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7R� LQWURGXFH� WKH�FRQFHSWV�RI�SDUWLDO�GLIIHUHQWLDO� HTXDWLRQV�� FDOFXOXV�RI� ILQLWH�GLIIHUHQFHV��
QXPHULFDO�PHWKRGV��)RXULHU�VHULHV��/DSODFH�DQG�)RXULHU�WUDQVIRUP�

&2856(��287&20(6
7KH�RXWFRPHV�RI�WKLV�FRXUVH�DUH�

,GHQWLI\�UHDO�SKHQRPHQD�DV�PRGHOV�RI�SDUWLDO�GHULYDWLYH�HTXDWLRQV��6ROYH�UHDO�
SUREOHPV� E\� LGHQWLI\LQJ� WKHP� DSSURSULDWHO\� IURP� WKH� SHUVSHFWLYH� RI� SDUWLDO�
GHULYDWLYH HTXDWLRQV�
'HPRQVWUDWH�WKHLU�XQGHUVWDQGLQJ�RI�WKH�'LULFKOHW�FRQGLWLRQV�E\�XVLQJ�WKHP�WR�
HYDOXDWH� LQILQLWH� VHULHV�� &DOFXODWH� WKH� )RXULHU� WUDQVIRUP� RI� HOHPHQWDU\�
IXQFWLRQV�IURP�WKH GHILQLWLRQ�
6HOHFW� DQG� FRPELQH� WKH� QHFHVVDU\� /DSODFH� WUDQVIRUP� WHFKQLTXHV� WR� VROYH�
VHFRQG� RUGHU� RUGLQDU\� GLIIHUHQWLDO� HTXDWLRQV� LQYROYLQJ� WKH� 'LUDF� GHOWD� �RU�
XQLW LPSXOVH��
7R� XQGHUVWDQG� WKH� FRQFHSW� RI� VROYLQJ� GLIIHUHQWLDWLRQ� DQG� LQWHJUDWLRQ� XVLQJ�
DSSUR[LPDWLRQ PHWKRGV�
$EOH�WR�VROYH�DOJHEUDLF�DQG�GLIIHUHQWLDO�HTXDWLRQV�XVLQJ�QXPHULFDO PHWKRG�

&2856(�&217(176

8QLW�� 3DUWLDO�'LIIHUHQWLDO�(TXDWLRQV���)RUPDWLRQ�RI�3DUWLDO�'LIIHUHQWLDO�(TXDWLRQV��3DUWLDO�
'LIIHUHQWLDO� (TXDWLRQV� RI� ILUVW� RUGHU� DQG� ILUVW� GHJUHH� L�H��� 3S�4T 5� /LQHDU�
+RPRJHQHRXV� 3DUWLDO� 'LIIHUHQWLDO� (TXDWLRQV� RI� QWK� RUGHU� ZLWK� FRQVWDQW�
FRHIILFLHQW�� 6HSDUDWLRQ� RI� 9DULDEOHV�� $SSOLFDWLRQV� WR� 9LEUDWLRQ� RI� 6WULQJ� DQG�
7UDQVPLVVLRQ�/LQH�(TXDWLRQ�

8QLW�� )RXULHU�6HULHV�DQG�)RXULHU�7UDQVIRUP��'HILQLWLRQ�DQG�'HULYDWLRQV��2GG�DQG�(YHQ�
IXQFWLRQV�� +DOI�5DQJH� 6HULHV�� &KDQJH� RI� 6FDOH�� )RXULHU� ,QWHJUDO�� 1XPHULFDO�
+DUPRQLF� $QDO\VLV�� )RXULHU� 7UDQVIRUPV�� 6LQH� DQG� &RVLQH� 7UDQVIRUP��
$SSOLFDWLRQV�RI�)RXULHU�7UDQVIRUPV�WR�VROXWLRQ�RI�3DUWLDO�'LIIHUHQWLDO (TXDWLRQV�

8QLW�� /DSODFH�7UDQVIRUP� ��'HILQLWLRQ�� /DSODFH�7UDQVIRUP� RI� HOHPHQWDU\� DQG� SHULRGLF�
IXQFWLRQV�� SURSHUWLHV� RI� /DSODFH� 7UDQVIRUP� DQG� 7UDQVIRUPV� RI� GHULYDWLYHV��
,QYHUVH� /DSODFH� 7UDQVIRUP� DQG� LWV� SURSHUWLHV�� &RQYROXWLRQ� 7KHRUHP��
$SSOLFDWLRQV� RI� /DSODFH� 7UDQVIRUP� WR� VROXWLRQ� RI� OLQHDU� GLIIHUHQWLDO� HTXDWLRQV�
ZLWK�FRQVWDQW�DQG�YDULDEOH�FRHIILFLHQWV��6LPXOWDQHRXV�GLIIHUHQWLDO�HTXDWLRQV�
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8QLW�� &DOFXOXV� RI� )LQLWH� 'LIIHUHQFHV�� 'LIIHUHQFH� WDEOH�� 2SHUDWRUV� (� DQG�
IRUZDUG ���
DQG� EDFNZDUG� LQWHUSRODWLRQ� IRUPXOD�� /DJUDQJH¶V LQWHUSRODWLRQ� IRUPXOD��
'LIIHUHQWLDWLRQ�DQG�,QWHJUDWLRQ��'LIIHUHQFH�(TXDWLRQV�ZLWK�FRQVWDQW FRHIILFLHQWV�

8QLW�� 1XPHULFDO� 0HWKRGV�� 6ROXWLRQ� RI� $OJHEUDLF� DQG� 7UDQVFHQGHQWDO� HTXDWLRQV� XVLQJ�
%LVHFWLRQ�PHWKRG��5HJXODU�)DOVL�PHWKRG�DQG�1HZWRQ�5DSKVRQ�PHWKRG��1XPHULFDO�
VROXWLRQ� RI� VLPXOWDQHRXV� HTXDWLRQV�� *DXVV� (OLPLQDWLRQ� PHWKRG�� *DXVV� 6HLGHO�
PHWKRG��1XPHULFDO
VROXWLRQ� RI� RUGLQDU\� GLIIHUHQWLDO� HTXDWLRQV�� 7D\ORU¶V�� 3LFDUG¶V� DQG� 5XQJH� .XWWD�
PHWKRG�

7H[W�%RRNV
�� 5DPDQD�%�9��+LJKHU�(QJLQHHULQJ�0DWKHPDWLFV��7DWD�0F*UDZ�+LOO�3XEOLVKLQJ�&RPSDQ\�

/WG�� 1HZ�'HOKL�������
�� %DODJXUXVDP\�(��� 1XPHULFDO�0HWKRGV�� 7DWD�0F*UDZ�+LOO� 3XEOLVKLQJ�&RPSDQ\� /WG�� ��

1HZ 'HOKL�������

5HIHUHQFH�ERRNV
�� .UH\V]LJ�(UZLQ��$GYDQFHG�(QJLQHHULQJ�0DWKHPDWLFV���WK HGLWLRQ��-RKQ�:LOO\�DQG�VRQV�

3XEOLFDWLRQV�������
�� -DLQ�� 5�.�� DQG� 6�.�� ,\HQJDU�� $GYDQFHG� (QJLQHHULQJ� 0DWKHPDWLFV�� 1DURVD� 3XEOLVKLQJ�

+RXVH� 1HZ�'HOKL�������
�� 9HGDPXUWK\�9�1��DQG�,\HQJDU�6�1���1XPHULFDO�0HWKRGV��9LNDV�3XEOLVKLQJ�������
�� 'DV�+��.��+LJKHU�(QJLQHHULQJ�0DWKHPDWLFV��6��&KDQG�1HZ�'HOKL�������

$VVHVVPHQW
�� ,QWHUQDO�$VVHVVPHQW� IRU� FRQWLQXRXV� HYDOXDWLRQ��PLG�WHUP� WHVWV�� WXWRULDOV�� FODVV�

SHUIRUPDQFH��HWF� �����
�� (QG�VHPHVWHU�7KHRU\�([DP �����
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&2856(�287&20(6��
6WXGHQW�VKRXOG�EH�DEOH�WR�

���5HODWH�6HPLFRQGXFWRU�SK\VLFV�ZLWK�YDULRXV�W\SHV�RI�GLRGH�
���'HVLJQ�DQG�DQDO\]H�GLRGH�EDVHG�HOHFWURQLFV�FLUFXLWV�DQG�VXEV\VWHP�
���$QDO\]H�DQG�GHVLJQ�%-7�EDVHG�HOHFWURQLF�FLUFXLWV�
���'HVLJQ�YDULRXV�DSSOLFDWLRQV�EDVHG�RQ -)(7�DQG�026)(7�
���$FTXLUH�WKH�NQRZOHGJH�RI�IDEULFDWLRQ�PHWKRGV�RI�LQWHJUDWHG�FLUFXLWV�DQG�FKDUDFWHULVWLFV�RI
YDULRXV�GHYLFHV�

7+(25<�
8QLW� ��� ,QWURGXFWLRQ� WR� VHPLFRQGXFWRU� 3K\VLFV�� %RKU¶V� DWRPLF� VWUXFWXUH�� (�.� GLDJUDPV��

3HULRGLF�/DWWLFH��HQHUJ\�EDQGV�LQ�,QWULQVLF�DQG�([WULQVLF�VHPLFRQGXFWRU�FDUULHU�WUDQVSRUW��
GULIW� DQG� GLIIXVLRQ� FXUUHQW�� PRELOLW\� DQG� UHVLVWLYLW\�� *HQHUDWLRQ	� UHFRPELQDWLRQ� RI�
FDUULHU��3RLVVRQ�	FRQWLQXLW\�HTXDWLRQ��&W�	�&G��6ZLWFKLQJ�WLPH��+DOO�HIIHFW�

8QLW� ���3�1� MXQFWLRQ�GLRGH� DQG� LWV� FKDUDFWHULVWLFV�� � VPDOO� VLJQDO� VZLWFKLQJ�PRGHOV��$YDODQFKH� �
DQG� � =HQHU� EUHDNGRZQ� 	� LWV� DSSOLFDWLRQV� �RUGLQDU\� GLRGH� FLUFXLWV� DQG� DSSOLFDWLRQV��
6SHFLDO GLRGHV�

8QLW����&KDUJH�WUDQVSRUW�LQ�%-7��0LQRULW\�FDUULHU�GLVWULEXWLRQ�DQG�WHUPLQDO�FXUUHQWV��EDVH�ZLGWK�
PRGXODWLRQ��(EHUV�0ROO�PRGHO��,�9�FKDUDFWHULVWLFV�IRU�&%��&(�DQG�&&�FRQILJXUDWLRQV��
&RQFHSW� RI� ORDG� OLQH�� 7UDQVLVWRU� %LDVLQJ� WHFKQLTXH� 	� LWV� VWDELOLW\�� %LDVLQJ�
FRPSHQVDWLRQ��7KHUPDO�UXQDZD\�

8QLW� ��� �&RQVWUXFWLRQ�	�2SHUDWLRQ� RI�026)(7�	� -)(7�� ,�9� FKDUDFWHULVWLFV�� &KDQQHO� OHQJWK���
PRGXODWLRQ��026�&DSDFLWDQFH��&�9 FKDUDFWHULVWLFV�

8QLW� ��� ,QWHJUDWHG� FLUFXLW� IDEULFDWLRQ� SURFHVV�� 2[LGDWLRQ�� GLIIXVLRQ�� LRQ� LPSODQWDWLRQ��
SKRWRJUDSK\��HWFKLQJ��FKHPLFDO�YDSRU�GHSRVLWLRQ��VSXWWHULQJ��WZLQ�WXEH�&026�SURFHVV�

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

35$&7,&$/6�

&RXUVH�2XWFRPH� 6WXGHQW�VKRXOG�EH�DEOH�WR
�� 8QGHUVWDQG�WKH�RSHUDWLRQ�RI�YDULRXV�GLRGHV�DQG�SORW�LWV�,�9 FKDUDFWHULVWLFV�
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�� ,PSOHPHQW� YDULRXV� GLRGH� FLUFXLWV� VXFK� DV� YROWDJH� UHJXODWRU�� UHFWLILHU� ZLWK� DQG�
ZLWKRXW��ILOWHU� HWF�

�� 8QGHUVWDQG� WKH� RSHUDWLRQ� RI�%-7�� LWV� WHVWLQJ� DQG� FKDUDFWHUL]DWLRQ� LQ�&(��&%��&&
FRQILJXUDWLRQ�

�� 8QGHUVWDQG�WKH�FKDUDFWHULVWLFV�RI�ELDVLQJ�FLUFXLWV�IRU %-7�

/LVW�RI�([SHULPHQWV�
�� 7R�PHDVXUH�WKH�9�,�FKDUDFWHULVWLFV�RI�'LRGH�DQG�YHULI\�LWV�UHJLRQV�RI RSHUDWLRQ�
�� 7R�FKDUDFWHUL]H�=HQHU GLRGH�
�� 7R�'HWHUPLQH�WKH�'HIOHFWLRQ�6HQVLWLYLW\�RI�D &52�
�� $SSOLFDWLRQ�RI�=HQHU�GLRGH�DV�D�9ROWDJH 5HJXODWRU�
�� &RPSDULVRQ�RI�'LIIHUHQW�7\SHV�RI 5HFWLILHUV�
�� &RPSDULVRQ�RI�'LIIHUHQW�7\SHV�RI )LOWHUV�
�� 7R�PHDVXUH�WKH�UHJXODWLRQ�FKDUDFWHULVWLFV�RI�)XOO�ZDYH�5HFWLILHU�XVLQJ�/&�

)LOWHU�
�� 7HVWLQJ�RI�7UDQVLVWRU�DQG�LWV�OHDG LGHQWLILFDWLRQ�
�� &KDUDFWHUL]DWLRQ�RI�WUDQVLVWRU�LQ�&( &RQILJXUDWLRQ�

��� 7R�FKDUDFWHUL]H�%-7�LQ�&% &RQILJXUDWLRQ�
��� &KDUDFWHUL]DWLRQ�RI�%-7�LQ�&&��&RPPRQ�&ROOHFWRU� &RQILJXUDWLRQ�
��� &KDUDFWHUL]DWLRQ�RI�IL[HG�%LDV�&LUFXLW�ZLWK�DQG�ZLWKRXW�(PLWWHU 5HVLVWRU�

$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'('��
�� 0LOOLPDQ�	�+DONLDV��,QWHJUDWHG�(OHFWURQLFV���QG�HG��������0F*UDZ�+LOO 3XE�
�� %R\OHVWDG�5���(OHFWURQLF�'HYLFHV�DQG�&LUFXLW�7KHRU\���WK�HG������� 3+,�
�� 6HGUD�	�6PLWK��0LFURHOHFWURQLF�FLUFXLWV��WK�HG��������2[IRUG�XQLYHUVLW\ SUHVV�

5()(5(1&(�%22.6�5(&200(1'('��
�� %HQ�*��6WUHHWPDQ��6ROLG�6WDWH�(OHFWURQLFV�'HYLFHV���WK�HG�������� 3+,�
�� %KDUJDYD��*XSWD�	�NXOVKUHVKWKD��%DVLF�(OHFWURQLFV�DQG�/LQHDU�&LUFXLWV���QG�HG���

������7DWD�0F*UDZ�+LOO�(GXFDWLRQ

�� 5�6� 6HGKD� �$�WH[W ERRN�RI�DSSOLHG HOHFWURQLFV´���QG HG���������6��&KDQG�
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&2856(�287&20(6�

$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�
�� 5HSUHVHQW�PDWKHPDWLFDOO\�DQG�DQDO\]H�GLIIHUHQW�W\SHV�RI VLJQDOV�DQG�V\VWHPV�
�� 'HILQH� YDULRXV� SURSHUWLHV� RI� /7,� V\VWHPV� DQG� GHWHUPLQH� WKH� UHVSRQVH� RI� DQ� DUELWUDU\

H[FLWDWLRQ�
�� $QDO\]H�FRQWLQXRXV�DQG�GLVFUHWH�V\VWHPV�LQ�WLPH�DQG�IUHTXHQF\�GRPDLQ�XVLQJ )RXULHU�

WUDQVIRUPV�
�� $SSO\�WKH�NQRZOHGJH�RI�/DSODFH�7UDQVIRUP�DQG�]�7UDQVIRUPV�WR�DQDO\]H�/7,�V\VWHPV�
�� $SSO\� VDPSOLQJ� DQG� UHFRQVWUXFW� D� VLJQDO� DQG� XQGHUVWDQG� DSSOLFDWLRQV� RI� VLJQDOV� DQG�

V\VWHPV�

81,7����6LJQDOV�DQG 6\VWHPV�

,QWURGXFWLRQ� WR� VLJQDOV�DQG�V\VWHPV�DQG� WKHLU�DSSOLFDWLRQV� LQ�HQJLQHHULQJ�DQG�VFLHQFH��
7\SH� RI� VLJQDOV�� SHULRGLF� DQG� DSHULRGLF� VLJQDOV�� FRQWLQXRXV� DQG� GLVFUHWH�WLPH� VLJQDOV��
FRQWLQXRXV�DQG�GLVFUHWH�DPSOLWXGH�VLJQDOV��HQHUJ\�DQG�SRZHU�VLJQDOV��HYHQ�DQG�RGG�VLJQDOV��
GHWHUPLQLVWLF� DQG� UDQGRP� VLJQDOV�� (OHPHQWDU\� FRQWLQXRXV�WLPH� DQG� GLVFUHWH�WLPH� VLJQDOV��
XQLW� LPSXOVH�� XQLW� VWHS�� UDPS�� H[SRQHQWLDO�� VLJQXP� DQG� V\QF� IXQFWLRQV�� 2SHUDWLRQV� RQ�
VLJQDOV�� 7\SHV� RI� V\VWHPV�� FRQWLQXRXV�WLPH� DQG� GLVFUHWH�WLPH� V\VWHPV�� V\VWHPV� ZLWK� DQG�
ZLWKRXW� PHPRU\�� V\VWHP� SURSHUWLHV�� OLQHDULW\�� WLPH�LQYDULDQFH�� FDXVDOLW\�� VWDELOLW\��
LQYHUWLELOLW\�DQG�LQYHUVH�V\VWHPV�

81,7����/LQHDU�7LPH�,QYDULDQW��/7,� V\VWHPV�

'LVFUHWH�WLPH�/7,� V\VWHPV��7KH� FRQYROXWLRQ� VXP��&RQWLQXRXV�WLPH�/7,� V\VWHPV��7KH�
FRQYROXWLRQ�LQWHJUDO��LPSXOVH�UHVSRQVH�DQG�VWHS�UHVSRQVH�RI�/7,�V\VWHPV��SURSHUWLHV�RI�/7,�
V\VWHPV��FDXVDOLW\��VWDELOLW\�DQG�LQYHUWLELOLW\��6\VWHP�UHSUHVHQWDWLRQ�WKURXJK�OLQHDU�FRQVWDQW�
FRHIILFLHQW�GLIIHUHQWLDO�DQG�GLIIHUHQFH�HTXDWLRQV��/&&'(��

81,7����)RXULHU�DQDO\VLV�RI�VLJQDOV�DQG V\VWHPV�

)RXULHU�VHULHV�UHSUHVHQWDWLRQ�RI�SHULRGLF�VLJQDOV��7ULJRQRPHWULF�DQG�H[SRQHQWLDO�IRUPV��
SURSHUWLHV� RI� )RXULHU� VHULHV�� &RQWLQXRXV�WLPH� DQG� 'LVFUHWH�7LPH� )RXULHU� WUDQVIRUP�
UHSUHVHQWDWLRQ� RI� VLJQDOV� DQG� WKHLU� SURSHUWLHV�� )RXULHU� WUDQVIRUPV� RI� VWDQGDUG� VLJQDOV��
DSHULRGLF� DQG� SHULRGLF� VLJQDO� WUDQVPLVVLRQ� WKURXJK� /7,� V\VWHPV�� 3DUVHYDO¶V� WKHRUHP�� WKH�
LPSXOVH�UHVSRQVH�DQG�IUHTXHQF\�UHVSRQVH�RI�/7,�V\VWHPV�DQG�WKHLU�UHODWLRQVKLS��0DJQLWXGH�
DQG�3KDVH�UHVSRQVH��7LPH�DQG�IUHTXHQF\�GRPDLQ�DVSHFWV�RI�V\VWHPV��ILOWHULQJ�
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81,7����/DSODFH�DQG�= WUDQVIRUP�

/DSODFH�WUDQVIRUP��WKH�UHJLRQ�RI�FRQYHUJHQFH�RI�/DSODFH�WUDQVIRUP��WUDQVIHU�IXQFWLRQ��
SROHV� DQG� ]HURV� RI� D� FRQWLQXRXV�WLPH� V\VWHP�� SURSHUWLHV� RI� /DSODFH� WUDQVIRUP�� LQYHUVH�
/DSODFH�WUDQVIRUP��DQDO\VLV�DQG� �FKDUDFWHUL]DWLRQ�RI�/7,�V\VWHPV�XVLQJ�/DSODFH�WUDQVIRUP��
7UDQVIHU� IXQFWLRQ� RI� /7,� V\VWHPV�� V\VWHP� EHKDYLRU�� FDXVDOLW\�� VWDELOLW\� DQG� 8QLODWHUDO�
/DSODFH 7UDQVIRUP�

=�WUDQVIRUP��52&�RI�=�WUDQVIRUP��SURSHUWLHV�RI�=�WUDQVIRUP��LQYHUVH�=�WUDQVIRUP��DQDO\VLV�
DQG�FKDUDFWHUL]DWLRQ�RI�/7,�V\VWHPV�XVLQJ�=�WUDQVIRUP��V\VWHP�IXQFWLRQ�RI�GLVFUHWH�WLPH�/7,�
V\VWHPV��V\VWHP�EHKDYLRU��FDXVDOLW\��VWDELOLW\��8QLODWHUDO�=�7UDQVIRUP��

81,7����6DPSOLQJ�DQG�DSSOLFDWLRQV�RI�VLJQDOV�DQG V\VWHPV�
7KH� VDPSOLQJ� WKHRUHP�� 7LPH�GRPDLQ� DQG� IUHTXHQF\�GRPDLQ� DQDO\VLV� RI� VDPSOHG� VLJQDOV��
DOLDVLQJ��5HFRQVWUXFWLRQ�RI�VLJQDOV�IURP�LWV�VDPSOHV��LGHDO�LQWHUSRODWRU��]HUR�RUGHU�KROG��ILUVW�
RUGHU�KROG� $SSOLFDWLRQV�RI�VLJQDOV�DQG�V\VWHPV�

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

�� 6LJQDOV�DQG�6\VWHPV���$ODQ��9��2SSHQKHLP��$OODQ�6��:LOOVN\�DQG�6��+DPLG�1DZDE��
�QG�(GLWLRQ��3UHQWLFH +DOO�

7(;7�%22.6�5(&200(1'('�

�� 5�)�� =LHPHU��:�+�� 7UDQWHU� DQG�'�5�� )DQQLQ�� �6LJQDOV� DQG� 6\VWHPV� � &RQWLQXRXV�
DQG�'LVFUHWH����WK�HGLWLRQ��3UHQWLFH�+DOO�������

�� 6LJQDOV�DQG�6\VWHPV��7DUXQ�5DZDW��2[IRUG�+LJKHU HGXFDWLRQ�

�� 6LJQDOV�DQG�6\VWHPV��+ZHL�3�+VX��6FKDXP¶V�2XWOLQH�6HULHV���QG�(GLWLRQ��7DWD�0F�
*UDZ�+LOO�(GXFDWLRQ�3ULYDWH�/LPLWHG�

5()(5(1&(�%22.6�5(&200(1'('�

�� %�3��/DWKL���6LJQDO�3URFHVVLQJ�DQG�/LQHDU�6\VWHPV���2[IRUG�8QLYHUVLW\�3UHVV� �����
�� 6LPRQ�+D\NLQ��%DUU\�YDQ�9HHQ���6LJQDOV�DQG�6\VWHPV���-RKQ�:LOH\�DQG�6RQV��$VLD��

3ULYDWH�/LPLWHG�������
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6WXGHQW�VKRXOG�EH�DEOH�WR�
���8QGHUVWDQG�WKH�VRXUFHV�DQG�FRPSRQHQWV�XVHG�LQ�HOHFWULFDO�QHWZRUNV��
���$QDO\]H�WKH�HOHFWULFDO�QHWZRUNV�
���'HVLJQ�WKH�WZR�SRUW�QHWZRUN�
���$QDO\]H�WKH�HOHFWULFDO�QHWZRUNV�XVLQJ�YDULRXV�WKHRUHPV
���(QKDQFH�WKH�PDWKHPDWLFDO�NQRZOHGJH�RI�FLUFXLW�DQDO\VLV�DQG�WR�VROYH�HQJJ��SUREOHPV�

7+(25<�
8QLW��� /XPSHG�FLUFXLWV�DQG�.LUFKRII¶V�/DZV��&LUFXLW�HOHPHQWV��SK\VLFDO�FRPSRQHQWV�

Y�V� FLUFXLW� HOHPHQWV�� 3RZHU� DQG� HQHUJ\�� 3DVVLYLW\��1HWZRUN�7RSRORJ\�� /RRS�
DQG�1RGDO�HTXDWLRQV��6WDWH�HTXDWLRQV�

8QLW��� )LUVW� DQG� 6WDWH� 6HFRQG� RUGHU� QHWZRUNV�� ]HUR� VWDWH�� ]HUR� LQSXW�� WUDQVLHQW� DQG�
VWHDG\�VWDWH�UHVSRQVH��6ROXWLRQ�RI�QHWZRUN�HTXDWLRQV�XVLQJ�/DSODFH�WUDQVIRUP��
1HWZRUN�IXQFWLRQV��WKHLU�SROH�]HUR�GHVFULSWLRQ�

8QLW��� 7ZR� SRUW� QHWZRUNV�� YDULRXV� WZR� SRUW� QHWZRUN� SDUDPHWHUV� DQG� WKHLU�
LQWHUUHODWLRQVKLSV�

8QLW��� 6LQXVRLGDO� VWHDG\� VWDWH� DQDO\VLV�� IUHTXHQF\� UHVSRQVH�� UHVRQDQFH�� FRPSOH[�
SRZHU�� SRZHU� IDFWRU� LPSURYHPHQW��PD[LPXP� SRZHU� WUDQVIHU� WKHRUHP�� ORFXV�
GLDJUDP��6XSHUSRVLWLRQ��5HFLSURFLW\��7KHYHQLQ¶V�DQG�1RUWRQ¶V�WKHRUHP�

8QLW��� 0DJQHWLFDOO\� FRXSOHG� FLUFXLW�� DQDO\VLV� RI� FLUFXLWV� ZLWK� FRQWUROOHG� VRXUFHV��
$QDO\VLV� RI� EDODQFHG� DQG� XQEDODQFHG SRO\SKDVH� FLUFXLWV�� )RXULHU� DQDO\VLV� RI�
SHULRGLF� ZDYHIRUPV�� IUHTXHQF\� VSHFWUXP�� 3RZHU� DQG� HQHUJ\� RI� FRPSOH[�
ZDYHIRUPV�

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

�� 7R�GHWHUPLQH�WKH�HTXLYDOHQW QHWZRUNV�E\�DSSOLFDWLRQ�RI�7KHYHQLQ¶V�7KHRUHP�

35$&7,&$/6�
/LVW�RI�([SHULPHQWV

�� 7R�GHWHUPLQH�WKH�HTXLYDOHQW�QHWZRUNV�E\�DSSOLFDWLRQ�RI�1RUWRQ¶V�7KHRUHP�
�� 6WXG\�RI�7UDQVLHQW�LQ�5&�FLUFXLWV�
�� 6WXG\�RI�VHULHV�DQG�SDUDOOHO�UHVRQDQFH�SKHQRPHQD�
�� 7R�YHULI\�WKH�YROWDJH�DQG�FXUUHQW�UHODWLRQV�LQ�VWDU�DQG�GHOWD�FRQQHFWHG�V\VWHPV�
�� 7R�YHULI\�RSHQ�FLUFXLW�SDUDPHWHU�DQG�VKRUW�FLUFXLW�SDUDPHWHU�IRU�WZR�SRUW�QHWZRUN�
�� 9HULILFDWLRQ�RI�VXSHUSRVLWLRQ�WKHRUHP�
�� 9HULILFDWLRQ�RI�UHFLSURFLW\�WKHRUHP�
�� 9HULILFDWLRQ�RI�PD[LPXP�SRZHU�WUDQVIHU�WKHRUHP�

+RXUV� ��
:HHN

0D[LPXP�0DUNV
7RWDO�0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO

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



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

�� 9DQ�9DONHQEHUJ��1HWZRUN�$QDO\VLV��UG�HG��������3+,�
7(;7�%22.6�5(&200(1'('��

�� 'HVRHU�DQG�.XK��%DVLF�FLUFXLW�WKHRU\���QG�HG���������0*+�
�� 6FRWW��HOHPHQWV�RI�/LQHDU�FLUFXLWV�9RO�,�DQG�,,���QG�HG���������$GGLVRQ�:HVOH\�3XE

5()(5(1&(�%22.6�5(&200(1'('��
���:LOOLDP�+\DW��(QJLQHHULQJ�1HWZRUN�$QDO\VLV���WK�HG���������7DWD�0*+�



(&������ ',*,7$/ 6<67(0 '(6,*1

35(5(48,6,7(� � (QJLQHHULQJ 3K\VLFV� (OHFWURQLF 'HYLFHV
&2856( 287&20(6��

6WXGHQW VKRXOG�EH DEOH�WR�
�� 6ROYH�WKH�ORJLFDO�H[SUHVVLRQV�WKURXJK�%RROHDQ�DOJHEUD�DQG�N�PDS�
�� ,PSOHPHQW�YDULHW\�RI�ORJLFDO�GHYLFHV�XVLQJ�FRPELQDWLRQDO�FLUFXLWV�FRQFHSWV�

�� $QDO\]H VHTXHQWLDO�FLUFXLWV�OLNH�5HJLVWHUV�DQG�&RXQWHUV�XVLQJ�IOLS�IORSV�
�� &ODVVLI\ GLIIHUHQW�ORJLF�IDPLOLHV��VHPLFRQGXFWRU�PHPRULHV�DQG�3/'�GHYLFHV�

�� 'HVLJQ FRQYHUWHUV ZKLFK IDFLOLWDWH WKH FRQYHUVLRQ RI UHDO ZRUOG�� DQDORJ VLJQDOV WR�
GLJLWDO DQG�YLFH YHUVD�

+RXUV�
:HHN

0D[LPXP0DUNV
7RWDO 0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO

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

7+(25<�

81,7 �� ,QWURGXFWLRQ WR GLJLWDO ORJLF� /RJLF 6LPSOLILFDWLRQ DQG &RPELQDWLRQDO /RJLF
'HVLJQ��ORJLF�JDWHV�DQG�WKHLU�SUHVHQWDWLRQ�XVLQJ�GLRGH�	�WUDQVLVWRU��5HYLHZ�RI�%RROHDQ�$OJHEUD
DQG 'H 0RUJDQ¶V 7KHRUHP� 623 	 326 IRUPV� 623 	 326 LPSOLFDWLRQ� 1$1'�125
LPSOHPHQWDWLRQ� &DQRQLFDO IRUPV� .DUQDXJK PDSV XS WR � YDULDEOHV� %LQDU\� FRGHV� &RGH
&RQYHUVLRQ�

81,7� �� �� &RPELQDWLRQDO� /RJLF��06,� GHYLFH� OLNH� FRPSDUDWRUV��0XOWLSOH[HUV�� (QFRGHU�
'HFRGHU� +DOI DGGHU�DQG�)XOO $GGHUV� 6XEWUDFWRUV� 6HULDO DQG 3DUDOOHO $GGHUV� %&' $GGHU�

81,7����6HTXHQWLDO�/RJLF�'HVLJQ��%XLOGLQJ�EORFNV�OLNH�6�5��'�DQG�7��-.�DQG�0DVWHU�6ODYH
-. )) DQG WKHLU FRQYHUVLRQ� (GJH WULJJHUHG ))� 5LSSOH DQG 6\QFKURQRXV FRXQWHUV� 6KLIW
UHJLVWHUV�

81,7����/RJLF�)DPLOLHV�DQG�6HPLFRQGXFWRU�0HPRULHV��77/�1$1'�JDWH��6SHFLILFDWLRQV�
1RLVH PDUJLQ� 3URSDJDWLRQ GHOD\� IDQ�LQ� IDQ�RXW� 7ULVWDWH +7/� 77/� ,,/� (&/� &026
IDPLOLHV�DQG�WKHLU�LQWHUIDFLQJ��0HPRU\�HOHPHQWV��&RQFHSW�RI�3URJUDPPDEOH�ORJLF�GHYLFHV�OLNH
3/$� 3$/� )3*$� /RJLF LPSOHPHQWDWLRQ XVLQJ 3URJUDPPDEOH 'HYLFHV�

81,7����$SSOLFDWLRQV�RI�GLJLWDO�FLUFXLWV� ,QWURGXFWLRQ�WR�$�'�	�'�$�FRQYHUVLRQ�	�WKHLU
W\SHV� VDPSOH�DQG�KROG�FLUFXLWV��9ROWDJH�WR�)UHTXHQF\�	�)UHTXHQF\�WR�9ROWDJH�FRQYHUVLRQ�
0XOWLYLEUDWRUV� %LVWDEOH� 0RQRVWDEOH� $VWDEOH� 6FKPLWW WULJJHU� ,&���� ,&��� 	 WKHLU
DSSOLFDWLRQV�

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



35$&7,&$/6�
&2856( 287&20(6��

6WXGHQW VKRXOG�EH DEOH�WR�
�� /HDUQ�WKH�EDVLFV�RI�ORJLF�JDWHV�DQG��
�� ,PSOHPHQW�WKH�ORJLF�IXQFWLRQV�DQG�FRQVWUXFW�EDVLF�FRPELQDWLRQDO�FLUFXLWV�
�� 'HVLJQ�	�YHULI\� WKH� IXQFWLRQDOLWLHV�RI�FRGH�FRQYHUWHU� FLUFXLWV��SDULW\�JHQHUDWRU�	�

FKHFNHU�	�0DJQLWXGH�&RPSDUDWRU�
�� $QDO\]H�WKH�ORJLF�IXQFWLRQV�XVLQJ�PXOWLSOH[HUV��
�� $SSO\�WKH�VHTXHQWLDO�ORJLF�WR�GHVLJQ�EDVLF�ORJLF�FLUFXLWV�

/,67 2) (;3(5,0(176

�� 7R VWXG\ /RJLF JDWHV�
�� 7R YHULI\ SURSHUWLHV�RI 1$1' 	 125 JDWHV�DV XQLYHUVDO�EXLOGLQJ EORFN�
�� 6LPSOLILFDWLRQ 	 LPSOHPHQWDWLRQ RI D %RROHDQ IXQFWLRQV�
�� ,PSOHPHQWDWLRQ RI EDVLF %RROHDQ�DULWKPHWLF ORJLF FLUFXLWV�
�� ,PSOHPHQWDWLRQ RI HYHQ 	 RGG SDULW\ JHQHUDWRU 	 FKHFNHU�
�� &RQYHUVLRQ�IURP�ELQDU\ WR�JUD\ DQG JUD\ WR ELQDU\ FRGH�
�� 7R YHULI\ ��ELW PDJQLWXGH FRPSDUDWRU IRU�DOO�SRVVLEOH FRQGLWLRQV
�� &RQQHFWLRQ RI YDULRXV ORJLFDO�IXQFWLRQV XVLQJ ��72 � PXOWLSOH[HU�
�� &RQVWUXFWLRQ�RI�D���ELW�ULSSOH�FRXQWHU�	�VWXG\�RI��LWV RSHUDWLRQ�
��� 'HVLJQ DQG LPSOHPHQWDWLRQ RI�YDULRXV W\SHV RI IOLS�IORSV�XVLQJ -. )OLS�)ORS�
��� 'HVLJQ�RI���ELW�V\QFKURQRXV�FRXQWHU�	�VWXG\�RI��LWV RSHUDWLRQ�

7H[W %RRNV�

�� 0��0RUULV�0DQR��³'LJLWDO�/RJLF�$QG�&RPSXWHU�'HVLJQ´��3HDUVRQ���UG�(GLWLRQ�������
�� 5�3� -DLQ� ³0RGHUQ GLJLWDO (OHFWURQLFV´� 7DWD 0F*UDZ +LOO� �WK HGLWLRQ� �����
�� :�+� *RWKPDQQ� ³'LJLWDO (OHFWURQLFV� $Q LQWURGXFWLRQ WR WKHRU\ DQG SUDFWLFH´� 3+,��

�QG�HGLWLRQ� �����

5HIHUHQFH %RRNV�

�� 6DPXHO�&�/HH��³'LJLWDO�&LUFXLWV�DQG�/RJLF�'HVLJQ´��3UHQWLFH�+DOO�������
�� '�9� +DOO� ³'LJLWDO &LUFXLWV DQG 6\VWHPV´� 7DWD 0F*UDZ +LOO� �����
�� &KDUOHV 5RWK� ³'LJLWDO 6\VWHP 'HVLJQ XVLQJ 9+'/´� 7DWD 0F*UDZ +LOO �QG HGLWLRQ

�����



+8��������������������������(&2120,&6�)25�(1*,1((56

35(�5(48,6,7(6��1,/�

&2856(�2%-(&7,9(6��
L� 7R�GHYHORS�WKH�RSWLPL]LQJ�VNLOOV�RI�WHFKQRORJ\�XVH�LQ�HQJLQHHULQJ SUREOHPV
LL� 7R� DUWLFXODWH� HFRQRPLF� DQDO\WLFDO� VNLOOV� VR� DV� WR� FRQWH[WXDOL]H� WKH� VROXWLRQV� RI� HQJLQHHULQJ

SUREOHPV�
LLL� 7R�H[SORUH�WKH�SRWHQWLDO�RI VWXGHQWV�LQ�HFRQRPLF�SHUVSHFWLYH�RI�HQJLQHHULQJ�SURIHVVLRQDO JRDOV�
LY� 7R�PDNH�VHQVH�RI�QHHG�RI�HQWUHSUHQHXUVKLS�DQG�XQGHUVWDQG�WKH�ILQDQFLDO�UHSRUWV�RI�D EXVLQHVV�

&2856(�287&20(6��DIWHU�FRPSOHWLRQ�RI�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR�
&2����([SODLQ�HFRQRPLF�F\FOLF�IORZ�DQG�(VWLPDWH�WKH�GHPDQG�DQG�GHPDQG�HODVWLFLW\�IRU�D�SURGXFW�
&2����3ODQ� WKH�SURGXFWLRQ��FKRRVH�DSSURSULDWH�SURGXFWLRQ� WHFKQRORJ\� �FRPELQDWLRQ�RI�SURGXFWLRQ�
IDFWRUV���DQG�HVWLPDWH�IHDVLEOH�UDQJH�RI�SURGXFWLRQ�
&2����$QDO\]H�WKH�SURGXFWLRQ�FRVW�SURILW�UHODWLRQ�DQG�VHOHFW�WKH�VXLWDEOH�SURMHFW�IRU�LQYHVWPHQW
&2����(VWLPDWH� SULFH� DQG� WKH� HTXLOLEULXP� IRU� D� ILUP�RUJDQL]DWLRQ� LQ� GLIIHUHQW� FRPSHWLWLYH�PDUNHW�
VLWXDWLRQV�
&2����5HYLHZ��VXPPDUL]H�DQG�FRPSDUH�WKH�ILQDQFLDO�VWDWHPHQWV�RI�DQ�DFFRXQWLQJ�HQWLW\�DQG�DEOH�WR�
DSSO\�ILQDQFLDO�UDWLR�WHFKQLTXH�IRU�ILQDQFLDO�DQDO\VLV�
&2����LGHQWLI\�WKH�SUREOHPV��VHH�WKH�RSSRUWXQLW\��DQG�LGHDWH�WKH�VROXWLRQ�WR�WKH�SUREOHPV

&2856(�&217(17�
81,7� ��1DWXUH� DQG� VFRSH� RI� HFRQRPLFV�� (FRQRPLF� F\FOLF� IORZ�� &HQWUDO� (FRQRPLF� SUREOHPV��
PDFUR� DQG�PLFUR� HFRQRPLFV�� FRQFHSW�� GHWHUPLQDQWV�DQG� ODZ�RI�GHPDQG�DQG� VXSSO\��(ODVWLFLW\�RI�
GHPDQG��(TXLOLEULXP�SULFH��FRQVXPHU�VXUSOXV�DQG�HTXLOLEULXP�

81,7����3URGXFWLRQ��FRVW�DQG�5HYHQXH��3URGXFWLRQ�IXQFWLRQ��ODZV�RI�UHWXUQ�WR�YDULDEOH�SURSRUWLRQ��
/DZV�RI�UHWXUQ�WR�VFDOH��FRVW�FRQFHSWV��FRVW�IXQFWLRQV�DQG�WKHLU�LQWHU�UHODWLRQ��5HYHQXH�&RQFHSWV�DQG�
IXQFWLRQV��EUHDN� HYHQ�DQDO\VLV��7LPH�YDOXH�RI�PRQH\�DQG� ,QYHVWPHQW�DQDO\VLV� 139�� ,55��$55�
DQG�SD\EDFN�SHULRG�PHWKRG�

81,7����3ULFLQJ�DQG�0DUNHW��3ULFH�GHWHUPLQDWLRQ�DQG�ILUP¶V�HTXLOLEULXP�XQGHU�SHUIHFW�FRPSHWLWLRQ�
DQG�PRQRSRO\��SULFH�RXWSXW�GHWHUPLQDWLRQ�XQGHU�PRQRSROLVWLF�FRPSHWLWLRQ��NLQNHG�GHPDQG�FXUYH��
FROOXVLYH�DQG�QRQ�FROOXVLYH�ROLJRSRO\�

81,7����(QWUHSUHQHXU��HQWUHSUHQHXUVKLS�DQG�VWDUW�XS��FKDUDFWHULVWLFV�RI�DQ�HQWUHSUHQHXU�� IRUPV�RI�
EXVLQHVV� RUJDQL]DWLRQ�� SKDVHV� RI� VWDUWXS�� VPDOO� PHGLXP� DQG� ODUJH� VFDOH� HQWHUSULVH�� SUREOHPV��
RSSRUWXQLWLHV��'HVLJQ�7KLQNLQJ�DQG�,GHDWLRQ��%XVLQHVV�PRGHO�

81,7� ��� $FFRXQWDQF\�� $FFRXQWDQF\� DQG� ERRNNHHSLQJ�� *$$3�� $VVHWV�� /LDELOLWLHV� DQG� &DSLWDO��
W\SHV� RI� DFFRXQWV�� -RXUQDO�� /HGJHU�� 7ULDO� %DODQFH� DQG� )LQDQFLDO� 6WDWHPHQWV�� )LQDQFLDO� 5DWLR�
$QDO\VLV�

$66(660(17�� 7KURXJK� (QG�6HP�� 7KHRU\� ([DP�� 7KHRU\� VHVVLRQDOV�� 0LG�6HP� 7HVWV�� DQG�
$VVLJQPHQWV�

+RXUV� ��
:HHN

0D[LPXP�0DUNV
7RWDO�0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO

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



%RRNV�	�5HIHUHQFH�5HFRPPHQGDWLRQ�
�� -KLQJDO0�O���(FRQRPLFV�RI�GHYHORSPHQW�DQG�3ODQQLQJ��9ULQGD�3XEOLFDWLRQ����WK (G��ODWHVW��
�� $KXMD�+��/���$GYDQFH�HFRQRPLF�WKHRU\��6�&KDQG�3XEOLFDWLRQ�����VW (G��/DWHVW�
�� 5LJJV��%HGZRUWK�DQG�5DQGKDZD��(QJLQHHULQJ�(FRQRPLFV��7DWD�0F*UDZ�+LOO����WK (G��ODWHVW�
�� 3ULQFLSOHV�RI�DFFRXQWDQF\��1LUPDO -DLQ�
�� (QWUHSUHQHXUVKLS�E\�5DMHHY�5R\���QG HGLWLRQ
�� *RYLQGDUDMDQ�0��1DWDUDMDQ�6��6HQWKLO�.XPDU�9��6��³(QJLQHHULQJ�(WKLFV´��3UHQWLFH�+DOO�

RI�,QGLD��1HZ�'HOKL� �����
�� ,QWURGXFWLRQ�WR�WKH�&RQVWLWXWLRQ�RI�,QGLD��'�'� %DVX



0$��������0$7+(0$7,&6�,9

&2856(�2%-(&7,9(
7R� LQWURGXFH� WKH� FRQFHSWV� RI� FRPSOH[� YDULDEOH�� VWDWLVWLFV�� VWRFKDVWLF� SURFHVV�� 0DUNRY�
FKDLQ��UHOLDELOLW\�DQG�JUDSK�WKHRU\�

&2856(�287&20(6
2Q�FRPSOHWLRQ RI�WKLV�FRXUVH��VWXGHQWV�DUH�DEOH

7R�VROYH�(QJLQHHULQJ�SUREOHPV�XVLQJ�FRPSOH[�YDULDEOH�WHFKQLTXHV�DQG�OLQH�
LQWHJUDOV��RI�D�FRPSOH[�YDOXHG IXQFWLRQ�
7R� DSSO\� WKH� FRQFHSW� RI� SUREDELOLW\� WR� ILQG� WKH� SK\VLFDO� VLJQLILFDQFH� RI�
YDULRXV�GLVWULEXWLRQ SKHQRPHQD�
$WWDLQ� WKH� EDVLF� WHFKQLTXHV� RI� TXDOLW\� LPSURYHPHQW�� IXQGDPHQWDO�
NQRZOHGJH�RI�VWDWLVWLFV�DQG SUREDELOLW\�
8QGHUVWDQG�WKH�FRQFHSWV�RI�UHOLDELOLW\�DQG PDLQWDLQDELOLW\�
7R�DSSO\�SULQFLSDOV�DQG�FRQFHSWV�RI�JUDSK�WKHRU\�LQ�SUDFWLFDO VLWXDWLRQ�

&2856(�&217(176

+RXUV� ��
:HHN

0D[LPXP�0DUNV
7RWDO�0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO

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

8QLW�� )XQFWLRQV� RI� &RPSOH[� 9DULDEOHV�� $QDO\WLF� IXQFWLRQ�� &DXFK\�5LHPDQQ�
(TXDWLRQV� DQG� +DUPRQLF� )XQFWLRQV�� &RQMXJDWH� )XQFWLRQV� DQG� WKHLU�
$SSOLFDWLRQV��&RPSOH[�,QWHJUDOV��&DXFK\¶V� ,QWHJUDO�7KHRUHP�DQG� ,QWHJUDO�
)RUPXOD�� 6LQJXODULWLHV�� 3ROHV�� 5HVLGXHV�� 5HVLGXH� 7KHRUHP�� &RQWRXU�
,QWHJUDWLRQ� IRU� VLPSOH� FDVHV�� &RQIRUPDO� PDSSLQJ� DQG� LWV� $SSOLFDWLRQ� WR�
WZR�GLPHQVLRQDO�SUREOHPV�LQ�HOHFWULF�ILHOG�

8QLW�� 6WDWLVWLFV�� 0RGHUQ� YLHZ� RI� 3UREDELOLW\� WKHRU\�� 5DQGRP� 9DULDEOHV��
'LVWULEXWLRQ�)XQFWLRQ�DQG�'HQVLW\�)XQFWLRQ��5DQGRP�9DULDEOHV�RI�'LVFUHWH�
DQG� &RQWLQXRXV� W\SH�� )XQFWLRQV� RI� WZR� UDQGRP� YDULDEOHV�� %LYDULDWH�
3UREDELOLW\�ZLWK�&RQGLWLRQDO�DQG�0DUJLQDO�3UREDELOLW\�'LVWULEXWLRQ�

8QLW�� 6WRFKDVWLF�3URFHVV�DQG�0DUNRY�&KDLQ��*HQHUDO�&RQFHSWV�DQG�'HILQLWLRQ�RI�
6WRFKDVWLF� 3URFHVVHV�� 0HDQ�� $XWR�FRUUHODWLRQ� DQG� $XWR�&RYDULDQFH��
&ODVVLILFDWLRQ� RI� 6WRFKDVWLF� 3URFHVV� DQG� 6RPH� 3UREOHPV�� 3UREDELOLW\�
9HFWRUV��6WRFKDVWLF�0DWUL[��)L[HG�3RLQW�RI�D�0DWUL[��'HILQLWLRQ�RI�0DUNRY�
&KDLQ��7UDQVLWLRQ�0DWUL[�DQG�*UDSK��6RPH�7KHRUHPV�DQG�$SSOLFDWLRQV�

8QLW�� 5HOLDELOLW\�� %DVLF� FRQFHSWV�� )DLOXUH� ODZ�� %DWK� 7XE� &XUYH�� (YDOXDWLRQ� RI�
5HOLDELOLW\� RI� D� &RPSRQHQW� IURP� 7HVW� 'DWD�� 6\VWHP� 5HOLDELOLW\��
&RPSRQHQWV� LQ� 6HULHV� DQG� 3DUDOOHO�� 5HGXQGDQF\�� 1RQ�6HULHV� 3DUDOOHO�
6\VWHP�

8QLW�� *UDSK� 7KHRU\� DQG� &RPELQDWRULDO 2SWLPL]DWLRQ�� *UDSKV� ± 'HILQLWLRQV� DQG�
%DVLF� 3URSHUWLHV�� ,VRPRUSKLVP�� (XOHU� &LUFXLWV� DQG� +DPLOWRQLDQ� &\FOH��
'LJUDSKV�� 7UHHV� 3URSHUWLHV�� 6SDQQLQJ� 7UHHV�� 3ODQHU� JUDSKV�� 6KRUWHVW� 3DWK�
3UREOHP��'LMNVWUD�$OJRULWKP��6SDQQLQJ�7UHH�.UXVNDO�DQG�3ULP�$OJRULWKP�



7H[W�%RRNV
�� 5DPDQD� %� 9�� +LJKHU� (QJLQHHULQJ� 0DWKHPDWLFV�� 7DWD� 0F*UDZ� +LOO� 3XEOLVKLQJ�

&RPSDQ\�/WG���1HZ�'HOKL�������
�� 'DV�+��.��+LJKHU�(QJLQHHULQJ�0DWKHPDWLFV��6��&KDQG�1HZ�'HOKL� �����
�� %DLVQDE�$��DQG�-DV�0��(OHPHQWV�RI�3UREDELOLW\�DQG�6WDWLVWLFV��7DWD�0F*UDZ�+LOO�

%RRN�&RPSDQ\��1HZ�'HOKL�������
�
5HIHUHQFH�ERRNV
�� -DLQ�� 5�.�� DQG� ,\HQJDU� 6�.�� $GYDQFHG� (QJLQHHULQJ� 0DWKHPDWLFV�� 1DURVD�

3XEOLVKLQJ�+RXVH��1HZ�'HOKL���������
�� 9HHUDUDMDQ� 7�� 6WDWLVWLFV�� 3UREDELOLW\� DQG� 5DQGRP� 3URFHVV�� �QG (GLWLRQ�� 7DWD�

0F*UDZ�+LOO�3XEOLVKLQJ�&RPSDQ\�/WG���1HZ�'HOKL������
�� %DODJXUXVDP\� (��� 5HOLDELOLW\� (QJLQHHULQJ�� 7DWD� 0F*UDZ�+LOO� (GXFDWLRQ� 3YW��

/WG���1HZ�'HOKL�������
�� *RRGDLUH� (�*�� DQG� 0LFKDHO� 0�� 3HUPHQWHU�� 'LVFUHWH� 0DWKHPDWLFV� ZLWK� *UDSK�

7KHRU\�

$VVHVVPHQW
�� ,QWHUQDO� $VVHVVPHQW� IRU� FRQWLQXRXV� HYDOXDWLRQ�� PLG�WHUP� WHVWV�� WXWRULDOV�� FODVV�

SHUIRUPDQFH��HWF� �����
�� (QG�VHPHVWHU�7KHRU\�([DP �����



(&�������(/(&7520$*1(7,&�:$9(6

&2856(�287&20(6��
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR��
�� 6WXG\�YDULRXV�ODZV�WR�GHYHORS�WKH�0D[ZHOO�HTXDWLRQV��
���&KDUDFWHUL]H�8QLIRUP�3ODQH�:DYH�LQ�GLIIHUHQW�PHGLXPV�
��� &DOFXODWH�UHIOHFWLRQ�DQG�WUDQVPLVVLRQ�RI�ZDYHV�DW�PHGLD�LQWHUIDFH
��� 'HVLJQ�DQG�$QDO\VH�RI�7UDQVPLVVLRQ�OLQHV�WR�FDUU\�RXW�WKH�LPSHGDQFHV�WUDQVIRUPDWLRQV�
���$QDO\VH�ZDYH�SURSDJDWLRQ�RQ�PHWDOOLF�ZDYHJXLGHV�LQ�PRGDO�IRUP

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

&UHGLWV�
7KHRU\ 3UDFWLFDO

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

81,7����(OHFWURPDJQHWLF�DQG�0D[ZHOO¶V�(TXDWLRQV��
%DVLFV� RI� YHFWRU� FDOFXOXV��%DVLF�/DZV�RI�(OHFWURVWDWLFV��*DXVV¶V� WKHRUHP� IRU� HOHFWURVWDWLFV��
(TXLYDOHQFH� WKHRUHP�� PHWKRG� RI� LPDJHV�� %DVLF� ODZV� RI� PDJQHWR� VWDWLFV�� $PSHUH¶V� /DZ��
'XDOLW\��8QLTXHQHVV�DQG�UHFLSURFLW\�WKHRUHP��'HYHORSPHQW�RI�0D[ZHOO¶V�HTXDWLRQV��

81,7����8QLIRUP�3ODQH�:DYHV��
%RXQGDU\�FRQGLWLRQV� :DYH�HTXDWLRQ�DQG�VROXWLRQ��:DYH�SRODUL]DWLRQ��:DYH�SURSDJDWLRQ�LQ�
GLIIHUHQW� PHGLXPV�� 3KDVH� DQG� JURXS� YHORFLWLHV�� 3RZHU� IORZ� DQG� SRLQWLQJ� YHFWRU�� 6XUIDFH�
FXUUHQWV�DQG�SRZHU�ORVV�LQ�D�FRQGXFWRU�

81,7����3ODQH�:DYH�DW�0HGLD�,QWHUIDFH��
3ODQH�ZDYHV� LQ�DUELWUDU\�GLUHFWLRQ��5HIOHFWLRQ�DQG�UHIUDFWLRQ�DW�GLHOHFWULF� LQWHUIDFH�DQG� WRWDO�
LQWHUQDO�UHIOHFWLRQ��%UHZVWHU¶V�DQJOH��6WDQGLQJ�ZDYHV��&RQGXFWLQJ�VXUIDFH��6NLQ�GHSWK�

81,7����7UDQVPLVVLRQ�/LQHV��
7UDQVPLVVLRQ� /LQHV�� (TXDWLRQV� RI� YROWDJH� DQG� FXUUHQW� RQ� 7UDQVPLVVLRQ� OLQHV�� 3URSDJDWLRQ�
FRXQW� DQG� FKDUDFWHULVWLFV� LPSHGDQFH�� 5HIOHFWLRQ� FRHIILFLHQW� DQG� 96:5�� ,PSHGDQFH�
WUDQVIRUPDWLRQ�RQ� ORVVOHVV�DQG� ORZ� ORVV� WUDQVPLVVLRQ� OLQHV��3RZHU� WUDQVIHU�RQ�7UDQVPLVVLRQ�
OLQHV��6PLWK�FKDUW��DGPLWWDQFH�6PLWK�FKDUW��$SSOLFDWLRQV�RI�7UDQVPLVVLRQ�OLQHV��

81,7����:DYHJXLGHV��
:DYH�SURSDJDWLRQ� LQ�SDUDOOHO�SODWH�ZDYHJXLGHV��$QDO\VLV�RI�ZDYH�JXLGHV JHQHUDO�DSSURDFK��
5HFWDQJXODU� ZDYHJXLGHV�� 7(� 	� 70� PRGHV�� 6XUIDFH� FXUUHQWV� RQ� WKH� ZDYHJXLGH� ZDOOV�� � �
$WWHQXDWLRQ�LQ�ZDYHJXLGH��)LHOG�YLVXDOL]DWLRQ�XVLQJ�VLPXODWLRQ�VRIWZDUH��

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

7(;7���5()(5(1&(�%22.6��
�� 5�.�6KHYJDRQNDU��(OHFWURPDJQHWLF�:DYHV��7DWD�0F*UDZ�+LOO�,QGLD��
�� ���3ULQFLSOHV�RI�(OHFWURPDJQHWLFV�0DWWKHZ�1�2�6DGLNX����WK�HGLWLRQ��
�� ���'DYLG�&KHQJ��)LHOG�	�ZDYH�(OHFWURPDJQHWLFV��
�� ���0LFURZDYH�(QJLQHHULQJ��3R]DU���WK�HGLWLRQ�



(& �������$1$/2*�&,5&8,76

35(5(48,6,7(� � 1HWZRUN�7KHRU\��(OHFWURQLF�'HYLFHV�DQG�(QJLQHHULQJ�PDWKHPDWLFV

&2856(�287&20(6��
6WXGHQW�VKRXOG�EH�DEOH�WR�
�� $QDO\]H� DQG� GHVLJQ� %-7� DQG� )(7� EDVHG� DPSOLILHU� IRU� UHTXLUHG� IUHTXHQF\
VSHFLILFDWLRQV�

�� 8QGHUVWDQG DQG�GHVLJQ�SRZHU�HIILFLHQW DPSOLILHUV�
�� ,PSURYH� DPSOLILHU� SHUIRUPDQFH� E\� YDU\LQJ� YDULRXV� SDUDPHWHUV� DQG� GHVLJQ�
YDULRXV�IUHTXHQF\�JHQHUDWRUV�
�� 'HVLJQ�DPSOLILHUV� IRU�YDULRXV� OLQHDU� DQG�QRQ� OLQHDU�PDWKHPDWLFDO�RSHUDWLRQV�
XVLQJ�OLQHDU LQWHJUDWHG FLUFXLWV�
�� 6WXG\ DQG�GHVLJQ YDULRXV�ZDYH�IRUP�JHQHUDWRUV�DQG�DFWLYH�ILOWHUV�XVLQJ�OLQHDU�
LQWHJUDWHG�FLUFXLWV�

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

&UHGLWV�
7KHRU\ 3UDFWLFDO
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� � � �� �� �� �� ��� � �C �

7+(25<�
8QLW �� 5HYLHZ�RI�%-7�	�026)(7�ELDVLQJ��VPDOO�VLJQDO�DQDO\VLV��ORZ�IUHTXHQF\�PRGHO�RI�

%-7�	�026)(7�	�LWV�DQDO\VLV�IRU�GLIIHUHQW�FRQILJXUDWLRQ��0XOWLVWDJH DPSOLILHU�

8QLW �� +LJK�IUHTXHQF\�DQDO\VLV��+LJK�IUHTXHQF\�PRGHO�RI�WUDQVLVWRU��)UHTXHQF\ UHVSRQVH�RI�
DPSOLILHU�� FDVFDGLQJ� RI� DPSOLILHU� 	� LWV� HIIHFW� RQ� JDLQ� 	� %DQGZLGWK�� 6WHS� UHVSRQVH� RI�
DPSOLILHU��3RZHU�DPSOLILHU��FRPSHQVDWLRQ�V\PPHWU\��FRQILJXUDWLRQ��5)�FLUFXLW��WXQHG�FLUFXLW

8QLW����)HHGEDFN�$PSOLILHUV���*HQHUDO�IHHGEDFN�WKHRU\��FKDUDFWHULVWLFV�RI�QHJDWLYH�IHHGEDFN�
DPSOLILHUV��(IIHFW�RI�QHJDWLYH�IHHGEDFN�RQ�LQSXW�DQG�RXWSXW�UHVLVWDQFH�RI�DPSOLILHUV��DQDO\VLV�
RI� IHHGEDFN� DPSOLILHUV�� 2VFLOODWRUV�� 3ULQFLSOH� RI� RVFLOODWLRQ�� FDOFXODWLRQ� RI� IUHTXHQF\� RI�
RVFLOODWLRQ� 	� FRQGLWLRQV� IRU VXVWDLQHG� RVFLOODWLRQV�� /&� 2VFLOODWRUV� � &ROSLWW¶V�� +DUWHO\� DQG�
&U\VWDO�2VFLOODWRUV��5&�2VFLOODWRUV��3KDVH�VKLIW�	�:LHQ�EULGJH�RVFLOODWRUV��)UHTXHQF\�VWDELOLW\�
FULWHULD�DQG�FRQWUROOHG�RVFLOODWRUV��9ROWDJH�

8QLW� ��� 2SHUDWLRQDO� $PSOLILHUV�� 'LIIHUHQWLDO� DPSOLILHU�� � LWV� � PRGLILFDWLRQ� � 	� � WUDQVIHU�
FKDUDFWHULVWLFV�� ,QWHUQDO�$UFKLWHFWXUH�RI�RS�DPS��RIIVHW� HUURU� LQ�YROWDJHV�	�FXUUHQWV�	� WKHLU�
WHPSHUDWXUH� GULIW�� 2S�DPS� SDUDPHWHUV� VXFK� DV� &055�� VOHZ� UDWH� 	� WKHLU� PHDVXUHPHQWV��
)UHTXHQF\� UHVSRQVH� RI� RS�DPS�� VWXG\� RI� RS�DPS� ,&V� OLNH� ����� ����� ���� HWF�� 7HPSHUDWXUH�
FRPSHQVDWLRQ� WHFKQLTXHV�� FXUUHQW� PLUURU� LQ� RS�DPS�� /LQHDU� DQDORJ� V\VWHPV� XVLQJ� RS�DPS�
VXFK�DV� � 9� WR� ,�DQG� ,� WR�9�FRQYHUWHUV�� LQWHJUDWRU��GLIIHUHQWLDWRU��7ZR�VWDJH�DQG� WKUHH� VWDJH�
LQVWUXPHQWDWLRQ DPSOLILHUV�

8QLW����1RQ�OLQHDU�$SSOLFDWLRQV�DQG�$FWLYH�)LOWHUV�XVLQJ��2SHUDWLRQDO��$PSOLILHUV���1RQ�
/LQHDU�DQDORJ�V\VWHPV��=HUR�FURVVLQJ�GHWHFWRUV��6TXDUH�ZDYH�	�WULDQJXODU�ZDYH�JHQHUDWRUV��



&RPSDUDWRUV��6FKPLWW�WULJJHU��9ROWDJH�WR�IUHTXHQF\�	�IUHTXHQF\�WR�YROWDJH�FRQYHUWHUV��6PDOO�
VLJQDO�UHFWLILHUV��6DPSOH�	�KROG�FLUFXLW��/RJDULWKPLF�DPSOLILHU��$FWLYH�)LOWHUV��,QWURGXFWLRQ�WR�
DFWLYH�ILOWHUV��DFWLYH�QHWZRUNV�XVLQJ�23�$03��DSSUR[LPDWLRQ�WR�LGHDO�ORZ�SDVV�ILOWHU��$FWLYH�
ILOWHUV��/3��+3��%3��%6��	�WKHLU�GHVLJQ JXLGHOLQHV�

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

35$&7,&$/6�
6WXGHQWV�ZLOO�EH�DEOH�WR��

�� 8QGHUVWDQG�VLQJOH�	�GRXEOH�VWDJH�DPSOLILHU��DQG�ILQG�LWV�JDLQ�DQG EDQGZLGWK�
�� 8QGHUVWDQG�YDULRXV�RVFLOODWRU�FLUFXLWV�DQG�ILQG�LWV�IUHTXHQF\�RI RVFLOODWLRQ�

�� ,PSOHPHQW�YDULRXV�RS�DPS��EDVHG FLUFXLWV�
�� ,PSOHPHQW�YDULRXV�DFWLYH ILOWHUV�

/LVW�RI�([SHULPHQWV�
�� 7R�REVHUYH�WKH�FKDUDFWHULVWLFV�RI�VLQJOH�VWDJH�5�&�FRXSOHG DPSOLILHU
�� 9HULI\�WKH�FKDUDFWHULVWLFV�GRXEOH�VWDJH�5�&�FRXSOHG DPSOLILHU
�� 0HDVXUHPHQW�RI�LQSXW�LPSHGDQFH�DQG�RXWSXW�LPSHGDQFH�RI�VLQJOH�VWDJH�5�&�

FRXSOHG�DPSOLILHU�VWDJH�
�� 6WXG\�RI�IUHTXHQF\�UHVSRQVH�RI�D�VLQJOH�VWDJH�-)(7 DPSOLILHU
�� 6WXG\�RI�GRXEOH�VWDJH�5�&�FRXSOHG�DPSOLILHU��ZLWK IHHGEDFN��
�� 6WXG\�RI�5�&�SKDVH�VKLIW RVFLOODWRU
�� 6WXG\�RI�:LHQ�EULGJH RVFLOODWRU
�� 6WXG\�RI�23�$PS DV�

D� ,QYHUWLQJ $PSOLILHU
E� 1RQ�LQYHUWLQJ $PSOLILHU�
F� 6XPPLQJ $PSOLILHU

�� 6WXG\�RI�LQWHJUDWRU�FLUFXLW�	�GLIIHUHQWLDWRU�FLUFXLW�XVLQJ�2S $PS
��� 6WXG\�RI�FODVV�& DPSOLILHU�
��� 6WXG\�RI�$FWLYH�ORZ�SDVV�ILOWHU�RI�ILUVW RUGHU�
��� 7R�VWXG\�RI�DFWLYH�KLJK�SDVV ILOWHU

$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'('��
�� 6HGUD�	�6PLWK�/���(OHFWURQLFV�&LUFXLWV���WK�HG���������0F*UDZ +LOO�
�� *D\DNZDG�5�$���2S�$03�	�/LQHDU�,QWHJUDWHG�&LUFXLWV���WK�HG�������� 3+,�
�� 9DQ� 9DONHQEXUJ� 0�(��� $QDORJ� )LOWHU� 'HVLJQ�� �QG� HG��� ������ +ROW� 5LQHKDUW� 	

:LQVWRQ�
5()(5(1&(�%22.6�5(&200(1'('��

�� 0LOOLPDQ�	�+DONLDV��,QWHJUDWHG�(OHFWURQLFV���QG�HG���������0F*UDZ +LOO�
�� 5REHUW�%R\OVWHG��(OHFWURQLF�'HYLFHV�	�&LUFXLWV���QG�HG�������� 3+,�
�� 0LOOPDQ�DQG�*UDEOH��0LFURHOHFWURQLFV���QG HG���������70+�



(&������� 352%$%,/,7<�7+(25<�$1'�672&+$67,&�352&(66(6

&RXUVH�2XWFRPHV�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR
���8QGHUVWDQG�EDVLF�FRQFHSW�RI�SUREDELOLW\�WKHRU\�DQG�FRQWLQXRXV 5DQGRP�9DULDEOH�
���,QYHVWLJDWH�GHVFUHWH�UDQGRP�YDULDEOH�DQG�DSSOLFDWLRQ�
���6WXG\���MRLQW�IXQFWLRQ��PRPHQWV�DQG�GLVWULEXWXLRQ�
���0DNH�XVH�RI�WKHRUHPV�UHODWHG�WR�UDQGRP�VLJQDOV�
���'HYHORS�FRQFHSWV�RI�5DQGRP�SURFHVVHV DQG�LWV�DSSOLFDWLRQ�

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

&UHGLWV�
7KHRU\ 3UDFWLFDO
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8QLW� �� 5HYLHZ� RI� SUREDELOLW\� WKHRU\� DQG� 5DQGRP� YDULDEOH��� %D\HV� WKHRUHP�� &RQWLQXRXV�
5DQGRP� YDULDEOH�� *DXVVLDQ�� 5D\OHLJK�� ([SRQHQWLDO� HWF� WKHLU� SUREDELOLW\� GHQVLW\� IXQFWLRQ��
SUREDELOLW\�GLVWULEXWLRQ�IXQFWLRQ�DQG�DSSOLFDWLRQV�

8QLW� �� 'LVFUHWH� UDQGRP� YDULDEOHV� �� SUREDELOLW\� PDVV� IXQFWLRQ�� SUREDELOLW\� GLVWULEXWLRQ�
IXQFWLRQ�� H[DPSOH� UDQGRP� YDULDEOHV� DQG� GLVWULEXWLRQV�� DSSOLFDWLRQV�� 3UREDELOLW\� *HQHUDWLQJ�
)XQFWLRQ�DQG�0RPHQW�*HQHUDWLQJ�)XQFWLRQ�

8QLW��� -RLQW�GLVWULEXWLRQV��IXQFWLRQV�RI�RQH�DQG�WZR UDQGRP�YDULDEOHV��PRPHQWV�RI�UDQGRP�
YDULDEOHV��&RQGLWLRQDO� GLVWULEXWLRQ�� GHQVLWLHV� DQG�PRPHQWV�ZLWK� DSSOLFDWLRQV� &KDUDFWHULVWLF�
IXQFWLRQV�RI�D�UDQGRP�YDULDEOH�

8QLW� �� 5DQGRP� VHTXHQFHV� DQG�PRGHV� RI� FRQYHUJHQFH��0DUNRY��&KHE\VKHY� DQG�&KHUQRII�
ERXQGV��/LPLW�WKHRUHPV��6WURQJ�DQG�ZHDN�ODZV�RI�ODUJH�QXPEHUV��FHQWUDO�OLPLW�WKHRUHP��

8QLW� ��5DQGRP� SURFHVV� DQG� LWV� FODVVLILFDWLRQ�� ,QWURGXFWLRQ� WR�0DUNRY� PRGHO� DQG� +LGGHQ�0DUNRY�
PRGHO�� DSSOLFDWLRQV� 0HDQ� DQG� FRYDULDQFH� IXQFWLRQV�� (UJRGLFLW\�� 7UDQVPLVVLRQ� RI� UDQGRP� SURFHVV�
WKURXJK�/7,��$XWRFRUUHODWLRQ��3RZHU�VSHFWUDO�GHQVLW\��

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

7H[W�5HIHUHQFH�%RRNV��
���+��6WDUN�DQG�-��:RRGV�� CC3UREDELOLW\�DQG�5DQGRP�3URFHVVHV�ZLWK�$SSOLFDWLRQV� WR�6LJQDO
3URFHVVLQJ�

�7KLUG�(GLWLRQ��3HDUVRQ�(GXFDWLRQ
���$�3DSRXOLV� DQG� 6��8QQLNULVKQDQ� 3LOODL�� CC3UREDELOLW\�� 5DQGRP�9DULDEOHV� DQG� 6WRFKDVWLF�
3URFHVVHV�

�)RXUWK�(GLWLRQ��0F*UDZ�+LOO�
��� 7ULYHGL�.�6���3UREDELOLW\� DQG� 6WDWLVWLFV�ZLWK� UHOLDELOLW\�� TXHXLQJ� DQG�&RPSXWHU� 6FLHQFH�
$SSOQV��,,�(G���:LOH\
���6��5RVV��,QWURGXFWLRQ�WR�6WRFKDVWLF�0RGHOV��+DUFRXUW�$VLD��$FDGHPLF�3UHVV



(&��������$1$/2*�$1'�',*,7$/�&20081,&$7,21

&2856(�287&20(6��
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

�� &RPSDUH�GLIIHUHQW�&RQWLQXRXV�:DYH�PRGXODWLRQ�VFKHPHV�
�� 6WXG\�WKH�EHKDYLRU�RI�&RPPXQLFDWLRQ�V\VWHPV�LQ�SUHVHQFH�RI�QRLVH�
�� ,QYHVWLJDWH�3XOVH�PRGXODWLRQ�VFKHPHV�DQG�PXOWLSOH[LQJ�VFKHPHV�
�� $QDO\]H�GLIIHUHQW�GLJLWDO�PRGXODWLRQ�DQG�GHPRGXODWLRQ�VFKHPHV�
�� (YDOXDWH�HUURU�SHUIRUPDQFH�RI�GLJLWDO�FRPPXQLFDWLRQ�V\VWHPV�

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

&UHGLWV�
7KHRU\ 3UDFWLFDO
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8QLW����$PSOLWXGH�0RGXODWLRQ��� 5HYLHZ�RI�)RXULHU�WUDQVIRUP��LWV�SURSHUWLHV��1HHG�RI�PRGXODWLRQ��
*HQHUDWLRQ�DQG�GHWHFWLRQ�RI�$0�VLJQDOV���)UHTXHQF\�'LYLVLRQ�0XOWLSOH[LQJ��$0�5HFHLYHUV��6RXUFHV�
RI�QRLVH��*DXVVLDQ�DQG�ZKLWH�QRLVH��4XDGUDWXUH�FRPSRQHQWV�RI�QRLVH��1RLVH�LQ�DPSOLWXGH PRGXODWLRQ�
V\VWHPV

8QLW� ��� $QJOH� 0RGXODWLRQ�� 3KDVH� DQG� )UHTXHQF\� PRGXODWLRQ�� 1DUURZEDQG� )0�� :LGHEDQG� )0��
EDQGZLGWK�RI�DQJOH�PRGXODWHG�VLJQDOV��*HQHUDWLRQ�DQG�GHWHFWLRQ�RI�DQJOH�PRGXODWHG�VLJQDOV��1RLVH�LQ�
)UHTXHQF\�PRGXODWLRQ�V\VWHPV��7KUHVKROG�HIIHFW�LQ DQJOH�PRGXODWLRQ��3UH�HPSKDVLV�DQG�'HHPSKDVLV�
ILOWHUV��&RPSDULVRQ�RI�$QDORJ�0RGXODWLRQ�V\VWHPV

8QLW� ��� 3XOVH� PRGXODWLRQ�� 6DPSOLQJ� SURFHVV�� 6DPSOLQJ� RI� EDQGSDVV� VLJQDOV�� 4XDQWL]DWLRQ�� 3XOVH�
$PSOLWXGH� DQG� 3XOVH� FRGH�PRGXODWLRQ� �3&0��� 'LIIHUHQWLDO� SXOVH� FRGH�PRGXODWLRQ� �'3&0��� 'HOWD�
PRGXODWLRQ� �'0��� $GDSWLYH� 'HOWD� PRGXODWLRQ� �$'0��� /LQH� FRGHV� DQG� WKHLU� 36'�� 1RLVH�
FRQVLGHUDWLRQV�LQ�3&0��7LPH�'LYLVLRQ�PXOWLSOH[LQJ��

8QLW� ���%DVHEDQG�3XOVH�7UDQVPLVVLRQ�DQG�6LJQDO� VSDFH� DQDO\VLV�� ,QWHU� V\PERO� ,QWHUIHUHQFH� DQG�
1\TXLVW� FULWHULRQ�� (TXDOL]DWLRQ� 7HFKQLTXHV�� (\H� SDWWHUQV�� *HRPHWULF� UHSUHVHQWDWLRQ� RI� VLJQDOV��
2SWLPXP� GHWHFWLRQ� RI� VLJQDOV� LQ� QRLVH�� 2SWLPXP� UHFHLYHUV� XVLQJ� FRKHUHQW� GHWHFWLRQ� IRU� $:*1�
FKDQQHOV��3UREDELOLW\�RI�(UURU�

8QLW����3DVV�EDQG�'LJLWDO�0RGXODWLRQ�DQG�7UDGH�RIIV� 3KDVH�6KLIW�.H\LQJ��36.���)UHTXHQF\�6KLIW�
.H\LQJ� �)6.��� 4XDGUDWXUH� $PSOLWXGH� 0RGXODWLRQ� �4$0��� 0LQLPXP� 6KLIW� .H\LQJ� �06.��� WKHLU�
JHQHUDWLRQ��GHWHFWLRQ��36'�DQG�3UREDELOLW\�RI�(UURU�HYDOXDWLRQV��&RPSDULVRQ�RI�'LJLWDO�0RGXODWLRQ�
VFKHPHV�XVLQJ D�VLQJOH�FDUULHU

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

�� +D\NLQ�6����&RPPXQLFDWLRQV�6\VWHPV���-RKQ�:LOH\�DQG�6RQV�������
7(;7�%22.6�5(&200(1'('�

�� 3URDNLV�-��*��DQG�6DOHKL�0����&RPPXQLFDWLRQ�6\VWHPV�(QJLQHHULQJ���3HDUVRQ�(GXFDWLRQ��
�����

�� 7DXE�+��DQG�6FKLOOLQJ�'�/����3ULQFLSOHV�RI�&RPPXQLFDWLRQ�6\VWHPV´��7DWD�0F*UDZ�+LOO��
�����

�� :R]HQFUDIW� -��0�� DQG� -DFREV� ,��0��� CC3ULQFLSOHV� RI� &RPPXQLFDWLRQ� (QJLQHHULQJ

�-RKQ�
:LOH\�������

5()(5(1&(�%22.6�5(&200(1'('�

�� %DUU\� -�� 5��� /HH� (�� $�� DQG� 0HVVHUVFKPLWW� '�� *��� CC'LJLWDO� &RPPXQLFDWLRQ

�� .OXZHU�
$FDGHPLF�3XEOLVKHUV�������

�� 3URDNLV�-�*���CC'LJLWDO�&RPPXQLFDWLRQV

���WK�(GLWLRQ��0F*UDZ�+LOO�������



/LVW�RI�([SHULPHQWV�
�� )RXULHU�6\QWKHVLV�RI�SHULRGLF�ZDYHIRUPV�
�� *HQHUDWLRQ�RI�$0�DQG�'RXEOH�6LGH�EDQG�VXSSUHVVHG�FDUULHU�ZDYHIRUP�DQG�PXOWLSOH[LQJ�DQG�

GHPXOWLSOH[LQJ�)'0�VLJQDO��
�� 'HPRGXODWLRQ�DQG�GHWHFWLRQ�RI�$0�DQG�'6%�6&�XVLQJ�(QYHORSH�'HWHFWRU�DQG�6\QFKURQRXV�

'HWHFWLRQ�
�� 0RGXODWLRQ�DQG�GHPRGXODWLRQ�RI�)UHTXHQF\�0RGXODWHG�ZDYHIRUP��
�� 7R�JHQHUDWH� VDPSOHG� VLJQDO�RI� D�EDQG� OLPLWHG� VLQXVRLGDO� VLJQDO�	� LWV� UHFRQVWUXFWLRQ�� DQG� WR�

REVHUYH�WKH�WZR�FKDQQHOV�7LPH�'LYLVLRQ�0XOWLSOH[LQJ�LQ�DQDORJ�GRPDLQ�	�GLJLWDO�GRPDLQ�
�� *HQHUDWLRQ�	�GHWHFWLRQ�RI�7'0�3&0�VLJQDO�
�� $QDO\VLV� RI� GLIIHUHQW� PHWKRGV� RI� GDWD� WUDQVPLVVLRQ� WR� UHJHQHUDWH� WKH� GDWD� DW� UHFHLYHU� RU�

UHSHDWHU�
�� 9HULILFDWLRQ� RI� '0� RXWSXW� IRU� YDULRXV� DPSOLWXGHV� DQG� IUHTXHQFLHV� RI� LQSXW� VLJQDO� DQG� IRU�

YDULRXV�FORFN�IUHTXHQFLHV�
�� 6WXG\�RI�$GDSWLYH�'HOWD�0RGXODWLRQ�DQG�'HPRGXODWLRQ
��� *HQHUDWLRQ�DQG�GHWHFWLRQ�RI�%36.�DQG�436.�VLJQDO
��� *HQHUDWLRQ�DQG�GHWHFWLRQ�RI�$6.�DQG�)6.�VLJQDO�
��� 6WXG\�RI�4$0�PRGXODWLRQ�DQG�GHPRGXODWLRQ

$66(60(17��9LYD��6LPXODWLRQ�$VVLJQPHQW��4XL]��(QG�VHPHVWHU�H[DP



(&������� (/(&7521,&6�:25.6+23
3UHUHTXLVLWH��� (QJLQHHULQJ�SK\VLFV
&RXUVH�RXWFRPHV�� 6WXGHQW�VKRXOG�EH�DEOH�WR�
��,GHQWLI\�YDULRXV�W\SHV�RI�HOHFWURQLF�FRPSRQHQWV�DQG�VXEV\VWHPV�DQG�DSSO\�WKHP LQ YDULRXV�(OHFWURQLF�
FLUFXLWV�

��7R�XQGHUVWDQG�WKH�ZRUNLQJ�DQG�SULQFLSOH�RI�GLIIHUHQW�W\SHV�RI�HOHFWURQLFV�FLUFXLW�
�� $QDO\]H�HOHFWURQLFV�FLUFXLWV�DQG�V\VWHPV��GLDJQRVH�IDXOWV�DQG�WKHLU UHFWLILFDWLRQ�
�� 'HVLJQ�� IDEULFDWLRQ�DQG� WHVWLQJ� RI� GLIIHUHQW� W\SHV� RI� HOHFWURQLFV� VXEV\VWHP�XVLQJ� DQDORJ� DQG�GLJLWDO
,&6�

�� 'HYHORS�VNLOOV�RI�ZULWLQJ�D�VWUXFWXUHG�WHFKQLFDO�GRFXPHQW�DQG�LWV SUHVHQWDWLRQ�

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

&UHGLWV�
7KHRU\ 3UDFWLFDO
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3UDFWLFDO�
8QLW����9DULRXV�W\SHV�RI�UHVLVWRUV��FDSDFLWRUV��LQGXFWRUV��WKHLU�UDWLQJV��FKDUDFWHULVWLFV�	�DSSOLFDWLRQ�RI�
VLQJOH� �� PXOWLVWUDQG� ZLUHV�� FRD[LDO� 	� IODW� FDEOHV�� %1&�� 71&� 	� 1� � W\SH� FRQQHFWRUV�� 3&%� HGJH�
FRQQHFWRUV�� RFWDO�	� SDQHO� FRQQHFWRU�� UHOD\V�	� EDQG� VZLWFKHV�� 6367�� 63'7��'3'7�	� SXVK� EXWWRQ�
VZLWFKHV�� W\SHV� RI EDWWHULHV�� VHOHFWLRQV�� WHVWLQJ�� LGHQWLILFDWLRQ� SUDFWLFH� IRU� DOO� FRPSRQHQWV�� FLUFXLW�
GLDJUDPV� XVLQJ� FRPSRQHQWV� 	� SUDFWLFLQJ� V\PEROV�� FRVW� RI� YDULRXV� FRPPHUFLDOO\� DYDLODEOH
FRPSRQHQWV�

8QLW� ���7KHUPDO� UHVLVWDQFH�� KHDW� VLQN� 	� LWV� GHVLJQ�� 6HOHFWLRQ� RI� VROGHU�� 6ROGHULQJ� ZLUH� 	� IOX[HV��
7HFKQLTXHV�RI�VROGHULQJ��6ROGHULQJ�SUDFWLFH��6ROGHULQJ�GHIHFWV�DQG�WKHLU�FDXVHV�

8QLW����'HVLJQ��IDEULFDWLRQ�	�WHVWLQJ�RI�IROORZLQJ�W\SHV�RI�VXE�V\VWHPV�XVLQJ�GLVFUHWH�FRPSRQHQWV�	�
LQWHJUDWHG�FLUFXLWV�

�D� $QDORJ� 6\VWHP� �� VHULHV� DQG VKXQW� UHJXODWRU�� PXOWL� VWDJH� DPSOLILHUV�� RVFLOODWRUV� LQFOXGLQJ�
9&2V��LPSHGDQFH�PDWFKLQJ�QHWZRUNV��DWWHQXDWRUV��SRSXODU�DQDORJ�,&V�IRU VXE�V\VWHPV

�E� 'LJLWDO� &LUFXLW�� 'ULYHUV� IRU� LQFUHDVLQJ� IDQ�RXW�� 77/�&026� 	� YLFH�YHUVD� LQWHUIDFLQJ��
DSSOLFDWLRQV� RI� ���� ,&�� FRXQWHUV�� ��VHJPHQW� GLVSOD\�� LVVXHV� LQYROYHG� LQ� SURGXFW� � GHVLJQ��
LQWHUIDFLQJ���VHJPHQW�GLVSOD\�SDQHOV��RSWR�FRXSOHU� IRU� LVRODWLRQ�HWF���SRSXODU�GLJLWDO� ,&V� IRU�
VXE� V\VWHPV�

8QLW������&LUFXLW�DVVHPEO\�XVLQJ�EUHDG�ERDUG��7\SHV�RI�3&%�	�WKHLU�VHOHFWLRQ��WHFKQLTXHV�RI�PDNLQJ�
3&%� IRU� SURMHFWV�� OD\RXW� RI� FRPSRQHQWV�� SUHFDXWLRQ�� HOHFWULFDO� ZLULQJ� GLDJUDPV�� HOHPHQWV� RI�
JURXQGLQJ�	�VKLHOGLQJ��3&%�OD\RXW�SUDFWLFH��0DVV�PDQXIDFWXULQJ�RI�3&%V��60'�DQG�7KURXJK�KROH�
FRPSRQHQWV�

8QLW����)DEULFDWLRQ�RI�VPDOO�HOHFWURQLF�FLUFXLW�VXFK�DV�SRZHU�VXSSO\��2VFLOODWRUV�HWF�
7URXEOH�VKRRWLQJ�� $&� 	� '&� 3RLQW� WHVWLQJ�� FRQQHFWLRQ� IDLOXUH�� FRQWLQXLW\�� VKRUW� FLUFXLW� DQG� RSHQ�
FLUFXLW�� FRPSRQHQW� DQG� LWV� SLQ� LGHQWLILFDWLRQ�� FRPSRQHQW� IDLOXUH� DQG� LWV� LGHQWLILFDWLRQ�� GDWD�PDQXDO�
UHIHUHQFLQJ�IRU�HTXLYDOHQW�FRPSRQHQW��7HFKQLFDO�UHSRUW ZULWLQJ�

$VVHVVPHQW�� +DUGZDUH�SURMHFW��TXL]��LQWHUQDO�DQG�H[WHUQDO�YLYD
7H[W�%RRNV�5HFRPPHQGHG��

�� +DUSHU��+DQGERRN�RI�(OHFWURQLF�&RPSRQHQWV���QG HGLWLRQ� ����
�� *R\DO�DQG�.KHWDQ��$�0RQRJUDSK�RI�(OHFWURQLF�'HVLJQ��QG HGLWLRQ
�� +RURZLW]�DQG�+LOO��7KH�$UW�RI�(OHFWURQLFV���UG HGLWLRQ
�� 0RWWHUVKHG�$OOHQ��(OHFWURQLFV�GHYLFHV�	�FLUFXLWV��QG�HG������� 3+,
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�L� 7R�PDNH�VWXGHQWV�XQGHUVWDQG�RI�KLV�KHU�VRFLDO�UHVSRQVLELOLW\�DV�DQ HQJLQHHU�
�LL� 7R�FUHDWH�DQ�DZDUHQHVV�RQ�(QJLQHHULQJ�(WKLFV��,QGLDQ�FRQVWLWXWLRQ�DQG�+XPDQ9DOXHV
�LLL�7R�PDNH�VWXGHQWV�FDSDEOH�RI�GRLQJ�VHOI�H[SORUDWLRQ�DQG UHFDSLWXODWLRQ
�LY� 7R�PDNH�VWXGHQWV�DZDUH�RI�WKH�JOREDO SUREOHPV

&2856(�287&20(6��$IWHU�FRPSOHWLRQ�RI�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR�
&2����([SODLQ�DQG�HODERUDWH�WKH�VRFLDO�LQVWLWXWLRQV�DQG�&RQVWLWXWLRQ�RI�,QGLD�WKURXJK�ZKLFK�WKH�

VRFLHW\�DQG�QDWLRQ�LV�JRYHUQHG�
&2�����'HVFULEH�WKH�NLQGV�RI�YDOXHV�DQG�HWKLFV�DQG�WKHLU�LPSRUWDQFH
&2�� ���&RQWH[WXDOL]H�WKH�SURIHVVLRQDO�DWWLWXGH�DQG�DSSURDFKHV�DV�SHU�QHHGV�RI�VRFLHW\�DQG�YDOXHV�
&2�����([SODLQ�DQG�LOOXVWUDWH�WKH�SURFHVV�RI�6RFLDO��3ROLWLFDO�DQG�7HFKQRORJLFDO�FKDQJHV�LQ FRQWH[W�WR�

JOREDO�FKDQJHV

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

&UHGLWV�
7KHRU\ 3UDFWLFDO
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&2856(�&217(17�
�� 5ROH� RI� +XPDQLWLHV� LQ� (QJLQHHULQJ� HGXFDWLRQ�� 0RUDOV�� 9DOXHV� DQG� (WKLFV�VRFLDO�

LQVWLWXWLRQV�DQG�DVVRFLDWLRQ��VRFLDO�VWUDWLILFDWLRQ�LQ�,QGLD��VRFLDO�FKDQJH��8QLYHUVDO�DQG�
6LWXDWLRQDO�YDOXHV� FRH[LVWHQFH�RI�VHOI�DQG�ERG\�DQG�WKHLU�QHHGV�DQGDFWLYLWLHV�

�� &RQVWLWXWLRQ� RI� ,QGLD� � 3UHDPEOH�� 5LJKWV� DQG� 'XWLHV�� 'LUHFWLYH� 3ULQFLSOHV��
3DUOLDPHQWDU\� DQG� SUHVLGHQWLDO� GHPRFUDF\�� 7KH� 3UREOHP� RI� KLHUDUFK\� RI� YDOXHV� DQG�
WKHLU�FKRLFH��WKH�YLHZV�RI�0DKDWPD�*DQGKL�RQ�FRQFHSW�,QGLDQ�QDWLRQ�DQG GHPRFUDF\�

�� (WKLFDO� DQG� GHFLVLRQ� PDNLQJ� FDSDELOLW\� DQG� LWV� GHYHORSPHQW�� 0HDQLQJ� RI� (WKLFDO�
GLOHPPD�� &RQFHSW� RI� SHUVRQDO� DQG� JURXS� (WKLFV�� %DODQFH� EHWZHHQ� �ULJKWV� DQG�
GXWLHV�7KH� 3UREOHP� RI� 6XVWHQDQFH� RI� YDOXH� LQ� WKH� SURFHVV� RI� 6RFLDO�� 3ROLWLFDO� DQG�
7HFKQRORJLFDO FKDQJHV�

�� (QJLQHHULQJ� (WKLFV�� HQJLQHHUV� DV� UHVSRQVLEOH� H[SHULPHQWHUV� � FRGHV� RI� HWKLFV� � D�
EDODQFHG�RXWORRN�RQ� ODZ�� WKH�FKDOOHQJHU�YDULHW\�RI�PRUDO� LVVXHG� � W\SHV�RI� LQTXLU\��
PRUDO�GLOHPPDV�± PRUDO�DXWRQRP\�� .RKOEHUJ
V�WKHRU\�� *LOOLJDQ
V�WKHRU\�� FRQVHQVXV�
DQG�FRQWURYHUV\�0RGHOV�RI�3URIHVVLRQDO 5ROHV�

�� *OREDO� ,VVXHV��0XOWLQDWLRQDO�FRUSRUDWLRQV� � (QYLURQPHQWDO�HWKLFV� � FRPSXWHU�HWKLFV� �
ZHDSRQV� GHYHORSPHQW� ± HQJLQHHUV� DV� PDQDJHUV�FRQVXOWLQJ� HQJLQHHUV�HQJLQHHUV� DV�
H[SHUW�ZLWQHVVHV�DQG�DGYLVRUV��PRUDO OHDGHUVKLS�

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



%RRNV�IRU�UHIHUHQFHV
�� /LWWOH��:LOOLDP��$Q�,QWURGXFWLRQ�RI�(WKLFV��DOOLHG�3XEOLVKHU��,QGLDQ 5HSULQW�����
�� :LOOLDP��.�)UDQNHQD���(WKLFV��3UHQWLFH�+DOO�RI�,QGLD������
�� *DXU�5��5���6DQJDO�5�� DQG�%DJDULD�*��3���+DPDQ�9DOXHV�DQG�3URIHVVLRQDO�(WKLFV��

([FHO�%RRNV��1HZ�'HOKL� ����
�� 0LNH�0DUWLQ�DQG�5RODQG�6FKLQ]LQJHU��³(WKLFV�LQ�(QJLQHHULQJ´��0F*UDZ�+LOO��1HZ�<RUN

�����
�� *RYLQGDUDMDQ�0��1DWDUDMDQ�6��6HQWKLO�.XPDU�9��6��³(QJLQHHULQJ�(WKLFV´��3UHQWLFH�

+DOO�RI�,QGLD��1HZ�'HOKL� �����
�� ,QWURGXFWLRQ�WR�WKH�&RQVWLWXWLRQ�RI�,QGLD��'�'� %DVX
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��7R�PDNH�VWXGHQWV�XQGHUVWDQG�WKH�LPSRUWDQFH�RI�,QGLDQ�FRQVWLWXWLRQ�
���7R�FUHDWH�DQ�DZDUHQHVV�DERXW�IXQGDPHQWDO�ULJKWV�DQG�IXQGDPHQWDO�GXWLHV�
���7R�PDNH�VWXGHQWV�DZDUH�RI�WKH�ZRUNLQJ�RI�WKH�XQLRQ�JRYHUQPHQW�
��� 7R� PDNH� VWXGHQWV� FRPSUHKHQG� WKH� LPSRUWDQFH� RI� MXGLFLDO� SRZHUV� DQG� HPHUJHQF\� SURYLVLRQV� LQ�
,QGLD�

&2856(�287&20(6� $IWHU�FRPSOHWLRQ�RI�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR�
��([SODLQ�DQG�HODERUDWH�WKH�,QGLDQ�&RQVWLWXWLRQ�WKURXJK�ZKLFK�WKH�VRFLHW\�DQG�QDWLRQ�LV�JRYHUQHG�
���'HVFULEH�WKH�OLVW�RI�IXQGDPHQWDO�ULJKWV�DQG�IXQGDPHQWDO�GXWLHV�
���(OXFLGDWH�WKH�W\SHV�RI�HPHUJHQFLHV�LQ�,QGLDQ�FRQVWLWXWLRQ�
���([SODLQ�DQG�LOOXVWUDWH�WKH�SURFHGXUH�RI�DPHQGPHQWV�LQ�,QGLDQ�FRQVWLWXWLRQ�

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

&UHGLWV�
7KHRU\ 3UDFWLFDO
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&RXUVH�&RQWHQWV
81,7� �� 0HDQLQJ� DQG� VLJQLILFDQFH� RI�&RQVWLWXWLRQ��0DNLQJ� RI� ,QGLDQ�&RQVWLWXWLRQ� ± 6RXUFHV��
6DOLHQW�IHDWXUHV�RI�,QGLDQ�&RQVWLWXWLRQ�DQG�3UHDPEOH�

81,7����6FKHPH�RI�WKH�)XQGDPHQWDO�5LJKWV�DQG�'XWLHV���ULJKW�WR�(TXDOLW\�DUWLFOH���� DUWLFOH�����
OHJDO�VWDWXV�RI�GXWLHV��'LUHFWLYH�3ULQFLSOHV�RI�VWDWHV�SROLF\� LWV�LPSRUWDQFH�DQG�LPSOHPHQWDWLRQ�

81,7��� )HGHUDO�VWUXFWXUH��OHJLVODWLYH�DQG�ILQDQFLDO�SRZHUV��XQLRQ�DQG�VWDWHV���7KUHH�OLVWV��XQLRQ��
VWDWH�DQG�FRQFXUUHQW���SDUOLDPHQWDU\�IRUP�RI�JRYHUQPHQW�LQ�,QGLD� 7KH�FRQVWLWXWLRQ�SRZHUV�DQG�
VWDWXV�RI�WKH�3UHVLGHQW�RI�,QGLD�

81,7� �� -XGLFLDO� V\VWHP� DQG� ORFDO� JRYHUQDQFH� LQ� ,QGLD�� ,WV� FRQVWLWXWLRQDO� SRZHUV�� +LVWRULFDO�
SHUVSHFWLYHV�RI�WKH�FRQVWLWXWLRQDO�DPHQGPHQWV�LQ�,QGLD���$PHQGPHQW�RI�WKH�FRQVWLWXWLRQDO�SRZHUV�
SURFHGXUH��/RFDO�VHOI�JRYHUQPHQW�� ��UG�DQG���WK�$PHQGPHQW�

81,7� �� (PHUJHQF\� SURYLVLRQV�� 3UHVLGHQW� UXOH�� 1DWLRQDO� (PHUJHQF\�� )LQDQFLDO� (PHUJHQF\��
(OHFWLRQ�FRPPLVVLRQ�DQG�LWV�FRQVWLWXWLRQDO�SRZHUV�DQG�SURFHGXUHV�

$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�

%RRNV�5HFRPPHQGHG�
�� µ,QGLDQ�3ROLW\¶�E\�/D[PLNDQWK
�� µ,QGLDQ�$GPLQLVWUDWLRQ¶�E\ 6XEKDVK�.DVK\DS
�� µ,QGLDQ�&RQVWLWXWLRQ¶�E\�'�'��%DVX
�� µ,QGLDQ�$GPLQLVWUDWLRQ¶�E\�$YDVWL�DQG�$YDVWL



(&���������0,&52352&(66256�$1'�0,&52&21752//(56

&2856(�287&20(6�

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�

+RXUV� ��
:HHN
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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+,�



(&���������$17(11$�	�:$9(�3523$*$7,21

&2856(�287&20(6��
$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� $GYDQFHG� DQWHQQD� PHDVXUHPHQW� V\VWHP� DQG� 5)� DQHFKRLF�
FKDPEHU�
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7RWDO�0DUNV
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���)DPLOLDUL]DWLRQ�DQG�FDOLEUDWLRQ�VWXG\�RI�YHFWRU�1HWZRUN�$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+,�



(&���������9/6,�'(6,*1
&2856(�287&20(6�
$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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&UHGLWV
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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+�
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&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�ͳͻͺ͹Ȍ

�� 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
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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�
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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�



35$&7,&$/6��
/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
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%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����
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((�������&21752/�6<67(06
35(5(48,6,7(��� (QJLQHHULQJ�0DWKHPDWLFV��1HWZRUN�$QDO\VLV

&2856(�287&20(��
6WXGHQWV�VKRXOG�EH�DEOH�WR�

���'HYHORS�PDWKHPDWLFV�PRGHOV��7)�DQG�VWDWH�VSDFH��RI�YDULRXV�SK\VLFDO�V\VWHPV�
���'HILQH�WLPH�GRPDLQ�DQG�IUHTXHQF\�GRPDLQ�VSHFLILFDWLRQV�RI�D�FRQWURO�V\VWHP�
��'HWHUPLQH� VWDELOLW\� RI� D� FRQWURO� V\VWHP� XVLQJ� WLPH� GRPDLQ� WHFKQLTXHV� DQG� GHVLJQ�

DSSURSULDWH FRQWUROOHU�IRU�D�JLYHQ�SUREOHP�
���3URSRVH�DOWHUQDWH�VROXWLRQ�YLD�FRPSHQVDWRU�GHVLJQ�WR�JHW�GHVLUHG�IUHTXHQF\�GRPDLQ
VSHFLILFDWLRQV�

���([SODLQ�FRQFHSWV�RI�FRQWUROODELOLW\�DQG�REVHUYDELOLW\�DV�ZHOO�GHVLJQ�RI�VWDWH�IHHGEDFN
FRQWUROOHU�

7+(25<��
8QLW���� 0RGHOLQJ�RI�6\VWHPV�DQG�6LPXODWLRQ��0RGHOLQJ�RI�WKHUPDO���K\GUDXOLF��SQHXPDWLF��

SURFHVVHV��PHFKDQLFDO�� HOHFWULFDO� V\VWHPV�� LPSXOVH� UHVSRQVH�� FRQFHSW� RI� WUDQVIHU�
IXQFWLRQ�� EORFN� GLDJUDP� DOJHEUD�� VLJQDO� IORZ� JUDSK�� 0DVRQ¶V� IRUPXOD�� &RQWURO�
V\VWHP� &RPSRQHQW�� (UURU� GHWHFWRUV�� VHUYRPRWRUV�� VHUYR�DPSOLILHUV�� PRGXODWRUV�
GHPRGXODWRUV��SQHXPDWLF�FRQWUROOHUV��K\GUDXOLF�FRQWUROOHU�

8QLW���� *HQHUDO�)HHGEDFN�7KHRU\� 0DWKHPDWLFDO� IHHGEDFN� WKHRU\�� � UHWXUQ� � UDWLR�� � UHWXUQ� �
GLIIHUHQFH�HIIHFWV�RI�IHHGEDFN�RQ�FORVHG�ORRS�SHUIRUPDQFH��7LPH�GRPDLQ�DQDO\VLV��
7HVW�VLJQDOV��WUDQVLHQW�EHKDYLRXU�RI�FORVHG�ORRS�V\VWHPV�VXFK�DV�SRVLWLRQ�VHUYR�DQG�
SURFHVV� VHUYR� V\VWHPV�� GHULYDWLYH� DQG� UDWH� IHHGEDFN�� FRQWURO�� VWHDG\� VWDWH�
EHKDYLRXU� RI� SRVLWLRQ� DQG� SURFHVV� VHUYRPHFKDQLVPV�� VWHDG\� HUURUV�� LQWHJUDO�
FRQWURO��VWDELOLW\�RI�5RXWK�+XUZLW]�&ULWHULRQ�

8QLW���� )UHTXHQF\�GRPDLQ�DQDO\VLV��&RQFHSW�RI�IUHTXHQF\�SRODU�LQGLFHV��SORW���ERGH��SORWV���
IUHTXHQF\�GRPDLQ�SHUIRUPDQFH��0S S HIIHFWV�RI�DGGLQJ�SROHV�DQG�]HURHV�RI�
IUHTXHQF\� GRPDLQ� SHUIRUPDQFH�� FRQIRUPDO� PDSSLQJ�� SULQFLSOH� RI� DUJXPHQW��
1\TXLVW�FULWHULRQ��WUDQVSRUWDWLRQ�ODJ��UHODWLYH�VWDELOLW\��FRQGLWLRQDOO\�VWDEOH�V\VWHP�
FRQVWDQW�0�DQG�FRQVWDQW�1�ORFL��URRW ORFL�

8QLW���� 6WDWH�VSDFH�DQDO\VLV��2SHQ�ORRS�V\VWHP��'HVFULSWLRQ��VWDWH�VSDFH��HLJHQYDOXHV�DQG�
HLJHQYHFWRUV�� PRGDO� WUDQVIRUPDWLRQ�� VROXWLRQ� RI� VWDWH� GLIIHUHQWLDO� HTXDWLRQ��
PHWKRG�RI� IHHGEDFN� LQ�VWDWH� VSDFH�FORVHG� ORRS�V\VWHP�GHVFULSWLRQ� LQ�VWDWH� VSDFH�
FRQWUROODELOLW\� DQG� REVHUYDELOLW\� LQ� WKH� VHQVH� RI� IHHGEDFN� FRQWURO�� HIIHFW� RI�
IHHGEDFN�RQ�HLJHQYDOXHV��HLJHQYHFWRUV�DQG�RQ�PRGDO� WUDQVIRUPDWLRQ�� VROXWLRQ�RI�
FORVHG�ORRS�VWDWH�GLIIHUHQWLDO�HTXDWLRQ��DQG�LQWURGXFWLRQ�RI�SKDVH�SODQH�DQDO\VLV�

8QLW� ��� &RPSHQVDWLRQ� WHFKQLTXHV�� 7\SHV� RI� FRPSHQVDWLRQ�� UHDVRQV� RI� FRPSHQVDWLRQ��
GHVLJQ�RI�FRPSHQVDWLRQ�XVLQJ�SKDVH�OHDG�QHWZRUNV��6WDELOLW\�DQDO\VLV��&RQFHSW�RI�
%,%2� VWDELOLW\�� 5RXWK�+XUZLW]� FULWHULD�� 1\TXLVW� FULWHULRQ�� UHODWLYH� VWDELOLW\��
SRVLWLYH�GHILQLWHQHVV�DQG�VHPL�GHILQLWHQHVV�RI�TXDGUDWLF�IRUPV��/\DSXQRY�VWDELOLW\�
FULWHULD�

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

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

&UHGLWV
7KHRU\ 3UDFWLFDO
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35$&7,&$/6�

/LVW�RI�([SHULPHQWV

�� 7R�GHWHUPLQH�WKH�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�DQ�DQJXODU�SRVLWLRQ�HUURU�GHWHFWRU�XVLQJ�
SRWHQWLRPHWHUV�

�� 7R�GHWHUPLQH�WKH�FKDUDFWHULVWLFV�RI�D�6\QFKUR�7UDQVPLWWHU�5HFHLYHU�SDLU�DQG�XVH�DV�D�
WRUTXH�V\QFKUR�DQG�DQJXODU�HUURU GHWHFWRU�

�� 7R�ILQG�WKH�WUDQVIHU�IXQFWLRQ�RI�DQ�$�&� 6HUYRPRWRU�
�� 7R�ILQG�WKH�WUDQVIHU�IXQFWLRQ�RI�D�'�&� 6HUYRPRWRU�
�� 7R�FRQWURO�WKH�DQJXODU�SRVLWLRQ�RI�DQ�$&�VHUYR�PRWRU�DV�D�FDUULHU�FRQWURO V\VWHP�
�� 'HWHUPLQDWLRQ�RI�WKH�WLPH�UHVSRQVH�FKDUDFWHULVWLFV�RI�D�'&�6HUYR�DQJXODU�SRVLWLRQ�FRQWURO�

V\VWHP�
�� 7R�SHUIRUP�FORVHG�ORRS�6SHHG�FRQWURO�RI�D�'�& 6HUYRPRWRU�

�� 7R�GHWHUPLQH�WKH�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�D�'&�PRWRU�VSHHG�FRQWURO�ZLWK�3:0�
W\SH�SRZHU GULYHU�

�� 7R�GHWHUPLQH�WKH�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�D�'&�PRWRU�VSHHG�FRQWURO�ZLWK�6&5�W\SH�
SRZHU GULYHU�

��� $QDO\VLV�RI�3URSRUWLRQDO���,QWHJUDWRU���'HULYDWLYH��3,'��FRQWURO�DFWLRQV�IRU�)LUVW�DQG�
VHFRQG�RUGHU V\VWHPV�

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

7(;7�%22.6�5(&200(1'('��
�� .XR�%�&��$XWRPDWLF�&RQWURO 6\VWHP�
�� 2JDWD�.���0RGHUQ�&RQWURO (QJLQHHULQJ�
�� 1DJUDWK�,�-��DQG�*RSDO�0���&RQWURO�6\VWHPV (QJLQHHULQJ�

5()(5(1&(�%22.6�5(&200(1'('��
���0HOVD�-�/��DQG�6FKXWW]�'�*��/LQHDU�&RQWURO�6\VWHPV�



(&�������02%,/(�&20081,&$7,21

&2856(�287&20(6�

$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�
�� 8QGHUVWDQG�EDVLFV�RI�FHOOXODU�FRPPXQLFDWLRQ�DQG�LWV�YDULRXV�VWDQGDUGV�
�� 7R�NQRZ�WKH�IDGLQJ�PHFKDQLVP�DQG�HIIHFW�RI�/DUJH�6FDOH�)DGLQJ�RQ�0RELOH�FRPPXQLFDWLRQ��
�� $QDO\]H�WKH�IDGLQJ FKDQQHO�FKDUDFWHULVWLFV RQ�VPDOO�VFDOH�DQG�VWXG\�WKHLU�HIIHFWV�RQ�UDGLR�ZDYH�

SURSDJDWLRQ��
�� 'HPRQVWUDWH�NQRZOHGJH�RI�GLIIHUHQW�IDGLQJ�PLWLJDWLRQ�WHFKQLTXHV��
�� 8QGHUVWDQG IXQGDPHQWDO�FRQFHSWV�RI�YDULRXV�VSHHFK�FRGLQJ��PRGXODWLRQ�WHFKQLTXHV�DQG�

*60�DUFKLWHFWXUH�

8QLW��� 5HYLHZ�RI�FHOOXODU�DUFKLWHFWXUH��)UHTXHQF\�5H�XVH��&KDQQHO�$VVLJQPHQW�6WUDWHJLHV��
+DQGRII� 3URFHVV�� )DFWRUV� DIIHFWLQJ� +DQGRII� 3URFHVV�� +DQGRII� 6WUDWHJLHV��
,QWHUIHUHQFH� DQG� 6\VWHP� &DSDFLW\�� &R�FKDQQHO� ,QWHUIHUHQFH� �&&,��� $GMDFHQW�
&KDQQHO� ,QWHUIHUHQFH� �$&,��� &HOO� 6SOLWWLQJ�� 6HFWRULQJ�� 0LFURFHOO� =RQH� FRQFHSW��
5HSHDWHUV��7UXQNHG�5DGLR�6\VWHP��

8QLW��� /DUJH� 6FDOH� )DGLQJ�� 0XOWLSDWK� SURSDJDWLRQ� DQG� IDGLQJ�� 5HIOHFWLRQ�� 'LIIUDFWLRQ��
6FDWWHULQJ�� /DUJH� VFDOH� SDWK� ORVV� PRGHOV�� )UHH� 6SDFH� 3URSDJDWLRQ� ORVV� HTXDWLRQ��
SURSDJDWLRQ� SDWK� ORVV�� *URXQG� UHIOHFWLRQ� �7ZR�5D\�� PRGHO�� /LQN� EXGJHW� GHVLJQ��
/RJ�QRUPDO�6KDGRZLQJ��

8QLW��� 6PDOO�6FDOH�)DGLQJ� 3RZHU�GHOD\�SURILOH��FKDQQHO�SDUDPHWHUV��GHOD\�VSUHDG��'RSSOHU�
VSUHDG��FRKHUHQFH�EDQGZLGWK��FRKHUHQFH�WLPH��/&5�DQG�$')��DQG�W\SHV�RI�IDGLQJ�
FKDQQHO��5D\OHLJK�DQG�5LFHDQ�'LVWULEXWLRQV��

8QLW���� )DGLQJ� PLWLJDWLRQ� WHFKQLTXHV� &RQFHSW� RI� 'LYHUVLW\�� 5HFHLYHU� 'LYHUVLW\� PHWKRGV��
7UDQVPLWWHU� GLYHUVLW\�� SHUIRUPDQFH� DQDO\VLV� IRU� 5D\OHLJK� IDGLQJ� FKDQQHOV��
(TXDOL]DWLRQ� SULQFLSOH� DQG� DGDSWLYH� HTXDOL]DWLRQ�� &'0$� SULQFLSOH� DQG�
LPSOHPHQWDWLRQ��2)'0�

8QLW��� %DVLF�SURSHUWLHV�RI�VSHHFK��6SHHFK�FRGLQJ�IRU�ZLUHOHVV�V\VWHP�VXFK�DV�WLPH�GRPDLQ�
DQG�IUHTXHQF\�GRPDLQ�FRGHU��YRFRGHUV��SRSXODU�VSHHFK�FRGHUV�LQ�*60��0RGXODWLRQ�
WHFKQLTXHV�IRU�PRELOH�FRPPXQLFDWLRQ�DQG�WKHLU�SHUIRUPDQFH��*60�DUFKLWHFWXUH�DQG�
VSHFLILFDWLRQ�� 5DGLR� OLQN� IHDWXUHV� LQ� *60�� *60� ORJLFDO� FKDQQHOV� DQG� IUDPH�
VWUXFWXUH��

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

7(;7�%22.6�5(&200(1'('��
�� 5DSSDSRUW�7�6���:LUHOHVV�&RPPXQLFDWLRQV��3ULQFLSOHV�DQG�3UDFWLFH���QG�HG�� �����3+,�
�� $GLW\D .� -DJDQQDWKDP��3ULQFLSOHV�RI�0RGHUQ�:LUHOHVV�&RPPXQLFDWLRQV�6\VWHPV 3XEOLVKHG�E\�

0F*UDZ�+LOO�(GXFDWLRQ
�� $QGUHDV�)��0ROLVFK�:LUHOHVV�&RPPXQLFDWLRQV���QG�HG���������:LOH\�3XE�

5()(5(1&(�%22.6�5(&200(1'('��
�� :LONLV�DQG�*DUJ��3ULQFLSOHV�RI�*60�7HFKQRORJ\���QG�HG��������3+,�
�� )HKDU�.���:LUHOHVV�'LJLWDO�&RPPXQLFDWLRQ���QG�HG��������3+,�
�� 5DPML�3UDVDG�DQG�5LFKDUG�9DQ�1HH��2)'0�:LUHOHVV�0XOWLPHGLD�&RPPXQLFDWLRQ���QG�HG��������

$UWHFK�+RXVH�

+RXUV� ��
:HHN

0D[LPXP�0DUNV
7RWDO�0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO
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&2856(�287&20(6�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

�� 8QGHUVWDQG�WKH�EDVLFV�RI�&RPSXWHU�1HWZRUN�$UFKLWHFWXUH��7RSRORJ\��DQG�
1HWZRUN�0RGHO�

�� $QDO\]H WKH�GHVLJQ�LVVXHV�RI�YDULRXV�0$&�OD\HU�SURWRFROV�IRU�GHSOR\PHQW
RI�(WKHUQHW�,((( 6WDQGDUGV�

�� ,OOXVWUDWH�WKH�GHVLJQ�LVVXHV�RI�1HWZRUN�/D\HU�DQG�7UDQVSRUW�OD\HU�SURWRFROV�
LQ�&RPSXWHU�1HWZRUNV�

�� 'HYHORS�WKH�FRQFHSWV�RI�5RXWLQJ�$OJRULWKPV�DQG�5RXWLQJ�3URWRFROV�
�� 'HVFULEH�WKH�GHVLJQ�LVVXHV�RI�:$1�DQG�$GYDQFHG�&RPSXWHU�1HWZRUN $UFKLWHFWXUH�

7+(25<�

81,7� ��� �5HYLHZ� RI� FRQFHSWV� RI� OD\HULQJ� DQG� OD\HUHG� PRGHOV� � 26,� DQG� 7&3�,3�� � %DVLF�
2YHUYLHZ�RI��7&3�,3�3URWRFRO�6WDFN��&LUFXLW�6ZLWFKLQJ�DQG�3DFNHW�VZLWFKLQJ��YDULRXV�W\SHV�
RI�QHWZRUNV�� GLIIHUHQW�/$1��0$1�DQG�:$1� WRSRORJLHV��1HWZRUN�+DUGZDUH�DQG�6RIWZDUH�
&RPSRQHQWV�� 7UDQVPLVVLRQ� PHGLD�� DFFHVV GHYLFHV� OLNH� 1,&�� UHSHDWHUV�� VZLWFKHV�� URXWHUV��
SURWRFROV�

81,7� ��� �'DWD� /LQN� /D\HU� 0HGLXP $FFHVV 3URWRFROV�� /$1� WHFKQRORJ\�� 7UDQVPLVVLRQ�
PHGLXP�� WRSRORJ\� DQG�0HGLXP� $FFHVV� &RQWURO� �0$&�� WHFKQLTXHV�� /RFDO� $UHD� 1HWZRUN�
W\SHV��,(((�����[�VWDQGDUGV�± (WKHUQHW��)DVW�(WKHUQHW��*LJDELW�(WKHUQHW��6ZLWFKHG�(WKHUQHW��
7RNHQ�5LQJ�SURWRFROV��)'',�SURWRFROV�

81,7� �� 1HWZRUN� DQG� 7UDQVSRUW� OD\HU�� � ,QWHUQHWZRUNLQJ� ZLWK� 7&3�,3�� ,QWHUQHW�� ,3�
DGGUHVVLQJ� VFKHPHV� 	� YDULRXV� ,QWHUQHW� VHUYLFHV�� 1HWZRUN� /D\HU�� ,QWHUQHW� SURWRFRO� �,3��
VXLWH�LQFOXGLQJ�,39��SURWRFRO�DQG�,39��SURWRFRO��7UDQVPLVVLRQ�&RQWURO�3URWRFRO�� EDVLF�
IHDWXUHV��WUDQVSRUW�SURWRFROV�7&3�DQG�8'3��&RQQHFWLRQ�(VWDEOLVKPHQW�DQG�&ORVXUH��)ORZ�
&RQWURO�DQG�&RQJHVWLRQ�&RQWURO�DW�7UDQVSRUW�/D\HU��

81,7� ��� ,QWURGXFWLRQ WR� ,3� URXWLQJ� DQG� VHUYLFHV�� 5RXWLQJ� DOJRULWKPV�� YDULRXV� LQWHULRU�
*DWHZD\� SURWRFROV� OLNH�5,3��263)�� DQG�5RXWLQJ� DPRQJ� WKH� ,63V� XVLQJ�%*3�� ,3� 6HUYLFHV��
1HWZRUN�0DQDJHPHQW�ZLWK�6103��$53��

81,7��� :$1�WHFKQRORJ\�DQG�$SSOLFDWLRQ�/D\HU�6HUYLFHV��+773��)73��(PDLO��DQG�'16���
:$1� WHFKQRORJ\�� ,QWURGXFWLRQ� WR� ODEHO� VZLWFKLQJ� DQG� 03/6�� ,QWURGXFWLRQ� WR� 6RIWZDUH�
GHILQHG�QHWZRUNLQJ��4R6�GHVLJQ�JXLGHOLQHV��9R,3

$66(60(17�0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP�
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35$&7,&$/6�

/LVW�RI�([SHULPHQWV�

�� 6WXG\�DQG�&RPSDULVRQ�RI�9DULRXV�1HWZRUN�7RSRORJLHV��7KHLU�$GYDQWDJHV��'LVDGYDQWDJHV�
DQG�$SSOLFDWLRQV

�� 6WXG\�RI�9DULRXV�1HWZRUNLQJ�'HYLFHV��7KHLU�$GYDQWDJHV��'LVDGYDQWDJHV�DQG�$SSOLFDWLRQV�	�
&DVH�6WXG\�RI�2SWLFDO�)LEHU�

�� 7R�&RQILJXUH�D�0DFKLQH�RQ�:,1'2:�3ODWIRUP�
�� 7R�&RQILJXUH�D�0DFKLQH�RQ�/,18;�3ODWIRUP�
�� 7R�6WXG\�KRZ�WR�7UDQVIHU�'DWD�)URP�2QH�0DFKLQH�WR�$QRWKHU�8VLQJ�)73�L�H��)LOH�7UDQVIHU�

3URWRFRO
�� ,QVWDOODWLRQ�RI�8EXQWX��2SHQ�6RXUFH��/,18;��RQ�D�0DFKLQH�
�� &RQILJXUDWLRQ�RI�7(/1(7�6HUYLFH�RQ�D /,18;�0DFKLQH�
�� &RQILJXUDWLRQ�RI�1)6�6HUYLFH�RQ�/,18;�0DFKLQH
�� 7R�6WXG\�6$0%$�6(59(5�

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

7(;7�%22.6�5(&200(1'('��
���&RPHU��,QWHUQHWZRUNLQJ�ZLWK�7&3�,3�9RO�����3+,�
���6WDOOLQJ�:���'DWD�DQG�&RPSXWHU�&RPPXQLFDWLRQ��3+,��
���)RURX]DQ�%���'DWD�&RPPXQLFDWLRQ�DQG�1HWZRUNLQJ��70+��
���.XURVH��5RVV��&RPSXWHU�1HWZRUNLQJ��$�7RS�'RZQ�$SSURDFK��3HDUVRQ����WK HGLWLRQ�

5()(5(1&(�%22.6�5(&200(1'('��
���7DQHQEDXP��&RPSXWHU�1HWZRUNV��3+,��
���5DGLD�3HDUOPDQ��,QWHUFRQQHFWLRQV��EULGJHV��URXWHUV��VZLWFKHV�DQG�LQWHUQHWZRUNLQJ�SURWRFRO�
���&KDUOHV�6SXUJHRQ��(WKHUQHW��7KH�'HILQLWLYH�*XLGH��2
5HLOO\�0HGLD 3XEOLFDWLRQ
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&2856(�287&20(6��
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

���$SSO\�)RXULHU�DQG�]�WUDQVIRUPV�WR�UHSUHVHQW�DQG�DQDO\]H�/7,�GLVFUHWH�WLPH�V\VWHPV�
���&RPSXWH�QXPHULFDOO\�WKH�UHVSRQVH�RI�GLVFUHWH�WLPH�V\VWHPV��'76��IRU�ILQLWH�WLPH�LQSXWV��
���$QDO\]H�DQG�GHVLJQ�GLJLWDO�,,5�DQG�),5�ILOWHUV�
���,PSOHPHQW�WKH�'76�DQG�DQDO\]H�WKH�HIIHFWV�RI�ILQLWH�ZRUG�OHQJWK�DQG�HVWLPDWH�WKH�SRZHU�

VSHFWUXP��
�� $QDO\]H�DQG�GHVLJQ�PXOWLUDWH�VLJQDO�SURFHVVLQJ�V\VWHPV�DQG�XQGHUVWDQG�DSSOLFDWLRQV�RI�

'LJLWDO�6LJQDO�3URFHVVLQJ�

7+(25<�

81,7��� 'LVFUHWH�WLPH� 6HTXHQFHV�� 'LVFUHWH�WLPH� V\VWHPV� DWWULEXWHV�� ]�7UDQVIRUP�� 7UDQVIRUP�
DQDO\VLV�RI�/6,�V\VWHPV��)UHTXHQF\�DQDO\VLV��,QYHUVH�V\VWHPV��/LQHDU�SKDVH�V\VWHPV�DQG�
0LQLPXP�SKDVH�V\VWHPV�

81,7��� 'LVFUHWH� )RXULHU� 6HULHV�� 'LVFUHWH� )RXULHU� 7UDQVIRUP� �')7��� /LQHDU� FRQYROXWLRQ� XVLQJ�
')7�� )DVW� )RXULHU� 7UDQVIRUP� �))7�� $OJRULWKPV�� /LQHDU� ILOWHULQJ� DSSURDFK� IRU�
FRPSXWLQJ�')7�

81,7���� 'HVLJQ�RI�),5�'LJLWDO�ILOWHUV��:LQGRZ�PHWKRG��3DUN�0F&OHOODQ
V�PHWKRG��'HVLJQ�RI�,,5�
'LJLWDO� )LOWHUV�� %XWWHUZRUWK�� &KHE\VKHY� DQG� (OOLSWLF� $SSUR[LPDWLRQV�� /RZSDVV��
%DQGSDVV��%DQGVWRS�DQG�+LJK�SDVV�ILOWHUV�

81,7��� ,PSOHPHQWDWLRQ�RI�'LVFUHWH�7LPH�6\VWHPV��(IIHFW�RI�ILQLWH�UHJLVWHU�OHQJWK�LQ�),5�ILOWHU�
GHVLJQ��3DUDPHWULF�DQG�QRQ�SDUDPHWULF�VSHFWUDO�HVWLPDWLRQ��

81,7��� 6DPSOLQJ� DQG� UHFRQVWUXFWLRQ� RI� VLJQDOV�� 'LVFUHWH� WLPH� SURFHVVLQJ� RI� FRQWLQXRXV� WLPH�
VLJQDOV�� 6DPSOLQJ� UDWH� FRQYHUVLRQ� XVLQJ� 'LVFUHWH�WLPH� SURFHVVLQJ�� ,QWURGXFWLRQ� WR�
PXOWLUDWH�VLJQDO�SURFHVVLQJ��$SSOLFDWLRQV�RI�'63�

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

35$&7,&$/6��
/LVW�RI�([SHULPHQWV�

�� ,QWURGXFWLRQ�WR�0$7/$%

�� %DVLF�2SHUDWLRQV�RQ�0DWULFHV
�� *HQHUDWLRQ�RI�GLIIHUHQW�W\SHV�RI�6LQXVRLGDO�6LJQDOV
�� *HQHUDWLRQ�RI�GLIIHUHQW�'LVFUHWH�W\SH�VHTXHQFHV
�� 'HFLPDWLRQ�DQG�LQWHUSRODWLRQ�IRU�GLVFUHWH�WLPH�V\VWHPV�ZLWK�IUHTXHQF\�UHVSRQVHV
�� ]�7UDQVIRUP�	�FKHFNLQJ�VWDELOLW\ WKURXJK�SROH�]HUR�SORW
�� 0HWKRGV�RI�,QYHUVH�]�7UDQVIRUPV�	�FRQFHSW�RI�5HVLGXHV�DQG�SROHV
�� 5HVSRQVH�RI�/LQHDU�FRQVWDQW�FR�HIILFLHQW�GLIIHUHQFH�HTXDWLRQ�>/&&'(@
�� /LQHDU�&RQYROXWLRQ�LQ�WLPH�GRPDLQ�DQG�]�GRPDLQ
��� 7R�FDOFXODWH�'7)7�XVLQJ�GLIIHUHQW�PHWKRGV�DQG�SORW�LWV�PDJQLWXGH�DQG�SKDVH�UHVSRQVH��
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��� 3URSHUWLHV�RI�'7)7��7LPH�VKLIWLQJ��)UHTXHQF\�VKLIWLQJ��&RQYROXWLRQ��0RGXODWLRQ�DQG�7LPH�UHYHUVDO�
��� 1�SRLQW�')7�	�LWV�SURSHUWLHV�DQG�))7�RI�YDULRXV�VHTXHQFHV�
��� &LUFXODU�&RQYROXWLRQ
��� 6DPSOLQJ�DQG�$OLDVLQJ�FRQFHSW�
��� 3ORW�IUHTXHQF\�UHVSRQVH�RI�'LJLWDO�),5�DQG�,,5�/3)
��� 3ORW�IUHTXHQF\�UHVSRQVH�RI�'LJLWDO�),5�DQG�,,5�+3)
��� 3ORW�IUHTXHQF\�UHVSRQVH�RI�'LJLWDO�),5�DQG�,,5�%3)
��� 3ORW�IUHTXHQF\�UHVSRQVH�RI�'LJLWDO�),5�DQG�,,5�%5)
��� 3ORW�IUHTXHQF\�UHVSRQVH�RI�/RZ�SDVV�DQG�+LJK�SDVV�&20%�ILOWHU
��� 'HVLJQ�D�'LJLWDO�5HVRQDWRU�ZLWK�JLYHQ�VSHFLILFDWLRQV
��� 'HVLJQ�D�1RWFK�ILOWHU�ZLWK�JLYHQ�VSHFLILFDWLRQV
��� 'HVLJQ�DQ�),5�/3)�XVLQJ�D�5HFWDQJXODU�ZLQGRZ
��� 'HVLJQ�DQ�),5�/LQHDU�SKDVH�ILOWHU�XVLQJ�D�+DPPLQJ�ZLQGRZ
��� 'HVLJQ�DQ�,,5�/3)��%XWWHUZRUWK�ILOWHU�XVLQJ�%LOLQHDU�7UDQVIRUPDWLRQ
��� 'HVLJQ�DQ�,,5�/3)��%XWWHUZRUWK�ILOWHU�XVLQJ�,PSXOVH�,QYDULDQW�PHWKRG
��� ,PDJH�3URFHVVLQJ�XVLQJ�0$7/$%
��� (FKR�*HQHUDWLRQ�XVLQJ�706���&�����'63�352&(6625

��� 'HVLJQ�RI�D�%DQG�SDVV�ILOWHU�XVLQJ�706���&�����'63�352&(6625

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

7(;7�%22.6�5(&200(1'('�
�� 6�.�0LWUD��'LJLWDO�6LJQDO�3URFHVVLQJ��$�FRPSXWHU�EDVHG�DSSURDFK�70+
�� '�*�0DQRODNLV�DQG�9�.�,QJOH�$SSOLHG 'LJLWDO�6LJQDO�3URFHVVLQJ��7KHRU\�DQG�3UDFWLFH��&DPEULGJH�

8QLYHUVLW\�3UHVV�������
�� 7DUXQ�.XPDU�5DZDW��'LJLWDO�6LJQDO�3URFHVVLQJ��2[IRUG�8QLYHUVLW\�3UHVV������

5()(5(1&(�%22.6�5(&200(1'('�
�� $�9��2SSHQKHLP�DQG�6FKDIHU��'LVFUHWH�7LPH�6LJQDO�3URFHVVLQJ��3UHQWLFH�+DOO�������
�� -RKQ� *�� 3URDNLV� DQG� '�*�� 0DQRODNLV�� 'LJLWDO� 6LJQDO� 3URFHVVLQJ�� 3ULQFLSOHV�� $OJRULWKPV� DQG�

$SSOLFDWLRQV��3UHQWLFH�+DOO�������
�� /�5��5DELQHU�DQG�%��*ROG��7KHRU\�DQG�$SSOLFDWLRQ�RI�'LJLWDO�6LJQDO�3URFHVVLQJ��3UHQWLFH�+DOO�������
�� (�&�,IHDFKRU�DQG�%�:�-HUYLV��'LJLWDO�6LJQDO�3URFHVVLQJ��$�3UDFWLFDO�$SSURDFK��3HDUVRQ�



3(&��
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&2856(�287&20(6�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�
�� &ODVVLI\�YDULRXV�5,6&�PLFURFRQWUROOHUV�DQG�H[SODLQ $95�PLFURFRQWUROOHU
V DUFKLWHFWXUH�
�� ,GHQWLI\ WKH�IHDWXUHV�RI�$95�PLFURFRQWUROOHUV�DQG� LQWHUIDFH� WKHP�ZLWK�YDULRXV�PRGXOHV�

IRU�UHDO�WLPH�DSSOLFDWLRQ�GHVLJQV�
�� ,QWHUSUHW� WKH� DUFKLWHFWXUH� RI� PL[HG�VLJQDO� SURFHVVRUV� �063����� DQG� OHDUQ� LWV�

SURJUDPPLQJ�
�� 8QGHUVWDQG�WKH�$50�3URFHVVRU¶V�$UFKLWHFWXUH�DQG�%DVLF�&RQFHSW�RI�5726��
�� ([SODLQ� WKH�$50�FRQWUROOHU� DUFKLWHFWXUH�� LWV� SURJUDPPLQJ� DQG�PDNH� XVH� RI�5726� IRU�

DSSOLFDWLRQ�GHVLJQV�

81,7����$95�0LFURFRQWUROOHUV��
,QWURGXFWLRQ� WR� (PEHGGHG� V\VWHP� DQG� LWV� DUFKLWHFWXUH�� $95� $7PHJD� �� ELW� 0LFURFRQWUROOHU�� LWV�
DUFKLWHFWXUH��PHPRU\�PDSSLQJ��LQVWUXFWLRQ�VHW��DGGUHVVLQJ�PRGHV��DVVHPEO\�ODQJXDJH�SURJUDPPLQJ�

81,7���$95��0LFURFRQWUROOHU¶V��,QWHUIDFLQJ��	��%DVLF��,�2��3URJUDPPLQJ�
$7PHJD��,�2�SRUWV���WLPHUV�FRXQWHUV���SURJUDPPLQJ��WR��JHQHUDWH��GHOD\��DQG��ZDYH��IRUP��JHQHUDWLRQ���
,QWHUIDFLQJ�RI�$7PHJD�ZLWK�/R5D�0RGXOH��=LJ%HH�0RGXOH�DQG�:L)L�0RGXOH�

81,7������063�����0LFURFRQWUROOHU��
,QWURGXFWLRQ�WR�063�����PLFURFRQWUROOHU��$UFKLWHFWXUH�063�����PHPRU\����RUJDQL]DWLRQ���,�2��V\VWHP��
RUJDQL]DWLRQ���063�������LQVWUXFWLRQ��6HW��DQG�DVVHPEO\�ODQJXDJH�SURJUDPPLQJ�

81,7������063�������0LFURFRQWUROOHU¶V��,QWHUIDFLQJ�
%DVLF� �(OHPHQWV� �RI� � ,QWHUIDFLQJ� �RI� �063������� �6\VWHP��FORFN�� � IXQGDPHQWDO� �,QWHUUXSWV� �FRQFHSW�� �
WLPHV��DQG��HYHQW��FRXQWHU��*3,2�SRUWV��,LQWHUIDFLQJ�ZLWK�86$57��0RGHP�

81,7����$50�0LFURFRQWUROOHU�	�5726�
,QWURGXFWLRQ� WR� $50� 0LFURSURFHVVRU� EDVHG� V\VWHPV�� $UFKLWHFWXUH� RI� $50� DQG� &RUWH[� 0���
,QVWUXFWLRQ�VHWV��$VVHPEO\�DQG�HPEHGGHG�µ&¶�SURJUDPPLQJ��,QWHUIDFLQJ�IRU�DSSOLFDWLRQ�GHYHORSPHQW��
,QWURGXFWLRQ�RI�5HDO�7LPH�2SHUDWLQJ�6\VWHPV��5726���LQWHUUXSW�URXWLQHV�LQ�5726��

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

7(;7�%22.6�5(&200(1'('�
�� $50�0LFURSURFHVVRU� V\VWHPV�� &257(;�0�$UFKLWHFWXUH�� SURJUDPPLQJ�	� LQWHUIDFH�� &5&�

SUHVV��0XKDPPDG�7DKLU�	�.DVKLI�-DYHG
�� $95��0LFURFRQWUROOHU�	�(PEHGGHG�V\VWHP��3HUVRQ�(GX�� 0D]LGL
�� ,QWURGXFWLRQ�WR�(PEHGGHG�V\VWHPV�8VLQJ�PLFURFRQWUROOHU�DQG�WKH�063�����6SULQJHU��0DQXHO��������

5RJHOLR�����	����,VLGRUR�

5()(5(1&(�%22.6�5(&200(1'('�
�� 0LFURFRQWUROOHU�LQ�3UDFWLFH��6SULQJHU��/��6XVQHD��0���0LW6HFX�
�� (PEHGGHG�6\VWHPV���70+�SXEOLFDWLRQV��3URI��5DMNDPDO
�� 063�����0LFURFRQWUROOHU�%DVLFV��1HZQHV��-RKQ�'DYLHV�
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$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

&2� ([SODLQ�WKH�EDVLFV�FRQFHSWV�RI�$�,��DQG�SUREOHP�VROYLQJ�WKURXJK�VHDUFKLQJ�

&2� $SSO\�IX]]\�ORJLF�FRQFHSW�IRU�JLYHQ�VLWXDWLRQ�

&2� 'HVLJQ�WKH�QHXUDO�QHWZRUN�PRGHO�IRU�JLYHQ�UHDO�ZRUOG�VFHQDULR�

&2� 'HVFULEH�YDULRXV�PDFKLQH�OHDUQLQJ�DOJRULWKPV�WR�VROYH�UHDO�WLPH�SUREOHP�

&2� $SSO\�YDULRXV�PDFKLQH�DOJRULWKP�IRU�JLYHQ�GDWDVHW�

&2� ([SODLQ�FRQFHSW�RI�LQWHOOLJHQW�V\VWHP�DQG�DJHQWV�DQG�VLJQLILFDQW�RI�PDFKLQH�OHDUQLQJ�

81,7��� $UWLILFLDO�,QWHOOLJHQFH��

&RQFHSW� RI� $UWLILFLDO� ,QWHOOLJHQFH� DQG� LQWHOOLJHQW� DJHQWV�� $UHDV� RI� $UWLILFLDO� ,QWHOOLJHQFH�� 3UREOHP�
VROYLQJ� DQG� VHDUFK� PHWKRGV�� .QRZOHGJH�� UHDVRQLQJ�� DQG� SODQQLQJ� �.53��� 8QFHUWDLQWLHV� DQG�
SUREDELOLWLHV�LQ�.53�

81,7� �� )X]]\� 6\VWHPV� )RXQGDWLRQV� RI� )X]]\� /RJLF�� � )RXQGDWLRQV� RI� )X]]\� &RQWURO�� 7\SHV� RI�
)X]]\� &RQWUROOHUV�� )X]]\� /RJLF� 7RROER[�� &UHDWLRQ� RI� )X]]\� ,QIHUHQFH� 6\VWHP� ZLWK� )X]]\� /RJLF�
7RROER[��&UHDWLRQ�RI�)X]]\�&RQWUROOHUV�

81,7��� 1HXUDO�1HWZRUNV� 1HXURQ�0RGHO���3HUFHSWURQ�0RGHO��0RGHOLQJ�RI�%DVLF�/RJLF�)XQFWLRQV�
XVLQJ�WKH�3HUFHSWURQV��)HHGIRUZDUG�1HXUDO�1HWZRUN�ZLWK�%DFNSURSDJDWLRQ�(UURU���$SSUR[LPDWLRQ�RI�
)XQFWLRQV�E\�D�7ZR�OD\HU�)HHGIRUZDUG�HXUDO�1HWZRUN���&KDUDFWHU�5HFRJQLWLRQ�XVLQJ�7ZR�OD\HU�)HHG�
IRUZDUG1HXUDO1HWZRUN�

81,7��� 0DFKLQH�OHDUQLQJ� %DVLFV��7\SHV�DQG�$SSOLFDWLRQV�RI�0/�
6XSHUYLVHG�/HDUQLQJ� ,QWURGXFWLRQ�WR�6XSHUYLVHG�/HDUQLQJ��/LQHDU�0HWKRGV�IRU�5HJUHVVLRQ��6XSSRUW�
9HFWRU�0DFKLQHV�� 1DLYH� %D\HV�� 'HFLVLRQ� 7UHH�� (QVHPEOH� PHWKRGV�� %DJJLQJ�� ERRVWLQJ�� (YDOXDWLQJ�
OHDUQLQJ�DOJRULWKPV��&ODVVLILFDWLRQ�SUREOHPV��GHFLVLRQ�ERXQGDULHV��QHDUHVW�QHLJKERU�PHWKRGV��/RJLVWLF�
UHJUHVVLRQ��

81,7� �� 8QVXSHUYLVHG� /HDUQLQJ� ,QWURGXFWLRQ� WR� 8QVXSHUYLVHG� /HDUQLQJ�� &OXVWHU� $QDO\VLV��
&OXVWHULQJ� .�PHDQV�� KLHUDUFKLFDO� DJJORPHUDWLRQ� FOXVWHULQJ�� ([SHFWDWLRQ� 0D[LPL]DWLRQ� PHWKRG��
0L[WXUH� RI� *DXVVLDQV�� )DFWRU� DQDO\VLV�� 3&$� �3ULQFLSDO� FRPSRQHQWV� DQDO\VLV��� � 5HLQIRUFHPHQW�
/HDUQLQJ�
�
$66(60(17�0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP

7H[W�%RRNV���
���5LFK�	�.QLJKW���³$UWLILFLDO�,QWHOOLJHQFH´���QG�(GLWLRQ�7DWD�0FJUDZ�+LOO��
���5DMVHNDUDQ�DQG�3DL��³1HXUDO�1HWZRUN�DQG�)X]]\�/RJLF´���QG�(GLWLRQ�3UHQWLFH�+DOO�RI�
,QGLD��

+RXUV���
:HHN

0D[LPXP�0DUNV
7RWDO�0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO
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��7�0LWFKHOO�³0DFKLQH�/HDUQLQJ�´�0F�*UDZ�+LOO�������

5HIHUHQFH�%RRNV��
���5XVVHO�	�1RUYLJ��³$UWLILFLDO�,QWHOOLJHQFH´��QG�(GLWLRQ��3HDUVRQ (GXFDWLRQ��
���3DWWHUVRQ��³,QWURGXFWLRQ�WR�$,�DQG�H[SHUW�6\VWHP´��QG�(GLWLRQ��3UHQWLFH�+DOO�RI�,QGLD��
���6�1��6LYDQDQDGDQ�	�6�1��'HHSD��³3ULQFLSOHV�RI�6RIW�&RPSXWLQJ´���VW�(GLWLRQ�:LOH\�,QGLD�
���(WKHP�$OSD\GLQ�,QWURGXFWLRQ�WR�0DFKLQH�/HDUQLQJ´��0,7�3UHVV������
���-DFHN�0�=XUDGD��³,QWURGXFWLRQ�WR�$UWLILFLDO�1HXUDO�6\VWHP´��-$,&2�3XEOLVKLQJ�



(&��������(/(&7521,&6�'(6,*1�$1'�6,08/$7,21

&2856(�287&20(6��
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

�� 8QGHUVWDQG�YDULRXV�W\SHV�RI�0LFURFRQWUROOHUV�DQG�WKHLU�$UFKLWHFWXUH�
�� $QDO\]H�YDULRXV�6LPXODWLRQ�VRIWZDUH�IRU�0LFURFRQWUROOHUV
�� :ULWH�FRGH�DQG�VLPXODWH�YDULRXV�PLFURFRQWUROOHU�EDVHG�FLUFXLWV�
�� ,QWHUIDFH�YDULRXV�SHULSKHUDO�GHYLFHV�ZLWK�PLFURFRQWUROOHU�DQG�FDOFXODWH�SRZHU�UHTXLUHPHQW�
�� ,QVWDOO�/LQX[�EDVHG�26�IRU�0LFURFRQWUROOHUV�
�� 'HVLJQ�D�PLFURFRQWUROOHU�EDVHG�ZRUNLQJ�KDUGZDUH�SURMHFW�

�� 6WXG\�RI�9DULRXV�0LFURFRQWUROOHU�IDPLOLHV�DQG�WKHLU�FRPSDULVRQ��8QGHUVWDQGLQJ�YDULRXV�
SRUWV�RI�D�PLFURFRQWUROOHU���

�� 9DULRXV� 6LPXODWLRQ� VRIWZDUH� DQG� WKHLU� OLPLWDWLRQV�� 6LPXODWLRQ� RI� PLFURFRQWUROOHU� DQG�
WKHUH�SURJUDPPLQJ�PHWKRGRORJ\���

�� ,QWHUIDFLQJ�YDULRXV�VHQVRUV��PRWRUV�DQG�RWKHU�SHULSKHUDO�GHYLFHV�ZLWK�PLFURFRQWUROOHU���

�� 3RZHU�FDOFXODWLRQV��,QVWDOODWLRQ�RI�/LQX[�26�IRU�PLFURFRQWUROOHUV�

�� 0,125�352-(&7��6WXGHQWV�ZLOO�VXEPLW�D�PLFURFRQWUROOHU�EDVHG�SURMHFW�LQ�D�JURXS�DW�
WKH�HQG�RI�WKH�VHPHVWHU��

$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'('�

�� 0XKDPPDG� $OL 0D]LGL�� -DQLFH� *LOOLVSLH0D]LGL�� 5ROLQ� '�� 0F.LQOD\�7KH� �����
0LFURFRQWUROOHU�DQG�(PEHGGHG�6\VWHPV������H��3HDUVRQ�(GXFDWLRQ

�� 5DMNDPDO��(PEHGGHG�6\VWHPV��$UFKLWHFWXUH�3URJUDPPLQJ�DQG�'HVLJQ���H��70+�(GXFDWLRQ�

5()(5(1&(�%22.6�5(&200(1'('�

�� -HUHP\�%OXP��([SORULQJ�$UGXLQR����H��:LOH\�
�� 'DYLHV��-RKQ�+��063����0LFURFRQWUROOHU�%DVLFV���H��(OVHYLHU
�� 0XKDPPDG�$OL 0D]LGL� 5ROLQ�'��0FNLQOD\��3,&�0LFURFRQWUROOHU�DQG�(PEHGGHG�6\VWHPV���H��

3HDUVRQ�(GXFDWLRQ�,QGLD�
�� 6LPRQ�0RQN��3URJUDPPLQJ�WKH�5DVSEHUU\�3L��*HWWLQJ�VWDUWHG�ZLWK�3\WKRQ���H��0F*UDZ�+LOO�

(GXFDWLRQ�
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&2856(�287&20(6�
$W�WKH HQG�RI WKLV FRXUVH VWXGHQWV�ZLOO�GHPRQVWUDWH WKH DELOLW\ WR�

�� 8QGHUVWDQG EDVLF WHFKQRORJLHV LPSOLHG LQ �* DQG �* PRELOH QHWZRUNV�
�� /HDUQ GHYLFH WR GHYLFH DQG PLOOLPHWHU�ZDYH FRPPXQLFDWLRQ LQ �* QHWZRUNV�
�� 'HYHORS WKH EDVLF FRQFHSWV RI��ZLUHOHVV VHQVRU QHWZRUN DQG LWV SURWRFROV
�� 'HVFULEH WKH URXWLQJ PHFKDQLVP LQVLGH�ZLUHOHVV VHQVRU QHWZRUNV�
�� &ODVVLI\ WKH WHFKQRORJ\ DQG VWDQGDUGV RI 0RELOH ,3��%OXHWRRWK� =LJ%HH DQG 5),'�

8QLW�����*�	��*�0RELOH�1HWZRUNV
7KLUG� *HQHUDWLRQ� PRELOH� 7HFKQRORJ\� �*� ±8076�� 875$1� $UFKLWHFWXUH�� :&'0$�� +6'3$��
6SUHDGLQJ� DQG� 'H�6SUHDGLQJ�� 6FUDPEOLQJ�� 8VHU� (TXLSPHQW� �8(��� &6� DQG� 36� 'RPDLQ� 3URWRFRO�
$UFKLWHFWXUHV��6*61�DQG�**61�LQ�8076���*� /7(�DQG�/7(�$GYDQFH��

8QLW����(PHUJLQJ�0RELOH�1HWZRUNV�
0LOOLPHWHU�ZDYH� &RPPXQLFDWLRQV� ��*�� ± ,QWURGXFWLRQ� WR� 0,02�� %HDP�IRUPLQJ�� SK\VLFDO� OD\HU�
WHFKQLTXHV�� ,QWHUIHUHQFH� DQG�PRELOLW\�PDQDJHPHQW��0DVVLYH�0,02� � SURSDJDWLRQ� FKDQQHO�PRGHOV��
&KDQQHO�(VWLPDWLRQ��,PSHUIHFW�&6,��3LORW�&RQWDPLQDWLRQ��6SDWLDO�0RGXODWLRQ��60���'HYLFH�WR�'HYLFH�
�'�'��&RPPXQLFDWLRQ��

8QLW����:LUHOHVV�6HQVRU�1HWZRUNV��%DVLF�DQG�0$&�3URWRFROV
:LUHOHVV� VHQVRU� 1HWZRUN� $UFKLWHFWXUH�� $SSOLFDWLRQV�� 7HFKQRORJ\� IRU� VHQVRU� QRGHV� 	� QHWZRUNV��
RSHUDWLQJ� HQYLURQPHQW��0HGLXP�$FFHVV�&RQWURO� 3URWRFROV� � /RZ�GXW\� F\FOH� SURWRFROV� DQG�ZDNHXS�
FRQFHSWV��&RQWHQWLRQ�EDVHG�DQG�FRQWHQWLRQ�IUHH�SURWRFROV���6FKHGXOH�EDVHG�K\EULG�SURWRFROV�

8QLW����:LUHOHVV��6HQVRU�1HWZRUNV��5RXWLQJ�3URWRFROV
5RXWLQJ�$QG�'DWD�*DWKHULQJ� 3URWRFROV�� 5RXWLQJ�&KDOOHQJHV� DQG�'HVLJQ� ,VVXHV� LQ�:LUHOHVV� 6HQVRU�
1HWZRUNV�� 'DWD� FHQWULF� 5RXWLQJ�� (QHUJ\� DZDUH� URXWLQJ�� *UDGLHQW�EDVHG� URXWLQJ�� 5XPRU� 5RXWLQJ��
+LHUDUFKLFDO�5RXWLQJ��/RFDWLRQ�%DVHG�5RXWLQJ��

8QLW����6KRUW�5DQJH�ZLUHOHVV�QHWZRUNV
0RELOH�,3���%OXHWRRWK� 3URWRFRO�VWDFN��5),'�DQG��=LJ%HH�WHFKQRORJLHV�DQG�WKHLU�SUDFWLFDO�XVDJH��,(((�
�������VWDQGDUGV�DQG�LWV�YDULDQWV���/R:3$1���/R5D�

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

7(;7�%22.6�5(&200(1'('�
�� 6XPLWK�.DVHDUD��1LVKLW�1DUDQJ��³�*�1HWZRUNV�$UFKLWHFWXUH��3URWRFROV´��7DWD�0F*UDZ�+LOO
�� $ILI�2VVHLUDQ��-RVH�)�0RQVHUUDW��3DWULFN�0DUVFK��³)XQGDPHQWDOV�RI��*�0RELOH�1HWZRUNV´���

&DPEULGJH�8QLYHUVLW\�3UHVV
�� )HQJ�=KDR�DQG�/HRQLGDV�*XLEDV�± :LUHOHVV�6HQVRU�1HWZRUNV��$Q�LQIRUPDWLRQ�SURFHVVLQJ�

DSSURDFK�� 0RUJDQ�.DXIPDQQ�SXEOLFDWLRQ
�� .DYHK�3DKODYDQ��3UDVKDQW�.ULVKQDPRRUWK\�± 3ULQFLSOH�RI�ZLUHOHVV�QHWZRUNV� $�XQLWHG�

DSSURDFK� 3HDUVRQ�(GXFDWLRQ�������
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5()(5(1&(�%22.6�5(&200(1'('�

�� .D]HP�6RKUDE\��'DQLHO�0LQROL�DQG�7DLHE�=QDWL�:LUHOHVV�6HQVRU�1HWZRUNV��7HFKQRORJ\��
3URWRFROV�DQG�$SSOLFDWLRQV��:LOH\�SXEOLFDWLRQ
�� 0DUWLQ�6DXWHU�³)URP�*60�WR�/7(±$GYDQFHG�3UR�DQG��*��$Q�,QWURGXFWLRQ�WR�0RELOH�
1HWZRUNV�DQG�0RELOH�%URDGEDQG´��:LOH\�%ODFNZHOO�
�� 9LMD\�.��*DUJ�± :LUHOHVV�FRPPXQLFDWLRQ�DQG�QHWZRUNLQJ ± 0RUJDQ�.DXIPDQQ�VHULHV�LQ�
QHWZRUNLQJ� (OVHYLHU�SXEOLFDWLRQ



3(&��
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&2856(�287&20(��
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

�� 8QGHUVWDQGLQJ�WKH�VFDWWHULQJ�SDUDPHWHUV�DQG�FRUUHVSRQGLQJ�LQVWUXPHQWV�
�� ,GHQWLI\�YDULRXV�W\SHV�RI�0LFURZDYH�HOHFWURQLF�FRPSRQHQWV�DQG�V\VWHPV�
�� 6WXG\� RI� GLIIHUHQW� PRGHV� RI� RSHUDWLRQ� RI� YDULRXV� 5)� DQG� 0LFURZDYH� GHYLFHV� DQG�

FLUFXLWV��
�� 'HVLJQ�DQG�DQDO\VLV�RI�GLHOHFWULF�UHVRQDWRU�FLUFXLWV�DQG�V\VWHPV��
�� 6ROYLQJ� FRPSOH[� 5)� DPSOLILHUV� SDUDPHWHUV�� 0LFURZDYH� FRPPXQLFDWLRQ� QHWZRUN�

GHVLJQ�SUREOHPV�

7+(25<�

8QLW����)HDWXUHV�DQG�DSSOLFDWLRQV�RI�PLFURZDYHV��:DYH�SURSDJDWLRQ�LQ�VWULSOLQHV�DQG�PLFURVWULS�OLQHV��
DQG�6ORW OLQHV��/LPLWDWLRQV�RI�FRQYHQWLRQDO�YDFXXP�WXEHV��0LFURZDYH�WXEHV�OLNH�7ZR�FDYLW\�NO\VWURQ�
DQG�5HIOH[�NO\VWURQ��0DJQHWURQ��7:7��%DFNZDUG�ZDYH�RVFLOODWRU�HWF�

8QLW� ���6ROLG� VWDWH�PLFURZDYH� VRXUFHV�� WUDQVIHUUHG� HOHFWURQ� GHYLFHV��7XQQHO� GLRGH�*XQQ�GLRGH� DQG�
RVFLOODWRUV��,03$77�GLRGH��75$3$77�GLRGH��3LQ�GLRGH��9DUDFWRU�GLRGH��6FKRWWN\�GLRGH��3DUDPHWULF�
DPSOLILHUV��&U\VWDO�GLRGH��)UHTXHQF\�PXOWLSOLHUV��0LFURZDYH�%-7�	�)(7�

8QLW����6FDWWHULQJ�PDWUL[��6�SDUDPHWHUV�	�LWV�DSSOLFDWLRQV� LQ�1HWZRUN�DQDO\VLV��0DWFKLQJ 1HWZRUN��
'HWHFWRU� GLRGHV�� GHWHFWRU� PRXQWV�� GHWHFWRU� RXWSXW� LQGLFDWRU�� VORWWHG� OLQH�� PHDVXUHPHQW� RI� SRZHU��
LPSHGDQFH�	�6�SDUDPHWHU��PHDVXUHPHQW�RI�IUHTXHQF\�	�96:5�

8QLW� ��� ,PSHGDQFH� WUDQVIRUPHU��0LFURZDYH� ILOWHUV�� 3RZHU� GLYLGHUV� DQG�'LRGLUHFWLRQDO� FRXSOHUV�� (�
SODQH� 7HH�� +�SODQH� WHH�� 0DWFKHG� K\EULG� 7HH�7HQVRU� SHUPHDELOLW\�� :DYH� SURSDJDWLRQ� LQ� IHUULWH�
PHGLXP�� ,VRODWRUV�� &LUFXODWRUV�� <,*� UHVRQDWRUV�� 6LPXODWLRQ� 7HFKQLTXHV� IRU� GHVLJQ� RI� 0LFURZDYH�
&RPSRQHQWV�DQG�GHYLFHV�

8QLW� �� $QDO\VLV� DQG� GHVLJQ� RI�'LHOHFWULF� UHVRQDWRUV��'HVLJQ� RI�5)� DQG�PLFURZDYH� ORZ� QRLVH� DQG�
SRZHU� DPSOLILHUV� 	� RVFLOODWRUV� XVLQJ� 6� SDUDPHWHU� WHFKQLTXHV�� 0L[HU� DQG� FRQYHUWHU� GHVLJQ�� GLRGH�
SKDVH� VKLIWHUV�� DWWHQXDWRUV�� 'HVLJQ� RI� K\EULG� DQG� PRQROLWKLF�� PLFURZDYH� DQG� PLOOLPHWHU� ZDYH�
LQWHJUDWHG�FLUFXLWV�

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

�/,67�2)�(;3(5,0(176
�� 7R�GHWHUPLQH�WKH�FKDUDFWHULVWLFV�DQG�HOHFWURQLF�WXQLQJ�UDQJH�RI�.O\VWURQ�WXEH�DPSOLILHU�
�� 7R�GHWHUPLQH� WKH� IUHTXHQF\�	�ZDYHOHQJWK� LQ� D� UHFWDQJXODU�ZDYHJXLGH�ZRUNLQJ� RQ�7(���

PRGH�(�0��SURSDJDWLRQ��
�� 7R� GHWHUPLQH� WKH� 6WDQGLQJ� :DYH� 5DWLR� DQG� 5HIOHFWLRQ� &RHIILFLHQW� LQ� D� 5HFWDQJXODU�

ZDYHJXLGH�V\VWHP�ZLWK�GLIIHUHQW�ORDGV��
�� 7R�GHWHUPLQH�DQ�XQNQRZQ�,PSHGDQFH�LQ�D�VORWWHG�OLQH�VHFWLRQ�XVLQJ�6PLWK�FKDUW�
�� 7R�PHDVXUH�9�,�FKDUDFWHULVWLFV�RI�*XQQ�'LRGH�DW�PLFURZDYH�IUHTXHQFLHV��
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�� 7R�PHDVXUH�WKH�IROORZLQJ�SDUDPHWHUV�LQ�D�PXOWL�KROH�GLUHFWLRQDO�FRXSOHU
�� 0DLQ�OLQH�DQG�DX[LOLDU\�OLQH�96:5�
�� 7KH�FRXSOLQJ�IDFWRU�DQG�GLUHFWLYLW\�
�� 7R�GHWHUPLQH�WKH�6�0DWUL[�RI�0DJLF�7HH�
��� 7R�GHWHUPLQH�WKH�FKDUDFWHULVWLFV�RI�,VRODWRU�DQG�&LUFXODWRUV�DW�GLIIHUHQW�PLFURZDYH�

IUHTXHQFLHV�
��� 'HVLJQ�VWXG\�RI�PLFURZDYH�DPSOLILHU�XVLQJ�PLFURZDYH�RIILFH��9LUWXDO�H[SHULPHQW�
��� 7R�GHVLJQ�PLFURZDYH�ILOWHU�VLQJ�HOHFWURPDJQHWLF�VRIWZDUH��9LUWXDO�H[SHULPHQW�

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

7(;7�%22.6�5(&200(1'('�

���/LDR�6���0LFURZDYH�'HYLFHV�	�&LUFXLWV¶¶����QG�HG�������3+,�
���*XSWD�.�&���0LFURZDYH�(QJJ����UG�HG������:LOH\�(DVWHU�3XE�
���:DWVRQ��6ROLG�6WDWH�0LFURZDYH�'HYLFHV���WK�HG������:LOH\�
���'DYLG�0��3R]DU��0LFURZDYH�(QJLQHHULQJ���UG�HGLWLRQ�������:LOOH\�,QGLD�

5()(5(1&(�%22.6�5(&200(1'('�

���*DQGKL��0LFURZDYH�(QJLQHHULQJ�	�$SSOLFDWLRQ���QG�HG������0F0LOODQ�,QW��(G�
���5HLFK��0LFURZDYH�3ULQFLSOHV���WK�HG������&%6�3XEO�
���&ROOLQ��)RXQGDWLRQV�IRU�PLFURZDYH�HQJLQHHULQJ���WK�HG�������:LOH\�3XEO�



3(&��
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3UHUHTXLVLWH��� 3K\VLFV��(OHFWURPDJQHWLF�ILHOGV�DQG�:DYHV��7UDQVPLVVLRQ�OLQHV��$QWHQQD��
DQG�ZDYH�SURSDJDWLRQ

&RXUVH�2XWFRPH��
6WXGHQWV�VKRXOG�EH�DEOH�WR�
���/HDUQ�DSSURDFK�IRU�PDWKHPDWLFDO�PRGHOLQJ�RI�HOHFWURPDJQHWLF�DQWHQQD�SUREOHPV�
�� %DVLF�FRQFHSWV�RI�GHVLJQ�RI�DQWHQQDV
���&RQFHSWV�RI�DQWHQQD�'HVLJQ�DQG�IDEULFDWLRQ�
�� $SSOLFDWLRQ�RI�+LJK�IUHTXHQF\�DQG�QXPHULFDO�WHFKQLTXHV�LQ�$QWHQQD�'HVLJQ�
���/HDUQ�3UDFWLFDO�GHVLJQ�RI�YDULRXV�DQWHQQDV�DQG�PHDVXUHPHQW

7KHRU\�
8QLW��� )XQGDPHQWDO� &RQFHSWV�� 3K\VLFDO� FRQFHSW� RI� UDGLDWLRQ�� 5DGLDWLRQ� SDWWHUQ�� QHDU�

DQG� IDU�ILHOG� UHJLRQV�� UHFLSURFLW\�� GLUHFWLYLW\� DQG� JDLQ�� HIIHFWLYH� DSHUWXUH��
SRODUL]DWLRQ�� LQSXW� LPSHGDQFH�� HIILFLHQF\�� )ULLV� WUDQVPLVVLRQ� HTXDWLRQ�� UDGLDWLRQ�
LQWHJUDOV�DQG�DX[LOLDU\�SRWHQWLDO�IXQFWLRQV

8QLW��� 5DGLDWLRQ�IURP�:LUHV�DQG�/RRSV��,QILQLWHVLPDO�GLSROH��ILQLWH�OHQJWK�GLSROH��OLQHDU�
HOHPHQWV�QHDU�FRQGXFWRUV��GLSROHV�IRU�PRELOH�FRPPXQLFDWLRQ��VPDOO�FLUFXODU� ORRS��
$SHUWXUH�$QWHQQDV��+X\JHQV¶� 3ULQFLSOH� UDGLDWLRQ� IURP� UHFWDQJXODU� DQG� FLUFXODU�
DSHUWXUHV�� GHVLJQ� FRQVLGHUDWLRQV��%DELQHW¶V�SULQFLSOH��5DGLDWLRQ� IURP�VHFWRUDO� DQG�
S\UDPLGDO�KRUQV� OHQV�DQG�UHIOHFWRU�DQWHQQDV��GHVLJQ�FRQFHSWV��GLHOHFWULF�UHVRQDWRU�
DQWHQQD��'5$�

8QLW��� %URDGEDQG� $QWHQQDV�� %URDGEDQG� FRQFHSW�� /RJ�SHULRGLF� DQWHQQDV�� IUHTXHQF\�
LQGHSHQGHQW� DQWHQQDV� +HOLFDO� DQG�6SLUDO� DQWHQQDV�� �0LFURVWULS�$QWHQQDV��%DVLF�
FKDUDFWHULVWLFV� RI� PLFURVWULS� DQWHQQDV�� IHHGLQJ� PHWKRGV�� PHWKRGV� RI� DQDO\VLV��
GHVLJQ�RI�UHFWDQJXODU�DQG�FLUFXODU�SDWFK�DQWHQQDV�

8QLW��� $QWHQQD� $UUD\V�� $QDO\VLV� RI� XQLIRUPO\� VSDFHG� DUUD\V� ZLWK� XQLIRUP� DQG� QRQ�
XQLIRUP� H[FLWDWLRQ� DPSOLWXGHV�� H[WHQVLRQ� WR� SODQDU� DUUD\V� 6PDUW� $QWHQQDV��
&RQFHSW� DQG� EHQHILWV� RI� VPDUW� DQWHQQDV�� )L[HG� ZHLJKW� EHDP� IRUPLQJ� EDVLFV�
$GDSWLYH� EHDPIRUPLQJ�� EHDP� VWHHULQJ�� QXOOLQJ� DQG� GLUHFWLRQ� ILQGLQJ� )UHTXHQF\�
VHOHFWLYH�VXUIDFHV��)66���0HWDPDWHULDO�DQWHQQDV��'HIHFWHG�JURXQG�VWUXFWXUH��'*6��
DQWHQQD

8QLW� ��� +LJK� )UHTXHQF\� WHFKQLTXHV IRU� VFDWWHULQJ� L�H�� *7'�� 87'�� 8$7�� 37'� HWF��
&RPSXWDWLRQDO� 1XPHULFDO� WHFKQLTXHV L�H�� 0HWKRG� RI� PRPHQW� �020��� )LQLWH�
GLIIHUHQFH�WLPH�GRPDLQ��)'7'���)LQLWH�HOHPHQW�PHWKRG��)(0�����
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7H[W�%RRNV�5HFRPPHQGHG�
������&�$�%DODQLV��$QWHQQD�7KHRU\�DQG�'HVLJQ�����UG�(G���-RKQ�:LOH\�	�6RQV��������
������$QWHQQD�7KHRU\�DQG�'HVLJQ���:DUUHQ�/��6WXWVPDQ�*DU\�$��7KLHOH���:LOH\�

3XEOLFDWLRQ��
�� 0DWKHZ�1�2��6DGLNX��1XPHULFDO�7HFKQLTXHV�LQ�(OHFWURPDJQHWLF��,,��HGLWLRQ��&5&�
SUHVV��
�� 5DPHVK�*DUJ��&RPSXWDWLRQDO�PHWKRGV�LQ�(OHFWURPDJQHWLF��&5&�SUHVV��
�����5RJHU�)��+DUULQJWRQ��)LHOG�FRPSXWDWLRQ�E\�0RPHQW�0HWKRGV��2[IRUG�XQLYHUVLW\�
SUHVV�

5HIHUHQFH�%RRNV�5HFRPPHQGHG�
�� &ROOLQ�5�(���$QWHQQDV�	�:DYH�3URSDJDWLRQ���UG�HG���������0F*UDZ�+LOO�
�� 5RJHU�)��+DUULQJWRQ��,QWURGXFWLRQ�WR (OHFWURPDJQHWLF�(QJLQHHULQJ��'RYHU�3XEOLFDWLRQ�
�� 5�6�(OOLRW��$QWHQQD�7KHRU\�DQG�'HVLJQ���5HYLVHG�HGLWLRQ��:LOH\�,(((�3UHVV���������

/LVW�RI�([SHULPHQWV
6�1��������������������������������������������������������([SHULPHQWV
� 6WXG\�DQG�'HVLJQ�RI�+LJK�JDLQ��+RUQ�$QWHQQD�WKURXJK�VLPXODWRU

� 'HVLJQ�DQG�FKHFN�WKH�YDULRXV�SHUIRUPDQFH�SDUDPHWHUV�RI���E\���SDWFK�DQWHQQD�$UUD\

� (VWLPDWH�WKH�UDGLDWLRQ�SDWWHUQ�RI�(�SODQH�DQG�+�SODQH�+RUQ�DQWHQQD�WKURXJK�DQWHQQD�
WUDLQHU�NLW�

� 'HYHORS� WKH�0$7/$%�SURJUDPPH�IRU�HVWLPDWH�YDULRXV�SDUDPHWHUV�RI�DQWHQQD� OLNH
GLUHFWLYLW\��UDGLDWLRQ�SDWWHUQ�HWF��

� (VWLPDWH�WKH�UDGLDWLRQ�SDWWHUQ�RI�+HOLFDO���DQWHQQD�WKURXJK�DQWHQQD�WUDLQHU�NLW�

� (VWLPDWH�WKH�SHUIRUPDQFH�SDUDPHWHU�RI�+LJK�JDLQ�DQWHQQDV�WKURXJK��91$�

� (VWLPDWH�WKH�YDULRXV�SHUIRUPDQFH�SDUDPHWHU OLNH�JDLQ��SRODUL]DWLRQ��HIILFLHQF\�HWF��
RI�+LJK�JDLQ�DQWHQQDV L�H��KRUQ��KHOLFDO�HWF� WKURXJK��$QHFKRLF�FKDPEHU

3URMHFW�
� 7R�GHVLJQ��GHYHORS��IDEULFDWH��WHVW�	�PHDVXUH�WKH�VXLWDEOH�KLJK�JDLQ�DQWHQQDV�LQ�5)�

DQG� 0LFURZDYH� ODERUDWRU\ IRU� SDUDPHWHUV� OLNH� SRODUL]DWLRQ�� HIILFLHQF\�� JDLQ��
GLUHFWLYLW\���DQG�(��+�SODQH���G�DQG���G�UDGLDWLRQ�SDWWHUQ�



3(&��
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&2856(�287&20(6�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

�� 8QGHUVWDQG�2SWLFDO�)LEHU�&RPPXQLFDWLRQ�6\VWHP�DQG�LWV SDUDPHWHUV�

�� $QDO\]H�WUDQVPLVVLRQ�FKDUDFWHULVWLFV�RI�RSWLFDO�ILEHU�DQG�WKHLU HIIHFWV�

�� 8QGHUVWDQG�WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�YDULRXV�RSWLFDO�VRXUFHV�DQG GHWHFWRUV�

�� 'HVLJQ�DQG�VWXG\�SHUIRUPDQFH�DQDO\VLV�RI�RSWLFDO UHFHLYHUV�

�� %ULHI�LQWURGXFWLRQ�RI�RSWLFDO�ILEHU QHWZRUNV�DQG�DPSOLILHUV�

7+(25<�

8QLW�����2YHUYLHZ�RI�RSWLFDO�ILEHU�FRPPXQLFDWLRQV�V\VWHP��HOHPHQWV�RI��DQ�RSWLFDO�ILEUH�WUDQVPLVVLRQ�
OLQN��:DYH� SURSDJDWLRQ� LQ� RSWLFDO� ILEHU�� DQDO\VLV�RI�RSWLFDO�ZDYHJXLGH� XVLQJ� UD\� WKHRU\��
ZDYH�PRGHO��2SWLFDO�ILEHUV���6WUXFWXUH�	�ZDYH�JXLGLQJ�IXQGDPHQWDOV� EDVLF�RSWLFDO�ODZV��
RSWLFDO� ILEUH�PRGHV�	�FRQILJXUDWLRQ�PRGH��GLIIHUHQW�W\SHV�RI�RSWLFDO� ILEHUV��3K\VLFDO�DQG�
HOHFWULFDO�FKDUDFWHULVWLFV�RI�ILEHU�

8QLW���� �6LJQDO�GHJUDGDWLRQ� LQ�2SWLFDO�)LEHU�GXH� WR�GLVSHUVLRQ�DQG�DWWHQXDWLRQ��VLJQDO�GLVWRUWLRQ� LQ�
RSWLFDO ZDYH�JXLGHV��SXOVH�EURDGHQLQJ�LQ�JUDGHG�LQGH[�DQG�VWHS�LQGH[�ZDYH�JXLGHV��PRGH�
FRXSOLQJ��)DEULFDWLRQ�RI� ILEHUV��RYHUYLHZ�RI� ILEUH�PDWHULDOV�DQG�PHDVXUHPHQW� WHFKQLTXHV�
OLNH�27'5�

8QLW� ���2SWLFDO� VRXUFHV� DQG� GHWHFWRUV�� /('V�� /$6(5� GLRGHV�� EDVLF� SULQFLSOH�� YDULRXV� VWUXFWXUHV�
VHPLFRQGXFWRU� ODVHUV�� GLVWULEXWHG� IHHGEDFN� ODVHUV� 3KRWR�GHWHFWRUV� � SLQ�GLRGHV�� $3'V��
3K\VLFDO� SULQFLSOHV� RI� SKRWR� GLRGHV�� SKRWR� GHWHFWRU� QRLVH�1(3�� GHWHFWRU� UHVSRQVH� WLPH��
$YDODQFKH�PXOWLSOLFDWLRQ�QRLVH��SKRWR�GLRGH�PDWHULDOV�

8QLW�����2SWLFDO�UHFHLYHUV�'LUHFW�GHWHFWLRQ�DQG�FRKHUHQW�UHFHLYHUV��QRLVH�LQ�GHWHFWLRQ�SURFHVV��6\VWHP�
GHVLJQ��SRZHU�EXGJHWLQJ��ULVH�WLPH�EXGJHWLQJ��ILEUH�WR�ILEUH�MRLQWV��DQG�VSOLFLQJ�WHFKQLTXHV��
2SWLFDO� ILEUH� FRQQHFWRUV�� ,QWURGXFWLRQ� WR� RSWLFDO� DPSOLILHUV� �(')$� 62$��� RSWLFDO�
VZLWFKHV

8QLW����2SWLFDO�QHWZRUNV��%DVLF�QHWZRUNV� 621(7��6'+��:'0�QHWZRUN���%URDGFDVW�± DQG�±VHOHFW��
1HWZRUNV�� ZDYHOHQJWK� URXWHG� QHWZRUNV� ':'0�� 3DVVLYH� 2SWLFDO� $FFHVV� 1HWZRUNV�
,QWURGXFWLRQ�WR�HODVWLF�RSWLFDO�QHWZRUN�DQG�/L)L�

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

35$&7,&$/6�

/LVW�RI�([SHULPHQWV
�� 7R�IDPLOLDUL]H�ZLWK�WKH�RSWLFDO�FRPPXQLFDWLRQ�NLW�DQG�LWV�VSHFLILFDWLRQV�DQG LQWHUIDFHV�

�� 7R�HVWDEOLVK�GDWD�OLQN�FRPPXQLFDWLRQ�HPSOR\LQJ�LQWHQVLW\�PRGXODWLRQ�DQG
GHPRGXODWLRQ�
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�� 7R�JHQHUDWH�IUHTXHQF\�DQG�SXOVH�ZLGWK�PRGXODWLRQ�DQG�GHPRGXODWLRQ�LQ�RSWLFDO�
FRPPXQLFDWLRQ�

�� 7R�PHDVXUH�YDULRXV�ORVVHV�LQ�RSWLFDO FRPPXQLFDWLRQ

�� 7R�PHDVXUH�WKH�HIIHFW�RI�EHQGLQJ�RQ�DWWHQXDWLRQ�LQ�RSWLFDO ILEHU�

�� 7R�PHDVXUH�WKH�RSWLFDO SDUDPHWHUV�

�� 7R�FKDUDFWHUL]H�/('�DV�RSWLFDO VRXUFH�

�� 7R�FKDUDFWHUL]H�/DVHU 'LRGH�

�� 7R�HVWDEOLVK�3&�WR�3&�FRPPXQLFDWLRQ�XVLQJ�56����LQWHUIDFH�YLD�RSWLFDO�ILEHU OLQN�

��� 3UHSDUDWLRQ�RI�ILEHU�RSWLF�FDEOH WHUPLQDWLRQ�

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

7(;7�%22.6�5(&200(1'('��
�� 6HQLRU�-�0���2SWLFDO�)LEUH�&RPPXQLFDWLRQV��3ULQFLSOHV�	�3UDFWLFH���QG�HG������� 3+,�

�� $JUDZDO�*RYLQG�3���)LEUH�2SWLF�&RPPXQLFDWLRQ�6\VWHPV���WK�HG��������-RKQ�:LOH\�
	�6RQV��VWXGHQWV HG�

�� %ODFN�8\OHVV��2SWLFDO�1HWZRUNV�DQG��UG�*HQUDWLRQ�7UDQVSRUW�6\VWHPV���UG�HG�������
3HDUVRQ�

5()(5(1&(�%22.6�5(&200(1'('��
�� .HLVHU�*��2SWLFDO�)LEUH�&RPPXQLFDWLRQ���WK�HG��������0F*UDZ +LOO�

�� 0\QEDQY�DQG�6FKHLQHU��)LEUH�2SWLF�&RPPXQLFDWLRQ�7HFKQRORJ\���QG HG�������3HDUVRQ
(GX�

�� 'MIDU�.�0\QEDHY�	�6FKHLQHU��)LEUH�2SWLF�&RPPXQLFDWLRQ�7HFKQRORJ\���WK�HG�������
3HDUVRQ
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&2856(�287&20(6� $IWHU�&RPSOHWLQJ WKH�FRXUVH�VWXGHQW�VKRXOG�EH�DEOH�WR��
��� &RPSUHKHQG� WKH� ,7�LQWHUHVWLQJQHVV� RI� GDWD� DQG� XQGHUVWDQG� WKH� DWWULEXWHV� RI� GDWD�� ���
3UHSURFHVV� WKH� JLYHQ� GDWD� DQG� YLVXDOL]H� LW� IRU� D� JLYHQ� DSSOLFDWLRQ� RU� GDWD� H[SORUDWLRQ��
PLQLQJ�WDVN��
��� $SSO\� WHFKQLTXHV� RI� VXSHUYLVHG� DQG� XQVXSHUYLVHG� PDFKLQH� OHDUQLQJ� IRU� YDULRXV� GDWD�
DSSOLFDWLRQV��
��� ,PSOHPHQW� ZHE� VHDUFK� PHWKRGV� E\� SDJH� UDQNLQJ� DQG� FDQ� LPSOHPHQW� PRGHOV� RI�
LQIRUPDWLRQ�UHWULHYDO�E\�DSSO\LQJ�GLIIHUHQW�WHFKQLTXHV�RI�WH[W�PLQLQJ��

&2856(�&217(176� 7+(25<��

81,7� ��� 8QGHUVWDQGLQJ� 'DWD�� 'DWD� :UDQJOLQJ� DQG� ([SORUDWRU\� $QDO\VLV�� 'DWD�
7UDQVIRUPDWLRQ� 	� &OHDQLQJ�� )HDWXUH� ([WUDFWLRQ�� 'DWD� 9LVXDOL]DWLRQ�� ,QWURGXFWLRQ� WR�
FRQWHPSRUDU\�WRROV�DQG�SURJUDPPLQJ�ODQJXDJHV�OLNH�5��3\WKRQ�HWF��IRU�GDWD�DQDO\VLV��

81,7� �� 6WDWLVWLFDO� 	� 3UREDELOLVWLF� DQDO\VLV� RI� 'DWD�� 0XOWLSOH� K\SRWKHVLV� WHVWLQJ��
3DUDPHWHU� (VWLPDWLRQ� PHWKRGV�� &RQILGHQFH� LQWHUYDOV�� %D\HVLDQ� VWDWLVWLFV� DQG� 'DWD�
'LVWULEXWLRQV��

81,7� ��� ,QWURGXFWLRQ� WR� PDFKLQH� OHDUQLQJ�� 6XSHUYLVHG� 	� XQVXSHUYLVHG� OHDUQLQJ��
&ODVVLILFDWLRQ� 	� &OXVWHULQJ� $OJRULWKPV� OLNH� 'HFLVLRQ� 7UHH� EDVHG� FODVVLILFDWLRQ� DQG�
.0HDQV� FOXVWHULQJ�� 'LPHQVLRQDOLW\� UHGXFWLRQ�� 3&$� 	� 69'�� &RUUHODWLRQ� 	� 5HJUHVVLRQ�
DQDO\VLV��7UDLQLQJ�	�7HVWLQJ�GDWD��2YHUILWWLQJ�	�8QGHU�ILWWLQJ��

81,7� �� ,QWURGXFWLRQ� WR� ,QIRUPDWLRQ� 5HWULHYDO�� %RROHDQ� 0RGHO�� 9HFWRU� PRGHO��
3UREDELOLVWLF�0RGHO���7H[W�EDVHG�VHDUFK��7RNHQL]DWLRQ���7I�,')��VWRS�ZRUGV�DQG�QJUDPV���
V\QRQ\PV�DQG�SDUWV�RI�VSHHFK�WDJJLQJ�

81,7��� ,QWURGXFWLRQ�WR�:HE�6HDUFK�	�%LJ�'DWD��&UDZOLQJ�DQG�,QGH[HV��6HDUFK�(QJLQH�
DUFKLWHFWXUHV��/LQN�$QDO\VLV�DQG�UDQNLQJ�DOJRULWKPV�VXFK�DV�+,76�DQG�3DJH�5DQN�+DGRRS�
)LOH�V\VWHP�	�0DS�5HGXFH�3DUDGLJP�

7(;7�%22.6�5(&200(1'('��
���)LHOG�&DG\��³7KH�'DWD�6FLHQFH�+DQGERRN´�����H���������3XEOLVKHU��:LOH\�
���6LQDQ�2]GHPLU��³3ULQFLSOHV�RI�'DWD�6FLHQFH�³����H��������3DFNW�3XEOLVKLQJ�/LPLWHG�
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5()(5(1&(�%22.6��
��� 3HWHU� %UXFH�� ³3UDFWLFDO� 6WDWLVWLFV� IRU� 'DWD� 6FLHQWLVWV�� ��� (VVHQWLDO� &RQFHSWV´��
6KURII�2
5HLOO\��)LUVW�HGLWLRQ��������
���3DQJ�1LQJ�7DQ��³,QWURGXFWLRQ�WR�'DWD�0LQLQJ´��3HDUVRQ�(GX��������
��� 5LFDUGR� %DH]D�<DWHV� DQG� %HUWKLHU� 5LEHLUR�1HWR�� ³0RGHUQ� ,QIRUPDWLRQ� 5HWULHYDO´��
3HDUVRQ�(GXFDWLRQ�������

7+(25<�$66(660(17��
���,QWHUQDO�$VVHVVPHQW�IRU�FRQWLQXRXV�HYDOXDWLRQ��PLG�WHUP�WHVWV��7XWRULDOV��4XL]]HV��&ODVV�
3HUIRUPDQFH��HWF��������
���(QG�VHPHVWHU�7KHRU\�([DP�������
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&2856(�287&20(6�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

���7R�GHVFULEH�FU\VWDO�JURZWK�DQG�ZDIHU�SUHSDUDWLRQ�PHWKRGV��
���7R�GLVFXVV�OD\HULQJ�LQ�WHUPV�RI�FKLS�IDEULFDWLRQ�

���,OOXVWUDWLRQ�RI�YDULRXV�SDWWHUQLQJ�PHWKRGV�
���*DLQ�NQRZOHGJH�DERXW�OD\RXW�GHVLJQ�UXOHV��VWLFN�GLDJUDPV�HWF��

���,OOXVWUDWLRQ�RI�VXEV\VWHP�GHVLJQ�DQG�PHPRULHV�

7+(25<�

8QLW ���&U\VWDO�*URZWK�DQG�ZDIHU�SUHSDUDWLRQ��:DIHU�WHUPLQRORJ\���GLIIHUHQW��FU\VWDOOLQH�RULHQWDWLRQV��
&=� PHWKRG�� &026� ,&� 'HVLJQ� IORZ�� &U\VWDO� 'HIHFWV�� )DEULFDWLRQ� SURFHVV� RI� )(7V��
026)(7V��DQG�%,026 HWF�

8QLW� ��� � � /D\HULQJ�� (SLWD[LDO� JURZWK� PHWKRGV�� R[LGDWLRQ�� .LQHWLFV� � RI� � R[LGDWLRQ�� � WKLQ� � ILOP� �
IDEULFDWLRQ��0HWDOOL]DWLRQ��3K\VLFDO�9DSRU�'HSRVLWLRQ�DQG 6SXWWHULQJ�

8QLW�����3DWWHUQLQJ��/LWKRJUDSK\��2SWLFDO��/LWKRJUDSK\���(OHFWURQ��/LWKRJUDSK\���;� 5D\�/LWKRJUDSK\��
,RQ�/LWKRJUDSK\��3KRWR�PDVNLQJ� VWHSV��5HVLVWV��'RSLQJ��'LIIXVLRQ��'LIIXVLRQ�PRGHOV�� ,RQ�
,PSODQWDWLRQ��,PSODQWDWLRQ�(TXLSPHQW� &KDQQHOLQJ�

8QLW����9/6,�SURFHVV�WHFKQLTXHV�DQG�,QWHJUDWLRQ��)ORRU�SODQQLQJ��OD\RXW��'HVLJQ�UXOHV��VWLFN�GLDJUDPV��
7HVW� JHQHUDWLRQ�� /RJLF� 6LPXODWLRQ�� ,QWURGXFWLRQ� WR� ('$� WRROV�� &RQWDPLQDWLRQ� FRQWURO��
&OHDQ�URRPV��+(3$��8/3$�)LOWHUV�DQG�&ODVV�QXPEHUV�

8QLW� ��� 6XEV\VWHP� 'HVLJQ�� 'DWD�SDWKV�� DGGHU�� 6KLIW� UHVLVWHUV�� $/8�� 0HPRU\�� 195:0�� )ODVK�
PHPRULHV����7UDQVLVWRU�5$0V��/DWFK�XS�LQ�&026�FLUFXLWV�

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

7(;7�%22.6�5(&200(1'('�

�� 6�.��*DQGKL��9/6,�)DEULFDWLRQ�3ULQFLSOHV� :LOH\�
�� 6�0��6]H��9/6,�7HFKQRORJ\��,,�HGLWLRQ��0F*UDZ +LOO�
�� 3�� 9DQ� =DQGW�� 0LFURFKLS� )DEULFDWLRQ�� $� SUDFWLFDO� *XLGH� WR� 6HPLFRQGXFWRU�

3URFHVVLQJ��7KLUG�HGLWLRQ��0F*UDZ +LOO�
5()(5(1&(�%22.6�5(&200(1'('�

�� -DPHV�'�3OXPPHU��6LOLFRQ�9/6,�7HFKQRORJ\�)XQGDPHQWDOV�3UDFWLFH�	�0RGHOLQJ
3HDUVRQ�(GXFDWLRQ�/LPLWHG

�� 6LQJK�5�.���9/6,�7HFKQRORJ\�'HVLJQ�	�%DVLFV�RI�0LFURHOHFWURQLFV��6��.DWDULD�	6RQV
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���'��1RUULV��³7KH�,QWHUQHW�RI�7KLQJV��'R�,W�<RXUVHOI�3URMHFWV�ZLWK�$UGXLQR��5DVSEHUU\�3L�
DQG�%HDJOH%RQH�%ODFN´��0F*UDZ�+LOO�(GXFDWLRQ��1HZ�'HOKL�
���3��5DM�DQG�$�&��5DPDQ��³7KH�,QWHUQHW�RI�7KLQJV´��&5&�3UHVV��7	)�*URXS���1HZ�<RUN�
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&2856(�287&20(6�

$W�WKH�HQG�RI�WKH�FRXUVH��WKH�VWXGHQW�VKRXOG�EH�DEOH�WR�
�� $QDO\]H�DQG�DSSO\�WKH�FRQFHSWV�RI�UDQGRP�SURFHVVHV�LQ�SUDFWLFDO�DSSOLFDWLRQV
�� $QDO\]H�DQG�DSSO\�OLQHDU�HVWLPDWLRQ�DQG�SUHGLFWLRQ�WHFKQLTXHV�IRU�D�JLYHQ�UDQGRP�SURFHVV
�� $QDO\]H��PDWKHPDWLFDOO\�PRGHO��PRGLI\�DQG�HQKDQFH�VSHHFK�DQG�PXVLF�VLJQDOV��
�� $QDO\]H�DQG�DSSO\�DSSURSULDWH�DGDSWLYH�DOJRULWKP�IRU�SURFHVVLQJ�QRQ�VWDWLRQDU\�VLJQDOV
�� $QDO\]H�DQG�DSSO\�ZDYHOHW�WUDQVIRUPV�IRU�VLJQDO�DQG�LPDJH�SURFHVVLQJ�EDVHG�DSSOLFDWLRQV

81,7�����'LVFUHWH�7LPH�5DQGRP�6LJQDOV
'LVFUHWH�UDQGRP�SURFHVV�± (QVHPEOH�DYHUDJHV��6WDWLRQDU\�DQG�HUJRGLF�SURFHVVHV��$XWRFRUUHODWLRQ�DQG�
$XWRFRYDULDQFH� SURSHUWLHV� DQG� PDWULFHV�� 5HVSRQVH� RI� /7,� V\VWHPV� WR� UDQGRP� SURFHVVHV��� 3RZHU�
6SHFWUDO�'HQVLW\��6RPH�XVHIXO�UDQGRP�SURFHVV�PRGHOV�

81,7����/LQHDU�(VWLPDWLRQ�DQG�3UHGLFWLRQ
(VWLPDWLRQ�RI�PHDQ��YDULDQFH�DQG�FRYDULDQFH��(VWLPDWLRQ�WKHRU\��6SHFWUXP�HVWLPDWLRQ��2SWLPXP�
/LQHDU�ILOWHUV��2SWLPDO�),5��:LHQHU��ILOWHU��([WUDFWLRQ�RI�VLJQDO�IURP�QRLVH��)RUZDUG�DQG�%DFNZDUG�
/LQHDU�SUHGLFWLRQ�DQG�DOO�SROH�VLJQDO�PRGHOLQJ�

81,7����6SHHFK�DQG�$XGLR�3URFHVVLQJ�
$XGLR�6LJQDO�&KDUDFWHULVWLFV��3URGXFWLRQ�PRGHO��+HDULQJ�DQG�$XGLWRU\�PRGHO��$FRXVWLF�FKDUDFWHULVWLF�
RI� VSHHFK�� 6SHHFK� SURGXFWLRQ�PRGHOV�� /LQHDU� 6HSDUDEOH� HTXLYDOHQW� FLUFXLW�PRGHO�� 9RFDO� 7UDFW� DQG�
9RFDO�&RUG�0RGHO��$XGLR� VLJQDO� DFTXLVLWLRQ��5HSUHVHQWDWLRQ� DQG�0RGHOLQJ��(QKDQFHPHQW� RI� DXGLR�
VLJQDOV��6SHFWUDO�6XEWUDFWLRQ��:HLQHU�EDVHG�ILOWHULQJ��1HXUDO�QHWV�

81,7����$GDSWLYH�)LOWHULQJ��
&RQFHSW� RI� DGDSWLYH� ILOWHULQJ�� 0HWKRG� RI� 6WHHSHVW� GHVFHQW�� /06� DGDSWLYH� ILOWHUV�� 6WUXFWXUH� DQG�
RSHUDWLRQ�RI�/06�DOJRULWKP��6WDWLVWLFDO�/06�WKHRU\��2WKHU�/06�EDVHG�DOJRULWKPV��5/6�DOJRULWKP�

81,7����,QWURGXFWLRQ�WR�:DYHOHWV�
3LHFHZLVH� FRQVWDQW� DSSUR[LPDWLRQ� � WKH� +DDU� ZDYHOHW�� %XLOGLQJ� XS� WKH� FRQFHSW� RI� G\DGLF�
0XOWLUHVROXWLRQ� $QDO\VLV� �05$��� 5HODWLQJ� G\DGLF� 05$� WR� ILOWHU� EDQNV�� UHYLHZ� RI� GLVFUHWH� VLJQDO�
SURFHVVLQJ��(OHPHQWV�RI�PXOWLUDWH�V\VWHPV�DQG�WZR�EDQG�ILOWHU�EDQN�GHVLJQ�IRU�G\DGLF�ZDYHOHWV��7KH�
8QFHUWDLQW\�3ULQFLSOH�DQG� LWV� LPSOLFDWLRQV�� WKH�SUREOHP�DQG� WKH�FKDOOHQJH� WKDW�1DWXUH� LPSRVHV��7KH�
LPSRUWDQFH�RI�WKH�*DXVVLDQ�IXQFWLRQ�
$66(60(17�0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP�

7(;7�%22.6�5(&200(1'('�

�� 6LPRQ�+D\NLQ��$GDSWLYH�)LOWHU�7KHRU\��)RXUWK�(GLWLRQ��3HDUVRQ�(GXFDWLRQ��,QGLD�������
�� 9LNUDP� *DGUH DQG� $GLW\D� $EK\DQNDU�� 0XOWLUHVROXWLRQ� DQG� 0XOWLUDWH� 6LJQDO� 3URFHVVLQJ��

,QWURGXFWLRQ��3ULQFLSOHV�DQG�$SSOLFDWLRQV��0F*UDZ�+LOO�(GXFDWLRQ��)LUVW�HGLWLRQ��-XO\������
�� 6HQ�� 6RXP\D�� 'XWWD�� $QMDQ�� 'H\�� 1LODQMDQ�� $XGLR� 3URFHVVLQJ� DQG� 6SHHFK� 5HFRJQLWLRQ��VW�

HGLWLRQ��������6SULQJHU�
�� '�*�0DQRODNLV� DQG� 9�.�,QJOH� $SSOLHG� 'LJLWDO� 6LJQDO� 3URFHVVLQJ�� 7KHRU\� DQG� 3UDFWLFH��
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&DPEULGJH������8QLYHUVLW\�3UHVV�������
5()(5(1&(6�%22.6�5(&200(1'('�

�� &�:LGURZ�DQG�6�'��6WHDUQV��$GDSWLYH�VLJQDO�SURFHVVLQJ��3UHQWLFH�+DOO�������
�� 6�.�0LWUD��'LJLWDO�6LJQDO�3URFHVVLQJ��$�FRPSXWHU�EDVHG�DSSURDFK�70+
�� <�7��&KDQ��:DYHOHW�%DVLFV��.OXZHU�3XEOLVKHUV��%RVWRQ�������
�� *ROG�� %��� 0RUJDQ�� 1��� (OOLV�� '�� 6SHHFK� DQG� DXGLR� VLJQDO� SURFHVVLQJ�� SURFHVVLQJ� DQG�

SHUFHSWLRQ�RI�VSHHFK�DQG�PXVLF���QG�UHY��HG��:LOH\�%ODFNZHOO�������



2(&��
%0���«���',*,7$/�,0$*(�352&(66,1*

&2856(�287&20(6�
���6WXG\�RI�IXQGDPHQWDOV�RI�LPDJH�SURFHVVLQJ�DQG�LPDJH�SHUFHSWLRQ��
���,QWURGXFWLRQ�WR�LPDJH�HQKDQFHPHQW�VSDWLDO�GRPDLQ�WHFKQLTXHV�
���,QWURGXFWLRQ�WR�LPDJH�UHVWRUDWLRQ��QRLVH�GHJUDGDWLRQ�PRGHO��
���,QWURGXFWLRQ�WR�GLIIHUHQW�LPDJH�WUDQVIRUPV�
���&RQFHSWV�RI�LPDJH�DQDO\VLV��IHDWXUH�H[WUDFWLRQ�HWF�

8QLW����)XQGDPHQWDOV�RI�,PDJH�3URFHVVLQJ�DQG�,PDJH�3HUFHSWLRQ
7ZR�GLPHQVLRQDO�V\VWHPV�� OLQHDU�V\VWHPV�DQG�VKLIW�LQYDULDQFH��)RXULHU�WUDQVIRUP�� =��
WUDQVIRUP�� %ORFN�PDWULFHV��7RHSOLW]�DQG�.URQHFNHU�SURGXFW��/XPLQDQFH��EULJKWQHVV�DQG�
FRQWUDVW�� &RORU� UHSUHVHQWDWLRQ�� FRORU� PDWFKLQJ� DQG� UHSURGXFWLRQ�� FRORU� YLVLRQ� PRGHO��
,PDJH�VDPSOLQJ�DQG�TXDQWL]DWLRQ��7ZR�GLPHQVLRQDO�VDPSOLQJ�WKHRU\��UHFRQVWUXFWLRQV�RI�
LPDJHV�IURP�LWV�VDPSOHV��,PDJH�DFTXLVLWLRQ�

8QLW����,PDJH�(QKDQFHPHQW�6SDWLDO�'RPDLQ�7HFKQLTXHV
,PDJH� QHJDWLYH�� FRQWUDVW� VWUHWFKLQJ�� JUD\� OHYHO� DQG� ELW� SODQH� VOLFLQJ�� SRZHU� ODZ�
WUDQVIRUPDWLRQ��KLVWRJUDP�HTXDOL]DWLRQ�DQG�KLVWRJUDP�VSHFLILFDWLRQ�� ORFDO�HQKDQFHPHQW�
WHFKQLTXHV�� LPDJH� VXEWUDFWLRQ�� DYHUDJLQJ� DQG� ORJLFDO� RSHUDWLRQV�� 6SDWLDO� ILOWHULQJ�� ORZ�
SDVV�� KLJK� SDVV� DQG� GHULYDWLYH� ILOWHUV��PHGLDQ� ILOWHULQJ�� )UHTXHQF\� GRPDLQ� ILOWHUV�� ORZ�
SDVV��KLJK�SDVV�DQG�EXWWHUZRUWK ILOWHUV�

8QLW��� ,PDJH�5HVWRUDWLRQ
1RLVH�GHJUDGDWLRQ�PRGHO��HVWLPDWLRQ�RI�GHJUDGDWLRQ�PRGHO��5HVWRUDWLRQ� LQ�SUHVHQFH�RI�
QRLVH� VSDWLDO�ILOWHULQJ��IUHTXHQF\�GRPDLQ�ILOWHULQJ�� LQYHUVH�ILOWHU�DQG�OHDVW�PHDQ�VTXDUH�
HUURU�ZLHQHU��ILOWHULQJ�

8QLW����,PDJH�7UDQVIRUPV
��'� ))7� DQG� LWV� SURSHUWLHV��:DOVK� WUDQVIRUP�� +DGDPDUG� 7UDQVIRUP�� 'LVFUHWH� FRVLQH�
7UDQVIRUP��+DDU�WUDQVIRUP��6ODQW�WUDQVIRUP��.�/ WUDQVIRUP

8QLW��� ,PDJH�$QDO\VLV�)HDWXUH�H[WUDFWLRQ��VSDWLDO� IHDWXUHV��DPSOLWXGH�DQG�KLVWRJUDP� � IHDWXUHV��
WUDQVIRUP� IHDWXUHV�� HGJH� GHWHFWLRQ�� JUDGLHQW�� &RPSDVV� /DSODFH�� 6REHO�� 3UHZLWW�
RSHUDWRUV�� VWRFKDVWLF� JUDGLHQWV�� /LQH� DQG� VSRW� GHWHFWLRQ�� %RXQGDU\� H[WUDFWLRQ��
FRQQHFWLYLW\�DQG�FRQWRXU�IROORZLQJ�

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

7(;7�%22.6�5(&200(1'('�

�� *RQ]DOH]�5DIHO�&��:LQW]�3DXO���'LJLWDO�,PDJH�3URFHVVLQJ��$GGLVRQ�:HVOH\� �����
�� -DLQ�$QLO�.�)XQGDPHQWDOV�RI�'LJLWDO�,PDJH�3URFHVVLQJ���3UHQWLFH�+DOO� �����
�� %��&KDQGD��'��0DMXPGHU�'LJLWDO�,PDJH�3URFHVVLQJ�DQG�$QDO\VLV��3+,� �����

5()(5(1&(�%22.6�5(&200(1'('�
�� 3UDWW�:LOOLDP�.���'LJLWDO�,PDJH�3URFHVVLQJ��-RKQ�:LOH\�DQG�6RQV� ����
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,3����� � ,1'8675,$/ (1*,1((5,1* $1'0$1$*(0(17

35(� 5(48,6,7(� 1,/

&2856( 2%-(&7,9(6�

7KLV FRXUVH DLPV WR GHYHORS WKH SURGXFWLYLW\ LPSURYHPHQW VNLOOV DPRQJ VWXGHQWV ZLWK
WKHDSSOLFDWLRQV RI PHWKRGV�DQG�WRROV RI�,QGXVWULDO�(QJLQHHULQJ DQG 0DQDJHPHQW�

&2856( 287&20(6�

&2����7R�XQGHUVWDQG�DQG�DSSO\�WKH�FRQFHSWV�RI�ZRUN�VWXG\�IRU�SURGXFWLYLW\�

LPSURYHPHQW�&2��� 7R�FRPSUHKHQG WKH�EDVLF�IXQGDPHQWDOV RI PDQDJHPHQW�DQG

RUJDQL]DWLRQ�

&2��� 7R JUDVS DQG DSSO\ WKH FRQFHSWV RI SHUVRQQHO PDQDJHPHQW DQG LGHQWLI\ WKH
SUREOHPVDVVRFLDWHG ZLWK KXPDQ�UHVRXUFH�

&2��� 7R LGHQWLI\ DQG VROYH WKH SUREOHPV UHODWHG WR TXDOLW\ PDQDJHPHQW DQG DSSO\
WKHTXDQWLWDWLYH GHFLVLRQ�PDNLQJ�LQ�PDQDJHULDO�GHFLVLRQ�PDNLQJ�

&2856( &217(176�

7KHRU\�

8QLW���� 3URGXFWLYLW\�� 0HWKRG� 6WXG\� )XQGDPHQWDOV�� 3URFHGXUH�� 3ULQFLSOHV� RI� 0RWLRQ�
(FRQRP\DQG�7KHUEOLJV� :RUN�0HDVXUHPHQW�WHFKQLTXHV��7LPH�6WXG\� )XQGDPHQWDOV��
3URFHGXUH�(TXLSPHQWV� 5DWLQJ��$OORZDQFHV�DQG�7LPH VWDQGDUGV�

8QLW���� 3ULQFLSOHV DQG )XQFWLRQV RI 0DQDJHPHQW� 2UJDQL]DWLRQ� 3ULQFLSOHV� 7\SHV DQG
6WUXFWXUHV� )RUPDO DQG ,QIRUPDO 2UJDQL]DWLRQ� 6SDQ RI &RQWURO� 'HOHJDWLRQ�
&HQWUDOL]DWLRQ DQG�'HFHQWUDOL]DWLRQ�

8QLW���� 3HUVRQQHO 0DQDJHPHQW )XQFWLRQV� &RPPXQLFDWLRQ� 0RWLYDWLRQ DQG /HDGHUVKLS
7KHRULHV�� 5HFUXLWPHQW�� 6HOHFWLRQ�� 7UDLQLQJ�� 3HUIRUPDQFH� DSSUDLVDO�� -RE� (YDOXDWLRQ��
DQG :DJH ,QFHQWLYH�6FKHPHV�

8QLW���� 4XDOLW\ &RQWURO� (FRQRPLFV RI 4XDOLW\ &RQWURO� 4XDOLW\ $VVXUDQFH DQG 740
)XQGDPHQWDOV�� 3URFHVV� &DSDELOLW\� 6WXGLHV�� &RQWURO� &KDUWV� IRU� 9DULDEOHV� DQG�
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$WWULEXWHV� $FFHSWDQFH 6DPSOLQJ 3ODQV DQG (FRQRPLFV�RI $FFHSWDQFH 6DPSOLQJ�

8QLW���� 4XDQWLWDWLYH� 7HFKQLTXHV� IRU� 'HFLVLRQ� 0DNLQJ�� ,QWURGXFWLRQ� WR� 2SHUDWLRQV�
5HVHDUFK� 0RGHOV� /LQHDU 3URJUDPPLQJ� 7UDQVSRUWDWLRQ DQG $VVLJQPHQW 0RGHOV DQG
$SSOLFDWLRQV�1HWZRUN 7HFKQLTXHV DQG�DSSOLFDWLRQV�

&2856(�$66(660(17� 6WXGHQWV�ZLOO�EH�DVVHVVHG�DV�IROORZLQJ�

7KHRU\ SDSHU�
��� (QG 6HPHVWHU ([DP� ��� ZHLJKWDJH�
��� &RQWLQXRXV�DVVHVVPHQW������ZHLJKWDJH��7ZR�PLGWHUP�WHVWV������
ZHLJKWDJH�DVVLJQPHQW� ����� ZHLJKWDJH� UHJXODULW\ ����� ZHLJKWDJH�

%RRNV 	 5HIHUHQFHV 5HFRPPHQGHG �

�� 0DKDMDQ 0�,QGXVWULDO (QJJ� DQG 3URGXFWLRQ 0DQDJHPHQW� 'KDQSDW 5DL� 1HZ 'HOKL�
�� ,QWHUQDWLRQDO /DERXU 2UJDQLVDWLRQ �,� /�2��� :RUN 6WXG\� *HQHYD�
�� 7HUU\ DQG )UDQNOLQ� 3ULQFLSOHV RI 0DQDJHPHQW� ,UZLQ�
�� %DUQHV 5�0�� 7LPH DQG 0RWLRQ 6WXG\� :LOH\� 1HZ <RUN�
�� *UDQW (�/�� 6WDWLVWLFDO 4XDOLW\ &RQWURO� 0F*UDZ�+LOO� 1HZ <RUN�
�� 9RKUD 1'� 4XDQWLWDWLYH 7HFKQLTXHV LQ 0DQDJHPHQW� 70+� 1HZ 'HOKL�

3(&���



((�������������,1'8675,$/�$1'�32:(5�(/(&7521,&6

35(5(48,6,7(��%DVLF�DQG�$QDORJ�(OHFWURQLFV��%DVLF�(OHFWULFDO�(QJLQHHULQJ
&2856(�287&20(6��
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�
�� 7R� SURYLGH� VWXGHQWV� D� GHHS� LQVLJKW� LQ� WR� WKH� RSHUDWLRQDO� EHKDYLRXU� RI� SUDFWLFDO� SRZHU

VZLWFKLQJ�GHYLFHV�ZLWK�UHVSHFW�WR�WKHLU�VWDWLF�DQG�G\QDPLF FKDUDFWHULVWLFV
�� 7R� OHDUQ� WKH�ZRUNLQJ�SULQFLSOH�RI�FODVVLILHG�WRSRORJLHV�RI�7K\ULVWRU�EDVHG�$&�'&��$&�$&��

'&�'&�DQG�'&�$& FRQYHUWHUV�
�� 7R�GHVLJQ�DQG�DQDO\]H�WKH�RSHUDWLRQ�RI�DERYH�FRQYHUWHUV�FRQVLGHULQJ�WKHLU DSSOLFDWLRQV�
�� 7R�XQGHUVWDQG�GHVLJQ�RI�ILULQJ�FLUFXLWV�IRU�7K\ULVWRU�EDVHG�OLQH�FRPPXWDWHG FRQYHUWHUV�

7+(25<�
8QLW �� 6WDWLF� SRZHU� GHYLFHV�� 7K\ULVWRU� IDPLO\�� WZR� WUDQVLVWRU� DQDORJ\� RI� 6&5�� FRQVWUXFWLRQ��

FKDUDFWHULVWLFV�� SDUDPHWHUV�� WXUQ� RQ� DQG� WXUQ� RII� PHWKRGV�� ILULQJ� FLUFXLWV�� LVRODWLRQ DQG�
DPSOLILHU�FLUFXLWV��V\QFKURQL]DWLRQ FLUFXLWV�

8QLW �� &RQYHUWHUV�� $&� WR� '&� FRQYHUWHUV�� VLQJOH� SKDVH� UHFWLILHU� FLUFXLWV� ZLWK� GLIIHUHQW� ORDG��
YDULRXV�TXDGUDQW�RSHUDWLRQ��EDVLF�SULQFLSOH�DQG�SRZHU�FLUFXLWV�RI�GXDO�FRQYHUWHU�DQG F\FOR�
FRQYHUWHU�

8QLW �� '&�WR�'&�FRQYHUWHU��%DVLF�SULQFLSOH�RI�FKRSSHU�FLUFXLWV��YDULRXV�FKRSSHU FLUFXLWV�DQG�WKHLU�
ZRUNLQJ��VWHS�XS�FKRSSHU��SHUIRUPDQFH DQDO\VLV�

8QLW �� ,QYHUWHUV��&6,�DQG�96,�LQYHUWHUV��VLQJOH�SKDVH�LQYHUWHUV��SULQFLSOH�RI�RSHUDWLRQ� YROWDJH�DQG�
IUHTXHQF\�FRQWURO WHFKQLTXHV�

8QLW �� ,QGXVWULDO $SSOLFDWLRQ RI 3RZHU (OHFWURQLFV� 6036� 836� $& DQG '& GULYHV� 3RZHU�
6XSSOLHV�

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

35$&7,&$/6�
/LVW�RI�([SHULPHQWV

�� 9HULILFDWLRQ�RI�VWHDG\�VWDWH�FKDUDFWHULVWLFV�RI�GLIIHUHQW�VWDWLF VZLWFKHV�
�� 3KDVH�FRQWURO�RI�75,$&�XVLQJ�',$&�DQG�5&�FLUFXLW�LQ�OLJKW�GLPPLQJ FLUFXLW�
�� )LULQJ�SXOVH�JHQHUDWLRQ�XVLQJ�8-7�EDVHG�UHOD[DWLRQ RVFLOODWRU�
�� )LULQJ�SXOVH�JHQHUDWLRQ�IRU�6&5�XVLQJ�7&$���� ,&�
�� 3HUIRUPDQFH�HYDOXDWLRQ�RI�VLQJOH�SKDVH�XQFRQWUROOHG�FRQYHUWHU�IRU�5��5/ ORDG�
�� 3HUIRUPDQFH�HYDOXDWLRQ�RI�VLQJOH�SKDVH�FRQWUROOHG�FRQYHUWHU�IRU�5��5/ ORDG�
�� 3HUIRUPDQFH�$QDO\VLV�RI�VWHS�GRZQ FKRSSHU
�� 3HUIRUPDQFH�HYDOXDWLRQ�RI�FXUUHQW�FRPPXWDWLRQ�FLUFXLW�IRU 6&5
�� 3HUIRUPDQFH�HYDOXDWLRQ�RI�YROWDJH�FRPPXWDWLRQ�FLUFXLW�IRU 6&5�
��� (IIHFW�RI�GXW\�F\FOH�RQ�WKH�RXWSXW�YROWDJH�RI�EXFN�ERRVW FRQYHUWHU�
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$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'('��
�� 6HPLFRQGXFWRU�3RZHU�(OHFWURQLFV��&�0��3DXGGDU��-DLQ�%URWKHUV�

�� 3RZHU�(OHFWURQLFV��0�+��5DVKLG�3HDUVRQ�(GXFDWLRQ�/LPLWHG
�� 3RZHU�(OHFWURQLFV��1HG�0RKDQ�-RKQ�:LOH\�	�6RQV�,QF�6HD�3YW��/WG�

5()(5(1&(�%22.6�5(&200(1'('��
�� 3RZHU�(OHFWURQLFV��3�&��6HQ��7DWD�0FJUDZ�+LOO�3XEOLVKLQJ�&R�/WG

3(&��



(&������,1)250$7,21�7+(25<�$1�&2',1*
&2856(�287&20(6�
�� 'HVLJQ�HIILFLHQW�VRXUFH�FRGH�IRU�GLVFUHWH�PHPRU\�OHVV�VRXUFH�DQG�VRXUFH�ZLWK�PHPRU\�
�� &DOFXODWH�WKH�FKDQQHO�FDSDFLWLHV�RI�GLVFUHWH�DQG�FRQWLQXRXV�FKDQQHO�DQG�XQGHUVWDQG�WUDGH�

RII�XVLQJ�6KDQQRQ
V�WKHRUHP�
�� &RQVWUXFW�*DORLV�ILHOG�DQG�GHVFULEH�WKHLU�SURSHUWLHV�
�� &RQVWUXFW�ELQDU\�DQG�QRQ�ELQDU\�FRGHV�IRU�HUURU�GHWHFWLRQ�DQG�FRUUHFWLRQ� LQ�WUDQVPLWWHG�

GDWD�DQG�LQYHVWLJDWH�WKHLU�SHUIRUPDQFH�

7KHRU\ �
�� ,QIRUPDWLRQ� WKHRU\� DQG�6RXUFH� � FRGLQJ��8QFHUWDLQW\�� LQIRUPDWLRQ�� HQWURS\� DQG� �

LWV� SURSHUWLHV�� HQWURS\� RI� ELQDU\�PHPRU\OHVV� VRXUFH� DQG� LWV� H[WHQVLRQ� WR� GLVFUHWH�
PHPRU\OHVV� VRXUFH�� VRXUFH� FRGLQJ� WKHRUHP�� GDWD� FRPSUHVVLRQ�� SUHIL[� FRGLQJ��
+XIIPDQ�FRGLQJ��/HPSHO�=LY�FRGLQJ��6RXUFH�ZLWK�PHPRU\�DQG�LWV HQWURS\�

�� 'LVFUHWH� FKDQQHOV�� %LQDU\� 6\PPHWULF� &KDQQHO�� PXWXDO� LQIRUPDWLRQ� 	� LWV�
SURSHUWLHV��&KDQQHO�FDSDFLW\��FKDQQHO�FRGLQJ� WKHRUHP�DQG� LWV�DSSOLFDWLRQ� WR�%6&��
6KDQQRQ¶V� WKHRUHP� RQ� FKDQQHO� FDSDFLW\�� FDSDFLW\� RI� D� FKDQQHO� RI� LQILQLWH�
EDQGZLGWK��EDQGZLGWK�� 6�1�WUDGH�RII��SUDFWLFDO�FRPPXQLFDWLRQ�V\VWHPV�LQ�OLJKW�RI�
6KDQQRQ¶V�WKHRUHP��)DGLQJ�FKDQQHO��FKDQQHOV�ZLWK PHPRU\�

�� *URXSV�� ILHOGV� DQG�/LQHDU�EORFN� FRGHV��*DORLV� ILHOG� DQG� LWV� FRQVWUXFWLRQ� LQ�*)�
��P�� DQG� LWV� EDVLF� SURSHUWLHV�� YHFWRU� VSDFHV� DQG�PDWULFHV� LQ�*)����� /LQHDU� EORFN�
FRGHV�� V\VWHPDWLF� FRGHV� DQG� LWV� HQFRGLQJ� FLUFXLW�� V\QGURPH� DQG HUURU� GHWHFWLRQ��
PLQLPXP� GLVWDQFH�� HUURU� GHWHFWLQJ� DQG� FRUUHFWLQJ� FDSDELOLWLHV� RI� EORFN� FRGH��
GHFRGLQJ� FLUFXLW�� SUREDELOLW\� RI� XQGHWHFWHG� HUURU� IRU� OLQHDU� EORFN� FRGH� LQ� %6&��
+DPPLQJ�FRGH�DQG�WKHLU�DSSOLFDWLRQV�

�� &\FOLF�FRGHV�DQG�,QWURGXFWLRQ�WR�56�FRGHV���%DVLF��SURSHUWLHV��RI��&\FOLF�FRGHV��
*HQHUDWRU�DQG�SDULW\�FKHFN�PDWUL[�RI�F\FOLF�FRGHV��HQFRGLQJ�DQG�GHFRGLQJ�FLUFXLWV��
V\QGURPH�FRPSXWDWLRQ� DQG�HUURU�GHWHFWLRQ�� F\FOLF�+DPPLQJ�FRGHV�� HQFRGLQJ�DQG�
GHFRGLQJ�RI�56�FRGHV��HUURU�ORFDWLRQ�DQG FRUUHFWLRQ�

�� &RQYROXWLRQDO� FRGHV�� ,QWURGXFWLRQ� WR� FRQYROXWLRQ� FRGH�� LWV� FRQVWUXFWLRQ� DQG�
9LWHUEL� DOJRULWKP� IRU� PD[LPXP� OLNHOLKRRG� GHFRGLQJ�� $XWRPDWLF� UHSHDW� UHTXHVW�
VWUDWHJLHV�DQG�WKHLU�WKURXJKSXW�HIILFLHQF\ FRQVLGHUDWLRQV�

7H[W�%RRNV�5HFRPPHQGHG �
�� /DWKL� %�� 3���0RGHUQ� $QDORJ� DQG� 'LJLWDO� &RPPXQLFDWLRQ� 6\VWHPV�� 2[IRUG� 8QLY��

3UHVV
�� 6KX�/LQ�DQG�&RVWHOOR��(UURU�&RQWURO�&RGLQJ���7KHRU\�DQG�$SSOLFDWLRQ� 3+�
�� 6NODU��'LJLWDO�&RPPXQLFDWLRQ��3HDUVRQ�(GXFDWLRQ $VLD�

5HIHUHQFH�%RRNV�5HFRPPHQGHG �
�� +D\NLQV�6LPRQ��'LJLWDO�&RPPXQLFDWLRQ��:LOH\ 3XEO�
�� 3URDNLV��'LJLWDO�&RPPXQLFDWLRQ��0F*UDZ +LOO
�� 6FKDXP¶V�2XWOLQH�6HULHV��$QDORJ�DQG�'LJLWDO &RPPXQLFDWLRQ�

+RXUV��3HU��:HHN 7KHRU\ 3UDFWLFDO 0D[LPXP�0DUNV
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35(�5(48,6,7(6�� &RPSXWHU�QHWZRUNV��2SWLFDO�&RPPXQLFDWLRQ�
&2856(�287&20(��
6WXGHQWV�VKRXOG�EH�DEOH�WR�
���'LVFXVV�WKH�VHFRQG�JHQHUDWLRQ�RI�'LJLWDO�WUDQVSRUW�QHWZRUN��621(7�6'+��
���$QDO\]H�WKH�DUFKLWHFWXUH�RI�2SWLFDO�7UDQVSRUW�1HWZRUN�
���8QGHUVWDQG�WKH�DUFKLWHFWXUH�DQG�RSHUDWLRQ�RI�:'0�1HWZRUN�
���'HVLJQ�RI�RSWLFDO�QHWZRUN�FRQVLVWLQJ�RI�URXWHUV�
���,QYHVWLJDWH�YDULRXV�RSWLFDO�DFFHVV�QHWZRUNV�

8QLW����621(7�6'+��5HYLHZ�RI�621(7�6'+��)UDPH�VWUXFWXUH��)XQFWLRQDO�&RPSRQHQWV��621(7�
3UREOHP�'HWHFWLRQ�

8QLW� ��� 2SWLFDO� 7UDQVSRUW� 1HWZRUN�� � � $UFKLWHFWXUH��&XUUHQW� 'LJLWDO� 7UDQVSRUW� +LHUDUFK\�� � 1HZ�
2SWLFDO� WUDQVSRUW� DQG� 'LJLWDO� 7UDQVSRUW� +LHUDUFK\�� 7KH� 271� /D\HUHG� 0RGHO�� *HQHULF� )UDPLQJ�
3URFHGXUH��*)3��

8QLW���� �:'0�QHWZRUNV�� 2SHUDWLRQ��'HQVH�:DYH�'LYLVLRQ 0XOWLSOH[LQJ� �':'0���(OHPHQWV�RI�
:'0�QHWZRUNV��$PSOLILHUV��:$'0�,QSXW�DQG�2XWSXW�3RUWV��:'0�&URVV�FRQQHFWV�

8QLW� ��� � 2SWLFDO� 5RXWHUV�� 6ZLWFKLQJ� LQ� 2SWLFDO� ,QWHUQHWV�� 2SWLFDO� 6ZLWFKLQJ� 7HFKQRORJLHV�� $Q�
2SWLFDO�5RXWHU���0LFUR�(OHFWUR�0HFKDQLFDO�6\VWHPV��0(06���2SWLFDO�FURVV�FRQQHFWV

8QLW���� 2SWLFDO�DFFHVV�QHWZRUNV���$UFKLWHFWXUH��+\EULG�ILEHU�FRD[��+)&���(QKDQFHG�+)&���3DVVLYH�
RSWLFDO�QHWZRUNV��2SWLFDO�EXUVW�VZLWFKLQJ��2SWLFDO�&'0$��%DVLF�FRQFHSW�DQG�DSSOLFDWLRQV�

7H[W�%RRNV��

�� 5DPDVZDPL�DQG�6LYUDMDQ��2SWLFDO�1HWZRUNV��$�3UDFWLFDO�3HUVSHFWLYH��3HDUVRQ�
�� 8\OHVV�%ODFN��2SWLFDO�1HWZRUNV�DQG��UG�*HQUDWLRQ�7UDQVSRUW�6\VWHPV��3HDUVRQ

�� 6HQLRU�-�0���2SWLFDO�)LEUH�&RPPXQLFDWLRQV��3ULQFLSOHV�	�3UDFWLFH��3+,�

5HIHUHQFHV�%RRNV�

�� %LVZDQDWK�0XNKHUMHH ��6SULQJHU�+DQGERRN�RI�2SWLFDO�1HWZRUNV��6SULQJHU�

+RXUV��3HU��:HHN 7KHRU\ 3UDFWLFDO 0D[LPXP�0DUNV
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&2856(�287&20(6�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

�� 'HVFULEH�WKH�PRWLRQ�RI�D�VDWHOOLWH�LQ�RUELW�DQG�LWV�PHFKDQLVP��DQG�DSSO\�WKH�FRQFHSW�RI�
FRPPXQLFDWLRQ�V\VWHPV�LQWR�WKH�VDWHOOLWH�FRPPXQLFDWLRQ�V\VWHP�

�� 'HPRQVWUDWH�WKH�GHVLJQ�VWUDWHJLHV�IRU�WKH�VDWHOOLWH�OLQN�EXGJHW��DQG�FRPSDUH�WKH�PXOWLSOH�
DFFHVV�WHFKQLTXHV�

�� ,OOXVWUDWH�WKH�FRQFHSW�RI�*36�DQG�GLVFXVV�YDULRXV�VDWHOOLWH�DSSOLFDWLRQV�
�� ,PSOHPHQW�WHFKQLTXHV�RI�GHVLJQ�RI�VPDOO�VDWHOOLWHV�DQG�H[SODLQ�WKH�ZRUNLQJ�FRQFHSW�RI�

VDWHOOLWH�ODXQFK�YHKLFOHV�DQG�WKHLU�FODVVLILFDWLRQ�
�� 'LVFXVV�WKH�ZRUNLQJ�FRQFHSW�RI�5$'$5�V\VWHPV�ZLWK�WKHLU�DSSOLFDWLRQV�

7KHRU\��

8QLW�����%DVLFV�RI�6DWHOOLWH�6XEV\VWHPV��*HR�VWDWLRQDU\�DQG�RWKHU�6DWHOOLWH�RUELWV�DQG�LWV�ORFDWLRQ�
IURP�HDUWK��6DWHOOLWH�&RPPXQLFDWLRQ�6XEV\VWHPV��7UDQVSRQGHUV�

8QLW�����6DWHOOLWH�&KDQQHO�DQG�OLQN�GHVLJQ��0DMRU�)UHTXHQF\�DOORFDWLRQ��'HVLJQ�RI�'RZQOLQN�	�
8SOLQN��(DUWK�6WDWLRQ��0XOWLSOH�DFFHVV�7HFKQLTXHV�LQFOXGLQJ�'$0$��6&3&�

8QLW� ��� � 6DWHOOLWH� 1DYLJDWLRQ�	�*OREDO� 3RVLWLRQLQJ� 6\VWHPV�� ,QWURGXFWLRQ� WR� *36� 3RVLWLRQLQJ�
SULQFLSOHV��*36� UHFHLYHUV� DQG� FRGHV�� 6DWHOOLWH� 6LJQDO�$FTXLVLWLRQ��*36�6LJQDO�/HYHO�	�
WLPLQJ�DFFXUDF\��GLIIHUHQWLDO�*36��96$7�

8QLW�����'HVLJQ�RI�VPDOO�VDWHOOLWHV� 6PDOO�VDWHOOLWH�SRZHU�EXGJHW��DSSOLFDWLRQV��RI��VPDOO��VDWHOOLWHV��
VPDOO�VDWHOOLWH�EXV��SRZHU�VXEV\VWHPV��VWUXFWXUDO�VXEV\VWHPV��VDWHOOLWH�ODXQFK YHKLFOH�´

8QLW� ��� 5DGDU� 6\VWHPV�� +LVWRULFDO� UHYLHZ� RI� 5DGDU�� 5DQJH� HTXDWLRQ� DQG� LWV� DQDO\VLV�� 'LIIHUHQW�
'LVSOD\�6\VWHPV�OLNH�33,��(� 6FRSH�HWF��&:�	�)0�5DGDU��07,�DQG�3XOVH�'RSSOHU�UDGDU��
5DGDU�6FDQQLQJ�	� WUDFNLQJ��$SSOLFDWLRQ�RI�5DGDU� VXFK�DV�1DYLJDWLRQ�6\VWHPV�HWF�� DQG�
WKHLU�DSSOLFDWLRQV�

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

7(;7�%22.6�5(&200(1'('�
�� 7LPRWK\�3UDWW�	�&KDUOHV�%RVWDLQ��6DWHOOLWH�&RPPXQLFDWLRQ���QG�HG�������:LOH\�
�� ,�-�%DKDO�DQG�3��%KDWLD��0LFUR�VWULS�$QWHQQD���UG�HG��������1HZ�HG��$UWHFK�KRXVH,QF�
�� 7DSDQ�	�6DUNDU��6PDUW�$QWHQQD��,(((�3UHVV��&5&�3UHVV���WK HG� �����

5()(5(1&(�%22.6�5(&200(1'('��
�� 0DQXDO�RI�6DWHOOLWH�&RPPXQLFDWLRQ���UG HG�������7DWD�0F*UDZ +LOO�
�� 0�,��6NROQLN��,QWURGXFWLRQ�WR�5DGDU�6\VWHP��UG HG�������70+�
�� '��5RGG\��6DWHOOLWH�&RPPXQLFDWLRQ���WK HG�����

+RXUV���
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&2856(�287&20(6�

$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�
���7R�,QWURGXFH�GLIIHUHQW�FRQFHSWV�RI�JDPH�WKHRU\�
���7R�XQGHUVWDQG�DSSOLFDWLRQ�RI�*DPH�WKHRU\�LQ�HQJLQHHULQJ��
�� 7R�KDYH� QHFHVVDU\�EDFNJURXQG RI�*DPH�WKHRU\ WR�GHVLJQ�ZLUHOHVV�V\VWHPV��
���7R�VWXG\�YDULRXV�*DPHV�DQG�WR�LGHQWLI\�WKHLU�VXLWDELOLW\�LQ�ZLUHOHVV�FRPP�

81,7�����,QWURGXFWLRQ WR�JDPH�WKHRU\��3ULVRQHU
V�GLOHPPD� 1DVK�(TXLOLEULXP��&R�RSHUDWLYH�DQG�1RQ�
FR�RSHUDWLYH� JDPHV�� ]HUR�VXP� 	� QRQ]HUR�VXP� JDPHV�� 7\SHV� RI� VWUDWHJLHV�� 6DGGOH� SRLQW�
�(TXLOLEULXP��SRLQW��UXOHV�RI�GHWHUPLQLQJ�D�VDGGOH�SRLQW��2SWLPDO�VWUDWHJLHV�

81,7� ��� � 1RQ�FRRSHUDWLYH� *DPH� 7KHRU\�� *DPH� LQ� 1RUPDO� IRUP�� $QDO\VLQJ� *DPHV�� 3DUHWR�
RSWLPDOLW\��0D[PLQ�DQG�0LQPD[�VWUDWHJLHV��

81,7�����6WRFKDVWLF�JDPHV� %D\HVLDQ�JDPHV� &RPSXWLQJ�HTXLOLEULD�FRQFHSW�RI�6KDSHO\�YDOXH�

81,7� ��� &RDOLWLRQ� *DPH� 7KHRU\� DQG� DOJRULWKPLF� JDPH� WKHRU\�� EDVLF� FRQFHSWV� DQG� DQDO\VLV��
7UDQVIHUDEOH�8WLOLW\��$QDO\]LQJ�&RDOLWLRQDO�*DPHV�

81,7� �� $SOLFDWLRQ� LQ�:LUHOHVV� 1HWZRUNV�� 5HVRXUFH� $OORFDWLRQV�� 5RXWLQJ� LQ� 6HQVRU� DQG� $G�+RF�
1HWZRUNV �&'0$�3RZHU�&RQWURO���5DGLR�6SHFWUXP $UELWUDU\�'LVWULEXWLRQ�

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

7(;7�%22.�5(&200(1'('��

��� =KX� +DQ�� *DPH� 7KHRU\� LQ� :LUHOHVV� DQG� &RPPXQLFDWLRQ� 1HWZRUNV�� 7KHRU\�� 0RGHOV�� DQG�
$SSOLFDWLRQV��HGLWLRQ��

+RXUV���
:HHN

0D[LPXP�0DUNV
7RWDO�0DUNV
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&2856(�287&20(6�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�
���7R�XQGHUVWDQG�WKH�QHHG�RI�LQIRUPDWLRQ�VHFXULW\�DQG�FODVVLILFDWLRQ�RI�SRVVLEOH�VHFXULW\�DWWDFNV
���7R�FRQFHSWXDOL]H�EDVLF�QHWZRUN�VHFXULW\�PRGHO��DVVRFLDWHG�WUDQVIRUPDWLRQ�DQG�UHODWHG
WHUPLQRORJ\�
���'HVLJQ�RI�V\PPHWULF NH\�V\VWHPV�IRU�GDWD�FRQILGHQWLDOLW\�DQG�WKHLU�FRPSDULVRQ
���'HVLJQ�RI�DQ�DV\PPHWULF�NH\�V\VWHP��LWV�DSSOLFDWLRQ�LQ�GLJLWDO�VLJQDWXUH�DQG�FRPSDULVRQ�ZLWK�
V\PPHWULF�NH\�V\VWHPV
���9DULRXV�SUDFWLFDO�DSSOLFDWLRQV�RI�FU\SWRJUDSKLF�WHFKQLTXHV�IRU�GDWD�VHFXULW\

81,7��� 1HHG�IRU�LQIRUPDWLRQ�VHFXULW\��SRVVLEOH�VHFXULW\�YLRODWLRQV��DWWDFNV��DQG�WKHLU�FODVVLILFDWLRQ��
%DVLF� SULQFLSOHV� RI� FU\SWRJUDSK\�� 7\SLFDO� PHFKDQLVPV�� QHWZRUN� VHFXULW\� PRGHO� DQG� DVVRFLDWHG�
WHUPLQRORJ\�
81,7� �� .HUFNKRII� SULQFLSOH� RI� QHWZRUN� VHFXULW\�� &ODVVLILFDWLRQ� RI� WUDQVIRUPDWLRQ� WHFKQLTXHV��
6XEVWLWXWLRQ�WHFKQLTXHV��&DHVHU��PRQR�DOSKDEHWLF��SRO\�DOSKDEHWLF��3OD\IDLU���WUDQVSRVLWLRQ�WHFKQLTXHV�
�UDLOIHQFH��PXOWLSOH� VWDJHV��� WKHLU� FRPSDULVRQ� RQ� WKH� EDVLV� RI� FU\SWDQDO\VLV�� LQWURGXFWLRQ� WR� SURGXFW�
FLSKHU�
81,7��� $V\PPHWULF�NH\� V\VWHP�DQG� LWV� IHDWXUHV��56$�DOJRULWKP�� DSSOLFDWLRQV�RI� DV\PPHWULF�NH\�
V\VWHP��HOHPHQWV RI�NH\�JHQHUDWLRQ�DQG� LWV�PDQDJHPHQW��FRPSDULVRQ�RI�DV\PPHWULF�DQG�V\PPHWULF�
NH\�V\VWHP�
81,7��� 'LJLWDO�VLJQDWXUH�DV�GDWD�DXWKHQWLFDWLRQ��GLJLWDO�HQYHORSH��KDVK�IXQFWLRQV�DQG�WKHLU�SURSHUWLHV��
6HFXUH�+DVK�)XQFWLRQ��6+$���0HVVDJH�'LJHVW��0'���DQG�WKHLU�FRPSDULVRQ�
81,7� �� 0RGHV� RI� RSHUDWLRQV� �(OHFWURQLF� FRGH� ERRN� DQG� FRXQWHU� PRGH�� DQG� WKHLU� DSSOLFDWLRQV��
VHFXULW\� RSWLRQV� LQ� VRFLDO�PHGLD� VLWHV� �ZKDWVDSS�� JPDLO�� DQG� WKHLU� VLJQLIDQFH�� ,7� DFW� VHFWLRQ� ��� RI�
,QGLD��,QWURGXFWLRQ�WR�*HQHUDO�'DWD�3URWHFWLRQ�5HJXODWLRQV��*'35���EORFN�FKDLQ�DQG�3*3�

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

7(;7�%22.6�5(&200(1'('�
���.DKDWH�$����&U\SWRJUDSK\�DQG�QHWZRUN�VHFXULW\���7DWD�0*+�SXEO���VHFRQG�HG�
���6WDOOLQJV�:����&U\SWRJUDSK\�DQG�QHWZRUN VHFXULW\���3HDUVRQ�HGX��3XEO���6HFRQG�HG�
���%RVH�5����,QIRUPDWLRQ�WKHRU\��FRGLQJ�DQG�FU\SWRJUDSK\���7DWD�0*+�SXEO���VHFRQG�HG�

5()(5(1&(�%22.6�5(&200(1'('�
���6LPRQ�6LQJK���7KH�FRGH�ERRN���7HG�6PDUW�3XEO�
���.DXIPDQ�&��$QG�3HUOPDQ�5����1HWZRUN�VHFXULW\���3HDUVRQ�(GX��3XEO�
���=LPPHUPDQ�3����$Q�LQWURGXFWLRQ�WR�FU\SWRJUDSK\���3*3�FRUSRUDWLRQ
��9DULRXV�85/V�LQFOXGLQJ�ZZZ�>�LDFU�RUJ��,QWHUQDWLRQDO�2UJDQL]DWLRQ�RI�&U\SWRJUDSKLF�5HVHDUFK���
SJSL�RUJ���QLVW�RUJ�DHV��HSLF�RUJ��FU\SWR�RUJ��SULYDF\�RUJ� SULVP�EUHDN�RUJ��FHUWLQ�RUJ��PXOWL�
IDFWRU�WZR�VWHS�DXWKHQWLFDWLRQ�YHULILFDWLRQ@
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(&������������ $GYDQFHG 0RELOH &RPPXQLFDWLRQV

&RXUVH 2XWFRPHV�
$W WKH HQG RI WKLV FRXUVH VWXGHQWV ZLOO GHPRQVWUDWH WKH DELOLW\ WR

�� 8QGHUVWDQG WKH FXUUHQWO\�XVHG�FHOOXODU�WHFKQRORJ\��*��*
�� (YDOXDWH WKH XVH RI DGYDQFHG WHFKQLTXHV LQ FHOOXODU FRPPXQLFDWLRQV�
�� 3HUIRUP FRPSXWDWLRQV DQG VROYH QXPHULFDO SUREOHPV ZKLOH�XVLQJ�GLIIHUHQW WUDQVPLVVLRQ

WHFKQRORJLHV�
�� $VVHVV KRZ VRIWZDUL]DWLRQ RI QHWZRUN IXQFWLRQV KHOSV LQ VFDODELOLW\ DQG HDVH RI RSHUDWLRQV�
�� /HDUQ�EDVLFV�RI��* WHFKQRORJ\ DQG�VSHFWUXP�UHODWHG�LVVXHV�

+RXUV�:HHN 0D[LPXP0DUNV
7RWDO�0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO
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&RXUVH &RQWHQWV�
8QLW����0RELOH�&RPPXQLFDWLRQV�2YHUYLHZ� 5HYLHZV RI��*�7HFKQRORJ\���*�VHUYLFHV�DQG�GDWD�UDWHV�
�* 7HFKQRORJ\� /7(� /7( $GYDQFHG 3UR ��*33 5HOHDVH ����� 9R/7(� 2)'0� 0,02� ,07�
VWDQGDUGV� ,07�������,07����� DQG�,07�$GYDQFHG��
8QLW� ��� ,QWURGXFWLRQ� WR �*�&RPPXQLFDWLRQ� 2YHUYLHZ� RI�0DVVLYH�0,02� DQG EHDP� IRUPLQJ��
PLOOLPHWHU� :DYH� FRPPXQLFDWLRQ�� �*� SRWHQWLDO� DQG� DSSOLFDWLRQV�� HQKDQFHG PRELOH� EURDGEDQG�
�H0%%���XOWUD� UHOLDEOH� ORZ� ODWHQF\�FRPPXQLFDWLRQV� �85//&���PDVVLYH�PDFKLQH� W\SH FRPPXQLFDWLRQV
�007&�� '�' DQG�9�; FRPPXQLFDWLRQV�
8QLW� �� 6SHFWUXP� DQG� FRQQHFWLYLW\� LVVXHV� �*�VSHFWUXP DFFHVV�VKDULQJ�� FKDQQHOV� DQG�
VLJQDOV�ZDYHIRUPV� LQ� �*�� FDUULHU DJJUHJDWLRQ� VPDOO FHOOV� ODUJH� FHOOV�� ORZ� PRELOLW\� ODUJH� FHOOV�
�/0/&���GXDO FRQQHFWLYLW\� &RQQHFWLYLW\ LQ�UXUDO�DUHDV��%KDUDW1HW��79:6��/RQJ�UDQJH�:L)L��)62���
QRQ�WHUUHVWULDO IURQWKDXO ��EDFNKDXO�VROXWLRQV� /(2V� +$3�8$9�
8QLW�����* 1HWZRUN� 1HZ 5DGLR �15� DQG� LWV�6WDQGDORQH DQG QRQ�VWDQGDORQH PRGH� 120$� 3+<
$3, 6SHFLILFDWLRQ� UHVWIXO $3,� IOH[LEOH IUDPH VWUXFWXUH� 6HUYLFH 'DWD� $GDSWDWLRQ� 3URWRFRO� �6'$3���
FHQWUDOL]HG�5$1��RSHQ�5$1��PXOWL�DFFHVV�HGJH�FRPSXWLQJ��0(&����6'1���1)9���1HWZRUN�VOLFLQJ�
8QLW� �� &XUUHQW VWDWH DQG &KDOOHQJHV� �* SHQHWUDWLRQ LQ GHYHORSHG FRXQWULHV� GHSOR\PHQW
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7H[W DQG 5HIHUHQFHV %RRNV�

�� 0RELOH�FRPPXQLFDWLRQ�GHVLJQ�)XQGDPHQWDOV E\ :LOOLDP /HH� 3XE� :LOH\ ,QGLD 3YW� /WG�
�� �*�15��7KH�1H[W�*HQHUDWLRQ�:LUHOHVV�$FFHVV�7HFKQRORJ\ 0RELOH &RPPXQLFDWLRQV 'HVLJQ� (ULN�'DKOPDQ��

6WHIDQ�3DUNYDOO��-RKDQ�6NROG��VW (GLWLRQ�������

�� :LUHOHVV &RPPXQLFDWLRQV� 3ULQFLSOHV DQG 3UDFWLFH E\ 7KHRGRUH 6� 5DSSDSRUW� 3XE� 3HDUVRQ

5HIHUHQFH %RRNV�±
�� 0RELOH &RPPXQLFDWLRQV E\ -RFKHQ 6FKLOOHU 3XE� )LQDQFLDO 7LPHV � ,PSULQW RI 3HDUVRQ�
�� 0RELOH &HOOXODU 7HOHFRPPXQLFDWLRQV� $QDORJ DQG 'LJLWDO 6\VWHPV E\ :LOOLDP /HH� 3XE� 0F*UDZ+LOO�
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