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6WXGHQWV�VKRXOG�EH�DEOH�WR
�� ,QWHUSUHW EDVLF� DUFKLWHFWXUH� RI� ��ELW� PLFURSURFHVVRUV� DQG� WKHLU� RSHUDWLRQ� XVLQJ�

DVVHPEO\�ODQJXDJH�SURJUDPPLQJ�DQG�LQWHUIDFLQJ FRQFHSWV�
�� 'LVWLQJXLVK� WKH� SURSHUWLHV� RI� ��ELW� DQG� ���PLFURSURFHVVRUV�ZLWK� WKHLU� SURJUDPPLQJ�

DQG�LQWHUIDFLQJ PRGHOV�
�� ([SODLQ�WKH�LQWHUQDO�GHVLJQ�RI� WKH������PLFURFRQWUROOHUV�DORQJ�ZLWK�WKH�IHDWXUHV DQG�

WKH�SURJUDPPLQJ�
�� $SSO\� WKH� LQWHUIDFLQJ� DQG� SURJUDPPLQJ� NQRZOHGJH� RI�PLFURFRQWUROOHU� IRU� WKH� UHDO�

WLPH�SUREOHP�VROYLQJ�
�� 'HVLJQ�SURFHVVRU�DQG�FRQWUROOHU�EDVHG�DSSOLFDWLRQV�XVLQJ�FRPSDWLEOH�SHULSKHUDOV��

8QLW� ��� $UFKLWHFWXUH� RI� ����� PLFURSURFHVVRU�� LQVWUXFWLRQV� VHWV�� DVVHPEO\� ODQJXDJH�
SURJUDPPLQJ��LQWHUIDFLQJ�ZLWK�PHPRU\�DQG�,�2�GHYLFHV��LQWHUUXSWV�V\VWHPV��
81,7������,QWURGXFWLRQ��WR������ELWV PLFURSURFHVVRUV���$UFKLWHFWXUH��RI��������PLFURSURFHVVRU���
LQVWUXFWLRQ�VHWV��DGGUHVVLQJ�PRGHV��DVVHPEO\�ODQJXDJH�DQG�LQWHUUXSW�KDQGOLQJ�
81,7� � ��� � $UFKLWHFWXUH� � RI� � ����� � PLFURFRQWUROOHU�� � 6)5¶V�� � LQVWUXFWLRQ� � VHWV�� � DVVHPEO\� �
ODQJXDJH��SURJUDPPLQJ��WLPHUV�DQG�FRXQWHUV��VHULDO�FRPPXQLFDWLRQ�LQ������
81,7������,QWHUIDFLQJ��RI���������$�'���'�$��FRQYHUWHU���H[WHUQDO��PHPRU\���/&'���.H\ERDUG��
'&��DQG��VWHSSHU�PRWRU
81,7��������,QWURGXFWLRQ��WR��SHULSKHUDO��LQWHUIDFH��,&V��VXFK��DV��3,'���������33,��������'0$
FRQWUROOHU DQG� � WKHLU� � LQWHUIDFLQJ� ZLWK� PLFURSURFHVVRUV� DQG� PLFURFRQWUROOHUV�� 5HDO� WLPH�
DSSOLFDWLRQV�GHVLJQ�

$66(60(17�0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP

35$&7,&$/6�

6�1R� /LVW�RI�3URJUDPV

�� :ULWH� DQ� DVVHPEO\� ODQJXDJH� SURJUDP� IRU� WKH� DGGLWLRQ� RI� WZR� ��� ELW� QXPEHUV�� �8VH�
FRQVHFXWLYH�PHPRU\�ORFDWLRQ�WHFKQLTXH�IRU�GDWD�DQG�UHVXOW�VWRUDJH�

�� :ULWH� DQ� DVVHPEO\� ODQJXDJH� SURJUDP� IRU� WKH� PXOWLSOLFDWLRQ� RI� WZR� �� ELW� QXPEHUV�� �8VH�
FRQVHFXWLYH�PHPRU\�ORFDWLRQ�WHFKQLTXH�IRU�GDWD�DQG�UHVXOW�VWRUDJH�

�� :ULWH� DQ� DVVHPEO\� ODQJXDJH� SURJUDP� IRU� WKH� GLYLVLRQ� RI� WZR� �� ELW� QXPEHUV�� �8VH�
FRQVHFXWLYH�PHPRU\�ORFDWLRQ�WHFKQLTXH�IRU�GDWD�DQG�UHVXOW�VWRUDJH�

�� :ULWH�DQ�DVVHPEO\� ODQJXDJH�SURJUDP�IRU�PXOWLSOLFDWLRQ�RI�D����ELW�KH[�QXPEHU�ZLWK���ELW�
KH[�QXPEHU�

�� :ULWH�DQ�DVVHPEO\�ODQJXDJH�SURJUDP�WR�ILQG�ODUJHVW�QXPEHU�RXW�RI�WKH�WHQ���ELW�QXPEHUV�
�� :ULWH�DQ�DVVHPEO\�ODQJXDJH�SURJUDP�ZLWK�VXEURXWLQH�WR�ILQG�RXW�SRVLWLYH��QHJDWLYH�DQG�]HUR�

LQ�D�JLYHQ�VHULHV�RI�WHQ�KH[�GDWD�VWRUHG�DW�����+�ORFDWLRQ�
�� :ULWH�DQ�DVVHPEO\�ODQJXDJH�SURJUDP�WR�ILQG�RXW�VTXDUH�URRW�RI�D�QXPEHU�E\�VXEWUDFWLQJ�RGG�

LQWHJHU�
�� :ULWH�DQ�DVVHPEO\�ODQJXDJH�SURJUDP�WR�;25�GDWD�ZLWKRXW�XVLQJ�;5$�LQVWUXFWLRQ�
�� :ULWH� DQ� DVVHPEO\� ODQJXDJH� SURJUDP� ZLWK� VXEURXWLQH� WHFKQLTXH� WR� DVVHPEO\� DQG�
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GLVDVVHPEO\�D�JLYHQ���ELW�ZRUGV���+LQW��'DWD���+�FDQ�EH�GLVDVVHPEOHG�DV���+�DQG���+�
��� :ULWH�DQ�DVVHPEO\�ODQJXDJH�SURJUDP�WR�DGG�D�VHULHV�RI�ILYH�KH[�QXPEHUV�LQ�%&'���
��� :ULWH� DQ� DVVHPEO\� ODQJXDJH� SURJUDPV� WR� DGG�� VXEWUDFW��PXOWLSO\�	� GLYLGH� WZR� �� ELW� QRV��

VWRUHG�LQ�UHJLVWHU�5��	�5��RI�UHJLVWHU�EDQN���RI������PLFURFRQWUROOHU��VWRUH�WKH�UHVXOWV�RI�
YDULRXV�RSHUDWLRQV�LQ�GLIIHUHQW�UHJLVWHUV�RI�UHJLVWHU�EDQN���

��� :ULWH� DQ� DVVHPEO\� ODQJXDJH�SURJUDPV�FRQYHUW� JLYHQ���ELW� ELQDU\�QR�� LQ�DFFXPXODWRU� WR���
GLJLWV�%&'��VWRUH�����5������GLJLW�LQ�5��	��V�GLJLW�LQ�5��RI�UHJLVWHU�EDQN���

��� :ULWH�DQ�DVVHPEO\�ODQJXDJH�SURJUDPV�WR�ILQG�VPDOOHVW�QR��LQ�D�JLYHQ�DUUD\��$UUD\�LV�VWRUHG�
DW�ORFDWLRQ�VWDUWLQJ�IURP�DGGUHVV�����+�

��� :ULWH� DQ�DVVHPEO\� ODQJXDJH�SURJUDPV� WR� LPSOHPHQW� D�%RROHDQ� ORJLF�< �$�%��&�8VH�ELW�
DGGUHVVDEOH�DUHD�RI��LQWHUQDO�5$0��$�%�	�&�DUH�%RROHDQ�YDULDEOHV

��� :ULWH�DQ�DVVHPEO\�ODQJXDJH�SURJUDPV�WR�JHQHUDWH�D�VTXDUH�ZDYH�RI��2��GXW\�F\FOH�RQ�ELW���
RI�SRUW���

��� :ULWH�DQ�DVVHPEO\�ODQJXDJH�SURJUDPV�WR�VZDS�ORZHU�	�XSSHU�QLEEOH�RI�DQ\���ELW�GDWD�VWRUHG�
LQ�D�UHJLVWHU�ZLWKRXW�XVLQJ�6:$3�LQVWUXFWLRQ�

��� :ULWH� DQ� DVVHPEO\� ODQJXDJH� SURJUDPV� WR� ILQG� VTXDUH� URRW� RI� D� QR�� XVLQJ� VXEWUDFWLRQ� RI�
VXFFHVVLYH�RGG�LQWHJHUV�

��� :ULWH� DQ� DVVHPEO\� ODQJXDJH� SURJUDPV� WR� FDOFXODWH� YDOXH� RI� IXQFWLRQ ሺ ሻ ൌ ʹ   ͳ��
:KHUH�� LV�DQ���ELW�ELQDU\�QXPEHU�

��� :ULWH�DQ�DVVHPEO\� ODQJXDJH�SURJUDPV�DVVXPLQJ� WKDW�,17���SLQ�RI������LV�FRQQHFWHG� WR�D�
VZLWFK�WKDW�LV�QRUPDOO\�KLJK��:KHQHYHU�LW�JRHV�ORZ�LW�VKRXOG�WXUQV�RQ�DQ�/('�FRQQHFWHG�WR�
3����ZKLFK�LV�QRUPDOO\�RII��,W�VKRXOG�VWD\�21�IRU�IHZ�VHFRQGV�DQG�WKHQ�JR�GRZQ�

��� :ULWH�DQ�DVVHPEO\�ODQJXDJH�SURJUDP�WR�GLVSOD\�D�VWULQJ�RI�FKDUDFWHUV�RQ�/&'�

$66(60(17�

,QWHUQDO� YLYD�� &RQWLQXRXV� HYDOXDWLRQ� RI� H[SHULPHQWV�� -RXUQDO� ZULWH�XS�� DQG�
$GGLWLRQDO�H[SHULPHQWV�FRQGXFWHG��4XL]��(QG�VHPHVWHU�H[DP�

�� *DRQNDU��,QWURGXFWLRQ�WR�0LFURSURFHVVRU���QG�HG���������3UHQWLFH�+DOO�
7(;7�%22.6�5(&200(1'('�

�� 6ULGKDU�DQG�*KRVK��&RPSXWHU�2UJDQL]DWLRQV�DQG�$UFKLWHFWXUH���QG HG��������3+,�
�� 0D]LGL������0LFURFRQWUROOHU�DQG�(PEHGGHG�6\VWHPV���QG HG��������3HDUVRQ�(GX�
�� $\DOD��7KH������0LFURFRQWUROOHU���QG HG��������3HQUDP�3XEO�

�� 5H\�%KXUFKDQGL��$GYDQFHG�0LFURSURFHVVRU�$UFKLWHFWXUH���QG HG��������70+�
5()(5(1&(�%22.6�5(&200(1'('�

�� %UD\�� 7KH� ,QWHO�0LFURSURFHVVRUV�� $UFKLWHFWXUH�� 3URJUDPPLQJ� DQG� ,QWHUIDFLQJ�� �QG HG���
�����3+,�
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$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

�� ([SODLQ WKH�UDGLDWLRQ�PHFKDQLVP�RI�(0�ZDYHV�E\�DQWHQQDV�DQG�WKHLU�UDGLDWLRQ�SDWWHUQV�
�� ,QWHUSUHW�WKH�UHODWLRQVKLSV�EHWZHHQ�DQWHQQD�SHUIRUPDQFH�SDUDPHWHUV�
�� 'HVLJQ�DQG�DQDO\]H�GLIIHUHQW�DQWHQQDV�DQG�DQWHQQD�DUUD\V�
�� $QDO\]H�DQG�GLVWLQJXLVK�GLIIHUHQW�W\SH�RI�DQWHQQDV�
�� 'LVFXVV DWPRVSKHULF�VWUXFWXUH�DQG�LWV�LPSDFW�RQ�UDGLR�ZDYH�SURSDJDWLRQ��

+RXUV� ��
:HHN

7KHRU\�
8QLW��� $QWHQQD� )XQGDPHQWDOV� 5HWDUGHG� 3RWHQWLDO�� 5DGLDWLRQ� (TXDWLRQ�� 5DGLDWLRQ�

0HFKDQLVP� RI� $QWHQQDV�� 5DGLDWLRQ� ,QWHJUDO� DQG� $X[LOLDU\� 3RWHQWLDO� )XQFWLRQV��
5DGLDWLRQ� IURP� /LQHDU� :LUH� $QWHQQDV� L�H�� � ,QILQLWHVLPDO� 'LSROH�� 6PDOO� 'LSROH��
)LQLWH�/HQJWK�'LSROH�DQG�+DOI�:DYH�'LSROH��

8QLW��� $QWHQQD�3HUIRUPDQFH�3DUDPHWHUV��5DGLDWLRQ� SDWWHUQ� L�H�� ,VRWURSLF��'LUHFWLRQDO��
DQG� 2PQLGLUHFWLRQDO� 3DWWHUQV� 5DGLDWLRQ� ,QWHQVLW\ DQG� 3RZHU� GHQVLW\�� *DLQ� 	�
'LUHFWLYLW\�� (IIHFWLYH� DUHD DQG�$SHUWXUH�� %DQG� ZLGWK� DQG� EHDP� ZLGWK�� $QWHQQD�
LPSHGDQFH�� $QWHQQD� (IILFLHQF\� 3RODUL]DWLRQ�� � )ULLV� 7UDQVPLVVLRQ� (TXDWLRQ DQG�
UHFLSURFLW\��$QWHQQD�5DGDU�&URVV�6HFWLRQ DQG�6$5��

8QLW��� $QWHQQD�DUUD\�DQG�)XQGDPHQWDOV��/LQHDU��SODQDU�DQG�FLUFXODU��(QG�ILUH�	�EURDG�
VLGH�DUUD\V��7ZR�DQG�PXOWLHOHPHQW�DUUD\V��7HFKQLTXH�RI�PXOWLSOLFDWLRQ�RI�SDWWHUQV���
%LQRPLDO�DQG�'ROSK�&KHE\FVKHII�DUUD\V���3KDVHG�DUUD\��6PDUW�DQWHQQDV�DQG�%HDP�
IRUPLQJ�WHFKQLTXHV� $QWHQQD�6\QWKHVLV�DQG�WHFKQLTXHV�

8QLW��� 7\SHV� RI�$QWHQQDV� DQG�$QDO\VLV�� � /LQHDU�ZLUH� DQWHQQD� DQG� � GLSROH��0)�	�+)�
DQWHQQDV�� 7RZHU� DQWHQQD��9+)�	�8+)� DQWHQQD�� *60� DQWHQQDV�� /RRS�$QWHQQD��
5KRPELF� DQWHQQD�� $SHUWXUH� DQWHQQDV�� %URDG� EDQG� DQWHQQDV�� (TXLDQJXODU� DQG� �
&RQLFDO�HTXLDQJXODU�VSLUDO�DQWHQQD��)UHTXHQF\�LQGHSHQGHQW�DQWHQQDV��/RJ�SHULRGLF�
DQWHQQD�� 5HIOHFWRU� DQG� +RUQ� DQWHQQDV�� 0LFUR� VWULS� DQWHQQDV�� PHDVXUHPHQW� DQG�
'HVLJQ�DSSURDFK��

8QLW��� 5DGLR�:DYH�3URJDWLRQ��*URXQG�ZDYH�SURSDJDWLRQ��UHIOHFWLRQ�IURP�HDUWK¶V�VXUIDFH��
6SDFH� ZDYH� DQG� VN\� ZDYH� SURSDJDWLRQ�� 7URSRVSKHULF� ZDYH� DQG� WURSRVSKHULF�
VFDWWHULQJ��'XFW�SURSDJDWLRQ��,RQRVSKHUH�SURSDJDWLRQ��6WUXFWXUH�RI�LRQRVSKHUH�DQG��
DWPRVSKHUH�� YDULRXV� SDUDPHWHUV� OLNH� � &ULWLFDO� IUHTXHQF\�� � 0D[LPXP� XVDEOH�
IUHTXHQF\��/HDVW�XVDEOH�IUHTXHQF\��	�9LUWXDO�KHLJKWV�HWF��

$66(60(17�0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP

35$&7,&$/6�
7KH�OLVW�RI�WKH�H[SHULPHQWV�LV�DV�IROORZV�

��� )DPLOLDUL]DWLRQ� DQG� VWXG\� RI� $GYDQFHG� DQWHQQD� PHDVXUHPHQW� V\VWHP� DQG� 5)� DQHFKRLF�
FKDPEHU�
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���)DPLOLDUL]DWLRQ�DQG�FDOLEUDWLRQ�VWXG\�RI�YHFWRU�1HWZRUN�$QDO\]HU��063������
���'HVLJQ�DQG�VLPXODWLRQ�RI�0LFURVWULS�SDWFK�DQWHQQD��9LUWXDO�ODE��
���&KDUDFWHUL]DWLRQ�RI�&LUFXODU�SRODUL]DWLRQ�LQ�06$��9LUWXDO�ODE��
���0HDVXUHPHQW�RI�5DGLDWLRQ�SDUDPHWHUV�RI�0LFURVWULS�DQWHQQD� WKURXJK�91$�DQG�DQHFKRLF�
FKDPEHU�
���0HDVXUHPHQW�RI�&R�SRODUL]DWLRQ�DQG�FURVV�SRODUL]DWLRQ�RI�DUELWUDU\�WHVW�DQWHQQD�XVLQJ�5)�
DQHFKRLF�FKDPEHU�DQG�PHDVXUHPHQW�V\VWHP�
���0HDVXUHPHQW�RI�LQVHUWLRQ�ORVVHV�DQG�FDEOH�ORVVHV�XVLQJ�9HFWRU�QHWZRUN�DQDO\]HU�
��� &DOFXODWLRQ� DQG� JHQHUDWLRQ� RI� UDGLDWLRQ� SDWWHUQ� RI� 506$� �0LFURVWULS�� LQ� D]LPXWK� 	�
HOHYDWLRQ�SODQH�
���&DOFXODWLRQ�DQG�JHQHUDWLRQ�RI�UDGLDWLRQ�SDWWHUQ�RI�<$*,�DQWHQQD��0LFURVWULS��LQ�D]LPXWK 	�
HOHYDWLRQ�SODQH�
����&DOFXODWLRQ� DQG� JHQHUDWLRQ� RI� UDGLDWLRQ� SDWWHUQ� RI� DQQXODU� ULQJ� DQWHQQD� �0LFURVWULS�� LQ�
D]LPXWK�	�HOHYDWLRQ�SODQH�
���� 0HDVXUH� WKH� YDULDWLRQ� RI� ILHOG� VWUHQJWK�LQYHUVH� VTXDUH�� SRZHU� IORZ� RI� DUELWUDU\� WHVW�
DQWHQQD�LQ�5)�DQHFKRLF�FKDPEHU�

$66(60(17�
,QWHUQDO�YLYD��&RQWLQXRXV�HYDOXDWLRQ�RI�H[SHULPHQWV��-RXUQDO�ZULWH�XS��DQG�$GGLWLRQDO�
H[SHULPHQWV�FRQGXFWHG��4XL]��(QG�VHPHVWHU�H[DP�

7(;7�%22.6�5(&200(1'('��
�� $QWHQQD�7KHRU\��$QDO\VLV�DQG�'HVLJQ���QG�HG���������:LOH\3XEOLFDWLRQ�
�� .UDXV�-�'���$QWHQQDV���QG�HG���������0F*UDZ+LOO�
�� 3UDVDG�.��'���$QWHQQD�	�:DYH�3URSDJDWLRQ���QG�HG���������.KDQQD 3XEOLFDWLRQ�

5()(5(1&(�%22.6�5(&200(1'('��
�� &ROOLQ�5�(���$QWHQQDV�	�:DYH�3URSDJDWLRQ���UG�HG���������0F*UDZ+LOO�
�� &KDWWHUMHH�5DMHVKZDUL��$QWHQQD�WKHRU\ DQG�SUDFWLFH���QG�HG��������1HZ�$JH3XEO�
�� -RUGDQ�	�%DOOPDQ��(OHFWURPDJQHWLF�:DYH�	�5DGLDWLRQ�6\VWHP���QG�HG�������� 3+,�
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$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

�� 6WXG\ WKH�EDVLF�9/6,�GHVLJQ�IORZ��
�� :ULWH� DQG� VLPXODWH� +'/� FRGH� IRU� EDVLF� FRPELQDWLRQDO� DQG� VHTXHQWLDO� FLUFXLWV�� 	�

XQGHUVWDQG�WKH�EDVLFV�RI�V\QFKURQRXV�ILQLWH�VWDWH�PDFKLQHV�
�� $QDO\]H�WKH�VWDWLF�	�G\QDPLF�FKDUDFWHULVWLFV�RI�FPRV�LQYHUWHU�
�� 'HVLJQ�FRPELQDWLRQDO�	�VHTXHQWLDO�ORJLF�FLUFXLWV
�� 8QGHUVWDQG� WKH� EDVLFV� RI�PHPRU\� GHVLJQ� DQG�ZRUNLQJ� RI� SURJUDPLQJ� ORJLF� GHYLHV�

VXFK�DV�&3/'�DQG�)3*$�

7KHRU\

8QLW� �� 6HPLFRQGXFWRU� PHPRULHV�� QRQ�YRODWLOH� DQG� YRODWLOH� PHPRU\� GHYLFHV�� IODVK�
PHPRULHV�� 65$0� &HOO� 'HVLJQ�� 'LIIHUHQWLDO� 6HQVH� $PSOLILHUV�� '5$0� 'HVLJQ��
3URJUDPPDEOH� ORJLF� GHYLFHV�� 3/$�� 3$/�� 3520� HWF��� SURJUDPPLQJ� VWUDWHJLHV��
FLUFXLW� LPSOHPHQWDWLRQ��&3/'�DQG�)3*$�DUFKLWHFWXUH��FDVH�VWXG\�RI� ,QWHO�)3*$V��
WKHLU�IHDWXUHV�DQG�SURJUDPPLQJ�

$66(60(17�0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP

��
8QLW���� ,VVXHV�DQG�&KDOOHQJHV�LQ�'LJLWDO� ,&�'HVLJQ��JHQHUDO�RYHUYLHZ�RI�GHVLJQ�KLHUDUFK\��

OD\HUV� RI� DEVWUDFWLRQ�� LQWHJUDWLRQ� GHQVLW\� DQG� 0RRUH¶V� ODZ�� 9/6,� GHVLJQ� VW\OHV��
026)(7� IDEULFDWLRQ�� EDVLF� VWHSV� RI� IDEULFDWLRQ�� &026� S�ZHOO� DQG� Q�ZHOO�
SURFHVVHV��OD\RXW�GHVLJQ�UXOHV��*DMHVNL¶V�&KDUW��3/'�EDVHG�GHVLJQ�IORZ��V\QWKHVLV��
VLPXODWLRQ�� SODFHPHQW� DQG� URXWLQJ�� IORRU� SODQQLQJ�� YHULILFDWLRQ�� EDFN� DQQRWDWLRQ�
HWF��

8QLW� �� )LQLWH� VWDWH� PDFKLQH� GHVLJQ�� VWDWH� PDFKLQHV�� 0HDO\� DQG�0RRUH� PDFKLQHV�� VWDWH�
GLDJUDP��VWDWH� WDEOH� UHGXFWLRQ� WHFKQLTXHV� IRU� VWDWH� WDEOHV�� WUDQVLWLRQ� WDEOHV��GHVLJQ�
RI�VHTXHQWLDO�FLUFXLWV�XVLQJ�)60��,QWURGXFWLRQ�WR�+'/V��WKHLU�IHDWXUHV��+'/�EDVHG�
GHVLJQ�� IHDWXUHV� RI� 9HULORJ�9+'/� DQG� SURJUDPPLQJ� PHWKRGRORJLHV�� YDULRXV�
PRGHOOLQJ� VW\OHV� LQ� 9HULORJ�9+'/�� 'LJLWDO� GHVLJQLQJ� ZLWK� +'/�� WHVW� EHQFKHV��
9HULORJ�9+'/�FRGLQJ�IRU�)60��

8QLW� �� 5HYLHZ� RI� WKH� EDVLFV� RI� &026�� RSHUDWLRQ� RI� 1026�� 3026�� &026�� 026�
&DSDFLWDQFH��&026�,QYHUWHU��026�'HYLFH�0RGHO�ZLWK�6XE�PLFURQ�(IIHFWV��97&�
3DUDPHWHUV��'&�&KDUDFWHULVWLFV���&026�3URSDJDWLRQ�'HOD\��3DUDVLWLF�&DSDFLWDQFH�
(VWLPDWLRQ�� /D\RXW� RI� DQ� ,QYHUWHU�� 6ZLWFKLQJ�� 6KRUW�&LUFXLW� DQG� /HDNDJH�
&RPSRQHQWV� RI� (QHUJ\� DQG� 3RZHU�� ,QWHUFRQQHFWV�� 5HVLVWDQFH�� &DSDFLWDQFH�
(VWLPDWLRQ��GHOD\V��%XIIHU�&KDLQV��/RZ�6ZLQJ�'ULYHUV��3RZHU�'LVWULEXWLRQ�

8QLW��� &RPELQDWLRQDO�/RJLF�'HVLJQ��6WDWLF�&026�&RQVWUXFWLRQ��3HUIRUPDQFH�2SWLPL]DWLRQ�
RI� � 'LJLWDO� &LUFXLWV� E\� /RJLFDO� (IIRUW�� 6L]LQJ�� 5DWLRHG� /RJLF�� 3DVV� 7UDQVLVWRU��
7UDQVPLVVLRQ�*DWH�/RJLF��'&96/��'\QDPLF�/RJLF�'HVLJQ�&RQVLGHUDWLRQV��QRLVH�
FRQVLGHUDWLRQV�LQ�G\QDPLF�GHVLJQ�3RZHU�'LVVLSDWLRQ�LQ�&026�/RJLF��'RPLQR�DQG�
125$� GHVLJQV�� 6HTXHQWLDO� &LUFXLWV� 'HVLJQ�� &ODVVLILFDWLRQ�� 3DUDPHWHUV�� 6WDWLF�
/DWFKHV�DQG�5HJLVWHU��5DFH�&RQGLWLRQ��'\QDPLF�/DWFKHV�DQG�5HJLVWHUV��7ZR�3KDVH�
YV� 6LQJOH� 3KDVH� FORFN� GHVLJQV��'HVLJQ� RI� DULWKPHWLF� EXLOGLQJ� EORFNV� OLNH� DGGHUV�
DQG�PXOWLSOLHUV�

+RXUV� ��
:HHN
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7RWDO�0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO
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35$&7,&$/6�

8QLW���/���63,&(��2SHQ�VRXUFH��DQG�H[SHULPHQWV�EDVHG�RQ�LW �:HHN����:HHN����:HHN���
8QLW���/���0$*,&��2SHQ�VRXUFH��DQG�H[SHULPHQWV�EDVHG�RQ�LW �:HHN����:HHN����:HHN���
8QLW� ��/�� ,QWURGXFWLRQ� WR� +'/V�� WKHLU� IHDWXUHV�� +'/� EDVHG� GHVLJQ�� IHDWXUHV� RI
9HULORJ�9+'/�DQG�SURJUDPPLQJ�PHWKRGRORJLHV��YDULRXV�PRGHOOLQJ�VW\OHV�LQ�9HULORJ�9+'/��
'LJLWDO�GHVLJQLQJ�ZLWK�+'/��WHVW�EHQFKHV���:HHN����:HHN����:HHN����:HHN����

$66(60(17�
,QWHUQDO� YLYD�� &RQWLQXRXV� HYDOXDWLRQ� RI� H[SHULPHQWV�� -RXUQDO� ZULWH�XS�� DQG� $GGLWLRQDO�
H[SHULPHQWV�FRQGXFWHG��4XL]��(QG�VHPHVWHU�H[DP�

7(;7�%22.6�5(&200(1'('��
�� -�0�� 5DEDH\��$�� &KDQGUDNDVDQ� DQG� %�� 1LNROLF�� 'LJLWDO� ,QWHJUDWHG� &LUFXLWV� $� 'HVLJQ�

3HUVSHFWLYH����H��3UHQWLFH�+DOO�RI�,QGLD�������
�� 1�� :HVWH� DQG� '�� +DUULV�� &026� 9/6,� 'HVLJQ�� $ &LUFXLWV� DQG� 6\VWHPV� 3HUVSHFWLYH��

��H�3HDUVRQ�(GXFDWLRQ�,QGLD�������
�� 6��%URZQ�	�=��9UDQHVLF� )XQGDPHQWDOV�RI�'LJLWDO�/RJLF�ZLWK�9+'/
�� 6DPLU�3DOQLWNDU��9HULORJ��/DE�

�� :HVWH�	�(VKUDJKDLQ�± SULQFLSOHV�RI�&026�9/6,�'HVLJQ
5()(5(1&(�%22.6�5(&200(1'('��

�� '�/�3HUU\� 9+'/�3URJUDPPLQJ�E\�([DPSOH
�� -��%KDVNHU� 9+'/�3ULPHU
�� 6XQJ�0R�.DQJ� &026�'LJLWDO�,QWHJUDWHG�&LUFXLWV��70+�



(&��������'$7$�&20081,&$7,21

&2856(��287&20(6�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�
�� 8QGHUVWDQG�&RQFHSW�RI�,QIRUPDWLRQ�WKHRU\�DQG�&KDQQHO�&DSDFLW\��
�� 6WXG\�YDULRXV�FKDQQHO�FRGLQJ�WHFKQLTXHV�DQG�WKHRU\ DSSOLFDWLRQ�
�� 'HYHORS�EDVLFV�RI��YDULRXV�GDWD�FRPPXQLFDWLRQ�V\VWHPV�DQG�LWV�FRPSRQHQWV�
�� $QDO\]H�YDULRXV�FRPPXQLFDWLRQ�V\VWHPV�XVLQJ�GLIIHUHQW�GLJLWDO�GDWD� WUDQVPLVVLRQ�DQG�
DFFHVV�WHFKQLTXHV�
�� $SSO\��GLIIHUHQW�GLJLWDO�VZLWFKLQJ�WHFKQLTXHV�DQG�SURWRFROV�IRU�GDWD�����WUDQVPLVVLRQ�

8QLW��,QIRUPDWLRQ7KHRU\�
&RQFHSW�RI�DPRXQW�RI�LQIRUPDWLRQ��(QWURS\�RI�GLVFUHWH�HQVHPEOHV��6KDQQRQ¶V�VRXUFH�FRGLQJ
WKHRUHP�� (QFRGLQJ� RI� GLVFUHWH� VRXUFHV�� 0XWXDO� LQIRUPDWLRQ�� &KDQQHO� FRGLQJ� WKHRUHP�
&DOFXODWLRQ� RI� FKDQQHO� FDSDFLW\� RI� GLVFUHWH� PHPRU\OHVV� FKDQQHOV�� 6KDQQRQ¶V� FKDQQHO¶V
FDSDFLW\�RI�$:*1�FKDQQHO��6KDQQRQ¶V�OLPLW��0RGXODWLRQ�FRGLQJ�WUDGH�RIIV�

8QLW����(UURU�&RQWURO�&RGLQJ�
$V\QFKURQRXV� DQG� V\QFKURQRXV� WUDQVPLVVLRQ�� 7\SHV� RI� HUURU�� (UURU� GHWHFWLRQ�� (UURU�
&RUUHFWLRQ�� +DPPLQJ� GLVWDQFH�� +DPPLQJ� ZHLJKW�� 3DULW\�FKHFN� FRGHV�� 5HSHWLWLRQ� FRGH��
&\FOLF�5HGXQGDQF\�&KHFN��&5&���(UURU�FRQWURO�XVLQJ�IRUZDUG�HUURU�FRUUHFWLRQ��)(&���/LQHDU�
EORFN� FRGHV�� &\FOLF� FRGHV�� +DPPLQJ� FRGHV�� FRQYROXWLRQDO� FRGHV�

8QLW����'DWD�WUDQVPLVVLRQ�DQG�6LJQDO�(QFRGLQJ�
1HWZRUNV� IRU� GDWD� FRPPXQLFDWLRQ� �/$1�� 0$1�� :$1��� 1HWZRUN� PRGHOV�� 26,� UHIHUHQFH
PRGHO� DQG�7&3�,3�PRGHO��7UDQVPLVVLRQ� WHUPLQRORJ\��7UDQVPLVVLRQ� LPSDLUPHQWV��'DWD� UDWH
OLPLWV��3HUIRUPDQFH�SDUDPHWHUV��GLJLWDO�VLJQDO�HQFRGLQJ��0RGHV�RI�GLJLWDO�GDWD�IORZ��VLPSOH[�
GXSOH[�� IXOO� GXSOH[��� 7UDQVPLVVLRQ� PRGHV� DQG� PHGLD�� 6FUDPEOLQJ�� 'LVFUHWH� 0XOWL�WRQH
7HFKQLTXH��'07���$'6/��

8QLW����0XOWLSOH[LQJ��6\QFKURQL]DWLRQ��6SUHDG�6SHFWUXP�DQG�0XOWLSOH�$FFHVV�
5HYLHZ�RI�)'0��7'0��:'0��6\QFKURQL]DWLRQ��'LJLWDO� WUDQVPLVVLRQ�V\VWHP�KLHUDUFK\�DQG�
WKHLU� IUDPH� VWUXFWXUH� '6��� '6��� 7��� (�� HWF�� 6SUHDG� 6SHFWUXP�� )UHTXHQF\� KRS� VSUHDG�
VSHFWUXP� �)+66��� 'LUHFW� VHTXHQFH� VSUHDG� VSHFWUXP� �'666�� 0XOWLSOH� $FFHVV� 7HFKQLTXHV�

8QLW����7HOHFRPPXQLFDWLRQ�VZLWFKLQJ�DQG�1HWZRUNV�
1HFHVVLW\�RI�VZLWFKLQJ��,QWURGXFWLRQ�WR�GLJLWDO�VZLWFKLQJ��&LUFXLW�VZLWFKLQJ��3DFNHW�VZLWFKLQJ�
7HOHSKRQH� 1HWZRUN�� 'LDO�XS� PRGHPV�� 7UDIILF� HQJLQHHULQJ�� 1HWZRUN� WUDIILF� DQG� ORDG
SDUDPHWHUV��(UODQJ�IRUPXODH��$Q�RYHUYLHZ�RI�,6'1�DUFKLWHFWXUH�DQG�SURWRFRO�DQG�9RLFH�RYHU
,QWHUQHW�3URWRFRO��9R,3���,QWURGXFWLRQ�WR�,78�DQG�,(((�VWDQGDUGV�

$66(60(17�0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP�
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7KHRU\ 3UDFWLFDO

/ 7 3 (QG�6HP &: 6: (QG�6HP� 7K 3U 7RWDO
� � � �� �� � � ��� � � �



7(;7�%22.6�5(&200(1'('��
�� %HKURQ]�$��)RURX]RQ���³�'DWD�&RPPXQLFDWLRQ��DQG�1HWZRUNLQJ´���7DWD�0F�JUDZ�KLOO���

�WK�(GLWXLRQ�������
�� %HUQDUG�6NODU��³�'LJLWDO�&RPPXQLFDWLRQ�)XQGDPHQWDNV�DQG�$SSOLFDWLRQV�³���3HDUVRQ�

(GXFDWLRQ����QG�(GLWLRQ���������
�� 6LPRQ�+D\NLQV���³��&RPPXQLFDWLRQ�V\VWHPV�³��-RKQ�:LOH\�3XEOLFDWLRQV����WK�(GLWLRQ���

������

5()(5(1&(�%22.6�5(&200(1'('��
ͳǤ Ǥ� ���� � �ǡǤ� �Ǥ� � �������� � �Ǥ� �Ǥ� � ���������� ǲ����������� ��� �������� �������������ǣ�

������� ��������������ǡ� ���������ǡ� ����������� ���� ������������ ������ ǲǡ����
������Ƭ������ȋ����Ȍ���������ȋ	��������ͳǡ�ͳͻͺȌ

�� 6KX� OLQ� DQG� &RVWHOOR�� ³(UURU� &RQWURO� &RGLQJ� �� )XQGDPHQWDOV� DQG� $SSOLFDWLRQV´��
3HDUVRQ���QG�HGLWLRQ���������

�� 5�3�� 6LQJK� DQG� 6�'�� 6DSUH�� ³&RPPXQLFDWLRQ� 6\VWHPV� ³� �� 7DWD�0F�*UDZ�+LOO�� �QG
(GLWLRQ�������
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&2856(�287&20(6���
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

�� ,GHQWLI\� OLQHDU� YHUVXV� QRQOLQHDU� GDWD� VWUXFWXUHV�� 8QGHUVWDQG� FRPPRQ� GDWD�
VWUXFWXUHV�DQG�EH�DEOH� WR� LPSOHPHQW� WKHP��FKRRVH�DSSURSULDWH�GDWD� VWUXFWXUHV� IRU�
SUREOHP VROYLQJ�DQG�VKRZ�KRZ�GDWD�VWUXFWXUHV�PDS�RQWR�SK\VLFDO PHPRU\�

�� &RPSDUH� GLIIHUHQW� LPSOHPHQWDWLRQV� RI� WKH� VDPH� GDWD� VWUXFWXUH��0DQLSXODWH� GDWD�
VWUXFWXUHV�ZLWK�EDVLF RSHUDWLRQV�

�� 7KH�JHQHUDO�VWUXFWXUH�DQG�SXUSRVH�RI�DQ�RSHUDWLQJ�V\VWHP��WKH�FRQFHSWV�RI�SURFHVV��
DGGUHVV� VSDFH�� DQG� ILOH�� SURFHVV� GHDGORFN�� GHDGORFN� DYRLGDQFH� DQG� UHFRYHU\��
&RPSDUH�DQG�FRQWUDVW�YDULRXV�&38�VFKHGXOLQJ DOJRULWKPV�

�� 8QGHUVWDQG�GLIIHUHQW�PHPRU\�PDQDJHPHQW�WHFKQLTXHV�DQG�EH�DEOH�WR�GHVFULEH�WKH�
DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�HDFK��6WRUDJH�V\VWHPV± GLVNV�����

7+(25<�

8QLW������'DWD�6WUXFWXUH��VWDFN��TXHXH��OLVW��WUHH��GHILQLWLRQ�RI�FRPSOH[LW\�

8QLW� ��� 6RUWLQJ�� 7KHRU\� RI� � VRUWLQJ�� � � VHDUFKLQJ�� � YDULRXV� � WHFKQLTXHV� � DQG� � WKHLU� � � �
FRPSDULVRQ��PDWUL[�PDQLSXODWLRQ��VHWV�DQG VWULQJ�

8QLW����2SHUDWLQJ�6\VWHP��(YROXWLRQ��GLIIHUHQW� W\SHV�� IHDWXUHV�RI�RSHUDWLQJ�V\VWHP��&38��
6FKHGXOLQJ�� 7\SHV� RI� VFKHGXOHU�� SURFHVV� DQG� SURFHVVRU� VFKHGXOLQJ�� PXOWLSURJUDPPLQJ��
,QSXW��2XWSXW��$V\QFKURQRXV�RSHUDWLRQ��VSHHG�JDS��SURJUDPPHG�,�2��,QWHUUXSW�GULYHQ�,�2�

8QLW� ���0HPRU\�� +LHUDUFK\�� PDQDJHPHQW� WHFKQLTXH�� � SDUWLWLRQLQJ�� � VZDSSLQJ�� � SDJLQJ�� �
VHJPHQWDWLRQ�� SDJH� VHJPHQWHG�PHPRU\�� FRPSDULVRQ� RI� WHFKQLTXHV�� YLUWXDO�PHPRU\�� DQG�
GHPDQG�SDJLQJ�DQG�UHSODFHPHQW SROLFLHV�

8QLW� ��� )LOH� 6\VWHP�� 8VHU� DQG� 6\VWHP� YLHZ� RI� ILOH� V\VWHP�� GLVN� RUJDQL]DWLRQ�� GLVN� �
DOORFDWLRQ� PHWKRG�� FRQWLJXRXV�� OLQNHG� DQG� ,QGH[HG�� ILOH� SURWHFWLRQ�� V\VWHP� FDOOV�� GLVN�
VFKHGXOLQJ��'HDGORFN�DYRLGDQFH�DQG�GHDGORFN�UHFRYHU\��&DVH�6WXGLHV��/LQX[��8QL[��06�
'26��:LQGRZ 17�

$66(60(17�0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP�

35$&7,&$/6�
/LVW�RI�([SHULPHQWV�

/DE�$VVLJQPHQW�����
�� :ULWH�D�SURJUDP�WR�LPSOHPHQW�VLQJO\�OLQNHG�OLVW�LQ�
IROORZLQJ ZD\�� 1RWH�� <RXU� RXWSXW� PHQX� VKRXOG� EH

+RXUV���:HHN0D[LPXP�0DUNV
7RWDO�
0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO

/ 7 3 (QG�6HP &: 6: (QG�6HP� 7K 3U 7RWDO
� � � �� �� �� �� ��� � � �



IROORZLQJ�
0HQX

�� ,QVHUWLRQ
�� 'HOHWLRQ
�� 7UDYHUVLQJ
�� 6HDUFKLQJ
(QWHU�\RXU�FKRLFH���
:KHUH�GR�\RX�ZDQW�WR LQVHUW�
�� $W EHJLQQLQJ
�� $W�D�VSHFLILHG SRVLWLRQ
�� $W HQG
2QH�QRGH�LQVHUWHG���
0HQX

�� ,QVHUWLRQ
�� 'HOHWLRQ
�� 7UDYHUVLQJ
�� 6HDUFKLQJ

�� :ULWH�D�SURJUDP�WR�UHYHUVH�D�VLQJO\�OLQNHG OLVW�
�� :ULWH�D�SURJUDP�WR�LPSOHPHQW�GRXEO\�OLQNHG OLVW�
�� :ULWH�D�SURJUDP�WR�PHUJH�WZR�VLQJO\�OLQNHG�OLVW�LQ�VRUWHG RUGHU�

/DE�$VVLJQPHQW�����
�� :ULWH�SURJUDPV�WR�LPSOHPHQW�VWDFN�E\�IROORZLQJ ZD\V�

D� 8VLQJ $UUD\
E� 8VLQJ�/LQNHG /LVW�

�� :ULWH�D�SURJUDP�WR�LPSOHPHQW 4XHXH�
�� :ULWH� D� SURJUDP� WR� LPSOHPHQW� ELQDU\� VHDUFK� WUHH� DQG�

SHUIRUP�IROORZLQJ�RSHUDWLRQV�RQ WKDW�
D� 7UDYHUVDO �LQRUGHU�SUHRUGHU�SRVWRUGHU�
E� 6RUW�WKH�GDWD�RI�WUHH�LQ�DVFHQGLQJ RUGHU�

�� :ULWH�D�SURJUDP�WR�VRUW�WKH�DUUD\�HOHPHQWV�LQ�IROORZLQJ ZD\�
7KH�VRUWLQJ�WHFKQLTXH�DOZD\V�PDLQWDLQV�D�VRUWHG�VXEOLVW�LQ�WKH�ORZHU�SRVLWLRQV�

RI�WKH�OLVW��%HJLQ�E\�DVVXPLQJ�WKDW�D�OLVW�ZLWK�RQH�LWHP��SRVLWLRQ����LV DOUHDG\�VRUWHG��
2Q�HDFK�SDVV��RQH�IRU�HDFK�LWHP���WKURXJK�Q
WKRVH�LQ�WKH�DOUHDG\�VRUWHG�VXEOLVW��$V�ZH�ORRN�EDFN�LQWR�WKH�DOUHDG\�VRUWHG�VXEOLVW��ZH�
VKLIW�WKRVH�LWHPV�WKDW�DUH�JUHDWHU�WR�WKH�ULJKW��:KHQ�ZH�UHDFK�D�VPDOOHU�LWHP�RU�WKH�HQG�
RI� WKH� VXEOLVW�� WKH� FXUUHQW� LWHP� FDQ� EH� LQVHUWHG�� �+LQW�� ,W� ZRUNV� WKH� ZD\� ZH� VRUW�
SOD\LQJ�FDUGV�LQ�RXU KDQGV��

$66(60(17�
,QWHUQDO�YLYD��&RQWLQXRXV�HYDOXDWLRQ�RI�H[SHULPHQWV��-RXUQDO�ZULWH�XS��DQG�$GGLWLRQDO�
H[SHULPHQWV�FRQGXFWHG��4XL]��(QG�VHPHVWHU�H[DP�

7(;7�%22.6�5(&200(1'('��
�� *DOYLQ�DQG�6LOEHUVFKDW]��2SHUDWLQJ�6\VWHPV�DQG�FRQFHSWV��$GGLVRQ:HVOH\�
�� 7DQHQEDXP��2SHUDWLQJ�6\VWHPV� 3+,
�� .UX]H��'DWD�6WUXFWXUHV�DQG�3URJUDP�'HVLJQ��3UHQWLFH +DOO

5()(5(1&(�%22.6�5(&200(1'('��
�� :LOOLDP�6WDOOLQJV��2SHUDWLQJ�V\VWHPV� 3+,
�� %DFK�$��6���'HVLJQ�RI�81,;�RSHUDWLQJ�V\VWHP� 3+,�5
��7HQDQEDXP��'DWD�VWUXFWXUHV�XVLQJ�&��3HDUVRQ (GX�
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&2856(�287&20(6��
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR��
��� 6WXG\� YDULRXV� W\SHV� RI� PHDVXULQJ� LQVWUXPHQWV� 	� WKHLU� FKDUDFWHULVWLFV� ZLWK� WKHLU�
DSSOLFDWLRQV�LQ�YDULRXV�HOHFWURQLF�FLUFXLWV��
���0HDVXUH�VLJQDOV��GLDJQRVH�IDXOW�LQ�HOHFWURQLFV�FLUFXLWV�	�V\VWHPV�DQG�LWV�UHFWLILFDWLRQ��
���'HVLJQ�DQG�DQDO\]H�WUDQVGXFHU�EDVHG�PHDVXUHPHQW�FLUFXLWV��
���8QGHUVWDQG�WKH HOHFWURQLF�PHDVXUHPHQW�FLUFXLWV�DQG�VXEV\VWHPV��
���$QDO\]H�DQG�PHDVXUHPHQW�RI�KLJK�IUHTXHQF\�FLUFXLW�SDUDPHWHUV�

+RXUV��:HHN� 0D[LPXP�0DUNV
7RWDO�0DUNV�

&UHGLWV�
7KHRU\ 3UDFWLFDO
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7+(25<��
8QLW� ��� 0HDVXUHPHQW� DQG� WKHLU� PHWKRGV�� &ODVVLILFDWLRQ� RI� PHDVXULQJ� LQVWUXPHQWV��
6WDWLF� DQG� G\QDPLF� FKDUDFWHULVWLFV� RI� LQVWUXPHQWV�� 6WDQGDUGV� RI� UHVLVWDQFH�� YROWDJH��
FXUUHQW��IUHTXHQF\�DQG�WLPH��VKLHOGLQJ�DQG�JURXQGLQJ��$&�DQG�'&�YROWPHWHUV�

8QLW����%DVLFV�RI�VHQVRUV�DQG�WUDQVGXFHUV��7\SHV�RI�WUDQVGXFHUV��/9'7��59'7��6WUDLQ�
*DXJH�� 7\SHV� RI� VWUDLQ� JDXJHV�� 7\SHV� RI� PLFURSKRQHV�� 7\SHV� RI� VSHDNHUV�� 2SWR�
HOHFWURQLFV� DQG� SLH]RHOHFWULF� WUDQVGXFHUV�� WKHLU� FDOLEUDWLRQ� DQG� DSSOLFDWLRQ�� 8QLYHUVDO�
SURGXFW�FRGH��

8QLW����3ULQFLSOH�	�FRQVWUXFWLRQ�RI�&52�	�LWV�YDULRXV�FRQWUROV��'XDO�EHDP�DQG�GXDO�
WUDFH� &52V�� (VWLPDWLRQ� RI� SKDVH� 	� IUHTXHQF\� XVLQJ� &52�� 'LJLWDO� VWRUDJH�
RVFLOORVFRSHV��$WWHQXDWRUV��0HDVXUHPHQW�RI�5)�IUHTXHQF\��3RZHU��DQG�,PSHGDQFH��

8QLW����3ULQFLSOH��FRQVWUXFWLRQ�	�DSSOLFDWLRQV�RI�IUHTXHQF\�PHWHU��7\SHV�RI�IUHTXHQF\�
PHWHUV�� 7\SHV� RI� 4�PHWHUV�� $&� EULGJHV� DQG� WKHLU� DSSOLFDWLRQV�� +LJK� IUHTXHQF\�
PHDVXUHPHQWV��0HDVXUHPHQWV�RI�LQVHUWLRQ�JDLQ�	�SKDVH��

8QLW� ��� 6LJQDO� 	 ZDYHIRUP� JHQHUDWRUV�� )UHTXHQF\� V\QWKHVL]HUV�� 'LJLWDO� YROWPHWHU��
'LJLWDO�IUHTXHQF\�FRXQWHUV�	�PLOOLPHWUH¶V��6SHFWUXP�DQDO\]HU��5)�LPSHGDQFH��9ROWDJH�
DQG� SRZHU�PHWHU��2SWLFDO� SRZHU�PHWHU��9HFWRU� DQDO\]HU��'LVWRUWLRQ� DQDO\]HU��96:5�
DQG� UHWXUQ� ORVV� PHDVXUHPHQWV��0HDVXUHPHQW� RI� 5)� ,PSHGDQFH�� 5)� 9ROWDJH� DQG� 5)�
3RZHU��

$66(60(17��0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP�
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/LVW�RI�H[SHULPHQWV�

���,QWURGXFWLRQ�WR�&52��
���0HDVXUHPHQW�RI�XQNQRZQ�IUHTXHQF\�XVLQJ�&52��
���0HDVXUHPHQW�RI�XQNQRZQ�SKDVH�VKLIW�XVLQJ�&52��
���,QWURGXFWLRQ�WR�'LJLWDO�6WRUDJH�2VFLOORVFRSH��'62��
���0HDVXUHPHQW�RI�SDUDPHWHUV�IURP�WKH�GHYLFH�FKDUDFWHULVWLF�FXUYHV�GLVSOD\HG�E\�FXUYH�
WUDFHU��
���0HDVXUHPHQW�XVLQJ�JHQHUDO�SXUSRVH�'LJLWDO�0XOWLPHWHU��
���6WXG\�RI�%DODQFHG�0RGXODWRU�DV�D�SKDVH�PHWHU��
���0HDVXUHPHQW�RI�LQVHUWLRQ�JDLQ�RI�D�WZR�SRUW�QHWZRUN��
���0HDVXUHPHQW�RI�OLQHDU�GLVSODFHPHQW��
����0HDVXUHPHQW�RI�GLVSODFHPHQW�XWLOL]LQJ�SLH]RUHVLVWLYH�HIIHFW��
���� 0HDVXUHPHQW� RI� OLQHDU� GLVSODFHPHQW� XWLOL]LQJ� WKH� SULQFLSOH� RI� FKDQJH� LQ�
FDSDFLWDQFH��

$66(60(17��
,QWHUQDO� YLYD�� &RQWLQXRXV� HYDOXDWLRQ� RI� H[SHULPHQWV�� -RXUQDO� ZULWH�XS�� DQG�
$GGLWLRQDO�H[SHULPHQWV�FRQGXFWHG��4XL]��(QG�VHPHVWHU�H[DP��

7(;7�%22.6�5(&200(1'('��
���6KDZQH\��(OHFWULFDO�	�(OHFWURQLF�0HDVXUHPHQW����WK�HG���������'KDQSDW�5DL	�
6RQV��
���'��9��6��0XUWK\��7UDQVGXFHUV�DQG�6HQVRUV���QG�HG���������3+,��
���&RSSHU��(OHFWURQLF�0HDVXUHPHQW���WK�HG���������3+,��

5()(5(1&(�%22.6�5(&200(1'('��
���3DWUDQDELV�'���6HQVRUV�DQG�7UDQVGXFHUV���QG�HG���������6��&KDQG�	�&R��
��� %KDWWDFKDU\D� 6�� .��� (OHFWURQLFV�� 0HDVXUHPHQWV� DQG� LQVWUXPHQWDWLRQ�� �QG� HG���
������.KDQQD�3XE��
���7HUPDQ�	�3HWLW��(OHFWURQLF�PHDVXUHPHQWV���UG�HG���������0F�*UDZ�+LOO�
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35(�5(48,6,7(6��1,/�
&RXUVH�REMHFWLYHV

�� 7R�PDNH�VWXGHQWV�DFTXDLQWHG�ZLWK�WKH�OHJDF\�RI�DQFLHQW�,QGLDQ�NQRZOHGJH��
�� 7R�PDNH� VWXGHQWV� XQGHUVWDQG� DERXW� WKH� UROH� RI� ,QGLDQ� VFKRRO� RI� 3KLORVRSK\� DQG� LWV�

FRQWULEXWLRQ�WR�WKH�PRGHUQ�ZRUOG�
�� 7R�PDNH�VWXGHQWV�UHDOL]H�WKH�FUXFLDO�UROH�DQG�LPSDFW�RI�\RJD�SUDFWLFH�LQ�OLYHV�
�� ,PSDUWLQJ� DPRQJ� VWXGHQWV� WKH� OHDUQLQJ� RI� ,QGRORJ\� DQG� VLJQLILFDQFH� RI� ,QGLDQ�

OLQJXLVWLFV�
�� 7R�IRFXV�RQ�WKH�PHGLWDWLYH�DVSHFWV�RI�VWXGHQWV�LQ�RUGHU�WR�LPSURYH�WKHLU�OLIHVW\OH DQG�

UHYLYH�,QGLDQ�WUDGLWLRQDO�YDOXHV�
&RXUVH�RXWFRPHV

6WXGHQWV�ZLOO�EH�DEOH�WR�
�� ([HFXWH�WKHLU�LGHDV�DQG�OHDUQLQJ�ZLWK�LQ�,QGLDQ�FRQWH[W�
�� $SSO\�WKH�,QGLDQ�OLQJXLVWLFV�DQG�H[SUHVV�WKHP�ZLWK�UHDVRQ�
�� 'HILQH�WKH�PHDQV�DQG�HQGV�RI�WKHLU�SURIHVVLRQDO�FDUHHUV�
�� &RSH�XS�ZLWK�FKDOOHQJHV�LQ�WKH�FRJQLWLYH�GHYHORSPHQW�WR�GHDO�ZLWK�XQIRUHVHHQ�FULVLV�
�� $GRSW�D�EDODQFHG�DSSURDFK�WRZDUGV�OLIH��SURIHVVLRQ�DQG�SUREOHPV�

&RXUVH�&RQWHQWV�

8QLW� � � 9HGLF� DQG� QRQ�9HGLF� SKLORVRSKLFDO� WUDGLWLRQV�� QDWXUH� DQG� FDXVH� RI� WKH� XQLYHUVH��
QDWXUH�RI� UROH�RI�*RG�� FRQFHSWV�RI� VXEVWDQFHV�PDWWHUV� DQG�6DPVDUD�� 6XNK�'XNK 	�UHELUWK��
VWDWH�RI�OLEHUDWLRQ�DQG�LWV�SDWK��

8QLW���� %DVLF�VWUXFWXUH�DQG�FODVVLILFDWLRQ�RI�,QGLDQ�.QRZOHGJH�6\VWHPV��$VKWDGDVK�9LG\D��
'ZDGDVKDQJD�	�$QX\RJD�� WKUHH� YROXPHV� RI� 7ULSLWLND�� VRPH� SUHYDOHQW� WH[W� OLWHUDWXUH� IURP�
UHOLJLRXV�GRPDLQ�

8QLW���� ,QGLDQ�/LQJXLVWLF�7UDGLWLRQ�DQG�KXPDQ�EHKDYLRXU��3KRQRORJ\��0RUSKRORJ\��6\QWD[�
DQG�6HPDQWLFV��(PRWLRQV�	�5HIOHFWLRQ�LQ�KXPDQ�EHKDYLRU��

8QLW� �� � ,QGLDQ� $UWLVWLF� 7UDGLWLRQ�� &KLWUDNDOD�� 0XUWLNDOD�� 9DVWXNDOD�� 6WKDSDW\D�� 6DQJHHW��
1ULW\D�DQG�6DKLW\D�

8QLW���� $QFLHQW�,QGLDQ�6FLHQFH��\RJD�DQG�KROLVWLF�KHDOWK�FDUH��,QGLDQ�FRQWULEXWLRQ�WR�PRGHUQ�
6FLHQFH�DQG�PDWKHPDWLFV��VRPH�IDPRXV�,QGLDQ�DQFLHQW�6FLHQWLVWV�

$66(660(17�
2QO\� 6HVVLRQDO� :RUN ����� PDUNV�� RQ� WKH� EDVLV� RI� YLYD� ����� $WWHQGDQFH� ������
4XL]HV�7HVWV�$FWLYLWLHV� ����� DQG� 3UHVHQWDWLRQV� ����� ZLOO� EH� DZDUGHG� DJDLQVW� WKH�
DVVHVVPHQW�GRQH�WKURXJKRXW�WKH�VHVVLRQ�

+RXUV���:HHN0D[LPXP�0DUNV
7RWDO�
0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO

/ 7 3 (QG�6HP &: 6: (QG�6HP� 7K 3U 7RWDO
� � � � �� � � �� � � �



%RRNV�IRU�UHIHUHQFHV�

��7H[W�6WXG\�PDWHULDO SUHSDUHG�WR�OLPLW�WKH�VFRSH�RI�VWXG\ RI�WKLV�VXEMHFW�E\�WKH�'HSDUWPHQW�RI�

+XPDQLWLHV�DQG�6RFLDO�6FLHQFHV��6*6,76��,QGRUH�

�� &KDWWHUMHH��6DWLVKFKDQGUD��,QWURGXFDWLRQ�WR�,QGLDQ�3KLORVRSK\��5XSD�	�&R��������

�� 5DGKDNULVKQDQ��6DUYHSDOOL��,QGLDQ�3KLORVRSK\��2[IRUG�8QLY��3UHVV�������

�� 8SD �� %KD �� %+$

YLFD �� ��������

�� *XSWD�5D �� �������� 9DLGLND�9$  �

OLWHUDWXUH��0DKDULVKL 6D ��

�� 9�� 6LYDUDPNULVKQDQ� �(G���� &XOWXUDO� +HULWDJH� 2I� ,QGLD� FRXUVH� PDWHULDO�� %KDULW\D� 9LG\D�

%KDYDQ��0XPEDL���WK (GLWLRQ�����

�� 3ULWFKHWW�� )UDQFHV�� 7KH� %XGGKD� DQG� +LV� '+$00$�� E\� 'U�� %�� 5�� $PEHGNDU��

ZZZ�FROXPELD�HGX�LWF�PHDODF�SULWFKHWW���DPEHGNDU�DPEHGNDUBEXGGKD���

�� 6KDVWUL�� 'U�� 1HPLFKDQG�� HW� DO�� ³7LUWKDQNDU�0DKDYHHU� $85�8QNL� $FKDU\D� 3$5$03$5$�

3DUW� � ��� 5HDG� -DLQ� %RRNV� 2QOLQH� DW� -DLQHERRNV�RUJ�´� -DLQHERRNV�RUJ�� 3DQGLW� 7RGDUPDO�

6PDUDN� 7UXVW�� ZZZ�MDLQHERRNV�RUJ�ERRNV������WLUWKDQNDU�PDKDYHHU�DXU�XQNL�DFKDU\D�

SDUDPSDUD�SDUW����


