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,QVWUXFWLRQ ��/��7�+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� &RPSUHKHQG� LQGXFWDQFH�DQG�FDSDFLWDQFH�FDOFXODWLRQV�IRU�GLIIHUHQW� OLQH

FRQILJXUDWLRQV�
�� 8QGHUVWDQG�SHU�XQLW�V\VWHP�UHSUHVHQWDWLRQ�LQ�SRZHU�V\VWHPV�
�� .QRZ�WKH�LPSRUWDQFH�RI�WUDQVPLVVLRQ�OLQH�UHSUHVHQWDWLRQ�LQ�WHUPV�RI�VKRUW�

PHGLXP�DQG�ORQJ�OLQHV�LQ�ILQGLQJ�SHUIRUPDQFH�RI�OLQHV�
�� 6WXG\�WKH�LPSRUWDQFH�RI�VHTXHQFH�FRPSRQHQWV�LQ�SRZHU�V\VWHPV�
�� 8QGHUVWDQG�WKH�LPSRUWDQFH�RI�V\PPHWULFDO�DQG�XQ�V\PPHWULFDO�IDXOWV�LQ

SRZHU�V\VWHPV�
�� 6WXG\�WKH�FDXVHV�RI�RYHU�YROWDJHV�DQG�%HZOH\�ODWWLFH�GLDJUDP�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� &RPSXWH�WKH�LQGXFWDQFH�DQG�FDSDFLWDQFH�RI�7UDQVPLVVLRQ�OLQHV�
�� 6ROYH�WKH�SUREOHPV�RQ�WUDQVPLVVLRQ�OLQH�SHUIRUPDQFH�DQG�SRZHU�FLUFOH

GLDJUDPV�
�� $QDO\]H�WKH�FDXVHV�RI�FRURQD�DQG�IDFWRUV�DIIHFWLQJ�FRURQD�
�� 'HVFULEH�GLIIHUHQW�W\SHV�RI�IDXOWV�DQG�LWV�UHOHYDQFH�LQ�UHOD\�VHWWLQJV�
�� 'HYHORS�WKH�WUDQVPLVVLRQ�OLQH�ZDYH�HTXDWLRQ�DQG�ILQG�YDULRXV�FRHIILFLHQWV

RI�OLQHV�ZKLFK�ZLOO�EH�XVHIXO�WR�GUDZ�%HZOH\�/DWWLFH�GLDJUDP�
�� &DOFXODWH�WKH�SHU�XQLW�YDOXHV�RI�WKH�JLYHQ�SRZHU�V\VWHPV�

81,7�,
/LQH�3DUDPHWHU�&DOFXODWLRQV��5HYLHZ�RI���SKDVH�FLUFXLW�DQDO\VLV��6\PPHWULFDO
FRPSRQHQWV�LPSRUWDQFH��,QGXFWDQFH�	�&DSDFLWDQFH�FDOFXODWLRQV�RI�7UDQVPLVVLRQ
/LQH��VLQJOH�SKDVH�DQG�WKUHH�SKDVH�V\PPHWULFDO�FRPSRVLWH�FRQGXFWRUV��*0'��*05�
7UDQVSRVLWLRQ�RI�FRQGXFWRUV��%XQGOHG�FRQGXFWRUV��HIIHFW�RI�HDUWK�FDSDFLWDQFH�

81,7�,,
0RGHOLQJ�RI�7UDQVPLVVLRQ�/LQHV��6KRUW��PHGLXP��ORQJ�OLQHV��/LQH�FDOFXODWLRQV�
7XQHG�/LQHV��6XUJH�LPSHGDQFH�ORDGLQJ�
&RURQD��&DXVHV��'LVUXSWLYH�DQG�9LVXDO�&ULWLFDO�9ROWDJHV��3RZHU�ORVV��PLQLPL]DWLRQ
RI�&RURQD�HIIHFWV�

81,7�,,,
3HU�8QLW�6\VWHP�RI�5HSUHVHQWDWLRQ��8VH�RI�SHU�XQLW�TXDQWLWLHV�LQ�SRZHU�V\VWHPV�
$GYDQWDJHV�RI�SHU�XQLW�V\VWHP�
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6\PPHWULFDO�)DXOWV��6KRUW�&LUFXLW�&XUUHQWV��5HDFWDQFH�RI�6\QFKURQRXV�0DFKLQHV�
IDXOW�FDOFXODWLRQV��6KRUW�FLUFXLW�FDSDFLW\�RI�D�EXV�

81,7�,9
8QV\PPHWULFDO�)DXOWV��6\PPHWULFDO�FRPSRQHQWV�RI�XQV\PPHWULFDO�3KDVRUV��3RZHU
LQ�WHUPV�RI�V\PPHWULFDO�FRPSRQHQWV��VHTXHQFH�LPSHGDQFH�DQG�VHTXHQFH�QHWZRUNV�
6HTXHQFH� QHWZRUNV� RI� XQORDGHG� JHQHUDWRUV�� 6HTXHQFH� LPSHGDQFHV� RI� FLUFXLW
HOHPHQWV��6LQJOH�OLQH�WR�JURXQG��OLQH�WR�OLQH�DQG�GRXEOH�OLQH�WR�JURXQG�IDXOWV�RQ
XQORDGHG�JHQHUDWRU��8QV\PPHWULFDO�IDXOWV�RI�SRZHU�V\VWHPV�

81,7�9
7UDQVLHQWV�LQ�3RZHU�6\VWHPV��&DXVHV�RI�2YHUYROWDJH��7UDYHOOLQJ�:DYH�7KHRU\�
:DYH�HTXDWLRQ��5HIOHFWLRQ�DQG�UHIUDFWLRQ�FRHIILFLHQWV��-XQFWLRQ�RI�FDEOH�DQG�RYHUKHDG
OLQHV��-XQFWLRQ�RI�WKUHH�OLQHV�RI�GLIIHUHQW�QDWXUDO�LPSHGDQFHV��%HZOH\�/DWWLFH�GLDJUDP�
,QWURGXFWLRQ�WR �(073�

7H[W�%RRNV�
�� &�/��:DGKZD��³(OHFWULFDO�3RZHU�6\VWHPV´��:LOH\�(DVWHUQ�/WG����WK�(GLWLRQ�

�����
�� ,�-��1DJUDWK��'�3�.RWKDUL�� ³0RGHUQ� 3RZHU� 6\VWHPV�$QDO\VLV´��70+

(GLWLRQ�������

6XJJHVWHG�5HDGLQJ�
�� -RKQ�-��*UDLQJHU��:LOOLDP�'��6WHYHQVRQ�-U���³3RZHU�6\VWHP�$QDO\VLV´�

7DWD�0F*UDZ�+LOO�������
�� $�&KDNUDEDUWL��0�/�6RQL��3�9�*XSWD��8�6�%KDWQDJDU��³$�7H[W�%RRN�RQ

3RZHU�6\VWHP´��'KDQSDW�5DL�	���&R�������
�� (LLFKL�+DJLQRPRUL��7DGDVKL�.RVKLGXND�� -XQLFKL�$UDL��+LVDWRFKL� ,NHGD�

³3RZHU�6\VWHP�7UDQVLHQW����ŶĂůǇƐŝƐ͗����7KHRU\�DQG�3UDFWLFH�8VLQJ�6LPXODWLRQ
3URJUDPV´��$73�(073��:LOH\�3XEOLFDWLRQV��)LUVW�HGLWLRQ������



�

&%,7��$� :LWK�(IIHFW�IURP�DFDGHPLF�\HDU��������

��((&��
(/(&75,&$/�0$&+,1(5<�,,

,QVWUXFWLRQ �/��7�+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV ��

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� 8QGHUVWDQG�WKH�FRROLQJ�DUUDQJHPHQW�PHWKRGV�LQ�SRZHU�WUDQVIRUPHUV��WHVWLQJ

PHWKRGV�RI��WUDQVIRUPHUV�
�� 6WXG\�WKH�SULQFLSOHV�RI�WDS�FKDQJLQJ��HIIHFWV�RI�WKLUG�KDUPRQLF�YROWDJHV

DQG��DXWR�WUDQVIRUPHU�
�� 8QGHUVWDQG� FRQVWUXFWLRQDO� IHDWXUHV� RI� GLIIHUHQW� W\SHV� RI� WKUHH� SKDVH

LQGXFWLRQ�PRWRUV�
�� 'LVFXVV�DERXW�VSHHG�FRQWURO�DQG�VWDUWLQJ�PHWKRGV�RI�WKUHH�SKDVH�LQGXFWLRQ

PRWRUV�
�� $QDO\]H�XQEDODQFHG�RSHUDWLRQ�RI�WKUHH�SKDVH�LQGXFWLRQ�PRWRUV�DQG�WKUHH

SKDVH�WUDQVIRUPHUV�
�� )DPLOLDUL]H�WKH�FRQVWUXFWLRQ�GHWDLOV��SULQFLSOH�RI�RSHUDWLRQ��SUHGLFWLRQ�RI

SHUIRUPDQFH�RI�VLQJOH�SKDVH�LQGXFWLRQ�PRWRUV�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� 'HVFULEH�GLIIHUHQW�PHWKRGV�RI�FRROLQJ�DUUDQJHPHQWV�RI�WUDQVIRUPHUV�
�� $SSO\�EDVLF�SULQFLSOHV�RI�WDS�FKDQJLQJ�DQG�DXWR�WUDQVIRUPHU�
�� ([SODLQ�WKH�RSHUDWLRQ�DQG�SHUIRUPDQFH�DQDO\VLV�RI�WKUHH�SKDVH�LQGXFWLRQ

PRWRUV�
�� $SSO\�WKH�FRQFHSWV�RI�VSHHG�FRQWURO�DQG�VWDUWLQJ�PHWKRGV�RI�WKUHH�SKDVH

LQGXFWLRQ�PRWRUV�
�� $QDO\]H�XQEDODQFHG�RSHUDWLRQ�RI�WKUHH�SKDVH�LQGXFWLRQ�PRWRUV�DQG�WKUHH

SKDVH�WUDQVIRUPHUV�
�� 'LVFXVV�WKH�FRQFHSW�RI�VLQJOH�SKDVH�LQGXFWLRQ�PRWRUV�DQG�RSHUDWH�GLIIHUHQW

W\SHV�RI�VLQJOH�SKDVH�LQGXFWLRQ�PRWRUV�

81,7�,
7UDQVIRUPHUV��&RROLQJ�DUUDQJHPHQW� LQ�7UDQVIRUPHUV��7HVWLQJ�RI�7UDQVIRUPHUV�
5RXWLQH�7HVWV�DQG�6SHFLDO�WHVWV��0HDVXUHPHQW�RI�9ROWDJH�UDWLR�DQG�FKHFN�IRU�YROWDJH
YHFWRU� UHODWLRQVKLS��0HDVXUHPHQW� RI� ,QVXODWLRQ� UHVLVWDQFH��0DLQWHQDQFH� RI
7UDQVIRUPHUV��7DS� FKDQJHU� RQ� WUDQVIRUPHUV��1R�ORDG� WDS� FKDQJHU��2Q�ORDG� WDS
FKDQJHU��7KLUG�KDUPRQLF�YROWDJHV�DQG�WHUWLDU\�ZLQGLQJ�LQ�WKUHH�SKDVH�WUDQVIRUPHUV�
$XWR�7UDQVIRUPHU��&RPSDULVRQ�ZLWK�WZR�ZLQGLQJ�WUDQVIRUPHUV��&RQYHUVLRQ�RI�WZR
ZLQGLQJ�WUDQVIRUPHU�WR�DXWR�WUDQVIRUPHU�
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81,7�,,
7KUHH�SKDVH�,QGXFWLRQ�0RWRU��&RQVWUXFWLRQDO�IHDWXUHV��5RWDWLQJ�0DJQHWLF�ILHOG
WKHRU\��3ULQFLSOH�RI�RSHUDWLRQ�RI�VTXLUUHO�FDJH�DQG�VOLS�ULQJ�PRWRUV��9HFWRU�'LDJUDP�
(TXLYDOHQW�FLUFXLW��([SUHVVLRQ�IRU�WRUTXH��6WDUWLQJ�WRUTXH��0D[LPXP�WRUTXH��6OLS�
7RUTXH�FKDUDFWHULVWLFV��3HUIRUPDQFH�FKDUDFWHULVWLFV��(TXLYDOHQW�FLUFXLWV�IURP�WHVW�
&XUUHQW�ORFL�FLUFOH�GLDJUDP��3UHGHWHUPLQDWLRQ�RI�FKDUDFWHULVWLFV�RI�,QGXFWLRQ�0RWRUV�

81,7�,,,
6WDUWLQJ�PHWKRGV�RI�,QGXFWLRQ�0RWRUV��0RGHV�RI�RSHUDWLRQ��WRUTXH�DQG�SRZHU
OLPLWV�RI�,QGXFWLRQ�PRWRUV��6SHHG�FRQWURO�PHWKRGV��5HVLVWDQFH�&RQWURO��9ROWDJH
FRQWURO��SROH�FKDQJLQJ��&DVFDGLQJ��YDULDEOH�IUHTXHQF\�FRQWURO��&RJJLQJ��&UDZOLQJ�
'RXEOH�FDJH�,QGXFWLRQ�PRWRUV��,QGXFWLRQ�JHQHUDWRU��'RXEO\�IHG�,QGXFWLRQ�*HQHUDWRU�

81,7�,9
8QEDODQFHG�2SHUDWLRQ��9ROWDJH�8QEDODQFH��8QEDODQFHG�2SHUDWLRQ�RI���SKDVH
,QGXFWLRQ�0RWRU�� 3HU� 3KDVH�(TXLYDOHQW�&LUFXLWV�� 6LQJOH� 3KDVLQJ��8QEDODQFHG
2SHUDWLRQ�RI���3KDVH�7UDQVIRUPHUV��6LQJOH�SKDVH�ORDG�RQ�7KUHH�SKDVH�WUDQVIRUPHUV
6LQJOH�3KDVLQJ�LQ���SKDVH�WUDQVIRUPHUV��'HOWD��6WDU�DQG�6WDU�'HOWD�WUDQVIRUPHUV�

81,7�9
6LQJOH�3KDVH�0RWRUV��6LQJOH�SKDVH�PRWRUV��7KHRU\�DQG�RSHUDWLRQ�RI�VLQJOH�SKDVH
PRWRUV�� 6KDGHG� SROH�� 6SOLW� SKDVH� DQG� FDSDFLWRU�PRWRUV�� &RPSHQVDWHG� DQG
XQFRPSHQVDWHG�VHULHV�DQG�UHSXOVLRQ�PRWRUV��/LQHDU�,QGXFWLRQ�PRWRUV�

7H[W�%RRNV�
�� 3�6��%KLPEUD��³(OHFWULFDO�0DFKLQHU\´��.KDQQD�3XEOLFDWLRQV���WK�(GLWLRQ�

�����
�� 1DJUDWK� ,�-�	�.RWKDUL�'�3�� ³(OHFWULFDO�0DFKLQHV´��7DWD�0F*UDZ�+LOO

3XEOLFDWLRQV��6LJPD�6HULHV�������
�� -�%�*XSWD���³7KHRU\�DQG�3HUIRUPDQFH�RI��(OHFWULFDO�0DFKLQHV´��6�.��.DWDULD

	�6RQV���WK�(GLWLRQ�������

6XJJHVWHG�5HDGLQJ�
�� -XKD�S\UKRQH��7DSDQL�-RNLQHQ��³'HVLJQ�RI�5RWDWLQJ�(OHFWULFDO�0DFKLQHV´�

-RKQ�:LOH\�	�6RQV��/WG�������
�� )LW]JHUDOG��.LQJVOH\��8PDQV��³(OHFWULF�0DFKLQHU\´��7DWD�0F�*UDZ�+LOO

3XEOLFDWLRQV���WK�(GLWLRQ�������
�� $VKIDT�+XVVDLQ���³(OHFWULFDO�0DFKLQHV´��'DQSDWUDL�DQG�VRQV���UG�(GLWLRQ�

�����
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,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYH��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� ,GHQWLI\�WKH�FKDUDFWHULVWLFV�RI�GLIIHUHQW�VWDWLF�VZLWFKHV�
�� 8QGHUVWDQG�WKH�QHFHVVLW\�RI�SURWHFWLRQ��WXUQ�21�	�WXUQ�2))�PHWKRGV�RI

6&5�
�� .QRZ� WKH� SULQFLSOHV� RI�$&�'&��'&�'&��$&�$&�DQG�'&�$&�HQHUJ\

FRQYHUVLRQV�
�� 6WXG\�YDULRXV�PHWKRGV�RI�YROWDJH�FRQWURO�LQ�SRZHU�FRQYHUWHUV�
�� %HFRPH�IDPLOLDU�ZLWK�TXDGUDQW�RSHUDWLRQ�RI�GLIIHUHQW�SRZHU�FRQYHUWHUV�
�� 5HFRJQL]H�DSSOLFDWLRQV�RI�YDULRXV�VWDWLF�VZLWFKHV�DQG�SRZHU�FRQYHUWHUV�

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

�� *DLQ�NQRZOHGJH�RI�EDVLF�RSHUDWLRQ�RI�YDULRXV�SRZHU�VHPLFRQGXFWRU�GHYLFHV
DQG�WR�FRPSDUH�WKHLU�FKDUDFWHULVWLFV�

�� $QDO\]H�SURWHFWLRQ�FLUFXLW��WXUQ�21�	�WXUQ�2))�PHWKRGV�IRU�6&5�

�� $FTXDLQW�ZLWK�WKH�SULQFLSOHV�RI�SKDVH�FRQWUROOHG�FRQYHUWHUV�

�� $QDO\]H�WKH�RSHUDWLRQ�SULQFLSOHV�RI�GLIIHUHQW�'&�'&��$&�$&�FRQYHUWHUV�

�� ,GHQWLI\�GLIIHUHQW�WRSRORJLHV�RI�'&�$&�FRQYHUWHUV�

�� .QRZ�WKH�SUDFWLFDO�DSSOLFDWLRQ�RI�VWDWLF�VZLWFKHV�DQG�SRZHU�HOHFWURQLF
FRQYHUWHUV�

81,7�,
3RZHU� 'LRGHV� DQG�7UDQVLVWRUV�� 3RZHU� GLRGH�� FKDUDFWHULVWLFV�� 5HFRYHU\
FKDUDFWHULVWLFV��7\SHV�RI�SRZHU�GLRGHV��*HQHUDO�SXUSRVH�GLRGHV��)DVW�UHFRYHU\�GLRGHV�
WKHLU�DSSOLFDWLRQV��%LSRODU�-XQFWLRQ�7UDQVLVWRUV�%-7���3RZHU�026)(7V��,*%7V�
%DVLF�VWUXFWXUH�DQG�ZRUNLQJ��6WHDG\�VWDWH�DQG�VZLWFKLQJ�FKDUDFWHULVWLFV��&RPSDULVRQ
RI�%-7��026)(7�DQG�,*%7��7KHLU�DSSOLFDWLRQV�

81,7�,,
6LOLFRQ�&RQWUROOHG�5HFWLILHU��6&5���6&5�6WDWLF�FKDUDFWHULVWLFV��7ZR�WUDQVLVWRU
DQDORJ\��3URWHFWLRQ�RI�6&5V��'\QDPLF�FKDUDFWHULVWLFV��6HULHV�DQG�SDUDOOHO�RSHUDWLRQ
RI�6&5V��6&5�WULJJHU�FLUFXLWV�5��5&�DQG�8-7�WULJJHULQJ�FLUFXLWV��&RPPXWDWLRQ
PHWKRGV�RI�6&5�
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81,7�,,,
3ULQFLSOHV�RI�3KDVH�&RQWUROOHG�&RQYHUWHUV��6WXG\�RI�6LQJOH�SKDVH�DQG� WKUHH�
SKDVH� KDOI� �ZDYH� DQG� IXOO�ZDYH� FRQWUROOHG� UHFWLILHUV�ZLWK�5��5/��5/(� ORDGV�
VLJQLILFDQFH�RI�IUHHZKHHOLQJ�GLRGH��(IIHFW�RI�VRXUFH�LQGXFWDQFH��'XDO�FRQYHUWHUV��
FLUFXODWLQJ�DQG�QRQ�FLUFXODWLQJ�FXUUHQW��PRGHV�

81,7�,9
'&�'&�&RQYHUWHUV��3ULQFLSOHV�RI�6WHS�GRZQ��6WHS�XS��6WHS�83�'RZQ�FKRSSHUV�
7LPH�UDWLR�FRQWURO�DQG�FXUUHQW�OLPLW�FRQWURO��7\SHV�RI�FKRSSHUV�7\SH��$��%��&��'
DQG�(��,QWURGXFWLRQ�WR�%XFN��%RRVW�DQG�%XFN�%RRVW�UHJXODWRUV�
$&�$&�&RQYHUWHUV�
3ULQFLSOH� RI� RSHUDWLRQ�RI�6LQJOH�SKDVH�&\FOR�FRQYHUWHUV� DQG� WKHLU� DSSOLFDWLRQV�
6LQJOH�SKDVH�$&�9ROWDJH�&RQWUROOHUV�ZLWK�5�DQG�5/�ORDGV�

81,7�9
,QYHUWHUV��3ULQFLSOH�RI�RSHUDWLRQ�RI�6LQJOH�SKDVH�,QYHUWHUV��9ROWDJH�FRQWURO�PHWKRGV�
6LQJOH�SXOVH�ZLGWK�PRGXODWLRQ��0XOWLSOH�SXOVH�ZLGWK�PRGXODWLRQ��6LQXVRLGDO�SXOVH
ZLGWK�PRGXODWLRQ��&RPSDULVRQ�RI�9ROWDJH�6RXUFH�,QYHUWHUV�DQG�&XUUHQW�6RXUFH
,QYHUWHUV��7KUHH�SKDVH�EULGJH�,QYHUWHUV�������	������PRGHV�RI�RSHUDWLRQ�

7H[W�%RRNV�
�� 6LQJK�0�'��.KDQFKDQGDQL�.�%��³3RZHU�(OHFWURQLFV´��7DWD�0F*UDZ�+LOO�

�QG�(GLWLRQ�������
�� 5DVKLG�0�+��� ³3RZHU�(OHFWURQLFV�&LUFXLWV�'HYLFHV� DQG�$SSOLFDWLRQV´�

3UHQWLFH�+DOO�RI��,QGLD�������
�� %LPEUD�3�6��³3RZHU�(OHFWURQLFV´��.KDQQD�3XEOLVKHUV����UG�(GLWLRQ�������

6XJJHVWHG�5HDGLQJ�
�� 0RKDQ��8QGHODQG���5REELQV��³3RZHU�(OHFWURQLFV´��-RKQ�:LOH\�������
�����3�&�6HQ��³3RZHU�(OHFWURQLFV´��7DWD�0F�*UDZ�+LOO���VW�(GLWLRQ�������
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,QVWUXFWLRQ ��/����7�+RXU�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�([DPLQDWLRQ ���+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV ��

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� 8QGHUVWDQG�GLIIHUHQW�W\SHV�RI�OLQHDU�FRQWURO�V\VWHPV�DQG�WKHLU�PDWKHPDWLFDO

PRGHOLQJ�
�� *DLQ�NQRZOHGJH�RI�UHDO�WLPH�DSSOLFDWLRQV�RI�FORVHG�ORRS�FRQWURO�V\VWHPV�
�� 6WXG\�WKH�WUDQVIHU�IXQFWLRQ�RI�FRQWURO�V\VWHP�FRPSRQHQWV�
�� 6WXG\�WKH�VWDELOLW\�DQDO\VLV�LQ�WLPH�GRPDLQ�
�� 6WXG\�WKH�VWDELOLW\�DQDO\VLV�LQ�IUHTXHQF\�GRPDLQ�
�� 6WXG\�WKH�FRQFHSWV�RI�6WDWH�VSDFH�UHSUHVHQWDWLRQ�RI�/LQHDU�7LPH�LQYDULDQW

V\VWHPV��/7,��

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� 'HILQH�GLIIHUHQW�PDWKHPDWLFDO�PRGHOV�IRU�DQ\�/7,�V\VWHPV�
�� 2XWOLQH� WKH� WUDQVIHU� IXQFWLRQ� RI� FRPSRQHQWV� XVHG� LQ� IHHGEDFN� FRQWURO

V\VWHPV�
�� 6SHFLI\�GHVLJQ�UHJLRQ�LQ�WKH�V�SODQH�LQ�WHUPV�RI�VHWWOLQJ�WLPH��ULVH�WLPH

DQG�RYHUVKRRW�WR��VWHS�UHVSRQVH�
�� ,OOXVWUDWH� WKH� FRQFHSWV� RI� VWDELOLW\� DQDO\VLV� LQ� WLPH�GRPDLQV��ZKLFK� LV

HVVHQWLDO�WR�DQDO\]H�DQ\�V\VWHP�SHUIRUPDQFH�
�� ,OOXVWUDWH�WKH�FRQFHSWV�RI�VWDELOLW\�DQDO\VLV�LQ�IUHTXHQF\�GRPDLQV��ZKLFK�LV

HVVHQWLDO�WR�DQDO\]H�DQ\�V\VWHP�SHUIRUPDQFH�
�� (PSOR\�WKH�FRQFHSWV�RI�VWDWH�VSDFH�FRQWUROV�

81,7�,
,QWURGXFWLRQ��2SHQ� ORRS�� &ORVHG� ORRS� 6\VWHP�ZLWK� LOOXVWUDWLRQV� DQG� RWKHU
FODVVLILFDWLRQ� RI� FRQWURO� V\VWHPV�� ,PSXOVH� UHVSRQVH� DQG�7UDQVIHU� )XQFWLRQ�
0DWKHPDWLFDO�PRGHOOLQJ�RI�0HFKDQLFDO�DQG�(OHFWULFDO�6\VWHPV��$QDORJRXV�V\VWHPV�
)HHGEDFN�FRQWURO�FKDUDFWHULVWLFV���HIIHFWV�RI�IHHGEDFN�

81,7�,,
7UDQVIHU�)XQFWLRQ�5HSUHVHQWDWLRQ��&RPSRQHQWV�RI�FRQWURO�V\VWHP��3RWHQWLRPHWHUV�
6\QFKURV��'&�DQG�$&�VHUYR�PRWRUV��%ORFN�GLDJUDP�UHSUHVHQWDWLRQ�DQG�LWV�UHGXFWLRQ
WHFKQLTXHV��6LJQDO�IORZ�JUDSKV��SUREOHPV�RQ�FRQYHUVLRQ�IURP�EORFN�GLDJUDP�WR
VLJQDO�IORZ�JUDSK�
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81,7�,,,
7LPH�5HVSRQVH�$QDO\VLV��6WDQGDUG�WHVW�VLJQDOV��7LPH�UHVSRQVH�RI�ILUVW�DQG�VHFRQG
RUGHU�V\VWHPV�IRU�XQLW�VWHS�LQSXW��7LPH�GRPDLQ�VSHFLILFDWLRQV���7\SH�RI�V\VWHP��
6WHDG\�VWDWH�HUURU��VWDWLF�HUURU�FRHIILFLHQWV�
6WDELOLW\�$QDO\VLV�&RQFHSW� RI� VWDELOLW\��5RXWK�+XUZLW]� FULWHULRQ��5RRW� ORFXV
WHFKQLTXH��HIIHFW�RI�DGGLWLRQ�RI�SROHV�DQG�]HURV�WR�RSHQ�ORRS�WUDQVIHU�IXQFWLRQ�RQ
5RRW�ORFXV��,QWURGXFWLRQ�WR�3,'�&RQWUROOHU�

81,7�,9
6WDELOLW\�$QDO\VLV�)UHTXHQF\�'RPDLQ��)UHTXHQF\��'RPDLQ�VSHFLILFDWLRQV�IRU�D
VWDQGDUG�VHFRQG�RUGHU�V\VWHP��&RUUHODWLRQ�EHWZHHQ�WLPH�DQG�IUHTXHQF\�GRPDLQ
VSHFLILFDWLRQV��6WDELOLW\�DQDO\VLV�IURP��%RGH�SORWV��3RODU�SORWV�DQG�1\TXLVW�SORWV�
,QWURGXFWLRQ�WR�FRPSHQVDWRUV�

81,7�9
6WDWH�6SDFH�5HSUHVHQWDWLRQ��&RQFHSW�RI�6WDWH��6WDWH�9DULDEOH��6WDWH�0RGHOV�RI
OLQHDU�WLPH�LQYDULDQW�V\VWHPV��'HULYDWLRQ�IRU�VWDWH�PRGHOV�IURP�WUDQVIHU�IXQFWLRQV
DQG�GLIIHUHQWLDO�HTXDWLRQV��6ROXWLRQ�RI�6WDWH�HTXDWLRQ�E\�/DSODFH�PHWKRG��6WDWH
7UDQVLWLRQ�PDWUL[�DQG�SURSHUWLHV��&RQFHSW�RI�2EVHUYDELOLW\�DQG�&RQWUROODELOLW\�

7H[W�%RRNV�
�� ,�-�1DJUDWK��0�*RSDO�� ³&RQWURO� 6\VWHP� (QJLQHHULQJ´�� 1HZ�$JH

,QWHUQDWLRQDO��3��/LPLWHG�3XEOLVKHUV���WK�(GLWLRQ�������
�� %�&��.XR��³$XWRPDWLF�&RQWURO�6\VWHPV´��-RKQ�ZLOH\�DQG�VRQ¶V�3XEOLVKHUV�

�WK�(GLWLRQ������
�� .�2JDWD��³0RGHUQ�&RQWURO�6\VWHPV´���WK�(GLWLRQ�3+,�SXEOLFDWLRQ�������

6XJJHVWHG�5HDGLQJ�
�� 0�*RSDO��³&RQWURO�6\VWHPV�3ULQFLSOHV�DQG�'HVLJQ´���7DWD�0F*UDZ�+LOO�

�QG�(GLWLRQ�������
�� 1�&�-DJDQ��³&RQWURO�6\VWHPV´��%6�3XEOLFDWLRQV���QG�(GLWLRQ������
�� 1��1LVH��³&RQWURO�6\VWHPV�(QJLQHHULQJ´��WK�(GLWLRQ��:LOOH\�3XEOLFDWLRQV�

�����
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,QVWUXFWLRQ �7��3HULRGV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� 8QGHUVWDQG� DQG� DSSO\�6FRWW� FRQQHFWLRQ� IRU� WKUHH� SKDVH� WR� WZR� SKDVH

FRQYHUVLRQ�
�� &RPSUHKHQG�WKH�SULQFLSOHV�RI�YROWDJH�UHJXODWLRQ�RI�$OWHUQDWRUV�DQG�FRPSXWH

WKH�YDOXHV�E\�GLIIHUHQW�PHWKRGV��
�� 3UHGLFW�WKH�SHUIRUPDQFH�RI�7KUHH�3KDVH�,QGXFWLRQ�0RWRU�E\�FRQGXFWLQJ

1R�ORDG�WHVW�DQG�%ORFNHG�URWRU�WHVW
�� 2SHUDWH� WKH� LQGXFWLRQ�PRWRU�ZLWK� YDULRXV� VSHHG� FRQWURO�PHWKRGV� DQG

FRPSDUH�WKH�GLIIHUHQW�PHWKRGV�
�� $QDO\]H�WKH�SHUIRUPDQFH�RI�WKUHH�SKDVH�LQGXFWLRQ�PRWRU�XQGHU�GLIIHUHQW

ORDGLQJ�FRQGLWLRQV�DQG�DVVHVV�WKH�SHUIRUPDQFH�
�� (VWLPDWH� WKH� LPSURYHPHQW� LQ� SRZHU� IDFWRU� RI� ,QGXFWLRQ�0RWRU� XVLQJ

FDSDFLWRUV�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� $SSO\�SKDVH�FRQYHUVLRQ�PHWKRG�WR�REWDLQ�EDODQFHG�WZR�SKDVH�VXSSO\�IURP

WKUHH� SKDVH�VXSSO\�
�� $SSUDLVH�WKH�YROWDJH�UHJXODWLRQ�RI�6\QFKURQRXV�JHQHUDWRU�XVLQJ�YDULRXV

PHWKRGV�
�� $VVHVV�WKH�SHUIRUPDQFH�RI�WKUHH�SKDVH�LQGXFWLRQ�PRWRU�E\�FRQGXFWLQJ�QR�

ORDG�WHVW�DQG�EORFNHG�URWRU�WHVWV�
�� 'LVFXVV�SUDFWLFDO�DVSHFWV�RI�$&�PDFKLQH�DQDO\VLV�
�� $VVHVV�WKH�SURSHU�$&�PDFKLQH�DQG�LWV�XVDJH�IRU�D�JLYHQ�ORDG�DSSOLFDWLRQ
�� 8VH�FDSDFLWRUV�IRU�SRZHU�IDFWRU�LPSURYHPHQW�

/LVW�RI�([SHULPHQWV�
�� 7KUHH�SKDVH�WR�7ZR�SKDVH�FRQYHUVLRQ��6FRWW�FRQQHFWLRQ��
�� +HDW�UXQ�WHVW�RQ�7KUHH�SKDVH�WUDQVIRUPHU�
�� 1R�ORDG�WHVW��EORFNHG�URWRU�WHVW�DQG�ORDG�WHVW�RQ���SKDVH�,QGXFWLRQ�PRWRU�
�� 6SHHG�FRQWURO�RI�7KUHH�SKDVH�,QGXFWLRQ�PRWRU�E\

D���5RWRU�LPSHGDQFH�FRQWURO
E���9�I�FRQWURO�

�� 6\QFKURQL]DWLRQ�RI�DQ�DOWHUQDWRU�ZLWK�LQILQLWH�EXV�EDUV�E\�GDUN�ODPS�PHWKRG�
�� 3HUIRUPDQFH�FKDUDFWHULVWLFV�RI�6LQJOH�SKDVH�,QGXFWLRQ�PRWRU�
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�� 1R��ORDG�WHVW�RI�VOLS�ULQJ�LQGXFWLRQ�PRWRU�WR�GHWHUPLQH�WKH�UHODWLRQVKLS
EHWZHHQ
L� $SSOLHG�YROWDJH�DQG�VSHHG�
LL� $SSOLHG�YROWDJH�DQG�URWRU�FXUUHQW�
LLL� $SSOLHG�YROWDJH�DQG�VWDWRU�FXUUHQW�
LY� $SSOLHG�YROWDJH�DQG�SRZHU�IDFWRU�
Y� $SSOLHG�YROWDJH�DQG�SRZHU�LQSXW�

�� 9ROWDJH�UHJXODWLRQ�RI�$OWHUQDWRU�E\
D�� 6\QFKURQRXV�,PSHGDQFH�PHWKRG
E�� $PSHUH�7XUQ�PHWKRG�
F�� =HUR�3RZHU�IDFWRU�PHWKRG�

�� 9ROWDJH�5HJXODWLRQ�RI�$OWHUQDWRU�E\�VOLS�WHVW�
��� 'HWHUPLQDWLRQ�RI�9�FXUYHV�DQG�LQYHUWHG�9�FXUYHV�RI�V\QFKURQRXV�PRWRU�
��� 3RZHU�DQJOH�FKDUDFWHULVWLFV�RI�D�V\QFKURQRXV�PRWRU�
��� 7R�GHWHUPLQH�WKH�WUDQVLHQW�DQG�VXE�WUDQVLHQW�UHDFWDQFH¶V�DQG�WLPH�FRQVWDQWV

RI�V\QFKURQRXV�PDFKLQH�
��� 3RZHU�)DFWRU�,PSURYHPHQW�RI�,QGXFWLRQ�PRWRU�XVLQJ�FDSDFLWRUV�

1RWH��$W�OHDVW�7(1�H[SHULPHQWV�VKRXOG�EH�FRQGXFWHG�LQ�WKH�VHPHVWHU�
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,QVWUXFWLRQ �7����3�+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV�
�� 7R�REWDLQ�DQG�SORW�WKH�FKDUDFWHULVWLFV�RI�GLIIHUHQW�VWDWLF�VZLWFKHV�
�� 7R�DQDO\]H�WKH�WULJJHULQJ�DQG�FRPPXWDWLRQ�FLUFXLWV�IRU�6&5�
�� 7R�IDPLOLDUL]H�WKH�FRQYHUVLRQ�SULQFLSOH�RI�VLQJOH�	�WKUHH�SKDVH

FRQWUROOHG�UHFWLILHUV�
�� 7R�XQGHUVWDQG�WKH�RSHUDWLRQ�RI�YDULRXV�'&�'&�FRQYHUVLRQ�FLUFXLWV�DQG

WKHLU�DSSOLFDWLRQV�
�� 7R�NQRZ�WKH�RSHUDWLRQ�RI�YDULRXV�$&�$&�FRQYHUVLRQ�FLUFXLWV�DQG�WKHLU

DSSOLFDWLRQV�
�� 7R�LGHQWLI\�DERXW�'&�$&�FRQYHUVLRQ�LQ�VLQJOH�SKDVH�FLUFXLWV�

&RXUVH�2XWFRPHV�$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� $QDO\]H�WKH�HIIHFWV�RI�FRQWURO�VLJQDOV�RQ�VWDWLF�VZLWFKHV�
�� 'LVWLQJXLVK�WKH�FKDUDFWHULVWLFV�RI�GLIIHUHQW�FRQWUROOHG�VZLWFKHV�DQG�WKHLU

DSSOLFDWLRQV�
�� $FTXDLQWHG�ZLWK�WKH�FRQYHUVLRQ�SULQFLSOHV�RI�$&�'&�FRQYHUWHUV�
�� 2EVHUYH�WKH�RSHUDWLRQ�RI�GLIIHUHQW�'&�'&�FKRSSHUV�
�� )DPLOLDU�ZLWK��$&�$&�FRQYHUWHUV
�� 8QGHUVWDQG�WKH�SULQFLSOH�RI�'&�$&�FRQYHUVLRQ�

/LVW�RI�([SHULPHQWV
�� 6�&�5��&KDUDFWHULVWLFV
�� %-7��026)(7�DQG�,*%7�&KDUDFWHULVWLFV
�� *DWH�WULJJHULQJ�FLUFXLWV�IRU�6&5�XVLQJ�5��5&�DQG�8-7�
�� 6LQJOH�SKDVH�VWHS�GRZQ�&\FOR�FRQYHUWHU�ZLWK�5DQG�5/�ORDGV�
�� $�&�YROWDJH�FRQWUROOHUV�ZLWK�5�DQG�5/�ORDGV�
�� 6WXG\�RI�IRUFHG�FRPPXWDWLRQ�WHFKQLTXHV�
�� 6LQJOH�SKDVH�IXOO�FRQYHUWHU�DV�D�UHFWLILHU�DQG�LQYHUWHU�
�� 6LQJOH�SKDVH�IXOO\�FRQWUROOHG�EULGJH�UHFWLILHU�ZLWK�5DQG�5/�ORDGV�
�� 6LQJOH�SKDVH�KDOI�FRQWUROOHG�EULGJH�UHFWLILHU�ZLWK�5DQG�5/�ORDGV�
��� 7KUHH�SKDVH�KDOI�FRQWUROOHG�EULGJH�UHFWLILHU�ZLWK�5DQG�5/�ORDGV�
��� 7KUHH�SKDVH�IXOO\�FRQWUROOHG�EULGJH�UHFWLILHU�ZLWK�5DQG�5/�ORDGV�
��� �%XFN�DQG�%RRVW�FKRSSHUV�
��� 9ROWDJH�FRPPXWDWHG�FKRSSHU�ZLWK�5	5/�ORDGV
��� &XUUHQW�FRPPXWDWHG�FKRSSHU�ZLWK�5	5/�ORDGV�
��� +DOI�DQG�)XOO�EULGJH�LQYHUWHU�ZLWK�5	5/�ORDGV�
1RWH��$W�OHDVW�7(1�H[SHULPHQWV�VKRXOG�EH�FRQGXFWHG�LQ�WKH�VHPHVWHU�
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,QVWUXFWLRQ ��7�����3HULRGV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� 8QGHUVWDQG�WKH�FKDUDFWHULVWLFV�RI�'&�6HUYR�0RWRU�
�� 8QGHUVWDQG�WKH�FKDUDFWHULVWLFV�RI�$&�6HUYR�0RWRU�
�� 8QGHUVWDQG��6\QFKUR�SDLU�RSHUDWLRQ�
�� 8QGHUVWDQG�WKH�WLPH�GRPDLQ�VSHFLILFDWLRQV�LQ�WLPH�GRPDLQ�
�� 8QGHUVWDQG�WKH�IUHTXHQF\�UHVSRQVH�RI�FRPSHQVDWLQJ�QHWZRUNV�
�� 6WXG\�WKH�FORVHG�ORRS�SHUIRUPDQFH�IRU�JLYHQ�SODQW�XVLQJ
�������L��3��3,�DQG�3,'�FRQWUROOHUV�LL��21�2))�FRQWUROOHU�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� 'HILQH�'&��$&�6HUYR�0RWRUV�&KDUDFWHULVWLFV�
�� 'HVFULEH�DQG�DQDO\]H�6\QFKUR�SDLU�&KDUDFWHULVWLFV�
�� 'HVLJQ�DQG�$QDO\]H�WKH�SHUIRUPDQFH�RI�D�JLYHQ�VHFRQG�RUGHU�SODQW�LQ�WLPH

GRPDLQ�
�� 'HVLJQ�DQG�$QDO\]H� WKH�SHUIRUPDQFH�RI�D�JLYHQ�VHFRQG�RUGHU�SODQW� LQ

IUHTXHQF\�GRPDLQ�
�� 6HOHFW�DQG�VWDWH��WKH�GHVLJQ�IXQFWLRQ�RI�SRVLWLRQ�DQG�OHYHO�FRQWURO�V\VWHPV�
�� $FTXLUH�NQRZOHGJH�LQ�DQDO\]LQJ�WKH�SHUIRUPDQFH�RI��3��3,��3,'�DQG�21�

2))�FRQWUROOHU�

/LVW�RI�([SHULPHQWV
�� &KDUDFWHULVWLFV�RI�'�&��6HUYR�PRWRU�
�� &KDUDFWHULVWLFV�RI�$�&��6HUYR�PRWRU�
�� &KDUDFWHULVWLFV�RI�6\QFKUR�3DLU�
�� 6WHS�UHVSRQVH�RI�VHFRQG�RUGHU�V\VWHP�
�� )UHTXHQF\�UHVSRQVH�RI�FRPSHQVDWLQJ�QHWZRUNV�
�� &ORVHG�ORRS�3��3,�DQG�3,'�&RQWUROOHU�IRU�WHPSHUDWXUH�RI�D�JLYHQ�SODQW�
�� 6WHS�UHVSRQVH�DQG�)UHTXHQF\�UHVSRQVH�RI�D�JLYHQ�SODQW�
�� /HYHO�&RQWURO�6\VWHP�
�� 7HPSHUDWXUH�FRQWURO�V\VWHP�21�2))�&RQWURO�
��� &KDUDFWHULVWLFV�RI�PDJQHWLF�DPSOLILHU�
��� /LQHDU�6\VWHP�VLPXODWRU�
��� '&�3RVLWLRQ�&RQWURO�6\VWHP�
��� $&�3RVLWLRQ�&RQWURO�6\VWHP�

1RWH��$W�OHDVW�7(1�H[SHULPHQWV�VKRXOG�EH�FRQGXFWHG�LQ�WKH�6HPHVWHU�
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,QVWUXFWLRQ �+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �
&RXUVH�2EMHFWLYHV�

�� 7R�XQGHUVWDQG�WKH�IXQGDPHQWV�RI�HQHUJ\�DQG�VLJQLILFDQFH�RI�FRQYHQWLRQDO
DQG�QRQ�FRQYHQWLRQDO�HQHUJ\�VRXUFHV�

�� 7R�FRPSUHKHQG�WKH�OLVW�RI�YDULRXV�(QHUJ\�6RXUFHV
�� 7R�NQRZ�WKH�GHVLJQ�RI�VRODU�39�V\VWHP
�� 7R�EHFRPH�IDPLOLDU�LQ�LPSOHPHQWLQJ�VRODU�WKHUPDO�V\VWHPV�
�� 7R�EHFRPH�DZDUH�DERXW�ZLQG�HQHUJ\�FRQYHUVLRQ�V\VWHPV�
�� 7R�XQGHUVWDQG�WKH�QHHG�RI�(QHUJ\�&RQVHUYDWLRQ�DQG�LWV�UHODWHG�IHDWXUHV�

&RXUVH�2XWFRPHV��7KH�VWXGHQW�ZLOO�EH�DEOH�WR
�� $FTXLUH�WKH�NQRZOHGJH�RI�YDULRXV�1RQ�FRQYHQWLRQDO�HQHUJ\�VRXUFHV�DQG

LWV�UHODWLYH�PHULWV�DQG�GHPHULWV�
�� ,GHQWLI\�WKH�QHHG�RI�HQHUJ\�FRQVHUYDWLRQ�DQG�VWRUDJH�PHWKRGV�
�� ([SHULPHQW�ZLWK�VRODU�SKRWR�YROWDLF�V\VWHPV�WR�YDOLGDWH�WKHRUHWLFDO�DQDO\VLV�
�� &RPSDUH�WKH�YDULRXV�0337�WHFKQLTXHV�
�� $VVHVV�WKH�VRODU�WKHUPDO�DSSOLFDWLRQ�IRU�D�JLYHQ�UHTXLUHPHQW
�� -XVWLI\�WKH�VXLWDELOLW\�RI�ZLQG�(QHUJ\�&RQYHUVLRQ�6\VWHPV�IRU�D�JLYHQ�VLWH

FRQGLWLRQV�
81,7�,
)XQGDPHQWDOV� RI�(QHUJ\�� ,QWURGXFWLRQ��&ODVVLILFDWLRQ� RI� HQHUJ\� UHVRXUFHV�
LPSRUWDQFH� RI�1RQ�&RQYHQWLRQDO�(QHUJ\�6RXUFHV��&RPPRQ� IRUPV� RI� HQHUJ\�
$GYDQWDJHV�DQG�'LVDGYDQWDJHV�RI�FRQYHQWLRQDO�HQHUJ\�VRXUFHV��0HULWV�DQG�'HPHULWV
RI� QRQ� FRQYHQWLRQDO� HQHUJ\� VRXUFHV�� YDULRXV� DVSHFWV� RI� HQHUJ\� FRQVHUYDWLRQ�
FR��JHQHUDWLRQ���(QHUJ\�VWRUDJH�PHWKRGV��(OHPHQWDU\�WUHDWPHQW�RQO\�

81,7�,,
,QWURGXFWLRQ�WR�(QHUJ\�6RXUFHV��6RODU�(QHUJ\��:LQG�HQHUJ\��%LRPDVV�HQHUJ\�
*HRWKHUPDO�HQHUJ\���2FHDQ�HQHUJ\���)XHO�&HOO��0+'���6PDOO�+\GUR�UHVRXUFHV�

81,7�,,,
6RODU�3KRWR�9ROWDLF�6\VWHPV��6RODU�FHOO�IXQGDPHQWDOV���6RODU�&HOO�FKDUDFWHULVWLFV�
VRODU� FHOO� FODVVLILFDWLRQ�� VRODU� FHOO��0RGXOH�� 3DQHO� DQG�$UUD\�&RQVWUXFWLRQ�
0D[LPL]LQJ�WKH�VRODU�39�RXWSXW�DQG�ORDG�PDWFKLQJ��0337��6RODU�39�6\VWHPV�
VRODU�39�DSSOLFDWLRQV�
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81,7�,9
6RODU�7KHUPDO�6\VWHPV��6RODU�FROOHFWRUV��6RODU�ZDWHU�KHDWHU��VRODU�FRRNHU��6RODU
IXUQDFH��6RODU�GU\HU��6RODU�GLVWLOODWLRQ�

81,7�9
:LQG�(QHUJ\�6\VWHPV��2ULJLQ�RI�ZLQGV��ZLQG�WXUELQH�VLWWLQJ��PDMRU�DSSOLFDWLRQV
RI�ZLQG� SRZHU��ZLQG� WXUELQH� DHURG\QDPLFV��:LQG� HQHUJ\� FRQYHUVLRQ� V\VWHPV
�:(&6���:LQG�(QHUJ\�6WRUDJH�

7H[W�%RRNV�
�� %�+�� .KDQ�� ³1RQ� &RQYHQWLRQDO� (QHUJ\� 5HVRXUFHV´�0F*UDZ�+LOO

(GXFDWLRQ�������
�� &KHWDQ�6LQJK�6RODQNL��³5HQHZDEOH�(QHUJ\�7HFKQRORJ\���$�SUDFWLFDO�JXLGH

IRU�EHJLQQHUV´��3+,�������

6XJJHVWHG�5HDGLQJ�
�� '�3�.RWKDUL��.&�6LQJDO��5DNHVK�5DQMDQ��³5HQHZDEOH�(QHUJ\�6RXUFHV�DQG

(PHUJLQJ�7HFKQRORJLHV´��3+,�������
�� 0XNKDUMHH�'���³5HQHZDEOH�(QHUJ\�6\VWHPV´��1HZ�$JH�,QWHUQDWLRQDO������
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��((�(��
(/(&75,&$/�(1*,1((5,1*�0$7(5,$/6

,QVWUXFWLRQ �+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� $QDO\]H�WKH�PHFKDQLFDO��PDJQHWLF�DQG�WKH�HOHFWULFDO�SURSHUWLHV�RI�PDWHULDOV�
�� 6HOHFW�PDWHULDOV�IRU�YDULRXV�HQJLQHHULQJ�DSSOLFDWLRQ�
�� (VWDEOLVK�KRZ�IDLOXUHV�RFFXU�LQ�PDWHULDOV�DQG�KRZ�WR�SUHYHQW�WKHP�
�� 2EVHUYH�WKH�FKDQJHV�LQ�EHKDYLRU�RI�WKH�PDWHULDO�ZKLOH�VXEMHFWHG�WR�VWUHVV�
�� .QRZ�WKH�HFRQRPLFDO�DVSHFWV�RI�D�GHVLJQ�
�� 8SGDWH�WKH�WHFKQLFDO�DGYDQFHPHQWV�LQ�PDWHULDOV�WHFKQRORJ\�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� &ODVVLI\�WKH�JLYHQ�PDWHULDO�EDVHG�RQ�LWV�SURSHUWLHV�
�� 6HOHFW�D�SURSHU�PDWHULDO�IRU�D�JLYHQ�DSSOLFDWLRQ�
�� ([SHULPHQW�RQ�PDWHULDOV�LQ�RUGHU�WR�WHVW�LWV�DGDSWDELOLW\�
�� ,QYHVWLJDWH�WKH�VXLWDELOLW\�RI�PDWHULDO�IRU�WKH�ODWHVW�WHFKQRORJLFDO�UHTXLUHPHQW�
�� &RPSDUH�DQG�FRQWUDVW�WKH�FKDUDFWHULVWLFV�RI�WKH�PDWHULDOV�
�� $VVHVV�WKH�FKDQJHV�LQ�SURSHUWLHV�ZKLOH�DOOR\LQJ

81,7��,
&RQGXFWLQJ�0DWHULDOV��(OHFWULFDO� FRQGXFWLQJ�0DWHULDOV��+LJK� FRQGXFWLYLW\
PDWHULDOV��0DWHULDOV�RI�+LJK�5HVLVWLYLW\��0DWHULDOV�XVHG�IRU�SUHFLVLRQ�ZRUN��UKHRVWDWV�
KHDWLQJ� GHYLFHV�� 6XSHU� FRQGXFWLYLW\�� 6SHFLDO� W\SHV� RI� DOOR\V��$SSOLFDWLRQV�	
3URSHUWLHV�RI�VHPLFRQGXFWRUV��6LOLFRQ�ZDIHUV�� LQWHJUDWLRQ�WHFKQLTXHV��/DUJH�DQG
YHU\�ODUJH�VFDOH�LQWHJUDWLRQ�WHFKQLTXHV��9/6,��

81,7��,,
,QVXODWLQJ�0DWHULDOV��&ODVVLILFDWLRQ� RI� ,QVXOWLQJ�PDWHULDOV�� WHPSHUDWXUH� ULVH�
HOHFWULFDO�SURSHUWLHV�RI�LQVXODWLQJ�PDWHULDOV�XVHG�IRU�ZLUHV�ODPLQDWLRQV��PDFKLQHV
DQG�WKHLU�DSSOLFDWLRQV��&HUDPLFV��3ODVWLFV��'&�HOHFWULFDO�SURSHUWLHV���$&�HOHFWULFDO
SURSHUWLHV��'LHOHFWULF�SURSHUWLHV�RI�LQVXODWRUV��'LHOHFWULF�PDWHULDOV�XVHG�IRU�YDULRXV
HOHFWULFDO�DSSOLFDWLRQV��VXLWDELOLW\�

81,7��,,,
0DJQHWLF�0DWHULDOV��0DJQHWLF�SDUDPHWHUV��WKH�WKUHH�W\SHV�RI�PDJQHWLF�PDWHULDO�
PHDVXULQJ�PDJQHWLF�PDWHULDOV��$SSOLFDWLRQ�RI�VRIW�PDJQHWLF�PDWHULDOV��0DJQHWLF
UHFRUGLQJ�PHGLD��+DUG��SHUPDQHQW��PDJQHWV��)HUULWHV��6DPDULXP��&REDOW�DOOR\V�
1HRG\PLXP�,URQ�%RURQ��1G�)H�%��
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81,7��,9
2SWLFDO�3URSHUWLHV�RI�0DWHULDOV��(0�5DGLDWLRQ�6SHFWUXP��2SWLFDO�SURSHUWLHV�LQ
PDWHULDOV��3KRWR�HOHFWULF�HPLVVLRQ��3KRWR�FRQGXFWLYLW\��/DVHUV��2SWLFDO�ILEUHV��)LEUH
FDEOHV�

81,7��9
0DWHULDOV�IRU�'LUHFW�(QHUJ\�&RQYHUVLRQ�'HYLFHV��6RODU�FHOOV��HTXLYDOHQW�FLUFXLW
RI� D� VRODU� FHOO�� IXHO� FHOO��0+'�JHQHUDWRUV�� VWRUDJH�RI�K\GURJHQ�� WKHUPRHOHFWULF
JHQHUDWRUV��1DQR�DSSOLFDWLRQV�LQ�(OHFWULFDO�(QJLQHHULQJ�

7H[W�%RRNV�
�� *�.�%HQHUJ\��³(OHFWULFDO�DQG�(OHFWURQLF�(QJLQHHULQJ�0DWHULDOV´��3+,������
�� ,DQ�3��-RQHV��³0DWHULDOV�6FLHQFH�IRU�(OHFWULFDO�DQG�(OHFWURQLF�(QJLQHHUV´�

2[IRUG�8QLYHUVLW\�3UHVV�������
�� 5��.�6XNKOD��³(OHFWULFDO�(QJLQHHULQJ�0DWHULDOV´��0F*UDZ�+LOO�(GXFDWLRQ�

�����

6XJJHVWHG�5HDGLQJ�
�� 'KLU�� ³(OHFWURQLF�&RPSRQHQWV�	�0DWHULDOV´��0F*UDZ�+LOO�(GXFDWLRQ�

�����
�� 777,�0DGUDV��³(OHFWULFDO�(QJLQHHULQJ�0DWHULDOV´��0F*UDZ�+LOO�(GXFDWLRQ�

�����
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��((�(��
(/(&7521,&�,167580(17$7,21�6<67(06

,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�REMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV
�� 8QGHUVWDQG�WKH�FRQFHSW�RI�WUDQVGXFHUV�
�� .QRZ�WKH�SULQFLSOHV�RI�GDWD�FRQYHUWHUV�
�� 8QGHUVWDQG�FRQVWUXFWLRQ�DQG�ZRUNLQJ�GHWDLOV�RI�GLIIHUHQW�VLJQDO�JHQHUDWRUV

	�VLJQDO�DQDO\]HUV�
�� 'HVFULEH�YDULRXV�GLJLWDO�IUHTXHQF\�DQG�WLPH�UHODWHG�PHDVXUHPHQWV�
�� ,OOXVWUDWH�DXWRPDWLF�LQVWUXPHQWDWLRQ�V\VWHPV�
�� .QRZ�WKH�IXQGDPHQWDOV�RI�GLIIHUHQW�&52¶V�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� &KRRVH�DSSURSULDWH�WUDQVGXFHU�IRU�D�JLYHQ�DSSOLFDWLRQ
�� 'HVLJQ�GDWD�FRQYHUWHUV�WR�WKH�UHTXLUHG�VSHFLILFDWLRQV�
�� (VWLPDWH�WKH�GLVWRUWLRQ�RI�D�VLJQDO�
�� &RQVWUXFW�GLIIHUHQW�VLJQDO�JHQHUDWRUV�
�� ([SODLQ�WKH�ZRUNLQJ�RI�GLIIHUHQW�VXEV\VWHPV�RI�GLIIHUHQW�&52¶V
�� 'HYHORS�GHVLJQ�WKH�DXWRPDWLF�LQVWUXPHQWDWLRQ�V\VWHPV�

81,7�,
$QDORJ� DQG�'LJLWDO�0HDVXULQJ� 6\VWHPV�� ,QWHUIDFLQJ�$FWLYH� DQG� 3DVVLYH
7UDQVGXFHUV��$PSOLILHUV��,QVWUXPHQWDWLRQ�DPSOLILHUV��)L[HG�DQG�3URJUDPPDEOH�JDLQ
W\SHV�DQG�LWV�VSHFLILFDWLRQV���,VRODWLRQ�DPSOLILHUV��7\SHV�DQG�LWV�VSHFLILFDWLRQV��
'LJLWDO�WR�$QDORJ�&RQYHUWHUV��5��5�ODGGHU�DQG�,QYHUWHG�ODGGHU�'$&V��0DLQ�'$&
VSHFLILFDWLRQV��$QDORJ�WR�'LJLWDO�&RQYHUWHU��5��5�/DGGHU�DQG�,QYHUWHG�/DGGHU�'$&V�
0DLQ�'$&�VSHFLILFDWLRQV��$QDORJ�WR�'LJLWDO�&RQYHUWHUV��3DUDOOHO��RU�)ODVK��$'&
VXFFHVVLYH�DSSUR[LPDWLRQ��$'&�0LFURSURFHVVRU�FRPSDWLELOLW\��'XDO�VORSH�$'&�
3ULQFLSDO�VSHFLILFDWLRQV�RI�DQ�$'&�

81,7�,,
'LJLWDO�9ROWPHWHUV�DQG�0XOWLPHWHUV��6LPSOH�'�&�9ROWDJH�DWWHQXDWRU��&XUUHQW�WR
9ROWDJH�FRQYHUWHU��5HVLVWDQFH�WR�9ROWDJH�&RQYHUWHU��$XWRPDWLF�UDQJLQJ�DQG�$XWRPDWLF
]HURLQJ��506�GHWHFWRU�LQ�'00�DQG�506�DQG�7UXH�506��'LJLWDO�)UHTXHQF\�DQG
7LPH�PHDVXUHPHQWV��)UHTXHQF\�0HDVXUHPHQWV��)UHTXHQF\�UDWLR�WLPH�LQWHUYDO�DQG
3XOVH�ZLGWK�PHDVXUHPHQWV��6FDOLQJ�DQG�&KHFNLQJ�PRGHV��&RXQWLQJ�HUURUV��,QSXW
VLJQDO�FRQGLWLRQLQJ��7ULJJHU�OHYHO��+\VWHUHVLV�

81,7�,,,
6LJQDO�$QDO\VLV��:DYH�$QDO\]HUV��6LJQDO�DQDO\VLV�DQG�ZDYH�$QDO\]HU��7\SH�DQG
$SSOLFDWLRQV��+DUPRQLF�'LVWRUWLRQ�$QDO\]HUV�� KDUPRQLF�'LVWRUWLRQ�� KHWHURG\QH
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KDUPRQLF�$QDO\]HU� RU�:DYH�PHWHU��7XQHG� FLUFXLW�� )XQGDPHQWDO� 6XSSUHVVLRQ�
6SHFWUXP�$QDO\VLV��%ORFN�'LDJUDP��3KDVH�ORFNHG�FLUFXLW�IRU�WKH�ORFDO�RVFLOODWRU�
6XFFHVVLYH�OLPLWLQJ�W\SH�RI�/RJ�,)�DPSOLILHU�

81,7�,9
6LJQDO�*HQHUDWRUV��)L[HG�DQG�YDULDEOH�$XGLR�IUHTXHQF\�RVFLOODWRU��$XGLR�IUHTXHQF\
VLQH�DQG�VTXDUH�ZDYH�JHQHUDWRU��IXQFWLRQ�JHQHUDWRU��VTXDUH�ZDYH�SXOVH�JHQHUDWRU�
UDQGRP�QRLVH�JHQHUDWRU���79�VZHHS�JHQHUDWRU��PDUNHU�JHQHUDWRU�DQG�EHDW�IUHTXHQF\
RVFLOODWRU�%)2��� V\QFKURQL]HG� VLJQDO� JHQHUDWRU� LQWHUIDFHG�ZLWK� ����%XV�� UHOD\
VZLWFKHG�DWWHQXDWRU��,((�����(OHFWULFDO�LQWHUIDFH�

81,7�9
&DWKRGH�5D\�2VFLOORVFRSH��%ORFN�'LDJUDP��%DVLF�&RQFHSWV��9HUWLFDO�DPSOLILHU�
7LPH�%DVH��7ULJJHU�'HOD\�OLQH�DQG�WKHLU�UROH�LQ�D�&52��'LJLWDO�VWRUDJH�2VFLOORVFRSH�
0DJQHWLF�5H�RUGHUV��'LJLWDO�,QWHUIDFH�IRU�3URJUDPPDEOH�,QVWUXPHQWDWLRQ��'HVFULSWLRQ
DQG�6DPSOH�H[DPSOHV�RI�$XWRPDWLF�,QVWUXPHQWDWLRQ�

7H[W�%RRNV�
�� +��6��.DOVL��³(OHFWURQLF�,QVWUXPHQWDWLRQ´� 70+�SXEOLFDWLRQV���QG�(GLWLRQ�

�����
�� $�.�6DZKQH\��³$�&RXUVH�LQ�(OHFWULFDO�DQG�(OHFWURQLFV�0HDVXUHPHQWV�DQG

,QVWUXPHQWDWLRQ´� 'KDQSDW�5DL�	�6RQV���WK�(GLWLRQ�������

6XJJHVWHG�5HDGLQJ�
�� (�:�*ROGLQJ ³(OHFWULFDO�0HDVXUHPHQWV�DQG�0HDVXULQJ�,QVWUXPHQWV´��70+

SXEOLFDWLRQV�������
�� +HOIULFN��$OEHUW�'��&RRSHU��:LOOLDP�'��³0RGHUQ�(OHFWURQLF�,QVWUXPHQWV

	�0HDVXULQJ�,QVWUXPHQWV´��3+,�������
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��07�(��
67$7,67,&$/�$1'�180(5,&$/�0(7+2'6

,QVWUXFWLRQ �/�+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV� �

&RXUVH�2EMHFWLYHV�
�� 7R�FRPSXWH�WKH�VWDWLVWLFDO�DYHUDJHV	�GLIIHUHQW�SURSHUWLHV�
�� 7R�VWXG\�WKH�SUREDELOLW\�GLVWULEXWLRQV�IRU�VWRFKDVWLF�GDWD�
�� 7R�XQGHUVWDQG�IRU�ILQGLQJ�VROXWLRQ�RI�QRQ�OLQHDU�HTXDWLRQV�
�� 7R�VWXG\�WKH�SURFHVV�RI�FDOFXODWLQJ�WKH�YDOXH�RI�WKH�QXPHULFDO�GHULYDWLYH

RI�D�IXQFWLRQV�	�QXPHULFDO�LQWHJUDWLRQ�RI�D�JLYHQ�GDWD�
�� 7R�LGHQWLI\�WKH�VROXWLRQ�IRU�LQLWLDO�YDOXH�SUREOHP�QXPHULFDO�GLIIHUHQWLDO

HTXDWLRQV�
�� 7R�FRPSXWH�DQG�DQDO\VH�WKH�SK\VLFDO�GDWD�

&RXUVH�2XWFRPHV��2Q�WKH�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQW�VKDOO
EH�DEOH�WR

�� $QDO\VH�WKH�VWDWLVWLFDO�DYHUDJHV�DQG�GLIIHUHQW�SURSHUWLHV�IRU�SUREDELOLW\
IXQFWLRQ�

�� )LW�WKH�SUREDELOLW\�GLVWULEXWLRQ�IRU�WKH�UDQGRP�GDWD�
�� 6ROYH�WKH�QRQ�OLQHDU�HTXDWLRQV�IRU�ILQGLQJ�WKH�URRWV�
�� 6ROYLQJ�WKH�'LIIHUHQWLDWLRQ�	�,QWHJUDWLRQ�IRU�QXPHULFDO�GDWD�
�� 6ROYLQJ�WKH�RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQV�XVLQJ�VLQJOH�	�PXOWL�VWHS

PHWKRGV�
�� 6ROYLQJ�WKH�PXOWLYDULDEOH�SUREOHPV�

81,7�,
5DQGRP�9DULDEOHV��0DWKHPDWLFDO�([SHFWDWLRQ��9DULDQFH��&R�9DULDQFH� DQG� LWV
SURSHUWLHV��3UREDELOLW\�IXQFWLRQ��0RPHQWV��PJI��FJI�DQG�LWV�SURSHUWLHV�

81,7�,,
3UREDELOLW\�'LVWULEXWLRQV��'LVFUHWH�GLVWULEXWLRQ��%LQRPLDO��3RLVRQ�GLVWULEXWLRQV�
ILQGLQJ�0HDQ� DQG�9DULDQFH� WKURXJK�PJI�� &RQWLQXRXV� GLVWULEXWLRQ��1RUPDO
GLVWULEXWLRQ��([SRQHQWLDO�	�8QLIRUP�GLVWULEXWLRQV�

81,7�,,,
6ROXWLRQ� IRU�1RQ�OLQHDU�(TXDWLRQV��$OJHEUDLF�	� WUDQVFHQGHQWDO� � � HTXDWLRQV�
%LVHFWLRQ�PHWKRG�� � 5HJXODU� )DOVH�0HWKRG� DQG�1HZWRQ� 5DSKVRQ�PHWKRG�
LQWHUSRODWLRQ��1HZWRQ¶V�IRUZDUG�DQG�EDFNZDUG�IRUPXODV�
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81,7�,9
1XPHULFDO�'LIIHUHQWLDWLRQ�	� ,QWHJUDWLRQ��1XPHULFDO� GLIIHUHQWLDWLRQ� XVLQJ
QXPHULFDO� IRUZDUG�	�EDFNZDUG� LQWHUSRODWLRQ� IRUPXOD��1XPHULFDO� LQWHJUDWLRQ�
6LPSVRQ¶V����WK�UXOH��:HGGOH¶V�UXOH�

81,7�9
1XPHULFDO�6ROXWLRQ�RI�2UGLQDU\�'LIIHUHQWLDO�(TXDWLRQV�� � � 3LFDUG¶V�PHWKRG�
(XOHU¶V�PHWKRG��5�.�PHWKRG��IRXUWK�RUGHU��DQG�0LOQH�7KRPSVRQ¶V�PHWKRG��SUHGLFWRU
	�FRUUHFWRU��

7H[W�%RRNV�
�� 6�&�*XSWD�DQG�9�.�.DSRRU��³)XQGDPHQWDOV�RI�0DWKHPDWLFDO�VWDWLVWLFV´�

6�&KDQG�	&R������3XEOLVKHUV�
�� 0�.�-DLQ��6�5�.�,\HQJDU�DQG�5�.�-DLQ��³1XPHULFDO�PHWKRGV�IRU�6FLHQWLILF

	�(QJLQHHULQJ�&RPSXWDWLRQ´��1HZ�$JH�,QWHUQDWLRQDO�SXEOLFDWLRQV�������

6XJJHVWHG�5HDGLQJ�
�� 0LOOHU�DQG�)UHXQG��³3UREDELOLW\�DQG�6WDWLVWLFV�IRU�(QJLQHHUV´��3HDUVRQ�

�����

�� 6�6�6KDVWU\�� ³,QWURGXFWRU\�PHWKRGV� RI� � 1XPHULFDO�$QDO\VLV´�� 3+,
SXEOLFDWLRQ���WK�(GLWLRQ�
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&RUH�&RXUVHV�RIIHUHG�WR�RWKHU�'HSDUWPHQWV�
�6(0(67(5�±�9

6�1R�
&RXUVH�
&RGH�

7LWOH�RI�WKH�&RXUVH�

6FKHPH�RI�
,QVWUXFWLRQ�

6FKHPH�RI�([DPLQDWLRQ�

&UHGLWV+RXUV�SHU�ZHHN� 'XUDWLRQ�
RI�6((�
LQ�+RXUV�

0D[LPXP�0DUNV�

/�7� 3�'� &,(� 6((�

35$&7,&$/6�

�� ��((�&��

(OHFWULFDO�0DFKLQHV�
DQG�0LFURFRQWUROOHU�
$SSOLFDWLRQV�/DE�
�&RUH���IRU�%(�����
0HFK�	�3URG��9�
6(0��

���� �� �� ��� ��� ��

727$/� �� �� �� ��� ��� ��

(OHFWLYH�&RXUVHV�RIIHUHG�WR�RWKHU�'HSDUWPHQWV�
6(0(67(5�±�9�������

6�1R�
&RXUVH�
&RGH�

7LWOH�RI�WKH�&RXUVH�

6FKHPH�RI�
,QVWUXFWLRQ�

6FKHPH�RI�([DPLQDWLRQ�

&UHGLWV+RXUV�SHU�ZHHN� 'XUDWLRQ�
RI�6((�LQ�
+RXUV�

0D[LPXP�0DUNV�

/�7� 3�'� &,(� 6((�

35$&7,&$/6�

�� ��((�(��
(OHFWULFDO�7HFKQRORJ\�
�IRU�%(�����(&(��9�
6(0��

���� �� �� ��� ��� ��

727$/� �� �� �� ��� ��� ��

��/��/HFWXUH�������7��7XWRULDO���������3��3UDFWLFDO��������'��'UDZLQJ���������
�&,(���&RQWLQXRXV�,QWHUQDO�(YDOXDWLRQ������������������6((���6HPHVWHU�(QG�([DPLQDWLRQ�
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��((�&��
(/(&75,&$/�0$&+,1(6�$1'�0,&52�&21752//(5

$33/,&$7,216�/$%
�&RPPRQ�WR�%(������0HFK��	�3URG��9��6(0�

,QVWUXFWLRQ �7�����3HULRGV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV�
�� 7R�XQGHUVWDQG�WKH�WHVWLQJ�RI���SKDVH�WUDQVIRUPHUV�
�� 7R�FRPSUHKHQG�YDULRXV�FKDUDFWHULVWLFV�RI�'&�PDFKLQHV�
�� 7R�XQGHUVWDQG�WKH�FKDUDFWHULVWLFV�RI�GLIIHUHQW�$&�PDFKLQHV�
�� 7R�OHDUQ�RSHUDWLRQV�RQ������PLFURFRQWUROOHU�
�� 7R�XQGHUVWDQG�EDVLFV�RI��LQWHUIDFLQJ�GHYLFHV�ZLWK������PLFURFRQWUROOHU�

&RXUVH�2XWFRPHV��7KH�VWXGHQW�ZLOO�EH�DEOH�WR
�� 7HVW�WKH���SKDVH�WUDQVIRUPHU�
�� .QRZ�WKH�ULJKW�LQVWUXPHQW�DQG�LWV�XVDJH�IRU�WKH�JLYHQ�FLUFXLW�
�� ,GHQWLI\�WKH�VXLWDEOH�PDFKLQH�IRU�UHTXLUHG�DSSOLFDWLRQ�
�� 3URFHVV�WKH�GDWD�XVLQJ������PLFURFRQWUROOHU
�� ,QWHUIDFH�WKH�JLYHQ�GHYLFH�ZLWK������PLFURFRQWUROOHU�

/LVW�RI�([SHULPHQWV�
&\FOH��,

�� 0DJQHWL]DWLRQ�FKDUDFWHULVWLFV�RI�D�VHSDUDWHO\�H[FLWHG�'&�JHQHUDWRU�
�� /RDG�FKDUDFWHULVWLFV�RI�D�VKXQW�JHQHUDWRU�
�� 3HUIRUPDQFH�FKDUDFWHULVWLFV�RI�D�VKXQW�PRWRU�
�� 3HUIRUPDQFH�FKDUDFWHULVWLFV�RI�D�FRPSRXQG�PRWRU�
�� 6SHHG�FRQWURO�RI�'&�VKXQW�PRWRU�
�� 2�&��DQG�6�&��WHVWV�RQ�VLQJOH�SKDVH�WUDQVIRUPHU�
�� /RDG�WHVW�RQ�D�WKUHH�SKDVH�LQGXFWLRQ�PRWRU���
�� 6SHHG�FRQWURO�PHWKRGV�RI�LQGXFWLRQ�PRWRU�
�� 7R�GHWHUPLQH�WKH�ORDG�FKDUDFWHULVWLFV�RI�D�'&�VHULHV�PRWRU�

1RWH��$W�OHDVW�6,;�H[SHULPHQWV�VKRXOG�EH�FRQGXFWHG�LQ�WKH�VHPHVWHU�IURP�F\FOH���,�

&\FOH��,,
�� �����0LFURFRQWUROOHU�([SHULPHQWV�
�� 'DWD�7UDQVIHU���%ORFN�PRYH��([FKDQJH��VRUWLQJ��)LQGLQJ�ODUJHVW

HOHPHQW�LQ�DQ�DUUD\�
�� $ULWKPHWLF�,QVWUXFWLRQV���0XOWL�E\WH�RSHUDWLRQV�
�� %RROHDQ�	�/RJLFDO�,QVWUXFWLRQV��%LW�PDQLSXODWLRQV��
�� 8VH�RI�-803�DQG�&$//�LQVWUXFWLRQV�
�� &RQWURO�RI�VWHSSHU�0RWRU�XVLQJ������
�� $�'�FRQYHUWHU�LQWHUIDFH�ZLWK������0LFURFRQWUROOHU�
�� '�$�FRQYHUWHU�,QWHUIDFH�ZLWK������0LFURFRQWUROOHU�

1RWH��$W�OHDVW�)285�H[SHULPHQWV�VKRXOG�EH�FRQGXFWHG�LQ�WKH�VHPHVWHU�IURP�F\FOH���,,�
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��(((��
(/(&75,&$/�7(&+12/2*<

�%(�����(&(��9�6HP��
,QVWUXFWLRQ �+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� .QRZ�WKH�IXQGDPHQWDOV�RI�'&�*HQHUDWRUV�DQG�'&�PRWRUV�
�� 6WXG\�$&�JHQHUDWRUV�	�7UDQVIRUPHUV�
�� 8QGHUVWDQG�WKH�FRQFHSWV�RI�SRO\�SKDVH�V\VWHPV�
�� .QRZ�WKH�FRQFHSWV�RI��6LQJOH���3KDVH�DQG�7KUHH���3KDVH�,QGXFWLRQ�PRWRUV�
�� 8QGHUVWDQG�IXQGDPHQWDOV�RI�3RZHU�V\VWHP�
�� 8QGHUVWDQG�EDVLFV�RI��1RQ���&RQYHQWLRQDO�(QHUJ\�6RXUFHV�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR
�� .QRZ�WKH�IXQGDPHQWDOV�RI�'&�*HQHUDWRUV��DQG�'&�PRWRUV�
�� 6WXG\�$&�JHQHUDWRUV�	�7UDQVIRUPHUV�
�� 8QGHUVWDQG�WKH�FRQFHSWV�RI�SRO\�SKDVH�V\VWHPV�
�� .QRZ�WKH�FRQFHSWV�RI��6LQJOH���3KDVH�DQG�7KUHH���3KDVH�,QGXFWLRQ�PRWRUV�
�� 8QGHUVWDQG�IXQGDPHQWDOV�RI�3RZHU�V\VWHP�
�� .QRZ�WKH�GLIIHUHQFH�EHWZHHQ�&RQYHQWLRQDO�DQG�1RQ���&RQYHQWLRQDO

(QHUJ\�6RXUFHV�

81,7�,

'�&��*HQHUDWRUV��&RQVWUXFWLRQDO�GHWDLOV��6LPSOH�ODS�	�ZDYH�ZLQGLQJV��0HWKRGV
RI�H[FLWDWLRQ��,QGXFHG�(0)��%DVLF�LGHDV�RI�DUPDWXUH�UHDFWLRQ�DQG�FRPPXWDWLRQ�
&KDUDFWHULVWLFV�RI�VKXQW��VHULHV�DQG�FRPSRXQG�JHQHUDWRUV�DQG�WKHLU�DSSOLFDWLRQV�

'&�0RWRUV��6LJQLILFDQFH�RI�EDFN�(0)��7RUTXH�GHYHORSHG�LQ�PRWRUV��WKUHH�SRLQW
VWDUWHU��&KDUDFWHULVWLFV�RI�VKXQW��VHULHV�DQG�FRPSRXQG�PRWRUV��6SHHG�FRQWURO�RI
'&�PRWRUV�

81,7�,,

3RO\�3KDVH�6\VWHP��$GYDQWDJHV�RI�WKUHH�SKDVH�V\VWHP��6WDU�DQG�GHOWD�FRQQHFWLRQV�
5HODWLRQVKLS�EHWZHHQ�OLQH�DQG�SKDVH�TXDQWLWLHV��0HDVXUHPHQW�RI�SRZHU�E\�7ZR
:DWWPHWHU�PHWKRG�
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$�&��*HQHUDWRUV��&RQVWUXFWLRQ��(0)�HTXDWLRQ��$UPDWXUH�UHDFWLRQ���6\QFKURQRXV
LPSHGDQFH��5HJXODWLRQ�

81,7�,,,

7UDQVIRUPHUV��6LQJOH�3KDVH�WUDQVIRUPHU��&RQVWUXFWLRQ��:RUNLQJ�SULQFLSOH��(0)
HTXDWLRQ��,GHDO�WUDQVIRUPHU���3KDVRU�GLDJUDP�XQGHU�QR�ORDG�DQG�ORDGHG�FRQGLWLRQV�
2&�DQG�6&�WHVWV�RQ�WUDQVIRUPHU��(IILFLHQF\�DQG�UHJXODWLRQ�

81,7�,9

,QGXFWLRQ�0RWRUV��&RQVWUXFWLRQ��3URGXFWLRQ�RI�URWDWLQJ�PDJQHWLF�ILHOG��6OLS��6OLS�
WRUTXH�FKDUDFWHULVWLFV��6WDUWLQJ�PHWKRGV�RI�,QGXFWLRQ�PRWRUV�
6LQJOH�3KDVH� ,QGXFWLRQ�0RWRUV�� &RQVWUXFWLRQ�� 7KHRU\� RI� RSHUDWLRQ�
&KDUDFWHULVWLFV�RI�VKDGHG�SROH��6SOLW�SKDVH�DQG�FDSDFLWRU�PRWRUV��$SSOLFDWLRQV�

81,7�9
3RZHU�6\VWHPV��%DVLF� LGHDV�RI� WKHUPDO��K\GUR��QXFOHDU� DQG�QRQ�FRQYHQWLRQDO
JHQHUDWLQJ�V\VWHPV�DQG�OD\RXW��%ORFN�GLDJUDP�RI�SRZHU�V\VWHPV��DGYDQWDJHV�RI
QRQ�FRQYHQWLRQDO�JHQHUDWLRQ�V\VWHPV�

7H[W�%RRNV�
�� +��&RWWRQ��³(OHFWULFDO�7HFKQRORJ\´��&%6�3XEOLVKHUV�DQG�GLVWULEXWRUV���WK

(GLWLRQ�������
�� 9�.�0HKWD��³3ULQFLSOHV�RI�(OHFWULFDO�(QJLQHHULQJ´��6��&KDQG�DQG�&R���QG

(GLWLRQ�������
�� 0�/�6RQL�� 39�*XSWD�� �96�%KDWQDJDU�� ³$� FRXUVH� LQ�(OHFWULFDO� 3RZHU´�

'KDQSDW�5DL�DQG�6RQV���WK�(GLWLRQ������
6XJJHVWHG�5HDGLQJ�

�� 3�9�� 3UDVDG�� 6�� 6LYD�1DJDUDMX�� ³(OHFWULFDO� (QJLQHHULQJ�� &RQFHSWV�	
$SSOLFDWLRQV´��&HQJDJH�/HDUQLQJ���VW�(GLWLRQ�������

�� %�/�7KHUDMD��³(OHFWULFDO�7HFKQRORJ\´���9RO�,�DQG�9RO�,,��6�&KDQG�DQG�&R�
��UG�(GLWLRQ�

�� 0�6�1DLGX��.DPDNVKDLDK��³(OHFWULFDO�7HFKQRORJ\´��70+�3XEOLFDWLRQV��VW

(GLWLRQ������
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&+$,7$1<$�%+$5$7+,�,167,787(�2)�7(&+12/2*<��$�

&KRLFH�%DVHG�&UHGLW�6\VWHP��ZLWK�HIIHFW�IURP���������

%�(��(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHULQJ�

6(0(67(5�9,

6��1R� &RXUVH�&RGH� 7LWOH�RI�WKH�&RXUVH�

6FKHPH�RI�
,QVWUXFWLRQ�

6FKHPH�RI�([DPLQDWLRQ�

+RXUV�SHU�
ZHHN 'XUDWLRQ�

LQ�+RXUV�

0D[LPXP�
0DUNV�

&UHGLWV
/�7� 3�'� �&,(� 6((�

7+(25<�

�� ��((&�� (OHFWULFDO�0DFKLQHU\�±�,,,� ���� �� �� ��� ��� ��

�� ��((&�� 6ZLWFKJHDU�DQG�3URWHFWLRQ� �� �� �� �� �� ��

�� ��((&�� 3RZHU�6HPLFRQGXFWRU�'ULYHV� �� �� �� �� �� ��

�� ��((&��
0LFURSURFHVVRU�DQG�
0LFURFRQWUROOHUV� �� �� �� �� �� ��

�� ��(((;; 3URJUDP�6SHFLILF�(OHFWLYH���� �� �� �� �� �� ��

�� ��(((;; 3URJUDP�6SHFLILF�(OHFWLYH����� �� �� �� �� �� ��

35$&7,&$/6

�� ��((&��
0LFURSURFHVVRU�DQG�
0LFURFRQWUROOHUV�/DE�

���� �� �� ��� ��� ��

�� ��((&�� 3RZHU�6\VWHPV�/DE� ���� �� �� ��� ��� ��

�� ��((&�� 0LQL�3URMHFW� �� �� �� ��� �� ��

��� ��((&��� ,QGXVWULDO�9LVLW� 6DWLVIDFWRU\���8QVDWLVIDFWRU\�

� ��� ��� �� ���� ���� ���

/��/HFWXUH�������7��7XWRULDO��������'��'UDZLQJ��������3��3UDFWLFDO
&,(���&RQWLQXRXV�,QWHUQDO�(YDOXDWLRQ�����������������6((���6HPHVWHU�(QG�([DPLQDWLRQ

&RXUVH�&RGH 3URJUDP�6SHFLILF�(OHFWLYH��
��(((�� +LJK�9ROWDJH�(QJLQHHULQJ��+9(�
��(((�� $UWLILFLDO�,QWHOOLJHQFH�7HFKQLTXHV�LQ�(OHFWULFDO�(QJLQHHULQJ

�$,7((�
��(((�� 6ZLWFK�0RGH�3RZHU�&RQYHUWHUV��603&�

��(((�� 2SWLPL]DWLRQ�7HFKQLTXHV��27�
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&RXUVH�&RGH 3URJUDP�6SHFLILF��(OHFWLYH��
��(((�� $GYDQFHG�&RQWURO�6\VWHP��$&6�

��(((�� (OHFWULFDO�'LVWULEXWLRQ�6\VWHPV�	�$XWRPDWLRQ��('6$�
��(((�� +LJK�9ROWDJH�'&�7UDQVPLVVLRQ��+9'&�

��(((�� 6LPXODWLRQ�7HFKQLTXHV�IRU�(OHFWULFDO�(QJLQHHULQJ�67((�

(OHFWLYH�&RXUVHV�RIIHUHG�WR�RWKHU�'HSDUWPHQWV
��((�(����������,QGXVWULDO�(OHFWURQLFV��%(�ô�(&(��9,WK��6HP�
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��((&��
(/(&75,&$/�0$&+,1(5<�,,,

,QVWUXFWLRQ �/��7�+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �
&RXUVH�2EMHFWLYHV�

�� 7R�VWXG\�WKH�FRQVWUXFWLRQ�DQG�RSHUDWLQJ�SULQFLSOHV�RI�V\QFKURQRXV�PDFKLQHV
�� 7R�XQGHUVWDQG�GLIIHUHQW�W\SHV�RI�DOWHUQDWRU�YROWDJH�UHJXODWLRQ�PHWKRGV�IRU

F\OLQGULFDO�URWRU��VDOLHQW�SROH�W\SHV�
�� 7R�GHVFULEH�WKH�V\QFKURQL]LQJ�SURFHGXUH�ZLWK�WKH�JULG�DQG�VWXG\��WKH�SDUDOOHO

RSHUDWLRQ�RI�DOWHUQDWRUV�
�� 7R�GLVFXVV�DERXW�V\QFKURQRXV�PRWRU�SHUIRUPDQFH�DQG�LWV�VWDUWLQJ�PHWKRGV�
�� ,PSDUW�NQRZOHGJH�DERXW�WUDQVLHQW�EHKDYLRU�RI�V\QFKURQRXV�PDFKLQHV�DQG

WKHLU�VWDELOLW\��
�� 7R�XQGHUVWDQG��WKH�FRQVWUXFWLRQ�GHWDLOV��SULQFLSOH�RI�RSHUDWLRQ��SUHGLFWLRQ

RI�SHUIRUPDQFH�RI��(OHFWULFDO�VSHFLDO�PDFKLQHV�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� ([SODLQ��EDVLF�SULQFLSOHV�RI�V\QFKURQRXV�PDFKLQHV
�� (VWLPDWH��WKH��YROWDJH�UHJXODWLRQ�RI�DOWHUQDWRUV�E\�GLIIHUHQW�PHWKRGV�
�� 'HVFULEH�WKH��YDULRXV�VWDUWLQJ�PHWKRGV�RI�V\QFKURQRXV�PRWRUV�
�� $QDO\]H��WKH�FRQFHSWV�RI�V\QFKURQRXV�PRWRU�
�� ([DPLQH�WKH��VWDELOLW\��RI�V\QFKURQRXV�PDFKLQHV�XQGHU�GLIIHUHQW�RSHUDWLQJ

FRQGLWLRQV�
�� ([SODLQ�DQG�DSSO\�WKH�FRQFHSW�RI�SHUPDQHQW�PDJQHW�PRWRU�DQG�VSHFLDO

PDFKLQHV�IRU�D�JLYHQ�ORDG�DSSOLFDWLRQ�

81,7�,
6\QFKURQRXV�0DFKLQHV��&RQVWUXFWLRQDO�'HWDLOV��7\SHV� RI�ZLQGLQJV��:LQGLQJ
IDFWRUV���H�P�I��HTXDWLRQ��)UDFWLRQDO�SLWFK�DQG�IUDFWLRQDO�VORW�ZLQGLQJV��6XSSUHVVLRQ
RI� KDUPRQLFV� DQG� WRRWK� ULSSOH��$UPDWXUH� UHDFWLRQ� DQG� UHDFWDQFH�� 6\QFKURQRXV
LPSHGDQFH�

81,7�,,
6\QFKURQRXV�*HQHUDWRU��9ROWDJH�5HJXODWLRQ��3KDVRU�GLDJUDP�RI�DOWHUQDWRU�ZLWK
QRQ�VDOLHQW�SROHV��2�&��DQG�6�&�FKDUDFWHULVWLFV��6\QFKURQRXV�LPSHGDQFH��$PSHUH�
WXUQ��=3)�PHWKRGV�IRU�ILQGLQJ�UHJXODWLRQ��3ULQFLSOH�RI�WZR�UHDFWLRQ�WKHRU\�DQG�LWV
DSSOLFDWLRQ�IRU�WKH�VDOLHQW�SROH�V\QFKURQRXV�PDFKLQH�DQDO\VLV���6\QFKURQLVP�DQG
SDUDOOHO�RSHUDWLRQ�
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81,7�,,,
6\QFKURQRXV�0RWRU��7KHRU\�RI�RSHUDWLRQ��9HFWRU�GLDJUDP��9DULDWLRQ�RI�FXUUHQW
DQG�SRZHU�IDFWRU�ZLWK�H[FLWDWLRQ��+XQWLQJ�DQG�LWV�SUHYHQWLRQ��&XUUHQW�DQG�SRZHU
GLDJUDP�3UHGHWHUPLQDWLRQ�RI�SHUIRUPDQFH��0HWKRGV�RI�6WDUWLQJ�DQG�6\QFKURQL]LQJ�
6\QFKURQL]LQJ�3RZHU��6\QFKURQRXV�&RQGHQVHU�

81,7��,9
7UDQVLHQW�6WDELOLW\�6WXGLHV��(OHPHQWDU\�LGHDV�RI�WUDQVLHQW�EHKDYLRU�RI�DQ�$OWHUQDWRU�
7KUHH�SKDVH�VKRUW�FLUFXLW�RI�DQ�$OWHUQDWRU��$QDO\VLV�RI�V\PPHWULFDO�DQG�DV\PPHWULFDO
VKRUW�FLUFXLW�FXUUHQW�

81,7�9
6SHFLDO�0DFKLQHV�� 3HUPDQHQW�0DJQHW�0RWRUV�� 6ZLWFKHG�5HOXFWDQFH�0RWRUV�
+\VWHUHVLV�0RWRUV��6WHSSHU�PRWRU�DQG�%/'&�PRWRU�

7H[W�%RRNV�
�� 3�6��%KLPEUD��³(OHFWULFDO�0DFKLQHU\´��.KDQQD�3XEOLFDWLRQV���WK�(GLWLRQ�

�����
�� 1DJUDWK�,�-�DQG��.RWKDUL�'�3��³(OHFWULFDO�0DFKLQHV´��7DWD�0F*UDZ�+LOO

3XEOLFDWLRQV��6LJPD�VHULHV������
�� -�%�*XSWD��6�.��.DWDULD�	�6RQV��³7KHRU\�DQG��SHUIRUPDQFH�RI�HOHFWULFDO

PDFKLQHV´����WK�(GLWLRQ�������

6XJJHVWHG�5HDGLQJ�
�� -XKD�3\UKRQHQ��7DSDQL�-RNLQHQ��9DOHULD�+UDERYFRYD��³'HVLJQ�RI�5RWDWLQJ

(OHFWULFDO�0DFKLQHV´���-RKQ�:LOH\�	�6RQV��/WG������
�� )LW]JHUDOG��.LQJVOH\��8PDQV��³(OHFWULF�0DFKLQHU\´��7DWD�0F�*UDZ�+LOO

3XEOLFDWLRQV���WK�HGLWLRQ������
�� $VKIDT�KXVDLQ��³(OHFWULFDO�PDFKLQHV´��'DQSDWUDL�DQG�VRQV���UG�(GLWLRQ�

�����
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,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV� 7KH�REMHFWLYH�RI�WKH�FRXUVH�LV
�� 7R�NQRZ�WKH�RSHUDWLRQ�DQG�W\SHV�RI�IXVHV�XVHG�LQ�SRZHU�V\VWHP�
�� 7R�DQDO\]H�SULQFLSOHV�RI�RSHUDWLRQ�RI�WKH�GLIIHUHQW�W\SHV�RI�UHOD\V�
�� 7R�FRPSUHKHQG�WKH�GLIIHUHQW�SULQFLSOHV�RI�SURWHFWLYH�VFKHPHV�LQ�SRZHU

V\VWHP�
�� 7R�XQGHUVWDQG�WKH�SULQFLSOHV�RI�RSHUDWLRQ�RI�WKH�GLIIHUHQW�W\SHV�RI�FLUFXLW

EUHDNHUV�
�� 7R�EH�DFTXDLQWHG�ZLWK�GLIIHUHQW� OLJKWQLQJ�DUUHVWRUV�DQG� WKH�DSSURSULDWH

FLUFXLW�IRU�WKH�SURWHFWLRQ�RI�WKH�YDULRXV�FRPSRQHQWV�RI�SRZHU�V\VWHP�
�� 7R�LGHQWLI\�WKH�LPSRUWDQFH�RI�YDULRXV�JURXQGLQJ�PHWKRGV�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� &ODVVLI\�YDULRXV�FRPSRQHQWV�XVHG�LQ�SRZHU�V\VWHP�SURWHFWLRQ�
�� ,QGLFDWH�WKH�UHOD\�VHWWLQJV�RI�RYHU�FXUUHQW�DQG�GLVWDQFH�UHOD\V�
�� 5HFRJQL]H�DUF�TXHQFKLQJ�PHFKDQLVPV�XVHG�LQ�GLIIHUHQW�FLUFXLW�EUHDNHUV�
�� ([SODLQ�WKH�FRQFHSW�RI�XQLW�DQG�QRQ�XQLW�SURWHFWLRQ��DQG�KRZ�WKH�YDULRXV

DVVRFLDWHG�SDUDPHWHUV�DIIHFW�LW�
�� 'LVWLQJXLVK�W\SHV�DQG�WHVWLQJ�RI�&%V�DQG�WKHLU�DSSOLFDWLRQV
�� 5HYLHZ�SURWHFWLRQ�RI�WUDQVPLVVLRQ�OLQHV��HTXLSPHQW�SURWHFWLRQ�DQG�W\SHV

RI�OLJKWHQLQJ�DUUHVWRUV�DJDLQVW�RYHU�YROWDJHV�

8QLW�,
3URWHFWLYH�5HOD\V��1HHG�IRU�SURWHFWLRQ��%DFNXS�SURWHFWLRQ��=RQHV�RI�SURWHFWLRQ�
'HILQLWLRQV� RI� UHOD\� SLFNXS�� GURSRXW� DQG� UHVHW� YDOXHV��&ODVVLILFDWLRQ� RI� UHOD\V�
2SHUDWLQJ�SULQFLSOHV�DQG�FRQVWUXFWLRQ�RI�HOHFWURPDJQHWLF�DQG�LQGXFWLRQ�UHOD\V��2YHU
FXUUHQW��2YHU�YROWDJH�DQG�3RZHU�UHOD\V��'LUHFWLRQDO�IHDWXUHV��8QLYHUVDO�UHOD\�WRUTXH
HTXDWLRQ��2YHU�FXUUHQW�SURWHFWLRQ�IRU�UDGLDO�IHHGHUV�DQG�ULQJ�PDLQV��3URWHFWLRQ�RI
SDUDOOHO�OLQHV��5HOD\�VHWWLQJV�IRU�RYHU�&XUUHQW�UHOD\V��(DUWK�IDXOW�DQG�SKDVH�IDXOW
SURWHFWLRQ�

8QLW�,,
6WDWLF� SKDVH� DQG�$PSOLWXGH�&RPSDUDWRUV�� &KDUDFWHULVWLFV� RI�'XDO� LQSXW
FRPSDUDWRUV��'LVWDQFH�SURWHFWLRQ����VWHS�'LVWDQFH�UHOD\V���&KDUDFWHULVWLFV�RI�GLVWDQFH
UHOD\V�RQ�WKH�5;�GLDJUDP��VWDWLF�RYHU�FXUUHQW�UHOD\��%ORFN�GLDJUDP�DSSURDFK���%DVLFV
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RI�GLJLWDO�UHOD\V��1HHG�RI�QXPHULFDO�UHOD\V��$GYDQWDJHV�RI�QXPHULFDO�UHOD\V�RYHU
VROLG�VWDWH�UHOD\V�

8QLW�,,,
7UDQVIRUPHU�DQG�*HQHUDWRU�3URWHFWLRQ��'LIIHUHQWLDO�UHOD\V��3HUFHQWDJH�GLIIHUHQWLDO
UHOD\V��3URWHFWLRQ�RI�JHQHUDWRU�DQG�WUDQVIRUPHU�XVLQJ�SHUFHQWDJH�GLIIHUHQWLDO�UHOD\V�
6SOLW�SKDVH��,QWHU�WXUQ�SURWHFWLRQ��2YHUKHDWLQJ��/RVV�RI�H[FLWDWLRQ��3URWHFWLRQ�RI
JHQHUDWRUV�� %XFKKRO]� UHOD\�� 3URWHFWLRQ� RI� HDUWKLQJ� WUDQVIRUPHUV�� *HQHUDWRU
WUDQVIRUPHU�XQLW�SURWHFWLRQ�

8QLW�,9
&LUFXLW�%UHDNHUV��1HHG� IRU� FLUFXLW� EUHDNHUV��$UF�3URSHUWLHV�� 3ULQFLSOHV� RI� DUF
TXHQFKLQJ� WKHRULHV�� 5HFRYHU\� DQG�5HVWULNLQJ� YROWDJHV�� 5DWHG� V\PPHWULFDO�
DV\PPHWULFDO�EUHDNLQJ�FXUUHQW��5DWHG�PDNLQJ�FXUUHQW��5DWHG�FDSDFLW\��9ROWDJH�DQG
)UHTXHQF\�RI�FLUFXLW�EUHDNHUV��&XUUHQW�FKRSSLQJ��5HVLVWDQFH�VZLWFKLQJ��'HULYDWLRQV
RI�5559��7\SHV�RI�FLUFXLW�EUHDNHUV��2LO��$LU��6)��DQG�9DFXXP�FLUFXLW�EUHDNHUV�
7HVWLQJ�RI�FLUFXLW�EUHDNHUV�

8QLW�9
2YHU�9ROWDJH�3URWHFWLRQ��3URWHFWLRQ�RI�WUDQVPLVVLRQ�OLQHV�DJDLQVW�GLUHFW�OLJKWHQLQJ
VWURNHV��*URXQG�ZLUHV��3URWHFWLRQ�DQJOH��3URWHFWLRQ�]RQHV��+HLJKW�RI�JURXQG�ZLUH�
&RQGXFWRU�FOHDUDQFHV��&RQGXFWRU�KHLJKWV��7RZHU�IRRWLQJ�UHVLVWDQFH�DQG�LWV�HIIHFWV�
(TXLSPHQW�SURWHFWLRQ�DVVXPLQJ�URG�JDSV��$UFLQJ�KRUQV��'LIIHUHQW�W\SHV�RI�OLJKWHQLQJ
DUUHVWRUV��FRQVWUXFWLRQ��6XUJH�DEVRUEHUV��3HWHUVRQ�FRLO��,QVXODWLRQ�FRRUGLQDWLRQ�

7H[W�%RRNV�
�� &�/��:DGKZD��³(OHFWULFDO�3RZHU�6\VWHP´��:LOH\�(DVWHUQ�/WG����QG�(GLWLRQ�

����
�� %DGULUDP�	�9LVZDNDUPD��³3RZHU�6\VWHP�3URWHFWLRQ�DQG�6ZLWFKJHDU´��7DWD

0F*UDZ�+LOO������
�� 6XQLO�6��5DR��³�6ZLWFKJHDU�DQG�3URWHFWLRQ´��.KDQQD�3XEOLFDWLRQV������
�� -�%��*XSWD��³6ZLWFKJHDU�DQG�3URWHFWLRQ´��6�.��.DWDULD	�6RQV���UG�(GLWLRQ�

�����

6XJJHVWHG�5HDGLQJ�
�� %��5DYLQGUDQDWK��0��&KDQGHU���³3RZHU�6\VWHP�3URWHFWLRQ�	6ZLWFKJHDU´�

1HZ�$JH�,QWHUQDWLRQDO������
�� 2=$��³3RZHU�6\VWHP�3URWHFWLRQ�DQG�6ZLWFKJHDU´��7DWD�0F*UDZ�+LOO�������

�� <�*��3DLWKDQNDU��³3RZHU�6\VWHP�3URWHFWLRQ´��3+,���QG�(GLWLRQ�������
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,QVWUXFWLRQ �+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
8QLYHUVLW\�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �
&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR

�� 'HDO�ZLWK�VHOHFWLRQ�RI�D�SDUWLFXODU�GULYH�IRU�D�JLYHQ�DSSOLFDWLRQ�
�� &RPSUHKHQG�'�&�GULYH�FRQFHSWV�DQG�DSSOLFDWLRQV�
�� $VVLPLODWH�WKH�FRQFHSWV�DQG�DSSOLFDWLRQV�RI�,QGXFWLRQ�PRWRU�GULYHV�
�� $VVLPLODWH�WKH�FRQFHSWV�DQG�DSSOLFDWLRQV�RI�V\QFKURQRXV�PRWRU�GULYHV�
�� 'HDO�ZLWK�DGDSWDELOLW\�RI�D�SDUWLFXODU�GULYH��V\QFKURQRXV�PRWRU��%/'&�

VWHSSHU�PRWRUV�DQG�650��IRU�JLYHQ��ORDG���UHTXLUHPHQWV�
�� 'HDO�ZLWK�KHDWLQJ��FRROLQJ�FRQGLWLRQV��FODVVHV�RI�GXW\�DQG�GHWHUPLQH�WKH

PRWRU�UDWLQJ�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� 6HOHFW�D�SDUWLFXODU�GULYH�IRU�D�JLYHQ�DSSOLFDWLRQ�
�� 'HVLJQ�D�SURSHU�FRQWUROOHU�IRU�D�'�&�PRWRU�GULYH�ZLWK�WKH�JLYHQ�GHWDLOHG

VSHFLILFDWLRQV�
�� $FTXLUH�NQRZOHGJH�LQ�YDULRXV�VSHHG�FRQWURO�WHFKQLTXHV�RI�LQGXFWLRQ�PRWRU

GULYHV�
�� $FTXLUH�NQRZOHGJH�LQ�YDULRXV�VSHHG�FRQWURO�WHFKQLTXHV�RI�V\QFKURQRXV

PRWRU�GULYHV�
�� ,GHQWLI\�WKH�DGDSWDELOLW\�RI�D�SDUWLFXODU�GULYH��V\QFKURQRXV�PRWRU��%/'&�

VWHSSHU�PRWRUV�DQG�650��IRU�JLYHQ�ORDG�UHTXLUHPHQWV�
�� 'LVFXVV�DERXW�KHDWLQJ��FRROLQJ�FRQGLWLRQV��FODVVHV�RI�GXW\�DQG�GHWHUPLQH

WKH�PRWRU�UDWLQJ�
81,7�,
(OHFWULFDO�'ULYHV� �� ,QWURGXFWLRQ��$GYDQWDJHV� RI� (OHFWULFDO�'ULYHV�� 3DUWV� RI
(OHFWULFDO�'ULYHV��&KRLFH� RI�(OHFWULFDO�'ULYHV��'\QDPLFV� RI�(OHFWULFDO�'ULYHV�
)XQGDPHQWDO�7RUTXH�(TXDWLRQV�� 6SHHG�7RUTXH�&RQYHQWLRQV� DQG�0XOWLTXDGUDQW
2SHUDWLRQ��(TXLYDOHQW�9DOXHV�RI�'ULYHV�3DUDPHWHUV��&RPSRQHQWV�RI�/RDG�7RUTXHV�
1DWXUH�DQG�&ODVVLILFDWLRQ�RI�/RDG�7RUTXHV��&DOFXODWLRQ�RI�7LPH�DQG�(QHUJ\��/RVV
LQ�7UDQVLHQW�2SHUDWLRQV��6WHDG\�6WDWH�6WDELOLW\��/RDG�(TXDOL]DWLRQ��6HOHFWLRQ�RI�0RWRU
3RZHU�5DWLQJ���7KHUPDO�0RGHO�RI�0RWRU�IRU�+HDWLQJ�DQG�&RROLQJ��&ODVVHV�RI�0RWRU
'XW\��'HWHUPLQDWLRQ�RI�0RWRU�5DWLQJ�

81,7�,,
'&�0RWRU�'ULYHV��'&�0RWRUV�DQG�7KHLU�3HUIRUPDQFH��6WDUWLQJ��%UDNLQJ��&RQWUROOHG
5HFWLILHU�)HG�GF�'ULYHV��6LQJOH��3KDVH�)XOO\�&RQWUROOHG�5HFWLILHU�&RQWURO�RI�'&
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6HSDUDWHO\�([FLWHG�0RWRU��6LQJOH��3KDVH�+DOI�&RQWUROOHG�5HFWLILHU�&RQWURO�RI�GF
6HSDUDWHO\�([FLWHG�0RWRU��7KUHH��3KDVH�)XOO\�&RQWUROOHG�5HFWLILHU�&RQWURO�RI�GF
6HSDUDWHO\�([FLWHG�0RWRU��7KUHH�3KDVH�+DOI�&RQWUROOHG�5HFWLILHU�&RQWURO�RI�GF
6HSDUDWHO\�([FLWHG�0RWRU��0XOWL�TXDGUDQW�2SHUDWLRQ�RI�GF�VHSDUDWHO\�([FLWHG�0RWRU
)HG�IURP�)XOO\�FRQWUROOHG�5HFWLILHU��6XSSO\�+DUPRQLFV��3RZHU�)DFWRU�DQG�5LSSOH
LQ�0RWRU�&XUUHQW��&KRSSHU�&RQWUROOHG�GF�'ULYHUV��&KRSSHU�FRQWURO�RI�VHSDUDWHO\
([FLWHG�GF�PRWRUV��&KRSSHU�FRQWURO�RI�VHULHV�PRWRU��6RXUFH�FXUUHQW�KDUPRQLFV�LQ
&KRSSHUV��&RQYHUWHU�UDWLQJV�DQG�FORVHG�ORRS�FRQWURO�

81,7��,,,
,QGXFWLRQ�0RWRU�'ULYHV� %UDNLQJ��5HJHQHUDWLYH� EUDNLQJ��3OXJJLQJ�RU� UHYHUVH
YROWDJH�EUDNLQJ��'\QDPLF��RU�UKHRVWDWLF��EUDNLQJ��7UDQVLHQW�$QDO\VLV��6WDWRU�9ROWDJH
&RQWURO��YDULDEOH�)UHTXHQF\�FRQWURO�IURP�9ROWDJH�VRXUFHV��9ROWDJH�6RXUFH�,QYHUWHU
�96,��&RQWURO��&\FORFRQYHUWHU�FRQWURO��&ORVHG�ORRS�VSHHG�FRQWURO�DQG�FRQYHUWHU
5DWLQJ�IRU�96,�DQG�&\FOR�FRQYHUWHU��,QGXFWLRQ�0RWRU�'ULYHV��9DULDEOH�)UHTXHQF\
&RQWURO�IURP�D�&XUUHQW�6RXUFH��5RWRU�5HVLVWDQFH�FRQWURO��6OLS�3RZHU�5HFRYHU\�
6WDWLF�.UDPHU�GULYH���6WDWLF�6FKHUELXV�GULYH�

81,7�,9
6\QFKURQRXV�0RWRU� 'ULYHV� �� 2SHUDWLRQV� IURP� )L[HG� )UHTXHQF\� 6XSSO\�
6\QFKURQRXV�0RWRU�YDULDEOH�VSHHG�GULYHV��9DULDEOH�IUHTXHQF\�FRQWURO�RI�0XOWLSOH
6\QFKURQRXV�0RWRUV��6HOI±FRQWUROOHG�6\QFKURQRXV�0RWRU�'ULYH�(PSOR\LQJ�/RDG
&RPPXWDWHG�7K\ULVWRU� ,QYHUWHU�� 6WDUWLQJ�/DUJH� 6\QFKURQRXV�0DFKLQHV�� 6HOI�
FRQWUROOHG�6\QFKURQRXV�0RWRU�'ULYH�(PSOR\LQJ�D�&\FOR�FRQYHUWHU��3HUPDQHQW
0DJQHW�DF�0RWRU�'ULYHV��%UXVKOHVV�GF�'ULYHV�

81,7�9
6SHFLDO�0DFKLQHV�	�'ULYHV��/LQHDU�,QGXFWLRQ�0RWRU�DQG�LWV�FRQWURO��6WHSSHU�RU
6WHSSLQJ��0RWRUV��9DULDEOH�UHOXFWDQFH��SHUPDQHQW�PDJQHW��,PSRUWDQW�IHDWXUHV�RI
VWHSSHU�PRWRUV��7RUTXH�YHUVXV�VWHSSLQJ�RU�SXOVLQJ��UDWH�FKDUDFWHULVWLFV��'ULYH�FLUFXLWV
IRU�VWHSSHU�PRWRUV��6ZLWFKHG��RU�YDULDEOH��5HOXFWDQFH�0RWRU��2SHUDWLRQ�DQG�FRQWURO
UHTXLUHPHQWV��&RQYHUWHU�FLUFXLWV��0RGHV�RI�RSHUDWLRQ�

7H[W�%RRNV�
�� *�.�'XEH\��³)XQGDPHQWDOV�RI�(OHFWULF�'ULYHV´���1DURVD�3XEOLVKLQJ�+RXVH�

�QG�(GLWLRQ�������
�� 6�.�3LOODL�� ³$�&RXUVH� LQ�(OHFWULF�'ULYHV´��1HZ�$JH� ,QWHUQDWLRQDO�� �UG

(GLWLRQ�������

6XJJHVWHG�5HDGLQJ�
�� 9HGDP6XEUDKPDQ\DP�� ³(OHFWULF�'ULYHV�&RQFHSWV� DQG�$SSOLFDWLRQV´�

70+���QG�(GLWLRQ�������
�� 1�.�'H�	�3�.�6HQ��³(OHFWULFDO�'ULYHV´��3+,���VW�(GLWLRQ�������
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,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� 8QGHUVWDQG� WKH� )XQGDPHQWDOV� RI� �����0LFURSURFHVVRUV� DQG� LWV

3URJUDPPLQJ�
�� 6WXG\�WKH�,QWHUIDFLQJ�RI������PLFURSURFHVVRUV�XVLQJ�LWV�YDULRXV�SRUWV�
�� 8QGHUVWDQG�WKH�IXQGDPHQWDOV�RI������0LFURFRQWUROOHU��SURJUDPPLQJ�DQG

LWV�LQWHUIDFLQJ�
�� .QRZ� DERXW� WKH� GDWD� FRQYHUWHUV� DQG� WKHLU� LQWHUIDFLQJ� ZLWK� ����

0LFURSURFHVVRU�
�� &KRRVH�D�VXLWDEOH�LQWHUUXSW�IRU�D�VSHFLILF�WDVN�ZKLOH�SURJUDPPLQJ�
�� 0DNH� VWXGHQWV� NQRZ� DERXW� WKH� YDULRXV� GD\�WR�GD\� DSSOLFDWLRQV� RI

0LFURFRQWUROOHU�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� 2XWOLQH�WKH�,QWHUQDO�DUFKLWHFWXUH�RI������SURFHVVRU�
�� 6XPPDUL]H�WKH�LQVWUXFWLRQ�LQ�VHW�RI������SURFHVVRU�
�� $SSO\�WKH�NQRZOHGJH�RI�LQVWUXFWLRQ�VHW�WR�ZULWH��
�� 5HYLHZ�RI� GLIIHUHQW� LQWHUIDFLQJ�GHYLFHV� WKDW� DUH� FRPSDWLEOH�ZLWK� ����

0LFURSURFHVVRU�
�� 2XWOLQH�WKH�LQWHUQDO�DUFKLWHFWXUH�RI������PLFURFRQWUROOHU�
�� ,QGHQWLI\�GLIIHUHQW�FRPPXQLFDWLQJ�GHYLFHV�WKDW�DUH�FRPSDWLEOH�ZLWK�����

0LFURFRQWUROOHU�

81,7��,
,QWURGXFWLRQ�WR�0LFURSURFHVVRU�DQG������0LFURSURFHVVRU��)XQGDPHQWDOV�RI�D
PLFURSURFHVVRU�DQG�LWV�HYROXWLRQ��$UFKLWHFWXUH�RI������0LFURSURFHVVRU��6HJPHQWHG
PHPRU\��$GGUHVVLQJ�PRGHV��,QVWUXFWLRQ�VHW��3LQ�GLDJUDP��0LQLPXP�DQG�0D[LPXP
PRGH�RSHUDWLRQV�

81,7�,,
3URJUDPPLQJ�XVLQJ������0LFURSURFHVVRU��$VVHPEO\�ODQJXDJH�SURJUDPPLQJ�
$VVHPEOHU� GLUHFWLYHV�� VLPSOH� SURJUDPV� XVLQJ�$VVHPEOHU� GLUHFWLYHV�� VWULQJV�
SURFHGXUHV��DQG�0DFURV��7LPLQJV�DQG�GHOD\V�
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81,7�,,,
,QWHUIDFLQJ�ZLWK������0LFURSURFHVVRU��0HPRU\�DQG�,�2�LQWHUIDFLQJ��������33,�
$�'�DQG�'�$�LQWHUIDFLQJ��3URJUDPPDEOH�,QWHUYDO�7LPHU���������.H\ERDUG���GLVSOD\
FRQWUROOHU�������LQWHUUXSWV�RI������

81,7�,9
,QWURGXFWLRQ� WR� ����� 0LFURFRQWUROOHU� DQG� LWV� 3URJUDPPLQJ�� ����
0LFURFRQWUROOHU�DQG�LWV�$UFKLWHFWXUH��,�2�SRUWV��,QVWUXFWLRQ�VHW��$VVHPEO\�ODQJXDJH
SURJUDPPLQJ��FRQQHFWLQJ�([WHUQDO�PHPRU\�

81,7�9
,QWHUUXSWV��VHULDO�,�2��7LPHUV��&RXQWHUV��$SSOLFDWLRQV�RI�PLFURFRQWUROOHUV�,QWHUIDFLQJ
/('V��6HYHQ�6HJPHQW�GLVSOD\��.H\ERDUG�,QWHUIDFLQJ�

7H[W�%RRNV�
�� $�.�5D\��.�0�%XUFKDQGL��³$GYDQFHG�0LFURSURFHVVRUV�DQG�SHULSKHUDOV´�

7DWD�0F*UDZ�+LOO�&R��������
�� 0RKDPPDG� $OL� 0D]LGL�� -DQLFH� *LOOHVSLH� 0D]LGL�� ³7KH� ����

0LFURFRQWUROOHU�DQG�(PEHGGHG�6\VWHPV�XVLQJ��DVVHPEO\�DQG�µ&¶´��3UHQWLFH
+DOO�RI�,QGLD�������

6XJJHVWHG�5HDGLQJ�
�� 'RXJODV��9�+DOO��³0LFURSURFHVVRUV�DQG�,QWHUIDFLQJ´��7DWD�0F*UDZ�+LOO�

�����
�� .ULVKQD�.DQW�� ³0LFURSURFHVVRUV� DQG�0LFURFRQWUROOHUV�$UFKLWHFWXUH�

3URJUDPPLQJ�DQG�6\VWHP�'HVLJQ�����������������������´��3UHQWLFH�+DOO
,QGLD�������

�� .�-��$\DOD��³7KH������0LFURFRQWUROOHU�$UFKLWHFWXUH��3URJUDPPLQJ�DQG
$SSOLFDWLRQV´��7KRPVRQ�SXEOLVKHUV���QG�(GLWLRQ�
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,QVWUXFWLRQ �7����3�+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� :ULWH�DQG�H[HFXWH�VLPSOH�SURJUDPV�XVLQJ�0$60�VRIWZDUH�WRRO�
�� *HW� WKH� VWXGHQWV� DFTXDLQWHG�ZLWK� WKH� SURFHVVRU� NLW� DQG� LPSURYH� WKHLU

3URJUDPPLQJ�VNLOOV�
�� 0DNH�WKH�VWXGHQWV�ZRUN�ZLWK�FRQWUROOHU�DQG�XQGHUVWDQG�KRZ�WR�SURJUDP

DQG�JHW�WKH�GHVLUHG�RXWSXW�LQ�GLIIHUHQW�SODWIRUPV�
�� 'HVFULEH� YDULRXV� LQVWUXFWLRQ� VHW� RI� �����PLFURSURFHVVRU� XVHG� LQ

SURJUDPPLQJ�
�� ,OOXVWUDWH�WKH�QHHG�RI�LQWHUIDFLQJ�H[SHULPHQWV�
�� $DQDO\]H�WKH�SURFHVVHU�DQG�FRQWUROOHU�NLWV�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� 8VH�LQVWUXFWLRQ�VHW�RI������0LFURSURFHVVRU�WR�GHYHORS�$/3¶V�
�� :ULWH�$/3�SURJUDPV�RI������PLFURSURFHVVRU�WKDW�VXLWV�IRU�0$60�VRIWZDUH�
�� 'HPRQVWUDWH� WKH� IXQFWLRQLQJ� RI� LQWHUIDFLQJ� GHYLFHV� XVLQJ� ����

SURJUDPPLQJ�
�� 8VH�LQVWUXFWLRQ�VHW�RI������PLFURFRQWUROOHU�WR�GHYHORS�$/3¶V
�� 'HPRQVWUDWH� WKH� IXQFWLRQLQJ� RI� LQWHUIDFLQJ� GHYLFHV� XVLQJ� ����

SURJUDPPLQJ�WKURXJK�.HLO�VRIWZDUH�
�� 5HODWH� WKH�H[SHULPHQWV�GRQH� LQ� ODERUDWRU\�IRU�GRLQJ�PLQL�SURMHFWV�DQG

DFDGHPLF�SURMHFW�

/LVW�RI�([SHULPHQWV

)RU�����0LFURSURFHVVRU�

6HFWLRQ����8VLQJ�0$60�7$60��$Q\���RI�WKH�EHORZ�PHQWLRQHG�([SWV�

DUH�WR�EH�FRQGXFWHG�LQ�WKLV�6HFWLRQ��

�� 3URJUDPV�IRU�VLJQHG�XQVLJQHG�PXOWLSOLFDWLRQ�DQG�GLYLVLRQ�

�� 3URJUDPV�IRU�ILQGLQJ�DYHUDJH�RI�1����ELW�QXPEHUV�

�� 3URJUDPV�IRU�ILQGLQJ�WKH�ODUJHVW�QXPEHU�LQ�DQ�DUUD\�

�� 3URJUDPV�IRU�FRGH�FRQYHUVLRQ�OLNH�%&'�QXPEHUV�WR���6HJPHQW�

�� 3URJUDPV�IRU�FRPSXWLQJ�IDFWRULDO�RI�D�SRVLWLYH�LQWHJHU�QXPEHU�
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6HFWLRQ����8VLQJ������.LW�,QWHUIDFLQJ���$Q\���RI�WKH�EHORZ�PHQWLRQHG�([SWV�
DUH�WR�EH�FRQGXFWHG�LQ�WKLV�6HFWLRQ��

�� �����33,��:ULWH�$/3µV�WR�JHQHUDWH�WULDQJXODU��VDZ�WRRWK�DQG�VTXDUH
ZDYHIRUPV�XVLQJ�'$&�

�� �����.H\ERDUG�'LVSOD\��:ULWH�D�VPDOO�SURJUDP�WR�GLVSOD\�D�VWULQJ�RI
FKDUDFWHUV�

�� :ULWH�DQ�$/3�WR�GLVSOD\�VRPH�DOSKD�QXPHULF�FKDUDFWHUV�RQ�D�VHYHQ�
VHJPHQW�GLVSOD\�PRGXOH�

�� 7UDIILF�6LJQDO�&RQWUROOHU�

)RU������0LFURFRQWUROOHU�
6HFWLRQ����8VLQJ������.LW��$Q\���RI�WKH�EHORZ�PHQWLRQHG�([SWV���DUH�WR�EH
FRQGXFWHG�LQ�WKLV�VHFWLRQ��

�� 'DWD�7UDQVIHU���%ORFN�PRYH��([FKDQJH��VRUWLQJ��)LQGLQJ�ODUJHVW�HOHPHQW
LQ�DQ�DUUD\�

�� $ULWKPHWLF��,QVWUXFWLRQV��0XOWL�E\WH�RSHUDWLRQV
�� %RROHDQ�	�/RJLFDO��,QVWUXFWLRQV��%LW��PDQLSXODWLRQV��
�� 8VH�RI�-803�DQG�&$//�LQVWUXFWLRQV�
�� 3URJUDPV�WR�JHQHUDWH�GHOD\�DQG�SURJUDPV�XVLQJ�VHULDO�SRUW�DQG�RQ�FKLS

WLPHU�FRXQWHU�

6HFWLRQ����3URJUDP�'HYHORSPHQW�XVLQJ�µF¶�FURVV�FRPSLOHU�IRU�������$Q\���RI
WKH�EHORZ�PHQWLRQHG�([SWV��DUH�WR�EH�FRQGXFWHG�LQ�WKLV�VHFWLRQ��

�� '$&�LQWHUIDFLQJ�IRU�*HQHUDWLRQ�RI�6LQXVRLGDO�:DYHIRUP�
�� 6WHSSHU��PRWRU��FRQWURO�FORFNZLVH��DQG��DQWLFORFNZLVH�GLUHFWLRQV��
�� ,QWHUIDFLQJ�RI�.H\ERDUG�DQG���VHJPHQW�'LVSOD\�0RGXOH�
�� $'&�LQWHUIDFLQJ�IRU�WHPSHUDWXUH�PRQLWRULQJ�

0DMRU�(TXLSPHQW�UHTXLUHG�IRU�WKH�/$%�
����������0LFURSURFHVVRU�WUDLQHU�NLW�V��ZLWK�LQ�EXLOW�DVVHPEOHU�GLVDVVHPEOHU�
�����������0LFURFRQWUROOHU�WUDLQHU�NLW�V��
������,QWHUIDFLQJ�0RGXOHV�IRU�ERWK������DQG������
������0$60�6RIWZDUH�DQG�.LHO�5LGH�&URVV�µF¶�FRPSLOHU�6RIWZDUH�
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��((&��
32:(5�6<67(06�/$%

,QVWUXFWLRQ �7����3�+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� 8QGHUVWDQG� WKH� SRZHU� WUDQVIHU� WR� FDSDELOLW\� LQ� WHUPV� RI� VWDELOLW\� LQ

WUDQVPLVVLRQ�V\VWHP�
�� 'HWHUPLQH�UHJXODWLRQ�	�HIILFLHQF\�RI�VKRUW��PHGLXP�DQG�ORQJ�WUDQVPLVVLRQ

OLQHV�DQG�WR�FDOFXODWH�$��%��&��'�FRQVWDQWV�DQG�VWXG\�)HUUDQWL�HIIHFW�LQ�ORQJ
OLQHV�

�� 8QGHUVWDQG�WKH�LPSRUWDQFH�RI�SURWHFWLYH�UHOD\V�LQ�SRZHU�V\VWHP�VXFK�DV
GLIIHUHQW�SURWHFWLRQ�RI�WUDQVIRUPHU�,'07�&KDUDFWHULVWLFV�RI�RYHU�FXUUHQW
UHOD\��%XFKKRO]�UHOD\�DQG�VWDWLF�UHOD\V�

�� 8QGHUVWDQG�VWHSV�LQYROYHG�LQ�ILQGLQJ�VHTXHQFH�SDUDPHWHU�RI�7UDQVIRUPHUV
DQG�DOWHUQDWRUV�

�� 8QGHUVWDQG�LPSRUWDQFH�RI�GL�HOHFWULF�VWUHQJWK�RI�RLO�DQG�HIILFLHQF\�RI�VWULQJ
RI�LQVXODWRUV�

�� 9LHZ�WKH�VLJQLILFDQFH�RI�SDUDOOHO�RSHUDWLRQ�RI�DOWHUQDWRUV�DQG�LWV�SUDFWLFDO
LPSRUWDQFH�

&RXUVH�2XWFRPHV���$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� &DOFXODWH�$%&'�FRQVWDQWV�RI�WUDQVPLVVLRQ�OLQHV�DQG�HYDOXDWH�UHJXODWLRQ�

HIILFLHQF\�
�� ([DPLQH�UHOD\�VHWWLQJ�IRU�VDIH�RSHUDWLQJ�RI�SRZHU�V\VWHP�
�� ,GHQWLW\�VHTXHQFH�SDUDPHWHUV�RI�WUDQVIRUPHU�DQG�DOWHUQDWRU�DQG�GUDZ�LWV

LPSRUWDQFH�
�� &DOFXODWH�WKH�WLPH�FRQVWDQW�RI�DQ�DOWHUQDWRU�
�� 'HYLVH�WKH�GLHOHFWULF�VWUHQJWK�RI�RLO�DQG�FDOFXODWH�WKH�HIILFLHQF\�RI�VWULQJ

LQVXODWRUV�
�� $SSUDLVH�UHJXODWLRQ�DQG�HIILFLHQF\�RI�WUDQVPLVVLRQ�OLQHV��FDOFXODWH�$%&'

FRQVWDQWV��LPSRUWDQFH�RI�SURWHFWLYH�UHOD\V�DQG�FDOFXODWLRQ�RI�SDUDPHWHUV
RI�WUDQVIRUPHUV��DOWHUQDWRUV�E\�FRQGXFLQJ�VXLWDEOH�WHVWV�

/LVW�RI�([SHULPHQWV
�� 'HWHUPLQDWLRQ�RI�UHJXODWLRQ�	�HIILFLHQF\�RI���3KDVH�WUDQVPLVVLRQ�OLQHV�
�� ,'07�FKDUDFWHULVWLFV�RI�2YHU�FXUUHQW�UHOD\�
�� 'HWHUPLQDWLRQ�RI�$��%��&��'�FRQVWDQWV�RI���3KDVH�WUDQVPLVVLRQ�OLQH�
�� 'LIIHUHQWLDO�SURWHFWLRQ�RI���SKDVH�WUDQVIRUPHU�
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�� 6HTXHQFH�LPSHGDQFH�RI���3KDVH�$OWHUQDWRUV�E\�IDXOW�$QDO\VLV�
�� 'HWHUPLQDWLRQ�RI�SRVLWLYH��QHJDWLYH�DQG�]HUR�VHTXHQFH�LPSHGDQFH�RI�����

3KDVH�WUDQVIRUPHUV�
�� 6\QFKURQRXV�PDFKLQH�UHDFWDQFH�DQG�WLPH�FRQVWDQW�IURP���3KDVH�6�&�WHVW�
�� &KDUDFWHULVWLFV�RI�6WDWLF�UHOD\V�
�� 6WDWLF�H[FLWDWLRQ�RI�6\QFKURQRXV�*HQHUDWRU�
��� 'HWHUPLQDWLRQ�RI�GLHOHFWULF�VWUHQJWK�RI�RLO�	�6WXG\�RI�%XFKKRO]�UHOD\�
��� 3DUDOOHO�RSHUDWLRQ�RI�$OWHUQDWRUV�
��� 0HDVXUHPHQW�RI�FDSDFLWDQFH�RI���FRUH�FDEOHV�
����)DXOW�ORFDWLRQ�RI�8QGHUJURXQG�FDEOHV�
����'HWHUPLQDWLRQ�RI�9ROWDJH�GLVWULEXWLRQ�DQG�6WULQJ�HIILFLHQF\�RI�VWULQJ�RI

,QVXODWRUV�
����6WXG\�RI�6HULHV��VKXQW�FRPSHQVDWLRQ�RI�D�ORQJ�WUDQVPLVVLRQ�OLQH�
����2SHUDWLRQ�RI�UHOD\V�LQ�ORQJ�WUDQVPLVVLRQ�OLQHV�
����)HUUDQWL�HIIHFW�LQ�ORQJ�OLQHV�

1RWH��$W�OHDVW�7(1�H[SHULPHQWV�VKRXOG�EH�FRPSOHWHG�LQ�WKH�VHPHVWHU�
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��((�&��
0,1,�352-(&7

,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� 8QGHUVWDQG�WKH�PHWKRGV�WR�FDUU\RXW�PLQL�SURMHFW�LQ�WKH�DUHD�SHUWDLQLQJ�WR

(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHULQJ�
�� 8QGHUVWDQG� WKH�SURFHGXUHV��PHWKRGV� WR� IRUPXODWH� WKH�SURMHFW� VFRSH�RI

ZRUN�DQG�FROOHFW�UHTXLUHG�OLWHUDWXUH�
�� )DPLOLDUL]LQJ� WKH�ZD\� WR� SUREOHP� IRUPXODWLRQ� DQG� LGHQWLI\� VXLWDEOH

WHFKQLTXHV�WR�VROYH�
�� 6XPPDUL]H�WKH�UHVXOWV�DQG�GUDZ�WKH�FRQFOXVLRQV�
�� *HW�H[SRVXUH�LQ�UHSRUW�ZULWLQJ�
�� 'LVFXVV�WKH�SUDFWLFDO�DSSOLFDWLRQ�DVSHFW�RI�WKH�SURMHFW�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH�WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� ,GHQWLI\�VFRSH�WR�FDUU\RXW�PLQL�SURMHFW�LQ�WKH�DUHD�SHUWDLQLQJ�WR�(OHFWULFDO

DQG�(OHFWURQLFV�(QJLQHHULQJ�
�� )RUPXODWH� SURMHFW� VFRSH� DQG� FROOHFW� UHTXLUHG� LQIRUPDWLRQ� DV� OLWHUDWXUH

VXUYH\�
�� )RUPXODWH�SUREOHP�WR�DSSO\�VXLWDEOH�WHFKQLTXHV�WR�VROYH�
�� 'LVFXVV�WKH�UHVXOWV�DQG�GUDZ�WKH�FRQFOXVLRQV
�� 'LVFXVV�WKH�SUDFWLFDO�DVSHFWV�IRU�VXLWDEOH�LPSOHPHQWDWLRQ�
�� *HW�H[SRVXUH�LQ�UHSRUW�ZULWLQJ�

0LQL�3URMHFW�LV�D�FRXUVH�WKDW�D�VWXGHQW�KDV�WR�XQGHUJR�GXULQJ�KLV�KHU�DFDGHPLF
WHUP��ZKLFK�LQYROYHV�WKH�VWXGHQW�WR�H[SORUH�LQ�D�GLVFLSOLQH�WKDW�EHORQJV�WR�WKHLU
UHVHDUFK�LQWHUHVW�ZLWKLQ�WKHLU�SURJUDP�DUHD��,W�LV�D�FUHGLW�EDVHG�FRXUVH��7KH�0LQL
3URMHFW�VKDOO�EH�FDUULHG�RXW�GXULQJ��WK��VHPHVWHU�DORQJ�ZLWK�RWKHU�ODE�FRXUVHV�E\
KDYLQJ�UHJXODU�ZHHNO\�VORWV��6WXGHQWV�ZLOO� WDNH�PLQL�SURMHFW�EDWFK�ZLVH�DQG�WKH
EDWFKHV�ZLOO�EH�GLYLGHG�DV�SHU�WKH�JXLGHOLQHV��7KH�WRSLF�RI�PLQL�SURMHFW�VKRXOG�EH�VR
VHOHFWHG�HQDEOLQJ�WKH�VWXGHQWV�WR�FRPSOHWH�WKH�ZRUN�LQ�WKH�VWLSXODWHG�WLPH�ZLWK�WKH
DYDLODEOH�UHVRXUFHV�LQ�WKH�UHVSHFWLYH�ODERUDWRULHV��7KH�VFRSH�RI�WKH�PLQL�SURMHFW
FRXOG� EH� KDQGOLQJ� SDUW� RI� WKH� FRQVXOWDQF\�ZRUN��PDLQWHQDQFH� RI� WKH� H[LVWLQJ
HTXLSPHQW��GHYHORSPHQW�RI�QHZ�H[SHULPHQW�VHWXS�RU�FDQ�EH�D�SUHOXGH�WR�WKH�PDLQ
SURMHFW�ZLWK�D�VSHFLILF�RXWFRPH�
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,1'8675,$/�9,6,7

,QVWUXFWLRQ $Q\�RQH�,QGXVWU\�9LVLW
6HVVLRQDO��([DPLQDWLRQ *UDGH

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� 3K\VLFDOO\�VHH�WKH�SURFHVV�RI�PDQXIDFWXULQJ�SURFHGXUH�DQG�VWHSV�LQYROYHG�
�� &ROOHFW�WKH�LQIRUPDWLRQ�LQ�UHVSHFW�RI�PDWHULDOV��VRXUFHV�RI�VXSSO\�
�� 8QGHUVWDQG�WKH�VHTXHQWLDO�VWDJHV�LQYROYHG�LQ�PDQXIDFWXULQJ�SURFHVV�
�� 8QGHUVWDQG�WKH�SURFHGXUH�WR�ZULWH�WKH�µLQGXVWU\�YLVLW¶�WHFKQLFDO�UHSRUW�E\

FRPSLOLQJ�DOO�WKH�LQIRUPDWLRQ�FROOHFWHG�GXULQJ�WKH�YLVLW�
�� 8QGHUVWDQG�WKH�VDIHW\�SURFHGXUHV�DQG�SUH�FDXWLRQV�IROORZHG�LQ�,QGXVWU\�

FRQILGHQWLDOLW\�RI�WKH�SURFHVV�DQG�WKH�PDQ�SRZHU�UHTXLUHG�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH�WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� .QRZ�WKH�LPSRUWDQFH�RI�YLVLWLQJ�DQ�HQJLQHHULQJ�LQGXVWU\�IURP�WKH�SRLQW�RI

YLHZ�RI�SURFHVV�RI�PDQXIDFWRU\�SURFHGXUHV�DQG�VHW�XS�
�� 6XPPDUL]H�WKH�UHTXLUHG�LQIRUPDWLRQ�ZLWK�UHJDUG�WR�PDWHULDOV��VRXUFH�RI

VXSSO\�LQ�UHVSHFW�RI�D�SURGXFW�
�� .QRZ�WKH�VWDJHV�LQ�PDQXIDFWRU\�RI�D�SURGXFW�
�� 3UHSDUH�WKH�µLQGXVWU\�YLVLW¶�WHFKQLFDO�UHSRUW�FRYHULQJ�WKH�GHWDLOV�RI�YLVLW

DQG�LW�LPSRUWDQFH�
�� 9LVXDOL]H�WKH�VDIHW\�SUHFDXWLRQV�WR�EH�IROORZ�LQ�LQGXVWU\��FRQILGHQWLDOLW\�RI

WKH�SURGXFW�SURFHVVLQJ�DV�WKH�PDQ�SRZHU�UHTXLUHG�

6WXGHQWV�DUH�H[SHFWHG�WR�YLVLW�DW�OHDVW�RQH�LQGXVWU\�GXULQJ�WKH�VHPHVWHUV�IURP
�WK��WR��WK�DQG�VXEPLW�D�GHWDLOHG�WHFKQLFDO�UHSRUW�RQ�WKH�VWXG\��YLVLW�WR�WKH�'HSDUWPHQW�
7KH�'HSDUWPHQW�VKRXOG�HYDOXDWH�WKH�UHSRUW�WKURXJK�D�&RPPLWWHH�FRQVLVWLQJ�RI�+HDG
RI�WKH�'HSDUWPHQW�DQG�WZR�PRUH�IDFXOW\�PHPEHUV�WR�DZDUG�WKH�*UDGHV��

�6DWLVIDFWRU\��8QVDWLVIDFWRU\�
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+,*+�92/7$*(�(1*,1((5,1*

,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ �������������0DUNV
&,( ���0DUNV
&UHGLWV �
&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR

�� 'HWHUPLQH�WKH�EUHDNGRZQ�PHFKDQLVP�LQ�JDVHV��OLTXLGV�DQG�VROLG�GLHOHFWULFV�
�� 8QGHUVWDQG�WKH�PHWKRGV�RI�JHQHUDWLRQ�DQG�PHDVXUHPHQW�RI�KLJK�YROWDJHV

DQG�FXUUHQWV�
�� .QRZ�WKH�VWHSV�LQYROYHG�SURFHGXUH�IRU�WHVWLQJ�RI�KLJK�YROWDJH�HTXLSPHQW�
�� 8QGHUVWDQG�WKH�SURFHGXUH�IRU�JHQHUDWLRQ�RI�LPSXOVH�YROWDJHV�DQG�FXUUHQW
�� .QRZ�WKH�LPSRUWDQFH�RI�WHVWLQJ�RI�+9�HOHFWULFDO�HTXLSPHQW�
�� .QRZ�WKH�SURFHGXUH�DQG�PHWKRGRORJ\�RI

�L��%UHDNGRZQ�PHFKDQLVP�LQ�*DVHV��/LTXLGV�DQG�VROLG�GLHOHFWULFV
�LL��0HWKRGV�RI�JHQHUDWLRQ�DQG�PHDVXUHPHQW�RI�+LJK�YROWDJHV�DQG�FXUUHQWV
DQG
�LLL��&ODVVLI\�WKH�SURFHGXUH�IRU�WHVWLQJ�RI�+LJK�YROWDJH�HTXLSPHQW�

&RXUVH�2XWFRPHV�$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH�WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� 'HVFULEH�EUHDNGRZQ�PHFKDQLVP�LQ�*DVHV�DQG�VSHFLDOO\�SHUWDLQLQJ�WR�KLJK

YROWDJH�HQJLQHHULQJ�DQG�LWV�LPSRUWDQFH�
�� 'LVFXVV�GLIIHUHQW�DVSHFWV�RI�EUHDNGRZQ�PHFKDQLVP�LQ�OLTXLGV�DQG�VROLGV

VSHFLILFDOO\�SHUWDLQLQJ�WR�KLJK�YROWDJH�DVSHFW�
�� 'LVWLQJXLVK� LQ� UHVSHFW� RI� JHQHUDWLRQ� RI�+LJK�9ROWDJHV� DQG� FXUUHQWV�

JHQHUDWLRQ�RI�LPSXOVH�YROWDJH�DQG�FXUUHQWV��7R�$QDO\]H�PXOWLVWDJH�LPSXOVH
JHQHUDWLRQ�RI�LPSXOVHV�YROWDJHV�DQG�FXUUHQW�JHQHUDWLRQ�

�� ([SODLQ�UHODWLQJ�WR�PHDVXUHPHQW�RI�KLJK�$&�FXUUHQWV��+LJK�'&�FXUUHQWV
PHDVXUHPHQW�RI�LPSXOVH�FXUUHQWV�DQG�DVVRFLDWHG�PHDVXULQJ�HTXLSPHQW�

�� &ODVVLI\� LQ� WHVWLQJ�RI�KLJK�YROWDJH�HOHFWULFDO�HTXLSPHQW� VXFK�DV�SRZHU
FDSDFLWRU��SRZHU�WUDQVIRUPHUV��FLUFXLW�EUHDNHUV��LQVXODWRUV��EXVKLQJV��FDEOHV�
VXUJH�DUUHVWHUV�HWF�

�� 6XPPDUL]H� �L�� %UHDNGRZQ�PHFKDQLVP� LQ�*DVHV�� /LTXLGV� DQG� VROLG
GLHOHFWULFV�
�LL��0HWKRGV�RI�JHQHUDWLRQ�DQG�PHDVXUHPHQW�RI�+LJK�YROWDJHV�DQG�FXUUHQWV
DQG
�LLL��&ODVVLI\�WKH�SURFHGXUH�IRU�WHVWLQJ�RI�+LJK�YROWDJH�HTXLSPHQW�
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81,7�,
%UHDNGRZQ�0HFKDQLVP�LQ�*DVHV��0HFKDQLVP�RI�EUHDNGRZQ��7\SHV�RI�FROOLVLRQV�
,RQL]DWLRQ� SURFHVVHV�� 7RZQVHQG¶V� )LUVW� DQG� VHFRQG� ,RQL]DWLRQ� FRHIILFLHQWV�
7RZQVHQG¶V�EUHDNGRZQ�PHFKDQLVP��7LPH�ODJV�IRU�EUHDNGRZQ��6WUHDPHU�WKHRU\�RI
EUHDNGRZQ��3DVFKHQ¶V�/DZ��3HQQLQJ�HIIHFW��&RURQD�GLVFKDUJHV�

81,7�,,
%UHDNGRZQ�0HFKDQLVP�LQ�/LTXLGV�DQG�6ROLGV��%UHDNGRZQ�LQ�OLTXLG�GLHOHFWULFV�
&ODVVLILFDWLRQ�RI�OLTXLG�GLHOHFWULFV��3XUH�OLTXLGV�DQG�FRPPHUFLDO�OLTXLGV��FRQGXFWLRQ
DQG�EUHDNGRZQ�LQ�SXUH�OLTXLGV�DQG�FRPPHUFLDO�OLTXLGV��7HVWLQJ�RI�WUDQVIRUPHU�RLO�
%UHDNGRZQ�LQ�VROLG�GLHOHFWULFV��,QWULQVLF�EUHDNGRZQ��(OHFWUR�PHFKDQLFDO�EUHDNGRZQ�
7KHUPDO�EUHDNGRZQ��%UHDNGRZQ�GXH�WR�WUHHLQJ�DQG�WUDFNLQJ��%UHDNGRZQ�GXH�WR
LQWHUQDO�GLVFKDUJHV�

81,7�,,,
*HQHUDWLRQ�RI�+LJK�9ROWDJHV�DQG�&XUUHQWV��*HQHUDWLRQ�RI�+XJK�'&�YROWDJHV�
+DOI�DQG�IXOO�ZDYH�UHFWLILHU�FLUFXLWV��9ROWDJH�GRXEOHU�FLUFXLWV��&RFNURIW�:DOWRQ�YROWDJH
PXOWLSOLHU�FLUFXLW���*HQHUDWLRQ�RI�+XJK�$&�YROWDJHV��(OHFWURVWDWLF�JHQHUDWRU��9DQ�GH
*UDI�JHQHUDWRU��&DVFDGHG�WUDQVIRUPHUV��6HULHV�UHVRQDQW�FLUFXLW��*HQHUDWLRQ�RI�,PSXOVH
9ROWDJHV�DQG�&XUUHQWV��$QDO\VLV�RI�LPSXOVH�JHQHUDWRU�FLUFXLW��0XOWLVWDJH�,PSXOVH
JHQHUDWRU�FLUFXLW��,PSXOVH�FXUUHQW�JHQHUDWLRQ�

81,7�,9
0HDVXUHPHQW�RI�+LJK�9ROWDJH�DQG�&XUUHQWV��6SKHUH�JDS��8QLIRUP�ILHOG�VSDUN
JDS��5RG� JDS�� HOHFWURVWDWLF� YROWPHWHU��*HQHUDWLQJ� YROWPHWHU��&KXEE�)RUWHVFXH
PHWKRG��,PSXOVH�YROWDJH�PHDVXUHPHQW�XVLQJ�YROWDJH�GLYLGHUV��0HDVXUHPHQW�RI�KLJK
'�&�FXUUHQWV�XVLQJ�+DOO�JHQHUDWRUV��0HDVXUHPHQW�RI�KLJK�$�&�FXUUHQWV�XVLQJ�FXUUHQW
WUDQVIRUPHU�DQG�HOHFWUR�RSWLFDO�V\VWHP��0HDVXUHPHQW�RI�,PSXOVH�FXUUHQWV��5HVLVWLYH
VKXQWV��5RJRXXVNL�FRLOV��)DUDGD\�JHQHUDWRU�

81,7�9
7HVWLQJ�RI�+LJK�9ROWDJH�(TXLSPHQW��7HVWLQJ�RI�3RZHU�FDSDFLWRUV��7HVWLQJ�RI�SRZHU
WUDQVIRUPHUV��7HVWLQJ�RI�FLUFXLW�EUHDNHU��7HVWLQJ�RI�,QVXODWRUV�DQG�EXVKLQJV��7HVWLQJ
RI�&DEOHV��7HVWLQJ�RI�6XUJH�$UUHVWHUV�

7H[W�%RRNV
�� 0�6�1DLGX�DQG�9�.DPDUDMX��³+LJK�9ROWDJH�(QJLQHHULQJ´��7DWD�0F*UDZ

+LOO��WK�(GLWLRQ�������
�� &�/��:DGKZD��³+LJK�9ROWDJH�(QJLQHHULQJ´��:LOH\�(DVWHUQ�/WG���������

6XJJHVWHG�5HDGLQJ�
�� (�.XIIHO�DQG�:�6��=DHQJO��³+LJK�9ROWDJH�(QJLQHHULQJ´���3HUJDPRQ�3UHVV�

�UG�(GLWLRQ�������
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��((�(��
$,�7(&+1,48(6�,1�(/(&75,&$/�(1*,1((5,1*

,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
8QLYHUVLW\�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
ϭ� 3UDFWLFH� WKH� FRQFHSWV� VRIW� FRPSXWLQJ� WHFKQLTXHV� DQG� FRPSUHKHQVLYH

NQRZOHGJH�RI�IX]]\�ORJLF�FRQWURO�DQG�WR�GHVLJQ�WKH�IX]]\�FRQWURO�
�� ([SRVH�VWXGHQWV�WR�WKH�EDVLF�LGHDV��FKDOOHQJHV��WHFKQLTXHV�DQG�SUREOHPV

LQ�DUWLILFLDO�LQWHOOLJHQFH�
�� .QRZ�GLIIHUHQW�W\SHV�RI�QHXUDO�QHWZRUNV�DQG�WUDLQLQJ�DOJRULWKPV
�� .QRZ� WKH� DSSOLFDWLRQV� RI�$,�7HFKQLTXHV� LQ� HOHFWULFDO� HQJLQHHULQJ

DSSOLFDWLRQV
�� $QDO\VH�WKH�PHWDKHXULVWLF�WHFKQLTXHV�LQ�UHDO�ZRUOG�SUREOHPV�
�� ,QWURGXFH�WR�WKH�EDVLF�FRQFHSWV�RI�$UWLILFLDO�,QWHOOLJHQFH�ZLWK�LOOXVWUDWLRQV

RI�FXUUHQW�VWDWH�RI�WKH�DUW�UHVHDUFK�DQG�DSSOLFDWLRQV�
&RXUVH�2XWFRPHV��$IWHU�WKH�FRPSOHWLRQ�RI�WKH�FRXUVH�WKH�VWXGHQW�ZLOO�EH�DEOH�WR

�� 8QGHUVWDQG�FRQFHSWV�RI�$11V��)X]]\�ORJLF�DQG�PHWDKHXULVWLF
7HFKQLTXHV�

�� 5HPHPEHU�GLIIHUHQFH�EHWZHHQ�NQRZOHGJH�EDVHG�V\VWHPV�DQG
DOJRULWKPLF�EDVHG�V\VWHPV�

�� 8QGHUVWDQG�RSHUDWLRQ�RI�)X]]\�FRQWUROOHU�DQG�PHWDKHXULVWLF�DOJRULWKPV
�� $SSO\�VRIW�FRPSXWLQJ�WHFKQLTXHV�IRU�UHDO�ZRUOG�SUREOHPV
�� $QDO\VH�FULWLFDOO\�WKH�WHFKQLTXHV�SUHVHQWHG�DQG�DSSO\�WKHP�WR�HOHFWULFDO

(QJLQHHULQJ�SUREOHPV�
�� $SSO\�PHWDKHXULVWLF�WHFKQLTXHV�WR�(OHFWULFDO�SUREOHPV�

81,7�,
$UWLILFLDO� 1HXUDO� 1HWZRUNV�� ,QWURGXFWLRQ��0RGHOV� RI� 1HXUDO� 1HWZRUN�
$UFKLWHFWXUHV��.QRZOHGJH� UHSUHVHQWDWLRQ��$UWLILFLDO� ,QWHOOLJHQFH� DQG�1HXUDO
QHWZRUNV�� /HDUQLQJ� SURFHVV�� (UURU� FRUUHFWLRQ� OHDUQLQJ�� +HEELDQ� OHDUQLQJ�
&RPSHWLWLYH� OHDUQLQJ��%ROW]PDQ� OHDUQLQJ�� 6XSHUYLVHG� OHDUQLQJ��8QVXSHUYLVHG
OHDUQLQJ��5HLQIRUFHPHQW�OHDUQLQJ��OHDUQLQJ�WDVNV�

81,7��,,
)X]]\�/RJLF��,QWURGXFWLRQ��)X]]\�YHUVXV�FULVS��)X]]\�VHWV��0HPEHUVKLS�IXQFWLRQ�
%DVLF�)X]]\� VHW� RSHUDWLRQV��3URSHUWLHV� RI�)X]]\� VHWV�� )X]]\� FDUWHVLRQ�3URGXFW�
2SHUDWLRQV�RQ�)X]]\�UHODWLRQV��)X]]\�ORJLF��)X]]\�4XDQWLILHUV��)X]]\�,QIHUHQFH�
)X]]\�5XOH�EDVHG�V\VWHP��'HIX]]LILFDWLRQ�PHWKRGV�
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81,7��,,,
0HWDKHXULVWLF�7HFKQLTXHV���,QWURGXFWLRQ��3DUWLFOH�6ZDUP�2SWLPL]DWLRQ��VZDUP
LQWHOOLJHQFH�� 362� DOJRULWKPV�$FFHOHUDWHG� 362�� ,PSOHPHQWDWLRQ��0XOWLPRGDO
)XQFWLRQV��9DOLGDWLRQ��6LPXODWHG�$QQHDOLQJ�$QQHDOLQJ�DQG�3UREDELOLW\��&KRLFH�RI
3DUDPHWHUV��6$�$OJRULWKP��,PSOHPHQWDWLRQ��$QW�$OJRULWKPV��%HKDYLRXU�RI�$QWV�
$QW�&RORQ\�2SWLPL]DWLRQ��'RXEOH�%ULGJH�3UREOHP��9LUWXDO�$QW�$OJRULWKP�

81,7�,9
0HWDKHXULVWLF�7HFKQLTXHV���%HH�$OJRULWKPV��%HKDYLRU� RI�+RQH\�%HHV��%HH
$OJRULWKPV��+RQH\�%HH�$OJRULWKP��9LUWXDO�%HH�$OJRULWKP��$UWLILFLDO�%HH�&RORQ\
2SWLPL]DWLRQ��$SSOLFDWLRQV��+DUPRQ\�6HDUFK�DOJRULWKP��0XVLF�%DVHG�$OJRULWKPV�
+DUPRQ\�6HDUFK��,PSOHPHQWDWLRQ�

81,7�9
$SSOLFDWLRQV�RI�$,�7HFKQLTXHV��(FRQRPLF�ORDG�GLVSDWFK��/RDG�IUHTXHQF\�FRQWURO�
6LQJOH�DUHD�V\VWHP�DQG�WZR�DUHD�V\VWHP��5HDFWLYH�SRZHU�FRQWURO��VSHHG�FRQWURO�RI
'&�DQG�$&�0RWRUV�

7H[W�%RRNV�
�� 6�5DMDVHNDUDQ�DQG�*�$�9�3DL��³1HXUDO�1HWZRUNV��)X]]\�/RJLF�	�*HQHWLF

$OJRULWKPV´�3+,��1HZ�'HOKL�������
�� ;LQ�6KH<DQJ�� ³(QJLQHHULQJ� 2SWLPL]DWLRQ��$Q� ,QWURGXFWLRQ� ZLWK

0HWDKHXULVWLF�$SSOLFDWLRQV´�:LOH\�SXEOLFDWLRQ�������

6XJJHVWHG�5HDGLQJ�
�� 3�'�:DVVHUPDQ�9DQ1RVWUDQG5HLQKROG�� ³1HXUDO�&RPSXWLQJ�7KHRU\�	

3UDFWLFH´��1HZ�<RUN������
�� %DUW�.RVNR��³1HXUDO�1HWZRUN�	�)X]]\�6\VWHP´�3UHQWLFH�+DOO�������
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��(((��
6:,7&+�02'(�32:(5�&219(57(56

,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
8QLYHUVLW\�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
ϭ� 8QGHUVWDQG�YDULRXV�DGYDQFHG�SRZHU�HOHFWURQLFV�GHYLFHV�
�� 6WXG\�EDVLF�FRQYHUWHU�WRSRORJLHV�
�� &RPSUHKHQG�WKH�GHVLJQ�RI�UHVRQDQW�FRQYHUWHUV�
�� 'HVFULEH�WKH�RSHUDWLRQ�RI�PXOWLOHYHO�LQYHUWHUV�ZLWK�VZLWFKLQJ�VWUDWHJLHV�

IRU�KLJK�SRZHU�DSSOLFDWLRQV�
�� 8QGHUVWDQG�GLIIHUHQW�NLQGV�RI�'&�$&�SRZHU�VXSSOLHV�
�� 0DNH�WKH�VWXGHQWV�NQRZ�DERXW�GHVLJQ�RI�6036�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� 2XWOLQH�YDULRXV�IHDWXUHV�RI�DGYDQFHG�SRZHU�HOHFWURQLFV�GHYLFHV�
�� 'HYHORS�DQG�DQDO\]H�YDULRXV�FRQYHUWHU�WRSRORJLHV�
�� $QDO\]H�GLIIHUHQW�UHVRQDQW�FRQYHUWHU�WRSRORJLHV�
�� $SSO\�WKH�NQRZOHGJH�RI�GLIIHUHQW�0XOWLOHYHO�,QYHUWHUV�WKDW�VXLWV�IRU�LQGXVWULDO

DSSOLFDWLRQV�
�� &RPSDUH�WKH�$&�DQG�'&�SRZHU�VXSSOLHV�
�� 'HVLJQ�$&�DQG�'&�VZLWFKHG�PRGH�SRZHU�VXSSOLHV�

81,7�,
0RGHUQ�3RZHU�6HPLFRQGXFWRU�'HYLFHV��*DWH�7XUQ�2II��6&5�*72�6&5���026
7XUQ�RII�7K\ULVWRU�072���(PLWWHU�7XUQ�2II�7K\ULVWRU� �(72��� ,QWHJUDWHG�*DWH�
&RPPXWDWHG�7K\ULVWRU�,*&7V���026�FRQWUROOHG� WK\ULVWRUV�0&7V��� V\PERO�
VWUXFWXUH�DQG�HTXLYDOHQW�FLUFXLW��FRPSDULVRQ�RI�WKHLU�IHDWXUHV�

81,7�,,
&RQYHUWHU�&LUFXLWV���'&�'&�FRQYHUWHUV���EXFN��ERRVW��EXFN�ERRVW�	�&XN�FRQYHUWHUV
DQG�WKHLU�SULQFLSOHV�RI�RSHUDWLRQ��FRQWLQXRXV�DQG�GLVFRQWLQXRXV�PRGHV�RI�RSHUDWLRQ�
'HVLJQ�DVSHFWV�RI�'&�'&�FRQYHUWHUV�

81,7�,,,
5HVRQDQW�&RQYHUWHUV��,QWURGXFWLRQ��&ODVVLILFDWLRQ�RI�5HVRQDQW�&RQYHUWHUV��%DVLF
5HVRQDQW�FLUFXLW�FRQFHSWV��/RDG�5HVRQDQW�&RQYHUWHUV��5HVRQDQW�VZLWFK�FRQYHUWHUV�
]HUR�FXUUHQW�DQG�]HUR�YROWDJH�UHVRQDQW�FRQYHUWHUV��FRPSDULVRQ�EHWZHHQ�=&6�DQG
=96�UHVRQDQW�FRQYHUWHUV�
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81,7�,9
0XOWLOHYHO�,QYHUWHUV��0XOWLOHYHO�FRQFHSW���&ODVVLILFDWLRQ�RI�PXOWLOHYHO�LQYHUWHUV�
'LRGH�FODPSHG�0XOWLOHYHO�LQYHUWHU��SULQFLSOH�RI�RSHUDWLRQ���PDLQ�IHDWXUHV����LPSURYHG
GLRGH�&ODPSHG�LQYHUWHU���SULQFLSOH�RI�RSHUDWLRQ��)O\LQJ�FDSDFLWRUV�PXOWLOHYHO�LQYHUWHU�
SULQFLSOH�RI�RSHUDWLRQ��PDLQ�IHDWXUHV���FDVFDGHG�PXOWLOHYHO�LQYHUWHU��SULQFLSOH�RI
RSHUDWLRQ��PDLQ�IHDWXUHV��0XOWLOHYHO�LQYHUWHU�DSSOLFDWLRQV�

81,7�9
'&�	�$&�3RZHU�6XSSOLHV��'&�SRZHU�VXSSOLHV���FODVVLILFDWLRQ��VZLWFKHG�PRGH�'&
SRZHU�VXSSOLHV��IO\�EDFN�&RQYHUWHU���IRUZDUG�FRQYHUWHU��SXVK�SXOO�FRQYHUWHU��KDOI
EULGJH�FRQYHUWHU��)XOO�EULGJH�FRQYHUWHU��5HVRQDQW�'&�SRZHU�VXSSOLHV��ELGLUHFWLRQDO
SRZHU�VXSSOLHV���$SSOLFDWLRQV��$&�SRZHU�VXSSOLHV��FODVVLILFDWLRQ��VZLWFKHG�PRGH
$&�SRZHU�VXSSOLHV��8QLQWHUUXSWLEOH�3RZHU�VXSSOLHV��DSSOLFDWLRQV�

7H[W�%RRNV�
�� 0RKDPPHG�+��5DVKLG��³3RZHU�(OHFWURQLFV´��3HDUVRQ�(GXFDWLRQ��7KLUG

(GLWLRQ�±�ILUVW�,QGLDQ�UHSULQW�������
�� 1HG�0RKDQ� 7RUH�0�� 8QGHODQG�� ³3RZHU� (OHFWURQLFV�� &RQYHUWHUV�

$SSOLFDWLRQV�DQG�'HVLJQ´��-RKQ�:LOH\�	�6RQV���UG��(GLWLRQ�������

6XJJHVWHG�5HDGLQJ�
�� +��:��:KLWWLQJWRQ��%��:��)O\QQ�DQG�'��(��0DF3KHUVRQ��³6ZLWFKHG�0RGH

3RZHU� 6XSSOLHV��'HVLJQ� DQG�&RQVWUXFWLRQ´��8QLYHUVLWLHV� 3UHVV�� ����
(GLWLRQ�

�� 8PDQDQG�/���%KDW�6�5���³'HVLJQ�RI�0DJQHWLF�&RPSRQHQWV�IRU�6ZLWFKHG
0RGH�3RZHU�&RQYHUWHUV´��:LOH\�(DVWHUQ��/WG�������

�� 5REHUW��:�� (ULFNVRQ�� '��0DNVLPRYLF�� ³)XQGDPHQWDOV� RI� 3RZHU
(OHFWURQLFV´��6SULQJHU�,QWHUQDWLRQDO�(GLWLRQ�������



��

&%,7��$� :LWK�(IIHFW�IURP�DFDGHPLF�\HDU��������

��(((��
237,0,=$7,21�7(&+1,48(6

,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV
�� 7R� VWXG\� DERXW� FODVVLFDO� RSWLPL]DWLRQ� WHFKQLTXHV�ZKLFK� LQFOXGH� VLQJOH

YDULDEOH�DQG�PXOWL�YDULDEOH�RSWLPL]DWLRQ�ZLWK�HTXDOLW\�FRQVWUDLQWV�
�� 7R�VWXG\�DERXW�OLQHDU�SURJUDPPLQJ�
�� 7R�VWXG\�QRQ�OLQHDU�SURJUDPPLQJ�ZLWK�GLUHFW�VHDUFK�PHWKRGV�
�� 7R�VWXG\�GLIIHUHQW�JUDGLHQW�PHWKRGV�
�� 7R�VWXG\�DERXW�*HQHWLF�DOJRULWKPV�
�� 7R�$QDO\]H�(FRQRPLF�ORDG�GLVSDWFK�ZLWK�WKH�DSSOLFDWLRQ�RI�*HQHWLF�DOJRULWKP�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� 6ROYH�WKH�FODVVLFDO�RSWLPL]DWLRQ�SUREOHPV�
�� )RUPXODWH�OLQHDU�SURJUDPPLQJ�SUREOHP�DQG�JHW�WKH�VROXWLRQ�ZLWK�VLPSOH[

PHWKRG��*UDSKLFDO�PHWKRG�
�� 6ROYH�WKH�QRQOLQHDU�SURJUDPPLQJ�SUREOHPV�ZLWK�YDULRXV�VHDUFK�PHWKRGV

VXFK�DV�)LERQDFFL�PHWKRG���JROGHQ�VHFWLRQ�PHWKRG�HWF�
�� 6ROYH�WKH�QRQ�OLQHDU�SURJUDPPLQJ�SUREOHP�ZLWK�JUDGLHQW�PHWKRGV�
�� ([SODLQ�GLIIHUHQW�PHFKDQLVPV�LQ�*HQHWLF�DOJRULWKPV�
�� (VWLPDWH�WKH�(FRQRPLF�ORDG�GLVSDWFK�XVLQJ�JHQHWLF�DOJRULWKPV�

81,7��,
,QWURGXFWLRQ��&ODVVLFDO�RSWLPL]DWLRQ�WHFKQLTXHV��6WDWHPHQW�RI�RSWLPL]DWLRQ�SUREOHP�
2EMHFWLYH�IXQFWLRQ��&ODVVLILFDWLRQ�RI�RSWLPL]DWLRQ�SUREOHPV��6LQJOH�YDULDEOH�	�0XOWL�
YDULDEOH�2SWLPL]DWLRQ�ZLWKRXW�FRQVWUDLQWV��0XOWL�YDULDEOH�RSWLPL]DWLRQ�ZLWK�HTXDOLW\
&RQVWUDLQWV��/DJUDQJH�PXOWLSOLHU�PHWKRG��0XOWL�YDULDEOH�RSWLPL]DWLRQ�ZLWK�LQHTXDOLW\
FRQVWUDLQWV��.XKQ��7XFNHU�FRQGLWLRQV�

81,7�,,
/LQHDU�3URJUDPPLQJ�� 6WDQGDUG� IRUP�� )RUPXODWLRQ� RI� WKH� /33�� 6ROXWLRQ� RI
VLPXOWDQHRXV� HTXDWLRQV� E\� 3LYRWDO� FRQGHQVDWLRQ��*UDSKLFDO�PHWKRG�� 6LPSOH[
DOJRULWKP�

81,7�,,,
1RQ�/LQHDU�3URJUDPPLQJ�,��2QH�GLPHQVLRQDO�6HDUFK�PHWKRG��)LERQDFFL�PHWKRG�
*ROGHQ�6HFWLRQ�PHWKRG�
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'LUHFW�6HDUFK�PHWKRG��8QLYDULDWH�6HDUFK�PHWKRG��+RRN� DQG� -HHYH¶V�PHWKRG�
3RZHOO¶V��PHWKRG�

81,7�,9
1RQ�/LQHDU�3URJUDPPLQJ�,,�
*UDGLHQW�PHWKRGV��6WHHSHVW�'HVFHQW��&RQMXJDWH�*UDGLHQW��1HZWRQ�PHWKRG�DQG
4XDVL�1HZWRQ�PHWKRG�

81,7�9
*HQHWLF�$OJRULWKPV��,QWURGXFWLRQ��(QFRGLQJ��)LWQHVV�)XQFWLRQ��%DVLF�2SHUDWRUV�
6LQJOH�3RLQW�FURVV�RYHU��WZR�SRLQW�FURVV�RYHU��XQLIRUPV�FURVV�RYHU���PXWDWLRQ�RSHUDWRU�
6HOHFWLRQ�7HFKQLTXHV��7RXUQDPHQW�6HOHFWLRQ��5RXOHWWH�ZKHHO�VHOHFWLRQ���$SSOLFDWLRQ
WR�(FRQRPLF�ORDG�GLVSDWFK�

7H[W�%RRNV�
�� 6�6�5DR��³(QJLQHHULQJ�2SWLPL]DWLRQ�7KHRU\�DQG�$SSOLFDWLRQV´��1HZ�$JH

,QWHUQDWLRQDO���UG�(GLWLRQ�������
�� -DVELU� 6�$URUD�� ³,QWURGXFWLRQ� WR�2SWLPXP�'HVLJQ´��0F*UDZ�+LOO

,QWHUQDWLRQDO�(GLWLRQ������

6XJJHVWHG�5HDGLQJ�
�� .DO\DQPR\�'HE�� ³0XOWL�2EMHFWLYH�2SWLPL]DWLRQ� XVLQJ�(YROXWLRQDU\

$OJRULWKPV´��:LOH\�SXEOLFDWLRQV�������
�� 6��5DMDVHNKDUDP��*�$��9LMD\D�/DNVKPL��³1HXUDO�QHWZRUNV��)X]]\�ORJLF

DQG�*HQHWLF�$OJRULWKPV�6\QWKHVLV�DQG�$SSOLFDWLRQV´��3+,�SXEOLFDWLRQV�
�����
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,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� 8QGHUVWDQG�WKH�FODVVLFDO�DSSURDFK�LQ�GHVLJQLQJ�FRPSHQVDWRUV�
�� *DLQ�WKH�PDWKHPDWLFDO�NQRZOHGJH�RI�]�WUDQVIRUPV�LQ�UHSUHVHQWLQJ�VDPSOHG

GDWD�FRQWURO�V\VWHPV�
�� 8QGHUVWDQG�WKH�FRQFHSWV�RI��VWDELOLW\�DQDO\VLV�LQ�VDPSOHG�GDWD�FRQWURO�V\VWHP�
�� 8XQGHUVWDQG� WKH� FRQFHSWV�RI� FRQWUROODELOLW\� DQG�REVHUYDELOLW\� WHVWV� IRU

'LVFUHWH���WLPH�DQG�WLPH�LQYDULDQW�V\VWHPV�
�� 8QGHUVWDQG� WKH� LPSRUWDQFH� RI� UHVSRQVH� RI� QRQ�OLQHDU� V\VWHPV� DQG

FRQVWUXFWLRQ�RI�SKDVH�SODQH�WUDMHFWRULHV�
�� 8QGHUVWDQG�WKH�SURFHGXUHV�WR�SHUIRUP�VWDELOLW\�VWXG\�XVLQJ�/LDSXQRY¶V

FULWHULD�DQG�FRQVWUXFWLRQ�RI�/LDSXQRY�IXQFWLRQ�

&RXUVH�2XWFRPHV��$IWHU�WKH�FRPSOHWLRQ�RI�WKH�FRXUVH�WKH�VWXGHQWV�ZLOO�EH�DEOH�WR
�� 'HVLJQ�GLIIHUHQW�W\SHV�RI�FRPSHQVDWRUV�
�� 5HSUHVHQW�GLVFUHWH�WLPH�V\VWHPV�DQG�REWDLQ�VROXWLRQ�
�� &DOFXODWH�DQG�DQDO\]H�VDPSOH�GDWD�FRQWURO�V\VWHP�VWDELOLW\�
�� $SSO\�WKH�FRQFHSWV�RI�FRQWUROODELOLW\�DQG�REVHUYDELOLW\���WHVWV�IRU�GLVFUHWH�

WLPH�V\VWHPV�
�� $QDO\]H�WKH�UHVSRQVH�RI�QRQ�OLQHDU�V\VWHPV�DQG�FRQVWUXFWLRQ�RI�SKDVH�SODQH

WUDMHFWRULHV�
�� -XVWLI\�WKH�VWDELOLW\�VWXG\�WKURXJK�/LDSXQRY¶V�FULWHULD�DQG�FRQVWUXFWLRQ�RI

/\DSXQRY�IXQFWLRQ�

81,7�,
,QWURGXFWLRQ�WR�&RPSHQVDWRU�'HVLJQV��3UHOLPLQDU\�FRQVLGHUDWLRQV�RI�FODVVLFDO
GHVLJQ��5HDOL]DWLRQ�RI�EDVLF�FRPSHQVDWRUV��FDVFDGH�FRPSHQVDWLRQ�LQ�WLPH�GRPDLQ�
FDVFDGH�FRPSHQVDWLRQ�LQ�IUHTXHQF\�GRPDLQ�XVLQJ�ERGH�SORWV�

81,7�,,
6DPSOHG�'DWD�&RQWURO�6\VWHPV�� ,QWURGXFWLRQ��6SHFWUXP�DQDO\VLV�RI� VDPSOLQJ
SURFHVV�� VLJQDO� UHFRQVWUXFWLRQ��GLIIHUHQFH�HTXDWLRQV��=�WUDQVIRUP��3XOVH� WUDQVIHU
IXQFWLRQ��,QYHUVH�=�WUDQVIRUP��$QDO\VLV�RI�VDPSOHG�GDWD�FRQWURO�V\VWHPV��=�DQG�6
GRPDLQ�UHODWLRQVKLSV��6WDELOLW\�DQDO\VLV�-XU\¶V�VWDELOLW\�WHVW��ELOLQHDU�WUDQVIRUPDWLRQ�
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81,7�,,,
6WDWH�VSDFH�$QDO\VLV� DQG�'HVLJQ��6WDWH� VSDFH� UHSUHVHQWDWLRQ� RI� GLVFUHWH� WLPH
V\VWHPV��SKDVH�YDULDEOH�DQG�FDQRQLFDO�IRUP�RI�VWDWH�PRGHO��VROXWLRQ�RI�GLVFUHWH�WLPH
VWDWH� HTXDWLRQ� XVLQJ� ]�WUDQVIRUP�� FRQFHSW� RI�&RQWUROODELOLW\� DQG�2EVHUYDELOLW\�
&RQWUROODEOH�DQG�2EVHUYDEOH�SKDVH�YDULDEOH�IRUP�RI�VWDWH�PRGHO��FRQWURO�V\VWHP
GHVLJQ�WKURXJK�SROH�SODFHPHQW�E\�VWDWH�IHHGEDFN�

81,7�,9
1RQOLQHDU�6\VWHPV��,QWURGXFWLRQ��FRPPRQ�SK\VLFDO�QRQOLQHDULWLHV� SKDVH�SODQH�
PHWKRG��6LQJXODU� SRLQWV�� VWDELOLW\� RI� QRQ� OLQHDU� V\VWHP��&RQVWUXFWLRQ� RI� SKDVH
WUDMHFWRULHV��,VRFOLQHV�PHWKRG��l�PHWKRG��7KH�'HVFULELQJ�)XQFWLRQ�EDVLF�FRQFHSWV�
'HULYDWLRQ�RI�GHVFULELQJ�IXQFWLRQV��GHDG�]RQH�DQG�VDWXUDWLRQ��UHOD\�ZLWK�GHDG�]RQH
DQG�K\VWHUHVLV�

81,7�9
/LDSXQRY¶V�6WDELOLW\�$QDO\VLV��,QWURGXFWLRQ��/LDSXQRY¶V�VWDELOLW\�FULWHULRQ��GLUHFW
PHWKRG�RI�/LDSXQRY� DQG� WKH� OLQHDU� V\VWHP��0HWKRGV�RI� FRQVWUXFWLQJ�/LDSXQRY
IXQFWLRQ�IRU�QRQ�OLQHDU�V\VWHPV��.UDVRYVNLL¶V�PHWKRG��9DULDEOH�JUDGLHQW�PHWKRG�

7H[W�%RRNV�
�� ,�� -�1DJUDWK��0��*RSDO�� ³&RQWURO� 6\VWHPV� (QJLQHHULQJ´��1HZ�$JH

,QWHUQDWLRQDO��3��/LPLWHG�������
�� 2JDWD��.��³'LVFUHWH�7LPH�FRQWURO�6\VWHPV´��3+,�3XEOLFDWLRQV���QG�(GLWLRQ

�����

6XJJHVWHG�5HDGLQJ�
�� 0��*RSDO��³'LJLWDO�&RQWURO�DQG�6WDWH�9DULDEOH�0HWKRGV´��7DWD�0F*UDZ

+LOO����H�������
�� .��2JDWD��³0RGHUQ�&RQWURO�(QJLQHHULQJ´��3HDUVRQ�3XEOLFDWLRQV���WK�(GLWLRQ�

�����
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��(((��
(/(&75,&$/�',675,%87,21�6<67(06�$1'�$8720$7,21

,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� 6WXG\�WKH�ORDG�FKDUDFWHULVWLFV�RI�GLVWULEXWLRQ�V\VWHPV�
�� 8QGHUVWDQG�WKH�VXEVWDWLRQ�VFKHPHV��YROWDJH�GURS�FDOFXODWLRQ�RI�GLIIHUHQW

VHUYLFH�DUHDV�
�� .QRZ� DERXW� SULPDU\� DQG� VHFRQGDU\� GLVWULEXWLRQ� V\VWHPV� DQG� WKHLU

FKDUDFWHULVWLFV�
�� 6WXG\�GLIIHUHQW�YROWDJH�FRQWURO�PHWKRGV�
�� 6WXG\�WKH�DSSOLFDWLRQ�RI�FDSDFLWRUV�LQ�GLVWULEXWLRQ�V\VWHPV�
�� 6WXG\�WKH�GLVWULEXWLRQ�DXWRPDWLRQ�FRQWURO�IXQFWLRQV�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� (VWLPDWH�WKH�ORDG�IDFWRUV��GLYHUVLW\�IDFWRU�HWF��IRU�GLIIHUHQW�V\VWHPV�
�� 'HVFULEH�WKH�VXEVWDWLRQ�EXV�VFKHPHV�DQG�FDOFXODWH�WKH�UDWLQJ�RI�VXEVWDWLRQV�
�� &RPSXWH� YROWDJH� GURS� DQG� SRZHU� ORVVHV� RI� SULPDU\� DQG� VHFRQGDU\

GLVWULEXWLRQ�V\VWHPV�
�� (VWLPDWH�WKH�UHDFWLYH�SRZHU�UHTXLUHPHQWV�RI�GLVWULEXWLRQ�V\VWHPV�
�� 'HVFULEH�WKH�YROWDJH�FRQWURO�PHWKRGV�XVHG�LQ�'LVWULEXWLRQ�6\VWHPV�
�� ([SODLQ�WKH�'LVWULEXWLRQ�DXWRPDWLRQ�FRQWURO�IXQFWLRQV�DQG�FRPPXQLFDWLRQ

XVHG�LQ�'LVWULEXWLRQ�DXWRPDWLRQ�

81,7�,
/RDG�&KDUDFWHULVWLFV��'HPDQG��GHPDQG�FXUYH��ORDG�GXUDWLRQ�FXUYH��'LYHUVLILHG
GHPDQG��1RQ�FRLQFLGHQW��'HPDQG��&RLQFLGHQFH�IDFWRU��&RQWULEXWLRQ�IDFWRU�SUREOHPV�
5HODWLRQVKLS�EHWZHHQ�ORDG�DQG�ORVV�IDFWRUV�ORDG�JURZWK��5DWH�VWUXFWXUH��&XVWRPHU
ELOOLQJ��&ODVVLILFDWLRQ�RI�ORDGV��UHVLGHQWLDO��FRPPHUFLDO��DJULFXOWXUDO��DQG�LQGXVWULDO�
DQG�WKHLU�FKDUDFWHULVWLFV�

81,7�,,
6XE�7UDQVPLVVLRQ�/LQHV� DQG�6XEVWDWLRQV��7\SHV� RI� VXE�WUDQVPLVVLRQ� OLQHV�
'LVWULEXWLRQ�VXEVWDWLRQV��6XEVWDWLRQ�EXV�VFKHPHV��5DWLQJ�RI�GLVWULEXWLRQ�VXEVWDWLRQ�
6HUYLFH�DUHD�ZLWK�PXOWLSOH�IHHGHUV���3HUFHQW�YROWDJH�GURS�FDOFXODWLRQV�
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81,7�,,,
3ULPDU\�DQG�6HFRQGDU\�)HHGHUV��7\SHV�RI�SULPDU\�V\VWHPV��5DGLDO�W\SH��/RRS
W\SH�DQG�3ULPDU\�QHWZRUN��3ULPDU\�IHHGHU�ORDGLQJ��5DGLDO�IHHGHU�ZLWK�XQLIRUPO\
GLVWULEXWHG�ORDG��6HFRQGDU\�YROWDJH�OHYHOV��6HFRQGDU\�EDQNLQJ��6HFRQGDU\�QHWZRUNV�

81,7�,9
9ROWDJH�'URS� DQG�3RZHU�/RVV�&DOFXODWLRQV��9ROWDJH� GURS� DQG� SRZHU� ORVV
FDOFXODWLRQV����SKDVH��1RQ���SKDVH�SULPDU\�OLQHV��6LQJOH�SKDVH�WZR�ZLUH�ODWHUDOV
ZLWK�XQJURXQGHG�QHXWUDO��6LQJOH�SKDVH�WZR�ZLUH�XQLJURXQGHG�ODWHUDOV��7ZR�SKDVH
SOXV�QHXWUDO�ODWHUDO��0HWKRG�WR�DQDO\]H�GLVWULEXWLRQ�FRVWV��9ROWDJH�FRQWURO�PHWKRGV�
)HHGHU�YROWDJH�UHJXODWRUV�

81,7�9
$SSOLFDWLRQ�RI�&DSDFLWRUV�WR�'LVWULEXWLRQ�6\VWHPV��(IIHFWV�RI�VHULHV�DQG�VKXQW
FDSDFLWRUV��3RZHU�IDFWRU�FRUUHFWLRQ��(FRQRPLF�MXVWLILFDWLRQ�IRU�FDSDFLWRUV��/RFDWLRQ
DQG�VL]LQJ�RI�FDSDFLWRUV�LQ�GLVWULEXWLRQ�V\VWHP��'LVWULEXWLRQ�6\VWHP�$XWRPDWLRQ�
'HILQLWLRQV��FRQWURO�IXQFWLRQV��/HYHO�RI�SHQHWUDWLRQ�RI�'$��7\SHV�RI�FRPPXQLFDWLRQ
V\VWHPV��6XSHUYLVRU\�FRQWURO�DQG�GDWD�DFTXLVLWLRQ�

7H[W�%RRNV�
�� 7XUDQ�*RQHQ��³(OHFWULF�3RZHU�'LVWULEXWLRQ�(QJLQHHULQJ´��70+���UG (GLWLRQ�

�����
�� $�6�3DEOD��³(OHFWULF�3RZHU�'LVWULEXWLRQ´��70+���WK�(GLWLRQ�������

6XJJHVWHG�5HDGLQJ�
�� 0��.��.KHG�.DU��*�0��'KROH��³(OHFWULF�3RZHU�'LVWULEXWLRQ�$XWRPDWLRQ´�

8QLYHUVLW\�6FLHQFH�3UHVV������
�� :LOOLDP�.HUVWLQJ��³'LVWULEXWLRQ�6\VWHP�0RGHOLQJ�DQG�$QDO\VLV´���UG (GLWLRQ

&5&�3UHVV�������
�� 6�6LYDQDJDUDMX�� DQG�9�6DQNDU�� ³(OHFWULF� 3RZHU� 'LVWULEXWLRQ� DQG

$XWRPDWLRQ´��'KDQSDW�5DL�	�&R�������
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��(((��
+,*+�92/7$*(�'&�75$160,66,21

,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
8QLYHUVLW\�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�REMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� 'HDO�ZLWK� WKH�EDVLFV�RI�+9'&�7UDQVPLVVLRQ�DQG�FRPSDULVRQ�EHWZHHQ

+9$&�DQG�+9'&�
�� 'HDO�ZLWK�SRZHU�FRQYHUVLRQ�EHWZHHQ�$F�WR�'&�DQG�'&�WR�$&�
�� 'HDO�ZLWK�FRQWURO�RI�+9'&�FRQYHUWHUV�
�� 'HDO�ZLWK�+9'&�ILOWHUV�
�� 'HDO�ZLWK�WKH�SURWHFWLRQ�RI�+9'&�V\VWHPV�
�� 'HDO�ZLWK�07'&�WUDQVPLVVLRQ�V\VWHPV�

&RXUVH�RXWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH�VWXGHQWV�ZLOO�EH�DEOH�WR
�� &RPSDUH�EHWZHHQ�+9'&�DQG�+9$&�7UDQVPLVVLRQ�V\VWHPVDQG�GLVFXVV

DERXW�EDVLFV�RI�+9'&�
�� $QDO\]H���SXOVH����SXOVH�FLUFXLWV�DQG�WR�FDOFXODWH�SRZHU�FRQYHUVLRQ�EHWZHHQ

$F��WR�'&�DQG�'&���WR�$&�
�� 'LVFXVV�DERXW�YDULRXV�FRQWURO�PHWKRGV�DQG�DOVR�DEOH�WR�GUDZ�WKH�FRQWURO

FKDUDFWHULVWLFV�
�� 'LVFXVV�DERXW�WKH�YDULRXV�ILOWHUV�XVHG�LQ�+9'&�+9$&�WUDQVPLVVLRQ�V\VWHPV�
�� 'LVFXVV�DERXW�WKH�SURWHFWLRQ�RI�+9'&�WUDQVPLVVLRQ�V\VWHPV�
�� 'LVFXVV�DERXW�07'&�WUDQVPLVVLRQ�V\VWHPV�DQG�WKHLU�FRQWURO�DVSHFWV�

81,7�,
*HQHUDO�FRQVLGHUDWLRQ�RI�'&�DQG�$&�WUDQVPLVVLRQ�V\VWHPV��&RPSDULVRQ�RI�$&
DQG�'&� WUDQVPLVVLRQ� V\VWHPV��$SSOLFDWLRQ� RI�'&� WUDQVPLVVLRQ�� (FRQRPLF
&RQVLGHUDWLRQ��.LQGV�RI�'&�OLQNV��SODQQLQJ�IRU�+9'&�WUDQVPLVVLRQ��0RGHP�WUHQGV
LQ�'&�WUDQVPLVVLRQ��&RURQD�ORVV�LQ�$&�	�'&�V\VWHPV�

81,7�,,
&RQYHUWHU� &LUFXLWV�� 3URSHUWLHV� RI� &RQYHUWHU� FLUFXLWV�� 'LIIHUHQW� NLQGV� RI
DUUDQJHPHQWV��$QDO\VLV�RI�%ULGJH�FRQYHUWHUV�ZLWK�JULG�FRQWURO��ZLWK�DQG�ZLWKRXW
RYHUODS� DQJOH��(TXLYDOHQW� FLUFXLW� RI� UHFWLILHU�� ,QYHUVLRQ��2SHUDWLRQ� DV� ,QYHUWHU�
(TXLYDOHQW�FLUFXLW�RI�,QYHUWHU�
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81,7�,,,
&RQWURO��%DVLF�PHDQV�RI�FRQWURO��/LPLWDWLRQV�RI�PDQXDO�FRQWURO��'HVLUHG�IHDWXUHV
RI�FRQWURO��&RPELQHG�FKDUDFWHULVWLFV�RI�UHFWLILHU�DQG�LQYHUWHU��3RZHU�UHYHUVDO��FRQVWDQW
PLQLPXP�DQJOH��,JQLWLRQ�DQJOH�FRQWURO��&RQVWDQW�FXUUHQW�FRQWURO��&RQVWDQW�([WLQFWLRQ
DQJOH�FRQWURO�

81,7�,9
3URWHFWLRQ��6KRUW�FLUFXLW�FXUUHQW��$UF�EDFN��&RPPXWDWLRQ�IDLOXUH��%\SDVV�YDOYHV�
'&�UHDFWRUV��'&�FLUFXLW�EUHDNHUV��3URWHFWLRQ�DJDLQVW�RYHU�YROWDJHV��+DUPRQLF�ILOWHUV�

81,7�9
0XOWL�WHUPLQDO�'&�6\VWHPV��$SSOLFDWLRQ� RI�07'&� V\VWHPV��7\SHV� RI�07'&
V\VWHPV��&RPSDULVRQ�RI� VHULHV�DQG�SDUDOOHO�07'&�V\VWHPV��&RQWURO�RI�07'&
V\VWHP�

7H[W�%RRNV�
�� 3DGL\DU�.5���³+9'&�3RZHU�7UDQVPLVVLRQ�6\VWHPV´��1HZ�DJH������
�� 6�.DPDNVKDLDK�DQG�9�.DPDUDMX���³+9'&�WUDQVPLVVLRQ´���0F*UDZ�+LOO

�����

6XJJHVWHG�5HDGLQJ�
�� .LPEDUN�(�:���³'LUHFW�&XUUHQW�7UDQVPLVVLRQ´�9RO�,��-RKQ:WOH\�������

�����
�� $UULOODJD�-���³+LJK�9ROWDJH�'LUHFW�&XUUHQW�7UDQVPLVVLRQ´��3HWHU�3HUHJULQXV

/WG���/RQGRQ��3HUJDPRQ�3UHVV�������



��

&%,7��$� :LWK�(IIHFW�IURP�DFDGHPLF�\HDU��������

��(((��
6,08/$7,21�7(&+,48(6�)25�(/(&75,&$/�(1*,1((5,1*

,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
6HPHVWHU�(QG�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYHV��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� ,QWURGXFH� YDULRXV� VLPXODWLRQ� WHFKQLTXHV� IRU� HOHFWULFDO� HQJLQHHULQJ

JUDGXDWHV�
�� 3URYLGH�D�SODWIRUP�WR�NQRZ�DERXW�PRGHOLQJ�RI�FRPSRQHQWV�
�� &UHDWH�DQ�HQYLURQPHQW�WR�ZRUN�ZLWK�GLIIHUHQW�VRIWZDUH�WHFKQRORJLHV�
�� %XLOG�FRQILGHQFH�LQ�ZULWLQJ�SURJUDPPHV�
�� 0DNH�IDPLOLDU�DERXW�ORJLFDO�RSHUDWLRQV�
�� %HFRPH�DZDUH�DERXW�WKH�DQDO\VLV�RI�'&�	�$&�FLUFXLWV�

&RXUVH�2XWFRPHV���$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� &ODVVLI\�VRIWZDUH�WHFKQLTXHV�EDVHG�RQ�DSSOLFDWLRQ�DQG�V\VWHP�UHTXLUHPHQW�
�� ,QIHU�YDULRXV�ORJLFDO�RSHUDWLRQV�
�� 'UDZ�WKH�JUDSKV�IRU�DQDO\VLV�RI�GDWD�
�� ,GHQWLI\�WKH�EXJ�LQ�WKH�SURJUDP�DQG�DOVR�SURFHGXUH�WR�GHEXJ�WKH�VDPH�
�� 0RGHO�FLUFXLW�HOHPHQWV�E\�GLVWLQJXLVKLQJ�WKHP�$&�DQG�'&�
�� 6LPXODWH�WKH�JLYHQ�FLUFXLW�DQG�YDOLGDWH�E\�FRQYHQWLRQDO�PHDQV�

81,7�,
%DVLFV���0$7/$%�HQYLURQPHQW��YDULDEOHV��%DVLF�GDWD�W\SHV��5HODWLRQDO�DQG�/RJLF
RSHUDWRUV��&RQGLWLRQDO�VWDWHPHQWV��,QSXW�DQG�2XWSXW��/RRSV�DQG�EUDFLQJ�

81,7�,,
0DWULFHV���&UHDWLQJ�DQG�0DQLSXODWLQJ�PDWULFHV��0DWUL[�PDWKHPDWLFV�DQG�0DWUL[
IXQFWLRQV��&RORQ�RSHUDWRU��/LQH�VSDFH��&URVV�SURGXFW��'RW�SURGXFW��/RJLFDO�IXQFWLRQV�
/RJLFDO�LQGH[LQJ����±�GLPHQVLRQDO�DUUD\V��&HOO�DUUD\V��6WUXFWXUHV��3ORWWLQJ����'�DQG
��'�SORWV��%DVLF�SORWV��VXESORWV��+LVWRJUDPV��%DU�JUDSKV��3LH�FKDUWV�

81,7�,,,
0�±ILOH�6FULSWV��&UHDWLQJ�VDYLQJ�DQG�UXQQLQJ�DQ�0�±�ILOH��FUHDWLQJ�DQG�UXQQLQJ�RI�D
IXQFWLRQ��IXQFWLRQ�GHILQLWLRQ� OLQH��+��DQG�KHOS� WH[W� OLQHV��)XQFWLRQ�ERG\��6XE�±
IXQFWLRQV��)LOH�,�2�KDQGOLQJ�
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81,7�,9
36SLFH�IRU�&LUFXLW�$QDO\VLV��,QWURGXFWLRQ�WR�36SLFH��'HVFULSWLRQ�RI�FLUFXLW�HOHPHQWV�
QRGHV�DQG�VRXUFHV��LQSXW�DQG�RXWSXW�YDULDEOHV��PRGHOLQJ�RI�WKH�DERYH�HOHPHQWV�
W\SHV�RI�'&�DQDO\VLV��W\SHV�RI�$&�DQDO\VLV�DQG�7UDQVLHQW�$QDO\VLV�

81,7�9
36SLFH�IRU�(OHFWURQLF�'HYLFHV�DQG�&LUFXLWV��'LRGH�PRGHO��%-7�PRGHO��026)(7
PRGHO��,*%7�PRGHO��6&5�PRGHO��6XE�URXWLQHV��GLRGH�UHFWLILHUV��FRQWUROOHG�UHFWLILHUV�

7H[W�%RRNV�
�� 0XKDPPDG�+��5DVKLG�� ³3RZHU� (OHFWURQLFV�� &LUFXLWV��'HYLFHV�� DQG

$SSOLFDWLRQV´��3HDUVRQ�(GXFDWLRQ�,QGLD���UG�(GLWLRQ�������
�� '�+DQVHOPDQ� DQG�%� OLWWOH� ILHOG�� ³0DVWHULQJ�0$7/$%� �´�� 3HDUVRQ

(GXFDWLRQ�������
�� <�.LUDQL�6LQJK�DQG�%�%&KDXGKDUL��³�0$7/$%�3URJUDPPLQJ´��3UHQWLFH

+DOO�RI�,QGLD�������

6XJJHVWHG�5HDGLQJ�
�� 0XKDPPDG�+��5DVKLG��³6SLFH�IRU�3RZHU�(OHFWURQLFV�DQG�(OHFWULF�3RZHU´�

&5&�3UHVV��UG�(GLWLRQ�������
�� $�*LODW��³0$7/$%��$Q�,QWURGXFWLRQ�ZLWK�$SSOLFDWLRQV´��-RKQ�:LOH\�DQG

6RQV�������
�� 6WHYHQ�7�.DUULV��³,QWURGXFWLRQ�WR�6LPXOLQN�ZLWK�(QJLQHHULQJ�$SSOLFDWLRQV´�

2UFKDUG�3XEOLFDWLRQ���QG�(GLWLRQ�������
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6�1R�
&RXUVH�
&RGH�

7LWOH�RI�WKH�&RXUVH�

6FKHPH�RI�
,QVWUXFWLRQ�

6FKHPH�RI�([DPLQDWLRQ�

&UHGLWV�
+RXUV�SHU�ZHHN�

'XUDWLR
Q�RI�

6((�LQ�
+RXUV�

0D[LPXP�
0DUNV�

/�7� 3�'� &,(� 6((�

35$&7,&$/6�

�� ��((�(��
,1'8675,$/�
(/(&7521,&6�
�%(�����(&(��9,�
6HP�

���� �� �� ��� ��� ��
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(OHFWLYH�&RXUVHV�RIIHUHG�WR�RWKHU�'HSDUWPHQWV
6(0(67(5�±�9,

�����/��/HFWXUH����������������7��7XWRULDO���������3��3UDFWLFDO�����������������'��'UDZLQJ
�����&,(���&RQWLQXRXV�,QWHUQDO�(YDOXDWLRQ�������6((���6HPHVWHU�(QG�([DPLQDWLRQ
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��((�(��
,1'8675,$/�(/(&7521,&6

�%(�����(&(��9,�6HP��
,QVWUXFWLRQ ��+RXUV�SHU�ZHHN
'XUDWLRQ�RI�6HPHVWHU�(QG�([DPLQDWLRQ ��+RXUV
8QLYHUVLW\�([DPLQDWLRQ ���0DUNV
&,( ���0DUNV
&UHGLWV �

&RXUVH�2EMHFWLYH��7KH�REMHFWLYH�RI�WKH�FRXUVH�LV�WR
�� ,QWURGXFH�WKH�FKDUDFWHULVWLFV�RI�YDULRXV�SRZHU�VHPLFRQGXFWRU�VZLWFKHV

DQG�WKHLU�DSSOLFDWLRQV�
�� .QRZ�WKH�LPSRUWDQFH�RI�SURWHFWLRQ��WULJJHULQJ�DQG�FRPPXWDWLRQ�WHFKQLTXH

V�RI�6&5�
�� 0DNH�DFTXDLQWHG�ZLWK�WKH�RSHUDWLQJ�SULQFLSOHV�RI�$&�'&��'&�'&��$&�

$&�DQG�'&�$&�FRQYHUWHUV�
�� 8QGHUVWDQG�YDULRXV�YROWDJH�FRQWURO�WHFKQLTXHV�LQ�SRZHU�FRQYHUWHUV�
�� &RPSUHKHQG�TXDGUDQW�RSHUDWLRQ�RI�YDULRXV�SRZHU�FRQYHUWHUV�
�� 5HFRJQL]H�YDULRXV�DSSOLFDWLRQ�RI�SRZHU�FRQYHUWHUV�

&RXUVH�2XWFRPHV��$IWHU�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQW�ZLOO�EH�DEOH�WR
�� $QDO\]H�EDVLF�RSHUDWLRQ�RI�YDULRXV�SRZHU�VHPLFRQGXFWRU�GHYLFHV�DQG�WR

FRPSDUH�WKHLU�FKDUDFWHULVWLFV�
�� 'HVLJQ�SURWHFWLRQ�FLUFXLW�DQG�FRQWURO�FLUFXLWV�IRU�6&5�
�� $QDO\]H�WKH�RSHUDWLRQ�SULQFLSOHV�RI�GLIIHUHQW�$&�'&��'&�'&��$&�$&�

DQG�'&�$&�FRQYHUWHUV�
�� �,GHQWLI\�GLIIHUHQW�YROWDJH�FRQWURO�VWUDWHJLHV�LQ�GLIIHUHQW�FRQYHUWHUV�
�� �%H�DFTXDLQWHG�ZLWK�GLIIHUHQW�TXDGUDQW�RSHUDWLRQ�RI�SRZHU�FRQYHUWHUV�
�� �.QRZ�WKH�SUDFWLFDO�DSSOLFDWLRQ�RI�SRZHU�HOHFWURQLF�FRQYHUWHUV

81,7�,
3RZHU� 'LRGHV� DQG�7UDQVLVWRUV��3RZHU� GLRGH�� FKDUDFWHULVWLFV�� 5HFRYHU\
FKDUDFWHULVWLFV��7\SHV�RI SRZHU�GLRGHV��*HQHUDO�SXUSRVH�GLRGHV��)DVW� UHFRYHU\
GLRGHV��WKHLU�DSSOLFDWLRQV��3RZHU�026)(7�DQG�,*%7�

81,7�,,
6LOLFRQ�&RQWUROOHG�5HFWLILHU��6&5���6&5�6WDWLF�FKDUDFWHULVWLFV��7ZR�WUDQVLVWRU
DQDORJ\� 3URWHFWLRQ�RI�6&5V��'\QDPLF�FKDUDFWHULVWLFV�� �6&5�WULJJHU�FLUFXLWV�5�
5&�DQG�8-7�WULJJHULQJ�FLUFXLWV��WXUQ�RII��PHWKRGV�RI�6&5��*72��6&5��&RPSDULVRQ
EHWZHHQ�6&5�DQG�*72�6&5�
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81,7�,,,
3KDVH�FRQWUROOHG�FRQYHUWHUV��6WXG\�RI�6LQJOH�SKDVH�KDOI�ZDYH DQG� IXOO�ZDYH
FRQWUROOHG�UHFWLILHUV�ZLWK�5��5/��5/(�ORDGV��VLJQLILFDQFH�RI�IUHHZKHHOLQJ�GLRGH�
'XDO�FRQYHUWHUV���FLUFXODWLQJ�DQG�QRQ�FLUFXODWLQJ�FXUUHQW�PRGHV�
'&�'&�&RQYHUWHUV��3ULQFLSOHV�RI�6WHS�GRZQ��6WHS�XS��6WHS�83�'RZQ�FKRSSHUV�
7LPH�UDWLR FRQWURO�DQG�FXUUHQW�OLPLW�FRQWURO��7\SHV�RI�FKRSSHUV�7\SH��$��%��&��'
DQG�(�

81,7�,9
$&�$&�&RQYHUWHUV��3ULQFLSOH�RI�RSHUDWLRQ�RI�6LQJOH�SKDVH�&\FOR�FRQYHUWHUV�DQG
WKHLU�DSSOLFDWLRQV��6LQJOH�SKDVH�$&�9ROWDJH�&RQWUROOHUV�ZLWK�5�DQG�5/�ORDGV�
,QYHUWHUV��3ULQFLSOH� RI� RSHUDWLRQ� RI� 6LQJOH�SKDVH� ,QYHUWHUV��9ROWDJH� FRQWURO
PHWKRGV�� 6LQJOH SXOVH�ZLGWK�PRGXODWLRQ��PXOWLSOH� SXOVH�ZLGWK�PRGXODWLRQ�
6LQXVRLGDO�SXOVH�ZLGWK�PRGXODWLRQ�

81,7�9
,QGXVWULDO�$SSOLFDWLRQV��2YHUYLHZ�RI�6ZLWFKHG�PRGH�SRZHU�VXSSOLHV��2QOLQH
DQG�RIIOLQH�836��EORFN�GLDJUDPV���7K\ULVWRU�FRQWUROOHG�UHDFWRUV��VZLWFKHG�FDSDFLWRU
QHWZRUNV��(PHUJHQF\� OLJKW� FRQWURO�� DXWRPDWLF�ZDWHU� OHYHO� FRQWURO�� � UHVLVWDQFH
KHDWLQJ��LQGXFWLRQ�DQG�GLHOHFWULF�KHDWLQJ�

7H[W�%RRNV�
�� 6LQJK�0�'�DQG�.KDQFKDQGDQL�.�%��³3RZHU�(OHFWURQLFV´��7DWD�0F*UDZ

+LOO���QG�(GLWLRQ�������
�� 5DVKLG�0�+�� ³3RZHU�(OHFWURQLFV�&LUFXLWV�'HYLFHV� DQG�$SSOLFDWLRQV´�

3UHQWLFH�+DOO�RI�,QGLD�������
�� %LPEUD�3�6��³3RZHU�(OHFWURQLFV´���.KDQQD�3XEOLVKHUV���UG�(GLWLRQ�������

6XJJHVWHG�5HDGLQJ�
�� 0RKDQ��8QGHODQG��5REELQV��³3RZHU�(OHFWURQLFV´��-RKQ�:LOH\�������
�� 3�&�6HQ��³3RZHU�(OHFWURQLFV´��7DWD�0F�*UDZ�+LOO���VW�(GLWLRQ�������
�� *��.��0LWKDO��³,QGXVWULDO�(OHFWURQLFV´��.KDQQD�3XEOLVKHUV��'HOKL�������




