUVH�$UWLFXODWLRQ�0DWUL[�

0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2V��ZLWK�3URJUDP�2XWFRPHV��32V��

&2V�
32V� 362V�

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

&����� �� �� �� �� �� �� �� � � �� �� �� � �� ��

&����� �� �� �� �� �� �� �� � � �� �� �� � �� ��

&����� �� �� �� �� �� �� �� � � �� �� �� � �� ��

&����� �� �� �� �� �� �� �� � � �� �� �� � �� ��

&RQWHQW� +RXUV�

8QLW� ��� )XQGDPHQWDO� 3URJUDPPLQJ� LQ� -DYD�� 7KH� -DYD� %X]]ZRUGV�� 7KH� -DYD
3URJUDPPLQJ� (QYLURQPHQW�� -90�� -,7� &RPSLOHU�� %\WH� &RGH� &RQFHSW�� $� 6LPSOH� -DYD
3URJUDP��6RXUFH�)LOH�'HFODUDWLRQ�5XOHV��&RPPHQWV��'DWD�7\SHV��9DULDEOHV��2SHUDWRUV�
6WULQJV��,QSXW�DQG�2XWSXW��&RQWURO�)ORZ��$UUD\��
2EMHFWV� DQG� &ODVVHV�� 2EMHFW�2ULHQWHG� 3URJUDPPLQJ� &RQFHSWV�� 'HFODULQJ� &ODVVHV�
'HFODULQJ�0HPEHU�9DULDEOHV��'HILQLQJ�0HWKRGV��&RQVWUXFWRU��3DVVLQJ�,QIRUPDWLRQ�WR�D
0HWKRG�RU�D�&RQVWUXFWRU��&UHDWLQJ�DQG�XVLQJ�REMHFWV��&RQWUROOLQJ�$FFHVV�WR�&ODVV�
0HPEHUV��6WDWLF�)LHOGV�DQG�0HWKRGV��WKLV�NH\ZRUG�

��

8QLW����,QKHULWDQFH��,QWHUIDFH�DQG�3DFNDJH��
,QKHULWDQFH��'HILQLWLRQ��6XSHU�FODVVHV��DQG�6XEFODVVHV��2YHUULGLQJ�DQG�+LGLQJ�0HWKRGV��
3RO\PRUSKLVP�� ,QKHULWDQFH� +LHUDUFKLHV�� 6XSHU� NH\ZRUG�� )LQDO� &ODVVHV� DQG� 0HWKRGV�
$EVWUDFW� &ODVVHV� DQG� 0HWKRGV�� FDVWLQJ�� 'HVLJQ� +LQWV� IRU� ,QKHULWDQFH�� ,QQHU� &ODVVHV�
JDUEDJH�FROOHFWLRQ��
,QWHUIDFHV��'HILQLQJ� DQ� ,QWHUIDFH�� LPSOHPHQWLQJ� DQ� ,QWHUIDFH�� XVLQJ� DQ� ,QWHUIDFH� DV� D
7\SH��(YROYLQJ�,QWHUIDFHV��DQG�'HIDXOW�0HWKRGV��
3DFNDJHV��&ODVV�LPSRUWLQJ��FUHDWLQJ�D�3DFNDJH��QDPLQJ�D�3DFNDJH��8VLQJ�3DFNDJH�
0HPEHUV��0DQDJLQJ�6RXUFH�DQG�&ODVV�)LOHV��

��

8QLW����([FHSWLRQ�DQG�,�2�6WUHDPV�
([FHSWLRQ��'HILQLWLRQ��GHDOLQJ�ZLWK�(UURUV��7KH�&ODVVLILFDWLRQ�RI�([FHSWLRQV��'HFODULQJ
&KHFNHG� ([FHSWLRQV�� 7KURZ� DQ� ([FHSWLRQ�� &UHDWLQJ� ([FHSWLRQ� &ODVVHV�� &DWFKLQJ
([FHSWLRQV��&DWFKLQJ�0XOWLSOH�([FHSWLRQV��5H�WKURZLQJ�DQG�&KDLQLQJ� ([FHSWLRQV��ILQDOO\�
FODXVH��
,�2�6WUHDPV��%\WH�6WUHDP�±�,QSXW�6WUHDP��2XWSXW�6WUHDP��'DWD�,QSXW�6WUHDP��'DWD�
2XWSXW�6WUHDP�� )LOH�,QSXW�6WUHDP�� )LOH�2XWSXW�6WUHDP�� &KDUDFWHU� 6WUHDPV��
%XIIHUHG�6WUHDP��6FDQQHU�FODVV�

��
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9���$FDGHPLF<HDU����������

8QLW����*UDSKLFDO�8VHU�,QWHUIDFHV�XVLQJ�$:7�DQG�6ZLQJ�
,QWURGXFWLRQ�WR�$:7�FRPSRQHQWV��)UDPH��$SSOHW��,QWURGXFWLRQ�WR�WKH�6ZLQJ��6ZLQJ�
FRPSRQHQWV��
/D\RXW�0DQDJHPHQW��,QWURGXFWLRQ�WR�/D\RXW�0DQDJHPHQW��$3,V�IRU�%RUGHU�/D\RXW��
)ORZ�/D\RXW��*ULG�/D\RXW�
(YHQW�+DQGOLQJ��%DVLFV�RI�(YHQW�+DQGOLQJ��7KH�$:7�(YHQW�+LHUDUFK\��6HPDQWLF�DQG�
/RZ�/HYHO�(YHQWV�LQ�WKH�$:7��/RZ�/HYHO�(YHQW�7\SHV�

��

8QLW����0XOWLWKUHDGLQJ��&ROOHFWLRQV�
0XOWLWKUHDGLQJ��3URFHVVHV�DQG�7KUHDGV��5XQQDEOH�,QWHUIDFH�DQG�7KUHDG�&ODVV��7KUHDG
2EMHFWV��'HILQLQJ�DQG�6WDUWLQJ�D�7KUHDG��3DXVLQJ�([HFXWLRQ�ZLWK�6OHHS��7KUHDG�6WDWHV�
7KUHDG�3URSHUWLHV�
&ROOHFWLRQV��&ROOHFWLRQ�,QWHUIDFHV��&RQFUHWH�&ROOHFWLRQV�/LVW��4XHXH��6HW��0DS�� WKH�
&ROOHFWLRQV�)UDPHZRUN�

��

8QLW����'DWDEDVH�3URJUDPPLQJ�DQG�1HWZRUNLQJ�
'DWDEDVH�3URJUDPPLQJ��7KH�'HVLJQ�RI�-'%&��7KH�6WUXFWXUHG�4XHU\�/DQJXDJH��%DVLF�
-'%&�3URJUDPPLQJ�&RQFHSWV��4XHU\�([HFXWLRQ��6FUROODEOH�DQG�8SGDWDEOH�5HVXOW�6HWV��
1HWZRUNLQJ��2YHUYLHZ�RI�1HWZRUNLQJ��1HWZRUNLQJ�%DVLFV��6RFNHWV��UHDGLQJ�IURP�DQG�
:ULWLQJ�WR�D�6RFNHW��:ULWLQJ�WKH�6HUYHU�6LGH�RI�D�6RFNHW�

��

/LVW RI ([SHULPHQWV

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

� 6WXG\�RI�-$9$�EDVLFV�� 6 �

� ,PSOHPHQWDWLRQ�RI�D�SUREOHP�VWDWHPHQW�XVLQJ�FODVV�DQG�REMHFW�� 2 �

�� 'HVLJQ DQG GHYHORS WKH SURJUDPV IRU GLIIHUHQW W\SHV RI

LQKHULWDQFH�

2� ��

� ,PSOHPHQWDWLRQ RI VWDFN�TXHXH RSHUDWLRQV XVLQJ ,QWHUIDFH 2 �

� ,PSOHPHQWDWLRQ RI XVHU GHILQHG SDFNDJH� 2 �

� ,PSOHPHQWDWLRQ RI DQ\ W\SH RI ([FHSWLRQ +DQGOLQJ 2 �

� ,PSOHPHQWDWLRQ RI GLIIHUHQW ,�2 RSHUDWLRQV XVLQJ FRQVROH DQG

ILOH��

2 �

� ,PSOHPHQWDWLRQ RI SURJUDP IRU GHVLJQLQJ WKH *8, XVLQJ VZLQJ

FRPSRQHQWV�DQG�GHPRQVWUDWLQJ�OD\RXW�PDQDJHUV��

2 �

� ,PSOHPHQWDWLRQ RI GLIIHUHQW W\SHV RI HYHQW KDQGOLQJ� 2 �
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7��<��%��7HFK��'DWD�6FLHQFH��6(0�9���$FDGHPLF<HDU����������

�� 'HVLJQ DQG GHYHORS DQ DSSOLFDWLRQ IRU GHPRQVWUDWLRQ RI

PXOWLWKUHDGLQJ�

2 �

�� ,PSOHPHQWDWLRQ�RI�DQ\�SURJUDP�XVLQJ�FROOHFWLRQV�� 2 �

�� ,PSOHPHQWDWLRQ RI GLIIHUHQW GDWDEDVH RSHUDWLRQV XVLQJ -'%& 2 �

�� 'HYHORS�DQ\�DSSOLFDWLRQ�XVLQJ�QHWZRUNLQJ�� 2 �

��� 'HVLJQ�DQ�DSSOLFDWLRQ�XVLQJ�DQ\�PRGHUQ WRROV DYDLODEOH IRU

MDYD�SURJUDPPLQJ�VXFK�DV�(FOLSVH�,'(��1HW%HDQV��2UDFOH�

-'HYHORSHU��,QWHOOL-�HWF��

2� ��

6�678'<��2�23(5$7,21$/�

1RWH��7KH�LQVWUXFWRU�PD\�FKRRVH�PLQLPXP���WR����DVVLJQPHQWV�IURP�DVVLJQPHQW�QR����WR�

���	�$VVLJQPHQW�QR����LV�PDQGDWRU\�

7H[W�%RRNV��
���+HUEHUW�6FKLOGW��-$9$�7KH�&RPSOHWH�5HIHUHQFH��0FJUDZ�+LOO��1LQWK�HGLWLRQ��

5HIHUHQFH�%RRNV��

�� &D\�+RUVWPDQQ�DQG�*DU\�&RUQHOO�&RUH�-DYD��9ROXPH�,�)XQGDPHQWDOV�3HDUVRQ��(LJKW�
HGLWLRQ��8QLW���WR�8QLW�����

�� &D\�+RUVWPDQQ�DQG�*DU\�&RUQHOO��&RUH�-DYD��9ROXPH�,,�$GYDQFHG�)HDWXUHV�
�3HDUVRQ�(LJKW�HGLWLRQ�8QLW���DQG�8QLW�����

2QOLQH�5HVRXUFHV�±�

��� KWWSV���QSWHO�DF�LQ�FRXUVHV�������������������
�� KWWSV���MDYD�LLWG�YODEV�DF�LQ�/LVW���RI���H[SHULPHQWV�KWPO
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9���$FDGHPLF<HDU����������

3\WKRQ 3URJUDPPLQJ�/DQJXDJH� )XQGDPHQWDOV RI 'DWD 6FLHQFH3UHUHTXLVLWH�

&RXUVH�3ODQ�

&RXUVH�7LWOH��([SORUDWRU\�'DWD�$QDO\VLV�DQG�9LVXDOL]DWLRQ�/DERUDWRU\�

&RXUVH�&RGH�����'63���� 6HPHVWHU��9�

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

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

&RXUVH�'HVFULSWLRQ��([SORUDWRU\�'DWD�$QDO\VLV��('$��LV�DQ�DSSURDFK�WR�GDWD�DQDO\VLV�WKDW�LQYROYHV�
WKH�DSSOLFDWLRQ�RI�GLYHUVH�WHFKQLTXHV�WR�JDLQ�LQVLJKWV�LQWR�D�GDWDVHW��7KH�FRXUVH�FRQWDLQV�IXQGDPHQWDO�
FRQFHSW�RI�H[SORUDWRU\�GDWD�DQDO\VLV��7KH�IRFXV� LV�JLYHQ�RQ�DQDO\VLV�DQG�LOOXVWUDWLRQ�RI�GDWD��

&RXUVH�2EMHFWLYHV��
��8QGHUVWDQG�WKH�IXQGDPHQWDO�FRQFHSWV�RI�('$�XVLQJ�3\WKRQ�DQG�LWV�OLEUDULHV�
��)LQG�PLVVLQJ�YDOXHV�LQ�GDWD�DQG�LGHQWLI\�WKH�FRUUHODWLRQ�EHWZHHQ�GLIIHUHQW�YDULDEOHV�
��8QGHUVWDQG�GLIIHUHQW�GLVWULEXWLRQV�DQG�GHVFULSWLYH�VWDWLVWLFV�

&RXUVH�2XWFRPHV��&2V���

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

&����� ,PSRUW� FOHDQ� DQG�H[SORUH GDWD WR SHUIRUP SUHOLPLQDU\ DQDO\VLV $SSO\
&����� ,GHQWLI\ DQG WUDQVIRUP HUURQHRXV GDWD XVLQJ GLIIHUHQW GDWD ZUDQJOLQJ

WHFKQLTXHV
$QDO\]LQJ

&����� 8QGHUVWDQG DQG LQWHUSUHW UHVXOWV REWDLQHG IURP JUDSKLFDO DQDO\VLV 8QGHUVWDQG
&����� ([SORUH K\SRWKHVLV WHVWLQJ DQG H[SORUH WHFKQLTXHV�RI WLPH�VHULHV DQDO\VLV $SSO\

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

&2V�
32V� 362V� %7/�

� � �� � � � � � � �� �� �� �� ��

&������ � � � � � � � � � � � � � � ��

&������ � � �� � � � � � � � � � �� � ��

&������ � � �� � � � � � � � � � �� � ��

&������ � � �� � � � � � � � � � � � ��
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9���$FDGHPLF<HDU����������

/LVW�RI�$�([SHULPHQWV��

6U� 1R� ([SHULPHQWV 6�2

� 3URJUDP WR JHW VWDWLVWLFDO FKDUDFWHULVWLFV RI GDWDVHW�XVLQJ SDQGDV� 2
� 3URJUDPV IRU DQDO\VLV�RI GDWD WKURXJK GLIIHUHQW�SORWV�VFDWWHU� EXEEOH� DUHD�

VWDFNHG��DQG�FKDUWV��OLQH��EDU��WDEOH��SLH��KLVWRJUDP���
2

� ,PSOHPHQWDWLRQ RI GDWD WUDQVIRUPDWLRQ�UHVKDSLQJ DQG GHGXSOLFDWLRQ RI GDWD� 2
� ,PSOHPHQWDWLRQ RI GDWD WUDQVIRUPDWLRQ�+DQGOLQJ PLVVLQJ GDWD �ILOOLQJ

PLVVLQJ�GDWD��
2

� 3URJUDP RQ 'LVFUHWL]DWLRQ DQG ELQQLQJ RI GDWD� 2
� 3URJUDP RQ +DQGLQJ GXPP\ YDULDEOHV� 2
� ,PSOHPHQWDWLRQ RI GLIIHUHQW GLVWULEXWLRQV�QRUPDO� SRLVVRQ� XQLIRUP� JDPPD�� 2
� 3URJUDP RQ 'DWD FOHDQLQJ� 2
� ,PSOHPHQWDWLRQ RI GHVFULSWLYH VWDWLVWLFV�YDULDQFH� VNHZQHVV� NXUWRVLV�

SHUFHQWLOH���
2

�� ,PSOHPHQWDWLRQ RI JURXSLQJ DQG JURXS E\� 2
�� ,PSOHPHQWDWLRQ RI K\SRWKHVLV WHVWLQJ �7 7HVW� 2
�� &UHDWH VLPSOH GDVKERDUG�XVLQJ WDEOHDX� 2

7H[W�%RRNV��
���³+DQGV�2Q�([SORUDWRU\�'DWD�$QDO\VLV�ZLWK�3\WKRQ´��6XUHVK�.XPDU�0XNKL\D��8VPDQ�

$KPHG��3DFNHW�3XEOLFDWLRQ��

2QOLQH�5HVRXUFHV�
��KWWSV���ZZZ�WDEOHDX�FRP�OHDUQ�WXWRULDOV�RQ�GHPDQG�JHWWLQJ�VWDUWHG�
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9���$FDGHPLF<HDU����������

3\WKRQ 3URJUDPPLQJ ODQJXDJH3UHUHTXLVLWH�

&RXUVH�3ODQ�

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

&RXUVH�&RGH�����'63���� 6HPHVWHU��9�

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

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

&RXUVH�'HVFULSWLRQ��
7KLV�FRXUVH�SURYLGHV�NQRZOHGJH�RI�6XSHUYLVHG�DQG�8QVXSHUYLVHG�0DFKLQH�/HDUQLQJ�WHFKQLTXHV�DQG�WKHLU�
LPSOHPHQWDWLRQ� DQG� DOVR� FRYHUV� FRUH� 0DFKLQH� /HDUQLQJ� DOJRULWKPV� OLNH� FODVVLILFDWLRQ�� UHJUHVVLRQ��
FOXVWHULQJ��

&RXUVH�2EMHFWLYHV��
�� 7R�LPSOHPHQW�VWDQGDUG�PDFKLQH�OHDUQLQJ�DOJRULWKPV
�� 7R�LPSOHPHQW�VXSHUYLVHG�DQG�XQVXSHUYLVHG�OHDUQLQJ�WHFKQLTXHV�
�� 7R�LPSOHPHQW�GLIIHUHQW�WH[W�PLQLQJ�WHFKQLTXHV��

&RXUVH�2XWFRPHV��&2V���

&����� 8QGHUVWDQG�WKH�SDUDGLJPV�RI�VXSHUYLVHG�DQG�XQVXSHUYLVHG�PDFKLQH�OHDUQLQJ� 8QGHUVWDQG�
&����� ,GHQWLI\�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�PXOWLSOH�PDFKLQH�OHDUQLQJ�

DSSURDFKHV��
8QGHUVWDQG�

&����� )RUPDOL]H�D�WDVN�DV�D�PDFKLQH�OHDUQLQJ�SUREOHP�� $SSO\�
&����� ,GHQWLI\�VXLWDEOH�DOJRULWKPV�WR�WDFNOH�GLIIHUHQW�PDFKLQH�OHDUQLQJ�SUREOHPV�� 8QGHUVWDQG�

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

&2V�
32V� 362V�

%7/

�� � �� �� �� �� �� �� �� ��� �� �� �� ��
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&������ �� � �� � � � � � � � � �� � � ��

&������ �� � �� �� �� � � � � � � �� �� � ��

&������ �� � �� �� �� � � � � � � �� �� � ��
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7��<��%��7HFK��'DWD�6FLHQFH��6(0�9���$FDGHPLF<HDU����������

/LVW�RI�([SHULPHQWV�

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

�� ,PSOHPHQWDWLRQ�RI�/LQHDU�5HJUHVVLRQ� 2 ��

�� ,PSOHPHQWDWLRQ�RI�0XOWLYDULDWH�/LQHDU�5HJUHVVLRQ� 2 ��

�� ,PSOHPHQWDWLRQ�RI�/RJLVWLF�5HJUHVVLRQ�IRU�%LQDU\�&ODVVLILFDWLRQ� 2 ��

�� ,PSOHPHQWDWLRQ�RI�0XOWLFODVV�&ODVVLILFDWLRQ� 2 ��

�� ,PSOHPHQWDWLRQ�RI�.11�&ODVVLILHU� 2 ��

�� ,PSOHPHQWDWLRQ�RI�1DwYH�%D\HV�&ODVVLILHU� 2 ��

�� ,PSOHPHQWDWLRQ�RI�%D\HVLDQ�1HWZRUN� 2 ��

�� ,PSOHPHQWDWLRQ�RI�'HFLVLRQ�7UHH� 2 ��

�� ,PSOHPHQWDWLRQ�RI�690� 2 ��

��� ,PSOHPHQWDWLRQ�RI�.�PHDQV�&OXVWHULQJ� 2 ��

��� ,PSOHPHQWDWLRQ�RI�$JJORPHUDWLYH�&OXVWHULQJ� 2� ��

��� 'HVLJQ�DQG�DQDO\VLV�RI�VHQWLPHQW�DQDO\VLV�PRGHO� 2 ��

x 6�678'<��2�23(5$7,21$/�
x 1RWH��

7H[W�%RRNV��
�� 0DFKLQH�/HDUQLQJ��$QXUDGKD�6ULQLYDVDUDJKDYDQ��DQG�9LQF\�-RVHSK��.LQGOH�(GLWLRQ��������:,/(<��
�� 0DFKLQH�/HDUQLQJ�±�$Q�$OJRULWKPLF�3HUVSHFWLYH�E\�6WHSKHQ�0DUVODQG��

5HIHUHQFH�%RRNV��
�� 0DFKLQH�/HDUQLQJ�E\�7RP�0��0LWFKHOO��,QWHUQDWLRQDO�(GLWLRQ�������0F*UDZ�+LOO�(GXFDWLRQ�

2QOLQH�5HVRXUFHV�
�� KWWSV���OLYHERRN�PDQQLQJ�FRP�ERRN�PDFKLQH�OHDUQLQJ�LQ��

DFWLRQ�DERXW�WKLV�ERRN��
�� KWWSV���ZZZ�FRXUVHUD�RUJ�OHDUQ�PDFKLQH�OHDUQLQJ�
�� KWWSV���QSWHO�DF�LQ�FRXUVHV����������
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7��<��%��7HFK��'DWD�6FLHQFH��6(0�9���$FDGHPLF<HDU����������

6HW 7KHRU\ DQG 'DWD 6WUXFWXUHV3UHUHTXLVLWH�

&RXUVH�3ODQ�

&RXUVH�7LWOH��'DWDEDVH�(QJLQHHULQJ�/DERUDWRU\�

&RXUVH�&RGH�����'63���� 6HPHVWHU��9�

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

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

&RXUVH�'HVFULSWLRQ��

7KLV� FRXUVH� IRFXVHV� RQ� LPSOHPHQWDWLRQ� RI� WKH� IXQGDPHQWDO� FRQFHSWV� DQG� SULQFLSOHV� RI� GDWDEDVH�
HQJLQHHULQJ��)RFXV�LV�JLYHQ�RQ�KDQGV�RQ�SUDFWLFDO¶V�FRQVLGHULQJ�64/�''/��'0/�FRPPDQGV��GDWDEDVH�
FRQQHFWLYLW\�DQG�LPSOHPHQWDWLRQ�RI�YLHZV��

&RXUVH�2EMHFWLYHV��
�� 7R�GHPRQVWUDWH�IXQGDPHQWDO�FRQFHSWV�RI�GDWDEDVH�V\VWHPV��
�� 7R�JDLQ�IDPLOLDULW\�ZLWK�64/��3/64/�DQG�'%06��
�� 7R�FRQVWUXFW�WKH�GDWDEDVH�IRU�D�JLYHQ�DSSOLFDWLRQ��

&RXUVH�2XWFRPHV��&2V���

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

&����� ,QVWDOO�DQG�XVH�GDWDEDVH�PDQDJHPHQW�V\VWHPV�� 8QGHUVWDQG�
&����� 5HSUHVHQW�ORJLFDO�GHVLJQ�RI�GDWDEDVH�XVLQJ�(�5�'LDJUDP�� $SSO\�
&����� $SSO\�DQG�GHPRQVWUDWH�64/�TXHULHV��3/64/�3URFHGXUHV�WR�GHVLJQ�DQG�PDQDJH�

WKH�GDWDEDVH��
$SSO\�

&����� $QDO\]H�DQG�FRQVWUXFW�JRRG�GDWDEDVH�GHVLJQ�� $QDO\]H

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

&2V
32V� 362V�

%7/�

� � � � � � � � � �� �� �� � �
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9���$FDGHPLF<HDU����������

0LQLPXP���WR����H[SHULPHQWV�WR�EH�SHUIRUPHG�EDVHG�RQ�IROORZLQJ�JXLGHOLQHV��

6U��
1R�� /LVW�RI�([SHULPHQWV� 6�2� +RXUV

��

(5� 'LDJUDP� RI� DQ� 2UJDQL]DWLRQ�� 'UDZ� DQ� (�5� 'LDJUDP� IRU� DQ\
RUJDQL]DWLRQ� OLNH� ,QVXUDQFH� &RPSDQ\�� /LEUDU\� V\VWHPV�� &ROOHJH
0DQDJHPHQW�V\VWHPV��+RVSLWDO�0DQDJHPHQW�V\VWHPV�HWF��
8VH�GDWD�PRGHOOLQJ�WRROV�OLNH�2UDFOH�64/�GHYHORSHU��7RGH�HWF��WR�GUDZ�
(5�GLDJUDPV��

6

��

��
&RQYHUVLRQ�RI�(5�'LDJUDP�WR�7DEOHV��&RQYHUW�WKH�$ERYH�PHQWLRQHG�(�5�
'LDJUDP�LQ�5HODWLRQDO�7DEOHV��

6
��

��
''/� 6WDWHPHQWV�� ([HFXWH� ''/� FRPPDQGV� WR� FUHDWH�� DOWHU�� UHQDPH�
WUXQFDWH�DQG�GURS� WDEOHV� LQ�64/��$SSO\�DOO� W\SHV�RI�FRQVWUDLQWV� VXFK�DV
SULPDU\�NH\��IRUHLJQ�NH\��QRW�QXOO��XQLTXH��FKHFN��

2
��

��
'0/�6WDWHPHQWV��8VH�'0/�4XHULHV�WR�LQVHUW��GHOHWH��XSGDWH�	�GLVSOD\�
UHFRUGV�RI�WKH�WDEOHV��

2
��

��
64/�FKDUDFWHU�IXQFWLRQV��6WULQJ�IXQFWLRQV��'LVSOD\�WKH�UHVXOWV�XVLQJ�
6WULQJ�RSHUDWLRQV��

2
��

��
$JJUHJDWH�IXQFWLRQV��'LVSOD\�WKH�UHFRUGV�XVLQJ�$JJUHJDWH�IXQFWLRQV�DQG�
*URXS�E\��KDYLQJ��EHWZHHQ��2UGHU�E\�FODXVHV��

2
��

��
-RLQ�RSHUDWLRQV�DQG�VHW�RSHUDWLRQV��'LVSOD\�WKH�UHVXOWV�RI�XQLRQ��
LQWHUVHFWLRQ��VHW�GLIIHUHQFH��&DUWHVLDQ�SURGXFW�DQG�-RLQ�RSHUDWLRQV�RI�WZR�
GLIIHUHQW�WDEOHV��

2

��

��
9LHZV��6XETXHULHV��&UHDWH�9LHZV�IRU�WKH�WDEOH��6ROYH�VXETXHULHV�IRU�
JLYHQ�TXHVWLRQV�

2
��

�� 'HPRQVWUDWH�3/64/�)XQFWLRQV�DQG�3URFHGXUHV�� 2 ��

��� 'HPRQVWUDWH�&XUVRUV��DQG�WULJJHUV�XVLQJ�3/�64/�� 2 ��

���
'DWDEDVH�&RQQHFWLYLW\��:ULWH�D�SURJUDP�RI�'DWDEDVH�FRQQHFWLYLW\�ZLWK�
DQ\�REMHFW�RULHQWHG�ODQJXDJH��

2
��

��� :ULWH�D�SURJUDP�WR�LPSOHPHQW�6WDWLF�+DVKLQJ�� 2 ��

��� 6WXG\�RI�'&/�FRPPDQGV��*UDQW��5HYRNH�� 2 ��

7H[W�%RRNV��

�� $��6LOEHUVFKDW]��+�)��.RUWK��6��6XGDUVKDQ��³'DWDEDVH�6\VWHP�&RQFHSWV´���WK�(GLWLRQ��0F*UDZ�
+LOO�(GXFDWLRQ��

�� 7KRPRV�&RQQROO\��&DURO\Q�%HJJ��³'DWDEDVH�6\VWHPV���$�SUDFWLFDO�DSSURDFK�WR�'HVLJQ��
,PSOHPHQWDWLRQ�DQG�0DQDJHPHQW´���UG�(GLWLRQ��3HDUVRQ�(GXFDWLRQ��

�� &RURQHO��0RUULV��5RE��³'DWDEDVH�6\VWHPV��'HVLJQ��,PSOHPHQWDWLRQ�DQG�0DQDJHPHQW´��1LQWK�(GLWLRQ��

&HQJDJH�/HDUQLQJ�

�� 5DPH]�(OPDVUL�DQG�6KDPNDQW�1DYDWKH��³)XQGDPHQWDOV�RI�'DWDEDVH�6\VWHPV´��
3HDUVRQ(GXFDWLRQ��)LIWK�(GLWLRQ�
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5HIHUHQFH�%RRNV��
�� 5DJKX�5DPNULVKQDQ��-RKDQQHV�*HKUNH��³'DWDEDVH�0DQDJHPHQW�6\VWHP´��)RXUWK�(GLWLRQ��

D� 0F*UDZ+LOO�(GXFDWLRQ��

2QOLQH�5HVRXUFHV��
���KWWSV���RQOLQHFRXUVHV�QSWHO�DF�LQ�QRF��BFV���SUHYLHZ�
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9���$FDGHPLF<HDU����������

&RXUVH�3ODQ�

&RXUVH 7LWOH� (FRQRPLFV DQG 0DQDJHPHQW IRU ,7
&RXUVH &RGH�����'60&��� 6HPHVWHU� 9
7HDFKLQJ 6FKHPH� /�7�3 � ����� &UHGLWV� 1$
(YDOXDWLRQ 6FKHPH� 1$ (6( 0DUNV ���

&RXUVH�'HVFULSWLRQ��
7KH�FRXUVH�LV�LQWHQGHG�WR�SURYLGH�EDVLF�XQGHUVWDQGLQJ�RI�(FRQRPLFV�DQG�0DQDJHPHQW�WR�
HQJLQHHULQJ�VWXGHQWV�ZLWK�IROORZLQJ�DVSHFWV��
�� 7R�LPSDUW�NQRZOHGJH��ZLWK�UHVSHFW�WR�FRQFHSWV�RI�PDQDJHPHQW�LQIRUPDWLRQ�V\VWHP��
�� 7R�H[SRVH�WKH�VWXGHQWV�WR�WKH�FKDUDFWHULVWLF�DQG�DSSOLFDWLRQV�RI�'66��
�� 7R�KHOS�WKH�VWXGHQWV�WR�XQGHUVWDQG�GLIIHUHQW�WUHQGV�LQ�FXUUHQW�LQIRUPDWLRQ�V\VWHP�WHFKQRORJ\�
DQG�DOVR�,7�7RROV�	�7HFKQLTXHV�IRU�%XVLQHVV�
&RXUVH�2EMHFWLYHV��
�� 7R�JHW�WKH�RYHUYLHZ�RI�V\VWHP�GHYHORSPHQW�PDQDJHPHQW�OLIH�F\FOH�
�� 7R�XQGHUVWDQG�VFRSH�DQG�REMHFWLYH�RI�PDQDJHPHQW�LQIRUPDWLRQ�V\VWHP��
�� 7R�(QKDQFLQJ�PDQDJHPHQW�GHFLVLRQ�PDNLQJ�
��7R�XQGHUVWDQG�7UHQGV�LQ�LQIRUPDWLRQ�WHFKQRORJ\�
�� 7R�JHW�WKH�NQRZOHGJH�DERXW�,7�7RROV�	�7HFKQLTXHV�IRU�%XVLQHVV�
�� 7R�PDNH�WKH�HQJLQHHULQJ�VWXGHQWV�DZDUH�GLIIHUHQW�FRUSRUDWH�FDVH�VWXGLHV��

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

&����� 8QGHUVWDQG FRQFHSW RI V\VWHP GHYHORSPHQW�PDQDJHPHQW OLIH F\FOH 8QGHUVWDQG
&����� VFRSH DQG REMHFWLYH RI PDQDJHPHQW LQIRUPDWLRQ V\VWHP 5HPHPEHULQJ
&����� (QKDQFLQJ PDQDJHPHQW GHFLVLRQ PDNLQJ 5HPHPEHULQJ
&����� XQGHUVWDQG 7UHQGV�LQ�LQIRUPDWLRQ WHFKQRORJ\ 8QGHUVWDQG
&����� JHW WKH NQRZOHGJH DERXW ,7 7RROV 	 7HFKQLTXHV IRU %XVLQHVV $SSOLQJ
&����� PDNH�WKH�HQJLQHHULQJ�VWXGHQWV�DZDUH�GLIIHUHQW�FRUSRUDWH�FDVH�VWXGLHV� $QDO\]LQJ�

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

&2V�
32V 362V %7/

� � � � � � � � � �� �� �� �� ��

&������ � � � � � � � � � � � � �� � �

&������ � � � � � � � � � � � � � � �

&������ � � � � � � � � � � � � � � �

&������ � � � � � � � � � � � � �� � �

&������ � � � � � � � � � � � � �� � �

&������ � � � � � � � � � � � � �� �� �
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7��<��%��7HFK��'DWD�6FLHQFH��6(0�9���$FDGHPLF<HDU����������

&RQWHQW +RXUV
8QLW �� 0DQDJHPHQW ,QIRUPDWLRQ 6\VWHP
&RQFHSWXDO�IRXQGDWLRQV�RI�LQIRUPDWLRQ�V\VWHPV��,QIRUPDWLRQ�WKHRU\��,QIRUPDWLRQ�
UHVRXUFH�PDQDJHPHQW��7\SHV�RI�LQIRUPDWLRQ�V\VWHPV��6\VWHPV�GHYHORSPHQW���
2YHUYLHZ�RI�V\VWHPV�DQG�GHVLJQ��6\VWHP�GHYHORSPHQW�PDQDJHPHQW�OLIH�F\FOH��
GHVLJQLQJ�IRU�RQOLQH�DQG�GLVWULEXWHG�HQYLURQPHQWV��,PSOHPHQWDWLRQ�DQG�FRQWURO�RI�
SURMHFW��

��

8QLW �� 6FRSH DQG 2EMHFWLYHV RI 0,6
0,6�PHDQLQJ�DQG�UROH��0,6�FRQFHSWV��0DQDJHPHQW�VFLHQFH�VWUXFWXUH��,QIRUPDWLRQ�
IORZ�LQ�PDQDJHPHQW��0,6�IRU�PDQDJHPHQW�VXSSRUW��3ODQQLQJ�ZLWK�0,6��FRQWURO�
ZLWK�0,6��3UREOHP�VROYLQJ�	�GHFLVLRQ�PDNLQJ��'HYHORSPHQW�RI�0,6��VWUDWHJLF�	�
SURMHFW�SODQQLQJ�IRU�0,6��

��

8QLW �� (QKDQFLQJ PDQDJHPHQW GHFLVLRQ PDNLQJ
'HFLVLRQ�VXSSRUW�V\VWHPV��'66��±�XQGHUVWDQGLQJ�'66��FKDUDFWHULVWLFV�
FRPSRQHQWV��PDMRU�'66�DSSOLFDWLRQV��*URXS�GHFLVLRQ�VXSSRUW�V\VWHPV��*'66�����
HOHPHQWV��FKDUDFWHULVWLFV��KRZ�*'66�FDQ�HQKDQFH�JURXS�GHFLVLRQ���PDNLQJ"�
([HFXWLYH�VXSSRUW�V\VWHPV��(66��±�UROH�RI�(66�LQ�WKH�RUJDQL]DWLRQ��GHYHORSLQJ�
(66��EHQHILWV�RI�(66�

��

8QLW �� 7UHQGV LQ LQIRUPDWLRQ WHFKQRORJ\
0DQDJLQJ�GDWD�UHVRXUFHV���2UJDQL]LQJ�GDWD��'66�DQG�5'%06��(QWHUSULVH�
5HVRXUFH�3ODQQLQJ��(53���([SHUW�V\VWHPV��H�%XVLQHVV�DUFKLWHFWXUH��H�*RYHUQDQFH��

��

8QLW ��,7�7RROV 	 7HFKQLTXHV IRU %XVLQHVV
'LIIHUHQW�,7�7RROV�	�7HFKQLTXHV�IRU�%XVLQHVV�HFRQRPLFV��%DVLF�EXVLQHVV�
VWDWLVWLFV�IRU�GDWD�DQDO\VLV��JOREDO�HFRQRPLFV��HFRQRPLFV�PDQDJHPHQW�XVHG�LQ�
SURMHFW�GHYHORSPHQW�

��

8QLW����&DVH�VWXGLHV�:HE�3XEOLVKLQJ��W\SHV�RI�ZHEVLWHV��:HE�VXUILQJ��(�
FRPPHUFH��%�%��%�&��&�&��(�FRPPHUFH�VHFXULW\�LVVXHV��(WKLFDO�LVVXHV�� ��

7H[W�%RRNV��

��0DQDJHPHQW�RI�,QIRUPDWLRQ�V\VWHPV��*RUGRQ�%��'DYLV�	0DUJUHWK�+��2OVRQ��3HDUVRQ�(GLWLRQ���8QLW�,�
WR�,,,��

�� ,QIRUPDWLRQ�6\VWHPV�IRU�0DQDJHPHQW��5REHUW�&��0XUGLN��3+,���QG�HG��8QLW�±,9�DQG9�

5HIHUHQFH�%RRNV��
�� 0,6�&RQFHSWV�	�'HVLJQ�E\�5REHUW�&��0XUGLN��3+,��QG�(G��
�� ,QIRUPDWLRQ�V\VWHP�E\�+�)��	�$EUDKDP��6���'DWDEDVH�6\VWHP�&RQFHSWV��0F*UDZ�+LOO��
�� (QJLQHHULQJ�(FRQRPLFV��5�3DQHHUVHOYDP��3+,�SXEOLFDWLRQ�
�� (FRQRPLFV��3ULQFLSOHV�RI�(FRQRPLFV��1�*UHJRU\�0DQNLZ��&HQJDJH�/HDUQLQJ�
�� 0RGHUQ�(FRQRPLF�7KHRU\��%\�'U��.��.��'HZHWW	�0��+��1DYDOXU��6��&KDQG�3XEOLFDWLRQV�

2QOLQH�UHFRXUVHV��
�� KWWSV���RQOLQHFRXUVHV�VZD\DP��DF�LQ�FHF��BJH���SUHYLHZ�
�� KWWSV���ZZZ�FRXUVHUD�RUJ�FRXUVHV"TXHU\ PDQDJHPHQW���LQIRUPDWLRQ���V\VWHPV�
�� KWWSV���ZZZ�FRXUVHUD�RUJ�VSHFLDOL]DWLRQV�PDQDJHULDO�HFRQRPLFV�EXVLQHVV�DQDO\VLV�
�� KWWSV���ZZZ�PEDNQRO�FRP�PDQDJHPHQW�LQIRUPDWLRQ�V\VWHPV�FDVH�VWXG\�RQ�PLV��

LQIRUPDWLRQ�V\VWHP�LQ�UHVWDXUDQW��



'�<� 3$7,/ &2//(*( 2) (1*,1((5,1* 	 7(&+12/2*<
.$6$%$�%$:$'$�.2/+$385��������
�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9,��

�$FDGHPLF<HDU����������
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9,��

�$FDGHPLF<HDU����������

'DWDEDVH�HQJLQHHULQJ�3UHUHTXLVLWH�

&RXUVH�3ODQ�

&RXUVH�7LWOH��$GYDQFHG�'DWDEDVH�6\VWHPV�

&RXUVH�&RGH�����'6/���� 6HPHVWHU��9,�

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

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

&RXUVH�'HVFULSWLRQ��
7KLV�FRXUVH�IRFXVHV�RQ�GLIIHUHQW�GDWDEDVH�V\VWHPV�OLNH�SDUDOOHO�GDWDEDVHV��GLVWULEXWHG�GDWDEDVHV�DQG�
REMHFW� UHODWLRQDO�GDWDEDVHV�� ,W�DOVR�IRFXVHV�RQ�1R64/��'DWD�ZDUHKRXVLQJ��'DWD�PLQLQJ�DQG�:HE�
PLQLQJ��
&RXUVH�2EMHFWLYHV��

�� 7R�DFTXLUH�NQRZOHGJH�RQ�SDUDOOHO�DQG�GLVWULEXWHG�GDWDEDVHV�DQG�LWV�DSSOLFDWLRQV��

�� 7R�XQGHUVWDQG�WKH�IXQGDPHQWDOV�RI�REMHFW�RULHQWHG�GDWDEDVHV��

�� 7R�VWXG\�WKH�XVDJH�DQG�DSSOLFDWLRQV�RI�64/�DQG�1264/�GDWDEDVHV��

�� 7R�XQGHUVWDQG�WKH�XVDJH�RI�GDWD�ZDUHKRXVLQJ��GDWD�PLQLQJ��ZHE�PLQLQJ�WHFKQLTXHV��

&RXUVH�2XWFRPHV��&2V���

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

&������
8QGHUVWDQG�DQG�LGHQWLI\�LVVXHV�DULVLQJ�IURP�SDUDOOHO�DQG�GLVWULEXWHG�
SURFHVVLQJ RI GDWD�

8QGHUVWDQG�

&����� 'HPRQVWUDWH WKH XVDJH RI�REMHFW RULHQWHG GDWDEDVHV� $SSO\

&������
&RPSDUH�DQG�&RQWUDVW�1R64/�GDWDEDVHV�ZLWK�HDFK�RWKHU�DQG�
5HODWLRQDO�'DWDEDVH�6\VWHPV��

$QDO\]H�

&������
0DNH�XVH�RI�GDWD�PLQLQJ��ZHE�PLQLQJ�WHFKQLTXHV�DQG�EXVLQHVV�
LQWHOOLJHQFH�WR�VROYH�SUREOHPV��

$SSO\�
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7��<��%��7HFK��'DWD�6FLHQFH��6(0�9,��

�$FDGHPLF<HDU����������

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

&2V
32V� 362V�

%7/
� � � � � � � � � �� �� �� � �

&������ � � � � � � � � � � � � � � ��

&������ � �� �� �� �� �� �� �� �� �� �� �� �� �� ��
&������ � � � � � � � � � � � � � � �

&������ �� � � �� �� �� �� �� �� �� �� �� �� �� ��

&RQWHQW� +RXUV�

8QLW�,��3DUDOOHO�DQG�'LVWULEXWHG�'DWDEDVHV
3DUDOOHO�6\VWHPV��3DUDOOHO�'DWDEDVH�$UFKLWHFWXUHV��3DUDOOHO�'DWDEDVHV���,�2�3DUDOOHOLVP�
'HVLJQ� RI� 3DUDOOHO� 6\VWHPV�� 'LVWULEXWHG� 6\VWHPV�� 'LVWULEXWHG� 'DWDEDVH� &RQFHSWV�
'LVWULEXWHG� 'DWD� 6WRUDJH�� 'LVWULEXWHG� 7UDQVDFWLRQV��&RPPLW� 3URWRFROV�� 'LVWULEXWHG
4XHU\�3URFHVVLQJ��&DVH�6WXG\�'LVWULEXWHG�'DWDEDVHV�LQ�2UDFOH�

��

8QLW����2EMHFW�5HODWLRQDO�'DWDEDVHV�
0RWLYDWLQJ� H[DPSOH�� 6WUXFWXUHG� GDWD� W\SHV�� 2SHUDWLRQV� RQ� VWUXFWXUHG� GDWD��
(QFDSVXODWLRQ� DQG� $'7V�� ,QKHULWDQFH�� 2EMHFWV�� 2,'6� DQG� 5HIHUHQFH� W\SHV��
'DWDEDVH�GHVLJQ�IRU�DQ�25'%06��2EMHFW�LGHQWLW\��1HVWHG�FROOHFWLRQV��6WRUDJH�DQG�
DFFHVV�PHWKRGV��4XHU\�SURFHVVLQJ�DQG�RSWLPL]DWLRQ��&RPSDULVRQ�RI�5'%06�DQG�
25'%06��&DVH�6WXG\��0XOWLPHGLD�GDWDEDVHV��VSDWLDO�GDWDEDVHV��

��

8QLW����1R64/�'DWDEDVH�
,QWURGXFWLRQ�� 1HHG�� )HDWXUHV�� 7\SHV� RI� 1R64/� 'DWDEDVHV�� .H\�YDOXH� VWRUH��
GRFXPHQW� VWRUH�� JUDSK�� ZLGH� FROXPQ� VWRUHV�� %$6(� 3URSHUWLHV�� 'DWD� &RQVLVWHQF\�
PRGHO��$&,'�9V�%$6(��&RPSDUDWLYH� VWXG\� RI�5'%06�DQG�1R64/��0RQJR'%�
�ZLWK� V\QWD[� DQG� XVDJH���&58'�2SHUDWLRQV�� ,QGH[LQJ��$JJUHJDWLRQ��0DS5HGXFH��
5HSOLFDWLRQ��6KDUGLQJ��
&DVH�6WXG\��&DVVDQGUD��'\QDPR'%�

��

8QLW����%XVLQHVV�,QWHOOLJHQFH�DQG�'HFLVLRQ�6XSSRUW�
7KH� 1HHG� IRU� 'DWD� $QDO\VLV�� %XVLQHVV� ,QWHOOLJHQFH�� %XVLQHVV� ,QWHOOLJHQFH�
$UFKLWHFWXUH�� ,QWURGXFWLRQ� WR� GHFLVLRQ� VXSSRUW�� 'DWD� :DUHKRXVLQJ�� 2/$3��
,PSOHPHQWDWLRQ�7HFKQLTXHV� IRU�2/$3�� 6WDU� 6FKHPDV��9LHZV� DQG� GHFLVLRQ� VXSSRUW��
9LHZ�PDWHULDOL]DWLRQ��0DLQWDLQLQJ�PDWHULDOL]HG�YLHZV��
&DVH�6WXG\��,QWURGXFWLRQ�WR�%XVLQHVV�,QWHOOLJHQFH�WRRO��3RZHU�%,��

��

8QLW����'DWD�0LQLQJ�DQG�*UDSK�3DWWHUQ�0LQLQJ�
,QWURGXFWLRQ��%DVLF�'DWD�0LQLQJ�7DVNV��'DWD�0LQLQJ�9HUVXV�.QRZOHGJH�'LVFRYHU\�
LQ�'DWDEDVHV��'DWD�0LQLQJ�,VVXHV��&RXQWLQJ�&R�RFFXUUHQFHV��0LQLQJ�IRU�UXOHV��7UHH�
VWUXFWXUHG� UXOHV��&OXVWHULQJ�� %,5&+�DOJRULWKP��6LPLODULW\� VHDUFK� RYHU� VHTXHQFHV��
*UDSK� 'DWD�� *UDSK� &RQFHSWV�� 7RSRORJLFDO� $WWULEXWHV�� *UDSK� 3DWWHUQ� 0LQLQJ��
,VRPRUSKLVP�DQG�6XSSRUW��&DQGLGDWH�*HQHUDWLRQ��7KH�J6SDQ�$OJRULWKP��

��
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7H[W�%RRNV��

�� $��6LOEHUVFKDW]��+�)��.RUWK��6��6XGDUVKDQ��³'DWDEDVH�6\VWHP�&RQFHSWV´���WK�(GLWLRQ��0F*UDZ�+LOO�

(GXFDWLRQ���8QLW����

�� 5DJKX�5DPNULVKQDQ��-RKDQQHV�*HKUNH��³'DWDEDVH�0DQDJHPHQW�6\VWHP´��)RXUWK�(GLWLRQ��0F*UDZ�

+LOO�(GXFDWLRQ��8QLW���������

�� 3UDPRG�-��6DGDODJH�DQG�0DULQ�)RZOHU�³1R64/�'LVWLOOHG��$�EULHI�JXLGH�WR�PHUJLQJ�ZRUOG�RI�

3RO\JORW�SHUVLVWHQFH´��$GGLVRQ�:HVOH\���������8QLW����

�� 1R64/�IRU�0HUH�0RUWDOV��'DQ�6XOOLYDQ���VW�(GLWLRQ��3HDUVRQ�(GXFDWLRQ��8QLW����

�� 0RKDPPHG�-��=DNL��:DJQHU�0HLUD�-U��³'DWD�0LQLQJ�DQG�$QDO\VLV��)XQGDPHQWDO�&RQFHSWV�DQG

$OJRULWKPV´��&DPEULGJH�8QLYHUVLW\�3UHVV��8QLW����

�� 0DUJDUHW�+��'XQKDP�³'DWD�0LQLQJ´�3HDUVRQ�(GXFDWLRQ��8QLW�������

5HIHUHQFH�%RRNV��

�� .HYLQ�5RHEXFN���6WRULQJ�DQG�0DQDJLQJ�%LJ�'DWD���1R64/��+$'223�DQG�0RUH���(PHUHR�

3W\�/LPLWHG��������

�� 5DOSK�.LPEDOO���7KH�'DWD�:DUHKRXVH�/LIHF\FOH�WRRONLW
���QG�HGLWLRQ��:LOH\�,QGLD��

2QOLQH�5HVRXUFHV��

�� 1R64/�KWWSV���QSWHO�DF�LQ�FRXUVHV�����������

��

8QLW����:HE�0LQLQJ�
,QWURGXFWLRQ�� :HE� &RQWHQW� 0LQLQJ�� &UDZOHUV�� +DUYHVW� 6\VWHP�� 9LUWXDO� :HE� 9LHZ�
3HUVRQDOL]DWLRQ�� :HE� 6WUXFWXUH� 0LQLQJ�� 3DJH5DQN�� +,76� DOJRULWKP�� &OHYHU�� :HE� 8VDJH
0LQLQJ��3UH�SURFHVVLQJ��'DWD�6WUXFWXUHV��3DWWHUQ�'LVFRYHU\��3DWWHUQ�$QDO\VLV��
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9,��

�$FDGHPLF<HDU����������

%DVLF OLQHDU DOJHEUD� SUREDELOLW\� ,QWURGXFWLRQ WR 0DFKLQH OHDUQLQJ3UHUHTXLVLWH

&RXUVH�3ODQ�
&RXUVH 7LWOH� 2SWLPL]DWLRQ�IRU 'DWD 6FLHQFH
&RXUVH &RGH� ���'6/��� 6HPHVWHU� 9,
7HDFKLQJ 6FKHPH� /�7�3 � ����� &UHGLWV� �
(YDOXDWLRQ 6FKHPH� ,6(�06( 0DUNV� ����� (6( 0DUNV���
&RXUVH�'HVFULSWLRQ��

7HFKQLTXHV�IRU�IRUPXODWLQJ�GDWD�VFLHQFH�PRGHOV�DV�RSWLPL]DWLRQ�SUREOHPV��$OJRULWKPV�IRU�VROYLQJ�
GDWD�VFLHQFH�SUREOHPV�ZLWK�DQ�HPSKDVLV�RQ�VFDODELOLW\��HIILFLHQF\�DQG�SDUDOOHOL]DELOLW\�LQFOXGLQJ�
JUDGLHQW�� GHVFHQW� EDVHG� DOJRULWKPV�� GHULYDWLYH�IUHH� DOJRULWKPV�� DQG� UDQGRPL]HG� DOJRULWKPV��
7KHRUHWLFDO�DQDO\VHV�RI�DOJRULWKPV�DQG�DSSURDFKHV�IRU�UHFRJQL]LQJ�WKH�PRVW�VXLWDEOH�DOJRULWKP�IRU�
VROYLQJ�D�SDUWLFXODU�SUREOHP��

&RXUVH�2EMHFWLYHV��
�� 7R�JHW�NQRZOHGJH�RI�VHYHUDO�IXQGDPHQWDO�SUREOHPV�LQ�PDFKLQH�OHDUQLQJ��
�� 7R�EHFRPH�IDPLOLDU�ZLWK�EDVLF�OLQHDU�DOJHEUD��DQG�RSWLPL]DWLRQ�FHQWULF�DOJRULWKPV�LQ�

PDFKLQH�OHDUQLQJ�
�� 7R�XQGHUVWDQG�FODVVLF�OHDUQLQJ�HQDEOHG�RSWLPL]DWLRQ�PHWKRG�DQG�DOJRULWKP�FRQILJXUDWLRQ��

&RXUVH�2XWFRPHV�&2V��
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�EH�DEOH�WR�
&����� 8QGHUVWDQG EDVLFV�RI RSWLPL]DWLRQ 8QGHUVWDQG
&������ 2SWLPL]H�JUDGLHQW�EDVHG�DOJRULWKPV��GHWHUPLQLVWLF�DQG�VWRFKDVWLF�ILUVW��

RUGHU�PHWKRGV��
$SSO\�

&����� (YDOXDWH FRQYH[ IXQFWLRQV DQG RSWLPDOLW\ FRQGLWLRQ (YDOXDWH
&����� 3HUIRUP PRGHO VHOHFWLRQ DQG K\SHUSDUDPHWHU RSWLPL]DWLRQ $SSO\

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

&2V�
32V 362V %7/

� � � � � � � � � �� �� �� �� ��

&������ � � � � � � � � � � � � � � ��

&������ � � � � � � � � � � � � � � ��

&������ � � � � � � � � � � � � � � ��
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7��<��%��7HFK��'DWD�6FLHQFH��6(0�9,��

�$FDGHPLF<HDU����������

&RQWHQWV +RXUV�
8QLW� ��� /LQHDU� 3URJUDPPLQJ�� ,QWURGXFWLRQ� WR� OLQHDU� DQG� QRQOLQHDU� SURJUDPPLQJ��
*HRPHWU\� RI� OLQHDU� SURJUDPPLQJ�� *UDSKLFDO� PHWKRG�� /LQHDU� SURJUDPPLQJ� �/3�� LQ�
VWDQGDUG� IRUP�� 6ROXWLRQ� RI� /3� E\� VLPSOH[� PHWKRG�� 'XDOLW\� WKHRU\�� 'XDO� VLPSOH[�
PHWKRG��

��

8QLW����1RQOLQHDU�3URJUDPPLQJ��8QFRQVWUDLQHG�2SWLPL]DWLRQ��XQLPRGDO�IXQFWLRQV��
)LERQDFFL� VHDUFK� PHWKRG�� 6WHHSHVW� 'HVFHQW� PHWKRG�� &RQVWUDLQHG� 2SWLPL]DWLRQ��
&RQFHSW�RI�FRQYH[LW\�DQG�FRQFDYLW\��0D[LPD�DQG�PLQLPD�RI�IXQFWLRQV�RI�Q�YDULDEOHV��
/DJUDQJH�PXOWLSOLHUV��.DUXVK�.XKQ�7XFNHU�FRQGLWLRQV�IRU�FRQVWUDLQHG�RSWLPL]DWLRQ��

��

8QLW���� 2SWLPL]DWLRQ� ZLWK� 1XPHULFDO� DQG� ELQDU\� WDUJHWV�� /LQHDU� UHJUHVVLRQ��
7LNKRQRY�UHJUHVVLRQ��VWRFKDVWLF�JUDGLHQW�GHVFHQW��XVH�RI�ELDV��OHDVW�VTXDUH�
FODVVLILFDWLRQ��690��/RJLVWLF�UHJUHVVLRQ��+RZ�/5�LV�SDUHQW�SUREOHP�LQ�0/��

��

8QLW� ��� &RQYH[� 2SWLPL]DWLRQ� 7KHRU\�� &RQYH[� VHW�'HILQLWLRQ�� SURMHFWLRQ��
VHSDUDWLRQ� WKHRUHP�� &RQYH[� IXQFWLRQ�GHILQLWLRQ�� GLIIHUHQWLDEOH� DQG� QRQ��
GLIIHUHQWLDEOH FRQYH[ IXQFWLRQV��RSWLPDOLW\ FRQGLWLRQ IRU FRQYH[ RSWLPL]DWLRQ

��

8QLW����+\SHU�SDUDPHWHU�2SWLPL]DWLRQ�LQ�0/��,QWURGXFWLRQ��XQGHUVWDQGLQJ�
K\SHUSDUDPHWHUV��QHHG�RI�K\SHUSDUDPHWHU�RSWLPL]DWLRQ��0/�DOJRULWKPV�DQG�WKHLU�
K\SHUSDUDPHWHUV�� GLVWULEXWLRQ� RI� SRVVLEOH� K\SHUSDUDPHWHUV� YDOXHV��
+\SHUSDUDPHWHU�2SWLPL]DWLRQ�8VLQJ�6FLNLW�/HDUQ��

��

8QLW����$XWRPDWHG�0/�DQG�%D\HVLDQ�RSWLPL]DWLRQ��$XWRPDWHG�0/�PRGHO�VHOHFWLRQ��
K\SHUSDUDPHWHU� RSWLPL]DWLRQ�� FRPELQHG� DOJRULWKP� VHOHFWLRQ�� %D\HVLDQ� RSWLPL]DWLRQ��
EDVLF�VWUXFWXUH�� VHTXHQWLDO�PRGHO� EDVH�RSWLPL]DWLRQ�� VXUURJDWH�PRGHO�� DFTXLVLWLRQ�
IXQFWLRQ��$XWRPDWHG�0/�IRU�SUHGLFWLYH�DQDO\VLV��

�

7H[W�%RRNV��
�� &KDQGUD��6���-D\DGHYD��0HKUD��$��³1XPHULFDO�2SWLPL]DWLRQ�DQG�$SSOLFDWLRQV´��1DURVD�3XEOLVKLQJ�

+RXVH>8QLW����@�
�� &KDUX�&��$JJDUZDO��´/LQHDU�$OJHEUD�DQG�2SWLPL]DWLRQ�IRU�0DFKLQH�/HDUQLQJ�$�

7H[WERRN´�6SULQJHU�3XEOLFDWLRQ>8QLW��@�
�� *XDQJKXL�/DQ�´)LUVW�RUGHU�DQG�6WRFKDVWLF�2SWLPL]DWLRQ�0HWKRGV�IRU�0DFKLQH�/HDUQLQJ´�6SULQJHU

6HULHV�LQ�WKH�'DWD�6FLHQFHV>8QLW��@�
�� 7DQD\�$JUDZDO�´+\SHUSDUDPHWHU�2SWLPL]DWLRQ�LQ�0DFKLQH�/HDUQLQJ´�$SUHVV�3XEOLFDWLRQ>8QLW��@
�� )UDQFHVFR�$UFKHWWL��$QWRQLR�&DQGHOLHU��´%D\HVLDQ�2SWLPL]DWLRQ�DQG�'DWD�6FLHQFH´�6SULQJHU�%ULHIV�

LQ2SWLPL]DWLRQ>8QLW��@

5HIHUHQFH�%RRNV��
��-HDQ�*DOOLHU�DQG�-RFHO\Q�4XDLQWDQFH�´�)XQGDPHQWDOV�RI�2SWLPL]DWLRQ�7KHRU\�ZLWK�$SSOLFDWLRQV�WR�
0DFKLQH/HDUQLQJ´�

5HIHUHQFHV��

�� KWWSV���RQOLQHFRXUVHV�QSWHO�DF�LQ�QRF��BPH����
SUHYLHZ�

�� KWWSV���ZZZ�FRXUVHUD�RUJ�OHDUQ�RSWLPL]H�PDFKLQH�OHDUQLQJ�PRGHO�SHUIRUPDQFH�
�� KWWSV���PDFKLQHOHDUQLQJPDVWHU\�FRP�RSWLPL]DWLRQ�IRU�PDFKLQH�OHDUQLQJ�FUDVK�FRXUVH�
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9,��

�$FDGHPLF<HDU����������

&RPSXWHU 1HWZRUNV3UHUHTXLVLWH�

&RXUVH�3ODQ�

&RXUVH�7LWOH��,QIRUPDWLRQ�6HFXULW\�

&RXUVH�&RGH�����'6/���� 6HPHVWHU��9,�

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

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

&RXUVH�'HVFULSWLRQ��

7KLV�FRXUVH�DLPV�WR�H[SORUH�LQIRUPDWLRQ�VHFXULW\�WKURXJK�VRPH�LQWURGXFWRU\�FRQWHQWV��GHILQLQJ�WKH�
NH\�WHUPV��H[SODLQLQJ�HVVHQWLDO�FRQFHSWV�DQG�JRHV�WKURXJK�D�UHYLHZ�RI�WKH�RULJLQV�RI�WKH�ILHOG��,W�
SUHVHQWV�VHYHUDO�OHJDO�DQG�HWKLFDO�LVVXHV�WKDW�DUH�FRPPRQO\�IRXQG�LQ�WRGD\¶V�RUJDQL]DWLRQV��7KH�
NH\�WRSLFV�H[SORUHG�LQFOXGH�FU\SWRJUDSK\��DFFHVV�FRQWURO��SURWRFROV��VRIWZDUH��VRIWZDUH�VHFXULW\��
26�VHFXULW\��GDWD�VHFXULW\�DQG�6RIWZDUH�9XOQHUDELOLWLHV��

&RXUVH�2EMHFWLYHV��
�� 7R�LQWURGXFH�WKH�SULQFLSOHV��FRPSRQHQWV�RI�LQIRUPDWLRQ�VHFXULW\��OHJDO�	�HWKLFDO�LVVXHV�

�� 7R�H[SRVH�VWXGHQWV�WR�YDULRXV�FLSKHU�WHFKQLTXHV�DQG�FU\SWRJUDSKLF�DOJRULWKPV��WRROV��
�� 7R�XQGHUVWDQG�ZD\V�WR�SURYLGH�DFFHVV�FRQWURO�OLNH�DXWKRUL]DWLRQ�DQG�DXWKHQWLFDWLRQ��
�� 7R�PDNH�WKH�VWXGHQWV�XQGHUVWDQG�WKH�ZRUNLQJ�RI�VHYHUDO�UHDO�ZRUOG�VHFXULW\�SURWRFROV�
�� 7R�DQDO\]H�WKH�VHFXULW\�SURYLVLRQV�LQ�VRIWZDUH��RSHUDWLQJ�V\VWHP�DQG�GDWD�

�� 7R�PDNH�VWXGHQWV�WR�H[SORUH�QRQ�FU\SWRJUDSKLF�DQG�VRIWZDUH�YXOQHUDELOLWLHV�

&RXUVH�2XWFRPHV��&2V���

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

&������
'HVFULEH�WKH�PDMRU�FRPSRQHQWV�RI�LQIRUPDWLRQ�VHFXULW\��VHFXULW\�PRGHO��
OHJDO�DQG�HWKLFDO�LVVXHV��

8QGHUVWDQG�

&������ $SSO\�FLSKHU�WHFKQLTXHV���GLIIHUHQW�FU\SWRJUDSKLF�DOJRULWKPV�DQG�WRROV�� $SSO\�
&������ 3UHVHQW�WKH�ZD\V�WR�SURYLGH�DFFHVV�FRQWURO�XVLQJ�DXWKRUL]DWLRQ�DQG�

DXWKHQWLFDWLRQ�
$QDO\]H�

&����� ,OOXVWUDWH�WKH�ZRUNLQJ�RI�YDULRXV�UHDO�ZRUOG�VHFXULW\�SURWRFROV�� $SSO\�
&����� $QDO\]H�WKH�VHFXULW\�SURYLVLRQV�LQ�VRIWZDUH��RSHUDWLQJ�V\VWHP�DQG�GDWD�� $QDO\]H�
&������ ([SORUH�QHZHU�YXOQHUDELOLWLHV�DQG�SURYLGH�WR�WDNH�SUHFDXWLRQDU\�

PHDVXUHV�
8QGHUVWDQG�

&RXUVH�$UWLFXODWLRQ�0DWUL[��0DSSLQJ�RI�&RXUVH�2XWFRPHV��&2V��ZLWK�3URJUDP�2XWFRPHV�
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&RQWHQW� +RXUV

8QLW����,QWURGXFWLRQ�WR�,QIRUPDWLRQ�6HFXULW\��
,QWURGXFWLRQ��&RPSRQHQWV� RI� DQ� ,QIRUPDWLRQ� 6\VWHP��
7KH�6HFXULW\�6\VWHPV�'HYHORSPHQW�/LIH�&\FOH��,QIRUPDWLRQ�6HFXULW\��7KH�1HHG� IRU�6HFXULW\��
/HJDO��(WKLFDO�DQG�3URIHVVLRQDO�,VVXHV��
&U\SWRV\VWHPV��)RXQGDWLRQV�RI�&U\SWRORJ\��7KH�26,�6HFXULW\�$UFKLWHFWXUH��3ULQFLSOHV�RI�
3XEOLF�.H\�&U\SWRV\VWHPV��$WWDFNV�RQ�&U\SWRV\VWHPV��

��

8QLW����&U\SWRJUDSK\�
6\PPHWULF�&LSKHU�0RGHOV��6XEVWLWXWLRQ�7HFKQLTXHV��7UDQVSRVLWLRQ�7HFKQLTXHV��%ORFN�
&LSKHU�3ULQFLSOHV��7KH�'DWD�(QFU\SWLRQ�6WDQGDUG��
&U\SWRJUDSKLF�$OJRULWKPV�7KH�56$�$OJRULWKP��.H\�0DQDJHPHQW��'LIILH�+HOOPDQ�.H\�
([FKDQJH��0$&�DQG�+DVK�IXQFWLRQV�DQG�WKHLU�UHTXLUHPHQWV��

��

8QLW����3URWRFROV�
6LPSOH�6HFXULW\�3URWRFROV��$XWKHQWLFDWLRQ�3URWRFROV��'LJLWDO�6LJQDWXUH��'LJLWDO�6LJQDWXUH�
6WDQGDUG��$XWKHQWLFDWLRQ�DSSOLFDWLRQV���.HUEHURV��;�����$XWKHQWLFDWLRQ�VHUYLFH��(PDLO�
6HFXULW\���3*3��6�0,0(��,3�6HFXULW\���,3�6HFXULW\�$UFKLWHFWXUH��$XWKHQWLFDWLRQ��+HDGHU�
DQG�(QFDSVXODWLQJ�6HFXULW\�3D\ORDG��

��

8QLW����$FFHVV�&RQWURO��$XWKHQWLFDWLRQ�	�$XWKRUL]DWLRQ�
$XWKHQWLFDWLRQ� 0HWKRGV�� 3DVVZRUGV�� %LRPHWULFV�� 7ZR�)DFWRU� $XWKHQWLFDWLRQ�� 6LQJOH�
6LJQ��2Q�DQG�:HE�&RRNLHV��$XWKRUL]DWLRQ��$FFHVV�&RQWURO�0DWUL[��&$37&+$��)LUHZDOOV��
,QWUXVLRQ� 'HWHFWLRQ� 6\VWHPV�� :HE� DQG� 6\VWHP� 6HFXULW\� �� 6HFXUH� 6RFNHW� /D\HU� DQG�
7UDQVSRUW�/D\HU�6HFXULW\��6HFXUH�(OHFWURQLF�7UDQVDFWLRQ��

��

8QLW����6HFXULW\�LQ�6RIWZDUH��2SHUDWLQJ�6\VWHP�DQG�'DWD�6HFXULW\�
6RIWZDUH�)ODZV�DQG�PDOZDUH��,QVHFXULW\�LQ�6RIWZDUH��6RIWZDUH��5HYHUVH�(QJLQHHULQJ��

��
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'LJLWDO�5LJKWV�0DQDJHPHQW��6RIWZDUH�'HYHORSPHQW��2SHUDWLQJ�6\VWHPV�DQG�
6HFXULW\��26�6HFXULW\�)XQFWLRQV��7UXVWHG�2SHUDWLQJ�6\VWHP��1H[W�*HQHUDWLRQ�
6HFXUH�&RPSXWLQJ�%DVH��,QWURGXFWLRQ�WR�GDWD�3URWHFWLRQE\�SDWHQWV��FRS\ULJKWV�DQG�
WUDGHPDUNV��,7�VHFXULW\�DFWV��

8QLW����NH\�F\EHUVHFXULW\�FRPSOLDQFH�	9XOQHUDELOLWLHV�
NH\�F\EHUVHFXULW\�FRPSOLDQFH�DQG�LQGXVWU\�6WDQGDUGV�,QWURGXFWLRQ�WR�*7$��=HUR�7UXVW�
DUFKLWHFWXUH��
6RIWZDUH�6HFXULW\�6RIWZDUH�9XOQHUDELOLWLHV��%XIIHU�2YHUIORZ��6DODPL�$WWDFN��)RUPDW�
VWULQJ��FURVV�VLWH�VFULSWLQJ��64/�LQMHFWLRQ��0DOZDUH��9LUXVHV��:RUPV��7URMDQV��/RJLF�
%RPE��%RWV��5RRWNLWV��

��

7H[W�%RRNV��

�� 0LFKDHO�(��:KLWPDQ�DQG�+HUEHUW�-��0DWWRUG��³3ULQFLSOHV�RI�,QIRUPDWLRQ�6HFXULW\´��&RXUVH�
7HFKQRORJ\�&HQJDJH�/HDUQLQJ��)RXUWK�(GLWLRQ��

�� 0DUN�6WDPS��³,QIRUPDWLRQ�6HFXULW\�3ULQFLSOHV�DQG�3UDFWLFH´��-RKQ�:LOH\�	�6RQV�3XEOLFDWLRQV��
6HFRQG�(GLWLRQ��

5HIHUHQFH�%RRNV��

�� $WXO�.DKDWH��³&U\SWRJUDSK\�DQG�1HWZRUN�6HFXULW\´��70*+��7KLUG�(GLWLRQ��
�� :LOOLDPV�6WDOOLQJV��³&U\SWRJUDSK\�DQG�1HWZRUN�6HFXULW\�3ULQFLSOHV�DQG�3UDFWLFHV´��3HDUVRQ�

(GXFDWLRQ��/3(���6HYHQWK�(GLWLRQ��

2QOLQH�5HVRXUFHV��

KWWSV���QSWHO�DF�LQ�FRXUVHV�����������
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([SHUWLVH�,Q�3URJUDPPLQJ��%DVLF�.QRZOHGJH�RI�&RPSXWHU�6HFXULW\��&U\SWRJUDSK\��
1HWZRUNLQJ��&RQFXUUHQW�2U�3DUDOOHO�3URJUDPPLQJ�

3UHUHTXLVLWH�

3URIHVVLRQDO�
(OHFWLYH�,�
&RXUVH�3ODQ�

&RXUVH�7LWOH��%ORFNFKDLQ�7HFKQRORJ\�

&RXUVH�&RGH�����'6/�3��� 6HPHVWHU��9,�

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

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

&RXUVH�'HVFULSWLRQ��
7KLV� FRXUVH� JLYHV� GHHS� XQGHUVWDQGLQJ� RI� EDVLFV� DQG� GHVLJQ� SULQFLSOHV� RI�%ORFNFKDLQ� V\VWHPV��
9DULRXV�SD\PHQW�YHULILFDWLRQ�SURWRFROV�WKDW�DUH�XVHG�LQ�SUDFWLFH�DUH�LQFOXGHG�LQ�WKLV�FRXUVH��'HVLJQ��
EXLOGLQJ�DQG�GHSOR\PHQW�RI�GLVWULEXWHG�DSSOLFDWLRQV�DUH�FRYHUHG�LQ�WKLV�FRXUVH��

&RXUVH�2EMHFWLYHV��
�� 8QGHUVWDQG�KRZ�%ORFNFKDLQ�V\VWHPV��PDLQO\�%LWFRLQ�DQG�(WKHUHDO��ZRUN��
�� 7R�VHFXUHO\�LQWHUDFW�ZLWK�ELWFRLQ�DQG�HWKHUHXP��
�� 'HVLJQ��EXLOG��DQG�GHSOR\�VPDUW�FRQWUDFWV�DQG�GLVWULEXWHG�DSSOLFDWLRQV��
�� ,QWHJUDWH�LGHDV�IURP�%ORFNFKDLQ�WHFKQRORJ\�LQWR�WKHLU�RZQ�SURMHFWV��

&RXUVH�2XWFRPHV��&2V���

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

&������ ([SODLQ�GHVLJQ�SULQFLSOHV�RI�%LWFRLQ�DQG�(WKHUHXP�� 8QGHUVWDQG�
&����� ([SODLQ�1DNDPRWR�FRQVHQVXV�� 8QGHUVWDQG�
&����� ([SODLQ�WKH�6LPSOLILHG�3D\PHQW�9HULILFDWLRQ�SURWRFRO� $SSO\�

&����� /LVW�DQG�GHVFULEH�GLIIHUHQFHV�EHWZHHQ�SURRI�RI�ZRUN�DQG�
SURRI�RI�VWDNH�FRQVHQVXV��

$QDO\]H�

&����� ,QWHUDFW�ZLWK�D�EORFNFKDLQ�V\VWHP�E\�VHQGLQJ�DQG�UHDGLQJ�WUDQVDFWLRQV�� (YDOXDWH�
&����� 'HVLJQ��EXLOG��DQG�GHSOR\�D�GLVWULEXWHG�DSSOLFDWLRQ�� &UHDWLQJ�

&RXUVH� $UWLFXODWLRQ� 0DWUL[�� 0DSSLQJ� RI� &RXUVH� 2XWFRPHV� �&2V�� ZLWK� 3URJUDP�
2XWFRPHV�32V��DQG�3URJUDP�6SHFLILF�2XWFRPHV��362V���
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7��<��%��7HFK��'DWD�6FLHQFH��6(0�9,��

�$FDGHPLF<HDU����������

&RQWHQW� +RXUV

8QLW�,�±�,QWURGXFWLRQ�
'LVWULEXWHG�'DWDEDVH��7ZR�*HQHUDO�3UREOHP��%\]DQWLQH�*HQHUDO�SUREOHP�DQG�)DXOW�7ROHUDQFH�
+DGRRS'LVWULEXWHG�)LOH�6\VWHP��'LVWULEXWHG�+DVK�7DEOH��$6,&�UHVLVWDQFH��7XULQJ�&RPSOHWH�
&U\SWRJUDSK\��+DVK� IXQFWLRQ��'LJLWDO�6LJQDWXUH� ��(&'6$��0HPRU\�+DUG�$OJRULWKP��=HUR
.QRZOHGJH�3URRI��

��

8QLW�,,�±�%ORFNFKDLQ�
,QWURGXFWLRQ��$GYDQWDJH�RYHU�FRQYHQWLRQDO�GLVWULEXWHG�GDWDEDVH��%ORFNFKDLQ�1HWZRUN��
0LQLQJ0HFKDQLVP��'LVWULEXWHG�&RQVHQVXV��0HUNOH� 3DWULFLD�7UHH��*DV�/LPLW�� 7UDQVDFWLRQV�
DQG�)HH�$QRQ\PLW\��5HZDUG��&KDLQ�3ROLF\��/LIH�RI�%ORFNFKDLQ�DSSOLFDWLRQ��6RIW�	�+DUG�
)RUN��3ULYDWH�DQG�3XEOLF�EORFNFKDLQ��

��

8QLW�,,,���'LVWULEXWHG�&RQVHQVXV�
1DNDPRWR�FRQVHQVXV��3URRI�RI�:RUN��3URRI�RI�6WDNH��3URRI�RI�%XUQ��'LIILFXOW\�
/HYHO��6\ELO$WWDFN��(QHUJ\�XWLOL]DWLRQ�DQG�DOWHUQDWH��

��

8QLW�,9�±�&U\SWR�&XUUHQF\�
+LVWRU\��'LVWULEXWHG�/HGJHU��%LWFRLQ�SURWRFROV���0LQLQJ�VWUDWHJ\�DQG�UHZDUGV��(WKHUHXP���
&RQVWUXFWLRQ�'$2��6PDUW�&RQWUDFW��*+267��9XOQHUDELOLW\��$WWDFNV��6LGHFKDLQ��1DPHFRLQ��

��

8QLW�9���&U\SWR�&XUUHQF\�5HJXODWLRQ�
6WDNHKROGHUV��5RRWV�RI�%LW�FRLQ��/HJDO�$VSHFWV�&U\SWR�FXUUHQF\�([FKDQJH��%ODFN�0DUNHW�
DQG�*OREDO(FRQRP\��

��

8QLW�9,���&U\SWR�FXUUHQF\�$SSOLFDWLRQV�
,QWHUQHW�RI�7KLQJV��0HGLFDO�5HFRUG�0DQDJHPHQW�6\VWHP��'RPDLQ�1DPH�6HUYLFH�DQG�
IXWXUH�RI%ORFNFKDLQ��

��

/LVW�RI�$VVLJQPHQWV�

$VV��1R� 1DPH�RI�$VVLJQPHQW� 6�2 +RXUV

�� 1DLYH�%ORFNFKDLQ�FRQVWUXFWLRQ�� 6 ��

�� 0HPRU\�+DUG�DOJRULWKP�±�+DVKFDVK�LPSOHPHQWDWLRQ�� 6 ��

�� 'LUHFW�$F\FOLF�*UDSK�� 6 ��

�� 6WXG\�RI�*R�HWKHUHXP�� 6 ��

�� 6PDUW�&RQWUDFW�&RQVWUXFWLRQ�� 6 ��

�� 7R\�DSSOLFDWLRQ�XVLQJ�%ORFNFKDLQ�� 2 ��

�� 0LQLQJ�SX]]OHV�� 6 ��

�� /LVW�WKH�XVH�RI�SXEOLF�EORFNFKDLQ�SODWIRUPV�� 6 ��

�� 6WXG\�RI�%ORFNFKDLQ�SURWRFROV�� 6 ��

��� &DVH�VWXG\��6HFXUH�VKDULQJ�RI�PHGLFDO�GDWD�XVLQJ�%ORFNFKDLQ�
WHFKQRORJ\��

6 ��

7H[W�%RRNV��
���$UYLQG�1DUD\DQDQ��-RVHSK�%RQQHDX��(GZDUG�)HOWHQ��$QGUHZ�0LOOHU�DQG�6WHYHQ�*ROGIHGHU��³%LWFRLQ�

DQG�&U\SWRFXUUHQF\�7HFKQRORJLHV��$�&RPSUHKHQVLYH�,QWURGXFWLRQ´�3ULQFHWRQ�8QLYHUVLW\�3UHVV�
�-XO\�����������
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5HIHUHQFH�%RRNV��
�� 6��6KXNOD��0��'KDZDQ��6��6KDUPD��6��9HQNDWHVDQ��µ%ORFNFKDLQ�7HFKQRORJ\��

&U\SWRFXUUHQF\�DQG$SSOLFDWLRQV��2[IRUG�8QLYHUVLW\�3UHVV��������
�� -RVK�7KRPSVRQ��³%ORFNFKDLQ��7KH�%ORFNFKDLQ�IRU�%HJLQQLQJV��*XLOG�WR�%ORFNFKDLQ�

7HFKQRORJ\�DQG%ORFNFKDLQ�3URJUDPPLQJ´��&UHDWH�6SDFH�,QGHSHQGHQW�3XEOLVKLQJ�3ODWIRUP��
�����

2QOLQH�5HVRXUFHV��
�� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y 33)V*����

+L,	OLVW 3/E50K'980QJI[[\9/K�W�J.'8IV2G*Q��
�� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y �FH�)E)2B<4	OLVW 3/):�O57D�J��5�4B���

MV19K')$H*D$%R�
�� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y P]3R8M4&�:8	OLVW 3/($<N6J�X64�[�,�$65+OUD1[6ZI�

�[2$%
�� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y 72OY�Q5'GIV	OLVW 3/\T6S4]7(�0�Z\B-%7JSO6B+*X2<�

8�TNP
�� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y 4&Y/�':FRM
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9,��

�$FDGHPLF<HDU����������

)XQGDPHQWDOV RI &RPSXWHU $UFKLWHFWXUH3UHUHTXLVLWH

&RXUVH�3ODQ�
&RXUVH 7LWOH� +LJK 3HUIRUPDQFH &RPSXWLQJ
&RXUVH &RGH� ���'6/�3�� 6HPHVWHU� 9,
7HDFKLQJ 6FKHPH� /�7�3 ������ &UHGLWV� �
(YDOXDWLRQ 6FKHPH� ,6( �06(�0DUNV� ����� (6( 0DUNV���

&RXUVH�'HVFULSWLRQ��
7KLV�FRXUVH�LV�DQ�LQWURGXFWLRQ�WR�WKH�DUFKLWHFWXUH�RI�DQG�VRIWZDUH�WHFKQLTXHV�IRU�SDUDOOHO�DQG�KLJK�
SHUIRUPDQFH�FRPSXWLQJ�V\VWHPV��7KH�FRQWHQW�LQFOXGHV�IXQGDPHQWDO�DVSHFWV�RI�YHFWRU�SURFHVVLQJ��
VKDUHG�PHPRU\�� DQG�GLVWULEXWHG�PHPRU\�V\VWHPV��6SHFLILF� DSSOLFDWLRQV� LQ�SDUDOOHO� SURFHVVLQJ�
SDUDGLJPV�ZLOO�EH�FRYHUHG��

&RXUVH�2EMHFWLYHV��
�� 7R�6WXG\�YDULRXV�FRPSXWLQJ�WHFKQRORJ\�DUFKLWHFWXUHV��
�� 7R�NQRZ�(PHUJLQJ�WUHQGV�LQ�3DUDOOHO�FRPSXWLQJ�WHFKQRORJ\��
�� 7R�KLJKOLJKW�WKH�SHUIRUPDQFH�RI�FRPSXWLQJ��

&RXUVH�2XWFRPHV�&2V��
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�EH�DEOH�WR�
&����� ,GHQWLI\ WKH NH\ IDFWRUV DIIHFWLQJ SHUIRUPDQFH RI FRPSXWLQJ V\VWHPV� 8QGHUVWDQG
&����� ,OOXVWUDWH PDSSLQJ RI DSSOLFDWLRQV WR KLJK�SHUIRUPDQFH FRPSXWLQJ

V\VWHPV�
$SSO\

&����� $SSO\ KDUGZDUH�VRIWZDUH FR�GHVLJQ IRU DFKLHYLQJ SHUIRUPDQFH RQ UHDO�
ZRUOG�DSSOLFDWLRQV�

(YDOXDWH

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

&RV�
3RV 362V %7/

�� � �� �� �� �� �� �� �� ��� ��� ��� �� ��
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&������ �� � �� �� �� �� �� �� �� �� �� �� �� �� ��

&RQWHQWV +RXUV�
8QLW� ��� ,QWURGXFWLRQ�� &RPSXWDWLRQDO� 6FLHQFH� DQG� (QJLQHHULQJ��
&RPSXWDWLRQDO� 6FLHQFH� DQG� (QJLQHHULQJ� $SSOLFDWLRQV�� FKDUDFWHULVWLFV� DQG�
UHTXLUHPHQWV��5HYLHZ�RI�&RPSXWDWLRQDO�&RPSOH[LW\�� 3HUIRUPDQFH��PHWULFV�
DQG�PHDVXUHPHQWV��*UDQXODULW\�DQG�3DUWLWLRQLQJ��/RFDOLW\��WHPSRUDO���VSDWLDO�
��VWUHDP���NHUQHO��%DVLF�PHWKRGV�IRU�SDUDOOHO�SURJUDPPLQJ��5HDO�ZRUOG�FDVH�
VWXGLHV��GUDZQ�IURP�PXOWLVFDOH��PXOWL�GLVFLSOLQH
DSSOLFDWLRQV�

�

8QLW����+LJK�(QG�&RPSXWHU�6\VWHPV��0HPRU\�+LHUDUFKLHV��0XOWL�FRUH�
3URFHVVRUV��+RPRJHQHRXV�DQG�+HWHURJHQHRXV��6KDUHG�PHPRU\�6\PPHWULF�
0XOWLSURFHVVRUV�� 9HFWRU� &RPSXWHUV�� 'LVWULEXWHG� 0HPRU\� &RPSXWHUV��
6XSHUFRPSXWHUV� DQG� 3HWDVFDOH� 6\VWHPV�� $SSOLFDWLRQ� $FFHOHUDWRUV� ��
5HFRQILJXUDEOH�&RPSXWLQJ��1RYHO�FRPSXWHUV��6WUHDP�
PXOWLWKUHDGHG��DQG�SXUSRVH�EXLOW

��
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<��%��7HFK��'DWD�6FLHQFH��6(0�9,��

�$FDGHPLF<HDU����������

8QLW����3DUDOOHO�$OJRULWKPV��3DUDOOHO�PRGHOV��LGHDO�DQG�UHDO�IUDPHZRUNV��%DVLF�
7HFKQLTXHV��%DODQFHG�7UHHV��3RLQWHU�-XPSLQJ��'LYLGH�DQG�&RQTXHU��3DUWLWLRQLQJ��
5HJXODU�$OJRULWKPV��0DWUL[�RSHUDWLRQV�DQG�/LQHDU�$OJHEUD��,UUHJXODU�$OJRULWKPV��
/LVWV�� 7UHHV�� *UDSKV�� 5DQGRPL]DWLRQ�� 3DUDOOHO� 3VHXGR�5DQGRP� 1XPEHU�
*HQHUDWRUV��6RUWLQJ�
0RQWH &DUOR WHFKQLTXHV

�

8QLW����3DUDOOHO�3URJUDPPLQJ��5HYHDOLQJ�FRQFXUUHQF\� LQ� DSSOLFDWLRQV��7DVN�
DQG�)XQFWLRQDO�3DUDOOHOLVP��7DVN�6FKHGXOLQJ��6\QFKURQL]DWLRQ�0HWKRGV��3DUDOOHO�
3ULPLWLYHV� �FROOHFWLYH� RSHUDWLRQV��� 630'� 3URJUDPPLQJ� �WKUHDGV�� 2SHQ03��
03,��� ,�2�DQG�)LOH�6\VWHPV��3DUDOOHO�0DWODEV� �3DUDOOHO�0DWODE��6WDU�3��0DWODE�
03,���3DUWLWLRQLQJ�*OREDO
$GGUHVV 6SDFH �3*$6� ODQJXDJHV �83&� 7LWDQLXP� *OREDO $UUD\V�

�

8QLW� ��� $FKLHYLQJ� 3HUIRUPDQFH�� 0HDVXULQJ� SHUIRUPDQFH�� LGHQWLI\LQJ�
SHUIRUPDQFH� ERWWOHQHFNV�� 5HVWUXFWXULQJ� DSSOLFDWLRQV� IRU� GHHS� PHPRU\�
KLHUDUFKLHV��3DUWLWLRQLQJ�DSSOLFDWLRQV�IRU�KHWHURJHQHRXV�UHVRXUFHV��XVLQJ
H[LVWLQJ�OLEUDULHV��WRROV��DQG�IUDPHZRUN

�

/LVW�RI�$VVLJQPHQWV�

$VV��1R� 1DPH�RI�
$VVLJQPHQW�

6�2 +RXUV�

� &RPSXWDWLRQDO�&RPSOH[LW\�DQG�SHUIRUPDQFH� PDWULFHV� 6 ��

� 0HPRU\�KLHUDUFK\� 6 ��

� 0XOWLFRUH�GLVWULEXWHG�PHPRU\�FRPSXWHU�V\VWHPV� 6� ��

� 6WXG\�RI�0XOWLWKUHDGHG�DUFKLWHFWXUH� 6 ��

� 6WXG\�RI�3DUDOOHO�DOJRULWKPV� 6 ��

� 3DUDOOHO�SURJUDPPLQJ�DQG�WDVN�VFKHGXOLQJ� 6 ��

� 3DUDOOHOL]LQJ�DOJRULWKPV� 6 ��

� 'HHS�PHPRULHV�KLHUDUFKLHV� 6 ��

� &DVH�VWXG\��3HUIRUPDQFH�PHDVXULQJ� 6 ��

��� 6WXG\�RI�3HUIRUPDQFH�ERWWOHQHFN� 6 ��

7H[W�%RRNV��
�� ,QWURGXFWLRQ�WR�3DUDOOHO�&RPSXWLQJ��$QDQWK�*UDPD��$QVKXO�*XSWD��*HRUJH�.DU\SLV��DQG�

9LSLQ�.XPDU���QG�HGLWLRQ��$GGLVRQ�:HOVH\�������
�� 3HWDVFDOH�&RPSXWLQJ��$OJRULWKPV�DQG�$SSOLFDWLRQV��'DYLG�$��%DGHU��(G����&KDSPDQ�	�

+DOO�&5&�&RPSXWDWLRQDO�6FLHQFH�6HULHV������2SWLPL]DWLRQ�DQG�'DWD�6FLHQFH´�6SULQJHU�
%ULHIV�LQ�2SWLPL]DWLRQ�

5HIHUHQFH�%RRNV��
�� *UDPD��$��*XSWD��*��.DU\SLV��9��.XPDU��$Q� ,QWURGXFWLRQ�WR�3DUDOOHO�&RPSXWLQJ��

'HVLJQ�DQG$QDO\VLV�RI�$OJRULWKPV����H��$GGLVRQ�:HVOH\�������
�� *�(��.DUQLDGDNLV��5�0��.LUE\�,,��3DUDOOHO�6FLHQWLILF�&RPSXWLQJ�LQ�&���DQG�03,��$�

6HDPOHVV$SSURDFK�WR�3DUDOOHO�$OJRULWKPV�DQG�WKHLU�,PSOHPHQWDWLRQ��&DPEULGJH�
8QLYHUVLW\�3UHVV�������

�� :LONLQVRQ�DQG�0��$OOHQ��3DUDOOHO�3URJUDPPLQJ��7HFKQLTXHV�DQG�$SSOLFDWLRQV�8VLQJ�
1HWZRUNHG:RUNVWDWLRQV�DQG�3DUDOOHO�&RPSXWHUV����(��3UHQWLFH�+DOO��������
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%DVLF�FDOFXOXV�DQG�DOJRULWKPV�EDFNJURXQG��3UHUHTXLVLWH�

&RXUVH�3ODQ�

&RXUVH�7LWOH��(�&RPPHUFH�DQG�5HFRPPHQGDWLRQ�6\VWHPV�

&RXUVH�&RGH�����'6/�3��� 6HPHVWHU��9,�

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

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

&RXUVH�'HVFULSWLRQ��
7KH�FRXUVH�ZLOO�FRYHU� IXQGDPHQWDO�DVSHFWV�RI�5HFRPPHQGDWLRQ�V\VWHPV�� IRFXVLQJ�RQ� WKH�XVH�
DQG� DSSOLFDWLRQV� RI� 5HFRPPHQGHU� V\VWHPV�� 5HFRPPHQGHU� V\VWHPV� DUH� DURXQG� XV� DQG� DUH�
HQFRXQWHUHG�RQ�PXOWLSOH�GRPDLQV�VXFK�DV�H�FRPPHUFH��FRQWHQW�DQG�PHGLD�GLVWULEXWLRQ��VRFLDO�
PHGLD�DQG�VR�RQ��7KH�FRXUVH�DLPV�WR�H[SODLQ�ERWK�EDVLFV�DQG�DGYDQFHG�WRSLFV�DQG�FRQFHSWV�IRU�
UHFRPPHQGDWLRQ�V\VWHPV��
&RXUVH�2EMHFWLYHV��

�� 7R�EHFRPH�IDPLOLDU�ZLWK�FRQFHSW�RI�(�FRPPHUFH��
�� 7R�JHW�H[SRVHG�EDVLF�FRQFHSWV�RI�UHFRPPHQGDWLRQ�V\VWHP��
�� 7R�FODVVLI\�GLIIHUHQW�UHFRPPHQGDWLRQ�V\VWHPV��

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

&������ 8QGHUVWDQG�WKH�IXQGDPHQWDOV�RI�(��FRPPHUFH�DQG�UHFRPPHQGDWLRQ�
V\VWHPV��

8QGHUVWDQG�

&����� ([SODLQ GLIIHUHQW FROODERUDWLYH UHFRPPHQGDWLRQ V\VWHPV� 8QGHUVWDQG
&����� 'HVFULEH FRQWHQW EDVHG� NQRZOHGJH�EDVHG UHFRPPHQGDWLRQ V\VWHPV� 8QGHUVWDQG
&����� &DUU\ RXW SHUIRUPDQFH HYDOXDWLRQ RI UHFRPPHQGHU V\VWHPV�EDVHG RQ

YDULRXV�PHWULFV��
8QGHUVWDQG

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

&RV�
������������������������������������������32V� 362V�

%7/
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�$Q�$XWRQRPRXV�,QVWLWXWH��%�7HFK��&XUULFXOXP�

7�<��%�7HFK��&6(�'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

&RQWHQW� +RXUV

8QLW����,QWURGXFWLRQ�WR�(OHFWURQLF�&RPPHUFH�
,QWURGXFWLRQ�WR�H�FRPPHUFH��HOHFWURQLF�FRPPHUFH�IUDPH�ZRUN��$QDWRP\�RI�H�FRPPHUFH�
DSSOLFDWLRQ��HOHFWURQLF�FRPPHUFH�DQG�:RUOG�:LGH�:HE��$UFKLWHFWXUDO�IUDPH�ZRUN�RI�H��
FRPPHUFH��HOHFWURQLF�SD\PHQW�V\VWHP�DQG�LWV�W\SHV��

��

8QLW����,QWURGXFWLRQ�WR�5HFRPPHQGDWLRQ�6\VWHPV�
,QWURGXFWLRQ�DQG�EDVLF�WD[RQRP\�RI�UHFRPPHQGDWLRQ�V\VWHPV��7UDGLWLRQDO�DQG�QRQ��
SHUVRQDOL]HG� UHFRPPHQGDWLRQ� V\VWHPV�� 2YHUYLHZ� RI� GDWD� PLQLQJ� PHWKRGV� IRU�
UHFRPPHQGDWLRQ�V\VWHPV��2YHUYLHZ�RI�FRQYH[�DQG�OLQHDU�RSWLPL]DWLRQ�SULQFLSOHV��
$SSOLFDWLRQV�RI�UHFRPPHQGDWLRQ�V\VWHPV��,VVXHV�ZLWK�UHFRPPHQGHU�V\VWHP��

��

8QLW����&ROODERUDWLYH�5HFRPPHQGDWLRQ�6\VWHPV�
8VHU�EDVHG� 1HDUHVW� 1HLJKERU� UHFRPPHQGDWLRQ�� ,WHP�EDVHG� QHDUHVW� QHLJKERU
UHFRPPHQGDWLRQ�� 0RGHO� EDVHG� DQG� SUH�SURFHVVLQJ�EDVHG� DSSURDFKHV�� $WWDFNV� RQ
FROODERUDWLYH�UHFRPPHQGHU�V\VWHPV��&ROODERUDWLYH�)LOWHULQJ�DV�D�*HQHUDOL]DWLRQ�RI�
&ODVVLILFDWLRQ�DQG�5HJUHVVLRQ�0RGHOOLQJ��

��

8QLW����&RQWHQW�%DVHG�5HFRPPHQGDWLRQ�6\VWHPV�
,QWURGXFWLRQ��%DVLF�FRPSRQHQWV�RI�FRQWHQW�EDVHG�UHFRPPHQGDWLRQ�V\VWHPV��$GYDQWDJHV�DQG�
GUDZEDFNV�RI�FRQWHQW�EDVHG�ILOWHULQJ��3UH�SURFHVVLQJ�DQG�)HDWXUH�([WUDFWLRQ��,WHP�
UHSUHVHQWDWLRQ�0HWKRGV�IRU�OHDUQLQJ�XVHU�SURILOHV��

��

8QLW����.QRZOHGJH�%DVHG�5HFRPPHQGDWLRQ�6\VWHPV�
,QWURGXFWLRQ��.QRZOHGJH�UHSUHVHQWDWLRQ�DQG�UHDVRQLQJ��&RQVWUDLQW�EDVHG�UHFRPPHQGHUV��&DVH�
EDVHG� UHFRPPHQGHUV�� 6LPLODULW\� 0HWULFV�� &ULWLTXLQJ� PHWKRGV�� ([SODQDWLRQ� LQ� FULWLTXHV�
3HUVLVWHQW�3HUVRQDOL]DWLRQ�LQ�.QRZOHGJH�%DVHG�6\VWHPV�

��

8QLW����+\EULG�5HFRPPHQGDWLRQ�6\VWHPV�
2SSRUWXQLWLHV� IRU� K\EULGL]DWLRQ�� 0RQROLWKLF� K\EULGL]DWLRQ� GHVLJQ�� )HDWXUH� FRPELQDWLRQ�
)HDWXUH� DXJPHQWDWLRQ�� 3DUDOOHOL]HG� K\EULGL]DWLRQ� GHVLJQ�� :HLJKWHG�� 6ZLWFKLQJ�� 0L[HG�
3LSHOLQHG�K\EULGL]DWLRQ�GHVLJQ��&DVFDGH�0HWD�OHYHO��/LPLWDWLRQV�RI�K\EULGL]DWLRQ�VWUDWHJLHV��

��



'�<� 3$7,/ &2//(*( 2) (1*,1((5,1*
	7(&+12/2*<��.$6$%$�%$:$'$��.2/+$385�������

�$Q�$XWRQRPRXV�,QVWLWXWH��%�7HFK��&XUULFXOXP�
7�<��%�7HFK��&6(�'DWD�6FLHQFH��

�$FDGHPLF<HDU����������

/LVW�RI�7XWRULDOV�

$VV��1R� 1DPH�RI�7XWRULDO� 6�2� +RXUV

�� )XQGDPHQWDO�FRQFHSWV�RI�(�&RPPHUFH�� 6 ��

�� $UFKLWHFWXUH�RI�(OHFWURQLF�FRPPHUFH�� 6 ��

�� $SSOLFDWLRQV�RI�UHFRPPHQGDWLRQ�V\VWHPV�� 6 ��

�� %DVLF�WD[RQRP\�RI�UHFRPPHQGDWLRQ�V\VWHPV�� 6 ��

�� 'DWD�PLQLQJ�PHWKRGV�IRU�UHFRPPHQGDWLRQ�V\VWHPV� 6 ��

�� &ROODERUDWLYH�UHFRPPHQGDWLRQ�V\VWHPV� 6 ��

�� %DVLF�FRPSRQHQWV�RI�FRQWHQW�EDVHG�UHFRPPHQGDWLRQ�V\VWHPV�� 6 ��

�� &RQVWUDLQW�EDVHG�UHFRPPHQGHUV� 6 ��

�� +\EULGL]DWLRQ�GHVLJQ� 6 ��

7H[W�%RRNV��

�� &�&��$JJDUZDO��5HFRPPHQGHU�6\VWHPV��7KH�7H[WERRN��6SULQJHU��������
�� -DQQDFK�'���=DQNHU�0��DQG�)HO)HULQJ�$���5HFRPPHQGHU�6\VWHPV��$Q�,QWURGXFWLRQ��

&DPEULGJH�8QLYHUVLW\�3UHVV���������VW�HG��

5HIHUHQFH�%RRNV��

�� 5LFFL�)���5RNDFK�/���6KDSLUD�'���.DQWRU�%�3���5HFRPPHQGHU�6\VWHPV�+DQGERRN��
6SULQJHU��������VW�HGLWLRQ��

�� 0��&KLDQJ��1HWZRUNLQJ�/LIH��&DPEULGJH�������

2QOLQH�5HVRXUFHV�

�� KWWS���ZZZ�GLJLPDW�LQ�QSWHO�FRXUVHV�YLGHR�����������/����
KWPO

�� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y JL,;1RLT2B8	OLVW 3/�=9;�F80G/EL)JLW=V]KQ08=+''(�
/�U6

�� KWWSV���ZZZ�FRXUVHUD�RUJ�VSHFLDOL]DWLRQV�UHFRPPHQGHU�V\VWHPV
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�$Q�$XWRQRPRXV�,QVWLWXWH��%�7HFK��&XUULFXOXP�
7�<��%�7HFK��&6(�'DWD�6FLHQFH��

�$FDGHPLF<HDU����������

'DWDEDVH�HQJLQHHULQJ�3UHUHTXLVLWH�

&RXUVH�3ODQ�

&RXUVH�7LWOH���$GYDQFHG�'DWDEDVH�6\VWHPV�/DERUDWRU\�

&RXUVH�&RGH�����'63���� 6HPHVWHU��9,�

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

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

&RXUVH�'HVFULSWLRQ��

7KLV�FRXUVH�IRFXVHV�RQ�GLIIHUHQW�GDWDEDVH�V\VWHPV�OLNH�SDUDOOHO�GDWDEDVHV��GLVWULEXWHG�GDWDEDVHV�
DQG�REMHFW�UHODWLRQDO�GDWDEDVHV��,W�DOVR�IRFXVHV�RQ�1R64/��'DWD�ZDUHKRXVLQJ��'DWD�PLQLQJ�DQG�
:HE�PLQLQJ��

&RXUVH�2EMHFWLYHV��

�� 7R�DFTXLUH�NQRZOHGJH�RQ�SDUDOOHO�DQG�GLVWULEXWHG�GDWDEDVHV�DQG�LWV�DSSOLFDWLRQV��

�� 7R�XQGHUVWDQG�WKH�IXQGDPHQWDOV�RI�REMHFW�RULHQWHG�GDWDEDVHV��

�� 7R�VWXG\�WKH�XVDJH�DQG�DSSOLFDWLRQV�RI�64/�DQG�1264/�GDWDEDVHV��

�� 7R�XQGHUVWDQG�WKH�XVDJH�RI�GDWD�ZDUHKRXVLQJ��GDWD�PLQLQJ��ZHE�PLQLQJ�WHFKQLTXHV��

&RXUVH�2XWFRPHV��&2V���

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

&������
8QGHUVWDQG�DQG�LGHQWLI\�LVVXHV�DULVLQJ�IURP�SDUDOOHO�DQG�GLVWULEXWHG�
SURFHVVLQJ�RI�GDWD��

8QGHUVWDQG�

&����� 'HPRQVWUDWH WKH XVDJH RI�REMHFW RULHQWHG GDWDEDVHV� $SSO\

&������
&RPSDUH�DQG�&RQWUDVW�1R64/�GDWDEDVHV�ZLWK�HDFK�RWKHU�DQG�
5HODWLRQDO�'DWDEDVH�6\VWHPV��

(YDOXDWH�

&������
0DNH�XVH�RI�GDWD�PLQLQJ��ZHE�PLQLQJ�WHFKQLTXHV�DQG�EXVLQHVV�
LQWHOOLJHQFH�WR�VROYH�SUREOHPV��

$SSO\�
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�$Q�$XWRQRPRXV�,QVWLWXWH��%�7HFK��&XUULFXOXP�
7�<��%�7HFK��&6(�'DWD�6FLHQFH��

�$FDGHPLF<HDU����������

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

&2V�
32V� 362V

%7/
� � � � � � � � � �� �� �� � �

&������ � � � � � � � � � � � � � � ��

&������ � �� �� �� �� �� �� �� �� �� �� �� �� �� ��
&������ � � � � � � � � � � � � � � �

&������ �� � � �� �� �� �� �� �� �� �� �� �� �� ��

0LQLPXP���WR����H[SHULPHQWV�WR�EH�SHUIRUPHG�EDVHG�RQ�IROORZLQJ�JXLGHOLQHV��

6U��
1R�� /LVW�RI�

([SHULPHQWV�
6�2 +RXUV

� ,PSOHPHQW�SDUWLWLRQLQJ�WHFKQLTXHV�RQ�SDUDOOHO�GDWDEDVHV�� 2 �

� ,PSOHPHQW�YHUWLFDO�RU�KRUL]RQWDO�IUDJPHQWDWLRQ�LQ�GLVWULEXWHG�'%06�� 2 �

�� ,PSOHPHQW�VHPL�MRLQ�LQ�GLVWULEXWHG�'%06�� 2 �

� ,PSOHPHQWDWLRQ�RI���3KDVH�&RPPLW�SURWRFRO�IRU�GLVWULEXWHG�GDWDEDVHV�� 2 �

�
&UHDWH�VWUXFWXUHG�GDWD�W\SHV�RI�25'%06�DQG�SHUIRUP�RSHUDWLRQV��
FUHDWH�WDEOHXVLQJ�VWUXFWXUHG�GDWD�W\SHV��LQVHUW�GDWD�DQG�VROYH�TXHULHV��

2 �

�
6WXG\�RI�2SHQ�6RXUFH�1264/�'DWDEDVH��0RQJR'%��,QVWDOODWLRQ��
%DVLF&58'�RSHUDWLRQV��([HFXWLRQ��

2 �

�
'HVLJQ�DQG�'HYHORS�0RQJR'%�4XHULHV�XVLQJ�&58'�
RSHUDWLRQV���8VH&58'�RSHUDWLRQV��6$9(�PHWKRG��ORJLFDO�
RSHUDWRUV��

2 �

� ,PSOHPHQW�DJJUHJDWLRQ�ZLWK�VXLWDEOH�H[DPSOH�XVLQJ�0RQJR'%� 2 �

� ,PSOHPHQW�0DS�5HGXFH�RSHUDWLRQ�ZLWK�VXLWDEOH�H[DPSOH�XVLQJ�0RQJR'% 2 �

��� 'HPRQVWUDWH�DOO�2/$3�RSHUDWLRQV�DQG�FXEH�RSHUDWRU�LQ�2/$3�� 2 �

��� ,PSOHPHQW�$�SULRUL�DOJRULWKP�LQ�GDWD�PLQLQJ�� 2 �

7H[W�%RRNV��

�� 6LOEHUVFKDW]��+�)��.RUWK��6��6XGDUVKDQ��³'DWDEDVH�6\VWHP�&RQFHSWV´���WK�(GLWLRQ��0F*UDZ�

+LOO(GXFDWLRQ��

�� 5DJKX�5DPNULVKQDQ��-RKDQQHV�*HKUNH��³'DWDEDVH�0DQDJHPHQW�6\VWHP´��)RXUWK�(GLWLRQ��
0F*UDZ�+LOO�(GXFDWLRQ��

�� 3UDPRG�-��6DGDODJH�DQG�0DULQ�)RZOHU�³1R64/�'LVWLOOHG��$�EULHI�JXLGH�WR�PHUJLQJ�

ZRUOG�RI3RO\JORW�SHUVLVWHQFH´��$GGLVRQ�:HVOH\��������

�� 1R64/�IRU�0HUH�0RUWDOV��'DQ�6XOOLYDQ���VW�(GLWLRQ��3HDUVRQ�(GXFDWLRQ�
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�$Q�$XWRQRPRXV�,QVWLWXWH��%�7HFK��&XUULFXOXP�
7�<��%�7HFK��&6(�'DWD�6FLHQFH��

�$FDGHPLF<HDU����������

5HIHUHQFH�%RRNV��

��.HYLQ�5RHEXFN���6WRULQJ�DQG�0DQDJLQJ�%LJ�'DWD���1R64/��+$'223�DQG�0RUH���(PHUHR�

3W\�/LPLWHG�������,6%1���������������������������

��5DOSK�.LPEDOO���7KH�'DWD�:DUHKRXVH�/LIHF\FOH�WRRONLW
���QG�HGLWLRQ��:LOH\�,QGLD��

2QOLQH�5HVRXUFHV��

�� 1R64/�KWWSV���QSWHO�DF�LQ�FRXUVHV�����������
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�$Q�$XWRQRPRXV�,QVWLWXWH��%�7HFK��&XUULFXOXP�
7�<��%�7HFK��&6(�'DWD�6FLHQFH��

�$FDGHPLF<HDU����������

&RXUVH�7LWOH��3URMHFW�,,�

&RXUVH�&RGH����'63���� 6HPHVWHU��9,�

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

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

&RXUVH�'HVFULSWLRQ�
7KLV�FRXUVH�HPSKDVL]HV�RQ�D�3URMHFW�EDVHG�OHDUQLQJ�DSSURDFK��,W�LV�D�JURXS�DFWLYLW\���
ZRUN�ZKHUH� VWXGHQWV�KDYH� WR� SUHVHQW� DQ� LGHD�� VROXWLRQ� IRU� WKH� SUREOHP� FKRVHQ��7KH�
SURMHFW� VKRXOG� HQDEOH� WKH� VWXGHQWV� WR� FRPELQH� WKH� WKHRUHWLFDO� DQG� SUDFWLFDO� FRQFHSW�
DSSOLHG�LQ�KLV���KHU�DFDGHPLFV��7KH�SURMHFW�ZRUN�VKRXOG�HQDEOH�WKH�VWXGHQWV�WR�H[KLELW�
WKHLU� DELOLW\� WR� ZRUN� LQ� D� WHDP�� GHYHORS� SODQQLQJ� DQG� H[HFXWH� VNLOOV� DQG� SHUIRUP�
DQDO\]LQJ� DQG� WURXEOHVKRRWLQJ� RI� WKHLU� UHVSHFWLYH� SUREOHP� FKRVHQ� IRU� WKH� SURMHFW��
8OWLPDWHO\�WKLV�FRXUVH�HQKDQFHV�VWXGHQWV�SURJUDPPLQJ�VNLOOV�DQG�HQDEOH�WKHP�WR�OHDUQ�
KRZ� WR� SHUIRUP� UHTXLUHPHQWV� DQDO\VLV�� V\VWHP� GHVLJQLQJ�� WHVWLQJ�� FRGLQJ� DQG� UHSRUW�
ZULWLQJ�DQG� WR� ILQG�VFRSH�IRU� IXUWKHU�GHYHORSPHQW�RI�SURMHFW��2YHU� WKH�FRXUVH�RI� WKH�
ZRUN�� VWXGHQWV� VKRXOG� XVH� PRGHUQ� WHFKQLTXHV�� PHWKRGV� DQG� DSSURDFKHV� IRU� WKH�
GHYHORSPHQW�RI�V\VWHPV�DQG�VRIWZDUH��

&RXUVH�2EMHFWLYHV�
�� 7R�H[SRVH�WKH�VWXGHQWV�WR�XVH�HQJLQHHULQJ�DSSURDFKHV�WR�VROYH�SUREOHPV�LQ�UHDO�WLPH��
�� 7R�XVH�PRGHUQ�WHFKQLTXHV��PHWKRGV�DQG�DSSURDFKHV�IRU�WKH�GHYHORSPHQW�RI�WKH�SURMHFW��
�� 7R�OHDUQ�WKH�WHFKQLTXHV�RI�ZRUNLQJ�WRJHWKHU�LQ�D�WHDP��

&RXUVH�2XWFRPHV��&2V��
$W�WKH�HQG�RI�WKH�FRXUVH�WKH�VWXGHQW�VKRXOG�EH�DEOH�WR��

&����� ,GHQWLI\�VSHFLILF�SUREOHP�VWDWHPHQW�IURP�D�VHOHFWHG�GRPDLQ�� 8QGHUVWDQG�

&����� $QDO\]H WKH SUREOHP DQG SUHSDUH 656 DQG�GHVLJQ GRFXPHQW� $QDO\]H
&����� :ULWH�FRGH�DQG�FDUU\�RXW�WHVWLQJ�� $SSO\�

&����� :ULWH�D�UHSRUW�FRYHULQJ�GHWDLOV�RI�WKH�SURMHFW�DQG�SUHVHQW�LW�� $SSO\�
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RI�
3URJUDPPLQJ�ODQJXDJH��

3UHUHTXLVLWH�

7(&+12/2*<��.$6$%$�%$:$'$��.2/+$385��������
�$Q�$XWRQRPRXV�,QVWLWXWH��%�7HFK��&XUULFXOXP�

7�<��%�7HFK��&6(�'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

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

&RV�
32V 362V %7/

� � � � � � � � � �� �� �� � �
&������ �� �� � � � � � � � � � � � �� ��

&������ �� �� � � � � � � � � � � � �� ��

&����� � � � � � � � � � � � � � � �

&����� � � � � � � � � � � � � � � �

&RXUVH�&RQWHQWV�

7KH�3URMHFW�VKRXOG�EH�XQGHUWDNHQ�E\�D�JURXS�RI���WR���VWXGHQWV�DQG�HYHU\�JURXS�VXSSRVHG�WR�
VHOHFW� WKH� GRPDLQ� �3UHIHUDEO\� SUREOHP� VWDWHPHQW� IURP� 6PDUW� ,QGLD� +DFNDWKRQ� �� ,QGXVWU\�
+DFNDWKRQV��*RYHUQPHQW�+DFNDWKRQV�HWF����7KH�JURXS�VKRXOG�LGHQWLI\�WKH�UHOHYDQW�SUREOHPV�
LQ�WKH�VHOHFWHG�GRPDLQ��GHILQH�	�DQDO\]H�WKH�SUREOHP��GHVLJQ�WKH�VROXWLRQ�DQG�LPSOHPHQWLQJ�
LW�XVLQJ�VXLWDEOH�WHFKQRORJ\��$�V\QRSVLV�DSSURYDO�SUHVHQWDWLRQ�VKRXOG�EH�FRQGXFWHG�ZKHUH�WKH�
VWXGHQW�VKDOO�SURSRVH�WKH�SURMHFW�ZRUN��7KH�3URMHFW�ZRUN�VKRXOG�EH�HYDOXDWHG�E\�D�SDQHO�RI�
WHDFKHUV�DSSRLQWHG�E\�WKH�GHSDUWPHQW�EDVHG�RQ�D�PLQLPXP�RI� WZR� UHYLHZV��5HYLHZ� ,�	� ,,�
VKRXOG�EH�FRQGXFWHG�IRU����0DUNV�XVLQJ�UXEULFV�,�	�,,��)LQDO�,6(�PDUNV�VKRXOG�EH�WKH�DYHUDJH�
RI�UHYLHZ�,�	�,,��)LQDO�(6(�H[DP�VKRXOG�EH�FRQGXFWHG�IRU����PDUNV�XVLQJ�UXEULFV�,,,��,W�LV�
GHVLUDEOH� WKDW� WKH� VWXGHQW� SDUWLFLSDWHV� LQ� SURMHFW� FRPSHWLWLRQV�� KDFNDWKRQ� DQG� SDSHU�
SUHVHQWDWLRQ��6WXGHQW�VKRXOG�QRW�LQYROYH�LQ�RXW�VRXUFLQJ�RI�WKH�SURMHFW�ZRUN��
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�$Q�$XWRQRPRXV�,QVWLWXWH��%��7HFK��&XUULFXOXP�

7��<�%��7HFK��&RPSXWHU�6FLHQFH�	�(QJLQHHULQJ��'DWD�6FLHQFH��

6(0�9,��$FDGHPLF<HDU����������

&RXUVH�3ODQ�

&RXUVH�7LWOH���+XPDQ�9DOXHV�DQG�(WKLFV�

&RXUVH�&RGH������'60&���� 6HPHVWHU���9,�

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

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

&RXUVH�'HVFULSWLRQ��

7KH�PHWKRGRORJ\�RI�WKLV�FRXUVH�LV�XQLYHUVDOO\�DGDSWDEOH��LQYROYLQJ�D�V\VWHPDWLF�DQG�UDWLRQDO�VWXG\�
RI�WKH�KXPDQ�EHLQJ�YLV�j�YLV�WKH�UHVW�RI�H[LVWHQFH��,W�LV�IUHH�IURP�DQ\�GRJPD�RU�YDOXH�SUHVFULSWLRQV��
7KLV�SURFHVV�RI�VHOI�H[SORUDWLRQ�WDNHV�WKH�IRUP�RI�D�GLDORJXH�EHWZHHQ�WKH�WHDFKHU�DQG�WKH�VWXGHQWV�
WR�EHJLQ�ZLWK�DQG�ZLWKLQ�WKH�VWXGHQW�KLPVHOI�KHUVHOI�ILQDOO\��

&RXUVH�2EMHFWLYHV��
�� 7R�FUHDWH�DQ�DZDUHQHVV�RQ�(QJLQHHULQJ�(WKLFV�DQG�+XPDQ�9DOXHV��
�� 7R�XQGHUVWDQG�VRFLDO�UHVSRQVLELOLW\�RI�DQ�HQJLQHHU��
�� 7R�DSSUHFLDWH�HWKLFDO�GLOHPPD�ZKLOH�GLVFKDUJLQJ�GXWLHV�LQ�SURIHVVLRQDO�OLIH��
&RXUVH�2XWFRPHV��&2V���
8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR��

&������ 8QGHUVWDQG�WKH�VLJQLILFDQFH�RI�YDOXH�LQSXWV�LQ�D�FODVVURRP�DQG�
VWDUW�DSSO\LQJ�WKHP�LQ�WKHLU�OLIH�DQG�SURIHVVLRQ�

8QGHUVWDQG�

&������
'LVWLQJXLVK�EHWZHHQ�YDOXHV�DQG�VNLOOV��KDSSLQHVV�DQG�
DFFXPXODWLRQ�RI�SK\VLFDO�IDFLOLWLHV��WKH�6HOI�DQG�WKH�%RG\��
,QWHQWLRQ�DQG�&RPSHWHQFH�RI�DQ�LQGLYLGXDO��HWF��

(YDOXDWH�

&����� 8QGHUVWDQG WKH UROH RI D KXPDQ EHLQJ LQ�HQVXULQJ KDUPRQ\ LQ
VRFLHW\�DQG�QDWXUH��

8QGHUVWDQG

&������
'LVWLQJXLVK�EHWZHHQ�HWKLFDO�DQG�XQHWKLFDO�SUDFWLFHV��DQG�VWDUW�
ZRUNLQJ�RXW�WKH�VWUDWHJ\�WR�DFWXDOL]H�D�KDUPRQLRXV�HQYLURQPHQW�
ZKHUHYHU�WKH\�ZRUN��

(YDOXDWH�

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

81,7�,��,QWURGXFWLRQ�WR�9DOXH�(GXFDWLRQ�
9DOXH�(GXFDWLRQ��'HILQLWLRQ��&RQFHSW�DQG�1HHG�IRU�9DOXH�(GXFDWLRQ��7KH�&RQWHQW�
DQG� 3URFHVV� RI� 9DOXH� (GXFDWLRQ�� %DVLF� *XLGHOLQHV� IRU� 9DOXH� (GXFDWLRQ�� 6HOI��
H[SORUDWLRQ� DV� D�PHDQV� RI� 9DOXH� (GXFDWLRQ�� +DSSLQHVV� DQG� 3URVSHULW\� DV� SDUWV�
RI�9DOXH�(GXFDWLRQ��

��

81,7�,,��+DUPRQ\�LQ�WKH�+XPDQ�%HLQJ�
+XPDQ�%HLQJ� LV�PRUH� WKDQ� MXVW� WKH�%RG\��+DUPRQ\�RI� WKH�6HOI� �µ,¶��ZLWK� WKH�%RG\�
8QGHUVWDQGLQJ�0\VHOI�DV�&R�H[LVWHQFH�RI�WKH�6HOI�DQG�WKH�%RG\��8QGHUVWDQGLQJ�1HHGV
RI�WKH�6HOI�DQG�WKH�QHHGV�RI�WKH�%RG\��8QGHUVWDQGLQJ�WKH�DFWLYLWLHV�LQ�WKH�6HOI�DQG� WKH
$FWLYLWLHV�LQ�WKH�%RG\��

��

81,7�,,,��+DUPRQ\�LQ�WKH�)DPLO\��6RFLHW\�DQG�LQ�WKH�1DWXUH�
)DPLO\�DV�D�EDVLF�XQLW�RI�+XPDQ�,QWHUDFWLRQ�DQG�9DOXHV�LQ�5HODWLRQVKLSV��7KH�%DVLFV�
IRU�5HVSHFW�DQG�WRGD\¶V�&ULVLV��$IIHFWLRQ��H��*XLGDQFH��5HYHUHQFH��*ORU\��*UDWLWXGH�
DQG� /RYH�� &RPSUHKHQVLYH� +XPDQ� *RDO�� 7KH� )LYH� 'LPHQVLRQV� RI� +XPDQ�
(QGHDYRXU��+DUPRQ\�LQ�1DWXUH��7KH�)RXU�2UGHUV�LQ�1DWXUH��7KH�+ROLVWLF�3HUFHSWLRQ�
RI�+DUPRQ\�LQ�([LVWHQFH��

��

81,7�,9��6RFLDO�(WKLFV�
7KH�%DVLFV�IRU�(WKLFDO�+XPDQ�&RQGXFW��'HIHFWV�LQ�(WKLFDO�+XPDQ�&RQGXFW��+ROLVWLF�
$OWHUQDWLYH�DQG�8QLYHUVDO�2UGHU��8QLYHUVDO�+XPDQ�2UGHU�DQG�(WKLFDO�&RQGXFW��
+XPDQ�5LJKWV�YLRODWLRQ�DQG�6RFLDO�'LVSDULWLHV��

��

81,7�9��3URIHVVLRQDO�(WKLFV�
9DOXH� EDVHG� /LIH� DQG� 3URIHVVLRQ�� 3URIHVVLRQDO� (WKLFV� DQG� 5LJKW� 8QGHUVWDQGLQJ��
&RPSHWHQFH� LQ� 3URIHVVLRQDO� (WKLFV�� ,VVXHV� LQ� 3URIHVVLRQDO� (WKLFV� ±� 7KH� &XUUHQW�
6FHQDULR��9LVLRQ� IRU�+ROLVWLF� 7HFKQRORJLHV�� 3URGXFWLRQ�6\VWHP� DQG�0DQDJHPHQW�
0RGHOV��

��

8QLW�9,��FRGH�RI�HWKLFV� IRU�FRPSXWHU�HQJLQHHUV�� IXQGDPHQWDO�SULQFLSOHV�� KXPDQ�
ZHOIDUH��HPSOR\HUV�DQG�FOLHQWV��HQJLQHHULQJ�SURIHVVLRQ�DQG�VRFLHW\��

��

7H[W�%RRNV��
��$�1�7ULSDWK\��1HZ�$JH�,QWHUQDWLRQDO�3XEOLVKHUV���������
��%DMSDL��%��/����1HZ�5R\DO�%RRN�&R��/XFNQRZ��5HSULQWHG�������
��%HUWUDQG�5XVVHOO�+XPDQ�6RFLHW\�LQ�(WKLFV�	�3ROLWLFV�

5HIHUHQFH�%RRNV��
�� &RUOLVV�/DPRQW��3KLORVRSK\�RI�+XPDQLVP�
�� *DXU��5�5���6DQJDO��5��%DJDULD��*�3��$�)RXQGDWLRQ�&RXUVH�LQ�9DOXH�(GXFDWLRQ��([FHO�%RRNV�������
�� *DXU��5�5���6DQJDO��5��%DJDULD��*�3��7HDFKHUV�0DQXDO�([FHO�%RRNV��������
��,�&��6KDUPD���(WKLFDO�3KLORVRSK\�RI�,QGLD�1DJLQ	�FR�-XOXQGKDU�
��0RUWLPHU��-��$GOHU��±�:KDWPDQ�KDV�PDGH�RI�PDQ�
��:LOOLDP�/LOO\�,QWURGXFWLRQ�WR�(WKLF�$OOLHG�3XEOLVKHU



.QRZOHGJH RI VRFLDO PHGLD FKDQQHOV�3UHUHTXLVLWH�

2SHQ�(OHFWLYH�±,�

&RXUVH�3ODQ�

&RXUVH�7LWOH��%DVLFV�RI�'DWD�6FLHQFH�

&RXUVH�&RGH�����'6/�2��� 6HPHVWHU��9,�

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

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

&RXUVH�'HVFULSWLRQ��
7KH�FRXUVH�RQ�%DVLFV�RI�'DWD�6FLHQFH�SURYLGHV�DQ�RYHUYLHZ�RI�'DWD�6FLHQFH�� FRYHULQJ�D�EURDG�VHOHFWLRQ�
RI�NH\�FKDOOHQJHV�LQ�DQG�PHWKRGRORJLHV�IRU�ZRUNLQJ�ZLWK�ELJ�GDWD��7RSLFV�WR�EH�FRYHUHG�LQFOXGH�GDWD�
FROOHFWLRQ��LQWHJUDWLRQ��PDQDJHPHQW��PRGHOLQJ��DQDO\VLV��YLVXDOL]DWLRQ��SUHGLFWLRQ�DQG�LQIRUPHG�GHFLVLRQ�
PDNLQJ��DV�ZHOO�DV�GDWD�VHFXULW\�DQG�GDWD�SULYDF\��

&RXUVH�2EMHFWLYHV��
7R�SURYLGH�VWURQJ�IRXQGDWLRQ�IRU�GDWD�VFLHQFH�DQG�DSSOLFDWLRQ�DUHD�UHODWHG�WR�LW�DQG�XQGHUVWDQG�WKH�XQGHUO\LQJ�FRUH�
FRQFHSWV�DQG�HPHUJLQJ�WHFKQRORJLHV�LQ�GDWD�VFLHQFH��

&RXUVH�2XWFRPHV��&2V���

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

&������ ([SORUH�WKH�IXQGDPHQWDO�FRQFHSWV�RI�GDWD�VFLHQFH�� 8QGHUVWDQG�

&������
8QGHUVWDQG GDWD DQDO\VLV WHFKQLTXHV IRU DSSOLFDWLRQV KDQGOLQJ ODUJH
GDWD��

8QGHUVWDQG

&����� 8QGHUVWDQG YDULRXV PDFKLQH OHDUQLQJ DOJRULWKPV XVHG LQ GDWD VFLHQFH
SURFHVV��

$SSO\

&����� 9LVXDOL]H�DQG�SUHVHQW�WKH�LQIHUHQFH�XVLQJ�YDULRXV�WRROV�� $QDO\]H�

&������
/HDUQ�WR�WKLQN�WKURXJK�WKH�HWKLFV�VXUURXQGLQJ�SULYDF\��GDWD�
VKDULQJ�DQG�DOJRULWKPLF�GHFLVLRQ�PDNLQJ�

(YDOXDWH�

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

8QLW����,QWURGXFWLRQ�WR�FRUH�FRQFHSWV�DQG�WHFKQRORJLHV�
,QWURGXFWLRQ��7HUPLQRORJ\��GDWD�VFLHQFH�SURFHVV��GDWD�VFLHQFH�WRRONLW��7\SHV�RI�GDWD��([DPSOH�
DSSOLFDWLRQV�� 0DWKHPDWLFDO� )RXQGDWLRQV� IRU� 'DWD� 6FLHQFH�� OLQHDU� DOJHEUD�� $QDO\WLFDO� DQG�
QXPHULFDO�VROXWLRQV�RI�OLQHDU�HTXDWLRQV��0DWKHPDWLFDO�VWUXFWXUHV��FRQFHSWV�DQG�QRWDWLRQV�XVHG�
LQ�GLVFUHWH�PDWKHPDWLFV��

��

8QLW����'DWD�FROOHFWLRQ�DQG�PDQDJHPHQW�
,QWURGXFWLRQ��6RXUFHV�RI�GDWD��'DWD�FROOHFWLRQ�DQG�$3,V��([SORULQJ�DQG�IL[LQJ�GDWD��'DWD�VWRUDJH�
DQG�PDQDJHPHQW��XVLQJ�PXOWLSOH�GDWD�VRXUFHV�

��

8QLW����'DWD�DQDO\VLV�
,QWURGXFWLRQ��7HUPLQRORJ\�DQG�FRQFHSWV��,QWURGXFWLRQ�WR�VWDWLVWLFV��&HQWUDO�WHQGHQFLHV�DQG�
GLVWULEXWLRQV��9DULDQFH��'LVWULEXWLRQ�SURSHUWLHV�DQG�DULWKPHWLF��6DPSOHV�&/7��%DVLF�PDFKLQH�
OHDUQLQJ�DOJRULWKPV��/LQHDU�UHJUHVVLRQ��690��1DLYH�%D\HV��

��

8QLW����'DWD�YLVXDOL]DWLRQ�
,QWURGXFWLRQ��7\SHV�RI�GDWD�YLVXDOL]DWLRQ��'DWD�IRU�YLVXDOL]DWLRQ��'DWD�W\SHV��'DWD�HQFRGLQJV��
5HWLQDO�YDULDEOHV��PDSSLQJ�YDULDEOHV�WR�HQFRGLQJV��9LVXDO�HQFRGLQJV��

��

8QLW����7HFKQRORJLHV�LQ�'DWD�6FLHQFH�
&RPSXWHU�VFLHQFH�DQG�HQJLQHHULQJ�DSSOLFDWLRQV�'DWD�PLQLQJ��1HWZRUN�SURWRFROV��DQDO\VLV�RI�
:HE�WUDIILF��&RPSXWHU�VHFXULW\��6RIWZDUH�HQJLQHHULQJ��&RPSXWHU�DUFKLWHFWXUH��RSHUDWLQJ�
V\VWHPV��GLVWULEXWHG�V\VWHPV��%LRLQIRUPDWLFV��0DFKLQH�OHDUQLQJ�

��

8QLW����$SSOLFDWLRQV�RI�'DWD�6FLHQFH�
7HFKQRORJLHV�IRU�YLVXDOL]DWLRQ��%RNHK��3\WKRQ���UHFHQW�WUHQGV�LQ�YDULRXV�GDWD�FROOHFWLRQ�DQG�
DQDO\VLV�WHFKQLTXHV��YDULRXV�YLVXDOL]DWLRQ�WHFKQLTXHV��DSSOLFDWLRQ�GHYHORSPHQW�PHWKRGV�RI�
XVHG�LQ�GDWD�VFLHQFH��

��

7H[W�%RRNV��
�� -XUH�/HVNRYHN��$QDQG�5DMDUDPDQ��-HIIUH\�8OOPDQ��0LQLQJ�RI�0DVVLYH�'DWDVHWV��Y�����&DPEULGJH�

8QLYHUVLW\�3UHVV��������
�� 'DWD�6FLHQFH�IURP�6FUDWFK��)LUVW�3ULQFLSOHV�ZLWK�3\WKRQ��-RHO�*UXV��2¶5HLOO\���VW�HGLWLRQ��������

5HIHUHQFH�%RRNV��
�� 'RLQJ�'DWD�6FLHQFH��6WUDLJKW�7DON�IURP�WKH�)URQWOLQH��&DWK\�2
1HLO��5DFKHO�6FKXWW��2¶�5HLOO\���VW�HGLWLRQ��

������
�� 0LQLQJ�RI�0DVVLYH�'DWDVHWV��-XUH�/HVNRYHF��$QDQG�5DMDUDPDQ��-HIIUH\�'DYLG�8OOPDQ��&DPEULGJH�

8QLYHUVLW\�3UHVV���QG�HGLWLRQ��������

2QOLQH�5HVRXUFHV��
�� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y ;RKJ.7��).<	OLVW 3/T,&S�9N)FE(:H=�4��JV+&5DTH�H\I
�� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y IQ�U..1/X]N	OLVW 3/��)5Y[�3�2:7O1%6B��1+*�K,Q�F\�



&RXUVH�3ODQ�

&RXUVH�7LWOH��%DVLFV�RI�'DWDEDVHV�

&RXUVH�&RGH����'6/�2��� 6HPHVWHU��9,�

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

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

&RXUVH�'HVFULSWLRQ��

,Q� FRPSXWLQJ�� D� GDWDEDVH� LV� DQ� RUJDQL]HG� FROOHFWLRQ� RI� GDWD� VWRUHG� DQG� DFFHVVHG� HOHFWURQLFDOO\��$�
UHODWLRQDO�GDWDEDVH��PRUH� UHVWULFWLYHO\�� LV�D�FROOHFWLRQ�RI� VFKHPDV�� WDEOHV�� TXHULHV��YLHZV��DQG�RWKHU�
HOHPHQWV��,W�GHILQHV�WKH�GDWD�PRGHOV��UHODWLRQDO�PRGHOV��DQG�FRQVWUDLQWV�WKDW�FDQ�EH�XVHG�LQ�GHVLJQLQJ�
WKH�UHODWLRQDO�GDWDEDVH��7KH�FRXUVH� DOVR�SURYLGHV�LQVLJKW�LQWR�64/�WKDW�LV�XVHG�IRU�WKH�LPSOHPHQWDWLRQ�
RI�UHODWLRQDO�GDWDEDVHV��7KH�FRXUVH�DOVR�FRYHUV�WUDQVDFWLRQ�SURFHVVLQJ�DQG�GDWD�UHFRYHU\��

&RXUVH�2EMHFWLYHV��
�� 7R�GHYHORS�FRQFHSWXDO�XQGHUVWDQGLQJ�RI�IXQGDPHQWDOV�RI�GDWDEDVH�PDQDJHPHQW�V\VWHPV���
�� 7R�JHW�IDPLOLDU�ZLWK�GLIIHUHQW�GDWD�PRGHOV���
�� 7R�PRGHO�WKH�GDWDEDVH�E\�TXHU\�ZULWLQJ���
�� 7R�DSSO\�IXQFWLRQDO�GHSHQGHQF\�DQG�QRUPDOL]DWLRQ�
�� 7R�H[SRVH�WKH�WUDQVDFWLRQ�SURFHVVLQJ�DQG�GDWD�UHFRYHU\�PHFKDQLVPV�

&RXUVH�2XWFRPHV��&2V���

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

&����� 'HVFULEH�WKH�IXQGDPHQWDO�HOHPHQWV�RI�UHODWLRQDO�GDWDEDVH�PDQDJHPHQW�
V\VWHPV��

8QGHUVWDQG�

&������ 'UDZ�(5�PRGHOV�WR�H[SODLQ�WKH�ORJLFDO�VWUXFWXUH�RI�GDWDEDVHV�IRU�
DSSOLFDWLRQV�

$SSO\�

&����� ([HFXWH�TXHULHV�XVLQJ�64/� $SSO\�

&����� 8VH�WKH�SULQFLSOHV�DQG�SUDFWLFHV�RI�JRRG�GDWDEDVH�GHVLJQ�OLNH�IXQFWLRQDO�
GHSHQGHQF\�DQG�QRUPDOL]DWLRQ�

$SSO\�

&����� /LVW�GLIIHUHQW�FRQFXUUHQF\�FRQWURO�PHFKDQLVPV� 5HPHPEHU�

&����� ([SODLQ�GLIIHUHQW�GDWD�UHFRYHU\�WHFKQLTXHV� 8QGHUVWDQG�

3UHUHTXLVLWH�� 'DWD�6WUXFWXUH

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

&2V�
32V 362V

%7/
� � � � � � � � � �� �� �� �� ��

&������ � � �� � � � � � � � � � � � ��

&������ �� � � � � � � � � � � �� �� � ��

&������ �� � �� � � � � � � � � �� �� � ��

&������ � �� � � � � � � � � � �� �� � ��

&������ �� � � � � � � � � � � �� �� � ��

&������ �� � � � � � � � � � � �� �� � ��




