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6DPPHQGUDJ

'LDEHWHV W\SH � HU HQ DOYRUOLJ RJ WLGVNUHYHQGH V\NGRP� VRP NDQ PHGI¡UH VWRUH NRQ�
VHNYHQVHU GHUVRP GHQ EOLU GnUOLJ UHJXOHUW� )RU n XQQJn NRPSOLNDVMRQHU YHG V\NGRP�
PHQ� HU GHW VY UW YLNWLJ DW GLDEHWLNHUH NODUHU n UHJXOHUH EORGVXNNHUHW Sn HQ JRG
PnWH� 'HW HU HQ VDPPHQKHQJ PHOORP KYRU P\H WLG HQ GLDEHWLNHU EUXNHU Sn n UHJ�
XOHUH EORGVXNNHU RJ KYRU JRGW UHJXOHUW GH HU� 0nOHW YDU n PLQNH WLGHQ EUXNW RJ IRU�
EHGUH UHJXOHULQJHQ� 2SSJDYHQ KDU RPKDQGOHW GLDEHWHV W\SH �� RJ EOLU UHIHUHUW WLO VRP
©GLDEHWHVª KHUHWWHU� PHG PLQGUH GHW EOLU VSHVLILVHUW QRH DQQHW�

, GHQQH RSSJDYHQ KDU GHW EOLWW XWYLNOHW HQ 093 �WLO HQ PRELODSSOLNDVMRQ� PHG HQ DO�
JRULWPH VRP VNDO EHUHJQH NRUUHNW LQVXOLQPHQJGH WLO PnOWLGHU RJ NRUULJHULQJ EDVHUW Sn
WLGOLJHUH ORJJI¡UW GDWD� 'HW KDU Y UW HW IRNXV EnGH Sn XWYLNOLQJHQ RJ LPSOHPHQWDV�
MRQHQ DY DOJRULWPHQ� VDPW V\VWHPXWYLNOLQJHQ DY 093�HQ� GD VSHVLHOW PHG IRNXV Sn HW
LQWXLWLYW GHVLJQ IRU n UHGXVHUH WLGHQ EUXNW Sn UHJXOHULQJHQ DY EORGVXNNHUHW� , WLOOHJJ
KDU GHW Y UW HW IRNXV Sn n DQDO\VHUH UHVXOWDWHQH DY DOJRULWPHQ�

093�HQ HU XWYLNOHW PHG ;DPDULQ )RUPV� RJ GHQ ODJUHU ORJJI¡UW GDWD L HQ ORNDO GDWDEDVH�
$OJRULWPHQ EUXNHU GHQQH GDWDHQ WLO n JM¡UH HQGULQJHU L VNDODUHU WLO XOLNH PDWYDUHU�
GDJVSURILOHU RJ NRUULJHULQJVLQVXOLQ� RJ IRUHVOnU HQ LQVXOLQPHQJGH WLO PnOWLGHU RJ NRU�
ULJHULQJ DY EORGVXNNHU�

'H SUHOLPLQ UH UHVXOWDWHQH IUD RSSJDYHQ YLVWH DW GHW KYHUNHQ YDU HQ IRUEHGULQJ HOOHU
IRUYHUULQJ L UHJXOHULQJHQ DY EORGVXNNHUHW WLO WHVWSHUVRQHQ� 'H YLVWH GHULPRW DW WLGHQ
EUXNW Sn n UHJXOHUH EORGVXNNHUHW JMHQQRPVQLWWOLJ EOH UHGXVHUWH PHG UXQGW ��� L XNHQ�
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$EVWUDFW

'LDEHWHV W\SH � LV D VHYHUH DQG WLPH FRQVXPLQJ LOOQHVV ZKLFK FDQ KDYH GLUH FRQ�
VHTXHQFHV LI QRW SURSHUO\ WDNHQ FDUH RI� ,W RI H[WUHPH LPSRUWDQFH WKDW WKH EORRG
VXJDU RI D GLDEHWLF LV SURSHUO\ UHJXODWHG� LQ RUGHU WR DYRLG FRPSOLFDWLRQV UHODWHG WR
WKH LOOQHVV� 7KHUH LV D VLJQLILFDQW UHODWLRQVKLS EHWZHHQ WKH WLPH XVHG WR UHJXODWH WKH
EORRG VXJDU� DQG KRZ ZHOO UHJXODWHG D GLDEHWLF LV� 7KH JRDO ZDV WR ORZHU WKH WLPH
XVHG WR UHJXODWH WKH EORRG VXJDU� DQG LPSURYH WKH UHJXODWLRQ�

,Q WKLV EDFKHORU�WKHVLV WKHUH KDV EHHQ GHYHORSHG D 093 �WR D PRELOH DSSOLFDWLRQ�
ZLWK DQ DOJRULWKP WKDW ZLOO FDOFXODWH D FRUUHFW LQVXOLQ GRVDJH WR PHDOV DQG FRUUHFWLRQ
RI WKH EORRG VXJDU� EDVHG RQ SUHYLRXVO\ ORJJHG GDWD� 7KHUH KDV EHHQ D IRFXV RI WKH
GHYHORSPHQW DQG LPSOHPHQWDWLRQ RI WKH DOJRULWKP� DV ZHOO DV WKH V\VWHPGHYHORSPHQW
RI WKH 093� SDUWLFXODUO\ RQ WKH LQWXLWLYH GHVLJQ LQ RUGHU WR UHGXFH WKH WLPH XVHG WR
UHJXODWH WKH EORRG VXJDU� ,Q DGGLWLRQ� WKHUH KDV EHHQ D IRFXV RQ DQDO\VLQJ WKH UHVXOWV
RI WKH DOJRULWP�

7KH 093 LV GHYHORSHG ZLWK ;DPDULQ )RUPV� DQG LW VWRUHV GDWD LQ D ORFDO GDWDEDVH� 7KH
DOJRULWKP XVH WKLV GDWD WR PDNH FKDQJHV WR WKH VFDODUV IRU JURFHULHV� GD\SURILOHV� DQG
FRUUHFWLRQ LQVXOLQ� DQG LW VXJJHVWV DQ LQVXOLQ GRVDJH IRU PHDOV DQG FRUUHFWLRQ RI WKH
EORRG VXJDU�

7KH SUHOLPLQDU\ UHVXOWV VKRZV WKDW WKHUH ZDV QRW DQ LPSURYPHQW QRU D GHWHULRUDWLRQ LQ
WKH UHJXODWLRQ RI WKH EORRG VXJDU RI WKH WHVWSHUVRQ� +RZHYHU� WKH SUHOLPLQDU\ UHVXOWV
VKRZHG WKDW WKH WLPH VSHQW RQ UHJXODWLQJ WKH EORRG VXJDU� RQ DYDUDJH� ZDV UHGXFHG
DERXW ��� SHU ZHHN�

LL



)RURUG

'HQQH EDFKHORURSSJDYHQ KDU EOLWW JMHQQRPI¡UW DY 2OD .ULWRIIHU +RII RJ 2OLQH $PXQG�
VHQ� WR GDWDLQJHQL¡UVWXGHQWHU YHG 1718� YnUHQ ����� 2SSJDYHQ HU JLWW DY 2OD .ULV�
WRIIHU +RII� VRP ¡QVNHW n XQGHUV¡NH L KYLONHQ JUDG HQ DOJRULWPH RJ HQ DSSOLNDVMRQ L
IRUP DY HQ 093� NXQQH IRUEHGUH UHJXOHULQJHQ DY EORGVXNNHUHW WLO GLDEHWLNHUH� VDPW
WLGHQ HQ GLDEHWLNHU NDQ VSDUH YHG n WD L EUXN 093�HQ�

6WXGHQWHQH XWDUEHLGHW RSSJDYHQ VHOY� 2SSJDYHQ EOH YDOJW GD GHQ HQH VWXGHQWHQ HU
GLDEHWLNHU� RJ KDGGH HW ¡QVNH RP n XWYLNOH HW VOLNW YHUNW¡\� , WLOOHJJ nSQHW RSSJDYHQ
IRU n KMHOSH PHG HW HNVLVWHUHQGH SUREOHP VRP EHJJH VWXGHQWHQH DQVHU VRP VY UW
YLNWLJ� GD DOJRULWPHQ NDQ EHGUH IRONV KHOVH�

3URVHVVHQ KDU JLWW VWXGHQWHQH JRGH NXQQVNDSHU RJ HUIDULQJHU IUD HW YLWHQVNDSHOLJ�
WHNQRORJLVN� RJ LQJHQL¡UIDJOLJ SHUVSHNWLY� c XWDUEHLGH HQ SODQ RJ HQ 093� VDPW n
GLVNXWHUH IUHPJDQJVPHWRGHU RJ YLWHQVNDSOLJH PHWRGHU KDU Y UW XWIRUGUHQGH� 'HW KDU
Y UW NUHYHQGH n GLVNXWHUH RJ NRQNOXGHUH UHVXOWDWHQH� PHQ GHQ IHUGLJVWLOWH 093�HQ
RJ NRQNOXVMRQHQ DY UHVXOWDWHQH� HU EHJJH JUXSSHQV PHGOHPPHU IRUQ¡\GH PHG�

6WXGHQWHQH ¡QVNHU n WDNNH YHLOHGHU IRU JRG KMHOS RJ YHLOHGQLQJ JMHQQRP SURVHVVHQ�
, WLOOHJJ ¡QVNHU VWXGHQWHQH n WDNNH -DQQH &DWKULQ +HWOH $VSKHLP� +LOGH +HIWH +DXJ�
RJ 2OH�0DJQXV +¡LEDFN IUD ©6WDWLVWLNNKMHOSHQ IRU EDFKHORURSSJDYH L LQJHQL¡UIDJª IRU
JRG UnGI¡ULQJ UXQGW GDWDLQQVDPOLQJ�

2OLQH $PXQGVHQ
7URQGKHLP� ����������

2OD .ULVWRIIHU +RII
7URQGKHLP� ����������
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2SSJDYHWHNVW

'HQ RSSULQQHOLJH RSSJDYHWHNVWHQ YHG SURVMHNWHWV VWDUW YDU�
+HQVLNWHQ PHG RSSJDYHQ�
+HQVLNWHQ PHG RSSJDYHQ HU n ODJH HQ WHNQRORJLVN O¡VQLQJ� L IRUP DY HQ DSS� VRP VNDO
KMHOSH GLDEHWLNHUH PHG n KROGH RYHUVLNW RYHU KYLONH PDWYDUHU GH VSLVHU RJ KYRUGDQ
GH VNDO UHJXOHUH EORGVXNNHUHW� 0DQJH GLDEHWLNHUH� VSHVLHOW XQJGRPPHU� KDU GnUOL�
JHUH�PLQGUH NRQWUROO Sn UHJXOHULQJHQ DY EORGVXNNHUHW RJ GHWWH NDQ PHGI¡UH VHQVNDGHU
RJ DQGUH KHOVHSUREOHPHU� 7DQNHQ HU DW DSSHQ VNDO JM¡UH GHW EHWUDNWHOLJ OHWWHUH IRU
GLDEHWLNHUH n WD YDUH Sn EORGVXNNHUHW Sn EHVW PXOLJ PnWH� PHG PLQLPDO LQQVDWWV IUD
VOXWWEUXNHU� 0nOHW HU LNNH n ODQVHUH DSSHQ� PHQ KHOOHU n ODJH HW ³SURRI RI FRQFHSW´
VRP HYHQWXHOW NDQ WDV YLGHUH L VDPDUEHLG PHG KHOVHSHUVRQHOO�
.RUW EHVNULYHOVH DY RSSJDYHIRUVODJ�
)RUHVOnWW O¡VQLQJ HU HQ DSS GHU VOXWWEUXNHU OHWW NDQ OHJJH LQQ KYD GHW QnY UHQGH
EORGVXNNHUHW GHUHV HU� RJ KYD �VODJV PDWYDUHU� GH VNDO VSLVH� 8WLIUD GHWWH YLO DSSHQ
KnQGWHUH DOW GHW UHOHYDQWH DY XWUHJQLQJHQ DY LQVXOLQ� VRP WDU KHQV\Q WLO I�HNV� WLG�
VSXQNWHW Sn GDJHQ� RP WLGOLJHUH LQVXOLQ IRUWVDWW HU DNWLYW� RP SHUVRQHQ Q\OLJ KDU WUHQW
RO�� 6OXWWEUXNHU YLO In HQ IRUHVOnWW PHQJGH LQVXOLQ PHG PLQLPDO LQQVDWWV� RJ YLO VHWWH
HQ PHU SUHVLV GRVH LQVXOLQ HQQ GH HOOHUV YLOOH JMRUW� 'D GHW HU VW\UHWH n WD KHQV\Q WLO
DOOH UHOHYDQWH IDNWRUHU� EUXNHV GHQ ³WUDGLVMRQHOOH´ PHWRGHQ GD GHQ HU OHWWYLQ RJ HQNHO
n IRUKROGH VHJ WLO IRU DOOH EUXNHUH �VH XWI\OOHQGH EHVNULYHOVH�� 0nOHW PHG DSSHQ HU n
JM¡UH GHW OLNH OHWWYLQW RJ HQNHOW n IRUKROGH VHJ WLO� PHQ n WD PHG IOHUH UHOHYDQWH IDNWRUHU
IRU HW EHGUH UHJXOHUW EORGVXNNHU� %UXNHUHQH WUHQJHU KHOOHU LNNH HQGUH Sn GH IRUHVOnWWH
SURILOHQH �VH XWI\OOHQGH NRPPHQWDU� VHOY� KnSHW HU DW GHWWH NDQ JM¡UHV VDPPHQ PHG
V\NHSOHLHUH Sn EUXNHUHQV NRQWUROOHU KRV V\NHKXVHW�
8WI\OOHQGH NRPPHQWDUHU WLO KYD RSSJDYHQ JMHOGHU�
2SSJDYHQ YLO WUHQJH XWYLNOLQJ DY HQ 093 DY DSSHQ� WLO EnGH L26 RJ $QGURLG �KRYHG�
IRNXV Sn L26�� JMHQQRP EUXNHQ DY ©;DPDULQ IRUPVª RJ &� IRU 8,� RJ &� IRU EDFNHQG�
'HQ ³WUDGLVMRQHOOH´ PHWRGHQ JnU XW Sn DW PHQ UHJQHU XW HQ PHQJGH LQVXOLQ EDVHUW Sn
QnY UHQGH EORGVXNNHU� ¡QVNHW EORGVXNNHU RJ DQWDOO NDUERK\GUDWHU L PDWHQ� EDVHUW
Sn HQ IDVW ³VHQVLWLYLWHW´ �RIWH UHJQHW XW VDPPHQ PHG V\NHSOHLHU�OHJH� WLO LQVXOLQHW�
'HUHWWHU YLO PDQ UHWWH RSS IRU DW PDQ HYHQWXHOW WUHQJHU PLQGUH LQVXOLQ RP PDQ KDU
WUHQW� HOOHU RP PDQ IRUWVDWW KDU LQVXOLQ DNWLYW L NURSSHQ� 'LVVH IDNWRUHQH NDQ RIWH EOL
SnYLUNHW DY PDJHI¡OHOVHQ� PHQV DSSHQ VNDO KXVNH KYD GHQ KDU IRUHVOnWW WLGOLJHUH RJ
JM¡UH GHW OHWWHUH n MXVWHUH GLVVH YHUGLHQH VOLN DW GH EOLU PHU SUHVLVH RJ NRUUHNWH�
0LQLPXPV IXQNVMRQDOLWHW�

� (Q ©NDONXODWRUª VRP WDU YHUGLHQ DY EORGVXNNHU RJ DQWDOO NDUERK\GUDWHU VRP LQSXW�
RJ JLU HQ PHQJGH LQVXOLQ VRP RXWSXW�

� $SSHQ EUXNHU LQQODJWH ©WLGV�SURILOª�HU VRP I�HNV� ©IURNRVWª� ©PLGGDJª� RO� VRP
KDU IRUVNMHOOLJH ©VHQVLWLYLWHWHUª IRU LQVXOLQHW� 5LNWLJ ©WLGV�SURILOª YLO EOL YDOJW DY
DSSHQ EDVHUW Sn WLGVSXQNW Sn GDJHQ� PHQ EUXNHU VNDO PDQXHOW NXQQH HQGUH GHQ�
³7LGV�SURILO´�HU EOLU EUXNW GD WLGVSXQNWHW Sn GDJHQ KDU LQQYLUNQLQJ Sn KYRU VHQVLWLY
NURSSHQ HU Sn LQVXOLQ�

�IRUWVHWWHU Sn QHVWH VLGH��

LY



� %UXNHU VNDO NXQQH In RSS HQ OLVWH PHG PDWYDUHU VRP EUXNHUHQ OHWW VNDO NXQQH
SOXNNH IUD RJ YHOJH DQWDOO n OHJJH WLO� )�HNV� XVH�FDVH�HQ ©MHJ VNDO VSLVH WUH EU¡G�
VNLYHU RJ HW JODVV DSSHOVLQMXLFHª� $SSHQ VNDO GD OHJJH LQQ DQWDOOHW NDUERK\GUDWHU
GHWWH WLOVYDUHU DXWRPDWLVN� 'HW WUHQJV GD HQ GDWDEDVH RYHU DOOH PDWYDUHQH EUXNHU
OHJJHU WLO� RJ GHW HU ¡QVNHOLJ RJ NDQVNMH VHWWH RSS HQ VWDQGDUG ©VWDUWª GDWDEDVH
PHG HQ GHO PDWYDUHU DOOHUHGH ODJW LQQ� (W LQQOHJJ L GDWDEDVHQ WUHQJHU LNNH Q¡G�
YHQGLJYLV n Y UH HQ PDWYDUH� PHQ NDQ RJVn Y UH HQ NRPELQDVMRQ DY PDWYDUHU�
VRP I�HNV� WR EU¡GVNLYHU PHG V\OWHW¡\ RJ HW JODVV PHON� +YLV EUXNHU SOHLHU n
VSLVH GHQQH ³PDWUHWWHQ´ WLO KYHU IURNRVW� NDQ GHWWH OHJJHV WLO VRP HQ ³PDWUHWW �́
RJ EUXNHU YLO GHUPHG VOLSSH n PnWWH OHJJH WLO KYHU HQNHOW PDWYDUH KYHU GDJ�

9LGHUH XWYLNOLQJ ¡QVNHW�

� %UXNHU NDQ V¡NH RSS PDWYDUH EDVHUW Sn ELOGH DY VWUHNNRGHQ WLO SURGXNWHW�

� %UXNHU VNDO IULYLOOLJ NXQQH OHJJH LQQ ©HYHQWVª VRP I�HNV� ©ODY EORGVXNNHUª� ©WUHQ�
LQJª� RO� $SSHQ YLO EUXNH GHQQH VWDWLVWLNNHQ WLO n SnSHNH WUHQGHU VRP NDQ Y UH
YDQVNHOLJ IRU HQ EUXNHU n OHJJH PHUNH WLO VHOY� )�HNV� ©� DY GH �� VLVWH JDQJHQH
GX KDU VSLVW ULV Vn KDU EORGVXNNHUHW EOLWW ODYW ��� WLPHU HWWHUSn� YLO GX MXVWHUH
VHQVLWLYLWHWHQ GLQ WLO ULV"ª�

� 'HW KDGGH Y UW LQWHUHVVDQW RP DSSHQ NXQQH NQ\WWHV RSS PRW VHQVRUGDWDHQH VRP
HQNHOWH DY EUXNHUH KDU� n DQYHQGH GLVVH GDWHQH L VWDWLVWLNNHQ� 6HQVRUGDWDHQH
NRPPHU IUD VHQVRUHU VRP VLWWHU Sn NURSSHQ RJ NRQWLQXHUOLJ PnOHU EORGVXNNHUHW�

� 0DQ NDQ VNUX Sn YDVOHU VOLN DW DSSHQ VS¡U KYRUGDQ EORGVXNNHUHW EOH HWWHU ;�DQWDOO
WLPHU� GHWWH EOLU HQ ©HYHQWª VRP YLO KMHOSH VWDWLVWLNNHQ RJ NUHYH YHOGLJ OLWH LQQVDWV
DY EUXNHU�

� 'HW HU ¡QVNHOLJ n NXQQH ODJH IRUVNMHOOLJH ©KRYHGSURILOHUª� DOWVn IRUVNMHOOLJH VHWW
PHG ©WLGV�SURILOª�HU� 'HWWH HU Q\WWLJ GD PDQJH RSSOHYHU DW LQVXOLQ EHKRYHQH GH�
UHV HU DQQHUOHGHV L YDQOLJ KYHUGDJ� KHOJHU� IHULHU� YHG V\NGRP� V\NOXV WLO NYLQQHU�
RO� 0DQ NDQ GD VHWWH RSS DW DSSHQ E\WWHU DXWRPDWLVN WLO I�HNV ©KHOJª�SURILOHQ WLO
HQ EUXNHU Sn O¡UGDJ NO� ������ RJ WLOEDNH WLO ³KYHUGDJ´�SURILOHQ Sn PDQGDJ� (Q
EUXNHU NDQ VHOYI¡OJHOLJ RJVn E\WWH PHOORP GLVVH SURILOHQH PDQXHOW HWWHU EHKRY�
2SSJDYHQ HU UHODWLYW nSHQ XWRYHU PLQLPXPV NUDYHQH� 'HW KDGGH Y UW ¡QVNHOLJ
n NXQQH XWYLNOH GHQ YLGHUH EDVHUW Sn EUXNHUWHVWHU RJ GHQ ¡QVNHGH YLGHUH XWYLN�
OLQJHQ�

(WWHU GLVNXVMRQ LQQDG L JUXSSHQ� EOH GHW EHVWHPW DW PLQLPXPVIXQNVMRQDOLWHWHQ VRP
RPKDQGOHW ©PDWUHWWHUª� VNXOOH VO¡\IHV� GD GHWWH LNNH YLOOH ELGUD WLO n IRUEHGUH DOJRULW�
PHQ L QRHQ VWRU JUDG� 'HW YLOOH KHOOHU LNNH ELGUD WLO n IRUNODUH UHVXOWDWHQH L DQDO\VHQ
EHGUH� HQQ GHW HQNHOWH PDWYDUHU DOOHUHGH JMRUGH� (WWHU EUXN DY 093�HQ XWWU\NWH LNNH
WHVWSHUVRQHQ HW EHKRYHW IRU ©PDWUHWWHUª KHOOHU� , WLOOHJJ LQQVn JUXSSHQ DW IXQNVMRQDO�
LWHWHQ ©SnPLQQHOVHUª� SXQNW ILUH L OLVWHQ RYHU ©9LGHUH XWYLNOLQJ ¡QVNHWª� YDU HVVHQVLHOO
IRU DOJRULWPHQV HYQH WLO n EHUHJQH RJ O UH DY JLWWH LQVXOLQPHQJGHU� 'HWWH EOLU GLVNXWHUW
L GHOVHNVMRQ ���� 'HQQH IXQNVMRQDOLWHWHQ EOH GHUPHG SULRULWHUW RSS WLO PLQLPXPVIXQN�
VMRQDOLWHW� )XQNVMRQDOLWHWHQ EOLU EHVNUHYHW L PHU GHWDOM L NUDY� RJ YLVMRQVGRNXPHQW� VH
YHGOHJJ '�

Y
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2SSJDYHWHNVW LY

)LJXUOLVWH �

7DEHOOLVWH �

� ,QWURGXNVMRQ RJ UHOHYDQV �

��� %DNJUXQQ IRU EHKRY � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 3UREOHPVWLOOLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 5DSSRUWHQV VWUXNWXU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 7HRUL RJ UHOHYDQW OLWWHUDWXU ��

��� 'LDEHWHV W\SH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ,QVXOLQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6WDWLVWLNN � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� (QNHO OLQH U UHJUHVMRQ � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 5HJUHVMRQVPRGHOOHQ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 5HJUHVMRQVOLQMHQ RJ PLQVWH NYDGUDWHUVPHWRGH � � � � � � � � � � � � ��

����� 9DULDQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6WDQGDUGDYYLN IRU OLQH U UHJUHVMRQ � � � � � � � � � � � � � � � � � � ��

����� 5HJUHVMRQVPRGHOOHQV JRGKHW � � � � � � � � � � � � � � � � � � � � � � ��

����� )RUYHQWQLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� .RQILGHQVLQWHUYDOO IRU XNMHQW OLQMH � � � � � � � � � � � � � � � � � � � ��

����� 3UHGLNVMRQVLQWHUYDOO IRU REVHUYDVMRQHQH � � � � � � � � � � � � � � � � ��

������.RYDULDQV RJ NRUUHODVMRQ � � � � � � � � � � � � � � � � � � � � � � � � ��

������,QWHUUXSWHG WLPH VHULHV � � � � � � � � � � � � � � � � � � � � � � � � � ��
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����� 6DPIXQQ RJ KHOVH � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������� )1V E UHNUDIWVPnO � � � � � � � � � � � � � � � � � � � � � � � ��

����� �NRQRPL � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

5HIHUDQVHU ���

9HGOHJJ ���

$ )RUVNQLQJVPHWRGH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

% $OJRULWPHQ YLVXDOLVHUW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

& /LYVO¡SVDQDO\VH RJ EHUHJQLQJHU � � � � � � � � � � � � � � � � � � � � � � � � ���

' 9HGODJWH GRNXPHQWHU L SURVMHNWPDSSH � � � � � � � � � � � � � � � � � � � � ���

( ,VVXH�ERDUG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

) %UXNHUWHVWHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)�� %UXNHUWHVW � � ,NNH GLDEHWLNHU � � � � � � � � � � � � � � � � � � � � � ���

)�� %UXNHUWHVW � � 'LDEHWLNHU � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUOLVWH

� 7RWDO GDWD Sn EU¡G � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 8WYLNOLQJHQ DY PDWYDUHQ ©EU¡Gª � � � � � � � � � � � � � � � � � � � � � � � ��
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� 8WYLNOLQJHQ DY PDWYDUHQ ©EU¡Gª IRUWVHWWHOVH � � � � � � � � � � � � � � � � ��

� 8WYLNOLQJHQ DY PDWYDUHQ ©\RJKXUWª � � � � � � � � � � � � � � � � � � � � � ��

� 8WYLNOLQJHQ DY PDWYDUHQ ©DSSHOVLQMXLFHª � � � � � � � � � � � � � � � � � � ��

� 8WYLNOLQJHQ DY PDWYDUHQ ©EULQJHE UV\OWHW¡\ª � � � � � � � � � � � � � � � ��

� 8WYLNOLQJHQ DY &DUE6FDODU YHG IURNRVW � � � � � � � � � � � � � � � � � � � � ��

� 8WYLNOLQJHQ DY *OXFRVH6FDODU YHG IURNRVW � � � � � � � � � � � � � � � � � � ��

� 8WYLNOLQJHQ DY &DUE6FDODU YHG OXQVM � � � � � � � � � � � � � � � � � � � � � ��

� 8WYLNOLQJHQ DY *OXFRVH6FDODU YHG OXQVM � � � � � � � � � � � � � � � � � � � � ��

� 8WYLNOLQJHQ DY *OXFRVH6FDODU YHG OXQVM � � � � � � � � � � � � � � � � � � � � ��

�� 8WYLNOLQJHQ DY &DUE6FDODU YHG PLGGDJ � � � � � � � � � � � � � � � � � � � � ��

�� 8WYLNOLQJHQ DY *OXFRVH6FDODU YHG PLGGDJ � � � � � � � � � � � � � � � � � � ��

�� 8WYLNOLQJHQ DY &DUE6FDODU YHG NYHOGVPDW � � � � � � � � � � � � � � � � � � ��

�� 8WYLNOLQJHQ DY *OXFRVH6FDODU YHG NYHOGVPDW � � � � � � � � � � � � � � � � ��

�� 8WYLNOLQJHQ DY NRUULJHULQJVLQVXOLQ � � � � � � � � � � � � � � � � � � � � � � � ��

�� 8WYLNOLQJHQ DY NRUULJHULQJVLQVXOLQ IRUWVHWWHOVH � � � � � � � � � � � � � � � � ��

�� 8WYLNOLQJHQ DY NRUULJHULQJVLQVXOLQ IRUWVHWWHOVH � � � � � � � � � � � � � � � � ��

�� 7LG L XOLNH JOXNRVHVRQHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 7LG L XOLNH JOXNRVHVRQHU IRUWVHWWHOVH � � � � � � � � � � � � � � � � � � � � � ��

�� *OXNRVHKnQGWHULQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� )RUVNQLQJVPHWRGH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� $OJRULWPHQ YLVXDOLVHUW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� ,VVXH�ERDUG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEHOOLVWH

� .RUUHODVMRQVPDWULVH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� .RUUHODVMRQVPDWULVH I¡U WHVWSHULRGH � � � � � � � � � � � � � � � � � � � � � � ��

� .RUUHODVMRQVPDWULVH XQGHU WHVWSHULRGH � � � � � � � � � � � � � � � � � � � � ��

� 7DEHOO RYHU WLGVEUXN L XOLNH XNHU I¡U 093�HQ � � � � � � � � � � � � � � � � � ��

� 7DEHOO RYHU WLGVEUXN L XOLNH XNHU PHG 093�HQ � � � � � � � � � � � � � � � � ��

�



$NURQ\PHU

7'' 7RWDO 'DLO\ 'RVH
,76 ,QWHUUXSWHG WLPHV VHULHV
093 0LQLPXP YLDEOH SURGXFW
0990 0RGHO�YLHZ�YLHZPRGHO
)1 )RUHQWH QDVMRQHU

163(
1DWLRQDO VRFLHW\ RI SURIHVVLRQDO HQJLQHHUV� 1RUVN� 1DVMRQDOW VDP�
IXQQ DY SURIHVMRQHOOH LQJHQL¡UHU

1,72 1RUJHV LQJHQL¡U� RJ WHNQRORJRUJDQLVDVMRQ
7HNQD 7HNQLVN�QDWXUYLWHQVNDSHOLJ IRUHQLQJ
P$K 0LOOLDPSHUHWLPHU
:K :DWWLPH
N:K .LORZDWWLPH
)+, )RONHKHOVHLQVWLWXWWHW
PPRO�PRO 0LOOLPRO SHU PRO
PPRO�/ 0LOOLPRO SHU OLWHU
&, .RQWLQXHUOLJ LQWHJUDVMRQ
506( 5RRW PHDQ VTXDUHG HUURU
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2UGOLVWH

*OXNRVH
*OXNRVH� HOOHU EORGVXNNHU� PnOHU LQQKROGHW DY IULWW
VXNNHU L EORGHW >�@�

9DULDVMRQ
9DULDVMRQ L EORGVXNNHU EHVNULYHU KYRU P\H EORG�
VXNNHUHW WLO HQ GLDEHWLNHU JnU RSS RJ QHG L O¡SHW DY
HQ WLGVSHULRGH�

'LVNUHW YDULDEHO
'LVNUHW YDULDEOHU HU NYDQWLWDWLYH YDULDEOHU GHU NXQ
HQNHOWH WDOO ODQJV WDOOVNDODHQ HU DNWXHOOH NMHQ�
QHWHJQ >�@�

6WDQGDUGQRUPDOIRUGHOLQJ
6WDQGDUGQRUPDOIRUGHOLQJ HU HQ VDQQV\QOLJKHWVIRU�
GHOLQJ >�@�

7UHQG
(Q WUHQG LQGLNHUHU DW GHW HU HQ ODQJVLNWLJ XWYLNOLQJ
HQWHQ RSSRYHU HOOHU QHGRYHU >�@�

&RGH UHYLHZ
&RGH UHYLHZ RPKDQGOHU DW HQ HOOHU IOHUH SHUVRQHU�
GHU PLQVW HQ LNNH KDU VNUHYHW NRGHQ� VNDO OHVH RJ
YXUGHUH NLOGHNRGHQ WLO HW SURJUDP >�@�

0RGHO�YLHZ�YLHZPRGHO

0990 HU HQ SURJUDPYDUHDUNLWHNWXU VRP L VW¡UUH
JUDG VHSDUHUHU GHW JUDILVNH EUXNHUJUHQVHVQLWWHW RJ
EDFNHQG ORJLNNHQ� VOLN DW NRGHQ LNNH DYKHQJHU DY
HQ VSHVLILNN PRGHOO SODWIRUP >�@�

%XJV %XJV HU HQ NRGHIHLO L HW SURJUDP�

&RXSOLQJ
.REOLQJHU PHOORP IRUVNMHOOLJH GHOHU DY NRGHQ� IRU
HNVHPSHO PHOORP NODVVHU� �QVNHU Vn ODY FRXSOLQJ
VRP PXOLJ >�@�

&RKHVLRQ

0HQJGHQ RSSJDYHU VRP HQ GHO DY NRGHQ KDU DQ�
VYDU IRU� IRU HNVHPSHO LQQDG L HQ NODVVH� �QVNHU
K¡\ FRKHVLRQ� IRU HNVHPSHO DW HQ NODVVH NXQ HU DQ�
VYDUOLJ IRU ORJLNNHQ VRP UHSUHVHQWHUHU GHQ NODVVHQ
>�@�

�



� ,QWURGXNVMRQ RJ UHOHYDQV

'HQQH VHNVMRQHQ YLO Y UH HQ LQWURGXNVMRQ WLO UDSSRUWHQ� 6HNVMRQHQ YLO SUHVHQWHUH
EDNJUXQQHQ IRU EHKRY VDPW LQVSLUDVMRQHQ IRU RSSJDYHQ� , WLOOHJJ YLO IRUPXOHULQJHQ DY
IRUVNQLQJVVS¡UVPnOHQH EOL SUHVHQWHUW�

��� %DNJUXQQ IRU EHKRY

'LDEHWHV HU HQ WLGVNUHYHQGH V\NGRP VRP NDQ KD DOYRUOLJH NRQVHNYHQVHU GHUVRP GHQ
LNNH EOLU WDWW JRGW YDUH Sn� 'HWWH NDQ IRU HNVHPSHO Y UH NHWRDFLGRVH� VRP EHW\U DW EOR�
GHW L NURSSHQ EOLU OLYVWUXHQGH VXUW >�@� )RUPnOHW PHG GHQQH RSSJDYHQ HU n VLPSOLILVHUH
KYHUGDJHQ WLO GLDEHWLNHUH YHG n ODJH HW UDPPHYHUN L IRUP DY HQ 093 IRU ERNI¡ULQJ�
RJ HQ DOJRULWPH VRP EHUHJQHU NRUUHNW LQVXOLQPHQJGH RJ O UHU DY ERNI¡ULQJHQ� 0nOHW
HU DW DOJRULWPHQ EnGH VNDO EHUHJQH HQ PHU NRUUHNW LQVXOLQPHQJGH� RJ DW 093�HQ VNDO
Y UH WLGVEHVSDUHQGH IRU VOXWWEUXNHU�

093�HQV LQVSLUDVMRQ NRPPHU IUD WHVWSHUVRQHQV HUIDULQJ� 7HVWSHUVRQHQ KDU HUIDUW DW
LQVXOLQEHKRYHW YDULHUHU XWRYHU GDJHQ� RJ DW GHW LNNH EDUH HU NDUERK\GUDWHQH L PDWHQ
VRP KDU LQQYLUNQLQJ Sn LQVXOLQPHQJGHQ� PHQ RJVn KYD VODJV W\SH PDW GHW HU� 7HVWSHU�
VRQHQ KDGGH L PnQHGHQH I¡U WHVWSHULRGHQ PDQXHOW MXVWHUW KYRU P\H LQVXOLQ GH VDWWH
EDVHUW Sn WLG Sn GDJHQ� 'HWWH L VDPPH IRUPDW VRP 093�HQV GDJVSURILOHU ������ %DVHUW
Sn GDWDHQ ODJUHW L WHVWSHUVRQHQV VHQVRU DSSOLNDVMRQ� /LEUH/LQN� NRP GHW W\GHOLJ IUHP DW
GHWWH PHGI¡UWH HW EHGUH UHJXOHUW EORGVXNNHU� PHQ DW GHW YDU P\H HNVWUD DUEHLG PHG
ERNI¡ULQJHQ DY YHUGLHQH� 'HUDY NRP LGpHQ RP 093�HQ VRP HW ERNI¡ULQJVYHUNW¡\�
9LGHUH NRP WDQNHQ RP DW HQ DOJRULWPH NXQQH VW\UH GLVVH YHUGLHQH� VNDODUHQH� VOLN
DW GHW LNNH YDU EHKRY IRU WHVWSHUVRQHQ n PDQXHOW ERNI¡UH RJ DQDO\VHUH YHUGLHQH RJ
EORGVXNNHUHW� $OJRULWPHQ YLOOH GHUPHG JMHQQRPI¡UH HQ DQDO\VH� VOLN DW PDQ KDGGH
PXOLJKHWHQ WLO n DQDO\VHUH EnGH PHU� RJ PHU VSHVLILNNH DVSHNWHU L WLOOHJJ�

��� 3UREOHPVWLOOLQJ

)RUVNQLQJVVS¡UVPnOHW VRP EOLU WDWW XWJDQJVSXQNW L HU�

� +YRU SUHVLVW NDQ HQ DOJRULWPH EDVHUW Sn WLGOLJHUH ORJJI¡UW GDWD EHUHJQH HQ NRUUHNW
LQVXOLQPHQJGH IRU n RSSQn ¡QVNHW EORGVXNNHU YHUGL"

� +YRU P\H WLG NDQ VOXWWEUXNHU VSDUH L XNHQ YHG n WD L EUXN 093�HQ"

��� 5DSSRUWHQV VWUXNWXU

6HNVMRQ �� ,QWURGXNVMRQ RJ UHOHYDQV
'HQQH VHNVMRQHQ YLO LQWURGXVHUH EDNJUXQQHQ WLO RSSJDYHQ� VDPW SUHVHQWHUH SUREOHP�
VWLOOLQJHQ�

6HNVMRQ �� 7HRUL RJ UHOHYDQW OLWWHUDWXU
'HQQH VHNVMRQHQ YLO LQWURGXVHUH WHRULHQ VRP HU Q¡GYHQGLJ IRU n WRONH RJ IRUVWn UHV�
XOWDWHQH VRP HU EOLWW IXQQHW�

�



6HNVMRQ �� 0HWRGH
0HWRGHVHNVMRQHQ YLO EHVNULYH SURVHVVHQ RJ XWI¡UHOVHQ� VDPW YDOJ DY WHNQRORJL�

6HNVMRQ �� 5HVXOWDWHU
, GHQQH VHNVMRQHQ YLO GH YLWHQVNDSHOLJH�� LQJHQL¡UIDJOLJH RJ DGPLQLVWUDWLYH UHVXOWDWHQH
EOL SUHVHQWHUW�

6HNVMRQ �� 'LVNXVMRQ
'HQQH VHNVMRQHQ YLO GLVNXWHUH RJ GU¡IWH UHVXOWDWHQH IUD RSSJDYHQ�

6HNVMRQ �� .RQNOXVMRQ RJ YLGHUH DUEHLG
, GHQQH VHNVMRQHQ SUHVHQWHUHV GH NRQNOXVMRQHU VRP NDQ WUHNNHV L IRUKROG WLO VWLOWH
SUREOHPVWLOOLQJHU� JLWW GLVNXVMRQHQ L IRUULJH VHNVMRQ� VDPW YLGHUH DUEHLG�

6HNVMRQ �� 6DPIXQQVSnYLUNQLQJ
6DPIXQQVSnYLUNQLQJ YLO GLVNXWHUH DUEHLGHW L IRUKROG WLO HW KHOKHWOLJ V\VWHPSHUVSHNWLY�
5HVXOWDWHQH EOLU VHWW Sn IUD HW PLOM¡PHVVLJ� KHOVHPHVVLJ� VDPIXQQVPHVVLJ RJ ¡NRQRP�
LVN SHUVSHNWLY�

��



� 7HRUL RJ UHOHYDQW OLWWHUDWXU

��� 'LDEHWHV W\SH �

'LDEHWHV W\SH � HU HQ DXWRLPPXQ V\NGRP� 'HWWH YLO VL DW NURSSHQV LPPXQIRUVYDU
¡GHOHJJHU GH SURGXVHUHQGH EHWDFHOOHQH L EXNVS\WWNMHUWHOOHQ >�@ >�@� %XNVS\WWNMHU�
WHOOHQ KDU GD HQ IRU ODY HOOHU LNNH�HNVLVWHUHQGH SURGXNVMRQ DY LQVXOLQ >�@� *UXQQHW
GHWWH HU PDQ VHOY Q¡GW WLO n VHWWH ULNWLJ LQVXOLQPHQJGH� c DGPLQLVWUHUH GLDEHWHV W\SH
� HU HQ RPIDWWHQGH SURVHVV VRP LQYROYHUHU KHOVHSHUVRQHOO� RJ VRP NUHYHU NRQWLQXHU�
OLJ RSSPHUNVRPKHW Sn IOHUH RPUnGHU� 'HWWH HU EODQW DQQHW LQVXOLQ DGPLQLVWUDVMRQ�
RYHUYnNLQJ DY EORGVXNNHU� PnOWLGVSODQOHJJLQJ� RJ SU¡YHWDNLQJ IRU GLDEHWHV�UHODWHUWH
NRQVHNYHQVHU >��@� 'LVVH NRQVHNYHQVHQH NDQ� VRP QHYQW WLGOLJHUH� Y UH NHWRDFLGRVH�
HOOHU K\SRJO\NHPL RJVn NDOW I¡OLQJ� VRP RSSWUHU YHG ODYW EORGVXNNHU >��@�

'HUVRP EORGVXNNHUHW V\QNHU XQGHU WUH PPRO�/ YLO NURSSHQ YDUVOH RP DW GHQ EHK¡YHU
NDUERK\GUDWHU IRU n XQQJn DW EORGVXNNHUHW V\QNHU PHU� 6\PSWRPHQH VRP YDUVOHU HU
RIWH KMHUWHEDQN� VYHWWH� UDVN SXOV� XUR� RJ DQJVW >��@� 'HUVRP PDQ LNNH InU WLOI¡UW NDU�
ERK\GUDWHU RJ EORGVXNNHUHW IRUWVHWWHU n V\QNH� NDQ GHWWH I¡UH L YHUVWH IDOO I¡UH WLO NRPD
HOOHU G¡G� GD GHW LNNH HU QRN VXNNHU LJMHQ L EORGHW WLO n HUQ UH KMHUQHFHOOHQH >��@� 6RP
UHJHO YLO HW VY UW ODYW EORGVXNNHU NXQ I¡UH WLO DW SHUVRQHQ NRPPHU L PHQWDO XEDODQVH
RJ HU VLQQVIRUYLUUHW IUHP WLO EORGVXNNHUHW VWLJHU LJMHQ PHG WLOI¡UWH NDUERK\GUDWHU >��@�

+E$�F HU HQ W\SH KHPRJORELQ GHU JOXNRVH HU EXQGHW WLO KHPRJORELQHWV EHWDNMHGH >��@�
+E$�F�YHUGLHQ EUXNHV IRU n XQGHUV¡NH NYDOLWHWHQ DY GLDEHWHV EHKDQGOLQJ >��@ RJ RS�
SI¡OJLQJ DY GHQQH V\NGRPPHQ� RJ YHUGLHQ JLU LQIRUPDVMRQ GHQ JMHQQRPVQLWWOLJH EORG�
JOXNRVHQ GH VLVWH ILUH WLO WROY XNHQH >��@� 'HQQH YHUGLHQ PnOHV L PPRO�PRO� PHQ NDQ
RJVn RSSJLV L SURVHQW� 3HUVRQHU PHG GLDEHWHV KDU HQ K¡\HUH +E$�F�YHUGL HQQ GHW
VRP HU QRUPDO� 'HQ QRUPDOH YHUGLHQ IRU SHUVRQHU XWHQ GLDEHWHV OLJJHU YDQOLJYLV XQ�
GHU �� PPRO�PRO� VRP WLOVYDUHU ����� PHQV IRU GLDEHWLNHUH OLJJHU YHUGLHQ RYHU ��
PPRO�PRO� ����� +E$�F�YHUGLHQ EUXNHV IRU n XQGHUV¡NH KYRU JRGW UHJXOHUW HQ GLD�
EHWLNHU VLWW EORGVXNNHU HU� (WWHUVRP YHUGLHQ HU WHWW EXQGHW RSS WLO KYRU JRGW HOOHU
GnUOLJ HW EORGVXNNHUHW HU UHJXOHUW� HU GHQ VY UW VHQWUDO L RSSI¡OJLQJHQ DY GLDEHWHV�
3HUVRQHU PHG GLDEHWHV InU +E$�F�YHUGLHQ PnOW RIWH WUH WLO ILUH JDQJHU nUOLJ� RJ GHW HU
QRUPDOW DW GHQQH YHUGLHQ GD HU RPWUHQW �� PPRO�PRO HOOHU ����� �� PPRO�PRO HU
RJVn EHKDQGOLQJVPnOHW EHVNUHYHW DY 1+, RJ 1RNOXV >��@ >��@� 'HW NDQ Y UH VY UW
YDQVNHOLJ n RSSQn GHQQH YHUGLHQ� RJ L ���� YDU GHW XQGHU ��� DY GLDEHWLNHUH PHG
GLDEHWHV W\SH � L 1RUJH VRP KDGGH HQ +E$�F�YHUGL XQGHU �� PPRO�PRO >��@� c KD
HQ K¡\ +E$�F�YHUGL JLU HQ K¡\HUH ULVLNR IRU GLDEHWLVNH VHQNRPSOLNDVMRQHU� 'HWWH HU
GD NRQVHNYHQVHQH DY HW K¡\W EORGVXNNHU Sn QHUYHV\VWHPHW RJ EORGnUHQH >��@�

,QVXOLQGRVHULQJ HU HQ NRQVWDQW MXVWHULQJ� GHU PDQ ¡QVNHU n RSSQn HW ODYW QRN EORGVXN�
NHU WLO n PLQLPHUH VMDQVHQ IRU NRPSOLNDVMRQHU VRP NHWRDFLGRVH� PHQ VDPWLGLJ XQQJn
HW IDUOLJ ODYW EORGVXNNHUQLYn� 1RUPDOW YLO NRQVHQWUDVMRQHQ DY EORGVXNNHU L EORGHW KRV
PHQQHVNHU XWHQ GLDEHWHV� Y UH UXQGW ILUH � VHNV PPRO�/ >��@� PHQ GHW HU RJVn QRU�
PDOW PHOORP ILUH RJ nWWH PPRO�/ >��@� 'HQQH YHUGLHQ NDQ ¡NH GHUVRP PDQ VSLVHU
PDW� RJ V\QNH QHG WLO WUH WLO ILUH PPRO�/ YHG OHQJUH IDVWH >��@� +RV GLDEHWLNHUH YLO NRQ�
VHQWUDVMRQHQ DY EORGVXNNHU RIWH Y UH UXQGW ��� PPRO�/ >��@� 'HWWH WDOOHW HU EDVHUW
Sn VDPPHQKHQJHQ PHOORP +E$�F�YHUGL RJ EORGVXNNHU� GD GHQ RPWUHQWOLJH +E$�F�
YHUGLHQ KRV GLDEHWLNHUH HU FLUND �� PPRO�PRO JLU GHWWH HW HVWLPHUW JMHQQRPVQLWWOLJ
EORGVXNNHU Sn ��� PPRO�/�

��



,QVXOLQUHVLVWDQV Sn PRUJHQHQ NDOOHV ©'DZQIHQRPHQHWª >��@ >��@� �NQLQJHQ L PRU�
JHQEORGVXNNHUHW VN\OGHV XWVNLOOHOVH DY YHNVWKRUPRQ� NRUWLVRO� JOXNDJRQ RJ DGUHQDOLQ
L GHW NURSSHQ IRUEHUHGHU VHJ Sn n YnNQH� 'LVVH KRUPRQHQH InU OHYHUHQ WLO n IULJM¡UH
JOXNRVH� RJ IHQRPHQHW IRUHNRPPHU YDQOLJYLV HWWHU nWWH WLO WL WLPHUV V¡YQ >��@� (WWHU�
VRP NURSSHQ HU PHU LQVXOLQUHVLVWDQW Sn PRUJHQHQ� KDU RIWH GLDEHWLNHUH EHKRY IRU HQ
VW¡UUH PHQJGH LQVXOLQ HQQ HOOHUV L O¡SHW DY GDJHQ� )RU n EHUHJQH KYRU PDQJH HQKHWHU
PDQ EHK¡YHU WLO IURNRVWGRVHQ� NDQ PDQ WD L EUXN ����UHJHOHQ� 'HQQH UHJHOHQ HU WLO IRU
n PRWYLUNH 'DZQIHQRPHQHW� ����UHJHOHQ VLHU DW PDQ VNDO GLYLGHUH ��� Sn GHQ WRWDOH
PHQJGHQ LQVXOLQ PDQ EUXNHU L O¡SHW DY HW G¡JQ� 7DOOHW PDQ InU IUD GHQQH GLYLVMRQHQ
VLHU KYRU PDQJH JUDP NDUERK\GUDWHU pQ HQKHW LQVXOLQ WDU KnQG RP >��@�

6RP GLDEHWLNHU HU PDQ Q¡GW WLO n XQGHUV¡NH KYLONHQ VHQVLWLYLWHW PDQ KDU WLO LQVXOLQ�
'HWWH JMHOGHU GD XOLNH W\SHU VFHQHULHU VRP IRU HNVHPSHO NRUULJHULQJVLQVXOLQ RJ LQVXOLQ
WLO PnOWLGHU� .RUULJHULQJVLQVXOLQ HU LQVXOLQ VRP NRUULJHUHU EORGVXNNHUHW QHG IUD GHW
VRP EOLU VHWW Sn VRP HQ IRU K¡\ YHUGL� 'HUVRP EORGVXNNHUHW WLO HQ GLDEHWLNHU HU RYHU
� PPRO�/� NDQ PDQ YXUGHUH n VHWWH NRUULJHULQJVLQVXOLQ >��@� 0DQ NDQ WD L EUXN ����
UHJHOHQ IRU EHUHJQLQJHQ DY NRUULJHULQJVLQVXOLQ� ����UHJHOHQ JnU XW Sn DW PDQ GLYLGHUHU
��� Sn GHQ WRWDOH G¡JQGRVHQ LQVXOLQ� 'HWWH WLOVYDUHU GD KYRU P\H HQ HQKHW LQVXOLQ
VHQNHU EORGVXNNHUHW >��@�

)RU n EHUHJQH KYRU PDQJH LQVXOLQ HQKHWHU VRP WUHQJV WLO HQ YLVV PHQJGH NDUER�
K\GUDWHU� NDQ PDQ WD L EUXN ����UHJHOHQ� 5HJHOHQ VLHU DW PDQ GLYLGHUHU ��� Sn GHQ
WRWDOH G¡JQGRVHQ PHG LQVXOLQ� RJ GHWWH JLU DQWDOO JUDP NDUERK\GUDW pQ HQKHW LQVXOLQ
WDU KnQG RP >��@�

'HW HU IOHUH XOLNH DVSHNWHU L KYHUGDJHQ VRP NDQ SnYLUNH LQVXOLQVHQVLWLYLWHW� 'HWWH
HU EODQW DQQHW VWUHVV� V\NGRP RJ WUHQLQJ >��@ >��@� 9HG ODQJYDULJ VWUHVV NDQ PDQ
RSSOHYH DW PDQ KDU HW VW¡UUH EHKRY IRU LQVXOLQ RJ DW GHW PHGI¡UHU HW K¡\HUH EORGVXN�
NHUQLYn� 9HG DNXWW VWUHVV NDQ PDQ GHULPRW RSSOHYH ODYW EORGVXNNHU RJ K\SRJO\NHPL
>��@� 'HUVRP PDQ HU V\N� HQWHQ PHG IHEHU� LQIOXHQVD HOOHU DQGUH V\NGRPPHU� YLO
PDQ RJVn NXQQH RSSOHYH HW ¡NW LQVXOLQEHKRY� *UXQQHQ WLO DW EORGVXNNHUHW VWLJHU HU DW
NURSSHQ SURGXVHUHU VWUHVVKRUPRQHU VRP ¡NHU EORGVXNNHUHW >��@� 'HUVRP PDQ KDU
GLDEHWHV W\SH � NDQ EORGVXNNHUHW V\QNH PHQV PDQ WUHQHU� RJ JUXQQHQ WLO GHWWH HU DW
WUHQLQJ RJ I\VLVN DNWLYLWHW JM¡U DW JOXNRVHRSSWDNHW L NURSSHQ ¡NHU VRP PHGI¡UHU DW LQ�
VXOLQHW IXQJHUHU EHGUH� 'HW HU GHUIRU YLNWLJ IRU GLDEHWLNHUH n SDVVH Sn DW EORGVXNNHUHW
HU Sn HQ JRG EORGVXNNHUYHUGL� JMHUQH VHNV WLO WL PPRO�/� I¡U WUHQLQJ� IRU n XQQJn ODYW
EORGVXNNHU HOOHU K\SRJO\NHPL >��@�

9DULDVMRQ L EORGVXNNHU EHVNULYHU KYRU P\H EORGVXNNHUHW WLO HQ GLDEHWLNHU JnU RSS RJ
QHG L O¡SHW DY HQ WLGVSHULRGH� 'HUVRP PDQ KDU VWRU YDULDVMRQ� YLO GHW Y UH NUDIWLJH
VYLQJQLQJHU L EORGVXNNHUHW� RJ GHWWH HU LNNH LGpHOW� 0DQ NDQ IRU HNVHPSHO Jn IUD HQ
VY UW K¡\ YHUGL� WLO HQ VY UW ODY YHUGL� NRQWLQXHUOLJ JMHQQRP GDJHQ� 'HW JMHQQRP�
VQLWWOLJH EORGVXNNHUHW NDQ GD Y UH Sn UXQGW � PPRO�/� QRH VRP HU HQ QRUPDO YHUGL
IRU GLDEHWLNHUH� RJ GHW HU GHUIRU GHW HU YLNWLJ n XQGHUV¡NH EORGVXNNHUHWV YDULDVMRQ� c
Jn IUD K¡\H YHUGLHU WLO ODYH YHUGLHU NDQ Y UH VOLWVRPW IRU NURSSHQ� L WLOOHJJ WLO DW PDQ
LNNH HU JRGW UHJXOHUW PHG VOLNH VYLQJQLQJHU� *UXQQHW GHWWH HU GHW GHUIRU VY UW YLNWLJ
n XQGHUV¡NH YDULDVMRQHQ L EORGVXNNHUHW� 9DULDVMRQHQ E¡U OLJJH XQGHU ���� (Q JRGW
DQEHIDOLQJ HU n KROGH EORGVXNNHUHW PHOORP ��� RJ ���� PPRO�/� PLQVW ��� DY G¡JQHW
>��@�

��



����� ,QVXOLQ

,QVXOLQ UHJXOHUHU EORGVXNNHUHW L NURSSHQ� RJ GHUVRP PDQ KDU GLDEHWHV W\SH �� HU PDQ
Q¡GW WLO n In WLOI¡UW LQVXOLQ� GD NURSSHQ HQWHQ LNNH SURGXVHUHU GHWWH� HOOHU SURGXVHUHU
IRU OLWH LQVXOLQ >�@� 'HW ILQQHV WUH XOLNH KRYHGW\SHU LQVXOLQ SUHSDUDWHU� RJ GLVVH HU
KXUWLJYLUNHQGH� PLGGHOV ODQJWLGVYLUNHQGH� RJ ODQJWLGVYLUNHQGH LQVXOLQ�

+XUWLJYLUNHQGH LQVXOLQ EOLU VDWW RJ WLOSDVVHW WLO KYHUW PnOWLG� , WLOOHJJ EUXNHV KXUWLJYLUNHQGH
LQVXOLQ IRU n NRUULJHUH HW K¡\W EORGVXNNHU >��@� (IIHNWHQ DY GHWWH YDUHU L RPWUHQW
WUH WLPHU� EDVHUW Sn KYD VODJV W\SH LQVXOLQ GHW HU� )RU HNVHPSHO YLO 1RYR5DSLG� HW
KXUWLJYLUNHQGH LQVXOLQ� KD HQ PDNVLPDO HIIHNW VRP YDUHU L pQ WLO WUH WLPHU� PHQ GHQ
WRWDOH YLUNHWLGHQ HU Sn UXQGW WUH WLO IHP WLPHU >��@� 'HW ILQQHV RJVn KXUWLJYLUNHQGH
LQVXOLQ VRP YDUHU WLO ILUH WLO VHNV WLPHU >��@�

0LGGHOV ODQJWLGVYLUNHQGH VHWWHV pQ WLO WR JDQJHU L O¡SHW DY GDJHQ� RJ HIIHNWHQ DY GLVVH
YDUHU RPWUHQW L �� � �� WLPHU >��@� /DQJWLGVYLUNHQGH LQVXOLQ EOLU VDWW pQ JDQJ RP
GDJHQ� RJ HIIHNWHQ DY GHWWH YDUHU L PLQVW �� WLPHU� 8WHQ LQVXOLQ L NURSSHQ� YLO EORG�
VXNNHUHW ¡NH� 0LGGHOV ODQJWLGVYLUNHQGH RJ ODQJWLGVYLUNHQGH LQVXOLQ EUXNHV IRU n KROGH
EORGVXNNHUHW MHYQW RJ UHJXOHUW JMHQQRP GDJHQ� QDWWHQ RJ PHOORP PnOWLGHU >��@�

��� 6WDWLVWLNN

����� (QNHO OLQH U UHJUHVMRQ

5HJUHVMRQVDQDO\VH JnU XW Sn n ILQQH XW KYLONHQ VDPPHQKHQJ GHW HNVLVWHUHU PHOORP
YDULDEOHQH� (QNHO OLQH U UHJUHVMRQ JnU XW Sn n VH Sn NXQ HQ UHWWOLQMHW VDPPHQKHQJ
PHOORP WR YDULDEOHU >�@�

����� 5HJUHVMRQVPRGHOOHQ

(Q UHWW OLQMH NDQ GHILQHUHV VRP�
y = α+ βx ���

GHU α HU SXQNWHW OLQMHQ NU\VVHU \�DNVHQ� RJ β HU OLQMHQV VWLJQLQJVWDOO� 5HJUHVMRQ�
VDQDO\VHQV KHQVLNW HU n ILQQH GHW EHVWH HVWLPDWHW DY GHQ XNMHQWH OLQMHQ y = α + βx

VRP EHVNULYHU GHQ PRGHOOPHVVLJH VDPPHQKHQJHQ PHOORP IRUNODULQJVYDULDEHOHQ RJ
UHVSRQVYDULDEHOHQ� 'HW EHVWH JMHWWHW Sn GHQ XNMHQWH OLQMHQ HU HVWLPDWHW DY GH XNMHQWH
VW¡UUHOVHQH α RJ β Sn EDNJUXQQ DY GH LQQVDPOHGH GDWDHQH� RJ NDOOHV UHJUHVMRQVOLQMHQ
>�@�

ŷ = α̂+ β̂x ���

����� 5HJUHVMRQVOLQMHQ RJ PLQVWH NYDGUDWHUVPHWRGH

0DQ ¡QVNHU n HVWLPHUH UHJUHVMRQVOLQMHQV NRHIILVLHQWHU α̂ RJ β̂� 'HQQH HVWLPHULQJHQ
Pn EDVHUH VHJ Sn GHQ LQQVDPOHGH GDWDHQ� 5HJUHVMRQVOLQMHQ ŷ = α̂ + β̂x HU OLQMHQ
VRP SDVVHU GDWDVHWWHW EHVW� /¡VQLQJHQ PDQ RIWH EUXNHU IRU n ILQQH UHJUHVMRQVOLQMHQ�
NDOOHV PLQVWH NYDGUDWHUV PHWRGH� 0LQVWH NYDGUDWHUV PHWRGH WDU XWJDQJVSXQNW L HQ
YLONnUOLJ OLQMH� )RU KYHU SXQNW NYDGUHUHU PDQ DYVWDQGHQ PHOORP SXQNWHW RJ OLQMHQ�
RJ PDQ ILQQHU DYYLNVNYDGUDWHW� 'HUHWWHU ILQQHU PDQ VXPPHQ . DY DUHDOHQH WLO DOOH

��



DYYLNVNYDGUDWHQH� , PLQVWH NYDGUDWHUV PHWRGH VNDO PDQ Vn YHOJH GHQ OLQMHQ VRP JLU
HQ PLQVW PXOLJ NYDGUDWVXP . >�@�

'DWDHQH (x1, y1), (x2, y2), ..., (xn, yn) IRUHOLJJHU� RJ PDQ VNDO WLOSDVVH OLQMHQ ŷ = α̂ + β̂x

VRP SDVVHU EHVW WLO REVHUYDVMRQVSDUHQH� 0LQVWH NYDGUDWHUV PHWRGH YLO JL GH I¡OJHQGH
NRHIILVLHQWHQH β̂ RJ α̂�

β̂ =

∑n
i=1(xi − x)(yi − y)∑n

i=1(xi − x)2
���

α̂ = y − β̂x ���

����� 9DULDQV

9DULDQV HU GHQ JMHQQRPVQLWWOLJH VW¡UUHOVHQ Sn DYYLNVNYDGUDWHQH� 9DULDQVHQ WLO <�HQH
EOLU GHILQHUW VRP�

S2
Y =

1

n− 1

n∑

i=1

(Yi − Y )2 ���

GHU Q HU DQWDOO REVHUYDVMRQHU >�@�

'HQ EHVWH JMHWQLQJHQ PDQ KDU Sn YDULDQVHQ σ2 HU OLN�

s2 =
SSE

n− 2
���

SSE EOLU EHVNUHYHW L GHOVHNVMRQ ������

����� 6WDQGDUGDYYLN IRU OLQH U UHJUHVMRQ

(W W\SLVN DYYLN IUD JMHQQRPVQLWWVYHUGLHQ NDOOHV VWDQGDUGDYYLN� 6WDQGDUGDYYLNHWV XW�
JDQJVSXQNW HU n VH KYRU P\H KYHU HQNHOW REVHUYDVMRQ DYYLNHU L IRUKROG WLO JMHQQRP�
VQLWWHW >�@� 6WDQGDUGDYYLN HU NDQWOHQJGHQ WLO GHW JMHQQRPVQLWWOLJH DYYLNVNYDGUDWHW�
6WDQGDUGDYYLNHW GHILQHUHV VRP NYDGUDWURWHQ DY YDULDQVHQ�

s =

√
SSE

n− 2
���

GHU Q HU GDWDSDUHQH VDPOHW LQQ�

����� 5HJUHVMRQVPRGHOOHQV JRGKHW

6XPPHQ DY NYDGUDWHQH L OLJQLQJ � PHOORP <�REVHUYDVMRQHQH RJ GHUHV JMHQQRPV�
QLWWVYHUGL� NDOOHV SST � 'HWWH VWnU IRU GHW HQJHOVNH WRWDO VXP RI VTXDUHV� )UD GHWWH
NDQ PDQ GHILQHUH \WWHUOLJHUH WR VOLNH VXPPHU DY DYYLNVNYDGUDWHU� SSR HU VXPPHQ
DY NYDGUDWHQH PHOORP UHJUHVMRQVOLQMHQ RJ JMHQQRPVQLWWHW DY <�HQH >�@� SSE HU GHQ
PLQVWH YHUGLHQ WLO NYDGUDWVXPPHQ .� GHU . HU VXPPHQ DY DOOH NYDGUDWHQH UXQGW UH�
JUHVMRQVOLQMHQ� 'HWWH JLU I¡OJHQGH VDPPHQKHQJ�

SST = SSR + SSE ���

��



VRP GD HU�
n∑

i=1

(Yi − Y )2 =
n∑

i=1

(α̂+ β̂xi − Y )2 +
n∑

i=1

(Yi − α̂− β̂xi)
2 ���

'HQ WRWDOH YDULDVMRQHQ EODQW <�HQH �SST � NDQ GHOHV RSS L L WR GHOHU� GHU GHO pQ IRUNODUHV
DY PRGHOOHQ �SSR� RJ GHQ DQGUH GHOHQ VRP NXQ VN\OGHQ WLOIHOGLJH DYYLN �SSE�� 'HUVRP
PRGHOOHQ IRUNODUHU VWRUH GHOHU DY YDULDVMRQHQ� NDQ PDQ DQWD DW PRGHOOHQ HU JRG�
$QGHOHQ DY YDULDVMRQHQ VRP IRUNODUHV DY PRGHOOHQ HU�

r2 =
SSR

SST
����

����� )RUYHQWQLQJ

'HUVRP PDQ REVHUYHUHU YHUGLHQ DY HQ VWRNDVWLVN YDULDEHO ; L HQ VWRU UHNNH VWRNDV�
WLVNH IRUV¡N� YLO PDQ NXQQH UHJQH JMHQQRPVQLWWHW IRU GDWDVHWWHW VRP IRUV¡NHQH YLO
UHVXOWHUH L� 0DQ NDQ GHULPRW UHJQH XW HW WHRUHWLVN JMHQQRPVQLWW PHG XWJDQJVSXQNW
L VDQQV\QOLJKHWVIRUGHOLQJHQ� 'HWWH EHUHJQHGH ´JMHQQRPVQLWWHW´ IRU ; HU YDULDEHOHQV
IRUYHQWQLQJVYHUGL >�@� )RUYHQWQLQJVYHUGLHQ WLO HQ GLVNUHW YDULDEHO ; GHILQHUHV VRP�

µ = (�;� =
∑

allexi

xi ∗ P (X = xi) ����

����� .RQILGHQVLQWHUYDOO IRU XNMHQW OLQMH

2PUnGHW ODQJV WDOOLQMHQ VRP PDQ� XW IUD VWDWLVWLVN WHRUL� YHW KDU HQ K¡\ VDQQV\QOLJKHW
IRU n LQQHKROGH HQ WDOOIHVWHW HJHQVNDS YHG SRSXODVMRQHQ NDOOHV HW NRQILGHQVLQWHUYDOO
>�@�

'HW ILQQHV XOLNH W\SHU NRQILGHQVLQWHUYDOO� =�LQWHUYDOO RJ 7�LQWHUYDOO� 0DQ EHQ\WWHU VHJ
DY =�LQWHUYDOO QnU EnGH VWDQGDUGDYYLNHW σ RJ IRUYHQWQLQJ µ� 7�LQWHUYDOO EUXNHV QnU
IRUYHQWQLQJ µ HU NMHQW RJ VWDQGDUGDYYLNHW σ HU XNMHQW� , WLOIHOOHW HU VWDQGDUGDYYLNHW σ
HU XNMHQW� NDQ PDQ LNNH WD XWJDQJVSXQNW L GHQ VWDQGDUGQRUPDOIRUGHOWH =� 0DQ Pn WD
XWJDQJVSXQNW L 7�YDULDEHOHQ�

T =
X − µ

S√
n

����

����� 3UHGLNVMRQVLQWHUYDOO IRU REVHUYDVMRQHQH

3UHGLNVMRQVLQWHUYDOO� RJVn NDOW VSUHGQLQJVLQWHUYDOO� EHVNULYHU KYLONH REVHUYDVMRQHU VRP
HU VDQQV\QOLJH� (Q HQNHOW REVHUYDVMRQ HU PHU XVLNNHU HQQ JMHQQRPVQLWWHW DY DOOH RE�
VHUYDVMRQHQH� 'HQQH XVLNNHUKHWHQ HU NQ\WWHW WLO KYRU GHQ XNMHQWH OLQMHQ VNDO Y UH�
, WLOOHJJ Pn PDQ WD KHQV\Q WLO XVLNNHUKHWHQ VRP NRPPHU DY IHLOOHGGHW H� $Y GHQQH
JUXQQHQ NDQ PDQ DQWD DW SUHGLNVMRQVLQWHUYDOOHW HU EUHGHUH HQQ GHQ XNMHQWH OLQMHQV
LQWHUYDOO� (W ��� SUHLNVMRQVLQWHUYDOO IRU HQNHOWREVHUYDVMRQHQ < IRU HQ JLWW [�YHUGL HU
OLN�

α̂+ β̂x± t0.025 ∗ s
√
1 +

1

n
+ (

x− x
s

SE(β)

)2 ����

��



'HUVRP SUHGLNVMRQVLQWHUYDOOHW HU VY UW EUHGW� HU GHW OLWHQ JUXQQ WLO n ODJH SUHGLNVMRQHU�
(W EUHGW SUHGLNVMRQVLQWHUYDOO KHQJHU VDPPHQ PHG HQ ODY r2�YHUGL� 'HWWH EHW\U DW
UHJUHVMRQVOLQMHQ IRUNODUHU NXQ HQ OLWHQ GHO DY YDULDVMRQHQ L GDWDPDWHULDOHW� , WLOOHJJ
KHQJHU EUHGGHQ DY SUHGLNVMRQVLQWHUYDOOHW VDPPHQ PHG DQWDOO REVHUYDVMRQHU >�@�

������ .RYDULDQV RJ NRUUHODVMRQ

)RU n XQGHUV¡NH RP GHW HNVLVWHUHU HQ VDPPHQKHQJ PHOORP WR YDULDEOH� ; RJ <� GHU GHW
LNNH HU WLOIHOGLJ KYRUGDQ GH YDULHUHU L IRUKROG WLO KYHUDQGUH NDQ PDQ EUXNH NRYDULDQV
>�@�

Cov(X,Y ) = E(X ∗ Y )− µx ∗ µyE(X ∗ Y ) =
∑

allexi

∑

alleyi

xi ∗ yi ∗ P (xi, yi) ����

'HWWH JLU HQ WDOOYHUGL� VRP RIWH NDQ Y UH YDQVNHOLJ n WRONH� *UXQQHW GHWWH ©QRUPDO�
LVHUHUª PDQ NRYDULDQVHQ YHG n GHOH Sn YDULDEHOHQV VWDQGDUGDYYLN� 'HWWH EOLU NDOW IRU
NRUUHODVMRQHQ PHOORP YDULDEOHQH >�@� )RUPHOHQ IRU NRUUHODVMRQ HU�

ρ(X,Y ) =
Cov(X,Y )

σx ∗ σy
����

.RUUHODVMRQHQ YLO DOOWLG OLJJH PHOORP �� RJ �� GD GHQ HU QRUPDOLVHU� $EVROXWWYHUGLHQ
WLO NRUUHODVMRQHQ� ρ� LQGLNHUHU KYRU VWHUN GHQ OLQH UH VDPPHQKHQJHQ PHOORP GH WR
YDULDEOHQH HU� 'HUVRP DEVROXWWYHUGLHQ HU K¡\� YLO GHWWH EHW\ HQ VW¡UUH NRUUHODVMRQ�
, WLOOHJJ DYJM¡U IRUWHJQHW UHWQLQJHQ Sn VDPPHQKHQJHQ� 'HUVRP GHW HNVLVWHUHU HQ
SRVLWLY NRUUHODVMRQ� EHW\U GHWWH DW GHUVRP GHQ HQH ¡NHU YLO GHQ DQGUH RJVn ¡NH� +YLV
GHW GHULPRW HU HQ QHJDWLY NRUUHODVMRQ EHW\U GHWWH DW GHUVRP GHQ HQH ¡NHU YLO GHQ
DQGUH SDUWHQ V\QNH >�@�

������ ,QWHUUXSWHG WLPH VHULHV

6WDWLVWLVN WLGVUHNNHDQDO\VH HU HQ WHNQLNN VRP EOLU EUXNW IRU n DQDO\VHUH KYRUGDQ HQ
YDULDEHO < XWYLNOHU VHJ RYHU WLG� 0nOLQJHQH EOLU RIWH WDWW Sn OLNH LQWHUYDOOHU RYHU WLG >�@�
,76 DQDO\VH HU HW VY UW JRGW GHVLJQ IRU n HYDOXHUH HIIHNWLYLWHWHQ DY KHOVHLQWHUYHQV�
MRQHU Sn EHIRONQLQJVQLYn VRP KDU EOLWW LPSOHPHQWHUW Sn HW NODUW GHILQHUW WLGVSXQNW
>��@� , HQ VOLN DQDO\VH EUXNHV HQ WLGVUHNNH DY HW EHVWHPW XWIDOO DY LQWHUHVVH IRU n
HWDEOHUH HQ XQGHUOLJJHQGH WUHQG� 'HQQH WUHQGHQ EOLU ´DYEUXWW´ DY HQ LQWHUYHQVMRQ Sn
HW NMHQW WLGVSXQNW� 'HQQH LQWHUYHQVMRQHQ NDQ PRGHOOHUHV Sn IOHUH PnWHU� EDVHUW Sn
KYRUGDQ LQWHUYHQVMRQHQ HU IRUYHQWHW n SnYLUNH GDWDHQH� 'HQ JHQHUHOOH IRUPHOHQ VHU
PDQ XQGHU >��@�

Yt = β0 + β1T + β2Xt + β3TXt ����

β0� RJ β1�OHGGHQH XWJM¡U EDVHQ RJ HU HNYLYDOHQW PHG GHQ XQGHUOLJJHQGH OLQMHQ� KYRU T
HU WLGHQ� β2�OHGGHW HU HW QLYnVNLIWH� GD Xt�YDULDEHOHQ EDUH HU HQ GXPP\�YDULDEHO� � I¡U
LQWHUYHQVMRQHQ RJ � HWWHU� β3�OHGGHW YLO RJVn I¡UVW EOL LQWURGXVHUW HWWHU LQWHUYHQVMRQHQ�
PHQ GHWWH YRNVHU PHG WLGHQ T � )RU n PRGHOOHUH HQ PRPHQWDQ HQGULQJ NDQ PDQ IMHUQH
β3�OHGGHW� RJ PDQ VLWWHU LJMHQ PHG HQ OLQMH VRP KDU HW QLYnVNLIWH YHG LQWHUYHQVMRQHQ�

��



������ 5RRW PHDQ VTXDUHG HUURU

1nU PDQ KDU HW VHWW PHG SXQNWHU �[� RJ \�NRRUGLQDWHU� RJ PDQ ¡QVNHU n WLOSDVVH HQ
PRGHOO IRU GHWWH VHWWHW� IRU HNVHPSHO PHG ,76 ������� )HLOHQ PHOORP GHQ RSSQnGGH
PRGHOOHQ RJ KYHUW SXQNW HU L HQ YHNWRU r� )RU n ILQQH 506( YHUGLHQ WLO PRGHOOHQ

EUXNHU PDQ I¡OJHQGH IRUPHOO� RMSE =
√

r21+āāā+r2m√
m

>��@� 2P r YHNWRUHQ LQQHKROGHU
EDUH QXOOHU YLO GHW VL DW IHLOHQ WLO KYHUW SXQNW HU QXOO� GHWWH JLU 506( OLN QXOO� GD HQ
SHUIHNW PRGHOO� 506(�YHUGLHQH WLO XOLNH PRGHOOHU NDQ VDPPHQOLJQHV IRU n VH KYLONHQ
PRGHOO VRP EHVNULYHU VHWWHW PHG SXQNWHU EHVW� GD GHQ PHG 506(�YHUGL Q UPHVW QXOO�

��� $OJRULWPH NRQVWUXNVMRQ

$OJRULWPH NRQVWUXNVMRQ RJ GHVLJQ EOLU EHVNUHYHW VRP HQ SURVHVV GHU PDQ NRPPHU RSS
PHG HQ LGH IRU HQ EHUHJQLQJVPHVVLJ JMHQQRPI¡UEDU WHNQLNN IRU n RSSQn HQ ¡QVNHW
DGIHUG >��@� 'HQQH SURVHVVHQ EHVWnU DY SUREOHPO¡VQLQJ� NXQQVNDS RP DOJRULWPH
NRQVWUXNVMRQ RJ NXQQVNDS LQQHQIRU GHW VSHVLILNNH HPQHW� L GHWWH WLOIHOOHW GLDEHWHV W\SH
�� )¡OJHQH VHNV VWHJ� KHQWHW IUD IRUVNQLQJVDUWLNNHOHQ ©8QGHUVWDQGLQJ DQG $XWRPDWLQJ
$OJRULWKP 'HVLJQª >��@� EOLU RIWH EUXN L DOJRULWPH NRQVWUXNVMRQ�

�� )RUVWn SUREOHPHW

�� 3ODQOHJJ HQ O¡VQLQJ UXQGW NMHUQHQ DY LGpHQ� RJ UDIILQpU HOOHU XWG\S NMHUQHVWUXN�
WXUHQ

�� 8WI¡U GHQ GHOYLV VSHVLILVHUWH DOJRULWPHQ

�� /HJJ PHUNH WLO RJ IRUPXOHU HYHQWXHOOH SUREOHPHU HOOHU PXOLJKHWHU

�� %HNUHIW DW VWUXNWXUHQ HU HQ O¡VQLQJ

�� (YDOXHU O¡VQLQJHQ

'HW I¡UVWH VWHJHW RPKDQGOHU n KDU HQ JRG IRUVWnHOVH DY SUREOHPHW� RJ GHWWH NDQ JM¡UHV
Sn XOLNH PnWHU� )RU HNVHPSHO NDQ PDQ EUXNH ILJXUHU IRU n YLVXDOLVHUH XWIRUGULQJHQ�
HOOHU YHG n OLVWH RSS HJHQVNDSHQH WLO SUREOHPHW >��@�

9HG VWHJ WR VWDUWHU GHVLJQHW DY DOJRULWPHQ UXQGW HQ NMHUQHLGH� 'HQQH LGpHQ NDQ YDU�
LHUH EDVHUW Sn GHVLJQHUHQV HUIDULQJHU RJ NXQQVNDS� )RU HNVHPSHO NDQ PDQ EUXNH HQ
VWUDWHJL GHU PDQ JHQHUHUHU RJ WHVWHU� HOOHU EUXNH VWUDWHJLHU VRP G\QDPLVN SURJUDP�
PHULQJ� (WWHU n KD XWDUEHLGHW HQ SODQ YLO GHVLJQHUHQ UDIILQHUH VWHJHQH DY NMHUQHLGHHQ�
+HU NDQ GHVLJQHUHQ GHNRPSRQHUH SUREOHPHW L PLQGUH NRPSRQHQWHU� LQWURGXVHUH Q\H
LQSXW RJ GHNODUHUH GHWDOMHU UXQGW VWUXNWXUHQ >��@� 6WHJHQH IRU ILQSXVVLQJ NDQ IRUHVOnV
DY NXQQVNDS LQQHQIRU IHOWHW� HOOHU NDQ Y UH UHVXOWDWHW DY n IRUV¡NH n XWI¡UH DOJRULW�
PHQ� 'HUVRP NXQQVNDS LNNH VWUHNNHU WLO� NDQ PDQ IRUV¡NH HQ V¡N RJ IHLO PHWRGH�
GHU PDQ WHVWHU�K\SRWLVHUHU XOLNH DOJRULWPHVWHJ RJ WHVWHU GH YHG n XWI¡UH GHQ GHOYLV
VSHVLILVHUWH DOJRULWPHQ�

9HG n XWI¡UH GHQ GHOYLV VSHVLILVHUWH DOJRULWPHQ� VWHJ WUH� NDQ PDQ WUHNNH NRQNOXVMRQHU
UXQGW DOJRULWPHQ VRP HU EOLWW XWYLNOHW Vn ODQJW� 1nU DOJRULWPHQ WHVWHV HU GHW OHWWHUH
n ILQQH HYHQWXHOOH SUREOHPHU HOOHU PXOLJKHWHU YHG GHQ� , GHWWH VWHJHW NDQ PDQ RJVn
XWI¡UH DOJRULWPHQ YHG n HQGUH Sn KYLONH DOJRULWPHVWHJ VRP EOLU XWI¡UW I¡UVW IRU n ILQQH
HYHQWXHOOH VW\UNHU RJ VYDNKHWHU >��@�

��



6RP I¡OJH DY n XWI¡UH GHQ GHOYLV VSHVLILVHUWH DOJRULWPHQ NDQ XOLNH XWIRUGULQJHU RJ
SUREOHPHU RSSVWn� 'LVVH NDQ EOL V\QODJW JMHQQRP XWI¡UHOVHQ YHG DW PDQ RSSGDJHU DW
PDQ PDQJOHU QRHQ VWHJ L DOJRULWPHQ� HOOHU DW PDQ RSSGDJHU DW GHOHU DY DOJRULWPHQ
LNNH VWHPPHU RYHUHQV� 'HW HU RJVn PXOLJ DW SURVHVVHQ NDQ DYGHNNH PXOLJKHWHU IRU
RSWLPDOLVHULQJ HOOHU IRUEHGULQJHU� 'HWWH NDQ IRU HNVHPSHO Y UH DW PDQ RSSGDJHU IRU�
EHGULQJHU L HQ WLGOLJ VNLVVH VRP PDQ LNNH Vn HWWHU GD PDQ I¡UVW ODJGH YLVXDOLVHULQJHQ�
0DQ KDU VW¡UUH VDQQV\QOLJKHW IRU n RSSGDJH VOLNH PXOLJKHWHU GHUVRP PDQ KDU JRGH
NXQQVNDSHU LQQHQIRU IDJIHOWHW DOJRULWPHQ XWYLNOHV >��@�

6WHJ IHP NDQ JMHQQRPI¡UHV YHG n WHVWH DOJRULWPHQ Sn HQNOH RJ VSHVLILNNH YHUGLHU RJ
REVHUYHUH RP QRH XYHQWHW RSSVWnU� , GHWWH VWHJHW YLO PDQ RJVn PnWWH WD KHQV\Q WLO
HQNHOWWLOIHOOHU >��@�

, GHW VLVWH VWHJHW YLO PDQ HYDOXHUH O¡VQLQJHQ� RJ GHWWH NDQ JM¡UHV Sn XOLNH PnWHU� (W
HNVHPSHO HU n VDPPHQOLJQH GHQ PHG HW DOOHUHGH HNVLVWHUHQGH DOJRULWPH DOWHUQDWLY�
0DQ NDQ RJVn XWI¡UH HQ NRPSOHNVLWHWVDQDO\VH DY DOJRULWPHQ >��@�

��� 6\VWHPXWYLNOLQJVPHWRGLNN

6\VWHPXWYLNOLQJ HU HQ PnWH n DUEHLGH PnOUHWWHW RJ PHWRGLVN Sn� RIWH IRU n XWDUEHLGH
Q\H GDWDV\VWHPHU� 6\VWHPXWYLNOLQJHQ LQQHKROGHU IOHUH XOLNH DNWLYLWHWHU VRP IRU HN�
VHPSHO XWYLNOLQJ� WHVWLQJ� RJ NUDYDUEHLG� (Q V\VWHPXWYLNOLQJVPHWRGH HU HQ PnWH n
RUJDQLVHUH GLVVH DNWLYLWHWHQH Sn� 'HW ILQQHV IOHUH XOLNH V\VWHPXWYLNOLQJVPHWRGHU� RJ
EODQW GLVVH ILQQHU PDQ EODQW DQQHW YDQQIDOOVPHWRGHQ� 'HQQH PHWRGHQ YDU GHQ YDQ�
OLJVWH L IOHUH nU� RJ OD VWRU YHNW Sn EODQW DQQHW GRNXPHQWDVMRQ� RJ DOOH SURVHVVHQH
EOH XWI¡UW VHNYHQVLHOW >��@� 'HWWH HU RIWH HQ ODQJ RJ WLGVNUHYHQGH PHWRGLNN� VDPW
DW HQGULQJHU EOLU VY UW G\UH GHUVRP NUDYHQH WLO V\VWHPHW HQGUHV XQGHUYHLV� , ����
NRP 7KH $JLOH 0DQLIHVWR >��@� RJ GHWWH EOH XWJDQJVSXQNWHW IRU VPLGLJ HOOHU DJLO V\V�
WHPXWYLNOLQJVPHWRGLNN� +RYHGSULQVLSSHQH L PDQLIHVWHW HU�

� 3HUVRQHU RJ VDPVSLOO IUHPIRU SURVHVVHU RJ YHUNW¡\

� 3URJUDPYDUH VRP YLUNHU IUHPIRU RPIDWWHQGH GRNXPHQWDVMRQ

� 6DPDUEHLG PHG NXQGHQ IUHPIRU NRQWUDNWVIRUKDQGOLQJHU

� c UHDJHUH Sn HQGULQJHU IUHPIRU n I¡OJH HQ SODQ

7KH DJLOH PDQLIHVWR OHJJHU PHU YHNW Sn JRG NRPPXQLNDVMRQ� IOHNVLELOLWHW RJ K\SSLJH
OHYHUDQVHU� RJ PDQ VWnU GHUPHG L HQ EHGUH SRVLVMRQ WLO n HQGUH NUDYHQH XQGHUYHLV�
L PRWVHWQLQJ WLO YDQQIDOOVPHWRGHQ� 1RHQ SRSOX UH VPLGLJH V\VWHPXWYLNOLQJVPHWRGHU
HU 6FUXP RJ .DQEDQ�

��� %UXNHUWHVWHU

'HQ W\SLVNH EUXNHUWHVWHQ HU HQ WHVW GHU PDQ LQYLWHUHU HQ EUXNHU WLO n WHVWH HQ SURWRW\SH
HOOHU HQ DSSOLNDVMRQ PDQ KDU XWYLNOHW� 'HWWH HU IRU n XQGHUV¡NH KYRU LQWXLWLYW RJ JRGW
GHVLJQHW HU� RJ ILQQH GLYHUVH SUREOHPDWLVNH GHVLJQ YDOJ HOOHU IHLO� 0DQ NDQ EUXNH
EUXNHUWHVWHQH WLO n HYDOXHUH GHVLJQHW� RJ IRUEHGUH GHW EDVHUW Sn WHVWHQH� 1RUPDOW YLO
PDQ EUXNHUWHVWH HW GHVLJQ IOHUH JDQJHU� JM¡UH HQGULQJHU� RJ GHUHWWHU JMHQQRPI¡UH Q\H
EUXNHUWHVWHU DY GHW Q\H GHVLJQHW� 'HWWH HU IRU n EHNUHIWH RJ VLNUH DW GHW Q\H GHVLJQHW

��



KDU IRUEHGUHW EUXNHUHQV RSSOHYHOVH� RJ LNNH LQWURGXVHUWH Q\H IHLO� 0DQ JMHQQRPI¡UHU
RIWH GLVVH WHVWHQH Sn SHUVRQHU L PnOJUXSSHQ WLO SURWRW\SHQ HOOHU DSSOLNDVMRQHQ >��@�

��� 6HQVRU� /LEUH/LQN

)UHH6W\OH /LEUH VHQVRUHQ HU HQ VHQVRU WHNQRORJL VRP VRP JLU NRQWLQXHUOLJ RSSGDWHUWH
JOXNRVHYHUGLHU� VDPW DW GLVVH EOLU ORJJI¡UW� 'LVVH NDQ KHQWHV XW JMHQQRP /LEUH/LQN�
DSSOLNDVMRQHQ Sn HQ PRELO HQKHW� 'HW WLOE\V RJVn JUDILVNH YLVXDOLVHULQJHU RJ VWDWLVWLNN
RP WLGHQ LQQHQIRU HW JLWW JOXNRVHLQWHUYDOO� JMHQQRPVQLWWV JOXNRVH� HVWLPDW WLO +E$�F�
YHUGL RJ OLJQHQGH�

��� 7LGOLJHUH UHOHYDQW DUEHLG

'HQQH VHNVMRQHQ YLO SUHVHQWHUH WLGOLJHUH UHOHYDQW DUEHLG LQQHQIRU IDJIHOWHQH VRP GHQQH
RSSJDYHQ KDU XQGHUV¡NW RJ EUXNW� EODQW DQQHW VWDWLVWLNN RJ DOJRULWPHU IRU GLDEHWHV�

,76 KDU JMHQWDWWH JDQJHU EOLWW EUXNW IRU n HYDOXHUH LQWHUYHQVMRQHU IRU EHIRONQLQJHQV
KHOVH� %ODQW GLVVH ILQQHU PDQ EODQW DQQHW IRUVNQLQJVDUWLNOHQ ©,QWHUUXSWHG WLPH VHULHV
UHJUHVVLRQ IRU WKH HYDOXDWLRQ RI SXEOLF KHDOWK LQWHUYHQWLRQV� D WXWRULDOª >��@� RJ
DUWLNNHOHQ VRP GLVNXWHUHU EUXNHQ DY ,76 L KHOVHVWXGHU ©8VH RI ,QWHUUXSWHG 7LPH 6HULHV
$QDO\VLV LQ (YDOXDWLQJ +HDOWK &DUH 4XDOLW\ ,PSURYHPHQWVª >��@�

'HW HU EOLWW XWDUEHLGHW OLJQHQGH WHNQRORJL� PHQW IRU n KMHOSH OHJHU RJ V\NHSOHLHUH LQ�
YROYHUW L LQVXOLQGRVHULQJ DY SDVLHQWHU Sn V\NHKXV� NDOW *OXFR7DE� *OXFR7DE HU HQ DOJRU�
LWPH VRP DXWRPDWLVN HVWLPHUHU IRUVODJ WLO LQVXOLQPHQJGHU IRU SDVLHQWHU PHG GLDEHWHV
W\SH �� *OXFR7DE WLOODWHU GLJLWDO SODQOHJJLQJ� LPSOHPHQWDVMRQ RJ GRNXPHQWDVMRQ IRU
DOOH Q¡GYHQGLJH DVSHNWHU IRU n UHJXOHUH EORGVXNNHUHW� 'HW HU HQ PRELODSSOLNDVMRQ�
RJ V\VWHPHW HU XWYLNOHW DY LQJHQL¡UHU� OHJHU RJ V\NHSOHLHUH� 6\VWHPHW HU PHQW VRP
HW YHUNW¡\ IRU n KMHOSH KHOVHSHUVRQHOO PHG GRVHULQJ DY LQVXOLQ IRU LQQODJWH SDVLHQWHU
>��@�

, WLOOHJJ WLO DW GHW KDU EOLWW XQGHUV¡NW DOJRULWPHQ IRU GLDEHWHV W\SH �� HU GHW RJVn DOJRU�
LWPHU IRU GLDEHWHV W\SH �� 'HW HNVLVWHUHU EODQW DQQHW HQ LWHUDWLY DOJRULWPH VRP EUXNHU
JnUVGDJHQV JOXNRVH� LQVXOLQ RJ PnOWLGVGDWD� IRU n EHUHJQH LQVXOLQ� 'HQQH DOJRULWPHQ
HU EHVNUHYHW L PHU GHWDOM L IRUVNQLQJVDUWLNNHOHQ ©$ 0RGHO�%DVHG ,QVXOLQ 'RVH 2SWLPL]�
DWLRQ $OJRULWKP IRU 3HRSOH :LWK 7\SH � 'LDEHWHV RQ 0XOWLSOH 'DLO\ ,QMHFWLRQV 7KHUDS\ª
>��@� 5HVXOWDWHQH IUD GHWWH DUWLNNHOHQ YDU VY UW ORYHQGH� RJ IRUVNQLJVDUWLNNHOHQ KDU
YLVW DW GHW HU PXOLJ n UHJXOHUH EORGVXNNHUHW PHG HQ LWHUDWLY DOJRULWPH�

��



� 0HWRGH

��� )RUVNQLQJVPHWRGH

)RUVNQLQJVPHWRGH HU XOLNH IUHPJDQJVPnWHU VRP EOLU EHQ\WWHW L YLWHQVNDSOLJ IRUVNQLQJ
>��@� *UXQQHQ WLO DW IRUVNQLQJVPHWRGH HU YLNWLJ� HU IRUGL GHW EUXNHV IRU n HWDEOHUH
SnOLWHOLJ NXQQVNDS� )RUVNQLQJVPHWRGHQ VRP EOH WDWW L EUXN L GHWWH SURVMHNWHW VWDUWHW
PHG XWJDQJVSXQNW L HJQH HUIDULQJHU PHG GLDEHWHV� RJ PRWLYDVMRQ IRU n JM¡UH GHQQH
V\NGRPPHQ OHWWHUH n KnQGWHUH� 'HUHWWHU EOH GHW IRUPXOHUW WR IRUVNQLQJVVS¡UVPnO�
(WWHU GHWWH EOH GHW EUXNW XOLNH VWUDWHJLHU IRU n VYDUH Sn IRUVNQLQJVVS¡UVPnOHW� 'LVVH
EHVWR DY GHVLJQ RJ NUHDVMRQ DY 093�HQ� HNVSHULPHQWHU PHG WLGOLJHUH HNVLVWHUHQGH
JOXNRVHGDWD IRU n XQGHUV¡NH KYD VODJV W\SH VWDWLVNWLVNH PRGHOOHU VRP NXQQH SDVVHW�
RJ HQ WHVWJUXSSH EHVWnHQGH DY GHW HQH PHGOHPPHW L JUXSSHQ� 'HQQH WHVWSHUVRQHQ
EOH GHW XWI¡UW HQ FDVH VWXG\ Sn� 'HUHWWHU EOH HYDOXHULQJ DY ©GHVLJQ RJ NUHDVMRQª RJ
©FDVH VWXG\ª EUXNW IRU n JHQHUHUH GHQ Q¡GYHQGLJH GDWDHQ IRU DOJRULWPHQ RJ DQDO\VHQ�
2EVHUYDVMRQ EOH EUXNW IRU n JHQHUHUH GDWD DQJnHQGH EUXNHUJUHQVHVQLWWHW� L WLOOHJJ WLO
DW GHW EOH JMHQQRPI¡UW WR EUXNHUWHVWHU� %UXNHUWHVWHQH JnU GD XQGHU GDWD JHQHUHULQJV�
PHWRGHQ ©,QWHUYMXª� )RU n DQDO\VHUH GDWDHQ� EOH GHW WDWW L EUXN EnGH NYDOLWDWLYH RJ
NYDQWLWDWLYH PHWRGHU� $QDO\VHQ HU NYDOLWDWLY EDVHUW Sn EUXNHURSSOHYHOVHQ DY 093�HQ�
RJ NYDQWLWDWLY Sn GDWDHQ VDPOHW LQQ IUD 093�HQ JMHQQRP DQDO\VHQ� )RUVNQLQJVPHW�
RGHQ VRP EOH WDWW L EUXN XQGHU GHWWH SURVMHNWHW EOLU YLVW L YHGOHJJ $�

)RUGHOHU YHG HJQH HUIDULQJHU RJ PRWLYDVMRQ� YDU DW GHW JD JUXSSHQ HW NODUW PnO RP
KYD GH ¡QVNHW n RSSQn RJ KYRUGDQ GHWWH VNXOOH JM¡UHV� )RUVNQLQJVVS¡UPnOHQH VRP EOH
IRUPXOHUW KMDOS JUXSSHQ PHG n VSHVLILVHUH IRNXVHW L RSSJDYHQ� RJ GHWWH KMDOS JUXSSHQ
n SULRULWHUH DUEHLGVRSSJDYHU RJ SODQOHJJH SURVHVVHQ� (Q XOHPSH JUXSSHQ YDU NODU
RYHU YDU DW GHUVRP IRUVNQLQJVS¡UVPnOHQH EOH GnUOLJ IRUPXOHUW� HOOHU YDJH� YLOOH GHW
Y UH YDQVNHOLJ n NRQNOXGHUH� 9HG n HNVSHULPHQWHUH PHG HNVLVWHUHQGH JOXNRVHGDWD�
JD GHWWH JUXSSHQ HW JRGW LQQEOLNN L KYD VODJV W\SH GDWD GH WUHQJWH IRU n EHVYDUH SURE�
OHPVWLOOLQJHQ� 6WUDWHJLHQ ©GHVLJQ RJ NUHDVMRQª� JD JUXSSHQ PXOLJKHW WLO n WLOSDVVH
V\VWHPHW VOLN DW GH ILNN JMHQQRPI¡UW FDVH VWXG\HQ VRP ¡QVNHW� , WLOOHJJ NXQQH JUXS�
SHQ OHJJH WLO UHWWH IRU KYRUGDQ GH YLOOH VDPOH LQQ GDWD� 8OHPSHQ YHG GHQQH VWUDWHJLHQ
HU DW SURVHVVHQ WDU VY UW ODQJ WLG� RJ YLO XWVHWWH GDWDJHQHUHULQJHQ RJ �LQQVDPOLQJHQ�
)RUGHOHQ PHG VWUDWHJLHQ ©FDVH VWXG\ª� HU DW GHQQH JLU GHW PHVW QDWXUOLJH WHVWPLOM¡HW�
RJ GH EHVWH WLOEDNHPHOGLQJHQH EnGH Sn DOJRULWPHQ RJ 093�HQ VLWW GHVLJQ� (Q FDVH
VWXG\ WDU GHULPRW P\H WLG� RJ NDQ E\ Sn XOLNH SUREOHPHU� IRU HNVHPSHO GHUVRP GHW
VNXOOH RSSVWn EXJV L NRGHQ� 0HWRGHQ IRU n JHQHUHUH GDWD DQJnHQGH EUXNHUJUHQVHVQLW�
WHW RJ GHVLJQHW JMHQQRP LQWHUYMX RJ REVHUYDVMRQ� KDU HQ IRUGHO YHG DW PDQ InU VDPOHW
LQQ GDWD UHODWLYW UDVNW� JMHQQRP IRU HNVHPSHO EUXNHUWHVWHU� 'HWWH HU GD GDWD PDQ NDQ
EUXNH IRU n IRUEHGUH GHVLJQHW� 8OHPSHQ YHG LQWHUYMX VRP EUXNHUWHVWHU� HU DW GLVVH RIWH
Pn JMHQWDV� GHUVRP GHW VNMHU HQ HQGULQJ L GHVLJQHW� IRU n IRUVLNUH DW GHVLJQHW LNNH
EOH GnUOLJHUH� (YDOXHULQJ DY ©GHVLJQª RJ ©FDVH VWXG\ª EOH EUXNW IRU n JHQHUHUH GDWD�
YHG DW WHVWSHUVRQHQ ILNN XWSU¡YG GHQ GHVLJQHGH 093�HQ RJ DOJRULWPHQ� 8OHPSHQ YHG
GHWWH HU DW GHW NDQ WD ODQJ WLG� GD WHVWLQJHQ VLQ YDULJKHW HU VY UW ODQJ� 0HWRGHQ EOH
LPLGOHUWLG YDOJW� GD GHW YDU HVVHQVLHOW n VDPOH LQQ GHQ Q¡GYHQGLJH GDWDHQ IRU DOJRULW�
PHQ� )RU n DQDO\VHUHU GHQ LQQVDPOHGH GDWDHQ Sn EUXNHUJUHQVHVQLWW EOH GHW WDWW L EUXN
NYDOLWDWLYH DQDO\VH� )RUGHOHQ PHG VOLNH WHVWHU HU DW PDQ� IRU HNVHPSHO� InU XQGHUV¡NW
RP GHVLJQHW HU LQWXLWLYW� 8OHPSHQ HU DW GLVVH WHVWHQH NDQ Y UH VXEMHNWLYH� RJ GHW HU
GHUIRU YLNWLJ n JMHQQRPI¡UH QRN WHVWHU IRU n In HW KHOKHWOLJ LQQEOLNN L UHVXOWDWHQH� 9HG
GHQ NYDQWLWDWLYH DQDO\VHQ InU JUXSSHQ VYDU Sn IRUVNQLQJVVS¡UVPnOHQH� 'HW HU YLNWLJ n

��



VNDIIH GLVVH VYDUHQH Sn HQ REMHNWLY RJ PHWRGLVN PnWH� 'HW YDU GHUIRU KHOW Q¡GYHQGLJ
PHG HQ NYDQWLWDWLY DQDO\VH JLWW IRUVNQLQJVVS¡UVPnOHQH�

��� 3URVHVV

, VWDUWHQ DY SURVMHNWHW EOH GHW VDWW RSS VHNV PLOHS OHU� 'LVVH YDU�

� %HWDYHUVMRQ�I¡UVWHXWNDVW

� /DJH SRVWHU

� ,PSOHPHQWHUH DOJRULWPHQ IRU LQVXOLQPHQJGH

� /DJH RJ WHVWH UHVXOWDWDQDO\VH

� *MHQQRPI¡UH UHVXOWDWDQDO\VH

� +RYHGUDSSRUW

'LVVH PLOHS OHQH UHSUHVHQWHUHU GHW JUXSSHQ DQVn VRP YLNWLJH KHQGHOVHU XQGHU SURV�
MHNWHW� 0LOHS OHQ ©/DJH RJ WHVWH UHVXOWDWDQDO\VHª EOH LPLGOHUWLG IMHUQHW DY JUXS�
SHQ� GD GH LNNH I¡OWH GHWWH YDU HQ QDWXUOLJ PLOHS O OHQJHU XW L SURVMHNWHW� *UXSSHQ
EUXNWH L VWRU JUDG *DQWW�GLDJUDPPHW IRU RYHUVLNW RYHU SURJUHVMRQHQ WLO SURVMHNWHW� RJ
PLOHS OHQH EOH EUXNW PHU VRP V\PEROVNH SXQNWHU� (W HNVHPSHO Sn GHWWH HU ©/DJH
SRVWHUª� VRP RSSWUnGGH UXQGW KDOYYHLV L SURVHVVHQ� RJ IXQJHUWH JRGW IRU n UHSUHV�
HQWHUH SURVMHNWHWV GDY UHQGH SURJUHVMRQ� RJ KYD VRP JMHQVWR DY DUEHLG�

����� ,QIRUPDVMRQVLQQKHQWQLQJ

9HG SURVMHNWHWV VWDUW EOH GHW EHVOXWWHW DW JUXSSHPHGOHPPHQH VNXOOH JMHQQRPI¡UH HW
NXUV L ;DPDULQ )RUPV� (WWHUVRP GHW HQH JUXSSHPHGOHPPHW DOOHUHGH KDGGH JMHQ�
QRPI¡UW GHWWH NXUVHW� JLNN GHWWH PHGOHPPHW NXQ JMHQQRP GH GHOHQH DY NXUVHW VRP
WUHQJWH RSSIULVNQLQJ� *UXQQHQ WLO DW JUXSSHQ YDOJWH n JMHQQRPI¡UH GHWWH NXUVHW YDU IRU
DW EHJJH PHGOHPPHQH VNXOOH In HQ OLN WHRUHWLVN RJ SUDNWLVN LQQVLNW L WHNQRORJLHQ VRP
VNXOOH WDV L EUXN� (W DQQHW DOWHUQDWLY WLO n WD NXUVHW YDU DW EHJJH PHGOHPPHQH OHVWH
VHJ RSS Sn GRNXPHQWDVMRQHQ WLO ;DPDULQ )RUPV� PHQ GHWWH EOH VHWW Sn VRP WXQJYLQGW
RJ PLQGUH HIIHNWLYW HQQ NXUVHW� , WLOOHJJ NXQQH GHWWH I¡UW WLO DW JUXSSHPHGOHPPHQH
KDGGH XOLN NXQQVNDS RJ IRUVWnHOVH IRU WHNQRORJLHQ� VRP NXQQH I¡UW WLO NRQIOLNWHU XQGHU
XWYLNOLQJHQ� *UXSSHQ NRQNOXGHUWH PHG DW VHOY RP NXUVHW WRN P\H WLG� YDU GHWWH WLG
VRP YLOOH EOL VSDUW LQQ YHG n LNNH PnWWH OHWH UXQGW L RJ OHVH GRNXPHQWDVMRQHQ IRU GH
Q¡GYHQGLJH HOHPHQWHQH IRU 093�HQ� 'HW EOH DQVHWW VRP GHW EHVWH DOWHUQDWLYHW n WD
NXUVHW� GD GHW HQH JUXSSHPHGOHPPHW DOOHUHGH YDU NODU RYHU KYD VODJV LQIRUPDVMRQ
GHW IRUPLGOHW� RJ HWWHU GLVNXVMRQ LQQDG L JUXSSHQ� EOH GHW EHVWHPW DW GHW YDU GHQQH
LQIRUPDVMRQHQ RJ NXQQVNDSHQ VRP WUHQJWHV IRU n XWYLNOH 093�HQ�

����� 7HVWJUXSSH

, VWDUWIDVHQ DY SURVMHNWHW EOH GHW HWDEOHUW DW GHW YDU EHKRY IRU HQ WHVWJUXSSH� PHQ DW
GHWWH NXQQH E\ Sn XWIRUGULQJHU UXQGW WLGVEUXN� 'HW EOH DYNODUW PHG YHLOHGHU DW GHW
YDU QRN PHG pQ WHVWSHUVRQ IRU HQ 093� 'HUHWWHU IUD GHQ SUHOLPLQ UH GDWDHQ NDQ PDQ

��



NRQNOXGHUH RP GHW HU YHUGW n YLGHUHXWYLNOH 093�HQ WLO HQ IXOOYHUGLJ DSSOLNDVMRQ� RJ
EUXNH HQ VW¡UUH WHVWJUXSSH IRU n VH RP IOHUH InU OLJQHQGH UHVXOWDWHU� 7HVWSHUVRQHQ
HU 2OD .ULVWRIIHU +RII� HQ GLDEHWLNHU� PHQ HOOHUV HQ IULVN YRNVHQ PDQQ Sn �� nU� VRP
HU HQ GHO DY JUXSSHQV PHGOHPPHU� )RUGHOHQ PHG n NXQ KD HQ WHVWSHUVRQ YDU DW
GHW YDU I UUH SHUVRQHU n IRUKROGH VHJ WLO� VDPW DW GHW E\GGH Sn I UUH XWIRUGULQJHU
UXQGW GLVWULEXVMRQHQ DY 093�HQ� (Q XOHPSH HU DW JUXSSHQ LNNH ILNN XQGHUV¡NW RP
DOJRULWPHQ YLOOH IXQJHUW IRU IOHUH GLDEHWLNHUH� RJ DW GHW YLOOH I¡UH WLO PLQGUH SUHOLPLQ UH
GDWD� /LNHYHO NRQNOXGHUWH JUXSSHQ PHG DW GHW YDU QRN PHG pQ WHVWSHUVRQ HWWHU UnG
IUD YHLOHGHU�

����� 'DWDLQQVDPOLQJ

*UXSSHQ UnGI¡UWH VHJ PHG ©6WDWLVWLNNKMHOSHQ IRU EDFKHORURSSJDYH L LQJHQL¡UIDJª IRU n
XQQJn IDOOJUXYHU UXQGW GDWDLQQVDPOLQJ� 'HWWH YDU IRU n VLNUH GDWDHQV LQWHJULWHW� 'LVVH
IDOOJUXYHQH EHVWR DY n IMHUQH HNVWUHPDOSXQNWHU IUD GDWDHQ L SURVHQWHU� VW¡UUHOVHQ Sn
GDWDPHQJGHQ� RJ OLJQHQGH� *UXSSHQ KDU HOOHUV IXQQHW XW DY RJ ODJHW DOW DY VWDWLVWLVNH
DQDO\VHU RJ PRGHOOHU VHOY�

$OJRULWPHQ WUHQJHU HQ Q¡GYHQGLJ PHQJGH GDWD IRU n NXQQH JM¡UH ULNWLJH HQGULQJHU IRU n
NDONXOHUH ULNWLJ LQVXOLQPHQJGH� 7LGOLJ L SURVHVVHQ EOH GHW LGHQWLILVHUW HW PXOLJ SUREOHP
UXQGW HYQHQ WLO n VDPOH LQQ QRN GDWD� 'HW EOH YXUGHUW n EUXNH DOOHUHGH HNVLVWHUHQGH
GDWDVHWW� PHQ GHW NRP IRUW IUHP DW GLVVH LNNH YDU VSHVLILNNH QRN� RJ DW JUXSSHQ PnWWH
VDPOH LQQ GHQ Q¡GYHQGLJH GDWDHQ VHOY� )RU n VDPOH LQQ GHQQH GDWDHQ� PnWWH JUXSSHQ
XWYLNOH HW UDPPHYHUN L IRUP DY HQ 093 WLO HQ DSSOLNDVMRQ� 'HUHWWHU WRN WHVWSHUVRQHQ
L EUXN 093�HQ Sn VLQ PRELOH HQKHW� 'DWDHQH IUD 093�HQ EOH ODJUHW L HQ GDWDEDVH VRP
GHUHWWHU EOH IRUPDWHUW RJ HNVSRUWHUW WLO &69 ILOHU IRU DQDO\VH�

6RP QHYQW WLGOLJHUH YDU JUXSSHQ VY UW DYKHQJLJ DY n DQVNDIIH GHQ Q¡GYHQGLJH PHQJ�
GHQ GDWD� *UXQQHW GHWWH YDOJWH JUXSSHQ n MREEH IOHUH HNVWUD WLPHU L VWDUWHQ DY SURV�
MHNWHW InU n In 093�HQ IRU GDWDLQQVDPOLQJHQ Sn SODVV Vn WLGOLJ VRP PXOLJ� 'HWWH YDU
IRU n IRUVLNUH DW GHW EOH DQVNDIIHW QRN GDWD� L WLOOHJJ WLO DW JUXSSHQ KDGGH QRH VOLQ�
JULQJVPRQQ GHUVRP GHW VNXOOH RSSVWn XYHQWHGH KHQGHOVHU VRP IRU HNVHPSHO V\NGRP�
(WWHUVRP GHW VNMHGGH HQGULQJHU L SULRULWHULQJVOLVWHQ RYHU IXQNVMRQDOLWHW RJ ©HYHQWVª
LNNH OHQJHU YDU SODQODJW n EOL LPSOHPHQWHUW� VH YHGOHJJ ' �SURVHVVGRNXPHQWDVMRQ��
KDU LNNH 093�HQ WDWW KHQV\Q WLO KHQGHOVHU VRP V\NGRP� 6RP QHYQW L GHOVHNVMRQ ��� YLO
V\NGRP KD VWRU LQQYLUNQLQJ Sn LQVXOLQVHQVLWLYLWHW� *UXQQHW GHWWH Vn JUXSSHQ Sn GDWD
GD WHVWSHUVRQHQ YDU V\N� VRP NRUUXSW� GD GLVVH GDWDSXQNWHQH YLOOH Y UW HNVWUHPDO�
YHUGLHU RJ SnYLUNHW DOJRULWPHQ Sn HQ QHJDWLY PnWH Vn OHQJH VOLNH KHQGHOVHU LNNH HU
WDWW KHQV\Q WLO�

6RP QHYQW L GHOVHNVMRQ ����� KDU KXUWLJYLUNHQGHLQVXOLQ� EDVHUW Sn W\SH� XOLN YLU�
NHWLG� 9LUNHWLGHQ JUXSSHQ KDU WDWW XWJDQJVSXQNW L KHQKROG WLO IXQNVMRQDOLWHWHQ ©SnPLQ�
QHOVHUª� HU WUH WLPHU� *UXQQHQ WLO DW WUH WLPHU EOH YDOJW HU EDVHUW Sn DUWLNOHU RP LQ�
VXOLQHWVYLUNHWLG� RP GHW VSHVLILNNH LQVXOLQHW WHVWSHUVRQHQ EUXNHU� 1RYR5DSLG� RJ GHWV
YLUNHWLG� VDPW HUIDULQJHU WHVWSHUVRQHQ KDU KDWW PHG YLUNHWLGHQ DY KXUWLJYLUNHQGH LQ�
VXOLQ WLGOLJHUH� , 093�HQ YLO GHW RSSUHWWHV HQ SnPLQQHOVH HWWHU DW WHVWSHUVRQHQ KDU
UHJLVWUHUW VDWW LQVXOLQ� 'HQQH SnPLQQHOVHQ EOLU VDWW WLO WUH WLPHU HWWHU UHJLVWUHULQJHQ�
JUXQQHW LQVXOLQHWVYLUNHWLG� 3nPLQQHOVHQ EHU WHVWSHUVRQHQ RP n VNULYH LQQ KYLONHQ YHUGL
EORGVXNNHUHW KDGGH WUH WLPHU HWWHU VLVWH ORJJI¡UWH PnOWLG� 'HQQH YHUGLHQ EOLU ODJUHW
VRP GHW IDVWHQGH EORGVXNNHUHW HWWHU PnOWLGHW RJ YLVHU KYRU ODQJW XQQD GHQ ¡QVNHGH
YHUGLHQ PDQ RSSQnGGH n UHJXOHUH EORGVXNNHUHW� 'HW HU GHQQH GLIIHUDQVHQ DOJRULWPHQ

��



EDVHUHU VHJ Sn RJ JM¡U HQGULQJHU XW LIUD�

(W SUREOHP VRP EOH LGHQWLILVHUW WLGOLJ L SURVHVVHQ YDU RYHUODSSHQGH PnOWLGHU� 6RP
QHYQW L GHOVHNVMRQ ����� HU LQVXOLQ VLQ PDNVLPDOH HIIHNW L pQ WLO WUH WLPHU HWWHU DW GRVHQ
KDU EOLWW VDWW� RJ PnOWLGHU VRP EOLU NRQVXPHUW LQQHQIRU GHWWH WLGVLQWHUYDOOHW EOLU VHWW Sn
VRP RYHUODSSHQGH PnOWLGHU� 'HW HU DOWVn VY UW DNWLYW LQVXOLQ L NURSSHQ QnU PDQ Pn
VHWWH PHU LQVXOLQ IRU n NRUULJHUH IRU PDWHQ VRP VNDO EOL NRQVXPHUW WLO GHW RYHUODSSHQGH
PnOWLGHW� (Q DQWDJHOVH JUXSSHQ WDU HU DW DOJRULWPHQ EHUHJQHU HQ NRUUHNW PHQJGH
LQVXOLQ� EnGH WLO PDWHQ RJ NRUULJHULQJ YHG GHW I¡UVWH PnOWLGHW� 0DQ DQWDU DOWVn DW
WHVWSHUVRQHQ YLOOH KD HQGW RSS Sn ¡QVNHW YHUGL HWWHU WUH WLPHU� 'HUVRP WHVWSHUVRQHQ
KDU HW RYHUODSSHQGH PnOWLG� YLO PDQ WD XWJDQJVSXQNW L DW PDQ RSSQnGGH ¡QVNHW YHUGL
YHG I¡UVWH PnOWLG� RJ WD XWJDQJV SXQNW L GHQ ¡QVNHGH YHUGLHQH L XWUHJQLQJHQ DY LQVXOLQ
HVWLPDWHW IRU GHW DQGUH PnOWLGHW�

(Q VYDNKHW YHG GHQQH PHWRGHQ HU DW RP I¡UVWH PnOWLG KDGGH HQ VWRU IHLO Vn YLO GHQQH
IHLOHQ RJVn IDOOH Sn GHW DQGUH PnOWLGHW� VRP NDQVNMH LNNH KDGGH HQ IHLO� 'HWWH DQVn
JUXSSHQ VRP HQ OLWHQ IDOOJUXYH GD NRPELQDVMRQHQ DY GH WR �HOOHU IOHUH� PnOWLGHQ
VMHOGHQW YLO Y UH KHOW OLNH� KYHUW IDOO LNNH RIWH QRN WLO DW GHW InU HQ VWRU HIIHNW Sn
GHW DQGUH PnOWLGHW� *UXSSHQ YXUGHUWH DOWHUQDWLYHU WLO n O¡VH GHWWH SUREOHPHW� PHQ
JUXSSHQ NRP IUHP WLO DW GHWWH YLOOH Y UH GHQ EHVWH O¡VQLQJHQ� PHG EDNJUXQQ L KYRU
EHJUHQVHW PHQJGHQ GDWD YDU� RJ GHWWH HU PHWRGHQ WHVWSHUVRQHQ KDU EUXNW PDQXHOW
WLGOLJHUH�

����� 'DWDEHKDQGOLQJ

'HW YDU Q¡GYHQGLJ n EHKDQGOH GDWDHQ VOLN DW GHQ NXQQH SUHVHQWHUHV L JUDIHU VRP
VHQHUH NXQQH WRONHV IRU UHVXOWDWDQDO\VHQ� 6RP QHYQW L GHOVHNVMRQ ������ EOLU WHVW�
SHUVRQHQ VLQH GDWD HNVSRUWHUW WLO &69 ILOHU� 'HW YDU YLNWLJ WLGOLJ L SURVHVVHQ n VLNUH DW
GDWDHQH VRP EOH ODJUHW NXQQH DQGYHQGHV L HQ DQDO\VH IRU n NYDQWLWDWLYW NXQQH YXUGHUH
DOJRULWPHQ RJ 093�HQV LQQYLUNQLQJ Sn EORGVXNNHUUHJXOHULQJHQ WLO WHVWSHUVRQHQ� 7HVW�
SHUVRQHQ EUXNHU HQ VHQVRU ��� VRP ORJI¡UHU EORGVXNNHUUHJXOHULQJHQ Sn HQ JRG RJ
RYHUVLNWOLJ PnWH� RJ WHVWSHUVRQHQ KDGGH PDQJH PnQHGHU PHG GDWD I¡U WHVW SHULRGHQ
VRP JUXSSHQ NXQQH EUXNH VRP UHIHUDQVH WLO YHUGLHQH ORJJI¡UW XQGHU WHVWSHULRGHQ�
'HWWH JD HW JRGW LQQEOLNN L EORGVXNNHUUHJXOHULQJHQ KHOW XSnYLUNHW DY DOJRULWPHQ RJ
093�HQ� 9LGHUH Vn EOH GDWDHQH IUD VHOYH 093�HQ RJVn EUXNW IRU n VH RP GHW YDU
VWDWLVWLVN JUXQQODJ IRU n VL RP DOJRULWPHQ KDGGH KDWW SnYLUNQLQJ Sn Q¡\DNWLJKHWHQ WLO
LQVXOLQHVWLPDWHW SHU PDWYDUH RJ GDJVSURILO� 'HWWH NXQQH XQGHUV¡NHV IRU DOOH HQGULQJHU
JMRUW DY DOJRULWPHQ�

����� 6LNNHUKHWVPHNDQLVPHU

(WWHUVRP GLDEHWHV NDQ KD DOYRUOLJH NRQVHNYHQVHU� VOLN VRP EHVNUHYHW L GHOVHNVMRQ ����
YDU GHW YLNWLJ IRU JUXSSHQ n OHJJH LQQ VLNNHUKHWVPHNDQLVPHU VOLN DW DOJRULWPHQ LNNH
KDGGH PXOLJKHW WLO n IRUHVOn IRU VWRUH HQGULQJHU DY JDQJHQ� 'HWWH JUXQQHW DW IRU VWRUH
HQGULQJHU NXQQH I¡UW WLO DOYRUOLJH IHLOGRVHULQJHU� 1nU DOJRULWPHQ XWI¡UHU DQDO\VHQ DY
GDWDHQH YLO GHQ IRUHVOn HQ HQGULQJ L GRVHULQJ IRU n RSSQn ¡QVNHW YHUGL� PHQ GHW HU ODJW
LQQ HQ VWUHQJ JUHQVH� 'HQQH JUHQVHQ NDOOHV ©QHGUH JUHQVH IRU SUHGLNVMRQVLQWHUYDOOª�
VRP VLNUHU DW EORGVXNNHUHW LNNH KDYQHU XQGHU HWW PPRO�/ L JOXNRVHYHUGL XQGHU ¡QVNHW
RSSQnGG YHUGL� PHG HQ ��� VLNNHUKHW� 'HWWH JM¡UHV YHG HW ��� SUHGLNVMRQVLQWHUYDOO
KYRU GHQ QHGUH OLQMHQ LNNH NDQ KDYQH XQGHU GHQ VWUHQJH JUHQVHQ Sn PLQXV HQ� (Q

��



XOHPSH PHG GHWWH HU DW DOJRULWPHQ NDQ EOL EHJUHQVHW� 6RP NDQ I¡UH WLO DW EORGVXNNHUHW
EOLU UHJXOHUH WLO HQ K¡\HUH YHUGL HQQ ¡QVNHW IRU n KROGH VHJ RYHU GHQQH OLQMHQ� PHQ
JUXSSHQ Vn Sn GHW VRP YHGOLJ YLNWLJ n KD HQ NRQVHUYDWLY RJ VWUHQJ JUHQVH JUXQQHW
DOWHUQDWLYHW KYRU GRVHULQJHQH EOH IRU VWRUH IRU RIWH� VH GHOVHNVMRQ ����

'HW HNVLVWHUHU RJVn HQ DQQHQ VLNNHUKHWVPHNDQLVPH VRP EHJUHQVHU HQGULQJHQ DOJRU�
LWPHQ NDQ JM¡UH� ©DEVROXWW VW¡UVWH MXVWHULQJVIDNWRUª� 'HQQH VLNNHUKHWVPHNDQLVPHQ
KDU K¡\HVW SULRULWHW� RJ YLO RYHUNM¡UH ©QHGUH JUHQVH IRU SUHGLNVMRQVLQWHUYDOOª� 'HWWH
JUXQQHW DW HW GnUOLJ GDWDVHWW NDQ JL HW VWRUW SUHGLNVMRQVLQWHUYDOO VRP NDQ ¡QVNH n
MXVWHUH GDWDHQH GUDVWLVN� 'HQQH VLNNHUKHWVPHNDQLVPHQ YLO EHJUHQVH KYRU VWRU GHQQH
HQGULQJHQ EOLU� PHG HQ PDNVLPDO HQGULQJ Sn pQ HQKHW L GHQ JLWWH DQDO\VHQ� 'LVVH
VLNNHUKHWVPHNDQLVPHQH VLNUHU DW DOJRULWPHQ YLO MXVWHUH YHUGLHU JUDGHYLV� PHQ RJVn
DW EUXNHU LNNH VNDO Y UH L IDUH IRU DW DOJRULWPHQ IRUHVOnU IDUOLJH GRVHU� 'HQQH EH�
JUHQVQLQJHQ KDU HQ VWRU XOHPSH L DW GHW YLO WD IOHUH LWHUDVMRQHU HQQ GHW VRP NDQVNMH
YDU Q¡GYHQGLJ IRU n MXVWHUH YHUGLHQ WLO GHW ¡QVNHGH QLYnHW� GHW YLO RJVn L WLOIHOOHU KYRU
GHQ WHRUHWLVNH YHUGLHQ HU ODQJW XQQD GHQ ¡QVNHGH YHUGLHQ WD OHQJHU WLG I¡U GHQ InU
NRUULJHUW VHJ� VRP NDQ PHGI¡UH DW GHQ PDYDUHQ HOOHU GDJVSURILOHQ NDQ VNDSH GnUOLJH
YHUGLHU IRU EUXNHUHQ�

����� 7HVWLQJ

)RU n VLNUH DW NRGHQ IXQJHUHU VRP GHQ VNDO YDOJWH JUXSSHQ n KD WHVWGHNNLQJ DY EDFNHQG
NRGH� 'HW EOH YXUGHUW n VNULYH WHVWHU IRU IURQWHQG NRGH� PHQ IRU n JMHQQRPI¡UH GHWWH
PnWWH JUXSSHQ VNUHYHW RP DOO IURQWHQG NRGHQ� RJ HQGUHW DUNLWHNWXUHQ WLO 0990� 'HWWH
HU HQ VY UW WXQJYLQG RJ WLGVNUHYHQGH SURVHVV� HUIDUW DY JUXSSHQ L O¡SHW DY NXUVHW�
*UXSSHQ NRQNOXGHUWH PHG DW HWWHUVRP IURQWHQG IRU GHW PHVWH NXQ YDU GHVLJQHW DY
093�HQ� RJ LNNH QRH NULWLVN ORJLNN� YLOOH GHW Y UW GnUOLJ EUXN DY UHVVXUVHU RJ WLG n
HQGUH NRGHQ WLO GHQQH DUNLWHNWXUHQ� 'HW EOH RJVn DQVHWW VRP YLNWLJVW n WHVWH EXVLQHVV�
ORJLNNHQ RJ DOO NRGH YHGU¡UHQGH DOJRULWPHQ� 'HWWH IRU n VLNUH DW DOJRULWPHQ IXQJHUHU
VRP GHQ VNDO� *UXSSHQ EOH GHUIRU HQLJ PHG YHLOHGHU DW GHW YDU NXQ Q¡GYHQGLJ n
VNULYH WHVWHU WLO EXVLQHVV ORJLNNHQ RJ DOJRULWPHQ� 'HQ WRWDOH WHVWGHNNQLQJVSURVHQWHQ
YDU �������

*UXSSHQ NRQNOXGHUWH RJVn DW GHW LNNH YDU EHKRY IRU NRQWLQXHUOLJ LQWHJUDVMRQ� &,�
'HWWH YDU IRUGL JUXSSHQ WRN L EUXN SDUSURJUDPPHULQJ VRP VLNUHW NRQWLQXHUOLJ FRGH�
UHYLHZ� , WLOOHJJ VNUHY JUXSSHQ WHVWHQH HWWHU DW 093�HQ YDU IHUGLJXWYLNOHW� 'HWWH
I¡UWH WLO DW WHVWHQH EOH NM¡UW HWWHUKYHUW VRP GH EOH VNUHYHW� *UXSSHQ YXUGHUWH n KD &,
YHG EHJ\QQHOVHQ DY SURVMHNWHW� PHQ JUXQQHW GHQ NRQWLQXHUOLJH SDUSURJUDPPHULQJHQ
NRQNOXGHUWH PHGOHPPHQH PHG DW GHW YDU XQ¡GYHQGLJ�

����� 3UHVLVMRQ

3UHVLVMRQHQ WLO DOJRULWPHQ EOLU EDVHUW Sn +E$�F�YHUGL RYHU GH ILUH VLVWH XNHQH IUD WHVW�
SHULRGHQV VOXWW� , I¡OJH 1RNOXV RJ 1+,� HU �� PPRO�PRO� HOOHU � SURVHQW� GHW ¡QVNHGH
EHKDQGOLQJVPnOHW� RJ DY GHQ JUXQQ KDU RJVn JUXSSHQ YDOJW n PDUNHUH GHWWH VRP ¡Q�
VNHW SUHVLVMRQ� +E$�F�YHUGLHQ HU DOWVn DOJRULWPHQV SUHVLVMRQ� 6RP QHYQW L GHOVHNVMRQ
���� NDQ GHWWH PnOHW Y UH VY UW YDQVNHOLJ n Qn IRU GLDEHWLNHUH PHG GLDEHWHV W\SH ��

��



����� 7LGVEUXN

(W YLNWLJ PnO IRU SURVMHNWHW HU n UHGXVHUH WLGHQ HQ GLDEHWLNHU EUXNHU Sn n UHJXOHUH EORG�
VXNNHUHW� 'D JUXSSHQ XWDUEHLGHW RSSJDYHWHNVWHQ� EOH GHW VSHVLILVHUW DW PDQ VNXOOH
RSSUHWWH PDWYDUHU RJ ODJUH LQIRUPDVMRQ RP GLVVH L HQ GDWDEDVH� %UXNHUHQ VNDO In
RSS HQ OLVWH PHG GLVVH PDWYDUHQH� RJ WU\NNH Sn GH GHQ ¡QVNHU n VSLVH YHG HW PnOWLG�
(WWHUVRP GHW HU GHQ PDQXHOOH NDONXODVMRQHQ Sn IRU HNVHPSHO NDONXODWRU� VRP WDU P\H
WLG� YLOOH JUXSSHQ IMHUQH GHWWH HOHPHQWHW IRU WHVWSHUVRQHQ� 'HWWH JM¡UHV QHWWRSS YHG
n ODJUH PDWYDUHU� RJ GHQ Q¡GYHQGLJH LQIRUPDVMRQHQ IRU n EHUHJQH LQVXOLQPHQJGHU�
0DWYDUHQH VNDO YLGHUH EOL SUHVHQWHUW Sn HQ RYHUVLNWOLJ PnWH� RJ PDQ VNDO NXQQH V¡NH
EODQG GHP� 'HWWH HU HW EHYLVW YDOJ IRU n UHGXVHUH WLGHQ WHVWSHUVRQHQ EUXNHU� EnGH
L 093�HQ RJ Sn n KnQGWHUH EORGVXNNHUHUW JHQHUHOW� 6RP QHYQW� HU GHW VRP UHJHO
NDONXOHULQJHQ DY LQVXOLQPHQJGHQ VRP WDU OHQJVW WLG� 9HG DW WHVWSHUVRQHQ L WLOOHJJ
HQNHOW NDQ YHOJH DQWDOO DY PDWYDUHU IUD HQ OLVWH� GHW HU LNNH OHQJHU EHKRY IRU DW WHVW�
SHUVRQHQ VNDO WUHQJH n JM¡UH GHWWH PDQXHOW� QRH VRP VSDUHU P\H WLG�

7HVWSHUVRQHQ KDU WDWW L EUXN WR DSSOLNDVMRQHU YHG WLGLOLJHUH EHUHJQLQJ DY EORGVXNNHU�
©.DONXODWRUª RJ ©/LEUH/LQNª DSSOLNDVMRQHQH� /LEUH/LQN EOLU EUXNW YHG n PnOH EORGVXN�
NHUYHUGLHQH WLO WHVWSHUVRQHQ L O¡SHW DY HQ GDJ� , WLOOHJJ ORJJI¡UHU WHVWSHUVRQHQ KYRU
P\H LQVXOLQ VRP EOLU VDWW WLO XOLNH PnOWLGHU RJ WLO NRUULJHULQJ� *UXSSHQ Vn LNNH HQ PnWH
GH NXQQH UHGXVHUH WLGHQ L GHQQH DSSOLNDVMRQHQ� *UXQQHW GHWWH IRNXVHUWH JUXSSHQ Sn
n UHGXVHUH WLGHQ L .DONXODWRU DSSOLNDVMRQHQ� 9HG n RYHUI¡UH DOOH EHUHJQLQJHQH WLO 093�
HQ� JM¡UH GLVVH OHWWHUH YHG DW WHVWSHUVRQHQ SOXNNHU IUD RJ YHOJHU DQWDOO IUD HQ OLVWH�
DQWDU JUXSSHQ DW WHVWSHUVRQHQ YLOOH VSDUH WLG YHG UHJXOHULQJHQ DY EORGVXNNHUHW�

��� 8WI¡UHOVH

'HW RSSVWR XOLNH XWIRUGULQJHU XQGHUYHLV L SURVHVVHQ� )RU QRHQ DY GLVVH XWIRUGULQJHQH
YDU GHW GLYHUVH WLOWDN VRP NXQQH O¡VH SUREOHPHW� PHQV DQGUH XWIRUGULQJHU NXQ NXQQH
IRUHE\JJHV�

����� (NVSHULPHQW SURVHVV

(WWHUVRP JUXSSHQ YDU DYKHQJLJ DY n VDPOH LQQ QRN GDWD� EOH GHW ODJW YHNW Sn n IXOO�
I¡UH ORJJLQJ RJ UHJLVWUHULQJ DY LQVXOLQ WLGOLJ L SURVHVVHQ� VDPW DW DOJRULWPHQ PnWWH
IHUGLJVWLOOHV� *UXSSHQ YDU NODU RYHU DW GLYHUVH XWIRUGULQJHU NXQQH RSSVWn� VRP YLOOH
XWVDWW GDWDLQQVDPOLQJHQ� HOOHU PLQVNH GHQ WRWDOH PHQJGHQ GDWD VRP YDU PXOLJ n VDPOH
LQQ� *UXQQHW DW IOHUH DY XWIRUGULQJHQH LNNH KDU QRHQ WLOWDN QnU GH I¡UVW KDU LQQWUXIIHW�
IRU HNVHPSHO V\NGRP� DUEHLGHW JUXSSHQ IRU n IHUGLJXWYLNOH 093�HQ IRU GDWDLQQVDPOLQJ
Vn WLGOLJ VRP PXOLJ� 'HWWH YDU IRU n IRUHE\JJH HYHQWXHOOH WDS L PHQJGHQ GDWD�

������� 7HVWSHULRGH

8QGHUYHLV L HNVSHULPHQWHW EOH WHVWSHUVRQHQ V\N� QRH VRP I¡UWH WLO NRUUXSW GDWD� 'HQQH
GDWDHQ EOH DQVHWW VRP NRUUXSW GD LQVXOLQVHQVLWLYLWHWHQ XQGHU V\NGRP YDULHUHU VWHUNW
IUD IULVNH GDJHU� VRP QHYQW L GHOVHVMRQ ���� (WWHUVRP UDPPHYHUNHW DOOHUHGH YDU NRP�
SOLVHUW RJ VWRUW QRN n XWYLNOH� YDOJWH JUXSSHQ WLGOLJ n LNNH LPSOHPHQWHUH ©HYHQWVª VRP
EOLU QHYQW L YLVMRQVGRNXPHQWHW� VH YHGOHJJ '� 'HUVRP GHW KDGGH Y UW WLG WLO n LP�

��



SOHPHQWHUH GHQQH IXQNVMRQDOLWHWHQ NXQQH GDWDHQ IUD SHULRGHQ WHVWSHUVRQHQ YDU V\N
EOLWW EUXNW L HQ DQQHQ VDPPHQKHQJ� 'HQQH VDPPHQKHQJHQ HU GD KYRU P\H LQVXOLQ
DOJRULWPHQ VNDO EHUHJQH PHQV HQ SHUVRQ HU V\N� (WWHUVRP V\NGRP YDULHUHU IUD SHUVRQ
WLO SHUVRQ� EnGH DOYRUOLJKHW RJ OHQJGH� NRQNOXGHUWH JUXSSHQ PHG DW GHW LNNH YLOOH Y UH
PXOLJ n VDPOH LQQ QRN GDWD IRU DW DOJRULWPHQ VNXOOH NODUH n EHUHJQH ULNWLJH PHQJGHU
LQVXOLQ IRU V\NGRP� 'HWWH HU RJVn HQ DY JUXQQHQH WLO DW JUXSSHQ YDOJWH n LNNH LPSOH�
PHQWHUH ©HYHQWVª� GD PDQ LNNH YLOOH KDWW PXOLJKHW WLO n WHVWH GHQQH IXQNVMRQDOLWHWHQ
RUGHQWOLJ� 0DQ NXQQH RSSDUEHLGHW QRN GDWD Sn ©WUHQLQJVHYHQWª� PHQ WHVWSHUVRQHQ
WUHQWH LNNH MHYQOLJ XQGHU HOOHU I¡U WHVWSHULRGHQ VWDUWHW� RJ GHW HU RJVn XVLNNHUW RP
PDQ NXQQH VDPOHW QRN GDWD Sn GHWWH� 7LOVDPPHQ EOH WL GDJHU PHG GDWD WDSW XQGHU
SHULRGHQ WHVWSHUVRQHQ YDU V\N�

6HQHUH XQGHU HNVSHULPHQWHW EOH IHP GDJHU PHG GDWD RJVn WDSW� 'HWWH JUXQQHW XQRU�
PDO NRQWLQXHUOLJ I\VLVN DNWLYLWHW� RPWUHQW WL WLO WROY WLPHU SHU GDJ� 6RP QHYQW L GHOVHN�
VMRQ ���� SnYLUNHU I\VLVN DNWLYLWHW RJVn LQVXOLQVHQVLWLYLWHWHQ� (WWHUVRP ©HYHQWVª LNNH
EOH LPSOHPHQWHUW� NXQQH LNNH DOJRULWPHQ WD K¡\GH IRU GHQQH W\SH VHQVLWLYLWHW RJ LQ�
VXOLQPHQJGH� 'LVVH GDWDSXQNWHQH� VRP YHG V\NGRP� YLOOH Y UW HNVWUHPDOSXQNWHU� RJ
QHJDWLYW SnYLUNHW DOJRULWPHQV HYQH WLO n SUHGLNHUH ULNWLJ PHQJGH LQVXOLQ� XWHQ VSHVLDO�
KnQGWHULQJ�

'HW YDU VY UW YLNWLJ DW WHVWSHUVRQHQ NXQQH HQGUH GHQ HVWLPHUWH LQVXOLQPHQJGHQ WLO KYD
YHGNRPPHQGH IDNWLVN ¡QVNHW n VHWWH DY LQVXOLQ� (Q JUXQQ WLO GHWWH HU DW VSU¡\WHQH
WLO WHVWSHUVRQHQ KDU HQ SUHVLVMRQ Sn ��� HQKHWHU� PHQV HVWLPDWHW IUD DOJRULWPHQ HU
Sn ���� 'HW YLO GHUIRU L QHVWHQ DOOH WLOIHOOHU Y UH HQ OLWHQ DYUXQGLQJ VRP EOLU RSS WLO
WHVWSHUVRQHQ n WD VWLOOLQJ WLO� *UXQQHQ WLO DW JUXSSHQ YDOJWH n KD HQ Q¡\DNWLJKHW Sn
��� L 093�HQ� HU IRU DW WHVWSHUVRQHQ VNDO KD PHU NRQWUROO RYHU DYUXQGLQJ� L WLOOHJJ WLO
DW GHW ILQQHV IRU HNVHPSHO LQVXOLQSXPSHU PHG ��� L SUHVLVMRQ�

(Q DQQHQ JUXQQ WLO DW GHW HU YLNWLJ DW WHVWSHUVRQHQ NDQ HQGUH GHQ HVWLPHUWH LQVXOLQ�
PHQJGHQ� HU DW PDQ Pn DQWD DW DOJRULWPHQ RJ HVWLPDWHW LNNH HU IXOOVWHQGLJ NRUUHNW
IUD VWDUWHQ DY� RJ WUHQJV n WLOSDVVHV� 'HW YLO GHUIRU� VSHVLHOW L VWDUWHQ DY WHVWSHULRGHQ�
LNNH Y UH DNWXHOW IRU WHVWSHUVRQHQ n EDUH VHWWH GHQ IRUHVOnWWH PHQJGHQ XWHQ n YHULILV�
HUH GHQ� GD GHWWH YLO NXQQH I¡UH WLO HW GnUOLJHUH UHJXOHUW EORGVXNNHU� VRP LJMHQ LNNH HU
EUD� VH GHOVHNVMRQ ���� 'HUIRU Vn JUXSSHQ GHW VRP Q¡GYHQGLJ n OD EUXNHU HQGUH GHQ
IRUHVOnWWH PHQJGHQ� RJ ORJJI¡UH PHQJGHQ EUXNHUHQ VHOY PHQWH GH WUHQJWH� 093�HQ
NDQ GD L HWWHUNDQW ILQQH GHQ WHRUHWLVNH IRUVNMHOOHQ GHQQH HQGULQJHQ JMRUGH� RJ OHJJH
GHWWH WLOEDNH L IHLOHQ WLO HVWLPDWHW� 3n GHQQH PnWHQ NDQ EUXNHU KHOW IULWW VHOY YHOJH GRVH
XWHQ DW GHW SnYLUNHU O ULQJHQ WLO DOJRULWPHQ� 'HWWH VLNUHW RJVn DW WHVWSHUVRQHQ VLQ WLG�
OLJHUH HUIDULQJ RJ LQWXLVMRQ LNNH EOLU HW KLQGHU IRU DOJRULWPHQ VLQ O ULQJ� (W HNVHPSHO
Sn GHWWH HU GHUVRP WHVWSHUVRQHQ HU YDQW WLO n VHWWH IHP HQKHWHU WLO WR EU¡GVNLYHU� RJ
093�HQ IRUHVOnU ILUH� , GLVVH WLOIHOOHQH YLO WHVWSHUVRQHQ HQGUH GRVHULQJHQ PHG HQ HQ�
KHW �IUD ILUH WLO IHP�� 2P GHW IDVWHQGH EORGVXNNHUHW HWWHU PnOWLGHW EOH GHW ¡QVNHGHW
EORGVXNNHUHW� YLO DOJRULWPHQ ©VHª DW GHQ HVWLPHUWH IRU OLWH LQVXOLQ� 'HWWH GD GHW YLO
EOL MXVWHUW LQQ HQ WHRUHWLVN YHUGL L JOXNRVH �PPRO�/� EDVHUW Sn ©JOXNRVH�WLO�LQVXOLQª�
IRUKROGHW� VH ����UHJHOHQ L GHOVHNVMRQ ���� WLO WHVWSHUVRQHQ IRU GHQ HNVWUD HQKHWHQ
PHG LQVXOLQ WHVWSHUVRQHQ OD LQQ� 'HUPHG YLO DOJRULWPHQ DQVH GHWWH VRP HQ K¡\HUH
YHUGL HQQ GHW VRP IDNWLVN EOH RSSQnGG� 'HQQH HWWHU MXVWHULQJHQ HU YLNWLJ GD GHWWH
VLNUHU DW DOJRULWPHQ O UHU DY DOO GDWDHQ RJ WHVWSHUVRQHQ VWnU IULWW WLO n HQGUH GRVHQ�

$QQHW HQQ GH WLGOLJHUH QHYQWH XWIRUGULQJHQH� YDU WHVWSHUVRQHQ JRG WLO n ORJJI¡UH GH
Q¡GYHQGLJH GDWDHQH� VRP EORGVXNNHUYHUGL I¡U RJ HWWHU HW PnOWLG� PHQJGH LQVXOLQ VDWW
WLO PnOWLGHU RJ Vn YLGHUH� 'HWWH JMRUGH DW GHW NXQ YDU HQNHOWWLOIHOOHU� VRP IRU HNVHPSHO

��



V\NGRP� VRP I¡UWH WLO DW GDWD JLNN WDSW�

������� 'DWDLQQVDPOLQJ

7LO WURVV IRU WLOWDNHQH IRU n LQQKHQWH QRN GDWD� EOH GHW IRUWVDWW HW WLGVSUHVV Sn GDWDLQQVDP�
OLQJHQ� 'HWWH VN\OGHV DW JUXSSHQ ¡QVNHW n VDPOH LQQ Vn P\H GDWD VRP PXOLJ� RJ
JMHUQH PHU HQQ GHW VRP YDU SODQODJW L *DQWW�GLDJUDPPHW� , WLOOHJJ YDU GHW GLYHUVH
EXJV PnWWH IMHUQHV IUD NRGHQ I¡U GDWDLQQVDPOLQJHQ PHG DOJRULWPHQ NXQQH EHJ\QQH�
VOLN DW GHW LNNH EOH VDPOHW LQQ XNRUUHNW GDWD� *UXSSHQ LQQVn RJVn DW GHW YLOOH Y UH
PDQJH PDWYDUHU GHW LNNH YLOOH Y UH PXOLJ n VDPOH LQQ QRN GDWD Sn� JUXQQHW DW IUHN�
YHQVHQ Sn GHQQH PDWYDUHQ YDU IRU ODY� 7LO WURVV IRU GHWWH� YLVVWH JUXSSHQ DW GHW YLOOH
Y UH PXOLJ n VDPOH LQQ QRN GDWD Sn GDJVSURILOHQH RJ HQNHOWH PDWYDUHU VRP ©EU¡Gª�

������� 3DUDPHWHUH WLO DOJRULWPHQ

*UXSSHQ ILNN HQ LGp L VWDUWHQ DY SHULRGHQ RP n EUXNH VLPXODVMRQ IRU n XQGHUV¡NH
KYLONH SDUDPHWHUH WLO DOJRULWPHQ VRP JD HW EHVW PXOLJ UHVXOWDW� *UXQQHW DW GHWWH LNNH
EOH SODQODJW L *DQWW�GLDJUDPPHW� GD LGpHQ NRP HWWHU SODQOHJJLQJVSHULRGHQ� RJ IRU OLWH
WLG RJ UHVVXUVHU� PnWWH JUXSSHQ VO¡\IH GHQQH LGpHQ� (WWHUVRP GHW YDU IRU OLWH WLG WLO
n JMHQQRPI¡UH RJ ODJH VLPXODVMRQHU� YDOJWH JUXSSHQ XW SDUDPHWHUHQH EDVHUW Sn WHRUL
RJ HUIDULQJHU�

(Q DY SDUDPHWHUHQH WLO DOJRULWPHQ HU ©PLQVWH DQWDOO WLOIHOOHUª� 'HQQH SDUDPHWHUHQ EH�
VNULYHU KYRU PDQJH GDWDSXQNWHU VRP Pn VDPOHV LQQ I¡U DOJRULWPHQ JM¡U HQ HQGULQJ�
'HQQH SDUDPHWHUHQ KDU EOLWW VDWW WLO WL� RJ GHW ILQQHV IOHUH JUXQQHU WLO GHWWH� )RU GHW
I¡UVWH XQGHUV¡NWH JUXSSHQ KYRU PDQJH GDWDSXQNWHU VRP HU LGHHOW L ,76 RJ VHJPHQWHUW
OLQH U UHJUHVMRQVDQDO\VH� )UD IRUVNQLQJVDUWLNNHOHQ ©6HJPHQWHG UHJUHVVLRQ DQDO\VLV
RI LQWHUUXSWHG WLPH VHULHV VWXGLHV LQ PHGLFDWLRQ XVH UHVHDUFKª� VWnU GHW DW GHW HU Q¡G�
YHQGLJ PHG HW WLOVWUHNNHOLJ DQWDOO SXQNWHU I¡U RJ HWWHU HQ DYEU\WHOVH DY WLGVUHNNHQ
IRU n JMHQQRPI¡UH HQ VHJPHQWHUW UHJUHVMRQVDQDO\VH� , WLOOHJJ VWnU GHW DW HQ JHQHUHOO
DQEHIDOLQJ HU WROY GDWDSXQNWHU I¡U RJ WROY GDWDSXQNWHU HWWHU HQ VOLN DYEU\WHOVH >��@�
)RU GHW DQGUH XQGHUV¡NWH JUXSSHQ WLGOLJHUH VWDWLVWLNN IUD VHQVRUHQ WLO WHVWSHUVRQHQ�
%DVHUW Sn GLVVH GDWDHQH� YDOJWH JUXSSHQ n KD WL WLOIHOOHU VRP PLQLPXPVNUDY I¡U DO�
JRULWPHQ NXQQH JM¡UH QRHQ HQGULQJHU� 'HWWH HU IRU DW DOJRULWPHQ VNXOOH In VDPOHW
LQQ QRN GDWDSXQNWHU WLO n JM¡UH JRGH HQGULQJHU� XWHQ DW GHQ YLNHU IRU ODQJW IUD GHQ
JHQHUHOOH DQEHIDOLQJHQ� (Q DQQHQ JUXQQ WLO DW WL WLOIHOOHU EOH YDOJW� YDU IRUGL JUXSSHQ
YLOOH KD Vn PDQJH LWHUDVMRQHU DY DOJRULWPHQ VRP PXOLJ� XWHQ DW GHW JLNN XW RYHU DO�
JRULWPHQV HYQH WLO n JMHQQRPI¡UH JRGH HQGULQJHU� *UXQQHQ WLO DW JUXSSHQ WUHQJWH DW
DOJRULWPHQ JMHQQRPI¡UWH QRN LWHUDVMRQHU� YDU GHQ NRUWH WHVWSHULRGHQ� )RU DW DOJRU�
LWPHQ VNXOOH KD QRHQ SUDNWLVN Q\WWH Pn GHQ RJVn Y UH UHODWLY UDVN WLO n WLOSDVVH VHJ
WHVWSHUVRQHQ� RP ©PLQVWH DQWDOO WLOIHOOHUª KDGGH Y UW ��� YLOOH GHW NXQQH WDWW IOHUH nU
IRU HQNHOWH PDWYDUHU n EOL MXVWHUW� Vn WL YDU HW NRPSURPLVV PHOORP VWDWLVWLVN VLNNHUKHW
RJ SUDNWLVN EUXNEDUKHW�Q\WWH� %DVHUW Sn JMHQY UHQGH WLG IRU GDWDLQQVDPOLQJHQ� WLG�
OLJHUH VHQVRUGDWD� RJ GHQ JHQHUHOOH DQEHIDOLQJHQ RP DQWDOO GDWDSXQNWHU� EOH WL GDJHU
YDOJW VRP DQWDOO WLOIHOOHU�GDWDSXQNWHU I¡U DOJRULWPHQ NXQQH JMHQQRPI¡UH HQ HQGULQJ�

1nU DOJRULWPHQ I¡UVW XWI¡UHU HQ DQDO\VH IRU n JM¡UH HQ HQGULQJ� JMHQQRPI¡UHU GHQ
HQ OLQH U UHJUHVVLRQ DY GDWDSXQNWHQH� 'HUHWWHU YLO GHQ IO\WWH GHQQH OLQMHQ Vn GHQ
OLJJHU PHG GHQ HQH HQGHQ Sn [�DNVHQ� (WWHUVRP GDWDSXQNWHQH HU JOXNRVHIHLO Vn YLO

��



HQ OLQMH Sn [�DNVHQ WLOVYDUH QXOO L IHLO� DOWVn GHW RSWLPDOH WLOIHOOHW� 3DUDPHWHUHQ ©QHGUH
JUHQVH IRU SUHGLNVMRQVLQWHUYDOOª IRUVLNUHU DW SUHGLNVMRQVLQWHUYDOOHWV QHGUH OLQMH�EXH
LNNH JLU IRU ODYH YHUGLHU� 'HWWH EHW\U DW PDQ LNNH ¡QVNHU YHUGLHU XQGHU HQQ YLVV JUHQVH�
3DUDPHWHUHQ HU EHVNUHYHW L PHU GHWDOM L GHOVHNVMRQ ������

'HQ VLVWH SDUDPHWHUHQ� ©DEVROXWW VW¡UVWH MXVWHULQJVIDNWRUª� DQJLU GHQ VW¡UVWH WU\JJH
HQGULQJHQ� 'HW HU LNNH ¡QVNHOLJ n JMHQQRPI¡UH IRU VWRUH HQGULQJHU� JUXQQHW GHQ EH�
JUHQVHGH GDWDPHQJGHQ� 'HWWH HU IRUGL VDQQV\QOLJKHWHQ IRU n In HW GnUOLJ GDWDVHWW
HU VW¡UUH� VRP YLO I¡UH WLO DW SUHGLNVMRQVLQWHUYDOOHW NDQ IRUHVOn VWRUH HQGULQJHU� 'HQ
©DEVROXWW VW¡UVWH MXVWHULQJVIDNWRUª YLO LPLGOHUWLG NRQWUROOHUH GHWWH� 'HW YLO VL DW PDQ
PDNVLPDOW NDQ HQGUH�©IO\WWH UHJUHVVMRQVOLQMHQ PHG pQ PPRO�/ª �JOXNRVHYHUGL�� 3DUD�
PHWHUHQ HU EHVNUHYHW L PHU GHWDOM L GHOVHNVMRQ ������

����� 5HVXOWDWDQDO\VHQ

$QDO\VHQ DY UHVXOWDWHW IUD SURVMHNWHW EOH JMHQQRPI¡UW PDQXHOW� HWWHU DW 3\WKRQ VFULSW�
HQH KDGGH EOLWW NM¡UW Sn WHVWSHUVRQHQ VLQ GDWD� 'HWWH YDU JUXQQHW JUXSSHQV HUIDULQJHU
PHG n DQDO\VHUH VWDWLVWLNN PDQXHOW� $OOH UHVXOWDWHQH EOLU ODJG EDVHUW Sn S\WKRQ�VFULSW�
PHQ VHOYH HYDOXHULQJHQ DY GLVVH EOLU JMHQQRPI¡UW PDQXHOW� 'HW HU VY UW YLNWLJ n YLVX�
DOLVHUH VWDWLVWLNNHQ >�@ IRU n NXQQH DQDO\VHUH WUHQGHU RJ DQGUH VWDWLVWLVNH IHQRPHQ�
6RP QHYQW L ERNHQ ©6WDWLVWLNN IRU XQLYHUVLWHWHU RJ K¡JVNROHUª HU GHW YLNWLJ n WUHNNH
PHVW PXOLJ NXQQVNDS XW DY GDWDHQH L VHJ VHOY >�@� 'HW HU NXQ QnU PDQ LNNH NODUHU
n LGHQWLILVHUH HW P¡QVWHU Sn EDVLV DY HQ YLVXDOLVHULQJ DY GDWDHQH DW PDQ WDU L EUXN
PHU DYDQVHUWH DQDO\VHWHNQLNNHU� VRP IRU HNVHPSHO PDVNLQO ULQJ� *UXSSHQ Vn LNNH
EHKRYHW IRU PHU DYDQVHUWH WHNQLNNHU� GD GH V\QWHV DQDO\VHQ GHUHV YDU WLOVWUHNNHOLJ�

��� 7HNQRORJL

����� )URQWHQG�UDPPHYHUN

9HG YDOJ DY IURQWHQG�UDPPHYHUN EOH GHW ODJW VWRU YHNW Sn DW GHW VNXOOH VH HVWHW�
LVN SHQW XW PHG PLQLPDO LQQVDWV� RJ DW UDPPHYHUNHW IRU GDWDLQQVDPOLQJHQ� 093�HQ�
VNXOOH NXQQH XWYLNOHV UDVNW� 'HWWH HU IRUGL GHW YDU HVVHQVLHOW n VWDUWH GDWDLQQVDP�
OLQJHQ Vn WLGOLJ VRP PXOLJ� IRU n NXQQH KD UHVXOWDWHU IUD DOJRULWPHQ n DQDO\VHUH� ,
VWDUWHQ DY SURVMHNWHW EOH GHW EHVWHPW DW 093�HQ VNXOOH Y UH WLOJMHQJHOLJ Sn PRELOH
HQKHWHU� ;DPDULQ )RUPV HU HW FURVV�SODWIRUP UDPPHYHUN VRP NDQ ODJH DSSHU Sn L26�
$QGURLG RJ :LQGRZV� (W DOWHUQDWLY WLO ;DPDULQ )RUPV YDU 5HDFW 1DWLYH� 5HDFW 1DWLYH
HU HW -DYDVFULSW UDPPHYHUN IRU n EODQW DQQHW XWYLNOH PRELOH DSSOLNDVMRQHU IRU L26 RJ
$QGURLG >��@� 'HW HU EDVHUW Sn 5HDFW� VRP EUXNHV IRU XWYLNOLQJ PRW QHWWOHVHUH� 6WRUH
GHOHU DY NRGHQ PDQ VNULYHU RYHUI¡UHV GLUHNWH WLO DQGUH SODWIRUPHU >��@� VRP JM¡U 5H�
DFW 1DWLY LGHHOW IRU XWYLNOLQJ DY EnGH L26 RJ $QGURLG DSSOLNDVMRQHU� (W DY JUXSSHQV
PHGOHPPHU KDGGH DOOHUHGH JRG NMHQQVNDS WLO ;DPDULQ )RUPV� 'HUVRP PDQ VNXOOH WDWW
L EUXN HW DQQHW UDPPHYHUN� YLOOH EHJJH JUXSSHPHGOHPPHQH PnWWH O UW VHJ GHWWH IUD
EXQQHQ DY� 'HWWH NXQQH UHVXOWHUW L DW XWYLNOLQJVSURVHVVHQ WRN VY UW ODQJ WLG� RJ HYHQ�
WXHOW I¡UW WLO GnUOLJ NRGH� GD LQJHQ L JUXSSHQ KDGGH NMHQQVNDS WLO WHNQRORJLHQ� (WWHUVRP
HW DY JUXSSHPHGOHPPHQH DOOHUHGH KDGGH NMHQQVNDS WLO ;DPDULQ )RUPV� KDGGH WLOJDQJ
Sn HW NXUV L GHWWH� RJ ;DPDULQ )RUPV VLQ HYQH WLO n VNDSH HVWHWLVN SHQH DSSOLNDVMRQHU
Sn NRUW WLG� EOH GHWWH IURQWHQG�UDPPHYHUNHW YDOJW� , WLOOHJJ YDU GHW VSHVLILVHUW L RSS�
JDYHWHNVWHQ DW ;DPDULQ )RUPV VNXOOH EUXNHV� (WWHUVRP GHQQH WHNVWHQ EOH XWDUEHLGHW

��



DY JUXSSHQ VHOY� YDU GHW YLNWLJ IRU JUXSSHQ n EHJUXQQH KYRUIRU GH YDOJWH n VSHVLILVHUH
;DPDULQ )RUPV RYHU IRU HNVHPSHO 5HDFW 1DWLYH�

����� %DFNHQG

;DPDULQ )RUPV KDU ©VLGHUª VRP NREOHV VDPPHQ� RJ EHWnU DY HW ;$0/ RJ &� ©FRGH
EHKLQGª SDU� *UXQQHW DW ;DPDULQ )RUPV YDU EOLWW YDOJW VRP IURQWHQG�UDPPHYHUN�
EHQ\WWHW GHUIRU JUXSSHQ &� VRP NRGHVSUnN Sn EDFNHQG� *UXSSHPHGOHPPHQH HUIDUWH
DW &� PLQQHW RP DOOHUHGH NMHQWH NRGHVSUnN� RJ DW GHW JLNN UDVNW n DQVNDIIH VHJ GHQ
Q¡GYHQGLJH NXQQVNDSHQ IRU n WD L EUXN GHWWH VSUnNHW� RJ HQ DY JUXSSHQV PHGOHPPHU
KDGGH DOOHUHGH NMHQQVNDS WLO VSUnNHW� , WLOOHJJ V¡UJHW NXUVHW VRP JUXSSHQ JMHQQRP�
I¡UWH IRU DW GH ILNN HQ LQQI¡ULQJ L &�� (W DOWHUQDWLY WLO &� KDGGH Y UW n EUXNH )� >��@�
*UXQQHQ WLO DW )� LNNH EOH YDOJW HU IRUGL JUXSSHQ KDGGH OLWH NMHQQVNDSHU WLO GHW� RJ
KDGGH DOOHUHGH RSSDUEHLGHW VHJ JRGH NXQQVNDSHU LQQHQ &� JMHQQRP ;DPDULQ )RUPV
NXUVHW�

������� 'DWDEDVHU

)RU GDWDEDVHO¡VQLQJHQ YDOJWH JUXSSHQ n EUXNH UHODVMRQVGDWDEDVH V\VWHP� 64/LWH�
*UXQQHW YDOJ DY IURQWHQG�UDPPHYHUN� YDU GHW NXQ 64/LWH VRP ;DPDULQ )RUPV VW¡WWHW�
'HWWH SDVVHW EUD IRU JUXSSHQ� GD 64/LWH HU HQ UHODVMRQVGDWDEDVH VRP JUXSSHQ ¡QVNHW
n WD L EUXN� , WLOOHJJ YDU GHW HW LNNH�IXQNVMRQHOW NUDY EHVNUHYHW L YLVMRQVGRNXPHQWHW RP
n EUXNH HQ UHODVMRQVGDWDEDVH� *UXQQHQ WLO DW JUXSSHQ YLOOH EUXNH HQ UHODVMRQVGDWD�
EDVH YDU DW EHJJH KDGGH WLGOLJHUH NMHQQVNDS RJ HUIDULQJ WLO GHQQH WHNQRORJLHQ� 9DOJHW
SDVVHW RJVn SUREOHPVWLOOLQJHQ PHJHW JRGW� (WWHUVRP JUXSSHQ YDU DYKHQJLJH DY n
In UDPPHYHUNHW IHUGLJXWYLNOHW Vn UDVNW VRP PXOLJ� YDOJWH GHUIRU JUXSSHQ QRH GH DO�
OHUHGH KDGGH NMHQQVNDS WLO� L VWHGHW IRU n EUXNH WLG RJ UHVVXUVHU Sn n O UH QRH Q\WW�
'HWWH NXQQH RJVn I¡UW WLO HQ WUHJHUH SURVHVV RJ IOHUH IHLO� 64/LWH GDWDEDVHQ WLOODWHU DW
;DPDULQ )RUPV DSSOLNDVMRQHU ODVWHU RJ ODJUHU GDWD ORNDOW Sn XOLNH HQKHWHU� 64/LWH HU
HQ VHUYHUO¡V GDWDEDVHO¡VQLQJ� SDVVHU JRGW WLO PLQGUH GDWDEDVHU� NUHYHU In NRQILJXUDV�
MRQHU IRU n VHWWHV RSS RJ RSSI\OWH GH NULWHULHQH JUXSSHQ WUHQJWH IRU GDWDEDVHO¡VQLQJHQ
>��@�

��� $UEHLGV� RJ UROOHIRUGHOLQJ

'HW EOH EHVWHPW L VWDUWHQ DY SURVMHNWHW DW PDQ VNXOOH KD HQ MHYQ IRUGHOLQJ DY DUEHLGVRS�
SJDYHU� RJ *DQWW�GLDJUDPPHW EOH IOLWWLJ EUXNW IRU n KROGH HQ JRG RYHUVLNW RYHU JUXS�
SHQV SURJUHVVMRQ� 'HW YDU LQJHQ IDVWH UROOHU XQGHU SURVMHNWHW� 8OLNH UROOHU EOH KHOOHU
G\QDPLVN IRUGHOW HWWHU EHKRY� , VWDUWHQ DY SURVMHNWHW JMHQQRPI¡UWH JUXSSHQV PHG�
OHPPHU HW WHRUHWLVN RJ SUDNWLVN NXUV� VOLN DW EHJJH VNXOOH Y UH L VWDQG WLO n JM¡UH DOOH
GH XOLNH RSSJDYHQH� , WLOOHJJ KDGGH EHJJH PHGOHPPHQH HQ JRG LQQVLNW L GLDEHWHV
W\SH � IUD WLGOLJHUH LQIRUPDVMRQVLQQKHQWLQJ RJ HUIDULQJHU� 8QGHU 093�HQV XWYLNOLQJ�
VDPDUEHLGHW JUXSSHQV PHGOHPPHU JMHQQRP SDUSURJUDPPHULQJ� VH GHOVHNVMRQ ������
(WWHU DW 093�HQ RJ DOJRULWPHQ YDU IHUGLJ XWYLNOHW� RJ GHW NXQ YDU RSSU\GGLQJ L NRGHQ
RJ WHVWHU VRP JMHQVWR� EOH GHW YXUGHUW DW NXQ pQ SHUVRQ WUHQJWH n DUEHLGH PHG GHWWH DY
JDQJHQ� *UXSSHQ DQVn GHW VRP PHU KHQVLNWVPHVVLJ n IRUGHOH DUEHLGHW Sn GHWWH SXQN�
WHW� GD GHW YDU DQGUH DUEHLGVRSSJDYHU VRP RJVn PnWWH JM¡UHV� 'HWWH YDU IRU HNVHP�
SHO GRNXPHQWDVMRQ� RJ JMHQQRPI¡ULQJHQ DY EUXNHUWHVWHU� )UD GHWWH SXQNWHW DUEHLGHW
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JUXSSHPHGOHPPHQH PHU DGVNLOW� PHQ SURJUHVMRQHQ Sn GH XOLNH DUEHLGVRSSJDYHQH
EOH GHOW Sn VOXWWHQ DY KYHU DUEHLGVGDJ� JMHQQRP HW GDJOLJ RSSVXPPHULQJVP¡WH� 3n
GHQQH PnWHQ KDGGH EHJJH HQ RYHUVLNW RYHU SURVMHNWHWV SURJUHVMRQ L VLQ KHOKHW� 'HWWH
V¡UJHW IRU HQ JRG IO\W L DUEHLGHW� L WLOOHJJ WLO DW PDQ NXQQH JM¡UH MXVWHULQJHU XQGHUYHLV�
'LVVH MXVWHULQJHQH NXQQH Y UH DW IRU HNVHPSHO EHJJH PHGOHPPHQH DUEHLGHW Sn HQ
RSSJDYH VRP WRN OHQJHU WLG HQQ IRUYHQWHW�

����� 3DUSURJUDPPHULQJ

9HG SURVMHNWHWV VWDUW EOH GHW EHVWHPW DW JUXSSHQ VNXOOH WD L EUXN SDUSURJUDPPHULQJ
IRU XWYLNOLQJ DY 093�HQ IRU GDWDLQQVDPOLQJHQ� *UXQQHQ WLO GHWWH YDU DW PDQ Sn GHQQH
PnWHQ NXQQH KD NRQWLQXHUOLJ FRGH UHYLHZ VRP IRUHE\JJHU IHLO RJ GnUOLJ NRGH >��@�
3DUSURJUDPPHULQJ HU HQ WHNQLNN KHQWHW IUD DJLOH DUEHLGVPHWRGHU� RJ GHQ EOLU EODQW
DQQHW EUXNW L ([WUHPH 3URJUDPPLQJ� , WLOOHJJ KDU JUXSSHQ KDWW JRG HUIDULQJ PHG
GHQQH DUEHLGVPHWRGHQ WLGOLJHUH� GD GHQ nSQHU IRU NRQWLQXHUOLJ GLVNXVMRQ� RJ PDQ InU
WHQNW JMHQQRP XOLNH SUREOHPVWLOOLQJHU VRP PDQ NXQQH KD RYHUVHWW DOHQH� 'HW YDU RJVn
IOHUH XOLNH DVSHNWHU YHG 093�HQ VRP PnWWH EOL GLVNXWHUW IRUWO¡SHQGH HWWHU KYHUW VRP
XOLNH SUREOHPHU RJ EHVOXWQLQJHU PnWWH WDV� , GLVVH WLOIHOOHQH YDU GHW VY UW SUDNWLVN
PHG SDUSURJUDPPHULQJ� RJ JUXSSHQ I¡OWH GHW YDU HQ JRG XWQ\WWHOVH DY UHVVXUVHQH�
*UXQQHQ WLO GHWWH HU IRUGL PDQ VSDUWH WLG Sn n NRQWLQXHUOLJ GLVNXWHUH RJ WD EHVOXWQLQJHU�
L VWHGHW IRU n DYEU\WH DQGUH DUEHLGVRSSJDYHU IRU n WD GLVVH EHVOXWQLQJHQH JMHQWDWWH
JDQJHU� (Q XOHPSH YHG SDUSURJUDPPHULQJ HU DW GHW WLO WLGHU LNNH RSSOHYHV VRP GHQ
EHVWH PnWHQ n XWQ\WWH UHVVXUVHU RJ WLG Sn� 'HWWH WLOIHOOHW RSSVWR LPLGOHUWLG LNNH XQGHU
XWYLNOLQJHQ� 'HUVRP GHWWH KDGGH RSSVWnWW� KDGGH JUXSSHQ SODQODJW n IRUGHOH DUEHLGHW
WLO GHW EOH IRUQXIWLJ PHG SDUSURJUDPPHULQJ LJMHQ� (W HNVHPSHO GHU SDUSURJUDPPHULQJ
L K¡\HVWH JUDG YDU YLNWLJ RJ IRUQXIWLJ� YDU XQGHU XWYLNOLQJHQ DY DOJRULWPHQ� 6RP QHYQW
L GHOVHNVMRQ ���� NDQ IHLO LQVXOLQPHQJGH PHGI¡UH IDWDOH NRQVHNYHQVHU IRU GLDEHWLNHUH�
*MHQQRP SDUSURJUDPPHULQJHU SDVVHW JUXSSHQ Sn n KD HQ NRQWLQXHUOLJ GLVNXVMRQ XQ�
GHU XWYLNOLQJHQ DY DOJRULWPHQ� IRU n V¡UJH IRU DW GHQQH EOH LPSOHPHQWHUW ULNWLJ� VOLN DW
GHW LNNH VNXOOH Y UH QRHQ XYHQWHGH NRQVHNYHQVHU� *UXSSHQ ILNN GHUPHG LPSOHPHQ�
WHUW DOJRULWPHQ PHG NRQWLQXHUOLJ FRGH UHYLHZ� VRP IRUHE\JJHU EXJ�ILNVLQJ VHQHUH L
SURVHVVHQ� VRP LJMHQ VSDUHU WLG� VDPW DW JUXSSHQ ILNN GLVNXWHUW GHQ EHVWH O¡VQLQJHQ
RJ LPSOHPHQWDVMRQHQ DY DOJRULWPHQ RJ PHGOHPPHQH ILNN WUXNNHW IUHP XOLNH SUREOHP�
VWLOOLQJHU NQ\WWHW WLO GHQQH�

��� 6WDWLVWLNN

9HG RSSJDYHWHNVWHQV XWIRUPLQJ EOH GHW EHVOXWWHW DW PDQ VNXOOH WD L EUXN VWDWLVWLNN
IRU DQDO\VHQ DY GHQ EHUHJQHGH LQVXOLQPHQJGHQ� RJ DW GHQQH DQDO\VHQ VNXOOH IRUHJn
PDQXHOW� *UXQQHW DW VWDWLVWLNN YDU HW HPQH EHJJH PHGOHPPHQH DY JUXSSHQ KDU JRGH
IRUNXQQVNDSHU L� RJ GHQV GHWHUPLQLVWLVNH QDWXU� EOH VWDWLVWLNN YDOJW IRU YXUGHULQJ DY
DOJRULWPHQV DQDO\VH�

����� ,QWHUUXSWHG WLPH VHULHV

)RU n DQDO\VHUH GDWDHQH WRN JUXSSHQ L EUXN ,76� 6RP EHVNUHYHW L GHOVHNVMRQ �������
JM¡U ,76 DW PDQ NDQ DQDO\VHUH KYRUGDQ HQ YDULDEHO XWYLNOHU VHJ RYHU WLG� RJ IRU n
HWDEOHUH HQ XQGHUOLJJHQGH WUHQG� VRP EOLU DYEUXWW DY HQ LQWHUYHQVMRQ Sn HW NMHQW WLG�

��



VSXQNW� 1nU DOJRULWPHQ InU LQQ QRN GDWD Sn IRU HNVHPSHO HQ PDWYDUH� YLO GHQ XQGHU�
V¡NH RP GHQ VNDO HQGUH VNDODUHQ WLO PDWYDUHQ� 'HUVRP GHQ YHOJHU n HQGUH VNDODUHQ� YLO
GHWWH Y UH GHU WLGVUHNNHQ EOLU DYEUXWW� RJ GHUPHG Y UH GHW NMHQWH WLGVSXQNWHW� )RU
VNDODUHQGULQJHU IRUYHQWHU JUXSSHQ HQ PRPHQWDQ HQGULQJ VRP NDQ REVHUYHUHV PHG
HQ JDQJ� 'HUIRU EUXNHV ,76 PRGHOOHQ �� XWHQ β3�OHGGHW VRP EHVNUHYHW L GHOVHNVMRQ
������� )RU DQDO\VHQ DY VHQVRU GDWDHQH IUD /LEUH/LQN YDU GHW IRUYHQWHW HW XWVODJ PHG
HQ JDQJ� PHQ RJVn HQ HQGULQJ PHG WLGHQ GD DOJRULWPHQ EHJ\QWH n HQGUH YHUGLHU� )RU
GLVVH GDWDHQH YDOJWH JUXSSHQ n EUXNH GHQ IXOOVWHQGLJH OLJQLQJHQ �� IRU n PRGHOOHUH
GDWDHQH�

'HW EOH GLVNXWHUW XOLNH PHWRGHU IRU n DQDO\VHUH UHVXOWDWHW DY DOJRULWPHQ� %ODQW DQQHW
EOH HQNHO OLQH U UHJUHVMRQ� PXOWLSSHO OLQH U UHJUHVMRQ� RJ WLGVUHNNHU XQGHUV¡NW� (QNHO
OLQH U UHJUHVMRQVDQDO\VHQ EOH YXUGHUW IRU n XQGHUV¡NH RP GHW YDU HQ W\GHOLJ WUHQG�
IRU HNVHPSHO HQ V\QNHQGH WUHQG GHUVRP EORGVXNNHUHW JHQHUHOW KDU Y UW IRU K¡\W�
*UXQQHQ WLO DW GHQQH EOH YDOJW ERUW� YDU DW GHQ LNNH NXQQH WD KHQV\Q WLO DOJRULWPHQV
HQGULQJHU Sn VDPPH PnWH VRP ,76� RJ KYRUGDQ GHWWH SnYLUNHU PRGHOOHQH�

0XOWLSSHO OLQH U UHJUHVMRQ EH YXUGHUW HWWHUVRP GHW ILQQHV IOHUH PXOLJH IRUNODULQJV�
YDULDEOHU IRU LQVXOLQPHQJGHQ Sn HW JLWW WLGVSXQNW� )RU HNVHPSHO NDQ PHQJGHQ LQVXOLQ
DYKHQJH DY DOOH IDNWRUHQH WUHQLQJ� V\NGRP� WLGVSXQNW Sn GDJHQ RJ Vn YLGHUH� 0XOWLS�
SHO OLQH U UHJUHVMRQ YLO KMHOSH PHG n ILQQH GHQ EHVWH OLQH UH VDPHQKHQJHQ PHOORP GH
XOLNH IRUNODULQJVYDULDEOHQH RJ UHVSRQVHQ >�@� *UXQQHQ WLO DW PXOWLSSHO OLQH U UHJUHV�
MRQ EOH YDOJW ERUW� YDU IRUGL GHW YLOOH WDWW IRU ODQJ WLG n LPSOHPHQWHUH IXQNVMRQDOLWHWHQ
L 093�HQ� 'HWWH HU GD IXQNVMRQDOLWHWHQ IRU ©HYHQWVª VRP EHVNUHYHW L YLVMRQVGRNX�
PHQWHW� , WLOOHJJ YLOOH KHOOHU LNNH GHQQH DQDO\VHQ WDWW KHQV\Q WLO DOJRULWPHQV HQGULQJHU
VOLN VRP ,76�

7LGVUHNNHDQDO\VH HU HQ WHNQLNN VRP JUXSSHQ YXUGHUWH GD GHQ EUXNHV IRU n DQDO\VHUH
KYRUGDQ HQ YDULDEHO XWYLNOHU VHJ PHG WLGHQ� GHUVRPPnOLQJHU EOLU WDWW PHG MHYQH WLGVLQ�
WHUYDOOHU >�@� 7LGVUHNNHPRGHOOHU HU EHVW HJQHW WLO n EHVNULYH QDWXUOLJH V\VWHPHU� VRP
IRU HNVHPSHO WHPSHUDWXUYDULDVMRQ� PHQV GH HU PLQGUH JRGH Sn n SUHGLNHUH IHQRPHQHU
VRP PHQQHVNHOLJ DWIHUG� (Q JUXQQ WLO DW GHQQH PHWRGHQ EOH YDOJW ERUW HU IRUGL ,76
YDU HW EHGUH DOWHUQDWLY� 'HWWH HU IRUGL ,76 JM¡U Q¡\DNWLJ KYD WLGVUHNNHU HU L VWDQG WLO�
QHPOLJ SUHGLNHUH IUHPWLGHQ� PHQ ,76 WDU L WLOOHJJ KHQV\Q WLO DOJRULWPHQV HQGULQJHU�

(WWHUVRP ,76 HU JRGW HJQHW IRU LQWHUYHQVMRQHU LQWURGXVHUW Sn HW JLWW WLGVSXQNW� RJ JUXQ�
QHW WLGVUHVWULNVMRQ� NRQNOXGHUWH JUXSSHQ PHG DW ,76 JLU JRGH JUDILVNH UHVXOWDWHU VRP
JM¡U DQDO\VHULQJHQ OHWWHUH� RJ DW GHQQH DQDO\VHQ YDU GHQ PHVW HJQHGH IRU RSSJDYHQ�

��� $OJRULWPHQ

����� .RQVWUXNVMRQ

8QGHU DOJRULWPHQV NRQVWUXNVMRQ DQVNDIIHW JUXSSHQ VHJ HQ IHOOHV IRUVWnHOVH DY SURE�
OHPHW� 'HW KDU EOLWW XWYLNOHW HW ERNI¡ULQJVYHUNW¡\� 093�HQ� VRP ORJJI¡UHU KYD RJ QnU
HQ SHUVRQ VSLVHU� KYRU P\H LQVXOLQ GH VHWWHU WLO GHWWH� KYRU P\H GH WHRUHWLVN VNDO
VHWWH� KYD JOXNRVH�YHUGLHQ GHUHV HU I¡U PnOWLGHW� RJ KYD GHQ HU ¡QVNHW n Y UH HW�
WHU PnOWLGHW� $OW GHWWH HU HQ GHO DY 093�HQ XWHQ DOJRULWPHQ� *UXSSHQ KDGGH GHWWH
VRP JUXQQODJ IRU KYLONH GDWD VRP YDU WLOJMHQJHOLJ� 0nOHW YDU n ODJH HQ DOJRULWPH VRP
EUXNWH GLVVH GDWDHQH L HQ IRUP IRU DQDO\VH� IRU n NXQQH MXVWHUH YHUGLHQH IRU PDWYDUHU
RJ GDJVSURILOHU� 'HWWH IRU n In HQ EHGUH HVWLPHUW LQVXOLQ PHQJGH IUD NDONXODWRUHQ�

��



*UXSSHQ EOH HQLJ RP n KD ©VNDODUHUª NREOHW WLO DOOH PDWYDUHU� , GH WLOIHOOHQH DOJRULWPHQ
PHQWH HQ PDWYDUH WUHQJWH PHU HOOHU PLQGUH LQVXOLQ� NXQQH GHQ VWLOOH PDWYDUHQV VNDODU
KHQKROGVYLV RSS HOOHU QHG� XWHQ n HQGUH PDWYDUHQV RSSULQQHOLJH YHUGLHU� 6NDODUHQH
EHJ\QQHU PHG HQ YHUGL Sn pQ� RJ Sn GHQQH PnWHQ VWDUWHU PDQ PHG GHQ RSSULQQHOLJH
WHRUHWLVNH YHUGLHQ� *UXQQHQ WLO DW KYHU PDWYDUH InU VLQ HJHQ VNDODU� HU IRU n KnQGWHUH
GH IRUVNMHOOLJH W\SHQH NDUERK\GUDWHU PDWYDUHQH NDQ KD Sn HQ HQNHO PnWH� 'HWWH HU
IRU n NXQQH KD HQ LQQYLUNQLQJ Sn KYRUGDQ EORGVXNNHUHW HQGUHV� JUXQQHW IRUVNMHOOHQ L
KYRUGDQ NURSSHQ IRUG¡\HU GH XOLNH NDUERK\GUDWHQH >��@� 'HW EOH RJVn ODJHW HQ VNDODU
VRP VNXOOH WD KnQG RP WLOIHOOHU KYRU GHW NXQ EOH VDWW NRUULJHULQJVLQVXOLQ� GHWWH GD
WHVWSHUVRQHQ YDQOLJYLV VDWWH PLQGUH L GLVVH WLOIHOOHQH�

)RU GDJVSURILOHU EOH JUXSSHQ HQLJ RP n KD WR VNDODUDU� pQ WLO LQVXOLQHW IRU NDUER�
K\GUDWHQH L PnOWLGHW� RJ pQ WLO LQVXOLQHW IRU NRUULJHULQJ DY JOXNRVH WLO PnOWLGHW� *UXS�
SHQ YDU XVLNUH Sn RP IRUKROGHW PHOORP GLVVH YDU VWHUNW� PHQ DQVn GHW VRP SRVLWLYW n
WLOODWH DW YHUGLHQH NXQQH VWLOOHV LQGLYLGXHOW� 'HUVRP GH KHQJHU VWHUNW VDPPHQ� YLO GH
HQGUHV UHODWLYW OLNW XDQVHWW RJ GHUDY YLO LNNH YDOJHW DY n KD WR VNDODUHU HQGUH UHVXOWDWHW
QHJDWLYW� %DNJUXQQHQ WLO GLVVH VNDODUHQH HU DW GH VNDO WD KnQG RP YDULDVMRQHQ L LQVX�
OLQHIIHNWLYLWHWHQ L NURSSHQ JMHQQRP GDJHQ� VRP IRU HNVHPSHO ©'DZQIHQRPHQHWª� VH
GHOVHNVMRQ ����

*UXSSHQ YDOJWH L WLOOHJJ n NREOH ©JOXNRVH�WLO�LQVXOLQª�IRUKROGHW RSS PRW HQ VNDODU�
7DQNHQ YDU DW GHQ RSSULQQHOLJH VHQVLWLYLWHWHQ EUXNHU OHJJHU LQQ I¡UVWH JDQJ L 093�HQ
NXQQH HQGUH VHJ PHG WLGHQ� 'HUIRU EOH GHW RJVn NQ\WWHW HQ VNDODU RSS PRW GHQQH� IRU
n UHGHJM¡UH IRU HQGULQJHU L VHQVLWLYLWHWHQ�

)RU DW DOJRULWPHQ VNXOOH NXQQH HYDOXHUH KYRU JRGW LQVXOLQHVWLPDWHW WLO� IRU HNVHPSHO
HW PnOWLG YDU� YDU GHQ Q¡GW WLO KD HQ YHUGL VRP VLHU KYRU JRGW HVWLPDWHW YDU� *UXSSHQ
O¡VWH GHWWH YHG DW HW KYHUW ORJJI¡UW PnOWLG EOLU NREOHW RSS PRW HQ SnPLQQHOVH� 'HQQH
SnPLQQHOVHQ YLO HWWHU WUH WLPHU VS¡UUH RP GHQ RSSQnGGH JOXNRVHYHUGLHQ YHG GHWWH
WLGVSXQNWHW� $OJRULWPHQ VHU Sn GLIIHUDQVHQ PHOORP RSSQnGG YHUGL RJ ¡QVNHW YHUGL� RJ
JM¡U HQGULQJHU IRU n IRUV¡NH In GLIIHUDQVHQ WLO n EOL QXOO�

*UXSHQ YXUGHUWH� RJ EHJ\QWH� n LPSOHPHQWHUH HQ DQQHQ O¡VQLQJ KYRU ©LQVXOLQ�WLO�
JOXNRVHª�IRUKROGHW EOH RSSGDWHUW EDVHUW Sn 7'' JMHQQRPVQLWWHW RYHU GH VLVWH VMX GD�
JHQH� 'HWWH YHG n EUXNH 7'' JMHQQRPVQLWWHW RJ ����UHJHOHQ� VH GHOVHNVMRQ ���� PHQ
JUXSSHQ IDQW IRU PDQJH IDOOJUXYHU YHG PDQJHO Sn LQQODJW GDWD� RJ DQQHW VRP NXQQH
IRUVN\YH ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW GUDVWLVN� *UXSSHQ YDOJWH KHOOHU n EUXNH HQ
VNDODU� HWWHUVRP GHW DOOHUHGH YDU ODJHW VLNNHUKHWVPHNDQVLPHU JMHQQRP DOJRULWPHQ�
VH GHOVHNVMRQ ������ VRP EHVN\WWHW PRW GH LGHQWLILVHUWH SUREOHPHQH YHG GHQ DQGUH
O¡VQLQJHQ�

(WWHU DW JUXSSHQ KDGGH NDUWODJW KYD VODJV GDWD DOJRULWPHQ EHK¡YGH� RJ KYD GHQ VNXOOH
JM¡UH VRP UHVSRQV Sn GHQ JLWWH GDWDHQ� NXQQH PHGOHPPHQH XWDUEHLGH KYRUGDQ DO�
JRULWPHQ VNXOOH RSHUHUH LQWHUQW� *UXSSHQ EOH HQLJH RP KYLONH NRPSRQHQWHU DOJRULW�
PHQ VNXOOH EHVWn DY� RJ GHW EOH GHUHWWHU XWDUEHLGHW HQ SODQ IRU KYRUGDQ DOJRULWPHQ
VNXOOH RSHUHUH� $OJRULWPHQ EOH RJVn YLVXDOLVHUW� VH YHGOHJJ %� , WLOOHJJ EOH GHW SODQ�
ODJW L KYLONHQ UHNNHI¡OJH NRPSRQHQWHQH VNXOOH LPSOHPHQWHUHV� 'HQQH UHNNHI¡OJHQ EOH
MXVWHUW HWWHUKYHUW VRP JUXSSHQ Vn EHKRY IRU GHWWH� 'HUHWWHU LPSOHPHQWHUWH JUXSSHQ
GH Q¡GYHQGLJH NRPSRQHQWHQH L 093�HQ� *UXSSHQ GHILQHUWH QnU DOJRULWPHQ VNXOOH EOL
XWI¡UW� RJ EHJ\QWH GHUHWWHU n LPSOHPHQWHUH I¡UVWHXWNDVWHW WLO DOJRULWPHQ� )RU n VLNUH
LQWHJULWHWHQ WLO DOJRULWPHQ� IRUVLNUHW JUXSSHQ VHJ I¡UVW RJ IUHPVW RP DW NRGHQ WLO DO�
JRULWPHQ KDGGH GH Q¡GYHQGLJH VLNNHUKHWVPHNDQLVPHQH Sn SODVV RJ DW NRGHQ KDGGH

��



JRG XQQWDNVKnQGWHULQJ�

����� 9LUNHPnWH

$OJRULWKP � 0DLQ DOJRULWKP

�� Input : Reminder
�� MINIMUMBOCCURENCES ← 10
�� LOWERBBOUNDBFORBPREDICTIONBINTERV AL← −1.0
�� ABSOLUTEBMAXIMUMBDISTANCEBCHANGE ← 1.0
�� Logs← PartitionGlucoseErrorToLogs(Reminder)
�� UpdateScalarV alues(Logs)

$OJRULWPHQ VWDUWHU PHG DW HQ EUXNHU OHJJHU LQQ HQ JOXNRVHYHUGL L HQ SnPLQQHOVH�
NDOW ©5HPLQGHUª L NLOGHNRGHQ� 'HW YLO VL DW HW PnOWLG EOLU DQVHWW VRP IHUGLJ� RJ GHQ
IDNWLVN RSSQnGGH JOXNRVHYHUGLHQ HU WLOJMHQJHOLJ IRU n ILQQH GLIIHUDQVHQ WLO GHQ ¡QVNHGH
YHUGLHQ� 'HQ RYHURUGQHGH DOJRULWPHQ YLVHV L DOJRULWPH ��

$OJRULWKP � 3DUWLWLRQ*OXFRVH(UURU7R/RJV�5HPLQGHU�

�� Input : Reminder
�� Logs← Reminder.Logs
�� TargetGlucoseV alue← Logs.Last.DayProfile.TargetGlucose
�� GlucoseErrorInReminder ← Reminder.GlucoseAfterMeal − TargetGlucoseV alue
�� TotalInsulinGiven← Sum(Logs.InsulinEstimate)
�� IRU Log in Logs GR
�� TargetGlucoseForLog ← Log.DayProfile.TargetGlucoseV alue
�� GlucoseErrorForLogPartitioned← GlucoseErrorInReminder ∗ Log.InsulinEstimate

TotalInsulinGiven
��
��� GlucoseErrorAdjusted ← GlucoseErrorForLogPartitioned − (Log.InsulinEstimate −

Log.InsulinFromUser) ∗Global.InsulinToGlucoseRatio
���
��� Log.GlucoseAfterMeal ← TargetGlucoseForLog +GlucoseErrorAdjusted
��� HQG IRU
��� UHWXUQ Logs

'HUHWWHU YLO DOJRULWPHQ WD SnPLQQHOVHQ� RJ ILQQH GLIIHUDQVHQ PHOORP GHQ RSSQnGGH
JOXNRVHYHUGLHQ RJ GHQ ¡QVNHGH YHUGLHQ L GHQ VLVWH ORJJHQ �/RJ� NREOHW WLO SnPLQ�
QHOVHQ� 'HQQH GLIIHUDQVHQ� HOOHU IHLOHQ� L JOXNRVH YLO EOL IRUGHOW XWRYHU DOOH ORJJHQH
VRP HU NREOHW WLO SnPLQQHOVHQ� 'HWWH YLO VL DW GHW IRUHJnU HQ IRUGHOLQJ DY DQVYDU IRU
IHLOHQ� 3DUWLVMRQHULQJHQ DY GLIIHUDQVHQ PHOORP ORJJHQH HU EDVHUW Sn KYHU ORJJ VLQ DQ�
GHO DY GHW WRWDOH ELGUDJHW DY LQVXOLQ� 'HWWH YLO VL DW GHUVRP HQ SnPLQQHOVH KDGGH WUH
ORJJHU NREOHW WLO VHJ RJ GHQ HQH VWR IRU ��� DY LQVXOLQHW GH WUH ORJJHQH KDU WLO VDPPHQ�
YLO GHQQH ORJJHQ In DQVYDU IRU ��� DY GLIIHUDQVHQ� VH DOJRULWPH �� 2IWH YLO EUXNHU
KD HQGUHW GRVHULQJHQ VRP EOH IRUHVOnWW� RJ GHWWH Pn NRUULJHUHV IRU� 'HWWH JM¡UHV YHG
DW GLIIHUDQVHQ PHOORP HVWLPDWHW RJ GHQ IDNWLVNH VDWWH YHUGLHQ� NRQYHUWHUHV IUD LQVXOLQ
WLO JOXNRVH YHG ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW� VH ����UHJHOHQ L GHOVHNVMRQ ���� 'HQ
WHRUHWLVNH HQGULQJHQ L JOXNRVH� VRP I¡OJH DY EUXNHU VLQ HQGULQJ DY GRVHULQJ� EOLU ODJW
VDPPHQ PHG GLIIHUDQVHQ ORJJHQ ILNN WLOGHOW IUD SnPLQQHOVHQ� 'HQQH YHUGLHQ� VDP�
PHQODJW PHG GHQ ¡QVNHGH JOXNRVHYHUGLHQ IRU ORJJHQ� YLO Y UH GHQ MXVWHUWH ©JOXNRVH�
HWWHU�PnOWLGª�YHUGLHQ �*OXFRVH$IWHU0HDO� L ORJJHQ� VH DOJRULWPH ��

��



$OJRULWKP � 8SGDWH6FDODU9DOXHV�/RJV�

�� Input : Logs
�� IRU Log in Logs GR
�� UpdateDayProfileScalars(Log.DayProfile)
�� UpdateCorrectionInsulinScalar()
�� IRU Grocery in Log.Groceries GR
�� UpdateGroceryScalar(Grocery)
�� HQG IRU
�� HQG IRU

1nU SDUWLVMRQHULQJHQ WLO ORJJHQH HU IHUGLJ� YLO DOJRULWPHQ XQGHUV¡NH DOOH HOHPHQWHU
LQYROYHUW L SnPLQQHOVHQ� 'HQ YLO VMHNNH DOOH GDJVSURILOHU �'D\3URILOH� RJ PDWYDUHU
�*URFHU\� L DOOH ORJJHQH NREOHW WLO SnPLQQHOVHQ� L WLOOHJJ WLO NRUULJHULQJVLQVXOLQHW �&RU�
UHFWLRQ,QVXOLQ�� VH DOJRULWPH ��

$OJRULWKP � *HW'DWD3RLQW)RU'D\3URILOH&DUE6FDODU�/RJ�

�� Input : Log
�� GlucoseErrorForCarbsPartitioned← Log.GlucoseError ∗ Log.InsulinForCarbs

Log.InsulinEstimate
��
�� UHWXUQ DataPoint(Log.Date,GlucoseErrorForCarbsPartitioned)

$OJRULWKP � *HW'DWD3RLQW)RU'D\3URILOH*OXFRVH6FDODU�/RJ�

�� Input : Log
�� GlucoseErrorForGlucosePartitioned← Log.GlucoseError ∗ Log.CorrectionInsulin

Log.InsulinEstimate
��
�� UHWXUQ DataPoint(Log.Date,GlucoseErrorForGlucosePartitioned)

��



$OJRULWKP � 8SGDWH'D\3URILOH6FDODUV�'D\3URILOH�

�� Input : DayProfile
��
�� LogsWithDayProfile← Database.GetAllLogsWithDayProfile(DayProfile)
��
�� CarbScalar ← Database.GetCarbScalarForDayProfile(DayProfile)
�� GlucoseScalar ← Database.GetGlucoseScalarForDayProfile(DayProfile)
��
�� LogsForCarbScalar ← Filter(LogsWithDayProfile where Log.Date is after CarbScalar.Date)
�� LogsForGlucoseScalar ← Filter(LogsWithDayProfile where Log.Date is after GlucoseScalar.Date)
���
��� DataPointsForCarbScalar ← Empty list
��� IRU Log in LogsForCarbScalar GR
��� DataPointsForCarbScalar.Add(GetDataPointForDayProfileCarbScalar(Log))
��� HQG IRU
��� DataPointsForGlucoseScalar ← Empty list
��� IRU Log in LogsForGlucoseScalar GR
��� DataPointsForGlucoseScalar.Add(GetDataPointForDayProfileGlucoseScalar(Log))
��� HQG IRU
��� LI DataPointsForCarbScalar.Size ≥MINIMUMBOCCURENCES WKHQ
��� Distance← GetGreatestSafeDistanceFromWantedLine(DataPointsForCarbScalar)
���
��� InsulinGivenOnAvgForCarbs← LogsForCarbScalar.Sum(Log.GetInsulinForCarbs

logsForCarbScalar.Size )
���
��� ExtraInsulin← Distance

Global.InsulinToGlucoseRatio
���
��� ScaleFactor ← InsulinGivenOnAvgForCarbs+ExtraInsulin

InsulinGivenOnAvgForCarbs
���
��� CarbScalar ← CarbScalar ∗ ScaleFactor
��� HQG LI
���
��� LI DataPointsForGlucoseScalar.Size ≥MINIMUMBOCCURENCES WKHQ
��� Distance← GetGreatestSafeDistanceFromWantedLine(DataPointsForGlucoseScalar)
���
��� InsulinGivenOnAvgForGlucose← LogsForGlucoseScalar.Sum( Log.CorrectionInsulin

logsForGlucoseScalar.Size )
���
��� ExtraInsulin← Distance

Global.InsulinToGlucoseRatio
���
��� ScaleFactor ← InsulinGivenOnAvgForGlucose+ExtraInsulin

InsulinGivenOnAvgForGlucose
���
��� GlucoseScalar ← GlucoseScalar ∗ ScaleFactor
��� HQG LI

'HW VRP VNMHU QnU DOJRULWPHQ XQGHUV¡NHU HQ GDJVSURILO� HU DW GHQ YLO KHQWH XW DOOH
ORJJHU PHG GHQ JLWWH GDJVSURILOHQ VRP KDU EOLWW ODJW LQQ� VLGHQ IRUULJH HQGULQJ DY
VNDODUHQH L GDJVSURILOHQ� VH DOJRULWPH �� 'HUVRP GHW HU QRN VOLNH ORJJHU� IOHUH HQQ
PLQVWHNUDYHW� VH GHOVHNVMRQ �������� NDQ GHQ JM¡UH HQ HQGULQJ� RJ YLO I¡UVW KHQWH XW
GDWDSXQNWHU IUD ORJJHQH� 'LVVH GDWDSXQNWHQH EHVWnU DY GDWRHQ RJ WLGHQ ORJJHQ EOH
ODJHW� VRP ;�YHUGLHU� <�YHUGLHQH EOLU KHQWHW XW VRP YLVW L DOJRULWPHQH � RJ �� 0HUN
DW GHW YLO ODJHV WR OLVWHU PHG GDWDSXQNWHU� pQ IRU NDUERK\GUDW�VNDODUHQ �&DUE6FDODU� L
GDJVSURILOHQ� RJ pQ IRU JOXNRVH�VNDODUHQ �*OXFRVH6FDODU��

'HW HU I¡UVW QnU GDWDSXQNWHQH HU JHQHUHUW DW HQ DQDO\VH NDQ NM¡UHV� RJ GHQQH YLO
IRUHVOn HQ HQGULQJ L VNDODU�YHUGLHQ� 'HQQH DQDO\VHQ EOLU EHVNUHYHW L PHU GHWDOM L
VHQHUH DYVQLWW� 'LVWDQVHQ DQDO\VHQ UHWXUQHUHU� HU HQ HQGULQJ L <�DNVHQ� DOWVn HQ HQ�

��



GULQJ L JOXNRVH� PHG HQKHW ©PPRO�/ª� 'HQQH HQGULQJHQ EOLU JMRUW RP WLO HQKHWHU PHG
LQVXOLQ� YHG ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW VRP QHYQW WLGOLJHUH� ,QVXOLQPHQJGHQ UHS�
UHVHQWHUHU HQGULQJHQ L PHQJGH LQVXOLQ� VRP YLO I¡UH WLO DW IUHPWLGLJH JOXNRVHYHUGLHU
EOLU EHGUH� 0DQ ILQQHU HQ VNDOHULQJVIDNWRU VRP YLVW L DOJRULWPH �� 'HQQH VNDOHULQJV�
IDNWRUHQ YLO EOL PXOWLSOLVHUW LQQ L GH UHVSHNWLYH VNDODUHQH� IRU NDUERK\GUDWHU RJ JOXNRVH�
VH DOJRULWPH �� VOLN DW IUHPWLGLJH GRVHULQJHU YLO EUXNH GH Q\H YHUGLHQH�

$OJRULWKP � 8SGDWH*URFHU\6FDODU�*URFHU\�

�� Input : Grocery
��
�� GroceryScalar ← Database.GetGroceryScalar(Grocery)
�� LogsAfterDate← Database.GetAllLogsAfterDate(GroceryScalar.Date)
�� LogsForGroceryScalar ← Filter(LogsAfterDate where Log.Groceries.Contains(Grocery))
��
�� DataPointsForGroceryScalar ← Empty list
�� IRU Log in LogsForGroceryScalar GR
�� DataPointsForGroceryScalar.Add(GetDataPointForGroceryScalar(Log,Grocery))
��� HQG IRU
���
��� LI DataPointsForGroceryScalar.Size ≥MINIMUMBOCCURENCES WKHQ
��� Distance← GetGreatestSafeDistanceFromWantedLine(DataPointsForGroceryScalar)
���
��� ExtraInsulin← Distance

Global.InsulinToGlucoseRatio
���
��� ScaleFactor ← Grocery.InsulinPerPortion+ExtraInsulin

Grocery.InsulinPerPortion
���
��� GroceryScalar ← GroceryScalar ∗ ScaleFactor
��� HQG LI

$OJRULWKP � *HW'DWD3RLQW)RU*URFHU\6FDODU�/RJ� *URFHU\�

�� Input : Log
�� GroceryGlucoseError ← Log.GlucoseError∗Grocery.InsulinPerPortion

Log.InsulinEstimate
��
�� UHWXUQ DataPoint(Log.Date,GroceryGlucoseError)

'HW HU HQ UHODWLYW OLN SURVHVV IRU PDWYDUHU VRP IRU GDJVSURILOHU� )RUVNMHOOHQ PHOORP
GH WR HU DW GHW NXQ HU HQ NDUERK\GUDW�VNDODU IRU PDWYDUHU� /RJJHU VRP LQYROYHUHU
PDWYDUHQ� RJ VRP HU ODJW LQQ HWWHU IRUULJH VNDODUHQGULQJ� KHQWHV XW� VH DOJRULWPH ��
'HUVRP GHW HU QRN ORJJHU� EOLU GHW JHQHUHUW GDWDSXQNWHU� 'DWDSXQNWHQH IRU PDWYDUHU
EUXNHU RJVn GDWR RJ WLG IUD ORJJHQ VRP ;�YHUGL� PHQ IRU <�YHUGLHQH� EUXNHV DQGHOHQ DY
IHLOHQ L ORJJHQ EDVHUW Sn ELGUDJHW DY LQVXOLQ PDWYDUHQ KDGGH SHU SRUVMRQ� VH DOJRULWPH
�� 'HW YLO EOL NM¡UW VDPPH DQDO\VH VRP Sn GDJVSURILOHU� +HU YLO RJVn GHW WHRUHW�
LVNH HNVWUD LQVXOLQHW EOL EHUHJQHW EDVHUW Sn GLVWDQVHQ IUD DQDO\VHQ GHOW Sn ©LQVXOLQ�WLO�
JOXNRVHª�IRUKROGHW� (Q VNDODUIDNWRU YLO RJVn EOL EHUHJQHW L GHWWH WLOIHOOHW� PHQ YHG EUXN
DY LQVXOLQ SHU SRUVMRQ IRU PDWYDUHQ� RJ LNNH JMHQQRPVQLWWOLJ LQVXOLQ IRU GDJVSURILOHQ�
7LO VOXWW YLO PDWYDUHQV VNDODU RSSGDWHUHV YHG n JDQJHQV PHG VNDOHULQJVIDNWRUHQ� VH
DOJRULWPH ��

��



$OJRULWKP � 8SGDWH&RUUHFWLRQ,QVXOLQ6FDODU��

�� CorrectionScalar ← Database.GetCorrectionScalar()
�� LogsAfterDate← Database.GetAllLogsAfterDate(CorrectionScalar.Date)
�� DataPointsForCorrectionScalar ← Empty list
�� IRU Log in LogsAfterDate GR
�� DataPointsForCorrectionScalar.Add(GetDataPointForCorrectionScalar(Log))
�� HQG IRU
��
�� LI DataPointsForCorrectionScalar.Size ≥MINIMUMBOCCURENCES WKHQ
�� Distance← GetGreatestSafeDistanceFromWantedLine(DataPointsForCorrectionScalar)
���
��� ExtraInsulin← Distance

Global.InsulinToGlucoseRatio
���
��� NewScalar ← 1 + ExtraInsulin
��� CorrectionScalar ← NewScalar
���
��� Global.InsulinToGlucoseRatio← Global.InsulinToGlucoseRatio

CorrectionScalar
��� HQG LI

$OJRULWKP �� *HW'DWD3RLQW)RU&RUUHFWLRQ6FDODU�/RJ�

�� Input : Log
�� GlucoseErrorPerUnitOfCorrectionInsulin← Log.GlucoseError

Log.InsulinEstimate
��
�� UHWXUQ DataPoint(Log.Date,GlucoseErrorPerUnitOfCorrectionInsulin)

$OJRULWPHQ VMHNNHU RJVn NRUULJHULQJV LQVXOLQHW� GHQQH HU RJVn UHODWLYW OLN GDJVSURILOHQ
RJ PDWYDUHQ� 'HQ KHQWHU DOOH ORJJHU VRP KDU NRUULJHULQJV LQVXOLQ RJ VRP HU ODJW LQQ
HWWHU VLVWH VNDODU HQGULQJ� VH DOJRULWPH �� ,JMHQ RP GHW HU QRN ORJJHU Vn YLO GHW EOL
JHQHUHUW HQ OLVWH PHG GDWDSXQNWHU� , GHWWH WLOIHOOHW HU RJVn ;�YHUGLHQ GDWR RJ WLG IUD
ORJJHQ� PHQ <�YHUGLHQ HU ORJJHQV JOXNRVH IHLO GHOW Sn ORJJHQV LQVXOLQ HVWLPDW� VRP JLU
IHLOHQ SHU HQKHW DY NRUULJHULQJV LQVXOLQ� VH DOJRULWPH ���

'HQ VDPPH DQDO\VHQ YLO RJVn EOL NM¡UW Sn GDWDSXQNWHQH� RJ HQ GLVWDQVH YLO EOL UH�
WXUQHUW� (NVWUD LQVXOLQ YLO EOL NDONXOHUW Sn VDPPH PnWH� YHG DW GLVWDQVHQ EOLU GHOW Sn
©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW� 'HQ Q\H VNDODUHQ KHU YLO Y UH� pQ DGGHUW PHG GHW
HNVWUD LQVXOLQHW� 'HWWH GD PDQ NDQ VH Sn IHLO SHU HQKHW PHG NRUULJHULQJVLQVXOLQ� .RU�
ULJHULQJVVNDODUHQ YLO EOL VDWW OLN GHQQH Q\H YHUGLHQ� RJ ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW
YLO EOL RSSGDWHUW WLO VHJ VHOY GLYLGHUW PHG GHQ Q\H NRUULJHULQJVLQVXOLQVNDODUHQ�

��



$OJRULWKP �� *HW*UHDWHVW6DIH'LVWDQFH)URP:DQWHG/LQH�'DWD3RLQWV�

�� Input : DataPoints
��
�� Xvalues ← DataPoints.Date
�� Yvalues ← DataPoints.GlucoseError
��
�� Alpha,Beta← LinearRegression(Xvalues, Yvalues)
�� UpperBound, LowerBound← PredictionInterval(Xvalues, Yvalues, Alpha,Beta, 95�)
��
�� SmallestDifferenceToXAxis ← Min(Alpha + Beta ∗ Xvalues.F irst, Alpha + Beta ∗

Xvalues.Last)
��� Distance ← Min(SmallestDifferenceToXAxis, LowerBound −

LOWERBBOUNDBFORBPREDICTIONBINTERV AL)
��� LI Abs(Distance) > ABSOLUTEBMAXIMUMBDISTANCEBCHANGE WKHQ
��� UHWXUQ Distance∗ABSOLUTEBMAXIMUMBDISTANCEBCHANGE

Abs(Distance)

��� HQG LI
��� UHWXUQ Distance

6HOYH DQDO\VHQ VRP EOLU XWI¡UW Sn GDWDSXQNWHU� HU VRP VDJW OLN L WLOIHOOHQH QHYQW RYHU�
)¡UVW YLO GDWDSXQNWHQH EOL GHOW LQQ L WR OLVWHU� pQ IRU ;�YHUGLHU� GDWRHQH IUD ORJJHQH�
RJ pQ WLO <�YHUGLHU� JOXNRVHIHLOHQ� 'HW YLO EOL NM¡UW HQ HQNHO OLQH U UHJUHVMRQ Sn GLVVH
YHUGLHQH� VRP JLU HQ DOSKD RJ EHWD YHUGL� 'HUHWWHU VHQGHV ;� RJ <�YHUGLHQH VDPPHQ
PHG DOSKD RJ EHWD� RJ WLO VOXWW HQ VLNNHUKHW Sn ���� 'HWWH XWJM¡U HW ��� SUHGLNV�
MRQLQWHUYDOO IRU GDWDSXQNWHQH� )UD GHWWH InU PDQ HQ ¡YUH RJ QHGUH SUHGLNHUW YHUGL
IRU GHW VLVWH SXQNWHW ODQJV ;�DNVHQ� GD GHWWH UHSUHVHQWHUHU EHVW GHW QHVWH IRUYHQWHGH
SXQNWHW� 7LO VOXWW ILQQHU DQDO\VHQ GHQ OHQJVWH GLVWDQVHQ VRP HU WLOODWW DY UHVWULNVMRQHQ
IUD VLNNHUKHWVPHNDQLVPHQH� VH GHOVHNVMRQ ������ 0DQ ILQQHU GHQ PLQVWH DYVWDQG IUD
UHJUHVMRQVOLQMHQ WLO ;�DNVHQ� GD PDQ ¡QVNHU DW OLQMHQ VNDO OLJJH Sn ;�DNVHQ VRP WLOV�
YDUHU QXOO JOXNRVHIHLO� 6n VMHNNHU GHQ KYRU P\H SUHGLNVMRQVLQWHUYDOOHWV QHGUH JUHQVH
WLOODWWHU n EOL IO\WWHW� 'HUVRP GHWWH HU PLQGUH HQQ DYVWDQGHQ WLO UHJUHVMRQVOLQMHQ� YLO
SUHGLNVMRQVLQWHUYDOOHWV QHGUH JUHQVH RYHUNM¡UH UHJUHVMRQVOLQMHQ� $YVOXWQLQJVYLV YLO
PDQ EHJUHQVH GHQ WRWDOH HQGULQJHQ� 'HUVRP HQGULQJHQ VRP DQDO\VHQ ¡QVNHU n JMHQ�
QRPI¡UH HU VW¡UUH HQQ JUHQVHQ WLOODWW� YLO PDQ EHQ\WWH VHJ DY GHQ PDNVLPDOH PXOLJH
HQGULQJHQ� VH DOJRULWPH ��� 'HW HU GHQQH VOXWWYHUGLHQ VRP EOLU UHWXUQHUW� RJ VRP HU
GLVWDQVHQ L GH WLGOLJHUH QHYQWH WLOIHOOHQH RYHU�

����� $OWHUQDWLY

(W DOWHUQDWLY WLO n NRQVWUXHUH DOJRULWPHQ KDGGH Y UW n WD L EUXN PDVNLQO ULQJ� 'HWWH EOH
YXUGHUW� PHQ JUXSSHQ NRQNOXGHUWH PHG DW GHW YDU IRU PDQJH IDOOJUXYHU PHG PDVNLQ�
O ULQJ� %ODQW GLVVH ILQQHU PDQ EODQW DQQHW ©EODFN�ER[ª� (Q GHO PDVNLQO ULQJVDOJRU�
LWPHU HU L SUDNVLV XIRUVWnHOLJH� 'HWWH YLO VL DW HQV HJHQ LQWXLVMRQ LNNH NODUHU n IRUWRONH
SUHGLNVMRQVPRGHOOHQ� 0DQ IRUVWnU DOWVn LNNH KYD VODJV ORJLVN VDPPHQKHQJ GHW HU PHO�
ORP LQSXW RJ RXWSXW� RJ PDQ IRUVWnU KHOOHU LNNH KYD VRP IRUHJnU L PRGHOOHQ� 6HOY RP
PRGHOOHQ NDQ JL JRGH SUHGLNVMRQHU EDVHUW Sn HQNHOWGDWD� NDQ GHQ Y UH PLQGUH JRG WLO
n JL JHQHUHOO LQIRUPDVMRQ� (W HNVHPSHO HU NODVVLILNDVMRQ DY HQ KXVN\ YHUVXV XOY EDVHUW
Sn ELOGHU� +HU WRN PDVNLQO ULQJVDOJRWLPHQ NXQ KHQV\Q WLO RP GHW YDU VQ¡ L ELOGHW�
'HWWH UHVXOWHUWH L DW GHQ JD HQ JRG QRN NODVVLILNDVMRQ� VHOY RP ELOGHJMHQNMHQQLQJHQ
L VHJ VHOY YDU PHU WYLOVRP >�@� $QGUH IDOOJUXYHU YHG PDVNLQO ULQJ HU EODQW DQQHW
IHLOWRONQLQJ DY NYDOLWDWLYH GDWD� RYHUWLOSDVQLQJ� nUVDN�YLUNQLQJ� RJ VWRNDVWLNN YHUVXV
GHWHUPLQLVPH� cUVDN RJ YLUNQLQJ IDOOJUXYHQ HU L OLNKHW PHG YDQOLJ UHJUHVMRQV� RJ NRU�

��



UHODVMRQVDQDO\VH� GHU PDVNLQO ULQJVDOJRULWPHQ LNNH VLHU QRH RP KYD VRP HU nUVDN RJ
KYD VRP HU YLUNQLQJ� 0HG VWRNDVWLNN YHUVXV GHWHUPLQLVPH KDQGOHU RP DW LNNH DOW NDQ
EHUHJQHV RJ IRUXWVLHV� 0DQ NDQ LNNH VSn HW XWIDOO PHG ���� VLNNHUKHW� XDQVHWW KYRU
P\H GDWD VRP HU VDPOHW LQQ� HOOHU KYRU JRGH PRGHOOHU PDQ KDU� (WWHUVRP 093�HQ HU
PHQW VRP HW PHGLVLQVN YHUNW¡\� HU GHW VY UW YLNWLJ IRU JUXSSHQ DW GHQ EOH XWYLNOHW
PHG WHNQRORJL VRP EHJJH JUXSSHQV PHGOHPPHU IRUVWR� $OWVn DW PDQ LNNH YLOOH InWW HW
WLOIHOOH VOLN VRP PHG ©EODFN�ER[ª� 'HWWH HU IRUGL GHW VNDO VY UW OLWH IHLOEHUHJQLQJ WLO
I¡U LQVXOLQPHQJGHU NDQ JL DOYRUOLJH NRQVHNYHQVHU� *UXQQHW GHQ EHJUHQVHGH PHQJGHQ
GDWD YDU GHW KHOOHU LNNH PXOLJ n WD L EUXN PDVNLQO ULQJ GD GHWWH NUHYHU VW¡UUH PHQJGHU
GDWD� *UXSSHQ WURU LNNH 093�HQ YLOOH JHQHUHUW QRN GDWD JMHQQRP WHVWSHULRGHQ IRU n
NXQQH WUHQW HQ PDVNLQO ULQJVPRGHOO� +YHUW IDOO LNNH KDWW QRN WLG LJMHQ WLO n VH RP
GHQQH PRGHOOHQ IXQJHUWH� 'HW HU RJVn YDQVNHOLJHUH n KD HQ G\QDVPLVN NRQWLQXHUOLJ
O UHQGH PRGHOO PHG PDVNLQO ULQJ� 9HG HQ DOJRULWPH Vn KDU PDQ PHU GHWHUPLQLVPH
RJ NDQ OHJJH LQQ YHOGLJ VSHVLILNNH UHVWULNVMRQHU� VH GHOVHNVMRQ ������ 'HWWH VNDSHU
WU\JJKHW UXQGW DOJRULWPHQ RJ YDOJHQH GHQ JM¡U NRQWUD HQ ©EODFN�ER[ª� , DOJRULWPHQ
HU GHW PXOLJ n XWQ\WWH Q\WWLJ LQQVLNW L GLDEHWHV� VRP HQ VMXNGRP RJ KYRUGDQ GHQ
IXQJHUHU� IRU n KHQWH XW PHU LQIRUPDVMRQ IUD GHQ EHJUHQVHGH PHQJGHQ GDWD�

��� %UXNHUWHVWHU

'HW EOH JMHQQRPI¡UW WR EUXNHUWHVWHU� RJ GH EOH JMHQQRPI¡UW EnGH Sn HQ GLDEHWLNHU
RJ HQ SHUVRQ XWHQ GLDEHWHV� 'HQ HQH EUXNHUWHVWHQ EOH JMHQQRPI¡UW GLJLWDOW� RJ YDU
VHPL�VWUXNWXUHUW� *UXQQHQ WLO DW EUXNHUWHVWHQ EOH JMHQQRPI¡UW GLJLWDOW YDU DW SHUVRQHQ
VRP VNXOOH JMHQQRPI¡UH EUXNHUWHVWHQ RJ WHVWHUHQ RSSEHIDQW VHJ Sn XOLNH VWHGHU� RJ
KDGGH LNNH PXOLJKHW WLO n WUHIIHV I\VLVN� , GHWWH WLOIHOOHW YDU GHW LQJHQ DQGUH DOWHUQDWLYHU�
RJ WHVWHQ EOH JMHQQRPI¡UW YLD VNMHUPGHOLQJ DY 093�HQ� 'HQ DQGUH EUXNHUWHVWHQ EOH
JMHQQRPI¡UW I\VLVN� RJ YDU RJVn VHPL�VWUXNWXUHUW�

%UXNHUWHVWHQH YDU VHPL�VWUXNWXUHUW IRU n XQGHUV¡NH KYRU LQWXLWLY 093�HQ HU L VHJ VHOY�
YHG n OD EUXNHUHQ VHOY WHVWH XW IXQNVMRQDOLWHWHQ� PHQ VDPWLGLJ In WHVWHW DOO IXQNVMRQDO�
LWHW JMHQQRP nSQH VS¡UVPnO XWHQ n OHGH EUXNHUHQ IRU P\H� 'H DQGUH DOWHUQDWLYHQH WLO
VHPL�VWUXNWXUHUW EUXNHUWHVW HU GD VWUXNWXUHUW RJ XVWUXNWXUHUWH WHVWHU� )RUGHOHQ PHG
VWUXNWXUHUWH EUXNHUWHVWHU HU DW DEVROXWW DOO IXQNVMRQDOLWHW NDQ WHVWHV L GHQ IRUYHQWHGH
UHNNHI¡OJHQ VRP WHVWHUHQ KDU SODQODJW� 8OHPSHQ HU DW GHW LNNH JLU EUXNHUHQ IULKHW WLO n
WHVWH 093�HQ Sn HJHQKnQG� RJ GHUPHG InU PDQ LNNH WHVWHW L OLNH VWRU JUDG RP GHVLJQHW
HU LQWXLWLYW XWHQ nSQH VS¡UVPnO� , WLOOHJJ NDQ PDQ OHGH EUXNHUHQ IRU P\H JMHQQRP
WHVWHQ� )RU XVWUXNWXUHUWH EUXNHUWHVWHU KDU PDQ GD IRUGHOHQ DY DW PDQ InU WHVWHW L VWRU
JUDG KYRU LQWXLWLYW GHVLJQHW HU� PHQV XOHPSHQ HU DW GHOHU DY IXQNVMRQDOLWHWHQ LNNH EOLU
WHVWHW� RJ PDQ KDU LQJHQ NRQWUROO RYHU WHVWLQJHQ� 9HG HQ VHPL�VWUXNWXUHUW EUXNHUWHVW
YLO XOHPSHQ Y UH DW GHW EOLU XWIRUGUHQGH IRU WHVWHUHQ n KROGH RYHUVLNW RYHU WHVWLQ�
JHQ� L WLOOHJJ WLO DW GHW EOLU YDQVNHOLJHUH n VDPPHQOLJQH EUXNHUH� (WWHUVRP JUXSSHQ
NXQ WHVWHW Sn NXQ WR SHUVRQHU� GHU NXQ pQ KDGGH GLDEHWHV� DQQHW HQQ WHVWSHUVRQHQ
JMHQQRP KHOH SURVHVVHQ� YDU LNNH GHWWH HW SUREOHP� 'HWWH YDU IRUGL IRUPnOHW PHG
EUXNHUWHVWHQH YDU XOLNW� )RU GLDEHWLNHUHQ ¡QVNHW JUXSSHQ n In WHVWHW KHOH 093�HQ� RJ
XQGHUV¡NH RP IXQNVMRQDOLWHWHQ JLU PHQLQJ IRU DQGUH GLDEHWLNHUH HQQ WHVWSHUVRQHQ�
9HG EUXNHUWHVWHQ PHG HQ LNNH�GLDEHWLNHU� YDU IRUPnOHW NXQ n In HW JHQHUHOW LQQWU\NN
DY KYRU LQWXLWLYW GHVLJQHW YDU� 6HPL�VWUXNWXUHUWH EUXNHUWHVWHU JLU RJVn EUXNHUHQ PX�
OLJKHW WLO n RSSI¡UH VHJ Vn QRUPDOW VRP PXOLJ� GD EUXNHUHQ InU RSSJDYHU VRP VNDO
O¡VHV� XWHQ n In NODUH UHWQLQJVOLQMHU Sn KYRUGDQ >��@�

��



(WWHU GHQ I¡UVWH EUXNHUWHVWHQ EOH JMHQQRPI¡UW� HUIDUWH JUXSSHQ DW GHW YDU OXUW n KD
HNVLVWHUHQGH GDWD L GDWDEDVHQ� VOLN DW EUXNHU KDGGH PXOLJKHW WLO n XWIRUVNH 093�HQ
PHU Sn HJHQKnQG� 'HWWH YDU IRU DW EUXNHU LNNH PnWWH ILQQH XW DY DW GH PnWWH RSSUHWWH
HQ PDWYDUH RJ GDJVSURILO I¡U GH NXQQH EUXNH UHVWHQ DY 093�HQ�

��� 0nORSSQnHOVH

)RU n Qn EnGH UHVXOWDW� RJ HIIHNWPnOHQH EHVNUHYHW L IRUSURVMHNWVSODQHQ� EOH GHW JMHQ�
QRPI¡UW XOLNH WHVWHU IRU n V¡UJH IRU DW GLVVH PnOHQH NXQQH WHVWHV� RJ GHUPHG JL HW
PnOEDUW UHVXOWDW�

����� 5HVXOWDWPnO

)RU n Qn UHVXOWDWPnOHQH V¡UJHW JUXSSHQ IRU n VDPOH LQQ GHQ Q¡GYHQGLJH GDWDHQ Sn
EHJ\QQHOVHQ DY SURVMHNWHW� JMHQQRP SURVMHNWHW� RJ YHG SURVMHNWHWV VOXWW� 'DWDHQ
VRP EOH VDPOHW LQQ YDU EODQW DQQHW KYRU P\H WLG WHVWSHUVRQHQ EUXNWH Sn n UHJXOHUH
EORGVXNNHUHW L XNHQH I¡U RJ HWWHU EUXN DY 093�HQ� , WLOOHJJ EOH GHW VDPOHW LQQ GDWD
RP +E$�F�YHUGLHQ NRQWLQXHUOLJ� EnGH I¡U RJ JMHQQRP SHULRGHQ PHG 093�HQ L EUXN�
'HWWH EOH VDPOHW LQQ JMHQQRP WHVWSHUVRQHQ VLQ VHQVRU DSSOLNDVMRQ� VRP PnOHU GHQQH
YHUGLHQ RJ JLU HW HVWLPDW Sn GHQQH KYHU DQGUH XNH� 'HWWH YDU IRU n NXQQH VH KYD VODJV
HIIHNW 093�HQ KDGGH� RJ IRU n WHVWH PnOHQH�

'DWDHQ IRU WLGVEUXN EOH VDPOHW LQQ EDVHUW Sn VNMHUPWLGHQ ORJJHW DY WHVWSHUVRQHQV WHOH�
IRQ Sn DSSOLNDVMRQHQH ©.DONXODWRUª RJ ©/LEUH/LQNª� VH GHOVHNVMRQ ���� 7HVWSHUVRQHQ
YDU Q¡\H PHG n LNNH EUXNH ©.DONXODWRUª�DSSOLNDVMRQHQ IRU XWUHJQLQJ DY QRH DQQHW
HQQ EORGVXNNHU L SHULRGHQ IRU LQQVDPOLQJHQ DY GDWD� ILUH XNHU� IRU n In HW Vn NRUUHNW
HVWLPDW VRP PXOLJ� )RU n VDPOH LQQ GDWDHQ Sn KYRU ODQJ WLG WHVWSHUVRQHQ EUXNWH Sn n
UHJXOHUH EORGVXNNHUHW JMHQQRP WHVWSHULRGHQ� XQGHUV¡NWH JUXSSHQ LJMHQ VNMHUPWLGHQ
ORJJHW DY WHVWSHUVRQHQV WHOHIRQ DY 093�HQ�

����� (IIHNWPnO

)RU n XQGHUV¡NH PnORSSQnHOVHQ IRU HIIHNWPnOHQH EHVNUHYHW L IRUSURVMHNWVSODQHQ� EOH
GHW EODQW DQQHW JMHQQRPI¡UW WR EUXNHUWHVWHU IRU n XQGHUV¡NH RP 093�HQ VLWW GHVLJQ
YDU LQWXLWLY RJ OHWW n WD L EUXN� 'LVVH EUXNHUWHVWHQH HU L YHGOHJJ )� )RU n RSSQn PnOHW
RP DW VOXWWEUXNHU VNDO ¡QVNH n EUXNH DSSOLNDVMRQHQ YLGHUH� KDU WHVWSHUVRQHQ EHVYDUW
GHWWH YHG VOXWWHQ DY WHVWSHULRGHQ�

)RU n PnOH HIIHNWPnOHQH RP DW GHW VNXOOH Y UH OHWWHUH RJ PLQGUH WLGNUHYHQGH n UHJ�
XOHUH EORGVXNNHUHW� VDPW DW GLDEHWLNHUHQ VNXOOH EOL EHGUH UHJXOHUW� EOH GHW I¡UVW XQ�
GHUV¡NW KYRU ODQJ WLG WHVWSHUVRQHQ EUXNWH Sn n UHJXOHUH EORGVXNNHUHW L XNHQH I¡U RJ
L VOXWWHQ DY WHVWSHULRGHQ� PHQV 093�HQ YDU L EUXN� 'HUHWWHU EUXNWH JUXSSHQ GDWD
RP YDULDVMRQHQ L EORGVXNNHUHW WLO WHVWSHUVRQHQ� VDPW HW HVWLPDW Sn +E$�F�YHUGLHU I¡U
093�HQ EOH WDWW L EUXN� 9DULDVMRQHQ RJ +E$�F EOH GHUHWWHU VDPPHQOLJQHW PHG YHUGLHQ
Sn VOXWWHQ DY SURVHVVHQ� RJ JUXSSHQ VHU Sn XWYLNOLQJHQ DY +E$�F�YHUGLHQ I¡U RJ XQGHU
EUXN DY 093�HQ� IRU n PnOH RJ HVWLPHUH GHQV JRGKHW�
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���� 6\VWHPXWYLNOLQJ

������ 8WYLNOLQJ

6RP QHYQW L GHOVHNVMRQ ������ PnWWH JUXSSHQ XWYLNOH HW UDPPHYHUN� 093�HQ� IRU n
NXQQH VDPOH LQQ GHQ Q¡GYHQGLJH GDWDHQ� 'HW YDU HW IRNXV IRU JUXSSHQ n XWYLNOH
HW JRGW GHVLJQ IRU n PLQVNH WLGHQ VRP EOLU EUXNW L 093�HQ� )URQWHQG�UDPPHYHUNHW
JUXSSHQ YDOJWH n WD L EUXN HU VY UW HJQHW WLO GHWWH IRUPnOHW� PHQ JUXSSHQ YDOJWH n
SULRULWHUH HQ L26 DSSOLNDVMRQ JUXQQHW PDQJHO Sn WLG� RJ DW IRNXVHW LNNH KDQGOHW RP n
JM¡UH 093�HQ WLOJMHQJHOLJ IRU DQGUH HQQ WHVWSHUVRQHQ� VRP KDU HQ L3KRQH� 9HUNW¡\HW
©6WRU\ERDUGª L ;FRGH EOH EUXNW IRU n VNLVVHUH EUXNHUJUHQVHVQLWWHW� VOLN DW JUXSSHPHG�
OHPPHQH KDGGH HQ IHOOHV IRUVWnHOVH DY KYRUGDQ 093�HQ VNXOOH VH XW RJ RSHUHUH� RJ
KYD VODJV NRPSRQHQWHU VRP VNXOOH LPSOHPHQWHUHV� )RNXVHW WLO JUXSSHQ YDU LNNH n
ODJH HQ VNDOHUEDU O¡VQLQJ� 093�HQ VNXOOH KROGH WLO IRUPnOHW� 'HW YLO VL n VDPOH LQQ
GDWD XQGHU WHVWSHULRGHQ� Sn QRHQ PnQHGHU� Sn HQ NMDSS RJ HIIHNWLY PnWH� *UXSSHQ
DQVn GHW VRP XVDQQV\QOLJ DW PHQJGHQ GDWD VRP EOH JHQHUHUW RJ KnQGWHUW NRP WLO n
VNDSH HW \WHOVHV SUREOHP� 'HW EOH GHUIRU LNNH ODJW QRHQ WDQNH LQQ L PHU SDVVHQGH
GDWDVWUXNWXUHU� HOOHU UDVNHUH DOJRULWPHU IRU n KnQGWHUH GDWDHQH� GD GHWWH LNNH NRP
WLO n In QRH XWVODJ Sn 093�HQ XQGHU WHVWSHULRGHQ� (WWHUVRP 093�HQ YDU Q¡GYHQGLJ
IRU GDWDLQQVDPOLQJHQ� RJ GDWDLQQVDPOLQJHQ YDU HQ WLGVNULWLVN SURVHVV� EOH GHW LNNH
ODJW YHNW Sn DW 093�HQ VNXOOH Y UH VNDOHUEDU� 7LO WURVV IRU GHWWH� HU 093�HQ XWYLNOHW
PHG HQ SODQODJW DUNLWHNWXU RJ JHQHUHOOH NRGHSULQVLSSHU� VRP n ODY FRXSOLQJ RJ K¡\
FRKHVLRQ�

������ 0HWRGLNN

'HW EOH WDWW L EUXN IOHUH XOLNH DJLOH PHWRGHU IRU n XWYLNOH 093�HQ� *UXSSHQ NRQNOXGHUWH
WLGOLJ PHG DW GHW YDU Q¡GYHQGLJ PHG DJLOH PHWRGHU IRU XWYLNOLQJVSURVHVVHQ� 'HWWH IRUGL
GHWWH nSQHU IRU IOHNVLELOLWHW RJ HYHQWXHOOH HQGULQJHU L SURVHVVHQ� XWHQ DW GHW NRVWHU
IRU P\H DY WLG RJ UHVVXUVHU� 'HW EOH RJVn GLVNXWHUW RP GHW YDU EHKRY IRU HQ V\V�
WHPXWYLNOLQJVPHWRGH� RJ EODQW GLVVH YXUGHUWH JUXSSHQ 6FUXP RJ .DQEDQ� *UXSSHQ
YDOJWH n LNNH KD HQ ULJLG V\VWHPXWYLNOLQJVPHWRGH� GD JUXSSHQV LQWHUQH NRPPXQLNDV�
MRQ RJ RYHUVLNW RYHU SURVHVV JMHQQRP *DQWW�GLDJUDPPHW� YDU QRN WLO n KROGH HQ JRG
RYHUVLNW� JL GHQ Q¡GYHQGLJH IOHNVLELOLWHWHQ RJ GHQ JRGH NRPPXQLNDVMRQHQ PHOORP
PHGOHPPHQH�

6FUXP EOH YDOJW ERUW GD JUXSSHQ Vn Sn 6FUXP VLQH VHUHPRQLHU� UROOHU RJ DNWLYLWHWHU
VRP XQ¡GYHQGLJ RJ WLGVNUHYHQGH� RJ DW GHW YLOOH I¡UW WLO XQ¡GYHQGLJ DUEHLG� , WLOOHJJ
KDGGH LNNH JUXSSHQ QRN PHGOHPPHU WLO n RSSI\OOH DOOH UROOHQH VRP NUHYHV L 6FUXP�
L WLOOHJJ WLO DW RSSJDYHJLYHU HU HQ GHO DY JUXSSHQ� c KD HW PHOORPOHGG� L IRUP DY HQ
©6FUXP PDVWHUª� PHOORP JUXSSHQ RJ RSSGUDJVJLYHU EOH GHUIRU VHWW Sn VRP VY UW
XQ¡GYHQGLJ� .DQEDQ EOH YDOJW ERUW GD JUXSSHQ LNNH Vn HW EHKRY IRU EODQW DQQHW n
KD HW .DQEDQ ERDUG� GD� VRP QHYQW WLGOLJHUH L GHOVHNVMRQ ������ JUXSSHQ EHQ\WWHW
VHJ DY GHQ DJLOH PHWRGHQ SDUSURJUDPPHULQJ� RJ KDGGH GHUIRU HQ JRG RYHUVLNW RYHU
XWYLNOLQJHQ DY 093�HQ� 6DPWLGLJ KDGGH JUXSSHQ HQ JRG IRUVWnHOVH DY KYD VODJV IXQN�
VMRQDOLWHW VRP PnWWH LPSOHPHQWHUHV JMHQQRP *DQWW�GLDJUDPPHW� ZLUHIUDPH�HQ RJ
YLVMRQVGRNXPHQWHW� VDPW GLVNXVMRQ XQGHU SDUSURJUDPPHULQJHQ� , WLOOHJJ YDU GHW LNNH
HW EHKRY IRU QRHQ DY JUXSSHQV PHGOHPPHU n YLVXDOLVHUH SURJUHVMRQHQ PHG HW .DQ�
EDQ ERDUG� 'HW EOH LPLGOHUWLG EUXNW HW LVVXH�ERDUG Sn JLWKXE� IRU n KROGH RYHUVLNW
RYHU PLQGUH RSSJDYHU� (Q DQQHQ JUXQQ WLO DW JUXSSHQ YDOJWH n LNNH EHQ\WWH VHJ DY
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HQ VSHVLILNN V\VWHPXWYLNOLQJVPHWRGLNN YDU IRUGL RSSGUDJVJLYHU LNNH HU HNVWHUQ� PHQ
HQ GHO DY JUXSSHQ� VRP QHYQW WLGOLJHUH� 'HWWH I¡UWH WLO DW GHW LNNH YDU EHKRY IRU
n RSSGDWHUH�KD P¡WHU PHG RSSGUDJVJLYHU NRQWLQXHUOLJ JMHQQRP SURVHVVHQ� GD RSS�
GUDJVJLYHU YDU HQ GHO DY XWYLNOLQJHQ RJ SDUSURJUDPPHULQJHQ� *UXSSHQ WRN GHULPRW
LQVSLUDVMRQ IUD 6FUXP RJ .DQEDQ� RJ EHQ\WWHW NRUWH� GDJOLJH RSSGDWHULQJVP¡WHU� L GH
WLOIHOOHQH KYRU JUXSSHQ KDGGH DGVNLOWH RSSJDYHU� VDPW IRU n KD HQ RSSVXPPHULQJ DY
GDJHQ RJ KYLONH PnO VRP EOH RSSQnGG� 'HWWH YDU IRU n KROGH HQ JRG RYHUVLNW RYHU
SURJUHVMRQHQ WLO SURVMHNWHW� KD HQ RYHUVLNW RYHU KYLONH RSSJDYHU VRP JMHQVWR� RJ RP
GHW YDU Q¡GYHQGLJ DW EHJJH DUEHLGHW Sn HQ RSSJDYH GHUVRP GHQQH WRN OHQJHU WLG HQQ
IRUYHQWHW� 3DUSURJUDPPHULQJHQ HU RJVn HQ DJLO PHWRGH KHQWHW IUD V\VWHPXWYLNOLQJV�
PHWRGLNNHQ ([WUHPH 3URJUDPPLQJ�

*UXSSHQ WRN RJVn L EUXN XVHU VWRULHV� GRPHQHPRGHOO� RJ HQ ZLUHIUDPH� 'HWWH YDU IRU
n HWDEOHUH HQ IHOOHV IRUVWnHOVH IRU IXQNVMRQDOLWHWHQ WLO 093�HQ� KYRUGDQ GHQQH IXQNV�
MRQDOLWHWHQ VNXOOH IXQJHUH� RJ KYRUGDQ GHVLJQHW DY 093�HQ VNXOOH RSHUHUH RJ VH XW�
'LVVH HU EHVNUHYHW L NUDYGRNXPHQWDVMRQHQ� VH YHGOHJJ '�

0HWRGHQ DY n KHQWH LQQ XOLNH DJLOH PHWRGHU Sn WYHUV DY V\VWHPXWYLNOLQJVPHWRGLNNHU
IXQJHUWH JRGW IRU JUXSSHQ� 'HW YDU JRG NRPPXQLNDVMRQ JUXQQHQ SDUSURJUDPPHULQJ�
RJ GDJOLJH RSSGDWHULQJVP¡WHU� VDPW DW EHJJH JUXSSHQV PHGOHPPHU DOOWLG KDGGH JRG
RYHUVLNW RYHU SURVMHNWHWV IUHPJDQJ JUXQQHW *DQWW�GLDJUDPPHW� LVVXH�ERDUG� SDUSUR�
JUDPPHULQJHQ RJ GH NRUWH GDJOLJH RSSGDWHULQJVP¡WHQH�
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� 5HVXOWDWHU

��� 9LWHQVNDSHOLJH UHVXOWDWHU

����� $OJRULWPHQ

$OJRULWPHQ KDU JMHQQRPI¡UW IOHUH LWHUDVMRQHU Sn GHQ LQQVDPOHGH GDWDHQ L SURVMHN�
WHW� IRU n EHVYDUH GHQ JLWWH SUREOHPVWLOOLQJHQ� 5HVXOWDWHQH IUD DOJRULWPHQ Sn XOLNH
PDWYDUHU� GDJVSURILOHU RJ NRUULJHULQJVLQVXOLQ YLO EOL UHGHJMRUW IRU� RJ SUHVHQWHUW JMHQ�
QRP XOLNH JUDIHU� 'HW YLO RJVn EOL SUHVHQWHUW GDWD IUD /LEUH/LQN� 'HQQH GDWDHQ HU
DY WHVWEUXNHUV EORGVXNNHU I¡U RJ XQGHU WHVWSHULRGHQ� 'HW YLO EOL XQGHUV¡NW HIIHNWHQ
093�HQ RJ DOJRULWPHQ KDGGH Sn UHJXOHULQJHQ DY EORGVXNNHUHW WLO WHVWSHUVRQHQ� VHWW
L VDPPHQKHQJ PHG UHJXOHULQJHQ I¡U WHVWSHULRGHQ� , PDQJH DY JUDIHQH HU GHW EnGH
HQ YDQOLJ HQNHO OLQH U UHJUHVMRQ RJ ,76 DQDO\VH� 'HWWH HU JMRUW IRU n YLVH HYHQWXHOW
KYRU P\H PHU ,76 IRUNODUHU HQQ GHQ HQNOH OLQH U UHJUHVMRQHQ� 'HWWH NDQ W\GH DW GHW
KDU Y UW HQ W\GHOLJ HQGULQJ YHG DQWDWW WLGVSXQNW VRP ,76 PRGHOOHQ SDVVHU EHGUH WLO�
, WLOIHOOHU KYRU GH IRUNODUHU RPWUHQW OLNH P\H HU GH RJVn JDQVNH OLNH RJVn� 'HW YLO GD
LNNH KD QRH n VL KYLONHQ DY GHP YL WDU XWJDQJVSXQNW L IRU n DQWD IUHPWLGLJH WUHQGHU�
'HW WDV GHUIRU DOOWLG XWJDQJVSXQNW L ,76 DQDO\VHQ� *RGKHWHQ WLO PRGHOOHQH HU JLWW YHG
506(�YHUGLHQ GHUHV� VH GHOVHNVMRQ ������� VRP VWnU L DOOH JUDIHQH GHW HU JMRUW VOLNH
DQDO\VHU�

������� 0DWYDUHU

)LJXU �� 7RWDO GDWD Sn EU¡G

'HQ WRWDOH LQQVDPOHGH GDWDHQ IRU PDWYDUHQ ©EU¡Gª NDQ REVHUYHUHV L ILJXU �� 'HW
EOH JMHQQRPI¡UW QL LWHUDVMRQHU DY DOJRULWPHQ Sn GHQQH PDWYDUHQ� , SHULRGHQ IUD
���������� WLO RJ PHG ���������� RJ ���������� WLO RJ PHG ���������� JLNN GDWD

��



WDSW� VH GHOVHNVMRQ �������� 'DWDSXQNWHQH L JUDIHQ HU JOXNRVHIHLOHQ �JOXFRVH HUURU�
WLO SnPLQQHOVHU VRP EU¡G KDU Y UW LQYROYHUW L� 'HQ OLOOD OLQMHQ� ©6FDODU �QRUP��ª�
UHSUHVHQWHUHU RP VNDODUHQ WLO EU¡G HQGUHW VHJ RSS HOOHU QHG� RJ OLQMHQ HU EOLWW QRUPDO�
LVHUW �PHOORP � RJ �� IRU n W\GHOLJJM¡UH HQGULQJHQ� 'H U¡GH YHUWLNDOH OLQMHQH� ©6FDODU
FKDQJHª� UHSUHVHQWHUHU QnU VNDODUHQ IRU EU¡G HQGUHW VHJ� DOWVn QnU DOJRULWPHQ KDU
JMRUW HQ HQGULQJ� 'HQ JU¡QQH OLQMHQ� NDOW ©:DQWHG OLQH IRU GDWDª� HU GHQ ¡QVNHGH
OLQMHQ IRU GDWDSXQNWHQH�

0DWYDUH� %U¡G

�D� )¡UVWH LWHUDVMRQ DY DOJRULWPHQ �E� $QGUH LWHUDVMRQ DY DOJRULWPHQ

�F� 7UHGMH LWHUDVMRQ DY DOJRULWPHQ �G� )MHUGH LWHUDVMRQ DY DOJRULWPHQ

�H� )HPWH LWHUDVMRQ DY DOJRULWPHQ �I� 6MHWWH LWHUDVMRQ DY DOJRULWPHQ

)LJXU �� 8WYLNOLQJHQ DY PDWYDUHQ ©EU¡Gª �IRUWVHWWHU Sn QHVWH VLGH�

��



�J� 6\YHQGH LWHUDVMRQ DY DOJRULWPHQ �K� cWWHQGH LWHUDVMRQ DY DOJRULWPHQ

�L� 1LHQGH LWHUDVMRQ DY DOJRULWPHQ �M� 6FDODU RYHU WLG

)LJXU �� 8WYLNOLQJHQ DY PDWYDUHQ ©EU¡Gª

, ILJXU � NDQ PDQ Q UPHUH REVHUYHUH GH XOLNH LWHUDVMRQHQH DY DOJRULWPHQ� VDPW
VNDODUHQ WLO EU¡G RYHU WLG� , XQGHUILJXUHU �D� �E RJ �J NDQ PDQ REVHUYHUH DW DOJRULW�
PHQ MXVWHUWH VNDODUHQ IRU EU¡G QHG� RJ DW JOXNRVH IHLOHQ JnU RSS� 'HWWH HU IRUYHQWHW
RSSI¡UVHO� 0DQ NDQ L PLGGHOWLG LNNH VH HQ VWRU HQGULQJ L JOXNRVHIHLOHQ HWWHU GHQ I¡UVWH
LWHUDVMRQHQ DY DOJRULWPHQ YLVW L XQGHUILJXU �D� RJ VHOY RP GHQ KDU HQ OLWHQ VWLJQLQJ�
KROGHU GHQ VHJ VY UW VWDELOW Sn VDPPH QLYn UXQGW ���� , XQGHUILJXU �E NDQ PDQ RE�
VHUYHUH DW JOXNRVHIHLOHQ VWLJHU NUDIWLJ� RJ DW GHQ GHUHWWHU KDU HQ VY UW VODN VWLJQLQJ
QHGRYHU� , V\YHQGH LWHUDVMRQ DY DOJRULWPHQ� YLVW L XQGHUILJXU �J� NDQ PDQ REVHUYHUH
DW JOXNRVHIHLOHQ VWLJHU OLWW� I¡U GHQ GHUHWWHU KDU HQ VODN VWLJQLQJ QHGRYHU VOLN VRP L �E�
, XQGHUILJXUHU �F RJ �G NDQ PDQ REVHUYHUH DW VNDODUHQ EOLU MXVWHUW RSS� RJ DW JOXNRVH
IHLOHQ RJVn VWLJHU� PHQV L XQGHUILJXUHU �H RJ �I LWHUDVMRQ� VNMHU GHW PRWVDWWH RJ EHJJH
EOLU MXVWHUW QHG� 'HQ WUHGMH LWHUDVMRQHQ DY DOJRULWPHQ� YLVW L XQGHUILJXU �F� VHU PDQ DW
JOXNRVHIHLOHQ VWLJHU NUDIWLJ� I¡U GHQ GHUHWWHU DYWDU VODNW� PHQV L XQGHUILJXU �G VWLJHU
JOXNRVHIHLOHQ HQQn PHU L VWDUWHQ I¡U GHQ KDU HQ EUDWW QHGVWLJLQJ� , XQGHUILJXU �H NDQ
PDQ REVHUYHUH DW JOXNRVHIHLOHQ EOLU UDVNW UHGXVHUW� I¡U GHQ KDU HQ VY UW VODN QHG�
VWLJQLQJ� , VMHWWH LWHUDVMRQ DY DOJRULWPHQ� YLVW L XQGHUILJXU �I� VHU PDQ L PLGOHUWLG GHW
PRWVDWWH� GHU GHQ I¡UVW VHQNHU VHJ I¡U GHQ KDU HQ NUDIWLJHUH VWLJQLQJ� , GHQ nWWHQGH
RJ QLHQGH LWHUDVMRQHQ� XQGHUILJXUHU �K RJ �L� NDQ PDQ REVHUYHUH DW VNDODUHQ MXVWHUHV
QHG� RJ DW JOXNRVHIHLOHV I¡UVW VWLOOHV QHG IRU Vn n VWLJH� , GHQ nWWHQGH LWHUDVMRQHQ HU
GHWWH PHU HNVWUHPW HQQ L QLHQGH� , XQGHUILJXU �M� VHU PDQ DW VNDODUHQ IRU EU¡G VWDUWHW
PHG XWJDQJVSXQNW L ���� RJ UDVNW MXVWHUWH VHJ QHG WLO RPWUHQW ���� RJ GHW NDQ VH XW
WLO DW GHQ NRPPHU WLO n IRUWVHWWH n V\QNH PHG VPn VWHJ�

'H VDPPH JUDIHQH� PHG OLNW RSSVHWW� KDU EOLWW JHQHUHUW IRU DOOH GH XOLNH PDWYDUHQH
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GHW EOH VDPOHW LQQ QRN GDWDSXQNWHU Sn� 'HW HU RJVn EOLWW JHQHUHUW OLNH JUDIHU IRU
GDJVSURILOHQH�

0DWYDUH� <RJKXUW

�D� 7RWDO GDWD Sn \RJKXUW �E� )¡UVWH LWHUDVMRQ DY DOJRULWPHQ

�F� $QGUH LWHUDVMRQ DY DOJRULWPHQ �G� 6FDODU RYHU WLG

)LJXU �� 8WYLNOLQJHQ DY PDWYDUHQ ©\RJKXUWª

, ILJXU � NDQ PDQ REVHUYHUH OLNH MXVWHULQJHU DY DOJRULWPHQ� VRP L ILJXU �� 'HW HU
EHWUDNWHOLJ PLQGUH GDWD Sn GHQQH PDWYDUHQ� \RJKXUW� RJ GHQ KDU NXQ JMHQQRPJnWW WR
LWHUDVMRQHU DY DOJRULWPHQ� , XQGHUILJXU �E NDQ PDQ REVHUYHUH DW VNDODUHQ IRU \RJKXUW
EOLU MXVWHUW QHG� RJ DW JOXNRVH IHLOHQ VWLJHU� RJ KROGHU GHQQH VODNH VWLJHQGH WUHQGHQ�
8QGHU GHQ DQGUH LWHUDVMRQHQ DY DOJRULWPHQ� YLVW L XQGHUILJXU �F� NDQ PDQ REVHUYHUH
DW GHW PRWVDWWH VNMHU� QHPOLJ DW VNDODUHQ EOLU MXVWHUW RSS� RJ DW JOXNRVH IHLOHQ I¡UVW
JnU NUDIWLJ QHG� I¡U GHQ LJMHQ� VODNW EHJ\QQHU n VWLJH� , XQGHUILJXU �G VHU PDQ DW
VNDODUHQ KDGGH HQ EUDWW QHGJDQJ IUD ��� WLO RPWUHQW ���� L I¡UVWH LWHUDVMRQ� , GHQ
DQGUH LWHUDVMRQHQ VWHJ GHQ IUD RPWUHQW ���� WLO ����� HQ VY UW P\H PLQGUH HQGULQJ
HQQ L I¡UVWH LWHUDVMRQ�
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0DWYDUH� $SSHOVLQMXLFH

�D� 7RWDO GDWD Sn DSSHOVLQMXLFH �E� )¡UVWH LWHUDVMRQ DY DOJRULWPHQ

�F� $QGUH LWHUDVMRQ DY DOJRULWPHQ �G� 7UHGMH LWHUDVMRQ DY DOJRULWPHQ

�H� 6FDODU RYHU WLG

)LJXU �� 8WYLNOLQJHQ DY PDWYDUHQ ©DSSHOVLQMXLFHª

)RU PDWYDUHQ DSSHOVLQMXLFH HU GHW RJVn EOLWW JMHQQRPI¡UW NXQ WUH LWHUDVMRQHU PHG
DOJRULWPHQ� , XQGHUILJXUHQH �E� �F� RJ �G NDQ PDQ REVHUYHUH DW VNDODUHQ IRU DS�
SHOVLQMXLFH EOLU MXVWHUW QHG RJ DW JOXNRVH IHLOHQ I¡UVW VWLJHU� I¡U GHQ VHQHUH InU HQ VODN
QHGJDQJ� 6NDODUHQ WLO DSSHOVLQMXLFH RYHU WLG� YLVW L XQGHUILJXU �H� YLVHU DW VNDODUHQ EOH
MXVWHUW QHG IUD ���� WLO UXQGW �����
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0DWYDUH� %ULQJHE UV\OWHW¡\

�D� 7RWDO GDWD Sn EULQJHE UV\OWHW¡\ �E� )¡UVWH LWHUDVMRQ DY DOJRULWPHQ

�F� $QGUH LWHUDVMRQ DY DOJRULWPHQ �G� 6FDODU RYHU WLG

)LJXU �� 8WYLNOLQJHQ DY PDWYDUHQ ©EULQJHE UV\OWHW¡\ª

%ULQJHE UV\OWHW¡\ HU PDWYDUHQ PHG PLQVW GDWDSXQNWHU� RJ GHQ KDU NXQ JMHQQRPJnWW
WR LWHUDVMRQ DY DOJRULWPHQ� VOLN VRP YLVW L XQGHUILJXU �D� , XQGHUILJXU �E VHU PDQ DW
VNDODUHQ MXVWHUWH VHJ QHG� RJ DW JOXNRVH IHLOHQ RJVn MXVWHUWH VHJ QHG� PHQ DW GHQ
GHUHWWHU ILNN HQ VODN VWLJQLQJ� , DQGUH LWHUDVMRQ VWHJ VNDODUHQ RJ GHWWH PHGI¡UWH DW
JOXNRVHIHLOHQ I¡UVW VDQN� IRU GHUHWWHU n VWLJH� VH XQGHUILJXU �F� , WLOOHJJ VHU PDQ DW
VNDODUHQ WLO EULQJHE UV\OWHW¡\ MXVWHUWH VHJ QHG IUD ���� WLO UXQGW �����

������� 'DJVSURILOHU

'HW HNVLVWHUHU JUDIHU IRU KYHU GDJVSURILO VRP EOH RSSUHWWHW XQGHU WHVWSHULRGHQ� +YHU DY
GLVVH GDJVSURILOHQH KDU GHUHWWHU JUDIHU IRU NDUERK\GUDW VNDODUHQ� RJ JOXNRVH VNDODUHQ�
VH GHOVHNVMRQ ������
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'DJVSURILO� )URNRVW � &DUE6FDODU

�D� 7RWDO GDWD Sn IURNRVW &DUE6FDODU �E� )¡UVWH LWHUDVMRQ DY DOJRULWPHQ

�F� $QGUH LWHUDVMRQ DY DOJRULWPHQ �G� 7UHGMH LWHUDVMRQ DY DOJRULWPHQ

�H� )MHUGH LWHUDVMRQ DY DOJRULWPHQ �I� 6FDODU RYHU WLG

)LJXU �� 8WYLNOLQJHQ DY &DUE6FDODU YHG IURNRVW

6RP PDQ NDQ REVHUYHUH HU GHW OLNW RSSVHWW IRU GDJVSURILO JUDIHQH VRP IRU PDWYDUHU�
'DJVSURILOHQ ©IURNRVWª KDU JMHQQRPJnWW ILUH LWHUDVMRQHU DY DOJRULWPHQ� VRP YLVW L XQ�
GHUILJXU �D� , XQGHUILJXU �E NDQ PDQ VH DW VNDODUHQ EOH MXVWHUW RSS� RJ DW JOXNRVHIHLOHQ
RJVn ¡NWH� IRU GHUHWWHU n KROGH VHJ VWDELOW Sn GHW QLYnHW� 8QGHUILJXU �F RJ �G YLVHU
DW VNDODUHQ IRU NDUERK\GUDWHU EOH MXVWHUW QHG� RJ DW JOXNRVHIHLOHQ I¡UVW ¡NWH� IRU GHU�
HWWHU n KD HQ VODN DYWDNLQJ� , GHQ IMHUGH LWHUDVMRQHQ� NDQ PDQ REVHUYHUH GHW VDPPH�
ERUWVHWW IUD DW IHLOHQ ¡NWH L VWHGHW IRU n V\QNH� VH XQGHUILJXU �H� 6NDODUHQ RYHU WLG�
MXVWHUWH VHJ IUD ���� WLO RPWUHQW ����� VRP REVHUYHUW L XQGHUILJXU �I�
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'DJVSURILO� )URNRVW � *OXFRVH6FDODU

�D� 7RWDO GDWD Sn IURNRVW *OXFRVH6FDODU �E� )¡UVWH LWHUDVMRQ DY DOJRULWPHQ

�F� $QGUH LWHUDVMRQ DY DOJRULWPHQ �G� 7UHGMH LWHUDVMRQ DY DOJRULWPHQ

�H� )MHUGH LWHUDVMRQ DY DOJRULWPHQ �I� 6FDODU RYHU WLG

)LJXU �� 8WYLNOLQJHQ DY *OXFRVH6FDODU YHG IURNRVW

, OLNKHW PHG ILJXU �� KDU ILJXU � RJVn JMHQQRPJnWW ILUH LWHUDVMRQHU PHG DOJRULWPHQ� ,
GHQ I¡UVWH LWHUDVMRQHQ NDQ PDQ REVHUYHUH L XQGHUILJXU �E DW VNDODUHQ EOH MXVWHUW QHG�
RJ DW JOXNRVHIHLOHQ ¡NWH� RJ VWDELOLVHUWH VHJ� 1HVWHQ GHW VDPPH VNMHU L XQGHUILJXUHU �F
RJ �G� ERUWVHWW IUD DW JOXNRVHIHLOHQ ¡NHU� IRU GHUHWWHU n V\QNH UHODWLYW NUDIWLJ� 6NDODUHQ
RYHU WLG YLVHU DW VNDODUHQ JUDGYLV KDU VXQNHW IUD ��� WLO UHWW XQGHU ����

��



'DJVSURILO� /XQVM � &DUE6FDODU

�D� 7RWDO GDWD Sn OXQVM &DUE6FDODU �E� )¡UVWH LWHUDVMRQ DY DOJRULWPHQ

�F� $QGUH LWHUDVMRQ DY DOJRULWPHQ �G� 7UHGMH LWHUDVMRQ DY DOJRULWPHQ

�H� )MHUGH LWHUDVMRQ DY DOJRULWPHQ �I� )HPWH LWHUDVMRQ DY DOJRULWPHQ

�J� 6FDODU RYHU WLG

)LJXU �� 8WYLNOLQJHQ DY &DUE6FDODU YHG OXQVM

��



'DJVSURILOHQ OXQVM KDU KDWW IHP LWHUDVMRQHU DY DOJRULWPHQ� , XQGHUILJXU �E VHU PDQ DW
EnGH VNDODUHQ MXVWHUHV RSS RJ DW JOXNRVHIHLOHQ ¡NHU� , QHVWH LWHUDVMRQ� VRP REVHUYHUW
L XQGHUILJXU �F� MXVWHUHV VNDODUHQ QHG RJ JOXNRVHIHLOHQ ¡NHU� , XQGHUILJXUHU �G� �H RJ
�I NDQ PDQ REVHUYHUH DW VNDODUHQ MXVWHUHV QHG� RJ DW JOXNRVHIHLOHQ I¡UVW VHQNHV� I¡U
GHQ GHUHWWHU VWLJHU� 6NDODUHQ RYHU WLG KDU VXQNHW IUD ���� WLO UXQGW �����

'DJVSURILO� /XQVM � *OXFRVH6FDODU

�D� 7RWDO GDWD Sn OXQVM *OXFRVH6FDODU �E� )¡UVWH LWHUDVMRQ DY DOJRULWPHQ

�F� $QGUH LWHUDVMRQ DY DOJRULWPHQ �G� 7UHGMH LWHUDVMRQ DY DOJRULWPHQ

�H� )MHUGH LWHUDVMRQ DY DOJRULWPHQ �I� )HPWH LWHUDVMRQ DY DOJRULWPHQ

)LJXU �� 8WYLNOLQJHQ DY *OXFRVH6FDODU YHG OXQVM �IRUWVHWWHU Sn QHVWH VLGH�

��



�J� 6FDODU RYHU WLG

)LJXU �� 8WYLNOLQJHQ DY *OXFRVH6FDODU YHG OXQVM

$OJRULWPHQ KDU RJVn JMHQQRPI¡UW IHP HQGULQJHU IRU JOXNRVH VNDODUHQ IRU OXQVM� , XQ�
GHUILJXU �E NDQ PDQ VH DW VNDODUHQ ¡NHU L YHUGL� RJ DW JOXNRVHIHLOHQ I¡UVW VWLJHU� IRU
GHUHWWHU n DYWD� , DQGUH LWHUDVMRQ� XQGHUILJXU �F� V\QNHU VNDODUYHUGLHQ RJ JOXNRVHIHL�
OHQ ¡NHU� , WUHGMH RJ IHPWH LWHUDVMRQ V\QNHU LJMHQ VNDODUYHUGLHQ� PHQ GHQQH JDQJHQ
V\QNHU RJVn JOXNRVHIHLOHQ� IRU GHUHWWHU DW GHQ VODNW VWLJHU LJMHQ� 'HWWH EOLU YLVW L XQ�
GHUILJXUHU �G RJ �I� , GHQ IMHUGH LWHUDVMRQHQ� YLVW L XQGHUILJXU �H� ¡NHU VNDODUYHUGLHQ�
RJ JOXNRVHIHLOHQ VHQNHV I¡UVW� I¡U GHQ GHUHWWHU VWLJHU� 8QGHUILJXUHQ IRU VNDODUHQ RYHU
WLG� YLVHU KYRUGDQ GHQ KDU MXVWHUW VHJ IUD ���� WLO HW VWHG PHOORP ���� RJ �����

��



'DJVSURILO� 0LGGDJ � &DUE6FDODU

�D� 7RWDO GDWD Sn PLGGDJ &DUE6FDODU �E� )¡UVWH LWHUDVMRQ DY DOJRULWPHQ

�F� $QGUH LWHUDVMRQ DY DOJRULWPHQ �G� 7UHGMH LWHUDVMRQ DY DOJRULWPHQ

�H� )MHUGH LWHUDVMRQ DY DOJRULWPHQ �I� 6FDODU RYHU WLG

)LJXU ��� 8WYLNOLQJHQ DY &DUE6FDODU YHG PLGGDJ

0LGGDJ KDU JMHQQRPJnWW ILUH LWHUDVMRQHU DY DOJRULWPHQ� , DOOH LWHUDVMRQHQH KDU VNDODUHQ
EOLWW MXVWHUW QHG� VDPW DW JOXNRVHIHLOHQ RJVn KDU VXQNHW� IRU GHUHWWHU n VWLJH RSSRYHU�
, XQGHUILJXU ��I NDQ PDQ REVHUYHUH DW VNDODUHQ KDU HQGUHW VHJ IUD ���� WLO UHWW XQGHU
�����

��



'DJVSURILO� 0LGGDJ � *OXFRVH6FDODU

�D� 7RWDO GDWD Sn PLGGDJ JOXNRVHVNDODU �E� )¡UVWH LWHUDVMRQ DY DOJRULWPHQ

�F� $QGUH LWHUDVMRQ DY DOJRULWPHQ �G� 7UHGMH LWHUDVMRQ DY DOJRULWPHQ

�H� )MHUGH LWHUDVMRQ DY DOJRULWPHQ �I� 6FDODU RYHU WLG

)LJXU ��� 8WYLNOLQJHQ DY *OXFRVH6FDODU YHG PLGGDJ

*OXNRVHVNDODUHQ IRU GDJVSURILOHQ ©PLGGDJª KDU RJVn JMHQQRPJnWW ILUH LWHUDVMRQHU PHG
DOJRULWPHQ� RJ PDQ NDQ REVHUYHUH VWRUH OLNKHWHU PHG ILJXU ��� , DOOH WUH LWHUDVMRQHQH�
VRP YLVW L XQGHUILJXUHU ��E� ��F RJ ��G� NDQ PDQ REVHUYHUH DW VNDODUHQ MXVWHUHV QHG�
RJ DW JOXNRVHIHLOHQ I¡UVW VHQNHV� IRU GHUHWWHU n ¡NH�

��



'DJVSURILO� .YHOGVPDW � &DUE6FDODU

�D� 7RWDO GDWD Sn NYHOGVPDW NDUERK\GUDW�
VNDODU

�E� )¡UVWH LWHUDVMRQ DY DOJRULWPHQ

�F� $QGUH LWHUDVMRQ DY DOJRULWPHQ �G� 7UHGMH LWHUDVMRQ DY DOJRULWPHQ

�H� )MHUGH LWHUDVMRQ DY DOJRULWPHQ �I� 6FDODU RYHU WLG

)LJXU ��� 8WYLNOLQJHQ DY &DUE6FDODU YHG NYHOGVPDW

'DJVSURILOHQ ©NYHOGVPDWª KDU JMHQQRPJnWW ILUH LWHUDVMRQHU DY DOJRULWPHQ� , DOOH LWHU�
DVMRQHQH KDU VNDODUHQ EOLWW MXVWHUW QHG� , GHQ I¡UVWH RJ IMHUGH LWHUDVMRQHQ� XQGHUILJXUHU
��E RJ ��H� ¡NWH LPLGOHUWLG JOXNRVHIHLOHQ� PHQV L DQGUH RJ WUHGMH� YLVW L XQGHUILJXUHU
��F RJ ��G� LWHUDVMRQ VDQN GHQQH IRU GHUHWWHU n VWLJH� 8QGHUILJXU ��I YLVHU KYRUGDQ
VNDODUHQ KDU VXQNHW IUD ���� WLO UHWW XQGHU �����

��



'DJVSURILO� .YHOGVPDW � *OXFRVH6FDODU

�D� 7RWDO GDWD Sn NYHOGVPDW JOXNRVHVNDODU �E� )¡UVWH LWHUDVMRQ DY DOJRULWPHQ

�F� $QGUH LWHUDVMRQ DY DOJRULWPHQ �G� 7UHGMH LWHUDVMRQ DY DOJRULWPHQ

�H� )MHUGH LWHUDVMRQ DY DOJRULWPHQ �I� 6FDODU RYHU WLG

)LJXU ��� 8WYLNOLQJHQ DY *OXFRVH6FDODU YHG NYHOGVPDW

6RP WLGOLJHUH KDU JOXNRVHVNDODUHQ JMHQQRPI¡UW OLNH PDQJH LWHUDVMRQHU VRP NDUER�
K\GUDWVNDODUHQ IRU RJVn GHQQH GDJVSURILOHQ� +HU VHU PDQ VNDODUHQ KDU MXVWHUW VHJ
QHG L I¡UVWH RJ IMHUGH LWHUDVMRQ� , WLOOHJJ� VRP YLVW L ��E RJ ��H� ¡NHU RJVn JOXNRVH�
IHLOHQ� 8QGHUILJXUHU ��F RJ ��G YLVHU DW VNDODUHQ MXVWHUHV RSS� RJ DW JOXNRVHIHLOHQ L
EHJJH V\QNHU I¡U GH ¡NHU L YHUGL� 6NDODUHQV HQGULQJ YLVHV L XQGHUILJXU ��I� GHU GHQ
IDOOHU IUD ���� WLO XQGHU �����

��



������� .RUULJHULQJVLQVXOLQ

�D� 7RWDO GDWD �E� )¡UVWH LWHUDVMRQ DY DOJRULWPHQ

�F� $QGUH LWHUDVMRQ DY DOJRULWPHQ �G� 7UHGMH LWHUDVMRQ DY DOJRULWPHQ

�H� )MHUGH LWHUDVMRQ DY DOJRULWPHQ �I� )HPWH LWHUDVMRQ DY DOJRULWPHQ

)LJXU ��� 8WYLNOLQJHQ DY NRUULJHULQJVLQVXOLQ �IRUWVHWWHU Sn QHVWH VLGH�

��



�J� 6MHWWH LWHUDVMRQ DY DOJRULWPHQ �K� 6\YHQGH LWHUDVMRQ DY DOJRULWPHQ

�L� cWWHQGH LWHUDVMRQ DY DOJRULWPHQ �M� 1LHQGH LWHUDVMRQ DY DOJRULWPHQ

�N� 7LHQGH LWHUDVMRQ DY DOJRULWPHQ �O� (OOHYWH LWHUDVMRQ DY DOJRULWPHQ

)LJXU ��� 8WYLNOLQJHQ DY NRUULJHULQJVLQVXOLQ �IRUWVHWWHU Sn QHVWH VLGH�

��



�P� 7ROYWH LWHUDVMRQ DY DOJRULWPHQ �Q� 7UHWWHQGH LWHUDVMRQ DY DOJRULWPHQ

�R� ��� LWHUDVMRQ DY DOJRULWPHQ �S� ��� LWHUDVMRQ DY DOJRULWPHQ

�T� 6HQVLWLYLWHW PHOORP JOXNRVH RJ LQVXOLQ

)LJXU ��� 8WYLNOLQJHQ DY NRUULJHULQJVLQVXOLQ

)LJXU �� YLVHU RYHUVLNWHQ RJ XWYLNOLQJHQ DY NRUULJHULQJVLQVXOLQ� RJ L XQGHUILJXU ��D
NDQ PDQ REVHUYHUH DW NRUULJHULQJVLQVXOLQ JMHQQRPJLNN IHPWHQ LWHUDVMRQHU PHG DOJRU�
LWPHQ� , ILJXU �� NDQ PDQ REVHUYHUH DW VNDODUHQ NRQVHNYHQW KDU MXVWHUW VHJ RSS� ,
I¡UVWH RJ WUHWWHQGH LWHUDVMRQ� ��E RJ ��Q� NDQ PDQ REVHUYHUH DW JOXNRVHIHLOHQ KDGGH
HQ OLWHQ QHGJDQJ� , DQGUH� WROYWH RJ IHPWHQGH LWHUDVMRQ VWHJ JOXNRVHIHLOHQ� VH XQGHU�
ILJXUHU ��F� ��P RJ ��S� , XQGHUILJXUHU ��G� ��H� ��I� ��L� ��N RJ ��O NDQ PDQ VH DW
JOXNRVHIHLOHQ I¡UVW MXVWHUWH VHJ QHG� I¡U GHQ RIWH KDGGH HQ NUDIWLJ VWLJQLQJ RSS� , GHQ
VMHWWH� V\YHQGH� QLHQGH RJ IMRUWHQGH LWHUDVMRQHQ ¡NHU JOXNRVHIHLOHQ� IRU GHUHWWHU n KD
HQ QHGJDQJ� VH XQGHUILJXUHU ��J� ��K� ��M� RJ ��R� 8QGHUILJXU ��T YLVHU KYRUGDQ
VHQVLWLYLWHWHQ PHOORP JOXNRVH RJ LQVXOLQ KDU HQGUHW VHJ RYHU WLG� 'HW VWDUWHU PHG HQ
VWRU HQGULQJ YHG LQWURGXNVMRQHQ DY DOJRULWPHQ IRU Vn DW GHW HU VODNW IUDP WLO ��� DSULO
KYRU GHQ SOXWVHOLJ EHJ\QQHU n VWLJH NUDIWLJ� 'HWWH HU YHUGLHQ VRP I¡UVW EOH UHJQHW XW

��



PHG ����UHJHOHQ EHVNUHYHW L GHOVHNVMRQ ����

������� /LEUH/LQN

)UD VHQVRUHQ WLO WHVWSHUVRQHQ YDU GHW PXOLJ n KHQWH XW XOLN GDWD VRP +E$�F�YHUGL�
YDULDVMRQ L EORGVXNNHU RJ KYRU OHQJH WHVWSHUVRQHQ YDU LQQHQIRU XOLNH VRQHU �LQWHUYDOOHU
L EORGVXNNHUHW� JMHQQRP SHULRGHQ�

�D� 9HOGLJ ODYH JOXNRVHYHUGLHU �E� /DYH JOXNRVHYHUGLHU

)LJXU ��� 2YHUVLNW RYHU KYRU OHQJH WHVWSHUVRQHQ RSSEHYDUWH VHJ L GH XOLNH
JOXNRVHVRQHQH �IRUVHWWHU Sn QHVWH VLGH�

�F� �QVNHW JOXNRVHYHUGLHU �G� +¡\H JOXNRVHYHUGLHU

�H� 9HOGLJ K¡\H JOXNRVHYHUGLHU

)LJXU ��� 2YHUVLNW RYHU KYRU OHQJH WHVWSHUVRQHQ RSSEHYDUWH VHJ L GH XOLNH
JOXNRVHVRQHQH

��



, ILJXU �� NDQ PDQ REVHUYHUH GHW VDPPH RSSVHWWHW VRP IRU ILJXUHQH IRU PDWYDUHU
RJ GDJVSURILOHU� , XQGHUILJXU ��F NDQ PDQ VH GH EOn GDWDSXQNWHQH� ©7DUJHW JOXFRVH
UDQJH � ��������� PPRO�O�ª� VRP UHSUHVHQWHUHU SURVHQWHQ DY KYRU RIWH WHVWSHUVRQHQ
EHIDQW VHJ L GHQQH VRQHQ� 9LGHUH NDQ PDQ REVHUYHUH GHQ U¡GH YHUWLNDOH OLQMHQ� ©$O�
JRULWKP�093 LQWHUYHQWLRQª� VRP LQGLNHUHU LQWURGXNVMRQHQ DY 093�HQ� 'HW JU¡QQH RP�
UnGHW� NDOW ©:DQWHG DUHD IRU GDWDª� UHSUHVHQWHUHU KYRU PDQJH SURVHQW DY WLGHQ PDQ
¡QVNHU n Y UH LQQHQIRU GHQQH VRQHQ� 'HQ RUDQVMH OLQMHQ� ©5HJUHVVLRQ OLQH �506(�
;�;;;�ª� HU UHJUHVMRQVOLQMHQ IRU GDWDHQ� 'HQ EOn OLQMHQ� ©,76 �506(� <�<<<�ª� HU ,76
OLQMHQ IRU GDWDSXQNWHQH�

, ILJXU �� NDQ PDQ REVHUYHUH WLGHQ� L SURVHQW� WHVWSHUVRQHQ YDU LQQHQIRU GH IHP XOLNH
VRQHQH� YHOGLJ ODYW EORGVXNNHU� ODYW EORGVXNNHU� ¡QVNHW EORGVXNNHU� K¡\W EORGVXNNHU
RJ YHOGLJ K¡\WEORGVXNNHU� 6RP PDQ NDQ REVHUYHUH L XQGHUILJXU ��D� ¡NHU I¡UVW DQWDO�
OHW PHG WLOIHOOHU LQQHQ VRQHQ PHG YHOGLJ ODYW EORGVXNNHU� 'HUHWWHU NDQ PDQ REVHUYHUH
HQ VODN QHGJDQJ� 0DQ NDQ VH DW GHQQH VRQHQ KDU OLNKHWHU PHG ODYW EORGVXNNHU� YLVW
L XQGHUILJXU ��E� 2JVn KHU NDQ PDQ VH HQ ¡NQLQJ L KYRU OHQJH WHVWSHUVRQHQ EHILQQHU
VHJ L VRQHQ� I¡U GHQ KDU HQ EUDWW QHGJDQJ� , XQGHUILJXU ��F NDQ PDQ REVHUYHUH DW HW�
WHU LQWURGXNVMRQ DY DOJRULWPHQ� V\QNHU WLGHQ LQQHQIRU GHQQH VRQHQ� RJ GHQ IRUWVHWWHU
n KD HQ VODN QHGJDQJ� )RU VRQHQ PHG K¡\H JOXNRVHYHUGLHU� XQGHUILJXU ��G� NDQ PDQ
REVHUYHUH HQ QHGJDQJ YHG 093�HQ VLQ LQWURGXNVMRQ� I¡U GHQ EHJ\QWH n ¡NH� , XQGHU�
ILJXU ��H� VRP UHSUHVHQWHUHU GH YHOGLJ K¡\H JOXNRVHYHUGLHQH� NDQ PDQ REVHUYHUH DW
GHQQH KDGGH HQ ¡NQLQJ�

�D� 8WYLNOLQJHQ DY +E$�F�YHUGL �E� 8WYLNOLQJ DY JMHQQRPVQLWWOLJ JOXNR�
VHYHUGL

�F� 8WYLNOLQJ DY YDULDVMRQHQ L EORGVXNNHUHW

)LJXU ��� *OXNRVHKnQGWHULQJ

)LJXU �� YLVHU KYRU JRGW EORGVXNNHUHW KDU EOLWW KnQGWHUW� EnGH I¡U RJ HWWHU 093�HQ

��



VLQ LQWURGXNVMRQ� 8QGHUILJXU ��D YLVHU KYRUGDQ +E$�F�YHUGLHQ WLO WHVWSHUVRQHQ KDU
XWYLNOHW VHJ IUD UXQGW ���������� WLO VLVWH LQQKHQWHW GDWDSXQNW ����������� 9HG LQ�
WURGXNVMRQHQ DY 093�HQ NDQ PDQ REVHUYHUH HQ OLWHQ QHGJDQJ� I¡U YHUGLHQ EHJ\QWH n
¡NH� *MHQQRPVQLWWOLJ EORGVXNNHU EOLU YLVW L XQGHUILJXU ��E� RJ KHU NDQ PDQ REVHUYHUH
GHW VDPPH VRP L XQGHUILJXU ��D� 8QGHUILJXUHQ IRU YDULDVMRQ L EORGVXNNHUHW� ��F�
YLVHU DW GHW YDU HQ ¡NQLQJ YHG 093�HQ VLQ LQWURGXNVMRQ� PHQ DW GHQ VHQHUH KDU KDWW
HQ QHGJDQJ�

������� .RUUHODVMRQVPDWULVHU

$* *0, *9 9+ + 7 / 9/

$* � ���� ����� ���� ���� ����� ����� �����
*0 � ����� ���� ���� ����� ����� �����
*9 � ���� ����� ���� ���� ����
9+ � ���� ����� ����� �����
+ � ����� ����� �����
7 � ���� �����
/ � ����
9/ �

7DEHOO �� $* � $YHUDJH *OXFRVH �PPRO�O�� *0, � *OXFRVH 0DQDJHPHQW ,QGLFDWRU �
� +%$�F�� *9 � *OXFRVH 9DUDELOLW\ � �WDUJHW � ����� 9+ � 9HU\ KLJK JOXFRVH UDQJH �
�!���� PPRO�/�� + � +LJK JOXFRVH UDQJH � ���������� PPRO�/�� 7 � 7DUJHW JOXFRVH
UDQJH � ��������� PPRO�/�� / � /RZ JOXFRVH UDQJH � �������� PPRO�/�� 9/ � 9HU\
ORZ JOXFRVH UDQJH � ����� PPRO�/�� %DVHUW Sn I¡U RJ XQGHU WHVWSHULRGHQ�

, WDEHOO � NDQ PDQ REVHUYHUH HQ NRUUHODVMRQVPDWULVH IRU DOO GDWD L /LEUH/LQN� EnGH
I¡U RJ HWWHU 093�HQV LQWURGXNVMRQ� 0DQ NDQ IRU HNVHPSHO REVHUYHUH HQ NRUUHODVMRQ
PHOORP VRQHQ IRU ¡QVNHGH EORGVXNNHUYHUGLHU RJ VRQHQ IRU K¡\H EORGVXNNHUYHUGLHU HU
������

$* *0, *9 9+ + 7 / 9/

$* � ���� ����� ���� ���� ����� ����� �����
*0 � ����� ���� ���� ����� ����� �����
*9 � ����� ����� ���� ���� ����
9+ � ����� ����� ����� �����
+ � ����� ���� ����
7 � ����� ����
/ � ����
9/ �

7DEHOO �� $* � $YHUDJH *OXFRVH �PPRO�O�� *0, � *OXFRVH 0DQDJHPHQW ,QGLFDWRU �
� +%$�F�� *9 � *OXFRVH 9DUDELOLW\ � �WDUJHW � ����� 9+ � 9HU\ KLJK JOXFRVH UDQJH �
�!���� PPRO�/�� + � +LJK JOXFRVH UDQJH � ���������� PPRO�/�� 7 � 7DUJHW JOXFRVH
UDQJH � ��������� PPRO�/�� / � /RZ JOXFRVH UDQJH � �������� PPRO�/�� 9/ � 9HU\
ORZ JOXFRVH UDQJH � ����� PPRO�/�� %DVHUW Sn I¡U WHVWSHULRGHQ�

��



7DEHOO � YLVHU NRUUHODVMRQHQ IRU DOO GDWD L /LEUHOLQN I¡U DOJRULWPHQ RJ 093�HQ EOH LQ�
WURGXVHUW�

$* *0, *9 9+ + 7 / 9/

$* � ���� ����� ���� ���� ����� ����� �����
*0 � ����� ���� ���� ����� ����� �����
*9 � ����� ����� ���� ���� ����
9+ � ���� ����� ����� �����
+ � ����� ����� �����
7 � ���� �����
/ � ����
9/ �

7DEHOO �� $* � $YHUDJH *OXFRVH �PPRO�O�� *0, � *OXFRVH 0DQDJHPHQW ,QGLFDWRU �
� +%$�F�� *9 � *OXFRVH 9DUDELOLW\ � �WDUJHW � ����� 9+ � 9HU\ KLJK JOXFRVH UDQJH �
�!���� PPRO�/�� + � +LJK JOXFRVH UDQJH � ���������� PPRO�/�� 7 � 7DUJHW JOXFRVH
UDQJH � ��������� PPRO�/�� / � /RZ JOXFRVH UDQJH � �������� PPRO�/�� 9/ � 9HU\
ORZ JOXFRVH UDQJH � ����� PPRO�/�� %DVHUW Sn XQGHU WHVWSHULRGHQ�

, WDEHOO � NDQ PDQ REVHUYHUH NRUUHODVMRQHQ IRU DOO GDWD L /LEUHOLQN XQGHU EUXN DY 093�
HQ RJ DOJRULWPHQ� 0DQ NDQ REVHUYHUH DW XQGHU 093�HQV LQWURGXNVMRQ� KDU ODYH YHUGLHU
RJ ¡QVNHGH YHUGLHU HQ NRUUHODVMRQ Sn ����� L IRUKROG WLO I¡U 093�HQ� 'D HNVLVWHUWH GHW
HQ NRUUHODVMRQ Sn ������ 'HW HU RJVn HQ EHWUDNWHOLJ VW¡UUH VDPPHQKHQJ PHOORP EnGH
/* RJ $*� RJ /* RJ *0� XQGHU 093�HQ HQQ I¡U GHQV LQWURGXNVMRQ�

��� ,QJHQL¡UIDJOLJH UHVXOWDWHU

, EHJ\QQHOVHQ DY SURVMHNWHW EOH GHW XWDUEHLGHW HQ IRUSURVMHNWVSODQ VRP EHVNULYHU EODQW
DQQHW UHVXOWDW� RJ HIIHNWPnOHQH IRU RSSJDYHQ� ,QJHQ DY UHVXOWDWPnOHQH EOH QnGG�
PHQ WUH DY ILUH HIIHNWPnO EOH RSSQnGG� , WLOOHJJ EOH GHW VNUHYHW HW YLVMRQVGRNXPHQW
PHG IXQNVMRQHOOH RJ LNNH�IXQNVMRQHOOH NUDY WLO 093�HQ� 'H IOHVWH DY GLVVH NUDYHQH HU
RSSI\OW� PHQ HQNHOWH EOH IRUNDVWHW� JUXQQHW WLG RJ DW DQGUH RPUnGHU� VRP EOH VHWW Sn
VRP YLNWLJHUH� WUHQJWH PHU IRNXV�

����� 5HVXOWDWPnO

$Y UHVXOWDWPnOHQH EHVNUHYHW L IRUSURVMHNWVSODQHQ EOH LQJHQ DY PnOHQH RSSQnGG� 'LVVH
PnOHQH YDU GD�

� 6OXWWEUXNHU VNDO EUXNH ���PLQGUH WLG Sn UHJXOHULQJ DY EORGVXNNHU HQQ GH JMRUGH
I¡U�

� 6OXWWEUXNHUV +E$�F�YHUGL VNDO Jn QHG PHG ��� SURVHQWSRHQJ�

7HVWEUXNHUHQ EUXNWH RPWUHQW ��� PLQGUH WLG Sn UHJXOHULQJHQ DY EORGVXNNHUHW L XNHQ�
VH GHOVHNVMRQ �������� 9HG SURVMHNWHWV VOXWW YDU WHVWEUXNHUHQV +E$�F�YHUGL JnWW RSS
��� SURVHQWSRHQJ� PHQV XQGHUYHLV I¡U ��� DSULO YDU GHQ XHQGUHW� VH GHOVHNVMRQ
��������

��



������� 7LGVEUXN

7HVWSHUVRQHQ DQVOR YHG SURVMHNWHWV VWDUW DW KDQ EUXNWH RPWUHQW WUH WLPHU L XNHQ Sn n
UHJXOHUH RJ I¡OJH RSS EORGVXNNHUHW� EDVHUW Sn VNMHUPWLGHQ ORJJHW DY WHOHIRQHQ DY DS�
SOLNDVMRQHQH ©.DONXODWRUª RJ ©/LEUH/LQNª� VHQVRU DSSOLNDVMRQHQ� VRP ORJJI¡UHU EORG�
VXNNHUHW� 'HWWH EOLU SUHVHQWHUW L WDEHOO �� 7LGHQ WHVWSHUVRQHQ KDU EUXNW Sn n ILQQH XW
KYRU PDQJH NDUERK\GUDWHU HQ PDWYDUH KDU� HU LNNH EOLWW WDWW PHG L WDEHOOHQ� GD GHWWH
VRP UHJHO HU QHJOLVMHUEDUW� L WLOOHJJ WLO DW JUXSSHQ LNNH KDGGH HQ JRG PnWH n PnOH
GHQQH WLGHQ Sn�

8NH �NDOHQGHU� .DONXODWRU /LEUH/LQN 7RWDOW

� ��� PLQ �� PLQ ��� PLQ
� ��� PLQ �� PLQ ��� PLQ
� ��� PLQ �� PLQ ��� PLQ
� �� PLQ �� PLQ ��� PLQ

7DEHOO �� 7DEHOO RYHU WLGVEUXN L XOLNH XNHU I¡U 093�HQ

8NH �NDOHQGHU� 093�HQ /LEUH/LQN 7RWDOW

�� �� PLQ �� PLQ ��� PLQ
�� �� PLQ �� PLQ ��� PLQ
�� �� PLQ �� PLQ ��� PLQ
�� �� PLQ �� PLQ ��� PLQ
�� �� PLQ �� PLQ ��� PLQ

7DEHOO �� 7DEHOO RYHU WLGVEUXN L XOLNH XNHU PHG 093�HQ

(WWHU LQWURGXNVMRQ DY 093�HQ EUXNWH WHVWSHUVRQHQ JMHQQRPVQLWWOLJ ����� PLQXWWHU L
XNHQ� VRP HU RPWUHQW ��� WLPHU L XNHQ� 'HWWH EOH PnOW PHG VNMHUPWLGHQ ORJJHW DY
WHOHIRQHQ WLO WHVWSHUVRQHQ Sn 093�HQ� YLVW L WDEHOO �� 'HWWH HU HQ UHGXNVMRQ Sn RPWUHQW
��� L XNHQ�

������� +E$�F

'D WHVWSHUVRQHQ EHJ\QWH n WD L EUXN 093�HQ GHQ �� PDUV� YDU WHVWSHUVRQHQV +ED�F�
YHUGL Sn ��� SURVHQW� VDPW DW YDULDVMRQ L EORGVXNNHUHW YDU ���� SURVHQW� EDVHUW Sn
GH ILUH IRUHNRPPHQGH XNHQH� 8WYLNOLQJHQ DY +E$�F�YHUGLHQ IUD MDQXDU RJ JMHQQRP
SHULRGHQ YLVHV L ILJXU ��D� 9HG VOXWWHQ DY WHVWSHULRGHQ YDU +E$�F�YHUGLHQ Sn ���
SURVHQW� VDPW DW YDULDVMRQHQ L EORGVXNNHUHW YDU ���� SURVHQW GH VLVWH ILUH XNHQH� )¡U
��� DSULO� KYRU HQ DNVHOHUHUW HQGULQJ L ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW IRUHNRP� YDU
+E$�F�YHUGLHQ ��� SURVHQW PHG HQ YDULDVMRQ Sn ���� SURVHQW GH VLVWH ILUH XNHQH�

��



����� (IIHNWPnO

$Y HIIHNWPnOHQH EHVNUHYHW L IRUSURVMHNWVSODQHQ EOH WUH DY GLVVH ILUH PnOHQH QnGG�
0nOHQH EHVNUHYHW YDU�

� /HWWHUH RJ PLQGUH WLGNUHYHQGH n UHJXOHUH EORGVXNNHUHW IRU GLDEHWLNHUH�

� 'LDEHWLNHUH VNDO EOL EHGUH UHJXOHUW�

� 'HVLJQHW DY DSSOLNDVMRQHQ VNDO Y UH HQNHOW RJ LQWXLWLYW�

� 6OXWWEUXNHU ¡QVNHU n EUXNH DSSOLNDVMRQHQ YLGHUH�

'HW I¡UVWH PnOHW EOH QnGG YHG DW VOXWWEUXNHU EUXNWH PLQGUH WLG Sn n UHJXOHUH EORGVXN�
NHUHW� VOLN VRP EHVNUHYHW L GHOVHNVMRQ ������ , WLOOHJJ EOH GHW EHNUHIWHW DY WHVWSHUVRQHQ
DW YHG n WD L EUXN 093�HQ� EOH GHW OHWWHUH n KnQGWHUH EORGVXNNHUHW� 7HVWSHUVRQHQV
RSSOHYHOVH DY 093�HQ YDU DW GHQ JMRUGH DW GHW YDU OHWWHUH RJ PLQGUH WLGNUHYHQGH n
UHJXOHUH EORGVXNNHUHW�

'HW DQGUH PnOHW EOH LNNH QnGG� GD EnGH YDULDVMRQHQ L EORGVXNNHUHW RJ +E$�F�YHUGLHQ
¡NWH� 9DULDVMRQHQ L EORGVXNNHUHW VDQN IUD ���� WLO ���� SURVHQW RJ +E$�F�YHUGLHQ VWHJ
IUD ��� WLO ��� SURVHQW� VRP YLVHV L ILJXUHQH ��D RJ ��F� 6HOY LNNH PHG GH WLGOLJHUH
UHVXOWDWHQH IUD I¡U ��� DSULO EOH GHWWH NUDYHW RSSI\OW GD YDULDVMRQHQ JLNN IUD ���� WLO
���� SURVHQW RJ +E$�F�YHUGLHQ YDU XHQGUHW�

0nOHW RP DW GHVLJQHW DY DSSOLNDVMRQHQ VNXOOH Y UH HQNHOW RJ LQWXLWLYW EOH WHVWHW JMHQ�
QRP EUXNHUWHVWHU VRP EHVNUHYHW L GHOVHNVMRQ ���� 5HVXOWDWHQH IUD GLVVH EUXNHU�
WHVWHQH YDU DW EUXNHUQH RSSOHYGH DW 093�HQ YDU RYHUVLNWOLJ� LQWXLWLY RJ OHWW n WD L
EUXN� 5HIHUDWHU IUD EUXNHUWHVWHQH HU L YHGOHJJ )�

'HW VLVWH PnOHW EOH RSSQnGG GD WHVWSHUVRQHQ JMHQQRP SURVHVVHQ XWWU\NWH DW YHGNRP�
PHQGH YLOOH IRUWVHWWH n EUXNH 093�HQ YHG SURVMHNWHWV VOXWW� 'HW NRP RJVn IUHP L GHQ
HQH EUXNHUWHVWHQ� VH YHGOHJJ )��� DW GHQQH EUXNHUHQ KDGGH HW ¡QVNH RP n WD L EUXN
DSSOLNDVMRQHQ VHOY�

����� )URQWHQG

'HW EOH ODJW YHNW Sn DW DSSOLNDVMRQHQ VNXOOH PLQLPHUH WLGHQ HQ GLDEHWLNHU EUXNHU Sn
n UHJXOHUH EORGVXNNHUHW� )RU n RSSQn GHWWH PnOHW� EOH GHW YHNWODJW n ODJH HW JRGW RJ
RYHUVLNWOLJ EUXNHUJUHQVHVQLWW� XWHQ DW GHW VNXOOH WD IRU P\H WLG n XWYLNOH VOLN DW GHW JLNN
XWRYHU DOJRULWPHQ� 0nOHW RP n UHGXVHUH WLGHQ EUXNW Sn n UHJXOHUH EORGVXNNHUHW PHG
��� EOH LNNH QnGG� PHQ WLGHQ EOH IRUWVDWW UHGXVHUW PHG RPWUHQW ���� %ODQW NUDYHQH
WLO EUXNHUJUHQVHVQLWWHW EOH GHW ODJW YHNW Sn n NXQQH UHJLVWUHUH VDWW LQVXOLQ� DGPLQLV�
WUHUH PDWYDUHU RJ GDJVSURILOHU� HQ NDONXODWRU IRU EHUHJQLQJHQ DY LQVXOLQ� ORJJLQJ DY
VDWW LQVXOLQ� RJ SnPLQQHOVHU� , WLOOHJJ� PHG ODY SULRULWHW� VNXOOH PDQ NXQQH V¡NH HW�
WHU HQ JLWW PDWYDUH� 093�HQ KDU IXQNVMRQDOLWHW IRU n RSSUHWWH� HQGUH RJ VOHWWH EnGH
PDWYDUHU RJ GDJVSURILOHU� VDPW V¡NH HWWHU HQ JLWW PDWYDUH� , WLOOHJJ HNVLVWHUHU GHW
IXQNVMRQDOLWHW IRU n EHUHJQH LQVXOLQ� RJ UHJLVWUHULQJHQ DY GHW LQVXOLQHW VRP EOH VDWW�
VDPW ORJJLQJ DY LQVXOLQPHQJGHQ� )XQNVMRQDOLWHW IRU n RSSUHWWH SnPLQQHOVHU WUH WLPHU
HWWHU VDWW LQVXOLQ� HU RJVn EOLWW LPSOHPHQWHUW� 0DQ NDQ OHJJH PDWYDUHU L HQ OLVWH� RJ
VNULYH LQQ QnY UHQGH EORGVXNNHU IRU n NDONXOHUH Q¡GYHQGLJ LQVXOLQPHQJGH� 0DWYDUHU
RJ GDJVSURILOHU KDU VLQH HJQH WDEEHU� GHU EUXNHU KDU JRG RYHUVLNW RYHU KYD GH KDU

��



UHJLVWUHUW DY EnGH PDWYDUHU RJ GDJVSURILOHU� $OOH ORJJHQH WHVWSHUVRQHQ KDU EOLU RJVn
YLVW L HW NDOHQGHU IRUPDW� GHU PDQ Pn EOD PHOORP XOLNH GDJHU IRU n ILQQH HQ ¡QVNHW
ORJJ� 'LVVH PnOHQH EOLU GHUIRU VHWW Sn VRP QnGG� 'HW EOH RJVn ODJHW HQ HJHQ WDEE�
PHQW VRP HW KMHOSHYHUNW¡\ IRU XWYLNOHUQH XQGHU GHEXJJLQJ� +HU YLVHV WLGHQ EUXNW L
093�HQ� VDPW ©NDUERK\GUDW�WLO�LQVXOLQª� RJ ©JOXNRVH�WLO�LQVXOLQª�IRUKROGHW� 'HQ YLVHU
RJVn HQ ©&RUUHFWLRQ RQO\ VFDODUª� PHQ GHQQH KDU LNNH EOLWW EUXNW L WHVWSHULRGHQ� GD
WHVWSHUVRQHQ DOOWLG KDU ODJW WLO PDWYDUHU YHG ORJJI¡ULQJ�

1RHQ DY PnOHQH PHG ODYHUH SULRULWHWVJUDG VRP EOH IRUNDVWHW YDU HYHQWV� WLGVSURILOHU
RJ RSSNREOLQJ DY 093�HQ PRW HQ VHQVRU RJ�HOOHU HQ LQVXOLQSXPSH�

����� ,NNH�IXQNVMRQHOOH HJHQVNDSHU RJ DQGUH NUDY

.UDYHW RP DW UDPPHYHUNHW VNXOOH XWYLNOHV PHG ;DPDULQ )RUPV RJ &� EOH RSSI\OW� RJ
JUXSSHQ WRN XWJDQJVSXQNW L L3KRQH ��� GD GHW YDU GHQQH PRELOH HQKHWHQ WHVWSHUVRQHQ
KDGGH� *UXSSHQ IDQW LPLGOHUWLG HQ DQQHQ O¡VQLQJ IRU n ODVWH RSS 093�HQ WLO HQ PRELO
HQKHW� , VWHGHW IRU n EUXNH 7HVW)OLJKW� WRN JUXSSHQ L EUXN $G+RF VRP JMRUGH DW 093�HQ
NXQQH ODVWHV RSS Sn GHQ PRELOH HQKHWHQ UHWW IUD XWYLNOLQJVPLOM¡HW� 9LVXDO 6WXGLR IRU
0DF�

(W DQQHW NUDY RPKDQGOHW ORJJLQJ DY V\VWHPHW RJ XQQWDNVKnQGWHULQJ UXQGW YHUGLHU VRP
SnYLUNHU HOOHU HU NQ\WWHW WLO GHQ HVWLPHUWH LQVXOLQPHQJGHQ� 'HWWH NUDYHW DQVHV VRP
RSSQnGG GD PDQ NDQ VH XQQWDNVKnQGWHULQJHQ L NLOGHNRGHQ� 'HW EOH LNNH WDWW L EUXN
WUDGLVMRQHOO ORJJLQJ� PHQ GHEXJ�ORJJLQJ EOH DQYHQGW Sn HQNHOWH VWHGHU� .UDYHW RP n WD
L EUXN HQ UHODVMRQVGDWDEDVH HU RJVn RSSQnGG� 'HWWH NDQ VHHV YHG GDWDEDVHPRGHOOHQ
JUXSSHQ SURGXVHUWH� RJ WHNQRORJLHQ 64/LWH VRP EOH WDWW L EUXN L UDPPHYHUNHW� HU HQ
UHODVMRQVGDWDEDVH� 'DWDEDVHPRGHOOHQ YLVHV L V\VWHPGRNXPHQWDVMRQHQ L YHGOHJJ '�

����� .UDYGRNXPHQWDVMRQ

, NUDYGRNXPHQWDVMRQHQ EOLU GHW VSHVLILVHUW DW PDQ VNDO NXQQH HQGUH PDWYDUHU� ORJJHU
RJ GDJVSURILOHU� 'HW HU LPSOHPHQWHUW IXQNVMRQDOLWHW IRU GHWWH� PHQ JUXSSHQ KDU EHYLVW
YDOJW n LNNH WD GHW L EUXN� 'HWWH EOLU EHVNUHYHW PHU L GHWDOM L GHOVHNVMRQ ����

����� %UXNHUWHVWHU

'HW EOH JMHQQRPI¡UW WR VHPL�VWUXNWXUHUWH EUXNHUWHVWHU� VH YHGOHJJ )� )UD EUXNHU�
WHVWHQH ILNN JUXSSHQ XQGHUV¡NW RJ PnOW KYRU EUXNHUYHQQOLJ� LQWXLWLYW RJ OHWW 093�HQ
YDU n EUXNH� 'HQ HQH EUXNHUHQ KDU GLDEHWHV� PHQV GHQ DQGUH LNNH KDU� 7LO WURVV
IRU GHWWH� PHQWH EHJJH EUXNHUQH DW GHVLJQHW RJ IXQNVMRQDOLWHWHQ YDU OHWW n WD L EUXN�
VDPW DW EHJJH NODUWH n EUXNH DOO IXQNVMRQDOLWHWHQ VOLN JUXSSHQ KDGGH PHQW IRU DW GHQ
VNXOOH EUXNHV� %UXNHUHQ PHG GLDEHWHV KDGGH PHU IRUVWnHOVH IRU KYD RJ KYRUIRU IXQN�
VMRQDOLWHWHQ YDU VRP GHQ YDU� RJ KYRUIRU GHQ YDU GHU� HQQ GHW EUXNHUHQ XWHQ GLDEHWHV
JMRUGH� /LNHYHO RSSOHYGH EHJJH DW GHW VRP VNMHGGH QnU GH EUXNWH XOLN IXQNVMRQDOLWHW�
YDU GHW GH IRUYHQWHW VNXOOH VNMH� 'H PHQWH RJVn DW GHVLJQHW YDU SHQW RJ RYHUVLNWOLJ�
'H KDGGH OLWW XOLNH I¡UVWHLQQWU\NN DY 093�HQ� GHU EUXNHUHQ XWHQ GLDEHWHV I¡UVW ILNN
LQQWU\NN DY DW GHW YDU HQ EDQN DSSOLNDVMRQ� GD IDUJHQH PLQQHW RP '1% VLQ PRELODSS�
OLNDVMRQ� 'HQ DQGUH EUXNHUHQ DQWRN DW 093�HQ YDU GLDEHWHV UHODWHUW� RJ DW KXQ NXQQH
UHJQH XW LQVXOLQ IRU NDUERK\GUDWHU�

��



%HJJH EUXNHUQH WURGGH DW ©'D\ SURILOH�'DJVSURILOª�WDEEHQ YLOOH YLVH KYD GH KDGGH
VSLVW L O¡SHW DY GDJHQ� KYD VODJV EORGVXNNHUYHUGLHU GH KDU KDWW L O¡SHW DY GDJHQ� RJ
KYRUGDQ HQKHWHQH KDU EOLWW HVWLPHUW�

093�HQ HU HW YHNW¡\ EHJJH EUXNHUQH DQVn RP IRUQXIWLJ� RJ GH YLOOH DQEHIDOW GHQ WLO
DQGUH� %UXNHUHQ PHG GLDEHWHV XWWU\NWH RJVn DW GHWWH YDU HW YHUNW¡\ KXQ VHOY KDGGH
O\VW WLO n EUXNH� RJ I¡OWH VHJ VSHQW HWWHU EUXNHUWHVWHQ� GD KXQ Vn IUHP WLO DW DQGUH
NXQQH WD 093�HQ L EUXN�

��� $GPLQLVWUDWLYH UHVXOWDWHU

����� )UHPGULIWVSODQ RJ PnORSSI\OOHOVH

6Y UW WLGOLJ L SURVHVVHQ EOH GHW XWDUEHLGHW HW *DQWW�GLDJUDP IRU n KROGH RYHUVLNW RYHU
DUEHLGVRSSJDYHU� RJ SURVMHNWHWV SURJUHVMRQ� 9HG VWDUWHQ DY SURVMHNWHW YDU *DQWW�
GLDJUDPPHW VOLN VRP EHVNUHYHW L YHGOHJJ ' �IRUSURVMHNWSODQ�� 'HW EOH Q¡GYHQGLJ PHG
QRHQ MXVWHULQJHU XQGHUYHLV L SURVHVVHQ� 9HG SURVMHNWHWV VOXWW YDU *DQWW�GLDJUDPPHW
VRP EHVNUHYHW L YHGOHJJ ' �SURVHVVGRNXPHQWDVMRQ��

)RUDQGULQJHQH VRP EOLU GRNXPHQWHUW XQGHU HU GH VW¡UUH HQGULQJHQH JMHQQRPI¡UW L
O¡SHW DY SURVMHNWHW� 6RP PDQ NDQ REVHUYHUH L GHW UHYLGHUWH *DQWW�GLDJUDPPHW� KDU
GH IOHVWH GDWRHQH IRU JMHQQRPI¡ULQJ DY XOLNH RSSJDYHU EOLWW HQGUHW� PHQ GH KDU EOLWW
JMHQQRPI¡UW L GHQ SODQODJWH UHNNHI¡OJHQ�

(Q DY MXVWHULQJHQH L *DQWW�GLDJUDPPHW YDU EODQW DQQHW DW JUXSSHQ LPSOHPHQWHUWH
ORJJHU IRU WLGOLJHUH VDWW LQVXOLQ� I¡U DOJRULWPHQ� , WLOOHJJ EOH DOJRULWPHQ LPSOHPHQWHUW
I¡U JUXSSHQ ODJGH RJ WHVWHW UHVXOWDWDQDO\VHQ�

5HVXOWDWDQDO\VHQ EOH LNNH VWDUWHW Sn I¡U ��������� RJ GHWWH HU �� GDJHU HWWHU RULJLQDO
SODQODJW GDWR� $UEHLGVRSSJDYHQ ©/DJH RJ WHVWH UHVXOWDWDQDO\VHQª EOH JMHQQRPI¡UW
�����������

*UXSSHQ EHJ\QWH n VNULYH Sn KRYHGUDSSRUWHQ DOOHUHGH L XNH ��� *UXSSHQ IRUGHOWH
GHOHU DY DUEHLGHW L GHQQH SHULRGHQ� IRU n HIIHNWLYLVHUH SURVHVVHQ� )RU HNVHPSHO� EOH
DUEHLGHW IRUGHOW VOLN DW HQ DUEHLGHW Sn KRYHGUDSSRUWHQ� PHQV HQ DQQHQ VNUHY WHVWHU WLO
NRGHQ�

*UXSSHQ KDGGH LNNH WDWW KHQV\Q WLO DW GHW VNXOOH VNULYHV WHVWHU WLO NRGHQ� GD *DQWW�
GLDJUDPPHW I¡UVW EOH XWDUEHLGHW� RJ GHWWH EOH JMRUW L SHULRGHQ ���������� WLO �����������
VRP YLVW L GHW UHYLGHUWH *DQWW�GLDJUDPPHW� $UEHLGVRSSJDYHQ KHWHU ©/DJH WHVWHUª�

(Q PLOHS O L SURVHVVHQ YDU n LPSOHPHQWHUH DOJRULWPHQ IRU LQVXOLQPHQJGH� 2ULJLQDOW
KDGGH JUXSSHQ VDWW DY WUH GDJHU WLO n JMHQQRPI¡UH GHWWH� GHU VLVWH GDJ YDU PnO IRU
PLOHS OHQ� RJ SODQHQ YDU n ILQSXVVH DOJRULWPHQ GHUIUD� , YLUNHOLJKHWHQ WRN DOJRULWPHQ
RPWUHQW HOOHYH GDJHU n LPSOHPHQWHUH� LQNOXGHUW RPDUEHLG DY NRGH� VDPW EXJILNVLQJ�
*UXSSHQ YDOJWH n LNNH ILQSXVVH HOOHU MXVWHUH DOJRULWPHQ� 'HWWH GD WHVWSHULRGHQ LNNH
NXQQH GHOHV L IOHUH GHOHU� GD GDWDJUXQQODJHW KDGGH EOLWW IRU OLWH� )¡U DOJRULWPHQ EOH
LPSOHPHQWHUW EOH GHW HW EHKRY IRU HQ RPIDWWHQGH RPVNULYLQJ �©UHZRUNª� DY NRGHQ�
'HW EOH LQWURGXVHUW '$2�NODVVHU WLO DOOH PRGHOOHQH� 'HW EOH RJVn ODJW WLO WR ODJ L DUNLWHN�
WXUHQ� ©6HUYLFHª RJ ©5HSRVLWRU\ª� 'HWWH GLVNXWHUHV L GHOVHNVMRQ ����

2ULJLQDOW YDU GHW HQ DUEHLGVRSSJDYH NDOW ©0RGHOOHU RJ VHWW RSS GDWDEDVHª� 'HQQH
EOH HQGUHW QDYQ WLO ©0RGHOOHU GDWDEDVHª� RJ LPSOHPHQWDVMRQHQ DY GDWDEDVHQ IRU GH

��



XOLNH DVSHNWHQH YHG NRGHQ� EOH LPSOHPHQWHUW XQGHUYHLV� )RU HNVHPSHO� GD NODVVHQ IRU
PDWYDUHU EOH LPSOHPHQWHUW L NRGHQ� EOH GHQ WLOK¡UHQGH GDWDEDVHWDEHOOHQ LPSOHPHQ�
WHUW�

, WLOOHJJ EOH GH WR DUEHLGVRSSJDYHQH ©,PSOHPHQWHU UHJLVWUHULQJ DY VDWW LQVXOLQª RJ
©,PSOHPHQWHUH ORJJ DY WLGOLJHUH VDWWH LQVXOLQPHQJGHUª� NRPELQHUW WLO HQ RSSJDYH�
©$GPLQLVWUHULQJ DY ORJJHU �UHJLVWUHULQJ DY VDWW LQVXOLQ RJ ORJJHU DY WLGOLJHUH VDWW LQ�
VXOLQPHQJGHU�ª�

'HW EOH RJVn RSSUHWWHW HQ DQQHQ DUEHLGVRSSJDYH ©%UXNHUWHVWHUª�

'HW YDU RJVn IOHUH DUEHLGVRSSJDYHU L *DQWW�GLDJUDPPHW� VRP ©.RUUHNWXUOHVLQJ RJ ILQ�
SXVVLQJ DY KRYHGUDSSRUWª RJ ©)LQQH UHOHYDQW IDJOLJ DUEHLG WLO KRYHGUDSSRUWª� VRP JnU
LQQXQGHU DUEHLGVRSSJDYHQ ©+RYHGUDSSRUWª� RJ EOH JMRUW L GHQ VDPPH SHULRGHQ VRP
GHQQH� , GHW UHYLGHUWH *DQWW�GLDJUDPPHW HU GLVVH EOLWW VOnWW VDPPHQ WLO HW SXQNW�
©+RYHGUDSSRUWª� , WLOOHJJ HU DUEHLGVRSSJDYHQ RP n ILQQH UHOHYDQW IDJOLJ DUEHLG�
NXQ JUXSSHQ VRP VDWWH DY WLG WLO n ILQQH UHOHYDQWH NLOGHU IRU DOOHUHGH HNVLVWHUHQGH
NXQQVNDS� VRP IRU HNVHPSHO WLO VWDWLVWLNN RJ GLDEHWHV� *UXSSHQ JMRUGH GH WUH QHYQWH
DUEHLGVRSSJDYHQH RP KYHUDQGUH RJ SDUDOOHOW PHQV KRYHGUDSSRUWHQ EOH VNUHYHW�

*UXSSHQ RSSGDJHW RPWUHQW PLGW L SURVHVVHQ� DW SUHVHQWDVMRQHQ DY EDFKHORURSSJDYHQ
VNXOOH XWDUEHLGHV RJ OHYHUHV VDPPHQ PHG KRYHGUDSSRUWHQ RJ DQQHQ GRNXPHQWDVMRQ�
'HWWH YDU KHOOHU LNNH WDWW PHG L I¡UVWHXWNDVWHW WLO *DQWW�GLDJUDPPHW�

����� 3ODQOHJJLQJ RJ WLGVEUXN

7LPHEUXNHW VDPVYDUHU JRGW PHG *DQWW�GLDJUDPPHW� *UXSSHQ KDU NRQWLQXHUOLJ ORJJ�
I¡UW KYRU ODQJ WLG HQ DNWLYLWHW L *DQWW�GLDJUDPPHW IDNWLVN WRN� L IRUKROG WLO GHQ SODQODJWH
WLGHQ� 6RP PDQ NDQ REVHUYHUH L *DQWW�GLDJUDPPHW� YDU GHW QRH IHLOEHUHJQLQJ L KYRU
ODQJ WLG QRHQ RSSJDYHU NRP WLO n WD� (WWHUVRP GHQQH IHLOEHUHJQLQJHQ EnGH EHVWR DY
RSSJDYHU VRP WRN OHQJHU WLG HQQ SODQODJW� RJ DQGUH RSSJDYHU VRP WRN NRUWHUH WLG�
EDODQVHUWH GHWWH VHJ JRGW XW� RJ JUXSSHQ ILNN JMHQQRPI¡UW DOOH GH SODQODJWH DNWLY�
LWHWHQH L WLOOHJJ WLO GH VRP LNNH YDU SODQODJW� VRP GXNNHW RSS XQGHUYHLV L SURVHVVHQ�
VH GHOVHNVMRQ ������

)UD WLPHOLVWHQH� VH YHGOHJJ ' �SURVHVVGRNXPHQWDVMRQ�� REVHUYHUHU PDQ HQ MHYQ IRU�
GHOLQJ DY DUEHLGHW� GD EHJJH JUXSSHQV PHGOHPPHU KDU DUEHLGHW RPWUHQW OLNH P\H�
VDPW DW JUXSSHQ KDU DUEHLGHW Sn XOLNH RPUnGHU YHGU¡UHQGH RSSJDYHQ� VRP IRU HN�
VHPSHO GRNXPHQWDVMRQ RJ XWYLNOLQJ� , XNHVUDSSRUWHQH KDU JUXSSHQ EHVNUHYHW Q¡\DN�
WLJ KYD LQQHQIRU GLVVH RPUnGHQH GH KDU DUEHLGHW PHG� 'HW EOH SODQODJW n EHQ\WWH VHJ
DY SDUSURJUDPPHULQJ IRU XWYLNOLQJHQ� RJ GHWWH NRPPHU RJVn IUHP JMHQQRP WLPHO�
LVWHQH�

����� 6\VWHPXWYLNOLQJ

8WYLNOLQJVSURVHVVHQ JUXSSHQ KDU YDOJW n EUXNH EHVWnU DY XOLNH DJLOH PHWRGHU KHQWHW
IUD XOLNH DJLOH V\VWHPXWYLNOLQJVPHWRGHU� 'LVVH DJLOH PHWRGHQH EHVWnU EODQW DQQHW DY
SDUSURJUDPPHULQJ� VRP NRPPHU IUHP JMHQQRP JUXSSHQV WLPHOLVWHU� VH YHGOHJJ '
�SURVHVVGRNXPHQWDVMRQ�� (Q DQQHQ DJLO PHWRGH� KHQWHW IUD .DQEDQ RJ 6FUXP� HU
GDJOLJH RSSGDWHULQJVP¡WHU� (WWHUVRP JUXSSHQ NXQ EHVWR DY WR PHGOHPPHU� YDU GHW
JRG NRPPXQLNDVMRQ LQQDG L JUXSSHQ� RJ GH GDJOLJH P¡WHQH YDU LNNH RIILVLHOOH P¡WHU�
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PHQ KHOOHU HQ VY UW NRUW RSSVXPPHULQJ DY KYD JUXSSHQV PHGOHPPHU KDGGH JMRUW
GHQ GDJHQ� RJ KYD GH SODQOD n JM¡UH YLGHUH� 'HQ GDJOLJH RSSGDWHULQJHQ EOH JMHQQRP�
I¡UW Sn VOXWWHQ DY DUEHLGVGDJHQ� RJ EOH NXQ WDWW L EUXN GHUVRP PHGOHPPHQH DUEHLGHW
PHG XOLNH RSSJDYHU� ,VVXH�ERDUG EOH RJVn WDWW L EUXN XQGHU XWYLNOLQJVSURVHVVHQ VH
YHGOHJJ (� $UWHIDNWHU EUXNW L DUEHLGHW KDU Y UW XVHU VWRULHV RJ ZLUHIUDPHV� VRP EOH
EHVNUHYHW L NUDYGRNXPHQWDVMRQHQ� VH YHGOHJJ '� 'LVVH EOH EUXNW IRU n NDUWOHJJH IXQN�
VMRQDOLWHWHQ WLO UDPPHYHUNHW� $QQHW HQQ GHWWH EHQ\WWHW JUXSSHQ VHJ IOLWWLJ DY *DQWW�
GLDJUDPHPW RJ LVVXH�ERDUG Sn JLWKXE� RJ KDGGH HOOHUV VY UW JRG NRPPXQLNDVMRQ� ,
NUDYGRNXPHQWDVMRQHQ� VH YHGOHJJ '� HU GHW YHGODJW HW GRNXPHQW VRP GRNXPHQWHUHU
RSSQnGGH XVHU VWRULHV� RJ SURJUHVMRQHQ Sn GLVVH�
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� 'LVNXVMRQ

��� 'DWDLQWHJULWHW RJ GDWDJUXQQODJ

'HW YDU VY UW YLNWLJ IRU SURVMHNWHW DW GHW EOH VDPOHW LQQ QRN GDWD IRU DW DOJRULWPHQ
VNXOOH NXQQH JMHQQRPI¡UH HQGULQJHU� RJ IRU n XQGHUV¡NH KYRU SUHVLV DOJRULWPHQ NXQQH
EOL EDVHUW Sn GHQ LQQVDPOHGH GDWDHQ�

'DWDHQ VDPOHW LQQ JMHQQRP SURVMHNWHW KDU Y UW IUD pQ WHVWSHUVRQ� (WWHU UnG IUD
YHLOHGHU NRQNOXGHUWH JUXSSHQ PHG DW GHW KROGW PHG pQ WHVWSHUVRQ� RJ DW PDQ NXQQH
WD HW YDOJ RP n YLGHUHXWYLNOH DOJRULWPHQ� EDVHUW Sn GH SUHOLPLQ UH UHVXOWDWHQH� (W�
WHUVRP DOJRULWPHQ WLOSDVVHU VHJ KYHU WHVWSHUVRQ� YLOOH PDQ LNNH InWW HW VW¡UUH GDWDVHWW
PHG IOHUH HQGULQJHU IUD DOJRULWPHQ GHUVRP GHW KDGGH Y UW HQ VW¡UUH WHVWJUXSSH� (Q
VW¡UUH WHVWJUXSSH YLOOH GHULPRW JLWW YDU HQ RYHUVLNW RYHU KYRU PDQJH GHQQH DOJRULWPHQ
HYHQWXHOW NDQ KMHOSH� 'DWDLQQVDPOLQJHQ YDU VY UW WLGVNULWLVN L SURVMHNWHW� RJ JUXS�
SHQ IRUV¡NWH n VWDUWH SURVHVVHQ Vn WLGOLJ VRP PXOLJ� 7LO WURVV IRU GHWWH YDU GHW RJVn
VY UW YLNWLJ DW GDWDLQQVDPOLQJHQ EOH JMHQQRPI¡UW NRUUHNW� RJ DW GHW LNNH HNVLVWHUWH
EXJV L NRGHQ VRP YLOOH I¡UW WLO NRUUXSW GDWD� *UXQQHW GHWWH WRN JUXSSHQ JRG WLG Sn n
XWDUEHLGH DOJRULWPHQ RJ 093�HQ IRU n XQQJn HQ VLWXDVMRQ GHU DOO LQQVDPOHW GDWD PnWWH
IRUNDVWHV JUXQQHW XNRUUHNW NRGH� $Y GHQQH JUXQQ EOH LQQVDPOLQJHQ DY GDWD VWDUWHW ��
PDUV� RJ Sn GHQQH GDWRHQ EOH NXQ 093�HQ XWHQ DOJRULWPHQ LQWURGXVHUW� $OJRULWPHQ
EOH LQWURGXVHUW �� DSULO� 'HW YLO VL DW IOHUH DY GH I¡UVWH LWHUDVMRQHQH KDGGH HW VW¡UUH
GDWDJUXQQODJ HQQ GH QHVWH� GD GHW YDU HQ PnQHG PHG LQQVDPOHW GDWD�

'HW HU YLNWLJ n VDPOH LQQ QRN GDWD I¡U PDQ JM¡U HQ HQGULQJ >��@� 9HG n LQWURGXVHUH
DOJRULWPHQ L WLGOLJ DSULO YDU JUXSSHQ NODU RYHU DW GHW NXQ YDU QRHQ DY PDWYDUHUHQH VRP
YLOOH VDPOH LQQ QRN GDWD� IRU n JMHQQRPJn IOHUH LWHUDVMRQHU DY DOJRULWPHQ� 'HW KDGGH
Y UW ¡QVNHOLJ PHG PHU GDWD� GD DOJRULWPHQ NXQQH JMHQQRPI¡UW IOHUH LWHUDVMRQHU Sn
IOHUH PDWYDUHU� L WLOOHJJ WLO DW GHQ KDGGH KDWW PHU WLG WLO n WLOSDVVH VHJ WHVWSHUVRQHQ�
VRP YLOOH JLWW HW VW¡UUH JUXQQODJ IRU n YXUGHUH RP DOJRULWPHQ IXJHUWH� (Q DQQHQ JUXQQ
WLO DW JUXSSHQ ¡QVNHW HQ VW¡UUH GDWDLQQVDPOLQJVSHULRGH� YDU IRU n NXQQH MXVWHUH DO�
JRULWPHQ GHUVRP GHW EOH RSSGDJHW IHLO� HOOHU DVSHNWHU YHG GHQ VRP NXQQH IRUEHGUHV�
9HG HQ ODQJ SHULRGH IRU GDWDLQQVDPOLQJ� NXQQH PDQ JMHQQRPI¡UW WR WHVWSHULRGHU PHG
WR IRUVNMHOOLJH YHUVMRQHU DY DOJRULWPHQ� PHQ GHWWH KDGGH GHVYHUUH LNNH JUXSSHQ PX�
OLJKHW WLO� , EHJ\QQHOVHQ DY GDWDLQQVDPOLQJHQ PHG DOJRULWPHQ� YDU GHW IRUYHQWHW DW
EORGVXNNHUHW YLOOH YDULHUH PHU� RJ JHQHUHOW PHU XUHJXOHUW� IUHP WLO DOJRULWPHQ� JMHQ�
QRP IOHUH LWHUDVMRQHU� O UWH VHJ KYRU P\H LQVXOLQ VRP WUHQJWHV WLO IRU HNVHPSHO XOLNH
PDWYDUHU� 9HG IOHUH LWHUDVMRQHU� KDGGH DOJRULWPHQ KDWW PHU WLG RJ GDWD WLO n WD JRGH
YDOJ� , WLOOHJJ WLO DW JUXSSHQ MREEHW PHG DOJRULWPHQ� XQGHUV¡NWH GH RJVn KYRU P\H
WLG PDQ NDQ VSDUH L XNHQ PHG 093�HQ� (Q PnWH JUXSSHQ NXQQH KD VDPOHW LQQ PHU
GDWD Sn� YDU n VWDUWH WLGOLJHUH RJ MREEHW PHU L VWDUWHW DY SURVMHNWHW� PHQ GHWWH YDU
LNNH SUDNWLVN PXOLJ VRP PDQ VHU L *DQWW�GLDJUDPPHW RJ WLPHOLVWHQH� VH YHGOHJJ '
�SURVHVVGRNXPHQWDVMRQ�� *UXSSHQ JMHQQRPI¡UWH WLOWDN VRP n DUEHLGH L KHOJHQH IRU n
In IRUWJDQJ L SURVHVVHQ� PHG IRUEHKROG RP n LNNH VOLWH VHJ VHOY XW� 7LO WURVV IRU WLOWDNHW
RP n DUEHLGH PHU� WLGOLJ L SURVHVVHQ� IRU n VWDUWH GDWDLQQVDPOLQJHQ WLGOLJHUH� NXQQH
JUXSSHQ IRUWVDWW ¡QVNHW PHU GDWD�

6RP QHYQW WLGOLJHUH YDU GDWDLQWHJULWHWHQ VY UW YLNWLJ IRU DW DOJRULWPHQ VNXOOH RSSI¡UH
VHJ VRP ¡QVNHW� DW GHQ WRN NRUUHNWH YDOJ RJ DW GLVVH NXQQH DQDO\VHUHV PHG GHQ Q¡G�
YHQGLJH GDWDHQ� *UXSSHQ LPSOHPHQWHUWH QHVWHQ DOO IXQNVMRQDOLWHWHQ OLVWHW RSS L NUDY�
RJ YLVMRQVGRNXPHQWHW� PHQ YHG Q UPHUH LQVSHNVMRQ LQQVn JUXSSHQ DW GHOHU DY GHQQH
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IXQNVMRQDOLWHWHQ� GHUVRP GHQ WDV L EUXN� YLO PHGI¡UH NRUUXSW GDWD� , NUDYGRNXPHQWDV�
MRQHQ EOLU GHW VSHVLILVHUW JMHQQRP XVHU VWRULHV� DW GHW VNDO HNVLVWHUH IXQNVMRQDOLWHW IRU
n HQGUH PDWYDUHU� GDJVSURILOHU� RJ ORJJHU� VDPW OHJJH WLO Q\H ORJJHU PDQXHOW� *UXSSHQ
Vn L HWWHUWLG DW GHWWH YLOOH PHGI¡UH NRUUXSW GDWD� 'HWWH HU IRUGL� GHUVRP HQ PDWYDUH
I¡UVW EOLU RSSJLWW PHG �� NDUERK\GUDWHU SHU ��� JUDP� RJ HQ EUXNHU VHQHUH HQGUHU
GHQQH YHUGLHQ WLO �� NDUERK\GUDWHU� YLO LNNH DOJRULWPHQ KD GHQ Q¡GYHQGLJH GDWDHQ IRU
n IRUHVOn HQ NRUUHNW LQVXOLQPHQJGH� 'HWWH JMHOGHU RJVn IRU HQGULQJ DY KYLONH PDWYDUHU
VRP EOH VSLVW L ORJJHU� HOOHU HQGULQJ DY WLG IRU GDJVSURILOHU� )RU n IRUVLNUH GDWDHQV
LQWHJULWHW YDOJWH JUXSSHQ n LNNH HQGUH QRHQ DY PDWYDUHQHV� GDJVSURILOHQHV� HOOHU ORJ�
JHQHV WDOOYHUGLHU� *UXQQHQ WLO DW IXQNVMRQDOLWHWHQ IRU n OHJJH WLO Q\H ORJJHU L HWWHUNDQW
PHGI¡UHU NRUUXSW GDWD� HU IRUGL L WLOIHOOHW GHU GHQ Q\H ORJJHQ RYHUODSSHU PHG HQ HOOHU
IOHUH DQGUH ORJJHU� VRP DOOHUHGH NDQ KD EOLWW EUXNW L DOJRULWPHQ� 'HWWH YLO LQYDOLGHUH
GLVVH GDWDHQH� 0DQ NXQQH ODJW LQQ VY UW NRPSOHNV ORJLNN VRP IMHUQHW HQGULQJHQ IUDP
WLO GHQ Q\H ORJJHQ� RJ JMRUGH GHW RP� (WWHUVRP KHOH V\VWHPHW KHQJHU Vn WHWW VDP�
PHQ� YLOOH GHWWH InWW HQ ©VQ¡EDOOHIIHNWª� RJ PDQ PnWWH JMRUW PDQJH HQGULQJHU VRP YLOOH
SnYLUNHW KYD EUXNHU YDOJWH n VHWWH� RJ GHWWH NDQ LNNH HQGUHV� RJ GDWDHQH YLOOH EOLWW NRU�
UXSWH� *UXSSHQ IMHUQHW L PLGOHUWLG LNNH GHQQH IXQNVMRQDOLWHWHQ� GD PHGOHPPHQH YLOOH
KD WLOJDQJ WLO DOO IXQNVMRQDOLWHW� GHUVRP GHW YDU Q¡GYHQGLJ� RJ GHW EOH RJVn VHWW Sn VRP
XQ¡GYHQGLJ EUXN DY WLGHQ� 'HWWH VSHVLHOW GD WHVWSHUVRQHQ RJVn HU HQ DY XWYLNOHUHQH�
RJ OHWW NXQQH XQQJn n EUXNH GH QHYQWH IXQNVMRQDOLWHWHQH� 'HW HU DOWVn PXOLJ n HQGUH
PDWYDUHU RJ OLJQHQGH� PHQ JUXSSHQ KDU LNNH WDWW L EUXN IXQNVMRQDOLWHWHQ� IRU n VLNUH
GDWDLQWHJULWHWHQ�

��� $OJRULWPHQ

����� .RQVWUXNVMRQ

������� 3DUWLVMRQHULQJV PHWRGH

'D JUXSSHQ GHVLJQHW IHLO�SDUWLVMRQHULQJVV\VWHPHW KDGGH GH PDWYDUHU VRP KRYHG�
IRNXV� RJ WHQNWH VRP XWJDQJVSXQNW DW DOOH GH WHRUHWLVNH YHUGLHQH KDGGH HQ OLWHQ IHLO
NREOHW WLO VHJ� VRP YLO VL DW WLO QRHQ PDWYDUHU WUHQJWH PDQ PHU LQVXOLQ RJ DQGUH PLQGUH�
PHQ DW GLVVH IHLOHQH LNNH YDU YHOGLJ VWRUH� 7DQNHQ YDU GD DW RP PDQ VSLVWH IHP EU¡G�
VNLYHU RJ GUDNN HW JODVV MXLFH� YLOOH IHLOHQ L EU¡GVNLYHQ IHPGREOHV RJ YLOOH KD VW¡UVW
ELGUDJ WLO GHQ WRWDOH VDPOHGH IHLOHQ� 'HUIRU EOH IHLOHQ IRUGHOW Sn ELGUDJ DY LQVXOLQ� VRP
HU GLUHNWH NQ\WWHW WLO PDWYDUHQV DQWDOO� 7DQNHQ YDU GD DW VHOY RP EU¡G KDGGH SHUIHNW
GRVHULQJ RJ DOO IHLOHQ NRP IUD MXLFHQ Vn YLOOH LNNH GHWWH SnYLUNH EU¡GVNLYH�DQDO\VHQ�
GD NRPELQDVMRQHQH DY VDPPH PHQJGH EU¡G RJ MXLFH Pn IRUHNRPPH PDQJH JDQJHU
IRU DW GHW VNDO KD HQ VWHUN QHJDWLY HIIHNW� 'HUVRP GHWWH IRUHNRPPHU RIWH� YLO GHQQH
GRVHULQJHQ WLO GHWWH PnOWLGHW EOL EHGUH� 8DQVHWW YLO MXLFH RJVn In HQ DQGHO DY VN\OGHQ
KYHU JDQJ� VRP YLO HQGUH GHQ L ULNWLJ UHWQLQJ� 6n PHG QRN WLG RJ LWHUDVMRQHU YLOOH GHWWH
MHYQH VHJ XW�

3UREOHPHW VRP RSSVWR� YDU DW GHW NUHYGHV VY UW PDQJH LWHUDVMRQHU IRU DW GHWWH VNXOOH
VNMH� , WLOOHJJ� PHG GHW ODYH DQWDOOHW GDWDSXQNWHU VRP EOLU EUXNW L DQDO\VHQ� NDQ HW
WLOIHOOH KYRU MXLFHQ IRUnUVDNHU DW EU¡G InU WLOGHOW HQ VW¡UUH JOXNRVHIHLO� OHWW I¡UH WLO HW P\H
PHU VSUHGW SUHGLNVMRQVLQWHUYDOO� 'HWWH YLO MXVWHUH EU¡GVNLYH VNDODUHQ L IHLO UHWQLQJ�

(W DQQHW SUREOHP VRP JUXSSHQ LNNH KDGGH WHQNW JMHQQRP YDU RP HQ VNDODU EOH IRU
ODY� *UXQQHQ WLO DW JUXSSHQ LNNH KDGGH WHQNW Sn GHWWH VRP HW PXOLJ SUREOHP YDU DW
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GHW LNNH YDU IRUYHQWHW DW DOJRULWPHQ VNXOOH HQGUH GDWDHQH Vn GUDVWLVN VRP GHQ JMRUGH�
'HUVRP HQ VNDODU EOLU IRU ODY� YLO GHWWH EHW\ DW PDWYDUHQ ILNN IRU OLWH LQVXOLQ� 'HWWH
YLO I¡UH WLO HQ K¡\HUH JOXNRVHYHUGL� DOWVn HQ VW¡UUH IHLO� (WWHUVRP PDWYDUHQ LNNH VWR
IRU Vn P\H DY GHW WRWDOH LQVXOLQHW� YLO GHQ LNNH In P\H DY VN\OGHQ� 'HWWH KDGGH RJVn
MHYQHW VHJ XW PHG PDQJH LWHUDVMRQHU� PHQ DQWDOOHW LWHUDVMRQHU YLOOH� VRP QHYQW RYHU�
WDWW ODQJ WLG n VDPOH LQQ� RJ GHW HU LNNH DNWXOHW IRU HQ EUXNHU n Jn RYHU OHQJHU SHULRGHU
PHG GnUOLJ UHJXOHULQJ DY EORGVXNNHUHW�

(Q DOWHUQDWLY SDUWLVMRQHULQJVWHNQLNN� NXQQH Y UW n IRUGHOW GHQ WRWDOH IHLOHQ MHYQW PHO�
ORP DOOH SDUWHQH� 'HWWH YLOOH KDWW VDPPH SUREOHPHU VRP QHYQW RYHU� PHQ VLGHQ DOOH
InU VDPPH PHQJGH IHLO� Vn YLOOH GHWWH NDQVNMH MHYQHW VHJ XW Sn I UUH LWHUDVMRQHU�

������� ,QVXOLQ WLO JOXNRVH IRUKROGHW

'D JUXSSHQ ODJGH DOJRULWPHQ� RJ YDOJWH KYLONH GHOHU DY V\VWHPHW VRP VNXOOH NXQQH
HQGUHV JMHQQRP VNDODUHU� EOH GDJVSURILOHU HW QDWXUOLJ YDOJ� GD GLVVH EOH ODJHW IRU GHWWH
IRUPnOHW� 0DWYDUHU ILNN RJVn HJQH VNDODUHU JUXQQHW YDULDVMRQ L NDUERK\GUDWHU >��@�
*UXSSHQ YDOJWH L WLOOHJJ n JL NRUULJHULQJVLQVXOLQHW HQ HJHQ VNDODU� 7DQNHQ YDU DW GHW
RIWH EOLU VDWW NRUULJHULQJVLQVXOLQ� RJ DW PHQJGHQ VRP WUHQJV RJVn NDQ HQGUH VHJ PHG
WLGHQ� RJ GHUIRU EOH GHWWH ODJW LQQ� 'HW JUXSSHQ RYHUVn YDU DW GHW DOOWLG YLO Y UH HQ
GDJVSURILO LQYROYHUW L HW PnOWLG VRP KDU HQ JOXNRVH�VNDODU� VRP NXQQH WDWW KnQG RP
GHWWH EHKRYHW� 'HW YDU GHUIRU GREEHOW RSS PHG KnQGWHULQJ DY JOXNRVH VHQVLWLYLWHWHQ�
RJ GHW EOH RJVn IOHUH XYHQWHWH SUREOHPHU PHG NRUULJHULQJVVNDODUHQ�

1nU NRUULJHULQJVVNDODUHQ HQGUHV� RSSGDWHUHV RJVn ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW VHJ�
'HWWH VHU PDQ L ILJXU ��T� 'HW YDU LNNH I¡U GH VLVWH XNHQH DW GHQQH YHUGLHQ JMHQQRP�
JLNN VWRUH HQGULQJHU� RJ IUDP WLO GHWWH Vn GHW XW VRP RP DOJRULWPHQ KDGGH MXVWHUW
YHUGLHQ RJ YDU UHODWLYW VLNNHU Sn GHQQH� 3UREOHPHW EHIDQW VHJ L PHWRGHQ IRU DQDO\VHQ�
$QDO\VHQ EOH XWI¡UW Sn JOXNRVHIHLO SHU HQKHW PHG NRUULJHULQJ� GHW YLO VL DW HQ IHLO Sn ;
JOXNRVH VRP EOH SDUWLVMRQHUW WLO NRUULJHULQJVLQVXOLQHW Sn < HQKHWHU� ILNN HW GDWDSXQNW
PHG ; GHOW Sn < JOXNRVH IHLO SHU HQKHW NRUULJHULQJ� 'HWWH I¡UWH WLO DW PDQJH DY GDWD�
SXQNWHQH On Q UPHUH ;�DNVHQ RJ SUHGLNVMRQVLQWHUYDOOHW YDU UHODWLYW EUHGW� 'HWWH Sn
JUXQQ DY SDUWLVMRQHULQJVPHWRGHQ� VRP GLVNXWHUW RYHU� RJ OLWH GDWD JUXQQODJ� JUXQQHW
SDUDPHQWHUHQH� 'HWWH I¡UWH WLO DW DOJRULWPHQ IRUHVOR n JL PLQGUH LQVXOLQ� RJ GHWWH JLU
HQ VNDODUIDNWRU XQGHU pQ� (WWHUVRP ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW EOLU RSSGDWHUW YHG
n GHOH Sn GHQQH IDNWRUHQ YLO IRUKROGHW ¡NH�

'D Q\H PnOWLGHU VNXOOH EHUHJQHV� EOH PLQGUH LQVXOLQ IRUHVOnWW WLO UHJXOHULQJHQ� VRP
LJMHQ JD HQ VW¡UUH IHLO� 'HQQH IHLOHQ EOH GD JLWW GHOHYLV WLO NRUULJHULQJVLQVXOLQHW� RJ
GHUPHG InU GHQ PLQGUH DY IHLOHQ� VLGHQ GHQ IRUHVOR PLQGUH LQVXOLQ� 'HWWH I¡UHU WLO
DW GHQ IRUWVDWW YLO In GDWDSXQNWHU Q U QXOO L DQDO\VHQ VRP YLO I¡UH WLO DW ©LQVXOLQ�WLO�
JOXNRVHª�IRUKROGHW EOLU VW¡UUH�

©,QVXOLQ�WLO�JOXNRVHª�IRUKROGHW EUXNHV RJVn IRU n UHJQH XW GH WHRUHWLVNH HQGULQJHQ
VRP WUHQJV L GH DQGUH VNDODUHQH� 'HW DW GHWWH IRUKROGHW GD HQGUHV G\QDPLVN DY
DOJRULWPHQ� HU HQ GnUOLJ LGp� 'HWWH WLOORW DOJRULWPHQ n HQGUH RJ MXVWHUH HQ DY GH
YLNWLJHUH JUXQQVWHLQHQH VLQH� 'HWWH JHQHUHUWH UHSHWHUHQGH ¡NHQGH YHUGLHU� VRP WLO
VOXWW I¡UWH WLO GHQ GUDVWLVNH ¡NQLQJHQ YLVW L ILJXU ��T�

9LGHUH InU GHWWH GnUOLJ SnYLUNQLQJ Sn DOOH GDWD� 'HWWH HU IRUGL GHW VNMHU HQ MXVWHU�
LQJ DY IHLO L KYHU ORJJ QnU GHW EOLU SDUWLVMRQHUW JOXNRVHIHLO IUD HQ SnPLQQHOVH WLO GH

��



WLONREOHGH ORJJHQH� 3n VOXWWHQ DY WHVWSHULRGHQ YDU ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW Sn
UXQGW �� PPRO�/ SHU HQKHW� 7HVWSHUVRQHQ YLO� L KYHUW WLOIHOOH� DOOWLG MXVWHUH HVWLPDWHW
WLO Q UPHVWH KDOYH HQKHW� PHQ WHVWSHUVRQHQ RYHUVNULYHU HVWLPDWHW GHUVRP YHGNRP�
PHQGH HU XHQLJ� 'HWWH VNMHGGH RIWHUH PRW VOXWWHQ� GD GHQ IRUHVOnWWH NRUULJHULQJVGRVHQ
YDU DOW IRU OLWHQ� 2P WHVWSHUVRQHQ IRUHVOR pQ HQKHW HNVWUD WLO HW PnOWLG RJ RSSQnGGH
¡QVNHW EORGVXNNHU� YLO IHLOHQ L SnPLQQHOVHQ Y UH QXOO� PHQ L ORJJHQ VRP K¡UHU WLO�
YLO GHQ EOL HWWHUMXVWHUW IRU GHQQH HQH HQKHWHQ� -XVWHULQJHQ EOLU EHUHJQHW YHG KMHOS
DY ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW VRP Sn VOXWWHQ YLOOH UHVXOWHUW L DW ORJJHQ KDGGH HQ
IHLO Sn GD �� JOXNRVH �PPRO�/�� 'HUVRP WHVWSHUVRQHQ KDGGH HQGUHW PHG WR HQKHWHU�
KDGGH GHW Y UW �� ��  ���� 'HWWH I¡UWH WLO HQ HNVWUHP IRUVW¡UULQJ L YDULDVMRQHQ L
GDWDHQH� VRP PHGI¡UWH DW SUHGLNVMRQVLQWHUYDOOHQH EOH P\H EUHGHUH� VRP NDQ KD I¡UW
WLO GHQ JHQHUHOOH V\QNLQJHQ L VNDODUYHUGLHU L DOOH WLOIHOOHU�

2P DOJRULWPHQ LNNH KDGGH HQGUHW Sn ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW� PHQ ODWW GHWWH
DQVYDUHW IDOOH Sn JOXNRVH�VNDODUHQH L GDJVSURILOHQH� NDQ GHW KHQGH DW UHVXOWDWHQH
KDGGH Y UW EHGUH� 8DQVHWW� KDU WHVWSHUVRQHQ JMHQQRP KHOH SURVHVVHQ MXVWHUW GRVHQH
WLO GHW YHGNRPPHQGH YDU NRPIRUWDEHO PHG� HOOHU VLNNHU Sn�

������� 2YHUODSSHQGH PnOWLGHU

2YHUODSSHQGH PnOWLGHU HU QnU HW Q\WW PnOWLG EOLU ORJJI¡UW I¡U SnPLQQHOVHQ WLO GHW I¡UVWH
KDU QnGG VOXWWLGHQ VLQ RJ HU IHUGLJ� , GLVVH WLOIHOOHQH YLO GLVVH PnOWLGHQH NREOHV VDPPHQ
RSS PRW VDPPH SnPLQQHOVH� RJ SnPLQQHOVHQ IRUOHQJHV� *UXSSHQ JMRUGH HQ DQWDJHOVH
Sn DW LQVXOLQPHQJGHQ WLO GHW I¡UVWH PnOWLGHW EOH EHUHJQHW NRUUHNW� 0DQ EUXNHU GD ¡Q�
VNHW JOXNRVHYHUGL L I¡UVWH PnOWLG VRP QnY UHQGH JOXNRVHYHUGL L DQGUH PnOWLG� 'HQQH
PHWRGHQ IXQJHUHU EUD IRU PnOWLGHU VRP RYHUODSSHU Q UW KYHUDQGUH� VRP IRU HNVHP�
SHO PLGGDJ RJ GHVVHUW� 'H NXQQH QHVWHQ EOLWW ODJW LQQ VRP HW RJ VDPPH PnOWLG�
'HW HU GHULPRW L WLOIHOOHU KYRU PnOWLGHQH DNNXUDW RYHUODSSHU DW GHWWH EOLU SUREOHPDW�
LVN� (W VFHQDULR HU KYRU I¡UVWH PnOWLG QHVWHQ HU IHUGLJ RJ JOXNRVHYHUGLHQ HU Sn ����
PPRO�/� RJ HW Q\WW PnOWLG EOLU ODJW LQQ� 'HUVRP GHW DQGUH PnOWLGHW HU SHUIHNW GRVHUW�
YLO JOXNRVHYHUGLHQ IRU SnPLQQHOVHQ OLNHYHO Y UH ���� PPRO�/� )HLOHQ YLO EOL EHUHJQHW
RJ IRUGHOW PHOORP ORJJHQH EDVHUW Sn ELGUDJ� 'HWWH EOLU XWI¡UW VRP IRUYHQWHW� RJ HU EUD
IUD HW DQDO\WLVN SHUVSHNWLY� 'HWWH UHVXOWHUHU GHULPRW RJVn PHG DW WHVWSHUVRQHQ KDU
KDWW K¡\H JOXNRVH�YHUGLHU JMHQQRP KHOH GHQ DQGUH SHULRGHQ� VRP I¡UHU WLO HW GnUOLJHUH
UHJXOHUW EORGVXNNHU� 'HWWH SUREOHPHW EOH LNNH DGUHVVHUW L GHQ QnY UHQGH O¡VQLQJHQ�
'HW NXQQH GHULPRW Y UW ODJW LQQ IXQNVMRQDOLWHW� GHU PDQ NXQQH ODJW LQQ� YHG HW RYHU�
ODSSHQGH PnOWLG� DW PDQ VDWWH NRUULJHULQJVLQVXOLQ VRP EXUGH EOLWW VDWW L IRUULJH ORJJ�
3n GHQQH PnWHQ NXQQH PDQ UHWWHW RSS L IHLO PDQ� VRP PHQQHVNH� NMHQQHU LJMHQ� )RU
HNVHPSHO� HQKYHU GLDEHWLNHU YHW DW GHUVRP PDQ HU �� PPRO�/ RYHU ¡QVNHW JOXNR�
VHYHUGL� RJ GHW HU �� PLQXWWHU LJMHQ DY DNWLYW LQVXOLQ� YLO PDQ LNNH WLO n RSSQn ¡QVNHW
YHUGL� 'HUPHG NDQ PDQ DOOHUHGH Sn GHWWH WLGVSXQNWHW VHWWH PHU LQVXOLQ�

3UREOHPHW IRU WHVWSHUVRQHQ YDU GHUVRP PDQ ¡NWH PHQJGHQ LQVXOLQ VDWW WLO GHW DQGUH
PnOWLG IRU n NRUULJHUH GHQ IRU K¡\H JOXNRVHYHUGLHQ IUD I¡UVWH PnOWLG� $OJRULWPHQ YLOOH
WRONHW GHWWH VRP RP WHVWSHUVRQHQ VDWWH PHU LQVXOLQ WLO PDWYDUHQH L DQGUH PnOWLG�
'HWWH YLO EOL IHLODNWLJ GDWD IRU DOJRULWPHQ n EUXNH� VRP NDQ UHVXOWHUH L DW GH LQYROYHUWH
PDWYDUHQH EOLU MXVWHUW IHLO VHQHUH� 7HVWSHUVRQHQ YDOJWH L HQNHOWH WLOIHOOHU n YHQWH WLO
SnPLQQHOVHQ JLNN XW I¡U GH OD LQQ GHW Q\H PnOWLGHW� IRU n XQQJn GHWWH SUREOHPHW� ,
HQNHOWH WLOIHOOHU VDWWH WHVWSHUVRQHQ LQVXOLQ PDQXHOW� RJ ORW Y UH n ORJJI¡UH GHW� 'HWWH
IRU n XQQJn n VHWWH IHLODNWLJH GRVHU VRP NXQQH I¡UW WLO DW DOJRULWPHQ MXVWHUWH VHJ

��



IHLO� PHQ RJVn IRU n VLNUH DW EORGVXNNHUHW LNNH YDU K¡\W IRU OHQJH� IRU n IRUKLQGUH
KHOVHSUREOHPHU� VH GHOVHNVMRQ ����

������� 6NDODUHQ IRU NRUULJHULQJVLQVXOLQ XWHQ PDWYDUHU

'HW EOH ODJHW HQ HJHQ VNDODU VRP EOH EUXNW GHUVRP EUXNHU NXQ VDWWH NRUULJHULQJVLQ�
VXOLQ� 'HQQH YDU PHQW IRU n IRUNODUH HQGULQJHQ L VHQVLWLYLWHW QnU WHVWSHUVRQHQ LNNH
KDGGH VSLVW Sn HQ VWXQG� 'HQQH EOH DOGUL EUXNW GD WHVWSHUVRQHQ DOOWLG OD LQQ PDWYDUHU�
*UXSSHQ LQQVn DW GHQQH VNDODUHQ YDU IRU VLPSHO WLO n IRUNODUH GHWWH NRPSOHNVH WLOIHOOHW�
GD GHQQH VNDODUHQ YLOOH EOLWW EUXNW RP PDQ ORJJI¡UWH HQ HNVNOXVLY NRUULJHULQJVGRVH
UHWW HWWHU HW PnOWLG� 6NDODUHQ EXUGH YDULHUH EDVHUW Sn WLG VLGHQ VLVWH PnOWLG� RJ SRWHQ�
VLHOW DQGUH IDNWRUHU� 'HUIRU YDOJWH JUXSSHQ� GD GH LPSOHPHQWHUWH DOJRULWPHQ� n LNNH
OD GHQQH VNDODUHQ RSSGDWHUH VHJ VRP GH DQGUH VNDODUHQH� *UXSSHQ IMHUQHW KHOOHU LNNH
YDULDEHOHQ� GD GHWWH EOH VHWW Sn VRP XQ¡GYHQGLJ EUXN DY WLGHQ JUXQQHW DW WHVWSHU�
VRQHQ VRP QHYQW WLGOLJHUH� YDU HQ DY XWYLNOHUQH� RJ VDWW EDUH GHQQH YHUGLHQ WLO pQ� 3n
GHQQH PnWHQ KDGGH LNNH VNDODUHQ HQ LQQYLUNQLQJ GHUVRP GHQ VNXOOH EOLWW WDWW L EUXN�

����� 3UHVLVMRQ

3UHVLVMRQHQ WLO DOJRULWPHQ PnOHV JMHQQRP +E$�F�YHUGLHQ� VOLN VRP QHYQW L ������ 6RP
REVHUYHUW L XQGHUILJXU ��D� YDU +E$�F�YHUGLHQ ��� SURVHQW� HOOHU �� PPRO�PRO� YHG
SURVMHNWHWV VOXWW� 7LO VDPPHQOLJQLQJ YDU WHVWSHUVRQHQV +E$�F�YHUGL ��� SURVHQW ���
PPRO�PRO� I¡U 093�HQ RJ DOJRULWPHQV LQWURGXNVMRQ� 6RP QHYQW L GHOVHNVMRQ ��� YLO
GHQQH YHUGLHQ IRU HQ SHUVRQ XWHQ GLDEHWHV OLJJH XQGHU �� PPRO�PRO HOOHU � SURVHQW�
RJ IRU HQ GLDEHWLNHU HU EHKDQGOLQJVPnOHW �� PPRO�PRO� HOOHU � SURVHQW�

3UHVLVMRQHQ WLO DOJRULWPHQ QnGGH LNNH GHW VRP YDU PnOHW� %DVHUW Sn GHW VRP EOH
GLVNXWHUW L GHOVHNVMRQ �������� HU GHW UHODWLYW VLNNHUW DW DOJRULWPHQ YLO IRUWVHWWH n ¡NH
+E$�F�YHUGLHQ� )UD ILJXU ��D� YLVHU ,76 DQDO\VHQ DW GHQQH YLO IRUWVHWWH n VWLJH� 'HWWH
VW¡WWHU GLVNXVMRQHQ Vn ODQJW� 'HW EHNUHIWHU VYDNKHWHQ L DOJRULWPHQ� DOWVn ©LQVXOLQ�
WLO�JOXNRVHª�IRUKROGHW� RJ KYRUGDQ GHWWH G\QDPLVN HQGUHV� 'HWWH EXUGH Y UW LPSOH�
PHQWHUW Sn HQ DQQHQ PnWH� 6HOY RP WHVWSHUVRQHQ HQGUHU YHUGLHQH� YLO DOJRULWPHQ
L GHQV WLOVWDQG YHG VOXWWHQ DY WHVWSHULRGHQ� JM¡UH HQ GnUOLJHUH MREE HQQ WLGOLJHUH L
WHVWSHULRGHQ�

����� 3DUDPHWHUH WLO DOJRULWPHQ

������� 0LQVWH DQWDOO GDWDSXQNWHU

6RP QHYQW L GHOVHNVMRQ �������� EOH SDUDPHWHUHQH IRU DOJRULWPHQ YDOJW EDVHUW Sn
JUXQGLJ XQGHUV¡NHOVH DY KYD VRP NXQQH Y UH IRUQXIWLJH WDOO� )RU HNVHPSHO EOH SDUD�
PHWHUHQ ©PLQVWH DQWDOO WLOIHOOHUª VDWW WLO WL� 'HWWH YDU Sn EDNJUXQQ DY HQ IRUVNQLQJ�
VDUWLNNHO� VRP VD DW GHQ JHQHUHOOH DQEHIDOLQJHQ HU n WD L EUXN WROY GDWDSXQNWHU I¡U
RJ HWWHU HQ DYEU\WHOVH L HQ ,76 DQDO\VH� *UXQQHW IRU OLWH WLG� KDGGH LNNH JUXSSHQ
PXOLJKHW WLO n XQGHUV¡NH XOLNH WDOOYHUGLHU IRU GHQQH SDUDPHWHUHQ� c KD XOLNH SDUD�
PHWHUYHUGLHU IRU DOJRULWPHQ JMHQQRP WHVWSHULRGHQ YLOOH UHVXOWHUW L IRU OLWH GDWD IRU
GH IRUVNMHOOLJH SDUDPHWHUYHUGLHQH� 3DUDPHWHUQH SnYLUNHW GHILQLWLYW UHVXOWDWHQH� PHQ
JUXSSHQ NRQNOXGHUWH PHG DW GHUVRP DOJRULWPHQ VNXOOH Y UH SUDNWLVN EUXNEDU IRU HQ

��



WHVWSHUVRQ� PnWWH LWHUDVMRQHQH VNMH PHG PLQVW PXOLJ GDWD� *UXSSHQ DQVn DW GHU�
VRP DOJRULWPHQ JMHQQRPI¡UWH QRN LWHUDVMRQHU� YLOOH GHQ NRPPHW IUHP WLO RPWUHQWOLJ
GH VDPPH UHVXOWDWHQH� VRP GHQ YLOOH GHUVRP LWHUDVMRQHQH KDGGH IOHUH GDWDSXQNWHU�
'HWWH JUXQQHW DW DOJRULWPHQ PHG KYHU LWHUDVMRQ YLO IRUEHGUH VHJ� RJ JOXNRVHIHLOHQ YLO
Q UPH VHJ QXOO� 3UREOHPHW PHG GHWWH YDU VNM¡UKHWHQ WLO GDWDHQH RJ SUHGLNVMRQVLQ�
WHUYDOOHW� JUXQQHW GHW EHJUHQVHGH DQWDOOHW GDWDSXQNWHU� +DGGH GHW Y UW HW VW¡UUH
GDWDJUXQQODJ SHU LWHUDVMRQ NXQQH DQDO\VHQH Y UW PHU UREXVWH RJ KDWW VPDOHUH SUH�
GLNVMRQVLQWHUYDOO� 0HG WL GDWDSXQNWHU� RJ QnU PDQ WDU L EHWUDNQLQJ GHW VRP KHQGWH
PHG ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW EHVNUHYHW L GHOVHNVMRQ �������� EOH GHW IRU OLWH GDWD
IRU n In VQHYUH SUHGLNVMRQVLQWHUYDOO�

������� 1HGUH JUHQVH IRU SUHGLNVMRQVLQWHUYDOO

'HQ QHGUH JUHQVHQ IRU SUHGLNVMRQVLQWHUYDOOHW EOH EHYLVVW VDWW OLWW NRQVHUYDWLYW IRU n
EHVN\WWH WHVWSHUVRQHQ PRW IRU K¡\H GRVHULQJHU� 'HWWH IRU n XQQJn VY UW ODYH YHUGLHU�
RJ SRWHQVLHOW I¡OLQJHU� 'HWWH KDU VNMHOGHQW Y UW HW SUREOHP� RJ L GH WLOIHOOHQH GHW YDU
SUREOHPDWLVN� NXQQH WHVWSHUVRQHQ KnQGWHUH GHWWH PHG JRG WLG� %DVHUW Sn HUIDULQJHQ
IUD WHVWSHULRGHQ� NXQQH GHW Y UW PXOLJ n VHWWH GHQQH YHUGLHQ HQGD ODYHUH�

'HUVRP YHUGLHQ KDGGH Y UW ODYHUH� NXQQH GHW KHQGH DW UHVXOWDWHQH KDGGH Y UW HQ
GHO DQGHUOHGHV� 0HG EDNJUXQQ L GLVNXVMRQHQ L GHOVHNVMRQ �������� YDU PHVW VDQQV\QOLJ
GHQQH SDUDPHWHUHQ HQ VHQWUDO GHO DY ¡NQLQJHQ L ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW� 'HWWH
I¡UWH WLO DW JOXNRVHYHUGLHQH JLNN RSS RJ VNDODUHQH JLNN QHG� VRP VWHPPHU RYHUHQV�

������� $EVROXWW VW¡UVWH MXVWHULQJVIDNWRU

3DUDPHWHUHQ ©DEVROXWW VW¡UVWH MXVWHULQJVIDNWRUª KDU GLUHNWH Y UW LQYROYHUW L QHVWHQ
DOOH LWHUDVMRQHQH DY DOJRULWPHQ� 'HW NDQ KHQGH DW GHW HU GHQQH SDUDPHWHUHQ VRP
VLNUHW DW ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW LNNH HQGUHW VHJ IRU IRUW I¡U VOXWWHQ DY WHVWSHUL�
RGHQ� 'HWWH HU PHVW VDQQV\QOLJ RJVn WLOIHOOHW PHG UHVWHQ DY VNDODUHQH� VRP JUXQQHW
GHQ VWRUH YDULDVMRQHQ L VOXWWHQ� YLOOH ¡QVNHW n HQGUH VHJ P\H PHU HQQ GHW GH IDNWLVN
JMRUGH� VH GHOVHNVMRQ �������� 'HW YDU QHWWRSS GHWWH VRP YDU KHQVLNWHQ PHG SDUD�
PHWHUHQ� GHW n EHJUHQVH HQGULQJHU VRP HU IRUnUVDNHW DY SUHGLNVMRQVLQWHUYDOO VRP KDU
GHOHYLV NRUUXSW GDWD L GHP� VOLN DW HQGULQJHU VRP DQEHIDOHV Sn JUXQQ DY HQNHOWH HN�
VWUHPDOYHUGLHU� LNNH VNMHU L VLQ KHOKHW� 'HULPRW RP GHW HU HQ WUHQG� YLO GHW EOL DQEHIDOW
n HQGUH VNDODUHQ L VDPPH UHWQLQJ IOHUH JDQJHU� RJ GHQ WRWDOH HQGULQJHQ YLO VNMH RYHU
IOHUH LWHUDVMRQHU�

����� ,QVXOLQHWV YLUNHWLG

6RP QHYQW L GHOVHNVMRQ ������ KDU LQVXOLQ RIWH HQ PDNVLPDO HIIHNW L pQ WLO WUH WLPHU HWWHU
DW GHW I¡UVW KDU EOLWW VDWW� ,QVXOLQ NDQ IRUWVDWW Y UH DNWLYW L NURSSHQ L WUH WLO IHP WLPHU
HWWHU DW GHW EOH VDWW� *UXSSHQ YDOJWH n EUXNH EORGVXNNHUYHUGLHQ WHVWSHUVRQHQ KDGGH
WUH WLPHU HWWHU LQVXOLQ EOH VDWW� %ORGVXNNHUHW EOLU GD DQVHWW VRP IDVWHQGH� 'HWWH EHW\U
DW YHUNHQ PDW HOOHU LQVXOLQ SnYLUNHU EORGVXNNHUHW OHQJHU� GD GHWWH JLU GHW PHVW J\OGLJH
PnOHW RSS PRW ¡QVNHW RSSQnGG YHUGL� 'HQQH YHUGLHQ KDU IXQJHUW EUD� 7HVWSHUVRQHQ
KDU VRP UHJHO PHU HQQ WUH WLPHU PHOORPPnOWLGHQH VLQH� VRPPHGI¡UHU DW GHW LNNH HU Vn
PDQJH RYHUODSSHQGH PnOWLGHU RJ GHUDY PHU NRUUHNW GDWD� 'HW HU RJVn YHUGW n QHYQH DW

��



GHQQH YHUGLHQ EOH VDWW Sn JUXQQODJ DY GHQ VSHVLILNNH LQVXOLQW\SHQ WHVWSHUVRQHQ EUXNHU�
'HW YLO VL DW GHQQH YHUGLHQ EXUGH YDULHUH IUD WLOIHOOH WLO WLOIHOOH� EDVHUW Sn LQVXOLQW\SHQ
GHUVRP HQ VW¡UUH WHVWJUXSSH GHOWDU L HQ Q\ WHVWSHULRGH�

��� 2SSQnGGH PnO

����� .RUUHODVMRQVPDWULVHU

'HQQH GHOVHNVMRQHQ WDU IRU VHJ NRUUHODVMRQVPDWULVHQH L GHOVHNVMRQ �������� 0DQ NDQ
O UH P\H DY KYRUGDQ DOJRULWPHQ RJ 093�HQ KDU SnYLUNHW UHJXOHULQJHQ DY EORGVXN�
NHUHW WLO WHVWSHUVRQHQ EDVHUW Sn GLVVH� 6HOY RP UHVXOWDWHW DY UHJXOHULQJHQ� L IRUP DY
+E$�F�YHUGLHQ RJ YDULDVMRQ RSSQnGG� LNNH KDU HQGUHW VHJ VWRUW� NDQ PDQ REVHUYHUH
RP VDPPHQKHQJHQ PHOORP GH IRUVNMHOOLJH GHOHQH DY UHJXOHULQJHQ� KHQJHU VDPPHQ
Sn VDPPH PnWH� HOOHU RP QRH KDU HQGUHW VHJ�

������� *MHQQRPVQLWWOLJ JOXNRVH

)RUKROGHW WLO +E$�F�HVWLPDWHW RJ YHOGLJ K¡\H JOXNRVHYHUGLHU KDU LNNH HQGUHW VHJ L QRHQ
VWRU JUDG� 'HULPRW� KDU IRUKROGHW WLO JOXNRVH YDULDVMRQHQ� K¡\H JOXNRVHYHUGLHU� ¡QVN�
HGH JOXNRVHYHUGLHU RJ YHOGLJ ODYH JOXNRVHYHUGLHU KDU HQGUHW VHJ RSS WLO ����SRHQJ�
GHWWH HU HQ VWRU HQGULQJ� PHQ NRUUHODVMRQHQ KDU LNNH VQXGG� HOOHU EOLWW QHJOLVMHUEDU�
'HWWH NDQ GHUPHG Y UH QDWXUOLJ YDULDVMRQ� )RUKROGHW WLO ODYH JOXNRVHYHUGLHU GHULPRW
KDU HQGUHW VHJ IUD ����� WLO ������ 'HWWH HU ����SRHQJ HQGULQJ RJ HU Qn EOLWW HQ YHOGLJ
VWHUN QHJDWLY NRUUHODVMRQ� 'HWWH YLO VL DW YHG EUXN DY 093�HQ� YLO HQ ¡NQLQJ L JMHQQRP�
VQLWWOLJ JOXNRVH QHVWHQ GHILQLWLYW JL HQ UHGXNVMRQ L ODYH JOXNRVHYHUGLHU� 'HWWH NXQQH
PDQ RJVn REVHUYHUH WLGOLJHUH� I¡U 093�HQ� PHQ Qn HU GHW VY UW VLNNHUW KDU GHWWH YLO
VNMH�

������� +E$�F�HVWLPDW � *0,

6LGHQ +E$�F�HVWLPDWHW RJ JMHQQRPVQLWWOLJ JOXNRVH KDU HQ SRVLWLY NRUUHODVMRQ Sn ����
EnGH I¡U RJ XQGHU 093�HQ� VHU PDQ DW UHVXOWDWHQH KHU HU LGHQWLVNH WLO GH GLVNXWHUW RP
JMHQQRPVQLWWOLJ JOXNRVH�

������� *OXNRVH YDULDVMRQ

)RUKROGHW WLO YHOGLJ K¡\H JOXNRVHYHUGLHU HU WLOQ UPHW XHQGUHW� +¡\H JOXNRVHYHUGLHU
KDU JnWW OLWW QHG� PHQ KDU IRUWVDWW VDPPH EHW\GQLQJ DY NRUUHODVMRQHQ� �QVNHGH JOXNR�
VHYHUGLHU HU GHULPRW JnWW QHG ����SRHQJ� RJ KDU LNNH OHQJHU HQ VWHUN QRN NRUUHODVMRQ
WLO DW GHW NDQ DQVHV VRP VLNNHUW� 'HWWH HU SRVLWLYW� GD NRUUHODVMRQHQ EHW\GGH DW RP
WLGHQ PHG ¡QVNHGH JOXNRVHYHUGL ¡NWH Vn ¡NWH RJVn YDULDVMRQHQ� 1n HU GHW LNNH OLNH
VLNNHUW DW GHWWH HU WLOIHOOH� 2SWLPDOW ¡QVNHU PDQ DOO WLGHQ LQQHQIRU ¡QVNHGH JOXNR�
VHYHUGLHU� RJ HQ YHOLGLJ ODY YDULDVMRQ� 2SWLPDOW� RJ WHRUHWLVN� ¡QVNHU PDQ HQ QHJDWLY
NRUUHODVMRQ PHOORP GLVVH� QRH GHQ Qn HU Q UHPHUH� /DYH JOXNRVHYHUGLHU RJ YHOGLJ
ODYH JOXNRVHYHUGLHU VLWW IRUKROG WLO YDULDVMRQHQ KDU ¡NW PHG KHQKROGVYLV ����SRHQJ

��



RJ ����SRHQJ� RJ HU Qn ���� RJ ����� 'HW HU Qn HQ EHWUDNWHOLJ VW¡UUH VDPPHQKHQJ
PHOORP ¡NQLQJHQ L YDULDVMRQ RJ ¡NQLQJHQ L ODYH RJ YHOGLJ ODYH JOXNRVHYHUGLHU�

������� 9HOGLJ K¡\H JOXNRVHYHUGLHU

)RUKROGHW WLO K¡\H JOXNRVHYHUGLHU KDU ¡NW IUD ����� WLO ����� GHWWH HU ����SRHQJ RJ HW
VNLIWH L IRUWHJQ� 'HW HU IRUWVDWW LNNH HQ VWHUN VDPPHQKHQJ� PHQ GHQ VWRUH HQGULQJHQ
RJ VSHVLHOW IRUWHJQV VNLIWH HU LQWHUHVVDQW n QRWHUH VHJ� )RUKROGHW WLO GH ¡QVNHGH JOXNR�
VHYHUGLHQH KDU KDWW HQ ¡NQLQJ Sn ����SRHQJ� IUD ����� WLO ������ VRP HU HQ GREOLQJ�
'HWWH HU HQ JRG XWYLNOLQJ� 'HW HU IRUGL GHW Qn HU VLNUHUH DW GHUVRP YHOGLJ K¡\H JOXNR�
VHYHUGLHU JnU QHG� YLO GH ¡QVNHGH Jn RSS� 'HWWH NDQ W\GH Sn DW WLGHQ L VRQHQ PHG
YHOGLJ K¡\H YHUGLHU� PLJUHUHU GLUHNWH WLO GH ¡QVNHGH YHUGLHQH L VW¡UUH JUDG� )RUKRO�
GHW WLO GH ODYH JOXNRVHYHUGLHQH KDU LNNH HQGUHW VHJ VWRUW� )RUKROGHW WLO GH YHOGLJ ODYH
JOXNRVHYHUGLHQH GHULPRW KDU JnWW IUD ����� WLO ������ HQ UHGXNVMRQ Sn ����SRHQJ�
'HU HU LNNH OHQJHU HQ OLNH VLNNHU VDPPHQKHQJ PHOORP ¡NQLQJHQ L YHOGLJ K¡\H YHUGLHU�
RJ UHGXNVMRQHQ L YHOGLJ ODYH YHUGLHU� 'HWWH NDQ NRPPH DY IOHUH nUVDNHU� PHQ GHW HU
YDQVNHOLJ n VL KYD VRP KDU IRUnUVDNHW GHWWH�

������� +¡\H JOXNRVHYHUGLHU

)RUKROGHW WLO ¡QVNHGH JOXNRVHYHUGLHU RJ YHOGLJ ODYH JOXNRVHYHUGLHU KDU LNNH�LQWHUHVVDQWH
HQGULQJHU� )RUKROGHW WLO ODYH JOXNRVHYHUGLHU KDU GHULPRW HQ YHOGLJ VWRU HQGULQJ� IUD
���� WLO ������ ����SRHQJ IRUVNMHOO� )RUWHJQVVNLIWH HU LNNH Vn LQWHUHVVDQW GD GHQ I¡U�
VWH YHUGLHQ On Vn Q UH QXOO� PHQ GHQ VWRUH HQGULQJHQ IUD LQJHQ NRUUHODVMRQ WLO EHW\GHOLJ
NRUUHODVMRQ HU PHJHW LQWHUHVVDQW� 8QGHU 093�HQ YDU GHW DOWVn HQ VDPPHQKHQJ PHO�
ORP ¡NQLQJHQ DY K¡\H YHUGLHU� RJ UHGXNVMRQHQ DY GH ODYH YHUGLHQH� 2P PDQ VHU IRU
VHJ DW PDQ KDU HW LQWHUYDOO PHOORP WR JOXNRVHYHUGLHU KYRU GH IOHVWH DY GDJHQHV JOXNR�
VHYHUGLHU KDYQHU LQQHQ IRU GHWWH� )¡U 093�HQ� NDQ GHWWH LQWHUYDOOHW KD Y UW VWRUW QRN
WLO n LQQHKROGH EnGH K¡\H RJ ODYH JOXNRVHYHUGLHU� GHUDY LQJHQ NRUUHODVMRQ� 'HUVRP
LQWHUYDOOHW EOH VPDOHUH� VOLN DW HQWHQ K¡\H YHUGLHU HOOHU ODYH YHUGLHU YDU LQQHQIRU �DOWVn
PLQGUH YDULDVMRQ�� YLOOH GHWWH IRUNODUW GHQ SOXWVHOLJH ¡NQLQJHQ L NRUUHODVMRQ�

������� �QVNHGH JOXNRVHYHUGLHU

)RUKROGHW WLO YHOGLJ ODYH JOXNRVHYHUGLHU HU QHVWHQ XHQGUHW� 'HULPRW IRUKROGHW WLO ODYH
JOXNRVHYHUGLHU KDU L OLNKHW PHG IRUKROGHW PHOORP K¡\H RJ ODYH JOXNRVHYHUGLHU� HQ
YHOGLJ VWRU HQGULQJ� 'HQQH HQGULQJHQ HU IUD ����� WLO ����� ����SRHQJ IRUVNMHOO� +HU
HU KHOOHU LNNH IRUWHJQVNLIWH LQWHUHVVDQW� JUXQQHW DW I¡UVWH YHUGL On Q U QXOO� +HU NDQ
PDQ VH DW YHG EUXN DY 093�HQ� YDU GHW W\GHOLJ DW RP GH ¡QVNHGH JOXNRVHYHUGLHQH ¡NWH�
¡NWH RJVn GH ODYH JOXNRVHYHUGLHQH� 'HWWH HU LNNH Q¡GYHQGLJYLV HQ EUD HQGULQJ� 'HW
NDQ WRONHV VRP DW GHUVRP PDQ I¡UVW HU LQQHQIRU GH ¡QVNHGH YHUGLHQH� HU VMDQVHQ IRU
n RSSOHYH ODYH JOXNRVHYHUGLHU VWRU� 'HW NDQ RJVn WRONHV VRP DW PDQ RIWHUH OLJJHU L GHW
ODYHUH VLNWH DY GH ¡QVNHGH YHUGLHQH� RJ GHUPHG RIWHUH RSSOHYHU ODYH JOXNRVHYHUGLHU�
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������� /DYH JOXNRVHYHUGLHU

)RUKROGHW WLO GH YHOGLJ ODYH JOXNRVHYHUGLHQH KDU JnWW IUD ���� WLO ����� 'HQQH VDP�
PHQKHQJHQ HU DOWVn VYHNNHW� 'HWWH HU HQ JRG HQGULQJ� *UXQQHW WLO GHWWH HU DW GHUVRP
PHQJGHQ WLG PHG ODYH YHUGLHU ¡NHU� YLO LNNH Q¡GYHQGLJYLV WLGHQ PHG YHOGLJ ODYH YHUGLHU
RJVn ¡NH� 'HWWH NDQ WRONHV VRP DW PDQ VMHOGQHUH YLO RSSOHYH DW ODYH JOXNRVHYHUGLHU
XWYLNOHU VHJ WLO YHOGLJ ODYH YHUGLHU� PHG EUXN DY 093�HQ�

������� 9HOGLJ ODYH JOXNRVHYHUGLHU

)RUKROGHW WLO YHOGLJ ODYH JOXNRVHYHUGLHU KDU EOLWW GLVNXWHUW JMHQQRP GH WLGOLJHUH GHOVHN�
VMRQHQH RYHU�

����� $OJRULWPHQ

)UD UHVXOWDWHQH L GHOVHNVMRQ �������� SUHVHQWHUW L XQGHUILJXU ��D� NDQ PDQ REVHUYHUH
DW +E$�F�YHUGLHQ WLO WHVWSHUVRQHQ KDU HQ VWLJHQGH WUHQG� L VWHGHW IRU n V\QNH VOLN
VRP PnOHW YDU� 'HW HU RJVn HW HNVWUHPDOSXQNW L L VOXWWHQ DY GDWDHQ RJ HQ UHODWLYW
OLWH GDWDVHWW� VRP NDQ KD EOLWW SnYLUNHW DY HNVWUHPDOSXQNWHW� 9HG LQWURGXNVMRQHQ
DY 093�HQ� NDQ PDQ REVHUYHUH PHG ,76 DQDO\VH� DW +E$�F�YHUGLHQ VDQN I¡U GHQ
EHJ\QWH n VWLJH� 'HW YDU IRUYHQWHW DW GHQQH YHUGLHQ YLOOH EOL GnUOLJHUH KHOW L VWDUWHQ
YHG WHVWSHULRGHQ� GD GHW I¡UVW EDUH YDU 093�HQ RJ DOJRULWPHQ WUHQJHU QRHQ LWHUDVMRQHU
IRU n IRUEHGUH VHJ QnU GHQ I¡UVW HU L JDQJ� 0DQ NDQ LPLGOHUWLG REVHUYHUH DW GHQ IDNWLVN
JLNN OLWW QHG� HOOHU KROGW VHJ QHGH� I¡U GHQ EHJ\QWH n VWLJH� RJ GHQ KDU LNNH IRUEHGUHW
VHJ� 'HW NDQ Y UH DW GH WHRUHWLVNH YHUGLHQH 093�HQ DOHQH� I¡U DOJRULWPHQ� IRUHVOR
YDU UHODWLYW Q UPH GH IDNWLVNH YHUGLHQH� 'HUVRP PDQ IMHUQHU GHW VLVWH SXQNWHW VRP
EOH PHVW SnYLUNHW DY HIIHNWHQ GLVNXWHUW L �������� YLOOH OLQMHQ Y UW UHODWLYW KRULVRQWDO�
GD PDQ VHU DW GDWDHQH OLJJHU JRGW VDPOHW� EHGUH HQQ I¡U WHVWSHULRGHQ� , WLOOHJJ HU
GHW HQ JHQHUHOO EHGUH VDPOLQJ DY GDWDSXQNWHQH HWWHU LQWURGXNVMRQHQ DY 093�HQ RJ
DOJRULWPHQ� (Q PXOLJ JUXQQ WLO DW +E$�F�YHUGLHQ VWHJ� HU DW DOJRULWPHQ LNNH KDU InWW
QRN WLG WLO n MXVWHUH VHJ� 'HWWH HU OLWH WUROLJ GD QHVWHQ DOOH VNDODUYHUGLHU KDU VXQNHW�
VRP YLO I¡UH +E$�F�YHUGLHQ RSSRYHU� 'HW NDQ PHVW VDQQV\QOLJ Y UH DW DOJRULWPHQ LNNH
IXQJHUHU VOLN VRP GHQ KDU EOLWW LPSOHPHQWHUW Qn� GHW VRP EOH GLVNXWHUW L GHOVHNVMRQ
�������� $OJRULWPHQ RSSI¡UHU VHJ HOOHU VRP IRUYHQWHW�

6RP YLVW L GHOVHNVMRQ ������� L XQGHUILJXU ��F� ¡NWH EORGVXNNHUHWV YDULDVMRQ HWWHU
LQWURGXNVMRQHQ DY 093�HQ� 'HWWH VHU JUXSSHQ Sn VRP IRUYHQWHW RSSI¡UVHO� GD DOJRU�
LWPHQ WUHQJHU OLWW WLG� RJ LWHUDVMRQHU� IRU n WLOSDVVH RJ MXVWHUH XOLNH VNDODUHU� 9HG n
MXVWHUH GLVVH VNDODUHQH EDVHUW Sn LQQVDPOHW GDWD� YLO DOJRULWPHQ EOL EHGUH WLO n HVWLPHUH
LQVXOLQPHQJGHU� 0DQ NDQ REVHUYHUH L XQGHUILJXUHQ DW ,76 DQDO\VHQ YLVHU HQ QHGJDQJ
PRW GHW ¡QVNHGH LQWHUYDOOHW IRU YDULDVMRQ L EORGVXNNHUHW� 9HG VOXWWHQ DY WHVWSHULRGHQ
KDGGH WHVWSHUVRQHQ HQ XKHOGLJ GDJ� ����������� GHU EORGVXNNHUHW VWHJ WLO RYHU ��
PPRO�/ PHQV KDQ WUHQWH� 1DWWHQ GHUHWWHU On RJVn EORGVXNNHUHW XQGHU WUH PPRO�/
KHOH QDWWHQ� *UXSSHQ WURU GHWWH ELGUR WLO VY UW P\H YDULDVMRQ� VRP NDQ IRUNODUH KYRU�
IRU GHW QHVW VLVWH SXQNWHW L XQGHUILJXUHQ YDU Sn RYHU ���� 7LO WURVV IRU GHQQH HNVWUD
YDULDVMRQHQ� VLHU IRUWVDWW DQDO\VHQ DW YDULDVMRQHQ KDU HQ V\QNHQGH WUHQG� 'HW HU LQ�
WHUHVVDQW n SnSHNH DW GHW HU HQ NRUUHODVMRQ Sn ����� PHOORP YDULDVMRQHQ RJ WLGHQ L
VRQHQ IRU K¡\H EORGVXNNHUYHUGLHU� VH WDEHOO �� 6RP PDQ W\GHOLJ NDQ VH L GH UHVSHNW�
LYH JUDIHQH L ILJXUHQH ��F RJ ��G� 1nU YDULDVMRQHQ ¡NHU� Vn V\QNHU WLGHQ L GHW K¡\HW

��



EORGVXNNHUHW RJ PRWVDWW� 9DULDVMRQHQ KDU RJVn ����� RJ ����� L NRUUHODVMRQ UHVSHNWLYW
PHG JMHQQRPVQLWWV JOXNRVH RJ +E$�F�HVWLPDWHW� 'HW YLO VL DW GHVWR K¡\HUH YHUGLHU
EORGVXNNHUHW OLJJHU Sn� GHVWR PLQGUH YDULDVMRQ HU GHW� 'HWWH NDQ NDQ NRPPH DY HQ
VnNDOW ©EHUJ�RJ�GDO�EDQHª HIIHNW� 'HWWH JnU XW Sn DW GHUVRP EORGVXNNHUHW EOLU IRU
ODYW� YLO EnGH NURSSHQ RJ WHVWSHUVRQHQ� YHG n NRQVXPHUH PDW� IRUV¡NH n ¡NH EORG�
VXNNHUHW� 2IWH NDQ GHW UHVXOWHUH L HQ RYHUNRUULJHULQJ VRP JM¡U EORGVXNNHUHW K¡\W�
'HUHWWHU YLO WHVWSHUVRQHQ JL LQVXOLQ IRU n In QHG EORGVXNNHUHW LJMHQ� 'HWWH NDQ VNMH
JMHQWDWWH JDQJHU� %ORGVXNNHUHW JnU GD RSS RJ QHG VRP HQ EHUJ�RJ�GDO�EDQH� 'HQQH
HIIHNWHQ VNDSHU P\H YDULDVMRQ� , WLOIHOOHW KYRU EORGVXNNHUHW HU Sn HQ OLWW K¡\HUH YHUGL�
YLO GHW LNNH Y UH OLNH OHWW n In GHQQH HIIHNWHQ RJ YDULDVMRQHQ YLO Y UH PLQGUH� 'HWWH
IRUKROGHW KDU RJVn EOLWW VYHNNHW OLWW YHG EUXN DY 093�HQ RJ DOJRULWPHQ VRP GLVNXWHUW
L GHOVHNVMRQ ������

7LGHQ LQQHQIRU GH XOLNH VRQHQH IRU EORGVXNNHUHW KDU HQGUHW VHJ L O¡SHW DY WHVWSHUL�
RGHQ� 6RP YLVW L XQGHUILJXU ��G NDQ PDQ VH DW VRQHQ IRU YHOGLJ K¡\W EORGVXNNHU KDU
HQ ¡NHQGH WUHQG XQGHU WHVWSHULRGHQ� 'HWWH LQGLNHUHU DW DOJRULWPHQ KDU IRUHVOnWW IRU
VPn LQVXOLQGRVHU VRP JLU HW IRU K¡\W IDVWHQGH EORGVXNNHU HWWHU HW PnOWLG� 0DQ NDQ
RJVn REVHUYHUH DW WHVWSHUVRQHQ KDU Y UW RPWUHQW OLNH P\H L VRQHQ IRU K¡\W EORGVXN�
NHU I¡U RJ XQGHU WHVWSHULRGHQ� *UXSSHQ WURU GHQ ¡NHQGH WUHQGHQ KDU HQ VDPPHQKHQJ
PHG VLNNHUKHWVPHNDQLVPHQ EHVNUHYHW L GHOVHNVMRQ ������ RJ DW WHVWSHUVRQHQ KDU Y UW
PLQGUH L VRQHQ IRU ODYW EORGVXNNHU� +HU KDU NRUUHODVMRQHQ PHOORP K¡\H RJ ODYH JOXNR�
VHYHUGLHU HQ LQWHUHVVDQW XWYLNOLQJ� )¡U YDU GHQ ����� VH WDEHOO �� RJ ����� HWWHU� VH
WDEHOO �� 'HW HU W\GHOLJ DW YHG EUXN DY 093�HQ RJ DOJRULWPHQ� HU GHW HQ NODU VDPPHQ�
KHQJ PHOORP ¡NQLQJHQ L K¡\H YHUGLHU RJ UHGXNVMRQHQ L ODYH YHUGLHU� 0DQ NDQ WHQNH
VHJ DW WLGHQ PHG ODYH YHUGLHU KDU PLJUHUW RSS L ¡QVNHGH YHUGLHU� RJ XW LJMHQ L GH K¡\H
YHUGLHQH� QRH VRP LNNH YDU WLOIHOOHW I¡U WHVWSHULRGHQ� %DVHUW Sn ILJXUHQH RJ UHVXOWDWHQH
IUD UHVXOWDWDQDO\VHQ� HU JUXSSHQV K\SRWHVH DW DOJRULWPHQ KDU IRUVNM¡YHW VWRUH GHOHU DY
JOXNRVHYHUGLHQH RSS� RJ DW GHQ LNNH KDU NODUW n UHJXOHUH EORGVXNNHUHW Sn HQ PnWH GHU
PDQ XQQJnU VY UW K¡\H EORGVXNNHUYHUGLHU� GHWWH PHG EDNJUXQQ L GHOVHNVMRQ ������
'HWWH VW¡WWHV RJVn RSS DY NRUUHODVMRQHQ PHOORP K¡\W EORGVXNNHU RJ ¡QVNHW EORGVXN�
NHU VRQHQH� VRP HU Sn ����� I¡U RJ HWWHU WHVWSHULRGHQ� VH WDEHOO � RJ �� 6RP PDQ
NDQ REVHUYHUH� ¡NHU DQWDOO WLOIHOOHU DY K¡\W EORGVXNNHU� RJ ¡QVNHW EORGVXNNHUYHUGLHU
KDU JnWW QHG� 'HW HU VY UW W\GHOLJ DW GDWD IRUIO\WWHU VHJ L VWRU JUDG IUD ¡QVNHW VRQH
WLO K¡\ VRQH� JLWW GHQ K¡\H NRUUHODVMRQHQ� 'HW YLUNHU DOWVn VRP EORGVXNNHUHW KDU EOLWW
IRUVNM¡YHW RSS�

0DQ NDQ REVHUYHUH DW WLGHQ LQQHQIRU ¡QVNHGH EORGVXNNHUYHUGLHU MHYQW KDU VXQNHW� PHQ
DW GHW LNNH HU HQ GUDVWLVN IRUVNMHOO IUD WLGOLJHUH� I¡U GHW DOOHU VLVWH GDWDSXQNWHW� *UXSSHQ
PHQHU DW DOJRULWPHQ KDU IRUVNM¡YHW GHOHU DY WLGHQ LQQHQIRU GH ¡QVNHGH QLYnHQH RSS WLO
VRQHQ IRU K¡\W EORGVXNNHU� RJ DW HQNHOWH DY GLVVH YHUGLHQH LJMHQ KDU EOLWW IRUVNM¡YHW WLO
VRQHQ IRU YHOGLJ K¡\W EORGVXNNHU� *UXSSHQ WURU GHWWH NRPPHU DY GHQ QHGUH JUHQVHQ�
VH GHOVHNVMRQ ������ 'HW HU YLNWLJ n SnSHNH DW VRQHQ IRU K¡\W EORGVXNNHU HU VY UW
VQHYHU� RJ JnU NXQ IUD ���� WLO ���� PPRO�/� 'HWWH WLO IRUVNMHOO IUD IRU HNVHPSHO YHOGLJ
K¡\W EORGVXNNHU� VRP HU DOOH YHUGLHU RYHU ���� PPRO�/� HOOHU GHQ ¡QVNHGH VRQHQ VRP
YDULHUHU IUD ��� WLO ���� PPRO�/� 'HW DW EORGVXNNHUHW KDU IRUVNM¡YHW VHJ RSS VW¡WWHV
RJVn DY GHQ V\QNHQGH WUHQGHQ L ODYW RJ YHOGLJ ODYW EORGVXNNHU�

(Q DQQHQ VRQH VRP RJVn HU HNVWUHP VQHYHU HU ODYH EORGVXNNHUYHUGLHU� 'HQQH VRQHQ
HU IUD ��� WLO ��� PPRO�/� 'D 093�HQ EOH LQWURGXVHUW NDQ PDQ REVHUYHUH HQ ¡NQLQJ
L DQWDOO WLOIHOOHU L GHQQH VRQHQ� VOLN DW WHVWSHUVRQHQ EUXNWH RYHU �� L GHQQH VRQHQ�
RJ GHWWH HU LNNH ¡QVNHW� (WWHU OLWW WLG EHJ\QWH GHQQH n KD HQ NUDIWLJ QHGJDQJ� VOLN DW
WHVWSHUVRQHQ LJMHQ YDU LQQHQIRU GHQ ¡QVNHGH WLGHQ IRU GHQQH VRQHQ� 3n VOXWWHQ DY
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WHVWSHULRGHQ YDU WLGHQ LQQHQIRU GHQQH VRQHQ PHG HQ VWHUNW V\QNHQGH WUHQG� 'HWWH
NDQ Y UH HW UHVXOWDW DY GHQ QHGUH JUHQVHQ L DOJRULWPHQ� VRP KDU IRUVNM¡YHW GHOHU
DY WLOIHOOHQH RSS L VRQHQ IRU ¡QVNHGH EORGVXNNHUYHUGLHU� 2P PDQ VHU Sn NRUUHODVMRQ
PHOORP ¡QVNHW EORGVXNNHU� RJ ODYW RJ YHOGLJ ODYW EORGVXNNHU� KHQKROGVYLV ����� RJ ����
I¡U WHVWSHULRGHQ RJ ���� RJ ����� XQGHU� VH WDEHOO � RJ �� 'HW HU LNNH HQ VDPPHQKHQJ
PHOORP ¡QVNHGH RJ VRQHQ IRU YHOGLJ ODYH YHUGLHU� 'HW HU GHULPRW VNMHGG HQ VW¡UUH
HQGULQJ PHOORP ¡QVNHGH RJ ODYH YHUGLHU� 'HW YDU LQJHQ VDPPHQKHQJ I¡U� PHQ XQGHU
WHVWSHULRGHQ HU GHW HQ UHODWLYW VWHUN NRUUHODVMRQ VRP VLHU DW� GHUVRP ¡QVNHGH YHUGLHU
¡NHU� YLO ODYH YHUGLHU RJVn ¡NH� 6RP GLVNXWHUW L GHOVHNVMRQ ������ Vn NDQ GHW Y UH DW
GRVHULQJHQ WLO DOJRULWPHQ RSSQnU YHUGLHU L GHW ODYHUH VLNWH DY GH ¡QVNHGH YHUGLHQH�
'HW YLO GD RIWHUH NXQQH VNMH DW JOXNRVHYHUGLHQH WLO WHVWSHUVRQHQ QDWXUOLJ PLJUHUHU QHG
L ODYH YHUGLHU JUXQQHW YDULDVMRQ�

'HWWH NDQ Y UH IRUGL IRUVN\YLQJHQ DY YHUGLHU IUD GH WR QHGHUVWH VRQHQH YLO I¡UH WLO DW
WLOVYDUHQGH PHQJGH YHUGLHU PLJUHUHU DY ¡QVNHW VRQH RJ RSS L GH WR ¡YHUVWH VRQHQH� )RU
VRQHQ IRU K¡\W EORGVXNNHU VHU PDQ� VRP QHYQW WLGOLJHUH� HQ QHJDWLY NRUUHODVMRQHU PHG
ODYH YHUGLHU� )RU YHOGLJ K¡\H EORGVXNNHUYHUGLHU VHU PDQ RJVn HQ QHJDWLY NRUUHODVMRQ
WLO EnGH ODYH RJ YHOGLJ ODYH YHUGLHU� 'HWWH RSSWUHU EnGH I¡U RJ HWWHU WHVWSHULRGHQ� VH
WDEHOO � RJ �� )RU VRQHQ IRU YHOGLJ K¡\H YHUGLHU� HU NRUUHODVMRQHQ KHQKROGVYLV �����
RJ ����� L WHVWSHULRGHQ� 6RQHQ IRU ¡QVNHGH JOXNRVHYHUGLHU IRUEOLU UHODWLYW XHQGUHW�
RJ GHW YDU NXQ HQ VYDN V\QNHQGH WUHQG� 7LGHQ EUXNW L VRQHQH IRU ODYH RJ YHOGLJ ODYH
JOXNRVHYHUGLHU JnU QHG� RJ WLGHQ EUXNW L VRQHQ IRU K¡\H RJ YHOGLJ K¡\H JOXNRVHYHUGLHU
JnU RSS� 0HG GLVVH REVHUYDVMRQHQH NDQ PDQ DQW\GH DW GHW PLJUHUHU RPWUHQW OLNH P\H
WLG IUD GH ODYH RJ YHOGLJ ODYH VRQHQH� LQQ L GHQ ¡QVNHGH VRQHQH� VRP GHW JnU XW DY
GHQ ¡QVNHGH VRQHQ RJ RYHU WLO GH K¡\H RJ YHOGLJ K¡\H VRQHQH� 'HWWH VW¡WWHV YLGHUH
DY GHQ QHJDWLYH LNNH�QHJOLVMHUEDU NRUUHODVMRQ PHOORP GH WR QHGHUVWH VRQHQH �ODYH RJ
YHOGLJ ODYH� RJ GH WR ¡YHUVWH �K¡\H RJ YHOGLJ K¡\H��

'HUVRP PDQ XQGHUV¡NHU VRQHQ IRU YHOGLJ ODYH EORGVXNNHUYHUGLHU� NDQ PDQ REVHUYHUH
DW GHW YDU HQ ¡NQLQJ YHG 093�HQ VLQ LQWURGXNVMRQ� PHQ DW GHQQH RJVn KDU DYWDWW�
6RP PDQ NDQ VH L ILJXUHQ IRU GHQQH VRQHQ� ��D� YDU GHW LQJHQ WLOIHOOHU DY YHOGLJ ODYH
EORGVXNNHUYHUGLHU L SHULRGHQ IUD RPNULQJ ���������� WLO ����������� 'HWWH EHW\U LNNH
Q¡GYHQGLJYLV DW WHVWSHUVRQHQ YDU JRGW UHJXOHUW� RJ GHWWH NRPPHU JRGW IUHP� VSHVLHOW
L ILJXUHQ IRU K¡\H EORGVXNNHUYHUGLHU� ��G� PHQ RJVn L ILJXUHQ IRU ¡QVNHGH EORGVXN�
NHUYHUGLHU� ��F� 6RP PDQ NDQ VH KDGGH WHVWSHUVRQHQ IOHUH K¡\H YHUGLHU L VRQHQ IRU
K¡\W EORGVXNNHU L GHQQH SHULRGHQ� VDPW DW VRQHQ IRU ¡QVNHW EORGVXNNHU KDGGH IOHUH
ODYH YHUGLHU� 'HWWH JMHQVSHLOHV LJMHQ L NRUUHODVMRQV YHUGLHQ PHOORP GLVVH VRQHQH� ��
'HUVRP PDQ VDPPHQOLJQHU PHG WLGVSHULRGHQ HWWHU 093�HQ VLQ LQWURGXNVMRQ NDQ PDQ
VH OLNKHWVWUHNN PHOORP GHQQH SHULRGHQ RJ GH VLVWH LQQVDPOHGH GDWDSXQNWHQH�

$OJRULWPHQ KDU MXVWHUW GH XOLNH VNDODUHQH IRU EnGH PDWYDUHU� GDJVSURILOHU RJ NRUULJHU�
LQJVLQVXOLQ� 0DWYDUHQH ©<RJKXUWª� ©$SSHOVLQMXLFHª� RJ ©%ULQJHE UV\OWHW¡\ª KDU LNNH
JMHQQRPJnWW VSHVLHOW PDQJH LWHUDVMRQHU� RJ GHW HU YDQVNHOLJ n WUHNNH NRQNOXVMRQHU Sn
GLVVH� )RU PDWYDUHQ ©%U¡Gª NDQ PDQ VH DQW\GQLQJHU WLO DW VNDODUHQ IRU GHQQH EHJ\Q�
QHU n ILQMXVWHUH VHJ UXQGW ��� I¡U ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW HQGUHW VHJ GUDVWLVN�
VH GHOVHNVMRQ �������� , WLOOHJJ WLO DW PDQ NDQ REVHUYHUH DW JOXNRVHIHLOHQ KDU VDPOHW
VHJ OLWW PHU UXQGW � PRW VOXWWHQ DY WHVWSHULRGHQ� HQQ I¡U RJ UHWW HWWHU DOJRULWPHQV
LQWURGXNVMRQ�

'HQ JHQHUHOOH WUHQGHQ IRU DOOH GDJVSURILOHQH HU DW VNDODUHQH KDU JnWW QHG IUD VWDUWYHUGLHQH
VLQH� 'HWWH VN\OGHV PHVW VDQQV\QOLJ� VRP GLVNXWHUW WLGOLJHUH� GHQ QHGUH JUHQVHQ IRU
SUHGLNVMRQVLQWHUYDOOHW� VH GHOHVHNVMRQ ������ 'HWWH YDU RJVn HQ WUHQG I¡U HIIHNWHQ DY
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©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW EHJ\QWH n SnYLUNH GDWDHQH� VH GHOVHNVMRQ �������� ,
WLGHQ HWWHU GHWWH VHU PDQ P\H DY GHW VDPPH� PHQ L HQNHOWH WLOIHOOHU NDQ PDQ VH DW
VNDODUHQH IDNWLVN JnU RSS� 'HWWH HU NXQ JOXNRVH�VNDODUHQH� *UXSSHQ WURU GHWWH NRP�
PHU DY DW GHW EOLU HVWLPHUW P\H PLQGUH NRUULJHULQJVLQVXOLQ� VRP I¡UHU WLO DW IHLOHQ HU
OLWHQ QRN WLO DW VNDODUHQ NDQ ¡NH� 'HW HU RJVn JMRUW VW¡UUH HQGULQJHU HQQ WLGOLJHUH VRP
NDQ W\GH Sn DW GHQ VWRUH YDULDVMRQHQ� JUXQQHW ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHWV ¡NQLQJ�
NDQ KD JMRUW VNDODUHQGULQJHQH Sn GDJVSURILOHU VW¡UUH�

.RUULJHULQJVVNDODUHQ KDU DOW EOLWW QHYQW RJ GLVNXWHUW� RJ GHQ KDU VLQ HJQH GHOVHNVMRQ
��������

����� 5HVXOWDW� RJ HIIHNWPnO

6RP QHYQW L GHOVHNVMRQ ������ VWHJ +E$�F�YHUGLHQ WLO WHVWSHUVRQHQ� 5HVXOWDWPnOHW RP
n VHQNH GHQQH YHUGLHQ PHG WR SURVHQWSRHQJ KDU DOWVn LNNH EOLWW RSSQnGG� *UXQQHQ
WLO DW GHQQH YHUGLHQ LNNH UHGXVHUWH VHJ� NDQ Y UH DW DOJRULWPHQ LNNH KDGGH QRN WLG
WLO n MXVWHUH GH XOLNH VNDODUHQH IRU HW EHVW PXOLJ UHVXOWDW� (Q DQQHQ JUXQQ WLO GHWWH
UHVXOWDWHW NDQ Y UH DW GHQ QHGUH VLNNHUKHWVJUHQVHQ PHGI¡UWH DW DOJRULWPHQ MXVWHUWH
LQVXOLQPHQJGHQH VOLN DW EORGVXNNHUHW VWHJ YHNN IUD GH ODYH YHUGLHQH� VOLN VRP GLVNXWHUW
L GHOVHNVMRQ ������

6RP SUHVHQWHUW L GHOVHNVMRQ �������� EOH PHQJGHQ WLG EUXNW Sn n UHJXOHUH EORGVXNNHUHW
L XNHQ UHGXVHUW IUD RPWUHQW ��� WLO ����� PLQXWWHU L XNHQ �JMHQQRPVQLWWOLJ�� 'HWWH
WLOVYDUHU HQ UHGXNVMRQ Sn RPWUHQW ���� 5HVXOWDWPnOHW RP n UHGXVHUH WLGHQ EUXNW Sn
n UHJXOHUH EORGVXNNHUHW PHG ��� EOH DOWVn LNNH RSSQnGG� PHQ GHWWH YDU HW YHOGLJ
DPELVL¡VW PnO� 0nOHW KHQJHU WHWW VDPPHQ PHG HIIHNWPnOHW RP n JM¡UH GHW OHWWHUH RJ
PLQGUH WLGNUHYHQGH n UHJXOHUH EORGVXNNHUHW� 093�HQ JM¡U GHW PXOLJ IRU GLDEHWLNHUH n
ODJUH PDWYDUHU� RJ LQIRUPDVMRQ RP GLVVH� GH VSLVHU L HQ GDWDEDVH� 0DQ NDQ V¡NH HWWHU
PDWYDUHU� RJ HQNHOW OHJJH GH WLO L HQ OLVWH RYHU PDWYDUHU PDQ ¡QVNHU n NRQVXPHUH YHG
HW PnOWLG� 9HG n ODJUH GHQQH LQIRUPDVMRQHQ� RJ KD GHQ OHWW WLOJMHQJHOLJ JMHQQRP HQ
PRELO HQKHW� HU PHVW VDQQV\QOLJ GHW VRP KDU ELGUDWW PHVW WLO DW GHW KDU Y UW OHWWHUH RJ
PLQGUH WLGVNUHYHQGH IRU WHVWSHUVRQHQ n UHJXOHUH EORGVXNNHUHW� 'HWWH HU IRUGL YHG n KD
GHQQH LQIRUPDVMRQHQ ODJUHW OHWW WLOJMHQJHOLJ� HU GHW LNNH OHQJHU EHKRY IRU n NRQVWDQW
XQGHUV¡NH KYRU PDQJH NDUERK\GUDWHU HQ PDWYDUH KDU� PHU HQQ GHQ HQH JDQJHQ PDQ
OHJJHU PDWYDUHQ LQQ L 093�HQ� )RU WHVWSHUVRQHQ YDU GHW OHWWHUH n YLWH KYRU PDQJH
HQKHWHU GH QRUPDOW VDWW WLO HQ PDWYDUH GH VSLVWH KYHU GDJ� VRP IRU HNVHPSHO EU¡G�
HQQ n KXVNH Q¡\DNWLJ KYRU PDQJH NDUERK\GUDWHU GHW YDU� 'HQQH PHWRGHQ nSQHU RIWH
RSS IRU IHLOGRVHULQJ� GD GHWWH EDVHUHU VHJ Sn PLQQH WLO WHVWSHUVRQHQ� RJ KYD GH HU YDQW
WLO n VHWWH� RJ LNNH Q¡GYHQGLJYLV KYD GH EXUGH VHWWH� , WLOOHJJ YDU WHVWSHUVRQHQ Q¡GW WLO
n XQGHUV¡NH HQKYHU PDWYDUH GHU YHGNRPPHQGH LNNH KXVNHW KYRU PDQJH HQKHWHU GH
QRUPDOW VDWWH� 6OLNH WLOIHOOHU RSSVWnU VRP UHJHO LNNH Vn RIWH L KYHUGDJHQ� PHQ GHW NDQ
IRUWVDWW WD WLG� VDPW DW GHW HU WXQJYLQGW� $QGUH DVSHNWHU VRP NDQ KD ELGUDWW WLO DW WLGHQ
EUXNW Sn n UHJXOHUH EORGVXNNHUHW JLNN QHG� HU DW 093�HQ NDONXOHUHU HQ LQVXOLQGRVH IRU
WHVWSHUVRQHQ� 7HVWSHUVRQHQ Pn GHUPHG LNNH VHOY XQGHUV¡NH DQWDOO NDUERK\GUDWHU� RJ
UHJQH XW GHWWH VHOY� KYHU JDQJ GH VNDO NRQVXPHUH HQ PDWYDUH GH LNNH KXVNHU GHQQH
LQIRUPDVMRQHQ IRU� 'H Pn KHOOHU LNNH OHJJH VDPPHQ NDUERK\GUDWHU IRU XOLNH PDWYDUHU�
7LO WURVV IRU DW WHVWSHUVRQHQ DOOWLG YHULILVHUHU DW GRVHULQJHQ HU WU\JJ Vn JnU GHW NMDSSHUH
PHG NDONXODWRUHQ L 093�HQ� HQQ RP GH VNXOOH UHJQHW XW GHWWH VHOY�

'HW HU VY UW PDQJH DVSHNWHU L KYHUGDJHQ VRP SnYLUNHU GLDEHWHV� VRP WUHQLQJ� XOLNH
W\SHU NDUERK\GUDWHU� GDJVIRUP RJ Vn YLGHUH� (WWHUVRP GHW HU VY UW In DY GLVVH
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IDNWRUHQH VRP HU Q¡\DNWLJ OLNH KYHU GDJ� NDQ GHW Y UH VY UW YDQVNHOLJ n UHJXOHUH
EORGVXNNHUHW� 'HW VNDSHU RJVn HQ XWIRUGULQJ YHG DOJRULWPHQ� 'HW n XQGHUV¡NH RP GHW
IDNWLVN HU DOJRULWPHQ VRP KDU ELGUDWW WLO HW EHGUH UHJXOHUW EORGVXNNHU� HOOHU RP GHW HU
HNVWHUQH IDNWRUHU VRP KDU ELGUDWW WLO GHWWH� HU LNNH WULYLHOW� 6RP REVHUYHUW L UHVXOWDWHQH
IUD UHVXOWDWDQDO\VHQ� GHOVHNVMRQ ������ YLVHU LNNH DQDO\VHQ DW WHVWSHUVRQHQ KDU EOLWW
EHGUH UHJXOHUW� /LNHYHO NDQ PDQ REVHUYHUH DW WHVWSHUVRQHQ LNNH Q¡GYHQGLJYLV KDU EOLWW
GnUOLJHUH UHJXOHUW KHOOHU� 9HG n VH ERUW LIUD WLGHQ HWWHU ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW
JLNN GUDVWLVN RSS� VH GHOVHNVMRQ �������� Vn NDQ GHW QHVWHQ VH XW VRP EORGVXNNHUHW
YDU OLNH JRGW UHJXOHUW VRP I¡U� 6RP PDQ NDQ VH KDU +E$�F�YHUGLHQ ¡NW� RJ GHWWH
HU YHUGLHQ KHOVHSHUVRQHOO EUXNHU IRU n YXUGHUH KYRU JRGW UHJXOHUW HQ GLDEHWLNHU HU�
/LNHYHO NDQ PDQ REVHUYHUH DW +E$�F�YHUGLHQH XQGHU WHVWSHULRGHQ KDU Y UW ODYHUH�
PHG XQQWDN DY VLVWH YHUGL� HQQ I¡U WHVWSHULRGHQ� GH HU RJVn PHU VDPOHW RJ GHW HU
PLQGUH VSHQQ L SXQNWHQH� 'HWWH HU GD NXQ RP PDQ VHU ERUW LIUD GHQ VLVWH YHUGLHQ�
'HWWH LQGLNHUHU DW VHOY RP +E$�F�YHUGLHQ KDU ¡NW� RJ WHVWSHUVRQHQ KDU EOLWW OLWW GnU�
OLJHUH UHJXOHUW HQQ GHW YHGNRPPHQGH YDU UHWW I¡U 093�HQ VLQ LQWURGXNVMRQ� KDU LNNH
WHVWSHUVRQHQ EOLWW OLNH GnUOLJ UHJXOHUW VRP GHW YHGNRPPHQGH KDU Y UW WLGOLJHUH� 'HWWH
UHSUHVHQWHUHV GD DY GH I¡UVWH SXQNWHQH L ILJXUHQ ��D� +E$�F�YHUGLHQ HU HQ YHUGL VRP
EOLU PnOW RIWH ILUH JDQJHU L nUHW� IRU n XQGHUV¡NH JRGKHWHQ DY UHJXOHULQJHQ� 0RW VOXWWHQ
DY WHVWSHULRGHQ EHJ\QWH WHVWSHUVRQHQ n WUHQH PHU� RJ VRP QHYQW L GHOVHNVMRQ ������
YLO WUHQLQJ SnYLUNH LQVXOLQVHQVLWLYLWHWHQ� 'HWWH NDQ KD ELGUDWW WLO DW +E$�F�YHUGLHQ LNNH
KDGGH HQ QHGJDQJ� GD DOJRULWPHQ LNNH WDU KHQV\Q WLO VOLNH KHQGHOVHU�

'HVLJQHW EOH XWDUEHLGHW PHG EUXNHUYHQQOLJH SULQVLSSHU� VRP IRU HNVHPSHO YLVXHOO NRQ�
ILUPDVMRQ� RJ V\QOLJ RJ NRQVLVWHQW IXQNVMRQDOLWHW� )UD EUXNHUWHVWHQH NRP GHW IUHP DW
EODQW DQQHW QDYQHW ©'DJVSURILOª NDQ Y UH QRH PLVYLVHQGH� PHQ YHG Q UPHUH XQGHU�
V¡NHOVH IRUVWR EUXNHUQH KYD IXQNVMRQDOLWHWHQ RPKDQGOHW� (WWHUVRP EUXNHUWHVWHQH EOH
XWI¡UW UHODWLYW VHQW L SURVHVVHQ� YDOJWH JUXSSHQ n EHKROGH QDYQHW� VOLN DW NLOGHNRGHQ
VNXOOH KD HQ VDPPHQKHQJ PHG GHVLJQHW� , WLOOHJJ KDU QDYQHW ©'DJVSURILOª EOLWW EUXNW
L DOW DY GRNXPHQWDVMRQ� 'HWWH HU LPLGOHUWLG HW RUG JUXSSHQ YLO E\WWH IRU DW IXQNVMRQDO�
LWHWHQ VNDO EOL EHGUH SUHVHQWHUW� 'HW KDU Y UW YLNWLJ IRU JUXSSHQ n XWDUEHLGHW GHVLJQHW
Sn HQ EHVW PXOLJ PnWH� PHQ Sn Vn NRUW WLG VRP PXOLJ� *UXQQHQ WLO DW JUXSSHQ YLOOH
XWDUEHLGH HW LQWXLWLYW GHVLJQ� YDU Sn JUXQQ DY UHVXOWDW� RJ HIIHNWPnOHQH JUXSSHQ VDWWH
VHJ YHG SURVMHNWHWV VWDUW� GD VSHVLHOW PnOHW RP n UHGXVHUH WLGHQ GLDEHWLNHUH EUXNHU
Sn n UHJXOHUH EORGVXNNHUHW L XNHQ� 'D HW LQWXLWLYW RJ JRGW GHVLJQ KHJQHU VDPPHQ
PHG KYRU HIIHNWLY RJ OHWWEUXNW SURGXNWHW HU� )UD EUXNHUWHVWHQH NRP GH RJVn IUHP
DW GH EHJJH PHQWH DW GHVLJQHW YDU OHWW n EUXNH� LQWXLWLYW RJ HVWHWLVN SHQW n VH Sn�
7HVWSHUVRQHQ KDU KHOOHU LNNH RSSOHYG SUREOHPHU PHG GHVLJQHW� PHQ HWWHUVRP WHVW�
SHUVRQHQ KDU Y UW PHG Sn n XWYLNOH GHWWH� YDU GHW YLNWLJ IRU JUXSSHQ n JMHQQRPI¡UH
QRHQ EUXNHUWHVWHU� 'HWWH HU IRUGL WHVWSHUVRQHQ NXQQH KD HW ELDV� RJ YHGNRPPHQGH
YDU NODU RYHU KYRUGDQ DOO IXQNVMRQDOLWHWHQ RSHUHUWH�

(WWHU n KD IXOOI¡UW WHVWSHULRGHQ PHG 093�HQ� XWU\NNHW WHVWSHUVRQHQ DW GH ¡QVNHW n
IRUVHWWH n EUXN 093�HQ� 'HWWH HU IRUGL WHVWSHUVRQHQ KDU RSSOHYG n EUXNH NRUWHUH WLG�
VDPW PLQGUH LQQVDWV Sn n UHJXOHUH EORGVXNNHUHW L O¡SHW DY WHVWSHULRGHQ� 'HW VNDO
PHUNHV DW GH VLVWH XNHQH KYRU ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW HQGUHW VHJ YHOGLJ Vn EOH
GHW PLQGUH OHWWYLQW� 'HUVRP GH Q¡GYHQGLJH HQGULQJHQH EOLU JMHQQRPI¡UW� VRP n KD
©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW VDWW WLO HQ IDVW YHUGL� YLO WHVWSHUVRQHQ IRUWVHWWH n EUXNH
093�HQ�
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����� ,NNH�IXQNVMRQHOOH HJHQVNDSHU RJ NUDY

*UXSSHQ KDGGH RULJLQDOW SODQODJW n WD L EUXN 7HVW)OLJKW IRU n JM¡UH 093�HQ WLOJMHQJHOLJ
Sn GHQ PRELOH HQKHWHQ WLO WHVWSHUVRQHQ� *UXQQHQ WLO DW GHWWH HQGUHW VHJ HU IRUGL
JUXSSHQ IDQW HQ OHWWHUH O¡VQLQJ� VRP NXQQH JMHQQRPI¡UHV PHG HQ JDQJ JMHQQRP
9LVXDO 6WXGLR IRU 0DF� )RU n NXQQH ODQVHUH HQ EHWD YHUVMRQ PHG 7HVW)OLJKW YDU 093�HQ
Q¡GW WLO n JMHQQRPJn HQ YXUGHULQJ RJ XQGHUV¡NHOVH DY $SSOH� *UXSSHQ YLVVWH LNNH
KYRU ODQJ WLG GHWWH YLOOH WD� RJ EHJ\QWH n XQGHUV¡NH DOWHUQDWLYHU� GD JUXSSHQ YLOOH
XQQJn HQ IRUVLQNHOVH DY GDWDLQQVDPOLQJ� *UXSSHQ EHQ\WWHW VHJ DY HW $G+RF�VHUWLILNDW
VRP JMRUGH DW 093�HQ NXQQH ODVWHV LQQ Sn WHVWSHUVRQHQV PRELOH HQKHW UHWW IUD 9LVXDO
6WXGLR IRU 0DF� 8OHPSHQ PHG $G+RF HU DW GHQ PRELOH HQKHWHQ Pn NREOHV WLO HQ PDVNLQ
VRP NDQ RYHUI¡UH 093�HQ RJ GHW HU EDUH J\OGLJ Sn HQ VSHVLILNN PRELO HQKHW� 'HWWH
YDU KHOGLJYLV LNNH HW KLQGHU IRU JUXSSHQ� 'HWWH VLGHQ GHW EDUH YDU HQ WHVWSHUVRQ RJ
GHW YDU HQ DY JUXSSHQV PHGOHPPHU�

/RJJLQJHQ DY V\VWHPHW EOH LNNH JMHQQRPI¡UW L GHQ JUDG DW HW IXOW ORJJLQJV\VWHP EOH
LPSOHPHQWHUW� 'HW YDU DOWVn LNNH IOHUH QLYnHU PHG IRUVNMHOOLJH JUDG DY YDUVHO� 'HW
YDU GHULPRW 'HEXJ LQIRUPDVMRQ YHG GH NULWLVNH GHOHQH DY NRGHQ XQGHU XWYLNOLQJ� QRH
KDU EOLWW IMHUQHW HWWHU DW GHOHQH DY V\VWHPHW EOH IHUGLJ� 'HWWH EOH EUXNW HQ GHO XQGHU
XWYLNOLQJHQ DY DOJRULWPHQ� *UXSSHQ Vn GHW LNNH VRP Q\WWLJ n EUXNH HW IXOW ORJJLQJ
V\VWHP� 'HWWH GD GH XWYLNOHU HQ 093� GHWWH VNDO DOWVn Y UH HW ©SURRI RI FRQFHSWª VRP
YLO VL DW V\VWHPHW LNNH Q¡GYHQGLJYLV VNDO EUXNHV YLGHUH HOOHU XWYLNOHV YLGHUH� 6\VWHPHW
YLOOH KHOOHU LNNH L O¡SHW DY XWYLNOLQJVSURVHVV Qn HQ VW¡UUHOVH VRP JMRUGH GHW YDQVNHOLJ n
ILQQH EXJV XWHQ ORJJLQJHQ KHOOHU� 'HW EOH GHUIRU LNNH DQVHWW VRP Q\WWLJ EUXN DY WLGHQ
n OHJJH LQQ GHWWH�

��� )XQNVMRQDOLWHW L IURQWHQG

*UXQQHQ WLO DW PnOHQH PHG ODYHUH SULRULWHWVJUDG� VRP HYHQWV� WLGVSURILOHU RJ RSSNRE�
OLQJ DY 093�HQ PRW HQ VHQVRU� EOH IRUNDVWHW YDU IRUGL JUXSSHQ LNNH KDGGH QRN WLG WLO n
LPSOHPHQWHUH IXQNVMRQDOLWHWHQ� 9LVMRQVGRNXPHQWHW EOH VNUHYHW PHG YLGHUHXWYLNOLQJ L
WDQNHQH� )UD GHQ RULJLQDOH RSSJDYHWHNVWHQ EOH GHW VSHVLILVHUW PLQLPXPVIXQNVMRQDO�
LWHW� 'HQQH EHVWR DY NDONXODWRUHQ� GDJVSURILOHU� RJ PDWYDUHU VRP VNXOOH OHJJHV L OLVWHU�
'HW EOH RJVn VSHVLILVHUW DW ©PDWUHWWHUª VNXOOH Y UH HQ GHO DY LPSOHPHQWDVMRQHQ� 'HWWH
JnU GD XW Sn DW GHUVRP PDQ VSLVHU HQ W\SH IURNRVW KYHU GDJ� VNXOOH PDQ NXQQH ODJH HQ
©IURNRVW HQWU\ª� PHG IRU HNVHPSHO WR EU¡GVNULYHU RJ HW DSSHOVLQMXLFH JODVV� *UXQQHQ
WLO DW GHQQH IXQNVMRQDOLWHWHQ EOH VO¡\IHW YDU DW HWWHU WHVWSHUVRQHQ KDGGH InWW EUXNW
093�HQ PHG NXQ IXQNVMRQDOLWHWHQ IRU PDWYDUHU LPSOHPHQWHUW� RSSOHYGH GH DW GHW
JLNN VY UW UDVNW n ILQQH GH Q¡GYHQGLJH PDWYDUHQH� 7HVWSHUVRQHQ Vn GHUPHG LNNH HW
VWRUW EHKRYHW IRU PDWUHWWHU� *UXQQHW GHWWH YDOJWH JUXSSHQ n SULRULWHUH DQGUH YLNWLJH
WLQJ VRP SnPLQQHOVHU� GD GHWWH YDU Q¡GYHQGLJ IRU DOJRULWPHQ� , RSSJDYHWHNVWHQ EOH
SnPLQQHOVHU OLVWHW VRP ©YLGHUH XWYLNOLQJª� PHQ JUXSSHQ LQQVn UDVN KYRU HVVHQVLHOO
GHQQH IXQNVMRQDOLWHWHQ YDU IRU DOJRULWPHQ� RJ YDOJWH GHUIRU n SULRULWHUH GHQQH IXQN�
VMRQDOLWHWHQ� $OWHUQDWLYHW I¡U SnPLQQHVOHU YDU DW WHVWSHUVRQHQ PnWWH PDQXHOW LQQ L
ORJJHU n OHJJH LQQ EORGVXNNHUYHUGLHQ HWWHU PnOWLGHW� 'HWWH nSQHW IRU EUXNHUIHLO� RJ
JMRUGH GHW YDQVNHOLJ n UHJLVWUHUH RYHUODSSHQGH PnOWLGHU� VDPW DW GHW YDU VY UW P\H
MREE RJ NURQJOHWH IRU EUXNHUHQ�
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��� $GPLQLVWUDWLYW

*UXQQHQ WLO DW *DQWW�GLDJUDPPHW EOH HQGUHW� HU IRUGL JUXSSHQ ILNN HW EHGUH HVWLPDW
Sn KYRU ODQJ WLG HQNHOWH RSSJDYHU YLOOH WD� JUXQQHW HUIDULQJHU PHG WLGOLJHUH RSSJDYHU�
, WLOOHJJ MREEHW JUXSSHQ L IOHUH KHOJHU IRU n VWDUWH GDWDLQQVDPOLQJHQ WLGOLJHUH� VRP
I¡UWH WLO DW GH IOHVWH DUEHLGVRSSJDYHQH EOH IRUVNM¡YHW IUHP RJ DUEHLGHW Sn WLGOLJHUH HQQ
RULJLQDOW SODQODJW� (Q DQQHQ JUXQQ HU DW JUXSSHQ RSSGDJHW DW YLVVH DUEHLGVRSSJDYHU
PnWWH XWI¡UHV I¡U DQGUH� RJ VHOY RP JUXSSHQ KDGGH WDWW KHQV\Q WLO GHWWH� YDU GHW HQ�
NHOWH WLOIHOOHU VRP EOH RYHUVHWW� , WLOOHJJ KDGGH LNNH JUXSSHQ WDWW KHQV\Q WLO DW NRGHQ
VNXOOH WHVWHV L GHW RULJLQDOH *DQWW�GLDJUDPPHW� (WWHUVRP WHVWLQJ HU VY UW YLNWLJ IRU
n GRNXPHQWHUH DW NRGHQ IDNWLVN IXQJHUHU� YDU JUXSSHQ Q¡GW WLO n OHJJH GHWWH LQQ L
SODQHQ� 'HWWH PHGI¡UWH YLVVH HQGULQJHU� VRP DW UHVXOWDWDQDO\VHQ LNNH EOH SnEHJ\QW
I¡U VHQHUH� 'HWWH I¡UWH LJMHQ WLO DW WHVWLQJHQ DY DQDO\VHQ EOH XWVDWW� (WWHUVRP VNULYLQJ
DY WHVWHU PnWWH LQQ L SODQHQ� RJ JUXSSHQ IRUWVDWW PnWWH JMHQQRPI¡UH GH DUEHLGVRSS�
JDYHQH VRP YDU OLVWHW RSS L *DQWW�GLDJUDPPHW� PnWWH PHGOHPPHQH ILQQH HQ O¡VQLQJ
Sn GHW SRWHQVLHOOH WLGVSUREOHPHW� *UXSSHQ O¡VWH GHW YHG DW KRYHGUDSSRUWHQ EOH VNUHYHW
Sn L SDUDOOHOO� PHQV pQ VNUHY WHVWHU� (WWHUVRP GHW YDU VDWW DY WR XNHU WLO UDSSRUWVNULY�
LQJ LQQ PRW VOXWWHQ DY SURVHVVHQ� VDPW DW JUXSSHQ SODQOD n Y UH IHUGLJ pQ XNH I¡U
IULVWHQ� IRUGHOWH JUXSSHQ GHQQH WLGHQ PHU MHYQW WLO DQGUH DUEHLGVRSSJDYHU VRP WHVWLQJ
DY NRGHQ�

(W HNVHPSHO GHU HQ DUEHLGVRSSJDYH PnWWH XWI¡UHV I¡U HQ DQQHQ� VRP JUXSSHQ KDGGH
RYHUVHWW XQGHU XWYLNOLQJHQ DY GHW I¡UVWH *DQWW�GLDJUDPPHW� YDU ORJJHU� )XQNVMRQDO�
LWHW IRU n ORJJH GHQ VDWWH LQVXOLQPHQJGHQ EOH LPSOHPHQWHUW I¡U DOJRULWPHQ� RJ GHWWH HU
IRUGL XWHQ GHQ ORJJI¡UWH GDWDHQ� NDQ LNNH DOJRULWPHQ JM¡UH HQGULQJHU EDVHUW Sn ORJJI¡UW
GDWD� *UXSSHQ I¡UWH RJVn RSS DW XWYLNOLQJHQ RJ WHVWLQJHQ DY UHVXOWDWDQDO\VHQ VNXOOH
VNMH I¡U LPSOHPHQWDVMRQ DY DOJRULWPHQ� *UXQQHQ WLO DW GHWWH EOH E\WWHW RP Sn YDU DW
GHW LNNH KDGGH Y UW QRH n WHVWH XWHQ DW DOJRULWPHQ KDGGH KDWW PXOLJKHW WLO n JMHQ�
QRPI¡UH HQGULQJHU� RJ JUXSSHQ ¡QVNHW n In VWDUWHW DOJRULWPHQ Vn WLGOLJ VRP PXOLJ� Vn
GDWDLQQVDPOLQJHQ NXQQH VWDUWH Vn WLGOLJ VRP PXOLJ� *UXSSHQ RSSGDJHW IHLOHQH WLGOLJ�
RJ JMHQQRPI¡UWH HQGULQJHQH L *DQWW�GLDJUDPPHW VOLN DW GHWWH VNXOOH Y UH RSSGDWHUW�

(WWHU LQQVSLOO RJ UnG IUD YHLOHGHU� EHVWHPWH JUXSSHQ VHJ IRU n IRUVN\YH RJ IRUOHQJH
SHULRGHQ KRYHGUDSSRUWHQ VNXOOH EOL VNUHYHW Sn� *UXSSHQ KDGGH RULJLQDOW VDWW DY WR
XNHU WLO GHWWH� PHQ NRQNOXGHUWH DW GHW YDU IRUQXIWLJ n VWDUWH WLGOLJHUH� 6HOY RP JUXSSHQ
EHJ\QWH Sn UDSSRUWHQ I¡U GH KDGGH InWW UHVXOWDWHU IUD DOJRULWPHQ� YDU GHW PXOLJ n
RP IRU HNVHPSHO WHRUL� PHWRGH� IRURUG RJ Vn YLGHUH� , WLOOHJJ NRQNOXGHUWH JUXSSHQ
PHG DW GHWWH YDU DUEHLG VRP NXQQH XWI¡UH L SDUDOOHO PHG DQQHW DUEHLG� VRP YLOOH
HIIHNWLYLVHUH SURVHVVHQ� *UXSSHQ HUIDUWH DW GHOLQJHQ DY DUEHLGVRSSJDYHU L KHQKROG WLO
KRYHGUDSSRUWHQ� EOH XQ¡GYHQGLJ RJ PLQGUH HIIHNWLYW� 0HGOHPPHQH HUIDUWH DW GHW YDU
EHGUH n VNULYH SDUDOOHOW Sn UDSSRUWHQ PHG DQGUH DUEHLGVRSSJDYHU� RJ VNULYH GHW VRP
NXQQH VNULYHV WLO HWKYHUW WLGVSXQNW� HQQ n KD HQ ULJLG VWUXNWXU Sn QnU GH XOLNH GHOHQH
DY UDSSRUWDUEHLGHW VNXOOH XWI¡UHV�

$OJRULWPHQ L VHJ VHOY WRN OHQJHU WLG n LPSOHPHQWHUH HQQ RULJLQDOW SODQODJW� 'HW EOH
EHKRY IRU HQ RPIDWWHQGH RPVNULYQLQJ �©UHZRUNª� DY NRGHQ I¡U DOJRULWPHQ NXQQH LP�
SOHPHQWHUHV� GHWWH GLVNXWHUHV L GHOVHNVMRQ ���� 'HQQH RPVNULYQLQJHQ EOH ODJW XQGHU
WLGHQ GHW WRN n LPSOHPHQWHUH DOJRULWPHQ� GD GHW YDU GHQQH VRP NUHYGH RPVNULYQLQ�
JHQ� %HJJH JUXSSHQV PHGOHPPHU DUEHLGHW Sn DOJRULWPHQ� IRU n VLNUH DW GHQ EOH
NRUUHNW JMHQQRP SDUSURJUDPPHULQJ� 6RP QHYQW L GHOVHNVMRQ ������ YDU GHW RULJLQDOW
SODQODJW n ILQSXVVH RJ MXVWHUH DOJRULWPHQ� 'HWWH YDU WHQNW IRU n RSWLPDOLVHUH DOJRULW�
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PHQ� 3UREOHPHW PHG GHWWH YDU DW JUXSSHQ LNNH KDGGH PXOLJKHW WLO n VDPOH LQQ QRN
GDWD� IRU n XQGHUV¡NH GH HYHQWXHOOH HQGULQJHQH RJ GHUHV SnYLUNQLQJ� , WLOOHJJ PnWWH
JUXSSHQ KD WHVWHW GH XOLNH YDULDVMRQHQH DY DOJRULWPHQ RYHU OHQJHU WLG IRU n XQGHUV¡NH
KYLONHQ VRP JD HW EHVW UHVXOWDW� )RU GHWWH YXUGHUWH JUXSSHQ n ODJH VLPXODVMRQHU� PHQ
GHW EOH VO¡\IHW JUXQQHW DW GHW LNNH YDU VDWW DY WLG WLO GHW� , WLOOHJJ GXNNHW DQGUH YLNWLJHUH
DUEHLGVRSSJDYHU RSS� VRP WHVWLQJ DY NRGHQ� (WWHUVRP GHW HU IOHUH XOLNH DVSHNWHU VRP
NDQ SnYLUNH HQV EORGVXNNHUYHUGLHU� NXQQH GHUIRU LNNH JUXSSHQ� PHG WLGHQ WLOJMHQJHOLJ�
WUHNNH IRUQXIWLJH NRQNOXVMRQHU RP KYLONHQ DY GH XOLNH VPnMXVWHULQJHQH DY DOJRULWPHQ
VRP JD HW EHVW UHVXOWDW� GD GHW RJVn NXQQH Y UW DW GDJVIRUPHQ L GHQ SHULRGHQ YDU
EHGUH� )RU n NXQQH WHVWH HYHQWXHOOH MXVWHULQJHU L DOJRULWPHQ� VRP HQGULQJ DY SDUD�
PHWHUH� PnWWH JUXSSHQ KD WHVWHW GH XOLNH DOJRULWPHYHUVMRQHQH RYHU HQ VY UW ODQJ
SHULRGH IRU n DQVNDIIH JRGH NRQNOXVMRQHU� *UXSSHQ KDGGH GHVVYHUUH LNNH QRN WLG WLO
GHWWH� RJ YDOJWH GHUIRU n EUXNH OHQJHU WLG Sn n ILQQH JRGH SDUDPHWHUH WLO DOJRULWPHQ�
RJ NXQ EUXNH GHQ YHUVMRQHQ DY DOJRULWPHQ VRP EHVNUHYHW L GHOVHNVMRQ �������� 'HWWH
I¡UWH RJVn WLO PHU GDWD Sn DOJRULWPHQ� EnGH I¡U RJ HWWHU DW GHQ EOH LPSOHPHQWHUW� RJ
VRP QHYQW L GHOVHNVMRQ �������� HU GHW YLNWLJ n VDPOH LQQ QRN GDWDSXQNWHU HWWHU GHQ
VLVWH DYEU\WHOVHQ�

9DOJHQH EDN n VDPPHQVOn RJ GHOH RSS HQNHOWH DUEHLGVRSSJDYHU L *DQWW�GLDJUDPPHW�
NRP DY DW JUXSSHQ Vn Sn GHW VRP IRUQXIWLJ� )RU HNVHPSHO EOH GDWDEDVHPRGHOOHULQJ�
VRSSJDYHQ HQGUHW� (WWHUVRP GDWDEDVHQ NXQQH PRGHOOHUHV YHG SURVMHNWHWV VWDUW� PHQ
LNNH LPSOHPHQWHUHV I¡U GHQ Q¡GYHQGLJH NLOGHNRGHQ YDU VNUHYHW� EOH DUEHLGVRSSJDYHQ
GHOW� ,PSOHPHQWHULQJHQ DY GDWDEDVHQ VNMHGGH GHUPHG XQGHUYHLV JMHQQRP SURVHVVHQ
GD GH XOLNH NODVVHQH EOH IHUGLJ VNUHYHW�

6RP YHG WHVWHU WLO NRGHQ� YDU LNNH EUXNWHUWHVWHU RULJLQDOW SODQODJW LQQ L *DQWW�GLDJUDPPHW�
PHQ JUXSSHQ Vn Sn GHW VRP YLNWLJ n In WHVWHW EUXNHUJUHQVHVQLWWHW� 'HUIRU EOH GHWWH
ODJW WLO VRP HQ DUEHLGVRSSJDYH�

��� 6DPDUEHLG

3URVMHNWHW KDU KDWW PDQJH XOLNH DUEHLGVRSSJDYHU� VRP IRU HNVHPSHO XWYLNOLQJ RJ IRU�
VNQLQJ� *UXSSHQ KDU RJVn DUEHLGHW PHG n WLOHJQH VHJ RJ DQYHQGH WHRUL� VDPW n XWYLNOH
HW LQWXLWLYW EUXNHUJUHQVHVQLWW VRP HU OHWW n WD L EUXN� ,QQDG L JUXSSHQ ILQQHV GHW XOLNH
VW\UNHU RJ LQWHUHVVHRPUnGHU IRU KYD PHGOHPPHQH IRUHWUHNNHU n DUEHLGH PHG� 9HG
PnWHQ YDOJWH n O¡VH XWYLNOLQJVRSSJDYHQH Sn� JMHQQRP SDUSURJUDPPHULQJ� KDU EHJJH
InWW PXOLJKHW WLO XWI\OOH KYHUDQGUHV NRPSHWDQVH� RJ JUXSSHDUEHLGHW KDU IXQJHUW JRGW�
*MHQQRP SDUSURJUDPPHULQJ KDU EHJJH VWXGHQWHQH NRPPHW PHG LQQVSLOO WLO 093�HQ RJ
DOJRULWPHQ� 3DUSURJUDPPHULQJHQ IXQJHUWH JRGW GD JUXSSHQ UDVNHUH RSSGDJHW HYHQ�
WXHOOH SUREOHPHU� HQQ GHW PHGOHPPHQH YLOOH JMRUW Sn HJHQKnQG� , WLOOHJJ nSQHW SDU�
SURJUDPPHULQJHQ IRU n XWQ\WWH PHGOHPPHQHV VW\UNHU� GD GH KDU XOLNH LQWHUHVVHIHOW
LQQHQ XWYLNOLQJ� (W DQQHW SRVLWLYW DVSHNW YHG SDUSURJUDPPHULQJHQ� HU DW GHQ I¡UWH
WLO DW JUXSSHQ KDGGH HQ IHOOHV VWDUW Sn DUEHLGHW KYHU GDJ� RJ DW PDQ ILNN DUEHLGHW
VDPPHQ�

'D JUXSSHQ IRUGHOWH DUEHLGVRSSJDYHQH HWWHU DW 093�HQ RJ DOJRULWPHQ YDU IHUGLJLP�
SOHPHQWHUW� XWQ\WWHW JUXSSHQ LJMHQ GH XOLNH PHGOHPPHQHV VW\UNHU� (W HNVHPSHO Sn
GHWWH HU GD GHW HQH PHGOHPPHW EHJ\QWH n DUEHLGH Sn KRYHGUDSSRUWHQ� PHQV GHW DQGUH
PHGOHPPHW VNUHY WHVWHU WLO NRGHQ� 'H XOLNH VW\UNHQH L GHWWH WLOIHOOHW� HU DW GHQ HQH HU
JRG WLO n SURGXVHUH Q\WWLJ LQQKROG UDVN WLO UDSSRUWHQ� RJ GHQ DQGUH HU JRG WLO n VNULYH
WHVWHU UDVNW� GD EHJJH WULYGHV PHG VLQH UHVSHNWLYH RSSJDYHU� *UXSSHQ KDU I¡OW Sn

��



HW WLGVSUHVV JMHQQRP KHOH SURVMHNWHW� EnGH JUXQQHW GDWDLQQVDPOLQJHQ� RJ XYHQWHGH
KHQGHOVHU VRP V\NGRP� YDU JUXSSHQ LQWHUHVVHUW L n HIIHNWLYLVHUH GLVVH SURVHVVHQH Vn
P\H VRP PXOLJ� IRU n XQQJn HW HQQn VW¡UUH WLGVSUHVV� 'HW KDU LNNH RSSVWnWW NRQIOLNWHU
PHOORP PHGOHPPHQH XQGHU KHOH SURVHVVHQ� RJ GHWWH KDU ELGUDWW WLO HW JRGW PLOM¡ LQQDG
L JUXSSHQ� )RUGHOLQJHQ DY DUEHLGVRSSJDYHU KDU RJVn EOLWW WLOGHOW EDVHUW Sn KYD VRP
YDU PHVW IRUQXIWLJ JM¡UH� RJ KYHP VRP YDU IHUGLJ PHG VLQ DUEHLGVRSSJDYH�

��� 6\VWHPXWYLNOLQJ

6RP QHYQW L GHOVHNVMRQ ����� YDOJWH LNNH JUXSSHQ n EUXNH HQ VSHVLILNN V\VWHPXWYLN�
OLQJVPHWRGLNN� PHQ KHOOHU EUXNH XOLNH DJLOH PHWRGHU KHQWHW IUD XOLN V\VWHPXWYLNOLQJV�
PHWRGLNN� *UXSSHQ RSSOHYGH DW GHWWH IXQJHUWH VY UW EUD� RJ DW WLGHQ VRP YDU WLOJMHQ�
JHOLJ DOOWLG EOH EUXNW Sn HQ IRUQXIWLJ PnWH� VRP QHYQW L GHOVHNVMRQ ����� 9HG GHQQH
SURVHVVHQ KDGGH JUXSSHQ HQ VY UW JRG RYHUVLNW RYHU XWYLNOLQJHQ DY 093�HQ RJ DO�
JRULWPHQ� VDPW GH DQGUH DVSHNWHQH� VRP GRNXPHQWHULQJ� JMHQQRP KHOH SURVMHNWHW�
6HOY RP JUXSSHQ HUIDUWH DW GH VSDUWH WLG YHG n SDUSURJUDPPHUH� RSSOHYGH GH RJVn
DW GHUVRP GHW RSSVWR IRU HNVHPSHO EXJV� DW WLGHQ EOH EUXNW OLWW LQHIIHNWLYW� 'D HW
VOLNW WLOIHOOH RSSVWR� RJ JUXSSHQ LQQVn DW GHW YDU IOHUH EXJV VRP PnWWH ILNVHV� RJ
DW GHW YLOOH Y UW XQ¡GYHQGLJ RJ GnUOLJ EUXN DY WLGHQ DW EHJJH PHGOHPPHQH DUEHLGHW
PHG GHWWH� IRUGHOWH JUXSSHQ DUEHLGVRSSJDYHQH� (W QHJDWLYW DVSHNW YHG SURVHVVHQ YDU
*DQWW�GLDJUDPPHW� 6HOY RP *DQWW�GLDJUDPPHW EOH EUXNW P\H RJ JD HQ JRG RYHUVLNW
RYHU SURVHVVHQ� KROGHU GLDJUDPPHW NXQ RYHUVLNW RYHU GH RYHURUGQHGH RSSJDYHQH�
, VWDUWHQ DY SURVMHNWHW IXQJHUWH GHWWH VY UW JRGW� GD JUXSSHQ KDGGH JRG RYHUVLNW
RYHU IXQNVMRQDOLWHWHQ VRP VNXOOH LPSOHPHQWHUHV L 093�HQ� JUXQQHW DQGUH YHUNW¡\ VRP
ZLUHIUDPH� 3UREOHPHW RSSVWR PHU PRW VOXWWHQ DY SURVMHNWHW� GD GHW YDU PDQJH VPn
RSSJDYHU VRP PnWWH JMHQQRPI¡UHV� (W HNVHPSHO Sn HQ VOLN RSSJDYH HU n XQGHUV¡NH DW
DOOH P¡WHLQQNDOOLQJHU RJ P¡WHUHIHUDW KDU OLN GDWR L QDYQHQH� *UXSSHQ O¡VWH LPLGOHUWLG
GHWWH SUREOHPHW YHG n KD HW IHOOHV QRWDW GHU VOLNH DUEHLGVRSSJDYHU EOH QRWHW� L WLOOHJJ
WLO EUXN DY LVVXH�ERDUG Sn JLWKXE� ,VVXH�ERDUG EOH EUXNW PHVW L IRUELQGHOVH PHG XWYLN�
OLQJHQ� PHQV QRWDWHW EOH EUXNW PHU IRU DUEHLGVRSSJDYHU UHODWHUW WLO GRNXPHQWDVMRQHQ�

'HW YDU HQNHOWH YDOJ DQJnHQGH WHNQRORJLHQ VRP I¡UWH WLO HQNHOWH XWIRUGULQJHU� %ODQW
DQQHW PnWWH JUXSSHQ WD L EUXN 64/LWH� (WWHUVRP GHWWH HU HQ PLQGUH YHUVMRQ DY 64/�
YDU GHW LNNH PXOLJ n PRGHOOHUH GDWDEDVHQ PHG OLNH P\H IULKHW� , WLOOHJJ WLO DW VS¡U�
ULQJHQ PRW GDWDEDVHQ LNNH NXQQH Y UH OLNH VSHVLILNNH� RJ GH YDU EHJUHQVHGH� (Q
DQQHQ XWIRUGLQJ VRP RSSVWR YDU GLVWULEXHULQJHQ DY 093�HQ� (WWHUVRP JUXSSHQ XWYLN�
OHU 093�HQ IRU HQ L3KRQH� GD GHW HU GHWWH WHVWSHUVRQHQ KDU� YDU GHW GLYHUVH VHUWLILNDWHU
VRP PnWWH Sn SODVV IRU n In 093�HQ Sn GHQ PRELOH HQKHWHQ� 'HWWH E\GGH Sn XOLNH
XWIRUGULQJHU YHG GLVWULEXVMRQHQ DY 093�HQ� 'HW YDU P\H PHU DUEHLG VRP PnWWH WLO IRU
n In DOOH GLVVHU VHUWLILNDWHQH Sn SODVV VOLN DW PDQ NXQQH NM¡UH 093�HQ Sn GHQ PREOLH
HQKHWHQ�

'HW YDU RJVn EHKRY IRU HQ RPIDWWHQGH RPVNULYLQJ �©UHZRUNª� DY NRGHQ I¡U DOJRULWPHQ
VNXOOH EOL LPSOHPHQWHUW� 'HQQH RPVNULYQLQJHQ YDU Q¡GYHQGLJ IRU n RSSUHWWKROGH K¡\
FRKHVLRQ RJ ODY FRXSOLQJ� 0RGHOOHQH VRP UHSUHVHQWHUWH ORJJHU� SnPLQQHVOHU� RO� EOH
GHOW L WR VOLN DW GHW YDU HQ� '$2� VRP UHSUHVHQWHUWH KYRUGDQ REMHNWHW Vn XW L GDWD�
EDVHQ� RJ HQ VRP KDGGH DOOH LQIRUPDVMRQ RP KYLONH REMHNWHU GHQ YDU NREOHW WLO VDPW
KMHOSHORJLNN IRU DOJRULWPHQ� 'HWWH VLNUHW K¡\ FRKHVLRQ GD DQVYDUVRPUnGHW WLO GH VHS�
DUHUWH NODVVHQH YDU W\GHOLJHUH RJ PHU VQHYHUW� 6DPWLGLJ JMRUGH KMHOSHORJLNNHQ DW GHW
EOH PLQGUH FRXSOLQJ PHOORP DOJRULWPHQ RJ PRGHOOHQH� 'HWWH GD PRGHOOHQH KDGGH

��



LQIRUPDVMRQHQ� JMHQQRP KMHOSHORJLNNHQ� DOJRULWPHQ WUHQJWH� Vn GHQ LNNH WUHQJWH n
KHQWH XW DOO LQIRUPDVMRQHQ IUD PRGHOOHQ n ILQQH XW DY GHWWH VHOY� 'HWWH DQVYDUHW IDOOHU
LQQHQIRU PRGHOOHQV DQVYDUVRPUnGHW RJ VLNUHU K¡\HUH FRKHVLRQ� 9LGHUH EOH GHW RJVn
RSSGDJHW DW EnGH IURQWHQG RJ DOJRULWPHQ EUXNWH GDWDEDVH�NODVVHU GLUHNWH VRP JMRUGH
DW GH VHOY PnWH VLNUH DW NREOLQJHU PHOORP REMHNWHU EOH IXOJW HWWHU UHJOHQH� )RU HN�
VHPSHO Vn VNDO GHW LNNH HNVLVWHUH ORJJHU PHG HQ PDWYDUH VRP HU VOHWWHW� 'HWWH NXQQH
DOJRULWPHQ RJ IURQWHQG EU\WH RP NRGHUHQ JOHPWH n OHJJH LQQ GHWWH� 'HWWH EOLU UHSHW�
LVMRQ DY NRGH� RJ RP UHJOHQH HQGUHV Vn YLO PDQ PnWWH ILQQH DOOH VWHGHU KYRU GHWWH
VNMHU� )¡UVW EOH GHOHU DY ORJLNNHQ IO\WWHW WLO GDWDEDVH PHWRGHQH� PHQ GHW YDU LNNH L
DOOH WLOIHOOHU PDQ YLOOH KD GLVVH UHJOHQH� 'HW YDU KHOOHU LNNH GDWDEDVH�NODVVHQHV DQVYDU
n VLNUH DW UHJOHQH PHOORP REMHNWHWHQH EOH RSSUHWWKROGW� GHUHV DQVYDU YDU n KD VLNNHU
NRPPXQLNDVMRQ PHG GDWDEDVHQ� )RU n RSSQn K¡\ FRKHVLRQ EOH WR ODJ WLO ODJHW� ©6HU�
YLFHª RJ ©5HSRVLWRU\ª� 6HUYLFH�ODJHW EOH HW JUHQVHVQLWW IRU DOJRULWPHQ RJ IURQWHQG�
'HWWH WRN VHJ DY DOOH UHJOHQH VRP JMDOGW PHOORP REMHNWHU DY IRUVNMHOOLJH W\SHU� GHW EOH
ODJHW HQ VHUYLFH�NODVVH SHU PRGHOO VRP EOH EUXNW L IURQWHQG RJ DOJRULWPHQ� 6HUYLFH�
ODJHW EUXNWH UHSRVLWRU\�ODJHW IRU n KHQWH RJ VHQGH REMHNWHU� 5HSVRLWRU\�ODJHW KDGGH
VRP RSSJDYH n RYHUVHWWH HQ PRGHOO WLO GHQV UHVSHNWLYH '$2�PRGHOO� 'HUHWWHU EOH
RSSJDYHQ VHQGW YLGHUH WLO GDWDEDVH�ODJHW �RJVn NDOW ©3UHVLVWHQFHª�ODJHW�� 'DWDEDVH�
ODJHW KDGGH Qn VRP HQHVWH DQVYDU n VLNUH VLNNHU NRPPXQLNDVMRQ PHOORP NRGHQ RJ
GDWDEDVHQ� 'HQQH VWRUH DUNLWHNWXUHQGULQJHQ VLNUHW K¡\ FRKHVLRQ RJ ODY FRXSOLJ� VOLN
DW NRGHQ YDU OHWWHUH n MREEH PHG YLGHUH� VDPW KDGGH EHGUH \WHOVH�

(Q IRUGHO YHG YDOJ DY IURQWHQG�UDPPHYHUN YDU DW XWYLNOLQJHQ DY 093�HQ JLNN UHODWLYW
UDVNW� GD PDQ NXQQH EUXNH IHUGLJNRPSRQHQWHU IRU GHVLJQHW� (Q DQQHQ IRUGHO YHG
WHNQRORJLYDOJ YDU DW &� NRGHVSUnNHW PLQQHW P\H RP WLGOLJHUH NMHQWH VSUnN� VRP -DYD�
'HWWH JMRUGH DW JUXSSHQ NRP UDVNW L JDQJ PHG XWYLNOLQJHQ� RJ DW WLGHQ LNNH EOH EUXNW
Sn n O UH VHJ HW Q\WW VSUnN�

*UXSSHQ RSSOHYGH DW GHQ SODQODJWH IUHPJDQJVPHWRGHQ� EHVNUHYHW L YHGOHJJ $� IXQJHUWH
JRGW� *UXSSHQ KDGGH GHQ PRWLYDVMRQHQ RJ HUIDULQJHQ VRP YDU Q¡GYHQGLJ IRU n ODJH
HQ SUREOHPVWLOOLQJ IRU RSSJDYHQ� 'HWWH YDU XWIRUGUHQGH GD RSSJDYHQ L VHJ VHOY HU
VY UW RPIDWWHQGH� RJ GHW YDU YDQVNHOLJ n YHUNHQ ODJH RSSJDYHQ IRU VQHYHU HOOHU IRU
VWRU� 8OLNH IRUGHOHU RJ XOHPSHU YHG IUHPJDQVPHWRGHQ KDU EOLWW QHYQW L GHOVHNVMRQ
���� 'HW VRP JLNN EUD Sn JUXQQ DY IUHPJDQJVPHWRGHQ YDU DW GHQ JD HQ RYHURUGQHW
RYHUVLNW RYHU KYRUGDQ JUXSSHQ VNXOOH Jn IUHP IRU n VYDUH Sn IRUVNQLQJVVS¡UVPnOHQH�
1RH VRP JLNN GnUOLJ JUXQQHW IUHPJDQJVPHWRGHQ� YDU WLGVSUHVVHW UXQGW FDVH VWXG\�
HQ� 'HWWH KDU DOOHUHGH EOLWW GLVNXWHUW L VW¡UUH GHWDOM WLGOLJHUH� *UXQQHW YDOJHW DY FDVH
VWXG\ VRP VWUDWHJL� YLOOH WLGHQ EOL NULWLVN� PHQ GHWWH YDU JUXSSHQ NODU RYHU� RJ GH
JMRUGH VLWW EHVWH IRU n PRWYLUNH GHWWH� %UXNHUWHVWHQH� YDU QRH VRP JLNN VY UW EUD YHG
IUHPJDQJVPHWRGHQ� *UXSSHQ ILNN JRG LQQVLNW L GHVLJQHW RJ KYD VRP EUXGH HQGUHV�

8DYKHQJLJ DY SURVHVV� IUHPJDQJVPnWH RJ WHNQRORJL� IXQJHUWH VDPDUEHLGHW� VRP QHYQW
L GHOVHNVMRQ ���� VY UW JRGW� *UXSSHQ WURU GHWWH NRPPHU DY DW PHGOHPPHQH KDGGH
HQ JRG LQQVWLOOLQJ WLO RSSJDYHQ� RJ DW EHJJH YDU PRWLYHUWH IRU DUEHLGHW VRP PnWWH
WLO IRU n JMHQQRPI¡UH RSSJDYHQ� VDPW JRG NRPPXQLNDVMRQ LQQDG L JUXSSHQ� 'HW
VRP JLNN PLQGUH EUD� YDU WLGVSUHVVHW DQJnHQGH GDWDLQQVDPOLQJHQ� 6RP YLVW L *DQWW�
GLDJUDPPHW� YDU GHW I\VLVN LNNH PXOLJ IRU JUXSSHQ n VWDUWH SURVHVVHQ WLGOLJHUH� (WWHU�
VRP GHW LNNH YDU PXOLJ n XWYLGH GHQQH SHULRGHQ� YDU GHW KHOOHU LNNH PXOLJ n JMHQQRP�
I¡UH HQGULQJHU L DOJRULWPHQ� RJ In WHVWHW GLVVH RUGHQWOLJ�

��



��� )HLONLOGHU

����� %LDV

(WWHUVRP WHVWSHUVRQHQ RJVn HU RSSJDYHVWLOOHU RJ XWYLNOHU� YDU JUXSSHQ NODU RYHU DW
YHGNRPPHQGH NXQQH KD HW ELDV� 'HWWH HU HQ DY JUXQQHQH WLO DW JUXSSHQ YDOJWH n
JMHQQRPI¡UH EUXNHUWHVWHU IRU n XQGHUV¡NH KYRU LQWXLWLYW GHVJLQHW YDU� 'HW YDU LP�
LGOHUWLG LNNH HQ VWRU IDUH IRU DW WHVWSHUVRQHQ NXQQH SnYLUNH GDWDLQQVDPOLQJHQ L QRHQ
VWRU JUDG� GD WHVWSHUVRQHQ Pn I¡UH LQQ WDOOYHUGLHU RJ KYD VRP EOH NRQVXPHUW WLO HW
PnOWLG� 7HVWSHUVRQHQ KDU Y UW  UOLJ PHG GDWDHQH VRP KDU EOLWW I¡UW LQQ L DSSOLNDV�
MRQHQ IRU n JL DOJRULWPHQ GHQ NRUUHNWH GDWDHQ� VOLN DW GHQ NDQ IRUEHGUH VHJ�

����� +E$�F�YHUGL

+E$�F�YHUGLHQ WLO WHVWSHUVRQHQ KDU EOLWW NRQWLQXHUOLJ KHQWHW XW JMHQQRP SURVHVVHQ�
PHG HQ XNHV LQWHUYDOO JMHQQRP WHVWSHUVRQHQ VLQ VHQVRU DSSOLNDVMRQ� /LEUH/LQN� 'HQ
KDU DOWVn LNNH EOLWW PnOW DY KHOVHSHUVRQHOO� 'HWWH NDQ Y UH HQ SRWHQVLHOO IHLONLOGH� GD
+E$�F�YHUGLHQ KHQWHW IUD /LEUH/LQN NXQ HU HW HVWLPDW DY GHQQH YHUGLHQ� (WWHUVRP
+E$�F�YHUGLHQ KDU EOLWW KHQWHW XW Sn OLN PnWH� DQWRN JUXSSHQ DW /LEUH/LQN VLQH HWV�
WLPDWHU YDU JRGH QRN WLO n JL HW JRGW LQQEOLNN L KYRUGDQ +E$�F�YHUGLHQ KDU HQGUHW VHJ
JMHQQRP SURVHVVHQ� VHOY RP GHW NXQ HU HVWLPDWHU� *UXQQHQ WLO DW JUXSSHQ LNNH PnOWH
+E$�F�YHUGLHQ KRV KHOVHSHUVRQHOO� HU DW JUXSSHQ YLOOH KD HQ NRQWLQXHUOLJ RSSGDWHULQJ
DY +E$�F�YHUGLHQ RJ LNNH NXQ HQ PnOLQJ I¡U� XQGHU RJ HWWHU SURVHVVHQ� 'HW YDU KHOOHU
LNNH SUDNWLVN IRU WHVWSHUVRQHQ n WHVWH VHJ KRV KHOVHSHUVRQHOO OLNH RIWH VRP JUXSSHQ
¡QVNHW RSSGDWHULQJHU DY +E$�F�YHUGLHQ�

����� 7UHQLQJ

6HOY RP JUXSSHQ KDU IRUV¡NW n PLQLPHUH IHLONLOGHU XQGHU GDWDLQQVDPOLQJHQ� YLO GHW
DOOWLG Y UH QRHQ VRP RSSVWnU� (Q DY GLVVH IHLONLOGHQH HU WUHQLQJVIUHNYHQVHQ WLO WHVW�
SHUVRQHQ� %nGH I¡U RJ XQGHU WHVWSHULRGHQ KDGGH LNNH WHVWSHUVRQHQ HQ MHYQ WUHQLQJV�
IUHNYHQV� 6RP QHYQW L GHOVHNVMRQ ��� YLO WUHQLQJ SnYLUNH LQVXOLQVHQVLWLYLWHWHQ� 'HU�
VRP PDQ LNNH KDU IDVWH UXWLQHU IRU WUHQLQJ YLO GHQQH IRUVNMHOOHQ Y UH VW¡UUH� (WWHUVRP
WHVWSHUVRQHQ LNNH KDGGH HQ MHYQ WUHQLQJVSODQ� EOH GHUIRU YLVVH LQVXOLQGRVHU MXVWHUW�
093�HQ KDU LNNH IXQNVMRQDOLWHWHQ ©HYHQWVª VRP KDGGH WDWW KnQG RP n VHSDUHUH GDWD
SnYLUNHW DY WUHQLQJ IUD DQQHQ GDWD� Vn GHQQH EODQGLQJHQ DY GDWD NDQ RJVn KD VSLOW
LQQ L QRHQ WLOIHOOHU� (WWHUVRP WUHQLQJ HU YLNWLJ IRU HQV KHOVH� YDU GHW LNNH DNWXHOW DW
WHVWSHUVRQHQ LNNH VNXOOH In ORY WLO n WUHQH JMHQQRP WHVWSHULRGHQ�

����� 0DQJHO Sn GDWD

(Q DQQHQ PXOLJ IHLONLOGH HU DW GHW LNNH HU QRN GDWD IRU n NXQQH WUHNNH ULNWLJH NRQNOXV�
MRQHU� (WWHUVRP GDWDLQQVDPOLQJHQ LNNH EHJ\QWH I¡U �� PDUV� YDU GHW LNNH PXOLJ n
VDPOH LQQ OLNH P\H GDWD VRP JUXSSHQ KDGGH ¡QVNHW� 6HOY RP GHW YDU YLVVH HOHPHQWHU
GHW EOH VDPOHW LQQ HQ JRG GHO GDWD Sn� VRP PDWYDUHQ ©EU¡Gª RJ GH XOLNH GDJVSUR�
ILOHQH� YDU GHW IOHUH PDWYDUHU GHW LNNH EOH VDPOHW LQQ QRN GDWD Sn IRU DW DOJRULWPHQ
NXQQH JMHQQRPI¡UH HQGULQJHU� 'HWWH NDQ KD PHGI¡UW DW DOJRULWPHQ LNNH ILNN QRN WLG
WLO n WLOSDVVH VHJ GDWDHQH� RJ DW WUHQGHQH PDQ NDQ REVHUYHUH LNNH HU IHUGLJXWYLNOHW

��



HOOHU UHSUHVHQWHUHU DW DOJRULWPHQ IRUV¡NHU n MXVWHUH VHJ�

����� ©,QVXOLQ�WLO�JOXNRVHª�IRUKROGHW

6RP QHYQW L WLGOLJHUH GHOVHNVMRQ �������� VNDSWH GHQ NRQWLQXHUOLJH MXVWHULQJHQ DY
GHQQH YHUGLHQ VWRUH SUREOHPHU� *UXSSHQ HU XQGHU RSSIDWQLQJ DW GHW NXQQH EOLWW HW
EHGUH UHVXOWDW� GHUVRP GHQQH YHUGLHQ KDGGH Y UW IDVW� 'HW HU LNNH VLNNHUW RP DOJRU�
LWPHQ KDGGH O UW EHGUH RJ NXQQH IRUEHGUHW UHJXOHULQJHQ� VHOY RP GHQQH KDGGH Y UW
HQ IDVW YHUGL� *UXSSHQ HU GHULPRW PHJHW VLNNHU Sn DW DOJRULWPHQ LNNH KDGGH EOLWW OLNH
IHLO VRP GHQ EOH Sn VOXWWHQ DY WHVWSHULRGHQ�

��



� .RQNOXVMRQ RJ YLGHUH DUEHLG

%DVHUW Sn UHVXOWDWHQH L VHNVMRQ � RJ GLVNXVMRQHQ L VHNVMRQ � NDQ PDQ WUHNNH HQ
NRQNOXVMRQ Sn GH SUHVHQWHUWH IRUVNQLQJVVS¡UVPnOHQH� ©+YRU SUHVLVW NDQ HQ DOJRU�
LWPH EDVHUW Sn WLGOLJHUH ORJJI¡UW GDWD EHUHJQH HQ NRUUHNW LQVXOLQPHQJGH IRU n RSSQn
¡QVNHW EORGVXNNHU YHUGL"ª RJ ©+YRU P\H WLG NDQ VOXWWEUXNHU VSDUH L XNHQ YHG n WD L
EUXN 093�HQ"ª�

��� .RQNOXVMRQ

$OJRULWPHQ RJ 093�HQ XWYLNOHW L RSSJDYHQ NDQ EHQ\WWHV IRU n HVWLPHUH LQVXOLQPHQJGHU
IRU GLDEHWLNHUH� %DVHUW Sn GH SUHOLPLQ UH UHVXOWDWHQH IUHPVWLOW L XOLNH ILJXUHU L VHNVMRQ
�� DQVOnU JUXSSHQ DW DOJRULWPHQV SUHVLVMRQ LNNH HU OLNH JRG VRP ¡QVNHW� 6YDUHW Sn
GHW I¡UVWH IRUVNQLQJVVS¡UVPnOHW KDU JUXSSHQ NRPPHW IUHP WLO� JMHQQRP DQDO\VHU DY
ILJXUHQH� HU HQ SUHVLVMRQ VRP KROGHU WLO HQ +E$�F�YHUGL Sn ��� SURVHQW� 0HG IOHUH
LWHUDVMRQHU DY DOJRULWPHQ� RJ MXVWHULQJHQ DY YHUGLHQ ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW WLO
HQ IDVW YHUGL� VRP QHYQW L GLVNXVMRQHQ �������� YLO GHQQH SUHVLVMRQHQ PHVW VDQQV\Q�
OLJ ¡NH� RJ JL HW EHGUH UHVXOWDW� DOWVn HQ ODYHUH +E$�F�YHUGL� 'HWWH NUHYHU GHULPRW
HQ Q\ WHVWSHULRGH IRU n EHNUHIWH K\SRWHVHQ� 2P SUHVLVMRQHQ Sn ��� SURVHQW HU HQ
DNVHSWDEHO SUHVLVMRQ HU XVLNNHUW� 'HUVRP HQNHOWH GLDEHWLNHUH HU EHGUH UHJXOHUW XWHQ
GHQQH DOJRULWPHQ� YLOOH GHW LNNH Q¡GYHQGLJYLV Y UW Q\WWLJ IRU GLVVH n WD L EUXN 093�HQ
L KnS RP n EOL EHGUH UHJXOHUW� %DVHUW Sn GH SUHOLPLQ UH UHVXOWDWHQH RJ SUHVLVMRQHQ
WLO DOJRULWPHQ� NDQ GHWWH GHULPRW Y UH HW JRGW YHUNW¡\ IRU GH VRP KDU HQ OLJQHQGH
HOOHU ODYHUH SUHVLVMRQ� 'HW NDQ RJVn Y UH HW JRGW YHUNW¡\ IRU GH VRP ¡QVNHU n EUXNH
PLQGUH WLG Sn UHJXOHULQJHQ DY EORGVXNNHUHW� RJ NDQVNMH In HQ IRUEHGUHW +E$�F�YHUGL�

)UD GH SUHOLPLQ UH UHVXOWDWHQH RP WLGVEUXN HU GHW RJVn PXOLJ n NRQNOXGHUH Sn GHW
DQGUH IRUVNQLQJVVS¡UVPnOHW� %DVHUW Sn GH SUHOLPLQ UH GDWDHQH� NDQ HQ VOXWWEUXNHU DY
093�HQ VSDUH JMHQQRPVQLWWOLJ RPWUHQW ��� DY WLGHQ EUXNW Sn n UHJXOHUH EORGVXNNHUHW
L XNHQ� 'HWWH HU HQ EHWUDNWHOLJ UHGXNVMRQ� VHOY RP GHW LNNH RSSQnGGH PnOHW� VRP
YDU DPELVL¡VW� 'HWWH UHVXOWDWHW NDQ ELGUD WLO DW GLDEHWHV EOLU HQ PLQGUH WLGNUHYHQGH
V\NGRP�

��� 9LGHUH DUEHLG

2SSJDYHQ KDU HW SRWHQVLDO� RJ GHW HNVLVWHUHU IOHUH DVSHNWHU VRP NDQ PHGI¡UH HQ
PHU SUHVLV DOJRULWPH� 9HG YLGHUH DUEHLG NXQQH PDQ LPSOHPHQWHUW IXQNVMRQDOLWHWHQ
©HYHQWVª VRP EHVNUHYHW L YLVMRQVGRNXPHQWHW� 'HQQH IXQNVMRQDOLWHWHQ WDU KHQV\Q
WLO XOLNH KYHUGDJVKHQGHOVHU� IRU HNVHPSHO WUHQLQJ RJ V\NGRP� VRP NUHYHU HQ MXVWHUW
LQVXOLQPHQJGH� 'HW YLOOH Y UW VY UW LQWHUHVVDQW n VH KYRUGDQ DOJRULWPHQ XWYLNOHW VHJ
YHG n WD KHQV\Q WLO VOLNH YDULDEOHU� RJ KYLONHQ SUHVLVMRQ GHQ YLOOH KDWW�

, WLOOHJJ NXQQH PDQ NREOHW RSS 093�HQ PRW VHQVRUHU IRU PnOLQJ DY EORGVXNNHUYHUGLHU�
IRU n In HQ NRQWLQXHUOLJ RSSGDWHULQJ DY EORGVXNNHUHWV XWYLNOLQJ� 9HG n JM¡UH GHWWH
KDGGH PDQ KDWW P\H PHU GDWD VRP NXQQH I¡UW WLO DW NDWHJRULVHULQJHQ DY RYHUODSSHQGH
PnOWLGHU KDGGH Y UW GHWDOMHUW� RJ PDQ NXQQH JMHQQRPI¡UW PHU LQIRUPHUWH YDOJ RJ
IRUGHOLQJHU�

0DQ EXUGH RJVn LPSOHPHQWHUH HQ IDVW YHUGL IRU ©LQVXOLQ�WLO�JOXNRVHª�IRUKROGHW� VOLN

��



VRP EHVNUHYHW L GHOVHNVMRQ �������� IRU n XQGHUV¡NH Q UPHUH RP K\SRWHVHQH RP HW
EHGUH UHJXOHUW EORGVXNNHU HU VDQQH�

(Q EHGUH O¡VQLQJ NDQ Y UH n OD EUXNHU VSHVLILVHUH KYRU P\H LQVXOLQ GH YDQOLJYLV VHWWHU
WLO PDWYDUHQ GH OHJJHU LQQ� 3n GHQQH PnWHQ NDQ PDQ MXVWHUH VNDODUHQ WLO n VWHPPH
RYHUHQV PHG GHQQH YHUGLHQ PHG HQ JDQJ� 8WJDQJVSXQNWHW EOLU GD LNNH GH WHRUHWLVNH
YHUGLHQH� PHQ KHOOHU KYD EUXNHU VHWWHU IUD I¡U� )UDP WLO DOJRULWPHQ JM¡U QRHQ HQGULQJHU
YLO GHWWH WHRUHWLVN NXQQH RSSQn DNNXUDW VDPPH UHJXOHULQJ VRP EUXNHU KDU XWHQ 093�
HQ� GD GH EUXNHU OLNH YHUGLHU� 'HULPRW YLO GH EUXNH PLQGUH WLG Sn UHJXOHULQJHQ�

$QQHW DUEHLG NDQ RJVn Y UH n XWI¡UH HW VW¡UUH HNVSHULPHQW PHG IOHUH WHVWSHUVRQHU�
IRU n XQGHUV¡NH KYRUGDQ DOJRULWPHQ UHDJHUHU RJ MXVWHUHU VHJ WLO DQGUH LQGLYLGHU� ,
WLOOHJJ EXUGH WHVWSHULRGHQ IRUOHQJHV IRU n VDPOH LQQ GHQ Q¡GYHQGLJH GDWDHQ Sn GH
XOLNH DVSHNWHQH VRP WUHQLQJ� GLYHUVH PDWYDUHU RJ GDJVSURILOHU� VOLN DW DOJRULWPHQ NDQ
IRUHWD IOHUH LWHUDVMRQHU Sn GLVVH�

'HWWH SURVMHNWHW NDQ EOL DQVHWW VRP HW JRGW IXQGDPHQW IRU YLGHUH DUEHLG RJ IRUVNQLQJ�
IRU n RSSQn HW HQQn EHGUH UHVXOWDW� $UEHLGHW Vn ODQJW YLVHU HW SRWHQVLDOH IUD GH SUH�
OLPLQ UH GDWDHQH� RJ JUXSSHQ PHQHU DW RSSJDYHQ HU YHUGW n XWIRUVNH PHU�

��



� 6DPIXQQVSnYLUNQLQJ

��� (WLNN

'HW ILQQHV XOLNH SURIHVMRQVHWLVNH SUREOHPVWLOOLQJHU L IRUKROG WLO JUXSSHQV JMHQQRPI¡ULQJ
DY RSSJDYHQ RJ KYD JUXSSHQ KDU YXUGHUW XQGHUYHLV L SURVHVVHQ� 9HG HQ SURIHVMRQ�
VHWLVN SUREOHPVWLOOLQJ PHQHV SUREOHPVWLOOLQJHU NQ\WWHW WLO HW \UNH KYRU XW¡YHUQH VNDO
KD RJ DQYHQGH HQ YLVV HNVSHUWLVH UXQGW HPQHW� IHOWHW HOOHU YLWHQVNDSHQ� 'HWWH JMHOGHU
VSHVLHOW \UNHU GHU GHW HU NUDY RP ODQJ XWGDQQHOVH RJ IRUPHOOH NYDOLILNDVMRQHU >��@�
'HW HU VY UW YLNWLJ DW PDQ VRP XWYLNOHU WDU JRGH HWLVNH DYJM¡UHOVHU� RJ DW PDQ HU NODU
RYHU KYD VODJV DQVYDU PDQ KDU RYHQIRU KYD PDQ XWYLNOHU� 0DQ KDU VRP XWYLNOHU HQ
PXOLJKHW WLO n NRQWUROOHUH KYD VODJV WHNQRORJL VRP EOLU VNDSW�

'HW HU YLNWLJ n Y UH NODU RYHU DW VHOY RP PDQ NDQ XWYLNOH Q\ WHNQRORJL� HU GHW LNNH
DOOWLG PDQ E¡U� 0DQ E¡U DOOWLG XQGHUV¡NH DOOH PXOLJH NRQVHNYHQVHU HW XWYLNOHW SURGXNW
NDQ KD� , 093�HQV WLOIHOOH� HU GHWWH PHQW WLO n Y UH HW KMHOSHPLGGHO IRU GLDEHWLNHUH�
3UHVLVMRQHQ WLO 093�HQ PnOHV IUD +E$�F�YHUGLHQ� GD GHWWH HU HQ SUDNVLV KHOVHSHUVRQHOO
EUXNHU� , GHW WLOIHOOHW� 093�HQ VNXOOH JL HQ GLDEHWLNHU LQQWU\NN DY DW EORGVXNNHUHW GHUHV
HU GnUOLJ UHJXOHUW� NDQ GHWWH E\ Sn XYHQWHGH NRQVHNYHQVHU� 'HW NDQ IRU HNVHPSHO Jn
XW RYHU HQV SHUVRQOLJH ¡NRQRPL� RJ KHOVH�

(W DQQHW YLNWLJ DVSHNW HU SHUVRQYHUQ� 'HW KDU EOLWW JMHQQRPI¡UW WR EUXNHUWHVWHU� GHU
EHJJH KDU EOLWW DQRQ\PLVHUW RJ JLWW WDOONRGHU� %UXNHUWHVWHQH NDQ GHUPHG LNNH VSRUHV
WLOEDNH WLO SHUVRQHQH� (WWHUVRP WHVWSHUVRQHQ XWI¡UHU IRUVNQLQJ Sn VHJ VHOY� RJ GHWWH
nSQHU IRU DW WHVWSHUVRQHQ NDQ WD DYJM¡UHOVHU VHOY� RJ JM¡UH KYD GH YLO� 7HVWSHUVRQHQ
KDU LNNH EOLWW DQRQ\PLVHUW� GD YHGNRPPHQGH I¡OWH GHW YDU YLNWLJ n In IUHP DW GH YDU HQ
GHO DY JUXSSHQ VRP XWYLNOHW 093�HQ� 7LO WURVV IRU DW WHVWSHUVRQHQ VHOY EHVWHPPHU KYD
VODJV IRUVNQLQJ YHGNRPPHQGH NDQ XWI¡UH Sn VHJ VHOY� XWYLNOHU JUXSSHQ HW YHUNW¡\ VRP
HU PHQW VRP HW KHOVHYHUNW¡\� *UXSSHQ KDU GHUIRU Y UW Q¡\H PHG n WHQNH JMHQQRP
XOLNH NRQVHNYHQVHU GHWWH NDQ KD� EnGH IRU WHVWSHUVRQHQ RJ DQGUH� n WD L EUXN 093�HQ�

'HW HNVLVWHUHU IOHUH HWLNNRGHU IRU LQJHQL¡UHU� %ODQW GLVVH� EHVNUHYHW DY 163( L ©&RGH
RI (WLFV IRU (QJLQHHUVª� HU GHW HQ DY IOHUH SUREOHPVWLOOLQJHU JUXSSHQ DUEHLGHW PHG� RJ
GHWWH HU ©+ROG SDUDPRXQW WKH VDIHW\� KHDOWK DQG ZHOIDUH RI WKH SXEOLFª� 'HWWH JnU
XW Sn n WD Q¡\H KHQV\Q WLO VLNNHUKHWHQ� KHOVHQ RJ YHOIHUGHQ WLO PHQQHVNHU� (WWHUVRP
093�HQ HU HW PHGLVLQVN KMHOSHPLGGHO� HU GHW VY UW YLNWLJ DW DOJRULWPHQ HU Q¡\DNWLJ
RJ NRUUHNW� 'HWWH HU IRUGL GHQ GLUHNWH SnYLUNHU GLDEHWLNHUH VLQ KHOVH JMHQQRP EORG�
VXNNHUUHJXOHULQJHQ� *UXQQHW GHWWH KDU JUXSSHQ Y UW Q¡\H PHG n XQGHUVWUHNH DW
GHWWH HU HQ 093� RJ LNNH HQ IXOOYHUGLJ DSSOLNDVMRQ� , WLOOHJJ XQGHUV¡NHU JUXSSHQ PHU L
GHWDOM RP DOJRULWPHQ� RJ 093�HQ L VHJ VHOY� HU YHUGW n YLGHUHXWYLNOH� XW LIUD GH SUHOLP�
LQ UH GDWDHQH� *UXSSHQ KDU RJVn VNUHYHW WHVWHU IRU EDFNHQG�NRGHQ� GHU DOJRULWPHQ
HU VNUHYHW� L WLOOHJJ WLO P\H XQQWDNVKnQGWHULQJ� IRU n VLNUH NRGHQV LQWHJULWHW� 'HWWH HU
EHVNUHYHW L PHU GHOWDOM L GHOVHNVMRQ ������

1,72 KDU RJVn HJQH HWLVNH UHWQLQJVOLQMHU� %ODQW GLVVH ILQQHU PDQ EODQW DQQHW DW ©1,�
72V PHGOHPPHU RJ DQVDWWH VNDO YHGNMHQQH VHJ VLWW IDJOLJH DQVYDU RJ XWI¡UH VLWW DUEHLG
L KHQKROG WLO DQHUNMHQWH NYDOLWHWVQRUPHUª >��@� *UXSSHQ KDGGH JRG NMHQQVNDS WLO
RJ JRGH NXQQVNDSHU RP GLDEHWHV W\SH � YHG VWDUWHQ DY SURVMHNWHW� JUXQQHW HJQH
HUIDULQJHU YHG V\NGRPPHQ� 'HW YDU YLNWLJ IRU JUXSSHQ n KD HQ JRG IRUVWnHOVH DY
GLDEHWHV� RJ KYRUGDQ DOJRULWPHQ VNXOOH XWDUEHLGHV� *UXSSHPHGOHPPHQH ILNN NRQWLQ�
XHUOLJ GLVNXWHUW XQGHU XWYLNOLQJVSURVHVVHQ KYRUGDQ DOJRULWPHQ VNXOOH XWIRUPHV� RJ
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GHWWH PHGI¡UWH DW JUXSSHQ ILNN GHOW VLQ NXQQVNDS� RJ V¡UJHW IRU n ODJH HW SURGXNW
EDVHUW Sn ULNWLJ NXQQVNDS� .YDOLWHWVQRUPHQH JUXSSHQ WRN KHQV\Q WLO YDU GD DOOHUHGH
NMHQWH LQVXOLQEHUHJQLQJV PHWRGHU� VDPW GLDEHWHV W\SH � L VLQ KHOKHW� (WWHUVRP JUXS�
SHQ XWDUEHLGHW HQ 093� NRQNOXGHUWH JUXSSHQ DW GHW NXQ VNXOOH WDV XWJDQJVSXQNW L
GH SUHOLPLQ UH GDWDHQH IRU n XQGHUV¡NH RP LGHHQ RJ DOJRULWPHQ HU QRH VRP EXUGH
YLGHUHXWYLNOHV WLO HW JRGNMHQW PHGLVLQVN YHUNW¡\� 'HW ILQQHV DQGUH XOLNH NYDOLWHWV�
QRUPHU IRU PHGLVLQVNH YHUNW¡\� VRP JUXSSHQ L PLQGUH JUDG WRN KHQV\Q WLO JUXQQHW WLG�
RJ DW GHW HU HQ 093 VRP EOLU XWYLNOHW�

$QGUH SURIHVMRQVHWLVNH SUREOHPVWLOOLQJHU VRP YDU DNWXHOOH RPKDQGOHW 1,72 VLQ HW�
LVNH UHWQLQJVOLQMH RP DW PDQ ©VNDO YLVH UHVSHNW IRU VDPVSLOOHW PHOORP WHNQRORJL RJ
PHQQHVNHOLJH YHUGLHU� VDPW ELGUD WLO nSHQKHW RP NRQVHNYHQVHU DY WHNQRORJLVNH O¡V�
QLQJHU�ª >��@� +HU KDU JUXSSHQ NRQWLQXHUOLJ JMHQQRP SURVHVVHQ UHIOHNWHUW RP 093�HQ
KDU QRHQ NRQVHNYHQVHU� RJ RP WMHQHVWHQ GHQ OHYHUHU� *UXSSHQ KDU NRQNOXGHUW PHG
DW GHUVRP GHW HU QRHQ VWRUH PDQJOHU PHG NRGHQ� VRP LNNH EOLU SOXNNHW RSS DY WHVWHU�
XQQWDNVKnQGWHULQJ RJ XWWHVWLQJ� NDQ 093�HQ Y UH VY UW IDUOLJ n WD L EUXN� 'HWWH HU
IRUGL GHW HU Y UW In HQKHWHU PHG LQVXOLQ VRP VNDO WLO I¡U QRH NDQ Jn JDOW� )RU HN�
VHPSHO NDQ PDQ RSSOHYH HQ I¡OLQJ GHUVRP PDQ JLU IRU P\H LQVXOLQ� VH GHOVHNVMRQ
���� *UXQQHW GHWWH KDU JUXSSHQ ODJW LQQ HQ VLNNHUKHWVPHNDQLVNH L NRGHQ IRU n XQQJn
GHWWH� 'HWWH NQ\WWHU RJVn RSS LPRW GHQ I¡UVWQHYQWH SURIHVMRQVHWLVNH SUREOHPVWLOOLQJHQ
L GHQQH GHOVHNVMRQHQ�

7HNQD WUHNNHU IUHP WR SRHQJ JUXSSHQ KDU YXUGHUW RJ GLVNXWHUW JMHQQRP SURVHVVHQ�
QHPOLJ RP 093�HQ ©KDU XKHOGLJH NRQVHNYHQVHU IRU LQGLYLGHU� PLOM¡ HOOHU VDPIXQQª
>��@ RJ RP GHQ ©WnOHU RIIHQWOLJ RSSPHUNVRPKHWª >��@� 'HW I¡UVWQHYQWH HU QRH VRP
YLO EOL GLVNXWHUW L PHU GHWDOM YLGHUH L VHNVMRQ �� 6LVWQHYQWH HU QRH JUXSSHQ KDU YDOJW
n QHGSULRULWHUH JUXQQHW WLG RJ GHW IDNWXP DW GHW NXQ EOLU XWYLNOHW HQ 093 RJ LNNH HQ
IXOOVWHQGLJ DSSOLNDVMRQ� VRP QHYQW WLGOLJHUH� 6HOY RP GHW LNNH KDU Y UW HQ SULRULWHW�
KDU JUXSSHQ DUEHLGHW IRU DW GHW VNDO Y UH OHWW n YLGHUHI¡UH 093�HQ RJ JM¡UH GHQ NODU
IRU RIIHQWOLJ RSSPHUNVRPKHW� (Q DQQHQ JUXQQ WLO DW GHQQH SUREOHPVWLOOLQJHQ LNNH KDU
EOLWW SULRULWHUW� HU JUXQQHW DOW GHW MXULGLVNH RJ RIIHQWOLJH GRNXPHQWHU VRP Pn Sn SODVV
I¡U HQ VOLN DSSOLNDVMRQ NDQ RIIHQWOLJJM¡UHV� 'HW HU GHUIRU YLNWLJ DW GHUVRP 093�HQ
YLGHUHXWYLNOHV WLO HQ IXOOYHUGLJ DSSOLNDVMRQ� Pn GHQ JMHQQRP HQ VW¡UUH WHVWSURVHVV
PHG HQ VW¡UUH WHVWJUXSSH HQQ GHW VRP KDU EOLWW JMRUW XQGHU GHQQH SURVHVVHQ�

(Q JMHQQRPJnHQGH SUREOHPVWLOOLQJ KDU Y UW Q¡\DNWLJKHWHQ DY DOJRULWPHQ RJ LQVXOLQ�
EHUHJQLQJHQ� 6RP EHVNUHYHW L WLGOLJHUH GHOVHNVMRQ ���� NDQ GHW KD IDWDOH NRQVHN�
YHQVHU RP LQVXOLQEHUHJQLQJHQ EOLU YHOGLJ XNRUUHNW� *UXSSHQ KDU Y UW Q¡\H PHG n KD
NRQWLQXHUOLJ FRGH UHYLHZ JMHQQRP SDUSURJUDPPHULQJ� WHVWLQJ DY NRGHQ� RJ WHVWLQJ DY
DOJRULWPHQ RJ 093�HQ JMHQQRP SURVHVVHQ� IRU n IDQJH RSS HYHQWXHOOH IHLO� , WLOOHJJ WLO
DW GHW HU EOLWW LPSOHPHQWHUW IXQNVMRQDOLWHW IRU n HQGUH GHQ JLWWH LQVXOLQPHQJGHQ HWWHU
EUXNHUV EHKRY RJ YDQHU�

*UXSSHQ KDU JMHQQRP SURVHVVHQ IRUV¡NW n KROGH VHJ WLO� UHIOHNWHUH RJ YXUGHUH 1,72V
RJ 7HNQDV HWLVNH UHWQLQJVOLQMHU� RJ KYRUGDQ GLVVH SDVVHU PHG JUXSSHQV RSSJDYH� (W�
WHUVRP JUXSSHQ KDGGH JRG HUIDULQJ PHG GLDEHWHV RJ KYD VODJV NRQVHNYHQVHU GHQQH
V\NGRPPHQ NDQ KD� YDU EHJJH YHOGLJ RSSPHUNVRPPH Sn HIIHNWHQ DY n LNNH WD KHQV\Q
WLO GH HWLVNH SUREOHPVWLOOLQJHQH UXQGW RSSJDYHQ�

��



��� 9LWHQVNDS

����� 3URVHVV

5XQGW JUXSSHQV SURVHVV ILQQHU PDQ EnGH VW\UNHU RJ VYDNKHWHU NQ\WWHW WLO YLWHQVNDSH�
OLJKHW� (Q DY VW\UNHQH UXQGW SURVHVVHQ YDU GHQ JUXQQOHJJHQGH IRUVWnHOVHQ� GH JRGH
NXQQVNDSHQH� RJ HUIDULQJHQH JUXSSHQ KDGGH UXQGW GLDEHWHV W\SH �� 'HWWH JD JUXQQOD�
JHW WLO n DQDO\VHUH GDWDHQ NRUUHNW� XWDUEHLGH HQ JRG DOJRULWPH� VDPW XWDUEHLGH HQ 093
IRU LQQVDPOLQJ DY Q¡GYHQGLJ GDWD� , WLOOHJJ WLO JUXSSHQV HNVLVWHUHQGH NXQQVNDS� OHVWH
PHGOHPPHQH UHOHYDQWH IRUVNQLQJVDUWLNOHU >��@ >��@ >��@ >�@ >��@ LQQHQIRU IOHUH IDJ�
IHOW IRU n EHNUHIWH DW NXQQVNDSHQ VRP HU LQQKHQWHW RJ V\VWHPDWLVHUW L VDPVYDU PHG
JUXQQOHJJHQGH NUDY VRP GHQ YLWHQVNDSHOLJH NXOWXUHQ DQHUNMHQQHU >��@� *UXSSHQ KDU
JnWW V\VWHPDWLVN IUHP IRU n E\JJH Q\ NXQQVNDS RJ IRUVWn GHQ DOOHUHGH HNVLVWHUHQGH
NXQQVNDSHQ EHGUH� , WLOOHJJ KDU JUXSSHQ Y UW Q¡\H PHG n KnQGWHUH NXQQVNDSHQ Sn
HQ V\VWHPDWLVN RJ  UOLJ PnWH�

, I¡OJH ERNHQ ©.YDOLWDWLYH PHWRGHU L PHGLVLQVN IRUVNQLQJª KDU PDQ I¡OJHQGH JUXQ�
QEHWLQJHOVHU IRU YLWHQVNDSHOLJ NXQQVNDS� UHOHYDQV� YDOLGLWHW RJ UHIOHNVLYLWHW >��@� 5HO�
HYDQV RPKDQGOHU KYD NXQQVNDSHQ EOLU EUXNW WLO� +YD IRUVNHUHQ HJHQWOLJ KDU IXQQHW XW
DY HU J\OGLJKHW HOOHU YDOLGLWHW� 5HIOHNVLYLWHW KDQGOHU RP KYRUGDQ SURVHVVHQ KDU SnYLUNHW
IXQQ RJ NRQNOXVMRQHU�

$OJRULWPHQ XWYLNOHW XQGHU SURVMHNWHW RSSI\OOHU UHOHYDQV NUDYHW� 'HWWH HU IRUGL GHW HU
HQ Q\ DOJRULWPH RJ HQ Q\ PnWH n EHUHJQH LQVXOLQPHQJGH Sn� RJ ELGUDU GHUPHG PHG
QRH Q\WW LQQHQIRU IDJIHOWHW�

9DOLGLWHW RPKDQGOHU WUH YLNWLJH VS¡UVPnO� LQWHUQ YDOLGLWHW� HNVWHUQ YDOLGLWHW RJ UHSHWHU�
EDUKHW >��@� )RU LQWHUQ YDOLGLWHW KDU JUXSSHQ WDWW L EUXN UHOHYDQWH EHJUHSHU RJ YHUNW¡\
IRU n ILQQH GHQ UHOHYDQWH NXQQVNDSHQ� )RU HNVHPSHO KDU JUXSSHQ WDWW L EUXN NXQQVNDS
DQJnHQGH GLDEHWHV RJ VWDWLVWLNN IRU n XWYLNOH 093�HQ� +HU YDU JUXSSHQ Q¡\H PHG n
EUXNH DQHUNMHQWH IRUPOHU IRU VWDWLVWLNNHQ� 'HW YDU YLNWLJ DW 093�HQ IDNWLVN VDPOHW LQQ
GHQ NRUUHNWH GDWDHQ� RJ DW JUXSSHQ YLVVWH KYD GH VNXOOH JM¡UH PHG GHQQH� 'HWWH HU
EODQW DQQHW KYRUIRU JUXSSHQ YDOJWH n XWYLNOH 093�HQ� GD HNVLVWHUHQGH GDWD LNNH JD
JUXSSHQ GHQ GDWDHQ VRP YDU Q¡GYHQGLJ IRU DOJRULWPHQ� , 093�HQ HU GHW RJVn LP�
SOHPHQWHUW VLNNHUKHWVPHNDQLVPHU RJ XQQWDNVKnQGWHULQJ IRU n IRUVLNUH DW GDWDHQH HU
SnOLWHOLJH� (NVWHUQ YDOLGLWHW� HOOHU RYHUI¡UEDUKHW� KDQGOHU RP KYRUGDQ IXQQHQH L RSS�
JDYHQ NDQ JM¡UHV JMHOGHQH XWRYHU GHQ NRQWHNVWHQ GHQ KDU EOLWW NDUWODJW L >��@� )RU
HNVHPSHO YLO DOJRULWPHQ LNNH NXQ IXQJHUH IRU pQ SHUVRQ� (WWHUVRP DOJRULWPHQ EUXNHU
GDWDHQ EUXNHUHQ DY 093�HQ OHJJHU LQQ� YLO GHQ GHUPHG RJVn WLOSDVVH VHJ KYHU HQNHOW
SHUVRQ� 5HSHWHUEDUKHW KDQGOHU RP n NXQQH JMHQWD IRUV¡NHW RJ HQGH RSS PHG OLNH
UHVXOWDWHU KYHU JDQJ� (WWHUVRP DOJRULWPHQ MXVWHUHU VHJ EDVHUW Sn KYHU HQNHOW LQGLYLG
VLWW EORGVXNNHU� YLO GHQ DOOWLG JL XOLNW VYDU IRU DQGUH WHVWSHUVRQHU HQQ WHVWSHUVRQHQ
XQGHU SURVMHNWHW� *UXQQHW WLG KDGGH KHOOHU LNNH JUXSSHQ PXOLJKHW WLO n QXOOVWLOOH DO�
JRULWPHQ RJ UHSHWHUH HNVSHULPHQWHW� IRU n XQGHUV¡NH RP DOJRULWPHQ YLOOH ILQQH GH
VDPPH YHUGLHQH HWWHU HQ JLWW WLG� , WLOOHJJ YLOOH GHW Y UW VY UW NRPSOLVHUW n JMHQWD
HNVSHULPHQWHW� GD GHW LNNH NXQ RPKDQGOHU HW OLNW WLGVURP� PHQ RJVn KYD VODJV PDW
WHVWSHUVRQHQ VSLVHU� KYRU P\H PDW VRP NRQVXPHUHV� V\NGRP RJ WUHQLQJ� 'HUVRP
PDQ VNXOOH JMHQQRPI¡UW HNVSHULPHQWHW Sn Q\WW� EXUGH GHW JMHQQRPI¡UHV PHG IOHUH
LWHUDVMRQHU IRU n XQGHUV¡NH RP DOJRULWPHQ ILQQHU RPWUHQWOLJ GH VDPPH YHUGLHQH KYHU
JDQJ�

5HIOHNVLYLWHWVNUDYHW RSSI\OOHV YHG DW JUXSSHQ NRQWLQXHUOLJ KDU YXUGHUW IUHPJDQJV�
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PnWHQ RJ NRQNOXVMRQHU� 9HG YDOJ DY WHNQRORJL RJ PHWRGH YXUGHUWH JUXSSHQ IOHUH
YDOJPXOLJKHWHU� RJ GU¡IWHW SRVLWLYH RJ QHJDWLYH DVSHNWHU YHG GH XOLNH YDOJHQH� *UXS�
SHQ KDU RJVn EHVNUHYHW L GHWDOM GH XOLNH NRQWHNVWXHOOH IRUXWVHWQLQJHQH IRU n WRONH
SUREOHPVWLOOLQJHQH� 9HG n WHVWH GHOHU DY NRGHQ� KDU JUXSSHQ RJVn V¡NW NRQIURQWDV�
MRQHU PHG HJQH SRVLVMRQHU� IRU n XQGHUV¡NH IHLO� , WLOOHJJ KDU JUXSSHQ Y UW Q¡\H PHG
n EHKROGH LQWHJULWHWHQ L UHVXOWDWHQH� IRU HNVHPSHO YHG n IRUNDVWH NRUUXSW GDWD VHOY RP
GHWWH PHGI¡UWH HQ PLQGUH GDWDLQQVDPOLQJ�

����� 5HVXOWDWHU

'HW HU HQ YLWHQVNDSHOLJ UHOHYDQV IRU DOJRULWPHQ� GD GHQV UHVXOWDWHU ELGUDU WLO Q\ LQ�
IRUPDVMRQ LQQHQIRU HW HNVLVWHUHQGH IDJIHOW� )UD UHVXOWDWHQH NDQ PDQ IRU HNVHPSHO
YLGHUHXWYLNOH DOJRULWPHQ� RJ IRUEHGUH GHQQH� RJ Sn GHQQHPnWHQ GULYH IDJIHOWHW YLGHUH�

5HVXOWDWHQH IUD DOJRULWPHQ HU YDOLGH� )RU GHW I¡UVWH HU GHW EUXNW UHOHYDQW NXQQVNDS
LQQHQIRU PHGLVLQ �GLDEHWHV W\SH �� RJ VWDWLVWLNN IRU n XQGHUV¡NH UHVXOWDWHQH RJ NRQNOXGHUH
XW LIUD GLVVH� 'HWWH RSSI\OOHU VS¡UVPnOHW RP LQWHUQ YDOLGLWHW� 'HW HU EOLWW EUXNW VWDW�
LVWLNN IRU DQDO\VHQ DY UHVXOWDWHQH� RJ YDOJHW DY ,76 DQDO\VH KDU SnYLUNHW UHVXOWDWHQH
RJ KYRUGDQ GLVVH EOLU WRONHW� )RU HNVWHUQ YDOLGLWHW� KDU GHW EOLWW GLVNXWHUW L GHOVHNVMRQ
����� RP KYRUYLGW GHW HU PXOLJ PHG RYHUI¡UEDUKHW� )UD GHQQH GLVNXVMRQHQ EOH GHW
NRQNOXGHUW DW GHW YLO EOL YDQVNHOLJ n In Q¡\DNWLJ GH VDPPH UHVXOWDWHQH� GD DOJRULWPHQ
WLOSDVVHU VHJ KYHU HQNHOW SHUVRQ� /LNHYHO HU JUXSSHQ SRVLWLYH WLO n RSSQn OLJQHQGH
UHVXOWDWHU� 'HWWH IRU HNVHPSHO LQQHQ WLGVEUXN RJ UHGXNVMRQHQ DY GHQQH�

3URVHVVHQ KDU SnYLUNHW UHVXOWDWHQH L GHQ JUDG DY DW WHVWSHULRGHQ KDU EHVWnWW DY EnGH
V\NGRP� XYHQWHW I\VLVN DNWLYLWHW� RJ XUHJHOPHVVLJ WUHQLQJ� , WLOOHJJ KDU PDWYDUHU VRP
NXQ KDU EOLWW VSLVW QRHQ In JDQJHU� LNNH InWW JMHQQRPJnWW HQ LWHUDVMRQ PHG DOJRULWPHQ�
RJ GHUPHG KDU GHQ LNNH NXQQHW IRUEHGUH GLVVH� 9DOJHW RP n JMHQQRPI¡UH HQ FDVH
VWXG\� RJ LNNH VLPXODVMRQHU� KDU RJVn SnYLUNHW UHVXOWDWHW� 9HG HQ FDVH VWXG\� KDU
DOJRULWPHQ InWW RSHUHUW L GHW PHVW QDWXUOLJH PLOM¡HW� , WLOOHJJ KDU GHWWH I¡UW WLO DW GHW KDU
Y UW PXOLJ n HVWLPHUH WLGVEUXN� EnGH I¡U RJ XQGHU 093�HQ� 'HWWH YLOOH Y UW YDQVNHOLJ
n VLPXOHUH� 9HG n KD HQ WHVWSHULRGH RYHU OHQJHU WLG YLO GHWWH KD SnYLUNHW UHVXOWDWHQH� RJ
GHW HU PXOLJ JUXSSHQ YLOOH InWW HQ DQQHQ SUHVLVMRQ Sn DOJRULWPHQ JMHQQRP VLPXODVMRQ�
(Q XOHPSH YHG n LNNH KD VLPXODVMRQHU� HU DW PDQ NXQQH MXVWHUW PHU Sn DOJRULWPHQ�
RJ JMHQQRPI¡UW IOHUH VLPXODVMRQHU IRU n ILQQH SDUDPHWHUH VRP JD GH PHVW RSWLPDOH
UHVXOWDWHQH�

��� % UHNUDIW

% UHNUDIW EOLU GHILQHUW VRP HW EHJUHS IRU ©n NDUDNWHULVHUH ¡NRQRPLVNH� VRVLDOH� LQ�
VWLWXVMRQHOOH RJ PLOM¡PHVVLJH VLGHU YHG PHQQHVNHOLJH VDPIXQQª >��@� % UHNUDIWLJ
XWYLNOLQJ EHVNULYHU HQ ©XWYLNOLQJ VRP WLOIUHGVVWLOOHU EHKRYHQH WLO PHQQHVNHU VRP OHYHU
L GDJ� XWHQ n ¡GHOHJJH IUHPWLGLJH JHQHUDVMRQHUV PXOLJKHWHU IRU n WLOIUHGVVWLOOH VLQH
EHKRYª >��@� 093�HQ HU L VWRU JUDG E UHNUDIWLJ� VSHVLHOW GD GHQ KDU HW VWRUW SR�
WHQVLDOH WLO n JDJQH VDPIXQQHW� VSHVLHOW PHG WDQNH Sn GLDEHWLNHUH VRP KDU EHKRY IRU
HQ VOLN O¡VQLQJ VRP RSSJDYHQ IUHPVWLOOHU� , WLOOHJJ YLO GHQ LNNH EUXNH P\H UHVVXUVHU�
VH GHOVHNVMRQ ����� RJ GHQ YLO GHUPHG LNNH ¡GHOHJJH IRU IUHPWLGLJH JHQHUDVMRQHU�
VDPWLGLJ VRP GHQ YLO O¡VH HW SUREOHP IRU GDJHQV GLDEHWLNHUH� 9HG n IRUHE\JJH DOYRU�
OLJH KHOVHNRQVHNYHQVHU PHG HW EHGUH UHJXOHUW EORGVXNNHU� JMHQQRP 093�HQ� YLO GHWWH
JDJQH VDPIXQQHW PHG DW� IRU HNVHPSHO� V\NHKXV InU PLQGUH LQQOHJJHOVHU� 'HW YLO

��



RJVn JDJQH HQNHOWLQGLYLGHU EnGH ¡NRQRPLVN RJ KHOVHPHVVLJ� VH GHOVHNVMRQHU ����� RJ
������

(W VDPIXQQVUHVXOWDW VRP SURVMHNWHW HU PHG Sn n IUHPPH HU DOWVn n XWOLJQH IRUVNMHOOHU
IRU GLDEHWLNHUH VRP EUXNHU P\H WLG Sn n EHUHJQH NRUUHNW LQVXOLQPHQJGH� VDPW GLD�
EHWLNHUH VRP OLGHU DY HW GnUOLJ UHJXOHUW EORGVXNNHU� 093�HQ� VRP YLVW L GHOVHNVMRQ
�������� UHGXVHUWH WLGHQ EUXNW Sn n UHJXOHUH EORGVXNNHUHW PHG RPWUHQW ���� 'HWWH
JM¡U DW GLDEHWLNHUH NDQ EUXNH GHQQH WLGHQ Sn DQGUH DNWLYLWHWHU� RJ KD HQ PHU WLOQ U�
PHW KYHUGDJ VRP SHUVRQHU XWHQ GLDEHWHV� 9HG n KD HW EHGUH UHJXOHUW EORGVXNNHU�
NDQ GHWWH RJVn EHW\ DW GLDEHWLNHUH NDQ WLOEULQJH PLQGUH WLG KRV KHOVHSHUVRQHOO� 'HWWH
NDQ PHGI¡UH DW GH VRP VOLWHU PHVW InU OHWWHUH WLOJDQJ Sn GHQ SURIHVMRQHOO KMHOSHQ GH
WUHQJHU�

����� 0LOM¡

093�HQ WDU L EUXN HQ ORNDO GDWDEDVH IRU ODJULQJHQ DY GDWD� 'HQ WDU LNNH L EUXN HQ VN\�
O¡VQLQJ� VRP EHW\U DW GHW LNNH HU HW EHKRY IRU HNVWHUQH VHUYHUH IRU n GULIWH DSSOLNDV�
MRQHQ� 'HWWH JM¡U DW NOLPDDYWU\NNHW 093�HQ HWWHUODWHU VHJ HU VY UW OLWH� , IRUVNQLQJ�
VDUWLNNHOHQ ©/LIHF\FOH HQHUJ\ DVVHVVPHQW RI PRELOH DSSOLFDWLRQVª >��@ EOLU GHW EHVNUH�
YHW DW GHQ PRELOH $QGURLG DSSOLNDVMRQHQ� ©0DLO .�ª� VLQH XWVOLSS EHVWnU DY �������
N:K� RJ GHWWH WLOVYDUHU RPWUHQW �� NJ &2�� 'HWWH HU EDVHUW Sn DQWDJHOVHU VRP EODQW
DQQHW DW XWYLNOHUH NRQVXPHUHU ��� N: SHU WLPH L PnQHGHQ� pQ PLOOLRQ QHGODVWLQJHU
DY DSSOLNDVMRQHQ� RJ DW 0DLO .� DSSOLNDVMRQHQ NRQVXPHUHU JMHQQRPVQLWWOLJ ��� : SHU
WLPH� $SSOLNDVMRQHQ VLQH XWVOLSS EOLU EHVNUHYHW L DUWLNNHOHQ VRP UHODWLYW VPn� 0DQ NDQ
VDPHQOLJQH GLVVH UHVXOWDWHQH PHG 093�HQ� %HUHJQLQJHQH EHVNUHYHW L YHGOHJJ &� NDQ
PDQ REVHUYHUH DW XWVOLSSHQH WLO RSSJDYHQV O¡VQLQJ HU Sn 21kg CO2−ekvivalenter/aar RP
DOOH QRUGPHQQ PHG GLDEHWHV W\SH � EUXNWH 093�HQ� WLO VDPPHQOLJQLQJ EUXNWH JMHQ�
QRPVQLWWOLJ HQ LQQE\JJHU L 1RUJH UXQGW 7, 03tonn CO2 L ���� >��@� 8WVOLSSHQGH IUD EUXN
DY 093�HQ HU GHUIRU PHJHW VPn�

$OWHUQDWLYHW WLO 093�HQ HU HQWHQ n WD L EUXN KRGHUHJQLQJ HOOHU EUXNH HQ NDONXODWRU�
+RGHUHJQLQJ NUHYHU NXQ WLG DY SHUVRQHQ VRP XWI¡UHU EHUHJQLQJHQH� PHQV HQ NDONX�
ODWRU EUXNHU HW EDWWHUL� HQWHQ HQ PRELO HQKHW VLWW HOOHU HW HJHQW HW IRU HQ NDONXODWRU�
0DQ NDQ DUJXPHQWHUH IRU DW 093�HQ LNNH XWJM¡U HQ VSHVLHOW VWRU IRUVNMHOO IUD GLVVH
PHWRGHQH� RJ DW XWVOLSSHQH LNNH YLO YDULHUH L VWRU JUDG EDVHUW Sn KYD PDQ YHOJHU n
EHQ\WWH VHJ DY IRU LQVXOLQEHUHJQLQJ� 093�HQ SnYLUNHU DOWVn LNNH PLOM¡HW L HQ VWRU JUDG�
VSHVLHOW LNNH L WLOVWDQGHQ YHG SURVMHNWHWV VOXWW�

����� 6DPIXQQ RJ KHOVH

093�HQ RJ DOJRULWPHQ XWYLNOHW XQGHU GHWWH SURVMHNWHW HU L KRYHGVDN HW PHGLVLQVN
YHUNW¡\� PHG WHQGHQVHU PRW HW YHOIHUGVWLOEXG GD GHW DOW HNVLVWHUHU DQGUH YDOJ IRU
n EHUHJQH LQVXOLQPHQJGHU� 'HWWH HU IRU HNVHPSHO LQVXOLQSXPSHU� VRP KDU GHOHU DY
IXQNVMRQDOLWHWHQ LPSOHPHQWHUW L 093�HQ� 0nOHW PHG 093�HQ HU n VLPSOLILVHUH LQVXOLQ�
EHUHJQLQJHQ� VDPW EHUHJQH HQ PHU NRUUHNW LQVXOLQPHQJGH� 'HW HU YLNWLJ DW GLDEHWLNHUH
I¡OHU VHJ NRPIRUWDEOH PHG KYD VODJV WHNQRORJL GH XWQ\WWHU IRU n PnOH EORGVXNNHUYHUGLHU
RJ KYD GH EUXNHU IRU n VHWWH LQVXOLQ� 6HOY RP HQ LQVXOLQSXPSH KDU GHOHU DY IXQNVMRQDO�
LWHWHQ WLO 093�HQ� HU GHW LNNH DOOH GLDEHWLNHUH VRP ¡QVNHU n WD L EUXN HQ LQVXOLQSXPSH�
'HW ILQQHV XOLNH JUXQQHU WLO GHWWH� RJ HQ DY GH NDQ Y UH DW GH LNNH HU NRPIRUWDEOH
PHG n KD HW PHGLVLQVN YHUNW¡\ IHVWHW Sn NURSSHQ WLO HQKYHU WLG� HOOHU DW GH LNNH KDU
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¡NRQRPLVN UnG WLO GHW� 093�HQ HU NXQ HQ PRELODSSOLNDVMRQ� RJ HU OHWW WLOJMHQJHOLJ�
KDU PHU IXQNVMRQDOLWHW RJ HU LNNH SnWUHQJHQGH Sn VDPPH PnWH VRP IRU HNVHPSHO HQ
LQVXOLQSXPSH�

093�HQ YLO SnYLUNH HQ GLDEHWLNHU VLQ KHOVH� 'HWWH JMHQQRP UHJXOHULQJHQ DY EORGVXN�
NHU� 6OLN VRP 093�HQ YDU YHG SURVMHNWHWV VOXWW� WLOVLHU DQDO\VHQ DY GH SUHOLQLQ UH
UHVXOWDWHQH� DW HQ GLDEHWLNHU YLO EOL GnUOLJHUH UHJXOHUW� *UXSSHQ WURU LPLGOHUWLG DW GH
KDU LGHQWLILVHUW SUREOHPHW PHG DOJRULWPHQ� RJ PHG GH UHWWH MXVWHULQJHQH� WURU GH DW
DOJRULWPHQ HQWHQ YLO In HQ EHGUH SUHVLVMRQ� HOOHU KD VDPPH SUHVLVMRQ VRP GLDEHWLNHUHQ
KDGGH I¡U DOJRULWPHQ� 'HUVRP 093�HQ LNNH IRUEHGUHU UHJXOHULQJHQ DY EORGVXNNHUHW�
NDQ GHWWH SnYLUNH HQ GLDEHWLNHU VLQ KHOVH QHJDWLYW� 'HWWH YLO LJMHQ I¡UH WLO HQ EHODVW�
QLQJ Sn VDPIXQQHW� JMHQQRP KHOVHWMHQHVWHQH� , WLOOHJJ NDQ GHW Y UH HQ ¡NRQRPLVN
EHODVWQLQJ Sn SHUVRQHQ GHW JMHOGHU� VH GHOVHNVMRQ ������ 'HULPRW� RP DOJRULWPHQ HQ�
WHQ InU GH Q¡GYHQGLJH MXVWHULQJHQH HOOHU EOLU IMHUQHW IUD 093�HQ� NDQ 093�HQ IXQJHUWH
VRP RULJLQDOW SODQODJW� 'HWWH LQQHE UHU GD DW GLDEHWLNHUH EOLU OLJQHQGH UHJXOHUW RJ
VSDUHU WLG� VRP YLO I¡UH WLO DW SRVLWLY VDPIXQQVXWYLNOLQJ� RJ Qn HW VDPIXQQVUHVXOWDW RP
n XWOLJQH IRUVNMHOOHU L HQ KHOVHPHVVLJ VLWXDVMRQ�

������� )1V E UHNUDIWVPnO

)1V E UHNUDIWVPnO JnU XW Sn DW YHUGHQ VNDO MREEH VDPPHQ IRU n XWU\GGH IDWWLJGRP�
EHNMHPSH XOLNKHW� RJ VWDQVH NOLPDHQGULQJHU LQQHQ ����� $Y )1V �� E UHNUDIWV�
PnO ELGUDU GHWWH SURVMHNWHW WLO PnO QXPPHU WUH� ©*RG KHOVH RJ OLYVNYDOLWHWª� 'HWWH
PnOHW JnU XW Sn n ©VLNUH JRG KHOVH RJ IUHPPH OLYVNYDOLWHW IRU DOOH� XDQVHWW DOGHUª
>��@� 9HG GHWWH PnOHW HU GHW VSHVLHOW XQGHUPnO ��� VRP UHVRQHUHU PHG GHWWH SURV�
MHNWHW� 'HWWH XQGHUPnOHW WDU IRU VHJ n ©UHGXVHUH SUHPDWXU G¡GHOLJKHW IRUnUVDNHW DY
LNNH�VPLWWVRPPH V\NGRPPHU PHG HQ WUHGHO JMHQQRP IRUHE\JJLQJ RJ EHKDQGOLQJ� RJ
IUHPPH ����� OLYVNYDOLWHW LQQHQ ����ª >��@� (WWHUVRP GLDEHWHV NDQ KD DOYRUOLJH NRQ�
VHNYHQVHU GHUVRP GHQ LNNH EOLU KnQGWHUW� NDQ GHWWH I¡UH WLO WLGOLJ G¡G L GH YHUVWH WLOIHO�
OHQH� , WLOOHJJ HU GHW HQ WLGVNUHYHQGH V\NGRP� VRP RJVn HU HUIDUW DY WHVWSHUVRQHQ� 9HG
n VHQNH PHQJGHQ WLG EUXNW Sn GLDEHWHV� L WLOOHJJ WLO n HQWHQ IRUEHGUH JOXNRVHQLYnHQH
HOOHU OD GLVVH Y UH XSnYLUNHW� NDQ PDQ DQWD DW GHWWH YLO IUHPPH OLYVNYDOLWHW KRV GH
IOHVWH VRP VOLWHU PHG GHWWH� *UXQQHQ EDN GHQQH DQWDJHOVHQ HU GHQ SRVLWLYH RSS�
OHYHOVHQ WHVWSHUVRQHQ KDGGH PHG 093�HQ� 3URVMHNWHW� PHG Q¡GYHQGLJH MXVWHULQJHU�
NDQ ELGUD EnGH WLO IRUKLQGUH G¡GHOLJKHW� VDPW IUHPPH OLYVNYDOLWHW IRU GLDEHWLNHUH�

����� �NRQRPL

'HW HU YLNWLJ n VHWWH RSSJDYHQ LQQ L HW ¡NRQRPLVN SHUVSHNWLY� 'HUVRP 093�HQ VNDO
YLGHUHXWYLNOHV WLO HQ IDNWLVN DSSOLNDVMRQ VRP VNDO EOL EUXNW DY IOHUH GLDEHWLNHUH� NDQ
GHWWH SnYLUNH KYHUW DY GLVVH HQNHOW LQGLYLGHQHV ¡NRQRPL� 'HWWH HU IRUGL GHUVRP DO�
JRULWPHQ LNNH VNXOOH NODUH n IRUHVOn ULNWLJH LQVXOLQPHQJGHU� HQWHQ VRP I¡OJH DY GnUOLJ
RSSI¡OJLQJ DY VOXWWEUXNHU HOOHU DW DOJRULWPHQ LNNH VNXOOH NODUH n WLOSDVVH VHJ GHQQH
SHUVRQHQ� NDQ GHWWH PHGI¡UH VWRUH NRQVHNYHQVHU L IRUP DY VHQVNDGHU HOOHU I¡OLQJHU
IRU HQNHOW SHUVRQHQ� 'HWWH NDQ I¡UH WLO DW GLDEHWLNHUHQ YLO IRUV¡NH n RUGQH SUREOHPHW
VHOY� HOOHU DW GH RSSV¡NHU HOOHUV XQ¡GYHQGLJ KHOVHKMHOS� 6RP GLDEHWLNHU InU PDQ LQVXOLQ
RJ DQQHW Q¡GYHQGLJ XWVW\U Sn UHVHSW� PHQ n GUD WLO IRU HNVHPSHO IDVWOHJHQ KDU HQ IDVW
SULV XDYKHQJLJ DY V\NGRP� , GH WLOIHOOHQH DSSOLNDVMRQHQ VNXOOH PHGI¡UW VHQVNDGHU�
NDQ GLVVH EOL G\UH� 3n GHQQH PnWHQ NDQ 093�HQ SnYLUNH HQV ¡NRQRPL QHJDWLYW� 3n
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GHQ DQGUH VLGHQ� GHUVRP DOJRULWPHQ JM¡U VRP IRUYHQWHW� RJ JLU HW EHGUH UHJXOHUW EORG�
VXNNHU� NDQ GHW EHW\ PLQGUH RSSI¡OJLQJ DY KHOVHSHUVRQHOO� VRP NDQ VSDUH HQ IRU VOLNH
¡NRQRPLVNH EHODVWQLQJHU� 'LVVH ¡NRQRPLVNH EHODVWQLQJHQH YLO DYKHQJH DY KYRU L YHU�
GHQ PDQ EHILQQHU VHJ� /DQG VRP 1RUJH KDU HW JRGW XWYLNOHW KHOVHV\VWHP VRP JM¡U DW
GHW LNNH XWJM¡U HQ ¡NRQRPLVN IRUVNMHOO JUXQQHW IULNRUW RUGQLQJHQ >��@�

(Q DQQHQ VLGH VRP HU YLNWLJ n VHWWH LQQ L HW ¡NRQRPLVN SHUVSHNWLY HU RP 093�HQ
YLGHUHXWYLNOHV WLO HQ IXOOYHUGLJ DSSOLNDVMRQ� RJ GHUHWWHU VNDO EOL VROJW NRPPHUVLHOW� 9HG
DW DSSOLNDVMRQHQ VHOJHV nSQHU GHWWH IRU DW QRHQ VNDO WMHQH SHQJHU Sn GHQ� 'HWWH nSQHU
LJMHQ IRU HQ PDUNHGVDQDO\VH� RJ KYHP DSSOLNDVMRQHQ NXQQH EOLWW VROJW WLO� 'HWWH NDQ
HQWHQ Y UH HW VW¡UUH ILUPD� HOOHU DW HQNHOW SHUVRQHU VHOY Pn EHWDOH IRU O¡VQLQJHQ� 0DQ
Pn RJVn YXUGHUH KYRUGDQ RJ RP PDQ NDQ VHOJH SURGXNWHW PHG O¡IWHU RP n IRUEHGUH
EORGVXNNHUHW WLO GLDEHWLNHUH� 'HWWH HU DQDO\VHU RJ EHVOXWQLQJHU VRP JUXSSHQ VHOY
LNNH YLO WD VWLOOLQJ WLO� GD 093�HQ NXQ HU HQ 093� RJ LNNH HQ IXOOYHUGLJ DSSOLNDVMRQ�
'HUVRP 093�HQ YLGHUHXWYLNOHV� HU GHW GLVVH XWYLNOHUQH VRP Pn WD VWLOOLQJ WLO GHWWH�
PHQ GHW HU YLNWLJ DW JUXSSHQ HU NODU RYHU KYD VODJV LPSOLNDVMRQHU GHWWH NDQ KD� 6RP
GH I¡UVWH XWYLNOHUQH DY 093�HQ HU GHW YLNWLJ DW JUXSSHQ HU NODU RYHU DQVYDUHW DY n
XWYLNOH HQ KHOVHUHODWHUW 093� RJ KYD VODJV NRQVHNYHQVHU GHWWH NDQ KD� 2SSGUDJVJLYHU
KDU LPLGOHUWLG EHVWHPW DW GHWWH HU HW SURGXNW VRP VOXWWEUXNHU LNNH VNDO PnWWH EHWDOH
IRU�
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https://www.fhi.no/nyheter/2020/nye-tall-om-hvor-mange-som-har-diabetes-i-norge/
https://www.nve.no/nytt-fra-nve/nyheter-energi/lavt-klimagassutslipp-knyttet-til-norsk-stromforbruk-i-2020/
https://www.nve.no/nytt-fra-nve/nyheter-energi/lavt-klimagassutslipp-knyttet-til-norsk-stromforbruk-i-2020/


9HGOHJJ

$ )RUVNQLQJVPHWRGH

)LJXU ��� )RUVNQLQJVPHWRGH

)LJXU �� HU KHQWHW IUD ERNHQ ©5HVHDUFKLQJ ,QIRUPDWLRQ 6\VWHPV DQG &RPSXWLQJª >��@�
'H U¡GH ERNVHQH HU GH JUXSSHQ KDU YDOJW n EHQ\WWH VHJ DY�

���



% $OJRULWPHQ YLVXDOLVHUW

)LJXU ��� $OJRULWPHQ YLVXDOLVHUW

& /LYVO¡SVDQDO\VH RJ EHUHJQLQJHU

093�HQ EUXNHU HQ ORNDOH GDWDEDVH� GHW EHW\U DW XWVOLSSHQH IUD GHQQH O¡VQLQJHQ NXQ
NRPPHU DY SURGXVHULQJHQ DY PRELOH HQKHWHU� VDPW VWU¡PIRUEUXNHW WLO 093�HQ�

'HW HU WU\JW n DQWD DW GHUVRP 093�HQ VRP IHUGLJ DSSOLNDVMRQ EOLU WLOJMHQJHOLJ Sn DOOH
PRELOH SODWIRUPHU Vn YLO GHW LNNH Y UH QRHQ WLOIHOOHU DY DW QRHQ NM¡SHU HQ PRELO HQKHW
IRU n EUXNH DSSOLNDVMRQHQ� 'HWWH HU QRH GH YLO KD IUD I¡U� 'HUIRU VHV GHW ERUW LIUD
OLYVO¡SHW WLO GHQ PRELOH HQKHWHQ� GD GHWWH NDQ YDULHUH P\H RJVn�

'HW HU GD HNVNOXVLYW VWU¡PIRUEUXNHW VRP HU HQ IDNWRU� 'HUVRP PDQ REVHUYHUHU EDW�
WHULIRUEUXNHW WLO 093�HQ� YLO PDQ VH DW GHQ� PHG GDWD IUD GH �� VLVWH GDJHQH� EUXNHU
RPWUHQW �� DY PRELOHQV WRWDOH VWU¡PIRUEUXN� 'HQQH GDWDHQ HU KHQWHW GLUHNWH IUD
GHQ PRELOH HQKHWHQ WLO WHVWSHUVRQHQ� 7HVWSHUVRQHQ VLQ PRELOH HQKHW� HQ L3KRQH ���
KDU HQ EDWWHULNDSDVLWHW Sn ���� P$K >��@� 0RELOHQ KDU RJVn HQ EDWWHUL KHOVH Sn
��� DY HW Q\WW EDWWHUL� GHWWH HU KHQWHW IUD ©%DWWHU\ +HDOWKª Sn WHVWSHUVRQHQV PR�
ELO� 'HWWH JLU HQ WRWDO NDSDVLWHW Sn 3110mAh ∗ 0, 87§2706mAh� )RU n ODGH WHOHIRQHQ WLO
����� WDU GHW RPWUHQW P = U ∗ I = 5V ∗ 2706mAh = 13, 53Wh� �� DY GHWWH HU RPWUHQW
13, 53Wh ∗ 0, 02 = 0, 27Wh� 'HUVRP PDQ DQWDU DW IRUEUXNHW IRUKROGHU VHJ OLNW L O¡SHW DY
HWW nU� YLO GHQ WRWDOH PHQJGHQ Y UH RPWUHQW 0, 22Wh ∗ 365dager = 80Wh/r�

, ���� IDVWVWR )+, DW GHW HU RPWUHQW ������� � ������� QRUGPHQQ PHG GLDEHWHV� $Y
GLVVH HU GHW RPWUHQW �� SURVHQW VRP KDU GLDEHWHV W\SH � >��@� 'HWWH WLOVYDUHU RPWUHQW
316.000+345.000

2 (gjennomsnitt) ∗ 0, 1 = 33.050 SHUVRQHU PHG GLDEHWHV W\SH � L 1RUJH� , GHW
HNVWUHPH WLOIHOOHW GHU DOOH QRUGPHQQ PHG GLDEHWHV W\SH � KDGGH WDWW L EUXN 093�HQ�
YLOOH GHWWH PHGI¡UW HW VWU¡PIRUEUXN Sn 80Wh/aar ∗ 33.050personer = 2.644.000Wh/aar =

2.644kWh/aar�

+YRU P\H CO2 GHWWH WLOVYDUHU L XWVOLSS YDULHUHU Sn KYRU VWU¡PPHQ NRPPHU IUD� , 1RUJH�
IRU n IRUWVHWWH HNVHPSHOHW� YDU GHW L ���� RPWUHQW � JUDP CO2−ekvivalenter/kWh >��@�

���



'HWWH YLO VL DW YL InU XWVOLSS Sn RPWUHQW 2.644kWh/aar ∗ 8gram CO2 − ekvivalenter/kWh =

21, 152kg CO2 − ekvivalenter/aar§21kg CO2 − ekvivalenter/aar.

' 9HGODJWH GRNXPHQWHU L SURVMHNWPDSSH

� )RUSURVMHNWSODQ

� 9LVMRQVGRNXPHQW

� 6\VWHPGRNXPHQWDVMRQ

� .UDYGRNXPHQWDVMRQ

� 3URVHVVGRNXPHQWDVMRQ �SURVMHNWKnQGERN�

� 3UHVHQWDVMRQ DY EDFKHORURSSJDYH

( ,VVXH�ERDUG

)LJXU ��� ,VVXH�ERDUG

���



) %UXNHUWHVWHU

)UHPJDQJVPnWHQ IRU EUXNHUWHVWHQH�
%UXNHUWHVWHQ VNDO Y UH VHPL�VWUXNWXUHUW� %UXNHU VNDO XWIRUVNH VLGHQ Sn HJHQKnQG�
PHQ GHUVRP EUXNHU LNNH ILQQHU DOO IXQNVMRQDOLWHW� VNDO WHVWDQVYDUOLJ VWLOOH RSSI¡OJLQJVVS¡UVPnO�
)¡U PDQ ODU EUXNHU VWDUWH PHG n WHVWH IXQNVMRQDOLWHW VNDO.$/.8/$725 6,'( VS¡UVPnOHQH
VWLOOHV� .$/.8/$725 6,'( RJ 63�560c/ (77(5 7(67(1Pn VWLOOHV� PHQV 63�560c/
$1*c(1'( )81.6-21$/,7(7 620 %58.(5 ,..( )$17 3c (*(1+c1' VNDO
NXQ VWLOOHV GHUVRP EUXNHU LNNH KDU IXQQHW DOO IXQNVMRQDOLWHW� +XVN n QRWHUH VYDU�

)�� %UXNHUWHVW � � ,NNH GLDEHWLNHU

%UXNHU� .YLQQH� �� nU� KDU LNNH GLDEHWHV�

'HQQH EUXNHUWHVWHQ EOH JMHQQRPI¡UW IRU n XQGHUV¡NH RP GHVLJQHW WLO 093¶HQ HU LQWX�
LWLYW� VHOY XWHQ HUIDULQJHU PHG GLDEHWHV�

.$/.8/$725 6,'( �+29('6,'(��
(U VLGHQ RYHUVLNWOLJ"

� 6HU XW VRP '1% DSSHQ

� %HKDJHOLJ IDUJHU

� 6HU SURIHVMRQHOO XW

� /LWW WRP

� )LQ PHQ\

� 2YHUVLNWOLJ

� )LQH LNRQHU

+YD WURU GX GX NDQ JM¡UH PHG DSSOLNDVMRQHQ�093¶HQ"

� 6HU XW VRP HQ ¡NRQRPL DSS

� 0LQQHU RP EDQN

+YD WURU GX WDEEHQ ³ORJJ´ EHVWnU DY"

� 'HW PDQ KDU ORJJHW WLGOLJHUH� RJ GHW PDQ NDQ ORJJH�

+YD WURU GX WDEEHQ ³PDWYDUHU´ EHVWnU DY"

� 0DQ NDQ YHOJH PDWYDUHU HOOHU ORJJH PDWYDUHU

� 7U\NNHW LQQ RJ Vn DW PDQ NXQQH UHJLVWUHUH PDWYDUHU� V\QHV GHWWH JD PHQLQJ�

+YD WURU GX WDEEHQ ³GDJVSURILOHU´ EHVWnU DY"

� 0nOLQJHQH GLQH IRU GDJHQ

���



� 7U\NNHW LQQ RJ Vn DW PDQ NXQQH RSSUHWWH GDJVSURILOHU� *UXQQHW DW EUXNHUHQ LNNH
KDU GLDEHWHV RJ LNNH NDQ P\H RP V\NGRPPHQ� YDU KXQ LNNH NODU RYHU DW PDQ
NDQ KD XOLN VHQVLWLYLWHW IRU LQVXOLQ EDVHUW Sn WLGVSXQNW Sn GDJHQ� 7HVWDQVYDUOLJ
IRUNODUWH IHQRPHQHW WLO EUXNHU� VOLN DW IXQNVMRQDOLWHWHQ VNXOOH JL PHU PHQLQJ HWWHU
DW EUXNHU KDGGH JLWW VLQH WDQNHU� RJ EUXNHUWHVWHQ YDU RYHU�

63�560c/ $1*c(1'( )81.6-21$/,7(7 620 %58.(5 ,..( )$17 3c (*(1+c1'
�(.6(03/(5 3c 233)�/*,1*663�560c/��
%UXNHU ILNN LNNH WHVWHW P\H IXQNVMRQDOLWHW Sn HJHQKnQG� GD PDWYDUHU RJ GDJVSURILOHU
PnWWH Sn SODVV I¡U PDQ NXQQH NDONXOHUH LQVXOLQ� %UXNHU XQGHUV¡NWH GH XOLNH WDEEHQH
L PHQ\HQ� RJ WU\NNHW Sn ³FDOFXODWH´ Sn NDONXODWRU VLGHQ� RJ ILNN RSS IHLOPHOGLQJ RP
DW PDQ Pn KD GHQ QnY UHQGH EORGVXNNHUYHUGLHQ IRU n NDONXOHUH� 7U\NNHW Sn ³DGG
PDWYDUHU´�NQDSSHQ� IRUYHQWHW n OHJJH WLO PDWYDUHU� 3U¡YGH n V¡NH HWWHU PDWYDUHU�
LQQVn DW GHW LNNH HNVLVWHUWH QRHQ�

+YD WURU GX GHW ¡YHUVWH IHOWHW Sn NDONXODWRU VLGHQ HU"

� 7LO n VNULYH LQQ FXUUHQW JOXFRVH�EORGVXNNHUYHUGLHQ�

� 7U\NNHW LQQ RJ Vn DW PDQ NXQQH UHJLVWUHUH PDWYDUHU� V\QHV GHWWH JD PHQLQJ�

+YRUGDQ YLOOH GX UHJQHW XW KYRU PDQJH LQVXOLQHQKHWHU GX Pn VHWWH WLO HW
PnOWLG"

� /D WLO FXUUHQW JOXFRVH RJ PDWYDUHU� EUXQFK EOH YDOJW DXWRPDWLVN�

� 7U\NWH LQQ L IHOWHW YHG XQLWV� DQWRN PDQ NXQQH RYHUULGH WDOOHW KYLV PDQ YDU XHQLJ�

+YD YLOOH GX JMRUW IRU n RSSUHWWH HQ Q\ PDWYDUH"

� 7U\NNHW Sn SOXVV WHJQHW� /D WLO EU¡G RJ I\OWH XW IHOWHQH� 7U\NNHW Sn VDYH�NQDSSHQ

+YRUGDQ YLOOH GX HQGUHW KYLONH PDWYDUHU GX VNXOOH VSLVH WLO HW JLWW PnOWLG"

� 7U\NNHW Sn ³DGG JURFHULHV´�NQDSSHQ� OD WLO EU¡G�

+YRUGDQ YLOOH GX XQGHUV¡NW RP GX DOOHUHGH KDGGH HQ HNVLVWHUHQGH PDWYDUH
VRP GX YLOOH VSLVH"

� 7U\NNHW JURFHULHV WDEEHQ� IDQW EU¡G�

+YRUGDQ YLOOH GX VOHWWHW HQ PDWYDUH"

� 6ZLSHW Sn PDWYDUHQ IRU n VOHWWH GHQ� VOLN VRP PDQ JM¡U Sn WHOHIRQHQ�

+YRUGDQ YLOOH GX RSSUHWWHW GDJVSURILOHU"

� 7U\NNHW Sn SOXVVWHJQHW Sn GD\SURILOHV� /DJGH ³EUXQFK´

���



+YRUGDQ YLOOH GX HQGUHW GDJVSURILOHQ WLO HQ PnOWLG� GHUVRP GX YLOOH KD HQ
DQQHQ HQ"

� /D WLO HQ Q\ GDJVSURILO� HWWHU LQVWUXNVHU IUD WHVWDQVYDUOLJ �GHWWH EOH JMRUW I¡U
VS¡UVPnOHW EOH VWLOW�� 7U\NNHW Sn GHU GHW VWR ³VHFRQG E �́ QDYQHW Sn GHQ Q\H
GDJVSURILOHQ� Sn NDONXODWRU VLGHQ� RJ HQGUHW WLO EUXQFK YHG EUXN DY SLFNHU IXQNV�
MRQDOLWHWHQ�

+YRUGDQ YLOOH GX VOHWWHW HQ GDJVSURILO"

� *MRUGH VRP PHG PDWYDUH� VZLSHW Sn GDJVSURILOHQ�

+YD YLOOH GX JMRUW GHUVRP GHW GXNNHW RSS HQ SnPLQQHOVH"

� 7U\NNHW ³RN �́ 6NUHY LQQ JOXNRVH

+YLV GX VNDO VSLVH HQ PDWYDUH I�HNV� � WLPHU HWWHU VLVW JDQJ GX UHJLVWUHUWH
LQVXOLQ L DSSOLNDVMRQHQ� KYD YLOOH GX JMRUW"

� %UXNHU REVHUYHUWH DW PDQ LNNH NXQQH VNULYH LQQ ³FXUUHQW JOXFRVH �́ 7U\NNHW Sn
³DGG JURFHULHV´�NQDSSHQ� 7U\NNHW Sn FDOFXODWH�NQDSSHQ�

+YRUGDQ YLO GX VMHNNH KYD GX VSLVWH WLO HW PnOWLG"

� *LNN Sn ORJJ�WDEEHQ� WU\NNHW Sn HQ ORJJ RJ IDQW LQIRUPDVMRQ RP GHQQH�

63�560c/ (77(5 7(67(1�
9DU DSSOLNDVMRQHQ OHWW�NRPIRUWDEHO n EUXNH"

� -D�

� %UXNHU PHQWH GHW YLOOH Y UW OHWWHUH KYLV KXQ YLVVWH PHU RP GLDEHWHV VRP KHOKHW�

� )¡OWHV LQWXLWLY�

� 7\SLVN DSS� QnU KXQ WU\NNHU Sn QRH IRUYHQWHU KXQ DW GHW HU GHW VRP VNDO VNMH�

� 2YHUVLNWOLJ� RJ DSSOLNDVMRQHQ YDU LNNH FURZGHG�URWHWH� 1¡\WUDO DSSOLNDVMRQ� )LQW
GHVLJQ� ,QJHQ VXUUHWH IRQWHU� )LQH LNRQHU�

9DU GHW HQNHOW n IRUVWn KYRUGDQ RJ KYD GX VNXOOH JM¡UH"

� -D� VWRUW VHWW�

� 'HW VRP KROGW EUXNHU WLOEDNH YDU HQ EHGUH IRUVWnHOVH DY GLDEHWHV RJ NXQQVNDSHU
LQQHQ IHOWHW

9DU LQIRUPDVMRQHQ Sn VLGHQH HQNHO n IRUVWn� RJ YDU IXQNVMRQDOLWHWHQ WLO DSS�
OLNDVMRQHQ IRUPLGOHW Sn HQ JRG PnWH"

� -D� UHODWLYW nSHQEDUW

���



+YD V\QV GX RP GHVLJQHW" %XUGH QRH Y UW HW DQQHW VWHG" )DUJHU"

� )DUJHQH HU Q¡\WUDOH RJ EHKDJHOLJH� %UXNHU PHQWH GHW YLOOH Y UW UDUW n KD DQGUH
IDUJHU�

� $SSOLNDVMRQHQ PLQQHU RP EDQN DSS� PHQ EUXNHU V\QHV GHW JD PHQLQJ� GD PDQ
XWI¡UHU HQ VODJV ¡NRQRPL KHU RJ�

� $SSHQ HU VLPSHO RJ EUXNHUYHQQOLJ�

� %UXNHU V\QV GHW PDQJOHU HQ NXO ORJR�

1nU GX WU\NNHW Sn GH IRUVNMHOOLJH NQDSSHQH�VLGHQH�XWIRUVNHW IXQNVMRQDOLWHWHQ�
YDU GHW VRP VNMHGGH� GHW GX IRUYHQWHW VNXOOH VNMH" 6NMHGGH QRH XYHQWHW" 9DU
QRH IUXVWUHUHQGH� HOOHU YDU QRHQ DY QDYQHQH Sn NQDSSHQH�IXQNVMRQDOLWHWHQ
PLVYLVHQGH"

� -D� IXQNVMRQDOLWHWHQ YDU IRUXWVLJEDU�

� %UXNHU V\QHV KXQ YLVVWH OLWH� PHQ V\QV DOW JLU PHQLQJ DY NQDSSHU RJ GHQ W\SH
IXQNVMRQDOLWHW�

+YRUGDQ I¡OHU GX GHJ HWWHU n KD EUXNW DSSOLNDVMRQHQ" 1¡\WUDO� IUXVWUHUW�
IRUQ¡\G� SURGXNWLY"

� /LWW IRUYLUUHW� PHQ EUXNHU PHQWH GHW YDU KHQQHV PDQJOHQGH NXQQVNDSHU LQQHQ
GLDEHWHV�

� )¡OWH VHJ HIIHNWLY�

+YD HU GLQ KHOKHWOLJ PHQLQJ DQJnHQGH DSSOLNDVMRQHQ" 9LOOH GX DQEHIDOW GHQ
WLO DQGUH"

� 9LOOH DQEHIDOW GHQ WLO DQGUH�

� %UXNHU V\QV GHW YLUNHU VRP HW IRUQXIWLJ YHUNW¡\�

6\QV GX LNRQHQH PDWFKHW PHG WHNVWHQ VRP VWR YHG VLGHQ DY" 9DU GH PLVYLV�
HQGH" %XUGH GHW Y UW HW DQQHW LNRQ HOOHU WHNVW"

� -D� V\QWHV LNRQHU RJ WHNVW JLNN RYHUHQV�

���



)�� %UXNHUWHVW � � 'LDEHWLNHU

%UXNHU� .YLQQH� �� nU� KDU GLDEHWHV�

.$/.8/$725 6,'( �+29('6,'(��
(U VLGHQ RYHUVLNWOLJ"

� -D�

+YD WURU GX GX NDQ JM¡UH PHG DSSOLNDVMRQHQ�093¶HQ"

� .DQ VHWWH LQQ YHUGLHU IRU EORGVXNNHU� 5HJQH XW LQVXOLQ IRU NDUERK\GUDWHU�

+YD WURU GX WDEEHQ ³ORJJ´ EHVWnU DY"

� 2YHUVLNW RYHU WLGOLJHUH VSLVWH PDWYDUHU RJ DQWDOO� EORGVXNNHU� RVY�

+YD WURU GX WDEEHQ ³PDWYDUHU´ EHVWnU DY"

� 0DWYDUHU�

+YD WURU GX WDEEHQ ³GDJVSURILOHU´ EHVWnU DY"

� 'HW VRP KDU EOLWW VSLVW L O¡SHW DY HQ GDJ� KYRUGDQ GHQ KDU HVWLPHUW HQKHWHQH
KHQQHV�

63�560c/ $1*c(1'( )81.6-21$/,7(7 620 %58.(5 ,..( )$17 3c (*(1+c1'
�(.6(03/(5 3c 233)�/*,1*663�560c/��
+YRUGDQ YLOOH GX UHJQHW XW KYRU PDQJH LQVXOLQHQKHWHU GX Pn VHWWH WLO HW
PnOWLG"

� /D LQQ KYLONHW EORGVXNNHU KXQ KDGGH DNNXUDW� /D WLO PDWYDUHU� 7U\NNHW Sn &DOFX�
ODWH� 7U\NNHW Sn ©/RJ LQVXOLQª�NQDSS�

+YD YLOOH GX JMRUW IRU n RSSUHWWH HQ Q\ PDWYDUH"

� 9DU LQQH Sn $GG JURFHULHV� 7U\NNHW Sn ©�ª�WHJQHW ¡YHUVW WLO K¡\UH� /D LQQ HQ
PDWYDUH 3LWDEU¡G�

+YRUGDQ YLOOH GX HQGUHW KYLONH PDWYDUHU GX VNXOOH VSLVH WLO HW JLWW PnOWLG"

� 7U\NNHW Sn $GG JURFHULHV� RJ HQGUHW PDWYDUHU�

+YRUGDQ YLOOH GX XQGHUV¡NW RP GX DOOHUHGH KDGGH HQ HNVLVWHUHQGH PDWYDUH
VRP GX YLOOH VSLVH"

� *LNN Sn *URFHULHV WDEEHQ� /XUWH Sn RP GHW YDU V¡NHIXQNVMRQDOLWHW Sn VLGHQ� GHW
HU GHW LNNH�

���



+YRUGDQ YLOOH GX VOHWWHW HQ PDWYDUH"

� 6ZLSHW WLO K¡\UH RJ WU\NNHW Sn 'HOHWH Sn PDWYDUHQ�

+YRUGDQ YLOOH GX RSSUHWWHW GDJVSURILOHU"

� *LNN Sn 'D\ SURILOHV� 7U\NNHW Sn ©�ª�WHJQHW� 6NUHY LQQ L IHOWHQH RJ OD WLO %UXQFK�

+YRUGDQ YLOOH GX HQGUHW GDJVSURILOHQ WLO HQ PnOWLG� GHUVRP GX YLOOH KD HQ
DQQHQ HQ"

� 7U\NNHW GHU GHW VWR ©0LGGDJª �GXNNHW RSS DXWRPDWLVN JUXQQHW WLGVSXQNW RJ DW
GHQ YDU ODJW WLO VRP HQ 'D\ SURILOH�� (QGUHW WLO ©%UXQFKª

+YRUGDQ YLOOH GX VOHWWHW HQ GDJVSURILO"

� 6ZLSHW WLO K¡\UH RJ WU\NNHW Sn 'HOHWH Sn 'D\ SURILOH¶HQ

+YD YLOOH GX JMRUW GHUVRP GHW GXNNHW RSS HQ SnPLQQHOVH"

� 7U\NNHW ©2.ª� /D LQQ KYD KXQ EOH HWWHU WUH WLPHU� 7U\NNHW ©2.ª�

+YLV GX VNDO VSLVH HQ PDWYDUH I�HNV� � WLPHU HWWHU VLVW JDQJ GX UHJLVWUHUWH
LQVXOLQ L DSSOLNDVMRQHQ� KYD YLOOH GX JMRUW"

� /D WLO IOHUH PDWYDUHU� ILNN LNNH HQGUHW EORGVXNNHUYHUGL IUD ¡QVNHW YHUGL IUD VLVW
�RYHUODSSHQGH PnOWLG��

+YRUGDQ YLO GX VMHNNH KYD GX VSLVWH WLO HW PnOWLG"

� *LNN WLO /RJ WDEEHQ� 7U\NNHW Sn ORJJ�HQWULHW�

63�560c/ (77(5 7(67(1�
9DU DSSOLNDVMRQHQ OHWW�NRPIRUWDEHO n EUXNH"

� -D�

9DU GHW HQNHOW n IRUVWn KYRUGDQ RJ KYD GX VNXOOH JM¡UH"

� -D� VWR W\GHOLJ KYD PDQ NXQQH JM¡UH�

9DU LQIRUPDVMRQHQ Sn VLGHQH HQNHO n IRUVWn� RJ YDU IXQNVMRQDOLWHWHQ WLO DSS�
OLNDVMRQHQ IRUPLGOHW Sn HQ JRG PnWH"

� -D� V\QHV GHW� 9DU OHWW n IRUVWn KYD PDQ VNXOOH RJ NXQQH JM¡UH�

+YD V\QV GX RP GHVLJQHW" %XUGH QRH Y UW HW DQQHW VWHG" )DUJHU"

���



� 'HVLJQHW YDU HQNHOW RJ SHQW� OHWW n VH Sn� )LQH IDUJHU�

1nU GX WU\NNHW Sn GH IRUVNMHOOLJH NQDSSHQH�VLGHQH�XWIRUVNHW IXQNVMRQDOLWHWHQ�
YDU GHW VRP VNMHGGH� GHW GX IRUYHQWHW VNXOOH VNMH" 6NMHGGH QRH XYHQWHW" 9DU
QRH IUXVWUHUHQGH� HOOHU YDU QRHQ DY QDYQHQH Sn NQDSSHQH�IXQNVMRQDOLWHWHQ
PLVYLVHQGH"

� -D� GHW YDU LQWXLWLYW KYD VRP VNXOOH VNMH� ,QJHQWLQJ XYHQWHW�

+YRUGDQ I¡OHU GX GHJ HWWHU n KD EUXNW DSSOLNDVMRQHQ" 1¡\WUDO� IUXVWUHUW�
IRUQ¡\G� SURGXNWLY"

� 6SHQW� JOHGHU VHJ WLO DQGUH� RJ VHJ VHOY� NDQ In ORY WLO n EUXNH DSSOLNDVMRQHQ�
)RUQ¡\G PHG KYRUGDQ DSSOLNDVMRQHQ YLUNHU Vn ODQJW�

+YD HU GLQ KHOKHWOLJ PHQLQJ DQJnHQGH DSSOLNDVMRQHQ" 9LOOH GX DQEHIDOW GHQ
WLO DQGUH"

� -D� YLOOH DQEHIDOW GHQ� 6SHVLHOW WLO GH VRP KDU SHQQ�VSU¡\WH IRU n VHWWH LQVXOLQ�
+HQQHV SXPSH KDU GHOHU DY IXQNVMRQDOLWHWHQ L DSSOLNDVMRQHQ� RJ GHUIRU WHQNHU
KXQ GHW HU VSHVLHOW ILQW IRU GH VRP LNNH KDU GHWWH� VRP IRU HNVHPSHO GH VRP
EUXNHU SHQQ� 'HW ILQQHV IOHUH DSSOLNDVMRQHU IRU GLDEHWHV� PHQ GHQQH KDU VDPOHW
DOW GHW Q¡GYHQGLJH� 'HW HU JUHLW n KD DOW Sn HQ DSS�

6\QV GX LNRQHQH PDWFKHW PHG WHNVWHQ VRP VWR YHG VLGHQ DY" 9DU GH PLVYLV�
HQGH" %XUGH GHW Y UW HW DQQHW LNRQ HOOHU WHNVW"

� 6\QHV GHW YDU HQNHOW RJ JUHLW� RJ GHW PDWFKHW�

���
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