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7KLV� SDSHU� SUHVHQWV� WKH� UHVXOWV� RI� )3*$� LPSOHPHQWDWLRQ� RI� GLUHFWSURSDJDWLRQ�

QHXURQDO� QHWZRUNV� IRU� WKH� SUHYLRXVO\� GHYHORSHG� PHWKRG� RI� UHDOL]DWLRQ� RI� QRQOLQHDU�
DFWLYDWLRQ� IXQFWLRQV� DQG� DUWLILFLDO� QHXURQV� LPSOHPHQWDWLRQ� DOJRULWKPV�� 7KH� REWDLQHG�
UHVXOWV�RI� WKH� UHVHDUFK��ZKLFK�DUH�SUHVHQWHG� LQ� WKH� WDEOH��DUH�)3*$�VRXUFH��HUURU�DQG�
VSHHG��

.H\�ZRUGV��QHXUDO�QHWZRUN��DFWLYDWLRQ�IXQFWLRQ��)3*$��9+'/��
)LJ������7DEO�����%LEO�������

1HXUDO� QHWZRUN� FRQWURO� V\VWHPV� FRQVWLWXWH� D� QHZ� KLJK�WHFK� EUDQFK� RI� FRQWURO�
WKHRU\� DQG� UHODWH� WR� WKH� FODVV� RI� QRQOLQHDU� G\QDPLF� V\VWHPV��+LJK� VSHHG� RI� SDUDOOHO�
SURFHVVLQJ�RI�LQIRUPDWLRQ�FRXSOHG�ZLWK�WKH�DELOLW\�WR�WHDFK�QHXUDO�QHWZRUNV�PDNHV�WKLV�
WHFKQRORJ\�YHU\�DWWUDFWLYH�IRU�FUHDWLQJ�HIIHFWLYH�LPSOHPHQWDWLRQ�RI�DXWRPDWHG�FRQWURO�
V\VWHPV�IRU�FRPSOH[�G\QDPLF�REMHFWV�>����@��1HXUDO�QHWZRUNV�FDQ�EH�XVHG�WR�FRQVWUXFW�
GHYLFHV� IRU� UHJXODWLRQ� DQG� FRUUHFWLRQ� RI� FRQWURO� V\VWHPV� RI� UHIHUHQFH�� DGDSWLYH��
QRPLQDO� DQG� LQYHUVH�G\QDPLF� REMHFW� PRGHO� IRU� REVHUYDWLRQ� DQG� HYDOXDWLRQ� RI� WKH�
REMHFW�SDUDPHWHUV��PDJQLWXGH�RI�WKH�SHUWXUEDWLRQ��VHDUFK�RU�FRPSXWDWLRQ�RI�WKH�RSWLPDO�
LQIOXHQFH� FKDQJH� SURJUDP�� REMHFW� LGHQWLILFDWLRQ�� SUHGLFWLRQ� RI� WKH� REMHFW� VWDWH� RU�
DQRWKHU�RSHUDWLRQ�>�����@��)RU�UHDOL]DWLRQ�RI�DOO�QHXUDO�QHWZRUN�FDSDELOLWLHV��WKH�QHXUDO�
QHWZRUN�FRQWUROOHUV�RI�FRQWURO�V\VWHPV�QHHG�WR�EH�EXLOW�RQ�FKLSV�VXFK�DV�WKH�)3*$�>��
�@��

)3*$�FKLSV�DOORZ�LPSOHPHQWLQJ�FRPSOH[�SDUDOOHO�DOJRULWKPV��7KLV�WHFKQRORJ\�
LQYROYHV� WKH� LPSOHPHQWDWLRQ� RI� D� SOXUDOLW\� RI� EORFNV� RQ� RQH� FU\VWDO� ZLWK� LQWHQVLYH�
LQIRUPDWLRQ�H[FKDQJH�EHWZHHQ� WKHP��7KH� LPSOHPHQWDWLRQ�RI�GDWD�SDUDOOHO�SURFHVVLQJ�
RQ�JHQHUDO�SXUSRVH�SURFHVVRUV�RU�GLJLWDO�VLJQDO�SURFHVVRUV�UHTXLUHV�FRQVLGHUDEOH�HIIRUW�
WR�EXLOG�PXOWLPLFURSURFHVVRU� V\VWHPV��%XW� D� GHYHORSHU�GRHV�QRW� HQFRXQWHU� DQ\� ULJLG�
DUFKLWHFWXUDO�FRQVWUDLQWV�LQ�)3*$�DQG�FDQ�HIIHFWLYHO\�LPSOHPHQW�SDUDOOHO�DOJRULWKPV��

([LVWLQJ� DSSURDFKHV� WR� WKH� GLJLWDO� UHDOL]DWLRQ� RI� QRQOLQHDU� IXQFWLRQV� XVH�
GLIIHUHQW� PHWKRGV� RI� DSSUR[LPDWLRQ�� VXFK� DV� WKH� WDEXODU� PHWKRG�� 7D\ORU� VHULHV�
H[SDQVLRQV�� OXPS�OLQHDU� DSSUR[LPDWLRQ�� HWF�� 7D\ORU� VHULHV� H[SDQVLRQ� UHTXLUHV� PDQ\�
PXOWLSOLFDWLRQV�� DQG� WKHUHIRUH� XQDFFHSWDEOH� IRU� )3*$� LPSOHPHQWDWLRQ�� EHFDXVH� WKH�
PXOWLSOLFDWLRQ� EORFN� RFFXSLHV� D� ODUJH� DPRXQW� RI� UHVRXUFHV�� 7KH� WDEXODU� PHWKRG�
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LQYROYHV�WKH�FUHDWLRQ�RI�D�JOREDO�YDULDEOH��D�WDEOH�RI�WKH�WDUJHW�IXQFWLRQ�SRVVLEOH�YDOXHV��
XQSUHGLFWDEOH� DQG� XQFRQWUROOHG� DFFHVV� WR� WKH� WDEOHV� RI� DOO� QHXURQV� LQ� WKH� QHWZRUN��
ZKLFK�LQ�WXUQ�FUHDWHV�D�ODUJH�WLPH�GHOD\��$QG�WKH�FUHDWLRQ�RI�D�VHSDUDWH�ORFDO�WDEOH�IRU�
HDFK� QHXUDO� QHWZRUN� LV� LQDSSURSULDWH� LQ� WHUPV� RI� WKH� XVH� RI� WKH� )3*$� UHVRXUFH��
7KHUHIRUH�� WKH� PRVW� RSWLPDO� PHWKRG� IRU� VLJPRLGDO� W\SH� DFWLYDWLRQ� IXQFWLRQV�
LPSOHPHQWLQJ�LV�OXPS�OLQHDU�DSSUR[LPDWLRQ�RI�WKLV�IXQFWLRQ��

,VVXHV�UHODWHG�WR�WKH�LPSOHPHQWDWLRQ�RI�RQH�QHXURQ�RQ�DQ�)3*$�DUH�FRQVLGHUHG�
LQ� >�@�� 7KH� LPSOHPHQWDWLRQ� RI� ��LQSXW� QHXURQ�ZLWK� GLIIHUHQW� DFWLYDWLRQ� IXQFWLRQV� RQ�
)3*$�;LOLQ[�;&9���KT����KDV�EHHQ� LQYHVWLJDWHG��7KH� FRPSDULVRQ�RI�SHUIRUPDQFH�
DQG�RFFXSLHG�QHXURQ�UHVRXUFHV�IRU�GLIIHUHQW�LPSOHPHQWDWLRQ�YDULDQWV�LV�JLYHQ��

,Q� >�@� D� SURWRW\SH� RI� D� FDVFDGH� IUDJPHQW� RI� D� QHXUDO� QHWZRUN� ZLWK� VWUDLJKW�
VHTXHQWLDO�ERQGV�ZDV�GHYHORSHG��7KH�SURWRW\SH�LV�LPSOHPHQWHG�RQ�WKH�EDVLV�RI�)3*$�
9LUWH[�(�;&9���(�ST�����7KH�IUDJPHQW�LV�LQWHQGHG�IRU�SDUDOOHO�LQSXW�RI���FRPSRQHQW�
LQSXW�YHFWRU�� SDUDOOHO�PXOWLSOLFDWLRQ�E\� WKH� FRQWHQWV�RI� LQWHUQDO�EORFNV�RI�PHPRU\�RI�
IDFWRUV��SDUDOOHO�DGGLWLRQ�RI���SURGXFWV�DQG�SDUDOOHO�DFWLYDWLRQ�RI�WKH�UHFHLYHG�DPRXQWV�
LQ� HDFK� QHXURQ� ��WK� VHQLRU� ELWV� RI� VXP� DUH� JLYHQ� WR� WKH� DGGUHVV� SRUW� RI� PHPRU\� LQ�
ZKLFK� WKH� GLVFUHWH� YDOXHV� RI� WKH� VHOHFWHG� DFWLYDWLRQ� IXQFWLRQ� DUH� ZULWWHQ��� 7KH�
IROORZLQJ� UHVXOW� LV� REWDLQHG�� 7KH� PD[LPXP� FORFN� VSHHG� RI� WKH� FLUFXLW� LV� ��� 0+]��
&DOFXODWLRQ�WLPH�RI�WKH�VRXUFH�YHFWRU�E\�LQSXW�LV����QV��

,Q� ZRUN� >�@� WKH� DQDO\VLV� RI� WKH� H[SRQHQWLDO� DQG� VLJPRLG� DUWLILFLDO� QHXURQV�
DFWLYDWLRQ�IXQFWLRQV�E\�PHDQV�RI�)3*$��;LOLQ[�9LUWH[���;&�9/;���7��LV�DQDO\]HG��
7R� FDOFXODWH� WKH� YDOXHV� RI� WKH� VLJPRLGDO� IXQFWLRQ�� D� WDEOH� RI� IXQFWLRQ� YDOXHV� DW� WKH�
UHIHUHQFH�SRLQWV�LV�XVHG�DQG�D�OLQHDU�LQWHUSRODWLRQ�EHWZHHQ�WKHVH�SRLQWV��$V�D�UHVXOW��WKH�
SHUIRUPDQFH�DQG�HUURU�RI�WKH�FDOFXODWLRQV�DQG�)3*$�UHVRXUFH�DUH�SUHVHQWHG��

:H�SURSRVH�WKH�IROORZLQJ�DSSURDFK�WR�WKH�UHDOL]DWLRQ�RI�IXQFWLRQV�RI�DFWLYDWLRQ�
RI�D�VLJPRLG�W\SH�ZLWK�WKH�QHFHVVDU\�DFFXUDF\�RI�LWV�DSSUR[LPDWLRQ��,Q�WKH�EHJLQQLQJ��
WKH� DFWLYDWLRQ� IXQFWLRQ� LV� VWXGLHG� IRU� V\PPHWU\� ZLWK� UHVSHFW� WR� WKH� D[HV�� ,I� WKH�
FRQGLWLRQ��
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LVIXOILOOHGWKHQ�\RX�FDQ�FRQVLGHU�WKH�IXQFWLRQ � �I [ RQO\�IRU�SRVLWLYH�DUJXPHQWV��DQG�IRU�
QHJDWLYH� RQHV�� GHWHUPLQH� E\� IRUPXOD� ����� ZKLFK� DFFHOHUDWHV� WKH� FDOFXODWLRQ� RI� WKH�
IXQFWLRQ�YDOXHV�DQG�UHGXFH�WKH�RFFXSLHG�UHVRXUFH�RI�WKH�)3*$��

)XUWKHU�� SURFHHGLQJ� IURP� WKH� JLYHQ� DFFXUDF\� RI� DSSUR[LPDWLRQ�� ZH� IRUP� D�
SLHFHZLVH�OLQHDU�DFWLYDWLRQ�IXQFWLRQ�ZLWK�DQ�DSSURSULDWH�QXPEHU�RI�LQWHUYDOV��DQG�HDFK�

RI�WKH�LQWHUYDOV � � �� � � ���� �Q[ [ [ [ UHSUHVHQW�E\�D�VHSDUDWH�IRUPXOD��$�JHQHUDO�

GHVFULSWLRQ�RI�D�SLHFHZLVH�OLQHDU�DFWLYDWLRQ�IXQFWLRQ�LV�ZULWWHQ�DV��
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1H[W��IRU�HDFK�OLQHDU�IXQFWLRQ��ZH�FDOFXODWH�WKH�YDOXHV�RI�WKH�FRHIILFLHQWV�NDQG�
EDQG�PHPRUL]H� WKHP�� 6XEVHTXHQWO\�� IRU� WKH� FDOFXODWLRQ� RI� WKH� YDOXH� RI� WKH� IXQFWLRQ�
I�[�E\�WKH�[�DUJXPHQW�IURP�PHPRU\��WKH�FRUUHVSRQGLQJ�YDOXHV�RI�WKH�FRHIILFLHQWV�NDQG�
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EDUH�FKRVHQ�DQG�WKH�YDOXH�RI�I�[�LV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�FRUUHVSRQGLQJ�IRUPXOD��
$QG�IRU�WKH�QHJDWLYH�YDOXHV�RI�WKH�DUJXPHQW��WKH�YDOXH�RI�WKH�IXQFWLRQ�LV�FDOFXODWHG�E\�
IRUPXOD����

2QH� RI� WKH� PDLQ� IHDWXUHV� RI� WKH� QHXUDO� QHWZRUN� LV� WKH� SDUDOOHO� SURFHVVLQJ� RI�
VLJQDOV��0XOWLOD\HU�QHXUDO�QHWZRUNV�UHSUHVHQW�D�KRPRJHQHRXV�FRPSXWLQJ�HQYLURQPHQW��
$FFRUGLQJ�WR�WKH�QHXURLQIRUPDWLFV�WHUPLQRORJ\��WKHVH�DUH�XQLYHUVDO�SDUDOOHO�FRPSXWLQJ�
VWUXFWXUHV�� LQWHQGHG� IRU� VROYLQJ� YDULRXV� FODVVHV� RI� WDVNV�� :LWK� WKH� KDUGZDUH�
LPSOHPHQWDWLRQ�RI�DUWLILFLDO�QHXUDO�QHWZRUNV�RQ�WKH�)3*$��HDFK�OD\HU�RI�WKH�QHWZRUN�
ZRUNV�LQ�SDUDOOHO�ZLWK�DQRWKHU��ZKLFK�DOORZV�XVLQJ�WKH�SULQFLSOH�RI�WKH�FRQYH\RU�GXULQJ�
FDOFXODWLRQV�� 1HXURQV� LQ� HDFK� OD\HU� DOVR� ZRUN� LQ� SDUDOOHO� RQ� WKH� SULQFLSOH� RI�
PXOWLSURFHVVRU� GDWD� SURFHVVLQJ�� 7KDW� LV�� HDFK� DUWLILFLDO� QHXUDO� QHWZRUN� LV� D� VHSDUDWH�
SURFHVVRU�DQG�WKH�SURFHVVLQJ�RI�LQIRUPDWLRQ�LQ�HDFK�QHXURQ�SDVVHV�VLPXOWDQHRXVO\��

7KH� UHVXOWV� RI� VLPXODWLRQ� RI� QHXUDO� QHWZRUNV� VXFK� DV� XVHG� )3*$� UHVRXUFH��
VSHHG�DQG�HUURU�DUH�SUHVHQWHG�LQ�7DEOH����

7DEOH���
5HVXOWV�RI�QHXUDO�QHWZRUNV�VLPXODWLRQ�LQ�)3*$�

1HXUDO�
QHWZRUN�

1XPEHU�RI�
V\QDSVHV�

)3*$�
UHVRXUFH�
�/87��

2XWSXW�$11�YDOXH�
(UURU� 6SHHG��QV�

0DW/DE� )3*$�
������ �� ���� ����������� ��������� ��������� �������
������ �� ���� ����������� ��������� ��������� �������
������ ��� ���� ����������� ��������� ��������� �������
������ ��� ���� ����������� ��������� ��������� �������
������ �� ���� ����������� ������ ��������� �������
������ ��� ���� ����������� ������� ��������� �������
������ ��� ���� ����������� ����� ��������� �������
������ ��� ����� ����������� ��������� ��������� �������
������ ��� ���� ����������� ��������� ��������� �������
������ ��� ���� ����������� ����� ��������� �������
������ �� ���� ����������� ��������� ��������� �������
������ �� ���� ����������� ������� ��������� �������
������ �� ���� ����������� ��������� ��������� �������
������ ��� ����� ����������� ��������� ��������� �������
������ �� ���� ����������� ������� ��������� �������
������ ��� ���� ����������� ������ ��������� �������
������ ��� ����� ����������� ��������� ��������� �������

,Q�WKH�WDEOH��WKH�VWUXFWXUH�RI�WKH�VWXGLHG�QHXUDO�QHWZRUNV�LV�UHSUHVHQWHG�E\�WKUHH�
QXPEHUV��ZKHUH�WKH�ILUVW�LV�WKH�QXPEHU�RI�QHXURQV�LQ�WKH�LQSXW�OD\HU��WKH�VHFRQG�LV�WKH�
QXPEHU�RI�QHXURQV� LQ�WKH�KLGGHQ�OD\HU��DQG�WKH�WKLUG�LV�WKH�QXPEHU�RI�QHXURQV�LQ�WKH�
RXWSXW� OD\HU�� 7KH� REWDLQHG� YDOXHV� LQ� /87V� PD\� YDU\� VRPHZKDW� ZKHQ� WKH� V\QDSWLF�
ZHLJKWV�RI�WKH�QHXURQV�FKDQJH��$V�D�UHVXOW��DQ�LQFUHDVH�LQ�WKH�HIILFLHQF\�RI�WKH�QHXUDO�
QHWZRUNV� LPSOHPHQWDWLRQ� RQ� WKH� )3*$� LV� REWDLQHG�� 7KH� LQFUHDVH� LQ� WKH� HIILFLHQF\�
EDVHG�RQ�LQGLFDWRUV�VXFK�DV�WKH�VSHHG�DQG�HUURU�RI�WKH�FDOFXODWLRQV��DQG�WKH�XVDJH�RI�WKH�
)3*$�UHVRXUFH��
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(DFK� QHXURQ� LV� UHSUHVHQWHG� DV� D� VHSDUDWH� EORFN�� DV� VKRZQ� LQ� )LJXUH� ��� ZKLFK�
FRQVLVWV�RI�VHYHUDO�SDUDOOHO�SURFHVVHV��DQG�WKH�QHXUDO�QHWZRUN�LV�D�PXOWLSURFHVVRU�V\VWHP��
7KH� SURJUDPPLQJ� ODQJXDJH� DOORZV� \RX� WR� H[SOLFLWO\� VSHFLI\� WKH� VLJQDOV� WKDW� VWDUW� WKH�
SURFHVV��7R�VWDUW�WKH�SURFHVV�RI�FDOFXODWLQJ��WKH�LQSXW�VLJQDO�RI�WKLV�QHXURQ�LV�XVHG��

)LJ������$�IUDJPHQW�RI�WKH�QHXUDO�QHWZRUN��LPSOHPHQWHG�RQ�)3*$�

7R�VROYH�WKH�SUREOHP�RI�VHOHFWLQJ�D�QHXUDO�QHWZRUN�RI�PLQLPDO�VWUXFWXUH�IURP�D�VHW�
RI�SRVVLEOH��>��@�GHVFULEHV�D�WHFKQRORJ\�DQG�VRIWZDUH�SDFNDJH�IRU�WKH�VWXG\�DQG�HYDOXDWLRQ�
RI�QHXUDO�QHWZRUN�PRGHOV��GLUHFW�DQG�LQYHUVH��RI�PXOWLGLPHQVLRQDO�FRQWURO�REMHFWV�IRU�WKHLU�
IXUWKHU� LPSOHPHQWDWLRQ� RQ� WKH� )3*$�� 7KHLU� HVVHQFH� FRQVLVWV� LQ� PRGHOLQJ� DOO� SRVVLEOH�
YDULDQWV�RI��LQWHUQDO��VWUXFWXUHV�ZLWKLQ�WKH��H[WHUQDO��VWUXFWXUH�DQG�GHWHUPLQLQJ�WKH�VWUXFWXUH�
WKDW� SURYLGHV� WKH� ORZHVW�PHDQ� VTXDUH� HUURU�� RU� WKH� QHXUDO� QHWZRUN� RI�PLQLPDO� VWUXFWXUH�
ZKRVH�PHDQ�VTXDUH�HUURU�VDWLVILHV�WKH�FRQGLWLRQ�RI�WKH�SUREOHP��

,Q�RUGHU� WR�GHEXJ�DQG�DGDSW� WKH�QHXUDO�QHWZRUN�PRGHOV�RI�G\QDPLF�REMHFWV� LQ�
UHDO�WLPH��LW�LV�SURSRVHG�WR�XVH�WKH�JHQHWLF�DOJRULWKP�DQG�LPSOHPHQW�LW�RQ�WKH�)3*$�DV�
D�SDUDOOHO�VHDUFK�SURFHGXUH�>��@��

5HDOL]HG� QHXUDO� QHWZRUNV� FDQ� EH� WKH� EDVLV� IRU� IXUWKHU� V\QWKHVLV� RI� QHXUDO�
QHWZRUN� FRPSRQHQWV� RI� G\QDPLF� FRQWURO� V\VWHPV� EDVHG� RQ� )3*$�� 7KH� PHWKRG� RI�
V\QWKHVLV�RI�KDUGZDUH�FRPSRQHQWV�RI�FRQWURO�V\VWHPV�EDVHG�RQ�$11�RQ�WKH�H[DPSOH�
RI�WKH�LPSOHPHQWDWLRQ�RI�WKH�JHQHUDOL]HG�QHXUDO�QHWZRUN�PRGHO�RI�WKH�FRQWURO�REMHFW�LV�
GHVFULEHG�LQ�>�����@��

&RQFOXVLRQV��7KH� UHVXOWV� RI� WKH� UHVHDUFK� RI� QHXUDO� QHWZRUNV� LPSOHPHQWHG� RQ�
)3*$V�� DFFRUGLQJ� WR� WKH� GHYHORSHG� PHWKRG�� VKRZHG� WKHLU� KLJK� SHUIRUPDQFH� DQG�
DFFXUDF\�ZLWK�RSWLPDO�XVH�RI�FRPSXWLQJ�UHVRXUFH��7KHVH�QHXUDO�QHWZRUNV�FDQ�EH� WKH�
EDVLV�IRU�IXUWKHU�V\QWKHVLV�RI�QHXUDO�QHWZRUN�FRPSRQHQWV�RI�G\QDPLF�FRQWURO�V\VWHPV�
EDVHG�RQ�)3*$��
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5HIHUHQFHV�

�� *�� 'UH\IXV�� ������� 1HXUDO� 1HWZRUNV�� 0HWKRGRORJ\� DQG� $SSOLFDWLRQV��
6SULQJHU9HUODJ�%HUOLQ�+HLGHOEHUJ��3�������

�� $�/��(GHOHQ��6�*��%LHGURQ��%�(��&KDVH��'��(GVWURP��6�9��0LOWRQ��3��6WDELOH����������
1HXUDO�1HWZRUNV�IRU�0RGHOLQJ�DQG�&RQWURO�RI�3DUWLFOH�$FFHOHUDWRUV��,(((�7UDQV�1XFO�6FL������
QR����SS����������

�� 0�� /DZU\QF]XN�� �������� &RPSXWDWLRQDOO\� (IILFLHQW� 0RGHO� 3UHGLFWLYH� &RQWURO�
$OJRULWKPV�� $� 1HXUDO� 1HWZRUN� $SSURDFK�� 6SULQJHU�� 6WXGLHV� LQ� 6\VWHPV�� 'HFLVLRQ� DQG�
&RQWURO��YRO�����

�� 2OLYHU�1HOOHV����������1RQOLQHDU�6\VWHP�,GHQWLILFDWLRQ��)URP�&ODVVLFDO�$SSURDFKHV�
WR�1HXUDO�1HWZRUNV�DQG�)X]]\�0RGHOV��6SULQJHU�6FLHQFH�	�%XVLQHVV�0HGLD��������3�������

�� 6LJHUX�2PDWX����������&ODVVLILFDWLRQ�RI�PL[HG�RGRUV�XVLQJ�D�OD\HUHG�QHXUDO�QHWZRUN��
,QWHUQDWLRQDO�-RXUQDO�RI�&RPSXWLQJ��9ROXPH�����,VVXH����SS���������

�� $�� 0XWKXUDPDOLQJDP�� 6�� +LPDYDWKL�� (�� 6ULQLYDVDQ��������� 1HXUDO� QHWZRUN�
LPSOHPHQWDWLRQ�XVLQJ�)3*$��,VVXHV�DQG�DSSOLFDWLRQ��,QW��-��,QI��7HFKQRO���YRO�����QR�����SS�����
����

�� +LPDYDWKL�6���$QLWKD�'��0XWKXUDPDOLQJDP�$���������)HHGIRUZDUG�1HXUDO�1HWZRUN�
,PSOHPHQWDWLRQ�LQ�)3*$�8VLQJ�/D\HU�0XOWLSOH[LQJ�IRU�(IIHFWLYH�5HVRXUFH�8WLOL]DWLRQ��,(((�
7UDQVDFWLRQV�RQ�1HXUDO�1HWZRUNV��9������ ����3�����±�����

�� 2UWHJD�=DPRUDQR�)�� -HUH]� -�� -XDUH]�*��3HUH]� -�� )UDQFR�/�� ��������+LJK�SUHFLVLRQ�
)3*$�LPSOHPHQWDWLRQ�RI�QHXUDO�QHWZRUN�DFWLYDWLRQ�IXQFWLRQV��,Q�������,(((�V\PSRVLXP�RQ�
LQWHOOLJHQW�HPEHGGHG�V\VWHPV��,(6���SS���±���

�� 3�� ,�� .UDYHWV�� 7�� ,�� /XNLQD�� 9�� $�� =KHUHENR�� 9�� 1�� 6KLPNRYLFK�� �������� �0HWKRGV� RI�
+DUGZDUH�DQG�6RIWZDUH�5HDOL]DWLRQ�RI�$GDSWLYH�1HXUDO�1HWZRUN�3,'�&RQWUROOHU�RQ�)3*$±&KLS��
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