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�� 7R�XQGHUVWDQG�WKH�IXQGDPHQWDOV�RI�IX]]\�ORJLF��

&RXUVH�2XWFRPHV�&2V��$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�EH�DEOH�WR�

&����� &DOFXODWH�EDVH�DQG�GLPHQVLRQ�RI�YHFWRU�VSDFHV�

&����� 5HFRJQL]H�DQG�XVHEDVLF�SURSHUWLHV�RI�VXEVSDFH�DQG�YHFWRU�VSDFH��

&����� ,QWHUSUHW�WKH�SURSHUWLHV�RI�YHFWRU�VSDFHV�DQG�VXEVSDFHV�XVLQJ�OLQHDU�WUQVIRUPDWLRQV�

&����� 'HWHUPLQH�WKH�FRQYHUJHQFH�RI�LQILQLWH�VHULHV��

&����� ([SODLQ�WKH�IXQGDPHQWDO�FRQFHSWV�RI�IX]]\�VHWV��NQRZOHGJH�UHSUHVHQWDWLRQ�RI�IX]]\�UXOHV�
DQG�IX]]\�ORJLFV��

&����� $SSO\�DULWKPHWLF�RSHUDWLRQV�RQ�IX]]\�QXPEH�UVXFK�DV�$GGLWLRQ�DQG�0XOWLSOLFDWLRQ�

3UHUHTXLVLWH� 9HFWRUV��6HTXHQFH�DQG�6HULHV��(LJHQ�9DOXHV�DQG�(LJHQ�9HFWRUV��6HW�7KHRU\�



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

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

3DJH���RI���

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

&2V�
32V� 362V�

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

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

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

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

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

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

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

&RQWHQW� +RXUV�

8QLW���9HFWRU�6SDFHV�
7KH�(XFOLGHDQ�VSDFH�DQG�YHFWRU� VSDFH�� VXEVSDFH�� OLQHDU�FRPELQDWLRQ��VSDQ�� OLQHDUO\�
GHSHQGHQW��LQGHSHQGHQW��EDVHV��GLPHQVLRQV��ILQLWH�GLPHQVLRQDO�YHFWRU�VSDFH��

���

8QLW���6XEVSDFH�3URSHUWLHV�
5RZ�DQG�FROXPQ�VSDFHV��UDQN�DQG�QXOOLW\��EDVHV�IRU�VXEVSDFH��LQYHUWLELOLW\��DSSOLFDWLRQ�
LQLQWHUSRODWLRQ��

���

8QLW���/LQHDU�7UDQVIRUPDWLRQV�DQG�DSSOLFDWLRQV�
/LQHDU�WUDQVIRUPDWLRQV��EDVLF�SURSHUWLHV��LQYHUWLEOH�OLQHDU�WUDQVIRUPDWLRQ��PDWULFHV�RI�
OLQHDUWUDQVIRUPDWLRQV��YHFWRU�VSDFH�RI�OLQHDU�WUDQVIRUPDWLRQV��FKDQJH�RI�EDVHV�

���

8QLW���,QILQLWH�6HULHV�
,QWURGXFWLRQ�RI�VHTXHQFH�DQG�VHULHV��FRPSDULVRQ�WHVW��LQWHJUDO�WHVW��'¶$OHPEHUWV�UDWLR�
WHVW��&DXFK\¶V�URRW�WHVW��

���

8QLW���,QWURGXFWLRQ�WR�)X]]\�VHWV�
&ULVS�VHW�DQG�)X]]\�VHW��EDVLF�FRQFHSWV�RI�IX]]\�VHWV��EDVLF�RSHUDWLRQV�RQ�IX]]\�VHWV��
SURSHUWLHV�RI�IX]]\�VHWV�

���



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

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

3DJH���RI����

8QLW���)X]]\�$ULWKPHWLF�
)X]]\�QXPEHUV��)X]]\�FDUGLQDOLW\��DULWKPHWLF�RSHUDWLRQV�RQ�)X]]\�QXPEHUV��VROXWLRQV�
RI�)X]]\�HTXDWLRQV�RI�W\SH�$���;� �%�DQG�$�;� �%��

���

7H[W�%RRNV��
�� /LQHDU�$OJHEUD��-LQ�+R�.ZDN�DQG�6XQJS\R�+RQJ��6HFRQG�HGLWLRQ�6SULQJHU���������8QLW��������
�� ,QWURGXFWRU\�/LQHDU�$OJHEUD��$Q�DSSOLHG�ILUVW�FRXUVH��%HUQDUG�.ROPDQ�DQG�'DYLG��5�+LOO���WK�

(GLWLRQ�3HDUVRQ�(GXFDWLRQ���������8QLW�����
�� )X]]\6HWV	)X]]\/RJLF��7KHRU\DQG�$SSOLFDWLRQV��E\�*HRUJH�-��.OLU	%R�<XDQ���8QLW��������

5HIHUHQFH�%RRNV��
�� (OHPHQWDU\�/LQHDU�$OJHEUD��6WHSKHQ�$QGULOOL�DQG�'DYLG�+HFNHU�� �WK�(GLWLRQ�$FDGHPLF�
3UHVV�������
�� $SSOLHG�$EVWUDFW�$OJHEUD��5XGROI�/LGO��*XWHU3LO]���QG�(GLWLRQ��6SULQJHU�������
�� &RQWHPSRUDU\�OLQHDU�DOJHEUD��+RZDUG�$QWRQ��5REHUW�&�%XVE\��:LOH\������
�� ,QWURGXFWLRQ�WR�/LQHDU�$OJHEUD��*LOEHUW�6WUDQJ���WK�(GLWLRQ��&HQJDJH�/HDUQLQJ���������



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

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

3DJH���RI����

&RXUVH�3ODQ�

&RXUVH�7LWOH��'LVFUHWH�0DWKHPDWLFV�DQG�6RFLDO�*UDSKV�

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

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

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

&RXUVH�'HVFULSWLRQ��
7KH� PDLQ� JRDO� RI� WKLV� FRXUVH� LV� WR� LQWURGXFH� WRSLFV� LQ� 'LVFUHWH� 0DWKHPDWLFV� UHOHYDQW� WR� 'DWD�
$QDO\VLV��7KH�REMHFWLYH�RI�WKLV�FRXUVH�LV�WR�WHDFK�VWXGHQWV�KRZ�WR�WKLQN�ORJLFDOO\�DQG�PDWKHPDWLFDOO\��
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6WDWHPHQWV� DQG� 1RWDWLRQV�� &RQQHFWLYHV±QHJDWLRQ�&RQMXQFWLRQ�GLVMXQFWLRQ�� FRQGLWLRQDO�� EL�
FRQGLWLRQDO�� 6WDWHPHQW� IRUPXODV� DQG� WUXWK� WDEOHV�� ZHOO�IRUPHG� IRUPXODV�� 7DXWRORJLHV�
(TXLYDOHQFH�RI�IRUPXODV��'XDOLW\�ODZ��7DXWRORJLFDO�LPSOLFDWLRQV��IXQFWLRQDOO\�FRPSOHWH�VHWV�RI
FRQQHFWLYHV�� RWKHU� FRQQHFWLYH��1RUPDO� DQG� SULQFLSDO� QRUPDO� IRUPV�� FRPSOHWHO\� SDUHQWKHVL]HG
LQIL[� DQG� SROLVK� QRWDWLRQV�� 7KHRU\� RI� ,QIHUHQFH� IRU� VWDWHPHQW� FDOFXOXV� ±� YDOLGLW\� XVLQJ�7UXWK
7DEOH��5XOHV�RI�,QIHUHQFH��
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8QLW����%LQDU\�5HODWLRQV�	�2UGHULQJ�
5HODWLRQ�DQG�2UGHULQJ���SURSHUWLHV�RI�ELQDU\�UHODWLRQV�LQ�D�VHW��5HODWLRQ�0DWUL[�DQG�WKH�*UDSK�RI
D�5HODWLRQ��3DUWLWLRQ�DQG�&RYHULQJ�RI�VHW��(TXLYDOHQFH�UHODWLRQV��&RPSRVLWLRQ�RI�%LQDU\�UHODWLRQV��
3DUWLDO� RUGHULQJ� �� 326(7�DQG�+DVVH�'LDJUDP�� )XQFWLRQV� ±�7\SHV�� FRPSRVLWLRQ� RI� )XQFWLRQV�
,QYHUVH )XQFWLRQV�
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8QLW����/DWWLFHV�DQG�%RROHDQ�$OJHEUD�
/DWWLFH�DV�326(7V��GHILQLWLRQ��H[DPSOHV�DQG�SURSHUWLHV��/DWWLFH�DV�DOJHEUDLF�V\VWHPV��6SHFLDO�
ODWWLFHV��%RROHDQ�$OJHEUD�'HILQLWLRQ�DQG�H[DPSOHV��%RROHDQ�)XQFWLRQV��UHSUHVHQWDWLRQ�DQG�
PLQLPL]DWLRQ�RI�%RROHDQ�)XQFWLRQV��

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

3DJH���RI����

8QLW����&RQFHSWV�RI�*UDSKV��
,QWURGXFWLRQ�WR�JUDSK��*UDSK�7HUPLQRORJ\��6WRUDJH�UHSUHVHQWDWLRQ�DQG�PDQLSXODWLRQ�RI�*UDSKV�
3(57�DQG�UHODWHG�WHFKQLTXHV��*UDSK�,QYDULDQWV�DQG�*UDSK�,VRPRUSKLVP��+DQGVKDNLQJ�/HPPD�
&OXVWHULQJ�&RHIILFLHQWV��'LVWDQFHV��'LDPHWHU�� (FFHQWULFLW\�� &OLTXHV�� ,QGHSHQGHQW� 6HWV��9HUWH[
&RYHUV��$SSUR[LPDWLQJ�2SWLPDO�9HUWH[�&RYHU��&RQQHFWHG�*UDSKV�DQG�&RQQHFWHG�&RPSRQHQWV�

��

8QLW���*UDSKV�RI�6RFLDO�1HWZRUN�
*UDSKV��6WXG\�RI�3\WKRQ�OLEUDU\�1HWZRUN;��9LVXDOL]DWLRQ�&RPSXWLQJ��*UDSK�3DUDPHWHUV�� ��

8QLW���3HUPXWDWLRQV�&RPELQDWLRQV�DQG�3UREDELOLW\�7KHRU\���
5DQGRP�([SHULPHQWV�� 6DPSOH� 6SDFH� 	� (YHQWV�� 3LJHRQ� +ROH� 3ULQFLSOH�� 3HUPXWDWLRQV� DQG�
&RPELQDWLRQV��&RQFHSW�RI�3UREDELOLW\�'LVFUHWH�3UREDELOLW\��&RQGLWLRQDO�3UREDELOLW\��

��

7H[W�%RRNV��
�� -��3��7UHPEOD\�	�5��0DQRKDU�´'LVFUHWH�0DWKHPDWLFDO�6WUXFWXUHV�ZLWK�$SSOLFDWLRQ�WR�&RPSXWHU�

6FLHQFH´�0*+�,QWHUQDWLRQDO��8QLW���WR����
�� -��$��%RQG\�DQG�8��6��5��0XUW\��*UDSK�7KHRU\�ZLWK�$SSOLFDWLRQV�1RUWK�+ROODQG��������8QLW�

�����
�� &�� /�� /LX� DQG� '�� 3�� 0RKDSDWUD��³(OHPHQWV� RI� 'LVFUHWH� 0DWKHPDWLFV´�� 6L(� (GLWLRQ�� 7DWD�

0F*UDZ�+LOO��������,6%1�������������������8QLW����

5HIHUHQFH�%RRNV��
�� 6H\PRXU�/LSVFKXW]��0DUF/LSVRQ��³'LVFUHWH�0DWKHPDWLFV´��0*+�6FKDXP¶VRXWOLQHV��
�� .HQQHWK�+��5RVHQ��³'LVFUHWH�0DWKHPDWLFV�DQG�LWV�$SSOLFDWLRQV´�$7	7�%HOO�/DEV�

�PKKH�FRP�URVHQ��
�� -RKQ� 6FKLOOHU�� 0XUUD\� 5�� 6SLJHO�� ³3UREDELOLW\� DQG� 6WDWLVWLFV´� 0*+��

6FKDXP¶VRXWOLQHV�
�� -��0��$OGRXV��*UDSKV�DQG�$SSOLFDWLRQV��6SULQJHU��/3(�������
�� 'LHVWHO��5��*UDSK�7KHRU\� 1HZ�<RUN��1<��6SULQJHU�9HUODJ��������,6%1�������������
�� 0LFKDHO�%DURQ��³3UREDELOLW\�DQG�6WDWLVWLFV�IRU�&RPSXWHU�6FLHQWLVWV´��6HFRQG�(GLWLRQ��

&5&�3UHVV�SXEOLFDWLRQ�

2QOLQH�5HVRXUFHV��
��� KWWSV���QSWHO�DF�LQ�FRXUVHV��������������������
��� KWWSV���QSWHO�DF�LQ�FRXUVHV��������������������
��� KWWSV���QSWHO�DF�LQ�FRXUVHV��������������������
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH���RI����

7HUP�:RUN��

$@7KH�WXWRULDO�VHVVLRQ�VKRXOG�FRQVLVWV�RI�PLQLPXP�������DVVLJQPHQWV��2XW�RI�ZKLFK�PLQLPXP�
��DVVLJQPHQWV�RQ�WKH�WRSLFV�IURP�XQLW�QR���������GHSHQGLQJ�RQ�WKH�XQVROYHG�H[HUFLVH�SUREOHPV�
IURP� WKH� WH[W� ERRNV� �@�-�3�7UHPEOD\	� 5�0DQRKDU�´'LVFUHWH� 0DWKHPDWLFDO� 6WUXFWXUHV� ZLWK�
$SSOLFDWLRQ�WR�&RPSXWHU�6FLHQFH´�0*+�,QWHUQDWLRQDO��8QLW���WR����DQG��@�&��/��/LX�DQG�'��3��
0RKDSDWUD��³(OHPHQWV�RI�'LVFUHWH�0DWKHPDWLFV´��6L(�(GLWLRQ��7DWD�0F*UDZ�+LOO��������,6%1�
������������������8QLW����$QG�PLQLPXP�����DVVLJQPHQWV�UHODWHG�WR�VROYLQJ�WKH�H[DPSOHV�RQ�
DQ\�RI�WKH�IROORZLQJ�WRSLFV���
D� &RPSXWDWLRQ�RI�7(�	�7/�YDOXHV�E\�XVLQJ�3(57�LQ�JUDSKV�
E� *UDSK�,QYDULDQWV�DQG�*UDSK�,VRPRUSKLVP�
F� $SSUR[LPDWLQJ�2SWLPDO�9HUWH[�&RYHU�
G� &RQQHFWHG�*UDSKV�DQG�&RQQHFWHG�&RPSRQHQWV�
H� (FFHQWULFLW\��&OLTXHV�
I� 3LJHRQ�+ROH�3ULQFLSOH�

%@ 7R�ZULWH�SURJUDPV�LQ�&�ODQJXDJH�RQ�DQ\���RI�WKH�IROORZLQJ�UHODWHG�WRSLFV��
�� *HQHUDWLQJ�WUXWK�WDEOH�RI�D�VWDWHPHQW�
�� $SSOLFDWLRQ�RI�ELW�UHSUHVHQWDWLRQ�RI�VHWV�DQG�RSHUDWLRQV�RQ�VHWV�RU�UHODWLRQV��
�� &RQYHUVLRQ�RI�SROLVK�H[SUHVVLRQV��
�� 2EWDLQLQJ�WKH�SDWK�PDWUL[��SDWKV�RI�GLIIHUHQW�OHQJWKV��
�� $OORFDWLRQ�RI�JUDSKV�
�� 3(57�UHODWHG�WHFKQLTXHV�
&@ 3UDFWLFDO�DVVLJQPHQW�RQ�OLEUDU\�IXQFWLRQ�1HWZRUN;�XVHG�WR�RSHUDWH�RQ�JUDSKV�DQG�
UHDO�ZRUOG�GDWDVHW��

(YDOXDWLRQ�*XLGHOLQHV��
�� ,6(�,�����0DUNV� ��������

��0DUNV�ZLOO�EH�EDVHG�RQ�ILUVW���7XWRULDO�DVVLJQPHQWV��
��0DUNV�ZLOO�EH�EDVHG�RQ�DFWLYLW\�FRQGXFWHG��TXL]��FDVH�VWXG\��SUREOHP�VROYLQJ��
SHGDJRJ\�DFWLYLW\�HWF��E\�WKH�VXEMHFW�LQ�FKDUJH��

x ,6(��,�ZLOO�EH�FRQGXFWHG�EHIRUH�06(�

�� ,6(�±,,�����0DUNV� ��������
��0DUNV�ZLOO�EH�EDVHG�RQ�SURJUDPPLQJ�DVVLJQPHQW�
��0DUNV�ZLOO�EH�EDVHG�RQ�DFWLYLW\�FRQGXFWHG��TXL]��FDVH�VWXG\��SUREOHP�VROYLQJ��
SHGDJRJ\�DFWLYLW\�HWF��E\�WKH�VXEMHFW�LQ�FKDUJH��

x ,6(��,,�ZLOO�EH�FRQGXFWHG�DIWHU�06(�
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH���RI����

&RXUVH�3ODQ�

&RXUVH�7LWOH��6WUXFWXUHG�&RPSXWHU�2UJDQL]DWLRQ�DQG�0LFURSURFHVVRUV�

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

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

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

&RXUVH�'HVFULSWLRQ��
&RXUVH� FRYHUV� KLVWRULFDO� RYHUYLHZ� RI� FRPSXWHU� DUFKLWHFWXUH�� 9DULRXV� &38� RUJDQL]DWLRQV� DQG�
SHULSKHUDOV�DUH�VWXGLHG��%DVLF�DULWKPHWLF�RSHUDWLRQV�DUH�VWXGLHG�ZLWK�WKH�KHOS�RI�FRPELQDWLRQDO�ORJLF�
GHVLJQ��%DVLF�PLFURSURFHVVRU�DQG�PLFURFRQWUROOHU�DUFKLWHFWXUHV�DUH�DQDO\]HG�RQ�FRPSDUDWLYH�EDVLV��
$GYDQFHG� PLFURSURFHVVRU� GHVLJQV� DUH� LQWURGXFHG� DORQJ�ZLWK� FDVH� VWXG\�� 3DUDOOHOLVP� DW� YDULRXV�
OHYHOV�LQ�PLFURSURFHVVRU�IRU�SHUIRUPDQFH�HQKDQFHPHQW�LV�H[SODLQHG��

&RXUVH�2EMHFWLYHV��
�� 7R�PDNH�DZDUH�DERXW�YDULRXV�JHQHUDWLRQ�RI�FRPSXWHUV��
�� 7R�LQWURGXFH�GLIIHUHQW�DUFKLWHFWXUDO�GHVLJQV��
�� 7R�SURYLGH�D�NQRZOHGJH�RI�IXQGDPHQWDO�ORJLF�FLUFXLWV��
�� 7R�SURYLGH�DQ�XQGHUVWDQGLQJ�RI�$UFKLWHFWXUH�RI�EDVLF�0LFURSURFHVVRU��0LFURFRQWUROOHU�DQG�

$GYDQFHG�0LFURSURFHVVRU��
�� 7R�LQWURGXFH�(QKDQFHG�$UFKLWHFWXUDO�3URYLVLRQV�LQ�0LFURSURFHVVRUV��

&RXUVH�2XWFRPHV��&2V���
$W�WKH�HQG�RI�WKH�FRXUVH��VWXGHQWV�ZLOO�EH�DEOH�WR��
&������ &RPSDUH�YDULRXV�JHQHUDWLRQ�RI�FRPSXWHUV��

&������ ([SODLQ�IXQFWLRQLQJ�RI�SURFHVVRU�RUJDQL]DWLRQV��

&������ 0DNH�XVH�RI�EDVLF�FRPELQDWLRQDO�ORJLF�FLUFXLWV�IRU�EDVLF�DULWKPHWLF�RSHUDWLRQV��

&������ ([SODLQ�$UFKLWHFWXUDO�GHWDLOV�RI�EDVLF�0LFURSURFHVVRU��0LFURFRQWUROOHU�DQG�$GYDQFHG�
0LFURSURFHVVRU��

&������ 2XWOLQH�DGYDQFHG�IHDWXUHV�RI�0LFURSURFHVVRU��
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH���RI����

3UHUHTXLVLWH� &RPSXWHU� DQG� 3URJUDPPLQJ�� )XQGDPHQWDOV� RI� (OHFWULFDO� DQG� (OHFWURQLFV�
(QJLQHHULQJ�

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

&2V�
32V� 362V�

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

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

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

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

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

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

&RQWHQWV� +RXUV�

8QLW����,QWURGXFWLRQ�WR�6WUXFWXUHG�&RPSXWHU�2UJDQL]DWLRQ�
/DQJXDJHV��/HYHOV� DQG�9LUWXDO�0DFKLQHV��&RQWHPSRUDU\�0XOWLOHYHO�0DFKLQHV��(YROXWLRQ�RI
0XOWLOHYHO�0DFKLQHV��7KH�=HURWK�*HQHUDWLRQ��7KH�)LUVW�*HQHUDWLRQ��7KH�6HFRQG�*HQHUDWLRQ��
7KH�7KLUG�*HQHUDWLRQ��7KH�)RXUWK�*HQHUDWLRQ�7KH�)LIWK�*HQHUDWLRQ�

��

8QLW����&RPSXWHU�6\VWHPV�2UJDQL]DWLRQ�
3URFHVVRUV��&38�2UJDQL]DWLRQ��,QVWUXFWLRQ�([HFXWLRQ��5,6&�YHUVXV�&,6&��'HVLJQ�3ULQFLSOHV�RI�
0RGHUQ� &RPSXWHUV�� ,QVWUXFWLRQ�/HYHO� DQG� 3URFHVVRU�/HYHO� 3DUDOOHOLVP�� 7\SHV� RI�0HPRU\�
3ULPDU\�0HPRU\��6HFRQGDU\�0HPRU\��,QSXW�2XWSXW��%XVHV�'0$��

��

8QLW����&RPELQDWLRQDO�ORJLF�GHVLJQ�
'HVLJQ�RI�IDVW�$GGHUV��&DUU\�/RRN�$KHDG�DGGHU��5LSSOH�FDUU\�DGGHU��)DVW�0XOWLSOLFDWLRQ��%RRWKV
DUUD\� 0XOWLSOLHU�� %LW� SDLU� 5HFRGLQJ� RI� 0XOWLSOLHU�� &DUU\�VDYH� DGGLWLRQ� RI� VXP� DQGV�,QWHJHU
'LYLVLRQ��

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

3DJH����RI���

8QLW����0LFURSURFHVVRU�$UFKLWHFWXUH�	�3URJUDPPLQJ�
�����0LFURSURFHVVRU� $UFKLWHFWXUH�� 7KH�0LFURSURFHVVRU� %DVHG� 3HUVRQDO� &RPSXWHU� 6\VWHP�
,QWHUQDO�$UFKLWHFWXUH��,QVWUXFWLRQ�H[HFXWLRQ��&ODVVLILFDWLRQ�RI�,QVWUXFWLRQV�0HPRU\�$GGUHVVLQJ��
0LFURFRQWUROOHU��$�VLQJOH�FKLS�0LFURFRQWUROOHU��0LFURSURFHVVRU�9V��0LFURFRQWUROOHU�������%LW
0LFURFRQWUROOHUV��
&$6(�678'<��/HDUQLQJ�PRGHO�RI������PLFURFRQWUROOHU��

��

8QLW����3HQWLXP�0LFURSURFHVVRUV�
3HQWLXP� 0LFURSURFHVVRU�� 7KH� PHPRU\� 6\VWHP�� 3HQWLXP� 5HJLVWHUV� �� 3HQWLXP� 0HPRU\
0DQDJHPHQW��3HQWLXP�3UR�0LFURSURFHVVRU��,QWHUQDO�6WUXFWXUH�RI�WKH�3HQWLXP�3UR��7KH�0HPRU\
6\VWHP��7KH�3HQWLXP���DQG�&RUH���3HQWLXP�L��L��L���

��

8QLW����3DUDOOHO�&RPSXWHU�$UFKLWHFWXUHV�
2Q�&KLS� 3DUDOOHOLVP�� ,QVWUXFWLRQ�/HYHO� 3DUDOOHOLVP�� 2Q�&KLS� 0XOWLWKUHDGLQJ�� 6LQJOH�&KLS�
0XOWLSURFHVVRUV�� &RSURFHVVRUV�� 1HWZRUN� 3URFHVVRUV�� 0HGLD� 3URFHVVRUV�� &U\SWRSURFHVVRUV��
*ULG�&RPSXWLQJ��

��

7H[W�%RRNV�
�� $QGUHZ�V��WDQHQEDXP��6WUXFWXUHG�&RPSXWHU�2UJDQL]DWLRQ��3HDUVRQ���WK�(GLWLRQ��-XO\�����

������>81,7�������	��@�
�� %DUU\�%��%UH\��7KH�,17(/�0LFURSURFHVVRUV���$UFKLWHFWXUH��3URJUDPPLQJ�DQG�,QWHUIDFLQJ�

3+,�/WG���WK�(GLWLRQ����-DQ��������>81,7��	�@��
�� 5DPHVK�*DRQNDU��0LFURSURFHVVRU�$UFKLWHFWXUH��SURJUDPPLQJ�DQG�DSSOLFDWLRQ�ZLWK�������

3(15$0�,QWHUQDWLRQDO�SXEOLVKLQJ���WK�(GLWLRQ����2FW��������>81,7�@��

5HIHUHQFH�%RRNV��
�� -RKQ�'�&DUSLQHOOL��&RPSXWHU�6\VWHPV�2UJDQL]DWLRQ�	�$UFKLWHFWXUH��3HDUVRQ�(GXFDWLRQ��

����2FWREHU�������
�� 'RXJODV�+DOO��0LFURSURFHVVRUV�DQG�,QWHUIDFLQJ��7DWD�0F*UDZ�+LOO�(GXFDWLRQ������'HF��

�������
�� -RKQ�8IIHQ%HFN��7KH�����������)DPLO\��'HVLJQ��3URJUDPPLQJ��DQG�,QWHUIDFLQJ��3HDUVRQ�

3XEOLFDWLRQ��+DUGFRYHU�(GLWLRQ�����2FW��������

2QOLQH�5HVRXUFHV��
��� KWWSV���QSWHO�DF�LQ�FRXUVHV��������������������
��� KWWSV���QSWHO�FRXUVHV�YLGHR�����������/���KWPO�
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

&RXUVH�3ODQ�

&RXUVH�7LWOH��'DWD�6WUXFWXUHV�

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

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

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

&RXUVH�'HVFULSWLRQ��
7KLV�FRXUVH�ZLOO�LQWURGXFH�WKH�IXQGDPHQWDOV�RI�GDWD�VWUXFWXUHV�DQG�ZLOO�SURYLGH�XQGHUVWDQGLQJ�RI�
KRZ� WR�V\VWHPDWLFDOO\�RUJDQL]H�GDWD�LQ�D�FRPSXWHU�V\VWHP��$OVR��LQFOXGHV� WRSLFV�ZKLFK�IRFXV�RQ�
VHDUFKLQJ�DQG�VRUWLQJ�WHFKQLTXHV��OLQNHG�OLVW��WUHVV�DQG�JUDSKV��7KLV�FRXUVH�LV�KHOSIXO�LQ�PDQ\�DUHDV�
RI� HOHFWULFDO� HQJLQHHULQJ�� FRPSXWDWLRQDO� ELRORJ\�� FRPSXWDWLRQDO� ILQDQFH� HWF�� 7KH\� DUH� XVHG� LQ� D�
YDULHW\� RI� DSSOLFDWLRQV� WRGD\� LQFOXGLQJ� VHDUFK� HQJLQHV� �H�J��� *RRJOH�� %LQJ��� VRFLDO� QHWZRUNLQJ�
DSSOLFDWLRQV� �H�J�� )DFHERRN�� 7ZLWWHU��� HPEHGGHG� V\VWHPV� �H�J��� FHOO� SKRQHV�� URERWV��� DQG� '1$�
DQDO\VLV��

&RXUVH�2EMHFWLYHV��
�� 7R�PDNH�WKH�VWXGHQWV�IDPLOLDU�ZLWK�EDVLF�GDWD�VWUXFWXUHV�
�� 7R�VHOHFW�DSSURSULDWH�GDWD�VWUXFWXUHV�LQ�FRPSXWHU�DSSOLFDWLRQV��
�� 7R�SURYLGH�WKH�VWXGHQWV�ZLWK�WKH�GHWDLOV�RI�LPSOHPHQWDWLRQ�RI�YDULRXV�GDWD�VWUXFWXUHV��

&RXUVH�2XWFRPHV��&2V���

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

����� 8QGHUVWDQG�WKH�EDVLF�FRQFHSWV�DQG�DSSOLFDWLRQV�RI�GDWD�VWUXFWXUHV�DV�ZHOO�DV�DOJRULWKPV�WKDW�
RSHUDWH�RQ�WKHP��

����� &RPSDUH�YDULRXV�GDWD�VWUXFWXUHV��VHDUFKLQJ�DQG�VRUWLQJ�WHFKQLTXHV�DQG�UHFRJQL]H�WKH�
DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�WKHP��

����� 8QGHUVWDQG�WKH�GHWDLOV�RI�LPSOHPHQWDWLRQ�RI�YDULRXV�GDWD�VWUXFWXUHV��

����� 6HOHFW�DSSURSULDWH�GDWD�VWUXFWXUHV��VHDUFKLQJ�DQG�VRUWLQJ�WHFKQLTXHV�LQ�FRPSXWHU�DSSOLFDWLRQV��

3UHUHTXLVLWH� %DVLF�NQRZOHGJH�RI�DOJRULWKPV�DQG�&�SURJUDPPLQJ�
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

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

&RQWHQW� +RXUV�

8QLW����%DVLF�RI�'DWD�6WUXFWXUHV�
'DWD�VWUXFWXUH��'HILQLWLRQ��7\SHV�RI�GDWD�VWUXFWXUHV��'DWD�6WUXFWXUH�2SHUDWLRQV��
$OJRULWKPV��&RPSOH[LW\��7LPH�DQG�6SDFH�FRPSOH[LW\��

��

8QLW����6HDUFKLQJ�DQG�6RUWLQJ�7HFKQLTXHV�
/LQHDU�VHDUFK��%LQDU\�VHDUFK�6HQWLQHO�VHDUFK��)LERQDFFL�VHDUFK��+DVKLQJ�±�'HILQLWLRQ��KDVK�
IXQFWLRQV��&ROOLVLRQ��%XEEOH�VRUW��6HOHFWLRQ�VRUW��,QVHUWLRQ�VRUW��0HUJH�VRUW��4XLFN�VRUW��
5DGL[�VRUW��7LP�VRUW��&RPSOH[LW\�DQG�DQDO\VLV��

��

8QLW����6WDFNV�DQG�4XHXHV�
6WDFN��'HILQLWLRQ��RSHUDWLRQV��$UUD\�UHSUHVHQWDWLRQ�RI�VWDFN��DSSOLFDWLRQV�4XHXH��
'HILQLWLRQ��RSHUDWLRQV��$UUD\�UHSUHVHQWDWLRQ�RI�TXHXH��DSSOLFDWLRQV��&LUFXODU�TXHXH��3ULRULW\�
TXHXH��'HTXH��

��

8QLW�����/LQNHG�/LVWV�
'HILQLWLRQ��UHSUHVHQWDWLRQ��RSHUDWLRQV��LPSOHPHQWDWLRQ�DQG�DSSOLFDWLRQV�RI�VLQJO\��GRXEO\�
DQG�FLUFXODU�OLQNHG�OLVWV��/LQNHG�UHSUHVHQWDWLRQ�RI�VWDFN�DQG�4XHXH��'\QDPLF�PHPRU\�
PDQDJHPHQW��0HPRU\�HIILFLHQW�GRXEO\�OLQNHG�OLVW��XQUROOHG�/LQNHG�/LVW�6NLS�/LVW�

��

8QLW����7UHHV�
7HUPLQRORJ\��UHSUHVHQWDWLRQ��ELQDU\�WUHH��WUDYHUVDO�PHWKRGV��ELQDU\�VHDUFK�WUHH��;25�7UHH��
$9/�VHDUFK�WUHH��%�WUHH��%��WUHH��+HDSV��2SHUDWLRQV�DQG�WKHLU�DSSOLFDWLRQV��+HDS�VRUW��

��

8QLW����*UDSKV�
%DVLF�FRQFHSW�RI�JUDSK�WKHRU\��VWRUDJH�UHSUHVHQWDWLRQ��JUDSK�WUDYHUVDO�WHFKQLTXHV��%)6�DQG�
')6��*UDSK�UHSUHVHQWDWLRQ�XVLQJ�VSDUVH�PDWUL[��7UDQVSRVH�RI�VSDUVH�PDWUL[��

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

3DJH����RI���

7H[W�%RRNV��
�� 6H\PRXU�/LSVFKXW]��0*+���'DWD�6WUXFWXUHV��0F*UDZ�+LOO�SXEOLFDWLRQV��7KLUG�(GLWLRQ��>��-XO\�

����@�

�� $OIUHG�9��$KR��-HIIUH\�'��8OOPDQ�DQG�-RKQ�(��+RSFURIW���$GGLVRQ�:HVOH\�6HULHV��'DWD�
6WUXFWXUHV�DQG�$OJRULWKPV���>����@��

�� 1DUDVLPKD.DUXPDQFKL��'DWD� 6WUXFWXUH� DQG� $OJRULKPLF� 7KLQNLQJ� ZLWK� 3\WKRQ�� &DUHHU0RQN�
3XEOLFDWLRQ�>����@��

5HIHUHQFH�%RRNV��
�� -HDQ�3DXO�7UHPEOD\��3DXO��*��6RUHVDQ��³$Q�LQWURGXFWLRQ�WR�GDWD�VWUXFWXUHV�ZLWK�$SSOLFDWLRQV´���

7DWD�0F�*UDZ�+LOO�,QWHUQDWLRQDO�(GLWLRQV���QG�HGLWLRQ���
�� 5LFKDUG�)��*LOEHUJ� DQG�%HKURX]�$���'DWD� 6WUXFWXUHV��$�3VHXGR�FRGH�$SSURDFK�ZLWK�&�� �QG

(GLWLRQ�>���1RY������@��
�� $��0��7DQHQEDXP��<��/DQJVDP��'DWD�6WUXFWXUH�XVLQJ�&��0��-��$XJHQVWHLQ��3+,�SXEOLFDWLRQ�� �QG

(GLWLRQ��>����@��

2QOLQH�5HVRXUFHV��
��� 137(/�YLGHRV��KWWSV���QSWHO�DF�LQ�FRXUVHV��������������������
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

&RXUVH�3ODQ�

&RXUVH�7LWOH��)XQGDPHQWDOV�RI�1HWZRUNLQJ�

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

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

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

&RXUVH�'HVFULSWLRQ��
7KLV�FRXUVH�SURYLGHV�D�FRPSUHKHQVLYH�LQWURGXFWLRQ�WR�FRPSXWHU�QHWZRUNV�DQG�QHWZRUNLQJ�DVSHFWV�
ZKLFK�ZLOO� EH�RI� KHOS� WR� DOO�&RPSXWHU�6FLHQFH�(QJLQHHULQJ� 6WUHDPV��&RXUVH� LQFOXGHV� FRPSXWHU�
QHWZRUNLQJ� IXQGDPHQWDOV�� QHWZRUN� OD\HUHG�DUFKLWHFWXUHV�� GHVFULSWLYH� VWXG\� RI� GLIIHUHQW� OD\HUV�RI�
QHWZRUNLQJ�PRGHOV��QHWZRUN�SURWRFROV�DQG�WRROV��

&RXUVH�2EMHFWLYHV���
�� 7R�SHUFHLYH�IXQGDPHQWDO�FRQFHSWV�RI�&RPSXWHU�1HWZRUNV��
�� 7R�XQGHUVWDQG�OD\HUHG�DUFKLWHFWXUH�DQG�EDVLF�QHWZRUNLQJ�SURWRFROV��
�� 7R�XQGHUVWDQG�WKH�&OLHQW�VHUYHU�PRGHO�	�VRFNHW�LQWHUIDFH��

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

&������ 'HVFULEH�WKH�FRQFHSWV�RI�&RPSXWHU�1HWZRUNV�DQG�1HWZRUN�OD\HUHG�DUFKLWHFWXUH��

&������ 8QGHUVWDQG�WKH�SURWRFROV��DOJRULWKPV�DQG�WKH�DGGUHVVLQJ�PRGHO�XVHG�LQ�QHWZRUNLQJ��

&������ 'HPRQVWUDWH�GLIIHUHQW�QHWZRUNLQJ�SURWRFROV�XVLQJ�VRFNHW�SURJUDPPLQJ��

&������ 8QGHUVWDQG�WKH�IXQFWLRQDOLW\�RI�'RPDLQ�1DPH�6\VWHP�LQ�QHWZRUNLQJ��

3UHUHTXLVLWH�� %DVLF�NQRZOHGJH�RI�FRPSXWHUV�
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

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

&2V�
32V� 362V�

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

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

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

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

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

&RQWHQW� +RXUV�

8QLW����,QWURGXFWLRQ�WR�&RPSXWHU�1HWZRUN��
2YHUYLHZ�RI�26,� OD\HU�0RGHO� DQG�7&3�,3� SURWRFRO�PRGHO��$GGUHVVLQJ��8QGHUO\LQJ�
WHFKQRORJLHV�IRU�/$1V��:$1V��DQG�6ZLWFKHG�:$1V��

��

8QLW����'DWD�/LQN�/D\HU��
'HVLJQ� LVVXHV� IRU� 'DWD� /LQN� /D\HUV�� IUDPLQJ�PHWKRGV�� (UURU� FRQWURO�� GHWHFWLRQ� DQG
FRUUHFWLRQ��)ORZ�FRQWURO��(OHPHQWDU\�'DWD�/LQN�SURWRFROV��6OLGLQJ�ZLQGRZ�3URWRFROV
*R�EDFN�Q��6HOHFWLYH�UHSHDW��

��

8QLW����1HWZRUN�$GGUHVVLQJ��
,3Y�� $GGUHVVHV�� &ODVVIXO� $GGUHVVLQJ� 2WKHU� ,VVXHV�� 6XE�QHWWLQJ� DQG� 6XSHU� QHWWLQJ�
&ODVVOHVV� $GGUHVVLQJ�� 'HOLYHU\�� )RUZDUGLQJ� DQG� URXWLQJ�� ,3Y��� 'DWDJUDP�
)UDJPHQWDWLRQ�� 2SWLRQV�� &KHFNVXP�� ,3Y�� $GGUHVVLQJ�� ,QWURGXFWLRQ�� ,3Y�� SDFNHW
IRUPDW��%DVH�+HDGHU��)ORZ�/DEHO��([WHQVLRQ�+HDGHUV��7UDQVDFWLRQ�IURP�,39��WR�,39��
&RPSDULVRQ�EHWZHHQ�,3Y��DQG�,3Y��

��

8QLW����5RXWLQJ�DQG�&RQJHVWLRQ�&RQWURO�WHFKQLTXHV��
5RXWLQJ� PHWKRGV�� VKRUWHVW� SDWK�� /LQN� VWDWH�� 'LVWDQFH� YHFWRU� URXWLQJ� DQG� EURDGFDVW
URXWLQJ�� &RQJHVWLRQ� FRQWURO� DOJRULWKPV�� 3ULQFLSOHV�� &RQJHVWLRQ� SUHYHQWLRQ� SROLFLHV�
FRQJHVWLRQ�FRQWURO�LQ�GDWDJUDP�VXEQHW��/RDG�6KHGGLQJ��-LWWHU�&RQWURO��

��

8QLW����7UDQVSRUW�/D\HU��
7KH� 7UDQVSRUW� VHUYLFH��SULPLWLYHV�� 8'3�� 3URFHVV� WR� 3URFHVV� FRPPXQLFDWLRQ�� 8VHU
'DWDJUDP�)RUPDW��2SHUDWLRQ�DQG�XVHV�RI�8'3��7&3��7&3�6HUYLFHV�DQG�)HDWXUHV��7&3�
VHJPHQW�IRUPDW��7&3�&RQQHFWLRQV��

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

3DJH����RI���

8QLW����$SSOLFDWLRQ�/D\HU��
3ULQFLSOHV� RI� 1HWZRUN� $SSOLFDWLRQV�� 1HWZRUN� $SSOLFDWLRQ� $UFKLWHFWXUHV�� 3URFHVVHV
&RPPXQLFDWLQJ�� 7UDQVSRUW� 6HUYLFHV� $YDLODEOH� WR� $SSOLFDWLRQV�� 7UDQVSRUW� 6HUYLFHV
3URYLGHG�E\�WKH�,QWHUQHW��$SSOLFDWLRQ�/D\HU�3URWRFROV��7KH�:HE�DQG�+773��2YHUYLHZ�
RI�+773�� 1RQ�3HUVLVWHQW� DQG� 3HUVLVWHQW�&RQQHFWLRQV��+773�0HVVDJH� )RUPDW��:HE
&DFKLQJ��)73��7)73��'16²7KH�,QWHUQHW¶V�'LUHFWRU\�6HUYLFH��6HUYLFHV�3URYLGHG�E\
'16��2YHUYLHZ�RI�+RZ�'16�:RUNV��'16�5HFRUGV� DQG�0HVVDJHV��'+&3��7HOQHW�
6RFNHW�3URJUDPPLQJ��6RFNHW�3URJUDPPLQJ�ZLWK�8'3��6RFNHW�3URJUDPPLQJ�ZLWK�7&3�

��

7H[W�%RRNV��
�� %HKURX]�$��)RURX]DQ��7&3�,3�SURWRFRO�6XLW��7DWD�0DJ��+LOO���WK(G��>8QLW���±��@�
�� .XURVH� -DPHV�)���5RVV�.HLWK�:���&RPSXWHU�1HWZRUNLQJ��$�7RS�'RZQ�$SSURDFK�� 6L[WK�

(GLWLRQ��%\�3HDUVRQ��>8QLW��@�
5HIHUHQFH�%RRNV��

�� 3HWHU�/�'RUGDO��$Q�,QWURGXFWLRQ�WR�&RPSXWHU�1HWZRUNV��5HOHDVH���������
�� $QGUHZ�6��7DQHQEDXP��3+,���&RPSXWHU�1HWZRUNV��
�� :��5LFKDUG�6WHYHQV��3+,���8QL[�1HWZRUN�3URJUDPPLQJ��

2QOLQH�5HVRXUFHV��
��� KWWSV���RQOLQHFRXUVHV�QSWHO�DF�LQ�QRF��BFV���SUHYLHZ�
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

&RXUVH�3ODQ�

&RXUVH�7LWOH��3\WKRQ�3URJUDPPLQJ�/DERUDWRU\�

&RXUVH�&RGH����'63���� 6HPHVWHU��,,,�

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

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

&RXUVH�'HVFULSWLRQ��
3\WKRQ� LV� D� KLJK�OHYHO� SURJUDPPLQJ� ODQJXDJH� WKDW� KHOSV� LQ� GHYHORSLQJ� D� ZLGH� YDULHW\� RI�
DSSOLFDWLRQV��LQFOXGLQJ�ZHE�DSSOLFDWLRQV��QHWZRUN�SURJUDPPLQJ��JUDSKLFDO�XVHU�LQWHUIDFHV��*8,V���
VFLHQWLILF�DQG�QXPHULF�DSSOLFDWLRQV��,W�DOVR�KDV�D�VWURQJ�FRPPXQLW\�DURXQG�PDFKLQH�OHDUQLQJ��GDWD�
PRGHOLQJ��GDWD�DQDO\VLV�DQG�DUWLILFLDO�LQWHOOLJHQFH��$,���ZLWK�H[WHQVLYH�UHVRXUFHV�DQG�OLEUDULHV�EXLOW�
IRU�WKHVH�SXUSRVH�

&RXUVH�2EMHFWLYH��
�� 7R�PDNH�WKH�VWXGHQW�OHDUQ�EDVLFV�RI�S\WKRQ�SURJUDPPLQJ�ODQJXDJH�
�� 7R�H[SRVH�WKH�VWXGHQWV�WR�YDULRXV�GDWD�VWUXFWXUHV�
�� 7R�PDNH�WKH�VWXGHQWV�DZDUH�RI�YDULRXV�2EMHFW�2ULHQWHG�FRQFHSWV�
�� 7R�H[SRVH�WKH�VWXGHQWV�WR�DGYDQFHG�FRQFHSWV�LQ�3\WKRQ�

&RXUVH�2XWFRPHV��&2V���

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

������ 6XPPDUL]H�WKH�EDVLF�FRQFHSWV�LQ�S\WKRQ��
������ ,GHQWLI\�WKH�GDWD�VWUXFWXUHV�WR�VROYH�D�SUREOHP��
������ 'HPRQVWUDWH�WKH�XVH�RI�2EMHFW�2ULHQWHG�FRQFHSWV�LQ�SUREOHP�VROYLQJ��
������ $SSO\�3\WKRQ�FRQFHSWV�LQ�ZHE�DSSOLFDWLRQ�XVLQJ�'MDQJR�IUDPHZRUN��
������ 8VH�QHWZRUNLQJ�DQG�PXOWLWKUHDGLQJ�FRQFHSWV�WR�VROYH�D�SUREOHP��

3UHUHTXLVLWH� .QRZOHGJH�RI�VRPH�SURJUDPPLQJ�ODQJXDJH�OLNH�&�&���
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

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

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

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

&RQWHQW� +RXUV

8QLW���*HWWLQJ�VWDUWHG�ZLWK�3\WKRQ�3\WKRQ�,QVWDOODWLRQ�DQG�:RUNLQJ�RI�LW��'DWD�W\SHV
LQ�S\WKRQ��2SHUDWRUV�LQ�S\WKRQ��,QSXW�DQG�2XWSXW�GHWDLO�VWXG\�RI�S\WKRQ�EORFNV��FRQWURO
VWDWHPHQWV��%UDQFKLQJ�VWDWHPHQWV��

��

8QLW� ��� %DVLFV� RI� 3\WKRQ� 3URJUDPPLQJ�6WULQJ� DQG� &KDUDFWHU� LQ� S\WKRQ�� /LVW� DQG�
7XSOHV��'LFWLRQDULHV��$UUD\V�LQ�S\WKRQ��)XQFWLRQV��

��

8QLW� ��223� &RQFHSWV� LQ� 3\WKRQ�3URFHGXUDO� DQG� 2EMHFW�2ULHQWHG� 3URJUDPPLQJ�
2EMHFWV��FODVV��0HWKRG�RYHUORDGLQJ��3RO\PRUSKLVP��,QKHULWDQFH��KDQGV�RQ�ZLWK�/DPED
IXQFWLRQ�LQ�S\WKRQ�FRGLQJ�ZLWK�WKH�XVH�RI�IXQFWLRQV��PRGXOHV�DQG�H[WHUQDO�SDFNDJHV��

��

8QLW����)LOHV�LQ�3\WKRQ�)LOHV�LQ�3\WKRQ��'LUHFWRULHV��%XLOGLQJ�0RGXOHV��3DFNDJHV��7H[W�
3URFHVVLQJ��5HJXODU�H[SUHVVLRQ�LQ�S\WKRQ��

��

8QLW����3\WKRQ�,QWHJUDWLRQ�3ULPHU�*UDSKLFDO�8VHU�LQWHUIDFH��1HWZRUNLQJ�LQ�3\WKRQ� ��

8QLW����$GYDQFHG�3\WKRQ��,QWURGXFWLRQ�WR�'MDQJR��,QWURGXFWLRQ�WR�0XOWLWKUHDGLQJ�DQG�
VHFXULW\�LQ�3\WKRQ��

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

3DJH����RI���

7H[W�%RRNV��
�� ³%HJLQQLQJ�3\WKRQ��8VLQJ�3\WKRQ�����DQG�3\WKRQ����´���:UR[�3XEOLFDWLRQ�
�� $QXUDJ�*XSWD��*��3��%LVZDV��³3\WKRQ�3URJUDPPLQJ´��0F*UDZ�+LOO�
�� (��%DODJXUXVDP\��³,QWURGXFWLRQ�WR�FRPSXWLQJ�DQG�SUREOHP�VROYLQJ�XVLQJ�S\WKRQ´��

0F*UDZ�+LOO�(GXFDWLRQ�

5HIHUHQFH�%RRNV��
�� ³/HDUQ�3\WKRQ�WKH�+DUG�:D\���UG�(GLWLRQ��=HG�6KDZ
V�+DUG�:D\�6HULHV�
�� /DXUD�&DVVHOO��$ODQ�*DXOG��³3\WKRQ�3URMHFWV´��:UR[�3XEOLFDWLRQ�

2QOLQH�5HVRXUFHV��
��� KWWSV���QSWHO�DF�LQ�FRXUVHV��������������������

/LVW�RI�([SHULPHQWV�

([SW��
1R��

1DPH�RI�([SHULPHQWV� 6�2� +RXUV�

��
([SORULQJ�EDVLFV�RI�S\WKRQ�OLNH�GDWD�W\SHV��VWULQJV��OLVW��DUUD\��
GLFWLRQDULHV��VHW��WXSOHV��

2� ��

�� 3URJUDP�IRU�,PSOHPHQWDWLRQ�RI�FRQWURO�VWDWHPHQWV�� 2� ��

��
&UHDWLQJ�IXQFWLRQV��FODVVHV�DQG�REMHFWV�XVLQJ�S\WKRQ��
'HPRQVWUDWH�H[FHSWLRQ�KDQGOLQJ�

2� ��

�� 3URJUDP�IRU�LPSOHPHQWDWLRQ�RI�LQKHULWDQFH�� 2� ��

��

D� 3\WKRQ�SURJUDP�WR�GLVSOD\�ILOH�DYDLODEOH�LQ�FXUUHQW�GLUHFWRU\

E� 3\WKRQ�SURJUDP�WR�DSSHQG�GDWD�WR�H[LVWLQJ�ILOH�DQG�WKHQ�
GLVSOD\�WKH�HQWLUH�ILOH�

2 ��

��
3\WKRQ�SURJUDP�WR�FRXQW�QXPEHU�RI�OLQHV��ZRUGV�DQG�FKDUDFWHUV�
LQ�D�ILOH��

2� ��

�� &UHDWLQJ�&DOFXODWRU�*8,�ZLWK�S\WKRQ�� 2� ��

�� 0HQX�GULYHQ�SURJUDP�WR�FUHDWH�D�SKRQH�GLUHFWRU\� 2� ��

��
&UHDWLRQ�RI�VLPSOH�VRFNHW�IRU�EDVLF�LQIRUPDWLRQ�H[FKDQJH�
EHWZHHQ�VHUYHU�DQG�FOLHQW�� 2 ��
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

���

&UHDWLQJ�ZHE�DSSOLFDWLRQ�XVLQJ�'MDQJR�ZHE�IUDPHZRUN�WR�
GHPRQVWUDWH�IXQFWLRQDOLW\�RI�XVHU�ORJLQ�DQG�LWV�YDOLGDWLRQ�XVLQJ�
UHJXODU�H[SUHVVLRQ�

2 ��

��� 3URJUDPV�RQ�7KUHDGLQJ�XVLQJ�S\WKRQ�� 2� ��

���
3URJUDP�WR�LPSOHPHQW�GDWD�SUH�SURFHVVLQJ�WHFKQLTXH�XVLQJ�
3\WKRQ�� 2 ��

� 6�6WXG\��2�2SHUDWLRQDO�
1RWH��6WXGHQWV�VKRXOG�SHUIRUP�PLQLPXP�������H[SHULPHQWV�EDVHG�RQ�DERYH�OLVW�

7H[WERRNV��
�� 'DYLG�$PRV��'DQ�%DGHU��-RDQQD�-DEORQVNL��)OHWFKHU�+HLVOHU�³3\WKRQ�%DVLFV��$�3UDFWLFDO�

,QWURGXFWLRQ�WR�3\WKRQ��´��5HDOS\WKRQ�
�� 6DPXHO�'DX]RQ��$LGD%HQGRUDLWLD��$UXQ5DYLQGUDQ�´'MDQJR�:HE�'HYHORSPHQW�ZLWK�

3\WKRQ´��

5HIHUHQFH�%RRNV��
�� /HDUQ�3\WKRQ�WKH�+DUG�:D\�=HG�6KDZ
V�+DUG�:D\�6HULHV���UG�(GLWLRQ�
�� /DXUD�&DVVHOO��$ODQ�*DXOG��³3\WKRQ�3URMHFWV´��:UR[�3XEOLFDWLRQ�

2QOLQH�5HVRXUFHV��
�� 9LUWXDO�/DE�

KWWSV���S\WKRQ�LLWN�YODEV�DF�LQ��
�� 137(/�YLGHRV>-R\�RI�&RPSXWLQJ@�

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

3DJH����RI���

&RXUVH�3ODQ�

&RXUVH�7LWOH��'DWD�6WUXFWXUHV�/DERUDWRU\�

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

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

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

&RXUVH�'HVFULSWLRQ��7KH�FRXUVH�LV�GHVLJQHG�WR�GHYHORS�VNLOOV�WR�GHVLJQ�DQG�DQDO\VH�VLPSOH�OLQHDU�
DQG� QRQ�OLQHDU� GDWD� VWUXFWXUHV�� ,W� VWUHQJWKHQ� WKH� DELOLW\� WR� WKH� VWXGHQWV� WR� LGHQWLI\�DQG�DSSO\� WKH�
VXLWDEOH� GDWD� VWUXFWXUH� IRU� WKH� JLYHQ� UHDO� ZRUOG� SUREOHP�� ,W� HQDEOHV� WKHP� WR� JDLQ� NQRZOHGJH� LQ�
SUDFWLFDO�DSSOLFDWLRQV�RI�GDWD�VWUXFWXUHV��

&RXUVH�2EMHFWLYHV��
ϭ͘ 7R�WHDFK�WKH�VWXGHQWV�WR�LGHQWLI\�DSSURSULDWH�GDWD�VWUXFWXUHV��
Ϯ͘ 7R�SURYLGH�WKH�VWXGHQWV�ZLWK�WKH�GHWDLOV�RI�LPSOHPHQWDWLRQ�RI�YDULRXV�GDWD�VWUXFWXUHV��
ϯ͘ 7R�VHOHFW�DSSURSULDWH�GDWD�VWUXFWXUHV�LQ�FRPSXWHU�DSSOLFDWLRQV��

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

&������ 2XWOLQH�WKH�VROXWLRQ�WR�WKH�JLYHQ�VRIWZDUH�SUREOHP�ZLWK�DSSURSULDWH�GDWD�VWUXFWXUH��

&������ ,GHQWLI\�DSSURSULDWH�GDWD�VWUXFWXUH�IRU�VSHFLILF�DSSOLFDWLRQ��

&������ )RUPXODWH�WKH�SUREOHP�VWDWHPHQW�DQG�LPSOHPHQW�WR�VROYH�WKDW�VWDWHPHQW��

&������ &KRRVH�DSSURSULDWH�VRUWLQJ�	�VHDUFKLQJ�DOJRULWKPV��

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

3DJH����RI���

/LVW�RI�$VVLJQPHQWV�

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

��
:ULWH�D�SURJUDP�WR�ILQG�DQ�HOHPHQW�LQ�PDWUL[�XVLQJ�VHDUFK�
WHFKQLTXH��

2� ��

�� 5ROH�SOD\�DFWLYLW\�RQ�VHDUFKLQJ�WHFKQLTXHV�� 2� ��

��
3URJUDPV�WR�LPSOHPHQW�VRUWLQJ�WHFKQLTXHV�WR�VRUW�DQ�DUUD\�RI��V��
�V�DQG��V��

2 ��

�� 5ROH�SOD\�DFWLYLW\�RQ�VRUWLQJ�WHFKQLTXHV�� 2� ��

�� 3URJUDPV�WR�LPSOHPHQW�VWDFN�XVLQJ�DUUD\�DQG�OLQNHG�OLVW�� 2� ��

�� 3URJUDPV�WR�LPSOHPHQW�TXHXH�XVLQJ�DUUD\�DQG�OLQNHG�OLVW�� 2� ��

�� 3URJUDPV�WR�LPSOHPHQW�YDULRXV�RSHUDWLRQV�RQ�OLQNHG�OLVW�� 2� ��

�� 3URJUDPV�WR�LPSOHPHQW�0HPRU\�HIILFLHQW�OLQNHG�OLVW�� 2� ��

�� 3URJUDPV�WR�LPSOHPHQW�%)6�DQG�')6�� 2� ��

���

&DVH�6WXG\��
�� *DUEDJH�&ROOHFWLRQ��

�� 3ULRULW\�TXHXH�LQ�EDQGZLGWK�PDQDJHPHQW��
�� 1XOO�7HUPLQDWHG�RU�&\FOLF�1RGH��

�� 8VH�RI�VSDUVH�PDWUL[�LQ�6RFLDO�1HWZRUNV�DQG�0DSV��

6 ��

� 6�678'<��2�23(5$7,21$/�
� 1RWH��7KH�LQVWUXFWRU�VKRXOG�WDNH�DOO�WHQ�H[SHULPHQWV�IURP�OLVW��

7H[W�%RRNV��
�� 'DWD�6WUXFWXUHV�XVLQJ�&�±�6H\PRXU�/LSVFKXW]��0*+���0F*UDZ�+LOO�SXEOLFDWLRQV��5HYLVHG��VW

(GLWLRQ��>��-XO\�����@�
�� &��$��0��7DQHQEDXP��<��/DQJVDP��0��-��$XJHQVWHLQ��'DWD�6WUXFWXUH�XVLQJ��3+,�SXEOLFDWLRQV��

�QG�(GLWLRQ��>����@��

5HIHUHQFH�%RRNV��
�� (OOLV�+RURZLW]��6��6DKQL��'��0HKWD��)XQGDPHQWDOV�RI�'DWD�6WUXFWXUHV�LQ�&����*DOJRWLD�%RRN�

6RXUFH��1HZ�'HOKL������,6%1�����������
�� -HDQ�3DXO�7UHPEOD\��3DXO��*��6RUHVDQ��$Q�LQWURGXFWLRQ�WR�GDWD�VWUXFWXUHV�ZLWK�$SSOLFDWLRQV��

7DWD�0F�*UDZ�+LOO�,QWHUQDWLRQDO�(GLWLRQV���QG�HGLWLRQ�������,6%1����������������
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

2QOLQH�5HVRXUFHV��
�� 9LUWXDO�/DE��KWWSV���GV��LLLWK�YODEV�DF�LQ�/LVW���RI���H[SHULPHQWV�KWPO�
�� 137(/�YLGHRV��KWWSV���QSWHO�DF�LQ�FRXUVHV��������������������
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

&RXUVH�3ODQ�

&RXUVH�7LWOH��1HWZRUNLQJ�/DERUDWRU\�

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

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

(YDOXDWLRQ�6FKHPH�� ,6(�0DUNV����� (6(�0DUNV��1RW�$SSOLFDEOH�

&RXUVH�'HVFULSWLRQ��
7KLV�FRXUVH�SURYLGHV�D�SUDFWLFDO� LPSOHPHQWDWLRQ�RI� WKH�FRPSXWHU�QHWZRUNLQJ� WKHRUHWLFDO�DVSHFWV��
VWXGLHG� GXULQJ� WKH� OHFWXUH� KRXUV�� &RXUVH� LQFOXGHV� FRPSXWHU� QHWZRUNLQJ� IXQGDPHQWDOV��
GHPRQVWUDWLRQV� DQG� LPSOHPHQWDWLRQ� RI� QHWZRUN� VHWXS� XVLQJ� QHWZRUNLQJ� WRROV� 	OD\HUHG�
DUFKLWHFWXUHV��GHVFULSWLYH� VWXG\�RI�GLIIHUHQW� OD\HUV�RI�QHWZRUNLQJ�PRGHOV��QHWZRUN�SURWRFROV�DQG�
DOJRULWKPV��

&RXUVH�2EMHFWLYHV���
�� 7R�XQGHUVWDQG�WKH�IXQGDPHQWDO�FRQFHSWV�RI�&RPSXWHU�1HWZRUNV��
�� 7R�XQGHUVWDQG�WKH�GLIIHUHQW�QHWZRUN�FRQQHFWLYLW\�DQG�DQDO\]LQJ�WRROV��
�� 7R�LPSOHPHQW�WKH�QHWZRUNLQJ�SURWRFROV�DQG�DOJRULWKPV��
�� 7R�LPSOHPHQW�WKH�&OLHQW�VHUYHU�PRGHO��

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

&������ 'HPRQVWUDWH�XVH�RI�1HWZRUN�0RGHOV�DQG�LWV�&RPSRQHQWV��

&������ ,PSOHPHQW�WKH�SURWRFROV�DQG�DOJRULWKPV�XVHG�LQ�GLIIHUHQW�OD\HUV�RI�WKH�QHWZRUN��

&������ $SSO\�WKH�SULQFLSOHV�RI�VRFNHW�SURJUDPPLQJ�XVLQJ�7&3�	�8'3�LQ�WKH�QHWZRUNV��

&������ 'HPRQVWUDWH�WKH�'16�DQG�QHWZRUN�DQDO\VLQJ�WRROV��

3UHUHTXLVLWH� %DVLF�NQRZOHGJH�RI� FRPSXWHUV��&� ��&���3URJUDPPLQJ�/DQJXDJH��/LQX[��DQG�
:LQGRZV�26�
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

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

&2V�
32V� 362V�

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

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

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

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

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

6U��
1R��

7LWOH�
6�2 +RXUV

��� 6WXG\�RI�YDULRXV�&RPSXWHU�1HWZRUNLQJ�PRGHOV�DQG�FRQQHFWLYLW\�GHYLFHV� 6� ��

���
,PSOHPHQWDWLRQ� RI� FURVV�ZLUHG� FDEOH� DQG� VWUDLJKW� WKURXJK� FDEOH� XVLQJ�
FULPSLQJ�WRRO��

2� ��

���
6WXG\�RI�,3�DGGUHVV�FRQILJXUDWLRQ�	�IROORZLQJ�FRQQHFWLYLW\�WHVW�WRROV�ZLWK�
DOO�LWV�RSWLRQV�±�LIFRQILJ��DUS��WUDFHURXWH��QPDS��QHWVWDW��ILQJHU��

2� ��

��� ,PSOHPHQWLQJ�)UDPLQJ�PHWKRG��%LW�6WXIILQJ� 2� ��

��� ,PSOHPHQWLQJ�(OHPHQWDU\�GDWD�OLQN�SURWRFRO��6WRS�	�ZDLW�SURWRFRO�� 2� ��

��� ,PSOHPHQWDWLRQ�RI�(UURU�GHWHFWLRQ�&RGH��&5&���+DPPLQJ�� 2� ��

��� ,PSOHPHQWDWLRQ�RI�VOLGLQJ�ZLQGRZ�SURWRFRO�� 2� ��

��� ,PSOHPHQW�WKH�URXWLQJ�DOJRULWKP��DQ\�RQH���
2� ��

���
3URJUDPV� IRU� FRQQHFWLRQ� RULHQWHG� �7&3�� FOLHQW�VHUYHU� XVLQJ� VRFNHW�
SURJUDPPLQJ�

2� ��

���
3URJUDPV� IRU� FRQQHFWLRQ� OHVV� �8'3�� FOLHQW�VHUYHU� XVLQJ� VRFNHW
SURJUDPPLQJ�

2� ��

��� 6WXG\�RI�IROORZLQJ�'16�7RROV�ZLWK�DOO� LWV�RSWLRQV��QVORRNXS��GLJ��KRVW��
ZKRLV��

2 ��
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

���
6WXG\�RI�QHWZRUN�SURWRFRO�DQDO\]HU��:LUH�6KDUN��DQG�XQGHUVWDQGLQJ�
SDFNHW�IRUPDWV�IRU�8'3��7&3�	�$SSOLFDWLRQ�/D\HU�SURWRFROV��

2� ��

6��6WXG\��2�RSHUDWLRQDO�

,QVWUXFWLRQV�IRU�SUDFWLFDO�H[DPLQDWLRQV�DQG�WHUPZRUN��
,W�VKRXOG�FRQVLVW�RI�������H[SHULPHQWV�EDVHG�RQ�WKH�V\OODEXV�DQG�VKRXOG�EH�LPSOHPHQWHG�E\�
XVLQJ�6RFNHW�3URJUDPPLQJ��7KH�VWXG\�H[SHULPHQWV�VKRXOG�FRQVLVW�RI�VRPH�SUDFWLFDO�ZRUN�
DQG�REVHUYDWLRQV��

6WXGHQW¶V�DFWLYLWLHV�WR�EH�FRQGXFWHG��
�� *URXS�SOD\�DFWLYLWLHV�IRU�GHPRQVWUDWLRQ�RI�GDWD�OLQN�OD\HU�SURWRFROV��
�� ,QGXVWULDO�YLVLW�WR�D�QHWZRUNLQJ�EDVHG�LQGXVWU\��
�� *URXS�,QGLYLGXDO�3UHVHQWDWLRQ�DFWLYLW\�DIWHU�D�YLVLW�WR�D�QHWZRUNLQJ�EDVHG�LQGXVWU\�RU�

ODERUDWRU\��
�� ,PSOHPHQWDWLRQ�DQG�&RQILJXUDWLRQ�RI�WKH�7)73���)73�&OLHQW�6HUYHU�PRGHO��LQ�D�JURXS������

VWXGHQWV�SHU�JURXS���
�� 6HPLQDU���:HELQDU���:RUNVKRS�IRU�VWXGHQWV�E\�DQ�,QGXVWULDO�H[SHUW��

7H[WERRNV��
�� %HKURX]�$��)RURX]HQ��7&3�,3�SURWRFRO�6XLW��7DWD�0DJ�+LOO���WK(G��
�� :��5LFKDUG�6WHYHQV��3+,���8QL[�1HWZRUN�3URJUDPPLQJ�
�� .XURVH� -DPHV�)���5RVV�.HLWK�:���&RPSXWHU�1HWZRUNLQJ��$�7RS�'RZQ�$SSURDFK�� 6L[WK�

(GLWLRQ��%\�3HDUVRQ��
�� 3HWHU�/�'RUGDO��$Q�,QWURGXFWLRQ�WR�&RPSXWHU�1HWZRUNV��5HOHDVH���������

5HIHUHQFH�%RRNV��
�� $QGUHZ�6��7DQHQEDXP��3+,���&RPSXWHU�1HWZRUNV�
�� '��(��&RPHU��'DYLG�/��6WHYHQV��3HDUVRQ�(G����,QWHUQHWZRUNLQJ�ZLWK�7&3�,3��9RO��,,,��

&OLHQW�6HUYHU�3URJUDPPLQJ�DQG�$SSOLFDWLRQ���QG�(G���

2QOLQH�5HVRXUFHV��
��� KWWSV���RQOLQHFRXUVHV�QSWHO�DF�LQ�QRF��BFV���SUHYLHZ�
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

&RXUVH�3ODQ�

&RXUVH�7LWOH���6RIW�6NLOOV�/DERUDWRU\�

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

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

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

&RXUVH�'HVFULSWLRQ��
6RIW�VNLOOV�DUH�FKDUDFWHU�WUDLWV�DQG�LQWHUSHUVRQDO�VNLOOV�WKDW�FKDUDFWHUL]H�D�SHUVRQ
V�UHODWLRQVKLSV�ZLWK�
RWKHU� SHRSOH�� 7KLV� FRXUVH� LQFOXGHV� &RPPXQLFDWLRQ� VNLOOV�� :ULWLQJ� VNLOOV�� 7HFKQLTXHV� IRU� VHOI��
GHYHORSPHQW��7HDPZRUN�DQG�JURXS�GLVFXVVLRQV��7LPH�DQG�VWUHVV�PDQDJHPHQW��3URIHVVLRQDO�VNLOOV�
IRU�RYHUDOO�GHYHORSPHQW�RI�DQ�(QJLQHHU��
&RXUVH�2EMHFWLYHV��

�� 7R�PDNH�WKH�HQJLQHHULQJ�VWXGHQWV�DZDUH�RI�WKH�LPSRUWDQFH��WKH�UROH�DQG�WKH�FRQWHQW�RI�VRIW�
VNLOOV��

�� 7R�GHYHORS�DQG�QXUWXUH�VRIW�VNLOOV�RI�WKH�VWXGHQWV�WKURXJK�LQGLYLGXDO�DQG�JURXS�DFWLYLWLHV��
�� 7R�H[SRVH�VWXGHQWV�WR�ULJKW�DWWLWXGLQDO�DQG�EHKDYLRUDO�DVSHFWV�DQG�WR�EXLOG�WKH�VDPH�

WKURXJK�DFWLYLWLHV��
�� 7R�HQFRXUDJH�RYHUDOO�GHYHORSPHQW�RI�VWXGHQWV�E\�IRFXVLQJ�RQ�VRIW�VNLOOV��

&RXUVH�2XWFRPHV��&2V���

$W�WKH�HQG�RI�WKH�FRXUVH��VWXGHQWV�ZLOO�EH�DEOH�WR��

&������ (IIHFWLYHO\�XVH�VNLOOV�WR�FRPPXQLFDWH�FOHDUO\�DQG�LPSURYH�OLVWHQLQJ�DQG�ZULWLQJ�VNLOOV��
&������ 0DNH�XVH�RI�WHFKQLTXHV�IRU�VHOI�DZDUHQHVV�DQG�VHOI�GHYHORSPHQW��
&������ 8QGHUVWDQG�WKH�LPSRUWDQFH�RI�WHDPZRUN�DQG�JURXS�GLVFXVVLRQ�VNLOOV��
&������ $SSO\�WLPH�PDQDJHPHQW�DQG�VWUHVV�PDQDJHPHQW�VNLOOV��

&������ $SSO\�SURIHVVLRQDO�VNLOOV�DQG�HWKLFV�HIIHFWLYHO\�EHLQJ�DQ�(QJLQHHU��

3UHUHTXLVLWH� %DVLF�FRPPXQLFDWLRQ�DQG�ZULWLQJ�VNLOOV�LQ�(QJOLVK��
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

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

&2V�
32V� 362V�

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

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

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

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

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

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

&RQWHQWV� +RXUV�

8QLW����*HWWLQJ�6WDUWHG�ZLWK�6RIW�6NLOOV�
,QWURGXFWLRQ�WR�6RIW�6NLOOV��&RPPXQLFDWLRQ�%DVLFV��2IILFLDO�&RPPXQLFDWLRQ��2QOLQH�0HHWLQJV��
&RPSUHKHQVLRQ��5HDGLQJ�5HVHDUFK�3DSHUV��

��

8QLW����%HKDYLRUDO�6NLOOV�DQG�6HOI�'HYHORSPHQW�
&RQILGHQFH�,PSURYHPHQW��3RVLWLYH�$WWLWXGH��3RVLWLYH�7KLQNLQJ��3HUVRQDO�$FFRXQWDELOLW\��
'LYHUVLW\�$ZDUHQHVV��(PSDWK\��(PRWLRQDO�,QWHOOLJHQFH��(PRWLRQDO�4XRWLHQW��6HOI��
0DQDJHPHQW��6HOI�(YDOXDWLRQ��6HOI�'LVFLSOLQH��6HOI�$ZDUHQHVV��

��

8QLW����/HDGHUVKLS�DQG�7HDP�%XLOGLQJ�
&XOWXUH�DQG�/HDGHUVKLS��6DOLHQW�)HDWXUHV�RI�&RUSRUDWH�&XOWXUH��/HDGHUVKLS�6W\OHV��/HDGHUVKLS�
7UHQGV��7HDP�%XLOGLQJ��7\SHV�RI�7HDPV��7HDP�'HYHORSPHQW�6WDJHV��$WWULEXWHV�RI�D�
6XFFHVVIXO�7HDP��%DUULHUV�LQYROYHG��5ROH�RI�7HDP�OHDGHU��

��

8QLW����'HYHORSLQJ�:ULWLQJ�VNLOOV�
:ULWLQJ�3URSRVDOV��3URMHFW�6\QRSVLV��5HSRUW�:ULWLQJ��7HFKQLFDO�3DSHU�:ULWLQJ��:ULWLQJ�IRU�
(PSOR\PHQW��-RE�6HDUFK��&RYHU�/HWWHU��)XQFWLRQDO�DQG�&KURQRORJLFDO�5HVXPHV��3URIHVVLRQDO�
&RUUHVSRQGHQFH��

��

8QLW����6WUHVV�DQG�7LPH�0DQDJHPHQW�
6WUHVV�LQ�7RGD\µV�7LPH��3RVLWLYH�6WUHVV��1HJDWLYH�6WUHVV��7\SHV�RI�6WUHVVRUV��,GHQWLI\�WKH�
6WUHVV�6RXUFH��5HDVRQV�DQG�(IIHFWV��,GHQWLI\LQJ�6WUHVV��7KH�IRXU�$
V�RI�6WUHVV�0DQDJHPHQW��
$SSURDFKHV��$FWLRQ�RULHQWHG��(PRWLRQ�RULHQWHG�DQG�$FFHSWDQFH�RULHQWHG��
7LPH�0DQDJHPHQW��7LPH�0DQDJHPHQW�7HFKQLTXHV��

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

3DJH����RI���

8QLW����3URIHVVLRQDOLVP�
*RDO�6HWWLQJ��3ODQQLQJ�DQG�0DQDJLQJ�&DUULHU��'HYHORSLQJ�:RUN�(WKLFV��
3UHVHQWLQJ�\RXUVHOI�3URIHVVLRQDOO\��'UHVVLQJ�(WLTXHWWHV��&RUSRUDWH�*URRPLQJ�DQG�'UHVVLQJ��
(WLTXHWWH�DQG�0DQQHULVP��$OO�W\SHV�RI�(WLTXHWWHV��
7HFKQRORJ\�(WLTXHWWH��(PDLO�DQG�7HOHSKRQH�(WLTXHWWH��,QWHUYLHZ�(WLTXHWWH��
-RE�,QWHUYLHZ��7\SHV�RI�,QWHUYLHZV�DV�7HOHSKRQLF��)DFH�WR�)DFH�DQG�2QOLQH�,QWHUYLHZ��

��

7H[W�%RRNV��
�� .ULVKQD�0RKDQ�DQG�0HHUD%DQHUML��'HYHORSLQJ�&RPPXQLFDWLRQ�6NLOOV�E\�0DF0LOODQ�,QGLD�

/WG���'HOKL�
�� *DMHQGUD�6LQJK�&KDXKDQ��6DQJHHWD�6KDUPD��6RIW�6NLOOV�±�$Q�,QWHJUDWHG�$SSURDFK�WR�

0D[LPL]H�3HUVRQDOLW\��:,/(<�,1',$��,6%1�������������������
�� 7KH�$FH�RI�6RIW�6NLOOV��$WWLWXGH��&RPPXQLFDWLRQ�DQG�(WLTXHWWH�IRU�6XFFHVV��3HDUVRQ�

(GXFDWLRQ��(GLWLRQ����������
�� 3UL\DGDUVKL3DWQDLN��*URXS�'LVFXVVLRQV�DQG�,QWHUYLHZ�6NLOOV��&DPEULGJH�8QLYHUVLW\�3UHVV��

5HIHUHQFH�%RRNV��
�� (VVHQWLDOV�RI�(IIHFWLYH�&RPPXQLFDWLRQ��/XGORZ�DQG�3DQWKRQ��3UHQWLFH�+DOO�RI�,QGLD��
�� )UDQFLV�6RXQGHUDM��%DVLFV�RI�&RPPXQLFDWLRQ�,Q�(QJOLVK��0DF0LOODQ�,QGLD�/WG��
�� 6LPRQ�6ZHHQH\ʊ(QJOLVK�IRU�%XVLQHVV�&RPPXQLFDWLRQ��&DPEULGJH�8QLYHUVLW\�3UHVV��

,6%1�������������������
�� %DUXQ�.��0LWUD��3HUVRQDOLW\�'HYHORSPHQW�	�6RIW�6NLOOV��2[IRUG�3XEOLVKHUV��7KLUG�

,PSUHVVLRQ��������
�� 6KDOLQL9HUPD��'HYHORSPHQW�RI�/LIH�6NLOOV�DQG�3URIHVVLRQDO�3UDFWLFH��)LUVW�(GLWLRQ��6XOWDQ�

&KDQG��*�/��	�&RPSDQ\��������
�� 5HPHVK�6��9LVKQX�5��*���/LIH�6NLOOV�IRU�(QJLQHHUV��5LGKLPD�3XEOLFDWLRQV��)LUVW�(GLWLRQ��

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

3DJH����RI���

/LVW�RI�6HVVLRQV�

([SW��
1R��

1DPH�RI�6HVVLRQ� 6�2� +RXUV�

�� 5ROH�3OD\�DQG�'UDPD�3OD\� 2� ��

�� $WWLWXGH�$FWLYLW\� 2� ��

�� (PRWLRQDO�,QWHOOLJHQFH�DQG�(PRWLRQDO�4XRWLHQW�7HVW�
$FWLYLW\�

2 ��

�� /HDGHUVKLS�DQG�7HDP�%XLOGLQJ�$FWLYLW\� 2 ��

�� *URXS�'LVFXVVLRQ�$FWLYLW\� 2� ��

�� 'HEDWH�$FWLYLW\� 2� ��

�� 3UHVHQWDWLRQ�6NLOOV� 2� ��

�� )XQFWLRQDO�DQG�&KURQRORJLFDO�5HVXPH�ZULWLQJ� 2� ��

�� 3URIHVVLRQDO�&RUUHVSRQGHQFH� 2� ��

��� 6WUHVV�0DQDJHPHQW�$FWLYLW\� 2� ��

��� 7LPH�0DQDJHPHQW�$FWLYLW\� 2� ��

��� 3URIHVVLRQDO�(WLTXHWWHV� 6� ��

��� ,QWHUYLHZ�$FWLYLW\� 2� ��

ٳ 6�6WXG\��2�2SHUDWLRQDO�

ٳ 1RWH��7KH�LQVWUXFWRU�PD\�FKRRVH�PLQLPXP����6HVVLRQV�IURP�6HVVLRQ�1R����WR�����
7HUP�ZRUN��

�� 9DULRXV�DFWLYLWLHV�WR�EH�WDNHQ�EDVHG�RQ�DVVLJQPHQWV�OLNH�VHOI�LQWURGXFWLRQ��UROH�SOD\��JURXS�
GLVFXVVLRQV��SUHVHQWDWLRQV�DQG�WHDP�DFWLYLW\�HWF��

�� 0XOWLSOH�VHW�RI�DFWLYLW\�EDVHG�DVVLJQPHQWV�FDQ�EH�SUHSDUHG�WR�DOORZ�PXOWLSOH�VNLOOV�H[SRVXUH�
IRU�WHDP�EXLOGLQJ��YDOXH�VKDULQJ��OHDGHUVKLS�DQG�UROH�SOD\��



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

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

3DJH����RI���

�� )DFXOW\�PD\� DUUDQJH� RQH� RU� PRUH� VHVVLRQV� IURP� IROORZLQJ�� \RJD� DQG�PHGLWDWLRQ�� VWUHVV�
PDQDJHPHQW�� UHOD[DWLRQ� H[HUFLVHV� DQG� ILWQHVV� H[HUFLVHV�� 7LPH�PDQDJHPHQW� DQG� SHUVRQDO�
SODQQLQJ�VHVVLRQV��

�� &RQWLQXRXV�DVVHVVPHQW�RI�ODERUDWRU\�ZRUN�LV�WR�EH�GRQH�EDVHG�RQ�RYHUDOO�SHUIRUPDQFH�DQG�
ODE�DVVLJQPHQW�SHUIRUPDQFH�RI�WKH�VWXGHQW��

2QOLQH�5HVRXUFHV��
��� KWWSV���RQOLQHFRXUVHV�QSWHO�DF�LQ�QRF��BKV���SUHYLHZ�
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�$FDGHPLF<HDU����������

3DJH����RI���

&RXUVH�3ODQ�

&RXUVH�7LWOH��3UREDELOLW\�DQG�6WDWLVWLFV�

&RXUVH�&RGH�����'6/���� 6HPHVWHU��,9�

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

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

&RXUVH�'HVFULSWLRQ��
7KLV�FRXUVH�SOD\V�LPSRUWDQW�UROH�LQ�'DWD�6FLHQFH��7KLV�FRXUVH�SURYLGHV�IXQGDPHQWDOV�RI�SUREDELOLW\�
DQG�VWDWLVWLFV�ZKLFK�UHTXLUHG�IRU�'DWD�6FLHQFH��7KLV�FRXUVH�IRFXVHV�RQ�GLVSHUVLRQ�DQG�PHDVXUH�RI�
FHQWUDO� WHQGHQF\�� WHVWLQJ� K\SRWKHVLV�� FRUUHODWLRQ� DQG� UHJUHVVLRQ�� SUREDELOLW\� GLVWULEXWLRQ� DQG�
UHFXUUHQFH�UHODWLRQ��

&RXUVH�2EMHFWLYHV��
�� 7R� LQWURGXFH� VWXGHQWV� WR� XQGHUVWQG�� H[SODLQ� DQG� DSSO\� WKH� IXQGPHQWDO� SUREDELOLW\� DQG�

VWDWLVWLFDO�FRQFHSWV�DW�WKH�FRUH�RI�FRPSXWHU�VFLHQFH�
�� 7R�XQGHUVWDQG�XVH�RI�FRQFHSWV�RI�VWDWDLVWLFV��PHDVXUHV�RI�GLVSHUVLRQ�
�� 7R�OHDUQ�WKH�IXQGDPHQWDO�WKHRU\�RI�WHVWLQJ�K\SRWKHVLV�DQG�VDPSOH�WHVWV�
�� 7R�OHDUQ�WKH�FRQFHSWV�RI�FRUUHODWLRQ��UHJUHVVLRQ�DQG�FXUYH�ILWWLQJ�
�� 7R�XQGHUVWDQG�XVH�RI�UHFXUUHQFH�UHODWLRQ�

&RXUVH�2XWFRPHV�&2V��$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�EH�DEOH�WR�

&����� $SSO\� WKH�NQRZOHGJH� WR� VWXG\� WKH�GDWD�JLYHQ�ZLWK� UHVSHFW� WR�GLVSHUVLRQ� DQG�PHDVXUH�RI�
FHQWUDO�WHQGHQF\��

&����� 8QGHUVWDQG�WHVWV�IRU�K\SRWKHVLV�DQG�LWV�VLJQLILFDQFH��
&����� 'HVFULEH�WKH�VWDWLVWLFDO�GDWD�QXPHULFDOO\�E\�XVLQJ�FRUUHODWLRQ��UHJUHVVLRQ�DQG�FXUYH�ILWWLQJV�
&����� 6ROYH� EDVLF� SUREOHPV� LQ� SUREDELOLW\� WKHRU\�� LQFOXGLQJ� SUREOHPV� LQYROYLQJ� WKH� ELQRPLDO��

SRLVVRQ��DQG�QRUPDO�GLVWULEXWLRQV��

&����� $SSO\� WKH�UHFXUUHQFH�UHODWLRQ� WR� VROYH�WKH�FRXQWLQJ�SUREOHPPV�DQG�SURJUDPPH�DQDO\VLV�
SUREOHPV��

3UHUHTXLVLWH� %DVLF�3UREDELOLW\�7KHRU\�
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6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

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

&2V�
32V� 362V�

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

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

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

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

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

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

&RQWHQW� +RXUV

8QLW���)UHTXHQF\�GLVWULEXWLRQ�DQG�PHDVXUH�RI�FHQWUDO�7HQGHQF\�
)UHTXHQF\�GLVWULEXWLRQ��&RQWLQXRXV�IUHTXHQF\�GLVWULEXWLRQ��*UDSKLFDO�UHSUHVHQWDWLRQ�RI�D�
)UHTXHQF\� GLVWULEXWLRQ��+LVWRJUDP�� IUHTXHQF\� SRO\JRQ�� 0HDVXUH� RI� FHQWUDO� WHQGHQF\�
$ULWKPHWLF�PHDQ��PHGLDQ�DQG�PRGH��5DQJH��4XDUWLOH�GHYLDWLRQ��0HDQ�GHYLDWLRQ��6WDQGDUG
GHYLDWLRQ�

��

8QLW���7HVWLQJ�RI�K\SRWKHVLV�
,QWURGXFWLRQ��6WDWLVWLFDO�K\SRWKHVLV��6LPSOH�DQG�&RPSRVLWH���1XOO�K\SRWKHVLV��$OWHUQDWLYH�
K\SRWKHVLV��&ULWLFDO� UHJLRQ��7\SH� ,�DQG�7\SH� ,,�HUURUV��/HYHO� RI�VLJQLILFDQFH��7HVW� IRU
JRRGQHVV�RI�ILW�RI�FKL�VTXDUH�GLVWULEXWLRQ�

��

8QLW���&RUUHODWLRQ�DQG�5HJUHVVLRQ�
,QWURGXFWLRQ�� 7\SHV� RI� FRUUHODWLRQ�� .DUO� 3HDUVRQ¶V� FRHIILFLHQW� RI� FRUUHODWLRQ�
,QWHUSUHWDWLRQ�RI�WKH�FRHIILFLHQWV�RI�FRUUHFWLRQV��&RPSXWDWLRQ�RI� FRHIILFLHQW�RI�FRUUHODWLRQ�
IRU�XQJURXS�GDWD��/LQHV�RI�UHJUHVVLRQ���&DOFXODWLRQV�RI�HTXDWLRQV�RI�WKH�OLQHV�RI�UHJUHVVLRQ

��

8QLW���3UREDELOLW\�'LVWULEXWLRQ�)XQFWLRQV�
,QWURGXFWLRQ��(OHPHQWDU\� WKHRU\�RI� SUREDELOLW\��5DQGRP�YDULDEOHV�'LVFUHWH� SUREDELOLW\
GLVWULEXWLRQ�&RQWLQXRXV� SUREDELOLW\� GLVWULEXWLRQ�� %LQRPLDO� GLVWULEXWLRQ�� 3RLVVRQ
GLVWULEXWLRQ��1RUPDO�GLVWULEXWLRQ��

��

8QLW� �� 5HFXUUHQFH� 5HODWLRQ�� ,QWURGXFWLRQ�� 'HILQLWLRQ� RI� UHFXUUHQFH� UHODWLRQ�� /LQHDU�
UHFXUUHQFH�UHODWLRQ�ZLWK�FRQVWDQW�FRHIILFLHQWV��&RQVWUXFWLRQ�RI�UHFXUUHQFH�UHODWLRQ��

��
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3DJH����RI���

6ROXWLRQ�RI�UHFXUUHQFH�UHODWLRQ��+RPRJHQHRXV�DQG�QRQ�KRPRJHQHRXV��6ROXWLRQ�RI�
KRPRJHQHRXV�DQG�QRQ�KRPRJHQHRXV�UHFXUUHQFH�UHODWLRQ�

8QLW���&XUYH�)LWWLQJ�
)LWWLQJ�RI�FXUYH�E\�PHWKRG�RI�OHVW�VTXDUHV��)LWWLQJ�RI�VWUDLJKW�OLQHV��)LWWLQJ�RI�H[SRQHQWLDO�
FXUYH��)LWWLQJ�RI�VHFRQG�GHJUHH�SDUDEROLF�FXUYH�

��

7H[W�%RRNV��
�� :DOSROH��0\HUV��0\HUV��<H��3UREDELOLW\�DQG�6WDWLVWLFV�IRU�(QJLQHHUV�DQG�6FLHQWLVWV��3HDUVRQ�

(GXFDWLRQ�,QF����WK�(GLWLRQ��������,6%1��������������������
�� 1XPHULFDO�0HWKRGV�LQ�(QJLQHHULQJ�DQG�6FLHQFH��E\�'U��%��6��*UHZDO�

5HIHUHQFH�%RRNV��
�� 'RXJODV�&�0RQWJRPHU\��*HRUJH�&�5XQJHU��$SSOLHG�VWDWLVWLFV�DQG�3UREDELOLW\�IRU�(QJLQHHUV��

:LOH\�$VLD�6WXGHQW�(GLWLRQ���WK�(GLWLRQ��������,6%1�����������������
�� 5LFKDUG�,�/HYLQ��'DYLG�6�5XELQ��6WDWLVWLFV�IRU�0DQDJHPHQW��3UHQWLFH�+DOO�,QGLD���WK�(GLWLRQ��

������,6%1�����������������
�� 3XUQD�&KDQGUD�%LVZDO��3UREDELOLW\�DQG�6WDWLVWLFV��3+,�/HDUQLQJ�3ULYDWH�/LPLWHG��(DVWHUQ�

(FRQRP\�(GLWLRQ��������,6%1��������������������

/LVW�RI�7XWRULDO�

6U��1R� 7LWOH�RI�7XWRULDO� +RXUV�

��� 0HDVXUH�RI�&HQWUDO�7HQGHQF\� ��

��� 7HVWLQJ�RI�+\SRWKHVLV� ��

��� &RPSXWDWLRQ�RI�&RUUHFWLRQ� ��

��� /LQHV�RI�5HJUHVVLRQ� ��

���
3UREDELOLW\�'LVWULEXWLRQ��%LQRPLDO�'LVWULEXWLRQ�DQG�3RLVVRQ�

'LVWULEXWLRQ�

��

��� 3UREDELOLW\�'LVWULEXWLRQ��1RUPDO�'LVWULEXWLRQ� ��

��� 5HFXUUHQFH�5HODWLRQ� ��

��� &XUYH�)LWWLQJ� ��

���
)LWWLQJ�RI�)LUVW�DQG�6HFRQG�'HJUHH�&XUYH�8VLQJ�

6&,/$%�0$7/$%�

��

���� 0HDVXUH�RI�&HQWUDO�7HQGHQF\�8VLQJ�6&,/$%�0$7/$%� ��
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

&RXUVH�3ODQ�

&RXUVH�7LWOH��2SHUDWLQJ�6\VWHPV�

&RXUVH�&RGH�����'6/���� 6HPHVWHU��,9�

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

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

&RXUVH�'HVFULSWLRQ��
7KLV� FRXUVH� SURYLGHV� FRPSUHKHQVLYH� RYHUYLHZ� RI� FRPSXWHU� RSHUDWLQJ� V\VWHPV�� ,W� FRYHUV� WKH�
IRXQGDWLRQ�FRPSRQHQWV��FODVVLFDO�LQWHUQDO�DOJRULWKPV��DQG�VWUXFWXUHV�RI�RSHUDWLQJ�V\VWHPV��LQFOXGLQJ�
SURFHVV�VFKHGXOLQJ��PHPRU\�PDQDJHPHQW�DQG�,2�PDQDJHPHQW��

&RXUVH�2EMHFWLYHV��
�� 7R�OHDUQ�WKH�EDVLF�FRQFHSWV�RI�RSHUDWLQJ�V\VWHP��VHUYLFHV�DQG�RSHUDWLRQV�LQ�WKH�RSHUDWLQJ�

V\VWHP��
�� 7R�H[SRVH�WKH�VWXGHQWV�WR�YDULRXV�IXQFWLRQV�RI�WKH�RSHUDWLQJ�V\VWHP�DQG�WKHLU�XVDJH��
�� 7R�PDNH�WKH�VWXGHQWV�XQGHUVWDQG�SURFHVV�PDQDJHPHQW��PHPRU\�PDQDJHPHQW�DQG�,�2�GHYLFH�

0DQDJHPHQW��
�� 7R� SURYLGH� NQRZOHGJH� WR� WKH� VWXGHQWV� DERXW� WKH� IXQGDPHQWDO� DUFKLWHFWXUH� RI�81,;� DQG�

RSHUDWLQJ�V\VWHP�NHUQHO��

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

&������ 8QGHUVWDQG�WKH�VWUXFWXUH��IXQFWLRQV�DQG�VHUYLFHV�RI�DQ�RSHUDWLQJ�V\VWHP��

&������ 'HVFULEH�WKH�PHWKRGV�RI�SURFHVV�PDQDJHPHQW��SURFHVV�V\QFKURQL]DWLRQ�DQG�GHDGORFNV�

&������
'HPRQVWUDWH� WKH� YDULRXV� PHPRU\� PDQDJHPHQW� DQG� ,�2� PDQDJHPHQW� WHFKQLTXHV� LQ�
HIIHFWLYH�H[HFXWLRQ�RI�SURJUDPV��

&������ $QDO\VH�WKH�SURFHVV�VFKHGXOLQJ��PHPRU\�PDQDJHPHQW�DQG�,�2�PDQDJHPHQW�WHFKQLTXHV�

3UHUHTXLVLWH� )XQGDPHQWDO�NQRZOHGJH�RI�FRPSXWHU��&�SURJUDPPLQJ��'DWD�6WUXFWXUH�
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

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

&2V�
32V� 362V�

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

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

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

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

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

&RQWHQW� +RXUV

8QLW����,QWURGXFWLRQ�
(YROXWLRQ� RI� RSHUDWLQJ� V\VWHPV�� 7\SHV� RI� RSHUDWLQJ� V\VWHPV�� 'LIIHUHQW� YLHZV� RI� WKH
RSHUDWLQJ�V\VWHP��7KH�MRXUQH\�RI�D�FRPPDQG�H[HFXWLRQ��2YHUYLHZ�RI�GHVLJQ�DQG�
LPSOHPHQWDWLRQ�RI�RSHUDWLQJ�V\VWHPV��

��

8QLW����3URFHVV�0DQDJHPHQW�	�6\QFKURQL]DWLRQ�
3URFHVV� &RQFHSW�� 2SHUDWLRQV� RQ� 3URFHVVHV�� ,QWHUSURFHVV� &RPPXQLFDWLRQ�� 7KUHDGV�
3URFHVV� 6\QFKURQL]DWLRQ� �� 5DFH� &RQGLWLRQV�� &ULWLFDO� 6HFWLRQV�� 6\QFKURQL]DWLRQ�
$SSURDFKHV��&ODVVLF�3URFHVV�6\QFKURQL]DWLRQ�3UREOHPV��6HPDSKRUHV��0RQLWRUV��

��

8QLW����3URFHVV�6FKHGXOLQJ�	�'HDGORFN�
6FKHGXOLQJ�7HUPLQRORJ\�DQG�&RQFHSWV��1RQSUHHPSWLYH�6FKHGXOLQJ�3ROLFLHV��3UHHPSWLYH�
6FKHGXOLQJ� 3ROLFLHV�� 3URFHVV� 6FKHGXOLQJ� �� &DVH� 6WXGLHV�� 'HDGORFNV� �� 'HDGORFNV� LQ
5HVRXUFH� $OORFDWLRQ�� +DQGOLQJ� 'HDGORFNV�� 'HDGORFN� 'HWHFWLRQ� DQG� 5HVROXWLRQ��
'HDGORFN�3UHYHQWLRQ��'HDGORFN�$YRLGDQFH��

��

8QLW���� 0HPRU\�0DQDJHPHQW�
0DQDJLQJ� WKH�0HPRU\� +LHUDUFK\�6WDWLF� DQG� '\QDPLF�0HPRU\� $OORFDWLRQ�� 0HPRU\
$OORFDWLRQ� WR� D� 3URFHVV�� &RQWLJXRXV� 0HPRU\� $OORFDWLRQ�1RQFRQWLJXRXV� 0HPRU\
$OORFDWLRQ��3DJLQJ��6HJPHQWDWLRQ��9LUWXDO�0HPRU\�'HPDQG�3DJLQJ��3DJH�5HSODFHPHQW
3ROLFLHV��

��

8QLW���� )LOH�6\VWHPV�DQG�,�2�0DQDJHPHQW�
2YHUYLHZ�RI�)LOH�3URFHVVLQJ�)LOHV�DQG�)LOH�2SHUDWLRQV�)XQGDPHQWDO�)LOH�2UJDQL]DWLRQV�
DQG�$FFHVV�0HWKRGV�'LUHFWRULHV��/D\HUV�RI�WKH�,QSXW�2XWSXW�&RQWURO�6\VWHP��2YHUYLHZ
RI�,�2�2UJDQL]DWLRQ��,�2�'HYLFHV��'HYLFH�'ULYHUV��

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

3DJH����RI���

8QLW���� 8QL[�2SHUDWLQJ�6\VWHP��&DVH�6WXG\��
6\VWHP�VWUXFWXUH�� 8VHU� SHUVSHFWLYH�� $UFKLWHFWXUH� RI� WKH� 81,;� RSHUDWLQJ� V\VWHP��
,QWURGXFWLRQ�WR�V\VWHP�FRQFHSWV��.HUQHO�GDWD�VWUXFWXUHV��V\VWHP�DGPLQLVWUDWLRQ��6\VWHP�
FDOOV�IRU�WKH�ILOH�V\VWHP�LQWURGXFWLRQ��1HWZRUN�EDVHG�2SHUDWLQJ�6\VWHPV��

��

7H[W�%RRNV��
�� 0LODQ�0LOHQNRYLF�� 2SHUDWLQJ� V\VWHPV� FRQFHSWV� DQG� GHVLJQ�� 0F*5$:�+LOO�� �QG� HGLWLRQ��

>8QLW��@�
�� 6LOEHUVFKDW]��*DOYLQ��*DJQH��2SHUDWLQJ�V\VWHP�FRQFHSW��:LOH\�,QGLD���WKHGLWLRQ�>8QLW�����@�
�� 'KDQDQMD\�0�'KDPGKHUH��2SHUDWLQJ�V\VWHPV���$�&RQFHSW�%DVHG�DSSURDFK��0F�*UDZ�+LOO��

�UG�(GLWLRQ��>8QLW���WR��@�
�� 0DXULFH�-��%DFK��7KH�GHVLJQ�RI�8QL[�2SHUDWLQJ�6\VWHP��3+,��>8QLW��@�

5HIHUHQFH�%RRNV��
�� :LOOLDP�6WDOOLQJV��2SHUDWLQJ�6\VWHPV��,QWHUQDOV�DQG�'HVLJQ�3ULQFLSOHV��3HDUVRQ��WK�HGLWLRQ�
�� $QGUHZ�6��7DQHQEDXP��0RGHUQ�2SHUDWLQJ� 6\VWHPV�� 3HDUVRQ�(GXFDWLRQ� ,QWHUQDWLRQDO�� �WK

HGLWLRQ��
�� $FK\XW�6��*RGEROH��2SHUDWLQJ�6\VWHP�ZLWK�FDVH�VWXGLHV�LQ�81,;��1HWZDUH�DQG�:LQGRZV�

17��70*+��

2QOLQH�5HVRXUFHV��
��� KWWSV���QSWHO�DF�LQ�FRXUVHV���������������������
��� KWWSV���QSWHO�DF�LQ�FRXUVHV��������������������
��� KWWSV���ZZZ�FVH�LLWE�DF�LQ�aP\WKLOL�RV��



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

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

3DJH����RI���

&RXUVH�3ODQ�
&RXUVH�7LWOH��&RPSXWHU�$OJRULWKPV

&RXUVH�&RGH�����'6/���� 6HPHVWHU��,9�

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

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

&RXUVH�'HVFULSWLRQ�
7KLV�FRXUVH�LQWURGXFHV�EDVLF�PHWKRGV�IRU�WKH�GHVLJQ�DQG�DQDO\VLV�RI�HIILFLHQW�DOJRULWKPV��'LIIHUHQW�
DOJRULWKPV�IRU�D�JLYHQ�FRPSXWDWLRQDO�WDVN�DUH�SUHVHQWHG�DQG�WKHLU�UHODWLYH�PHULWV�HYDOXDWHG�EDVHG�RQ�
SHUIRUPDQFH� PHDVXUHV�,W� LQWURGXFHV� WKH� IXQGDPHQWDO� WHFKQLTXHV� IRU� GHVLJQLQJ� DQG� DQDO\VLQJ�
DOJRULWKPV�� LQFOXGLQJ� DV\PSWRWLF� DQDO\VLV�� GLYLGH�DQG�FRQTXHU� DOJRULWKPV�� JUHHG\� DOJRULWKPV��
G\QDPLF� SURJUDPPLQJ�� WUDYHUVDO� PHWKRGV� DQG� HYHQ� EDFNWUDFNLQJ� DSSURDFK�� ,W� DOVR� SURYLGHV�
LQWURGXFWLRQ�WR�13�FRPSOHWHQHVV��

&RXUVH�2EMHFWLYHV��
�� 7R�LQWURGXFH�DOJRULWKP�GHVLJQ�PHWKRGV���WHFKQLTXHV�ZLWK�DQDO\VLV�
�� 7R�GHYLVH�DOJRULWKP�IRU�JLYHQ�SUREOHP�VWDWHPHQW�DQG�FRPSXWH�LWV�FRPSOH[LW\
�� 7R�LQWURGXFH�FRPSOH[�FRPSXWDWLRQDO�SUREOHPV

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

&������ 8QGHUVWDQG�DQG�GHPRQVWUDWH�DOJRULWKP�GHVLJQ�PHWKRGV�ZLWK�DQDO\VLV��

&������
'HYLVH�DOJRULWKP�IRU�JLYHQ�SUREOHP�VWDWHPHQW�DQG�DQDO\VH�LWV�VSDFH�DQG�WLPH�FRPSOH[LW\�
E\�XVLQJ�UHFXUUHQFH�UHODWLRQ��

&������ &DWHJRUL]H�WKH�SUREOHP�WR�GHWHUPLQH�SRO\QRPLDO�DQG�QRQ�SRO\QRPLDO�EDVHG�RQ�LWV�QDWXUH��

3UHUHTXLVLWH� 'DWD�6WUXFWXUHV��'LVFUHWH�0DWKHPDWLFV��(QJLQHHULQJ�0DWKHPDWLFV��3URJUDPPLQJ
&RQFHSWV�
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

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

&2V�
32V� 362V�

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

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

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

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

&RQWHQWV +RXUV
8QLW� ���'LYLGH� DQG�&RQTXHU� :KDW� LV�DOJRULWKP��$OJRULWKP�6SHFLILFDWLRQ��5HFXUUHQFH�
UHODWLRQV�� 3HUIRUPDQFH� $QDO\VLV�� 5DQGRPL]HG� $OJRULWKPV�� 'LYLGH� DQG� &RQTXHU�� 7KH�
JHQHUDO�PHWKRG��%LQDU\�VHDUFK��)LQGLQJ�WKH�PD[LPXP�DQG�PLQLPXP��0HUJH�VRUW��4XLFN
VRUW��'&�6HOHFWLRQ�$OJRULWKP��DQDO\VLV�RI�'LYLGH�DQG�&RQTXHU�DOJRULWKPV�

�

8QLW �� 7KH *UHHG\ 0HWKRG� 7KH�JHQHUDO�PHWKRG��.QDSVDFN�SUREOHP�� -RE�VHTXHQFLQJ�
ZLWK�GHDGOLQHV��PLQLPXP�FRVW�VSDQQLQJ�WUHHV�±�3ULP¶V�DQG�.UXVNDO¶V�$OJRULWKPV��2SWLPDO
VWRUDJH�RQ�WDSHV��2SWLPDO�PHUJH�3DWWHUQV��6LQJOH�VRXUFH�VKRUWHVW�SDWKV�

�

8QLW �� '\QDPLF 3URJUDPPLQJ� 7KH�JHQHUDO�PHWKRG��0XOWLVWDJH�JUDSKV��$OO�SDLU�VKRUWHVW
SDWKV������NQDSVDFN��5HOLDELOLW\�GHVLJQ��7UDYHOLQJ�6DOHV�SHUVRQ�SUREOHP�

�

8QLW�����%DVLF�7UDYHUVDO�DQG�6HDUFK�7HFKQLTXHV��7HFKQLTXHV�IRU�%LQDU\�7UHHV��*DPH�
7UHH��7HFKQLTXHV� IRU�*UDSKV�±�%UHDGWK�)LUVW�6HDUFK�	�7UDYHUVDO��'HSWK�)LUVW�6HDUFK�	�
7UDYHUVDO�� $1'�25� JUDSKV��&RQQHFWHG� FRPSRQHQWV� DQG� 6SDQQLQJ� 7UHHV�� %L�FRQQHFWHG
FRPSRQHQWV�DQG�GHSWK�ILUVW�VHDUFK�

�

8QLW����%DFNWUDFNLQJ��7KH�JHQHUDO�PHWKRG����TXHHQ�SUREOHP��VXP�RI�VXEVHWV��.QDSVDFN
3UREOHP��+DPLOWRQLDQ�&\FOH��DQG�*UDSK�&RORULQJ�

�

8QLW����13�+DUG�DQG�13�&RPSOHWH�3UREOHPV��%DVLF�&RQFHSWV��,QWURGXFWLRQ�WR�13�+DUG
*UDSK�3UREOHPV�

�

&DVH�6WXG\��6WXG\�RI�WZR�0DFKLQH�/HDUQLQJ�$OJRULWKPV�DORQJ�ZLWK�WKH�WLPH�DQG�VSDFH
FRPSOH[LWLHV�RI�WKH�WZR�

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

3DJH����RI���

7H[W�%RRNV�
�� (OOLV�+RURZLW]��6DWUDM6DKDQL��6DJXWKHYDU5DMDVHMDUDQ��)XQGDPHQWDOV�RI�&RPSXWHU�

$OJRULWKPV�8QLYHUVLWLHV�3UHVV��6HFRQG�(GLWLRQ��$OO�8QLWV�

5HIHUHQFH�%RRNV�
�� *LOOHV�%UDVVDUG��3DXO�%UDWOH\��)XQGDPHQWDOV�RI�$OJRULWKPLFV��3HDUVRQ�(GXFDWLRQ
�� .\OH�/RXGRQ��0DVWHULQJ�$OJRULWKPV�ZLWK�&��63'�2¶5HLOO\
�� $OOHQ�9DQ�*HOGHU���6DUD�%DDVH��&RPSXWHU�$OJRULWKPV��,QWURGXFWLRQ�WR�'HVLJQ�DQG�

$QDO\VLV��3HDUVRQ�(GXFDWLRQ
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

&RXUVH�3ODQ�

&RXUVH�7LWOH��)XQGDPHQWDOV�RI�'DWD�6FLHQFH�

&RXUVH�&RGH�����'6/���� 6HPHVWHU��,9�

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

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

&RXUVH�'HVFULSWLRQ��
7KLV�FRXUVH�LV�IRU�VWXGHQWV�ZLWK�EDVLF�SURJUDPPLQJ�DQG�GDWD�VWUXFWXUH�EDFNJURXQG��7KH�DLP�LV�WR�
PDNH�WKHP�DEUHDVW�ZLWK�FRPPRQ�WRROV�XVHG�IRU�'DWD�6FLHQFH�DSSOLFDWLRQ�GHYHORSPHQW��,W�VHUYHV�DV�
DQ�LQWURGXFWLRQ�WR�WKH�EDVLFV�RI�GDWD�VFLHQFH�LQFOXGLQJ�SURJUDPPLQJ�IRU�GDWD�DQDO\WLFV��

&RXUVH�2EMHFWLYHV��
�� 7R�SURYLGH�WKH�VWXGHQWV�ZLWK�WKH�EDVLF�NQRZOHGJH�RI�'DWD�6FLHQFH��
�� 7R�PDNH�WKH�VWXGHQWV�GHYHORS�VROXWLRQV�XVLQJ�'DWD�6FLHQFH�WRROV��
�� 7R�LQWURGXFH�WKHP�WR�3\WKRQ�SDFNDJHV�DQG�WKHLU�XVDELOLW\��

&RXUVH�2XWFRPHV��&2V���

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

&������ 6XPPDUL]H�WKH�EDVLFV�RI�GDWD�VFLHQFH�DQG�LWV�SURFHVV��
&������ &RQVWUXFW�VROXWLRQ�WR�D�JLYHQ�SUREOHP�XVLQJ�NQRZOHGJH�RI�WRROV�IRU�'DWD�6FLHQFH��
&������ %XLOG�D�VROXWLRQ�WR�D�JLYHQ�SUREOHP�XVLQJ�1XP3\SDFNDJH�H��
&������ ([SODLQ�IXQFWLRQV�RI�3\WKRQ�OLEUDULHV��

3UHUHTXLVLWH� .QRZOHGJH�RI�6WDWLVWLFV��'DWD�6WUXFWXUHV�DQG�$OJRULWKPV��
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6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

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

&2V�
32V� 362V�

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

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

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

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

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

&RQWHQW� +RXUV

8QLW���'DWD�6FLHQFH�DQG�,WV�6FRSH��:KDW�,V�'DWD�6FLHQFH��'DWD�6FLHQFH�DQG�6WDWLVWLFV��5ROH�RI�
6WDWLVWLFV�LQ�'DWD�6FLHQFH��$�%ULHI�+LVWRU\��'LIIHUHQFH�EHWZHHQ�'DWD�6FLHQFH�DQG�'DWD�$QDO\WLFV��
.QRZOHGJH�DQG�6NLOOV�IRU�'DWD�6FLHQFH�3URIHVVLRQDOV��6RPH�7HFKQRORJLHV�XVHG�LQ�'DWD�6FLHQFH��
%HQHILWV�DQG�XVHV�RI�GDWD�VFLHQFH��)DFHWV�RI�GDWD��

��

8QLW� ��� 7KH� GDWD� VFLHQFH� SURFHVV��2YHUYLHZ�� 'HILQLQJ� UHVHDUFK� JRDOV� DQG� FUHDWLQJ� D� SURMHFW�
FKDUWHU��5HWULHYLQJ�GDWD��&OHDQVLQJ��LQWHJUDWLQJ��DQG�WUDQVIRUPLQJ�GDWD��([SORUDWRU\�GDWD�DQDO\VLV��
%XLOG�WKH�PRGHOV��3UHVHQWLQJ�ILQGLQJV�DQG�EXLOGLQJ�DSSOLFDWLRQV�RQ�WRS�RI�WKHP��

��

8QLW� ��� 'DWD� $QDO\VLV� 7RROV� IRU�'DWD� 6FLHQFH� DQG� $QDO\WLFV��'DWD� $QDO\VLV� 8VLQJ� ([FHO��
,QWURGXFWLRQ��*HWWLQJ�6WDUWHG�ZLWK�([FHO��)RUPDW�'DWD�DV�D�7DEOH��)LOWHU�DQG�6RUW��3HUIRUP�6LPSOH�
&DOFXODWLRQV��'DWD�0DQLSXODWLRQ�6RUWLQJ� DQG�)LOWHULQJ�'DWD�'HULYHG�'DWD��+LJKOLJKWLQJ�'DWD��
$JJUHJDWLQJ�'DWD��&RXQW��7RWDO�6XP�%DVLF�&DOFXODWLRQ�XVLQJ�([FHO��$QDO\]LQJ�'DWD�XVLQJ�3LYRW�
7DEOH�3LYRW�&KDUW��'HVFULSWLYH�6WDWLVWLFV�XVLQJ�([FHO��9LVXDOL]LQJ�'DWD�XVLQJ�([FHO�&KDUWV�DQG�
*UDSKV��9LVXDOL]LQJ�&DWHJRULFDO�'DWD��%DU�&KDUWV��3LH�&KDUWV��&URVV�7DEXODWLRQ�� ([SORULQJ�WKH
5HODWLRQVKLS�EHWZHHQ�7ZR�DQG�7KUHH�9DULDEOHV��6FDWWHU�3ORW�%XEEOH�*UDSK�DQG�7LPH�6HULHV�3ORW�

��

8QLW����,QWURGXFWLRQ�WR�1XP3\�&UHDWLQJ�$UUD\V�IURP�6FUDWFK��1XP3\�6WDQGDUG�'DWD�7\SHV��7KH�
%DVLFV� RI� 1XP3\� $UUD\V�� $UUD\� ,QGH[LQJ�� VOLFLQJ�� UHVKDSLQJ�� &RQFDWHQDWLRQ�� VSOLWWLQJ��
&RPSXWDWLRQ� RQ� 1XP3\� $UUD\V�� 8QLYHUVDO� )XQFWLRQV�� $JJUHJDWLRQV�� 0LQ�� 0D[�� &RPSDULVRQ
RSHUDWRU��%RROHDQ�DUUD\V��

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

3DJH����RI���

8QLW� ��� 'DWD� 0DQLSXODWLRQ� ZLWK� 3DQGDV�� ,QWURGXFLQJ� 3DQGDV� 2EMHFWV�� 'DWD� ,QGH[LQJ� DQG�
6HOHFWLRQ�� 2SHUDWLQJ� RQ� 'DWD� LQ� 3DQGDV�� +DQGOLQJ� 0LVVLQJ� 'DWD�� +LHUDUFKLFDO� ,QGH[LQJ��
&RPELQLQJ�'DWDVHWV��&RQFDW�DQG�$SSHQG��&RPELQLQJ�'DWDVHWV��0HUJH�DQG�-RLQ��$JJUHJDWLRQ�DQG
*URXSLQJ��3LYRW�7DEOHV�

��

8QLW� ��� 9LVXDOL]DWLRQ� ZLWK�0DWSORWOLE��*HQHUDO� 0DWSORWOLE� 7LSV�� 6LPSOH� /LQH� 3ORWV�� 6LPSOH�
6FDWWHU�3ORWV��9LVXDOL]LQJ�(UURUV��'HQVLW\�DQG�&RQWRXU�3ORWV��+LVWRJUDPV��%LQGLQJV��DQG�'HQVLW\��

��

7H[W�%RRNV��
�� 'DY\�&LHOHQ��$UQR�'��%��0H\VPDQ��0RKDPHG�$OL��³,QWURGXFLQJ�'DWD�6FLHQFH´�0DQQLQJ�

3XEOLFDWLRQV�>8QLW���DQG��@�
�� -DNH�9DQGHU3ODV��³3\WKRQ�'DWD�6FLHQFH�+DQGERRN��(VVHQWLDO�7RROV�IRU�:RUNLQJ�ZLWK�'DWD´��

2¶5(,//<�3XEOLFDWLRQ�>8QLW������@�
�� '5�$PDU6DKD\��³(VVHQWLDOV�RI�'DWD�6FLHQFH�DQG�$QDO\WLFV´��2¶5(,//<�3XEOLFDWLRQ�>8QLW�

��DQG��@�

5HIHUHQFH�%RRNV��
�� 'DWD�6FLHQFH�IURP�6FUDWFK��)LUVW�3ULQFLSOHV�ZLWK�3\WKRQ��2ெ5HLOO\�0HGLD��������
�� *OHQQ�-��0\DWW�-RKQ��0DNLQJ�VHQVH�RI�'DWD��$�SUDFWLFDO�*XLGH�WR�([SORUDWRU\�'DWD�$QDO\VLV�

DQG�'DWD�0LQLQJ��:LOH\�3XEOLVKHUV��������

2QOLQH�5HVRXUFHV��
��� KWWSV���QSWHO�DF�LQ�FRXUVHV��������������������
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

&RXUVH�3ODQ

&RXUVH�7LWOH��7KHRU\�RI�&RPSXWDWLRQV�

&RXUVH�&RGH�����'6/���� 6HPHVWHU��,9�

7HDFKLQJ�6FKHPH�������� &UHGLWV����

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

&RXUVH�'HVFULSWLRQ��
7KH�FRXUVH� LQWURGXFHV�VRPH�IXQGDPHQWDO�FRQFHSWV� LQ�DXWRPDWD� WKHRU\� LQFOXGLQJ�JUDPPDU�� ILQLWH�
DXWRPDWRQ��UHJXODU�H[SUHVVLRQ��IRUPDO�ODQJXDJH��SXVKGRZQ�DXWRPDWRQ��DQG�7XULQJ�PDFKLQH��,W�DOVR�
DLPV� WR� H[SRVH� WKH� VWXGHQWV� WR� WKH� FRQFHSWV� RI� (QWURS\�� 5DQGRPQHVV� DQG� IHZ� FRPSUHVVLRQ�
WHFKQLTXHV��7KH�ZRUG�DXWRPDWRQ�LWVHOI�LV�FORVHO\�UHODWHG�WR�WKH�ZRUG��DXWRPDWLRQ��ZKLFK�GHQRWHV�
DXWRPDWLF� SURFHVVHV� FDUU\LQJ� RXW� WKH� SURGXFWLRQ� RI� VSHFLILF� SURFHVVHV�� 6LPSO\� VWDWHG�� DXWRPDWD�
WKHRU\�GHDOV�ZLWK�WKH�ORJLF�RI�FRPSXWDWLRQ�ZLWK�UHVSHFW�WR�VLPSOH�PDFKLQHV��UHIHUUHG�WR�DV�DXWRPDWD��
7KURXJK�DXWRPDWD��FRPSXWHU�VFLHQWLVWV�DUH�DEOH�WR�XQGHUVWDQG�KRZ�PDFKLQHV�FRPSXWH�IXQFWLRQV�DQG�
VROYH�SUREOHPV��

&RXUVH�2EMHFWLYHV��
�� 7R�H[SRVH�WKH�VWXGHQWV�WR�WKH�PDWKHPDWLFDO�IRXQGDWLRQV�RI�FRPSXWDWLRQ��WKH�WKHRU\�RI�IRUPDO�

ODQJXDJHV�DQG�JUDPPDUV��
�� 7R�DQDO\]H�DQG�GHVLJQ�ILQLWH�DXWRPDWD��SXVKGRZQ�DXWRPDWD��JUDPPDU�IRU�IRUPDO�ODQJXDJHV�	�

7XULQJ�PDFKLQHV��
�� 7R�VWUHQJWKHQ�WKH�VWXGHQWV¶�DELOLW\�WR�FDUU\�RXW�IRUPDO�DQG�KLJKHU�VWXGLHV�LQ�FRPSXWHU�VFLHQFH��

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

&������ 8QGHUVWDQG�WKH�FRQFHSW�RI�DEVWUDFW�PDFKLQHV�DQG�WKHLU�SRZHU�WR�UHFRJQL]H�WKH�ODQJXDJHV��

&������
'HVLJQ�FRQWH[W�IUHH�JUDPPDUV�IRU�IRUPDO�ODQJXDJHV�DQG�VLPSOLI\�XVLQJ�QRUPDO�IRUPV�DQG�
GHVLJQ�SDUVHUV�

&������ 8QGHUVWDQG�WKH�FRQFHSWV�RI�SXVK�GRZQ�DXWRPDWD�DQG�SURSHUWLHV�RI�5/�DQG�&)/�

&������ 'HVLJQ�WKH�FRPSXWDWLRQDO�DQG�DFFHSWRU�PDFKLQHV�XVLQJ�)$��3'$�DQG�7XULQJ�PDFKLQHV�

&������ 8QGHUVWDQG�FRQFHSWV�RI�(QWURS\��5DQGRPQHVV��DQG�&RPSUHVVLRQ�7HFKQLTXHV�
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

3UHUHTXLVLWH�� 'LVFUHWH�0DWKHPDWLFDO�6WUXFWXUHV�

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

&2V�
32V� 362V�

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

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

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

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

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

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

&RQWHQW� +RXUV

8QLW����,QWURGXFWLRQ�WR�5HJXODU�/DQJXDJHV�DQG�)LQLWH�$XWRPDWD�

5HJXODU�/DQJXDJHV��5HJXODU�/DQJXDJH��5HFXUVLYH�GHILQLWLRQ�RI�5HJXODU�([SUHVVLRQV��([DPSOHV�
RQ�ZULWLQJ�5HJXODU�([SUHVVLRQV�IRU�5HJXODU�/DQJXDJHV��&ORVXUH�3URSHUWLHV�RI�5HJXODU�/DQJXDJH�

)LQLWH�$XWRPDWD��'HILQLWLRQ��'HVLJQLQJ�')$��8QLRQ�� ,QWHUVHFWLRQ�	&RPSOHPHQW� RI�5HJXODU
/DQJXDJHV� DQG� ')$��$SSOLFDWLRQV� RI� )$�� ,QWURGXFWLRQ� WR� 2XWSXW� SURGXFLQJ� )$V��0HDO\� DQG
0RRUH�PDFKLQH�

��

8QLW����1RQGHWHUPLQLVP�DQG�.OHHQH¶V�7KHRUHP�

1RQGHWHUPLQLVWLF�ILQLWH�DXWRPDWD�DQG�1)$�ZLWK�QXOO�WUDQVLWLRQ�DORQJ�ZLWK�FRUUHVSRQGLQJ�H[WHQGHG�
WUDQVLWLRQ�IXQFWLRQ��([DPSOHV� RQ�GHVLJQLQJ�1$�DQG�1)$��QXOO��(TXLYDOHQFH�RI�)$¶V�.OHHQH¶V
7KHRUHP� 3DUW� ,� DORQJ� ZLWK� LWV� SURRI�� ([DPSOHV� RQ� FRQVWUXFWLQJ� 1)$� ±� QXOO� XVLQJ� .OHHQH¶V
WKHRUHP��.OHHQH¶V�7KHRUHP�3DUW� ,,��RQO\�LQWURGXFWLRQ�WR�VWDWHPHQW���0LQLPDO6WDWH�)LQLWH�
$XWRPDWD�

��

8QLW���*UDPPDU�)RUPDOLVP�

'HILQLWLRQ��7\SHV� RI�*UDPPDU� �&KRPVN\�+LHUDUFK\���'HULYDWLRQ� WUHHV� DQG� DPELJXLW\��8QLRQ��
&RQFDWHQDWLRQ�DQG�.OHHQH�
¶V�RI�&)/V�WR�FRQVWUXFW�*UDPPDU��3URSHUWLHV�RI�&)/��8QLRQ��

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

3DJH����RI���

&RQFDWHQDWLRQ� DQG� .OHHQH� 
¶V� RI� &)/V�� LQWHUVHFWLRQV� DQG� FRPSOHPHQWV� RI� &)/V�� 6LPSOLILHG�
)RUPV�DQG�1RUPDO�)RUPV�L�H���&RQYHUWLQJ�&)*�WR�&1)�,QWURGXFWLRQ�WR�*1)��%1)�

8QLW���3XVK�'RZQ�$XWRPDWD�DQG�3DUVLQJ�

'HILQLWLRQ� DQG� ([DPSOHV� RI� 3XVKGRZQ� $XWRPDWD�� $SSOLFDWLRQV� RI� 3'$�� 'HWHUPLQLVWLF� 3'$��
13'$��(TXLYDOHQFH�RI�&)*¶V�	�3'$¶V��7RS�GRZQ�SDUVLQJ��%RWWRP�XS�SDUVLQJ��

��

8QLW��±�7XULQJ�0DFKLQHV�

'HILQLWLRQ��70�DV�ODQJXDJH�DFFHSWRUV��&RPSXWLQJ�SDUWLDO�IXQFWLRQ�ZLWK�D�70��9DULDQWV�RI�70�
DQG�8QLYHUVDO�70��$SSOLFDWLRQV�RI�7XULQJ�0DFKLQH��

��

8QLW��±(QWURS\��5DQGRPQHVV��DQG�,QIRUPDWLRQ�

7KH�(QWURS\�)XQFWLRQ��(QWURS\�DQG�%LQRPLDO�&RHIILFLHQWV�(QWURS\��$�0HDVXUH�RI�
5DQGRPQHVV�&RPSUHVVLRQ�&RGLQJ��

��

7HUP�ZRUN��
¾ ,W�VKRXOG�FRQVLVW�RI�PLQLPXP���DVVLJQPHQWV�EDVHG�RQ�WRSLFV�RI�V\OODEXV�ZKLFK�DUH�

LQFOXGHG�LQ�H[HUFLVH�SUREOHPV�IURP�WKH�WH[WERRNV�RU�UHIHUHQFH�ERRNV�
¾ &DUU\�RXW�DQ\���DVVLJQPHQWV�IURP�DVVLJQPHQW�QR����WR����OLVWHG�EHORZ��
¾ $VVLJQPHQW�QR�����DQG����DUH�FRPSXOVRU\��
¾ $VVLJQPHQWV�FDQ�EH�JLYHQ�RQ�WKH�EDVLV�RI�IROORZLQJ�JXLGHOLQHV��

6U��
1R��

7LWOH� 2�6

�� ([DPSOHV�RQ�5HJXODU�/DQJXDJHV�DQG�ZULWLQJ�UHJXODU�H[SUHVVLRQV� 2
�� 'HVLJQLQJ�')$V�DQG�([WHQGHG�7UDQVLWLRQ�IXQFWLRQ�RI�')$� 2
�� 'HVLJQLQJ�1)$��1)$�QXOO�DQG�FRUUHVSRQGLQJ�H[WHQGHG�WUDQVLWLRQ�IXQFWLRQ� 2
�� 3UREOHPV�RQ�HTXLYDOHQFH�RI�)$V�DQG�XQLRQ��LQWHUVHFWLRQ�DQG�FRPSOHPHQWV�RI�')$V� 2
�� 'HVLJQLQJ�1)$��QXOO�XVLQJ�.OHHQH¶V�7KHRUHP�3DUW�,� 2
�� 0LQLPDO�VWDWH�')$�DQG�([DPSOHV� 2

��
:ULWLQJ�JUDPPDU�IRU�JLYHQ�IRUPDO�ODQJXDJH��SUREOHPV�RQ�OHIW�PRVW�DQG�ULJKW�PRVW�
GHULYDWLRQ�DORQJ�ZLWK�SDUVH�WUHH��DPELJXRXV�JUDPPDU�

2

�� 6LPSOLILHG�)RUPV�DQG�1RUPDO�)RUPV��([DPSOHV�RQ�FRQYHUWLQJ�&)*�WR�&1)� 2
�� ([DPSOHV�RQ�GHVLJQLQJ�'3'$�IRU�WKH�JLYHQ�ODQJXDJH�� 2

���
3DUVHU��([DPSOHV�RQ�FRQVWUXFWLQJ�WRS�GRZQ�SDUVHU�DQG�ERWWRP�XS�SDUVHU�IRU�WKH�
JLYHQ�*UDPPDU�

2

���
'HVLJQLQJ�7XULQJ�0DFKLQH�DV�ODQJXDJH�DFFHSWRUV�DQG�FRPSXWDEOH�70�IRU�WKH�JLYHQ�
ODQJXDJH��

2

��� 6WXG\�RI�(QWURS\� 6
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

��� ,PSOHPHQWDWLRQ�RI�ORVVOHVV�GDWD�FRPSUHVVLRQ�+XIIPDQ�FRGH�� 2
��� 8VH�RI�6LPXODWLRQ�WRRO�WR�GHVLJQ�')$��1)$�DQG�1)$A� 2

��� $�JURXS�RI���VWXGHQWV�WR�GHVLJQ�D�')$�DQG�ZULWH�D�SURJUDP�WR�LPSOHPHQW�LW�LQ�&�
SURJUDPPLQJ /DQJXDJH�

2

6��6WXG\�EDVHG�DVVLJQPHQW� 2��2SHUDWLRQDO�DVVLJQPHQW�

7H[W�%RRNV��
�� -RKQ�&��0DUWLQ��,QWURGXFWLRQ�WR�/DQJXDJHV�	�WKH�7KHRU\�RI�&RPSXWDWLRQV����7DWD�0*+��UG

(GLWLRQ��8QLW���WR�����
�� 0LFKDHO�0LW]HQPDFKHU�(OL�8SIDO�3UREDELOLW\�DQG�&RPSXWLQJ�5DQGRPLR]HG�$OJRULWKPV�	�

3UREDELOLVWLF�$QDO\VLV��&DPEULGJH��8QLW����

5HIHUHQFH�%RRNV��
�� 7KHRU\�RI�&RPSXWHU�6FLHQFH� ±�$XWRPDWD� ODQJXDJHV� DQG� FRPSXWDWLRQ��0LVKUD� DQG�

&KDQGUDVKHNDUDQ���QG�HGLWLRQ��3+,��
�� 0LFKDHO�6LSVHU��,QWURGXFWLRQ�WR�WKHRU\�RI�&RPSXWDWLRQV����7KRPVRQ�%RRNV�&ROH��
�� 9LYHN�.XONDUQL��7KHRU\�RI�&RPSXWDWLRQ�

2QOLQH�5HVRXUFHV�
��� KWWSV���QSWHO�DF�LQ�FRXUVHV��������������������
��� KWWSV���QSWHO�DF�LQ�FRXUVHV��������������������
�� KWWSV���DXWRPDWRQVLPXODWRU�FRP��
�� KWWSV���RQOLQHFRXUVHV�QSWHO�DF�LQ�QRF��BHH����

(YDOXDWLRQ�*XLGHOLQHV��
,6(�,�����0DUNV��
���0DUNV�ZLOO�EH�EDVHG�RQ�DFWLYLW\�FRQGXFWHG��TXL]��FDVH�VWXG\��SUREOHP�VROYLQJ��
SHGDJRJ\�DFWLYLW\�HWF��E\�WKH�VXEMHFW�LQ�FKDUJH��

x ,6(��,�ZLOO�EH�FRQGXFWHG�EHIRUH�06(�

,6(�±,,�����0DUNV��
���0DUNV�ZLOO�EH�EDVHG�RQ�DFWLYLW\�FRQGXFWHG��TXL]��FDVH�VWXG\��SUREOHP�VROYLQJ��
SHGDJRJ\�DFWLYLW\�HWF��E\�WKH�VXEMHFW�LQ�FKDUJH��

x ,6(��,,�ZLOO�EH�FRQGXFWHG�DIWHU�06(�
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

3UH�UHTXLVLWH��3\WKRQ�SURJUDPPLQJ�

&RXUVH�3ODQ�
&RXUVH�7LWOH���5�3URJUDPPLQJ�/DERUDWRU\�

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

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

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

&RXUVH�GHVFULSWLRQ��
5� LV� D�ZHOO�GHYHORSHG�� VLPSOH� DQG�HIIHFWLYH� SURJUDPPLQJ� ODQJXDJH��ZKLFK� LQFOXGHV� FRQGLWLRQDO�
ORRSV�� XVHU� GHILQHG� UHFXUVLYH� IXQFWLRQV�� LQSXW� DQG� RXWSXW� IDFLOLWLHV�� JUDSKLFDO� IDFLOLWLHV� IRU� GDWD�
DQDO\VLV��HIIHFWLYH�GDWD�KDQGOLQJ�DQG�VWRUDJH�IDFLOLW\��,W�LV�D�YHU\�IOH[LEOH�ODQJXDJH��,W�SURYLGHV�DQ�
H[WHQVLYH��FRKHUHQW�DQG�LQWHJUDWHG�FROOHFWLRQ�RI� WRROV�IRU�GDWD�DQDO\VLV�DQG�LW� LV�DFWLYHO\�XVHG�IRU�
VWDWLVWLFDO�FRPSXWLQJ�DQG�GHVLJQ�

&RXUVH�2EMHFWLYHV��
�� 7R�PDNH�DZDUH�WKH�IHDWXUHV�RI�5��
�� 7R�SURYLGH�D�NQRZOHGJH�RI�YDULRXV�SDFNDJHV�	�IXQFWLRQV�XVHG�LQ�5��
�� 7R�LQWHUSUHW�DQG�DSSO\�WKH�5�SURJUDPPLQJ�IURP�D�VWDWLVWLFDO�SHUVSHFWLYH��

&RXUVH�2XWFRPHV��
$IWHU�VXFFHVVIXO�FRPSOHWLRQ�RI�WKH�FRXUVH��VWXGHQWV�ZLOO�EH�DEOH�WR��

&2¶V� &RXUVH�2XWFRPHV�

&������ 8VH�WKH�IHDWXUHV�RI�5�WR�LPSOHPHQW�GDWD�VWUXFWXUHV�	�GDWD�IUDPHV�LQ�WKHLU�DSSOLFDWLRQ��

&������ $SSO\�GLIIHUHQW�SDFNDJHV�	�IXQFWLRQV�WR�FUHDWH�WKH�DSSOLFDWLRQ��

&������ 3HUIRUP�GDWD�PDQLSXODWLRQ�	�VWDWLVWLFDO�WHVWV�RQ�GDWDVHW��

&������ 3HUIRUP�JUDSKLFDO�DQDO\VLV�XVLQJ�SORWWLQJ�FRPPDQGV�	�IXQFWLRQV��
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

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

&2V�
32V� 362V�

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

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

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

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

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

&RQWHQWV� +RXUV
8QLW�,��,QWURGXFWLRQ�WR�5�SURJUDPPLQJ�
:KDW�LV�5"�%DVLF�)HDWXUHV�RI�5��3URJUDPPLQJ�IHDWXUHV�RI�5��,QVWDOOLQJ�5�DQG�56WXGLR��56WXGLR�
2YHUYLHZ��:RUNLQJ�LQ�WKH�5�&RQVROH��*HWWLQJ�+HOS�LQ�5�DQG�4XLWWLQJ�56WXGLR��

��

8QLW�,,��5�'DWD�VWUXFWXUHV�DQG�0DQLSXODWLRQ�
&UHDWLQJ�9DULDEOHV��H[SUHVVLRQV��5�GDWD�W\SHV�DQG�REMHFWV��1XPHULF��&KDUDFWHU�DQG�/RJLFDO�'DWD��
9HFWRUV��6FDODUV��'HFODUDWLRQV��&RPPRQ�9HFWRU�RSHUDWLRQV��&RQGLWLRQDO�VWDWHPHQWV�DQG�ORRSV��
$ULWKPHWLF�2SHUDWRUV��/RJLFDO�2SHUDWLRQV��
5HDGLQJ�GDWDVHWV�DQG�H[SRUWLQJ�GDWD�IURP�5��0DQLSXODWLQJ�DQG�SURFHVVLQJ�GDWD�LQ�5��

��

8QLW�,,,��5�SDFNDJHV�DQG�IXQFWLRQV�
%XLOGLQJ�5�3DFNDJHV�� ,QVWDOOLQJ�DQG� ORDGLQJ�SDFNDJHV��5XQQLQJ�DQG�0DQLSXODWLQJ�3DFNDJHV��
6HWWLQJ� XS� \RXU�ZRUNLQJ� GLUHFWRU\��'RZQORDGLQJ� DQG� LPSRUWLQJ� GDWD��ZRUNLQJ�ZLWK� REMHFWV��
9LHZLQJ�2EMHFWV�ZLWKLQ�2EMHFWV��&RQVWUXFWLQJ�'DWD�2EMHFWV��)XQFWLRQV�LQ�5��&UHDWLQJ�IXQFWLRQV��
FDOOLQJ�IXQFWLRQV��:ULWLQJ�5�VFULSWV��

��

8QLW�,9��0DWULFHV��$UUD\V�DQG�/LVWV�
&UHDWLQJ� PDWULFHV�� 0DWUL[� RSHUDWLRQV�� $SSO\LQJ� )XQFWLRQV� WR� 0DWUL[� 5RZV� DQG� &ROXPQV��
$GGLQJ� DQG� GHOHWLQJ� URZV� DQG� FROXPQV�� 9HFWRU�0DWUL[� 'LVWLQFWLRQ�� $YRLGLQJ� 'LPHQVLRQ�
5HGXFWLRQ��+LJKHU�'LPHQVLRQDO�DUUD\V��
/LVWV�±�&UHDWLQJ�OLVWV��*HQHUDO�OLVW�RSHUDWLRQV��$FFHVVLQJ�OLVW�FRPSRQHQWV�DQG�YDOXHV��DSSO\LQJ�
IXQFWLRQV�WR�OLVWV��UHFXUVLYH�OLVWV��

��

8QLW�9��'DWD�)UDPHV�
&UHDWLQJ� 'DWD� )UDPHV�� 0DWUL[�OLNH� RSHUDWLRQV� LQ� IUDPHV�� 0HUJLQJ� 'DWD� )UDPHV�� $SSO\LQJ�
IXQFWLRQV�WR�'DWD�IUDPHV��)DFWRUV�DQG�7DEOHV��IDFWRUV�DQG�OHYHOV��&RPPRQ�IXQFWLRQV�XVHG�ZLWK�
IDFWRUV��:RUNLQJ�ZLWK� WDEOHV�� IXQFWLRQV� DUH� REMHFWV��(QYLURQPHQW� DQG� 6FRSH� LVVXHV��:ULWLQJ�
8SVWDLUV��5HFXUVLRQ��5HSODFHPHQW�IXQFWLRQV��7RROV�IRU�FRPSRVLQJ�IXQFWLRQ�FRGH��

��



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

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

3DJH����RI���

8QLW�9,��,QWURGXFWLRQ�WR�*UDSKLFDO�$QDO\VLV�DQG�SORWV�
8VLQJ�3ORWV��%R[�3ORWV��6FDWWHU�SORW��3LH�&KDUWV��%DU�FKDUWV��/LQH�&KDUW���3ORWWLQJ�YDULDEOHV��
'HVLJQLQJ�6SHFLDO�3ORWV��+LVWRJUDPV��
6WDWLVWLFDO�IXQFWLRQV�IRU�FHQWUDO�WHQGHQF\��YDULDWLRQ��KDQGOLQJ�RI�ELYDULWH�GDWD�WKURXJK�JUDSKLFV��
6LPSOH�/LQHU�5HJUHVVLRQ��0XOWLSOH�5HJUHVVLRQ��,QWHUDFWLYH�UHSRUWLQJ�ZLWK�5�PDUNGRZQ��

��

7H[W�%RRNV��
�� -DUHG�3��/DQGHU�� ³5� IRU�(YHU\RQH��$GYDQFHG�$QDO\WLFV� DQG�*UDSKLFV´��$GGLVRQ�:HVOH\�

'DWD�	�$QDO\WLFV�6HULHV��
�� 1RUPDQ�0DWORII���³7KH�$UW�RI�5�3URJUDPPLQJ´��
�� %LJ�'DWD��%ODFN�%RRN���'7�(GLWRULDO�6HUYLFHV��'UHDPWHFK�3UHVV��

5HIHUHQFH�%RRNV��
�� 5REHUW�.QHOO��³,QWURGXFWRU\�5��$�%HJLQQHU
V�*XLGH�WR�'DWD�9LVXDOLVDWLRQ��6WDWLVWLFDO�

$QDO\VLV�DQG�3URJUDPPLQJ�LQ�5´��$PD]RQ�'LJLWDO�6RXWK�$VLD�6HUYLFHV�,QF��������
�� 0DUN�*DUGHQHU��³�%HJLQQLQJ�5�±�7KH�6WDWLVWLFDO�3URJUDPPLQJ�/DQJXDJH´��:LOH\��������
�� 0LFKDHO�$NULWDV����3UREDELOLW\�	�6WDWLVWLFV�ZLWK�5�IRU�(QJLQHHUV�DQG�6FLHQWLVWV´���QG�(GLWLRQ�

RQ��&5&�3UHVV��������

2QOLQH�5HVRXUFHV��
�� KWWSV���ZZZ�FRXUVHUD�RUJ�OHDUQ�U�SURJUDPPLQJ�
�� KWWSV���RQOLQHFRXUVHV�QSWHO�DF�LQ�QRF��BPD���SUHYLHZ�

/LVW�RI�([SHULPHQWV�

([SW��
1R��

1DPH�RI�([SHULPHQW� 6�2� +RXUV�

�� ,QVWDOODWLRQ�RI�5�DQG�56WXGLR�� 2� ��

��
'HPRQVWUDWLRQ�RI�GHFODULQJ�5�YDULDEOHV��REMHFWV��H[SUHVVLRQV��YHFWRUV�
DQG�DVVLJQLQJ�YDOXHV�	�3HUIRUP�SURJUDP�IRU�UHDGLQJ�GDWD�IURP�5�DQG
ZULWLQJ�GDWD�LQWR�5��

2
��

��
,PSOHPHQWDWLRQ�RI� SDFNDJH� LQ� 5� 	� FUHDWH� D� SURJUDP� IRU� FDOOLQJ�
IXQFWLRQV�LQ�5��

2
��

��
3HUIRUP�YDULRXV�PDWUL[�RSHUDWLRQV�	,PSOHPHQW�WKH�KLJKHU�GLPHQVLRQDO
DUUD\�LQ�5��

2
��

��
&UHDWH� OLVW� LQ� 5� DQG� SHUIRUP� YDULRXV� OLVW� RSHUDWLRQV� WR� DFFHVV� OLVW
HOHPHQWV�LQ�5��

2
��

��
&UHDWH�'DWD�)UDPH�LQ�5�DQG�SHUIRUP�YDULRXV�RSHUDWLRQV�RQ�GDWD�IUDPH
	'HPRQVWUDWH�WKH�FRPPRQ�IXQFWLRQV�RQ�IDFWRUV�DQG�WDEOHV�LQ�5�

2
��
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�$FDGHPLF<HDU����������

3DJH����RI���

��
'HPRQVWUDWLRQ�RI�SORWV�LQ�5�DV�%R[�3ORWV��3LH�&KDUWV��%DU�FKDUWV��/LQH
&KDUW�DQG�KLVWRJUDP��

2
��

�� 6WXG\�RI�6LPSOH�/LQHU�5HJUHVVLRQ�DQG�0XOWLSOH�5HJUHVVLRQ�LQ�5�� 6� ��

��
:ULWH�DQ�5�VFULSW�WR�ILQG�VXEVHW�RI�GDWDVHW�E\�XVLQJ�VXEVHW�����DJJUHJDWH
���IXQFWLRQV�RQ�LULV�GDWDVHW��

2
��

���

,PSRUW�D�GDWD�IURP�ZHE�VWRUDJH��1DPH�WKH�GDWDVHW�DQG�QRZ�GR�/RJLVWLF�
5HJUHVVLRQ�WR�ILQG�RXW�UHODWLRQ�EHWZHHQ�YDULDEOHV�WKDW�DUH�DIIHFWLQJ�WKH�
DGPLVVLRQ�RI�D� VWXGHQW� LQ�D� LQVWLWXWH�EDVHG�RQ�KLV�RU�KHU�*5(�VFRUH��
*3$�REWDLQHG�DQG�UDQN�RI�WKH�VWXGHQW��$OVR�FKHFN�WKH�PRGHO�LV�ILW�RU
QRW��

2
��

���
&DVH�VWXG\�RQ�+RZ�WR�FDOFXODWH�WKH�FRUUHODWLRQ�EHWZHHQ�WZR�YDULDEOHV�
+RZ� WR� PDNH� VFDWWHU� SORWV�� 8VH� WKH� VFDWWHU� SORW� WR� LQYHVWLJDWH� WKH�
UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV�

6
��

���
&DVH�6WXG\�RQ�*HQHUDWH�DQG�9LVXDOL]H�'LVFUHWH�DQG�FRQWLQXRXV�
GLVWULEXWLRQV�XVLQJ�WKH�VWDWLVWLFDO�HQYLURQPHQW��'HPRQVWUDWLRQ�RI�&')
DQG�3')�XQLIRUP�DQG�QRUPDO��ELQRPLDO�3RLVVRQ�GLVWULEXWLRQV�

6
��

ٳ 6�678'<��2�23(5$7,21$/�

,6(��,Q�6HPHVWHU�(YDOXDWLRQ��
� &RQWLQXRXV�DVVHVVPHQW�RI�ODERUDWRU\�ZRUN�LV�WR�EH�GRQH�EDVHG�RQ�RYHUDOO�SHUIRUPDQFH�DQG�

ODE�DVVLJQPHQWV�SHUIRUPDQFH�RI�VWXGHQW��
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
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�$FDGHPLF<HDU����������

3DJH����RI���

&RXUVH�3ODQ�
&RXUVH 7LWOH ��'DWD 6FLHQFH /DERUDWRU\
&RXUVH &RGH�� ���'63��� 6HPHVWHU� ,9
7HDFKLQJ 6FKHPH � /�7�3 � ����� &UHGLWV� �
(YDOXDWLRQ 6FKHPH� ,6( 0DUNV��� (6( �32(� 0DUNV���

&RXUVH�'HVFULSWLRQ��
7KLV�FRXUVH�LV�IRU�VWXGHQWV�ZLWK�EDVLF�SURJUDPPLQJ�DQG�GDWD�VWUXFWXUH�EDFNJURXQG��7KH�DLP�LV�WR�
PDNH�WKHP�DEUHDVW�ZLWK�FRPPRQ�WRROV�XVHG�IRU�'DWD�6FLHQFH�DSSOLFDWLRQ�GHYHORSPHQW��,W�VHUYHV�DV�
DQ�LQWURGXFWLRQ�WR�WKH�EDVLFV�RI�GDWD�VFLHQFH�LQFOXGLQJ�SURJUDPPLQJ�IRU�GDWD�DQDO\WLFV��

&RXUVH�2EMHFWLYH��
�� 7R�PDNH�VWXGHQWV�IDPLOLDU�ZLWK�'DWD�6FLHQFH�WRROV��
�� 7R�LQWURGXFH�YDULRXV�3\WKRQ�/LEUDULHV��
�� 7R�PDNH�XVH�RI�RQOLQH�GDWD�VHWV�IRU�XQGHUVWDQGLQJ�RI�SUHSURFHVVLQJ�WKH�GDWD��

&RXUVH�2XWFRPHV��&2V���

&RV� &RXUVH�2XWFRPHV�

8SRQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKH�FRXUVH��VWXGHQW�ZLOO�EH�DEOH�WR«�

&������ 5HFRJQL]H�GLIIHUHQW�'DWD�6FLHQFH�SURFHVV�DQG�WKHLU�DSSOLFDWLRQ�DUHDV��
&������ $SSO\�'DWD�6FLHQFH�WRROV�WR�SURYLGH�VROXWLRQ�WR�HQJLQHHULQJ�SUREOHPV��
&������ $SSO\�GLIIHUHQW�3\WKRQ�/LEUDULHV�WR�SURYLGH�VROXWLRQ�WR�SUREOHPV��
&������ 7R�GHPRQVWUDWH�WKH�XVH�RI�VNLOOV�IRU�SURSHU�XVDJH�RI�RQOLQH�GDWD�VHWV�IRU�GDWD�SUHSURFHVVLQJ��

&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�
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�$FDGHPLF<HDU����������

3DJH����RI���

/LVW RI ([SHULPHQWV
([SW� 1R� 1DPH RI ([SHULPHQW 7\SH +RXUV

� 6WXG\ DVVLJQPHQW RQ 'DWD VFLHQFH 3URFHVV� 6 �
� ,PSOHPHQWDWLRQ RI GDWD PDQLSXODWLRQ XVLQJ ([FHO� 2 �
� ,PSOHPHQWDWLRQ RI 'DWD�9LVXDOL]DWLRQ XVLQJ ([FHO� 2 �
� 6WXG\ DVVLJQPHQW�RQ .DJJOH� 6 �
� ,PSOHPHQWDWLRQ RI $UUD\�RSHUDWLRQV XVLQJ 1XPS\� 2 �
� ,PSOHPHQWDWLRQ RI XQLYHUVDO IXQFWLRQ LQ 1XPS\� 2 �
� ,PSOHPHQWDWLRQ RI GDWD�2SHUDWLRQ LQ 3DQGDV� 2 �
� ,PSOHPHQWDWLRQ RI GDWDVHW 2SHUDWLRQV LQ 3DQGDV� 2 �
� ,PSOHPHQWDWLRQV RI 'LIIHUHQW JUDSKV LQ 0DWSORWOLE� 2 �
�� ,PSOHPHQWDWLRQV RI 'LIIHUHQW FKDUW� SORWV LQ 0DWSORWOLE� 2 �
�� ,PSOHPHQWDWLRQV RI +LVWRJUDP LQ 0DWSORWOLE� 2 �
��� ,PSOHPHQWDWLRQ�RI�GDWD�SUHSURFHVVLQJ�RQ�GDWDVHW�LQ�

NDJJOH��
2� ��

� 6�6WXG\��2�2SHUDWLRQDO�
� 1RWH��7KH�LQVWUXFWRU�PD\�FKRRVH�PLQLPXP�WHQ�H[SHULPHQWV�IURP�H[SHULPHQW�QXPEHU�

��WR�����([SHULPHQW�QXPEHU����LV�PDQGDWRU\��)RU�H[SHULPHQW�QXPEHU����LQVWUXFWRU�
KDV�WR�IRUP�JURXSV�DQG�JLYH�DFWLYLW\�LQ�WKH�EDWFK��

5HIHUHQFH�%RRNV��
�� '5�$PDU6DKD\��³(VVHQWLDOV�RI�'DWD�6FLHQFH�DQG�$QDO\WLFV´��2¶5(,//<�3XEOLFDWLRQ��
�� -DNH�9DQGHU3ODV��³3\WKRQ�'DWD�6FLHQFH�+DQGERRN��(VVHQWLDO�7RROV�IRU�:RUNLQJ�ZLWK�

'DWD´��2¶5(,//<�3XEOLFDWLRQ��
�� :HV�0F.LQQH\��³3\WKRQ�IRU�'DWD�$QDO\VLV´��2¶5(,//<�3XEOLFDWLRQ��

2QOLQH�5HVRXUFHV��
��� KWWSV���RQOLQHFRXUVHV�QSWHO�DF�LQ�QRF��BFV���SUHYLHZ�
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�$FDGHPLF<HDU����������

3DJH����RI���

&RXUVH�3ODQ�

&RXUVH�7LWOH��3URMHFW�,�

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

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

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

&RXUVH�'HVFULSWLRQ�
7KLV�FRXUVH�HPSKDVLV�RQ�D�SUREOHP�EDVHG�OHDUQLQJ�DSSURDFK��,W� LV�D�JURXS�DFWLYLW\���ZRUN�ZKHUH�
VWXGHQWV�KDYH�WR�SUHVHQW�DQ�LGHD��VROXWLRQ�IRU�WKH�SUREOHP�FKRVHQ��7KHQ�UHTXLUHPHQW�DQDO\VLV�DQG�
GHVLJQ�VSHFLILFDWLRQ�RI�WKH�V\VWHP�LV�WR�EH�GHYHORSHG�E\�WKH�VWXGHQWV��7KLV�LV�IROORZHG�E\�VRIWZDUH�
LPSOHPHQWDWLRQ�RI�WKH�GHVLJQ��WHVWLQJ�DQG�ILQDOO\�GHPRQVWUDWH�WKH�UHVXOWV�REWDLQHG��7KLV�FRXUVH�KHOSV�
WKH�VWXGHQWV�WR�OHDUQ�KRZ�WR�DQDO\]H�WKH�GHPDQGV�RI�D�FXVWRPHU�DQG�UHSUHVHQW�WKHP�LQ�WKH�IRUP�RI�
VRIWZDUH� UHTXLUHPHQWV� VSHFLILFDWLRQ� �656�'RFXPHQW�� LQFOXGLQJ�TXDOLW\� UHTXLUHPHQWV��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�

&RXUVH�2EMHFWLYHV�
�� 7R�IRUPXODWH�WKH�SUREOHP�VWDWHPHQW��
�� 7R�IROORZ�WKH�6'/&�PRGHO�IRU�GHYHORSPHQW�RI�SURMHFW��
�� 7R�OHDUQ�WKH�VNLOOV�RI�WHDP�EXLOGLQJ�DQG�WHDP�ZRUN��
�� 7R�GHYHORS�WKH�ORJLFDO�VNLOOV�DQG�XVH�RI�DSSURSULDWH�GDWD�VWUXFWXUHV�IRU�VROYLQJ�WKH�

HQJLQHHULQJ�SUREOHPV��

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

&������ )UDPH�DSSURSULDWH�SUREOHP�VWDWHPHQW�IRU�UHDO�WLPH�SUREOHP��

&������ 2UJDQL]H�DQ�HIIHFWLYH�SURMHFW�SODQ�ZLWK�FOHDU�REMHFWLYHV�DQG�SUHSDUH�D�V\QRSVLV��

&������
'HVLJQ�WKH�YDULRXV�PRGXOHV�RI�WKH�SURMHFW�WR�SURYLGH�D�VROXWLRQ�WR�WKH�SUREOHP�ZLWK�WKH�
KHOS�RI�YDULRXV�GHVLJQ�WRROV��

&������ 'HYHORS�WKH�SURSRVHG�V\VWHP�XVLQJ�VXLWDEOH�GHYHORSPHQW�SODWIRUP��

&������ $EOH�WR�SUHVHQW�WKHLU�ZRUN�DQG�SUHSDUH�WKHLU�SURMHFW�UHSRUW��
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

3UHUHTXLVLWH�� 0DWKHPDWLFV��'DWD�6WUXFWXUHV��6RIWZDUH�(QJLQHHULQJ�DQG�NQRZOHGJH�RI�
3URJUDPPLQJ�ODQJXDJH��

&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�SUHIHUDEO\�E\�D�JURXS�RI�����VWXGHQWV�ZKR�ZLOO�MRLQWO\�ZRUN�DQG�
LPSOHPHQW�WKH�SURMHFW��7KH�JURXS�ZLOO�VHOHFW�D�SURMHFW�ZLWK�WKH�DSSURYDO�IURP�WKH�SDQHO�DQG�VXEPLW�
WKH�QDPH�RI�WKH�SURMHFW�ZLWK�D�V\QRSVLV�QRW�PRUH�WKDQ����WR����SDJHV��7KH�3URMHFW�,�VKRXOG�FRQVLVW�
RI�GHILQLQJ�WKH�SUREOHP�DQG�DQDO\]LQJ�LW��GHVLJQLQJ�WKH�VROXWLRQ�DQG�LPSOHPHQWLQJ�LW�XVLQJ�D�VXLWDEOH�
SURJUDPPLQJ�ODQJXDJH��$�SUHVHQWDWLRQ�DQG�GHPRQVWUDWLRQ�EDVHG�RQ�WKH�DERYH�ZRUN�LV�WR�EH�JLYHQ�
E\�WKH�JURXS�IRU�,6(��7KH�ZRUN�ZLOO�EH�MRLQWO\�DVVHVVHG�WZLFH�LQ�D�VHPHVWHU�E\�D�SDQHO�RI�WHDFKHUV�
RI�WKH�GHSDUWPHQW��$�KDUG�FRS\�RI�SURMHFW�UHSRUW�RI�WKH�ZRUN�GRQH�LV�WR�EH�VXEPLWWHG�DORQJ�ZLWK�WKH�
VRIWFRS\�RI�WKH�SURMHFW�GXULQJ�(6(��

3URMHFW�WRSLFV�PD\�EH�VHOHFWHG�IURP�IROORZLQJ�GRPDLQV�

�� 5HDO�ZRUOG�DSSOLFDWLRQV�LQ�'DWD�6FLHQFH
�� 3UREDELOLW\�DQG�6WDWLVWLFV
�� 'DWD�3UHSURFHVVLQJ
�� :HE�3DJH�GHVLJQ
�� 1HWZRUNLQJ
�� 2SHUDWLQJ�6\VWHP
�� 6HFXULW\�$SSOLFDWLRQ
�� 6LPSOH�'DWD�$QDO\VLV
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

&RXUVH�3ODQ�

&RXUVH�7LWOH��(QYLURQPHQWDO�6WXGLHV��0DQGDWRU\�&RXUVH�,��

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

7HDFKLQJ�6FKHPH��/�7�3�������� &UHGLWV��1R�&UHGLW�

(YDOXDWLRQ�6FKHPH��1RW�$SSOLFDEOH� (6(�0DUNV�����

&RXUVH�'HVFULSWLRQ��
(QYLURQPHQWDO� 6WXGLHV� FRXUVH� HQKDQFH� D� VWXGHQW¶V� NQRZOHGJH� LQ� D� YDULHW\� RI� FXUUHQWO\� UHOHYDQW�
WRSLFV�UHODWHG�WR�HQYLURQPHQWDO�DZDUHQHVV�DQG�SROOXWLRQ��7KH�FRXUVH�DLPV�WR�LGHQWLI\�HQYLURQPHQWDO�
SUREOHPV��FRPH�XS�ZLWK� VXLWDEOH� VROXWLRQV�DQG�FUHDWH�DZDUHQHVV� IRU�D�K\JLHQLF�DQG�HFR�IULHQGO\�
HQYLURQPHQWDO��

&RXUVH�2EMHFWLYHV��

�� 5HFRJQL]H�WKH�VWUXFWXUH�DQG�IXQFWLRQV�RI�HFRV\VWHPV�ZLWK�WKHLU�LPSRUWDQFH��

�� 8QGHUVWDQG�WKH�HQYLURQPHQWDO�DQG�VRFLDO�SUREOHPV�ZLWK�JOREDO�FRQFHUQ��

�� 8QGHUVWDQG�WKH�LPSRUWDQFH�RI�HQYLURQPHQWDO�PDQDJHPHQW�IRU�LWV�SURWHFWLRQ��

�� $FTXLUH� SUREOHP� VROYLQJ� VNLOOV� WKURXJK� YLVLWV� WR� GLIIHUHQW� ORFDWLRQV�� LGHQWLI\LQJ� WKH�
HQYLURQPHQWDO� SUREOHPV�� SURSRVLQJ� WKH� VROXWLRQ� PRGHOV� DQG� H[KLELWLQJ� WR� WKH� VRFLHW\� DQG�
JRYHUQPHQW�DXWKRULWLHV��

&RXUVH�2XWFRPHV��&2V���

$W�WKH�HQG�RI�VXFFHVVIXO�FRPSOHWLRQ�RI�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR«�

&������ 8QGHUVWDQG�WKH�LPSRUWDQFH�RI�HFRV\VWHP�DQG�ELRGLYHUVLW\�LQ�YLHZ�RI�LWV�FRQVHUYDWLRQ��

&������ 8QGHUVWDQG�WKH�FRQFHSW�RI�KD]DUGRXV�ZDVWH�DQG�WR�SURPRWH�KHDOWKLHU�HQYLURQPHQW��

&������ ([SODLQ�WKH�LPSRUWDQFH�RI�HQYLURQPHQWDO�PDQDJHPHQW�WKURXJK�SROOXWLRQ�FRQWURO�ERDUGV��

&������
3URSRVH�VROXWLRQV�IRU�SUREOHPV�UHODWHG�ZLWK�HQYLURQPHQWDO�ZHOO�EHLQJV�WKURXJK�ORFDWLRQ�YLVLWV�
DQG�PRGHO�H[KLELWLRQV��

3UHUHTXLVLWH�� 8QGHUVWDQGLQJ�RI�(QYLURQPHQWDO�(GXFDWLRQ�FRXUVH��
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�$Q�$XWRQRPRXV�,QVWLWXWH�%��7HFK��&XUULFXOXP�
6�<��%��7HFK��&6(��'DWD�6FLHQFH��
�$FDGHPLF<HDU����������

3DJH����RI���

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

&2V�
32V� 362V�

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

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

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

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

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

&RXUVH�&RQWHQW� +RXUV

8QLW���(FRORJ\�DQG�%LRGLYHUVLW\�

'HILQLWLRQ��W\SHV��LPSRUWDQFH�DQG�H[DPSOHV�RI�HFRORJ\��W\SHV�RI�FRPPXQLW\�UHODWLRQVKLSV��
6\PELRVLV��SUHGDWLRQ�DQG�FRPSHWLWLRQ��(FRV\VWHP��VWUXFWXUH�DQG�IXQFWLRQV��ELRWLF�DQG�DELRWLF�
FRPSRQHQWV�� HQHUJ\� IORZV�� HFRORJLFDO� VXFFHVVLRQ�� IRRG� FKDLQ�� IRRG� ZHE� 	� HFRORJLFDO�
S\UDPLG�� W\SHV� RI� HFRV\VWHPV�� GHJUDGDWLRQ� RI� HFRV\VWHPV� DQG� LWV� LPSDFW�� %LRGLYHUVLW\�
KRWVSRWV�� :HVWHUQ� JKDWV�� HDVWHUQ� +LPDOD\DV�� WKUHDWV� WR� ELRGLYHUVLW\� DQG� FRQVHUYDWLRQ� RI�
ELRGLYHUVLW\��HQYLURQPHQWDO�HWKLFV��

��

8QLW���(QYLURQPHQW�DQG�+HDOWK�

$LU� 3ROOXWLRQ�� ZDWHU� SROOXWLRQ�� (�ZDVWH�ZDVWH� PLQLPL]DWLRQ� WHFKQRORJ\�� 3ODVWLF�
ZDVWH�3RSXODWLRQ�JURZWK�RI�WKH�ZRUOG�DQG�UHGXFHG�KHDOWK�FRQWHQW�RI�WKH�HQYLURQPHQW��HQHUJ\�
FULVLV�ELRIXHOV��2FFXSDWLRQDO�KHDOWK�KD]DUGV��&RQFHSW�RI�&DUERQ�IRRWSULQW��

��

8QLW���(QYLURQPHQWDO�0DQDJHPHQW�

5ROH�RI�&HQWUDO�3ROOXWLRQ�&RQWURO�%RDUG��&3&%��DQG�0DKDUDVKWUD�3ROOXWLRQ�&RQWURO�%RDUG�
�03&%��LQ�HQYLURQPHQWDO�SURWHFWLRQ�RI�,QGLD�&RQFHSW�RI�VXVWDLQDELOLW\��,62�&HUWLILFDWLRQ��

��

8QLW���)LHOG�:RUN�

9LVLW�WR�D�ORFDO�DUHD�IRU�GRFXPHQWDWLRQ�RI�HQYLURQPHQWDO�DVVHWV�
5LYHU�IRUHVW�JUDVVODQG�KLOO�PRXQWDLQ� ��




