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,QVWLWXWW�IRU�HOHNWURQLVNH�V\VWHPHU



,,

6WLNNRUG�
7DSVNRVWQDGHU
)RUGHOLQJVWUDQVIRUPDWRU
$06
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5XQH�/XQGH 'DQLHO�0LND

5DSSRUWHQV WLWWHO�
$QYHQGHOVH�DY�$06�GDWD�IRU�WDSVEHUHJQLQJHU�L�
IRUGHOLQJVWUDQVIRUPDWRUHU

'DWR��������������������������
$QWDOO�VLGHU�������

0DVWHURSSJDYH� %DFKHORURSSJDYH ;
1DYQ� 5XQH�/XQGH��'DQLHO�0LND

9HLOHGHU� 7RU�$UQH�)RONHVWDG��1718 L *M¡YLN

(NVWHUQ�IDJOLJ�NRQWDNW�YHLOHGHU� -DQ�%HUJDQ��(OYLD $6

6DPPHQGUDJ

,QQI¡ULQJHQ� DY� $06� KDU� GLVSRQHUW� PnOLQJHU� VRP� JLU� HQ� PHU� GHWDOMHUW� RYHUVLNW� DY� NUDIWQHWWHW��
0nOLQJHQH�PXOLJJM¡U�Q\H�PHWRGHU�n�EHUHJQH�WDS�RJ�WDSVNRVWQDGHU��5HVXOWDWHQH�NDQ�DQYHQGHV�WLO�n�
RSWLPDOLVHUH�GLPHQVMRQHULQJ�L�NUDIWQHWWHW�RJ�SnYLUNH�PHWRGHU�IRU�QHWWSODQOHJJLQJ�

2SSJDYHQ� KDU� DQDO\VHUW� WDSVNRVWQDGHU� IRUnUVDNHW� DY� IRUGHOLQJVWUDQVIRUPDWRUHU� RJ� EHVYDUHU�
SUREOHPVWLOOLQJHQ�� ©+YRUGDQ� NDQ� $06�GDWD� IUD� IRUGHOLQJVWUDQVIRUPDWRUHU� RSWLPDOLVHUH� YDOJ� DY�
\WHOVH"ª�

*MHQQRPVQLWWOLJH�WLPHVYHUGLHU�DY�HIIHNWIRUEUXNHW�PnOW�L�QHWWVWDVMRQHQ�HU�DQYHQGW�IRU�n�EHUHJQH�WDS�
RJ�WDSVNRVWQDGHU�L�WUH�WUDQVIRUPDWRUNUHWVHU��'HWWH�HU�JMRUW�YHG�n�EHUHJQH WDS�YHG�EUXN�DY�WDSVIRUPHOHQ�
IRU� WUDQVIRUPDWRUHU�� EHUHJQH� EUXNVWLG� IRU� WDS� RJ� EUXNH� 6,17() VLQ SURVHG\UH� IRU� XWUHJQLQJ� DY�
WDSVNRVWQDGHU >�@�� %HUHJQLQJHQH� RPIDWWHU GHUPHG HQ� �� nUV� SHULRGH� RJ� LQNOXGHUHU� NRVWQDGHU� L�
RYHQIRUOLJJHQGH�QHWW�

0DQJH�HOHPHQWHU�SnYLUNHU�IUHPWLGLJ�VWU¡PIRUEUXN�PHG�PXOLJ�LQQI¡ULQJ�DY�G\QDPLVN�WDULII��HOELOHU��
RSSYDUPLQJVNLOGHU��NOLPDXWYLNOLQJ�RJ�E\JJWHNQLVNH�NUDY��0HG�GLVVH�IDNWRUHQH�YDU�GHW�XWIRUGUHQGH
n� SURJQRVHUH� HNVDNW� XWYLNOLQJ� L� IRUEUXNHW IRU� GH� WUH DQDO\VHUWH WUDQVIRUPDWRUNUHWVHQH��'HUIRU� EOH�
PRGHOOHU PHG� IRUVNMHOOLJH� ODVWHU�� WUDQVIRUPDWRU\WHOVHU� RJ� WDSVNUDY� EUXNW IRU� n� EHUHJQH�
WDSVNRVWQDGHQH�

5HVXOWDWHQH�IUD�GH�WUH�WUDQVIRUPDWRUNUHWVHQH�YLVHU�DW�Q\H WDSVNUDY �7LHU��� YLO�IRUnUVDNH HQ�EHVSDUHOVH�
DY� WDSVNRVWQDGHU� Sn� ���� L� VQLWW IRU WUDQVIRUPDWRUHU PHG� QnY UHQGH� WDSVNUDY� �7LHU� �� VRP� HU�
¡NRQRPLVN�RSWLPDOW�GLPHQVMRQHUW�

+RYHGUHVXOWDWHQH� LQGLNHUHU DW� XWE\WWLQJ� DY� HNVLVWHUHQGH� IRUGHOLQJVWUDQVIRUPDWRUHU� VMHOGHQW JLU�
¡NRQRPLVN�JHYLQVW�GD�NRVWQDGHU�YHG�XWE\WWLQJ�DQWDV�n�Y UH�K¡\HUH�HQQ�EHVSDUHOVHQ�DY�EHUHJQHGH
WDSVNRVWQDGHU� 5HVXOWDWHQH� YLVHU� L� IOHUWDOO� DY�PRGHOOHQH DQDO\VHUW� DW� RYHUGLPHQVMRQHULQJ� HU PHU�
ULPHOLJ�HQQ�XQGHUGLPHQVMRQHULQJ EDVHUW Sn�LQYHVWHULQJV� RJ�WDSVNRVWQDG�IRU�WUDQVIRUPDWRUHQ�
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&RVW�RI�ORVVHV
'LVWULEXWLRQ�WUDQVIRUPHUV
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5XQH�/XQGH 'DQLHO�0LND

7LWOH�
8VH�RI�$0,�GDWD�IRU�FDOFXODWLRQ�RI�SRZHU�ORVVHV�LQ�
GLVWULEXWLRQ�WUDQVIRUPHUV

'DWH��������������� ����������
1XPEHU�RI�SDJHV�������

0DVWHU WKHVLV� %DFKHORU WKHVLV ;
1DPH� 5XQH�/XQGH��'DQLHO�0LND

6XSHUYLVRU� 7RU�$UQH�)RONHVWDG��1718 LQ *M¡YLN

([WHUQDO VXSHUYLVRU� -DQ�%HUJDQ��(OYLD $6

$EVWUDFW

7KH�LQWURGXFWLRQ�RI�$0, SURYLGHV PHDVXUHPHQWV�IRU D�PRUH�GHWDLOHG�RYHUYLHZ�RI�WKH�SRZHU�JULG��
7KH�PHDVXUHPHQWV�HQDEOH�QHZ�PHWKRGV�WR�FDOFXODWH�ORVVHV�DQG�ORVV�FRVWV��7KH�UHVXOWV�FDQ�EH�XVHG�WR�
RSWLPL]H�SRZHU�JULG�GLPHQVLRQLQJ�DQG�LQIOXHQFH�JULG�SODQQLQJ�PHWKRGV�

7KLV�WKHVLV�KDV�DQDO\]HG�WKH�FRVW�RI�ORVVHV�FDXVHG�E\�GLVWULEXWLRQ�WUDQVIRUPHUV�DQG�DQVZHUV�WKH�WKHVLV�
TXHVWLRQ��©+RZ�FDQ�$0,�GDWD�IURP�GLVWULEXWLRQ�WUDQVIRUPHUV�RSWLPL]H�FKRLFH�RI�UDWLQJ"ª��

$YHUDJH�KRXUO\�YDOXHV�RI�SRZHU�XVDJH�PHDVXUHG�LQ�WKH�VXEVWDWLRQ�LV�XVHG�WR�FDOFXODWH�ORVVHV�DQG�WKH�
FRVW� RI� ORVVHV� LQ� WKUHH� WUDQVIRUPHU� FLUFXLWV�� 7KLV� LV� DFKLHYHG� E\� XVLQJ� WKH� ORVV�IRUPXOD� IRU�
WUDQVIRUPHU��FDOFXODWH�WKH�WLPH�RI�XVH�IRU�ORVVHV�DQG�XWLOL]LQJ�6,17()V�SURFHGXUH�IRU�FDOFXODWLQJ�
FRVW�RI�ORVVHV >�@��7KHVH�FDOFXODWLRQV�FRYHU�D����\HDUV�SHULRG�DQG�LQFOXGHV�FRVW�IURP�KLJKHU�JULG�
OHYHOV�

$�ORW�RI�HOHPHQWV�DIIHFW�IXWXUH�SRZHU�FRQVXPSWLRQ�ZLWK�G\QDPLF�WDULII��HOHFWULF�FDUV��KHDWLQJ�VRXUFHV��
FOLPDWH�FKDQJH�DQG�EXLOGLQJ�VSHFLILFDWLRQV��:LWK�DOO�WKHVH�IDFWRUV�LW�ZDV�GLIILFXOW�WR�IRUHFDVW�H[DFW�
GHYHORSPHQW� LQ�FRQVXPSWLRQ� IRU� WKH� WKUHH� WUDQVIRUPHU�FLUFXLWV�DQDO\]HG��7KHUHIRUH��PRGHOV ZLWK�
GLIIHUHQW�ORDGV��WUDQVIRUPHU�UDWLQJ�DQG�ORVV�UHTXLUHPHQWV�ZHUH�XVHG�WR�FDOFXODWH�FRVW�RI�ORVVHV�

7KH�UHVXOWV�IURP�WKH�WKUHH�WUDQVIRUPHU FLUFXLWV�VKRZ WKDW�QHZ ORVV UHTXLUHPHQWV �7LHU��� ZLOO�VDYH�
RQ� DYHUDJH� ���� ORVV� FRVWV� IRU� WUDQVIRUPHUV ZLWK� FXUUHQW� ORVV� UHTXLUHPHQWV� �7LHU� �� WKDW� DUH�
HFRQRPLFDOO\�RSWLPDOO\�VL]HG��

7KH�PDLQ�UHVXOWV�VKRZ�WKDW�UHSODFLQJ�H[LVWLQJ�GLVWULEXWLRQ�WUDQVIRUPHUV�UDUHO\�EHFRPHV�HFRQRPLFDOO\�
YLDEOH�RQ�WKH�EDVLV�RI�ORVV�FRVWV��PDLQO\�GXH�WR�WKH�UHSODFHPHQW�FRVWV��7KH�UHVXOWV�VKRZ��LQ�PRVW�RI�
WKH�PRGHOV�DQDO\]HG��WKDW�RYHU�GLPHQVLRQLQJ�LV�PRUH�UHDVRQDEOH�WKDQ�XQGHU�GLPHQVLRQLQJ�EDVHG�RQ�
WKH�LQYHVWPHQW�DQG�ORVV�FRVW�RI WKH�WUDQVIRUPHU�
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)RURUG
5DSSRUWHQ�EOH�XWDUEHLGHW�L�HPQHW�%,(/(���YnUHQ����� RJ�HU�GHQ�DYVOXWWHQGH�RSSJDYHQ�IRU�

HONUDIWLQJHQL¡UVWXGLHW�YHG�1718�L�*M¡YLN� $UEHLGHW EOH�SnEHJ\QW�MDQXDU����� RJ�DYVOXWWHW�

PDL������

&RYLG����VDWWH�HQ�VWRSS�IRU�DOO�SHUVRQOLJ NRQWDNW�L�SHULRGHQ��'HWWH�XWIRUGUHW�RVV�WLO�n�MREEH�NXQ�

RYHU�GLJLWDOH�SODWWIRUPHU��0DQJH�DQVDWWH KDGGH�RJVn�KMHPPHNRQWRU�RJ�LNNH�WLOJDQJ�Sn�DOOH�

UHVVXUVHQH� QRH�VRP�NRPSOLVHUWH LQQKHQWLQJ�DY�LQIRUPDVMRQ�

5DSSRUWHQV�SUREOHPVWLOOLQJ KDU WLGOLJHUH Y UW OLWH�XWIRUVNHW�RJ GHUIRU VSHVLHOW LQWHUHVVDQW�n�

MREEH�PHG� 'HW�KDU�Y UW�HQ�RPIDWWHQGH�SURVHVV�PHG�LQQKHQWLQJ�RJ�EHDUEHLGLQJ�DY�

LQIRUPDVMRQ�KYRU�1RUJHV�9DVVGUDJV� RJ�(QHUJLGLUHNWRUDW��VSHVLHOW�YHG�0RQD�+HOHQ�+HLHQ��

0¡UH�7UDIR�$6�RJ�(OKXE�$6�KDU�ELGUDWW�L�VWRU�JUDG�

9L�YLO�WDNNH�YnU�YHLOHGHU�YHG�1718�7RU�$UQH�)RONHVWDG�IRU�XWPHUNHW�VDPDUEHLG�L�SHULRGHQ��

-DQ�%HUJDQ�YHG�(OYLD�$6�KDU�RJVn�Y UW�WLO�VWRU�KMHOS�VRP�YHLOHGHU�IUD�EHGULIW� $QGHUV 'DOVHJ��

$QGHUV $QVHWK� &KULVWRSKHU�&RHOOR RJ IOHUH IUD�(OYLD PHG SURJUDPYDUH��WHNQLVNH�V\VWHPHU RJ�

UHOHYDQW�LQIRUPDVMRQ� ,�WLOOHJJ�WDNN�WLO�'DQLHOV�NRQH� -XOLH�9LQHV� IRU�NRUUHNWXU�
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),*85����� 6257(5,1*�$9�0c/,1*(5�)5$�$=85(������������������������������������������������������������������������������������������������� ��
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),*85�����.2671$'(5�0('�(.6,67(5(1'(�/$67� 1(7767$6-21�*5$1�%5$1'9$/� ���.9$����������������������������� ��

),*85�����.2671$'(5�0('�(.6,67(5(1'(�/$67� 1(7767$6-21�1�77(75(9(*(1� ���.9$ ����������������������������� ��

),*85�����.2671$'(5�9('�/$67�352*126(57�0('�.255,*(5,1*6)$.725�)25 *5$''$*67$//���������������������� ��

),*85������.2671$'(5�9('�'�*187-(91,1*�$9�())(.7� ���������������������������������������������������������������������������������� ��

),*85������.2671$'(5�9('�/$67�352*126(57�0('�*5$''$*67$//�2*���� �.1,1*� ������������������������������������ ��

),*85������.2671$'(5�9('�/$67�352*126(57�0('�*5$''$*67$//� ��� �.1,1*�2*�'�*187-(91(7� ��������� ��
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7$%(//�����(1'5,1*�$9�%58.67,'�)25�7$3�2*�72339(5',�7$3�9('�'�*187-(91,1* ��������������������������������������� ��

7$%(//�����237,0$/�75$16)250$725<7(/6(�%$6(57�3c�7$3 ��������������������������������������������������������������������������� ��

7$%(//����� /$67352*126(5,1*(5 ��������������������������������������������������������������������������������������������������������������������� ��
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'HILQLVMRQHU�RJ�IRUNRUWHOVHU
$06 $YDQVHUWH�0nOH� RJ�6W\ULQJVV\VWHPHU

$0, $GYDQFHG�0HWHULQJ�,QIUDVWUXFWXUH

$]XUH $QDO\VHSURJUDP�(OYLD�DQYHQGHU�IRU�RYHUVLNW�Sn�IRUEUXN�L�QHWWVWDVMRQHU

'($ 'DWD�(QYHORSPHQW�$QDO\VLV

(OYLD $6 1HWWVHOVNDS�DY�VDPPHQVOnWWH�(LGVLYD�1HWW�RJ�+DIVOXQG�1HWW

(QRYD�6) 6HOVNDS�VRP�HLHV�DY�.OLPD� RJ�PLOM¡GHSDUWHPHQWHW

*'7 *UDGGDJVWDOO

+(6 +HDG�HQG�V\VWHP�

.DONXODVMRQVYHUNW¡\HW ([FHOSURJUDP IRU�DQDO\VH�DY�$06�GDWD�LIUD�QHWWVWDVMRQHQ�

.,/(� .YDOLWHWVMXVWHUWH�LQQWHNWVUDPPHU�YHG�LNNH�OHYHUW�HQHUJL

1(.� 1RUVN�HOHNWURWHNQLVN�NRPLWp

1HWEDV $QDO\VHSURJUDP�EUXNW�IRU�n�SODQOHJJH�RJ�EHUHJQH�QHWW

19( 1RUJHV�YDVVGUDJ� RJ�HQHUJLGLUHNWRUDW

5(1 5DVMRQHOO�(OHNWULVN�1HWWYLUNVRPKHW�$6

6,17() 8DYKHQJLJ�IRUVNQLQJVLQVWLWXWW

66%� 6WDWLVWLVN�VHQWUDOE\Un

7DSVNRHIILVLHQWHU 3R RJ�3N VRP�EUXNHV�WLO�n�EHUHJQH�WDS�L�HQ�WUDQVIRUPDWRU

7(. %\JJWHNQLVN�IRUVNULIW

7LPHVYHUGL *MHQQRPVQLWWOLJ�PnOW�HQHUJL�OHYHUW

7RSSYHUGL�WDS +¡\HVWH�WDS�EHUHJQHW�L�O¡SHW�DY�HQ�SHULRGH

7UDQVIRUPDWRUNUHWV 1HWW�XQGHUOLJJHQGH�HQ�WUDQVIRUPDWRU
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� ,QQOHGQLQJ
(OYLD� $6�� KHUHWWHU� NDOW� (OYLD� HU� 1RUJHV� VW¡UVWH� QHWWVHOVNDS RJ� HW� UHVXOWDW� DY� IXVMRQHULQJHQ�

PHOORP�(LGVLYD�1HWW�RJ�+DIVOXQG�1HWW��6HOVNDSHW�IRUV\QHU�RP�ODJ�WR�PLOOLRQHU�NXQGHU�L�9LNHQ��

,QQODQGHW�RJ�2VOR�PHG�VWU¡P�RJ�GULIWHU�HW�VWRUW�DQWDOO QHWWVWDVMRQHU L�GLVWULEXVMRQVQHWWHW >�@��

7DS�L WUDQVIRUPDWRUHU NDQ�Y UH�XQ¡GYHQGLJ�K¡\W�YHG RYHU� HOOHU�XQGHUEHODVWQLQJ��'HWWH�HU�WDS�

VRP NUDIWVWDVMRQHQH� Pn� SURGXVHUH RJ� NUDIWQHWWHW RYHUI¡UH� 2SSJDYHQV� EHGULIWVNRQWDNW� RJ�

HNVWHUQH�YHLOHGHU��-DQ�%HUJDQ�YHG�(OYLD��¡QVNHW HQ�UDSSRUW�RP KYRUGDQ�$06�GDWD NDQ�EHQ\WWHV�

WLO�n� UHGXVHUH� WDSVNRVWQDGHQH� 5DSSRUWHQ�HU�HQ�YLGHUHXWYLNOLQJ�DY�HQ�EDFKHORURSSJDYH�IUD�nU�

�����YHG�1718 L *M¡YLN��VRP�XWDUEHLGHW�HW�NDONXODVMRQVYHUNW¡\�IRU�n�EHUHJQH�WDSVNRVWQDGHU�L�

IRUGHOLQJVWUDQVIRUPDWRUHU >�@��9HUNW¡\HW�HU�EHQ\WWHW�L�GHQQH�UDSSRUWHQ�

$06�HQHUJLPnOHUH HU PRQWHUW�L�GH�IOHVWH PnOHSXQNW�KRV�VOXWWNXQGHU�L�1RUJH��,�WLOOHJJ�KDU IOHUH

QHWWVWDVMRQHU�RJVn $06�PnOHU PRQWHUW��0nOHUQH�JLU�Q¡\DNWLJH�GDWD�Sn�HQHUJLIRUEUXNHW�VRP NDQ�

EHQ\WWHV� WLO� XOLNH� IRUPnO�� (W� HNVHPSHO� HU� G\QDPLVN� WDULII VRP� NDQ JL� LQVHQWLY� WLO MHYQHUH�

EHODVWQLQJ� L�NUDIWQHWWHW��(W DQQHW IRUPnO NDQ�Y UH�n�NDUWOHJJH XWQ\WWHOVH�DY� LQVWDOOHUW�XWVW\U� L�

QHWWHW��3n�GHQQH�PnWHQ�NDQ WLGOLJHUH�GLPHQVMRQHULQJVPHWRGHU��HUVWDWQLQJ�DY�NRPSRQHQWHU�RJ�

IUHPWLGLJ�SODQOHJJLQJ�YXUGHUHV�

)RUGHOLQJVWUDQVIRUPDWRUHU�NDQ�GLPHQVMRQHUHV�Sn�EDNJUXQQ�DY�KYLONHQ�\WHOVH�LQVWDOODW¡UHQ KDU�

EHVWLOW�IRU�XQGHUOLJJHQGH�DQOHJJ�RJ�HYHQWXHOO�XWYLGHOVH�L�IUHPWLGHQ� (Q�DQQHQ�PnWH�NDQ�Y UH n�

YXUGHUH�RSS�PRW�©¡NRQRPLVN�\WHOVHª��'HWWH� LQQHE UHU�n�GLPHQVMRQHUH�PHG�KHQV\Q�Sn WDS� L�

WUDQVIRUPDWRUHQ��(Q�WUDQVIRUPDWRU�HU�PHVW�HIIHNWLY�YHG�HQ JLWW EHODVWQLQJVJUDG�RJ�EXUGH GHUIRU

KD�GHQQH�EHODVWQLQJHQ�NRQVWDQW�IRU�RSWLPDO�GULIW��%UXNVWLG�IRU�ODVW�RJ�WDS�HU�YLNWLJH�IDNWRUHU�VRP�

OHJJHV� WLO� JUXQQ� YHG� GLPHQVMRQHULQJ� DY� WUDQVIRUPDWRUHU� PHG� WDQNH� Sn� ¡NRQRPLVN� \WHOVH��

9HUGLHQH�HU�EDVHUW�Sn�PnOLQJHU�XWI¡UW�DY�6,17()�Sn�VOXWWHQ�DY������WDOOHW��RJ�EHQ\WWHV�JMHUQH�

JHQHUHOW� IRU� KHOH� ODQGHW >�@�� 6LGHQ� GHQ� JDQJ� KDU� EUXNVP¡QVWHUHW� WLO� VOXWWNXQGHU� HQGUHW� VHJ�

EHWUDNWHOLJ��,�KXVVWDQGHU�HU�QRHQ�DY�HQGULQJHQH�ODGLQJ�DY�HOELO��LQGXNVMRQVWRSSHU�Sn�NM¡NNHQ�RJ�

JHQHUHOW�NUDIWLJHUH�HOHNWULVN�XWVW\U�VRP�JLU�K¡\HUH�HIIHNWEHKRY�HQQ�WLGOLJHUH��

$06�GDWD�� VRP� Qn� HU� WLOJMHQJHOLJ�� JLU�PXOLJKHWHU� IRU� n� KD� RSSGDWHUWH� EUXNVP¡QVWUH��'HQQH�

WHNQRORJLHQ� NDQ� EUXNHV� WLO� n� JL� HW PHU NRUUHNW ELOGH� Sn� W\SLVNH� ODVWSURILOHU� IRU�

IRUGHOLQJVWUDQVIRUPDWRUHU�RJ�GDQQH�Q\H�UHIHUDQVHYHUGLHU�Sn�EUXNVWLG�IRU�ODVW�RJ�WDS��9HUGLHQH�

NDQ�EUXNHV�WLO�n�IRUEHGUH�EHUHJQLQJ�DY�WDSVNRVWQDGHU�IRUnUVDNHW�DY�WUDQVIRUPDWRUHU��L�WLOOHJJ�HU�
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GHW�PXOLJ�n�YXUGHUH�NRVWQDGHU�PHG�DOWHUQDWLYH�WUDQVIRUPDWRUHU��9HG�n�XQGHUV¡NH�SRWHQVLDOHW�IRU�

LQQVSDULQJ�NDQ�GHW�YXUGHUHV�RP�¡NRQRPLVN�RSWLPDO�WUDQVIRUPDWRU�HU�EHQ\WWHW�

3UREOHPVWLOOLQJHQ�GHQQH�UDSSRUWHQ�YLO�WD�IRU�VHJ�HU�GHUIRU��

©+YRUGDQ�NDQ�$06�GDWD�IUD�IRUGHOLQJVWUDQVIRUPDWRUHU�RSWLPDOLVHUH�YDOJ�DY�\WHOVH"ª
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��� .UDIWQHWWHW�L�1RUJH

'HW� QRUVNH� NUDIWQHWWHW GHOHV� LQQ� L� WR� KRYHGQLYnHU�� WUDQVPLVMRQV� RJ� GLVWULEXVMRQVQHWW�

7UDGLVMRQHOW�VHWW HU UHJLRQDOQHWW�EHVNULYHQGH�IRU QLYnHW�PHOORP�GLVVH� RJ�EUXNHV GHUIRU�L�GHQQH�

UDSSRUWHQ� ,OOXVWUHUW�L ILJXU����� >�@

7UDQVPLVMRQVQHWWHW�WLOVYDUHU�PRWRUYHLHQH��RJ�GULIWHV�Sn�VSHQQLQJHU�IUD��������N9�PHG�LQQVODJ�

DY����N9��6WDWQHWW�HLHU�RJ�GULIWHU�PHVWHSDUWHQ�DY�GHWWH�QHWWHW��5HJLRQDOQHWWHW�HU�PHOORPOHGGHW�

PHG�VSHQQLQJHU�IUD�������N9�VRP�KRYHGVDNHOLJ�HLHV�DY�NRPPXQHU�RJ�I\ONHVNRPPXQHU��1HWWHW�

HU�L�KHQKROG�WLO�(8�UHJHOYHUN�DQVHWW�VRP�GLVWULEXVMRQVQHWW��>�@
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YLUWXHOOH� VHOVNDS� VRP� KYHU� QHWWHLHU� VDPPHQOLJQHV� PHG��'H� YLUWXHOOH� VHOVNDSHQH� KDU� VDPPH�

RSSJDYHU�RJ�GULIWVEHWLQJHOVHU�VRP�GHW IDNWLVNH�QHWWVHOVNDS� +YLV�VHOVNDSHW�HU�JMHQQRPVQLWWOLJ�

HIIHNWLYW� InU� GHW� HQ� HIIHNWLYLWHWVVFRUH� OLN� ������ RJ� NRVWQDGVQRUPHQ� EOLU WLOQ UPHW OLN�

NRVWQDGVJUXQQODJHW��0HQ�KYLV�HIIHNWLYLWHWHQ�IUDYLNHU VQLWWHW�YLO�LNNH�GHWWH�JMHOGH��(W�VHOVNDS�PHG�

GnUOLJ� HIIHNWLYLWHW� �K¡\H� NRVWQDGHU� LIW� UHIHUDQVHVHOVNDS�� InU� ODYHUH� LQQWHNWVUDPPHU�� PHQV�

VHOVNDS� PHG� K¡\� HIIHNWLYLWHW� InU� K¡\HUH UDPPHU�� 6DPPHQOLJQLQJVPHWRGHQ� NDOOHV� 'DWD�

(QYHORSPHQW� $QDO\VLV� �'($�DQDO\VH��� HQ� DQHUNMHQW� PHWRGH� IRU� EHUHJQLQJ� DY� VHOVNDSHUV�
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HIIHNWLYLWHW��9HG�n� VWLOOH� VHOVNDSHU�RSS�PRW�KYHUDQGUH�Sn�GHQQH PnWHQ� LQQI¡UHV� HQ� IRUP� IRU�

NRQNXUUDQVH�EODQW�QHWWPRQRSROHQH��QRH�VRP�JLU�VWHUNH�LQVHQWLYHU�WLO�n�GULIWH�HIIHNWLYW� >��� ��@

'HQ�WRWDOH�LQQWHNWVUDPPHQ�IRU�HW QHWWVHOVNDS EHVWnU�DY�WR�NRPSRQHQWHU��NRVWQDGVJUXQQODJ RJ�

NRVWQDGVQRUP� 6H�OLNQLQJ���� >��@
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ܭ ௧ܰ��1HWWVHOVNDSHWV�NRVWQDGHU�XW�IUD�NRVWQDGVQRUP IRU�nU�W�

����������������������������¤�������������������ǣ

ܭ ௧ܰ ൌ ௧ܭ כ ߚ ൅ οܭ ����

���

���������������������������ǣߚ���ǡ

οܭǣ��������������������Ǥ����������������������������¤��������������������Ǥ������Ǧ���������

���� ����� ������ ����� ������� ���� ���������Ǥ� ���� ���������� ������� ���� ¤� ����������

�������������������������������������Ǥ�
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��� *UDGGDJVWDOO RJ�QRUPDOnUVNRUULJHULQJ

*UDGGDJVWDOO HU�HW�PnO�Sn�XWHWHPSHUDWXU EUXNW�IRU�n�HVWLPHUH�RSSYDUPLQJVEHKRYHW�IRU�HQ JLWW

SHULRGH�

*UDGGDJVWDOOHW� EHUHJQHV YHG� n� DQYHQGH EDVLVWHPSHUDWXUHQ�� QRUPDOW� ��Σ&�� RJ� WUHNNH� IUD�

JMHQQRPVQLWWOLJ�XWHWHPSHUDWXU�IRU�HW�G¡JQ��.XQ SRVLWLYH UHVXOWDWHU VXPPHUHV�VRP�DQJLWW�L�IRUPHO�

����*UDGGDJVWDOOHW�¡NHU�GHUIRU NXQ QnU�JMHQQRPVQLWWOLJ�XWHWHPSHUDWXU�IRU�HW�G¡JQ�HU�ODYHUH�HQQ�

��Σ&��'HUHWWHU�EHUHJQHV�GHWWH�IRU�HQ�JLWW�SHULRGH� >��@
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ௌܶ௜ǣ 6QLWWHPSHUDWXU�IRU�G¡JQ��L��

஻ܶǣ %DVLVWHPSHUDWXU�

ǣܶܦܩ *UDGGDJVWDOO�

1RUPDOnUVNRUULJHULQJ�HVWLPHUHU HW�QRUPDOW�nUV�HQHUJLIRUEUXN XW� IUD� HW� VSHVLILNW�nU��6QLWWHW DY

JUDGGDJVWDOOHW IRU�HQ�SHULRGH� NDOW�QRUPDOHQ� EUXNHV VRP UHIHUDQVH� .XQ�HQHUJLPHQJGHQ�VRP�HU�

WHPSHUDWXUDYKHQJLJ EOLU� SnYLUNHW� DY� JUDGGDJVWDOOHW� RJ� GHUIRU� LQWURGXVHUHV� IDNWRUHQ� ©Nª� 6H�

IRUPHO���� >��@
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௞௢௥௥ǣܧ 7HPSHUDWXUNRUULJHUW�HQHUJLEUXN�

�௠¤௟௧ǣ0nOW�HQHUJLܧ

݇ǣ 7HPSHUDWXUDYKHQJLJ�DQGHO�DY�PnOW�HQHUJL�

ܦܩ ௡ܶ௢௥௠௔௟¤௥ǣ 6QLWW�DY�JUDGGDJVWDOO�IRU�QRUPDOnUVSHULRGHQ�

ܦܩ ௠ܶ¤௟௧ ¤௥ǣ *UDGGDJVWDOO�IRU�DNWXHOW�nU�
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� 0HWRGH

��� (VWLPHUWH�SHULRGHU

)RU�n�NXQQH�XWI¡UH HQ�¡NRQRPLVN�DQDO\VH�Sn HQ�WUDQVIRUPDWRU�L�NDONXODVMRQVYHUNW¡\HW� WUHQJV�

$06�GDWD�IRU�HW�KHOW�NDOHQGHUnU��'DWD�PRWWDWW�IUD�QHWWVWDVMRQHQH�YLVHU�DW�$06�XWVW\U�LNNH�YDU�

RSHUDWLYW L VWDUWHQ�DY nU�������'HWWH�HWWHUODWHU�HQ�SHULRGH�XWHQ�$06�GDWD�IUD�QHWWVWDVMRQHQ��

$]XUH� EUXNHV� DY� (OYLD� WLO� n� EHKDQGOH� $06�GDWD� IUD� VOXWWNXQGHU�� 3URJUDPPHW� DJJUHJHUHU�

IRUEUXNHW�WLO�DOOH�NXQGHQH�L�VDPPH�WUDQVIRUPDWRUNUHWV��VH�ILJXU����� 'HQQH�GDWDHQ�VDPPHQOLNQHV�

PHG $06�GDWD�IUD�QHWWVWDVMRQHQ�RJ�EUXNHV�WLO�n�HVWLPHUH�EHODVWQLQJHQ�Sn�WUDQVIRUPDWRUHQ�IRU

SHULRGHQ�PHG�PDQJOHQGH�GDWD L nU������

'DWR� RJ� NORNNHVOHWW IRU $06�GDWD IUD� QHWWVWDVMRQHQ RJ� $]XUH�GDWD KDU� IRUVNMHOOLJ� IRUPDW

DYKHQJLJ�DY�VRPPHUWLG�HOOHU�YLQWHUWLG��)RU�n�NXQQH�VDPPHQOLNQH�PnOLQJHQH�Pn�GHUIRU�HQ WLPH�

WUHNNHV�IUD�$]XUH�GDWD YHG�YLQWHUWLG�RJ�WR WLPHU�YHG�VRPPHUWLG��VH�ILJXU������

)LJXU������6NMHUPELOGH�IUD�$]XUH��*UDI�IRU�EHODVWQLQJ�Sn�WUDIRNUHWV
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$]XUH�KDU�HW YDULHUHQGH�DQWDOO�$06�PnOHUH NREOHW�RSS�PRW�+HDG�HQG�V\VWHP��+(6���VH�ILJXU�

���� +(6 PRWWDU $06�GDWD� IUD� VOXWWNXQGHQH� KYRU EODQW� DQQHW WDS� L� NRPPXQLNDVMRQ NDQ�JL�

JUXQQODJ�IRU�GHQ�YDULHUHQGH�NXUYHQ� 'HWWH�VNDSHU HW�DYYLN�PHOORP�$06�GDWD�IUD�QHWWVWDVMRQHQH

RJ�$]XUH�GDWD IRU�DJJUHJHUWH�VOXWWNXQGHU� PHU�HQQ�NXQ�WDS�L�IRUGHOLQJVQHWWHW��'HUIRU�EXUGH GHWWH�

WDV�L�EHWUDNWQLQJ�QnU�IRUEUXNHW�L�QHWWVWDVMRQHQ�VNDO�HVWLPHUHV�

3HULRGHQ PHG�$]XUH�GDWD VRP�VNDO�DQYHQGHV WLO�VDPPHQOLNQLQJ�Pn�KD�OLNW DQWDOO�NXQGHU�NREOHW�

RSS�PRW�+(6 VRP L SHULRGHQ�KYRU�GHW�PDQJOHU�$06�GDWD IUD�QHWWVWDVMRQHQ��(Q�RYHUVLNW�L�$]XUH�

YLVHU KYRU�PDQJH�NXQGHU�VRP�HU�NREOHW�RSS�PRW�+(6 WLO�HQKYHU�WLG��VH�ILJXU������0HG RYHUVLNWHQ�

HU�GHW�PXOLJ�n�ILQQH�HQ�SHULRGH�KYRU�GHW�IRUHOLJJHU�$06�GDWD�IUD�EnGH�QHWWVWDVMRQHQ�RJ�$]XUH�

VRP�KDU�ULNWLJ�DQWDOO�NXQGHU�NREOHW�RSS�PRW�+(6��'LIIHUDQVHQ�L�GHQQH�SHULRGHQ�NDQ DQYHQGHV

IRU�n�HVWLPHUH PDQJOHGH�GDWD�IUD QHWWVWDVMRQHQ��

)LJXU������7LGVIRUPDW IRU�PnOLQJHU�L�QHWWVWDVMRQ�RSS�PRW�$]XUH�

)LJXU������6NMHUPELOGH�IUD�$]XUH��$QWDOO�NXQGHU�Sn�WUDIRNUHWV�PHG�$06�PnOHU�
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,� GHQ� DNWXHOOH� SHULRGHQ�PHG� GDWD� IUD� EHJJH� NLOGHU� EOLU� GLIIHUDQVHQ� L� SURVHQW� DY�$]XUH�GDWD

XWUHJQHW� IRU� KYHU� WLPH�� 'HUHWWHU� RSSUHWWHV LQWHUYDOO� L� $]XUH�GDWD KYRU� GHW� EHUHJQHV

JMHQQRPVQLWWOLJ�GLIIHUDQVH�L�SURVHQW��'HWWH�EUXNHV�WLO�n�HVWLPHUH�GDWD�L�QHWWVWDVMRQHQ�IRU�KYHUW�

LQWHUYDOO��VH�ILJXU�����

$]XUH�GDWD EHVWnU� NXQ DY $�� PnOLQJ�� GHUPHG� HU HVWLPHULQJHQ� JMRUW� IRU $06�GDWD IUD

QHWWVWDVMRQHQ�NXQ�IRU�$���0DQJOHQGH�PnOLQJHU�HU�GD�5���$� RJ�5���,�GHQQH�UDSSRUWHQ HU�GHW�NXQ�

$���5��RJ�5� VRP�HU�DQDO\VHUW�Sn�JUXQQ�DY�$� HU�NRQVWDQW�QXOO L�DOO�GDWD�EHKDQGOHW��9LGHUH�HU�

GHW GHUIRU 5��RJ�5� VRP�HU�DY�LQWHUHVVH�n�HVWLPHUH�

)RU� n� HVWLPHUH� 5�� RJ� 5� L� GHQ� PDQJOHQGH� SHULRGHQ� EOH� UHVWHUHQGH� PnOLQJHU IUD� $06� L�

QHWWVWDVMRQHQ�EUXNW�WLO�n�ILQQH�GLIIHUDQVHQ�PHOORP�$��RJ�5��RJ�PHOORP�$��RJ�5���'HW�EOH�LJMHQ�

GHOW�RSS�L�LQWHUYDOOHU�DY�$��PnOLQJHQH�RJ�NDONXOHUW�JMHQQRPVQLWWOLJ�GLIIHUDQVH�L�SURVHQW�IRU�KYHUW�

LQWHUYDOO��'HUHWWHU�EOH�KYHUW�LQWHUYDOO�EUXNW�WLO�n�HVWLPHUH�5��RJ�5� YHUGLHQH�L�SHULRGHQ�XW�IUD�$��

YHUGLHQ�VRP�EOH�HVWLPHUW�WLGOLJHUH��VH�ILJXU�����

)LJXU������6NMHUPELOGH�IUD�$]XUH��-HYQW�DQWDOO�NXQGHU�PHG�$06�PnOHU�Sn�WUDIRNUHWV�

)LJXU������6RUWHULQJ�DY�PnOLQJHU�IUD�$]XUH
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5HVXOWDWHW�HU�GDWD�VRP�VNDO�EUXNHV�YLGHUH�L�UDSSRUWHQ��'LVVH�HVWLPHUWH�YHUGLHQH YLO�KD HW DYYLN

RSS�PRW�GH�UHHOOH� PHQ�PHWRGHQ�HU�XWI¡UW�VOLN�DW�GLIIHUDQVHQ�HU�DQWDWW�n Y UH�QHJOLVMHUEDU IRU

YLGHUH EHUHJQLQJHU��)LJXU���� YLVHU HW�XWGUDJ�IUD�WDEHOOHQ IRU JHQHUHUW�GDWD��VDPW�SURVHQWVDWVHU

EUXNW�WLO n�HVWLPHUH��VH�ILJXU���� RJ�ILJXU�����

$OO�NRGH�VRP�HU�EOLWW EUXNW�L�IRUELQGHOVH�PHG�HVWLPHULQJHQH�IRUHOLJJHU�L�YHGOHJJ�QU����

��� .DONXODVMRQVYHUNW¡\

.DONXODVMRQVYHUNW¡\HW�L�©)RUGHOLQJVWUDQVIRUPDWRUHU�RJ�WDSVNRVWQDGHU�± %HUHJQLQJ�DY�HQ�PHU�

GHWDOMHUW�PRGHOO� IRU� WDSVNRVWQDGHU�YHG�EUXN�DY�$06�GDWDª�DQYHQGHV� L�GHQQH� UDSSRUWHQ WLO� n�

EHUHJQH� WDSVNRVWQDGHU >�@� 9HUNW¡\HW� EUXNHU� WLPHVYHUGLHU� IUD� $06�� WUDQVIRUPDWRU\WHOVH��

WRPJDQJV� RJ EHODVWQLQJVWDS�RJ�IRUPHOHQ�IRU�WDS�L�WUDQVIRUPDWRU� 9LGHUH�EHUHJQHV�EUXNVWLG�IRU�

WDS��EUXNVWLG�IRU�ODVW��WRSSEHODVWQLQJ�L�SURVHQW�DY�QRPLQHOO�YHUGL�RJ�SURVHQW�XWQ\WWHW�NDSDVLWHW�L�

WUDQVIRUPDWRUHQ��9HUNW¡\HW�JHQHUHUHU JUDI Sn IRUEUXN RJ�WDS�

)LJXU������6QLWWYHUGLHU�DY�5��RJ�5� PnOLQJHU�L�KYHUW�LQWHUYDOO

)LJXU������*HQHUHUWH�GDWD�XW�IUD�EHUHJQLQJHU
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.DONXODVMRQVYHUNW¡\HW� HU� YLGHUHXWYLNOHW� L� IRUELQGHOVH� PHG GHQQH UDSSRUWHQ IRU� HQNOHUH�

DQYHQGHOVH RJ�PHU�NRUUHNWH UHVXOWDW� 'HONDSLWWHO������ RJ������ EHVNULYHU�KYLONH�HQGULQJHU�VRP�

HU�IRUHWDWW� (QGULQJHQH L�NRGHQ�IRUHOLJJHU L�YHGOHJJ���

����� 7LPHVEDVHUW�LQSXW

,QSXW��$�� 5�� $� RJ�5��YDU�WLGOLJHUH�ODJW�LQQ�VRP�DNNXPXOHUWH YHUGLHU��'HWWH�HU�HQGUHW�VOLN�DW�

WLPHVYHUGLHU NDQ�OHJJHV GLUHNWH�LQQ�L YHUNW¡\HW��

����� 7LOV\QHODWHQGH�HIIHNW

7LGOLJHUH�UDSSRUW RPKDQGOHW�NXQ�pQ�WUDQVIRUPDWRUNUHWV�VRP�YDU�LQGXNWLY��GHWWH�JD�NXQ�XWVODJ�Sn�

$��RJ�5��RJ�GHW�EOH�YDOJW�n�QHJOLVMHUH $� RJ�5� >�@��)RU�DW�UHVXOWDWHW�VNDO�EOL�PHU�NRUUHNW�HU�5�

Qn�WDWW�PHG�L�EHUHJQLQJHQH��$� HU�IRUWVDWW�DQWDWW�QXOO��

9HUGLHQH�IUD�$06 L�QHWWVWDVMRQHQ�HU�JMHQQRPVQLWW�IRU�pQ�WLPH��EnGH�$���5���$� RJ�5���)RU�n�

EHUHJQH WLOV\QHODWHQGH�HIIHNW�EUXNHV�DNWLY�RJ�UHDNWLY�HIIHNW��)LJXU���� LOOXVWUHUHU HW�HNVHPSHO�Sn�

UHDNWLY�EHODVWQLQJ�RYHU�HQ�WLPH�KYRU�GHQ�YDULHUHU�PHOORP�LQGXNWLY��5���RJ�NDSDVLWLY��5����

'HQ�WLOV\QHODWHQGH�HIIHNWHQ RJ�JMHQQRPVQLWWHW�XWWU\NNHV L�IRUPHO ���

ܵ ൌ ඥܲଶ ൅ ܳଶ ����

ܵҧ ൌ ටሺ തܲሻଶ ൅ ሺ തܳሻଶ

,�SHULRGHU�KYRU�EnGH�5��RJ�5� IRUHNRPPHU�NDQ�JMHQQRPVQLWWOLJ�UHDNWLY�HIIHNW�EHUHJQHV�PHG�
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,QWHJUDOHW L�OLNQLQJ��� WLOVYDUHU VXPPHQ�DY�DUHDOHW XQGHU�NXUYHQ��(Q�DOWHUQDWLY PnWH�n�EHVNULYH�

GHWWH�DUHDOHW�HU�YHG�EUXN�DY�5��RJ�5� VRP�HU�JMHQQRPVQLWWOLJ�YHUGLHU�DY�4� KHQKROGVYLV RYHU�RJ�

XQGHU�OLQMHQ 4�OLN�QXOO��)RU�n�ILQQH�GHW�WRWDOH�DUHDOHW�XW�IUD�5��RJ�5� Pn�GLVVH�PXOWLSOLVHUHV�PHG�

WLGHQ� 6H�IRUPHO����

නȁܳሺݐሻȁ ݐ݀ ൌ ൫ሺܴ ൅ሻ ൅ ሺܴ െሻ൯ כ ݐ

՜ തܳ ൌ
ͳ

ݐ
൫ሺܴ ൅ሻ ൅ ሺܴ െሻ൯ כ ݐ ൌ ሺܴ ൅ሻ ൅ ሺܴെሻ ����

'HU

4��5HDNWLY�HIIHNW�

5���*MHQQRPVQLWWOLJ�LQGXNWLY�UHDNWLY�HIIHNW�IUD�$06�

5���*MHQQRPVQLWWOLJ�NDSDVLWLY�UHDNWLY�HIIHNW�IUD�$06�

W��7LG�IRU�VQLWWYHUGLHQH�

8WOHGQLQJHQ� YLVHU� DW� IRU� PHVW� NRUUHNW� JMHQQRPVQLWWOLJ� WLOV\QHODWHQGH� HIIHNW� VNDO 5�� RJ� 5�

DGGHUHV�L�NDONXODVMRQVYHUNW¡\HW�

��� 0RGHOOHUWH�VFHQDULR

)RU�XWUHJQLQJHQH�DY�WUDQVIRUPDWRUWDS�HU�GHW�EUXNW�WLPHVYHUGLHU�IRU�ODVW�IUD�$06�L�QHWWVWDVMRQHQ�

RJ�\WHOVH��WRPJDQJVWDS�RJ�EHODVWQLQJVWDS�IRU�WUDQVIRUPDWRUHQ��9HG�n�PRGLILVHUH�GLVVH�YHUGLHQH

HU�GHW�PXOLJ�n�VLPXOHUH XOLNH VFHQDULR��'HW�HU�KRYHGVDNHOLJ WUH HQGULQJHU JMRUW�Sn�SDUDPHWHUQH�

VRP HQNHOWYLV HOOHU NRPELQHUW XWI¡UHV�YLGHUH�L�DQDO\VHQ��(QGULQJHQH HU�EHVNUHYHW YLGHUH�L�GHWWH�

NDSLWWHOHW�

����� 7UDQVIRUPDWRUDOWHUQDWLYHU

(Q� WXQJW� EHODVWHW� WUDQVIRUPDWRU� KDU� UHODWLYW P\H� WDS�� GHQ� HU� RJVn� XWVDWW� IRU� RYHUEHODVWQLQJ

GHUVRP�GHW�VNXOOH�IRUHNRPPH�XWYLGHOVHU�Sn�WUDQVIRUPDWRUNUHWVHQ��9HG�n�E\WWH�HQ�WUDQVIRUPDWRU�

WLO�HQ�K¡\HUH�\WHOVH�YLO�WDSVNRHIILVLHQWHQH RIWH�¡NH� PHQ�EHODVWQLQJVJUDGHQ�UHGXVHUHV�

9HG� n� HQGUH� WUDQVIRUPDWRU\WHOVHQ HQGUHV� SDUDPHWHUQH� VRP� EUXNHV� WLO� n� EHUHJQH� WDSHW� PHU�

VSHVLILNW�EHODVWQLQJVJUDGHQ��WRPJDQJVWDSHW�RJ�EHODVWQLQJVWDSHW��%HODVWQLQJVJUDGHQ�HU�EHVWHPW�

DY�\WHOVHQ�Sn�WUDQVIRUPDWRUHQ RJ WRPJDQJV� RJ�EHODVWQLQJVWDSHW�HU�JLWW�DY�SURGXVHQWHQ� )RUPHO�



��

� YLVHU� KYRUGDQ� GLVVH� SDUDPHWHUQH� SnYLUNHU� XWUHJQLQJHQ�� ,� PRGHOOHQH HU� GHW� EUXNW� VWDQGDUG�

WUDQVIRUPDWRUVW¡UUHOVHU�DQJLWW�L�5(1EODG������������ >��@

)RU�n�DQDO\VHUH�IRUVNMHOOLJH�\WHOVHU HU�GHW�EUXNW�WDSVYHUGLHU�OLN NUDYHQH�L�(8������'HWWH�IRU�n�KD�

HQ�OLN�UHIHUDQVH�L�VDPPHQOLNQLQJHQ��>�@

7UDQVIRUPDWRUHU� PHG� VDPPH� \WHOVH� NDQ� KD� IRUVNMHOOLJH� WDSVNRHIILVLHQWHU�� 7DSHW� L� HQ

WUDQVIRUPDWRU�VNDO�IRUKROGH�VHJ�WLO�NUDYHQH�L�(8�����RJ�GHWWH�NUDYHW�EOLU�VWUHQJHUH��PHG�7LHU���

IUD����������� RJ�7LHU���IUD�������������8WUHJQLQJHQH�JLU�HQ�LQGLNDVMRQ�Sn�KYRU�P\H�WDS�RJ�

WDSVNRVWQDGHU�DYWDU QnU�WDSVNRHIILVLHQWHQH�UHGXVHUHV�PHG LQQI¡ULQJ�DY Q\H�NUDY� >�@

'H UHHOOH�WDSVNRHIILVLHQWHQH VDPPHQ�PHG 7LHU���RJ�7LHU�� HU�DQYHQGW�IRU�DQDO\VHQ��9HUGLHQH�HU�

EHQ\WWHW�L NDONXODVMRQVYHUNW¡\HW� 9HUNW¡\HW EUXNHU�IRUPHO�� WLO n�EHUHJQH WDSHW L�WUDQVIRUPDWRUHQ

PHG�GH�IRUVNMHOOLJH�WDSVNRHIILVLHQWHQH��

����� 6NDOHULQJ�DY�ODVW

19(�KDU�XWDUEHLGHW� HQ� UDSSRUW�YHGU¡UHQGH� VWU¡PIRUEUXN� L�1RUJH� IUHP� WLO� nU������ >��@��+HU�

DQVOnV�HQ�¡NQLQJ�L�GHW�WRWDOH�IRUEUXNHW�IRU�IDVWODQGV�1RUJH��/LNHYHO�HU GHW HVWLPHUW�HQ�UHGXNVMRQ�

L�HQHUJLEHKRYHW�IRU�KXVKROGQLQJHU��

'HW�WRWDOH�VWU¡PIRUEUXNHW�L�1RUJH�HU�DQWDWW�n�¡NH�IUD����7:K�L�nU������WLO����7:K�L�nU������

6H� ILJXU����� 5DSSRUWHQ�KDU�SURJQRVHUW HW� YDUPHUH�NOLPD� VRP�NDQ�ELGUD� WLO� HQ� UHGXNVMRQ�DY

VWU¡PIRUEUXNHW� L� KXVKROGQLQJHU�� 'HWWH� KHQJHU� VDPPHQ� PHG� VWUHQJHUH� E\JJWHNQLVNH� NUDY� L�

NRPELQDVMRQ�PHG�PHU�HIIHNWLYH�RSSYDUPLQJVNLOGHU�RJ�DQGUH�HOHNWULVNH�DSSDUDWHU�>��@

)LJXU������6WU¡PIRUEUXN�L�IDVWODQGV�1RUJH��>��@



��

)UD�nU����� WLO����� KDU�DQWDOO�EROLJHU�L�1RUJH�¡NW�PHG�RPWUHQW���� >��@��(OGUH EROLJHU�EOLU�

HUVWDWWHW�PHG�PHU�HIIHNWLYH�VRP�Pn�I¡OJH�Q\H�E\JJWHNQLVNH IRUVNULIWHU >��@� 'HWWH�NDQ�LQGLNHUH�

HQ�\WWHUOLJHUH�UHGXNVMRQ DY�VWU¡PIRUEUXN L HNVLVWHUHQGH KXVKROGQLQJHU�HQQ�DQWDWW�L�UDSSRUWHQ�IUD�

19(�>��@�

2SSYDUPLQJ� XWJM¡U HQ� VWRU� GHO DY� VWU¡PIRUEUXNHW� L� KXVKROGQLQJHU VRP� DYKHQJHU DY�

XWHWHPSHUDWXUHQ��'HWWH�PnOHV�L�JUDGGDJVWDOO�RJ�NDQ�EUXNHV�WLO�n�NRUULJHUH�HQHUJLEUXNHQ IRU HW�nU�

5DSSRUWHQ� ©.OLPD� L�1RUJH� ����ª� HVWLPHUHU� HQ� UHGXNVMRQ� L� YLQWHUGDJHU RJ� GHUPHG UHGXVHUW�

RSSYDUPLQJVEHKRY >��@�

,�IRUPHO �� IRU�QRUPDOnUVNRUULJHULQJ�HU QRUPDOHQ�IRU nU �����EDVHUW�Sn�WDOO�IUD������WLO������

>��@� )DNWRUHQ�©Nª L�IRUPHOHQ HU WHPSHUDWXUDYKHQJLJ�DQGHO RJ������������HU�DQWDWW�JMHQQRPVQLWW�

L�QRUVNH�KXVKROGQLQJHU�LI¡OJH�6,17() VLQ XQGHUV¡NHOVH�XWI¡UW�L�nU����� >��@��'HWWH�HU�EHVNUHYHW�

VRP�HW�YDUPW�nU�VOLN�DW�N ���� NDQ�Y UH ODYHUH�HQQ�JMHQQRPVQLWWHW� )DNWRUHQ�©Nª�HU�VDWW�WLO������

L�GHQQH�UDSSRUWHQ IRU�n�NRPSHQVHUH�IRU�NOLPDHQGULQJHU�RJ�PHU�HIIHNWLYH�YDUPHNLOGHU�VLGHQ nU

����� >�����@

(NVHPSHOYLV�HU�JUDGGDJVWDOOHW� L�nU������IRU�5LQJVDNHU�NRPPXQH�������RJ�QRUPDOHQ�PHOORP�

nUHQH�����������HU������ 6H�IRUPHO �� IRU�EHUHJQLQJ�DY�NRUULJHULQJVIDNWRU� >��@

௞௢௥௥ܧ ൌ ௠¤௟௧ܧ ൜൬Ͳǡ͸ כ
ͷͳͳͳ

Ͷʹ͹Ͷ
൰ ൅ ሺͳ െ Ͳǡ͸ሻൠ ൌ ௠¤௟௧ܧ כ ͳǡͳͳͺ ����

'HQ�PnOWH�HQHUJLHQ�L�5LQJVDNHU�NRPPXQH Pn VNDOHUHV�RSS�PHG������ IRU�n�UHSUHVHQWHUH�HW�

QRUPDOnU�RJ�JL�VQLWWYHUGLHQ�Sn�GHW�nUOLJH�HQHUJLEHKRYHW�WLO�WUDQVIRUPDWRUNUHWVHQ��

cU������KDU�JUDGGDJVWDOO�Sn����� >��@��'HWWH�UHVXOWHUHU L�HQ�¡NQLQJ�XW�RYHU�QRUPDOnUHW��PHQ�NDQ�

UHJQHV�VRP�HW�DNWXHOW�WLOIHOOH�IRU�HW�IUHPWLGLJ�nU� 6H�IRUPHO����

௞௢௥௥ܧ ൌ ௠¤௟௧ܧ ൜൬Ͳǡ͸ כ
ͷ͵ͺʹ

Ͷʹ͹Ͷ
൰ ൅ ሺͳ െ Ͳǡ͸ሻൠ ൌ ௠¤௟௧ܧ כ ͳǡͳͷ͸ ����

(QHUJLEHKRYHW�L�nU������YDU�GD�������PHU HQQ�L�nU �����

)RU� n� SURJQRVHUH HQGULQJHU VRP� NDQ� IRUHNRPPH VNDOHUHV HNVLVWHUHQGH� ODVW�� 9HG� n� VNDOHUH�

WLPHVYHUGLHQH�VLPXOHUHV�HQ�¡NQLQJ�HOOHU�UHGXNVMRQ�L�EHODVWQLQJ� 'HWWH�YLO EHKROGH IRUGHOLQJHQ�

Sn�ODVWHQ RJ NDQ UHSUHVHQWHUH�HQ�UHHOO�HQGULQJ�



��

����� '¡JQXWMHYQHW ODVW

0HG�LQQI¡ULQJ�DY�$06�L�1RUJH�HU�G\QDPLVN�WDULII�HQ�PXOLJKHW��'HWWH�VNDO�JL�NXQGHU�LQVHQWLY�

WLO�n�RSSUHWWKROGH�HW�MHYQW�IRUEUXN VRP�YLO�XWQ\WWH�QHWWNDSDVLWHWHQ�EHGUH�RJ�L�WLOOHJJ�UHGXVHUH�WDS�

L�QHWWHW�

,�HW�K¡ULQJVGRNXPHQW�IUD�19(�XWJLWW�L�MDQXDU������HU�GHW�IRUHVOnWW�WUH PnWHU�HW�QHWWVHOVNDS�NDQ�

XWIRUPH� QHWWOHLHQ >��@��0nOW� HIIHNW�� DERQQHUW� HIIHNW� HOOHU� VLNULQJVVW¡UUHOVH��0HG PnOW� HIIHNW�

EHWDOHU�NXQGHQ�IRU�HQ�G¡JQPDNV� 0HG DERQQHUW�HIIHNW�EHWDOHU�NXQGHQ�XW�IUD�HQ�IDVWVDWW�NDSDVLWHW�

KYRU�HNVWUD�NRVWQDG SnO¡SHU KYLV�GHQQH�RYHUVWLJHV��'LVVH�WR�HU�GH�PHVW�DNWXHOOH�IRUVODJHQH�IRU�n�

UHGXVHUH�WRSSHU�L�IRUEUXNHW�

7LPHVYHUGLHQH IUD�$06�L�QHWWVWDVMRQHQ EOLU�XWMHYQHW�IRU�n�VLPXOHUH�KYRUGDQ�HQ�G\QDPLVN�WDULII�

NDQ�SnYLUNH�WDSHW�L�HQ�WUDQVIRUPDWRU� 'HW�HU�PDQJH�PnWHU�n�VLPXOHUH�GHWWH Sn��PHQ GHQ�WRWDOH�

HQHUJLPHQJGHQ�OHYHUW�RYHU�SHULRGHQ�VNDO�IRUEOL�XIRUDQGUHW� 5DSSRUWHQ PRGHOOHUHU�HW WLOIHOOH�KYRU�

HIIHNWIRUEUXNHW IRU KYHUW�G¡JQ�HU�NRQVWDQW��)LJXU����� YLVHU�HW�XWGUDJ DY�WLPHVYHUGLHQH�IRU�HQ�

WUDQVIRUPDWRUNUHWV�RJ�KYRUGDQ�GLVVH�HU�XWMHYQHW� 6H L�WLOOHJJ IRUPHO����
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��� $QDO\VH�DY�WDS

7DS�L�GH�IRUVNMHOOLJH�PRGHOOHQH HU�XWUHJQHW�L�KHQKROG�WLO�GHONDSLWWHO������5HVXOWDWHQH�EHQ\WWHV WLO�

n�DQDO\VHUH�WDSHW�L�WUDQVIRUPDWRUHQ� 0RGHOOHQH EOLU VDPPHQOLNQHW�IRU�n�ILQQH�RSWLPDOH�O¡VQLQJHU��

'HWWH�HU�NXQ�DQDO\VH�DY�WDSHW�RJ�YLO�LNNH�UHIOHNWHUH�GHQ�¡NRQRPLVNH RSWLPDOH�O¡VQLQJHQ�

����� 7DSVEHUHJQLQJHU

1¡NNHOWDOOHQH�PHG�GHQ�UHHOOH ODVWHQ�RJ�HNVLVWHUHQGH�WUDQVIRUPDWRU�SUHVHQWHUW�IRU�nU�������'HWWH�

HU�KHQVLNWVPHVVLJ�IRU�n�NXQQH�KD�HW�UHIHUDQVHSXQNW�WLO�DQGUH�SURJQRVHU�

*UDGGDJVWDOO��DQWDOO DERQQHQWHU�RJ�HOELOHU�HU�HNVHPSOHU VRP�NDQ�IRUDQGUH� ODVWHQ��1RHQ�IDVWH�

SURVHQWVDWVHU� LQNOXGHUW� QRUPDOnUVNRUULJHULQJ� DQYHQGHV� IRU� n� VNDOHUH� ODVWHQ� RJ� DQDO\VHUH�

Q¡NNHOWDOOHQH�PRW�KYHUDQGUH��'HW�HU�YDOJW�n�VNDOHUH�ODVWHQ�IUD�����WLO������PHG�LQWHUYDOO�Sn�

IHP SURVHQWSRHQJ�IRU�n�NXQQH�DQDO\VHUH�KYRUGDQ�WDSHW�L�WUDQVIRUPDWRUHQ�SnYLUNHV�

1¡NNHOWDOOHQH�EOLU�VDPPHQOLNQHW�YHG�IRUVNMHOOLJH�WUDQVIRUPDWRU\WHOVHU VDPW�WDSVNUDY�7LHU���RJ

7LHU���

9HG�G¡JQXWMHYQLQJ�HU�Q¡NNHOWDOOHQH�VDPPHQOLNQHW�PRW�GHQ�UHHOOH�ODVWHQ��'HWWH�JLU�HQ�LQGLNDVMRQ�

Sn�KYRUGDQ�HQ�VOLN�XWMHYQLQJ�SnYLUNHU�WDSHW�L�HQ�WUDQVIRUPDWRU��

����� 1¡NNHOWDOO

$QDO\VHQ DQYHQGHU Q¡NNHOWDOO GHILQHUW�VRP�I¡OJHU�

(QHUJL�OHYHUW�± 6XPPHQ�DY�HQHUJL�OHYHUW�DY�WUDQVIRUPDWRUHQ�XW�WLO�DERQQHQWHQH�RYHU�HW�nU�

௟௘௩ܧ ൌ ෍ ට ௜ܲ
ଶ ൅ ܳ௜

ଶ

଼଻଺଴

௜ୀଵ

����

'HU

�7�௟௘௩ܧRWDOW�HQHUJL�OHYHUW�IRU�HW�nU�������WLPHU� >N9$K@�

௜ܲ� *MHQQRPVQLWWOLJ�DNWLY�HIIHNW�IRU�WLPH�©Lª�>N:@�

ܳ௜��*MHQQRPVQLWWOLJ�UHDNWLY�HIIHNW�IRU�WLPH�©Lª�>N9$U@�



��

7RWDOH�WDS ± 6XPPHQ�DY�WDS�L�WUDQVIRUPDWRUHQ�RYHU�HW nU��

௧௔௣ܧ ൌ ෍ሺ ଴ܲ ൅ ൬
ܵ௕ ௜

ܵ௡
൰
ଶ

כ ௞ܲሻ

଼଻଺଴

௜ୀଵ

����

'HU

�7�௧௔௣ܧRWDOH�WDS�IRU�HW�nU�������WLPHU��>N:K@�

଴ܲ��7RPJDQJVWDS >:@�

௞ܲ��%HODVWQLQJVWDS >:@�

ܵ௕ ௜��*MHQQRPVQLWWOLJ�EHODVWQLQJ�IRU WLPH�©Lª >N9$@�

ܵ௡��0HUNHODVW >N9$@�

9LUNQLQJVJUDG ± *MHQQRPVQLWWOLJ�YLUNQLQJVJUDG�WLO�WUDQVIRUPDWRUHQ�

݀ܽݎ݃ݏ݃݊݅݊݇ݎܸ݅ ൌ ߟ ൌ
௟௘௩ܧ

௟௘௩ܧ ൅ ௧௔௣ܧ
����

%HODVWQLQJVJUDG ± +YRU�P\H�DY�WUDQVIRUPDWRUHQV�WRWDOH�NDSDVLWHW�VRP�DQYHQGHV�

݀ܽݎ݃ݏ݃݊݅݊ݐݏ݈ܽ݁ܤ ൌ ߙ ൌ
௟௘௩ܧ

ܵ௡ כ ͺ͹͸Ͳ
����

7DSVIRUGHOLQJ ± +YRU� VWRU� DQGHO� DY� WDSHW� L� WUDQVIRUPDWRUHQ� EHVWnU� DY� EHODVWQLQJVWDS� RJ�

WLOVYDUHQGH�WRPJDQJVWDS��

݈݁ܽݐ݋ܶ ݌ܽݐݏ݃݊ܽ݃݉݋ݐ ൌ ଴ܧ ൌ ଴ܲ כ ͺ͹͸Ͳ ሾܹ݄݇ሿ ����

݈݁ܽݐ݋ܶ ݌ܽݐݏ݃݊݅݊ݐݏ݈ܾܽ݁ ൌ ௞ܧ ൌ ௧௔௣ܧ െ ଴ܧ ሾܹ݄݇ሿ ����

%UXNVWLG�IRU�WDS RJ 7RSSYHUGL�WDS ±6H�GHONDSLWWHO���� IRU�GHILQLVMRQ�



��

��� �NRQRPLVN�DQDO\VH

)RU�n�NDUWOHJJH�SRWHQVLDOHW�YHGU¡UHQGH�LQQVSDULQJ�DY�WDSVNRVWQDGHU�XWI¡UHV�XOLNH�¡NRQRPLVNH�

DQDO\VHU��VRP�EHVWnU�DY�WUH�KRYHGSXQNWHU�

Ͳ (NVLVWHUHQGH�

Ͳ $OWHUQDWLYH�WUDQVIRUPDWRUHU�

Ͳ /DVWPRGHOOHULQJ�

'HW�HU�RPIDWWHQGH�n�XWI¡UH�NRVWQDGVDQDO\VHU�JUXQQHW�IDNWRUHU�YHG�LQQWHNVWUDPPHUHJXOHULQJHQ�

UHI� NDSLWWHO �����'HW�HU�GHUIRU�IRUHWDWW�IRUHQNOHGH�YXUGHULQJHU�VRP�NDQ�EHQ\WWHV�WLO�YLGHUH�DUEHLG��

0HG� SURVHG\UH� EHVNUHYHW� L� SODQERN� IRU� WDSVNRVWQDGHU�� XWI¡UHV� HQ� NDON\OH� IRU� VSHVLILNNH

WDSVNRVWQDGHU��0HG�OLNQLQJ���EHUHJQHV�WDSVNRVWQDGHQH�IRU�SHULRGHQ������������'HW�EHQ\WWHV�

NRQVWDQW�YHUGL�IRU�EnGH WRSSYHUGL�WDS ǻ3OPD[ RJ�EUXNVWLG�IRU�WDS�7W�KYLV�LNNH�DQQHW�HU�EHVNUHYHW��

$OOH� EHO¡SHQH� GLVNRQWHUHV PHG NDONXODVMRQVUHQWH� OLN� ���HWWHU� UHWQLQJVOLQMHU� IUD� SODQERN IRU�

WDSVNRVWQDGHU RJ�VXPPHUHV��L�KHQKROG�WLO�OLNQLQJ���>�@��'HWWH JLU�WDSVNRVWQDGHQH�IRUnUVDNHW�DY�

WUDQVIRUPDWRUHQ�L�SHULRGHQ� %HUHJQLQJHQ�HU�XWJDQJVSXQNWHW�IRU�DOOH�DQDO\VHQH�

����� (NVLVWHUHQGH

5HHOOH�ODVWGDWD�RJ�HNVLVWHUHQGH�WUDQVIRUPDWRU�HU�DQYHQGW�L�WDSVEHUHJQLQJHQH�

����� $OWHUQDWLYH�WUDQVIRUPDWRUHU

9HG�n�HQGUH�WUDQVIRUPDWRU\WHOVH RJ�WDSVNUDY NDQ�WDSVNRVWQDGHU�UHGXVHUHV�

'HW�JM¡UHV�NRVWQDGVEHUHJQLQJHU�IRU�WR�PXOLJH�HUVWDWQLQJVWUDQVIRUPDWRUHU�

�� 7UDQVIRUPDWRUHU�SURGXVHUW HWWHU�JMHOGHQGH�VWDQGDUG��7LHU�����EHVNUHYHW�L�1(.�(1������

��NDS� ������7DEHOO ��RJ���RJ�(8���� VRP�VSHVLILVHUW� L�5(1EODG�������+HU�EHQ\WWHV�

WDSVNUDY�$� RJ�&N� 'HWWH NDQ�LQGLNHUH L�KYLONHQ�JUDG�HNVLVWHUHQGH�WUDQVIRUPDWRU HU�ULNWLJ�

GLPHQVMRQHUW� >����@

�� 7UDQVIRUPDWRU PHG�NUDY�IUD�(8����JMHOGHQGH�I�R�P��������������7LHU�����+HU�EHQ\WWHV�

WDSVNUDY�$$� RJ�$N� 7UDQVIRUPDWRUHQH�HU�DNWXHOOH�IRU�n�YXUGHUH�XWE\WWLQJ��PHQ�RJVn�IRU�

SODVVHULQJ�L�Q\H�DQOHJJ��>�@

'HW�EHUHJQHV�NRVWQDGHU�IRU HWW�RJ WR�\WHOVHVWULQQ�VW¡UUH�HQQ�HNVLVWHUHQGH��)RU�SXQNW���RYHQIRU

LQNOXGHUHV LQYHVWHULQJVNRVWQDGHQ��GYV��NRVWQDG�IRU�LQQNM¡S�DY�WUDIR��KHQWHW�IUD�5(1�SURVMHNW�



��

����� 8WMHYQLQJ�DY�ODVW

,QQI¡ULQJ�DY�G\QDPLVN� WDULIIHULQJ�RJ�GHUPHG�XWMHYQLQJ�DY� HIIHNWWRSSHU�YLO�KD�EHW\GQLQJ� IRU�

WDSVNRVWQDGHQH� WLO� HQ� WUDQVIRUPDWRU��%nGH� HIIHNWWRSS IRU� WDS ǻ3OPD[ RJ�EUXNVWLG� IRU� WDS�7W

SnYLUNHV� 'HQ�UHHOOH� ODVWHQ�EHQ\WWHV�VRP�XWJDQJVSXQNW��RJ KYHUW�G¡JQ�XWMHYQHV��/DVWGDWDHQH�

OHJJHV�GHUHWWHU�LQQ�L�NDONXODVMRQVYHUNW¡\HW��

'HW�EHUHJQHV� WDSVNRVWQDGHU�IRU�HNVLVWHUHQGH� WUDQVIRUPDWRU� L� WLOOHJJ� WLO�EnGH�7LHU���RJ�7LHU���

WUDQVIRUPDWRUHU�PHG�HQ�RJ�WR�VWDQGDUG\WHOVHU�VW¡UUH�

����� 3URJQRVHULQJ DY�ODVW

(QHUJLEHKRY�IRU�IUHPWLGHQ�HU�SURJQRVHUW�YHG�VNDOHULQJ�DY�HNVLVWHUHQGH�ODVW��$OOH�WLPHVYHUGLHU�

IRU�nUHW�HU�HQGUHW�PHG�VDPPH�IDNWRU��5DSSRUWHQ�KDU�WR�SURJQRVHULQJVPHWRGHU�

�� $OOH�YHUGLHU�VNDOHUHV�PHG�HQ�IDNWRU��OHJJHV�LQQ�L�NDONXODVMRQVYHUNW¡\HW�RJ�JLU�GHUPHG�

OLN�WRSSYHUGL RJ�EUXNVWLG�IRU�WDS�IRU�DOOH����nU�

�� /DVWHQ VNDOHUHV�JUDGYLV�RYHU�SHULRGHQ�Sn��� nU��%UXNVWLG�IRU�WDS�RJ�WRSSYHUGL�IRU�WDS�EOLU�

XWUHJQHW�IRU�UHHOO�ODVW�RJ IRU ¡QVNHW�VNDOHULQJ�DY�ODVWHQ��'HW�DQWDV HQ�OLQH U�VDPPHQKHQJ

L�SHULRGHQ��RJ�GH�nUOLJH�YHUGLHQH IRU�EUXNVWLG�RJ�WRSSYHUGL�IRU�WDS EHUHJQHV��'HUHWWHU�NDQ�

GH XOLNH nUOLJH�YHUGLHQH�GLVNRQWHUHV RJ�VXPPHUHV��RJ�UHVXOWDWHW�HU�WDSVNRVWQDGHU�RYHU�

���nU VRP�I¡OJH�DY�HQ�JUDGYLV�ODVW¡NQLQJ�

/DVWHQ�SURJQRVHUHV�PHG�EnGH�¡NQLQJ�RJ�UHGXNVMRQ�

�� *UDGGDJVNRUULJHULQJ��

%HO\VHU�WDSVNRVWQDGHU�L�VFHQDULHW�PHG�QRUPDOLVHUW�ODVW� $QYHQGHU�SURJQRVHULQJVPHWRGH�

��

�� *UDGGDJVNRUULJHULQJ�RJ�ODVWHQ�¡NHV������

3URJQRVH� YHG� ¡NQLQJ� L� DQWDOO� DERQQHQWHU HOOHU� ¡NHQGH� HIIHNWEHKRY� HNVHPSHOYLV�

HOELOODGLQJ� $QYHQGHU�SURJQRVHULQJVPHWRGH���

�� *UDGGDJVNRUULJHULQJ��ODVWHQ�¡NHV�����RJ�G¡JQXWMHYQHV��

/LN�SURJQRVH�VRP�SXQNW WR��LQNOXGHUW�G\QDPLVN�WDULII� $QYHQGHU�SURJQRVHULQJVPHWRGH�

��

�� *UDGGDJVNRUULJHULQJ�RJ�ODVWHQ�KDOYHUHV��

,�UDSSRUWHQ�HU�GHW�YDOJW�XW�K¡\W�EHODVWHGH�WUDQVIRUPDWRUNUHWVHU��9HG�n�UHGXVHUH�ODVWHQ�NDQ�

GHWWH�WLOVYDUH PLQGUH�EHODVWHGH�NUHWVHU� $QYHQGHU�SURJQRVHULQJVPHWRGH���



��

� 5HVXOWDWHU

��� 8WYDOJWH�QHWWVWDVMRQHU

7UH�QHWWVWDVMRQHU�PHG�XQGHUOLJJHQGH�WUDQVIRUPDWRUNUHWVHU�L�(OYLDV�GLVWULEXVMRQVQHWW�HU�YDOJW�XW�

IRU� DQDO\VHQH� 'HW� HU� IRNXVHUW� Sn� K¡\W� EHODVWHGH� WUDQVIRUPDWRUHU�� RJ� YDOJHQH� HU� WDWW� XW� IUD�

EHODVWQLQJVJUDG�L�1HWEDV�RJ�JUDIHU�IRU�ODVWIO\W�L�$]XUH��1HWWVWDVMRQHQH�Pn�L�WLOOHJJ�KD�RSHUDWLY�

$06�PnOHU��QRH�VRP�KDU�Y UW�XWIRUGUHQGH�n�RSSI\OOH�IRU�KHOH�nUHW�������$06�GDWD�IRU�GHQ�

UHVWHUHQGH�SHULRGHQ�HU�GHUIRU�HVWLPHUW��UHI��NDSLWWHO�����

7UDQVIRUPDWRUNRUW�IRUHOLJJHU�L�YHGOHJJ����VRP�LQNOXGHUHU�WRPJDQJV� RJ�EHODVWQLQJVWDS�

����� 7UROOKDXJHQ�,,�����N9$

7UROOKDXJHQ� ,,� HU� HQ� IULWWVWnHQGH� QHWWVWDVMRQ� ORNDOLVHUW� Sn� 6MXVM¡HQ� L� 5LQJVDNHU� NRPPXQH��

7UDQVIRUPDWRUHQ HU SURGXVHUW DY�6FKQHLGHU�(OHFWULF� L nU ���� RJ�KDGGH L� ���� HQ�EHUHJQHW�

JMHQQRPVQLWWOLJ�EHODVWQLQJVJUDG Sn Į� ���� �LKW�� OLNQLQJ����� %HODVWQLQJHQ�HU IRUGHOW���� �

����OXIWQHWW�NDEHOQHWW� (IIHNWWRSS�L�nU������YDU������N:�PnOW������������VRP�WLOVYDUHU��������

EHODVWQLQJ� 6H�WDEHOO���� IRU�IOHUH�RSSO\VQLQJHU RP�QHWWVWDVMRQHQ�

7DEHOO������2SSO\VQLQJHU�QHWWVWDVMRQ�7UROOKDXJHQ�,,��KHQWHW�IUD�1HWEDV�RJ�$]XUH
1DYQ 5DGLDO 'ULIWV�

PHUNLQJ
3ULP U�
VSHQQLQJ

6HNXQG U�
VSHQQLQJ

7\SH�QHWW�
ODYVSHQWNUHWV

.XQGHU
PHG�$06�
PnOHU

$06�PnOHU�
PRQWHUW�L
QHWWVWDVMRQ

7UROOKDXJHQ�,, +HVWnVHQ (16����� ��N9 ����N9 ����/XIW�
����.DEHO

����� �����������
NO������

����� *UDQ�%UDQGYDO�����N9$

*UDQ� %UDQGYDO� HU� HQ� IULWWVWnHQGH� QHWWVWDVMRQ� YHG� 6NRWWHUXG� L� .RQJVYLQJHU� NRPPXQH��

7UDQVIRUPDWRU�HU�SURGXVHUW�DY�$%%� L�nU������RJ�KDGGH L����� HQ EHUHJQHW�JMHQQRPVQLWWOLJ�

EHODVWQLQJVJUDG� Sn Į�  � ����� %HODVWQLQJHQ EHVWnU DY� OXIWQHWW�� (IIHNWWRSSHQ� L� nU� ����� YDU�

�����N:�PnOW������������VRP�WLOVYDUHU��������EHODVWQLQJ��7DEHOO�����YLVHU�PHU�LQIRUPDVMRQ�

RP�QHWWVWDVMRQHQ�

7DEHOO����� 2SSO\VQLQJHU�QHWWVWDVMRQ�*UDQ�%UDQGYDO��KHQWHW�IUD�1HWEDV�RJ�$]XUH�
1DYQ 5DGLDO 'ULIWV�

PHUNLQJ
3ULP U�
VSHQQLQJ

6HNXQG U�
VSHQQLQJ

7\SH�QHWW�
ODYVSHQWNUHWV

.XQGHU�
PHG�$06�
PnOHU

$06�PnOHU�
PRQWHUW�L
QHWWVWDVMRQ

*UDQ�
%UDQGYDO

6NRWWHUXG (16����� ��N9 ����N9 /XIW� ����� �����������
NO������



��

����� 1¡WWHWUHYHJHQ�����N9$

1¡WWHWUHYHJHQ� HU� HQ� IULWWVWnHQGH� QHWWVWDVMRQ� SODVVHUW L� /LOOHKDPPHU� E\� 7UDQVIRUPDWRUHQ� HU�

SURGXVHUW�L�nU������DY�$%%�RJ�KDGGH�L������HQ�EHUHJQHW�JMHQQRPVQLWWOLJ�EHODVWQLQJVJUDG�Sn

Į�  � ���� %HODVWQLQJHQ� EHVWnU� DY� NDEHOQHWW�� (IIHNWWRSSHQ� L� nU� ����� YDU� �����N:� PnOW�

�����������VRP�WLOVYDUHU�������EHODVWQLQJ� 7DEHOO�����YLVHU�PHU�LQIRUPDVMRQ�RP�QHWWVWDVMRQHQ�

7DEHOO������2SSO\VQLQJHU�QHWWVWDVMRQ�1¡WWHWUHYHJHQ��KHQWHW�IUD�1HWEDV�RJ�$]XUH�
1DYQ 5DGLDO 'ULIWV�

PHUNLQJ
3ULP U�
VSHQQLQJ

6HNXQG U�
VSHQQLQJ

7\SH�QHWW�
ODYVSHQW�
NUHWV

.XQGHU�
PHG�$06�
PnOHU

$06�PnOHU�
PRQWHUW L�
QHWWVWDVMRQ

1¡WWHWUHYHJHQ 1¡WWHWUHYHJHQ (16����� ��N9 ����N9 .DEHO ������� �����������
NO������

��� 7DS

5HVXOWDWHQH L�GHWWH�NDSLWWHOHW�YLVHU�KYRUGDQ�\WHOVH��WDSVNRHIILVLHQWHU�RJ�ODVWHQ�SnYLUNHU�WDSHW�L

WUDQVIRUPDWRUHQH� $OOH� Q¡NNHOWDOO� HU� GHILQHUW� L� NDSLWWHO� ����� RJ� NRPSOHWW� GDWD IRU� KYHU�

WUDQVIRUPDWRUNUHWV IRUHOLJJHU�L�YHGOHJJ�QU���

����� '¡JQXWMHYQLQJ�DY�ODVW

5HVXOWDWHQH�YHG�XWMHYQLQJ�DY�ODVWHQ�YLVHU�OLWHQ�IRUVNMHOO�L�WRWDOH�WDS�IRU�KYHU�WUDQVIRUPDWRUNUHWV��

'HWWH�HU�YLVW�L�WDEHOO�����

7DEHOO�����(QGULQJ�L�WRWDOH WDS�YHG�G¡JQXWMHYQLQJ

7UDQVIRUPDWRUNUHWV *UDQ %UDQGYDO 7UROOKDXJHQ�,, 1¡WWHWUHYHJHQ
5HHOW�WDS�>N:K@ ���� ���� �����
8WMHYQHW�WDS�>N:K@ ���� ���� �����
(QGULQJ�>�@ ���� � ������ ������

%UXNVWLG�IRU�WDS�RJ�WRSSYHUGL WDS�KDU�EHW\GHOLJ HQGULQJ�IRU�WUDQVIRUPDWRUNUHWVHQH��YLVW�L�WDEHOO�

�����6H�NDSLWWHO������ IRU�KYRUGDQ�XWMHYQLQJ�SnYLUNHU GHW ¡NRQRPLVNH�UHVXOWDWHW�

7DEHOO�����(QGULQJ�DY�EUXNVWLG�IRU�WDS�RJ�WRSSYHUGL�WDS�YHG�G¡JQXWMHYQLQJ

7UDQVIRUPDWRUNUHWV *UDQ�%UDQGYDO 7UROOKDXJHQ�,, 1¡WWHWUHYHJHQ

9HUGL
7W

>WLPHU@
3HDN�ORVV�
>N:@

7W
>WLPHU@

3HDN�ORVV
>N:@

7W
>WLPHU@

3HDN�ORVV
>N:@

5HHOW� ����� ����� ���� ����� ���� �����
8WMHYQHW� ����� ����� ���� ����� ���� �����
(QGULQJ�>�@ ������� ������ ������� ������ ������� ������
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����� %UXNVWLG�IRU�WDS�RJ�WRSSYHUGL WDS

%UXNVWLG�IRU�WDS�RJ�WRSSYHUGL�WDS DQYHQGHV�YLGHUH�L�GHQ�¡NRQRPLVNH�DQDO\VHQ� )LJXU���� YLVHU�

KYRUGDQ�VNDOHULQJ�DY�ODVWHQ�SnYLUNHU�GLVVH�YHUGLHQH��+YRUGDQ�GHWWH�SnYLUNHU�GHW�¡NRQRPLVNH�

UHVXOWDWHW�YLVHV�L�NDSLWWHO��������

����� 9LUNQLQJV� RJ�EHODVWQLQJVJUDG

9LUNQLQJVJUDG KDU�HQ�HNVSRQHQWLHOO�UHGXNVMRQ�RJ EHODVWQLQJVJUDGHQ�KDU�HQ�OLQH U�¡NQLQJ�RYHU�

LQWHUYDOOHW�PRGHOOHUW L�DQDO\VHQ��VH�ILJXU������

����� 7UDQVIRUPDWRUDOWHUQDWLYHU

)LJXUHQH��������� RJ���� YLVHU WDS�PHG�IRUVNMHOOLJH�WUDQVIRUPDWRU\WHOVHU RJ�WDSVNUDY�IRU GH�WUH�

WUDQVIRUPDWRUNUHWVHQH�DQDO\VHUW�L�UDSSRUWHQ��7UDQVIRUPDWRUNUHWVHQH�HU�PRGHOOHUW PHG�pQ�\WHOVH

PLQGUH� HQQ� GHQ� UHHOOH� RJ� ILUH VWDQGDUG\WHOVHU� VW¡UUH�� 7UDQVIRUPDWRUHQ� PHG� GH� UHHOOH

WDSVNRHIILVLHQWHQH�HU�ODJW�LQQ�VRP�HW�U¡GW�SXQNW�L ILJXUHQH�

ϭ͘ϬϬ

Ϯ͘ϬϬ

ϯ͘ϬϬ

ϰ͘ϬϬ

ϱ͘ϬϬ
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ϴϬй ϵϬй ϭϬϬй ϭϭϬй ϭϮϬй
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)LJXU����� %UXNVWLG�IRU�WDS�RJ�WRSSYHUGL�WDS�VRP�IXQNVMRQ�DY�VNDOHULQJVJUDG�Sn�ODVW

Ϭ͘ϵϴϲ
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)LJXU����� 9LUNQLQJVJUDG�RJ�EHODVWQLQJVJUDG VRP�IXQNVMRQ�DY�VNDOHULQJVJUDG�Sn�ODVW
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)LJXU� ���� ��� RJ� ��� LOOXVWUHUHU� GHQ RSWLPDOH� VWDQGDUG\WHOVHQ IRU� WDS� L� GH� DQDO\VHUWH�

WUDQVIRUPDWRUNUHWVHQH��6H�WDEHOO���� IRU�VDPOHW�UHVXOWDW�

ϮϱϬϬ

ϱϬϬϬ

ϳϱϬϬ

ϭϬϬϬϬ

ϭϮϱϬϬ
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)LJXU����� 7RWDOH�WDS�YHG�XOLNH�WUDQVIRUPDWRU\WHOVHU�RJ�WDSVNUDY
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)LJXU������7RWDOH�WDS�YHG�XOLNH�WUDQVIRUPDWRU\WHOVHU�RJ�WDSVNUDY
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)LJXU������7RWDOH�WDS�YHG�XOLNH�WUDQVIRUPDWRU\WHOVHU�RJ�WDSVNUDY
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7DEHOO�����2SWLPDO�WUDQVIRUPDWRU\WHOVH�EDVHUW�Sn�WDS

7UDQVIRUPDWRUNUHWV
*UDQ�%UDQGYDO�
����N9$�

7UROOKDXJHQ ,,
����N9$�

1¡WWHWUHYHJHQ�
����N9$�

7DSVNUDY 7LHU�� 7LHU�� 7LHU�� 7LHU�� 7LHU�� 7LHU��
2SWLPDO�\WHOVH� ���N9$ ���N9$ ���N9$ ���N9$ �����N9$ ���N9$

5HVXOWDWHW L� WDEHOO� ��� YLVHU� DW� Q\H� NUDY� �7LHU� ��� NDQ� IRUVN\YH� GHQ� RSWLPDOH \WHOVHQ Sn�

WUDQVIRUPDWRUHU NXQ WDWW WDS�L�EHWUDNWQLQJ�

��� �NRQRPLVNH�UHVXOWDWHU

+YHUW� ODVWVFHQDULR� HU� UHSUHVHQWHUW� PHG� HWW� VWROSHGLDJUDP� IRU� KYHU� WUDQVIRUPDWRUNUHWV�� +HU�

SUHVHQWHUHV� EnGH� WDSVNRVWQDGHU� EHUHJQHW� L� NDONXODVMRQVYHUNW¡\HW� RJ� LQQNM¡SVNRVWQDGHU� IRU�

WUDQVIRUPDWRUHQH��KHQWHW�IUD�5(1�SURVMHNW��3ULVHQH�HU�EHQ\WWHW�EnGH�IRU�GH�DOWHUQDWLYH�7LHU���RJ�

GH�HNVLVWHUHQGH�WUDQVIRUPDWRUHQH��$OOH�WDSVNRVWQDGHU�HU�UHIHUHUW�WLO�nU������

,QQNM¡SVNRVWQDGHQ�IRU�7LHU�� WUDQVIRUPDWRUHU�HU�IRUHO¡SLJ�XNMHQW��7RWDONRVWQDGHQH�IRU�7LHU���

DOWHUQDWLYHQH�L�GLDJUDPPHW�HU�VDWW�OLN�GH�HNVLVWHUHQGH��)LNWLYH�LQYHVWHULQJVNRVWQDGHU�IRU�7LHU���

WUDQVIRUPDWRUHQH�L�GLDJUDPPHW�HU�GHUPHG�HNVLVWHUHQGH�WRWDONRVWQDG�PLQXV�WDSVNRVWQDG�IRU�GHQ�

DNWXHOOH�7LHU���WUDQVIRUPDWRUHQ�

'HW� HU� XWI¡UW� I¡OVRPKHWVDQDO\VHU� Sn� WDSVNRVWQDGHQH� WLO� DOWHUQDWLYH� WUDQVIRUPDWRUHU�� +HU�

XQGHUV¡NHV�PXOLJH�EHVSDUHOVHU�L�WDSVNRVWQDGHU�IRU�ODVWVFHQDULHQH��,�WLOOHJJ�HU�GHW�SURGXVHUW�HQ�

WRWDORYHUVLNW� PHG� WDSVNRVWQDGHU� IRU� DOWHUQDWLYH� WUDQVIRUPDWRUHU�� 'HQQH� HU� SUHVHQWHUW� L�

VWROSHGLDJUDP�RJ�YLVHU�NRVWQDGHU�UHIHUHUW�WLO�HNVLVWHUHQGH�WUDQVIRUPDWRU�RJ�ODVW�

,� YHGOHJJ � I¡OJHU� XWI\OOHQGH� WDEHOOHU PHG Q¡NNHOWDOO� IRU� KYHUW� ODVWVFHQDULR� VDPW PHU�

LQIRUPDVMRQ�RP LQYHVWHULQJVNRVWQDGHU�RJ�UHVWYHUGL�IRU�HNVLVWHUHQGH�WUDQVIRUPDWRU�

����� (NVLVWHUHQGH�ODVW

'HW�HU�SRWHQVLDOH�IRU�LQQVSDULQJ�DY�WDSVNRVWQDGHU�L�GH�WUH�WUDQVIRUPDWRUNUHWVHQH��)LJXU���������

RJ���� JLU�HQ�JUDILVN�IUHPVWLOOLQJ�DY�WDSV� RJ�LQYHVWHULQJVNRVWQDGHU�



��

7DSVNRVWQDGHQH� WLO� HNVLVWHUHQGH� WUDQVIRUPDWRU� IRU 7UROOKDXJHQ� ,,�XWJM¡U�NU���� �����0HG�HQ�

WUDQVIRUPDWRUNRVWQDG�Sn�NU��� ����XWJM¡U�GHWWH�HQ�WRWDONRVWQDG�Sn�NU���� �����)LJXU���� YLVHU�DW�

���N9$� 7LHU� �� WUDQVIRUPDWRU� HU� GHW� ¡NRQRPLVN� RSWLPDOH� DOWHUQDWLYHW� VRP� UHGXVHUHU�

WDSVNRVWQDGHQH�PHG�����RJ�WRWDONRVWQDGHQH�PHG����

7DSVNRVWQDGHQH� WLO� HNVLVWHUHQGH� WUDQVIRUPDWRU� IRU *UDQ�%UDQGYDO� XWJM¡U� NU� �� ���� 0HG� HQ�

WUDQVIRUPDWRUNRVWQDG�Sn�NU��� ����XWJM¡U�GHWWH�HQ�WRWDONRVWQDG�Sn�NU���� �����)LJXU���� YLVHU�DW�

)LJXU�����.RVWQDGHU�PHG�HNVLVWHUHQGH�ODVW��QHWWVWDVMRQ�7UROOKDXJHQ�,,�����N9$�

)LJXU�����.RVWQDGHU�PHG�HNVLVWHUHQGH�ODVW��QHWWVWDVMRQ *UDQ�%UDQGYDO�����N9$



��

���N9$� 7LHU� �� WUDQVIRUPDWRU� HU� GHW� ¡NRQRPLVN� RSWLPDOH� DOWHUQDWLYHW� VRP� UHGXVHUHU�

WDSVNRVWQDGHQH�PHG�����RJ�WRWDONRVWQDGHQH�PHG�����

7DSVNRVWQDGHQH� WLO� HNVLVWHUHQGH� WUDQVIRUPDWRU� IRU 1¡WWHWUHYHJHQ XWJM¡U� NU� ��� �����0HG� HQ�

WUDQVIRUPDWRUNRVWQDG�Sn�NU��� ����XWJM¡U�GHWWH�HQ�WRWDONRVWQDG�Sn�NU���� ���� )LJXU���� YLVHU�DW�

���N9$� 7LHU� �� WUDQVIRUPDWRU� HU� GHW� ¡NRQRPLVN� RSWLPDOH� DOWHUQDWLYHW� VRP� UHGXVHUHU�

WDSVNRVWQDGHQH�PHG�����RJ�WRWDONRVWQDGHQH�PHG�������

����� 3URJQRVHULQJ�DY�ODVW

'HW� HU� XWI¡UW� IHP� XOLNH� ODVWSURJQRVHULQJHU�� 'LVVH� LQQHE UHU� WUH� IRUVNMHOOLJH� ¡NQLQJHU� DY�

HNVLVWHUHQGH�ODVW��HQ�UHGXNVMRQ�RJ�HQ�G¡JQXWMHYQLQJ� 6H�WDEHOO�����

)LJXU�����.RVWQDGHU�PHG�HNVLVWHUHQGH�ODVW��QHWWVWDVMRQ 1¡WWHWUHYHJHQ�����N9$



��

7DEHOO������/DVWSURJQRVHULQJHU

1DYQ )RUNRUWHW %HVNULYHOVH

*UDGGDJVWDOO �*'7�
/DVWHQ�HU�VNDOHUW�PHG�NRUULJHULQJVIDNWRUHQ�IRU�

JUDGGDJVWDOO�

'¡JQXWMHYQLQJ �8WM� /DVWHQ�HU�XWMHYQHW�IRU�KYHUW�G¡JQ�

*UDGGDJVWDOO�RJ�¡NW�

WLO������ODVW
�*'7������

/DVWHQ�HU�VNDOHUW�PHG�NRUULJHULQJVIDNWRUHQ�IRU�

JUDGGDJVWDOO�RJ�VNDOHUW�OLQH UW�RSS�WLO������L�

O¡SHW�DY�HQ����nUV�SHULRGH�

*UDGGDJVWDOO�RJ�¡NW�

WLO������ODVW�PHG�

XWMHYQLQJ

�*'7������8WM�

/DVWHQ�HU�I¡UVW�G¡JQXWMHYQHW�RJ�GHUHWWHU�VNDOHUW�

PHG�NRUULJHULQJVIDNWRUHQ�IRU�JUDGGDJVWDOO�RJ�

VNDOHUW�OLQH UW�RSS�WLO������L�O¡SHW�DY�HQ����

nUV�SHULRGH�

*UDGGDJVWDOO�RJ�����

ODVW
�*'7�����

/DVWHQ�HU�VNDOHUW�PHG�NRUULJHULQJVIDNWRUHQ�IRU�

JUDGGDJVWDOO�RJ�VNDOHUW�QHG�����IRU�DOOH�nU�

.RUULJHULQJVIDNWRU�IRU�JUDGGDJVWDOOHQH��KHUHWWHU�*'7��HU�XOLNH�IRU�DOOH�WUDQVIRUPDWRUNUHWVHQH�GD�

GH�OLJJHU�L�IRUVNMHOOLJH�NRPPXQHU��7DOOHQH�HU�EHUHJQHW�L�KHQKROG�WLO�NDS�����

Ͳ 7UROOKDXJHQ�,,��5LQJVDNHU�NRPPXQH��*'7� ������

Ͳ *UDQ�%UDQGYDO��.RQJVYLQJHU�NRPPXQH��*'7� ������

Ͳ 1¡WWHWUHYHJHQ��/LOOHKDPPHU�NRPPXQH��*'7� ������

6H�ILJXU���� WLO����� IRU�DOOH�SURJQRVHULQJHU�



��

/DVWSURJQRVHULQJ� PHG� NRUULJHULQJVIDNWRU� IRU� JUDGGDJVWDOO YLVHU� DW� IRU� 7UROOKDXJHQ� ,,� YLO�

���N9$�7LHU���Y UH GHW�¡NRQRPLVN�RSWLPDOH�DOWHUQDWLYHW��WR�\WHOVHU�VW¡UUH�HQQ�HNVLVWHUHQGH��

)RU�*UDQ�%UDQGYDO�RJ�1¡WWHWUHYHJHQ�HU�pQ�\WHOVH�VW¡UUH RSWLPDO��VOLN�VRP�YHG�HNVLVWHUHQGH�ODVW�

)LJXU�����.RVWQDGHU�YHG�ODVW�SURJQRVHUW�PHG�NRUULJHULQJVIDNWRU�IRU�JUDGGDJVWDOO�



��

'¡JQXWMHYQLQJ�DY�HIIHNWHQ�I¡UHU�WLO�HQ�UHGXNVMRQ�L�HIIHNWWRSS�IRU�WDS�RJ�HQ�¡NQLQJ�L�EUXNVWLG�IRU�

WDS��)RU�HNVLVWHUHQGH�WUDQVIRUPDWRUHU�I¡UHU�GHWWH�WLO�HQ�UHGXNVMRQ�L�WDSVNRVWQDGHU�Sn KHQKROGVYLV�

��������RJ����IRU�7UROOKDXJHQ�,,��*UDQ�%UDQGYDO�RJ�1¡WWHWUHYHJHQ�

)LJXU������.RVWQDGHU�YHG�G¡JQXWMHYQLQJ�DY�HIIHNW�



��

'H�¡NRQRPLVN�RSWLPDOH�7LHU���WUDQVIRUPDWRUDOWHUQDWLYHQH�KROGHU�VHJ�NRQVWDQWH�YHG�

ODVW¡NQLQJ��VRP�YLVW�L�ILJXU�����RJ�������7R�\WHOVHU�VW¡UUH�IRU�7UROOKDXJHQ�,,�RJ�pQ�VW¡UUH�IRU�

*UDQ�%UDQGYDO�RJ�1¡WWHWUHYHJHQ��

)LJXU������.RVWQDGHU�YHG�ODVW�SURJQRVHUW�PHG�JUDGGDJVWDOO�RJ�����¡NQLQJ�



��

(Q�G¡JQXWMHYQLQJ�DY�ODVWSURJQRVHQ�EHQ\WWHW�IRU�UHVXOWDWHU�YLVW�L�ILJXU����� YLO�LNNH HQGUH�GH�

¡NRQRPLVN�RSWLPDOH�7LHU���WUDQVIRUPDWRUDOWHUQDWLYHQH��VRP�YLVW�L�ILJXU�������)RUVNMHOOHQ�

PHOORP����N9$�RJ����N9$�7LHU���IRU�7UROOKDXJHQ�,, HU�Qn�UHGXVHUW�

)LJXU������.RVWQDGHU�YHG�ODVW�SURJQRVHUW�PHG�JUDGGDJVWDOO������¡NQLQJ�RJ�G¡JQXWMHYQHW�



��

)RU�1¡WWHWUHYHJHQ�RJ�7UROOKDXJHQ�,,�YLVHU�GHW�VHJ�DW�GH�HNVLVWHUHQGH�WUDQVIRUPDWRUHQH�HU�GH�

RSWLPDOH�YHG ODVWSURJQRVHQ�YLVW�L�ILJXU������ *UDQ�%UDQGYDO�GHULPRW KDU�IRUWVDWW�ODYHVW�

WRWDONRVWQDGHU YHG�HQ�\WHOVH�VW¡UUH�

)LJXU������.RVWQDGHU�YHG�ODVW�SURJQRVHUW�PHG�JUDGGDJVWDOO�RJ�UHGXVHUW�����



��

����� 7RWDORYHUVLNW

)LJXU����������� RJ����� YLVHU�HQ�RSSVXPPHULQJ�DY�WDSVNRVWQDGHU�IRU�WUDQVIRUPDWRUNUHWVHQH��

.RVWQDGHQH�HU�UHIHUHUW� WLO�HNVLVWHUHQGH� WUDQVIRUPDWRU��'HWWH�EHW\U�DW�GHQ�U¡GH�VWROSHQ�KHOW� WLO�

YHQVWUH�HU�HNVLVWHUHQGH�WUDQVIRUPDWRU�PHG�HNVLVWHUHQGH�ODVW�RJ�HU�VDWW�WLO�������6RP�HNVHPSHO

EUXNHV�7UROOKDXJHQ�,,�

Ͳ (Q�HQGULQJ�L�ODVW�VRP�I¡OJH�DY�JUDGGDJVNRUUHNVMRQ�RJ�����¡NQLQJ��*'7�������JLU�IRU�

GHQQH�WUDIRNUHWVHQ�HQ�VNDOHULQJVIDNWRU�Sn��������'HW�EHW\U�DW�ODVWHQ�¡NHV�PHG���������

PHQ�OLQH UW�RYHU�GH����nUHQH�UHI��NDSLWWHO��������7DSVNRVWQDGHQH�OHVHV�DY�IUD�ILJXU�����

WLO������IRU�HNVLVWHUHQGH�WUDQVIRUPDWRU��GYV������¡NQLQJ�IUD�HNVLVWHUHQGH�ODVW�

/DVWSURJQRVHQH�HU�GHOW�RSS�L�JUXSSHU�VRP�LQQHKROGHU�GH�DOWHUQDWLYH�WUDQVIRUPDWRUHQH�DQDO\VHUW��

LQNOXGHUW�GHQ� HNVLVWHUHQGH��5HVXOWDWHQH�YLVHU�YHVHQWOLJ IRUVNMHOO� L� WDSVNRVWQDGHU� IRU�GH�XOLNH�

VFHQDULRHQH�RJ�WUDQVIRUPDWRUDOWHUQDWLYHQH�

)LJXU�������$OOH�WDSVNRVWQDGHU��UHIHUHUW�WLO�HNVLVWHUHQGH�WUDIR�PHG�HNVLVWHUHQGH�ODVW�



��

7DEHOO���� YLVHU�KYLONHQ�WUDQVIRUPDWRU�DY�7LHU���VRP�HU ¡NRQRPLVN�RSWLPDO�YHG�KYHUW�

VFHQDULR��'HW�YLO�VL�WUDQVIRUPDWRUHQ PHG�ODYHVW�LQQNM¡SV� RJ�WDSVNRVWQDGHU�RYHU��� nU��

7DEHOOHQ�YLVHU�RJVn�UHGXNVMRQHQ L WDSVNRVWQDGHU KYLV�VDPPH�\WHOVH PHG�7LHU���NUDY EHQ\WWHV��

6QLWWHW�IRU�WDSVNRVWQDGVEHVSDUHOVHQ�HU�����PHG�HW VWDQGDUGDYYLN�Sn�WR SURVHQWSRHQJ��

)LJXU������ $OOH�WDSVNRVWQDGHU��UHIHUHUW�WLO�HNVLVWHUHQGH�WUDIR�PHG�HNVLVWHUHQGH�ODVW�

)LJXU�������$OOH�WDSVNRVWQDGHU��UHIHUHUW�WLO�HNVLVWHUHQGH�WUDIR�PHG�HNVLVWHUHQGH�ODVW�



��

7DEHOO����� �NRQRPLVN�RSWLPDO�WUDQVIRUPDWRU\WHOVH RJ�EHVSDUHOVH�IUD�7LHU���WLO�7LHU���NUDY

8WIRUPLQJ�DY�ODVW�
IRU�nU����� 7UDQVIRUPDWRUNUHWV

�NRQRPLVN�
RSWLPDO�\WHOVH
�7LHU��� >N9$@

5HGXNVMRQ�DY�
WDSVNRVWQDGHU�IUD�
7LHU���WLO�7LHU��

5HHOO�ODVW
7UROOKDXJHQ�,,�����N9$� ��� ���
*UDQ�%UDQGYDO�����N9$� ��� ���
1¡WWHWUHYHJHQ�����N9$� ��� ���

8WMHYQHW�ODVW�
7UROOKDXJHQ�,,�����N9$� ��� ���
*UDQ�%UDQGYDO�����N9$� ��� ���
1¡WWHWUHYHJHQ�����N9$� ��� ���

*'7
7UROOKDXJHQ�,,�����N9$� ��� ���
*UDQ�%UDQGYDO�����N9$� ��� ���
1¡WWHWUHYHJHQ�����N9$� ��� ���

*'7�RJ�VNDOHUW�OLQH UW�RSS�
WLO�����

7UROOKDXJHQ�,,�����N9$� ��� ���
*UDQ�%UDQGYDO�����N9$� ��� ���
1¡WWHWUHYHJHQ�����N9$� ��� ���

*'7�RJ�VNDOHUW�ODVWHQ�QHG�WLO�
���

7UROOKDXJHQ�,,�����N9$� ��� ���
*UDQ�%UDQGYDO�����N9$� ��� ���
1¡WWHWUHYHJHQ�����N9$� ��� ���

*'7��VNDOHUW�OLQH UW�RSSWLO�
�����RJ�XWMHYQHW

7UROOKDXJHQ�,,�����N9$� ��� ���
*UDQ�%UDQGYDO�����N9$� ��� ���
1¡WWHWUHYHJHQ�����N9$� ��� ���

(QGULQJVUDWHQ� EHVNULYHU� HQGULQJHQ� L� WDSVNRVWQDGHU� PHG� HNVLVWHUHQGH� WDSVNRVWQDGHU� VRP�

XWJDQJVSXQNW� %HUHJQLQJHQH�HU�JMRUW�YHG�I¡OJHQGH�VFHQDULR�EDVHUW�Sn�PnOLQJHU�IUD�nU������

Ͳ (NVLVWHUHQGH�ODVW�

Ͳ '¡JQXWMHYQHW�ODVW�

Ͳ *UDGGDJVWDOO�

Ͳ *UDGGDJVWDOO�PHG�OLQH U�VNDOHULQJ�RSS�WLO������

Ͳ *UDGGDJVWDOO�PHG�OLQH U�VNDOHULQJ�RSS�WLO������VRP�HU�G¡JQXWMHYQHW��

9HG� n� EUXNH� WDSVNRVWQDGHU� IRU� HNVLVWHUHQGH� WUDQVIRUPDWRU� VRP� XWJDQJVSXQNW� HU� HQGULQJHQH�

EHUHJQHW� L�SURVHQW�� ,� WDEHOO���������� RJ����� HU�VQLWWHW�RJ�VWDQGDUGDYYLNHW�SUHVHQWHUW� IRU DOOH�

VFHQDULRHQH��(NVHPSHOYLV�WDEHOO���� YLVHU�DW�YHG�GH�IHP RYHQQHYQWH�VFHQDULRHQH�YLO�EHVSDUHOVHQ�

IUD�HNVLVWHUHQGH�WUDQVIRUPDWRU�WLO�HQ����N9$�7LHU���KD�HW�VQLWW�Sn�������RJ�HW�VWDQGDUGDYYLN�Sn�

��� SURVHQWSRHQJ�

7DEHOO������6QLWWEHVSDUHOVHU�7UROOKDXJHQ�,,

7UROOKDXJHQ�,,
����N9$�

���N9$ ���N9$ ���N9$

7LHU�� 7LHU�� 7LHU�� 7LHU��� 7LHU��

6QLWW�EHVSDUHOVH�WDSVNRVWQDGHU� ������ ������ ������ ������ ������

6WDQGDUGDYYLN�>SURVHQWSRHQJ@� ���� ���� ���� ���� ����



��

7DEHOO�������6QLWWEHVSDUHOVHU�*UDQ�%UDQGYDO

*UDQ�%UDQGYDO
����N9$�

���N9$ ���N9$ ���N9$

7LHU�� 7LHU�� 7LHU�� 7LHU��� 7LHU��

6QLWW�EHVSDUHOVH�WDSVNRVWQDGHU� ����� ������ ������ ������ ������

6WDQGDUGDYYLN�>��SRHQJ@� ���� ���� ���� ���� ����

7DEHOO�������6QLWWEHVSDUHOVHU�1¡WWHWUHYHJHQ

1¡WWHWUHYHJHQ
����N9$�

���N9$ ���N9$ ���N9$

7LHU�� 7LHU�� 7LHU�� 7LHU��� 7LHU��

6QLWW�EHVSDUHOVH�WDSVNRVWQDGHU� ������ ������ ������ ������ ������

6WDQGDUGDYYLN�>��SRHQJ@� ���� ���� ���� ���� ����

7DEHOOHQH ����������RJ����� YLVHU HW JHQHUHOW�ODYW�VWDQGDUGDYYLN�IRU�GH�IHP�VFHQDULRHQH��'HWWH�

LQGLNHUHU DW GHQ� SURVHQWPHVVLJH EHVSDUHOVHQ� L� WDSVNRVWQDGHU� HU� OLWH� SnYLUNHW� DY� KYLONHW� DY�

VFHQDULRHQH�VRP�RSSVWnU�KYLV�WUDQVIRUPDWRUHQ�EOLU�HUVWDWWHW�



��

� 'LVNXVMRQ
'HWWH�NDSLWWHOHW�RPKDQGOHU�WHPDHU�VRP�EXUGH�WDV�L�EHWUDNWQLQJ�QnU�UHVXOWDWHW�RJ�NRQNOXVMRQHQ�

IRU�DQDO\VHQ�VWXGHUHV��

��� �NRQRPLVN�XVLNNHUKHW

1HWWVHOVNDSHWV�WDSVNRVWQDGHU�HU�NXQ�HQ�OLWHQ�GHO�DY�GHW�WRWDOH�NRVWQDGVJUXQQODJHWܭ�௧ VRP�QHYQW�

L�NDSLWWHO������/LNQLQJ���� ���RJ����VNDSHU�JUXQQODJ�IRU�GLVNXVMRQ�UXQGW�KYRUGDQ WDSVNRVWQDGHQH�

SnYLUNHU�LQQWHNWVUDPPHQH�RJ�KYRUGDQ�GHWWH�NDQ�EHUHJQHV�

%HUHJQLQJHQH�EODQGHU�WDOO�IUD�IRUVNMHOOLJH�nU�RJ�KDU�YDULDEOHU�VRP�HU�YDQVNHOLJ�n�IRUXWVH��1RHQ�

DY XVLNNHUKHWVPRPHQWHQH�HU�

� 1HWWDSHQH� VRP� HU� UHJLVWUHUW� IRU� WR� nU� WLOEDNH� PXOWLSOLVHUHV� PHG� LQQHY UHQGH� nUV�

RPUnGHSULV�IRU�VWU¡P�IRU�n�GDQQH�HQ�WDSVNRVWQDG�L�NURQHU��%HO¡SHW�EHUHJQHV�GHUIRU�Sn�

HQ�DQQHQ�PnWH�HQQ�GHQQH�UDSSRUWHQ�WDU�IRU�VHJ��

� 'HW� HU� .,/(� IRU� WR� nU� WLOEDNH� VRP� LQQJnU� L� nUHWV� NRVWQDGVJUXQQODJ�� 9HG� E\WWH� DY�

WUDQVIRUPDWRU YLO�.,/(�RSSVWn�RJ�GLVVH�NRPPHU�GD�LNNH�PHG�L�nUHWV�EHUHJQLQJHU�

� (IIHNWLYLWHWVVFRUHQ�ȕ�HU�HQ�YDULDEHO�VRP�EHVWHPPHV XW�IUD�RPIDWWHQGH�'($�DQDO\VHU�DY�

QHWWVHOVNDSHQH� 'HQ YLO�PHG�VWRU�VDQQV\QOLJKHW�EHGUHV�KYLV�QHWWVHOVNDSHW�UHGXVHUHU�VLQH�

NRVWQDGHU�� HNVHPSHOYLV� YHG UHGXNVMRQ� DY� QHWWDS�� 'HWWH� YLO� Y UH� PHG� Sn� n� ¡NH�

LQQWHNWVUDPPHQ�RJ�GHUPHG�SnYLUNH�GULIWVUHVXOWDWHW�

� .DOLEUHULQJVWLOOHJJHW�ǻ.�HU�HQ�YDULDEHO�VRP�DYKHQJHU�DY�DOOH�QHWWVHOVNDS��RJ�IRUGHOHV XW�

IUD� EODQW� DQQHW� ȕ�� 'HQQH� NDQ GHUIRU SnYLUNHV YHG� UHGXNVMRQ� DY� QHWWDS�� PHQ�

VW¡UUHOVHVRUGHQ�HU�NRPSOLVHUW n�DQVOn�

0HG�JUXQQODJ�L�GHWWH�HU�GHW�GHUIRU�JMRUW�UHODWLYW�HQNOH�¡NRQRPLVNH�DQDO\VHU�PHG�In�LQYROYHUWH�

SDUDPHWHUH�� VOLN� DW�PXOLJKHWHQ IRU IHLONLOGHU UHGXVHUHV��5HVXOWDWHQH� NDQ� GHUPHG EUXNHV� VRP�

JUXQQODJ�IRU�YLGHUH�XQGHUV¡NHOVHU�

6WUHQJHUH�WDSVNUDY�HU�DQWDWW�n�I¡UH�WLO�¡NWH�SURGXNVMRQVNRVWQDGHU��,�UDSSRUWHQ�HU�GHW�YDOJW�n�LNNH�

VSHNXOHUH�L�LQQNM¡SVNRVWQDGHU�IRU�7LHU���WUDQVIRUPDWRUHU��'HW�HU�L�VWHGHW�JLWW�HQ�LQGLNDVMRQ�Sn�

KYD�LQQNM¡SVNRVWQDGHQ�NDQ�XWJM¡UH�IRU�n�WLOVYDUH�GDJHQV�NRVWQDGVQLYn��



��

(Q�nUVDN�WLO�DW�QHWWVHOVNDSHQH�HUVWDWWHU�WUDQVIRUPDWRUHU�HU�KDYDUL�YHG�HNVHPSHOYLV� O\QQHGVODJ�

>��@�� ,� VOLNH� WLOIHOOHU�NDQ�QHWWVHOVNDSHW� HQGUH� WUDQVIRUPDWRU\WHOVH� VLGHQ�XWVNLIWQLQJ�XDQVHWW� HU�

Q¡GYHQGLJ��'HW�HU�GD�PHU�VDQQV\QOLJ�n�RSSQn�HQ�EHVSDUHOVH�L�WRWDOH�NRVWQDGHU�

(Q� DQQHQ� nUVDN� IRU� n� HUVWDWWH� WUDQVIRUPDWRUHU� HU� YHG� RYHUEHODVWQLQJ�� (W� VFHQDULR� HU� HQ�

WUDQVIRUPDWRU� VRP� EOLU� \WWHUOLJHUH� EHODVWHW� YHG� ¡NHQGH� DQWDOO� VOXWWEUXNHUH� VOLN� DW�

EHODVWQLQJVJUDGHQ RYHUVWLJHU� ������ 1HWWVHOVNDSHW� NDQ� L� GHWWH� WLOIHOOHW� NUHYH� NRVWQDGHQH� IRU�

WUDQVIRUPDWRUE\WWH�GHNW�DY�XWE\JJHU�

%HUHJQLQJHU� IRU� HW� ��� nUV� SHUVSHNWLY NDQ LQQHE UH� VWRU� XVLNNHUKHW� (Q� DY XWIRUGULQJHQH

RPKDQGOHU SURJQRVHULQJ� DY� ODVW�� ,� GHQQH� UDSSRUWHQ� HU� GH� IOHVWH� EHUHJQLQJHQH� XWI¡UW� PHG�

NRQVWDQWH YHUGLHU�IRU�HIIHNWWRSS�IRU�WDS�ǻ3OPD[ RJ�EUXNVWLG�IRU�WDS�7W IRU�DOOH����nU��'HU�ODVWHQ�HU�

¡NW�WLO������HU�GHWWH�OLQH UW�WLOQ UPHW�IUD�VWDUWYHUGL�L�nU������WLO�VOXWWYHUGL�L nU ������+HU�NDQ�

GHW�Y UH�VWRUH�DYYLN�IUD�GHW�VRP�YLO�YLVH�VHJ�UHDOLVWLVN�PHG�WLGHQ��(W�DQQHW XVLNNHUKHWVPRPHQW�

HU�NRVWQDGHQH�VRP�EHQ\WWHV�IRU�EHUHJQLQJHQH��݇௣ಿ RJ�݇௪௘௞௩ಿ��'HWWH�HU�KHQKROGVYLV�NRVWQDGHQH�

IRU� HIIHNWWDS� RJ� HQHUJLWDS�� IXQQHW� L� 5(1� 3ODQERN� IRU� WDSVNRVWQDGHU >�@�� )RUULJH� XWJDYH DY�

SODQERND�EOH�XWJLWW�L nU �����RJ�YHUGLHQH�KHU�YDU�ODYHUH >��@� 'H�VSHVLILNNH YHUGLHQH�IRU ݇௣ RJ

݇௪௘௞௩ EUXNW�L�GHQQH�UDSSRUWHQ�KDU WRWDOW�VHWW�L����nUV�SHULRGHQ�¡NW�PHG KHQKROGVYLV ��� RJ����

L�VQLWW��6n�VWRUH�HQGULQJHU Sn�IHP nU��HQ�VMHWWHGHO�DY�DQDO\VHSHULRGHQ��EHW\U�DW�PDQ�Pn�Y UH�

NULWLVN�WLO�EHO¡SHQH�VRP�EHUHJQHV�

��� %UXN�DY�VQLWWYHUGLHU

9HG� n� DQYHQGH� VQLWWYHUGLHU� RYHU� HQ� WLPH� IUD�$06�YLO� LNNH� GHW� NDONXOHUWH� WDSHW� WLOVYDUH� WDS�

XWUHJQHW�PHG�K¡\HUH�RSSO¡VQLQJ��*UXQQHW GHQ�NYDGUDWLVNH�EHODVWQLQJVJUDGHQ VRP�EUXNHV�WLO�n�

EHUHJQH�WDS�L�HQ�WUDQVIRUPDWRU��IRUPHO�����'HWWH�HU�IUHPVWLOW�PDWHPDWLVN�L IRUPHO����
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'HU�

ܵ௕ ௜ ��PnOW�HIIHNW�L�WLGVSXQNW��L׷

݊ ׷ RSSO¡VQLQJHQ��DQWDOO�PnOLQJHU�L�SHULRGHQ��
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(NVHPSHOYLV��DQWD�GHW�IRUHOLJJHU�PLQXWWYHUGLHU�IUD�$06��(W�XWGUDJ�IUD�HQ� WUDQVIRUPDWRUNUHWV�

PHG����N9$�WUDQVIRUPDWRU�HU�EUXNW��'HW�HU�WDWW����UHHOOH�WLPHVYHUGLHU�IUD�WUDQVIRUPDWRUNUHWV�

*UDQ�%UDQGYDO RJ�EUXNW�VRP�PLQXWWYHUGLHU��6QLWWHW�DY�GHWWH�EOLU�WLPHVYHUGLHQ��(NVHPSHOHW�YLO�

YLVH�KYRU�VWRU�GLIIHUDQVH�GHWWH�NDQ�KD�IRU�WDSHW�XWUHJQHW�L�UDSSRUWHQ��8WGUDJHW�HU�YLVW�Sn�ILJXU����

PHG�PLQXWWYHUGLHU�RJ�VQLWWYHUGL�IRU�SHULRGHQ�

7DSHW VRP EHUHJQHV IRU�KYHUW PLQXWW�Pn�VXPPHUHV�RJ�GHUHWWHU�GHOHV�Sn����IRU�n�In UHVXOWDWHW L�

ZDWWLPHU�� 'HWWH� HNVHPSHOHW� HU� YLVW� L� IRUPHO� ���� 'HW� HU� DQYHQGW� GH� UHHOOH� WRPJDQJV� RJ�

EHODVWQLQJVWDSVNRHIILVLHQWHQH�IRU�WUDQVIRUPDWRUHQ�
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)¡UVW� VXPPHUHV� PLQXWWYHUGLHQH� RJ� GHOHV� Sn� ��� IRU� n� ILQQH� VQLWWYHUGLHQ IRU KHOH� SHULRGHQ��

6QLWWYHUGLHQ�DQYHQGHV GLUHNWH�L�WDSVIRUPHOHQ�IRU�WUDQVIRUPDWRU��VH�IRUPHO����
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'LIIHUDQVHQ�Sn�YHUGLHQH�L�HNVHPSHOHW�HU�PLQLPDO �§�������PHQ YLO�YDULHUH�L�VW¡UUHOVH�XW�IUD�KYRU�

P\H�VYLQJQLQJHU GHW�HU�Sn�ODVWNXUYHQ��6WRUH�VYLQJQLQJHU�IRUnUVDNHU VW¡UUH�GLIIHUDQVHU�
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)LJXU������(NVHPSHO�� )LNWLYH�PLQXWWYHUGLHU�PHG�VQLWWYHUGLHU
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��� '¡JQXWMHYQLQJ

'HW�HU�IRUHWDWW HQ�XWMHYQLQJ�DY� ODVWHQ�L� UDSSRUWHQ IRU�n�PRGHOOHUH G\QDPLVN�WDULII��'HW� WRWDOH�

WDSHW�L�WUDQVIRUPDWRUHQ�RSSQnGGH PLQLPDO HQGULQJ��VH WDEHOO����� %UXNVWLG�IRU�WDS�RJ�WRSSYHUGL�

Sn�WDS�RSSQnGGH�GHULPRW�HQ�VLJQLILNDQW�HQGULQJ� YLVW�L�WDEHOO������

'HQ� ¡NRQRPLVNH� DQDO\VHQ� ILQQHU� WDSVNRVWQDGHU� YHG� HNVLVWHUHQGH� ODVW� RJ� YHG� XWMHYQHW� ODVW��

'LIIHUDQVHQ�L�SURVHQW�HU�YLVW�L�WDEHOO���� PHG�GLIIHUDQVHQ�L�WDS��

7DEHOO�����5HGXNVMRQ�L�WDS�RJ�WDSVNRVWQDGHU�YHG�XWMHYQLQJ
7UDQVIRUPDWRU ���N9$ ���N9$ ���N9$

5HGXNVMRQ�WDS ������ ������ ������

5HGXNVMRQ�WDSVNRVWQDGHU� ������ ������� ������

7DSVNRVWQDGHQH� KDU� HQ� SURVHQWPHVVLJ� VW¡UUH� HQGULQJ� HQQ� WDSHW�� 'LIIHUDQVHQ VN\OGHV�

KRYHGVDNHOLJ�IRUPHOHQ�IRU�WDSVNRVWQDGHU��IRUPHO����KYRU�EUXNVWLG�IRU�WDS�RJ�WRSSYHUGL Sn WDS�

DQYHQGHV��9HG�n�VHWWH�LQQ�GHILQLVMRQHQ�DY�EUXNVWLG�IRU�WDS �IRUPHO��� HU�UHVXOWDWHW�IRUPHO����

௔௣்ܭ ൌ ݇௣ಿ כ ߂ ௟ܲ௠௔௫ಿ ൅ ݇௪௘௞௩ಿ כ ௟ܲ ����

,�IRUPHO��� EHVWnU�WDSVNRVWQDGHQH�DY�WR�OHGG��HW�VRP�HU�DYKHQJLJ�DY�WRSSYHUGLHQ�Sn�WDSHW�RJ�HW�

VRP� HU� DYKHQJLJ� DY� WRWDOH� WDS�� 7DEHOO� ��� YLVHU DW GHW� WRWDOH� WDSHW� IRU� HNVLVWHUHQGH� ODVW�

VDPPHQOLNQHW�PHG�XWMHYQHW ODVW KDU�OLWHQ�GLIIHUDQVH��,�WLOOHJJ�HU�NS YHVHQWOLJ�VW¡UUH�HQQ NZHNY L�

6,17() SODQOHJJLQJVERN� >�@�� 7DSVNRVWQDGHQH� L� GHWWH� WLOIHOOHW� HU GHUIRU HQ� IXQNVMRQ�

KRYHGVDNHOLJ�DYKHQJLJ�DY WRSSYHUGL Sn WDS�

8WMHYQHW ODVW UHVXOWHUHU�L�XWMHYQHW�WDS� +YRUGDQ GHWWH�SnYLUNHU�WRSSYHUGLHQ�IRU�WDSHW�DYKHQJHU�DY�

ODVWNXUYHQ��+YLV�WRSSYHUGL�IRU�WDS�Sn�HNVLVWHUHQGH�ODVW�KDU�pQ�HQNHOW�K¡\�YHUGL�YLO�GHQQH�XWOLNQHV�

PHG�UHVWHUHQGH�PnOLQJHU�VDPPH G¡JQ��'HWWH�UHVXOWHUHU L�HQ�UHGXNVMRQ�DY WRSSYHUGLHQ VRP RJVn

NDQ HQGUH�WLGVSXQNWHW�GHQ�RSSVWnU��(W�G¡JQ�PHG�GHW K¡\HVWH�VQLWWHW�HWWHU�XWMHYQLQJHQ�HU�LNNH�

Q¡GYHQGLJYLV�GHW�VDPPH�G¡JQHW�PHG WRSSYHUGLHQ�IRU�WDS�L�HNVLVWHUHQGH�ODVW� )LJXU���� YLVHU�HW�

HNVHPSHO�IRU�7UROOKDXJHQ�,,��
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��� 7HPSHUDWXUDYKHQJLJKHW

%HODVWQLQJVWDSHW� L�HQ� WUDQVIRUPDWRU�HU�DQJLWW�YHG�HQ�IDVW� WHPSHUDWXU�� QRUPDOW ���&��7DSHW�HU�

DYKHQJLJ� DY� UHVLVWDQVHQ� L� YLNOLQJHQH� VRP� LJMHQ� HU� WHPSHUDWXUDYKHQJLJ� )RUPHO� �� YLVHU�

VDPPHQKHQJHQ�PHOORP�WHPSHUDWXU�RJ�UHVLVWDQV L�HW�PDWHULDOH�

� ൌ �୰ୣ୤൫ͳ ൅ Ƚሺ� െ �୰ୣ୤ሻ൯ ����

'HU

ܴǣ 5HVLVWDQV YHG�WHPSHUDWXU�7�

ܴ௥௘௙ǣ 5HVLVWDQV YHG�UHIHUDQVHWHPSHUDWXU�

ǣߙ 7HPSHUDWXUNRHIILVLHQW�IRU�PDWHULDOHW��HNVHPSHOYLV���������IRU�NRSSHU��

ܶǣ 7HPSHUDWXU�L�PDWHULDOHW�

௥ܶ௘௙ǣ 7HPSHUDWXU� ௥ܶ௘௙ HU�RSSJLWW�YHG�

)RUPHOHQ�YLVHU�IRUKROGHW�PHOORP�WHPSHUDWXUHQ�RJ�UHVLVWDQVHQ�L�HW�PDWHULDOH��9HG�n�VHWWH� LQQ�

���&� IRU� 7UHI RJ� �������� IRU� Į� NDQ� IRUKROGHW SORWWHV VRP� HQ� IXQNVMRQ� DY� WHPSHUDWXUHQ� 7��

(NVHPSHOYLV�YLO�NRSSHUPRWVWDQG�UHIHUHUW�WLO����&�HQGUHV�PHG�RYHU�����YHG HQ�WHPSHUDWXU�Sn

���&��

)LJXU�����7UROOKDXJHQ�,,�ODVW�IRU�nU������I¡U�RJ�HWWHU�XWMHYQLQJ
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��� 1RUPDOnU

*UDGGDJVWDOO� EUXNHV� WLO� n� QRUPDOLVHUH� HQHUJLHQ� PnOW� IRU� nUHW� ������ 0HWRGHQ� HU� EHVNUHYHW� L�

NDSLWWHO��������0HWHRURORJLVN�LQVWLWXWW�GHILQHUHU�QRUPDOHQ�IRU�nUHW������PHG�JMHQQRPVQLWW�IUD�

SHULRGHQ������������'HWWH�HQGUHV�IUD�nU������KYRU�QRUPDOSHULRGHQ IRUVN\YHV����nU�WLO �����

������ ,�(QRYD VLQ RYHUVLNW�RYHU�JUDGGDJVWDOO�HU�GHW�I¡UW�RSS�QRUPDOHQ�IRU�����������������

�����RJ����������� >������@

,� HNVHPSHOHW� IUD� NDSLWWHO� ����� EOH GHW IXQQHW� HQ� NRUULJHULQJVIDNWRU� Sn� ������ IRU� 5LQJVDNHU�

NRPPXQH�PHG�QRUPDOSHULRGHQ������������,�WDEHOO���� HU�NRUULJHULQJVIDNWRUHQH EHUHJQHW PHG�

GH� IRUVNMHOOLJH�QRUPDOSHULRGHQH��.RUULJHULQJVIDNWRU�HU�EHUHJQHW�YHG�EUXN�DY� IRUPHO��� PHG�

N �����

7DEHOO�����1RUPDOSHULRGHU�RJ�NRUULJHULQJVIDNWRU�5LQJVDNHU
1RUPDOSHULRGH *UDGGDJVWDOO�

IRU�5LQJVDNHU
.RUULJHULQJVIDNWRU
IRU�5LQJVDNHU

��������� ���� �����
��������� ���� �����
��������� ���� �����

.RUULJHULQJVIDNWRUHQ� IRU�5LQJVDNHU NRPPXQH UHGXVHUHV�JUDGYLV�RJ�YLO�KD�HQ� LQQYLUNQLQJ�Sn�

XWUHJQLQJHQ�DY�HW�QRUPDOnU�� ,�GHQQH�UDSSRUWHQ HU�JUDGGDJVWDOO�NRUULJHUW�PHG�QRUPDOSHULRGHQ�

RSSJLWW� DY� PHWHRURORJLVN� LQVWLWXWW� ������������� PHQ� GHWWH� NDQ� Y UH� HW� K¡\W� HVWLPDW�� (Q�

UHGXNVMRQ� L�JUDGGDJVWDOO� IRU�QRUPDOnUVSHULRGHQH�HU�NRQVHNYHQW� IRU�DOOH� I\ONHU� L�1RUJH�IUD� nU�

�����WLO�nU������ >��@

��� *UDGGDJVWDOO�RJ�VNDOHULQJ

,� UDSSRUWHQ HU� GHW� DQYHQGW JUDGGDJVWDOO� WLO� n� NRUULJHUH ODVWHQ�� 'HWWH� HU� JMRUW� YHG� n� VNDOHUH�

WLPHVYHUGLHQH�WLO�ODVWHQ�PHG�NRUULJHULQJVIDNWRUHQ�IUD�QRUPDOnUVNRUULJHULQJ��/DVWHQ�EOH�GHUPHG�

VNDOHUW� OLNW RYHU� KHOH� nUHW�� GHW� YLO� VL� DOOH� WLPHVYHUGLHQH� EOH� PXOWLSOLVHUW� PHG� GHQ� VDPPH�

NRUULJHULQJVIDNWRUHQ��

9HG� n� VNDOHUH� WLPHVYHUGLHQH�PHG� VDPPH� IDNWRU� DQWDV� HW� K¡\HUH� HQHUJLEHKRY� IRU� KHOH� nUHW��

*UDGGDJVWDOO�EUXNHV�IRU�n�NRUULJHUH�RSSYDUPLQJVEHKRYHW�VRP HU�VW¡UVW�L�YLQWHUPnQHGHQH��VRP�

YLVW�L�WDEHOO����� HNVHPSHOYLV�5LQJVDNHU�NRPPXQH IRU nU ������9HG�n�VNDOHUH�WLPHVYHUGLHQH�YLO�

YLQWHUPnQHGHQH�PHG�K¡\�EHODVWQLQJ�¡NH�PHU�HQQ�VRPPHUPnQHGHQH L�N:K� 0HWRGHQ�HU�GHUIRU�

DQVHWW�L�GHQQH�UDSSRUWHQ�VRP�HQ�WLOVWUHNNHOLJ�PnWH�n�NRUULJHUH�IRU�JUDGGDJVWDOO�



��

7DEHOO�����)RUGHOLQJ�DY�*'7�L������IRU�5LQJVDNHU >��@

0nQHG -DQ )HE 0DU $SU 0DL -XQ -XO $XJ 6HS 2NW 1RY 'HV 7RWDOW

*'7 >GDJHU@ ��� ��� ��� ��� ��� �� �� �� ��� ��� ��� ��� ����

�*'7� ���� ���� ���� ��� ��� ��� ��� ��� ��� ��� ���� ���� �����

)LJXU���� YLVHU�IRUGHOLQJHQ DY�YHUGLHQH L�WDEHOO���� RJ WLPHVYHUGLHQH�IUD�$06�IRU�7UROOKDXJHQ�

,,��'HWWH�YLVHU�HQ�VDPPHQKHQJ�PHOORP�IRUEUXN�RJ�JUDGGDJVWDOO�
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)LJXU�����)RUGHOLQJ�DY�JUDGGDJVWDOO�VDPPHQOLNQHW�PHG�IRUGHOLQJ�DY�
7UROOKDXJHQ�,,�ODVW
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� .RQNOXVMRQ
5HVXOWDWHQH� L� UDSSRUWHQ� YLVHU� SRWHQVLDOH WLO� LQQVSDULQJ� DY� WDSVNRVWQDGHU� L�

IRUGHOLQJVWUDQVIRUPDWRUHU�� 'HW� EOH� YDOJW� XW� WUH� WUDQVIRUPDWRUNUHWVHU� PHG� XOLNH� \WHOVHU� IRU�

XQGHUV¡NHOVHQH��$OOH�GLVVH�HU�UHODWLYW�K¡\W�EHODVWHW��PHQ�DUEHLGHW�VRP�KDU�EOLWW�JMRUW�NDQ�RJVn�

Y UH� DNWXHOW� IRU� PLQGUH� EHODVWHGH� WUDQVIRUPDWRUHU�� 5DSSRUWHQ� NDQ� GHUIRU� KD� HW� EUHGHUH�

EUXNVRPUnGH�HQQ�IRU�GH�WUH�XWYDOJWH�

$06�GDWD�JLU�HW�EHGUH�EHUHJQLQJVJUXQQODJ�IRU�WDSVNRVWQDGHU�HQQ�WLGOLJHUH��6,17()V�SODQERN�

IRU� WDSVNRVWQDGHU� EHQ\WWHU� L� VWRU� JUDG ����� WLPHU VRP� EUXNVWLG� IRU� WDS L� VLQH HNVHPSOHU�

5HVXOWDWHQH� L� UDSSRUWHQ� YLVHU� DW� YHUGLHQH� NDQ� DYYLNH� VLJQLILNDQW� IUD� GHWWH�� 'H� DQDO\VHUWH

WUDQVIRUPDWRUNUHWVHQH�� 7UROOKDXJHQ� ,,��*UDQ�%UDQGYDO� RJ�1¡WWHWUHYHJHQ�� KDGGH� KHQKROGVYLV�

EUXNVWLG�IRU�WDS�Sn������������RJ������WLPHU�L�nU������

1\H�NUDY�VRP�LQQI¡UHV�IRU�WUDQVIRUPDWRUHU�������������7LHU����HU�VWUHQJHUH RJ�YLO�UHGXVHUH�WDS�

RJ� WDSVNRVWQDGHU�� 5HVXOWDWHQH� IUD� GH� WUH� WUDQVIRUPDWRUNUHWVHQH� L� UDSSRUWHQ� LQGLNHUHU� HQ�

UHGXNVMRQ�DY�WDSVNRVWQDGHU�L�IRUGHOLQJVWUDQVIRUPDWRUHU�Sn�����L�VQLWW�IRU�¡NRQRPLVN�RSWLPDO�

\WHOVH�� 'HWWH� JMHOGHU� IRU� RYHUJDQJ� IUD� 7LHU� �� WLO� 7LHU� �� NUDY�� 5DSSRUWHQ� KDU� RJVn IUHPVWLOW�

LQYHVWHULQJVNRVWQDGHQ�7LHU���WUDQVIRUPDWRUHU�NDQ�KD�XWHQ�SnYLUNQLQJ�DY�WRWDONRVWQDG��'HWWH�YDU�

HW�UHVXOWDW�VRP�YDULHUWH�YHVHQWOLJ�PHG�GH�IRUVNMHOOLJH�PRGHOOHQH�

5HVXOWDWHQH� YLVHU� YHVHQWOLJ EHVSDUHOVH� L� WDSVNRVWQDGHU� YHG� n� ¡NH� \WHOVHQ� Sn� HNVLVWHUHQGH�

WUDQVIRUPDWRU� L� GH� WUH QHWWVWDVMRQHQH�� 'HWWH� JUXQQHW� UHODWLYW K¡\� HNVLVWHUHQGH� EHODVWQLQJ� Sn�

NUHWVHQH��'H�IOHVWH�DY�PRGHOOHQH YLVHU�GHUIRU�HQ�UHGXNVMRQ�DY�WDSV� RJ�LQYHVWHULQJVNRVWQDGHU�

IRU� WUDQVIRUPDWRUHQH� PHG� pQ� VWDQGDUG\WHOVH� VW¡UUH�� 9HG� WR� VWDQGDUG\WHOVHU� VW¡UUH� YLVHU�

UHVXOWDWHQH� HQ� UHGXNVMRQ� HOOHU� PLQLPDO� ¡NQLQJ� L� WRWDONRVWQDGHU� YHG� HNVLVWHUHQGH� ODVW��

.RQNOXVMRQHQ� HU� DW� GHW� E¡U� YXUGHUHV� pQ� WUDQVIRUPDWRU\WHOVH� VW¡UUH�� KYLV� GHWWH� LNNH� SnGUDU�

EHW\GHOLJH� PHUNRVWQDGHU� XW� RYHU� LQYHVWHULQJVNRVWQDGHQ� DY� WUDQVIRUPDWRUHQ�� (Q� VW¡UUH�

WUDQVIRUPDWRU\WHOVH�NDQ�L�WLOOHJJ�JL�IRUGHOHU�VRP�UHGXVHUW�VSHQQLQJVIDOO�RJ�¡NW�OHYHWLG��

9HG�n�HUVWDWWH�HNVLVWHUHQGH�WUDQVIRUPDWRUHU�IRU�n�UHGXVHUH�WDSVNRVWQDGHU��LQGLNHUHU�UHVXOWDWHQH�

DW� GHWWH� LNNH� HU� ¡NRQRPLVN� JXQVWLJ�� (Q� E\WWHSURVHVV� HU� LNNH� EHUHJQHW� L� UDSSRUWHQ�� PHQ�

UHVXOWDWHQH�YLVHU�DW�PXOLJH�EHVSDUHOVHU�L�WDSVNRVWQDGHU�DQWDNHOLJ�LNNH�YLO�GHNNH�LQQ�NRVWQDGHU�

YHG�E\WWLQJ��
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(Q�XWIRUGULQJ�PHG�GLPHQVMRQHULQJ�L�NUDIWQHWWHW�HU�IUHPWLGLJ�XVLNNHUKHW��'HW�HU�LQJHQ�IDVLW�Sn�

KYRUGDQ�XWYLNOLQJHQ�L�ODVW�EOLU�IUHPRYHU��5DSSRUWHQ�YLVHU�SRWHQVLDOH�WLO�LQQVSDULQJHU�VRP�LNNH�

HU�WLOVWUHNNHOLJ�NDUWODJW��PHQ�GHQ�EHO\VHU�PXOLJKHWHU�RJ�JLU�HW�JUXQQODJ�n�E\JJH�YLGHUH Sn��

)RUVODJ�WLO�YLGHUH�DUEHLG�

� 0HG�HW�EUHGHUH�JUXQQODJ�DY�$06�GDWD�NDQ�GHW�XWYLNOHV�HQ�SURVHVV�IRU�RSWLPDO�GLPHQVMRQHULQJ�

DY�IRUGHOLQJVWUDQVIRUPDWRUHU�

� )RUHWD�HQ�OLNQHQGH�DQDO\VH�L�RYHQIRUOLJJHQGH�QHWW�

� 9XUGHUH� PXOLJKHWHQ� n� PRQWHUH� HQ� PLGOHUWLGLJ� QHWWVWDVMRQ� IRU� n� NDUWOHJJH� ODVWHQ� YHG�

VSHVLDOWLOIHOOHU�



��

/LWWHUDWXUOLVWH
>�@ 6,17()�(QHUJL�$6���3ODQOHJJLQJVERN�IRU�NUDIWQHWW�� 7DSVNRVWQDGHU��������

>�@ (OYLD���(OYLD�QHWWVLGH���+HQWHW�IUD��KWWSV���ZZZ�HOYLD�QR���/DVWHW�QHG�������������

>�@ $��+��$PXQGVHQ�RJ�.��$��7��9DGD���)RUGHOLQJVWUDQVIRUPDWRUHU�RJ�WDSVNRVWQDGHU��
%HUHJQLQJ�DY�HQ�PHU�GHWDOMHUW�PRGHOO�IRU�WDSVNRVWQDGHU�YHG�EUXN�DY�$06�GDWD���
%DFKHORU��1718�������

>�@ 2OMH� RJ�HQHUJLGHSDUWHPHQWHW���������6WU¡PQHWWHW���+HQWHW�IUD��
KWWSV���HQHUJLIDNWDQRUJH�QR�QRUVN�HQHUJLIRUV\QLQJ�NUDIWQHWW�� /DVWHW�QHG�������������

>�@ (QHUJL�1RUJH���1HWWVWUXNWXU�RJ�RUJDQLVHULQJ���+HQWHW�IUD��KWWSV���ZZZ�HQHUJLQRUJH�QR�
IDJRPUDGHU�VWURPQHWW�NUDIWV\VWHPHW�QHWWVWUXNWXU�RJ�RUJDQLVHULQJ�� /DVWHW�QHG��
�����������

>�@ 1RUJHV�YDVVGUDJV� RJ�HQHUJLGLUHNWRUDW���������'DWD�RJ�UHVXOWDWHU�ORNDOW�
GLVWULEXVMRQVQHWW���+HQWHW�IUD��KWWSV���ZZZ�QYH�QR�UHJXOHULQJVP\QGLJKHWHQ�
RNRQRPLVN�UHJXOHULQJ�DY�QHWWVHOVNDS�LQQWHNWVUDPPHU�LQQWHNWVUDPPHU�IRU������
YDUVHO���/DVWHW�QHG�������������

>�@ 6��-��&KDSPDQ��(OHFWULF�PDFKLQHU\�IXQGDPHQWDOV���WK�HG��XWJ��1HZ�<RUN��0F*UDZ�
+LOO�������

>�@ &RPPLVVLRQ�UHJXODWLRQ�(8�����������

>�@ 1(.�(1���������������

>��@ 5(1���1HWWVWDVMRQ�� 7UDQVIRUPDWRU�2OMHLVROHUWH��2��RJ��.��� VSHVLILNDVMRQ�� 5(1EODG�
15������9(5�����������

>��@ 6,17()�(QHUJL�$6���0nO�RJ�UDPPHEHWLQJHOVHU�YHG�WHNQLVN�¡NRQRPLVN�SODQOHJJLQJ�DY�
NUDIWQHWW��������

>��@ 1RUJHV�YDVVGUDJV� RJ�HQHUJLGLUHNWRUDW���������6PDUWH�VWU¡PPnOHUH��$06����+HQWHW�
IUD��KWWSV���ZZZ�QYH�QR�UHJXOHULQJVP\QGLJKHWHQ�VWURPNXQGH�VPDUWH�VWURPPDOHUH�
DPV���/DVWHW�QHG�������������

>��@ 1RUJHV�YDVVGUDJV� RJ�HQHUJLGLUHNWRUDW���������3OXVVNXQGHU���+HQWHW�IUD��
KWWSV���ZZZ�QYH�QR�UHJXOHULQJVP\QGLJKHWHQ�QHWWMHQHVWHU�QHWWOHLH�WDULIIHU�IRU�
SURGXNVMRQ�SOXVVNXQGHU���/DVWHW�QHG�������������

>��@ 1RUJHV�YDVVGUDJV� RJ�HQHUJLGLUHNWRUDW���������,QIRDUN�� 2P�UHJXOHULQJHQ�DY�
VWU¡PQHWWVHOVNDSHQH���+HQWHW�IUD��KWWSV���ZZZ�QYH�QR�UHJXOHULQJVP\QGLJKHWHQ�
RNRQRPLVN�UHJXOHULQJ�DY�QHWWVHOVNDS�RP�GHQ�RNRQRPLVNH�UHJXOHULQJHQ�
"UHI PDLQPHQX��/DVWHW�QHG�������������

>��@ 1��+��0��9��'��)HKU���'HQ�¡NRQRPLVNH�UHJXOHULQJHQ�DY�VWU¡PQHWWHW�� HQ�
JMHQQRPJDQJ���2OMH�RJ�HQHUJLGHSDUWHPHQWHW��������+HQWHW�IUD��
KWWSV���ZZZ�UHJMHULQJHQ�QR�QR�GRNXPHQWHU�(NVWHUQ�HYDOXHULQJ�DY�GHQ�RNRQRPLVNH�
UHJXOHULQJHQ�DY�VWURPQHWWHW�LG���������/DVWHW�QHG� �����������



��

>��@ 3|\U\�0DQDJHPHQW�&RQVXOWLQJ�$6���(YDOXHULQJ�DY�PRGHOOHU�IRU�NOLPDMXVWHULQJ�DY�
HQHUJLEUXN���1RUJHV�YDVVGUDJV� RJ�HQHUJLGLUHNWRUDW��5DSSRUW�QU����������
KWWS���SXEOLNDVMRQHU�QYH�QR�UDSSRUW������UDSSRUW����B���SGI��/DVWHW�QHG�������������

>��@ (QRYD�6)���(QRYDV�E\JJVWDWLVWLNN��������HQRYD�QR��5DSSRUW�QU����������
KWWSV���ZZZ�HQRYD�QR�RP�HQRYD�RP�RUJDQLVDVMRQHQ�SXEOLNDVMRQHU���/DVWHW�QHG��
�����������

>��@ '��6SLOGH��/��(��+RGJH��,��+��0DJQXVVHQ��-��+ROH��0��%XYLN�RJ�+��+RUQH��
�6WU¡PIRUEUXN�PRW��������19(�QR��5DSSRUW�QU�����������
KWWS���SXEOLNDVMRQHU�QYH�QR�UDSSRUW������UDSSRUW����B���SGI��/DVWHW�QHG�������������

>��@ 6WDWLVWLVN�VHQWUDOE\Un���������%ROLJHU���+HQWHW�IUD��KWWSV���ZZZ�VVE�QR�EROLJVWDW��/DVWHW�
QHG�������������

>��@ (��-XQNHU���������%\JJWHNQLVN�IRUVNULIW��7(.����+HQWHW�IUD��
KWWSV���VQO�QR�%\JJWHNQLVNBIRUVNULIWB�7(.���/DVWHW�QHG�������������

>��@ ,��+DQVVHQ�%DXHU HW�DO����.OLPD�L�1RUJH��������1RUVN�NOLPDVHUYLFHVHQWHU��5DSSRUW�
QU����������+HQWHW�IUD��KWWSV���NOLPDVHUYLFHVHQWHU�QR�IDFHV�GHVNWRS�DUWLFOH�[KWPO"XUL 
NOLPDVHUYLFHVHQWHUHW�NOLPD�L�QRUJH�������/DVWHW�QHG�������������

>��@ /��*ULQGH��-��0DPHQ��.��7XQKHLP�RJ�2��(��7YHLWR���9 UHW�L�1RUJH�� .OLPDWRORJLVN�
PnQHGVRYHUVLNW��)HEUXDU��������0HWHRURORJLVN�LQVWLWLXWW��5DSSRUW�QU��������� +HQWHW�
IUD� KWWSV���ZZZ�PHW�QR�SXEOLNDVMRQHU�PHW�LQIR�PHW�LQIR��/DVWHW�QHG�������������

>��@ 6,17()�(QHUJLIRUVNQLQJ�$6���1\�NXQQVNDS�RP�IRUGHOLQJ�DY�VWU¡PIRUEUXNHW��������

>��@ 7��+��'RNND��7��:LJHQVWDG��,��$QGUHVHQ��7��)��%HUJ��$��6YHQVVRQ�RJ�,��6LPRQVHQ��
�(QHUJLEUXN�L�E\JQLQJHU�������� +HQWHW�IUD� KWWSV���ZZZ�VLQWHIERN�QR�ERRN�LQGH[�����
HQHUJLEUXNBLBE\JQLQJHU��/DVWHW�QHG�������������

>��@ (QRYD�6)���*UDGGDJVWDOO�������+HQWHW�IUD� KWWSV���ZZZ�HQRYD�QR�RP�
HQRYD�GULIW�JUDGGDJVWDOO� /DVWHW�QHG������������

>��@ $��%��(ULNVHQ HW�DO� �������50(�K¡ULQJVGRNXPHQW�� (QGULQJHU�L�QHWWOHLHVWUXNWXUHQ���
+HQWHW�IUD��KWWS���SXEOLNDVMRQHU�QYH�QR�UPHBKRHULQJVGRNXPHQW������UPHB
KRHULQJVGRNXPHQW����B���SGI� /DVWHW�QHG������������

>��@ 6WDWQHWW�6)���cUVVWDWLVWLNN������� 'ULIWVIRUVW\UUHOVHU��IHLO�RJ�SODQODJWH�XWNRSOLQJHU�L���
���N9�QHWWHW���+HQWHW�IUD� KWWSV���ZZZ�VWDWQHWW�QR�IRU�DNWRUHU�L�
NUDIWEUDQVMHQ�V\VWHPDQVYDUHW�SUDNWLVHULQJ�DY�V\VWHPDQVYDUHW�DUVUDSSRUWHU�IUD�
IHLODQDO\VH���/DVWHW QHG�������������

>��@ 6,17()�(QHUJL�$6���������3ODQOHJJLQJVERN�IRU�NUDIWQHWW�� 7DSVNRVWQDGHU��
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9HGOHJJ
9HGOHJJ�QU���± /DVWJUDIHU

9HGOHJJ�QU���± �NRQRPL

9HGOHJJ�QU���± 7DSVRYHUVLNW

9HGOHJJ�QU���± 7RPJDQJV� RJ�EHODVWQLQJVWDS

9HGOHJJ�QU���± 7UDQVIRUPDWRUNRUW

9HGOHJJ�QU���± 5HYLGHULQJ�DY�NRGH�IRU�NDONXODVMRQVYHUNW¡\

9HGOHJJ�QU���± .RGH�IRU�HVWLPHULQJ
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9HGOHJJ���� /DVWJUDIHU

/DVWJUDIHU�IRU�WUDQVIRUPDWRUNUHWVHQH DQDO\VHUW�L�UDSSRUWHQ��JMHOGHU�IRU�nU ������
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9HGOHJJ���� �NRQRPL

���N9$�7UROOKDXJHQ�,,

�ŬƐŝƐƚĞƌĞŶĚĞ dŝĞƌ�Ϯ dŝĞƌ�ϭ dŝĞƌ�Ϯ dŝĞƌ�ϭ dŝĞƌ�Ϯ
WϬͬWŬ ϮϵϳtͬϮϯϵϳt ϮϮϱtͬϮϬϭϳt ϯϲϬtͬϯϵϬϬt ϯϮϰtͬϮϴϬϬt ϱϭϬtͬϱϱϬϬt ϰϱϵtͬϯϵϬϬt
dĂƉƐŬŽƐƚ Ŭƌ�ϭϬϱ�ϴϰϳ Ŭƌ�ϴϳ�ϰϬϭ Ŭƌ�ϴϬ�ϰϳϭ Ŭƌ�ϲϮ�ϭϱϳ Ŭƌ�ϲϱ�ϲϳϭ Ŭƌ�ϱϯ�Ϭϳϳ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϴ�ϰϰϲ Ŭƌ�Ϯϱ�ϯϳϲ Ŭƌ�ϰϯ�ϲϵϬ Ŭƌ�ϰϬ�ϭϳϲ Ŭƌ�ϱϮ�ϳϳϬ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й ϭϳ͕ϰ�й Ϯϰ͕Ϭ�й ϰϭ͕ϯ�й ϯϴ͕Ϭ�й ϰϵ͕ϵ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ ͲŬƌ�ϭϰ�ϱϳϯ ͲŬƌ�ϭϯ�ϳϵϯ ͲŬƌ�ϱ�ϯϰϮ ͲŬƌ�ϭϲ�ϭϮϭ ͲŬƌ�ϭϱ�ϵϲϬ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϱϳ�ϲϳϱ Ŭƌ�ϭϰϳ�ϬϬϯ Ŭƌ�ϭϰϲ�ϮϮϰ Ŭƌ�ϭϯϳ�ϳϳϯ Ŭƌ�ϭϰϴ�ϱϱϮ Ŭƌ�ϭϰϴ�ϯϵϬ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϬ�ϲϳϮ Ŭƌ�ϭϭ�ϰϱϭ Ŭƌ�ϭϵ�ϵϬϮ Ŭƌ�ϵ�ϭϮϯ Ŭƌ�ϵ�Ϯϴϱ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ϲ͕ϴ�й ϳ͕ϯ�й ϭϮ͕ϲ�й ϱ͕ϴ�й ϱ͕ϵ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϴϰ�Ϭϯϲ Ŭƌ�ϲϵ�Ϭϰϴ Ŭƌ�ϲϲ�ϭϲϲ Ŭƌ�ϱϭ�ϴϴϲ Ŭƌ�ϱϳ�ϲϲϯ Ŭƌ�ϰϳ�ϯϵϵ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϰ�ϵϴϴ Ŭƌ�ϭϳ�ϴϳϬ Ŭƌ�ϯϮ�ϭϱϬ Ŭƌ�Ϯϲ�ϯϳϯ Ŭƌ�ϯϲ�ϲϯϳ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й ϭϳ͕ϴ�й Ϯϭ͕ϯ�й ϯϴ͕ϯ�й ϯϭ͕ϰ�й ϰϯ͕ϲ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ ͲŬƌ�ϭϴ�Ϭϯϭ ͲŬƌ�Ϯϭ�Ϯϵϵ ͲŬƌ�ϭϲ�ϴϴϮ ͲŬƌ�Ϯϵ�ϵϮϰ ͲŬƌ�ϯϮ�Ϭϵϯ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϯϱ�ϴϲϰ Ŭƌ�ϭϮϴ�ϲϱϬ Ŭƌ�ϭϯϭ�ϵϭϵ Ŭƌ�ϭϮϳ�ϱϬϮ Ŭƌ�ϭϰϬ�ϱϰϰ Ŭƌ�ϭϰϮ�ϳϭϮ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϳ�Ϯϭϰ Ŭƌ�ϯ�ϵϰϱ Ŭƌ�ϴ�ϯϲϮ ͲŬƌ�ϰ�ϲϴϬ ͲŬƌ�ϲ�ϴϰϴ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ϱ͕ϯ�й Ϯ͕ϵ�й ϲ͕Ϯ�й Ͳϯ͕ϰ�й Ͳϱ͕Ϭ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϭϰϳ�ϱϰϬ Ŭƌ�ϭϮϮ�ϰϲϲ Ŭƌ�ϭϬϳ�ϵϮϳ Ŭƌ�ϴϭ�ϵϬϳ Ŭƌ�ϴϭ�ϭϴϮ Ŭƌ�ϲϰ�ϭϬϲ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�Ϯϱ�Ϭϳϰ Ŭƌ�ϯϵ�ϲϭϯ Ŭƌ�ϲϱ�ϲϯϯ Ŭƌ�ϲϲ�ϯϱϴ Ŭƌ�ϴϯ�ϰϯϰ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й ϭϳ͕Ϭ�й Ϯϲ͕ϴ�й ϰϰ͕ϱ�й ϰϱ͕Ϭ�й ϱϲ͕ϲ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ ͲŬƌ�ϳ�ϵϰϱ Ŭƌ�ϰϰϰ Ŭƌ�ϭϲ�ϲϬϭ Ŭƌ�ϭϬ�Ϭϲϭ Ŭƌ�ϭϰ�ϳϬϰ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϵϵ�ϯϲϴ Ŭƌ�ϭϴϮ�Ϭϲϴ Ŭƌ�ϭϳϯ�ϲϴϬ Ŭƌ�ϭϱϳ�ϱϮϯ Ŭƌ�ϭϲϰ�Ϭϲϯ Ŭƌ�ϭϱϵ�ϰϭϵ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϳ�ϯϬϬ Ŭƌ�Ϯϱ�ϲϴϴ Ŭƌ�ϰϭ�ϴϰϱ Ŭƌ�ϯϱ�ϯϬϱ Ŭƌ�ϯϵ�ϵϰϵ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ϴ͕ϳ�й ϭϮ͕ϵ�й Ϯϭ͕Ϭ�й ϭϳ͕ϳ�й ϮϬ͕Ϭ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϭϬϳ�ϭϮϳ Ŭƌ�ϵϱ�ϭϱϲ Ŭƌ�ϴϲ�ϲϭϮ Ŭƌ�ϲϲ�ϱϵϮ Ŭƌ�ϲϵ�ϭϵϴ Ŭƌ�ϱϰ�Ϭϰϵ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϭ�ϵϳϭ Ŭƌ�ϮϬ�ϱϭϱ Ŭƌ�ϰϬ�ϱϯϱ Ŭƌ�ϯϳ�ϵϮϵ Ŭƌ�ϱϯ�Ϭϳϴ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й ϭϭ͕Ϯ�й ϭϵ͕Ϯ�й ϯϳ͕ϴ�й ϯϱ͕ϰ�й ϰϵ͕ϱ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ ͲŬƌ�Ϯϭ�Ϭϰϴ ͲŬƌ�ϭϴ�ϲϱϰ ͲŬƌ�ϴ�ϰϵϳ ͲŬƌ�ϭϴ�ϯϲϴ ͲŬƌ�ϭϱ�ϲϱϮ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϱϴ�ϵϱϱ Ŭƌ�ϭϱϰ�ϳϱϴ Ŭƌ�ϭϱϮ�ϯϲϱ Ŭƌ�ϭϰϮ�ϮϬϴ Ŭƌ�ϭϱϮ�Ϭϳϵ Ŭƌ�ϭϰϵ�ϯϲϮ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϰ�ϭϵϳ Ŭƌ�ϲ�ϱϵϬ Ŭƌ�ϭϲ�ϳϰϳ Ŭƌ�ϲ�ϴϳϲ Ŭƌ�ϵ�ϱϵϯ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й Ϯ͕ϲ�й ϰ͕ϭ�й ϭϬ͕ϱ�й ϰ͕ϯ�й ϲ͕Ϭ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϰϲ�ϳϮϵ Ŭƌ�ϯϳ�ϲϱϱ Ŭƌ�ϰϭ�ϲϵϲ Ŭƌ�ϯϰ�ϯϭϴ Ŭƌ�ϰϯ�ϵϲϳ Ŭƌ�ϯϳ�ϲϴϳ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϵ�Ϭϳϰ Ŭƌ�ϱ�Ϭϯϯ Ŭƌ�ϭϮ�ϰϭϭ Ŭƌ�Ϯ�ϳϲϮ Ŭƌ�ϵ�ϬϰϮ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й ϭϵ͕ϰ�й ϭϬ͕ϴ�й Ϯϲ͕ϲ�й ϱ͕ϵ�й ϭϵ͕ϯ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ ͲŬƌ�Ϯϯ�ϵϰϱ ͲŬƌ�ϯϰ�ϭϯϲ ͲŬƌ�ϯϲ�ϲϮϭ ͲŬƌ�ϱϯ�ϱϯϱ ͲŬƌ�ϱϵ�ϲϴϴ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϵϴ�ϱϱϳ Ŭƌ�ϵϳ�Ϯϱϳ Ŭƌ�ϭϬϳ�ϰϰϵ Ŭƌ�ϭϬϵ�ϵϯϰ Ŭƌ�ϭϮϲ�ϴϰϴ Ŭƌ�ϭϯϯ�ϬϬϬ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭ�ϯϬϬ ͲŬƌ�ϴ�ϴϵϮ ͲŬƌ�ϭϭ�ϯϳϳ ͲŬƌ�Ϯϴ�Ϯϵϭ ͲŬƌ�ϯϰ�ϰϰϯ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ϭ͕ϯ�й Ͳϵ͕Ϭ�й Ͳϭϭ͕ϱ�й ͲϮϴ͕ϳ�й Ͳϯϰ͕ϵ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϭϮϳ�ϯϯϴ Ŭƌ�ϭϬϱ�ϰϴϱ Ŭƌ�ϵϰ�ϱϲϳ Ŭƌ�ϳϮ�Ϯϳϳ Ŭƌ�ϳϯ�ϱϲϬ Ŭƌ�ϱϴ�ϲϳϮ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�Ϯϭ�ϴϱϯ Ŭƌ�ϯϮ�ϳϳϭ Ŭƌ�ϱϱ�Ϭϲϭ Ŭƌ�ϱϯ�ϳϳϴ Ŭƌ�ϲϴ�ϲϲϲ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й ϭϳ͕Ϯ�й Ϯϱ͕ϳ�й ϰϯ͕Ϯ�й ϰϮ͕Ϯ�й ϱϯ͕ϵ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ ͲŬƌ�ϭϭ�ϭϲϲ ͲŬƌ�ϲ�ϯϵϴ Ŭƌ�ϲ�ϬϮϵ ͲŬƌ�Ϯ�ϱϭϵ ͲŬƌ�ϲϰ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϳϵ�ϭϲϲ Ŭƌ�ϭϲϱ�Ϭϴϳ Ŭƌ�ϭϲϬ�ϯϮϬ Ŭƌ�ϭϰϳ�ϴϵϯ Ŭƌ�ϭϱϲ�ϰϰϭ Ŭƌ�ϭϱϯ�ϵϴϱ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϰ�Ϭϳϵ Ŭƌ�ϭϴ�ϴϰϲ Ŭƌ�ϯϭ�Ϯϳϯ Ŭƌ�ϮϮ�ϳϮϱ Ŭƌ�Ϯϱ�ϭϴϭ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ϳ͕ϵ�й ϭϬ͕ϱ�й ϭϳ͕ϱ�й ϭϮ͕ϳ�й ϭϰ͕ϭ�й
/ŶŶŬũƆƉ�;ϮϬϭϵͿ Ŭƌ�ϱϭ�ϴϮϴ Ŭƌ�ϱϵ�ϲϬϮ Ŭƌ�ϲϱ�ϳϱϯ Ŭƌ�ϳϱ�ϲϭϲ Ŭƌ�ϴϮ�ϴϴϭ Ŭƌ�ϵϱ�ϯϭϯ
/ŶŶŬũƆƉ�;ϮϬϬϲͿ Ŭƌ�ϯϵ�ϯϴϯ
�ƌůŝŐ�ĂǀƐŬƌŝǀŶŝŶŐ Ŭƌ�ϵϴϱ Ŭƌ�ϭ�ϰϵϬ Ŭƌ�ϭ�ϲϰϰ Ŭƌ�ϭ�ϴϵϬ Ŭƌ�Ϯ�ϬϳϮ Ŭƌ�Ϯ�ϯϴϯ
ZĞƐƚǀĞƌĚŝ Ŭƌ�Ϯϲ�ϱϴϰ

�ŬƐŝƐƚĞƌĞŶĚĞ�ǇƚĞůƐĞ�ϮϬϬŬs� �Ŷ�ǇƚĞůƐĞ�ƐƚƆƌƌĞ�ϯϭϱŬs� dŽ�ǇƚĞůƐĞƌ�ƐƚƆƌƌĞ�ϱϬϬŬs�

hƚũĞǀŶŝŶŐ

�ŬƐŝƐƚĞƌĞŶĚĞ�ůĂƐƚ

<ŽƌƌĞŬƐũŽŶ�ĨŽƌ�ŐƌĂĚĚĂŐĞƌ�
;ϭϭϭ͕ϴйͿ�н�ƐŬĂůĞƌŝŶŐ�;ϱϬйͿ͘

^ŬĂůĞƌŝŶŐ�ϭϭϭ͕ϴй�н�ϭϮϬй�н�
hƚũĞǀŶŝŶŐ

^ŬĂůĞƌŝŶŐ�ϭϭϭ͕ϴй�н�ϭϮϬй

<ŽƌƌĞŬƐũŽŶ�ĨŽƌ�ŐƌĂĚĚĂŐĞƌ�
;ϭϭϭ͕ϴйͿ

/ŶǀĞƐƚĞƌŝŶŐ



��

���N9$�*UDQ�%UDQGYDO

�ŬƐŝƐƚĞƌĞŶĚĞ dŝĞƌ�Ϯ dŝĞƌ�ϭ dŝĞƌ�Ϯ dŝĞƌ�ϭ dŝĞƌ�Ϯ
WϬͬWŬ ϮϭϳtͬϭϮϲϴt ϭϯϬtͬϭϮϱϬt ϮϱϬtͬϮϳϱϬt ϮϮϱtͬϮϬϭϳt ϯϲϬtͬϯϵϬϬt ϯϮϰtͬϮϴϬϬt
dĂƉƐŬŽƐƚ Ŭƌ�ϳϯ�ϴϵϰ Ŭƌ�ϲϳ�Ϯϯϯ Ŭƌ�ϰϴ�ϵϭϱ Ŭƌ�ϯϴ�ϲϲϭ Ŭƌ�ϰϮ�ϰϴϭ Ŭƌ�ϯϰ�ϴϴϮ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϲ�ϲϲϭ Ŭƌ�Ϯϰ�ϵϳϵ Ŭƌ�ϯϱ�Ϯϯϯ Ŭƌ�ϯϭ�ϰϭϯ Ŭƌ�ϯϵ�ϬϭϮ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й ϵ͕Ϭ�й ϯϯ͕ϴ�й ϰϳ͕ϳ�й ϰϮ͕ϱ�й ϱϮ͕ϴ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ ͲŬƌ�ϭϰ�ϰϯϮ Ŭƌ�ϱ�ϴϲϭ Ŭƌ�ϴ�ϯϰϭ ͲŬƌ�ϭ�ϲϯϬ ͲŬƌ�ϯ�ϴϵϰ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϮϬ�ϲϳϵ Ŭƌ�ϭϮϭ�Ϭϯϲ Ŭƌ�ϭϬϬ�ϳϰϯ Ŭƌ�ϵϴ�Ϯϲϯ Ŭƌ�ϭϬϴ�Ϯϯϰ Ŭƌ�ϭϭϬ�ϰϵϴ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ ͲŬƌ�ϯϱϳ Ŭƌ�ϭϵ�ϵϯϲ Ŭƌ�ϮϮ�ϰϭϲ Ŭƌ�ϭϮ�ϰϰϱ Ŭƌ�ϭϬ�ϭϴϭ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ͲϬ͕ϯ�й ϭϲ͕ϱ�й ϭϴ͕ϲ�й ϭϬ͕ϯ�й ϴ͕ϰ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϲϳ�ϯϱϲ Ŭƌ�ϲϬ�ϳϴϳ Ŭƌ�ϰϱ�ϯϳϬ Ŭƌ�ϯϲ�Ϭϲϭ Ŭƌ�ϰϬ�ϰϱϱ Ŭƌ�ϯϯ�ϰϮϳ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϲ�ϱϲϵ Ŭƌ�Ϯϭ�ϵϴϲ Ŭƌ�ϯϭ�Ϯϵϱ Ŭƌ�Ϯϲ�ϵϬϭ Ŭƌ�ϯϯ�ϵϮϵ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й ϵ͕ϴ�й ϯϮ͕ϲ�й ϰϲ͕ϱ�й ϯϵ͕ϵ�й ϱϬ͕ϰ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ ͲŬƌ�ϭϰ�ϱϮϰ Ŭƌ�Ϯ�ϴϲϴ Ŭƌ�ϰ�ϰϬϯ ͲŬƌ�ϲ�ϭϰϮ ͲŬƌ�ϴ�ϵϳϳ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϭϰ�ϭϰϭ Ŭƌ�ϭϭϰ�ϱϵϬ Ŭƌ�ϵϳ�ϭϵϴ Ŭƌ�ϵϱ�ϲϲϯ Ŭƌ�ϭϬϲ�ϮϬϴ Ŭƌ�ϭϬϵ�Ϭϰϯ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ ͲŬƌ�ϰϰϵ Ŭƌ�ϭϲ�ϵϰϯ Ŭƌ�ϭϴ�ϰϳϴ Ŭƌ�ϳ�ϵϯϯ Ŭƌ�ϱ�Ϭϵϴ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ͲϬ͕ϰ�й ϭϰ͕ϴ�й ϭϲ͕Ϯ�й ϳ͕Ϭ�й ϰ͕ϱ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϵϴ�ϵϳϳ Ŭƌ�ϵϭ�ϳϴϰ Ŭƌ�ϲϮ�ϲϴϴ Ŭƌ�ϰϴ�ϱϯϬ Ŭƌ�ϱϬ�ϯϲϵ Ŭƌ�ϰϬ�ϯϵϮ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϳ�ϭϵϯ Ŭƌ�ϯϲ�Ϯϴϵ Ŭƌ�ϱϬ�ϰϰϳ Ŭƌ�ϰϴ�ϲϬϴ Ŭƌ�ϱϴ�ϱϴϱ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й ϳ͕ϯ�й ϯϲ͕ϳ�й ϱϭ͕Ϭ�й ϰϵ͕ϭ�й ϱϵ͕Ϯ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ ͲŬƌ�ϭϯ�ϵϬϬ Ŭƌ�ϭϳ�ϭϳϭ Ŭƌ�Ϯϯ�ϱϱϱ Ŭƌ�ϭϱ�ϱϲϱ Ŭƌ�ϭϱ�ϲϳϵ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϰϱ�ϳϲϮ Ŭƌ�ϭϰϱ�ϱϴϳ Ŭƌ�ϭϭϰ�ϱϭϲ Ŭƌ�ϭϬϴ�ϭϯϮ Ŭƌ�ϭϭϲ�ϭϮϮ Ŭƌ�ϭϭϲ�ϬϬϴ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϳϱ Ŭƌ�ϯϭ�Ϯϰϲ Ŭƌ�ϯϳ�ϲϯϬ Ŭƌ�Ϯϵ�ϲϰϬ Ŭƌ�Ϯϵ�ϳϱϰ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й Ϭ͕ϭ�й Ϯϭ͕ϰ�й Ϯϱ͕ϴ�й ϮϬ͕ϯ�й ϮϬ͕ϰ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϴϵ�ϰϰϲ Ŭƌ�ϴϮ�ϰϵϰ Ŭƌ�ϱϳ�ϯϱϰ Ŭƌ�ϰϰ�ϴϳϬ Ŭƌ�ϰϳ�ϰϰϵ Ŭƌ�ϯϴ�ϲϬϮ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϲ�ϵϱϮ Ŭƌ�ϯϮ�ϬϵϮ Ŭƌ�ϰϰ�ϱϳϲ Ŭƌ�ϰϭ�ϵϵϳ Ŭƌ�ϱϬ�ϴϰϰ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й ϳ͕ϴ�й ϯϱ͕ϵ�й ϰϵ͕ϴ�й ϰϳ͕Ϭ�й ϱϲ͕ϴ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ ͲŬƌ�ϭϰ�ϭϰϭ Ŭƌ�ϭϮ�ϵϳϰ Ŭƌ�ϭϳ�ϲϴϰ Ŭƌ�ϴ�ϵϱϰ Ŭƌ�ϳ�ϵϯϴ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϯϲ�Ϯϯϭ Ŭƌ�ϭϯϲ�Ϯϵϳ Ŭƌ�ϭϬϵ�ϭϴϮ Ŭƌ�ϭϬϰ�ϰϳϮ Ŭƌ�ϭϭϯ�ϮϬϮ Ŭƌ�ϭϭϰ�Ϯϭϴ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ ͲŬƌ�ϲϲ Ŭƌ�Ϯϳ�Ϭϰϵ Ŭƌ�ϯϭ�ϳϱϵ Ŭƌ�Ϯϯ�ϬϮϵ Ŭƌ�ϮϮ�Ϭϭϯ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й Ϭ͕Ϭ�й ϭϵ͕ϵ�й Ϯϯ͕ϯ�й ϭϲ͕ϵ�й ϭϲ͕Ϯ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϯϮ�Ϯϳϵ Ŭƌ�Ϯϲ�ϮϬϵ Ŭƌ�Ϯϲ�ϯϱϮ Ŭƌ�ϮϮ�ϭϭϮ Ŭƌ�Ϯϵ�ϱϴϮ Ŭƌ�Ϯϱ�ϲϮϭ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϲ�ϬϳϬ Ŭƌ�ϱ�ϵϮϳ Ŭƌ�ϭϬ�ϭϲϳ Ŭƌ�Ϯ�ϲϵϳ Ŭƌ�ϲ�ϲϱϴ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й ϭϴ͕ϴ�й ϭϴ͕ϰ�й ϯϭ͕ϱ�й ϴ͕ϰ�й ϮϬ͕ϲ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ ͲŬƌ�ϭϱ�ϬϮϯ ͲŬƌ�ϭϯ�ϭϵϭ ͲŬƌ�ϭϲ�ϳϮϱ ͲŬƌ�ϯϬ�ϯϰϲ ͲŬƌ�ϯϲ�Ϯϰϴ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϳϵ�Ϭϲϰ Ŭƌ�ϴϬ�ϬϭϮ Ŭƌ�ϳϴ�ϭϴϬ Ŭƌ�ϴϭ�ϳϭϰ Ŭƌ�ϵϱ�ϯϯϱ Ŭƌ�ϭϬϭ�Ϯϯϳ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ ͲŬƌ�ϵϰϴ Ŭƌ�ϴϴϰ ͲŬƌ�Ϯ�ϲϱϬ ͲŬƌ�ϭϲ�Ϯϳϭ ͲŬƌ�ϮϮ�ϭϳϯ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й Ͳϭ͕Ϯ�й ϭ͕ϭ�й Ͳϯ͕ϰ�й ͲϮϬ͕ϲ�й ͲϮϴ͕Ϭ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϴϱ�ϱϴϯ Ŭƌ�ϳϴ�ϳϱϲ Ŭƌ�ϱϱ�Ϯϱϯ Ŭƌ�ϰϯ�ϯϭϬ Ŭƌ�ϰϲ�ϭϬϱ Ŭƌ�ϯϳ�ϰϴϰ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϲ�ϴϮϳ Ŭƌ�ϯϬ�ϯϯϬ Ŭƌ�ϰϮ�Ϯϳϯ Ŭƌ�ϯϵ�ϰϳϴ Ŭƌ�ϰϴ�Ϭϵϵ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й ϴ͕Ϭ�й ϯϱ͕ϰ�й ϰϵ͕ϰ�й ϰϲ͕ϭ�й ϱϲ͕Ϯ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ ͲŬƌ�ϭϰ�Ϯϲϲ Ŭƌ�ϭϭ�ϮϭϮ Ŭƌ�ϭϱ�ϯϴϭ Ŭƌ�ϲ�ϰϯϱ Ŭƌ�ϱ�ϭϵϯ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϯϮ�ϯϲϴ Ŭƌ�ϭϯϮ�ϱϱϵ Ŭƌ�ϭϬϳ�Ϭϴϭ Ŭƌ�ϭϬϮ�ϵϭϮ Ŭƌ�ϭϭϭ�ϴϱϴ Ŭƌ�ϭϭϯ�ϭϬϬ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ ͲŬƌ�ϭϵϭ Ŭƌ�Ϯϱ�Ϯϴϳ Ŭƌ�Ϯϵ�ϰϱϲ Ŭƌ�ϮϬ�ϱϭϬ Ŭƌ�ϭϵ�Ϯϲϴ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ͲϬ͕ϭ�й ϭϵ͕ϭ�й ϮϮ͕ϯ�й ϭϱ͕ϱ�й ϭϰ͕ϲ�й
/ŶŶŬũƆƉ�;ϮϬϭϵͿ Ŭƌ�ϰϲ�ϳϴϱ Ŭƌ�ϱϯ�ϴϬϯ Ŭƌ�ϱϭ�ϴϮϴ Ŭƌ�ϱϵ�ϲϬϮ Ŭƌ�ϲϱ�ϳϱϯ Ŭƌ�ϳϱ�ϲϭϲ
/ŶŶŬũƆƉ�;ϮϬϭϮͿ Ŭƌ�ϯϵ�ϲϰϴ
�ƌůŝŐ�ĂǀƐŬƌŝǀŶŝŶŐ Ŭƌ�ϵϵϭ Ŭƌ�ϭ�ϯϰϱ Ŭƌ�ϭ�Ϯϵϲ Ŭƌ�ϭ�ϰϵϬ Ŭƌ�ϭ�ϲϰϰ Ŭƌ�ϭ�ϴϵϬ
ZĞƐƚǀĞƌĚŝ Ŭƌ�ϯϮ�ϳϭϬ

<ŽƌƌĞŬƐũŽŶ�ĨŽƌ�ŐƌĂĚĚĂŐĞƌ�
;ϭϬϵ͕ϰйͿ

�ŬƐŝƐƚĞƌĞŶĚĞ�ǇƚĞůƐĞ�ϭϬϬŬs� �Ŷ�ǇƚĞůƐĞ�ƐƚƆƌƌĞ�ϮϬϬŬs�

�ŬƐŝƐƚĞƌĞŶĚĞ�ůĂƐƚ

hƚũĞǀŶŝŶŐ

^ŬĂůĞƌŝŶŐ�ϭϬϵ͕ϰй�н�ϭϮϬй

^ŬĂůĞƌŝŶŐ�ϭϬϵ͕ϰй�н�ϭϮϬй�н�
hƚũĞǀŶŝŶŐ

<ŽƌƌĞŬƐũŽŶ�ĨŽƌ�ŐƌĂĚĚĂŐĞƌ�
;ϭϬϵ͕ϰйͿ�н�ƐŬĂůĞƌŝŶŐ�;ϱϬйͿ͘

dŽ�ǇƚĞůƐĞƌ�ƐƚƆƌƌĞ�ϯϭϱŬs�

/ŶǀĞƐƚĞƌŝŶŐ



��

���N9$�1¡WWHWUHYHJHQ

�ŬƐŝƐƚĞƌĞŶĚĞ dŝĞƌ�Ϯ dŝĞƌ�ϭ dŝĞƌ�Ϯ dŝĞƌ�ϭ dŝĞƌ�Ϯ
WϬͬWŬ ϲϬϱtͬϱϭϯϲt ϰϱϵtͬϯϵϬϬt ϲϬϬtͬϲϱϬϬt ϱϰϬtͬϰϲϬϬt ϲϱϬtͬϴϰϬϬt ϱϴϱtͬϲϬϬϬt
dĂƉƐŬŽƐƚ Ŭƌ�ϭϱϰ�ϯϲϵ Ŭƌ�ϭϭϳ�ϭϵϯ Ŭƌ�ϭϯϬ�ϳϳϯ Ŭƌ�ϭϬϬ�ϭϭϬ Ŭƌ�ϭϭϱ�ϴϵϮ Ŭƌ�ϵϬ�ϲϵϮ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϯϳ�ϭϳϲ Ŭƌ�Ϯϯ�ϱϵϲ Ŭƌ�ϱϰ�Ϯϱϵ Ŭƌ�ϯϴ�ϰϳϳ Ŭƌ�ϲϯ�ϲϳϳ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й Ϯϰ͕ϭ�й ϭϱ͕ϯ�й ϯϱ͕ϭ�й Ϯϰ͕ϵ�й ϰϭ͕Ϯ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ Ŭƌ�ϵ�ϭϴϱ ͲŬƌ�ϵ�ϲϰϱ Ŭƌ�ϱ�ϵϯϰ ͲŬƌ�ϯϬ�ϭϯϳ ͲŬƌ�Ϯϱ�ϯϮϳ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�Ϯϯϳ�ϮϱϬ Ŭƌ�ϮϭϮ�ϱϬϲ Ŭƌ�Ϯϯϭ�ϯϯϲ Ŭƌ�Ϯϭϱ�ϳϱϳ Ŭƌ�Ϯϱϭ�ϴϮϴ Ŭƌ�Ϯϰϳ�Ϭϭϴ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�Ϯϰ�ϳϰϰ Ŭƌ�ϱ�ϵϭϰ Ŭƌ�Ϯϭ�ϰϵϯ ͲŬƌ�ϭϰ�ϱϳϴ ͲŬƌ�ϵ�ϳϲϴ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ϭϬ͕ϰ�й Ϯ͕ϱ�й ϵ͕ϭ�й Ͳϲ͕ϭ�й Ͳϰ͕ϭ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϭϰϯ�ϳϭϲ Ŭƌ�ϭϬϵ�ϭϬϰ Ŭƌ�ϭϮϮ�Ϯϴϭ Ŭƌ�ϵϰ�ϭϬϬ Ŭƌ�ϭϬϵ�Ϭϴϲ Ŭƌ�ϴϱ�ϴϯϭ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϯϰ�ϲϭϮ Ŭƌ�Ϯϭ�ϰϯϱ Ŭƌ�ϰϵ�ϲϭϲ Ŭƌ�ϯϰ�ϲϯϬ Ŭƌ�ϱϳ�ϴϴϱ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й Ϯϰ͕ϭ�й ϭϰ͕ϵ�й ϯϰ͕ϱ�й Ϯϰ͕ϭ�й ϰϬ͕ϯ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ Ŭƌ�ϲ�ϲϮϭ ͲŬƌ�ϭϭ�ϴϬϲ Ŭƌ�ϭ�Ϯϵϭ ͲŬƌ�ϯϯ�ϵϴϰ ͲŬƌ�ϯϭ�ϭϭϵ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϮϮϲ�ϱϵϳ Ŭƌ�ϮϬϰ�ϰϭϳ Ŭƌ�ϮϮϮ�ϴϰϰ Ŭƌ�ϮϬϵ�ϳϰϳ Ŭƌ�Ϯϰϱ�ϬϮϮ Ŭƌ�ϮϰϮ�ϭϱϳ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϮϮ�ϭϴϬ Ŭƌ�ϯ�ϳϱϯ Ŭƌ�ϭϲ�ϴϱϬ ͲŬƌ�ϭϴ�ϰϮϱ ͲŬƌ�ϭϱ�ϱϲϬ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ϵ͕ϴ�й ϭ͕ϳ�й ϳ͕ϰ�й Ͳϴ͕ϭ�й Ͳϲ͕ϵ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϮϭϬ�ϴϳϱ Ŭƌ�ϭϱϵ�ϵϬϮ Ŭƌ�ϭϳϱ�ϲϴϬ Ŭƌ�ϭϯϮ�Ϭϵϭ Ŭƌ�ϭϱϮ�ϬϮϬ Ŭƌ�ϭϭϲ�ϳϬϱ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϱϬ�ϵϳϯ Ŭƌ�ϯϱ�ϭϵϱ Ŭƌ�ϳϴ�ϳϴϰ Ŭƌ�ϱϴ�ϴϱϱ Ŭƌ�ϵϰ�ϭϳϬ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й Ϯϰ͕Ϯ�й ϭϲ͕ϳ�й ϯϳ͕ϰ�й Ϯϳ͕ϵ�й ϰϰ͕ϳ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ Ŭƌ�ϮϮ�ϵϴϮ Ŭƌ�ϭ�ϵϱϰ Ŭƌ�ϯϬ�ϰϱϵ ͲŬƌ�ϵ�ϳϱϵ Ŭƌ�ϱ�ϭϲϲ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�Ϯϵϯ�ϳϱϲ Ŭƌ�Ϯϱϱ�Ϯϭϱ Ŭƌ�Ϯϳϲ�Ϯϰϯ Ŭƌ�Ϯϰϳ�ϳϯϴ Ŭƌ�Ϯϴϳ�ϵϱϲ Ŭƌ�Ϯϳϯ�Ϭϯϭ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϯϴ�ϱϰϭ Ŭƌ�ϭϳ�ϱϭϯ Ŭƌ�ϰϲ�Ϭϭϴ Ŭƌ�ϱ�ϴϬϬ Ŭƌ�ϮϬ�ϳϮϱ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ϭϯ͕ϭ�й ϲ͕Ϭ�й ϭϱ͕ϳ�й Ϯ͕Ϭ�й ϳ͕ϭ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϭϵϰ�ϵϳϴ Ŭƌ�ϭϰϴ�ϬϲϬ Ŭƌ�ϭϲϮ�ϵϴϯ Ŭƌ�ϭϮϮ�ϵϱϮ Ŭƌ�ϭϰϭ�ϴϴϬ Ŭƌ�ϭϬϵ�ϭϭϮ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϰϲ�ϵϭϴ Ŭƌ�ϯϭ�ϵϵϱ Ŭƌ�ϳϮ�ϬϮϲ Ŭƌ�ϱϯ�Ϭϵϴ Ŭƌ�ϴϱ�ϴϲϲ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й Ϯϰ͕ϭ�й ϭϲ͕ϰ�й ϯϲ͕ϵ�й Ϯϳ͕Ϯ�й ϰϰ͕Ϭ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ Ŭƌ�ϭϴ�ϵϮϳ ͲŬƌ�ϭ�Ϯϰϲ Ŭƌ�Ϯϯ�ϳϬϭ ͲŬƌ�ϭϱ�ϱϭϲ ͲŬƌ�ϯ�ϭϯϴ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�Ϯϳϳ�ϴϱϵ Ŭƌ�Ϯϰϯ�ϯϳϯ Ŭƌ�Ϯϲϯ�ϱϰϲ Ŭƌ�Ϯϯϴ�ϱϵϵ Ŭƌ�Ϯϳϳ�ϴϭϲ Ŭƌ�Ϯϲϱ�ϰϯϴ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϯϰ�ϰϴϲ Ŭƌ�ϭϰ�ϯϭϯ Ŭƌ�ϯϵ�ϮϲϬ Ŭƌ�ϰϯ Ŭƌ�ϭϮ�ϰϮϭ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ϭϮ͕ϰ�й ϱ͕Ϯ�й ϭϰ͕ϭ�й Ϭ͕Ϭ�й ϰ͕ϱ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϳϱ�ϳϱϴ Ŭƌ�ϱϳ�ϱϬϬ Ŭƌ�ϲϴ�ϭϬϳ Ŭƌ�ϱϱ�ϳϲϮ Ŭƌ�ϲϱ�ϲϳϬ Ŭƌ�ϱϰ�ϴϭϵ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϴ�Ϯϱϴ Ŭƌ�ϳ�ϲϱϭ Ŭƌ�ϭϵ�ϵϵϲ Ŭƌ�ϭϬ�Ϭϴϴ Ŭƌ�ϮϬ�ϵϯϵ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й Ϯϰ͕ϭ�й ϭϬ͕ϭ�й Ϯϲ͕ϰ�й ϭϯ͕ϯ�й Ϯϳ͕ϲ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ ͲŬƌ�ϵ�ϳϯϯ ͲŬƌ�Ϯϱ�ϱϵϬ ͲŬƌ�Ϯϴ�ϯϮϵ ͲŬƌ�ϱϴ�ϱϮϲ ͲŬƌ�ϲϴ�Ϭϲϱ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϭϱϴ�ϲϯϵ Ŭƌ�ϭϱϮ�ϴϭϯ Ŭƌ�ϭϲϴ�ϲϳϬ Ŭƌ�ϭϳϭ�ϰϬϵ Ŭƌ�ϮϬϭ�ϲϬϲ Ŭƌ�Ϯϭϭ�ϭϰϱ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϱ�ϴϮϲ ͲŬƌ�ϭϬ�Ϭϯϭ ͲŬƌ�ϭϮ�ϳϳϬ ͲŬƌ�ϰϮ�ϵϲϳ ͲŬƌ�ϱϮ�ϱϬϲ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ϯ͕ϳ�й Ͳϲ͕ϯ�й Ͳϴ͕ϭ�й ͲϮϳ͕ϭ�й Ͳϯϯ͕ϭ�й
dĂƉƐŬŽƐƚ Ŭƌ�ϭϴϯ�ϴϭϬ Ŭƌ�ϭϯϵ�ϱϰϵ Ŭƌ�ϭϱϰ�ϮϰϮ Ŭƌ�ϭϭϲ�ϳϭϵ Ŭƌ�ϭϯϰ�ϳϬϭ Ŭƌ�ϭϬϰ�ϭϮϳ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ Ŭƌ�ϰϰ�Ϯϲϭ Ŭƌ�Ϯϵ�ϱϲϴ Ŭƌ�ϲϳ�Ϭϵϭ Ŭƌ�ϰϵ�ϭϬϵ Ŭƌ�ϳϵ�ϲϴϯ
�ĞƐƉĂƌĞůƐĞ�ƚĂƉƐŬŽƐƚ�ŝ�й Ϯϰ͕ϭ�й ϭϲ͕ϭ�й ϯϲ͕ϱ�й Ϯϲ͕ϳ�й ϰϯ͕ϰ�й
sĞĚ�ƵƚƐŬŝĨƚŝŶŐ Ŭƌ�ϭϲ�ϮϳϬ ͲŬƌ�ϯ�ϲϳϯ Ŭƌ�ϭϴ�ϳϲϲ ͲŬƌ�ϭϵ�ϱϬϱ ͲŬƌ�ϵ�ϯϮϭ
dƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�Ϯϲϲ�ϲϵϭ Ŭƌ�Ϯϯϰ�ϴϲϮ Ŭƌ�Ϯϱϰ�ϴϬϱ Ŭƌ�ϮϯϮ�ϯϲϲ Ŭƌ�ϮϳϬ�ϲϯϳ Ŭƌ�ϮϲϬ�ϰϱϯ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ Ŭƌ�ϯϭ�ϴϮϵ Ŭƌ�ϭϭ�ϴϴϲ Ŭƌ�ϯϰ�ϯϮϱ ͲŬƌ�ϯ�ϵϰϲ Ŭƌ�ϲ�Ϯϯϴ
�ĞƐƉĂƌĞůƐĞ�ƚƌĂĨŽŬŽƐƚ�н�ƚĂƉƐŬŽƐƚ�ŝ�й ϭϭ͕ϵ�й ϰ͕ϱ�й ϭϮ͕ϵ�й Ͳϭ͕ϱ�й Ϯ͕ϯ�й
/ŶŶŬũƆƉ�;ϮϬϭϵͿ Ŭƌ�ϴϮ�ϴϴϭ Ŭƌ�ϵϱ�ϯϭϯ Ŭƌ�ϭϬϬ�ϱϲϯ Ŭƌ�ϭϭϱ�ϲϰϳ Ŭƌ�ϭϯϱ�ϵϯϲ Ŭƌ�ϭϱϲ�ϯϮϲ
/ŶŶŬũƆƉ�;ϮϬϭϱͿ Ŭƌ�ϳϰ�ϴϬϮ
�ƌůŝŐ�ĂǀƐŬƌŝǀŶŝŶŐ Ŭƌ�ϭ�ϴϳϬ Ŭƌ�Ϯ�ϯϴϯ Ŭƌ�Ϯ�ϱϭϰ Ŭƌ�Ϯ�ϴϵϭ Ŭƌ�ϯ�ϯϵϴ Ŭƌ�ϯ�ϵϬϴ
ZĞƐƚǀĞƌĚŝ Ŭƌ�ϲϳ�ϯϮϮ

<ŽƌƌĞŬƐũŽŶ�ĨŽƌ�ŐƌĂĚĚĂŐĞƌ�
;ϭϭϮ͕ϭйͿ

�ŬƐŝƐƚĞƌĞŶĚĞ�ǇƚĞůƐĞ�ϱϬϬŬs� �Ŷ�ǇƚĞůƐĞ�ƐƚƆƌƌĞ�ϲϯϬŬs�

�ŬƐŝƐƚĞƌĞŶĚĞ�ůĂƐƚ

hƚũĞǀŶŝŶŐ

^ŬĂůĞƌŝŶŐ�ϭϭϮ͕ϭй�н�ϭϮϬй

^ŬĂůĞƌŝŶŐ�ϭϭϮ͕ϭй�н�ϭϮϬй�н�
hƚũĞǀŶŝŶŐ

<ŽƌƌĞŬƐũŽŶ�ĨŽƌ�ŐƌĂĚĚĂŐĞƌ�
;ϭϭϮ͕ϭйͿ�н�ƐŬĂůĞƌŝŶŐ�;ϱϬйͿ͘

dŽ�ǇƚĞůƐĞƌ�ƐƚƆƌƌĞ�ϴϬϬŬs�

/ŶǀĞƐƚĞƌŝŶŐ



��

9HGOHJJ���± 7DSVRYHUVLNW

���N9$�*UDQ�%UDQGYDO

5HHOOH�GDWD

࢜ࢋ࢒ࡱ
ሾࢎ࡭ࢂ࢑ሿ

࢖ࢇ࢚ࡱ
ሾࢎࢃ࢑ሿ

ࣁ
ሾΨሿ

࢒ࢋࢊ࢔ࢇ࢖ࢇࢀ
ሾΨሿ

ࢻ
ሾΨሿ

଴ܧ
ሾΨሿ

௞ܧ
ሾΨሿ

࢚ࢀ
ሾ࢘ࢋ࢓࢏࢚ሿ

ο࢞ࢇ࢓ࡼ

ሾࢃ࢑ሿ
�������� ���� �������� ������� ������� ������� ������� ���� ����

8WMHYQHW

࢜ࢋ࢒ࡱ
ሾࢎ࡭ࢂ࢑ሿ

࢖ࢇ࢚ࡱ
ሾࢎࢃ࢑ሿ

ࣁ
ሾΨሿ

࢒ࢋࢊ࢔ࢇ࢖ࢇࢀ
ሾΨሿ

ࢻ
ሾΨሿ

଴ܧ
ሾΨሿ

௞ܧ
ሾΨሿ

࢚ࢀ
ሾ࢘ࢋ࢓࢏࢚ሿ

ο࢞ࢇ࢓ࡼ

ሾࢃ࢑ሿ
�������� ���� �������� ������� ������� ������� ������� ���� ����

6NDOHULQJ�DY�WLPHVYHUGLHQH�Sn�ODVWHQ

6NDOHULQJ
SURVHQW

࢜ࢋ࢒ࡱ
ሾࢎ࡭ࢂ࢑ሿ

࢖ࢇ࢚ࡱ
ሾࢎࢃ࢑ሿ

ࣁ
ሾΨሿ

࢒ࢋࢊ࢔ࢇ࢖ࢇࢀ
ሾΨሿ

ࢻ
ሾΨሿ

૙ࡱ
ሾΨሿ

࢑ࡱ
ሾΨሿ

࢚ࢀ
ሾ࢘ࢋ࢓࢏࢚ሿ

ο࢞ࢇ࢓ࡼ

ሾࢃ࢑ሿ
������ �������� ���� �������� ������� ������� ������� ������� ���� ����
������ �������� ���� �������� ������� ������� ������� ������� ���� ����
������ �������� ���� �������� ������� ������� ������� ������� ���� ����
������ �������� ���� �������� ������� ������� ������� ������� ���� ����
������� �������� ���� �������� ������� ������� ������� ������� ���� ����
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VKRZV�GW�LQ�GDWH�
IRUPDW��GHFLDPO����KRXU�LQWHUYDOV

GWV� DUU'HOWD�U� �� 
 �� 
VKRZV�GW�LQ�GHFLDPO�KRXUV�SHU�VDPSOH


FDOF�N9$GW�DQG�DGG�WR�DUUD\�FROXPQ��
(OVH,I F� � 7KHQ

N9$K� ��6TU��DUU,QSXW�U�� �� F� � DUU,QSXW�U� F�� A � � �DUU,QSXW�U�� ��
F�� �� � DUU,QSXW�U� F�� ��� A ��� 
 Q� 
WKURXJKSXW�SHU�KRXU

DUU'HOWD�U� F�  N9$K�� GWV�
WKURXJKSXW�SHU�GHOWD�WLPH�SHULRG


FDOF�N:GW�DQG�DGG�WR�DUUD\�FROXPQ��
N:K� �DUU,QSXW�U�� �� F� � DUU,QSXW�U� F�� 
 Q�
WKURXJKSXW�SHU�KRXU
DUU'HOWD�U� F�� ��  N:K�� GWV�
WKURXJKSXW�SHU�GHOWD�WLPH�SHULRG

(QG ,I

1H[W
1H[W


DYHUDJH�VDPSOH�WLPH��YDOXH�LQ�KRXUV
GW� �VXP$UU&RO�DUU'HOWD� �� 
 ��� � �QR6DPSOHV�� ��

(QG 6XE



��

5HYLGHUW�IXQNVMRQ�IRU�GHQQH�UDSSRUWHQ�

6XE PDNH'HOWD$UU�� 


FDOFXODWHV�WLPH��N9$��DQG�N:�

VWRUHV�YDOXHV�LQ�DUU'HOWD�DUUD\�

>GW��N9$GW��N:GW@��GW� ����KRXU�LQWHUYDOV


GHFODUH�ORFDO�YDULDEOHV
'LP U� F� N9$K� N:K�$V 9DULDQW� Q�$V /RQJ� ZV�$V :RUNVKHHW


JHW�VHWXS�YDULDEOHV�IURP�VKHHW
6HW ZV� 6KHHWV��6HWXS��
Q� ZV�5DQJH��%����9DOXH�
PHDVXUHPHQW�WUDQVIRUPHU�VFDOLQJ�IDFWRU


UHVL]H�DUUD\�WR�ILW�VDPSOHV
5H'LP DUU'HOWD�/%RXQG�DUU,QSXW� �� 7R �8%RXQG�DUU,QSXW� ���� � 7R ��


ORRS�URZV
)RU U� /%RXQG�DUU,QSXW� �� 7R �8%RXQG�DUU,QSXW� ���


FDOF�N9$GW�DQG�DGG�WR�DUUD\�FROXPQ�

%UXNHU�YHUGLHQH�LVWHGHW�IRU�GLIIHUDQVHQ�RJ�OHJJHU�VDPPHQ�5��RJ�5� �'0�
N9$K� ��6TU��DUU,QSXW�U� ��� A � � �DUU,QSXW�U� �� � DUU,QSXW�U� ��� A ��� 
 Q�
DUU'HOWD�U� ��  N9$K��
WKURXJKSXW�SHU�GHOWD�WLPH�SHULRG


FDOF�N:GW�DQG�DGG�WR�DUUD\�FROXPQ��
N:K� �DUU,QSXW�U� ��� 
 Q�
WKURXJKSXW�SHU�KRXU
DUU'HOWD�U� ��  N:K�
WKURXJKSXW�SHU�GHOWD�WLPH�SHULRG

1H[W

GW� � 
�VDWW�WLO���L�GHQQH�RSSJDYHQ �WLGVIRUVNMHOOHU�HU�DOOWLG���WLPH��'0�

(QG 6XE



��

9HGOHJJ�QU���± .RGH�IRU�HVWLPHULQJ

/DJHW�LIP EDFKHORURSSJDYH�� $QYHQGHOVH�DY�$06�GDWD

)RUIDWWHU�� 'DQLHO�0LND�����������



*OREDOH�YDULDEOHU
3XEOLF VWDUW� VOXWW� VWDUW16� DQWLQW$� VWULQW$� DQWLQW5� VWULQW5�$V ,QWHJHU

)XQFWLRQ VHWWJOREDOYDULDEOHU��

*OREDOH�YDULDEOHU�VRP�Pn�PDQXHOW�VHWWHV�I¡U�NRGHQH�NM¡UHV

VWDUW� ���� 
VWDUWGDWR�DNWXHOO�SHULRGH�n�VDPPHQOLNQH��OLQMHQU�L�VDPPHQOLNQH�IDQHQ�
VOXWW� ���� 
VOXWWGDWR�DNWXHOO�SHULRGH�n�VDPPHQOLNQH��OLQMHQU�L�VDPPHQOLNQH�IDQHQ�
VWDUW16� ���� 
VWDUWGDWR�IRU�UHJ�DY�GDWD�IUD�16��OLQMHQXPPHU�L�VDPPHQOLNQH�IDQHQ�
DQWLQW$� � 
DQWDOO�LQWHUYDOO�YHG�$��EHUHJQLQJ
VWULQW$� �� 
6W¡UUHOVHQ�Sn�LQWHUYDOO�YHG�$��EHUHJQLQJ
DQWLQW5� � 
DQWDOO�LQWHUYDOO�YHG�5��EHUHJQLQJ
VWULQW5� �� 
6W¡UUHOVHQ�Sn�LQWHUYDOO�YHG�5��EHUHJQLQJ
(QG )XQFWLRQ

6XE )¡UVWH��
2SSGHOLQJ
LQQGHOLQJ
0VJ%R[��/HJJ�LQQ�GDWD�IUD�$]XUH�RJ�.M¡U��

(QG 6XE

6XE .M¡U���
VDPPHQOLNQH
SHULRGHIRUVDPPHQOLNQLQJ
IRUGHOLQJ
5SOXVV
JMVQLWW5SOXVV
*HQHUHU'DWD
5HVXOWDW

(QG 6XE

6XE 2SSGHOLQJ��

'HOHU�RSS��&69�ILO�WLO�HW�UHJQHDUN�PHG�GDWD�L�VHSDUDWH�NRORQQHU
&ROXPQV��$�$���6HOHFW
6HOHFWLRQ�7H[W7R&ROXPQV�'HVWLQDWLRQ� 5DQJH��$���� 'DWD7\SH� [O'HOLPLWHG� B

7H[W4XDOLILHU� [O'RXEOH4XRWH� &RQVHFXWLYH'HOLPLWHU� )DOVH� 7DE� )DOVH� B
6HPLFRORQ� 7UXH� &RPPD� )DOVH� 6SDFH� )DOVH� 2WKHU� )DOVH� )LHOG,QIR�B
� $UUD\�$UUD\��� ��� $UUD\��� ��� $UUD\��� ��� $UUD\��� ��� $UUD\��� ��� $UUD\��� ���

B
$UUD\��� ��� $UUD\��� ��� $UUD\��� ��� $UUD\���� ��� $UUD\���� ���� B
7UDLOLQJ0LQXV1XPEHUV� 7UXH

(QG 6XE

6XE LQQGHOLQJ��

'HOHU�LQQ�GDWR��$���$���5��RJ�5� IUD�16�L�KYHU�VLQ�NRORQQH

'LP UDG�$V /RQJ
'LP M� N� P� Q�$V ,QWHJHU
'LP GDWD�$V 9DULDQW

5DQJH��&��(����6HOHFW 
NRORQQH�>W\SH���GDWR���PnOLQJ@
GDWD� 5DQJH�6HOHFWLRQ� 6HOHFWLRQ�(QG�[O'RZQ�� 
OHJJHV�LQQ�L�GDWD�DUUD\

$FWLYH6KHHW�1DPH� �'DWD� 
1DYQJLU�DUN�
6KHHWV�$GG�$IWHU� $FWLYH6KHHW������������
OHJJHU�WLO�DUN
$FWLYH6KHHW�1DPH� �,QIR� 
QDYQJLU�Q\WW�DUN


2YHUVNULIWHU
5DQJH��$��(��� $UUD\��7LG�� �$��>N:K@�� �5��>N:K@�� �$� >N:K@�� �5� >N:K@��
5DQJH��)��+��� $UUD\��/HJJ�LQQ��� �'DWR�$]XUH�� �$�>N:K@$]XUH��

5DQJH��$��+����6HOHFW 
)RUPDWHULQJ�Sn�RYHUVNULIW
:LWK 6HOHFWLRQ�)RQW

�%ROG� 7UXH
�6L]H� ��

(QG :LWK

)RU L� � 7R 8%RXQG�GDWD� �� 
/¡NNH�VRP�JnU�LJMHQQRP�DOOH�OLQMHQH�L�DUUD\
,I GDWD�L� ��  �$�� 7KHQ 
6MHNNHU�RP�NRO ��L�DUUD\�HU�$�

5DQJH��$����2IIVHW�M� ���9DOXH� GDWD�L� �� 
6NULYHU�XW�GDWR
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5DQJH��%����2IIVHW�M� ���9DOXH� GDWD�L� �� 
VNULYHU�XW�PnOLQJ
M� M�� � 
O¡SHQGH�WHOOLQJ�IRU�KYHU�NRORQQH�L�LQIR�DUNHW

(OVH,I GDWD�L� ��  �5�� 7KHQ
5DQJH��&����2IIVHW�N� ���9DOXH� GDWD�L� ��
N� N�� �

(OVH,I GDWD�L� ��  �$�� 7KHQ
5DQJH��'����2IIVHW�P� ���9DOXH� GDWD�L� ��
P� P�� �

(OVH,I GDWD�L� ��  �5�� 7KHQ
5DQJH��(����2IIVHW�Q� ���9DOXH� GDWD�L� ��
Q� Q�� �

(QG ,I
1H[W

(QG 6XE

6XE VDPPHQOLNQH��

6DPPHQOLNQHU�'DWD�IUD�16�RJ�GDWD�IUD�$]XUH

'LP QV� D]XUH�$V 9DULDQW 
DUUD\�IRU�GDWD�>'DWR��$�@
'LP [�$V ,QWHJHU 
)RU�n�UHJXOHUH�DYYLNHW�L�NORNNHVOHWW

6KHHWV�$GG�$IWHU� $FWLYH6KHHW�
Q\WW�DUN
$FWLYH6KHHW�1DPH� �6DPPHQOLNQH� 
QDYQJL�Q\WW�DUN


2YHUVNULIWHU
5DQJH��$��&���  $UUD\��'DWR�IUD�16�� �$��IUD�16�>N:K@�� �'DWR�IUD $]XUH�� �$��IUD�$]XUH�

>N:K@��
5DQJH��'��)���  $UUD\��'LII��16�$]XUH��� �'LII����DY�$]XUH���
5DQJH��$��*����6HOHFW
:LWK 6HOHFWLRQ�)RQW

�%ROG� 7UXH
�6L]H� ��

(QG :LWK

:RUNVKHHWV��,QIR���$FWLYDWH
5DQJH��$��%����6HOHFW 
'DWR�1V�RJ�$��16
QV� 5DQJH�6HOHFWLRQ� 6HOHFWLRQ�(QG�[O'RZQ��
5DQJH��*��+����6HOHFW 
'DWR�$]XUH�RJ�$��$]XUH
D]XUH� 5DQJH�6HOHFWLRQ� 6HOHFWLRQ�(QG�[O'RZQ��

:RUNVKHHWV��6DPPHQOLNQH���$FWLYDWH

)RU L� � 7R 8%RXQG�D]XUH� ��
5DQJH��$����2IIVHW�L� ���9DOXH� QV�L�� [� �� 
GDWR�QHWWVWDVMRQHQ
5DQJH��%����2IIVHW�L� ���9DOXH� QV�L�� [� �� 
$��QHWWVWDVMRQHQ

5DQJH��&����2IIVHW�L� ���9DOXH� D]XUH�L� �� 
GDWR�D]XUH
5DQJH��'����2IIVHW�L� ���9DOXH� D]XUH�L� �� 
$��$]XUH

,I D]XUH�L� ��  ��������������������������� 7KHQ
[� � 
IRUVN\YHU�GDWD�QV�VOLN�DW�GHQ�PDWFKHU�PHG�GDWD�D]XUH

(OVH,I D]XUH�L� ��  ��������������������������� 7KHQ
[� � 
IRUVN\YHU�GDWD�QV�VOLN�DW�GHQ�PDWFKHU�PHG�GDWD�D]XUH

(QG ,I

5DQJH��(����2IIVHW�L� ��  � 5&>��@�5&>��@� 
'LII��16�$]XUH�
5DQJH��)����2IIVHW�L� ��  � �5&>��@�5&>��@���
���� 
GLII�L���DY�$]XUH

1H[W


7LOSDVVHU�RJ�IDUJHU�NRORQQHQH
5DQJH��$��*����6HOHFW
&ROXPQV��$�)���(QWLUH&ROXPQ�$XWR)LW
&ROXPQV��$�%���,QWHULRU�7KHPH&RORU� [O7KHPH&RORU$FFHQW�
&ROXPQV��$�%���,QWHULRU�7LQW$QG6KDGH� �����������������
&ROXPQV��&�'���,QWHULRU�7KHPH&RORU� [O7KHPH&RORU$FFHQW�
&ROXPQV��&�'���,QWHULRU�7LQW$QG6KDGH� �����������������
&ROXPQV��(�)���,QWHULRU�7KHPH&RORU� [O7KHPH&RORU$FFHQW�
&ROXPQV��(�)���,QWHULRU�7LQW$QG6KDGH� �����������������
&ROXPQV��$�)���%RUGHUV�[O,QVLGH9HUWLFDO��/LQH6W\OH� [O&RQWLQXRXV
&ROXPQV��$�)���%RUGHUV�[O,QVLGH+RUL]RQWDO��/LQH6W\OH� [O&RQWLQXRXV

(QG 6XE
6XE SHULRGHIRUVDPPHQOLNQLQJ��


KHQWHU�XW�DNWXHOO�SHULRGH�WLO�VDPPHQOLNQLQJ



��

6KHHWV�$GG�$IWHU� $FWLYH6KHHW�
Q\WW�DUN
$FWLYH6KHHW�1DPH� �$NWXHOOSHULRGH� 
Q\WW�DUN�QDYQ

VHWWJOREDOYDULDEOHU�
VHWWHU�GH�JOREDOH�YDULDEOHQH��3XEOLF�


2YHUVNULIWHU
5DQJH��$��'���  $UUD\��'DWR�IUD�$]XUH�� �$��IUD�$]XUH�>N:K@�� �'LII��16�$]XUH��� �'LII����

DY�$]XUH���

)RU L� VWDUW�� � 7R VOXWW�� � 
*nU�LJMHQQRP�OLQMHQH�VRP�VNDO�VDPPHQOLNQHV
5DQJH��$����2IIVHW�N� ��  5DQJH��6DPPHQOLNQH�&����2IIVHW�L� �� 
'DWR�$]XUH
5DQJH��%����2IIVHW�N� ��  5DQJH��6DPPHQOLNQH�'����2IIVHW�L� �� 
$��$]XUH
5DQJH��&����2IIVHW�N� ��  5DQJH��6DPPHQOLNQH�(����2IIVHW�L� �� 
'LII��16�$]XUH�
5DQJH��'����2IIVHW�N� ��  5DQJH��6DPPHQOLNQH�)����2IIVHW�L� �� 
'LII���DY�$]XUH
N� N�� �

1H[W

(QG 6XE
6XE IRUGHOLQJ��


%HUHJQH�VQLWW�SURVHQWDQGHO�GLIIHUDQVH�L�KYHUW�LQWHUYDOO

'LP GDWD�$V 9DULDQW 
>$��$]XUH��'LII�N:K��GLII����@
'LP SURV�$V 9DULDQW 
>6XP�'LII����$QW�PnOLQJHU@

VHWWJOREDOYDULDEOHU

6KHHWV��$NWXHOO3HULRGH���6HOHFW 
9HOJHU�DNWXHOO�IDQH
5DQJH��)����&XUUHQW5HJLRQ�&OHDU&RQWHQWV�
6OHWWHU�WLGOLJHUH�GDWD

5H'LP SURV�� 7R DQWLQW$� � 7R �� 
GLPHQVMRQHUHU�SURV�DUUD\

5DQJH��%��'����6HOHFW 
'DWD�DUUD\�>$��$]XUH��'LII�N:K��GLII����@
GDWD� 5DQJH�6HOHFWLRQ� 6HOHFWLRQ�(QG�[O'RZQ��

5DQJH��)��+���  $UUD\��,QWHYDOO�$��� �VQLWW���� �$QW�PnOLQJHU�� 
RYHUVNULIWHU


��'�IRU�O¡NNH�VRP�ILQQHU�YHUGLHU�LQQHQIRU�LQWHUYDOOHQH�RJ

UHJQHU�XW�VQLWW�RJ�VQLWW��IRU�KYHUW�DY�GH�LQWHUYDOOHQH
)RU M� � 7R DQWLQW$�� � 
*nU�DQWDOO�LQHUYDOO�VDWW�DY�JOREDO�YDULDEHO

SURV�M�� �� ��  � 
'HILQHUW�IRU�YLGHUH�XWUHJQLQJ
SURV�M�� �� ��  �
)RU L� � 7R 8%RXQG�GDWD� �� 
*nU�LJMHQQRP�DOOH�OLQMHQH�L�GDWD�DUUD\

,I GDWD�L� �� ! � 7KHQ 
6MHNNHU�DW�'LII!��IRU�n�XQQJn�GnUOLJH�YHUGLHU
,I GDWD�L� �� � VWULQW$�
 �M�� �� $QG GDWD�L� �� ! M�
 VWULQW$�7KHQ 
6MHNNHU�

LQWHUYDOOHW
SURV�M�� �� ��  SURV�M�� �� �� � GDWD�L� �� 
6XP�'LII�
SURV�M�� �� ��  � � SURV�M�� �� �� 
$QW�PnOLQJHU�L�LQWHUYDOOHW

(QG ,I
(QG ,I

1H[W

5DQJH��)����2IIVHW�M� ���9DOXH� M�
 VWULQW$�	 ��� 	 VWULQW$�
 �M�� �� 
VNULYHU�XW�
LQWHUYDOOHW

,I SURV�M�� �� �� ! � 7KHQ 
�VMHNNHU�DQWDOO�PnOLQJHU�!��
5DQJH��*����2IIVHW�M� ���9DOXH� SURV�M�� �� �� � SURV�M�� �� �� 
VNULYHU�XW�VQLWW�

��IRU�LQWHUYDOOHW
(OVH

5DQJH��*����2IIVHW�M� ���9DOXH� �QR�YDOXHV� 
�KYLV���PnOLQJHU
(QG ,I
5DQJH��+����2IIVHW�M� ���9DOXH� SURV�M�� �� �� 
VNULYHU�XW�DQWDOO�PnOLQJHU�L�

LQWHUYDOOHW
1H[W

(QG 6XE

6XE 5WDEHOO��

6NDO�ODJH�HQ�WDEHOO�VRP�LQQKROGHU�$��5��5� IUD�QHWWVWDVMRQHQ

2J�UHJQHU�XW�GLIIHUDQVHQ�Sn�GHP

'LP GDWD�$V 9DULDQW 
>'DWR��$���5���$���5�@�DOOH�IUD�16�QHWWVWDVMRQHQ�

6KHHWV�$GG�$IWHU� $FWLYH6KHHW�
Q\WW�DUN
$FWLYH6KHHW�1DPH� �5WDEHOO� 
1DYQJLU�Q\WW�DUN

:RUNVKHHWV��,QIR���$FWLYDWH�
JnU�WLO�DNWXHOW�DUN
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5DQJH��$��(����6HOHFW 
YHOJHU�DNWXHOOH�YHUGLHU
GDWD� 5DQJH�6HOHFWLRQ� 6HOHFWLRQ�(QG�[O'RZQ�� 
)\OOHU�GDWD�DUUD\
:RUNVKHHWV��5SOXVV���$FWLYDWH�
JnU�WLO�DNWXHOW�DUN


2YHUVNULIWHU
5DQJH��$��&���  $UUD\��7LG�� �$��>N:K@�� �5��>N:K@��
5DQJH��'��)���  $UUD\��5��$��>�@�� �5� >N:K@�� �5��$��>�@��

)RU L� � 7R 8%RXQG�GDWD� ��
5DQJH��$����2IIVHW�L� ���9DOXH� GDWD�L� �� 
'DWR
5DQJH��%����2IIVHW�L� ���9DOXH� GDWD�L� �� 
$�
5DQJH��&����2IIVHW�L� ���9DOXH� GDWD�L� �� 
5�
5DQJH��(����2IIVHW�L� ���9DOXH� GDWD�L� �� 
5�

5DQJH��'����2IIVHW�L� ��  � �5&>��@�5&>��@�
���� 
5��$��>�@
5DQJH��)����2IIVHW�L� ��  � �5&>��@�5&>��@�
���� 
5��$��>�@

1H[W

(QG 6XE

6XE 5VQLWW��

VQLWW�5��$��RJ�5��$��L�KYHUW�LQWHUYDOO

'LP GDWD�$V 9DULDQW 
>$���5���5��$������5���5��$����@
'LP SURV�$V 9DULDQW 
>6XP�5��$������6XP�5���6XP�5��$������6XP�5���$QWDOO�PnOLQJHU@
VHWWJOREDOYDULDEOHU�
6HWWHU�Q¡GYHQGLJH�YDULDEOHU

6KHHWV��5WDEHOO���6HOHFW 
*nU�WLO�DNWXHOW�DUN
5DQJH��+����&XUUHQW5HJLRQ�&OHDU&RQWHQWV�
6OHWWHU�WLGOLJHUH�GDWD

5H'LP SURV�� 7R DQWLQW5� � 7R �� 
'LPHQVMRQHUHU�SURV�DUUD\

5DQJH��%��)����6HOHFW 
�0HUNHU�Q¡GYHQGLJ�GDWD
5DQJH�6HOHFWLRQ� 6HOHFWLRQ�(QG�[O'RZQ���6HOHFW 
�RJ�OHJJHU�GHP�LQQ�L�GDWD�DUUD\
GDWD� 6HOHFWLRQ�9DOXH��������������������������
��$�>N:K@��5�>N:K@��5��$�>�@��5�>N:K@��5�

�$�>�@�


2YHUVNULIWHU
5DQJH��+��0���  $UUD\��,QWHYDOO�$��� �VQLWW�5����� �VQLWW�5��� �VQLWW�5� ��� �VQLWW�5���

�$QW�PnOLQJHU��

)RU M� � 7R DQWLQW5�� � 
/¡NNH�VRP�JnU�LJMHQQRP�DOOH�LQWHUYDOO
)RU L� � 7R 8%RXQG�GDWD� �� 
/¡NNH�VRP�JnU�LJMHQQRP�DOOH�OLQMHQH�PHG�GDWD

,I GDWD�L� �� � VWULQW5�
 �M�� �� $QG GDWD�L� �� ! M�
 VWULQW5�7KHQ 
6MHNNHU�$��
PRW�LQWHUYDOOHW

SURV�M�� �� ��  SURV�M�� �� �� � GDWD�L� �� 
6XP�5��$����
SURV�M�� �� ��  SURV�M�� �� �� � GDWD�L� �� 
6XP�5�
SURV�M�� �� ��  SURV�M�� �� �� � GDWD�L� �� 
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