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)DFXOW\�RI�(QJLQHHULQJ��&DLUR�8QLY���*L]D��(J\SW��
�7KH�(QJLQHHULQJ�&RPSDQ\�IRU�WKH�'HYHORSPHQW�RI�&RPSXWHU�6\VWHPV��5',��

����$O�+DUDP�PDLQ�VW����WK�IORRU��*L]D��(J\SW�^PB$WWH\D��P5DVKZDQ��*DODO`#5',�HJ�FRP��
$EVWUDFW�

$V�WKH�DSSOLFDWLRQV�EDVHG�RQ�7H[W�7R�6SHHFK���HVS��WKH�WHOHFRP�RQHV�±�DUH�SHUVLVWHQWO\�JURZLQJ�LQWR�ELOOLRQV�RI�86'�EXVLQHVV��WKH�QHHG�IRU�KLJKO\�UHOLDEOH�ODUJH�VFDOH�3KRQHWLF�7UDQVFULSWRUV���L�H��'LDFULWL]HUV���DULVHV��,W�KDV�EHHQ�IRXQG�WKDW�DERXW������RI�WKH�ZRUGV�LQ�QHZV�GRPDLQ�$UDELF�WH[W�DUH�WUDQVOLWHUDWHG�ZRUGV�±�PRVWO\�IRUHLJQ�SURSHU�QRXQV��7KLV�VLJQLILFDQW�UDWLR�RI�WH[W�DUH�KDQGOHG�E\�QRQH�RI�WKH�OD\HUV�LQ�WKH�FRQYHQWLRQDO�ODGGHU�RI�OLQJXLVWLF�OD\HUV�WKDW�VWDUWV�ZLWK�PRUSKRORJLFDO�SURFHVVLQJ�OD\HU�XS�WR�WKH�SUDJPDWLF�RQH���
,Q�WKLV�SDSHU�ZH�LQWURGXFH�DQ�LQGXVWULDO�TXDOLW\�'LDFULWL]HU�RI�$UDELF�7UDQVOLWHUDWHG�6WULQJV�EDVHG�RQ�DQ�$
�VHDUFK�PHWKRGRORJ\�JXLGHG�E\�ORQJ� P�JUDPV� VWDWLVWLFDO� PRGHO� DQG� FRQVWUDLQHG� E\� D� FRPSDFW� $UDELF� 3KRQHWLF� *UDPPDU� �$3*��� ,Q� DGGLWLRQ� WR� SUHVHQWLQJ� DVVHUWLYH�IRUPDOL]DWLRQ�RI�$3*��WKLV�SDSHU�DGGV�$3*�WR�WKH�WKHRUHWLFDO�ODGGHU�RI�$UDELF�OLQJXLVWLF�SURFHVVLQJ�OD\HUV�DQG�SURSRVHV�DGGLQJ�3KRQHWLF�*UDPPDU�WR�RWKHU�ODQJXDJHV¶�ODGGHUV�DV�ZHOO���

��,QWURGXFWLRQ�
7KH�PDLQ�PRWLYDWLRQ� WR� LJQLWH� WKLV�ZRUN�ZDV� WKH�QHHG� WR�PDNH� RXU� DXWRPDWLF� $UDELF� SKRQHWLF� WUDQVFULSWRU�$UDE'LDF� �5',¶V� $UDE'LDF�� ������� �$WL\\D� HW� DO��������� �5',¶V� $UDE7DON�� ������� �+LIQ\� HW� DO�� ������ ��KHQFH� WKH� EDVHG� XSRQ� $UDELF� 7H[W�7R�6SHHFK� V\VWHPV� ��HIIHFWLYHO\� KDQGOH� IRUHLJQ� QDPHV� DQG� WHUPLQRORJ\� WKDW�IUHTXHQWO\� DSSHDU� DV� WUDQVOLWHUDWHG�$UDELF� VWULQJV� LQ� UHDO�OLIH� $UDELF� WH[W� HVS�� LQ� QHZV� GRPDLQ�� 2XU� VWDWLVWLFDO�PHDVXUHV� PDGH� RQ� VHYHUDO� KXQGUHGV� RI� WKRXVDQG� ZRUGV�$UDELF� QHZV� GRPDLQ� FRUSRUD� VKRZV� WKDW� WKH� UDWLR� RI�WUDQVOLWHUDWHG�IRUHLJQ�ZRUGV�LV�DV�KLJK�DV��������:KLOH� RWKHU� JURXSV� ±� LQFOXGLQJ� RXUVHOYHV� LQ� WKH� HDUO\�VWDJHV���IROORZ�WKH�WUDGLWLRQDO�VLPSOH�DSSURDFK�RI�EXLOGLQJ�FXVWRP� ORRN�XS� WDEOHV�� L�H�� G\QDPLF� GLFWLRQDULHV� �6SURDW��������� RI� WUDQVOLWHUDWHG� VWULQJV� YHUVXV� WKHLU� PDQXDOO\�FUDIWHG� SKRQHWLF� WUDQVFULSWLRQV�� ZH� ODWHU� UHDOL]HG� WKH�DSSDUHQW�VKRUWFRPLQJV�RI�WKLV�DSSURDFK�WKDW���
��� 'XH� WR� WKH� WLPH� YDULDQW� QDWXUH� RI� WKH� RFFXUUHQFH� RI�WUDQVOLWHUDWHG� ZRUGV� LQ� QHZV� GRPDLQ� WH[W� �6SURDW��������� FRVWO\� ±� DQG� GLUW\� �� PDQXDO� LQWHUYHQWLRQ� LV�FRQWLQXRXVO\�QHHGHG����� 0RUHRYHU�� WKH� FRPSOHWHQHVV� RI� WKRVH� FXVWRP�GLFWLRQDULHV�FDQ�QHYHU�EH�JXDUDQWHHG����� 7ROHUDELOLW\� WR� VSHOOLQJ� GLIIHUHQFHV� RI� WUDQVOLWHUDWHG�VWULQJV� LV�ZHDN�� KHQFH�� WKH�PDWFKLQJ� SURFHVV� DJDLQVW�WKH� FXVWRP� GLFWLRQDU\� SXVKHV� WKH� FRYHUDJH� HYHQ�SRRUHU����� $UDELF� LQIL[HV� ±� SUHIL[HV� DQG� VXIIL[HV� ±� DUH�IUHTXHQWO\� DGGHG� WR� WKH� WUDQVOLWHUDWHG� VWULQJV�� DQG�XVXDOO\� DOWHU� WKHLU� VSHOOLQJ� DQG�RU� SKRQHWLF�

WUDQVFULSWLRQ�� 7KLV� LV� KDUG� WR� DFFRXQW� IRU� XVLQJ� WKH�DIRUHPHQWLRQHG�ORRN�XS�WHFKQLTXH����� (YHQ�ZKHQ�D�KLW�RI�D�JLYHQ�VWULQJ�DJDLQVW�WKH�ORRN�XS�WDEOH� RFFXUV�� QR� JXDUDQWHH� RI� WKH� FRPSOLDQFH� RI� WKH�REWDLQHG� SKRQHWLF� WUDQVFULSWLRQ� ZLWK� WKH� $UDELF�SKRQRORJ\��ZKLFK� OHDGV� WR�FUDVKLQJ�$UDELF�7H[W�7R�6SHHFK� V\VWHPV� EXLOW� RYHU� ZKLOH� WKH� V\OODELILFDWLRQ�SURFHVV���,Q�EULHI��WKH�SUREOHPV�RI�WKDW�DSSURDFK�DUH�L��+LJK�FRVW��LL��3RRU�FRYHUDJH��LLL��3RRU�PDWFKLQJ��DQG�LY��)UDJLOLW\���
��6WDWLVWLFDO�DSSURDFK�

7R�RYHUFRPH�WKHVH�SUREOHPV��ZH�JDYH�XS�DOO�ZRUG�EDVHG�ORRN�XS� WDEOHV�� DQG� LQVWHDG� EXLOW� D� VWDWLVWLFDO� GDWDEDVH� RI�SKRQHPH� VHTXHQFHV�� L�H�� P�JUDPV�� VR� WKDW� RXU� V\VWHP�UHFRUGV�PRUH�JHQHULF��� L�H��PRUH�WLPH�LQYDULDQW�±�HQWLWLHV��*LYHQ�WKDW�ZH�FROOHFWHG�HQRXJK�VWDWLVWLFV�RIIOLQH��ZH�WKHQ�EXLOG� RQOLQH� WKH� GLVDPELJXDWLRQ� ODWWLFH� ±� VHH� ILJXUH� ��EHORZ� �� RI� DOO� WKH� SRVVLEOH� GLDFULWL]DWLRQV� RI� WKH� JLYHQ�VWULQJ����7KH� GLDFULWL]DWLRQ� SDWK� ZLWK� PD[LPXP� OLNHOLKRRG�SUREDELOLW\� LV� WKHQ� REWDLQHG� RQOLQH� XVLQJ� WKH� DGPLVVLEOH�DQG� RSWLPDO� $
 VHDUFK� DOJRULWKP� �1LOVVRQ�� ������� DQG�XVLQJ� D� FRPELQDWLRQ� RI� %D\HV¶�*RRG�7XULQJ� GLVFRXQW�%DFN�RII� WHFKQLTXHV� WR� HVWLPDWH� WKH� SUREDELOLW\� RI� ORQJ�SKRQHPH� P�JUDP� SDWK� VHJPHQWV� IURP� WKH� VSDUVH�VWDWLVWLFDO� GDWDEDVH� EXLOW� RIIOLQH� �$WL\\D� HW� DO�� ��������-XUDIVN\�	�0DUWLQ�� ������� �.DW]�� ������� �1DGDV�� ��������6FKXW]H�	�0DQQLQJ���������

�



)LJXUH����6HDUFK�ODWWLFH�IRU�GLVDPELJXDWLQJ�GLDFULWLFV�RI�D�JLYHQ�$UDELF�VWULQJ�XVLQJ�$
 6HDUFK�RU�%HDP�6HDUFK�DOJRULWKP��
7KLV� VWDWLVWLFDO� DSSURDFK� UHGXFHV� WKH� QHHGHG� FRQWLQXRXV�PDQXDO� LQWHUYHQWLRQ� LQWR� FOHDQO\� DQG� HFRQRPLFDOO\�EXLOGLQJ�HQRXJK�GLDFULWL]HG�FRUSXV��VHH�WKH�ODVW�VHFWLRQ�RI�WKLV�SDSHU��RI�WUDQVOLWHUDWHG�$UDELF�VWULQJV�IRU�EXLOGLQJ�WKH�VWDWLVWLFDO� SKRQHPH� P�JUDPV� GDWDEDVH�� DQG� WKHQ�LQFUHPHQWDOO\� DGDSWLQJ� DQG� UHILQLQJ� WKLV� GDWDEDVH� DW� ORQJ�LQWHUYDOV� �DQQXDOO\�� VD\��� 'XH� WR� WKH� GHFRPSRVLWLRQ� LQWR�ZRUG�VHJPHQWV�RI�SKRQHPH�P�JUDPV�DV�ZHOO�DV�WKH�DELOLW\�RI�EDFNLQJ�RII�WR�HYHQ�VKRUWHU�P�JUDPV��SUREOHPV�QR�������DQG���RI�WKH�ORRN�XS�WDEOHV�DUH�DOVR�UHFRYHUHG��0RUHRYHU��WKH� VWDWLVWLFDOO\� GRPLQDQW� ORQJ� P�JUDPV� LQ� WKH� VWDWLVWLFDO�DSSURDFK� SUHVHUYH� WKH� PDLQ� YLUWXH� RI� UHWULHYLQJ� H[DFW�SKRQHWLF�WUDQVFULSWLRQV�LQ�WKH�ORRN�XS�WDEOHV�DSSURDFK���+RZHYHU�� LW� UHPDLQV� WKH� SUREOHP� RI� JXDUDQWHHLQJ� WKH�FRPSOLDQFH�RI�WKH�REWDLQHG�PRVW�OLNHO\�GLDFULWL]DWLRQ�SDWK�ZLWK�WKH�$UDELF�SKRQRORJ\��� ��)RUPDOL]HG�$UDELF�3KRQHWLF�*UDPPDU�

�$3*��
7R� HOLPLQDWH� WKH� WKUHDW� RI� LQFRPSOLDQFH� ZLWK� $UDELF�SKRQRORJ\��ZH� KDG� WR� WHVW� HDFK� H[SDQGHG�SDWK�ZKLOH� WKH�

VHDUFKLQJ� SURFHVV� DJDLQVW� D� IRUPDO� $UDELF� 3KRQHWLF�*UDPPDU� �$3*�� RI� $UDELF� ZRUGV�� ,I� WKH� WHVW� IDLOV� WKDW�LQWHUPHGLDWH�SDWK� LV� HOLPLQDWHG�� HOVH� WKH�SDWK� LV� DGGHG� WR�WKH�RI�RSHQ�SDWKV�VWDFN�RI�$
�
'HVSLWH� WKH� ULFK� OLWHUDWXUH� RQ� FODVVLF� $UDELF� SKRQRORJ\��0XNKWDDU�8PDU����������$QHHV����������$O�$DQ\���������D IRUPDO�$3*�ZULWWHQ�LQ�%1)�IRUPDW�ZDV�QRW�DYDLODEOH�WR�HQDEOH� WKH� FRPSXWDWLRQDO� YDOLGDWLRQ� SURFHVV� PHQWLRQHG�DERYH�� 8SRQ� VXUYH\LQJ� WKH� OLWHUDWXUH� RI� FODVVLF� $UDELF�SKRQRORJLVWV� IRU�VFDQQLQJ� WKH�UXOHV�RI�$UDELF�SKRQRORJ\��ZH�GLVFRYHUHG�RQH� LQWHUHVWLQJ�SRLQW� WKDW�$UDELF�SKRQHWLF�UXOHV�DUH�FRQYHQWLRQDOO\�VWDWHG�QHJDWLYHO\��H�J��1R�$UDELF�ZRUG� FDQ� VWDUW� ZLWK� WZR� FRQVHFXWLYH� FRQVRQDQWV� ZKLOH�IRUPXODWLQJ� WKHP� LQ� %1)� QHHGV� VWDWLQJ� WKHVH� UXOHV�DVVHUWLYHO\�ZKLFK� ZDV� D� PDMRU� EXON� RI� RXU� ZRUN� LQ� WKLV�UHJDUG���$IWHU� PDQ\� LWHUDWLRQV�� ZH� PDQDJHG� WR� IRUPXODWH� WKH�FRPSDFW�±�\HW�FRPSUHKHQVLYH�±�IRUPDO�$3*�VKRZQ�EHORZ�LQ�WDEOH����
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7DEOH����)RUPDOL]HG�$3*�LQ�%1)�IRUPDW�ZKHUH�WHUPLQDOV�DUH�ZULWWHQ�LQ�LWDOLF�FDSLWDOV���
%HVLGHV�JXDUDQWHHLQJ�WKH�FRPSOLDQFH�RI�WKH�UHVXOWLQJ�PRVW�OLNHO\�GLDFULWL]DWLRQ�ZLWK� WKH�SKRQRORJ\�RI�$UDELF�ZRUGV��YDOLGDWLQJ� DJDLQVW� IRUPDO� $3*� HQKDQFHV� WKH� LQKHUHQW�HIILFLHQF\� RI� $
 E\� HDUO\� SUXQLQJ� PDQ\� LQYDOLG�LQWHUPHGLDWH� SDWKV�� DQG� JXDUDQWHHV� DQ� RULJLQDO� $UDELF�

IODYRU� RI� WKH� SURQXQFLDWLRQ� RI� WUDQVOLWHUDWHG� $UDELF�VWULQJV���
)RU�FOHDU�XQGHUVWDQGLQJ��WDEOH���VKRZQ�EHORZ�H[SODLQV�WKH�DFFXUDWH�VLJQLILFDQFH�RI�WKH�WHUPLQDOV�LQ�WKH�IRUPDO�$3*�

�
,'� 0QHPRQLF� 2UWKRJUDSK\�
� +0=$�
� %$$�
� 7$$�
� 7+$$�
� -((0�
� +$$�
� .+$$�
� '$/�
� =$/�
��� 5$$�
��� =$(�
��� 6((1�
��� 6+((1�
��� 66$'�
��� '+$$'�
��� 77$$�

��� '=$$�
��� (,1�
��� *+((1�
��� )$$�
��� 4$$)�
��� .$)�
��� /$0�
��� 0((0�
��� 1221�
��� +$� º
��� :$:�
��� <$$�
��� <HQG�
��� $/,)�
��� 7$$0�
��� +0=H�

��� +0=\�
��� +0=Z�
��� +0=V�
��� 6+$''$�
��� )$7(+$�
��� .$65$� Ê
��� '+$00$�
��� 62.221�
��� 71:D�
��� 71:H� Ç
��� 71:R�
��� 9:/� 1RQ�SULQWDEOH��WKH�
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��� <$$/� 1RQ�SULQWDEOH��WKH�
V\PERO�a�LV�XVHG�
IRU�YLVXDOL]DWLRQ��

��� %<3$66� 1RQ�SULQWDEOH��WKH�
V\PERO�î�LV�XVHG�
IRU�YLVXDOL]DWLRQ��

7DEOH����([SODLQLQJ�WKH�VLJQLILFDQFH�RI�WHUPLQDOV�LQ�WKH�$3*�RI�ILJXUH����



��3KRQHWLF�*UDPPDU�DV�WKH�PRVW�ERWWRP�
1/3�OD\HU�

([FHSW� IRU� WKH� IRUPDO� $3*�� WKHUH� LV� QRWKLQJ� VSHFLILF� WR�$UDELF� LQ� WKH� DSSURDFK� ZH� SUHVHQWHG� WR� SKRQHWLFDOO\�WUDQVFULSWLQJ� $UDELF� WUDQVOLWHUDWHG� VWULQJV�� &RQVHTXHQWO\��WKLV�DSSURDFK�LV�ODQJXDJH�LQGHSHQGHQW�JLYHQ�WKDW�SKRQHWLF�JUDPPDUV� RI� GLIIHUHQW� ODQJXDJHV� DUH� FRPSXWDWLRQDOO\�IRUPDOL]HG�DV�ZH�GLG�IRU�$UDELF���

2QH�WKHRUHWLFDO�SRLQW�GHVHUYHV�PHQWLRQLQJ�KHUH�UHJDUGLQJ�WKH� IDPRXV� DEVWUDFWLRQ� RI� WKH� 1/3� SUREOHP� DV�PXWXDOO\�LQWHUDFWLQJ� VXFFHVVLYH� OLQJXLVWLF� SURFHVVLQJ� OD\HUV� ODGGHU�ZLWK� WKH� ORZHU� OD\HUV� LPSRVLQJ� FRQVWUDLQWV� RQ� WKH� KLJKHU�RQHV�� �5LFK� 	� .QLJKW�� ������� �:LQVWRQ�� ������ :KLOH�GLDFULWL]LQJ� VWULQJV� FRUUHVSRQGLQJ� WR� RULJLQDO� ZRUGV��$UDELF�RU�HOVH��LV�FRQVWUDLQHG�E\�WKH�/H[LFDO�DQG�PD\�EH�WKH�6\QWDFWLF�SURFHVVLQJ�OD\HUV��$WL\\D�HW�DO����������5LFK�	 .QLJKW���������GLDFULWL]LQJ�WUDQVOLWHUDWHG�VWULQJV�KDV�QR�FRQVWUDLQLQJ� OD\HUV� EXW� WKH� 3KRQHWLF� *UDPPDU� ZKLFK�ORFDWHV� LW� LQ� WKH� PRVW� ERWWRP� SODFH� LQ� WKH� 1/3� OD\HUV�ODGGHU�DV�OD\HU�QR����DV�VKRZQ�LQ�ILJXUH���EHORZ��
�

)LJXUH����3KRQHWLF�JUDPPDU�DGGHG�DV�OD\HU�QR����LQ�WKH�WKHRUHWLFDO�ODGGHU�RI�OLQJXLVWLF�SURFHVVLQJ�OD\HUV���
��3HUIRUPDQFH�HYDOXDWLRQ�RI�WKH�DSSURDFK�

'LIIHUHQW� ZULWHUV� LQ� $UDELF� �DQG� LQ� RWKHU� ODQJXDJHV� WRR��GR� QRW� QHFHVVDULO\� DJUHH� WR� WKH� VDPH� SKRQHWLF�WUDQVFULSWLRQ�IRU�WKH�VDPH�WUDQVOLWHUDWHG�ZRUG��DQG�WKH\�GR�QRW�HYHQ�QHFHVVDULO\�DJUHH�WR�WKH�VDPH�VSHOOLQJ��6R��WKHUH�LV� QR� VLQJOH� FRUUHFW� DQVZHU� WKDW� FDQ� EH� UHIHUHQFHG�ZKLOH�

HYDOXDWLQJ� WKH� RXWSXW� RI� RXU�$3*� FRQVWUDLQHG� VWDWLVWLFDO�$
 VHDUFK�DSSURDFK���
:H� KHQFH� IROORZHG� DQ� 026�OLNH� DSSURDFK� WKDW� D�FRPPLWWHH� RI� �� SHUVRQV� �RU� DQ\� RWKHU� RGG� QXPEHU�� DUH�DVNHG�WR�HYDOXDWH�WKH�$UDELF�VSHHFK�V\QWKHVL]HG�IURP�WKH�UHVXOWLQJ� SKRQHWLF� WUDQVFULSWLRQ� RI� HDFK� JLYHQ�WUDQVOLWHUDWHG�ZRUG�LQWR�RQH�RI�WKH�IROORZLQJ�UDQNV��

� 5DQN� 6LJQLILFDQFH�3HUIHFW� 0DMRULW\�UHSRUWV�QR�HUURUV�
9HU\�*RRG� 0DMRULW\�UHSRUWV�RQH�HUURU�
,QWHOOLJLEOH� 0DMRULW\�UHSRUWV�PRUH�WKDQ�RQH�HUURU��EXW�WKH\�FDQ�VWLOO�XQGHUVWDQG�WKH�ZRUG

8QLQWHOOLJLEOH� 0DMRULW\�UHSRUWV�VR�PDQ\�HUURUV�WKDW�WKH\�FDQ�QRW�XQGHUVWDQG�WKH�ZRUG�

�
�

6HPDQWLF�$QDO\VLV

6\QWDFWLF�$QDO\VLV

/H[LFDO�$QDO\VLV�

3KRQHWLF�*UDPPDU

L�S�WH[W�

/D\HU��

/D\HU��

/D\HU��

/D\HU��



:KLOH� WKH� UHVXOWV� RI� RXU� HYDOXDWLRQ� H[SHULPHQWV� DUH�SUHVHQWHG�LQ�WKH�WDEOH�EHORZ��UHDGHUV�FDQ�WU\�RQOLQH�5',¶V�$UDELF�GLDFULWL]HU�$UDE'LDF� DV�ZHOO� DV�$UDELF�7H[W�7R�
6SHHFK� $UDE7DON� ZLWK� $UDELF� VWULQJV� FRUUHVSRQGLQJ� WR�WUDQVOLWHUDWHG� DQG�RU� RULJLQDO� $UDELF� ZRUGV�� �5',¶V�$UDE'LDF�� ��������5',¶V�$UDE7DON�� ������

6L]H�RI�WUDLQLQJ�FRUSXV� 0D[�OHQJWK�RI�P�JUDP�
6L]H�RI�ODQJXDJH�PRGHO� 6L]H�RI�WHVW�VDPSOH� (YDOXDWLRQ�UDQN� 5DWLR�

3HUIHFW� �����
9HU\�*RRG� �����
,QWHOOLJLEOH� �����

������WUDQVOLWHUDWHG�ZRUGV�IURP�DERXW���������QHZV�GRPDLQ�ZRUGV�FRUSXV��
���SKRQHPHV� ����0�%\WHV�

������WUDQVOLWHUDWHG�ZRUGV�IURP�DERXW��������QHZV�GRPDLQ�ZRUGV�VDPSOH�� 8QLQWHOOLJLEOH �����
3HUIHFW� �����

9HU\�*RRG� �����
,QWHOOLJLEOH� �����

�������WUDQVOLWHUDWHG�ZRUGV�IURP�DERXW���������QHZV�GRPDLQ�ZRUGV�FRUSXV��
���SKRQHPHV� ����0�%\WHV�

������WUDQVOLWHUDWHG�ZRUGV�IURP�DERXW��������QHZV�GRPDLQ�ZRUGV�VDPSOH�� 8QLQWHOOLJLEOH �����
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5HIHUHQFHV�LQ�(QJOLVK�
� $Q�RQOLQH� WULDO� YHUVLRQ� RI� WKH�PHQWLRQHG� V\VWHP�5',¶V�$UDE'LDF� LV�IRXQG�DW��KWWS���ZZZ�5',�HJ�FRP XQGHU�WKH�VXE� PHQX� LWHP� $UDELF� 1/3� XQGHU� WKH� PDLQ� PHQX� LWHP�7HFKQRORJLHV�� �������� �06�([SORUHU� YHUVLRQ� �� RU� ODWHU��DQG�$UDELF�HQDEOHG�06�:LQGRZV� DUH�QHHGHG��� $Q� RQOLQH� WULDO� YHUVLRQ� RI� DQ� $UDELF� 7H[W�7R�6SHHFK�V\VWHP�� 5',¶V�$UDE7DON� ZKLFK� LV� EDVHG� RQ� WKH� $UDELF�GLDFULWL]HU� PHQWLRQHG� LQ� WKLV� SDSHU�� 5',¶V�$UDE'LDF� LV�IRXQG� DW�� KWWS���ZZZ�5',�HJ�FRP XQGHU� WKH� VXE� PHQX�LWHP� 6SHHFK� XQGHU� WKH� PDLQ� PHQX� LWHP� 7HFKQRORJLHV���������� �06�([SORUHU� YHUVLRQ� �� RU� ODWHU�� DQG� $UDELF�HQDEOHG�06�:LQGRZV� DUH�QHHGHG��� $WWLD�� 0��� 5DVKZDQ�� 0��� .KDOODDI�� *��� ������� 2Q�6WRFKDVWLF� 0RGHOV�� 6WDWLVWLFDO� 'LVDPELJXDWLRQ�� DQG�$SSOLFDWLRQV� RQ�$UDELF�1/3�3UREOHPV� 7KH�3URFHHGLQJV�RI� WKH� �UG� &RQIHUHQFH� RQ� /DQJXDJH� (QJLQHHULQJ��&/(¶������ WKH� (J\SWLDQ� 6RFLHW\� RI� /DQJXDJH�(QJLQHHULQJ� �(6/(��� 7KLV� SDSHU� LV� DOVR� GRZQORDGDEOH�IURP� WKH� IROORZLQJ� ZHE� SDJHV��KWWS���ZZZ�1(0/$5�RUJ�6FLHQWLILF3DSHUV�,QGH[�KWPDQG� KWWS���ZZZ�5',�HJ�FRP XQGHU� WKH� PHQX� VXE� LWHP�$UDELF�1/3�XQGHU�WKH�PDLQ�PHQX�LWHP�7HFKQRORJLHV�� +LIQ\��<���4XUDQ\�� 6���+DPLG�� 6���5DVKZDQ��0���$WWLD��0��� 5DJKHE�� $��� .KDOODDI�� *��� ������� $UDE7DON�� $Q�,PSOHPHQWDWLRQ� IRU� $UDELF� 7H[W� 7R� 6SHHFK� 6\VWHP� 7KH�SURFHHGLQJV� RI� WKH� �WK� &RQIHUHQFH� RQ� /DQJXDJH�(QJLQHHULQJ�� &/(¶������ WKH� (J\SWLDQ� 6RFLHW\� RI�/DQJXDJH�(QJLQHHULQJ��(6/(���DQG�SXEOLVKHG�DOVR� LQ� WKH�1HZV� /HWWHU� RI� (YDOXDWLRQ� RI� /DQJXDJH� 5HVRXUFHV� DQG�'LVWULEXWLRQ�$JHQF\��(/'$��0D\������LVVXH��7KLV�WKHVLV�

LV� GRZQORDGDEOH� IURP� WKH� ZHE� SDJHV��KWWS���ZZZ�1(0/$5�RUJ�6FLHQWLILF3DSHUV�,QGH[�KWP�DQG� KWWS���ZZZ�5',�HJ�FRP XQGHU� WKH� PHQX� VXE� LWHP�$UDELF�1/3�XQGHU�WKH�PDLQ�PHQX�LWHP�7HFKQRORJLHV�� -XUDIVN\��'���0DUWLQ��-��+����������6SHHFK�DQG�/DQJXDJH�3URFHVVLQJ�� $Q� ,QWURGXFWLRQ� WR� 1DWXUDO� /DQJXDJH�3URFHVVLQJ�� &RPSXWDWLRQDO� /LQJXLVWLFV�� DQG� 6SHHFK�3URFHVVLQJ��3UHQWLFH�+DOO��� .DW]�� 6�0��� ������� (VWLPDWLRQ� RI� 3UREDELOLWLHV� IURP�6SDUVH� 'DWD� IRU� WKH� /DQJXDJH� 0RGHO� &RPSRQHQW� RI� D�6SHHFK� 5HFRJQL]HU�� ,(((� 7UDQVDFWLRQV� RQ� $FRXVWLFV��6SHHFK�DQG�6LJQDO�3URFHVVLQJ��YRO��$663����QR�����0DUFK�������� 1DGDV�� $��� ������� 2Q� 7XULQJ
V� )RUPXOD� IRU� :RUG�3UREDELOLWLHV� ,(((� 7UDQVDFWLRQV� RQ� $FRXVWLFV�� 6SHHFK�DQG� 6LJQDO� 3URFHVVLQJ�� YRO�� $663���� QR�� ��� 'HFHPEHU�������� 1LOVVRQ�� 1�-��� ������� 3UREOHP� 6ROYLQJ� 0HWKRGV� LQ�$UWLILFLDO�,QWHOOLJHQFH��0F*UDZ�+LOO��� 5LFK�� (��� .QLJKW�� .��� �������$UWLILFLDO� ,QWHOOLJHQFH� �QG�HGLWLRQ� 0F*UDZ�+LOO��� 6FKXW]H�� +��� 0DQQLQJ�� &�'��� ������� )RXQGDWLRQV� RI�6WDWLVWLFDO�1DWXUDO�/DQJXDJH�3URFHVVLQJ� WKH�0,7�3UHVV��� 6SURDW�� 5��� ������� 0XOWLOLQJXDO� 7H[W�7R�6SHHFK�6\QWKHVLV� .OXZHU�$FDGHPLF�3XEOLVKHUV��� 9DQ� 6DQWHQ�� -�3�+��� 6SURDW�� 5�:��� 2OLYH�� -�3���+LUVFKEHUJ�� -��� ������� 3URJUHVV� LQ� 6SHHFK� 6\QWKHVLV��6SULQJHU��3XEOLVKHUV��� :LQVWRQ��3�+����������$UWLILFLDO�,QWHOOLJHQFH��UG�HGLWLRQ�$GGLVRQ�:HVOH\��
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