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)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���=ELJQLHZ�+XOO��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�3KLORVRSK\���6WDWXV�LQ�WKH�FXUULFXOXP��RSWLRQDO���'HVFULSWLRQ�� (FRORJ\�� HQYLURQPHQWDO� SURWHFWLRQ� DQG� SKLORVRSK\�� �$QWKURSRSUHVVXUH� DQG� LWV�HIIHFWV� RQ� WKH� ELRVSKHUH� DQG� PDQ� �VRFLHW\��� � (FRORJLFDO� FULVLV� DQG� VXJJHVWLRQV� KRZ� WR�RYHUFRPH� LW�� �$VVXPSWLRQV� DQG� WKHRU\� RI� VXVWDLQDEOH� GHYHORSPHQW�� �&ODVVLFDO� SKLORVRSKLFDO�SUREOHPV�YHUVXV� HFRORJLFDO� DVSHFWV�RI�SKLORVRSK\�� �(FRORJLFDO�YDOXHV�� HFRORJLFDO� HWKLFV� DQG�PDLQ� GLUHFWLRQV� RI� LWV� GHYHORSPHQW�� � $QWKURSRFHQWULVP� YHUVXV� ELRFHQWULVP�� FRQFHSWV� DQG�SUREOHPV�RI�ELRHWKLFV���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV� ZLWK� WKH� EDVLF� FRQFHSWV� DQG� SUREOHPV� FRQQHFWHG� ZLWK� WKH�HFRORJLFDO�DVSHFWV�RI�SKLORVRSK\���7HDFKLQJ�PHWKRG��GLVFXVVLRQV��DXGLRYLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV�DQG�YLGHR�WDSHV���7HDFKLQJ�DLGV��SULQWHG�VHULHV�RI�FRXUVH�OHFWXUHV��WH[WERRNV��VRXUFH�PDWHULDOV���5HIHUHQFHV���%U]RVWHN� 0��� &KRMQDFNL� -��� .DOHWD� 7��� ������ (NRILOR]RILD�� :\EyU� WHNVWyZ�� :\G�� 6**:��:DUV]DZD��-RQDV�+���������=DVDGD�RGSRZLHG]LDOQR FL��.UDNyZ��/HPD VND�$���������)LOR]RILD�SU]\URG\�D�QDXNL�SU]\URGQLF]H��:DUV]DZD��3DSX]L VNL�$����UHG����������:SURZDG]HQLH�GR�ILOR]RILF]Q\FK�SUREOHPyZ�HNRORJLL��%\GJRV]F]��3L WHN�=���������(W\ND�HNRORJLF]QD��.UDNyZ��6LQJHU�3���������2� \FLX�L� PLHUFL��8SDGHN�HW\NL�WUDG\F\MQHM��:DUV]DZD��6NROLPRZVNL�+���������)LOR]RILD� \M FD��:DUV]DZD��7\EXUVNL�:���������(W\ND�L�HNRORJLD��7RUX ��:DORV]F]\N�.���������3ODQHWD�QLH�W\ONR�OXG]L��:DUV]DZD��=L ED�6���������1DWXUD�L�F]áRZLHN�Z�HNRORJLL�KXPDQLVW\F]QHM��/XEOLQ���$VVHVVPHQW��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���5HJLVWUDWLRQ�UHTXLUHG��\HV���
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�
6XEMHFW��
+LVWRU\�RI�SKLORVRSK\�

&RGH����������$��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���HPSOR\HHV�RI�WKH�,QVWLWXWH�RI�3KLORVRSK\���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�3KLORVRSK\���6WDWXV�LQ�WKH�FXUULFXOXP��RSWLRQDO���'HVFULSWLRQ��7KH� ,RQLF�6FKRRO��VSRQWDQHRXV�PDWHULDOLVP��� �6RFUDWHV¶�HWKLFDO� LQWHOOHFWXDOLVP���3ODWRQLF� LGHDOLVP� DQG� LWV� ILOLDWLRQV�� � $ULVWRWHOLVP� DQG� LWV� UHFHSWLRQ� LQ� WKH� QH[W� FHQWXULHV���$QFLHQW� DWRPLVP�� � $QFLHQW� HWKLFDO� FRQFHSWV�� � 0HGLHYDO� P\VWLFLVP� DQG� 6FKRODVWLFLVP���$XJXVWLDQLVP�� � 7RPLVP�� � 5HQDLVVDQFH� KXPDQLVP� DQG� QDWXUDO� SKLORVRSK\�� � $JHV� RI� VRFLDO�XWRSLDV���3DQWKHLVP��UDWLRQDOLVP��HPSLULFLVP��SRVLWLYLVP���.DQW¶V�FULWLFDO�SKLORVRSK\���+HJHO¶V�DEVROXWH�LGHDOLVP���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV�ZLWK� WKH� EDVLF� FRQFHSWV� DQG� WUHQGV� LQ� WKH� ILHOG� RI� KLVWRU\� RI�SKLORVRSK\���7HDFKLQJ�PHWKRG��GLVFXVVLRQV��DXGLRYLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV�DQG�YLGHR�WDSHV���7HDFKLQJ�DLGV��SULQWHG�VHULHV�RI�FRXUVH�OHFWXUHV��WH[WERRNV��VRXUFH�PDWHULDOV���5HIHUHQFHV���&RSOHVWRQ�)��������������+LVWRULD�ILOR]RILL��7����L����:DUV]DZD��'LRJHQHV�/DHUWLRV�������� \ZRW\�L�SRJO G\�Vá\QQ\FK�ILOR]RIyZ��:DUV]DZD��)XOOHU�%�$�*���������+LVWRULD�ILOR]RILL��7����L����:DUV]DZD��*LOVRQ�(���������+LVWRULD�ILOR]RILL�FKU]H FLMD VNLHM�Z�ZLHNDFK� UHGQLFK��:DUV]DZD��+HPSROL VNL� 0��� ������ )LOR]RILD� ZVSyáF]HVQD�� :SURZDG]HQLH� GR� ]DJDGQLH � L� NLHUXQNyZ��:DUV]DZD���$VVHVVPHQW��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���5HJLVWUDWLRQ�UHTXLUHG��\HV���
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�
6XEMHFW��
3K\VLFDO�HGXFDWLRQ�

&RGH����������$��� 6HPHVWHU����������
)RUP��&ODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���SK\VLFDO�HGXFDWLRQ�WHDFKHUV�HPSOR\HG�DW� WKH�&HQWHU�IRU�3K\VLFDO�(GXFDWLRQ�DQG�6SRUWV���2UJDQL]DWLRQDO�XQLW��&HQWHU�IRU�3K\VLFDO�(GXFDWLRQ�DQG�6SRUWV���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��7KH�DLP�RI�SK\VLFDO�HGXFDWLRQ�LV�WR�LPSURYH�WKH�SK\VLFDO�ILWQHVV�RI�VWXGHQWV�E\�PHDQV� RI� IUHTXHQW� DQG� LQWHQVLYH� H[HUFLVHV�� DV� ZHOO� DV� WR� PDNH� WKHP� GHYHORS� D� KDELW� RI�SUDFWLFLQJ� VSRUW�� SHUFHLYHG� DV� D� EDVLV� RI� DQ� DFWLYH� OLIHVW\OH� DQG� VHOI�GLVFLSOLQH�� � ,W� DOVR�SURPRWHV�WKH�LGHD�RI�FR�RSHUDWLRQ�DQG�FRPSHWLWLRQ�E\�SDUWLFLSDWLRQ�LQ�WHDP�JDPHV���*RDOV��WR�LPSURYH�WKH�SK\VLFDO�ILWQHVV�RI�VWXGHQWV�DQG�PDNH�WKHP�IHHO�KHDOWKLHU���7HDFKLQJ�PHWKRG��H[HUFLVHV��GHPRQVWUDWLRQ�ZLWK�H[SODQDWLRQ���$VVHVVPHQW��RQ�WKH�EDVLV�RI�UHJXODU�DWWHQGDQFH�DQG�WHVWV���5HJLVWUDWLRQ�UHTXLUHG��\HV���
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�
6XEMHFW��0DWKHPDWLFV� &RGH����������%��� 6HPHVWHU�������������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU� RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV�

1XPEHU� RI� (&76� FUHGLWV�����������
�&RRUGLQDWRU�V��� $QGU]HM�'DZLGRZLF]��3K'�-DURVáDZ�.RVLRUHN��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�$SSOLHG�0DWKHPDWLFV���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��&RPSOH[�QXPEHUV���9HFWRU�DOJHEUD���/LQHDU�HTXDWLRQV�DQG�PDWULFHV���'LIIHUHQWLDO�FDOFXOXV�RI�IXQFWLRQV�RI�RQH�YDULDEOH���'LIIHUHQWLDO�FDOFXOXV�RI�IXQFWLRQV�RI�VHYHUDO�YDULDEOHV���,QWHJUDO�FDOFXOXV�RI�IXQFWLRQV�RI�VHYHUDO�YDULDEOHV���6HULHV�RI�QXPEHUV�DQG�IXQFWLRQV���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�HOHPHQWV�RI�KLJKHU�PDWKHPDWLFV��WR�LQWURGXFH�WKHP�WR�WKH�SUDFWLFDO�XVH�RI� WDEOHV�� JXLGHERRNV�RQ�PDWKHPDWLFV�� HOHFWURQLF� FDOFXODWRUV�DQG�PDWKHPDWLFDO�FRPSXWHU�SURJUDPV���7HDFKLQJ� PHWKRG�� OHFWXUHV� EDVHG� RQ� RULJLQDO� DQG� FRSLHG�PDWHULDOV�� DFWLYH� SDUWLFLSDWLRQ� RI�VWXGHQWV�LQ�FODVVHV��HOHPHQWV�RI�FRPSHWLWLRQ���5HIHUHQFHV��0LQRUVNL�:�3����������=ELyU�]DGD �]�PDWHPDW\NL�Z\ V]HM��:17��:DUV]DZD��6WDQNLHZLF]�:��� ������ =DGDQLD� ]�PDWHPDW\NL� GOD�Z\ V]\FK� XF]HOQL� WHFKQLF]Q\FK�� F]�� ,� L� ,,��3:1���:DUV]DZD��.U\VLFNL� :��� :áRGDUVNL� /��� ������ $QDOL]D� PDWHPDW\F]QD� Z�]DGDQLDFK�� 7�� �� L� ��� 3:1���:DUV]DZD��/HNVL VNL� :��� 1DELDáHN� ,��� DNRZVNL� :��� ������ � 0DWHPDW\ND�� 'HILQLFMH�� WZLHUG]HQLD��SU]\NáDG\��]DGDQLD��:17��:DUV]DZD��%HUV�/���������&DOFXOXV��+ROW��5LQHKDUW�DQG�:LQVWRQ��1HZ�<RUN��/RQGRQ��)LFKWHKRO]�*�0���������5DFKXQHN�Uy QLF]NRZ\�L�FDáNRZ\�7�������L����3:1��:DUV]DZD��%URQV]WHMQ� ,�1��� 6LHPLHQGLDMHZ�.�$��� ������0DWHPDW\ND�� SRUDGQLN� HQF\NORSHG\F]Q\�� 3:1���:DUV]DZD���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQV�DW�WKH�HQG�RI�VHPHVWHUV������DQG�����
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�
6XEMHFW��3K\VLFV� &RGH����������%��� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU� RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV�±�V�������OHFWXUHV����FODVVHV�±�V����

1XPEHU�RI�(&76�FUHGLWV�������

�&RRUGLQDWRU�V���0LURVáDZ�$OFKLPRZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3K\VLFV�DQG�%LRSK\VLFV���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��0HFKDQLFV��.LQHPDWLFV��G\QDPLFV��FRQVHUYDWLRQ�ODZV��YLEUDWLRQV�� �(OHPHQWV�RI�WKH�UHODWLYLW\�WKHRU\���*UDYLWDWLRQ���.HSOHU¶V�ODZV���&LRáNRZVNL�SUREOHP��URFNHW���.LQHWLF�WKHRU\�RI�PDWWHU��LQWHUPROHFXODU��YDQ�GHU�:DDOV��IRUFHV���3KDVH�WUDQVLWLRQV��(OHFWURG\QDPLFV��(OHFWULFLW\���0DJQHWLVP���(OHFWURPDJQHWLF�ZDYHV��2SWLFV��,QWHUIHUHQFH��GLIIUDFWLRQ��SRODUL]DWLRQ��KRORJUDSK\��JHRPHWULF�RSWLFV��OHQVHV��4XDQWXP� PHFKDQLFV�� (OHFWURQ� GLIIUDFWLRQ�� WKH� XQFHUWDLQW\� �LQGHWHUPLQDF\�� SULQFLSOH���3KRWRHIIHFW��3ODQFN�VSHFWUXP���6FKU|FKLQJHU�HTXDWLRQ���+\GURJHQ�DWRP���,QWHUDFWLRQV��1XFOHDU�IRUFHV�� � 1XFOHDU� UHDFWLRQV�� � 5HDFWRU� VWUXFWXUH�� � ,QWHUDFWLRQV� EHWZHHQ� DQG� FODVVLILFDWLRQ� RI�HOHPHQWDU\�SDUWLFOHV���6\PPHWU\�EUHDNLQJ�DQG�*UHDW�8QLILFDWLRQ���&RVPRORJ\��+XEEOH¶V�ODZ���7KHUPDO�UDGLDWLRQ�RI�WKH�8QLYHUVH���)ULHGPDQQ�HTXDWLRQV���%LJ�EDQJ���*RDOV��WR�GLVFXVV�WKH�EDVLFV�RI�SK\VLFV���3UHFHGLQJ�VXEMHFWV��PDWKHPDWLFV���7HDFKLQJ�PHWKRG��OHFWXUHV��ODERUDWRU\�FODVVHV���5HIHUHQFHV��6NRUNR�0���)L]\ND��3:1��:DUV]DZD��6DZLHOLHZ�,�:��������:\NáDG\�]�IL]\NL�7�����3:1��:DUV]DZD��%REURZVNL�&]���������)L]\ND��:17��:DUV]DZD��'UDEHQW� 5��� 0DFKKROF� =��� 6LyGPLDN� -���ûZLF]HQLD� ODERUDWRU\MQH� ]� IL]\NL�� VNU\SW� 8:0� Z�2OV]W\QLH��$VVHVVPHQW��FODVVHV���WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�����
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�
6XEMHFW��
'HVFULSWLYH�JHRPHWU\�

&RGH����������%��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���5HQDWD�- GU\F]ND��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� (OHPHQWV� RI� SURMHFWLYH� JHRPHWU\�� � 3DUDOOHO� SURMHFWLRQ� RQ� D� VLQJOH� SODQH��SHUVSHFWLYH� SURMHFWLRQ� DQG� WKHLU� LQYDULDQWV�� � 3URMHFWLRQ� RI� IXQGDPHQWDO� HOHPHQWV� �SRLQW��VWUDLJKW� OLQH�� SODQH�� LQ� ERWK� W\SHV� RI� SURMHFWLRQ�� � $GMDFHQW�� FRPPRQ� DQG� SDUDOOHO� HOHPHQWV���3ODQH� VHFWLRQV�� GHWHUPLQDWLRQ� RI� DQJOHV� DQG� SURMHFWLRQV� RI� WKUHH�GLPHQVLRQDO� ILJXUHV���3UDFWLFDO� DSSOLFDWLRQ� WR� SURMHFWV� FRQFHUQLQJ� URDG� ZRUN� �SDUDOOHO� SURMHFWLRQ�� DQG�SKRWRJUDPPHWU\� �SHUVSHFWLYH� SURMHFWLRQ��� � $[RQRPHWULF� SURMHFWLRQ� RI� WKUHH�GLPHQVLRQDO�ILJXUHV���*RDOV��WR�PDNH�SDUDOOHO�DQG�SHUVSHFWLYH�SURMHFWLRQV�RI�WKUHH�GLPHQVLRQDO�ILJXUHV��WR�UHVWLWXWH�WKH�UHDO�VKDSHV�DQG�VL]HV�RI�WKH�ILJXUHV�SURMHFWHG��WR�GHYHORS�WKH�SRZHU�RI�WKUHH�GLPHQVLRQDO�WKLQNLQJ���3UHFHGLQJ�VXEMHFWV��PDWKHPDWLFV���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV�DQG�DQDJO\SKV��DXGLWRU\�FODVVHV���5HIHUHQFHV���2WWR�)���2WWR�(���������3RGU F]QLN�JHRPHWULL�Z\NUH OQHM��3:1��:DUV]DZD��:DOLJyUVNL�-���������=DVDG\�L�]DVWRVRZDQLD�U]XWX�FHFKRZDQHJR��:17��:DUV]DZD��5DFKZDá�7���'ZXUD QD�6���������ûZLF]HQLD�]�JHRPHWULL�Z\NUH OQHM��7�����3:1��:DUV]DZD��+XWRURZLF]� +��� 3U] F]HN� %��� ������ =ELyU� ]DGD � ]� U]XWX� URGNRZHJR� L� DNVRQRPHWULL��:\G��$57��2OV]W\Q��%U]RVNR�=���������:\NUH OQD�UHVW\WXFMD�SHUVSHNW\Z\��:17��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�����
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�
6XEMHFW��%DVLFV� RI� FRPSXWHU�VFLHQFH�

&RGH����������%��� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU� RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV���V������� OHFWXUHV���� FODVVHV� ±�V����

1XPEHU�RI�(&76�FUHGLWV�������

�&RRUGLQDWRU�V���-RODQWD�%DáDQG\QRZLF]��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��7KH�EDVLFV�RI�WKH�VWUXFWXUH�DQG�XVH�RI�D�3&�DQG�D�ORFDO�DUHD�QHWZRUN���2SHUDWLQJ�V\VWHP�� � 7KH� SULQFLSOHV� RI� XVLQJ� W\SLFDO� RIILFH� SURJUDPV� �ZRUG� SURFHVVRU�� VSUHDGVKHHW��GDWDEDVH�� IRU� JHRGHWLF� �VXUYH\LQJ�� SXUSRVHV�� � 7KH� ,QWHUQHW�� EURZVHUV�� GDWD� DQG� LQIRUPDWLRQ�UHWULHYDO�� :::� SDJHV�VLWHV�� HOHFWURQLF� PDLO�� � %DVLF� VRIWZDUH� XVHG� IRU� JHRGHWLF� SXUSRVHV��:LQ.DON� DQG� 0LFURPDS�� &�*HR� ±� DQDO\VLV� RI� GDWD� DQG� ILJXUH� HOHPHQWV�� � 7KH� EDVLFV� RI�VWUXFWXUHG� DQG� REMHFW� SURJUDPPLQJ� LQ� SDUWLFXODU� YHUVLRQV� RI� %$6,&�� JHRGHWLF� VRIWZDUH�HQJLQHHULQJ�� � 0DFUR� LQVWUXFWLRQV� DQG� DSSOLFDWLRQV� LQ� WKH� 2IILFH� SDFNDJH�� � $UWLILFLDO�LQWHOOLJHQFH���*RDOV�� WR�KHOS� VWXGHQWV� DFTXLUH� VNLOO� DW� VROYLQJ� SUREOHPV�XVLQJ� DYDLODEOH� VRIWZDUH�� WR� WHDFK�WKHP�SURJUDPPLQJ�WR�D�GHJUHH�DOORZLQJ�WKHP�WR�PDVWHU�WKHLU�VNLOOV���7HDFKLQJ�PHWKRG�� OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV�� WUDQVSDUHQFHV��FRPSXWHU�DLGHG�SUDFWLFDO�FODVVHV���5HIHUHQFHV��%DáDQG\QRZLF]�-���&]\ HZVNL�&���3U WQLFND�$���������3RGVWDZ\�LQIRUPDW\NL�GOD�VWXGLXM F\FK�JHRGH]M ��:\G��$57��2OV]W\Q���%DáDQG\QRZLF]� -��� 3U]HZRGQLN� SR� SRGVWDZDFK� SURJUDPRZDQLD� QD� SU]\NáDG]LH�SURJUDPRZDQLD�Z�M ]\NX�%$6,&��7D VND�+���=DERNU]HFND�$���������.RPSXWHU�SU]\MDFLHOHP�VWXGHQWD��]ELyU�üZLF]H ���:\G��$57��2OV]W\Q���$VVHVVPHQW��FODVVHV���WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�����
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�
6XEMHFW��6XUYH\LQJ� &RGH����������&��� 6HPHVWHU�������������
)RUP��/HFWXUHV��FODVVHV��

1XPEHU� RI�KRXUV�VHPHVWHU�����OHFW�����FODVVHV±V����������OHFW�����FODVVHV±V�������

1XPEHU� RI� (&76� FUHGLWV�����������
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)RUP��/HFWXUHV��FODVVHV� 1XPEHU� RI�KRXUV�VHPHVWHU����� OHFWXUHV���� FODVVHV� ±�V������� OHFWXUHV���� FODVVHV� ±�V����

1XPEHU�RI�(&76�FUHGLWV�������

�&RRUGLQDWRU�V���3URIHVVRU�,G]L�*DMGHURZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� 6SKHULFDO� WULJRQRPHWU\�� �&RRUGLQDWH� V\VWHPV�RI� SRLQWV� VLWXDWHG� RQ� WKH� VSKHUH���6SKHURLG� JHRPHWU\�� � *HQHUDO� WKHRU\� RI� PDS� SURMHFWLRQV�� � 0DS� SURMHFWLRQ� FODVVLILFDWLRQ���3URMHFWLRQ�RI�HOOLSVRLG�RI�UHYROXWLRQ�RQ�VSKHULFDO�VXUIDFH���$]LPXWKDO��F\OLQGULFDO�DQG�FRQLFDO�SURMHFWLRQV� RI� VSKHULFDO� VXUIDFH�� �*DXVV�.U�JHU� SURMHFWLRQ�� �4XDVL�VWHUHRJUDSKLF� SURMHFWLRQ���&RQIRUPDO� WUDQVIRUPDWLRQ�� � &ULWHULD� RI� PDS� FODVVLILFDWLRQ�� � *HQHUDO� SULQFLSOHV� RI� PDS�FRPSLODWLRQ���&DUWRJUDSKLF�JHQHUDOL]DWLRQ���0DS�UHSURGXFWLRQ���7RSRJUDSKLF�PDSV�LQ�3RODQG�VLQFH� ������ � 7RSRJUDSKLF� PDS� FRPSLODWLRQ�� � 7KHPDWLF� FDUWRJUDSK\�� � &RPSXWHU�DLGHG�FDUWRJUDSK\���*RDOV�� WR� LQWURGXFH� VWXGHQWV� WR� WKH� WKHRU\� RI�PDS�SURMHFWLRQV�� WR� IDPLOLDUL]H� WKHP�ZLWK� WKH�EDVLFV�RI�WKH�FRPSLODWLRQ�DQG�UHSURGXFWLRQ�RI�WRSRJUDSKLF�DQG�WKHPDWLF�PDSV���3UHFHGLQJ�VXEMHFWV��JHRGHV\��PDWKHPDWLFV���7HDFKLQJ�PHWKRG�� OHFWXUHV�ZLWK�YLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV�� ODERUDWRU\� FODVVHV� DQG� D�YLVLW�WR�D�FDUWRJUDSKLF�SXEOLVKLQJ�KRXVH���5HIHUHQFHV���*DMGHURZLF]�,���������.DUWRJUDILD�PDWHPDW\F]QD�GOD�JHRGHWyZ��:\G��$57��2OV]W\Q��%\HDUPDQ�/����������5HGDNFMD�PDS�L�UHSURGXNFMD�NDUWRJUDILF]QD��:\G��$57��2OV]W\Q��0HQQR�-DQ� .UDDN�� )�� 2UPHOLQJ�� ������ .DUWRJUDILD�� ZL]XDOL]DFMD� GDQ\FK� SU]HVWU]HQQ\FK��:\G��1DXN��3:1��:DUV]DZD��5DWDMVNL�/����������0HWRG\ND�NDUWRJUDILL�VSRáHF]QR�JRVSRGDUF]HM��Z\G��,,��33:.��:DUV]DZD�±�:URFáDZ��$OHNVLHMHZLF]�6DOLV]F]HZ�.���������.DUWRJUDILD�RJyOQD��:\G��1DXN��3:1��:DUV]DZD��Z\G��,,���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��([DPLQDWLRQ��ZULWWHQ�DQG�RUDO��DW�WKH�HQG�RI�VHPHVWHU�����
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6XEMHFW��(OHFWURQLF� PHDVXULQJ�WHFKQLTXHV�

&RGH����������&��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU� RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV�

1XPEHU�RI�(&76�FUHGLWV�����

�&RRUGLQDWRU�V���$QGU]HM�:DQLF��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��0HFKDQLFDO�RSWLFDO� V\VWHPV� RI� HQJLQHHULQJ� DQG� SUHFLVLRQ� OHYHOLQJ� LQVWUXPHQWV�DQG�WKHRGROLWHV�ZLWK�YDULRXV�UHDGLQJ�UHJLVWUDWLRQ�V\VWHPV���7HVWLQJ�DQG�DGMXVWPHQW�RI�RSWLFDO�VXUYH\LQJ�HTXLSPHQW���(OHFWURQLF�GLVWDQFH�PHDVXUHPHQW��LPSXOVH�DQG�SKDVH�PHWKRGV����7RWDO�VWDWLRQV���(OHFWURQLF�DQJOH�PHDVXUHPHQW�V\VWHPV��FRGH��LPSXOVH��G\QDPLF����(OHFWURPDJQHWLF�ZDYH�SURSDJDWLRQ�LQ�WKH�DWPRVSKHUH���/DVHUV���:DOO�PDUNV���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV�ZLWK� WKH� VWUXFWXUH� DQG� XVH� RI�PHDVXULQJ� LQVWUXPHQWV� �RSWLFDO�DQG� HOHFWURQLF��� WR� SUHSDUH� WKHP� IRU� FDUU\LQJ� RXW� VXUYH\LQJ� WDVNV� ZLWK� PRGHUQ� VXUYH\LQJ�HTXLSPHQW���3UHFHGLQJ�VXEMHFWV��JHRGHV\���7HDFKLQJ�PHWKRG��OHFWXUHV�DQG�FODVVHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV�DQG�YLGHR�W\SHV���5HIHUHQFHV��3áDWHN�$����������*HRGH]\MQH�GDOPLHU]H�HOHNWURPDJQHW\F]QH�L�WDFK\PHWU\�HOHNWURQLF]QH��&] ü�,��JHRGH]\MQH�GDOPLHU]H�HOHNWURPDJQHW\F]QH�GR�SRPLDUyZ�WHUHQRZ\FK��33:.��:DUV]DZD���:URFáDZ��3áDWHN�$����������*HRGH]\MQH�GDOPLHU]H�HOHNWURPDJQHW\F]QH�L�WDFK\PHWU\�HOHNWURQLF]QH��&] ü�,,��RSW\F]QH�GDOPLHU]H�LQWHUIHUHQF\MQH��WHRGROLW\�L�WDFK\PHWU\�HOHNWURQLF]QH���33:.�����:DUV]DZD�±�:URFáDZ��7DWDUF]\N� -�� ������ � :\EUDQH� ]DJDGQLHQLD� ]� LQVWUXPHQWR]QDZVWZD� JHRGH]\MQHJR�� $*�+��.UDNyZ��7DWDUF]\N�� -�� ������ 1RZH� NRQVWUXNFMH� JHRGH]\MQ\FK� SU]\U] GyZ� N WRPLHUF]\FK�� $*�+��.UDNyZ��:DQLF�$���������,QVWUXPHQWR]QDZVWZR�JHRGH]\MQH��3U]HZRGQLN�GR�üZLF]H ��&] ü�,��:\GDQLH�,,���$5�7��2OV]W\Q��:DQLF�$����������,QVWUXPHQWR]QDZVWZR�JHRGH]\MQH��3U]HZRGQLN�GR�üZLF]H ��&] ü�,,��$5�7��2OV]W\Q��= EHN�-��L�LQ���������ûZLF]HQLD�]�JHRGH]ML�,��3:1��:DUV]DZD���$VVHVVPHQW��FODVVHV��� WHVW���D�SUDFWLFDO�H[DP�LQ�WKH�XVH�RI�RSWLFDO�DQG�HOHFWURQLF�PHDVXULQJ�LQVWUXPHQWV��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU����
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6XEMHFW��
%DVLFV� RI� WRZQ�DQG�FRXQWU\�SODQQLQJ�

&RGH����������&���� 6HPHVWHU����������

)RUP��/HFWXUHV��FODVVHV� 1XPEHU� RI�KRXUV�VHPHVWHU���� OHFWXUHV���� FODVVHV� ±� V����������OHFWXUHV����FODVVHV�±�V����

1XPEHU� RI� (&76� FUHGLWV���������

�&RRUGLQDWRU�V���3URIHVVRU�5\V]DUG�&\PHUPDQ��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�3ODQQLQJ�DQG�0DQDJHPHQW���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��7KH�HVVHQFH�RI�ODQG�PDQDJHPHQW���5HJLRQDO�SROLF\���/HJDO�DVSHFWV�RI�SODQQLQJ���7RZQ�DQG�FRXQWU\� SODQQLQJ� DW� YDULRXV� OHYHOV� RI� DGPLQLVWUDWLYH� GLYLVLRQ�� � /RFDO� WRZQ�DQG�FRXQWU\�GHYHORSPHQW�SODQV���8UEDQ�DUHD�PDQDJHPHQW���5XUDO�DUHD�PDQDJHPHQW���'HYHORSPHQW�SODQQLQJ���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�WKH�EDVLFV�RI�WRZQ�DQG�FRXQWU\�SODQQLQJ�DQG�VSDWLDO�RUGHU�SUHVHUYDWLRQ���7HDFKLQJ�PHWKRG��OHFWXUHV��FODVVHV��LQFOXGLQJ�FRPSXWHU�DLGHG�GHVLJQ����5HIHUHQFHV��'RPD VNL�5����������*RVSRGDUND�SU]HVWU]HQQD��3:1�:DUV]DZD��.XNOL VNL�$���������*RVSRGDUND�SU]HVWU]HQQD�3ROVNL�±�'LDJQR]D�L�UHNRQVWUXNFMD��2VVROLQHXP��%LXOHW\Q\�L�6WXGLD�.RPLWHWX�3U]HVWU]HQQHJR�=DJRVSRGDURZDQLD�.UDMX��3U]\URGQLF]H�DVSHNW\� ]UyZQRZD RQHJR�UR]ZRMX�� �Z���&]áRZLHN� L� URGRZLVNR�� �.ZDUWDOQLN���,QVW\WXW�*RVSRGDUNL�3U]HVWU]HQQHM�L�.RPXQDOQHM���QU���������U��.DFKQLDU]�7���������5]HF]\ZLVWR ü�L�SUREOHP\�SU]HVWU]HQQHJR�]DJRVSRGDURZDQLD�JPLQ��:\VRFND�(���UHG����������6\VWHP�VWXGLyZ�L�SODQyZ�SU]HVWU]HQQ\FK�SR�UHIRUPLH�DGPLQLVWUDFML�SD VWZD��=LREURZVNL� =��� =DVWDZLDN�%���5HL]HU� 6��� ������=DVDG\� ]DSLVX� XVWDOH � SODQyZ�PLHMVFRZ\FK��,QVW\WXW�*RVSRGDUNL�3U]HVWU]HQQHM�L�.RPXQDOQHM��RGG]LDá�.UDNyZ���$VVHVVPHQW��FODVVHV�±�WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�����
�
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6XEMHFW��
/DQG�LQIRUPDWLRQ�V\VWHPV�

&RGH����������&���� 6HPHVWHU���������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU� RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV�

1XPEHU�RI�(&76�FUHGLWV�������

�&RRUGLQDWRU�V���3URIHVVRU�,G]L�*DMGHURZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��7RROV� IRU�GUDZLQJ�FRPSXWHUL]HG�PDSV� �0LFURVWDWLRQ��� �6SDWLDO� DQG�GHVFULSWLYH�GDWD�� � 2UJDQL]DWLRQ� RI� VSDWLDO� LQIRUPDWLRQ� V\VWHPV�� � 'DWD� PRGHO�� � $FTXLVLWLRQ� DQG� SUH�SURFHVVLQJ� RU� VSDWLDO� GDWD�� �0DS� GLJLWDOL]DWLRQ�� � 6FDQQLQJ� DQG� YHFWRUL]DWLRQ�� � )HHGLQJ� DQG�PRGLILFDWLRQ� RI� GHVFULSWLYH� GDWD�� �'LVSOD\� RI� REMHFWV� DQG� WKHLU� DWWULEXWHV�� �2EMHFW� VHOHFWLRQ���4XHU\�FUHDWLRQ�RQ� WKH�EDVLV�RI�DWWULEXWHV�� �6SDWLDO�FULWHULD� LQ�TXHULHV�� �6SDWLDO�GDWD�H[FKDQJH��H[SRUW�� LPSRUW��� � &RPSDULVRQ� RI� WKH� PDLQ� FKDUDFWHULVWLFV� RI� DYDLODEOH� SURIHVVLRQDO� /,6�VRIWZDUH���*,6�/,6�LQ�WKH�,QWHUQHW���*RDOV�� WR� IDPLOLDUL]H�VWXGHQWV�ZLWK�EDVLF� LQIRUPDWLRQ� WRROV� IRU�GUDZLQJ�FRPSXWHUL]HG�PDSV��DQG�WKH�SULQFLSOHV�RI�FUHDWLQJ�DQG�XVLQJ�VSDWLDO�LQIRUPDWLRQ�V\VWHPV���3UHFHGLQJ�VXEMHFWV��JHRGHV\���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� YLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV�� FODVVHV� ±� SUDFWLFDO�DSSOLFDWLRQ�RI�GHVFULSWLYH�DQG�FDUWRJUDSKLF�PDWHULDOV���5HIHUHQFHV��8VWDZD�]�GQLD����PDMD������U��±�3UDZR�JHRGH]\MQH� L�NDUWRJUDILF]QH� �']�8�QU�����SR]������ZUD]�]�SU]HSLVDPL�Z\NRQDZF]\PL��*D G]LFNL�-���������6\VWHP\�LQIRUPDFML�SU]HVWU]HQQHM��33:.��:DUV]DZD��*D G]LFNL�-���������6\VWHP\�NDWDVWUDOQH���33:.��:DUV]DZD��,QVWUXNFMD�WHFKQLF]QD�.���0DSD�]DVDGQLF]D���$VVHVVPHQW��FODVVHV�±�GDWD�HODERUDWLRQ��UHSRUWV��WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�������
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%DVLFV�RI�(DUWK�VFLHQFH�

&RGH����������&���� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV�� 1XPEHU� RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV�±�V�������OHFWXUHV����FODVVHV�±�V����

1XPEHU�RI�(&76�FUHGLWV�������

�&RRUGLQDWRU�V���3URIHVVRU�-DQXV]�*RWNLHZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3HGRORJ\�DQG�6RLO�&RQVHUYDWLRQ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� 6\VWHP� RI� (DUWK� VFLHQFHV�� � (DUWK¶V� VWUXFWXUH�� FRPSRVLWLRQ� DQG� KLVWRU\���,QWURGXFWLRQ�WR�HQYLURQPHQWDO�FRPSRQHQWV��DWPRVSKHUH��K\GURVSKHUH��OLWKRVSKHUH��ELRVSKHUH���7KH�EDVLFV�RI�JHRORJ\��JHRPRUSKRORJ\�DQG�SHGRORJ\��VRLO�VFLHQFH����*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�WKH�EDVLFV�RI�HQYLURQPHQWDO�VFLHQFHV���7HDFKLQJ�PHWKRG��OHFWXUHV��FODVVHV���5HIHUHQFHV��3U]HGZRMVNL�5���������*OHER]QDZVWZR�]�SRGVWDZDPL�JHRPRUIRORJLL��PLQHUDORJLL�SHWURJUDILL��6NU\SW\�$57��2OV]W\Q��0L]HUVNL�:���������*HRORJLD�G\QDPLF]QD�GOD�JHRJUDIyZ��3:1��:DUV]DZD��8JJOD�+���������*OHER]QDZVWZR�UROQLF]H��3:1��:DUV]DZD��'REU]D VNL�%���������*OHER]QDZVWZR��3:5L/��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�����



/(9(/��&�
�
6XEMHFW��
+XPDQ� HQYLURQPHQW�SURWHFWLRQ�

&RGH����������&���� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU� RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV�
1XPEHU�RI�(&76�FUHGLWV�����

�&RRUGLQDWRU�V���,ZRQD�0DUFLQNRZVND��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�3ODQQLQJ�DQG�0DQDJHPHQW���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��%DVLF�FRQFHSWV�RI�HQYLURQPHQWDO�SURWHFWLRQ���6HOHFWHG�SUREOHPV�FRQQHFWHG�ZLWK�WKH� SURWHFWLRQ� RI� ZDWHU�� DLU�� IDXQD� DQG� IORUD�� QRLVH� FRQWURO�� ZDVWH� FRQWURO� DQG� GLVSRVDO��UDGLDWLRQ�SURWHFWLRQ���)DUPODQG�SURWHFWLRQ��WKUHDWV�WR�IDUPODQG��UHOHDVH�RI�FURSODQG�DQG�IRUHVW�ODQG� IRU� RWKHU� SXUSRVHV�� UHOHDVH� FKDUJH�� � 5XUDO� ODQGVFDSH� DVVHVVPHQW�� � 'HYDVWDWHG� ODQG�UHFODPDWLRQ�� ZDVWHODQG� DQG� LWV� HIIHFWV� RQ� WKH� FRQGLWLRQ� RI� DJULFXOWXUDO� SURGXFWLRQ�� WKH�UHFODPDWLRQ�SURFHVV��GLUHFWLRQV�DQG�FRVWV�RI�ODQG�UHFODPDWLRQ��GRFXPHQWDWLRQ��VSHFLILFDWLRQV��FRVW� HVWLPDWH�� RI� ODQG� UHFODPDWLRQ� SURMHFWV�� UHVXOWV� RI� ODQG� UHFODPDWLRQ�� � (FRORJLFDO�GHYHORSPHQW�RI�UXUDO�DUHDV���*RDOV�� WR� GLVFXVV� WKH� EDVLFV� RI� HQYLURQPHQWDO� SURWHFWLRQ�� DQG� HQYLURQPHQWDO� DVSHFWV� RI�SODQQLQJ�LQ�WKH�ILHOG�RI�JHRGHV\���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��FODVVHV�±�SURMHFW�GUDZLQJ���5HIHUHQFHV��%DUWNRZVNL�7���������.V]WDáWRZDQLH�L�RFKURQD� URGRZLVND��3:1�:DUV]DZD��&\PHUPDQ�5���+RSIHU� $��� ������ 2FKURQD� URGRZLVND�Z� SODQRZDQLX� L� XU] G]DQLX� WHUHQyZ�ZLHMVNLFK��3:1��:DUV]DZD��&\PHUPDQ�5���������*HRGH]\MQH�SUREOHP\�UHNXOW\ZDFML�JUXQWyZ��:\GDZQLFWZR��$57�2OV]W\Q��&\PHUPDQ�5���)DONRZVNL�-���+RSIHU�$���������.UDMREUD]\�ZLHMVNLH��:\GDZQLFWZR��$57�2OV]W\Q��(NRUR]ZyM� REV]DUyZ� ZLHMVNLFK�� =HV]\W\� 3UREOHPRZH� 3RVW SyZ� 1DXN� 5ROQLF]\FK� 3$1��=HV]\W������������3:1�:DUV]DZD��&\PHUPDQ�5���%DMHURZVNL�7��� 3R QLDN�.��� ������ ������ûZLF]HQLD� ]� RFKURQ\� URGRZLVND�Z�JHRGH]ML�UROQHM��VNU\SW�$57���2OV]W\Q���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV����
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&RGH����������&���� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV�±�V�������OHFWXUHV����FODVVHV�±�V����

1XPEHU� RI� (&76� FUHGLWV�������
�&RRUGLQDWRU�V��� 3URIHVVRU�6WDQLVáDZ�6XURZLHF��3K'��5RPXDOG�:D QLHZVNL��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�5XUDO�6XUYH\LQJ�DQG�&DGDVWUH��)DFXOW\�RI�/DZ�DQG�$GPLQLVWUDWLRQ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� 3URSHUW\� ULJKWV� DQG� OLPLWHG� ULJKWV� LQ� SURSHUW\�� UHDO� HDVHPHQW� DQG� SHUVRQDO�VHUYLWXGH�� � 7\SHV� RI� UHDO� HVWDWH�� � /DQG� DQG�PRUWJDJH� UHJLVWHUV�� � 7KH� SULQFLSOHV� RI� HQWHULQJ�SURSULHWDU\� ULJKWV� LQWR� ODQG� DQG�PRUWJDJH� UHJLVWHUV�� �7UDGH� LQ� UHDO� HVWDWHV� �6WDWH�RZQHG� DQG�SULYDWH����'LUHFWLRQV�RI�RZQHUVKLS�WUDQVIRUPDWLRQV�LQ�6WDWH�RZQHG�DJULFXOWXUDO�UHDO�SURSHUWLHV��KROGLQJV��� FRPPXQDOL]DWLRQ�� WDNLQJ� RYHU� E\� WKH� 6WDWH� 7UHDVXU\� $JHQF\� IRU� $JULFXOWXUDO�3URSHUW\��DVVRFLDWLRQ�RI�FDSLWDO�DQG�DIIUDQFKLVHPHQW�RI�VWDWH�RZQHG�OHJDO�SHUVRQV���5LJKWV�DQG�GXWLHV�RI�FKDUWHUHG�VXUYH\RUV��ZRUN�SHUIRUPHG�LQ�FORVHG�DUHDV���2UJDQL]DWLRQDO�IRUPV�RI�QRQ�VWDWH�FRQWUDFWRUV���*HRGHWLF�GDWD�XVHG�IRU�NHHSLQJ�DQG�XSGDWLQJ�RI�ODQG�DQG�EXLOGLQJ�UHJLVWHUV���6HWWLQJ�OLQHV�RI�GHPDUFDWLRQ�EHWZHHQ�UHDO�HVWDWHV�±�JHRGHWLF�ILOHV�DQG�OHJDO�GRFXPHQWV���*RDOV�� WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�SURSHUW\�ULJKWV�DQG�OHJDO�SUREOHPV�FRQQHFWHG�ZLWK�VWDWH�RZQHG�UHDO�HVWDWHV��DQG�WKH�WDVNV�DQG�RUJDQL]DWLRQ�RI�WKH�6WDWH�6XUYH\LQJ�6HUYLFH���3UHFHGLQJ�VXEMHFWV��JHRGHV\��ODQG�LQIRUPDWLRQ�V\VWHPV���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��FODVVHV�LQ�VPDOO�JURXSV���5HIHUHQFHV��(ZLGHQFMD�JUXQWyZ��SUDFD�]ELRURZD��������3:1�:DUV]DZD��8VWDZD�]�GQLD����PDMD������U��±�3UDZR�JHRGH]\MQH�L�NDUWRJUDILF]QH��']��8������SR]��������5R]SRU] G]HQLH�0LQLVWUD�5R]ZRMX�5HJLRQDOQHJR�L�%XGRZQLFWZD�]�GQLD����PDUFD������U���Z�VSUDZLH�HZLGHQFML�JUXQWyZ�L�EXG\QNyZ��']��8������SR]��������:D QLHZVNL�5���������3UDZR�±�SU]HZRGQLN�GR�üZLF]H ���$57�2OV]W\Q��5XGQLFNL�6���6]DFKXáRZLF]�-���������1LHUXFKRPR FL��:\G��3UDZQLF]H�3:1�:DUV]DZD��,JQDWRZLF]�-���������3UDZR�U]HF]RZH��3:1��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�RUDO�H[DPLQDWLRQ�DQG�D�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�����
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�
6XEMHFW��3ORWWLQJ� &RGH����������&���� 6HPHVWHU�������
)RUP��&ODVVHV� 1XPEHU� RI�KRXUV�VHPHVWHU�����FODVVHV�

1XPEHU�RI�(&76�FUHGLWV�������

�&RRUGLQDWRU�V���(O ELHWD�/HZDQGRZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6XUYH\LQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� 7KH� EDVLFV� RI� SORWWLQJ�� PDS� VFDOH�� FRQYHQWLRQDO� VLJQV�� FDUWRJUDSKLF� OHWWHULQJ��PDS�IUDPHV���/HWWHULQJ�LQ�WRSRJUDSKLF�PDSV��ILHOG�VNHWFKHV���'LJLWDO�GUDZLQJ���7KH�EDVLFV�RI�$XWR&DG�� �*UDSKLF�REMHFWV��SORWWLQJ�DLGV��GUDZLQJ�SDGV�� IRRWQRWHV�� �&RQWRXU�GUDZLQJ�� �%DVH�PDSV��YHFWRU��REMHFW�RU�FRQWRXU�EDVH�PDS�� �0DS�REMHFWV�� �'HVLJQLQJ� WHUUDLQ�REMHFW�V\PEROV���0DS�HGLWLQJ�LQ�JHRGHWLF�DQG�QRQ�JHRGHWLF�DSSOLFDWLRQV���3ORWWLQJ�GHYLFHV���*RDOV��WR�KHOS�VWXGHQWV�PDVWHU�VNLOO�DW�WUDGLWLRQDO�DQG�FRPSXWHU�DLGHG�SORWWLQJ��WR�IDPLOLDUL]H�WKHP�ZLWK�WKH�JHRGHWLF�VWDQGDUGV�RI�WKH�.�VHULHV���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�DXGLRYLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��YLGHR�SURMHFWLRQV��WKH�XVH�RI�WKH�ODWHVW�$XWR&DG�YHUVLRQV��JHRGHWLF�DSSOLFDWLRQV�DQG�RULJLQDO�HGXFDWLRQDO�SURJUDPV��FODVVHV�FRQGXFWHG�DW�WKH�'LJLWDO�0DS�&RPSLODWLRQ�/DERUDWRU\���5HIHUHQFHV���$XWRGHVN�������$XWR&$'�������3RGU F]QLN�X \WNRZQLND��%HP�6����������5\VXQHN�PDS���33:.��:DUV]DZD��' EURZVND�'���:HQWD�-���*RGáD�PDS\��NRPSXWHURZ\�SURJUDP�HGXNDF\MQ\��,QVWUXNFMD�REVáXJL�SURJUDPX�&�JHR�GOD�:LQGRZV��6RIWOLQH���,QVWUXNFMD�REVáXJL�SURJUDPX�0LNURPDSD���&RGHU���:\EUDQH�EUDQ RZH�LQVWUXNFMH�L�Z\W\F]QH�WHFKQLF]QH���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV����
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�
6XEMHFW��&ROOHFWLRQ� DQG� GLVWULEXWLRQ� RI�JHRGHWLF� DQG� FDUWRJUDSKLF�GDWD��

&RGH����������&���� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���:áDG\VáDZ�' EURZVNL��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6XUYH\LQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��*HRGHWLF�DQG�FDUWRJUDSKLF�GRFXPHQWDWLRQ�NHSW�DW�WKH�FHQWUDO��SURYLQFLDO��GLVWULFW�DQG� FRPPXQDO� OHYHOV� �� JHQHVLV�� FROOHFWLQJ�� PDNLQJ� DYDLODEOH�� � &HQWHUV� IRU� *HRGHWLF� DQG�&DUWRJUDSKLF�'RFXPHQWDWLRQ���FHQWUDO��SURYLQFLDO��PXQLFLSDO��GLVWULFW��DQG�FRPPXQDO�±�OHJDO�EDVHV� RI� RUJDQL]DWLRQ�� HTXLSPHQW�� KDUGZDUH�VRIWZDUH�� � &RPSXWHU� QHWZRUN� DW� WKH� &HQWHU���'LJLWDO� WRROV� DQG� V\VWHPV� IRU� GDWD� DFTXLVLWLRQ�� SURFHVVLQJ� DQG� GLVWULEXWLRQ�� �$FFHVV� WR� GDWD���'DWD� SURWHFWLRQ� DQG� DUFKLYHV�� 0RGHOV� RI� ZRUN� RUJDQL]DWLRQ� DW� WKH� &HQWHU� ±� H[DPSOH� RI�VHOHFWHG�FRPSXWHUL]HG�&HQWHUV�LQ�3RODQG���*RDOV�� WR� WHDFK� VWXGHQWV� KRZ� WR� FR�RSHUDWH� ZLWK� &HQWHUV� IRU� *HRGHWLF� DQG� &DUWRJUDSKLF�'RFXPHQWDWLRQ�DW�DOO�OHYHOV�RI�SXEOLF�DGPLQLVWUDWLRQ���3UHFHGLQJ� VXEMHFWV�� JHRGHV\�� ODQG� LQIRUPDWLRQ� V\VWHPV�� UHDO� HVWDWH� FDGDVWUH�� WKH� EDVLFV� RI�FRPSXWHU�VFLHQFH���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��YLGHR�SURMHFWLRQV��FODVVHV�FRQGXFWHG� DW� WKH� 'LJLWDO� 0DS� &RPSLODWLRQ� /DERUDWRU\� RU� DW� D� FRPSXWHUL]HG� &HQWHU� IRU�*HRGHWLF�DQG�&DUWRJUDSKLF�'RFXPHQWDWLRQ���5HIHUHQFHV��3U]HSLV\�SUDZQH�Z�]DNUHVLH�JHRGH]ML�L�NDUWRJUDILL��3U]HSLV\�SUDZQH�Z�]DNUHVLH�RUJDQL]DFML�L�IXQNFMRQRZDQLD�]LQIRUPDW\]RZDQ\FK�2'*L.���$VVHVVPHQW��WHVW�RU�DQ�RUDO�H[DPLQDWLRQ�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���
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�
6XEMHFW��
5HDO�HVWDWH�FDGDVWUH�

&RGH����������&���� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU� RI� (&76� FUHGLWV�������
�&RRUGLQDWRU�V��� 3URIHVVRU�6WDQLVáDZ�6XURZLHF��3K'��.D]LPLHU]�=ZLURZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�5XUDO�6XUYH\LQJ�DQG�&DGDVWUH���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� /DQG� DQG� EXLOGLQJ� UHJLVWHUV� DQG� WHUULWRULDO� GHYHORSPHQW� DQG� WHFKQLFDO�LQIUDVWUXFWXUH� UHJLVWHUV� DV� VRXUFHV� RI� LQIRUPDWLRQ� DERXW� UHDO� HVWDWHV�� � 3XUSRVHV�� VFRSH� DQG�VWUXFWXUH� RI� UHJLVWUDWLRQ� DQG� UHFRUG� NHHSLQJ�� � 5HFRUG� VHWV� DQG� ILOHV�� � 6\VWHP� NHHSLQJ� DQG�XSGDWLQJ� �PRGHUQL]DWLRQ��� � /DQG� DQG� EXLOGLQJ� UHJLVWHUV� YHUVXV� ODQG� DQG�PRUWJDJH� UHJLVWHUV���7KH�UXOHV�RI�JDWKHULQJ�LQIRUPDWLRQ�RQ�YDULRXV�W\SHV�RI�UHDO�HVWDWHV���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�VRXUFHV�RI�LQIRUPDWLRQ�DERXW�UHDO�HVWDWHV��WKH�FUHDWLRQ�DQG�NHHSLQJ� RI� V\VWHPV� RI� LQIRUPDWLRQ� RQ� ODQG�� EXLOGLQJV� DQG� DSDUWPHQWV�TXDUWHUV�� DQG� WKHLU�RZQHUV�WHQDQWV���3UHFHGLQJ�VXEMHFWV��JHRGHV\���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��FODVVHV�LQ�VPDOO�JURXSV���5HIHUHQFHV��(ZLGHQFMD�JUXQWyZ��SUDFD�]ELRURZD��������3:1�:DUV]DZD��8VWDZD�]�GQLD����PDMD������U��±�3UDZR�JHRGH]\MQH�L�NDUWRJUDILF]QH��']��8������SR]��������(ZLGHQFMD�JUXQWyZ��EXG\QNyZ�L�VLHFL�X]EURMHQLD�WHUHQX��SUDFD�]ELRURZD�SRG�UHG��$��+RSIHUD��������Z\GDZQLFWZR�8:0��2OV]W\Q��*D G]LFNL�-���������6\VWHP\�LQIRUPDFML�SU]HVWU]HQQHM���33:.��:DUV]DZD��*D G]LFNL�-���������6\VWHP\�NDWDVWUDOQH���33:.��:DUV]DZD��5R]SRU] G]HQLH�0LQLVWUD�5R]ZRMX�5HJLRQDOQHJR� L�%XGRZQLFWZD�]�GQLD����PDUFD������U��Z�VSUDZLH�HZLGHQFML�JUXQWyZ�L�EXG\QNyZ��']��8������SR]���������$VVHVVPHQW��FODVVHV�±�RUDO�H[DPLQDWLRQ�DQG�D�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���
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�
6XEMHFW��
5HDO�HVWDWH�DGPLQLVWUDWLRQ�

&RGH����������&���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���5DGRVáDZ�:L QLHZVNL��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�0DQDJHPHQW�DQG�5HJLRQDO�'HYHORSPHQW����6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� 7KH� EDVLFV� RI� UHDO� HVWDWH� DGPLQLVWUDWLRQ� LQ� XUEDQ� DUHDV�� � 3URFHGXUHV� RI�DGPLQLVWUDWLQJ�UHDO�HVWDWHV�RZQHG�E\� WKH�6WDWH�7UHDVXU\�DQG� ORFDO�JRYHUQPHQW�XQLWV�� �)RUPV�DQG� OHJDO� EDVHV� RI� WUDGH� LQ� UHDO� HVWDWHV�� � $GPLQLVWUDWLRQ� RI� UHDO� HVWDWH� UHVHUYHV�� � 7HQGHULQJ�SURFHGXUH� DQG� VDOH� ZLWKRXW� LQYLWLQJ� WHQGHUV� LQ� WKH� FDVH� RI� UHDO� HVWDWHV� RZQHG� E\� WKH� 6WDWH�7UHDVXU\�DQG�ORFDO�JRYHUQPHQW�XQLWV���/RQJ�WHUP�XVXIUXFW�RI�UHDO�SURSHUW\���([SURSULDWLRQ�RI�UHDO� HVWDWHV� DQG� UHVWLWXWLRQ� RI� UHDO� HVWDWHV� H[SURSULDWHG� EHIRUH�� � &RQVROLGDWLRQ� DQG� GLYLVLRQ��SDUWLWLRQ�RI�UHDO�SURSHUW\���$GMDFHQW�IHHV���5LJKW�RI�SUH�HPSWLRQ��ULJKW�RI�SULRULW\���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�WKH�OHJDO�DQG�HFRQRPLF�EDVHV�RI�UHDO�HVWDWH�DGPLQLVWUDWLRQ�LQ�XUEDQ�DUHDV���3UHFHGLQJ�VXEMHFWV��ODZ��HFRQRPLFV���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��FODVVHV��LQFOXGLQJ�VHPLQDUV�DQG�PDNLQJ�DQ�LQYHQWRU\���5HIHUHQFHV���%LHQLHN�*�L�LQQL��������.RPHQWDU]�GR�XVWDZ\�R�JRVSRGDUFH�QLHUXFKRPR FLDPL���=&2��=LHORQD�*yUD��.XU\M�-���5��:L QLHZVNL��5�� UyEHN��UHG����������*RVSRGDUND�QLHUXFKRPR FLDPL��:\G��8:0��2OV]W\Q��,JQDWRZLF]�-���������3UDZR�U]HF]RZH��3:1�:DUV]DZD���$VVHVVPHQW��WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���
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�
6XEMHFW��
5HDO�HVWDWH�YDOXDWLRQ�

&RGH����������&���� 6HPHVWHU�����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���3URIHVVRU�6DELQD� UyEHN��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�0DQDJHPHQW�DQG�5HJLRQDO�'HYHORSPHQW���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��5HDO� HVWDWH� YDOXDWLRQ� LQ� OLJKW� RI� OHJDO� DFWV�� SXUSRVHV� RI� UHDO� HVWDWH� YDOXDWLRQ��W\SHV� RI� YDOXH� GHWHUPLQHG� E\� SURSHUW\� DSSUDLVHUV�� FODVVLILFDWLRQ� RI� YDOXDWLRQ� PHWKRGV�� WKH�SULQFLSOHV�RI�UHDO�HVWDWH�YDOXDWLRQ�±�JHQHUDO�SURFHGXUHV��DSSUDLVDO�UHSRUWV��VSHFLILF�FKDUDFWHU�RI�WKH�UHDO�HVWDWH�PDUNHW��UXOHV�RI�JUDQWLQJ�D�OLFHQVH�WR�SURSHUW\�DSSUDLVHUV��SURIHVVLRQDO�VWDQGDUGV��HWKLFV�DQG�UHVSRQVLELOLW\�RI�SURSHUW\�DSSUDLVHUV��WKH�SRVLWLRQ�RI�SURSHUW\�DSSUDLVHUV�LQ�UHODWLRQ�WR�RWKHU�RFFXSDWLRQV�LQ�WKH�ILHOG�RI�UHDO�HVWDWHV�±�EURNHUV��PDQDJHUV��VXUYH\RUV��HWF���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�WKH�SURIHVVLRQ�RI�SURSHUW\�DSSUDLVHU��DQG�WKH�EDVLFV�RI�UHDO�HVWDWH�YDOXDWLRQ���3UHFHGLQJ�VXEMHFWV��UHDO�HVWDWH�DGPLQLVWUDWLRQ���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�DXGLRYLVXDO�DLGV���5HIHUHQFHV��8VWDZD�]�GQLD����VLHUSQLD������URNX�R�JRVSRGDUFH�QLHUXFKRPR FL��']�8��1U��������]�Sy QLHMV]\PL�]PLDQDPL���&\PHUPDQ�5���$��+RSIHU��������6\VWHP�V]DFRZDQLD�QLHUXFKRPR FL��Z\G��=&2��=LHORQD�*yUD��UyEHN� 6��� 0�� %HáHM�� ������ � 3RGHM FLH� SRUyZQDZF]H� Z� V]DFRZDQLX� QLHUXFKRPR FL�� Z\G��(GXFDWHUUD��2OV]W\Q��6]DFRZDQLH�QLHUXFKRPR FL�SRGHM FLHP�GRFKRGRZ\P��Z\G��7:,**(5��:DUV]DZD��������+RSIHU� $��� +�� - GU]HMHZVNL�� 5�� UyEHN�� 6�� UyEHN�� ������ :\FHQD� QLHUXFKRPR FL� L�SU]HGVL ELRUVWZ��7RP�,��6]DFRZDQLH�QLHUXFKRPR FL��Z\G��7:,**(5��:DUV]DZD��+RSIHU�$��� L� LQQL�� ������6]DFRZDQLH� QLHUXFKRPR FL� QLH]XUEDQL]RZDQ\FK��Z\G�� 7:,**(5��:DUV]DZD��6WDQGDUG\�=DZRGRZH�5]HF]R]QDZFyZ�0DM WNRZ\FK��Z\G��3)650��:DUV]DZD���������$VVHVVPHQW��FODVVHV�±�WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���
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�
6XEMHFW��
3K\VLFDO�JHRGHV\�

&RGH����������'��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���-DQ�.U\ VNL��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6DWHOOLWH�*HRGHV\�DQG�1DYLJDWLRQ���6WDWXV� LQ� WKH� FXUULFXOXP�� FRPSXOVRU\� LQ� WKH� OLQH� RI� VSHFLDOL]DWLRQ�� JHRGHV\� DQG� VDWHOOLWH�QDYLJDWLRQ���'HVFULSWLRQ�� &RQFHSW� RI� WKH� ILJXUH� �VKDSH�� RI� WKH� (DUWK�� � (DUWK¶V� JUDYLW\� ILHOG� �(DUWK¶V�JUDYLWDWLRQDO�SRWHQWLDO�DQG�DFFHOHUDWLRQ�RI�JUDYLW\��/DSODFH�HTXDWLRQ�LQ�VSDFH�SRODU�FRRUGLQDWHV�DQG� LWV� VROXWLRQ�� HTXLSRWHQWLDO� VXUIDFHV� DQG� YHUWLFDO� OLQHV��� � *HRGHWLF� FRRUGLQDWH� V\VWHPV��QDWXUDO� FRRUGLQDWHV�� V\VWHPV� RI� KHLJKWV�� VHD� OHYHO� DQG� JHRLG�� HOOLSVRLG� UHIHUHQFH� V\VWHPV��QRUPDO� JUDYLW\� ILHOG�� JHRGHWLF� UHIHUHQFH� V\VWHPV��� � *UDYLPHWULF� PHWKRGV� RI� JHRLG�GHWHUPLQDWLRQ� �JUDYLPHWULF� DQRPDO\�� YHUWLFDO� GHIOHFWLRQ�� ERXQGDU\� YDOXH� SUREOHP� DQG� LWV�VROXWLRQ�� 6WRNHV� IRUPXOD� DQG� 9HQLQJ�0HLQHV]� IRUPXOD�� JUDYLW\� UHGXFWLRQ��� � $VWURQRPLF�JHRGHWLF�PHWKRGV��DVWURQRPLFDO�FRRUGLQDWHV�YHUVXV�JHRGHWLF�FRRUGLQDWHV��DVWURQRPLF�OHYHOLQJ��JHRLG� LQ� WKH�*36�DQG�GLUHFW� OHYHOLQJ��� �6\VWHPV�RI�KHLJKWV� �G\QDPLF�KHLJKWV��3RLQFDUH�3UH\�UHGXFWLRQ�� RUWKRPHWULF� KHLJKWV�� QRUPDO� KHLJKWV�� FRPSDUDWLYH� DQDO\VHV� RI� KHLJKW� V\VWHPV��V\VWHPV�RI�KHLJKWV�LQ�3RODQG����*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�WKH�SK\VLFDO�DVSHFWV�RI�JHRGHV\���3UHFHGLQJ�VXEMHFWV��PDWKHPDWLFV��SK\VLFV��JHRGHV\�DQG�JHRGHWLF�DVWURQRP\���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��FODVVHV��LQFOXGLQJ�SUDFWLFH�DQG�ILHOG�WUDLQLQJ���5HIHUHQFHV���&]DUQHFNL�.���������*HRGH]MD�ZVSyáF]HVQD��:LHG]D�L� \FLH��:DUV]DZD��*HRGH]MD�:\ V]D�L�$VWURQRPLD�*HRGH]\MQD��SUDFD�]ELRURZD��3:1��:DUV]DZD�:URFáDZ��������1LZHODFMD�3UHF\]\MQD��SUDFD�]ELRURZD��33:.��:DUV]DZD�:URFáDZ��������ûZLF]HQLD�]�*HRGH]ML�:\ V]HM��SUDFD�]ELRURZD��3:1��:DUV]DZD��������*HRGH]MD� :\ V]D� L� $VWURQRPLD� *HRGH]\MQD�� =DGDQLD� L� 3U]\NáDG\�� SUDFD� ]ELRURZD�� 3:1�� :URFáDZ���������$VVHVVPHQW��FODVVHV���KRPHZRUN�DVVLJQPHQWV��UHSRUWV�RQ�ILHOG�WUDLQLQJ��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���([DPLQDWLRQ��ZULWWHQ�DQG�RUDO��DW�WKH�HQG�RI�VHPHVWHU�����
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6XEMHFW��
6DWHOOLWH�JHRGHV\�

&RGH����������'��� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV���V�������OHFWXUHV����FODVVHV�±�V����

1XPEHU� RI� (&76� FUHGLWV�������
�&RRUGLQDWRU�V���3URIHVVRU�6WDQLVáDZ�2V]F]DN��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6DWHOOLWH�*HRGHV\�DQG�1DYLJDWLRQ���6WDWXV� LQ� WKH� FXUULFXOXP�� FRPSXOVRU\� LQ� WKH� OLQH� RI� VSHFLDOL]DWLRQ�� JHRGHV\� DQG� VDWHOOLWH�QDYLJDWLRQ���'HVFULSWLRQ��7KH�XVH�RI�VDWHOOLWH�V\VWHPV�LQ�JHRGHV\�DQG�QDYLJDWLRQ���,QQRYDWLYH�REVHUYDWLRQ�WHFKQRORJLHV�� � *36� ±� WKH� RSHUDWLQJ� SULQFLSOH�� � 5HIHUHQFH� V\VWHPV�� � 6DWHOOLWH� RUELWV���'HWHUPLQDWLRQ�RI� VDWHOOLWH�FRRUGLQDWHV�RQ� WKH�EDVLV�RI� VDWHOOLWH�HSKHPHULGHV�� �6DWHOOLWH� VLJQDO�VWUXFWXUH���2EVHUYDWLRQ�GDWD���3UDFWLFDO�JHRGHWLF�VXUYH\V���*36���)LHOG�REVHUYDWLRQ�SURFHGXUH���&RRUGLQDWH� WUDQVIRUPDWLRQV�� � 0DWKHPDWLFDO� PRGHOV� RI� VDWHOOLWH� SRVLWLRQ� GHWHUPLQDWLRQ���2EVHUYDWLRQ�SRVW�SURFHVVLQJ���*36�QHWZRUN�DGMXVWPHQW�DQG�FRRUGLQDWH�WUDQVIRUPDWLRQ�WR�ORFDO�V\VWHPV���0HWKRGV�RI�UHDO�WLPH�SRVLWLRQLQJ��'*36�DQG�57.���0HWKRGV�RI�VDWHOOLWH�SRVLWLRQLQJ�DQG�WKHLU�DFFXUDF\���7KH�IXWXUH�RI�*36���*RDOV�� WR� GLVFXVV� WKH� SULQFLSOHV� RI� VDWHOOLWH� SRVLWLRQLQJ� �*36�� IRU� JHRGHWLF� DQG� QDYLJDWLRQ�SXUSRVHV���3UHFHGLQJ�VXEMHFWV��JHRGHV\�DQG�JHRGHWLF�DVWURQRP\���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��SUDFWLFDO�FODVVHV�DQG�ILHOG�WUDLQLQJ���5HIHUHQFHV���0LVUD� 3��� (QJH� 3��� ������ *OREDO� 3RVLWLRQLQJ� 6\VWHP� ±� 6LJQDOV�� 0HDVXUHPHQWV� DQG�3HUIRUPDQFH��*DQJD�-DPXQD�3UHVV��/LQFROQ��0$��86$��/HLFN�$���������*36�6DWHOOLWH�6XUYH\LQJ��-�:LOH\�	�6RQV��+RIPDQQ�:HOOHQKRI�%����+��/LFKWHQHJHU�DQG�-��&ROOLQV��������*36�7KHRU\�DQG�3UDFWLFH��&]DUQHFNL�.����������*HRGH]MD�:VSyáF]HVQD���:LHG]D�L� \FLH��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�KRPHZRUN�DVVLJQPHQWV��UHSRUWV�RQ�ILHOG�WUDLQLQJ��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ��ZULWWHQ��DW�WKH�HQG�RI�VHPHVWHU�����
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6XEMHFW��
$VWURG\QDPLF� HOHPHQWV� RI�JHRGHV\��

&RGH����������'��� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���3URIHVVRU�$QGU]HM�'UR \QHU��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV� LQ� WKH� FXUULFXOXP�� FRPSXOVRU\� LQ� WKH� OLQH� RI� VSHFLDOL]DWLRQ�� JHRGHV\� DQG� VDWHOOLWH�QDYLJDWLRQ���'HVFULSWLRQ��WKH�FRXUVH�FRQVLVWV�RI�ILYH�PDLQ�SDUWV��
$VWURQRPLF� EDVHV� RI� FRRUGLQDWH� V\VWHPV� DQG� WLPH� �HOHPHQWDU\� URWDWLRQ�� V\VWHPV� RI�FRRUGLQDWHV� DQG� WKHLU� WUDQVIRUPDWLRQV� E\� HOHPHQWDU\� URWDWLRQV�� PRWLRQV� RI� WKH� FHOHVWLDO��HFOLSWLF�DQG�WHUUHVWULDO�SROHV��SUHFHVVLRQ�DQG�QXWDWLRQ��VLGHUHDO��VRODU��G\QDPLF��DWRPLF��SURSHU�DQG�FRRUGLQDWH�WLPH��
(OHPHQWV�RI�WKH�SRWHQWLDO�WKHRU\��1HZWRQLDQ�SRWHQWLDO��SRWHQWLDO�RI�D�ERG\��/DSODFH�HTXDWLRQ�DQG�3RLVVRQ�HTXDWLRQ��HOOLSVRLGDO�DQG�VSKHULFDO�KDUPRQLFV��VDPSOLQJ�IXQFWLRQV�DQG�PDVFRQV��WHUUHVWULDO�PDJQHWLF�ILHOG���
7ZR�ERG\� SUREOHP� �PDWKHPDWLFDO� PRGHO� RI� PRWLRQ� LQ� VDWHOOLWH� JHRGHV\�� DUHD�� HQHUJ\� DQG�/DSODFH�LQWHJUDOV��GHWHUPLQDWLRQ�RI�WKH�SDUDPHWHUV�RI�.HSOHULDQ�RUELWV���
3HUWXUEDWLRQV�LQ�WKH�PRWLRQ�RI�(DUWK�DUWLILFLDO�VDWHOOLWHV��RVFXODWLQJ�RUELW��1HZWRQ�/DQJUDQJH�HTXDWLRQ��/DJUDQJH�DQG�3RLVVRQ�EUDFNHWV��JHRSRWHQWLDO�JUDGLHQW��WKH�6XQ�� WKH�0RRQ��SODQHWV��(DUWK¶V� DQG� RFHDQLF� WLGHV�� DWPRVSKHUH�� UDGLDWLRQ� SUHVVXUH�� UHODWLYLVWLF� HIIHFWV�� YDULDWLRQ�HTXDWLRQV�IRU�SDUWLDO�GHULYDWLYHV��PRGHOV�RI�PRWLRQ�RI�VDWHOOLWH�QDYLJDWLRQ�V\VWHPV���3ODQHWDU\�JHRGHV\��FRRUGLQDWH�V\VWHPV�DQG�JUDYLWDWLRQDO�ILHOGV�RI�VHOHFWHG�SODQHWV����*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV�ZLWK� WKH�PHWKRGV� DSSOLHG� LQ� DVWURQRP\�� FHOHVWLDO�PHFKDQLFV��DVWURG\QDPLFV�DQG�JHRSK\VLFV�WKDW�PD\�EH�XVHIXO�LQ�JHRGHV\�DQG�VDWHOOLWH�QDYLJDWLRQ���3UHFHGLQJ�VXEMHFWV��PDWKHPDWLFV��SK\VLFV��JHRGHV\�DQG�JHRGHWLF�DVWURQRP\���7HDFKLQJ�PHWKRG��OHFWXUHV��FODVVHV���5HIHUHQFHV���7KH�OLVW�RI�UHIHUHQFH�ERRNV�LV�SURYLGHG�DW�WKH�EHJLQQLQJ�RI�WKH�FRXUVH���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�����
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6XEMHFW��
0HWKRGV� RI� VDWHOOLWH�SRVLWLRQLQJ�

&RGH����������'��� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���0LHF]\VáDZ�%DNXáD��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6DWHOOLWH�*HRGHV\�DQG�1DYLJDWLRQ���6WDWXV� LQ� WKH� FXUULFXOXP�� FRPSXOVRU\� LQ� WKH� OLQH� RI� VSHFLDOL]DWLRQ�� JHRGHV\� DQG� VDWHOOLWH�QDYLJDWLRQ���'HVFULSWLRQ�� %DVLF� PHWKRGV� RI� VDWHOOLWH� SRVLWLRQLQJ�� � *36� REVHUYDWLRQV� E\� WKH� IROORZLQJ�PHWKRGV�� VWDWLF�� IDVW� VWDWLF�� UDSLG� VWDWLF�� NLQHPDWLF��'*36�UHDO�WLPH��'*36�SRVW�SURFHVVLQJ��57.�UHDO�WLPH�� 57.�SRVW�SURFHVVLQJ�� � 3RVLWLRQLQJ� DQG� QDYLJDWLRQ� RI� D� PRYLQJ� REMHFW���0RQLWRULQJ�RI�YHKLFOH�WUDIILF�� �&UHDWLRQ�DQG�XSGDWLQJ��E\�WKH�'*36�PHWKRG��RI�GLJLWDO�PDSV�DQG� GHVFULSWLYH� GDWDEDVHV� IRU� WKH� SXUSRVHV� RI�*HRJUDSKLFDO� ,QIRUPDWLRQ� 6\VWHPV�� �&UHDWLRQ�DQG� XSGDWLQJ�� E\� WKH� 57.� PHWKRG�� RI� ODUJH�VFDOH� GLJLWDO� PDSV� IRU� WKH� SXUSRVHV� RI� /DQG�LQIRUPDWLRQ�V\VWHPV�� �'HWHUPLQDWLRQ�RI�FRRUGLQDWHV� ��'��RI�FRQWURO�SRLQWV�DQG�RWKHU� WHUUDLQ�SRLQWV�E\� WKH�57.�PHWKRG�� �0DUNLQJ�RXW� �SRVLWLRQLQJ���E\� WKH�57.�PHWKRG��RI�SRLQWV�ZLWK�NQRZQ�FRRUGLQDWHV���6XSSRUW�LQ�FRQWURO�RI�PDFKLQHU\�DQG�URERWV���*RDOV��WR�GLVFXVV�PHWKRGV�RI�VDWHOOLWH�SRVLWLRQLQJ��*36��IRU�JHRGHWLF�DQG�QDYLJDWLRQ�SXUSRVHV���3UHFHGLQJ�VXEMHFWV��JHRGHV\��JHRGHWLF�DVWURQRP\��VDWHOOLWH�JHRGHV\���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��SUDFWLFDO�FODVVHV�DQG�ILHOG�WUDLQLQJ���5HIHUHQFHV���0LVUD� 3��� (QJH� 3��� ������ *OREDO� 3RVLWLRQLQJ� 6\VWHP� ±� 6LJQDOV�� 0HDVXUHPHQWV� DQG�3HUIRUPDQFH��*DQJD�-DPXQD�3UHVV��/LQFROQ��0$��86$��/HLFN�$���������*36�6DWHOOLWH�6XUYH\LQJ��-�:LOH\�	�6RQV��+RIPDQQ�:HOOHQKRI�%���+��/LFKWHQHJHU�DQG�-��&ROOLQV��������*36�7KHRU\�DQG�3UDFWLFH��&]DUQHFNL�.����������*HRGH]MD�:VSyáF]HVQD���:LHG]D�L� \FLH��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�KRPHZRUN�DVVLJQPHQWV��UHSRUWV�RQ�ILHOG�WUDLQLQJ��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���([DPLQDWLRQ��ZULWWHQ��DW�WKH�HQG�RI�VHPHVWHU�����
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6XEMHFW��
6DWHOOLWH�QDYLJDWLRQ�

&RGH����������'��� 6HPHVWHU�������
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1XPEHU� RI� (&76� FUHGLWV�������
�&RRUGLQDWRU�V���3URIHVVRU�6WDQLVáDZ�2V]F]DN��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6DWHOOLWH�*HRGHV\�DQG�1DYLJDWLRQ���6WDWXV� LQ� WKH� FXUULFXOXP�� FRPSXOVRU\� LQ� WKH� OLQH� RI� VSHFLDOL]DWLRQ�� JHRGHV\� DQG� VDWHOOLWH�QDYLJDWLRQ���'HVFULSWLRQ��7KH�SULQFLSOHV�RI�VDWHOOLWH�SRVLWLRQLQJ�DQG�QDYLJDWLRQ�� �%DVLF�SDUDPHWHUV�RI� WKH�QDYLJDWLRQ�V\VWHP���2EMHFW�G\QDPLFV���0DWKHPDWLFDO�GHVFULSWLRQ�RI�REMHFW�G\QDPLFV���.DOPDQ�ILOWHULQJ�� �0DWKHPDWLFDO� GHVFULSWLRQ� RI� WKH� QDYLJDWLRQ� SURFHVV�� � 7HUUHVWULDO� QDYLJDWLRQ�� � 6HD�QDYLJDWLRQ�� � $HULDO� QDYLJDWLRQ�� � ,QWHJUDWLRQ� RI� VDWHOOLWH� QDYLJDWLRQ� WHFKQLTXHV� ZLWK� GHFN�V\VWHPV���*RDOV��WR�KHOS�VWXGHQWV�JDLQ�NQRZOHGJH�HQDEOLQJ�WKHP�WR�XVH�VDWHOOLWH�QDYLJDWLRQ�LQ�GLIIHUHQW�EUDQFKHV�RI�VFLHQFH�DQG�WHFKQRORJ\���3UHFHGLQJ�VXEMHFWV��JHRGHV\��JHRGHWLF�DVWURQRP\��VDWHOOLWH�JHRGHV\���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��SUDFWLFDO�FODVVHV�DQG�ILHOG�WUDLQLQJ���5HIHUHQFHV���/HLFN�$���������*36�6DWHOOLWH�6XUYH\LQJ��-�:LOH\�	�6RQV��+RIPDQQ�:HOOHQKRI�%���+��/LFKWHQHJHU�DQG�-��&ROOLQV��������*36�7KHRU\�DQG�3UDFWLFH��&KDWILHOG� $�%��� ������ )XQGDPHQWDOV� RI� +LJK�$FFXUDF\� ,QHUWLDO� 1DYLJDWLRQ�� $,$$�� 5HVWRQ��9LUJLQLD��86$���$VVHVVPHQW��FODVVHV�±�KRPHZRUN�DVVLJQPHQWV��UHSRUWV�RQ�ILHOG�WUDLQLQJ��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ��ZULWWHQ��DW�WKH�HQG�RI�VHPHVWHU�����
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6XEMHFW��
7KHRU\� RI� VDWHOOLWH�PHDVXUHPHQW�HODERUDWLRQ�

&RGH����������'��� 6HPHVWHU�������

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU� RI� (&76� FUHGLWV�������
�&RRUGLQDWRU�V���3URIHVVRU�/XERPLU�:��%DUDQ��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV� LQ� WKH� FXUULFXOXP�� FRPSXOVRU\� LQ� WKH� OLQH� RI� VSHFLDOL]DWLRQ�� JHRGHV\� DQG� VDWHOOLWH�QDYLJDWLRQ���'HVFULSWLRQ�� 3UREDELOLVWLF� EDVHV� RI� HODERUDWLRQ� RI� VDWHOOLWH� REVHUYDWLRQ� UHVXOWV�� �0HWKRGV� RI�HVWLPDWLRQ� RI� UDQGRP� YDULDEOH� SDUDPHWHUV�� � &KDUDFWHULVWLFV� RI� PHDVXULQJ� HUURUV� LQ� ODVHU��DOWLPHWULF�DQG�LQWHUIHURPHWULF�VDWHOOLWH�VXUYH\V���2EVHUYDWLRQ�HUURUV�LQ�WKH�*36�DQG�PHWKRGV�RI�WKHLU�HOLPLQDWLRQ�E\�WKH�FUHDWLRQ�RI�REVHUYDEOHV���(VWLPDWLRQ�RI�YHFWRU�FRRUGLQDWHV�GHWHUPLQHG�ZLWK� WKH� *36�� � $GMXVWPHQW� RI� VDWHOOLWH� JHRGHWLF� QHWZRUNV� E\� WKH� OHDVW� VTXDUH� PHWKRG���$GMXVWPHQW� RI� VDWHOOLWH� JHRGHWLF� QHWZRUNV� E\� VHTXHQWLDO�PHWKRGV�� �$GYDQFHG� DOJRULWKPV� RI�HODERUDWLRQ�RI�*36�REVHUYDWLRQ�UHVXOWV��%HUQHVH��*<36<��*$0,7����(ODERUDWLRQ�RI�VDWHOOLWH�PHDVXUHPHQW�UHVXOWV�E\�QRQ�VWDQGDUG�PHWKRGV���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�PHWKRGV�RI�HODERUDWLRQ�RI�VDWHOOLWH�PHDVXUHPHQWV�DSSOLHG�LQ��JHRGHV\�DQG�JHRG\QDPLFV���3UHFHGLQJ�VXEMHFWV��PDWKHPDWLFV��SK\VLFV��FRPSXWHU�VFLHQFH��VXUYH\LQJ�GDWD�DGMXVWPHQW�DQG�DQDO\VLV��JHRGHV\�JHRGHWLF�DVWURQRP\��VDWHOOLWH�JHRGHV\��
7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��FODVVHV��� 5HIHUHQFHV���%DUDQ� /�:��� ������ 7HRUHW\F]QH� SRGVWDZ\� RSUDFRZDQLD� Z\QLNyZ� SRPLDUyZ� JHRGH]\MQ\FK��3:1��:DUV]DZD��7HXQLVVHQ�3�-�*���$��.OHXVEHUJ��������*36�IRU�*HRGHV\��6SULQJHU�9HUODJ��/HLFN�$���������*36�6DWHOOLWH�6XUYH\LQJ��-�:LOH\�	�6RQV��+RIPDQQ�:HOOHQKRI�%���+��/LFKWHQHJHU�DQG�-��&ROOLQV��������*36�7KHRU\�DQG�3UDFWLFH��&]DUQHFNL�.����������*HRGH]MD�:VSyáF]HVQD���:LHG]D�L� \FLH��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�KRPHZRUN�DVVLJQPHQWV��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ��ZULWWHQ�DQG�RUDO��DW�WKH�HQG�RI�VHPHVWHU�����
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6XEMHFW��
'DWD�WHOHWUDQVPLVVLRQ�V\VWHPV�

&RGH����������'��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���3URIHVVRU�6WDQLVáDZ�2V]F]DN��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6DWHOOLWH�*HRGHV\�DQG�1DYLJDWLRQ���6WDWXV� LQ� WKH� FXUULFXOXP�� FRPSXOVRU\� LQ� WKH� OLQH� RI� VSHFLDOL]DWLRQ�� JHRGHV\� DQG� VDWHOOLWH�QDYLJDWLRQ���'HVFULSWLRQ�� 6LJQDO� JHQHUDWLQJ�� � 6LJQDO� SURSDJDWLRQ� LQ�PDWHULDO�PHGLD�� � 6LJQDO� SURFHVVLQJ���6LJQDO� UHFHSWLRQ�� �6LJQDO�PRGXODWLRQ�� �6LJQDO�FRGLQJ��*ROG�FRGHV��351�FRGHV�� �0HWKRGV�RI�VLJQDO�FDWFKLQJ�LQ�WKH�QRLVH���'LJLWDO�VLJQDO�WUDQVPLVVLRQ���*60��8760�DQG�RWKHU�WHFKQLTXHV���*RDOV��WR�KHOS�VWXGHQWV�JDLQ�SUDFWLFDO�NQRZOHGJH�RI�GDWD�WUDQVPLVVLRQ���3UHFHGLQJ�VXEMHFWV��PDWKHPDWLFV��SK\VLFV��FRPSXWHU�VFLHQFH���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��SUDFWLFDO�FODVVHV�DQG�ILHOG�WUDLQLQJ���5HIHUHQFHV��:HVRáRZVNL�.����������6\VWHP\�UDGLRNRPXQLNDFML�UXFKRZHM��:\G��.RPXQLNDFML�L�à F]QR FL��:DUV]DZD��&]DMNRZVNL� -��� ������ &\IURZH� V\VWHP\� WUDQVPLVML� Z� UDGLRNRPXQLNDFML� PRUVNLHM�� 3:3�Ä6NU\ED´��*GD VN��+RáXERZLF]� :��� 3�� 3áyFLHQQLN�� $�� 5y D VNL�� ������ 6\VWHP\� á F]QR FL� EH]SU]HZRGRZHM��3R]QD ��+RáXERZLF]�:���3��3áyFLHQQLN��������*60�F\IURZ\�V\VWHP�WHOHIRQLL�NRPyUNRZHM��:\G��()3��3R]QD ���$VVHVVPHQW��FODVVHV���±�KRPHZRUN�DVVLJQPHQWV��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���
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6XEMHFW��
+\GURJUDSKLF�VXUYH\V�

&RGH����������'��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���3URIHVVRU�6WDQLVáDZ�2V]F]DN��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6DWHOOLWH�*HRGHV\�DQG�1DYLJDWLRQ���6WDWXV� LQ� WKH� FXUULFXOXP�� FRPSXOVRU\� LQ� WKH� OLQH� RI� VSHFLDOL]DWLRQ�� JHRGHV\� DQG� VDWHOOLWH�QDYLJDWLRQ���'HVFULSWLRQ�� 7KHRULHV� RI� EDWK\PHWULF� VXUYH\LQJ� RI� VWUHDPV�� ODNHV� DQG� LQODQG�ZDWHU� ERGLHV���6RQLF� GHSWK� ILQGHUV� ±� WKH� RSHUDWLQJ� SULQFLSOH�� � ,QWHJUDWLRQ� RI� WKH� *36� ZLWK� WKH� GHSWK�PHDVXUHPHQW� V\VWHP�� �0HDVXULQJ�SURILOH�SURMHFWV�� �9HVVHO�QDYLJDWLRQ�� �'DWD� HYDOXDWLRQ� DQG�GUDZLQJ�D�EDWK\PHWULF�PDS���*RDOV��WR�KHOS�VWXGHQWV�JDLQ�SUDFWLFDO�NQRZOHGJH�RI�K\GURJUDSKLF�VXUYH\V���3UHFHGLQJ�VXEMHFWV��JHRGHV\���7HDFKLQJ�PHWKRG��SUDFWLFDO�FODVVHV�DQG�ILHOG�WUDLQLQJ���'DWD�KDQGOLQJ���5HIHUHQFHV���+\GURJUDSK\�IRU�WKH�VXUYH\RU�DQG�HQJLQHHU��/LHXWHQDQW�&RPPDQGHU�$��(��,QJKDP�6LPUDG�($����3�,QVWUXFWLRQ�0DQXDO��.RQJVEHUJ�6LPUDG��$VVHVVPHQW��FODVVHV�±�UHSRUWV�RQ�ILHOG�WUDLQLQJ��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���
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�
6XEMHFW��
$GYDQFHG� SURJUDPPLQJ�WHFKQLTXHV�

&RGH����������'��� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���3URIHVVRU�6WDQLVáDZ�2V]F]DN��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6DWHOOLWH�*HRGHV\�DQG�1DYLJDWLRQ���6WDWXV� LQ� WKH� FXUULFXOXP�� FRPSXOVRU\� LQ� WKH� OLQH� RI� VSHFLDOL]DWLRQ�� JHRGHV\� DQG� VDWHOOLWH�QDYLJDWLRQ���'HVFULSWLRQ��3URJUDPPLQJ�LQ�3DVFDO��'HOSKL��&���$OJRULWKPV�RI�SURFHVVLQJ�RI�YHFWRU�JUDSKLF�GDWD�� �5HODWLRQDO�GDWDEDVHV�� �4XHU\�ODQJXDJH�IRU� UHODWLRQDO�GDWDEDVHV�64/�� �3URJUDPPLQJ�LQ�0LFURVWDWLRQ�����LQWHUSUHWHU�0'/����*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�SURJUDPPLQJ�IRU�JHRGHWLF�SXUSRVHV���3UHFHGLQJ�VXEMHFWV��WKH�EDVLFV�RI�FRPSXWHU�VFLHQFH���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� YLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV�� SUDFWLFDO� FODVVHV� DW� D�FRPSXWHUL]HG�ODERUDWRU\���5HIHUHQFHV���$YDLODEOH�SURIHVVLRQDO�OLWHUDWXUH�RQ�SURJUDPPLQJ���$VVHVVPHQW��FODVVHV�±�UHSRUWV��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�����
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�
6XEMHFW��
)LHOG� WUDLQLQJ� LQ� VDWHOOLWH�JHRGHV\��

&RGH����������'���� 6HPHVWHU�����

)RUP��)LHOG�WUDLQLQJ� 1XPEHU�RI�KRXUV�VHPHVWHU����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���0LHF]\VáDZ�%DNXáD��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6DWHOOLWH�*HRGHV\�DQG�1DYLJDWLRQ���6WDWXV� LQ� WKH� FXUULFXOXP�� FRPSXOVRU\� LQ� WKH� OLQH� RI� VSHFLDOL]DWLRQ�� JHRGHV\� DQG� VDWHOOLWH�QDYLJDWLRQ���'HVFULSWLRQ�� *36� REVHUYDWLRQV� E\� WKH� IROORZLQJ� PHWKRGV�� VWDWLF�� UDSLG� VWDWLF�� NLQHPDWLF��'*36�UHDO�WLPH�� '*36�SRVW�SURFHVVLQJ�� 57.�UHDO�WLPH�� 57.�SRVW�SURFHVVLQJ�� � *36�REVHUYDWLRQ� SRVW�SURFHVVLQJ�� � &UHDWLRQ� DQG� XSGDWLQJ�� E\� WKH� 57.� PHWKRG�� RI� ODUJH�VFDOH�GLJLWDO�PDSV�IRU�WKH�SXUSRVHV�RI�/DQG�LQIRUPDWLRQ�V\VWHPV���'HWHUPLQDWLRQ�RI�FRRUGLQDWHV���'��RI� FRQWURO� SRLQWV� E\� WKH�57.�PHWKRG�� �0DUNLQJ� RXW� �SRVLWLRQLQJ��� E\� WKH�57.�PHWKRG�� RI�SRLQWV�ZLWK�NQRZQ�FRRUGLQDWHV���*RDOV��WR�EUXVK�XS�VWXGHQWV¶�NQRZOHGJH�LQ�WKH�ILHOG�RI�VDWHOOLWH�JHRGHV\���3UHFHGLQJ�VXEMHFWV��VDWHOOLWH�JHRGHV\��PHWKRGV�RI�VDWHOOLWH�SRVLWLRQLQJ��GDWD�WHOHWUDQVPLVVLRQ�V\VWHPV���7HDFKLQJ�PHWKRG��SUDFWLFDO�FODVVHV�DQG�ILHOG�WUDLQLQJ���'DWD�KDQGOLQJ���5HIHUHQFHV���/HLFN�$���������*36�6DWHOOLWH�6XUYH\LQJ��-�:LOH\�	�6RQV��+RIPDQQ�:HOOHQKRI�%���+��/LFKWHQHJHU�DQG�-��&ROOLQV��������*36�7KHRU\�DQG�3UDFWLFH���$VVHVVPHQW��UHSRUWV�RQ�ILHOG�WUDLQLQJ���
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�
6XEMHFW��
(QJLQHHULQJ�JHRGHV\��

&RGH����������'���� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU� RI� (&76� FUHGLWV�������
�&RRUGLQDWRU�V��� :DOGHPDU�.DPL VNL��3K'��$ORM]\�:DVLOHZVNL��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\�LQ�WKH�OLQH�RI�VSHFLDOL]DWLRQ��DSSOLHG�JHRGHV\���'HVFULSWLRQ��0RGHUQ�PHWKRGV� RI� QHWZRUN� HVWDEOLVKLQJ� DQG� GDWD� HYDOXDWLRQ�� � 7KH� EDVLFV� RI�DFFXUDF\� DQDO\VLV� LQ� JHRGHWLF� VXUYH\V�� WDNLQJ� LQWR� FRQVLGHUDWLRQ� HQYLURQPHQWDO� FRQGLWLRQV���0HDVXUHPHQW� RI� GLVSODFHPHQW� DQG� GHIRUPDWLRQ� LQ� HQJLQHHULQJ� VWUXFWXUHV� DQG� WKHLU�VXUURXQGLQJV�� �0HWKRGV�RI�GHWHUPLQLQJ� WKH� VKDSH�RI�HQJLQHHULQJ�VWUXFWXUHV� �FRROLQJ� WRZHUV��FRDWLQJV����*HRGHWLF�VXUYH\V�LQ�K\GUR�HQJLQHHULQJ��KLJKZD\�HQJLQHHULQJ��PXOWL�OHYHO�DQG�RQH�OHYHO� FURVVLQJV�� KLJKZD\� FRQVWUXFWLRQ�� EULGJH� DQG� WXQQHO� EXLOGLQJ��� � *HRGHWLF� VXUYH\V� LQ�K\GUR��DQG�KDUERU�HQJLQHHULQJ���5DLOZD\�WUDFN�PRQLWRULQJ���$VVHVVPHQW�RI�EXLOGLQJ�WHFKQLFDO�FRQGLWLRQ�IRU�SXUSRVHV�RI�YDOXDWLRQ�DQG�DSSUDLVDO��*HRGHWLF� DFFXUDF\� DQDO\VLV� RI� FRQVWUXFWLRQ� SURMHFWV� DQG� GHVLJQV� IRU� EXLOGLQJV�� � 2Q�VLWH�PHDVXUHPHQW� RI� GLVSODFHPHQW� DQG� GHIRUPDWLRQ� LQ� HQJLQHHULQJ� VWUXFWXUHV� DQG� WKHLU�VXUURXQGLQJV��'DWD�HYDOXDWLRQ���*HRPHWULF�LQWHUSUHWDWLRQ�RI�PHDVXUHPHQW�UHVXOWV���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�LQQRYDWLYH�WHFKQLTXHV�RI�HQJLQHHULQJ�VXUYH\V���3UHFHGLQJ�VXEMHFWV��WKH�EDVLFV�RI�HQJLQHHULQJ�JHRGHV\���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� YLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV�� FRPSXWHU�DLGHG�SUHVHQWDWLRQV���5HIHUHQFHV��3U]HZáRFNL� 6��� ������ *HRGH]MD� LQ \QLHU\MQR�� GURJRZD�� � :\GDZQLFWZR� 1DXNRZH� 3:1��:DUV]DZD��%U\ �+���6��3U]HZáRFNL��������*HRGH]\MQH�PHWRG\�SRPLDUyZ�SU]HPLHV]F]H �EXGRZOL��:\GDZQLFWZR�1DXNRZH�3:1��:DUV]DZD��
.ZLDWHN� -�� L� LQ��� ������ 2FKURQD� RELHNWyZ� EXGRZODQ\FK� QD� WHUHQDFK� JyUQLF]\FK��:\GDZQLFWZR�*áyZQHJR�,QVW\WXWX�*yUQLFWZD��.DWRZLFH��
3UDFD� ]ELRURZD�� ������ 1LZHODFMD� SUHF\]\MQD�� 1LZHODFMD� JHRPHWU\F]QD�� WU\JRQRPHWU\F]QD��VDWHOLWDUQD�L�K\GURQLZHODFMD��33:.��:DUV]DZD��:URFáDZ��
&]DMD�-���������:\EUDQH�]DJDGQLHQLD�]�JHRGH]ML�LQ \QLHU\MQHM��:\GDZQLFWZR�$*+��.UDNyZ���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�����
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�
6XEMHFW��
&RPSXWLQJ� PHWKRGV� LQ�JHRGHV\��

&RGH����������'���� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���3URIHVVRU�=ELJQLHZ�:L QLHZVNL��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\�LQ�WKH�OLQH�RI�VSHFLDOL]DWLRQ��DSSOLHG�JHRGHV\���'HVFULSWLRQ�� *HQHUDO� PDWUL[� DOJHEUD�� LQFOXGLQJ� ILUVW� RI� DOO� JHQHUDO� LQYHUVHV� DQG� WKHLU�DSSOLFDWLRQ� WR� VROYLQJ� V\VWHPV� RI� HTXDWLRQV�� � %DVLF� SUREOHPV� RI�PDWKHPDWLFDO� RSWLPL]DWLRQ��RSWLPDOLW\� FRQGLWLRQV� DQG� HOHPHQWV� RI� QRQ�OLQHDU� SURJUDPPLQJ��� � $GMXVWPHQW� PHWKRGV��LQFOXGLQJ� IUHH� DGMXVWPHQW� �WDNLQJ� LQWR� DFFRXQW� JHQHUDO�PDWUL[� DOJHEUD��� DGMXVWPHQW�ZLWK� WKH�XVH� RI� PHDVXULQJ� HUURU� PRGHOV� �V\VWHPDWLF� DQG� GHWHUPLQLVWLF� HUURUV��� JURVV� HUURU�IUHH�DGMXVWPHQW�� � 3URFHGXUHV� RI� HVWLPDWLRQ� DQG� ILOWUDWLRQ� ZLWK� WKH� XVH� RI� G\QDPLF� PRGHOV� RI�JHRGHWLF�REVHUYDWLRQV��LQFOXGLQJ�HOHPHQWV�RI�GHIRUPDWLRQ�DQDO\VLV���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�QHZ�PHWKRGV�RI�GDWD�HYDOXDWLRQ�DQG�DQDO\VLV��FRQFHUQLQJ�ILUVW�RI�DOO�UHVXOWV�RI�PHDVXUHPHQW����7KH�XQGHUVWDQGLQJ�RI�WKHVH�PHWKRGV�DQG�WKH�DELOLW\�WR�SXW�WKHP�WR�SUDFWLFH�KHOSV�VWXGHQWV�GHVFULEH�WKH�SUREOHPV�RI�PRGHUQ�JHRGHV\��LQWHUSUHW�WKH�UHVXOWV�SURSHUO\� DQG� VROYH� VLJQLILFDQW� VFLHQWLILF� SUREOHPV�� � 7KLV� FRXUVH� SUHSDUHV� WKHP� IRU� IXUWKHU�GHYHORSPHQW�GXULQJ�GRFWRUDO�VWXGLHV���3UHFHGLQJ�VXEMHFWV��PDWKHPDWLFV��JHRGHV\��VXUYH\LQJ�GDWD�DGMXVWPHQW�DQG�DQDO\VLV���7HDFKLQJ�PHWKRG��FODVVLFDO�DQG�FRPSXWHU�DLGHG���5HIHUHQFHV����7KH�OLVW�RI�UHIHUHQFH�ERRNV�LV�SURYLGHG�DW�WKH�EHJLQQLQJ�RI�WKH�FRXUVH���$VVHVVPHQW��FODVVHV��FRPSXWDWLRQDO�ZRUN��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�����
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�
6XEMHFW��
(OHPHQWV� RI� VDWHOOLWH�QDYLJDWLRQ��*36�57.��

&RGH����������'���� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���=RILD�5]HSHFND��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\�LQ�WKH�OLQH�RI�VSHFLDOL]DWLRQ��DSSOLHG�JHRGHV\���'HVFULSWLRQ�� /HFWXUHV� FRQFHUQ� WKH� IROORZLQJ� SUREOHPV�� WKHRUHWLFDO� EDVHV� RI� UHDO�WLPH�SRVLWLRQLQJ��LQFOXGLQJ�'*36�DQG�57.��D�UHYLHZ�RI�FRUUHFWLRQ�WUDQVPLVVLRQ�PHWKRGV��D�UHYLHZ�RI�HQXPHUDWLYH�DOJRULWKPV�IRU�SUHFLVH�VDWHOOLWH�QDYLJDWLRQ�� WKH�DSSOLFDWLRQ�RI�SUHFLVH�VDWHOOLWH�QDYLJDWLRQ�WR�HQJLQHHULQJ�JHRGHV\��&ODVVHV� FRQFHUQ� WKH� IROORZLQJ� SUREOHPV�� UDGLR� DLGV� LQ� FRUUHFWLRQ� WUDQVPLVVLRQ�� SUDFWLFDO�DSSOLFDWLRQ� RI� FRPSXWHU� SURJUDPV� DVVLVWLQJ� 57.�� SUDFWLFDO� UHDO�WLPH� SRVLWLRQLQJ� �57.���³SRVW�SURFHVVLQJ´� GDWD� HYDOXDWLRQ�� SUDFWLFDO� DSSOLFDWLRQ� RI� SUHFLVH� VDWHOOLWH� QDYLJDWLRQ� WR�HQJLQHHULQJ�JHRGHV\��YHKLFOH�PRQLWRULQJ����*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV� ZLWK� LQQRYDWLYH� VDWHOOLWH� WHFKQLTXHV� DSSOLHG� WR� HQJLQHHULQJ�VXUYH\V���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� YLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV�� FRPSXWHU�DLGHG�SUHVHQWDWLRQV�� ILHOG�RQ�VLWH�PHDVXUHPHQW�� FRPSXWDWLRQV�� DFFXUDF\� HVWLPDWLRQ�� FRPSXWH�DLGHG�ZRUN���5HIHUHQFHV���&]DUQHFNL� .��� ������ *HRGH]MD� ZVSyáF]HVQD� � Z� ]DU\VLH�� :\GDZQLFWZR� :LHG]D� L� \FLH��:DUV]DZD��/DPSDUVNL�-���������6\VWHP�1DYVWDU�*36��:\GDZQLFWZR�1DXNRZH�:62�LP��JHQ��-��%HPD��7RUX ��+RIPDQQ�:HOOHQKRI� %���+�� /LFKWHQHJJHU� DQG� -��&ROOLQV��� ������*OREDO� 3RVLWLRQLQJ� 6\VWHP��WKHRU\�DQG�SUDFWLFH��6SULQJHU�9HUOD\��:LHQ��1HZ�<RUN��:DVLOHZVNL�$���=��5]HSHFND��������2SUDFRZDQLH�PHWRG\NL�Z\NRU]\VWDQLD�]HVWDZX�*36�57.�GR� SRPLDUyZ� SRáR HQLD� OLQLL� SRGVWDZRZHM� PRU]D� %DáW\FNLHJR�� 2OV]W\Q� �SUDFD� QLH�RSXEOLNRZDQD����$VVHVVPHQW��FODVVHV��WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�����
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�
6XEMHFW��
6WUXFWXUDO�PHFKDQLFV�

&RGH����������'���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���$ORM]\�:DVLOHZVNL��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\�LQ�WKH�OLQH�RI�VSHFLDOL]DWLRQ��DSSOLHG�JHRGHV\���'HVFULSWLRQ��7KH�IROORZLQJ�HQJLQHHULQJ�SUREOHPV�DUH�GLVFXVVHG�GXULQJ�WKH�FRXUVH���� JURXQG�DV�D�VLWH�RI�EXLOGLQJ�IRXQGDWLRQ��W\SHV�RI�IRXQGDWLRQ��LQFOXGLQJ�VSUHDG�IRXQGDWLRQ�DQG�SLOH�IRXQGDWLRQ����� JURXQG�DV�EXLOGLQJ�PDWHULDO��HDUWK�GDPV��URDG�VXUIDFH��JURXQG�FRQGLWLRQ�LPSURYHPHQW����� HDUWK� SUHVVXUH� DV� WKH�PDLQ� SUHVVXUH� RQ� VWHHQLQJ� LQ� WKH� FDVH� RI� IRXQGDWLRQ� WUHQFKHV� DQG�XQGHUJURXQG�VWUXFWXUHV��UHWDLQLQJ�ZDOOV����� JHRWHFKQRORJLF� JURXQG� SUREOHPV� �YLEUDWLRQV�� HDUWKTXDNHV�� IURVW� SHQHWUDWLRQ�� ORFDO�VHWWOHPHQW����� VWUHQJWK��ULJLGLW\�DQG�VWDELOLW\�RI�EXLOGLQJ�VWUXFWXUHV��DQDO\VLV�RI�EXLOGLQJ�VWUXFWXUH�ZRUN���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�WKH�EDVLFV�RI�VRLO�PHFKDQLFV�DQG�VWUXFWXUDO�PHFKDQLFV�IRU�VXUYH\RUV���3UHFHGLQJ�VXEMHFWV��EXLOGLQJ�HQJLQHHULQJ���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� YLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV�� FRPSXWHU�DLGHG�SUHVHQWDWLRQV���5HIHUHQFHV���&KPLHOHZVNL�7���������0HFKDQLND�EXGRZOL��PHWRGD�SU]HPLHV]F]H ��PHWRGD�&URVVD��PHWRGD�HOHPHQWyZ�VNR F]RQ\FK��:\GDZQLFWZD�1DXNRZR�7HFKQLF]QH��:DUV]DZD��'\O J�=���������0HFKDQLND�EXGRZOL��3ROLWHFKQLND�%LDáRVWRFND��%LDá\VWRN��.HPSL VNL�-���������0HFKDQLND�EXGRZOL��:\GDZQLFWZR�$NDGHPLL�5ROQLF]HM��:URFáDZ��)ODJD� $��� ������ 0HFKDQLND� EXGRZOL�� 8M FLH� V\VWHPRZH�� FKDUDNWHU\VW\NL� ZLHONR FL�JHRPHWU\F]Q\FK�� PHFKDQLF]Q\FK� L� IL]\F]Q\FK� SRPRFQH� Z� REOLF]HQLDFK� VWDW\F]Q\FK��Z\WU]\PDáR FLRZ\FK�L�WHUPLF]Q\FK�EXGRZOL��:\GDZQLFWZR�3ROLWHFKQLNL�/XEHOVNLHM��/XEOLQ���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���
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�
6XEMHFW��
'LJLWDO� PDSV� IRU� HQJLQHHULQJ�SXUSRVHV�

&RGH����������'���� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���.U]\V]WRI�%RMDURZVNL��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\�LQ�WKH�OLQH�RI�VSHFLDOL]DWLRQ��DSSOLHG�JHRGHV\���'HVFULSWLRQ�� 'LJLWDO� PDS� FRPSLODWLRQ� IRU� WKH� SXUSRVHV� RI� SODQQLQJ�� GHVLJQ� DQG� JHRGHWLF�VHUYLFH���/RFDOL]DWLRQ�RI�SDUWLFXODU�REMHFWV�RI�D�SURMHFW�RQ�D�GLJLWDO�PDS���*HRGHWLF�VXUYH\V�IRU�WKH� SXUSRVHV� RI� SURMHFW� GUDZLQJ�� � &RPSXWHU�DLGHG� GUDZLQJ� XS� RI� GRFXPHQWV� QHFHVVDU\� IRU�SURMHFW�OD\LQJ�RXW�RQ�WKH�JURXQG��&$'����0DS�UHYLVLRQ�E\�DGGLQJ�WKH�UHVXOWV�RI�LQYHQWRU\�ILHOG�VXUYH\LQJ���7KH�XVH�RI�GLJLWDO�PDSV�IRU�HQJLQHHULQJ�VWUXFWXUH�PRQLWRULQJ���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV� ZLWK� WKH� WKHRU\� DQG� SUDFWLFH� RI� XVLQJ� GLJLWDO� PDSV� IRU� WKH�SXUSRVHV�RI�SODQQLQJ��GHVLJQ�DQG�JHRGHWLF�VHUYLFH���3UHFHGLQJ�VXEMHFWV��HQJLQHHULQJ�JHRGHV\��VSDWLDO�LQIRUPDWLRQ�V\VWHPV���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� YLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV�� FODVVHV� ±� GUDZLQJ� XS�SURMHFWV�FRQFHUQLQJ�VHOHFWHG�LQYHVWPHQW�VWDJHV��FRPSXWHU�WHFKQLTXHV��&$'����5HIHUHQFHV���*DáGD� 0��� (�� .XMDZVNL�� 6�� 3U]HZáRFNL�� ������*HRGH]MD� L� PLHUQLFWZR� EXGRZODQH�� 33:.��:DUV]DZD��*D G]LFNL�-���������6\VWHP\�LQIRUPDFML�SU]HVWU]HQQHM��33:.��:DUV]DZD�:URFáDZ��-DQXV]�:���������2EVáXJD�JHRGH]\MQD�EXGRZOL�L�NRQVWUXNFML��33:.��:DUV]DZD���$VVHVVPHQW��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV���
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6XEMHFW��
1HZ� PHDVXULQJ� WHFKQLTXHV�DQG�PHWKRGV�

&RGH����������'���� 6HPHVWHU�������

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU� RI� (&76� FUHGLWV�������
�&RRUGLQDWRU�V��� $ORM]\�:DVLOHZVNL��$VVRFLDWH�3URIHVVRU��3K'��=RILD�5]HSHFND��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\�LQ�WKH�OLQH�RI�VSHFLDOL]DWLRQ��DSSOLHG�JHRGHV\���'HVFULSWLRQ�� 7KH� IROORZLQJ� SUREOHPV� DUH� GLVFXVVHG� GXULQJ� WKH� FRXUVH�� WHFKQLTXHV��LQVWUXPHQWV� DQG�PHWKRGV� RI�PHDVXUHPHQW� RI� GHIRUPDWLRQ� DQG� GLVSODFHPHQW� RI� HQJLQHHULQJ�VWUXFWXUHV�� FRPSXWHU�DLGHG� PHDVXULQJ� V\VWHPV�� D� UHYLHZ� RI� VDWHOOLWH� SRVLWLRQLQJ� PHWKRGV��PHDVXULQJ� WHFKQLTXHV� �� *36�� GDWD� HYDOXDWLRQ�� WKH� DSSOLFDWLRQ� RI� VDWHOOLWH� WHFKQRORJLHV� WR�HQJLQHHULQJ�JHRGHV\���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV� ZLWK� PRGHUQ� WHFKQRORJLHV� LQ� HQJLQHHULQJ� VXUYH\V� DQG�PHDVXUHPHQW���3UHFHGLQJ�VXEMHFWV��WKH�EDVLFV�RI�HQJLQHHULQJ�JHRGHV\��WKH�EDVLFV�RI�VDWHOOLWH�JHRGHV\���7HDFKLQJ� PHWKRG�� OHFWXUHV�� FODVVHV� �� ILHOG�RQ�VLWH� PHDVXUHPHQW�� FRPSXWDWLRQV�� DFFXUDF\�HVWLPDWLRQ�� SUDFWLFDO� DSSOLFDWLRQ� RI� WKH�*36� IRU�PHDVXULQJ� WKH� GLVSODFHPHQW� RI� HQJLQHHULQJ�VWUXFWXUHV�DQG�WKHLU�VXUURXQGLQJV���5HIHUHQFHV���&]DUQHFNL� .��� ������ *HRGH]MD� ZVSyáF]HVQD� � Z� ]DU\VLH�� :\GDZQLFWZR� :LHG]D� L� \FLH��:DUV]DZD��/DPSDUVNL�-����������6\VWHP�1DYVWDU�*36��:\GDZQLFWZR�1DXNRZH�:62�LP��JHQ��-��%HPD��7RUX ��+RIPDQQ�:HOOHQKRI� %���+�� /LFKWHQHJJHU� DQG� -��&ROOLQV��� ������*OREDO� 3RVLWLRQLQJ� 6\VWHP��WKHRU\�DQG�SUDFWLFH��6SULQJHU�9HUOD\��:LHQ��1HZ�<RUN��:DVLOHZVNL�$���=��5]HSHFND�������2SUDFRZDQLH�PHWRG\NL�Z\NRU]\VWDQLD�]HVWDZX�*36�57.�GR� SRPLDUyZ� SRáR HQLD� OLQLL� SRGVWDZRZHM� PRU]D� %DáW\FNLHJR�� 2OV]W\Q� �SUDFD� QLH�RSXEOLNRZDQD���$VVHVVPHQW��FODVVHV�±�WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�����
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6XEMHFW��
(QJLQHHULQJ�SKRWRJUDPPHWU\��

&RGH����������'���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���3LRWU�6DZLFNL��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\�LQ�WKH�OLQH�RI�VSHFLDOL]DWLRQ��DSSOLHG�JHRGHV\���'HVFULSWLRQ�� &ORVH�UDQJH� SKRWRJUDPHWULF� V\VWHPV� ±� RSWLFDO�� GLJLWDO�� WKHUPRYLVLRQ�� � &ORVH�UDQJH� SKRWRJUDSK\�� � 0HWKRGV� RI� FDOLEUDWLRQ� RI� RSWLFDO� DQG� RSWLFDO�HOHFWURQLF� V\VWHPV���$QDO\WLF�QXPHULFDO� PHWKRGV�� � 7KHRU\� RI� HUURUV�� � &DOFXODWLRQV� FRQFHUQLQJ� WHUUHVWULDO�SKRWRJUDSK� QHWV� ±� WHUUHVWULDO� WULDQJXODWLRQ�� � &$'�*,6� DSSOLFDWLRQV� EDVHG� RQ� WHUUHVWULDO� DQG�DHULDO� SKRWRJUDSKV�� � 3KRWRJUDPPHWU\� LQ� HQJLQHHULQJ� ZRUN� DQG� SURMHFWV�� � 0HWKRGV� RI�PHDVXUHPHQW� RI� GHIRUPDWLRQ� DQG� GLVSODFHPHQW� LQ� �'� DQG� �'� VSDFH�� � $UFKLWHFWXUDO�SKRWRJUDPPHWU\�� � 7KH� XVH� RI� WHUUHVWULDO� DQG� DHULDO� SKRWRJUDPPHWU\� IRU� HQJLQHHULQJ��PHWURORJLFDO�DQG�VSHFLDO�SXUSRVHV���*RDOV��WR�GLVFXVV�WKH�PHWKRGV�RI�FROOHFWLQJ�JHRPHWULF�DQG�VHPDQWLF�LQIRUPDWLRQ�RQ�REMHFWV�E\�PHDQV� RI� UHJLVWUDWLRQ�� LQWHUSUHWDWLRQ� DQG� SRLQW� FRRUGLQDWH� GHWHUPLQDWLRQ� LQ� SKRWRJUDSKV� DQG�GLJLWDO� LPDJHV�� WR� GLVFXVV� SKRWRJUDPPHWULF� PHWKRGV� RI� QXPHULFDO�GLJLWDO� VROXWLRQV� LQ�HQJLQHHULQJ�DSSOLFDWLRQV���3UHFHGLQJ� VXEMHFWV�� VXUYH\LQJ� GDWD� DGMXVWPHQW� DQG� DQDO\VLV�� FRPSXWHU� VFLHQFH�� JHRGHV\��SKRWRJUDPPHWU\�DQG�UHPRWH�VHQVLQJ��HQJLQHHULQJ�JHRGHV\���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� DXGLRYLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV� DQG� YLGHR� WDSHV���FODVVHV�±�VWXG\�RI�FRPSXWHU�DLGHG�PHDVXULQJ�PHWKRGV�DSSOLHG�LQ�HQJLQHHULQJ�SKRWRJUDPPHWU\���5HIHUHQFHV��6LWHN�=���������)RWRJUDPHWULD�RJyOQD�L�LQ \QLHU\MQD��33:.��:DUV]DZD�±�:URFáDZ��.UDXV�.����������3KRWRJUDPPHWU\��%RQQ���)HUG��'XHPPOHUV��FRS���5HJHQVEXUJHU�.���3KRWRJUDPPHWULH���$QZHQGXQJHQ�LQ�:LVVHQVFKDIW�XQG�7HFKQLN��$UFKLZXP�0L G]\QDURGRZHJR�7RZDU]\VWZD�)RWRJUDPHWULL�L�7HOHGHWHNFML�±�.RPLVMD�9��$VVHVVPHQW��FODVVHV�±�WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��UHSRUWV��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU�����
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�
6XEMHFW��
3KRWRJUDPPHWULF� PHWKRGV�DQG�WHFKQRORJLHV�

&RGH����������'���� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���$OHNVDQGHU� DUQRZVNL��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\�LQ�WKH�OLQH�RI�VSHFLDOL]DWLRQ��DSSOLHG�JHRGHV\���'HVFULSWLRQ��'LJLWDO�SKRWRJUDSK�SURFHVVLQJ�DQG�WRSRJUDSKLF�IHDWXUH�PRGHOLQJ���$FFXUDF\�RI�SKRWRJUDPPHWULF� VXUYH\V�� � 2UJDQL]DWLRQ� RI� SKRWRJUDPPHWULF� GDWD� NHHSLQJ� LQ� GDWDEDVHV���'LJLWDO�PDS�FRPSLODWLRQ�DQG�UHYLVLRQ�E\�SKRWRJUDPPHWULF�PHWKRGV���'LJLWDO�DHURWULDQJXODWLRQ�RQ� SKRWRJUDPPHWULF� ZRUNVWDWLRQV�� � $XWRPDWLF� DQG� PDQXDO� '70� JHQHUDWLQJ� E\�SKRWRJUDPPHWULF� PHWKRGV�� � 'LJLWDO� RUWKRSKRWRPDS� FRPSLODWLRQ�� � ,QWHUSUHWDWLRQ� RI� DHULDO�SKRWRJUDSKV���7KH�XVH�RI�GLJLWDO�SKRWRJUDPPHWULF�PHWKRGV�DQG�WHFKQRORJLHV�IRU�WKH�SXUSRVHV�RI�PRGHUQL]DWLRQ�RI�ODQG�UHJLVWHUV�DQG�NHHSLQJ�EXLOGLQJ�UHJLVWHUV���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�SKRWRJUDPPHWULF�PHWKRGV�DQG�WHFKQRORJLHV�DSSOLHG�GXULQJ�WKH� FRPSLODWLRQ� RI� WRSRJUDSKLF�� WKHPDWLF� DQG� GLJLWDO� RUWKRSKRWRPDSV�� DQG� GLJLWDO� WHUUDLQ�PRGHOV���3UHFHGLQJ� VXEMHFWV�� PDWKHPDWLFV�� GHVFULSWLYH� JHRPHWU\�� WKH� EDVLFV� RI� FRPSXWHU� VFLHQFH��VXUYH\LQJ� GDWD� DGMXVWPHQW� DQG� DQDO\VLV�� JHRGHV\�� SKRWRJUDPPHWU\� DQG� UHPRWH� VHQVLQJ��FDUWRJUDSK\��ODQG�LQIRUPDWLRQ�V\VWHPV���7HDFKLQJ�PHWKRG���OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV�DQG�SUHVHQWDWLRQV��FODVVHV�±� D� SUDFWLFDO� VWXG\� RI� SKRWRJUDPPHWULF� PHDVXULQJ� PHWKRGV�� XVLQJ� GLJLWDO� VWDWLRQV� DQG�SKRWRJUDPPHWULF�LQVWUXPHQWV���5HIHUHQFHV��6LWHN�=���������)RWRJUDPHWULD�RJyOQD�L�LQ \QLHU\MQD��33:.��:DUV]DZD�:URFáDZ��.XUF]\ VNL�=���5��3UHXVV��������3RGVWDZ\�IRWRJUDPHWULL��:\G��3:��:DUV]DZD��6LWHN�=���������=DU\V�WHOHGHWHNFML�ORWQLF]HM�L�VDWHOLWDUQHM��:\G��$*+��.UDNyZ��.UDXV�.����������3KRWRJUDPPHWU\��)HUG��'XHPPOHUV��%RQQ���$VVHVVPHQW��UHSRUWV��([DPLQDWLRQ��ZULWWHQ�RU�RUDO��DW�WKH�HQG�RI�VHPHVWHU�����
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�
6XEMHFW��
'LJLWDO� SURFHVVLQJ� RI� UHPRWH�VHQVLQJ�GDWD��

&RGH����������'���� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���0DUHN�0Uy]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\�LQ�WKH�OLQH�RI�VSHFLDOL]DWLRQ��DSSOLHG�JHRGHV\���'HVFULSWLRQ�� (QHUJHWLF� SKRWRPHWU\�� � 5DGLDWLRQ� RI� UHDO� ERGLHV� ±� HPLVVLYLW\� DQG� DOEHGR���6SHFWUDO�FKDUDFWHULVWLFV�RI�VHOHFWHG�REMHFWV��VRLO��SODQWV��ZDWHU��LQ�WKH�YLVLEOH��QHDU�DQG�PLGGOH�LQIUDUHG�EDQGV���7KH�IRUPDWLRQ�RI�D�GLJLWDO��PXOWLVSHFWUDO�VDWHOOLWH�LPDJH���'LJLWDO�SURFHVVLQJ�RI�VDWHOOLWH�LPDJHV���,PDJH�YLVXDOL]DWLRQ���,PDJH�VWDWLVWLFV��KLVWRJUDPV��LPSURYHPHQW�RI�WKH�LPDJH�YLVXDO�TXDOLW\�±�JOREDO�DQG�ORFDO�WUDQVIRUPDWLRQV��FRQWUDVW�PRGLILFDWLRQV��KLJK��DQG�ORZ�SDVV�ILOWHULQJ����0HWKRGV�RI�KLVWRJUDP�PDWFKLQJ���*HRPHWULF�FRUUHFWLRQ�RI�GLJLWDO�VDWHOOLWH�LPDJHV���0XOWLVSHFWUDO� LPDJH� SURFHVVLQJ�� �0LFURZDYH� DFWLYH� UHPRWH� VHQVLQJ�� �5DGDU� LPDJHV�� �0XOWL�VRXUFH�GDWD�SURFHVVLQJ���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�PHWKRGV�RI�GLJLWDO�GDWD�SURFHVVLQJ�LQ�UHPRWH�VHQVLQJ��XVHG�IRU�GUDZLQJ�VDWHOOLWH�LPDJH�PDSV�DQG�WKHPDWLF�PDSV�RI�ODQG�FRYHU�ODQG�XVH���3UHFHGLQJ� VXEMHFWV�� PDWKHPDWLFV�� SK\VLFV�� VXUYH\LQJ� GDWD� DGMXVWPHQW� DQG� DQDO\VLV��SKRWRJUDPPHWU\�DQG�UHPRWH�VHQVLQJ���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� DXGLRYLVXDO� DLGV� DQG� PXOWLPHGLD� WHFKQRORJLHV�� FODVVHV� ±�SUDFWLFDO�DSSOLFDWLRQ�RI�VHOHFWHG�PHWKRGV�RI�LPDJH�SURFHVVLQJ���5HIHUHQFHV��&LRáNRV]�$���$��. VLN��������7HOHGHWHNFMD�VDWHOLWDUQD���3:1��:DUV]DZD��6LWHN�=���������=DU\V�WHOHGHWHNFML�ORWQLF]HM�L�VDWHOLWDUQHM��:\G��$*+��.UDNyZ��6LWHN�=����������:SURZDG]HQLH�GR�WHOHGHWHNFML�ORWQLF]HM�L�VDWHOLWDUQHM��:\G��$*+��.UDNyZ���$VVHVVPHQW��FODVVHV�±�WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV����
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6XEMHFW��
7KHPDWLF�FDUWRJUDSK\��

&RGH����������'���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���3URIHVVRU�,G]L�*DMGHURZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\�LQ�WKH�OLQH�RI�VSHFLDOL]DWLRQ��DSSOLHG�JHRGHV\���'HVFULSWLRQ��(OHPHQWV�RI�FDUWRJUDSKLF� VFLHQFH�� �0DS� IHDWXUHV� DQG�FODVVLILFDWLRQ�� �7KHPDWLF�PDS� FRPSLODWLRQ�� � &DUWRJUDSKLFDO� FRPPXQLFDWLRQ�� � (OHPHQWV� RI� VHPLRWLFV�� � 7KHPDWLF�FDUWRJUDSK\�PHWKRGRORJ\���7KH�SULQFLSOHV�RI�FKRRVLQJ�D�PHWKRG�RI�FDUWRJUDSKLF�SUHVHQWDWLRQ�GHSHQGLQJ� RQ� WKH� NLQG� RI� GDWD�� � 0DSV� DV� UHVHDUFK� WRROV�� � &DUWRJUDSKLF� YLVXDOL]DWLRQ���7KHRUHWLFDO� SUREOHPV� LQ� PRGHUQ� FDUWRJUDSK\�� � &RPSXWHU� WHFKQLTXHV� LQ� WKHPDWLF� PDS�FRPSLODWLRQ���7KH�,QWHUQHW�DV�D�PHGLXP�IRU�FDUWRJUDSKLF�SUHVHQWDWLRQV���7KHPDWLF�PDS�UHYLHZ���*RDOV�� WR� GLVFXVV� ERWK� WKHRUHWLFDO� DQG� SUDFWLFDO� DVSHFWV� RI� SUHVHQWLQJ� GLIIHUHQW� NLQGV� RI�LQIRUPDWLRQ� LQ� WKH� IRUP� RI� FDUWRJUDSKLF� FRPPXQLFDWLRQ�� WR� VKRZ� WKHP� WKH� LPSRUWDQFH� RI�PHWKRGRORJLFDO�FRUUHFWQHVV�DQG�HVWKHWLFV�RI�FDUWRJUDSKLF�SUHVHQWDWLRQ���3UHFHGLQJ�VXEMHFWV��FDUWRJUDSK\��ODQG�LQIRUPDWLRQ�V\VWHPV���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� DXGLRYLVXDO� DLGV� DQG� PDS� SUHVHQWDWLRQ�� FODVVHV� EDVHG� RQ�WKHPDWLF�PDS�DQDO\VLV�DQG�LQGLYLGXDO�FRPSXWHU�DLGHG�SURMHFW�GUDZLQJ���5HIHUHQFHV��0HQQR�-DQ�.UDDN��)HUMDQ�2UPHOLQJ��������.DUWRJUDILD��ZL]XDOL]DFMD�GDQ\FK�SU]HVWU]HQQ\FK��:\G��1DXNRZH�3:1��:DUV]DZD��
5DWDMVNL� /��� ������ � 0HWRG\ND� NDUWRJUDILL� VSRáHF]QR�JRVSRGDUF]HM�� 33:.� LP�� (�� 5RPHUD��:DUV]DZD���:URFáDZ��Z\G��,,��5RELQVRQ�$���5��6DOH��-��0RUULVRQ��������3RGVWDZ\�NDUWRJUDILL��3:1��:DUV]DZD��$OHNVLHMHZLF]� 6DOLV]F]HZ�.��� ������ .DUWRJUDILD� RJyOQD��:\G��1DXNRZH�3:1��:DUV]DZD��Z\G��,,���$VVHVVPHQW��FODVVHV�±�WZR�WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��SUHVHQWDWLRQ�RI�SURMHFWV�GUDZQ�XS�GXULQJ�FODVVHV���
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6XEMHFW��
,QWHUQHW� WHFKQRORJLHV� LQ�6SDWLDO�,QIRUPDWLRQ�6\VWHPV�

&RGH����������'���� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���=\JPXQW�3DV]RWWD��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\�LQ�WKH�OLQH�RI�VSHFLDOL]DWLRQ��DSSOLHG�JHRGHV\���'HVFULSWLRQ�� 7KH� ,QWHUQHW� DQG� ,QWUDQHW� �/$1�:$1��� WHFKQRORJLHV�� FRQFHSWV�� VWUXFWXUHV��VHFXULW\�� KDQGOLQJ�� � 'DWD� WUDQVIHU� LQ� ORFDO� DUHD� QHWZRUNV� �/$1�� DQG� ZLGH� DUHD� QHWZRUNV��:$1����7KH�EDVLFV�RI�WKH�IROORZLQJ�ODQJXDJHV��+70/��-$9$��-$9$�6&5,37��3+3��&*,��$63�� �'DWDEDVHV��0\64/��3$5$'2;��G%$6(�±�WKH�EDVLFV�RI� WHFKQRORJ\�DQG�DSSOLFDWLRQ���&OLHQW�VHUYHU�WHFKQRORJLHV��H�FRPPHUFH���2EMHFW�SURJUDPPLQJ��'(/3+,�.</,;���� ,QWHUQHW�EDVHG� VROXWLRQV� SURSRVHG� E\� WKH� FRPSDQLHV� ,17(5*5$3+� DQG� %HQWOH\� )DPLO\���*HRLQIRUPDWLRQ�WHFKQRORJLHV�LQ�,QWHUQHW�DSSOLFDWLRQV���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV� ZLWK� WKH� SRVVLELOLWLHV� RI� XVLQJ� FRPSXWHU� QHWZRUNV� LQ� VSDWLDO�LQIRUPDWLRQ�V\VWHPV���3UHFHGLQJ�VXEMHFWV��PDWKHPDWLFV��FRPSXWHU�VFLHQFH��VSDWLDO�LQIRUPDWLRQ�V\VWHPV��7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�FRPSXWHU�DLGHG�SUHVHQWDWLRQV��FODVVHV�±�ZRUN�ZLWK�FRPSXWHU�VWDWLRQV� DQG� VHUYHUV�� XVLQJ� FRPSXWHU� QHWZRUNV�� SURJUDPPLQJ� EDVHG� RQ� %RUODQG� DQG�,17(5*5$3+�VRIWZDUH���5HIHUHQFHV��3DWULFN�1DXJKWRQ��-$9$�SRGU F]QLN�SURJUDPRZDQLD��3DXO�'XERELV��0\64/��5DIH�&ROEXUQ���&*,� �� *OLZLFH�� +HOLRQ�� FRS�� ������ %RE� 5DQNLQ�� /LQX[� �� VDPH� NRQNUHW\�� :DUV]DZD�� =1,�Ä0LNRP´�� ������ 7LP� (YDQV� +70/� Z� ��� PLQXW�� $QGU]HM� 6RSDOD�� � 3LVDQLH� SURJUDPyZ�LQWHUQHWRZ\FK�� URGRZLVNR�81,;�� URGRZLVNR�:LQGRZV�� M ]\N�-DYD��:\GDZQLFWZR�0,.20��������3RGU F]QLN�WHOHLQIRUPDW\ND��SUDFD�]ELRURZD�-DQ� %LHOHFNL�� -$9$� ��� SURJUDPRZDQLH� ZVSyáELH QH�� RELHNWRZH� L� ]GDU]HQLRZH� Z� :LQGRZV�������17�� -DQ�%LHOHFNL�� -DYD� RG� SRGVWDZ�� 6XOHLPDQ�� /DODQL�� � -DYD� ELEOLRWHND� SURJUDPLVW\��3DXO� -�3HUU\�� -DYD�� WZRU]HQLH� DSOHWRZ�� 64/� GOD� ND]GHJR� -DQ� /�� +DULULQJWRQ��3DXO� %H\RQ�'DYLHV�� 6\VWHP\� ED]� GDQ\FK�� 3LRWU� :UyEOHZVNL�� � $OJRU\WP\� VWUXNWXU\� GDQ\FK� L� WHFKQLNL�SURJUDPRZDQLD��*OLZLFH��+HOLRQ��FRS���������$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��UHSRUWV�RQ�SURMHFWV���
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�
6XEMHFW��
5XUDO� DUHD� PDQDJHPHQW� DQG�VXUYH\LQJ�

&RGH����������'���� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���3URIHVVRU�6WDQLVáDZ�6XURZLHF��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�5XUDO�6XUYH\LQJ�DQG�&DGDVWUH���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\�LQ�WKH�OLQH�RI�VSHFLDOL]DWLRQ��DSSOLHG�JHRGHV\���'HVFULSWLRQ��7KH�HVVHQFH�DQG�VFRSH�RI�UXUDO�DUHD�PDQDJHPHQW�DQG�VXUYH\LQJ�� �*HQHUDO�DQG�GHWDLOHG� SODQV� RI� ODQG� SDUFHO� ORFDWLRQ� DQG� GLVWULEXWLRQ�� � &RQYHQWLRQDO� DQG� FRPSXWHUL]HG�PHWKRGV� RI� ERXQGDU\� VHWWLQJ�� DUHD� GHWHUPLQDWLRQ�� SURMHFW� GUDZLQJ� DQG� UHDOL]DWLRQ�� � 7KH�LQIOXHQFH� RI� IDUP� VSDWLDO� VWUXFWXUH� RQ� WKH� UDWLRQDO� XVH� RI� ODQG� DQG� ODQG� PDQDJHPHQW�HIIHFWLYHQHVV���*RDOV��WR�GLVFXVV�WKH�LPSRUWDQFH�RI�IDUP�VSDWLDO�VWUXFWXUH�DQG�SODQV�RI�LWV�UHRUJDQL]DWLRQ�IRU�UDWLRQDO�ODQG�PDQDJHPHQW�DQG�RSWLPXP�XVH�RI�ODQG���3UHFHGLQJ�VXEMHFWV��JHRGHV\��UHDO�HVWDWH�FDGDVWUH���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� YLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV�� FRPSXWHU�DLGHG�SUHVHQWDWLRQV�� FODVVHV� LQ� VPDOO� JURXSV�� FRPSXWHU�DLGHG� ODQG� SDUFHO� GLVWULEXWLRQ� DQG� SURMHFW�GUDZLQJ���5HIHUHQFHV��+RSIHU�$���0��8UEDQ��������*HRGH]\MQH�XU] G]DQLH�WHUHQyZ�UROQ\FK��3:1��:DUV]DZD��7NRF]�-��������2UJDQL]DFMD�SU]HVWU]HQQD�ZVL�Z�3ROVFH��:\G��8 ��.DWRZLFH��&\PHUPDQ�5���$��+RSIHU��$��1RZDN��������2FHQD�L�ZDORU\]DFMD�JUXQWyZ�ZLHMVNLFK��3:5L/��:DUV]DZD��6]HOLJD�.���������3RGVWDZ\�SURMHNWRZDQLD�Z�JHRGH]ML�UROQHM��:\G��3:��:DUV]DZD��%DQDW� -��� :�� 3U]HJRQ�� $�� 6DQHN�� -�� 6FKLOEDFK�� ������0HWRG\� JHRGH]\MQHJR� SURMHNWRZDQLD�G]LDáHN�Z�XU] G]DQLX�REV]DUyZ�ZLHMVNLFK��3U]HZRGQLN�GR�üZLF]H ��6NU\SW�$5��.UDNyZ���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��UHSRUWV�RQ�SURMHFWV���
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6XEMHFW��
)LHOG� WUDLQLQJ� LQ� VXUYH\LQJ�DIWHU�VHPHVWHU���

&RGH����������(��� 6HPHVWHU��$IWHU�VHPHVWHU���

)RUP��)LHOG�WUDLQLQJ� 1XPEHU�RI�KRXUV�VHPHVWHU����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���3URIHVVRU�$GDP�à\V]NRZLF]���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6XUYH\LQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� &UHDWLRQ� RI� XUEDQ� PDSV� RQ� WKH� VFDOH� RI� ��� ����� � (VWDEOLVKLQJ� SULPDU\� DQG�VHFRQGDU\� FRQWURO�� � 'HWDLO� VXUYH\V� E\� WKH� RUWKRJRQDO� DQG� SRODU� PHWKRG�� � (OHYDWLRQ�PHDVXUHPHQWV���6LPSOH�FRPSXWDWLRQV��SORWWLQJ�VXUYH\�PDSV���'UDZLQJ�XS�WHFKQLFDO�UHSRUWV��3URILOH� DQG� FURVV� VHFWLRQ� OHYHOLQJ�� � /RFDWLRQV� RI� VWDNHV� DORQJ� WKH� OLQH�� � 3URILOH� DQG� FURVV�VHFWLRQ�SORWWLQJ���*RDOV�� WR� KHOS� VWXGHQW� DFTXLUH� VNLOO� DW� VXUYH\LQJ�� GRLQJ� WKH� QHFHVVDU\� FDOFXODWLRQV� DQG�FUHDWLQJ� XUEDQ� PDSV� XVLQJ� JUDSKLF� SURJUDPV�� FODVVHV� DUH� FRQGXFWHG� DW� WKH� 'LJLWDO� 0DS�&RPSLODWLRQ�/DERUDWRU\���3UHFHGLQJ�VXEMHFWV��SORWWLQJ���7HDFKLQJ�PHWKRG��SUDFWLFDO�ODQG�VXUYH\LQJ��WKH�XVH�RI�JUDSKLFV�VRIWZDUH�DQG�VSUHDGVKHHWV�IRU�PDS�SUHSDUDWLRQ�DW�WKH�'LJLWDO�0DS�&RPSLODWLRQ�/DERUDWRU\���$VVHVVPHQW��GUDZLQJ�XS�WHFKQLFDO�UHSRUWV���2UDO�H[DPLQDWLRQ����
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�
6XEMHFW��
)LHOG� WUDLQLQJ� LQ� VXUYH\LQJ�DIWHU�VHPHVWHU���

&RGH����������(��� 6HPHVWHU��$IWHU�VHPHVWHU���

)RUP��)LHOG�WUDLQLQJ� 1XPEHU�RI�KRXUV�VHPHVWHU����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���:áDG\VáDZ�' EURZVNL��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6XUYH\LQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��FUHDWLRQ�RI�UHODWLRQDO�REMHFW�GDWDEDVHV�RI��'�DQG��'�GLJLWDO�PDSV�RQ�WKH�EDVLV�RI�ILHOG�VXUYH\LQJ�ZLWK�WRWDO�VWDWLRQV��HVWDEOLVKPHQW�RI�KRUL]RQWDO�DQG�YHUWLFDO�FRQWURO�QHWZRUNV��VXUYH\V�PHDVXUHPHQW�� WUDQVPLVVLRQV�� FRGLQJ�� FDOFXODWLRQV�� GDWD� LQSXW� LQWR� WKH� V\VWHP�� PDS�FRPSLODWLRQ�� LQSXW� RI� DGGLWLRQDO� GHVFULSWLYH� GDWD� LQWR� REMHFW� UHFRUGV�� GDWDEDVH� XSGDWLQJ��JHQHUDWLQJ� �'� PDSV� ZLWK� GLIIHUHQW� VFDOHV� DQG� FRQWHQWV�� PDS� DQG� GDWDEDVH� VSHFLILFDWLRQV��FRQWRXU�PRGHOLQJ��FURVV�VHFWLRQV���'�PDS�SULQWLQJ�RQ�WKH�VFDOH�RI���������'DWDEDVH�XSGDWLQJ�RI��'�GLJLWDO�PDSV� ��'�GLJLWDO�PDS�SORWWLQJ�RQ� WKH� VFDOH�RI�������� ILHOG�VXUYH\LQJ��FUHDWLRQ�DQG�LQSXW�RI�EDWFK�ILOHV��PDS�REMHFW�XSGDWLQJ��PDS�KLVWRU\��SULQWLQJ�RI�D�UHYLVHG�PDS�RQ�WKH�VFDOH�RI���������7UDQVIHU� RI� FRRUGLQDWHV� RI� DQ� LQDFFHVVLEOH� SRLQW� GHWHUPLQHG� E\� WKH�*36� WR� D� V\VWHP� RI� UH�HVWDEOLVKHG�SRLQWV�RI�WKH�$�%�W\SH��'HWHUPLQDWLRQ�RI�WKH�KHLJKW�RI�DQ�LQDFFHVVLEOH�SRLQW�E\�VKRUW��DQG�ORQJ�GLVWDQFH�WULJRQRPHWULF�OHYHOLQJ��'UDZLQJ�XS�WHFKQLFDO�UHSRUWV�RQ�WRSLFV�������*RDOV�� WR� KHOS� VWXGHQWV� DFTXLUH� VNLOO� DW� ILHOG� VXUYH\LQJ� DQG� GRLQJ� JHRGHWLF� FDOFXODWLRQV�QHFHVVDU\� IRU� FUHDWLQJ� UHODWLRQDO�REMHFW� GDWDEDVHV� RI� ODUJH�VFDOH� GLJLWDO� PDSV�� FODVVHV� DUH�FRQGXFWHG�DW�WKH�'LJLWDO�0DS�&RPSLODWLRQ�/DERUDWRU\���3UHFHGLQJ�VXEMHFWV��SORWWLQJ��VXUYH\LQJ��HOHFWURQLF�PHDVXULQJ�WHFKQLTXHV���7HDFKLQJ�PHWKRG��SUDFWLFDO�ODQG�VXUYH\LQJ��WKH�XVH�RI�JUDSKLFV�VRIWZDUH�DQG�VSUHDGVKHHWV�IRU�WKH� FUHDWLRQ� RI� UHODWLRQDO�REMHFW� GDWDEDVHV� RI� ODUJH�VFDOH� GLJLWDO� PDSV� DW� WKH� 'LJLWDO� 0DS�&RPSLODWLRQ�/DERUDWRU\���$VVHVVPHQW��GUDZLQJ�XS�WHFKQLFDO�UHSRUWV���2UDO�H[DPLQDWLRQ���



/(9(/��(�
�
6XEMHFW��
)LHOG� WUDLQLQJ� LQ� HQJLQHHULQJ�JHRGHV\�

&RGH����������(��� 6HPHVWHU��$IWHU�VHPHVWHU���

)RUP��)LHOG�WUDLQLQJ� 1XPEHU�RI�KRXUV�VHPHVWHU����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���$ORM]\�:DVLOHZVNL��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� JHRGHWLF� QHWZRUN� HVWDEOLVKPHQW� E\� FRQYHQWLRQDO�PHWKRGV� �WKHRGROLWH�� OHYHOLQJ�LQVWUXPHQW�� HOHFWURQLF� GLVWDQFH� PHWHU�� DQG� E\� WKH� *36� �� � 'DWD� HYDOXDWLRQ�� DV�EXLOW�GRFXPHQWDWLRQ���7HUUDLQ�JHRGHWLF�VXUYH\V��LQYHQWRU\�ILHOG�VXUYH\LQJ�E\�WKH�*36�57.���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�LQQRYDWLYH�WHFKQLTXHV�DSSOLHG�WR�HQJLQHHULQJ�VXUYH\V���3UHFHGLQJ�VXEMHFWV��HQJLQHHULQJ�JHRGHV\���7HDFKLQJ�PHWKRG��SUDFWLFDO�ODQG�VXUYH\LQJ���$VVHVVPHQW��GUDZLQJ�XS�JHRGHWLF�DV�EXLOW�GRFXPHQWDWLRQ������
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�
6XEMHFW��
)LHOG� WUDLQLQJ� LQ�SKRWRJUDPPHWU\�

&RGH����������(��� 6HPHVWHU��$IWHU�VHPHVWHU���

)RUP��)LHOG�WUDLQLQJ� 1XPEHU�RI�KRXUV�VHPHVWHU����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���3LRWU�6DZLFNL��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��6SDWLDO� WULDQJXODWLRQ�RI�DHULDO�SKRWRJUDSKV�� �'LJLWDO�PDS�FRPSLODWLRQ�E\�VWHUHR�GLJLWL]DWLRQ���6WHUHRSKRWRJUDPPHWU\�LQ�DUFKLWHFWXUDO�LQYHQWRU\���0HDVXUHPHQW�RI�GHIRUPDWLRQ�RI�HQJLQHHULQJ�VWUXFWXUHV�E\�VLQJOH�LPDJH�DQDO\WLFDO�SKRWRJUDPPHWU\���*RDOV��FDUU\LQJ�RXW�SUDFWLFDO�WDVNV�ZLWK�JLYHQ�WHFKQLFDO�VSHFLILFDWLRQV�E\�WKH�SKRWRJUDPPHWULF�PHWKRG���3UHFHGLQJ�VXEMHFWV��PDWKHPDWLFV��SK\VLFV��VXUYH\LQJ�GDWD�DGMXVWPHQW�DQG�DQDO\VLV��JHRGHV\��FRPSXWHU�VFLHQFH���7HDFKLQJ� PHWKRG�� D� SUDFWLFDO� VWXG\� RI� FRPSXWHU�DLGHG� PHDVXULQJ� DQG� SKRWRJUDPPHWULF�PHWKRGV���5HIHUHQFHV��6LWHN�=���������)RWRJUDPHWULD�RJyOQD�L�LQ \QLHU\MQD��33:.��:DUV]DZD�±�:URFáDZ��.XUF]\ VNL�=���5��3UHXVV��������3RGVWDZ\�IRWRJUDPHWULL��:\G��3:��:DUV]DZD��6LWHN�=���������:SURZDG]HQLH�GR�WHOHGHWHNFML�ORWQLF]HM�L�VDWHOLWDUQHM��:\G��$*+��.UDNyZ��6LWHN�=���������=DU\V�WHOHGHWHNFML�ORWQLF]HM�L�VDWHOLWDUQHM��:\G��$*+��.UDNyZ���$VVHVVPHQW��GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV������
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�
6XEMHFW��
)LHOG�FODVVHV�LQ�JHRGHV\�

&RGH����������(��� 6HPHVWHU��$IWHU�VHPHVWHU���
)RUP��&ODVVHV�� 1XPEHU�RI�KRXUV�VHPHVWHU����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���.U]\V]WRI� ZL WHN��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��KLJK�SUHFLVLRQ� OHYHOLQJ��GHWHUPLQDWLRQ�RI�KHLJKW�GLIIHUHQFHV�E\�GLUHFW� OHYHOLQJ��GDWD�HYDOXDWLRQ�DQG�SRLQW�KHLJKW�GHWHUPLQDWLRQ��*UDYLW\�PHDVXUHPHQW�RI�KLJK�SUHFLVLRQ�OHYHOLQJ�VSDQV�ZLWK�JUDYLPHWHUV�DQG�GDWD�HYDOXDWLRQ��7HFKQLFDO�UHSRUWV�RQ�WKH�DERYH�WRSLFV���*RDOV�� WR� KHOS� VWXGHQWV� DFTXLUH� VNLOO� DW� KLJK�SUHFLVLRQ� OHYHOLQJ� DQG� IDPLOLDUL]H� WKHP� ZLWK�JUDYLW\�PHDVXUHPHQW�WHFKQLTXHV���3UHFHGLQJ�VXEMHFWV��JHRGHV\��SK\VLFV��PDWKHPDWLFV���7HDFKLQJ�PHWKRG��SUDFWLFDO�ODQG�VXUYH\LQJ���$VVHVVPHQW��GUDZLQJ�XS�WHFKQLFDO�UHSRUWV���2UDO�H[DPLQDWLRQ���



����

����� /LVW�RI�VXEMHFWV�WDXJKW�GXULQJ���\HDU�SURIHVVLRQDO�HQJLQHHULQJ�VWXGLHV��)LHOG�RI�VWXGLHV��*(2'(6<�$1'�&$572*5$3+<�0DMRUV��JHRGHV\�DQG�UHDO�HVWDWH�YDOXDWLRQ��
1XPEHU�RI�KRXUV�6XEMHFW� &RGH�

OHFWXUHV� FODVVHV� WRWDO�
(&76�FUHGLWV� $VVHVVPHQW�

�� �� �� �� �� �� ��
�VW�\HDU����VW�VHPHVWHU�

)RUHLJQ�ODQJXDJH� ��������$��� �� ��� ��� �� )7�
(FRQRPLFV�� ��������$��� ��� ��� ��� ���� )7�
3K\VLFDO�HGXFDWLRQ� ��������$��� �� ��� ��� �� )7�
0DWKHPDWLFV� ��������%��� ��� ��� ��� �� (�
3K\VLFV� ��������%��� ��� ��� ��� �� )7�
&RPSXWHU�VFLHQFH� ��������%��� ��� ��� ��� �� )7�
*HRGHV\� ��������&��� ��� ��� ��� �� )7�
3ORWWLQJ� ��������'��� �� ��� ��� �� )7�

�VW�\HDU����QG�VHPHVWHU�
)RUHLJQ�ODQJXDJH� ��������$��� �� ��� ��� �� )7�
3K\VLFDO�HGXFDWLRQ� ��������$��� �� ��� ��� �� )7�
0DWKHPDWLFV� ��������%��� ��� ��� ��� �� )7�
3K\VLFV� ��������%��� ��� ��� ��� �� (�
&RPSXWHU�VFLHQFH� ��������%��� ��� ��� ��� �� (�
*HRGHV\� ��������&��� ��� ��� ��� �� (�
(OHFWURQLF�PHDVXULQJ�WHFKQLTXHV� ��������&��� ��� ��� ��� �� )7�
3ORWWLQJ� ��������'��� �� ��� ��� �� )7�
)LHOG�WUDLQLQJ�LQ�VXUYH\LQJ� ��������&���� �� ��� ��� ���� )7�

�QG�\HDU����UG�VHPHVWHU�
)RUHLJQ�ODQJXDJH� ��������$��� �� ��� ��� �� )7�
/DZ� ��������$��� ��� ��� ��� �� )7�
3K\VLFDO�HGXFDWLRQ� ��������$��� �� ��� ��� �� )7�
0DWKHPDWLFV� ��������%��� ��� ��� ��� �� (�
'HVFULSWLYH�JHRPHWU\�DQG�FRPSXWHU�JUDSKLFV� ��������%��� ��� ��� ��� �� )7�
*HRGHV\� ��������&��� ��� ��� ��� �� )7�
&RPSXWLQJ�PHWKRGV�LQ�JHRGHV\� ��������&���� ��� ��� ��� �� )7�
%DVLFV�RI�(DUWK�VFLHQFH� ��������&���� ��� ��� ��� �� )7�

�QG�\HDU����WK�VHPHVWHU�
)RUHLJQ�ODQJXDJH� ��������$��� �� ��� ��� �� )7�
/DZ� ��������$��� ��� ��� ��� �� (�
*HRGHV\� ��������&��� ��� ��� ��� �� (�
&RPSXWLQJ�PHWKRGV�LQ�JHRGHV\� ��������&���� ��� ��� ��� �� (�
&DUWRJUDSK\� ��������&��� ��� ��� ��� �� )7�



� ���

1XPEHU�RI�KRXUV�6XEMHFW� &RGH�
OHFWXUHV� FODVVHV� WRWDO�

(&76�FUHGLWV� $VVHVVPHQW�
�� �� �� �� �� �� ��

%DVLFV�RI�WRZQ�DQG�FRXQWU\�SODQQLQJ� ��������&���� ��� ��� ��� �� (�
/DQG�LQIRUPDWLRQ�V\VWHPV� ��������&���� ��� ��� ��� �� )7�
7KHRU\�DQG�SULQFLSOHV�RI�UHDO�HVWDWH�YDOXDWLRQ� ��������'��� ��� ��� ��� �� )7�
%DVLFV�RI�DJULFXOWXUH�DQG�ODQG�PDQDJHPHQW� ��������'���� ��� ��� ��� �� )7�
)LHOG�WUDLQLQJ�LQ�VXUYH\LQJ� ��������&���� �� ��� ��� ���� )7�

�UG�\HDU����WK�VHPHVWHU�
(QJLQHHULQJ�JHRGHV\�� ��������&��� ��� ��� ��� �� )7�
*HRGHV\�DQG�JHRGHWLF�DVWURQRP\� ��������&��� ��� ��� ��� �� )7�
%XLOGLQJ�HQJLQHHULQJ�DQG�FRVWLQJ� ��������&���� ��� ��� ��� �� )7�
3KRWRJUDPPHWU\�DQG�UHPRWH�VHQVLQJ� ��������&��� ��� ��� ��� �� )7�
/DQG�LQIRUPDWLRQ�V\VWHPV� ��������&���� ��� ��� ��� �� (�
5HDO�HVWDWH�DGPLQLVWUDWLRQ� ��������&���� ��� ��� ��� �� (�
%DQNLQJ�DQG�ILQDQFH� ��������'���� ��� ��� ��� �� )7�

�UG�\HDU����WK�VHPHVWHU�
(QJLQHHULQJ�JHRGHV\� ��������&��� ��� ��� ��� �� (�
*HRGHV\�DQG�JHRGHWLF�DVWURQRP\� ��������&��� ��� ��� ��� �� (�
3KRWRJUDPPHWU\�DQG�UHPRWH�VHQVLQJ� ��������&��� ��� ��� ��� �� (�
5HDO�HVWDWH�FDGDVWUH� ��������'��� ��� ��� ��� �� (�
'LJLWDO�PDSV� ��������'��� ��� ��� ��� �� )7�
7HFKQLTXH�DQG�WHFKQRORJ\�RI�UHDO�HVWDWH�YDOXDWLRQ� ��������'��� ��� ��� ��� �� )7�
)LHOG�WUDLQLQJ�LQ�HQJLQHHULQJ�JHRGHV\� ��������&���� �� ��� ��� �� )7�
)LHOG�WUDLQLQJ�LQ�SKRWRJUDPPHWU\� ��������&���� �� ��� ��� �� )7�
)LHOG�WUDLQLQJ�LQ�FDGDVWUDO�VXUYH\V� ��������'���� �� ��� ��� �� )7�

�WK�\HDU����WK�VHPHVWHU�
6DWHOOLWH�JHRGHV\�� ��������&��� ��� ��� ��� �� (�
5XUDO�DUHD�PDQDJHPHQW�� ��������'��� ��� ��� ��� �� )7�
3URFHVVLQJ�RI�UHPRWH�VHQVLQJ�GDWD� ��������'��� ��� ��� ��� �� )7�



����

1XPEHU�RI�KRXUV�6XEMHFW� &RGH�
OHFWXUHV� FODVVHV� WRWDO�

(&76�FUHGLWV� $VVHVVPHQW�
�� �� �� �� �� �� ��

7HFKQLTXH�DQG�WHFKQRORJ\�RI�UHDO�HVWDWH�YDOXDWLRQ� ��������'��� ��� ��� ��� �� (�
%DVLFV�RI�IRUHVWU\�DQG�IRUHVW�PDQDJHPHQW� ��������'���� ��� ��� ��� ���� )7�

�WK�\HDU����WK�VHPHVWHU�
+XPDQLWLHV� �������$��� ��� ��� ��� ���� )7�
(QYLURQPHQWDO�SURWHFWLRQ� ��������&���� ��� ��� ��� �� )7�
5XUDO�DUHD�PDQDJHPHQW�� ��������'��� ��� ��� ��� �� (�
7HFKQLTXH�DQG�WHFKQRORJ\�RI�UHDO�HVWDWH�YDOXDWLRQ� ��������'��� ��� ��� ��� �� )7�
5HDO�HVWDWH�PDQDJHPHQW� ��������'��� ��� ��� ��� �� )7�
%DVLFV�RI�HFRQRPHWULFV� ��������'���� ��� ��� ��� �� )7�
6HPLQDU� ��������(��� �� ��� ��� �� )7�
)LHOG�WUDLQLQJ�LQ�JHRGHV\� ��������&���� �� ��� ��� ���� )7�
)LHOG�WUDLQLQJ�LQ�UHDO�HVWDWH�YDOXDWLRQ� ��������'���� �� ��� ��� �� )7�

)7�±�WKH�EDVLV�IRU�DVVHVVPHQW��JHWWLQJ�FUHGLW��LV�D�ILQDO�WHVW�(�±�WKH�EDVLV�IRU�DVVHVVPHQW��JHWWLQJ�FUHGLW��LV�DQ�H[DP�
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/(9(/��$��
6XEMHFW��
)RUHLJQ�ODQJXDJH�

&RGH����������$��� 6HPHVWHU������������
)RUP��&ODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���OHFWXUHU�LQ�D�JLYHQ�ODQJXDJH���2UJDQL]DWLRQDO�XQLW��)RUHLJQ�/DQJXDJH�6WXG\�&HQWHU���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� /HDUQLQJ� RI� D� FKRVHQ� IRUHLJQ� ODQJXDJH� E\� JDLQLQJ� NQRZOHGJH� RI� LWV� SKRQHWLF�V\VWHPV�� JUDPPDWLFDO� VWUXFWXUHV� DQG� YRFDEXODU\� DW� DQ� HOHPHQWDU\� OHYHO�� DQG� LPSURYLQJ�ODQJXDJH�VNLOOV�DW�DQ�DGYDQFHG�OHYHO���/DQJXDJH� RI� LQVWUXFWLRQ�� FKRVHQ� IURP� DPRQJ� WKRVH� WDXJKW� DW� WKH� 8QLYHUVLW\� �(QJOLVK��%HODUXV��)UHQFK��6SDQLVK��*HUPDQ��5XVVLDQ��8NUDLQLDQ����*RDOV�� WR� SUHSDUH� VWXGHQWV� IRU� ERWK� SDVVLYH� DQG� DFWLYH� XVH� RI� WKH� ODQJXDJH� DW� DQ� DGYDQFHG�OHYHO���5HIHUHQFHV��GHSHQGLQJ�RQ�WKH�OHYHO�RI�DGYDQFH���$VVHVVPHQW��ILQDO�WHVW���5HJLVWUDWLRQ�UHTXLUHG��\HV�����
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/(9(/��$�
�
6XEMHFW��
(FRQRPLFV�

&RGH����������$��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV������
�&RRUGLQDWRU�V���6WHIDQ�6WUXPLááR��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�(FRQRPLFV���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��0DQDJHPHQW�DV�D�GHFLVLRQ�PDNLQJ�SURFHVV�� �0DUNHW�PLFURDQDO\VLV�� �&XVWRPHU�EHKDYLRU���3URGXFHU�EHKDYLRU���,QWURGXFWLRQ�WR�PDFURHFRQRPLFV�DQG�QDWLRQDO�LQFRPH�DFFRXQW���1DWLRQDO�EXGJHW�DQG�ILVFDO�SROLF\���0RQH\�DQG�PRGHUQ�EDQNLQJ�V\VWHP���([FKDQJH�PDUNHWV���,QIODWLRQ�� � /DERU� PDUNHW�� � (FRQRPLF� GHYHORSPHQW� DQG� VKRUW�WHUP� F\FOLFDO� IOXFWXDWLRQV���0DUNHW�LPSHUIHFWLRQV�DQG�VHOHFWHG�HFRQRPLF�IXQFWLRQV�RI�WKH�6WDWH�LQ�D�IUHH�PDUNHW�HFRQRP\���,QWHUQDWLRQDO�WUDGH���*RDOV��WR�GLVFXVV�WKH�EDVHV�RI�D�IUHH�PDUNHW�HFRQRP\���7HDFKLQJ�PHWKRG��OHFWXUHV��DXGLWRU\�FODVVHV���5HIHUHQFHV���%HJJ�'���������(NRQRPLD��3:(��:DUV]DZD��' EQLHZVNL�*���5��+U\FLXN��0DNURHNRQRPLD��' EQLHZVNL�*���+��3DáDFK��:��=DNU]HZVNL��0LNURHNRQRPLD��1RMV]HZVND�(���3RGVWDZ\�HNRQRPLL��(OHPHQWDUQH� ]DJDGQLHQLD� HNRQRPLL�� SUDFD� ]ELRURZD� SRG� UHG�� 5�� 0LOHZVNLHJR�� � 3:1��:DUV]DZD�������5HNRZVNL�0���:SURZDG]HQLH�GR�PLNURHNRQRPLL���$VVHVVPHQW��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW�����



����

/(9(/��$�
�
6XEMHFW��
%DVLF�RI�SKLORVRSK\�

&RGH����������$��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV������
�&RRUGLQDWRU�V���HPSOR\HHV�RI�WKH�,QVWLWXWH�RI�3KLORVRSK\���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�3KLORVRSK\���6WDWXV�LQ�WKH�FXUULFXOXP��RSWLRQDO���'HVFULSWLRQ��$FTXLULQJ� NQRZOHGJH� RI� WKH�PDLQ� EUDQFKHV� RI� SKLORVRSK\�� VXFK� DV�� RQWRORJ\��JQRVHRORJ\�� HWKLFV�� SKLORVRSKLF� DQWKURSRORJ\� DQG� D[LRORJ\�� � 'LVFXVVLQJ� WKH� VSHFLILF� DQG�FRPSOHPHQWDU\� FKDUDFWHU� RI� WKHVH� EUDQFKHV� RI� SKLORVRSK\�� � 6WXGHQWV� JHW� WR� NQRZ� WKH�IXQGDPHQWDO�SUREOHPV�RI�SKLORVRSK\�DQG�OHDUQ�KRZ�WR�VROYH�WKHP���*RDOV�� WR�SUHVHQW� WKH�VSHFLILF�FKDUDFWHU�RI�SKLORVRSKLFDO� WKLQNLQJ�DQG�D�V\QWKHVL]LQJ�UROH�RI�WKLV�IRUP�RI�NQRZOHGJH�LQ�WKH�VWXG\�RI�UHDOLW\���7HDFKLQJ�PHWKRG��OHFWXUHV��SDQHO�GLVFXVVLRQ�LQ�JURXSV��DQDO\VLV�RI�VRXUFH�PDWHULDOV���7HDFKLQJ�DLGV��SULQWHG�VHULHV�RI�FRXUVH�OHFWXUHV��WH[WERRNV��VRXUFH�PDWHULDOV���5HIHUHQFHV���$MGXNLHZLF]� .��� ������ =DJDGQLHQLD� L� NLHUXQNL� ILOR]RILL�� 7HRULD� SR]QDQLD�� 0HWDIL]\ND��:DUV]DZD��$Q]HQEDFKHU�$���������:SURZDG]HQLH�GR�ILOR]RILL��.UDNyZ��%RFKH VNL� -�0��� ������ .X� ILOR]RILF]QHPX�P\ OHQLX��:SURZDG]HQLH� GR� SRGVWDZRZ\FK� SRM ü�ILOR]RILF]Q\FK��:DUV]DZD��' ERZVNL�-���*DZRU�/���-HG\QDN�6���.RVLRU�6���=G\EHO�-���=G\EHO�/���������0DáD�HQF\NORSHGLD�ILOR]RILL��3RM FLD�±�SUREOHP\�±�NLHUXQNL��V]NRá\��%\GJRV]F]��-DGDFNL�-���������-DN�VWXGLRZDü�ILOR]RIL "��:DUV]DZD��.U SLHF�0�$���.DPL VNL�6���=G\ELFND�=��� -DURV]\ VNL�3��� ������:SURZDG]HQLH� GR� ILOR]RILL��/XEOLQ��3RGVWDZ\�ILOR]RILL��UHG��6��2SDUD��2OV]W\Q�������6W SLH �$���������:VW S�GR�ILOR]RILL��/XEOLQ���$VVHVVPHQW��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���5HJLVWUDWLRQ�UHTXLUHG��\HV����
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/(9(/��$�
�
6XEMHFW��
(FRORJLFDO�DVSHFWV�RI�SKLORVRSK\�

&RGH����������$��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�������
�&RRUGLQDWRU�V���=ELJQLHZ�+XOO��$VVRFLDWH�SURIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�3KLORVRSK\���6WDWXV�LQ�WKH�FXUULFXOXP��RSWLRQDO���'HVFULSWLRQ�� (FRORJ\�� HQYLURQPHQWDO� SURWHFWLRQ� DQG� SKLORVRSK\�� �$QWKURSRSUHVVXUH� DQG� LWV�HIIHFWV� RQ� WKH� ELRVSKHUH� DQG� PDQ� �VRFLHW\��� � (FRORJLFDO� FULVLV� DQG� VXJJHVWLRQV� KRZ� WR�RYHUFRPH� LW�� �$VVXPSWLRQV� DQG� WKHRU\� RI� VXVWDLQDEOH� GHYHORSPHQW�� �&ODVVLFDO� SKLORVRSKLFDO�SUREOHPV�YHUVXV� HFRORJLFDO� DVSHFWV�RI�SKLORVRSK\�� �(FRORJLFDO�YDOXHV�� HFRORJLFDO� HWKLFV� DQG�PDLQ� GLUHFWLRQV� RI� LWV� GHYHORSPHQW�� � $QWKURSRFHQWULVP� YHUVXV� ELRFHQWULVP�� FRQFHSWV� DQG�SUREOHPV�RI�ELRHWKLFV���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV� ZLWK� WKH� EDVLF� FRQFHSWV� DQG� SUREOHPV� FRQQHFWHG� ZLWK� WKH�HFRORJLFDO�DVSHFWV�RI�SKLORVRSK\���7HDFKLQJ�PHWKRG��GLVFXVVLRQV��DXGLRYLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV�DQG�YLGHR�WDSHV���7HDFKLQJ�DLGV��SULQWHG�VHULHV�RI�FRXUVH�OHFWXUHV��WH[WERRNV��VRXUFH�PDWHULDOV���5HIHUHQFHV���%U]RVWHN� 0��� &KRMQDFNL� -��� .DOHWD� 7��� ������ (NRILOR]RILD�� :\EyU� WHNVWyZ�� :\G�� 6**:��:DUV]DZD��-RQDV�+���������=DVDGD�RGSRZLHG]LDOQR FL��.UDNyZ��/HPD VND�$���������)LOR]RILD�SU]\URG\�D�QDXNL�SU]\URGQLF]H��:DUV]DZD��3DSX]L VNL�$����UHG����������:SURZDG]HQLH�GR�ILOR]RILF]Q\FK�SUREOHPyZ�HNRORJLL��%\GJRV]F]��3L WHN�=���������(W\ND�HNRORJLF]QD��.UDNyZ��6LQJHU�3���������2� \FLX�L� PLHUFL��8SDGHN�HW\NL�WUDG\F\MQHM��:DUV]DZD��6NROLPRZVNL�+���������)LOR]RILD� \M FD��:DUV]DZD��7\EXUVNL�:���������(W\ND�L�HNRORJLD��7RUX ��:DORV]F]\N�.���������3ODQHWD�QLH�W\ONR�OXG]L��:DUV]DZD��=L ED�6���������1DWXUD�L�F]áRZLHN�Z�HNRORJLL�KXPDQLVW\F]QHM��/XEOLQ���$VVHVVPHQW��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���5HJLVWUDWLRQ�UHTXLUHG��\HV����
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�
6XEMHFW��
+LVWRU\�RI�SKLORVRSK\�

&RGH����������$��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV������
�&RRUGLQDWRU�V���HPSOR\HHV�RI�WKH�,QVWLWXWH�RI�3KLORVRSK\���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�3KLORVRSK\���6WDWXV�LQ�WKH�FXUULFXOXP��RSWLRQDO���'HVFULSWLRQ��7KH� ,RQLF�6FKRRO��VSRQWDQHRXV�PDWHULDOLVP��� �6RFUDWHV¶�HWKLFDO� LQWHOOHFWXDOLVP���3ODWRQLF� LGHDOLVP� DQG� LWV� ILOLDWLRQV�� � $ULVWRWHOLVP� DQG� LWV� UHFHSWLRQ� LQ� WKH� QH[W� FHQWXULHV���$QFLHQW� DWRPLVP�� � $QFLHQW� HWKLFDO� FRQFHSWV�� � 0HGLHYDO� P\VWLFLVP� DQG� 6FKRODVWLFLVP���$XJXVWLDQLVP�� � 7RPLVP�� � 5HQDLVVDQFH� KXPDQLVP� DQG� QDWXUDO� SKLORVRSK\�� � $JHV� RI� VRFLDO�XWRSLDV���3DQWKHLVP��UDWLRQDOLVP��HPSLULFLVP��SRVLWLYLVP���.DQW¶V�FULWLFDO�SKLORVRSK\���+HJHO¶V�DEVROXWH�LGHDOLVP���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV�ZLWK� WKH� EDVLF� FRQFHSWV� DQG� WUHQGV� LQ� WKH� ILHOG� RI� KLVWRU\� RI�SKLORVRSK\���7HDFKLQJ�PHWKRG��GLVFXVVLRQV��DXGLRYLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV�DQG�YLGHR�WDSHV���7HDFKLQJ�DLGV��SULQWHG�VHULHV�RI�FRXUVH�OHFWXUHV��WH[WERRNV��VRXUFH�PDWHULDOV���5HIHUHQFHV���&RSOHVWRQ�)��������������+LVWRULD�ILOR]RILL��7����L����:DUV]DZD��'LRJHQHV�/DHUWLRV�������� \ZRW\�L�SRJO G\�Vá\QQ\FK�ILOR]RIyZ��:DUV]DZD��)XOOHU�%�$�*���������+LVWRULD�ILOR]RILL��7����L����:DUV]DZD��*LOVRQ�(���������+LVWRULD�ILOR]RILL�FKU]H FLMD VNLHM�Z�ZLHNDFK� UHGQLFK��:DUV]DZD��+HPSROL VNL� 0��� ������ )LOR]RILD� ZVSyáF]HVQD�� :SURZDG]HQLH� GR� ]DJDGQLH � L� NLHUXQNyZ��:DUV]DZD���$VVHVVPHQW��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���5HJLVWUDWLRQ�UHTXLUHG��\HV���
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�
6XEMHFW��
/DZ�

&RGH����������$��� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU���Z������üZ�� 1XPEHU�RI�(&76�FUHGLWV��������
�&RRUGLQDWRU�V��� 5RPXDOG�:D QLHZVNL��3K'���2UJDQL]DWLRQDO�XQLW��)DFXOW\�RI�/DZ�DQG�$GPLQLVWUDWLRQ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��/DQG�DQG�PRUWJDJH�UHJLVWHUV���7KH�SULQFLSOHV�RI�HQWHULQJ�SURSULHWDU\�ULJKWV�LQWR�ODQG�DQG�PRUWJDJH�UHJLVWHUV�� �7UDGH�LQ�UHDO�HVWDWHV��6WDWH�RZQHG�DQG�SULYDWH��� �'LUHFWLRQV�RI�RZQHUVKLS� WUDQVIRUPDWLRQV� LQ� 6WDWH�RZQHG� DJULFXOWXUDO� UHDO� SURSHUWLHV� �KROGLQJV���FRPPXQDOL]DWLRQ�� WDNLQJ� RYHU� E\� WKH� 6WDWH� 7UHDVXU\� $JHQF\� IRU� $JULFXOWXUDO� 3URSHUW\��DVVRFLDWLRQ�RI�FDSLWDO�DQG�DIIUDQFKLVHPHQW�RI�VWDWH�RZQHG�OHJDO�SHUVRQV���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�ULJKWV�LQ�SURSHUW\��JHRGHWLF�DQG�FDUWRJUDSKLF�UHJXODWLRQV���5HIHUHQFHV���,JQDWRZLF]�-���������3UDZR�U]HF]RZH��3:1��:DUV]DZD��8VWDZD�]�GQLD����PDMD������U��±�3UDZR�JHRGH]\MQH�L�NDUWRJUDILF]QH��']��8������SR]��������5R]SRU] G]HQLH�0LQLVWUD�5R]ZRMX�5HJLRQDOQHJR�L�%XGRZQLFWZD�]�GQLD����PDUFD������U���Z�VSUDZLH�HZLGHQFML�JUXQWyZ�L�EXG\QNyZ��']��8������SR]��������:D QLHZVNL�5���������3UDZR�±�SU]HZRGQLN�GR�üZLF]H ���$57�2OV]W\Q��5XGQLFNL�6���6]DFKXáRZLF]�-���������1LHUXFKRPR FL��:\G��3UDZQLF]H�3:1�:DUV]DZD���$VVHVVPHQW��H[DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU��������
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/(9(/��$��
6XEMHFW��
3K\VLFDO�HGXFDWLRQ�

&RGH����������$��� 6HPHVWHU����������
)RUP��&ODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���SK\VLFDO�HGXFDWLRQ�WHDFKHUV�HPSOR\HG�DW� WKH�&HQWHU�IRU�3K\VLFDO�(GXFDWLRQ�DQG�6SRUWV���2UJDQL]DWLRQDO�XQLW��&HQWHU�IRU�3K\VLFDO�(GXFDWLRQ�DQG�6SRUWV���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��7KH�DLP�RI�SK\VLFDO�HGXFDWLRQ�LV�WR�LPSURYH�WKH�SK\VLFDO�ILWQHVV�RI�VWXGHQWV�E\�PHDQV� RI� IUHTXHQW� DQG� LQWHQVLYH� H[HUFLVHV�� DV� ZHOO� DV� WR� PDNH� WKHP� GHYHORS� D� KDELW� RI�SUDFWLFLQJ� VSRUW�� SHUFHLYHG� DV� D� EDVLV� RI� DQ� DFWLYH� OLIHVW\OH� DQG� VHOI�GLVFLSOLQH�� � ,W� DOVR�SURPRWHV�WKH�LGHD�RI�FR�RSHUDWLRQ�DQG�FRPSHWLWLRQ�E\�SDUWLFLSDWLRQ�LQ�WHDP�JDPHV���*RDOV��WR�LPSURYH�WKH�SK\VLFDO�ILWQHVV�RI�VWXGHQWV�DQG�PDNH�WKHP�IHHO�KHDOWKLHU���7HDFKLQJ�PHWKRG��H[HUFLVHV��GHPRQVWUDWLRQ�ZLWK�H[SODQDWLRQ���$VVHVVPHQW��RQ�WKH�EDVLV�RI�UHJXODU�DWWHQGDQFH�DQG�WHVWV���5HJLVWUDWLRQ�UHTXLUHG��\HV���
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�
6XEMHFW��
0DWKHPDWLFV�

&RGH����������%��� 6HPHVWHU����������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV±�V������OHFWXUHV����FODVVHV�±�V�������

1XPEHU�RI�(&76�FUHGLWV��������
�&RRUGLQDWRU�V���=RILD�)LHGRURZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�$SSOLHG�0DWKHPDWLFV���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��+LJKHU�DOJHEUD�� �&RPSOH[�QXPEHU�DOJHEUD���0DWUL[�DOJHEUD���6\VWHPV�RI�OLQHDU�HTXDWLRQV�� �$QDO\WLF�JHRPHWU\��YHFWRU�DOJHEUD��SODQH�DQG�VWUDLJKW� OLQH�LQ�5���TXDGULF�VXUIDFH��V\VWHPV�RI�SRODU��F\OLQGULFDO�DQG�VSKHULFDO�FRRUGLQDWHV����$QDO\VLV�RI�IXQFWLRQV�RI�RQH�YDULDEOH�DQG� VHYHUDO� YDULDEOHV�� DSSOLFDWLRQ� WR� HUURU� HVWLPDWLRQ�� � ,QWHJUDOV� DQG�0XOWLSOH� LQWHJUDOV� DQG�WKHLU�DSSOLFDWLRQV����/LQHDU�DQG�TXDGUDWLF�RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQV���*RDOV��WR�SURYLGH�WKHRUHWLFDO�EDVHV�IRU�OHDUQLQJ�PDMRU�VXEMHFWV���7HDFKLQJ�PHWKRG��OHFWXUHV�DQG�DXGLWRU\�FODVVHV���5HIHUHQFHV��/HLWQHU�5���=DFKDUVNL�-���������=DU\V�0DWHPDW\NL�:\ V]HM��:17��:DUV]DZD��/HLWQHU� 5��� 0DWXV]HZVNL� :��� 5RMHN� =��� ������ =DGDQLD� ]� 0DWHPDW\NL� :\ V]HM�� :17��:DUV]DZD��6WDQNLHZLF]�:��� ������=DGDQLD� ]�0DWHPDW\NL�:\ V]HM� GOD�:\ V]\FK�8F]HOQL� 7HFKQLF]Q\FK��3:1��:DUV]DZD��*HZHUW�0��� 6NRF]\ODV� =��� ������ $OJHEUD� /LQLRZD� ��� $QDOL]D�0DWHPDW\F]QD� �� L� ���2ILF\QD�:\GDZQLF]D�*�L�6���:URFáDZ���$VVHVVPHQW��FODVVHV�±�WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ��ZULWWHQ�RUDO��DW�WKH�HQG�RI�VHPHVWHUV���DQG�����
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6XEMHFW��3K\VLFV� &RGH����������%��� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV�

1XPEHU�RI�(&76�FUHGLWV�������

�&RRUGLQDWRU�V���0LURVáDZ�$OFKLPRZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3K\VLFV�DQG�%LRSK\VLFV���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��0HFKDQLFV��.LQHPDWLFV��G\QDPLFV��FRQVHUYDWLRQ�ODZV��YLEUDWLRQV�� �(OHPHQWV�RI�WKH�UHODWLYLW\�WKHRU\���*UDYLWDWLRQ���.HSOHU¶V�ODZV���&LRáNRZVNL�SUREOHP��URFNHW���.LQHWLF�WKHRU\�RI�PDWWHU��LQWHUPROHFXODU��YDQ�GHU�:DDOV��IRUFHV���3KDVH�WUDQVLWLRQV��(OHFWURG\QDPLFV��(OHFWULFLW\���0DJQHWLVP���(OHFWURPDJQHWLF�ZDYHV��2SWLFV��,QWHUIHUHQFH��GLIIUDFWLRQ��SRODUL]DWLRQ��KRORJUDSK\��JHRPHWULF�RSWLFV��OHQVHV��4XDQWXP� PHFKDQLFV�� (OHFWURQ� GLIIUDFWLRQ�� WKH� XQFHUWDLQW\� �LQGHWHUPLQDF\�� SULQFLSOH���3KRWRHIIHFW��3ODQFN�VSHFWUXP���6FKU|FKLQJHU�HTXDWLRQ���+\GURJHQ�DWRP���,QWHUDFWLRQV��1XFOHDU�IRUFHV�� � 1XFOHDU� UHDFWLRQV�� � 5HDFWRU� VWUXFWXUH�� � ,QWHUDFWLRQV� EHWZHHQ� DQG� FODVVLILFDWLRQ� RI�HOHPHQWDU\�SDUWLFOHV���6\PPHWU\�EUHDNLQJ�DQG�*UHDW�8QLILFDWLRQ���&RVPRORJ\��+XEEOH¶V�ODZ���7KHUPDO�UDGLDWLRQ�RI�WKH�8QLYHUVH���)ULHGPDQQ�HTXDWLRQV���%LJ�EDQJ���*RDOV��WR�GLVFXVV�WKH�EDVLFV�RI�SK\VLFV���3UHFHGLQJ�VXEMHFWV��PDWKHPDWLFV��7HDFKLQJ�PHWKRG��OHFWXUHV��ODERUDWRU\�FODVVHV���5HIHUHQFHV��6DZLHOLHZ�,�:��������:\NáDG\��]�IL]\NL�7�����3:1��:DUV]DZD��%REURZVNL�&]���������)L]\ND��:17��:DUV]DZD��)LFKWHQKRO]�*�0���������5DFKXQHN�Uy QLF]NRZ\�L�FDáNRZ\��3:1��:DUV]DZD���$VVHVVPHQW��FODVVHV���WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���
([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU����
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6XEMHFW��
'HVFULSWLYH�JHRPHWU\�FRPSXWHU�JUDSKLFV�

&RGH����������%��� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV����
�&RRUGLQDWRU�V���5HQDWD�- GU\F]ND��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��%DVLF�WKHRUHPV�RI�HOHPHQWDU\�JHRPHWU\�±�D�UHYLHZ���'HILQLWLRQV�DQG�LQYDULDQWV�RI� SDUDOOHO� DQG� FHQWUDO� SURMHFWLRQ�� � 3URMHFWLRQ� RI� IXQGDPHQWDO� HOHPHQWV� �SRLQW�� VWUDLJKW� OLQH��SODQH��LQ�ERWK�W\SHV�RI�SURMHFWLRQ���$GMDFHQW��FRPPRQ�DQG�SDUDOOHO�HOHPHQWV���3ODQH�VHFWLRQV��GHWHUPLQDWLRQ� RI� UHDO� VL]HV� RI� SODQH� ILJXUHV�� � +LJKZD\� FRQVWUXFWLRQ� VFKHPH� �SDUDOOHO�SURMHFWLRQ��� � /HQJWK� DQG� DQJOH� GLVWRUWLRQ� LQ� SKRWRJUDSKV� �FHQWUDO� SURMHFWLRQ��� �$[RQRPHWULF�SURMHFWLRQ�RI�WKUHH�GLPHQVLRQDO�ILJXUHV���*RDOV�� WR�PDNH�SDUDOOHO� DQG�FHQWUDO�SURMHFWLRQV�RI� WKUHH�GLPHQVLRQDO� ILJXUHV�� WR� UHVWLWXWH� WKH�UHDO� VKDSHV� DQG� VL]HV� RI� WKH� ILJXUHV� SURMHFWHG�� WR� GHYHORS� WKH� SRZHU� RI� WKUHH�GLPHQVLRQDO�WKLQNLQJ���3UHFHGLQJ�VXEMHFWV��PDWKHPDWLFV���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV�DQG�DQDJO\SKV��DXGLWRU\�FODVVHV���5HIHUHQFHV���2WWR�)���2WWR�(���������3RGU F]QLN�JHRPHWULL�Z\NUH OQHM��3:1��:DUV]DZD��:DOLJyUVNL�-���������=DVDG\�L�]DVWRVRZDQLD�U]XWX�FHFKRZDQHJR��:17��:DUV]DZD��5DFKZDá�7���'ZXUD QD�6���������ûZLF]HQLD�]�JHRPHWULL�Z\NUH OQHM��7�����3:1��:DUV]DZD��+XWRURZLF]� +��� 3U] F]HN� %��� ������ =ELyU� ]DGD � ]� U]XWX� URGNRZHJR� L� DNVRQRPHWULL��:\G��$57���2OV]W\Q��%U]RVNR�=���������:\NUH OQD�UHVW\WXFMD�SHUVSHNW\Z\��:17��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��
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6XEMHFW��
&RPSXWHU�VFLHQFH�

&RGH����������%��� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�������
�&RRUGLQDWRU�V���$OLQD�3U WQLFND��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��%DVLF�LQIRUPDWLRQ�DERXW�FRPSXWHUV���$�UHYLHZ�DQG�FRPSDULVRQ�RI�SURJUDPPLQJ�ODQJXDJHV�� �3URJUDPPLQJ� LQ� VHOHFWHG� ODQJXDJHV�� �3UDFWLFDO�DSSOLFDWLRQ�RI� VRIWZDUH�SDFNDJHV�IRU�WKH�SXUSRVHV�RI�JHRGHWLF�VXUYH\LQJ���7KH�EDVLFV�RI�ODQG�LQIRUPDWLRQ�V\VWHPV���'LJLWDO�PDSV��PHWKRGV� RI� LQIRUPDWLRQ� JDWKHULQJ�� IHDWXUHV�� D� UHYLHZ� RI� V\VWHPV� IRU� FUHDWLQJ� DQG� NHHSLQJ�GLJLWDO�PDSV���&RPSXWHU�QHWZRUNV���*RDOV���WR�SUHSDUH�VWXGHQWV�IRU�XVLQJ�FRPSXWHU�WHFKQLTXHV�DQG�QHZ�PHDVXULQJ�WHFKQLTXHV���7HDFKLQJ�PHWKRG��FRPSXWHU�DLGHG�OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��FRPSXWHU�DLGHG�FODVVHV���5HIHUHQFHV���'RZROQH�SRGU F]QLNL�]�]DNUHVX�REVáXJL�NRPSXWHUyZ�L�SURJUDPRZDQLD�Z�Z\EUDQ\FK�M ]\NDFK�SURJUDPRZDQLD��F]DVRSLVPD�IDFKRZH��6LNRUVNL�:���������3U]HZRGQLN�SR�,%0�F]\OL�RG�'26D�SU]H]�:LQGRZV�GR�DSOLNDFML��1,.20��:DUV]DZD��6LNRUVNL�:���������:SURZDG]HQLH�GR�X \WNRZDQLD�PLN\HDURPSXWHUyZ��:17��:DUV]DZD��3HUU\�*���������4EDVLF�.XUV�QD�]GHU]HQLH���,1(562)/$1'���:DUV]DZD��:L QLHZVNL�/���������4XLFN�%DVLF���/\Q[�±�6)7��:DUV]DZD��6]F]HSNRZLF]� � -��� ������ 7XUER� 3DVFDO� ���� ]� SU]\NáDGDPL� NRQVWUXNFML� RSURJUDPRZDQLD�SRGVWDZRZHJR��:17��:DUV]DZD��0\UGD�*���������*L6�F]\OL�PDSD�Z�NRPSXWHU]H����+HOLRQ���:DUV]DZD���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ��ZULWWHQ�DQG�RUDO��DW�WKH�HQG�RI�VHPHVWHU����
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6XEMHFW��
*HRGHV\�

&RGH����������&��� 6HPHVWHU�������������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV����������
�&RRUGLQDWRU�V���� .U]\V]WRI� ZL WHN��$VVRFLDWH�3URIHVVRU��3K'��� � � :DOGHPDU�.DPL VNL��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��*RDOV�DQG�WDVNV�RI�WKH�VXUYH\LQJ�VHUYLFH�LQ�3RODQG��V\VWHPV�RI�FRRUGLQDWHV�DQG�UHIHUHQFH� VXUIDFHV� DSSOLHG� LQ� JHRGHV\� DQG� VXUYH\LQJ�� FKDUDFWHULVWLFV� RI� WKH� JHRGHWLF� FRQWURO�QHWZRUN� LQ� 3RODQG�� HVWDEOLVKPHQW� RI� KRUL]RQWDO� DQG� YHUWLFDO� FRQWURO� QHWZRUNV�� WUDYHUVH�DGMXVWPHQW��PHWKRGV�RI�WHUUDLQ�GHWDLO�VXUYH\LQJ��DUHD�OHYHOLQJ��FRPSLODWLRQ�RI�SODQLPHWULF�DQG�FRQWRXU�PDSV�� �7HFKQRORJLHV� RI� GHWDLO� QHWZRUNV�� �7RSRJUDSKLF� VXUYH\LQJ� E\� WKH�PHWKRG�RI�SRODU�FRRUGLQDWHV��ZLWK�WRWDO�VWDWLRQV���'HWHUPLQDWLRQ�RI�SRLQW�KHLJKW�E\�LQGLUHFW�OHYHOLQJ���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�VXUYH\LQJ�PHWKRGV�HPSOR\HG�WR�FRPSLOH�SODQLPHWULF�DQG�FRQWRXU�PDSV���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV���5HIHUHQFHV��2GODQLFNL�3RF]REXWW�0���������*HRGH]MD��SRGU F]QLN�GOD�VWXGLyZ�LQ \QLHU\MQR�EXGRZODQ\FK��33:.��:DUV]DZD��= EHN� -���=��$GDPF]HZVNL�� 6W��.ZLDWNRZVNL�� ������ûZLF]HQLD� ]� JHRGH]ML� ,�� W�� ,� L� ,,��3:1��:DUV]DZD��/D]]DULQL� 7��� $�� +HUPDQRZVNL�� -�� *D G]LFNL�� 0�� 'REU]\FND�� ,�� /DXG\Q�� ������ *HRGH]MD��*HRGH]\MQD�RVQRZD�V]F]HJyáRZD��33:.��:DUV]DZD�:URFáDZ��6NyUF]\ VNL� $��� ������ 1LZHODFMD� WU\JRQRPHWU\F]QD� Z� SRPLDUDFK� V]F]HJyáRZ\FK�� 2ILF\QD�:\GDZQLF]D�3ROLWHFKQLNL�:DUV]DZVNLHM��:DUV]DZD��6NyUF]\ VNL�$���������/RNDOQD�WULDQJXODFMD�L�WULODWHUDFMD��2ILF\QD�:\GDZQLF]D�3ROLWHFKQLNL�:DUV]DZVNLHM��:DUV]DZD���$VVHVVPHQW�� FODVVHV� ±� KRPHZRUN� DVVLJQPHQWV�� WHVWV� ZLWK� D� SRVVLELOLW\� RI� UHSHDW�� SUDFWLFDO�RSHUDWLRQ�RI�VXUYH\LQJ�LQVWUXPHQWV��([DPLQDWLRQ��ZULWWHQ�DQG�RUDO��DW�WKH�HQG�RI�VHPHVWHUV���DQG�������
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6XEMHFW��
(QJLQHHULQJ�JHRGHV\�

&RGH����������&��� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�������
�&RRUGLQDWRU�V���*DEULHO�.RSLHMHZVNL��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��*HRGHWLF�VXUYH\V�IRU�WKH�SXUSRVHV�RI�GUDZLQJ�XS�LQYHVWPHQW�SURMHFWV���*HRGHWLF�VXUYH\V� DW� VXFFHVVLYH� VWDJHV� RI� LQYHVWPHQW�� � &RQVWUXFWLRQDO� PHDVXUHPHQWV� DQG� VWUXFWXUH�DVVHPEO\� FKHFN�� � 'LVSODFHPHQW� DQG� GHIRUPDWLRQ�PHDVXUHPHQWV�� � &KHFN�PHDVXUHPHQWV� DQG�TXDQWLW\�VXUYH\V�RI� LQYHVWPHQWV�� �*HRGHWLF� LQYHQWRU\�GRFXPHQWDWLRQ�� WHUULWRULDO�GHYHORSPHQW�DQG�WHFKQLFDO�LQIUDVWUXFWXUH�UHJLVWHUV���*RDOV��WR�GLVFXVV�DQG�DSSO\�LQ�SUDFWLFH�JHRGHWLF�VXUYH\LQJ�DW�VXFFHVVLYH�LQYHVWPHQW�VWDJHV���3UHFHGLQJ� VXEMHFWV�� JHRGHV\�� FRPSXWLQJ� PHWKRGV� LQ� JHRGHV\�� HOHFWURQLF� PHDVXULQJ�WHFKQLTXHV���7HDFKLQJ�PHWKRG��OHFWXUHV��GUDZLQJ�XS�SURMHFWV��ILHOG�WUDLQLQJ���5HIHUHQFHV��3UDFD�]ELRURZD�SRG�UHG��-DQD�*P\UND��������*HRGH]MD�LQ \QLHU\MQD��7RP�,���:DUV]DZD��3UDFD�]ELRURZD�SRG�UHG��-DQD�*RFDáD��������*HRGH]MD�LQ \QLHU\MQD��7RP�,,��:DUV]DZD��3UDFD�]ELRURZD�SRG�UHG��5\V]DUGD�-��*UDERZVNLHJR��������*HRGH]MD�LQ \QLHU\MQD��7RP�,,,��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�GUDZLQJ�XS�SURMHFWV��VHPHVWHU�����FRQGXFWLQJ�JURXS�ILHOG�VXUYH\V�DQG�GDWD�HODERUDWLRQ��WHVW�DW�WKH�HQG�RI�WKH�VHPHVWHU��([DPLQDWLRQ��ZULWWHQ�DQG�RUDO��DW�WKH�HQG�RI�VHPHVWHU����
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6XEMHFW��
*HRGHV\�DQG�JHRGHWLF�DVWURQRP\�

&RGH����������&��� 6HPHVWHU�������

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV������
�&RRUGLQDWRU�V���-DQ�.U\ VNL��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6DWHOOLWH�*HRGHV\�DQG�1DYLJDWLRQ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��,QWURGXFWLRQ�WR�JHRGHV\���3UHFLVH�OHYHOLQJ���6\VWHPV�RI�KHLJKWV���'HWHUPLQDWLRQ�RI�JHRGHWLF�FRRUGLQDWHV�RQ�WKH�HOOLSVRLG���*UDYLW\�UHGXFWLRQ���*HRGHWLF�VXUYH\�UHGXFWLRQ�RQ�WKH�HOOLSVRLG�� � (OOLSVRLG� SURMHFWLRQ� RQ� WKH� SODQH�� � &RQYHUVLRQ� RI� JHRGHWLF� FRRUGLQDWHV� LQWR�RUWKRJRQDO� �UHFWDQJXODU�� FRRUGLQDWHV� LQ� WKH� *DXVV�.U�JHU� SURMHFWLRQ�� SURMHFWLYH� UHGXFWLRQV���6\VWHPV�RI�VWDWH�FRRUGLQDWHV�� �3ULPDU\��IXQGDPHQWDO��EDVLF��KRUL]RQWDO�DQG�YHUWLFDO�JHRGHWLF�FRQWURO�QHWZRUNV���0RGHUQL]DWLRQ�RI�JHRGHWLF�QHWZRUNV�LQ�3RODQG��*36� ±� WKH� RSHUDWLQJ� SULQFLSOH�� � 5HIHUHQFH� V\VWHPV�� � &RRUGLQDWH� WUDQVIRUPDWLRQV�� � *36�QHWZRUN� DGMXVWPHQW� DQG� FRRUGLQDWH� WUDQVIRUPDWLRQ� WR� ORFDO� V\VWHPV�� � 7KH� XVH� RI� VDWHOOLWH�WHFKQLTXHV�LQ�JHRGHV\�DQG�QDYLJDWLRQ���7KH�IXWXUH�RI�*36���*RDOV�� WR�GLVFXVV� WKH�EDVLF�SUREOHPV�RI�JHRGHV\�� WR� IDPLOLDUL]H�VWXGHQWV�ZLWK�JHRGHWLF� WRROV�IRU�WKH�DFTXLVLWLRQ��FRPSLODWLRQ�DQG�XVH�RI�VSDWLDO�GDWD����3UHFHGLQJ�VXEMHFWV��PDWKHPDWLFV��SK\VLFV���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��SUDFWLFDO�FODVVHV�LQFOXGLQJ�ILHOG�WUDLQLQJ���5HIHUHQFHV��&]DUQHFNL�.���������*HRGH]MD�ZVSyáF]HVQD��:LHG]D�L� \FLH��:DUV]DZD��3UDFD�]ELRURZD��������1LZHODFMD�3UHF\]\MQD��33:.��:DUV]DZD�:URFáDZ��3UDFD�]ELRURZD��������ûZLF]HQLD�]�*HRGH]ML�:\ V]HM��3:1��:DUV]DZD��3UDFD�]ELRURZD��������*HRGH]MD�:\ V]D�L�$VWURQRPLD�*HRGH]\MQD��=DGDQLD�L�3U]\NáDG\��3:1��:URFáDZ��$��/HLFN���������*36�6DWHOOLWH�6XUYH\LQJ��-�:LOH\�	�6RQV��%��+RIPDQQ�:HOOHQKRI��+��/LFKWHQHJHU�DQG�-��&ROOLQV��������*36�7KHRU\�DQG�3UDFWLFH����$VVHVVPHQW��FODVVHV���KRPHZRUN�DVVLJQPHQWV�DQG�UHSRUWV�RQ�ILHOG�WUDLQLQJ��([DPLQDWLRQ��RUDO��DW�WKH�HQG�RI�VHPHVWHU����
��
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6XEMHFW��
%XLOGLQJ�HQJLQHHULQJ�DQG�FRVWLQJ�

&RGH����������&���� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV����
�&RRUGLQDWRU�V���-DQXV]�7DGHXV]�%DUVNL��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�7HFKQRORJ\��2UJDQL]DWLRQ�DQG�(FRQRPLFV�RI�%XLOGLQJ�(QJLQHHULQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��'LYLVLRQ� RI� EXLOGLQJ� HQJLQHHULQJ�� IXQFWLRQDO�� FRQVWUXFWLRQDO� DQG� WHFKQRORJLFDO�DVSHFWV�� � 7UDGLWLRQDO� EXLOGLQJ� HQJLQHHULQJ�� VWUXFWXUDO� FRPSRQHQWV�� � ,QGXVWULDO� EXLOGLQJ��EXLOGLQJ� V\VWHPV�� � 7HFKQRORJ\� GHYHORSPHQW�� � 'HILQLWLRQV� DQG� W\SHV� RI� FRVW� HVWLPDWH��FDOFXODWLRQ��� � %XLOGLQJ� H[SHQVHV� �LQFOXGLQJ� WKH� FRVWV� RI� EXLOGLQJ� PDWHULDOV�� ODERU��WUDQVSRUWDWLRQ��HWF���� �&DOFXODWLRQ�RI�SULFH� FRPSRQHQWV�� �6XSSOHPHQWV� IRU� H[HFXWLRQ�RI�ZRUN�XQGHU�VXEVWDQGDUG�FRQGLWLRQV���7DVNV�WR�EH�SHUIRUPHG�E\�SDUWLHV�ZKLOH�PDNLQJ�FRVW�HVWLPDWHV���,QGLYLGXDO�FDOFXODWLRQ�RI�EXLOGLQJ�H[SHQVHV��&DWDORJXHV�RI�%XLOGLQJ�([SHQVHV���0HDVXUHPHQWV�YHUVXV�TXDQWLW\�VXUYH\V���0DNLQJ�FRVW�HVWLPDWHV�E\�WKH�GHWDLOHG�PHWKRG���&RPSXWHU�DVVLVWDQFH���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�WKH�EDVLF�SULQFLSOHV�RI�FRVWLQJ���5HIHUHQFHV�������3DZáRZVNL�3���%XGRZQLFWZR�RJyOQH������ HQF]\NRZVNL�:���%XGRZQLFWZR�RJyOQH������3UDFD�]ELRURZD��3RUDGQLN�PDMVWUD�EXGRZ\������3UDFD�]ELRURZD�� URGRZLVNRZH�]DVDG\�NRV]WRU\VRZDQLD������5R]SRU] G]HQLD�0LQLVWUD� 6SUDZ�:HZQ WU]Q\FK� L�%XGRZQLFWZD� ]� �����Z� VSUDZLH� ]DVDG�VSRU] G]DQLD�NRV]WRU\VyZ�LQZHVWRUVNLFK���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��
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�
6XEMHFW��
&RPSXWLQJ�PHWKRGV�LQ�JHRGHV\�

&RGH����������&���� 6HPHVWHU�������

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�������
�&RRUGLQDWRU�V���3URIHVVRU�=ELJQLHZ�:L QLHZVNL��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��7KH�EDVLFV�RI�PDWUL[�DOJHEUD���0HWKRGV�RI�LQYHUVH�PDWUL[�FDOFXODWLRQ���(OHPHQWV�RI� WKH�PDWUL[� WKHRU\�� �*HQHUDO� LQYHUVH�PDWUL[HV�� �0HWKRGV�RI� VROYLQJ� V\VWHPV�RI� HTXDWLRQV���,QWURGXFWLRQ� WR� VWDWLVWLFDO� LQIHUHQFH�� � 5DQGRP� YDULDEOHV� �SUREDELOLW\� GHQVLW\� IXQFWLRQ��FXPXODWLYH� GLVWULEXWLRQ� IXQFWLRQ�� GHVFULSWLYH� SDUDPHWHUV�� PRPHQWV�� FRYDULDQFH� PDWUL[��FRYDULDQFH�PDWUL[� SURSDJDWLRQ�� W\SLFDO� GLVWULEXWLRQV� RI� UDQGRP�YDULDEOHV��� � (OHPHQWV� RI� WKH�HVWLPDWLRQ�WKHRU\���&ODVVLFDO�PHWKRGV�RI�SRLQW�HVWLPDWLRQ���5DQJH�HVWLPDWLRQ���(OHPHQWV�RI�WKH�WKHRU\� RI� PHDVXULQJ� HUURUV� ±� K\SRWKHVHV� DQG� PRGHOV�� � ,QWURGXFWLRQ� WR� WKH� WKHRU\� RI�REVHUYDWLRQ� DGMXVWPHQW�� �7KH�EDVLFV�RI� DGMXVWPHQW�E\� WKH� OHDVW� VTXDUH�PHWKRG�� �&RYDULDQFH�PDWUL[�PRGHO���:HLJKW�PDWUL[���&R�IDFWRU�PDWUL[���&RHIILFLHQW�RI�YDULDQFH���7KH�SULQFLSOHV�RI�DGMXVWPHQW�E\�WKH�SDUDPHWULF�PHWKRG���$FFXUDF\�HVWLPDWLRQ�DIWHU�DGMXVWPHQW���7KH�SULQFLSOHV�RI�DGMXVWPHQW�E\�WKH�FRUUHODWH�PHWKRG�� �$GMXVWPHQW�RI�GHSHQGHQW�REVHUYDWLRQV�� �0HWKRGV�RI�VHTXHQWLDO� DGMXVWPHQW�� � 3UDFWLFDO� SUREOHPV� DFFRPSDQ\LQJ� WKH� SURFHVV� RI� REVHUYDWLRQ�DGMXVWPHQW��PRVW�FRPPRQ�FRPSXWLQJ�PHWKRGV��SURJUDPV�DQG�V\VWHPV����*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�WKH�WKHRU\�DQG�SUDFWLFH�RI�REVHUYDWLRQ�DGMXVWPHQW���3UHFHGLQJ�VXEMHFWV��JHRGHV\��PDWKHPDWLFV���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV���5HIHUHQFHV��:L QLHZVNL� =��� ������ $OJHEUD� PDFLHU]\� L� VWDW\VW\ND� PDWHPDW\F]QD� Z� UDFKXQNX�Z\UyZQDZF]\P��WHRULD�L�]DGDQLD���:\GDZQLFWZR��8:0��2OV]W\Q��
%DUDQ� /��:��� ������ 7HRUHW\F]QH� SRGVWDZ\� RSUDFRZDQLD� Z\QLNyZ� SRPLDUyZ� JHRGH]\MQ\FK��:\GDZQLFWZR�1DXNRZH�3:1��&]DMD�-���������0RGHOH�VWDW\VW\F]QH�Z�LQIRUPDFML�R�WHUHQLH��:\GDZQLFWZR�$*�+��.UDNyZ��,QQH�SRGU F]QLNL�]�]DNUHVX�Z\UyZQDQLD�REVHUZDFML�JHRGH]\MQ\FK�RUD]�F]DVRSLVPD�QDXNRZH��*HRGH]MD�L�.DUWRJUDILD��-RXUQDO�RI�*HRGHV\��
$VVHVVPHQW��FODVVHV���WHVWV��WKUHH�FRPSXWDWLRQDO�WDVNV��UHSRUWV�RQ�WKH�WDVNV��
([DPLQDWLRQ��ZULWWHQ�DQG�RUDO��DW�WKH�HQG�RI�VHPHVWHU����
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�
6XEMHFW��
3KRWRJUDPPHWU\�DQG�UHPRWH�VHQVLQJ�

&RGH����������&��� 6HPHVWHU�������

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV�±�V�������OHFWXUHV����FODVVHV�±�V����
1XPEHU�RI�(&76�FUHGLWV�������

�&RRUGLQDWRU�V���3LRWU�6DZLFNL��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� (OHFWURPDJQHWLF� UDGLDWLRQ�� � 2SWLFDO� DQG� RSWLFDO�HOHFWURQLF� V\VWHPV� RI�SKRWRJUDPPHWULF� LPDJH� UHJLVWUDWLRQ�� � 7KH� SULQFLSOHV� RI� DUUDQJLQJ� DQG� WDNLQJ� DHULDO� DQG�WHUUHVWULDO�PHWULF�SKRWRJUDSKV�� �$QDORJXH�DQG�GLJLWDO�PHWULF�SKRWRJUDSKV�±�VSHFWUDO� UDQJH�RI�UHJLVWUDWLRQ��JHRPHWULF�DQG�UDGLRPHWULF�SURSHUWLHV���'LJLWDO�LPDJH�SUH�SURFHVVLQJ���7KH�EDVLFV�RI� PHWULF� SKRWRJUDSK� PHDVXUHPHQW�� � $QDO\WLFDO� EDVHV� RI� SKRWRJUDPPHWU\�� � 0HWKRGV� RI�VROYLQJ� DQG� DGMXVWPHQW� RI� VSDWLDO� �DHULDO�� WULDQJXODWLRQ�� � $QDO\WLFDO� DQG� GLJLWDO� SORWWLQJ�LQVWUXPHQWV� ±� VWUXFWXUH�� RSHUDWLRQ� DQG� PHWKRGV� RI� SKRWRJUDSK� PHDVXUHPHQW�� � 'LJLWDO� PDS�FRPSLODWLRQ� E\� VWHUHR� GLJLWL]DWLRQ�� � 'LJLWDO� PDS� UHYLVLRQ� �XSGDWLQJ�� E\� SKRWRJUDPPHWULF�PHWKRGV�� � *HQHUDWLQJ� 'LJLWDO� 7HUUDLQ� 0RGHOV� DQG� 'LJLWDO� (OHYDWLRQ� 0RGHOV� E\�SKRWRJUDPPHWULF� PHWKRGV�� � 7KH� WKHRU\� RI� RUWKRSKRWRJUDSK\�� � 7KH� FUHDWLRQ� RI�RUWKRSKRWRJUDSKV�� � 7KH� FRPSLODWLRQ� RI� GLJLWDO� RUWKRSKRWRPDSV�� � (OHPHQWV� RI� DHULDO� DQG�VDWHOOLWH� UHPRWH� VHQVLQJ�� � ,QWHUSUHWDWLRQ� RI� DHULDO� SKRWRJUDSKV�� � 6DWHOOLWH� UHPRWH� VHQVLQJ�V\VWHPV���3KRWRJUDPPHWU\�DQG�UHPRWH�VHQVLQJ�LQ�WKH�*,6���*RDOV�� WR� GLVFXVV� WKH� PHWKRGV� DQG� WHFKQRORJLHV� RI� JDWKHULQJ� JHRPHWULF� DQG� VHPDQWLF�LQIRUPDWLRQ� DERXW� SK\VLFDO� VWUXFWXUHV� RQ� WKH� EDVLV� UHJLVWUDWLRQ�� LQWHUSUHWDWLRQ� DQG�PHDVXUHPHQW�RI�GLJLWDO�SKRWRJUDSKV�DQG�LPDJHV���3UHFHGLQJ� VXEMHFWV�� PDWKHPDWLFV�� SK\VLFV�� FRPSXWLQJ� PHWKRGV� LQ� JHRGHV\�� JHRGHV\��FRPSXWHU�VFLHQFH���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� DXGLRYLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV� DQG� YLGHR� WDSHV��FODVVHV�±�SUDFWLFDO�DSSOLFDWLRQ�RI�FRPSXWHU�DLGHG�SKRWRJUDPPHWULF�PHDVXULQJ�PHWKRGV���5HIHUHQFHV��6LWHN�=����������)RWRJUDPHWULD�RJyOQD�L�LQ \QLHU\MQD��33:.��:DUV]DZD�±�:URFáDZ��.XUF]\ VNL�=���5��3UHXVV��������3RGVWDZ\�IRWRJUDPHWULL��:\G��3:��:DUV]DZD��6LWHN�=���������:SURZDG]HQLH�GR�WHOHGHWHNFML�ORWQLF]HM�L�VDWHOLWDUQHM��:\G��$*+��.UDNyZ��6LWHN�=���������=DU\V�WHOHGHWHNFML�ORWQLF]HM�L�VDWHOLWDUQHM��:\G��$*+��.UDNyZ��.UDXV�.���������3KRWRJUDPPHWU\��'XHPPOHU�9HUODJ��%RQQ���$VVHVVPHQW����WHVWV��GUDZLQJ�XS�WHFKQLFDO�UHSRUWV�RQ�SDUWLFXODU�FODVVHV��
([DPLQDWLRQ��ZULWWHQ�DQG�RU�RUDO��DW�WKH�HQG�RI�VHPHVWHU����
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6XEMHFW��&DUWRJUDSK\� &RGH����������&��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV�

1XPEHU�RI�(&76�FUHGLWV����

�&RRUGLQDWRU�V���3URIHVVRU�,G]L�*DMGHURZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� 6SKHULFDO� WULJRQRPHWU\�� �&RRUGLQDWH� V\VWHPV�RI� SRLQWV� VLWXDWHG� RQ� WKH� VSKHUH���6SKHURLG� JHRPHWU\�� � *HQHUDO� WKHRU\� RI� PDS� SURMHFWLRQV�� � 0DS� SURMHFWLRQ� FODVVLILFDWLRQ���3URMHFWLRQ� RI� WKH� HOOLSVRLG� RQ� VSKHULFDO� VXUIDFH�� � $]LPXWKDO�� F\OLQGULFDO� DQG� FRQLFDO�SURMHFWLRQV� RI� VSKHULFDO� VXUIDFH�� �*DXVV�.U�JHU� SURMHFWLRQ�� �4XDVL�VWHUHRJUDSKLF� SURMHFWLRQ���&RQIRUPDO� WUDQVIRUPDWLRQ�� � &ULWHULD� RI� PDS� FODVVLILFDWLRQ�� � *HQHUDO� SULQFLSOHV� RI� PDS�FRPSLODWLRQ���&DUWRJUDSKLF�JHQHUDOL]DWLRQ���0DS�UHSURGXFWLRQ���7RSRJUDSKLF�PDSV�LQ�3RODQG�VLQFH� ������ � 7RSRJUDSKLF� PDS� FRPSLODWLRQ�� � 7KHPDWLF� FDUWRJUDSK\�� � &RPSXWHU�DLGHG�FDUWRJUDSK\���*RDOV�� WR� LQWURGXFH� VWXGHQWV� WR� WKH� WKHRU\� RI�PDS�SURMHFWLRQV�� WR� IDPLOLDUL]H� WKHP�ZLWK� WKH�EDVLFV�RI�WKH�FRPSLODWLRQ�DQG�UHSURGXFWLRQ�RI�WRSRJUDSKLF�DQG�WKHPDWLF�PDSV���3UHFHGLQJ�VXEMHFWV��JHRGHV\��PDWKHPDWLFV���7HDFKLQJ�PHWKRG�� OHFWXUHV�ZLWK�YLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV�� ODERUDWRU\� FODVVHV� DQG� D�YLVLW�WR�D�FDUWRJUDSKLF�SXEOLVKLQJ�KRXVH���5HIHUHQFHV���*DMGHURZLF]�,���������.DUWRJUDILD�PDWHPDW\F]QD�GOD�JHRGHWyZ��:\G��$5�7��2OV]W\Q���%\HDUPDQ�/����������5HGDNFMD�PDS�L�UHSURGXNFMD�NDUWRJUDILF]QD��:\G��$5�7��2OV]W\Q��0HQQR�-DQ� .UDDN�� )�� 2UPHOLQJ�� ������ .DUWRJUDILD�� ZL]XDOL]DFMD� GDQ\FK� SU]HVWU]HQQ\FK��:\G��1DXN��3:1��:DUV]DZD��5DWDMVNL� /��� ������ � 0HWRG\ND� NDUWRJUDILL� VSRáHF]QR�JRVSRGDUF]HM�� 33:.�� :DUV]DZD� ±�:URFáDZ���Z\G��,,��$OHNVLHMHZLF]�6DOLV]F]HZ�.���������.DUWRJUDILD�RJyOQD��:\G��1DXN��3:1�:DUV]DZD��Z\G��,,���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��
�
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�
6XEMHFW��(OHFWURQLF�PHDVXULQJ�WHFKQLTXHV�

&RGH����������&��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV�

1XPEHU�RI�(&76�FUHGLWV�����

�&RRUGLQDWRU�V���$QGU]HM�:DQLF��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��0HFKDQLFDO�RSWLFDO� V\VWHPV� RI� HQJLQHHULQJ� DQG� SUHFLVLRQ� OHYHOLQJ� LQVWUXPHQWV�DQG�WKHRGROLWHV�ZLWK�YDULRXV�UHDGLQJ�UHJLVWUDWLRQ�V\VWHPV���7HVWLQJ�DQG�DGMXVWPHQW�RI�RSWLFDO�VXUYH\LQJ�HTXLSPHQW���(OHFWURQLF�GLVWDQFH�PHDVXUHPHQW��LPSXOVH�DQG�SKDVH�PHWKRGV����7RWDO�VWDWLRQV���(OHFWURQLF�DQJOH�PHDVXUHPHQW�V\VWHPV��FRGH��LPSXOVH��G\QDPLF����(OHFWURPDJQHWLF�ZDYH�SURSDJDWLRQ�LQ�WKH�DWPRVSKHUH���/DVHUV���:DOO�PDUNV���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV�ZLWK� WKH� VWUXFWXUH� DQG� XVH� RI�PHDVXULQJ� LQVWUXPHQWV� �RSWLFDO�DQG� HOHFWURQLF��� WR� SUHSDUH� WKHP� IRU� FDUU\LQJ� RXW� VXUYH\LQJ� WDVNV� ZLWK� WKH� KHOS� RI�PRGHUQ�VXUYH\LQJ�HTXLSPHQW���3UHFHGLQJ�VXEMHFWV��JHRGHV\���7HDFKLQJ�PHWKRG��OHFWXUHV�DQG�FODVVHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV�DQG�YLGHR�W\SHV���5HIHUHQFHV��3áDWHN�$����������*HRGH]\MQH�GDOPLHU]H�HOHNWURPDJQHW\F]QH�L�WDFK\PHWU\�HOHNWURQLF]QH��&] ü�,��JHRGH]\MQH�GDOPLHU]H�HOHNWURPDJQHW\F]QH�GR�SRPLDUyZ�WHUHQRZ\FK��33:.��:DUV]DZD���:URFáDZ��3áDWHN�$����������*HRGH]\MQH�GDOPLHU]H�HOHNWURPDJQHW\F]QH�L�WDFK\PHWU\�HOHNWURQLF]QH��&] ü�,,��RSW\F]QH�GDOPLHU]H�LQWHUIHUHQF\MQH��WHRGROLW\�L�WDFK\PHWU\�HOHNWURQLF]QH���33:.�����:DUV]DZD�±�:URFáDZ��7DWDUF]\N� -�� ������ � :\EUDQH� ]DJDGQLHQLD� ]� LQVWUXPHQWR]QDZVWZD� JHRGH]\MQHJR�� $*�+��.UDNyZ��7DWDUF]\N�� -�� ������ 1RZH� NRQVWUXNFMH� JHRGH]\MQ\FK� SU]\U] GyZ� N WRPLHUF]\FK�� $*�+��.UDNyZ��:DQLF�$���������,QVWUXPHQWR]QDZVWZR�JHRGH]\MQH��3U]HZRGQLN�GR�üZLF]H ��&] ü�,��:\GDQLH�,,���$5�7��2OV]W\Q��:DQLF�$����������,QVWUXPHQWR]QDZVWZR�JHRGH]\MQH��3U]HZRGQLN�GR�üZLF]H ��&] ü�,,��$5�7��2OV]W\Q��= EHN�-��L�LQ���������ûZLF]HQLD�]�JHRGH]ML�,��3:1��:DUV]DZD���$VVHVVPHQW��FODVVHV���WHVW���D�SUDFWLFDO�H[DP�LQ�WKH�XVH�RI�RSWLFDO�DQG�HOHFWURQLF�PHDVXULQJ�LQVWUXPHQWV��
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�
6XEMHFW��
%DVLFV�RI�WRZQ�DQG�FRXQWU\�SODQQLQJ�

&RGH����������&���� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV�
1XPEHU�RI�(&76�FUHGLWV����

�&RRUGLQDWRU�V���3URIHVVRU�5\V]DUG�&\PHUPDQ��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�3ODQQLQJ�DQG�0DQDJHPHQW���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� 3ODQQLQJ� GHFLVLRQV� DW� D� OHYHO� RI� FRPPXQHV�� � /RFDO� WRZQ�DQG�FRXQWU\�GHYHORSPHQW� SODQV�� � /DQG� XVH� SODQQLQJ�� � 'HFLVLRQV� FRQFHUQLQJ� ODQG� GHYHORSPHQW� DQG�PDQDJHPHQW���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�WKH�EDVLFV�RI�ODQG�PDQDJHPHQW���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV���5HIHUHQFHV���&\PHUPDQ� 5��� 3ODQRZDQLH� L� ]DJRVSRGDURZDQLH� SU]HVWU]HQQH� Z� JRVSRGDUFH�QLHUXFKRPR FLDPL���$VVHVVPHQW��FODVVHV�±�WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU����
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6XEMHFW��
/DQG�LQIRUPDWLRQ�V\VWHPV�

&RGH����������&���� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�������
�&RRUGLQDWRU�V���3URIHVVRU�6WDQLVáDZ�6XURZLHF��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�5XUDO�6XUYH\LQJ�DQG�&DGDVWUH���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��&RPSXWHU��YHFWRU�DQG�UDVWHU�JUDSKLFV���5HODWLRQDO�GDWDEDVHV���6SDWLDO�LQIRUPDWLRQ�V\VWHPV��*,6��� *RDOV��WR�GLVFXVV�WKH�WKHRUHWLFDO�DQG�WHFKQRORJLFDO�EDVHV�RI�VSDWLDO�LQIRUPDWLRQ�V\VWHPV�DQG�WKH�*,6���3UHFHGLQJ�VXEMHFWV��JHRGHV\��ODQG�UHJLVWUDWLRQ��FRPSXWHU�VFLHQFH��FDUWRJUDSK\���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�DXGLRYLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��YLGHR�SURMHFWLRQV��FODVVHV�DW�D�FRPSXWHUL]HG�ODERUDWRU\���5HIHUHQFHV��*D G]LFNL�-���������6\VWHP\�,QIRUPDFML�3U]HVWU]HQQHM��33:.��*D G]LFNL�-���������6\VWHP\�.DWDVWUDOQH��33:.��5\EL VNL�+���������%D]\�'DQ\FK��$NDGHPLFND�2ILF\QD�:\GDZQLF]D��%DQDFKRZVNL�/���������%D]\�'DQ\FK���$NDGHPLFND�2ILF\QD�:\GDZQLF]D��=DEURG]NL�-���������*UDILND�NRPSXWHURZD��:\GDZQLFWZD�1DXNRZR�7HFKQLF]QH��:DUV]DZD��.LVWRZVNL�0���������6\VWHP\�,QIRUPDFML�*HRJUDILF]QHM��%RJXFNL�:\GDZQLFWZR�1DXNRZH���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW�([DPLQDWLRQ�DW�WKH�HQG�RI�VHPHVWHU����
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6XEMHFW��
(QYLURQPHQWDO�SURWHFWLRQ�

&RGH����������&���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���,ZRQD�0DUFLQNRZVND��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�3ODQQLQJ�DQG�0DQDJHPHQW���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� %DVLF� FRQFHSWV� RI� HQYLURQPHQWDO� SURWHFWLRQ�� � )DUPODQG� SURWHFWLRQ�� WKUHDWV� WR�IDUPODQG�� UHOHDVH� RI� FURSODQG� DQG� IRUHVW� ODQG� IRU� RWKHU� SXUSRVHV�� UHOHDVH� FKDUJH�� � 5XUDO�ODQGVFDSH�DVVHVVPHQW���'HYDVWDWHG�ODQG�UHFODPDWLRQ���7KH�UHFODPDWLRQ�SURFHVV���7KH�GLUHFWLRQV�DQG� FRVWV� RI� ODQG� UHFODPDWLRQ�� � 'RFXPHQWDWLRQ� �VSHFLILFDWLRQV�� FRVW� HVWLPDWH�� RI� ODQG�UHFODPDWLRQ���(FRORJLFDO�GHYHORSPHQW�RI�UXUDO�DUHDV���*RDOV�� WR� GLVFXVV� WKH� EDVLFV� RI� HQYLURQPHQWDO� SURWHFWLRQ�� DQG� HQYLURQPHQWDO� DVSHFWV� RI�SODQQLQJ�LQ�WKH�ILHOG�RI�JHRGHV\���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��FODVVHV�±�SURMHFW�GUDZLQJ���5HIHUHQFHV��%DUWNRZVNL�7���������.V]WDáWRZDQLH�L�RFKURQD� URGRZLVND��3:1��:DUV]DZD��&\PHUPDQ�5���+RSIHU� $��� ������ 2FKURQD� URGRZLVND�Z� SODQRZDQLX� L� XU] G]DQLX� WHUHQyZ�ZLHMVNLFK��3:1��:DUV]DZD��&\PHUPDQ� 5��� ������ *HRGH]\MQH� SUREOHP\� UHNXOW\ZDFML� JUXQWyZ�� :\GDZQLFWZR� $57��2OV]W\Q��&\PHUPDQ�5���������5HNXOW\ZDFMD�JUXQWyZ�]GHZDVWRZDQ\FK��:\GDZQLFWZR�$57��2OV]W\Q��(NRUR]ZyM� REV]DUyZ� ZLHMVNLFK�� =HV]\W\� 3UREOHPRZH� 3RVW SyZ� 1DXN� 5ROQLF]\FK� 3$1��=HV]\W������3:1��:DUV]DZD���$VVHVVPHQW��GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��
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�
6XEMHFW��
%DVLFV�RI�(DUWK�VFLHQFH�

&RGH����������&���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV����
�&RRUGLQDWRU�V���3URIHVVRU�-DQXV]�*RWNLHZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3HGRORJ\�DQG�6RLO�&RQVHUYDWLRQ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\��'HVFULSWLRQ��7KH�QDWXUDO�HQYLURQPHQW�RI�3RODQG�� �7KH� UROH�RI� VRLOV�� VRLO� UHVRXUFHV�� VRLO�XVH�VWUXFWXUH�� � 6RLO� SURSHUWLHV�� � 6RLO� FODVVLILFDWLRQ�� � (YDOXDWLRQ� RI� DJULFXOWXUDO� SURGXFWLRQ� DUHD���6RLO�PDSV���6RLO�WD[RQRP\�LQ�3RODQG���6RLO�FRQVHUYDWLRQ���$JULFXOWXUH�LQ�3RODQG���'LUHFWLRQV�RI�DJULFXOWXUDO� SURGXFWLRQ�� � &XOWLYDWLRQ�� IHUWLOL]DWLRQ� DQG� SURWHFWLRQ� RI� SODQWV�� � 7HFKQRORJ\� RI�JURZLQJ� VHOHFWHG� FHUHDO�� URRW�� RLO�EHDULQJ� DQG� OHJXPLQRXV� SODQWV�� � 0HDGRZV� DQG� SDVWXUHV���3UHVHQWDWLRQ�RI�H[SHULPHQWDO�DQG�SURGXFWLRQ�ILHOGV���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�WKH�EDVLFV�RI�DJULFXOWXUH�DQG�SHGRORJ\���5HIHUHQFHV���3U]HGZRMVNL�5���������*OHER]QDZVWZR�]�SRGVWDZDPL�JHRPRUIRORJLL��PLQHUDORJLL�SHWURJUDILL��6NU\SW\�$57��2OV]W\Q��0L]HUVNL�:���������*HRORJLD�G\QDPLF]QD�GOD�JHRJUDIyZ��3:1��:DUV]DZD��8JJOD�+���������*OHER]QDZVWZR�UROQLF]H��3:1��:DUV]DZD��'REU]D VNL�%���������*OHER]QDZVWZR��3:5L/��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW����



� ����

/(9(/��&�
�
6XEMHFW��
5HDO�HVWDWH�DGPLQLVWUDWLRQ�

&RGH����������&���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV����
�&RRUGLQDWRU�V���5DGRVáDZ�:L QLHZVNL��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�0DQDJHPHQW�DQG�5HJLRQDO�'HYHORSPHQW����6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� 7KH� EDVLFV� RI� UHDO� HVWDWH� DGPLQLVWUDWLRQ� LQ� XUEDQ� DUHDV�� � 3URFHGXUHV� RI�DGPLQLVWUDWLQJ�UHDO�HVWDWHV�RZQHG�E\� WKH�6WDWH�7UHDVXU\�DQG� ORFDO�JRYHUQPHQW�XQLWV�� �)RUPV�DQG� OHJDO� EDVHV� RI� WUDGH� LQ� UHDO� HVWDWHV�� �$GPLQLVWUDWLRQ� RI� UHDO� HVWDWH� UHVHUYHV�� � 7HQGHULQJ�SURFHGXUH� DQG� VDOH� ZLWKRXW� LQYLWLQJ� WHQGHUV� LQ� WKH� FDVH� RI� UHDO� HVWDWHV� RZQHG� E\� WKH� 6WDWH�7UHDVXU\� DQG� ORFDO� JRYHUQPHQW� XQLWV�� � /RQJ�WHUP� XVXIUXFW� RI� UHDO� SURSHUW\�� � 3ULFHV��FKDUJHV�IHHV�� GDPDJHV�FRPSHQVDWLRQ� DQG� SD\PHQWV� IRU� UHDO� HVWDWHV�� � ([SURSULDWLRQ� RI� UHDO�HVWDWHV� DQG� UHVWLWXWLRQ� RI� UHDO� HVWDWHV� H[SURSULDWHG� EHIRUH�� � &RQVROLGDWLRQ� DQG� GLYLVLRQ��SDUWLWLRQ�RI�UHDO�SURSHUW\���$GMDFHQW�IHHV���5LJKW�RI�SUH�HPSWLRQ��ULJKW�RI�SULRULW\���5HDO�HVWDWH�DGPLQLVWUDWLRQ�LQ�RWKHU�FRXQWULHV���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV� ZLWK� WKH� OHJDO� DQG� HFRQRPLF� EDVHV� RI� UHDO� HVWDWH�DGPLQLVWUDWLRQ�LQ�XUEDQ�DUHDV���3UHFHGLQJ�VXEMHFWV��WKHRU\�DQG�SULQFLSOHV�RI�UHDO�HVWDWH�YDOXDWLRQ��ODZ��HFRQRPLFV���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��FODVVHV��LQFOXGLQJ�VHPLQDUV�DQG�PDNLQJ�DQ�LQYHQWRU\���5HIHUHQFHV��%LHQLHN�*��L�LQQL��������.RPHQWDU]�GR�XVWDZ\�R�JRVSRGDUFH�QLHUXFKRPR FLDPL��=&2��=LHORQD�*yUD��.XU\M� -��� 5�� :L QLHZVNL�� 5�� UyEHN� �UHG���� ������ *RVSRGDUND� QLHUXFKRPR FLDPL�� 8:0��2OV]W\Q��,JQDWRZLF]�-���������3UDZR�U]HF]RZH��3:1��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ��ZULWWHQ�DQG�RU�RUDO��DW�WKH�HQG�RI�VHPHVWHU����
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/(9(/��&��
6XEMHFW��)LHOG�WUDLQLQJ�LQ�VXUYH\LQJ�DIWHU�WKH��VW�\HDU�

&RGH����������&���� 6HPHVWHU��3R���
)RUP��)LHOG�WUDLQLQJ� 1XPEHU�RI�KRXUV�VHPHVWHU�����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV������
�&RRUGLQDWRU�V���.U]\V]WRI� ZL WHN��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ������7RSRJUDSKLF�VXUYH\V�LQ�VHOHFWHG�DUHDV�����(VWDEOLVKPHQW�DQG�PHDVXUHPHQW�RI�WUDYHUVHV�WLHG�XS�DW�ERWK�HQGV�����&RQVWUXFWLRQ�RI�SODQLPHWULF�DQG�FRQWRXU�PDSV�����'UDZLQJ�XS�WHFKQLFDO�UHSRUWV�RQ�WRSLFV���DQG�����*RDOV�� WR�KHOS�VWXGHQWV�DFTXLUH�VNLOO�DW�ODQG�VXUYH\LQJ��GRLQJ�WKH�QHFHVVDU\�FDOFXODWLRQV�DQG�FRPSLOLQJ�SODQLPHWULF�DQG�FRQWRXU�PDSV���3UHFHGLQJ�VXEMHFWV��JHRGHV\��PDWKHPDWLFV���7HDFKLQJ�PHWKRG��SUDFWLFDO�ODQG�VXUYH\LQJ���$VVHVVPHQW��GUDZLQJ�XS�WHFKQLFDO�UHSRUWV���2UDO�H[DPLQDWLRQ����



� ����

/(9(/��&��
6XEMHFW��)LHOG�WUDLQLQJ�LQ�VXUYH\LQJ�DIWHU�WKH��QG�\HDU�

&RGH����������&���� 6HPHVWHU��3R���
)RUP��)LHOG�WUDLQLQJ�� 1XPEHU�RI�KRXUV�VHPHVWHU�����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�������
�&RRUGLQDWRU�V���:DOGHPDU�.DPL VNL��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��3UDFWLFDO�DSSOLFDWLRQ�RI�WKH�NQRZOHGJH�JDLQHG�GXULQJ�OHFWXUHV�LQ�VHPHVWHUV���DQG�����7HDFKLQJ�PHWKRG��SUDFWLFDO�ODQG�VXUYH\LQJ���$VVHVVPHQW��GUDZLQJ�XS�WHFKQLFDO�UHSRUWV����
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/(9(/��&��
6XEMHFW��)LHOG�WUDLQLQJ�LQ�HQJLQHHULQJ�JHRGHV\�

&RGH����������&���� 6HPHVWHU��3R���
)RUP��)LHOG�WUDLQLQJ�� 1XPEHU�RI�KRXUV�VHPHVWHU�����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���*DEULHO�.RSLHMHZVNL��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��3UDFWLFDO�DSSOLFDWLRQ�RI�WKH�NQRZOHGJH�JDLQHG�GXULQJ�OHFWXUHV�LQ�VHPHVWHUV���DQG���� FRQFHUQLQJ� EDVLF� HQJLQHHULQJ� VXUYH\V�� VXFK� DV� WHUUDLQ� JHRGHWLF� VXUYH\V��PHDVXUHPHQW� RI�GLVSODFHPHQW� DQG� GHIRUPDWLRQ� LQ� HQJLQHHULQJ� VWUXFWXUHV�� LQYHQWRU\� ILHOG� VXUYH\LQJ�� TXDQWLW\�VXUYH\V�RI�WHUULWRULDO�GHYHORSPHQW�IDFLOLWLHV��GUDZLQJ�XS�DV�EXLOW�GRFXPHQWDWLRQ���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�LQQRYDWLYH�WHFKQLTXHV�DSSOLHG�WR�HQJLQHHULQJ�VXUYH\V���3UHFHGLQJ�VXEMHFWV��HQJLQHHULQJ�JHRGHV\���7HDFKLQJ�PHWKRG��SUDFWLFDO�ODQG�VXUYH\LQJ���$VVHVVPHQW��GUDZLQJ�XS�JHRGHWLF�DV�EXLOW�GRFXPHQWDWLRQ���
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6XEMHFW��)LHOG�WUDLQLQJ�LQ�JHRGHV\� &RGH����������&���� 6HPHVWHU����
)RUP��)LHOG�WUDLQLQJ� 1XPEHU�RI�KRXUV�VHPHVWHU�����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV������
�&RRUGLQDWRU�V���.U]\V]WRI� ZL WHN��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��KLJK�SUHFLVLRQ� OHYHOLQJ��GHWHUPLQDWLRQ�RI�KHLJKW�GLIIHUHQFHV�E\�GLUHFW� OHYHOLQJ��GDWD�HYDOXDWLRQ�DQG�SRLQW�KHLJKW�GHWHUPLQDWLRQ��*UDYLW\�PHDVXUHPHQW�RI�KLJK�SUHFLVLRQ�OHYHOLQJ�VSDQV�ZLWK�JUDYLPHWHUV�DQG�GDWD�HYDOXDWLRQ��7HFKQLFDO�UHSRUWV�RQ�WKH�DERYH�WRSLFV���*RDOV�� WR� KHOS� VWXGHQWV� DFTXLUH� VNLOO� DW� KLJK�SUHFLVLRQ� OHYHOLQJ� DQG� IDPLOLDUL]H� WKHP� ZLWK�JUDYLW\�PHDVXUHPHQW�WHFKQLTXHV���3UHFHGLQJ�VXEMHFWV��JHRGHV\��SK\VLFV��PDWKHPDWLFV���7HDFKLQJ�PHWKRG��SUDFWLFDO�ODQG�VXUYH\LQJ���$VVHVVPHQW��GUDZLQJ�XS�WHFKQLFDO�UHSRUWV���2UDO�H[DPLQDWLRQ���
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/(9(/��&��
6XEMHFW��)LHOG�WUDLQLQJ�LQ�SKRWRJUDPPHWU\�

&RGH����������&���� 6HPHVWHU��3R���
)RUP��)LHOG�WUDLQLQJ�� 1XPEHU�RI�KRXUV�VHPHVWHU�����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV����
�&RRUGLQDWRU�V���3LRWU�6DZLFNL��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��&DUU\LQJ�RXW��LQ�JURXSV��RI�WKH�IROORZLQJ�WDVNV����� $HURWULDQJXODWLRQ����� 'LJLWDO�PDS�FRPSLODWLRQ�E\�VWHUHR�GLJLWL]DWLRQ����� 0HDVXUHPHQW� RI� GHIRUPDWLRQ� RI� HQJLQHHULQJ� VWUXFWXUHV� E\� VLQJOH�LPDJH� DQDO\WLFDO�SKRWRJUDPPHWU\���*RDOV�� SUDFWLFDO� DSSOLFDWLRQ� RI� SKRWRJUDPPHWULF� PHWKRGV� ZKLOH� VROYLQJ� PHDVXUHPHQW�SUREOHPV��PDVWHULQJ�VNLOO�DW�SKRWRJUDSK�PHDVXUHPHQW�DQG�SURFHVVLQJ���3UHFHGLQJ� VXEMHFWV�� PDWKHPDWLFV�� SK\VLFV�� FRPSXWLQJ� PHWKRGV� LQ� JHRGHV\�� JHRGHV\��FRPSXWHU�VFLHQFH���7HDFKLQJ� PHWKRG�� FODVVHV� ±� D� SUDFWLFDO� VWXG\� RI� FRPSXWHU�DLGHG� PHDVXULQJ� DQG�SKRWRJUDPPHWULF�PHWKRGV���$VVHVVPHQW��GUDZLQJ�XS�SKRWRJUDPPHWULF�SURMHFWV�DQG�WHFKQLFDO�UHSRUWV���
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�
6XEMHFW��0DS�SORWWLQJ� &RGH����������'��� 6HPHVWHU�������
)RUP��&ODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU�����FODVVHV�

1XPEHU�RI�(&76�FUHGLWV�������

�&RRUGLQDWRU�V���(O ELHWD�/HZDQGRZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6XUYH\LQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� 7KH� EDVLFV� RI� SORWWLQJ�� PDS� VFDOH�� FRQYHQWLRQDO� VLJQV�� FDUWRJUDSKLF� OHWWHULQJ��PDS�IUDPHV�� �/HWWHULQJ� LQ� WRSRJUDSKLF�PDSV�� ILHOG�VNHWFKHV��'LJLWDO�GUDZLQJ�� �7KH�EDVLFV�RI�$XWR&DG�� �*UDSKLF�REMHFWV��SORWWLQJ�DLGV��GUDZLQJ�SDGV�� IRRWQRWHV�� �&RQWRXU�GUDZLQJ�� �%DVH�PDSV��YHFWRU��REMHFW�RU�FRQWRXU�EDVH�PDS���0DS�REMHFWV��'HVLJQ�WHUUDLQ�REMHFW�V\PEROV���0DS�HGLWLQJ�LQ�JHRGHWLF�DQG�QRQ�JHRGHWLF�DSSOLFDWLRQV���3ORWWLQJ�GHYLFHV���*RDOV��WR�KHOS�VWXGHQWV�PDVWHU�VNLOO�DW�WUDGLWLRQDO�DQG�FRPSXWHU�DLGHG�SORWWLQJ��WR�IDPLOLDUL]H�WKHP�ZLWK�WKH�JHRGHWLF�WHFKQLFDO�VSHFLILFDWLRQV�RI�WKH�.�VHULHV���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�DXGLRYLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��YLGHR�SURMHFWLRQV��WKH�XVH�RI�WKH�ODWHVW�$XWR&DG�YHUVLRQV��JHRGHWLF�DSSOLFDWLRQV�DQG�RULJLQDO�HGXFDWLRQDO�SURJUDPV��FODVVHV�FRQGXFWHG�DW�WKH�'LJLWDO�0DS�&RPSLODWLRQ�/DERUDWRU\���5HIHUHQFHV���$XWRGHVN�������$XWR&$'�������3RGU F]QLN�X \WNRZQLND��%HP�6����������5\VXQHN�PDS���33:.��:DUV]DZD��' EURZVND�'���:HQWD�-���*RGáD�PDS\��NRPSXWHURZ\�SURJUDP�HGXNDF\MQ\��,QVWUXNFMD�REVáXJL�SURJUDPX�&�JHR�GOD�:LQGRZV��6RIWOLQH���,QVWUXNFMD�REVáXJL�SURJUDPX�0LNURPDSD���&RGHU���:\EUDQH�EUDQ RZH�LQVWUXNFMH�L�Z\W\F]QH�WHFKQLF]QH���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV����
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�
6XEMHFW��
5HDO�HVWDWH�FDGDVWUH�

&RGH����������'��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV����
�&RRUGLQDWRU�V���.D]LPLHU]�=ZLURZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�5XUDO�6XUYH\LQJ�DQG�&DGDVWUH���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� /DQG� DQG� EXLOGLQJ� UHJLVWHUV� DQG� WHUULWRULDO� GHYHORSPHQW� DQG� WHFKQLFDO�LQIUDVWUXFWXUH� UHJLVWHUV� DV� VRXUFHV� RI� LQIRUPDWLRQ� DERXW� UHDO� HVWDWHV�� � /DQG� DQG� EXLOGLQJ�UHJLVWHUV�YHUVXV�ODQG�DQG�PRUWJDJH�UHJLVWHUV���3XUSRVHV��VFRSH�DQG�VWUXFWXUH�RI�UHJLVWUDWLRQ�DQG�UHFRUG�NHHSLQJ���5HFRUG�VHWV�DQG�ILOHV���6\VWHP�NHHSLQJ�DQG�XSGDWLQJ��PRGHUQL]DWLRQ����*RDOV��WR�GLVFXVV�WKH�EDVHV�RI�FUHDWLRQ�DQG�NHHSLQJ�RI�V\VWHPV�RI�LQIRUPDWLRQ�RQ�UHDO�HVWDWHV����3UHFHGLQJ�VXEMHFWV��JHRGHV\���7HDFKLQJ�PHWKRG�� OHFWXUHV�ZLWK� YLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV�� FODVVHV� LQ� VPDOO� JURXSV��ZLWK�WKH�XVH�RI�GHVFULSWLYH�DQG�FDUWRJUDSKLF�PDWHULDOV���5HIHUHQFHV��(ZLGHQFMD�JUXQWyZ��3UDFD�]ELRURZD�SRG�UHG��5\V]DUGD�&\PHUPDQD��������3:1�:DUV]DZD��8VWDZD�]�GQLD����PDMD������U��±�3UDZR�JHRGH]\MQH� L�NDUWRJUDILF]QH� �']�8�QU�����SR]������ZUD]�]�SU]HSLVDPL�Z\NRQDZF]\PL��(ZLGHQFMD�JUXQWyZ��EXG\QNyZ�L�VLHFL�X]EURMHQLD�WHUHQX��3UDFD�]ELRURZD�SRG�UHG��$��+RSIHUD�������U���Z\GDZQLFWZR�8QLZHUV\WHWX�:DUPL VNR�0D]XUVNLHJR�Z�2OV]W\QLH��*D G]LFNL�-���������6\VWHP\�LQIRUPDFML�SU]HVWU]HQQHM��33:.��:DUV]DZD��*D G]LFNL�-���������6\VWHP\�NDWDVWUDOQH��33:.��:DUV]DZD��*U]HFKQLN� %��� 0DU]HF� =��� ������ 0DS\� GOD� FHOyZ� SUDZQ\FK�� SRG]LDá\� L� VFDOHQLD� RUD]�UR]JUDQLF]HQLH�QLHUXFKRPR FL��$JHQFMD�*HRGH]\MQR�3UDZQD�Ä*UXQW´��:DUV]DZD��:\EUDQH�EUDQ RZH�LQVWUXNFMH�L�Z\W\F]QH�WHFKQLF]QH���$VVHVVPHQW��FODVVHV�±�GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ��ZULWWHQ�RU�RUDO��DW�WKH�HQG�RI�VHPHVWHU����
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6XEMHFW��
5XUDO�DUHD�PDQDJHPHQW�

&RGH����������'��� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV������
�&RRUGLQDWRU�V���3URIHVVRU�6WDQLVáDZ�6XURZLHF��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�5XUDO�6XUYH\LQJ�DQG�&DGDVWUH���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� 6SDWLDO� VWUXFWXUH�� � /DQG� KROGLQJ�� � 6HWWLQJ� OLQHV� RI� GHPDUFDWLRQ� EHWZHHQ� UHDO�HVWDWHV���7KHPDWLF�PDSV�XVHG�ZKLOH�SODQQLQJ�QHZ�PDQDJHPHQW�VWUXFWXUH�LQ�UXUDO�DUHDV���0DS�FRQWHQW�DQG�VFDOH��WHUULWRULDO�GHYHORSPHQW��JHRGHWLF�FRQWURO�QHWZRUNV��(YDOXDWLRQ�RI�WKH�SK\VLRJUDSKLF��VRLO�DQG�VSDWLDO�FRQGLWLRQV�LQ�UXUDO�DUHDV�IRU�WKH�SXUSRVHV�RI�WKHLU� GHYHORSPHQW�� UHDUUDQJHPHQW� DQG� FRQVROLGDWLRQ�� � *HQHUDO� SODQV� RI� WKH� VSDWLDO�RUJDQL]DWLRQ�DUUDQJHPHQW�LQ�UXUDO�DUHDV���/DQG�DSSUDLVDO���7KH�VFRSH�DQG�SULQFLSOHV�RI�GUDZLQJ�XS� GHWDLOHG� GHYHORSPHQW� SODQV� DQG� ODQG� FRQVROLGDWLRQ� SODQV�� � *DWKHULQJ� JHRGHWLF� GDWD� IRU�XSGDWLQJ� ODQG� UHFRUGV�� � /DQG� PDQDJHPHQW� ±� SXUSRVHV�� GHILQLWLRQV�� UHJXODWLRQV�� � &RPSOH[�UHDUUDQJHPHQW�RI�UXUDO�DUHDV���*RDOV�� WR� GLVFXVV� WKH� EDVLFV� RI� VSDWLDO� HFRQRP\� LQ� UXUDO� DUHDV� DQG� WKH� UROH� RI� JHRGHWLF�FDUWRJUDSKLF� GRFXPHQWDWLRQ� LQ� LWV� SURFHVVHV�� WR� IDPLOLDUL]H� VWXGHQWV�ZLWK� WKH� SURFHGXUHV� RI�ODQG�FRQVROLGDWLRQ���3UHFHGLQJ�VXEMHFWV��UHDO�HVWDWH�FDGDVWUH��JHRGHV\���7HDFKLQJ�PHWKRG�� OHFWXUHV�ZLWK� YLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV�� FODVVHV� LQ� VPDOO� JURXSV��ZLWK�WKH�XVH�RI�GHVFULSWLYH�DQG�FDUWRJUDSKLF�PDWHULDOV���5HIHUHQFHV���%DMHURZVNL� 7�� L� LQQL�� ������ ûZLF]HQLD� ]� JHRGH]\MQ\FK� XU] G]H � WHUHQyZ� UROQ\FK� L� OH Q\FK��6NU\SW\�$5�7�Z�2OV]W\QLH��ûZL]FHQLD� ]�JHRGH]\MQ\FK�XU] G]H � WHUHQyZ�UROQ\FK��&]�����������3UDFD� ]ELRURZD��6NU\SW\�$5�7�Z�2OV]W\QLH��+RSIHU�$���0��8UEDQ��������*HRGH]\MQH�XU] G]DQLH�WHUHQyZ�UROQ\FK��3:1��:DUV]DZD��+RSIHU� $��� ������(ZLGHQFMD� JUXQWyZ�� EXG\QNyZ� L� VLHFL� X]EURMHQLD� WHUHQX�� 6NU\SW\� 8:0���2OV]W\Q���$VVHVVPHQW��FODVVHV�±�WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ��ZULWWHQ�RU�RUDO��DW�WKH�HQG�RI�VHPHVWHU����
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�
6XEMHFW��
3URFHVVLQJ�RI�UHPRWH�VHQVLQJ�GDWD�

&RGH����������'��� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV����
�&RRUGLQDWRU�V���0DUHN�0Uy]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� (QHUJHWLF� SKRWRPHWU\�� � 5DGLDWLRQ� RI� UHDO� ERGLHV� ±� HPLVVLYLW\� DQG� DOEHGR���6SHFWUDO�FKDUDFWHULVWLFV�RI�VHOHFWHG�REMHFWV��VRLO��SODQWV��ZDWHU��LQ�WKH�YLVLEOH��QHDU�DQG�PLGGOH�LQIUDUHG�� � 7KH� IRUPDWLRQ� RI� D� GLJLWDO�� PXOWLVSHFWUDO� VDWHOOLWH� LPDJH�� � 'LJLWDO� SURFHVVLQJ� RI�VDWHOOLWH�LPDJHV���,PDJH�YLVXDOL]DWLRQ���,PDJH�VWDWLVWLFV��KLVWRJUDPV��LPSURYHPHQW�RI�WKH�LPDJH�YLVXDO�TXDOLW\�±�JOREDO�DQG�ORFDO�WUDQVIRUPDWLRQV��FRQWUDVW�PRGLILFDWLRQV��KLJK�SDVV�DQG�ORZ�SDVV� ILOWHULQJ��� � 0HWKRGV� RI� KLVWRJUDP�PDWFKLQJ�� � *HRPHWULF� FRUUHFWLRQ� RI� GLJLWDO� VDWHOOLWH�LPDJHV�� �0XOWLVSHFWUDO�LPDJH�SURFHVVLQJ���0LFURZDYH�DFWLYH�UHPRWH�VHQVLQJ���5DGDU�LPDJHV���0XOWL�VRXUFH�GDWD�SURFHVVLQJ���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�PHWKRGV�RI�GLJLWDO�GDWD�SURFHVVLQJ�LQ�UHPRWH�VHQVLQJ��XVHG�IRU�GUDZLQJ�VDWHOOLWH�LPDJH�PDSV�DQG�WKHPDWLF�PDSV�RI�ODQG�FRYHU�ODQG�FRYHU��ODQG�XVH���3UHFHGLQJ�VXEMHFWV��PDWKHPDWLFV��SK\VLFV��FRPSXWLQJ�PHWKRGV�LQ�JHRGHV\��SKRWRJUDPPHWU\�DQG�UHPRWH�VHQVLQJ���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� DXGLRYLVXDO� DLGV� DQG� PXOWLPHGLD� WHFKQRORJLHV�� FODVVHV� ±�SUDFWLFDO�DSSOLFDWLRQ�RI�VHOHFWHG�PHWKRGV�RI�LPDJH�SURFHVVLQJ���5HIHUHQFHV��&LRáNRV]�$���$��. VLN��������7HOHGHWHNFMD�VDWHOLWDUQD���3:1��:DUV]DZD��6LWHN�=���������=DU\V�WHOHGHWHNFML�ORWQLF]HM�L�VDWHOLWDUQHM��:\G��$*+��.UDNyZ��6LWHN�=����������:SURZDG]HQLH�GR�WHOHGHWHNFML�ORWQLF]HM�L�VDWHOLWDUQHM��:\G��$*+��.UDNyZ���$VVHVVPHQW��FODVVHV�±�WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��� �
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�
6XEMHFW��
'LJLWDO�PDSV�

&RGH����������'��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV����
�&RRUGLQDWRU�V���'DQXWD�' EURZVND��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�6XUYH\LQJ���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��'DWD�PRGHOV�� �)XQFWLRQV�DQG� IRUPDWV�RI�GDWD� LQSXW�� �7RSRORJ\�RI�GLJLWDO�PDS���&RKHUHQFH� RI� GLJLWDO�PDS� GDWDEDVH�� 8QLWV� VRUWLQJ� GLJLWDO�PDS� REMHFWV�� � 7UDQVIRUPDWLRQV� RI�GDWDEDVH�VHWV�� �%DVLF�PDSV�DQG�GHULYHG�PDSV�� �'DWDEDVH�PDQDJHPHQW�� �'LJLWDO�PDS�UHYLVLRQ��XSGDWLQJ��� � 'LJLWDO� WHUUDLQ� PRGHOV� ±� '70� DQG� WKHLU� JHRGHWLF� GHULYDWLYHV�� � $FFXUDF\� RI�JHRGHWLF� LQIRUPDWLRQ� EDVHG� RQ�'70�� � �'�+�DQG��'�GLJLWDO�PDSV�� � )XQFWLRQV� RI�PRGHOLQJ�UHODWLRQDO�GDWDEDVHV�RI�GLJLWDO�PDS���7KH�XVH�RI�GLJLWDO�PDS�EDVLF�VHWV�IRU�RWKHU�VSDWLDO�DQDO\VHV�EDVHG� RQ� JHRGHWLF� GDWD� �IX]]LQHVV��� � 'LVWULEXWLRQ� RI� JHRGHWLF� LQIRUPDWLRQ�� � 6WDQGDUGV� RI�JHRGHWLF� LQIRUPDWLRQ� H[FKDQJH�� � ,QWHJUDWLRQ� RI� LQGHSHQGHQW� GDWDEDVHV� RI� GLJLWDO� PDSV���$FFXUDF\�RI�GLJLWDO�PDSV���/DQJXDJH�RI�LQVWUXFWLRQ��3ROLVK���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�PHWKRGV�RI�PDQDJLQJ�GLJLWDO�PDS�GDWDEDVH�VHWV��FUHDWHG�LQ�YDULRXV�FRPSXWHU�V\VWHPV���3UHFHGLQJ�VXEMHFWV��EDVLFV�RI�FRPSXWHU�VFLHQFH��JHRGHV\��SORWWLQJ��ODQG�LQIRUPDWLRQ�V\VWHPV���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� DXGLRYLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV�� YLGHR� SURMHFWLRQV��FODVVHV� FRQGXFWHG� DW� WKH� 'LJLWDO� 0DS� &RPSLODWLRQ� /DERUDWRU\�� ZLWK� WKH� XVH� RI� WKH� ODWHVW�YHUVLRQV�RI�SODWIRUP�SURJUDPV�DQG�JHRGHWLF�DSSOLFDWLRQV��ZLWK�WZR�VWXGHQWV�DW�D�FRPSXWHU���5HIHUHQFHV��2VDGD�(���������*HRGH]MD��2ILF\QD�:\GDZQLF]D�3ROLWHFKQLNL�:URFáDZVNLHM��:URFáDZ��*D G]LFNL� -��� ������ 6\VWHP\� LQIRUPDFML� SU]HVWU]HQQHM�� 3D VWZRZH� 3U]HGVL ELRUVWZR�:\GDZQLFWZ��.DUWRJUDILF]Q\FK�LP��(XJHQLXV]D�5RPHUD��:DUV]DZD�:URFáDZ��*D G]LFNL� -��� ������/HNV\NRQ� JHRPDW\F]Q\�� 3ROVNLH� 7RZDU]\VWZR� ,QIRUPDFML� 3U]HVWU]HQQHM��:DUV]DZD��6XELHWD� .��� ������ 2ELHNWRZR ü� Z� SURMHNWRZDQLX� L� ED]DFK� � GDQ\FK�� $NDGHPLFND� 2ILF\QD�:\GDZQLF]D�3/-��:DUV]DZD��:\EUDQH��SUDFH�QDXNRZH�L�QDXNRZR���WHFKQLF]QH��,QVWUXNFMH�REVáXJL���$VVHVVPHQW�� RUDO�UHSRUWV�RQ�SDUWLFXODU�WDVNV��)LQDO�WHVW��ZULWWHQ���
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6XEMHFW��7KHRU\�DQG�SULQFLSOHV�RI�UHDO�HVWDWH�YDOXDWLRQ�

&RGH����������'��� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV����
�&RRUGLQDWRU�V���3URIHVVRU�6DELQD� UyEHN��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�0DQDJHPHQW�DQG�5HJLRQDO�'HYHORSPHQW����6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� /HJDO� EDVHV� RI� UHDO� HVWDWH� YDOXDWLRQ�� � 7KH� FRQFHSW� RI� SURSHUW\� YDOXH�� � 5HDO�HVWDWHV�DV�D�FRPPRGLW\�� �9DOXH�GHWHUPLQDQWV�� �7KH�EDVHV�RI�YDOXDWLRQ�±�SULFH�� LQFRPH��FRVW���&ODVVLILFDWLRQ�RI�YDOXDWLRQ�PHWKRGV���.LQGV�DQG�VRXUFHV�RI�GDWD�XVHG�LQ�WKH�FRXUVH�RI�YDOXDWLRQ���7KH� SXUSRVHV� RI� YDOXDWLRQ�� �5XOHV� RI� JUDQWLQJ� D� OLFHQVH� WR� SURSHUW\� DSSUDLVHUV�� � 7KH� HWKLFV�FRGH�RI�SURSHUW\�DSSUDLVHUV���5HVSRQVLELOLW\�DQG�SURIHVVLRQDO�VWDQGDUGV�RI�SURSHUW\�DSSUDLVHUV���$SSUDLVDO�UHSRUWV�DV�D�IRUP�RI�SUHVHQWLQJ�WKH�YDOXDWLRQ�SURFHVV���*RDOV�� WR�SUHVHQW� WKH� OHJDO� DQG�PHWKRGRORJLFDO� EDVHV�RI� WKH�YDOXDWLRQ�SURFHVV�� WR� LQWURGXFH�VWXGHQWV�WR�SUDFWLFDO�YDOXDWLRQ�FDUULHG�RXW�LQ�WKH�QH[W�VHPHVWHUV���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�DXGLRYLVXDO�DLGV���5HIHUHQFHV��8VWDZD� ]� GQLD� ��� VLHUSQLD� ����� R� JRVSRGDUFH� QLHUXFKRPR FLDPL� �']�8�� 1U� ������� ]�Sy QLHMV]\PL�]PLDQDPL���5R]SRU] G]HQLH� ]��� OLSFD������URNX�Z�VSUDZLH�V]F]HJyáRZ\FK�]DVDG�Z\FHQ\�QLHUXFKRPR FL�RUD]�]DVDG�L�WU\EX�VSRU] G]DQLD�RSHUDWX�V]DFXQNRZHJR��6WDQGDUG\� =DZRGRZH� 5]HF]R]QDZFyZ� 0DM WNRZ\FK�� 3UDFD� ]ELRURZD� SRG� UHG�� =G]LVáDZD�0DáHFNLHJR��Z\G��3)650��:DUV]DZD�������&\PHUPDQ�5���$��+RSIHU��������6\VWHP�V]DFRZDQLD�QLHUXFKRPR FL��Z\G��=&2��=LHORQD�*yUD��+RSIHU� $��� +�� - GU]HMHZVNL�� 5�� UyEHN�� 6�� UyEHN�� ������ :\FHQD� QLHUXFKRPR FL� L�SU]HGVL ELRUVWZ��7RP�,��6]DFRZDQLH�QLHUXFKRPR FL��Z\G��7:,**(5��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���
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6XEMHFW��7HFKQLTXH�DQG�WHFKQRORJ\�RI�UHDO�HVWDWH�YDOXDWLRQ�

&RGH����������'��� 6HPHVWHU����������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV���������
�&RRUGLQDWRU�V���3URIHVVRU�6DELQD� UyEHN��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�0DQDJHPHQW�DQG�5HJLRQDO�'HYHORSPHQW���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��0DUNHW�YDOXH�DV�D�EDVLV�IRU�UHDO�HVWDWH�YDOXDWLRQ���7KH�SULQFLSOHV�DQG�PHWKRGV�RI�UHDO� HVWDWH� YDOXDWLRQ�� � 3URFHGXUHV� DQG� WHFKQLTXHV� RI� YDOXDWLRQ�� � 'HWHUPLQDWLRQ� RI� WKH� ILQDO�UHVXOW� RI� YDOXDWLRQ�� � 7KH� SULQFLSOHV� RI� GUDZLQJ� XS� DSSUDLVDO� UHSRUWV� ±� WKHLU� XSGDWLQJ��YHULILFDWLRQ�DQG�H[SUHVVLQJ�RSLQLRQV�RQ�WKHLU�FRQWHQW���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV� ZLWK� YDOXDWLRQ� WHFKQLTXHV� DQG� SURFHGXUHV� LQ� WKH� FDVH� RI�FRPSDUDEOH� VDOHV�� LQFRPH�� FRVW� DQG� FRPELQHG� DSSURDFKHV� FRQFHUQLQJ� EXLOW�XS� UHDO� HVWDWHV��EXLOGLQJ�ODQG��IRUHVW�DQG�DJULFXOWXUDO�UHDO�SURSHUWLHV���3UHFHGLQJ�VXEMHFWV��WKHRU\�DQG�SULQFLSOHV�RI�UHDO�HVWDWH�YDOXDWLRQ���7HDFKLQJ� PHWKRG�� OHFWXUHV� ZLWK� DXGLRYLVXDO� DLGV�� FODVVHV� ±� GUDZLQJ� XS� DSSUDLVDO� UHSRUWV�SUHFHGHG�E\�DQ�LQVSHFWLRQ�RI�WKH�UHDO�HVWDWH�YDOXDWHG���5HIHUHQFHV��6�� UyEHN�� 0�� %HáHM�� ������ 3RGHM FLH� SRUyZQDZF]H� Z� V]DFRZDQLX� QLHUXFKRPR FL�� Z\G��(GXFDWHUUD��2OV]W\Q��+RSIHU�$���5�� UyEHN��6�� UyEHN�� ������6]DFRZDQLH�ZDUWR FL�QLHUXFKRPR FL�SRGHM FLHP�GRFKRGRZ\P���Z\G��7:,**(5��:DUV]DZD��.RQRZDOF]XN� -��� 7�� .XURZVND� �� /�� 2VWURZVNL�� .�� 8UED F]\N�� ������ :\FHQD�QLHUXFKRPR FL�UROQ\FK��3)650��:DUV]DZD��6WDQGDUG\� =DZRGRZH� 5]HF]R]QDZFyZ� 0DM WNRZ\FK�� 3UDFD� SRG� UHG�� =G]LVáDZD�0DáHFNLHJR��������Z\G��3)650��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ��ZULWWHQ�DQG�RU�RUDO�DW�WHQG�RI�VHPHVWHU������
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6XEMHFW��%DVLFV�RI�DJULFXOWXUH�DQG�ODQG�PDQDJHPHQW�

&RGH����������'���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV����
�
&RRUGLQDWRU�V���3URIHVVRU�5\V]DUG�&\PHUPDQ��3K'��
�2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�3ODQQLQJ�DQG�0DQDJHPHQW���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��$JULFXOWXUH�DV�D�EUDQFK�RI�SURGXFWLRQ���$JUDULDQ�VWUXFWXUH���5XUDO�DUHDV�DQG�WKHLU�IXQFWLRQV���7KH�SULQFLSOHV�DQG�WRROV�RI�ODQG�PDQDJHPHQW���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�RQH�RI�WKH�EDVLF�IRUPV�RI�ODQG�PDQDJHPHQW���7HDFKLQJ�PHWKRG��/HFWXUHV�DQG�FODVVHV�ZLWK�WKH�XVH�RI�WHDFKLQJ�DLGV���$VVHVVPHQW��FODVVHV�±�WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��
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6XEMHFW��
%DVLFV�RI�IRUHVWU\�DQG�IRUHVW�PDQDJHPHQW�

&RGH����������'���� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�������
�&RRUGLQDWRU�V���$QGU]HM�1RZDN��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�3ODQQLQJ�DQG�0DQDJHPHQW���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��)RUHVW��IRUHVW�HQYLURQPHQW�±�FRQFHSWV��FKDUDFWHULVWLFV�DQG�IXQFWLRQV���(OHPHQWV�RI�IRUHVW�W\SRORJ\���6SDWLDO�GLYLVLRQ��VWUXFWXUH��RI�IRUHVWV���)RUHVW�UHVRXUFHV�VXUYH\��LQYHQWRU\����7KH�VFRSH�RI�VXUYH\LQJ�ZRUN�LQ�IRUHVWV�� �)RUHVW� WD[DWLRQ�� �7KH�SULQFLSOHV�RI�IRUHVW�UHVRXUFHV�PDQDJHPHQW��WKH�VFRSH�RI�IRUHVW�PDQDJHPHQW�ZRUN���)RUHVW�PDQDJHPHQW�GRFXPHQWDWLRQ���7KH�SULQFLSOHV�RI�GHWHUPLQLQJ�WKH�VWDQG�YROXPH���)RUHVW�HFRQRP\���*RDOV�� WR� GLVFXVV� WKH� SULQFLSOHV� RI� IRUHVW� HFRQRP\� DQG� GUDZLQJ� XS� IRUHVW� PDQDJHPHQW�GRFXPHQWDWLRQ���7HDFKLQJ�PHWKRG�� OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV�� WUDQVSDUHQFHV��FODVVHV�±�D�VWXG\�RI� ILYH�WRSLFV���5HIHUHQFHV��8VWDZD�R�ODVDFK��MHGQROLW\�WHNVW�']��8��QU����������SR]��������5R]SRU] G]HQLH�02 =1L/� Z� VSUDZLH� V]F]HJyáRZ\FK� ]DVDG� VSRU] G]DQLD� SODQX� XU] G]HQLD�ODVX��XSURV]F]RQHJR�VSRU] G]DQLD�SODQX�XU] G]HQLD�ODVX�RUD]�LQZHQWDU\]DFML�VWDQX�ODVX��']��8��QU��������SR]�������&]XUDM�0����������8U] G]DQLH�ODVX��GOD�WHFKQLNyZ�OH Q\FK��3:5L/��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��
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�
6XEMHFW��
%DQNLQJ�DQG�ILQDQFH�

&RGH����������'���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���$QGU]HM�0XF]\ VNL��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�0DQDJHPHQW�DQG�5HJLRQDO�'HYHORSPHQW���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��7KH�EDQNLQJ�V\VWHP�DQG�LWV�RUJDQL]DWLRQ���%DQNLQJ�RSHUDWLRQV�DQG�WUDQVDFWLRQV��LQWHUQDO� �DFWLYH�� SDVVLYH�� DQG� H[WHUQDO� ±� GHVFULSWLRQ� DQG� FKDUDFWHULVWLFV�� � 0RQH\� YDOXH�FDOFXODWLRQ� LQ� WLPH�� � 6HFXULWLHV� DQG� WKHLU� YDOXDWLRQ�� � $QDO\VLV� RI� EDODQFH�� SURILW� DQG� ORVV�DFFRXQW�DQG�FDVK�IORZV�DW�DQ�HQWHUSULVH��� ,QGLFHV�RI�HQWHUSULVH�HIILFLHQF\�XVHG�IRU�HYDOXDWLRQ�RI�ILQDQFLDO�OLTXLGLW\��GHEW�UDWH�DQG�SURILWDELOLW\���*RDOV�� WR� GLVFXVV� WKH� EDVLF� IRUPV� RI� EDQN� RSHUDWLRQ� VWLPXODWLQJ� WKH� DFWLYLW\� RI� HFRQRPLF�VXEMHFWV��DQG�WKH�PHWKRGV�RI�HYDOXDWLQJ�WKH�HFRQRPLF�DQG�ILQDQFLDO�SRVLWLRQ�RI�WKHVH�VXEMHFWV���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��FODVVHV�GHYRWHG�WR�DQDO\VHV�DQG�FRPSXWDWLRQV���5HIHUHQFHV��%LH �:���������&]\WDQLH�ELODQVX�SU]HGVL ELRUVWZ��6WRZDU]\V]HQLH�.VL JRZ\FK�Z�3ROVFH��:DUV]DZD��%LH �$���:��%LH ��������.DONXODFMD�FHQ\�SLHQL G]D�Z�ORNDWDFK��SR \F]NDFK�L�NUHG\WDFK��'LILQ��:DUV]DZD��%LH �:���������5\QHN�SDSLHUyZ�ZDUWR FLRZ\FK��'LILQ��:DUV]DZD��' EQLHZVND�0���0��7NDF]XN��������)LQDQVH�Z�REURFLH�QLHUXFKRPR FLDPL��=DFKRGQLH�&HQWUXP�2UJDQL]DFML��2OV]W\Q�=LHORQD�*yUD��'RERVLHZLF]�=���������3RGVWDZ\�EDQNRZR FL��3:1��:DUV]DZD���$VVHVVPHQW��FODVVHV���WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��
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�
6XEMHFW��
%DVLFV�RI�HFRQRPHWULFV�

&RGH����������'���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���=ELJQLHZ�3DSU]\FNL��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�$SSOLHG�0DWKHPDWLFV���
6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� (FRQRPHWULF� PHWKRGV�� WKH� FRQFHSW� RI� PRGHO�� PRGHO� FODVVLILFDWLRQV�� PRGHO�VHOHFWLRQ� DQG� DQDO\VLV�� LQWHUSUHWDWLRQ� DQG� XVH� RI�PRGHOV�� � 3UHVHQWDWLRQ� RI�PRGHOV� W\SLFDO� RI�PLFUR�� DQG� PDFURHFRQRPLF� SKHQRPHQD�� � )RUHFDVWLQJ� RQ� WKH� EDVLV� RI� HFRQRPHWULF� DQG�DGDSWDWLRQ�PRGHOV��DQG�RQ�WKH�EDVLV�RI�WLPH�VHULHV�DQDO\VLV���0XOWL�HTXDWLRQ�PRGHOV���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV� ZLWK� PHWKRGV� XVHG� IRU� WKH� GHVFULSWLRQ�� DQDO\VLV� DQG� SURSHU�HYDOXDWLRQ� RI� WKH� UHODWLRQVKLSV� REVHUYHG� LQ� VSDWLDO� HFRQRP\� DQG� RWKHU� ILHOGV� RI� KXPDQ�DFWLYLWLHV���3UHFHGLQJ�VXEMHFWV��HFRQRPLFV��PDWKHPDWLFV��FRPSXWLQJ�PHWKRGV�LQ�JHRGHV\���7HDFKLQJ�PHWKRG��OHFWXUHV��FODVVHV�DW�D�FRPSXWHUL]HG�ODERUDWRU\��PRGHO�FUHDWLRQ�DQG�DQDO\VLV���
5HIHUHQFHV��*RU\O� $��� =�� - GU]HMF]DN�� .�� .XNXáD� L� LQQL�� ������ :SURZDG]HQLH� GR� HNRQRPHWULL� Z�SU]\NáDGDFK�L�]DGDQLDFK��3:1��:DUV]DZD��3UDFD� ]ELRURZD� SRG� UHGDNFM � 0�� &LH ODN�� ������ 3URJQR]RZDQLH� JRVSRGDUF]H�� 0HWRG\� L�]DVWRVRZDQLD��3:1��:DUV]DZD��*ROGEHUJHU�$��6���������7HRULD�HNRQRPHWULL��3:(��:DUV]DZD��:HOIH�$���:��:HOIH��������(NRQRPHWULD�VWRVRZDQD��3:(��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���
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�/(9(/��'��
6XEMHFW��)LHOG�WUDLQLQJ�LQ�FDGDVWUDO�VXUYH\V�

&RGH����������'���� 6HPHVWHU��3R���
)RUP��)LHOG�WUDLQLQJ�� 1XPEHU�RI�KRXUV�VHPHVWHU�����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV����
�&RRUGLQDWRU�V���3URIHVVRU�6WDQLVáDZ�6XURZLHF��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�5XUDO�6XUYH\LQJ�DQG�&DGDVWUH���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� &DGDVWUDO� VXUYH\V� FRQVWLWXWH� WKH� EDVLV� IRU� WKH� FUHDWLRQ�� NHHSLQJ� DQG� XSGDWLQJ��PRGHUQL]DWLRQ��RI�ODQG�DQG�EXLOGLQJ�UHJLVWHUV��FDGDVWUH����0RGHUQL]DWLRQ�RI�ODQG�DQG�EXLOGLQJ�UHJLVWHUV�LV�HVSHFLDOO\�LPSRUWDQW�DW�SUHVHQW��GXH�WR�WKH�LVVXLQJ�RI�QHZ�SURYLVLRQV�DQG�UHJXODWLRQ���'DWD� RQ� ODQG�� LWV� RZQHUV� DQG� WHQDQWV� DUH� VXEMHFW� WR� UHYLVLRQ� DQG� XSGDWLQJ�� � 1HZ� GDWD� RQ�EXLOGLQJV�DQG�TXDUWHUV�DUH�DGGHG���'DWD�RQ�ODQG��LWV�RZQHUV�DQG�WHQDQWV�DUH�XSGDWHG�IURP�WLPH�WR�WLPH��E\�VXUYH\LQJ�DQG�DQDO\VLV�RI�ODQG�DQG�PRUWJDJH�UHJLVWHUV��UHVSHFWLYHO\���ZKHUHDV�GDWD�RQ�EXLOGLQJV�PXVW�EH�XSGDWHG�RQ�D�UHJXODU�EDVLV��HVSHFLDOO\�LQ�UXUDO�DUHDV���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV� ZLWK� WKH� UXOHV� RI� JDWKHULQJ� LQIRUPDWLRQ� QHFHVVDU\� IRU� WKH�FUHDWLRQ�� NHHSLQJ� DQG� XSGDWLQJ� �PRGHUQL]DWLRQ�� RI� ODQG� DQG� EXLOGLQJ� UHJLVWHUV�� DV� ZHOO� DV�GUDZLQJ�XS�ILQDO�GRFXPHQWDWLRQ���7HDFKLQJ�PHWKRG�� DQDO\VLV� RI� ODQG� DQG� EXLOGLQJ� UHJLVWHUV�� FRQGXFWLQJ� VXUYH\V� DQG�PDNLQJ�GHVFULSWLRQV�RI� ODQG��EXLOGLQJV� DQG�TXDUWHUV� IRU� WKH�SXUSRVHV�RI� WKHLU� UHJLVWUDWLRQ� �FDGDVWUH���GUDZLQJ�XS�UHSRUWV���$VVHVVPHQW��YHULILFDWLRQ�RI�WKH�FRPSOLDQFH�RI�WKH�UHSRUWV�GUDZQ�XS�E\�VWXGHQWV�ZLWK�WKH�UHOHYDQW�UHJXODWLRQV�DQG�,QVWUXFWLRQ�*���*�����
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����� /LVW�RI�VXEMHFWV�WDXJKW�GXULQJ�����\HDU�FRPSOHPHQWDU\�PDVWHU¶V�VWXGLHV��)LHOG�RI�VWXGLHV��*(2'(6<�$1'�&$572*5$3+<�0DMRUV��JHRGHV\�DQG�UHDO�HVWDWH�YDOXDWLRQ��
1XPEHU�RI�KRXUV��6XEMHFW� &RGH�

OHFWXUHV� FODVVHV� WRWDO�
(&76�FUHGLWV� $VVHVVPHQW�

�� �� �� �� �� �� ��
�VW�\HDU����VW�VHPHVWHU�

)RUHLJQ�ODQJXDJH� ��������$��� �� ��� ��� �� )7�
(FRQRPLFV�� ��������%���� ��� ��� ��� �� )7�
0DWKHPDWLFV� ��������%���� ��� ��� ��� ���� )7�
(OHFWURQLF�PHDVXULQJ�WHFKQLTXHV� ��������&���� �� ��� ��� �� )7�
+LJKHU�JHRGHV\� ��������&���� ��� ��� ��� �� )7�
*HRGHV\� ��������&���� ��� ��� ��� ���� (�
/DQG�LQIRUPDWLRQ�V\VWHPV�DQG�WKHPDWLF�FDUWRJUDSK\� ��������&���� ��� ��� ��� ���� (�
5HPRWH�VHQVLQJ� ��������'���� ��� ��� ��� ���� )7�
9DOXDWLRQ�PHWKRGV� ��������'���� ��� ��� ��� �� )7�
)LHOG�WUDLQLQJ�LQ�VXUYH\LQJ� ��������&���� �� ��� ��� �� )7�
)LHOG�WUDLQLQJ�UHDO�HVWDWH�YDOXDWLRQ� ��������'���� �� ��� ��� ���� )7�

�VW�\HDU����QG�VHPHVWHU�
)RUHLJQ�ODQJXDJH� ��������$��� �� ��� ��� �� )7�
6DWHOOLWH�JHRGHV\� ��������&���� ��� ��� ��� �� (�
/DZ� ��������&���� ��� ��� ��� �� )7�
5HDO�HVWDWH�DGPLQLVWUDWLRQ� ��������'���� ��� ��� ��� �� (�
5XUDO�DUHD�PDQDJHPHQW� ��������'���� ��� ��� ��� �� )7�
7HFKQRORJ\�RI�UHDO�HVWDWH�YDOXDWLRQ� ��������'���� ��� ��� ��� �� (�
6HPLQDU� ��������(��� �� ��� ��� �� )7�

�QG�\HDU����UG�VHPHVWHU�
)RUHLJQ�ODQJXDJH� ��������$��� �� ��� ��� �� =�
5XUDO�DUHD�PDQDJHPHQW� ��������'���� ��� ��� ��� �� =�
(QWHUSULVH�YDOXDWLRQ� ��������'���� ��� ��� ��� �� (�
6HPLQDU� ��������'���� �� ��� ��� �� =�
0DVWHU¶V�WKHVLV� ��������(��� �� �� �� ��� (�

)7�±�WKH�EDVLV�IRU�DVVHVVPHQW��JHWWLQJ�FUHGLW��LV�D�ILQDO�WHVW�(�±�WKH�EDVLV�IRU�DVVHVVPHQW��JHWWLQJ�FUHGLW��LV�DQ�H[DP�
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6XEMHFW��
)RUHLJQ�ODQJXDJH�

&RGH����������$��� 6HPHVWHU����������
)RUP��&ODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
��&RRUGLQDWRU�V���OHFWXUHU�LQ�D�JLYHQ�ODQJXDJH���2UJDQL]DWLRQDO�XQLW��)RUHLJQ�/DQJXDJH�6WXG\�&HQWHU���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� /HDUQLQJ� RI� D� FKRVHQ� IRUHLJQ� ODQJXDJH� E\� JDLQLQJ� NQRZOHGJH� RI� LWV� SKRQHWLF�V\VWHPV�� JUDPPDWLFDO� VWUXFWXUHV� DQG� YRFDEXODU\� DW� DQ� HOHPHQWDU\� OHYHO�� DQG� LPSURYLQJ�ODQJXDJH�VNLOOV�DW�DQ�DGYDQFHG�OHYHO���/DQJXDJH� RI� LQVWUXFWLRQ�� FKRVHQ� IURP� DPRQJ� WKRVH� WDXJKW� DW� WKH� 8QLYHUVLW\� �(QJOLVK��%HODUXV��)UHQFK��6SDQLVK��*HUPDQ��5XVVLDQ��8NUDLQLDQ����*RDOV�� WR� SUHSDUH� VWXGHQWV� IRU� ERWK� SDVVLYH� DQG� DFWLYH� XVH� RI� WKH� ODQJXDJH� DW� DQ� DGYDQFHG�OHYHO���5HIHUHQFHV��GHSHQGLQJ�RQ�WKH�OHYHO�RI�DGYDQFH���$VVHVVPHQW��ILQDO�WHVW���5HJLVWUDWLRQ�UHTXLUHG��\HV����
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6XEMHFW��
(FRQRPLFV�

&RGH����������%���� 6HPHVWHU����
)RUP��
/HFWXUHV��FODVVHV�

1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����

�&RRUGLQDWRU�V���6WHIDQ�6WUXPLááR��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�(FRQRPLFV���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\����'HVFULSWLRQ��0DQDJHPHQW�DV�D�GHFLVLRQ�PDNLQJ�SURFHVV�� �0DUNHW�PLFURDQDO\VLV�� �&XVWRPHU�EHKDYLRU���3URGXFHU�EHKDYLRU���,QWURGXFWLRQ�WR�PDFURHFRQRPLFV�DQG�QDWLRQDO�LQFRPH�DFFRXQW���1DWLRQDO�EXGJHW�LQ�D�IUHH�PDUNHW�HFRQRP\���,QWHUQDWLRQDO�WUDGH���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�WKH�EDVLF�FRQFHSWV�DQG�SUREOHPV�RI�PDFURHFRQRPLFV���7HDFKLQJ�PHWKRG��OHFWXUHV���5HIHUHQFHV��%HJJ�'���������(NRQRPLD��3:(��:DUV]DZD��' EQLHZVNL�*���5��+U\FLXN��0DNURHNRQRPLD�(OHPHQWDUQH�]DJDGQLHQLD�HNRQRPLL��SUDFD�]ELRURZD�SRG�UHG��5��0LOHZVNLHJR��3:1�:DUV]DZD���������$VVHVVPHQW��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���
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6XEMHFW��
0DWKHPDWLFV�

&RGH����������%���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�������
�&RRUGLQDWRU�V���=RILD�)LHGRURZLF]��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�$SSOLHG�0DWKHPDWLFV���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� (OHPHQWV� RI� GLIIHUHQWLDO� JHRPHWU\�� SD\LQJ� SDUWLFXODU� DWWHQWLRQ� WR� JHRPHWU\� RI�FXUYHV� DQG� VXUIDFHV�� � 5HJXODU� VXUIDFH� SURMHFWLRQ�� � �VW� DQG� �QG� TXDGUDWLF� IRUPV� RI� VXUIDFH���6XUIDFH�FXUYDWXUH���*HRGHWLF�OLQHV���*RDOV�� WR� VWXG\� FXUYHV� DQG� VXUIDFHV� IURP� WKH� SHUVSHFWLYH� RI� JHRGHWLF� DQG� FDUWRJUDSKLF�DSSOLFDWLRQV���5HIHUHQFHV��*GRZVNL�%���������(OHPHQW\�JHRPHWULL�Uy QLF]NRZHM�]�]DGDQLDPL��3:1��:DUV]DZD��6LNRUVNL�5���������:VW S�GR�JHRPHWULL�Uy QLF]NRZHM��3:1��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW����
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6XEMHFW��
(OHFWURQLF�PHDVXULQJ�WHFKQLTXHV�

&RGH����������&���� 6HPHVWHU����

)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���$QGU]HM�:DQLF��$VVRFLDWH�3URIHVVRU��3K'���2UJDQL]DWLRQDO�XQLW��,QVWLWXWH�RI�*HRGHV\���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��0HFKDQLFDO�RSWLFDO� V\VWHPV� RI� HQJLQHHULQJ� DQG� SUHFLVLRQ� OHYHOLQJ� LQVWUXPHQWV�DQG� WKHRGROLWHV�ZLWK�YDULRXV� UHDGLQJ�UHJLVWUDWLRQ� V\VWHPV�� �(OHFWURQLF�GLVWDQFH�PHDVXUHPHQW��LPSXOVH�DQG�SKDVH�PHWKRGV����7RWDO�VWDWLRQV���(OHFWURQLF�DQJOH�PHDVXUHPHQW�V\VWHPV��FRGH��LPSXOVH�� G\QDPLF��� � (OHFWURPDJQHWLF� ZDYH� SURSDJDWLRQ� LQ� WKH� DWPRVSKHUH�� � /DVHUV�� � :DOO�PDUNV���*RDOV�� WR� IDPLOLDUL]H� VWXGHQWV� ZLWK� WKH� RSHUDWLRQ� RI� PHFKDQLFDO�RSWLFDO� V\VWHPV� RI�HQJLQHHULQJ� DQG� SUHFLVLRQ� OHYHOLQJ� LQVWUXPHQWV� DQG� WKHRGROLWHV�� WKHLU� FDOLEUDWLRQ� DQG�DGMXVWPHQW��DXWRPDWLF�GDWD�UHJLVWUDWLRQ�LQ�WRWDO�VWDWLRQV��DQG�WKHLU�WUDQVPLVVLRQ�WR�WKH�FRPSXWHU���3UHFHGLQJ�VXEMHFWV��JHRGHV\���7HDFKLQJ�PHWKRG��FODVVHV�ZLWK�DXGLRYLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV�DQG�YLGHR�WDSHV���5HIHUHQFHV��3áDWHN�$����������*HRGH]\MQH�GDOPLHU]H�HOHNWURPDJQHW\F]QH�L�WDFK\PHWU\�HOHNWURQLF]QH��&] ü�,��JHRGH]\MQH�GDOPLHU]H�HOHNWURPDJQHW\F]QH�GR�SRPLDUyZ�WHUHQRZ\FK��33:.��:DUV]DZD���:URFáDZ��3áDWHN�$����������*HRGH]\MQH�GDOPLHU]H�HOHNWURPDJQHW\F]QH�L�WDFK\PHWU\�HOHNWURQLF]QH��&] ü�,,��RSW\F]QH�GDOPLHU]H�LQWHUIHUHQF\MQH��WHRGROLW\�L�WDFK\PHWU\�HOHNWURQLF]QH���33:.�����:DUV]DZD�±�:URFáDZ��7DWDUF]\N� -�� ������ � :\EUDQH� ]DJDGQLHQLD� ]� LQVWUXPHQWR]QDZVWZD� JHRGH]\MQHJR�� $*�+��.UDNyZ��7DWDUF]\N�� -�� ������ 1RZH� NRQVWUXNFMH� JHRGH]\MQ\FK� SU]\U] GyZ� N WRPLHUF]\FK�� $*�+��.UDNyZ��:DQLF�$���������,QVWUXPHQWR]QDZVWZR�JHRGH]\MQH��3U]HZRGQLN�GR�üZLF]H ��&] ü�,��:\GDQLH�,,���$5�7��2OV]W\Q��:DQLF�$����������,QVWUXPHQWR]QDZVWZR�JHRGH]\MQH��3U]HZRGQLN�GR�üZLF]H ��&] ü�,,��$5�7��2OV]W\Q��= EHN�-��L�LQ���������ûZLF]HQLD�]�JHRGH]ML�,��3:1��:DUV]DZD���$VVHVVPHQW�� WHVWV� �WKHRUHWLFDO� DQG� SUDFWLFDO�� LQ� WKH� RSHUDWLRQ� RI� RSWLFDO� DQG� HOHFWURQLF�PHDVXULQJ�LQVWUXPHQWV��
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6XEMHFW��+LJKHU�JHRGHV\� &RGH����������&���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
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�����

/(9(/��&��
6XEMHFW��/DZ� &RGH����������&���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
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6XEMHFW��
5XUDO�DUHD�PDQDJHPHQW�

&RGH����������'���� 6HPHVWHU�������
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV������
�&RRUGLQDWRU�V���3URIHVVRU�6WDQLVáDZ�6XURZLHF��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�5XUDO�6XUYH\LQJ�DQG�&DGDVWUH���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��&RPPRQ�DJULFXOWXUDO�SROLF\�LQ�WKH�(XURSHDQ�8QLRQ�YHUVXV�WKH�GHYHORSPHQW�RI�DJUDULDQ� VWUXFWXUHV� LQ� WKH� PHPEHU� VWDWHV�� � 3URVSHFWV� IRU� UXUDO� DUHD� GHYHORSPHQW� DQG� ODQG�PDQDJHPHQW� LQ� 3RODQG� LQ� WKH� SUH�DFFHVVLRQ� SHULRG� DQG� DIWHU� MRLQLQJ� WKH� VWUXFWXUHV� RI� WKH�(XURSHDQ�8QLRQ���7KH�SXUSRVHV��VWUDWHJLHV�DQG�SULRULWLHV�RI�XVLQJ�WKH�IXQGV�IURP�WKH�SURJUDPV�3KDUH� DQG� 6DSDUG� LQ� 3RODQG�� � 7KH� SURVSHFWLYH� UROH� RI� UHJLRQDO� DQG� VWUXFWXUDO� SROLF\� RI� WKH�(XURSHDQ�8QLRQ�DQG�3RODQG� LQ� WKH�GHYHORSPHQW�RI�DJUDULDQ�VWUXFWXUHV� LQ� UXUDO�DUHDV�� �/DQG�PDQDJHPQW�LQ�3RODQG�±�WKH�DFWLYLWLHV�RI�WKH�6WDWH�7UHDVXU\�$JHQF\�IRU�$JULFXOWXUDO�3URSHUW\�DQG�WKH�$JHQF\�IRU�WKH�0RGHUQL]DWLRQ�DQG�5HVWUXFWXULQJ�RI�$JULFXOWXUH���*RDOV�� WR� GLVFXVV� WKH� SUREOHPV� FRQQHFWHG�ZLWK� DJULFXOWXUH� UHVWUXFWXULQJ� LQ� 3RODQG� DQG� RXU�LQWHJUDWLRQ�ZLWK�WKH�(XURSHDQ�8QLRQ���3UHFHGLQJ�VXEMHFWV��ODQG�LQIRUPDWLRQ�V\VWHPV�DQG�WKHPDWLF�FDUWRJUDSK\���7HDFKLQJ�PHWKRG�� OHFWXUHV�ZLWK� YLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV�� FODVVHV� LQ� VPDOO� JURXSV��ZLWK�WKH�XVH�RI�GHVFULSWLYH�DQG�FDUWRJUDSKLF�PDWHULDOV��VLWH�LQVSHFWLRQV���5HIHUHQFHV��$GDPRZLF]�0��� ������ 5ROQLFWZR�Z� SURFHVLH� LQWHJURZDQLD�3ROVNL� ]�8QL � (XURSHMVN �� 7�� ���,QVW\WXFMH� UROQLF]H� Z� SURFHVLH� SU]HREUD H � U\QNRZ\FK�� � 6]NRáD� *áyZQD� *RVSRGDUVWZD�:LHMVNLHJR��:DUV]DZD��&]\NLHU�:LHU]ED�'���������5ROQLFWZR�SROVNLH�D�LQWHJUDFMD�]�8QL �(XURSHMVN ��:\GDZQLFWZR�8QLZHUV\WHWX�*GD VNLHJR��8VWDZD�]�GQLD������������U��R�JRVSRGDURZDQLX�QLHUXFKRPR FLDPL�UROQ\PL�6NDUEX�3D VWZD��$VVHVVPHQW��FODVVHV�±�GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW���
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6XEMHFW��(QWHUSULVH�YDOXDWLRQ� &RGH����������'���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV�����
�&RRUGLQDWRU�V���$QGU]HM�0XF]\ VNL��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�0DQDJHPHQW�DQG�5HJLRQDO�'HYHORSPHQW���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ�� 7\SHV� RI� HFRQRPLF� VXEMHFWV� DQG� WKH� SULQFLSOHV� RI� WKHLU� HVWDEOLVKPHQW�� � 7KH�SXUSRVHV�RI�HQWHUSULVH�YDOXDWLRQ�DQG�W\SHV�RI�YDOXH�HVWLPDWHG���0HWKRGV�RI�HFRQRPLF�VXEMHFW�YDOXDWLRQ�RQ�WKH�EDVLV�RI�PDWHULDO�VXEVWDQFH�YDOXDWLRQ���7KH�LQFRPH�DQG�FRPELQHG�PHWKRGV�LQ�HQWHUSULVH�YDOXDWLRQ���9DOXDWLRQ�RQ�WKH�EDVLV�RI�TXRWDWLRQ�RQ�WKH�FDSLWDO�PDUNHW���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�WKH�EDVLF�SULQFLSOHV�DQG�PHWKRGV�RI�HQWHUSULVH�YDOXDWLRQ���3UHFHGLQJ�VXEMHFWV��PHWKRGV�RI�UHDO�HVWDWH�YDOXDWLRQ��WHFKQRORJ\�RI�UHDO�HVWDWH�YDOXDWLRQ���7HDFKLQJ�PHWKRG��OHFWXUHV�ZLWK�YLVXDO�DLGV��VOLGHV��WUDQVSDUHQFHV��FODVVHV�LQ�VPDOO�JURXSV��ZLWK�WKH�XVH�RI�GHVFULSWLYH�DQG�DQDO\WLFDO�PDWHULDOV���5HIHUHQFHV��.XIHO��0���������0HWRG\�Z\FHQ\�SU]HGVL ELRUVWZ��3:1��:DUV]DZD���%LH ��:��� ������ 2FHQD� HIHNW\ZQR FL� ILQDQVRZHM� VSyáHN� SUDZD� KDQGORZHJR��)LQDQV� 6HUZLV��:DUV]DZD��6LHUSL VND�0���7��-DFKQD��������2FHQD�SU]HGVL ELRUVWZ�ZHGáXJ�VWDQGDUGyZ� ZLDWRZ\FK��:\G��,,,��3:1��:DUV]DZD���$VVHVVPHQW��FODVVHV�±�GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��WHVW�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ��ZULWWHQ��DW�WKH�HQG�RI�VHPHVWHU�����
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6XEMHFW��7HFKQRORJ\�RI�UHDO�HVWDWH�YDOXDWLRQ�

&RGH����������'���� 6HPHVWHU����
)RUP��/HFWXUHV��FODVVHV� 1XPEHU�RI�KRXUV�VHPHVWHU�����OHFWXUHV����FODVVHV� 1XPEHU�RI�(&76�FUHGLWV����
�&RRUGLQDWRU�V���-DQXV]�-DVL VNL��3K'���2UJDQL]DWLRQDO�XQLW��'HSDUWPHQW�RI�/DQG�0DQDJHPHQW�DQG�5HJLRQDO�'HYHORSPHQW���6WDWXV�LQ�WKH�FXUULFXOXP��FRPSXOVRU\���'HVFULSWLRQ��3URFHGXUHV�RI�UHDO�HVWDWH�YDOXDWLRQ�WDNLQJ�LQWR�DFFRXQW�VSHFLDO�FRQGLWLRQV���7KH�HIIHFW�RI�HQYLURQPHQWDO� IDFWRUV�RQ� UHDO�HVWDWH�YDOXDWLRQ�� �5HDO�HVWDWH�YDOXDWLRQ� IRU� LQVXUDQFH�SXUSRVHV�� � 9DOXDWLRQ� RI� IRUHLJQ� SURSHUW\�� � 9DOXDWLRQ� RI� ODQG� GHVLJQHG� IRU� KLJKZD\�FRQVWUXFWLRQ�� �9DOXDWLRQ�RI�KLVWRULFDO�PRQXPHQWV�� �9DOXDWLRQ�RI� ODQG�RFFXSLHG�E\� HOHFWULFDO�HTXLSPHQW�DQG�HOHFWULFDOO\�RSHUDWHG�GHYLFHV���*RDOV��WR�IDPLOLDUL]H�VWXGHQWV�ZLWK�WKH�SURFHGXUHV�RI�UHDO�HVWDWH�YDOXDWLRQ��SUDFWLFDO�YDOXDWLRQ�RI�VSHFLDO�SXUSRVH�UHDO�HVWDWHV���3UHFHGLQJ�VXEMHFWV��YDOXDWLRQ�PHWKRGV���7HDFKLQJ�PHWKRG�� OHFWXUHV�ZLWK�YLVXDO� DLGV�� VOLGHV�� WUDQVSDUHQFHV��ZLWK� WKH�XVH�RI�EXLOGLQJ�YDOXDWLRQ�FDWDORJXHV��FODVVHV���5HIHUHQFHV��6WDQGDUG\� ]DZRGRZH� U]HF]R]QDZFyZ� PDM WNRZ\FK�� 3UDFD� ]ELRURZD� SRG� UHG�� =G]LVáDZD�0DáHFNLHJR��3)650��:DUV]DZD��������8VWDZD�]�GQLD������������U��R�JRVSRGDUFH�QLHUXFKRPR FLDPL��MHGQROLW\�WHNVW�]������U���']��8��1U�����SR]�������5R]SRU] G]HQLH�5DG\�0LQLVWUyZ�]�GQLD������������U��Z�VSUDZLH�V]F]HJyáRZ\FK�]DVDG�Z\FHQ\�QLHUXFKRPR FL�RUD]�]DVDG�L�WU\EX�VSRU] G]DQLD�RSHUDWX�V]DFXQNRZHJR���$VVHVVPHQW��FODVVHV�±�GUDZLQJ�XS�DQG�GHIHQVH�RI�SURMHFWV��WHVWV�ZLWK�D�SRVVLELOLW\�RI�UHSHDW��([DPLQDWLRQ��ZULWWHQ�RU�RUDO��DW�WKH�HQG�RI�VHPHVWHU����
�


