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6LJQLILFDQW� LQWHUQDWLRQDO� HIIRUWV� DUH� GHYRWHG� WR� LPSURYLQJ� XQGHUVWDQGLQJ� DQG� SUHGLFWLRQ� DFFXUDF\� RI�

K\GURJHQ�FRPEXVWLRQ�SKHQRPHQD�LQ�WKH�FRQWDLQPHQWV�RI�QXFOHDU�SRZHU�SODQWV�GXULQJ�VHYHUH�DFFLGHQWV��

2QH�RI�WKH�PRVW�FKDOOHQJLQJ�LVVXHV�LV�VLPXODWLRQ�RI�IODPH�DFFHOHUDWLRQ�LQ�WKH�SUHVHQFH�RI�WXUEXOHQFH��,W�

LV� DOVR� FULWLFDO� IRU� VDIHW\� VLQFH� IODPH� DFFHOHUDWLRQ� LV� GLUHFWO\� OLQNHG� WR� WKH� SRVHG� ULVN� ±� VWURQJHU�

DFFHOHUDWLRQ�OHDGV�WR�SRZHUIXO�VKRFN�ZDYHV�RU�HYHQ�''7��'XH�WR�WKH�ODUJH�VFDOHV�RI�WKH�FRQWDLQPHQW�

DSSOLFDWLRQV��UHOHYDQW�VWDWH�RI�WKH�DUW�HPSOR\V�VLPSOLILFDWLRQV��DOORZLQJ�UXQQLQJ�PRGHOV�ZLWK�DIIRUGDEOH�

UHVRXUFHV�� ZKLOH� REWDLQLQJ� VXIILFLHQWO\� DFFXUDWH� UHVXOWV�� 8VHG� VLPSOLILHG� DSSURDFKHV� DUH� WXUEXOHQFH�

PRGHOLQJ�EDVHG�RQ�5$16�DQG�FRPEXVWLRQ�PRGHOV�EDVHG�RQ�SURJUHVV�YDULDEOH�DQG�WXUEXOHQW�IODPH�VSHHG�

FRUUHODWLRQV� 

8S�WR�QRZ�WKH�PDMRULW\�RI�WKH�VLPXODWLRQV�DUH�SHUIRUPHG�XVLQJ�FRPPHUFLDO�&)'�FRGHV�ZLWK�LQ�KRXVH�

PRGLILFDWLRQV�� 2WKHU� SURSULHWDU\� VSHFLDOL]HG� VROXWLRQV� DUH� DOVR� SUHYDOHQW�� H�J��� )/$&6� RU�

(8523/(;86��7KLV�VLWXDWLRQ�PRWLYDWHG�XV�WR�GHYHORS�DQ�RSHQ�VRXUFH�VROYHU�IRU�WXUEXOHQW�SUHPL[HG�

FRPEXVWLRQ��7KH�FXUUHQW�YHUVLRQ�RI�RXU�VROYHU��IODPH)RDP��LV�EXLOW�ZLWK�WKH�2SHQ)2$0�WRRONLW�YHUVLRQ�

�� IODPH)RDP� EDVLV� DUH� VWDQGDUG� VROYHUV� UKR3LPSOH)RDP�� EXR\DQW3LPSOH)RDP�� DQG

FKW0XOWL5HJLRQ)RDP��LQFOXGHG�ZLWK�WKH�2SHQ)2$0��IODPH)RDP�LV�QRW�D�VWUDLJKW�FRS\�RI�WKHVH�VWDQGDUG

VROYHUV�EXW�D�FRPELQDWLRQ�RI�WKHP��7KH�SUHVHQWHG�LQLWLDO�VROYHU�YHUVLRQ�KDV�EHHQ�GHYHORSHG�DQG�WHVWHG

IRU�WKH�FRPEXVWLRQ�RI�KRPRJHQHRXV�K\GURJHQ�DLU�PL[WXUHV�

7KH�FXUUHQW�GHYHORSPHQW�VWDWXV�RI�WKH�VROYHU�LV�SUHVHQWHG�LQ�WKH�SDSHU��ZLWK�LWV�RQJRLQJ�YDOLGDWLRQ��UHFHQW�

DSSOLFDWLRQV�� DQG� SHUIRUPHG� UHVHDUFK�� 5HFHQW�� \HW� XQSXEOLVKHG� LPSOHPHQWDWLRQ� RI� ODPLQDU� EXUQLQJ�

YHORFLW\�HVWLPDWLRQ�EDVHG�RQ�DUWLILFLDO�LQWHOOLJHQFH�PRGHO�LV�KLJKOLJKWHG�DQG�GLVFXVVHG� 

.(<:25'6 

SUHPL[HG�FRPEXVWLRQ��WXUEXOHQFH��&)'��2SHQ)2$0��IODPH�SURSDJDWLRQ 

�� ,1752'8&7,21

7KH�FRQWDLQPHQW�RI�QXFOHDU�SRZHU�SODQW�LV�WKH�ODVW�EDUULHU�SURWHFWLQJ�WKH�HQYLURQPHQW�IURP�UDGLRDFWLYH�

FRQWDPLQDWLRQ�LQ�WKH�FDVH�RI�D�VHYHUH�DFFLGHQW��&RQWDLQPHQW�LQWHJULW\�LV�WKUHDWHQHG�E\�VHYHUDO�SRVVLEOH�

WKUHDWV� GXULQJ� WKH� VHYHUH� DFFLGHQW�� ZLWK� VLJQLILFDQW� ULVN� SRVHG� E\� SRVVLEOH� K\GURJHQ� FRPEXVWLRQ� RU�

H[SORVLRQ�� 7R� PDQDJH� WKLV� ULVN� DGHTXDWH� XQGHUVWDQGLQJ� RI� WKH� FRPEXVWLRQ� SURFHVV� DQG� HIILFLHQW�

QXPHULFDO�VROXWLRQV�DUH�QHHGHG� 

2QH� RI� WKH� PRVW� LPSRUWDQW� SKHQRPHQRORJLFDO� K\GURJHQ� FRPEXVWLRQ� LVVXHV� IRU� VDIHW\� LV� WKH� IODPH�

DFFHOHUDWLRQ� GXH� WR� REVWDFOH�LQGXFHG� WXUEXOHQFH��$W� WKH� VDPH� WLPH�� WKLV� LVVXH� VWLOO� SRVHV� VLJQLILFDQW�

FKDOOHQJHV�IRU�ERWK�DQDO\WLFDO�LQYHVWLJDWLRQV�DQG�QXPHULFDO�VWXGLHV� 

7KHUHIRUH��WR�SRVVHVV�WKH�FDSDFLW\�UHTXLUHG�IRU�WKH�DGHTXDWH�PDQDJLQJ�RI�WKH�VHYHUH�DFFLGHQWV�DQG�ULVNV�

SUHVHQW� GXH� WR� SRVVLEOH� K\GURJHQ� FRPEXVWLRQ�� LQWHUQDWLRQDO� HIIRUWV� DUH� GHYRWHG� WR� LPSURYLQJ�

XQGHUVWDQGLQJ� DQG� SUHGLFWLRQ� DFFXUDF\� RI� K\GURJHQ� FRPEXVWLRQ� SKHQRPHQD� LQ� WKH� FRQWDLQPHQWV� RI�

QXFOHDU�SRZHU�SODQWV�GXULQJ�VHYHUH�DFFLGHQWV� 
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'XH�WR�WKH�ODUJH�VFDOHV�RI�WKH�FRQWDLQPHQW�DSSOLFDWLRQV��UHOHYDQW�VWDWH�RI�WKH�DUW�HPSOR\V�VLPSOLILFDWLRQV��

DOORZLQJ�UXQQLQJ�PRGHOV�ZLWK�DIIRUGDEOH�UHVRXUFHV��ZKLOH�REWDLQLQJ�VXIILFLHQWO\�DFFXUDWH�UHVXOWV��8VHG�

VLPSOLILHG�DSSURDFKHV�DUH�5$16�WXUEXOHQFH�PRGHOV�DQG�FRPEXVWLRQ�PRGHOV�EDVHG�RQ�SURJUHVV�YDULDEOH��

WXUEXOHQW�IODPH�VSHHG�FORVXUH��7)&��DSSURDFK�>�@�DQG�WXUEXOHQW�IODPH�VSHHG�FRUUHODWLRQV� 

8S�WR�QRZ�WKH�PDMRULW\�RI�WKH�VLPXODWLRQV�DYDLODEOH�LQ�OLWHUDWXUH�RU�GHPRQVWUDWHG�LQ�WKH�LQWHUQDWLRQDO�

EHQFKPDUNV�>�±�@�KDYH�EHHQ�SHUIRUPHG�XVLQJ�FRPPHUFLDO�&)'�FRGHV�ZLWK�LQ�KRXVH�PRGLILFDWLRQV�>�±

��@��2WKHU�SURSULHWDU\�VSHFLDOL]HG�VROXWLRQV�KDYH�DOVR�EHHQ�SUHYDOHQW��H�J���*$6)/2:�03,�>��±��@��

)/$&6�>��@�RU�&20�'�>������@� 

6R�IDU�RSHQ�VRXUFH�FRQWULEXWLRQV�FRPSRVH�RQO\�D�VPDOOHU��DOEHLW�VLJQLILFDQWO\�LQFUHDVHG�LQ�UHFHQW�WLPHV��

IUDFWLRQ��6XFK�GRPLQDQFH�RI�LQ�KRXVH�PRGLILHG�FRPPHUFLDO�DQG�RWKHU�SURSULHWDU\�VROXWLRQV�IRU�WKH�VWDWH�

RI�WKH�DUW�DSSOLFDWLRQV�LPSHGHV�FROODERUDWLYH��RSHQ�DQG�IUHH�LQQRYDWLRQ�LQ�WKH�ILHOG� 

7KLV�VLWXDWLRQ�PRWLYDWHG�XV�WR�GHYHORS�DQ�RSHQ�VRXUFH�VROYHU�IRU�WXUEXOHQW�SUHPL[HG�FRPEXVWLRQ��7R�EH�

SUDFWLFDOO\�DSSOLFDEOH�LQ�WKH�QXFOHDU�VDIHW\�FRQWH[W�DQG�EDVHG�RQ�WKH�UHOHYDQW�VWDWH�RI�WKH�DUW�ZH�EDVHG�

RXU�VROYHU� LQLWLDOO\�RQ�5$16�DQG�7)&�DSSURDFKHV��ZLWK�/(6�DQG�PRUH�GHWDLOHG�FRPEXVWLRQ�PRGHOV�

IRUHVHHQ�IRU�PRUH�GHWDLOHG�DQG�IXQGDPHQWDO�VWXGLHV� 

:H�GHFLGHG�WR�EDVH�RXU�VROYHU�RQ�2SHQ)2$0�&)'�>��@�DV�WKH�PRVW�SRSXODU�RSHQ�VRXUFH�&)'�VROXWLRQ��

,W� LPSOHPHQWV� D� ILQLWH� YROXPH�PHWKRG� DQG� DOORZV� WKH� GHYHORSPHQW� RI� FXVWRP� VROYHUV��2SHQ)2$0�

VROYHUV�KDYH�EHHQ�GHYHORSHG�DQG�DSSOLHG�IRU�WKH�VLPXODWLRQV�RI�D�ZLGH�UDQJH�RI�SUREOHPV�±�FRPSUHVVLEOH�

DQG�LQFRPSUHVVLEOH�IOXLG�PHFKDQLFV��KHDW�DQG�PDVV�WUDQVIHU��DQG�UHDFWLQJ�IORZV� 

7KHUH� DUH� VRPH� VROYHUV� GHGLFDWHG� WR� WKH� VLPXODWLRQ� RI� UHDFWLQJ� IORZV� DOUHDG\� GLVWULEXWHG� ZLWK�

2SHQ)2$0��YHUVLRQ���� 

x ;L)RDP�±�LPSOHPHQWV�E���IODPH�VXUIDFH�ZULQNOLQJ�FRPEXVWLRQ�PRGHO

x 3'5)RDP� ±� LPSOHPHQWV� E��� IODPH� VXUIDFH� ZULQNOLQJ� FRPEXVWLRQ� PRGHO� ZLWK

SRURVLW\�GLVWULEXWHG�UHVLVWDQFH

x FKHP)RDP�±�VLQJOH�FHOO�VROYHU�IRU�FRPSDULVRQ�DJDLQVW�RWKHU�FKHPLVWU\�VROYHUV

x FROG(QJLQH)RDP�±�VROYHU�IRU�FROG�IORZ�LQ�LQWHUQDO�FRPEXVWLRQ�HQJLQHV

x UHDFWLQJ)RDP�±�PRGHOV�FRPEXVWLRQ�XVLQJ�FKHPLFDO�NLQHWLFV�VLPXODWLRQV

2OGHU�YHUVLRQV�RI�2SHQ)2$0�DOVR�KDYH�RWKHU�FXVWRP�RSHQ�VRXUFH�VROYHUV��H�J��UHDFWLQJ)RDP�6&,�>��@�

RU�EODVW)RDP�>��@� 

1RQH�RI�WKH�FRPEXVWLRQ�VROYHUV�GLVWULEXWHG�ZLWK�2SHQ)2$0�DUH�EDVHG�RQ�D�SURJUHVV�YDULDEOH�DSSURDFK�

ZLWK�7)&�DQG� SUDFWLFDOO\� DSSOLFDEOH� IRU� WKH� VLPXODWLRQ� RI� WXUEXOHQW� SUHPL[HG� FRPEXVWLRQ� LQ� VHYHUH�

DFFLGHQW�UHOHYDQW�FRQGLWLRQV��7KH�FORVHVW�LQ�WHUPV�RI�WKH�IRUPXODWLRQ�LV�;L)RDP�VROYHU��ZKLFK�LV�EDVHG�

RQ�WKH�UHJUHVV�YDULDEOH��DSSURDFK�EDVLFDOO\�HTXLYDOHQW�WR�SURJUHVV�YDULDEOH��EXW�LWV�FRPEXVWLRQ�VRXUFH�LV�

PRGHOHG�XVLQJ�D�IODPH�VXUIDFH�ZULQNOLQJ�DSSURDFK��7KHUHIRUH��LQ�RUGHU�WR�IOH[LEO\�DSSO\�7)&�PRGHO�ZH�

GHYHORSHG�D�QHZ�VROYHU��FDOOHG�IODPH)RDP�>��±��@� 

7KH�SDSHU�SUHVHQWV�WKH�VWDWXV�RI�WKH�GHYHORSPHQW�YHUVLRQ�RI�IODPH)RDP�VROYHU��LQFOXGLQJ�LPSOHPHQWHG�

PRGHOV�DQG�LQLWLDO�YDOLGDWLRQ�H[DPSOHV��([WHQGHG�7)&�PRGHO�ZDV�LPSOHPHQWHG�LQWR�WKH�GHYHORSPHQW�

YHUVLRQ�RI�IODPH)RDP��YDOLGDWLRQ�HIIRUWV�LQ�SURJUHVV��/(6�FRPEXVWLRQ�PRGHO�ZLWK�&KDUOHWWH�FRUUHODWLRQ�

ZDV� LPSOHPHQWHG� DQG� LQLWLDOO\� YDOLGDWHG� XVLQJ� WKH� 8QLYHUVLW\� RI� 6\GQH\� ODERUDWRU\�VFDOH� FKDPEHU�

H[SHULPHQW��7KH�ODVW�SUHVHQWHG�LPSURYHPHQW�LV�DQ�$,�EDVHG�PRGHO�RI�ODPLQDU�EXUQLQJ�YHORFLW\� 

�� )/$0()2$0�62/9(5

7KH�GHYHORSPHQW�YHUVLRQ�RI�IODPH)RDP�LV�EXLOW�RQ�WKH�2SHQ)2$0�WRRONLW�YHUVLRQ����7KH�EDVLV�IRU�WKH�

VROYHU�DUH�VWDQGDUG�VROYHUV�UKR3LPSOH)RDP��EXR\DQW3LPSOH)RDP��DQG�FKW0XOWL5HJLRQ)RDP��LQFOXGHG�

ZLWK�WKH�2SHQ)2$0�GLVWULEXWLRQ��IODPH)RDP�LV�QRW�D�VWUDLJKW�FRS\�RI�DQ\�RI�WKHVH�VWDQGDUG�VROYHUV�EXW�

LV�D�FRPELQDWLRQ�RI�DOO�WKUHH�PHQWLRQHG�VROYHUV�FRPSOLPHQWHG�ZLWK�FXVWRP�FRPEXVWLRQ�PRGHOLQJ��7KH�
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SUHVHQWHG� LQLWLDO� VROYHU� YHUVLRQ� KDV� EHHQ� GHYHORSHG� DQG� WHVWHG� IRU� WKH� FRPEXVWLRQ� RI� KRPRJHQHRXV�

K\GURJHQ�DLU�PL[WXUHV� 

%DVH� HOHPHQWV� RI� IODPH)RDP� VROYHU� DUH� VWDQGDUG� EXR\DQW� FRPSUHVVLEOH� 1DYLHU�6WRNHV� HTXDWLRQV�

FRPSOHPHQWHG�ZLWK�SURJUHVV�YDULDEOH�HTXDWLRQ�DQG�FRPEXVWLRQ�VRXUFH�WHUPV� 

&RQWLQXLW\�HTXDWLRQ� 
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!ç
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0RPHQWXP�HTXDWLRQ� 
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7KH�PL[WXUH�FRPSRVLWLRQ�DQG�IODPH�SURSDJDWLRQ�VLPXODWLRQ�DUH�EDVHG�RQ�WKH�SURJUHVV�YDULDEOH�DSSURDFK��

7KH�SURJUHVV�YDULDEOH� ?� LV�GHILQHG�DV 

? L Ò,
¹.?Ò¹.

Ò,
¹.?Ò®

¹.
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7KH� SURJUHVV� YDULDEOH� ?�� FDQ� KDYH� YDOXHV� IURP� WKH� LQWHUYDO� >��� �@��9DOXH� �� FRUUHVSRQGV� WR� WKH� IUHVK�
PL[WXUH�� ZKLOH� YDOXH� �� WR� EXUQW�� 7KH� WKHUPRSK\VLFDO� SURSHUWLHV� RI� WKH� PL[WXUH� GHSHQGLQJ� RQ� LWV�

FRPSRVLWLRQ��PRODU�PDVV��VSHFLILF�HQWKDOS\�DQG�RWKHUV��DUH�OLQHDUO\�LQWHUSRODWHG�IURP�WKH�SURSHUWLHV�RI�

EXUQW�DQG�XQEXUQW�PL[WXUHV�DQG�WKH�YDOXH�RI� ?� 

7KH�FRPEXVWLRQ�SURFHVV�LV�VLPXODWHG�XVLQJ�D�WUDQVSRUW�HTXDWLRQ�RI�SURJUHVV�YDULDEOH� 

!�Ö

!ç
E Â ® ké7,,&?o L Ø ® @�¶ÑÑ

ÌÖÅ
Ø?AE 5Ö ��� 

7KH�SURJUHVV�YDULDEOH�WUDQVSRUW�HTXDWLRQ�FDQ�EH�FORVHG�XVLQJ�VHYHUDO�DSSURDFKHV��7KH�VWDEOH�YHUVLRQ�RI�

IODPH)RDP�KDV�RQO\�7)&�FORVXUH�LPSOHPHQWHG� 

5Ö L éè5Í�Ø?� ��� 

&ORVLQJ�SURJUHVV�YDULDEOH�HTXDWLRQ�UHTXLUHV�HVWLPDWLRQ�RI�WXUEXOHQW�IODPH�YHORFLW\�67��7KLV�FDQ�EH�GRQH�

LQ�VHYHUDO�ZD\V��,Q�WKH�VWDEOH�YHUVLRQ�RI�IODPH)RDP�67�FDQ�EH�HVWLPDWHG�XVLQJ�RQH�RI�WKUHH�XQLYHUVDOO\�

HVWDEOLVKHG�FRUUHODWLRQV�±�=LPRQW�>��@��%UDGOH\�>��@�DQG�%UD\�>��@� 

$OO�WKUHH�67�FRUUHODWLRQV�UHTXLUH�YDOXHV�RI�ODPLQDU�IODPH�YHORFLW\�6/��,Q�WKH�VWDEOH�YHUVLRQ��6/�FDQ�EH�

GHILQHG�E\�WKH�XVHU��FRQVWDQW�YDOXH��RU�EH�HVWLPDWHG�IURP�WKH�0DOHW�FRUUHODWLRQ�>��@� 

7KH�VWDEOH�YHUVLRQ�RI�IODPH)RDP�KDV�EHHQ�YDOLGDWHG�DJDLQVW�VHYHUDO�WXUEXOHQW�FRPEXVWLRQ�H[SHULPHQWV�

IURP�WKH�)UHQFK�(1$&&()�DQG�(1$&&()��IDFLOLWLHV��LQFOXGLQJ�EOLQG�VLPXODWLRQV�LQ�WKH�IUDPH�RI�WKH�

(7621�6$0+<&2�1(7�EHQFKPDUN� >�@�� DQG�$XVWUDOLDQ� ODERUDWRU\�VFDOH� FKDPEHU� >��@��5HVXOWV� RI�

WKHVH� VLPXODWLRQV� KDYH� EHHQ� UHSRUWHG� HOVHZKHUH� >��±��@� DQG�ZLOO� QRW� EH� UHSHDWHG� KHUH�� ,QVWHDG�� WKH�

IXUWKHU� VHFWLRQ� RI� WKH� SDSHU� SUHVHQWV� UHFHQW� LPSURYHPHQWV� RI� IODPH)RDP� LPSOHPHQWHG� LQ� WKH�

GHYHORSPHQW�YHUVLRQ� 
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���� ([WHQGHG�7)&�0RGHO 

7)&�PRGHO��LPSOHPHQWHG�LQ�WKH�VWDEOH�IODPH)RDP�YHUVLRQ��LV�D�VLPSOLILHG�WXUEXOHQW�FRPEXVWLRQ�PRGHO��

ZKLFK� LV� ZLGHO\� XVHG� DQG� KDV� EHHQ� VKRZQ� WR� SURYLGH� DGHTXDWH� UHVXOWV� LQ� YDULRXV� WXUEXOHQW� FDVHV��

+RZHYHU��LW�LV�XQLYHUVDOO\�DFFHSWHG�WKDW�WKLV�PRGHO�KDV�VKRUWFRPLQJV�ZKHQ�FRPEXVWLRQ�LV�FORVH�WR�WKH�

ODPLQDU�UHJLPH�VLQFH� LW�GRHV�QRW�PRGHO� ODPLQDU�FRPEXVWLRQ�DQG� WUDQVLWLRQ�EHWZHHQ�UHJLPHV� >��@��7R�

DGGUHVV�WKHVH�GHILFLHQFLHV��/LSDWQLNRY�DQG�&KRPLDN�SURSRVHG�WKH�H[WHQGHG�7)&�PRGHO��(7)&���ZKLFK�

VKRXOG�DFFRXQW�IRU�IODPH�GHYHORSPHQW�SKHQRPHQD�DQG�DOORZ�PRGHOLQJ�RI�TXDVL�ODPLQDU�FRPEXVWLRQ�LQ�

DGGLWLRQ�WR�WXUEXOHQW�UHJLPH� 

(7)&�KDV�EHHQ�UHFHQWO\�LPSOHPHQWHG�LQ�IODPH)RDP�E\�PRGLI\LQJ�WKH�GLIIXVLRQ�DQG�VRXUFH�WHUPV�LQ�WKH�

SURJUHVV�YDULDEOH�HTXDWLRQ� 

!�Ö

!ç
E Â ® ké7,,&?o L Ø ® ké:Ù�.A E &Íáç;Ø?o E 5Ö ��� 

5Ö L Ì½
.

8k��ÅØ>½Åáßoéè?:sF ?; E éè5Íáç�Ø?� ��� 

:KHUH 

5Íáç L 5Í
§sE PÅ�PÙ× �:A?

çÑÏ
ç½
W F s; ��� 

&Íáç L &Íá¶:sF A?
çÑÏ

ç½
W ; ���� 

&Íá¶ L 5

ÌÖÅ

Þ

 
���� 

PÅ L ½Åá®

èñ.
���� 

ZLWK�WKH�IODPH�GHYHORSPHQW�WLPH�WIG�DVVXPHG�WR�EH�HTXDO�WR�WKH�WLPH�SDVVHG�VLQFH�WKH�LJQLWLRQ� 

7KH�(7)&�SURJUHVV�YDULDEOH�VRXUFH�WHUP��HT�������LV�FRPSRVHG�RI�WZR�SDUWV��TXDVL�ODPLQDU�DQG�WXUEXOHQW��

WKH�ODWWHU�EHLQJ�VLPLODU�WR�7)&�SURJUHVV�YDULDEOH�VRXUFH�WHUP��$W�ORZ�WXUEXOHQFH�LQWHQVLWLHV��WKH�TXDVL�

ODPLQDU�SDUW�LV�LQYHUVHO\�SURSRUWLRQDO�WR�WKH�FKHPLFDO�WLPHVFDOH�Ù :.A5Å6;¤ �

7KH�YDOLGDWLRQ�RI�WKH�(7)&�PRGHO�DQG�LPSOHPHQWDWLRQ�LV�VWLOO�RQJRLQJ��3UHOLPLQDU\�UHVXOWV�VKRZ�WKDW�

IRU�K\GURJHQ�DLU� IODPHV�ZKHUH�6/� LV� RI� WKH�RUGHU�RI�P�V�RU� WHQV�RI� FP�V�� REWDLQHG� VRXUFH� WHUP�6F� LV�

XQSK\VLFDOO\� ODUJH� IRU� WKH�TXDVL�ODPLQDU� UHJLPH�DW� ORZ� WXUEXOHQFH� LQWHQVLWLHV�GXH� WR� UHODWLYHO\� VPDOO�

YDOXH�RI�WKHUPDO�GLIIXVLYLW\�DQG� ODUJH�UDWLR�5Å
6 Ù¤ ��7KLV�LVVXH�KDV�EHHQ�HQFRXQWHUHG�SUHYLRXVO\�LQ� WKH

OLWHUDWXUH�>��@��ZKHUH�+ROOHU�HW�DO��KDG�WR�LQWURGXFH�D�PXOWLSOLFDWLRQ�IDFWRU��ORZHU�WKDQ����IRU�6/�WR�REWDLQ�

UHDOLVWLF� VORZ� IODPH�SURSDJDWLRQ� UHVXOWV�ZLWK�(7)&� LPSOHPHQWDWLRQ��+RZHYHU��(7)&�KDV� DOVR� EHHQ�

VKRZQ�WR�SURYLGH�JRRG�UHVXOWV�ZLWK�K\GURJHQ�FRQFHQWUDWLRQV�EHORZ������ZKHQ�ODPLQDU�IODPH�VSHHG�LV�

VXIILFLHQWO\�ORZ�>����@� 

���� /(6�&RPEXVWLRQ�0RGHO 

:KLOH� LQLWLDOO\� IODPH)RDP� VROYHU� ZDV� GHYHORSHG� WDUJHWLQJ� SUDFWLFDO� QXFOHDU� VDIHW\� �FRQWDLQPHQW��

DSSOLFDWLRQV�ZLWK�FRPSXWDWLRQDOO\�HIILFLHQW�5$16�DQG�7)&�PRGHOLQJ��LW�FDQ�DOVR�EH�XVHG�DV�D�EDVLV�IRU�

PRUH�IXQGDPHQWDO�VWXGLHV�HPSOR\LQJ�PRUH�GHWDLOHG�VLPXODWLRQV��,QLWLDO�ZRUN�KDV�EHHQ�SHUIRUPHG�LQ�WKH�

GHYHORSPHQW�YHUVLRQ�RI�IODPH)RDP�LQ�WKLV�GLUHFWLRQ��7R�HQDEOH�D�PRUH�GHWDLOHG�VLPXODWLRQ�RI�WXUEXOHQFH�

DQG�FRPEXVWLRQ��/(6�VXLWDEOH�FRPEXVWLRQ�PRGHOV�KDG�WR�EH�LPSOHPHQWHG��/(6�LWVHOI�LV�VXSSRUWHG�E\�

WKH�XQGHUO\LQJ�2SHQ)2$0�IUDPHZRUN��ZKLFK�SURYLGHV�QXPHURXV�RSWLRQV�WR�VLPXODWH�VXE�JULG�VFDOH�

YLVFRVLW\� 
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)LJXUH���VKRZV�DQ�H[DPSOH�RI�WKH�IODPH�VXUIDFH�DQG�IOXLG�YHORFLW\�VWUHDPOLQHV�REWDLQHG�ZLWK�IODPH)RDP�

/(6��)ODPH�VXUIDFH�ZULQNOLQJ�E\�WXUEXOHQW�IORZ�DQG�GLVWXUEDQFHV�E\�REVWDFOHV��LQFOXGLQJ�YRUWLFHV�EHKLQG�

WKH�XSSHU�REVWDFOH��DUH�YLVLEOH� 

)LJXUH���)ODPH�VKDSH�DQG�IORZ�GLVWULEXWLRQ�DW�VHOHFWHG�WLPH�PRPHQW�REWDLQHG�ZLWK�IODPH)RDP�

/(6 

���� $UWLILFLDO�,QWHOOLJHQFH�%DVHG�(VWLPDWLRQ�RI�/DPLQDU�%XUQLQJ�9HORFLW\ 

7KH� VWDEOH� YHUVLRQ� RI� IODPH)RDP� VXSSRUWV� WZR�PHWKRGV� IRU� SUHVFULELQJ� WKH� YDOXH� RI� ODPLQDU� IODPH�

YHORFLW\��FRQVWDQW�YDOXH��JLYHQ�E\�WKH�XVHU��DQG�HVWLPDWLRQ�IURP�WKH�0DOHW�FRUUHODWLRQ�>��@��YDOLG�RQO\�

IRU�OHDQ�K\GURJHQ�DLU�PL[WXUHV� 

7R�H[SDQG�WKH�GRPDLQ�RI�IODPH)RDP�DSSOLFDWLRQ��DGGLWLRQDO�PHWKRGV�RI�REWDLQLQJ�ODPLQDU�IODPH�YHORFLW\�

6/�DUH�QHHGHG��2EYLRXV�FDQGLGDWHV�ZRXOG�EH�WKH�LQFOXVLRQ�RI�DGGLWLRQDO�FRUUHODWLRQV��+RZHYHU��GXH�WR�

WKH�FRPSOH[LW\�LQYROYHG�ZLWK�ODPLQDU�K\GURJHQ�IODPH�YHORFLW\�PHDVXUHPHQWV��WKHUH�LV�QR�XQLYHUVDOO\�

DFFHSWHG�FRUUHODWLRQ�IRU�6/��)XUWKHUPRUH�� WKH�DFFXUDF\�RI�PRVW�FRUUHODWLRQV�LV�XQFHUWDLQ�LQ�UHJLRQV�RI�

ORZHU�GDWDSRLQW�TXDQWLW\�VLQFH�HPSLULFDO�FRUUHODWLRQV�UHODWH�UHVXOWV�REWDLQHG�IURP�WKH�HQWLUH�DYDLODEOH�

PXOWL�SDUDPHWHU�H[SHULPHQWDO�UDQJH�XVLQJ�D�VLQJOH��UHODWLYHO\�VLPSOH�H[SUHVVLRQ� 

7R�RYHUFRPH�WKHVH�OLPLWDWLRQV�DQG�HQDEOH�PRUH�GLUHFW�XVH�RI�H[SHULPHQWDO�GDWD�IRU�WKH�HVWLPDWLRQ�RI�6/��

LW�ZDV�GHFLGHG�WR�GHYHORS�DQ�DUWLILFLDO�QHXUDO�QHWZRUN��$11��PRGHO�RI�ODPLQDU�EXUQLQJ�YHORFLW\��7KLV�

PRGHO�ZRXOG�EH�WUDLQHG�RQ�H[SHULPHQWDO�GDWD�IURP�OLWHUDWXUH�DQG�SUHGLFW�6/�EDVHG�RQ��FXUUHQWO\��WKUHH�

LQSXW�SDUDPHWHUV�±�K\GURJHQ�FRQFHQWUDWLRQ��HTXLYDOHQFH�UDWLR�RI�GU\�PL[WXUH���WHPSHUDWXUH�DQG�SUHVVXUH� 

7KH� GHYHORSPHQW� RI�$11�PRGHO� IRU� 6/� HVWLPDWLRQ� FDQ� SURYLGH� VHYHUDO� EHQHILWV�� )LUVW��$11�PLJKW�

SURYLGH� KLJKHU� DFFXUDF\� WKDQ� HPSLULFDO� FRUUHODWLRQ� EDVHG� RQ� WKH� VDPH� GDWD�� EXW� H[SUHVVHG� WKURXJK�

VLPSOLILHG�H[SUHVVLRQ��6HFRQG��D�VLQJOH�$11�PRGHO�FDQ�EH�VXLWDEOH�IRU�WKH�ZKROH�GRPDLQ�RI�LQWHUHVW�RI�

WHPSHUDWXUHV�� SUHVVXUHV� DQG� K\GURJHQ� FRQFHQWUDWLRQV�� ZKLOH� GLIIHUHQW� FRUUHODWLRQV� PLJKW� EH� PRUH�

VXLWDEOH�DW�GLIIHUHQW�FRQGLWLRQV��H�J���0DOHW�FRUUHODWLRQ�IRU�OHDQ�FRQGLWLRQV���7KLUG��$11�PRGHO�FDQ�EH�

HDVLO\�UHWUDLQHG�HDFK�WLPH�QHZ�H[SHULPHQWDO�GDWD�EHFRPHV�DYDLODEOH��DW�WKH�VDPH�WLPH�HDVLO\�UHWLULQJ�ROG��

OHVV�DFFXUDWH�GDWD��WKXV�HQDEOLQJ�G\QDPLF�DGDSWLRQ�RI�SUHGLFWLRQ�YDOXHV�WR�WKH�QHZHVW�UHVXOWV�LQ�WKH�ILHOG� 

$�WUDLQLQJ�GDWDEDVH�RI�DOPRVW������GDWD�SRLQWV��SXUH�H[SHULPHQWDO�DQG�LQWHUSRODWHG��ZDV�FUHDWHG�IRU�WKH�

PRGHO��6LQFH�WKH�GHYHORSHG�$11�PRGHO�KDV�WR�EH�DGHTXDWHO\�XVDEOH�GXULQJ�WKH�&)'�VLPXODWLRQ��IDVW�
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FDOFXODWLRQV�KDG�WR�EH�HQVXUHG��7KLV�UHVWULFWLRQ�OLPLWHG�PRGHO�GHVLJQ�WR���KLGGHQ�OD\HUV�ZLWK����������DQG�

��ZHLJKWV��7KH�ILUVW�KLGGHQ�OD\HU�XVHG�WDQK�DFWLYDWLRQ�IXQFWLRQ��5HJXODUL]DWLRQ�ZDV�XVHG�WR�SUHYHQW�$11�

PRGHO� IURP�RYHUILWWLQJ��7KH�PRGHO�ZDV� WUDLQHG�EDVHG�RQ�D� ORVV� IXQFWLRQ�FRPSRVHG� IURP�ERWK�PHDQ�

DEVROXWH�DQG�VTXDUHG�HUURUV� 

6LQFH�$11�PRGHO�FDQ�EH�PRUH�GHPDQGLQJ�RQ�FRPSXWDWLRQ�UHVRXUFHV�WKDQ�VRPH�RWKHU�PDFKLQH�OHDUQLQJ�

RU�LQWHUSRODWLRQ�PHWKRGV��WKH�UHVXOWV�RI�$11�PRGHO�ZHUH�FRPSDUHG�WR�VHYHUDO�RWKHU�PHWKRGV��)LJXUH���� 

)LJXUH���'HQVLW\�SORWV�RI�$11�DQG�RWKHU�PHWKRGV�SUHGLFWLRQV�FRPSDUHG�WR�H[SHULPHQWDO�GDWD 

2QO\�WKH�N�1HDUHVW�1HLJKERXUV��N�11��PHWKRG�KDG�DFFXUDF\�FRPSDUDEOH�WR�WKH�GHYHORSHG�$11�PRGHO��

EXW�LW�SHUIRUPHG�ZRUVH�ZKHQ�SUHGLFWLQJ�KLJKHU�6/�YDOXHV� 

7KH�GHYHORSHG�$11�PRGHO�RI�6/�ZDV�LPSOHPHQWHG�LQ�WKH�GHYHORSPHQW�YHUVLRQ�RI�IODPH)RDP�LQ�WKH�

IRUP�RI�D�VHULHV�RI�LQSXWV�DQG�ZHLJKWV�PXOWLSOLFDWLRQV��7HVWLQJ�VLPXODWLRQV�KDYH�VKRZQ�VR�IDU�WKDW�WKH�

GHYHORSHG�PRGHO�LV�VXLWDEOH�IRU�WKH�&)'�VLPXODWLRQV�±�DFFXUDF\�VHHPV�WR�EH�DGHTXDWH�IRU�WHVWHG�FDVHV�

DQG�QR�VLJQLILFDQW�UHGXFWLRQ�LQ�FRPSXWDWLRQ�VSHHG�ZDV�REVHUYHG� 

)LJXUH���VKRZV�YHUWLFDO�YHORFLW\�SURILOHV�RI�����K\GURJHQ�DLU�PL[WXUH�IODPH�DFFHOHUDWLRQ�H[SHULPHQW�

SHUIRUPHG�LQ�(1$&&()��IDFLOLW\��)UDQFH��&156�,&$5(��IURP�(7621�0,7+<*(1(�EHQFKPDUN�>�@��

(1$&&()��LV�D�FORVHG�YHUWLFDO�VWHHO�WXEH�RI�DOPRVW���P�LQ�KHLJKW��)ODPH�LV�LJQLWHG�DW�WKH�ERWWRP�RI�WKH�

IDFLOLW\�DQG�SURSDJDWHV�XSZDUGV��,W�LV�DFFHOHUDWHG�E\�D�VHULHV�RI�ULQJ�VKDSHG�REVWDFOHV����LQ�WKH�VLPXODWHG�

H[SHULPHQW��LQVWDOOHG�LQ�WKH�ERWWRP�SDUW�RI�WKH�IDFLOLW\��)UDJPHQW�RI�WKH�(1$&&()��JHRPHWU\�DQG�XVHG�

�'�D[LV\PPHWULF�RUWKRJRQDO�PHVK����PP�FHOO�VL]H��LQ�WKH�REVWDFOHV�UHJLRQ�LV�VKRZQ�LQ�)LJXUH����URWDWHG�

YLHZ��XS�LV�ULJKW���0HVK�FRQWDLQHG�ERWK�IOXLG��JUD\��DQG�VROLG��UHG��UHJLRQV�WR�VLPXODWH�KHDW� WUDQVIHU�

WKURXJK�WKH�IDFLOLW\�ZDOO�DQG�ORVV�WR�WKH�HQYLURQPHQW��5$16�7)&�VLPXODWLRQV�ZHUH�SHUIRUPHG�ZLWK�6/�

HVWLPDWLRQ� E\� ERWK�$11�PRGHO� DQG�0DOHW� FRUUHODWLRQ� DQG� WKH\� GLVSOD\� QR� VLJQLILFDQW� GLIIHUHQFHV��

+RZHYHU��ORFDO�YHORFLW\�LQFUHDVHV�DW�DERXW�����P�DQG�����KHLJKWV�REWDLQHG�ZLWK�$11�PRGHO�DUH�FORVHU�

WR�WKH�H[SHULPHQWDO�UHVXOWV��QRW�VKRZQ�KHUH�GXH�WR�UHVWULFWHG�DYDLODELOLW\� 
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120(1&/$785( 

F FRPEXVWLRQ�SURJUHVV�YDULDEOH 

'7�W WLPH�GHSHQGHQW�WXUEXOHQW�GLIIXVLYLW\ 

J JUDYLWDWLRQDO�DFFHOHUDWLRQ 

K HQWKDOS\ 

N WXUEXOHQW�NLQHWLF�HQHUJ\ 

. NLQHWLF�HQHUJ\ 

/H /HZLV�QXPEHU 
S SUHVVXUH 

6F FRPEXVWLRQ�SURJUHVV�YDULDEOH�VRXUFH 

6K FRPEXVWLRQ�HQHUJ\�VRXUFH 

6/ ODPLQDU�IODPH�YHORFLW\ 

67 WXUEXOHQW�IODPH�YHORFLW\ 

67�W WLPH�GHSHQGHQW�WXUEXOHQW�IODPH�YHORFLW\ 

6F7 WXUEXOHQW�6FKPLGW�QXPEHU 
W WLPH 

WIG IODPH�GHYHORSPHQW�WLPH 

W/ /DJUDQJLDQ�WLPH�VFDOH 

8 YHORFLW\ 

;4
Á. initial hydrogen mass fraction 

;Á. K\GURJHQ�PDVV�IUDFWLRQ 

;¶
Á. ILQDO�K\GURJHQ�PDVV�IUDFWLRQ 

.HII PROHFXODU�WKHUPDO�GLIIXVLYLW\ 

.HII HIIHFWLYH�WKHUPDO�GLIIXVLYLW\ 

�HII HIIHFWLYH�YLVFRVLW\ 

�û WKH�VXE�JULG�VFDOH�IODPH�ZULQNOLQJ�IDFWRU 

! GHQVLW\ 

!X GHQVLW\�RI�D�IUHVK�PL[WXUH 

2HII HIIHFWLYH�VKHDU�VWUHVV 

& VSHFLILF�WXUEXOHQW�GLVVLSDWLRQ�UDWH 

5()(5(1&(6 

�� 9��/��=LPRQW��³*DV�SUHPL[HG�FRPEXVWLRQ�DW�KLJK�WXUEXOHQFH��7XUEXOHQW�IODPH�FORVXUH�FRPEXVWLRQ

PRGHO´��([S��7KHUP��)OXLG�6FL��������±�������±������������GRL����������6���������������������

�� $��%HQWDLE�HW�DO���³6$51(7�K\GURJHQ�GHIODJUDWLRQ�EHQFKPDUNV��0DLQ�RXWFRPHV�DQG�FRQFOXVLRQV´�

$QQ��1XFO��(QHUJ\���������±������������GRL����������M�DQXFHQH�������������

�� $��%HQWDLE�HW�DO���³(7621�0,7+<*(1(�EHQFKPDUN�RQ�VLPXODWLRQV�RI�XSZDUG�IODPH�SURSDJDWLRQ

H[SHULPHQW�LQ�WKH�(1$&&()��H[SHULPHQWDO�IDFLOLW\�´�3URFHHGLQJV�RI���WK�,QWHUQDWLRQDO�7RSLFDO

0HHWLQJ�RQ�1XFOHDU�5HDFWRU�7KHUPDO�+\GUDXOLFV��2SHUDWLRQ�DQG�6DIHW\��187+26������4LQJGDR�

&KLQD��2FW�������

�� $�� %HQWDLE� HW� DO��� ³(7621�6$0+<&2�1(7� %HQFKPDUN� 2Q� 6LPXODWLRQV� 2I� 8SZDUG� )ODPH

3URSDJDWLRQ� ([SHULPHQW� ,Q� 5HSUHVHQWDWLYH�+\GURJHQ�$LU�6WHDP�0L[WXUHV�2I� 6HYHUH�$FFLGHQWV

&RQWDLQPHQWV� $WPRVSKHUH�´� 3URFHHGLQJV� RI� ��WK� ,QWHUQDWLRQDO� 7RSLFDO� 0HHWLQJ� RQ� 1XFOHDU

5HDFWRU�7KHUPDO�+\GUDXOLFV��185(7+������9LUWXDO�PHHWLQJ�������

�� 3��6DWKLDK��6��YDQ�+DUHQ��(��.RPHQ��DQG�'��5RHNDHUWV��³7KH�UROH�RI�&)'�FRPEXVWLRQ�PRGHOLQJ�LQ

K\GURJHQ�VDIHW\�PDQDJHPHQW²,,��9DOLGDWLRQ�EDVHG�RQ�KRPRJHQHRXV�K\GURJHQ±DLU�H[SHULPHQWV´�

1XFO��(QJ��'HV�����������±������������GRL����������M�QXFHQJGHV�������������

�� 3��6DWKLDK��(��.RPHQ��DQG�'��5RHNDHUWV��³7KH�UROH�RI�&)'�FRPEXVWLRQ�PRGHOLQJ�LQ�K\GURJHQ�VDIHW\

PDQDJHPHQW�±�,,,��9DOLGDWLRQ�EDVHG�RQ�KRPRJHQHRXV�K\GURJHQ±DLU±GLOXHQW�H[SHULPHQWV´��1XFO�

(QJ��'HV�����������±������������GRL����������M�QXFHQJGHV�������������

�� 3��6DWKLDK��(��.RPHQ��DQG�'��5RHNDHUWV��³7KH�UROH�RI�&)'�FRPEXVWLRQ�PRGHOLQJ�LQ�K\GURJHQ�VDIHW\

The 13th International Topical Meeting on Nuclear Reactor Thermal-Hydraulics, Operation and Safety (NUTHOS 13) 

+VLQFKX��Taiwan, September 5-10, 2022



1��3��� 

��/�� 

PDQDJHPHQW�±�,9��9DOLGDWLRQ�EDVHG�RQ�QRQ�KRPRJHQHRXV�K\GURJHQ±DLU�H[SHULPHQWV´��1XFO��(QJ��

'HV�����������±������������GRL����������M�QXFHQJGHV������������� 

�� 3�� 6DWKLDK�� 7�� +ROOHU�� ,�� .OMHQDN�� DQG� (�� .RPHQ�� ³7KH� UROH� RI� &)'� FRPEXVWLRQ� PRGHOLQJ� LQ

K\GURJHQ�VDIHW\�PDQDJHPHQW�±�9��9DOLGDWLRQ�IRU�VORZ�GHIODJUDWLRQV�LQ�KRPRJHQHRXV�K\GURJHQ�DLU

H[SHULPHQWV´��1XFO��(QJ��'HV�����������±������������GRL����������M�QXFHQJGHV�������������

�� $��&XWURQR�5DNKLPRY��'��&��9LVVHU��7��+ROOHU��DQG�(��0��-��.RPHQ��³7KH�UROH�RI�&)'�FRPEXVWLRQ

PRGHOOLQJ�LQ�K\GURJHQ�VDIHW\�PDQDJHPHQW�±�9,��9DOLGDWLRQ�IRU�VORZ�GHIODJUDWLRQ�LQ�KRPRJHQHRXV

K\GURJHQ�DLU�VWHDP� H[SHULPHQWV´�� 1XFO�� (QJ�� 'HV��� ����� ���±���� �������� GRL�

��������M�QXFHQJGHV�������������

��� <��+DORXDQH�DQG�$��'HKEL��³&)'�VLPXODWLRQV�RI�SUHPL[HG�K\GURJHQ�FRPEXVWLRQ�XVLQJ�WKH�(GG\

'LVVLSDWLRQ�DQG� WKH�7XUEXOHQW�)ODPH�&ORVXUH�PRGHOV´�� ,QW�� -��+\GURJ��(QHUJ\����� �����������±

��������������GRL����������M�LMK\GHQH�������������

��� 7��+ROOHU��(��0��-��.RPHQ��DQG�,��.OMHQDN��³7KH�UROH�RI�&)'�FRPEXVWLRQ�PRGHOLQJ�LQ�K\GURJHQ

VDIHW\�PDQDJHPHQW�±�9,,��9DOLGDWLRQ�IRU�K\GURJHQ�GHIODJUDWLRQ�LQ�ODUJH�VFDOH�K\GURJHQ�DLU�VWHDP

H[SHULPHQW´��1XFO��(QJ��'HV�����������±������������GRL����������M�QXFHQJGHV�������������

��� 5�� &KHUED�VNL� DQG� (�� 0ROJD�� ³&)'� VLPXODWLRQV� RI� K\GURJHQ� GHIODJUDWLRQ� LQ� VORZ� DQG� IDVW

FRPEXVWLRQ� UHJLPH´�� &RPEXVW�� 7KHRU\� 0RGHO��� ��� ����� ���±���� �������� GRL�

������������������������������

��� 7��+ROOHU��(��0��-��.RPHQ��DQG�,��.OMHQDN��³7KH�UROH�RI�&)'�FRPEXVWLRQ�PRGHOOLQJ�LQ�K\GURJHQ

VDIHW\�PDQDJHPHQW�±�9,,,��8VH�RI�(GG\�%UHDN�8S�FRPEXVWLRQ�PRGHOV�IRU�VLPXODWLRQ�RI�ODUJH�VFDOH

K\GURJHQ� GHIODJUDWLRQ� H[SHULPHQWV´�� 1XFO�� (QJ�� 'HV��� ����� ������� �������� GRL�

��������M�QXFHQJGHV�������������

��� -��;LDR��-��5��7UDYLV��DQG�0��.X]QHWVRY��³1XPHULFDO�LQYHVWLJDWLRQV�RI�KHDW�ORVVHV�WR�FRQILQHPHQW

VWUXFWXUHV�IURP�K\GURJHQ�DLU�WXUEXOHQW�IODPHV�LQ�(1$&&()�IDFLOLW\´��,QW��-��+\GURJ��(QHUJ\����

�����������±��������������GRL����������M�LMK\GHQH�������������

��� -��;LDR�HW�DO���³*$6)/2:�03,��$�QHZ���'�SDUDOOHO�DOO�VSHHG�&)'�FRGH�IRU�WXUEXOHQW�GLVSHUVLRQ

DQG� FRPEXVWLRQ� VLPXODWLRQV´�� ,QW�� -�� +\GURJ�� (QHUJ\�� ��� ������ ����±����� �������� GRL�

��������M�LMK\GHQH�������������

��� <��/L�HW�DO���³1XPHULFDO�DQDO\VLV�RI�K\GURJHQ�UHOHDVH��GLVSHUVLRQ�DQG�FRPEXVWLRQ�LQ�D�WXQQHO�ZLWK

IXHO�FHOO�YHKLFOHV�XVLQJ�DOO�VSHHG�&)'�FRGH�*$6)/2:�03,´��,QW��-��+\GURJ��(QHUJ\����������

�����±��������������GRL����������M�LMK\GHQH�������������

��� (��9\D]PLQD�DQG�6��-DOODLV��³9DOLGDWLRQ�DQG�UHFRPPHQGDWLRQV�IRU�)/$&6�&)'�DQG�HQJLQHHULQJ

DSSURDFKHV�WR�PRGHO�K\GURJHQ�YHQWHG�H[SORVLRQV��(IIHFWV�RI�FRQFHQWUDWLRQ��REVWUXFWLRQ�YHQW�DUHD

DQG� LJQLWLRQ� SRVLWLRQ´�� ,QW�� -�� +\GURJ�� (QHUJ\�� ��� ������ �����±������ �������� GRL�

��������M�LMK\GHQH�������������

��� -�� <ixH]��$�� .RWFKRXUNR�� DQG�$�� /HO\DNLQ�� ³+\GURJHQ� GHIODJUDWLRQ� VLPXODWLRQV� XQGHU� W\SLFDO

FRQWDLQPHQW� FRQGLWLRQV� IRU� QXFOHDU� VDIHW\´�� 1XFO�� (QJ�� 'HV��� ����� ���±���� �������� GRL�

��������M�QXFHQJGHV�������������

��� -��<DQH]��0��.X]QHWVRY�� DQG�$�� 6RXWR�,JOHVLDV�� ³$Q� DQDO\VLV� RI� WKH� K\GURJHQ� H[SORVLRQ� LQ� WKH

)XNXVKLPD�'DLLFKL� DFFLGHQW´�� ,QW�� -�� +\GURJ�� (QHUJ\�� ��� ������ ����±����� �������� GRL�
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