
0XOWLYDULDWH�0HWKRGV�IRU�,WHP�1RQUHVSRQVH��DQ�$SSOLFDWLRQ�WR�WKH�,WDOLDQ�+RXVHKROG�%XGJHW�6XUYH\0HWRGL�0XOWLYDULDWL�SHU�LO�7UDWWDPHQWR�GHOOH�0DQFDWH�5LVSRVWH�3DU]LDOL��XQD�$SSOLFD]LRQH�DOO¶,QGDJLQH�,VWDW�VXL�&RQVXPL�GHOOH�)DPLJOLH
&ODXGLR�&HFFDUHOOL,67$79��$��5DYj����������5RPD�H�PDLO��FOFHFFDU#LVWDW�LW

)DELR�0DVVLPR�5RWWLQR,67$7�9�OH�/LHJL����������5RPDH�PDLO��URWWLQR#LVWDW�LW
5LDVVXQWR�� ,O� SUREOHPD� GHOOH� PDQFDWH� ULVSRVWH� SDU]LDOL� q� VWDWR� DIIURQWDWR� DWWUDYHUVR�O¶LPSXWD]LRQH� GD� PRGHOOR�� LQ� SDUWLFRODUH�� XQ� PHWRGR� GL� LPSXWD]LRQH� HVSOLFLWD� FRQ� LO�PRGHOOR� GL� UHJUHVVLRQH� OLQHDUH� q� VWDWR� VSHULPHQWDWR� VXL� GDWL� GHOO¶LQGDJLQH� ,67$7� VXL�FRQVXPL� GHOOH� IDPLJOLH� LWDOLDQH� UHODWLYL� DO� ������ ,O� FRQIURQWR� GHL� YDORUL� LPSXWDWL� FRQ�TXHOOL�RULJLQDOPHQWH�SUHVHQWL�KD�SHUPHVVR�GL�YDOXWDUH�OD�ERQWj�GHO�PHWRGR�SURSRVWR�
.H\ZRUGV��,WHP�QRQUHVSRQVH��5HJUHVVLRQ�LPSXWDWLRQ��0LVVLQJ�GDWD��+RXVHKROG�EXGJHW�VXUYH\
�� ,QWURGXFWLRQ
1RQUHVSRQVH� FRQVWLWXWH� RQH� RI� WKH� SULQFLSDO� FDXVHV� RI� QRQVDPSOLQJ� HUURU� �&LFFKLWHOOL��+HU]HO�� 0RQWDQDUL�� ������� 7KH� LQIRUPDWLRQ� DQG� QDWXUH� RI� QRQUHVSRQVH�� LQ� VRPH�FRXQWULHV�� DUH� DQ� LQWHJUDO� SDUW�RI� WKH�TXDOLW\� V\VWHP�RI� VXUYH\� LQVWLWXWH�� 3UREDEO\�� WKLV�ZLOO�EH�WKH�IXWXUH�WUHQG��/DDNVRQHQ��������7KHUH� DUH� WZR� SULQFLSDO� VWDQGDUG� WHFKQLTXHV� WR� IDFH� WKH QRQUHVSRQVH� SUREOHP��UHZHLJKWLQJ� DQG� LPSXWDWLRQ� �6lUQGDO�� ������� 7KH�PRGHO�EDVHG� DSSURDFK� IRU� LPSXWLQJ�PLVVLQJ� YDOXHV� WDNHV� SDUW� LQ� VR�FDOOHG� H[SOLFLW� LPSXWDWLRQ� PHWKRGV�� WKDW� LV� DOO� WKRVH�WHFKQLTXHV�WKDW�XVH�WKH�SULQFLSOH�RI�ILQGLQJ�D�VXLWDEOH�VXEVWLWXWH IRU�HDFK�PLVVLQJ�YDOXH��/LWWOH���������6R��FRPPRQ�REMHFWLYH�IRU�DOO�H[SOLFLW�LPSXWDWLRQ�PHWKRGV�LV�WR�VHDUFK�D�VXEVWLWXWH� YDOXH� WKH� PRUH� VLPLODU� WR� WKH� PLVVLQJ� RQH�� 7KH� GHILQLWLRQ� RI� DVVLJQLQJ�YDULDEOHV��VWDWLVWLFDOO\�OLQNHG�ZLWK�WKDW�ZKR�SUHVHQW�PLVVLQJ�YDOXH��JUDQWV�WKLV�OLNHOLKRRG�
���7KH�LPSXWDWLRQ�PRGHO�E\�OLQHDU�UHJUHVVLRQ
7KH�OLQHDU�UHJUHVVLRQ�PRGHO�IRU�WKH�LPSXWDWLRQ�RI�PLVVLQJ�YDOXHV�FDQ�EH�UHJDUGHG�DV�D�SDUWLFXODU�FDVH�RI� WKH�PRUH�JHQHUDOL]HG�IRUP�RXWOLQHG�E\�.DOWRQ�DQG�.DVSU]\N���������WKDW�OLQNV�DX[LOLDU\�GDWD��REVHUYHG�IRU�DOO�VDPSOHG�XQLWV��ZLWK�WKH�LWHP¶V�PLVVLQJ�YDOXH��,Q�LWV�PRUH�JHQHUDO�IRUP��LW�FDQ�EH�ZURWH�LQ�WKLV�ZD\��/HVVOHU�DQG�.DOVEHHN��������
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ZKHUH�M ����«�N�DUH�WKH�DVVLJQLQJ�YDULDEOHV�6XSSRVH� WKDW�<���<���««��<N DUH�.�YDULDEOHV�PXOWLYDULDWH� QRUPDOO\� GLVWULEXWHG�ZLWK�PHDQ�P DQG�FRYDULDQFH�PDWUL[�6��WKHQ�WKH�PLVVLQJ�YDULDEOHV�FDQ�KDYH�OLQHDU�UHJUHVVLRQ�RQ�WKH�REVHUYHG�YDULDEOHV��ZLWK�UHJUHVVLRQ�FRHIILFLHQWV�WKDW�DUH�ZHOO�NQRZQ�IXQFWLRQV�RI�P DQG�6��7KH�PHWKRG�SURSRVHG�E\�%XFN��������ILUVW�HVWLPDWH�P DQG�6 IURP�WKH�VDPSOH�PHDQ�DQG�FRYDULDQFH�PDWUL[�EDVHG�RQ�WKH�FRPSOHWH�FDVHV��DQG�WKHQ�XVHV�WKHVH�HVWLPDWHV�WR�FDOFXODWH�WKH�OLQHDU�UHJUHVVLRQ�RI�WKH�PLVVLQJ�YDULDEOHV�RQ�WKH�SUHVHQW�YDULDEOHV��FDVH�E\�FDVH��/LWWOH�DQG�5XELQ��������,I�WKH�YDOXHV�DUH�PLVVLQJ�FRPSOHWHO\�DW�UDQGRP��WKDW�LV�LQ�FDVH�RI�LJQRUDEOH�PLVVLQJ�GDWD�PHFKDQLVP��5XELQ��������������/LWWOH��������� WKH�%XFN¶V�PHWKRG�SURYLGH�D�FRQVLVWHQW�HVWLPDWHV� RI� WKH� DYHUDJHV� RI� REVHUYHG� DQG� LPSXWHG� YDOXHV�� 7KH� VDPSOH� FRYDULDQFH�PDWUL[� IURP� WKH� ILOOHG�LQ� GDWD�� LQVWHDG�� XQGHUHVWLPDWHV� WKH� VL]H� RI� YDULDQFHV� DQG�FRYDULDQFHV��LQ�IDFW��LW�VHWV�WR�]HUR�WKH�UHVLGXDO�YDULDQFH�IRU�WKH�ILOOHG�LQ�YDOXHV��VLQFH�WKH�LPSXWDWLRQV�OLH�H[DFWO\�RQ�WKH�UHJUHVVLRQ�OLQH�
�� 7KH�H[SHULPHQWDWLRQ
7KH�%XFN¶V� LPSXWDWLRQ�PRGHO�KDV�EHHQ�H[SHULPHQWHG�RQ�GDWD RI� WKH� ,WDOLDQ�KRXVHKROG�EXGJHW� VXUYH\� UHODWLYH� WR� \HDU� ����� �&HFFDUHOOL�HW� DO��� ������� 7KH� LPSXWDWLRQ� RI� WKH�PLVVLQJ� YDOXH� KDV� QRW� EHHQ� SHUIRUPHG� E\� VXEVWLWXWLRQ� ZLWK� WKH� YDOXH� RI� DQRWKHU�VWDWLVWLFDO� XQLW� �QHDUHVW� QHLJKERXU��� VXFK� DV� EHKDYH�� LQ� H[WUHPH� V\QWKHVLV�� WKH� 5,'$�DOJRULWKP�� DFWXDOO\� XVHG� E\� ,67$7� LQ� WKLV� VXUYH\� �.DOWRQ� DQG� .LVK�� ������� ,Q� RXU�H[SHULPHQWDWLRQ�� D� OLQHDU� UHJUHVVLRQ� PRGHO� KDV� EHHQ� FRQVWUXFWHG� RQ� FRPSOHWH�REVHUYDWLRQ�� WKH�GHSHQGHQW�YDULDEOH�ZLOO�EH� WKDW� VXEMHFW� WR� LWHP�QRQUHVSRQVH� IRU VRPH�REVHUYDWLRQ��3DUDPHWHUV�REWDLQHG�DUH�VR�XVHG�DV�GHSHQGHQW�YDULDEOHV�IRU�FRQVWUXFWLQJ�DQ�H[SOLFLW� OLQHDU� LPSXWDWLRQ� PRGHO�� LQ� IXQFWLRQ� RI� WKRVH� YDOXHV� IRU� ZKRP� ZH� KDYH�LQIRUPDWLRQ� DQG� WKDW� SOD\� WKH� UROH� RI� LQGHSHQGHQW� YDULDEOH�� 7KH�PLVVLQJ� YDOXHV� KDYHEHHQ�DUWLILFLDOO\�SURGXFHG��EHLQJ�FDUHIXO�WR�VDYH�WKH�RULJLQDO�YDOXH�WR�DOORZ�D�VXEVHTXHQW�IDFH�XS� WR� WKH�HVWLPDWHV� �4XLQWDQR�H�/XFHY���������7H�FRPSOHWH�GDWD�PDWUL[�KDV�EHHQ�VXEMHFWHG�WR�D�UDQGRP�HUDVXUH�RI�D�FHUWDLQ�H[SHQVH�LWHP�FKRVHQ�IRU�������IDPLOLHV�RQ�D�WRWDO�RI���������HTXDO�WR������UDWH�RI�QRQUHVSRQVH��7KH�PRGHO¶V�VWUHQJWK�KDV�EHHQ�WHVWHG�LQ�WKH�IROORZLQJ�WKUHH�ZD\V��� LW� KDV� EHHQ� VXSSRVHG� WKDW� PLVVLQJ� YDOXHV� VSUHDG� RXW� LQ� ILYH� GLIIHUHQW� GLVWULEXWLRQ�IXQFWLRQV��8QLIRUP��1RUPDO��3RLVVRQ��&DXFK\�DQG�([SRQHQWLDO��� ��� VLPXODWLRQV� KDYH� EHHQ� H[SHULHQFHG� IRU� HDFK� RQH� RI� WKH� SUHYLRXV� GLVWULEXWLRQ�IXQFWLRQV��� SRLQWV����DQG����KDYH�EHHQ�DSSOLHG�WR�WKUHH�GLIIHUHQW�H[SHQVH�LWHPV�7KUHH� H[SHQVH� LWHPV� KDYH� EHHQ� FKRVHQ� WR� LPSXWH� WKH� PLVVLQJ� YDOXHV� DUWLILFLDOO\�SURGXFHG�� &$3�� �EUHDG� DQG� FHUHDOV��� &$3��� �KRXVH�� DQG� &$3��� �FRPEXVWLEOH� DQG�HOHFWULFLW\���7KHVH�LWHPV��LQ�IDFW��DUH�OHVV�VXEMHFW�WR�WKH�H[SHQVH¶V�]HURHV�DQG��DW�WKH�VDPH�WLPH��SUHVHQW�GLIIHUHQW�FKDUDFWHULVWLFV�RI�YDULDQFH�DQG�YDOXHV�RI�EXGJHW¶V�DYHUDJHV�&OXVWHUV�KDYH�EHHQ�IRUPHG�DFFRUGLQJ� WR�WKH�EXGJHW¶V�YDOXHV�DQG�D�VWHSZLVH�UHJUHVVLRQ�KDV�EHHQ�XVHG�LQ�HDFK�RQH�RI�WKH�FOXVWHUV��H[SHQVH¶V�SURILOHV��WKDW�LV�WKH�H[SHQVH�IRU�HDFK�
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LWHP�RI�HDFK� IDPLO\� GLYLGHG�E\� WKH� WRWDO�H[SHQVH�RI� WKDW� IDPLO\��KDYH�EHHQ�XWLOL]HG�LQ�SODFH� RI� WKH� UHDO� YDOXHV��� 6R�� LQ� HYHU\� FOXVWHU� WKH� H[SHQVH� EHKDYLRXU� FDQ� EH� DVVXPHG�QHDUO\�KRPRJHQHRXV��WKH�SDUDPHWHUV�RI�WKH�UHJUHVVLRQ�OLQHDU�PRGHO�RQ�WKH�H[SHQVH�LWHP�RI�WKH�FRPSOHWH�REVHUYDWLRQ�LQ�D�VSHFLILF�FOXVWHU�DUH�WKH�PRVW�VXLWDEOH�IRU�FRQVWUXFWLQJ�DQ�H[SOLFLW� OLQHDU� LPSXWDWLRQ� PRGHO� IRU� WKRVH� IDPLOLHV� WKDW� KDYH� D� PLVVLQJ� YDOXH� LQ� DQ�H[SHQVH�LWHP�EXW��DFFRUGLQJ�WR�WKH�YDOXHV�RI�WKH�RWKHU�LWHPV��KDYH�EHHQ�HQFORVHG�H[DFWO\�WR�WKDW�FOXVWHU��7KH�ODVW�VWHS�LV�WR�REWDLQ�WKH�PLVVLQJ�YDOXH��L�H��RI�WKH�ILUVW�H[SHQVH�LWHP�IRU�WKH�L�WK�IDPLO\�LQ�WKH�F FOXVWHU��DFFRUGLQJ�WR�WKH�IROORZLQJ�PRGHO�
¦ � ��

� �������� ÖÖÖ M FMLFMFFL ;��< �
F��ÖE LV� WKH� LQWHUFHSW� DQG� FM�ÖE WKH� SDUDPHWHU� RI� WKH� M�WK� H[SHQVH� LWHP� LQ� WKH�F�FOXVWHU��
FML; �� ��LQVWHDG��LV�WKH�YDOXH�RI�WKH�M�WK�H[SHQVH�LWHP�IRU�WKH�L�WK�IDPLO\�LQ�WKH�F FOXVWHU�7KH�VDPH�SURFHGXUH�KDV�EHHQ�XVHG�WR�REWDLQ�SDUDPHWHUV�ZLWKLQ�WKH����JURXSV�RI�IDPLOLDU�W\SRORJ\�XWLOL]HG�E\�,67$7�IRU�JURXSLQJ�,WDOLDQ�IDPLOLHV��DQG�ILQG�WKH�IROORZLQJ�VHFRQG�HVWLPDWRU�IRU�WKH�L�WK�IDPLO\�LQ�WKH�J JURXS�¦ � ��

� �������� ÖÖÖ M JLMJMJJL ;��= �
7KH�WKLUG�HVWLPDWRU��ILQDOO\��KDV�EHHQ�DFKLHYHG�DV�DQ�DYHUDJH�RI�WKH�FRPSOHWH�HVWLPDWHV¶�YHFWRU�ZLWKLQ�DOO�WKH����JURXSV�RI�IDPLOLDU�W\SRORJ\��ZHLJKWHG�ZLWK�WKH�UHVSHFWLYH�YDOXHV�RI� WKH� SUREDELOLW\� WKDW� L�WK� IDPLO\� EHORQJ� WR� WKH� GLIIHUHQW� JURXSV�� 7KHVH� SUREDELOLW\�YDOXHV�KDYH�EHHQ�JDLQHG�E\�D�GLVFULPLQDQW�DQDO\VLV�¦  ��

� ������ ÖÖ J JLJLL S=: �
$� GLVWDQFH� UHODWLYH� LQGH[� �,'5�� KDV� EHHQ� SHUIRUPHG� WR�PDWFK� WKH� HVWLPDWHV� ZLWK� WKH�RULJLQDO�YDOXHV��WKH�,'5�LV�WKH�UDWLR�RI�WKH�DEVROXWH�GLIIHUHQFH�EHWZHHQ�YDOXH¶V�HVWLPDWH�DQG�RULJLQDO�YDOXH�� WR� WKH�DEVROXWH�YDOXH�RI� WKH�PD[LPXP�RI�ERWK�YDOXHV� �%DUFDUROL�HW�DO����������
���5HVXOWV�DQG�FRQFOXVLRQV
7KH� DYHUDJHV� RQ� WKH� ������ IDPLOLHV� RI� WKH� LPSXWHG� YDOXHV� E\� PHDQV� RI� WKLV� PRGHO�VDWLVIDFWRULO\� DSSURDFK� WKH� DYHUDJHV� RI� WKH� WUXH� YDOXHV� RQ� WKH� VDPH� IDPLOLHV�� DQG� WKLV�KDSSHQ�IRU�HDFK�H[SHQVH�LWHP�DQG�IRU�HYHU\�NLQG�RI�GLVWULEXWLRQ�RI�WKH�PLVVLQJ�YDOXHV��7KH�,'5��LQ�IDFW��KDV�D�YHU\�UHVWULFWHG�UDQJH�>������������@��ZLWK�D�PHDQ�UDWH�RI����7KH� EHVW� ILWQHVV� LV� REWDLQHG� IRU� WKH� H[SHQVH� UHODWLYH� WR� EUHDG� DQG� FHUHDOV�� ZLWK� ERWK�ORZHU�DYHUDJH�PRQWKO\�H[SHQVH�DQG�YDULDQFH��7KLV�LWHP�VKRZV��LQ�DGGLWLRQ��DQ�H[FHOOHQW�PDWFKLQJ�DFKLHYHG�IRU�WKH�1RUPDO�GLVWULEXWLRQ�DQG�WKH�HVWLPDWRUV� �Ö< DQG� �Ö= �
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7KH� UHODWLYHO\� ZRUVW� ILWQHVV� LV� SHUIRUPHG� E\� WKH� KRXVH� H[SHQVHV�� LQYROYLQJ� D� KLJKHU�EXGJHW�OHYHO�DQG�D�ZLGHU�YDULDQFH�WKDQ�WKH�RWKHU�LWHPV��7KH�1RUPDO�GLVWULEXWLRQ�DOZD\V�ILWV� EHWWHU� WKDQ� WKH� RWKHUV�� EXW� QRZ� WKH� EHVW� UHVXOWV� KDYH� EHHQ� SURGXFHG� ZLWK� WKH�ZHLJKWHG�HVWLPDWRU� ��Ö: �7KH�UHVXOWV�REWDLQHG�LQ�WKH�FDVH�RI�WKH�H[SHQVH�IRU�FRPEXVWLEOH�DQG�HOHFWULFLW\�OD\�LQ�DQ�LQWHUPHGLDWH�SRVLWLRQ�DPRQJ�WKH�SUHYLRXV�H[SHQVH�LWHPV�
5HIHUHQFHV
%DUFDUROL� *��� /X]L� 2��� &HFFDUHOOL� &�� �������� ,O� PDFURHGLWLQJ�� WHFQLFKH� JXLGDWH� GL�FRUUH]LRQH� LQWHUDWWLYD�GL�YDULDELOL�TXDQWLWDWLYH�JXLGDWD�GDOO¶DQDOLVL�GHJOL�DJJUHJDWL�� ,O�FDVR�GHO�VLVWHPD�GHL�FRQWL�GHOOH�LPSUHVH��4XDGHUQL GL�ULFHUFD��,67$7��Q��������%XFN� 6�)�� �������� $� 0HWKRG� RI� (VWLPDWLRQ� RI� 0LVVLQJ� 9DOXHV� LQ� 0XOWLYDULDWH� 'DWD�6XLWDEOH� IRU� 8VH� ZLWK� DQ� (OHFWURQLF� &RPSXWHU�� -RXUQDO� RI� WKH� 5R\DO� 6WDWLVWLFDO�6RFLHW\��%�����SS����������&HFFDUHOOL� &��� &RFFLD� *��� *UDVVL� '��� 3DQQX]L� 1�� �������� ,O� 7UDWWDPHQWR� GHL� 'DWL� QHO�3URFHVVR� GL� 3URGX]LRQH� GHOO¶,QGDJLQH� VXL� &RQVXPL� GHOOH� )DPLJOLH�� GL� SURVVLPD�SXEEOLFD]LRQH�VXOOD�ULYLVWD�6FULWWL�GL�6WDWLVWLFD�(FRQRPLFD9RO����&LFFKLWHOOL� *��� +HU]HO� $��� 0RQWDQDUL� *�(�� �������� ,O� FDPSLRQDPHQWR VWDWLVWLFR�� ,O�0XOLQR��%RORJQD�.DOWRQ� *�� H� .LVK� /�� �������� 7ZR� HIILFLHQW� UDQGRP� LPSXWDWLRQ� SURFHGXUHV��$PHULFDQ�6WDWLVWLFDO� $VVRFLDWLRQ�� 3URFHHGLQJV� RI� WKH� 6XUYH\� 5HVHDUFK�0HWKRGV� 6HFWLRQ�� SS����������.DOWRQ� *��� .DVSU]\N� '�� �������� ,PSXWLQJ� IRU� 0LVVLQJ� 6XUYH\� 5HVSRQVH�� $PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��3URFHHGLQJV�RI�WKH�6XUYH\�5HVHDUFK�0HWKRGV�6HFWLRQ��SS��������/DDNVRQHQ�6����������3UHIDFH��1RQUHVSRQVH�± $Q�(VVHQWLDO�,QGLFDWRU�RI�6XUYH\�4XDOLW\��LQ�,QWHUQDWLRQDO�3HUVSHFWLYHV�RQ�1RQUHVSRQVH��3URFHHGLQJV�RI�WKH�6L[WK�,QWHUQDWLRQDO�:RUNVKRS�RQ�+RXVHROG�6XUYH\�1RQUHVSRQVH��6WDWLVWLFV�)LQODQG��+HOVLQNL�/HVVOHU�-�7���.DOVEHHN�:�'����������1RQVDPSOLQJ�(UURU�LQ�6XUYH\V��:LOH\��1HZ�<RUN�/LWWOH� 5�-�$�� �������� 0RGHOV� IRU� 1RQUHVSRQVH� LQ� 6DPSOH� 6XUYH\V�� -RXUQDO� RI� WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��9������SS����������/LWWOH�5�-�$����������7KH� ,JQRUDEOH�&DVH��7KH�1RQLJQRUDEOH�&DVH��LQ�,QFRPSOHWH�'DWD�LQ� 6DPSOH� 6XUYH\V��9RO�� ,,��7KHRU\� DQG�$QQRWDWHG�%LEOLRJUDSK\� �:�*��0DGRZ�� ,��2ONLQ��'�%��5XELQ��(GV����&DSLWROL �������$FDGHPLF�3UHVV��1HZ�<RUN�/LWWOH�5�-�$���5XELQ�'�%�� ��������6WDWLVWLFDO�$QDO\VLV�ZLWK�0LVVLQJ�'DWD��:LOH\��1HZ�<RUN�4XLQWDQR� &��� /XFHY� '�� �������� /H� 0DQFDWH� 5LVSRVWH� LQ� (VSHULHQ]H� GL� ,QGDJLQL�5HGGLWXDOL��4XDGHUQL�VDUGL�GL�(FRQRPLD��Q����5XELQ� '�%�� �������� &KDUDFWHUL]LQJ� WKH� (VWLPDWLRQ� RI� 3DUDPHWHUV� LQ� ,QFRPSOHWH� 'DWD�3UREOHPV��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��9������SS����������5XELQ�'�%����������,QIHUHQFH�DQG�0LVVLQJ�'DWD��%LRPHWULND������SS����������6lUQGDO� &�(�� �������� )RU� D� %HWWHU� 8QGHUVWDQGLQJ� RI� ,PSXWDWLRQ�� LQ� ,QWHUQDWLRQDO�3HUVSHFWLYHV� RQ�1RQUHVSRQVH�� 3URFHHGLQJV�RI� WKH�6L[WK� ,QWHUQDWLRQDO�:RUNVKRS� RQ�+RXVHROG�6XUYH\�1RQUHVSRQVH��6WDWLVWLFV�)LQODQG��+HOVLQNL�
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