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x 7KH�RQO\�WUXO\�EDODQFHG�SUHDPSOLILHUx $OORZV� D� UHSURGXFWLRQ� VWDQGDUG� WKDW� HYHQ���DVWRXQGV�H[SHULHQFHG�OLVWHQHUVx 8QEDODQFHG�DQG�SVHXGR�EDODQFHG�VLJQDOV�x DUH DXWRPDWLFDOO\�EDODQFHG�ULJKW�DW�LQSXWx 3URSULHWDU\�HQKDQFHG�&ODVV�$�FLUFXLWU\x &055� RI� ���� G%� �DERXW� ��������� WLPHV�EHWWHU� WKDQ� RWKHU� VR�FDOOHG� �EDODQFHG��HTXLSPHQW�x 3DVVHV� FULWLFDO� �IORDWLQJ� WHVW�� ZLWK� IO\LQJ�FRORXUVx 7UHPHQGRXV� KHDGURRP� DQG� UHVHUYHV� LQ�LQSXW�VLJQDO�KDQGOLQJ�FDSDELOLW\�����G%Y��x (DFK� RI� WKH� EDODQFHG� LQSXW� SDWKV� KDV�SUHFLVHO\� WKH� VDPH� FKDUDFWHULVWLFV� DV� WKH�RWKHUx 7UXO\�EDODQFHG�VXSHU�FRXSOLQJ�RXWSXWV�DXWR�PDWLFDOO\� DGMXVW� DQG� RSWLPLVH� SHUIRUPDQFH�IRU�EDODQFHG�RU�XQEDODQFHG�ORDGV

(QWLUHO\�GLVFUHWH�FLUFXLWU\�XVLQJ�VSHFLDO�FXUYH�WUDFHU�DQDO\VHG�DQG�OLVWHQLQJ�VHOHFWHG�VHPL�FRQGXFWRUVx =HUR�RYHUDOO�IHHGEDFN�IHHGIRUZDUGx +DQG�VHOHFWHG� DQG� LQGLYLGXDOO\� PDWFKHG�FRPSRQHQWV�RI�',1��,(&�	�0,/�VWDQGDUGx 3URSULHWDU\�SUHFLVLRQ�%DODQFH�DQG�2XWSXW�/HYHO�FRQWUROV�DUH�VSHFLDOO\�VKLHOGHG�JXDUDQWHHLQJ�XQSDUDOOHOHG�IUHHGRP�IURP�QRLVH�	�LQWHUIHUHQFHx ([WUHPHO\�ORZ�LPSHGDQFH�RI�SRZHU�VXSSO\x 7RWDOO\�PRGXODU�FRQFHSW��JXDUDQWHHLQJ�WKDW�WKH�)0�����GRHV�QRW�EHFRPH�REVROHWHx 2XWSXWV�GULYH�DQ\�ORDG�ZLWK�SHUIHFW�UHSURGXFWLRQ�DQG�VWDELOLW\x 1R�PRUH�PDWFKLQJ�SUREOHPV�EHWZHHQ�HOHFWURQLFV�DQG�FDEOHV����PRUH�LQ�WKH�QH[W�)0�$&2867,&6�1(:6���

7KH�H[SHUWV�DJUHH����7KH�5HVROXWLRQ�6HULHV� SURYLGHV�WUXO\�VLQJXODU�SHUIRUPDQFH�
7KH�5HVROXWLRQ� 6HULHV� SUHFLVLRQ� SRZHU� DPSOLILHUV� DQG� SUH�DPSOLILHUV�DUH�WKH�UHVXOW�RI�D�WUHPHQGRXV���\HDU�HIIRUW�XWLOLVLQJ�WKH�PRVW�DGYDQFHG�UHVHDUFK�PHWKRGV�DQG�IDFLOLWLHV��$W�WKH�RXWVHW�LW� ZDV� FOHDU� WR� DOO� LQYROYHG� WKDW� WKLV� ZRXOG� EH� WKHXOWLPDWHVWDWHPHQW� RI� SUHFLVLRQ� DXGLR� HOHFWURQLFV�� 7KLV� FRXOG� RQO\� EH�DFKLHYHG� LI� DQ� HQWLUHO\� GLIIHUHQW� DSSURDFK� WR� 5	'�� GHVLJQ��HQJLQHHULQJ� DQG� SURGXFWLRQ� PHWKRGV� ZHUH� JUDQWHG� DQG�HQFRXUDJHG�� 6LQJXODU� SHUIRUPDQFH� ZLWK� DQ\� ORDG� EH� LW� KLJKO\�FDSDFLWLYH�� LQGXFWLYH� RU� RI� ORZHVW� LPSHGDQFH� SURYLGHV� D� QHZ�OHYHO� RI� DFFXUDF\� RI� UHSURGXFWLRQ�� (QWLUHO\� QHZ� WHFKQRORJLHV��WHVWLQJ�PDFKLQHV�DQG�SURGXFWLRQ�PHWKRGV�KDG�WR�EH�GHYHORSHG��DV� QRWKLQJ�ZLWK� WKH� UHTXLUHG� SUHFLVLRQ� DQG�GHWDLOHG� DQDO\VLQJ�

FDSDELOLW\� ZDV� DQG� LV� DYDLODEOH�� 2QO\� ZLWK� VXFK� D� �]HUR�UHVWULFWLRQV��SROLF\�FDQ�XOWLPDWH�SHUIRUPDQFH�EH�DWWDLQHG�,W�ZDV�D�IRUPLGDEOH�WDVN��RIWHQ�VWUDLQLQJ�DOO�LQYROYHG�WR�WKH�OLPLW��%XW� HYHQWXDOO\� LW� ZDV� D� WKRURXJKO\� VDWLVI\LQJ� H[SHULHQFH�� 7KH�EDFNLQJ� IURP� DOO� RI� WKH� SDUWLHV� LQYROYHG� QRXULVKHG� WKH� FUHDWLYH�VSLULW�DQG�UHVXOWHG�LQ�SURSULHWDU\�GHYHORSPHQWV�WKDW�IDFLOLWDWHG�WKLV�EUHDNWKURXJK� LQ� WKH� SHUIRUPDQFH� RI� SUHFLVLRQ� DXGLR� HOHFWURQLFV��$W�LWV�SULFH�RI�QHDUO\�6IU����
�����WKH�5HVROXWLRQ�6HULHV� ����PD\�EH� RXW� RI� UHDFK� IRU� PDQ\�� EXW� LWV� DEVROXWH� �FRVW� QR� REMHFW��GHYHORSPHQW� SKLORVRSK\� DOORZHG� WKH� DWWDLQPHQW� RI� DEVROXWH�VWDQGDUGV�� 7KH� LQVLJKWV� JDLQHG� DQG� WKH� UHVXOWV�� RI� WKH�GHYHORSPHQWV�DUH�DSSOLHG�WR�WKH�HQWLUH�5HVROXWLRQ�6HULHV� SURGXFW�UDQJH�
7KH�5HVROXWLRQ�6HULHV� LV� WKH XOWLPDWH VWDWHPHQW� RI� SHUIHFWLRQ��FUDIWHG� IRU� WKRVH� IHZ� ZKR� DUH� IRUWXQDWH� HQRXJK� WR� EH� DEOH� WR�DSSUHFLDWH�WKH�DEVROXWH�EHVW�
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)DPRXV�,WDOLDQ�VWDU�$GULDQR�&HOHQWDQREHFRPHV�RZQHU�RI�VHYHUDO5HVROXWLRQ�6HULHV�70�HOHFWURQLFV
7KHUH�KDV�EHHQ�QR�OLPLWDWLRQ�LQ�WKHVH�GHVLJQV��WKHUH�ZDV�QR� WLPH� OLPLW� �LW� LV� QRZ���\HDUV�VLQFH�)0�$&2867,&6VWDUWHG� IXQGDPHQWDO�UHVHDUFK�ZRUN�WKDW�OHG�WR�FRQFOXVLYH�GHVLJQ�FULWHULD���7KHUH�ZDV�QR�OLPLW�RQ�UHVHDUFK�IXQGV��WKH�HQJLQHHULQJ�JURXS�KDG�OLWHUDOO\�QR�ILQDQFLDO�UHVWULFWLRQV���7KHUH�ZHUH�QR� WDUJHWHG�VDOHV�SULFHV�RU� OLPLWV�RQ�SURGXF�WLRQ� WLPH� DQG� �FRVWV�� DQG� WKH� UHVHDUFK� DV� ZHOO� DV� WKH�SURGXFWLRQ� SUHSDUDWLRQ� WHDP� ZHUH� DOORZHG� WR� XVH�ZKDW�HYHU�FRPSRQHQWV�WKH\�GHVLUHG�� ZKDWHYHU�WKH�FRVW�7KH�5HVROXWLRQ�6HULHV� HVFKHZ�DQ\�HIIHFWV��LV�WRWDOO\�YRLG�RI� FRORUDWLRQV�� KRZHYHU� HXSKRQLF� WKH\� PD\� EH�� DOORZV�HYHQ� WKH�PRVW�PLQXWH�GHWDLOV� LQ�D�SHUIRUPDQFH�WR�VSULQJ�DOLYH��6XFK�HIIRUWV�UHVXOW�LQ�DQ�LQFRPSDUDEOH�UHQGHULQJ�RI�PXVLFDO�HYHQWV��,W�LV�D�WUXH�H[SHULHQFH�WR�IXOO\�FRPSUHKHQG�WKH�PDJQLWXGH�RI� WKLV�EUHDNWKURXJK��EXW�DV�RQH�UHYLHZHU�VD\V�� �7KHVH� XQLWV� RSHQ� XS� D� QHZ� OHYHO� RI� PXVLF�UHSURGXFWLRQ��7KH\�DUH�IDU�EH\RQG�HYHQ�WKH�KLJKHVW�RI�WKH�KLJK�HQG�DV�ZH�NQRZ�LW��

7KH� ILQDO� GHVLJQ� UHVXOWHG� LQ� D� VWHUHR� ILYH�ZD\� V\VWHP�GHVLJQHG� LQ� VHSDUDWH� HQFORVXUHV�� DOO� VWDFNHG� LQ� D� WRZHU�OLNH� DUUDQJHPHQW�� 7KH� EDVV� V\VWHP� LV� EDVHG� XSRQ� D��FRPSRXQG�� FRQFHSW�� L�H��� WZR� VSHDNHU� XQLWV� ZRUNLQJ�WRJHWKHU�LQ�DFRXVWLF�VHULHV�LQ�WKH�VDPH�FDELQHW�
´7KH�)0�������LV�DEVROXWHO\�H[FHOOHQW´

7R� RSWLPL]H� WKH� V\VWHP� SHUIRUPDQFH� YDULRXV� HOHFWURQLF�FURVVRYHUV�ZHUH�SXW�WKURXJK�FRPSUHKHQVLYH�WHVWLQJ�SURFHGXUHV��$V�VWDWHG�E\�0$5. 7:2
6$QGUHDV�2OVVRQ��)RXU� GLIIHUHQW� FURVVRYHU� XQLWV� KDYH� EHHQ� WHVWHG�� �5'�RUGHU�%XWWHUZRUW���WK�RUGHU�/LQNZLO]�5LOH\����XQLWV��DQG�WKH� )0� $&2867,&6� XQLWV� ZLWK� *DXVVLDQ� W\SH� VORSH�FKDUDFWHULVWLFV��:H� FRQJUDWXODWH� )0�$&2867,&6� IRU�KDYLQJ�EHHQ�VHOHFWHG�QXPEHU�RQH����$�YHU\�IODW�UHVSRQVH�EHWWHU�WKDQ�<����G%�RYHU�WKH��+]���.K]�UDQJH�ZLWKRXW�WKH�XVH�RI�HTXDOL]HUV��ZDV�DFFRPSOLVKHG�LQ�WKH�VSHDNHU�V\VWHP�ZLWK�WKH�)0��������7KLV�XQLW�ZDV�DOVR�GHILQLWHO\�EHWWHU� LQ� GHILQLWLRQ� DQG� SHUVSHFWLYH�� JLYLQJ� D� EHWWHU�SHUIRUPDQFH�LQ�DOO�UHVSHFWV����
$�',))(5(17�$3352$&+

'DWLQJ�EDFN�D�ELW�WKH�LQIRUPDWLRQ�EHORZ�LV�VWLOO�ZRUWKSUHVHQWLQJ���0$5.�7:2�678',27(.1,.�RI�6WRFNKROP��6ZHGHQ��D� FRQVXOWLQJ� FRPSDQ\� VSHFLDOL]HG� LQ� WKH� FRQFHSWLRQ� RI�KLJK�FODVV�DXGLR�V\VWHPV��KDV�UHFHQWO\�UXQ�WHVWV�WR�ILQG�WKH�XOWLPDWH�HOHFWURQLF�FURVVRYHU��7KHVH�WHVWV�ZHUH�GRQH�IRU�D�SURMHFW� FRPPLVVLRQHG� E\� 3,21((5� (OHFWURQLFV� $%��6ZHGHQ�� WR� GHYHORS� DQ� DEVROXWH�6WDWH�RI�WKH�$UW� �UHIHU�HQFH�� DXGLR� UHSURGXFWLRQ� V\VWHP� WR� EH� XVHG� WR�KLJKOLJKW�WKH� FDSDELOLWLHV� RI� WKH� SURIHVVLRQDO� 7$'�3,21((5�VSHDNHU� FRPSRQHQWV�� 7KH� SURMHFW� ZDV� D� GHVLJQ� VWXG\�UDWKHU�WKDQ�D�FRPPHUFLDO�HIIRUW��ZLWK�WKH�JRDO�RI�FUHDWLQJ�DQ�XOWLPDWH�V\VWHP�FDSDEOH�RI�UHSURGXFLQJ�UHFRUGHG�PXVLF�ZLWK� WUXO\� KLJKHVW� DFFXUDF\� EXW� DW� WKH� VDPH� WLPH� DW� WKH�63/
V� XVHG� LQ� FRQWURO� URRPV�� $� WUXH� �QR� FRPSURPLVH��DSSURDFK�ZDV� WDNHQ�E\�0$5.�7:2�LQ�GHYHORSLQJ� WKLV�VSHDNHU�V\VWHP��1R�ILQDQFLDO�UHVWULFWLRQV�ZHUH�LPSRVHG�RQ�0$5.� 7:2�� DQG� WKLV� DVVLVWHG� LQ� DFKLHYLQJ� WKH�DEVROXWHO\�UHPDUNDEOH�HQG�UHVXOW�0$5.�7:2�GHFLGHG�HDUO\�RQ�WKDW�LW�ZRXOG�EH�QHFHVVDU\�WR�LQFRUSRUDWH�WKH�DEVROXWH�EHVW�LQ�FURVVRYHU�WHFKQRORJ\�P�RUGHU� WR� H[WUDFW� WKH� XOWLPDWH� LQ� SHUIRUPDQFH� IURP� WKH�V\VWHP��$IWHU�FRPSUHKHQVLYH�WHVWV�ZLWK�YDULRXV�FURVVRYHU�GHVLJQV�� WKH� )0� $&2867,&6� )0 ������ /LQHDU�3KDVH�(OHFWURQLF�&URVVRYHU�ZDV�IRXQG�WR�JLYH�WKH�EHVW�UHVXOWV��,W��LGHDOO\� VROYHG� WKH� SUREOHP� RI� FRQWUROOLQJ� DOO� HOHFWULFDO�DQG�DFRXVWLF�SDUDPHWHUV��RI�WKH�V\VWHP� $�V\VWHP�WKDW�UHSURGXFHV�WKH�HQWLUH�DXGLR�VSHFWUXP�ZLWKDQ�RXWVWDQGLQJ�GHJUHH� RI� UHDOLVP��'HVLJQHG� IRU�3LRQHHU�6ZHGHQ�E\�0DUN�7ZR�RI�6WRFNKROP�
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0U��2OVVRQ�ZHQW�RQ�WR�IXUWKHU�H[SODLQ�WKDW��&URVVRYHU�ILOWHUV�DUH�RIWHQ�WKH�FKRLFH�RI�D�FRPSURPLVH�EHWZHHQ� WKH� VSHDNHU� IUHTXHQF\�UHVSRQVH��SRZHU� OLPLWD�WLRQ�DQG�WKH�UHTXLUHPHQW�IRU�SKDVH�FRQVLVWHQW�WUDQVLWLRQV��7KH� EHVW� VROXWLRQ� SURYHG�� WR� EH� WKH� )0�$&2867,&6�DSSURDFK��FRPELQLQJ�DEVROXWH�OLQHDU�SKDVH�FKDUDFWHULVWLF��)0�$&2867,&6� JXDUDQWHHV� D� SKDVH� DFFXUDF\� DW� WKH�FURVVRYHU� SRLQW� RI� EHWWHU� WKDQ� ���� ZLWK� D� XQLTXH�*DXVVLDQ�ILOWHU�SURYLGLQJ�D�FRQVLVWHQWO\�LQFUHDVLQJ�VORSH�RI����G%�RFWDYH��7R�RXU�NQRZOHGJH�WKLV�LV�WKH��RQO\� ILOWHU� WKDW� DFKLHYHV� FRUUHFW� SKDVH� WUDQVLWLRQ�� YHU\�KLJK�DWWHQXDWLRQ�RXWVLGH�WKH�SDVV�EDQG��DQG�FRUUHFW�VWHS�UHVSRQVH�ZLWKRXW�DQ\�ULQJLQJ�RU�RYHUVKRRW���7KH�VPDOO�FURVVRYHU�IUHTXHQF\�PRGXOHV�FDQ�EH�UHSODFHG�LQ� VHFRQGV�� 7KLV� DOORZHG� SUHFLVH� ILQH� WXQLQJ� RI� WKH�V\VWHP��7KH�)0�������LV�DEVROXWHO\�H[FHOOHQW��
7KH�VLJQDO�IURP�WKH�VRXUFHV�LV�IHG�YLD�WKH�SUH�DPSOLILHU WR�DQ� )0� $&2867,&6� )0� ���� 3UHFLVLRQ� %DODQFHG� /LQH�'ULYHU�ZKLFK�ERRVWV� DQG�SHUIHFWO\�EDODQFHV� WKH�VLJQDO� WR�WKH� FURVVRYHUV�� 7KH� UHVXOWLQJ� V\VWHP� FDQ� UHSURGXFH�IUHTXHQFLHV�LQ�WKH�ZKROH�SHUFHSWLEOH�DXGLR�VSHFWUXP�ZLWK�DQ�DVWRQLVKLQJ�GHJUHH�RI�UHDOLVP�DQG�ORZHVW�G\QDPLF�DQG�VWDWLF�GLVWRUWLRQ�$IWHU� D� VXFFHVVIXO� SUHVV� FRQIHUHQFH�� WKH� V\VWHP� GHPRQ�VWUDWHG� LWV� H[FHOOHQW� FDSDELOLWLHV� LQ� WKH� �%HUZDOGKDOOHQ���WKH� FRQFHUW� KDOO� EHORQJLQJ� WR� 6ZHGLVK� 5DGLR�� WR� DQ�DXGLHQFH�RI�����SURIHVVLRQDOV��PXVLFLDQV�DQG�HQJLQHHUV�

7+(�)0������0.,, 6(5,(6
7KH� )0� ���� ��� 0.,,� LV� EDVHG� RQ� WKH LPPHQVHO\�VXFFHVVIXO� )0� ������ /LQHDU�3KDVH� (OHFWURQLF� &URVVRYHU�DQG� FRQWDLQV� DOO� IHDWXUHV� DQG� DOO� SULQFLSDO� GHVLJQ� DQG�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�WKH�)0������7KH�)0�������0.,,� VHULHV� RI� /LQHDU�3KDVH� (OHFWURQLF� &URVVRYHUV�FRQVLVWV� RI� �� DQG� ��ZD\� PRQR YHUVLRQV� RI� WKH� )0� ����0.,,�/LQHDU�3KDVH�(OHFWURQLF�&URVVRYHU��,W�DOVR�XVHV�)0�$&2867,&6
� XQLTXH� OLQHDU�SKDVH� WHFKQRORJ\� DQG�LQFOXGHV�DOO�RI�WKH�IHDWXUHV�RI�WKH�)0�����0.,,�

6RPH�RI� WKH� VDOLHQW� IHDWXUHV� RI� WKH�)0�������0.,,�DUH�¾ 8QPDWFKHG�UHSURGXFWLRQ�DFFXUDF\¾ 1R�VSHDNHU�OREELQJ�LUUHJXODULWLHV�WKDQNV�WR�SHUIHFW�LQ�SKDVH�UHVSRQVH¾ +LJKHU� FOHDQ� VRXQG� V\VWHP 63/
V� WKDQNV� WRORZHU GLDSKUDJP�H[FXUVLRQ�RI�GULYHUV¾ 3HUIHFW�VWHS�UHVSRQVH�ZLWK�DEVROXWH�IUHHGRP RIRYHUVKRRW�DQG�ULQJLQJ¾ )XOO� ��G%� DWWHQXDWLRQ� UHVXOWV� LQ� PXFK� ORZHU�VRXQG�V\VWHP�LQWHUPRGXODWLRQ�GLVWRUWLRQ���������������¾ 'LVFUHWH�&ODVV�$�EDODQFHG�V\PPHWULFDO�LQSXW�IHDWXULQJ�D�&055�RI���G%�RYHU�WKH�IXOO�IUHTXHQF\�UDQJH¾ 3XUH� GLVFUHWH� HQKDQFHG� &ODVV� $� FLUFXLWU\�WKURXJKRXW��1R�IHHGEDFN�RU�IHHGIRUZDUG¾ $EVROXWHO\�QR�,&
V��RS�DPSV��GLVFUHWH�RS�DPSVRU WUDQVIRUPHUV�LQ�DXGLR�SDWK¾ %DODQFHG� RXWSXWV� DUH� WUXO\� V\PPHWULFDO� DQG�SHUIHFWO\�SDVV�FULWLFDO�IORDWLQJ�WHVW¾ 3OXJ�LQ�ERDUG�ZLWK���GLVFUHWH�SUHFLVLRQ�OHYHOOLQJ�DPSOLILHUV�OLPLWHUV�RSWLPLVHG�IRU�HDFK�IUHTXHQF\�EDQG¾ 6,*1$/�35(6(1&(�DQG�3($.�/('�DV�ZHOO�DV�7+5(6+2/'� /(9(/� DQG� /,0,7� 21�2))�VZLWFKHV�DQG�LQGLFDWRUV�IRU�HDFK�IUHTXHQF\�EDQG�DUH�ORFDWH�RQ�IURQW�SDQHO�7KH� )0� ������ 0.,,� LV� QRW� VLPSO\ WKH� XOWLPDWH�FURVVRYHU� ,W�LV�D�VXSHUE�FRPELQDWLRQ�RI�$�WUXO\�6XSHU�FODVV�/LQHU�3KDVH��� RU���ZD\��G%�RFWDYH�(OHFWURQLF�&URVVRYHU�� VXSHUE� VRXQGLQJ�� SURSULHWDU\� SUHFLVLRQ� OHYHOOLQJ�DPSOLILHUV�OLPLWHUV�LQ�GLVFUHWH�&ODVV�$�WHFKQRORJ�����VXSHULRU��WUXO\�EDODQFLQJ��V\PPHWULFDO�OLQH�GULYHUV$OO�WKLV�LQ�D�VWXUG\���XQLW�����UDFN�FKDVVLV�ZLWK�D�EXLOG�TXDOLW\�VHFRQG�WR�QRQH��
7KH�)0�������0.,,�/LQHDU�3KDVH�(OHFWURQLF�&URVVRYHU
V�RXWSXW�EXIIHUV�DOORZ�D�JDLQ�RI�XS� WR����G%��DV�UHTXHVWHG�E\� VHYHUDO� PRELOH� 3�$�� FRPSDQLHV�� 7KH� RXWSXW� GULYHUV�DOORZ����G%Y�RI� GULYH� YROWDJH��7KH� DGYDQWDJH� RI� WKLV� LVWKDW�KLJKHU�GULYH� OHYHOV�FDQ�EH�XVHG�DQG�D�FRUUHVSRQGLQJ�EHWWHU�VLJQDO�WR�QRLVH�UDWLR�DQG�LQWHUIHUHQFH�UHMHFWLRQ�LV



�DFKLHYHG��)XUWKHUPRUH��WKH�VXSHULRU�OLQH�GULYHUV FDQ GULYH�PDQ\�KXQGUHGV�RI�PHWHUV�RI�FDEOH�WKH�PRVW�GLIILFXOW�ORDGV��PXOWLSOH�DPSOLILHUV��LQ�SDUDOOHO��(YHQ�LQ�WKH�ODUJHVW�VRXQG�UHLQIRUFHPHQW� V\VWHP�RQO\� WZR�)0�������FURVVRYHUV�DUH�UHTXLUHG� �LQVWHDG� RI� WKH� XVXDO� RQH� FURVVRYHU� SHU� ����DPSOLILHUV��$QRWKHU�DGGHG�IHDWXUH�LQ�WKH 0.,, 9HUVLRQ�DUH�H[WHQGHG�SRWHQWLRPHWHU� D[OHV� UDWKHU� WKDQ� WKH� SUHYLRXVO\� UHFHVVHG�D[OHV�WKDW�FRXOG�RQO\�EH�DGMXVWHG�ZLWK�D�VFUHZGULYHU��7KH�QHZ� /(9(/� DQG� /,0,7(5� 7+5(6+2/'� SRWHQWLR�PHWHUV� DOORZ� DGMXVWPHQW� HLWKHU� E\� KDQG� RU� ZLWK� D�VFUHZGULYHU�5HFHQWO\� ZH� LQYHVWHG� LQ� WZR� RI� WKH� QHZ� )0� ������/LQHDU�3KDVH�(OHFWURQLF�&URVVRYHUV����7KH� UHVXOWV�ZHUH�VLPSO\�XQEHOLHYDEOH��-XVW�E\�H[FKDQJLQJ�WKH�FURVVRYHUV�ZH� REWDLQHG� EHWZHHQ� �� WR� �� G%� LQ� LQFUHDVHG� V\VWHP�63/����7KHUH�LV�IDU�OHVV�VWUDLQ�RQ�WKH�LQGLYLGXDO�GULYHUV�DQG� D� FRQVLGHUDEOH� UHGXFWLRQ� LQ� GLVWRUWLRQ�� 7KDQNV� WR�WKLV� LQFUHDVH� LQ� GLVWRUWLRQ�IUHH�63/�� WKH�)0�������KDV�VDYHG�PH�IURP�LQYHVWLQJ�DQ�DGGLWLRQDO�86����
����� LQ�VSHDNHUV�DQG�DPSOLILHUV� � DQG�ZH�QRZ�KDYH�HYHQ�PRUH�UHVHUYH�WKDQ�D�V\VWHP�WZLFH�WKH�VL]H��7KH�FDOFXODWLRQ�LV�TXLWH� VWUDLJKW�IRUZDUG�� WKH� VDYLQJV� LQ� WUDQVSRUWDWLRQ�FRVWV�DORQH�SDLG�IRU�WKH�SXUFKDVH�RI�WKHVH�/LQHDU�3KDVH�FURVVRYHUV�� ,QYHVWLQJ� LQ� )0� $&2867,&6� SURGXFWV�SD\V� RII� DPD]LQJO\� ZHOO�� GHVSLWH� WKH� LQLWLDOO\� KLJKHU�SULFH�� ,I� \RX� FDUH� DERXW� TXDOLW\� DQG� FRVW�SHUIRUPDQFH�UDWLRV�� \RX� VKRXOG� FKHFN� RXW� WKH� )0� $&2867,&6�XQLWV�´�1DPH� ZLWKKHOG� E\� UHTXHVW��� 3$�� 5HQWDO�&RPSDQ\
7R� DYRLG� DQ\�SRVVLELOLW\� RI�VLJQDO�GHJUDGDWLRQ��D�VSHFLDO�FLUFXLW�ZKLFK�GRHV�QRW�XVH�DQ\�,&
V�RU�9&$
V�LQ�WKH�VLJQDO�SDWK�RI�WKH�OLPLWHUV�LV�HPSOR\HG���,Q�IDFW�QR�,&
V�DUH�XVHG�WKH�DXGLR�FLUFXLWU\ DW�DOO��7KH�GLVFUHWH�FLUFXLWU\�XVHV�����KDQG�VHOHFWHG� ���� WUDQVLVWRUV�ZKLFK� DUH� DGGLWLRQDOO\� VXE�MHFWHG� WR� )0�$&2867,&6
� XQLTXH� OLVWHQLQJ�WHVW� SURFH�GXUH�� 7KLV� LV� GRQH� ZLWK� HDFK� LQGLYLGXDO� VHPLFRQGXFWRU�DQG� RQO\� SHUIHFWO\� PDWFKHG� VHPLFRQGXFWRUV� DUH� XVHG��7KHVH�DUH�RSHUDWLQJ�LQ�WKHLU�PRVW�OLQHDU�GULYH�PRGH��(UURU�FRUUHFWLRQ�DQG�IHHGEDFN�FLUFXLWU\�FDQ�EH�DYRLGHG�ZLWK�WKH�UHVXOWLQJ� SKHQRPHQDO� UHSURGXFWLRQ� DFFXUDF\� )0�$&2867,&6�SURGXFWV�DUH�IDPRXV�IRU�7KH� XQLTXH�� GLVFUHWH� OLPLWHUV� DUH� ILQH� WXQDEOH� WR� DQ\�V\VWHP� LQVWDOODWLRQ� DQG� DQ\� GULYHU� FRPSOHPHQW�� WKHUHE\�HSLWRPL]LQJ�SHUIRUPDQFH�RI� WKH�HQWLUH�V\VWHP��7KH�FRP�ELQDWLRQ�RI�WKHVH�GLVFUHWH�OLPLWHUV�ZLWK�)0�$&2867,&6
�SURSULHWDU\� ��� G%�RFWDYH� OLQHDU� SKDVH� ILOWHU� WHFKQRORJ\�JLYHV� EHWWHU� UHVXOWV� WKDQ�RWKHU�SURWHFWLRQ�PHFKDQLVPV�RI��SURFHVVRU�V\VWHPV��WKDW�DUH�HPSOR\HG�WR�NHHS�WKH�GULYHUV�RSHUDWLQJ� ZLWKLQ� VDIH� OLPLWV�� %\� DGMXVWLQJ� WKH� WKUHVKROG�DQG�� LI� QHFHVVDU\�� WKH� LQWHUQDO� OLPLWHU� GHOD\�VHWWLQJV�� WKH�)0�������FDQ�EH�FRQILJXUHG�WR�ZRUN�RSWLPDOO\�ZLWK�DQ\�VSHDNHU� V\VWHP�� ,W� RIIHUV� DFFXUDWH� SURWHFWLRQ�� 7KDQNV� WR�)0� $&2867,&6
� OLQHDU� SKDVH� ILOWHUV�� QR� VOLGLQJ� IUH�TXHQF\� SURWHFWRU� FLUFXLWV� DUH� UHTXLUHG� �WKHVH� DOZD\V�FKDQJH�WKH�VSHFWUDO�EDODQFH�RI�PXVLF�DW�PLGGOH�DQG�KLJK�YROXPH� OHYHOV� DQG� WKHUHE\� XSVHW� WKH� ZKROH� G\QDPLF�IUHTXHQF\�EDODQFH�RI�D�V\VWHP��

7KH�HQWKXVLDVWLF� UHDFWLRQV� WR� WKH�SHUIRUPDQFH�RI�WKH�)0�����VHULHV�RI�/LQHDU�3KDVH�(OHFWURQLF�&URVVRYHU�LV�D�FOHDU�LQGLFDWLRQ�WKDW�WKH�WLPH�IRU�D�QHZ�JHQHUDWLRQ�RI�FURVVRYHUV�KDV� FRPH��0DQ\� KXQGUHGV� RI� )0� ���� VHULHV� FURVVRYHUV�KDYH�DOUHDG\�EHHQ�LQVWDOOHG�ZRUOGZLGH��)URP�DSSOLFDWLRQV�LQ�ZRUOG�FODVV�FRQFHUW�KDOO�V\VWHPV�WR�ODERUDWRU\�UHIHUHQFH�XVH�� IURP� PXOWL�ZD\� VWXGLR� PRQLWRULQJ� DSSOLFDWLRQV� WR�WUXO\� GHPDQGLQJ� PRELOH� DQG� HYHQ� GRPHVWLF� DXGLRSKLOH�XVHV�� WKH� )0� ������ FOHDUO\� LPSURYHV� FRPSOHWH� VRXQG�V\VWHP�SHUIRUPDQFH��7KH�)0�������0.,,�JXDUDQWHHV�DQ�LQFRPSDUDEO\�SULVWLQH� UHSURGXFWLRQ�ZLWK�DQ\ V\VWHP�DQG�DQ\�FRPELQDWLRQ�7KH� )0� ������0.,,� LV� D�PRQRSKRQLF� XQLW� DQG� FDQ EH�VXSSOLHG�HLWKHU�DV�D���ZD\�RU�D���ZD\�FURVVRYHU��%RWK�DUH�DYDLODEOH� ZLWK� RU� ZLWKRXW� SOXJ�LQ� OLPLWHU� ERDUGV�� 7KH�OLPLWHU� ERDUG� FDQ� EH� LQVWDOOHG� LQ� WKH� ILHOG� ZLWKLQ� ���PLQXWHV� ZLWK� D� VFUHZGULYHU�� 7KDQNV� WR� PRGXODU� FRQ�VWUXFWLRQ��D���ZD\�PRGHO�FDQ�ODWHU�DOVR�HDVLO\�EH�XSGDWHG�WR�D���ZD\�PRGHO�DQG�YLFH�YHUVD�$77(18$7,21�$1'�',$3+5$*0�(;&856,21'ULYHUV� RQO\� SHUIRUP� DGHTXDWHO\�ZLWKLQ� D� OLPLWHG� EDQG�ZLGWK�� 6LJQDOV� RXW� RI� WKLV� UDQJH� PXVW� EH� DWWHQXDWHG� DV�VWHHSO\�DV�SRVVLEOH��7KH�HOHFWULFDO�EDQGZLGWK�VXSSOLHG�WR�D�GULYHU� PXVW� DOZD\V� EH� FRQVLGHUDEO\� QDUURZHU� WKDQ� LWVPHFKDQLFDO�OLPLWV�ZRXOG�DOORZ�
)LJ����	����$WWHQXDWLRQ�FXUYHV�RI�WKH�)0������)LJ����LQFRPSDULVRQ�ZLWK�WKRVH�RI�D�SRSXODU�FURVVRYHU��)LJ�����7KH�PXFK�KLJKHU�DWWHQXDWLRQ�RI�WKH�)0�����UHVXOWV�LQ�UHPDUN�DEO\�ORZHU�GLVWRUWLRQ��KLJKHU�63/�FDSDELOLW\�DQG�FRQVLGHUDEO\�LQFUHDVHG�KHDGURRP�RI�WKH�HQWLUH�VRXQGV\VWHP�
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�$� XQLTXH� DGYDQWDJH� RI� )0�$&2867,&6� /LQHDU�3KDVH�WHFKQRORJ\�LV�WKH�DWWHQXDWLRQ�FKDUDFWHULVWLFV�RI�LWV�/LQHDU�3KDVH� ILOWHUV�� ZKLFK� KDYH� WKH� IHDWXUH� RI� IXOO� DWWHQXDWLRQ��DWWHQXDWLRQ� WR� ±��� G%���� 6HH� )LJ�� ���� 7KLV� UHVXOWV� LQ�DEVROXWHO\� VLQJXODU� SHUIRUPDQFH�� ZKLFK� LV� EHWWHU� XQGHU�VWRRG�ZKHQ�FRPSDULQJ�)LJ����DQG�)LJ�����:LWK�VWDQGDUG�QLWHUV�WKH�UHVSRQVH�RI�D�GULYHU�LV�QRW�DWWHQXDWHG�DQ\�IXUWKHU�RQFH� WKH� W\SLFDO� VWRS�EDQG� GDPSLQJ� KDV� EHHQ� UHDFKHG�ZLWK�WKH�XVXDO�ILOWHU�FLUFXLWV�D�PD[LPXP�RI�������G%�RI�WRWDO� DWWHQXDWLRQ� LV� REWDLQDEOH��� )LJ�� �� VKRZV� WKH�DWWHQXDWLRQ� FXUYH� RI� D� SRSXODU� FURVVRYHU� ZKLOH� )LJ�� ��VKRZV� WKH� DWWHQXDWLRQ� RI� WKH� )0� ���� VHULHV� RI� /LQHDU�3KDVH� &URVVRYHUV�� $V� FDQ� EH� VHHQ� VWDQGDUG� FURVVRYHUV�VXGGHQO\�VWRS�DWWHQXDWLQJ��WKLV�H[DPSOH�DW�DURXQG�6�N+]���$ERYH� �� N+]� WKH� VLJQDO� OHYHO� IHG� WR� WKH� ORZ� IUHTXHQF\�GULYHU�DFWXDOO\�LQFUHDVHV��7KH�ORZ�IUHTXHQF\�GULYHU�LV�WKXV�VXSSOLHG�ZLWK� LQFUHDVLQJ�KLJK�IUHTXHQF\� VLJQDO�ZLWK� WKH�REYLRXV� QHJDWLYH� UHVXOWV� RI� UDGLDWLRQ� LQ� WKH� VWRS�EDQG��7KLV�RI�FRXUVH�UHVXOWV�LQ�VWURQJ�DGGLWLRQDO�GLVWRUWLRQ��QRQ�XQLIRUP�GLDSKUDJP�H[FXUVLRQ��OREELQJ�LUUHJXODULWLHV��HWF�

)0�$&2867,&6� XQLTXH� /LQHDU�3KDVH� ILOWHUV� JXDUDQWHH�SHUIHFW� EOHQGLQJ� RI� GULYHUV�� D� SKDVH� DFFXUDF\� RI EHWWHU�WKDQ ��� DW� WKH� FURVVRYHU� FDQ�EH� JXDUDQWHHG� � DEVROXWHO\�XQLTXH�LQ�FURVVRYHU�WHFKQRORJ\��7KLV��LQ�FRPELQDWLRQ�ZLWK�FRPSOHWH� DWWHQXDWLRQ� �GRZQ� WR� ���� G%�� JXDUDQWHHV� WRWDO�RSWLPDO� GDPSLQJ�RI� XQZDQWHG� IUHTXHQFLHV� DQG� WKHUHIRUH�RSWLPDO� SHUIRUPDQFH� RI� WKH� LQGLYLGXDO� GULYHUV�� 7KH�UHVXOWLQJ� GLVWRUWLRQ� UHGXFWLRQ� JLYHV� D� GUDPDWLFDOO\�LQFUHDVHG� WUDQVSDUHQF\� RI� UHSURGXFWLRQ� DQG� DW� WKH� VDPH�WLPH�PDNHV�SRVVLEOH�KLJKHU�FOHDQ�63/
V�7+(�8/7,0$7(�/,1(�'5,9(5
([SHULHQFLQJ�PDWFKLQJ�SUREOHPV"1HHG�WR�GULYH�ORQJ�OLQHV"�,QWHUIDFLQJ�XQEDODQFHG�WR�EDODQFHG"���+HUH�LV�WKH�XOWLPDWH�VROXWLRQ��
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)LJ�� �� 9RLFH�FRLO�GLDSKUDJP�H[FXUVLRQ LQ�UHODWLRQ WRIUHTXHQF\� IRU� WZR� VWDQGDUG� ILOWHU� FLUFXLWV� DQG� WKH�)0���
V�OLQHDU�SKDVH�ILOWHUV��$W�O��IK�RI�WKH�QRUPDOL]HG�IUHTXHQF\�WKH�GLDSKUDJP�H[FXUVLRQ�LV�QR�OHVV�WKDQ���G%�ORZHU� ZLWK� WKH� )0���� VHULHV� RI� /LQHDU�3KDVH�&URVVRYHUV�([DFWO\� WKH� VDPH� DSSOLHV� WR� WKH�+3� ILOWHU�� $V� WKH� ORZ�IUHTXHQF\� DWWHQXDWLRQ� RI� VWDQGDUG� FURVVRYHUV� LV� PXFK�OHVV� WKDQ� WKDW�RI�WKH�)0�����FURVVRYHUV��WKH�+)�GULYHU�KDV� WR� KDQGOH� PXFK� ODUJHU� OHYHOV� RI� ORZ� IUHTXHQF\�VLJQDO�� 7KLV� UHTXLUHV� KLJKHU� GLDSKUDJP� H[FXUVLRQ� WR�DFKLHYH� WKH� VDPH� 63/�� 7KH� UHVXOW� LV� PXFK� KLJKHU�GLVWRUWLRQ�DQG�OHVV�KHDGURRP��:KHQ�XVLQJ�WKH�)0�����VHULHV�RI�FURVVRYHUV�WKH�GUDPDWLFDOO\�UHGXFHG�GLDSKUDJP�H[FXUVLRQ�DQG�IUHHGRP�IURP�RYHUVKRRW�UHVXOWV�LQ���:LWK�WKH�)0�������GULYHUV�FDQ�DFWXDOO\�KDQGOH�PXFK�KLJKHU�VLJQDO� OHYHOV� ZKLFK� UHVXOWV� LQ� UHGXFHG� GLVWRUWLRQ� DW� D�JLYHQ� 63/ �RU� D FRQVLGHUDEOH� LQFUHDVH� LQ� DFKLHYDEOH�63/�ZKHQ�RSHUDWLQJ�DW�WKH�VDPH�GLVWRUWLRQ�OHYHO��

,Q�WKH�)0�$&2867,&6�WUDGLWLRQ�WKH�)0�����DQG�)0�����FRQWDLQ� YDULRXV� IHDWXUHV� WKDW� FRPH� IURP� SOHQW\� RI� H[SH�ULHQFH�LQ�WKH�ILHOG��7KHVH�DUH�LPSRUWDQW�LQ�SUDFWLFDO�XVH�DQG�DUH�QRW�IRXQG�RQ�RWKHU�EDODQFLQJ�XQLWV�
i 1R�FRORUDWLRQ�RU�GLVWRUWLRQi 3HUIHFW� VWHS� UHVSRQVH�� VXSHUE� ULVH� WLPH DQG� QR� VOHZ�UDWH�OLPLWDWLRQ�FRXSOHG�ZLWK�WRWDO�IUHHGRP�IURP�RYHU�VKRRW�DQG�ULQJLQJi ([WUHPHO\�ORZ�KXP�DQG�QRLVH�OHYHOVi +LJKHVW� KHDGURRP� WKDQNV� WR� )0 $&2867,&6
�SURSULHWDU\�GLVFUHWH�SXUH�&ODVV�$�FLUFXLWU\i ,QWHUQDO� JURXQG� OLQN� WR� OLIW� HOHFWULFDO� JURXQG� IURP�FKDVVLV� �PXOWLSOH� LQWHUIDFH� XQLWV� FDQ� EH� LQVWDOOHG LQVDPH�UDFN�i $�VHSDUDWH�H[WHUQDO�SRZHU�WUDQVIRUPHU�IRU�HDFK�XQLW�WR�DYRLG�JURXQG�ORRSVi 3UHFLVLRQ�RQ�ERDUG�SRZHU�VXSSO\�UHJXODWLRQ�DQG�VWD�ELOL]DWLRQi 'HOD\HG�WXUQ�RQ�ZLWK�DXWRPDWLF�PXWLQJ�DQG�LQVWDQWD�QHRXV�VZLWFK�RIIi ,QKHUHQWO\� GLVWRUWLRQ�IUHH� VWDJHV� �WKH� XVXDO� HUURU�FRUUHFWLRQ�LV�DYRLGHG��i 3KHQRPHQDO�G\QDPLFVi +LJKHVW�GULYH�FDSDELOLW\�DQG�DEVROXWH�VWDELOLW\�JXDUDQ�WHH�SUHFLVLRQ�VLJQDO� WUDQVIHU�RYHU�YHU\� ORQJ�GLVWDQFHV��KXQGUHGV�RI�PHWHUV��DQG�WKLV�HYHQ�ZLWK�KLJK�FDSDFLW\�FDEOHV����i 3URSULHWDU\�SXUH�GLVFUHWH�&ODVV�$�FLUFXLWU\�HOLPLQDWHV�DXGLR� WUDQVIRUPHU� GLVWRUWLRQ� DQG� OLPLWDWLRQV� RI� 23�DPS�EDVHG�GHVLJQV�



�
7KH�)0�����DQG�)0�����DUH�WKH�SHUIHFW�LQWHUIDFH�XQLWV��UHVROYLQJ�DQ\�LQWHUIDFH��OHYHO�DQG�LPSHGDQFH�SUREOHPV��$SSOLFDWLRQV�LQFOXGH�WKH�LQWHUFRQQHFWLRQ�RI�XQEDODQFHG�FRQVXPHU� DQG� VHPL�SURIHVVLRQDO� HTXLSPHQW� ZLWK� DQ\�W\SH� RI� EDODQFHG�SURIHVVLRQDO� HTXLSPHQW��7KH�)0�����LV�ZLWKRXW�GRXEW� WKH�XOWLPDWH� OLYH�GULYHU��:LWK�WKH�)0����� DQG� WKH� )0� ���� LW� LV� DOVR� SRVVLEOH� WR� XSJUDGH� DQ�XQEDODQFHG� V\VWHP� LQWHUFRQQHFWLRQ� WR� D� V\PPHWULFDO�EDODQFHG� LQWHUFRQQHFWLRQ�� 3ULVWLQH� WUDQVIHU� RI� WKH�RULJLQDO�VLJQDO�LV�JXDUDQWHHG�

)0� $&2867,&6
� LQWULQVLFDOO\� DFFXUDWH� SURSULHWDU\��GLVFUHWH� &ODVV�$� WHFKQRORJ\� LV� XWLOLVHG� LQ� WKH�)0�����EDODQFLQJ� �VWHS�XS�� SUHFLVLRQ� OLQH� GULYHU� DQG� LWV�FRUUHVSRQGLQJ� )0� ���� SUHFLVLRQ� OLQH� OHYHO� LQWHUIDFH��DWWHQXDWRU�$� ORQJ� VHULHV� RI� H[WHQVLYH� WHVWV� LQ� D� ODUJH� YDULHW\� RI�DSSOLFDWLRQV�SURYHV�WKH�GLVWLQFW�VRQLF�DQG�WHFKQRORJLFDO�VXSHULRULW\�RI�WKHVH�XQLWV�ZKHQ�FRPSDUHG�ZLWK�DQ\�RWKHU�LQWHUIDFH�XQLW�DYDLODEOH��7KH�)0�����FRPSOHPHQWV�WKH�)0�����IRU�DOO�DSSOLFDWLRQV�ZKHUH�D�WUXH�SUHFLVLRQ�VWHS�GRZQ�XQEDODQFHG� XQLW� LV� UHTXLUHG�� ,W� LV� D� SUHFLVLRQ�DWWHQXDWRU�ZKLFK�FDUULHV�DOO�RI�WKH�XQLTXH�)0�$&286�7,&6�IHDWXUHV��7KLV�XQLTXH�VWDQGDUG�RI
x 3HUIHFW�LQWHUIDFLQJ�EHWZHHQ�V\VWHP�FRPSRQHQWVx 2SWLPL]DWLRQ�RI�VLJQDO�WUDQVIHUx 3UDFWLFDOO\�XQOLPLWHG�GULYH�FDSDELOLW\
8VLQJ� WKHVH� WHFKQRORJLHV� DQ\� SRVVLELOLW\� RI� VLJQDO�GHJUDGDWLRQ� LV� DYRLGHG�� DQG� SUHVHUYDWLRQ� RI� WKH� ILQHVW�PXVLFDO� GHWDLO� LV� JXDUDQWHHG�� 7KH� UHVXOW� LV� DEVROXWHO\�XQSDUDOOHOHG� DFFXUDF\� LQ� LQWHUIDFLQJ� DQG� WKHUHIRUH�RSWLPDO� V\VWHP� SHUIRUPDQFH�� 7KH� LPSURYHPHQW� LQ�SHUIRUPDQFH� FRPSDUHG� ZLWK� H[LVWLQJ� OLQH� GULYHUV� LV�DVWRXQGLQJ�� RQFH� WKLV� GLIIHUHQFH� LV� H[SHULHQFHG�� LW�EHFRPHV� FOHDU� ZK\� WKH� )0� ���� DQG� WKH� )0� ���� DUH�VXFK�D�VXFFHVV�

7KH�)0�����DQG�)0�����DUH�WKH�SHUIHFW�LQWHUIDFH�XQLWV��UHVROYLQJ�DQ\�OLQH�GULYH��LQWHUIDFH��OHYHO�LPSHGDQFH�DQG�EDODQFLQJ�SUREOHP��D�VPDOO�LQYHVWPHQW�WKDW�JLYHV�JUHDW�UHVXOWV���
7KH�)0�����DQG�WKH�)0�����DOVR�VROYH�+)�DQG�SDUDVLWLF�RVFLOODWLRQ�SUREOHPV��7KH\�DUH�D�VPDOO�LQYHVWPHQW�WKDW�JLYH�JUHDW� UHVXOWV��DV�FRQILUPHG�E\�XVHUV� WKH�ZRUOG�RYHU��7KH\�ILQG� XVH� LQ� VLWXDWLRQV� ZHUH� XQEDODQFHG� XQLWV� PXVW� EH�RSWLPDOO\� LQWHUIDFHG� ZLWK� SURIHVVLRQDO� EDODQFHG� HTXLS�PHQW� RSHUDWLQJ� DW� OHYHOV� RI� ��G%Y�� ��G%Y�� ��G%Y� DQG�RWKHU�SURIHVVLRQDO� OHYHOV��7KH\�VXUSDVV� WKH�PRVW�H[DFWLQJ�UHTXLUHPHQWV� RI� DQ\� 6WDWH�RI�WKH�$UW� UHFRUGLQJ�UHSUR�GXFWLRQ�V\VWHP�
:H�HYDOXDWHG�WKH�)0�����DQG�)0�����LQ�32:(53/$<�678',26� LQ� H[WHQVLYH� OLVWHQLQJ� HYDOXDWLRQV��7KH�XQLWV�ZHUH� FRPSDUHG� WR� WKH� RULJLQDO� VLJQDO� DQG� DOVR� GLUHFWO\�ZLWK�DQRWKHU�IDPRXV�EUDQG��EDODQFLQJ�XQLW�ZKLFK�LV�XVHGLQ�PRVW� EURDGFDVWLQJ� VWDWLRQV�� 7KH� OLVWHQLQJ� WHDP� FRQ�VLVWHG� RI� VL[� SHRSOH�� 7KH� )0� $&2867,&6� LQWHUIDFH�XQLWV� VRXQG�GHILQLWHO\� FOHDQHU�� OHVV��FRYHUHG��DQG�PRUH�OLYHO\�� 7KH\� FOHDUO\� H[KLELWHG� D� ZLGHU� VWHUHR� LPDJH��7KHUH�ZDV�EHWWHU�GHSWK�DQG�HYHQ�ZLWKLQ�WKH�GHSWK�WKHUH�ZDV�EHWWHU�GHILQLWLRQ��,Q�DGGLWLRQ�WR�WKDW�WKHUH�ZDV�PXFK�LPSURYHG� ORFDWLRQ� RI� WKH� LQGLYLGXDO� LQVWUXPHQWV�� DQG�VRPH� OLVWHQHUV� FRPPHQWHG� RQ� �D� JUHDWHU� EHDXW\� DQG�QDWXUDOQHVV��RI�VRXQG��:KHQ�VZLWFKLQJ�EDFN�WR�WKH�RWKHU�XQLW�WKH�VRXO�RI�WKH�PXVLF�ZDV�JRQH�� LW�VRXQGHG�DOPRVW�GHDG�� ,W� LV� DJDLQ� DQG� DJDLQ� DVWRXQGLQJ� KRZ� \RX� JX\V�KDYH�PDVWHUHG�WKH�PDJLF�RI�DXGLR�HOHFWURQLFV��3HWHU�0DF�7DJJDUW��6ZLW]HUODQG,QGHSHQGHQW�(QJLQHHU�3URGXFHU

7+(�)0�����,1�%52$'&$67�$33/,&$7,216$OO� RI� WKH� VLJQDOV� WKDW� DUH� VR FDUHIXOO\� SUHSDUHG� IRU�EURDGFDVWLQJ� DUH� DFWXDOO\� JRLQJ� WKURXJK� FKHDS� �&� RU�WUDQVIRUPHU� EDVHG� LQWHUIDFH� XQLWV�� 7KHVH� XQLWV� KDYH� D�GHWULPHQWDO�HIIHFW�RQ�WKH�SULVWLQH�TXDOLW\�RI�WKH�PXVLF��7KH�)0� ���� LV� WKHUHIRUH� WKH� RSWLPDO� VROXWLRQ� IRU� LQWHUIDFLQJ�XQEDODQFHG� WR� EDODQFHG� VLJQDO� OLQHV� �DQG� YLFH� YHUVD�� LQ�EURDGFDVWLQJ�VWDWLRQV��$QG�FRVW�LV�QHJOLJLEOH�
2Q�WKH�QH[W���SDJHV�\RX�ZLOO�ILQG�D�OHWWHU�UHFHLYHG�IURP�&UDLJ�'RU\�RI�WKH�DFFODLPHG�'25,$1�5(&25',1*6��,W�LV�VXFK�D�SUHFLVH�GHVFULSWLRQ�RI�)0�$&2867,&6�SUHFLVLRQ�HOHFWURQLFV�WKDW�LW�LV�UHSULQWHG�KHUH�LQ�LWV�HQWLW\�
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Mr. Manuel Huber
FM ACOUSTICS LTD 
Tiefenhofenstr. 17

CH-8820 Wädenswil / Switzerland

July 31,1991

Dear Manuel,

I just wanted to write a short note to pat you and your entire staff at FM Acoustics all on 
the back and to let you know what a pleasure it is to use your amplifier and speaker 
cables in monitoring our recording and post-production sessions. And, I wanted to let you 
know that we've chosen the FM Acoustics 811 and Forcelines speaker cables as 
Dorian's new references for our monitoring systems!

First, I must say that I've never seen an amplifier physically constructed with such care 
and attention to detail. The various military and NASA contractors could probably learn 
something from a study of your construction standards and parts-selection procedures.

The sound? Simply put, after hours and hours of use in several separate recording and 
post-production sessions, the 811 is the most signatureless amplifier that we have ever 
used. Period. It's all there: detail, color and control.

You know the normal demands placed on the monitoring system well. At Dorian, we 
depend on the monitoring system to "see" into the recording chain and, as the only 
metric, in placing the microphones in exactly the right spot for the artist(s) and repertoire 
being recorded. We depend on our monitoring system to provide us with an absolutely 
unimpeachable aural "picture" of the recording without adding a signature of its own.

While using the 811 and Forcelines cables, I am able to hear substantially more detail 
and gradations in tonal color, as well as more of the subtle spatial cues that we use in 
selecting and placing our microphones in setup. I am more able to discern from what 
surface a particular reflection is coming, and what coloration to the sound that particular 
reflection it is producing, more quickly, and with less guesswork.

In short, what we call the "range of acceptability" for microphone placement is narrowed 
with the 811 - with it, we have better information from the monitoring system to choose 
and properly place our microphones for the recording. As well, the "window" through 
which we look into the recording seems to be "cleaner" with the
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811 and Forcelines cables. What this all translates into, is better recordings from 
Dorian.

In addition, one of the more impressive features of the 811/Forcelines combination is 
their ability to control loudspeakers in the low end of the audio spectrum where time-
coherent current delivery and speaker control are most critical. Our organ recordings 
with Jean Guillou and our new orchestral recordings with the Dallas Symphony are 
particularly challenging to amplifiers and their ability to control woofers. The FM 
Acoustics amp and cables produce a seemingly bottomless and distortion-free low-end, 
with absolute control of the loudspeaker.

We have never heard another amplifier reproduce the 16- and 32-foot stops from the 
Tonehalle and St. Eustache organs properly. Until we began using the FM Acoustics 
amps and Forcelines, we had no idea, for sure, whether or not certain passages with 
complex organ pedalwork had actually made it onto the recording or not. Because of 
the current demands placed on the amplifier by our recordings, those passages always 
sounded muddy and somewhat bloated. After listening with the 811 and Forcelines 
cables, we were definitely relieved to hear that all the music from Jean Guillou's 
performances had made it to the recordings. WOW! In a properly set up control room, 
we even feel the pressure waves caused by the nodes Jean Guillou sets up with his 
unrelenting pedalwork and from the standing waves in the original recording space -
just as we remember from the recording sessions. What a difference!

As well, orchestral tuttis (passages where the entire symphony plays together) can be 
particularly demanding on an amplifier. Especially in fortissimo passages, the textures 
of the combined orchestral instruments can "load up" the soundstage, as well as 
become very harsh and constricted, due to current limiting. In our recent recordings 
with the Dallas Symphony, the FM Acoustics amplifier and Forcelines cable presented 
a rock-solid soundstage for all dynamic markings and orchestral textures. We were able 
to record a full symphony orchestra using our minimal microphone techniques because 
we could hear, in the control room, all the information (the subtle detail and tonal color) 
that we needed to make microphone choice and placement decisions, even in tonally 
complex, tutti passages.

Thank you Manuel and FM Acoustics for bringing these products into the light of day. 
From now on, you will all be a part of each new Dorian recording.  
With best regards and wishes for continued success.
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)0�$&2867,&6�JXDUDQWHHV�WKDW�������RI�DOO�SDUWV�RI�DOO�SURGXFWV�DUH�DOZD\V�DYDLODEOH�H[�VWRFN��)0�$&2867,&6�QRW�RQO\�VXSSOLHV�WKH�XOWLPDWH�DXGLR�HOHFWURQLFV��EXW�DOVR�JXDUDQWHHV�WKDW�WKHVH�LQYHVWPHQWV�NHHS�WKHLU�YDOXH�DQG�GRQRW�EHFRPH�REVROHWH�
)0�$&2867,&6�SURGXFWV�KDYH�D�VXSHUE�UHOLDELOLW\�UHFRUG��7KLV�LV�GXH� WR� VHYHUDO� UHDVRQV�� DPRQJVW� WKHP� LQLWLDO� FRPSRQHQW�YHULILFDWLRQ��SURSULHWDU\�FRPSRQHQWV�VHOHFWLRQ��XQLTXH�SURGXFWLRQ�PHWKRGV�� H[WUHPHO\� H[WHQVLYH� SUHWHVWLQJ� RI� HYHU\� VLQJOH� SDUW�DVVHPEO\��GRXEOH�SUH� DQG�ILQDO�WHVWV�DQG�KHDY\�GXW\�EXUQ�LQ�DQG�YLEUDWLRQ� VFUHHQLQJ� SURFHGXUHV� ZKLFK HDFK XQLW� PXVW� XQGHUJR�SULRU�WR�OHDYLQJ�WKH�IDFWRU\�

���DQ�)0�$&2867,&6�SURGXFW�ZLOO�QRW�ORRVH�YDOXH��SHUIRUPDQFH�RU�EHFRPH�XQXVDEOH�EHFDXVH�RI�WKH�QRQ�DYDLODELOLW\�RI�D�SDUWLFXODU�SDUW
7KLV�H[WHQVLYH�VWRFN�QRW�RQO\�KHOSV�WR�VWDELOL]H�SURGXFWLRQ��EXW�LW�DOVR�DOORZV�D�UDSLG�UHVSRQVH�WR�FXVWRPHUV
�QHHGV��VKRXOG�WKH�RFFDVLRQ� DULVH�� :KHQ� WHFKQRORJ\� DQG� SHUIRUPDQFH� DGYDQFH��H[LVWLQJ� LQYHVWPHQWV� FDQ� EH� NHSW� LQ� SULVWLQH� FRQGLWLRQ� DQG�PDLQWDLQHG�DW�WKH�KLJKHVW�VWDQGDUG��7KH\�ZLOO�QRW�ORRVH�YDOXH��SHUIRUPDQFH RU� EHFRPH� XQXVDEOH� EHFDXVH� RI� WKH� QRQ�DYDLODELOLW\�RI�D�SDUWLFXODU�SDUW��7KH�VHFRQG�KDQG�SULFHV�RI�)0�$&2867,&6�SURGXFWV�SURYH�WKLV��WKH\�RIWHQ�JR�IRU�DV�KLJK�DV�WKHLU� RULJLQDO� SULFH�� � DQG� UHSHDWHGO\� RQH� KHDUV� RI� VDOHV� DW�ILJXUHV�HYHQ�KLJKHU�WKDQ�WKH�RULJLQDO�SULFH��VRPHWKLQJ�WKDW�YHU\�UDUHO\�KDSSHQV�ZLWKDXGLR�HTXLSPHQW��6RPH�RI�WKH�SURGXFWV�DUH�DFWXDOO\�VWDUWLQJ�WR�EHFRPH�FROOHFWRU
V�LWHPV�
67$%,/,7<�2)�/,1(�'5,9(56
$QDO\VLQJ�IDLOXUH�UHDVRQV�LQ�DXGLR�LQVWDOODWLRQV�RQH�ILQGV�WKDW�TXLWH� D� IHZ� RI� WRGD\
V� SUHDPSOLILHUV�� FURVVRYHUV��&'�SOD\HUV��DQG�HYHQ�SURIHVVLRQDO�WDSH�PDFKLQHV��PL[LQJ�GHVNV��RXWERDUG�HTXLSPHQW��HWF���KDYH�SRRUO\�GHVLJQHG�OLQH�GULYH�VWDJHV��:KLOH�WKH\�PD\�ZRUN�DFFHSWDEO\�RQ�WKH�WHVW�EHQFK��WKHLU�SHUIRUPDQFH�LQ�WKH�ILHOG�LV�QRW�VRPHWKLQJ�WR��ZULWH�KRPH��DERXW�

2YHU������GLIIHUHQW�FRPSRQHQWV�DUH�RQ�VWRFN�LQ�TXDQWLWLHV�RI�XS�WR��������SLHFHV�
,Q�PDQ\�GHVLJQV��SHUIRUPDQFH�VXIIHUV�EHFDXVH�RI�LQVXIILFLHQW�VWDELOLW\�UHVHUYHV

:LWK� WKH� H[WHQVLYH� OLIH� H[SHFWDQFLHV� DVVRFLDWHG� ZLWK� )0�$&2867,&6� HOHFWURQLFV�� WKH� ORQJ�WHUP� YDOXH� RI� WKH� SURGXFW� LV�SDUWLDOO\�EDVHG�RQ�WKH�DYDLODELOLW\�RI�SDUWV��7KLV�PHDQV�PDLQWDLQLQJ�D�FRPSUHKHQVLYH�VWRFN�RI�VSDUH�SDUWV�DW�DOO�WLPHV�� FXUUHQWO\�RYHU������FRPSRQHQWV�DUH�RQ�VWRFN��LQ�TXDQWLWLHV�RI�XS�WR��������SLHFHV�HDFK���D�WRWDO�RI�FORVH�WR���PLOOLRQ�SDUWV��)RU�PDQ\�PDQXIDFWXUHUV�VXFK�DQ�LQYHVWPHQW�LQ�SDUWV�LV�SURKLELWLYH��DV�LW�WLHV�XS�DQ�LPPHQVH�DPRXQW� RI� FDSLWDO�� +RZHYHU�� ZLWKRXW� WKLV� FRPPLWPHQW� )0�$&2867,&6�FRXOG�QHYHU�SURGXFH�WR�WKH�VWDQGDUG�LW�GRHV��8QSDU�DOOHOHG� VSDUH�SDUWV� DYDLODELOLW\� LV� JXDUDQWHHG��������RI�DOO VSDUH�SDUWV�IRU�DOO�RI RXU�SURGXFWV�FDQ�EH�VXSSOLHG�H[�VWRFN�DW�DOO WLPHV��)RU� HYHU\� SURGXFW� )0� $&2867,&6� JXDUDQWHH� DQ� DEVROXWH�PLQLPXP� VSDUH� SDUWV� DYDLODELOLW\� RI� ��� \HDUV�� ,Q� IDFW�� ZLWK� WKH�H[FHSWLRQ� RI� �� SDUWV HYHU\ FRPSRQHQW� RI� HYHU\� SURGXFW� HYHU�PDQXIDFWXUHG�E\�)0�$&2867,&6�LV�VWLOO�DYDLODEOH����������������������������������

:KHQ� FRQQHFWHG� WR� UHDO�ZRUOG� ORDGV� VRPH� HYHQ� EHFRPH�XQVWDEOH� RU� RVFLOODWH� DW� YHU\� KLJK� IUHTXHQFLHV� IDU� DERYH� WKH�DXGLR�EDQG��7KHVH�SUREOHPV�PD\�EH�RFFXUULQJ�PRPHQWDULO\�RU�FRQWLQXRXVO\�� 7KHUH� KDYH� EHHQ� FULWLFDO� VLWXDWLRQV�� VXFK� DV�ZKHUH� D� FHUWDLQ�PDNH�RI� FURVVRYHU�ZRUNHG� IRU� WZR�\HDUV�EXW�WKHQ� VXGGHQO\� LWV� RXWSXW� FLUFXLWV� ZHQW� LQWR� ZLOG� SDUDVLWLF�RVFLOODWLRQ��UXLQLQJ�H[SHQVLYH�VSHDNHUV�DQG�DPSOLILHUV�$QDO\VLQJ VXFK� IDLOXUHV�\LHOGHG� LQWHUHVWLQJ� DQG�QRW� WRR�ZHOO�NQRZQ� UHVXOWV�� HYHQ� RYHU� WKLV� UHODWLYHO\� VKRUW� SHULRG�RI� WLPH�WKH� SDUDPHWHUV� RI� WKH� ,&
V� XVHG� LQ� WKH� OLQH� VWDJH� FDQ� FKDQJH�FRQVLGHUDEO\��%HFDXVH�RI�LQVXIILFLHQW�VWDELOLW\�UHVHUYHV�LQ�PDQ\�GHVLJQV��SHUIRUPDQFH�VXIIHUV�DQG�WKH�ZKROH�FLUFXLW�FDQ�EHFRPH�SDUWO\�RU�IXOO\�XQVWDEOH�



��
,Q�VHPLFRQGXFWRU�SURGXFWLRQ�ODUJH�WROHUDQFHV�DUH�TXLWH�FRPPRQ���

2QH�PXVW� EH� DZDUH� RI� WKH� IDFW� WKDW� LQ�VHPLFRQGXFWRUV�SURGXFWLRQ� H[WUHPHO\� ODUJH� WROHUDQFHV� DUH� TXLWH� FRP�PRQ�� DQG� WKDW� YHU\� IHZ� FKDUDFWHULVWLFV� DUH� JXDUDQWHHG�E\�WKH�PDQXIDFWXUHUV��)XUWKHUPRUH��WKHVH�FKDUDFWHULVWLFV�DUH� RQO\� JXDUDQWHHG� DW� WKH� WLPH� RI� VDOH�� +RZ� WKH�VHPLFRQGXFWRUV� SHUIRUP� DIWHU� D� FRXSOH� RI� \HDUV� LV� DQ�HQWLUHO\�GLIIHUHQW�PDWWHU�� DQG�RQH�WKDW�LV�XQIRUWXQDWHO\�QRW� RI� JUHDW� FRQFHUQ� WR� PDQ\� VHPLFRQGXFWRU�PDQXIDFWXUHUV�

�$V�FRQFHUQV�WKH��%23�,QIUDVRQLF�����+]��&RQWURO5RRPV��P\�FRPPHQWV�RQ�WKH��VRQLFV��RI�WKH�URRPHTXLSSHG�ZLWK�WULSOH�)0����$�SRZHU�DPSOLILHUV�DUHVLPSO\��7KLV� .LQRVKLWD�0RQLWRU�)0�$&2867,&6�$PSOLILHU�O�+]�5RRP�FRPELQDWLRQ�H[KLELWV�D�OHYHO�RI�PXVLFDOLW\�,�KDYH�DV�\HW�QHYHU�H[SHULHQFHG��H[FHSW�ZKHQ�VWDQGLQJ�LQ� WKH� PLGVW� RI� DQ� XQ�DPSOLILHG� DFRXVWLF� EDQG� RU�RUFKHVWUD�� ,W� ERJJOHV� WKH� PLQG�� WKH� QDWXUDOQHVV� RI�PXVLF� WLPEUH� DQG� WUDQVLHQWV�� WKH� VRQLF� GHWDLO� DQG�VHHPLQJO\�HQGOHVV�UH�VHUYH�SRZHU��WKLV�VRXQG�SODWHDX�GHILHV�LPDJLQDWLRQ�DQG�ZRUGV�WR�GHVFULEH�LW��

)25&(3/8*����

$V� WKH� DPSOLILHUV� RI� WKH� 5HVROXWLRQ� 6HULHV� DQG�)0$&286�7,&6� ODUJH� SURIHVVLRQDO� DPSOLILHUV� DUH�FDSDEOH� RI GHOLYHULQJ� SHDN� FXUUHQWV� RI� XS� WR� ���$��VSHFLDO� KLJK�SRZHU�� ORZHVW�ORVV�� SUHFLVLRQ� FRQQHFWRUV�KDYH�EHHQ�GHYHORSHG�� ,Q�FRQMXQFWLRQ�ZLWK�WKH�VLQJXODU�)25&(/,1(6� FDEOHV�� WKHVH� FRQQHFWRUV� DVVXUH�DEVROXWHO\� SULVWLQH� VLJQDO� WUDQVIHU� WR� WKH� VSHDNHU� �VRPHWKLQJ ZKLFK�LV�QRW�DFKLHYDEOH�ZLWK�WKH�RUGLQDU\���ZD\� ELQGLQJ� SRVWV� XVHG� LQ� RWKHU� DPSOLILHUV�� 7KH�)25&(3/8*� FRQQHFWRUV� JXDUDQWHH� DQ� LQFUHGLEO\� ORZ�FRQWDFW�UHVLVWDQFH�RI�OHVV�WKDQ����X 2KPV�DQG�WKLV�HYHQ�DIWHU� ����� LQVHUWLRQV�� )25&(3/8*� FRQQHFWRUV�JXDUDQWHH� D� FRQWLQXRXV� FXUUHQW� KDQGOLQJ� FDSDELOLW\� RI����$506 DQG�����$3N�

:RUOG�IDPRXV�VWXGLR�GHVLJQHU 7RP�+LGOH\� GHVLJQHU�RI�%RS
V�IDQWDVWLF�QHZ�VWXGLR�FRPSOH[�LQ�%RSKXWKDWVZDQD��6RXWKHUQ� $IULFD�� KDG� WKLV� FRPPHQW� UHJDUGLQJ� WKH�FRPELQDWLRQ�RI�.LQRVKLWD�0RQLWRUV��)0����$�SUHFLVLRQ�SRZHU�DPSOLILHUV�DQG�WKH�QHZO\�GHVLJQHG����+]�URRP�
�:H�KDYH� VSHQW� FORVH� WR� D� \HDU� HYDOXDWLQJ�PRVW� WRS�DPSOLILHUV��:H�HYHQ�KDG�VRPH�PDGH�HVSHFLDOO\�IRU�XV��XVLQJ�QHZ�WXEH�WHFKQRORJ\��$IWHU�DOO�WKHVH�HIIRUWV��ZH�?UHFHLYHG� RXU� )0� ���$� 
V� LQVWDOOHG� WKHP� LQ� KDOI� DQ�KRXU�� ZDUPHG� WKHP� XS� IRU� �� KRXUV� DQG� WKHQ�OLVWHQHG������$OO�,�FDQ�VD\�QRZ�LV�WKLV��,I�\RX�DUH�VHULRXV�DERXW�\RXU�PXVLF��UHDOO\�VHULRXV��DQG�\RX�DUH�WLUHG�RI�SOD\LQJ�DURXQG��WKHQ�JHW�DQ�)0����$� � DQG�HQMR\��$QGUH�3HUUHDXOW��0DQDJLQJ�'LUHFWRU�%23�5(&25',1*�678',265HSXEOLF�RI�%RSKXWKDWVZDQD


)DPRXV� ,WDOLDQ� 6WDU� $GULDQR� &HOHQWDQR� QRW� RQO\� SUL�YDWHO\� RZQV� D� 5HVROXWLRQ� 6HULHV� SRZHU� DPSOLILHU� EXW�LQVWDOOHG�WZR�)0�����SUHFLVLRQ�SRZHU�DPSOLILHUV�LQ�KLV�VWXGLRV��(QULFR�OD�)DNH��SURGXFHU�HQJLQHHU�UHPDUNV�
5(&(17�,167$//$7,216

)RU� WKHLU�QHZ�2%�YDQ 0XQZKD�%URDGFDVWLQJ�&RUS��RI�6HRXO� .RUHD KDV� VHOHFWHG� DQ� )0� ���$�8/,� SUHFLVLRQ�SRZHU�DPSOLILHU� 
7KH� )0� ���$� FRQWLQXHV� WR� SURYLGH� VXSHULRU� UHVXOWV� LQ�SURIHVVLRQDO�DSSOLFDWLRQV��&RPPHQWV�FRQILUP�WKH�XQLTXH�QHVV�RI�WKLV�DPSOLILHU�$IWHU�FDUHIXO�HYDOXDWLRQ�WKH�IDPRXV 0RXQWDLQ�6WXGLRV�LQ�0RQWUHX[ KDYH� GHFLGHG� RQ� DQ� )0� ���$� IRU� WKH� PDLQ�PRQLWRULQJ�� 'DYLG� 5LFKDUGV�� UHVLGHQW� HQJLQHHU�SURGXFHU�UHPDUNHG�WKDW�WKH�)0����$�LPSURYHG�WKH�PRQLWRULQJ�VR�PXFK� WKDW� WKH\� ZHUH�� DEOH� WR� UHPRYH� WKH� HTXDOL]HUV�SUHYLRXVO\�QHHGHG�FRPSOHWHO\�

�7KH�)0�$&2867,&6�KDYH�D�QHXWUDOLW\�DQG�WLPEUH�WKDW�VXUSDVVHV�HYHQ�WKH�EHVW�RI�HVRWHULF�+L)L�DPSOLILHU�,W�LV�WKH�RSWLPXP�FRPELQDWLRQ��
7202552:
6�+($'$&+(6
$�FRPSDQ\�WKDW�LV�KHUH�WRGD\�DQG�JRQH�LQ�D�FRXSOH RI\HDUV�ZLOO�LQGXFH�WRPRUURZ
V�KHDGDFKHV��,W�LV�LPSRUWDQW�WR�SXUFKDVH�IURP�WKH�ULJKW�VRXUFH��2QO\�ZKHQ�D�FRPSDQ\�KDV�SURYHQ�LWVHOI�WR�EH�VWDEOH�DQG�HIILFLHQW�RYHU�WKH�ORQJ�WHUP�GRHV�RQH�KDYH�VRPH�DVVXUDQFH�WKDW�LQIRUPDWLRQ��VHUYLFH��SDUWV�DQG�DGGLWLRQDO�SURGXFWV�ZLOO�DOO�EH�DYDLODEOH�LQ�WKH�IXWXUH�ZKHQ�WKH\�DUH�UHTXLUHG��,W�SD\V�RII�ZHOO�WR�VHOHFW�FDUHIXOO\�DQG�PDNH�D�ZLVH�FKRLFH�



��63(&,),&$7,216
7KH� VLQJXODU� TXDOLWLHV�RI� WKH�5HVROXWLRQ�6HULHV� FDQQRW�EH�H[SODLQHG�XWLOL]LQJ�VWDQGDUG�PHDVXULQJ�PHWKRGV�DQG�HYDOXDWLRQ� SURFHGXUHV�� 0RVW� PHDVXUHPHQWV� SHUIRUPHG�RQ�DXGLR�HTXLSPHQW��DQG�WKH�UHVXOWV�WKHUHRI��KDYH�OLWWOH�PXVLFDO�UHOHYDQFH�DQG�VKRXOG�WKHUHIRUH�QRW�EH�JLYHQ�WRR�JUHDW�DQ�LPSRUWDQFH��&RQWUDU\ WR�FXUUHQW�SUDFWLFHV��VSHFL�ILFDWLRQV� VKRXOG� QRW� EH�RSWLPLVHG� MXVW� IRU� WKH�VDNH�RI�D�VSHFLILFDWLRQ�VKHHW� WKDW� UHDGV�ZHOO��7KH�PRVW�LPSRUWDQW�IDFWRUV� JRYHUQLQJ� WKH� UHSURGXFWLRQ� DFFXUDF\� RI� DXGLR�HOHFWURQLFV�FDQQRW�EH�PHDVXUHG�ZLWK�WRGD\
V�PHWKRGV�
0XVLF� FRQVLVWV� RI� WUDQVLHQW� VLJQDOV� ZLWK�H[WUHPHO\� FRPSOH[� KDUPRQLF� VWUXFWXUHV� WKDW�DUH� FRQWLQXRXVO\� FKDQJLQJ� LQ� OHYHO� DQG�VSHFWUXP���
:KHQ� D� FHUWDLQ�PLQLPXP� VWDQGDUG� RI� SHUIRUPDQFH� �LV�DFKLHYHG��WKH�IDFWRUV�PHDVXUHG�DV�VWDQGDUG��VXFK�DV�H�J��DQG� 7,'�� 7+'� DQG� ,0 GLVWRUWLRQ�� KDYH� OLWWOH� RU� QR�UHOHYDQFH� IRU� WKH� DFWXDO� DXGLEOH� SHUIRUPDQFH� RI� HTXLS�PHQW�� 7KHVH� GLVWRUWLRQ� PHDVXUHPHQWV� DUH� QRW� WRWDOO\�XVHOHVV�� KRZHYHU�� IRU� ZKHQ� LQWHUSUHWHG� FRUUHFWO\� WKH\�FDQ� LQGLFDWH� WKH� SUHVHQFH� RI� FHUWDLQ� SUREOHPV�� /RZHVW�,0��7,'� DQG 7+'�GLVWRUWLRQ� ILJXUHV SHU� VH DUH� QRW� RI�SULPH�LPSRUWDQFH��DQG�WKH\�PRVW�FHUWDLQO\�VKRXOG�QRW�EH�WKH� UHDVRQ� IRU� FRPSURPLVLQJ� RWKHU� DVSHFWV�� 7KHUH� DUH�PDQ\� DXGLR� HOHFWURQLFV� RQ� WRGD\
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