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Ϯϴ

&RXUVH�&RGH %6&����
&DWHJRU\ %DVLF�6FLHQFH &RXUVH
&RXUVH�7LWOH 0DWKHPDWLFV�± ,,

&RQWHQWV
&DOFXOXV�� 2UGLQDU\� 'LIIHUHQWLDO (TXDWLRQV� DQG�
&RPSOH[� 9DULDEOH� �2SWLRQ� ��� IRU� $OO EUDQFKHV�
H[FOXGLQJ�&6(
3UREDELOLW\�DQG�6WDWLVWLFV��2SWLRQ�,���IRU�&6(

6FKHPH�	�&UHGLWV / 7 3 &UHGLW 6HPHVWHU�
,,� � � �

3UH�UHTXLVLWHV� (OHPHQWDU\�.QRZOHGJH� RI� FDOFXOXV�� 3UREDELOLW\� DQG�
6WDWLVWLFV

0$7+(0$7,&6�� ,,

«««««««««««««««««««««««««««««««««««««««
&$/&8/86�� 25',1$5<� ',))(5(17,$/� (48$7,216� $1'� &203/(;� 9$5,$%/(�
�237,21��� IRU�$OO EUDQFKHV�H[FOXGLQJ�&6( ���/HFWXUHV
«««««««««««««««««««««««««««««««««««««««

0RGXOH����0XOWLYDULDEOH�&DOFXOXV��,QWHJUDWLRQ�� ���/HFWXUHV
0XOWLSOH� ,QWHJUDWLRQ�� 'RXEOH� LQWHJUDOV� �&DUWHVLDQ��� FKDQJH� RI� RUGHU� RI� LQWHJUDWLRQ� LQ� GRXEOH�
LQWHJUDOV��&KDQJH�RI�YDULDEOHV� �&DUWHVLDQ� WR�SRODU���$SSOLFDWLRQV��DUHDV�DQG�YROXPHV��&HQWHU�RI�
PDVV� DQG� *UDYLW\� �FRQVWDQW� DQG� YDULDEOH� GHQVLWLHV��7ULSOH� LQWHJUDOV� �&DUWHVLDQ��� RUWKRJRQDO�
FXUYLOLQHDU� FRRUGLQDWHV�� 6LPSOH� DSSOLFDWLRQV� LQYROYLQJ� FXEHV�� VSKHUH� DQG� UHFWDQJXODU�
SDUDOOHOHSLSHGV��6FDODU�OLQH�LQWHJUDOV��YHFWRU�OLQH�LQWHJUDOV��VFDODU�VXUIDFH�LQWHJUDOV��YHFWRU�VXUIDFH�
LQWHJUDOV��7KHRUHPV�RI�*UHHQ��*DXVV�DQG�6WRNHV�

0RGXOH����)LUVW�RUGHU�RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQV� ���/HFWXUHV
([DFW�� OLQHDU� DQG� %HUQRXOOL¶V� HTXDWLRQV�� (XOHU¶V� HTXDWLRQV�� (TXDWLRQV� QRW� RI� ILUVW� GHJUHH��
HTXDWLRQV VROYDEOH�IRU�S��HTXDWLRQV�VROYDEOH�IRU�\��HTXDWLRQV�VROYDEOH�IRU�[�DQG�&ODLUDXW¶V�W\SH�

0RGXOH����2UGLQDU\�GLIIHUHQWLDO�HTXDWLRQV�RI�KLJKHU�RUGHUV� ���/HFWXUHV
6HFRQG� RUGHU� OLQHDU� GLIIHUHQWLDO� HTXDWLRQV� ZLWK� YDULDEOH� FRHIILFLHQWV�� PHWKRG� RI� YDULDWLRQ� RI�
SDUDPHWHUV�� &DXFK\�(XOHU� HTXDWLRQ�� 3RZHU� VHULHV� VROXWLRQV�� /HJHQGUH� SRO\QRPLDOV�� %HVVHO�
IXQFWLRQV�RI�WKH�ILUVW�NLQG�DQG�WKHLU�SURSHUWLHV�

0RGXOH����&RPSOH[�9DULDEOH�� 'LIIHUHQWLDWLRQ�� ���/HFWXUHV
'LIIHUHQWLDWLRQ�� &DXFK\�5LHPDQQ� HTXDWLRQV�� DQDO\WLF� IXQFWLRQV�� KDUPRQLF� IXQFWLRQV�� ILQGLQJ�
KDUPRQLF� FRQMXJDWH�� HOHPHQWDU\� DQDO\WLF� IXQFWLRQV� �H[SRQHQWLDO�� WULJRQRPHWULF�� ORJDULWKP�� DQG�
WKHLU�SURSHUWLHV��&RQIRUPDO�PDSSLQJV��0RELXV�WUDQVIRUPDWLRQV�DQG�WKHLU�SURSHUWLHV�
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Ϯϵ

0RGXOH����&RPSOH[�9DULDEOH�� ,QWHJUDWLRQ�� ���/HFWXUHV
&RQWRXU� LQWHJUDOV��&DXFK\�*RXUVDW� WKHRUHP� �ZLWKRXW� SURRI���&DXFK\� ,QWHJUDO� IRUPXOD� �ZLWKRXW�
SURRI��� /LRXYLOOH¶V� WKHRUHP� DQG�0D[LPXP�0RGXOXV� WKHRUHP� �ZLWKRXW� SURRI��� 7D\ORU¶V� VHULHV��
]HURV� RI� DQDO\WLF� IXQFWLRQV�� VLQJXODULWLHV�� /DXUHQW¶V� VHULHV�� 5HVLGXHV�� &DXFK\� 5HVLGXH� WKHRUHP�
�ZLWKRXW�SURRI���(YDOXDWLRQ�RI�GHILQLWH� LQWHJUDO� LQYROYLQJ�VLQH�DQG�FRVLQH��(YDOXDWLRQ�RI�FHUWDLQ�
LPSURSHU�LQWHJUDOV�XVLQJ�WKH�%URPZLFK�FRQWRXU�

7H[WERRNV�5HIHUHQFHV�
x *�%��7KRPDV�	�5�/��)LQQH\��&DOFXOXV�	�$QDO\WLF�JHRPHWU\��3HDUVRQ��5HSULQW�������

x (UZLQ� NUH\V]LJ��$GYDQFHG�(QJLQHHULQJ�0DWKHPDWLFV�� �WK�(GLWLRQ�� -RKQ�:LOH\�	�6RQV��
�����

x :��(��%R\FH�DQG�5��&��'L3ULPD��(OHPHQWDU\�'LIIHUHQWLDO�(TXDWLRQV�DQG�%RXQGDU\�9DOXH�
3UREOHPV���WK�(GQ���:LOH\�,QGLD�������

x 6��/��5RVV��'LIIHUHQWLDO�(TXDWLRQV���UG�(G���:LOH\�,QGLD�������

x (��$��&RGGLQJWRQ��$Q�,QWURGXFWLRQ�WR�2UGLQDU\�'LIIHUHQWLDO�(TXDWLRQV��3+,�������

x (��/��,QFH��2UGLQDU\�'LIIHUHQWLDO�(TXDWLRQV��'RYHU�3XEOLFDWLRQV�������
x -��:��%URZQ�	 5��9��&KXUFKLOO��&RPSOH[�9DULDEOHV�	�$SSOQ��0F�*UDZ�+LOO�������

x 1�3��%DOL�DQG�0DQLVK�*R\DO��(QJLQHHULQJ�0DWKHPDWLFV��/D[PL�3XE��5HSULQW�������

x %�6� *UHZDO��+LJKHU�(QJLQHHULQJ�0DWKHPDWLFV��.KDQQD�3XEOLVKHUV����WK�(GLWLRQ�������

&2856(�287&20(�
7R�IDPLOLDUL]H�WKH�SURVSHFWLYH�HQJLQHHUV�ZLWK�WHFKQLTXHV�LQ�PXOWLYDULDWH�LQWHJUDWLRQ��RUGLQDU\�DQG�
SDUWLDO�GLIIHUHQWLDO�HTXDWLRQV�DQG�FRPSOH[�YDULDEOHV��
7R�HTXLS�WKH�VWXGHQWV�WR�GHDO�ZLWK�DGYDQFHG�OHYHO�RI�PDWKHPDWLFV�DQG�DSSOLFDWLRQV�WKDW�ZRXOG�EH�
HVVHQWLDO�IRU�WKHLU�GLVFLSOLQHV�
«««««««««««««««««««««««««««««««««««««««

«««««««««««««««««««««««««««««««««««««««
352%$%,/,7<�$1'�67$7,67,&6� �237,21���� )25�&6( 21/<�� ���/HFWXUHV
«««««««««««««««««««««««««««««««««««««««
0RGXOH����%DVLF�3UREDELOLW\� ���/HFWXUHV
3UREDELOLW\� VSDFHV�� FRQGLWLRQDO� SUREDELOLW\�� LQGHSHQGHQFH�� 'LVFUHWH� UDQGRP� YDULDEOHV��
,QGHSHQGHQW� UDQGRP� YDULDEOHV�� WKH� PXOWLQRPLDO� GLVWULEXWLRQ�� 3RLVVRQ� DSSUR[LPDWLRQ� WR� WKH�
ELQRPLDO� GLVWULEXWLRQ�� LQILQLWH� VHTXHQFHV� RI� %HUQRXOOL� WULDOV�� VXPV� RI� LQGHSHQGHQW� UDQGRP�
YDULDEOHV��([SHFWDWLRQ�RI�'LVFUHWH�5DQGRP�9DULDEOHV��0RPHQWV��9DULDQFH�RI�D�VXP��&RUUHODWLRQ�
FRHIILFLHQW��&KHE\VKHY
V�,QHTXDOLW\�
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ϯϬ

0RGXOH����&RQWLQXRXV�3UREDELOLW\�'LVWULEXWLRQV� ���/HFWXUHV
&RQWLQXRXV� UDQGRP�YDULDEOHV DQG� WKHLU�SURSHUWLHV��GLVWULEXWLRQ� IXQFWLRQV�DQG�GHQVLWLHV��QRUPDO��
H[SRQHQWLDO�DQG�JDPPD�GHQVLWLHV�

0RGXOH����%LYDULDWH�'LVWULEXWLRQV�� ���/HFWXUHV
%LYDULDWH� GLVWULEXWLRQV� DQG� WKHLU� SURSHUWLHV�� GLVWULEXWLRQ� RI� VXPV� DQG� TXRWLHQWV�� FRQGLWLRQDO�
GHQVLWLHV��%D\HV
�UXOH�

0RGXOH����%DVLF�6WDWLVWLFV� ���/HFWXUHV
0HDVXUHV� RI� &HQWUDO� WHQGHQF\�� 0RPHQWV�� VNHZQHVV� DQG� .XUWRVLV� � 3UREDELOLW\� GLVWULEXWLRQV��
%LQRPLDO��3RLVVRQ�DQG�1RUPDO�� HYDOXDWLRQ�RI�VWDWLVWLFDO�SDUDPHWHUV�IRU�WKHVH�WKUHH�GLVWULEXWLRQV��
&RUUHODWLRQ�DQG�UHJUHVVLRQ�± 5DQN�FRUUHODWLRQ

0RGXOH����$SSOLHG�6WDWLVWLFV�� ���/HFWXUHV
&XUYH�ILWWLQJ�E\�WKH�PHWKRG�RI�OHDVW�VTXDUHV� ILWWLQJ�RI�VWUDLJKW�OLQHV��VHFRQG�GHJUHH�SDUDERODV�DQG�
PRUH�JHQHUDO�FXUYHV��7HVW�RI�VLJQLILFDQFH��/DUJH�VDPSOH�WHVW�IRU�VLQJOH�SURSRUWLRQ��GLIIHUHQFH�RI�
SURSRUWLRQV��VLQJOH�PHDQ��GLIIHUHQFH�RI�PHDQV��DQG�GLIIHUHQFH�RI�VWDQGDUG�GHYLDWLRQV�

0RGXOH����6PDOO�VDPSOHV�� ���/HFWXUHV
7HVW�IRU�VLQJOH�PHDQ��GLIIHUHQFH�RI�PHDQV�DQG�FRUUHODWLRQ�FRHIILFLHQWV��WHVW�IRU�UDWLR�RI�YDULDQFHV��
&KL�VTXDUH�WHVW�IRU�JRRGQHVV�RI�ILW�DQG�LQGHSHQGHQFH�RI�DWWULEXWHV�

7H[WERRNV�5HIHUHQFHV�
x (UZLQ�.UH\V]LJ��$GYDQFHG�(QJLQHHULQJ�0DWKHPDWLFV���WK�(GLWLRQ�� -RKQ�:LOH\�	�6RQV��

�����
x 3��*��+RHO��6��&��3RUW�DQG�&� -��6WRQH��,QWURGXFWLRQ�WR�3UREDELOLW\�7KHRU\��8QLYHUVDO�%RRN�

6WDOO��������5HSULQW��
x 6��5RVV��$�)LUVW�&RXUVH�LQ�3UREDELOLW\���WK�(G���3HDUVRQ�(GXFDWLRQ�,QGLD�������
x :��)HOOHU��$Q� ,QWURGXFWLRQ� WR�3UREDELOLW\�7KHRU\� DQG� LWV�$SSOLFDWLRQV��9RO�� ��� �UG�(G���

:LOH\�������
x 1�3�� %DOL� DQG� 0DQLVK� *R\DO�� $� WH[W� ERRN� RI� (QJLQHHULQJ� 0DWKHPDWLFV�� /D[PL�

3XEOLFDWLRQV��5HSULQW�������
x %�6��*UHZDO��+LJKHU�(QJLQHHULQJ�0DWKHPDWLFV��.KDQQD�3XEOLVKHUV����WK�(GLWLRQ�������
x 9HHUDUDMDQ� 7��� (QJLQHHULQJ� 0DWKHPDWLFV� �IRU� VHPHVWHU� ,,,��� 7DWD� 0F*UDZ�+LOO�� 1HZ�

'HOKL�������

&2856(�287&20(
x 7R�DFTXDLQW� WKH�VWXGHQW�ZLWK�PDWKHPDWLFDO� WRROV�QHHGHG� LQ�HYDOXDWLQJ�PXOWLSOH� LQWHJUDOV�

DQG�WKHLU�XVDJH�
x 7R�LQWURGXFH�HIIHFWLYH�PDWKHPDWLFDO� WRROV� IRU�WKH�VROXWLRQV�RI�GLIIHUHQWLDO�HTXDWLRQV�WKDW�

PRGHO�SK\VLFDO�SURFHVVHV�
x 7R�LQWURGXFH�WKH�WRROV�RI�GLIIHUHQWLDWLRQ�DQG�LQWHJUDWLRQ�RI�IXQFWLRQV�RI�FRPSOH[�YDULDEOH�

WKDW�LV XVHG�LQ�YDULRXV�WHFKQLTXHV�GHDOLQJ�HQJLQHHULQJ�SUREOHPV�
«««««««««««««««««««««««««««««««««««««««
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&RXUVH�&RGH %6&����

&DWHJRU\ %DVLF�6FLHQFH &RXUVH

&RXUVH�7LWOH &RXUVH�FRQWHQWV�LQ�3K\VLFV
�L��,QWURGXFWLRQ�WR�4XDQWXP�0HFKDQLFV�IRU�(QJLQHHUV ± )RU�
(((��&6(
�LL��6HPLFRQGXFWRU�2SWRHOHFWURQLFV ± )RU�(&(
�LLL��0HFKDQLFV�RI�6ROLG ± )RU�&LYLO��0(��0(06
�LY��2SWLFV�	�)LEHU�2SWLFV�± )RU�&KHPLFDO (QJLQHHULQJ

6FKHPH�	�&UHGLWV / 7 3 &UHGLW 6HPHVWHU�,,
� � � �

3UH�UHTXLVLWHV� 0DWKHPDWLFV�FRXUVH�RQ�GLIIHUHQWLDO�HTXDWLRQV�DQG�OLQHDU�DOJHEUD
,QWURGXFWLRQ�WR�(OHFWURPDJQHWLF�7KHRU\�
6HPLFRQGXFWRU�3K\VLFV

3K\VLFV�,,�

«««««««««««««««««««««««««««««««««««««««
,1752'8&7,21�72�48$1780�0(&+$1,&6�)25�(1*,1((56 )RU�(((��&6(

���/HFWXUHV
«««««««««««««««««««««««««««««««««««««««

0RGXOH����:DYH�QDWXUH�RI�SDUWLFOHV�DQG�WKH�6FKURGLQJHU�HTXDWLRQ � /HFWXUHV
,QWURGXFWLRQ� WR� 4XDQWXP� PHFKDQLFV�� :DYH� QDWXUH� RI� 3DUWLFOHV�� 7LPH�GHSHQGHQW� DQG� WLPH
LQGHSHQGHQW�6FKURGLQJHU�HTXDWLRQ�IRU�ZDYH IXQFWLRQ��%RUQ�LQWHUSUHWDWLRQ��SUREDELOLW\�FXUUHQW�
([SHFWDWLRQ�YDOXHV��)UHH�SDUWLFOH�ZDYH IXQFWLRQ�DQG�ZDYH�SDFNHWV��8QFHUWDLQW\ SULQFLSOH�

0RGXOH����0DWKHPDWLFDO�3UHOLPLQDULHV�IRU�TXDQWXP�PHFKDQLFV� ��/HFWXUHV
&RPSOH[� QXPEHUV�� /LQHDU� YHFWRU� VSDFHV�� LQQHU� SURGXFW�� RSHUDWRUV�� HLJHQYDOXH� SUREOHPV��
+HUPLWLDQ�RSHUDWRUV�

0RGXOH����$SSO\LQJ�WKH�6FKURGLQJHU�HTXDWLRQ� ��/HFWXUHV
6ROXWLRQ� RI� VWDWLRQDU\�VWDWH� 6FKURGLQJHU� HTXDWLRQ� IRU� RQH� GLPHQVLRQDO� SUREOHPV± SDUWLFOH� LQ� D�
ER[��VTXDUH�ZHOO�SRWHQWLDO��OLQHDU�KDUPRQLF�RVFLOODWRU��
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ϯϮ

0RGXOH����%RXQG�4XDQWXP�6WDWHV ���/HFWXUHV
1XPHULFDO� VROXWLRQ� RI� VWDWLRQDU\�VWDWH� 6FKURGLQJHU� HTXDWLRQ� IRU� RQH� GLPHQVLRQDO� SUREOHPV� IRU�
GLIIHUHQW� SRWHQWLDOV� 6FDWWHULQJ� IURP� D� SRWHQWLDO� EDUULHU� DQG� WXQQHOLQJ� 7KUHH�GLPHQVLRQDO�
SUREOHPV�� SDUWLFOH� LQ� WKUHH� GLPHQVLRQDO� ER[�� $QJXODU� PRPHQWXP� RSHUDWRU�� 5LJLG� 5RWRU��
+\GURJHQ�DWRP�JURXQG�VWDWH��RUELWDOV��LQWHUDFWLRQ�ZLWK�PDJQHWLF�ILHOG�

0RGXOH����,QWURGXFWLRQ�WR�VROLGV� ��/HFWXUHV
)UHH� HOHFWURQ� WKHRU\� RI�PHWDOV�� )HUPL� OHYHO�� GHQVLW\� RI� VWDWHV��$SSOLFDWLRQ� WR�ZKLWH� GZDUIV� DQG�
QHXWURQ� VWDUV��%ORFK¶V� WKHRUHP� IRU� SDUWLFOHV� LQ� D� SHULRGLF� SRWHQWLDO�� .URQLJ�3HQQH\�PRGHO� DQG
RULJLQ�RI�HQHUJ\�EDQGV�

7H[W�ERRN��
x (LVEHUJ� DQG� 5HVQLFN�� ,QWURGXFWLRQ� WR� 4XDQWXP� 3K\VLFV 3XEOLVKHU� 1HZ� <RUN�� :LOH\��

&ROOHFWLRQ�SULQWGLVDEOHG

5HIHUHQFH�%RRNV��
x ,QWURGXFWLRQ�WR�4XDQWXP�PHFKDQLFV��1LNKLO�5DQMDQ�5R\��������9LNDVK�3XEOLVKLQJ�+RXVH�

3YW��/WG�

x ,QWURGXFWLRQ�WR�4XDQWXP�0HFKDQLFV��'DYLG�-��*ULIILWK��������3HDUVRQ�(GXFDWLRQ�

x 4XDQWXP� 0HFKDQLFV�� 7KHRU\� 	� $SSOLFDWLRQV�� $�.�*KDWDN� 	� 6�/RNDQDWKDQ�� ������
0DFPLOODQ

&2856(�287&20(6
6WXGHQWV�WR�OHDUQ�WKH�EDVLFV�RI�4XDQWXP�PHFKDQLFV�DQG�LWV�DSSOLFDWLRQ�WR�ERXQG�VWDWHV�
7R�XQGHUVWDQG�WKH�ZDYH�SDUWLFOH�GXDOLW\�
7R�IDPLOLDUL]H�ZLWK�WKH�PROHFXODU�ERQGLQJ��IUHH�HOHFWURQ�WKHRU\�DQG�SHULRGLF�SRWHQWLDOV�LQ�VROLGV�
««����������������������������������������������������������������������������������������������������������������������������������������������������
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ϯϯ

«««««««««««««««««««««««««««««««««««««««
6(0,&21'8&725�2372(/(&7521,&6 )RU�(&(

�� /HFWXUHV
«««««««««««««««««««««««««««««««««««««««

0RGXOH����5HYLHZ�RI�VHPLFRQGXFWRU�SK\VLFV �� /HFWXUHV
(�N� GLDJUDP�� 'HQVLW\� RI� VWDWHV�� 2FFXSDWLRQ� SUREDELOLW\�� )HUPL� OHYHO�� S�Q� MXQFWLRQ�� 0HWDO�
VHPLFRQGXFWRU�MXQFWLRQ �2KPLF�DQG�6FKRWWN\���&DUULHU�WUDQVSRUW��JHQHUDWLRQ��DQG�UHFRPELQDWLRQ��
6HPLFRQGXFWRU PDWHULDOV� RI� LQWHUHVW� IRU� RSWRHOHFWURQLF� GHYLFHV�� EDQG JDS� PRGLILFDWLRQ�� KHWHUR
VWUXFWXUHV��/LJKW VHPLFRQGXFWRU LQWHUDFWLRQ��5DWHV�RI� RSWLFDO� WUDQVLWLRQV�� MRLQW� GHQVLW\� RI� VWDWHV��
FRQGLWLRQ�IRU RSWLFDO�DPSOLILFDWLRQ�

0RGXOH����6HPLFRQGXFWRU�OLJKW�HPLWWLQJ�GLRGHV��/('V� �� /HFWXUHV
5DWH� HTXDWLRQV� IRU� FDUULHU� GHQVLW\�� 5DGLDWLYH� DQG� QRQ�UDGLDWLYH� UHFRPELQDWLRQ� PHFKDQLVPV� LQ
VHPLFRQGXFWRUV��/('��GHYLFH�VWUXFWXUH��PDWHULDOV��FKDUDFWHULVWLFV��DQG�ILJXUHV�RI�PHULW�

0RGXOH����6HPLFRQGXFWRU�ODVHUV �� /HFWXUHV
5DWH�HTXDWLRQV�IRU�FDUULHU� DQG�SKRWRQ�GHQVLW\��DQG�WKHLU�VWHDG\�VWDWH VROXWLRQV��/DVHU�G\QDPLFV��
5HOD[DWLRQ� RVFLOODWLRQV�� ,QSXW�RXWSXW� FKDUDFWHULVWLFV� RI� ODVHUV� 6HPLFRQGXFWRU� ODVHU�� VWUXFWXUH��
PDWHULDOV��GHYLFH�FKDUDFWHULVWLFV��DQG�ILJXUHV�RI�PHULW�

0RGXOH����3KRWR�GHWHFWRUV �� /HFWXUHV
7\SHV�RI�VHPLFRQGXFWRU�SKRWRGHWHFWRUV��S�Q�MXQFWLRQ��3,1��DQG�$YDODQFKH��� DQG�WKHLU�VWUXFWXUH�
PDWHULDOV��ZRUNLQJ�SULQFLSOH��DQG�FKDUDFWHULVWLFV� 6RODU�FHOOV�

0RGXOH����/RZ�GLPHQVLRQDO�RSWRHOHFWURQLF�GHYLFHV� �� /HFWXUHV
4XDQWXP�ZHOO���ZLUH��DQG��GRW�EDVHG /('V��ODVHUV��DQG�SKRWR�GHWHFWRUV�

5HIHUHQFHV�

x -��6LQJK��6HPLFRQGXFWRU�2SWRHOHFWURQLFV��3K\VLFV�DQG�7HFK���0F*UDZ�+LOO�,QF���������
x %��(��$��6DOHK�DQG�0��&��7HLFK��)XQGDPHQWDOV�RI�3KRWRQLFV��-RKQ�:LOH\�	�6RQV�
x 6��0��6]H��6HPLFRQGXFWRU�'HYLFHV��3K\VLFV�DQG�7HFKQRORJ\��:LOH\��������
x <DULY�DQG�3��<HK��3KRWRQLFV��2SWLFDO�(OHFWURQLFV�LQ�0RG� &RPP��283��1< �������
x 3��%KDWWDFKDU\D��6HPLFRQGXFWRU�2SWRHOHFWURQLF�'HYLFHV��3UHQWLFH�+DOO�RI�,QGLD��������
x 2QOLQH�FRXUVH��³6HPLFRQGXFWRU�2SWRHOHFWURQLFV´�E\�0�5�6KHQR\�RQ�137(/
x 2QOLQH� FRXUVH�� �2SWRHOHFWURQLF� 0DWHULDOV� 	 'HYLFHV�� E\� 0RQLFD� .DWL\DU� 	 'HHSDN�

*XSWD RQ�137(/

&2856(�287&20(
6WXGHQWV�WR�UHYLHZ�WKH�FRQFHSWV�RI�VHPLFRQGXFWRU�SK\VLFV�
7R�OHDUQ�DERXW�WKH�VHPLFRQGXFWRU�/('V�DQG�VHPLFRQGXFWRU�/DVHUV�
7R�KDYH�WKH�XQGHUVWDQGLQJ�RI�SKRWR�GHWHFWRUV�DQG�ORZ�GLPHQVLRQDO�RSWRHOHFWURQLF�GHYLFHV�
«««««««««««««««««««««««««««««««««««««««
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ϯϰ

�«««««««««««««««««««««««««««««««««««««���«
0(&+$1,&6�2)�62/,'6 )RU�&LYLO��0(��0(06

���/HFWXUHV
«««««««««««««««««««««««««««««««««««««««

0RGXOH����6WDWLFV �� /HFWXUHV
)UHH� ERG\� GLDJUDPV� RQ�PRGHOOLQJ� RI� W\SLFDO� VXSSRUWV� DQG� MRLQWV�� &RQGLWLRQ� IRU� HTXLOLEULXP� LQ�
WKUHH� DQG� WZR� GLPHQVLRQV�� )ULFWLRQ�� OLPLWLQJ� DQG� QRQ�OLPLWLQJ� FDVHV�� )RUFH� GLVSODFHPHQW�
UHODWLRQVKLS��*HRPHWULF�FRPSDWLELOLW\�IRU�VPDOO�GHIRUPDWLRQV�

0RGXOH����6WUHVV�DQG�6WUDLQ�DW�D�SRLQW � /HFWXUHV
&RQFHSW�RI�VWUHVV�DW�D�SRLQW��3ODQHW�VWUHVV��WUDQVIRUPDWLRQ�RI�VWUHVVHV�DW�D�SRLQW��SULQFLSDO�VWUHVVHV�
DQG� 0RKU¶V� FLUFOH�� 'LVSODFHPHQW� ILHOG�� &RQFHSW� RI� VWUDLQ� DW� D� SRLQW�� 3ODQHW VWUDLQ��
WUDQVIRUPDWLRQ�RI�VWUDLQ�DW�D�SRLQW��SULQFLSDO�VWUDLQV�DQG�0RKU¶V�FLUFOH�

0RGXOH����0DWHULDO�EHKDYLRU ��/HFWXUHV
2QH� GLPHQVLRQDO�PDWHULDO�EHKDYLRXU��&RQFHSWV�RI�HODVWLFLW\��SODVWLFLW\��VWUDLQ�KDUGHQLQJ��IDLOXUH�
�IUDFWXUH� �� \LHOGLQJ��� ,GHDOL]DWLRQ� RI� RQH GLPHQVLRQDO� VWUHVV�VWUDLQ� FXUYH�� *HQHUDOL]HG� +RRNH¶V�
ODZ�ZLWK�DQG�ZLWKRXW�WKHUPDO�VWUDLQV�IRU�LVRWURSLF�PDWHULDOV�

0RGXOH����)RUFH�DQDO\VLV ��/HFWXUHV
)RUFH� DQDO\VLV�² D[LDO� IRUFH�� VKHDU� IRUFH�� EHQGLQJ�PRPHQW� DQG� WZLVWLQJ�PRPHQW� GLDJUDPV�RI�
VOHQGHU�PHPEHUV��ZLWKRXW�XVLQJ�VLQJXODULW\�IXQFWLRQV����0RPHQW�FXUYDWXUH�UHODWLRQVKLS�IRU�SXUH�
EHQGLQJ�RI�EHDPV�ZLWK�V\PPHWULF�FURVV�VHFWLRQ��%HQGLQJ�VWUHVV��6KHDU�VWUHVV��&DVHV�RI�FRPELQHG�
VWUHVVHV��

0RGXOH����6WUDLQ�HQHUJ\ ��/HFWXUHV
&RQFHSW�RI�VWUDLQ�HQHUJ\��<LHOG�FULWHULD��'HIOHFWLRQ�GXH�WR�EHQGLQJ��,QWHJUDWLRQ�RI� WKH�PRPHQW�
FXUYDWXUH� UHODWLRQVKLS� IRU� VLPSOH� ERXQGDU\�FRQGLWLRQV��0HWKRG�RI� VXSHUSRVLWLRQ� �ZLWKRXW�XVLQJ�
VLQJXODULW\� IXQFWLRQV��� 6WUDLQ� HQHUJ\� DQG� FRPSOHPHQWDU\� VWUDLQ� HQHUJ\� IRU� VLPSOH� VWUXFWXUDO�
HOHPHQWV��L�H��WKRVH�XQGHU�D[LDO�ORDG��VKHDU�IRUFH��EHQGLQJ�PRPHQW�DQG�WRUVLRQ��

5HIHUHQFH�ERRNV�
x $Q�,QWURGXFWLRQ�WR�WKH�0HFKDQLFV�RI 6ROLGV���QG�HG��ZLWK�6,�8QLWV�� 6+�&UDQGDOO��1&
x 'DKO�	�7-�/DUGQHU
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ϯϱ

x (QJLQHHULQJ�0HFKDQLFV��6WDWLFV���WK�HG��² -/�0HULDP

x (QJLQHHULQJ�0HFKDQLFV�RI�6ROLGV�² (3�3RSRY

&2856(�287&20(
7R�IDPLOLDUL]H�VWXGHQWV�RI�FLYLO�DQG�PHFKDQLFDO�HQJLQHHULQJ�ZLWK�WKH�XQGHUVWDQGLQJ�RI�WKH�HODVWLF�
DQG�SODVWLF�EHKDYLRU�RI�VROLGV�
7R�XQGHUVWDQG�WKH�LPSRUWDQFH�RI�VWUHVV�DQG�VWUDLQ�DW�D�SRLQW RQ�VROLG�
7R�EH�DEOH�WR�GR�IRUFH�DQDO\VLV�DQG�XQGHUVWDQG�VWUDLQ�HQHUJ\�RI�VROLG�
«««««««««««««««««««««««««««««««««««««««

«««««««««««««««««««««««««««««««««««««««
237,&6�$1'�),%(5�237,&6� )RU�&KHPLFDO (QJLQHHULQJ

�� /HFWXUHV
«««««««««««««««««««««««««««««««««««««««

0RGXOH��� ,QWHUIHUHQFH �� /HFWXUHV
,QWURGXFWLRQ�WR�LQWHUIHUHQFH�DQG�H[DPSOH��7KHRU\�RI�IULQJHV��$QDO\WLFDO�WUHDWPHQW�RI�LQWHUIHUHQFH��
'LVSODFHPHQW�RI�IULQJHV��7KLQ�ILOP��1HZWRQ¶V�5LQJ��:HGJH�VKDSHG�ILOP�

0RGXOH��� 'LIIUDFWLRQ �� /HFWXUHV
FRQFHSW�RI�GLIIUDFWLRQ��)UDXQKRIIHU�DQG�)UHVQHO�GLIIUDFWLRQ��)UDXQKRIIHU�GLIIUDFWLRQ�DW�VLQJOH�VOLW��
GRXEOH� VOLW�� DQG� PXOWLSOH� VOLWV�� GLIIUDFWLRQ� JUDWLQJ�� FKDUDFWHULVWLFV� RI� GLIIUDFWLRQ� JUDWLQJ� DQG� LWV�
DSSOLFDWLRQV��/LPLW�RI�5HVROXWLRQ���5HVROYLQJ�SRZHU�RI�JUDWLQJ�

0RGXOH��� 3RODULVDWLRQ �� /HFWXUHV
,QWURGXFWLRQ�� SODQH� RI� SRODUL]DWLRQ�� SODQH� RI� YLEUDWLRQ�� SRODULVDWLRQ� E\� UHIOHFWLRQ�� %UHZHVWHU¶V�
/DZ�� SRODULVDWLRQ� E\ UHIUDFWLRQ�� 0DOXV¶ /DZ�� SRODULVDWLRQ� E\� GRXEOH� UHIUDFWLRQ� VFDWWHULQJ� RI�
OLJKW��FLUFXODU�DQG�HOOLSWLFDO�SRODULVDWLRQ��RSWLFDO�DFWLYLW\��

0RGXOH��� )LEUH�2SWLFV �� /HFWXUHV
,QWURGXFWLRQ��RSWLFDO�ILEUH�DV�D�GLHOHFWULF�ZDYH�JXLGH��WRWDO�LQWHUQDO�UHIOHFWLRQ��QXPHULFDO�DSHUWXUH�
DQG�YDULRXV�ILEUH�SDUDPHWHUV�� ORVVHV�DVVRFLDWHG�ZLWK�RSWLFDO�ILEUHV��VWHS�DQG�JUDGHG�LQGH[�ILEUHV��
DSSOLFDWLRQ�RI�RSWLFDO�ILEUHV��
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ϯϲ

0RGXOH����/DVHUV �� /HFWXUHV
,QWURGXFWLRQ� WR� LQWHUDFWLRQ� RI� UDGLDWLRQ� ZLWK� PDWWHU�� 6WLPXODWHG� DQG� VSRQWDQHRXV� HPLVVLRQ��
(LQVWHLQ¶V� FRHIILFLHQW��SULQFLSOHV� DQG�ZRUNLQJ� RI ODVHU�� SRSXODWLRQ� LQYHUVLRQ�� SXPSLQJ�� YDULRXV�
PRGHV��WKUHVKROG�SRSXODWLRQ�LQYHUVLRQ��WKUHH�OHYHO�DQG�IRXU�OHYHO�ODVHU��W\SHV�RI�ODVHU��VROLG�VWDWH��
VHPLFRQGXFWRU��JDV��DSSOLFDWLRQ�RI�ODVHUV��

5HIHUHQFH�%RRNV
x :DYHV��%HUNHOH\�3K\VLFV�&RXUVH��YRO�����)UDQFLV�&UDZIRUG��������7DWD�0F*UDZ�+LOO�
x )XQGDPHQWDOV�RI�2SWLFV��)�$��-HQNLQV�DQG�+�(��:KLWH��������0F*UDZ�+LOO
x 3ULQFLSOHV�RI�2SWLFV��0D[�%RUQ�DQG�(PLO�:ROI���WK�(GQ���������3HUJDPRQ�3UHVV�
x 2SWLFV��$MR\�*KDWDN��������7DWD�0F*UDZ�+LOO

&2856(�287&20(6
7R�XQGHUVWDQG�WKH�RSWLFDO�SKHQRPHQRQ�RI�LQWHUIHUHQFH��GLIIUDFWLRQ�DQG�SRODUL]DWLRQ�
7R�JHW�IDPLOLDUL]H�ZLWK�ILEHU�RSWLFV�DQG�ODVHU��WKHLU�EDVLF�FRQFHSW�DQG�DSSOLFDWLRQ�LQ�HQJLQHHULQJ�
«««««««««««««««««««««««««««««««««««««««
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ϯϳ

&RXUVH�&RGH %6&����
&DWHJRU\ %DVLF�6FLHQFH &RXUVH
&RXUVH�7LWOH &KHPLVWU\�,�

&RQWHQWV
�L��&KHPLVWU\�,��&RQFHSWV�LQ�FKHPLVWU\�IRU�HQJLQHHULQJ�
�LL��&KHPLVWU\�/DERUDWRU\

6FKHPH�	�&UHGLWV / 7 3 &UHGLW 6HPHVWHU�,
� � � �

3UH�UHTXLVLWHV� .QRZOHGJH RI�LQWHUPHGLDWH OHYHO�FKHPLVWU\

&+(0,675<�,�

«««««««««««««««««««««««««««««««««««««««

&21&(376�,1�&+(0,675<�)25�(1*,1((5,1*� �� /HFWXUHV
«««««««««««««««««««««««««««««««««««««««

0RGXOH����$WRPLF�DQG�PROHFXODU�VWUXFWXUH� ���OHFWXUHV
6FKURGLQJHU�HTXDWLRQ��3DUWLFOH�LQ�D�ER[�VROXWLRQV�DQG�WKHLU�DSSOLFDWLRQV�IRU�FRQMXJDWHG�PROHFXOHV�
DQG�QDQRSDUWLFOHV��)RUPV�RI�WKH�K\GURJHQ�DWRP�ZDYH�IXQFWLRQV�DQG�WKH�SORWV�RI�WKHVH�IXQFWLRQV�WR�
H[SORUH� WKHLU� VSDWLDO� YDULDWLRQV�� 0ROHFXODU� RUELWDOV� RI� GLDWRPLF� PROHFXOHV� DQG� SORWV� RI� WKH�
PXOWLFHQWUH� RUELWDOV�� (TXDWLRQV� IRU� DWRPLF� DQG� PROHFXODU� RUELWDOV�� (QHUJ\� OHYHO� GLDJUDPV� RI�
GLDWRPLFV��3L�PROHFXODU�RUELWDOV�RI�EXWDGLHQH�DQG�EHQ]HQH�DQG�DURPDWLFLW\��&U\VWDO� ILHOG�WKHRU\�
DQG� WKH� HQHUJ\� OHYHO� GLDJUDPV� IRU� WUDQVLWLRQ� PHWDO� LRQV� DQG� WKHLU� PDJQHWLF� SURSHUWLHV�� %DQG�
VWUXFWXUH�RI�VROLGV�DQG�WKH�UROH�RI�GRSLQJ�RQ�EDQG�VWUXFWXUHV��

0RGXOH����6SHFWURVFRSLF�WHFKQLTXHV�DQG�DSSOLFDWLRQV� ��OHFWXUHV
3ULQFLSOHV� RI� VSHFWURVFRS\� DQG� VHOHFWLRQ� UXOHV�� (OHFWURQLF� VSHFWURVFRS\�� )OXRUHVFHQFH� DQG� LWV�
DSSOLFDWLRQV� LQ� PHGLFLQH�� 9LEUDWLRQDO� DQG� URWDWLRQDO� VSHFWURVFRS\� RI� GLDWRPLF� PROHFXOHV��
$SSOLFDWLRQV�� 1XFOHDU� PDJQHWLF� UHVRQDQFH� DQG� PDJQHWLF� UHVRQDQFH� LPDJLQJ�� VXUIDFH�
FKDUDFWHULVDWLRQ�WHFKQLTXHV��'LIIUDFWLRQ�DQG�VFDWWHULQJ�

0RGXOH����,QWHUPROHFXODU�IRUFHV�DQG�SRWHQWLDO�HQHUJ\�VXUIDFHV� ��OHFWXUHV
,RQLF�� GLSRODU� DQG� YDQ� 'HU� :DDOV� LQWHUDFWLRQV�� (TXDWLRQV� RI� VWDWH� RI� UHDO� JDVHV� DQG� FULWLFDO�
SKHQRPHQD��3RWHQWLDO�HQHUJ\�VXUIDFHV�RI�+���+�)�DQG�+&1�DQG�WUDMHFWRULHV�RQ�WKHVH�VXUIDFHV�

0RGXOH����8VH�RI�IUHH HQHUJ\�LQ�FKHPLFDO�HTXLOLEULD� � OHFWXUHV
7KHUPRG\QDPLF� IXQFWLRQV�� HQHUJ\�� HQWURS\� DQG� IUHH� HQHUJ\�� (VWLPDWLRQV� RI� HQWURS\� DQG� IUHH�
HQHUJLHV��)UHH�HQHUJ\�DQG�HPI��&HOO�SRWHQWLDOV��WKH�1HUQVW�HTXDWLRQ�DQG�DSSOLFDWLRQV��$FLG�EDVH��
R[LGDWLRQ� UHGXFWLRQ� DQG� VROXELOLW\� HTXLOLEULD�� :DWHUFKHPLVWU\�� &RUURVLRQ�� 8VH� RI� IUHH� HQHUJ\�
FRQVLGHUDWLRQV�LQ�PHWDOOXUJ\�WKURXJK�(OOLQJKDP�GLDJUDPV�



&ŝƌƐƚ�zĞĂƌ�h'��ŽƵƌƐĞƐ �ŶŐŐ͘�Θ�dĞĐŚ͘ :ŚĂƌŬŚĂŶĚ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ

ϯϴ

0RGXOH����3HULRGLF�SURSHUWLHV�DQG�6WHUHRFKHPLVWU\ � /HFWXUHV
(IIHFWLYH� QXFOHDU� FKDUJH�� SHQHWUDWLRQ� RI� RUELWDOV�� YDULDWLRQV� RI� V�� S�� G� DQG� I� RUELWDO� HQHUJLHV� RI�
DWRPV�LQ�WKH�SHULRGLF�WDEOH��HOHFWURQLF�FRQILJXUDWLRQV��DWRPLF�DQG�LRQLF�VL]HV��LRQL]DWLRQ�HQHUJLHV��
HOHFWURQ�DIILQLW\�DQG�HOHFWURQHJDWLYLW\��SRODUL]DELOLW\� R[LGDWLRQ�VWDWHV��FRRUGLQDWLRQ�QXPEHUV�DQG�
JHRPHWULHV��KDUG�VRIW�DFLGV�DQG�EDVHV��PROHFXODU�JHRPHWULHV�
5HSUHVHQWDWLRQV�RI���GLPHQVLRQDO�VWUXFWXUHV��VWUXFWXUDO�LVRPHUV�DQG�VWHUHRLVRPHUV��FRQILJXUDWLRQV�
DQG�V\PPHWU\�DQG�FKLUDOLW\��HQDQWLRPHUV��GLDVWHUHRPHUV��RSWLFDO�DFWLYLW\��DEVROXWH�FRQILJXUDWLRQV�
DQG�FRQIRUPDWLRQDO�DQDO\VLV��,VRPHULVP�LQ�WUDQVLWLRQDO�PHWDO�FRPSRXQGV

0RGXOH����2UJDQLF�UHDFWLRQV�DQG�V\QWKHVLV RI�D�GUXJ�PROHFXOH� ��OHFWXUHV
,QWURGXFWLRQ� WR� UHDFWLRQV� LQYROYLQJ� VXEVWLWXWLRQ�� DGGLWLRQ�� HOLPLQDWLRQ�� R[LGDWLRQ�� UHGXFWLRQ��
F\FOL]DWLRQ�DQG�ULQJ�RSHQLQJV��6\QWKHVLV�RI�D�FRPPRQO\�XVHG�GUXJ�PROHFXOH�

%RRNV�
x 8QLYHUVLW\�FKHPLVWU\��E\�%��+��0DKDQ
x &KHPLVWU\��3ULQFLSOHV�DQG�$SSOLFDWLRQV��E\ 0��-��6LHQNR�DQG 5��$��3ODQH

x )XQGDPHQWDOV�RI�0ROHFXODU�6SHFWURVFRS\��E\�&��1��%DQZHOO

x (QJJ�&KHPLVWU\��137(/�:HE�ERRN���E\�%��/��7HPEH��.DPDOXGGLQ�DQG�0��6��.ULVKQDQ

x 3K\VLFDO�&KHPLVWU\��E\�3��:��$WNLQV
x 2UJDQLF�&KHPLVWU\��6WUXFWXUH�DQG�)XQFWLRQ� E\�.��3��&��9ROKDUGW�DQG�1��(��6FKRUH� �WK�

(GLWLRQ�KWWS���EFV�ZKIUHHPDQ�FRP�YROOKDUGWVFKRUH�H�GHIDXOW�DVS

&2856(�287&20(6
7KH�FRQFHSWV�GHYHORSHG�LQ�WKLV�FRXUVH�ZLOO�DLG�LQ�TXDQWLILFDWLRQ�RI�VHYHUDO�FRQFHSWV�LQ�FKHPLVWU\�
KDW�KDYH�EHHQ� LQWURGXFHG�DW�WKH������OHYHOV� LQ�VFKRROV��7HFKQRORJ\� LV�EHLQJ� LQFUHDVLQJO\�EDVHG�
RQ�WKH�HOHFWURQLF��DWRPLF�DQG�PROHFXODU� OHYHO�PRGLILFDWLRQV��4XDQWXP� WKHRU\� LV�PRUH�WKDQ�����
\HDUV�ROG�DQG�WR�XQGHUVWDQG�SKHQRPHQD�DW�QDQRPHWHU�OHYHOV��RQH�KDV�WR�EDVH�WKH�GHVFULSWLRQ�RI�DOO�
FKHPLFDO�SURFHVVHV�DW�PROHFXODU�OHYHOV��7KH�FRXUVH�ZLOO�HQDEOH�WKH�VWXGHQW�WR�

x $QDO\VH� PLFURVFRSLF� FKHPLVWU\� LQ� WHUPV� RI� DWRPLF� DQG� PROHFXODU� RUELWDOV� DQG�
LQWHUPROHFXODU�IRUFHV�

x 5DWLRQDOLVH�EXON�SURSHUWLHV�DQG�SURFHVVHV�XVLQJ�WKHUPRG\QDPLF�FRQVLGHUDWLRQV�
x 'LVWLQJXLVK� WKH� UDQJHV� RI� WKH� HOHFWURPDJQHWLF� VSHFWUXP� XVHG� IRU� H[FLWLQJ� GLIIHUHQW�

PROHFXODU�HQHUJ\�OHYHOV�LQ�YDULRXV�VSHFWURVFRSLF�WHFKQLTXHV

x 5DWLRQDOLVH�SHULRGLF�SURSHUWLHV� VXFK�DV� LRQL]DWLRQ�SRWHQWLDO�� HOHFWURQHJDWLYLW\��R[LGDWLRQ�
VWDWHV�DQG�HOHFWURQHJDWLYLW\�

x /LVW�PDMRU�FKHPLFDO�UHDFWLRQV�WKDW�DUH�XVHG�LQ�WKH�V\QWKHVLV�RI�PROHFXOHV�
«««««««««««««««««««««««««««««««««««««««
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ϯϵ

«««««««««««««««««««««««««««««««««««««««
&+(0,675<�/$%25$725< &RGH��%6&����3
«««««««««««««««««««««««««««««««««««««««

&KRLFH�RI������ H[SHULPHQWV�IURP�WKH�IROORZLQJ�

x 'HWHUPLQDWLRQ�RI�VXUIDFH�WHQVLRQ�DQG�YLVFRVLW\
x 7KLQ�OD\HU�FKURPDWRJUDSK\

x ,RQ�H[FKDQJH�FROXPQ�IRU�UHPRYDO�RI�KDUGQHVV�RI�ZDWHU

x 'HWHUPLQDWLRQ�RI�FKORULGH�FRQWHQW�RI�ZDWHU
x &ROOLJDWLYH�SURSHUWLHV�XVLQJ�IUHH]LQJ�SRLQW�GHSUHVVLRQ

x 'HWHUPLQDWLRQ�RI�WKH�UDWH�FRQVWDQW�RI�D�UHDFWLRQ

x 'HWHUPLQDWLRQ�RI�FHOO�FRQVWDQW�DQG�FRQGXFWDQFH�RI�VROXWLRQV

x 3RWHQWLRPHWU\�� GHWHUPLQDWLRQ�RI�UHGR[�SRWHQWLDOV�DQG�HPIV
x 6\QWKHVLV�RI�D�SRO\PHU�GUXJ

x 6DSRQLILFDWLRQ�DFLG�YDOXH�RI�DQ�RLO

x &KHPLFDO�DQDO\VLV�RI�D�VDOW
x /DWWLFH�VWUXFWXUHV�DQG�SDFNLQJ�RI�VSKHUHV

x 0RGHOV�RI�SRWHQWLDO�HQHUJ\�VXUIDFHV

x &KHPLFDO�RVFLOODWLRQV� ,RGLQH�FORFN�UHDFWLRQ

x 'HWHUPLQDWLRQ�RI�WKH�SDUWLWLRQ�FRHIILFLHQW�RI�D�VXEVWDQFH�EHWZHHQ�WZR�LPPLVFLEOH�OLTXLGV
x $GVRUSWLRQ�RI�DFHWLF�DFLG�E\�FKDUFRDO

x 8VH�RI�WKH�FDSLOODU\�YLVFR�PHWHUV�WR�WKH�GHPRQVWUDWH�RI�WKH�LVRHOHFWULF�SRLQW�DV�WKH�S+ RI�
PLQLPXP�YLVFRVLW\�IRU�JHODWLQ�VROV�DQG�RU�FRDJXODWLRQ�RI�WKH�ZKLWH�SDUW�RI�HJJ�

/$%25$725<�287&20(6
x 7KH�FKHPLVWU\�ODERUDWRU\�FRXUVH�ZLOO�FRQVLVW�RI�H[SHULPHQWV�LOOXVWUDWLQJ�WKH�SULQFLSOHV�RI�

FKHPLVWU\�UHOHYDQW�WR�WKH�VWXG\�RI�VFLHQFH�DQG�HQJLQHHULQJ��7KH�VWXGHQWV�ZLOO�OHDUQ�WR��

x (VWLPDWH�UDWH�FRQVWDQWV�RI�UHDFWLRQV�IURP�FRQFHQWUDWLRQ�RI�UHDFWDQWV�SURGXFWV�DV�D�
IXQFWLRQ�RI�WLPH

x 0HDVXUH�PROHFXODU�V\VWHP�SURSHUWLHV�VXFK�DV�VXUIDFH�WHQVLRQ��YLVFRVLW\��FRQGXFWDQFH�RI�
VROXWLRQV��UHGR[�SRWHQWLDOV��FKORULGH�FRQWHQW�RI�ZDWHU��HWF

x 6\QWKHVL]H�D�VPDOO�GUXJ�PROHFXOH�DQG�DQDO\VH�D�VDOW�VDPSOH
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ϰϬ

&RXUVH�&RGH (6&����
&DWHJRU\ (QJLQHHULQJ�6FLHQFH�&RXUVH

&RXUVH�7LWOH 3URJUDPPLQJ�IRU�3UREOHP�6ROYLQJ

6FKHPH�	�&UHGLWV / 7 3 &UHGLW 6HPHVWHU�,,
� � � �

3UH�UHTXLVLWHV� %DVLF�.QRZOHGJH RI�&RPSXWHU�DQG�0DWKHPDWLFV

«««««««««««««««««««««««««««««««««««««««

352*5$00,1*�)25�352%/(0�62/9,1*� �� /HFWXUHV
«««««««««««««««««««««««««««««««««««««««

0RGXOH��� ,QWURGXFWLRQ WR�3URJUDPPLQJ ��OHFWXUHV
,QWURGXFWLRQ�WR�FRPSRQHQWV�RI�D�FRPSXWHU�V\VWHP��GLVNV��PHPRU\��SURFHVVRU��ZKHUH�D SURJUDP�LV�
VWRUHG�DQG�H[HFXWHG��RSHUDWLQJ�V\VWHP��FRPSLOHUV�HWF����,GHD�RI�$OJRULWKP��VWHSV�WR�VROYH�ORJLFDO�
DQG� QXPHULFDO� SUREOHPV��5HSUHVHQWDWLRQ� RI $OJRULWKP��)ORZFKDUW�3VHXGR FRGH�ZLWK� H[DPSOHV��
)URP� DOJRULWKPV� WR� SURJUDPV�� VRXUFH� FRGH�� YDULDEOHV� �ZLWK� GDWD� W\SHV�� YDULDEOHV� DQG�PHPRU\
ORFDWLRQV��6\QWD[�DQG�/RJLFDO�(UURUV�LQ�FRPSLODWLRQ��REMHFW�DQG�H[HFXWDEOH�FRGH�

0RGXOH��� $ULWKPHWLF H[SUHVVLRQV�DQG�SUHFHGHQFH �� OHFWXUHV
&RQGLWLRQDO� %UDQFKLQJ� DQG� /RRSV� :ULWLQJ� DQG� HYDOXDWLRQ� RI� FRQGLWLRQDOV� DQG� FRQVHTXHQW�
EUDQFKLQJ��,WHUDWLRQ�DQG�ORRSV

0RGXOH��� $UUD\V � /HFWXUHV
$UUD\V����'����'���&KDUDFWHU�DUUD\V�DQG�6WULQJV

0RGXOH����%DVLF $OJRULWKPV� 6HDUFKLQJ��%DVLF�6RUWLQJ�$OJRULWKPV � OHFWXUHV
�%XEEOH�� ,QVHUWLRQ� DQG� 6HOHFWLRQ��� )LQGLQJ� URRWV� RI HTXDWLRQV�� QRWLRQ� RI� RUGHU� RI� FRPSOH[LW\�
WKURXJK�H[DPSOH�SURJUDPV��QR�IRUPDO�GHILQLWLRQ UHTXLUHG�

0RGXOH���� )XQFWLRQ DQG�3RLQWHUV � OHFWXUHV
)XQFWLRQV� �LQFOXGLQJ� XVLQJ� EXLOW� LQ� OLEUDULHV�� 3DUDPHWHU� SDVVLQJ� LQ� IXQFWLRQV�� FDOO� E\� YDOXH�
3DVVLQJ�DUUD\V�WR�IXQFWLRQV��LGHD�RI�FDOO�E\�UHIHUHQFH
,GHD�RI�SRLQWHUV��'HILQLQJ�SRLQWHUV��8VH�RI�3RLQWHUV�LQ�VHOI�UHIHUHQWLDO�VWUXFWXUHV��QRWLRQ�RI�OLQNHG�
OLVW��QR�LPSOHPHQWDWLRQ��
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ϰϭ

0RGXOH���� 5HFXUVLRQ DQG�6WUXFWXUH � OHFWXUHV
5HFXUVLRQ�� DV� D� GLIIHUHQW� ZD\� RI� VROYLQJ� SUREOHPV�� ([DPSOH� SURJUDPV�� VXFK� DV� )LQGLQJ��
)DFWRULDO��)LERQDFFL�VHULHV��$FNHUPDQ�IXQFWLRQ�HWF��4XLFN�VRUW�RU�0HUJH�VRUW�
6WUXFWXUHV��'HILQLQJ�VWUXFWXUHV�DQG�$UUD\�RI�6WUXFWXUHV

6XJJHVWHG�7H[W�%RRNV
x %\URQ�*RWWIULHG��6FKDXP
V�2XWOLQH�RI�3URJUDPPLQJ�ZLWK�&��0F*UDZ�+LOO
x (��%DODJXUXVZDP\��3URJUDPPLQJ�LQ�$16,�&��7DWD�0F*UDZ�+LOO

6XJJHVWHG�5HIHUHQFH�%RRNV
x %ULDQ�:�� .HUQLJKDQ� DQG� 'HQQLV�0�� 5LWFKLH�� 7KH� &� 3URJUDPPLQJ� /DQJXDJH� 3UHQWLFH

+DOO�RI�,QGLD

&2856(�287&20(6
7KH�VWXGHQW�ZLOO�OHDUQ

7R�IRUPXODWH�VLPSOH�DOJRULWKPV�IRU�DULWKPHWLF�DQG�ORJLFDO�SUREOHPV�
7R�WUDQVODWH�WKH�DOJRULWKPV�WR�SURJUDPV��LQ�&�ODQJXDJH��
7R�WHVW�DQG�H[HFXWH�WKH�SURJUDPV�DQG�FRUUHFW�V\QWD[�DQG�ORJLFDO�HUURUV�
7R�LPSOHPHQW�FRQGLWLRQDO�EUDQFKLQJ��LWHUDWLRQ�DQG�UHFXUVLRQ�
7R�GHFRPSRVH� D� SUREOHP� LQWR� IXQFWLRQV� DQG� V\QWKHVL]H� D� FRPSOHWH� SURJUDP�XVLQJ GLYLGH� DQG�
FRQTXHU�DSSURDFK�
7R�XVH�DUUD\V��SRLQWHUV�DQG�VWUXFWXUHV�WR�IRUPXODWH�DOJRULWKPV�DQG�SURJUDPV�
7R�DSSO\�SURJUDPPLQJ�WR�VROYH�PDWUL[�DGGLWLRQ�DQG�PXOWLSOLFDWLRQ�SUREOHPV�DQG VHDUFKLQJ�DQG�
VRUWLQJ�SUREOHPV�
7R� DSSO\� SURJUDPPLQJ� WR� VROYH� VLPSOH� QXPHULFDO� PHWKRG� SUREOHPV�� QDPHO\� URW ILQGLQJ� RI�
IXQFWLRQ��GLIIHUHQWLDWLRQ�RI�IXQFWLRQ�DQG�VLPSOH�LQWHJUDWLRQ�
«««««««««««««««««««««««««««««««««««««««
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«««««««««««««««««««««««««««««««««««««««
/$%25$725<�� 352*5$00,1*�)25�352%/(0�62/9,1* &RGH��(6&���3
«««««««««««««««««««««««««««««««««««««««
>7KH� ODERUDWRU\� VKRXOG�EH�SUHFHGHG�RU� IROORZHG�E\�D� WXWRULDO� WR� H[SODLQ� WKH DSSURDFK�RU�
DOJRULWKP�WR�EH�LPSOHPHQWHG�IRU�WKH�SUREOHP�JLYHQ�@

7XWRULDO���� 3UREOHP�VROYLQJ�XVLQJ�FRPSXWHUV�
/DE��� )DPLOLDUL]DWLRQ�ZLWK�SURJUDPPLQJ�HQYLURQPHQW

7XWRULDO���� 9DULDEOH�W\SHV�DQG�W\SH�FRQYHUVLRQV�
/DE���� 6LPSOH�FRPSXWDWLRQDO�SUREOHPV�XVLQJ�DULWKPHWLF�H[SUHVVLRQV

7XWRULDO���� %UDQFKLQJ�DQG�ORJLFDO�H[SUHVVLRQV�
/DE���� 3UREOHPV�LQYROYLQJ�LI�WKHQ�HOVH�VWUXFWXUHV

7XWRULDO��� /RRSV��ZKLOH�DQG�IRU�ORRSV�
/DE���� ,WHUDWLYH�SUREOHPV�H�J���VXP�RI�VHULHV

7XWRULDO���� �'�$UUD\V��VHDUFKLQJ��VRUWLQJ�
/DE���� �'�$UUD\�PDQLSXODWLRQ

7XWRULDO���� �'�DUUD\V�DQG�6WULQJV
/DE���� 0DWUL[�SUREOHPV��6WULQJ�RSHUDWLRQV

7XWRULDO���� )XQFWLRQV��FDOO�E\�YDOXH�
/DE���� 6LPSOH�IXQFWLRQV

7XWRULDO� � 	 ��� 1XPHULFDO� PHWKRGV� �5RRW� ILQGLQJ�� QXPHULFDO� GLIIHUHQWLDWLRQ�� QXPHULFDO
LQWHJUDWLRQ��
/DE���DQG���� 3URJUDPPLQJ�IRU�VROYLQJ�1XPHULFDO�PHWKRGV�SUREOHPV

7XWRULDO����� 5HFXUVLRQ��VWUXFWXUH�RI�UHFXUVLYH�FDOOV
/DE����� 5HFXUVLYH�IXQFWLRQV

7XWRULDO����� 3RLQWHUV��VWUXFWXUHV�DQG�G\QDPLF�PHPRU\�DOORFDWLRQ
/DE����� 3RLQWHUV�DQG�VWUXFWXUHV

7XWRULDO����� )LOH�KDQGOLQJ�
/DE����� )LOH�RSHUDWLRQV
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ϰϯ

/$%25$725<�287&20(6
7R�IRUPXODWH�WKH�DOJRULWKPV�IRU�VLPSOH�SUREOHPV�
7R�WUDQVODWH�JLYHQ�DOJRULWKPV�WR�D�ZRUNLQJ�DQG�FRUUHFW�SURJUDP�
7R�EH�DEOH�WR�FRUUHFW�V\QWD[�HUURUV�DV�UHSRUWHG�E\�WKH�FRPSLOHUV�
7R�EH�DEOH�WR�LGHQWLI\�DQG�FRUUHFW�ORJLFDO�HUURUV�HQFRXQWHUHG�DW�UXQ�WLPH�
7R�EH�DEOH�WR�ZULWH�LWHUDWLYH�DV�ZHOO�DV�UHFXUVLYH�SURJUDPV�
7R� EH� DEOH� WR� UHSUHVHQW� GDWD� LQ� DUUD\V�� VWULQJV� DQG� VWUXFWXUHV� DQG� PDQLSXODWH� WKHP WKURXJK� D�
SURJUDP�
7R� EH� DEOH� WR� GHFODUH� SRLQWHUV� RI� GLIIHUHQW� W\SHV� DQG� XVH� WKHP� LQ� GHILQLQJ� VHOI UHIHUHQWLDO
VWUXFWXUHV�
7R�EH�DEOH�WR�FUHDWH��UHDG�DQG�ZULWH�WR�DQG�IURP�VLPSOH�WH[W�ILOHV�

«««««««««««««««««««««««««««««««««««««««
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ϰϰ

&RXUVH�&RGH (6&����
&DWHJRU\ (QJLQHHULQJ�6FLHQFH�&RXUVH

&RXUVH�7LWOH :RUNVKRS�0DQXIDFWXULQJ�3UDFWLFHV
�7KHRU\�	�/DE�

6FKHPH�	�&UHGLWV / 7 3 &UHGLW 6HPHVWHU�,,
� � � �

3UH�UHTXLVLWHV� %DVLF .QRZOHGJH RI�3K\VLFV� &KHPLVWU\�DQG�0DWKHPDWLFV

«««««««««««««««««««««««««««««««««««««««

:25.6+23�0$18)$&785,1*�35$&7,&(6 ���/HFWXUHV
«««««««««««««««««««««««««««««««««««««««

��� 0DQXIDFWXULQJ� 0HWKRGV� FDVWLQJ�� IRUPLQJ�� PDFKLQLQJ�� MRLQLQJ�� DGYDQFHG� PDQXIDFWXULQJ
PHWKRGV ���OHFWXUHV�
���&1&�PDFKLQLQJ��$GGLWLYH�PDQXIDFWXULQJ ���OHFWXUH�
���)LWWLQJ�RSHUDWLRQV�	�SRZHU�WRROV� ���OHFWXUH�
���(OHFWULFDO�	 (OHFWURQLFV� ���OHFWXUH�
���&DUSHQWU\� ���OHFWXUH�
���3ODVWLF�0RXOGLQJ��JODVV�FXWWLQJ� ���OHFWXUH�
���0HWDO�FDVWLQJ� ���OHFWXUH�
���:HOGLQJ��DUF�ZHOGLQJ�	�JDV�ZHOGLQJ���EUD]LQJ� ���OHFWXUH�

6XJJHVWHG�7H[W�5HIHUHQFH�%RRNV�
x +DMUD� &KRXGKXU\� 6�.��� +DMUD� &KRXGKXU\� $�.�� DQG� 1LUMKDU� 5R\� 6�.��� ³(OHPHQWV� RI

:RUNVKRS�7HFKQRORJ\´��9RO��,������DQG�9RO��,,�������0HGLD�SURPRWHUV�DQG SXEOLVKHUV�
SULYDWH�OLPLWHG��0XPEDL�

x .DOSDNMLDQ�6��$QG�6WHYHQ�6��6FKPLG��³0DQXIDFWXULQJ�(QJLQHHULQJ�DQG�7HFKQRORJ\´� �WK�
HGLWLRQ��3HDUVRQ�(GXFDWLRQ�,QGLD�(GLWLRQ�������

x *RZUL�3��+DULKDUDQ�	 $��6XUHVK�%DEX� ³0IJ� 7HFK� ,´�3HDUVRQ (GXFDWLRQ�������

x 5R\�$��/LQGEHUJ��³3URFHVVHV�DQG�0DWHULDOV�RI�0DQXIDFWXUH´���WK�HGLWLRQ��3+O� �����

x 5DR�3�1���³0DQXIDFWXULQJ�7HFKQRORJ\´��9RO��,�	9RO��,,��7DWD�0F*UDZ+LOO�+RXVH� �����

&2856(�287&20(6
8SRQ�FRPSOHWLRQ�RI�WKLV�FRXUVH��WKH�VWXGHQWV�ZLOO�JDLQ�NQRZOHGJH�RI�WKH�GLIIHUHQW PDQXIDFWXULQJ�
SURFHVVHV�ZKLFK�DUH�FRPPRQO\�HPSOR\HG�LQ�WKH�LQGXVWU\��WR�IDEULFDWH FRPSRQHQWV�XVLQJ�GLIIHUHQW�
PDWHULDOV�
«««««««««««««««««««««««««««««««««««««««
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«««««««««««««««««««««««««««««««««««««««
:25.6+23�35$&7,&(� ���/HFWXUHV
«««««««««««««««««««««««««««««««««««««««
���0DFKLQH�VKRS� ����KRXUV�
���)LWWLQJ�VKRS� ���KRXUV�
���&DUSHQWU\� ���KRXUV�
���(OHFWULFDO�	�(OHFWURQLFV ���KRXUV�
���:HOGLQJ�VKRS� ���KRXUV��$UF�ZHOGLQJ���KUV���JDV�ZHOGLQJ���KUV��
���&DVWLQJ� ���KRXUV�
���6PLWK\� ���KRXUV�
���3ODVWLF�0RXOGLQJ 	� ���KRXUV�
*ODVV�&XWWLQJ�
([DPLQDWLRQV�FRXOG�LQYROYH�WKH�DFWXDO�IDEULFDWLRQ�RI�VLPSOH�FRPSRQHQWV��XWLOL]LQJ�RQH�RU PRUH�RI�
WKH�WHFKQLTXHV�FRYHUHG�DERYH�

/$%25$725<�287&20(6
x 8SRQ�FRPSOHWLRQ�RI�WKLV�ODERUDWRU\�FRXUVH��VWXGHQWV�ZLOO�EH�DEOH�WR�IDEULFDWH FRPSRQHQWV�

ZLWK�WKHLU�RZQ�KDQGV�

x 7KH\�ZLOO� DOVR� JHW� SUDFWLFDO� NQRZOHGJH� RI� WKH� GLPHQVLRQDO� DFFXUDFLHV� DQG� GLPHQVLRQDO
WROHUDQFHV�SRVVLEOH�ZLWK�GLIIHUHQW�PDQXIDFWXULQJ�SURFHVVHV�

x %\�DVVHPEOLQJ�GLIIHUHQW�FRPSRQHQWV��WKH\�ZLOO�EH�DEOH�WR�SURGXFH�VPDOO�GHYLFHV�RI WKHLU�
LQWHUHVW�

«««««««««««««««««««««««««««««««««««««««



&ŝƌƐƚ�zĞĂƌ�h'��ŽƵƌƐĞƐ �ŶŐŐ͘�Θ�dĞĐŚ͘ :ŚĂƌŬŚĂŶĚ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ

ϰϲ

&RXUVH�&RGH +60&����
&DWHJRU\ +XPDQLWLHV�DQG�6RFLDO�6FLHQFHV�LQFOXGLQJ�0DQDJHPHQW�&RXUVHV

&RXUVH�7LWOH (QJOLVK

6FKHPH�	�&UHGLWV / 7 3 &UHGLW 6HPHVWHU�,,
� � � �

3UH�UHTXLVLWHV� %DVLF�.QRZOHGJH�RI�(QJOLVK�JUDPPDU�DQG�FRPSRVLWLRQ

«««««««««««««««««««««««««««««««««««««««

(1*/,6+ �� /HFWXUHV
«««««««««««««««««««««««««««««««««««««««

0RGXOH��� 9RFDEXODU\�%XLOGLQJ ��OHFWXUH
7KH�FRQFHSW�RI�:RUG�)RUPDWLRQ��5RRW�ZRUGV� IURP� IRUHLJQ� ODQJXDJHV�DQG� WKHLU�XVH� LQ�(QJOLVK��
$FTXDLQWDQFH�ZLWK�SUHIL[HV�DQG�VXIIL[HV�IURP�IRUHLJQ� ODQJXDJHV� LQ�(QJOLVK�WR�IRUP GHULYDWLYHV��
6\QRQ\PV��DQWRQ\PV DQG�VWDQGDUG�DEEUHYLDWLRQV�

0RGXOH��� %DVLF�:ULWLQJ�6NLOOV ��OHFWXUHV
6HQWHQFH�6WUXFWXUHV��8VH�RI�SKUDVHV�DQG�FODXVHV�LQ�VHQWHQFHV��,PSRUWDQFH�RI�SURSHU�SXQFWXDWLRQ��
&UHDWLQJ�FRKHUHQFH��2UJDQL]LQJ�SULQFLSOHV�RI�SDUDJUDSKV� LQ�GRFXPHQWV��7HFKQLTXHV� IRU�ZULWLQJ�
SUHFLVHO\�

0RGXOH��� ,GHQWLI\LQJ�&RPPRQ�(UURUV�LQ�:ULWLQJ � OHFWXUHV
6XEMHFW�YHUE�DJUHHPHQW��1RXQ�SURQRXQ�DJUHHPHQW��0LVSODFHG�PRGLILHUV��$UWLFOHV��3UHSRVLWLRQV��
5HGXQGDQFLHV��&OLFKpV�

0RGXOH��� 1DWXUH�DQG�6W\OH�RI�VHQVLEOH�:ULWLQJ ��OHFWXUHV
'HVFULELQJ�� 'HILQLQJ�� &ODVVLI\LQJ�� 3URYLGLQJ� H[DPSOHV� RU� HYLGHQFH�� :ULWLQJ� LQWURGXFWLRQ� DQG�
FRQFOXVLRQ

0RGXOH��� :ULWLQJ�3UDFWLFHV ��OHFWXUHV
&RPSUHKHQVLRQ��3UpFLV�:ULWLQJ��(VVD\�:ULWLQJ�

0RGXOH��� 2UDO�&RPPXQLFDWLRQ � OHFWXUHV
�7KLV�XQLW�LQYROYHV�LQWHUDFWLYH�SUDFWLFH�VHVVLRQV�LQ�/DQJXDJH�/DE�
/LVWHQLQJ� &RPSUHKHQVLRQ�� 3URQXQFLDWLRQ�� ,QWRQDWLRQ�� 6WUHVV� DQG� 5K\WKP�� &RPPRQ� (YHU\GD\��
6LWXDWLRQV�� &RQYHUVDWLRQV� DQG� 'LDORJXHV�� &RPPXQLFDWLRQ� DW� :RUNSODFH�� ,QWHUYLHZV�� )RUPDO�
3UHVHQWDWLRQV�
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ϰϳ

6XJJHVWHG�5HDGLQJV�
x 3UDFWLFDO�(QJOLVK�8VDJH��0LFKDHO�6ZDQ��283�������
x 5HPHGLDO�(QJOLVK�*UDPPDU��)�7��:RRG��0DFPLOODQ�����
x 2Q�:ULWLQJ�:HOO��:LOOLDP�=LQVVHU��+DUSHU�5HVRXUFH�%RRN������
x 6WXG\�:ULWLQJ��/L]�+DPS�/\RQV�DQG�%HQ�+HDVO\��&DPEULGJH�8QLYHUVLW\�3UHVV�������
x &RPPXQLFDWLRQ�6NLOOV��6DQMD\�.XPDU�DQG�3XVKS /DWD��2[IRUG�8QLYHUVLW\�3UHVV�������
x ([HUFLVHV�LQ�6SRNHQ�(QJOLVK��3DUWV��,�,,,��&,()/��+\GHUDEDG��2[IRUG�8QLYHUVLW\�3UHVV

&2856(�287&20(6
7KH� VWXGHQW� ZLOO� DFTXLUH� EDVLF� SURILFLHQF\� LQ� (QJOLVK� LQFOXGLQJ� UHDGLQJ� DQG� OLVWHQLQJ
FRPSUHKHQVLRQ��ZULWLQJ�DQG�VSHDNLQJ�VNLOOV�
«««««««««««««««««««««««««««««««««««««««


