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

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

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

&2856(�&217(176

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

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

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

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

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

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



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

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

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

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

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

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

7KHRU\�

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

SHUIRUPDQFH��HWF� �����
�� (QG�VHPHVWHU�7KHRU\�([DP �����
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&2856(�287&20(6��
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR��
�� 6WXG\�YDULRXV�ODZV�WR�GHYHORS�WKH�0D[ZHOO�HTXDWLRQV��
���&KDUDFWHUL]H�8QLIRUP�3ODQH�:DYH�LQ�GLIIHUHQW�PHGLXPV�
��� &DOFXODWH�UHIOHFWLRQ�DQG�WUDQVPLVVLRQ�RI�ZDYHV�DW�PHGLD�LQWHUIDFH
��� 'HVLJQ�DQG�$QDO\VH�RI�7UDQVPLVVLRQ�OLQHV�WR�FDUU\�RXW�WKH�LPSHGDQFHV�WUDQVIRUPDWLRQV�
���$QDO\VH�ZDYH�SURSDJDWLRQ�RQ�PHWDOOLF�ZDYHJXLGHV�LQ�PRGDO�IRUP
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81,7����(OHFWURPDJQHWLF�DQG�0D[ZHOO¶V�(TXDWLRQV��
%DVLFV� RI� YHFWRU� FDOFXOXV��%DVLF�/DZV�RI�(OHFWURVWDWLFV��*DXVV¶V� WKHRUHP� IRU� HOHFWURVWDWLFV��
(TXLYDOHQFH� WKHRUHP�� PHWKRG� RI� LPDJHV�� %DVLF� ODZV� RI� PDJQHWR� VWDWLFV�� $PSHUH¶V� /DZ��
'XDOLW\��8QLTXHQHVV�DQG�UHFLSURFLW\�WKHRUHP��'HYHORSPHQW�RI�0D[ZHOO¶V�HTXDWLRQV��

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

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

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

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

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

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



(& �������$1$/2*�&,5&8,76

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

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

�� 8QGHUVWDQG DQG�GHVLJQ�SRZHU�HIILFLHQW DPSOLILHUV�
�� ,PSURYH� DPSOLILHU� SHUIRUPDQFH� E\� YDU\LQJ� YDULRXV� SDUDPHWHUV� DQG� GHVLJQ�
YDULRXV�IUHTXHQF\�JHQHUDWRUV�
�� 'HVLJQ�DPSOLILHUV� IRU�YDULRXV� OLQHDU� DQG�QRQ� OLQHDU�PDWKHPDWLFDO�RSHUDWLRQV�
XVLQJ�OLQHDU LQWHJUDWHG FLUFXLWV�
�� 6WXG\ DQG�GHVLJQ YDULRXV�ZDYH�IRUP�JHQHUDWRUV�DQG�DFWLYH�ILOWHUV�XVLQJ�OLQHDU�
LQWHJUDWHG�FLUFXLWV�
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7+(25<�
8QLW �� 5HYLHZ�RI�%-7�	�026)(7�ELDVLQJ��VPDOO�VLJQDO�DQDO\VLV��ORZ�IUHTXHQF\�PRGHO�RI�

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

7(;7�%22.6�5(&200(1'('��
�� 6HGUD�	�6PLWK�/���(OHFWURQLFV�&LUFXLWV���WK�HG���������0F*UDZ +LOO�
�� *D\DNZDG�5�$���2S�$03�	�/LQHDU�,QWHJUDWHG�&LUFXLWV���WK�HG�������� 3+,�
�� 9DQ� 9DONHQEXUJ� 0�(��� $QDORJ� )LOWHU� 'HVLJQ�� �QG� HG��� ������ +ROW� 5LQHKDUW� 	

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

�� 0LOOLPDQ�	�+DONLDV��,QWHJUDWHG�(OHFWURQLFV���QG�HG���������0F*UDZ +LOO�
�� 5REHUW�%R\OVWHG��(OHFWURQLF�'HYLFHV�	�&LUFXLWV���QG�HG�������� 3+,�
�� 0LOOPDQ�DQG�*UDEOH��0LFURHOHFWURQLFV���QG HG���������70+�
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&RXUVH�2XWFRPHV�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR
���8QGHUVWDQG�EDVLF�FRQFHSW�RI�SUREDELOLW\�WKHRU\�DQG�FRQWLQXRXV 5DQGRP�9DULDEOH�
���,QYHVWLJDWH�GHVFUHWH�UDQGRP�YDULDEOH�DQG�DSSOLFDWLRQ�
���6WXG\���MRLQW�IXQFWLRQ��PRPHQWV�DQG�GLVWULEXWXLRQ�
���0DNH�XVH�RI�WKHRUHPV�UHODWHG�WR�UDQGRP�VLJQDOV�
���'HYHORS�FRQFHSWV�RI�5DQGRP�SURFHVVHV DQG�LWV�DSSOLFDWLRQ�

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

�-RKQ�
:LOH\�������

5()(5(1&(�%22.6�5(&200(1'('�

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

�� .OXZHU�
$FDGHPLF�3XEOLVKHUV�������

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

���WK�(GLWLRQ��0F*UDZ�+LOO�������



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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

�� +DUSHU��+DQGERRN�RI�(OHFWURQLF�&RPSRQHQWV���QG HGLWLRQ� ����
�� *R\DO�DQG�.KHWDQ��$�0RQRJUDSK�RI�(OHFWURQLF�'HVLJQ��QG HGLWLRQ
�� +RURZLW]�DQG�+LOO��7KH�$UW�RI�(OHFWURQLFV���UG HGLWLRQ
�� 0RWWHUVKHG�$OOHQ��(OHFWURQLFV�GHYLFHV�	�FLUFXLWV��QG�HG������� 3+,



+60&

+8��������������������������9$/8(6��+80$1,7,(6�$1'�352)(66,21$/�(7+,&6
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�L� 7R�PDNH�VWXGHQWV�XQGHUVWDQG�RI�KLV�KHU�VRFLDO�UHVSRQVLELOLW\�DV�DQ HQJLQHHU�
�LL� 7R�FUHDWH�DQ�DZDUHQHVV�RQ�(QJLQHHULQJ�(WKLFV��,QGLDQ�FRQVWLWXWLRQ�DQG�+XPDQ9DOXHV
�LLL�7R�PDNH�VWXGHQWV�FDSDEOH�RI�GRLQJ�VHOI�H[SORUDWLRQ�DQG UHFDSLWXODWLRQ
�LY� 7R�PDNH�VWXGHQWV�DZDUH�RI�WKH�JOREDO SUREOHPV

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

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

JOREDO�FKDQJHV

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

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

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

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

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

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

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

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



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

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

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

+DOO�RI�,QGLD��1HZ�'HOKL� �����
�� ,QWURGXFWLRQ�WR�WKH�&RQVWLWXWLRQ�RI�,QGLD��'�'� %DVX
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35(�5(48,6,7(6� 1,/
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��7R�PDNH�VWXGHQWV�XQGHUVWDQG�WKH�LPSRUWDQFH�RI�,QGLDQ�FRQVWLWXWLRQ�
���7R�FUHDWH�DQ�DZDUHQHVV�DERXW�IXQGDPHQWDO�ULJKWV�DQG�IXQGDPHQWDO�GXWLHV�
���7R�PDNH�VWXGHQWV�DZDUH�RI�WKH�ZRUNLQJ�RI�WKH�XQLRQ�JRYHUQPHQW�
��� 7R� PDNH� VWXGHQWV� FRPSUHKHQG� WKH� LPSRUWDQFH� RI� MXGLFLDO� SRZHUV� DQG� HPHUJHQF\� SURYLVLRQV� LQ�
,QGLD�

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

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

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

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

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

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

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

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

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

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


