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3UpVHQWDWLRQ�GpWDLOOpH�GX�SURMHW�SRXU�O¶$$3�
©�1HXURVFLHQFHV��QHXURORJLH�HW�SV\FKLDWULH�ª�

����

$FURQ\PH�GX�SURMHW ���+5�&RUWH[

��± 2EMHFWLIV�HW�FRQWH[WH������SDJHV�PD[LPXP�HQ�$ULDO�����VLPSOH�LQWHUOLJQH�
2Q�VLWXHUD�OH SURMHW�GDQV�OH�FRQWH[WH�LQWHUQDWLRQDO�HQ�\�SUpFLVDQW�OHV�REMHFWLIV�HW�OHV�HQMHX[��

&H�WH[WH�VHUD�UpGLJp�HQ�DQJODLV�

��± 'HVFULSWLRQ�GX�SURMHW�HW�UpVXOWDWV�DWWHQGXV�� ���SDJHV�PD[LPXP�HQ�$ULDO�����VLPSOH�LQWHUOLJQH�
2Q� GpFULUD� OH� GpURXOHPHQW� SUpYLVLRQQHO� HW� OHV� GLYHUVHV� SKDVHV� LQWHUPpGLDLUHV� DLQVL� TXH� OHV�
PpWKRGRORJLHV� HPSOR\pHV�� /¶RULJLQDOLWp� HW� OH� FDUDFWqUH� DPELWLHX[� GX� SURMHW� GHYURQW� rWUH� H[SOLFLWpV��
/¶LQWHUGLVFLSOLQDULWp� HW� O¶RXYHUWXUH� j� GLYHUVHV� FROODERUDWLRQV� VHURQW� j� MXVWLILHU� HQ� DFFRUG� DYHF�
O¶RULHQWDWLRQ�GX�SURMHW��/H�U{OH�GHV�pTXLSHV�GDQV�OHV�GLIIpUHQWHV�SKDVHV�GX�SURMHW�GHYUD�rWUH�SUpFLVp�HW�
OD� YDOHXU� DMRXWpH� GHV� FROODERUDWLRQV� HQWUH� OHV� GLIIpUHQWHV� pTXLSHV� VHUD� DUJXPHQWpH�� /HV� PR\HQV�
GHPDQGpV�GHYURQW�rWUH�HQ�DFFRUG�DYHF�OHV�REMHFWLIV�VFLHQWLILTXHV�GX�SURMHW��

&H�WH[WH�VHUD�UpGLJp�HQ�DQJODLV�



$$3�©�1HXURVFLHQFHV��QHXURORJLH�HW�SV\FKLDWULH�ª������± 3UpVHQWDWLRQ�GpWDLOOpH�GX�SURMHW� �

��� %DFNJURXQG�DQG�2EMHFWLYHV
7KLV�SURSRVDO�ZLOO�IRFXV�RQ�WZR�GLIIHUHQW�DVSHFWV�RI�WKH�HOHFWURSK\VLRORJ\�RI�FRUWLFDO�QHXURQV��
ILUVW�� WKH�VWXG\�RI�KLJK�FRQGXFWDQFH�VWDWHV�� VLPLODU� WR� WKRVH� IRXQG� LQ� YLYR��DQG�VHFRQG�� WKH�
PHDVXUHPHQW� RI� FRQGXFWDQFHV� LQ� YDULRXV� VLWXDWLRQV� LQ� YLYR�� 7KH� ODWWHU� LV� RI� FRQVLGHUDEOH�
LQWHUHVW� IRU� VWXG\LQJ� WKH� PHFKDQLVPV� XQGHUO\LQJ� WKH� UHVSRQVH� VHOHFWLYLW\� RI� QHXURQV� LQ�
SULPDU\�VHQVRU\�FRUWLFHV�
����+LJK�FRQGXFWDQFH�VWDWHV
1HXURQV DUH�VXEMHFW� WR�PDQ\�GLIIHUHQW�VRXUFHV�RI�QRLVH�����ZKLFK� LQ�FRPELQDWLRQ�ZLWK� WKHLU�
H[FLWDELOLW\� PD\� VLJQLILFDQWO\� DOWHU� WKHLU� LQWHJUDWLYH� SURSHUWLHV� �UHYLHZHG� LQ� 'HVWH[KH� HW� DO��
���������� 2I� WKHVH� GLIIHUHQW� VRXUFHV� RI� QRLVH�� V\QDSWLF� QRLVH� LV� XQGRXEWHGO\� WKH� PRVW�
SURPLQHQW�RQH�LQ�DFWLYDWHG�VWDWHV��,Q�WKH�FRUWH[��V\QDSWLF�QRLVH�RULJLQDWHV�IURP�WKH�VHHPLQJO\�
UDQGRP�DQG�VXVWDLQHG� ILULQJ�RI LQGLYLGXDO� FRUWLFDO� � QHXURQV� ��� WR���a+]� LQ�DZDNH�DQLPDOV��
�UHYLHZHG�LQ�6WHULDGH������������FRPELQHG�ZLWK�WKHLU�UHPDUNDEO\�GHQVH�FRQQHFWLYLW\��WHQV�RI�
WKRXVDQG� V\QDSWLF� LQSXWV� SHU� QHXURQ�� UHYLHZHG� LQ� %UDLWHQEHUJ 	� 6KXW]�� ���������� 7KLV�
LQWHQVH�V\QDSWLF�DFWLYLW\�VHWV�WKH�FHOOXODU�PHPEUDQH�LQWR�D�KLJK�FRQGXFWDQFH�VWDWH��LQ�ZKLFK�
WKH�LQSXW�UHVLVWDQFH�LV�UHGXFHG�E\���WR���WLPHV�FRPSDUHG�WR�TXLHVFHQW�VWDWHV�����

$�PHWKRG� IRU� VWXG\LQJ� KLJK�FRQGXFWDQFH� VWDWHV� LV� WKURXJK� UH�FUHDWLQJ� WKRVH� VWDWHV�
DUWLILFLDOO\� E\� LQMHFWLQJ� FRQGXFWDQFHV� LQ� YLWUR�� � 7KLV� LV� SRVVLEOH� WKURXJK� WKH� G\QDPLF�FODPS�
WHFKQLTXH��ZKLFK�ZDV� LQWURGXFHG�D�GHFDGH�DJR������ DQG� LV�HTXLYDOHQW� WR�DGGLQJ�D�³YLUWXDO

�
FRQGXFWDQFH� LQ� WKH�PHPEUDQH� RI� D UHDO� QHXURQ� E\� LQMHFWLQJ� D� FXUUHQW� LQWR� WKH�PHPEUDQH�
ZKLFK�GHSHQGV�RQ� WKH� DFWXDO�PHPEUDQH�SRWHQWLDO�� � ,PSOHPHQWLQJ� WKLV� SDUDGLJP� LQ� FRUWLFDO�
VOLFHV������ \LHOGV� D� VWDWH� RI� VWRFKDVWLF� DFWLYLW\� VLPLODU� WR� WKDW� REVHUYHG� LQ� YLYR�� ZLWK� D�
GHSRODUL]HG� DQG� IOXFWXDWLQJ� PHPEUDQH� SRWHQWLDO�� LUUHJXODU� ILULQJ�� DQG� D� PDUNHGO\� UHGXFHG�
LQSXW�UHVLVWDQFH���

+RZHYHU��WKH�G\QDPLF�FODPS�WHFKQLTXH�VXIIHUV�IURP�RQH�PDLQ�OLPLWDWLRQ��QDPHO\�WKDW�
WKH�UHFRUGLQJ�HOHFWURGH�LV�DOVR�XVHG�WR�LQMHFW�FXUUHQW��7KH�OLPLWDWLRQ�DULVHV�IURP�WKH�IDFW�WKDW�
WKH� HOHFWURGH� LQWURGXFHV D� ELDV� LQ� WKH� PHDVXUHPHQW������ � 6LQJOH�HOHFWURGH� YROWDJH�FODPS�
PHDVXUHPHQWV�LQ�YLYR�DOVR�VXIIHU�IURP�WKH�VDPH�OLPLWDWLRQ��$�FRPPRQ�ZD\�WR�FLUFXPYHQW�WKLV�
HOHFWURGH�ELDV� LV� WR� XVH� FRPSHQVDWLRQ�RI� UHVLVWDQFH�DQG� FDSDFLWDQFH�RQ� WKH�DPSOLILHU�� EXW�
WKHVH�FRPSHQVDWLRQV�DUH�LQFRPSOHWH�DQG�VXEMHFWLYH���$QRWKHU�ZD\�LV�WR�XVH�WZR�HOHFWURGHV��
RQH�WR�UHFRUG�DQG�DQRWKHU�RQH�WR�LQMHFW�FXUUHQW���&XUUHQWO\��WKLV�WHFKQLTXH�LV�PRVWO\�XVHG�LQ�
LQYHUWHEUDWH�JDQJOLD�DQG�LV�QRW�UHDOL]DEOH�LQ�WKH�QHRFRUWH[�LQ YLYR�

,Q� WKH� SUHVHQW� SURSRVDO�� ZH� SODQ� WR� LQYHVWLJDWH� D� PHWKRG� WR� FLUFXPYHQW� WKHVH�
GLIILFXOWLHV� DQG� SHUIRUP� KLJK�UHVROXWLRQ� FXUUHQW�FODPS�� G\QDPLF�FODPS� DQG� YROWDJH�FODPS�
UHFRUGLQJV� XVLQJ� VLQJOH� HOHFWURGHV�� � 0RUHRYHU�� ZH� ZLOO� DOVR� SURSRVH� PHWKRGV� WR� GLUHFWO\�
H[WUDFW�LQIRUPDWLRQ�DERXW�QHWZRUN�DFWLYLW\�IURP�WKH�IOXFWXDWLRQV�RI�FRQGXFWDQFHV��IRU�ZKLFK�QR�
PHWKRG�LV�SUHVHQWO\�DYDLODEOH�
����± &RQGXFWDQFH�PHDVXUHPHQWV
0HDVXULQJ�FRQGXFWDQFHV�LQ�FHQWUDO�QHXURQV�LQ�YLYR�LV�HVVHQWLDO�WR�XQGHUVWDQG�WKH�UHVSRQVH�
VHOHFWLYLW\� RI� WKRVH� QHXURQV�� � 5HVSRQVH� VHOHFWLYLW\� FDQ� DULVH� IURP� SDUWLFXODU� WLPLQJV� RI�
H[FLWDWLRQ� DQG� LQKLELWLRQ��������� ZKLFK� FDQ� EH� DPSOLILHG� E\� LQWULQVLF� FRQGXFWDQFHV�������
&RQGXFWDQFH�PHDVXUHPHQWV�FDQ�EH�UHDOL]HG�E\�UHFRQVWUXFWLQJ�FXUUHQW�YROWDJH�UHODWLRQV�IURP�
9P DFWLYLW\�������� RU�E\�XVLQJ�WKH�VWDWLVWLFV�RI�WKH�9P IOXFWXDWLRQV������ 7KHVH�PHWKRGV�VXIIHU�
IURP�RQH� VHYHUH� OLPLWDWLRQ�� QDPHO\� WKDW� LW� LV� QHFHVVDU\� WR� DFFXPXODWH� VWDWLVWLFV� RYHU�PDQ\�
WULDOV�DQG�GLIIHUHQW� OHYHOV�RI�SRODUL]DWLRQ��ZKLFK�QHFHVVDULO\�PHDQ�WKDW� LQIRUPDWLRQ�DERXW�WKH�
YDULDELOLW\�XQORFNHG� WR� WKH�VWLPXOXV� LV� ORVW�� �$�SRVVLELOLW\� LV� WR�XVH�VLQJOH�HOHFWURGH�YROWDJH�
FODPS�PHDVXUHPHQWV�YLD�SDWFK�HOHFWURGHV������EXW�WKLV�WHFKQLTXH�LV�GLIILFXOW�WR�LPSOHPHQW�LQ�
YLYR��DQG�LW�LV�QRW�SRVVLEOH�WR�H[WUDFW�H[FLWDWRU\�DQG�LQKLELWRU\�FRQGXFWDQFHV�IURP�D�VLQJOH�WULDO�
PHDVXUHPHQW� �VLQFH� DW� OHDVW� WZR� FODPSV�PXVW� EH� SHUIRUPHG��� �0RUHRYHU��PRVW� RI� LQ� YLYR�
UHFRUGLQJV�DUH�PDGH�XVLQJ�VKDUS�HOHFWURGHV��ZKLFK�LQWURGXFH�FRQVLGHUDEOH�ELDV��VHH�DERYH���
DQG� PDNH� WKH� UHOLDELOLW\� RI� YROWDJH�FODPS� XQFHUWDLQ� ZKLFK� UHTXLUHV� WR� XVH� GLVFRQWLQXRXV�
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PHWKRGV���� ZKLFK� DUH� QHFHVVDULO\� DW� ORZ� WHPSRUDO� UHVROXWLRQ� ����� .+]��� � ,Q� WKH� SUHVHQW�
SURSRVDO�� ZH� DGGUHVV� WKRVH� OLPLWDWLRQV� DQG� SURSRVH� VHYHUDO� PHWKRGV� WR� UHOLDEO\� UHFRUG�
FRQGXFWDQFHV�LQ�YLYR�
����± 2EMHFWLYHV�RI�WKH�SURSRVDO
7KLV� SURSRVDO� ZLOO� FRPELQH� GLIIHUHQW� H[SHUWLVHV�� VXFK� DV� PDWKHPDWLFV�� FRPSXWHU� VFLHQFH��
FRPSXWDWLRQDO�QHXURVFLHQFH�DQG�HOHFWURSK\VLRORJ\��LQ�YLWUR�DQG�LQ�YLYR���WR�\LHOG�DFFXUDWH�DQG�
UHOLDEOH�PHWKRGV� WR�SURSHUO\�FKDUDFWHUL]H�KLJK�FRQGXFWDQFH�VWDWHV� LQ�QHXURQV�� �:H�SODQ� WR�
DGGUHVV�VHYHUDO�RI�WKH�FDYHDWV�RI�SUHVHQW�UHFRUGLQJ�WHFKQLTXHV��QDPHO\�����WKH�LPSRVVLELOLW\�
WR� SHUIRUP� UHOLDEOH� KLJK�UHVROXWLRQ� G\QDPLF�FODPS� ZLWK� VKDUS� HOHFWURGHV�� ZKLFK� LV� WKH�
LQWUDFHOOXODU� WHFKQLTXH�PRVWO\� XVHG� LQ� YLYR�� ���� WKH� XQUHOLDELOLW\� DQG� ORZ� WLPH� UHVROXWLRQ� RI�
VLQJOH�HOHFWURGH� YROWDJH�FODPS� UHFRUGLQJV� LQ� YLYR�� ���� WKH� LPSRVVLELOLW\� RI� H[WUDFWLQJ� VLQJOH�
WULDO� FRQGXFWDQFHV� IURP�9P DFWLYLW\� LQ� YLYR��:H�SURSRVH� WR�DGGUHVV� WKHVH�FDYHDWV�ZLWK� WKH�
IROORZLQJ�JRDOV�

��� 2EWDLQ� KLJK�UHVROXWLRQ� UHFRUGLQJV� DSSOLFDEOH� WR� DQ\� W\SH� RI� HOHFWURGH� �VKDUS� DQG�
SDWFK��� DQ\� W\SH� RI� SURWRFRO� �FXUUHQW�FODPS�� YROWDJH�FODPS�� G\QDPLF�FODPS�� DQG�
GLIIHUHQW�SUHSDUDWLRQV��LQ�YLYR��LQ�YLWUR��GHQGULWLF�SDWFK�UHFRUGLQJV��

��� 2EWDLQ�PHWKRGV�WR�UHOLDEO\�H[WUDFW�VLQJOH�WULDO�FRQGXFWDQFHV�IURP�9P DFWLYLW\��DV�ZHOO�
DV� WR�³SUREH´� WKH� LQWULQVLF�FRQGXFWDQFHV� LQ�FRUWLFDO�QHXURQV�� �7KHVH�PHWKRGV�ZLOO�EH�
DSSOLHG�WR�LQWUDFHOOXODU�UHFRUGLQJV�GXULQJ�YLVXDO�UHVSRQVHV�LQ�FDW�9��LQ�YLYR�

��� 2EWDLQ�PHWKRGV� WR�H[WUDFW�FRUUHODWLRQV�IURP�9P DFWLYLW\�DQG�DSSO\� WKHVH�PHWKRGV�WR�
LQWUDFHOOXODU�UHFRUGLQJV�LQ�YLYR�WR�PHDVXUH�FKDQJHV�LQ�FRUUHODWLRQ�LQ�DIIHUHQW�DFWLYLW\�

��� 2EWDLQ� PHWKRGV� WR� HVWLPDWH� VSLNH�WULJJHUHG� DYHUDJHV� IURP� 9P DFWLYLW\� DQG� REWDLQ�
HVWLPDWHV�RI�WKH�RSWLPDO�SDWWHUQV�RI�FRQGXFWDQFHV�WKDW�WULJJHU�VSLNHV�LQ�YLYR���7KHVH�
UHVXOWV�ZLOO�EH�LQWHJUDWHG�LQWR�FRPSXWDWLRQDO�PRGHOV�WR�WHVW�PHFKDQLVPV�IRU�VHOHFWLYLW\�
,Q� DOO� RI� WKHVH� PHWKRGV�� ZH� WDNH� DGYDQWDJH� RI� WKH� UHDO�WLPH� IHHGEDFN EHWZHHQ� D�

FRPSXWHU�DQG�WKH�UHFRUGHG�QHXURQ���7KLV�UHDO�WLPH�IHHGEDFN�ZLOO�EH�XVHG�WR��D��GHVLJQ�D�QHZ�
W\SH�RI�UHFRUGLQJ�SDUDGLJP��ZKLFK�ZH�FDOO�$FWLYH�(OHFWURGH�&RPSHQVDWLRQ �$(&���DQG�ZKLFK�
FRQVLVWV�LQ�D�UHDO�WLPH�FRPSXWHU�FRQWUROOHG�FRPSHQVDWLRQ�RI�WKH�HOHFWURGH�DUWHIDFWV�DQG�ELDV�
ZKLFK� FXUUHQWO\� OLPLW� UHFRUGLQJ� SUHFLVLRQ�� �E�� WR� XVH� WKH� $(&� PHWKRG� WR� LPSURYH� FXUUHQW�
FODPS��YROWDJH�FODPS�DQG�G\QDPLF�FODPS�UHFRUGLQJV�RI�FRUWLFDO�QHXURQV���F��XVH�WKLV�PHWKRG�
DV� DQ� HVVHQWLDO� WRRO� WR� GHVLJQ� PHWKRGV� IRU� HVWLPDWLQJ� FRQGXFWDQFHV� DQG� VWDWLVWLFDO�
FKDUDFWHULVWLFV�RI�QHWZRUN�DFWLYLW\�IURP�LQWUDFHOOXODU�UHFRUGLQJV�

7KXV�� ZH� H[SHFW� WKLV� SURMHFW� WR� SURYLGH� WKUHH�PDLQ� FRQWULEXWLRQV�� ���� ,W� ZLOO� SURYLGH�
WHFKQLFDO� DGYDQFHV� LQ� WKH� SUHFLVLRQ� DQG� UHVROXWLRQ� RI� VHYHUDO� FXUUHQWO\�XVHG� UHFRUGLQJ�
WHFKQLTXHV��VXFK�DV�G\QDPLF�FODPS�DQG�YROWDJH�FODPS��ZKLFK�DUH�FXUUHQWO\�OLPLWHG���:H�DLP�
DW� REWDLQLQJ� KLJK�UHVROXWLRQ� �! � ��� .+]�� UHOLDEOH� PHDVXUHPHQW� RU� FRQGXFWDQFH� LQMHFWLRQ���
7KLV� DGYDQFH� VKRXOG� EH� RI� EHQHILW� IRU� LQ� YLYR� DQG� LQ� YLWUR� HOHFWURSK\VLRORJLVWV�� � ���� ,W� ZLOO�
HQDEOH�XV�WR�SHUIRUP�KLJK�UHVROXWLRQ�FRQGXFWDQFH�PHDVXUHPHQWV�LQ�KLJK�FRQGXFWDQFH�VWDWHV�
LQ�YLYR�DQG�LQ�YLWUR�DQG�EHWWHU�XQGHUVWDQG�WKLV�W\SH�RI�QHWZRUN�DFWLYLW\������,W�ZLOO�HQDEOH�XV�WR�
EHWWHU�XQGHUVWDQG� WKH�VSLNH�VHOHFWLYLW\�RI�FRUWLFDO�QHXURQV��E\�GLUHFWO\�PHDVXULQJ�VLQJOH�WULDO�
FRQGXFWDQFHV�XQGHUO\LQJ�YLVXDO�UHVSRQVHV��DV�ZHOO�DV�WKH�FRQGXFWDQFH�WLPH�FRXUVHV�OLQNHG�
WR�WKH�JHQHVLV�RI�VSLNHV���7KRVH�PHDVXUHPHQWV�ZLOO�EH�GLUHFWO\�LQWHJUDWHG�LQWR�FRPSXWDWLRQDO�
PRGHOV���7KH�PHFKDQLVPV�RI�VSLNH�VHOHFWLYLW\�LQ�FRUWLFDO�QHXURQV�LV�VWLOO�D�VXEMHFW�RI�LQWHQVH�
GHEDWH��DQG�ZH�H[SHFW� WR�SURYLGH�KHUH�FUXFLDO�PHDVXUHPHQWV��ZKLFK�ZH�KRSH�ZLOO�KHOS�XV�
EHWWHU�XQGHUVWDQG�LQSXW�VHOHFWLYLW\�LQ�YLVXDO�FRUWH[�



$$3�©�1HXURVFLHQFHV��QHXURORJLH�HW�SV\FKLDWULH�ª������± 3UpVHQWDWLRQ�GpWDLOOpH�GX�SURMHW� �

��� 3URMHFW�'HVFULSWLRQ
����� $FWLYH�(OHFWURGH�&RPSHQVDWLRQ��$(&�
������± 3ULQFLSOH
7KH SULQFLSOH�RI� WKH�$(&�PHWKRG� LV� WR� LQFUHDVH� WKH�UHVROXWLRQ�RI� LQWUDFHOOXODU� UHFRUGLQJV�E\�
SHUIRUPLQJ� D� FRPSXWHU�FRQWUROOHG� DFWLYH� FRPSHQVDWLRQ� IRU� HOHFWURGH� WUDQVLHQWV�� � %HFDXVH�
WKHVH�WUDQVLHQWV�DUH�RQH�RI�WKH�PDLQ�OLPLWLQJ�IDFWRU�IRU�WKH�DFFXUDF\�RI�UHFRUGLQJ�WHFKQLTXHV��
DQG�LQ�SDUWLFXODU�IRU�G\QDPLF�FODPS�DQG�YROWDJH�FODPS��WKH�$(&�VKRXOG�KDYH�D�KLJK�LPSDFW�
RQ�WKHVH�UHFRUGLQJ�WHFKQLTXHV��DQG�HQDEOLQJ�WR�SHUIRUP�SURWRFROV�WKDW�ZRXOG�QRW�EH�SRVVLEOH�
EHIRUH�

7KH� HVVHQWLDO� LGHD� EHKLQG� WKH� PHWKRG� LV� WR� UHSUHVHQW� WKH� HOHFWURGH� E\� DQ� DUELWUDULO\�
FRPSOH[�OLQHDU�FLUFXLW��H[WUDFW�WKH�SURSHUWLHV�RI�WKLV�FLUFXLW�IRU�HDFK�SDUWLFXODU�UHFRUGLQJ��DQG�
DFWLYHO\�FRPSHQVDWH�IRU� WKH�HIIHFW�RI� WKH�HOHFWURGH�E\ VXEWUDFWLQJ�WKH�YROWDJH�GURS�WKURXJK�
WKLV� FLUFXLW� IURP� WKH� UHFRUGLQJ� 7KH� YROWDJH� DFURVV� WKH� HOHFWURGH� 8H LV� PRGHOOHG� DV� WKH�
FRQYROXWLRQ�RI�WKH�LQMHFWHG�FXUUHQW�,H DQG�D�NHUQHO�.H ZKLFK�FKDUDFWHUL]HV�WKH�HOHFWURGH�

³�f �  
�

�������
��� GVVW,V.W,.W8 HHHHH

7KLV� IRUPXODWLRQ� HQFRPSDVVHV�DQ\� OLQHDU�PRGHO�� H�J�� D� FLUFXLW�ZLWK� VHYHUDO� UHVLVWDQFHV�
DQG�FDSDFLWDQFHV� 7KH�SURFHGXUH�FRQVLVWV� LQ�WZR�SDVVHV������PHDVXUH�WKH�HOHFWURGH�NHUQHO�
.H�XVLQJ�D�QRLV\�VLJQDO�DV�D�SUREH�����LQMHFW�DQG�UHFRUG�DW�WKH�VDPH�WLPH�LQ�FRQWLQXRXV�PRGH��
ZLWK�WKH�WUXH�UHFRUGLQJ�REWDLQHG�E\�VXEWUDFWLQJ�WKH�YROWDJH�DFURVV�WKH�HOHFWURGH�8H IURP�WKH�
UDZ� UHFRUGLQJ��7KH� FRPSHQVDWLRQ� LQYROYHV�D� GLJLWDO� FRQYROXWLRQ�ZKLFK� LV� SHUIRUPHG� LQ� UHDO�
WLPH�E\�D�FRPSXWHU�

7KH�PHWKRG�GLIIHUV�IURP�EULGJH�FRPSHQVDWLRQ�PDLQO\�LQ�WKH�IDFW�WKDW�WKH�HOHFWURGH�PRGHO�
LV� QRQ�SDUDPHWULF�� DQG� WKHUHIRUH� FDQ IDLWKIXOO\� DFFRXQW� IRU� QRQ�LGHDO� HOHFWURGHV�� %HFDXVH�
EULGJH�FRPSHQVDWLRQ�FDQQRW�IXOO\�FRPSHQVDWH�IRU�HOHFWURGH�WUDQVLHQWV��LW�FDQQRW�EH�XVHG�IRU�
LQMHFWLQJ� QRLV\� FRQGXFWDQFHV��2Q� WKH� RWKHU� KDQG�� WKH� GLVFRQWLQXRXV� FXUUHQW� FODPS� �'&&���
ZKLFK� LV� FRPPRQO\� XVHG DV�DQ�DOWHUQDWLYH� WR� EULGJH� FRPSHQVDWLRQ�� LV�QRLV\� DQG� OLPLWHG� LQ�
WHPSRUDO� UHVROXWLRQ� E\� WKH� SURSHUWLHV� RI� WKH� HOHFWURGH� �LQ� RXU� H[SHULPHQWV� ZLWK� VKDUS�
HOHFWURGHV�� WKH�PD[LPXP�VDPSOLQJ� UDWH�ZDV�����N+]��� LW� DOVR� H[KLELWV�DUWHIDFWV� GXH� WR� WKH�
DSSUR[LPDWLRQV�XQGHUO\LQJ�WKH�PHWKRG��QDPHO\��WKDW�WKH�WLPH�FRQVWDQW�RI�WKH�HOHFWURGH�PXVW�
EH�VHYHUDO�RUGHUV�RI�PDJQLWXGH�VPDOOHU�WKDQ�WKH�PHPEUDQH�WLPH�FRQVWDQW���+HUH�ZLWK�$(&��
WKH�VDPSOLQJ�UDWH�LV�RQO\�OLPLWHG�E\�WKH�VSHHG�RI�WKH�FRPSXWHU��LQ�RXU�SUHOLPLQDU\�H[SHULPHQWV�
WKH� UDWH�ZDV� ��� N+]�� DQG� FRPSXWHU�PRGHOV� KDYH� VKRZQ� WKDW� UHFRUGLQJV� DUH�PRUH� IDLWKIXO�
WKDQ�ZLWK�'&&�
������± 3UHOLPLQDU\�5HVXOWV
)LJXUH���$�VKRZV�DQ�HOHFWURGH�NHUQHO�UHFRUGHG�ZLWK�$(&�LQ�D�FRUWLFDO�QHXURQ�LQ�YLWUR��VKDUS�
HOHFWURGH��� ZKLFK� LV� FORVH� WR EXW� QRW� H[DFWO\� H[SRQHQWLDO� �ZKLFK� FRUUHVSRQGV� WR� D� VLPSOH�
HOHFWURGH�PRGHO�ZLWK�D�UHVLVWDQFH�DQG�D�FDSDFLWDQFH���)LJ����%�VKRZV�D�QXPHULFDO�VLPXODWLRQ�
RI�DQ�LQMHFWLRQ�RI�D�VTXDUH�ZDYH�RI�FRQGXFWDQFH�ZLWK�$(&�DQG�'&&��EOXH���FRPSDUHG�WR�WKH�
DQDO\WLFDO� VROXWLRQ� �UHG���)LJ����&�VKRZV� WKH� UHVSRQVH�RI�D� FRUWLFDO� QHXURQ� LQ� YLWUR� WR�ZKLWH�
QRLVH�LQMHFWLRQ��VDPSOHG�DW����N+]��ZLWK�EULGJH�FRPSHQVDWLRQ���:LWKRXW�$(&�FRPSHQVDWLRQ�
�EOXH��� WKH� IDVW� IUHTXHQFLHV� RI� WKH� VLJQDO� LQGXFH� GUDPDWLF� WUDQVLHQWV� GXH� WR� WKH� HOHFWURGH�
DUWLIDFWV�� � 7KHVH� WUDQVLHQWV� DUH� VR� ODUJH� WKDW� LW� LV� LPSRVVLEOH� WR� GLVWLQJXLVK� WKHP� IURP� UHDO�
VSLNHV�� �:LWK�$(&� FRPSHQVDWLRQ� �UHG���PRVW� WKH� DUWLIDFWV� DUH� FRPSHQVDWHG�� DQG� RQH� FDQ�
FOHDUO\�VHH���VSLNHV�LQ�WKLV�FDVH��7KHVH�UHVXOWV�FOHDUO\�VKRZ�WKDW�WKH�$(& ZRUNV�LQ�SUDFWLFH��LW�
ZDV� WHVWHG� VR� IDU� LQ� PRUH� WKDQ� ��� FHOOV��� DQG� LV� VXSHULRU� WR� ERWK� '&&� DQG� EULGJH�
FRPSHQVDWLRQ�� %RWK� QXPHULFDO� VLPXODWLRQV� DQG� WKH� G\QDPLF�FODPS� H[SHULPHQWV� ZHUH� UXQ�
XVLQJ�1(8521������ 7KHVH�ILUVW�UHVXOWV�ZHUH�SUHVHQWHG�DW�WKH�6I1�1HXURVFLHQFH�FRQIHUHQFH�
LQ�:DVKLQJWRQ����������������
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)LJXUH���± $FWLYH�(OHFWURGH�&RPSHQVDWLRQ
������± 3URMHFW�RXWOLQH
��� 7KHRUHWLFDO� GHYHORSPHQW� RI� WKH� $(&� PHWKRG�� :H� ZLOO� GHYHORS� WKH� $(&� PHWKRG��

LQFOXGLQJ� GHVLJQLQJ� DXWRPDWLF� SURFHGXUHV� WR� HVWLPDWH� WKH� SDUDPHWHUV� RI� WKH�
FRPSHQVDWLRQ��DQG�HVWLPDWLQJ�LWV�UREXVWQHVV�WR�YDULRXV�FRQGLWLRQV���:H�ZLOO�DOVR�GHYHORS�
WKH�YROWDJH�FODPS�$(&�PHWKRG��ZKLFK�ZLOO�UHTXLUH�PRGLI\LQJ�WKH�$(&�VSHFLILFDOO\�IRU�WKLV�
FDVH�� � 7KLV� SDUW� QHHGV� H[SHUWLVH� LQ� PDWKHPDWLFV�� FRPSXWDWLRQDO� QHXURVFLHQFH� DQG�
NQRZOHGJH�RI�WKH�HOHFWURGHV�DQG�DPSOLILHU�VHWXSV���,W�ZLOO�EH�SHUIRUPHG�LQ�FROODERUDWLRQ�
EHWZHHQ�,15,$�DQG�81,&�

��� 7HVW� RI� WKH� $(&�PHWKRG� XVLQJ� QXPHULFDO� VLPXODWLRQV� :H�ZLOO� WHVW� WKH� $(&�PHWKRG�
QXPHULFDOO\� E\� GHVLJQLQJ� FRPSXWDWLRQDO� PRGHOV� RI� WKH� GLIIHUHQW� PRGHV� RI� UHFRUGLQJV�
�FXUUHQW�FODPS��'&&��YROWDJH�FODPS��'9&��G\QDPLF�FODPS����7KLV�SDUW�ZLOO�EH�SHUIRUPHG�
FRQMRLQWO\�EHWZHHQ ,15,$�DQG�81,&�

��� 7HVW�RI�WKH�$(&�PHWKRG�LQ�FXUUHQW�FODPS�DQG�G\QDPLF�FODPS�LQ�YLWUR� 7KH�$(&�ZLOO�EH�
WHVWHG� E\� XVLQJ� VHYHUDO� SURWRFROV�� LQ� ERWK� VKDUS� DQG� SDWFK� UHFRUGLQJ� FRQGLWLRQV��
LQFOXGLQJ�GHQGULWLF�SDWFK�UHFRUGLQJV���:H�ZLOO�WHVW�LQMHFWLRQ�RI�ZKLWH�QRLVH��FRORUHG�QRLVH��
DQG�FRQGXFWDQFH�SXOVHV���,Q�VLWXDWLRQV�ZKHUH�WKH�DQDO\WLF�H[SUHVVLRQ�RI�WKH�9P LV�NQRZ��
LW�ZLOO� EH� FRPSDUHG�GLUHFWO\� WR� WKH� UHFRUGLQJV�� XVLQJ� WKH�GLIIHUHQW� WHFKQLTXHV� �VXFK�DV�
'&&�� G\QDPLF�FODPS��� � 7KH� SURWRFROV� ZLOO� EH� GHVLJQHG� E\� ,15,$� DQG� UHDOL]HG�
H[SHULPHQWDOO\�DQG�FRPSXWDWLRQDOO\�DW�81,&�

��� 7HVW� RI� WKH�$(&�PHWKRG� LQ� YROWDJH�FODPS� LQ� YLWUR�� �7KH�$(&�ZLOO� EH� WHVWHG� LQ� YLWUR� LQ�
YROWDJH�FODPS�PRGH��:H�ZLOO�XVH�ERWK�VKDUS�DQG�SDWFK�UHFRUGLQJV�RI�PLQLDWXUH�HYHQWV�
RU� H[WUDFHOOXODUO\� HOLFLWHG 363V�� ZKLFK� ZLOO� EH� UHFRUGHG� XVLQJ� FODVVLF� YROWDJH�FODPS�
PHWKRGV���7KH�GLIIHUHQFH�ZLWK�$(&�YROWDJH�FODPS�ZLOO�EH�TXDQWLILHG�WR�HYDOXDWH�WKH�JDLQ�
RI�WKH�PHWKRG�LQ�UHVROXWLRQ���7KLV�SDUW�RI�WKH�SURMHFW�ZLOO�EH�SHUIRUPHG�DW�81,&��ZLWK�KHOS�
IURP�,15,$�

��� 7HVW� RI� WKH� $(&� PHWKRG� LQ� YROWDJH�FODPS� LQ� YLYR� :H� ZLOO� WHVW� WKH� YROWDJH�FODPS�
PHWKRGV� LQ� LQWUDFHOOXODU� UHFRUGLQJV� RI� 9�� QHXURQV� LQ� YLYR�� � 6HYHUDO� PHWKRGV� ZLOO� EH�
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FRPSDUHG�� VXFK� DV� H[WUDFWLQJ� FRQGXFWDQFHV� IURP� 9�,� FXUYHV�� GLVFRQWLQXRXV� YROWDJH�
FODPS� �'9&��DQG $(&�YROWDJH�FODPS�� �7KLV�SDUW�ZLOO� EH�SHUIRUPHG�DW�81,&�ZLWK�KHOS�
IURP�,15,$�

����± ([WUDFWLRQ�RI�FRQGXFWDQFHV�IURP�VLQJOH�WULDOV
������± 3ULQFLSOH
7KH� SULQFLSOH� RI� WKLV� PHWKRG� LV� WR� LQMHFW� ZKLWH� QRLVH� LQWR� WKH� PHPEUDQH� RI� WKH� UHFRUGHG�
QHXURQ��DQG�IURP�WKH�YROWDJH�UHVSRQVH�WR�ZKLWH�QRLVH��LW�LV�SRVVLEOH�WR�H[WUDFW�FRQGXFWDQFHV�
ZLWK� UHDVRQDEOH� DFFXUDF\�� � � 7KH� LQWHUHVW� RI� VXFK� D�PHWKRG� LV� FRQVLGHUDEOH�� VLQFH� LW� FRXOG�
DOORZ�� IRU� WKH� ILUVW� WLPH�� WR� SHUIRUP� H[WUDFWLRQ� RI� H[FLWDWRU\�LQKLELWRU\� FRQGXFWDQFHV� IURP
VLQJOH�WULDOV�� � 7KH� LPSDFW� RI� VXFK�PHDVXUHPHQW�PHWKRG� LV� SRWHQWLDOO\� LPSRUWDQW� LQ� VHQVRU\�
SK\VLRORJ\���,W�ZLOO�DOORZ�XV�WR�VWXG\�SUHVHQWO\�XQDQVZHUHG�TXHVWLRQV��VXFK�DV�WKH�WULDO�WR�WULDO�
YDULDELOLW\� RI� FRQGXFWDQFH� FRPELQDWLRQV� OHDGLQJ� WR� LQSXW� VHOHFWLYLW\� LQ� QHXURQV� RI� YLVXDO�
FRUWH[�

7KH�PHWKRG�LV�EDVHG�RQ�DQ�HUURU�PLQLPL]DWLRQ�SURFHGXUH��LQ�ZKLFK�WKH�,15,$�WHDP�KDV�D�
JUHDW�H[SHUWLVH������� �H�J�� IRU� IXQFWLRQDO�DQG�GLIIXVLRQ� LPDJLQJ�SUREOHPV��((*�DQG�0(*���
7KH�VWDUW�SRLQW�LV�WR�PLQLPL]H�D�SUHGLFWLRQ�HUURU�RQ�WKH�PHPEUDQH�SRWHQWLDO�

³ � ������a� W9W9(
ZKHUH� ��a W9 LV� WKH� SUHGLFWLRQ� RI� WKH� PHPEUDQH� SRWHQWLDO� JLYHQ� FXUUHQW� HVWLPDWHV� RI� WKH�
H[FLWDWRU\� DQG� LQKLELWRU\� FRQGXFWDQFHV� JH�W�� DQG� JL�W��� DQG� 9�W�� LV� WKH� DFWXDO� UHFRUGHG�
PHPEUDQH�SRWHQWLDO��+RZHYHU��PLQLPL]LQJ� WKLV�HUURU� LV�DQ� LOO�SRVHG�SUREOHP�EHFDXVH� WKHUH�
DUH� WZR� XQNQRZQV� IRU� RQO\� RQH� REVHUYDEOH� TXDQWLW\�� 7KH� VROXWLRQ�ZH� KDYH� GHVLJQHG� LV� WR�
LQMHFW�D�QRLV\�SUREH�VLJQDO�,�W��LQWR�WKH�QHXURQ�DQG�DGG�D�UHJXODULW\�FULWHULRQ�RI�WKH�W\SH�

³³ � �� ��
��
 WJEWJD( LHU
7KLV� FULWHULRQ� IRUPDOL]HV� WKH� LQWXLWLYH� LGHD� WKDW� WKH� FRQGXFWDQFHV� VKRXOG� YDU\ VORZO\�

FRPSDUHG� WR� WKH� SUREH� VLJQDO� ,�W��� 7KH� $(&�PHWKRG�PDNHV� LW� SRVVLEOH� WR� XVH� D� YHU\� IDVW�
SUREH�VLJQDO�VXFK�DV�ZKLWH�QRLVH�

$V� IDU� DV� ZH� NQRZ�� WKLV� LV� WKH� ILUVW� PHWKRG� HYHU� GHYHORSHG� WR� HVWLPDWH� V\QDSWLF�
FRQGXFWDQFHV�IURP�D�VLQJOH�WULDO�
������± 3UHOLPLQDU\�5HVXOWV
)LJXUH���VKRZV�WKLV�PHWKRG� LQ�D�QXPHULFDO�VLPXODWLRQ� LQ�ZKLFK�ZH�KDYH�VLPXODWHG�DQ�$(&�
UHFRUGLQJ�ZLWK�DQ�HOHFWURGH�PRGHO�DQG�D�QHXURQ�ZLWK�QRLV\�V\QDSWLF�FRQGXFWDQFHV��H[FLWDWRU\�
DQG� LQKLELWRU\��� � 7KH� PHWKRG� FDQ� UHFRYHU� VLQJOH�WULDO� FRQGXFWDQFH� WUDFHV� ZLWK� UHDVRQDEOH�
DFFXUDF\��EXW�WKH�$(&�LV�UHTXLUHG�VLQFH�ZKLWH�QRLVH�PXVW�EH�LQMHFWHG��VHH�)LJ���&��
������± 3URMHFW�RXWOLQH
��� 7KHRUHWLFDO� GHYHORSPHQW� RI� WKH� ZKLWH�QRLVH� LQMHFWLRQ� �:1,�� PHWKRG� 7KLV� SDUW� ZLOO�

UHTXLUH�WR�HODERUDWH�WKH�ILWWLQJ�PHWKRGV��DV�ZHOO�DV�WR�WHVW�WKH�PHWKRG�QXPHULFDOO\�XVLQJ�
FRPSXWDWLRQDO�PRGHOV���,W�ZLOO�EH�SHUIRUPHG�DW�,15,$��LQ�FROODERUDWLRQ�ZLWK�81,&�

��� 7HVW�RI� WKH�:1,�PHWKRG� LQ�YLWUR�XVLQJ�NQRZQ� LQMHFWHG�FRQGXFWDQFHV� :H�ZLOO�XVH� WKH�
G\QDPLF�FODPS� WR� LQMHFW� NQRZQ� SDWWHUQV� RI� V\QDSWLF� FRQGXFWDQFHV� LQ� QHXURQV� LQ� YLWUR�
�XVLQJ�ERWK�VKDUS�DQG�SDWFK�HOHFWURGHV����7KH�:1,�PHWKRG�ZLOO�WKHQ�EH�DSSOLHG�WR�WKHVH�
UHFRUGLQJV�� ZKLFK� ZLOO� EH� DQDO\]HG� VROHO\� IURP� WKH� 9P DFWLYLW\�� � 7KLV� DQDO\VLV� ZLOO� EH�
UHDOL]HG�LQ�GLIIHUHQW�FRQGLWLRQV�DQG�SDUDPHWHUV�WR�HYDOXDWH�WKH�UHOLDELOLW\�DQG�UREXVWQHVV�
RI�WKH�PHWKRG���7KLV�SDUW�ZLOO�EH�UHDOL]HG�DW�81,&��LQ�FROODERUDWLRQ�ZLWK�,15,$�



$$3�©�1HXURVFLHQFHV��QHXURORJLH�HW�SV\FKLDWULH�ª������± 3UpVHQWDWLRQ�GpWDLOOpH�GX�SURMHW� �

)LJXUH���± (VWLPDWHG�FRQGXFWDQFHV��UHG��YV��DFWXDO�FRQGXFWDQFHV��EOXH��LQ�D�QXPHULFDO�
VLPXODWLRQ�RI�D�QHXURQ�ZLWK�IOXFWXDWLQJ�V\QDSWLF�FRQGXFWDQFHV��LQFOXGLQJ�DQ�HOHFWURGH�PRGHO�
��� 7HVW�RI�WKH�:1,�PHWKRG�LQ�YLYR� :H�ZLOO�WHVW�WKH�:1,�PHWKRG�LQ�LQWUDFHOOXODUO\�UHFRUGHG�

9��QHXURQV� LQ�YLYR�� �7KLV�HVWLPDWLRQ�ZLOO�EH�GRQH�FRQMRLQWO\�ZLWK� WKH�SDUW� ����RI�SURMHFW�
�������DQG�ZLOO�SURYLGH�D�VXSSOHPHQWDU\�HVWLPDWH�RI�FRQGXFWDQFH�ZKLFK�ZLOO�EH�FRPSDUHG�
ZLWK�RWKHU�PHWKRGV���,I�WKH�PHWKRG�ZRUNV��LW�ZLOO�EH�XVHG�WR�SHUIRUP�HVWLPDWHV�RI�VLQJOH�
WULDO� JH� DQG� JL� FRQGXFWDQFHV� LQ� YDULRXV� VWLPXOXV� FRQILJXUDWLRQV�� WKHUHE\� \LHOGLQJ�
LQIRUPDWLRQ� DERXW� WKH� WULDO�WR�WULDO� YDULDELOLW\� RI� WKH� UHVSHFWLYH� WLPLQJ� RI� H[FLWDWLRQ� DQG�
LQKLELWLRQ��DQ� LQIRUPDWLRQ�ZKLFK� LV�SUHVHQWO\�QRW�SRVVLEOH� WR�HVWLPDWH��7KLV�SDUW�ZLOO� EH�
SHUIRUPHG�DW�81,&��ZLWK�KHOS�IURP�,15,$�

����± ([WUDFWLRQ�RI�QHWZRUN�FRUUHODWLRQV�IURP�YROWDJH�UHFRUGLQJV
������± 3ULQFLSOH
7KH�SURSRVHG�PHWKRG�FRQVLVWV�RI�WZR�VWDJHV��)LUVW��IURP�PHPEUDQH�SRWHQWLDO�UHFRUGLQJV�RI�
QHXURQV� VXEMHFW� WR� FRQVWDQW� FXUUHQW� LQMHFWLRQ� �FXUUHQW�FODPS��� RU� FXUUHQW� UHFRUGLQJV� LQ�
YROWDJH�FODPS�H[SHULPHQWV��LQIRUPDWLRQ DERXW�WKH�PHDQ�DQG�YDULDQFH�RI�WRWDO�H[FLWDWRU\�DQG�
LQKLELWRU\�V\QDSWLF�FRQGXFWDQFHV�FDQ�EH�GHGXFHG��6HFRQG��WKH�WRWDO�H[FLWDWRU\�DQG�LQKLELWRU\�
V\QDSWLF� FRQGXFWDQFHV�DUH� D� GLUHFW� FRQVHTXHQFH�RI� WKH� FRPELQHG�DFWLYLW\� DW� WKRXVDQGV�RI�
V\QDSWLF�WHUPLQDOV��DQG�WKH�PHDQ�DQG�YDULDQFH�FDQ�EH�OLQNHG�WR�WKH�DYHUDJH�UHOHDVH�UDWH�DQG�
FRUUHODWLRQ��V\QFKURQ\��DPRQJ�WKHVH� LQGLYLGXDO� WHUPLQDOV��&RPELQLQJ�ERWK�VWDJHV�WKXV� OLQNV�
LQWUDFHOOXODU�DFWLYLW\�REVHUYHG�LQ�H[SHULPHQWV�WR�VWDWLVWLFDO�SURSHUWLHV�RI�WKH�DFWLYLW\�RI�WKH SRRO�
RI�V\QDSVHV��DQG�KHQFH�WKH�DFWLYLW\�LQ�WKH�VXUURXQGLQJ�QHXUDO�QHWZRUN��7KH�LQWHUHVW�RI�VXFK�D�
PHWKRG� LV� FRQVLGHUDEOH�� DV� LW� FRXOG� SURYLGH� IRU� WKH� ILUVW� WLPH� D� WRRO� WR� LQIHU� VWDWLVWLFDO�
SURSHUWLHV� RI� WKH�JOREDO�QHWZRUN� DFWLYLW\� EDVHG�RQ� WKH� VROH�NQRZOHGJH�RI� ORFDO� LQWUDFHOOXODU�
UHFRUGLQJV��,W�ZLOO�DOORZ�WR�GHWHFW�DQG�LQYHVWLJDWH�WKH�HIIHFW�RI�VSHFLILF�QHWZRUN�VWDWHV�LQ�YLYR��
VXFK�DV�KLJKO\�V\QFKURQL]HG�RU�RVFLOODWRU\�VWDWHV�REVHUYHG�LQ�WKH�FRUWH[�GXULQJ�QDWXUDO�VOHHS�
RU�DFWLYH�ZDNHIXOQHVV�
������± 3UHOLPLQDU\�5HVXOWV
3UHOLPLQDU\�UHVXOWV�ZHUH�REWDLQHG�RQ�ERWK�WKH�H[SHULPHQWDO�DQG�WKHRUHWLFDO�OHYHO��%RWK�VWDJHV�
DUH�IRUPXODWHG�PDWKHPDWLFDOO\� LQ�WKH�FDVH�RI�VLQJOH�FRPSDUWPHQW�QHXURQ�PRGHOV��DQG�ZHUH�
VKRZQ�WR�SURYLGH�D�UREXVW�ZD\�WR�LQIHU�FRUUHODWLRQV�DPRQJ WKRXVDQGV�RI�V\QDSWLF�WHUPLQDOV��
7KH�WHVW�RI�WKH�SURSRVHG�PHWKRG�LQ�H[SHULPHQWV�LV�GLIILFXOW��DV�FXUUHQWO\�QR�FRQWURO�RYHU�WKH�
VWDWLVWLFDO� SURSHUWLHV� RI� WKRXVDQGV� RI� SUHV\QDSWLF� WHUPLQDOV� H[LVWV�ZKLFK� LV� DYDLODEOH� WR� XV��
+RZHYHU��DQ�LQGLUHFW�WHVW�RI�WKH�SURFHGXUH�ZDV�DFKLHYHG�E\�VWXG\LQJ�WKH�PHPEUDQH�SRWHQWLDO�
UHVSRQVH� RI� FRUWLFDO� QHXURQV� WR� VWLPXODWLRQ� RI� WKH� EUDLQVWHP� �337�� LQ� DQHVWKHWL]HG� FDWV� LQ�
YLYR�� +HUH�� PRUSKRORJLFDO� UHFRQVWUXFWLRQV� WRJHWKHU� ZLWK� UHFRUGLQJV� RI� LQWUDFHOOXODU� DFWLYLW\�
DOORZHG� XV� WR� FRQVWUXFW� ELRSK\VLFDO� PRGHOV� ZLWK� VSDWLDOO\� GLVWULEXWHG� V\QDSWLF� LQSXWV�� 7KH�
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UHVSRQVH� RI� WKHVH� PRGHOV� WR� VLPXODWHG� V\QDSWLF� DFWLYLW\� ZDV� WKHQ� XVHG� WR� FURVV�YDOLGDWH�
UHVXOWV�REWDLQHG�GLUHFWO\�IURP�H[SHULPHQWDO�UHFRUGLQJV��$�JRRG�PDWFK�ZDV�IRXQG�
������± 3URMHFW�RXWOLQH
��� 7KHRUHWLFDO� GHYHORSPHQW� RI� PHWKRGV� IRU� H[WUDFWLQJ� FRUUHODWLRQV� ,Q� WKLV� SDUW� ZH� ZLOO�

FRQILQH�DQG�IXUWKHU�GHYHORS�WKH�PDWKHPDWLFDO�IUDPHZRUN�RQ�ZKLFK�WKH�SURSRVHG�PHWKRG�
LV� EDVHG�� ,Q� WKH� ILUVW� VWDJH�� WKH� )RNNHU�3ODQFN� IRUPDOLVP� ZLOO� EH� XVHG� WR� DVVHVV�
DQDO\WLFDOO\� WKH� PHPEUDQH� HTXDWLRQ� VXEMHFW� WR� HIIHFWLYH� V\QDSWLF� FRQGXFWDQFH� QRLVH�
VRXUFHV� LQ� RUGHU� WR� OLQN� WKH� PHPEUDQH� SRWHQWLDO� UHVSRQVH� WR� VSHFLILF� HIIHFWLYH�
FRQGXFWDQFH�GULYHV��,Q�WKH�VHFRQG�VWDJH��ZH�ZLOO�XWLOL]H�WKH�VKRW�QRLVH�IRUPDOLVP�WR�OLQN�
VWDWLVWLFDO�SURSHUWLHV�RI�WKH�DFWLYLW\�DW�WKRXVDQGV�RI�LQGLYLGXDO�V\QDSWLF�WHUPLQDOV�WR�WKDW�RI�
WKH� UHVXOWLQJ� HIIHFWLYH� LQKLELWRU\� DQG� H[FLWDWRU\� FRQGXFWDQFHV�� +HUH�� VLPSOH� VLQJOH�
FRPSDUWPHQW� PRGHOV� DQG� H[SRQHQWLDO� V\QDSWLF� NLQHWLFV� ZLOO� EH� UHSODFHG� E\� VSDWLDOO\�
GLVWULEXWHG� PRGHOV� DQG� PRUH� HODERUDWHG� NLQHWLF� PRGHOV� RI� V\QDSWLF� WUDQVPLVVLRQ��
UHVSHFWLYHO\��7KLV�UHVHDUFK�ZLOO�EH�FRQGXFWHG�PRVWO\�DW�81,&��ZLWK�KHOS�IURP�,15,$�RQ�
VWDWLVWLFDO�DQG�VWRFKDVWLF�PHWKRGV�

��� 7HVW�RI�WKHVH�PHWKRGV�XVLQJ�QXPHULFDO�VLPXODWLRQV��,Q�WKLV�SDUW�ZH�ZLOO�WHVW�WKH�YDULRXV�
PDWKHPDWLFDO� IUDPHZRUNV� LQ� QXPHULFDO� VLPXODWLRQV�� 6LPXODWLRQ� SURWRFROV� ZLOO� FRYHU� D�
YDULHW\� RI� PRGHO� FRPSOH[LWLHV�� UDQJLQJ� IURP� VLQJOH�FRPSDUWPHQWDO� PRGHOV� WR� PXOWL�
FRPSDUWPHQWDO�PRGHOV�ZLWK�V\QDSWLF�LQSXWV�VSDWLDOO\�GLVWULEXWHG�LQ�GHQGULWHV��7KLV�ZLOO�EH�
UHDOL]HG�DW�WKH�81,&�ZLWK�KHOS�IURP�,15,$�

��� $SSOLFDWLRQV�RI�WKH�PHWKRG�WR�DQDO\VLQJ�LQWUDFHOOXODU�UHFRUGLQJV�LQ�YLWUR�DQG�LQ�YLYR� :H�
ZLOO� WHVW� WKH� SURSRVHG� PHWKRG� LQ� YLWUR� XVLQJ� YDULRXV� SURWRFROV� �FXUUHQW�FODPS� DQG�
YROWDJH�FODPS� LQ� FRUWLFDO� VOLFH� SUHSDUDWLRQV� GLVSOD\LQJ� VSRQWDQHRXV� DFWLYH� VWDWHV��
G\QDPLF�FODPS� H[SHULPHQWV��� $OWKRXJK� LW� LV� QRW� SRVVLEOH� WR� FRQWURO� WKH� VWDWLVWLFDO�
VLJQDWXUH�DW� WKRXVDQGV�RI�V\QDSVHV��PRUSKRORJLFDO� UHFRQVWUXFWLRQV�DORQJ�ZLWK�GHWDLOHG�
ELRSK\VLFDO�PRGHOV�EDVHG�RQ�WKHVH�GDWD�ZLOO�DOORZ�XV�WR�FURVV�YDOLGDWH�REWDLQHG�UHVXOWV�
E\�LQGHSHQGHQW�PHWKRGV��7KH�SURSRVHG�SURFHGXUH�ZLOO�DOVR�EH�DSSOLHG�WR�H[SHULPHQWDO�
UHVXOWV�REWDLQHG� LQ� WKH�YLVXDO�FRUWH[�RI�FDWV� LQ�YLYR��7KH�UHVHDUFK�ZLOO�EH�FRQGXFWHG�DW�
81,&�

����± 3URELQJ�FRQGXFWDQFHV�ZLWK�FRQGXFWDQFH�QRLVH�LQMHFWLRQ
������± 3ULQFLSOH
7KH�SULQFLSOH�RI� WKLV�PHWKRG� LV� WR� ³SUREH´� FRUWLFDO� QHXURQV�E\� LQMHFWLQJ�FRQGXFWDQFH�QRLVH���
7KH�UHVSRQVH�WR�FRQGXFWDQFH�QRLVH�LV�D�FRPSURPLVH�EHWZHHQ�WKH�LQMHFWHG�FRQGXFWDQFH�DQG�
WKH� LQWULQVLF� FRQGXFWDQFHV� SUHVHQW� LQ� QHXURQV�� � 2XU� JRDO� LV� WR� REWDLQ�PHWKRGV� WR� GHGXFH�
TXDOLWDWLYH�LQIRUPDWLRQ�FRQFHUQLQJ�WKH�W\SH�DQG�GHQVLW\�RI�FXUUHQWV�SUHVHQW�LQ�QHXURQV�XVLQJ�
WKLV� PHWKRG�� � 7KH� VDPH� PHWKRG� FDQ� DOVR� EH� XVHG� WR� GHGXFH� LQIRUPDWLRQ� DERXW� WKH�
HOHFWURWRQLF� VWUXFWXUH� RI� WKH� QHXURQ�� ZKLFK� LV� DQ� HVVHQWLDO� SDUDPHWHU� WR� XQGHUVWDQG�
LQWHJUDWLYH�SURSHUWLHV��7KH�LQWHUHVW�RI�WKLV�PHWKRG�LV�WKDW�LW�FRXOG�EH�DSSOLFDEOH�LQ�YLYR��ZKLFK�
ZRXOG�RSHQ� WKH�SRVVLELOLW\�RI� VWXG\LQJ� LQWULQVLF� FRQGXFWDQFHV� LQ� FRUWLFDO� QHXURQV� LQ� YDULRXV�
FRQGLWLRQV�RU�OHYHOV�RI�DQHVWKHVLD���
������± 3UHOLPLQDU\�5HVXOWV
7KH�RQO\�SUHOLPLQDU\� UHVXOW�ZH�KDYH�REWDLQHG�VR�IDU� LV� WR�VZLWFK�EXUVWLQJ�FHOOV� LQWR� UHJXODU�
VSLNLQJ�QHXURQV�E\�XVLQJ�FRQGXFWDQFH�QRLVH�LQMHFWLRQ��QRW�VKRZQ����,Q�WKLV�FDVH��WKH�LQMHFWHG�
FRQGXFWDQFH� ³FRPSHWHV´� ZLWK� WKH� LQWULQVLF� FRQGXFWDQFHV� UHVSRQVLEOH� IRU� EXUVWLQJ�� DQG�
SUHYHQWV� WKHP� IURP�JHQHUDWLQJ�EXUVWV�� �:H�H[SHFW� WKDW� LW� VKRXOG� EH�SRVVLEOH� WR� UHODWH� WKH�
DPRXQW�DQG�FKDUDFWHULVWLFV�RI� WKH� LQMHFWHG�FRQGXFWDQFH� WR�RSWLPDOO\�FRPSHWH�ZLWK�GLIIHUHQW�
W\SHV�RI�LQWULQVLF�FRQGXFWDQFHV���
������± 3URMHFW�RXWOLQH
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��� 7KHRUHWLFDO� GHYHORSPHQW� RI� WKH� PHWKRG�� � 7KLV� PHWKRG� ZLOO� EH� GHYHORSHG� XVLQJ�
FRPSXWDWLRQDO�PRGHOV�DQG�PDWKHPDWLFDO�WRROV�LI�SRVVLEOH���,W�ZLOO�EH�FRQGXFWHG�FRQMRLQWO\�
E\�81,&�DQG�,15,$�

��� 7HVW� RI� WKH� PHWKRG� E\� XVLQJ� QXPHULF� VLPXODWLRQV� 7KH�PHWKRG� ZLOO� EH� WHVWHG� XVLQJ�
ELRSK\VLFDO�PRGHOV�RI�FRUWLFDO�S\UDPLGDO�FHOOV��ZLWK�GLIIHUHQW�GLVWULEXWLRQV�RI�FXUUHQWV� LQ�
GHQGULWHV��DQG�GLIIHUHQW� LQWULQVLF�SURSHUWLHV� �EXUVWLQJ�� UHJXODU�VSLNLQJ��HWF��� � ,Q� YLYR�OLNH�
EDFNJURXQG�DFWLYLW\�ZLOO�EH�VLPXODWHG�DV�ZHOO��WR�WHVW�WKH�UREXVWQHVV�RI�WKH�PHWKRG�DQG�
LWV�DSSOLFDELOLW\�LQ�YLYR���7KLV�SDUW�ZLOO�EH�UHDOL]HG�E\�81,&�ZLWK�KHOS�IURP�,15,$�

��� ([SHULPHQWDO�WHVWV�RI�WKH�PHWKRG� 7KH�PHWKRG�ZLOO�EH�ILUVW�WHVWHG�LQ�G\QDPLF�FODPS�LQ�
YLWUR���,Q�WKLV�FDVH��WKH�OHYHO�RI�EDFNJURXQG�DFWLYLW\�LV�ORZ��DQG�QHXURQV�DUH�GULYHQ�PRVWO\�
E\�WKHLU�LQWULQVLF�SURSHWLHV���7KH�PHWKRG�ZLOO�DOVR�EH�WHVWHG�LQ�YLYR�LI�LWV�UREXVWQHVV�FDQ�
EH�GHPRQVWUDWHG���7KLV�ZRUN�ZLOO�EH�FDUULHG�RXW�DW�WKH�81,&�

����± 6SLNH�WULJJHUHG�DYHUDJHV�IURP�YROWDJH�UHFRUGLQJV
������± 3ULQFLSOH
7KH� SULQFLSOH� LV� WR� H[WUDFW� WKH� H[FLWDWRU\� DQG� LQKLELWRU\� FRQGXFWDQFH� YDULDWLRQV� OHDGLQJ� WR�
VSLNHV� LQ� FHQWUDO� QHXURQV�� �:H�ZLOO� ILUVW� VWXG\� WKH� SUREOHP� WKHRUHWLFDOO\�� XVLQJ� WKH� )RNNHU�
3ODQFN�IRUPDOLVP�� �2XU�JRDO� LV� WR�REWDLQ�D�SURFHGXUH� WR�H[WUDFW� WKH�FRQGXFWDQFHV�IURP�WKH�
VROH�NQRZOHGJH�RI� WKH�9P DFWLYLW\�RI� WKH� UHFRUGHG�QHXURQ��ZKLFK�ZRXOG� OHDG� WR�YHU\�XVHIXO�
WRROV� WR� DQDO\]H� WKH� UHVSHFWLYH� UROH� DQG� WLPLQJ� RI� H[FLWDWLRQ� DQG� LQKLELWLRQ� LQ� WKH� VSLNH�
VHOHFWLYLW\�RI�FRUWLFDO�QHXURQV�

7KH�SUREOHP�FDQ�EH�IRUPDOL]HG�DV�IROORZV��EHIRUH�WKH�VSLNH��WKH�PHPEUDQH�HTXDWLRQ�LV�
JLYHQ�E\

,(9WJ(9WJ(9JGW
G9& LLHH//P ������� ���������� �

ZKHUH�&P LV�WKH�VSHFLILF�PHPEUDQH�FDSDFLWDQFH��J/ LV�WKH�UHVWLQJ��OHDN��FRQGXFWDQFH��(/�LV�
WKH� UHVWLQJ� 9P �OHDN� UHYHUVDO��� DQG� JH�� JL DUH� WKH� H[FLWDWRU\� DQG� LQKLELWRU\� FRQGXFWDQFHV��
UHVSHFWLYHO\��ZLWK�(H DQG�(L WKHLU�UHVSHFWLYH�UHYHUVDO�SRWHQWLDOV���7KH�JRDO�RI�WKH�PHWKRG�LV�WR�
H[WUDFW�WKH�WLPH�FRXUVH�RI�JH�W��DQG�JL�W��SUHFHGLQJ�VSLNHV�LQ�D�JLYHQ�QHXURQ���7R�WKLV�HQG��ZH�
XVH�UHFRUGLQJV�DW�VHYHUDO�OHYHOV�RI�'&�FXUUHQW�LQMHFWLRQ��,��DQG�ZLOO�WU\�WR�VROYH�WKH�HTXDWLRQ�
DQDO\WLFDOO\�XVLQJ� UHDVRQDEOH� WHPSODWHV�IRU�JH�W��DQG�JL�W��� �$QRWKHU�PHWKRG�ZLOO�EH� WR� LQMHFW�
ZKLWH�QRLVH�RI�ZHDN�DPSOLWXGH� �WR�SUHVHUYH�VSLNH� LQLWDWLRQ��DQG�XVH� WKH�:0,�PHWKRG� �VHH�
DERYH��WR�HVWLPDWH�WKH�FRQGXFWDQFH�WLPH�FRXUVH�SUHFHGLQJ�VSLNHV��VLQJOH�WULDO�FRQGXFWDQFHV�
LQ�WKLV�FDVH��
������± 3UHOLPLQDU\�5HVXOWV
3UHOLPLQDU\�UHVXOWV�ZHUH�REWDLQHG�DERXW�WKH�RSWLPDO�FRQGXFWDQFH�SDWWHUQV�WKDW�WULJJHU�VSLNHV�
LQ� FRUWLFDO� QHXURQV�� � %\� XVLQJ� G\QDPLF�FODPS� LQMHFWLRQ� RI� VWRFKDVWLF� FRQGXFWDQFHV�� ZH�
FRPSDUHG�WZR�VWDWHV��RQH�³ORZ�FRQGXFWDQFH´��/&��VWDWH��ZKHUH�JH DQG�JL ZHUH�RI�WKH�VDPH�
RYHUDOO�PDJQLWXGH�DQG�ZHUH�VPDOO�FRPSDUHG�WR�WKH�UHVWLQJ�FRQGXFWDQFH��J/���DQG�RQH�³KLJK�
FRQGXFDQFH´� �+&�� VWDWH�� ZKHUH� ERWK� FRQGXFWDQFHV� ZHUH� VWURQJ� �LQKLELWRU\� FRQGXFWDQFHV
PXVW�GRPLQDWH�LQ�WKLV�FDVH��WR�PDLQWDLQ�WKH�9P�DURXQG�±���P9����:H�IRXQG�WKDW�WKH�RSWLPDO�
SDWWHUQV IRU� WULJJHULQJ� FRQGXFWDQFHV� DUH� DQ� LQFUHDVH� RI� H[FLWDWLRQ� LQ� /&� VWDWHV� DQG� D�
GHFUHDVH�RI�LQKLELWLRQ��GLV�LQKLELWLRQ��LQ�+&�VWDWHV���7KH�ODWWHU�LV�LQWHUHVWLQJ��EHFDXVH�LW�LV�DOVR�
SDUDOOHOHG�ZLWK�D�GHFUHDVH�RI�WKH�WRWDO�FRQGXFWDQFH�SULRU�WR�WKH�VSLNH���7KLV FDQ�EH�VKRZQ�DV�
D� VLJQDWXUH� RI� +&� VWDWHV� DQG� ZH� KRSH� WR� EH� DEOH� WR� LGHQWLI\� WKLV� VLJQDWXUH� IURP� LQ� YLYR�
UHFRUGLQJV�

)XUWKHUPRUH�� WKH� RSWLPDO� FRQGXFWDQFH� SDWWHUQ� FDQ� EH� ILW� UHDVRQDEO\� ZHOO� E\� D� VLQJOH�
H[SRQHQWLDO�WLPH�FRXUVH���7KXV��LQVHUWLQJ�VXFK�WLPH�FRXUVHV�LQ�WKH�PHPEUDQH�HTXDWLRQ�DERYH�
VKRXOG� OHDG� WR� D� V\VWHP� VROYDEOH� DQDO\WLFDOO\�� ZKLFK� ZRXOG� WKHQ� OHDG� WR� D� PHWKRG� IRU�
H[WUDFWLQJ�JH�JL�WLPH�FRXUVHV�IURP�WKH�VROH�NQRZOHGJH�RI�9P DFWLYLW\���
������± 3URMHFW�RXWOLQH



$$3�©�1HXURVFLHQFHV��QHXURORJLH�HW�SV\FKLDWULH�ª������± 3UpVHQWDWLRQ�GpWDLOOpH�GX�SURMHW� ��

��� 7KHRUHWLFDO� GHYHORSPHQW� RI� WKH� PHWKRG� WR� DQDO\]H� VSLNH�WULJJHUHG� DYHUDJHV� IURP�
LQWUDFHOOXODU�UHFRUGLQJV� 7KH�IUDPHZRUN�RI�ERWK�VSLNH�WULJJHUHG�DYHUDJHV�RI�9P�DFWLYLW\��
DQG�ZKLWH� QRLVH� LQMHFWLRQ� �VHH� DERYH�� ZLOO� EH� GHYHORSHG� WKHRUHWLFDOO\�� LQ� FROODERUDWLRQ�
EHWZHHQ�81,&�DQG�,15,$�

��� 1XPHULFDO� WHVW� RI� WKH� PHWKRG� XVLQJ� FRPSXWDWLRQDO� PRGHOV� RI� YDULRXV� OHYHOV� RI�
FRPSOH[LW\� :H�SODQ� WR� ILUVW� WHVW� WKH�PHWKRGV�XVLQJ�GLIIHUHQW�FRPSXWDWLRQDO�PRGHOV�RI�
QHXURQV�� ILUVW�� D� VLQJOH�FRPSDUWPHQW�PRGHO� ZLWK� IOXFWXDWLQJ� FRQGXFWDQFHV� �WKLV�PRGHO�
FDQ�EH�LPSOHPHQWHG�LQ�LQ�YLWUR�H[SHULPHQWV�± VHH�EHORZ���VHFRQG��D�VLQJOH�FRPSDUWPHQW�
PRGHO�UHFHLYLQJ�PRUH�UHDOLVWLF�SDWWHUQV�RI�V\QDSWLF�LQSXWV��WKLUG��D�FRPSDUWPHQWDO�PRGHO�
RI� FRUWLFDO� S\UDPLGDO� QHXURQ�� ZKHUH� LQSXWV� DUH� ORFDWHG� LQ� GHQGULWHV�� � 7KLV� SDUW� RI� WKH�
SURSRVDO�ZLOO�SURYLGH�D�TXDQWLWDWLYH�FRUUHVSRQGHQFH�EHWZHHQ�WKH�HVWLPDWHG�FRQGXFWDQFH�
XVLQJ�WKH�PHWKRG��DQG�WKH�FRQGXFWDQFH�SUHVHQW�LQ�WKH�V\QDSWLF�LQSXWV���7KLV�SDUW�ZLOO�EH�
SHUIRUPHG�DW�81,&�ZLWK�WKH�KHOS�IURP�,15,$�

��� 7HVW�RI�WKH�PHWKRG�LQ�G\QDPLF�FODPS� :H�ZLOO�WHVW�WKH�PHWKRG�LQ�YLWUR�XVLQJ�FRQWUROOHG�
FRQGLWLRQV� ZKHUH� ZH� NQRZ� H[DFWO\� ZKDW� FRQGXFWDQFH� ZDV� LQMHFWHG� LQ� WKH� FHOO�� � 7KH�
UHVXOWV�IURP�WKH�PHWKRG�ZLOO�EH�FRPSDUHG�WR�WKH�LQMHFWHG�FRQGXFWDQFH��SURYLGLQJ�D�GLUHFW�
HVWLPDWH� RI� WKH� UHOLDELOLW\� DQG� SUHFLVLRQ� RI� WKH� PHWKRG�� � 7KLV� ZLOO� EH� GRQH� XVLQJ� ERWK�
VKDUS�DQG�SDWFK�HOHFWURGH�G\QDPLF�FODPS��DQG�ZLOO�EH�SHUIRUPHG�E\�81,&�

��� $SSOLFDWLRQV� WR� LQWUDFHOOXODU� UHFRUGLQJV� LQ� YLYR� :H� ZLOO� DQDO\]H� H[LVWLQJ� LQWUDFHOOXODU�
UHFRUGLQJV�LQ�9��QHXURQV��IRU�ERWK�VSRQWDQHRXV�DFWLYLW\�DQG�UHVSRQVHV�WR�YLVXDO�LQSXWV���
:H�DOVR�KDYH�D�FROODERUDWLRQ�ZLWK�,JRU�7LPRIHHY��/DYDO�8QLYHUVLW\��&DQDGD���WR�DQDO\]H�
LQWUDFHOOXODU�UHFRUGLQJV�SHUIRUPHG�LQ�DZDNH�FDWV���,Q�ERWK�FDVHV��ZH�ZLOO�REWDLQ�HVWLPDWHV�
RI� WKH�RSWLPDO�H[FLWDWRU\�DQG� LQKLELWRU\�FRQGXFWDQFH�SDWWHUQV�WULJJHULQJ�VSLNHV� LQ� WKHVH�
QHXURQV��ZKLFK� LV�D�SLHFH�RI� LQIRUPDWLRQ�SUHVHQWO\�XQDYDLODEOH� LQ� WKH� OLWHUDWXUH� �WR�RXU�
NQRZOHGJH��� 6SHFLILF� H[SHULPHQWV� ZLOO� DOVR� EH� GHVLJQHG� WR� LQMHFW� ORZ�DPSOLWXGH� ZKLWH�
QRLVH�LQ�9��QHXURQV���7KLV�SDUW�RI�WKH SURMHFW�ZLOO�EH�SHUIRUPHG�DW�81,&�

-XVWLILFDWLRQ�IRU�PDQ�SRZHU�DQG�HTXLSPHQW
0RUH�WKDQ�WZR�IXOO�WLPH�HTXLYDOHQW�RI�SHUVRQHO�DOUHDG\�SUHVHQW�ZLOO�EH�ZRUNLQJ�RQ�WKH�SURMHFW��
DQG�ZH�ZLOO�QHHG� WZR�DGGLWLRQDO� IXOO�WLPH�HTXLYDOHQW� �RQH�SRVWGRF�DW�81,&��RQH�SRVWGRF�DW�
,15,$�� IRU� WKH� ZKROH� ��\HDU� SHULRG�� � 7KH� 81,&� SRVWGRF� ZLOO� GR� ERWK� PRGHOLQJ� DQG�
H[SHULPHQWDO� ZRUN� �G\QDPLF�FODPS� LQ� YLWUR�� DQG� ZLOO� DOVR� DVVLVW� WKH� LQ� YLYR� H[SHULPHQWV���
+H�6KH� ZLOO� DOVR� ZRUN� FORVHO\� ZLWK� WKH� ,15,$� DQG� IUHTXHQW� YLVLWV� ZLOO� EH� QHFHVVDU\�� � 7KH�
,15,$�SRVWGRF�ZLOO�DOVR�GLUHFWO\�DVVLVW�WKH�H[SHULPHQWV�DQG�GHVLJQ�H[SHULPHQWDO�SURWRFROV�

:H�DOUHDG\�KDYH� WZR�VKDUS�HOHFWURGH�VHWXSV� �LQ�YLYR�DQG� LQ� YLWUR��DW�81,&��DQG� WKHVH�
VHWXSV�DUH�IXOO\�HTXLSHG�ZLWK�D�G\QDPLF�FODPS�V\VWHP���:H�GR�QRW�UHTXHVW�HTXLSPHQW�IRU�WKLV�
SDUW��H[FHSW�IRU�PLQRU�PRGLILFDWLRQV�RI�WKH�G\QDPLF�FODPS�V\VWHPV���:H�DOVR�KDYH�DTXLUHG�D�
SDWFK�FODPS�VHWXS�FRQMRLQWO\�ZLWK�WKH�PRGHOLQJ�DQG�H[SHULPHQWDO�JURXSV�RI�81,&���:H�QHHG�
WR� FRPSOHWH� WKLV� SDWFK� VHWXS� ZLWK� D� SHUIRUPDQW� PLFURVFRSH� DOORZLQJ� IOXRUHVFHQFH� �IRU�
GHQGULWLF� SDWFK�� DV� ZHOO� DV� HTXLS� WKLV� VHWXS� ZLWK� WKH� DELOLW\� WR� SHUIRUP� G\QDPLF�FODPS�
H[SHULPHQWV�� ZKLFK� DUH� HVVHQWLDO� LQ� WKLV� SURMHFW�� � :H� DOVR� QHHG� WR� DFTXLUH� VXIILFLHQW�
FRPSXWDWLRQDO�PHDQV� WR� UXQ� WKH�GLIIHUHQW�PRGHOV�SUHVHQWHG�KHUH� �VHYHUDO�ZRUNVWDWLRQV�DUH�
QHHGHG�IRU�WKH�SHUVRQHO�KLUHG�LQ�WKH�JUDQW��ERWK�DW�,15,$�DQG�81,&����)LQDOO\��ZH�UHTXHVW�D�
SDUWLFLSDWLRQ�WR�WKH�FRVWV�RI�DQLPDO�H[SHULPHQWV�QHHGHG�IRU�WKLV�SURMHFW��LQ�YLYR�DQG�LQ�YLWUR��
*UDQW�PDQDJHPHQW
)UHTXHQW�H[FKDQJHV�EHWZHHQ�,15,$�DQG�81,&�ZLOO�EH�QHFHVVDU\��DQG�LQGHHG�ZH�DUH�DOUHDG\�
FROODERUDWLQJ� LQ� D� (XURSHDQ� SURMHFW� VLQFH� 6HSWHPEHU� ����� �ZLWK� QR� RYHUODS� ZLWK� WKLV�
SURSRVDO��� � 'U�� %UHWWH� KDV�ZRUNHG� DV� D� SRVWGRF� DW�81,&� EHIRUH� MRLQLQJ� WKH� ,15,$�� VR� WKH�
H[FKDQJHV� EHWZHHQ� RXU� WHDPV� DUH� DOUHDG\� IUHTXHQW�� :H� ZLOO� RUJDQL]H� UHJXODU� JURXS�
PHHWLQJV� EHWZHHQ� 81,&� DQG� ,15,$�� ZKHUH� ERWK� PDWKHPDWLFLDQV�� FRPSXWDWLRQDO� DQG�
H[SHULPHQWDO� ELRORJLVWV�ZLOO� SDUWLFLSDWH�� � 7KHVH�PHHWLQJV� VKRXOG� LGHQWLI\� SRVVLEOH� SUREOHPV�
DQG�WDNH�DSSURSULDWH�DFWLRQV�ZKLFK�ZLOO�EH�GHFLGHG�FROOHFWLYHO\�
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