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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


