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*HQGHU�%LDV�DQG�8QGHU�5HSUHVHQWDWLRQ�LQ�1DWXUDO�/DQJXDJH�3URFHVVLQJ�$FURVV�+XPDQ�/DQJXDJHV
<DQ�&KHQ���&KULVWRSKHU�0DKRQH\���,VDEHOOD�*UDVVR���(VPD�:DOL���$ELJDLO�0DWWKHZV���7KRPDV�0LGGOHWRQ���0DULDPD�1MLH���-HDQQD�1HHIH�0DWWKHZV��

�&ODUNVRQ�8QLYHUVLW\���8QLYHUVLW\�RI�:LVFRQVLQ�0DGLVRQ���,RQD�&ROOHJH

1DWXUDO�/DQJXDJH�3URFHVVLQJ��1/3��V\VWHPV�DUH�DW�WKH�KHDUW�RI�PDQ\�FULWLFDO�
DXWRPDWHG�GHFLVLRQ�PDNLQJ�V\VWHPV�PDNLQJ�FUXFLDO�UHFRPPHQGDWLRQV�DERXW�
RXU�IXWXUH�ZRUOG��+RZHYHU��WKHVH�V\VWHPV�UHIOHFW�D�ZLGH�UDQJH�RI�ELDV��IURP�
JHQGHU�ELDV�WR�D�ELDV�LQ�ZKLFK�YRLFHV�WKH\�UHSUHVHQW��,Q�WKLV�SDSHU��D�WHDP�
LQFOXGLQJ�VSHDNHUV�RI���ODQJXDJHV���&KLQHVH��6SDQLVK��(QJOLVK��$UDELF��
*HUPDQ��)UHQFK��)DUVL��8UGX��DQG�:RORI���UHSRUWV�DQG�DQDO\]HV�
PHDVXUHPHQWV�RI�JHQGHU�ELDV�LQ�WKH�:LNLSHGLD�FRUSRUD�IRU�WKHVH���
ODQJXDJHV��,Q�WKH�SURFHVV��ZH�DOVR�GRFXPHQW�KRZ�RXU�ZRUN�H[SRVHV�FUXFLDO�
JDSV�LQ�WKH�1/3�SLSHOLQH�IRU�PDQ\�ODQJXDJHV��'HVSLWH�VXEVWDQWLDO�
LQYHVWPHQWV�LQ�PXOWLOLQJXDO�VXSSRUW��WKH�PRGHUQ�1/3�SLSHOLQH�VWLOO�
V\VWHPDWLFDOO\�DQG�GUDPDWLFDOO\�XQGHU�UHSUHVHQWV�WKH�PDMRULW\�RI�KXPDQ�
YRLFHV�LQ�WKH�1/3�JXLGHG�GHFLVLRQV�WKDW�DUH�VKDSLQJ�RXU�FROOHFWLYH�IXWXUH��:H�
GHYHORS�H[WHQVLRQV�WR�SURIHVVLRQ�OHYHO�DQG�FRUSXV�OHYHO�JHQGHU�ELDV�PHWULF�
FDOFXODWLRQV�RULJLQDOO\�GHVLJQHG�IRU�(QJOLVK�DQG�DSSO\�WKHP�WR���RWKHU�
ODQJXDJHV��LQFOXGLQJ�ODQJXDJHV�OLNH�6SDQLVK��$UDELF��*HUPDQ��)UHQFK�DQG�
8UGX�WKDW�KDYH�JUDPPDWLFDOO\�JHQGHUHG�QRXQV�LQFOXGLQJ�GLIIHUHQW�IHPLQLQH��
PDVFXOLQH�DQG�QHXWHU�SURIHVVLRQ�ZRUGV��

'HILQLQJ�6HW
7KH�GHILQLQJ�VHW�LV�D�OLVW�RI�JHQGHUHG�ZRUG�SDLUV�XVHG�WR�GHILQH�ZKDW�D�
JHQGHUHG�UHODWLRQVKLS�ORRNV�OLNH��%ROXNEDVL�HW�DO¶V�RULJLQDO�GHILQLQJ�VHW�
FRQWDLQHG����(QJOLVK�ZRUG�SDLUV��VKH�KH��GDXJKWHU�VRQ��KHU�KLV��
PRWKHU�IDWKHU��ZRPDQ�PDQ��JDO�JX\��0DU\�-RKQ��JLUO�ER\��KHUVHOI��
KLPVHOI��DQG�IHPDOH�PDOH���:H�EHJDQ�ZLWK�WKLV�VHW��EXW�PDGH�
VXEVWDQWLDO�FKDQJHV�LQ�RUGHU�WR�FRPSXWH�JHQGHU�ELDV�HIIHFWLYHO\�DFURVV�
��ODQJXDJHV��6SHFLILFDOO\��ZH�UHPRYHG���RI�WKH����SDLUV��DGGHG���QHZ�
SDLUV��DQG�WUDQVODWHG�WKH�ILQDO�VHW�LQWR���DGGLWLRQDO�ODQJXDJHV��

$V�VSHDNHUV�RI���ODQJXDJHV��ZH�DOVR�XVHG�WKLV�SURFHVV�DV�DQ�RSSRUWXQLW\�WR�VKHG�OLJKW�RQ�WKH�ZD\V�LQ�ZKLFK�WKH�PRGHUQ�1/3��
SLSHOLQH�GRHV�QRW�UHIOHFW�WKH�YRLFHV�RI�PXFK�RI�WKH�ZRUOG��)RU�PRVW�ODQJXDJHV��FRUSRUD�DUH�VPDOO�DQG�WRRO�VXSSRUW�LV�ZHDN��
0DQ\�SXEOLVKHG�UHVHDUFK�PHWKRGV��OLNH�%ROXNEDVL�HW�DO�¶V�JHQGHU�ELDV�PHWULF�FDOFXODWLRQV��DUH�GHVLJQHG�ZLWKRXW�FRQVLGHUDWLRQ�
RI�WKH�FRPSOH[LWLHV�RI�WKH�PXOWLSOH�ODQJXDJHV��7KLV�KLJKOLJKWV�WKH�GLIILFXOWLHV�WKDW�VSHDNHUV�RI�PDQ\�ODQJXDJHV�VWLOO�IDFH�LQ�
KDYLQJ�WKHLU�WKRXJKWV�DQG�H[SUHVVLRQV�IXOO\�LQFOXGHG�LQ�WKH�1/3�GHULYHG�FRQFOXVLRQV�WKDW�DUH�EHLQJ�XVHG�WR�GLUHFW�WKH�IXWXUH��
'HVSLWH�VXEVWDQWLDO�DQG�DGPLUDEOH�LQYHVWPHQWV�LQ�PXOWLOLQJXDO�VXSSRUW�LQ�SURMHFWV�OLNH�:LNLSHGLD�DQG�:RUG�YHF��ZH�DUH�VWLOO�
PDNLQJ�1/3�JXLGHG�GHFLVLRQV�WKDW�V\VWHPDWLFDOO\�DQG�GUDPDWLFDOO\�XQGHU�UHSUHVHQWV�PDQ\�YRLFHV�

3URIHVVLRQ�6HW
:H�EHJDQ�ZLWK�%ROXNEDVL�HW�DO¶V�SURIHVVLRQ�ZRUG�VHW�LQ�(QJOLVK��EXW�DJDLQ�PDGH�VXEVWDQWLDO�FKDQJHV�LQ�RUGHU�WR�FRPSXWH�JHQGHU�
ELDV�HIIHFWLYHO\�DFURVV���ODQJXDJHV��%ROXNEDVL�HW�DO��KDG�DQ�RULJLQDO�OLVW�RI�����SURIHVVLRQ�ZRUGV��LQFOXGLQJ�VRPH�ZRUGV�WKDW�
ZRXOG�QRW�WHFKQLFDOO\�EH�FODVVLILHG�DV�SURIHVVLRQV�OLNH�VDLQW�RU�GUXJ�DGGLFW��:H�QDUURZHG�WKLV�OLVW�GRZQ�WR����ZRUGV�LQFOXGLQJ��
QXUVH��WHDFKHU��ZULWHU��HQJLQHHU��VFLHQWLVW��PDQDJHU��GULYHU��EDQNHU��PXVLFLDQ��DUWLVW��FKHI��ILOPPDNHU��MXGJH��FRPHGLDQ��LQYHQWRU��
ZRUNHU��VROGLHU��MRXUQDOLVW��VWXGHQW��DWKOHWH��DFWRU��JRYHUQRU��IDUPHU��SHUVRQ��ODZ\HU��DGYHQWXUHU��DLGH��DPEDVVDGRU��DQDO\VW��
DVWURQDXW��DVWURQRPHU��DQG�ELRORJLVW��:H�WULHG�WR�FKRRVH�D�GLYHUVH�VHW�RI�SURIHVVLRQV�IURP�FUHDWLYH�WR�VFLHQWLILF��IURP�KLJK�SD\LQJ�
WR�ORZHU�SD\LQJ��HWF��WKDW�RFFXUHG�LQ�DV�PDQ\�RI�WKH���ODQJXDJHV�DV�ZH�FRXOG��

Ɣ &RUSRUD�RI�KXPDQ�ODQJXDJH�DUH�UHJXODUO\�IHG�LQWR�PDFKLQH�OHDUQLQJ�
V\VWHPV�DV�D�NH\�ZD\�WR�OHDUQ�DERXW�WKH�ZRUOG��

Ɣ 1/3�SOD\V�D�VLJQLILFDQW�UROH�LQ�VSHHFK�UHFRJQLWLRQ��WH[W�WUDQVODWLRQ��DQG�
DXWRFRPSOHWH�

Ɣ 1/3�LV�WKH�KHDUW�RI�PDQ\�FULWLFDO�DXWRPDWHG�GHFLVLRQ�V\VWHPV�PDNLQJ�
FUXFLDO�UHFRPPHQGDWLRQV�DERXW�RXU�IXWXUH�ZRUOG�

Ɣ 6\VWHPV�DUH�WDXJKW�WR�LGHQWLI\�VSDP�HPDLO��VXJJHVW�PHGLFDO�DUWLFOHV�RU�
GLDJQRVHV�UHODWHG�WR�D�SDWLHQW¶V�V\PSWRPV��VRUW�UHVXPHV�EDVHG�RQ�
UHOHYDQFH�IRU�D�JLYHQ�SRVLWLRQ

Ɣ .H\�FRPSRQHQW�RI�FULWLFDO�GHFLVLRQ�PDNLQJ�V\VWHPV�LQ�DUHDV�VXFK�DV�
FULPLQDO�MXVWLFH��FUHGLW��KRXVLQJ��DOORFDWLRQ�RI�SXEOLF�UHVRXUFHV�DQG�PRUH��

Ɣ )DFLDO�UHFRJQLWLRQ�V\VWHPV�DUH�RIWHQ�WUDLQHG�WR�UHSUHVHQW�ZKLWH�PHQ�PRUH�
WKDQ�EODFN�ZRPHQ�

Ɣ 0DFKLQH�OHDUQLQJ�V\VWHPV�DUH�RIWHQ�WUDLQHG�WR�UHSUHVHQW�KXPDQ�
H[SUHVVLRQ�LQ�ODQJXDJHV�VXFK�DV�(QJOLVK�DQG�&KLQHVH�PRUH�WKDQ�LQ�
ODQJXDJHV�VXFK�DV�8UGX�RU�:RORI�

$EVWUDFW

,QWURGXFWLRQ

0HWKRGRORJ\

&RQFOXVLRQ

5HVXOW

:H�UHSRUW�WKH�GLIIHUHQFH�LQ�3&$�VFRUHV�EHWZHHQ�WKH�GRPLQDQW�FRPSRQHQW�
DQG�WKH�QH[W�PRVW�GRPLQDQW�FRPSRQHQW�DFURVV���ODQJXDJHV�LQ�RXU�VWXG\��:H�
DOVR�DGG�D�EDU�IRU�WKH�YDOXH�%ROXNEDVL�HW�DO��UHSRUWHG�IRU�WKH�*RRJOH�1HZV�
&RUSRUD�LQ�(QJOLVK�WKDW�WKH\�DQDO\]HG��&KLQHVH�KDV�WKH�ORZHVW��:RORI�KDV�
WKH�KLJKHVW�ZLWK������EXW�RQO\�EHFDXVH�WKHUH�ZHUH�QRW�HQRXJK�GHILQLQJ�SDLUV�
WR�PHDQLQJIXOO\�SHUIRUP�GLPHQVLRQ�UHGXFWLRQ�LQWR���GLPHQVLRQV��7KXV��IRU�WKH�
&KLQHVH�:LNLSHGLD�FRUSXV��HYHQ�WKRXJK�WKH�GHILQLQJ�VHW�ZDV�FKRVHQ�WR�EH�
KLJKO\�JHQGHUHG��ZKHQ�3&$�LV�XVHG�WR�UHGXFH�WKH�QXPEHU�RI�GLPHQVLRQV��
WKHUH�LV�QRW�D�FOHDUO\�GRPLQDQW�JHQGHU�GLUHFWLRQ��

:H�XVH�%ROXNEDVL�HW�DO�¶V�IRUPXOD�IRU�GLUHFW�JHQGHU�ELDV��ZKHUH��UHSUHVHQWV�WKH�
OLVW�RI�SURIHVVLRQ�ZRUGV��ᬅ�UHSUHVHQWV�WKH�JHQGHU�GLUHFWLRQ�FDOFXODWHG��ᬔ�UHSUHVHQWV�
HDFK�SURIHVVLRQ�ZRUG��DQG�ᬁ�LV�D�SDUDPHWHU�WR�PHDVXUH�WKH�VWULFWQHVV�RI�WKH�ELDV���

:H�SUHVHQW�WKH�JHQGHU�ELDV�VFRUHV��
FDOFXODWHG�DV�GHVFULEHG�DERYH�DFFRUGLQJ�WR�
%ROXNEDVL�HW�DO�¶V�PHWKRGRORJ\��IRU�HDFK�RI�
RXU����GHILQLQJ�VHW�ZRUGV����SDLUV��DFURVV���
ODQJXDJHV��)HPDOH�JHQGHU�ELDV�LV�
UHSUHVHQWHG�DV�D�SRVLWLYH�QXPEHU��UHG�EDU��
DQG�PDOH�JHQGHU�ELDV�LV�UHSUHVHQWHG�DV�D�
QHJDWLYH�QXPEHU��EOXH�EDU���1RW�DOO�GHILQLQJ�
VHW�ZRUGV�RFFXU�LQ�WKH�:LNLSHGLD�FRUSXV�IRU�
:RORI��,Q�VRPH�FDVHV��WKLV�LV�EHFDXVH�WKH\�
DUH�PXOWL�ZRUG�SKUDVHV�DQG�LQ�RWKHU�FDVHV��
WKLV�LV�OLNHO\�EHFDXVH�RI�WKH�VPDOO�VL]H�RI�WKH�
FRUSRUD��

8QOLNH�(QJOLVK��PDQ\�ODQJXDJHV�OLNH�
6SDQLVK��$UDELF��*HUPDQ��)UHQFK�DQG�
8UGX��KDYH�JUDPPDWLFDOO\�JHQGHUHG�
QRXQV�LQFOXGLQJ�IHPLQLQH��PDVFXOLQH�
DQG�QHXWHU�RU�QHXWUDO�SURIHVVLRQ�
ZRUGV��:H�VKRZ�WKH�EUHDNGRZQ�RI�WKH�
JHQGHU�ELDV�VFRUHV�IRU�WKH�6SDQLVK�
SURIHVVLRQ�ZRUGV��:H�VKRZ�IHPDOH�
RQO\�YDULDQWV��PDOH�RQO\�YDULDQWV�DQG�
QHXWUDO�RQO\�YDULDQWV�

:H�FRPSDUH�WKHVH�SURIHVVLRQ�OHYHO�JHQGHU�ELDV�VFRUHV�DFURVV�ODQJXDJHV��2Q�WKH�OHIW��ZH�
VKRZ�UHVXOWV�IRU�WKH�ODQJXDJHV�ZLWKRXW�JUDPPDWLFDOO\�JHQGHUHG�QRXQV��,W�LV�LQWHUHVWLQJ�WR�
QRWH�KRZ�VLPLODU�(QJOLVK�DQG�)UHQFK�DUH��2Q�WKH�ULJKW��ZH�VKRZ�UHVXOWV�DFURVV�DOO�ODQJXDJHV�
XVLQJ�WKH�ZHLJKWHG�DYHUDJH��ZHLJKWHG�E\�ZRUG�FRXQW���1RWLFH�WKH�VLPLODULWLHV�LQ�SDWWHUQV�
EHWZHHQ�6SDQLVK��(QJOLVK��$UDELF��*HUPDQ��)UHQFK��)DUVL�DQG�8UGX��:KHQ�XVLQJ�DQ�HYHQO\�
ZHLJKWHG�DYHUDJH��LQVWHDG��WKH�ODQJXDJHV�ZLWK�JUDPPDWLFDOO\�JHQGHUHG�QRXQV�ZHUH�VLPLODU�
WR�HDFK�RWKHU��EXW�QRW�WR�(QJOLVK�DQG�)DUVL���0RUH�ZRUN�LV�UHTXLUHG�LQ�&KLQHVH�DQG�:RORI�


