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&25386�%$6('�$1'�&25386�'5,9(1�5(6($5&+

�� 5(1$7$� %521,.2:6.$�� 9HUEL¿FDWLRQ� RI� )HPLQLQH� )RUPV� RI� $GMHFWLYHV� PRĪQD�
µSRVVLEOH¶��QLHPRĪQD�µLPSRVVLEOH¶�DQG�QLHSRGREQD�µLPSRVVLEOH¶�±�&RUSXV�EDVHG�$SSURDFK

��� (9*(1,<$�%8'(11$<$��.5,67,1$�/,79,176(9�$1'�$1$67$6,$�<$.29/(9$��
*RG�.QRZV�+RZ�,W�7XUQV�2XW��2Q�7KUHH�&RQVWUXFWLRQV�,QFOXGLQJ�ERJ�µJRG¶��þHUW�µGHYLO¶�DQG�
6RPH�7DERR�:RUGV�LQ�WKH�5XVVLDQ�/DQJXDJH�RYHU�WKH�/DVW�7KUHH�&HQWXULHV

��� -$526/$9�'$9,'��7(5(=$�./(0(1629È�$1'�0,&+$/�0Ë67(&.é��$SSHOODWLYL]DWLRQ�
RI�3URSHU�1DPHV�±�,Q�WKH�3HUVSHFWLYH�RI�&RUSXV�$QDO\VLV

��� 0$57,1�',:(*�38.$1(&��7KH�(FRQRP\�RI�&]HFK�([FKDQJH�LQ�WKH�6ORYDN�0DUNHWSODFH�
RI�$XVWULD�DIWHU�WKH�)DOO�RI�+XQJDU\

��� à8.$6=�*5$%2:6.,��6WDWLVWLFLDQ��3URJUDPPHU��'DWD�6FLHQWLVW"�:KR�,V��RU�6KRXOG�%H��
D�&RUSXV�/LQJXLVW�LQ�WKH�����V"

��� -$.2%�+256&+�� &RUURERUDWLQJ� &RUSXV� 'DWD� ZLWK� (OLFLWHG� ,QWURVSHFWLRQ� 'DWD��$� &DVH�
6WXG\

��� ('<7$�-85.,(:,&=�52+5%$&+(5��'DWLYH�$PELJXLW\�LQ�5XVVLDQ��$�&RUSXV�,QGXFHG�
6WXG\

��� ),/,3�.$/$â��7KH�&RPSHWLWLRQ�RI�*HUPDQ�$GMHFWLYDO�6XI¿[HV
��� 0$5,(�.23ě,929È�$1'�.$7(ě,1$� â,&+29È�� 3URYHUEV� LQ� &RQWHPSRUDU\� &]HFK��

&RUSXV�3UREH�LQWR�:ULWWHQ�7H[WV
���� 0$*'$/(1$�0$-'$.��.H\ZRUGV�LQ�5HOLJLRXV�/LWHUDWXUH�RI���WK�DQG���WK�&HQWXULHV�LQ�

/LJKW�RI�WKH�'DWD�IURP�WKH�(OHFWURQLF�&RUSXV�RI���WK��DQG���WK�FHQWXU\�3ROLVK�7H[WV
���� 0$5,(�0,.8/29È��([SUHVVLQJ�0HDVXUH�LQ�&]HFK��$�&RUSXV�EDVHG�6WXG\�
���� $.6$1$� 6&+,//29È��$GYHUEV�'HULYHG� IURP�$GMHFWLYDO� 3UHVHQW� 3DUWLFLSOHV� LQ� 3ROLVK��

6ORYDN�DQG�&]HFK��$�&RPSDUDWLYH�&RUSXV�EDVHG�6WXG\
���� %$5%25$� â7ċ3È1.29È�� -$1$� â,1'/(529È� $1'� /8&,(� 32/È.29È�� 7KH�

(SLVWHPLF�0DUNHU�XUþLWČ�LQ�WKH�/LJKW�RI�&RUSXV�'DWD
���� 0LURVODY� =805Ë.�� &RPSDUDWLYH� /H[LFDO�$QDO\VLV� RI� 1RXQ� /HPPDV� LQ� 6ORYDN� -XGLFLDO�

'HFLVLRQV

/$1*8$*(�$&48,6,7,21��&5($7,21�$1'�86(�2)�/$1*8$*(�5(6285&(6

���� &5,67,1$� )(51È1'(=�$/&$,1$�� (9$� )8ýË.29È�� -$1� +$-,ý�$1'� ='(ĕ.$�
85(â29È��6SDQLVK�6\QRQ\PV�DV�3DUW�RI�D�0XOWLOLQJXDO�(YHQW�W\SH�2QWRORJ\

���� .$7$5Ë1$� *$-'2â29È�� 3(75$� â9$1&$529È�$1'�0,&+$(/$�02â$ġ29È��
(UURUV�LQ�WKH�&RQJUXHQW�$WWULEXWH�DPRQJ�6WXGHQWV�/HDUQLQJ�6ORYDN�DV�D�)RUHLJQ�/DQJXDJH�
�/HDUQHU�&RUSXV�EDVHG�

���� ('8$5'�./<6+,16.<��$11$�%2*'$129$�$1'�0,.+$,/�.2327(9��7RZDUGV�
D�&RUSXV�EDVHG�'LFWLRQDU\�RI�9HUEDO�*RYHUQPHQW�IRU�WKH�5XVVLDQ�/DQJXDJH

���� 9(521,.$�.2/Èě29È��9È&/$9$�.(771(529È�$1'�-,ěË�0Ë5296.é��7KURXJK�
'HULYDWLRQDO�5HODWLRQV�WR�9DOHQF\�RI�1RQ�YHUEDO�3UHGLFDWHV�LQ�WKH�1209$//(;�/H[LFRQ



���� 0,&+$(/$� 12*2/29È�� 0,&+$(/$� +$18â.29È�� 0,526/$9� .8%È7� $1'�
5$'(.�ý(&+��/LQHDU�'HSHQGHQF\�6HJPHQWV�LQ�)RUHLJQ�/DQJXDJH�$FTXLVLWLRQ��6\QWDFWLF�
&RPSOH[LW\�$QDO\VLV�LQ�&]HFK�/HDUQHUV¶�7H[WV

���� 0$57,1$� :$&/$:,ý29È�� 'LIIHUHQFHV� LQ� 6SRNHQ� /DQJXDJH� 3URFHVVLQJ� LQ� *HQHUDO�
&RUSRUD��25$/��2572)21��DQG�LQ�D�6SHFLDOL]HG�&RUSXV��',$/(.7��DQG�7KHLU�5HÀHFWLRQ�
LQ�WKH�0DSND�$SSOLFDWLRQ

���� '$1,(/�=(0$1��3$9(/�.26(.��0$57,1�%ě(=,1$�$1'�-,ěË�3(5*/(5��0RUSKR�
V\QWDFWLF�$QQRWDWLRQ�LQ�8QLYHUVDO�'HSHQGHQFLHV�IRU�2OG�&]HFK

&25386�%8,/',1*

���� ,/,$�$)$1$6(9��2/*$�/<$6+(96.$<$��67()$1�5(%5,.29��<$1$�6+,6+.,1$��
,*25� 752),029� $1'� 1$7$/,$� 9/$629$�� 7KH� (IIHFW� RI� �+LVWRULFDO�� /DQJXDJH�
9DULDWLRQ�RQ�WKH�(DVW�6ODYLF�/HFWV�/HPPDWLVHUV�3HUIRUPDQFH

���� 9/$',0Ë5� 3(7.(9,ý� $1'� +$1$� 6.280$/29È�� $QQRWDWLRQ� RI� $QDO\WLF� 9HUE�
)RUPV�LQ�&]HFK�±�&RPSOH[�&DVHV

���� 3(75�32ěË=.$��&DSHN'UD&RU��$�1HZ�&RQWULEXWLRQ�WR�WKH�(XURSHDQ�3URJUDPPDEOH�'UDPD�
&RUSRUD

���� $/(;$1'5�526(1��7KH� ,QWHU&RUS�3DUDOOHO�&RUSXV�ZLWK�D�8QLIRUP�$QQRWDWLRQ� IRU�$OO�
/DQJXDJHV

���� '0,75,�6,7&+,1$9$��0XOWLSOH�,QWHUSUHWDWLRQ�DQG�)UDJPHQWHG�7H[WV�ZLWKLQ�D�+LVWRULFDO�
&RUSXV��7KH�&DVH�RI�2OG�(DVW�6ODYLF�9HUQDFXODU�:ULWLQJ

���� /8&,(�%(1(â29È��./È5$�3,92ĕ.29È�$1'�0$57,1�67/8.$��/HPPDWL]DWLRQ�RI�
WKH�',$�����'LDFKURQLF�&RUSXV

1$785$/�/$1*8$*(�352&(66,1*�$1'�',*,7$/�+80$1,7,(6

���� 0$57,1�%5$;$725,6�$1'�$1,7$�%5$;$725,629È��8VH�RI�&RPSXWHU�DQG�&RUSXV�
7RROV� LQ� WKH�5HVHDUFK�RI�D���WK�&HQWXU\�*HUPDQ�ODQJXDJH�0DQXVFULSW�%RRN�RI�1RWHV�DQG�
([WUDFWV

���� 1$7$/,,$�ý$612&+29È�=2=8.��/H[LFDO�'LYHUVLW\�DQG�/DQJXDJH�,PSDLUPHQW
���� 'È9,'�'5äË.�$1'�.,567(1� â7()/29,ý�� 7H[W�9HFWRUL]DWLRQ�7HFKQLTXHV� %DVHG� RQ�

:RUGQHW
���� '$1,(/� +/È'(.�� 0$52â� +$5$+86�� -È1� 67$â� $1'� 0$7Òâ� 3/(9$�� 6ORYDN�

/DQJXDJH�0RGHOV�IRU�%DVLF�3UHSURFHVVLQJ�7DVNV�LQ�3\WKRQ
���� 5,&+$5'�+2/$-�$1'�3(75�32ěË=.$��$123+21(��$Q�$QQRWDWLRQ�7RRO�IRU�3KRQHPHV�

DQG�/��$QQRWDWLRQ�6\VWHPV�IRU�&]HFK
���� 1,.,7$�/2*,1��'LVWUDFWRU�*HQHUDWLRQ�IRU�/H[LFDO�4XHVWLRQV�8VLQJ�/HDUQHU�&RUSXV�'DWD
���� -$.8%�0$&+85$��+$1$�ä,ä.29È��$'$0�)5e081'�$1'�-$1�â9(&��,V�LW�3RVVLEOH�

WR�5H�HGXFDWH�5R%(57D"�([SHUW�GULYHQ�0DFKLQH�/HDUQLQJ�IRU�3XQFWXDWLRQ�&RUUHFWLRQ
���� 21'ě(-�3(.Èý(.�$1'� ,5(1(�(/0(527��:KHQ� ,V� D�&ULVLV�5HDOO\� D�&ULVLV"�8VLQJ�

1/3�DQG�&RUSXV�/LQJXLVWLF�0HWKRGV� WR�5HYHDO�'LIIHUHQFHV� LQ�0LJUDWLRQ�'LVFRXUVH�DFURVV�
&]HFK�0HGLD

���� -È1� 67$â�� '$1,(/� +/È'(.�$1'� 720Èâ� .2&7Ò5�� 6ORYDN� 4XHVWLRQ�$QVZHULQJ�
'DWDVHW�%DVHG�RQ�WKH�0DFKLQH�7UDQVODWLRQ�RI�WKH�64X$'�Y���

���� 0$5.e7$� =,.29È�� 0$57,1� %ě(=,1$�� 5$'(.� ý(&+� $1'� 3$9(/� .26(.��
6\OODELF�&RQVRQDQWV�LQ�+LVWRULFDO�&]HFK�DQG�+RZ�WR�,GHQWLI\�7KHP



&25386�%8,/',1*





-D]\NRYHGQê�þDVRSLV��������URþ������þ���� ���

7+(�())(&7�2)��+,6725,&$/��/$1*8$*(�9$5,$7,21��
21�7+(�($67�6/$9,&�/(&76�/(00$7,6(56�3(5)250$1&(

,/,$�$)$1$6(9�±�2/*$�/<$6+(96.$<$��
±�67()$1�5(%5,.29�±�<$1$�6+,6+.,1$
±�,*25�752),029�±�1$7$/,$�9/$629$

,QGHSHQGHQW�UHVHDUFKHUV

$)$1$6(9��,OLD�±�/<$6+(96.$<$��2OJD�±�5(%5,.29��6WHIDQ�±�6+,6+.,1$��
<DQD� ±� 752),029�� ,JRU� ±� 9/$629$�� 1DWDOLD�� 7KH� (IIHFW� RI� �+LVWRULFDO�� /DQJXDJH�
9DULDWLRQ�RQ�WKH�(DVW�6ODYLF�/HFWV�/HPPDWLVHUV�3HUIRUPDQFH��-RXUQDO�RI�/LQJXLVWLFV��������
9RO������1R����SS������±�����

$EVWUDFW��7KH�QHHG�WR�GHYHORS�WRROV�IRU�KLVWRULFDO�DQG�UHJLRQDO�YDULDWLRQV�LV�EHFRPLQJ�
PRUH�XUJHQW�LQ�QDWXUDO�ODQJXDJH�SURFHVVLQJ��,Q�WKLV�SDSHU��ZH�SUHVHQW�WZR�FDQGLGDWH�V\VWHPV�
IRU�OHPPDWLVLQJ�KLVWRULFDO�(DVW�6ODYLF�OHFWV��/DWH�2OG�(DVW�6ODYLF�DQG�0LGGOH�5XVVLDQ���DV�
ZHOO�DV�PRGHUQ�UHJLRQDO�(DVW�6ODYLF�OHFWV��%HORJRUQRMH�DQG�0HJUD���%(57�EDVHG�HQG�WR�HQG�
SLSHOLQH�ZLWK�ODQJXDJH�VSHFLILF�KHXULVWLFV�DQG�VHTXHQFH�WR�VHTXHQFH�%$57�EDVHG�HQFRGHU�
GHFRGHU��7R�HYDOXDWH�WKHLU�SUHGLFWLRQV��ZH�XVH�DFFXUDF\�VFRUH�DQG�VWULQJ�VLPLODULW\�PHDVXUHV��
VXFK�DV�/HYHQVKWHLQ�GLVWDQFH��7KH�%(57�EDVHG�PRGHO�LV�PRUH�VXLWDEOH�IRU�WKH�UHJLRQDO�GDWD��
DFKLHYLQJ�����DFFXUDF\� VFRUH�� DQG�RQO\�����RQ� WKH� KLVWRULFDO� GDWD��%$57�EDVHG�PRGHO�
FOLPEV�XS�WR�������DFFXUDF\�VFRUH�RQ�WKH�KLVWRULFDO�GDWD��\HW�JHWV�RQO\�����RQ�WKH�UHJLRQDO�
GDWD��:H�SURYLGH�DQ�HUURU�DQDO\VLV�DQG�GLVFXVV�ZD\V�WR�HQKDQFH�PRGHOV��VXFK�DV�GLFWLRQDU\�
ORRNXS�DQG�VSHOOFKHFNHU�

.H\ZRUGV�� (DVW� 6ODYLF�� ODQJXDJH� YDULDWLRQ�� OHPPDWLVDWLRQ�� GLDOHFWRORJ\�� KLVWRULFDO�
OLQJXLVWLFV��KLVWRULFDO�1/3

�� ,1752'8&7,21

/HPPDWLVDWLRQ�LV�DQ�1/3�WDVN�WKDW� LQFOXGHV�SUHGLFWLQJ�WKH�GLFWLRQDU\�IRUP�RI�
D�WRNHQ��D�OHPPD��/HPPDWLVDWLRQ�LV�FUXFLDO�IRU�WKH�OLQJXLVWLF�GRZQVWUHDP�WDVNV��VXFK�
DV� GLFWLRQDU\� FRPSLODWLRQ�� RU� JUDPPDU� GHVFULSWLRQ� �6WUDND� ±� 6WUDNRYi� ������
%HUJPDQLV� ±�*ROGZDWHU� ������.DQHUYD� HW� DO�� ������� HVSHFLDOO\� IRU� KLVWRULFDO� DQG�
UHJLRQDO�OHFWV��%HUGLþHYVNLV�HW�DO��������GH�*UDDI�HW�DO���������+RZHYHU��WKH�LPSDFW�
RI�ODQJXDJH�YDULDWLRQ�RQ�WKH�SHUIRUPDQFH�RI�OHPPDWLVHUV�LV�VWLOO�XQGHUVWXGLHG�

,Q�WKLV�SDSHU��ZH�H[DPLQH�KRZ�WZR�W\SHV�RI�ODQJXDJH�YDULDWLRQ��KLVWRULFDO�DQG�
UHJLRQDO�� FKDOOHQJH� WZR� W\SHV� RI� OHPPDWLVHUV�� D�WUDQVIRUPHU�EDVHG� HQG�WR�HQG�
�

'2,���������MD]FDV����������



���

SLSHOLQH�V\VWHP�ZLWK�KHXULVWLFV�WKDW�HQKDQFH�LWV�SHUIRUPDQFH�RQ�D�VWDQGDUG�PRGHUQ�
ODQJXDJH� �$QDVWDV\HY� ������� DQG� D�VHTXHQFH�WR�VHTXHQFH� WUDQVIRUPHU�EDVHG�
OHPPDWLVHU��/HZLV�HW�DO��������

:H� VWXG\� WZR� W\SHV� RI� YDULDWLRQ� WKDW� PD\� DIIHFW� WKH� JLYHQ� OHPPDWLVHUV¶�
SHUIRUPDQFH�� +LVWRULFDO� PDWHULDO� FRQVLVWV� RI� /DWH� 2OG� (DVW� 6ODYLF� DQG� 0LGGOH�
5XVVLDQ�WH[WV��7KH�QRUWKHUQ�DQG�VRXWKHUQ�5XVVLDQ�WHUULWRULDO�OHFWV�PDWHULDO�UHSUHVHQWV�
WKH�UHJLRQDO�GDWD��:H�K\SRWKHVLVH�WKH�IROORZLQJ�

+���3ULRULWLVLQJ�UDUH�ZRUGV��DQG��VXEVHTXHQWO\��QRQ�SURGXFWLYH�ZRUG�IRUPDWLRQ�
PRGHOV�� HQKDQFHV� WKH� SHUIRUPDQFH� RI� WKH� ODQJXDJH�VSHFLILF� SLSHOLQH� PRGHO�
OHPPDWLVHU�PRGXOH�RYHU�WKH�UHJLRQDO�GDWD�

+���9DULDWLRQ�ZLWKLQ�WKH�WUDLQLQJ�KLVWRULFDO�GDWD�KHOSV�WKH�VHTXHQFH�WR�VHTXHQFH�
WUDQVIRUPHU�EDVHG� OHPPDWLVHU� WR� GHPRQVWUDWH� EHWWHU� UHVXOWV� RQ� WKH� KLVWRULFDO�
HYDOXDWLRQ� VXEVHW�� ,Q� DGGLWLRQ�� ZH� DUH� JRLQJ� WR� H[DPLQH� ZKHWKHU� SUHOLPLQDU\�
PRUSKRORJLFDO�WDJJLQJ�HQKDQFHV�WKH�UHVXOWV�RI�WKH�VHTXHQFH�WR�VHTXHQFH�OHPPDWLVHU�

6HFWLRQ���GLVFXVVHV�WKH�SUHYLRXV�UHVHDUFK�RQ�WKH�WRSLFV�RI�(DVW�6ODYLF�1/3�DQG�
OHPPDWLVHU�GHYHORSPHQW�FXUUHQW�WUHQGV��,Q�6HFWLRQ���ZH�GHVFULEH�WKH�WUDLQLQJ�GDWDVHWV�
DQG�WKH�WHVW�GDWD��6HFWLRQ���SUHVHQWV�WKH�PRGHOV�XVHG�LQ�WKH�VWXG\��,Q�6HFWLRQ���ZH�
UHSRUW� WKH�FRQGXFWHG�H[SHULPHQWV�DQG�GLVFXVV� WKHLU�UHVXOWV��6HFWLRQ���ZUDSV�XS�WKH�
FXUUHQW�UHVHDUFK�DQG�VNHWFKHV�LWV�IXUWKHU�GLUHFWLRQ�

�� 5(/$7('�:25.

7KH� PRVW� ZLGHO\� XVHG� OHPPDWLVHUV� DUH� PXOWLOLQJXDO�� ZLWK� WKH� XQGHUO\LQJ�
LQIHUHQFH� HQJLQHV� EHLQJ� ODQJXDJH�DJQRVWLF� �6WUDND� ±�6WUDNRYi� ������%HUJPDQLV� ±�
*ROGZDWHU� ������.DQHUYD� HW� DO�� �������7KHVH� WRROV� JHQHUDOO\� XWLOL]H� VHTXHQFH�WR�
VHTXHQFH� DUFKLWHFWXUH� �6XWVNHYHU� HW� DO�� ������ &KR� HW� DO�� ������ LPSOHPHQWHG� YLD�
HQFRGHU�GHFRGHU�WUDQVIRUPHUV�VXFK�DV�%$57��/HZLV�HW�DO��������

7KH� FXUUHQW� WUHQGV� VWLPXODWH� WKH� UHVHDUFKHUV� RI� SDUWLFXODU� ODQJXDJHV� DQG�
ODQJXDJH� JURXSV� WR� GHYHORS� WKH� OHPPDWLVHUV� IRU� D�SDUWLFXODU� OHFW� RU� D�VHW� RI� OHFWV�
�$QDVWDV\HY�������)HUQiQGH]��������7KH�VFKRODUV�HPSOR\�H[WHUQDO�UHVRXUFHV�VXFK�DV�
GLFWLRQDULHV� �0LOLQWVHYLFK� ±� 6LUWV� ������� WKXV� VLJQLILFDQWO\� LPSURYLQJ� WKH�PRGHOV¶�
HIILFLHQF\�IRU�H[WUHPHO\�ORZ�UHVRXUFHG�OHFWV��GH�*UDDI�HW�DO��������

(DVW� 6ODYLF� 1/3� IRU� D�ORQJ� SHULRG� FRQFHQWUDWHG� DURXQG� VWDQGDUG� 5XVVLDQ�
�$QDVWDV\HY�������DQG�LWV�KLVWRULFDO�YDULHWLHV��%HUGLþHYVNLV�HW�DO��������/\DVKHYVND\D�
±�3HQNRYD�������3HGUD]]LQL�±�(FNKRII��������+RZHYHU��WKH�SDUWLFXODU�WH[WV�WKDW�DUH�
WKH� IRFXV� RI� WKLV� VWXG\� ZHUH� GLJLWDOLVHG� IDLUO\� UHFHQWO\� DQG� ZHUH� QRW� WDJJHG�
�1RYRNKDWNR�������.XVPLQD�±�)LOLSSRYD�������

7KH�LQWHUHVW�LQ�VWDQGDUG�8NUDLQLDQ��2PHOLDQFKXN�HW�DO��������2PHOLDQFKXN�HW�DO��
������ DQG� VWDQGDUG�%HODUXVLDQ� �6KLVKNLQD� ±� /\DVKHYVND\D� ������ VSDUNHG� LQ� UHFHQW�
\HDUV��+RZHYHU��WKHUH�LV�KDUGO\�DQ\�LQIRUPDWLRQ�RQ�DWWHPSWV�WR�GHYHORS�1/3�WRROV�IRU�
VPDOOHU�PRGHUQ�(DVW�6ODYLF�OHFWV��GHVSLWH��IRU�LQVWDQFH��6DUDWRY�GLDOHFWRORJLFDO�VFKRRO¶V�



-D]\NRYHGQê�þDVRSLV��������URþ������þ���� ���

DFWLYH�VWXG\�RI�WKH�%HORJRUQRMH�DQG�0HJUD�OHFWV�DQG�WKH�GHYHORSPHQW�RI�D�FRUSXV�DQG�
GLDOHFWDO�GLFWLRQDULHV��.UXFKNRYD�±�*ROGLQ�������.UXFKNRYD�±�*ROGLQ�������

�� '$7$

7KH� ILUVW� WUDLQLQJ�GDWDVHW� FRQVLVWV�RI�GLIIHUHQW� VWDQGDUG�0RGHUQ�5XVVLDQ� WH[WV�
EDODQFHG� E\� JHQUHV� �QHZV�� SRHWU\�� ILFWLRQ�� VRFLDO�PHGLD�� WKH� ODWWHU� WDNHQ� IURP� WKH�
7DLJD� FRUSXV� �6KDYULQD� ±� 6KDSRYDORYD� �������� RUWKRJUDSK\� �SUHPRGHUQ�PRGHUQ���
DQG�SHULRGV��WKH�����V������V��DQG�����V±����V���RYHUDOO��FD������������WRNHQV�

7KH� VHFRQG� WUDLQLQJ�GDWDVHW� FRQVLVWV� RI� WKH�/DWH�2OG�(DVW�6ODYLF� DQG�0LGGOH�
5XVVLDQ� OHJDO� WH[WV� IURP� ����� WR� ����� WDNHQ� IURP� GLIIHUHQW� FROOHFWLRQV� �5XVVLDQ�
+LVWRU\�/LEUDU\�������5R]\VNQ\MH�GHOD�R�)HGRUH�6KDNORYLWRP�L�MHJR�VRREVKFKQLNDNK�
������/LNKDFKRY�������&KHUHSQLQ�������$QNKLPLXN��������7KH�RYHUDOO�VL]H�RI�WKLV�
FROOHFWLRQ�LV�FD����������WRNHQV�

7KH�UHJLRQDO�WHVW�GDWD�FRQVLVW�RI�WZR�JURXSV�RI�(DVW�6ODYLF�OHFWV��QRUWKHUQ�0HJUD�
�9RORJGD�5HJLRQ��5XVVLD���DQG�VRXWKHUQ�%HORJRUQRMH��6DUDWRY�5HJLRQ��5XVVLD���7KH�
WH[WV�VSHOW�FORVH�WR�WKH�DFWXDO�SURQXQFLDWLRQ�RI�WKH�QDWLYH�VSHDNHUV�DUH�WDNHQ�IURP�WKH�
6DUDWRY� GLDOHFWRORJLFDO� FRUSXV� �.UXFKNRYD� ±� *ROGLQ� ������� 7RJHWKHU� WKH\� IRUP�
D�GDWDVHW�RI�FD��������WRNHQV�

7KH� KLVWRULFDO� WHVW� GDWD� FRQVLVW� RI� D�VLQJOH� VHW� RI� GRFXPHQWV�� %HVREUDVRZ¶V�
DUFKLYH��1RYRNKDWNR�������.XVPLQD�±�)LOLSSRYD��������7KHVH�DUH�OHJDO�WH[WV�RI�WKH�
ODWWHU�KDOI�RI�WKH�����V��7KH�RYHUDOO�VL]H�RI�WKHVH�WH[WV�DFKLHYHV�FD����������WRNHQV�

�� 0(7+2'

,Q�WKLV�UHVHDUFK��ZH�FRPSDUH�WZR�DSSURDFKHV�WR�WKH�OHPPDWLVDWLRQ�RI�KLVWRULFDO�
DQG�UHJLRQDO�(DVW�6ODYLF�YDULHWLHV�

7KH� ILUVW� DSSURDFK� LV� D�UREXVW� HQG�WR�HQG� SLSHOLQH� PRGHO�� ZKLFK� SHUIRUPV�
PRUSKRORJLFDO� WDJJLQJ�� OHPPDWLVDWLRQ�� DQG� GHSHQGHQF\� SDUVLQJ�� :H� XVH� TELF�
�$QDVWDV\HY��������D�VWDWH�RI�WKH�DUW�HQVHPEOH�IRU�5XVVLDQ�WKDW�PDNHV�XVH�RI�D�SUH�
WUDLQHG� 5X%(57� PRGHO�� :H� PRGLI\� WKH� HQVHPEOH� ZLWK� D�5X%(57�ODUJH� PRGHO��
OHPPDWLVDWLRQ� PDNLQJ� XVH� RI� PRUSKRORJLFDO� FODVVLILFDWLRQ�� GLFWLRQDU\� ORRNXS�
�D�PDSSLQJ� RI� ZRUG� ZLWK� LWV� SDUW�RI�VSHHFK� WR� LWV� OHPPD��� FRUUHFWLQJ� V\PERO�
VHTXHQFHV�IRUELGGHQ�LQ�5XVVLDQ��DQG�RUWKRJUDSKLFDO�QRUPDOLVDWLRQ��:H�UHIHU�WR�WKLV�
PRGHO�DV�5XELF�

7KH�VHFRQG�DSSURDFK�IRFXVHV�RQ�VHTXHQFH�WR�VHTXHQFH�OHPPDWLVDWLRQ�WKDW�FDQ�
XVH�PRUSKRORJLFDO�LQIRUPDWLRQ�IURP�GDWD��:H�XVH�RQO\�WKH�%$57�ODUJH�SUH�WUDLQHG�
PRGHO�ZLWKRXW�DGGLWLRQDO�HQKDQFHPHQWV��

��6RXUFH� FRGH� LV� DYDLODEOH� DW� KWWSV���JLWKXE�FRP�7KH�2QH�:KR�6SHDNV�DQG�'HSLFWV�WUDQVIRUPHU�
OHPPDWLVHU�� PRGHOV� DUH� DYDLODEOH� DW� KWWSV���KXJJLQJIDFH�FR�GMXOLDQ���EDUW�ODUJH�0RGHUQ�5XVVLDQ�
OHPPDWLVDWLRQ�DQG�KWWSV���KXJJLQJIDFH�FR�GMXOLDQ���EDUW�ODUJH�0LGGOH�5XVVLDQ�OHPPDWLVDWLRQ�



���

7KH� WUDLQLQJ� JHQHUDWHV� IRXU�PRGHOV��5XELF� IRU�PRGHUQ� GDWD��%$57�ODUJH� IRU�
PRGHUQ�GDWD��5XELF�IRU�KLVWRULFDO�GDWD��%$57�ODUJH�IRU�KLVWRULFDO�GDWD��:H�XVH�VRPH�
KHXULVWLFV�IRU�DXJPHQWLQJ�WKH�PRGHUQ�WUDLQLQJ�GDWD��FDSLWDOLVDWLRQ��TXRWDWLRQ�PDUNV�
WR�JXLOOHPHWV�FRQYHUVLRQ��DQG�MR�ILFDWLRQ��WKLV�KHXULVWLF�WUDQVIRUPV�ɟ�LQWR�ɺ�LQ�WRNHQV�
ZKHQ� WKH\� DUH� LQWHUFKDQJHDEOH� E\� WKH� VWDQGDUG� 5XVVLDQ� UXOHV��� 7KHVH� DGGLWLRQDO�
KHXULVWLFV�DOORZ�WR�DGG�FRQWH[WV�IRU�ZRUGV�IURP�UDUH�JUDPPDWLFDO�SDUDGLJPV�

:H�WHVW�WKH�PRGHOV�RQ�KLVWRULFDO�DQG�UHJLRQDO�GDWD��,QLWLDOO\��WKH�FRQGLWLRQV�IRU�
5XELF�DQG�%$57�ODUJH�WHVW�RQ�UHJLRQDO�GDWD�DUH�QRW�HTXDO��%$57�ODUJH�OHPPDWLVHU�LV�
WUDLQHG�ZLWK�WKH�XVH�RI�PRUSKRORJLFDO�LQIRUPDWLRQ��ZKLFK�WKH�UHJLRQDO�GDWD�ODFN��7R�
VROYH� WKLV� LVVXH�� ZH� WUDLQ� WKH� PRUSKRORJLFDO� WDJJHU� �6FKHUUHU� ������ RQ� VWDQGDUG�
5XVVLDQ�GDWD��,W�DFKLHYHV�WKH�����)��VFRUH��DQG�ZH�XVH�LW�WR�SURGXFH�D�VLOYHU��PRUH�
RU�OHVV�UHOLDEOH��EXW�QRW�UHOLDEO\�FKHFNHG�E\�KXPDQV��PRUSKRORJLFDO�WDJJLQJ�IRU�WKH�
UHJLRQDO�GDWD�

)RU� DQ� LQLWLDO� HYDOXDWLRQ�� ZH� XVH� DQ� DFFXUDF\� VFRUH�� :H� DOVR� LPSOHPHQW�
/HYHQVKWHLQ��/HYHQVKWHLQ��������'DPHUDX�/HYHQVKWHLQ��'DPHUDX��������DQG�-DUR�
:LQNOHU� �-DUR� ������:LQNOHU� ������ GLVWDQFHV�� D�PHWKRG� WKDW� DOORZV�XV� WR� JHW� ILQH�
GHWDLOV� �/\DVKHYVND\D� ±� $IDQDVHY�� LQ� SULQW��� WR� VWXG\� 5XELF� DQG� %$57�ODUJH�
SHUIRUPDQFH�RQ�WKH�UHJLRQDO�GDWD�

7KH� DQDO\VLV� DLPV� DW� XQGHUVWDQGLQJ� WKH� NH\� HUURUV� DQG� WKH� H[SODQDWLRQ� RI�
PRGHOV¶�SHUIRUPDQFH��ERWK�LQ�FRPSDULVRQ�DQG�RQ�WKHLU�RZQ��7KH�IROORZLQJ�GLVFXVVLRQ�
RI�WKH�UHVXOWV�LV�UHTXLUHG�WR�JHW�DQ�RXWOLQH�IRU�IXWXUH�ZRUN�RQ�ERWK�DSSURDFKHV�

�� 5(68/76�$1'�$1$/<6,6

7KH�IRXU�PRGHOV�DFKLHYH�DQ�DFFXUDF\�VFRUH�IURP����WR������GHSHQGLQJ�RQ�WKH�
H[DFW� VXEVHW�� RQ� ERWK�PRGHUQ� DQG� KLVWRULFDO� GDWD�� 7ZR� VHULHV� RI� H[SHULPHQWV� DUH�
FRQGXFWHG��7KH�ILUVW�VHULHV�RI�H[SHULPHQWV�LQFOXGH�WHVWLQJ�WKH�5XELF�DQG�%$57�ODUJH�
PRGHOV�� ILQH�WXQHG� RQ� WKH� KLVWRULFDO� GDWD�� RQ� %HVREUDVRZ¶V� DUFKLYH�� 7KH� VHFRQG�
VHULHV�LQFOXGHV�WHVWLQJ�WKH�5XELF�DQG�%$57�ODUJH��ILQH�WXQHG�RQ�WKH�PRGHUQ�GDWD��RQ�
UHJLRQDO�(DVW�6ODYLF�OHFWV�PDWHULDO�

���� ([SHULPHQW��
7DE����SUHVHQWV�WKH�UHVXOWV�RI�WKH�H[SHULPHQWV�RQ�WKH�%HVREUDVRZ¶V�DUFKLYH�

'DWDVHW %HVREUDVRZ¶V�DUFKLYH
5XELF��WRNHQ�QRUPDOLVDWLRQ� ����
%$57�ODUJH ����
%$57�ODUJH��WRNHQ�QRUPDOLVDWLRQ� ����

7DE�����7KH�DFFXUDF\�VFRUH�����RI�WKH�KLVWRULFDO�(DVW�6ODYLF�GDWDVHWV��
OHPPDWLVDWLRQ�E\�5XELF�DQG�%$57�ODUJH



-D]\NRYHGQê�þDVRSLV��������URþ������þ���� ���

%RWK�PRGHOV�DUH�VHQVLWLYH� WR� WKH�RUWKRJUDSKLFDO�YDULDWLRQ��%$57�ODUJH�JHWV� WKH�
����� ERRVW�ZKHQ� WKH� WRNHQV� DUH� QRUPDOLVHG��7KH� VHTXHQFH�WR�VHTXHQFH� DUFKLWHFWXUH�
SHUIRUPV�EHWWHU��WKH�5XELF�DXJPHQWDWLRQV�HQKDQFH�LWV�SHUIRUPDQFH�RQ�VWDQGDUG�5XVVLDQ�
DQG�QRW�WKH�KLVWRULFDO�PDWHULDO��/\DVKHYVND\D�HW�DO��������

%$57�ODUJH�SHUIRUPDQFH�LV�QRW�SHUIHFW��7KH�KLVWRULFDO�GDWD�DUH�VLJQLILFDQWO\�PRUH�
KHWHURJHQHRXV�WKDQ�WKH�PRGHUQ�GDWD��DQG�LW�LV�KDUGHU�IRU�WKH�PRGHO�WR�SUHGLFW�QRQ�VWDQGDUG�
LQIOH[LRQ�EHFDXVH�WKH�FKDQFH�WR�PHHW�LW�LQ�WKH�WUDLQLQJ�GDWD�LV�VPDOOHU��)RU�FRPSDULVRQ��DQ�
HOHPHQW��ɦ࣎ɪɢɬɢ�LV�RIWHQ�UHSODFHG�E\�D�PRUH�IUHTXHQW��ɦɟɪɟɬɢ��LQ�YHUEV�OLNH�ɫɦ࣎ɪɢɬɢ�
µPHDVXUH¶�� FI�� ɭɦɟɪɟɬɢ� µGLH¶�� 1RXQV� DQG� DGMHFWLYHV� DUH� DOVR� DIIHFWHG�� FI�� ɜɵɤɥɚɬɤɚ�
LQVWHDG� RI� ɜɵɤɥɚɞɤɚ� µIDFLQJ¶� LQIOXHQFHG� E\� ɨɩɥɚɬɤɚ� µZDIHU¶�� DQG� ɞɪɭɝɨɜɴ� LQVWHDG� RI�
ɞɪɭɝɨɣ� µRWKHU¶�� LQIOXHQFHG� E\� ɤɚɤɨɜɴ� µZKLFK¶�� 7KHUH� DUH� DOVR� QRQ�VWDQGDUG�
WUDQVIRUPDWLRQV�� FI�� ɟɢɰ�!!� ɹɣɰɨ� µHJJ¶�� IRU�ZKLFK�%$57�ODUJH� FRUUHFWO\� SUHGLFWV� WKH�
OHPPDWLVDWLRQ�PRGHO��\HW�GRHV�QRW�SUHGLFW�WKH�LQ�URRW�SKRQHWLF�DOWHUQDWLRQ�SURGXFLQJ�WKH�
IRUPV�OLNH�ɟɣɰɨ��6RPHWLPHV�� WKH�VSHFLILFV�RI�WKH�DQQRWDWLRQ�VFKHPD�FDXVH�HUURUV��7KH�
HDUOLHU�GDWD�XVH�OHPPD�ɢ�IRU�D�PDVFXOLQH��UG�SHUVRQ�SURQRXQ��DQG�WKH�ODWHU�GDWD�XVHV�WKH�
OHPPD�ɨɧɴ��ZKLFK�FRQIXVHV�WKH�PRGHO��XQDZDUH�RI�WKH�(DVW�6ODYLF�OHFWV�HYROXWLRQ�

���� ([SHULPHQW��
1H[W��ZH�WHVW�WKH�PRGHOV¶�DELOLWLHV�WR�RSHUDWH�ZLWKLQ�WKH�FRQGLWLRQV�RI�V\QFKURQLF�

YDULDWLRQ��7KH�GDWDVHW�SUHVHQWV� DQ�DGGLWLRQDO� FKDOOHQJH� IRU� D�VHTXHQFH�WR�VHTXHQFH�
PRGHO��7KH�PRUSKRORJLFDO�WDJV�RI�WKH�WHVW�GDWD�GR�QRW�FRUUHVSRQG�WR�WKH�WUDLQLQJ�WDJ�
VHW�� VR�ZH�XVH� VLOYHU� WDJJLQJ�PDGH�ZLWK�6FKHUUHU� ��������:H� UXQ� WKH�%$57�ODUJH�
PRGHO�VHSDUDWHO\�RQ�QRQ�WDJJHG�DQG�WDJJHG�GDWD�

7DE����DQG���GHPRQVWUDWH�WKH�UHVXOWV�IRU�WKH�0HJUD�DQG�%HORJRUQRMH�GDWDVHWV�

0HWULFV $ L /��1 '�/ '�/��1 -�: -�:��1
5XELF ���� ���� ���� ���� ���� a���� a����
%$57�ODUJH ����� ���� ���� ���� ���� ���� ����
%$57�ODUJH��
�SUH�WDJJHG�GDWD� ����� ���� ���� ���� ���� ���� ����

7DE�����7KH�UHVXOWV�RI�WKH�0HJUD�GDWDVHW�OHPPDWLVDWLRQ�E\�5XELF�DQG�%$57�ODUJH��DFFXUDF\�VFRUH�
�$������DYHUDJHG�VWULQJ�VLPLODULW\�PHDVXUHV��/HYHQVKWHLQ�GLVWDQFH��/���/HYHQVKWHLQ�GLVWDQFH��
QRUPDOLVHG��/�1���'DPHUDX�/HYHQVKWHLQ�GLVWDQFH��'�/���'DPHUDX�/HYHQVKWHLQ�GLVWDQFH��
QRUPDOLVHG��'�/��1���DYHUDJHG�-DUR�:LQNOHU�GLVWDQFH��-�:��DQG�-DUR�:LQNOHU�GLVWDQFH��

QRUPDOLVHG��-�:��1������

0HWULFV $ L /��1 '�/ '�/��1 -�: -�:��1
5XELF ���� ���� ���� ���� ���� ���� ����
%$57�ODUJH ����� ���� ���� ���� ���� ���� ����
%$57�ODUJH�
�SUH�WDJJHG�GDWD� ����� ���� ���� ���� ���� ���� ����

7DE�����7KH�UHVXOWV�RI�WKH�%HORJRUQRMH�GDWDVHW�OHPPDWLVDWLRQ�E\�5XELF�DQG�%$57�ODUJH��DFFXUDF\�
VFRUH��$������DYHUDJHG�VWULQJ�VLPLODULW\�PHDVXUHV��/��/��1��'�/��'�/��1���DYHUDJHG�-DUR�:LQNOHU�

GLVWDQFHV��-�:��-�:��1�����



���

,Q�WKLV�H[SHULPHQW�%$57�ODUJH�SHUIRUPV�ZRUVH�WKDQ�5XELF��WKH�KHXULVWLFV�RI�WKH�
ODWWHU�HQDEOH�LW�WR�RYHUFRPH�VRPH�GLIILFXOWLHV�RI�WKH�UHJLRQDO�GDWD�OHPPDWLVDWLRQ��OLNH�
ɟɳɺ�ɟɳɟ�FRQWUDVW��1RWH� WKDW�%$57�ODUJH�GHPRQVWUDWHV�GHSHQGHQF\�RQ�SUHOLPLQDU\�
PRUSKRORJLFDO� WDJJLQJ�� WKH�PRGHO� UXQ� RQ� UDZ�GDWD� IDOOV� EHKLQG� WKH�PRGHO� UXQ� RQ�
WDJJHG�GDWD�E\�����

*HQHUDOO\��WKH�KLJK�UHVXOWV�RI�VWULQJ�VLPLODULW\�PHDVXUHV�VKRZ�WKDW�HDFK�PRGHO�
FDSWXUHV�WKH�JHQHUDO�SULQFLSOH�RI�OHPPDWLVDWLRQ��WKH�RXWSXW��OHPPD��LV�XVXDOO\�VLPLODU�
WR�WKH�WRNHQ�WKDW�LV�SURYLGHG�DV�D�SDUW�RI�WKH�LQSXW��7KH�HTXDO�UHVXOWV�RI�/HYHQVKWHLQ�
DQG�'DPHUDX�/HYHQVKWHLQ�GLVWDQFHV�VXSSRUW�WKH�FODLP��WKH\�PHDQ�WKDW�WKHUH�DUH�QR�
FKDUDFWHU� WUDQVSRVLWLRQV� LQ� WDUJHW�RXWSXW� SDLUV�� 7KH� HTXDO� QRUPDOLVHG� DQG� QRQ�
QRUPDOLVHG�VWULQJ�VLPLODULW\�PHDVXUHV�IRU�5XELF�DQG�%$57�ODUJH��UXQ�RQ�WDJJHG�GDWD��
GHPRQVWUDWH� WKDW� WKH� PRGHOV� JHQHUDWH� VHTXHQFHV� VLPLODU� WR� WKH� WDUJHW� DQG� GR� QRW�
SULRULWLVH�D�SDUWLFXODU�LQIOH[LRQ�W\SH�RYHU�WKH�RWKHUV��%$57�ODUJH��UXQ�RQ�UDZ�GDWD��RQ�
WKH�RWKHU�KDQG��RIWHQ�SURGXFHV�HUURQHRXV�RXWSXW�

7KHUH�DUH�VRPH�JHQHUDO�LVVXHV�WKDW�PD\�H[SODLQ�ZK\�WKH�PRGHOV�VWUXJJOH�ZLWK�
WKH�UHJLRQDO�GDWD��/HPPDWD�LQ�JROG�GDWD�UHIOHFW�D�SDUWLFXODU�OHFW�QRUP��QRW�D�VWDQGDUG�
QRUP��7KXV��FRUUHFWO\�±�E\�VWDQGDUG�PHDQV�±�SUHGLFWHG�ɟɳɟ�µ\HW¶�EHFRPHV�LQFRUUHFW��
ZKHQ�FRPSDUHG�WR�ɟɳɺ��7KH�UHODWLYHO\�KLJK�VWULQJ�VLPLODULW\�PHDVXUHV�VFRUHV�VXSSRUW�
WKH�K\SRWKHVLV�RI�WKH�UHODWLYHO\�KLJK�UDWH�RI�WKLV�NLQG�RI�HUURUV��/LQJXLVWLF�GLIIHUHQFHV�
EHWZHHQ� PRGHUQ� VWDQGDUG� 5XVVLDQ� DQG� UHJLRQDO� (DVW� 6ODYLF� OHFWV� DOVR� QHJDWLYHO\�
DIIHFW�WKH�PRGHOV¶�SHUIRUPDQFH��0RGHOV�DUH�QRW�DZDUH�RI�VRPH�SURQRXQ�IRUPV��DQG�
OHPPDWLVH�� IRU� LQVWDQFH�� ɦɧɢ� µ��6*�'$7¶� DV� ɦɧɢ� DQG� QRW� ɹ�µ��6*�120¶�� 1RQ�
VWDQGDUG�VSHOOLQJ��FRPELQHG�ZLWK�QRQ�SURGXFWLYH�SDUDGLJPV��OHDGV�WR�HUURUV��PRGHOV�
SUHGLFW� ɪɨɛɹɬ� LQVWHDG� RI� ɪɨɛɺɧɨɤ� µFKLOG�6*�120¶�� 7KH� JROG� GDWD� DOVR� FRQWDLQ�
PXOWL�ZRUG�OHPPDWD�ZKLFK�WUDLQLQJ�GDWD�ODFNV��ZKLFK�DOVR�UHVXOWV�LQ�HUUDWD��FI��JROG�
ɜɨɬ� ɢ�DQG� SUHGLFWHG� ɢ�µDQG¶�� 7KHVH� LVVXHV� DUH� ZHOO�NQRZQ� IRU� WKH� VPDOOHU� OHFWV�
OHPPDWLVDWLRQ��WKHUH�LV�QR�FRQVHQVXV�RQ�ZKDW�VKRXOG�EH�FRQVLGHUHG�D�OHPPD�LQ�VXFK�
FDVHV��GH�*UDDI�HW�DO��������

�� &21&/86,21

,Q�WKLV�SDSHU��ZH�VWXGLHG�KRZ�WKH�V\QFKURQLF�DQG�GLDFKURQLF�YDULDWLRQ�LQ�(DVW�
6ODYLF� ODQJXDJHV� LPSDFWV� WKH� OHPPDWLVHUV¶� SHUIRUPDQFH�� :H� FRPSDUHG� WKH�
OHPPDWLVHU� PRGXOH� RI� D�UREXVW� HQG�WR�HQG� %(57�EDVHG� SLSHOLQH� �5XELF�� DQG� WKH�
LQGHSHQGHQW� VHTXHQFH�WR�VHTXHQFH� %$57�EDVHG� PRGHO� �%$57�ODUJH��� 'LIIHUHQW�
NLQGV�RI�YDULDWLRQ�QHJDWLYHO\�DIIHFW�WKH�SHUIRUPDQFH�RI�ERWK�PRGHOV��ORZHULQJ�WKHLU�
DYHUDJH� DFFXUDF\� VFRUH� WR� ��±���� IURP� PRUH� WKDQ� ���� RQ� WKH� YDOLGDWLRQ� GDWD��
%$57�ODUJH� RYHUFRPHV�KLVWRULFDO� YDULDWLRQ�PRUH� HDVLO\�� HVSHFLDOO\�ZKHQ�SURYLGHG�
ZLWK�JROG�PRUSKRORJLFDO�WDJJLQJ��ZKLFK�LV�VXSSRUWHG�E\�VWULQJ�VLPLODULW\�PHDVXUHV�
HYLGHQFH��5XELF�GRHV�QRW�GHSHQG�RQ�PRUSKRORJLFDO�GDWD�DQG�EHWWHU�RYHUFRPHV�WKH�
V\QFKURQLF� YDULDWLRQ� RI� WKH� WHUULWRULDO�(DVW� 6ODYLF� OHFWV� FORVHO\� UHODWHG� WR� VWDQGDUG�
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5XVVLDQ�� %RWK� PRGHOV� DUH� FRQIXVHG� E\� RUWKRJUDSKLFDO� YDULDWLRQ�� QRQ�VWDQGDUG�
SDUDGLJPV��DQG�GLIIHUHQFH�RI�OHPPD�FKRLFH�LQ�JROGHQ�GDWD�

%RWK� PRGHOV� QHHG� HQKDQFHPHQWV�� )RU� %$57�ODUJH�� ZH� FRXOG� VXJJHVW�
LPSOHPHQWLQJ�KHXULVWLFV��LQ�D�VLPLODU�IDVKLRQ�WR�5XELF¶V��%XLOW�LQ�OHFW�LGHQWLILFDWLRQ�
PD\�EH�RI�VRPH�KHOS��QRUPDOLVLQJ�WRNHQV�EHIRUH�WKHLU�OHPPDWLVDWLRQ��$V�V\PERO�E\�
V\PERO�JHQHUDWLRQ�FDXVHV�D�ORW�RI�%$57�ODUJH�HUURUV��WKLV�PRGHO�PD\�EHQHILW�IURP�
VSHOOFKHFNHU�RU�D�GLFWLRQDU\�ORRNXS�GXULQJ�WKH�SRVWSURFHVVLQJ��7KH�ELJJHVW�LVVXH�LV�
WKH�%$57�ODUJH�PRGHO�EHLQJ�D�VWDQG�DORQH� OHPPDWLVHU�� LW�QHHGV� WKH�PRUSKRORJLFDO�
WDJJLQJ� FRPSOHPHQW� WR� EH� HIILFLHQW�� LQ� FRQWUDVW� ZLWK� 5XELF�� 7KH� GHYHORSPHQW� RI�
WDJJLQJ�WRRO�VKRXOG�EH�WKH�SULPDU\�IRFXV�RI�IXWXUH�UHVHDUFK��7KH�VDPH�KHXULVWLFV�PD\�
EH�XVHIXO�IRU�5XELF��D�PRGHO�WKDW�LV�HYHQ�PRUH�VXLWDEOH�IRU�WKLV�NLQG�RI�PRGLILFDWLRQ��
DV�LW�DOUHDG\�HPSOR\V�VRPH�KHXULVWLFV��,W�PD\�DOVR�EHQHILW�IURP�RWKHU�W\SHV�RI�SUH�
WUDLQHG�ODQJXDJH�PRGHOV��SXVKHG�XS�LQ�LWV�DUFKLWHFWXUH�

7KH� GDWDVHWV� DXJPHQWDWLRQ� DSSURDFKHV� LQFOXGH� LQFRUSRUDWLQJ� LUUHJXODU�
OHPPDWLVDWLRQ�PRGHOV��DV�ZHOO�DV� WKH�EDODQFLQJ�RI�ZRUGIRUPV�E\� WKH�IUHTXHQF\�RI�
ZRUG� FKDQJLQJ� SDUDGLJP�� 7KH� PRGHUQ� GDWDVHW� ZLOO� EHQHILW� IURP� WKH� DGGLWLRQ� RI�
D�UHJLRQDO�FRPSRQHQW�

5 H I H U H Q F H V

$QDVWDV\HY��'����������([SORULQJ�SUHWUDLQHG�PRGHOV�IRU�MRLQW�PRUSKRV\QWDFWLF�SDUVLQJ�
RI� 5XVVLDQ�� ,Q� &RPSXWDWLRQDO� /LQJXLVWLFV� DQG� ,QWHOOHFWXDO� 7HFKQRORJLHV�� 3DSHUV� IURP� WKH�
$QQXDO�&RQIHUHQFH�³'LDORJXH´������SDJHV��±����0RVFRZ��5XVVLD�

$QNKLPLXN�� 8�� 9�� �������� 6ROLJDOLFKHVNLMH� DNW\� L]� ³$UNKLYD� 9RO\QVNLNK´�� ,Q� $�� 9��
$QWRQRY��HG����5XVVLDQ�'LSORPDWDU\��0RVFRZ��$UFKHRJUDSKLFDO�FHQWHU��SDJHV���±���

%HUGLþHYVNLV��$���(FNKRII��+���DQG�*DYULORYD��7����������7KH�EHJLQQLQJ�RI�D�EHDXWLIXO�
IULHQGVKLS��UXOH�EDVHG�DQG�VWDWLVWLFDO�DQDO\VLV�RI�0LGGOH�5XVVLDQ��,Q�.RPS¶\XWHUQD\D�OLQJYLV-
WLND�L� LQWHOOHNWXDO¶Q\H�WHNKQRORJLL��7UXG\�PH]KGXQDURGQRM�NRQIHUHQFLL�©'LDORJª��SDJHV���±
�����0RVFRZ��5XVVLD��5668�

%HUJPDQLV��7���DQG�*ROGZDWHU��6����������&RQWH[W�VHQVLWLYH�QHXUDO�OHPPDWL]DWLRQ�ZLWK�
/HPDWXV�� ,Q� 3URFHHGLQJV� RI� WKH� ����� &RQIHUHQFH� RI� WKH� 1RUWK�$PHULFDQ� &KDSWHU� RI� WKH�
$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV��+XPDQ�/DQJXDJH�7HFKQRORJLHV��9ROXPH����/RQJ�
3DSHUV��� SDJHV� ����±������ 1HZ� 2UOHDQV�� /RXLVLDQD�� $VVRFLDWLRQ� IRU� &RPSXWDWLRQDO�
/LQJXLVWLFV�

&KHUHSQLQ��/��9����������$NW\�IHRGDO¶QRJR�]HPOLHYODGHQLMD�L�NKR]\DMVWZD�;,9�±�;9,�
YHNRY��LQ���YROXPHV���0RVFRZ��8665�$FDGHP\�RI�6FLHQFHV�

&KR��.���0HUULsQERHU�YDQ��%���*XOFHKUH��&���%DKGDQDX��'���%RXJDUHV��)���6FKZHQN��+���
DQG�%HQJLR��<����������/HDUQLQJ�SKUDVH�UHSUHVHQWDWLRQV�XVLQJ�511�HQFRGHU±GHFRGHU�IRU�VWD-
WLVWLFDO�PDFKLQH�WUDQVODWLRQ��,Q�3URFHHGLQJV�RI�WKH������&RQIHUHQFH�RQ�(PSLULFDO�0HWKRGV�LQ�
1DWXUDO� /DQJXDJH� 3URFHVVLQJ� �(01/3��� SDJHV� ����±������ 'RKD�� 4DWDU��$VVRFLDWLRQ� IRU�
&RPSXWDWLRQDO�/LQJXLVWLFV�

'DPHUDX��)�� -�� ��������$� WHFKQLTXH� IRU�FRPSXWHU�GHWHFWLRQ�DQG�FRUUHFWLRQ�RI�VSHOOLQJ�
HUURUV��&RPPXQLFDWLRQV�RI�WKH�$&0��������SDJHV����±����



���

)HUQiQGH]��/��*����������$�FRQWULEXWLRQ�WR�2OG�(QJOLVK�OH[LFRJUDSK\��12:(/(���1RUWK�
:HVWHUQ�(XURSHDQ�/DQJXDJH�(YROXWLRQ���������SDJHV����±����

*UDDI�GH��(���6WRSSRQL��6���%RV��-��.���3HHOV�0DWWKH\��6���DQG�1LVVLP��0����������$*,/H��
7KH�ILUVW�OHPPDWL]HU�IRU�$QFLHQW�*UHHN�LQVFULSWLRQV��,Q�3URFHHGLQJV�RI�WKH�7KLUWHHQWK�/DQJXDJH�
5HVRXUFHV� DQG� (YDOXDWLRQ� &RQIHUHQFH�� SDJHV� ����±������ 0DUVHLOOH�� )UDQFH�� (XURSHDQ�
/DQJXDJH�5HVRXUFHV�$VVRFLDWLRQ�

-DUR��0��$����������$GYDQFHV�LQ�UHFRUG�OLQNDJH�PHWKRGRORJ\�DV�DSSOLHG�WR�WKH������FHQ-
VXV�RI�7DPSD�)ORULGD��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ������SDJHV����±����

.DQHUYD��-���DQG�*LQWHU��)���DQG�6DODNRVNL��7����������8QLYHUVDO�OHPPDWL]HU��$�VHTXHQFH-
�WR�VHTXHQFH� PRGHO� IRU� OHPPDWL]LQJ� XQLYHUVDO� GHSHQGHQFLHV� WUHHEDQNV�� 1DWXUDO� /DQJXDJH�
(QJLQHHULQJ���������SDJHV����±����

.UXFKNRYD��2���DQG�*ROGLQ��9����������&RUSXV�RI�5XVVLDQ�GLDOHFW�VSHHFK��FRQFHSW�DQG�
SDUDPHWHUV� RI� HYDOXDWLRQ�� ,Q� &RPSXWDWLRQDO� /LQJXLVWLFV� DQG� ,QWHOOHFWXDO� 7HFKQRORJLHV��
3URFHHGLQJV�RI�,QWHUQDWLRQDO�&RQIHUHQFH�³'LDORJ±����´��SDJHV����±�����0RVFRZ��5XVVLD�

.UXFKNRYD��2���DQG�*ROGLQ��9����������7KH�SDUDPHWHUV�RI�WH[W�SURFHVVLQJ�IRU�WKH�5XVVLDQ�
GLDOHFW�FRUSXV��,Q�3URFHHGLQJV�RI�WKH�LQWHUQDWLRQDO�FRQIHUHQFH�³&RUSXV�OLQJXLVWLFV�²�����´��
SDJHV����±�����6DLQW�3HWHUVEXUJ��5XVVLD�

.X]PLQD��2��9���DQG�)LOLSSRYD��,��6����������$UNKLY�VWRO¶QLND�$QGUHMD�,O¶MLFKD�%HVREUDVRZD��
YRO��,,��0RVFRZ��5XVVLDQ�+LVWRU\�,QVLWXWH�RI�5XVVLDQ�$FDGHP\�RI�6FLHQFHV������S�

/HYHQVKWHLQ��9��,����������%LQDU\�FRGHV�FDSDEOH�RI�FRUUHFWLQJ�GHOHWLRQV��LQVHUWLRQV��DQG�
UHYHUVDOV��6RYLHW�3K\VLFV�'RNODG\���������SDJHV����±����

/HZLV��0���/LX��<���*R\DO��1���*KD]YLQLQHMDG��0���0RKDPHG��$���/HY\��2���6WR\DQRY��9���
DQG�=HWWOHPR\HU��/����������%$57��'HQRLVLQJ�VHTXHQFH�WR�VHTXHQFH�SUH�WUDLQLQJ�IRU�QDWXUDO�
ODQJXDJH� JHQHUDWLRQ�� WUDQVODWLRQ�� DQG� FRPSUHKHQVLRQ�� ,Q� 3URFHHGLQJV� RI� WKH� ��WK� $QQXDO�
0HHWLQJ� RI� WKH� $VVRFLDWLRQ� IRU� &RPSXWDWLRQDO� /LQJXLVWLFV�� SDJHV� ����±������ 2QOLQH��
$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV�

/LNKDFKRY��'��6����������3XWHVKHVWYLMD�UXVVNLFK�SRVORY�;9,�±�;9,,�YY��6WDWHMQ\MH�VSLVNL��
0RVFRZ��/HQLQJUDG��8665�$FDGHP\�RI�6FLHQFHV������S�

/\DVKHYVND\D��2���$IDQDVHY��,���5HEULNRY��6���6KLVKNLQD��<���6XOH\PDQRYD��(���7URILQRY��
,���DQG�9ODVRYD��1��'LVDPELJXDWLRQ�LQ�FRQWH[W�LQ�WKH�5XVVLDQ�1DWLRQDO�&RUSXV�����\HDUV�ODWHU��
,Q�3URFHHGLQJV�RI�,QWHUQDWLRQDO�&RQIHUHQFH�³'LDORJXH�����´��SDJHV��±����2QOLQH�

/\DVKHYVND\D��2���DQG�$IDQDVHY��,���LQ�SULQW���6WULQJ�VLPLODULW\�PHDVXUHV�IRU�HYDOXDWLQJ�
WKH� OHPPDWLVDWLRQ� LQ�2OG�&KXUFK�6ODYRQLF�� ,Q�3URFHHGLQJV� RI� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�
+LVWRULFDO�/H[LFRJUDSK\�DQG�/H[LFRORJ\��/D�5LRMD��6SDLQ��8QLYHUVLGDG�GH�/D�5LRMD�

/\DVKHYVND\D��2���DQG�3HQNRYD��<����������5HYLVHG�HQWULHV�LQ�WKH�PXOWL�YROXPH�HGLWLRQ�
DQG� 7(,� HQFRGLQJ�� D� FDVH� RI� WKH� KLVWRULFDO� GLFWLRQDU\� RI� 5XVVLDQ�� ,Q� 3URFHHGLQJV� RI� ;,;�
(85$/(;�&RQJUHVV��/H[LFRJUDSK\�IRU�,QFOXVLRQ��YRO��,,��SDJHV����±�����.RPRWLQL��*UHHFH��
'HPRFULWXV�8QLYHUVLW\�RI�7KUDFH�

0LOLQWVHYLFK��.���DQG�6LUWV��.����������(QKDQFLQJ�VHTXHQFH�WR�VHTXHQFH�QHXUDO�OHPPD-
WL]DWLRQ�ZLWK�H[WHUQDO�UHVRXUFHV��,Q�3URFHHGLQJV�RI�WKH���WK�&RQIHUHQFH�RI�WKH�(XURSHDQ�&KDSWHU�
RI�WKH�$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV��0DLQ�9ROXPH��SDJHV�����±������2QOLQH��
$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV�

1RYRNKDWNR�� 2�� 9�� �������� $UNKLY� VWRO¶QLND� $QGUHMD� ,O¶MLFKD� %HVREUDVRZD�� YRO��
,��0RVFRZ��5XVVLDQ�+LVWRU\�,QVLWXWH�RI�5DVVLDQ�$FDGHP\�RI�6FLHQFHV������S�
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2PHOLDQFKXN��.���$WUDVHY\FK��9���&KHUQRGXE��$���DQG�6NXU]KDQVN\L��2����������*(&7R5�
±�*UDPPDWLFDO�(UURU�&RUUHFWLRQ��7DJ��1RW�5HZULWH��,Q�3URFHHGLQJV�RI�WKH�)LIWHHQWK�:RUNVKRS�
RQ� ,QQRYDWLYH�8VH�RI�1/3� IRU�%XLOGLQJ�(GXFDWLRQDO�$SSOLFDWLRQV��SDJHV����±�����6HDWWOH��
:$��86$��2QOLQH��$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV�

2PHOLDQFKXN�� .��� 5DKHMD�� 9��� DQG� 6NXU]KDQVN\L�� 2�� �������� 7H[W� 6LPSOLILFDWLRQ� E\�
7DJJLQJ�� ,Q� 3URFHHGLQJV� RI� WKH� ��WK�:RUNVKRS� RQ� ,QQRYDWLYH� 8VH� RI� 1/3� IRU� %XLOGLQJ�
(GXFDWLRQDO�$SSOLFDWLRQV��SDJHV���±����2QOLQH��$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV�

3HGUD]]LQL��1���DQG�(FNKRII��+��0����������2OG6ODY1HW��$�VFDODEOH�(DUO\�6ODYLF�GHSHQ-
GHQF\�SDUVHU�WUDLQHG�RQ�PRGHUQ�ODQJXDJH�GDWD��6RIWZDUH�,PSDFWV�����SDJHV��±��

5R]\VNQ\MH�GHOD�R�)HGRUH�6KDNORYLWRP� L� MHJR� VRREVKFKQLNDNK�� LQ���YROXPHV� ��������
6DLQW�3HWHUVEXUJ��$UNKHRORJLFDO�&RPPLVVLRQ�

5XVVLDQ�+LVWRU\�/LEUDU\��YROXPH�,,���������6DLQW�3HWHUVEXUJ��$UNKHRORJLFDO�&RPLVVLRQ��
����S�

6FKHUUHU��<����������$GDSWDWLRQ�RI�PRUSKRV\QWDFWLF�WDJJHUV��&URVV�OHFWDO�DQG�PXOWLOHFWDO�
DSSURDFKHV�� ,Q�0�� =DPSLHUL� ±� 3�� 1DNRY� �HGV���� 6LPLODU� ODQJXDJHV�� YDULHWLHV�� DQG� GLDOHFWV��
$�FRPSXWDWLRQDO�SHUVSHFWLYH��6WXGLHV�LQ�1DWXUDO�/DQJXDJH�3URFHVVLQJ��&DPEULGJH�8QLYHUVLW\�
3UHVV��SDJHV����±����

6KDYULQD��7���DQG�6KDSRYDORYD��2����������7R�WKH�PHWKRGRORJ\�RI�FRUSXV�FRQVWUXFWLRQ�
IRU�PDFKLQH�OHDUQLQJ��©7DLJDª�V\QWD[�WUHH�FRUSXV�DQG�SDUVHU��,Q�3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�
&RQIHUHQFH�³&25325$�����´��6DLQW�3HWHUVERXUJ��5XVVLD�

6KLVKNLQD�� <��� DQG� /\DVKHYVND\D�� 2�� �������� 6FXOSWLQJ� HQKDQFHG� GHSHQGHQFLHV� IRU�
%HODUXVLDQ��,Q�5HYLVHG�6HOHFWHG�3DSHUV�RI�$QDO\VLV�RI�,PDJHV��6RFLDO�1HWZRUNV�DQG�7H[WV����WK�
,QWHUQDWLRQDO�&RQIHUHQFH��$,67��������SDJHV����±�����7ELOLVL��*HRUJLD�

6WUDND��0���DQG�6WUDNRYi��-����������7RNHQL]LQJ��326�WDJJLQJ��OHPPDWL]LQJ�DQG�SDUVLQJ�
8'�����ZLWK�8'3LSH��,Q�3URFHHGLQJV�RI�WKH�&R1//������6KDUHG�7DVN��0XOWLOLQJXDO�3DUVLQJ�
IURP�5DZ�7H[W�WR�8QLYHUVDO�'HSHQGHQFLHV��SDJHV���±����9DQFRXYHU��&DQDGD��$VVRFLDWLRQ�IRU�
&RPSXWDWLRQDO�/LQJXLVWLFV�

6XWVNHYHU��,���9LQ\DOV��2���DQG�/H��4��9���������6HTXHQFH�WR�VHTXHQFH�OHDUQLQJ�ZLWK�QHX-
UDO�QHWZRUNV�,Q�=��*KDKUDPDQL�±�0��:HOOLQJ�±�&��&RUWHV�±�1��/DZUHQFH�±�.��4��:HLQEHUJHU�
�HGV����$GYDQFHV� LQ� QHXUDO� LQIRUPDWLRQ� SURFHVVLQJ� V\VWHPV�� YRO�� ���� 3URFHHGLQJV� RI� 1,36�
������SDJHV�����±������0RQWUHDO��&XUUDQ�

:LQNOHU��:��(����������6WULQJ�&RPSDUDWRU�0HWULFV�DQG�(QKDQFHG�'HFLVLRQ�5XOHV�LQ�WKH�
)HOOHJL�6XQWHU�0RGHO�RI�5HFRUG�/LQNDJH��,Q�3URFHHGLQJV�RI�WKH�6HFWLRQ�RQ�6XUYH\�5HVHDUFK�
0HWKRGV��SDJHV����±�����$OH[DQGULD��9$��$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ�
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