
�� 7KLV�GRFXPHQW�LV�90�����RQH�RI�D�VHULHV�RI�WKH�&ROOHJH�RI�9HWHULQDULDQ�0HGLFLQH��)ORULGD�&RRSHUDWLYH�([WHQVLRQ�6HUYLFH��,QVWLWXWH�RI�)RRG�DQG�$JULFXOWXUDO

6FLHQFHV��8QLYHUVLW\�RI�)ORULGD��'DWH�UHYLVHG��0DUFK�������3OHDVH�YLVLW�WKH�)$,56�:HEVLWH�DW�KWWS���KDPPRFN�LIDV�XIO�HGX�

7KH�,QVWLWXWH�RI�)RRG�DQG�$JULFXOWXUDO�6FLHQFHV�LV�DQ�HTXDO�RSSRUWXQLW\�DIILUPDWLYH�DFWLRQ�HPSOR\HU�DXWKRUL]HG�WR�SURYLGH�UHVHDUFK��HGXFDWLRQDO

LQIRUPDWLRQ�DQG�RWKHU�VHUYLFHV�RQO\�WR�LQGLYLGXDOV�DQG�LQVWLWXWLRQV�WKDW�IXQFWLRQ�ZLWKRXW�UHJDUG�WR�UDFH��FRORU��VH[��DJH��KDQGLFDS��RU�QDWLRQDO�RULJLQ�

)RU� LQIRUPDWLRQ�RQ�REWDLQLQJ�RWKHU�H[WHQVLRQ�SXEOLFDWLRQV��FRQWDFW�\RXU�FRXQW\�&RRSHUDWLYH�([WHQVLRQ�6HUYLFH�RIILFH��)ORULGD�&RRSHUDWLYH

([WHQVLRQ�6HUYLFH���,QVWLWXWH�RI�)RRG�DQG�$JULFXOWXUDO�6FLHQFHV���8QLYHUVLW\�RI�)ORULGD���&KULVWLQH�7D\ORU�:DGGLOO��'HDQ

�� -DQ�.��6KHDUHU��'�9�0���0�6���([WHQVLRQ�9HWHULQDULDQ��FROOHJH�RI�9HWHULQDULDQ�0HGLFLQH���DQG�5�.��%UDXQ��'�9�0��SURIHVVRU��'HSDUWPHQW�RI�3UHYHQWDWLYH

0HGLFLQH��&ROOHJH�RI�9HWHULQDULDQ�0HGLFLQH��&RRSHUDWLYH�([WHQVLRQ�6HUYLFH��,QVWLWXWH�RI�)RRG�DQG�$JULFXOWXUDO�6FLHQFHV��8QLYHUVLW\�RI�)ORULGD��*DLQHVYLOOH�
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0\FRSODVP�0DVWLWLV�

-DQ�.��6KHDUHU�DQG�5�.��%UDXQ
�

0DVWLWLV�LQ�FRZV�FDXVHG�E\�0\FRSODVPD�VS��LV 0\FRSODVPD�GR�QRW�KDYH�FHOO�ZDOOV��7KLV�DQDWRPLFDO

FKDUDFWHUL]HG�E\�UDSLG�RQVHW��LQYROYHPHQW�RI�DOO�IRXU IHDWXUH�PDNHV�WKHP�XQVXVFHSWLEOH�WR�FHUWDLQ�DQWLELRWLFV

TXDUWHUV��PDUNHG�GURS�LQ�PLON�SURGXFWLRQ��DEQRUPDO VXFK�DV�SHQLFLOOLQ�ZKLFK�VSHFLILFDOO\�DFW�E\�LQWHUIHULQJ

DSSHDULQJ�PLON�VHFUHWLRQV�WKDW�PD\�EH�WDQQLVK��ZDWHU\ ZLWK�FHOO�ZDOO�IRUPDWLRQ��0\FRSODVPD�GLIIHU�IURP

RU�IODN\��DQG�VHYHUH�LQIODPPDWLRQ�RI�WKH�XGGHU�ZLWK YLUXVHV�LQ�WKDW�P\FRSODVPD�DUH�ODUJHU�WKDQ�YLUXVHV�DQG

UHODWLYHO\�PLOG�VLJQV�RI�V\VWHPLF�LOOQHVV��,VRODWLRQ�RI�WKH GDPDJH�WLVVXH�FHOOV�E\�GLIIHUHQW�PHDQV��9LUXVHV�SURGXFH

RUJDQLVP�IURP�PLON�VDPSOHV�UHTXLUHV�VSHFLDO�ODERUDWRU\ GLVHDVH�E\�LQFRUSRUDWLQJ�WKHPVHOYHV�LQWR�WKH�FRPSOH[

PHWKRGV�DQG�DV�\HW�WKHUH�LV�QR�VDWLVIDFWRU\�WUHDWPHQW�RU PDFKLQHU\�RI�WKH�LQWHULRU�RI�WKH�DQLPDO
V�FHOOV��,QVLGH�WKH

YDFFLQH�DYDLODEOH� FHOO�WKH\�XWLOL]H�WKH�FHOOXODU�PDFKLQHU\�WR�SURGXFH�PRUH

0\FRSODVPD�PDVWLWLV�ZDV�ILUVW�UHSRUWHG�IURP DFWLRQ�RI�WKHUDSHXWLF�DJHQWV�DQG�WKH�ERG\
V�GHIHQVH

(QJODQG�LQ������DQG�KDV�EHHQ�UHFRJQL]HG�LQ�WKH�8QLWHG PHFKDQLVPV��0\FRSODVPDV��OLNH�PRVW�EDFWHULD��GR�QRW

6WDWHV�VLQFH�������6LQFH�WKDW�WLPH�LW�KDV�EHHQ�UHSRUWHG HQWHU�WKH�DQLPDO
V�WLVVXH�FHOOV�EXW�LQVWHDG�DWWDFK�WR�WKH

IURP�PXFK�RI�(XURSH��&DQDGD��-DSDQ��,VUDHO��$XVWUDOLD VXUIDFH�RI�FHOOV�DQG�GHVWUR\�WKHP�E\�PHDQV�ZKLFK�DUH

DQG�1HZ�=HDODQG��,Q�WKH�8QLWHG�6WDWHV�WKH�ILUVW QRW�WRWDOO\�XQGHUVWRRG�

UHFRJQL]HG�RXWEUHDN�RFFXUUHG�LQ�&RQQHFWLFXW�IROORZHG

VKRUWO\�WKHUHDIWHU�E\�DQ�RXWEUHDN�LQYROYLQJ�VHYHUDO 8QIRUWXQDWHO\��WRR�OLWWOH�LV�NQRZQ�DERXW�WKH�IDFWRUV

KHUGV�LQ�1HZ�<RUN��$OWKRXJK�PXFK�RI�WKH�DWWHQWLRQ�LQ ZKLFK�LQIOXHQFH�WKH�IUHTXHQF\�DQG�GLVWULEXWLRQ�RI�WKLV

SDVW�\HDUV�KDV�EHHQ�IRFXVHG�RQ�&DOLIRUQLD�LW�ZDV�QRW IRUP�RI�PDVWLWLV�LQ�GDLU\�KHUGV��6WXGLHV�LQGLFDWH�WKDW�WKH

XQWLO������WKDW�DQ�RXWEUHDN�RFFXUULQJ�LQ�WKDW�VWDWH�ZDV RUJDQLVP�LV�VXVFHSWLEOH�WR�GU\LQJ�DQG�LV�GHVWUR\HG�E\

GHVFULEHG��,W�LV�TXLWH�OLNHO\�WKDW�PDVWLWLV�FDXVHG�E\ PRVW�GLVLQIHFWDQWV�DQG�WHDW�GLSV��2Q�WKH�RWKHU�KDQG��WKH

P\FRSODVPD�H[LVWHG�IRU�VRPH�WLPH�SULRU�WR�LWV RUJDQLVP�ZLOO�SHUVLVW�LQ�XQVDQLWDU\��ZDUP��PRLVW

GLVFRYHU\��KRZHYHU��WKHVH�HDUO\�ILQGLQJV�VSDZQHG�WKH HQYLURQPHQWV�ZKLFK�SURYLGH�WKH�LGHDO�FRQGLWLRQV�IRU�LWV

IRUPDWLRQ�RI�DQ�DFWLYH�P\FRSODVPD�PDVWLWLV�UHVHDUFK VXUYLYDO��7KHUH�LV�DOVR�HYLGHQFH�WKDW�WKH�RUJDQLVPV�FDQ

JURXS�LQ�&DOLIRUQLD�WKDW�KDV�DGGHG�PXFK�WR�RXU�FXUUHQW LQKDELW�WKH�XSSHU�UHVSLUDWRU\�WUDFW�DQG�YDJLQD�RI�FRZV�

XQGHUVWDQGLQJ�RI�WKLV�GLVHDVH� ,Q�DGGLWLRQ��D�IXUWKHU�LQWHUHVWLQJ�REVHUYDWLRQ�LV�WKH

0\FRSODVPD�DUH�XQLTXH�RUJDQLVPV��7KH\�GR�QRW�ILW ,%5�LQ�PLON�REWDLQHG�IURP�LQIHFWHG�FRZV�

WKH�GHVFULSWLRQ�RI�D�EDFWHULXP�RU�D�YLUXV�DQG�DUH

FODVVLILHG�DV�PLFUREHV�LQWHUPHGLDWH�EHWZHHQ�WKH�WZR�

YLUXV�ZKLOH�UHPDLQLQJ�SDUWLDOO\�SURWHFWHG�IURP�WKH

RFFDVLRQDO�GHWHFWLRQ�RI�P\FRSODVPD�DQG�WKH�YLUXV�RI
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7KH�LPPXQH�UHVSRQVHV�RI�FRZV�LQIHFWHG�ZLWK +HUGV�ZKLFK�DUH�QRW�DIIHFWHG�ZLWK�P\FRSODVPD

0\FRSODVPD�ERYLV�DUH�GHSUHVVHG��0\FRSODVPDV�QRW VKRXOG�PRQLWRU�WKHLU�KHUGV�URXWLQHO\�WKURXJK�FXOWXUH�RI

RQO\�VXUYLYH�WKH�SUHVHQFH�RI�ODUJH�QXPEHUV�RI EXON�PLON��7KLV�VKRXOG�EH�GRQH�DW�OHDVW�PRQWKO\�DQG

OHXNRF\WHV�SUHVHQW�LQ�PLON�ZKLFK�DUH�SURGXFHG�LQ SRVVLEO\�PRUH�RIWHQ�LQ�VRPH�KHUGV��0DLQWDLQ�D�FORVHG

UHVSRQVH�WR�WKH�LQIHFWLRQ��EXW�VHHP�WR�WKULYH�DQG KHUG�LI�SRVVLEOH��KRZHYHU��LI�LW�LV�QHFHVVDU\�WR�SXUFKDVH

SURVSHU��0XFK�QHHGV�WR�EH�OHDUQHG�DERXW�WKH�FRZ
V FRZV��DWWHPSW�WR�GHWHUPLQH�LI�WKH�KHUG�IURP�ZKLFK�FRZV

GHIHQVH�PHFKDQLVPV�DQG�KRZ�WKH\�DUH�LQIOXHQFHG�LQ�WKLV DUH�EHLQJ�SXUFKDVHG�LV�D�FXOWXUH�QHJDWLYH�KHUG��$VN�IRU

GLVHDVH�EXW�WKH�VXSSUHVVLRQ�RI�LPPXQH�UHVSRQVHV�LV�D D�EXON�WDQN�FXOWXUH�UHSRUW�RU�KDYH�WKH�FRZV�EHLQJ

YHU\�LPSRUWDQW�UHDVRQ�IRU�WKH�GLIILFXOW\�LQ�FRQWURO�RI�WKLV SXUFKDVHG�GHWHUPLQHG�FXOWXUH�QHJDWLYH�EHIRUH�EULQJLQJ

IRUP�RI�PDVWLWLV� WKHP�LQWR�\RXU�KHUG��,I�DQG�ZKHQ�VXFK�LQIRUPDWLRQ�LV

2XWEUHDNV�RI�WKLV�GLVHDVH��DUH�FRPPRQO\�WUDFHG�WR PLON�TXDOLW\�UHSRUWV��0LON�&RRSHUDWLYH�UHSRUWV��RU

WKH�SXUFKDVH�DQG�LQWURGXFWLRQ�RI�LQIHFWHG�FRZV��'DLU\ '+,$�6&&�SURJUDP�VXPPDULHV�DQG�LQGLYLGXDO�FRZ

FRZV�LQYROYHG�LQ�OLYHVWRFN�VKRZV�ZKHUH�WKH\�PD\�KDYH UHFRUGV��'RQ
W�EX\�D��0\FRSODVPD�0DVWLWLV��SUREOHP�

EHHQ�H[SRVHG�SRVH�DQRWKHU�SRWHQWLDO�WKUHDW�

7KH�PRVW�LPSRUWDQW�HQYLURQPHQWDO�IDFWRUV�UHODWH�WR GLDJQRVHG�ZLWK�P\FRSODVPD�PDVWLWLV�KDYH�EHHQ

VDQLWDWLRQ�LQ�UHJDUGV�WR�PLONLQJ�SUDFWLFHV�DQG�PLONLQJ VXJJHVWHG�DQG�LQFOXGH�WKH�IROORZLQJ�

PDFKLQH�IXQFWLRQ��&RZ�WR�FRZ�WUDQVPLVVLRQ�PD\�RFFXU

YLD�WKH�PLONHU
V�KDQGV��WKH�XVH�RI�VSRQJHV�RU�PXOWLSOH ��� &XOWXUH�DOO�FRZV�IRU�P\FRSODVPD��7KLV�LV�GRQH�RQ

XVH�FORWKV�IRU�XGGHU�SUHSDUDWLRQ��XVH�RI�LQHIIHFWLYH�WHDW FRPSRVLWH�VDPSOHV��RQH�VDPSOH�LQFOXGHV�PLON�IURP

GLSV�RU�WKH�LPSURSHU�DSSOLFDWLRQ�RI�WHDW�GLS�DQG�E\ DOO�IRXU�TXDUWHUV���6RPHWLPHV�VDPSOLQJ�FDQ�EH

LQDGHTXDWH�VDQLWDU\�PHDVXUHV�HPSOR\HG�ZKHQ�WUHDWLQJ FRQILQHG�WR�FHUWDLQ�VWULQJV�RU�JURXSV�NQRZQ�WR

FRZV��WR�QDPH�D�IHZ��&DUHIXO�DWWDFKPHQW�DQG FRQWDLQ�LQIHFWHG�FRZV��$SSURSULDWH�VDPSOHV�RI�WDQN

GHWDFKPHQW�RI�PLONLQJ�XQLWV�UHVXOWLQJ�LQ�D�PLQLPXP�RI PLON�PD\�KHOS�WR�FODVVLI\�VWULQJV�DV�LQIHFWHG�RU�QRW

YDFXXP�GLVWXUEDQFH��FRQWURO�RI�OLQHU�VOLSSDJH�DQG LQIHFWHG�

URXWLQH�PDLQWHQDQFH�RI�PLONLQJ�PDFKLQH�HTXLSPHQW

FRPSRQHQWV�DUH�HVVHQWLDO�IHDWXUHV�RI�SURSHU�PLONLQJ $��'DLU\PHQ�PLONLQJ�FRZV�LQ�D�SDUORU�FDQ�VDPSOH�DOO

WHFKQLTXH�DQG�PDFKLQH�IXQFWLRQ�DQG�GHPDQG�D FRZV�RQ�D�VLQJOH�VLGH��XS�WR����FRZV��LQWR�RQH

FRQVFLRXV�HIIRUW�LQ�PDVWLWLV�FRQWURO� FRPSRVLWH�VDPSOH�YLDO��&RZV�PLONHG�LQ�D�IODW�EDUQ�FDQ

0\FRSODVPD�PDVWLWLV�VKRXOG�EH�VXVSHFWHG KHU�QXPEHU�UHFRUGHG�DV�EHLQJ�DVVLJQHG�WR�D�SDUWLFXODU

ZKHQHYHU�WKH�IROORZLQJ�DUH�SUHVHQW� VDPSOH�YLDO��,I�D�FRPSRVLWH�VDPSOH�,�LV�IRXQG�WR�EH

���� $Q�LQFUHDVH�LQ�PDVWLWLV�FDVHV�WKDW�UHVLVW�WUHDWPHQW� WKLV�VDPSOH�JURXS�PXVW�EH�LQGLYLGXDOO\�FXOWXUHG�WR

���� 0DVWLWLV�FDVHV�WKDW�W\SLFDOO\�VSUHDG�IURP�RQH

TXDUWHU�WR�DQRWKHU�VXFK�WKDW�RIWHQ�DOO�TXDUWHUV 6DQLWDWLRQ�LV�H[WUHPHO\�LPSRUWDQW�ZKHQ�REWDLQLQJ

EHFRPH�LQYROYHG� PLON�VDPSOHV�IRU�FXOWXUH��7KH�FRZ
V�XGGHU��IHHW�DQG

���� 0DVWLWLV�ZKLFK�UHVXOWV�LQ�PDUNHG�ORVV�RI�PLON GU\�DQG�WHDWV�VKRXOG�EH�GLVLQIHFWHG�ZLWK�D�QHZ�DOFRKRO

SURGXFWLRQ�IURP�DIIHFWHG�TXDUWHUV��VRPH�RI�ZKLFK SOHGJHW�LPPHGLDWHO\�SULRU�WR�VDPSOLQJ�

ZLOO�VKRZ�VHYHUH�PDVWLWLV��DQG�VRPH�RI�ZKLFK�PD\

VKRZ�D�PLOGHU�IRUP�RI�PDVWLWLV�EXW�FRQWLQXH�WR�GU\ ��� 5HPRYH�DOO�FRZV�ZLWK�SRVLWLYH�P\FRSODVPD�PLON

XS� FXOWXUHV�IURP�WKH�PDLQ�PLONLQJ�VWULQJV�RI�WKH�KHUG�

���� 0DVWLWLV�FDVHV�ZKLFK�UHVXOW�LQ�PLON�VHFUHWLRQV�ZKLFK

DUH�WDQQLVK�RU�EURZQLVK�XOWLPDWHO\�EHFRPLQJ�ZDWHU\ $��0DUNHW�LQIHFWHG�FRZV�IRU�VODXJKWHU��7KLV�LV�WKH

DQG�ODGHQ�ZLWK�SXV�DQG�IODN\�GHEULV� UHFRPPHQGDWLRQ�RI�FKRLFH�IRU�PRVW�VHYHUH�FOLQLFDO

DYDLODEOH�UHYLHZ�VRPDWLF�FHOO�FRXQW�GDWD�IURP�WKH�KHUG

&RQWURO�PHDVXUHV�WR�EH�DGRSWHG�ZKHQ�D�KHUG�LV

EH�DVVLJQHG�VLPLODUO\��(DFK�FRZ�PXVW�EH�LGHQWLILHG�DQG

FXOWXUH�SRVLWLYH�IRU�0\FRSODVPD��HDFK�FRZ�DVVLJQHG�WR

LGHQWLI\�WKH�LQIHFWHG�FRZV�

ORZHU�OHJV�PXVW�EH�FOHDQ��7KH�XGGHU�DQG�WHDWV�VKRXOG�EH

7KH�IROORZLQJ�DOWHUQDWLYHV�PD\�EH�FRQVLGHUHG�

LQIHFWLRQV��7UHDWPHQW�KDV�QRW�EHHQ�YHU\�HIIHFWLYH�
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%��6HJUHJDWH�LQIHFWHG�FRZV�ZKHQ�ODUJH�QXPEHUV�RI�FRZV ��� 7HVW�HDFK�FOLQLFDO�PDVWLWLV�TXDUWHU�IRU�P\FRSODVPD

DUH�VXEFOLQLFDOO\�LQIHFWHG�LQ�D�KHUG��WKH\�PD\�EH XQWLO�WKH�KHUG�LV�IUHH�RI�P\FRSODVPD��'R�QRW�UHWXUQ

PDLQWDLQHG�DV�DQ�HQWLUHO\�VHJUHJDWHG�JURXS�RI�FRZV�RQ FRZ�WR�PDLQ�VWULQJV�XQOHVV�WHVW�LV�QHJDWLYH�IRU

WKH�GDLU\��7KH\�VKRXOG�DOZD\V�EH�PLONHG�ODVW��DQG�FRZV P\FRSODVPD��5HPRYH�SRVLWLYH�FRZV�DV�LQ�SRLQW���

HQWHULQJ�WKLV�JURXS�VKRXOG�QRW�UH�HQWHU�WKH

P\FRSODVPD�IUHH�KHUG� ��� 7HVW�HDFK�IUHVK�FRZ�EHIRUH�DGPLVVLRQ�WR�PLONLQJ

&��'U\�RII�LQIHFWHG�FRZV�DQG�SODFH�WKHP�LQ�D�VHSDUDWH

GU\�FRZ�KHUG��5HVDPSOH�DW�OHDVW�WZR�WLPHV�DIWHU ��� .HHS�PDVWLWLF�FRZV�VHSDUDWH�IURP�IUHVK�FRZV�DW�DOO

IUHVKHQLQJ�DQG�UHPRYH�FRZV�SRVLWLYH�DW�WKDW�WLPH� WLPHV�

��� 0RQLWRU�WKH�KHUG�E\�VDPSOLQJ�WKH�WDQN�PLON�DIWHU ��� $OZD\V�PLON�DQ\�NQRZQ�P\FRSODVPD�FRZV�ODVW�RU

HDFK�VWULQJ�LV�PLONHG�RQFH�HDFK�ZHHN�XQWLO�QHJDWLYH LQ�D�VHSDUDWH�PLONLQJ�VHW�XS��0LONHUV�VKRXOG�QHYHU

FXOWXUHV�KDYH�EHHQ�REWDLQHG�WZR�WLPHV�IURP�DOO PLON�FOHDQ�FRZV�DIWHU�PLONLQJ�LQIHFWHG�FRZV�ZLWKRXW

VDPSOHV��&ROOHFW�FRZ�VDPSOHV�IURP�DOO�VWULQJV FKDQJLQJ�FORWKHV�DQG�GLVLQIHFWLQJ�KDQGV�

DVVRFLDWHG�ZLWK�SRVLWLYH�WDQN�VDPSOHV��5HPRYH�DOO

SRVLWLYH�FRZV�IURP�WKH�PLONLQJ�VWULQJV�DQG�KDQGOH ��� 7HDW�GLSSLQJ�ZLWK�DQ�HIIHFWLYH�WHDW�GLS�VKRXOG�EH

DV�LQ���DERYH� ULJRURXVO\�IROORZHG�

([DPSOHV���6L[�VWULQJV�DUH�PLONHG� ��� :KHUH�SRVVLEOH��GLVLQIHFW�WHDW�FXS�FOXVWHUV�LQ�D

D���$OO�VL[�WDQN�VDPSOHV�DUH�SRVLWLYH��6DPSOH�HQWLUH VXVSHFWHG�RI�KDYLQJ�P\FRSODVPD�LQIHFWLRQ�

KHUG�

E���6DPSOHV�������DQG���DUH�QHJDWLYH��������DQG���DUH WR�DGPLVVLRQ�WR�UHJXODU�KHUG��6HYHUDO�RXWEUHDNV

SRVLWLYH��6DPSOH�FRZV�LQ�VWULQJV�������DQG��� KDYH�IROORZHG�SXUFKDVH�RI�KHUG�DGGLWLRQV�

F���6DPSOHV�������������DQG���DUH�QHJDWLYH����LV�SRVLWLYH�

6DPSOH�FRZV�LQ�VWULQJ���

��� &RQWLQXH�ZHHNO\�VDPSOHV�RQ�WRWDO�WDQN�PLON�XQWLO

IRXU�FRQVHFXWLYH�VDPSOLQJV�DUH�QHJDWLYH��7KHQ

FROOHFW�DQG�WHVW�RQ�D�PRQWKO\�EDVLV�IRU�VHYHUDO

PRQWKV�

VWULQJ��5HPRYH�SRVLWLYH�FRZV��SRLQW����

FOHDQ�GLVLQIHFWDQW�VROXWLRQ�DIWHU�PLONLQJ�FRZV

��� $OZD\V�WHVW�SXUFKDVHG�FRZV�IRU�P\FRSODVPD�SULRU


