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$%675$&7� 0RVW� RI� WKH� VWXGLHV� RQ� XQGHUUHDPHG� SLOHV� KDYH� EHHQ� RQ� WKH� H[SHULPHQWDO� VLGHRQO\��ZKLOH� WKHRUHWLFDO� VWXGLHV�� XVLQJ� WKH� )LQLWH� (OHPHQW�0HWKRG�� KDYH� EHHQ�PRVWO\� FRQILQHG� WRVWUDLJKW�VKDIWHG� �SULVPDWLF�� SLOHV�� ,Q� D� VWXG\� ZLWK� HPSKDVLV� RQ� WKH� JHRPHWULFDO� IHDWXUHV� RI� WKH XQGHUUHDPHG� SLOH�� QR� RWKHU� PHWKRG� LV� DV� YHUVDWLOH� DV� WKH� )LQLWH� (OHPHQW� 0HWKRG�� 7KH� SUHVHQWLQYHVWLJDWLRQ� PDNHV� XVH� RI� WKH� ILQLWH� HOHPHQW� DQDO\VLV� IRU� WKH� XQGHUUHDPHG� SLOH� SUREOHP� ZLWK VSHFLDO� UHIHUHQFH� WR� LWV� JHRPHWULFDO� IHDWXUHV��XVLQJ� WKH�DGYDQFHG� VRIWZDUH�SDFNDJH�$16<6��7KH FRQWHQW�RI�WKLV�SDSHU�LV�OLPLWHG�WR���'�D[LV\PPHWULF�QRQOLQHDU�DQDO\VLV�IRU�D[LDO�FRPSUHVVLRQ�DQGWHQVLRQ�� LQ� QRQ�H[SDQVLYH� FOD\V�� ZLWK� UHVSHFW� WR� WKH� JHRPHWULFDO� SDUDPHWHUV� ZKLFK� LQFOXGH� WKHQXPEHU��VL]H��ORFDWLRQ�DQG�VKDSH�RI�WKH�EXOE��DQG���'�DQDO\VLV�IRU�WKH�JURXS�FDSDFLW\�RI�WZR�SLOHV�2Q� WKH� PDWHULDO� VLGH�� ZKLOH� WKH� SLOH� LV� WUHDWHG� DV� OLQHDU�� WKH� VRLO� DQG� WKH� SLOH�VRLO� LQWHUIDFH� DUH QRQOLQHDU�� WKH� IRUPHU�IROORZLQJ�WKH�'UXFNHU�3UDJHU�FRQVWLWXWLYH�PRGHO��7KH�QRQOLQHDU�DQDO\VLV� LV µLQFUHPHQWDO�LWHUDWLYH�PL[HG¶� OHDGLQJ� WR� KLJK� DFFXUDF\�� 7KH� UHVXOWV� RI� WKH� DQDO\VHV� ZLOO� EH� RIVXVWDLQHG�LQWHUHVW�WR�GHVLJQHUV�RI�XQGHUUHDPHG�SLOHV� �.H\�:RUGV��&OD\��3LOH��8QGHUUHDP��*HRPHWU\��$QDO\VLV��)LQLWH�(OHPHQW�0HWKRG� 
,1752'8&7,21 

3LOHV�ZLWK�HQODUJHG�EDVH�RU�µXQGHUUHDPV¶��)LJ����KDYH�EHHQ�NQRZQ�VLQFH�WKH�HDUO\���¶V��6XFK�SLOHVZHUH�ILUVW�XVHG�LQ�7H[DV��8�6�$���ZKHUH�H[SDQVLYH�VRLOV�RFFXU�LQ�DEXQGDQFH��7KH\�ZHUH�LQWHQGHG�SULPDULO\WR�UHVLVW�WKH�XSOLIW�IRUFHV�GHYHORSHG�RQ�WKHP�GXH�WR�WKH�KHDYLQJ�RI�WKH�JURXQG��,Q�,QGLD�WKH\�DUH�H[WHQVLYHO\XVHG�VLQFH� WKH���¶V� WR�DQFKRU�EXLOGLQJ�IRXQGDWLRQV� LQ� WKH�H[SDQVLYH� �EODFN�FRWWRQ�VRLOV��DW�D�GHSWK�ZKHUHJURXQG� PRYHPHQWV� GXH� WR� FKDQJHV� LQ� PRLVWXUH� FRQWHQW� DUH� QHJOLJLEOH�� &RQVLGHUDEOH� UHVHDUFK� KDV� EHHQ FDUULHG�RXW�LQ�ODWHU�\HDUV��DQG�WKHUH�KDV�EHHQ�PDUNHG�GHYHORSPHQW�LQ�WKHLU�GHVLJQ�DQG�XVH��,Q�UHFHQW�\HDUV ZRUN�KDV�EHHQ�GRQH�RQ�SLOHV�ZLWK�WZR�RU�PRUH�EXOEV��DQG�SUHVHQWO\�PXOWL�EXOE�SLOHV�DUH�LQ�XVH��$�V\VWHPDWLF VWXG\�RI�WKHVH�SLOHV�ZDV�ILUVW�DWWHPSWHG�LQ�6RXWK�$IULFD�E\�-HQQLQJV�DQG�+HQNHO���������7KLV�ZDV�IROORZHG E\� D� UHSRUW� IURP�$XVWUDOLD� E\�7DVNHU� HW� DO��������ZKLFK� JDYH� DQ� HPSLULFDO� H[SUHVVLRQ� IRU� WKH� DQFKRULQJ FDSDFLW\�� *RODLW� ������� KDV� GRQH� DQ� H[WHQVLYH� VWXG\� RQ� XQGHUUHDPHG� SLOHV� DQG� D� VSHFLDO� ORDG� FHOO� ZDV GHVLJQHG�IRU�WHVWLQJ�WKH�DQFKRUDJH�RIIHUHG�E\�XQGHUUHDPHG�SLOHV� &XUUHQWO\��JXLGHOLQHV�IRU�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�XQGHUUHDPHG�SLOHV�DUH�DYDLODEOH�LQ�D�KDQGERRN E\�6KDUPD�HW�DO���������&KXPPDU�������DQG�6KDUPD�������GLVFXVV�WKH�XVH�RI�XQGHUUHDPHG�SLOHV�LQ�,QGLD� ZLWK�VSHFLDO�UHIHUHQFH�WR�FRQVWUXFWLRQ�SUDFWLFHV�DQG�VLWXDWLRQV�ZKHUH�WKH\�DUH�VXSHULRU�WR�RWKHU�IRXQGDWLRQV� ,Q�IDYRXUDEOH�VRLO�FRQGLWLRQV�VXFK�DV�VWLII�WR�KDUG�FOD\V��PXOWL�XQGHUUHDPHG GULOOHG�VKDIWV�PD\�SURYLGH�FRVW VDYLQJV� GXH� WR� LQFUHDVHG� FDSDFLW\� ZKHQ� FRPSDUHG� ZLWK� VLQJOH� XQGHUUHDPHG� GULOOHG� VKDIWV�� 6KRUW� ERUHG XQGHUUHDPHG� SLOHV� KDYH� EHHQ� SRSXODUL]HG� LQ� ,QGLD� E\� &HQWUDO� %XLOGLQJ� 5HVHDUFK� ,QVWLWXWH�� � 5RRUNHH� SULPDULO\� IRU� XVH� LQ� µEODFN� FRWWRQ� VRLOV¶�� EXW� WKH\� KDYH� VLQFH� IRXQG� ZLGHU� DSSOLFDWLRQ� LQ� YDULRXV� VRLOFRQGLWLRQV�� XQGHU� D� YDULHW\� RI� VLWXDWLRQV�� ,Q� ,QGLD�� WKH� XVH� RI� XQGHUUHDPHG� SLOH� LV� JRYHUQHG� E\� WKH� FRGH ,6�������3DUW�,,,��±������ �
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*UDGH�EHDP 

3/$1 )LJ���������8QGHUUHDPHG�3LOH��,6��������3DUW�,,,��±������ 
6WXG\� RI� DQFKRU� IRXQGDWLRQV� LV� EHFRPLQJ� PRUH� DQG� PRUH� LPSRUWDQW� LQ� WKH� ZDNH� RI� WKH� UDSLG LQIUDVWUXFWXUH� GHYHORSPHQW� DQG� LQGXVWULDOL]DWLRQ� RI� WKH� FRXQWU\�� 7KH\� DUH� XVHG� IRU� KLJK� WHQVLRQ� HOHFWULFWUDQVPLVVLRQ� WRZHUV�� PDVWV� IRU� UDGLR� WUDQVPLVVLRQ� OLQHV� DQG� WHOHYLVLRQ� WRZHUV�� VXSSRUW� IRU� VXVSHQGHG EUDFNHWV� RQ� URDGV�� HWF�� %DEX� 6KDQNHU� ������� SUHVHQWHG� DQ� DSSURDFK� IRU� WKH� SUHGLFWLRQ� RI� WKH� EHDULQJ FDSDFLW\�RI�XQGHUUHDPHG�SLOHV��0RGHO�VWHHO�SLOHV�KDYH�EHHQ�WHVWHG�ZLWK�YDU\LQJ�OHQJWKV�DQG�XQGHUUHDPLQJ UDWLRV�LQ�RUGHU� WR�LQYHVWLJDWH� WKH�SURSRUWLRQV�RI� WRWDO� ORDG�WDNHQ�E\�WKH�QDUURZ�SLOH�VWHP�DQG�LWV�H[SDQGHGEDVH�� 3XOO�RXW� WHVWV� KDYH� DOVR� EHHQ� FRQGXFWHG� RQ� XQGHUUHDPHG� SLOHV� WR� VWXG\� WKH� DQFKRUDJH� UHVLVWDQFH RIIHUHG� E\� WKH� H[SDQGHG� EDVH�� -KD� ������� KDV� WULHG� WR� SUHGLFW� WKH� XOWLPDWH� EHDULQJ� FDSDFLW\�� UHODWLYH GLVSODFHPHQW�DQG�VKDSH�RI� WKH� IDLOXUH�VXUIDFH�E\�SHUIRUPLQJ�H[SHULPHQWV�XVLQJ�VPDOOHU�PRGHOV��)URP�WKHGDWD�IRU�WKH�IXOO�VFDOH�VWDWLF�WHVWV�RI���WR���P�ORQJ�SLOHV��LW�ZDV�IRXQG�WKDW��DV�WKH��O�G��UDWLR�LQFUHDVHV��ZKHUH O LV� WKH� OHQJWK�RI� WKH�SLOH� DQG�G�� WKH�GLDPHWHU�RI� WKH� VWHP�� WKH� ORDG� WUDQVPLWWHG� WKURXJK�D�SLOH�XQGHUUHDP KDYLQJ�WKH�VDPH�VL]H�GHFUHDVHV�SURSRUWLRQDWHO\��*ULJRU\DQ�DQG�&KDNKYDG]H��������7KLV�SDSHU�SUHVHQWV�WKH�UHVXOWV�RI�DQDO\VHV�FRQGXFWHG�RQ�WKH�LQIOXHQFH�RI�WKH�JHRPHWULFDO�IHDWXUHV RI�WKH�XQGHUUHDPHG�SLOH�RQ�LWV�XOWLPDWH�ORDG�FDUU\LQJ�FDSDFLW\��EHVLGHV�WKH�JURXS�FDSDFLW\�RI�WZR�SLOHV�ZLWK YDU\LQJ� VSDFLQJ��7KH�JHRPHWULFDO� IHDWXUHV� LQFOXGH� WKH� OHQJWK�RI� WKH�SLOH�ZLWKRXW� DQG�ZLWK� EXOE�� ORFDWLRQ� QXPEHU��VL]H�DQG�VKDSH�RI�WKH�EXOE��7KH�SUHVHQW�VWXG\�ZDV�SUHFHGHG�E\�D�GHWDLOHG�VWXG\�E\�WKH�VDPH�DXWKRUV������� IRU� XOWLPDWH� ORDG� FDUU\LQJ� FDSDFLW\� ±� ERWK� LQ� FRPSUHVVLRQ� DQG� WHQVLRQ� ±� DJDLQVW� IDFWRUV� VXFK� DV GLIIHUHQW� VWHP�DQG�XQGHUUHDP�GLDPHWHUV�� LQ� FOD\�RYHU� D�ZLGH� UDQJH�RI� FRQVLVWHQF\�� 3ULRU� WR� WKH� ODWWHU�� LQ RUGHU�WR�YDOLGDWH�WKH�DQDO\VLV��WKH�DXWKRUV�YHULILHG�VRPH�RI�WKH��H[SHULPHQWDO�UHVXOWV�RQ�XQGHUUHDPHG�SLOHV�LQ FOD\V� UHSRUWHG� LQ� OLWHUDWXUH� ZKLFK� ZHUH� IRXQG� WR� DJUHH� ZLWKLQ� D� PDUJLQ� RI� ����� ,QGHHG�� WKH� JUHDWHVW DGYDQWDJH� RI� WKH� DQDO\WLFDO� DSSURDFK� LV� WKDW�� ZKHUHDV� WKH� H[SHULPHQWDO� UHVXOWV� � DUH� DW� EHVW� FRQILQHG� WR\LHOGLQJ� WKH� ORDG�VHWWOHPHQW� GLDJUDP� DQG� WKH� XOWLPDWH� ORDG�� WKH� DQDO\WLFDO� LQYHVWLJDWLRQV� \LHOG� D� KRVW� RI LQIRUPDWLRQ�� ZKLFK� DPRQJ� RWKHUV� LQFOXGH�� EHVLGHV� WKH� DERYH�� PHVK� GHIRUPDWLRQ�� GLVSODFHPHQW� YHFWRUV� GHIRUPDWLRQ�FRQWRXUV�LQ�WKH�PHGLXP��SULQFLSDO�VWUHVV�YHFWRUV��FRQWDFW�VWUHVVHV��HWF� 

),1,7(�(/(0(17�,'($/,=$7,21�$1'�62/87,21�'(7$,/6 
7KH� DGYDQFHG� HQJLQHHULQJ� VRIWZDUH� SDFNDJH� $16<6� ZLWK� H[FHOOHQW� SUH�� DQG� SRVW�SURFHVVLQJIHDWXUHV�KDV�EHHQ�XVHG�IRU�WKH�DQDO\VLV�LQ�WKH�SUHVHQW�VWXG\����'�D[LV\PPHWULF�DQDO\VLV�KDV�EHHQ�FDUULHG�RXWE\�XVLQJ���QRGHG�TXDGULODWHUDO�HOHPHQWV�IRU�ERWK�WKH�SLOH�DQG�VRLO��7KH�SLOH�LV�FRQVLGHUHG�DV�OLQHDUO\�HODVWLF� :KLOH�'UXFNHU�3UDJHU�PRGHO�LV�LQYRNHG�IRU�VRLO�QRQOLQHDULW\��WKH�LQWHUIDFH�EHWZHHQ�WKH�SLOH�DQG�WKH�VRLO�LV DQDO\]HG�E\�XVLQJ�D���QRGHG�OLQH�FRQWDFW�HOHPHQW��FKDUDFWHUL]HG�E\�WKH��FRHIILFLHQW�RI�LQWHUIDFH�IULFWLRQ��)RUVWXG\LQJ�WKH�JURXS�FDSDFLW\����'�DQDO\VLV�KDV�EHHQ�FDUULHG�RXW�E\�XVLQJ����QRGHG�WHWUDKHGURQ�HOHPHQW�IRU �




ERWK� WKH� SLOH� DQG� WKH� VRLO� DQG� ��QRGHG� TXDGULODWHUDO� HOHPHQW� IRU� WKH� LQWHUIDFH��$Q� µLQFUHPHQWDO�LWHUDWLYH�PL[HG¶�PHWKRG�LV�XVHG�IRU�WKH�DQDO\VLV��ZKLFK�JLYHV�KLJKO\�UHOLDEOH�DQG�DFFXUDWH�UHVXOWV�����LQFUHPHQWV�RIWKH� JLYHQ� ORDG�� DQG�ZLWKLQ� HDFK� LQFUHPHQW� ���� LWHUDWLRQV�� � DUH� VSHFLILHG� LQ� WKH� VROXWLRQ� IRU� FRQYHUJHQFH� $XWRPDWLF�WLPH�VWHSSLQJ�RSWLRQ�ZDV�XVHG��ZKLFK�ZRXOG�FKDQJH�ERWK�LQFUHPHQWV�DQG�LWHUDWLRQV�DFFRUGLQJ�WR FRQYHUJHQFH��,Q�DOO�FDVHV�D�ODWHUDO�H[WHQW�RI�VRLO�PDVV�XS�WR�VL[�WLPHV�WKH�EXOE�GLDPHWHU�DQG�YHUWLFDO�H[WHQWXS�WR�IRXU�WLPHV�WKH�EXOE�GLDPHWHU�EHORZ�ERWWRP�RI�WKH�SLOH�ZDV�PRGHOOHG�IRU�WKH�DQDO\VLV��)LJ���� 

)LJ����� )LQLWH�(OHPHQW�0HVK�IRU�WKH�8QGHUUHDPHG�3LOH�6RLO�6\VWHP 
7KH�IROORZLQJ�PDWHULDO�SURSHUWLHV�DUH�XVHG�LQ�WKH�DQDO\VLV� 
3LOH� (� ����[��� N3D �  ����N1�P� �  ����� 6RLO� (� ������N3D F�� ����N3D �  ����N1�P� �  ���� �  ���� �  ���� ,QWHUIDFH� 08� ����� 
5(68/76�$1'�',6&866,21 

7KH� UHVXOWV�RI� WKH�DQDO\VLV� DQG�GLVFXVVLRQV� RQ� WKH� VDPH� IRU� HDFK�SDUDPHWHU� DUH� SUHVHQWHG� LQ� WKH IROORZLQJ�� 6LQFH� WKHVH� DUH� VWDQGDUG� SLOHV� JLYHQ� LQ� WKH� &RGH� �,6������ �3DUW� ,,,�� ±� ������� WKH� UHVXOWV� DUH SUHVHQWHG�GLUHFWO\�ZLWKRXW�DWWHPSWLQJ�DQ\�QRUPDOL]DWLRQ� 
/HQJWK�RI�WKH�SLOH�ZLWKRXW�EXOE�DQG�ZLWK�EXOE 

,Q�WKLV�VWXG\�D�EXOE�RI�GLD�����P�LV�SURYLGHG�RQ�WKH�VWHP�±�DW�VWDQGDUG�KHLJKW�IURP�WKH�WLS�±�ZKRVH OHQJWK�LV�PDGH�WR�YDU\��7ZR�VHWV�RI�GDWD��RQH�ZLWK�EXOE�DQG�RQH�ZLWKRXW��KDYH�EHHQ�XVHG�IRU�WKH�DQDO\VLV� 7KH�UHVXOWV�IURP�WKH�DQDO\VHV�DUH�HQWHUHG�LQ�7DEOH���ZKLFK�VKRZ�WKDW�XOWLPDWH�ORDG�LV�JHQHUDOO\�LQVHQVLWLYH WR� FKDQJH� LQ� OHQJWK�� HVSHFLDOO\� LQ� WKH� FDVH� RI� XQGHUUHDPHG� SLOHV�� 7KH� XOWLPDWH� ORDGV�� KRZHYHU�� DUH VXEVWDQWLDOO\� LQ� IDYRXU�RI� WKH�XQGHUUHDPHG�SLOH�ZKHQ�FRPSDUHG� WR�SULVPDWLF�SLOH�� HYHQ�ZKHQ�FRQVLGHULQJ WKH�DGGLWLRQDO�PDWHULDO�LQSXW�IRU�WKH�EXOE��)LJV����DQG���JLYH�WKH�SRVW�SURFHVVLQJ�UHVXOWV� IRU�SULVPDWLF�SLOHDQG� XQGHUUHDPHG� SLOH�� IRU� WKH� SLOH� RI� ���P� OHQJWK�� DW� KDOI� WKH� XOWLPDWH� ORDG�� LQ� ERWK� FRPSUHVVLRQ� DQG WHQVLRQ� �




7DEOH����/HQJWK�RI�3LOH��8OWLPDWH�/RDG�LQ�&RPSUHVVLRQ�DQG�7HQVLRQ 
/HQJWK�RISLOH 

�P� ��� 

3ULVPDWLF��ZLWKRXW�EXOE� 8QGHUUHDPHG��ZLWK�EXOE� &RP� SUHVV� LRQ 
�N1� ��� 

6HWWO� HPH� QW�DW 3X�� �PP� ��� 

7HQV� LRQ 
�N1� ��� 

8SOL� IW�DW 3X�� �PP� ��� 

7RWDO YROXPH RI PDWHUL� DO���P�� ��� 

&RP� SUHVVL� RQ 
�N1� ��� 

6HWWO� HPHQW DW�3X�� �PP� ��� 

7HQV� LRQ 
�N1� ��� 

8SOL� IW�DW 3X�� �N1� ���� 

7RWDO YROXPH RI PDWHULDO �P�� ���� ��� �� ���� ���� ���� ����� ����� ���� ��� ���� ����� 
��� ���� ���� ���� ���� ����� ����� ���� ��� ���� ����� 
��� ���� ���� ���� ���� ����� ����� ���� ��� ���� ����� 
��� ���� ��� ���� ���� ����� ����� ���� ��� ���� ����� 

�D�	 �E� )LJ������	 <�GLVSODFHPHQW�IRU�3ULVPDWLF�3LOH�DW�3X�� �D��&RPSUHVVLRQ��E��7HQVLRQ 

�




�D�	 �E� 
)LJ�����	 <�GLVSODFHPHQW�IRU�8QGHUUHDPHG�3LOH�DW�3X�� �D��&RPSUHVVLRQ��E��7HQVLRQ 

/RFDWLRQ�RI�WKH�EXOE 
$�SLOH�RI�OHQJWK����P�EXW�ZLWK�VWDQGDUG�YDOXHV�RI����P�DQG�����P�UHVSHFWLYHO\�IRU�GS�DQG�GX��KDV EHHQ� XVHG� IRU� WKHVH� VWXGLHV�� ZLWK� WKH� KHLJKW� RI� WKH� FHQWUH� RI� WKH� EXOE� �XQGHUUHDP�� IURP� WKH� WLS� DV� WKH SDUDPHWHU� 7KH�UHVXOWV�SHUWDLQLQJ�WR�WKH�ORFDWLRQ�RI�WKH�EXOE�RQ�WKH�VWHP�DUH�JLYHQ�LQ�7DEOH����,W�LV�VHHQ�WKDW WKH�XOWLPDWH�FDSDFLW\�LV�KLJKHVW�IRU�WKH�ERWWRP�PRVW�ORFDWLRQ�RI�WKH�EXOE��GHFUHDVLQJ�WKHUHDIWHU�WR�D�FRQVWDQW YDOXH�DIWHU�VRPH�KHLJKW� ,W�LV�WR�EH�SRLQWHG�RXW�LQ�WKLV�FRQQHFWLRQ�WKDW�LQ�WKH�PDQXDO�PHWKRG�RI�FRQVWUXFWLRQ�RI�XQGHUUHDPHG SLOHV��LOOXVWUDWHG�E\�.XULDQ���������D�OHQJWK�RI�WKH�VWHP�SURMHFWV�EHORZ�WKH�XQGHUUHDP��ZKLFK�FRUUHVSRQGV�WR WKH�VSDFH�RFFXSLHG�E\�WKH�EXFNHW�ZKLFK�UHFHLYHV�WKH�VRLO�VFUDSHG�RXW�IURP�WKH�HQODUJHG�SDUW�RI�H[FDYDWLRQIRUPLQJ�WKH�EXOE��6XFK�D�SURMHFWLRQ�FDQ�KRZHYHU�EH�DYRLGHG�LI�RQH�UHVRUWV�WR�PRUH�PHFKDQLVHG�PHWKRGV�RI FRQVWUXFWLRQ�DV�SUDFWLVHG� LQ� WKH�ZHVW��)LJ����JLYHV�SRVW�SURFHVVLQJ� UHVXOW� DW�KDOI� WKH�XOWLPDWH� ORDG� LQ�ERWKFRPSUHVVLRQ�DQG�WHQVLRQ�IRU�WKH�ERWWRP�PRVW�ORFDWLRQ�RI�WKH�EXOE� 

1XPEHU�RI�EXOEV 
$�SLOH�RI�OHQJWK����P�EXW�ZLWK�VWDQGDUG�YDOXHV�RI����P�DQG�����P�UHVSHFWLYHO\�IRU�GS�DQG�GX��KDV EHHQ�XVHG�IRU�WKHVH�VWXGLHV��+HUH��D�PD[LPXP�RI���EXOEV�ZHUH�XVHG�IRU�WKH�DQDO\VLV��$Q\�EHQHILW �LQ� ORDG FDUU\LQJ� FDSDFLW\�� LQ� WKLV� FDVH� LV� DW� WKH� FRVW RI� WKH� H[WUD� PDWHULDO� LQSXW� LQ� WKH� IRUP� RI� EXOE�� ,Q� VXFK� DVLWXDWLRQ��LW�VKRXOG�EH�UHPHPEHUHG�WKDW�WKH�VFKHPH�LV�DWWUDFWLYH�RQO\�LI�WKH�EHQHILW�RXWZHLJKV WKH�FRVW� 7KH� UHVXOWV� IURP� WKH�DERYH�DQDO\VHV� DUH� SUHVHQWHG� LQ�7DEOH� ��� ,W� LV� VHHQ� WKDW� WKH� LQFUHDVH� LQ� WKH XOWLPDWH� ORDG� FDUU\LQJ� FDSDFLW\� LV� FRPPHQVXUDWH�ZLWK� WKH� DGGLWLRQDO�PDWHULDO� LQSXW�� /RDG�VHWWOHPHQW� DQGORDG�XSOLIW� GLDJUDPV� IRU� VLQJOH� XQGHUUHDPHG� SLOH� DUH� JLYHQ� LQ� )LJV� �� DQG� ��7KH� SRVW�SURFHVVLQJ� UHVXOW� LVJLYHQ�LQ�)LJ����IRU���EXOEV��DW�WKH�XOWLPDWH�ORDG� 

�




7DEOH����/RFDWLRQ�RI�%XOE�RQ�6WHP��8OWLPDWH�/RDG�LQ�&RPSUHVVLRQ�DQG�7HQVLRQ 
+HLJKW�RI�XQGHUUHDP�IURP�ERWWRP RI�WKH�SLOH�±�K �P� ��� 

8OWLPDWH�ORDG�LQ�FRPSUHVVLRQ 
�N1� ��� 

8OWLPDWH�ORDG�LQ�WHQVLRQ 
�N1� ��� ����� ����� ����� 

����� ����� ����� 
������VWG�� ����� ����� 
����� ����� ����� ����� ����� ����� 

)LJ����� <�GLVSODFHPHQW�DW�3X���LQ�&RPSUHVVLRQ�IRU�K �����P 
6L]H�RI�WKH�EXOE 

,Q� WKLV��NHHSLQJ� WKH� OHQJWK�RI� WKH�SLOH� DV����P��ZLWK�GS�����P�� WKH� GLDPHWHU� RI� WKH� XQGHUUHDP� LV YDULHG� IURP� �� �QR� EXOE�� WR� ���P�� ,W� LV� RI� LQWHUHVW� WR� NQRZ� WKH� JDLQ� LQ� WKH� XOWLPDWH� ORDG� DJDLQVW� WKH FRUUHVSRQGLQJ� LQFUHDVH� LQ�PDWHULDO� LQSXW�ZKHQ�XQGHUUHDPV�RI� LQFUHDVLQJ�GLDPHWHUV� DUH�FRQVLGHUHG��7KHVH UHVXOWV�DUH�SUHVHQWHG� LQ�7DEOH����7KH�JDLQ� LQ� VWUHQJWK� LV�PDUNHG� LI� ODUJHU�EXOEV�GLG�QRW�SRVH�SUREOHPV�DV UHJDUGV� VWDELOLW\�DQG� UHWHQWLRQ�RI� WKH�HQODUJHG�H[FDYDWLRQV� LQ�FRQVWUXFWLRQ�� ,W� LV� SHUKDSV�PRUH� UHOHYDQW� WRFRQVLGHU�WKH�LQFUHDVH�LQ�VWUHQJWK�DJDLQVW�WKH�LQFUHDVH�LQ�EHDULQJ�DUHD�LQ�WKLV�FDVH��ZKLFK�LV�DOVR�HQWHUHG�LQ 7DEOH��� 

�




7DEOH����0XOWL�XQGHUUHDPHG�3LOHV��8OWLPDWH�/RDG�LQ�&RPSUHVVLRQ�DQG�7HQVLRQ 
1XPEHU�RI EXOEV 

��� 
8OWLPDWH�ORDG LQ�FRPSUHVVLRQ �N1� ��� 

��LQFUHDVH 
��� 

8OWLPDWH�ORDG LQ�WHQVLRQ �N1� ��� 
��LQFUHDVH 

��� 
7RWDO�YROXPH RI�PDWHULDO �P�� ��� 

��LQFUHDVH LQ�YROXPH 
��� � ����� ��� ����� ��� ����� ��� 

� ����� ���� ����� ���� ����� ���� 
� ����� ���� ����� ���� ����� ���� 

7DEOH�����'LDPHWHU�RI�%XOE��8OWLPDWH�/RDG�LQ�&RPSUHVVLRQ�DQG�7HQVLRQ 
'LD�RI EXOE�± GX 
�P� ��� 

8OWLPDWH ORDG�LQ FRPSUH� VVLRQ 
�N1� ��� 

��LQFU� HDVH 

��� 

8OWLPD� WH�ORDG LQ WHQVLRQ 
�N1� ��� 

��LQFU� HDVH 

��� 

7RWDO YROX� PH 
�P�� ��� 

,QFUHDVH LQ YROXPH �GXH�WR EXOE� �P�� ��� 

��LQFUH� DVH�LQ YROX�PH 
��� 

7RWDO SODQ DUHD 
�P�� ��� 

� LQFUHD� VH�LQ SODQ DUHD 
���� �����QR EXOE� ���� ��� ���� ��� ����� ����� ��� ����� ��� 

����� ���� ���� ���� ����� ����� ����� ���� ����� ����� 
����� ����� ����� ����� ������ ����� ����� ���� ����� ����� 
����� ����� ����� ����� ������ ����� ����� ���� ����� ����� 
����� ����� ����� ����� ������ ����� ����� ����� ����� ������ 

�




�������� ���� ����� ������ ������ ������ ������ ����

�����

�����

������

������

������
�����

��� ��� �������� ������� � �����

)LJ������ /RDG�YV��6HWWOHPHQW�IRU�8QGHUUHDPHG�3LOH�ZLWK�2QH�%XOE 

����

������

������

������

������
����

��� �������� ������� � �����

���� ����� ������ ������ ������ ������ 
�������� 

)LJ����� /RDG�YV��8SOLIW�IRU�8QGHUUHDPHG�3LOH�ZLWK�2QH�%XOE 
�




�D�	 �E� 
)LJ�����	 <�GLVSODFHPHQW�DW�3X IRU�8QGHUUHDPHG�3LOH�ZLWK���EXOEV �D��&RPSUHVVLRQ��E��7HQVLRQ 

6KDSH�RI�WKH�EXOE 
6LQFH�WKH�)LQLWH�(OHPHQW�0HWKRG�LV� LGHDO� IRU�FRQVLGHULQJ�VKDSHV�� LW�ZDV�WKRXJKW�ILW� WR�FRQVLGHU�DVSKHULFDO�EXOE�RI�HTXLYDOHQW�YROXPH�DV�WKH�VWDQGDUG�GRXEOH�FRQLFDO�VKDSH��EHVLGHV�VLQJOH�FRQHV�DW� WRS�DQG ERWWRP�HDFK�DW�KDOI�WKH�PDWHULDO�LQSXW��7KHVH�UHVXOWV�DUH�SUHVHQWHG�LQ�7DEOH��� :KLOH�WKH�XOWLPDWH�ORDG�JLYHQ�E\�WKH�VSKHULFDO�VKDSH�LV�OHVVHU��SUHVXPDEO\�GXH�WR�UHGXFHG�EHDULQJ DUHD�� LW� LV�RI�FRQVLGHUDEOH� LQWHUHVW� WR�QRWH� WKDW�KDOI�EXOEV� �VLQJOH�FRQHV�� JLYH�FRPSDUDEOH� VWUHQJWKV�DV� IXOO EXOEV�ZLWK�WKH�RQH�DW�WRS�ZHOO�H[FHHGLQJ�WKDW�RI�WKH�IXOO�EXOE��DW�KDOI�WKH�PDWHULDO�LQSXW�,Q� D� GHWDLOHG� DQDO\WLFDO� VWXG\� RQ� WKH� EHDULQJ� FDSDFLW\� DQG� VHWWOHPHQW� FKDUDFWHULVWLFV� RI� VKHOO IRXQGDWLRQV RI� YDULRXV� W\SHV�� YHULILHG� E\� WHVW� UHVXOWV�� .XULDQ� DQG� -D\DNULVKQD� ������� KDYH� IRXQG� WKDW LQYHUWHG�FRQLFDO�VKHOOV�JLYH� OHVVHU�EHDULQJ�FDSDFLW\� WKDQ� WKHLU� IODW�FRXQWHUSDUWV��:KLOH� WKLV� ILQGLQJ� WKURZV VRPH� OLJKW� RQ� WKH� GHFUHDVH� RI� ORDG� FDUU\LQJ� FDSDFLW\� ZLWK� WKH� LQYHUWHG� KDOI� FRQH� DW� WKH� ERWWRP�� LQ FRPSUHVVLRQ�� WKH� SUHVHQFH�RI� WKH� LQYHUWHG� KDOI� FRQH� DW� WKH� ERWWRP�� OHDYLQJ� WKH� WRS� IODW�� GRHV� QRW� VKRZ� D FRUUHVSRQGLQJ�LQFUHDVH�LQ�DQFKRULQJ�FDSDFLW\�LQ�WHQVLRQ� ,W� PD\� EH� QRWHG� LQ� WKLV� FRQQHFWLRQ� WKDW� LQ� WKH� PHFKDQL]HG� FRQVWUXFWLRQ� RI� SLOHV� ZLWK� HQODUJHGFRQLFDO�EDVH�DV�SUDFWLVHG�LQ�WKH�ZHVW��WKH�VDPH�LV�LQYDULDEO\�FRQILQHG�WR�WKH�VLQJOH�XSULJKW�FRQH��)LJ���VKRZVWKH�GHVLJQ�RI� D�PDQXDO� XQGHUUHDPLQJ� WRRO� IRU� FXWWLQJ� D� KDOI� EXOE� DW� WRS� FRUUHVSRQGLQJ� WR� WKH� GHVLJQ� IRU FXWWLQJ� WKH� GRXEOH� FRQH�� LOOXVWUDWHG� E\�.XULDQ� ��������$Q� DGGHG� DGYDQWDJH� LQ� WKLV� FDVH� LV� WKDW� VLQFH� WKH EXFNHW� LV�RI�KDOI� WKH�KHLJKW�� WKH�XQGHUUHDP� LV� ORZHUHG�RQ� WKH� VWHP��ZKLFK�KDV� WKH�SRWHQWLDO�RI� UDLVLQJ� LWV XOWLPDWH�FDSDFLW\��6HWWOHPHQW�DW�WKH�XOWLPDWH�ORDG�IRU�WKH�KDOI�EXOE�DW�WKH�WRS�LV�JLYHQ�LQ�)LJ�����IURP�SRVW�SURFHVVLQJ 

�




)LJ������	 8QGHUUHDPHG�3LOH�ZLWK�+DOI�%XOE�DW�7RS��D��%RUHKROH�ZLWK�WKH XQGHUUHDPLQJ�WRRO�LQ�WKH�FROODSVHG�SRVLWLRQ���E��8QGHUUHDPLQJ FRPSOHWHG���F��+ROH�FRQFUHWHG� 
3LOH�VSDFLQJ�LQ�JURXS�RI�WZR 

7KH� EHKDYLRXU� RI� D� JURXS� RI� WZR� SLOHV�� ZLWK� GLPHQVLRQV�� GS ���P�� GX ����P� DQG� OS ���P�� DW YDULDEOH�VSDFLQJ��FHQWUH�WR�FHQWUH��KDV�EHHQ�VWXGLHG��5HIHUULQJ�WR�WKH�UHVXOWV�SUHVHQWHG�LQ�)LJ�����RQH�QRWLFHVWKH� VKDUS� IDOO� LQ� XOWLPDWH� ORDG� FDUU\LQJ� FDSDFLW\� RI� WKH� JURXS�ZKHQ� WKH� VSDFLQJ� GHFUHDVH� EHORZ� ����GX� SDUWLFXODUO\� LQ� FRPSUHVVLRQ�� 7KLV� LV� SUHVXPDEO\� GXH� WR� WKH� LQFUHDVLQJ� LQWHUIHUHQFH� EHWZHHQ� WKH FRUUHVSRQGLQJ�]RQHV�RI� LQIOXHQFH�ZLWK�GHFUHDVLQJ� VSDFLQJ��2QH�DOVR�QRWLFHV� WKDW� WKH�JURXS�FDSDFLWLHV� DUHRQO\� ���� DQG� ���� RI� WKH� VXP� RI� WKH� LQGLYLGXDO� FDSDFLWLHV� HYHQ� DW� WKH� VWDQGDUG� VSDFLQJ� RI� �GX� LQ FRPSUHVVLRQ� DQG� WHQVLRQ� UHVSHFWLYHO\�� )LJV�� ��� DQG� ��� DUH� LQFOXGHG� WR� VKRZ� VRPH� RI� WKH� W\SLFDO� SRVW�SURFHVVLQJ�UHVXOWV� 
7DEOH������6KDSH�RI�%XOE��8OWLPDWH�/RDG�LQ�&RPSUHVVLRQ�DQG�7HQVLRQ 

6KDSH�RI�EXOE 
��� 

8OWLPDWH�ORDG�LQ FRPSUHVVLRQ �N1� ��� 
8OWLPDWH�ORDG�LQ�WHQVLRQ 

�N1� ��� 
9ROXPH�RI��EXOE 

�P�� ��� )XOO�EXOE�±�GRXEOH�FRQH ����� ����� ����� 
+DOI�EXOE��DERYH� ����� ����� ����� 
+DOI�EXOE��EHORZ� ����� ����� ����� 
)XOO�EXOE�±�VSKHULFDO ����� ����� ����� 

��




)LJ����������<�GHIRUPDWLRQ�DW�3X IRU�+DOI�%XOE�DERYH�LQ�7HQVLRQ 
������ ���� ���� ����� ���� 

������

������

������

������

������

�����
������

�����

������������������
��� �������� �������� �����

��� �������������
��� ���������

���� ���� ���� ���� ���� ���� ������� �� �������� 
)LJ���������9DULDWLRQ�RI�8OWLPDWH�/RDG�ZLWK�WKH�6SDFLQJ�RI�3LOHV ��




)LJ����������<�GHIRUPDWLRQ�DW�3X���IRU�6SDFLQJ�RI����P�LQ�&RPSUHVVLRQ 

)LJ����������<�GHIRUPDWLRQ�DW�3X���IRU�6SDFLQJ�RI����P�LQ�7HQVLRQ 
��




&21&/86,216 
7KH�FRQFOXVLRQV�GUDZQ�IURP�WKH�DERYH�VWXGLHV�KDYH�EHHQ�VWDWHG�EHORZ�LQ�D�TXDQWLWDWLYH�IRUP�WR�WKH H[WHQW�SRVVLEOH��$W�DQ\�UDWH��WKH\�DUH�LQGLFDWLYH�RI�WKH�JHQHUDO�WUHQG�RI�WKH�UHVXOWV� �� $Q�DGYDQFHG�3DFNDJH�OLNH�$16<6�����ZLWK�H[FHOOHQW�SUH��DQG�SRVW��SURFHVVLQJ�IHDWXUHV��FDQ�\LHOG D�YDVW�QXPEHU�RI�UHVXOWV�IURP�HDFK�DQDO\VLV��XQOLNH�H[SHULPHQWDO�UHVXOWV� ��	 7KH�PRVW�YDOXDEOH�FRQFOXVLRQ�IURP�WKH�FDVH�RI�QR�EXOE��SULVPDWLF�SLOH�RI�GLDPHWHU�����P���LV�WKH LQFUHDVH� LQ� WKH� FDSDFLW\� E\� ����� LQ� FRPSUHVVLRQ� DQG� E\� ������ LQ� WHQVLRQ�� ZKHQ� WKH� SLOH� LV XQGHUUHDPHG�� IRU� D� YROXPH� LQFUHDVH� RI� ����� 7KHVH� UHVXOWV� DORQH� HVWDEOLVK� WKH� FDVH� IRU� WKH XQGHUUHDPHG�SLOH� ��	 )RU�D�JLYHQ�VRLO��F ���N3D��DQG�SLOH��VWHP�GLD ����P���WKH�LQIOXHQFH�RI�ORFDWLRQ�RI�WKH�EXOE�LV�QRW VLJQLILFDQW�EH\RQG�WKH�VWDQGDUG�KHLJKW������P��DSSO\LQJ�WR�GS ���P��IURP�WKH�EDVH�RI�WKH�SLOH�IRU WKH�ORFDWLRQ�RI� WKH�XQGHUUHDP��+RZHYHU�WKLV�FDSDFLW\�LV������OHVVHU�FRPSDUHG� WR� WKH�FDVH�RI� WKH XQGHUUHDP�ORFDWHG�DW�WKH�ERWWRP�RI�WKH�SLOH��7KLV�OHDGV�WR�WKH�REVHUYDWLRQ�WKDW�WKH�VWDQGDUG�ORFDWLRQ XVLQJ�PDQXDO�FRQVWUXFWLRQ��OHDYLQJ�VSDFH�IRU�WKH�EXFNHW�DW�WKH�ERWWRP��LV�UHDVRQDEOH� ��	 7KH�REVHUYDWLRQ�LQ�WKH�FDVH�RI�PXOWL�XQGHUUHDPHG�SLOHV�LV�WKDW��WKH�FDSDFLW\�LQFUHDVHV�E\������LQ FRPSUHVVLRQ� DQG� ����� LQ� WHQVLRQ� ZKHQ� WKH� QXPEHU� RI� EXOEV� LQFUHDVHV� IURP� �� WR� ��� DJDLQVW� D FRUUHVSRQGLQJ�LQFUHDVH�LQ�WKH�YROXPH�RI�PDWHULDO�E\������7KLV�OHDGV�WR�WKH�FRQFOXVLRQ�WKDW�PXOWL� XQGHUUHDPHG�SLOH�LV�D�KLJKO\�FRVW�HIIHFWLYH�SURSRVLWLRQ�LQ�WHUPV�RI�PDWHULDO�LQSXW� ��	 $V� UHJDUGV� WKH� VL]H� RI� WKH� EXOE�� WKHUH� LV� DQ� LQFUHDVH� LQ� FDSDFLW\� E\� ����� LQ� FRPSUHVVLRQ� DQG������LQ�WHQVLRQ��ZKHQ�WKH�GLDPHWHU�RI�WKH�EXOE�YDULHV�IURP������WR�����P��L�H���E\��������7KH FRUUHVSRQGLQJ�LQFUHDVH�LV������LQ�YROXPH�RI�PDWHULDO�DQG�������LQ�EHDULQJ�DUHD��+RZHYHU�ODUJH XQGHUUHDPV� GLVSURSRUWLRQDWH� WR� WKH� VWHP� FDQQRW� EH� DWWHPSWHG� DV� WKH\� SRVH� GLIILFXOW\� LQ FRQVWUXFWLRQ��ZLWK�UHJDUG�WR�NHHSLQJ�WKH�XQGHUUHDP�FDYLW\�VWDEOH� ��	 7KH�VKDSH�RI�WKH�XQGHUUHDP�KDV�UHYHDOHG�DQ�LQWHUHVWLQJ�UHVXOW��:LWK�KDOI�EXOE��VLQJOH�XSULJKW�FRQH� DW� WKH� WRS� DORQH�� WKH� PD[LPXP� FDSDFLW\� LQ� FRPSUHVVLRQ� LV� IRXQG� WR� H[FHHG� WKDW� RI� WKH� IXOOXQGHUUHDP� �GRXEOH� FRQH�� E\� � ����� LQGLFDWLQJ� WKHUHE\� D� JDLQ� LQ� VWUHQJWK� ZLWK� UHGXFHG� PDWHULDO LQSXW��L�H���E\�����IRU�WKH�EXOE���)RU�WKH�VDPH�PDWHULDO�LQSXW�DV�WKH�GRXEOH�FRQH�EXOE��WKH�VSKHULFDOVKDSH��ZKLFK�VXIIHUV�DQ�DUHD�UHGXFWLRQ�RI������LV� IRXQG� WR�EH� OHVV�HIIHFWLYH�ZLWK� WKH�FDSDFLW\� LQ FRPSUHVVLRQ�IDOOLQJ�E\����� ��	 ,Q� VWXG\LQJ� JURXS� DFWLRQ� XVLQJ� WZR� XQGHUUHDPHG� SLOHV� �GS ����P�� GX ����P��� FRQVLGHULQJ GLIIHUHQW� VSDFLQJV� EHWZHHQ� WKH� SLOHV�� WKH� PD[LPXP� JURXS� FDSDFLW\� LV� UHDFKHG� DW� D� VSDFLQJ� RI����P������GX���EH\RQG�ZKLFK� LW� UHPDLQV�FRQVWDQW��+RZHYHU�� WKH�JURXS� FDSDFLW\� DW� WKLV� VSDFLQJ LWVHOI� LV� ����� OHVV� WKDQ� WKH� VXP�RI� LQGLYLGXDO� FDSDFLWLHV� LQ� FRPSUHVVLRQ� DQG� ������� LQ� WHQVLRQ� UHVSHFWLYHO\� 

$33(1',;�,��5()(5(1&(6 
%DEX�6KDQNHU��1����������³0RGHO�VWXGLHV�RQ�XQGHU�UHDPHG�SLOHV�´�-RXUQDO�RI� WKH�,QGLDQ�1DWLRQDO�6RFLHW\ IRU�6RLO�0HFKDQLFV�DQG�)RXQGDWLRQ�(QJLQHHULQJ���������������� *RODLW��<�6����������³/RDG�FHOO�IRU�WHVWLQJ�DQFKRUDJH�RIIHUHG�E\�XQGHUUHDPHG�SLOH�´�-RXUQDO�RI�WKH�,QVWLWXWH RI�(QJLQHHUV��,QGLD��������������� *ULJRU\DQ�� $�$�� DQG� &KDNKYDG]H�� $�*�� �������� ³(IIHFW� RI� XQGHUUHDPLQJ� RQ� EHDULQJ� FDSDFLW\� RI� ERUHG SLOH�´�-RXUQDO�RI�6RLO�0HFKDQLFV�DQG�)RXQGDWLRQ�(QJLQHHULQJ����������������� ,6������ �3DUW� ,,,�� ±� ������ ,QGLDQ� 6WDQGDUG &RGH� RI� 3UDFWLFH� IRU� 'HVLJQ� DQG� � &RQVWUXFWLRQ� � RI� � 3LOH )RXQGDWLRQV�� 8QGHUUHDPHG� 3LOHV �)LUVW� 5HYLVLRQ��� %XUHDX� RI� ,QGLDQ� 6WDQGDUGV�� 1HZ� 'HOKL�� ZLWK $PHQGPHQW 1R���±�-DQ��������$PHQGPHQW 1R���±�6HSW�������$PHQGPHQW 1R����±�-XO\������� -DLQ�� *�6�� DQG� *XSWD�� 6�3�� �������� ³'HIRUPDWLRQ� RI� VRLO� DURXQG� D� PXOWL�XQGHU�UHDPHG� SLOH´�� ,QGLDQ &RQFUHWH�-RXUQDO����������������� -HQQLQJV�� -�(�� DQG�+HQNHO��'�-�� �������� ³7KH�XVH� RI� XQGHUUHDPHG� SLOH� IRXQGDWLRQV� RQ� H[SDQVLYH� VRLOV� LQ 6RXWK�$IULFD�´�&6,5�5HVHDUFK�5HSRUW ����3UHWRULD������� -KD�� -�� �������� ³� 3UHGLFWLRQ� RI� SURSHUWLHV� RI� DQFKRUHG� IRXQGDWLRQ� E\� PHDQV� RI� PRGHOV�´� -RXUQDO� RI� WKH ,QGLDQ�1DWLRQDO�6RFLHW\�RI�6RLO�0HFKDQLFV�DQG�)RXQGDWLRQ�(QJLQHHULQJ��� �������������� .XULDQ�1�3������������'HVLJQ�RI��)RXQGDWLRQ�6\VWHPV��3ULQFLSOHV�DQG�3UDFWLFHV��1DURVD�3XEOLVKLQJ�+RXVH� 1HZ�'HOKL� ��




.XULDQ��1�3�� DQG� 6ULODNVKPL��*�� �������� ³� 6WXGLHV� RQ� XQGHUUHDPHG� SLOHV� E\� WKH� ILQLWH� HOHPHQW�PHWKRG�´ 3URFHHGLQJV�RI�WKH�,QGLDQ�*HRWHFKQLFDO�&RQIHUHQFH��,QGRUH������������� .XULDQ�� 1�3�� DQG� -D\DNULVKQD�� '�9�0�� �������� ³� $QDO\VLV� RI� WKH� JHRWHFKQLFDO� SHUIRUPDQFH� RI� VKHOO IRXQGDWLRQV�´�3URFHHGLQJV�RI�WKH�,QGLDQ�*HRWHFKQLFDO�&RQIHUHQFH��,QGRUH����������� 0DUWLQ��5D\��(��DQG�'HVWHSKHQ��$����������³/DUJH�GLDPHWHU�GRXEOH�XQGUHDPHG�GULOOHG�VKDIWV´��-RXUQDO�RI *HRWHFKQLFDO�(QJLQHHULQJ��$6&(�������������������� 7DVNHU�� 5XVVHO DQG� +RGJVRQ� �������� ³)DLOXUH� RI� IRRWLQJV�´� 6SHFLDO� 5HSRUW� 1R���� &RPPRQZHDOWK ([SHULPHQWDO�%XLOGLQJ�6WDWLRQ��$XVWUDOLD� 
$33(1',;�,,��127$7,21 
F������ � FRKHVLRQ� GS  � GLDPHWHU�RI�SLOH� GX  � GLDPHWHU�RI�XQGHUUHDP� (������ � <RXQJ¶V�PRGXOXV� OS  � OHQJWK�RI�SLOH� 08�� ��FRHIILFLHQW�RI�LQWHUIDFH�IULFWLRQ� 3X��� ���XOWLPDWH�ORDG� <���� ���YHUWLFDO�GHIRUPDWLRQ� �  ���XQLW�ZHLJKW� �  ���3RLVVRQ¶V�UDWLR� �  ���DQJOH�RI�LQWHUQDO�IULFWLRQ� �  ���GLODWLRQ�DQJOH� 

��
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