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-RXUQDO�RI�3K\VLFDO�	�7KHRUHWLFDO�&KHPLVWU\,VODPLF�$]DG�8QLYHUVLW\�RI�,UDQ�� ���6FLHQFH�DQG�5HVHDUFK�&DPSXV,661�����������
7KHUPRG\QDPLF�RI�,QWHUDFWLRQ�EHWZHHQ�6RPH�:DWHU�6ROXEOH�3RUSK\ULQV�DQG '1$�E\�7LWUDWLRQ�0LFURFDORULPHWU\�
0�.HVKDYDU]����� ���.�=DUH������0�$NEDU]DGHK���0�5�.KRVKFKHKUHK� DQG�$�(�%�0DKGDYL�

� 'HSDUWPHQW�RI�&KHPLVWU\��6KDKUH]D�%UDQFK��,VODPLF�$]DG�8QLYHUVLW\��6KDKUH]D��,VIDKDQ��,UDQ� 'HSDUWPHQW�RI�&KHPLVWU\��)DODYDUMDQ�%UDQFK��,VODPLF�$]DG�8QLYHUVLW\��)DODYDUMDQ��,VIDKDQ��,UDQ� 'HSDUWPHQW�RI�&KHPLVWU\��6FLHQFH�DQG�5HVHDUFK�&DPSXV� ,VODPLF�$]DG�8QLYHUVLW\��7HKUDQ��,UDQ� 'HSDUWPHQW�RI�&KHPLVWU\��6KDKLG�%HKHVKW\ 8QLYHUVLW\��7HKUDQ��(YLQ��,UDQ
$%675$&7,Q�WKH�SUHVHQW�ZRUN��WKH�LQWHUDFWLRQ�RI�WKUHH�ZDWHU�VROXEOH�SRUSK\ULQV��WHWUD��S�WULPHWK\OH��DPPRQLXP�SKHQ\O� SRUSK\ULQ� LRGLGH� �7$33�� DV� D� FDWLRQLF� SRUSK\ULQ�� WHWUD� VRGLXP�PHVR�WHWUDNLV� �S�VXOSKRQDWR�SKHQ\OH�� SRUSK\ULQ� �7633�� DV� DQ� DQLRQLF� SRUSK\ULQ� DQG�PDQJDQHVH� WHWUDNLV� �S�VXOSKRQDWR� SKHQ\O��SRUSKLQDWR� DFHWDWH� �0Q7633�� DV� D� PHWDO� SRUSK\ULQ�� ZLWK� '1$� KDYH� EHHQ� VWXGLHG� E\� LVRWKHUPDO�WLWUDWLRQ� PLFURFDORULPHWU\� DW� �� P0� SKRVSKDWH� EXIIHU�� S+� ���� DQG� ��� �&�� 7KH� YDOXHV� RI� ELQGLQJ�FRQVWDQW��HQWURS\��HQWKDOS\�DQG�*LEEV�IUHH�HQHUJ\�FKDQJHV�IRU�ELQGLQJ�RI�WKH�ILUVW�0Q7633��DQG�ILUVW�DQG� VHFRQG� 7633� DQG� 7$33�PROHFXOHV�ZHUH� HVWLPDWHG� IURP�PLFURFDORULPHWULF� GDWD� DQDO\VLV�� 7KH�UHVXOWV� UHSUHVHQW� WKDW� WKH� SURFHVV� LV� ERWK� HQWURS\� DQG� HQWKDOS\� GULYHQ� DQG� '1$� LQGXFHV� VHOI�DJJUHJDWLRQ�RI�WKH�SRUSK\ULQV��7KH�UHVXOWV�LQGLFDWH�WKDW�ERWK�FROXPELF�DQG�K\GURSKRELF�LQWHUDFWLRQV�DFW�DV�VHOI�DJJUHJDWLRQ�GULYLQJ�IRUFHV�IRU�WKH�IRUPDWLRQ�RI�DJJUHJDWHV�DURXQG�'1$�

.H\ZRUGV� 3RUSK\ULQ� '1$� ,VRWKHUPDO 7LWUDWLRQ�0LFURFDORULPHWU\� $JJUHJDWLRQ
,1752'8&7,21,QWHUDFWLRQ� RI� SRUSK\ULQV� DQG� WKHLU� GHULYDWLYHV� ZLWK�SURWHLQV�DQG�'1$�LV�RQH�RI�WKH�FRQVLGHUDEOH�LQWHUHVWV�VLQFH�WKH\�DUH�ZLGHO\�XVHG�DV�SUREHV�IRU�VWUXFWXUH�DQG�G\QDPLFV�RI�QXFOHLF�DFLG�DQG�KDYH�SRVVLEOH�PHGLFDO�DSSOLFDWLRQV�>���@��,W�LV�NQRZQ�WKDW�WKH�SKRWRFKHPLFDO�DQG�SKRWR�SK\VLFDO�SURSHUWLHV�RI�SRUSK\ULQV� DQG�SKWDORF\DQLQHV�DUH�PRGLILHG�ZKHQ� WKH\�ELQG�WR�SURWHLQV�DQG�51$��7KHUHIRUH��ELQGLQJ�VWXGLHV�RI�WKHVH�SKRWRVHQVLWL]HV�ZLWK�SURWHLQV�DQG�51$�LV�RI� LQWHUHVW� >��� �@�� ,W� ZRXOG� EH� H[SHFWHG� WKDW� GXULQJ� WKH�LQWHUDFWLRQ� RI� SRUSK\ULQV� ZLWK� 51$�� LWV� LQWHUDFWLRQ� ZLWK�'1$� DUH� DOVR� LQYROYHG�� 7KH� LQWHUDFWLRQV� RI� FDWLRQLF�SRUSK\ULQV�ZLWK�QXFOHLF� DFLGV� KDYH� UHFHLYHG� FRQVLGHUDEOH�DW�WHQVLRQ�>����@��6HYHUDO�RI�WKHVH�VWURQJHVW�'1$�ELQGHUV��ZLWK� DVVRFLDWLRQ� FRQVWDQW� ��� 0�� WR� ���0�� >���@�� KDYH

FOLQLFDO�SRWHQWLDO�DV�DQWLFDQFHU�DJHQWV�LQ�SKRWRG\QDPLF�WKHUDS\� >�����@�� SUREDEO\� DV� D� FRQVHTXHQFHV� RI� WKHLU�DELOLW\�WR�VHOHFWLYLW\�DFFXPXODWH�RQ�WKH�VXUIDFH�RI�WXPRU�FHOOV��EHFRPH�LQWHUQDOL]HG��ELQG�WR�JHQRPLF�'1$��DQG�WKHQ�LQGXFH�'1$�VWUDQG�FOHDYDJH$�SUHUHTXLVLWH�IRU�D�GHHSHU�LQVLJKW�LQWR�WKH�PROHFXODU�EDVLV� RI� '1$�SRUSK\ULQ� LQWHUDFWLRQ� LV� D� WKRURXJK�FKDUDFWHUL]DWLRQ� RI� WKH� HQHUJHWLF� JRYHUQLQJ� FRPSOH[�IRUPDWLRQ�� 7KLV� FDQ� EH� GRQH� RQ� WKH� OHYHO� RI� *LEEV�HQHUJ\� *' �� HQWKDOS\�� +' �� DQG� HQWURS\�� 6' �� FKDQJHV�>��@�� ,Q� ELRFKHPLFDO� ELQGLQJ� VWXGLHV� LW� LV� XVXDOO\�DGYDQWDJHRXV�WR�GHWHUPLQH�WKH�FKDQJH�LQ�HQWKDOS\�YDOXHV�E\�GLUHFW�PLFURFDORULPHWULF�WHFKQLTXHV��,Q�PDQ\�LQVWDQFHV�LW� LV� DOVR� SRVVLEOH� WR� GHWHUPLQH� .� YDOXHV� IRU� ELQGLQJ�UHDFWLRQV� E\� FDORULPHWULF� WLWUDWLRQ� H[SHULPHQWV� >�����@��
 &RUUHVSRQGLQJ�DXWKRU� 7HO������������������� )D[������������������� (PDLO�NHVKDYDU]#LDXVK�DF�LU(PDLO� NHVKDYDU]P����#\DKRR�FRP
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9DOXHV�IRU�HQWURS\�FKDQJHV� 6' LQ�VROXWLRQ�V\VWHPV�DUH�QRUPDOO\�REWDLQHG�IURP�WKH�GLIIHUHQFH�EHWZHHQ�*LEEV� HQHUJ\� DQG� HQWKDOS\� FKDQJHV�� ¨* � ¨+��7¨6�3UHYLRXV� VWXGLHV� RQ� WKH� RUJDQL]DWLRQ� DQG�GLVWULEXWLRQ� RI� SRUSK\ULQV� VKRZHG� WKDW� WKHVH�PROHFXOHV� QRQ�FRYDOHQWO\� ERXQG� WR� '1$�� ZKLFK�FRQVLGHUDEO\� DIIHFW� VHQVLWL]LQJ� DELOLW\� RI� SRUSK\ULQV��YLD� LQGXFHG� DJJUHJDWLRQ�� GHFUHDVLQJ� RI� TXDQWXP�\LHOGV�� 7I �� DQG� FRQVHTXHQWO\�� GHFUHDVLQJ� WKH�TXDQWXP� \LHOG� RI� VLQJOHW� R[\JHQ� IRUPDWLRQ� >��@��6LQFH� WKHUH� DUH� QR� UHSRUWV� RQ� WKH� PLFURFDORULPHWU\�DQG� WKHUPRG\QDPLF� VWXG\� RQ� WKH� ELQGLQJ� RI�SRUSK\ULQV�WR�'1$��ZH�ZHUH�LQWHUHVWHG�WR�LQYHVWLJDWH�WKH� LQWHUDFWLRQ� RI� WKUHH� ZDWHU� VROXEOH� SRUSK\ULQV��VFKHPH� �� DQG� ���� WHWUD� �S�WULPHWK\OH�� DPPRQLXP�SKHQ\O� SRUSK\ULQ� LRGLGH� �7$33�� DV� D� FDWLRQLF�SRUSK\ULQ�� WHWUD� VRGLXP� PHVR�WHWUDNLV� �S�VXOSKRQDWR�SKHQ\OH�� SRUSK\ULQ� �7633�� DV� DQ� DQLRQLF� SRUSK\ULQ�DQG� PDQJDQHVH� WHWUDNLV� �S�VXOSKRQDWR� SKHQ\O��SRUSKLQDWR� DFHWDWH� �0Q7633�� DV� D�PHWDO� SRUSK\ULQ��ZLWK�'1$� E\� LVRWKHUPDO� WLWUDWLRQ�PLFURFDORULPHWU\��7KH�WKHUPRG\QDPLF�SDUDPHWHUV�RI�ELQGLQJ�KDYH�EHHQ�HVWLPDWHG�IURP�KHDW�YDOXHV�RI�D�VWHSZLVH�FDORULPHWULF�WLWUDWLRQ� H[SHULPHQW� E\� D�PRGLILHG� VLPSOH� JUDSKLFDO�PHWKRG� ZKLFK� KDV� EHHQ� SUHYLRXVO\� XVHG� IRU� GDWD�DQDO\VLV� RI� VLPSOH� V\VWHPV� >��@�� 7KH� HVWLPDWHG�WKHUPRG\QDPLF�SDUDPHWHUV�KDYH�EHHQ� LQWHUSUHWHG�RQ�WKH�EDVLV�RI�PROHFXODU�IRUFHV�

(;3(5,0(17$/�6(&7,21�
0DWHULDOV�'1$�IURP�&DOI±7K\PXV�ZDV�REWDLQHG�IURP�6LJPD�± &KHPLFDO�&R��7633�DQG�7$33�ZHUH�SUHSDUHG�E\�WKH� PHWKRGV� GHVFULEHG� SUHYLRXVO\� >���� ��@�� 7633�ZDV�PHWDOODWHG� DFFRUGLQJ� WR� WKH� OLWHUDWXUH�PHWKRG�>��@��7KHVH� FRPSOH[HV�ZHUH� FKDUDFWHUL]HG�E\�8Y�9LV� VSHFWURVFRS\� DQG� HOHPHQWDO� DQDO\VLV�� 7KH�VSHFWUDO� FKDUDFWHULVWLFV� RI� WKH� LVRODWHG� PDWHULDOV�ZHUH�FRPSDUHG�WR�WKH�OLWHUDWXUH�YDOXHV�DQG�IRXQG�WR�EH� LQ� H[FHOOHQW� DJUHHPHQW�� $OO� RI� WKH� FKHPLFDOV��ZKLFK�KDYH�EHHQ�XVHG�IRU�WKHVH�V\QWKHVHV��ZHUH�RI�DQDO\WLFDO� JUDGH� DQG� SXUFKDVHG� IURP� 6LJPD�&KHPLFDO� &R�� $OO� VROXWLRQV� ZHUH� SUHSDUHG� XVLQJ�GRXEOH�GLVWLOOHG� ZDWHU�� 3RUSK\ULQ� VWRFN� VROXWLRQV�ZHUH� PDGH� E\� GLVVROYLQJ� WKH� VROLG� SRUSK\ULQ� LQ�EXIIHU�VROXWLRQ��3KRVSKDWH�EXIIHU�VROXWLRQ�RI���P0�FRQFHQWUDWLRQ�� S+ �����ZDV� XVHG�� 3RUSK\ULQ� VWRFN�DQG� ZRUNLQJ� VROXWLRQV� ZHUH� VWRUHG� DW� URRP�WHPSHUDWXUH� LQ� WKH� GDUN� WR� DYRLG� XQGHVLUHG�SKRWRFKHPLFDO� UHDFWLRQV�� 8Y�9LV� PHDVXUHPHQWV�ZHUH� SHUIRUPHG� RQ� D� &DU\� ���� VFDQQLQJ�VSHFWURSKRWRPHWHU�XVLQJ��FP�TXDUW]�FXYHWWHV��ZLWK�WKHUPRVWDW� FHOO� FRPSDUWPHQW� WKDW� FRQWURO� WKH�WHPSHUDWXUH�DURXQG�WKH�FHOO�ZLWK�LQ F��� $r �
0HWKRGV$OO� VROXWLRQV� ZHUH� SUHSDUHG� XVLQJ� GRXEOH� GLVWLOOHG�ZDWHU�� 'LVVROYLQJ� WKH� VROLG� SRUSK\ULQ� LQ� EXIIHU�VROXWLRQ� PDGH� SRUSK\ULQ� VWRFN� VROXWLRQ�� 3KRVSKDWH�EXIIHU�� �P0�� S+� ����ZDV� XVHG� DV� EXIIHU� SRUSK\ULQ�VWRFN� DQG� ZRUNLQJ� VROXWLRQ� ZHUH� VWRUHG� DW� URRP�WHPSHUDWXUH�LQ�GDUN�WR�DYRLG�XQGHVLUHG�SKRWRFKHPLFDO�UHDFWLRQV��7R�SUHSDUH� WKH�'1$�VWRFN� VROXWLRQ� DERXW��PJ�RI�'1$�ZDV�GLVVROYHG�LQ��PO�RI�WKH�SKRVSKDWH�EXIIHU�DW� F�$ IRU����KRXU��ZLWK�RFFDVLRQDO�VWLUULQJ�WR�HQVXUH�WKH�IRUPDWLRQ�RI�D�KRPRJHQRXV�VROXWLRQ��7KH�'1$� FRQFHQWUDWLRQV� ZHUH� GHWHUPLQHG� XVLQJ� PRODU�H[WLQFWLRQ�FRHIILFLHQWV�RI� �FP0���� ��QP��� �� H ,Q�DOO� H[SHULPHQWV�� WKH� SRUSK\ULQV� DQG� '1$� VROXWLRQV�ZHUH� IUHVKO\� SUHSDUHG� EHIRUH� VSHFWUDO� DQDO\VLV� DQG�ZHUH� SURWHFWHG� IURP� GLUHFW� VXQ� OLJKWV� WKH\� ZHUH�LQVHUWHG�LQWR�WKH�FHOO�FRPSDUWPHQWV�(QWKDOS\� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� DW������������&� XVLQJ� D� IRXU�FKDQQHO� FRPPHUFLDO�PLFUR�FDORULPHWULF� V\VWHP�� 7KHUPDO� $FWLYLW\�0RQLWRU� ������ 7KHUPRPHWULF�� 6ZHGHQ�� 7KH�PLFURFDORULPHWHU�ZDV�LQWHUIDFHG�ZLWK�DQ�,%0�36���PRGHO�3,,,� FRPSXWHU�� ³7KHUPRPHWULF�'LJLW� DP��´�ZDV� WKH� VRIWZDUH� SURJUDP� XVHG�� $� ����� �O�LQMHFWLRQ� V\ULQJH� ZDV� HPSOR\HG� WKURXJKRXW�� 7KH�HQWKDOS\� RI� LQWHUDFWLRQ� EHWZHHQ� SRUSK\ULQ� DQG�'1$�ZDV�PHDVXUHG� E\� WUDQVIHUULQJ� WKH� SRUSK\ULQ�VROXWLRQ� WR� D� �� PO� WLWUDWLRQ� FHOO�� 7KH� YROXPH� RI�'1$� VROXWLRQ� LQ� WKH� PHDVXULQJ� FHOO� ZDV� ���� PO��7KH� FRQFHQWUDWLRQ� RI� SRUSK\ULQ� LQVLGH� WKH� V\ULQJH�ZDV� �� P0� DQG� WKH� FRQFHQWUDWLRQ� RI� '1$� LQ� WKH�WLWUDWLRQ� FHOO� ZDV� ��� �� �:�9��� 7KH� YROXPH� RI�SRUSK\ULQ�VROXWLRQ�LQMHFWHG�LQ�HDFK�VWHS�ZDV�����O�
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IRU�7633� DQG�7$33� DQG�����O� IRU�0Q7633��7KH�HQWKDOS\� RI� GLOXWLRQ� RI� WKH� SRUSKULQ� GXH� WR� WKH�LQMHFWLRQ�ZDV�FRUUHFWHG�E\�PHDVXULQJ�DV�GHVFULEHG�DERYH�H[FHSW�H[FOXGLQJ�'1$��7KH�KHDW�RI GLOXWLRQ�RI�'1$� LV� QHJOLJLEOH�� 7KH�PLFUR�FDORULPHWHU� ZDV�IUHTXHQWO\�FDOLEUDWHG�HOHFWULFDOO\�GXULQJ� WKH�FRXUVH�RI�WKH�VWXG\�
5(68/76�$1'�',6&866,217KH� GDWD� REWDLQHG� IURP� LVRWKHUPDO� WLWUDWLRQ�PLFURFDORULPHWU\�RI�'1$�LQWHUDFWLRQ�ZLWK�SRUSK\ULQV�DUH�VKRZQ�LQ )LJV�����)LJ���D�VKRZV�WKH�WRWDO�HYROXWHV�KHDW�YHUVXV�WRWDO�FRQFHQWUDWLRQ�RI�SRUSK\ULQ�IRU�7633�DQG�7$33�DQG�)LJ���E� UHSUHVHQWV� WKH� FRUUHVSRQGLQJ�UHVXOWV�IRU�0Q7633��3UHYLRXV�VWXG\�VKRZV�WKDW�'1$�SURPRWHV� DJJUHJDWLRQ� RI� WKH� ERXQG� PRQRPHULF�SRUSK\ULQ� >��@� +HQFH�� IRU� DQDO\]LQJ� WKH� HQWKDOS\�FXUYHV� IRU� REWDLQLQJ� WKHUPRG\QDPLF� SDUDPHWHUV� RI�ELQGLQJ��ZH�KDYH� WR�FRQVLGHU� WKH� IROORZLQJ�PXOWLSOH�HTXLOLEULXP�EHWZHHQ�'1$��'��DQG�SRUSK\ULQ��3��

�
�

L�L
�
'33'3

'33'3 '33'
��

�� ��
�$� VWHSZLVH� PDFURVFRSLF� DVVRFLDWLRQ� ELQGLQJ�FRQVWDQW��HTXDWLRQ�����.L��DQG�HQWKDOS\�FKDQJH�¨+�FDQ� EH� UHODWHG� WR� DQ\� GLVWLQJXLVKHG� HTXLOLEULXP�VWHS��

@'@>'3> @'3>. �L LL � ���

7KH� VXP� RI� KHDW� HYROXWLRQ� IROORZLQJ� WKH� QWK�WLWUDWLRQ�VWHS�� Q4 ��FDQ�EH�H[SUHVVHG�DV�4444 �L�Q���Q���QQ ���������� ���:KHUH� �L�Q4 LV�WKH�VXP�RI�KHDW�HYROXWLRQV�IROORZLQJ�WKH�QWK�WLWUDWLRQ�VWHS��GXH� WR�WKH� IRUPDWLRQ�RI� L'3FRPSOH[�IURP �L'3 � �7KH�YDOXH�RI� �L�Q4 UHODWHV�RQ�WKH DPRXQW�RI� L'3FRPSOH[�IRUPHG��ZKLFK�FDQ�EH�H[SUHVVHG�DV�@'3>9+4 QLQL�L�Q ��' ���:KHUH� Q9 DQG� QL @'3> DUH� WKH� YROXPH�RI� WKH�UHDFWLRQ� VROXWLRQ� DQG� FRQFHQWUDWLRQ� RI� L'3 LQ� WKH�QWK�WLWUDWLRQ�VWHS��UHVSHFWLYHO\�,Q�VSHFLDO�FDVH�WKDW� ���!!���!!!! � L�L��� ..... LW� FDQ� EH� DVVXPH� WKDW� L'3 FRPSOH[� LV� QRW�IRUPHG�XQWLO�WKH�FRPSOHWH�IRUPDWLRQ�RI �L'3 � ��7KLV�VLWXDWLRQ�SHUPLWV�XV�WR�GLYLGH�WKH�WLWUDWLRQ�VWHSV�LQWR�GLVWLQFW� FDWHJRULHV�� ,Q� WKH� ILUVW� FDWHJRU\��RQO\� '3LV� IRUPHG� DQG� Q4 VKRXOG� EH� HTXDO� WR ���Q4 �� ,Q� WKH�VHFRQG� VHW�� DOO� RI� WKH� IUHH� '1$� FRQYHUWV� WR� '3FRPSOH[� DQG� IXUWKHU� DGGLWLRQ� RI� SRUSK\ULQ� UHVXOWV�LQ� IRUPDWLRQ� RI� �'3 FRPSOH[�� 6R� Q4 IRU� WKH�VHFRQG�VHW�VKRXOG�EH�HTXDO�WR�WKH�WRWDO�HYROYHG�KHDW�IRU� FRPSOHWH� FRQYHUVLRQ� RI� '1$� LQWR '3 � ���4QSOXV� WKH� HYROYHG� KHDW� IURP� SDUWLDO� FRQYHUVLRQ� RI�'3 WR �'3 ��7KH� VLPLODU� UHODWLRQV� FDQ�EH�ZULWWHQ�IRU�WKH�WKLUG��IRUWK�DQG�VR�RQ��VHWV�RI�LQMHFWLRQV��DV�IROORZV�

�L�4Q LV� WKH� WRWDO� KHDW� HYROXWLRQ� IRU� FRPSOHWH�IRUPDWLRQ�RI� �L'3 � FRPSOH[�WR L'3 DQG�Q���Q� �«��QL DUH�WKH�QXPEHUV�RI�LQMHFWLRQV�LQ�WKH�ILUVW��VHFRQG��«�DQG� � LWK�VHWV�� UHVSHFWLYHO\�� ,Q� WKH� ILUVW� LQMHFWLRQ�VHW�WKDW�RQO\� '3 FRPSOH[�LV�IRUPHG�� �. VKRXOG�EH�HTXDO�WR�
��@'3>@3��>@'3>@'�> @'3>. QQ�QQ� Q� �� ���

ZKHUH� Q� @'> �� Q� @3> DQG� Q@'3> DUH� WKH� WRWDO�FRQFHQWUDWLRQ� RI� '1$� @�'3>@'�> � �� WKH� VXP� RI�FRQFHQWUDWLRQ�RI�ERXQG�DQG�XQERXQG�OLJDQG�DQG�WKH�FRQFHQWUDWLRQ� RI� WKH� FRPSOH[� IROORZLQJ� WKH� QWK�

DGGLWLRQ� RI� OLJDQG�� UHVSHFWLYHO\�� :LWK� UHVSHFW� WR�HTXDWLRQ������ �QQ�4 ����Q � VKRXOG�EH�HTXDO�WR�QQ�����ZKHUH@'3>9+4 �QQ����Q ���' ���&RPELQDWLRQ�RI�HTXDWLRQV�����DQG�����OHDGV�WR�
Q9�+

���Q4Q@�3>Q@�'>Q4 Q9�+Q@�3>Q@�'>�.� �'����'�� 
���(TXDWLRQ� ���� FRQWDLQV� WZR� XQNQRZQV�� �. DQG

�+' �� $� VHULHV� RI� UHDVRQDEOH� YDOXHV� IRU� �+' DUH�LQVHUWHG� LQWR� HTXDWLRQ� ���� DQG� WKH� FRUUHVSRQGLQJ�YDOXHV�IRU� �.� DUH�FDOFXODWHG�DQG�WKH�JUDSK�RI� �.�

L�L��L���L�QQQQQ
��������QQQQ

������QQQ
����QQ

Q���QQQQ���QQLQMHFWLRQ�RIVHW�LWK�4��L�4���4���44
QQQQQQLQMHFWLRQ�RIVHW�LUG��������WK4���4���44 QQQQLQMHFWLRQ�RIVHW�VHFRQG4���44 QQ�LQMHFWLRQ�RIVHW�ILUVW�44

���d������������ 
��d���� �d�� dd 
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YHUVXV� �+' LV� FRQVWUXFWHG�� ,I� WKLV� LV� GRQH� IRU� DOO�WLWUDWLRQ�VWHSV�E\�FRQVLGHULQJ�WKH�DVVXPSWLRQ�DERXW�WKH� IRUPDWLRQ� RI� D� ���� FRPSOH[� ZLWK� UHVSHFW�WR �� .. !! �� LQ� LGHDO� VLWXDWLRQ�� DOO� WKH� FXUYHV�LQWHUVHFW�DW�RQH�SRLQW��7KLV�SRLQW�UHSUHVHQWV�WKH�WUXH�YDOXH� IRU� �.� DQG �+' �� 'XH� WR� PHDVXUHPHQW�
HUURUV�� WKH� LQWHUVHFWLRQ� ZLOO� LQ� SUDFWLFH� FRYHU� D�OLPLWHG� DUHD�� 7KH� EHVW� SDLU� RI� YDOXHV� ZLWKLQ� WKLV�DUHD�FDQ�WKHQ�EH�REWDLQHG�E\�PLQLPL]LQJ�WKH�YDOXH�RI ��FDOFQ�H[SQ �44�¦ � �� 7KLV� PHWKRG� KDV� EHHQ�SUHYLRXVO\�XVHG�IRU�D�VLPSOH�V\VWHP�LQ�ZKLFK�RQO\�D�����FRPSOH[�LV�IRUPHG�>��@�)LJV� �D�� �E� DQG� �F� UHSUHVHQW� WKH� YDULDWLRQ� RI�
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