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���,QWURGXFWLRQ
'HYHORSPHQWV�LQ�FDU�LQGXVWU\�DV�ZHOO�DV�LQ�PRELOH�PDFKLQHV�DUH�VKDSHG�E\D VWURQJ� GHPDQG� WR� UHGXFH� WKH� IXHO� FRQVXPSWLRQ�� 2QH� FDQ� VD\� WKDW� LQ� JHQHUDOPRUH� HQYLURQPHQWDO� IULHQGO\� V\VWHP� VROXWLRQV� DQG� � WKH� UHGXFWLRQ� RI� RSHUDWLQJFRVWV�SOD\�DQ� LQFUHDVLQJ� UROH� WRGD\�� ,Q� WKH�DUHD�RI�SRZHU� WUDQVPLVVLRQV� WKLV�KDVOHDG� WR� YDULRXV� DOWHUQDWLYH� QHZ� VROXWLRQV�� 7KH� SDSHU� DQDO\VLV� WKHVH� WUHQGV� DQGVXPPHUL]HV� WKH� UHTXLUHPHQWV� LQ� WKH� ILHOG�RI�K\GURVWDWLF� WUDQVPLVVLRQV� IROORZLQJIURP�WKLV�DFWXDO�GHYHORSPHQW��7KH�SULQFLSOH�RI�SRZHU�VSOLW�GULYH�LV�NQRZQ�RYHU�PRUH�WKDQ�IRXU�GHFDGHV�'XH� WR� WKH� FRPELQDWLRQ� RI� D� SODQHWDU\� PHFKDQLFDO� JHDU� ZLWK� D� FRQWLQXRXVO\YDULDEOH� WUDQVPLVVLRQ� WKH� SRZHU� VSOLW� GULYH� FRPELQHV� WKH� VWHSOHVV� FRQWURO� RIGULYLQJ� VSHHG� ZLWK� VLPXOWDQHRXV� KLJK� HIILFLHQF\� DV� NQRZQ� IURP� PHFKDQLFDOJHDUV��7KHUH�DUH�WKUHH�EDVLF�DOWHUQDWLYH�VROXWLRQV�WR�UHDOL]H�D�SRZHU�VSOLW�GULYH���FRPELQDWLRQ�RI�SODQHWDU\�JHDU�ZLWK�D�FRQWLQXRXV�YDULDEOH�PHFKDQLFDO�JHDU����FRPELQDWLRQ�RI�SODQHWDU\�JHDU��ZLWK�K\GURG\QDPLF�WUDQVPLVVLRQ���FRPELQDWLRQ�RI�SODQHWDU\�JHDU�ZLWK�D�K\GURVWDWLF�WUDQVPLVVLRQ���2Q�RQH�VLGH�WKH�PDUNHW��UHTXLUHV�D�ZLGH�VSHHG�UDQJH��KLJK�HIILFLHQF\�OHYHO�DQ�H[FHOOHQW� FRQWUROODELOLW\�RI� VSHHG��FRPSDFWQHVV�� KLJK� UHOLDELOLW\�DQG� ORQJ� OLIHDQG�RQ�WKH�RWKHU�VLGH�LW�GHPDQGV�WKH�ORZHVW�SRVVLEOH�SULFH��'XH�WR�WKLV�WKH�WKLUGEDVLF�SULQFLSOH���D�FRPELQDWLRQ�RI�SODQHWDU\�JHDU�ZLWK�D�K\GURVWDWLF�WUDQVPLVVLRQ��KDV�D�JRRG�FKDQFH�WR�EH�DSSOLHG�LQ�D�ORW�RI�GLIIHUHQW�PDFKLQHV�DQG�FDUV�

���3RZHU�6SOLW�'ULYH�%DVHG�RQ�+\GURVWDWLF�7UDQVPLVVLRQ
)LJXUH���GHPRQVWUDWHV�WKH�SULQFLSOH�VWUXFWXUH�RI�D�SRZHU�VSOLW�GULYH�XVLQJ�DK\GURVWDWLF� WUDQVPLVVLRQ� IRU� FRQWLQXRXV� YDULDEOH� VSHHG� FRQWURO�� 7KH� K\GURVWDWLFWUDQVPLVVLRQ�ZLWK�D�YDULDEOH�XQLW�$�DQG�D�IL[HG�GLV�SODFHPHQW�XQLW�%�LV�FRQQHFWHGZLWK�WZR�VKDIWV�RI�WKH�WKUHH�VKDIW�SODQHWDU\�JHDU��,Q�DFFRUGDQFH�ZLWK� WKH�FKRVHQV\VWHP� GHVLJQ� RQO\� D� SDUW� RI� WKH� WUDQVPLWWHG� SRZHU� LV� WUDQVIHUUHG� YLD� WKHK\GURVWDWLF�WUDQVPLVVLRQ��7KH�DPRXQW�RI�K\GURVWDWLFDOO\�WUDQVIHUUHG�SRZHU�FDQ�EH
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FRQWUROOHG� E\� WKH� YDULDEOH� GLVSODFHPHQW� XQLW�� ,Q� FDVH� RI� � D� ]HUR� DGMXVWHGGLVSODFHPHQW� YROXPH� WKH� ZKROH� SRZHU� LV� WUDQVIHUUHG� PHFKDQLFDOO\�� %RWKGLVSODFH�PHQW� XQLWV� FDQ� H[FKDQJH� WKHLU� IXQFWLRQ�� L�H�� XQLW� $� UXQV� DV�PRWRU� DQGXQLW�%�DV�SXPS��7KLV�DOORZV�WR�UHGXFH�WKH�VSHHG�RI�WKH�RXWSXW�VKDIW�DFFRUGLQJO\��
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)LJ�����3RZHU�VSOLW�GULYH�ZLWK�K\GURVWDWLF�WUDQVPLVVLRQ���EDVLF�VWUXFWXUH
7KH�GLIIHUHQW�DUUDQJHPHQW�RI� WKH�VDWHOOLWH�FDUULHU�DQG� IOH[LEOH� VWUXFWXUH�RIWKH�K\GURVWDWLF� WUDQVPLVVLRQ� �WZR�� WKUHH�RU�PRUH�XQLWV�� DOORZV�D� ORW� RI�GLIIHUHQWVROXWLRQV� RI� WKLV� NLQG� RI� WUDQVPLVVLRQ�� ZKLFK� FDQ� EH� GLYLGHG� LQWR� WZR� EDVLFJURXSV�,��7UDQVPLVVLRQV�ZLWK�KLJK�UDWLR�RI�K\GURVWDWLFDOO\��WUDQVPLWWHG�SRZHU,,��7UDQVPLVVLRQ�ZLWK�ORZ�UDWLR�RI�K\GURVWDWLFDOO\�WUDQVPLWWHG�SRZHU)LJXUH���VKRZV�DQ�H[DPSOH�IRU�D�SRZHU�VSOLW�WUDQVPLVVLRQ�DFFRUGLQJ�WR�WKHGHILQHG�FODVV�,���$�SRVVLEOH�VROXWLRQ�IRU�D�WUDQVPLVVLRQ�RI�FODVV�,,�LV�GHPRQVWUDWHGLQ� )LJXUH� ��� %RWK� EDVLF� SULQFLSOHV� UHTXLUH� D� KLJK� HIILFLHQF\� RI� WKH� K\GURVWDWLFWUDQVPLVVLRQ�� ,Q� WKLV� PDWWHU�ZD\V� IRU� HIILFLHQF\� LPSURYHPHQWV� RI� GLVSODFHPHQWPDFKLQHV� DUH� YHU\� LPSRUWDQW�� 7KH� GLVSODFHPHQW� SXPSV� DQG� PRWRUV�� ZKLFK� DUHFXUUHQWO\� RQ� WKH� PDUNHW�� XVXDOO\� DFKLHYH� D� UHODWLYHO\� ORQJ� OLIH� DQG� VXIILFLHQWUHOLDELOLW\�� EXW� YHU\� RIWHQ� WKH\� KDYH� D� ORZ� HIILFLHQF\� DQG� D� WRR� KLJK� QRLVHHPLVVLRQ��9DOXHV�IRU�WKH�PD[LPXP�WRWDO�HIILFLHQF\�EHORZ������DUH�QRW�VHOGRP�IRUPRVW�RI� WRGD\
V�GHVLJQV�� ,Q� WKLV�PDWWHU�ZH�FDQ�QRWLFH� D� VWURQJ�GHPDQG� WR� UHDFKKLJKHU�HIILFLHQF\�OHYHOV�RI�SXPSV�DQG�PRWRUV�HVSHFLDOO\�LI�ZH�WKLQN�DERXW�WKH�XVHRI SXPSV� RU� PRWRUV� DSSOLHG� LQ� SRZHU� VSOLW� GULYH� WHFKQRO�RJ\�� 7KH� DFKLHYDEOH
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LPSURYHPHQWV� RI� HIILFLHQF\� RI� WRGD\
V� GLVSODFHPHQW� PDFKLQHV� OLH� LQ� D� UDQJHEHWZHHQ�VRPH�WHQWK�DQG�VRPH�KXQGUHGWK��,W�IROORZV�IURP�WKLV�WKDW�WKH�DVVHVVPHQWRI� LPSURYHPHQWV� UHTXLUHV� D� YHU\� KLJK� DFFXUDF\� RI� HIILFLHQF\� PHDVXUHPHQWVLQFOXGLQJ�WKH�GHWHUPLQDWLRQ�RI�WKH�GHULYHG�FDSDFLW\���
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3287

�� 9LEUDWLRQ�'DPSHU
�� 6DWHOOLWH�&DUULHU
�� +ROORZ�:KHHO
�� 3XPS
�� +\GURPRWRU
�� 7RUTXH�6XPPLQJ�
�� 6XQ�:KHHO
�� *HDU�6KLIW����6WDJHV�
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)LJ�����3RZHU�6SOLW�GULYH�ZLWK�KLJK�UDWLR�RI�K\GUDXOLFDOO\�WUDQVIHUUHG�SRZHU
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)LJ�����3RZHU�VSOLW�GULYH�ZLWK�ORZ�UDWLR�RI�K\GUDXOLFDOO\�WUDQVIHUUHG�SRZHU

��



%DVHG�RQ�D� VKRUW�DQDO\VLV�RI� � WKH� ORVV�EHKDYLRXU�RI�PRGHUQ�GLVSODFHPHQWPDFKLQHV� D�QHZ�PHWKRG� IRU� WKH� GHWHUPLQDWLRQ�RI� ORVVHV� LQFOXGLQJ� DQ� DQDO\WLFDOGHVFULSWLRQ�LV�LQWURGXFHG�LQ�WKLV�SDSHU�,Q� DOO� W\SHV� RI� GLVSODFHPHQW� PDFKLQHV� RQH� FDQ� ILQG� OXEULFDWLQJ� JDSVEHWZHHQ� WKH� SDUWV� PRYLQJ� UHODWLYHO\� WR� HDFK� RWKHU�� 7KH� OXEULFDWLQJ� JDS�� ZKLFKYHU\� RIWHQ� VHUYHV� DV� D� VOLGLQJ� EHDULQJ� DQG� DFFRPSOLVKHV� DGGLWLRQ�DOO\� D� VHDOLQJIXQFWLRQ�UHSUHVHQWV�RQH�RI�WKH�PDLQ�VRXUFHV�RI�HQHUJ\�ORVVHV��$�SDUW�RI�WKH�LQSXWHQHUJ\�RI� WKH�GLVSODFHPHQW�PDFKLQH� LV�GLVVLSDWHG�GXH� WR� WKH�JDS� IORZ��7KH�JDSIORZ� VLPXODWLRQ� DOORZV� WKH� SUHGLFWLRQ� RI� YROXPHWULF� ORVVHV�� 7KH� DGYDQWDJHV� � DVZHOO�DV�WKH�FXUUHQW�OLPLWV�RI�WKLV�QHZ�DSSURDFK�ZLOO�EH�H[SODLQHG�LQ�WKH�SDSHU��'XH� WR� WKH� FRPSOH[�EHKDYLRXU� RI�K\GUDXOLF�PHFKDQLFDO� ORVVHV��ZKLFK� DUHPDLQO\�FDXVHG�E\�GLIIHUHQW�W\SHV�RI�IULFWLRQ�DV�ZHOO�DV�WKURXJK�WKH�LPSXOVH�FKDQJHRI WKH�IOXLG�IORZLQJ�WKURXJK�VHYHUDO�K\GUDXOLF�UHVLVWDQFH�ZLWKLQ�WKH�GLVSODFHPHQWPDFKLQH�WKH�GHWHUPLQDWLRQ�RI�ORVVHV�RI�D�UHDO�GLVSODFHPHQW�PDFKLQH�FDQ�EH�RQO\GRQH� E\� PHDVXUHPHQWV�� 7KH� LQWHUQDWLRQDO� VWDQGDUG� ,62������ GHILQH� WKH� WHVWSURFHGXUHV��FRQGLWLRQV�DQG�UHTXLUHG�PHDVXUHPHQW�DFFXUDF\�IRU�WKH�GHWHUPLQDWLRQRI VWHDG\� VWDWH� SHUIRUPDQFH� RI� GLVSODFHPHQW� PD�FKLQHV�� )RU� WKH� FDOFXODWLRQ� RIYROXPHWULF� ORVVHV� 46� DQG� WRUTXH� ORVVHV� 06� WKH� GHWHUPLQDWLRQ� RI� WKH� GHULYHGGLVSODFHPHQW�YROXPH�9L��ZKLFK�LV�DOVR�WHUPHG�DV�GHULYHG�FDSDFLW\��LV�QHFHVVDU\�7KHUH�DUH�VHYHUDO�PHWKRGV�DSSOLHG�LQ�SUDFWLFH��2QH�RI�WKH�PHWKRGV�LV�GHILQHG�LQWKH�LQWHUQDWLRQDO�VWDQGDUG�,62�������$QRWKHU�PHWKRG�ZDV�GHYHORSHG�E\�7RHW��,WFDQ� EH� VKRZQ� WKDW� ERWK�PHWKRGV� DUH� QRW� TXLWH� H[DFW�� 7KH�PHWKRG� DFFRUGLQJ� WR,62� JLYHV� GLIIHUHQW� YDOXHV� IRU� WKH� GHULYHG� GLVSODFHPHQW� YROXPH� IRU� GLIIHUHQWSUHVVXUH� GLIIHUHQFHV� DQG� ZLWK� WKH� 7RHW� PHWKRG� WKH� 9L� �� YDOXHV� REWDLQHG� IRUGLIIHUHQW� VSHHGV� GLIIHU� IURP� HDFK� RWKHU�� %DVHG� RQ� FRPSDULVRQ� RI� JDS� IORZVLPXODWLRQ�UHVXOWV�DQG�VWHDG\�VWDWH�SHUIRUPDQFH�PHDVXUHPHQWV�D�QHZ�PHWKRG�IRUGHWHUPLQDWLRQ�RI�YROXPHWULF�DQG�WRUTXH�ORVVHV�ZDV�GHYHORSHG��7KH�DSSOLFDWLRQ�RI�FRPSXWHU�DLGHG�GHVLJQ�PHWKRGV�IRU�IOXLG�SRZHU�V\VWHPVUHTXLUHV� DQ� DQDO\WLFDO� GHVFULS�WLRQ� RI� WKH� ORVV�EHKDYLRXU� RI� DOO� FRPSRQHQWV�� EXWHVSHFLDOO\�RI�WKH�GLVSODFHPHQW�PDFKLQHV��7KH�SUHGLFWLRQ�RI�ORVVHV�RI�IOXLG�SRZHUV\VWHPV� E\� V\VWHP� VLPXODWLRQ� DQG� WKH� GHVLJQ� RI� V\VWHPV� ZLWK� D� PLQLPXP� RISRZHU� ORVVHV� UHTXLUH� D�YHU\�KLJK�DFFXUDF\�RI� VWHDG\� VWDWH�PRGHOV�� ,Q� WKH�SDVW� DQXPEHU�RI�GLIIHUHQW�PDWKHPDWLFDO�PRGHOV�IRU�WKH�GHVFULSWLRQ�RI�ORVV�EHKDYLRXU�RIGLVSODFHPHQW�PDFKLQHV�ZHUH�GHYHORSHG��1HDUO\�DOO�DYDLODEOH�PRGHOV�DUH�EDVHG�RQ��PHDVXUHPHQWV�� EXW� GLIIHUHQW� � PHWKRGV� DUH� DSSOLHG� WR� REWDLQ� DQ� DQDO\WLFDOGHVFULSWLRQ��)ROORZLQJ� WKH�FODVVLFDO�PRGHOV�GHYHORSHG�E\�:LOVRQ�DQG�6FKO|VVHUIRU�H[DPSOH�%DYHQGLHN��KDV�WULHG�WR�GHVFULEH�DOO�WKH�LQGLYLGXDO�VRXUFHV�RI�ORVVHVLQ�DQ�D[LDO�SLVWRQ�SXPS�DV�D�IXQFWLRQ�RI�RSHUDWLRQDO�SDUDPHWHUV�DQG�WKH�YLVFRVLW\RI WKH�IOXLG�ZLWK�VLPSOLILHG�HTXDWLRQV��ZKLFK�FDQ�EH�VROYHG�DQDO\WLFDOO\��,W�FDQ�EH
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VKRZQ� WKDW� WKH� XVH� RI� VRPH� SRO\QRPLDO� ILWWLQJV� DOORZ� D� KLJKHU� DFFXUDF\� RI� WKHPRGHO��7KH�SDSHU� LQFOXGHV�D�FRPSDULVRQ�RI�GLIIHUHQW�DSSURDFKHV�DQG�VKRZV� WKHUHVXOWV�ZKLFK� FDQ� EH� DFKLHYHG�ZLWK� WKH� QHZ�PRGHO� 32/<02'��7KH� JDS� IORZVLPXODWLRQ� SURJUDPPH�&$63$5��ZKLFK�ZDV� SUHVHQWHG� RQ� WKH� �WK� 6,&)3
��� LQ7DPSHUH��DOORZV�DQ�H[DFW�FRPSXWDWLRQ�RI�YROXPHWULF� ORVVHV��'XH� WR� WKLV� IDFW� � DFRPSDULVRQ�RI�YROXPHWULF�ORVVHV�DQG�WKHLUV�GHSHQGHQFH�RQ�RSHUDWLRQ�SDUDPHWHUVJLYHQ� E\� PHDVXUHPHQW� DQG� WKH� PHDVXUHPHQW� EDVHG� VWHDG\� VWDWH� PRGHO32/<02'�ZLWK�WKH�FRPSXWDWLRQ�UHVXOWV�RI�WKH�JDS�IORZ�VLPXODWLRQ�SURJUDPPHFDQ�EH�SUHVHQWHG�DQG�GLVFXVVHG�LQ�WKLV�SDSHU��

5HIHUHQFHV
�� %DYHQGLHN�� � 5�� �������� 9HUOXVWNHQQZHUWEHVWLPPXQJ� DP� %HLVSLHO� YRQ� K\GURVWDWLVFKHQ0DVFKLQHQ�LQ�6FKUlJDFKVHQEDXZHLVH��3K'�WKHVLV��8QLYHUVLW\�%:�+DPEXUJ��*HUPDQ\�
�� %HUJHU�� *�� �������� $XWRPDWLVFK� VWXIHQORV� ZLUNHQGHV� K\GURVWDWLVFKHV� /DVWVFKDOWJHWULHEH� I�U.UDIWIDKU�]HXJH� 3K'�WKHVLV��5XKU�8QL�%RFKXP��*HUPDQ\�
�� %OXPHQWKDO��8����������%HXUWHLOXQJVNULWHULHQ�I�U�VWXIHQORV�ZLUNHQGH�K\GURVWDWLVFK�PHFKDQLVFKH/DVW�VFKDOWJHWULHEH�LQ�3HUVRQHQNUDIWZDJHQ���3K'�WKHVLV��5XKU�8QL�%RFKXP��*HUPDQ\�
�� &RQUDG��)���6RUHQVHQ��3�+���7URVWPDQQ��(�����������2Q�WKH�PRGHOOLQJ�RI�IORZ��DQG�WRUTXH�ORVV�LQK\GURVWDWLF�PDFKLQHV���WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�)OXLG�3RZHU��&DPEULGJH��8.�
�� 'RUH\��5����������0RGHOOLQJ�RI�ORVVHV�LQ�SXPSV�DQG�PRWRUV���VW�%DWK�,QWHUQDWLRQDO�)OXLG�3RZHU:RUN�VKRS��8QLYHUVLW\�RI�%DWK��8.�
�� (PDPGMRPHK�� 1�� �������� 9HUJOHLFK� YRQ� /DVWVFKDOWJHWULHEHQ� PLW� NRQVWDQWHQ� XQG� VWXIHQORVHQK\GURVWD�WLVFKHQ *DQJ�EHUVHW]XQJHQ�I�U�7UDNWRUHQ��3K'�WKHVLV��5XKU�8QL�%RFKXP��*HUPDQ\��
�� )UHGULNVHQ��1�� ��������=XP�(QWZLFNOXQJVVWDQG�HLQHV�QHXHQ�VWXIHQORVHQ�)DKU]HXJJHWULHEHV�PLWK\GURVWD�WLVFK�PHFKDQLVFKHU� /HLVWXQJVYHU]ZHLJXQJ�� 9',�/DQGWHFKQLN�7DJXQJ�)UHLVLQJ�:HLKHQVWHSKDQ��*HUPDQ\�
�� +ROOlQGHU�� .��� /DQJ�� 7��� 5|PHU�� $�� �������� +\GUDXOLN� LQ� 7UDNWRUHQ� XQG� /DQGPDVFKLQHQ�gOK\GUDXOLN XQG�3QHXPDWLN����QR����6�����������
�� +XKWDOD��.���9LOHQLXV��0����������&RPSDULVRQ�RI� VWHDG\�VWDWH�PRGHOV�RI�K\GUDXOLF�SXPSV���WK6FDQGLQD�YLDQ�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�)OXLG�3RZHU��/LQN|SLQJ��6ZHGHQ�
��� ,YDQW\V\Q��-���,YDQW\V\QRYD��0����������+\GURVWDWLVFKH�3XPSHQ�XQG�0RWRUHQ��.RQVWUXNWLRQ�XQG%HUHFKQXQJ� 9RJHO�9HUODJ��0DLQ]�
��� ,YDQW\V\QRYD�� 0�� �������� :D\V� IRU� (IILFLHQF\� ,PSURYHPHQWV� RI� 0RGHUQ� 'LVSODFHPHQW0DFKLQHV��6L[WK�6FDQGLQDYLDQ�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�)OXLG�3RZHU��7DPSHUH��)LQODQG�
��� -DUFKRZ��)����������/HLVWXQJVYHU]ZHLJWH�*HWULHEH��9',�=HLWVFKULIW������1U����6�����������
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��� -DUFKRZ�� )�� �������� hEHUODJHUXQJVJHWULHEH� I�U� VWXIHQORVH� 'UHK]DKO�XQG'UHKPRPHQWHQZDQGOXQJ�LQ�.UDIWIDKU]HXJHQ��9',��%HULFKWH�1U�������*HUPDQ\�
��� -DUFKRZ�� )�� �������� 6WXIHQORVH� K\GURVWDWLVFKH� 8PODXI�� XQG� .RSSHOJHWULHEH�� 9',�%HULFKWH1U�����
��� /�QLQJ�� 8�� �������� 6LPXOLHUWHV� XQG� ZLUNOLFKHV� 9HUKDOWHQ� YRQ� K\GURVWDWLVFK� PHFKDQLVFKHQ/DVWVFKDOW�JHWULHEHQ� XQG� NRQYHQWLRQHOOHQ� *HWULHEHQ� LQ� 3HUVRQHQNUDIWZDJHQ�� 3K'� WKHVLV�5XKU�8QL %RFKXP��*HUPDQ\�
��� .UHVV�� -�� +�� � �������� +\GURVWDWLF� 3RZHU� 6SOLWWLQJ� 7UDQVPLVVLRQ� IRU� ZKHHOHG� YHKLFOHV� �&ODVVLILFDWLRQ� DQG� WKHRU\� RI� RSHUDWLRQ�� 6RFLHW\� RI� $XWRPRWLYH� (QJLQHHULQJ�� ,QF��� 86$�� 1R��������
��� 0�OOHU��+��:����������'LH�8PODXIJHWULHEH��6SULQJHU�9HUODJ��%HUOLQ��+HLGHOEHUJ��1HZ�<RUN�
��� 6FKO|VVHU��:����������0DWKHPDWLFDO�PRGHO�IRU�GLVSODFHPHQW�SXPS�DQG�PRWRUV��+\GUDXOLF�3RZHU7UDQV�PLVVLRQ��$SULO��SS����������DQG�0D\��SS����������
��� 6KDNHU��$��+�����������6WXIHQORVH�K\GURVWDWLVFKH�.RSSHOJHWULHEH�I�U�.UDIWIDKU]HXJH��3K'�WKHVLV�5XKU�8QL %RFKXP��*HUPDQ\�
��� 6NLUGH�� (��� *LJOLQJ�� 0�� �������� +\GURVWDWLN� I�U� OHLVWXQJVYHU]ZHLJWH� *HWULHEH�� .ROORTXLXP0RELOK\GUDX�OLN� %UDXQVFKZHLJ��*HUPDQ\�
��� 7RHW�� *�� �������� 'LH� %HVWLPPXQJ� GHV� WKHRUHWLVFKHQ� +XEYROXPHQV� YRQ� K\GURVWDWLVFKHQ9HUGUlQJHUSXP�SHQ�XQG�0RWRUHQ�DXV�YROXPHWULVFKHQ�0HVVXQJHQ��gOK\GUDXOLN�XQG�3QHXPDWLN����1U�����6�����������
��� 7HQEHUJH�� 3�� -�� �������� :LUNXQJVJUDGH� YRQ� =XJ�� XQG� 6FKXEJOLHGHUNHWWHQ� LQ� HLQVWHOOEDUHQ.HLOXPVFKOLQ�JXQJVJHWULHEHQ� 3K'�WKHVLV��5XKU�8QL�%RFKXP��*HUPDQ\�
��� 7KRPD��-����������0DWKHPDWLFDO�PRGHOV�DQG�HIIHFWLYH�SHUIRUPDQFH�RI�K\GURVWDWLF�PDFKLQHV�DQGWUDQVPLV�VLRQV��+\GUDXOLF�DQG�3QHXPDWLF�3RZHU��1RY���SS�����������
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