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����1XGJLQJ ���

������+MlUQV\VWHP�HWW�RFK�WYn ���
������2OLND�PHWRGHU�DY�QXGJLQJ ���

��������)|UHQNOLQJ�RFK�LQUDPQLQJ�DY�LQIRUPDWLRQ ���
��������)|UlQGULQJ�DY�I\VLVN�PLOM| ���
��������6WDQGDUGDOWHUQDWLY ���
��������6RFLDOD�QRUPHU ���

���/LWWHUDWXUJHQRPJnQJ ���
����1XGJLQJ�VRP�VWUDWHJL�I|U�DWW�IUlPMD�KnOOEDUW�EHWHHQGH�L�DOOPlQKHW ���
����1XGJLQJ�PRW�V\VWHP�WYn�PHVW�HIIHNWLYW�I|U�LQYHVWHULQJVEHVOXW ���
����'HILQLWLRQHQ�DY�KnOOEDUD�IRQGHU ���
����1XGJLQJ�VRP�VWUDWHJL�I|U�DWW�IUlPMD�LQYHVWHULQJDU�L�KnOOEDUD�IRQGHU ���

���0HWRG�	�GDWDLQVDPOLQJ ���
����8QGHUV|NQLQJVPHWRG ���
����(QNlWGHVLJQ ���

������1XGJHQ ���
������3ODFHULQJVYDO ���
������.RQWUROOYDULDEOHU ���

��������'HPRJUDILVND�YDULDEOHU ���
��������bJDQGHW�DY�ELO�RFK�WUDQVSRUWPHGHO ���
��������)|UlOGUDUV�DNDGHPLVND�XWELOGQLQJ ���
��������5LVNSUHIHUHQVHU ���
��������7UR�Sn�KnOOEDUD�LQYHVWHULQJDU ���
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����8WI|UDQGH�DY�H[SHULPHQW ���
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$EVWUDFW�

7KH LQWHUHVW LQ VXVWDLQDELOLW\ KDV LQFUHDVHG DPRQJ SULYDWH LQYHVWRUV DQG D JUDGXDO LQFUHDVH LQ� � � � � � � � � � � � � �

65, LV WKH UHVXOW� +RZHYHU� WKHUH VWLOO VHHPV WR EH D JDS EHWZHHQ SHRSOH¶V YDOXHV DQG LQWHUHVW� � � � � � � � � � � � � � � � �

LQ VXVWDLQDELOLW\ DQG KRZ LQGLYLGXDOV DFWXDOO\ LQYHVW� +HQFH� WKLV WKHVLV DLPV WR H[DPLQH� � � � � � � � � � � � �

ZKHWKHU LQGLYLGXDOV WHQG WR FKRRVH VXVWDLQDEOH LQYHVWPHQWV� VSHFLILFDOO\ SUHPLXP SHQVLRQ� � � � � � � � � �

LQYHVWPHQWV� WR D ODUJHU H[WHQW ZKHQ WKH\ DUH UHPLQGHG RI WKHLU YDOXHV RI VXVWDLQDELOLW\ DQG� � � � � � � � � � � � � � �

JHW WKH WLPH WR UHIOHFW XSRQ WKHP� 7KH HVVD\
V RYHUDOO TXHVWLRQ LV IRUPXODWHG DV IROORZV� &DQ� � � � � � � � � � � � � � � �

QXGJLQJ SURPRWH VXVWDLQDEOH SUHPLXP SHQVLRQ LQYHVWPHQWV" ,Q RUGHU WR DQVZHU WKH UHVHDUFK� � � � � � � � � � � �

TXHVWLRQ� GDWD KDYH EHHQ FROOHFWHG WKURXJK D VXUYH\ H[SHULPHQW� ZKHUH WKH UHVSRQGHQWV� � � � � � � � � � � �

REWDLQHG ��� ��� 6(. WR GLVWULEXWH EHWZHHQ IRXU GLIIHUHQW SUHPLXP SHQVLRQ IXQGV� ,W FDQ EH� � � � � � � � � � � � � � �

FRQFOXGHG WKDW WKH QXGJH KDG D VLJQLILFDQW HIIHFW RQ WKH LQYHVWPHQW GHFLVLRQ� D UHVXOW ZKLFK� � � � � � � � � � � � � � �

PDLQO\ FDQ EH H[SODLQHG E\ WKH WKHRU\ RI FRJQLWLYH GLVVRQDQFH� 7KLV LPSOLHV WKDW QXGJLQJ FDQ� � � � � � � � � � � � � � �

EH XVHG WR SURPRWH VXVWDLQDEOH SUHPLXP SHQVLRQ LQYHVWPHQWV� ZKLFK LV WKH PDLQ FRQWULEXWLRQ� � � � � � � � � � � � �

RI�RXU�VWXGLH�� �

�
.H\ZRUGV�� �1XGJLQJ��QXGJH��VXVWDLQDEOH�LQYHVWPHQWV��FRJQLWLYH�GLVVRQDQFH��YDOXHV��SUHPLXP�

SHQVLRQ��EHKDYLRUDO�HFRQRPLFV��EHKDYLRUDO�ILQDQFH��VXVWDLQDELOLW\��LQYHVWPHQW�GHFLVLRQ��

�

�

$FNQRZOHGJHPHQW�

7R VWDUW ZLWK� ZH ZDQW WR WKDQN HDFK RWKHU IRU D JUHDW FRRSHUDWLRQ GXULQJ WKHVH SDVW PRQWKV�� � � � � � � � � � � � � � � � �

)XUWKHUPRUH ZH ZRXOG OLNH WR WKDQN RXU VXSHUYLVRU *DEULHOD 6FKDDG IRU DOO VXSSRUW� JXLGDQFH� � � � � � � � � � � � � �

DQG IRU QXGJLQJ XV LQWR WKH ULJKW GLUHFWLRQ GXULQJ WKLV SURFHVV� :H ZRXOG DOVR OLNH WR WKDQN� � � � � � � � � � � � � � � � �

$LQHDV 0DOOLRV IRU DOO KHOS ZLWK WKH TXDQWLWDWLYH SDUW DQG DOO WKDW LW HQWDLOHG� )LQDOO\� ZH ZDQW� � � � � � � � � � � � � � � � �

WR H[SUHVV RXU JUDWLWXGH WR RXU RSSRQHQWV� IRU WKHLU YDOXDEOH LQSXWV� DQG DOO UHVSRQGHQWV ZKR� � � � � � � � � � � � � � �

SDUWLFLSDWHG�LQ�RXU�VXUYH\�VWXG\��

�
�
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���,QOHGQLQJ�

����%DNJUXQGVEHVNULYQLQJ��

cU ���� YDU GHW YDUPDVWH nUHW Sn MRUGHQ VHGDQ GHQ I|UVWD PlWQLQJHQ nU ����� VDPWLGLJW VRP� � � � � � � � � � � � � � � �

�� DY GH �� YDUPDVWH nUHQ KDU lJW UXP HIWHU nU ����� 0HGHOWHPSHUDWXUHQ Sn MRUGHQ KDU |NDW� � � � � � � � � � � � � � � � �

PHG HQ JUDG GH VHQDVWH ��� nUHQ �1DWXUYnUGVYHUNHW� ����D� RFK GHQ JOREDOD XSSYlUPQLQJHQ� � � � � � � � � � � � �

KRWDU PlQQLVNDQV IUDPWLG� )|U DWW UnGD ERW Sn NOLPDWI|UlQGULQJDUQD DQWRJ )1�V� � � � � � � � � � �

PHGOHPVOlQGHU nU ����� WLOOVDPPDQV PHG �� DQGUD PnO� GH JOREDOD PnOHQ I|U KnOOEDU� � � � � � � � � � � � �

XWYHFNOLQJ VRP VND YDUD XSSI\OOGD nU ���� �/DQGLQ 	 'LDPDQW� ������ 'HW ILQQV WUH� � � � � � � � � � � � � �

GLPHQVLRQHU DY KnOOEDU XWYHFNOLQJ� HQ VRFLDO� HQ HNRORJLVN VDPW HQ HNRQRPLVN� YLOND DOOD WUH� � � � � � � � � � � � � �

LQQHIDWWDV DY GH JOREDOD PnOHQ RFK lU JUXQGOlJJDQGH I|U GHQQD XSSVDWV� DOOUD IUlPVW GHQ� � � � � � � � � � � � � �

HNRORJLVND GLPHQVLRQHQ� +nOOEDU XWYHFNOLQJ NDQ GHILQLHUDV VRP ³�XWYHFNOLQJ VRP� � � � � � � � �

WLOOIUHGVVWlOOHU GDJHQV EHKRY XWDQ DWW lYHQW\UD NRPPDQGH JHQHUDWLRQHUV P|MOLJKHWHU DWW� � � � � � � � � �

WLOOIUHGVVWlOOD VLQD EHKRY�´ RFK KDU NRPPLW DWW In HQ SODWV K|JW XSS Sn PnQJD SROLWLNHUV� � � � � � � � � � � � � � �

SULRULWHWVOLVWD��*OREDOD�PnOHQ���������

�

,QWUHVVHW I|U HQ I|UElWWUDG PLOM| RFK KnOOEDUKHW KDU GRFN LQWH HQGDVW |NDW EODQG PDNWKDYDUH�� � � � � � � � � � � � � �

XWDQ YLVDU VLJ lYHQ KD |NDW EODQG SULYDWSHUVRQHU� ,QWUHVVHW KDU VSHJODWV L PlQQLVNRUV� � � � � � � � � � � � �

SUHIHUHQVHU NULQJ LQYHVWHULQJDU RFK HQ VXFFHVVLY |NQLQJ DY 65, �6RFLDOO\ 5HVSRQVLEOH� � � � � � � � � � �

,QYHVWLQJ� lU UHVXOWDWHW DY GHWWD �%DVVHQ� *|GNHU� /�GHNH�)UHXQG 	 2OO� ������ 65,� YLONHW� � � � � � � � � � � � �

PRWVYDUDU KnOOEDUD LQYHVWHULQJDU L VYHQVND WHUPHU� LQQHElU DWW LQYHVWHUDUHQ JHV P|MOLJKHW DWW� � � � � � � � � � � �

XWWU\FND RFK IUlPMD KnOOEDUKHWVYlUGHULQJDU JHQRP YDO DY ILQDQVLHOOD LQVWUXPHQW �3LODM� ������� � � � � � � � � � �

)UnQ nU ���� WLOO ���� KDU VSDUDQGH L KnOOEDUD IRQGHU |NDW PHG QLR SURFHQWHQKHWHU RFK HQ� � � � � � � � � � � � � � � �

WUHGMHGHO DY VSDUDUQD L 6YHULJH KDU YDOW HQ KnOOEDU IRQG �)RQGERODJHQV I|UHQLQJ� ������ 7LOO� � � � � � � � � � � � � �

KnOOEDUD IRQGHU UlNQDV HQOLJW 3HQVLRQVP\QGLJKHWHQ GH IRQGHU VRP InWW HQ 0�(�PlUNQLQJ�� � � � � � � � � � �

YLONHW LQQHElU DWW GH WDU KlQV\Q WLOO PLOM| RFK HWLN L VLQD SODFHULQJDU �3HQVLRQVP\QGLJKHWHQ�� � � � � � � � � � � � � �

������ $WW YlOMD KnOOEDUD RFK DQVYDUVIXOOD LQYHVWHULQJDU KDQGODU RP DWW DUEHWD I|U DWW I|UHWDJ� � � � � � � � � � � � � �

EDNRP GH YlUGHSDSSHU VRP IRQGHQ LQYHVWHUDU L WDU KnOOEDUKHW L EHDNWDQGH VDPW DWW GH� � � � � � � � � � � � � �

UHGRYLVDU VLWW PLOM|DUEHWH� VRFLDOW DQVYDUVWDJDQGH RFK lJDUVW\UQLQJ �3HQVLRQVP\QGLJKHWHQ�� � � � � � � �
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7URWV GHW IDNWXP DWW LQWUHVVHW I|U KnOOEDUKHW KDU |NDW EODQG SULYDWSHUVRQHU YHUNDU GHW lQGn� � � � � � � � � � � � � �

ILQQDV HWW JODSS PHOODQ PlQQLVNDQV YlUGHULQJDU VDPW LQWUHVVH I|U KnOOEDUKHW RFK KXU PDQ� � � � � � � � � � � � �

IDNWLVNW LQYHVWHUDU� , DXJXVWL nU ���� NRP GLUHNWLYHW �*U|QW VSDUDQGH �GLU� �������� IUnQ� � � � � � � � � � � � �

UHJHULQJHQ VRP lPQDGH XQGHUV|ND SUHPLVVHUQD I|U DWW XQGHUOlWWD LQGLYLGHUV P|MOLJKHW DWW� � � � � � � � � � �

LQYHVWHUD PHU KnOOEDUW� 5HJHULQJHQ JUXQGDGH GLUHNWLYHW Sn HWW PDUNQDGVPLVVO\FNDQGH Gn GH� � � � � � � � � � �

PHQDU DWW YLOMDQ DWW LQYHVWHUD PHU KnOOEDUW lU EHJUlQVDG PHG DQOHGQLQJ DWW DYNDVWQLQJHQ NDQ� � � � � � � � � � � � � �

NRPPD DWW YDUD PLQGUH lQ I|U DQGUD LQYHVWHULQJVP|MOLJKHWHU WURWV DWW VDPKlOOVQ\WWDQ lU K|JUH�� � � � � � � � � � � � �

5HVXOWDWHW DY XWUHGQLQJHQ NULQJ GLUHNWLYHW �*U|QW VSDUDQGH SXEOLFHUDGHV L PDUV ���� RFK� � � � � � � � � � � �

LQQHK|OO HWW IOHUWDO SXQNWHU VRP JHU \WWHUOLJDUH W\QJG WLOO GHQ KlU VWXGLHQ� EnGH YDG JlOOHU Q\WWD� � � � � � � � � � � � � � � �

VDPW UHVXOWDW� 9DG JlOOHU GHQ EHJUlQVDGH YLOMDQ I|U KnOOEDUD LQYHVWHULQJDU PHG DQOHGQLQJ DY� � � � � � � � � � � � �

DYNDVWQLQJHQ SUHVHQWHUDU XWUHGQLQJHQ EHJUHSSHW ³LPSDFW LQYHVWLQJ´� Vn NDOODGH� � � � � � � �

SnYHUNDQVLQYHVWHULQJDU� 'HW lU HQ W\S DY LQYHVWHULQJDU VRP InWW |NDW JHQRPVODJ GHQ VHQDVWH� � � � � � � � � � � � �

WLGHQ RFK IUDPVWlOOV VRP HQ LQYHVWHULQJVILORVRIL YLONHQ I|UHQDU VDPKlOOVQ\WWD PHG DYNDVWQLQJ�� � � � � � � � � � �

$Y GHQ DQOHGQLQJHQ KDU SnYHUNDQVLQYHVWHULQJDU InWW VQDEE VSULGQLQJ LQRP KnOOEDUD� � � � � � � � � �

LQYHVWHULQJDU RFK VHV VRP HWW SRWHQWLHOOW KRSS I|U |NDGH DQGHODU KnOOEDUD LQYHVWHULQJDU L� � � � � � � � � � � � �

IUDPWLGHQ �628 ��������� 9LGDUH SHNDU XWUHGQLQJHQ Sn YLNWHQ DY DWW XWIRUPD HWW VW\UPHGHO� � � � � � � � � � � � �

NRUUHNW I|U DWW XSSQn |QVNDW UHVXOWDW� |NDG JUDG DY JU|QW VSDUDQGH� VDPW HIIHNWLYLWHWHQ DY DWW� � � � � � � � � � � � � � �

NRPELQHUD�HWW�HNRQRPLVNW�VW\UPHGHO�PHG�HWW�LFNH�HNRQRPLVNW��628������������

�

)|U DWW IUlPMD VnGDQD KnOOEDUD LQYHVWHULQJDU VRP UHJHULQJHQ XSSPXQWUDU WLOO NDQ� � � � � � � � � � �

EHWHHQGHHNRQRPL VDPW WHRULQ RP QXGJLQJ DQYlQGDV �3LODM� ������ (Q ³QXGJH´ NDQ I|UNODUDV� � � � � � � � � � � �

VRP HQ ³NQXII´ YLONHQ SnYHUNDU PlQQLVNRU DWW PHG VW|UUH VDQQROLNKHW IDWWD HWW YLVVW EHVOXW�� � � � � � � � � � � � � �

H[HPSHOYLV JHQRP DQYlQGDQGHW DY VWDQGDUGDOWHUQDWLY� LQUDPQLQJ HOOHU VRFLDOD QRUPHU �7KDOHU� � � � � � � � � �

	 6XQVWHLQ� ������ (WW H[HPSHO VRP UHJHULQJHQV XWUHGQLQJ NULQJ GLUHNWLYHW �*U|QW VSDUDQGH� � � � � � � � � � � �

JHU Sn HWW LFNH�HNRQRPLVNW VW\UPHGHO lU HQ LQIRUPDWLRQVLQVDWV� YLONHW L HQOLJKHW PHG NUDYHQ Sn� � � � � � � � � � � � � �

QXGJLQJ KDGH NXQQDW UlNQDV VRP MXVW HQ QXGJH �628 ��������� 7LGLJDUH IRUVNQLQJ VRP JMRUWV� � � � � � � � � � � � � �

DY &URQTYLVW� 7KDOHU RFK <X ������ LQRP SUHPLHSHQVLRQVV\VWHPHW YLVDU DWW IXQNWLRQHU L� � � � � � � � � � � �

YDODUNLWHNWXUHQ� GHQ W\S DY QXGJLQJ VRP RYDQ EHQlPQV VRP LQUDPQLQJ� NDQ KD HQ EHW\GDQGH� � � � � � � � � � � � � �

HIIHNW Sn EHWHHQGHW� 9DODUNLWHNWXU EHU|U KXU DOWHUQDWLY SUHVHQWHUDV L HQ EHVOXWVVLWXDWLRQ� � � � � � � � � � �

�&URQTYLVW HW DO�� ������ 1DWXUYnUGVYHUNHW ������ PHQDU OLNW UHVXOWDWHW DY UHJHULQJHQV GLUHNWLY� � � � � � � � � � � �

�628 �������� DWW QXGJLQJ lU HQ DQYlQGEDU VWUDWHJL I|U DWW IUlPMD KnOOEDUW EHWHHQGH RFK� � � � � � � � � � � � � �

IXQJHUDU EUD VRP HWW NRPSOHPHQW WLOO DQGUD VW\UPHGHO� 1DWXUYnUGVYHUNHW ������ XSSPXQWUDU� � � � � � � � � � �

��



�

WLOO YLGDUH IRUVNQLQJ DY YDG GH NDOODU I|U ³JU|Q QXGJLQJ´ RFK PHQDU DWW GHW ILQQV HWW VWRUW� � � � � � � � � � � � � � � � �

EHKRY DY DWW XQGHUV|ND GHVV HIIHNWLYLWHW� 'HWWD OHGHU RVV LQ Sn lPQHW I|U GHQQD XSSVDWVHQ�� � � � � � � � � � � � � � �

KXUXYLGD�QXGJLQJ�NDQ�IUlPMD�EHVOXWHW�DWW�J|UD�PHU�KnOOEDUD�SUHPLHSHQVLRQVSODFHULQJDU���

�

, GHQQD XSSVDWVHQ KDU YL YDOW DWW ULNWD LQ RVV VSHFLILNW Sn SUHPLHSHQVLRQVSODFHULQJDU L HQ� � � � � � � � � � � � � � �

VYHQVN NRQWH[W Gn DYVDNQDGHQ DY WLGLJDUH IRUVNQLQJ NULQJ lPQHW L NRPELQDWLRQ PHG� � � � � � � � � � � �

KnOOEDUKHW RFK QXGJLQJ OlPQDU HQ IRUVNQLQJVOXFND VRP lU YLNWLJ DWW I\OOD� $OOD VYHQVNDU VRP� � � � � � � � � � � � � �

KDU DUEHWDW VHGDQ PLOOHQLXPVNLIWHW� DUEHWDU QX HOOHU NRPPHU DWW DUEHWD SnYHUNDV DY KXU� � � � � � � � � � � � �

SUHPLHSHQVLRQHQ UHJOHUDV RFK SODFHUDV� 3UHPLHSHQVLRQHQ LQI|UGHV nU ���� L 6YHULJH RFK lU HQ� � � � � � � � � � � � �

GHO DY GHW DOOPlQQD SHQVLRQVV\VWHPHW� GHQ VWDWOLJD SHQVLRQ YLONHQ 3HQVLRQVP\QGLJKHWHQ VWnU� � � � � � � � � � �

I|U� 9DUMH nU DYVlWWV WRWDOW ���� SURFHQW DY GHQ LQNRPVW VRP lU SHQVLRQVJUXQGDQGH WLOO GHQ� � � � � � � � � � � � � � �

DOOPlQQD SHQVLRQHQ RFK DY GHVVD EHVWnU �� SURFHQWHQKHWHU DY GHQ Vn NDOODGH� � � � � � � � � � � �

LQNRPVWSHQVLRQHQ RFK UHVWHUDQGH ��� DY SUHPLHSHQVLRQHQ �3HQVLRQVP\QGLJKHWHQ� ����D��� � � � � � � �

6XPPDQ VRP LQWMlQDWV NDQ DQWLQJHQ SODFHUDV L IRQGHU DY HJHW YDO HOOHU L GHW I|UYDOGD� � � � � � � � � � � � � � �

DOWHUQDWLYHW� *|U PDQ LQJHW DNWLYW YDO SODFHUDV DOOWVn SHQJDUQD DXWRPDWLVNW L VWDQGDUGYDOHW� � � � � � � � � � � �

$3� 6nID� YLONHQ lU VWDWHQV IRQGSRUWI|OM� 6MXQGH $3�IRQGHQ GHODU LQWH LQIRUPDWLRQ NULQJ VLWW� � � � � � � � � � � � �

LQQHKDY RFK VDNQDU GlUI|U P|MOLJKHWHQ DWW HUKnOOD HQ NOLPDWPlUNQLQJ VDPW SODFHUDV Sn VNDODQ� � � � � � � � � � � � �

I|U KnOOEDUKHWVULVN Sn SHQVLRQVP\QGLJKHWHQV KHPVLGD �3HQVLRQVP\QGLJKHWHQ� ����E�� $3�� � � � � � � �

������ VNULYHU GRFN L VLQ KnOOEDUKHWVUDSSRUW DWW NOLPDWDUEHWHW KDU WUDSSDWV XSS� PHQ HUNlQQHU� � � � � � � � � � � � �

DWW WDNWHQ lU DOOGHOHV I|U OnJ RFK PnVWH |ND� $OO SUHPLHSHQVLRQ VRP LQWH DNWLYW SODFHUDV L HWW� � � � � � � � � � � � � � � � �

HJHW YDO KDPQDU GlUPHG L HQ IRQG VRP YlOMHU DWW LQWH GHOD PHG VLJ DY LQIRUPDWLRQ NULQJ VLWW� � � � � � � � � � � � � � � � � �

LQQHKDY HOOHU YLGDUH GHWDOMHU RP VLWW KnOOEDUKHWVDUEHWH� 7URWV DWW SUHPLHSHQVLRQHQ lU HQ UHODWLYW� � � � � � � � � � � � �

OLWHQ GHO DY GHQ DOOPlQQD SHQVLRQHQ lU GHQ OLNYlO YLNWLJ RFK NDQ L OlQJGHQ NRPPD DWW XWJ|UD� � � � � � � � � � � � � � � � �

HQ VWRU GHO DY GHW VSDUDGH NDSLWDOHW �3HQVLRQVP\QGLJKHWHQ� ����F�� YLONHW JHU \WWHUOLJDUH VW|G� � � � � � � � � � � � �

I|U�GHQ�IRUVNQLQJ�YL�NRPPHU�EHGULYD��

�

����3UREOHPEHVNULYQLQJ�

$WW GHQ DFFHOHUHUDQGH NOLPDWI|UlQGULQJ YL VHU LGDJ XWJ|U HWW VWRUW KRW I|U VnYlO PlQQLVNDQ VRP� � � � � � � � � � � � � � �

MRUGHQ UnGHU GHW LQJHQ WYHNDQ RP� (QOLJW 9lUOGVQDWXUIRQGHQ ������ lU L SULQFLS VDPWOLJD� � � � � � � � � � � � �

NOLPDWIRUVNDUH HQLJD RP DWW GHQ KlU I|UlQGULQJHQ NDQ KlUOHGDV WLOO PlQVNOLJD DNWLYLWHWHU� +XU� � � � � � � � � � � � �

��



�

YL PlQQLVNRU DJHUDU LGDJ JHU GHOV NRQVHNYHQVHU L QlUWLG� PHQ lYHQ L KXQGUDWDOV nU IUDP|YHU�� � � � � � � � � � � � � � �

0DMRULWHWHQ DY GHQ I|UVWlUNWD Yl[WKXVHIIHNWHQ KlUVWDPPDU HQOLJW 9lUOGVQDWXUIRQGHQ ������� � � � � � � � �

IUnQ NROGLR[LGXWVOlSS� YLONHW YLVDU Sn KXU RHUK|UW YLNWLJW YDUMH EHVOXW lU GlU I|UHWDJ lU� � � � � � � � � � � � � �

LQYROYHUDGH VRP Sn QnJRW YLV ELGUDU WLOO GHQQD W\SHQ DY XWVOlSS� 0nQJD DY RVV DQVHU DWW YL� � � � � � � � � � � � � � � � �

I|UVWnU YLNWHQ DY DWW KDQGOD KnOOEDUW I|U DWW LQWH OHYD |YHU YnUD� HOOHU QlVWD JHQHUDWLRQV�� � � � � � � � � � � � � � �

WLOOJnQJDU RFK PHQDU DWW YL Sn IOHUD YLV VHU NRQVHNYHQVHUQD Sn NOLPDWHW L YnUW VDPKlOOH� 9DG YL� � � � � � � � � � � � � � � � �

GRFN E|U YDUD PHGYHWQD RP lU DWW PnQJD NRQVHNYHQVHU LQWH V\QV I|UUlQ HIWHU IOHUD nU� 'HW NDQ� � � � � � � � � � � � � � � � �

LQWH WU\FNDV QRJ Sn KXU YLNWLJW YDUMH EHVOXW lU I|U DWW XSSQn HQ KnOOEDU XWYHFNOLQJ I|U NOLPDWHW� � � � � � � � � � � � � � � � �

�9lUOGVQDWXUIRQGHQ���������

�

.OLPDW RFK KnOOEDUKHW lU Sn JUXQG DY GHQ DOOYDUOLJD DFFHOHUDWLRQHQ L NOLPDWI|UlQGULQJHQ� � � � � � � � � � � �

K|JDNWXHOOD lPQHQ VRP LQGLYLGHU SnPLQQV RP GDJOLJHQ JHQRP UnGDQGH PLOM|VLWXDWLRQ� 0HG� � � � � � � � � � �

GHW |NDGH LQWUHVVHW VRP XWJnQJVSXQNW I|UYlQWDV GHQ |NDGH PLOM|PHGYHWHQKHWHQ VSHJODV L� � � � � � � � � � �

IRONV GDJOLJD EHWHHQGH� YLONHW L YLVV XWVWUlFNQLQJ KDU NXQQDW EHNUlIWDV �%DVVHQ HW DO� ����� ��� � � � � � � � � � � � � �

'HWWD NRQVWDWHUDQGH OLJJHU WLOO JUXQG I|U WHRULQ DWW lYHQ VnGDQD EHVOXW VRP NDSLWDOSODFHULQJDU� � � � � � � � � � � � �

I|UYlQWDV SUlJODV DY KnOOEDUKHW RFK LQRP GHWWD RPUnGH UnGHU GHW HQ EHW\GDQGH EULVW L� � � � � � � � � � � � � �

IRUVNQLQJHQ� 7UDGLWLRQHOOD WHRULHU I|U EHVOXWVIDWWDQGH lU WXGHODGH NULQJ YLOND IDNWRUHU VRP� � � � � � � � � � �

SnYHUNDU PlQQLVNDQ YLG HQ VnGDQ VLWXDWLRQ� 0DUNRZLW] ������ WHRUL RP GHQ UDWLRQHOOD� � � � � � � � � � � �

LQYHVWHUDUHQ PHQDU DWW LQYHVWHUDUH HQGDVW WDU ULVN RFK DYNDVWQLQJ L EHDNWDQGH YLG HWW� � � � � � � � � � � � �

LQYHVWHULQJVEHVOXW� 6HQDUH IRUVNQLQJ NULQJ EHVOXWVIDWWDQGH KDU GRFN NRPPLW IUDP WLOO DWW lYHQ� � � � � � � � � � � �

PMXNDUH YlUGHQ VnVRP NlQVORU RFK YlUGHULQJDU NDQ KD HQ LQYHUNDQ �6WDWPDQ� ������ )HVWLQJHU� � � � � � � � � � � � �

������ PHQDU DWW RDYVHWW YLOND IDNWRUHU VRP WDV KlQV\Q WLOO YLG EHVOXWVIDWWDQGH NDQ HQ LQGLYLG� � � � � � � � � � � � � � �

YDUV WDQNH RFK KDQGOLQJ VNLOMHU VLJ nW XSSOHYD QnJRW VRP NDOODV NRJQLWLY GLVVRQDQV� 2P HQ� � � � � � � � � � � � � � �

LQGLYLG YlUQDU RP KnOOEDUKHW PHQ YlOMHU DWW LQWH LQYHVWHUD KnOOEDUW XSSVWnU VnOHGHV NRJQLWLY� � � � � � � � � � � � �

GLVVRQDQV� YLONHW lU HQ VLWXDWLRQ LQGLYLGHQ L K|JVWD JUDG YLOO XQGYLND �)HVWLQJHU� ������� � � � � � � � � � � � �

,IUnJDVlWWDQGHW DY GHQ PlQVNOLJD UDWLRQDOLWHWHQ ILFN lPQHW EHWHHQGHHNRQRPL DWW Yl[D VRP� � � � � � � � � � �

IRUVNQLQJVRPUnGH� VRP VWXGHUDU PlQQLVNDQV DJHUDQGH L HNRQRPLVND VDPPDQKDQJ �7KDOHU�� � � � � � � � �

������ 'lUHIWHU Yl[WH RFNVn EHWHHQGHILQDQV VRP HQ JUHQ DY EHWHHQGHHNRQRPLQ� VRP IRUVNDU� � � � � � � � � � � �

Sn LQGLYLGHQV EHWHHQGH VSHFLILNW Sn DNWLHPDUNQDGHQ� 'RFN ILQQV GHW HQ IRUVNQLQJVOXFND NULQJ� � � � � � � � � � � �

KXU PlQQLVNDQ WDU VWlOOQLQJ WLOO KnOOEDUKHW YLG LQYHVWHULQJVEHVOXW� HQ OXFND VRP LQWH EDUD DQVHV� � � � � � � � � � � � � �

RPIDWWDQGH Sn JUXQG DY VLQ VWRUOHN XWDQ RFNVn EUnGVNDQGH DWW I\OOD Sn JUXQG DY GHW� � � � � � � � � � � � � � �

DFFHOHUHUDQGH�NOLPDWKRWHW��1DWXUVN\GGVI|UHQLQJHQ���������

��



�

�

5HJHULQJHQV NRPPLWWpGLUHNWLY �*U|QW VSDUDQGH WLOONRP GHOYLV I|U DWW XSSI\OOD PnOHQ L� � � � � � � � � � �

3DULVDYWDOHW VDPW GH JOREDOD PnOHQ �GLU� ��������� (WW DY GH OHGDQGH PnOHQ L 3DULVDYWDOHW� GHW� � � � � � � � � � � � � � �

JOREDOD NOLPDWDYWDO VRP WRJV IUDP ���� I|U DWW IUlPMD KnOOEDU XWYHFNOLQJ �5HJHULQJVNDQVOLHW�� � � � � � � � � � � �

������ lU DWW LQYHVWHULQJDU VND J|UDV L HQOLJKHW PHG GHQ XWYHFNOLQJ VRP |QVNDV L ULNWQLQJ PRW� � � � � � � � � � � � � � � �

OlJUH XWVOlSS DY Yl[WKXVJDVHU VDPW PRWVWnQGVNUDIW PRW NOLPDWI|UlQGULQJDU �GLU� ��������� )|U� � � � � � � � � � �

DWW IXOOI|OMD UHJHULQJVXSSGUDJHW KDU 3HQVLRQVP\QGLJKHWHQ �����E� ODQVHUDW nWJlUGHU PHG KRSS� � � � � � � � � �

RP DWW XQGHUOlWWD LQGLYLGHUV P|MOLJKHW DWW J|UD KnOOEDUD IRQGYDO� ([HPSHOYLV KDU HQ� � � � � � � � � � � �

NROGLR[LGLQGLNDWRU LQI|UWV L HQOLJKHW PHG VWUlYDQ HIWHU DWW XSSPXQWUD LQYHVWHULQJDU VRP lU� � � � � � � � � � � �

PLQGUH NROGLR[LGLQWHQVLYD VDPW HWW ILOWHU VRP NDQ DQYlQGDV I|U DWW H[NOXGHUD IRQGHU VRP� � � � � � � � � � � � �

LQYHVWHUDU�L�YHUNVDPKHWHU�VRP�LQGLYLGHQ�LQWH�YLOO�VSDUD�L��

��

$WW PlUND IRQGHU XWLIUnQ GHVV HJHQVNDSHU Sn GHW YLVHW VRP 3HQVLRQVP\QGLJKHWHQV J|U HOOHU DWW� � � � � � � � � � � � � �

SUHVHQWHUD DOWHUQDWLY L HQ YLVV RUGQLQJ NDQ EHWHFNQDV VRP HQ QXGJH� YLONHW KDU UHGRJMRUWV I|U� � � � � � � � � � � � � � �

WLGLJDUH� 1XGJLQJ lU HQ UHODWLYW Q\ WHRUL VRP V\IWDU WLOO DWW SnYHUND PlQQLVNRU WLOO DWW IDWWD HWW� � � � � � � � � � � � � � � � �

YLVVW EHVOXW� 1XGJLQJ NDQ DQWLQJHQ DQYlQGDV L V\IWH DWW In PlQQLVNRU DWW IDWWD ElWWUH EHVOXW I|U� � � � � � � � � � � � � � � �

VLQ HJHQ VNXOO HOOHU I|U RPJLYQLQJHQV VNXOO �7KDOHU 	 6XQVWHLQ� ������ 3n Vn YLV NDQ QXGJLQJ� � � � � � � � � � � � � � � �

YDUD HQ DQYlQGEDU VWUDWHJL I|U DWW IUlPMD KnOOEDUW EHWHHQGH� EnGH I|U LQGLYLGHQ RFK� � � � � � � � � � � � �

RPJLYQLQJHQ �1DWXUYnUGVYHUNHW� ������ 9LGDUH VW\UNHU IRUVNQLQJ NULQJ VSHFLILNW� � � � � � � �

SUHPLHSHQVLRQVV\VWHPHW lYHQ DWW QXGJLQJ VNXOOH NXQQD KD HQ HIIHNW YLG HWW SODFHULQJVYDO DY� � � � � � � � � � � � �

MXVW SUHPLHSHQVLRQHQ �&URQTYLVW HW DO�� ����� RFK lQ PHU VSHFLILNW DWW GHW VNXOOH NXQQD IUlPMD� � � � � � � � � � � � � � �

KnOOEDUD�LQYHVWHULQJDU��3LODM���������

��

%HKRYHW DY IOHU KnOOEDUD LQYHVWHULQJDU lU HQRUPW Sn JUXQG DY GHW RPIDWWDQGH NOLPDWKRW YL VWnU� � � � � � � � � � � � � � �

LQI|U� YLONHW NUlYHU DWW DOOD ELGUDU WLOO DWW SnVN\QGD RPVWlOOQLQJHQ WLOO HQ KnOOEDU� � � � � � � � � � � � �

VDPKlOOVXWYHFNOLQJ JHQRP DWW IDWWD EHVOXW VRP J\QQDU GHQQD� 9L lPQDU PLQVND GHQ EHILQWOLJD� � � � � � � � � � � � �

IRUVNQLQJVOXFNDQ NULQJ KnOOEDUD LQYHVWHULQJDU JHQRP DWW |ND NXQVNDSHQ RP KXU KnOOEDUD� � � � � � � � � � �

LQYHVWHULQJDU NDQ IUlPMDV LQRP UDPHQ I|U SUHPLHSHQVLRQVV\VWHPHW� 'HQQD VWXGLH lPQDU� � � � � � � � � �

XQGHUV|ND HIIHNWHQ DY HQ QXGJH YLG HWW LQYHVWHULQJVEHVOXW PHG KMlOS DY HQ HQNlWVWXGLH PHG� � � � � � � � � � � � � �

H[SHULPHQW� 1XGJHQ XWJ|UV DY HQ UHIOHNWLRQ |YHU UHVSRQGHQWHQV HJQD YlUGHULQJDU RFK WDU� � � � � � � � � � � �

GlUDY VW|G L WHRULQ RP NRJQLWLY GLVVRQDQV I|U YLONHQ GHW UHGRJ|UV YLGDUH XQGHU SXQN ���� 'HW� � � � � � � � � � � � � � � �

SUDNWLVND SUREOHPHW YL VND XQGHUV|ND lU SULYDWSHUVRQHUV SUHPLHSHQVLRQVVSDUDQGH RFK GHW� � � � � � � � � �

��



�

WHRUHWLVND SUREOHPHW XWJ|UV VnOHGHV DY NRJQLWLY GLVVRQDQV� 3n Vn YLV DQNUDV XQGHUV|NQLQJHQ� � � � � � � � � � � �

EnGH�L�GHQ�YHUNOLJD�RFK�GHQ�DNDGHPLVND�YlUOGHQ���

�

����6\IWHW�PHG�DUEHWHW�

6\IWHW PHG GHQQD XSSVDWV lU DWW XQGHUV|ND KXUXYLGD LQGLYLGHU WHQGHUDU DWW YlOMD PHU KnOOEDUD� � � � � � � � � � � � � �

SUHPLHSHQVLRQVSODFHULQJDU QlU GH SnPLQQV RP VLQD YlUGHULQJDU NULQJ KnOOEDUKHW RFK InU WLG DWW� � � � � � � � � � � � �

UHIOHNWHUD�|YHU�GHP��8SSVDWVHQV�|YHUJULSDQGH�IUnJHVWlOOQLQJ�lU�IRUPXOHUDG�HQOLJW�I|OMDQGH��

�

ƒ .DQ�QXGJLQJ�IUlPMD�KnOOEDUD�SUHPLHSHQVLRQVSODFHULQJDU"�

�

0HG XWJnQJVSXQNW L WHRULQ RP NRJQLWLY GLVVRQDQV KDU YnU PHWRG WLOO VNLOOQDG IUnQ WLGLJDUH� � � � � � � � � � � � � �

IRUVNQLQJ� H[HPSHOYLV *ODF ������� VWRUW IRNXV Sn LQGLYLGHQV HJQD KnOOEDUKHWVYlUGHULQJDU RFK� � � � � � � � � � �

lPQDU XQGHUV|ND P|MOLJKHWHQ DWW JHQRP PMXND YlUGHQ SnYHUND HQ SUHPLHSHQVLRQVSODFHULQJ� � � � � � � � � �

nW GHW PHU KnOOEDUD� )|U DWW XQGHUV|ND KXUXYLGD GHW lU P|MOLJW HOOHU LQWH LQNOXGHUDU PHWRGHQ HQ� � � � � � � � � � � � � � � �

K\SRWHVSU|YQLQJ�GlU�K\SRWHVHQ�VRP�VWlOOWV�XSS�RFK�VND�SU|YDV�O\GHU��

�

�́(Q LQGLYLG VRP InU UHIOHNWHUD |YHU VLQD YlUGHULQJDU NULQJ KnOOEDUKHW LQQDQ HQ� � � � � � � � � � � �

SUHPLHSHQVLRQVSODFHULQJ�WHQGHUDU�DWW�L�K|JUH�XWVWUlFNQLQJ�YlOMD�HWW�KnOOEDUW�DOWHUQDWLY �´��
�

����8SSVDWVHQV�ELGUDJ�

+nOOEDUKHW KDU EOLYLW HWW K|JDNWXHOOW lPQH Sn JUXQG DY GHW UnGDQGH NOLPDWKRWHW� /LNDVn lU� � � � � � � � � � � � � �

SULYDWHNRQRPL L IRUP DY SHQVLRQVVSDUDQGH VWlQGLJW HWW K|JDNWXHOOW lPQH I|U PlQQLVNDQ�� � � � � � � � � � �

*HQRP DWW XQGHUV|ND HQ NRPELQDWLRQ DY WYn Vn DNWXHOOD lPQHQ NDQ UHVXOWDWHW DY UDSSRUWHQ� � � � � � � � � � � � � �

NRPPD DWW ELGUD WLOO Q\D LQVLNWHU VRP NDQ P|MOLJJ|UD IUDPVWHJ I|U VnYlO PLOM|Q VRP� � � � � � � � � � � � � �

SULYDWSHUVRQHU VDPW GH YDUV GDJOLJD DUEHWH LQQHIDWWDU IUnJRU NULQJ SHQVLRQVVSDUDQGH�� � � � � � � � � �

3ULYDWSHUVRQHU VRP NDQ UlNQDV LQ EODQG GH VRP SRWHQWLHOOW NDQ J\QQDV DY XQGHUV|NQLQJHQ lU� � � � � � � � � � � � � �

EnGH DOOD VRP WMlQVWJ|U� Gn DOOD VRP DUEHWDU L 6YHULJH WMlQDU LQ WLOO VLQ SUHPLHSHQVLRQ� � � � � � � � � � � � � � �

�3HQVLRQVP\QGLJKHWHQ������F���VDPW�DOOD�VRP�KDU�HWW�LQWUHVVH�DWW�J\QQD�KnOOEDU�XWYHFNOLQJ��

�

��



�

, HQOLJKHW PHG GHQ YLGDUH IRUVNQLQJ 1DWXUYnUGVYHUNHW ������ XSSPXQWUDU WLOO LQRP� � � � � � � � � � �

QXGJHRPUnGHW L DOOPlQKHW RFK JU|Q QXGJLQJ L V\QQHUKHW� YlQWDV XSSVDWVHQ ELGUD WLOO DWW� � � � � � � � � � � � �

PLQVND GHQ IRUVNQLQJVOXFND P\QGLJKHWHQ SHNDGH Sn L VLQ UDSSRUW� %HKRYHW VRP YlQWDV� � � � � � � � � � � �

WLOOIUHGVVWlOODV NUHWVDU NULQJ QXGJLQJV HIIHNWLYLWHW� GHVV WHRUHWLVND XQGHUE\JJQDG VDPW� � � � � � � � �

SUDNWLVND WLOOlPSQLQJDU� *HQRP DWW XQGHUV|ND HWW SRWHQWLHOOW YHUNW\J I|U DWW NXQQD |ND� � � � � � � � � � � �

DQGHOHQ KnOOEDUD SUHPLHSHQVLRQVSODFHULQJDU RFK GlUPHG PLQVND NROGLR[LGXWVOlSSHW NDQ� � � � � � � �

XSSVDWVHQ lYHQ NRPPD DWW ELGUD PHG HQ SXVVHELW WLOO GHW K|JUH V\IWHW� QlPOLJHQ DWW XSSQn HQ� � � � � � � � � � � � � � � �

KnOOEDU XWYHFNOLQJ JOREDOW GlU VDPKlOOHW VRP KHOKHW YDUNHQ OHYHU |YHU VLQD HOOHU IUDPWLGD� � � � � � � � � � � � �

JHQHUDWLRQHUV�WLOOJnQJDU���

�

����8SSVDWVHQV�XSSOlJJ�

5HVWHUDQGH GHO DY XSSVDWVHQ lU LQGHODG L VH[ VW|UUH NDSLWHO� +lUQlVW I|OMHU NDSLWHO WYn PHG HQ� � � � � � � � � � � � � � � �

UHGRJ|UHOVH I|U GHQ WHRUHWLVND UHIHUHQVUDPHQ PHG KXYXGVDNOLJW IRNXV Sn LQYHVWHUDUHV� � � � � � � � � �

SUHIHUHQVHU� WHRULQ RP QXGJLQJ RFK NRJQLWLY GLVVRQDQV� .DSLWHO WUH LQQHKnOODQGH HQ� � � � � � � � � � �

OLWWHUDWXUJHQRPJnQJ DY WLGLJDUH IRUVNQLQJ LQRP QXGJLQJ� KnOOEDUD LQYHVWHULQJDU VDPW� � � � � � � � �

SUHPLHSHQVLRQVIRQGHU� 'HW IMlUGH NDSLWOHW LQQHKnOOHU HQ RPIDWWDQGH SUHVHQWDWLRQ DY PHWRGHQ� � � � � � � � � �

VRP DQYlQWV VDPW SURFHVVHQ I|U GDWDLQVDPOLQJ� EODQG DQQDW HQ UHGRJ|UHOVH I|U HQNlWGHVLJQ�� � � � � � � � � � � �

XUYDO RFK PHWRGNULWLN� , NDSLWHO IHP SUHVHQWHUDV GHW HPSLULVND UHVXOWDWHW DY VWXGLHQ� .DSLWHO� � � � � � � � � � � � �

VH[ LQQHKnOOHU HQ GLVNXVVLRQ RFK NDSLWHO VMX SUHVHQWHUDU GH VOXWVDWVHU VRP NDQ GUDV XWLIUnQ� � � � � � � � � � � � � �

VWXGLHQV�UHVXOWDW��VOXWJLOWLJW�ELGUDJ�VDPW�I|UVODJ�Sn�YLGDUH�IRUVNQLQJ���

�

� �

��



�

���7HRUHWLVN�UHIHUHQVUDP�

, GHQ WHRUHWLVND UHIHUHQVUDPHQ NRPPHU GHW UHGRJ|UDV I|U GH KXYXGVDNOLJD WHRULHU VRP OLJJHU� � � � � � � � � � � � �

WLOO JUXQG I|U XSSVDWVHQ� .DSLWOHW SUHVHQWHUDU VnYlO WUDGLWLRQHOOD WHRULHU VRP PHU PRGHUQD� � � � � � � � � � � �

WHRULHU� 9LGDUH XWYHFNODV WHRULQ RP QXGJLQJ XQGHU SXQNW ��� VDPW GHVV SUDNWLVND WLOOlPSQLQJ� � � � � � � � � � � � �

JHQRP�ROLND�PHWRGHU�RFK�V\VWHP��

�

����,QYHVWHUDUHV�SUHIHUHQVHU��

6\QHQ Sn PlQQLVNDQ VRP Q\WWRPD[LPHUDUH KlUVWDPPDU IUnQ GHQ QHRNODVVLVND HNRQRPLVND� � � � � � � � � �

WHRULQ RFK XU GHQ V\QYLQNHOQ lU HNRQRPL HQ REMHNWLY YHWHQVNDS GlU LQGLYLGHQV YlUGHULQJDU� � � � � � � � � � � � �

LQWH KDU HQ LQYHUNDQ �6WDWPDQ� ������ �0DUNRZLW] WHRUL ´0RGHUQ 3RUWIROLR 7KHRU\´ ������ lU� � � � � � � � � � � � �

HQ YlONlQG PRGHOO YLONHQ I|UHWUlGHU GHQ QHRNODVVLVND V\QHQ Sn PlQQLVNDQ VRP UDWLRQHOO�� � � � � � � � � � � �

7HRULQ SHNDU Sn DWW HQ PlQQLVNDV LQYHVWHULQJVEHVOXW HQGDVW EHVWlPV DY WYn YDULDEOHU�� � � � � � � � � � � �

QlPOLJHQ ULVN RFK DYNDVWQLQJ� $QGUD IDNWRUHU VnVRP VRFLDOW DQVYDUVWDJDQGH RFK� � � � � � � � � �

DNWLHXWGHOQLQJ DQVHV LQWH OLJJD L UDWLRQHOOD LQYHVWHUDUHV LQWUHVVH RFK IDOOHU GlUI|U XWDQI|U WHRULQ� � � � � � � � � � � � �

�6WDWPDQ����������

1lU LQYHVWHUDUH VWnU LQI|U HWW SODFHULQJVYDO I|U YLONHW DOWHUQDWLYHQ KDU VDPPD I|UYlQWDGH� � � � � � � � � � � �

DYNDVWQLQJ YlQWDV LQYHVWHUDUHQ I|OMDNWOLJHQ YlOMD NRPELQDWLRQHQ PHG OlJVW YDULDQV� 6NXOOH WYn� � � � � � � � � � �

NRPELQDWLRQHU LQQHKD VDPPD YDULDQV RFK I|UYlQWDG DYNDVWQLQJ PHQDV LQYHVWHUDUHQ I|UHGUD� � � � � � � � � �

GHQ PHG K|JVW I|UYlQWDW YlUGH �/LQWQHU� ������ 'HQ KlU LQYHVWHUDUHQ NRP DWW NDOODV ³KRPR� � � � � � � � � � � � � �

HFRQRPLFXV´ RFK PHQDV YDUD RUHDOLVWLVN Gn GHQ JUDG DY UDWLRQDOLWHW NUlYHU RPlQVNOLJD� � � � � � � � � � � �

IlUGLJKHWHU VRP HQRUP WDQNHNUDIW RFK REHJUlQVDW PLQQH� 7KDOHU RFK 6XQVWHLQ ������ YlOMHU� � � � � � � � � � � �

LVWlOOHW DWW EHVNULYD PlQQLVNDQ VRP ³KRPR VDSLHQV´� )|UIDWWDUQD DQVHU DWW PlQQLVNDQ lU PHU� � � � � � � � � � � � �

YHUNOLJ RFK VW\UV DY HQ NRPELQDWLRQ DY NlQVORU� YlUGHULQJDU RFK UDWLRQDOLWHW� PHQ KDU HQ� � � � � � � � � � � � � �

EHJUlQVDG UDWLRQDOLWHW YLONHQ LQWH NUlYHU QnJUD RPlQVNOLJD IlUGLJKHWHU YDG JlOOHU PLQQH HOOHU� � � � � � � � � � � �

LQWHOOHNW���

0lQQLVNDQ NDQ DOOWVn PD[LPHUD VLQ Q\WWD Sn IOHU SODQ lQ EDUD GHW ILQDQVLHOOD �6WDWPDQ� ������� � � � � � � � � � � � � � �

'HWWD SnYLVDGHV DY .DKQHPDQ RFK 7YHUVN\ ������ JHQRP ´SURVSHFW WKHRU\´� VRP SHNDGH Sn� � � � � � � � � � � � �

DWW LQGLYLGHU DQVnJ DWW XQGYLND HQ I|UOXVW JDY VW|UUH Q\WWD lQ DWW In VDPPD JLYQD VXPPD VRP� � � � � � � � � � � � � � � � �

YLQVW� 9LGDUH NXQGH GH lYHQ YLVD Sn DWW PlQQLVNDQV VWlOOQLQJVWDJDQGH LQIOXHUDGHV DY KXU GH� � � � � � � � � � � � � �

��



�

ROLND YDOHQ UDPDWV LQ� 1lU LIUnJDVlWWDQGHW DY PlQQLVNDQV UDWLRQDOLWHW LQOHGGHV E|UMDGH HWW Q\WW� � � � � � � � � � � � �

lPQH DWW IRUVNDV Sn� QlPOLJHQ EHWHHQGHHNRQRPL� VRP VWXGHUDU KXU PlQQLVNDQ DJHUDU L� � � � � � � � � � � �

HNRQRPLVND VDPPDQKDQJ� 6RP HQ JUHQ DY EHWHHQGHHNRQRPL ELOGDGHV EHWHHQGHILQDQV VRP� � � � � � � � � �

IRUVNDU Sn KXU LQGLYLGHU DJHUDU Sn DNWLHPDUNQDGHQ �7KDOHU� ������ 'HQQD IRUVNQLQJHQ KDU� � � � � � � � � � � �

lQGUDW V\QHQ Sn PlQQLVNDQ VRP IXOOW UDWLRQHOO Gn GHW SnYLVDWV DWW lYHQ DQGUD DVSHNWHU lQ EDUD� � � � � � � � � � � � � � � �

ULVN RFK DYNDVWQLQJ IDNWLVNW WDV L EHDNWDQGH YLG HWW LQYHVWHULQJVEHVOXW �*ODF� ������ (WW� � � � � � � � � � � � �

\WWHUOLJDUH VW|G I|U WHRULQ DWW IOHU DVSHNWHU lQ ULVN RFK DYNDVWQLQJ KDU HQ LQYHUNDQ YLG HWW� � � � � � � � � � � � � � � �

LQYHVWHULQJVEHVOXW lU GHQ VXFFHVVLYD |NQLQJ DY 65, VRP NXQQDW REVHUYHUDV �%DVVHQ HW DO��� � � � � � � � � � � � �

������ 'HWWD Gn DYNDVWQLQJHQ WHQGHUDU DWW YDUD OlJUH I|U 65, L YHUNOLJKHWHQ �GLU� �������� RFK� � � � � � � � � � � � � � �

KnOOEDUKHW�NDQ�IDVWVWlOODV�VRP�\WWHUOLJDUH�HQ�DVSHNW�VRP�SnYHUNDU�YDOHW��

�

����.RJQLWLY�GLVVRQDQV�

(Q LQGLYLG PHG VWDUND YlUGHULQJDU NULQJ HWW lPQH� H[HPSHOYLV KnOOEDUKHW� PHQ VRP LQWH WDU� � � � � � � � � � � � � �

GHVVD L EHDNWDQGH YLG HWW EHVOXW NDQ HQOLJW )HVWLQJHU ������ XSSOHYD YDG VRP NDOODV I|U� � � � � � � � � � � � � � �

NRJQLWLY GLVVRQDQV� .RJQLWLY GLVVRQDQV XSSVWnU QlU YlUGHULQJDU LQWH |YHUHQVVWlPPHU PHG� � � � � � � � � �

YHUNOLJD KDQGOLQJDU RFK XSSOHYV RIWD VRP HWW REHKDJ Gn PlQQLVNDQ YLOO OHYD L HQOLJKHW PHG� � � � � � � � � � � � � � �

VLQD YlUGHULQJDU �)HVWLQJHU� ������ (WW H[HPSHO Sn NRJQLWLY GLVVRQDQV lU HQ LQGLYLG VRP DQVHU� � � � � � � � � � � � � �

DWW U|ND FLJDUHWWHU lU IDUOLJW� PHQ WURWV GHWWD U|NHU� (WW DQQDW H[HPSHO VRP NDQ DQYlQGDV I|U DWW� � � � � � � � � � � � � � � � �

I|UNODUD NRJQLWLY GLVVRQDQV lU RP HQ JRG YlQ YLVDU VLJ KD EHJnWW HQ NULPLQHOO KDQGOLQJ� , HWW� � � � � � � � � � � � � � � � �

VnGDQW IDOO XSSOHYV HQ REHNYlP VLWXDWLRQ Sn JUXQG DY NRJQLWLY GLVVRQDQV Gn GHQQD KDQGOLQJ� � � � � � � � � � � � � �

LQWH |YHUHQVVWlPPHU PHG WURQ RP DWW YlQQHQ lU HQ JRG PlQQLVND �2OVHQ� ������ 'HW ILQQV WYn� � � � � � � � � � � � � � � �

VlWW DWW PLQVND GHQ NRJQLWLYD GLVVRQDQVHQ� LQGLYLGHQ NDQ lQGUD VLWW EHWHHQGH� DOWHUQDWLYW lQGUD� � � � � � � � � � � � �

VLQ�DWWLW\G��)HVWLQJHU����������

7HRULQ RP NRJQLWLY GLVVRQDQV KDU LQRP EHWHHQGHILQDQV DQYlQWV VRP HQ WlQNEDU I|UNODULQJ WLOO� � � � � � � � � � � � �

YDUI|U VRPOLJD LQYHVWHUDUH LQWH KDU VnOW DNWLHU VRP JnWW PHG I|UOXVW VDPW YDUI|U HQ GHO� � � � � � � � � � � � � � �

IRUWVlWWHU DWW N|SD DNWLHU VRP JnU PHG I|UOXVW� 'HWWD NDQ I|UNODUDV DY DWW LQYHVWHUDUHQ XSSOHYHU� � � � � � � � � � � � � � �

NRJQLWLY GLVVRQDQV� LQYHVWHUDUHQ YLOO LQWH WLOONlQQDJH DWW GHQQH WLGLJDUH KDU IDWWDW EULVWIlOOLJD� � � � � � � � � � � �

EHVOXW�RFK�IRUWVlWWHU�Gn�LVWlOOHW�VDPPD�KDQGODQGH��$G\���������

��



�

(QOLJW 2OVHQ ������ lU Q\ IRUVNQLQJ LQRP EHVOXWVYHWHQVNDS� SV\NRORJL RFK H[SHULPHQWHOO� � � � � � � � � � �

HNRQRPL QnJUD DY GH IDNWRUHU VRP OLJJHU WLOO JUXQG I|U EHWHHQGHILQDQV� %HWHHQGHILQDQV L VLQ� � � � � � � � � � � � � �

WXU� GlU NRJQLWLY GLVVRQDQV NDQ XWJ|UD HQ EHW\GDQGH IDNWRU� DQW\GHU DWW GH DQWDJDQGHQ VRP� � � � � � � � � � � � � �

OLJJHU EDNRP WUDGLWLRQHOO HNRQRPL VDPW GHVV WHRULHU lU IHODNWLJD RFK GlUI|U PnVWH UHYLGHUDV�� � � � � � � � � � � � �

7UDGLWLRQHOO ILQDQVWHRUL EHVWnU VRP WLGLJDUH QlPQWV L KXYXGVDN DY WHRULHU RFK PDWHPDWLVND� � � � � � � � � � � �

PRGHOOHU I|U LQYHVWHULQJVEHWHHQGH� PHGDQ NRJQLWLY GLVVRQDQV LQNOXGHUDU PMXNDUH YlUGHQ L� � � � � � � � � �

EHUlNQLQJDUQD� 3n JUXQG DY GHQ NULWLN VRP EHWHHQGHILQDQV� GlU WHRULQ RFK NRJQLWLY GLVVRQDQV� � � � � � � � � � � � �

UlNQDV LQ� ULNWDW PRW WUDGLWLRQHOO ILQDQVWHRUL KDU GHW UHODWLYW Q\D IRUVNQLQJVRPUnGHW InWW HUIDUD� � � � � � � � � � � � �

XWPDQLQJDU�YDG�JlOOHU�GHVV�DQVHHQGH�LQRP�ILQDQVEUDQVFKHQ��2OVHQ���������

�

����1XGJLQJ�

(QOLJW 7KDOHU 	 6XQVWHLQ ������ lU HQ ´QXGJH´� VRP GHQ VYHQVND |YHUVlWWQLQJHQ DYVO|MDU� HQ� � � � � � � � � � � � � �

´NQXII´ YLONHQ SnYHUNDU PlQQLVNRU L HQ EHVOXWVVLWXDWLRQ WLOO DWW PHG VW|UUH VDQQROLNKHW IDWWD HWW� � � � � � � � � � � � � �

YLVVW EHVOXW� 7HRULQ RP QXGJLQJ E\JJHU Sn LGpQ RP DWW PlQQLVNDQ LQWH lU KHOW UDWLRQHOO XWDQ� � � � � � � � � � � � � � � �

NDQ SnYHUNDV DY DQGUD IDNWRUHU� YLONHW EHWHHQGHHNRQRPLQ EHWRQDU� 1XGJLQJ NDQ LQQHIDWWD� � � � � � � � � � �

PnQJD ROLND PHWRGHU� VnVRP H[HPSHOYLV I|UHQNOLQJ RFK LQUDPQLQJ� I|UlQGULQJ L I\VLVN PLOM|�� � � � � � � � � � � �

DQYlQGDQGHW DY VWDQGDUGDOWHUQDWLY HOOHU SnYHUNDQ JHQRP VRFLDOD QRUPHU� 9LNWLJW PHG QXGJLQJ� � � � � � � � � � �

lU GRFN DWW GHW LQWH VND EHJUlQVD YDOIULKHWHQ� DOOWVn HWW YHUNW\J VRP NDQ DQYlQGDV WLOO DWW� � � � � � � � � � � � � � � �

SnYHUND XWDQ DWW EHJUlQVD� JHQRP DWW WLOO H[HPSHO I|UlQGUD HNRQRPLVND LQFLWDPHQW HOOHU� � � � � � � � � � � �

I|UEMXGD HWW DOWHUQDWLY� 1XGJLQJ NDQ DQYlQGDV I|U DWW In PlQQLVNRU DWW IDWWD ElWWUH EHVOXW L VLQ� � � � � � � � � � � � � � � �

YDUGDJ� DQWLQJHQ I|U VLJ VMlOYD HOOHU I|U RPJLYQLQJHQ� PHQ lYHQ DY I|UHWDJ I|U DWW VW\UD� � � � � � � � � � � � � � �

PlQQLVNRU PRW HWW |QVNDW EHWHHQGH RFK GlUPHG H[HPSHOYLV NXQQD I|UXWVSn UHVXOWDW DY� � � � � � � � � � � �

PDUNQDGVXQGHUV|NQLQJDU�HOOHU�SURGXNWYDO��7KDOHU�	�6XQVWHLQ���������

�

������+MlUQV\VWHP�HWW�RFK�WYn�

(QOLJW .DKQHPDQ ������ NDQ KMlUQDQ GHODV XSS L WYn V\VWHP PHG ROLND IXQNWLRQHU RFK� � � � � � � � � � � � � �

DQYlQGQLQJVRPUnGHQ YLOND lU UHOHYDQWD DWW I|UVWn VLJ Sn YLG XWIRUPDQGHW DY HQ QXGJH� 6\VWHP� � � � � � � � � � � � � �

HWW DQYlQGV L VLWXDWLRQHU VRP LQWH NUlYHU HIWHUWlQNVDPKHW HOOHU QnJRQ GMXSDUH NRJQLWLY� � � � � � � � � � � �

WDQNHYHUNVDPKHW� XWDQ GlU EHVOXWHQ IUlPVW NDQ IDWWDV SHU DXWRPDWLN XWLIUnQ UXWLQ RFK YDQD�� � � � � � � � � � � � �

���



�

'HW I|UVWD V\VWHPHW NDQ DOOWVn I|UVWnV VRP LQSUlQWDGH VWUXNWXUHU RFK P|QVWHU VRP J|U DWW YL� � � � � � � � � � � � � � �

NDQ DQSDVVD RVV WLOO VRFLDOD VLWXDWLRQHU XWDQ DWW UHIOHNWHUD �.DKQHPDQ� ������ )|U V\VWHP WYn� � � � � � � � � � � � � �

lU PHGYHWHQKHWHQ FHQWUDO RFK GHVVD VLWXDWLRQHU EOLU Sn Vn YLV PHU NUlYDQGH� 'HW DQGUD� � � � � � � � � � � � � �

V\VWHPHW DQYlQGV GlUI|U QlU EHVOXW HOOHU EHUlNQLQJDU VND J|UDV YLOND NUlYHU YnU DQDO\WLVND� � � � � � � � � � � � �

WDQNHI|UPnJD��.DKQHPDQ����������

��

1XGJLQJ NDQ EHURHQGH Sn V\IWH DQWLQJHQ XWIRUPDV PRW GHW I|UVWD HOOHU DQGUD V\VWHPHW� 'HW� � � � � � � � � � � � � �

I|UVWD V\VWHPHW NDQ lQGUD EHWHHQGHW KRV HQ PlQQLVND XWDQ DWW lQGUD GHQQHV XSSIDWWQLQJ� � � � � � � � � � � � �

�0RQW� /HKQHU 	 +HLVNDQHQ� ������ (Q QXGJH VRP ULNWDV PRW GHW I|UVWD V\VWHPHW YHUNDU XWDQ� � � � � � � � � � � � � � �

DWW SHUVRQHQ VRP XWVlWWV I|U GHQ lU PHGYHWHQ RP GHW� 7YlUWRP NUlYHU HQ QXGJH ULNWDG PRW GHW� � � � � � � � � � � � � � � � �

DQGUD V\VWHPHW HQ PHGYHWHQKHW KRV SHUVRQHQ L IUnJD YLONHQ H[HPSHOYLV NDQ HUKnOODV JHQRP� � � � � � � � � � � � �

DWW�GHQQH�InU�UHIOHNWHUD�|YHU�VLQD�YlUGHULQJDU�LQQDQ�EHVOXWHW��/LQ��2VPDQ�	�$VKFURIW���������

�

������2OLND�PHWRGHU�DY�QXGJLQJ��

6RP WLGLJDUH QlPQWV lU GH I\UD YDQOLJDVWH PHWRGHUQD DY QXGJLQJ I|UHQNOLQJ RFK LQUDPQLQJ DY� � � � � � � � � � � � � �

LQIRUPDWLRQ� I|UlQGULQJ DY I\VLVN PLOM|� DQYlQGDQGHW DY VWDQGDUGDOWHUQDWLY VDPW VRFLDOD� � � � � � � � � �

QRUPHU� 'HVVD E\JJHU Sn DQWDJDQGHW DWW PlQQLVNRUV EHVOXW NDQ SnYHUNDV DY KXU� � � � � � � � � � � �

EHVOXWVVLWXDWLRQHQ�IUDPVWlOOV��1HGDQ�I|OMHU�HQ�NRUW�EHVNULYQLQJ�DY�GH�I\UD�PHWRGHUQD���

�

��������)|UHQNOLQJ�RFK�LQUDPQLQJ�DY�LQIRUPDWLRQ�

)|UHQNOLQJ RFK LQUDPQLQJ DY LQIRUPDWLRQ lU HQ W\S DY QXGJLQJ VRP V\IWDU WLOO DWW KMlOSD� � � � � � � � � � � � � � �

PlQQLVNDQ DWW J|UD UlWW YDO� (Q I|UHQNOLQJ LQQHElU DWW LQIRUPDWLRQ IUDPVWlOOV Sn HWW EHJULSOLJW� � � � � � � � � � � � � �

VlWW� YLONHW VND I|UHQNOD NRPSOLFHUDGH YDO VRP HQ LQGLYLG NDQ VWn LQI|U� VnVRP ILQDQVLHOOD� � � � � � � � � � � � � �

LQYHVWHULQJDU �0RQW HW DO�� ������ ,QUDPQLQJ KDQGODU RP KXU PDQ SUHVHQWHUDU LQIRUPDWLRQ Sn� � � � � � � � � � � � �

Vn YLV DWW XWYDOGD DVSHNWHU EHWRQDV PHG V\IWH DWW DNWLYHUD LQGLYLGHQV HJQD YlUGHULQJDU� 'HWWD� � � � � � � � � � � � � �

I|U DWW OHGD GHVV YDO L |QVNDG ULNWQLQJ� YLONHW L VLQ WXU LQQHElU DWW LQUDPQLQJ lU HQ QXGJH ULNWDG� � � � � � � � � � � � � � � � � � �

PRW�KMlUQDQV�DQGUD�V\VWHP�Gn�LQGLYLGHQV�HJQD�UHIOHNWLRQHU�NRSSODV�LQ��(QWPDQ����������

�

���



�

��������)|UlQGULQJ�DY�I\VLVN�PLOM|�

0lQQLVNDQ I|UPRGDV SnYHUNDV DY GHQ I\VLVND PLOM| GHQQH EHILQQHU VLJ L RFK I|UlQGULQJDU L� � � � � � � � � � � � � �

GHQQD PLOM|Q NDQ RUVDND HQ EHWHHQGHI|UlQGULQJ� 1XGJLQJ DQYlQGV I|U DWW I|UlQGUD PLOM|Q� � � � � � � � � � � �

PlQQLVNDQ EHILQQHU VLJ L I|U DWW SnYHUND GHVV YDO �0RQW HW DO�� ������ 7LOO H[HPSHO NDQ� � � � � � � � � � � � � � � �

SODFHULQJHQ DY PDW L HQ PDWVDO SnYHUND LQGLYLGHQV YDO� YLONHW lU NRSSODW WLOO DQYlQGQLQJHQ DY� � � � � � � � � � � � � � �

HQ�V\VWHP�HWW�QXGJH��7KDOHU�	�6XQVWHLQ����������

�

��������6WDQGDUGDOWHUQDWLY�

6WDQGDUGDOWHUQDWLYHW E\JJHU Sn PlQQLVNDQV PRWYLOOLJKHW DWW J|UD YLVVD YDO� *|U LQGLYLGHQ� � � � � � � � � � �

LQJHW YDO YlOMV DXWRPDWLVNW HWW Vn NDOODW VWDQGDUGYDO �7KDOHU� ������ 6WDQGDUGDOWHUQDWLYHW lU HQ� � � � � � � � � � � � �

WHNQLN VRP DQYlQGV I|U DWW H[HPSHOYLV IOHU PlQQLVNRU VND SHQVLRQVVSDUD L K|JUH JUDG JHQRP� � � � � � � � � � � � � �

DWW KD HWW VSHFLILNW SHQVLRQVVSDUDQGH VRP VWDQGDUGDOWHUQDWLY �7KDOHU 	 6XQVWHLQ� ������� � � � � � � � � � �

(IWHUVRP LQGLYLGHQ LQWH VMlOY J|U HWW DNWLYW YDO RFK GlUPHG LQWH DQDO\VHUDU RFK UHVRQHUDU QlU� � � � � � � � � � � � � � �

EHVOXWHW�IDWWDV��JHVWDOWDU�VWDQGDUGDOWHUQDWLYHW�HQ�QXGJH�PRW�V\VWHP�HWW���

�

��������6RFLDOD�QRUPHU�

6RFLDOD QRUPHU lU HQ DVSHNW VRP DQWDV SnYHUND PlQQLVNDQ RFK JHQRP DWW SnPLQQD GHQQH RP� � � � � � � � � � � � � � �

GHQ GRPLQHUDQGH QRUPHQ |NDU FKDQVHQ DWW PlQQLVNDQ I|OMHU GHQ� YLONHW DOOWVn lU HQ QXGJH PRW� � � � � � � � � � � � � � �

V\VWHP WYn �0RQW HW DO�� ������ 0lQQLVNDQV EHWHHQGH NDQ VnOHGHV SnYHUNDV DY VRFLDOD QRUPHU�� � � � � � � � � � � � � �

GRFN VND GHVVD YDUD W\GOLJD RFK GRPLQHUDQGH I|U DWW KD HQ HIIHNW �&LDOGLQL 	 *ROGVWHLQ�� � � � � � � � � � � � � � �

��������

�

$Y GHVVD I\UD PHWRGHUQD lU WUH PHU UHOHYDQWD I|U YnU XQGHUV|NQLQJ YLOND lU I|UHQNOLQJ RFK� � � � � � � � � � � � � � �

LQUDPQLQJ DY LQIRUPDWLRQHQ� DQYlQGDQGHW DY VWDQGDUGDOWHUQDWLY VDPW VRFLDOD QRUPHU� 3n� � � � � � � � � �

YLONHW�VlWW�GHVVD�WUH�DQYlQWV�UHGRJ|UV�I|U�XQGHU�SXQNW��������

� �

���



�

���/LWWHUDWXUJHQRPJnQJ�

����1XGJLQJ�VRP�VWUDWHJL�I|U�DWW�IUlPMD�KnOOEDUW�EHWHHQGH�L�DOOPlQKHW�

5DSSRUWHQ �1XGJLQJ ± (WW YHUNW\J I|U KnOOEDUD EHWHHQGHQ" lU VNULYHQ DY 1DWXUYnUGVYHUNHW� � � � � � � � � � � �

������ Sn XSSGUDJ IUnQ UHJHULQJHQ L V\IWH DWW VDPPDQVWlOOD NXQVNDS RFK XQGHUV|ND HIIHNWHU DY� � � � � � � � � � � � � �

QXGJLQJ� 1XGJLQJ EHVNULYV VRP HWW Q\WW VlWW DWW OHGD PlQQLVNRU L |QVNYlUG ULNWQLQJ JHQRP DWW� � � � � � � � � � � � � � �

SnYHUND GHUDV EHWHHQGH XWDQ DWW SnYHUND GHUDV YlUGHULQJDU� 5DSSRUWHQ WDU DYVWDPS L GHQ� � � � � � � � � � � � �

VYHQVND SROLWLNHQ� PHQ EOLFNDU lYHQ XW LQWHUQDWLRQHOOW� QlU GHW XQGHUV|NV RP GHW lU P|MOLJW DWW� � � � � � � � � � � � � � �

In LQGLYLGHU DWW IDWWD ElWWUH EHVOXW� I|U VnYlO HJHQ GHO VRP VDPKlOOHW L VWRUW JHQRP DWW� � � � � � � � � � � � � � � �

|YHUYLQQD EHJUlQVQLQJDU L GHQ NRJQLWLYD I|UPnJDQ� 9LGDUH XQGHUV|NHU UDSSRUWHQ KXUXYLGD� � � � � � � � � �

QXGJLQJ�NDQ�DQYlQGDV�I|U�DWW�IRUPD�HWW�PHU�KnOOEDUW�EHWHHQGH�HOOHU�LQWH��

*HQRP DWW XQGHUV|ND PHWRGHU I|U EHWHHQGHI|UlQGULQJ VDPW VWDWHQV UROO L GHQQD I|UlQGULQJ� � � � � � � � � � � �

NRPPHU I|UIDWWDUQD IUDP WLOO DWW GHW lU VYnUW DWW PlWD GH H[DNWD HIIHNWHUQD DY QXGJLQJ� PHQ� � � � � � � � � � � � � � � �

DQVHU lQGn DWW GHW lU HQ DQYlQGEDU VWUDWHJL I|U DWW IUlPMD KnOOEDUW EHWHHQGH� 'H PHQDU DWW� � � � � � � � � � � � � � � �

QXGJLQJ IXQJHUDU SHUIHNW VRP HWW NRPSOHPHQW WLOO DQGUD VW\UPHGHO� DWW GHW lU HWW HIIHNWLYW� � � � � � � � � � � � � �

YHUNW\J I|U DWW I|UVWlUND DQGUD SROLWLVND YHUNW\J VDPW DWW GHW RPIDWWDU EHWHHQGHQ VRP DQGUD� � � � � � � � � � � � � �

LQVWUXPHQW LQWH NRPPHU nW� $YVOXWQLQJVYLV XSSPXQWUDU 1DWXUYnUGVYHUNHW ������ WLOO YLGDUH� � � � � � � � � �

IRUVNQLQJ I|U DWW I\OOD GHQ EHW\GDQGH IRUVNQLQJVOXFND GH PHQDU ILQQV I|U QXGJLQJ RFK GHVV� � � � � � � � � � � � � �

HIIHNWLYLWHW��WHRUL�VDPW�SUDNWLVND�WLOOlPSDQGH��

�

����1XGJLQJ�PRW�V\VWHP�WYn�PHVW�HIIHNWLYW�I|U�LQYHVWHULQJVEHVOXW�

%DVVHQ HW DO� ������ KDU L VLQ DUWLNHO �&OLPDWH ,QIRUPDWLRQ LQ 5HWDLO ,QYHVWRUV¶ 'HFLVLRQ�� � � � � � � � � � � � � �

0DNLQJ� (YLGHQFH IURP D &KRLFH ([SHULPHQW XQGHUV|NW� PHG KMlOS DY HWW H[SHULPHQW Sn� � � � � � � � � � � � �

SULYDWLQYHVWHUDUH� KXU YlO HQ QXGJH ULNWDG PRW KMlUQDQV I|UVWD V\VWHP IXQJHUDU QlU GHW JlOOHU� � � � � � � � � � � � � �

LQYHVWHULQJDU� 8QGHUV|NQLQJHQ YLVDGH DWW PlQQLVNRU WHQGHUDU DWW DQYlQGD VLJ DY KMlUQDQV� � � � � � � � � � �

DQGUD V\VWHP� GHW PHGYHWQD V\VWHPHW YLONHW NUlYHU PHU DY YnU DQDO\WLVND I|UPnJD YLG HWW� � � � � � � � � � � � � �

LQYHVWHULQJVEHVOXW RFK GlUPHG LQWH SnYHUNDGHV DY HQ QXGJH ULNWDG PRW GHW I|UVWD V\VWHPHW L� � � � � � � � � � � � � �

VDPPD XWVWUlFNQLQJ� 'HWWD PHQDV EHUR Sn DWW EHVOXW NULQJ LQYHVWHULQJDU lU PHU NRPSOLFHUDGH� � � � � � � � � � � � �

lQ DQGUD EHVOXW RFK NUlYHU GlUPHG QRJJUDQQ DQDO\V� $UWLNHOQ VW|GMHU GlUPHG EHVOXWHW DWW ULNWD� � � � � � � � � � � � � �

YnU QXGJH WLOO GHW DQGUD V\VWHPHW JHQRP DWW OnWD LQGLYLGHQ UHIOHNWHUD |YHU VLQD YlUGHULQJDU� � � � � � � � � � � � � �

���



�

LQQDQ GH JHQRPI|U SODFHULQJVYDOHW� 9LGDUH SHNDU /LQ HW DO� ������ Sn DWW GHW ILQQV IRUVNQLQJ� � � � � � � � � � � � � � �

VRP PHQDU DWW HQ QXGJH ULNWDG PRW KMlUQDQV DQGUD V\VWHP VNXOOH JHQHUHUD HQ PHU OnQJVLNWLJ� � � � � � � � � � � � � � �

HIIHNW lQ HQ QXGJH ULNWDG PRW GHW I|UVWD V\VWHPHW� /LNDVn NDQ GHWWD VW|GMD YDOHW DY DWW ULNWD� � � � � � � � � � � � � � � � �

QXGJHQ�L�GHQQD�XSSVDWV�PRW�KMlUQDQV�DQGUD�V\VWHP��

, DUWLNHOQ �:KHQ QXGJHV DUH IRUHYHU� ,QHUWLD LQ WKH 6ZHGLVK 3UHPLXP 3HQVLRQ 3ODQ EHVNULYHU� � � � � � � � � � � � � �

&URQTYLVW HW DO� ������ WYn ROLND W\SHU DY QXGJLQJ VDPW HIIHNWLYLWHWHQ DY GHVVD XWLIUnQ V\VWHP� � � � � � � � � � � � � � �

HWW RFK WYn OLNW %DVVHQ HW DO� ������� )RUVNQLQJ VRP JMRUWV XQGHU GH VHQDVWH WYn GHFHQQLHUQD� � � � � � � � � � � � � � � �

YLVDU DWW IXQNWLRQHU L YDODUNLWHNWXUHQ VRP WLGLJDUH DQVHWWV YDUD LUUHOHYDQWD HQOLJW WUDGLWLRQHOOD� � � � � � � � � � � �

HNRQRPLVND DQDO\VHU NDQ KD HQ HIIHNW Sn EHWHHQGHW� 'HQ VYHQVND YDODUNLWHNWXUHQ VNDSDGH HWW� � � � � � � � � � � � �

RIIHQWOLJW SHQVLRQVV\VWHP EDVHUDW Sn GHQ QRUPDOD QHRNODVVLVND HNRQRPLVND WHRULQ� 'HWWD PHG� � � � � � � � � � �

HQ NRPELQDWLRQ DY IULWW LQWUlGH� RKlPPDG NRQNXUUHQV RFK IULWW YDO� 'HW LQNRUSRUHUDGHV WYn� � � � � � � � � � � � �

YLNWLJD QXGJHV� QXGJH HWW RFK WYn� 1XGJH HWW WDU DYVWDPS L GHQ I|UVWD DY QXGJHPHWRGHUQD RFK� � � � � � � � � � � � � � � �

NDQ EHVNULYDV VRP HQ VWDQGDUGIRQG I|U GH LQGLYLGHU VRP VMlOYD LQWH J|U HWW DNWLYW YDO� 1XGJH� � � � � � � � � � � � � � � �

WYn LQQHEDU DWW UHJHULQJHQ EHVWlPGH VLJ I|U DWW XSSPXQWUD LQGLYLGHU WLOO DWW VNDSD VLQ HJHQ� � � � � � � � � � � � � � �

SRUWI|OM� 'HWWD JHQRP RIIHQWOLJD XWWDODQGHQ VDPW HQ YlOILQDQVLHUDG UHNODPNDPSDQM� 9LG� � � � � � � � � �

PLOOHQQLXPVNLIWHW YLVDGH VLJ GHQ DQGUD QXGJHQ YDUD YLQQDUHQ L HIIHNWLYLWHW� 'HQ UHNODP VRP� � � � � � � � � � � � �

UHJHULQJHQ SUHVHQWHUDGH ILFN GHQ HIIHNW VRP |QVNDGHV Gn WYn WUHGMHGHODU DY SHQVLRQVVSDUDUQD� � � � � � � � � � � �

YDOGH DWW J|UD VLQ HJHQ SRUWI|OM� &URQTYLVW HW DO� ������ PHQDU DWW OlUGRPHQ lU DWW WURWV GHW� � � � � � � � � � � � � � � � �

IDNWXP DWW VWDQGDUGYDO DQVHV HIIHNWLYW NDQ HQ VnGDQ QXGJH |YHUYLQQDV DY HQ PHU LQIRUPDWLY� � � � � � � � � � � � � �

NDPSDQM YDG JlOOHU PHWRGHQV HIIHNWLYLWHW� 'lUPHG NDQ HIIHNWLYLWHWHQ DY HQ QXGJH ULNWDG PRW� � � � � � � � � � � � �

V\VWHP�HWW�UHVSHNWLYH�WYn�PHG�VW|UUH�VlNHUKHW�lYHQ�YlQWDV�JlOOD�I|U�SUHPLHSHQVLRQVV\VWHPHW��

�

����'HILQLWLRQHQ�DY�KnOOEDUD�IRQGHU�

3HQVLRQVP\QGLJKHWHQ ������ NODUJ|U L VLQ UDSSRUW �6WDWLVWLN NULQJ KnOOEDUD IRQGHU LQRP� � � � � � � � � � �

SUHPLHSHQVLRQVV\VWHPHW� ���� YDG VRP NUlYV I|U DWW HQ IRQG VND DQVHV YDUD KnOOEDU�� � � � � � � � � � � � �

3HQVLRQVP\QGLJKHWHQ VNULYHU DWW WLOO KnOOEDUD IRQGHU UlNQDV GH IRQGHU VRP InWW HQ� � � � � � � � � � � �

0�(�PlUNQLQJ� YLONHW LQQHElU DWW GH WDU KlQV\Q WLOO PLOM| RFK�HOOHU HWLN L VLQD SODFHULQJDU�� � � � � � � � � � � � � �

)RQGERODJHQ NDQ KD ROLND GHILQLWLRQHU DY YDG GH DQVHU DWW KnOOEDUKHW LQQHElU� PHQ I|U DWW In� � � � � � � � � � � � � � � �

PlUNQLQJHQ EHK|YHU I|UYDOWDUHQ DQV|ND RP PlUNQLQJHQ KRV 3HQVLRQVP\QGLJKHWHQ� $QV|NDQ� � � � � � � � �

J|UV JHQRP DWW LQIRUPHUD 3HQVLRQVP\QGLJKHWHQ RP DWW ERODJHW KDU HQ IRQG VRP GH PHQDU� � � � � � � � � � � � � �

���



�

XSSI\OOHU GH NUDY VRP VWlOOWV XSS WLOOVDPPDQV PHG 6ZHVLI� HQ RUJDQLVDWLRQ VRP DUEHWDU WLOO� � � � � � � � � � � � � �

I|UPnQ I|U KnOOEDUD SODFHULQJDU �6ZHVLI� ������ , VDPEDQG PHG DQV|NDQ EHK|YHU ERODJHW KD� � � � � � � � � � � � �

HQ XWI|UOLJ SODQ I|U KXU IRQGHQ WDU KlQV\Q WLOO PLOM| RFK�HOOHU HWLN YLG VLQD SODFHULQJDU VDPW KD� � � � � � � � � � � � � � � � �

HQ V\VWHPDWLVN RFK UHJHOEXQGHQ XSSI|OMQLQJ DY GHQQD LQULNWQLQJ� 9LGDUH VND IRQGHQ lYHQ KD� � � � � � � � � � � � �

I\OOW L +nOOEDUKHWVSURILOHQ� HWW IRQGIDNWDEODG YLONHW V\IWDU WLOO DWW Sn HWW |YHUVNnGOLJW YLV� � � � � � � � � � � � �

LQIRUPHUD IRQGVSDUDUH NULQJ KXU NULWHULHU I|U KnOOEDUKHW WLOOlPSDV L HQ IRQGV I|UYDOWQLQJ VDPW� � � � � � � � � � � � �

P|MOLJJ|UD�HQ�HQNODUH�MlPI|UHOVH�IRQGHU�HPHOODQ���

�

����1XGJLQJ�VRP�VWUDWHJL�I|U�DWW�IUlPMD ��LQYHVWHULQJDU�L�KnOOEDUD�IRQGHU�

*ODF ������ VNULYHU L VLQ DUWLNHO �8QGHUVWDQGLQJ 6RFLDOO\ 5HVSRQVLEOH ,QYHVWLQJ� 7KH (IIHFW RI� � � � � � � � � � � � �

'HFLVLRQ )UDPHV DQG 7UDGH�RII 2SWLRQV DWW IUnJDQ RP YDUI|U YLVVD LQYHVWHUDUH XW|YDU 65, RFK� � � � � � � � � � � � � �

DQGUD LQWH L K|J JUDG lU REHVYDUDG� )|U DWW XQGHUV|ND GHWWD XWYHFNODU *ODF HQ PRGHOO I|U� � � � � � � � � � � � � � � �

EHVOXW DWW XW|YD 65,� VRP lU JUXQGDG L OLWWHUDWXUHQ RP NRJQLWLRQ� 9LGDUH JHQRPI|UGHV HWW� � � � � � � � � � � � � �

H[SHULPHQW Sn VWXGHQWHU I|U DWW XQGHUV|ND KXUXYLGD LQUDPQLQJ� GHQ W\S DY QXGJLQJ VRP� � � � � � � � � � � � �

SUHVHQWHUDV XQGHU SXQNW �������� NDQ SnYHUND HQ LQGLYLG WLOO DWW HQJDJHUD VLJ PHU L 65, VDPW� � � � � � � � � � � � � � � �

KXU P\FNHW GHQQH lU YLOOLJ DWW RIIUD I|U DWW SULRULWHUD 65, IUDPI|U NRQYHQWLRQHOOD� � � � � � � � � � � � �

LQYHVWHULQJDU� ([SHULPHQWHW VRP XWI|UGHV YLVDGH DWW LQUDPQLQJ DY DOWHUQDWLYHQ YLG HWW� � � � � � � � � � �

LQYHVWHULQJVEHVOXW�SnYHUNDU�VDQQROLNKHWHQ�DWW�HQ�LQYHVWHUDUH�L�K|JUH�JUDG�HQJDJHUDU�VLJ�L�65,���

�

� �

���
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���0HWRG�	�GDWDLQVDPOLQJ�

, V\IWH DWW XQGHUV|ND RP LQGLYLGHU WHQGHUDU DWW YlOMD PHU KnOOEDUD SUHPLHSHQVLRQVSODFHULQJDU� � � � � � � � � � � �

QlU GH SnPLQQV RP VLQD YlUGHULQJDU NULQJ KnOOEDUKHW RFK VYDUD Sn RP QXGJLQJ NDQ IUlPMD� � � � � � � � � � � � � � �

KnOOEDUD SUHPLHSHQVLRQVSODFHULQJDU KDU HQ HPSLULVN VWXGLH JHQRPI|UWV� 6WXGLHQ lU QDWXUOLJWYLV� � � � � � � � � �

HQ I|UHQNOLQJ DY KXU GHW VHU XW L YHUNOLJKHWHQ RFK JMRUGHV L IRUP DY HQ HQNlWXQGHUV|NQLQJ� � � � � � � � � � � � � � � �

PHG HWW H[SHULPHQW� (Q K\SRWHVSU|YQLQJ JHQRPI|UGHV I|U DWW EHVYDUD IUnJHVWlOOQLQJHQ RFK� � � � � � � � � � �

GHQ K\SRWHV VRP KDU SU|YDWV XWIRUPDGHV PHG XWJnQJVSXQNW L WHRULQ RP NRJQLWLY GLVVRQDQV�� � � � � � � � � � � � �

+\SRWHVHQ JDY Sn Vn YLV VW|G WLOO SnVWnHQGHW DWW HQ LQGLYLG ERUGH LQYHVWHUD L HQOLJKHW PHG VLQD� � � � � � � � � � � � � � � � �

YlUGHULQJDU�I|U�DWW�XQGYLND�NRJQLWLY�GLVVRQDQV�RFK�YDU�IRUPXOHUDG�HQOLJW�I|OMDQGH��

�

�́(Q LQGLYLG VRP InU UHIOHNWHUD |YHU VLQD YlUGHULQJDU NULQJ KnOOEDUKHW LQQDQ HQ� � � � � � � � � � � �

SUHPLHSHQVLRQVSODFHULQJ�WHQGHUDU�DWW�L�K|JUH�XWVWUlFNQLQJ�YlOMD�HWW�KnOOEDUW�DOWHUQDWLY �´���
�

����8QGHUV|NQLQJVPHWRG�

,QRP GHQ I|UHWDJVHNRQRPLVND IRUVNQLQJHQ KDU NYDQWLWDWLY PHWRG OlQJH DQYlQWV RFK� � � � � � � � � �

NlQQHWHFNQDV DY DWW NXQQD PlWD RFK DQDO\VHUD YDULDEOHU JHQRP VWDWLVWLVND PRGHOOHU �%U\PDQ� � � � � � � � � � � �

	 %HOO� ������ 'HW YDU lYHQ HQ VnGDQ PHWRG VRP DQYlQWV L GHQQD VWXGLH RFK DQVnJV YDUD� � � � � � � � � � � � � � � � �

OlPSOLJ Gn GHW IDQQV JRGD P|MOLJKHWHU DWW PlWD RFK DQDO\VHUD GH YDULDEOHU VRP DQYlQWV L� � � � � � � � � � � � � � �

VWXGLHQ� (IWHUVRP GHW NDXVDOD VDPEDQGHW PHOODQ HQ EHURHQGH RFK HQ REHURHQGH YDULDEHO� � � � � � � � � � � �

VNXOOH XQGHUV|NDV SDVVDGH GHQ NYDQWLWDWLYD PHWRGHQ ElWWUH lQ GHQ NYDOLWDWLYD� YLONHQ SUlJODV� � � � � � � � � � � �

DY RUG VQDUDUH lQ VLIIURU RFK EHVNULYV PHU VRP HQ LQGXNWLY ELOG DY I|UKnOODQGHW PHOODQ WHRUL� � � � � � � � � � � � � � � �

RFK�IRUVNQLQJ��%U\PDQ�	�%HOO���������

�

'HQ NYDQWLWDWLYD PHWRGHQ XWPlUNV DY HWW IOHUWDO XQGHUV|NQLQJVIRUPHU RFK L GHQQD XSSVDWV KDU� � � � � � � � � � � � �

³VXUYH\´� PRWVYDUDQGH XQGHUV|NQLQJ L VYHQVND WHUPHU� L NRPELQDWLRQ PHG HWW H[SHULPHQW� � � � � � � � � � �

YDOWV� lYHQ NDOODW ³VXUYH\ H[SHULPHQW´ �0DUVGHQ 	 :ULJKW� ������ (QOLJW 'HQVFRPEH ������� � � � � � � � � � � �

EHVWnU HQ ³VXUYH\´ L UHJHO DY LQWHUYMXHU HOOHU HQNlWHU RFK L GHQQD VWXGLH lU GHW HWW HQNlWIRUPDW� � � � � � � � � � � � � � � � �

VRP DQYlQWV� )|UGHOHQ PHG DWW J|UD HQ XQGHUV|NQLQJ PHG GHWWD IRUPDW lU GHVV HQNHOKHW RFK� � � � � � � � � � � � � � �

NRVWQDGVHIIHNWLYLWHW VDPW DWW VXUYH\ L DOOPlQKHW JHQHUHUDU JHQHUDOLVHUEDUKHW� Gn IRUVNDUHQ KDU� � � � � � � � � � �

P|MOLJKHW DWW L K|JUH XWVWUlFNQLQJ NXQQD YlOMD HWW UHSUHVHQWDWLYW XUYDO XU YDOG SRSXODWLRQ� � � � � � � � � � � � �

���



�

�%U\PDQ 	 %HOO� ������ 'DWDLQVDPOLQJHQ KDU DOOWVn JHQRPI|UWV PHG KMlOS DY HQ� � � � � � � � � � � �

HQNlWXQGHUV|NQLQJ PHG HWW H[SHULPHQW� , GHQQD VWXGLH KDU WYn HQNlWHU GHODWV XW� YDUDY GHQ HQD� � � � � � � � � � � � � � �

LQQHK|OO HQ PDQLSXODWLRQ� L GHWWD IDOO HQ QXGJH� 'HQ HQNlWHQ PHG HQ QXGJH KDU GHODWV XW WLOO HQ� � � � � � � � � � � � � � � � � �

H[SHULPHQWJUXSS RFK GHQ DQGUD HQNlWHQ XWDQ QXGJH KDU GHODWV XW WLOO HQ NRQWUROOJUXSS� 'HW� � � � � � � � � � � � � �

HQGD VRP VNLOMGH HQNlWHUQD nW YDU VnOHGHV QXGJHQ� (WW NODVVLVNW H[SHULPHQW LQQHKnOOHU HWW� � � � � � � � � � � � �

I|UWHVW RFK HIWHUWHVW� HQ NRQWUROOJUXSS� VOXPSPlVVLJW XUYDO DY YLOND VRP lU HQ GHO DY� � � � � � � � � � � � � �

H[SHULPHQW� UHVSHNWLYH NRQWUROOJUXSSHQ VDPW HQ PDQLSXODWLRQ DY GHQ REHURHQGH YDULDEHOQ� � � � � � � � � �

�'HQVFRPEH� ������ ([SHULPHQWHW VRP JHQRPI|UWV L GHQQD VWXGLH NODVVDV VnOHGHV LQWH VRP HWW� � � � � � � � � � � � �

WUDGLWLRQHOOW H[SHULPHQW� Gn HWW I|U� RFK HIWHUWHVW VDNQDV� $QOHGQLQJHQ WLOO DWW GHWWD HM� � � � � � � � � � � � �

JHQRPI|UWV lU DWW SURFHVVHQ KDGH EOLYLW EHW\GOLJW OlQJUH VDPW SUDNWLVND SUREOHP VnVRP� � � � � � � � � � � �

EHJUlQVDG�P|MOLJKHW�WLOO�nWHUNRPPDQGH�NRPPXQLNDWLRQ�PHG�UHVSRQGHQWHUQD���

�

����(QNlWGHVLJQ�

(QNlWHQ PHG QXGJH YDU XSSGHODG L WUH GHODU� QXGJH� SODFHULQJVYDO DY SUHPLHSHQVLRQ VDPW� � � � � � � � � � � � �

NRQWUROOIUnJRU� (QNlWHQ XWDQ QXGJH LQQHK|OO VnOXQGD HQGDVW GH WYn VLVWD VHNWLRQHUQD�� � � � � � � � � � �

SODFHULQJVYDO VDPW NRQWUROOIUnJRU� (QNlWHQ nWHUILQQV VRP ELODJD� 6RP QlPQWV L DYVQLWWHW RYDQ� � � � � � � � � � � �

KDU HQNlWXQGHUV|NQLQJHQ JHQRPI|UWV Sn Vn YLV DWW HQ H[SHULPHQWJUXSS KDU InWW GHQ VSHFLHOOW� � � � � � � � � � � � �

XWIRUPDGH HQNlWHQ YLONHQ LQQHK|OO QXGJHQ� PHGDQ NRQWUROOJUXSSHQ KDU InWW HQ QHXWUDO HQNlW� � � � � � � � � � � �

XWDQ QXGJH� 1XGJHHQNlWHQ V\IWDGH WLOO DWW LQIOXHUD UHVSRQGHQWHUQDV YDO DY� � � � � � � � � �

SUHPLHSHQVLRQVSODFHULQJ WLOO HWW PHU KnOOEDUW� 'H VYDU VRP LQVDPODWV IUnQ HQNlWHQ PHG QXGJH� � � � � � � � � � � � �

KDU VHGDQ MlPI|UWV PHG VYDUHQ IUnQ HQNlWHQ XWDQ� 7DQNHQ YDU IUnQ E|UMDQ DWW PlWD� � � � � � � � � � � � � �

UHVSRQGHQWHUQDV KnOOEDUKHWVYlUGHULQJDU L VLJ� PHQ LVWlOOHW I|U DWW J|UD GHW I|UYlQWDGHV GHVVD� � � � � � � � � � � �

YlUGHULQJDU VSHJODV L SODFHULQJVYDOHW� , VWXGLHQ KDU QXGJHQ DQYlQWV VRP HQ REHURHQGH� � � � � � � � � � � �

YDULDEHO RFK YDOHW DY HQ KnOOEDU SUHPLHSHQVLRQVIRQG VRP GHQ EHURHQGH YDULDEHOQ� 2P GH� � � � � � � � � � � � �

UHVSRQGHQWHU VRP HUKnOOLW QXGJHQ L K|JUH JUDG KDU YDOW DWW SODFHUD HQ VW|UUH VXPPD SHQJDU L� � � � � � � � � � � � � � � �

GHQ KnOOEDUD SHQVLRQVIRQGHQ SHNDU VnOHGHV GHWWD Sn HWW HYHQWXHOOW VDPEDQG PHOODQ GHVVD� � � � � � � � � � � �

YDULDEOHU��

�

'HW KDU JMRUWV QRJJUDQQD |YHUYlJDQGHQ KXU HQNlWHQ VNXOOH XWIRUPDV� (Q WDQNH YDU DWW GHOD XW� � � � � � � � � � � � � � �

HQNlWHQ L HWW SDSSHUVIRUPDW� 'RFN DQVnJV ULVNHQ DWW UHVSRQGHQWHQ VNXOOH KRSSDW |YHU IUnJRU� � � � � � � � � � � � �

���



�

YDUD VWRU� 'HW HIWHUI|OMDQGH DOWHUQDWLYHW YDU DWW VNDSD HQ GLJLWDO HQNlW YLD HQ KHPVLGD�� � � � � � � � � � � � � �

VXUYH\PRQNH\�FRP� YLONHW EOHY GHW YDOGD IRUPDWHW I|U VWXGLHQ� )|UGHOHQ PHG GHQQD PHWRG� � � � � � � � � � � �

YDU DWW HQNlWHQ NXQGH |SSQDV YLD HQ OlQN RFK lQGn ELEHKnOOD UHVSRQGHQWHQV DQRQ\PLWHW� 3n Vn� � � � � � � � � � � � � � �

YLV XQGHUOlWWDGHV XWGHOQLQJHQ DY HQNlWHQ Gn GHQ NXQGH VSULGDV YLD PDLO� , HWW GLJLWDOW IRUPDW� � � � � � � � � � � � � � �

ILQQV lYHQ P|MOLJKHWHQ DWW VNDSD REOLJDWRULVND IUnJRU� YLONHW DQVnJV YDUD WLOO VWRU I|UGHO I|U DWW� � � � � � � � � � � � � � �

UHGXFHUD ERUWIDOO� 8W|YHU GHWWD P|MOLJJMRUGH IRUPDWHW HQ O|SDQGH XSSI|OMQLQJ DY I|UGHOQLQJHQ� � � � � � � � � � �

DY GHPRJUDILVND YDULDEOHU JUXSSHUQD HPHOODQ YLONHW YDU DYJ|UDQGH I|U DWW XSSQn GHQ� � � � � � � � � � � �

KRPRJHQLWHW�VRP�NUlYGHV�I|U�DWW�NXQQD�GUD�VOXWVDWVHU�XWLIUnQ�YnUW�H[SHULPHQW���

�

������1XGJHQ�

'HW ILQQV IOHUD PHWRGHU DY QXGJLQJ �VH SXQNW ���� RFK L YnU XQGHUV|NQLQJ lU WUH DY GH I\UD� � � � � � � � � � � � � � � � � �

PHU UHOHYDQWD� 6WDQGDUGDOWHUQDWLY lU UHOHYDQW I|U lPQHW L VWRUW PHGDQ I|UHQNOLQJ RFK� � � � � � � � � � � �

LQUDPQLQJ DY LQIRUPDWLRQ VDPW VRFLDOD QRUPHU lU PHU UHOHYDQW YLG XWIRUPDQGHW DY YnU QXGJH�� � � � � � � � � � � � � �

7LOO DWW E|UMD PHG lU VWDQGDUGDOWHUQDWLY JHQHUHOOW VHWW HQ DNWXHOO IUnJD I|U SHQVLRQVIUnJRU Gn� � � � � � � � � � � � � �

DYVDNQDGHQ DY HWW DNWLYW EHVOXW IUnQ SHQVLRQVWDJDUHQ LQQHElU VRP EHVNULYHW L EDNJUXQGHQ DWW� � � � � � � � � � � � �

GHW I|UYDOGD DOWHUQDWLYHW WUlGHU LQ� YLONHW L QXOlJHW lU $3��IRQGHQ �3HQVLRQVP\QGLJKHWHQ�� � � � � � � � � � �

����D�� 9LG HWW LQYHVWHULQJVEHVOXW NDQ NRPSOH[LWHWHQ VDPW EHWRQLQJHQ DY LQIRUPDWLRQHQ� � � � � � � � � �

NRPPD DWW YDUD DYJ|UDQGH I|U KXU XWIDOOHW EOLU� YLONHW lYHQ J|U I|UHQNOLQJ RFK LQUDPQLQJ DY� � � � � � � � � � � � � � �

LQIRUPDWLRQ DNWXHOOW I|U YnU XQGHUV|NQLQJ� 9L lPQDU SODFHUD LQIRUPDWLRQHQ Sn HQ OlPSOLJ QLYn� � � � � � � � � � � � �

I|U HQ JHQRPVQLWWOLJ LQYHVWHUDUH DWW I|UVWn I|U DWW LQWH NRPSOH[LWHWHQ Sn QnJRW YLV VND KLQGUD� � � � � � � � � � � � � � �

VWXGLHQ� XWDQ DWW I|U GHQ GHOHQ J|UD DYNDOO Sn NYDOLWHWHQ DY GHQ ILQDQVLHOOD LQIRUPDWLRQHQ�� � � � � � � � � � � � � �

%HWRQLQJHQ NRPPHU YDUD LGHQWLVN PHOODQ HQNlWHUQD PHQ NDQ NRPPD DWW XSSOHYDV DQQRUOXQGD� � � � � � � � � � � �

XWLIUnQ GHQ QXGJH YL YDOW� YLONHW lU L OLQMH PHG �0RQW HW DO� ����� ��� , Y�nUW IDOO lU lYHQ VRFLDOD� � � � � � � � � � � � � � � � � � � �

QRUPHU HWW DNWXHOOW lPQH Sn Vn YLV DWW HQ PlQQLVND VRP EOLU SnPLQG RP HQ QRUP YLG HWW YLVVW� � � � � � � � � � � � � � � � � � �

EHV �OXWVWLOOIlOOH WHQGHUDU DWW I|OMD QRUPHQ L VW|UUH XWVWUlFNQLQJ lQ GH VRP LQWH EOLU SnPLQGD RP� � � � � � � � � � � � � � �

QRUPHQ �0RQW HW DO�� ������ 3n HWW OLNQDQGH YLV lPQDU YL SnPLQQD LQYHVWHUDUHQ RP VSHFLILND� � � � � � � � � � � � � � �

YlUGHULQJDU LQQDQ SODFHULQJVYDOHW� PHQ L YnUW IDOO KDQGODU GHW RP LQGLYLGHQV HJQD YlUGHULQJDU� � � � � � � � � � � � �

JlOODQGH�KnOOEDUKHW��I|U�DWW�VHGDQ�XQGHUV|ND�L�YLONHQ�JUDG�GHQQD�QXGJH�SnYHUNDGH�EHVOXWHW��

�

���



�

(Q QXGJH NDQ ULNWDV PRW KMlUQDQV V\VWHP HWW HOOHU WYn� 1XGJHQ VRP ULNWDV PRW V\VWHP HWW� � � � � � � � � � � � � � � �

LQQHElU DWW HQ LQGLYLG VRP H[SRQHUDV I|U QXGJHQ LQWH lU PHGYHWHQ RP GHW� 1XGJHQ ULNWDG PRW� � � � � � � � � � � � � � � �

V\VWHP WYn YHUNDU LVWlOOHW QlU EHVOXW VND WDV VRP NUlYHU PHU HIWHUWDQNH RFK DQDO\V �/LQ HW DO��� � � � � � � � � � � � � � � � �

������ %DVVHQ HW DO� ������ PHQDU DWW HQ QXGJH ULNWDG PRW KMlUQDQV DQGUD V\VWHP lU PHVW� � � � � � � � � � � � � � � �

RSWLPDOW YLG HWW LQYHVWHULQJVEHVOXW Gn GHW NUlYV HQ PHU QRJJUDQQ DQDO\V� $Y GHQ DQOHGQLQJHQ� � � � � � � � � � � � � �

XWIRUPDGHV QXGJHQ Sn Vn YLV DWW UHVSRQGHQWHQ WLOOlWV IXQGHUD NULQJ YDG GHQQH W\FNWH RP� � � � � � � � � � � � � �

KnOOEDUKHW LQQDQ SODFHULQJVYDOHW I|U DWW XWQ\WWMD V\VWHP �� 1XGJHQ EHVWRG DY I\UD SnVWnHQGHQ� � � � � � � � � � � � �

RP KnOOEDUKHW VRP UHVSRQGHQWHQ ILFN WD VWlOOQLQJ WLOO� 8QGHU YDUMH SnVWnHQGH nWHUIDQQV HQ� � � � � � � � � � � � �

IHPJUDGLJ OLNHUWVNDOD VRP UHVSRQGHQWHQ ILFN NU\VVD L� (WW Sn VNDODQ LQQHEDU DWW UHVSRQGHQWHQ� � � � � � � � � � � � �

LQWH LQVWlPGH DOOV RFK IHP LQQHEDU VnOHGHV DWW UHVSRQGHQWHQ LQVWlPGH KHOW PHG SnVWnHQGHW�� � � � � � � � � � � � �

)|UGHOHQ PHG DWW DQYlQGD HQ OLNHUWVNDOD VRP GHQQD YDU DWW UHVSRQGHQWHQ EHK|YGH J|UD HQ� � � � � � � � � � � � � �

EUHGDUH UHIOHNWLRQ lQ WLOO H[HPSHO YLG IOHUYDOVIUnJRU� YLONHW YDU KHOD V\IWHW PHG QXGJHQ�� � � � � � � � � � � � �

5HVSRQGHQWHQ VYDUDGH GHVVXWRP Sn HQ IUnJD RP SULRULWHULQJDU YLG HWW LQYHVWHULQJVEHVOXW GlU� � � � � � � � � � � �

IHP ROLND DVSHNWHU UDQNDGHV� 7DQNHQ PHG DWW VWlOOD HQ DQQDQ W\S DY IUnJD lQ HWW SnVWnHQGH YDU� � � � � � � � � � � � � � � � �

DWW XQGYLND DWW LQGLYLGHQ VNXOOH KDVWD LJHQRP HQNlWHQV SnVWnHQGHQ XWDQ DWW DNWLYW UHIOHNWHUD� � � � � � � � � � � � �

|YHU LQQHKnOOHW RFK LVWlOOHW SnNDOOD HQ PHGYHWHQKHW PHG GHWWD IRUPDWE\WH� 9DG UHVSRQGHQWHQ� � � � � � � � � � � �

VYDUDGH KDGH HJHQWOLJHQ LQJHQ EHW\GHOVH I|U GHW H[SHULPHQWHW YL KDU JHQRPI|UW� XWDQ GHW VRP� � � � � � � � � � � � � �

YDU HVVHQWLHOOW YDU GHW IDNWXP DWW UHVSRQGHQWHQ ILFN WLG DWW DNWLYW UHIOHNWHUD NULQJ VLQD� � � � � � � � � � � � � �

YlUGHULQJDU�JlOODQGH�KnOOEDUKHW��1XGJHQV�LQQHKnOO�NDQ�VHV�L�XSSVDWVHQV�ELODJD�� �

�

������3ODFHULQJVYDO�

5HVSRQGHQWHQ KDU InWW J|UD HWW SODFHULQJVYDO PHG I\UD ROLND IRQGDOWHUQDWLY GlU ��� ��� NU ILFN� � � � � � � � � � � � � � �

SODFHUDV IULWW PHOODQ DOWHUQDWLYHQ� 'HW IDQQV HQ NRUW EHVNULYQLQJ RP GH ROLND DOWHUQDWLYHQ� � � � � � � � � � � � �

DQJnHQGH IRQGHQV DYJLIW� ULVN� YlUGHXWYHFNOLQJ VDPW KnOOEDUKHWVSURILO� (Q DY IRQGHUQD I|U� � � � � � � � � � �

SUHPLHSHQVLRQHQ� DOWHUQDWLY WUH� YDU GHQ KnOOEDUD IRQGHQ� +\SRWHVHQ VRP KDU VWlOOWV XSS RFK� � � � � � � � � � � � �

VNXOOH WHVWDV E\JJGH Sn WDQNHQ DWW HQ LQGLYLG PHG VWDUND YlUGHULQJDU U|UDQGH KnOOEDUKHW ERUGH� � � � � � � � � � � � � �

WD GHVVD L EHDNWDQGH YLG VDPWOLJD EHVOXWVVLWXDWLRQHU I|U DWW XQGYLND NRJQLWLY GLVVRQDQV�� � � � � � � � � � � �

VSHFLHOOW RP GHQQH InU WLG WLOO DWW UHIOHNWHUD |YHU GHP LQQDQ EHVOXWHW IDWWDV� (IWHUVRP NRJQLWLY� � � � � � � � � � � � � � �

GLVVRQDQV lU HWW WLOOVWnQG VRP PlQQLVNDQ RJLOODU� E|U KnOOEDUKHW WDV L EHDNWQLQJ YLG� � � � � � � � � � � � �

LQYHVWHULQJVEHVOXWHW RP LQGLYLGHQ YlUQDU RP KnOOEDUKHW �)HVWLQJHU� ������ 9L KDU WDJLW� � � � � � � � � � �

���



�

DYVWDPS L YHUNOLJKHWHQ RFK YDOW I\UD DY GH PHVW SRSXOlUD JOREDOIRQGHUQD Sn PDUNQDGHQ I|U� � � � � � � � � � � � � �

SHQVLRQVVSDUDQGH YLG XWIRUPDQGHW DY GH ROLND DOWHUQDWLYHQ� 'HWWD LQQHEDU DWW YL PHG VW|G DY� � � � � � � � � � � � � �

YHUNOLJ GDWD IUnQ 3HQVLRQVP\QGLJKHWHQ PHG VlNHUKHW NXQGH VlJD DWW VDPWOLJD IRQGHU YDU� � � � � � � � � � � �

DWWUDNWLYD DOWHUQDWLY EHURHQGH Sn YLOND DY YDULDEOHUQD IRQGDYJLIW� ULVN� YlUGHXWYHFNOLQJ RFK� � � � � � � � � � �

KnOOEDUKHW�LQGLYLGHQ�OD�PHVW�YLNW�YLG��

�

)|U KnOOEDUKHWVVNDODQ VRP SUHVHQWHUDV L YDUMH IRQGDOWHUQDWLY KDU LQVSLUDWLRQ KlPWDWV XU YHUNOLJ� � � � � � � � � � � �

GDWD RFK GlUHIWHU SODFHUDWV Sn HQ IHPJUDGLJ VNDOD� $OOD IRQGHU L HQNlWHQ KDU VnOHGHV E\JJWV� � � � � � � � � � � � � � �

XSS HIWHU KXU GHW VHU XW L YHUNOLJKHWHQ� 'HQ GHILQLWLRQ DY HQ KnOOEDU IRQG VRP WLOOlPSDWV� � � � � � � � � � � � � � � �

JHQRP KHOD XSSVDWVHQ lU GHQ YLONHQ GHW UHGRJ|UV I|U L 3HQVLRQVP\QGLJKHWHQV UDSSRUW �������� � � � � � � � � � � � �

5LVNVNDODQ L HQNlWHQ� GHQ Vn NDOODGH 655,�VNDODQ �6\QWKHWLF 5LVN DQG 5HZDUG ,QGLFDWRU� KDU� � � � � � � � � � � � �

XWIRUPDWV L HQOLJKHW PHG KXU ULVN VND SUHVHQWHUDV L YHUNOLJKHWHQ� 655,�VNDODQ VND ILQQDV PHG� � � � � � � � � � � � � �

L DOOD IRQGIDNWDEODG L 6YHULJH RFK EDVHUDV Sn DYNDVWQLQJHQV KLVWRULVND VYlQJQLQJ� EHUlNQDW� � � � � � � � � � � �

VRP VWDQGDUGDYYLNHOVH GH VHQDVWH IHP nUHQ RFK VRP VHGDQ RPUlNQDWV WLOO YRODWLOLWHW� QlUPDUH� � � � � � � � � � � � �

EHVWlPW�nUVWDNW��0RUQLQJVWDU���������

�

(WW DQWDJDQGH VRP NDQ J|UDV lU DWW HQ LQYHVWHUDUH YDUV K|JVWD SULRULWHW YDU OnJ IRQGDYJLIW� � � � � � � � � � � � � � �

DOWHUQDWLYW K|J DYNDVWQLQJ IUDPI|UDOOW SODFHUDGH NDSLWDO L GHQ DQGUD IRQGHQ� 2P HQ LQYHVWHUDUH� � � � � � � � � � � � �

LQWH YDU EHUHGG DWW WD VLJ DQ HQ ULVN K|JUH lQ I\UD Sn 655,�VNDODQ KDGH EnGH DOWHUQDWLY HWW RFK� � � � � � � � � � � � � � � � � � �

I\UD OlJUH IRQGDYJLIW lQ DOWHUQDWLY WYn RFK WUH� (WW DY DOWHUQDWLYHQ YDU QnJRW PHU KnOOEDUW PHQ� � � � � � � � � � � � � � � �

KDGH QnJRW OlJUH YlUGHXWYHFNOLQJ lQ GHW DQGUD� )|U HQ LQYHVWHUDUH VRP LVWlOOHW SULRULWHUDGH� � � � � � � � � � � � �

KnOOEDUKHW K|JVW NXQGH GHQ WUHGMH IRQGHQ NRPPD DWW YDUD PHVW DWWUDNWLY I|U SODFHULQJDU�� � � � � � � � � � � � �

%HURHQGH Sn YDULDEOHUQDV SULRULWHWVRUGQLQJ KRV LQGLYLGHQ NXQGH DOOWVn VDPWOLJD DOWHUQDWLY YDUD� � � � � � � � � � �

DNWXHOOD DWW SODFHUD VLQ SUHPLHSHQVLRQ L� 7DQNHQ YDU DWW IRQGDOWHUQDWLYHQ LQWH VNXOOH VNLOMD VLJ� � � � � � � � � � � � � �

nW DOOWI|U P\FNHW YDG JlOOGH DYJLIW� ULVN VDPW DYNDVWQLQJ I|U DWW UHVSRQGHQWHQ LQWH VNXOOH� � � � � � � � � � � � � �

XWHVOXWD QnJRW DOWHUQDWLY HQGDVW Sn JUXQG DY H[HPSHOYLV ULVNDYHUVLRQ� PHQ lQGn NXQQD VH� � � � � � � � � � � � �

W\GOLJW YLONHQ IDNWRU UHVSRQGHQWHQ IUlPVW EHDNWDW YLG SODFHULQJVYDOHW� 9DG JlOOHU DQWDOHW� � � � � � � � � � �

DOWHUQDWLY VRP SUHVHQWHUDGHV DQVnJV IlUUH DOWHUQDWLY lQ I\UD EOL I|U EHJUlQVDW PHGDQ IOHU KDGH� � � � � � � � � � � � � �

EOLYLW |YHUPlNWLJW RFK VYnUW DWW WD LQ I|U UHVSRQGHQWHQ� 'H ROLND DOWHUQDWLYHQ nWHUILQQV L� � � � � � � � � � � � � �

XSSVDWVHQV�ELODJD��

�

���



�

1lU SODFHULQJVYDOHW JHQRPI|UWV JMRUGHV HQ MlPI|UHOVH PHOODQ KXU P\FNHW UHVSRQGHQWHUQD L� � � � � � � � � � �

H[SHULPHQW� UHVSHNWLYH NRQWUROOJUXSSHQ YDOW DWW SODFHUD L GHQ KnOOEDUD IRQGHQ� -lPI|UHOVHQ� � � � � � � � � � �

JMRUGHV PHG KMlOS DY VWDWLVWLNSURJUDPPHW 6WDWD GlU HQ UHJUHVVLRQVPRGHOO PlWWH QXGJHQV� � � � � � � � � � �

HIIHNW Sn JUDGHQ DY LQYHVWHULQJDU L GHQ VSHFLILND IRQGHQ JHQRP UHJUHVVLRQHU EDVHUDGH Sn GHQ� � � � � � � � � � � � � �

GDWD VRP VDPODWV LQ JHQRP HQNlWHQ� 5HJUHVVLRQHU PlWHU I|UKnOODQGHW PHOODQ HQ EHURHQGH� � � � � � � � � � � �

YDULDEHO RFK HQ HOOHU IOHUD REHURHQGH YDULDEOHU �� �:RROGULGJH� ������� 5HJUHVVLRQVPRGHOOHQ� � � � � � � � � �

2/6 �2UGLQDU\ /HDVW 6TXDUHV� XSSVNDWWDU PLQVWD VXPPDQ DY GHW WRWDOD DYVWnQGHW L NYDGUDW� � � � � � � � � � � � �

IUnQ�YDUMH�REVHUYDWLRQVSXQNW�WLOO�PHGHOYlUGHW��2/6�EHUlNQDU�GHWWD�PHG�KMlOS�DY�IRUPHOQ���
�

[ [ �� [<  ȕ� � ȕ� � � ȕ� � � � � ȕN N � İ �

GlU [�� UHSUHVHQWHUDU GHQ REHURHQGH YDULDEHOQ �QXGJHQ� RFK [�� « [�N UHSUHVHQWHUDU VWXGLHQV� � � � � � � � � � � � �

NRQWUROOYDULDEOHU �:RROGULGJH� ������ , YnUW IDOO VNXOOH I|UKnOODQGHW PHOODQ� � � � � � � � �

LQYHVWHULQJVJUDGHQ L GHQ KnOOEDUD IRQGHQ RFK QXGJHQ PlWDV� *HQRP HQ VnGDQ UHJUHVVLRQ� � � � � � � � � � � �

NXQGH�QXGJHQV�HIIHNW�PlWDV�L�VLIIURU���

�

6DPWOLJD UHJUHVVLRQHU KDU JHQRPI|UWV PHG HWW UREXVWKHWVWHVW I|U DWW VlNHUVWlOOD GHW VWDWLVWLVND� � � � � � � � � � � �

UHVXOWDWHW� (WW UREXVWKHWVWHVW NDQ YDUD HQ JRG VWUDWHJL I|U DWW NRPSURPLVVD PHOODQ DWW KHOW� � � � � � � � � � � � � �

XWHVOXWD YLVVD DYYLNDQGH GDWDSXQNWHU L UHJUHVVLRQHQ RFK DWW LQNOXGHUD DOOD GDWDSXQNWHU RFK� � � � � � � � � � � �

EHKDQGOD�GHVVD�OLND�L�2/6�UHJUHVVLRQHQ�� �9HUDUGL�	�&URX[���������
�

������.RQWUROOYDULDEOHU�

��������'HPRJUDILVND�YDULDEOHU�

*ODF ������ EHVNULYHU L VLQ DUWLNHO DWW YDQOLJD RFK YLNWLJD GHPRJUDILVND NRQWUROOYDULDEOHU VRP� � � � � � � � � � � � �

DQYlQGV L OLWWHUDWXUHQ LQRP ILQDQV lU nOGHU� N|Q� V\VVHOVlWWQLQJ� LQNRPVWQLYn� XWELOGQLQJVQLYn� � � � � � � � � � �

RFK VWRUOHN Sn HQV IRQG��DNWLHSRUWI|OM� 'HW KDU L WLGLJDUH VWXGLHU YLVDW VLJ DWW GHPRJUDILVND� � � � � � � � � � � � � �

YDULDEOHU NDQ KD HQ LQYHUNDQ Sn LQGLYLGHQV VDQQROLNKHW DWW LQYHVWHUD L 65, �*ODF� ����� RFK� � � � � � � � � � � � � � �

GlUDY YDU GHW DY LQWUHVVH DWW NRQWUROOHUD I|U VNLOOQDGHU PHOODQ GHVVD YDULDEOHU L H[SHULPHQW�� � � � � � � � � � � � � �

RFK�NRQWUROOJUXSSHQ��

��

���



�

��������bJDQGHW�DY�ELO�RFK�WUDQVSRUWPHGHO�

bJDQGHW DY ELO VDPW YLONHW WUDQVSRUWPHGHO HQ LQGLYLG YDQOLJWYLV DQYlQGHU NDQ YDUD HQ DQW\GDQ� � � � � � � � � � � � � �

Sn UHVSRQGHQWHQV V\Q Sn WUDQVSRUW� (QOLJW 1DWXUYnUGVYHUNHW �����E� ELGUDU ELON|UDQGH WLOO� � � � � � � � � � �

VW|UVW XWVOlSS DY Yl[WKXVJDVHU QlU GHW NRPPHU WLOO LQULNHVWUDQVSRUWHU� $WW lJD HQ ELO EHK|YHU� � � � � � � � � � � � � �

GRFN LQWH VlJD QnJRW RP KXU RIWD ELOHQ DQYlQGV RFK GHVVXWRP ILQQV GHW ELODU VRP SnYHUNDU� � � � � � � � � � � � � � � �

PLOM|Q PHU HOOHU PLQGUH� 7URWV GHWWD DQVnJV GHW YDUD DY LQWUHVVH DWW DQYlQGD ELOlJDQGH VRP HQ� � � � � � � � � � � � � � � �

NRQWUROOYDULDEHO Gn GHW NDQ YLVD Sn I|UP|JHQKHW RFK NRQVLGHUDWLRQ JlOODQGH NOLPDWHW� +XU� � � � � � � � � � � �

PDQ WUDQVSRUWHUDU VLJ YDU RFNVn DY LQWUHVVH Gn lYHQ GHWWD NDQ YLVD Sn YLONHQ KlQV\Q HQ LQGLYLG� � � � � � � � � � � � � � � � �

WDU�WLOO�NOLPDWHW��WLOO�H[HPSHO�DWW�YlOMD�DWW�nND�WnJ�WLOO�MREEHW�LVWlOOHW�I|U�ELO��

�

��������)|UlOGUDUV�DNDGHPLVND�XWELOGQLQJ�

5HVSRQGHQWHUQD ILFN RFNVn VYDUD Sn RP QnJRQ DY I|UlOGUDUQD KDU HQ DNDGHPLVN XWELOGQLQJ�� � � � � � � � � � � � �

YLONHW NDQ VlJD HQ GHO RP GHQ RPJLYQLQJ LQGLYLGHQ Yl[W XSS L� (Q LQGLYLGV YlUGHULQJDU� � � � � � � � � � � � � � �

JUXQGDV HQOLJW .DKOH ������ WLGLJW L OLYHW RFK NDQ YDUD VYnUD DWW lQGUD Sn L YX[HQ nOGHU� � � � � � � � � � � � � � � � �

�)XOWRQ� 0DQIUHGR 	 /LSVFRPE� ������ 3n JUXQG DY GHWWD DQVnJV GHW YDUD DY LQWUHVVH DWW� � � � � � � � � � � � � � �

XQGHUV|ND�KXUXYLGD�QnJRQ�DY�I|UlOGUDUQD�KDU�HQ�DNDGHPLVN�XWELOGQLQJ�HOOHU�HM��

�

��������5LVNSUHIHUHQVHU�

+XUXYLGD HQ LQYHVWHUDUH SODFHUDU KnOOEDUW NDQ KD VLQ JUXQG L RP GH lU ULVNDYHUWD HOOHU HM� 'HW� � � � � � � � � � � � � � � � �

ILQQV IRUVNQLQJ VRP VlJHU DWW ULVNDYHUWD LQGLYLGHU KDU HQ WHQGHQV DWW LQYHVWHUD KnOOEDUW� � � � � � � � � � � � �

�%DUUHGD�7DUUD]RQD� 0DWDOOtQ�6DH] 	 %DODJXHU�)UDQFK� ������ YLONHW JMRUGH GHW LQWUHVVDQW DWW� � � � � � � � � �

XQGHUV|ND KXU UHVSRQGHQWHUQD VHU Sn ULVN� 'HW NDQ GRFN LQWH VlNHUVWlOODV DWW VYDUHW Sn GHVVD� � � � � � � � � � � � � � �

IUnJRU VRP VWlOOWV L HQNlWHQ DYJ|U RP HQ LQGLYLG lU ULVNDYHUW HOOHU LQWH� PHQ IUnJRUQD NXQGH� � � � � � � � � � � � � � � �

WURWV�DOOW�JH�HQ�LQGLNDWLRQ�Sn�LQGLYLGHQV�ULVNSUHIHUHQVHU��

��

��������7UR�Sn�KnOOEDUD�LQYHVWHULQJDU�

(QNlWHQV VLVWD IUnJD KDQGODGH RP UHVSRQGHQWHQV WUR Sn KXUXYLGD KnOOEDUD LQYHVWHULQJDU ELGUDU� � � � � � � � � � � �

WLOO HWW PHU KnOOEDUW VDPKlOOH� H[HPSHOYLV RP LQYHVWHULQJDU L HQ KnOOEDU SUHPLHSHQVLRQVIRQG� � � � � � � � � � � �

���



�

IDNWLVNW OHGHU WLOO HQ |NDG KnOOEDUKHW L VDPKlOOHW� 9LNWHQ DY DWW XQGHUV|ND GHWWD JUXQGDGH VLJ L� � � � � � � � � � � � � � � �

VWXGLHU VRP KDU SnYLVDW HWW VDPEDQG PHOODQ YLOMDQ DWW LQYHVWHUD KnOOEDUW RFK GHQ XSSOHYGD� � � � � � � � � � � � � �

SnYHUNDQ�DY�DWW�LQYHVWHUD�KnOOEDUW��%URGEDFN��*XHQVWHU�	�0H]JHU���������

�

����8UYDO�

(QOLJW 'HQVFRPEH ������ NDQ XUYDOHW DY UHVSRQGHQWHUQD NRPPD DWW YDUD KHOW DYJ|UDQGH I|U� � � � � � � � � � � � �

UHVXOWDWHWV WURYlUGLJKHW YLG JHQRPI|UDQGHW DY HQ HQNlWXQGHUV|NQLQJ� (WW IHODNWLJW XUYDO NDQ� � � � � � � � � � �

OHGD WLOO DWW HQ VWXGLH PnVWH I|UNDVWDV L VLQ KHOKHW� (Q WHNQLN VRP RIWD DQVHV LGHDOLVN lU GHW� � � � � � � � � � � � � � � � � �

VOXPSPlVVLJD XUYDOHW� YLONHW LQQHElU DWW XUYDOHW lU KHOW VOXPSDUWDW �'HQVFRPEH� ������ )|U� � � � � � � � � � � �

GHQ W\S DY H[SHULPHQW VRP KDU JHQRPI|UWV L GHW KlU IDOOHW YDU HWW DGHNYDW XUYDO IRUWIDUDQGH DY� � � � � � � � � � � � � � � � �

VWRU YLNW� PHQ lQ PHU W\QJG OnJ YLG MlPI|UEDUKHW PHOODQ H[SHULPHQW� RFK NRQWUROOJUXSSHQ�� � � � � � � � � � � � �

YLONHW SODFHUDGH KRPRJHQLWHW I|UH VOXPSDUWDW XUYDO L SULRULWHWVRUGQLQJHQ� 6n OlQJH� � � � � � � � � �

I|UGHOQLQJHQ DY GHPRJUDILVND HJHQVNDSHU YDU OLNDUWDG JUXSSHUQD HPHOODQ NXQGH H[SHULPHQWHW� � � � � � � � � �

XWI|UDV Sn HWW WURYlUGLJW YLV� RDYVHWW YLONHQ PHGHOLQNRPVWHQ YDU HOOHU KXU I|UGHOQLQJHQ PHOODQ� � � � � � � � � � � � �

NYLQQRU RFK PlQ VnJ XW L DEVROXWD WDO �'¡VNHODQG 	 3HGHUVHQ� ������ 'n GHW YDU VMlOYD� � � � � � � � � � � � � � � �

HIIHNWHQ DY QXGJHQ VRP VNXOOH XQGHUV|NDV OnJ DOOWVn IRNXV I|U XUYDOVJUXSSHQ Sn DWW XSSQn� � � � � � � � � � � � � �

KRPRJHQLWHW I|U DWW In VDPPD YDULDWLRQ LQRP H[SHULPHQWJUXSSHQ UHVSHNWLYH NRQWUROOJUXSSHQ� � � � � � � � � �

RFK�GlUPHG�HUKnOOD�MlPI|UEDUD�UHVXOWDW���

�

9L lPQDGH XSSQn HWW XUYDO Sn ��� UHVSRQGHQWHU� ��� VW\FNHQ SHU JUXSS� I|U DWW NXQQD GUD� � � � � � � � � � � � � � � �

VOXWVDWVHU NULQJ SRSXODWLRQHQ XWLIUnQ UHVXOWDWHW� 'HW ILQQV LQJHW DQWDO UHVSRQGHQWHU VRP DQWDV� � � � � � � � � � � �

YDUD GHW UlWWD� XWDQ L GHWWD IDOO KDU LQVSLUDWLRQ KlPWDWV IUnQ WLGLJDUH VWXGLHU LQRP� � � � � � � � � � � � � �

EHWHHQGHILQDQV��H[HPSHOYLV�IUnQ�*ODF����������

�

)|U DWW YDUD DNWXHOO I|U XUYDOVJUXSSHQ VNXOOH PDQ DQWLQJHQ KD DUEHWDW WLGLJDUH� DUEHWD YLG� � � � � � � � � � � � � �

WLGSXQNWHQ I|U XQGHUV|NQLQJHQ� DOWHUQDWLYW SODQHUD DWW DUEHWD IUDP|YHU� HIWHUVRP DOOD VRP� � � � � � � � � � �

DUEHWDU WMlQDU LQ WLOO VLQ SUHPLHSHQVLRQ �3HQVLRQVP\QGLJKHWHQ� ����F�� 0HG |QVNDQ RP� � � � � � � � � � �

PnQJIDOG IDQQV HQ VWUlYDQ HIWHU HQ EODQGDG JUXSS DY PlQQLVNRU VHWW WLOO GHPRJUDILVND� � � � � � � � � � � � �

IDNWRUHU� )|U DWW XSSQn |QVNDG PnQJIDOG PHQ lYHQ KRPRJHQLWHW DQYlQGH YL RVV DY� � � � � � � � � � � � �

Q\FNHOSHUVRQHU Sn HWW YLV VRP I|UNODUDV XQGHU SXQNW ���� 7DFN YDUH YnUW WLOOYlJDJnQJVVlWW I|U� � � � � � � � � � � � � �

���



�

DWW JHQRPI|UD HQNlWXQGHUV|NQLQJHQ HUK|OO YL HQ NRQWUROO |YHU XUYDOVJUXSSHQ� YLONHW JMRUGH� � � � � � � � � � �

H[SHULPHQWHW�P|MOLJW�DWW�JHQRPI|UD�Sn�HWW�WURYlUGLJW�VlWW��

�

����8WI|UDQGH�DY�H[SHULPHQW��

,QQDQ HQNlWHQ GHODGHV XW WLOOlWV HQ I|UV|NVJUXSS WHVWD HQNlWHQ I|U DWW VlNHUVWlOOD NYDOLWpQ RFK� � � � � � � � � � � � � �

I|U DWW JDUDQWHUD DWW HQNlWHQ LQWH YDU I|U VYnU I|U UHVSRQGHQWHUQD DWW JHQRPI|UD� (IWHU GHQ� � � � � � � � � � � � � � �

UHVSRQV VRP nWHUNRP JMRUGHV HWW InWDO MXVWHULQJDU I|U DWW VHGDQ GHOD XW HQNlWHQ WLOO ³GH� � � � � � � � � � � � � � �

YHUNOLJD´�UHVSRQGHQWHUQD��

�

)|U DWW GHOD XW HQNlWHQ YDOGHV HWW DQWDO Q\FNHOSHUVRQHU XW� YLOND L V\IWH DWW EHYDUD GHUDV� � � � � � � � � � � � � � � �

DQRQ\PLWHW LQWH NRPPHU UHGRYLVDV KlU� 7DQNHQ PHG GHVVD Q\FNHOSHUVRQHU YDU DWW NRPPD L� � � � � � � � � � � � �

NRQWDNW PHG UHVSRQGHQWHU DY ROLND VODJ� I|U DWW XSSQn GHQ PnQJIDOG VRP |QVNDWV� 1nJUD� � � � � � � � � � � � � �

Q\FNHOSHUVRQHU KDU YDULW DUEHWDQGH RFK KDU Sn Vn YLV NXQQDW GHOD XW HQNlWHQ WLOO DQGUD� � � � � � � � � � � � � � �

DUEHWDQGH NROOHJRU� $QGUD Q\FNHOSHUVRQHU KDU YDULW VWXGHUDQGH RFK GlUPHG NXQQDW GHOD XW� � � � � � � � � � � �

HQNlWHQ WLOO DQGUD VWXGHQWHU� *HQRP YDOHQ DY Q\FNHOSHUVRQHU KDU VDPWOLJD JUXSSHU DY� � � � � � � � � � � �

UHVSRQGHQWHU VRP |QVNDWV NXQQDW QnV� 7DFN YDUD HQNlWHQV GLJLWDOD NDUDNWlU NXQGH YL YLD GHQ� � � � � � � � � � � � � �

KHPVLGD HQNlWHQ VNDSDWV JHQRP I|OMD I|UGHOQLQJHQ DY UHVSRQGHQWHUQD RFK GHUDV GHPRJUDILVND� � � � � � � � � � �

HJHQVNDSHU PHOODQ H[SHULPHQW� RFK NRQWUROOJUXSSHQ� 'lULJHQRP KDU YL O|SDQGH KDIW� � � � � � � � � �

WLOOUlFNOLJW EUD NRQWUROO Sn UHVSRQGHQWHUQD I|U DWW XSSQn KRPRJHQLWHW RFK GlUPHG HWW� � � � � � � � � � � �

MlPI|UEDUW�UHVXOWDW���

�

����0HWRGNULWLN�

0HWRGHQ VRP GHW LQLWLDOW SODQHUDGHV I|U NXQGH Sn JUXQG DY ROLND VNlO LQWH JHQRPI|UDV�� � � � � � � � � � � � � �

7DQNHQ YDU DWW YLD HQ NRQWDNW Sn HQ EDQN GHOD XW HQNlWHU KHOW VOXPSPlVVLJW WLOO EDQNHQV� � � � � � � � � � � � � � � �

NXQGHU VRP V|NWH UnGJLYQLQJ NULQJ IRQGHU HOOHU G\OLNW I|U DWW L K|JUH JUDG VNDSD HQ� � � � � � � � � � � � � � �

YHUNOLJKHWVI|UDQNULQJ� 9LGDUH KDGH YL I|U DYVLNW DWW JHQRPI|UD HQ LQWHUYMX PHG NRQWDNWHQ Sn� � � � � � � � � � � � �

EDQNHQ� EnGH LQQDQ VNDSDQGHW DY HQNlWHU I|U DWW EODQG DQQDW In UnG NULQJ XSSOlJJ� PHQ lYHQ� � � � � � � � � � � � � � � �

HIWHU DWW H[SHULPHQWHW RFK WLOOK|UDQGH DQDO\VHU JHQRPI|UWV I|U DWW VNDSD HQ EUHGDUH I|UVWnHOVH�� � � � � � � � � � � � �

'HWWD JLFN LQWH DWW JHQRPI|UD GHOV Sn JUXQG DY VYnULJKHWHU PHG GHQ Q\D SHUVRQXSSJLIWVODJHQ� � � � � � � � � � � � � �

���



�

*'35 RFK EDQNVHNUHWHVV� PHQ lYHQ Sn JUXQG DY UnGDQGH VDPKlOOVVLWXDWLRQ� 7LOO I|OMG DY GHWWD� � � � � � � � � � � � � �

ILFN HQ DOWHUQDWLY PHWRG XWYHFNODV� )|UGHOHQ PHG GHQ XUVSUXQJOLJD PHWRGHQ lU GHQ EUHGDUH� � � � � � � � � � � � �

DQDO\VHQ VRP NXQQDW HUKnOODV PHG KMlOS DY GHOV NYDQWLWDWLYD PnWW� PHQ RFNVn JHQRP� � � � � � � � � � � � �

LQWHUYMXHU PHG HQ YlO LQVDWW SHUVRQ I|U DWW XWYlUGHUD UHVXOWDWHQ \WWHUOLJDUH� 'HQ DOWHUQDWLYD� � � � � � � � � � � � �

PHWRG VRP DQYlQGHV LVWlOOHW LQQHEDU VRP WLGLJDUH QlPQW DWW XWYDOGD Q\FNHOSHUVRQHU VNLFNDGH� � � � � � � � � � � �

XW HQNlWHUQD WLOO VWXGLHQV UHVSRQGHQWHU� 'HWWD PHGI|UGH DWW GHQ GDWD VRP LQVDPODWV LQWH lU� � � � � � � � � � � � � �

IXOOVWlQGLJW VOXPSPlVVLJ� YLONHW NDQ KD KDIW HQ SnYHUNDQ Sn GH UHJUHVVLRQHU VRP XWI|UWV�� � � � � � � � � � � � �

/LNDVn NDQ UHVXOWDWHW KD SnYHUNDWV Gn VOXPSPlVVLJKHW lU HWW DY IHP DQWDJDQGHQ VRP VND� � � � � � � � � � � � � �

XSSI\OODV QlU HQ 2/6�UHJUHVVLRQ VND JHQRPI|UDV �:RROGULGJH� ������ 'lUHPRW KDU GHW� � � � � � � � � � �

VlNHUVWlOOWV DWW GHQ GDWD VRP LQVDPODWV YDULW KRPRJHQ H[SHULPHQW� VDPW NRQWUROOJUXSSHQ� � � � � � � � � � �

HPHOODQ��L�V\IWH�DWW�NXQQD�MlPI|UD�QXGJHQV�HIIHNW��

�

������9DOLGLWHW�

9DOLGLWHWHQ I|U HQ VWXGLH lU HWW DY GH YLNWLJDVWH NULWHULHUQD RFK KDQGODU RP KXUXYLGD PnWWHQ� � � � � � � � � � � � � � �

VRP NRQVWUXHUDWV PlWHU GHW VRP lPQDV DWW PlWDV� %U\PDQ 	 %HOO ������ PHQDU DWW GHW ILQQV� � � � � � � � � � � � � � � �

ROLND W\SHU DY YDOLGLWHW� GlULEODQG LQWHUQ YDOLGLWHW� H[WHUQ YDOLGLWHW RFK HNRORJLVN YDOLGLWHW YLOND� � � � � � � � � � � � �

NRPPHU�DWW�GLVNXWHUDV�QHGDQ��

�

'HQ LQWHUQD YDOLGLWHWHQ I|UNODUDU KXU YlO VWXGLHQ Sn HWW WURYlUGLJW VlWW PlWHU GHW NDXVDOD� � � � � � � � � � � � � �

VDPEDQGHW PHOODQ GH YDULDEOHU VRP JUDQVNDV �%U\PDQ 	 %HOO� ������ , GHWWD IDOOHW KDQGODU GHW� � � � � � � � � � � � � � �

RP GHW NDXVDOD VDPEDQGHW PHOODQ QXGJHQ RFK YDOHW DY DWW LQYHVWHUD L GHQ KnOOEDUD IRQGHQ�� � � � � � � � � � � � � � �

6WXGLHQ LQQHIDWWDU VRP WLGLJDUH QlPQW HWW H[SHULPHQW� YLONHW HQOLJW -DFREVHQ ������ ELGUDU WLOO� � � � � � � � � � � � �

HQ JRG LQWHUQ YDOLGLWHW� 'HW HQGD VRP VNLOMGH PHOODQ GH WYn HQNlWHUQD YDU QXGJHQ� YLONHW� � � � � � � � � � � � � � �

JMRUGH DWW JRG NRQWUROO IDQQV |YHU GH DQGUD YDULDEOHUQD� $Y GHQ DQOHGQLQJHQ DQVHV PHWRGHQ� � � � � � � � � � � � � �

KD HQ VROLG LQWHUQ YDOLGLWHW� 1nJRW VRP VNXOOH KD SnYHUNDW GHQ LQWHUQD YDOLGLWHWHQ QHJDWLYW lU� � � � � � � � � � � � � � �

RP UHVSRQGHQWHUQD KDGH SnYHUNDW YDUDQGUD XQGHU H[SHULPHQWHW �-DFREVHQ� ������ 2P IOHUD� � � � � � � � � � �

UHVSRQGHQWHU KDGH HUKnOOLW HQNlWHQ VDPWLGLJW RFK YDOW DWW J|UD GHQ L VDPPD UXP KDGH ULVNHQ� � � � � � � � � � � � � � �

IXQQLWV I|U SnYHUNDQ DY DQGUD� 'RFN DQVHV GHQ ULVNHQ YDUD OLWHQ I|U GHQQD VWXGLH Gn� � � � � � � � � � � � � � �

UHVSRQGHQWHUQD�DQWDV�KD�EHIXQQLW�VLJ�Sn�ROLND�SODWVHU�QlU�GH�HUKnOOLW�RFK�JHQRPI|UW�HQNlWHQ��

�

���



�

'HQ H[WHUQD YDOLGLWHWHQ KDQGODU RP KXUXYLGD VDPPD UHVXOWDW I|U VWXGLHQ NXQQDW XSSQnV RP� � � � � � � � � � � � �

GHQ XWI|UWV I|U HQ VW|UUH DQGHO DY EHIRONQLQJHQ �%U\PDQ 	 %HOO� ������ , GHQQD VWXGLH KDU HWW� � � � � � � � � � � � � � � � �

Vn EUHWW XUYDO VRP P|MOLJW DQYlQWV Gn SUHPLHSHQVLRQHQ lU DNWXHOO I|U DOOD VRP DUEHWDU HOOHU� � � � � � � � � � � � � � �

NRPPHU DWW DUEHWD� 'HVVXWRP KDU YL lPQDW DWW XSSQn HWW K|JW GHOWDJDUDQWDO� YLONHW |NDU� � � � � � � � � � � � � �

JHQHUDOLVHUEDUKHWHQ� 9LGDUH DQVHV XQGHUV|NQLQJHQV H[WHUQD YDOLGLWHW ElWWUDV \WWHUOLJDUH Gn GDWD� � � � � � � � � �

PlWV IUnQ YHUNOLJD LQGLYLGHU L VDPKlOOHW �'HQVFRPEH� ������ $OOW GHWWD VDPPDQWDJHW� � � � � � � � � � �

UHVXOWHUDU�L�DWW�GHQ�H[WHUQD�YDOLGLWHWHQ�DQVHV�YDUD�JRG�I|U�GHQQD�VWXGLH���

�

(NRORJLVN YDOLGLWHW KDQGODU RP GHW IDNWXP DWW LQGLYLGHUV IDNWLVND OLYVVLWXDWLRQ NDQ VNLOMD VLJ� � � � � � � � � � � � �

IUnQ GHQ PLOM| H[SHULPHQWHW XWI|UV L� YLONHW LIUnJDVlWWHU RP GHW UHVXOWDW HQ VWXGLH NRPPLW IUDP� � � � � � � � � � � � � � �

WLOO lU JRGWDJEDUW �%U\PDQ 	 %HOO� ������ 5HVSRQGHQWHUQD L GHQQD VWXGLHQ KDU HUKnOOLW HQNlWHQ� � � � � � � � � � � � � �

YLD PDLO� YLONHW JMRUGH DWW LQGLYLGHQ VMlOY NXQGH EHVWlPPD L YLONHQ PLOM| GHQQH VYDUDU Sn� � � � � � � � � � � � � � �

HQNlWHQ� 0HG WDQNH Sn GHQ VWlQGLJW SnJnHQGH GLJLWDOLVHULQJHQ VNXOOH HQ QDWXUOLJ PLOM| I|U DWW� � � � � � � � � � � � � �

J|UD GHQ KlU W\SHQ DY SUHPLHSHQVLRQVSODFHULQJ NXQQD YDUD YLD HQ GDWRU L KHPPHW� (WW� � � � � � � � � � � � � �

DQWDJDQGH VRP YDU Q|GYlQGLJW I|U VWXGLHQV HNRORJLVND YDOLGLWHW� RFK VRP GlUI|U IUDPI|UGHV� � � � � � � � � � � �

VRP HWW |QVNHPnO WLOO Q\FNHOSHUVRQHUQD� YDU DWW UHVSRQGHQWHUQD VNXOOH VYDUD Sn HQNlWHQ QlU GH� � � � � � � � � � � � � �

YDU OHGLJD RFK H[HPSHOYLV LQWH Sn VLQ DUEHWVSODWV� 'HWWD LQQHElU DWW PDMRULWHWHQ DY HQNlWHUQD� � � � � � � � � � � � � �

I|UPRGOLJHQ KDU EHVYDUDWV L KHPPHW� YLONHW |NDU GHQ HNRORJLVND YDOLGLWHWHQ� 9LNWLJW DWW� � � � � � � � � � � �

WLOOlJJD lU GRFN DWW GHW lQGn ILQQV HQ ULVN DWW UHVSRQGHQWHQ VYDUDW Sn HQNlWHQ L HQ DQQDQ PLOM|� � � � � � � � � � � � � � � � � �

lQ�KHPPHW��

�

(Q HYHQWXHOO QDFNGHO PHG GHQ PHWRG VRP VWXGLHQ KDU WLOOlPSDW lU DWW UHVSRQGHQWHQ KDU InWW� � � � � � � � � � � � � � �

J|UD HWW K\SRWHWLVNW SODFHULQJVYDO RFK LQWH HWW YDO VRP KDU HQ UHHOO LQYHUNDQ Sn YHGHUE|UDQGHV� � � � � � � � � � � � � � �

SULYDWHNRQRPL� 5LVNHQ PHG DWW SODFHULQJVYDOHW lU K\SRWHWLVNW lU DWW UHVSRQGHQWHQ P|MOLJWYLV� � � � � � � � � � �

LQWH JHQRPI|U SODFHULQJVYDOHW OLND RPVRUJVIXOOW VRP RP GHW YRUH UHVSRQGHQWHQV HJQD SHQJDU�� � � � � � � � � � � �

'HWWD KDU L VLQ WXU SnYLVDW |ND GHQ ULVN I|U VRFLDOW DFFHSWHUDGH VYDU RFK |YHUHQVVWlPPHU� � � � � � � � � � � � � � �

HYHQWXHOOW LQWH PHG LQGLYLGHQV YHUNOLJD KDQGOLQJ �&DPDFKR�&XHQD� �*DUFtD�*DOOHJR�� � � � � � � �

*HRUJDQW]tV 	 6DEDWHU�*UDQGH �� ������ )|U DWW VWlUND GHQ HNRORJLVND YDOLGLWHWHQ KDGH QXGJHQ�� � � � � � � � � � � �

RP P|MOLJKHWHQ IXQQLWV� H[HPSHOYLV NXQQDW SODFHUDV LQQDQ HWW YHUNOLJW LQYHVWHULQJVYDO I|U� � � � � � � � � � �

SUHPLHSHQVLRQ VRP lJW UXP Sn SHQVLRQVP\QGLJKHWHQV KHPVLGD� 7LOOJlQJOLJKHWHQ DY GHQQD� � � � � � � � � �

W\S DY H[SHULPHQW lU GRFN EULVWIlOOLJ DY I|UNODUOLJD VNlO Gn P\QGLJKHWHU LQWH KDU WLOOJnQJ WLOO� � � � � � � � � � � � � � �

GHQ�W\SHQ�DY�IULD�VSHOUXP�VRP�I|UHWDJ�NDQ�KD�Gn�GH�UnGHU�XQGHU�HQ�DQQDQ�UHJOHULQJ���

���



�

������5HOLDELOLWHW�

5HOLDELOLWHW� lYHQ NDOODW WLOOI|UOLWOLJKHW� KDQGODU RP DWW HQ VWXGLH E|U HUKnOOD VDPPD UHVXOWDW RP� � � � � � � � � � � � � �

GHQ VNXOOH WHVWDV Sn Q\WW� YLONHW RIWD lU HQ SU|YQLQJ I|U NYDQWLWDWLYD VWXGLHU �%U\PDQ 	 %HOO�� � � � � � � � � � � � � � � �

������ 9LG LQVDPOLQJ DY GDWD KDU UHVSRQGHQWHQ VYDUDW Sn IUnJRU JlOODQGH ULVNSUHIHUHQVHU�� � � � � � � � � � � �

YLONHW nWHUVSHJODV L WYn DY VWXGLHQV NRQWUROOYDULDEOHU� (WW SUREOHP VRP ILQQV PHG IUnJRU VRP� � � � � � � � � � � � � �

GHVVD lU DWW LQGLYLGHU KDU ROLND LQNRPVWHU RFK GlUPHG HM VDPPD I|UP|JHQKHW� 2P� � � � � � � � � � � � �

UHVSRQGHQWHQ lU I|UP|JHQ NDQ GHQQH NlQQD OlJUH Q\WWD DY WLOO H[HPSHO In ���� NURQRU GLUHNW L� � � � � � � � � � � � � � � �

KDQGHQ MlPI|UW PHG DWW KD FKDQVHQ DWW VLQJOD VODQW RP �� ��� NURQRU� (Q LQGLYLG PHG VlPUH� � � � � � � � � � � � � � � � �

I|UP|JHQKHW GlUHPRW NDQ VH ���� NURQRU VRP P\FNHW SHQJDU RFK YlOMHU KHOOUH DWW HUKnOOD� � � � � � � � � � � � � �

���� NURQRU GLUHNW� .DKQHPDQ RFK 7YHUVN\ ������ PHQDU DWW HQ LQGLYLG JHQHUHOOW KDU HQ OlJUH� � � � � � � � � � � � � � �

JUlQV I|U I|UOXVWHU RFK VHU LQWH Q\WWDQ DY YLQVWHQ RP GHW ILQQV HQ FKDQV WLOO I|UOXVW� 'HWWD NDQ� � � � � � � � � � � � � � � � � �

RFNVn SnYHUNDV DY LQGLYLGHQV I|UP|JHQKHW� bYHQ RP GHWWD lU HQ ULVN UHODWHUDW WLOO UHOLDELOLWHWHQ� � � � � � � � � � � � � �

lU�IUnJDQ�RP�ULVN�YLNWLJ�RFK�ERUGH�YLVD�HQ�DQW\GDQ�Sn�LQGLYLGHQV�SUHIHUHQVHU�JlOODQGH�ULVN��

�

, GHQQD VWXGLH lU GHW GRFN VW|UVW IRNXV Sn VMlOYD QXGJHQ QlU YL SUDWDU RP UHOLDELOLWHW� )|U DWW� � � � � � � � � � � � � � � � � �

nVWDGNRPPD HQ JRG UHOLDELOLWHW E|U QXGJHQ VRP XWI|UWV L GHQQD VWXGLH JH HWW OLNYlUGLJW UHVXOWDW� � � � � � � � � � � � � � �

RP VWXGLHQ VNXOOH WHVWDWV YLG HQ DQQDQ WLGSXQNW PHG DQGUD UHVSRQGHQWHU� 1XGJLQJ VRP� � � � � � � � � � � � �

H[SHULPHQW RFK GHVV UHOLDELOLWHW lU HWW RHUK|UW RPGLVNXWHUDW lPQH Gn IRUVNDUH PHQDU DWW� � � � � � � � � � � � �

EHWHHQGHQ lU DQSDVVQLQJVEDUD EHURHQGH Sn GH RPVWlQGLJKHWHU VRP LQWUlIIDU L RPYlUOGHQ� � � � � � � � � � �

� �0RQW HW DO�� ������ /LQ HW DO�� ������ 7LOO I|OMG DY GHWWD ILQQV ULVNHQ DWW GHQ QXGJH VRP VWXGLHQ� � � � � � � � � � � � � � � � � � �

lPQDGH DWW XWI|UD KDGH InWW HWW DQQDW UHVXOWDW L HQ DQQDQ PLOM| � �0RQW HW DO�� ������ /LQ HW DO��� � � � � � � � � � � � � � � � � � �

������ 0HG KlQV\Q WLOO GHWWD ILQQV DOOWVn LQJHQ JDUDQWL DWW VWXGLHQ VNXOOH HUKnOOD VDPPD� � � � � � � � � � � � � �

UHVXOWDW�YLG�HWW�I|UV|N�DWW�UHSOLNHUD�GHQ��

�

������(WLVND�|YHUYlJDQGHQ�

9LG HQ VWXGLH OLNW GHQQD GlU HWW H[SHULPHQW nWHUILQQV lU GHW YLNWLJW DWW WD VWlOOQLQJ WLOO HWLVND� � � � � � � � � � � � � � � � �

DVSHNWHU� (QOLJW 'HQFRPEH ������ NDQ GDWDLQVDPOLQJ VRP LQYROYHUDU LQGLYLGHU YDUD� � � � � � � � � �

SUREOHPDWLVNW VHWW XU HWLVNW SHUVSHNWLY� VSHFLHOOW QlU GHW NRPPHU WLOO IUnJHIRUPXOlU HOOHU� � � � � � � � � � � �

LQWHUYMXHU� ,QGLYLGHQ VRP GHOWDU VND LQWH SnYHUNDV DY XQGHUV|NQLQJHQ� LQJHQ I\VLVN VNDGD VND� � � � � � � � � � � � �

���



�

VNH RFK SULYDWOLY VND UHVSHNWHUDV� 9LGDUH VND LQIRUPDWLRQHQ VRP LQGLYLGHQ JHU XW KnOODV� � � � � � � � � � � � �

NRQILGHQWLHOO RFK HM VSULGDV WLOO DQGUD I|U DWW JDUDQWHUD DQRQ\PLWHW� VnYLGD LQWH LQGLYLGHQ� � � � � � � � � � � � �

WLOOnWHU DQQDW �'HQVFRPEH� ������ 'HQVFRPEH ������ EHO\VHU WLOOLND DWW IRUVNDUHQ VSHFLHOOW E|U� � � � � � � � � � � �

KD HWLN L EHDNWDQGH QlU VWXGLHQV UHVXOWDW lU EHURHQGH DY DWW V\IWHW LQWH VND DYVO|MDV WLOO� � � � � � � � � � � � � � � �

UHVSRQGHQWHUQD� PHQ lYHQ RP GHW VNXOOH YDUD Vn DWW H[SHULPHQWJUXSSHQ InU HQ I|UGHO JHQWHPRW� � � � � � � � � � � � � �

NRQWUROOJUXSSHQ��

�

%HWUlIIDQGH H[SHULPHQWHW L GHQQD VWXGLH lU GHW LQJHQWLQJ VRP H[SHULPHQWJUXSSHQ InWW WD GHO� � � � � � � � � � � � �

DY VRP VNXOOH YDUD HQ I|UGHO JHQWHPRW NRQWUROOJUXSSHQ� 'HQ HQGD VNLOOQDGHQ JUXSSHUQD� � � � � � � � � � � �

HPHOODQ YDU QXGJHQ� GHW YLOO VlJD GH H[WUD SnVWnHQGHQ RFK IUnJRU VRP H[SHULPHQWJUXSSHQ ILFN� � � � � � � � � � � � � �

WD VWlOOQLQJ WLOO� ([SHULPHQWHW EHG|PGHV LQWH LQQHKD QnJRQ I\VLVN SnYHUNDQ Sn LQGLYLGHQ� Gn� � � � � � � � � � � � �

GHQQHV HNRQRPLVND VLWXDWLRQ LQWH SnYHUNDGHV PHG DQOHGQLQJ DY DWW SODFHULQJVYDOHW YDU� � � � � � � � � � �

K\SRWHWLVNW� 9LGDUH UHVSHNWHUDGHV lYHQ UHVSRQGHQWHQV SHUVRQOLJD LQWHJULWHW JHQRP DWW EHYDUD� � � � � � � � � �

GHQQHV DQRQ\PLWHW� YLONHW RFNVn WDODU I|U DWW H[SHULPHQWHW L GHQQD VWXGLH LQWH lU RHWLVNW�� � � � � � � � � � � � � �

'lUHPRW KDU UHVSRQGHQWHUQD LQWH InWW WD GHO DY V\IWHW PHG H[SHULPHQWHW� YLONHW L VLQ WXU NDQ� � � � � � � � � � � � � � � �

XSSOHYDV VRP RHWLVNW� PHQ RFNVn KDGH UDVHUDW WURYlUGLJKHWHQ PHG KHOD H[SHULPHQWHW� 7URWV� � � � � � � � � � � �

GHWWD DQVHU YL DWW UHVSRQGHQWHQ LQWH KDU NRPPLW WLOO VNDGD HOOHU SnYHUNDWV QHJDWLYW DY� � � � � � � � � � � � � �

PDQLSXODWLRQHQ�VRP�XWI|UWV�� �

�

(PHOOHUWLG KDU QXGJLQJ LIUnJDVDWWV Gn GHW DQVHV YDUD RHWLVNW DWW SnYHUND PlQQLVNRUV EHVOXW� � � � � � � � � � � � �

XWDQ GHUDV PHGYHWHQKHW �/LQ HW DO�� ������ 'HWWD JlOOHU IUlPVW QXGJLQJ ULNWDG PRW GHW I|UVWD� � � � � � � � � � � � � � �

V\VWHPHW Gn GHQ W\SHQ DY QXGJH OlQNDV WLOO GHW PHNDQLVND WlQNDQGHW� (Q QXGJH ULNWDG PRW� � � � � � � � � � � � � � �

KMlUQDQV DQGUD V\VWHP DQVHV GRFN LQWH YDUD RHWLVNW L VDPPD XWVWUlFNQLQJ HIWHUVRP GHQQD� � � � � � � � � � � � �

VWLPXOHUDU LQGLYLGHQV NRJQLWLYD NDSDFLWHW RFK GlUDY DQVHV YDUD PHU WUDQVSDUHQW lQ HQ QXGJH� � � � � � � � � � � � �

ULNWDG�PRW�GHW�I|UVWD�V\VWHPHW��/LQ�HW�DO����������

�

� �

���



�

���(PSLULVND�UHVXOWDW�

)|U DWW NXQQD EHNUlIWD DOWHUQDWLYW I|UNDVWD VWXGLHQV K\SRWHV KDU VWDWLVWLVND DQDO\VHU� � � � � � � � � � �

JHQRPI|UWV PHG KMlOS DY VWDWLVWLNSURJUDPPHW 6WDWD� 'HQ GDWD VRP VDPODWV LQ DQDO\VHUDGHV� � � � � � � � � � � �

JHQRP HQ UHJUHVVLRQVPRGHOO YLONHQ SUHVHQWHUDV XQGHU SXQNW ������ +\SRWHVHQ lU VWlOOG HQOLJW� � � � � � � � � � � �

I|OMDQGH ´H�Q LQGLYLG VRP InU UHIOHNWHUD |YHU VLQD YlUGHULQJDU NULQJ KnOOEDUKHW LQQDQ HQ� � � � � � � � � � � � �

SUHPLHSHQVLRQVSODFHULQJ WHQGHUDU DWW L K|JUH XWVWUlFNQLQJ YlOMD HWW KnOOEDUW DOWHUQDWLY�´�� � � � � � � � � �

YLONHW J|U DWW K\SRWHVWHVWHW EOLU HQ MlPI|UHOVH DY SODFHULQJVYDOHQ PHOODQ H[SHULPHQW� RFK� � � � � � � � � � � �

NRQWUROOJUXSSHQ� 'HQQD MlPI|UHOVH J|U GHQ KnOOEDUD IRQGHQ WLOO EHURHQGH YDULDEHO RFK QXGJHQ� � � � � � � � � � � �

WLOO REHURHQGH YDULDEHO� 2P K\SRWHVHQ VWlPPHU E|U UHVXOWDWHW DY XQGHUV|NQLQJHQ YLVD DWW� � � � � � � � � � � �

UHVSRQGHQWHUQD L H[SHULPHQWJUXSSHQ YDOGH DWW SODFHUD HQ VW|UUH DQGHO DY GHQ VXPPDQ GH EOHY� � � � � � � � � � � � � �

WLOOGHODGH�L�GHQ�KnOOEDUD�IRQGHQ�lQ�YDG�GH�L�NRQWUROOJUXSSHQ�JMRUGH��

�

����%RUWIDOOVDQDO\V�

6RP HQ GHO L EHG|PQLQJHQ DY HQ VWXGLHV WLOOI|UOLWOLJKHW E|U HYHQWXHOOW ERUWIDOO DQDO\VHUDV� $Y� � � � � � � � � � � � � �

GH WRWDOW ��� HQNlWVYDU VRP HUK|OOV I|OO �� VW\FNHQ ERUW YDUDY �� WLOOK|UGH H[SHULPHQWJUXSSHQ� � � � � � � � � � � � � �

RFK �� WLOOK|UGH NRQWUROOJUXSSHQ� 'HWWD ERUWIDOO EHURGGH Sn RIXOOVWlQGLJD HQNlWHU GlU� � � � � � � � � � �

PDMRULWHWHQ WUROLJWYLV RUVDNDWV DY WHNQLVND SUREOHP� *UXQGHQ WLOO GHQQD WHRUL YDU GHW IDNWXP� � � � � � � � � � � � �

DWW QlVWI|OMDQGH HQNlWVYDU NRP IUnQ VDPPD ,3�DGUHVV VDPW KDGH HQ LGHQWLVN LQOHGQLQJ VRP� � � � � � � � � � � � �

GHQ RIXOOVWlQGLJD� $Y GHQ DQOHGQLQJHQ DQWDV GHW YDUD HQ WHNQLVN EXJJ VRP L YLVVD IDOO� � � � � � � � � � � � � � �

UHJLVWUHUDU HQNlWHQ LQQDQ GHQ lU KHOW JHQRPI|UG I|U DWW VHGDQ lYHQ UHJLVWUHUD GHQ IXOOVWlQGLJD�� � � � � � � � � � � � � �

6\VWHPHW QRWHUDU GRFN GHWWD RFK PDUNHUDU Sn VDPWOLJD RIXOOVWlQGLJD VYDU YLONHW JMRUGH� � � � � � � � � � � �

SURFHVVHQ DWW UHQVD ERUW GHVVD EHW\GOLJW HQNODUH� 3n JUXQG DY GHWWD XSSOHYGHV HWW YLVVW ERUWIDOO� � � � � � � � � � � � � � �

L UHVSRQGHQWHU YLONHW HJHQWOLJHQ YDU IHODNWLJW Gn UHVSRQGHQWHUQDV IXOOVWlQGLJD VYDU UHJLVWUHUDWV� � � � � � � � � � �

YLG VOXWI|UDQGHW DY HQNlWHQ� 'HQ GHO DY ERUWIDOOHW VRP LQWH PLVVWlQNV KD RUVDNDWV DY WHNQLNHQ� � � � � � � � � � � � � � �

YDU Vn OLWHQ DWW GHW LQWH JnU DWW GUD QnJUD YLGDUH VOXWVDWVHU RP YDUI|U UHVSRQGHQWHUQD LQWH KDU� � � � � � � � � � � � � � � � �

VOXWI|UW HQNlWHQ� (IWHU ERUWIDOOHW nWHUVWRG ��� HQNlWVYDU IUnQ H[SHULPHQWJUXSSHQ RFK ���� � � � � � � � � � �

VW\FNHQ IUnQ NRQWUROOJUXSSHQ� %RUWIDOOHW DQVnJV GlUPHG LQWH YDUD WLOOUlFNOLJW RPIDWWDQGH I|U� � � � � � � � � � �

DWW XWJ|UD QnJRW KRW I|U XQGHUV|NQLQJHQV UHVXOWDW� %RUWVHWW IUnQ GHQQD WHNQLVND VYnULJKHW PHG� � � � � � � � � � � � �

PLVVYLVDQGH ERUWIDOO KDU GLJLWDOLVHULQJHQ XQGHUOlWWDW HQRUPW� 7DFN YDUH GLJLWDOD KMlOSPHGHO� � � � � � � � � �

���



�

NXQGH YL J|UD IUnJRUQD REOLJDWRULVND RFK GlUPHG XQGYLND GHW ERUWIDOO VRP DQQDUV NDQ XSSVWn� � � � � � � � � � � � � �

Sn�JUXQG�DY�HQNHOKHWHQ�I|U�UHVSRQGHQWHQ�DWW�XWHOlPQD�VYDU��

�

����8QLYDULDWD�DQDO\VHU�

(IWHUVRP PHWRGHQ VRP WLOOlPSDWV KDU XSSOlJJHW DY HWW H[SHULPHQW PHOODQ H[SHULPHQW� RFK� � � � � � � � � � � �

NRQWUROOJUXSSHQ lU MlPI|UEDUKHW PHOODQ JUXSSHUQD DYJ|UDQGH� 'lUDY SUHVHQWHUDV KlU� � � � � � � � �

GHVNULSWLY VWDWLVWLN I|U DWW JH HQ |YHUEOLFN |YHU VWXGLHQV YDULDEOHU RFK GHUDV PLQLPXP��� � � � � � � � � � � � �

PD[LPXP��VDPW�PHGHOYlUGHQ�I|U�UHVSHNWLYH�JUXSS���

�
7DEHOO �� �7DEHOOHQ YLVDU GHVNULSWLY VWDWLVWLN XWLIUnQ HQNlWVYDUHQ� )UnQ YlQVWHU VHU YL XSSVDWVHQV NRQWUROOYDULDEOHU�� � � � � � � � � � � � � �
UHVSHNWLYH JUXSSV PLQLPL� RFK PD[LPLYlUGH VDPW PHGHOYlUGH� EnGH L DEVROXWD WDO PHQ lYHQ SURFHQWXHOOW XWLIUnQ� � � � � � � � � � � � � � �
GHOWDJDUDQWDOHW� 6YDUWD VLIIURU JlOOHU I|U EnGD UHVSRQGHQWJUXSSHUQD� JU|QD VLIIURU I|U H[SHULPHQWJUXSSHQ �PHG� � � � � � � � � � � �
QXGJH��RFK�EOnD�VLIIURU�I|U�NRQWUROOJUXSSHQ��XWDQ�QXGJH���
�

0HG�QXGJH�����8WDQ�QXGJH� 0LQYlUGH� 0D[YlUGH� 0HGHOYlUGH� 3URFHQW�
.YLQQD� �� �� ������������������ ����������
0DQ� �� �� ������������������ ����������
cOGHU� ��� ��� ������������������ �

)RQG��� �� �������� ������������������ ����������
)RQG��� �� �������� ������������������ ����������
)RQG��� �� �������� ������������������ ����������
)RQG��� �� �������� ����������������� ����������

1HWWRLQNRPVW� �� ��¶��������¶� ������������������ �
$NWLHSRUWI|OM� �� ���¶¶��������¶¶� ���¶��������¶� �

(JHQ�XWELOGQLQJ� �� �� ������������������ ����������
8WELOGDGH�I|UlOGUDU� �� �� ������������������ ����������
5LVNYLOOLJ��YLQVW�
� �� �� ������������������ ����������
5LVNYLOOLJ��I|UOXVW
� �� �� ������������������ ����������
7UR�Sn�KnOOEDUKHW� �� �� ������������������ ����������

$UEHWD�/|Q� �� �� ������������������ ����������
6WXGHQW�6WXGLHPHGHO� �� �� ������������������ ����������
3HQVLRQlU�3HQVLRQ� �� �� ������������������ ����������

%LOlJDUH� �� �� ������������������ ����������
�����������������������������������������������
�)|U�ULVNIUnJRUQD�JlOOHU��� �In�EHWDOD�GLUHNW�RFK��� �VLQJOD�VODQW�

�

����%LYDULDWD�DQDO\VHU��

%LYDULDWD DQDO\VHU DQYlQGV I|U DWW ILQQD HYHQWXHOOD VDPEDQG PHOODQ WYn YDULDEOHU VDPW WHVWD� � � � � � � � � � � � �

KXUXYLGD�VDPEDQGHW�lU�VLJQLILNDQW�HOOHU�LQWH��%U\PDQ�	�%HOO����������

�

���



�

6WHJ���

'HQ I|UVWD ELYDULDWD DQDO\VHQ VRP JHQRPI|UGHV YDU HQ PXOWLSHO UHJUHVVLRQVDQDO\V L V\IWH DWW� � � � � � � � � � � � �

NRQWUROOHUD I|U VDPEDQGHW PHOODQ GHQ KnOOEDUD IRQGHQ� GHQ EHURHQGH YDULDEHOQ� RFK VWXGLHQV� � � � � � � � � � � �

|YULJD YDULDEOHU� 0HG GHQQD W\S DY DQDO\V NRQWUROOHUDV IDOVND VDPEDQG� YLONHW LQQHElU DWW HWW� � � � � � � � � � � � � �

VDPEDQG PHOODQ WYn YDULDEOHU HJHQWOLJHQ NDQ EHUR Sn RFK I|UNODUDV DY HQ DQQDQ YDULDEHO lQ� � � � � � � � � � � � � � �

GHQ REHURHQGH �%U\PDQ 	 %HOO� ������ ([HPSHOYLV KDGH HWW IDOVNW VDPEDQG L YnU� � � � � � � � � � � � �

XQGHUV|NQLQJ NXQQDW YDUD HQ K|JUH JUDG DY LQYHVWHULQJDU L GHQ KnOOEDUD IRQGHQ Sn JUXQG DY� � � � � � � � � � � � � � �

DQGUD DQOHGQLQJDU lQ QXGJHQ� VnVRP GHPRJUDILVND YDULDEOHU HOOHU LQNRPVW� 0XOWLSHO� � � � � � � � � �

UHJUHVVLRQVDQDO\V DQYlQGV DOOWVn I|U DWW PlWD KXUXYLGD PDQ NDQ VlNHUVWlOOD HWW NDXVDOW� � � � � � � � � � � �

VDPEDQG PHOODQ GHQ EHURHQGH RFK REHURHQGH YDULDEHOQ HOOHU HM JHQRP DWW WD UHVWHUDQGH� � � � � � � � � � � � �

NRQWUROOYDULDEOHU L EHDNWDQGH� 5HJUHVVLRQVWDEHOOHQ QHGDQ SUHVHQWHUDU VWDWLVWLVNW VLJQLILNDQWD� � � � � � � �

VDPEDQG PHG HQ VLJQLILNDQVQLYn Sn ���� YLONHW LQQHElU DWW YL PHG ��� VlNHUKHW NDQ VlJD DWW� � � � � � � � � � � � � � � �

HWW�VDPEDQG�PHOODQ�YDULDEOHUQD�LQWH�EHURU�Sn�VOXPSHQ��

�
7DEHOO �� �5HJUHVVLRQVDQDO\V JHQHUHUDG L VWDWLVWLNSURJUDPPHW 6WDWD� 7DOHQ L NROXPQHQ XQGHU ³&RHI�´� � � � � � � � � � � �
UHSUHVHQWHUDU UHVSHNWLYH YDULDEHOV NRHIILFLHQW� DOOWVn GHVV HIIHNW Sn GHQ EHURHQGH YDULDEHOQ� 7DOHQ L NROXPQHQ� � � � � � � � � � � � � �
XQGHU�³3!_W_´�YLVDU�YDULDEOHUQDV�S�YlUGH�YLONHW�L�VLQ�WXU�DYJ|U�YDULDEHOQV�VLJQLILNDQV���
�

)RQG��� &RHI�� 5REXVW�6WG��(UU�� W� 3�!�_W_� ����������>����&RQI��,QWHUYDO@�

1XGJH� ��������� �������� ����� ������ ��������� ���������

.YLQQD� ����������� ��������� ������ ������ ���������� ���������
cOGHU������� ��������� ��������� ����� ������ ��������� ���������
cOGHU������� ��������� ��������� ����� ������ ���������� ���������
cOGHU������� �������� ����������� ����� ������ ���������� ���������
cOGHU������� ��������� ��������� ����� ������ ���������� ���������
cOGHU������� ��������� ��������� ����� ������ ���������� ���������

%LO� ���.ROO���&\NHO� ���������� ��������� ������ ������ ���������� ���������
%LO��� �.ROO����&\NHO� ���������� ��������� ������ ������ ���������� ���������

%LOlJDUH� ���������� ��������� ����� ������ ���������� ��������
9DOW�HQ�DQQDQ�SURG� ���������� ��������� ������ ������ ��������� ���������

%OLYLW�WLSVDG�RP� ���������� ��������� ������ ������ ���������� ���������
%HWDODW�PHU�I|U� ��������� �������� ����� ������ ���������� ���������

3ULRULWHUDW�KnOOEDUKHW� ��������� ��������� ����� ������ ���������� ��������
$NWLYW�XQGHUV|NW� ��������� ��������� ����� ������ ���������� ���������
(JHQ�XWELOGQLQJ� ��������� ��������� ����� ������ ���������� ���������

8WELOGQLQJ�I|UlOGUDU� ��������� ��������� ����� ������ ���������� ���������
6LQJOD�In� ���������� ��������� ������ ������ ���������� ���������
6LQJOD�EHW� ��������� ������� ����� ������ ���������� ���������

$UE����6WX���3HQ� ���������� �������� ������ ������ ���������� ����������
$UE��� �6WX����3(Q� ���������� ��������� ������ ������ ��������� ���������
/|Q ����6WX���3HQ� ��������� �������� ����� ������ ��������� ��������
/|Q����6WX����3HP� ������� ��������� ����� ������ ���������� ���������

7UR�Sn�KnOOEDUKHW� ��������� ��������� ����� ������ ���������� ���������
BFRQV� ������� ��������� ����� ������ ���������� ���������

�
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6WHJ���

)|U UHJUHVVLRQHQ L WDEHOO � EHJUlQVDGHV DQWDOHW YDULDEOHU WLOO GH VRP DQVnJV YDUD PHVW� � � � � � � � � � � � � �

UHOHYDQWD HQOLJW GHQ PXOWLSOD UHJUHVVLRQVDQDO\VHQ VDPW XQGHUV|NQLQJHQ L VLQ KHOKHW� ,QQDQ� � � � � � � � � � �

YLGDUH DQDO\V DY UHJUHVVLRQHQV UHVXOWDW NDQ GHW I|UVW IDVWVWlOODV DWW PRGHOOHQ lU VLJQLILNDQW L VLQ� � � � � � � � � � � � � � �

KHOKHW Gn GHVV UHODWLYW K|JD )�YlUGH Sn ���� VDPW OnJD 3�YlUGH Sn ������ WDODU I|U GHWWD�� � � � � � � � � � � � � � � �

)�YlUGHW MlPI|U YDULDWLRQHQ LQRP UHVSHNWLYH JUXSS PHG YDULDWLRQHQ JUXSSHUQD HPHOODQ� (WW� � � � � � � � � � �

K|JW )�YlUGH YLVDU Sn HQ VW|UUH YDULDWLRQ PHOODQ JUXSSHUQD VDPW HQ PLQGUH YDULDWLRQ LQRP� � � � � � � � � � � � � �

UHVSHNWLYH JUXSS� (WW OnJW )�YlUGH NDQ LQQHElUD DWW VDPWOLJD XQGHUV|NQLQJVJUXSSHU KDU VDPPD� � � � � � � � � � � �

PHGHOYlUGH YLONHW LQGLNHUDU DWW HQ YLGDUH DQDO\V DY VNLOOQDGHU PHOODQ JUXSSHU YRUH RYlVHQWOLJ�� � � � � � � � � � � � �

3n HWW OLNQDQGH YLV VNXOOH HWW S�YlUGH |YHU ���� I|U PRGHOOHQ LQQHElUD DWW PRGHOOHQ LQWH lU� � � � � � � � � � � � � � � �

VLJQLILNDQW RFK E|U I|UNDVWDV L VLQ KHOKHW � �:RROGULGJH� ������ 8WLIUnQ VLIIURUQD L WDEHOO � NDQ� � � � � � � � � � � � � � �

YL GRFN NRQVWDWHUD DWW PRGHOOHQ lU VLJQLILNDQW L VLQ KHOKHW� YLONHW JHU VW|G I|U YLGDUH� � � � � � � � � � � � � � �

XQGHUV|NQLQJ�DY�GDWDQ���

�

7DEHOO�����5HJUHVVLRQVDQDO\V�JHQHUHUDG�L�VWDWLVWLNSURJUDPPHW�6WDWD��7DOHQ�L�NROXPQHQ�XQGHU�³&RHI�´�
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�
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7UR�Sn�KnOOEDUKHW� ��������� ��������� ����� ������ ���������� ���������
BFRQV� ��������� ��������� ����� ������ ��������� ���������

�
�
6WHJ���

'lUHIWHU XQGHUV|NV QXGJHQV HIIHNW JHQRP HWW K\SRWHVWHVW XSSVWlOOW HQOLJW I|OMDQGH ³ȕ��  �´�� � � � � � � � � � � � �

1ROOK\SRWHVHQ RYDQ VlJHU DWW QXGJHQ LQWH KDU QnJRQ HIIHNW DOOV Sn JUDGHQ DY LQYHVWHULQJDU� � � � � � � � � � � � � �

VRP SODFHUDWV L GHQ KnOOEDUD IRQGHQ� )|U DWW WHVWD KXUXYLGD GHQ REHURHQGH YDULDEHOQ KDU HQ� � � � � � � � � � � � � � �

HIIHNW HOOHU HM DQYlQGV GHW S�YlUGH VRP UHJUHVVLRQHQ L WDEHOO � JHQHUHUDW� 2P S�YlUGHW lU� � � � � � � � � � � � � � �

���



�

PLQGUH lQ DOID� YDUV YlUGH NRPPHU DY GHQ VLJQLILNDQVQLYn VRP YDOWV� NDQ QROOK\SRWHVHQ� � � � � � � � � � � � �

I|UNDVWDV� 1XGJHQV S�YlUGH lU ����� YLONHW lU PLQGUH lQ DOID VRP L GHW KlU IDOOHW lU ������ � � � � � � � � � � � � � � � �

1ROOK\SRWHVHQ NDQ GlUPHG I|UNDVWDV RFK LVWlOOHW IDVWVWlOOV DWW GHQ REHURHQGH YDULDEHOQ KDU HQ� � � � � � � � � � � � �

VLJQLILNDQW HIIHNW Sn GHQ EHURHQGH YDULDEHOQ� , YnUW IDOO EHW\GHU GHW DWW QXGJHQ KDU HQ� � � � � � � � � � � � � � �

VLJQLILNDQW�HIIHNW�Sn�JUDGHQ�DY�LQYHVWHULQJDU�L�GHQ�KnOOEDUD�IRQGHQ�Sn�DOOD�VLJQLILNDQVQLYnHU���

�

6WHJ���

1lU GHQ REHURHQGH YDULDEHOQV VLJQLILNDQV KDU IDVWVWlOOWV XQGHUV|NV KXUXYLGD HIIHNWHQ lU� � � � � � � � � � �

SRVLWLY HOOHU QHJDWLY PHG KMlOS DY EHWDNRHIILFLHQWHQ VRP UHJUHVVLRQHQ JHQHUHUDW�� � � � � � � � � �

%HWDNRHIILFLHQWHQ YLVDU YDULDEHOQV HIIHNW Sn GHQ EHURHQGH YDULDEHOQ� GHQ KnOOEDUD IRQGHQV� � � � � � � � � � �

LQYHVWHULQJDU L YnUW IDOO� (WW K|JW DEVROXW WDO YLVDU Sn HQ VWRU SnYHUNDQ� DQWLQJHQ SRVLWLY HOOHU� � � � � � � � � � � � � � � �

QHJDWLY� RFK WYlUWRP� , WDEHOO � VHU YL DWW GHQ REHURHQGH YDULDEHOQV NRHIILFLHQW OLJJHU Sn� � � � � � � � � � � � � � �

XQJHIlU ������� 1XGJHQV NRHIILFLHQW lU DOOWVn SRVLWLY YLONHW VW\UNHU XSSVDWVHQV K\SRWHV VRP� � � � � � � � � � � �

VlJHU�DWW�QXGJHQ�KDU�HQ�SRVLWLY�HIIHNW�Sn�JUDGHQ�DY�KnOOEDUD�LQYHVWHULQJDU��

�

� �

���



�

���'LVNXVVLRQ��

'LVNXVVLRQHQ NRPPHU LQOHGQLQJVYLV MlPI|UD GHW HPSLULVND UHVXOWDWHW PHG WLGLJDUH IRUVNQLQJ�� � � � � � � � � �

9LGDUH NRPPHU GLVNXVVLRQHQ DQJULSD XSSVDWVHQV UHVXOWDW XWLIUnQ WYn ROLND SHUVSHNWLY� 'HW HQD� � � � � � � � � � � �

lU HWW VXEVWDQWLHOOW SHUVSHNWLY GlU GHW HPSLULVND UHVXOWDWHW NRPPHU DWW GLVNXWHUDV XWLIUnQ GHQ� � � � � � � � � � � � �

WHRUHWLVND UHIHUHQVUDPHQ� 'HW DQGUD lU HWW PHWRGRORJLVNW SHUVSHNWLY GlU YDOHW DY PHWRG� � � � � � � � � � � �

GLVNXWHUDV XWLIUnQ GHVV SnYHUNDQ Sn GHW HPSLULVND UHVXOWDWHW� 6OXWOLJHQ NRPPHU GLVNXVVLRQHQ� � � � � � � � � � �

EHKDQGOD�HYHQWXHOOD�EHJUlQVQLQJDU�I|U�VWXGLHQ��

�

����7LGLJDUH�IRUVNQLQJ�

5HVXOWDWHW IUnQ GHQ K\SRWHVSU|YQLQJ VRP XWI|UGHV L GHQQD VWXGLH YLVDGH HQ VLJQLILNDQW HIIHNW� � � � � � � � � � � � �

DY QXGJHQ Sn JUDGHQ DY LQYHVWHULQJDU L GHQ KnOOEDUD SUHPLHSHQVLRQVIRQGHQ� 5HVXOWDWHW NDQ� � � � � � � � � � � �

OLNQDV YLG GHW VRP %DVVHQ HW DO� ������ HUK|OO� 6NLOOQDGHQ H[SHULPHQWHQ HPHOODQ lU GRFN GHW� � � � � � � � � � � � � � �

IDNWXP DWW %DVVHQ HW DO� ������ ULNWDGH VLQ QXGJH PRW KMlUQDQV I|UVWD V\VWHP RFK HIIHNWHQ DY� � � � � � � � � � � � � � � �

GHUDV QXGJH SnYHUNDGH VnOHGHV HQGDVW GH UHVSRQGHQWHU VRP DQYlQGH VLJ DY V\VWHP HWW YLG� � � � � � � � � � � � � �

LQYHVWHULQJVEHVOXWHW� 'HW YLVDGH VLJ RFNVn DWW LQGLYLGHU WHQGHUDU DWW DQYlQGD VLJ DY KMlUQDQV� � � � � � � � � � � � �

DQGUD V\VWHP YLG HWW LQYHVWHULQJVEHVOXW �%DVVHQ HW DO�� ������ YLONHW YDU DQOHGQLQJHQ WLOO� � � � � � � � � � � � �

DQYlQGDQGHW DY HQ QXGJH PRW V\VWHP WYn L GHQQD VWXGLH� *ODF ������ KDU GlUHPRW� OLNW GHQQD� � � � � � � � � � � � � � � �

VWXGLH� XWI|UW HWW H[SHULPHQW ULNWDW PRW KMlUQDQV DQGUD V\VWHP PHQ PHG LQUDPQLQJ VRP� � � � � � � � � � � � �

YHUNW\J� *ODF ������ NXQGH GUD VOXWVDWVHQ DWW LQUDPQLQJ SnYHUNDU VDQQROLNKHWHQ DWW HQ LQGLYLG� � � � � � � � � � � � �

HQJDJHUDU VLJ L KnOOEDUD LQYHVWHULQJDU� GRFN HQGDVW PHG VWXGHQWHU VRP UHVSRQGHQWHU LVWlOOHW� � � � � � � � � � � �

I|U SULYDWLQYHVWHUDUH VRP L GHQQD VWXGLH� 'HW IDNWXP DWW GHQQD VWXGLH DQYlQW SULYDWLQYHVWHUDUH� � � � � � � � � � � � �

VRP UHVSRQGHQWHU LVWlOOHW I|U HQEDUW VWXGHQWHU� VRP *ODF ������� NDQ DQVHV |ND VWXGLHQV� � � � � � � � � � � � �

WURYlUGLJKHW Gn GHW EOLU HQ EHW\GOLJW ElWWUH YHUNOLJKHWVI|UDQNULQJ� 'HWWD Sn JUXQG DY DWW *ODF� � � � � � � � � � � � � �

HQGDVW XQGHUV|NHU HQ OLWHQ GHO DY DOOD LQYHVWHUDUH PHGDQ GHQQD VWXGLH KDU XQGHUV|NW HQ� � � � � � � � � � � � � �

EUHGDUH JUXSS VHWW WLOO nOGHU� V\VVHOVlWWQLQJ RFK Vn YLGDUH� 9DG JlOOHU EHILQWOLJ IRUVNQLQJ LQRP� � � � � � � � � � � � � �

QXGJLQJ PRW KnOOEDUD LQYHVWHULQJDU JHQHUHOOW lU GHQ VRP WLGLJDUH QlPQW P\FNHW EHJUlQVDG� � � � � � � � � � � �

RFK GlUDY ILQQV GHW LQWH QnJUD UHVXOWDW VRP lU IXOOVWlQGLJW MlPI|UEDUD� 6DPPDQWDJHW NDQ YL� � � � � � � � � � � � � �

GRFN VH DWW QXGJLQJ lU HWW YHUNW\J VRP YHUNDU HIIHNWLYW I|U DWW IUlPMD KnOOEDUD LQYHVWHULQJDU�� � � � � � � � � � � � � � �

VSHFLILNW�SUHPLHSHQVLRQVSODFHULQJDU�L�GHQQD�VWXGLH��

�

���



�

����6XEVWDQWLHOO�GLVNXVVLRQ�

8SSVDWVHQV WHRUHWLVND UHIHUHQVUDP �VH NDSLWHO �� E\JJHU L KXYXGVDN Sn NRJQLWLY GLVVRQDQV RFK� � � � � � � � � � � � �

WHRULQ NDQ VDPPDQIDWWDV VRP DWW HQ SnPLQQHOVH RP HQ LQGLYLGV YlUGHULQJDU NDQ SnYHUND� � � � � � � � � � � � �

GHQQHV HIWHUI|OMDQGH KDQGOLQJDU �)HVWLQJHU� ������ 'HWWD Sn JUXQG DY LQGLYLGHQV VWUlYDQ HIWHU� � � � � � � � � � � �

DWW PLQVND GHQ NRJQLWLYD GLVVRQDQV VRP XSSVWnU PHOODQ YlUGHULQJ RFK KDQGOLQJ� )|U DWW� � � � � � � � � � � � �

XQGHUV|ND KXUXYLGD YHUNOLJKHWHQ JDY VW|G WLOO WHRULQ HOOHU HM JHQRPI|UGHV HWW H[SHULPHQW YDUV� � � � � � � � � � � � �

UHVXOWDW YLVDGH VLJ YDUD L OLQMH PHG YDG VRP NXQQDW I|UYlQWDV HQOLJW WHRULQ RP NRJQLWLY� � � � � � � � � � � � � � �

GLVVRQDQV� 'HW IDNWXP DWW QXGJHQ KDGH HQ HIIHNW Sn KnOOEDUD SUHPLHSHQVLRQVSODFHULQJDU NDQ� � � � � � � � � � � �

lYHQ I|UNODUDV DY YDG 6WDWPDQ ������ NRQVWDWHUDGH� DWW PMXNDUH YlUGHQ VnVRP YlUGHULQJDU� � � � � � � � � � � �

RFNVn�NDQ�KD�HQ�SnYHUNDQ�Sn�HWW�LQYHVWHULQJVEHVOXW��LQWH�HQGDVW�ULVN�RFK�DYNDVWQLQJ��

0DUNRZLW] WHRUL ´0RGHUQ 3RUWIROLR 7KHRU\´ ������ RP DWW LQYHVWHUDUH lU UDWLRQHOOD RFK HQGDVW� � � � � � � � � � � � �

WDU KlQV\Q WLOO ULVN VDPW DYNDVWQLQJ YLG HWW SODFHULQJVYDO P|WHU KlU VWDUNW PRWVWnQG Gn GHQ� � � � � � � � � � � � � � �

KnOOEDUD IRQGHQ LQWH YDU GHW PHVW DWWUDNWLYD DOWHUQDWLYHW XWLIUnQ GH WYn IDNWRUHUQD PHQ lQGn� � � � � � � � � � � � � �

HUK|OO HQ VWRU DQGHO DY NDSLWDOHW VRP VNXOOH SODFHUDV �WDEHOO �� SXQNW ����� $WW GHWWD JlOOHU I|U� � � � � � � � � � � � � � � � �

VWXGLHQ JHQHUHOOW NDQ NRQVWDWHUDV XWLIUnQ GHW IDNWXP DWW VDPWOLJD UHVSRQGHQWHU ILFN HQ OLND VWRU� � � � � � � � � � � � � �

VXPPD DWW SODFHUD RFK GlUPHG VnJ OLNDUWDW Sn GHQ SURFHQWXHOOD DYNDVWQLQJHQ� 9LGDUH NDQ GHW� � � � � � � � � � � � � �

XWLIUnQ VWXGLHQV NRQWUROOIUnJRU lYHQ NRQVWDWHUDV DWW H[SHULPHQW� UHVSHNWLYH NRQWUROOJUXSSHQ� � � � � � � � �

KDGH QlVWLQWLOO OLND ULVNSUHIHUHQVHU �WDEHOO �� SXQNW ����� YLONHW J|U DWW UHVSRQGHQWHUQD NDQ� � � � � � � � � � � � �

DQWDV VH OLNDUWDW lYHQ Sn GHQ ULVN VRP SUHVHQWHUDGHV� 7URWV DWW GHQ KnOOEDUD IRQGHQ LQWH YDU GHW� � � � � � � � � � � � � � � � �

PHVW DWWUDNWLYD YDOHW XWLIUnQ 0DUNRZLW] WYn IDNWRUHU� ULVN RFK DYNDVWQLQJ� KDU� � � � � � � � � � �

H[SHULPHQWJUXSSHQ SODFHUDW HQ VW|UUH VXPPD SHQJDU L GHQ KnOOEDUD IRQGHQ lQ� � � � � � � � � � �

NRQWUROOJUXSSHQ��YLONHW�VW\UNHU�QXGJHQV�HIIHNWLYLWHW��

(WW LQWUHVVDQW SHUVSHNWLY DY WHRULQ RP QXGJLQJ lU WLGVDVSHNWHQ I|U NRQVHNYHQVHUQD XWLIUnQ GH� � � � � � � � � � � � �

WYn ROLND KMlUQV\VWHPHQ� 'HW ILQQV IRUVNQLQJ VRP PHQDU DWW HQ QXGJH ULNWDG PRW KMlUQDQV� � � � � � � � � � � � � �

DQGUD V\VWHP VNXOOH JHQHUHUD HQ PHU OnQJVLNWLJ HIIHNW lQ HQ QXGJH ULNWDG PRW GHW I|UVWD� � � � � � � � � � � � � � �

V\VWHPHW �/LQ HW DO�� ������ , YnU VWXGLH VnJ YL GRFN HQ RPHGHOEDU HIIHNW DY QXGJHQ YLONHW� � � � � � � � � � � � � � � � �

JHQHUHUDGH HQ Q\ILNHQKHW NULQJ KXUXYLGD QXGJHQ lYHQ KDGH KDIW HQ HIIHNW Sn OlQJUH VLNW HOOHU� � � � � � � � � � � � � � �

LQWH��2P�GHWWD�ILQQV�HWW�I|UVODJ�NULQJ�YLGDUH�IRUVNQLQJ�XQGHU�SXQNW������

�

���



�

����0HWRGRORJLVN�GLVNXVVLRQ�

8WLIUnQ GHW PHWRGRORJLVND SHUVSHNWLYHW ILQQV HQ GHO HYHQWXHOOD ULVNHU PHG GHQ W\SHQ DY� � � � � � � � � � � � �

QXGJLQJ VRP H[SHULPHQWHW LQQHIDWWDW� 9DG JlOOHU XWIRUPDQGHW DY QXGJHQ lU GHW LQWH EDUD� � � � � � � � � � � � �

NRPSOLFHUDW DWW ULNWD LQ GHQ PRW |QVNDW UHVXOWDW� XWDQ GHW NDQ lYHQ LQQHElUD HQ XWPDQLQJ L� � � � � � � � � � � � � � � �

JUlQVGUDJQLQJHQ PHOODQ YDG VRP UlNQDV VRP HQ WLOOnWHQ QXGJH L IRUP DY YDODUNLWHNWXU RFK YDG� � � � � � � � � � � � � � �

VRP LVWlOOHW NDQ NRPPD DWW NODVVDV VRP QRUPELOGQLQJ� %HURHQGH Sn YLONHW DY PlQQLVNDQV� � � � � � � � � � � � �

V\VWHP QXGJHQ lU WlQNW DWW ULNWDV PRW NDQ GHQ XWIRUPDV Sn ROLND YLV� 'HQ QXGJH YL WLOOlPSDGH� � � � � � � � � � � � � � � � �

ULNWDGHV LQ Sn KMlUQDQV DQGUD V\VWHP I|U DWW JHQRP DNWLYD UHIOHNWLRQHU RFK VWlOOQLQJVWDJDQGHQ� � � � � � � � � � � � �

SnPLQQD UHVSRQGHQWHQ RP GHQQHV HJQD YlUGHULQJDU NULQJ KnOOEDUKHW� XWDQ DWW Sn QnJRW YLV� � � � � � � � � � � � �

I|UlQGUD GHP� 'lUDY NDQ QXGJHQ VRP WLOOlPSDWV L YnUW H[SHULPHQW I|UVYDUDV HWLVNW RFK IDOOD� � � � � � � � � � � � � �

LQRP WLOOnWQD UDPDU I|U YDODUNLWHNWXU� (WW DOWHUQDWLYW VlWW DWW XWIRUPD QXGJHQ KDGH YDULW DWW� � � � � � � � � � � � � �

H[HPSHOYLV LQOHGD PHG HQ LQIRUPDWLY WH[W NULQJ KnOOEDUKHW HOOHU QnJRQ IRUP DY GLVNXVVLRQ� 'H� � � � � � � � � � � � � �

W\SHUQD DY QXGJLQJ KDGH GRFN EOLYLW PLQGUH REMHNWLYD DY QDWXUHQ RFK GlUI|U NXQQDW YDUD HWW� � � � � � � � � � � � � � �

JUlQVIDOO�UHQW�HWLVNW��/LQ�HW�DO����������

$Y GHW HPSLULVND UHVXOWDWHW NXQGH QROOK\SRWHVHQ I|UNDVWDV YLONHW JDY VW|G WLOO XSSVDWVHQV WHV� � � � � � � � � � � � �

DWW QXGJHQ KDU HQ VLJQLILNDQW SnYHUNDQ nW GHW PHU KnOOEDUD I|U SUHPLHSHQVLRQVSODFHULQJDU� 'n� � � � � � � � � � � � �

SUHPLHSHQVLRQHQ L UHODWLYD PnWW NDQ DQVHV OLWHQ PHQ L OlQJGHQ NDQ NRPPD DWW XWJ|UD HQ VWRU� � � � � � � � � � � � � � � �

GHO DY HQV VSDUDGH NDSLWDO �3HQVLRQVP\QGLJKHWHQ� ����F� NDQ HIIHNWHQ DY QXGJHQ LQQHElUD DWW� � � � � � � � � � � � �

IUDPWLGHQV SUHPLHSHQVLRQVSODFHULQJDU L K|JUH JUDG XWJ|UV DY GH VRP NODVVDV VRP KnOOEDUD� (Q� � � � � � � � � � � � �

K|JUH JUDG DY KnOOEDUD SUHPLHSHQVLRQVSODFHULQJDU VNXOOH L VLQ WXU NXQQD ELGUD WLOO DWW SnVN\QGD� � � � � � � � � � � � � �

GHW UnGDQGH NOLPDWDUEHWHW VRP SnJnU L 6YHULJH VDPW ³YLVD YlJHQ´ I|U DQGUD SODFHULQJVW\SHU�� � � � � � � � � � � � �

)RUVNQLQJ lU GRFN LQWH DEVROXW YLONHW lU YDUI|U UHOLDELOLWHW DQVHV YDUD DY VWRU YLNW� (Q VWXGLHV� � � � � � � � � � � � � � � �

UHVXOWDW NDQ LQWH PHG IXOOVWlQGLJ VlNHUKHW UHSUHVHQWHUD YDUMH VLWXDWLRQ L YHUNOLJKHWHQ Gn VnYlO� � � � � � � � � � � � �

PLQGUH VRP VW|UUH I|UlQGULQJDU NDQ lQGUD I|UXWVlWWQLQJDUQD EHW\GOLJW� (Q IUnJD VRP YL� � � � � � � � � � � �

nWHUNRP WLOO XQGHU H[SHULPHQWHWV JnQJ lU L YLONHQ JUDG GHW IDNWXP DWW SODFHULQJVYDOHW YDU� � � � � � � � � � � � � �

K\SRWHWLVNW SnYHUNDGH UHVXOWDWHW� 7LGLJDUH IRUVNQLQJ SnSHNDU SUREOHPDWLNHQ PHG DWW� � � � � � � � �

K\SRWHWLVND SODFHULQJVYDO LQWH SnYHUNDU UHVSRQGHQWHQV SULYDWHNRQRPL� 5LVNHQ lU DWW� � � � � � � � �

UHVSRQGHQWHU YlOMHU DWW SODFHUD PHU KnOOEDUW RP GH LQWH VMlOYD SnYHUNDV Gn GHW DQVHV PHU� � � � � � � � � � � � � � �
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(Q YLGDUH ULVN VRP WLGLJDUH IRUVNQLQJ SHNDW Sn JlOODQGH QXGJLQJ lU DWW PHWRGHQ L HQ K|J JUDG� � � � � � � � � � � � � � � � �

NDQ DQVHV NRQWH[WEDVHUDG� %HURHQGH Sn LQGLYLGHUV WLGLJDUH HUIDUHQKHWHU RFK QXYDUDQGH� � � � � � � � � �

OLYVVLWXDWLRQ NDQ GH NRPPD DWW SnYHUNDV Sn ROLND YLV �0RQW HW DO�� ����� /LQ HW DO�� ������� � � � � � � � � � � � � � � � �

'lUDY I|OMHU HQ ULVN DWW UHVXOWDWHW DY HWW H[SHULPHQW LQQHIDWWDQGH QXGJLQJ NDQ RUVDNDV DY� � � � � � � � � � � � � �

PHWRGRORJLVND�IDNWRUHU�RFK�GlUI|U�OLGD�DY�EULVWIlOOLJ�UHOLDELOLWHW���

�

����%HJUlQVQLQJDU�

(IIHNWHQ DY HQ QXGJH KDU WLGLJDUH SnYLVDWV YDUD EHURHQGH DY GHQ NRQWH[W VRP GHQ XW|YDV L� � � � � � � � � � � � � � � �

�0RQW HW DO� ����� /LQ HW DO�� ������ 'HWWD LQQHElU DWW GH UHVXOWDW VRP NRQVWDWHUDWV L GHQQD� � � � � � � � � � � � � � � � �

VWXGLHQ NXQQDW VH DQQRUOXQGD XW RP GHQ JHQRPI|UWV L HQ DQQDQ NRQWH[W� 'H UHVSRQGHQWHU VRP� � � � � � � � � � � � � � �

GHOWRJ L H[SHULPHQWHW YDU VYHQVNDU� YLOND L VWRU RPIDWWQLQJ UHGDQ lU PLOM|PHGYHWQD L� � � � � � � � � � � � �

MlPI|UHOVH PHG DQGUD QDWLRQHU �6YHQVND LQVWLWXWHW� ������ +DGH H[SHULPHQWHW JHQRPI|UWV L HWW� � � � � � � � � � � �

DQQDW ODQG RFK VDPPDQKDQJ� GlU PLOM| LQWH lU SULRULWHUDW L VDPPD XWVWUlFNQLQJ VRP L 6YHULJH�� � � � � � � � � � � � � � �

KDGH UHVXOWDWHW NXQQDW VNLOMD VLJ IUnQ GHW L GHQQD VWXGLH� 9LGDUH KDGH UHVXOWDWHW P|MOLJWYLV� � � � � � � � � � � � � �

SnYHUNDWV RP DQWDOHW UHVSRQGHQWHU L H[SHULPHQWHW XW|NDWV� 6WXGLHQ KDU XSSQnWW GHW DQWDO� � � � � � � � � � � �

UHVSRQGHQWHU VRP lPQDWV� PHQ WURWV GHW lU DQWDOHW EHJUlQVDW� 'HWWD Sn JUXQG DY GHQ� � � � � � � � � � � � � �

WLGVEHJUlQVQLQJ�VRP�VWXGLHQ�SUlJODWV�DY��

� �

���
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���6OXWVDWV�

6\IWHW PHG XSSVDWVHQ YDU DWW XQGHUV|ND KXUXYLGD LQGLYLGHU WHQGHUDU DWW YlOMD PHU KnOOEDUD� � � � � � � � � � � � �

SUHPLHSHQVLRQVSODFHULQJDU QlU GH SnPLQQV RP VLQD YlUGHULQJDU NULQJ KnOOEDUKHW RFK InU WLG DWW� � � � � � � � � � � � �

UHIOHNWHUD |YHU GHP� 9L lPQDGH XQGHUV|ND GHWWD PHG KMlOS DY HQ H[SHULPHQWVWXGLH I|U YLONHQ� � � � � � � � � � � � � �

WHRULQ RP QXGJLQJ VDPW NRJQLWLY GLVVRQDQV XWJMRUGH HVVHQWLHOOD JUXQGVWHQDU L GHQ WHRUHWLVND� � � � � � � � � � � �

UHIHUHQVUDPHQ� )|U DWW XQGYLND GHQ NlQVOD DY REHKDJ VRP XSSVWnU Gn KDQGOLQJDU LQWH� � � � � � � � � � � � �

|YHUHQVVWlPPHU PHG YlUGHULQJDU WHQGHUDU PlQQLVNDQ DWW MXVWHUD VLQD EHVOXW I|U DWW PLQVND� � � � � � � � � � � �

GHQ NRJQLWLYD GLVVRQDQVHQ �)HVWLQJHU� ������ *HQRP HQ SnPLQQHOVH DY UHVSRQGHQWHQV� � � � � � � � � �

YlUGHULQJDU NULQJ KnOOEDUKHW I|UYlQWDGHV DQGHOHQ NDSLWDO VRP SODFHUDGHV L GHQ KnOOEDUD IRQGHQ� � � � � � � � � � � �

DWW |ND� 6WXGLHQV HPSLULVND UHVXOWDW JDY VW|G I|U K\SRWHVHQ RFK GH VOXWVDWVHU VRP NDQ GUDV� � � � � � � � � � � � � � �

XWLIUnQ�UHVXOWDWHW��8SSVDWVHQV�ELGUDJ�VDPW�I|UVODJ�Sn�YLGDUH�IRUVNQLQJ�SUHVHQWHUDV�QHGDQ��

�

����6OXWVDWV�	�ELGUDJ�

8WLIUnQ VWXGLHQV HPSLULVND UHVXOWDW NDQ HQ VLJQLILNDQW SnYHUNDQ DY QXGJHQ IDVWVWlOODV RFK� � � � � � � � � � � �

GlUDY NDQ VOXWVDWVHQ L HQOLJKHW PHG K\SRWHVHQ GUDV DWW �́HQ LQGLYLG VRP InU UHIOHNWHUD |YHU VLQD� � � � � � � � � � � � � � � �

YlUGHULQJDU NULQJ KnOOEDUKHW LQQDQ HQ SUHPLHSHQVLRQVSODFHULQJ WHQGHUDU DWW L K|JUH� � � � � � � � � �

XWVWUlFNQLQJ YlOMD HWW KnOOEDUW DOWHUQDWLY�´� 6OXWVDWVHQ EHNUlIWDU GlUPHG XSSVDWVHQV� � � � � � � � �

IUnJHVWlOOQLQJ�RP�QXGJLQJ�NDQ�IUlPMD�KnOOEDUD�SUHPLHSHQVLRQVSODFHULQJDU���

�

, GHQ VDPKlOOVVLWXDWLRQ YL EHILQQHU RVV lU GHW RHUK|UW YLNWLJW DWW VRP DNW|U Sn PDUNQDGHQ� DOOW� � � � � � � � � � � � � � � �

IUnQ IRQGI|UYDOWDUH WLOO SULYDWLQYHVWHUDUH� NXQQD YLVD DWW PDQ WDU VLWW DQVYDU I|U NOLPDWHW�� � � � � � � � � � � � �

9LGDUH lU GHW lYHQ YLNWLJW DWW DNWLYW I|UV|ND ELGUD \WWHUOLJDUH RFK PHG KMlOS DY GH PHGHO PDQ� � � � � � � � � � � � � � � � �

KDU WLOOJnQJ WLOO YlQGD XWYHFNOLQJHQ nW GHW SRVLWLYD� 'HQQD W\S DY DQVYDUVWDJDQGH lU DY VWRU� � � � � � � � � � � � � � �

YLNW GHOV DY NOLPDWVNlO PHQ lYHQ I|U DWW VWlUND VLWW HJHW DQVHHQGH� �'lUDY NDQ VOXWVDWVHQ VRP� � � � � � � � � � � � � � � �

GUDV L GHQQD VWXGLH XWJ|UD EHW\GDQGH IUDPVWHJ I|U HQ DNW|U VRP 3HQVLRQVP\QGLJKHWHQ Gn GHW� � � � � � � � � � � � � �

LQWH EDUD OLJJHU L P\QGLJKHWHUV LQWUHVVH DWW SnVN\QGD RPVWlOOQLQJHQ WLOO HWW KnOOEDUW VDPKlOOH�� � � � � � � � � � � � �

XWDQ lYHQ lU GHUDV XSSGUDJ � �628 ������� ��� 1XGJLQJ KDU L GHQQD VWXGLH NRQVWDWHUDWV NXQQD� � � � � � � � � � � � � �

YDUD HQ HIIHNWLY PHWRG I|U DWW ELGUD WLOO DWW IUlPMD KnOOEDUD SUHPLHSHQVLRQVSODFHULQJDU� )UnJDQ� � � � � � � � � � � � �

���



�

VRP nWHULJHQ YlFNV QlU GHW NRPPHU WLOO DWW SnYHUND EHVOXW lU NULQJ GHQ HWLVND DVSHNWHQ� lU GHW� � � � � � � � � � � � � � � � �

HWLVNW�I|UVYDUEDUW�I|U�HQ�P\QGLJKHW�DWW�WLOOlPSD�QXGJLQJ"��

�

)DNWXP lU DWW 3HQVLRQVP\QGLJKHWHQ JHQRP VLWW DQYlQGDQGH DY HWW VWDQGDUGDOWHUQDWLY UHGDQ� � � � � � � � � � �

WLOOlPSDU QXGJLQJ� 'HW KDGH GRFN NXQQDW DQVHV SUREOHPDWLVNW DWW WLOOlPSD GHQ W\SHQ DY� � � � � � � � � � � � �

QXGJLQJ VRP YnU VWXGLH JMRUGH� Gn GHW VNXOOH NXQQD YDUD Sn JUlQVHQ WLOO I|U P\FNHW� � � � � � � � � � � � � � �

QRUPELOGQLQJ I|U HQ P\QGLJKHW� 'lUHPRW KDGH V\VWHPHW I|U KXU IRQGHUQDV KnOOEDUKHW� � � � � � � � � � �

SUHVHQWHUDV NXQQDW XWYHFNODV� YLONHW XWDQ DWW lYHQW\UD VLQ REMHNWLYLWHW KDGH NXQQDW nWHUJH PHU L� � � � � � � � � � � � � �

GHWDOM�KXU�IRQGHUQD�VHU�Sn�RFK�WDU�KlQV\Q�WLOO�GH�WUH�GLPHQVLRQHUQD�DY�KnOOEDUKHW��

�

*HQRP NRQVWDWHUDQGHW VRP NDQ J|UDV PHG VW|G DY VWXGLHQ ELGUDU XSSVDWVHQ LQWH EDUD WLOO� � � � � � � � � � � � � �

IRQGI|UYDOWDUH LQRP SUHPLHSHQVLRQ HOOHU LQYHVWHUDUH PHG HWW VWDUNW KnOOEDUKHWVLQWUHVVH�� � � � � � � � �

8SSVDWVHQ XWJ|U lYHQ HWW ELGUDJ I|U VDPKlOOHW HQOLJW XSSVDWVHQV K|JUH V\IWH� Sn HWW JOREDOW� � � � � � � � � � � � � �

SODQ� VnYlO NOLPDWPlVVLJW VRP I|U IUDPWLGD IRUVNQLQJ� *HQRP DWW XWYlUGHUD HWW SRWHQWLHOOW� � � � � � � � � � � �

YHUNW\J I|U DWW IUlPMD KnOOEDUKHW LQRP SUHPLHSHQVLRQVSODFHULQJDU ELGUDU GHQQD VWXGLH PHG DWW� � � � � � � � � � � �

VlWWD QXGJLQJ L HQ Q\ NRQWH[W� 1lU GHW NDQ IDVWVWlOODV DWW QXGJLQJ NDQ XWJ|UD HWW HIIHNWLYW� � � � � � � � � � � � � � � �

YHUNW\J I|U DWW IUlPMD KnOOEDUD LQYHVWHULQJDU LQRP XSSVDWVHQV IRUVNQLQJVRPUnGH NDQ Q\D� � � � � � � � � � �

PHWRGHU XWYHFNODV RFK YLGDUH IRUVNQLQJ WD DYVWDPS L YnU VWXGLH I|U DWW XWYHFNOD NXQVNDSHQ� � � � � � � � � � � � � �

\WWHUOLJDUH���

�

6DPPDQIDWWQLQJVYLV XWJ|U VWXGLHQ HWW ELGUDJ LQRP WYn KXYXGVDNOLJD RPUnGHQ� 'HW HQD lU� � � � � � � � � � � �

LQRP KnOOEDUKHWVRPUnGHW RFK GlUPHG VDPKlOOHWV XWYHFNOLQJ VDPW IRUWOHYQDG� *HQRP DWW L HQ� � � � � � � � � � � �

VW|UUH XWVWUlFNQLQJ YlOMD KnOOEDUD IRQGDOWHUQDWLY VlWWHU LQYHVWHUDUH SUHVV Sn I|UHWDJ EDNRP� � � � � � � � � � �

IRQGHU VRP LQWH DQVHV KnOOEDUD� 3UHVVHQ VNDSDV JHQRP DWW GHVVD I|UHWDJ PnVWH DQWD GH nWJlUGHU� � � � � � � � � � � � � � �

VRP NUlYV I|U DWW IRQGHUQD VND DQVHV KnOOEDUD RFK GlUPHG IRUWVlWWD YDUD DWWUDNWLYD DOWHUQDWLY� � � � � � � � � � � � � �

Sn PDUNQDGHQ� *HQRP GHVVD nWJlUGHU NDQ NROGLR[LGXWVOlSSHW PLQVNDV YLONHW XWJ|U HWW ELGUDJ� � � � � � � � � � � �

WLOO DWW O|VD GHW PHVW DNXWD SUREOHPHW YL KDU JOREDOW I|U DWW XSSQn HQ KnOOEDU XWYHFNOLQJ� 'HW� � � � � � � � � � � � � � � � �

DQGUD RPUnGHW lU WHRULQ RP QXGJLQJ� I|U YLONHW ELGUDJHW |SSQDU XSS VWRUD P|MOLJKHWHU I|U� � � � � � � � � � � � � �

YLGDUH IRUVNQLQJ� 7DFN YDUH XSSVDWVHQV WHRUHWLVND NODUJ|UDQGH VDPW O\FNDGH WLOOlPSQLQJ DY� � � � � � � � � � �

QXGJLQJ L VDPEDQG PHG HQ SUHPLHSHQVLRQVSODFHULQJ NDQ LQVSLUDWLRQ KlPWDV WLOO DWW XWIRUVND� � � � � � � � � � � �

YHUNW\JHWV�HIIHNWLYLWHW�JHQRP�SUDNWLVN�WLOOlPSQLQJ�LQRP�DQGUD�RPUnGHQ���

�

���



�

����)UDPWLGD�IRUVNQLQJ�

'n QXGJLQJ IRUWIDUDQGH lU HWW UHODWLYW RXWIRUVNDW YHUNW\J LQRP PnQJD RPUnGHQ VHU YL HQ VWRU� � � � � � � � � � � � � � �

SRWHQWLDO I|U YLGDUH IRUVNQLQJ NULQJ QXGJLQJ� (Q WDQNH VRP YlFNWHV YLG VWXGHUDQGHW DY WHRULQ� � � � � � � � � � � � � �

RP QXGJLQJ JlOOGH WLGVKRULVRQWHQ I|U NRQVHNYHQVHUQD XWLIUnQ GH WYn ROLND KMlUQV\VWHPHQ� 9LVV� � � � � � � � � � � �

IRUVNQLQJ PHQDU DWW HQ QXGJH ULNWDG PRW KMlUQDQV DQGUD V\VWHP VNXOOH JH HIIHNWHU Sn OnQJ VLNW� � � � � � � � � � � � � � � �

�/LQ HW DO�� ����� PHGDQ YnU VWXGLH YLVDGH HQ RPHGHOEDU HIIHNW� 'HWWD JHQHUHUDGH HQ� � � � � � � � � � � � � �

Q\ILNHQKHW NULQJ QXGJHQV HYHQWXHOOD HIIHNW Sn OlQJUH VLNW� (WW VlWW DWW XQGHUV|ND GHWWD KDGH� � � � � � � � � � � � � �

YDULW DWW WLOOlPSD QXGJHQ WLGLJDUH L SURFHVVHQ RFK XQGHUV|ND UHVSRQGHQWHQV SODFHULQJVYDO� � � � � � � � � � �

OlQJUH IUDP L WLGHQ� (QOLJW /XQGK� 0RQWJRPHU\ RFK : UQ ������ ILQQV YLVVD EHJUlQVQLQJDU� � � � � � � � � � � � �

JlOODQGH L YLONHQ XWVWUlFNQLQJ HQ LQGLYLG NDQ WD LQ LQIRUPDWLRQ RFK WD KlQV\Q WLOO GHQQD Sn NRUW� � � � � � � � � � � � � � � � �

VLNW��YLONHW�KDGH�NXQQDW�XWJ|UD�HQ�WHRUHWLVN�JUXQG�I|U�HQ�VWXGLH�NULQJ�OnQJVLNWLJ�QXGJLQJ��

�

8W|YHU GHW IRUVNQLQJVEHKRY NULQJ WLGVDVSHNWHQ I|U QXGJLQJ VRP LGHQWLILHUDWV ILQQV PnQJD IOHU� � � � � � � � � � � �

RPUnGHQ L EHKRY DY YLGDUH IRUVNQLQJ� , XSSVDWVHQ UHGRJ|UV GHW I|U IOHUD ROLND IRUVNQLQJVNlOORU� � � � � � � � � � � � � �

YLOND PHQDU DWW QXGJLQJ lU HWW HIIHNWLYW YHUNW\J� PHQ lU NRQWH[WEDVHUDW YLONHW LQQHElU DWW GHW� � � � � � � � � � � � � � �

IXQJHUDU ROLND L ROLND VLWXDWLRQHU � �0RQW HW DO�� ������ /LQ HW DO�� ������ 'HW NRQVWDWHUDQGHW� � � � � � � � � � � � � � �

XWJ|U HWW HQRUPW VW|G I|U GHW RPIDWWDQGH IRUVNQLQJVEHKRY YL DQVHU ILQQV I|U QXGJLQJ� 9L KDU� � � � � � � � � � � � � � �

IDVWVWlOOW HQ VLJQLILNDQW SnYHUNDQ DY MXVW GHQ W\S DY QXGJH YL WLOOlPSDW LQRP GHW VSHFLILND� � � � � � � � � � � � � � �

RPUnGH YL KDU XQGHUV|NW� 'HWWD UHVXOWDW IDVWVWlOOHU GRFN LQWH DWW VDPPD W\S DY QXGJH VNXOOH� � � � � � � � � � � � � � �

YDUD HIIHNWLY LQRP HWW DQQDW RPUnGH� Gn QXGJLQJ lU EHURHQGH DY VnYlO GHQ PLOM| VRP NRQWH[W� � � � � � � � � � � � � � � �

VRP�VWXGLHQ�LQQHIDWWDU��0RQW�HW�DO���������/LQ�HW�DO����������

�

6WXGLHQ DQVHV NXQQD ELGUD PHG HQ SXVVHOELW WLOO O|VQLQJHQ Sn GHQ WHRUHWLVND SUREOHPDWLNHQ� � � � � � � � � � � � �

NULQJ NRJQLWLY GLVVRQDQV LQRP MXVW GHW SUDNWLVND SUREOHPRPUnGHW VRP XQGHUV|NWV� QlPOLJHQ� � � � � � � � � � �

SULYDWSHUVRQHUV SUHPLHSHQVLRQVVSDUDQGH� /LNW HQ DY GH VOXWVDWVHU VRP SUHVHQWHUDGHV PHG� � � � � � � � � �

DQOHGQLQJ DY UHJHULQJHQV GLUHNWLY DQVHV QXGJLQJ NXQQD XWJ|UD HWW EUD NRPSOHPHQW WLOO HWW� � � � � � � � � � � � �

HNRQRPLVNW VW\UPHGHO �628 ��������� 0HG XWJnQJVSXQNW L GHW NRQVWDWHUDQGHW lPQDU YL� � � � � � � � � � �

XSSPXQWUD WLOO YLGDUH IRUVNQLQJ NULQJ NRPELQDWLRQHQ DY HNRQRPLVND VW\UPHGHO VDPW QXGJLQJ�� � � � � � � � � � �

L V\IWH DWW |ND DQGHOHQ KnOOEDUD LQYHVWHULQJDU JHQRP DWW XSSPXQWUD WLOO� � � � � � � � � � �

SnYHUNDQVLQYHVWHULQJDU��GHQ�LQYHVWHULQJVILORVRIL�VRP�I|UHQDU�DYNDVWQLQJ�PHG�VDPKlOOVQ\WWD�� �
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%LODJRU�

,��(QNlW�

(QNlWHQ EHVWnU VRP WLGLJDUH QlPQW DY WUH GHODU� HQ QXGJH LQULNWDG Sn KnOOEDUKHW� HWW� � � � � � � � � � � � � �

SODFHULQJVYDO RFK NRQWUROOIUnJRU� 7Yn DY NRQWUROOIUnJRUQD KDU SODFHUDWV Sn HQNlWHQV I|UVWD VLGD� � � � � � � � � � � �

I|U DWW UHVSRQGHQWHQ VNXOOH EHNDQWD VLJ PHG GHW GLJLWDOD IRUPDWHW VDPW DWW GHVVD IUnJRU NlQQV� � � � � � � � � � � � � � �

VRP HQ QDWXUOLJ LQOHGQLQJ� (QNlWHQV DQGUD VLGD lU VMlOYD QXGJHGHOHQ� GHQ HQGD GHOHQ VRP� � � � � � � � � � � � � �

VNLOMHU VLJ PHOODQ H[SHULPHQW� RFK NRQWUROOJUXSSHQV HQNlW� 1XGJHQ OLJJHU VnOHGHV HQGDVW L� � � � � � � � � � � �

H[SHULPHQWJUXSSHQV HQNlW� 6HGDQ I|OMHU VLGD WUH DY HQNlWHQ VRP LQQHKnOOHU SODFHULQJVYDOHW I|U� � � � � � � � � � � �

SUHPLHSHQVLRQHQ�RFK�IUnQ�RFK�PHG�VLGD�I\UD�ILQQV�DOOD�NRQWUROOYDULDEOHU��
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