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7KLV�SDSHU�GHVFULEHV�RQJRLQJ�ZRUN�RQ�WKH�FRQVWUXFWLRQ�RI�D�GLFWLRQDU\�RI�6HUELDQ�YHUEDO�
DVSHFW�EDVHG�RQ�GDWD�IURP�FRUSRUD�DQG�VSHFLDOO\�DGDSWHG�IRU�WKH�QHHGV�RI�/��OHDUQHUV��ZKR�IDFH�WKH�
GLI¿FXOW�WDVNV�RI�FKRRVLQJ�WKH�DSSURSULDWH�DVSHFW�DQG�GHULYLQJ�WKH�FRUUHFW�PRUSKRORJLFDO�IRUP�RI�WKH�
YHUE��:H�H[SODLQ�WKH�SURFHVV�RI�DXWRPDWLF�H[WUDFWLRQ�RI�LQIRUPDWLRQ�DERXW�WKH�DVSHFWXDO�EHKDYLRXU�
RI�YHUEV�IURP�D�FRUSXV��:H�VKRZ�WKDW�D�TXDQWLWDWLYH�QRWLRQ�RI�SURGXFWLYLW\�RI�YHUE�IRUPV�EDVHG�RQ�
WKH�H[WUDFWHG�FRUSXV�GDWD�LV�XVHIXO�IRU�D�V\VWHPDWLF�DQG�ULFK�UHSUHVHQWDWLRQ�RI�WKH�NQRZOHGJH�DERXW�
6HUELDQ�YHUE�DVSHFW��

.H\� ZRUGV�� VHFRQG� ODQJXDJH� DFTXLVLWLRQ�� 6HUELDQ�� YHUEDO� DVSHFW�� PRUSKRORJLFDO�
SURGXFWLYLW\��OHDUQHU�GLFWLRQDU\��FRUSXV�EDVHG�DSSURDFK

���,QWURGXFWLRQ

$VSHFWXDO�SURSHUWLHV�RI�YHUEV�FRQVLVW�RI�D�VHW�RI�VHPDQWLF�IHDWXUHV�WKDW�GHVFULEH�WKH�
G\QDPLFV�DQG�WKH�GXUDWLRQ�RI�WKH�HYHQWXDOLW\�GHVFULEHG�E\�WKH�YHUE��$OWKRXJK�DVSHFWXDO�
IHDWXUHV�FDQ�EH�UDWKHU�GLYHUVH�DQG�ODQJXDJH�VSHFL¿F��WKH�QRWLRQ�RI�WHPSRUDO�ERXQGHGQHVV 
VHHPV�WR�SOD\�D�UROH�LQ�PDQ\�GLVWLQFWLRQV�PDGH�DFURVV�ODQJXDJHV��7KLV�QRWLRQ�LV�SDUWLFXODUO\�
LPSRUWDQW�ZKHQ�LW�FRPHV�WR�WKH�DVSHFWXDO�FKDUDFWHULVDWLRQ�RI�6HUELDQ�YHUEV��DV�LOOXVWUDWHG�
E\�WKH�(QJOLVK�H[DPSOHV�LQ���D��DQG���D��DQG�WKHLU�6HUELDQ�WUDQVODWLRQV���E��DQG���E��

���� D��2Q���WK�1RYHPEHU������DW�������:LQVWRQ�WXUQHG�WKH�VZLWFK�DQG�WKH�
� � ZKROH�EXLOGLQJ��GLVDSSHDUHG�
� E������QRYHPEUD�������X�������9LQVWRQ�MH�okreQXo�SUHNLGDþ�
� � L�FHOD�]JUDGD�MH�QHVWDOD�
� F��
����QRYHPEUD�������X�������9LQVWRQ�MH�okreWDo�SUHNLGDþ�
� � L�FHOD�]JUDGD�MH�QHVWDOD�
���� D��2Q���WK�1RYHPEHU������DW�������:LQVWRQ�WXUQHG�WKH�VZLWFK�IRU�D�ZKLOH��
� E������QRYHPEUD�������X�������9LQVWRQ�MH�QHNR�YUHPH�okreWDo�SUHNLGDþ�

�� &RUUHVSRQGLQJ�DXWKRU��7DQMD�6DPDUGåLü��)DFXOW\�RI�3KLORORJ\��'HSDUWPHQW�RI�*HQHUDO�/LQJXLVWLFV��
6WXGHQWVNL�WUJ����������%HOJUDGH��6HUELD��VDPDUG]LF#¿O�EJ�DF�UV�

�� 7KLV�SDSHU�KDV�EHHQ�ZULWWHQ�DV�SDUW�RI�WKH�SURMHFW�1R����������7KH�6WDQGDUG�6HUELDQ�/DQJXDJH��6\Q-
WDFWLF��6HPDQWLF�DQG�3UDJPDWLF�([SORUDWLRQV��6WDQGDUGQL�VUSVNL�MH]LN��VLQWDNVLþND��VHPDQWLþND�L�SUDJPDWLþND�
LVWUDåLYDQMD���IXQGHG�E\�WKH�0LQLVWU\�RI�(GXFDWLRQ��6FLHQFH�DQG�7HFKQRORJLFDO�'HYHORSPHQW�RI�WKH�5HSXEOLF�RI�
6HUELD��SDUWLFLSDWHG�LQ�E\�0DMD�0LOLþHYLü�
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� F��
����QRYHPEUD�������X�������9LQVWRQ�MH�QHNR�YUHPH�okreQXo�SUHNLGDþ�
7KH�VHQWHQFHV�LQ���D�E��GHVFULEH�DQ�HYHQWXDOLW\�WKDW�LV�WHPSRUDOO\�ERXQGHG��7KLV�

PHDQV�WKDW�WKHUH�LV��LPSOLFLW�WR�WKH�PHDQLQJ�RI�WKH�YHUE��D�SRLQW�LQ�WLPH�ZKHQ�WKH�DFWLRQ�
GHVFULEHG�E\�WKH�YHUE�HQGV��7HPSRUDO�ERXQGHGQHVV�DOVR�LPSOLHV�WKDW�WKHUH�LV�D�UHVXOW�VWDWH�
ZKLFK�LV�D�FRQVHTXHQFH�RI�WKH�DFWLRQ�GHVFULEHG�E\�WKH�YHUE��LQ���D�E���WKH�UHVXOW�VWDWH�LV�WKH�
VWDWH�RI�WKH�VZLWFK�WKDW�FDXVHV�WKH�EXLOGLQJ�WR�GLVDSSHDU��&RQWUDU\�WR�WKLV��WKH�VHQWHQFHV�LQ�
��D�E��GHVFULEH�DQ�HYHQWXDOLW\�WKDW�LV�WHPSRUDOO\�XQERXQGHG��(YHQ�WKRXJK�WKH�WLPH�VSDQ�
RYHU�ZKLFK�WKH�VHQWHQFHV�LQ���D�E��DUH�WUXH�LV�GH¿�QHG�E\�WHPSRUDO�DGYHUELDOV��IRU�D�ZKLOH 
DQG�QHNR�YUHPH��UHVSHFWLYHO\���WKH�YHUE�LWVHOI�GRHV�QRW�LPSO\�DQ�HQG�SRLQW�RU�D�UHVXOW�VWDWH��
,Q�RWKHU�ZRUGV��EDVHG�RQ���D�E���ZH�GR�QRW�NQRZ�ZKHWKHU� WKH� WXUQLQJ�RI� WKH�VZLWFK� LV�
FRPSOHWHG�RU�ZKDW�WKH�¿�QDO�SRVLWLRQ�RI�WKH�VZLWFK�LV�

7KH�GLVWLQFWLRQ�EHWZHHQ�����DQG�����LV�EDVHG�RQ�¿�QH�VHPDQWLF�FKDUDFWHULVDWLRQ�RI�
WKH�HYHQWXDOLWLHV�GHVFULEHG�E\�WKH�YHUEV�XVHG��ZKLFK�FDQ�EH�SHUFHLYHG�DV�UDWKHU�DEVWUDFW�
DQG�GLI¿�FXOW� WR�SLQ�GRZQ��1DWLYH�VSHDNHUV�RI�(QJOLVK�� OLNH�WKH�VSHDNHUV�RI�PDQ\�RWKHU�
(XURSHDQ� ODQJXDJHV�� DUH� QRW� IRUFHG� WR�PDNH� WKLV� GLVWLQFWLRQ�ZKHQ� VHOHFWLQJ� WKH� YHUEV�
WR�XVH��QRWH�WKDW�WKH�VDPH�YHUE�LQ�WKH�VDPH�IRUP��WXUQHG��DSSHDUV�LQ�ERWK���D��DQG���D���
6SHDNHUV�RI�6HUELDQ��DQG�RWKHU�6ODYLF�ODQJXDJHV���KRZHYHU��QHHG�WR�PDNH�WKH�DVSHFWXDO�
GLVWLQFWLRQ�LQ�RUGHU�WR�VHOHFW�WKH�DSSURSULDWH�YHUE��,Q�RWKHU�ZRUGV��6HUELDQ�YHUE�LQYHQWRU\�
FRQWDLQV� WZR� GLIIHUHQW� IRUPV�� RQH� WKDW� LV� VXLWHG� IRU� GHVFULELQJ� WHPSRUDOO\� ERXQGHG�
�okreQXo�LQ���E����DQG�WKH�RWKHU�IRU�WHPSRUDOO\�XQERXQGHG�HYHQWXDOLWLHV��okreWDo�LQ���E����
6XFK�YHUEV�FRQVWLWXWH�SDLUV�WKDW�DUH�LQ�IXOO\�FRPSOHPHQWDU\�GLVWULEXWLRQ��H[FKDQJLQJ�WKH�
IRUPV�EHWZHHQ�WKH�XQERXQGHG�DQG�ERXQGHG�FRQWH[WV�PDNHV�WKH�VHQWHQFHV�XQJUDPPDWLFDO��
DV�VKRZQ�LQ���F��DQG���F���7KH�IRUPV�WKDW�DUH�XVHG�LQ�WHPSRUDOO\�XQERXQGHG�FRQWH[WV�DUH�
ODEHOOHG�DV�LPSHUIHFWLYH��DQG�WKRVH�XVHG�LQ�WHPSRUDOO\�ERXQGHG�FRQWH[WV�DV�SHUIHFWLYH�

)LJXUH����9HUEDO�DVSHFW�LQ�6HUELDQ�FRPSDUHG�WR�9HQGOHU¶V�DVSHFWXDO�FODVVHV

)RU�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKHVH�WZR�FDWHJRULHV��ZH�FDQ�UHODWH�WKHP�WR�WKH�ZLGHO\�
XVHG� IRXU�ZD\� WD[RQRP\� RI� DVSHFWXDO� FODVVHV� SURSRVHG� E\�9HQGOHU� ��������$V� VKRZQ�
LQ�)LJXUH����6HUELDQ�SHUIHFWLYH�YHUEV�FDQ�JHQHUDOO\�EH�VHHQ�DV� LQFOXGLQJ�$FKLHYHPHQWV 
�LQVWDQWDQHRXV�HYHQWV�ZLWK�DQ�HQGSRLQW��DQG�$FFRPSOLVKPHQWV��LQFUHPHQWDO�HYHQWV�ZLWK�
DQ� HQGSRLQW���ZKLOH� 6HUELDQ� LPSHUIHFWLYHV� URXJKO\� FRUUHVSRQG� WR�states� �VWDWLF� HYHQWV�
ZLWK�QR�HQGSRLQW��DQG�$FWLYLWLHV��G\QDPLF�HYHQWV�ZLWK�QR�HQGSRLQW��3

�� 7KHUH�DUH�VRPH�H[FHSWLRQV�WR�WKH�GHVFULEHG�FRUUHVSRQGHQFH��)RU�H[DPSOH��WKH�6HUELDQ�HTXLYDOHQW�RI�
WKH�VHQWHQFH�:LQVWRQ�VWD\HG�LQ�WKH�VKRS�IRU�WZR�KRXUV��9LQVWRQ�MH�RVWDR�X�SURGDYQLFL�GYD�VDWD��FRQWDLQV�D�SHUIHFWLYH�
YHUE�GHVFULELQJ�D�VWDWH��+RZHYHU��LQ�WKH�PDMRULW\�RI�WKH�FDVHV��WKH�PDSSLQJ�WR�9HQGOHU¶V�FODVVHV�GRHV�DSSO\�
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0DVWHULQJ�WKH�SHUIHFWLYH�LPSHUIHFWLYH�GLVWLQFWLRQ�KDV�FRQVLVWHQWO\�EHHQ�UHFRJQLVHG�
DV�RQH�RI�WKH�PRVW�GLI¿FXOW�WDVNV�IDFLQJ�VHFRQG�ODQJXDJH��/���OHDUQHUV�RI�6ODYLF�ODQJXDJHV�
LQ�JHQHUDO��VHH�6ODEDNRYD������DQG�0LNKD\ORYD������IRU�5XVVLDQ��6FKPLHGWRYi������IRU�
&]HFK��.R]áRZVND�0DFJUHJRU������IRU�3ROLVK���DQG�6HUELDQ�LQ�SDUWLFXODU��.ODMQ�������
%DELü�����E��VHH�DOVR�0¡QQHVODQG�������-HODVND�DQG�2SDþLü�������&YLNLü�DQG�-HODVND�
�����IRU�&URDWLDQ��4�7KH�WDVN�LV�D�GLI¿FXOW�RQH�IRU�WZR�UHDVRQV��7KH�¿UVW�GLI¿FXOW\�OLHV�
LQ� LGHQWLI\LQJ� WKH� FOXHV� IRU� GHFLGLQJ�ZKHWKHU� D� SHUIHFWLYH� RU� DQ� LPSHUIHFWLYH� IRUP� LV�
UHTXLUHG��HVSHFLDOO\�JLYHQ�WKDW�WKH�FOXHV�DUH�RIWHQ�SURYLGHG�RQO\�E\�WKH�EURDGHU�FRQWH[W�
RI�D�SDUWLFXODU�XWWHUDQFH��7KH�VHFRQG�GLI¿FXOW\�LV�D�FRQVHTXHQFH�RI�WKH�IDFW�WKDW�DVSHFW�
LQ�6HUELDQ��OLNH�LQ�RWKHU�6ODYLF�ODQJXDJHV��LV�HQFRGHG�LQ�WKH�OH[LFRQ��ZKLFK�PHDQV�WKDW�
WKHUH� DUH�QR�JHQHUDO�JUDPPDWLFDO� UXOHV� IRU�GHULYLQJ� WKH� UHTXLUHG� DVSHFWXDO� IRUPV��7KH�
YHUEV�LQ���E��DQG���E��DUH�REYLRXVO\�PRUSKRORJLFDOO\�UHODWHG��KRZHYHU��DV�ZH�ZLOO�VHH�LQ�
PRUH�GHWDLO�LQ�WKH�QH[W�VHFWLRQ��WKH�-ta-�WR��QX��DOWHUQDWLRQ�LV�RQO\�RQH�RI�WKH�QXPHURXV�
SRVVLELOLWLHV�WKDW�FDQ�EH�XVHG�LQ�DVSHFWXDO�GHULYDWLRQV�

$V�KDV�DOUHDG\�EHHQ�SRLQWHG�RXW�LQ�UHODWLRQ�WR�/��&URDWLDQ�E\�WKH�DERYH�DXWKRUV��LQ�
DGGLWLRQ�WR�WKH�LQWULQVLF�FRPSOH[LW\�RI�WKH�SKHQRPHQRQ��WKH�SUREOHP�DOVR�VHHPV�WR�OLH�LQ�
WKH�WHDFKLQJ�DQG�OHDUQLQJ�PDWHULDOV��ZKLFK�GR�QRW�WUHDW�YHUEDO�DVSHFW�LQ�D�OHDUQHU�IULHQGO\�
PDQQHU�� 6LQFH� JHQHUDO� UXOHV� WKDW�ZRXOG� FDSWXUH� WKH� DVSHFWXDO� QDWXUH� RI� 6HUELDQ� YHUEV�
DUH�KDUG� WR�GH¿QH��ZH�EHOLHYH� WKDW� OHDUQHUV�QHHG� WR�KDYH�DYDLODEOH� WR� WKHP�VSHFLDOLVHG�
OHDUQLQJ�UHVRXUFHV��ULFK�LQ�GDWD�DQG�H[DPSOHV�RI�XVH��WKDW�ZRXOG�VXSSRUW�H[DPSOH�EDVHG�
OHDUQLQJ��WKLV�QHHG�LV�IDU�IURP�EHLQJ�PHW�E\�WKH�FXUUHQWO\�DYDLODEOH�WH[WERRNV��ZRUNERRNV��
JUDPPDUV�DQG�GLFWLRQDULHV�

,Q�WKLV�SDSHU��ZH�SURSRVH�D�FRUSXV�EDVHG�PHWKRG�IRU�FRPSLOLQJ�D�QRYHO�DQG�ULFKHU�
UHVRXUFH�IRU�WKH�/��DFTXLVLWLRQ�RI�6HUELDQ�YHUEDO�DVSHFW��:H�DXWRPDWLFDOO\�H[WUDFW�DQG�VWRUH�
LQIRUPDWLRQ�DERXW�WKH�DVSHFWXDO�EHKDYLRXU�RI�D�ODUJH�QXPEHU�RI�YHUEV��DQG�ZH�SHUIRUP�
D�VLPSOH�VWDWLVWLFDO�DQDO\VLV�RI�WKH�FRUSXV�GDWD�WR�LGHQWLI\�FKDUDFWHULVWLF�WUHQGV�ZKLFK�ZH�
WKHQ�XVH�WR�LGHQWLI\�SRWHQWLDO�JHQHUDOLVDWLRQV��DQG�DOVR�WR�OLVW�DV�PDQ\�LGLRV\QFUDWLF�FDVHV�
DV�SRVVLEOH��:H�DUJXH�WKDW�WKH�TXDQWLWDWLYHO\�GH¿QHG�FRQFHSW�RI�GHULYDWLRQDO�SURGXFWLYLW\ 
SOD\V�DQ�LPSRUWDQW�UROH�LQ�PDNLQJ�XVHIXO�JHQHUDOLVDWLRQV�DERXW�DVSHFWXDO�GHULYDWLRQV�LQ�
6HUELDQ��:H�XVH�WKLV�FRQFHSW�LQ�FRQVWUXFWLQJ�D�GHWDLOHG�\HW�FRPSDFW�UHSUHVHQWDWLRQ�RI�WKH�
NH\�IHDWXUHV�RI�DVSHFWXDO�IRUPDWLRQ�WKDW�ZLOO�SURYLGH�JRRG�WUDLQLQJ�PDWHULDO�IRU�OHDUQHUV�

,Q� WKH�QH[W� VHFWLRQ��ZH�JLYH�D�EULHI�RXWOLQH�RI�DVSHFWXDO�GHULYDWLRQV� LQ�6HUELDQ��
DIWHU�ZKLFK�ZH�SURYLGH�DQ�RYHUYLHZ�RI�WKH�FXUUHQWO\�DYDLODEOH�OHDUQLQJ�PDWHULDOV�DQG�WKHLU�
DSSURDFKHV�WR�YHUEDO�DVSHFW��6HFWLRQ�����:H�WKHQ�GHVFULEH�RXU�RZQ�DSSURDFK��EDVHG�RQ�
DXWRPDWLF�H[WUDFWLRQ�RI�UHOHYDQW�FRUSXV�GDWD��D�VWDWLVWLFDO�DQDO\VLV�RI�WKH�WUHQGV�LQ�WKH�GDWD��
DQG�D�FRPSLODWLRQ�RI�DVSHFWXDO�LQIRUPDWLRQ�WR�EH�LQFOXGHG�LQ�HDFK�YHUE¶V�GLFWLRQDU\�HQWU\�
�6HFWLRQ�����)LQDOO\��ZH�VXP�XS�WKH�UHVXOWV�DQG�SRLQW�WR�VRPH�GLUHFWLRQV�IRU�IXWXUH�ZRUN�
LQ�6HFWLRQ���

���$VSHFWXDO�GHULYDWLRQV�LQ�6HUELDQ
$V�ZH�ZLOO�VHH�LQ�PRUH�GHWDLO�LQ�6HFWLRQ����WKH�OHDUQLQJ�PDWHULDOV�DYDLODEOH�IRU�/��

6HUELDQ�ODUJHO\�EDVH�WKHLU�WUHDWPHQW�RI�DVSHFW�RQ�YHUE�SDLUV��+RZHYHU��DV�VKRZQ�LQ�7DEOH�

�� $�QXPEHU�RI�PRUSKRORJLFDO�GLIIHUHQFHV�H[LVW�EHWZHHQ�LQGLYLGXDO�YHUEV�LQ�6HUELDQ�DQG�&URDWLDQ��EXW�
RYHUDOO�LW�FDQ�EH�VDLG�WKDW�WKHLU�DVSHFWXDO�V\VWHPV�DUH�DOLNH��SRVLQJ�WKH�VDPH�NLQGV�RI�SUREOHPV�WR�/��OHDUQHUV�
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���UDWKHU�WKDQ�SDLUV��6HUELDQ�YHUEV�DUH�RUJDQLVHG�LQWR�DVSHFWXDO�VHTXHQFHV��0XOWLSOH�DI¿�[HV�
FDQ�EH�DGGHG� WR� WKH�VDPH�EDVH�YHUE��PRGLI\LQJ� LWV�PHDQLQJ�DQG� LWV�DVSHFW� LQ�GLIIHUHQW�
ZD\V��7KH�IRUPV�LQ�WKH�¿�UVW�FROXPQ�DUH�WKH�UHVXOW�RI�SUH¿�[DWLRQ��ZKLFK�LV�LQ�PDQ\�ZD\V�
VLPLODU�WR�WKH�DWWDFKPHQW�RI�SDUWLFOHV�WR�(QJOLVK�YHUEV��DV�WKH�WUDQVODWLRQV�RI�WKH�SUH¿�[HG�
IRUPV� VXJJHVW� �FI��0LOLüHYLü��������7KH�SUH¿�[� VSHFL¿�HV� WKH�PHDQLQJ�RI� WKH�EDVH�YHUE�
E\�LQWURGXFLQJ�DQ�DGGLWLRQDO�UHVXOWDWLYH�SUHGLFDWLRQ�LQWR�WKH�YHUE¶V�OH[LFDO�UHSUHVHQWDWLRQ�
�$UVHQLMHYLü��������DQG�WKH�DVSHFWXDO�FKDQJH�LQ�WKLV�GHULYDWLRQ�LV�D�FRQVHTXHQFH�RI�WKH�
IDFW�WKDW�WKH�UHVXOW�VWDWH�LQWURGXFHG�E\�WKH�SUH¿�[�PDNHV�WKH�HYHQW�WHPSRUDOO\�ERXQGHG�

7DEOH����$VSHFWXDO�GHULYDWLRQV�RI�LQWUDQVLWLYH�EDVH�YHUEV��[� �kuvati��,��µFRRN¶

,Q�VRPH�FDVHV�WKH�GHULYHG�YHUEV�FDQ�EH�IXUWKHU�PRGL¿�HG��DV�VKRZQ�LQ�WKH�VHFRQG�
FROXPQ�RI�7DEOH����%\�DWWDFKLQJ�D�VXI¿�[�� WKH�YHUE�EHFRPHV�D�VHFRQGDU\� LPSHUIHFWLYH��
REWDLQLQJ�D�QHZ� LPSHUIHFWLYH� LQWHUSUHWDWLRQ�� DPELJXRXV�EHWZHHQ�D�SURJUHVVLYH� DQG�DQ�
LWHUDWLYH�PHDQLQJ��/DVWO\��WKH�SUH¿�[HG�IRUPV�LQ�WKH�WKLUG�FROXPQ��GHULYHG�IURP�VHFRQGDU\�
LPSHUIHFWLYHV��FDQ�EH�UHJDUGHG�DV�GHVFULELQJ�PXOWLSOH�ERXQGHG�HYHQWV�5

,W�VKRXOG�DOVR�EH�QRWHG�WKDW�QRW�DOO�DVSHFWXDO�DI¿�[HV�WKDW�FDQ�EH�DWWDFKHG�WR�6HUELDQ�
YHUEV�KDYH�WKH�VDPH�JUDPPDWLFDO�VWDWXV��7KH�SUH¿�[HV�LQ�WKH�¿�UVW�FROXPQ�DUH�DVVRFLDWHG�
ZLWK�OH[LFDO�FRQWHQW��ZKLFK�WKH\�FRQWULEXWH�LQ�WKH�GHULYDWLRQ�RI�WKH�SUH¿�[HG�YHUEV��3RVVLEOH�
FRPELQDWLRQV�RI�YHUEV�ZLWK�WKHVH�SUH¿�[HV�DUH�GHWHUPLQHG�E\�WKHLU�OH[LFDO�FRPSDWLELOLW\�
�RU�OH[LFDO�SUHIHUHQFHV���IRU�LQVWDQFH��IHZHU�SUH¿�[HV�FDQ�EH�FRPELQHG�ZLWK�WKH�YHUE�kuvati 
IURP�7DEOH����WKDQ�ZLWK�WKH�YHUE�pisati�µZULWH¶��,Q�FRQWUDVW��WKH�SURJUHVVLYH�LWHUDWLYH�VXI¿�[�
LQ� WKH� VHFRQG� FROXPQ� LV� D� IXQFWLRQDO�PRUSKHPH�ZLWK� QR� LQGHSHQGHQW� OH[LFDO� FRQWHQW��
(YHQ�WKRXJK�WKH�IRUP�RI�WKH�VXI¿�[�LV�QRW�WKH�VDPH�IRU�DOO�YHUEV��FI��-va-�IRU�kuvati�YV� 
�MD��IRU�piti�µGULQN¶��H�J��LQ�QDSLMDti �µJHW�GUXQN¶���WKLV�YDULDWLRQ�LV�QRW�LQÀ�XHQFHG�E\�WKH�
YHUEV¶�OH[LFDO�FRQWHQW��)XQFWLRQDO�VWDWXV�FDQ�DOVR�EH�DVVLJQHG�WR�WKH�SUH¿�[�L]��LQ�WKH�WKLUG�
FROXPQ��WKLV�SUH¿�[�GRHV�QRW�YDU\�DPRQJ�YHUEV��H[FHSW�IRU�WKH�VWULFWO\�SKRQHWLF�DGDSWDWLRQ�
�UHJUHVVLYH�DVVLPLODWLRQ��6

�� $QRWKHU� FRPPRQ�ZD\� RI� IRUPLQJ� SHUIHFWLYH� YHUEV� LV� YLD� WKH� �QX�� DI¿�[�� DV� LQ� NXFDWL� !� NXFQXti 
µNQRFN¶��7KHVH�SHUIHFWLYHV��KRZHYHU��FDQQRW�IRUP�VHFRQGDU\�LPSHUIHFWLYHV�

�� 2WKHU�SUH¿�[HV�WKDW�FDQ�EH�XVHG�LQ�D�VLPLODU�ZD\��DQG�ZLWK�VLPLODU�PHDQLQJV��DUH�QD��DQG�po-��FI��
QDL]EDFLYDWL��SRL]EDFLYDWL��
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/H[LFDO�DQG�DVSHFWXDO�GHULYDWLRQV�DUH�DOVR�DOORZHG�ZLWK�YHUEV�ZKRVH�EDVLF�IRUP�LV�
SHUIHFWLYH��WKLV�SDUDGLJP�LV�LOOXVWUDWHG�LQ�7DEOH����,Q�WKLV�FDVH�SUH¿�[DWLRQ�GRHV�QRW�OHDG�WR�
D�FKDQJH�LQ�DVSHFW�DQG�WKH�YHUEV�LQ�WKH�¿�UVW�FROXPQ�UHPDLQ�SHUIHFWLYH��7KH�UHPDLQGHU�RI�
GHULYDWLRQV�SURFHHG�LQ�WKH�VDPH�ZD\�DV�IRU�WKH�LPSHUIHFWLYH�EDVH�IRUPV�7GHULYDWLRQV�SURFHHG�LQ�WKH�VDPH�ZD\�DV�IRU�WKH�LPSHUIHFWLYH�EDVH�IRUPV�

7DEOH����$VSHFWXDO�GHULYDWLRQV�RI�WUDQVLWLYH�EDVH�YHUEV��[� �EDFLWL��3��µWKURZ¶

7KHUH� DUH� VHYHUDO� RWKHU� SDWWHUQV� RI� OH[LFDO� H[SUHVVLRQ� RI� DVSHFWXDO� FODVVHV� LQ�
6HUELDQ�� VRPH�YHUEV�GR�QRW�KDYH�D�EDVH� IRUP�DQG�DUH�DOZD\V�SUH¿�[HG� �H�J��premestiti 
µPRYH¶� �� 
mestiti��� VRPH� SHUIHFWLYH� YHUEV� KDYH� QR� LPSHUIHFWLYH� FRXQWHUSDUWV� �VXFK� DV�
kloQXti3�µVXFFXPE¶��ZKLFK�LV�GHULYHG�E\�DWWDFKLQJ�D�SHUIHFWLYH�VXI¿�[�GLUHFWO\�WR�WKH�EDVLF�
IRUP�� DQG� YLFH� YHUVD� �MDGLNRYDWLI� µPRDQ¶��� VRPH� YHUEV� IRUP� VXSSOHWLYH� SDLUV� �UHüL3 - 
govoritiI�µVD\¶���HWF��+RZHYHU��LW�LV�SRVVLEOH�WR�LGHQWLI\�D�FRUH�VHW�RI�IDLUO\�UHJXODU�DVSHFWXDO�
VHTXHQFHV�ZKHUH�NQRZLQJ�WKDW�WKH�EDVH�IRUP�FDQ�EH�IXUWKHU�WUDQVIRUPHG�DOORZV�D�UXOH�
EDVHG�GHULYDWLRQ�RI�D�QXPEHU�RI�UHODWHG�IRUPV��$�VXPPDU\�RI�WKHVH�UHJXODU�SRVVLELOLWLHV�
LV�JLYHQ�LQ�)LJXUH���LV�JLYHQ�LQ�)LJXUH���

)LJXUH����6XPPDU\�RI�6HUELDQ�DVSHFWXDO�GHULYDWLRQV

�� $V�LOOXVWUDWHG�LQ�WKH�WRS�URZ�RI�7DEOH���IRU�EDFLWL��SHUIHFWLYH�EDVH�YHUEV�FDQ�KDYH�LPSHUIHFWLYH�IRUPV��
GHULYHG�WKURXJK�D�FKDQJH�LQ�D�VWHP�YRZHO��EDFiti�!�EDFDti���D�YRZHO�DQG�D�FRQVRQDQW��skRþiti�!�skDNati�¶MXPS¶���
RU�DQ�DFFHQW��pògledati�!�poglédati�µORRN¶��
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+DYLQJ� WKLV� SLFWXUH� LQ� PLQG�� SHUKDSV� WKH� PRVW� LPSRUWDQW� IDFW� WR� QRWH� LQ� WKH�
GHVFULSWLRQ�RI�DVSHFWXDO�GHULYDWLRQV�LQ�6HUELDQ�LV�WKDW�HYHQ�LQ�WKLV�µUHJXODU¶�GRPDLQ�QRW�DOO�
SUH¿[HG�YHUEV�FDQ�EH�IXUWKHU�PRGL¿HG��7KH�YHUE�skuvati�LQ�7DEOH����IRU�H[DPSOH��GRHV�QRW�
KDYH�WKH�IRUPV�WKDW�ZRXOG�EHORQJ�WR�WKH�VHFRQG�DQG�WKH�WKLUG�FROXPQ��7KH�IDFW�WKDW�IXUWKHU�
GHULYDWLRQV�DUH�EORFNHG�LQ�VRPH�FDVHV�LV�QRW�RQO\�VXEMHFW�WR�PXFK�WKHRUHWLFDO�GHEDWH��VHH�
6YHQRQLXV�������$UVHQLMHYLü�������äDXFHU��������EXW�LV�DOVR�FUXFLDO�IRU�/��DFTXLVLWLRQ�
RI�YHUEDO�DVSHFW��DV� OHDUQHUV�QHHG� WR�H[FOXGH� WKRVH�GHULYDWLRQV� WKDW�DUH�QRW�DFFHSWDEOH��
7KLV�WDVN�FDQ�PDNH�YHUEDO�DVSHFW�GLI¿FXOW� WR�DFTXLUH�HYHQ�IRU�VSHDNHUV�RI�RWKHU�6ODYLF�
ODQJXDJHV��DV� WKH�RSWLRQV�DOORZHG�E\�RQH� ODQJXDJH�GR�QRW�DOZD\V�FRLQFLGH�ZLWK� WKRVH�
SHUPLWWHG�E\�RWKHUV��)RU�LQVWDQFH��0¡QQHVODQG������������SRLQWV�RXW�WKDW�ZKLOH�&URDWLDQ�
�OLNH�6HUELDQ��GLVDOORZV�WKH�GHULYDWLRQ�pisati !�QDSLVDWL�!�
QDSLVLYDWL�µZULWH¶��LQ�%XOJDULDQ�
LW�LV�SRVVLEOH�WR�KDYH�SLãD�!�QDSLãD�!�QDSLVYDP��

&RQWUDU\�WR�H[LVWLQJ�WKHRUHWLFDO�SURSRVDOV��ZKLFK�DUJXH�IRU�VWUXFWXUDO�GLIIHUHQFHV�
EHWZHHQ�VXSHUOH[LFDO��IRU�H[DPSOH�s- LQ�skuvati��DQG�OH[LFDO�SUH¿[HV��DOO�WKH�RWKHU�SUH¿[HV�
LQ�WKH�¿UVW�FROXPQ�RI�7DEOH�����6YHQRQLXV��������ZH�EHOLHYH�WKDW�D�EHWWHU�LQVLJKW�LQWR�WKLV�
SUREOHP�FDQ�EH�JDLQHG�WKURXJK�D�TXDQWLWDWLYH�DQDO\VLV�RI�YHUE�XVHV�LQ�D�FRUSXV�EDVHG�RQ�
WKH�QRWLRQ�RI�SUH¿[�SURGXFWLYLW\��DQG�ZH�DUJXH�WKDW�JHQHUDOLVDWLRQV�IURP�VXFK�DQ�DQDO\VLV�
FDQ�KHOS�/��OHDUQHUV�LQ�WKH�GLI¿FXOW�WDVN�RI�PDVWHULQJ�YHUEDO�DVSHFW��

���9HUEDO�DVSHFW�LQ�/��6HUELDQ�WHDFKLQJ�DQG�OHDUQLQJ�PDWHULDOV

'HVSLWH�EHLQJ�UHFRJQLVHG�DV�D�GLI¿FXOW�DUHD�IRU� OHDUQHUV��YHUEDO�DVSHFW�GRHV�QRW�
UHFHLYH� PXFK� DWWHQWLRQ� LQ� /�� 6HUELDQ� WHDFKLQJ� DQG� OHDUQLQJ� PDWHULDOV�� 7KH� DSSURDFK�
DGRSWHG�LQ�WH[WERRNV�LV�PRVWO\�LQGXFWLYH��DQG�ERWK�SHUIHFWLYH�DQG�LPSHUIHFWLYH�YHUEV�DUH�
XVHG�IURP�WKH�EHJLQQLQJ��ZKLOH�H[SODQDWLRQV�RI�WKHLU�IRUPDWLRQ�DQG�XVH�DUH�SRVWSRQHG��
7KLV� FDQ� LQ� VRPH� UHVSHFWV� EH� VHHQ� DV� EHLQJ� LQ� OLQH�ZLWK� WKH� FRPPXQLFDWLYH� WHDFKLQJ�
PHWKRG�� KRZHYHU�� WKHUH� DSSHDUV� WR� EH� D� ODFN� RI� V\VWHPDWLFLW\� LQ� WKH� SUHVHQWDWLRQ� RI�
DVSHFWXDO� SKHQRPHQD�� IRUPDWLRQ� DQG� XVH� DUH� W\SLFDOO\� GHDOW�ZLWK� VLPXOWDQHRXVO\�� DQG�
DVSHFWXDO�PRUSKRORJ\��UHJDUGOHVV�RI�ZKHWKHU�LW�LV�SUHVHQWHG�WKURXJK�UXOHV�RU�YHUE�OLVWV��
WHQGV�WR�EH�FRYHUHG�LQ�D�ZD\�WKDW�PDNHV�LW�GLI¿FXOW�IRU�OHDUQHUV�WR�VHH�ZKLFK�IRUPV�DUH�
SURGXFWLYH�DQG�ZKLFK�DUH�QRW�

,Q�6HUELDQ�IRU�)RUHLJQHUV��ûRULü�������WKH�XVH�RI�DVSHFWXDO�SDLUV�LV�DYRLGHG�XQWLO�
WKH�SRLQW�ZKHUH�YHUEDO�DVSHFW�LV�H[SODLQHG�LQ�OHVVRQV����DQG�����RXW�RI������D�OLVW�RI�DERXW�
����YHUE�SDLUV�LV�SURYLGHG�DW�WKLV�SRLQW��VSOLW�LQWR�VXEVHFWLRQV�EDVHG�RQ�WKH�PRUSKRORJLFDO�
PHFKDQLVPV� DSSOLHG� LQ� WKH� GHULYDWLRQ�� ,Q� WKH� VHW� /HW¶V� OHDUQ� 6HUELDQ�� WKH� ¿UVW� ERRN�
�%MHODNRYLü�DQG�9RMQRYLü�������LQWURGXFHV�VHYHUDO�H[DPSOHV�RI�DVSHFWXDO�SDLUV�LQ�OHVVRQ���
�H�J��piti�µGULQN¶���popiti�µGULQN�XS¶���ZKLOH�WKH�VHFRQG�ERRN��$ODQRYLü�HW�DO��������OHVVRQ����
JLYHV�WKH�NH\�XVDJH�DQG�IRUPDWLRQ�UXOHV��DV�ZHOO�DV�D�ODUJHU�QXPEHU�RI�H[DPSOHV��LQFOXGLQJ�
WKRVH�RI�DVSHFWXDO�³IDPLOLHV´�VXFK�DV�QDSLVDWL�µZULWH¶���]DSLVDWL�µZULWH�GRZQ¶���dopisati µDGG�
LQ�ZULWLQJ¶� ��prepisati� µFRS\¶��DQG�VLPLODU��7KH� WHDFKHU¶V�PDQXDO�/HNWRUVNH�YHåEH� �������
FRPSULVHV� D� VHFWLRQ�RQ�YHUEDO� DVSHFW��ZLWK� D� WKHRUHWLFDO� UHFDS� DQG� VDPSOH� H[HUFLVHV� IRU�
GLIIHUHQW�SUR¿FLHQF\�OHYHOV��DJDLQ�PRVWO\�EDVHG�RQ�DVSHFWXDO�SDLUV��/DVWO\��LQ�WKH�FROOHFWLRQ�
RI�H[DP�SUDFWLFH�WHVWV�E\�.UDMLãQLN�DQG�0DULQNRYLü��������YHUEDO�DVSHFW�LV�LQFOXGHG�LQ�WKH�
GHVFULSWRUV�IRU�&()5�$��OHYHO��DW�WKLV�VWDJH��OHDUQHUV�DUH�H[SHFWHG�WR�NQRZ�WKH�DVSHFW�RI�
YHU\�IUHTXHQW�YHUEV�VXFK�DV�sesti/sedeti� µVLW¶�RU�QDSLVDWL�SLVDWL� µZULWH¶��7KH�NQRZOHGJH�RI�
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YHUEDO�DVSHFW�LV�WHVWHG�LQ�PRUH�GHWDLO�DW�OHYHO�%���ZKHUH�VRPH�RI�WKH�WDVNV�LQYROYH�FKRRVLQJ�
WKH�DVSHFWXDO�IRUP�DSSURSULDWH�IRU�WKH�JLYHQ�FRQWH[W�DQG�FRQMXJDWLQJ�WKH�YHUE�

0RUH� WKHRUHWLFDO� LQIRUPDWLRQ� LV� SURYLGHG� LQ� VRPH� RI� WKH� RWKHU� UHVRXUFHV��PRVW�
QRWDEO\� WZR�JUDPPDUV� DLPHG�DW�/�� OHDUQHUV�RI�6HUELDQ��.ODMQ� �������JLYHV�QXPHURXV�
H[DPSOHV�RI�DVSHFWXDO�SDLUV�GHULYHG�YLD�GLIIHUHQW�PHFKDQLVPV��KH�KLJKOLJKWV��KRZHYHU��
WKDW�PRUSKRSKRQRORJLFDO�SURSHUWLHV�RI�WKH�WZR�W\SHV�RI�YHUEV�DQG�D�FRPSOHWH�VHW�RI�UXOHV�
IRU�WKHLU�GHULYDWLRQ�DUH�LPSRVVLEOH�WR�GH¿QH�LQ�D�SULQFLSOHG�ZD\��ZKLFK�PDNHV�LW�QHFHVVDU\�
IRU�YHUEDO�DVSHFW�WR�EH�OHDUQHG�IURP�FRQWH[WXDOLVHG�XVH��0UD]RYLü�DQG�9XNDGLQRYLü��������
DOVR�IRFXV�RQ�DVSHFWXDO�SDLUV��H[SODLQLQJ�LQ�GHWDLO�WKH��LU�UHJXODULWLHV�LQ�WKHLU�GHULYDWLRQ�DQG�
SURYLGLQJ�DQ�HODERUDWH�OLVW�RI�DERXW����YHUE�SDLUV�IRUPHG�WKURXJK�GLIIHUHQW�PRUSKRORJLFDO�
SURFHVVHV��IROORZHG�E\�H[DPSOHV�RI�XVH��7KLV�JUDPPDU�DOVR�PHQWLRQV�WKDW�VRPH�GHULYHG�
SUH¿[HG�YHUEV��QDSLVDWL�µZULWH¶��UDãLULWL�µVSUHDG¶��LVFHGLWL�µVTXHH]H��GUDLQ¶��DPRQJ�RWKHUV��
ODFN�VHFRQGDU\�LPSHUIHFWLYHV��EXW�ZLWKRXW�GLVFXVVLQJ�WKLV�LVVXH�LQ�PRUH�GHSWK�

,Q�WKH�GRPDLQ�RI�GLFWLRQDULHV��ZH�VLQJOH�RXW�%DELü������D���D�FROOHFWLRQ�RI�YHUEV�
XVHG�LQ�WKH�/HW¶V�OHDUQ�6HUELDQ�WH[WERRNV��(DFK�YHUE¶V�HQWU\�LQ�WKLV�GLFWLRQDU\�FRQWDLQV�
LQIRUPDWLRQ� RQ� ZKHWKHU� WKH� YHUE� LV� SHUIHFWLYH� RU� LPSHUIHFWLYH� �RU� XQVSHFL¿HG��� ,Q�
DGGLWLRQ��HDFK�HQWU\�LQFOXGHV�D�VHFWLRQ�WKDW�SURYLGHV�WKH�YHUE¶V�DVSHFWXDO�SDLU�V���FUXFLDOO\��
PXOWLSOH� SDLUV� DUH� JLYHQ� IRU� VRPH� YHUEV�� WKH� EDVH� DQG� WKH� VHFRQGDU\� LPSHUIHFWLYH� IRU�
GHULYHG� SHUIHFWLYHV� �H�J�� L]DEUDWL - ELUDWL� DQG� L]DELUDWL� µFKRRVH¶��� DQG� VHYHUDO� SUH¿[HG�
YHUEV�IRU�EDVLF�LPSHUIHFWLYHV��H�J��WUþDWL�µUXQ¶���SRWUþDWL�µVWDUW�UXQQLQJ¶��GRWUþDWL�µDUULYH�
E\�UXQQLQJ¶��LVWUþDWL�µUXQ�RXW¶��8�+RZHYHU��WKH�FULWHULD�WKDW�WKH�FKRLFH�RI�SDLUV�LV�EDVHG�RQ�
DUH�QRW�DOZD\V�FOHDU��H�J��VRPH�IUHTXHQW�SUH¿[HG�IRUPV�OLNH�SUHWUþDWL�µUXQ�DFURVV¶�DUH�QRW�
OLVWHG���DQG�WKH�DERYH�SULQFLSOHV�DUH�QRW�FRQVLVWHQWO\�REH\HG��WUþDWL�LV�OLVWHG�IRU�SUHWUþDWL��
EXW�QRW�WKH�RWKHU�ZD\�URXQG���0RUHRYHU��GXH�WR�WKH�IRFXV�RQ�SDLUV��QRW�DOO�UHODWHG�IRUPV�
DUH�SUHVHQWHG�WRJHWKHU��

$V�FDQ�EH�VHHQ�IURP�WKLV�RYHUYLHZ��/��6HUELDQ�UHVRXUFHV�WHQG�WR�IRFXV�RQ�DVSHFWXDO�
SDLUV�� ODUJHO\� GLVUHJDUGLQJ� WKH� GHULYDWLRQDO� VHTXHQFHV� GHVFULEHG� LQ� WKH� SUHYLRXV� VHFWLRQ��
VHFRQGDU\�GHULYDWLRQV�DUH�UDUHO\�UHIHUUHG�WR�DV�VXFK�DQG�SUH¿[HG�YHUEV�DUH�QRW�VKRZQ�LQ�
FRPSOHWH�EDWFKHV��7R�VRPH�H[WHQW��WKLV�LV�XQGHUVWDQGDEOH��DV�WH[WERRNV�QHHG�WR�FRYHU�D�ORW�
RI�PDWHULDO��DQG�%DELü¶V�GLFWLRQDU\�DOVR�SURYLGHV�RWKHU�NLQGV�RI�JUDPPDWLFDO�DQG�OH[LFDO�
LQIRUPDWLRQ� DERXW�6HUELDQ� YHUEV��7KH�PDLQ� SUREOHP�� KRZHYHU�� OLHV� LQ� WKH� IDLOXUH� RI� WKH�
H[LVWLQJ� UHVRXUFHV� WR� SRLQW� WR� WKH� UHJXODULWLHV� DQG� SDWWHUQV� WKDW� FDQ� EH� LGHQWL¿HG� LQ� WKLV�
FRPSOH[�GRPDLQ��YHUE�SDLUV�WKDW�DUH�LQWURGXFHG�WRJHWKHU�EHORQJ�WR�GLIIHUHQW�PRUSKRORJLFDO�
W\SHV�� VRPH� GHULYHG� OH[LFDOO\� DQG� VRPH� JUDPPDWLFDOO\�� VRPH� SHUPLWWLQJ� VHFRQGDU\�
GHULYDWLRQV�DQG�VRPH�GLVDOORZLQJ�WKHP��IXUWKHUPRUH��WKH�IRFXV�LV�RQ�IUHTXHQW�YHUEV��ZKLOH�
WKH�OHVV�IUHTXHQW�RQHV�DUH�QHJOHFWHG�GHVSLWH�EHLQJ�SURGXFWLYH�DQG�WKXV�HDVLHU�WR�OHDUQ��

$V�D��SDUWLDO��VROXWLRQ�WR�WKHVH�SUREOHPV��LQ�WKH�QH[W�VHFWLRQ�ZH�SUHVHQW�RXU�SURSRVDO�
IRU� WKH� FRQVWUXFWLRQ� RI� D� VSHFLDOLVHG� OHDUQHU�IULHQGO\� GLFWLRQDU\� RI� 6HUELDQ� DVSHFWXDO�
IRUPV��:H�DUJXH�WKDW�VXFK�D�GLFWLRQDU\�VKRXOG�EH�FRUSXV�EDVHG��LQ�RUGHU�WR�UHÀHFW�DFWXDO�
ODQJXDJH� XVH�� DQG� WR� HQDEOH�PDNLQJ� DQ� LQIRUPHG� GLVWLQFWLRQ� EHWZHHQ� SURGXFWLYH� DQG�
XQSURGXFWLYH�IRUPV��

�� 7KH�YHUEV�OLVWHG�LQ�WKH�DVSHFWXDO�SDLUV�VHFWLRQ�DUH�QRW�QHFHVVDULO\�XVHG�LQ�WKH�WH[WERRNV��%DELü�����E��
�����
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���&RUSXV�GDWD�IRU�/��DFTXLVLWLRQ�RI�YHUEDO�DVSHFW�LQ�6HUELDQ

����5DWLRQDOH��PDWHULDOV�DQG�PHWKRG

2XU�DSSURDFK�WR�FRPSLOLQJ�D�UHVRXUFH�WKDW�ZLOO�IDLWKIXOO\�UHSUHVHQW�WKH�FRPSOH[�
NQRZOHGJH�DERXW�YHUE�DVSHFW�IRUPDWLRQ�LQ�6HUELDQ�LV�EDVHG�RQ�DXWRPDWLF�H[WUDFWLRQ�RI�
UHOHYDQW�GDWD� IURP� ODQJXDJH�FRUSRUD��7KH�PDLQ� LGHD�RI� WKLV�DSSURDFK� LV� WR� ORRN�DW� WKH�
GLIIHUHQW� W\SHV�RI�DVSHFWXDO�GHULYDWLRQV�LQ�D�FRUSXV��ZKLFK�ZH�FRQVLGHU� WR�EH�D�VDPSOH�
RI� VSRQWDQHRXV� ODQJXDJH� XVH�� DQG� GUDZ� JHQHUDOLVDWLRQV� RQ� WKH� EDVLV� RI� WKH� VWDWLVWLFDO�
WHQGHQFLHV�REVHUYHG�

7KH�FRUSXV�WKDW�ZH�XVH�IRU�WKLV�SDUWLFXODU�VWXG\�LV�WKH�PDQXDOO\�DQQRWDWHG�6HUELDQ�
WUDQVODWLRQ� RI� *�� 2UZHOO¶V� ³����´� �0XOWH[W�(DVW� SURMHFW�� .UVWHY� HW� DO�� ������ (UMDYHF�
������� LW� FRQWDLQV��������� WRNHQV��ZLWK������� DQQRWDWHG� OHPPDV��7KH� FRUSXV�GDWD� DUH�
H[WUDFWHG�DXWRPDWLFDOO\�XVLQJ�DQ�DQDO\VHU�WKDW�LPSOHPHQWV�WKH�GHULYDWLRQDO�UXOHV�GHVFULEHG�
LQ�6HFWLRQ����(YHQ�WKRXJK�VXFK�DQ�DQDO\VHU�GRHV�QRW�LGHQWLI\�DOO�WKH�SRVVLEOH�IRUPV��LW�FDQ�
SURYLGH� D� JRRG� DSSUR[LPDWLRQ� RI� WKH�PRUSKRORJLFDO� VWUXFWXUH� RI� D� ODUJH� VHW� RI� YHUEV��
:H�H[WUDFW�DQG�DQDO\VH�DOO�RFFXUUHQFHV�RI�YHUEV�GHULYHG�ZLWK�QLQH�GLIIHUHQW�SUH¿[HV��L]���
od-��QD���u-��o-��po-��pre-��UD]���DQG�]D���ZKLFK�LV�URXJKO\�RQH�KDOI�RI�WKH�WRWDO�QXPEHU�RI�
YHUE�SUH¿[HV� LQ�6HUELDQ��7KH� LQIRUPDWLRQ�DERXW� WKH�YHUEV¶�DVSHFW� LV�REWDLQHG�IURP�WKH�
PRUSKRV\QWDFWLF�DQQRWDWLRQ�

2XU�JRDO�LV�WR�SURYLGH�OHDUQHUV�ZLWK�D�UHSUHVHQWDWLRQ�RI�DVSHFWXDO�IRUPV�VXFK�WKDW�
LW� JURXSV� WRJHWKHU�PXOWLSOH� GHULYDWLRQV� WKDW� DSSO\� WR� VLQJOH� EDVLF� YHUEV�� FOHDUO\�� WKHVH�
GHULYDWLRQV�PXVW�¿UVW�EH�LGHQWL¿HG�LQ�WKH�FRUSXV��,GHQWLI\LQJ�ZKLFK�GHULYDWLRQV�DSSO\�WR�
ZKLFK�YHUE�FRQVLVWV�RI�WZR�WDVNV�����LVRODWLQJ�WKH�VHW�RI�SUH¿[HV�DQG�VXI¿[HV�WKDW�FDQ�EH�
DWWDFKHG�WR�D�JLYHQ�EDVLF�IRUP��DQG����GLVWLQJXLVKLQJ�EHWZHHQ�WKH�SUH¿[HG�IRUPV�WKDW�FDQ�
EH�IXUWKHU�LPSHUIHFWLYLVHG�DQG�WKRVH�WKDW�FDQQRW�

7R�DGGUHVV�WKHVH�WDVNV��IRU�HDFK�YHUE�ZH�LGHQWLI\�WKH�VHW�RI�FR�RFFXUULQJ�SUH¿[HV�
DQG� VXI¿[HV� DQG�ZH� HVWLPDWH� WKH� FR�RFFXUUHQFH� OLNHOLKRRG� EDVHG� RQ� FRUSXV� GDWD��:H�
FDOFXODWH�WKH�W\SH�IUHTXHQF\�RI�HDFK�SUH¿[��L�H��ZH�FRXQW�WKH�QXPEHU�RI�GLIIHUHQW�YHUEV�LW�
IRUPV�UHODWLYH�WR�LWV�RYHUDOO�IUHTXHQF\��WKH�REWDLQHG�IUHTXHQFLHV�UHSUHVHQW�WKH�GLVWULEXWLRQ�
RI�SUH¿[HV�DFURVV�YHUE�W\SHV��,I�D�SUH¿[�FDQ�EH�DVVRFLDWHG�ZLWK�PDQ\�GLIIHUHQW�YHUEV��LW�
FDQ�EH�FRQVLGHUHG�DV�SURGXFWLYH��DQG�WKXV�OLNHO\�WR�EH�DWWDFKHG�WR�DQ\�YHUE��7KLV�IXUWKHU�
LPSOLHV�WKDW�LW�FDQ�EH�H[SHFWHG�WR�FR�RFFXU�HYHQ�ZLWK�YHUEV�LW�ZDV�QRW�IRXQG�ZLWK�LQ�D�
SDUWLFXODU�FRUSXV��DQG�LW�VKRXOG�WKXV�EH�OLVWHG�LQ�D�GLFWLRQDU\�E\�GHIDXOW��,Q�FRQWUDVW�� LI�
D�SUH¿[�LV�IUHTXHQWO\�IRXQG�ZLWK�D�VPDOOHU�QXPEHU�RI�YHUEV��DQG�RQO\�RFFDVLRQDOO\�ZLWK�
RWKHUV��WKLV�SRLQWV�WR�DQ�DVVRFLDWLRQ�SDWWHUQ��DQG�VXFK�D�SUH¿[�VKRXOG�EH�OLVWHG�RQO\�ZLWK�D�
OLPLWHG�VHW�RI�YHUEV��SRVVLEO\�RQO\�WKRVH�LW�ZDV�IRXQG�ZLWK�LQ�WKH�FRUSXV��

,Q�RUGHU�WR�LGHQWLI\�WKH�SUH¿[HG�IRUPV�WKDW�FDQ�EH�IXUWKHU�LPSHUIHFWLYLVHG��IRU�HDFK�
SUH¿[�ZH�FRXQW�WKH�QXPEHU�RI�VHFRQGDU\�LPSHUIHFWLYHV�IRUPHG�E\�DWWDFKLQJ�WKH�VXI¿[�
-va-� ZKLFK�FDQ�EH�FRQVLGHUHG�D�UHJXODU�GHULYDWLRQ��:H�WKHQ�FDOFXODWH�WKH�UDWLR�EHWZHHQ�
WKH�QXPEHU�RI�WKHVH�IRUPV�DQG�WKH�RYHUDOO�QXPEHU�RI�LPSHUIHFWLYHV��WKH�JUHDWHU�WKH�YDOXH�
RI�WKH�UDWLR��WKH�PRUH�UHJXODU�WKH�DWWDFKPHQW�RI�WKH�VHFRQGDU\�LPSHUIHFWLYH�VXI¿[�
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����5HVXOWV�DQG�GLVFXVVLRQ

7KH�UHVXOWV�RI�RXU�VDPSOH�DQDO\VLV�DUH�VKRZQ�LQ�WKH�WRS�URZ�RI�)LJXUH����:H�FDQ�
VHH�LQ�WKH�JUDSK�RQ�WKH�OHIW�KDQG�VLGH�WKDW�WKH�SUH¿�[HV�ZH�DQDO\VHG�GLIIHU�LQ�SURGXFWLYLW\��
6RPH�RI�WKHP��L]���]D���SR���X���DUH�FRPELQHG�ZLWK�PDQ\�GLIIHUHQW�YHUEV��ZKLOH�RWKHUV��SUH���
UD]���QD���DUH�FRPELQHG�ZLWK�IHZHU��QRWH�WKDW�WKLV�GLIIHUHQFH�FDQQRW�EH�FDXVHG�E\�GLIIHUHQW�
RYHUDOO�IUHTXHQFLHV�RI�WKH�SUH¿�[HV��DV�WKH�FRXQWV�DUH�UHODWLYH�WR�WKH�RYHUDOO�IUHTXHQF\��$V�
FDQ�EH�REVHUYHG� LQ� WKH�JUDSK� WR� WKH� ULJKW�� VHFRQGDU\� LPSHUIHFWLYH�GHULYDWLRQV�DUH�DOVR�
PRUH�IUHTXHQW�ZLWK�VRPH�SUH¿�[HV�WKDQ�ZLWK�RWKHUV��

:KDW� LV� SDUWLFXODUO\� LQWHUHVWLQJ� DERXW� WKHVH� UHVXOWV� LV� WKH� IDFW� WKDW� WKH� WZR�
GLVWULEXWLRQV�PLJKW�EH�FRUUHODWHG�� WKH� VLPLODULW\�RI� WKHLU� VKDSHV� VXJJHVWV� WKDW� WKH�PRUH�
SURGXFWLYH� SUH¿�[HV� WHQG� WR� EH� WKH� VDPH� RQHV� WKDW� DUH� W\SLFDOO\� IRXQG� LQ� VHFRQGDU\�
LPSHUIHFWLYHV��7KLV�LPSOLHV�WKDW�VHFRQGDU\�LPSHUIHFWLYH�GHULYDWLRQV�FDQ�EH�H[SHFWHG�ZLWK�
YHUEV�IRUPHG�E\�SUH¿�[HV�WKDW�DUH�JHQHUDOO\�PRUH�SURGXFWLYH��ZKLOH�WKH\�DUH�OHVV�OLNHO\�
ZLWK�YHUEV�IRUPHG�E\�XQSURGXFWLYH�SUH¿�[HV�ZLWK�YHUEV�IRUPHG�E\�XQSURGXFWLYH�SUH¿�[HV�

)LJXUH����)UHTXHQF\�GLVWULEXWLRQV�RI�FRXQWHG�LWHPV�DFURVV���VWXGLHG�SUH¿�[HV��WKH�QXPEHU�RI�
GLIIHUHQW�YHUE�VWHPV�FRPELQHG�ZLWK�HDFK�SUH¿�[��WKH�SURSRUWLRQ�RI�VHFRQGDU\�LPSHUIHFWLYHV�RXW�RI�
DOO�LPSHUIHFWLYH�IRUPV��WKH�IUHTXHQF\�RI�FRUUHVSRQGLQJ�SUHSRVLWLRQV��DQG�WKH�RYHUDOO�SURSRUWLRQ�RI�

LPSHUIHFWLYH�IRUPV

$V�ZH�KDG�QRW�SUHGLFWHG�WKLV�RXWFRPH��ZH�GLG�QRW�VHW�XS�WKH�H[SHULPHQW�LQ�D�ZD\�
WKDW�ZRXOG� DOORZ� XV� WR�PHDVXUH� WKH� VWUHQJWK� RI� WKH� FRUUHODWLRQ�� VR� IRU� WKH� WLPH� EHLQJ�
ZH� DUH� GHDOLQJ�ZLWK� DQ� DSSUR[LPDWH� LQVLJKW��:H�KDYH�� KRZHYHU�� SHUIRUPHG� DGGLWLRQDO�
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WHVWV� WR�PDNH� VXUH� WKDW� WKLV� UHVXOW� LV� QRW� GXH� WR� VRPH�RWKHU� IDFWRUV��7R� FKHFN� WKDW� WKH�
REVHUYHG�DV\PPHWU\�LV�QRW�UHODWHG�WR�WKH�SUH¿[HV¶�IUHTXHQFLHV�ZKHQ�XVHG�DV�LQGHSHQGHQW�
SUHSRVLWLRQV��ZH�H[WUDFWHG�WKH�IUHTXHQF\�GDWD�RQ�WKH�SUHSRVLWLRQV�FRUUHVSRQGLQJ�WR�WKH�
SUH¿[HV�LQFOXGHG�LQ�RXU�VWXG\��7KH�FRXQWV�DUH�VKRZQ�RQ�WKH�OHIW�KDQG�VLGH�RI�WKH�ERWWRP�
URZ�LQ�)LJXUH����6LQFH�PRUSKRORJLFDO�WDJV�ZHUH�QRW�QHFHVVDU\�LQ�WKLV�FDVH��ZH�H[WUDFWHG�
WKHVH�FRXQWV�IURP�WKH�ODUJHU��QRQ�DQQRWDWHG�&RUSXV�RI�&RQWHPSRUDU\�6HUELDQ�/DQJXDJH 
����0�ZRUGV��KWWSV���NRUSXV�PDWI�EJ�DF�UV��� WKH�FRXQW�HTXDOV� WR���IRU�UD]��EHFDXVH� WKLV�
SUH¿[�GRHV�QRW�KDYH�D�FRUUHVSRQGLQJ�SUHSRVLWLRQ��GHVSLWH�KDYLQJ�D�FOHDU�VSDWLDO�PHDQLQJ��
µDSDUW¶���7R�PDNH�VXUH�WKDW�WKH�SURSRUWLRQ�RI�VHFRQGDU\�LPSHUIHFWLYHV�LV�QRW�LQÀXHQFHG�E\�
WKH�RYHUDOO�SURSRUWLRQ�RI�LPSHUIHFWLYH�IRUPV��ZH�FRXQWHG�WKH�WRWDO�QXPEHU�RI�LPSHUIHFWLYHV�
IRU�HDFK�SUH¿[��WKLV�LV�VKRZQ�LQ�WKH�JUDSK�LQ�WKH�ERWWRP�ULJKW�FRUQHU�RI�)LJXUH���

7KH� GLVWULEXWLRQV� VKRZQ� LQ� WKH� ORZHU� SRUWLRQ� FOHDUO\� GR� QRW� IROORZ� WKH� SDWWHUQ�
WKDW�FDQ�EH�REVHUYHG� LQ� WKH�XSSHU�SRUWLRQ�RI�)LJXUH����2Q� WKH�EDVLV�RI� WKHVH� WHVWV��ZH�
FDQ� H[FOXGH� WKH� DERYH� WZR� IDFWRUV� DV� SRWHQWLDO� VRXUFHV� RI� WKH� REVHUYHG� DV\PPHWU\��
ZKLFK�VXSSRUWV�RXU�FODLP�WKDW�WKH�SURGXFWLYLW\�RI�D�SUH¿[�DQG�WKH�OLNHOLKRRG�RI�DWWDFKLQJ�
D� VHFRQGDU\� LPSHUIHFWLYH� VXI¿[� DUH� FRUUHODWHG�� +RZHYHU�� IXUWKHU� UHVHDUFK� LV� QHHGHG�
WR�GH¿QLWHO\�FRQ¿UP�WKLV�FRUUHODWLRQ�� ,Q�DGGLWLRQ� WR�SURYLGLQJ�DQ�H[DFW�PHDVXUH�RI� WKH�
FRUUHODWLRQ��LW�LV�DOVR�QHFHVVDU\�WR�GHYHORS�D�PRUH�HODERUDWH�PHDVXUH�IRU�WKH�SURGXFWLYLW\�
RI�YHUE�SUH¿[�FRPELQDWLRQV��H�J��D�PHDVXUH�EDVHG�RQ�KDSD[�OHJRPHQD��DV�SURSRVHG�E\�
%DD\HQ���������:H�GR�QRW�SXUVXH�WKLV�LVVXH�IXUWKHU�LQ�WKH�FXUUHQW�VWXG\��LQVWHDG��ZH�IRFXV�
RQ�WKH�UROH�WKDW�WKH�GLVWLQFWLRQ�EHWZHHQ�SURGXFWLYH�DQG�XQSURGXFWLYH�GHULYDWLRQV�SOD\V�LQ�
WKH�UHSUHVHQWDWLRQ�RI�YHUEDO�DVSHFW�IRU�OHDUQHUV��:H�GHPRQVWUDWH�D�SRVVLEOH�DSSOLFDWLRQ�RI�
RXU�¿QGLQJV�RQ�D�SUDFWLFDO�H[DPSOH�

����$�SUDFWLFDO�H[DPSOH

7DEOH���VKRZV�WKH�FRXQWV�FROOHFWHG�IRU�WKH�YHUE�pisati�µZULWH¶�XVLQJ�WKH�DSSURDFK�
RXWOLQHG�DERYH��7KH�VROXWLRQ�WKDW�ZH�SURSRVH�IRU�WKH�SUREOHP�RI�YHUEDO�DVSHFW�FRYHUDJH�
LQ�/��6HUELDQ�PDWHULDOV�FRQVLVWV�LQ�UHSUHVHQWLQJ�WKUHH�NLQGV�RI�LQIRUPDWLRQ�DXWRPDWLFDOO\�
DFTXLUHG�IURP�D�FRUSXV��)LUVW��ZH�¿QG�WKH�EDVLF�IRUP�RI�WKH�YHUE��pisati�LQ�7DEOH����DQG�
LWV�DVSHFW� �LQ� WKLV�FDVH�� LPSHUIHFWLYH���6HFRQG��ZH�LGHQWLI\� WKH�XQSURGXFWLYH�GHULYDWLRQ�
�QDpisati��DQG�LWV�DVSHFW��SHUIHFWLYH���WKLV�IRUP�LV�GHULYHG�XVLQJ�DQ�XQSURGXFWLYH�SUH¿[�
�QRWH�WKDW�QD�� LV�SODFHG�RQ�WKH�IDU�ULJKW�RI�WKH�¿UVW�JUDSK�LQ�)LJXUH�����7KLUG��ZH�OLVW�D�
QXPEHU�RI�UHSUHVHQWDWLYH�SURGXFWLYH�IRUPV�� WRJHWKHU�ZLWK� WKHLU�VHFRQGDU\�LPSHUIHFWLYH�
GHULYDWLRQV�� WKHUH� LV� QR� QHHG� WR� OLVW� WKH� SHUIHFWLYH� IRUPV� WKDW� FRUUHVSRQG� WR� WKH� WKLUG�
FROXPQ�RI�7DEOHV���DQG����DV�WKHVH�IRUPV�DUH�YHU\�UDUH��DQG�DUH�IRUPHG�LQ�D�IXOO\�UHJXODU�
PDQQHU��ZKLFK�PHDQV�WKDW�WKH\�FDQ�EH�GHVFULEHG�E\�D�UXOH�
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7DEOH����$Q�H[DPSOH��pisati�µZULWH¶
7KH�FRXQWV�VKRZQ�LQ�EUDFNHWV�UHSUHVHQW�WKH�QXPEHU�RI�WLPHV�HDFK�LWHP�ZDV�IRXQG�

LQ�WKH�FRUSXV�XVHG�IRU�WKLV�VWXG\��WKHVH�QXPEHUV�FDQ�EH�WDNHQ�DV�WKH�EDVLV�IRU�DVVHVVLQJ�WKH�
SUREDELOLW\�RI�HDFK�IRUP��7KH�SUREDELOLW\�LWVHOI�GRHV�QRW�KDYH�WR�EH�D�SDUW�RI�WKH�GLFWLRQDU\�
HQWU\�� EXW� LW� LV� LPSOLFLWO\� LQFOXGHG� LQ� WKH� UHSUHVHQWDWLRQ�ZH� SURSRVH�� WKH� XQSURGXFWLYH�
LWHP��QDSLVDWL� LQ�7DEOH���� LV�PXFK�PRUH� IUHTXHQW� WKDQ�DQ\�RI� WKH�SURGXFWLYH� IRUPV� LQ�
WKH�ORZHU�SDUW�RI�WKH�WDEOH��7KH�HPSW\�VORWV�LQ�WKH�SURGXFWLYH�IRUPV�VHFWLRQ��WKH�PLVVLQJ�
FRXQWHUSDUWV�RI� ispisati�DQG�propisivati��UHSUHVHQW�FDVHV�WKDW�QHHG�WR�EH�LQFOXGHG�LQ�WKH�
UHSUHVHQWDWLRQ�HYHQ�WKRXJK�WKH\�DUH�QRW�IRXQG�LQ�WKH�FRUSXV��DV�GLVFXVVHG�LQ�6HFWLRQ�����

,Q�DGGLWLRQ� WR� WKH� LQIRUPDWLRQ�DERXW�DFFHSWDEOH�GHULYDWLRQV�� WKH�NQRZOHGJH� WKDW�
WKLV� UHSUHVHQWDWLRQ�PDNHV�DYDLODEOH� WR� WKH� OHDUQHUV� LQFOXGHV� WKH� LPSRUWDQW� IDFW� WKDW� WKH�
IRUP�
QDSLVLYDWL�LV�H[FOXGHG��7KLV�LV�PDGH�REYLRXV�QRW�RQO\�E\�RPLWWLQJ�WKLV�IRUP�IURP�
WKH�OLVW��EXW�DOVR�E\�WKH�SURPLQHQW�SRVLWLRQ�RI�LWV�H[LVWLQJ�SHUIHFWLYH�FRXQWHUSDUW��ZKLFK�LV�
VHSDUDWHG�IURP�DOO�WKH�RWKHU�IRUPV��

���&RQFOXVLRQ

,Q� WKLV�SDSHU�ZH�GLVFXVVHG� WKH�SUREOHP�RI�KRZ�WR�EHVW�SUHVHQW�YHUEDO�DVSHFW� WR�
/��OHDUQHUV�RI�6HUELDQ��7KH�H[LVWLQJ�PDWHULDOV�GR�QRW�VHHP�WR�EH�EDVHG�RQ�D�V\VWHPDWLF�
DSSURDFK�� DV� WKH\� RIWHQ� LQWURGXFH� DVSHFWXDO� SDLUV� RI� GLIIHUHQW� W\SHV� WRJHWKHU�� ZKLOH�
QHJOHFWLQJ�VHTXHQFHV�LQYROYLQJ�VHFRQGDU\�GHULYDWLRQV��WKH\�DOVR�IRFXV�DOPRVW�H[FOXVLYHO\�
RQ�IUHTXHQW�YHUEV��IDLOLQJ�WR�QRWLFH�WKDW�WKH�LQIUHTXHQW�RQHV�DUH�PRUH�SURGXFWLYH�DQG�HDVLHU�
WR�OHDUQ��:H�WKXV�EHOLHYH�WKDW�D�QRYHO�V\VWHPDWLF�GLFWLRQDU\�RI�DVSHFWXDO�IRUPV��EDVHG�RQ�
WKH�FRQFHSW�RI�GHULYDWLRQDO SURGXFWLYLW\�UDWKHU� WKDQ�IUHTXHQF\�DORQH��FRXOG�EH�RI�JUHDW�
KHOS� WR� OHDUQHUV��2XU�SUHOLPLQDU\�DQDO\VLV�RI�SUH¿[�SURGXFWLYLW\�DQG� LWV� UHODWLRQ� WR� WKH�
DYDLODELOLW\�RI�VHFRQGDU\�DVSHFWXDO�GHULYDWLRQV�LQGLFDWHV�WKDW�WKLV�LGHD�LV�RQ�WKH�ULJKW�WUDFN��
,Q� IXUWKHU�ZRUN�ZH� DLP� WR� H[SORUH� DGGLWLRQDO� SURGXFWLYLW\�PHDVXUHV�� FRPSOHPHQW� WKH�
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GHVFULSWLYH�VWDWLVWLFDO�DQDO\VHV�ZLWK�LQIHUHQWLDO�WHVWV��DQG�XOWLPDWHO\�DSSO\�WKH�GHYHORSHG�
PHWKRGRORJ\�WR�D�ODUJHU�FRUSXV��ZKLFK�ZLOO�HQDEOH�XV�WR�H[WUDFW�VXI¿FLHQW�LQIRUPDWLRQ�RQ�
WKH�IRUPV�WR�EH�LQFOXGHG�LQ�WKH�OHDUQHU�GLFWLRQDU\�

5HIHUHQFHV

$ODQRYLü��0��HW�DO����������1DXþLPR�VUSVNL���/HW¶V�OHDUQ�6HUELDQ����1RYL�6DG��'QHYQLN�
$UVHQLMHYLü��%����������6ODYLF�YHUE�SUH¿[HV�DUH�UHVXOWDWLYH��&DKLHUV�&KURQRV�������������
%DELü��%�������D���1DXþLPR�VUSVNL���L����5HþQLN�JODJROD��1RYL�6DG��)LOR]RIVNL�IDNXOWHW�
%DELü��%�������E���0RUIRORãNR�VLQWDNVLþNL�PLQLPDOQL�UHþQLN�JODJROD�VUSVNRJ�MH]LND�NDR�VWUD-

QRJ��3ULOR]L�SURXþDYDQMX�MH]LND�������������
%DD\HQ��5��+����������4XDQWLWDWLYH�DVSHFWV�RI�PRUSKRORJLFDO�SURGXFWLYLW\��,Q�<HDUERRN�RI�

0RUSKRORJ\�������*��(��%RRLM�DQG�-��YDQ�0DUOH��HGV���'RUGUHFKW��.OXZHU�$FDGHPLF�3XEOLVKHUV��
��������

%MHODNRYLü��,��DQG�-��9RMQRYLü���������1DXþLPR�VUSVNL���/HW¶V� OHDUQ�6HUELDQ����1RYL�6DG��
'QHYQLN��

&YLNLü��/��DQG�=��-HODVND���������6ORåHQRVW�RYODGDYDQMD�JODJROVNLP�YLGRP�X�LQRMH]LþQRPH�
KUYDWVNRPH��/$+25� þDVRSLV�]D�KUYDWVNL�NDR�PDWHULQVNL��GUXJL�L�VWUDQL�MH]LN������������

ûRULü��%����������6USVNL�]D�VWUDQFH�6HUELDQ�IRU�)RUHLJQHUV��%HRJUDG��ýLJRMD�ãWDPSD��
(UMDYHF��7����������08/7(;7�(DVW�YHUVLRQ����PXOWLOLQJXDO�PRUSKRV\QWDFWLF�VSHFL¿FDWLRQV��

OH[LFRQV�DQG�FRUSRUD��,Q�/5(&����� 3URFHHGLQJV��9DOOHWWD������������
-HODVND��=��DQG�1��2SDþLü���������*ODJROVNL�YLG�L�YLGVNL�SDURYL��,Q�Hrvatski kao drugi i stra-

QL�MH]LN��=��-HODVND�HW�DO���HGV���=DJUHE��+UYDWVND�VYHXþLOLãQD�QDNODGD���������� 
.ODMQ��,����������*UDPDWLND�VUSVNRJ�MH]LND�]D�VWUDQFH��%HRJUDG��=DYRG�]D�XGåEHQLNH�
.R]áRZVND�0DFJUHJRU��0����������7KH�VWDWH�RI�QHDU�QDWLYH�JUDPPDU��$�VWXG\�RI�DVSHFW�LQ�

/��3ROLVK��'RFWRUDO�GLVVHUWDWLRQ��0RQWUHDO��0F*LOO�8QLYHUVLW\�
.UDMLãQLN��9��DQG�1��0DULQNRYLü���������7HVWRYL�]D�SRODJDQMH�VUSVNRJ�NDR�VWUDQRJ�MH]LND��

%HRJUDG��)LORORãNL�IDNXOWHW�
.UVWHY��&���'��9LWDV��DQG�7��(UMDYHF���������08/7(;7�(DVW�UHVRXUFHV�IRU�6HUELDQ��,Q�Pro-

FHHGLQJV�RI��WK�,QIRUPDWLRQDO�6RFLHW\���/DQJXDJH�7HFKQRORJLHV�&RQIHUHQFH��,6�/7&����������
/HNWRUVNH�YHåEH����������%HRJUDG��,QWHUQDWLRQDO�&HQWUH�IRU�6ODYLF�6WXGLHV��
0LNKD\ORYD��$����������,QWHUDFWLRQ�RI�$VSHFWXDO�0RUSKRORJ\�LQ�/��DQG�+HULWDJH�5XVVLDQ��

,Q�6HOHFWHG�3URFHHGLQJV�RI�WKH������6HFRQG�/DQJXDJH�5HVHDUFK�)RUXP��*��*UDQHQD�HW�DO���HGV���
6RPHUYLOOH��0$��&DVFDGLOOD�3URFHHGLQJV�3URMHFW��������

0LOLüHYLü��1����������7KH�OH[LFDO�DQG�VXSHUOH[LFDO�YHUEDO�SUH¿[�L]��DQG�LWV�UROH�LQ�WKH�VWDFN-
LQJ�RI�SUH¿[HV��1RUGO\G�����������������

0¡QQHVODQG��6����������*ODJROVNL�YLG�X�KUYDWVNRP�MH]LNX��,Q�=ERUQLN�=DJUHEDþNH�VODYLV-
WLþNH�ãNROH��������6��%RWLFD��HG����=DJUHE��))�SUHVV���������

0UD]RYLü��3��DQG�=��9XNDGLQRYLü���������*UDPDWLND�VUSVNRJ�MH]LND�]D�VWUDQFH��1RYL�6DG��
,]GDYDþND�NQMLåDUQLFD�=RUDQD�6WRMDQRYLüD�

6FKPLHGWRYi��%����������7KH�XVH�RI�DVSHFW�LQ�&]HFK�/���,Q�$FTXLVLWLRQ�RI�$VSHFW��=$6�3D-
SHUV�LQ�/LQJXLVWLFV�����'��%LWWQHU�DQG�1��*DJDULQD��HGV���%HUOLQ��=$6����������

6ODEDNRYD��5���������:KDW�LV�VR�GLI¿FXOW�DERXW�WHOLFLW\�PDUNLQJ�LQ�/��5XVVLDQ"�%LOLQJXDO-
LVP��/DQJXDJH�DQG�&RJQLWLRQ�������������

6YHQRQLXV��3����������6ODYLF�SUH¿[HV�LQVLGH�DQG�RXWVLGH�93��1RUGO\G����������������
9HQGOHU��=����������/LQJXLVWLFV�LQ�3KLORVRSK\��,WKDFD��1<��&RUQHOO�8QLYHUVLW\�3UHVV�
äDXFHU�� 5�� �������� 7KH� UHÀH[LYH�LQWURGXFLQJ� QD�� DQG� WKH� GLVWLQFWLRQ� EHWZHHQ� LQWHUQDO�

DQG�H[WHUQDO�6ODYLF�SUH¿[HV�� ,Q��)RUPDO�6WXGLHV� LQ�6ODYLF�/LQJXLVWLFV� �$��6PLUQRYD�HW� DO��� HGV���
1HZFDVWOH�7\QH��&DPEULGJH�6FKRODUV�3XEOLVKLQJ���������
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7DQMD�6DPDUGåLü
0DMD�0LOLþHYLü

5(ý1,.�*/$*2/6.2*�9,'$�=$6129$1�1$�32'$&,0$�,=�.25386$�
=$�8ý(1,.(�6536.2*�-(=,.$�.$2�675$12*

6DåHWDN��8�UDGX�VH�SUHGODåH�WHRULMVNL�RNYLU�NDR�L�RGJRYDUDMXüD�PHWRGRORJLMD�]D�XQDSUHÿHQMH�
RSLVD� JODJROVNRJ� YLGD� X� VUSVNRP� MH]LNX� ]D� SRWUHEH� XþHQMD� VSUVNRJ� NDR� VWUDQRJ�� 8RþDYDMXüL�
QHGRVWDWDN� NOMXþQLK� LQIRUPDFLMD� R� L]YRÿHQMX� L� XSRWUHEL� YLGVNLK� IRUPL� X� SRVWRMHüLP� XþHQLþNLP�
PDWHULMDOLPD�� SUHGODåHPR� L]UDGX� VSHFLMDOL]RYDQRJ� UHþQLND� X� NRPH� EL� XþHQLFL�PRJOL� GD� SURQDÿX�
VLVWHPDWL]RYDQH� LQIRUPDFLMH� EH]� NRMLK� MH� WHãNR� GRVWLüL� QHRSKRGQX� NRPSWHQFLMX� X� NRULãüHQMX�
JODJROVNRJ�YLGD��8�NRQVWUXNFLML� UHþQLND�NRULVWL� VH� RULJLQDODQ�SULVWXS� ]DVQRYDQ�QD�NYDQWLWDWLYQRM�
GLVWLQNFLML�L]PHÿX�SURGXNWLYQLK�L�QHSURGXNWLYQLK�REOLND��3URGXNWLYQL�REOLFL�VX�L]YHGHQL�SUH¿NVLPD�
NRML�VH�NRPELQXMX�VD�EURMQLP�JODJROLPD��GRN�VX�QHSURGXNWLYQL�REOLFL�L]YHGHQL�SUH¿NVLPD�þLMD�MH�
GLVWULEXFLMD�RJUDQLþHQD�QD�UHODWLYQR�PDOL�EURM�JODJROD��,VWRYUHPHQR��SURGXNWLYQH�IRUPH�VX�UHÿH�X�
XSRWUHEL��DOL�YLãH�SRGOHåX�SUDYLOLPD�RG�QHSURGXNWLYQLK�IRUPL��3RPRüX�SUDNWLþQRJ�SULPHUD�REUDGH�
MHGQH�RGUHGQLFH�SRND]XMHPR�QD�NRML�QDþLQ�L]ORåHQL�NRQFHSWL�SRPDåX�X�LVUFUSQRM��DOL�NRPSDNWQRM�
SUH]HQWDFLML�JODJROVNRJ�DVSHNWD�X�VUSVNRP�

.OMXþQH�UHþL��XVYDMDQMH�GUXJRJ�MH]LND��VUSVNL��JODJROVNL�YLG��NRUSXVL


