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,Q� WKLV� SDSHU� ZH� SUHVHQW� D� UREXVW� SDUWLDO� SDUVHU� �6ORW� 8QLILFDWLRQ� 3DUWLDO� 3DUVHU�� 6833�
EDVHG� RQ� WKH� 6ORW� 8QLILFDWLRQ� *UDPPDUV�� 68*�� 2XU� SDUVLQJ� VWUDWHJ\� DQDO\]HV� FRRUGLQDWHG
QRXQV� DQG� SUHSRVLWLRQDO� SKUDVHV� DQG� YHUEDO� FKXQNV� �YHUEV� LQ� WKHLU� VLPSOH� DQG� FRPSRXQG
IRUPV� DQG� YHUEDO� SHULSKUDVLV�� DQG� LW¶V� JXLGHG� WR� WKH� OLQJXLVWLF� SKHQRPHQD� UHVROXWLRQ�� ,WV
DGDSWDELOLW\� WR�GLIIHUHQW� WDJJHUV�RU�GLFWLRQDULHV�PDNHV� LW�D�JHQHUDO�SXUSRVH�V\VWHP��7R�VKRZ
WKLV�XQLYHUVDOLW\��WKH�V\VWHP�KDV�EHHQ�HYDOXDWHG�ZLWK�WZR�6SDQLVK�FRUSRUD��/(;(63�DQG�%OXH
%RRN���DFKLHYLQJ�SUHFLVLRQ�DQG�UHFDOO�YDOXHV�EHWZHHQ���������

���,QWURGXFWLRQ

0RVW�SDUVHUV�WKDW�KDYH�EHHQ�GHYHORSHG�LQ�WKH�ILHOG�RI�1DWXUDO�/DQJXDJH�3URFHVVLQJ��1/3�
LQ�WKH�UHFHQW�\HDUV�DFFRPSOLVKHG�H[DFW�DQDO\VLV�RI� WKH� LQSXW�VHQWHQFHV��DFFHSWLQJ�RQO\� WKRVH
WKDW�ZHUH�UHFRJQL]HG�E\�WKH�JUDPPDU��)RU� WKLV�UHDVRQ��SHRSOH�ZRUNHG�ZLWK�FORVHG�GLVFRXUVH
XQLYHUVHV� LQ�ZKLFK� WKH� JUDPPDU�ZDV� FDSDEOH� RI� UHFRJQL]LQJ� DOO� LWV� SKUDVHV�� 7KHUHIRUH�� WKH
PDLQ�REMHFWLYH�WR�SXUVXH�ZDV�WR�ILQG�RXW�WKH�EHVW�SDUVHU�IRU�WKH�JUDPPDU�$EQH\��������

1HYHUWKHOHVV�� WKH� ILHOG� RI� 1/3� LQFOXGHV� XQUHVWULFWHG� WH[WV� LQ� ZKLFK� WKH� ODFN� RI� OH[LFDO
LQIRUPDWLRQ�DQG�JUDPPDWLFDO�UXOHV�WKDW�HQFRPSDVV�DOO�WKH�GLVFRXUVH�XQLYHUVH�WRJHWKHU�ZLWK�WKH
GLIILFXOW\�WKDW�LQYROYHV�WKH�OHQJWK�RI�WKH�VHQWHQFHV�DQG�WKH�DPELJXLW\�RI�WKH�JUDPPDU�PDNH�WKH
XVH� RI� FRPSOHWH� SDUVLQJ� XVHOHVV�� $V� DQ� DOWHUQDWLYH�� WKH� XVH� RI� SDUWLDO� SDUVLQJ� WHFKQLTXHV
FDSDEOH�RI�UHWULHYLQJ�V\QWDFWLF�DQG�UHOHYDQW�LQIRUPDWLRQ�IURP�WKH�WH[W�VDFULILFLQJ�FRPSOHWHQHVV
DQG�GHSWK�RI�WKH�DQDO\VLV�LV�RXWOLQHG��)RU�WKLV�UHDVRQ��D�SDUVLQJ�RI�VPDOO�VWUXFWXUHV�RI�UHOHYDQW
LQIRUPDWLRQ� FDSDEOH� RI� EHLQJ� UHWULHYHG� ZLWK� OLWWOH� V\QWDFWLF� LQIRUPDWLRQ� LV� DFFRPSOLVKHG�
LQVWHDG� RI� WKH� FRPSOHWH� DQDO\VLV� WHFKQLTXHV� ZKHUH� ODUJH� VWUXFWXUHV� WKDW� UHTXLUH� WKH� XVH� RI
PXFK�OH[LFDO�DQG�VHPDQWLF�LQIRUPDWLRQ�ZHUH�SDUVHG�

,Q� WKLV�ZRUN�ZH�RXWOLQH� D�SDUWLDO� DQDO\VLV� V\VWHP�EDVHG�RQ� D� VHW� RI� JUDPPDWLFDO� UXOHV� LQ
RUGHU� WR� H[WUDFW� IURP� XQUHVWULFWHG� WH[WV� VROHO\� WKH� V\QWDFWLF� LQIRUPDWLRQ� WKDW� LV� UHOHYDQW
DFFRUGLQJ�WR�WKHVH�UXOHV��XVLQJ�D�WHFKQLTXH�EDVHG�RQ�ZKDW�ZH�FDOO�VORW�VWUXFWXUHV��KHQFHIRUWK
66��WKDW�JHQHUDWH�WKH�UHOHYDQW�HOHPHQWV�RI�WKH�VHQWHQFH�
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,Q�WKLV�ZD\�� WKH�SDUVHU� WKDW�ZH�KDYH�GHVLJQHG�� �6833� �6ORW�8QLILFDWLRQ�3DUWLDO�3DUVHU��� LV
FDSDEOH�RI�H[WUDFWLQJ�FRRUGLQDWHG�QRXQ�DQG�SUHSRVLWLRQDO�SKUDVHV�DQG�YHUEDO�FKXQNV

L
��IRUPHG

E\� YHUEV� LQ� WKHLU� VLPSOH� IRUPV�� WKHLU� FRPSRXQG� IRUPV� DQG� YHUEDO� SHULSKUDVLV� ZLWKRXW
SUHSRVLWLRQ�� DOVR� � LQFOXGLQJ� WKH� SDVVLYH� YRLFH��� ZLGHQLQJ� FRQVLGHUDEO\� WKH� VHW� RI� V\QWDFWLF
HOHPHQWV�WKDW�ZH�DUH�FDSDEOH�RI�H[WUDFWLQJ�LQVWHDG�RI�RWKHU�WUDGLWLRQDO�SDUWLDO�SDUVHUV�WKDW�ZHUH
RQO\�ZRUNLQJ�RQ�WKH�H[WUDFWLRQ�RI�QRXQ�SKUDVHV��)RU�WKLV�UHDVRQ��RXU�V\VWHP�EHFRPHV�D�JRRG
WRRO� IRU� VXEVHTXHQW� DSSOLFDWLRQV� VXFK� DV� LQIRUPDWLRQ� H[WUDFWLRQ� DQG� WKH� FRQVWLWXWLRQ� RI
VXSHULRU�RUGHU�V\QWDFWLF�HOHPHQWV�WKURXJK�VWRFKDVWLF�WHFKQLTXHV�

,Q�DGGLWLRQ�WR�WKLV�LPSRUWDQW�DGYDQWDJH��RXU�V\VWHP�DOORZV�OLQJXLVWLF�SKHQRPHQD�UHVROXWLRQ
PRGXOHV� VXFK� DV� DQDSKRUD� LQ� )HUUiQGH]� HW� DO�� �������� )HUUiQGH]� HW� DO�� �������� OHIW
H[WUDSRVLWLRQ�� DV� ZHOO� DV� WKH� VWUXFWXUDO� DPELJXLW\� WR� EH� ILWWHG�� )RU� DOO� RI� WKHVH�� 6833� LV� D
FRQVLVWHQW�DQDO\VLV�V\VWHP��7KH�FDSDELOLW\�RI�FKDQJLQJ�WKH�GHILQLWLRQ�RI�WKH�LQWHUIDFH�IRU�HDFK
VHW�RI�WDJV��PDNHV�WKLV�V\VWHP�UHDG\�WR�XVH�ZLWK�DQ\�WDJJHU�RU�GLFWLRQDU\�

1H[W� VHFWLRQ� VKRZV�PDLQ�SDUWLDO� SDUVLQJ� VWUDWHJLHV�GHYHORSHG� LQ� WKLV� DUHD��$IWHU� WKLV��ZH
ZLOO�SUHVHQW�WKH�IRUPDOLVP�RI�6ORW�8QLILFDWLRQ�*UDPPDU��68*��DV�EDVH�IRU�WKH�SDUVHU�6833�
,Q� WKH� WKLUG� VHFWLRQ��ZH�ZLOO� GHVFULEH� WKH� FRPSOHWH� V\VWHP��7R� FRQFOXGH��ZH�ZLOO� VKRZ� WKH
UHVXOWV�REWDLQHG�WKURXJK�DSSO\LQJ�6833�WR�WZR�GLIIHUHQW�FRUSRUD��D�IUDJPHQW�RI�WKH�/(;(63

LL

6SDQLVK� FRUSXV�� PDQXDOO\� FKHFNHG�� FRQWDLQLQJ� ������� ZRUGV� LQ� ������ VHQWHQFHV�� DQG� D
IUDJPHQW�RI� WKH�%OXH�%RRN�6SDQLVK� FRUSXV�� FRQWDLQLQJ� ������ZRUGV� LQ� ���� VHQWHQFHV��7KLV
ZLOO�DOORZ�XV�WR�FRPSDUH�RXU�V\VWHP�ZLWK�RWKHU�VWUDWHJLHV�

���%DFNJURXQG

7KH�LGHD�RI�SDUWLDO�SDUVLQJ�FRQVLVWV�RI�GLYLGLQJ�WKH�SDUVLQJ�LQWR�VPDOO�VWUXFWXUHV�WKDW�FRXOG
EH�UHFRYHUHG�ZLWK�D�VPDOO�DPRXQW�RI�V\QWDFWLF�LQIRUPDWLRQ��ZKLOH�RWKHU�W\SHV�RI�SDUVLQJ�ZRUN
ZLWK�VWUXFWXUHV�WKDW�UHTXLUH�PXFK�OH[LFDO�DVVRFLDWLRQ�LQIRUPDWLRQ��$EQH\��������GHILQHV�WKHVH
VPDOO�VWUXFWXUHV�ZLWK�WKH�FRQFHSW�RI�FKXQNV��&KXQNV�DUH�GHILQHG�DV�WKH�QRQ�UHFXUVLYH�FHQWHU�RI
D�LQWUDVHQWHQFH�FRQVWLWXHQW��DQG�LW�H[SDQGV�LWVHOI�IURP�LWV�VWDUW�WR�WKH�NHUQHO��ZLWKRXW�LQFOXGLQJ
SRVW�PRGLILHUV��$QRWKHU� LPSRUWDQW� FRQFHSW� LQ� WKH�SDUWLDO� SDUVLQJ� LV� WKH� VLPSOH[� FODXVH�� ,W� LV
GHILQHG�DV�D�FODXVH�WKDW� LQFOXGHV�QRQ�HPEHGGHG�V\QWDFWLF�VWUXFWXUHV�� WKDW� LV��FKXQNV�ZLWK�QR
DWWDFKPHQW�EHWZHHQ�WKHP�

&KXQNV� DQG� VLPSOH[� FODXVHV� FDQ�EH� UHFRYHUHG�ZLWK� D� VPDOO� UHJXODU�H[SUHVVLRQ� JUDPPDU�
SRVWSRQLQJ�WKH�DWWDFKPHQW�RI�WKH�GLIIHUHQW�FRQVWLWXHQWV�

:LWKLQ� WKH� GLIIHUHQW� DOJRULWKPV� RI� SDUWLDO� SDUVLQJ� UHVROXWLRQ� H[LVWLQJ� LQ� WKH� FXUUHQW
OLWHUDWXUH��ZH�FDQ�GLIIHUHQWLDWH�WZR�WUHQGV�0RUHQR�HW�DO���������

x� )LQLWH�VWDWHV�PDFKLQHV��7KH\�XVH�UHJXODU�JUDPPDUV�WR�UHFRJQL]H�HDFK�V\QWDFWLF
VWUXFWXUH�W\SH�

x� 6WDQGDUG� DOJRULWKPV� LQ� QDWXUDO� ODQJXDJH� SURFHVVLQJ�� 'HILQH� WKH� ODQJXDJH
WKURXJK�FRQWH[W�IUHH�JUDPPDUV�XVLQJ�FODVVLF�DOJRULWKPV�DV�FKDUW��/5��HWF���DGDSWHG�WR
WKH�SDUWLDO�SDUVLQJ�

������������������������������������������������
L
$ FKXQN LV GHILQHG DV HOHPHQW VHTXHQFH ZLWK FHUWDLQ V\QWDFWLF VHQVH DURXQG D FRUH RU KHDG >�@�

LL
7KH 6SDQLVK &RUSXV /(;(63 FRQWDLQV � PLOOLRQ RI OH[LFDOO\ WDJJHG ZRUGV DQG EHORQJV WR WKH SURMHFW RI WKH VDPH QDPH

FDUULHG RXW E\ WKH 'HSDUWDPHQWR GH 3VLFRORJtD RI WKH 8QLYHUVLGDG GH 2YLHGR DQG GHYHORSHG E\ WKH *UXSR GH /LQJ�tVWLFD
&RPSXWDFLRQDO RI WKH 8QLYHUVLWDW GH %DUFHORQD� ZLWK WKH FROODERUDWLRQ RI WKH *UXSR GH 7UDWDPLHQWR GHO /HQJXDMH RI WKH
8QLYHUVLWDW 3ROLWpFQLFD GH &DWDOXQ\D�
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)XUWKHUPRUH�WKHUH�DUH�RWKHU�DOJRULWKPV�VXFK�DV�WH[W�WDJJLQJ��KLGGHQ�PRGHO�0DUNRY��+00�
WHFKQLTXHV�DQG�V\QWDFWLF�WDJJLQJ�EDVHG�RQ�UHVWULFWLRQV�

2QH� RI� WKH� ILUVW� FKXQN� UHFRJQL]HUV� ZDV� GHYHORSHG� E\� 5RVV� DQG� 7XNH\� �������� 7KLV
DOJRULWKP�ORRNV�IRU�VWUHWFKHV�RI�VWRS�ZRUGV��7KHVH�ZRUGV�FDQQRW�IRUP�SDUW�RI�D�QRXQ�SKUDVH�
&KXQNV�ZLOO�EH� WKH�ZRUGV�EHWZHHQ� WZR�VWUHWFKHV��%RXULJDXOW� �������XVHG� WKLV� WHFKQLTXH� IRU
LGHQWLI\LQJ�QRXQ�SKUDVHV�LQ�)UHQFK�

&KXUFK� �������XVHG� D� VLPSOH� VWRFKDVWLF� WHFKQLTXH� WR� FRQVWUXFW� D� QRXQ�FKXQN� UHFRJQL]HG
WKDW� FRQVLVWV� RI� FRGLI\LQJ� WKH� FKXQNV� ZLWK� EUDFNHWV� WKURXJK� D� WDJJHU� EDVHG� RQ� WKH� +00�
5DPVKDZ�DQG�0DUFXV��������DOVR�XVH�WKLV�WHFKQLTXH�

2QH�RI�WKH�PRVW�VXFFHVVIXO�SDUWLDO�SDUVHUV�LV�)LGGLWFK��GHYHORSHG�E\�+LQGOH���������+LQGOH
�������� ,W�ZDV�QRW�GHYHORSHG�DV� D�SDUWLDO�SDUVHU�� ,W�ZDV�GHVLJQHG� WR�EH�XVHG�RQ�XQUHVWULFWHG
WH[WV��7KLV� SDUVHU� VLPSOLILHV� WKH� UXOH� IRUPDOLVP� SURYLGHG� E\� WKH�0DUFXV� SDUVHU� WR� DOORZ� DQ
HDVLHU�ZD\�IRU�ZULWLQJ�D�YHU\�ODUJH�JUDPPDU�FDSDEOH�RI�UHFRJQL]LQJ�FODXVH�ERXQGDU\�PDUNHUV�
VXEMHFWV�DQG�SUHGLFDWHV��7KLV�SDUVHU�FDQ�EH�LPSOHPHQWHG�DV�D�ILQLWH�VWDWH�DXWRPDWRQ��,W�LV�RQH
RI�WKH�IDVWHVW�SDUVHUV�DFKLHYLQJ�VSHHGV�RI������ZRUGV�E\�VHFRQG�

%ULOO��������GHYHORSV�D�PL[HG�PHWKRG�EDVHG�RQ�D�WH[W�WDJJLQJ�ZLWK�EUDFNHWV�DQG�WKH�XVH�RI
OHDUQLQJ� WHFKQLTXHV� IURP� D� WUDLQLQJ� FRUSXV�� 9LODLQ� DQG� 3DOPHU� ������� GHYHORS� VRPH
WHFKQLTXHV�IRU�LPSURYLQJ�OHDUQLQJ�VSHHGV�

.DUOVVRQ� HW� DO�� ������� GHVFULEHV� WKH� SDUWLDO� SDUVHU� (1*&*� GHYHORSLQJ� WKH� DOJRULWKP
SUHVHQWHG�E\�9RXWLODLQHQ�HW�DO����������7KLV�SDUVHU�XVHV�D�OH[LFDO�SDUVLQJ�WR�DVVLJQ��LWV�SDUW�RI
VSHHFK�DQG��D�VHW�RI�SRVVLEOH�V\QWDFWLF�IXQFWLRQ�WDJV�WR�HDFK�ZRUG��7KH�ZD\�RI�GLVDPELJXDWLQJ
WKH�V\QWDFWLF�FDWHJRU\�LV�WKH�VDPH�DV�SDUW�RI�VSHHFK�GLVDPELJXDWLRQ��WKURXJK�WKH�DSSOLFDWLRQ�RI
SDWWHUQ�PDWFKLQJ�UXOHV��7KH�V\QWDFWLF�SDUVLQJ�LV�D�GHSHQGHQF\�DQDO\VLV�LQ�WKH�VHQVH�WKDW�RQO\
ZRUG�ZRUG� UHODWLRQV� DUH� FRQVLGHUHG�� 7KHUH� LV� QR� DVVRFLDWLRQ� EHWZHHQ� ZRUGV� DQG� WKHLU
JRYHUQRUV��DOWKRXJK�LW�UHGXFHV�WKH�VHW�RI�SRVVLEOH�SDUVHV�

-RVKL�DQG�6ULQLYDV��������GHVFULEH�D�SDUWLDO�SDUVHU�EDVHG�RQ�9RXWLODLQHQ�WDJJLQJ�WHFKQLTXHV
WKURXJK� /7$*� �/H[LFDOL]HG� 7UHH� $GMRLQLQJ� *UDPPDUV�� LQ� ZKLFK� HDFK� HOHPHQWDU\� WUHH
FRQWDLQV�D�XQLTXH�OH[LFDO�LWHP��7KHVH�LWHPV�FDQ�EH�DWWDFKHG�WKURXJK�D�GHSHQGHQF\�JUDSK��(DFK
ZRUG�FDQ�DSSHDU�LQ�PXOWLSOH�HOHPHQWDU\�WUHHV�WKDW�UHSUHVHQW�D�GLIIHUHQW�V\QWDFWLF�VWUXFWXUHV��$Q
DGDSWDWLRQ�RI�9LWHUEL�VHDUFK�LV�XVHG�WR�VHOHFW�D�WUHH�IRU�HDFK�ZRUG�

9RXWLODLQHQ� DQG� 3DGUy� ������� VKRZ� D� FRPSOHWH� K\EULG� SDUVHU� ZKHUH� D� SDUWLDO� SDUVHU� LV
DFFRPSOLVKHG�� 7KLV� SDUWLDO� SDUVLQJ� IROORZV� WKH� OLQJXLVWLF�PRGHO� � ZLWK� UHVWULFWLRQ� JUDPPDUV
ZKLFK�LV�DGDSWHG�IRU�LQFOXGLQJ�WKH�VWDWLVWLF�LQIRUPDWLRQ�REWDLQHG�IURP�D�WUDLQLQJ�FRUSXV��7KH
SDUVHU� LV� FDSDEOH� RI� LGHQWLI\LQJ� YHUEV�� SUH�PRGLILHUV�� QRPLQDO� DQG� DGYHUELDO� KHDGLQJV� DQG
VRPH�SRVW�PRGLILHUV��,W�LV�D�QRXQ�SKUDVH�SDUVHU�

7KH�GHYHORSPHQWV�RI�(MHUKHG�DQG�&KXUFK��������DQG�(MHUKHG��������DV�ZHOO�DV�WKH�VWXGLHV
RI�$EQH\� ��������$EQH\� ��������$EQH\� ������� DQG�$EQH\� ������� GHVFULEH� WKH� ILQLWH� VWDWH
PDFKLQHV�� ,Q� WKHVH� PDFKLQHV�� D� VHW� RI� UHJXODU� H[SUHVVLRQ� SDWWHUQV� IRU� UHFRJQL]LQJ� SKUDVHV
GHILQHV�D�VHTXHQFH�RI�VWUDWD��(DFK�VWUDWXP�WDNHV�DV�LQSXW�WKH�RXWSXW�RI�WKH�SUHYLRXV�RQH��EHLQJ
WKH� RXWSXW� RI� VWUDWXP� �� SDUWV� RI� VSHHFK�� 7KHVH� SDWWHUQV� DUH� WUDQVODWHG� LQWR� ILQLWH� VWDWH
DXWRPDWRQV� WKDW�DUH� MRLQHG� WRJHWKHU� IRUPLQJ� DQ�XQLTXH�GHWHUPLQLVW� DQG�PLQLPDO� DXWRPDWRQ�
(DFK�SUHIL[�RI�WKH�LQSXW�WDNHV�WKH�DXWRPDWRQ�WR�D�XQLTXH�VWDWH��KHQFH�WKHUH�LV�D�ORQJHVW�SUHIL[
WKDW� WDNHV� WKH� VWUDWXP�DXWRPDWRQ� LQWR� D� ILQDO� VWDWH�� DQG� WKLV� ILQDO� VWDWH� LV� XQLTXH��7KDW� ILQDO
VWDWH�FRUUHVSRQGV�WR�D�VHW�RI�ILQDO�VWDWHV�IURP�WKH�SDWWHUQ�DXWRPDWRQ�DOORZLQJ�XV�WR�GHWHUPLQH
ZKLFK�SDWWHUQ� LV� WKH� UHVSRQVLEOH� IRU� WKH�PDWFKLQJ��$EQH\� ������� WKHUH� LV� DQ� DSSURDFKLQJ� WR
WKLV�V\VWHP�ZLWK�WKH�FRQVWUXFWLRQ�RI�D�+00�IURP�WKH�VWUDWXP�UHFRJQL]HU�
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���6ORW�8QLILFDWLRQ�*UDPPDU��68*�

7KH�68*�DUH�GHYHORSHG�DV�DQ�H[WHQVLRQ�RI�'&*�DQG�WKH\�DUH�QDPHG�LQ�WKLV�ZD\�EHFDXVH
RI�WKH�VORW�VWUXFWXUHV��66��WKDW�DUH�DXWRPDWLFDOO\�JHQHUDWHG�E\�WKH�SDUVHU�ZKHUH�WKH�OLQJXLVWLF
LQIRUPDWLRQ� WKDW� LV� QHHGHG� IRU� VROYLQJ� OLQJXLVWLF� SKHQRPHQD� LV� LQFOXGHG� )HUUiQGH]� HW� DO�
�������

$�68*�FDQ�EH�GHILQHG�DV� WKH�TXDGUXSOH�� �17�7�3�+���ZKHUH�17�DQG�7�DUH� D� ILQLWH� VHW�RI

QRQWHUPLQDO�DQG� WHUPLQDO� V\PEROV� UHVSHFWLYHO\��PRUHRYHU�17���7� ����3� LV� D� ILQLWH� VHW� RI

SDLUV�D���!�E�ZKHUH�D�17��E��7�17���� ^SURFHGXUHV� FDOOV`�� DQG� WKHVH� SDLUV� DUH� FDOOHG
SURGXFWLRQ�UXOHV��)LQDOO\�+�LV�D�VHW�RI�SURGXFWLRQ�UXOHV�ZKLFK�RQO\�KDV�WKH�ILUVW�PHPEHU�RI�WKH

SURGXFWLRQ� UXOH�� L�H�� D�� DQG� D¶V� QDPH� LV� HLWKHU� FRRUGLQDWHG
LLL
�� MX[WDSRVLWLRQ

LY
�� IXVLRQ

Y
�

EDVLF:RUG
YL
�RU�LV:RUG

YLL
�

68*¶V� SURGXFWLRQ� UXOHV� DGG� WR� WKRVH� RI� '&*� WKDW� HDFK� VXEFRQVWLWXHQW� RI� E� FRXOG� EH
RPLWWHG�LQ�WKH�VHQWHQFH�LI�LW�LV�QRWHG�EHWZHHQ�WKH�RSWLRQDO�RSHUDWRU�����FRQVWLWXHQW�!!��,W�LV�D
ZHOO�NQRZQ� IDFW� WKDW� ZH� FDQ� JHW� RSWLRQDO� FRQVWLWXHQWV� LQ� '&*� IURP� PDNLQJ� XVH� RI� D

QRQWHUPLQDO�V\PERO��H�J��RSW$��ZLWK�RSW$o$�DQG�RSW$o>�@���+RZHYHU�WKLV�VNLOO�REOLJHV�XV�WR
DGG�QHZ�QRQWHUPLQDO�V\PEROV��ZKHUHDV�68*�DOORZV�XV�WR�JHW�LW�ZLWKRXW�DGGLQJ�DQ\�QHZ�RQH�
:H�FDQ�JHW�DQ�H[DPSOH�IURP�)LJXUH����LQ�ZKLFK�ZH�FDQ�VHH�WKH�UHGXFWLRQ�RI�JUDPPDWLFDO�UXOHV
LQ�68*�

'&* *UDPPDU�

QS ��! VXEVW�

QS ��! GHW� VXEVW�

QS ��!GHW� DGM� VXEVW�

QS ��!GHW� VXEVW� DGM�

QS ��!GHW� VXEVW� SS�

«��

68* *UDPPDU�

QS ��! ��GHW!!� ��DGM!!�

'&* *UDPPDU ZLWK RSWLRQDO FRQVWLWXHQWV�

QS ��! RSW'HW� RSW$GM� VXEVW� RSW$GM� RSW33�

RSW'HW ��! GHW�

RSW'HW ��! > @�

RSW$GM ��! DGM�

RSW$GM ��! > @�

«��

VXEVW� ��DGM!!� ��SS!!�

)LJXUH����&RPSDULVRQ�EHWZHHQ�'&*�DQG�68*�ZLWK�UHIHUHQFH�WR�RSWLRQDO�FRQVWLWXHQWV�

)XUWKHUPRUH�� WKLV�RSWLRQDO�RSHUDWRU�KDV� WKH�SRVVLELOLW\�RI� UHPLQGLQJ�ZKHWKHU� WKH�RSWLRQDO
FRQVWLWXHQW�KDV�EHHQ�SDUVHG�LQ�WKH�VHQWHQFH�RU�QRW��7KLV�LQIRUPDWLRQ�ZLOO�EH�YHU\�XVHIXO�LQ�WKH
UHVROXWLRQ�RI�1/3�SUREOHPV�VXFK�DV�HOOLSVLV�RU�H[WUDSRVLWLRQ��7KLV�IDFW�LV�FDUULHG�RXW�E\�DGGLQJ
D�ODEHO�WR�WKH�RSWLRQDO�FRQVWLWXHQW��H�J�����6613���QS�!!��7KLV�ODEHO�ZLOO�EH�DQ�XQLQVWDQWLDWHG
3URORJ� YDULDEOH� LI� FRQVWLWXHQW� QS� LV� PLVVLQJ�� VR� 3URORJ� SUHGLFDWH� YDU�6613�� ZRXOG� EH
VXFFHVVIXO�

������������������������������������������������
LLL
&RRUGLQDWHG SURGXFWLRQ UXOH VROYHV FRRUGLQDWLRQ EHWZHHQ FRQVWLWXHQWV�

LY
-X[WDSRVLWLRQ LV D VSHFLDO FRRUGLQDWLRQ ZLWKRXW FRQMXQFWLRQ

Y
)XVLRQ SURGXFWLRQ UXOH HQWDLOV RWKHUV UXOHV ZLWK FRPPRQ VXE�FRQVWLWXHQW

YL
%DVLF:RUG SURGXFWLRQ UXOH GHILQHV QRQWHUPLQDO V\PEROV

YLL
,V:RUG SURGXFWLRQ UXOH VSHFLILHV ODQJXDJH ZRUG
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���6ORW�8QLILFDWLRQ�3DUWLDO�3DUVHU��6833���D�UREXVW�SDUWLDO�SDUVLQJ�VWUDWHJ\

:H�DUH�JRLQJ�WR�H[SODLQ�WKH�JHQHUDO�V\VWHP�RI�OLQJXLVWLF�SURFHVVLQJ��)LJXUH�����LQ�ZKLFK�LV
LQFOXGHG� WKH� SDUWLDO� DQDO\VLV� VWUDWHJ\� WRJHWKHU� ZLWK� RWKHU� PRGXOHV� RI� UHVROXWLRQ� RI� 1/3
SUREOHPV�DQG�LWV�SRVVLEOH�VXEVHTXHQW�DSSOLFDWLRQ�LQ�D�VHPDQWLF�DQDO\VLV�PRGXOH�

,Q�WKH�ILUVW�SODFH��D�68*�JUDPPDU�FDSDEOH�RI�UHFRJQL]LQJ�QRXQ�SKUDVHV�DQG�YHUEDO�FKXQNV
LV�GHILQHG��:H�WDNH�WKLV�JUDPPDU�DV�LQSXW�IRU�D�WUDQVODWRU�WKDW�ZH�KDYH�GHYHORSHG�ZKLFK�WXUQV
68*�UXOHV�LQWR�3URORJ�FODXVHV��7KLV�WUDQVODWRU�KDV�EHHQ�UXQ�XQGHU�6,&6WXV�3URORJ������$ULW\
3URORJ�����DQG�/3$�:LQ3URORJ��DQG�LW�ZLOO� WUDQVODWH� LQWR�3URORJ�HDFK�68*�SURGXFWLRQ�UXOH�
7KLV�WUDQVODWRU�ZLOO�SURYLGH�XV�WKH�66��7KLV�66�VWRUHV�WKH�V\QWDFWLF��PRUSKRORJLF�DQG�VHPDQWLF
LQIRUPDWLRQ�RI�HYHU\�FRQVWLWXHQW�

)URP�RXU�SDUVLQJ�PRGXOH� �SDUWLDO�GXH� WR� WKH� LQWURGXFHG�JUDPPDU��D�V\QWDFWLF�DQDO\VLV�RI
WKH�VHQWHQFH�REWDLQLQJ�LWV�66��LV�FDUULHG�RXW��7KHQ��WKH�PRGXOH�RI�UHVROXWLRQ�RI�1/3�SUREOHPV
XVLQJ�66��ZLOO�EH�DSSOLHG��7KH�VROXWLRQ�ZLOO�FRQVLVW�RI�D�QHZ�66��66�
��LQ�ZKLFK�WKH�OLQJXLVWLF
SUREOHPV��DQDSKRUD��HOOLSVLV��ZK�PRYHPHQW��KDYH�EHHQ�HOLPLQDWHG�

:H�ZRXOG�OLNH�WR�HPSKDVL]H�WKDW�WKLV�VNLOO�RI�UHVROXWLRQ�DOORZV�XV�WR�SURGXFH�PRGXODU�1/3
V\VWHPV� LQ�ZKLFK�JUDPPDWLFDO� UXOHV�� SDUVLQJ�PRGXOH�� DQG� WKH�PRGXOH�RI� UHVROXWLRQ�RI�1/3
SUREOHPV�DUH�TXLWH�LQGHSHQGHQW�IURP�HDFK�RWKHU�

6HQWHQFH WR SDUVH
2QO\ RQH DFFHVV

WR WKH GLFWLRQDU\

3KHQRPHQD UHVROXWLRQ

PRGXOH

68**UDPPDU

7UDQVODWRU IURP 68* WR

3URORJ

6HPDQWLF DQDO\VLV

PRGXOH

6ORW 6WUXFWXUH ZLWK SKHQRPHQD

VROYHG � 66�¶ �

3URORJ SURJUDP

3DUVLQJ PRGXOH

6ORW 6WUXFWXUH � 66� �

)LJXUH����&RPSOHWH�DSSOLFDWLRQ�ZLWK�6833�

2XU�6833�SDUVHU�ZLOO�DFFHVV�WKH�GLFWLRQDU\�RQO\�RQFH�GXULQJ�WKH�ZKROH�SURFHVV�RI�SDUVLQJ
LQ� RUGHU� WR� DYRLG� UHSHDWHG� DFFHVV� WR� WKH� VDPH� ZRUG� IURP� WKH� GLFWLRQDU\�� ,W� VWRUHV� WKH
LQIRUPDWLRQ�RI�HDFK�ZRUG�RQ�D�OLVW�EHIRUH�VWDUWLQJ�WKH�SDUVH�DQG�LW�ZLOO�ZRUN�ZLWK�WKLV�VWUXFWXUH
LQVWHDG�RI�WKH�OLVW�RI�ZRUGV�RI�D�'&*�SDUVHU�LQ�3URORJ��H�J��'&*�OLVW��>WKLV��ERRN�� LV��PLQH@�
68*� OLVW�� >ZRUG� �WKLV�� >DGM� �VLQJ�� GHP��� SURQ� �VLQJ�� GHP�@� ���ZRUG� �ERRN�� >QRXQ� �����@���«@�
(DFK�HOHPHQW�IURP�WKH�68*�OLVW�LV�D�VWUXFWXUH�ZLWK�QDPH�ZRUG�DQG�ZLWK�WZR�DUJXPHQWV��7KH
ILUVW�RQH�FRUUHVSRQGV� WR� WKH�VDPH�ZRUG�RI� WKH�VHQWHQFH� OLNH�D�3URORJ�DWRP��7KH�VHFRQG�RQH
FRUUHVSRQGV� WR�D�VWUXFWXUH� OLVW�ZKLFK�UHIHUV� WR� WKH� OH[LFDO�HQWULHV�RI� WKH�ZRUG��7KDW� LV� WR� VD\
WKDW�HYHU\�WLPH�WKH�SDUVHU�KDV�WR�DFFHVV�D�OH[LFDO�HQWU\�RI�D�ZRUG��LW�ZLOO�ORRN�LW�XS�LQ�WKLV�OLVW�
LW�ZLOO�QRW�DFFHVV�WKH�GLFWLRQDU\�HYHU�DJDLQ�

,Q� WKLV�ZRUN��ZH�DUH�JRLQJ� WR�DSSO\�D�SDUWLDO�SDUVLQJ�VWUDWHJ\�RQ� WKH�RXWSXW�RI�D�SDUW�RI�
VSHHFK��326��WDJJHU��LQ�D�VLPLODU�ZD\�WR�WKH�DOJRULWKP�SURSRVHG�E\�.HQQHG\�DQG�%RJXUDHY
�������� :H� ZLOO� ZRUN� RQ� WKH� FRUSXV� XVHG� ZLWKLQ� WKH� /(;(63� SURMHFW� WKDW� FRQVLVWV� RI
MRXUQDOLVWLF� WH[WV�� DUWLFOHV�RQ�YDULRXV� VXEMHFWV� �KXPDQ��SROLWLFDO�� VSRUWV�� HWF��� DQG�VRPH�VKRUW
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OLWHUDU\�H[WUDFWV��7KLV�6SDQLVK�FRUSXV�FRQVLVWV�DSSUR[LPDWHO\�RI��0�ZRUGV�WDJJHG�ZLWK�WKHLU
JUDPPDWLFDO�FDWHJRULHV�DQG�PRUSKRORJLFDO�LQIRUPDWLRQ�

$V�LW�FDQ�EH�REVHUYHG�LQ�)LJXUH����ZH�ZLOO�EHJLQ�ZLWK�D�WDJJHG�VHQWHQFH�WKDW�LV�WXUQHG�LQWR
WKH� 68*� OLVW� IRUPDW�� ZKHUH� HDFK� WDJ� LV� PDSSHG� LQWR� WKH� DSSURSULDWH� ODEHO� LQ� WKH� 68*
JUDPPDU��)LQDOO\��WKLV�68*�OLVW�RI�ZRUGV�ZLOO�EH�WDNHQ�DV�WKH�LQSXW�IRU�WKH�JUDPPDU�GHVFULEHG
LQ�)LJXUH����7KLV�JUDPPDU�ZLOO�FDUU\�RXW�WKH�SDUWLDO�SDUVLQJ�RI�WKH�WH[W��7KLV�VLPSOH�LQWHUIDFH
EHWZHHQ�WKH�WDJJHU�DQG�6833�LV�RQH�RI�WKH�DGYDQWDJHV�RI�PRGXODULW\�WKDW�6833�SUHVHQWV��7KLV
ZLOO�DOORZ�XV�WR�ZRUN�ZLWK�GLIIHUHQW�GLFWLRQDULHV�RU�WDJJHUV�ZLWK�WKH�VDPH�68*�JUDPPDU�

7DJJHG VHQWHQFH

3DUWLDO SDUVLQJ

,QWHUIDFH IRU

WUDQVIRUPLQJ HDFK WDJ

LQWR WKH FRUUHVSRQGLQJ

IRU 68*

)LQDO VORW VWUXFWXUH

�3RU� SRU� 636���� �ORV� HO�

7'03��� �VHQGHULVWDV�

VHQGHULVWD� 1&03����� «

> ZRUG�SRU�>SUHS6LPSOH�B�B�@��

ZRUG �ORV� >DUW�SO� PDVF� GHW�@��

ZRUG �VHQGHULVWDV� >VXVW �SO�

PDVF� FRPXQ�@�� « @

68* IRU SDUVLQJ RQO\ FHUWDLQ

FRQVWLWXHQWV

)LJXUH����,QWHUIDFH�EHWZHHQ�WDJJHU�DQG�6833�

$�IUDJPHQW�RI�WKH�68*�JUDPPDU�WKDW�ZH�KDYH�XVHG�LQ�RXU�WHVWV�LV�VKRZQ�LQ�)LJXUH����7KLV
JUDPPDU�ZLOO� RQO\� SDUVH� FRRUGLQDWHG� SUHSRVLWLRQDO� SKUDVHV� �33��� FRRUGLQDWHG� QRXQ� SKUDVHV
�13��� DQG�YHUEV� LQ� VLPSOH� IRUP�� FRPSRXQG� IRUP�� DQG� YHUEDO� SHULSKUDVLV� �LQFOXGLQJ� SDVVLYH
YRLFH��LQ�ZKDWHYHU�RUGHU�WKDW�WKH\�DSSHDU�LQ�WKH�WH[W��7KH�UHPDLQLQJ�ZRUGV�QRW�UHFRJQL]HG�E\
WKH�JUDPPDU�DUH�V\QWDFWLFDOO\�WUHDWHG�DV�ORRVH�ZRUGV��ZLWKRXW�ELQGLQJ�WR�DQ\�QRXQ�SKUDVH�RU
YHUE��DQG�DUH�UHSUHVHQWHG�LQ�WKH�RXWSXW�DV�
3$/$%5$¶�

���(YDOXDWLRQ�DQG�'LVFXVVLRQ

:H�KDYH�DSSOLHG�RXU�SDUWLDO�SDUVHU��6833��WR�D�IUDJPHQW�RI�WKH�/(;(63�FRUSXV�PDQXDOO\
FRUUHFWHG�WKDW�FRQWDLQV��������ZRUGV�LQ������VHQWHQFHV��PHGLXP�OHQJWK�RI�D�VHQWHQFH�LV������
ZRUGV��� REWDLQLQJ� WKH� UHVXOWV� WKDW� ZH� ZLOO� UHYHDO� EHORZ�� 7R� DFFRPSOLVK� WKH� YDOXHV
PHDVXUHPHQW��ZH�KDYH�EDVHG� LW�RQ� WKH� VWXGLHV�RI�&DUUROO� DQG�%ULVFRH� �������� LQ�ZKLFK� LW� LV
VKRZQ� WKDW�� HYHQ� WKRXJK� WKHUH� LV� QR� PHDVXUHPHQW� V\VWHP� WKDW� IDLWKIXOO\� UHSUHVHQWV� WKH
HIIHFWLYHQHVV�RI�WKH�V\VWHP��SUHFLVLRQ�DQG�UHFDOO�DUH�YHU\�H[WHQGHG�PHDVXUHV��DOORZLQJ�XV� WR
PDNH�FRPSDULVRQV�ZLWK�RWKHU�V\VWHPV��7KH�HYDOXDWLRQ�V\VWHP�IRU�RXU�SDUWLDO�SDUVHU� LV�EDVHG
RQ�SUHFLVLRQ�DQG�UHFDOO�LQ�H[WUDFWLRQ�RI�VLPSOH�QRXQ�SKUDVHV�WKDW�PD\�EH�LQFOXGHG�LQ�DQRWKHU
VXSHULRU�RUGHU�QRXQ�SKUDVH��FRQVWLWXWHG�E\�D�VLQJOH�FRUH�DQG�FRQVWLWXHQWV�WKDW�FRPSOHPHQW�LW�
L�H�� WKH�ZKLWH�KRXVH�� DQG�FRPSOHWH�QRXQ�SKUDVHV� �RU�RI� WKH�PRVW� VXSHULRU�RUGHU�� WKDW�FDQ�EH
FRQVWLWXWHG�E\�RWKHU�QRXQ�SKUDVHV�DQG�RU�VXERUGLQDWHG�VHQWHQFHV�DQG�WKDW�GR�QRW�EHORQJ�WR�DQ\
QRXQ�SKUDVH�RI�VXSHULRU�RUGHU��L�H��WKH�UHG�KRXVH�ZKLFK�VWRRG�QHDU�WKH�VWDWLRQ

:H�ZLOO� GHILQH� SUHFLVLRQ� DV� WKH� TXRWLHQW� EHWZHHQ� WKH� QXPEHU� RI� FRUUHFWO\� SDUVHG� QRXQ
SKUDVHV�DQG�WKH�QXPEHU�RI�SDUVHG�QRXQ�SKUDVHV�LQ�WKH�WH[W�DQG�UHFDOO�DV�WKH�TXRWLHQW�EHWZHHQ
WKH�QXPEHU�RI�FRUUHFWO\�SDUVHG�QRXQ�SKUDVHV�DQG�WKH�QXPEHU�RI�UHDO�QRXQ�SKUDVHV�LQ�WKH�WH[W�
:H�ZLOO�FRQVLGHU�WKDW�D�QRXQ�SKUDVH�KDV�QRW�EHHQ�FRUUHFWO\�SDUVHG�LQ���SRVVLEOH�FDVHV�
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D�� (UURU�LQ�WKH�DVVLJQHG�V\QWDFWLF�FDWHJRU\��ZKHQ�WKH�DVVLJQHG�V\QWDFWLF�FDWHJRU\
GRHV�QRW�FRUUHVSRQG�WR�WKH�FDWHJRU\�RI�QRXQ�SKUDVH�

E�� /LPLW� HUURUV�� ZKHQ� WKHLU� OLPLWV� GR� QRW� FRLQFLGH� ZLWK� WKH� OLPLWV� RI� UHDO� QRXQ
SKUDVH��HQFRPSDVVHV�D�JUHDWHU�RU�VPDOOHU�OHQJWK�WKDQ�WKH�UHDO�OHQJWK��

F�� 0XOWLSOLFDWLRQ�HUURUV��ZKHQ�D�QRXQ�SKUDVH�LV�SDUVHG�DV�VHYHUDO�

G�� 8QLRQ�HUURUV��ZKHQ�VHYHUDO�QRXQ�SKUDVHV�DUH�WDNHQ�DV�RQH�RQO\�

H�� 2PLVVLRQ�HUURUV��ZKHQ�D�QRXQ�SKUDVH�LV�QRW�UHFRJQL]HG�DV�VXFK�

)LJXUH����3DUWLDO�SDUVLQJ�ZLWK�68*�

,Q� WKLV� ZD\�� DIWHU� VXSHUYLVLQJ� PDQXDOO\� WKH� DXWRPDWLF� SDUVHV� FDUULHG� RXW� ZLWK� WKH� LQSXW
FRUSXV�DQG�FRPSDULQJ�UHVXOWV��WKH�IROORZLQJ�YDOXHV�KDYH�EHHQ�REWDLQHG��)RU�WKH�VLPSOH�QRXQ
SKUDVHV�� D� SUHFLVLRQ� RI� ���� DQG� D� UHFDOO� RI� ���� LV� DFKLHYHG�� DQG� IRU� WKH� FRPSOH[� QRXQ
SKUDVHV��D�SUHFLVLRQ�RI�����DQG�D�UHFDOO�RI�����LV�REWDLQHG

YLLL

��$OVR��IRU�WKH�YHUEDO�FKXQNV�WKH
V\VWHPV� DFKLHYHV� D� SUHFLVLRQ� RI� ������ DQG� D� UHFDOO� RI� ����� )LQDOO\�� IRU� WKH� SUHSRVLWLRQDO
SKUDVHV�ZH�KDYH�REWDLQHG�D�SUHFLVLRQ�RI�����DQG�D�UHFDOO�RI�����

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

YLLL

� 7KH� GHFUHDVH� REWDLQHG� IURP� WKH� FRPSOH[� QRXQ� SKUDVHV� ZLWK� UHVSHFW� WR� WKH� VLPSOH� LV
PDLQO\� GXH� WR� HUURUV� SURGXFHG� E\� WKH� OLQJXLVWLF� SKHQRPHQD� DFWLRQ� VXFK� DV� WKH� VWUXFWXUDO
DPELJXLW\��WKH�FRRUGLQDWLRQ��WKH�HOOLSVLV��HWF��� �ZLWKRXW�VROXWLRQ�LQ� WKH�SDUWLDO�DQDO\VLV�GXH�WR
ODFN�RI�VHPDQWLF� LQIRUPDWLRQ�LQ� WKH�GLVFXVVHG�FRUSXV��DQG�WKDW�ZLOO�KDYH�WR�EH�WUHDWHG�LQ� WKH
VXEVHTXHQW�SKDVH�

SDUWLDO6HQWHQFH ��!
�� 33�SS !!� �� 13�QS !!� �� 9�YHUE !!�

�� > @�
UHPDLQLQJ6HQWHQFH�33�13�9�

�! �
UHPDLQLQJ6HQWHQFH�33�13�9� ��!

��� � ^� YDU�33�� YDU�13�� YDU�9��`� >:@��
� B � B �

��!�
SDUWLDO6HQWHQFH�

������ *UDPPDWLFDO UXOHV IRU HDFK FRQVWLWXHQW WR SDUVH

FRRUGLQDWHG� SS� VLPSOH33 ��

VLPSOH33 ��! SUHSRVLWLRQ� QS�
FRRUGLQDWHG� QS� VLPSOH13 �B� ��

VLPSOH13 �VXEVWDQWLYH7\SH� ��! ��GHWHUPLQHU!!�
��DGMHFWLYH!!� QRXQ� ��DGMHFWLYH!!� ��SS!!�

VLPSOH13 �DGMHFWLYH7\SH� ��! ��GHWHUPLQHU!!�

DGMHFWLYH� ��SS!!�
VLPSOH13 �SURQRXQ7\SH� ��! SURQRXQ�

VLPSOH13 �LQILQLWLYH7\SH� ��! ��GHWHUPLQHU!!�
LQILQLWLYH9HUE� ��SS!!�

YHUE ��! �� FRPS9HUE�SHULSKUDVLV9HUE�VLPSOH9HUE �!
FRPS9HUE ��! ��DX[9HUE!!� DX[9HUE�

�� DX[9HUE� SDUWLFLSOH9HUE �!�
SHULSKUDVLV9HUE ��! VLPSOH9HUE�

�� JHUXQG9HUE� SDUWLFLSOH9HUE �!�

«
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)XUWKHUPRUH��LW�KDV�EHHQ�GHWHFWHG�WKDW��LQ�VSLWH�RI�EHLQJ�D�PDQXDOO\�FRUUHFWHG�FRUSXV��VRPH
LVRODWHG�HUURUV�RI�OH[LFDO�DQG�PRUSKRORJLFDO�WDJJHG�LWHPV�H[LVW�DQG�DOWHU�WKH�UHVXOW�LQ�WKH�FDVH
RI� VLPSOH� QRXQ� SKUDVHV� DV�ZHOO� DV� FRPSOHWH� QRXQ� SKUDVHV�� 6R�� EHWWHU� UHVXOWV� LQ� IUHH� WDJJHG
HUURUV��FRUSXV�ZRXOG�EH�REWDLQHG�

7KH� PDLQ� GLIIHUHQFH� EHWZHHQ� RXU� V\VWHP� DQG� WKRVH� GHYHORSHG� SUHYLRXVO\� LV� WKDW� ZH
SURSRVH�D�SDUVLQJ�VWUDWHJ\�WKDW�QRW�RQO\�LQFOXGHV�QRXQ�SKUDVHV�EXW�DOVR�SUHSRVLWLRQDO�SKUDVHV
DQG�YHUEDO�FKXQNV��DV�RSSRVHG�WR�V\VWHPV�WKDW�SURSRVH�D�PXFK�PRUH��OLPLWHG�SDUWLDO�SDUVLQJ�
2Q�WKH�RWKHU�KDQG��LQ�PRVW�FDVHV��WKH�RWKHU�VWUDWHJLHV�VKRZ�WKHLU�UHVXOWV�LQ�ZRUGV�SHU�VHFRQG
�ZSV���7KLV�SDUDPHWHU�LV�GLUHFWO\�GHSHQGHQW�RQ�WKH�FRPSXWHU�VSHHG��)XUWKHUPRUH��RXU�VWUDWHJ\
ZRUNV� ZLWK� D� 6SDQLVK� FRUSXV�� ZKLFK� LV� QRW� XVHG� LQ� WKH� EDFNJURXQG� V\VWHPV�� 7KLV� PDNHV
FRPSDULVRQ�GLIILFXOW�WR�PHDVXUH�

3URJUDP GHSWK VZ KDUGZDUH Z�V

)LGGLWFK� SDUVH & 6*, ����

&RSV\ QS 3DVFDO %6���� ����

&* GHS 6SDUF�� ���� r���

)LGGLWFK� SDUVH & 6XQ� ����

6833 SDUVH 3URORJ 3HQWLXP ,, ���

3RV WDJ 6XQ� ���

)LGGLWFK� SDUVH /LVS 6XQ� ��

&DVV FKXQN /LVS 6XQ� ��

&ODULW QS /LVS ��

)DVWXV FKXQN /LVS 6SDUF� ��

&DVV FKXQN /LVS 8;���6 ��

6FLVRU VNLP ��

)LGGLWFK� SDUVH /LVS 6\P���;; ��

0F'RQDOG SDUVH 0DF,, �� r�

&KXSD SDUVH /LVS 8;���6 ���

7UDGLWLRQDO SDUVH ����

)LJXUH����3DUVLQJ�VSHHG�FRPSDULVRQ�WDEOH

1HYHUWKHOHVV�� LQ� FRPSDULQJ� RXU�PHWKRG� WR� RWKHU� UXOHV� EDVHG�PHWKRGV�� RXU� SDUVHU� XVHV� D
VPDOOHU�TXDQWLW\�RI�UXOHV�����UXOHV���%RXULJDXOW�V\VWHP�XVHV�����GHILQHG�DQG�KDQG�WHVWHG�UXOHV�
9RXWLODLQHQ¶V� SDUVHU� 9RXWLODLQHQ� HW� DO�� ������� XVHV� ���� V\QWDFWLF� UXOHV� DQG� ����
PRUSKRORJLFDO� UXOHV�� 7KLV� GHFUHDVH� LQ� WKH� QXPEHU� RI� UXOHV� LV� GXH� WR� WKH� ORJLFDO� IRUPDOLVP
�68*��XVHG�E\��WKH�SDUVHU�6833�WKDW�SHUPLWV�RSWLRQDO�FRPSRQHQWV�LQ�UXOHV�

$V�ZHOO�DV�WKH�FDSDELOLW\�RI�RXU�V\VWHP�LQ�WKH�SDUVLQJ�RI�QRXQ�SKUDVHV��YHUEDO�FKXQNV�DQG
SUHSRVLWLRQDO�SKDVHV��LW�LV�SRVVLEOH�WR�DGG�OLQJXLVWLF�SKHQRPHQD�UHVROXWLRQ�PRGXOHV�WR�H[SDQG
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