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*HODWLQRXV�]RRSODQNWRQ�� LQFOXGLQJ�SODQNWRQLF�FQLGDULDQV��FWHQRSKRUHV�DQG� WXQLFDWHV�� VKDUH�D�FRPPRQ�SRSXOD�
WLRQ�G\QDPLF�RI�ERRP�EXVW� ¡EORRP¢�F\FOHV��0RVW� UHVHDUFK� WHQGV� WR�HPSKDVL]H�EORRP� IRUPDWLRQ��DQG�FRQVLGHUDEO\
OHVV� DWWHQWLRQ� LV� SDLG� WR� IDFWRUV� WKDW� XOWLPDWHO\� UHJXODWH� WKH�PDJQLWXGH�� H[WHQW� DQG� GXUDWLRQ� RI� WKH� EORRP��$PRQJ
WKHVH� DUH� SK\VLRORJLFDO� WROHUDQFHV� �L�H��� VHDVRQDOLW\��� IRRG�OLPLWDWLRQ�� SUHGDWLRQ�� DQG� WKH� SRRUO\�XQGHUVWRRG� UROH� RI
SDUDVLWLVP��:H�KDYH�GLVFRYHUHG� LQ� WKH�QHDUO\�HQFORVHG�PDULQH� ¡ODNHV¢�RI�0OMHW� ,VODQG� �&URDWLD�� DQ� LQWHUHVWLQJ�KRVW�
SDUDVLWH�DVVRFLDWLRQ�EHWZHHQ�D�TXDVL�VWDEOH�\HDU�URXQG�SRSXODWLRQ�RI�WKH�VF\SKRPHGXVD�$XUHOLD�VS����DQG�WKH�HDUO\
DQG�ODUYDO�SDUDVLWLF�VWDJHV�RI�DQ�DQWKR]RDQ��,Q�WKLV�SDSHU�ZH�GHVFULEH�WKH�UDSLG��a���KU��VHTXHQFH�RI�HDUO\�GHYHORS�
PHQW�LQ�WKLV�DQWKR]RDQ��:KLOH�WKH�VSHFLHV�OHYHO�LGHQWLW\�RI�WKH�DQWKR]RDQ�UHPDLQV�XQFHUWDLQ��ZH�VWLOO�SURYLGH�WKH�ILUVW
GHVFULSWLRQ�RI�WKH�HQWLUH�VHTXHQFH�RI�WKH�HDUO\�GHYHORSPHQWDO�VWDJHV�IRU�SDUDVLWLF�DQWKR]RDQV��2XU�XOWLPDWH�DLP�LV�WR
XQGHUVWDQG�WKH�EDVLF�HFRORJ\�RI� WKLV�KRVW�SDUDVLWH�UHODWLRQVKLS�WR�IXUWKHU�GHWHUPLQH�ZKHWKHU�SDUDVLWLVP�LV�DQ�LPSRU�
WDQW�IDFWRU�LQ�$XUHOLD�VS����SRSXODWLRQ�UHJXODWLRQ�LQ�WKH�0OMHW�ODNHV�HFRV\VWHP�

.H\�ZRUGV��VF\SKRPHGXVDH��SRSXODWLRQ�UHJXODWLRQ��3HDFKLD��+DOFDPSD��(GZDUGVLHOOD
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/R�]RRSODQNWRQ�JHODWLQRVR��LQFOXVL�FQLGDUL��FWHQRIRUL�H�WXQLFDWL�SODQFWRQLFL��FRQGLYLGH�XQD�FRPXQH�GLQDPLFD�FL�
FOLFD�FRQ�DXPHQWL�H� ULFDGXWH�GHOOD�SRSROD]LRQH��0ROWH� ULFHUFKH� WHQGRQR�DG�HQIDWL]]DUH� OD� IRUPD]LRQH�GHOOH�FRVLG�
GHWWH� ILRULWXUH�� H� TXLQGL� PHQR� DWWHQ]LRQH� YLHQH� SUHVWDWD� DL� IDWWRUL� FKH� LQ� GHILQLWLYD� UHJRODQR� OD� PDJQLWXGLQH�
O¢HVWHQVLRQH�H� OD�GXUDWD�GHOOD� ILRULWXUD��)UD� WDOL� IDWWRUL� VSLFFDQR� WROOHUDQ]H� ILVLRORJLFKH� �VWDJLRQDOLWi��� OLPLWD]LRQH�DOL�
PHQWDUH��SUHGD]LRQH�HG� LO�PDO�FRPSUHVR� UXROR�GHO�SDUDVVLWLVPR��*OL� DXWRUL�KDQQR� VFRSHUWR�QHL� VHPL�FKLXVL� �ODJKL�
PDULQL�GHOO¢LVROD�GL�0OMHW��&URD]LD��XQ¢LQWHUHVVDQWH�DVVRFLD]LRQH�RVSLWH�SDUDVVLWD��IUD�XQD�TXDVL�VWDELOH�SRSROD]LRQH�GL
VFLIRPHGXVD�$XUHOLD�VS�����SUHVHQWH�WXWWR�O¢DQQR��HG�XQD�IDVH�GL�VYLOXSSR�LQL]LDOH�HG�XQD�IDVH�ODUYDOH�SDUDVVLWLFD�GL�XQ
DQWR]RR��1HOO¢DUWLFROR�YLHQH�GHVFULWWD� OD� UDSLGD� VHTXHQ]D� �a���RUH��GHOOD� IDVH� LQL]LDOH�GL� VYLOXSSR�GL� WDOH� DQWR]RR�
%HQFKn�O¢LGHQWLILFD]LRQH�D�OLYHOOR�GL�VSHFLH�GHOO¢DQWR]RR�UHVWL�DQFRUD�LQFHUWD��YLHQH�FRPXQTXH�IRUQLWD�XQD�SULPD�GH�
VFUL]LRQH�GHOO¢LQWHUD�VHTXHQ]D�GHOOH�IDVL�LQL]LDOL�GL�VYLOXSSR�GL�DQWR]RL�SDUDVVLWL��/R�VFRSR�ILQDOH�GHOOD�ULFHUFD�o�TXHOOR
GL�FDSLUH�O¢HFRORJLD�GL�EDVH�GHOOD�UHOD]LRQH�RVSLWH�SDUDVVLWD��DO�ILQH�GL�DFFHUWDUH�VH�LO�SDUDVVLWLVPR�VLD�HIIHWWLYDPHQWH�XQ
IDWWRUH�LPSRUWDQWH�QHOOD�UHJROD]LRQH�GHOOD�SRSROD]LRQH�GL�$XUHOLD�VS����QHOO¢HFRVLVWHPD�GHL�ODJKL�GL�0OMHW�

3DUROH�FKLDYH��VF\SKRPHGXVDH��UHJROD]LRQH�GHOOD�SRSROD]LRQH��3HDFKLD��+DOFDPSD��(GZDUGVLHOOD
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0DFUR�SDUDVLWLVP� LV� RQH� RI� WKH� JUHDWHVW�� LI� QRW� WKH
JUHDWHVW��VRXUFHV�RI�PRUELGLW\�LQ�PXOWL�FHOOXODU�HXNDU\RWLF
SRSXODWLRQV� �$QGHUVRQ� 	� 0D\�� ������� 2XU� JHQHUDO
NQRZOHGJH�RI�SDUDVLWLVP�LQ� WKH�VHD� LV� IDU�PRUH� OLPLWHG� LQ
FRPSDULVRQ� WR� WHUUHVWULDO� V\VWHPV�� EXW� SDUDVLWLVP� QHYHU�
WKHOHVV� PD\� EH� HTXDOO\� LPSRUWDQW� LQ� UHJXODWLQJ� KRVW
SRSXODWLRQV� RI� PDULQH� VSHFLHV�� 7KXV� LW� ZRXOG� EH� WUXO\
EHQHILFLDO� WR� XQGHUVWDQG� WKH� QDWXUH� RI� SDUDVLWLVP� DV� D
VRXUFH�RI�PRUELGLW\� OHDGLQJ� WR� UHGXFHG� IHFXQGLW\�RU�VXU�
YLYDO� LQ� SRSXODWLRQV� RI� QXLVDQFH� EORRPV� RI� JHODWLQRXV
]RRSODQNWRQ�VXFK�DV�PHGXVDH�

7KH�DVVRFLDWLRQ�EHWZHHQ�JHODWLQRXV�]RRSODQNWRQ��K\�
GURPHGXVDH�� VF\SKRPHGXVDH��FWHQRSKRUHV��DQG�SHODJLF
WXQLFDWHV�� DQG� HFWRSDUDVLWLF� FUXVWDFHDQV� VXFK� DV� DP�
SKLSRGV�KDV�EHHQ�VWXGLHG�LQ�GHWDLO��/DYDO��������%XHFKHU
HW�DO���������*DVFD�	�+DGGRFN���������7KH�HFWR��DQG�HQ�
GRSDUDVLWLF�DVVRFLDWLRQ�EHWZHHQ�JHODWLQRXV� ]RRSODQNWRQ
DQG�DQWKR]RDQ�VHD�DQHPRQHV�KDV�EHHQ�UHSRUWHG�QXPHU�
RXV�WLPHV�LQ�WKH�OLWHUDWXUH��0�OOHU��������+DGGRQ�������
���� 0F,QWRVK�� ������ +DGGRQ�� ������ %DGKDP�� �����
%ODFNEXUQ��������1\KROP��������6SDXOGLQJ�������������
&URZHOO��������0F'HUPRWW�HW�DO���������%XPDQQ�	�3XOV�
������� EXW� HFRORJLFDO� VWXGLHV� DUH� ODFNLQJ� �$UDL�� ������
7KHUH� LV� WKH� DGGLWLRQDO� XQFHUWDLQW\� UHJDUGLQJ� WKH� WD[RQ�
RP\� RI� SDUDVLWLF� DQWKR]RDQV� EHFDXVH� WKH� SKHQRPHQRQ
XVXDOO\�LQYROYHV�WKH�DQWKR]RDQ�ODUYDO�DQG�MXYHQLOH�VWDJHV�
ZKLFK� UHPDLQ� SRRUO\� GHVFULEHG�� KLJKO\� YDULDEOH� RU� HQ�
WLUHO\� XQNQRZQ� �6SDXOGLQJ�� ������ ������ 6KLFN�� �����
)DXWLQ�� ������� 9HU\� IHZ� VXFFHVVIXO� DWWHPSWV� KDYH� EHHQ
PDGH� WR� FXOWXUH� SDUDVLWLF� ODUYDH� WR� UHFRJQL]DEOH� DGXOWV
�6SDXOGLQJ��������������&URZHOO��������

$V� VKRZQ� LQ�7DEOH���� WKH� ODUYDO� IRUPV�RI� WKH� JHQHUD
3HDFKLD� VSS�� DQG� (GZDUGVLHOOD� VSS�� DUH� WKH�PRVW� FRP�
PRQO\� UHSRUWHG� SDUDVLWHV� RI� K\GURPHGXVDH�� VF\SKRPH�
GXVDH�DQG�FWHQRSKRUHV��0�OOHU��������+DGGRQ����������
0F,QWRVK��������%DGKDP��������%ODFNEXUQ��������6SDXO�
GLQJ��������&URZHOO��������0F'HUPRWW�HW�DO���������%X�

PDQQ�	�3XOV���������(GZDUGVLD� OLQHDWD� UHSRUWHG�E\�%X�
PDQQ� 	� 3XOV� ������� LV� V\QRQ\PRXV� ZLWK� (GZDUGVLHOOD
OLQHDWD��9HUULOO�LQ�%DLUG���������+DOFDPSD�FKU\VDQWKHOOXP
UHSRUWHG�E\�+DGGRQ� ���������� LV� UHFRJQL]HG�DV�+��GXR�
GHFLPFLUUDWD� �0�6DUV�� ������� EXW� WKH� JHQXV� +DOFDPSD
VSS��KDV�EHHQ�UDUHO\�PHQWLRQHG�DV�D�SDUDVLWH�RQ�MHOO\ILVK�
3KLORPHGXVD� YRJWLL� FLWHG� E\� 0�OOHU� ������� LV� OLNHO\� D
PLVLGHQWLILFDWLRQ� E\� WKDW� DXWKRU� DV� WKH� VSHFLHV� KDV� QRW
EHHQ�REVHUYHG�VLQFH�

$V�SDUW�RI� WKH� ODUJH�PXOWLQDWLRQDO� �0HGX]D�� UHVHDUFK
SURJUDP� LQYHVWLJDWLQJ� WKH� HFRORJ\� RI� JHODWLQRXV� ]RR�
SODQNWRQ�LQ�WKH�VRXWKHUQ�$GULDWLF�6HD�UHJLRQ��ZH�LQLWLDWHG
DQ�REVHUYDWLRQDO�VWXG\�RQ�WKH�UHSURGXFWLYH�SDWWHUQV�RI�WKH
UHVLGHQW�VF\SKRPHGXVD��$XUHOLD�VS�����'DZVRQ�	�-DFREV�
������� 7KLV� VSHFLHV�� GHVFULEHG� HFRORJLFDOO\� HOVHZKHUH
�%HQRYLß� HW� DO��� ������ 0DOHM� HW� DO��� ������ $OYDUH]� &R�
ORPER�HW�DO���������*UDKDP�HW�DO���������LV�WKH�GRPLQDQW
PDFURSODQNWRQLF� RUJDQLVP� LQ� WKH� VHPL�HQFORVHG� £ODNHV¤
RI�QRUWKHUQ�0OMHW�,VODQG��UHIHU�WR�*UDKDP�HW�DO���������IRU
D�GHWDLOHG�GHVFULSWLRQ���7KLV�SRSXODWLRQ�RI�$XUHOLD�VS��KDV
OLNHO\� EHHQ� LVRODWHG� IRU� VHYHUDO� WKRXVDQG� \HDUV� LQ� WKH
VPDOO�PDULQH� ODNHV�HFRV\VWHP�RI�0OMHW� ,VODQG�DQG� UHFHQW
LQYHVWLJDWLRQV� E\� XV� �*UDKDP� HW� DO��� ������ DQG� RWKHUV
�0DOHM� HW� DO��� ������ SRLQW� WR� D� TXDVL�VWDEOH� \HDU�URXQG
SRSXODWLRQ�RI�PHGXVDH�WKDW�PD\�EH�UHJXODWHG�ODUJHO\�E\�D
FRPELQDWLRQ� RI� ERWWRP�XS� WURSKLF� SURFHVVHV� DQG� UH�
GXFHG�SURGXFWLYLW\�LQGXFHG�E\�SDUDVLWLVP��*UDKDP�HW�DO��
������/��&KLDYHUDQR�	�:��*UDKDP��XPSXEO��GDWD��

'XULQJ� LQLWLDO� ILHOG� VWXGLHV� LQ� VXPPHU� ������ZH� RE�
VHUYHG�YHU\�KHDY\�LQIHFWLRQV��a�����RI�$XUHOLD�VS����E\�D
SUHVXPHG��\HW�XQLGHQWLILHG��DQWKR]RDQ�VSHFLHV�� ,QIRUPD�
WLRQ�UHJDUGLQJ�LGHQWLILFDWLRQ��GHYHORSPHQWDO�SDWWHUQV�DQG
HFRORJLFDO� VLJQLILFDQFH�RI� ODUYDO�DQWKR]RDQ� LQIHFWLRQV�RI
PHGXVDH�� LQ� JHQHUDO�� LV� SRRU�� VR�ZH� KDYH� DWWHPSWHG� WR
VKHG� OLJKW�RQ� WKLV�DVVRFLDWLRQ�E\�GHVFULELQJWKH� WKH�HDUO\
GHYHORSPHQWDO�VWDJHV�RI�WKH�DQWKR]RDQ�OLNHO\�UHVSRQVLEOH
IRU�DW� OHDVW�D�SRUWLRQ�RI�$XUHOLD� VS����SRSXODWLRQ� UHJXOD�
WLRQ�LQ�WKLV�HFRV\VWHP�

7DE�����&RPSLODWLRQ�RI�DQWKR]RDQ�VSHFLHV�GHVFULEHG�DV�SDUDVLWHV�RI�VSHFLILF�JHODWLQRXV�]RRSODQNWRQ�
7DE����6H]QDP�NRUDOQMDÉNLK�YUVW��RSLVDQLK�Y�YORJL�SDUD]LWRY�VSHFLILàQHJD�ËHODWLQR]QHJD�]RRSODQNWRQD�

+RVW $QWKR]RDQ 5HIHUHQFH

2OLQGLDV�VS���&KU\VDRUD�VS� 3KLORPHGXVD�YRJWLL�0�OOHU������ 0�OOHU������

/HSWRPHGXVDH +DOFDPSD�GXRGHFLPFLUUDWD��0��6DUV�������
�UHSRUWHG�DV�+DOFDPSD�FKU\VDQWKHOOXP� +DGGRQ���������

7KDXPDQWLDV�VS� 3HDFKLD�VS� 0F,QWRVK������
&DWRVW\OXV�PRVDLFXV��4XR\�DQG�*DLPDUG�
�������UHSRUWHG�DV�&UDPEHVVD�PRVDLFXV� 3HDFKLD�KLOOL�:LOVPRUH������ %DGKDP������

&\DQHD�FDSLOODWD��/���YDU��PDUJLQDWD�YRQ
/HQGHQIHOG������ 3HDFKLD�FODYD��4XR\�DQG�*DLPDUG������� %ODFNEXUQ������

3KLDOLGLXP�JUHJDULXP��$��$JDVVL]������� 3HDFKLD�TXLQTXHFDSLWDWD�0F0XUULFK������ 6SDXOGLQJ������
0QHPLRSVLV�OHLG\L��$��$JDVVL]������� (GZDUGVLHOOD�OLQHDWD��9HUULOO�LQ�%DLUG������� &URZHOO������
&\DQHD�FDSLOODWD��/LQQDHXV������� 3HDFKLD�SDUDVLWLFD��/��$JDVVL]������� 0F'HUPRWW�HW�DO�������

0QHPLRSVLV�OHLG\L��$��$JDVVL]������� (GZDUGVLHOOD�OLQHDWD��9HUULOO�LQ�%DLUG�������
�UHSRUWHG�DV�(GZDUGVLD�OLQHDWD� %XPDQQ�	�3XOV������
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6DPSOLQJ�DQG�REVHUYDWLRQV

$OO� VSHFLPHQV� RI� $XUHOLD� VS�� �� PHGXVDH� ZHUH� FRO�
OHFWHG� LQ� 9HOLNR� -H]HUR� E\� 6&8%$� GLYHUV� GXULQJ� -XO\
����� DQG� 0D\� ������ 1R� PRUH� WKDQ� WKUHH� PHGXVDH�
FDSWXUHG� E\� JHQWOH� KDQGOLQJ�� ZHUH� SODFHG� LQ� D� JLYHQ
SODVWLF� EDJ� DQG� TXLFNO\� WUDQVSRUWHG� WR� WKH� ODERUDWRU\
XVXDOO\�ZLWKLQ����PLQ��$� WRWDO�RI����PHGXVDH�ZHUH�H[�
DPLQHG�HDFK�\HDU�� ,QGLYLGXDO�PHGXVDH�ZHUH�PHDVXUHG�
SKRWRJUDSKHG� DQG� WKHQ� PDQLSXODWHG� ZLWK� FOHDQ� JODVV
SLSHWWHV� WR� GHWDFK� SDUDVLWHV� IURP� WKH� VXEXPEUHOODU� VXU�
IDFHV�DQG�WUDQVIHU�WKHP�WR�PXOWL�FKDPEHUHG�SHWUL�GLVKHV
�FKDPEHU�YROXPH����PO���(DFK�FKDPEHU�ZDV�ILOOHG�ZLWK
£ODNH¤�ZDWHU�ILOWHUHG�DW�����P�IURP�WKH�PHGXVD�FROOHFWLRQ
VLWHV��1R�PRUH�WKDQ�ILYH�ODUYDH�ZHUH�SODFHG� LQ�D�FKDP�
EHU�� :LWK� WKH� H[FHSWLRQ� RI� REVHUYDWLRQ� SRLQWV�� ODUYDH
ZHUH�PDLQWDLQHG�DW����&�LQ�WKH�GDUN�

0LFURVFRSLF� REVHUYDWLRQV� DQG� GLJLWDO� SKRWRJUDSKV
ZLWK�VFDOH�UHIHUHQFH�ZHUH�PDGH� WZLFH�HDFK�GD\��XVXDOO\
HDUO\�PRUQLQJ�DQG�ODWH�DIWHUQRRQ��'XULQJ�WKH�REVHUYDWLRQ
SHULRG�� KDQGOLQJ� ZDV� PLQLPDO� DQG� OLPLWHG� WR� REVHUYD�
WLRQV� DQG� SKRWRJUDSK\� RQO\�� 1R� IHHGLQJ� RFFXUUHG�
WKRXJK� GHYHORSPHQW� FOHDUO\� SURFHHGHG�� 7KHUH� ZDV� QR
QHHG� WR�SURYLGH�D�VXEVWUDWH�RU� WR�PDNH�DGGLWLRQDO�ZDWHU
FKDQJHV�

5(68/76

3DUDVLWH� GHYHORSPHQWDO� SURJUHVVLRQ� DQG� GLVWULEXWLRQ
ZLWKLQ�$XUHOLD� VS���� DUH�TXDOLWDWLYHO\� OLQNHG��0RUHRYHU�
SUHVHQFH� RI� LQIHFWLRQ� LQ� $XUHOLD� VS�� �� �)LJ�� ��� LV� FRQ�

)LJ�����*DVWULF�FDYLW\�RI�$XUHOLD�VS����LQIHFWHG�E\�WKH�DQ�
WKR]RDQ�ODUYDH�LQ�9HOLNR�-H]HUR��0OMHW��&URDWLD��
6O�� ��� 3UHEDYQD� YRWOLQD� SULPHUND� YUVWH� $XUHOLD� VS�� ��
RNXËHQD�]�OLàLQNDPL�NRUDOQMDND�Y�9HOLNHP�MH]HUX��0OMHW�
+UYDÉND��

VSLFXRXV� DV� WKH� ODUJH� ���������P�� DQG� RUDQJH� DQWKR�
]RDQ�]\JRWHV�DQG�EODVWXODH�DUH�DERXW�WKUHH�WLPHV�WKH�VL]H
RI� ZKLWH� $XUHOLD� VS�� �� RYD� DQG� GHYHORSLQJ� SODQXODH
�a����P��� (DUOLHVW� SDUDVLWH� GHYHORSPHQWDO� VWDJHV� IRXQG
RQO\� LQ� WKH�JDVWULF�SRXFKHV�RI�$XUHOLD� VS����DUH�]\JRWHV
�UHFHQWO\� IHUWLOL]HG� DQG� VKRZLQJ� QR� HYLGHQFH� RI�PLWRWLF
GLYLVLRQV�� )LJ�� �D��� 7KH� GHYHORSPHQW� IURP� ]\JRWH� �DV�
VXPHG�WR�EH�WLPH���KU��WR�ODUYD�ZDV�FRPSOHWH�LQ�DERXW���
KU�DIWHU�WKH�EHJLQQLQJ�RI�WKH�REVHUYDWLRQ��D�V\QRSVLV�RI�WKH
WLPLQJ�RI�HDFK�SKDVH� LV�VKRZQ� LQ�7DEOH����7KH�]\JRWH� LV
VXUURXQGHG�E\�D� WKLQ�� WUDQVSDUHQW� JHODWLQRXV�PHPEUDQH
DQG�KDV�D�JUDQXODWHG�F\WRSODVP� �)LJ���D���&OHDYDJH�ZDV
YLVLEOH�DIWHU�DERXW����KU�RI�LQLWLDO�REVHUYDWLRQ�RI�WKLV�HDUOL�
HVW�VWDJH� �L�H���QRW�DIWHU� IHUWLOL]DWLRQ��)LJ���E�F��DQG� OHDG�
LQJ� WR� WKH�GHYHORSPHQW�RI� WKH�EODVWXOD�ZLWKLQ����K� �QRW
VKRZQ���*DVWUXODWLRQ�RFFXUUHG�DURXQG�������KU� WKURXJK
LQYDJLQDWLRQ� �)LJ�� �G��� 7KH� WUDQVLWLRQ� IURP� JDVWUXOD� WR
ODUYD� LV�FRPSOHWH� LQ� DERXW�������KU�� /DUYDH� ����K� DIWHU
WKH� EHJLQQLQJ� RI� REVHUYDWLRQV�� )LJ�� �H�I��PLJUDWHG� IURP
WKH�JDVWURYDVFXODU�FDYLW\�RI� WKH�PHGXVDH� WR�FRORQL]H� WKH
VXE�XPEUHOOD�� XOWLPDWHO\� EXUURZLQJ� HLWKHU� LQWR� WKH
HSLWKHOLDO�OD\HU�RU�LQWR�WKH�UDGLDO�FDQDOV��1R� ODUYDH�ROGHU
WKDQ� UHSUHVHQWHG� LQ�)LJXUH��I�ZHUH�REVHUYHG� LQ�DQ\�PH�
GXVD�FROOHFWHG�

7DE�����7LPLQJ�RI�WKH�HDUO\�GHYHORSPHQWDO�VWDJHV�RI�WKH
DQWKR]RDQ� SDUDVLWH� RQ� $XUHOLD� VS�� �� LQ� 0OMHW� ¢ODNHV£
�&URDWLD��
7DE�����ßDVRYQL�UD]SRUHG�]JRGQMLK�UD]YRMQLK�ID]�NRUDO�
QMDÉNHJD�SDUD]LWD�QD�YUVWL�$XUHOLD�VS����Y�0OMHWVNLK�¢MH]H�
ULK£��+UYDÉND��

'HYHORSPHQWDO�VWDJH 7LPH��KU�
=\JRWH �
&OHDYDJH ��
%ODVWXOD ��
*DVWUXOD �����
/DUYD ��

',6&866,21

2XU� REVHUYDWLRQV� RQ� WKH� HDUO\� GHYHORSPHQWDO� VH�
TXHQFH�RI�WKLV�DQWKR]RDQ�SDUDVLWH�VKHG� OLJKW�RQ� WKH�HFR�
ORJLFDO� SURFHVVHV� VXUURXQGLQJ� WKLV� LQWHUHVWLQJ� KRVW�SDUD�
VLWH� UHODWLRQVKLS��7KDW�PRVW�RI� WKH�HDUOLHU�GHYHORSPHQWDO
VWDJHV� �L�H��� IHUWLOL]HG�HJJV��GHYHORSLQJ�]\JRWHV�DQG�EODV�
WXODV��DUH�ORFDWHG�LQ�WKH�PHGXVD�JDVWULF�FDYLWLHV�LQGLFDWHV
WKDW�LQIHFWLRQ�RFFXUV�VKRUWO\�DIWHU�HJJ� IHUWLOL]DWLRQ�� ,W�DOVR
VXJJHVWV� WKDW� LQIHFWLRQ� RFFXUV� YLD� IHHGLQJ� SURFHVVHV� E\
WKH�$XUHOLD��,Q�RWKHU�ZRUGV��UHFHQWO\�IHUWLOL]HG�DQWKR]RDQ
HJJV�RU� LQGLYLGXDO�JDPHWHV�DUH�EURDGFDVW� LQWR� WKH�ZDWHU
FROXPQ�ZKHUH�PHGXVDH� VXEVHTXHQWO\� LQJHVW� WKHP�� 7KLV
ZDV�SUHYLRXVO\�WKHRUL]HG�DV�WKH�PRGH�RI� LQIHFWLRQ�RI� WKH
K\GURPHGXVD�3KLDOLGLXP�JUHJDULXP�E\� WKH�SDUDVLWLF�DQ�
WKR]RDQ�3HDFKLD�TXLQTXHFDSLWDWD� �6SDXOGLQJ���������%\
SUHVXPDEO\� DYRLGLQJ� GLJHVWLRQ� ZLWKLQ� WKH� JDVWULF� SRX�
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)LJ�����'HYHORSPHQWDO�VWDJHV�RI�WKH�DQWKR]RDQ�SDUDVLWL]LQJ�$XUHOLD�VS����LQ�0OMHW�¢ODNHV£��&URDWLD���D� �IHUWLOL]HG�HJJ�
E��F� �FOHDYDJH��G� �JDVWUXOD��H� �QRQ�FRQWUDFWHG�ODUYD��I� �FRQWUDFWHG�ODUYD��6FDOH�EDUV�LQGLFDWH�VL]H�FKDQJHV�
6O�����5D]YRMQH�ID]H�NRUDOQMDND��NL�SDUDWL]LUD�YUVWR�$XUHOLD�VS����Y�0OMHWVNLK�¢MH]HULK£��+UYDÉND���D� �RSORMHQR�MDMàHFH�
E��F� �FHSLWHY��G� �JDVWUXOD��H� �QHVNUàHQD�OLàLQND��I� �VNUàHQD�OLàLQND��0HULOR�SULND]XMH�VSUHPHPEH�Y�YHOLNRVWL�

FKHV�� GHYHORSPHQW� SURFHHGV� WKURXJK� JDVWUXODWLRQ� DQG
ODUYDO�GHYHORSPHQW�ZLWK�PRVW�RI�WKH�ODWHU�ODUYDO�VWDJHV�OR�
FDWHG� LQ� WKH� UDGLDO�FDQDOV�RI�$XUHOLD� VS�����:H�FDQ�RQO\
DVVXPH� WKDW� UHFUXLWPHQW�RI� WKH� ODUYDO� VWDJHV�EDFN� WR� WKH
VWLOO�XQGHVFULEHG�DGXOW�SRSXODWLRQ�RFFXUV�DIWHU� WKH� ODWHU�
VWDJHG� ODUYDH�HPHUJH� IURP� WKH�PHGXVD��2YHU� WKH�FRXUVH
RI�GR]HQV�RI�GLYHV�LQ�DOO�VHDVRQV��ZH�KDYH�QHYHU�REVHUYHG
SDUDVLWHV�IXUWKHU�GHYHORSHG�WKDQ�VKRZQ�LQ�)LJXUH��I�

7KLV� LV� WKH� ILUVW�GHVFULSWLRQ�RI� WKH�HQWLUH� VHTXHQFH�RI
WKH�HDUO\�GHYHORSPHQWDO� VWDJHV�RI�D�SDUDVLWLF�DQWKR]RDQ
DQG��WR�RXU�NQRZOHGJH��MXVW�WKH�VHFRQG�IRU�DOO�DQWKR]RDQV
VLQFH�WKH�ZRUN�RI�1\KROP���������&QLGDULDQV��LQ�JHQHUDO�
PDQLIHVW� KLJK� GHYHORSPHQWDO� YDULDELOLW\� �6KLFN�� �����
)DXWLQ�� ������� DQG� GHYHORSPHQWDO� VWDJHV� GHVFULEHG� E\

1\KROP� ������� IRU�+DOFDPSD�GXRGHFLPFLUUDWD� �0��6DUV�
������DQG�E\�6SDXOGLQJ� ������������� IRU�3HDFKLD�TXLQ�
TXHFDSLWDWD�0F0XUULFK��������ZHUH�SDUWLFXODUO\�XVHIXO�LQ
RXU� DWWHPSW� WR� LGHQWLI\� EDVLF� FKDUDFWHULVWLFV� RI� SDUDVLWLF
DFWLQLDULDQ�ODUYDH��,W�LV��KRZHYHU��XQIRUWXQDWH� WKDW� LGHQWL�
ILFDWLRQ�EHORZ� WKH� IDPLO\� OHYHO� LV� LPSRVVLEOH�GXH� WR� ODFN
RI�WD[RQRPLF�LQIRUPDWLRQ�LQ�WKH�UHFHQW�OLWHUDWXUH��0RUHR�
YHU��RXU� OLPLWHG� WLPH�RI�DERXW� WZR�ZHHNV� DW� WKH� UHPRWH
ILHOG�ORFDWLRQ�SURKLELWHG�WKH�UHDULQJ�RI�WKHVH�ODUYDO�VWDJHV
WR�DQ�LGHQWLILDEOH�DGXOW�VWDJH�

7KLV� OLVW� RI� SRWHQWLDO� FDQGLGDWH� JHQHUD� LV� OLPLWHG� WR
3HDFKLD�� +DOFDPSD�� DQG� (GZDUGVLHOOD�� ZLWK� WKH� WZR
IRUPHU� JHQHUD� RI� PRVW� LQWHUHVW� DV� WKH\� DUH� ZLGHO\� GH�
VFULEHG�DV��PHGXVRSKLORXV���7DE������6LQFH�ZH�QHYHU�RE�
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VHUYHG� WKH� VSLQ\� PDFURYLOOL� GHVFULEHG� E\� 6SDXOGLQJ
������� ������ IRU� WKH� HJJV� RI� 3HDFKLD� TXLQTXHFDSLWDWD�
ZH�TXLFNO\�UXOHG�RXW�3HDFKLD��$�KLJKHU�OHYHO�RI�VLPLODULW\
ZDV� LQVWHDG� IRXQG� ZLWK� WKH� GHYHORSPHQWDO� VWDJHV� GH�
VFULEHG� E\�1\KROP� ������� IRU�+DOFDPSD� GXRGHFLPFLU�
UDWD�� HYHQ� WKRXJK� WKLV� GHVFULSWLRQ� ZDV� PDGH� RQ� IUHH�
OLYLQJ� GHYHORSPHQWDO� VWDJHV�� 2QH� VLJQLILFDQW� VWUXFWXUDO
GLIIHUHQFH�EHWZHHQ�RXU�SDUDVLWLF� ODUYDH�DQG� WKDW�RI�1\�
KROP¤V��������GHVFULSWLRQ�LV�WKH�SUHVHQFH�RI�D�WKLFN�MHOO\
FRDW�VXUURXQGLQJ�DOO�WKH�GHYHORSPHQWDO�VWDJHV�

5HFHQWO\�� KRZHYHU�� D�PROHFXODU� JHQHWLF� DQDO\VLV� RQ
WKH� GHYHORSLQJ� SDUDVLWHV� VXJJHVWHG� D� ��6� U51$� UHJLRQ
PRVW�FORVHO\��EXW�QRW�H[DFWO\��PDWFKLQJ�(GZDUGVLHOOD�VS�
�/�� &KLDYHUDQR� 	� .�� %D\KD�� XQSXEO�� GDWD��� %RWK� +DO�
FDPSD� VS�� DQG�3HDFKLD� VS��ZHUH� LQFOXGHG� LQ� WKH�*HQ�
%DQN� UHIHUHQFH� OLEUDU\�� VR�ZH� DUH� UHDVRQDEO\� FRQILGHQW
WKDW� WKH�0OMHW�$XUHOLD� VS�� �� SDUDVLWH� LV� QHLWKHU� RI� WKHVH
VSHFLHV��3ODFHPHQW�ZLWKLQ�WKH�(GZDUGVLLGDH�ZRXOG�EH�DQ
LQWHUHVWLQJ�ILQGLQJ�DV�WKH�RQO\�HFRORJLFDO�GHVFULSWLRQV�RI
SDUDVLWLVP� DUH� ZLWK� FWHQRSKRUHV� �&URZHOO�� ������ %X�
PDQQ� 	� 3XOV�� ������ DQG� QRW� ZLWK� FQLGDULDQ� PHGXVDH�
0RUHRYHU�� SDUDVLWLVP� KDV� RQO\� EHHQ� UHSRUWHG� IRU� SRVW�
ODUYDO�VWDJHV�RI�(GZDUGVLHOOD�VS���EXW�QHYHU�IRU�WKH�ODUYDO
VWDJHV� �'DO\�� ����E�� 5HLW]HO� HW� DO��� ������� 5HFHQW� V\V�
WHPDWLF�UHYLVLRQ�RI�(GZDUGVLLGDH��'DO\������D��UHYHDOV�D
FOXVWHULQJ�RI� DOO� WKH� �PHGXVRSKLORXV�� JHQHUD�ZLWKLQ� WKH
2UGHU�$FWLQLDULD��6XERUGHU�1\DQWKHDH��7ULEH�$WKHQDULD�

$V�D�IXUWKHU�FRPSOLFDWLRQ��(GZDUGVLHOOD��+DOFDPSD�RU
3HDFKLD� KDYH� QRW� EHHQ� UHSRUWHG� LQ� WKH� FKHFNOLVW� RI� WKH
$QWKR]RDQ�RI�0OMHW�IDXQD��.UXÌLß���������5DWKHU��WKH�RQO\
$WKHQDULDQ�VSHFLHV�IRXQG�FORVH�WR�9HOLNR�-H]HUR�ZDV�+DO�
FDPSRLGHV� SXUSXUHD� �6WXGHU�� ������ IURP� RXWVLGH� WKH
ODNHV��.UXÌLß���������0ROHFXODU�HYLGHQFH��KRZHYHU��GRHV
QRW� VXSSRUW� LGHQWLILFDWLRQ� DV� +DOFDPSRLGHV� �/�� &KLD�
YHUDQR�	� .�� %D\KD�� XQSXEO�� GDWD��� DQG�ZH� EHOLHYH� WKH
DGXOW�VWDJHV�VLPSO\�KDYH�QRW�EHHQ� IRXQG�GXH� WR� WKH� ODFN
RI� HIIRUW� WR� VXUYH\� WKHVH� VPDOO�� FU\SWLF� DQHPRQHV� LQ� WKH

0OMHW�ODNHV��,QFOXGLQJ�WKH�WKUHH�GHVFULEHG�SDUDVLWH�JHQHUD
PHQWLRQHG�DERYH��WKHUH�DUH����JHQHUD�LQ����IDPLOLHV��DQG
LW�PD\�ZHOO�EH� WKDW�SDUDVLWLF�DVVRFLDWLRQV� DUH� WD[RQRPL�
FDOO\�IDU�PRUH�FRPPRQ�WKDQ�ZH�SUHYLRXVO\�EHOLHYHG��7KH
DFFXUDWH�LGHQWLILFDWLRQ�RI�WKH�0OMHW�$XUHOLD�VS����SDUDVLWH
PD\� UHPDLQ� XQNQRZQ� XQWLO� UHIHUHQFH�'1$� LV� FROOHFWHG
DQG�PDGH�DFFHVVLEOH�IRU�FRPSDULVRQ�ZLWK�RXU�VDPSOHV�

:H� FRQWLQXH� WR� VHHN� D� EHWWHU� XQGHUVWDQGLQJ� RI� WKH
HFRORJ\�RI� WKLV�SDUDVLWLF� UHODWLRQVKLS� LQ� WKH�0OMHW� £ODNHV¤�
3DUDVLWLVP� KDV� EHHQ� GRFXPHQWHG� RYHU� UHSHDWHG� WULSV� WR
WKH�0OMHW� £ODNHV¤� RYHU� �� \HDUV� DQG� GXULQJ� WKUHH� VHDVRQV
�VSULQJ��VXPPHU�DQG�ZLQWHU���WKXV�WKH�DVVRFLDWLRQ�DSSHDUV
WR�EH�IL[HG�LQ�WKLV�V\VWHP��:KLOH�WKH�DQWKR]RDQ�SDUDVLWLVP
LWVHOI� LV�QRW�QRYHO�� WKH�PDJQLWXGH�RI� LQIHFWLRQ�DFURVV� WKH
$XUHOLD�VS����SRSXODWLRQ� �DV�PXFK�DV�����RI� WKH�PHGX�
VDH���H[WHQW�RI�LQIHFWLRQ�ZLWK�LQGLYLGXDO�PHGXVDH��VHH�)LJ�
�� DV� DQ� H[DPSOH�� DQG� SHUVLVWHQFH� RYHU� WLPH�� JLYH� XV� D
WDQWDOL]LQJ� SLFWXUH� RI� MHOO\ILVK� SRSXODWLRQ� UHJXODWLRQ� E\
SDUDVLWHV� UDWKHU� WKDQ� E\� IRRG�OLPLWDWLRQ� RU� PDFUR�
SUHGDWLRQ��7KHUHIRUH��ZH�FRQWLQXH�WR�SXVK�IRU�D�FRPSOHWH
XQGHUVWDQGLQJ�RI�WKLV�SDUWLFXODU�KRVW�SDUDVLWH�UHODWLRQVKLS
ZLWK� WKH� KRSH� WKDW� LW� ZLOO� XOWLPDWHO\� UHYHDO� XQGHUO\LQJ
HFRORJ\�DSSOLFDEOH�WR�MHOO\ILVK�SRSXODWLRQ�G\QDPLFV�ZHOO
EH\RQG� WKH� ERXQGDULHV� RI� WKLV� UHPRWH� DQG� LVRODWHG�PD�
ULQH�ODNH�HFRV\VWHP�

$&.12:/('*(0(176

$OO�WKH�SDUWLFLSDQWV�WR�WKH��0HGX]D��SURMHFW�DUH�KHDUW�
LO\�DFNQRZOHGJHG�IRU�WKHLU�KHOS��VXSSRUW�DQG�VXJJHVWLRQV
GXULQJ� ILHOG� ZRUN� DQG� REVHUYDWLRQV�� .�� %D\KD� DQG� /�
&KLDYHUDQR�DUH�NLQGO\�DFNQRZOHGJHG� IRU� VKDULQJ� WKH� UH�
VXOWV�RI�JHQHWLF�DQDO\VLV�RQ�WKH�DQWKR]RDQ�ODUYDH��:H�DOVR
DSSUHFLDWHG�WKH�KHOS�RI�WKH�OLEUDULDQV�RI�WKH�6WD]LRQH�=R�
RORJLFD� �$��'RKUQ�� �1DSOHV�� ,WDO\��� 7KLV�ZRUN�ZDV� VXS�
SRUWHG� LQ� SDUW� E\� WKH� 1DWLRQDO� 6FLHQFH� )RXQGDWLRQ
,17��������WR�:0*�

=*2'1-$�5$=92-1$�6(.9(1&$�.25$/1-$É.(*$�3$5$=,7$�1$�0('8=,�9567(
$85(/,$�63����9�,=2/,5$1(0�0256.(0�-(=(58��0/-(7��+59$É.$�

,VDEHOOD�'¢$0%5$�	�:LOOLDP�0��*5$+$0
'DXSKLQ�,VODQG�6HD�/DE������%LHQYLOOH�%OYG���'DXSKLQ�,VODQG�$/��������86$

(�PDLO��PLNLGDPEUD#KRWPDLO�FRP

329=(7(.

=D� SRSXODFLMH� ÊHODWLQR]QHJD� ]RRSODQNWRQD�� YNOMXßQR� V� SODQNWRQVNLPL� RÊLJDONDUML�� UHEUDßDPL� LQ� SODÈßDUML�� MH
]QDßLOQD�FLNOLßQD�GLQDPLND�L]EUXKRY�LQ�XSDGDQM�PDVRYQHJD�SRMDYOMDQMD��9HßLQD�UD]LVNDY�VH�RVUHGRWRßD�QD�IRUPLUDQMH
WHJD� SRMDYD�� SUHFHM� PDQM� SR]RUQRVWL� SD� VH� QDPHQMD� GHMDYQLNRP�� NL� UHJXOLUDMR� REVHJ� LQ� WUDMDQMH� PDVRYQHJD� SR�
MDYOMDQMD�� 6HP� YNOMXßXMHPR� IL]LRORÈNH� WROHUDQFH� �QSU�� VH]RQVNRVW��� RPHMHQR� NROLßLQR� KUDQH�� SUHGDFLMR� LQ� VODER� UD�
]XPOMHQR�YORJR�SDUD]LWL]PD��9�VNRUDM�]DSUWLK�PRUVNLK�¡MH]HULK¢�QD�RWRNX�0OMHWX��+UYDÈND��VPR�RGNULOL�]DQLPLYR�UD]�
PHUMH�JRVWLWHOM�SDUD]LW��LQ�VLFHU�PHG�NYD]LVWDELOQR��VNR]L�YVH�OHWR�SULVRWQR�SRSXODFLMR�NOREXßQMDNRY�$XUHOLD�VS����WHU
NRUDOQMDNRY�Y�]JRGQML�UD]YRMQL�ID]L�LQ�SDUD]LWVNL�ID]L�OLßLQNH��9�SULßXMRßHP�ßODQNX�MH�RSLVDQD�KLWUD��a���XU��VHNYHQFD
]JRGQMHJD�UD]YRMD�WHJD�NRUDOQMDND��ÞHSUDY�ÈH�YHGQR�QL�SRSROQRPD�MDVQD� LGHQWLWHWD�NRUDOQMDND�QD�UDYQL�YUVWH�� MH� WX
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SUYLß�RSLVDQD�FHORWQD� VHNYHQFD�]JRGQMH� UD]YRMQH� ID]H� SDUD]LWVNLK� NRUDOQMDNRY��1DÈ� SRJODYLWQL� FLOM� MH� UD]XPHWL� RV�
QRYQR� HNRORJLMR� WHJD� UD]PHUMD� JRVWLWHOM�SDUD]LW� WHU� GDOMH� RFHQLWL�� DOL� MH� SDUD]LWL]HP�SRPHPEHQ� GHMDYQLN� UHJXODFLMH
SRSXODFLMH�YUVWH�$XUHOLD�VS����Y�HNRVLVWHPX�0OMHWVNLK�MH]HU�

.OMXÞQH�EHVHGH��VNLIRPHGX]H��UHJXODFLMD�SRSXODFLMH��3HDFKLD��+DOFDPSD��(GZDUGVLHOOD

5()(5(1&(6

$OYDUH]�&RORPER��*���$��%HQRYLÜ��$��0DOHM��'��/XÞLÜ��7�
0DNRYHF��9��2QRIUL��0��$FKD��$��0DGLURODV�	�+��0LDQ�
]DQ� �������� $FRXVWLF� VXUYH\� RI� D� MHOO\ILVK�GRPLQDWHG
HFRV\VWHP� �0OMHW� ,VODQG�� &URDWLD��� +\GURELRORJLD�� ����
�������
$QGHUVRQ�� 5��0��	�5��0��0D\� �������� 5HJXODWLRQ� DQG
VWDELOLW\� RI� KRVW�SDUDVLWH� SRSXODWLRQ� LQWHUDFWLRQV�� ,�� 5H�
JXODWRU\�SURFHVVHV��-��$QLP��(FRO���������������
$UDL��0��1����������$�)XQFWLRQDO�%LRORJ\�RI�6F\SKR]RD�
&KDSPDQ�	�+DOO��/RQGRQ������S�
%DGKDP��&�� ��������2Q�D� ODUYDO�$FWLQLDQ� SDUDVLWLF� LQ� D
5KL]RVWRPH��4��-��0LFURVF��6FL���V��������������
%HQRYLÜ��$���'��/XÞLÜ��9��2QRIUL��0��3HKDUGD��0��&DULÜ�
1�� -DVSULFD� 	� 6�� %REDQRYLÜ�&ROLÜ� �������� (FRORJLFDO
FKDUDFWHULVWLFV�RI� WKH�0OMHW� ,VODQG�VHDZDWHU� ODNHV� �6RXWK
$GULDWLF� 6HD�� ZLWK� VSHFLDO� UHIHUHQFH� WR� WKHLU� UHVLGHQW
SRSXODWLRQ�RI�PHGXVDH��6FL��0DU���������������
%ODFNEXUQ��0����������1RWHV�RQ�VRPH�SDUDVLWLF�DFWLQLDQ
ODUYDH��DQG�RQH�RI�WKHLU�KRVW�PHGXVDH�LQ�$XVWUDOLDQ�ZD�
WHUV��-��&RXQF��6FL��,QG��5HV���������������
%XHFKHU��(���&��6SDUNV��$��%ULHUOH\��+��%R\HU�	�0��*LE�
ERQV���������%LRPHWU\�DQG�VL]H�GLVWULEXWLRQ�RI�&KU\VDRUD
K\VRVFHOOD� �&QLGDULD�� 6F\SKR]RD�� DQG�$HTXRUHD�DHTXR�
UHD� �&QLGDULD��+\GUR]RD�� RII� 1DPLELD�ZLWK� VRPH� QRWHV
RQ� WKHLU� SDUDVLWH�+\SHULD�PHGXVDUXP�� -�� 3ODQNWRQ�5HV��
��������������
%XPDQQ��'��	�*��3XOV���������,QIHVWDWLRQ�ZLWK�ODUYDH�RI
WKH� VHD� DHPRQH�(GZDUGVLD� OLQHDWD� DIIHFWV� QXWULWLRQ� DQG
JURZWK� RI� WKH� FWHQRSKRUH�0QHPLRSVLV� OHLG\L�� 3DUDVLWR�
ORJ\���������������
&URZHOO��6����������$Q�(GZDUGVLLG�ODUYD�SDUDVLWH�LQ�0QH�
PLRSVLV�� ,Q��0DFNLH��*�� 2�� �HG���� &RHOHQWHUDWH� (FRORJ\
DQG�%HKDYLRU��3OHQXP�3UHVV��1HZ�<RUN��SS����������
'DO\��0�������D���$�V\VWHPDWLF�UHYLVLRQ�RI�(GZDUGVLLGDH
�&QLGDULD��$QWKR]RD���,QY��%LRO����������������
'DO\��0�������E���7D[RQRP\��DQDWRP\�DQG�KLVWRORJ\�RI
WKH� OLQHG� VHD� DQHPRQH�� (GZDUGVLHOOD� OLQHDWD� �9HUULOO�
������ �&QLGDULD�� $QWKR]RD�� (GZDUGVLLGDH��� 3URF�� %LRO�
6RF��:DVK����������������
'DZVRQ��0��1��	�'��.�� -DFREV� ��������0ROHFXODU� HYL�
GHQFH� IRU� FU\SWLF� VSHFLHV� RI� $XUHOLD� DXULWD� �&QLGDULD�
6F\SKR]RD���%LRO��%XOO��������������
)DXWLQ��'��*����������5HSURGXFWLRQ�RI�&QLGDULD��&DQ�� -�
=RRO�����������������
*DVFD��5��	�6��+��'��+DGGRFN� ��������$VVRFLDWLRQ�EH�
WZHHQ� JHODWLQRXV� ]RRSODQNWRQ� DQG� K\SHULLG� DPSKLSRGV
�&UXVWDFHD��3HUDFDULGD��LQ�WKH�*XOI�RI�&DOLIRUQLD��+\GUR�
ELRORJLD�������������������

*UDKDP��:��0���/��0��&KLDYHUDQR��,��'
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