
��

7DEOH�RI�FRQWHQWV�

/LVW�RI�WDEOHV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ��

/LVW�RI�ILJXUHV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

$EEUHYLDWLRQV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

3UHIDFH��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

&+$37(5��� ,QWURGXFWLRQ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
����6HWWLQJ�WKH�VFHQH��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
����,QWURGXFLQJ�WKH�SX]]OHV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
����3RVLQJ�UHVHDUFK�TXHVWLRQV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
����'HYHORSLQJ�D�UHVHDUFK�SODQ�±�2U�KRZ�WKLV�ZRUN�LV�VWUXFWXUHG��� � � � � � � � � � � � � � � � � � � � � � � � � �� ���

&+$37(5��� 7(16(��DQG�)8785(���$Q�LQWHUGLVFLSOLQDU\�DQG�FURVVOLQJXLVWLF�SHUVSHFWLYH� ���
����$�VKRUW�LQWURGXFWLRQ�WR�EDVLF�WHUPV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
����,V�WHPSRUDOLW\�DQG�RU�PHQWDO�WLPH�WUDYHO�XQLTXH�WR�KXPDQV"��� � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
����&DQ�WKHUH�H[LVW�WUXO\�WHQVHOHVV�ODQJXDJHV"��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

������$OWHUQDWLYH�PHDQV�RI�H[SUHVVLQJ�WHPSRUDOLW\�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
��������7HPSRUDOO\�XQPDUNHG�YHUEV�DQG�WKHLU�LQWHUSUHWDWLRQ��� � � � � � � � � � � � � � � � � � � � �� ���
��������'LIIHUHQW�W\SHV�RI�SUHGLFDWHV�DQG�WKHLU�GHIDXOW�WHPSRUDO�LQWHUSUHWDWLRQ��� � � � � �� ���

����������/H[LFDO�DVSHFW�YHUVXV�YLHZSRLQW�DVSHFW��� � � � � � � � � � � � � � � � � � � � � � � �� ���
����������3UDJPDWLF�SULQFLSOHV�IRU�GHIDXOW�WHPSRUDO�LQWHUSUHWDWLRQ��� � � � � �� ���
����������'HIDXOW�WHPSRUDO�LQWHUSUHWDWLRQ�±�6RPH�H[DPSOHV��� � � � � � � � � � � � �� ���

��������7KH�UROH�RI�YLHZSRLQW��JUDPPDWLFDO��DVSHFW��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
������7HQVH�LQ�WHQVHOHVV�ODQJXDJHV"��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

��������(YLGHQFH�IRU�FRYHUW�WHQVH�±�1RW�JHQXLQHO\�WHQVHOHVV"��� � � � � � � � � � � � � � � � � � � �� ���
����������$�FRYHUW�QRQIXWXUH�WHQVH�LQ�6W¶iW¶LPFHWV�� � � � � � � � � � � � � � � � � � � � � � � ��� ���
����������$�FRYHUW�LQVWDQWDQHRXV�SUHVHQW�WHQVH�LQ�%ODFNIRRW��� � � � � � � � � � � � �� ���

��������$UJXPHQWV�DJDLQVW�FRYHUW�WHQVH�±�*HQXLQHO\�WHQVHOHVV�ODQJXDJHV"�� � � � � �� ���
������73�LQ�WHQVHOHVV�ODQJXDJHV"��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

����7HQVH�DV�D�OLFHQVHU�RI�FDVH"�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
������$UJXPHQWV�LQ�IDYRU��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
������$UJXPHQWV�DJDLQVW��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

����,V�7HQVH�DQ�H[FOXVLYHO\�YHUEDO�FDWHJRU\"��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
������&URVVOLQJXLVWLF�IDFWV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
������3RVVLEOH�DQDO\VHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���



��

����:KDW�FRXQWV�DV�WHQVH�DQG�KRZ�PDQ\�GLIIHUHQW�WHQVHV�DUH�WKHUH"��� � � � � � � � � � � � � � � � � � � � � � �� ���
������7HQVH�DV�DQ�LQIOHFWLRQDO�FDWHJRU\"��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
������'LIIHUHQW�WHQVH�GLVWLQFWLRQV�±�*UDGHG�WHQVHV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

����,V�IXWXUH�D�WHQVH"��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
������7KH�PDUNHG�VWDWXV�RI�IXWXUH�WHQVH��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������7KH�QDWXUH�RI�IXWXUH�WHQVH��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

����&KDSWHU�FRQFOXVLRQV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

&+$37(5��� )8785(��$�GLDFKURQLF�SHUVSHFWLYH��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
����,QWURGXFWLRQ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����'LDFKURQLF�VRXUFHV�RI�IXWXUH�PDUNHUV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

������3ULPDU\�IXWXUHV�±�'LDFKURQLF�SDWKV�RI�GHYHORSPHQW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��� ����
������$VSHFWXDO�IXWXUHV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

��������,PSHUIHFWLYH�IXWXUHV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������3HUIHFWLYH�IXWXUHV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

����3HUIHFWLYH�SUHVHQWV�DV�IXWXUHV�IURP�D�GLDFKURQLF�SHUVSHFWLYH��� � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����6ODYLF�FRPSRXQG�IXWXUH�FRQVWUXFWLRQV�IURP�D�GLDFKURQLF�SHUVSHFWLYH�� � � � � � � � � � � � � � � � � ��� ����

������*HQHUDO�RYHUYLHZ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������&RPSRXQG�IXWXUHV�LQ�WKH�ROGHVW�6ODYLF�WH[WV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��� ����
������7KH�RULJLQ�DQG�GHYHORSPHQW�RI�FRPSRXQG�:$17�IXWXUHV�LQ�6ODYLF��� � � � � � � � � � � �� ����

��������:$17�IXWXUHV�LQ�QRQ�6ODYLF�%DONDQ�ODQJXDJHV�� � � � � � � � � � � � � � � � � � � � � � � � � ��� ����
��������:$17�IXWXUHV�LQ�6ODYLF�%DONDQ�ODQJXDJHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��� ����
��������:$17�IXWXUHV��&RQFOXGLQJ�UHPDUNV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

������&RPSRXQG�%(�IXWXUHV�LQ�6ODYLF�ODQJXDJHV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������*HQHUDO�RYHUYLHZ�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������7KH�RULJLQ�DQG�GHYHORSPHQW�RI�%(�IXWXUHV�LQ�6ODYLF�� � � � � � � � � � � � � � � � � � � � �� ����

����������7KH�HW\PRORJ\�RI�%(�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����������7KH�VWUXFWXUDO�VRXUFH�RI�WKH�6ODYLF�%(�IXWXUHV��� � � � � � � � � � � � � � � � �� ����
����������(DUO\�WH[WXDO�HYLGHQFH��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����������2EOLJDWLRQ�SUHGHVWLQDWLRQ�DV�D�SRVVLEOH�SDWKZD\�WR�IXWXUH�� � � � ��� ����
����������&KDQJH�RI�VWDWH�DV�D�SRVVLEOH�SDWKZD\�WR�IXWXUH�� � � � � � � � � � � � � � � ��� ����
����������)XWXUXP�H[DFWXP�RU�IXWXUH�SHUIHFW�DV�D�SRVVLEOH�SDWKZD\�WR�

IXWXUH��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����������7KH�SUREOHP�RI�WKH�SDUWLFLSLDO�LPSHUIHFWLYH�IXWXUH��� � � � � � � � � � � �� ����

��������%(�IXWXUHV��&RQFOXGLQJ�UHPDUNV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����&KDSWHU�FRQFOXVLRQV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

&+$37(5��� )8785(��$�WKHRUHWLFDO��VHPDQWLF�DQG�V\QWDFWLF��SHUVSHFWLYH��� � � � � � � � � � � � � � � �� ����
����,QWURGXFWLRQ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����6\QWDFWLF�GLIIHUHQFHV�EHWZHHQ�%XOJDULDQ��6ORYHQLDQ��DQG�3ROLVK�IXWXUHV��� � � � � � � � � � � � � �� ����

������%XOJDULDQ�IXWXUH��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������6ORYHQLDQ�DQG�3ROLVK�FRPSRXQG�IXWXUHV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

����'HULYDWLRQ� RI� IXWXUH� WLPH� UHIHUHQFH� LQ� %XOJDULDQ�� 6ORYHQLDQ�� DQG� 3ROLVK� IXWXUH�
FRQVWUXFWLRQV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������)XWXUHV�LQ�%XOJDULDQ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

��������6RPH�REVHUYDWLRQV�±�)LUVW�WKRXJKWV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������7RZDUGV�DQ�DFFRXQW��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������$�PRUH�SURPLVLQJ�DFFRXQW��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����



��

����������6RPH�EDFNJURXQG�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����������$�VWHSZLVH�GHYHORSPHQW�RI�DQ�DQDO\VLV��� � � � � � � � � � � � � � � � � � � � � � � �� ����

��������&RQFOXGLQJ� UHPDUNV��$�SRVVLEOH� UHYLVLRQ�PRGLILFDWLRQ�RI� WKH�SURSR�
VHG�DFFRXQW��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

������)XWXUHV�LQ�6ORYHQLDQ�DQG�3ROLVK�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������0RGDO�XVHV�±�&RYHUW�PRGDOLW\��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������'HULYLQJ�IXWXUH�WLPH�UHIHUHQFH�LQ�WKH�6ORYHQLDQ�IXWXUH�FRQVWUXFWLRQV��� � �� ����

����������5LYHUR�DQG�0LORMHYLü�6KHSSDUG¶V��������VXJJHVWLRQ��� � � � � � � � � �� ����
����������%áDV]F]DN�DQG�.OLPHN�-DQNRZVND¶V������������D��SURSRVDO��� � � �� ����

��������'HULYLQJ�IXWXUH�WLPH�UHIHUHQFH�LQ�WKH�3ROLVK�IXWXUH�FRQVWUXFWLRQV��� � � � � � �� ����
����������%áDV]F]DN�HW�DO�¶V��������������SURSRVDO��� � � � � � � � � � � � � � � � � � � � � � �� ����
����������5XGD¶V��������SURSRVDO��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

��������,QWHULP�VXPPDU\��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����)XWXUHV�DQG�IXWXUDWHV�DQG�WKH�UROH�RI�D�SODQ�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��� ����

������&RQWH[WV�LQ�ZKLFK�SHUIHFWLYH�IXWXUHV�DUH�PRUH�VXLWDEOH��� � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������&RQWH[WV�LQ�ZKLFK�LPSHUIHFWLYH�IXWXUHV�DUH�PRUH�VXLWDEOH��� � � � � � � � � � � � � � � � � � � � � � � �� ����
������)XWXUDWHV�DQG�WKH�UROH�RI�D�SODQ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

��������7KH�QRWLRQ�RI�D�SODQ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������'HULYLQJ�IXWXUH�WLPH�UHIHUHQFH�LQ�IXWXUDWHV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

������3XWWLQJ�DOO�REVHUYDWLRQV�WRJHWKHU�±�3URYLGLQJ�DQ�DFFRXQW�RI�SUHIHUHQFHV�LQ�WKH�
XVH�RI�IXWXUDWHV�DQG��>SIY@�DQG�>LSIY@��IXWXUHV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

����&KDSWHU�FRQFOXVLRQV��$�JHQHUDO�SLFWXUH�RI�WKH�IXWXUH��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

&+$37(5��� )8785(��$�QHXUR��DQG�SV\FKROLQJXLVWLF�SHUVSHFWLYH�� � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����,QWURGXFWLRQ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����7ZR� W\SHV� RI� FRPSRXQG� IXWXUH� LQ� 3ROLVK� ±� 2QH� RU� WZR� GLIIHUHQW� V\QWDFWLF�

VWUXFWXUHV"��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������7KH�FXUUHQW�SURSRVDO��$�XQLIRUP�WUHDWPHQW�RI�IXWXUH�FRQVWUXFWLRQV�LQ�3ROLVK��� � �� ����
������$Q�DOWHUQDWLYH�SURSRVDO��$�QRQXQLIRUP�WUHDWPHQW�RI�IXWXUH�FRQVWUXFWLRQV�� � � � � � �� ����
������3HULSKUDVWLF�IXWXUHV��$�PRQR��RU�ELFODXVDO�DQDO\VLV"��� � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

��������1HJDWLRQ�EDVHG�GLDJQRVWLFV�IRU�ELFODXVDOLW\�±�3UHGLFWLRQV��� � � � � � � � � � � � � � �� ����
��������&KHFNLQJ�WKH�SUHGLFWLRQV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������&RQFOXVLRQ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

����3V\FKROLQJXLVWLF�PHWKRGV�±�(YHQW�UHODWHG�EUDLQ�SRWHQWLDOV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������(YHQW�UHODWHG�EUDLQ�SRWHQWLDO��(53��PHWKRG��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������/DQJXDJH�UHODWHG�(53�FRPSRQHQWV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

����(53�VWXGLHV�UHOHYDQW�IRU�WKH�FXUUHQW�UHVHDUFK�TXHVWLRQV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������(53�VWXGLHV�UHODWHG�WR�WKH�SURFHVVLQJ�RI�WHQVH�DVSHFW�PRUSKRORJ\��� � � � � � � � � � � � � �� ����
������(IIHFWV� RI� PRUSKRORJLFDO� FRPSOH[LW\� RQ� HOHFWURSK\VLRORJLFDO� PDUNHUV� RI�

JUDPPDWLFDO�SURFHVVLQJ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������*UDPPDWLFDO�LOOXVLRQV�±�6RPH�UHOHYDQW�REVHUYDWLRQV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������(OHFWURSK\VLRORJLFDO� SURFHVVLQJ� RI� XQJUDPPDWLFDO� VHQWHQFHV� ZLWK� WZR�

DQRPDOLHV�±�6RPH�UHOHYDQW�REVHUYDWLRQV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����3UHGLFWLRQV�IRU�WKH�FXUUHQW�(53�VWXG\��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����7KH�GHVFULSWLRQ�RI�WKH�FXUUHQW�(53�VWXG\��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

������7KH�H[SHULPHQWDO�GHVLJQ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������/DQJXDJH�PDWHULDO��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����



��

������3DUWLFLSDQWV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������3URFHGXUH��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������((*�UHFRUGLQJV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������'DWD�SURFHVVLQJ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������'DWD�DQDO\VLV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

����5HVXOWV�RI�WKH�FXUUHQW�(53�VWXG\�DQG�GLVFXVVLRQ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������5HVXOWV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

��������%HKDYLRUDO�GDWD��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������(53�GDWD��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

������'LVFXVVLRQ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
����*HQHUDO�GLVFXVVLRQ�DQG�FRQFOXVLRQ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

&+$37(5��� &RQFOXVLRQV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

5HIHUHQFHV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

$SSHQGL[��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

$SSHQGL[�$��(53�VWXG\�RQ�WKH�SURFHVVLQJ�RI�FRPSRXQG�IXWXUHV�LQ�3ROLVK��([SHULPHQWDO�
PDWHULDO��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
$SSHQGL[� %�� (53� VWXG\� RQ� WKH� SURFHVVLQJ� RI� FRPSRXQG� IXWXUHV� LQ� 3ROLVK�� *UDQG�
DYHUDJH�(53�SDWWHUQV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
$SSHQGL[�&��(53� VWXG\� RQ� WKH� SURFHVVLQJ� RI� FRPSRXQG� IXWXUHV� LQ� 3ROLVK�� 3RVW�KRF�
DQDO\VHV��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

,QGH[�RI�VXEMHFWV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����


