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VWUHQJW�RPQLNDQDO��)RU�n�KROGH�VW\U�Sn�GHWWH�RJ�ELGUD�WLO�n�XQQJn�NRQVHSWXHOO�RYHUODSSLQJ�YLO�
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�����2PQLNDQDO�PDUNHGVI¡ULQJ�2PQLNDQDO�YDUHKDQGHO��

2UGHW�©RPQLVª�VWDPPHU�IUD�/DWLQ�RJ�EHW\U�©DOWª�HOOHU�©XQLYHUVHOOª��0HG�DQGUH�RUG�QRH�VRP�

HNVLVWHUHU�RYHUDOW�HOOHU�LQYROYHUHU�DOOH��L�GHWWH�WLOIHOOHW�DOOH�NDQDOHU��-XDQHGD�$\HQVD��0RVTXHUD�

	�0XULOOR���������2PQLNDQDO�PDUNHGVI¡ULQJ�LQQHE UHU�GHUIRU�HW�NXQGHVHQWULVN�IRNXV�

JMHQQRP�HQ�KHOKHWOLJ�KDQGOHRSSOHYHOVH�KYRU�NXQGHQV�NM¡SVUHLVH�VNDO�RSSOHYHV�VRP�V¡PO¡V��

XDYKHQJLJ�DY�NDQDOHU�VRP�EOLU�WDWW�L�EUXN��%U\QMROIVVRQ��+X�	�5DKPDQ��������5LJE\���������

1HGHQIRU�YLO�YL�SUHVHQWHUH�QRHQ�NRQNUHWH�GHILQLVMRQHU�IUD�IDJOLWWHUDWXUHQ�� �

3HGHUVHQ��6ROHP�	�.ULVWLDQVHQ��������V�����GHILQHUHU�RPQLNDQDO�YDUHKDQGHO�VRP�� ʶ©(Q�
XWYLGHOVH�DY�KDQGHO�L�WLO�PDQJH�HOOHU�DOOH�NDQDOHU�DY�XOLNH�IRUPDWHU��RJVn�XWUDGLVMRQHOOH�IRU�

KDQGHO��GHU�NXQGHQ�VNDO�I¡OH�DW�LQWHJUDVMRQHQ�DY�NDQDOHU�IXQJHUHU�Sn�GHW�YL�NDOOHU�V¡PO¡VW�

YLVª ʶ��%HFN�	�5\JO��������IRUPXOHUHU�VLQ�GHILQLVMRQ�Sn�GHQQH�PnWHQ�� ʶ©2PQL�&KDQQHO�
5HWDLOLQJ�LV�WKH�VHW�RI�DFWLYLWLHV�LQYROYHG�LQ�VHOOLQJ�PHUFKDQGLVH�RU�VHUYLFHV�WKURXJK�DOO�

ZLGHVSUHDG�FKDQQHOV��ZKHUHE\�WKH�FXVWRPHU�FDQ�WULJJHU�IXOO�FKDQQHO�LQWHUDFWLRQ�DQG�RU�WKH�

UHWDLOHU�FRQWUROV�IXOO�FKDQQHO�LQWHJUDWLRQª�� ʶ(Q�DQQHQ�GHILQLVMRQ�IUD�)UHGULNVHQ��������HU�
EHVNUHYHW�VOLN�� ʶ©,�NRQWUDVW�WLO�PXOWLNDQDO�RJ�NU\VVNDQDO�KDQGOHU�RPQLNDQDO�YDUHKDQGHO�RP�
V¡PO¡VKHW�L�NDQDONRQVHSWHW��+HU�WUHNNHV�LQJHQ�W\GHOLJH�VNLOOHOLQMHU�PHOORP�NDQDOHQH��HQWHQ�GHW�

KDQGOHU�RP�WUDGLVMRQHOO�I\VLVN�EXWLNN�HOOHU�QHWWEDVHUWH�HQKHWHU�VRP�3&��VPDUWWHOHIRQHU�HOOHU�

QHWWEUHWWª ʶ��
�

�����'HILQLVMRQ�DY�IOHU���NU\VV��RJ�RPQLNDQDO�

)¡U�YL�JnU�IUDP�PHG�n�SUHVHQWHUH�GHILQLVMRQHQH�DY�IOHUNDQDO��NU\VVNDQDO�RJ�RPQLNDQDO��RJ�

W\GHOLJJM¡UH�IRUVNMHOOHU�RJ�XOLNKHWHU�ILQQHU�YL�GHW�Q¡GYHQGLJ�n�GHILQHUH�EHJUHSHW�NDQDO�

�FKDQQHO��I¡UVW��'HWWH�NDQ�EOL�GHILQHUW�VRP��³D�FXVWRPHU�FRQWDFW�SRLQW�RU�D�PHGLXP�WKURXJK�

ZKLFK�WKH�FRPSDQ\�DQG�WKH�FXVWRPHU�LQWHUDFW´��1HVOLQ��*UHZDO��/HJKRUQ��6KDQNDU��7HHUOLQJ��

7KRPDV��9HUKRHI���������'HQQH�GHILQLVMRQHQ�GHNNHU�GD�DOW�IUD�I\VLVN�EXWLNN��ZHE�SRUWDO��

PRELODSSOLNDVMRQHU��PHUNHVDPIXQQ�Sn�VRVLDO�PHGLHU��HWF��GD�DOOH�GLVVH�NDQ�UHSUHVHQWHUH�

QHWWRSS�NRQWDNWSXQNWHU�PHOORP�EHGULIW�RJ�NXQGH���

�

���



�

6RP�WLGOLJHUH�QHYQW�HU�EHJUHSHW�RPQLNDQDO�UHODWLYW�Q\WW�RJ�IOHUH�RPQLNDQDOH�NRQVHSWHU�KDU�

WLGOLJHUH�EOLWW�RPWDOW�XQGHU�GH�EHVOHNWHGH�EHJUHSHQH�PXOWLNDQDO�RJ�NU\VVNDQDO�L�OLWWHUDWXUHQ��

)RU�n�KMHOSH�WLO�PHG�n�EHO\VH�IRUVNMHOOHQH�OHQHU�YL�RVV�EODQW�DQQHW�Sn�NODVVLILVHULQJVV\VWHPHW�

SUHVHQWHUW�L�DUWLNNHOHQ���³&DWHJRUL]DWLRQ�RI�PXOWLSOH�FKDQQHO�UHWDLOLQJ�LQ�0XOWL���&URVV���DQG�

2PQL�&KDQQHO�5HWDOLQJ�IRU�UHWDLOHUV�DQG�UHWDLOLQJ´��%HFN�	�5\JO���������+HU�GHOHV�

GHWDOMKDQGHOV�NRQVHSWHU�LQQ�HWWHU�JUDG�DY�LQWHUDNVMRQ�PHOORP�NDQDOHQH��VRP�NDQ�EOL�XWO¡VW�IUD�

NXQGHQHV�VLGH�RJ�HWWHU�JUDG�DY�LQWHJUDVMRQ�PHOORP�NDQDOHQH�VRP�NRQWUROOHUHV�IUD�EHGULIWHQV�

VLGH��0XOWLNDQDO�NRQVHSWHQH�NMHQQHWHJQHV�KHU�DY�DW�LQJHQ�LQWHUDNVMRQ�PHOORP�GH�VHSDUDWH�

NDQDOHQH�NDQ�EOL�XWO¡VW�DY�NXQGHQH��)RU�HNVHPSHO�NDQ�LNNH�YHUGLNXSRQJHU�L�QHWWEXWLNNHQ�

EHQ\WWHV�L�GHQ�I\VLVNH�EXWLNNHQ��VRP�GD�HU�HQ�VHSDUDW�NDQDO��HOOHU�DW�NM¡S�Sn�QHWW�NDQ�KHQWHV�

HOOHU�OHYHUHV�WLOEDNH�L�HQ�DY�GH�I\VLVNH�EXWLNNHQH��)UD�EHGULIWHQV�VLGH�NMHQQHWHJQHV�PXOWLNDQDO�

NRQVHSWHW�JMHQQRP�LQJHQ�LQWHJUDVMRQ�PHOORP�NDQDOHQH��(NVHPSHOYLV�GHOHV�LNNH�GDWD�RP�

NXQGH��SULV�RJ�ODJHUEHKROGQLQJ�PHOORP�NDQDOHQH��IRU�HNVHPSHO�QHWWEXWLNN�RJ�I\VLVN�EXWLNN���

�

.U\VVNDQDO�NRQVHSWHU�LGHQWLILVHUHV�Sn�VDPPH�PnWH��PHQ�L�PRWVHWQLQJ�WLO�PXOWLNDQDO�NRQVHSWHU�

IRUHOLJJHU�GHW�L�GHUHV�WLOIHOOH�HQ�GHOYLV�LQWHJUDVMRQ�PHOORP�GH�IRUVNMHOOLJH�NDQDOHQH�IUD�

EHGULIWHQV�VLGH��'HUPHG�NDQ�NXQGHU�XWO¡VH�GHOYLV�LQWHUDNVMRQ�PHOORP�NDQDOHQH��(NVHPSOHU�Sn�

GHWWH�NDQ�Y UH�DW��NXQGHU�VRP�VKRSSHU�RQOLQH�InU�YDUVHO�Sn�PRELOHQ�PHG�LQIRUPDVMRQ�RP�

Q UPHVWH�I\VLVNH�YDUHKXV�KYRU�YDUHQ�GH�VHU�Sn�HU�WLOJMHQJHOLJ��45�NRGHU�L�GHQ�I\VLVNH�

EXWLNNHQ�NDQ�VNDQQHV�IRU�n�In�PHU�LQIRUPDVMRQ�Sn�PRELOHQ�RP�YDUHQ��NXQGHU�L�GHQ�I\VLVNH�

EXWLNNHQ�NDQ�EOL�WLOVHQGW�VSHVLHOOH�WLOEXG�Sn�PRELOHQ�PHQV�GH�EHILQQHU�VHJ�L�EXWLNNHQ��RJ�GDWD�

RP�IRU�HNVHPSHO�NXQGH��SULV��RJ�ODJHUEHKROGQLQJ�GHOHV�Sn�WYHUV�DY�PLQVW�WR�NDQDOHU�� �

�

2PQLNDQDO�NRQVHSWHU�HQGHU�GD�RSS�PHG�n�EOL�GHW�QDWXUOLJH�\WWHUSXQNWHW�RJ�LGHQWLILVHUHV�DY�DW�

IXOO�LQWHUDNVMRQ�NDQ�EOL�XWO¡VW�DY�NXQGH�L�DOOH�NDQDOHQH�RJ�NMHQQHWHJQHV�DY�IXOO�LQWHJUHULQJ�

PHOORP�DOOH�NDQDOHQH�IUD�EHGULIWHQV�VLGH��(NVHPSOHU�Sn�GHWWH�L�SUDNVLV�NDQ�Y UH�DW�NXQGHU�NDQ�

EHQ\WWH�VHJ�DY�UDEDWWNXSRQJHU�Sn�WYHUV�DY�DOOH�NDQDOHQH��DW�EHGULIWHQ�WLOE\U�GH�VDPPH�YDUHU�RJ�

WMHQHVWHU�Sn�QHWW�RJ�L�I\VLVN�EXWLNN��RJ�PXOLJKHWHQ�WLO�n�KHQWH�IUDP�YDUHU�IUD�¡QVNHOLVWHQ�GLQ�L�

QHWWEXWLNNHQ��QnU�GX�KDQGOHU�L�GHQ�I\VLVNH�EXWLNNHQ��

�

���
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�����.DQDO��SODWWIRUP�RJ�PHGLXP��

)RU�n�Jn�YLGHUH�YLO�GHW�Y UH�Q¡GYHQGLJ�n�JL�HQ�NODU�GHILQLVMRQ�DY�NDQDO��SODWWIRUP�RJ�PHGLXP�

GD�GHWWH�HU�EHJUHS�VRP�RIWH�EUXNHV�RP�KYHUDQGUH��'HWWH�NDQ�OHGH�WLO�XNODUKHWHU�RJ�IRUYLUULQJ�

RP�KYD�VRP�HJHQWOLJ�PHQHV��)¡OJHQGH�HU�YnUH�GHILQLVMRQHU�DY�EHJUHSHQH���

Ɣ .DQDO�GHILQHUHV�VRP�HQ�LQIUDVWUXNWXU�VRP�PXOLJJM¡U�OHYHUDQVH�DY�LQIRUPDVMRQ��'HUIRU�

NDQ�WLO�HNVHPSHO�LQWHUQHWW�HOOHU�HQ�NMHGH�GHWDOMLVWXWVDOJ�Y UH�NDQDOHU���.RWOHU�	�.HOOHU��

������V��������

Ɣ 3ODWWIRUP�GHILQHUHV�VRP�HQ�SODVV�IRU�OHYHUDQVH�DY�LQIRUPDVMRQ��(NVHPSOHU�Sn�GHWWH�

NDQ�Y UH�)DFHERRN�RJ�,QVWDJUDP���0DUNHWLQJ�(YROXWLRQ���������

Ɣ 0HGLXPHW�GHILQHUHV�VRP�GHW�VRP�PXOLJJM¡U�n�RSSIDWWH�LQIRUPDVMRQHQ��'HWWH�NDQ�IRU�

HNVHPSHO�Y UH�79��QHWWEUHWW�HOOHU�PRELOWHOHIRQ���7DUYHU��������� �

,�HQNHOWH�WLOIHOOHU�NDQ�PDQ�RSSOHYH�DW�QRH�NDQ�Y UH�UHODWHUW�WLO�PHU�HQQ�HWW�DY�EHJUHSHQH��'HW�

NDQ�IRU�HNVHPSHO�Y UH�HQ�VSHVLILNN�I\VLVN�EXWLNN�VRP�NDQ�Y UH�EnGH�SODWWIRUP�RJ�PHGLXP���

�����2PQLNDQDO�KDQGHO�RJ�LPSOHPHQWHULQJ�DY�GHQQH�

9HG�RPQLNDQDO�KDQGHO�HU�V¡PO¡VKHW�HW�YHVHQWOLJ�VWLNNRUG��)RU�n�LOOXVWUHUH�GHQQH�Sn�EHVW�PXOLJ�

YLV�EHQ\WWHV�ILJXUHQ��RPQLNDQDOVOHYHUDQVHQ���

�

)LJ�����³2PQLNDQDOVOHYHUDQVHQ����)UHGULNVHQ�	�6¡UHE¡��������V������

���



�

�

,�ILJXUHQ�VHU�YL�GHQ�NRPSOHWWH�RPQLNDQDOVOHYHUDQVHQ��+HU�VHU�YL�IDNWRUHU�VRP�K¡UHU�WLO�

NM¡SVSURVHVVHQ�EnGH�I¡U��XQGHU�RJ�HWWHU�NM¡S��2PQLNDQDOVOHYHUDQVHQ�NDQ�ELGUD�L�DOOH�GLVVH��

%nGH�IUD�n�VNDIIH�EHKROGH�NXQGHU�WLO�n�SUHVHQWHUH�RJ�DYVOXWWH�VDOJ��KHOW�WLO�RSSI¡OJLQJHQ�HWWHU�

NM¡S��,�PLGWUH�GHO�DY�ILJXUHQ�VHU�YL�NXQGHSHUVSHNWLYHW�Sn�RPQLNDQDOVOHYHUDQVHQ��2P�YL�VHU�Sn�

GHWDOMHQH�L�NXQGHSHUVSHNWLYHW�VHU�YL�DW�UHODVMRQHQ�PRW�NXQGHQ�HU�YHVHQWOLJ�IRU�KHOH�GHQQH�

GHOHQ�DY�ILJXUHQ��,QWHJUHULQJ�RJ�V¡PO¡VKHW�PHOORP�NRPPXQLNDVMRQVNDQDOHU�RJ�VDOJVNDQDOHU�

HU�KHU�HQ�YLNWLJ�GHO��'HWWH�HU�QRH�DY�HVVHQVHQ�L�RPQLNDQDO�KDQGHO��

�

.XQGHQ�VNDO�In�GHQ�VDPPH�LQIRUPDVMRQHQ�L�NRPPXQLNDVMRQVNDQDOHQH�VRP�VRVLDOH�PHGLHU�

NDQDOHQH��7ZLWWHU��)DFHERRN�P�IO����RJ�Sn�QHWWVLGHQ��'HQQH�VNDO�KHQJH�V¡PO¡VW�VDPPHQ�PHG�

VDOJVNDQDOHU�VRP�I\VLVNH�EXWLNNHU�RJ�QHWWEXWLNN��DSS�RVY��'HW�HU�PHG�DQGUH�RUG�KHU�

RPQLNDQDOVOHYHUDQVHQ�ILQQHU�VWHG�RJ�GHW�VNDSHV�HQ�UHODVMRQ�PRW�Q\H�RJ�ORMDOH�NXQGHU��9L�VHU�

YLGHUH�DW�YDUHU�RJ�WMHQHVWHU��GHW�Y UH�VHJ�I\VLVN�HOOHU�HOHNWURQLVN�SURGXNW�WMHQHVWH�RJVn�

SnYLUNHU�NXQGHUHODVMRQHQ��'HW�VDPPH�YLO�SHUVRQDOHWV�WLOVWHGHY UHOVH�L�EXWLNN�JM¡UH��'HWWH�NDQ�

Y UH�EnGH�L�I\VLVN�EXWLNN�HOOHU�Sn�QHWW�L�IRUP�DY�FKDWWHWMHQHVWHU��H�SRVW�R�O���)UHGULNVHQ��������

V�������������

�

$OOH�IDNWRUHQH�WLO�VDPPHQ�XWJM¡U�NXQGHUHODVMRQHQ�L�ILJXUHQ�RJ�VRP�QHYQW�YLO�KHOH�GHWWH�

VDPVSLOOHW�SnYLUNH�GH�RSSOHYGH�IDNWRUHQH��/HYHUDQVH��WLOIUHGVKHW��RPG¡PPH��ORMDOLWHW�RJ�

KHOKHW�HU�VWLNNRUG�XQGHU�GHQQH��'LVVH�YLO�DYJM¡UHV�DY�KYLONHQ�UHODVMRQ�NXQGHQ�KDU�InWW�L�

WLGOLJHUH�GHO�DY�ILJXUHQ��$OOH�GLVVH�XWJM¡U�GHUHWWHU�GULYNUDIWHQ�IRU�\WHOVHVIDNWRUHQH��'HWWH�HU�

PnOEDUH�IDNWRUHU�VRP�RPVHWQLQJ��IRUWMHQHVWH�RJ�DYNDVWQLQJ���

�

��������,PSOHPHQWHULQJ���PRWLYHU�RJ�XWIRUGULQJHU��

9HG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�KDQGHO�YLO�PRWLYHQH�IRU�GHWWH�NXQQH�Y UH�n�WLOE\�HQ�PHU�

KHOKHWOLJ�KDQGOHRSSOHYHOVH�IRU�NXQGHQ��PHG�WLOVWHGHY UHOVH�IOHUH�VWHGHU�Sn�NU\VV�DY�

KYHUDQGUH��'HWWH�NDQ�JM¡UHV�PHG�KHQVLNW�n�JM¡UH�NXQGHQ�PHU�IRUQ¡\G�PHG�KDQGHOVVWHGHW�IRU�

GHUPHG�n�NXQQH�JL�K¡\HUH�DYNDVWQLQJ��6LVWQHYQWH�YLO�GD�IRUKnSHQWOLJYLV�YLVH�VHJ�VRP�HW�

���



�

UHVXOWDW�DY�HQ�IRUQ¡\G�NXQGH�VRP�JM¡U�JMHQNM¡S�RJ�VSUHU�JRGH�WLOEDNHPHOGLQJHU�WLO�YHQQHU�RJ�

NMHQWH��VDPW�JMHQQRP�VRVLDOH�PHGLHU���

�

'HW�HU�OLNHYHO�YLNWLJ�n�KXVNH�DW�GHW�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�KDQGHO�YLO�Y UH�

NRVWQDGHU��3URVHVVHQ�PHG�n�Jn�IUD�n�Y UH�NU\VV��HOOHU�PXOWLNDQDO�WLO�n�EOL�RPQLNDQDO�YLO�L�VHJ�

VHOY�L�XWJDQJVSXQNWHW�Y UH�NRVWQDGVGULYHQGH��)UHGULNVHQ��������V��������6RP�SnSHNW�DY�

+�EQHU� ʶ�ʶ:ROOHQEXUJ� ʶ�	� ʶ+RO]DSIHOʁ��������L�DUWLNNHOHQ�³5HWDLO�ORJLVWLFV�LQ�WKH�WUDQVLWLRQ�IURP�

PXOWL�FKDQQHO�WR�RPQL�FKDQQHO´�Vn�HU�ORJLVWLNN�HW�RPUnGH�PDQ�Pn�KHQV\QWD�YHG�WUDQVLVMRQHQ�

PRW�RPQLNDQDO��(NVLVWHUHQGH�LQIUDVWUXNWXU�Pn�XWYLGHV�RJ�LQWHJUHUHV��QRH�VRP�NDQ�Y UH�VY UW�

NRVWEDUW���'HWWH�Pn�GRJ�VHHV�L�VDPPHQKHQJ�PHG�PHUYHUGL�IRU�NXQGH�RJ�NRVWQDGVEHVSDUHOVHU��

VDPW�¡NWH�LQQWHNWHU�Sn�VLNW��6RP� ʶ+�EQHU ʶ�HW�DO���������NRQNOXGHUWH�PHG�Vn�YLO�HQ�RPQLNDQDO�

KDQGOHRSSOHYHOVH�EHGUH�GHW�WRWDOH�VHUYLFHWLOEXGHW�IRU�NXQGHQ���

�

9LGHUH�SnSHNHU� ʶ/DUNH� ʶ�ʶ.LOJRXU ʶ�	� ʶ2¶&RQQRUʁ��������DW�GHW�HNVLVWHUHU�IOHUH�XWIRUGULQJHU�PHG�

LPSOHPHQWHULQJHQ�DY�RPQLNDQDOVVWUDWHJL��+HU�HU�GHW�HVVHQVLHOW�n�JMHQQRPI¡UH�HQ�VWUDWHJLVN�

LPSOHPHQWHULQJVSURVHVV�Sn�WURVV�DY�GHWWH�NDQ�EOL�NRVWEDUW��/DUNH�HW�DO����������6DPWLGLJ�Pn�

PDQ�WD�WLO�WDQNH�DW�GHW�n�Y UH�RPQLNDQDO�NDQ�EOL�HW�NUDY�IUD�NXQGHQH�PHG�WLGHQ��7LGOLJHUH�

VWXGLHU�YLVHU�DW�GHW�LNNH�HU�PDQJH�EXWLNNMHGHU�L�1RUJH�VRP�RSHUHUHU�RPQLNDQDOW��)UHGULNVHQ��

������V��������/LNHYHO�HU�GHW�HU�JUXQQ�WLO�n�WUR�DW�GHW�NDQ�Y UH�L�XWYLNOLQJ���'HUIRU�YLO�GHW�

NXQQH�DQVHHV�VRP�HW�SRWHQVLHOW�NRQNXUUDQVHIRUWULQQ�n�JM¡UH�QHWWRSS�GHWWH�SU��Qn��,�IUHPWLGHQ�

NDQ�GHW�GRJ�Y UH�HQ�IRUYHQWLQJ�IUD�NXQGHQ�DW�V¡PO¡VKHWHQ�HU�WLOVWHGH�RJ�PDQJHO�Sn�GHWWH�NDQ�

I¡UH�WLO�WDSW�IRUWMHQHVWH��'HUPHG�NDQ�GHW�Y UH�DW�NRVWQDGHQ�YHG�n�LPSOHPHQWHUH�RPQLNDQDO�

XDQVHWW�YLO�GXNNH�RSS�L�IUHPWLGHQ��GHUVRP�PDQ�YHOJHU�n�LNNH�VWDUWH�GHQQH�SURVHVVHQ�Qn���

��

'HUVRP�PDQ�VNDO�LJDQJVHWWH�SURVHVVHQ�PHG�n�EOL�RPQLNDQDO�Vn�ILQQHV�GHW�LI¡OJH�+HOJHVRQ�RJ�

0DXHUHU��������KRYHGVDNHOLJ�IHP�XWIRUGULQJHU�L�IRUP�DY��,GHQWLILVHULQJ�DY�NXQGHU��

IUDJPHQWHUW�SURVHVV��WHNQRORJL�L�VLORHU��YDUHODJHU�V\VWHPHUV�LQWHOOLJHQV�RJ�PDQJHOIXOO�

LQYHVWHULQJ��'HQ�I¡UVWH�DY�GLVVH�HU�LGHQWLILVHULQJ�DY�NXQGHQH��'HWWH�NDQ�YLUNH�HQNHOW�QRN�QnU�

PDQ�VQDNNHU�RP�HQ�I\VLVN�EXWLNN��PHQ�KYD�Vn�PHG�QHWWEXWLNNHQ"�$YKHQJLJ�DY�KYRUGDQ�

GDWDEDVHU�RJ�OLJQHQGH�HU�VDWW�RSS�Vn�NDQ�GHW�Y UH�NXQGHU�KDU�IOHUH�XOLNH�SURILOHU�PHG�

SRWHQVLHOO�XNRUUHNW�HOOHU�PDQJOHQGH�LQIRUPDVMRQ�L�V\VWHPHQH��'HUVRP�GHWWH�JM¡UHV�NRUUHNW�Vn�

���

https://www.emerald.com/insight/search?q=Alexander%20H%C3%BCbner
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�

HU�GHW�HQ�SRWHQVLHOO�PXOLJKHW�IRU�n�VDPOH�P\H�LQIRUPDVMRQ�RP�NXQGHQH��VRP�HOOHUV�YLOOH�Y UW�

XVDQQV\QOLJ�n�In�XWOHYHUW�L�I\VLVN�EXWLNN���

�

'HQ�IUDJPHQWHUWH�SURVHVVHQ�UHIHUHUHU�WLO�HQ�IUDJPHQWHUW�EHVWLOOLQJV�RJ�OHYHULQJVSURVHVV�KRV�

IRUKDQGOHUHQ��'HWWH�NDQ�RSSVWn�QnU�HQ�EXWLNN�HOOHU�OHYHUDQG¡U�EHQ\WWHU�VHJ�DY�IOHUH�

ODJHUSODVVHU�RJ�XQGHUOHYHUDQG¡UHU��VDPW�XOLNH�OHYHULQJVPnWHU��(Q�NXQGH�VRP�EHVWLOOHU�WUH�

XOLNH�WLQJ�NDQ�In�GLVVH�OHYHUW�Sn�XOLNH�PnWHU��'HW�NDQ�KHQGH�DW�HQ�WLQJ�NRPPHU�IUD�

VHQWUDOODJHUHW��HQ�WLQJ�NRPPHU�IUD�HQ�XQGHUOHYHUDQG¡U�RJ�DW�NXQGHQ�¡QVNHU�n�KHQWH�HQ�WUHGMH�

WLQJ�L�EXWLNN��6n�NDQ�GHW�VNMH�DW�NXQGHQ�¡QVNHU�n�E\WWH�GHQ�WLQJHQ�VRP�RSSULQQHOLJ�EOH�EHVWLOW�

PHG�KHQWLQJ�L�EXWLNN��'D�Pn�GHW�Y UH�PXOLJ�n�RPJM¡UH�EHWDOLQJ�VRP�EOH�JMRUW�L�QHWWEXWLNNHQ�L�

I\VLVN�EXWLNN��+HOH�GHQQH�SURVHVVHQ�NDQ�LQYROYHUH�PDQJH�OHGG�RJ�GHUPHG�Y UH�IUDJPHQWHUW��

)RU�n�RSSQn�HQ�VDQQ�RPQLNDQDO�SURVHVV�Pn�DOW�GHWWH�KHQJH�V¡PO¡VW�VDPPHQ�RJ�NXQQH�

RSSOHYHV�VOLN�IUD�NXQGHQ�VLQ�VLGH���

�

9LGHUH�IUD�GHQ�IUDJPHQWHUWH�SURVHVVHQ�Vn�NDQ�YL�VH�WLO�WHNQRORJL�L�VLORHU��'HWWH�UHIHUHU�WLO�DW�

XOLNH�WHNQLVNH�O¡VQLQJHU�VWnU�HQNHOWKYLV�IUHPIRU�n�VWn�VDPPHQ�L�HW�VHQWUDOW�V\VWHP��3n�OLJQHQGH�

PnWH�VRP�IOHUH�VLORHU�NDQ�VWn�VDPPHQ��PHQ�OLNHYHO�LNNH�Y UH�NREOHW�VDPPHQ��'HWWH�NDQ�

PHGI¡UH�SUREOHPHU�GHUVRP�LQIRUPDVMRQ�IUD�HQ�VLOR�EHK¡YHV�L�HQ�VLWXDVMRQ�KYRU�PDQ�NXQ�KDU�

WLOJDQJ�WLO�HQ�DQQHQ��(W�HNVHPSHO�Sn�GHWWH�NDQ�Y UH�O¡VQLQJHU�VRP�WLOODWHU�HQ�NXQGH�n�In�

WLOEDNHEHWDOW�VXPPHQ�IUD�HQ�UHWXU�GLUHNWH�Sn�NRUWHW�VLWW��'HUVRP�EHWDOLQJVO¡VQLQJHQ�IRU�

QHWWEXWLNNHQ�EHILQQHU�VHJ�L�HQ�VLOR�RJ�EHWDOLQJVO¡VQLQJHQ�IRU�GHQ�I\VLVNH�EXWLNNHQ�L�HQ�DQQHQ��

Vn�HU�GHW�LNNH�VLNNHUW�DW�GHWWH�HQNHOW�YLO�OD�VHJ�JM¡UH��'HUVRP�NXQGHQ�WLO�HNVHPSHO�KDU�KDQGOHW�L�

QHWWEXWLNNHQ�RJ�¡QVNHU�n�JM¡UH�HQ�UHWXU�PHG�GLUHNWH�WLOEDNHEHWDOLQJ�L�I\VLVN�EXWLNN�Vn�YLO�GHW�DW�

GH�XOLNH�VLORHQH�LNNH�VQDNNHU�VDPPHQ�XWJM¡UH�HW�SUREOHP��'HUPHG�HU�GHW�LNNH�VLNNHUW�NXQGHQ�

YLO�NXQQH�WLOEDNHEHWDOHV�Sn�GHQQH�PnWH��NDQVNMH�Pn�GHW�JM¡UHV�PDQXHOW�RJ�NXQGHQ�Pn�YHQWH�L�

RSSWLO�IOHUH�GDJHU�Sn�WLOEDNHEHWDOLQJHQ���

�

'HW�HU�OLNHYHO�LNNH�VLNNHUW�PDQ�NRPPHU�WLO�GHW�SXQNWHW�DW�NXQGHQ�¡QVNHU�n�UHWXUQHUH�HOOHU�

E\WWH�HQ�YDUH�GHUVRP�NXQGHQ�DOGUL�NRP�Vn�ODQJW�VRP�n�NM¡SH�GHQ��'HWWH�EULQJHU�RVV�WLO�

ODJHUV\VWHPHQH�VLQ�LQWHOOLJHQV��'HW�HU�YLNWLJ�DW�NXQGHQ�InU�NRUUHNW�RJ�RSSGDWHUW�LQIRUPDVMRQ�

RP�KYLONH�YDUHU�VRP�HU�Sn�ODJHU�WLO�HQKYHU�WLG��'HUVRP�ODJHUV\VWHPHQH�YLVHU�DW�HQ�YDUH�LNNH�HU�

Sn�ODJHU��PHQ�VRP�OLNHYHO�HU�GHW�Vn�YLO�EXWLNNHQ�Jn�JOLSS�DY�HW�VDOJ��,�PRWVDWW�IDOO�NDQ�V\VWHPHW�

���



�

YLVH�DW�HQ�YDUH�HU�Sn�ODJHU��KYRU�GHW�YLVHU�VHJ�DW�GHQ�LNNH�HU�GHW��Vn�YLO�GHWWH�JL�NXQGHQ�HW�GnUOLJ�

LQQWU\NN���

�

6LVW�PHQHU�+HOJHVRQ�RJ�0DXHUHU��������DW�PDQJOHQGH�LQYHVWHULQJ�HU�HQ�DYJM¡UHQGH�KLQGULQJ�

IRU�n�RSSQn�RPQLNDQDO�KDQGHOV�VXNVHVV��0HG�GHWWH�PHQHV�PDQJOHQGH�LQYHVWHULQJ�L�WHNQRORJL�

RJ�LQQUHWQLQJHU�VRP�JM¡U�KDQGOHRSSOHYHOVHQ�HQNOHUH�RJ�EHGUH�IRU�NXQGHQ��'HWWH�NDQ�Y UH�

XOLNH�WHNQRORJLHU�VRP�IRUHQNOHU�EHWDOLQJ�RJ�IUHPKHQWLQJ�DY�YDUHU�IUD�ODJHUHW�L�I\VLVN�EXWLNN��

HOOHU�ORMDOLWHWVSURJUDPPHU�VRP�HU�OHWW�WLOJMHQJHOLJ�IUD�NXQGHQV�HJHQ�PRELOWHOHIRQ��+LQGULQJHQ�

IRU�n�RSSQn�P\H�DY�GHWWH�NDQ�Y UH�¡NRQRPL�IRU�GHQ�HQNHOWH�IRUKDQGOHU��)RU�VRP�WLGOLJHUH�

QHYQW�Vn�YLO�SURVHVVHQ�PHG�n�EOL�RPQLNDQDO�Y UH�NRVWQDGVGULYHQGH��)UHGULNVHQ��������V��������

'HUPHG�NDQ�PDQ�VS¡UUH�VHJ�KYD�PRWLYDVMRQHQ�IRU�EHGULIWHQ�Vn�VNDO�Y UH�IRU�n�SnI¡UH�VHJ�

GLVVH�NRVWQDGHQH�RJ�LQQI¡UH�HQ�RPQLNDQDO�KDQGHOVVWUDWHJL"� �

�

�����+YRUIRU�RPQLNDQDO�KDQGHO�PDUNHGVI¡ULQJ"�

)RUVNQLQJ�LQQHQ�IHOWHW�RPQLNDQDO�KDQGHO�PDUNHGVI¡ULQJ�YLVHU�L�QRHQ�WLOIHOOHU�WLO�DW�GHWWH�NDQ�

Y UH�RYHUIO¡GLJ��2P�YL�VHU�WLO�DUWLNNHOHQ��³7KH�YDOXH�SURSRVLWLRQV�RI�PXOWL���FURVV���DQG�

RPQL�FKDQQHO�UHWDOLQJ´�Vn�EHPHUNHV�GHW�DW�DOOH�IRUPHQH�IRU�PXOLWNDQDOV�VWUDWHJLHU�NDQ�JL�

VDPPH�IRUGHOHU�VRP�RPQLNDQDOH�VWUDWHJLHU�� ʶ<UM|Olʁ��ʶ6DDULMlUYL�� ʶ	� ʶ1XPPHOD� ʶ��������'HWWH�NDQ�
QRN�VWHPPH�L�HQNHOWH�WLOIHOOHU��PHQ�VYDUHW�HU�WUROLJ�PHU�NRPSOLVHUW�HQQ�VRP�Vn��9XUGHULQJHQ�

DY�GHWWH�OHGHU�IUHP�WLO�YnU�PRGHOO�IRU�NDQDO�LQWHJUDVMRQ�RJ�NXQGHYHUGL���

���
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�

�������0RGHOO�IRU�NDQDO�LQWHJUDVMRQ�RJ�NXQGHYHUGL��

�

)LJ�����.DQDO�LQWHJUDVMRQ�RJ�NXQGHYHUGL���

�

2YHU�YLVHV�YnU�PRGHOO�IRU�NDQDO�LQWHJUDVMRQ�RJ�NXQGHYHUGL�L�GH�XOLNH�NDQDO�QLYnHQH��0RGHOOHQ�

HU�PHQW�VRP�HQ�LOOXVWUDVMRQVPRGHOO�IRU�n�WHQNH�VHJ�G\QDPLNNHQ�L�HW�OHGHOVHVSHUVSHNWLY��PWS��

¡NW�NXQGHYHUGL�YHG�EUXN�DY�XOLNH�NDQDOW\SHU��.XQGHYHUGL�PnOHV�L�QLYn�IUD�K¡\�WLO�ODY�Sn�

\�DNVHQ��3n�[�DNVHQ�KDU�YL�OLVWHW�HQNDQDO��PXOLWNDQDO��NU\VVNDQDO�RJ�RPQLNDQDO��$Y�KHQV\Q�WLO�

RSSJDYHQ�DQVHU�YL�K¡\�NXQGHYHUGL�RJ�RPQLNDQDO�VRP�GHQ�LGHHOOH�SODVVHULQJHQ��'HWWH�HU�JMRUW�

PHG�EDNJUXQQ�L�DQWDJHOVHQ�RP�DW�K¡\HUH�NDQDO�LQWHJUDVMRQ�JLU�K¡\HUH�NXQGHYHUGL��

�

0HG�GHQQH�ORJLNNHQ�HU�GHW�GD�GHQ�¡YHUVWH�K¡\UH�GHO�DY�ILUNDQWHQ�IRU�K¡\�NXQGHYHUGL�RJ�

RPQLNDQDO�VRP�HU�GHQ�DEVROXWW�PHVW�LGHHOOH�SODVVHULQJHQ��'HQV�PRWSDUW�ILQQHV�GHUPHG�L�

EXQQHQ�WLO�YHQVWUH�KYRU�YL�VHU�ODY�NXQGHYHUGL�RJ�HQNDQDO��'HW�HU�GD�GHWWH�VRP�DQVHHV�VRP�GHQ�

PLQVW�LGHHOOH�SODVVHULQJHQ��'HW�HU�OLNHYHO�YLNWLJ�n�KHQV\QWD�DW�PDQ�SU��LGDJ�NDQ�EHILQQH�VHJ�L�

HQ�LGHHOO�VLWXDVMRQ�XWHQ�n�Y UH�L�GHQ�DYPHUNHGH�ILUNDQWHQ���

�

7LO�HNVHPSHO�NDQ�PDQ�EHILQQH�VHJ�L�UXWHQ�¡YHUVW�WLO�YHQVWUH��DOWVn�HQNDQDO�PHG�K¡\�

NXQGHYHUGL��'HWWH�NDQ�Y UH�HQ�VLWXDVMRQ�VRP�HU�LGHHOO�IRU�GHW�NOLHQWHOOHW�PDQ�SU��LGDJ�EHWMHQHU��

PHQ�LNNH�Q¡GYHQGLJYLV�HQ�JRG�VLWXDVMRQ�Sn�VLNW��'H�¡YULJH�NDQDOQLYnHQH�NDQ�Sn�VDPPH�PnWH�

���



�

EHILQQH�VHJ�L�HQ�VLWXDVMRQ�PHG�K¡\�NXQGHYHUGL��PHQ�VWn�L�IDUH�IRU�n�EOL�KHQJHQGH�HWWHU�PHG�

WLGHQ��cUVDNHU�IRU�GHWWH�NDQ�WLO�HNVHPSHO�Y UH�DW�NXQGHVHJPHQWHW�HQGUHU�VHJ��Q\H�HOOHU�

HNVLVWHUHQGH�DNW¡UHU�WLOE\U�HQ�EHGUH�WMHQHVWH�PKW��VLQH�NDQDOHU�HOOHU�DW�WLGOLJHUH�PRQRSROLVWHU�

InU�NRQNXUUDQVH���0DQ�E¡U�GHUIRU�I¡OJH�SLOHQ�VRP�SHNHU�PRW�RPQLNDQDO�RJ�XWYLNOH�

NDQDO�NRQVHSWHQH�VLQH�DY�KHQV\Q�WLO�IUHPWLGHQ���

�

�������8WIRUGULQJHU� �

'HUPHG�ILQQHU�YL�VW¡WWH�IRU�<UM|Ol�HW�DO���������L�IRUP�DY�DW�DOOH�NDQDOQLYnHQH�NDQ�JL�VDPPH�

DYNDVWQLQJ��/LNHYHO�Pn�PDQ�DOWVn�Y UH�LQQHIRUVWnWW�PHG�DW�GHWWH�LNNH�Q¡GYHQGLJYLV�YLO�YDUH�

HYLJ��'HWWH�VW¡WWHV�DY�+HLW]�6SDKQ��������VLQ�DUWLNNHO�RP�JUDWLVSDVVDVMHUHU�PHOORP�GH�XOLNH�

NDQDOHQH��+HU�YLVHV�GHW�WLO�DW�NXQGHU�NDQ�KRSSH�IUD�NDQDO�WLO�NDQDO�RJ�KHQWH�LQIRUPDVMRQ�IUD�

XOLNH�DNW¡UHU�VLQH�SODWWIRUPHU�RP�GH�VDPPH�SURGXNWHQH��'HWWH�NDQ�PDQ�XQQJn�YHG�n�VNLOOH�

VHJ�XW�RJ�JM¡UH�GH�¡YULJH�NDQDOHQH�IUD�DQGUH�DNW¡UHU�RYHUIO¡GLJH��(W�HNVHPSHO�IRU�n�RSSQn�

GHWWH�NDQ�LI¡OJH�IRUIDWWHUHQ�Y UH�n�WLOE\�SULVVDPPHQOLJQLQJ�Sn�HJQH�QHWWVLGHU�IRU�n�XQQJn�DW�

NXQGHQ�EHV¡NHU�DQGUH�� �

�

.DQDOKRSSLQJ�HU�LNNH�GHQ�HQHVWH�ULVLNRHQ�PDQ�O¡SHU��HQKHWVE\WWH�HU�RJVn�HW�SRWHQVLHOW�

SUREOHP��'HW�HU�LNNH�JMRUW�OLNH�P\H�IRUVNQLQJ�Sn�GHWWH�VRP�Sn�NDQDOE\WWH��PHQ�+DDQ��.DQQDQ��

9HUKRHI��	�:LHVHO��������ILQQHU�DW�PDQ�RJVn�KHU�NDQ�PLVWH�SRWHQVLHOOH�NXQGHU��,�GHUHV�

DUWLNNHO��³'HYLFH�6ZLWFKLQJ�LQ�2QOLQH�3XUFKDVLQJ��([DPLQLQJ�WKH�6WUDWHJLF�&RQWLQJHQFLHV´��

Vn�YLVHV�GHW�WLO�DW�E\WWH�IUD�HQ�PRELO�WLO�HQ�PLQGUH�PRELO�HQKHW�¡NHU�ULVLNRHQ�IRU�NRQYHUVMRQ��

0HG�NRQYHUVMRQ�PHQHV�GHW�L�GHWWH�WLOIHOOHW�DW�NXQGHQ�IRUIO\WWHU�VHJ�WLO�HQ�DQQHQ�DNW¡U��'HW�

LGHHOOH�IRU�EHGULIWHQ�L�GHWWH�WLOIHOOHW�YLOOH�WUROLJ�Y UW�RP�NXQGHQ�JLNN�UHWW�IUD�GHQ�PRELOH�

HQKHWHQ�RJ�LQQ�Sn�WLOVYDUHQGH�RPUnGH�Sn�GHQ�PLQGUH�PRELOH�HQKHWHQ���

�

2P�PDQ�NRPPHU�IRUEL�SUREOHPHQH�PHG�NDQDOKRSSLQJ�RJ�NRQYHUVMRQ�Vn�NDQ�GHW�RSSVWn�HW�

GLOHPPD�L�IRUP�DY�VDWVQLQJ�Sn�XOLNH�GLVWULEXVMRQVNDQDOHU��6NDO�PDQ�PDUNHGVI¡UH�IUHPPH�

GLVVH�OLNW��VHSDUDW�HOOHU�HQ�WLQJ�L�PHOORP"�'HQQH�SUREOHPVWLOOLQJHQ�XQGHUV¡NHV�DY�%DDO���������

,�VLQ�DUWLNNHO�RP�WHPDHW�NRQNOXGHUHU�KDQ�PHG�DW�GHWWH�YLO�Y UH�XOLNW�RJ�DYKHQJLJ�DY�IOHUH�

IDNWRUHU��/LNHYHO�NRQNOXGHUHV�GHW�PHG�DW�GH�XOLNH�GLVWULEXVMRQVNDQDOHQH�YLO�NXQQH�VSLVH�DY�

KYHUDQGUHV�IRUWMHQHVWH��%DDO���������/LN�HOOHU�XOLN�VDWVQLQJ�Sn�QHWWEXWLNN�RJ�I\VLVN�EXWLNN�NDQ�

���



�

Y UH�HW�SUREOHP�L�NMHGHU�KYRU�GLVVH�GULYHV�VRP�VHSDUDWH�HQKHWHU��'HWWH�NDQ�OHGH�WLO�XJXQVWLJH�

NRQNXUUDQVHIRUKROG�KYRU�IRU�HNVHPSHO�DQVDWWH�L�GHQ�I\VLVNH�EXWLNNHQ�IRUV¡NHU�n�XQQJn�DW�

NXQGHU�KDQGOHU�L�QHWWEXWLNNHQ���

�

8WIRUGULQJHQH�VRP�QHYQHV�E¡U�Y UH�PXOLJ�n�JM¡UH�QRH�PHG�YHG�n�EHGUH�LQWHJUHUH�

NRPPXQLNDVMRQV��RJ�VDOJVNDQDOHU��,�SUDNVLV�LQQHE UHU�GHWWH�HQ�XWYLNOLQJ�L�NDQDOVWUDWHJLHQ�

VRP�VW¡WWHU��XWYLNOLQJVSHUVSHNWLYHW�L�PRGHOOHQ�IRU�NDQDO�LQWHJUDVMRQ�RJ�NXQGHYHUGL��ILJ������

'HW�YLO�GD�Y UH�DNWXHOW�n�WHQNH�PRW�HQ�RPQLNDQDOVVWUDWHJL�Sn�VLNW��IRU�n�KROGH�NXQGHQH�

LQQHQIRU�HQV�HJQH�UDPPHU��/L��/LX��/LP��*RK��<DQJ�	�/HH��������YLVHU�WLO�DW�YHG�HQ�

RPQLNDQDOVWUDWHJL�Vn�YLO�LQQWU\NNHW�DY�PHUNHW�VW\UNHV�RJ�NXQGHQ�L�VW¡UUH�JUDG�KROGHV�LQQHQIRU�

PHUNHW��'HWWH�VWU\NHU�YLGHUH�PRWLYDVMRQHQ�RP�DW�EHGULIWHQ�E¡U�EHYHJH�VHJ�PRW�HQ�

RPQLNDQDOVVWUDWHJL�IUHPIRU�n�EOL�Y UHQGH�L�HQ�SRVLVMRQ�VRP�HU�O¡QQVRP�SU��L�GDJ�XWHQ�n�WHQNH�

Sn�IUHPWLGHQ���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

���



�

�����.ULWHULHU�IRU�RPQLNDQDO�

)RU�YLGHUH�Q\WWH�RJ�EUXN�ILQQHU�YL�GHW�KHQVLNWVPHVVLJ�n�VHWWH�QRHQ�NULWHULHU�IRU�RPQLNDQDO��

%DVHUW�Sn�DUWLNNHOHQ�³2PQLNDQDO�YDUHKDQGHO´�IUD�)UHGULNVHQ�RJ�6¡UHE¡���������VDPW�E\UnHW�

$YHQVLD��������VLQ�UDSSRUW�RP�RPQLNDQDO�KDQGHO�EOH�GHW�XWIRUPHW�HQ�OLVWH�PHG�WL�NULWHULHU�IRU�

RPQLNDQDO��/LVWHQ�NXQQH�Y UW�YHVHQWOLJ�OHQJUH��PHQ�YL�VHU�GHW�Q¡GYHQGLJ�n�EHJUHQVH�GHQ�IRU�

DW�GHQ�VNDO�NXQQH�Y UH�WLO�Q\WWH�L�YLGHUH�L�IRUVNQLQJHQ��,�DOO�KRYHGVDN�HU�GH�I¡UVWH�nWWH�

NULWHULHQH�KHQWHW�IUD�NLOGHQH��PHQV�GH�WR�VLVWH�NULWHULHQH�HU�ODJW�WLO�EDVHUW�Sn�HUIDULQJHU�IUD�

LQWHUYMX��/LVWHQ�SUHVHQWHUHV�XQGHU��RJ�YLVHU�GH�WL�XWYDOJWH�NULWHULHQH���

�

.ULWHULH� )RUNODULQJ�

�� /DJHUVWDWXV�IRU�I\VLVN�EXWLNN�Sn�QHWW�� 9DUHKDQGHOVEHGULIWHQ�WLOE\U�PXOLJKHWHQ�IRU�n�
XQGHUV¡NH�ODJHUVWDWXV�IRU�GHUHV�I\VLVNH�
EXWLNNHU�IUD�QHWWVLGHQ���

�� %\WWH�UHWXUQHUH�YDUHU�NM¡SW�Sn�QHWW�L�
I\VLVN�EXWLNN��

9DUHKDQGHOVEHGULIWHQ�WLOE\U�PXOLJKHWHQ�IRU�n�
E\WWH�HOOHU�UHWXUQHUH�YDUHU�VRP�HU�NM¡SW�L�
QHWWEXWLNNHQ�L�I\VLVNH�XWVDOJVVWHGHU��

�� .OLNN�	�KHQW� 9DUHKDQGHOVEHGULIWHQ�WLOE\U�PXOLJKHWHQ�IRU�n�
UHVHUYHUH�HQ�YDUH�IUD�QHWWEXWLNNHQ�IRU�
KHQWLQJ�L�I\VLVN�EXWLNN�LQQHQ�HQ�JLWW�
WLGVUDPPH��

�� 1HWWEXWLNN�PHG�OHYHULQJ�KMHP�WLO�
SRVWNRQWRU��

9DUHKDQGHOVEHGULIWHQ�WLOE\U�HQ�QHWWEXWLNN�
PHG�PXOLJKHW�IRU�n�In�YDUHU�OHYHUW�GLUHNWH�
KMHP�HOOHU�WLO�SRVWNRQWRU�KHQWHVWHG���

�� $SS�PHG�YDUHRSSO\VQLQJV��RJ�
EHVWLOOLQJVPXOLJKHWHU�

9DUHKDQGHOVEHGULIWHQ�WLOE\U�HQ�
PRELODSSOLNDVMRQ�KYRU�NXQGHQ�KDU�PXOLJKHW�
IRU�n�ILQQH�RSSO\VQLQJHU�RP�YDUHU�RJ�EHVWLOOH�
GLVVH�GLUHNWH�IUD�PRELODSSOLNDVMRQHQ���

�� &KDW�H�SRVW�WHOHIRQ� 9DUHKDQGHOVEHGULIWHQ�WLOE\U�NXQGHVHUYLFH�
YHG�KMHOS�DY�FKDW��H�SRVW�RJ�WHOHIRQ���

�� ,QQORJJLQJ�IRU�n�WD�PHG�WD�YDUH�Sn�
KDQGOHNXUYHQ��

9DUHKDQGHOVEHGULIWHQ�KDU�HW�V\VWHP�VRP�
WLOODWHU�LQQORJJLQJ�IRU�NXQGHU�Sn�QHWWVLGHQ�
GHUHV��'HWWH�JLU�VDPWLGLJ�NXQGHQH�PXOLJKHW�
IRU�n�WD�PHG�VHJ�KDQGOHNXUYHQ�YLGHUH�
RJ�HOOHU�WD�YDUH�Sn�GHQ�IRU�n�IXOOI¡UH�NM¡SHW�
VHQHUH��

���



�

�� /LN�SULV�LQIR�L�XOLNH�
NDQDOHU�SODWWIRUPHU�

9DUHKDQGHOVEHGULIWHQ�KDU�OLN�SULV�RJ�DQQHQ�
LQIRUPDVMRQ�L�GH�XOLNH�
NDQDOHQH�SODWWIRUPHQH�KYRU�GH�HU�
WLOJMHQJHOLJ��'HW�HU�LNNH�VNLOOH�PHOORP�SULVHU�
RJ�DQQHQ�LQIRUPDVMRQ�VRP�JLV�GHU�KYRU�
EHGULIWHQ�HU�UHSUHVHQWHUW���

�� 7LOJMHQJHOLJ�L�VRVLDOH�PHGLHU�PHG�pQ�
IHOOHV�VWHPPH�

9DUHKDQGHOVEHGULIWHQ�HU�WLOJMHQJHOLJ�L�XOLNH�
VRVLDOH�PHGLHU��+HU�RSSWUHU�EHGULIWHQ�PHG�pQ�
VWHPPH��DOWVn�VOLN�DW�IRUEUXNHU�InU�HW�
LQQWU\NN�DY�DW�GHW�HU�VDPPH�VWHPPH�VRP�
VQDNNHU�WLO�PHG�GHP��'HWWH�Pn�GD�VNMH�
XDYKHQJLJ�DY�KYLONHW�DY�GH�VRVLDOH�PHGLXP�
KYRU�EHGULIWHQ�HU�WLOJMHQJHOLJ�VRP�NXQGHQ�
EHV¡NHU���

��� )¡OHOVH�DY�V¡PO¡VKHW�L�
KDQGOHRSSOHYHOVHQ�Sn�QHWW�

9DUHKDQGHOVEHGULIWHQ�JLU�HW�WRWDOLQQWU\NN�
VRP�JLU�HQ�I¡OHOVH�DY�V¡PO¡VKHW�YHG�KDQGHO�
Sn�QHWW��9HG�NM¡S�HU�GHW�HQNHOW�n�OHJJH�YDUHU�
L�KDQGOHNXUYHQ��n�YHOJH�XOLNH�
OHYHULQJVPHWRGHU��ILQQH�ODJHUVWDWXV��I\OOH�LQQ�
OHYHULQJVLQIRUPDVMRQ��RJ�n�EHWDOH���

7DEHOO����.ULWHULHU�IRU�RPQLNDQDO���

�����2PQLNDQDO�OHGHOVH��

2PQLNDQDO�OHGHOVH�LQQHE UHU�HQ�V\QHUJLVWLVN�OHGHOVH�DY�KHOH�UHNNHQ�DY�WLOJMHQJHOLJH�NDQDOHU��

'HWWH�LQNOXGHUHU�SXQNWHU�IRU�NXQGHNRQWDNW��WRXFKSRLQWV���VRP�UHVXOWHUHU�L�RSWLPDOLVHUW�\WHOVH�

IRU�EHGULIWHQ��VDPW�RSWLPDOLVHUW�NXQGHYHUGL�L�VDPWOLJH�NDQDOHU��9HUKRHI��.DQQDQ�	�,QPDQ�

�������1nU�NXQGHU�EUXNHU�IOHUH�NDQDOHU�RP�KYHUDQGUH�RJ�EHYHJHU�VHJ�V¡PO¡VW�PHOORP�GLVVH�

I¡U��XQGHU�RJ�HWWHU�EnGH�V¡NHSURVHVVHQ�RJ�NM¡SVSURVHVVHQ��9HUKRHI��P�I��������HU�GHW�QHWWRSS�

GHQQH�V¡PO¡VKHWHQ�VRP�VNLOOHU�RPQLNDQDONRQVHSWHW�IUD�NU\VV��RJ�PXOWLNDQDOVNRQVHSWHQH�YHG�

DW�GHW�LNNH�EOLU�WUXNNHW�QRHQ�VNLOOHOLQMHU�PHOORP�NDQDOHQH��)UHGULNVHQ�	�6¡UHE¡����������

�

,�SUDNVLV�EHW\U�GHWWH�DW�GHW�IRU�RPQLNDQDOH�EHGULIWHU�IRU�HNVHPSHO�LNNH�E¡U�VSLOOHU�QRHQ�UROOH�

RP�NXQGHQ�I¡UVW�InU�¡\H�Sn�YDUHQ�YLD�K\OOHSODVVHULQJ�L�GHQ�I\VLVNH�EXWLNNHQ��IRU�n�Vn�VNDQQH�

VWUHNNRGHQ�YHG�VLGHQ�DY�K\OOHQ�RJ�In�PHU�LQIRUPDVMRQ�YLD�PRELODSSHQ�PHQV�KDQ�KXQ�VWnU�RJ�

I\VLVN�WDU�RJ�I¡OHU�Sn�SURGXNWHW��'HW�E¡U�LNNH�KD�QRH�n�VL�RP�NXQGHQ�NM¡SHU�YDUHQ�L�GHQ�

I\VLVNH�EXWLNNHQ�HOOHU�RP�KDQ�KXQ�NM¡SHU�GHQ�L�PRELOEXWLNNHQ�PHQV�GH�VLWWHU�Sn�W�EDQHQ�HWWHU�

���



�

n�KDU�InWW�HQ�SXVK�QRWLILFDWLRQ�PHG�HW�SHUVRQOLJ�WLOEXG�Sn�WHOHIRQHQ�RJ�YHOJHU�n�SOXNNH�PHG�

VHJ�YDUHQ�IUD�GHQ�I\VLVNH�ORNDVMRQHQ�Sn�YHLHQ�KMHP�HWWHU�MREE��)UHGULNVHQ�	�6¡UHE¡���������

6¡PO¡VKHWHQ�RJ�LQWHJUHULQJHQ�DY�NDQOHQH�L�HW�YHOIXQJHUHQGH�VDPVSLOO�VHJ�LPHOORP��VDPWLGLJ�

VRP�PXOLJKHWHQ�IRU�VLPXOWDQ�EUXN�DY�NDQDOHQH�HNVLVWHUHU��ELGUDU�RJVn�WLO�DW�NXQGHQ�LNNH�

DVVRVLHUHU�RSSOHYHOVHQ�WLO�GH�VHSDUDWH�NDQDOHQH�PHQ�KHOOHU�PHUNHW�VRP�KHOKHW��9HUKRHI��P�I��

�������'HWWH�NDQ�Y UH�SRVLWLYW�L�IRUP�DY�DW�JRGH�DVVRVLDVMRQHU�EOLU�WLOVNUHYHW�PHUNHW�VRP�

KHOKHW���

�

(Q�DQQHQ�IDNWRU�VRP�RJVn�NDQ�Y UH�VSHVLHOW�SRVLWLYW�IRU�EnGH�EXQQOLQMHQ�RJ�NXQGHYHUGL�L�

RPQLNDQDOVNRQVHSWHW�HU�GHW�IDNWXP�DW�GHW�LNNH�E¡U�HNVLVWHUH�QRHQ�EDUULHUH�L�

WUDQVDNVMRQVVWDGLXPHW�IRU�NXQGHQ��1nU�NXQGHQ�IRU�HNVHPSHO�VHU�LJMHQQRP�QHWWEXWLNNHQ�RJ�

SXWWHU�HW�SDU�SURGXNWHU�L�KDQGOHNXUYHQ�XWHQ�n�IXOOI¡UH�NM¡SHW��YLO�GLVVH�GXNNH�RSS�LJMHQ�L�

KDQGOHNXUYHQ�QnU�KXQ�KXQ�nSQHU�PRELODSSHQ�Sn�EXVVWRSSHW�GDJHQ�HWWHU��'H�VDPPH�

SULQVLSSHQH�YLO�JMHOGH�DQQHW�LQQKROG��VRP�¡QVNHOLVWHU�RJ�LQQO¡VLQJ�DY�HYHQWXHOOH�UDEDWWHU�RJ�

NDPSDQMHWLOEXG�Sn�WYHUV�DY�NDQDOHQH��'HQQH�JOLGHQGH�RYHUJDQJHQ�PHOORP�NDQDOHQH�YLO�

IRUKLQGUH�WDSW�IUHPJDQJ�L�NM¡SVSURVHVVHQ�RJ�SRWHQVLHOW�ELGUD�WLO�EODQW�DQQHW�PLQGUH�DYEUXWWH�

NM¡S��0LUVFK��/HKUHU�	�-XQJ���������7UDGLVMRQHOO�YDUHKDQGHO�KDU�DOOWLG�KDQGOHW�RP�n�JM¡UH�GHW�

EnGH�IULVWHQGH��PHQ�RJVn�HQNHOW�IRU�NXQGHQH�n�XWI¡UH�NM¡S��5LJE\���������'HW�HU�QHWWRSS�GHWWH�

VOLNH�O¡VQLQJHU�NDQ�Y UH�PHG�Sn�n�ELGUD�WLO�� �

�����3(67�DQDO\VHQ�RJ�DYJUHQVQLQJ�

)RU�n�NODUJM¡UH�\WWHUOLJHUH�KYLONHW�RPUnGH�RSSJDYHQ�VNDO�GHNNH�HU�GHW�Q¡GYHQGLJ�n�GHILQHUH�

GHWWH��,�GHQQH�VDPPHQKHQJ�HU�GHW�Q\WWLJ�n�VH�WLO�3(67�DQDO\VHQ��'HQQH�YLVHU�ILUH�IDNWRUHU�Sn�

PDNURQLYn�L�IRUP�DY�SROLWLVNH��¡NRQRPLVNH��VRVLDOH�RJ�WHNQRORJLVNH�IDNWRUHU���(30���������,�

GHQQH�HU�GHW�JMRUW�HW�WLOOHJJ�L�IRUP�DY�n�LQNOXGHUH�NXOWXUHOOH�IDNWRUHU�L�VRVLDOH�IDNWRUHU��

PRGHOOHQ�HU�HOOHUV�XEHU¡UW���

�

���



�

�

)LJ�����3(67�DQDO\VHQ���(JHQNRPSRQHUW�PHG�LQVSLUDVMRQ�IUD�(30���������

�

9LGHUH�HU�3(67�DQDO\VHQ�VDWW�VDPPHQ�PHG�ILJXU�IRU�RPQLNDQDOVVPDWULVHQ�L�PRGHOOHQ�XQGHU��

'HWWH�HU�IRU�n�YLVH�VNLOOHW�PHOORP�GH�IDNWRUHU�VRP�RPKDQGOHU�PDNURQLYn�RJ�GH�VRP�EHILQQHU�

VHJ�Sn�PLNURQLYn��'HQQH�YLVHU�RJVn�KYRUGDQ�PDNURIDNWRUHU�SnYLUNHU�PLNURIDNWRUHU���

�

�

�

�

)LJ�����3(67�DQDO\VHQ�PHG�RPQLNDQDOVVPDWULVHQ���

�

9HG�n�EUXNH�GHQQH�PRGHOOHQ�VRP�LOOXVWUDVMRQ�W\GHOLJJM¡UHV�GHW�KYD�VRP�HU�UHOHYDQW�IRU�RVV�n�

IRNXVHUH�Sn��DOO�GHQ�WLG�YL�IRNXVHUHU�Sn�PLNUR�IDNWRUHQH�L�VDPPHQKHQJ�PHG�

���



�

SUREOHPVWLOOLQJHQ��0RGHOOHQ�JM¡U�GHW�W\GHOLJ�KYLONH�W\SHU�IDNWRUHU�VRP�IDOOHU�XWHQIRU�UHOHYDQV�

IRU�RVV��'HUPHG�YDU�GHW�YHG�KMHOS�DY�GHQQH�HQNOHUH�n�DYJUHQVH�KYLONH�W\SHU�IDNWD�RJ�DUWLNOHU�

VRP�HU�UHOHYDQW�n�OHWH�HWWHU���

�

������.DSDELOLWHWHU��UHVVXUVHU�RJ�LPSOHPHQWHULQJ� �

�

�

)LJ�����.DSDELOLWHWHU���UHVVXUVHU�RJ�LPSOHPHQWHULQJ��

�

)LJXUHQ�RYHU�UHSUHVHQWHUHU�YnU�PRGHOO�IRU�NDSDELOLWHWHU��UHVVXUVHU�RJ�LPSOHPHQWHULQJ��9L�VHU�DW�

PRGHOOHQ�VWDUWHU�PHG�RUJDQLVDVMRQHQV�HYQH�WLO�n�LPSOHPHQWHUH�HQ�RPQLNDQDO�

KDQGHOV��PDUNHGVI¡ULQJVVWUDWHJL��'HWWH�SnYLUNHU�GHUHV�HYQH�WLO�n�IRUYDOWH�GH�UHVVXUVHU�VRP�YL�

ILQQHU�XQGHU�PDWHULHOOH�RJ�LPPDWHULHOOH�UHVVXUVHU�L�GHUHV�UHVSHNWLYH�NRORQQH��'HWWH�LJMHQ�

SnYLUNHU�LPSOHPHQWHULQJHQ�RJ�GD�GHUHV�JMHQQRPI¡ULQJ�RJ�RSSUHWWKROGHOVH�DY�RPQLNDQDO���

�

������)RUVNQLQJVVS¡UVPnO�

)RU�n�EHVW�n�ILQQH�VYDU�Sn�KYLONH�XWIRUGULQJHU�EHGULIWHU�KDU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO��

ILQQHU�YL�GHW�Q¡GYHQGLJ�n�VHWWH�QRHQ�IRUVNQLQJVVS¡UVPnO��'LVVH�KMHOSHU�RVV�n�GHOH�RSS�

SUREOHPVWLOOLQJHQ�L�PHU�NRQNUHWH�VS¡UVPnO�VRP�WLO�VDPPHQ�HU�PHQW�n�JL�HW�VYDU�Sn�GHQQH��,�GHW�

LQQOHGHQGH�IRUVNQLQJVVS¡UVPnOHW�YLO�YL�XQGHUV¡NH�KYD�GLJLWDOH�LQQI¡GWH��DOWVn�JHQHUDMVRQ�]�

PHQHU�HU�XWIRUGULQJHU��'HW�JM¡U�YL�GD�GH�VRP�WLGOLJHUH�QHYQW�IRUYHQWHV�n�XWJM¡UH�IOHUWDOOHW�DY�

���



�

EHIRONQLQJHQ�RP�In�nU��)UHGULNVHQ�	�5HIYLN���������RJ�GHUPHG�HU�DNWXHOOH�n�DQVH�VRP�GH�

IUHPWLGLJH�NXQGHQH��'HW�I¡UVWH�IRUVNQLQJVVS¡UVPnOHW�HU���

Ɣ +YD�PHQHU�JHQHUDVMRQ�]�HU�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�

KDQGHO�PDUNHGVI¡ULQJ"��

�

1nU�YL�Vn�KDU�InWW�VYDU�IUD�HW�XWYDOJ�L�JHQHUDVMRQ�]�Vn�ILQQHU�YL�GHW�KHQVLNWVPHVVLJ�n�XQGHUV¡NH�

PHG�HNVSHUWHU�KYD�GH�PHQHU�NDQ�Y UH�XWIRUGULQJHU��'HUPHG�EOLU�IRUVNQLQJVVS¡UVPnO�QXPPHU�

WR�VRP�I¡OJHU���

Ɣ +YD�PHQHU�HNVSHUWHU�HU�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�

KDQGHO�PDUNHGVI¡ULQJ"��

�

9LGHUH�YLO�GHW�Y UH�Q\WWLJ�n�XQGHUV¡NH�PHG�EHGULIWHQH�VHOY��IRU�n�VH�KYD�GH�PHQHU�HU�RJ�KDU�

RSSOHYG�DY�XWIRUGULQJHU��'HWWH�JLU�RVV�GHW�WUHGMH�IRUVNQLQJVVS¡UVPnOHW��

Ɣ +YD�PHQHU�EHGULIWHU�HU�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�

KDQGHO�PDUNHGVI¡ULQJ"��

�

7LO�VLVW�PHQHU�YL�GHW�YLO�Y UH�Q\WWLJ�n�VH�KYRUGDQ�WLOVWDQGHQ�HU�KRV�HW�VW¡UUH�DQWDOO�EHGULIWHU�L�

1RUJH�L�GDJ��'HUPHG�ILQQHU�YL�GHW�IMHUGH�RJ�VLVWH�IRUVNQLQJVVS¡UVPnOHW�L�IRUP�DY�

Ɣ +YD�YLVHU�����EHGULIWVHNVHPSOHU�HU�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�

KDQGHO�PDUNHGVI¡ULQJ"��

�

�

�

�

�

�

�

�

�

�

�

���



�

���0HWRGLVN�WLOQ UPLQJ�

)RU�n�XQGHUV¡NH�YnU�SUREOHPVWLOOLQJ�HU�YL�DYKHQJLJ�DY�n�KD�HQ�VWUDWHJL�IRU�KYRUGDQ�YL�VNDO�

ILQQH�VYDU��'HWWH�YLO�YL�JM¡UH�YHG�n�EHQ\WWH�PHWRGH��6RP�EHVNUHYHW�DY�-DFREVHQ��������V�������

³+HQVLNWHQ�PHG�IRUVNQLQJ�HU�n�IUHPEULQJH�J\OGLJ�RJ�WURYHUGLJ�NXQQVNDS�RP�YLUNHOLJKHWHQ��

)RU�n�NODUH�GHWWH�Pn�IRUVNHUHQ�KD�HQ�VWUDWHJL�IRU�KYRUGDQ�KDQ�HOOHU�KXQ�VNDO�Jn�IUDP��'HQQH�

VWUDWHJLHQ�HU�PHWRGHQ�´�,�GHWWH�NDSLWWHOHW�YLO�YL�UHGHJM¡UH�IRU�YDOJW�PHWRGH��LQQVDPOLQJ�DY�GDWD��

JMHQQRPI¡ULQJ�DY�DQDO\VH��J\OGLJKHW�RJ�HWLNN��1nU�YL�Vn�VNDO�VDPOH�LQQ�LQIRUPDVMRQ�RP�

YLUNHOLJKHWHQ�Vn�JnU�GHW�HW�VNLOOH�PHOORP�GHW�n�EHQ\WWH�NYDOLWDWLY�RJ�NYDQWLWDWLY�PHWRGH�

�-DFREVHQ����������

�

�����0HWRGH�

.YDOLWDWLY�PHWRGH�RPIDWWHU�LQQVDPOLQJ�DY�NYDOLWDWLYH�GDWD��JMHUQH�L�IRUP�DY�WHNVW��'HQ�HU�RIWH�

DQVHWW�VRP�GHQ�PHVW�WLG��RJ�UHVVXUVNUHYHQGH�DY�GH�WR�PHWRGH�IRUPHQH��'HQ�EHVWnU�JMHUQH�DY�

LQWHUYMXHU�PHG�HQNHOWSHUVRQHU�HOOHU�JUXSSHU�QRH�VRP�L�VHJ�VHOY�NUHYHU�WLG�WLO�KYHU�LQIRUPDQW��

HOOHU�IRNXVJUXSSH��9LGHUH�HU�PDQ�DYKHQJLJ�DY�VWRUH�PHQJGHU�IRU��RJ�HWWHUDUEHLG�UHODWHUW�WLO�

XWYLNOLQJ�DY�LQWHUYMXJXLGH��VDPW�WUDQVNULEHULQJ�RJ�VRUWHULQJ�DY�GDWD�L�HWWHUNDQW��0HWRGHQ�JLU�

G\EGHLQQVLNW�RJ�PXOLJKHWHQ�IRU�RSSI¡OJLQJVVS¡UVPnO��GHWWH�NDQ�Y UH�Q\WWLJ�IRU�n�DYGHNNH�

DVSHNWHU�YHG�IRUVNQLQJHQ�PDQ�LNNH�WLGOLJHUH�KDGGH�YXUGHUW��.YDOLWDWLY�PHWRGH�NDQ�GHUPHG�

Y UH�Q\WWLJ�IRU�n�XQGHUV¡NH�EDNJUXQQHQ�RJ�In�HQ�IRUNODULQJ�Sn�KYRUIRU�WLQJ�HU�VRP�GH�HU��

�*U¡QPR������D����

�

.YDQWLWDWLY�PHWRGH�HU�HQ�IRUP�IRU�PHWRGH�VRP�JMHUQH�RPIDWWHU�PHU�WDOO�RJ�DQGUH�

PHQJGHWHUPHU��'HQQH�NDQ�NUHYH�ODQJW�PLQGUH�WLG�RJ�UHVVXUVHU�NRQWUD�NYDOLWDWLY��'HWWH�

IRUVWHUNHV�YHG�EUXN�DY�GLJLWDOH�KMHOSHPLGOHU�IRU�JMHQQRPI¡ULQJ�DY�XQGHUV¡NHOVHU��0HWRGHQ�

JMHQQRPI¡UHV�RIWH�YHG�EUXN�DY�VS¡UUHVNMHPDHU��PHG�I�HNV��VS¡UVPnO�PHG�VYDUDOWHUQDWLYHU�

KYRU�UHVSRQGHQWHQ�NU\VVHU�DY�Sn�GHW�PHVW�DNWXHOOH��'HUHWWHU�DQDO\VHUHV�GLVVH�IRU�n�JL�VYDU�Sn�

GHW�PDQ�¡QVNHU�n�XQGHUV¡NH��'HWWH�NDQ�JMHQQRPI¡UHV�GLJLWDOW��QRH�VRP�JLU�PXOLJKHW�IRU�

XPLGGHOEDUH�UHVXOWDWHU�QnU�XQGHUV¡NHOVHQ�HU�JMHQQRPI¡UW��9LGHUH�PXOLJJM¡U�GHW�HQNHO�RJ�

���



�

XPLGGHOEDU�WLOJDQJ�WLO�DQDO\VHYHUNW¡\��.YDQWLWDWLY�PHWRGH�JLU�OLWH�HOOHU�LQJHQ�LQIRUPDVMRQ�RP�

EDNJUXQQHQ�RJ�IRUNODULQJ�IRU�KYRUIRU�WLQJ�HU�VRP�GH�HU��'HULPRW�HU�GHQ�JRGW�HJQHW�IRU�n�

JHQHUDOLVHUH�RJ�LQQVDPOH�VWRUH�PHQJGHU�GDWD���*U¡QPR������E����

�

�����6YDU�Sn�IRUVNQLQJVVS¡UVPnO�

)RU�n�ILQQH�VYDU�Sn�YnUH�IRUVNQLQJVVS¡UVPnO�HU�YL�DYKHQJLJ�DY�LQIRUPDVMRQ�IUD�XOLNH�NLOGHU��

8QGHU�YLO�YL�JMHQQRPJn�KYRU�YL�YLO�NXQQH�ILQQH�VYDUHQH�Sn�YnUH�IRUVNQLQJVVS¡UVPnO���

�

Ɣ +YD�PHQHU�JHQHUDVMRQ�]�HU�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�

KDQGHO�PDUNHGVI¡ULQJ"��

)RU�n�ILQQH�VYDU�Sn�GHWWH�VS¡UVPnOHW�YLO�YL�LQQKHQWH�VYDU�IUD�HW�XWYDOJ�DY�YDUHKDQGHOVVWXGHQWHU�

YHG�861���

�

Ɣ +YD�PHQHU�HNVSHUWHU�HU�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�

KDQGHO�PDUNHGVI¡ULQJ"��

6YDU�Sn�GHWWH�IRUVNQLQJVVS¡UVPnOHW�ILQQHV�YHG�n�VS¡UUH�HNVSHUWHU�RP�GHUHV�PHQLQJ��,�GHQQH�

VDPPHQKHQJ�EOLU�WR�HNVSHUWHU�LQWHUYMXHW�RP�WHPD���

�

Ɣ +YD�PHQHU�EHGULIWHU�HU�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�

KDQGHO�PDUNHGVI¡ULQJ"��

'HW�WUHGMH�IRUVNQLQJVVS¡UVPnOHW�ILQQHU�YL�VYDU�Sn�YHG�n�LQWHUYMXH�UHVVXUVSHUVRQHU�KRV�DNWXHOOH�

EHGULIWHU��7RWDOW�ILUH�EHGULIWHU�EOLU�LQWHUYMXHW�RP�GHWWH���

�

Ɣ +YD�YLVHU�����EHGULIWVHNVHPSOHU�HU�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�

KDQGHO�PDUNHGVI¡ULQJ"��

7LO�VLVW��IRU�n�NDUWOHJJH�VLWXDVMRQHQH�L�GDJ�Vn�XQGHUV¡NHV�GHW�KYRUGDQ�����EHGULIWHU�VRP�

RSHUHUHU�L�1RUJH�OLJJHU�DQ�L�IRUKROG�WLO�NULWHULHQH�IRU�RPQLNDQDO�VRP�VSHVLILVHUW�L�

WHRULNDSLWWHOHW��'HWWH�JM¡UHV�VRP�HQ�GHVN�XQGHUV¡NHOVH���

�

�

���



�

�����9DOJ�DY�PHWRGH�RJ�GHVLJQ��

�³+YLV�GX�YLO�YLWH�KYRUGDQ�IRON�EHWUDNWHU�YHUGHQ�RJ�OLYHW�VLWW��KYRUIRU�LNNH�VS¡UUH�GHP"´�

�.YDOH�	�%ULQNPDQQ��������V������9L�¡QVNHU�L�YnU�DYKDQGOLQJ�n�NDUWOHJJH�XWIRUGULQJHU�RJ�KYD�

VRP�RSSIDWWHV�VRP�XWIRUGULQJHU�DY�YnUH�UHVSRQGHQWHU��)RU�n�JM¡UH�GHWWH�Sn�HQ�EHVW�PXOLJ�PnWH�

HU�YL�DYKHQJLJ�DY�n�NXQQH�VWLOOH�RSSI¡OJLQJVVS¡UVPnO�WLO�GH�XOLNH�DVSHNWHQH�VRP�

UHVSRQGHQWHQH�EHO\VHU��6RP�EHO\VW�RYHU�DY�.YDOH�RJ�%ULQNPDQQ��������Vn�NDQ�QHWWRSS�GHW�n�

VS¡UUH�Y UH�HQ�JRG�PnWH�n�In�VYDU�Sn�PHQQHVNHUV�RSSIDWQLQJ�DY�HW�WHPD��.YDOLWDWLY�PHWRGH�

JM¡U�VHJ�GHUPHG�JMHOGHQGH�VRP�HW�HJQHW�PHWRGHYDOJ��

�

9LGHUH�YDU�GHW�Q¡GYHQGLJ�n�DYJM¡UH�GHVLJQ��%nGH�VS¡UVPnOHQH�WLO�VWXGHQWHQH�RJ�GHW�GHUHWWHU�

XWYLNOHGH�LQWHUYMXHW�EHVWnU�L�VWRU�JUDG�DY�nSQH�VS¡UVPnO��KYRU�JLWWH�WHPDHU�RJ�SUREOHPHU�VNDO�

DYGHNNHV��5HVSRQGHQWHQH�KDU�L�VWRU�JUDG�PXOLJKHW�IRU�n�YHOJH�LQQIDOOVYLQNHO�Sn�VLQH�VYDU�VHOY��

(Q�VOLN�EHVNULYHOVH�SDVVHU�JRGW�PHG�GHQ�.YDOH�RJ�%ULQNPDQQ��������V�������JLU�DY�

HNVSORUDWLYH�GHVLJQ���'HUPHG�EOLU�GHW�QHWWRSS�GHWWH�VRP�EOLU�JMHOGHQGH�IRU�VS¡UVPnOHQH�WLO�

VWXGHQWHQH�RJ�LQWHUYMXHU�PHG�HNVSHUWHU�RJ�EHGULIWHU��1nU�GHW�Vn�NRPPHU�WLO�

GHVN�XQGHUV¡NHOVHQ�Vn�YLO�GHQ�EHVWn�DY�HW�GHVNULSWLYW�GHVLJQ��,QIRUPDVMRQHQ�VRP�LQQKHQWHV�

EHVNULYHU�VLWXDVMRQHQ�VOLN�GHQ�HU�RJ�JLU�LNNH�PXOLJKHW�IRU�RSSI¡OJQLQJ�HOOHU�XOLNH�YLQNOLQJHU��

8OLNH�NULWHULHU�NDUWOHJJHV�RJ�ORJJI¡UHV�RJ�JLU�HW�UHQW�EHVNULYHQGH�UHVXOWDW�XWHQ�PXOLJKHW�IRU�

\WWHUOLJHUH�NRPPHQWDU�IUD�GH�VRP�XQGHUV¡NHV��

�

1nU�YL�Vn�IRU�LQWHUYMXHQH�YHOJHU�n�EHQ\WWH�NYDOLWDWLY�PHWRGH�RJ�HNVSORUHUHQGH�GHVLJQ�VLNUHW�YL�

RVV�PXOLJKHWHQ�IRU�n�In�PHU�XWI\OOHQGH�RJ�Q\DQVHUWH�VYDU�Sn�YnUH�WHPD��'HWWH�HU�DNWXHOW�L�

LQWHUYMXHQH�KYRU�PDQ�NDQ�EH�UHVSRQGHQWHQ�RP�PHU�LQIRUPDVMRQ�LQQHQ�GHW�VRP�RSSIDWWHV�VRP�

LQWHUHVVDQW��6DPWLGLJ�KDU�UHVSRQGHQWHQ�PXOLJKHW�IRU�n�IUHPPH�VLQH�LQGLYLGXHOOH�PHQLQJHU�RJ�

WRONQLQJHU�EHGUH��6OLNH�PXOLJKHWHU�ILQQHU�YL�LNNH�YHG�EUXN�DY�NYDQWLWDWLY�PHWRGH��'HW�YLOOH�

WUROLJ�Y UW�PXOLJ�n�NDUWOHJJH�XWIRUGULQJHU�WLO�HQ�YLVV�JUDG�YHG�n�EHQ\WWH�NYDQWLWDWLY�PHWRGH��

PHQ�DOHQH�YLOOH�GHW�PHG�VWRU�VDQQV\QOLJKHW�LNNH�EOLWW�OLNH�XWI\OOHQGH�VRP�YHG�n�EHQ\WWH�

NYDOLWDWLY�PHWRGH���-DFREVHQ���������

�

���



�

9LGHUH�VHU�YL�GHW�VRP�Q\WWLJ�n�EHQ\WWH�HQ�FDVH�VWXGLH�XQGHU�G\EGHLQWHUYMXHQH��'HWWH�IRUGL�

GHQQH�YLO�WLOODWH�RVV�n�Jn�L�G\EGHQ�QnU�YL�XQGHUV¡NHU�HQKHWHU�RJ�GHUPHG�JL�GHWDOMHUWH�

EHVNULYHOVHU�DY�KYD�YL�¡QVNHU�n�XQGHUV¡NH��/LNHYHO�KDU�FDVHVWXGLHU�VYDNKHWHU�VRP�DW�GHW�YLO�

NXQQH�Y UH�YDQVNHOLJ�n�ILQQH�nUVDNVVDPPHQKHQJ���: KOH�	�'DKOXP���������)RU�n�HOLPLQHUH�

GHQQH�VYDNKHWHQ�YHOJHU�YL�n�EHQ\WWH�HQ�PXOWLSSHO�FDVHVWXGLH��'HWWH�WLOODWHU�RVV�n�VDPPHQOLJQH�

IOHUH�FDVH�RJ�GHUPHG�IRUV¡NH�n�ILQQH�HQ�nUVDN���-DFREVHQ���������

�

�����3RSXODVMRQ�RJ�XWYDOJ��

3RSXODVMRQ�RJ�XWYDOJ�RPKDQGOHU�GH�YL�¡QVNHU�n�VL�QRH�RP�RJ�GH�YL�IDNWLVN�XQGHUV¡NHU��.RUW�

IRUNODUW�HU�SRSXODVMRQHQ�DOOH�HQKHWHQH�L�GHQ�JUXSSHQ�YL�¡QVNHU�n�VL�QRH�RP��'D�GHW�RIWH�YLO�

Y UH�EnGH�WLGNUHYHQGH�RJ�NRVWEDUW�n�XQGHUV¡NH�DOOH�HQKHWHQH�L�HQ�SRSXODVMRQ�Vn�JM¡U�YL�HW�

XWYDOJ��8WYDOJHW�EHVWnU�GD�DY�GH�HQKHWHQH�YL�IDNWLVN�XQGHUV¡NHU��8W�LIUD�GLVVH�¡QVNHU�YL�n�

NXQQH�VL�QRH�RP�SRSXODVMRQHQ���6ROEDNNHQ���������

�

,�XQGHUV¡NHOVHQH�YnUH�HU�SRSXODVMRQHQ�GH�VRP�LQQHKDU�LQIRUPDVMRQHQ�YL�¡QVNHU��8QGHU�I¡OJHU�

HQ�HQNHO�WDEHOO�VRP�SUHVHQWHUH�SRSXODVMRQ�RJ�XWYDOJ��+HU�EOH�GHW�JMRUW�VWUDWHJLVNH�XWYDOJ�KYRU�

GHW�L�I¡UVWH�RPJDQJ�EOH�EHVWHPW�KYD�JHQHUDVMRQ�]�XWYDOJHW�VNXOOH�EHVWn�DY��'HUHWWHU�EOH�GHW�

YDOJW�HNVSHUWHU�PDQ�PHQWH�NXQQH�JL�Q\WWLJ�LQQVLNW�L�WHPD��RJ�WLO�VLVW�IRUHVSXUW�HQ�UHNNH�

DNWXHOOH�EHGULIWHU��$OOH�EHGULIWHQH�VRP�¡QVNHW�n�GHOWD�EOH�LQNOXGHUW��KYLONHW�GHUPHG�NDQ�DQVHHV�

VRP�XWYHOJLQJ�YHG�VHOYVHOHNVMRQ���*U¡QPR������F����

�

� 3RSXODVMRQ� 8WYDOJ��

*HQHUDVMRQ�]� $OOH�SHUVRQHU�LQQHQ�JHQHUDVMRQ�]�
VRP�KDU�HW�IRUKROG�WLO�YDUHKDQGHO�

���VWXGHQWHU�YHG�
YDUHKDQGHOVOHGHOVH�861��

(NVSHUWHU� $OOH�HNVSHUWHU�LQQHQ�
NU\VV��RPQLNDQDO�YDUHKDQGHO�

7R�HNVSHUWHU�LQQHQ�
NU\VV��RPQLNDQDO�YDUHKDQGHO�

%HGULIWHU� $OOH�YDUHKDQGHOVEHGULIWHU�VRP�
HU�¡QVNHU�n�EOL�RPQLNDQDOH�

)LUH�EHGULIWHU�VRP�HU�¡QVNHU�n�EOL�
RPQLNDQDOH�

%HGULIWVHNVHPSOHU� $OOH�YDUHKDQGHOVEHGULIWHU�PHG�
XWVDOJVVWHGHU�L�1RUJH��

����YDUHKDQGHOVEHGULIWHU�PHG�
XWVDOJVVWHGHU�L�1RUJH�

7DEHOO����3RSXODVMRQ�RJ�XWYDOJ���

���



�

�����'DWDLQQVDPOLQJ�

)RU�n�NDUWOHJJH�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�HU�YL�DYKHQJLJ�DY�GDWD��

8QGHUV¡NHOVHQ�VWDUWHW�PHG�HW�OLWWHUDWXUV¡N�IRU�n�ILQQH�HNVLVWHUHQGH�IRUVNQLQJ�UHODWHUW�WLO�WHPD��

1nU�YL�Vn�VNXOOH�LJDQJ�PHG�HJHQ�IRUVNQLQJ�EOH�GHW�EHQ\WWHW�ILUH�PnWHU�IRU�LQQVDPOLQJ�DY�GDWD��

'HWWH�YDU��VYDU�IUD�VWXGHQWHU��LQWHUYMX��VDPPHQOLJQHQGH�FDVHVWXGLH���VS¡UUHVNMHPD��RJ�HQ�

GHVN�XQGHUV¡NHOVH��9DOJHW�DY�GDWDLQQVDPOLQJVWHNQLNN�YLO�L�OLNKHW�PHG�YDOJHW�DY�PHWRGH�Y UH�

NULWLVN�L�IRUKROG�WLO�UHVXOWDWHQHV�J\OGLJKHW�RJ�SnOLWHOLJKHW�� �

�

�������6S¡UVPnO�WLO�VWXGHQWHU�

7LGOLJ�L�SURVHVVHQ�EOH�GHW�LQQKHQWHW�VYDU�Sn�VS¡UVPnO�JLWW�WLO����YDUHKDQGHOV�VWXGHQWHU�YHG�

8QLYHUVLWHWHW�L�6¡U¡VW�1RUJH��,�DOW����VWXGHQWHU�ILNN�VS¡UVPnOHQH���

Ɣ )RUWHOO�HQ�PHVW�PXOLJ�GHWDOMHUW�KLVWRULH�RP�GLQH�HUIDULQJHU�VRP�NU\VVNDQDO�RPQLNDQDO�

NXQGH��GHU�GX�EHVNULYHU�NRPPXQLNDVMRQ��VDOJ�NM¡S��WUDQVDNVMRQ��RJ�OHYHULQJ��I\VLVN�

GLVWULEXVMRQ����

Ɣ *M¡U�HQ�NRUW�RSSVXPPHULQJ�WLO�VOXWW�RP�KYD�GX�PHQHU�YDU�NULWLVN�IRU�VXNVHVV�

�IDOOJUXYHU���

%DVHUW�Sn�GLVVH�EOH�GHW�NDUWODJW�YLNWLJH�IDNWRUHU�VRP�GDQQHW�JUXQQODJHW�IRU�XWYLNOLQJ�DY�

LQWHUYMXJXLGH�IRU�G\EGHLQWHUYMX�PHG�HNVSHUWHU�RJ�EHGULIWHU���

�

�������,QWHUYMX�

%DVHUW�Sn�VYDU�IUD�VWXGHQWHU�EOH�GHW�VDPPHQIDWWHW�HQ�LQWHUYMXJXLGH��YHGOHJJ�����'HQQH�

NYDOLWDWLYH�PHWRGHQ�JM¡U�DW�YL�NDQ�VDPOH�GHWDOMHUWH�IRUNODULQJHU�Sn�YnUH�VS¡UVPnO��RJ�JLU�JRG�

PXOLJKHW�IRU�RSSI¡OJLQJVVS¡UVPnO�XQGHUYHLV��'HW�ILQQHV�IOHUH�PnWHU�n�JMHQQRPI¡UH�

G\EGHLQWHUYMX�Sn��,�YnU�VDPPHQKHQJ�EOH�GHWWH�JMRUW�EnGH�YHG�DQVLNW�WLO�DQVLNW�LQWHUYMX�Sn�

REMHNWHQH�VLQ�DUEHLGVSODVV��JMHQQRP�YLGHR��WHOHIRQP¡WHU��VDPW�VNULIWOLJ�RYHU�H�SRVW��$OOH�

GLVVH�HU�PHWRGHU�VRP�EHVNULYHV�VRP�J\OGLJH���.YDOH�	�%ULQNPDQQ���������'HW�EOH�RJVn�JMRUW�

O\GRSSWDN�YHG�KMHOS�DY�PRELOWHOHIRQ�IRU�n�NXQQH�WUDQVNULEHUH�GDWD�YHG�VHQHUH�DQOHGQLQJ��,�

I¡OJH�5LQJGDO��������HU�GHW�KHU�YHG�LQWHUYMX�VRP�WHNQLNN�YLNWLJ�n�LQQVDPOH�LQIRUPDVMRQ�RP�

���



�

IHQRPHQHW�PDQ�¡QVNHU�n�YLWH�PHU�RP�IUD�QHWWRSS�LQIRUPDQWHU�VRP�LQQHKDU�NXQQVNDSHQ�RP�RJ�

HUIDULQJHU�PHG�GHWWH�VSHVLILNNH�IHQRPHQHW���

�

�������,QIRUPDQWHU�

1nU�GHW�NRPPHU�WLO�YDOJHW�DY�LQIRUPDQWHU�HU�GHW�YLNWLJ�n�WHQNH�VHJ�RP�KYLONH�LQIRUPDQWHU�VRP�

YLO�Y UH�PHVW�KHQVLNWVPHVVLJ�HJQHW��L�IRUKROG�WLO�VWXGLHQV�IRUPnO��'HWWH�EHW\U�DW�YDOJHW�DOWVn�

E¡U�JMHQVSHLOHV�DY�WHPDHW�SUREOHPVWLOOLQJHQ�PDQ�¡QVNHU�n�YLWH�QRH�RP��'DOODQG���������'HW�HU�

LNNH�IDVWVDWW�QRH�EHVWHPW�DQWDOO�LQIRUPDQWHU�LQWHUYMXREMHNWHU�PDQ�VNDO�VLNWH�PRW��PHQ�GHW�HU�

NULWLVN�DW�XWYDOJHW�HU�VWRUW�QRN�WLO�n�EHO\VH�GHQ�YDOJWH�SUREOHPVWLOOLQJHQ���-RKDQQHVVHQ��7XIWH�	�

&KULVWRIIHUVHQ���������,�SUDNVLV�EHW\U�GHWWH�RIWH�DW�PDQ�IRUWVHWWHU�LQWHUYMXSURVHVVHQ�WLO�PDQ�QnU�

HW�PHWQLQJVSXQNW�RJ�OLWH�WLO�LQJHQ�Q\�LQIRUPDVMRQ�EHJ\QQHU�n�GXNNH�RSS�XQGHU�GH�VHQHUH�

LQWHUYMXHQH���

�

'HW�EOH�VQDUHVW�PXOLJ�VWDUWHW�n�VDPOH�LQQ�DNWXHOOH�LQIRUPDQWHU��7LGOLJ�L�SURVHVVHQ�EOH�GHW�

EHVWHPW�DW�XQGHUV¡NHOVHQ�PRW�JHQHUDVMRQ�]�VNXOOH�EHVWn�DY�VYDU�IUD�HQ�JUXSSH�

YDUHKDQGHOV�VWXGHQWHU��'LVVH�GDWDHQH�EOH�PRWWDWW�DY�IRUVNHUQH�Vn�VQDUW�GH�YDU�DQRQ\PLVHUW��RJ�

XWJMRUGH�VRP�QHYQW�HQ�YLNWLJ�GHO�DY�YLGHUH�XWIRUPLQJ��6DPWLGLJ�VRP�GLVVH�GDWDHQH�EOH�

EHDUEHLGHW�IRUHJLNN�DUEHLGHW�PHG�n�VDPOH�LQIRUPDQWHU�L�IRUP�DY�HNVSHUWHU�RJ�EHGULIWHU�IRU�

G\EGHLQWHUYMX���

��

)RUHVS¡UVOHU�EOH�XWVHQGW�GLJLWDOW�RJ�GHUHWWHU�IXOJW�RSS�YLD�WHOHIRQ�IRU�n�DYWDOH�LQWHUYMX��$QGUH�

EOH�P¡WW�YHG�UHOHYDQW�DUUDQJHPHQW�RJ�JLNN�GHUHWWHU�PHG�Sn�n�GHOWD�L�XQGHUV¡NHOVHQ�SHUVRQOLJ��

,QIRUPDQWHQH�HU�DNWXHOOH�NDQGLGDWHU�IUD�KRYHGVDNHOLJ�SULYDWH�YDUHKDQGHOVEHGULIWHU�L�XOLNH�

EUDQVMHU��'H�XWYDOJWH�HU�DNWXHOOH�SHUVRQHU�VRP�MREEHU�PHG�SURVHVVHQ�RP�n�EOL�PHU�RPQLNDQDO�

KRV�EHGULIWHU�VRP�¡QVNHU�QHWWRSS�GHWWH��0HG�WDQNH�Sn�GHWWH�YDU�XWYHOJHOVHQ�DY�LQIRUPDQWHU�

VWUDWHJLVN�IUD�HQ�GHILQHUW�PnOJUXSSH��0HQQHVNHU�PHG�DQVYDU�IRU�LPSOHPHQWHULQJ�DY�

RPQLNDQDO�L�YDUHKDQGHOVEHGULIWHU��QRH�VRP�HU�HVVHQVLHOW�PHG�WDQNH�Sn�n�VDPOH�LQQ�UHOHYDQW�

GDWDJUXQQODJ�WLO�EHVYDUH�SUREOHPVWLOOLQJHQ�L�KHQKROG�WLO�NYDOLWDWLY�PHWRGH���

�

���



�

�������6S¡UUHVNMHPD�IRU�LQWHUYMXGHOWDNHUH�

,�HWWHUNDQW�DY�DW�GH�WR�I¡UVWH�LQWHUYMXHQH�YDU�JMHQQRPI¡UW�EOH�GHW�XWDUEHLGHW�HW�VS¡UUHVNMHPD��

'HWWH�YDU�GHOV�EDVHUW�Sn�VYDUHQH�YL�ILNN�XQGHU�JMHQQRPI¡ULQJHQ�DY�GLVVH�LQWHUYMXHQH��VDPW�

REVHUYDVMRQHU�JMRUW�XQGHU�XWIRUPLQJHQ�DY�WHRULNDSLWWHOHW��6S¡UUHVNMHPDHW��YHGOHJJ����EOH�

GHUHWWHU�VHQGW�WLO�DOOH�LQWHUYMXREMHNWHQH�L�HWWHUNDQW�DY�JMHQQRPI¡ULQJ�DY�G\EGHLQWHUYMX��

6DPWOLJH�VD�VHJ�YLOOLJH�WLO�n�GHOWD��6S¡UUHXQGHUV¡NHOVHQ�RPIDWWHW�WHPDHU�VRP��.RPSHWDQVH��

KROGQLQJHU��RJ�PDWHULHOOH�VDPW�LPPDWHULHOOH�UHVVXUVHU�L�IRUELQGHOVH�PHG�LPSOHPHQWHULQJ�DY�

RPQLNDQDOVWUDWHJL��3n�IOHVWHSDUWHQ�DY�VS¡UVPnOHQH�EOH�GHW�EUXNW�HQ���SXQNWV�VNDOD��+HOW�XHQLJ��

GHOYLV�XHQLJ��Q¡\WUDO��GHOYLV�HQLJ�RJ�KHOW�HQLJ��,�WLOOHJJ�EOH�GHW�SUHVHQWHUW�QRHQ�

UDQJHULQJVVS¡UVPnO�KYRU�GHOWDNHUH�L�XQGHUV¡NHOVHQ�UDQJHUWH�GLYHUVH�DOWHUQDWLYHU��

6S¡UUHXQGHUV¡NHOVHQV�KRYHGIRUPnO�YDU�n�ELGUD�WLO�n�VW\UNH�RSSJDYHQV�YDOLGLWHW�YHG�n�VH�RP�

VYDUHQH�VDPPHQIDOW�PHG�LQIRUPDVMRQHQ�VRP�KDGGH�IUHPNRPPHW�JMHQQRP�GH�IRUVNMHOOLJH�

G\EGHLQWHUYMXHQH���

�

�������*MHQQRPI¡ULQJ�DY�LQWHUYMXHU�

,QWHUYMXHQH�EOH�JMHQQRPI¡UW�Sn�WLG�RJ�VWHG�DYWDOW�PHG�LQWHUYMXREMHNWHQH��,�KRYHGVDN�LQQHEDU�

GHWWH�n�P¡WH�GHP�WLO�DYWDOW�WLG�YHG�GHUHV�NRQWRUHU��(QNHOWH�IRUWUDNN�LQWHUYMX�RYHU�

YLGHROLQN�WHOHIRQ��VDPW�DW�GHW�RJVn�EOH�JMHQQRPI¡UW�VNULIWOLJ�LQWHUYMX�YLD�H�SRVW��'HW�EOH�HWWHU�

VDPW\NNH�IUD�LQWHUYMXREMHNWHQH�JMRUW�RSSWDN�DY�DOOH�LQWHUYMXHQH��'HWWH�EOH�JMHQQRPI¡UW�YHG�

KMHOS�DY�RSSWDNVIXQNVMRQ�Sn�WR�PRELOWHOHIRQHU�IRU�n�VLNUH�JRGH�O\GRSSWDN��'LVVH�EOH�VOHWWHW�

HWWHU�DW�GH�YDU�IHUGLJ�WUDQVNULEHUW��7LOVWHGH�XQGHU�LQWHUYMXHQH�YDU�WR�LQWHUYMXHUH�RJ�HWW�

LQWHUYMXREMHNW��,QIRUPDQWHQH�EOH�LQIRUPHUW�RP�VWXGLHQV�KHQVLNW�RJ�KYD�YL�¡QVNHW�n�NDUWOHJJH�L�

WLOOHJJ�WLO�UHQW�SUDNWLVN�LQIRUPDVMRQ�L�IRUKROG�WLO�JMHQQRPI¡ULQJ�DY�LQWHUYMXHQH�VDPW�

EHKDQGOLQJHQ�DY�GDWD�RJ�DQRQ\PLWHW���

�

$OOH�LQWHUYMXHQH�EOH�VWDUWHW�PHG�VPnVQDNN�VOLN�DW�DOOH�SDUWHU�VNXOOH�I¡OH�VHJ�WU\JJH�Sn�

KYHUDQGUH��'HW�YDU�KHU�YLNWLJ�n�RSSUHWWH�HQ�JRG�UHODVMRQ�VOLN�DW�LQIRUPDQWHQH�I¡OHU�VHJ�WU\JJ�

Sn�VLWXDVMRQHQ�RJ�LNNH�XQQODWHU�n�NRPPH�PHG�YLNWLJH�SRHQJHU���'HW�EOH�RJVn�JMRUW�QRWDWHU�RJ�

JLWW�EHNUHIWHQGH�O\GHU�XQGHUYHLV�L�LQWHUYMXHQH�IRU�n�VLJQDOLVHUH�DW�GHW�YHGNRPPHQGH�VQDNNHW�

���



�

RP�EOH�RSSIDWWHW�VRP�LQWHUHVVDQW���-DFREVHQ���������,QWHUYMXHQH�EOH�JMHQQRPI¡UW�VRP�nSQH�

VDPWDOHU�KYRU�LQWHUYMXREMHNWHW�VWR�IULWW�WLO�n�VQDNNH�RP�GHW�GH�PHQWH�YDU�YLNWLJ�UHODWHUW�WLO�GH�

XOLNH�WHPDHQH�YL�VQDNNHW�RP��'HUVRP�YL�KDYQHW�IRU�ODQJW�XWHQIRU�GHW�UHOHYDQWH�EOH�LQWHUYMXHW�

VW\UW�LQQ�LJMHQ�YHG�KMHOS�DY�VS¡UVPnOHQH�L�LQWHUYMXJXLGHQ��+HU�YDU�GHW�YLNWLJ�IRU�RVV�n�LNNH�

DYEU\WH�LQIRUPDQWHQ��PHQ�KHOOHU�OD�KDP�VQDNNH�IHUGLJ�RJ�GHUHWWHU�YLQNOH�RVV�WLOEDNH�WLO�UHWW�

VWHG��

�

'HW�EOH�DYWDOW�RJ�JMHQQRPI¡UW�VHNV�LQWHUYMXHU�L�I¡UVWH�UXQGH��)LUH�DY�GLVVH�YDU�DQVLNW�WLO�DQVLNW�L�

ORNDOHQH�Sn�GHUHV�JLWWH�DUEHLGVSODVV��(W�DY�LQWHUYMXHQH�EOH�JMHQQRPI¡UW�YHG�KMHOS�DY�

YLGHRNRQIHUDQVH�RJ�HW�VLVWH�EOH�JMHQQRPI¡UW�JMHQQRP�WHNVWEDVHUW�NRUUHVSRQGDQVH�Sn�PDLO��'HW�

EOH�L�WLOOHJJ�WLO�GLVVH�VHNV�DYWDOW�LQWHUYMX�PHG�VHNV�DQGUH�LQIRUPDQWHU�VRP�DY�XOLNH�nUVDNHU�EOH�

DYO\VW��'HWWH�VNMHGGH�KRYHGVDNHOLJ�Sn�JUXQQ�DY�SHUPLWWHULQJHU�RJ�RPURNNHULQJ�DY�

DUEHLGVRSSJDYHU�L�IRUELQGHOVH�PHG�&RYLG����SDQGHPLHQ��6HOY�RP�LQWHUYMXSURVHVVHQ�WLO�VOXWW�

EOH�EHVWnHQGH�DY�NXQ�VHNV�LQIRUPDQWHU�IDQW�YL�GHW�OLNHYHO�KHQVLNWVPHVVLJ�n�EUXNH�GLVVH�

GDWDHQH�IRU�YLGHUH�DUEHLG�L�RJ�PHG�DW�YL�PHQWH�GH�YDU�JRGH��'HWWH�PHG�EDNJUXQQ�L�DW�GH�KDGGH�

EHJ\QW�n�SURGXVHUH�UHODWLYW�KRPRJHQH�VYDU�KRV�LQIRUPDQWHQH�RJ�GHUPHG�OLWH�Q\�LQIRUPDVMRQ�

KDGGH�NRPPHW�IUHP�L�GH�VHQHVWH�LQWHUYMXHQH���

�

6S¡UUHVNMHPD�EOH�NRUW�WLG�HWWHU�DW�GH�NYDOLWDWLYH�LQWHUYMXHQH�YDU�JMHQQRPI¡UW�VHQGW�WLO�DOOH�

UHVSRQGHQWHQH�Sn�H�SRVW�PHG�OHQNH��'HWWH�JD�RVV�PXOLJKHWHQ�IRU�n�In�VYDU�Sn�HQ�UHNNH�

SnVWDQGHU�L�HWWHUNDQW�DY�LQWHUYMXHQH��,QIRUPDQWHQH�ILNN�GD�RJVn�PXOLJKHW�IRU�n�VYDUH�IRU�VHJ�

VHOY�XWHQ�SnYLUNQLQJ�DY�LQWHUYMXHUH�RJ�L�VLWW�HJHW�WHPSR��9HG�n�EHQ\WWH�HQ�NYDQWLWDWLY�

XQGHUV¡NHOVH�L�HWWHUNDQW�InU�YL�PXOLJKHWHQ�WLO�n�In�UDQJHUWH�VYDU�Sn�HW�VWRUW�DQWDOO�SnVWDQGHU��QRH�

VRP�YLOOH�Y UW�WLGNUHYHQGH�n�JMHQQRPI¡UH�L�HQ�LQWHUYMXVLWXDVMRQ���

�

�������'HVN�XQGHUV¡NHOVH�

)RU�n�EHGUH�NDUWOHJJH�KYRUGDQ�VLWXDVMRQHQ�HU�EODQW�QRUVNH�EHGULIWHU�L�GDJ�YDOJWH�YL�n�

JMHQQRPI¡UH�HQ�GHVN�XQGHUV¡NHOVH��'HQQH�JLNN�XW�Sn�n�XQGHUV¡NH�����WLOIHOGLJ�YDOJWH�QRUVNH�

YDUHKDQGHOVEHGULIWHU��IRU�n�VH�L�KYLONHQ�JUDG�GH�RSSI\OOHU�GH�WL�XWYDOJWH�NULWHULHU�IRU�RPQLNDQDO�

WLGOLJHUH�XWUHGHW�IRU�L�WHRULNDSLWWHOHW��

�

���



�

�����.YDOLWHW��

³,QJHQ�LQWHUYMXIRUVNHU�NDQ�Y UH�LPRW�NYDOLWHW�L�IRUVNQLQJVSURGXNWHW��GHW�YLO�VL�GHQ�SXEOLVHUWH�

DUWLNNHOHQ�HOOHU�GHQ�YHOO\NNHGH�DYKDQGOLQJHQ´��.YDOH�	�%ULQNPDQQ��������V��������.YDOLWHWHQ�

Sn�IRUVNQLQJVSURGXNWHW�HOOHU�IRUVNQLQJVSURVMHNWHW�Pn�YXUGHUHV��YL�VHU�WLO�-DFREVHQ��������V��

�����IRU�KYRUGDQ��³'HQ�VDPOHGH�NYDOLWHWHQ�WLO�HW�IRUVNQLQJVSURVMHNW��XDQVHWW�RP�GHW�HU�HW�

NYDOLWDWLYW�HOOHU�HW�NYDQWLWDWLYW�RSSOHJJ��EHVWHPPHV�DY�RP�GHQ�VRP�OHVHU�IRUVNQLQJHQ��IDNWLVN�

WURU�DW�GHW�VRP�VNULYHV�HU�VDQW�´�)RU�n�VLNUH�JRG�NYDOLWHW�L�XQGHUV¡NHOVHQ�Pn�YL�VH�WLO�YDOLGLWHW�

RJ�UHOLDELOLWHW��J\OGLJKHW�RJ�SnOLWHOLJKHW���+HU�VLHU�-DFREVHQ��������V�������DW�XQGHUV¡NHOVHU�

DOOWLG�Pn�JM¡UH�Vn�SUREOHPHU�NQ\WWHW�WLO�YDOLGLWHW�RJ�UHOLDELOLWHW�PLQLPHUHV���

�

�������,QWHUQ�YDOLGLWHW��

³,QGUH�YDOLGLWHW�EUXNHV�RP�PXOLJKHWHQ�HW�IRUV¡N�HOOHU�HQ�VWXGLH�JLU�WLO�DW�IXQQHQH�NDQ�IRUNODUHV�

JMHQQRP�GHQ�DQWDWWH�K\SRWHVHQ��+¡\�LQGUH�YDOLGLWHW�IRUXWVHWWHU�DW�PDQ�KDU�JRG�NRQWUROO�RYHU�

PXOLJH�ELDV´��'DKOXP���������$Y�GHWWH�NDQ�YL�OHVH�DW�K¡\�LQGUH�HOOHU�LQWHUQ�YDOLGLWHW�NUHYHU�DW�

VWXGLHQ�JLU�VYDU�Sn�GHW�GHQ�HU�PHQW�n�JL�VYDU�Sn��9LGHUH�Pn�PDQ�Y UH�SnSDVVHOLJ�PHG�n�XQQJn�

ELDV��%UDXW��������IRUNODUHU�DW�ELDV�RSSVWnU�GHUVRP�GHW�ILQQHV�V\VWHPDWLVNH�DYYLN�L�

IRUVNQLQJHQV�UHVXOWDWHU�HOOHU�VOXWQLQJHU��VHWW�L�IRUKROG�WLO�KYD�VRP�HJHQWOLJ�HU�NRUUHNW���

�

)RU�n�YXUGHUH�GHQ�LQWHUQH�YDOLGLWHWHQ�HU�GHW�IOHUH�WLQJ�YL�E¡U�VH�WLO��RJ�I¡UVW�DY�DOW�NLOGHQH�YnUH��

9L�LQQOHGHW�XQGHUV¡NHOVHQ�PHG�OLWWHUDWXUV¡N�RJ�JMHQQRPJDQJ�DY�VYDU�IUD�VWXGHQWHU��I¡U�YL�JLNN�

LJDQJ�PHG�LQWHUYMXHU��'HW�HU�YLNWLJ�n�In�WDN�L�GH�ULNWLJH�NLOGHQH��QRH�VRP�YDU�PnOHW�YnUW�GD�YL�

VNXOOH�JMHQQRPI¡UH�YnUH�XQGHUV¡NHOVHU��+HU�EOH�GHW�VLNWHW�PRW�UHVVXUVSHUVRQHU�VRP�KDU�

I¡UVWHKnQGVLQIRUPDVMRQ�RP�GHW�YL�XQGHUV¡NHU��,QIRUPDVMRQHQ�GH�XWJLU�HU�LNNH�V UOLJ�VHQVLWLY�

DOO�GHQ�WLG�GHQ�DQRQ\PLVHUHV��9L�ILQQHU�GHW�ULPHOLJ�n�DQWD�DW�NLOGHQH�RSSJLU�NRUUHNW�

LQIRUPDVMRQ�RJ�ILQQHU�OLWH�PRWLYDVMRQ�IRU�n�RSSJL�XULNWLJ�LQIRUPDVMRQ��6LVWQHYQWH�IRUVWHUNHV�

DY�DQRQ\PLWHWHQ��5HVXOWDWHU�KDU�EOLWW�GU¡IWHW�IRUVNHUQH�LPHOORP�RJ�GHW�HU�HQLJKHW�RP�PnWHQ�

VYDUHQH�NDWHJRULVHUHV�Sn�� �

�

���



�

�������(NVWHUQ�YDOLGLWHW�

³<WUH�YDOLGLWHW�EHWHJQHU�GHW�DW�UHVXOWDWHQH�IUD�HQ�VWXGLH�DY�HW�EHJUHQVHW�RPIDQJ�NDQ�

JHQHUDOLVHUHV��RJ�GHUPHG�UHJQHV�IRU�n�JMHOGH�HQ�VW¡UUH�PHQJGH�GDWD�HQQ�GHW�VWXGLHQ�

XQGHUV¡NWH´��'DKOXP���������<WUH�HOOHU�HNVWHUQ�YDOLGLWHW�NDQ�IUD�GHQQH�GHILQLVMRQHQ�WRONHV�

VRP�PXOLJKHW�IRU�n�VL�DW�XQGHUV¡NHOVHQ�HU�JMHOGHQGH�IRU�HQ�VW¡UUH�JUXSSH�HQQ�GHQ�VRP�EOH�

XQGHUV¡NW��.RUW�IRUNODUW�RPKDQGOHU�GHQ�HNVWHUQH�YDOLGLWHWHQ��HOOHU�J\OGLJKHWHQ�L�KYLONHQ�JUDG�

IXQQHQH�VRP�HU�JMRUW�HU�JHQHUDOLVHUEDUH���

�

2P�YL�VHU�WLO�RPIDQJHW�DY�XQGHUV¡NHOVHQ�YnU��L�IRUP�DY�DQWDOO�HQKHWHU�RJ�VSUHGQLQJ�Vn�HU�GHW�

OLWH�VRP�W\GHU�Sn�DW�GHQQH�HU�JHQHUDOLVHUEDU��9L�KDU�LNNH�HW�VWRUW�QRN�DQWDOO�HQKHWHU��KYHUNHQ�L�

XQGHUV¡NHOVHQ�IRU�JHQHUDVMRQ�]�HOOHU�L�LQWHUYMXHQH�PHG�HNVSHUWHU�RJ�EHGULIWHU��3n�WURVV�DY�DW�

GHW�HU�VSUHGQLQJ�L�EUDQVMHQH�EOLU�GHQQH�IRU�OLWHQ�VHWW�L�IRUKROG�WLO�DW�HQNHOWH�EUDQVMHU�

UHSUHVHQWHUHV�PHG�NXQ�pQ�HQKHW��/LNHYHO�HU�GHW�GDWD�VRP�VW¡WWHU�PXOLJKHWHQ�IRU�DW�HQ�

UHSURGXNVMRQ�DY�XQGHUV¡NHOVHQ�YLOOH�NXQQH�JLWW�GH�VDPPH�HOOHU�OLJQHQGH�UHVXOWDWHU��9HG�

WRONQLQJ�DY�UHVXOWDWHQH�RJ�GLVNXVMRQ�IRUVNHUQH�LPHOORP��YLVHU�GHW�VHJ�W\GHOLJH�WUHQGHU�L�GHW�

VRP�NRPPHU�IUHP��0DQJH�VYDU�HU�JMHQWDJHQGH�PHG�VPn�HQGULQJHU�HQKHWHQH�LPHOORP�RJ�JLU�

GHUPHG�HQ�PXOLJKHW�IRU�DW�GHWWH�HU�JMHOGHQGH�IRU�HQ�VW¡UUH�JUXSSH���

�

�������3nOLWHOLJKHW��

1nU�PDQ�XQGHUV¡NHU�SnOLWHOLJKHW��UHOLDELOLWHW��IRU�XQGHUV¡NHOVHQ�Vn�VLHU�-DFREVHQ��������V��

�����DW�YL�Pn�ILQQH��³RP�GHW�HU�WUHNN�YHG�VHOYH�XQGHUV¡NHOVHQ�VRP�KDU�VNDSW�GH�UHVXOWDWHQH�YL�

KDU�NRPPHW�IUHP�WLO´��0HG�GHWWH�PHQHV�GHW�DW�UHVXOWDWHW�YL�NRPPHU�IUHP�WLO�NDQ�KD�EOLWW�

SnYLUNHW�DY�XQGHUV¡NHOVHVRSSOHJJHW��GDWDLQQVDPOLQJHQ�RJ�HOOHU�DQDO\VHQ�YL�JM¡U��-DFREVHQ��

��������

�

)RU�n�SnYLUNH�UHVXOWDWHQH�L�PLQVW�PXOLJ�JUDG�YDU�YL�Q¡GW�IRU�n�JM¡UH�IOHUH�KHQV\Q��

8QGHUV¡NHOVHQ�EOH�VRP�WLGOLJHUH�QHYQW�JMRUW�NMHQW�IRU�GHOWDNHUQH�YHG�IRUHVS¡UVHO�RJ�GH�YDU�

NMHQW�PHG�DW�GHW�EOH�EHQ\WWHW�LQWHUYMX�PHG�O\GRSSWDN��2SSOHJJHW�YDU�GHUPHG�NMHQW�IRU�RJ�

DNVHSWHUW�DY�LQWHUYMXGHOWDNHUQH��9LGHUH�NDQ�LQWHUYMXHUHQ�KD�HQ�HIIHNW�Sn�UHVXOWDWHW�DY�

���



�

LQWHUYMXHW��XQGHUV¡NHUHIIHNW���'HWWH�NDQ�NRPPH�DY�IOHUH�nUVDNHU��VOLN�VRP�NOHVVWLO��WRQHIDOO��

Y UHPnWH�RJ�DQGUH�SHUVRQOLJH�WUHNN���-DFREVHQ���������)RU�n�PLQLPHUH�VOLNH�SUREOHPHU�YDU�

EHJJH�LQWHUYMXHUH�NOHGG�Q¡\WUDOW��XWHQ�VWRUH�ORJRHU�HOOHU�XWVDJQ�RJ�RSSWUnGWH�YHQQOLJ�RJ�K¡IOLJ�

PRW�LQWHUYMXGHOWDNHUH���

�

)RU�n�XQQJn�HQGULQJ�DY�DWIHUG�VRP�HW�UHVXOWDW�DY�NRQWHNVW�Vn�YDU�GHWWH�RJVn�HQ�IDNWRU�n�

KHQV\QWD��'HWWH�VRP�SUHVLVHUW�DY�6LOYHUPDQ��������HU�YLNWLJ�IRUGL�P\H�IRUVNQLQJ�YLVHU�WLO�DW�

PHQQHVNHUV�DWIHUG�HQGUHV�DYKHQJLJ�DY�GH�RPJLYHOVHU�VRP�GH�EHILQQHU�VHJ�L��'HUPHG�YDU�GHW�

YLNWLJ�n�JMHQQRPI¡UH�LQWHUYMXHQH�L�RPJLYHOVHU�KYRU�GHOWDNHUQH�I¡OWH�VHJ�WU\JJH��,�GH�

LQWHUYMXHQH�KYRU�YL�P¡WWH�PHG�LQWHUYMXREMHNWHQH�Vn�EOH�GHWWH�DOOWLG�JMHQQRPI¡UW�Sn�GHUHV�

NRQWRUHU�WLO�¡QVNHW�WLG��(QNHOWH�DY�GHOWDNHUQH�IRUHWUDNN�n�JM¡UH�LQWHUYMX�XWHQ�n�P¡WHV�I\VLVN��

QRH�VRP�YL�RJVn�JMHQQRPI¡UWH�YHG�KMHOS�DY�DQGUH�YHUNW¡\��9HG�n�WD�VOLNH�KHQV\Q�VLNUHU�YL�L�

VW¡UVW�PXOLJ�JUDG�DW�RPJLYHOVHQH�SnYLUNHU�GHOWDNHUQH�PLQVW�PXOLJ���

�

/LNHYHO�HU�LNNH�IDNWRUHU�VRP�NDQ�SnYLUNH�XQGHUV¡NHOVHQV�SnOLWHOLJKHW�EHJUHQVHW�WLO�SnYLUNQLQJ�

JMRUW�L�LQWHUYMXVLWXDVMRQHQ��3nOLWHOLJKHW�IRU�XQGHUV¡NHOVHQ�NDQ�RJVn�SnYLUNHV�DY�VOXUY�L�

UHJLVWUHULQJ�RJ�HOOHU�DQDO\VH�DY�GDWD��'HUVRP�GDWDHQH�VRP�UHJLVWUHUHV�XQGHU�LQWHUYMXHW�HU�

XQ¡\DNWLJH�HOOHU�IHLODNWLJH�Sn�DQGUH�PnWHU�Vn�VNDGHU�GHWWH�XQGHUV¡NHOVHQV�SnOLWHOLJKHW��

�-DFREVHQ����������1nU�GHW�NRPPHU�WLO�LQWHUYMXVLWXDVMRQHU�NDQ�QHGWHJQLQJ�DY�GDWD�Y UH�HW�

SUREOHP��GD�PDQ�¡QVNHU�n�In�PHG�VHJ�Vn�P\H�VRP�PXOLJ�XWHQ�n�LJQRUHUH�LQWHUYMXREMHNWHW��

'HWWH�O¡VHV�YHG�EUXN�DY�EnQGRSSWDNHU�VRP�EHVNUHYHW�WLGOLJHUH��'HUPHG�NDQ�PDQ�Y UH�VLNNHU�

Sn�DW�DOOH�GDWD�IUD�LQWHUYMXHQH�EOH�LQNOXGHUW�L�XQGHUV¡NHOVHQV�UHVXOWDWHU���

�

1nU�Vn�UHVXOWDWHQH�VNDO�DQDO\VHUHV��RJ�YL�YLO�IRUV¡NH�n�HWDEOHUH�VDPPHQKHQJHU�RSSVWnU�QRN�HQ�

PXOLJKHW�IRU�DW�SnOLWHOLJKHWHQ�NDQ�VNDGHV��-DFREVHQ��������QHYQHU�HNVHPSOHU�Sn�VOLNH�

IHLONLOGHU�VRP�NDWHJRULVHULQJ�DY�HQKHWHU��'HWWH�JnU�RIWH�Sn�VNM¡QQ�RJ�NDQ�Y UH�XOLNW�IUD�

IRUVNHU�WLO�IRUVNHU��'HWWH�SUREOHPHW�HU�K¡\VW�DNWXHOW�IRU�XQGHUV¡NHOVHQ�YnU��0nWHQ�YL�KDU�O¡VW�

GHWWH�Sn�HU�YHG�n�EHQ\WWH�GHQ�UHVVXUVHQ�GHW�HU�DW�YL�HU�WR�IRUVNHUH�VRP�JnU�JMHQQRP�

XQGHUV¡NHOVHQ��'HUPHG�KDU�YL�PXOLJKHW�IRU�n�JMHQQRPJn�KYHUDQGUHV�WRONQLQJHU�RJ�

UHVXOWDWIUHPVWLOOLQJHU�IRU�n�VH�RP�YL�HU�HQLJH��'HUPHG�JLU�GHWWH�RVV�HW�HNVWUD�ODJ�PHG�VLNNHUKHW��

IUHPIRU�DW�NXQ�pQ�SHUVRQ�KDU�NDWHJRULVHUW�GDWDHQH���

�

���



�

�����(WLNN�RJ�SHUVRQYHUQ�

'HW�n�LYDUHWD�HWLNN�RJ�SHUVRQYHUQ�QnU�PDQ�JMHQQRPI¡UHU�XQGHUV¡NHOVHU�YLO�Y UH�DY�\WWHUVWH�

YLNWLJKHW��*MHQQRPI¡ULQJ�DY�XQGHUV¡NHOVHU�NDQ�PHGI¡UH�IOHUH�IRUVNQLQJVHWLVNH�VS¡UVPnO�VRP�

Pn�YXUGHUHV�I¡U��XQGHU�RJ�HWWHU�JMHQQRPI¡ULQJ��'H�HWLVNH�GLOHPPDHQH�YLO�YDULHUH�DYKHQJLJ�DY�

W\SHQ�XQGHUV¡NHOVH�VRP�JMHQQRPI¡UHV�RJ�L�KYRU�VWRU�JUDG�GDWDHQH�VRP�VDPOHV�HU�VHQVLWLYH�

�I�HNV��PHGLVLQVNH�XQGHUV¡NHOVHU����-DFREVHQ����������

�

9L�KDU�L�XQGHUV¡NHOVHQ�YnU�VDPOHW�LQQ�GDWD�VRP�YL�DQVHU�VRP�OLWH�SHUVRQVHQVLWLYH��'H�

LQQVDPOHGH�GDWD�UHODWHUHV�L�KRYHGVDN�WLO�EHGULIWVVWUDWHJLHU�RJ�HU�YLGHUH�DQRQ\PLVHUW��'HUPHG�

HU�GH�In�SHUVRQGDWDHQH�YL�VDPOHW�LNNH�WLOJMHQJHOLJ�IRU�DQGUH�HQQ�IRUVNHUQH�VHOY��$OOH�GHOWDNHUH�

EOH�LQIRUPHUW�RP�XQGHUV¡NHOVHQ�RJ�ILNN�PXOLJKHW�WLO�n�YHOJH�KYRUYLGW�GH�¡QVNHW�n�GHOWD��'HW�

EOH�JLWW�IXOO�LQIRUPDVMRQ�WLO�DOOH�GHOWDNHUH�RP�PnOHW�PHG�XQGHUV¡NHOVHQ�RJ�KYRUGDQ�GHUHV�GDWD�

YLOOH�EOL�EUXNW�RJ�RSSEHYDUW��6LGHQ�GDWDHQH�VRP�QHYQW�EOH�DQRQ\PLVHUW�VNDO�GHW�LNNH�Y UH�

PXOLJ�n�LGHQWLILVHUH�HQNHOWSHUVRQHU�XW�IUD�GLVVH�� �

�

9LGHUH�HU�GHW�LNNH�XYHVHQWOLJ�n�LYDUHWD�GHOWDNHUQH�VLQ�UHWW�WLO�SHUVRQYHUQ��)RU�n�VLNUH�GHWWH�YLO�

DOOH�GDWD�VRP�NDQ�LGHQWLILVHUH�HQNHOWSHUVRQHU�EOL�VOHWWHW�YHG�XQGHUV¡NHOVHQV�VOXWW��3URVMHNWHW�HU�

PHOGW�LQQ�WLO�16'��1RUVN�VHQWHU�IRU�IRUVNQLQJVGDWD��IRU�n�NYDOLWHWVVLNUH�DW�YL�RSSI\OOHU�GH�WLO�

HQKYHU�WLG�JMHOGHQGH�NUDY��3URVMHNWHW�EOH�KHU�JRGNMHQW�RJ�YLO�EOL�IXOJW�RSS�DY�16'�YHG�

SURVMHNWHWV�VOXWW���

�

�

�

�

�

�

�

�

�

�

���



�

���$QDO\VH�

³,QWHUYMXDQDO\VHQ�OLJJHU�HW�VWHG�PHOORP�GHQ�RSSULQQHOLJH�IRUWHOOLQJHQ�VRP�EOH�IRUWDOW�WLO�

LQWHUYMXHUHQ��RJ�GHQ�HQGHOLJH�KLVWRULHQ�VRP�IRUVNHUHQ�SUHVHQWHUHU�IRU�HW�SXEOLNXP´��.YDOH�	�

%ULQNPDQQ��������V��������,�I¡OJHQGH�YLO�YL�DQDO\VHUH�GH�GDWD�YL�KDU�LQQVDPOHW�RJ�NRPPH�IUHP�

WLO�HQ�SUHVHQWDVMRQ�DY�GLVVH��)RU�n�JM¡UH�GHWWH�HU�YL�DYKHQJLJ�DY�n�RUJDQLVHUH�GDWDHQH�VOLN�DW�YL�

NDQ�IRUV¡NH�n�ILQQH�PHQLQJ�L�GH��)RU�VRP�VDJW�DY�6DYLQ�%DGHQ�RJ�0DMRU��������V�������Vn�HU�

GDWDDQDO\VH�HQ�V\VWHPDWLVN�V¡NHQ�HWWHU�PHQLQJ���

�

,GHW�YL�JMHQQRPI¡UHU�DQDO\VHQ�HU�DOOH�LQIRUPDQWHQH�WLOGHOW�HW�WLOIHOGLJ�WDOO�L�UHNNHQ�HQ�WLO�RJ�

PHG�VHNV��KYRU�LQJHQ�NDQ�Y UH�OLNH��'HWWH�JM¡U�YL�IRU�n�EHKROGH�DQRQ\PLWHWHQ�WLO�GHOWDNHUQH�L�

SURVMHNWHW��9L�YLO�VWDUWH�PHG�n�JMHQQRPJn�GH�GDWD�YL�LQQVDPOHW�IUD�JHQHUDVMRQ�]��I¡U�YL�JnU�

YLGHUH�WLO�LQWHUYMXHQH�PHG�HNVSHUWHU�RJ�EHGULIWHU��'HUHWWHU�VS¡UUHVNMHPDHW�RJ�WLOVXWW�YLO�YL�VH�WLO�

GHVN�XQGHUV¡NHOVHQ�IRU�n�NXQQH�YXUGHUH�WLOVWDQGHQ�L�1RUJH�L�GDJ���

�

�����'DWD�LQQVDPOHW�IUD�VWXGHQWHU�

6RP�QHYQW�WLGOLJHUH�EOH�GHW�L�VWDUWHQ�DY�SURVMHNWHW�LQQKHQWHW�VYDU�JLWW�DY����VWXGHQWHU�YHG�

YDUHKDQGHOVOHGHOVH�KRV�861��'LVVH�GDWDHQH�EOH�VRUWHUW�RJ�JUXSSHUW�L�NDWHJRULHU�IRU�KYD�GH�

XOLNH�SHNWH�Sn�VRP�YLNWLJ�YHG�RPQLNDQDO�KDQGHO�PDUNHGVI¡ULQJ��'LVVH�EOH�L�

EHDUEHLGHOVHVSURVHVVHQ�IRUNRUWHW�RJ�SUHVHQWHUHV�L�WDEHOOHQ�VRP�I¡OJHU��,�SDUHQWHV�L�KYHU�

NRORQQH�VWnU�DQWDOOHW�XWVDJQ�JMHOGHQGH�IRU�KYHU�RSSUHWWHGH�JUXSSH��*UXSSHQ�VRP�RIWHVW�JnU�

LJMHQ�HU�LQWHJUDVMRQ�PHOORP�NDQDOHU��+HU�ILQQHU�YL�YLNWLJH�SXQNWHU�VRP��OLN�LQIRUPDVMRQ�RJ�

JRG�NRPPXQLNDVMRQ�PHOORP�XOLNH�NDQDOHU��ODJULQJ�DY�NXQGHGDWD�RJ�NYLWWHULQJHU�L�NRQWR�PHG�

DXWRPDWLVN�LQQORJJLQJ�XOLNH�VWHGHU��VDPW�PXOLJKHWHQ�IRU�n�VHQHUH�IXOOI¡UH�NM¡S�HW�DQQHW�VWHG��

�

9LGHUH�HU�OHYHULQJ�UHWXU�RJ�ODJHUEHKROGQLQJ�EODQW�GH�WR�VW¡UVWH�JUXSSHQH�RJ�KHU�SRHQJWHUHV�

YLNWLJKHWHQ�DY�IOHNVLEOH�OHYHUDQVH�O¡VQLQJHU��'HWWH�Y UH�VHJ�NOLNN�RJ�KHQW��KMHPOHYHULQJ��

OHYHULQJ�WLO�SRVWNRQWRU�HOOHU�SDNNHERNV��'HW�SRHQJWHUHV�RJVn�DW�GHW�HU�YLNWLJ�PHG�JRGH�

O¡VQLQJHU�IRU�UHWXU�L�EXWLNN�DY�YDUHU�NM¡SW�Sn�QHWW��RJ�DW�PXOLJKHWHQ�IRU�n�XQGHUV¡NH�ODJHUVWDWXV�

���



�

EnGH�Sn�QHWW�RJ�L�I\VLVN�EXWLNN�HU�WLOVWHGH��)OHUH�SRHQJWHUHU�RJVn�YLNWLJKHWHQ�DY�IUL�UHWXU��XWHQ�

HNVWUD�NRVWQDGHU��(QNHOWH�QHWWEXWLNNHU�WDU�EHWDOW�IRU�UHWXUVHQGLQJHU�RJ�IOHUH�DY�EHVYDUHOVHQH�

PHQHU�DW�GHWWH�KHPPHU�RPQLNDQDOVRSSOHYHOVHQ���

�

'HUHWWHU�I¡OJHU�IHP�NDWHJRULHU�L�V\QNHQGH�JUDG�DY�JMHQWDJHOVH�L�EHVYDUHOVHQH��9L�ILQQHU�EHKRY�

IRU�PnOUHWWHW�PDUNHGVI¡ULQJ��VOLN�VRP�WLOEXG�UHWWHW�PRW�IRUEUXNHU�Sn�EDNJUXQQ�DY�WLGOLJHUH�

NM¡S��9LNWLJKHWHQ�DY�OLN�RJ�IXOOVWHQGLJ�SULVLQIRUPDVMRQ��YHG�JRG�NRPPXQLNDVMRQ�PHOORP�

NDQDOHQH�RJ�WUDQVSDUHQV�L�LQIRUPDVMRQHQ��7LOJMHQJHOLJKHW�HU�HW�DQQHW�PRPHQW�VRP�JMHQWDU�VHJ��

GD�PKW��EHKRY�IRU�SDUNHULQJ�WUDILNDO�WLOJMHQJHOLJKHW��nSQLQJVWLGHU�RJ�WLOJMHQJHOLJKHW�L�XOLNH�

VRVLDOH�PHGLHU���

�

$YVOXWWHQGH�EOLU�GHW�DYGHNNHW�QRHQ�SUREOHPDWLVNH�DVSHNWHU�YHG�RPQLNDQDOVRSSOHYHOVHQ��GHWWH�

L�IRUP�DY�PRWVWDQG�PRW�ODJULQJ�DY�LQIRUPDVMRQ�RJ�WLOJDQJ�WLO�I\VLVN�YDUH��6HU�YL�WLO�PRWVWDQG�

PRW�ODJULQJ�DY�LQIRUPDVMRQ�HU�GHW�QRHQ�VRP�SnSHNHU�PXOLJKHWHQ�IRU�DW�DOO�ODJULQJHQ�DY�

LQIRUPDVMRQ�NDQ�I¡OHV�VRP�HW�RYHUWUDPS�SHUVRQYHUQPHVVLJ��0DQ�NDQ�I¡OH�GHWWH�VRP�

RYHUYnNQLQJ�RJ�GHUPHG�VWLOOH�VHJ�QHJDWLY�WLO�EHGULIWHQ��'HW�QHYQHV�RJVn�PXOLJKHWHQ�IRU�DW�

ODJULQJ�DY�LQIRUPDVMRQVNDSVOHU�IRU�n�JL�YDUHIRUVODJ�NDQ�HQGH�RSS�PHG�n�JL�IRUVODJ�IRU�YDUHU�

IRUEUXNHUHQ�LNNH�HU�LQWHUHVVHUW�L�n�NM¡SH��7LO�VLVW�ILQQHU�YL�RJVn�SUREOHPHW�VRP�QHWWKDQGHOHQ�

IRUHO¡SLJ�LNNH�KDU�IXQQHW�HQ�PnWH�n�O¡VH��QHPOLJ�PDQJHOHQ�Sn�GHW�YL�NDOOHU��

VH�WD�I¡OH�IDNWRUHQ��'HWWH�EHVNULYHU�PXOLJKHWHQ�IRU�QHWWRSS�GHW�n�VH��WD�RJ�I¡OH�Sn�SURGXNWHW��

RJ�HU�HW�DVSHNW�VRP�LNNH�HU�WLOVWHGH�YHG�QHWWKDQGHO���

�

�

�

�

�

�

�

�

�

�

�

���



�

�

.DWHJRUL� 8WVDJQ�

,QWHJUDVMRQ�PHOORP�
NDQDOHU������

�

Ɣ )OHUH�EHGULIWHU�YLO�PHG�WLGHQ�Jn�RYHU�WLO�K\EULGEXWLNNHU�RJ�NRQVHSWEXWLNNHU��
Ɣ 'H�KDU�NXQGHYHQQHOLJH�O¡VQLQJHU�HQWHQ�PDQ�KDQGOHU�Sn�QHWW�HOOHU�I\VLVN�

EXWLNN��(NV��VFDQQH�VWUHNNRGH�RJ�In�LQIRUPDVMRQ�RP�SURGXNW��
Ɣ 1\KHWVEUHY��NXQGHNRQWR�RJ�WLOEXG�Pn�KHQJH�VDPPHQ�VOLN�DW�NXQGH�InU�

NRUUHNW�SULV�
Ɣ $OOH�NDQDOHU�Pn�NRPPXQLVHUH�PHG�KYHUDQGUH�RJ�Y UH�RSSGDWHUWH��

.YLWWHULQJHU�E¡U�ODJUHV�L�NXQGHNRQWR��
Ɣ /LN�LQIRUPDVMRQ�RJ�V¡PO¡VKHW�PHOORP�NDQDOHU���ODJULQJ�GHOLQJ�DY�LQIR��
Ɣ $XWRPDWLVN�LQQORJJHW�EUXNHU�Sn�QHWWEXWLNN��
Ɣ 0XOLJKHW�IRU�n�IXOOI¡UH�NM¡S�VHQHUH��DQGUH�VWHGHU��
Ɣ )LQQH�YDUHORNDVMRQ�Sn�IRUKnQG�RJ�Jn�UHWW�GLW�

/HYHULQJ�UHWXU�RJ�
ODJHUEHKROGQLQJʁ�ʁ�����
�
�

Ɣ )OHNVLEOH�OHYHULQJVRUGQLQJHU��NOLNN�	�KHQW��KMHPOHYHULQJ�PRQWHULQJ��KHQWH�
SDNNH�R�O���

Ɣ 7U\JJ�RJ�UDVN�OHYHULQJ�UHWXU�PHG�NRQWLQXHUOLJ�RSSGDWHULQJ�
Ɣ %\WWH�UHWXUQHUH�QHWWNM¡S�L�I\VLVN�EXWLNN�
Ɣ (QNHOW�n�ILQQH�SURGXNW�IUD�QHWW�L�I\VLVN�EXWLNN�
Ɣ /DJHUEHKROGQLQJ�Sn�QHWW�RJ�IRU�I\VLVN�EXWLNN�Pn�Y UH�NRUUHNW�
Ɣ .RVWQDGVIUL�UHWXU�

0nOUHWWHW�
PDUNHGVI¡ULQJ������

Ɣ 0DUNHGVI¡ULQJ�VRP�HU�PHU�UHWWHW�PRW�NXQGHQV�EHKRY�RJ�SODWWIRUP��
Ɣ 0DQ�NDQ�PHOGH�VHJ�Sn�Q\KHWVEUHY�RJ�In�HNVNOXVLYH�PHGOHPVWLOEXG�RJ�

DQGUH�IRUGHOHU��
Ɣ .M¡SVKLVWRULNNHQ�EOLU�ODJUHW��GHUVRP�PDQ�KDU�HQ�NXQGHNRQWR��RJ�PDQ�NDQ�

In�VNUHGGHUV\GGH�WLOEXG�Sn�GH�YDUHQH�PDQ�NM¡SHU�RIWH��
Ɣ ,YDUHWDJHOVH�DY�ORMDOH�NXQGHU�
Ɣ 3URGXNWLQIRUPDVMRQ�InV�VRP�WHNVW�Sn�SURGXNWVLGHQ��RJ��PHUVDOJVELWHQ��

InHV�VRP�DQEHIDOLQJHU�YLD�DOJRULWPHU��.DQʁ�ʶI¡OHV�XSHUVRQOLJ���

/LN�RJ�IXOOVWHQGLJ�
SULVLQIRUPDVMRQ������

Ɣ 9LNWLJ�DW�SULV�HU�OLN�L�XOLNH�NDQDOHU�
Ɣ 9HG�XWHQODQGVNM¡S�Pn�VNDWWHU�RJ�DYJLIWHU�Y UH�LQQUHJQHW�L�SULVHQ�
Ɣ )XOO�WUDQVSDUHQV�L�LQIRUPDVMRQ�RP�EHKROGQLQJ�PHOORP�I\VLVN�EXWLNN�RJ�

QHWWVLGH��
Ɣ /HWWHUH�WLOJMHQJHOLJKHW�IRU�LQIRUPDVMRQ�RJ�NRPPXQLNDVMRQ�VNDSHU�WU\JJKHW�

KRV�NXQGHQ��
Ɣ $OOHUHGH�I¡U�NXQGHQ�HQWUHU�EXWLNNHQ�YHW�GH�KYLONH�YDUHU�VRP�HU�WLO�EHVW�

SULV��RJ�KYLONH�WLOEXG�VRP�HU�DNWXHOOH�IRU�GHQ�GDJHQ��

7LOJMHQJHOLJKHWʁ�ʁ����� Ɣ 7LOJMHQJHOLJKHW�WLO�DWWUDNWLYH�YDUHU�WLO�HQ�NRQNXUUDQVHG\NWLJ�SULV���
Ɣ 7LOJMHQJHOLJKHW�L�IRUP�DY�WUDIILNDO�WLOJMHQJHOLJKHW�IRU�V\NOHQGH��JnHQGH��

NM¡UHQGH�RJ�NXQGHU�VRP�EHQ\WWHU�NROOHNWLY�WUDQVSRUW���
Ɣ 7LOJMHQJHOLJ�L�GLJLWDOH�NDQDOHU��VRVLDOH�PHGLHU�RJ�QHWWVLGH���
Ɣ *RGW�YDUHXWYDOJ�RJ�SDUNHULQJ�
Ɣ 7LOJMHQJHOLJH�nSQLQJVWLGHU��
Ɣ 7LOJDQJ�WLO�n�KDQGOH�QnU�VRP�KHOVW��

0RWVWDQG�PRW�ODJULQJ�
DY�LQIRUPDVMRQ�����

�

Ɣ .DQ�Y UH�QHJDWLYH�WLO�GHQ�GLJLWDOH�RYHUYnNQLQJHQ�VRP�EHGULIWHQ�EHQ\WWHU�
IRU�NDUWOHJJH�NXQGHQ�EHGUH���

Ɣ .DQ�I¡OHV�VRP�EUXGG�Sn�SHUVRQYHUQ�
Ɣ ,QIRUPDVMRQVNDSVOHU�VRP�ODJUHV�NDQ�JL�YDUHIRUVODJ�WLO�QRH�PDQ�OLNHYHO�

LNNH�HU�LQWHUHVVHUW�L���

7LOJDQJ�WLO�I\VLVN�YDUH�
����
�
�

Ɣ )\VLVN�EXWLNN�NDQ�EHV¡NHV�IRU�YHLOHGQLQJ�RJ�PXOLJKHWHQ�WLO�n�VH�RJ�WD�Sn�
YDUHQH���

Ɣ 6H�WD�I¡OH�IDNWRUHQ�GHNNHV�LNNH�DY�QHWWKDQGHO�

7DEHOO����.DWHJRULHU�RJ�XWVDJQ�IUD�JHQHUDVMRQ�]���$QWDOO�XWVDJQ�L�SDUHQWHV����

���



�

�����'DWD�LQQVDPOHW�IUD�LQWHUYMX��

,�O¡SHW�DY�LQWHUYMXSURVHVVHQ�EOH�GHW�LQQVDPOHW�P\H�UHOHYDQW�LQIRUPDVMRQ��9LNWLJH�XWGUDJ�RJ�

RSSVXPPHULQJHU�DY�GHWWH�YLO�YL�SUHVHQWHUH�XQGHU��9L�YLO�VWDUWH�PHG�HQ�VDPOLQJ�DY�YnUH�

YLNWLJVWH�LQQWU\NN�IUD�DOOH�LQWHUYMXHQH��'HUHWWHU�YLO�YL�SUHVHQWHUH�KYD�YL�RSSIDWWHW�VRP�GH�

YLNWLJVWH�SRHQJHQH�IUD�KYHU�HQNHOW�LQIRUPDQW���

�

�������6DPOHGH�GDWD��

'H�XOLNH�LQIRUPDQWHQH�NRPPHU�L�O¡SHW�DY�LQWHUYMXHQH�PHG�P\H�LQIRUPDVMRQ��0\H�DY�GHQQH�HU�

JMHQWDJHQGH�L�PHU�HOOHU�PLQGUH�JUDG��+YHU�DY�LQIRUPDQWHQH�KDU�HQNHOWH�VDNHU�KYRU�GH�VYDUHU�

XOLNW�RJ�HU�QRH�XHQLJ�PHG�KYHUDQGUH��PHQ�L�KRYHGVDNHQH�HU�GHW�VWRU�HQLJKHW��'HW�HU�VWRU�

HQLJKHW�L�JUXSSHQ�DY�LQIRUPDQWHU�RP�DW�V¡PO¡VKHW�RJ�JRG�LQIRUPDVMRQVIO\W�HU�YHVHQWOLJ��)OHUH�

VQDNNHU�RP�NXQGHUHLVHQ�RJ�KYRUGDQ�GHQQH�RSSOHYHV�DY�NXQGHQ��'HW�Pn�LNNH�Y UH�KLQGULQJHU�

VRP�JM¡UH�GHQQH�YDQVNHOLJ�IRU�NXQGHQ��HOOHU�IHLOLQIRUPDVMRQ�VRP�IRUSXUUHU�GHQQH���

�

)RU�n�RSSQn�HQ�NRPSOHWW�RPQLNDQDOVRSSOHYHOVH�HU�PDQ�DYKHQJLJ�DY�n�Y UH�WLOJMHQJHOLJ�Sn�

QHWW��)OHUH�DY�YnUH�LQIRUPDQWHU�SnSHNHU�KHU�YLNWLJKHWHQ�DY�DW�PDQ�YHG�EUXN�DY�QHWWVLGH�SDVVHU�

Sn�n�OHGH�NXQGHQH�VLQH�WLO�QHWWVLGHQ�RJ�LNNH�ERUW�IUD�GHQ��/HGHU�PDQ�WLO�HNVHPSHO�NXQGHQ�XW�L�

VRVLDOH�PHGLHU�Vn�YLO�PDQ�EUnWW�NRQNXUUHUH�PHG�PDQJH�IOHUH�DQGUH�DNW¡UHU�Sn�VDPPH�

SODWWIRUP��1nU�PDQ�Vn�HU�LQQH�Sn�VRVLDOH�PHGLHU�Vn�SUHVLVHUHV�GHW�DW�GHW�HU�YLNWLJ�n�VQDNNH�WLO�

NXQGHQ�PHQ�pQ�IHOOHV�VWHPPH��6OLN�DW�NXQGHQ�RSSIDWWHU�HQ�KHOKHW�L�GHW�KHOH���

�

9LGHUH�VLHU�IOHUH�DW�GHW�n�WLOSDVVH�VHJ�NXQGHQ�VLQH�¡QVNHU�RJ�EHKRY�HU�YHVHQWOLJ��'HWWH�NDQ�

Y UH�XOLNH�¡QVNHU�RP�PnWH�n�KDQGOH�Sn�HOOHU�PnWH�n�In�YDUHQH�OHYHUW�Sn��'HW�HU�RJVn�VWRU�

HQLJKHW�RP�DW�,7�HU�HW�PHJHW�YLNWLJ�PRPHQW��$OW�DYKHQJHU�DY�GHWWH��)RU�DW�NXQGHQ�VNDO�In�

RSSGDWHUW�ODJHUVDOGR��PXOLJKHW�IRU�n�JM¡UH�UHWXU�IUD�QHWWEXWLNN�L�I\VLVN�EXWLNN��RJ�HOOHUV�

V¡PO¡VH�VDPPHQKHQJHU�DYKHQJHU�DOW�DY�QHWWRSS�,7��,QIRUPDQWHQH�HU�HQLJ�RP�DW�GHW�EHK¡YHV�

LQYHVWHULQJHU�IRU�n�RSSQn�RPQLNDQDO�RJ�DW�VWRUH�GHOHU�DY�GHWWH�YLO�Y UH�L�,7��%nGH�L�IRUKROG�WLO�

XWVW\U�RJ�NRPSHWDQVH���

�
�

���



�

.DWHJRULHU�� 8WVDJQ�

,QWHJUDVMRQ�PHOORP�
NDQDOHU�V\VWHPHU�

�

Ɣ 'HW�HU�IRUGHODNWLJ�n�KD�HW�PDVWHUV\VWHP�VRP�GD�EOLU�JMHOGHQGH�IRU�KHOH�
EHGULIWHQ���

Ɣ 0DVWHUV\VWHPHW�V\VWHPSDNNHQ�E¡U�GD�RPIDWWH�NDQDOHU�VRP�IRU�HNVHPSHO�
EnGH�QHWWEXWLNN��NDVVHV\VWPHU�L�I\VLVN�EXWLNN��VDPW�ODJHUV\VWHPHU�L�
EHJJH�GLVVH���

Ɣ ,QIRUPDQWHQH�QHYQHU�DW�GHW�HU�NULWLVN�n�WHQNH�Sn�GHWWH�WLGOLJ�IRU�n�XQQJn�
SUREOHPHU�PHG�V\VWHPDUY��3UREOHPHU�NDQ�GD�RSSVWn�YHG�DW�YLGW�
IRUVNMHOOLJH�V\VWHPHU�L�GH�IRUVNMHOOLJH�NDQDOHQH�LNNH�KDU�PXOLJKHW�WLO�n�
NRPPXQLVHUH�PHG�KYHUDQGUH��

Ɣ 'HW�IRUELQGHV�VWRUH�NRVWQDGHU�PHG�LPSOHPHQWHULQJ�DY�VOLNH�V\VWHPHU��
OLNHYHO�NDQ�GH�EOL�HQGD�K¡\HUH�YHG�n�PnWWH�JMHQWD�SURVHVVHQ�Sn�HW�
VHQHUH�WLGVSXQNW�SJD��XIRUHQHOLJH�V\VWHPHU��

6DPDUEHLG�PHOORP�
EHGULIWVHQKHWHU�
�

Ɣ 'HW�HU�NULWLVN�n�VDPPHQVWLOOH�LQVHQWLYHU�IRU�GH�IRUVNMHOOLJH�
EHGULIWVHQKHWHQH��)RU�n�IRUKLQGUH�DW�GH�MREEHU�PRW�KYHUDQGUH��

Ɣ 'HWWH�NDQ�JM¡UHV�YHG�n�XWYLNOH�Q\H�Q¡NNHOWDOOVLQGLNDWRUHU�RJ�UHVXOWDWPnO��
VDPW�HWDEOHUH�Q\H�UXWLQHU��

Ɣ 'HW�HU�YLNWLJ�n�VNDSH�HQ�IRUVWnHOVH�IRU�DW�PDQ�VNDO�MREEH�IRU�EHGULIWHQ�
VRP�KHOKHW��

Ɣ 5HVWUXNWXUHULQJ�DY�YLVVH�OHGHOVHVSRVLVMRQHU�NDQ�KHU�Y UH�WLO�KMHOS��
Ɣ 6SLVVNRPSHWDQVH�VLWWHU�RIWH�SODVVHUW�Sn�IRUVNMHOOLJH�VWHGHU�L�EHGULIWHQ�GHW�

HU�YLNWLJ�n�IUHPPH�VDPDUEHLG�IRU�n�In�XWQ\WWHW�GHQQH�RSWLPDOW��

0nOUHWWHW�
PDUNHGVI¡ULQJ�RJ�
DQDO\VH�DY�
NXQGHGDWD�

Ɣ ,QIRUPDQWHU�SnSHNHU�DW�GHW�HU�HW�VWRU�SRWHQVLDOH�IRU�RSSVDOJ�RJ�PHUVDOJ�
YHG�EUXN�DY�SHUVRQLILVHUW�PDUNHGVI¡ULQJ��

Ɣ 'HQQH�W\SHQ�PnOUHWWHW�PDUNHGVI¡ULQJ�HU�DYKHQJLJ�DY�NXQGHGDWD�VRP�
VDPOHV�LQQ�Sn�WYHUV�DY�DOOH�NDQDOHU�EHGULIWHQ�RSHUHU�L���

Ɣ 'HW�HU�GHUIRU�HVVHQVLHOW�DW�RXWSXW�GDWD�IUD�HQ�NDQDO�NDQ�EUXNHV�VRP�LQSXW�
L�HQ�DQQHQ�WLO�IRU�HNVHPSHO�DQDO\VHIRUPnO��HOOHU�XWYLNOLQJ�DY�DOJRULWPHU��

Ɣ 3n�JUXSSHQLYn�NDQ�NXQGHGDWD�ELGUD�WLO�n�DYGHNNH�WUHQGHU�L�PDUNHGHW�VRP�
LJMHQ�NDQ�KMHOSH�EHGULIWHQ�PHG�n�RSWLPDOLVHUH��LQQNM¡SVVWUDWHJLHU�HOOHU�
MXVWHUH�YDUHVRUWLPHQW�� �

Ɣ 1nU�NXQGHU�IO\WHU�V¡PO¡VW�PHOORP�GH�GLYHUVH�NDQDOHQH�JHQHUHU�GHWWH�
RJVn�EHKRYHW�IRU�DW�GHUHV�GDWD�JM¡U�GHW�VDPPH��

Ɣ %HGULIWHQ�Pn�KD�³HQ�VWHPPH´�L�VLQ�NRPPXQLNDVMRQ�XW�PRW�NXQGHQH��

/HYHULQJ�UHWXU�RJ�
ODJHUEHKROGQLQJ�

Ɣ 'HW�HU�EUHG�HQLJKHW�RP�DW�KHU�HU�YLNWLJ�n�WLOE\�HW�EUHGW�XWYDOJ�DY�WLOEXG�IRU�
VLQH�NXQGHU�IRU�HNVHPSHO�NOLNN�RJ�KHQW��SRVWRUGUH�PHG�KMHPOHYHULQJ�RVY��

Ɣ )OHUH�QHYQHU�SRVWHQV�SDNNHERNV�VDPW�SLFN�XS�SRLQWV�Sn�DQGUH�I\VLVNH�
ORNDVMRQHU�VRP�HJQHGH�DOWHUQDWLYHU��

Ɣ c�Y UH�OLNH�IOHNVLEHO�QnU�GHW�NRPPHU�WLO�UHWXU�JM¡U�GHW�OHWWHUH�IRU�PDQJH�
NXQGHU�n�JMHQQRPI¡UH�NM¡SVSURVHVVHQ�PHG�WU\JJKHW�RP�DW�GHWWH�LNNH�
VHQHUH�YLO�I¡UH�WLO�IUXVWUDVMRQ��

Ɣ 9DUHIO\W�Pn�RJVn�VLNUHV�IUD�XQGHUOHYHUDQG¡UHU�RJ�SURGXVHQWHU�
�GLVWULEXVMRQVNMHGH�VWUDWHJL��RJ�LNNH�EDUH�PRW�VOXWWEUXNHU�NXQGH��

Ɣ 6WUDWHJLVN�SODVVHUWH�ODJHUKXEHU�NDQ�VWn�IRU�OHYHULQJ�WLO�PLQGUH�
EXWLNNORNDOHU�PHG�IRNXV�Sn�NXQGHRSSOHYHOVH�RJ�SURGXNW��

2SWLPDOLVHULQJ�DY�
PRELOSODWWIRUPHQ�RJ�
NOLNN�UDWH�
RSWLPDOLVHULQJ�

Ɣ ,QIRUPDQWHQH�HU�HQLJH�L�DW�NXQGHUHLVHU�RIWHVW�VWDUWHU�Sn�QHWW�RJ�GD�
VSHVLHOW�L�QHWWOHVHU�Sn�VPDUWWHOHIRQHU��

Ɣ 'HW�HU�YLNWLJ�DW�QHWWVLGHQ�HU�XWYLNOHW�RJ�RSWLPDOLVHUW�IRU�GHQQH�
PRELOSODWWIRUPHQ�IRU�n�JL�NXQGHQ�GHQ�EHVW�WHQNHOLJH�KDQGOHRSSOHYHOVHQ��

Ɣ 1HWWVLGHQ�VNDO�IXQJHUH�VRP�HW�VDPOLQJVSXQNW�RJ�VRVLDOH�PHGLHU�RJ�DQGUH�
NRPPXQLNDVMRQVNDQDOHU�Pn�KMHOSH�WLO�PHG�n�GULYH�WUDILNN�WLO�QHWWRSS�
QHWWVLGHQ��

Ɣ 'HW�Pn�Y UH�HQNHOW�IRU�NXQGHQH�n�KDQGOH��1HWWVWHGHW�Pn�Y UH�HQNHOW�RJ�
RYHUVLNWOLJ�n�QDYLJHUH��)RU�HNVHPSHO�NDQ�HQ�³EHVWLOO�Qn´�NQDSS�VRP�I¡OJHU�
PHG�VNMHUPHQ�XDQVHWW�KYRU�PDQ�VFUROOHU�IXQJHUH�EUD��

���



�

6DPDUEHLG�PHG�
OHYHUDQG¡UHU�RJ�
SURGXVHQWHU�

Ɣ 'H�IOHVWH�EHGULIWHU�Pn�RXWVRXUFH�YLVVH�WMHQHVWHU�VRP�IRU�HNVHPSHO�
QHWWEXWLNN��ODJHUV\VWHPHU��WUDQVSRUW�DY�YDUHU�RVY����

Ɣ 'HW�HU�KHQVLNWVPHVVLJ�n�VDPDUEHLGH�PHG�SURGXVHQWHU�RJ�OHYHUDQG¡UHU�
DY�GLVVH�WMHQHVWHQH�RJ�RIWH�NDQ�IRU�HNVHPSHO�GHW�DW�GH�EUXNHU�VDPPH�
HOOHU�OLJQHQGH�V\VWHPHU�L�VLQ�GULIW�JM¡UH�GHW�HQNOHUH�RJ�ELOOLJHUH�n�
NRPPXQLVHUH���

Ɣ +YLV�PDQ�MREEHU�VDPPHQ�PHG�OHYHUDQG¡UHU�DY�IRU�HNVHPSHO�
QHWWEXWLNNHQ�NDQ�PDQ�Y UH�PHG�Sn�n�NRQWLQXHUOLJ�IRUEHGUH�GHQQH��VDPW�
In�GHQ�VNUHGGHUV\GG�WLO�n�GHNNH�V UHJQH�EHKRY��

Ɣ *MHQQRP�VDPDUEHLG�NDQ�PDQ�WLOE\�NXQGHQH�IOHUH�EHWDOLQJVO¡VQLQJHU��
OHYHULQJVDOWHUQDWLYHU�RVY��'HWWH�ELGUDU�WLO�n�JM¡UH�GHW�OHWWHUH�IRU�NXQGHQ�n�
WD�HQ�NM¡SVEHVOXWQLQJ���

8WYLNOLQJ�DY�
NXQGHRSSOHYHOVH�
PHG�VKRZURRP�

Ɣ )\VLVNH�EXWLNNHU�VRP�LQQHKROGHU�I UUH�YDUHU�Sn�ODJHU�NDQ�L�VW¡UUH�JUDG�
EUXNHV�VRP�XWVWLOOLQJVYLQGX�IRU�YDUHU�RJ�SURGXNWHU��

Ɣ 'HWWH�NDQ�Y UH�NRVWQDGVEHVSDUHQGH�L�IRUP�DY�HLH�OHLH�DY�ORNDOHU��
Ɣ .XQGHQH�NDQ�RSSOHYH�SURGXNWHQH�L�HQ�VSHVLILNN�DWPRVI UH��

EUXNVVLWXDVMRQ�HOOHU�OLJQHQGH���

%HYDUH�EHGULIWHQV�
JUXQQNXOWXU��

Ɣ %HYDUH�NXOWXU�IRU�UnGJLYQLQJ��NXQGHEHKDQGOLQJ�RJ�VDOJ���
Ɣ ,NNH�PLVWH�IRNXV�Sn�KYD�VRP�IDNWLVN�HU�GULYHU�IRU�O¡QQVRPKHWHQ��
Ɣ %HYDUH�YDUHKDQGHOVNRPSHWDQVHQ�PDQJH�DY�GH�DQVDWWH�EHVLWWHU��

7DEHOO�����.DWHJRULHU�RJ�XWVDJQ�IUD�HNVSHUWHU�RJ�EHGULIWHU���

�

�������6DPPHQGUDJ�DY�LQIRUPDQWHQH��

�

,QIRUPDQW����

,QIRUPDQW�pQ�HU�HQ�UHVVXUVSHUVRQ�PHG�PDUNHGVDQVYDU�IRU�HQ�QHWWEXWLNN��9HGNRPPHQGH�KDU�

RJVn�HUIDULQJ�IUD�KHOKHWOLJ�GULIW�LQQHQ�QHWWKDQGHO��9HGNRPPHQGH�NRPPHU�PHG�IOHUH�YLNWLJH�

SRHQJ��RJ�VWDUWHU�PHG�n�IRUNODUH�DW�WHNQLVNH�SUREOHPHU�HU�HQ�W\SLVN�XWIRUGULQJ��'HWWH�NDQ�Y UH�

V\VWHPHU�VRP�LNNH�VQDNNHU�VDPPHQ��JDPOH�V\VWHPHU�PHG�JDPPHO�LQIRUPDVMRQ�RJ�PDQJHO�Sn�

YHGOLNHKROG�DY�GLVVH��)RU�PDQJH�VRP�KDU�GUHYHW�I\VLVN�EXWLNN�Vn�KDU�QHWWEXWLNNHQ�GXNNHW�RSS�

VRP�HQ�HJHQ�HQKHW��'HQQH�GULYHV�GD�VRP�HQ�VHSDUDW�EXWLNN�RJ�GHW�EOLU�LQJHQ�VNLNNHOLJ�

LQWHJUDVMRQ��GHQ�EOLU�LNNH�DOOWLG�DQVHWW�VRP�HQ�IXOOYHUGLJ�EXWLNN�HQJDQJ��0DQJH�YLHU�KHOOHU�

LNNH�QHWWEXWLNNHQ�GHQ�WLGHQ�GHQ�HOOHU�NRPSHWDQVHQ�GHQ�WUHQJHU��2IWH�NDQ�PDQ�EOL�YDOJW�WLO�n�

GULIWH�QHWWEXWLNN�XW�IUD�WHNQLVN�NRPSHWDQVH��PHQ�PDQ�NDQ�GD�PDQJOH�NRPSHWDQVH�RP�

SURGXNWHQH��DOWVn�YDUHKDQGHOVNRPSHWDQVH��

�

9LGHUH�VLHU�LQIRUPDQWHQ�DW�GHW�HU�VOLN�DW�L�HQ�QHWWEXWLNN�Vn�HU�GHW�YLNWLJ�n�NXQQH�OHVH�

LQIRUPDVMRQ�RP�SURGXNWHQH��LNNH�EDUH�ELOGH�RJ�SULV��RJ�NXQQH�In�VYDU�Sn�VS¡UVPnO�QnU�PDQ�

KHQYHQGHU�VHJ�L�WLO�HNVHPSHO�FKDW��,�1RUJH�HU�GHW�RIWH�HQ�PLQGUH�VWDE�VRP�MREEHU�PHG�

���



�

QHWWEXWLNNHQH�HQQ�L�VW¡UUH�XWHQODQGVNH�IRUHWDN��'HWWH�VLHU�YHGNRPPHQGH�DW�KDU�IRUGHOHU�VRP�

NRUW�DYVWDQG�WLO�OHGHOVHQ��PHQ�QHJDWLYH�VLGHU�L�IRUP�DY�PLQGUH�VSLVVHW�NRPSHWDQVH��1nU�GHW�Vn�

NRPPHU�WLO�VRVLDOH�PHGLHU�NRPPHU�RIWH�GHW�OLWW�IUD�VLGHQ��L�IRUKROG�WLO�QHWWVLGHQ��6DPVSLOOHW�KHU�

SnYLUNHV�DY�UHODVMRQHQ�DQVYDUOLJ�IRU�QHWWEXWLNN�InU�PHG�DQVYDUOLJ�IRU�VRVLDOH�PHGLHU���'HWWH�YLO�

Y UH�XOLNW�DOW�HWWHUVRP�KYRUGDQ�EHGULIWHQ�HU�RUJDQLVHUW����

�

)RU�n�VNDSH�RPQLNDQDO�Pn�PDQ�KD�IRUYDOWQLQJ�DQDO\VH�DY�GDWD��0HG�PLQGUH�PDQ�VWDUWHU�IUD�

EXQQHQ�DY�YLO�GHW�Y UH�HQ�VWRU�HQGULQJVSURVHVV��6 UOLJ�VHWW�L�IRUKROG�WLO�RSSGDWHULQJ�DY�

LQIRUPDVMRQ�RJ�VDPPHQNREOLQJ�DY�V\VWHPHU��+HU�YLO�GHW�Y UH�HVVHQVLHOW�n�KD�HW�PDVWHUV\VWHP��

'LVVH�SURVMHNWHQH�HU�RIWH�VW¡UUH�HQQ�GHW�PDQJH�WURU��RJ�HNVWHUQ�NRPSHWDQVH�NDQ�Y UH�

Q¡GYHQGLJ��3URVHVVHQH�PHG�n�EOL�RPQLNDQDOH�NDQ�Y UH�VY UW�NRVWEDUH��RJ�YLO�WUROLJ�Y UH�PHU�

NRVWEDUH�VRP�HQ�HQGULQJVSURVHVV�HQQ�HQ�Q\HWDEOHULQJ���

�

)HOOHV�VWHPPH�XW�WLO�NXQGHQ�HU�YLNWLJ��VOLN�DW�PDQ�NRPPXQLVHUHU�GHW�VDPPH�L�GH�XOLNH�

NDQDOHQH��)\VLVN�EXWLNN�RJ�QHWWEXWLNN�Pn�OLNHYHO�NXQQH�KD�IRUVNMHOOLJH�WLOEXG�WLOSDVVHW�GHQ�

DNWXHOOH�SODWWIRUPHQ��(NV������UDEDWW�YV����IRU���WLOEXG��'HW�HU�YLNWLJ�n�WLOSDVVH�VHJ�IUHPWLGLJH�

OHYHULQJVRUGQLQJHU��VOLN�VRP�SLFN�XS�SRLQWV�RJ�SRVWHQV�Q\H�SDNNHERNV���

�

,QIRUPDQW����

,QIRUPDQW�WR�LQQHKDU�H�FRPPHUFH�DQVYDU�IRU�HQ�PXOWLYDUH�IRUKDQGOHU�DY�EnGH�QHWW��RJ�I\VLVN�

EXWLNN��9HGNRPPHQGH�PHQHU�DW�HQ�U¡G�WUnG�JMHQQRP�NDQDOHQH�HU�YLNWLJ�RJ�DW�JDPPHO�

WHNQRORJL�KLQGUHU�VDPPHQNREOLQJ�DY�V\VWHPHU��9LGHUH�E¡U�PDQ�RJVn�YXUGHUH�EHKRYHW�IUD�

NXQGHQH�VLQH��NDQVNMH�EHK¡YHU�PDQ�LNNH�QHWWEXWLNN"�)\VLVNH�EXWLNNHU�NDQ�RIWH�Y UH�PHU�

WUDGLVMRQHOOH�L�PRWVHWQLQJ�WLO�Q\�WHNQRORJLHQ�L�QHWWEXWLNNHU��'HWWH�SUHJHU�GH�VRP�DUEHLGHU�PHG�

GHWWH�RJ�JLU�XWIRUGULQJHU�L�IRUKROG�WLO�DQDO\VH��+HU�HU�GHW�YLNWLJ�PHG�WYHUUIDJHOLJ�NRPSHWDQVH���

��

5XWLQHU�HU�YLNWLJ��'HW�KMHOSHU�LNNH�PHG�JRGH�V\VWHPHU�RP�LNNH�VWUHNNRGHQ�VOnHV�LQQ��(W�YDQOLJ�

SUREOHP�IRU�PDQJH�HU�DW�GH�PHQHU�DW�Vn�IRUW�V\VWHPHQH�HU�Sn�SODVV�RJ�VQDNNHU�VNLNNHOLJ�

VDPPHQ�Vn�YLO�DOW�EOL�EUD��'HWWH�VWHPPHU�LNNH�GD�SHUVRQHOOHW�VRP�EUXNHU�GLVVH�RJVn�Pn�O UHV�

RSS��'HUVRP�GHWWH�LNNH�VNMHU�Sn�HQ�JRG�PnWH�RJ�V\VWHPHQH�EUXNHV�IHLO�Vn�YLO�GHW�EOL�IHLO�

LJMHQQRP�KHOH�NMHGHQ��(W�W\SLVN�HNVHPSHO�YLO�Y UH�HQ�Y UH�VRP�VOnHV�LQQ�XWHQ�VWHNNRGH�VOLN�

���



�

DW�ODJHUEHKROGQLQJHQ�LNNH�RSSGDWHUHV��'HUHWWHU�VMHNNHU�HQ�NXQGH�ODJHUVWDWXV�RJ�GUDU�WLO�

EXWLNNHQ�EDUH�IRU�n�ILQQH�DW�YDUHQ�HU�XWVROJW���

��

'HW�HU�YLNWLJ�PHG�OLNH�SULVHU�L�XOLNH�NDQDOHU��'HWWH�NDQ�Y UH�XWIRUGUHQGH�RP�LNNH�DOOH�GH�

I\VLVNH�EXWLNNHQH�KDU�HW�JRGW�VDPDUEHLG�PHG�QHWWEXWLNNHQ��'HWWH�NDQ�GD�PHGI¡UH�DW�HQ�

NDPSDQMHSULV�LNNH�NDQ�PDUNHUHV�VRP�GHWWH�IRUGL�HQ�DY�GH�I\VLVNH�EXWLNNHQH�DOOHUHGH�KDU�NM¡UW�

GHQQH�NDPSDQMHQ��(QNHOWH�OHYHUDQG¡UHU�¡QVNHU�DW�WUDILNN�WLO�QHWWVWHGHW�DQJnHQGH�GHUHV�SURGXNW�

VNDO�UXWHV�YLGHUH�WLO�GHP��'HWWH�NDQ�¡GHOHJJH�KHOKHWVRSSOHYHOVHQ�WLO�NXQGHQ�PKW��EXWLNNHQ��

PHQ�VW\UNH�IRUKROGHW�WLO�OHYHUDQG¡UHQ���

�

/RJLVWLNN�RJ�YDUHIO\W�VLHU�YHGNRPPHQHG�EOLU�GHW�YLNWLJVWH�L�GH�NRPPHQGH�nUHQH��'X�NODUHU�

LNNH�NRQNXUUHUH�RP�LNNH�GHWWH�HU�Sn�SODVV��'D�YLO�PDQ�RSSOHYH�DW�Vn�IRUW�YROXPHW�GLWW�YRNVHU�

Vn�InU�PDQ�SUREOHPHU�RJ�XQGHUVNXGG��UHODWHUW�WLO�NRVWQDGHU�IRU�QHYQWH���8QGHUVNXGGHW�YLO�GD�

EOL�VW¡UUH�RJ�VW¡UUH�HWWHUKYHUW�VRP�YROXPHW�¡NHU��1HWWVWHGHW�Pn�Y UH�HW�VDPOHSXQNW��VOLN�DW�

DQQHQ�WUDILNN�Sn�QHWW�OHGHU�WLO�GHQ��9LGHUH�HU�GHW�YLNWLJ�DW�EXWLNNHQH�RJVn�VHU�QHWWVWHGHW�VRP�HQ�

UHVVXUV�IUHPIRU�HQ�NRQNXUUHQW��,�PRWVDWW�VLWXDVMRQ�YLO�EXWLNNHQH�IRUV¡NH�n�XQQJn�QHWWEXWLNNHQ�

RJ�DOW�VRP�KDU�PHG�GHQQH�n�JM¡UH��1HWWKDQGHO�HU�Sn�PDQJH�PnWHU�IUHPWLGHQ��VOLN�DW�GHWWH�YLOOH�

Y UW�XJXQVWLJ�IRU�EHJJH�SDUWHU��

�

,QIRUPDQW����

,QIRUPDQW�QXPPHU�WUH�HU�PDUNHGVVMHI�KRV�HQ�NOHVNMHGH��9HGNRPPHQGH�OHJJHU�VWRU�YHNW�Sn�DW�

RPQLNDQDO�KDQGOHU�RP�n�Y UH�WLOJMHQJHOLJ�Sn�NXQGHQV�SUHPLVVHU��'DJHQV�NXQGHU�KDU�K¡\H�

IRUYHQWQLQJHU�WLO�RJ�¡QVNHU�n�KDQGOH�KYRU�GH�YLO��'HW�QHYQHV�DW�QHWWEXWLNNHQ�IXQJHUHU�YHO�Vn�

P\H�VRP�HQ�LQIRUPDVMRQVNDQDO�IRU�I\VLVN�EXWLNN�VRP�QRH�DQQHW��.XQGHUHLVHQ�NDQ�RIWH�

EHJ\QQH�GHU��'HW�GLJLWDOH�JLU�PDQJH�PXOLJKHWHU�IRU�PDUNHGVI¡ULQJ�Sn�XOLNH�PnWHU�L�IRUP�DY�

EDQQHUH�RJ�DQQHW��VDPWLGLJ�VRP�PDQ�NDQ�SHUVRQDOLVHUH�GHWWH�EDVHUW�Sn�GDWD�PDQ�LQQHKDU�RP�

IRUEUXNHUHQ���

�

'HQ�VW¡UVWH�XWIRUGULQJHQH�OLJJHU�L�NDSLWDO��,7�RJ�VW¡WWH�IUD�HLHUH�RJ�HOOHU�EHVOXWWQLQJVWDJHUH��

)RU�DW�RPQLNDQDOVRSSOHYHOVHQ�VNDO�EOL�ULNWLJ�Vn�Pn�,7�V\VWHPHQH�Y UH�Sn�SODVV�RJ�VQDNNH�

JRGW�VDPPHQ��$OW�Pn�Y UH�VDPPHQNREOHW�IUD�EXWLNN���YDUHKXV��RJ�QHWWEXWLNNV\VWHPHU�IRU�n�

NXQQH�JL�GHQ�NRPSOHWWH�RSSOHYHOVHQ��'HUVRP�GHWWH�LNNH�IXQJHUHU�NRUUHNW�RJ�GHW�RSSVWnU�VW¡\�

���



�

Vn�NDQ�GHWWH�I¡UH�WLO�I�HNV��IHLOLQIRUPDVMRQ�IRU�NXQGHQ�RJ�HQ�QHJDWLY�RSSOHYHOVH��(W�W\SLVN�

HNVHPSHO�Sn�GHWWH�HU�DW�NXQGHQ�VHU�HQ�YDUH�VRP�HU�I¡UW�VRP�³Sn�ODJHU´��PHQ�RSSOHYHU�DW�GHQ�

LNNH�HU�GHQ�QnU�KDQ�NRPPHU�WLO�EXWLNNHQ���

�

)RU�DW�DOW�VNDO�IXQJHUH�Vn�IHLOIULWW�VRP�PXOLJ�HU�GHW�YLNWLJ�PHG�HNVWUHPW�JRG�,7�NRPSHWDQVH�RJ�

JRGW�VDPDUEHLG�PHG�OHYHUDQG¡UHU��+DU�PDQ�IRU�OLWH�NXQQVNDS�HOOHU�IHLO�OHYHUDQG¡UHU�NDQ�PDQ�

HQGH�RSS�PHG�V\VWHPHU�VRP�IXQJHUHU�L�VLORHU��DOWVn�VRP�LNNH�NDQ�NREOHV�VDPPHQ��/LNHYHO�HU�

GHW�LNNH�EDUH�,7�NXQQVNDS�VRP�HU�YLNWLJ��PDQ�EHK¡YHU�SHUVRQHU�PHG�NXQQVNDS�RP�IOHUH�OHGG�L�

SURVHVVHQ��'HQQH�IRUVWnHOVHQ�IRU�DQGUH�OHGG�JM¡U�DW�PDQ�NDQ�IXQJHUH�EHGUH�GHUVRP�QRH�VNXOOH�

Jn�JDOW���

�

)UHPWLGHQ�HU�RPQLNDQDO�RJ�GHW�KDQGOHU�RP�n�WLOSDVVH�VHJ�NXQGHQ��0HG�¡NW�QHWWKDQGHO�VQDNNHW�

PDQJH�RP�EXWLNNG¡G��/LNHYHO�Vn�YL�QHWWEXWLNNHU�Jn�NRQNXUV�RJ��DW�QHWWEXWLNNHU�VRP�nSQHW�

I\VLVNH�EXWLNNHU��'HW�KDQGOHU�PHU�RP�n�WLOSDVVH�VHJ�NXQGHQ�RJ�I¡OJH�PHG�L�WLGHQ��+HU�YLO�YL�VH�

DW�HQNHOWH�NODUHU�VHJ��PHQV�DQGUH�IDOOHU�IUD��'HW�ILQQHV�LQJHQ�IDVLW��PHQ�PDQ�DQVHU�GHW�n�Y UH�

RPQLNDQDO�VRP�DYJM¡UHQGH�IRU�IUHPWLGLJ�WLOVWHGHY UHOVH���

�

,QIRUPDQW�����

,QIRUPDQW�QXPPHU�ILUH�MREEHU�L�HW�GLJLWDOE\Un�RJ�DUEHLGHU�PHG�V¡NHPRWRURSWLPDOLVHULQJ�VDPW�

UnGJLYQLQJ�UXQGW�GULIW�RJ�PDUNHGVI¡ULQJ�DY�QHWWEXWLNN�IRU�VLQH�NXQGHU��9HGNRPPHQGH�PHQHU�

DW�GHW�HU�YLNWLJ�n�ILQQH�XW�KYD�VRP�IDNWLVN�HU�KHQVLNWHQ�PHG�HQ�PXOWLNDQDO�HOOHU�RPQLNDQDO�

VWUDWHJL�I¡U�PDQ�VHWWHU�L�JDQJ��+DQ�SnSHNHU�DW�PDQJH�WURU�QHWWEXWLNNHQ�HU�QRH�PDQ�NM¡SHU�HQ�

JDQJ�RJ�Vn�³KDU�PDQ´�QHWWEXWLNN��'HWWH�PHQHU�LQIRUPDQWHQ�HU�KHOW�IHLO��.RQWLQXHUOLJH�

IRUEHGULQJHU�RJ�RSSJUDGHULQJHU�HU�YLNWLJH�IRU�n�KROGH�I¡OJH�PHG�XWYLNOLQJHQ�L�YDUHKDQGHO��

VDPWLGLJ�VRP�PDQ�VNDIIHU�VHJ�LQIRUPDVMRQ�RP�KYRU�NXQGHVHJPHQWHQH�PDQ�SU¡YHU�n�Qn�XW�WLO�

EHILQQHU�VHJ�RJ�GHUPHG�KYRU�GHW�HU�OHWWHVW�n�In�WDN�L�GHP��+HU�JMHOGHU�GHW�n�XWQ\WWH�V\QHUJLHU�

PHOORP�IRUVNMHOOLJH�PHGLHU�RJ�NXQGHVHJPHQWHW�PDQ�YLO�KD�WDN�L��VDPWLGLJ�VRP�PDQ�JM¡U�GHW�

HQNHOW�IRU�NXQGHQH�n�EHYHJH�VHJ�WLO�QHWWEXWLNNHQ�RJ�HQNHOW�IRU�GHP�n�IRUHWD�NM¡S�GHU��'HWWH�

NDQ�IRU�HNVHPSHO�JM¡UHV�L�IRUP�DY�GHVLJQ�DY�QHWWVWHGHW��KYRU�HQ�EHVWLOO�WLPH�NQDSS�I¡OJHU�PHG�

VNMHUPHQ�XDQVHWW�KYRU�NXQGHQ�JnU�Sn�QHWWVLGHQ��$OWIRU�PDQJH�JM¡U�WDEEHU�KHU�L�IRUP�DY�n�OHGH�

NXQGHU�YHNN�IUD�NM¡SVSODWWIRUPHQ�RJ�RYHU�Sn�VRVLDOH�PHGLHU��KYRU�RJVn�NRQNXUUHQWHQH�

EHILQQHU�VHJ���

���



�

�

,�WLOOHJJ�HU�GHW�NULWLVN�n�IUDPVWn�PHG�HQ�IHOOHV�³VWHPPH´�IUD�EHGULIWHQ�PRW�NXQGHQ�XWDG��+HU�

Pn�PDQ�YLWH�KYHP�PDQ�VQDNNHU�WLO��KYD�GH�EU\U�VHJ�RP��KYD�GH�IRUYHQWHU�IUD�RVV��HWF�IRU�n�

NXQQH�LP¡WHNRPPH�NXQGHQV�EHKRY��'HW�HU�HVVHQVLHOW�n�HWDEOHUH�NODUH�UXWLQHU�RJ�VHWWH�IDVWH�

UDPPHU�Sn�KYRUGDQ�GHWWH�E¡U�IRUHJn�RJ�RYHUKROGH�GLVVH��*RG�NRPPXQLNDVMRQ�PHG�NXQGHQH�

NDQ�JL�P\H�³JUDWLV´�PDUNHGVI¡ULQJ�VRP�I¡OJH�DY�SRVLWLY�RPWDOH��GHOLQJ�L�VRVLDOH�PHGLHU�RJ�GHW�

JMHOGHU�n�IRUVWn�WUHQGHU�VRP�IHNV�E UHNUDIW�RJ�KYRUGDQ�GLVVH�NDQ�SnYLUNH�GHJ�RJ�GLQH�NXQGHU��

+YLONH�SURGXNWHU�RJ�WMHQHVWH�HU�GHW�GH�¡QVNHU�VHJ�RJ�KYD�HU�LPDJHW�UXQGW�GLVVH"��

�

,QIRUPDQWHQ�PHQHU�DW�GHW�HU�YLNWLJ�n�LQYHVWHUH�L�NRPSHWDQVH�IRU�n�NXQQH�IRUVWn�RJ�DQYHQGH�

YHUGLIXOO�NXQGHGDWD�VRP�EOLU�VDPOHW�LQQ�YHG�n�GULYH�RPQLNDQDOW��0DQJH�OHJJHU�ERUW�GHWWH�

QHWWRSS�IRUGL�GHW�NDQ�Y UH�YDQVNHOLJ�RJ�GD�LNNH�VHU�YHUGLHQ�DY�n�Y UH�WLOJMHQJHOLJ�L�IOHUH�

NDQDOHU��VDPW�PDUNHGVI¡ULQJVWLOWDN�Sn�VLNW��'HW�NDQ�Y UH�SUREOHPDWLVN�n�VH�KYRUGDQ�GLVVH�

NRQNUHWH�WLOWDNHQH�SnYLUNHU�DYNDVWQLQJHQ�VRP�HQ�KHOKHW��YHG�DW�IHNV�PDQJH�NXQGHUHLVHU�VWDUWHU�

Sn�QHWW�RJ�HQGHU�RSS�L�I\VLVN�EXWLNN��+DQ�SnSHNHU�RJVn�DW�OHYHULQJVWLG��VDPW�RSWLPDOLVHULQJ�DY�

QHWWEXWLNNHQ�IRU�PRELOSODWWIRUPHQ�SHU�L�GDJ�HU�DOID�RJ�RPHJD�LQQHQIRU�YDUHKDQGHO�L�GH�GLJLWDOH�

NDQDOHQH��0DQJH�NXQGHU�EHV¡NHU�QHWWEXWLNNHQ�YLD�PRELOWHOHIRQHQ�QnU�GH�IHNV�SHQGOHU��GD�

JMHOGHU�GHW�n�KD�JMRUW�GH�ULNWLJH�JUHSHQH�IRU�n�JM¡UH�GHW�HQNOHUH�IRU�GHP�RJ�KDQGOH�EnGH�L�IRUP�

DY�LQQKROG�Sn�QHWWVLGHQ��GHVLJQ��SURGXNWHQH�VRP�VHOJHV��EHWDOLQJVO¡VQLQJHQH�YL�WLOE\U��

OHYHULQJVDOWHUQDWLYHU�RVY�� �

��

,QIRUPDQW����

,QIRUPDQW�QXPPHU�IHP�MREEHU�VRP�&72�KRV�HQ�VW¡UUH�YDUHIRUKDQGOHU��'HQQH�SHUVRQHQ�OD�

YHNW�Sn�DW�GHUHV�EHGULIW�KDGGH�LQYHVWHUW�EHW\GHOLJH�UHVVXUVHU�RYHU�HQ�ODQJ�WLGVSHULRGH�IRU�n�

NRPPH�VHJ�WLO�SRVLVMRQHQ�GHU�GH�EHILQQHU�VHJ�L�GDJ��'HW�EOH�SnSHNW�DW�VSHVLHOW�VW¡UUH�

LQYHVWHULQJHU�LQQHQIRU�,7��VDPW�DQVDWWH�WLO�n�MREEH�PHG�PDVWHUGDWD�YDU�Q¡GYHQGLJ�IRU�n�RSSQn�

GHWWH��,QIRUPDQWHQ�W\GHOLJJMRUGH�DW�GHW�HU�NULWLVN�n�LQWHJUHUH�IRUVNMHOOLJH�V\VWHPHU��RIWH�YHG�n�

KD�HQ�V\VWHPSDNNH�L�EXQQHQ��IRU�n�XQQJn�SUREOHPHU�VRP�NDQ�RSSVWn�JUXQQHW�V\VWHPDUY�

�OHJDF\�V\VWHPV��KYRU�PDQ�KDU�IOHUH�IRUVNMHOOLJH�V\VWHPHU�LQQHQIRU�I�HNV�ODJHUEHKROGQLQJ�Sn�

QHWW�RJ�L�EXWLNN�RJ�VRP�LNNH�ODU�GLVVH�NRPPXQLVHUH�HIIHNWLYW�VDPPHQ�HOOHU�RYHUI¡UH�GDWD�

PHOORP�KYHUDQGUH�Sn�HQ�JRG�PnWH��*RGH�ORJLVWLNNO¡VQLQJHU�EOH�RJVn�XWPHUNHW�VRP�HNVWUHPW�

YLNWLJ�n�KD�L�EXQQHQ�IRU�n�LP¡WHNRPPH�NXQGHEHKRYHW��,�GHUHV�EHGULIW�

���



�

KDU�VHJPHQWHW�PHG�VW¡UVW�YHNVW�Y UW�NOLNN�RJ�KHQW��'DWD�WLOVD�RJVn�DW��������DY�NXQGHUHLVHQH�

VWDUWHW�Sn�QHWW�RJ�DW�PDQJH�DY�GLVVH�HQGWH�RSS�L�I\VLVN�EXWLNN�KYRU�SRWHQVLDOHW�YDU�VWRUW�

JMHQQRP�EUXN�DY�GHQ�I\VLVNH�EXWLNNHQ�VRP�VKRZURRP�RJ�XWOHYHULQJVVWHG�KYRU�NXQGHQH�

NXQQH�EOL�EHGUH�NMHQW�PHG�YDUHU�VDPW�In�DQVLNW�WLO�DQVLNW�UnGJLYQLQJ�IUD�GH�DQVDWWH��'HWWH�JDY�

RJVn�NODUW�SRWHQVLDOH�IRU�RSSVDOJ�RJ�PHUVDOJ�L�IRUP�DY�IHNV�WLOOHJJVSURGXNWHU�VRP�IRUVLNULQJHU�

RVY���

�

'HUHV�EHGULIW�MREEHU�RJVn�PHG�O¡VQLQJHU�IRU�n�IRUWVHWWH�XIXOOI¡UWH�RUGUH�IUD�QHWWHW�L�EXWLNN��

VDPW�KD�WLOJDQJ�WLO�NXQGHQV�¡QVNHOLVWHU�IUD�QHWWHW�L�GHQ�I\VLVNH�EXWLNNHQ��(W�DQQHW�DVSHNW�VRP�

EOH�YLVW�WLO�YDU�DW�GHW�L�KRYHGVDN�RJVn�YDU�IRUGHODNWLJ�n�In�SDUWQHUH�RJ�OHYHUDQG¡UHU�WLO�n�EHQ\WWH�

VHJ�DY�PDQJH�DY�GH�VDPPH�V\VWHPHQH�VRP�L�HJHQ�EHGULIW�GD�GHWWH�JMRUGH�KHOH�

GLVWULEXVMRQVNMHGHQ�PHU�V¡PO¡V���

�

,�SURVHVVHQ�IRU�n�EOL�PHU�RPQLNDQDO�KDGGH�GHUHV�EHGULIW�IXQQHW�GHW�VY UW�KHQVLNWVPHVVLJ�n�

RSSUHWWH�Q\H�UXWLQHU��\WHOVHVLQGLNDWRUHU�RJ�UHVXOWDWPnO�PHG�IRUPnO�RP�n�VDPPHQVWLOOH�

LQVHQWLYHU�KRV�GH�IRUVNMHOOLJH�DNW¡UHQH�L�EHGULIWHQ�I�HNV�YDUHKXVVMHIHU�RJ�GH�DQVYDUOLJH�IRU�

QHWWEXWLNNHQ��(Q�DY�O¡VQLQJHQH�KHU�YDU�DW�QnU�NXQGHU�KDQGOHW�Sn�QHWW�WLOIDOW�HQ�DQGHO�DY�VDOJHW�

GHW�JHRJUDILVN�Q UPHVW�SODVVHUWH�YDUHKXVHW��,QIRUPDQWHQ�EHVNUHY�RJVn�NXQGHNOXEE�RJ�

NRPPXQLNDVMRQV�PHG�NXQGHQH�VDPW�GHW�n�VHWWH�VHJ�LQQ�L�WUHQGHU�VRP�E UHNUDIW�VRP�RPUnGHU�

GHW�YDU�YLNWLJ�n�WD�WDN�L��6DPWLGLJ�OD�SHUVRQHQ�WLO�DW�NXOWXUHQ�IRU�NXQGHEHKDQGOLQJ�RJ�VDOJ�

IUHPGHOHV�VWRG�VY UW�VWHUNW�L�EHGULIWHQ�RJ�DW�GHQQH�YDU�NULWLVN�n�EHYDUH�RJVn�L�IUHPWLGHQ�KYLV�

EHGULIWHQ�¡QVNHW�n�EHKROGH�VLQ�SRVLVMRQ�L�PDUNHGHW��

�

,QIRUPDQW�����

,QIRUPDQW�QXPPHU�VHNV�HU�GDJOLJ�OHGHU�HLHU�L�HQ�PLQGUH�GHWDOMHKDQGHOVEHGULIW��+XQ�KDU�OHGHW�

EHGULIWHQ�JMHQQRP�SURVHVVHQ�IUD�n�Y UH�NXQ�I\VLVN�EXWLNN��WLO�n�Qn�WLOE\�YDUHU�Sn�QHWW�L�WLOOHJJ��

'HWWH�EHVNULYHU�KXQ�VRP�NUHYHQGH�JUXQQHW�GHUHV�JDPPHOGDJVH�EUDQVMH��'HW�KDU�EOLWW�JMRUW�

P\H�PDQXHOW�DUEHLG�PHG�n�In�WLQJ�LQQ�L�OLVWHU�RJ�V\VWHPHU��VDPW�RUGQH�RSS�L�YDUHEHKROGQLQJ�

XWHQ�VWUHNNRGHU��,QWHJUHUWH�V\VWHPHU�PHOORP�NDVVHO¡VQLQJ�RJ�ODJHUVWDWXV�L�QHWWEXWLNN�KDU�Y UW�

WLO�VWRU�KMHOS�RJ�HW�VNULWW�L�ULNWLJ�UHWQLQJ��'HW�KDU�EOLWW�JMRUW�WLOWDN�IRU�n�In�QHWWVLGH�RJ�QHWWEXWLNN�

Sn�VDPPH�SODWWIRUP�QRH�VRP�WLGOLJHUH�YDU�VHSDUDW�RJ�GHW�VNDO�E\JJHV�RSS�HW�PHU�

RSSOHYHOVHVEDVHUW�NRQVHSW�L�EXWLNNHQ�L�IUHPWLGHQ��,QIRUPDQWHQ�SnSHNHU�DW�YDUHXWYDOJ�RJ�

���



�

VHUYLFH�IRUWVDWW�HU�HNVWUHPW�YLNWLJ�RJ�DW�IRU�HQ�PLQGUH�EHGULIW�VRP�GHQQH�Pn�P\H�DY�DQVYDUHW�

QHWWEXWLNNHQV�GULIW�NRPPH�XWHQIUD��+XQ�LGHQWLILVHUHU�KHU�NRPPXQLNDVMRQ�PHG�OHYHUDQG¡UHQH�

DY�GLVVH�WMHQHVWHQH�VRP�YHOGLJ�YLNWLJ��VOLN�DW�GH�IRUVWnU�KYD�KHQQHV�EHKRY�VRP�EXWLNNGULYHU�HU�

RJ�NDQ�WLOSDVVH�VHJ�GLVVH��'HW�JnU�LNNH�DQ�n�EDUH�NM¡SH�VHJ�HQ�YHOIXQJHUHQGH�QHWWEXWLNN��WLQJ�

Pn�WLOSDVVHV�RSSJUDGHUHV�RJ�IRUEHGUHV�MHYQOLJ�VLHU�KXQ���

�

�����'DWD�LQQVDPOHW�IUD�VS¡UUHXQGHUV¡NHOVHQ�

)RU�n�XWI\OOH�LQWHUYMXHQH�Vn�EOH�DOOH�LQIRUPDQWHQH�RJVn�WLOVHQGW�HW�VS¡UUHVNMHPD�L�HWWHUNDQW��

5HVVXUVSHUVRQHQH�VRP�EOH�LQWHUYMXHW�IUD�EHGULIWHQH�VYDUWH�KHU�EDVHUW�Sn�KYRU�GH�MREEHU�L�GDJ��

PHQV�HNVSHUWHQH�VYDUWH�EDVHUW�Sn�HUIDULQJ�IUD�EHGULIWHU��5HVXOWDWHQH�IUD�GHWWH�I¡OJHU�XQGHU���

�

6S¡UVPnO� +HOW�
XHQLJ�

'HOYLV�
XHQLJ�

1¡\WUD
O�

'HOYLV�
HQLJ�

+HOW�
HQLJ�

�� c�VNDIIH�WLO�YHLH�GHQ�NRUUHNWH�NRPSHWDQVHQ�
LQQHQ�RPQLNDQDO�KDQGHO�PDUNHGVI¡ULQJ�KDU�
Y UW�HU�HQ�XWIRUGULQJ�

�� � � �� �

�� .XQQVNDS�RP�RPQLNDQDO�KDQGHO�PDUNHGVI¡ULQJ�
YDU�L�VWRU�JUDG�DOOHUHGH�Sn�SODVV�L�EHGULIWHQ�

�� �� � �� ��

�� 1nU�YL�RSSOHYHU�RSSOHYGH�XWIRUGULQJHU�YHG�
LPSOHPHQWHULQJ�Vn�O¡VWH�GLVVH�XWIRUGULQJHQH�VHJ�
L�KRYHGVDN�YHG�EUXN�DY�LQWHUQ�NRPSHWDQVH�

�� � �� �� ��

�� 1nU�YL�RSSOHYHU�RSSOHYGH�XWIRUGULQJHU�YHG�
LPSOHPHQWHULQJ�Vn�EOLU�EOH�GHW�RIWH�EHQ\WWHW�
HNVWHUQ�NRPSHWDQVH�

� �� �� �� �

�� 0DQJOHQGH�NRPSHWDQVH�LQQHQ�RPQLNDQDO�
PDUNHGVI¡ULQJ�KDQGHO�KDU�JLWW�JLU�XWIRUGULQJHU�
YHG�LPSOHPHQWHULQJ�IRU�YnU�EHGULIW�

�� �� �� �� ��

�� 9L�PHQHU�GHW�HU�YLNWLJ�n�MREEH�PHG�PRW�HQ�
RPQLNDQDOVVWUDWHJL�

� � �� �� ��

�� 9L�KDU�HQ�NODU�VWUDWHJL�IRU�n�EOL�
PHU�RSSUHWWKROGH�YnU�VWDWXV�VRP�RPQLNDQDOH�

� �� � �� ��

�� 9L�PHQHU�n�KD�O\NWHV�PHG�n�LPSOHPHQWHUH�HQ�
RPQLNDQDOVVWUDWHJL�

� �� � �� ��

�� 9L�EUXNHU�WLOVWUHNNHOLJ�PHG�NDSLWDO�Sn�
RPQLNDQDO�KDQGHO�PDUNHGVI¡ULQJ�

�� �� � �� ��

���



�

��� ,PSOHPHQWHULQJ�DY�RPQLNDQDO�
KDQGHO�PDUNHGVI¡ULQJ�DQVHHV�n�Y UH�
¡NRQRPLVN�JXQVWLJ�

� � �� �� ��

��� $YNDVWQLQJHQ�YL�InU�VRP�HW�UHVXOWDW�DY�DUEHLG�
PHG�RPQLNDQDO�KDQGHO�PDUNHGVI¡ULQJ�JM¡U�DW�
LQYHVWHULQJHQ�HU�KHQVLNWVPHVVLJ�

� � �� �� ��

��� 'HW�HU�YLNWLJ�n�XWYLNOH�Q\H�UXWLQHU�L�EHGULIWHQ�
IRU�n�VW¡WWH�RSS�SURVHVVHQ�PHG�n�EOL�PHU�
RPQLNDQDO�

� � � �� ��

��� 'HW�HU�YLNWLJ�n�XWYLNOH�Q\H�UHVXOWDWPnO�IRU�n�
VDPPHQVWLOOH�LQFHQWLYHU�KRV�DQVYDUVSHUVRQHU�L�
GH�IRUVNMHOOLJH�NDQDOHQH�

� � �� � ��

��� 9L�EHQ\WWHU�HNVWHUQH�NRQVXOHQWHU�E\Un�IRU�
ELVWDQG�L�SURVHVVHQ�PHG�n�EOL�IRUWVHWWH�n�Y UH�
RPQLNDQDOH�

�� �� �� �� ��

��� 9L�JM¡U�JMRUGH�VWRUH�GHOHU�DY�SURVHVVHQ�PHG�
LPSOHPHQWHULQJ�VHOY��LQ�KRXVH���

�� � �� �� ��

��� 3URVHVVHQ�PHG�LPSOHPHQWHULQJ�KDU�Y UW�PHU�
XWIRUGUHQGH�HQQ�IRUYHQWHW�

� � �� �� ��

��� 8WYLNOLQJ�DY�Q\H�UXWLQHU�KDU�Y UW�XWIRUGUHQGH� � � � �� �

��� ,PSOHPHQWHULQJ�DY�Q\H�UXWLQHU�KDU�Y UW�
XWIRUGUHQGH�

� � � �� �

��� 8WYLNOLQJ�DY�Q\H�UHVXOWDWPnO�KDU�Y UW�
XWIRUGUHQGH�

� �� �� �� ��

��� ,PSOHPHQWHULQJ�DY�Q\H�UHVXOWDWPnO�KDU�Y UW�
XWIRUGUHQGH�

� �� �� �� ��

��� ,PSOHPHQWHULQJ�DY�WHNQLVNH�V\VWHPHU�YDU�HU�HQ�
VWRU�XWIRUGULQJ�L�YnU�SURVHVV�

� �� �� �� ��

��� ,PSOHPHQWHULQJ�DY�GH�WHNQLVNH�V\VWHPHU�KDU�
Y UW�HU�HQ�VWRU�NRVWDQG�

� � �� �� ��

��� ,PSOHPHQWHULQJ�DY�RPQLNDQDO�
KDQGHO�PDUNHGVI¡ULQJ�KDU�Y UW�HU�VY UW�
NRVWEDUW�IRU�YnU�EHGULIW�

� �� �� �� �

7DEHOO����6S¡UUHVNMHPD�GHO�����

�

$Y�WDEHOOHQ�PHG�UHVXOWDWHU�NDQ�YL�VH�DW�GHW�L�VWRU�JUDG�HU�YDULDVMRQ�L�GH�XOLNH�LQIRUPDQWHQH�VLQH�

PHQLQJHU�RJ�HUIDULQJHU�RP�WHPD��6YDUHQH�HU�NU\VVMHNNHW�PHG�VYDUHQH�VRP�EOH�JLWW�L�

LQWHUYMXHQH�RJ�VWHPPHU�JRGW�RYHUHQV�PHG�GH�XOLNH�LQIRUPDQWHQHV�¡YULJH�VYDU��9L�VHU�IOHUH�

WLOIHOOHU�DY�DW�LQIRUPDQWHQH�L�VWRU�JUDG�HU�HQLJ��RJ�GHW�HU�GLVVH�WLOIHOOHQH�YL�Qn�YLO�WUHNNH�IUDP��

���



�

'HUPHG�VWDUWHU�YL�PHG�VS¡UVPnO�pQ��³c�VNDIIH�WLO�YHLH�GHQ�NRUUHNWH�NRPSHWDQVHQ�LQQHQ�

RPQLNDQDO�KDQGHO�PDUNHGVI¡ULQJ�KDU�Y UW�HU�HQ�XWIRUGULQJ´��+HU�YDU�GHW�QHVWHQ�HQVWHPPLJ�

GHOYLV�HQLJKHW�RP�DW�GHWWH�YDU�HU�HQ�XWIRUGULQJ��RJ�NXQ�pQ�VRP�VD�VHJ�KHOW�XHQLJ��'HW�YDU�Vn�

HQLJKHW�L�XOLNH�QLYnHU�RP�DW�GHW�HU�YLNWLJ�n�MREEH�PHG�PRW�HQ�RPQLNDQDOVVWUDWHJL���

�

9LGHUH�YDU�GHW�RJVn�HQLJKHW�RP�DW�LPSOHPHQWHULQJ�DY�HQ�RPQLNDQDOVVWUDWHJL�YDU�¡NRQRPLVN�

JXQVWLJ�RJ�DW�DYNDVWQLQJHQ�PDQ�ILNN�DY�GHWWH�JMRUGH�LQYHVWHULQJHQ�KHQVLNWVPHVVLJ��8WYLNOLQJ�

DY�Q\H�UXWLQHU�RJ�XWYLNOLQJ�DY�Q\H�UHVXOWDWPnO�YDU�\WWHUOLJHUH�WR�SXQNWHU�KYRU�LQRIRUPDQWHQH�

YDU�HQLJ�L�DW�GHWWH�YDU�YLNWLJ��'HWWH�EULQJHU�RVV�Vn�YLGHUH�WLO�GH�HQHVWH�WR�VS¡UVPnOHQH�KYRU�DOOH�

LQIRUPDQWHQH�VD�VHJ�GHOYLV�HQLJ��1HPOLJ�DW�XWYLNOLQJ�DY�Q\H�UXWLQHU�KDU�Y UW�XWIRUGUHQGH�RJ�DW�

LPSOHPHQWHULQJ�DY�Q\H�UXWLQHU�KDU�Y UW�XWIRUGUHQGH��7LO�VLVW�ILQQHU�YL�HQLJKHW�KRV�

LQIRUPDQWHQH�RP�DW�LPSOHPHQWHULQJ�DY�WHNQLVNH�V\VWHPHU�KDU�Y UW�HOOHU�HU�HQ�VWRU�NRVWQDG��

�

9LGHUH�L�VS¡UUHVNMHPD�EOH�LQIRUPDQWHQH�EHGW�RP�n�NU\VVH�DY�IRU�KYRU�GH�EHILQQHU�VHJ�L�GDJ��

5HVXOWDWHQH�DY�GHWWH�VHU�YL�XQGHU��0XOWLNDQDO�RJ�RPQLNDQDO�HU�GH�GRPLQHUHQGH�JUXSSHQH�KHU���

�

6S¡UVPnO� (QNDQDO� 0XOWLNDQDO� .U\VVNDQDO� 2PQLNDQDO�

+YRU�PHQHU�GHUH�n�EHILQQH�GHUH�L�
NDQDOVDPPHQKHQJ�SU��L�GDJ"�

� �� �� ��

7DEHOO����6S¡UUHVNMHPD�GHO�����

�

,QIRUPDQWHQH�EOH�EHGW�RP�n�UDQJHUH�XOLNH�WHPD�HWWHU�YLNWLJKHW�L�WR�RPJDQJHU��,�I¡UVWH�UXQGH�

YDU�GHW�WUH�W\SHU�NRPSHWDQVH�L�IRUP�DY��GLJLWDO���NDQDO���RJ�YDUHKDQGHOV�NRPSHWDQVH�VRP�

VNXOOH�YXUGHUHV��'H�XOLNH�SODVVHQH�VRP�LQIRUPDQWHQH�UDQJHUWH�GLVVH�Sn�WLOGHOHV�SRHQJ�HWWHU�

I¡OJHQGH�ORJLNN��'HW�YLNWLJVWH�PRPHQWHW�InU�WUH�SRHQJ��GHUHWWHU�WR�SRHQJ�RJ�GHW�VRP�VHWWHV�VLVW�

InU�HWW�SRHQJ��+HU�VHU�YL�DW�IRUGHOLQJHQ�HU�JDQVNH�MHYQ�PHOORP�NDQDO��RJ�

YDUHKDQGHOV�NRPSHWDQVH��PHQ�DW�GHW�HU�GLJLWDO�NRPSHWDQVH�VRP�LQIRUPDQWHQH�VHWWHU�K¡\HVW���

�

7UH�W\SHU�NRPSHWDQVH� 'LJLWDO� .DQDO� 9DUHKDQGHO�

$QWDOO�SRHQJ� ��� ��� ���

7DEHOO����6S¡UUHVNMHPD�GHO�����

�

���



�

9LGHUH�EOH�LQIRUPDQWHQH�EHGW�RP�n�DUUDQJHUH�I\VLVNH�UHVVXUVHU�HWWHU�VDPPH�SULQVLSS��IRUXWHQ�

RP�DW�GHW�KHU�HU�IHP�XOLNH��'HUPHG�InU�GHQ�YLNWLJVWH�IHP�SRHQJ��GHUHWWHU�ILUH�SRHQJ�RVY��+HU�

HU�JDQVNH�MHYQ��PHQ�GHW�HU�HQ�GHOW�I¡UVWHSODVV�L�YLNWLJKHW�PHOORP�WHNQRORJL�RJ�LQIUDVWUXNWXU��

'HUHWWHU�I¡OJHU�SHUVRQHOO�RJ�WLO�VLVW�GHOHV�SODVVHQ�DY�WLG�RJ�NDSLWDO���

�

9LNWLJKHW�DY�I\VLVNH�
UHVVXUVHU� 7HNQRORJL� ,QIUDVWUXNWXU� 3HUVRQHOO� 7LG� .DSLWDO�

$QWDOO�SRHQJ� ��� ��� ��� ��� ���

7DEHOO����6S¡UUHVNMHPD�GHO�����

�

0RW�VOXWWHQ�DY�VS¡UUHVNMHPDHW�EOH�LQIRUPDQWHQH�EHGW�RP�n�OLVWH�RSS�KYD�VRP�KDU�Y UW�PHVW�

XWIRUGUHQGH�L�SURVHVVHQ��5HVXOWDWHQH�DY�GHWWH�I¡OJHU�L�QHVWH�WDEHOO��HQ�DY�LQIRUPDQWHQH�¡QVNHW�

LNNH�n�VYDUH�Sn�GHQQH���'LVVH�UHVXOWDWHQH�NRPPHU�YL�WLOEDNH�WLO�L�GLVNXVMRQHQ���

�

+YD�L�SURVHVVHQ�KDU�Y UW�PHVW�XWIRUGUHQGH"��

�%HGULIWHQ�PDQJOHU�SURVHVVHU�Sn�WYHUV�DY�NDQDOHQH��
�$QVDWWH�KDU�LNNH�DQVYDU�Sn�WYHUV�DY�NDQDOHQH��
�6\VWHPHU�IXQJHUHU�GnUOLJ�Sn�\YHUV�DY�NDQDOHQH�
�

�%HGULIWHQ�EDVHUHU�VHJ�Sn�JDPOH�V\VWHPHU�VRP�LNNH�KDU�Y UW�RSSGDWHUW�RIWH�QRN�
�1HWWEXWLNNHQ�HU�QRN�Vn�Q\��VDPPHQOLJQHW�PHG�KYRU�OHQJH�EHGULIWHQ�KDU�Y UW�L�1RUJH��RJ�KDU�GHUIRU�LNNH�KHOW�
IXQQHW�VLQ�SODVV�L�EHGULIWHQ��
�8W\GHOLJH�PnO�IRU�VDWVLQJHQ�JM¡U�DW�GHW�JnU�L�U\NN�RJ�QDSS��NRQNUHWH�VPnSURVMHNWHU�VRP�NXQGHNOXEE�LQQI¡UHV��
PHQ�GH�XQGHUOLJJHQGH�SUREOHPHQH�Sn�V\VWHPQLYn�O¡VHV�LNNH��
�

�'HW�HU�XWIRUGUHQGH�HU�n�VH�UHVXOWDWHU�Sn�WYHUV�DY�NDQDOHU��RJ�KYRUGDQ�GLVVH�SnYLUNHU�KYHUDQGUH��
�

�3HUVRQHOO�RJ�NRPSHWDQVH��
�5LNWLJ�HNVWHUQH�OHYHUDQG¡UHU��
�,QWHUQ�NRPPXQLNDVMRQ���IRUVWnHOVH�
�

�7LGHQ��+DGGH�YL�YLVW�KYRU�P\H�WLG�GHW�KDU�WDWW��Vn�KDGGH�YL�QRN�LNNH�VWDUWHW��0\H�WLG�HNVWUD�SJD�GH���SXQNWHQH�
QHGHQIRU��
�0DQJOHQGH���XEUXNHOLJH�GDWDOLVWHU�IUD�OHYHUDQG¡UHU���
�0DQJOHQGH�IDJUHODWHUW�VRIWZDUH���HNVSHUWLVH�KRV�OHYHUDQG¡UHU�DY�QHWWEXWLNNO¡VQLQJHU��
�

��

7DEHOO�����6S¡UUHVNMHPD�GHO�����

�

���



�

�����'DWD�LQQVDPOHW�IUD�GHVN�XQGHUV¡NHOVH��

8QGHU�I¡OJHU�UHVXOWDWHU�IUD�YnU�GHVN�XQGHUV¡NHOVH�DY�����EHGULIWHU��'H�WL�NULWHULHQH�YL�

XQGHUV¡NWH�HU�OLVWHW�RSS�WLO�YHQVWUH�RJ�UHVXOWDWHU�L�DQWDOO�DY�KXQGUH�HU�OLVWHW�RSS�WLO�K¡\UH��

.ULWHULHQH�HU�KHQWHW�IUD�WHRULNDSLWWHOHW��'LVVH�IRUGHOHV�L�WR�NDWHJRULHU��LNNH�HOOHU�GHOYLV�Sn�SODVV�

RJ�Sn�SODVV��'HUHWWHU�HU�GH�VRUWHUW�IUD�PHVW�WLO�PLQVW�Sn�SODVV��8QGHU�YLO�YL�NRPPHQWHUH�QRHQ�

DY�UHVXOWDWHQH���

�

.ULWHULXP� $QWDOO�
LNNH�GHOYLV�
Sn�SODVV�

$QWDOO�Sn�
SODVV�

1HWWEXWLNN�PHG�OHYHULQJ�KMHP�WLO�SRVWNRQWRU� ��� ���

,QQORJJLQJ�IRU�n�WD�PHG�WD�YDUH�Sn�KDQGOHNXUYHQ� ��� ���

7LOJMHQJHOLJ�L�VRVLDOH�PHGLHU�PHG�pQ�IHOOHV�VWHPPH� ��� ���

/DJHUVWDWXV�IRU�I\VLVN�EXWLNN�Sn�QHWW� ��� ���

.OLNN�	�KHQW� ��� ���

/LN�SULV�LQIR�L�XOLNH�NDQDOHU�SODWWIRUPHU� ��� ���

&KDW�H�SRVW�WHOHIRQ� ��� ���

)¡OHOVH�DY�V¡PO¡VKHW�L�KDQGOHRSSOHYHOVHQ�Sn�QHWW� ��� ���

%\WWH�UHWXUQHUH�YDUHU�NM¡SW�Sn�QHWW�L�I\VLVN�EXWLNN� ��� ���

$SS�PHG�YDUHRSSO\VQLQJV��RJ�EHVWLOOLQJVPXOLJKHWHU� ��� ���

7DEHOO�����'HVN�XQGHUV¡NHOVH���

�

1nU�YL�VWXGHUHU�WDEHOOHQ�RYHU�Vn�EOLU�GHW�NODUW�DW�YL�KDU�ILUH�NULWHULHU�VRP�XWPHUNHU�VHJ��'HWWH�HU�

GH�WR�¡YHUVWH�NULWHULHQH�KYRU�RYHU����SURVHQW�KDU�GHWWH�Sn�SODVV��RJ�GH�WR�VLVWH�NULWHULHQH�KYRU�

XQGHU����SURVHQW�KDU�GHWWH�Sn�SODVV��2P�YL�Vn�VHU�WLO�GH�WR�¡YHUVWH�NULWHULHQH�LJMHQ�Vn�VHU�YL�DW�

GHWWH�HU��QHWWEXWLNN�PHG�OHYHULQJ�KMHP�WLO�SRVWNRQWRU�RJ�LQQORJJLQJ�IRU�n�WD�PHG�WD�YDUH�Sn�

KDQGOHNXUYHQ��'LVVH�WR�KHQJHU�VWHUNW�VDPPHQ�GD�PDMRULWHWHQ�DY�GH�VRP�WLOE\U�QHWWEXWLNN�RJVn�

WLOE\U�PXOLJKHWHQ�IRU�n�ORJJH�LQQ�RJ�WD�YDUH�Sn�KDQGOHNXUYHQ�HOOHU�WD�GHQ�PHG�VHJ�YLGHUH��,�DOW�

HU�GHW�NXQ�IHP�DNW¡UHU�VRP�WLOE\U�I¡UVWQHYQWH�XWHQ�n�LQNOXGHUH�VLVWQHYQWH���

���



�

�

1nU�YL�EHILQQHU�RVV�L�PRWVDWW�HQGH�Vn�VHU�YL�DW�GHW�HU��E\WWH�UHWXUQHUH�YDUHU�NM¡SW�Sn�QHWW�L�

I\VLVN�EXWLNN�RJ�DSS�PHG�YDUHRSSO\VQLQJ��RJ�EHVWLOOLQJVPXOLJKHWHU�VRP�KDYQHU�Sn�EXQQHQ��

+HU�Vn�YL�L�IRUELQGHOVH�PHG�E\WWH�UHWXU�DY�YDUHU�NM¡SW�Sn�QHWW�L�I\VLVN�EXWLNN�DW�GHW�GXNNHW�RSS�

XOLNH�IRUUHWQLQJVPRGHOOHU��)OHUH�WLOE\U�NXQGHQH�n�IULWW�E\WWH�UHWXUQHUH��PHQV�DQGUH�GULIWHU�

QHWWEXWLNNHQ�VHSDUDW�IUD�GH�I\VLVNH�EXWLNNHQH�RJ�NUHYHU�GD�DW�YDUHQH�Pn�VHQGHV�L�UHWXU�WLO�

GHQQH��$QGUH�KDU�RSSVHWW�KYRU�NXQGHQ�NXQ�InU�E\WWH�UHWXUQHUH�GLVVH�YDUHQH�L�XWYDOJWH�EXWLNNHU��

3XQNWHW�IRU�DSS�HU�GHW�VRP�NODUW�VNLOOHU�VHJ�XW�VRP�GHQ�VW¡UVWH�PDQJHOHQ��2YHU����SURVHQW�DY�

GH�XQGHUV¡NWH�DNW¡UHQH�PDQJOHU�GHWWH��'HW�HU�L�GHQQH�VDPPHQKHQJ�YHUGW�n�QHYQH�DW�HQ�VWRU�

DQGHO�DY�DNW¡UHQH�KDU�QHWWVWHGHU�VRP�HU�WLOSDVVHW�PRELOWHOHIRQ��PHQ�GLVVH�JLU�LNNH�GHQ�VDPPH�

IXQNVMRQDOLWHWHQ�VRP�NXQQH�Y UW�PXOLJ�YHG�HQ�DSS�� �

�

'HW�VLVWH�NULWHULHW�YL�YLO�NRPPHQWHUH�HU��I¡OHOVH�DY�V¡PO¡VKHW�L�KDQGOHRSSOHYHOVHQ��)RU�n�PnOH�

GHWWH�EOH�GHW�XWI¡UW�NM¡S�VRP�Vn�EOH�DYEUXWW�L�DOOH�EXWLNNHQH��'HWWH�EOH�JMHQQRPI¡UW�KHOW�RSS�WLO�

EHWDOLQJVSXQNWHW�EnGH�IRU�EHVWLOOLQJ�L�QHWWEXWLNN�PHG�KMHPOHYHULQJ�RJ�NOLNN�	�KHQW��7LQJ�VRP�

EOH�YXUGHUW�YDU�EODQW�DQQHW�KYRU�HQNHOW�GHW�YDU�n�OHJJH�HQ�YDUH�L�KDQGOHNXUYHQ��n�ILQQH�

ODJHUVWDWXV��n�I\OOH�LQQ�OHYHULQJVLQIRUPDVMRQ��EHWDOLQJVO¡VQLQJHU��VDPW�GHW�JHQHUHOOH�LQQWU\NNHW�

PDQ�ILNN�VRP�NXQGH��+HU�VHU�YL�HQ�WLOQ UPHW�������SURVHQWYLV�IRUGHOLQJ��VRP�JMRUGH�DW�

NULWHULHW�Vn�YLGW�LNNH�KDYQHW�L�JUXSSHQ�PHG�GH�XQGHU�����Sn�SODVV���

�

�

�

�

�

�

�

�

�

�

�

�

���



�

���'LVNXVMRQ�

9L�YLO�L�GHWWH�NDSLWWHOHW�GLVNXWHUH�YnUH�IXQQ��SUHVHQWHUW�L�DQDO\VHNDSLWWHOHW��RSS�L�PRW�WLGOLJHUH�

IRUVNQLQJ�RJ�WHRUL�LQQHQIRU�HPQHW��9L�YLO�VH�Sn�OLNKHWHU�RJ�XOLNKHWHU�YHG�GH�IRUVNMHOOLJH�

LQIRUPDQWHQHV�VYDU�RJ�SU¡YH�n�VNDIIH�RVV�G\SHUH�LQQVLNW�RJ�IRUVWnHOVH�UXQGW�KYD�VRP�PHQHV�

UXQGW�WHPDHW��9nU�KHQVLNW�HU�KHU�n�VYDUH�Sn�YnU�SUREOHPVWLOOLQJ���

�

³2PQLNDQDO�KDQGHO�PDUNHGVI¡ULQJ���KYLONH�XWIRUGULQJHU�KDU�EHGULIWHU�YHG�LPSOHPHQWHULQJ"��

�

)RU�n�NXQQH�JM¡UH�GHWWH�Sn�HQ�JRG�PnWH�HU�GHW�Q¡GYHQGLJ�n�GLVNXWHUH�RJ�EHVYDUH�YnUH�

IRUVNQLQJVVS¡UVPnO���

�

�����)RUVNQLQJVVS¡UVPnO�����

+YD�PHQHU�JHQHUDVMRQ�]�HU�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�

KDQGHO�PDUNHGVI¡ULQJ"��

�

6S¡UVPnOHQH�VRP�EOH�EHVYDUW�DY�JHQHUDVMRQ�]�YLVHU�WLO�IOHUH�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�

DY�RPQLNDQDO�KDQGHO�PDUNHGVI¡ULQJ��6RP�YLVW�WLO�WLGOLJHUH�Vn�HU�GHW�WR�NDWHJRULHU�VRP�VWLNNHU�

VHJ�V UOLJ�XW�L�GHQQH�XQGHUV¡NHOVHQ�L�IRUP�DY��³LQWHJUDVMRQ�PHOORP�NDQDOHU´�RJ�

³OHYHULQJ�UHWXU�RJ�ODJHUEHKROGQLQJ´��,QIRUPDQWHQH�YLVHU�RJVn�YLNWLJKHWHQ�DY�GH�¡YULJH�

NDWHJRULHQH�L�WDEHOO����PHQ�GHW�HU�DOWVn�GLVVH�VRP�NODUW�VNLOOHU�VHJ�XW��RJ�YL�YLO�XQGHUV¡NH�PKW��

WHRULHQ���

�

1nU�YL�VHU�WLO�LQWHJUDVMRQ�PHOORP�NDQDOHU�Vn�EHPHUNHW�YL�WLGOLJHUH�DW�GHW�SnSHNHV�IOHUH�

PRPHQWHU�VRP��OLN�LQIRUPDVMRQ�RJ�JRG�NRPPXQLNDVMRQ�PHOORP�XOLNH�NDQDOHU��ODJULQJ�DY�

NXQGHGDWD�RJ�NYLWWHULQJHU�L�NRQWR�PHG�DXWRPDWLVN�LQQORJJLQJ�XOLNH�VWHGHU��VDPW�PXOLJKHWHQ�

IRU�n�VHQHUH�IXOOI¡UH�NM¡S�HW�DQQHW�VWHG��.XQGHGDWD��NYLWWHULQJHU�R�O��HU�LQIRUPDVMRQ�VRP�

YDUHKDQGHOVEHGULIWHU�RIWH�LQQHKDU�IUD�WLGOLJHUH��/LNHYHO�HU�GHW�LNNH�JLWW�DW�GHQQH�HU�WLOJMHQJHOLJ�

Sn�PnWHQ�VRP�JHQHUDVMRQ�]�¡QVNHU���

���



�

�

)RU�n�RSSQn�GHWWH�Vn�Pn�V\VWHPHQH�VQDNNH�VDPPHQ��QRH�VRP�RJVn�EOH�SRHQJWHUW�DY�

LQIRUPDQWHQH�KHU���'HWWH�VW¡WWHU�GD�+�EQHU�HW�DO���������VLQ�DUWLNNHO�³5HWDLO�ORJLVWLFV�LQ�WKH�

WUDQVLWLRQ�IURP�PXOWL�FKDQQHO�WR�RPQL�FKDQQHO´��VRP�EODQW�DQQHW�NRQNOXGHUHU�PHG�DW�

RPJM¡ULQJ�IUD�PXOWL��WLO�RPQLNDQDO�NUHYHU�LQWHJUDVMRQ�RJ�HNVSDQVMRQ�DY�EHGULIWHQV�

HNVLVWHUHQGH�LQIUDVWUXNWXU��+�EQHU�HW�DO���������YLVHU�RJVn�WLO�DW�,7�RJ�ODJHUV\VWHPHU�Pn�

NRPPXQLVHUH�RJ�VNDSH�V\QHUJL�Sn�WYHUV�DY�V\VWHPHU�RJ�NDQDOHU��'H�NRQNOXGHUHU�Vn�PHG�DW�

GHWWH�YLO�EHGUH�VHUYLFHWLOEXGHW�IRU�NXQGHQ���

�

'HWWH�EULQJHU�RVV�YLGHUH�WLO�SXQNWHW�IRU�OHYHULQJ�UHWXU�RJ�ODJHUEHKROGQLQJ��+HU�QHYQHV�

YLNWLJKHWHQ�DY�IOHNVLEOH�OHYHUDQVH�O¡VQLQJHU��%nGH�L�IRUP�DY�NOLNN�RJ�KHQW��KMHPOHYHULQJ��

OHYHULQJ�WLO�SRVWNRQWRU�HOOHU�SDNNHERNV��'HW�SRHQJWHUHV�RJVn�DW�GHW�HU�YLNWLJ�PHG�JRGH�

O¡VQLQJHU�IRU�UHWXU�L�EXWLNN�DY�YDUHU�NM¡SW�Sn�QHWW��RJ�DW�PXOLJKHWHQ�IRU�n�XQGHUV¡NH�ODJHUVWDWXV�

EnGH�Sn�QHWW�RJ�L�I\VLVN�EXWLNN�HU�WLOVWHGH��'HUPHG�ILQQHU�YL�\WWHUOLJHUH�VW¡WWH�IRU�ULNWLJKHWHQ�DY�

+�EQHU�HW�DO���������VLQ�QHYQWH�DUWLNNHO��)HOOHVQHYQHUHQ�IRU�GHW�VRP�JHQHUDVMRQ�]�PHQHU�HU�

YLNWLJ�HU�JRG�LQWHJUDVMRQ�RJ�LQIRUPDVMRQVIO\W�PHOORP�XOLNH�NDQDOHU���

�

�

�����)RUVNQLQJVVS¡UVPnO���RJ����

+YD�PHQHU�HNVSHUWHU�HU�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�

KDQGHO�PDUNHGVI¡ULQJ"�±�+YD�PHQHU�EHGULIWHU�HU�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�

RPQLNDQDO�KDQGHO�PDUNHGVI¡ULQJ"��

�

(WWHU�DW�UHVXOWDWHQH�IUD�XQGHUV¡NHOVHQH�YDU�VDPOHW�LQQ�RJ�JMHQQRPJnWW�EOH�GHW�W\GHOLJ�DW�

VYDUHQH�YL�ILNN�IUD�HNVSHUWHQH�RJ�EHGULIWHQH�L�VWRU�JUDG�YDU�VDPPHQIDOOHQGH��'HWWH�KDU�WUROLJ�

VDPPHQKHQJ�PHG�DW�HNVSHUWHQH�KDGGH�HUIDULQJ�IUD�EHGULIWHU�VHOY��9L�ILQQHU�GHW�GHUIRU�

KHQVLNWVPHVVLJ�n�GLVNXWHUH�UHVXOWDWHQH�IUD�GLVVH�WR�IRUVNQLQJVVS¡UVPnO�VDPPHQ���

�

�

�

���



�

,QWHJUDVMRQ�PHOORP�NDQDOHU�V\VWHPHU�

9nUH�IXQQ�W\GHU�Sn�DW�GHW�HU�VWRU�HQLJKHW�EODQW�LQIRUPDQWHQH�RP�DW�GHW�HU�NULWLVN�n�LQWHJUHUH�

GLYHUVH�V\VWHPHU�L�EUXN�Sn�WYHUV�DY�NDQDOHU��IRU�n�L�GHW�KHOH�WDWW�NXQQH�RSHUHUH�RPQLNDQDOW��

'HWWH�VW¡WWHV�DY�GHILQLVMRQHQ�YL�WLGOLJHUH�SUHVHQWHUWH�L�WHRULNDSLWWHOHW��VRP�OD�YHNW�Sn�DW�GHW�

QHWWRSS�HU�GHQQH�V¡PO¡VH�IULNVMRQVIULH�RYHUJDQJHQ�PHOORP�NDQDOHU�VRP�XWJM¡U�HVVHQVHQ�L�

RPQLNDQDO�KDQGHO��%HFN�	�5\JO���������,�SUDNVLV�LQQHE UHU�GHWWH�GD�DW�DOW�IUD�NDVVDV\VWHPHU�L�

I\VLVN�EXWLNN��EHWDOLQJVO¡VQLQJHU�L�QHWWEXWLNNHQ�RJ�ODJHUV\VWHPHU�L�I\VLVN�EXWLNN�RJ�L�

QHWWEXWLNN��VRP�L�IOHUH�WLOIHOOHU�NDQ�Y UH�VHSDUHUW��Sn�HQ�HOOHU�DQQHQ�PnWH�Pn�NRPPXQLVHUH�RJ�

VDPDUEHLGH��9nUH�LQIRUPDQWHU�EHO\VHU�KHU�DW�XWIRUGULQJHQH�GD�RIWH�NRPPHU�L�IRUP�DY�GHW�GH�

EHVNULYHU�VRP�³OHJDF\�V\VWHPV´�HOOHU�GHW�VRP�YL�Sn�QRUVN�NDOOHU�V\VWHPDUY���

�

'D�GH�IOHVWH�YDUHKDQGHOVEHGULIWHU�WLGOLJHUH�KDU�RSHUHUW�VRP�HQNDQDOH��HOOHU�PXOWLNDQDOH�HU�RIWH�

UHDOLWHWHQ�VOLN�DW�GH�VLWWHU�LJMHQ�PHG�V\VWHPHU�IUD�GHQQH�SHULRGHQ�VRP�UHWW�RJ�VOHWW�LNNH�HJQHU�

VHJ�WLO�RPQLNDQDO�GULIW��'HW�NUHYHV�GD�EHW\GHOLJH�LQYHVWHULQJHU�IRU�n�WLOSDVVH�GH�JDPOH�

V\VWHPHQH�GHQQH�W\SHQ�GULIW�HOOHU�DQVNDIIHOVH�DY�KHOW�Q\H�V\VWHPHU�VRP�NDQ�O¡VH�GH�Q\H�

RSSJDYHQH��'HW�HU�KHOOHU�LNNH�VLNNHUW�EHGULIWHQ�LQQHKDU�NRPSHWDQVHQ�WLO�n�GULIWH�GH�Q\H�

V\VWHPHQH�RJ�GD�Pn�GHW�RJVn�SnUHJQHV�NRVWQDGHU�IRU�RXWVRXUFLQJ��RSSO ULQJ��HWF��'LVVH�VWRUH�

NRVWQDGHQH�SnSHNHV�RJVn�DY�YnUH�LQIRUPDQWHU�RJ�GH�XWWU\NNHU�DW�GH�GD�Pn�VHV�L�VDPPHQKHQJ�

PHG�EHGULIWHQV�VW¡UUHOVH��NDSLWDO��NXQGHU�RJ�SURGXNWSRUWHI¡OMH�I¡U�O¡QQVRPKHWHQ�DY�HQ�

LPSOHPHQWHULQJ�DY�RPQLNDQDOVWUDWHJL�NDQ�YXUGHUHV���

�

)OHUH�VWXGLHU�LQNOXGHUW�/DUNH�HW�DO����������EHO\VHU�KYRU�YLNWLJ�GHW�QHWWRSS�HU�n�SODQOHJJH�HQ�

HYHQWXHOO�LPSOHPHQWHULQJVSURVHVV�VWUDWHJLVN�XW�IUD�QHYQWH�IDNWRUHU��'HQQH�GLVNXVMRQHQ�RP�

NRQNXUUDQVHIRUGHOHU�VRP�VNDO�OHGH�WLO�EHGUH�O¡QQVRPKHW�YHG�LPSOHPHQWHULQJ�DY�HQ�

RPQLNDQDOVWUDWHJL�E¡U�RJVn�VHV�Sn�L�IRUKROG�WLO�DW�GHW�ILQQHV�OLWWHUDWXU�VRP�WDOHU�EHJJH�YHLHU��

)RU�HNVHPSHO�WDOHU�5LJE\��������RJ�9HUKRHI�HW�DO���������IRU�DW�GHWWH�HU�WLOIHOOH��PHQV�<UM|Ol�

HW�DO���������SnVWnU�DW�PXOWLNDQDO�VWUDWHJLHU�NDQ�RSSQn�GHQ�VDPPH�NXQGHYHUGLHQ��<UM|Ol�HW�DO��

�������DUJXPHQWHUHU�GHUPHG�IRU�DW�GHW�IRU�PDQJH�LNNH�HU�KHQVLNWVPHVVLJ�n�WD�Sn�VHJ�GH�VWRUH�

NRVWQDGHQH�LPSOHPHQWHULQJVSURVHVVHQ�DY�HQ�RPQLNDQDOVWUDWHJL�I¡UHU�PHG�VHJ���

�

�

�

���



�

6DPDUEHLG�PHOORP�EHGULIWVHQKHWHU�

(W�DQQHW�DVSHNW�YnUH�LQIRUPDQWHU�JLNN�JUXQGLJ�WLO�YHUNV�PHG�n�IRUNODUH�QnU�YL�ED�GHP�EHVNULYH�

XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�YDU�VDPDUEHLGHW�PHOORP�GH�IRUVNMHOOLJH�

EHGULIWVHQKHQWHQH��'H�EOH�L�PDQJH�WLOIHOOHU�EHVNUHYHW�DW�GHW�LNNH�YDU�JRG�QRN�NRPPXQLNDVMRQ�

PHOORP�SHUVRQHU�Sn�GH�IRUVNMHOOLJH�DQVYDUVRPUnGHQH��)RU�HNVHPSHO�NXQQH�QHWWEXWLNNHQ�NM¡UH�

VHSDUDWH�WLOEXG�RJ�NDPSDQMHU�IUD�GH�I\VLVNH�EXWLNNHQH�XWHQ�DW�GLVVH�YDU�NODU�RYHU�GHWWH��(W�

DQQHW�HNVHPSHO�YDU�DW�DQVYDUOLJH�IRU�VRVLDOH�PHGLHU�IRU�EHGULIWHQ�Sn�NRQVHUQQLYn�IRU�HNVHPSHO�

NXQQH�NRPPXQLVHUH�PHG�NXQGHQH�Sn�HQ�KHOW�DQQHQ�PnWH�HQ�PLQGUH�EXWLNNHU�L�NRQVHUQHW�

JMRUGH�JMHQQRP�VLQH�VRVLDOH�PHGLHU���

�

,�WLOOHJJ�EOH�GHW�QHYQW�DW�GHW�L�QRHQ�WLOIHOOHU�KDGGH�EOLWW�RSSGDJHW�ILHQGWOLJH�KROGQLQJHU�KRV�GH�

DQVDWWH�L�GHQ�I\VLVNH�EXWLNNHQ�PRW�EHGULIWHQV�HJHQ�QHWWEXWLNN�Sn�JUXQQ�DY�DW�GHQQH�EOH�DQVHWW�

VRP�n�VWMHOH�IUD�GHUHV�IRUWMHQHVWH��'HUPHG�NXQQH�QRHQ�DQVDWWH�ILQQH�Sn�n�DNWLYW�MREEH�PRW�DW�

NXQGHQH�KDQGOHW�L�QHWWEXWLNNHQ�RJ�L�YHUVWH�IDOO�GULYH�GHP�ERUW�IUD�SRWHQVLHOOH�VDOJ�L�EHJJH�

NDQDOHU��3nVWDQGHQ�RP�NDQQLEDOLVHULQJ�VW¡WWHV�RJVn�RSS�JMHQQRP�DUWLNNHOHQ�WLO�6HEDVWLDQ�%DDO��

KYRU�IRUIDWWHUHQ�ILQQHU�SRVLWLY�NRUUHODVMRQ�PHOORP�n�PDUNHGVI¡UH�OLNW�L�DOOH�NDQDOHU�RJ�DW�GHW�

GD�RSSVWnU�NDQQLEDOLVHULQJ�L�GLVVH�NDQDOHQH��%DDO��������0HG�DQGUH�RUG�EHW\U�GHWWH�DW�VHOY�YHG�

HQ�VXNVHVVIXOO�RJ�RPQLNDQDO�PDUNHGVI¡ULQJVVWUDWHJL�YLO�NXQGHU�RIWH�EHJ\QQH�NXQGHUHLVHQ�L�HQ�

NDQDO�IRU�n�Vn�Sn�HW�VHQHUH�WLGVSXQNW�JMHQQRPI¡UH�VHOYH�NM¡SHW�L�HQ�DQQHQ���

�

9nUH�LQIRUPDQWHU�XWG\SHU�YLGHUH�DW�XWYLNOLQJ�DY�Q\H�UXWLQHU��Q¡NNHOWDOO��UHVXOWDWPnO�RJ�

LQFHQWLYSURJUDPPHU�HU�NULWLVN�IRU�n�IRU�n�IUHPPH�NRPPXQLNDVMRQ�RJ�VDPDUEHLG�PHOORP�GH�

IRUVNMHOOLJH�EHGULIWVHQKHWHQH�RJ�GHUPHG�GHQ�RPQLNDQOH�VWUDWHJLHQ�VRP�KHOKHW��6DPPHQVWLOOLQJ�

DY�LQFHQWLYHU�YHG�DW�IRU�HNVHPSHO�HQ�DQGHO�DY�KYHUW�VDOJ�L�QHWWEXWLNNHQ�WLOIDOOHU�GHQ�Q UPHVW�

SODVVHUWH�I\VLVNH�EXWLNN�NDQ�RJVn�ELGUD�WLO�DW�GHW�LNNH�RSSVWnU�PRWNXOWXUHU�VRP�L�GHW�WLGOLJHUH�

RPWDOWH�HNVHPSHOHW��'LVVH�XWWDOHOVHQH�EHNUHIWHU�RJVn�LJMHQ�KYRU�YLNWLJ�GHW�HU�n�WHQNH�Sn�

LPSOHPHQWHULQJHQ�DY�RPQLNDQDO�VRP�HQ�VWUDWHJLVN�SURVHVV��/DUNH�HW�DO�����������

�

0nOUHWWHW�PDUNHGVI¡ULQJ�RJ�DQDO\VH�DY�NXQGHGDWD��

9nUH�LQIRUPDQWHU�NRP�PHG�PDQJH�JRGH�LQQVSLOO�RJVn�XQGHU�GHQQH�NDWHJRULHQ��'HW�YDU�L�

WLOOHJJ�EUHG�HQLJKHW�RP�DW�GHW�KHU�IRUHOLJJHU�VSHVLHOW�P\H�XWDSSHW�SRWHQVLDOH�L�IUHPWLGHQ��9HG�

EUXN�DY�RSSVDPOHW�NXQGHGDWD�Sn�WYHUV�DY�DOOH�NDQDOHU�NDQ�EHGULIWHU�L�P\H�VW¡UUH�JUDG�GDQQH�

���



�

VHJ�HW�ELOGH�DY�VLQH�NXQGHUV�EHKRY��*MHQQRP�XWYLNOLQJ�DY�DOJRULWPHU�NDQ�NXQGHGDWD�EUXNHV�WLO�

SHUVRQLILVHUW�RJ�PnOUHWWHW�PDUNHGVI¡ULQJ�PRW�KYHU�HQNHO�NXQGH��3HUVRQLILVHUWH�NDPSDQMHU��

UDEDWWHU�RJ�WLOEXG�NDQ�ELGUD�WLO�n�WLOE\�P\H�K¡\HUH�NXQGHYHUGL�HQQ�NRQNXUUHQWHU�RJ�GHUPHG�

Y UH�HQ�NRQNXUUDQVHIRUGHO��)RU�DW�GHWWH�VNDO�IXQJHUH�Pn�VRP�VDJW�GDWD�VDPOHV�LQQ�Sn�WYHUV�DY�

NDQDOHQH�RJ�HQ�RPQLNDQDOVWUDWHJL�NDQ�L�P\H�VW¡UUH�JUDG�VW¡WWH�RSS�XQGHU�HQ�VOLN�LQQVDPOLQJ��

IRUGL�V\VWHPHU�L�GH�IRUVNMHOOLJH�NDQDOHQH�HU�L�VWDQG�WLO�GHOH�GDWD�RJ�NRPPXQLVHUH�HIIHNWLYW�PHG�

KYHUDQGUH���

�

9LGHUH�YLVHU�IRUVNQLQJ�IUD�9HUKRHI�HW�DO���������DW�V¡PO¡V�LQWHJUHULQJ�DY�NDQDOHU�ELGUDU�WLO�DW�

NXQGHU�DVVRVLHUHU�RSSOHYHOVHU�WLO�GHQ�JLWWH�PHUNHYDUHQ�VRP�KHOKHW�L�VWHGHW�IRU�NXQ�NDQDOHQ�GH�

EUXNHU��+YLV�GLVVH�RSSOHYHOVHQH�GD�HU�SRVLWLYH�ELGUDU�GH�WLO�n�VW\UNH�PHUNHYDUHQ�VRP�KHOKHW��

'HW�KDU�RJVn�IRUHNRPPHW�WLOVYDUHQGH�UHVXOWDWHU�RP�DW�RPQLNDQDOH�NRQVHSWHU�HU�PHG�Sn�n�

VW\UNH�PHUNHYDUHQ�RJ�ELGUD�WLO�NXQGHORMDOLWHW�L�DUEHLGHW�WLO�/L�HW�DO���������VDPW�%DDO���������

/LNHYHO�HU�GHW�YHUGW�n�PHUNH�VHJ�SUREOHPVWLOOLQJHQ�+HLW]�6SDKQ���������EHO\VHU�KYRU�NXQGHU�

NDQ�HQGH�RSS�PHG�n�Y UH�JUDWLVSDVVDVMHUHU�KHOW�IUDP�WLO�VLVWH�LQVWDQV�IRU�n�Vn�KRSSH�DY�RJ�

NM¡SH�SURGXNWHW�ELOOLJHUH�HW�DQQHW�VWHG��(Q�DY�O¡VQLQJHQH�Sn�GHWWH�HU�n�LQWHJUHUH�HQ�

SULVVDPPHQOLJQLQJVWMHQHVWH�L�VLQH�HJQH�NDQDOHU�IRU�n�IRUKLQGUH�DW�NXQGHU�KRSSHU�DY�IRU�n�

VMHNNH�DQGUH�VWHGHU�RJ�NDQVNMH�LNNH�NRPPHU�WLOEDNH��+HLW]�6SDKQ���������6DPWLGLJ�YLVHU�

VWXGLHQ�DW�UHVXOWDWHQH�SnYLUNHV�DY�KYD�VODJ�SURGXNWHU�VRP�VHOJHV�GHUIRU�Pn�GHWWH�RJVn�

YXUGHUHV�I¡U�PDQ�GUDU�NRQNOXVMRQHU��+HLW]�6SDKQ��������� �

�

,QIRUPDQWHQH�\WUHU�RJVn�DW�GHW�HU�SRWHQVLDOH�L�NXQGHGDWD�Sn�JUXSSHQLYn�IRU�n�DYGHNNH�VW¡UUH�

KDQGOLQJVP¡QVWUH�RJ�WUHQGHU�L�PDUNHGHW�VRP�LJMHQ�NDQ�EUXNHV�WLO�n�NRUULJHUH�IRU�HNVHPSHO�

EHGULIWHQV�LQQNM¡SVUXWLQHU��8WIRUGULQJHQH�VRP�EOLU�LGHQWLILVHUW�DY�YnUH�LQIRUPDQWHU�XQGHU�

GHQQH�NDWHJRULHQ�KHQJHU�WHWW�VDPPHQ�PHG�V\VWHPHU�IRU�n�IDQJH�RSS�RJ�ODJUH�NXQGHGDWD��QRH�

YL�KDU�GLVNXWHUW�L�WLGOLJHUH�GHONDSLWWHO��'HW�RSSIDWWHV�RJVn�VRP�VY UW�XWIRUGUHQGH�IRU�V UOLJ�

PLQGUH�EHGULIWHU�n�XWYLNOH�NRPSHWDQVHQ�VRP�WUHQJV�IRU�n�DQDO\VHUH�GHQQH�W\SH�GDWD�RJ�XWYLNOH�

DOJRULWPHU�XWHQ�n�Jn�WLO�PDUNHGHW�VRP�LJMHQ�NDQ�Y UH�VY UW�NRVWQDGVGULYHQGH��)RU�PDQJH�

PLQGUH�EHGULIWHU�IRUEOLU�QHWWRSS�GHQQH�W\SHQ�SHUVRQLILVHUW�RJ�PnOUHWWHW�PDUNHGVI¡ULQJ�QHG�PRW�

HQNHOWNXQGHU�GHUIRU�HQ�IMHUQ�GU¡P�VHOY�Sn�VLNW��,�PRWVHWQLQJ�WLO�VYDUHQH�IUD�JHQHUDVMRQ�]�EOH�

GHW�LNNH�XWWU\NW�OLNH�VWRUH�EHN\PULQJHU�IRU�DVSHNWHW�UXQGW�SHUVRQYHUQ�IUD�GLVVH�LQIRUPDQWHQH���

�

���



�

/HYHULQJ�UHWXU�RJ�ODJHUEHKROGQLQJ�

8QGHU�GHQQH�NDWHJRULHQ�HU�LQIRUPDQWHQH�HQLJH�RP�DW�GHW�HU�YLNWLJ�n�Y UH�IOHNVLEHO�RYHUIRU�

NXQGHQ�RJ�WLOE\�HW�EUHGW�XWYDOJ�DY�OHYHULQJ�UHWXU�DOWHUQDWLYHU��'HWWH�NDQ�Y UH�DOW�IUD�NOLNN�RJ�

KHQW��EUXN�DY�SRVWHQV�SDNNHERNVHU��SRVWRUGUH�PHG�KMHPOHYHULQJ�HOOHU�UHWXU�L�I\VLVN�EXWLNN�DY�

YDUHU�NM¡SW�Sn�QHWW��9HG�n�WLOE\�PDQJH�DOWHUQDWLYHU�ELGUDU�PDQ�WLO�n�IRUHQNOH�NM¡SVEHVOXWQLQJHQ�

IRU�NXQGHQ�IRUGL�PDQ�PLQLPHUHU�IULNVMRQHQ�VRP�NDQ�RSSVWn�PHG�GHWWH�DVSHNWHW�DY�KDQGHOHQ�� �

�

8WIRUGULQJHU�VRP�EOLU�SnSHNW�KHU�YLVHU�WLO�DW�GHW�Pn�P\H�NDSLWDO��VDPW�NRPSHWDQVH�RP�

ORJLVWLNN�WLO�IRU�n�RUJDQLVHUH�GHQQH�SURVHVVHQ�Sn�HQ�JRG�PnWH��6DPWLGLJ�HU�PDQ�LJMHQ�DYKHQJLJ�

DY�DW�ODJHUV\VWHPHU�IRU�GH�IRUVNMHOOLJH�NDQDOHQH�HU�LQWHJUHUWH�RJ�DW�SHUVRQDOHW�KDU�HWDEOHUWH�

UXWLQHU�IRU�KYRUGDQ�GH�EHKDQGOHU�IRU�HNVHPSHO�UHWXU��,�WLOOHJJ�NDQ�IDNWRUHU�VRP�JHRJUDIL�RJ�

EHIRONQLQJVWHWWKHW�Y UH�NULWLVNH�IRU�EnGH�KYRU�NRVWEDUW�RJ�YDQVNHOLJ�HW�JRGW�WLOEXG�LQQHQIRU�

GHWWH�VHJPHQWHW�HU�n�HWDEOHUH�RJ�YHGOLNHKROGH��+�EQHU�HW�DO���������/DUNH�HW�DO���������

EHVNULYHU�JMHQQRP�VLWW�DUEHLG�GHQQH�SURVHVVHQ�KRV�HQ�VWRU�MDSDQVN�YDUHKDQGHOVEHGULIW�VRP�L�

OLNKHW�PHG�QRHQ�DY�YnUH�LQIRUPDQW�EHGULIWHU�EHQ\WWHU�VHJ�PHG�VWUDWHJLVN�SODVVHUWH�ODJHUKXEHU��

/DJHUKXEHQH�ELGUDU�WLO�EHGUH�XWQ\WWHOVH�DY�DQGUH�UHVVXUVHU�VRP�ORNDOHU�WLO�VDOJ�KYRU�IRNXVHW�GD�

NDQ�Jn�PHU�RYHU�WLO�YDUHSUHVHQWDVMRQ�RJ�NXQGHRSSOHYHOVH��'HW�HU�XDQVHWW�YHUGW�n�PHUNH�VHJ�DW�

GHW�L�QRHQ�WLOIHOOHU�NDQ�Y UH�¡NRQRPLVN�KHQVLNWVPHVVLJ�n�EDUH�WLOE\�GLVVH�WMHQHVWHQH�UXQGW�

RPUnGHU�PHG�K¡\HUH�EHIRONQLQJVWHWWKHW�RJ�GD�Pn�RPQLNDQDOVWUDWHJLHQ�IRU�HNVHPSHO�WLOSDVVHV�

HW�ODQJVWUDNW�ODQG�VRP�1RUJH�� �

��

2SWLPDOLVHULQJ�DY�PRELOSODWWIRUPHQ�RJ�NOLNNUDWH�RSWLPDOLVHULQJ�

9nUH�LQIRUPDQWHU�RSSO\VHU�RVV�RP�DW�GH�DOOHU�IOHVWH�NXQGHUHLVHU�L�GDJ�VWDUWHU�Sn�QHWW�RJ�GH�

IOHVWH�DY�GLVVH�Sn�QHWWOHVHUH�L�GLYHUVH�VPDUWWHOHIRQHU��)RU�n�NDSUH�NXQGHU�HU�GHW�GHUIRU�LNNH�

EDUH�YLNWLJ�n�Y UH�WLOJMHQJHOLJ�Sn�GLVVH�SODWWIRUPHQH��PHQ�RJVn�KD�RSWLPDOLVHUW�QHWWEXWLNNHQ�

IRU�EUXN�DY�VPDUWWHOHIRQ��.OLNN�UDWH�RSWLPDOLVHULQJ�QHYQHV�V UOLJ�DY�HNVSHUWLQIRUPDQWHQH�VRP�

HW�YLNWLJ�NULWHULH�IRU�VXNVHVV��'HWWH�NDQ�LQQHE UH�VPn�WLOWDN�L�ZHEGHVLJQ�VRP�IRU�HNVHPSHO�

KYRU�OHWWH�VLGHQH�HU�n�ODVWH�LQQ��KYD�VODJV�ELOGHU�RJ�JUDILNN�VRP�EUXNHV�HOOHU�HQ�EHVWLOO�Qn�

NQDSS�VRP�I¡OJHU�PHG�VNMHUPHQ�IRU�HW�VSHVLILNW�SURGXNW��8WIRUGULQJHU�KHU�LQQHE UHU�DW�PDQJH�

EHGULIWHU�LNNH�LQQHKDU�GHQQH�VSLVVNRPSHWDQVHQ�RJ�GD�IRU�HNVHPSHO�W\U�WLO�IHUGLJO¡VQLQJHU�VRP�

LNNH�WLOSDVVHV�GHUHV�EHKRY���

���



�

,�OLNKHW�PHG�GH�DQGUH�NDQDOHQH�VNDO�PRELOSODWWIRUPHQ�RSSOHYHV�VRP�HQ�PHVW�PXOLJ�IULNVMRQIUL�

KDQGOHRSSOHYHOVH�IRU�NXQGHQ��,QIRUPDVMRQHQ�GH�YLO�KD�Pn�GD�Y UH�RYHUVLNWOLJ�RJ�OHWW�

WLOJMHQJHOLJ��6WXGLHQ�WLO�+DDQ�HW�DO����������YLVHU�DW�QnU�NXQGHU�RIWH�XW�DY�IUXVWUDVMRQ�E\WWHU�IUD�

PHU�PRELOH�WLO�PLQGUH�PRELOH�HQKHWHU��VRP�IUD�VPDUWWHOHIRQ�WLO�VWDVMRQ U�3&��¡NHU�

VDQQV\QOLJKHWHQ�IRU�DW�GH�IRUHWDU�NM¡SHW�KRV�HQ�DQQHQ�IRUKDQGOHU�HQQ�GHQ�RSSULQQHOLJH��)XQQ�

IUD�0LUVFK�HW�DO���������W\GHU�RJVn�Sn�P\H�DY�GHW�VDPPH�VRP�LQIRUPDQWHQH�QHYQHU��+HU�

DUJXPHQWHUHV�GHW�IRU�DW�JOLGHQGH�RYHUJDQJ�PHOORP�NDQDOHU�RJ�PHGLXP�NDQ�UHGXVHUH�

IUXVWUDVMRQVPRPHQWHU�YHG�HW�HYHQWXHOW�E\WWH�RJ�OHGH�WLO�I UUH�DYEUXWWH�NM¡S��0LUVFK�HW�DO���

�������,�SUDNVLV�EHW\U�GHWWH�IRU�HNVHPSHO�DW�KDQGOHNXUYHQ�Sn�VPDUWWHOHIRQHQ�ODJUHV�VOLN�DW�GHQ�

RJVn�GXNNHU�RSS��QnU�GX�VHQHUH�JnU�LQQ�Sn�QHWWVWHGHW�Sn�GLQ�E UEDUH�3&���

�

6DPDUEHLG�PHG�OHYHUDQG¡UHU�RJ�SURGXVHQWHU��

6RP�YL�WLGOLJHUH�KDU�GLVNXWHUW�RSSVWnU�GHW�IRU�PDQJH�EHGULIWHU�XWIRUGULQJHU�NQ\WWHW�WLO�QnU�

V\VWHPHU�VNDO�LQWHJUHUHV�RJ�NRPSHWDQVH�VNDO�DQVNDIIHV�L�IRUELQGHOVH�PHG�LQQI¡ULQJHQ�DY�HQ�

RPQLNDQDOVVWUDWHJL��9nUH�LQIRUPDQWHU�SnSHNHU�KHU�DW�GHW�HU�YLNWLJ�n�XWQ\WWH�VSLVVNRPSHWDQVHQ�

VDPDUEHLGVSDUWQHUH�VRP�OHYHUDQG¡UHU�RJ�SURGXVHQWHU�NDQ�EHVLWWH��9HG�n�IRU�HNVHPSHO�EHQ\WWH�

VDPPH�SODWWIRUP�IRU�ODJHUV\VWHPHU�VRP�SURGXVHQW�NDQ�GHW�RSSVWn�SRWHQVLDOH�IRU�V\QHUJLVWLVNH�

HIIHNWHU�VRP�EHJJH�SDUWHU�NDQ�GUD�Q\WWH�DY��0DQJH�EHGULIWHU�HU�DYKHQJLJH�DY�

VDPDUEHLGVSDUWQHUH�L�PLOM¡HW�UXQGW�VHJ�IRU�n�IXQJHUH�RJ�GHW�HU�GHUPHG�YLNWLJ�n�Y UH�L�WHWW�

GLDORJ�PHG�GLVVH�RJVn�QnU�PDQ�VNDO�IRUHWD�VWRUH�HQGULQJHU�L�HJHW�VHOVNDS��

�

8WYLNOLQJ�DY�NXQGHRSSOHYHOVH�PHG�VKRZURRP�

2PQLNDQDOH�YDUHKDQGHOVVWUDWHJLHU�NDQ�Y UH�VSHVVLHOW�HJQHW�WLO�n�VHOJH�SURGXNWHU�PHG�VWHUN�

PHUNHYDUH�L�RJ�PHG�DW�V¡PO¡VKHWHQ�PHOORP�NDQDOHQH�IRUVWHUNHU�PHUNHW�VRP�KHOKHW��9HUKRHI�

HW�DO����������+YLV�GHW�KDU�EOLWW�HWDEOHUW�HIIHNWLYH�O¡VQLQJHU�IRU�ODJHU��ORJLVWLNN�RJ�OHYHULQJ�NDQ�

I\VLVNH�EXWLNN�ORNDOHU�GLVSRQHUHV�Sn�HQ�KHOW�DQQHQ�PnWH�HQ�PDQJH�EHGULIWHU�EUXNHU�GHP�Sn�L�

GDJ��/DUNH�HW�DO����������/RNDOHQH�NDQ�LQQHKROGH�I UUH�YDUHU�RJ�L�P\H�VW¡UUH�JUDG�EUXNHV�VRP�

XWVWLOOLQJVYLQGX�VKRZURRP�KYRU�IRNXV�NDQ�UHWWHV�PRW�WRWDORSSOHYHOVH�PHG�YDUHQ��,�WLOOHJJ�NDQ�

GHW�IRUHNRPPH�NRVWQDGVEHVSDUHOVHU�YHG�EUXNW�DY�PLQGUH�ORNDOHU��6KRZURRP�OHJJHU�RSS�WLO�DW�

NXQGHQH�NDQ�RSSOHYH�SURGXNWHQH�L�HQ�VSHVLILNN�DWPRVI UH�HOOHU�EUXNVVLWXDVMRQ�IRU�HNVHPSHO�

���



�

NDQ�HQ�EXWLNN�VRP�VHOJHU�VWULNNHSURGXNWHU�OHJJH�RSS�ORNDOHW�VOLN�DW�GHW�HU�PXOLJKHWHU�IRU�n�

VLWWH�VDPPHQ�RJ�VWULNNH�GHU�I¡U�PDQ�WDU�PHG�VHJ�SURGXNWHQH�PDQ�NRP�IRU�n�KHQWH�KMHP��

)RUVNQLQJHQ�WLO�/L�HW�DO���������KDU�RJVn�NRQNOXGHUW�PHG�DW�VKRZURRP�SRVLWLYW�IRUVWHUNHU�

LQQWU\NNHW�DY�PHUNHYDUHQ�Sn�IRUEUXNHU���

�

%HYDUH�EHGULIWHQV�JUXQQNXOWXU�

'HW�VLVWH�SXQNWHW�YnUH�EHGULIWVLQIRUPDQWHU�QHYQWH�VRP�XWIRUGUHQGH�L�SURVHVVHQ�PHG�n�HWDEOHUH�

VHJ�VRP�RPQLNDQDOH�JLNN�XW�Sn�n�EHYDUH�P\H�DY�NRPSHWDQVHQ�RJ�EHGULIWVNXOWXUHQ�GH�DOOHUHGH�

YDU�L�EHVLWWHOVH�DY��+HU�GUHLGH�GHW�VHJ�L�KRYHGVDN�RP�YDUHKDQGHOVNRPSHWDQVH��)OHUH�SnSHNWH�DW�

GHW�NXQQH�Y UH�HQ�SRWHQVLHOO�IDOOJUXYH�n�GULYH�ERUW�IUD�SULP UDNWLYLWHWHQ�VRP�DOWVn�GD�HU�VDOJ�

DY�YDUHU�RJ�DW�GHW�NXQQH�Y UH�OHWW�n�PLVWH�IRNXV�Sn�GULYHUHQ�EDN�O¡QQVRPKHW�L�EHGULIWHQ��'HW�

IRUVNHW�OLWH�Sn�QHWWRSS�GHQQH�VDPPHQKHQJHQ�PHOORP�EHGULIWVNXOWXU�RJ�RPQLNDQDO��PHQ�YL�

PHQHU�DW�GHWWH�DVSHNWHW�NDQ�EOL�UHOHYDQW�KYLV�IOHUH�WUDGLVMRQHOOH�EHGULIWHU�PHG�VWHUN�NXOWXU�

EHVWHPPHU�VHJ�IRU�n�LQQI¡UH�RPQLNDQDOH�YDUHKDQGHOVVWUDWHJLHU��

�

����)RUVNQLQJVVS¡UVPnO�����

+YD�YLVHU�����EHGULIWVHNVHPSOHU�HU�XWIRUGULQJHU�YHG�LPSOHPHQWHULQJ�DY�RPQLNDQDO�

KDQGHO�PDUNHGVI¡ULQJ"�

�

9HG�JMHQQRPI¡ULQJ�DY�GHVN�XQGHUV¡NHOVHQ�NRP�GHW�IUHP�IOHUH�LQWHUHVVDQWH�UHVXOWDWHU�VRP�

SUHVHQWHUW�L�DQDO\VHQ��*MHQQRP�XQGHUV¡NHOVHQ�YLVWH�GHW�VHJ�IOHUH�DNW¡UHU�VRP�RSSI\OWH�DOOH�

NUDYHQH�RJ�GHUPHG�NDQ�Y UH�L�Q UKHWHQ�DY�n�Y UH�HQ�SHUIHNW�RPQLNDQDO�YDUHKDQGHOVEHGULIW��

/LNHYHO�HU�GHW�LNNH�PXOLJ�n�NRQNOXGHUH�PHG�DW�GH�YDU�SHUIHNW�RPQLNDQDOH�GD�GHWWH�YLOOH�NUHYG�

IOHUH�NULWHUHLHU�RJ�XQGHUV¡NHOVHQ�YnU�WRN�IRU�VHJ�HW�XWYDOJ�DY�KHQV\Q�WLO�JMHQQRPI¡ULQJ��9LGHUH�

YLVHU�KHOOHU�LNNH�XQGHUV¡NHOVHQ�KYRU�PDQJH�VRP�KDU�RSSQnGG�EHG¡PPHOVHQ�³Sn�SODVV´�L�DOOH�

NDWHJRULHU�'HWWH�NRPPHU�GD�DY�GHW�LNNH�YDU�GHW�VRP�YDU�PnOHW�PHG�XQGHUV¡NHOVHQ��PHQ�KHOOHU�

n�ILQQH�XWIRUGULQJHU�L�IRUP�DY�KYLONH�NULWHULHU�VRP�I UUHVW�KDU�RSSQnGG���

�

'HW�YL�GHULPRW�VHU�DY�XQGHUV¡NHOVHQ�HU�DW�RYHU�KDOYSDUWHQ�DY�NULWHULHQH�HU�GHW�XQGHU����

SURVHQW�VRP�KDU�Sn�SODVV��'HWWH�nSQHU�IRU�PXOLJKHWHU�IRU�EHGULIWHU�VRP�NDQ�Y UH�UDVNH�WLO�n�

���



�

RPVWLOOH�VHJ�RJ�Qn�MREEH�PnOUHWWHW�PRW�n�EOL�PHU�RPQLNDQDOH��'HUVRP�GH�JM¡U�GHW�YLO�GH�KDU�

PXOLJKHW�IRU�n�VNLOOH�VHJ�XW�EODQW�VLQH�NRQNXUUHQWHU�RJ�VOLN�SRWHQVLHOW�EOL�HQ�IRUHWUXNNHW�

OHYHUDQG¡U�DY�GHQ�VSHVLILNNH�YDUHQ�VRP�NXQGHQ�HU�XWH�HWWHU��'HWWH�NDQ�Y UH�HQ�VWRU�IRUGHO�

PHG�n�EOL�RPQLNDQDO�GD�GHW�VRP�SRHQJWHUW�DY�/L�HW�DO���������HU�VOLN�DW�RPQLNDQDO�ELGUDU�WLO�n�

VW\UNH�PHUNHWV�LQQWU\NN�RJ�KROGHU�NXQGHQ�LQQHQIRU�PHUNHW��,�GHWWH�WLOIHOOHW�YLO�GD�PHUNHW�Y UH�

YDUHKDQGHOVEHGULIWHQ��VRP�PDQ�GD�NDQ�VW\UNH��

�

6 UOLJ�DSS�PHG�YDUHRSSO\VQLQJV��RJ�EHVWLOLQJVPXOLJHWHU�HU�GHW�In�VRP�KDU�Sn�SODVV��'HWWH�NDQ�

GD�SRWHQVLHOW�Y UH�HQ�PXOLJKHW�IRU�n�WLOE\�QRH�VRP�PDMRULWHWHQ�LNNH�LQQHKDU�LI¡OJH�YnU�

XQGHUV¡NHOVH���'HW�NDQ�Y UH�HQ�SRVLWLY�IDNWRU�GHUVRP�PDQ�MREEHU�PRW�PnOHW�RP�n�RSSQn�HQ�

RPQLNDQDOVVWUDWHJL��GD�GHWWH�JLU�PXOLJKHW�IRU�n�WLOE\�QRH�VRP�LNNH�PDQJH�DQGUH�JM¡U��'HWWH�

NDQ�Y UH�KHQVLNWVPHVVLJ�GD�IRUEUXNHUH�RIWH�YLO�EHV¡NH�IOHUH�XOLNH�NDQDOHU�SODWWIRUPHU�QnU�PDQ�

VNDO�JMHQQRPI¡UH�HW�NM¡S��'HWWH�NDQ�EHW\�DW�LQIRUPDVMRQ�IUD�HQ�DNW¡U�NDQ�OHGH�WLO�KDQGHO�KRV�

HQ�DQQHQ��)RU�n�XQQJn�GHWWH�Pn�PDQ�VNLOOH�VHJ�XW�RJ�JM¡UH�¡YULJH�EHV¡N�RYHUIO¡GLJH��

�+HLW]�6SDKQ���������9HG�GD�n�WLOE\�HQ�Q\WWLJ�PRELODSSOLNDVMRQ�Vn�HU�GHW�PXOLJ�DW�PDQ�YLO�

NXQQH�KROGH�NXQGHQ�LQQHQIRU�GHW�UDPPHYHUNHW�PDQ�VHOY�KDU�ODJHW���

�

'HWWH�YLVHV��\WWHUOLJHUH�VRP�YLNWLJ�DY�+DDQ�HW�DO���������VRP�IRUNODUHU�DW�HQKHWVE\WWH�SnYLUNHU�

NM¡SVDWIHUG��,�DUWLNNHOHQ�³'HYLFH�6ZLWFKLQJ�LQ�2QOLQH�3XUFKDVLQJ��([DPLQLQJ�WKH�6WUDWHJLF�

&RQWLQJHQFLHV´�YLVHU�IRUVNHUQH�WLO�DW�HQKHWVE\WWH�IUD�HQ�PRELO�WLO�HQ�PLQGUH�PRELO�HQKHW�¡NHU�

VDQQV\QOLJKHWHQ�IRU�DW�NXQGHQ�YHOJHU�HQ�DQQHQ�DNW¡U��'HUPHG�ILQQHU�YL�\WWHUOLJHUH�LQVHQWLYHU�

IRU�n�EHKROGH�NXQGHQH��RJ�GD�V UOLJ�GH�VRP�KDU�VWDUWHW�UHLVHQ�Sn�HQ�PRELO�HQKHW��LQQHQ�HQV�

HJHW�QHWWYHUN�DY�NDQDOHU�RJ�SODWWIRUPHU��(Q�PnWH�n�JM¡UH�GHWWH�Sn�YLO�NXQQH�Y UH�QHWWRSS�HQ�

PRELODSSOLNDVMRQ�VRP�DOWVn�VY UW�In�DY�GH�XQGHUV¡NWH�LQQHKDU�SU��L�GDJ���

�

'HW�n�YXUGHUH�RP�PDQ�E¡U�XWYLNOH�VHJ�NDQDO�PHVVLJ�NDQ�EOL�VY UW�YLNWLJ�IRU�RYHUOHYHOVHQ�WLO�

HQNHOWH�EHGULIWHU��9L�KHQWHU�Qn�IUHP�LJMHQ�PRGHOOHQ�IRU�NXQGHYHUGL�RJ�NDQDOLQWHJUDVMRQ��,�

JMHQQRPI¡ULQJHQ�DY�GHVN�XQGHUV¡NHOVHQ�KDU�YL�IXQQHW�WLOVWUHNNHOLJ�PHG�EHGULIWVHNVHPSOHU�WLO�

DW�KYHU�UXWH�L�PRGHOOHQ�NXQQH�KDWW�PLQVW�HWW�EHGULIWVQDYQ�L�VHJ��)UD�XQGHUV¡NHOVHQ�VHU�YL�DW�

PDQJH�KDU�RSSQnGG�P\H��RJ�PDQJH�KDU�HQ�YHL�n�Jn�GHUVRP�GH�VNDO�RSSQn�RPQLNDQDO��9L�YLO�

XQGHU�JL�QRHQ�JHQHUHOOH�HNVHPSOHU�Sn�GH�XOLNH�W\SHU�EHGULIWHU�VRP�NDQ�KD�KDYQHW�L�KYHU�UXWH��

���



�

'H�XOLNH�UXWHQH�KDU�GHUIRU�InWW�ERNVWDYHU�VRP�NRUUHVSRQGHUHU�WLO�EHVNULYHOVHQ�DY�EHGULIWHQH�

VRP�NXQQH�Y UW�SODVVHUW�L�KYHU�UXWH���

�

�

)LJ�����.DQDO�LQWHJUDVMRQ�RJ�NXQGHYHUGL����

�

%HGULIW�$�� ʶ+HU�VHU�YL�GHW�VRP�RIWH�NDOOHV�VHUYLFHPHVWHUHQV�GU¡P��'HQQH�EHGULIWHQ�KDU�K¡\�

NXQGHYHUGL�Sn�WURVV�DY�DW�GH�HU�HQNDQDO��'HWWH�KHQJHU�VDPPHQ�PHG�WHWW�NXQGHRSSI¡OJLQJ�RJ�

WU\JJKHW�YHG�KDQGHO��'HWWH�HU�HQ�W\SLVN�OLWHQ�RJ�ORNDO�EXWLNN�KYRU�PDQ�NMHQQHU�LQQHKDYHU�RJ�

InU�HQHVWnHQGH�VHUYLFH��7LOVWHGHY UHOVH�L�VRVLDOH�PHGLHU�RJ�Sn�QHWW�HU�VY UW�OLWHQ�LNNH�

HNVLVWHUHQGH���

�

%HGULIW�%� ʶ�'HQQH�EHGULIWHQ�KDU�ODY�NXQGHYHUGL�RJ�HU�HQNDQDO��'HQQH�KDU�IOHUH�OLNKHWVWUHNN�
PHG�EHGULIW�$��VHWW�ERUWLIUD�NXQGHYHUGLHQ��'HWWH�NDQ�NRPPH�DY�IOHUH�IDNWRUHU�KYRU�HQ�DY�GHP�

NDQ�Y UH�PDQJOHQGH�WLOVWHGHY UHOVH�LQWHJUHULQJ�L�DY�XOLNH�NDQDOHU���

�

%HGULIW�&� ʶ�%HGULIWHQ�HU�PXOWLNDQDO�PHG�K¡\�NXQGHYHUGL��.XQGHQH�HU�IRUQ¡\GH��,�GHWWH�WLOIHOOHW�

E UHU�GHQQH�IOHUH�DY�GH�WUHNNHQH�VRP�JM¡U�%HGULIW�$�SRSXO U�EODQW�NXQGHQH��RJ�HU�DY�VDPPH�

W\SH�EHGULIW��'HQ�VW¡UVWH�IRUVNMHOOHQ�L�GHWWH�WLOIHOOHW�HU�DW�GH�HU�PXOWLNDQDOH���

�

���



�

%HGULIW�'� ʶ�%HGULIWHQ�KDU�GH�VDPPH�WUHNNHQH�VRP�EHGULIW�&��/LNHYHO�HU�IRUVNMHOOHQ�DW�GH�KDU�

ODY�NXQGHYHUGL��(Q�PXOLJ�IRUNODULQJ�Sn�GHWWH�NDQ�Y UH�GH�VDPPH�SUREOHPHQH�VRP�EHGULIW�%�

RSSOHYHU��$OWVn�DW�NXQGHQH�VDYQHU�WLOVWHGHY UHOVH�LQWHJUHULQJ�L�DY�NDQDOHU���

�

%HGULIW�(� ʶ�'HQQH�EHGULIWHQ�HU�HQ�OLWW�VW¡UUH�NMHGHEHGULIW�PHG�EXWLNNHU�IOHUH�VWHGHU�L�ODQGHW��

'HQ�HU�WLOJMHQJHOLJ�L��VRVLDOH�PHGLXP��KDU�QHWWVLGH�RJ�I\VLVN�EXWLNN��'HW�HU�HQ�YLVV�JUDG�DY�

NREOLQJ�PHOORP�GH�XOLNH�NDQDOHQH��GRJ�LNNH�NRPSOHWW��.XQGHQH�RSSOHYHU�KHU�DW�NDQDOHQH�

NU\VVHU�KYHUDQGUH��PHQ�LNNH�RSWLPDOW�L�DOOH�WLOIHOOHU���

�

%HGULIW�)� ʶ�6RP�WLGOLJHUH�VHU�YL�DW�WUHNNHQH�IRU�GHQQH�EOLU�L�VWRU�JUDG�GH�VDPPH�VRP�IRU�

%HGULIW�(��'HVVYHUUH�HU�LNNH�NXQGHYHUGLHQ�OLNH�K¡\�KHU��'HWWH�NDQ�NRPPH�DY�DW�NXQGHQH�LNNH�

HU�IRUQ¡\G�PHG�DW�NDQDOHQH�EDUH�L�HQNHOWH�WLOIHOOHU�NU\VVHU�KYHUDQGUH��'HW�¡QVNHV�IXOO�

LQWHJUDVMRQ���

�

%HGULIW�*� ʶ�,�GHQQH�RPQLNDQDOH�EHGULIWHQ�HU�GHW�IXOO�LQWHJUDVMRQ�PHOORP�NDQDOHQH��'HWWH�HU�HQ�

VW¡UUH�NMHGHEXWLNN�KYRU�LQWHJUDVMRQ�PHOORP�VRVLDOH�PHGLHU��I\VLVN�EXWLNN��DSSOLNDVMRQHU�P�P��

HU�KHOW�Sn�SODVV��.XQGHQH�HU�VWRUIRUQ¡\GH�PHG�GHQ�IORWWH�LQWHJUDVMRQHQ�RJ�PXOLJKHWHQH�GHWWH�

JLU���

�

%HGULIW�+� ʶ�1RN�HQ�JDQJ�HU�OLNKHWVWUHNNHQH�GHU�PHG�PRWVDWW�HQGH�DY�VNDODHQ�KYD�JMHOGHU�

NXQGHYHUGL��,�GHQQH�EHGULIWHQ�HU�WLQJ�Sn�SODVV�KYD�RPQLNDQDO�DQJnU��PHQ�OLNHYHO�HU�

NXQGHRSSOHYHOVHQ�ODY��'HW�HU�IOHUH�PXOLJKHWHU�IRU�KYD�GHWWH�NDQ�NRPPH�DY��PHQ�GHW�VHU�XW�IRU�

n�Y UH�DQGUH�IDNWRUHU�HQQ�HQ�V¡PO¡V�KDQGOHRSSOHYHOVH�VRP�SnYLUNHU�KHU��'HW�NDQ�WLO�HNVHPSHO�

Y UH�LQWHUDNVMRQHQ��HYHQWXHOW�PDQJHOHQ�Sn�GHQQH��PHG�SHUVRQDOHW�VRP�HU�HQ�QHJDWLY�SnYLUNHU�

KHU���

�

�����ʁ2PQLNDQDO�KDQGHO�PDUNHGVI¡ULQJ���KYLONH�XWIRUGULQJHU�KDU�

EHGULIWHU�YHG�LPSOHPHQWHULQJ"�

*MHQQRP�NDSLWWHO�IHP�KDU�YL�GLVNXWHUW�UHVXOWDWHQH�IUD�XQGHUV¡NHOVHQH�YnUH�VHWW�PRW�WHRULHQ�IUD�

NDSLWWHO�WR��9L�ILQQHU�IUD�XQGHUV¡NHOVHQH�WLO�JHQHUDVMRQ�]�DW�GH�¡QVNHU�JRG�LQWHJUDVMRQ�RJ�

���



�

LQIRUPDVMRQVIO\W��PHG�IOHNVLEOH�OHYHULQJVPXOLJKHWHU��8QGHUV¡NHOVHQ�JD�NRQNUHWH�

KROGHSXQNWHU�VRP�EOH�WDWW�PHG�YLGHUH�QnU�PDQ�VNXOOH�XQGHUV¡NH�XWIRUGULQJHU�EHGULIWHU�KDU�YHG�

LPSOHPHQWHULQJ��'HW�NRPPHU�JMHQQRP�YnUH�XQGHUV¡NHOVHU�IUDP�DW�NRPPXQLNDVMRQ�PHOORP�

V\VWHPHU�NDQ�Y UH�HQ�VWRU�XWIRUGULQJ��*DPOH�RJ�Q\H�V\VWHPHU�VRP�LNNH�VQDNNHU�VDPPHQ��RJ�

PDQJOHQGH�HOOHU�XWGDWHUW�LQIRUPDVMRQ�L�GLVVH�V\VWHPHQH�VNDSHU�XWIRUGULQJHU��1nU�HOGUH�

V\VWHPHU�Vn�VNDO�LQWHJUHUHV�PHG�HW�PDVWHUV\VWHP�VRP�VNDO�VW\UH�GHW�KHOH�Vn�NDQ�GHW�RSSVWn�

SUREOHPHU��(QNHOWH�V\VWHPHU�HU�Q\H��DQGUH�HOGUH�RJ�VRP�QHYQW�Vn�HU�GHW�LNNH�Q¡GYHQGLJYLV�

VOLN�DW�GLVVH�YLO�VQDNNH�VDPPHQ���

�

.RVWQDGHQ�YHG�n�LPSOHPHQWHUH�VOLNH�V\VWHPHU�L�HWWHUNDQW�NDQ�Y UH�VWRUH��-R�HOGUH�V\VWHPHU�RJ�

MR�PHU�XNRPSOHWW�LQIRUPDVMRQ�RP�I�HNV��YDUHOLQMHU�VRP�OLJJHU�L�GLVVH��GHVWR�YDQVNHOLJHUH�RJ�

PHU�NRVWEDUW�NDQ�GHW�EOL��'HUIRU�SRHQJWHUHV�YLNWLJKHWHQ�DY�n�EHVWHPPH�VHJ�IRU�n�LQYHVWHUH�L�

VOLNW�Vn�WLGOLJ�VRP�PXOLJ��)RU�HQ�Q\RSSVWDUWHW�EHGULIW�Vn�YLO�GHW�LNNH�Q¡GYHQGLJYLV�EHK¡YH�n�EOL�

Vn�NRVWEDUW��GD�GH�VWDUWHU�PHG�ULNWLJ�XWJDQJVSXQNW��/LNHYHO�HU�GHW�VOLN�DW�PDQJH�DY�GH�L�1RUJH�L�

GDJ�VRP�VHU�WLO�HQ�RPQLNDQDOVVWUDWHJL�HU�JRGW�HWDEOHUWH�YDUHKDQGHOVEHGULIWHU��VRP�GD�InU�

XWIRUGULQJHU�PHG�V\VWHPDUY��$OWVn�DUY�DY�JDPOH�V\VWHPHU�RJ�V\QGHQH�VRP�OLJJHU�L�GLVVH�L�

IRUP�DY�PDQJHOIXOO�LQIRUPDVMRQ��c�VNDIIH�ULNWLJ�NRPSHWDQVH�LQQHQ�IHOWHQH�VRP�NUHYHV�NDQ�

Y UH�XWIRUGUHQGH��9HG�XWYLNOLQJ�DY�,7�V\VWHPHQH�VRP�NUHYHV�Vn�¡QVNHU�PDQ�VHJ�JMHUQH�

PHQQHVNHU�PHG�HQ�WYHUUIDJHOLJ�NRPSHWDQVH��7DQNHQ�HU�DW�GLVVH�VNDO�NXQQH�IRUVWn�KHOH�

SURVHVVHQ�RJ�NXQQH�IRUVWn�EnGH�V\VWHPHU�RJ�YDUHQH�VRP�VHOJHV��6OLN�NRPSHWDQVH�NDQ�

HYHQWXHOW�VNDIIHV�YHG�n�OHLH�LQQ�RJ�VDPDUEHLGH�PHG�HNVWHUQH�DNW¡UHU��RJ�RXWVRXUFLQJ�DY�

SURVMHNWHU��KYLONHW�L�VHJ�VHOY�RJVn�NDQ�OHGH�WLO�NRPPXQLNDVMRQVXWIRUGULQJHU���

�

�

�

�

�

�

�

�

���



�

���.RQNOXVMRQ�

,�GHWWH�GHONDSLWWHOHW�VNDO�YL�NRPPH�PHG�HQ�NRQNOXVMRQ�Sn�YnU�SUREOHPVWLOOLQJ�L�WLOOHJJ�WLO�n�

GLVNXWHUH�WHRUHWLVNH�RJ�SUDNWLVNH�LPSOLNDVMRQHU�DY�YnUW�DUEHLG��+HOW�WLO�VOXWW�YLO�YL�IUHPPH�

QRHQ�RPUnGHU�PHG�SRWHQVLDOH�IRU�YLGHUH�IRUVNQLQJ��3UREOHPVWLOOLQJHQ�YL�KDU�KDWW�VRP�KHQVLNW�

n�EHVYDUH�HU�VRP�NMHQW��

�

³2PQLNDQDO�KDQGHO�PDUNHGVI¡ULQJ���KYLONH�XWIRUGULQJHU�KDU�EHGULIWHU�YHG�LPSOHPHQWHULQJ"��

�

)RU�n�EHVYDUH�GHQQH�SUREOHPVWLOOLQJHQ�EHQ\WWHW�YL�RVV�NYDOLWDWLY�PHWRGH�PHG�HW�HNVSORUDWLYW�

GHVLJQ��'HW�EOH�LQWHUYMXHW�WRWDOW�VHNV�SHUVRQHU�PHG�HUIDULQJ�IUD�MREE�L�GLYHUVH�QRUVNH�

YDUHKDQGHOVEHGULIWHU�DY�YDULHUHQGH�VW¡UUHOVH���

�

)XQQ�IUD�DQDO\VH�RJ�GLVNXVMRQ�LQGLNHUHU�DW�GHW�L�VWRU�JUDG�YDU�HQLJKHW�PHOORP�

LQWHUYMXREMHNWHQH�UXQGW�KYD�XWIRUGULQJHQH�HU��'HW�EOH�LGHQWLILVHUW�KRYHGVDNHOLJ���NDWHJRULHU�

VRP�YDU�NULWLVNH�IRU�n�VLNUH�HQ�RPQLNDQDO�RSSOHYHOVH�IUD�EHGULIWHQV�VWnVWHG�RJ�GLVVH�HU�

SUHVHQWHUW�L�WDEHOO����9LGHUH�GLVNXVMRQ�DY�NDWHJRULHQH�RSS�L�PRW�IRUVNQLQJ�LQQHQIRU�HPQHW�

LGHQWLILVHUWH�XWIRUGULQJHU�NQ\WWHW�RSS�LPRW�GLVVH�NDWHJRULHQH��8WIRUGULQJHU�NRP�KRYHGVDNHOLJ�

JMHQQRP�EHKRY�IRU�LPPDWHULHOOH�RJ�PDWHULHOOH�UHVVXUVHU��7YHUUIDJOLJNRPSHWDQVH�RJ�NDSLWDO�

YDU�VWHUNW�JMHQWDJHQGH��8WIRUGULQJHU�UXQGW�V\VWHPDUY��VDPPHQVWLOOLQJ�DY�LQFHQWLYHU�Sn�WYHUV�

DY�EHGULIWVHQKHWHU�RJ�VDPDUEHLG�PHG�SURGXVHQWHU�RJ�OHYHUDQG¡UHU�KDU�RJVn�EOLWW�NDUWODJW�RJ�

GLVNXWHUW�� �

�

*MHQQRP�DUEHLGHW�EOH�GHW�XWYLNOHW�HQ�PRGHOO�IRU�NDQDO�LQWHJUDVMRQ�RJ�NXQGHYHUGL��ILJ������9L�

VHU�IRU�RVV�DW�GHQQH�YLO�NXQQH�Y UH�WLO�Q\WWH�IRU�OHGHUH�VRP�¡QVNHU�n�YXUGHUH�HJHQ�EHGULIW�RJ�

WHQNW�IUDPJDQJ�L�PRGHOOHQ���

�����7HRUHWLVNH�LPSOLNDVMRQHU�

'HW�HU�JMRUW�IOHUH�VWXGLHU�VRP�GHOV�RPKDQGOHU�NU\VV��RJ�RPQLNDQDO��PHQ�I UUH�UHWWHW�PRW�

RPQLNDQDO�VSHVLILNW��%HJUHSHW�RPQLNDQDO�HU�IRUKROGVYLV�Q\WW�RJ�GHW�EODQGHV�WLO�WLGHU�L�

OLWWHUDWXUHQ�PHG�NU\VVNDQDO��9LGHUH�HU�GHW�OLWH�IRUVNQLQJ�VRP�RPKDQGOHU�GHW�n�NDUWOHJJH�

���



�

XWIRUGULQJHU�L�IRUELQGHOVH�PHG�LPSOHPHQWHULQJ�DY�HQ�RPQLNDQDOVVWUDWHJL��VRP�HU�PnOHW�PHG�

GHQQH�DYKDQGOLQJHQ��'HQQH�DYKDQGOLQJHQ�HU�PHQW�n�Y UH�HW�ELGUDJ�L�IRUVNQLQJHQ�Sn��RJ�

NDUWOHJJLQJHQ�DY�XWIRUGULQJHQH�UHODWHUW�WLO�LPSOHPHQWHULQJ�DY�RPQLNDQDO���

�

)RU�n�JMHQQRPI¡UH�GHQQH�IRUVNQLQJHQ�KDU�YL�JMHQQRPJnWW�HNVLVWHUHQGH�IRUVNQLQJ�RJ�XWI¡UW�

YnUH�HJQH�XQGHUV¡NHOVHU��0\H�DY�XWJDQJVSXQNWHW�IRU�GHW�KHOH�YDU�ILJ�����L�DYKDQGOLQJHQ�VRP�HU�

2PQLNDQDOVOHYHUDQVHQ��KHQWHW�IUD�)UHGULNVHQ�	�6¡UHE¡��������V������,QVSLUHUW�DY�GHQQH�EOH�

PRGHOOHQ�IRU�NXQGHYHUGL�RJ�NDQDOLQWHJUDVMRQ�VNDSW��VRP�HW�YHUNW¡\�IRU�EnGH�IRUVNHUH�RJ�

EHGULIWHU���

�

�����3UDNWLVNH�LPSOLNDVMRQHU�

9L�KDU�JMHQQRP�YnUW�DUEHLG�Y UW�PHG�Sn�n�DYGHNNH�IOHUH�IRUKROG�VRP�NDQ�KD�VWRU�LQQYLUNQLQJ�

Sn�KYRU�VXNVHVVIXOO�LPSOHPHQWHULQJHQ�DY�HQ�RPQLNDQDOVWUDWHJL�YLO�Y UH��9HG�n�JM¡UH�VHJ�NODU�

RYHU�KYLONH�XWIRUGULQJHU�RJ�SUREOHPHU�VRP�NDQ�GXNNH�RSS�YHG�HQ�HYHQWXHOO�LPSOHPHQWHULQJ�

NDQ�OHGHUH�RJ�DQVDWWH��PHG�DQVYDU�IRU�GHQQH�SURVHVVHQ��Y UH�SURDNWLYH�PHG�WDQNH�Sn�WLOWDN�RJ�

n�XQQJn�SRWHQVLHOOH�IDOOJUXYHU��9nUH�IXQQ�W\GHU�Sn�DW�GHW�IRUELQGHV�VWRUH�NRVWQDGHU�PHG�n�WD�

IHLO�YDOJ��RIWH�WLGOLJ�L�GHQQH�SURVHVVHQ�RJ�KnSHU�DW�YL�KDU�NODUW�n�EHO\VH�QRHQ�IDNWRUHU�GHW�HU�

YHUGW�n�WD�VSHVLHOW�KHQV\Q�WLO��9L�KDU�RJVn�NDUWODJW�GDJHQV�VLWXDVMRQ�RJ�RSSGDJHW�DW�GHW�IRUWVDWW�

HU�HW�VWRUW�IRUEHGULQJVSRWHQVLDOH�IRU�PDQJH�YDUHKDQGHOVEHGULIWHU�JMHQQRP�UHVXOWDWHQH�IUD�YnU�

GHVN�XQGHUV¡NHOVH���

�

�����)RUVODJ�WLO�YLGHUH�IRUVNQLQJ�

9L�VNDO�L�GHWWH�GHONDSLWWHOHW�NRPPH�PHG�HW�SDU�IRUVODJ�WLO�YLGHUH�IRUVNQLQJ�LQQHQIRU�WHPDHW��

RPQLNDQDO�PDUNHGVI¡ULQJ�RJ�KDQGHO��0HG�WDQNH�Sn�DW�YnU�VWXGLH�KDU�EHVWnWW�DY�VnSDVV�In�

LQIRUPDQWHU�YLO�YL�LNNH�NXQQH�SnVWn�DW�UHVXOWDWHQH�IUD�GHQ�HU�JHQHUDOLVHUEDUH��'HWWH�HU�HQ�

VYDNKHW�YHG�YnU�VWXGLH�RJ�GHW�NDQ�KD�VHJ�VOLN�DW�YnUH�IXQQ�HU�VSHVLILNNH�WLO�GH�LQIRUPDQWHQH�YL�

KDU�EUXNW�L�YnU�XQGHUV¡NHOVH��(Q�VW¡UUH�VWXGLH�LQQHQIRU�GHWWH�WHPDHW�YLOOH�NXQQH�KD�Y UW�PHG�

Sn�n�DYGHNNH�RP�IRUKROGHQH�YL�KDU�LGHQWLILVHUW�VRP�NULWLVN�YHG�LPSOHPHQWHULQJ�DY�HQ�

RPQLNDQDOVWUDWHJL�HU�JMHOGHQGH�IRU�DQGUH�EHGULIWHU�XWHQIRU�GH�YL�KDGGH�NRQWDNW�PHG��'HW�NDQ�
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5HIHUDQVHOLVWH��

$YHQVLD����������2PQL�FKDQQHO�5HWDLO�������+HQWHW�IUD�KWWSV���ZZZ�DYHQVLD�FRP�UHVRXUFHV��

UHSRUW�RPQL�FKDQQHOB������B�������SGI�

�

%DDO��6��9�����������6KRXOG�UHWDLOHUV�KDUPRQL]H�PDUNHWLQJ�YDULDEOHV�DFURVV�WKHLU�GLVWULEXWLRQ

�FKDQQHOV"�$Q�LQYHVWLJDWLRQ�RI�FURVV�FKDQQHO�HIIHFWV�LQ�PXOWL�FKDQQHO�UHWDLOLQJ�

�ʶ-RXUQDO�RI�5HWDLOLQJ�DQG�&RQVXPHU�6HUYLFHV�ʁ�������������������
�KWWSV���GRL�RUJ���������M�MUHWFRQVHU��������������

�

%HFN��1��	�5\JO��'����������&DWHJRUL]DWLRQ�RI�PXOWLSOH�FKDQQHO�UHWDLOLQJ�LQ�0XOWL���&URVV���

DQG�2PQL̢&KDQQHO�5HWDLOLQJ�IRU�UHWDLOHUV�DQG�UHWDLOLQJ�� ʶ-RXUQDO�RI�5HWDLOLQJ�DQG
&RQVXPHU�6HUYLFHV�ʁ��������������KWWSV���GRL�RUJ���������M�MUHWFRQVHU��������������

�

%UDXW��*��6�������������IHEUXDU���%LDV�L�IRUVNQLQJ��,� ʶ6WRUH�QRUVNH�OHNVLNRQ� ʶ�+HQWHW�IUD
KWWSV���VQO�QR�ELDVBLBIRUVNQLQJ�

�

%U\QMROIVVRQ��(���+X��<��	�5DKPDQ��0����������&RPSHWLQJ�LQ�WKH�$JH�RI�2PQLFKDQQHO

�5HWDLOLQJ�� ʶ0,7�6ORDQ�0DQDJHPHQW�5HYLHZ��ʁ�����������

�

'DKOXP��6�������������IHEUXDU���9DOLGLWHW��,� ʶ6WRUH�QRUVNH�OHNVLNRQ� ʶ�+HQWHW�IUD �

KWWSV���VQO�QR�YDOLGLWHW�

�

'DOODQG��2����������0HWRGH�RJ�RSSJDYHVNULYLQJ�IRU�VWXGHQWHU�����XWJ��HG����2VOR��*\OGHQGDO�

DNDGHPLVN��

�

'\HU��:�*��DQG�:LONLQV��$�/���������%HWWHU�6WRULHV��1RW�%HWWHU�&RQVWUXFWV��7R�*HQHUDWH

%HWWHU�7KHRU\��$�5HMRLQGHU�WR�(LVHQKDUGW��$FDGHP\�RI�0DQDJHPHQW�5HYLHZ��������

���������

(30�������������PDL���3(67�DQDO\VLV��+HQWHW�IUD

KWWSV���H[SHUWSURJUDPPDQDJHPHQW�FRP���������SHVW�DQDO\VLV��
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https://expertprogrammanagement.com/2018/05/pest-analysis/
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)ODQDJDQ��-�&����������7+(�&5,7,&$/�,1&,'(17�7(&+1,48(�� ʶ3V\FKRORJLFDO�%XOOHWLQ ʶ�
�������������+HQWHW�IUD�KWWSV���ZZZ�DSD�RUJ�SXEV�GDWDEDVHV�SV\FLQIR�FLW�DUWLFOH�SGI�

�

)UHGULNVHQ��-��,���������9DUHKDQGHOVOHGHOVH��8WJDYH����)DJERNIRUODJHW�

�

)UHGULNVHQ��-��,��	�5HIYLN��/����������)\VLVN�EXWLNN��OHYHQGH��G¡G�HOOHU�Q\WW�OLY"� ʶ0DJPD���

(FRQDV�WLGVVNULIW�IRU�¡NRQRPL�RJ�OHGHOVH��ʁ���������V��������

�

)UHGULNVHQ��-��,��	�6¡UHE¡�������������2PQLNDQDO�YDUKDQGHO�� ʶ0DJPD���(FRQDV�WLGVVNULIW�IRU�

¡NRQRPL�RJ�OHGHOVH� ʶ����������V���������
�

*UHZDO��'���/HY\��0���.XPDU��9����������&XVWRPHU�([SHULHQFH�0DQDJHPHQW�LQ�5HWDLOLQJ��$Q

2UJDQL]LQJ�)UDPHZRUN�� ʶ-RXUQDO�RI�5HWDLOLQJ� ʶ�������������� ʶKWWSV���GRL�RUJ���������M�MUH
WDL������������ ʶ��

�

*UHZDO�'���5RJJHYHHQ�$��/���	�1RUGIlOW�-����������7KH�)XWXUH�RI�5HWDLOLQJ� ʶ�-RXUQDO�RI�
5HWDLOLQJ� ʶ������������� ʶKWWSV���GRL�RUJ���������M�MUHWDL�������������

�

*U¡QPR��6�������D������MDQXDU����.YDOLWDWLY�PHWRGH��, ʶ�6WRUH�QRUVNH�OHNVLNRQ��ʁ+HQWHW�IUD
KWWSV���VQO�QR�NYDOLWDWLYBPHWRGH�

�

*U¡QPR��6�������E������DSULO���.YDQWLWDWLY�PHWRGH��,�6WRUH�QRUVNH�OHNVLNRQ��+HQWHW�IUD

KWWSV���VQO�QR�NYDQWLWDWLYBPHWRGH�

�

*U¡QPR��6�������F������PDL���8WYDOJ��,�6WRUH�QRUVNH�OHNVLNRQ��+HQWHW�IUD�KWWS���VQO�QR�XWYDOJ�

�

+DDQ��(��'���.DQQDQ��3��.���9HUKRHI��3��&���	�:LHVHO��7����������'HYLFH�6ZLWFKLQJ�LQ�2QOLQH�

3XUFKDVLQJ��([DPLQLQJ�WKH�6WUDWHJLF�&RQWLQJHQFLHV��-RXUQDO�RI�0DUNHWLQJ��������

�±����KWWSV���GRL�RUJ���������MP���������

�
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https://doi.org/10.1016/j.jretai.2009.01.001
https://doi.org/10.1016/j.jretai.2009.01.001
https://doi.org/10.1016/j.jretai.2016.12.008
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+HLW]�6SDKQ��6����������&URVV�FKDQQHO�IUHH�ULGLQJ�FRQVXPHU�EHKDYLRU�LQ�D�PXOWLFKDQQHO

�HQYLURQPHQW��$Q�LQYHVWLJDWLRQ�RI�VKRSSLQJ�PRWLYHV��VRFLRGHPRJUDSKLFV�DQG�SURGXFW

�FDWHJRULHV�� ʶ-RXUQDO�RI�5HWDLOLQJ�DQG�&RQVXPHU�6HUYLFHV�ʁ����������������
�KWWSV���GRL�RUJ���������M�MUHWFRQVHU��������������

�

+HOJHVRQ��+��	�0DXHUHU��0����������7KH�7RS���2EVWDFOHV�7R�2PQLFKDQQHO�5HWDLO�6XFFHVV�

5HWDLO�7RLFKSRLQWV�� ʶ+HQWHW�IUD�KWWSV���UHWDLOWRXFKSRLQWV�FRP�IHDWXUHV�H[HFXWLYH� �

YLHZSRLQWV�WKH�WRS���REVWDFOHV�WR�RPQLFKDQQHO�UHWDLO�VXFFHVV�

�

�

+�EQHU��$�ʁ��:ROOHQEXUJ��-��	� ʶ+RO]DSIHO��$� ʶ����������5HWDLO�ORJLVWLFV�LQ�WKH�WUDQVLWLRQ�IURP�

PXOWL�FKDQQHO�WR�RPQL�FKDQQHO��� ʶ,QWHUQDWLRQDO�-RXUQDO�RI�3K\VLFDO�'LVWULEXWLRQ�	�

/RJLVWLFV�0DQDJHPHQWʁ������������������� �

KWWSV���GRL�RUJ���������,-3'/0��������������

�

-DFREVHQ��'���������� ʶ+YRUGDQ�JMHQQRPI¡UH�XQGHUV¡NHOVHU"� ʶ����XWJ����2VOR��&DSSHOHQ�'DPP

$6���

�

-RKDQQHVVHQ��&���7XIWH��&���	�7XIWH��3�$����������,QWURGXNVMRQ�WLO�VDPIXQQVYLWHQVNDSHOLJ�

PHWRGH�����XWJ��HG����2VOR��$EVWUDNW��

�

-XDQHGD�$\HQVD��(���0RVTXHUD��$���0XULOOR��<���������2PQLFKDQQHO�&XVWRPHU�%HKDYLRU��

.H\ 'ULYHUV�RI�7HFKQRORJ\�$FFHSWDQFH�DQG�8VH�DQG�7KHLU�(IIHFWV�RQ�3XUFKDVH�,QWHQWLRQ�

)URQWLHUV�LQ�3V\FKRORJ\�9RO�����SS���������

�

.RWOHU��3��	�.HOOHU��.���������� ʶ0DUNHGVI¡ULQJVOHGHOVH� ʶ�����XWJ����2VOR��*\OGHQGDO�1RUVN �

)RUODJ�$6�

�

.YDOH��6��	�%ULQNPDQQ��6���������� ʶ'HW�NYDOLWDWLYH�IRUVNQLQJVLQWHUYMX���ʁ���XWJ����2VOR� �

*\OGHQGDO�1RUVN�)RUODJ��

�

���

https://www.emerald.com/insight/search?q=Alexander%20H%C3%BCbner
https://www.emerald.com/insight/search?q=Andreas%20Holzapfel
https://www.emerald.com/insight/publication/issn/0960-0035
https://www.emerald.com/insight/publication/issn/0960-0035
https://doi.org/10.1108/IJPDLM-08-2015-0179
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/DUNH��5� ʶ��ʶ.LOJRXU��0�ʶ�	� ʶ2¶&RQQRU��+�ʁ����������%XLOG�WRXFKSRLQWV�DQG�WKH\�ZLOO�FRPH�

WUDQVLWLRQLQJ�WR�RPQLFKDQQHO�UHWDLOLQJ��� ʶ,QWHUQDWLRQDO�-RXUQDO�RI�3K\VLFDO
'LVWULEXWLRQ�	�/RJLVWLFV�0DQDJHPHQW ʶ����������������� �

KWWSV���GRL�RUJ���������,-3'/0��������������

�

/L��<���/LX��+���/LP��(��7��.���*RK��-��0���<DQJ��)��	�/HH��0��.��2���������&XVWRPHU
V

�UHDFWLRQ�WR�FURVV�FKDQQHO�LQWHJUDWLRQ�LQ�RPQLFKDQQHO�UHWDLOLQJ��7KH�PHGLDWLQJ�UROHV�RI

�UHWDLOHU�XQFHUWDLQW\��LGHQWLW\�DWWUDFWLYHQHVV��DQG�VZLWFKLQJ�FRVWV��'HFLVLRQ�6XSSRUW

�6\VWHPV��������������KWWSV���GRL�RUJ���������M�GVV��������������

�

0DUNHWLQJ�(YROXWLRQ����������5HVRXUFHV��:KDW�LV�D�'LJLWDO�0DUNHWLQJ�3ODWIRUP"�+HQWHW�IUD

KWWSV���ZZZ�PDUNHWLQJHYROXWLRQ�FRP�PDUNHWLQJ�HVVHQWLDOV�ZKDW�LV�D�GLJLWDO�

PDUNHWLQJ�SODWIRUP�PDUNHWLQJ�HYROXWLRQ�

�

0H\HU��&��	�6FKZDJHU��$����������8QGHUVWDQGLQJ�&XVWRPHU�([SHULHQFH�� ʶ+DUYDUG�%XVLQHVV
5HYLHZ�� ʶ����������������+HQWHW�IUD� ʶKWWS���]LPPHU�FVXIUHVQR�HGX�aVDVDQU�7HDFKLQJ�

0DWHULDO�0,6�6,6�XQGHUVWDQGLQJ�FXVWRPHU�H[SHULHQFH�SGI�

�

0LUVFK��7���/HKUHU��&��	�-XQJ��5����������&+$11(/�,17(*5$7,21�72:$5'6

201,&+$11(/�0$1$*(0(17��$�/,7(5$785(�5(9,(:��ʁ3$&,6�ʁ������

+HQWHW�IUD� ʶKWWSV���ZZZ�UHVHDUFKJDWH�QHW�SXEOLFDWLRQ����������B&+$11(/B
,17(*5$7,21B72:$5'6B201,&+$11(/B0$1$*(0(17B$B

/,7(5$785(B5(9,(:�

�

0RRUH��*��(����������&UDPPLQJ�PRUH�FRPSRQHQWV�RQWR�LQWHJUDWHG�FLUFXLWV�� ʶ(OHFWURQLFV�
������������+HQWHW�IUD� ʶKWWSV���ZZZ�VXSSO\FKDLQ����FRP�LPDJHV�SGIV�JRUGRQB

PRRUHB����B ʶDUWLFOH�SGI�
�

1HVOLQ��6��$���*UHZDO��'���/HJKRUQ��5���6KDQNDU��9���7HHUOLQJ��0��/���7KRPDV��-��6���	

�9HUKRHI��3��&����������&KDOOHQJHV�DQG�2SSRUWXQLWLHV�LQ�0XOWLFKDQQHO�&XVWRPHU

�0DQDJHPHQW�� ʶ-RXUQDO�RI�6HUYLFH�5HVHDUFK�ʁ���������±����
�KWWSV���GRL�RUJ��������������������������

���

https://www.emerald.com/insight/search?q=Roy%20Larke
https://www.emerald.com/insight/search?q=Mark%20Kilgour
https://www.emerald.com/insight/search?q=Huw%20O%E2%80%99Connor
https://www.emerald.com/insight/publication/issn/0960-0035
https://www.emerald.com/insight/publication/issn/0960-0035
https://doi.org/10.1108/IJPDLM-09-2016-0276
http://zimmer.csufresno.edu/~sasanr/Teaching-
https://www.researchgate.net/publication/305463125_CHANNEL_
https://www.supplychain247.com/images/pdfs/gordon_moore_1965_
https://www.supplychain247.com/images/pdfs/gordon_moore_1965_
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3HGHUVHQ�3��(���6ROHP�%��$��$��	�.ULVWLDQVHQ�(���������� ʶ'LJLWDOLVHULQJHQV�SnYLUNQLQJ�Sn
YDUHKDQGHO��ʁ�/LWWHUDWXUVWXGLH��8QLYHUVLWHWHW�L�6¡U¡VW�1RUJH���+HQWHW�IUD

KWWS���KGO�KDQGOH�QHW���������������

�

5LJE\�'��.��������7KH�)XWXUH�RI�6KRSSLQJ�� ʶ+DUYDUG�%XVLQHVV�5HYLHZ��ʁ����������������
+HQWHW IUD�KWWSV���KEU�RUJ���������WKH�IXWXUH�RI�VKRSSLQJ�

�

5LQJGDO��.����������(QKHW�RJ�PDQJIROG��6DPIXQQVYLWHQVNDSHOLJ�IRUVNQLQJ�RJ�NYDQWLWDWLY�

PHWRGH�����XWJ��HG����%HUJHQ��)DJERNIRUO��

�

6DYLQ�%DGHQ��0��	�0DMRU��&��+���������� ʶ4XDOLWDWLYH�UHVHDUFK��7KH�HVVHQWLDO�JXLGH�WR�WKHRU\
DQG�SUDFWLFH��ʁ/RQGRQ��5RXWOHGJH�

�

6LOYHUPDQ��'���������� ʶ,QWHUSUHWLQJ�4XDOLWDWLYH�'DWD��0HWKRGV�IRU�$QDO\]LQJ�7DON��7H[W�DQG

,QWHUDFWLRQ��ʁ/RQGRQ��6DJH�

�

6ROEDNNHQ��6���������� ʶ6WDWLVWLNN�IRU�Q\EHJ\QQHUH� ʶ�2VOR��)DJERNIRUODJHW�
�

7DUYHU��(����������0DUNHWLQJ�FDPSDLJQ��+HQWHW�IUD�KWWSV���ZZZ�LQYHVWRSHGLD�FRP�WHUPV�P�

PDUNHWLQJ�FDPSDLJQ�DVS�

�

9HUKRHI�3�&���.DQQDQ�3�.��	�,QPDQ�-�-����������)URP�0XOWL�&KDQQHO�5HWDLOLQJ�WR
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5HWDLOLQJ�� ʶ-RXUQDO�RI�5HWDLOLQJ� ʶ����������������
KWWSV���GRL�RUJ���������M�MUHWDL�������������
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: KOH��(��	�'DKOXP��6�������������IHEUXDU���&DVH�VWXGLH�� ʶ,�6WRUH�QRUVNH�OHNVLNRQ� ʶ�+HQWHW�IUD
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<LQ��5��.���������&DVH�6WXG\�5HVHDUFK�DQG�$SSOLFDWLRQV���'HVLJQ�DQG�0HWKRGV�8WJDYH���

6DJH�
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DQG�RPQL�FKDQQHO�UHWDLOLQJ��� ʶ,QWHUQDWLRQDO�-RXUQDO�RI�5HWDLO�	�'LVWULEXWLRQ
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