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$%675$&7�

:H� SUHVHQW� D� FRQWLQXRXV� VSHHFK� UHFRJQLWLRQ� DUFKLWHFWXUH� ZLWK� D

WLJKWO\�FRXSOHG�ODQJXDJH�PRGHO�WKDW�WULHV�WR�LPSURYH�WKH�GZLQGOLQJ

SHUIRUPDQFH� RI� WKH�QRUPDO� VWDFN�GHFRGHU�ZLWK� LQFUHDVLQJ� OH[LFRQ

VL]H��:H�VROYH�WKH�SUREOHP�RI�UHFRJQLWLRQ�E\�PHDQV�RI�WZR�PXWXDOO\

UHFXUVLYH�IXQFWLRQV��7KH�ILUVW�RQH�XVHV�DQ�DX[LOLDU\�UHWULHYDO�IXQFWLRQ

WR�REWDLQ� OH[LFDOL]HG� �DOUHDG\�EXLOW�� VROXWLRQV� WR� WKH�SUREOHP��DQG

PHUJHV�WKHVH�VROXWLRQV�ZLWK�WKH�RQHV�EXLOW�E\�WKH�VHFRQG�IXQFWLRQ�

7KLV�VHFRQG�RQH�GHVFULEHV�WKH�DFRXVWLFDO�DQG�VHPDQWLF�UHFRJQLWLRQ

SURFHVV� DV� D� VHDUFK� SUREOHP� GHILQHG� ZLWK� WKH� KHOS� RI� WKH� ILUVW

IXQFWLRQ��DQG�VROYHG�ZLWK�WKH�KHOS�RI�WKH�$
�VWUDWHJ\��$V�D�OLQJXLVWLF

PRGHO��ZH�XVH�D�KLHUDUFK\�RI�OLQJXLVWLF�OHYHOV�HDFK�RI�ZKLFK�KDV�D

SDUWLFXODU�PHDQLQJ�VWUXFWXUH�� D� OH[LFRQ� RI� OH[LFDOL]HG� IRUPV�� WKHLU

OH[LFDOL]DWLRQ�SUREDELOLWLHV��DQG�D�ORFDO�OH[LFDO�JUDPPDU�GHVFULELQJ

KRZ�WKH�VHPDQWLF�FDWHJRULHV�RI�WKH�OHYHO�FDQ�EH�EXLOW��7KH�SURFHVV

FDQ� IXUWKHU� EH� RSWLPL]HG� LI� WDUJHWV�� FRQVWUDLQWV� RQ� WKH� SRVVLEOH

VROXWLRQV��DUH�JLYHQ�WR�WKH�UHFRJQLWLRQ�SURFHVV�WR�JXLGH�DQG�UHVWULFW

LW��7DUJHW�JXLGDQFH�LPSOLHV�D�PHFKDQLVP�IRU�WDUJHW�IRFXVLQJ��ORFDOO\

PDWFKLQJ�WDUJHWV�WR�WKH�UHFRJQLWLRQ�VWDWH��DQG�WDUJHW�SUHGLFWLRQ�ZLWK

WKH�KHOS�RI�D�OH[LFDO�ORFDO�JUDPPDU��:H�DUH�WHVWLQJ�WKH�DUFKLWHFWXUH

LQ�D�'$53$�50�OLNH�DSSOLFDWLRQ�
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$OWKRXJK�WKH�6WDFN�'HFRGHU�LV�D�ZHOO�NQRZQ�DOJRULWKP�IRU�VSHHFK

UHFRJQLWLRQ� >��@�� QRW� XQWLO� UHFHQWO\� KDV� LW� EHHQ� FRQVLGHUHG� DV

LQWHUHVWLQJ� IRU�EHLQJ�LQWHJUDWHG�ZLWK�D� ODQJXDJH�PRGHO��2Q� WRS�RI

EHLQJ�XVHG�DV�WKH�VHFRQG�SDVV�LQ�D�QXPEHU�RI�PXOWLSDVV��GHFRXSOHG

VFKHPHV�� LW�KDV�EHHQ�SURSRVHG�DV�D�VWDQG�DORQH�DOJRULWKP�IRU�RQH�

SDVV�DOPRVW�WLPH�V\QFKURQRXV�VSHHFK�UHFRJQLWLRQ�>��@�>��@��>��@��

���� 7KH�%DVLF�$
�6WDFN�'HFRGHU

'�%��3DXO�SURSRVHG�DV�HDUO\�DV������D�VWDFN�GHFRGHU�WLJKWO\�FRXSOHG

RU� LQWHJUDWHG� DUFKLWHFWXUH� WKDW� XVHG� WKH� $
� VWUDWHJ\� IRU

LPSOHPHQWLQJ� WKH� VHDUFK� >��@��$
�LV�D�JUDSK�VHDUFK�DOJRULWKP�WKDW

DGDSWV�HDVLO\�WR�DQ�DEVWUDFW�VSHFLILFDWLRQ�RI�WKH�VHDUFK�SUREOHP��,W

XVHV�D�VFRULQJ�IXQFWLRQ�I�IRU�GHFLGLQJ�ZKLFK�QRGH�LV�WR�EH�H[SDQGHG

QH[W��WKH�RQH�ZLWK�WKH�EHVW��DFFRUGLQJ�WR�VRPH�FULWHULRQ��VWDFN�VFRUH

LV�WKHQ�H[SDQGHG��)XQFWLRQ�I�DFFRXQWV�IRU�WZR�GLIIHUHQW�VFRUHV�DERXW

HDFK�QRGH��WKH�FRVW�RI�UHDFKLQJ�D�QRGH�IURP�WKH�VWDUW�RI�WKH�VHDUFK�

DQG�WKH�HVWLPDWHG�FRVW�WR�UHDFK�D�VROXWLRQ�ZKDWVRHYHU�IURP�WKDW�QRGH

RQZDUGV��8QGHU�FHUWDLQ�FRQVWUDLQWV�RQ� WKH�HVWLPDWLRQ� IXQFWLRQ� WKH

VHDUFK�LI�JXDUDQWHHG�WR�EH�FRPSOHWH�DQG�DGPLVVLEOH�>��@��3DXO�DOVR

SURSRVHG�VHYHUDO�RSWLPL]DWLRQV�IRU�WKH�HVWLPDWLRQ�IXQFWLRQ�DQG�WKH

DOJRULWKP�>��@�

0RUH� LQWHUHVWLQJ� LV� KLV� FRQFHSW� RI� D� WLJKWO\� FRXSOHG� DUFKLWHFWXUH

DURXQG�WKH�VWDFN�GHFRGHU�RSHUDWLRQ�LQ�ZKLFK�DQ�DFRXVWLFDO�GHFRGHU

DQG�D�OLQJXLVWLF�PRGHO�FRXOG�FRRSHUDWH�WR�DFKLHYH�EHWWHU�UHFRJQLWLRQ�

SHUIRUPDQFH� >��@�� 8QIRUWXQDWHO\�� RQO\� XQLJUDPV� DQG� ELJUDPV� DUH

UHSRUWHG� DV� PRGHOV� IRU� VXFK� D� V\VWHP� �>��@�� ZKLFK� OHVVHQ� WKH

OLQJXLVWLF�TXDOLW\�RI�WKH�RXWSXW��FRPSDUHG�WR�D�PRUH�VRSKLVWLFDWHG�

VSHHFK�SDUVLQJ�RU�XQGHUVWDQGLQJ�V\VWHP�

���7+(�6758&785(�2)�7+(�6<67(0

7KH�RULJLQDO�VWDFN�DUFKLWHFWXUH�LV�ZKDW�ZRXOG�EH�FDOOHG�QRZDGD\V�DQ

DFRXVWLFDOO\�GULYHQ�WLJKWO\�FRXSOHG�V\VWHP��WLJKWO\�FRXSOHG�EHFDXVH

ERWK�DFRXVWLF�DQG�OLQJXLVWLF�VFRUHV�DUH�FRQVLGHUHG�DW�WKH�VDPH�WLPH

ZKHQ�FDOFXODWLQJ�WKH�RYHUDOO�VFRUH�RI�HDFK�K\SRWKHVLV��DFRXVWLFDOO\

GULYHQ� EHFDXVH� LW� LV� WKH� DFRXVWLF� IURQW� HQG� ZKR� WDNHV� WKH

UHVSRQVLELOLW\� RI� SUXQLQJ� DQG� SURSRVLQJ� DOWHUQDWLYHV� OHDYLQJ� WKH

OLQJXLVWLF�PRGHO�ZLWK�RQO\�WKH�VFRULQJ�RI�WKHP�

:H�DUH�SURSRVLQJ�DQ�DOWHUQDWLYH��VHPDQWLFDOO\�GULYHQ�DUFKLWHFWXUH�LQ

ZKLFK� OLQJXLVWLF� LQIRUPDWLRQ� FDQ� PRUH� HDVLO\� DQG� KHOSIXOO\� EH

LQWURGXFHG��7KH�EDVLF�VHDUFK�DOJRULWKP�ZLOO�VWLOO�EH�$��

���� /LQJXLVWLF�6LJQV

2XU� EDVLFV� EXLOGLQJ� XQLWV� DUH� IXOO� OLQJXLVWLF� VLJQV� FRPSRVHG� RI� D

VLJQLILFDQW� SDUW� �DQ� DFRXVWLF� LPDJH�� DQG� D� PHDQLQJ� �D� OH[LFDO

PHDQLQJ� LQ� IDFW��� )XUWKHUPRUH�� ZH�ZLOO� GLVWLQJXLVK� WZR� GLIIHUHQW

SKDVHV�RI�EHKDYLRXU� LQ�D�VLJQ��WKH�SDUDGLJPDWLF�SKDVH��ZKHQ�LW� LV

XVHG�LQ�RSSRVLWLRQ�WR�RWKHU�VLPLODU�VLJQV��DQG�WKH�VLQWDJPDWLF�SKDVH

ZKHQ� LW� LV� FRPELQHG�ZLWK�RWKHU�� VLPLODU� VLJQV� WR�EXLOG�QHZ�VLJQV�

0RUH�DERXW�WKDW�ODWHU�

���� /LQJXLVWLF�/HYHOV

)RU�WKH�WLPH�EHLQJ�� OHW�HDFK�VLJQ�EHORQJ�WR�RQH�RI�VHYHUDO�GLVMRLQW

VHWV�� LQ� WKH� IROORZLQJ�� ZH� ZLOO� EH� FRQVLGHULQJ� VHWV� RI� VHQWHQFHV�

FODXVHV��SKUDVHV�DQG�ZRUGV��HYHQ�WKRXJK�WKH�VFKHPH�H[WHQGV�HDVLO\

WR�PRUSKHPHV��ZH�ZLOO�QRW�EH�FRQVLGHULQJ�WKHP��

$OWKRXJK� QR� XQLW� FDQ� EHORQJ� WR� PRUH� WKDQ� RQH� VHW�� DGHTXDWH

�JUDPPDWLFDO��VHTXHQFHV�RI�VLJQV�IURP�RQH�VHW�FDQ�EH�LQMHFWHG�LQWR



DQRWKHU��L�H��>>WKH@�>KRUVH@@�LV�D�YDOLG�SKUDVH�EXLOW�RXW�RI�WZR�ZRUGV

�>WKH@�DQG�>KRUVH@��

/HYHO� OH[LFRQ��+RZHYHU�� WKH� �PHDQLQJ�� SURSHUWLHV� RI� VRPH� XQLWV

FDQQRW� EH� H[SODLQHG� LQ� WHUPV� RI� WKH� DSSDUHQW� VHTXHQFHV� RI

FRQVWLWXHQWV� �VXFK� DV� >ILVK\� DIIDLU@�� VR� ZH� PXVW� DOORZ� IRU� WKH

H[LVWHQFH�RI�D�VXEVHW�WKDW�LQFOXGHV�DOO�RI�WKLV�QRQ�DQDO\]DEOH�VLJQV�LQ

HDFK�RI�WKH�VHQWHQFH��FODXVH��SKUDVH�DQG�ZRUG�VHWV��WKXV�LQWURGXFLQJ

D�IODYRXU�RI�QRQ�FRPSRVLWLRQDO�VHPDQWLFV���:H�ZLOO�FDOO�HDFK�RI�WKLV

VXEVHWV�WKH�OH[LFRQ�RI�WKH�VHW�

8SSHUPRVW� OHYHO�� 2QH� RI� WKHVH� VHWV� LV� GLVWLQJXLVKHG� LQ� WKDW� WKH

UHVXOWV�RI�UHFRJQLWLRQ�FDQ�RQO\�EHORQJ�WR�LW��OHW©V�VD\�VHQWHQFHV��:LWK

WKLV�VHW�RQ�WRS�ZH�EXLOG�D�KLHUDUFK\�RI�OHYHOV�>��@�LQ�ZKLFK�WKH�XQLWV

RI�RQH�VHW�DUH�HLWKHU�FRQWDLQHG�LQ�WKH�OH[LFRQ��RU�EXLOW�ZLWK�WKH�KHOS

RI�WKH�RQH�LPPHGLDWHO\�EHORZ�LW�

� H�J��VHQWHQFH�!�FODXVH�!�SKUDVH�!�ZRUG�

%RWWRP�OHYHO��7KH�ERWWRP�RI�WKH�KLHUDUFK\�LV�DQRWKHU�GLVWLQJXLVKHG

OHYHO� LQ� WKH� VHQVH� WKDW� QR�QHZ�HOHPHQW�FDQ�EH� FUHDWHG�FRPELQLQJ

HOHPHQWV� IURP� DQ� HYHQ� ORZHU� OHYHO� EHFDXVH� QRQH� H[LVWV�� VR� LW

DPRXQWV�RQO\�WR�LWV�OH[LFRQ��,Q�WKH�SUHVHQW�KLHUDUFK\�VXFK�LV�WKH�FDVH

RI�WKH�ZRUG� OHYHO��EXW�LQ�D�KLHUDUFK\�LQFOXGLQJ�D�PRUSKHPH�OHYHO�

WKDW�ZRXOG�EH�WKH�ERWWRP��

���� $FRXVWLF�0RGHOOLQJ

:H� PRGHO� DFRXVWLFDO� LQSXW� DV� D� �SRVVLEO\� HUURQHRXV�� VWULQJ� RU

VHTXHQFH�RI�SKRQHPHV��DQG�WKHLU�GHOHWLRQ��LQVHUWLRQ�DQG�VXEVWLWXWLRQ

SUREDELOLWLHV��6LJQLILFDQWV�ZLOO�EH�PRGHOOHG�E\�SURWRW\SHV��QRQ�YRLG

FDQRQLFDO�VWULQJV�RI�SKRQHPHV��DQG�ZH�KDYH�D�'7:�SURFHGXUH�IRU

FDOFXODWLQJ� WKH�GLVWULEXWLRQ�RI� WKH�GLVWDQFH�RI� WKH�DOLJQPHQW�SDWKV

EHWZHHQ�D�SURWRW\SH�DQG�D�SKRQHWLF�VHTXHQFH�LQGH[HG�RQ�WKH�WLPH�RI

WKH�VHTXHQFH��

$OWKRXJK�ZH�FRXOG�KDYH�XVHG�D�PRUH�FRPSOLFDWH��FORVHU�WR�WKH�VWDWH�

RI�WKH�DUW� PRGHO� IRU� DFRXVWLF� UHFRJQLWLRQ� �DQ� +00� RQ� DFRXVWLF

IUDPHV�� IRU� LQVWDQFH�� ZH� KDYH� GHFLGHG� WR� FRQFHQWUDWH� RQ� WKH

OLQJXLVWLF�PRGHO��:H�WUXVW�WKDW�RXU�PRGHO�RI�WKH�DFRXVWLF�LQSXW�DV�D

VHTXHQFH� RI� REVHUYDWLRQV� DJDLQVW�ZKLFK� WR�PDWFK� SURWRW\SHV�ZLOO

SURYH�JHQHUDO�HQRXJK�

���� 6HPDQWLF�0RGHOOLQJ

0RGHOV�IRU�WKH�VHPDQWLF�FRPSRQHQW�RI�D�VLJQ�DUH�OHVV�NQRZQ�WKDQ

WKHLU� SKRQHWLF� FRXQWHUSDUWV�� :H� ZLOO� LQWURGXFH� RQH� RI� WKH� PDQ\

ZKLFK�KDYH�EHHQ�SURSRVHG�

3DUDGLJPDWLF�PHDQLQJ��VLJQ�VHQVHV��2QH�RI�WKH�PRGHOV�FRQVLGHUV

RQO\�WKH�OH[LFDO�PHDQLQJ�RI�WKH� VLJQ��WKDW�ZKLFK�LV�PDQLIHVW�ZKHQ

RSSRVLQJ�DQ\�WZR�VLJQV�EHORQJLQJ�WR�D�VHW��7KLV�LV�DOVR�FDOOHG�WKH

SDUDGLJPDWLF�PHDQLQJ�RI�D�VLJQ�DQG�LV�PRVW�RIWHQ�UHIHUUHG�WR�DV�LWV

OH[LFDO�PHDQLQJ��>��@�FKDSV�������

$PRQJ�WKH�VHYHUDO�UHODWLRQVKLSV�ZKLFK�WU\�WR�FDSWXUH�WKH�QDWXUH�RI

WKH�RSSRVLWLRQ�EHWZHHQ�VHQVHV�ZH�KDYH�GHFLGHG�WR�PRGHO�RQO\�WKH

KLSHURQLP\�KLSRQLP\�FRKLSRQLP\�� DQG� VRPH� RI� WKH� RSSRVLWLRQ

UHODWLRQVKLS� �>��@� FKDS�� ����� ������� ZKLFK� FDQ� EH� PRGHOOHG� WR

DGYDQWDJH�E\�PHDQV�RI�WUHH�VWUXFWXUHV��>��@��

6LQWDJPDWLFDO� PHDQLQJ�� VHOHFWLRQDO� FRQVWUDLQWV�� :H� PXVW

IXUWKHUPRUH� DFFHSW� DQRWKHU�� VLQWDJPDWLFDO� PHDQLQJ�� ZKLFK

PDQLIHVWV�LWVHOI�ZKHQ�WU\LQJ�WR�EXLOG�ODUJHU�VLJQV��7KLV�PHDQLQJ�LV

DOVR�D�OH[LFDO�PHDQLQJ��EXW�LV�XVXDOO\�UHIHUUHG�WR�DV�WKH�VHOHFWLRQDO

FRQVWUDLQWV�LPSRVHG�RQ�DQG�E\�WKH�VLJQ��>��@�FKDSV�������

2QH�ZD\�WR�UHFRUG�WKH�FROOHFWLYH�VHOHFWLRQDO�FRQVWUDLQWV�RI�D�VHW�RI

VLJQV� LV� WR� PRGHO� WKHP� ZLWK� D� JUDPPDU�� VXFK� DV� D� WUDGLWLRQDO

&KRPVN\�W\SH� RQH�� EXW� WKLV� KDV� WKH� GLVDGYDQWDJH� RI� KLGLQJ� WKH

EHKDYLRXU�RI� WKH� LQGLYLGXDO� FRPSRQHQW� VLJQV�� ,QVWHDG��ZH�ZLOO�EH

XVLQJ�D�W\SH�RI�OH[LFDO�JUDPPDU��LQ�ZKLFK�HDFK�VLJQ�GHQRWHV�LWV�RZQ

VHOHFWLRQDO�UHVWULFWLRQV�

���7+(�5(75,(9(�$1'�'(/9(�
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:H�ZLOO�XVH�D�IXQFWLRQ�IRU�HDFK�SXUSRVH��DV�HDFK�IXQFWLRQ�ZLOO�RQO\

XVH� HLWKHU� WKH� SDUDGLJPDWLF� EHKDYLRXU� RU� WKH� VLQWDJPDWLFDO

EHKDYLRXU� RI� WKH� VLJQV� ZH� FDOO� WKHP� WZR� GLIIHUHQW� SKDVHV� RI

UHFRJQLWLRQ�

���� 7KH�3DUDGLJPDWLF�3KDVH��6LJQ�5HWULHYDO

�:H�VWDWH�WKH�SUREOHP�RI�VSHHFK�UHFRJQLWLRQ�DV�WKDW�RI�ILQGLQJ�WKH

VROXWLRQ� WR� DQ� HTXDWLRQ� LQWR� ZKLFK� WKH� VHTXHQFH� RI� DFRXVWLF

REVHUYDWLRQV� DQG� D� VWDUWLQJ� OHYHO� DUH� IHG�� WKH� VROXWLRQV�� RU

K\SRWKHVLV��WDNH�WKH�IRUP�RI�D�WULSOH��S��[��X��ZKHUH�S��GHQRWHV�D�VFRUH

�SUREDELOLW\�� OLNHOLKRRG�� IRU� HDFK� VROXWLRQ�� [� GHQRWHV� WKH� ILQDO

H[SORUDWLRQ� VWDWH� UHDFKHG� E\� WKH� K\SRWKHVLV� DQG� X� LV� WKH� VLJQ

FRQVWUXFWHG� E\� WKH� UHFRJQLWLRQ� SURFHVV�� LQWHUQDOO\�� WKH� K\SRWKHVLV

WDNH� WKH� IRUP� RI� VSHHFK� SDUVH� WUHHV�� ,Q� DGPLWWLQJ� VHYHUDO� VFRUHG

K\SRWKHVLV� DV� VROXWLRQV� ZH� DUH� DGRSWLQJ� WKH� 1�EHVW� UHFRJQLWLRQ

PRGHO�

6WDUWLQJ�SRLQW��7KH�VLJQV�EXLOW�GXULQJ�UHFRJQLWLRQ�PXVW�EHORQJ�WR

WKH�XSSHU�OHYHO�RI�WKH�KLHUDUFK\��WKDW�LV�WR�VD\��DOO�VLJQV�WKDW�EHORQJ

WR� WKH� VHQWHQFH�OHYHO�DQG�¦PDWFK§�WKH�REVHUYDWLRQ�LQSXW� VHTXHQFH

PXVW�EH�IRXQG��+RZHYHU��IRU�JHQHUDOLW\©V�VDNH��OHW�XV�VXSSRVH�WKDW

WKH�UHFRJQLWLRQ�SURFHVV�VWDUWV�LQ�D�OHYHO�ZKDWVRHYHU�DQG�ZH�KDYH�DV

LQSXW�D�ORFDO�VWDUWLQJ�H[SORUDWLRQ�VWDWH�

(DUO\� WHUPLQDWLRQ�� UHFXUVLRQ� DQG� PHUJLQJ�� ,I� WKH� OHYHO� LV� WKH

ERWWRP�RQH�WKHQ�DOO�VROXWLRQV�KDYH�WR�EH�OH[LFDOL]HG�DQG�FRQWDLQHG

LQ�LW��VR�D�VLPSOH�UHWULHYDO�IXQFWLRQ�LV�HQRXJK�WR�VROYH�WKH�SUREOHP

�VHH�EHORZ���2Q�WKH�RWKHU�KDQG��LI�WKH�OHYHO�LV�D�QRQ�WHUPLQDO�RQH��DOO

VROXWLRQV�WKDW�FDQ�EH�EXLOW� LQ�DQ�XQGHUO\LQJ�OHYHO�KDYH�WR�EH�WDNHQ

LQWR�FRQVLGHUDWLRQ�� ,Q� WKLV� ODWWHU� FDVH�� DIWHU�REWDLQLQJ�ERWK� VHWV�RI

VROXWLRQV�ZH�KDYH�WR�PHUJH�WKHP�

6LJQ� UHWULHYDO�� ,Q� WKH� SDUDGLJPDWLF� SKDVH� RI� UHFRJQLWLRQ�� IURP� D

VWDUWLQJ� H[SORUDWLRQ� VWDWH�� ZLWKLQ� D� SDUWLFXODU� OHYHO�� OH[LFDOL]HG

FDQGLGDWH�VLJQV�FRQWDLQHG�LQ�WKH�OHYHO�OH[LFRQ�DUH�PDWFKHG�DJDLQVW

WKH� UHPDLQLQJ� DFRXVWLF� REVHUYDWLRQV� WR� REWDLQ�ERWK� D� VFRUH� DQG� D

QHZ��PRUH�DGYDQFHG�H[SORUDWLRQ�VWDWH��7R�HQIRUFH�D� UHDO� DGYDQFH

IURP�RQH�H[SORUDWLRQ�VWDWH� WR� WKH�RWKHU��QR�HPSW\� VLJQLILFDQWV�DUH

DOORZHG�LQ�DQ\�VLJQ�



7KH�VFRUHV�DUH�WKHQ�ZHLJKWHG�E\�WKH�OH[LFDOL]DWLRQ�SUREDELOLWLHV�DV

NHSW�LQ�WKH�OH[LFRQ��DQG�WKH�K\SRWKHVLV�FRQWDLQLQJ�WKH�VFRUH��WKH�QHZ

VWDWH�DQG�WKH�OH[LFDOL]HG�XQLW�UHWXUQHG�

/HYHO�'HOYLQJ� DQG� 3KDVH�6KLIWLQJ��$OWKRXJK� VRPH� DSSOLFDWLRQV

PD\� H[SHFW� OH[LFDOL]HG� VLJQV� LQ� HORFXWLRQV� ZLWK� D� IDLUO\� JRRG

SUREDELOLW\��PRVW�RI� WKH� VROXWLRQV� WR� WKH� UHFRJQLWLRQ�SUREOHP�ZLOO

KDYH�WR�EH�JHQHUDWHG�E\�D�ORZHU�OHYHO�E\�PHDQV�RI�D�VLQWDJPDWLFDO

JHQHUDWH�DQG�WHVW� SURFHGXUH�� JLYHQ� D� VLQWDJPDWLFDO� VWDUWLQJ

H[SORUDWLRQ�VWDWH�DQG�WKH�VHTXHQFH�RI�REVHUYDWLRQV��LW�ZLOO�REWDLQ�D

VHW� RI� VFRUHG�� V\QWDFWLFDOO\� EXLOW� VLJQV�� DQG� WKH� VLQWDJPDWLFDO

H[SORUDWLRQ�VWDWHV�WKH\�KDYH�UHDFKHG�

7R�HIIHFWLYHO\�XVH�WKLV�GHOYLQJ�VFKHPH�ZH�QHHG�VRPH�VWXE�RU�SKDVH�

VKLIWLQJ� IXQFWLRQV� ZKRVH� SXUSRVH� LV�� ILUVW�� WR� VKLIW� IURP� WKH

SDUDGLJPDWLF�SKDVH�LQ�WKH�XSSHU�OHYHO�WR�WKH�VLQWDJPDWLFDO�SKDVH�LQ

WKH� ORZHU� OHYHO� EHIRUH� FDOOLQJ� WKH� SURFHGXUH�� DQG� VHFRQG�� WR� VKLIW

EDFN�WKH�UHVXOWV�IURP�RQH�SKDVH�WR�WKH�RWKHU�RQ�UHWXUQ��2WKHUZLVH�

WKH�VROXWLRQV�IURP�WKH�OH[LFDOL]HG�SDUW�DQG�WKH�FRQVWUXFWHG�VHW�ZRXOG

EHORQJ�WR�GLIIHUHQW�OHYHOV�DQG�SKDVHV�DQG�WKH\�FRXOG�QRW�EH�PHUJHG�

���� 7KH�6LQWDJPDWLF�3KDVH��/HYHO�'HOYLQJ

7KLV� SKDVH� WDNHV� LWV� QDPH� IURP� WKH� IDFW� WKDW� VLJQV� EHKDYH

VLQWDJPDWLFDOO\�LQ�WKH�VROXWLRQ�EXLOGLQJ�SURFHVV�ZLWKLQ�WKH�OHYHO�

3XUSRVH�� 7KLV� EXLOGLQJ� SURFHGXUH� WDNHV� D� OHYHO�� D� VWDUWLQJ

VLQWDJPDWLFDO�H[SORUDWLRQ�VWDWH��DQ�LQLWLDO�FRQVWUXFWLRQ�VWDWH�DQG�WKH

DFRXVWLF� REVHUYDWLRQV� VWLOO� XQDFFRXQWHG� IRU�� DQG� FRQVWUXFWV� D

VHTXHQFH� RI� VLJQV� E\� DGYDQFLQJ� WKH� H[SORUDWLRQ� DQG� FRQVWUXFWLRQ

VWDWHV�ZKLOH�FRQVXPLQJ�REVHUYDWLRQV�WR�WKH�SRLQW�ZKHUH�WKH\�FRXOG

EH�SKDVH�VKLIWHG�LQWR�D�XQLW�LQ�WKH�XSSHU�OHYHO��([SORUDWLRQ�VWDWHV�DQG

FRQVWUXFWLRQ�VWDWHV�DUH�VR�FORVHO\�ZRYHQ�LQ�WKH�SDUDGLJPDWLF�SKDVH

WKDW�ZH�SDLU�WKHP�XQGHU�DQ�RYHUDOO�VWDWH�

7HUPLQDWLQJ�FRQGLWLRQV��*LYHQ�WKDW�ZH�DUH�LQ�VWDWH��V��[��F���LQ�OHYHO

Q��ZLWK�VFRUH�V�DQG�H[SORUDWLRQ�VWDWH�[��ZKHUH�ZH�KDYH�EXLOW�VR�IDU�D

FHUWDLQ�¦SRUWLRQ§�RI�D�SKUDVH�F�E\�DFFXPXODWLQJ�VLJQV�RQWR�LW��LI�VXFK

H[SORUDWLRQ�FRQVWUXFWLRQ� VWDWH� LV� D� YDOLG� VLJQ� �DIWHU� D� YDOLGDWLQJ

IXQFWLRQ�J���ZH�PXVW�VWRUH�DQG�UHWXUQ�LW�DV�D�VROXWLRQ�WR�WKH�SUREOHP�

:H�FDQ�GHFLGH�DV�ZHOO�ZKHWKHU�LI�WR�VWRS�WKH�VHDUFK�SURFHVV�VLQFH�D

VROXWLRQ�LV�UHDFKHG�RU�WR�JR�RQ�H[SORULQJ�IURP�WKLV�VROXWLRQ�VWDWH��WKH

ODWWHU�LV�WKH�VROXWLRQ�DGRSWHG�IRU�WRS�Q�VROXWLRQV�PRGH�

7UDQVLWLRQ�IXQFWLRQ��,I�ZH�ZDQWHG�WR�FRQWLQXH�H[SORULQJ��ZH�ZRXOG

EH�LQWHUHVWHG�LQ�DOO�SRVVLEOH�VLJQV�WKDW�PLJKW�IROORZ�WKH�H[SORUDWLRQ�

FRQVWUXFWLRQ�VWDWH��:H�ZRXOG�WKHQ�WU\�IRU�HDFK�RI�WKH�PHPEHUV�RI

WKDW�VHW�WR�DGYDQFH�WKH�H[SORUDWLRQ�DQG�FRQVWUXFWLRQ�VWDWH�RQH�VWHS

IRUZDUG�� :H� FDQ� YLHZ� WKLV� SURFHGXUH� DV� D� QRQ�GHWHUPLQLVWLF�

HVWRFKDVWLF�WUDQVLWLRQ�IXQFWLRQ�LQ�D�VHDUFK�JUDSK�

5HFXUVLRQ�� :H� ZLOO� FDOO� WKH� VHW� RI� SRVVLEOH� VLJQV� IROORZLQJ� D

SDUWLFXODU�H[SORUDWLRQ�FRQVWUXFWLRQ�VWDWH��LWV�IROORZ�VHW��7KHVH�VLJQV

DUH� LQ� IDFW� WKH� VROXWLRQV� ZLWKLQ� WKLV� OHYHO� WR� WKH� SUREOHP� RI

UHFRJQLWLRQ�JLYHQ�D� SDUWLFXODU� H[SORUDWLRQ�VWDWH� �WKH�SUHVHQW�RQH��

ZKLFK�LV�H[DFWO\�DQ�LQVWDQFH�RI�WKH�SUREOHP�ZH�DUH�WU\LQJ�WR�VROYH�

VR�ZH�DSSO\�UHFXUVLYHO\�WKH�DOJRULWKP�DQG�REWDLQ�WKH�VROXWLRQV�

2QFH�ZH�KDYH�UHFHLYHG�VXFK�VROXWLRQV�ZH�FDUU\�RXW�WKH�WUDQVLWLRQV

IURP�WKH�SUHVHQW�VWDWH�WR�DOO�WKH�IROORZLQJ�VWDWHV�WKXV�H[SDQGLQJ�WKLV

K\SRWKHVLV� VWRU\�� 2QO\� WKH� FRQVWUXFWLRQ� VWDWHV� QHHG� WR� EH� EXLOW

EHFDXVH� WKH�H[SORUDWLRQ�VWDWHV�KDYH�DOUHDG\� EHHQ� DGYDQFHG� LQ� WKH

UHFXUVLYH�FDOO�

7KH� LPSOHPHQWDWLRQ�� 7KH� VHDUFK� DOJRULWKP� RXWOLQHG� DERYH

UHVHPEOHV�FORVHO\�WKH�VWDFN�GHFRGLQJ�DOJRULWKP�ZKHQ�ZH�DOORZ�IRU

WKH�XVH�RI�EXLOW� VLJQV��:H�KDYH�D� VWDUWLQJ�VWDWH��VRPH�H[SORUDWLRQ

VWDWH� ZLWK� DQ� HPSW\� FRQVWUXFWLRQ� VWDWH��� D� WHUPLQDWLQJ� FRQGLWLRQ

�ZKHWKHU�LI�WKH�VWDWH�GHVLJQDWHV�D�YDOLG�XQLW�LQ�WKH�XSSHU�OHYHO���DQG

DQ�H[SDQVLRQ�RU�WUDQVLWLRQ�IXQFWLRQ�GLFWDWLQJ�DOO�SRVVLEOH�WUDQVLWLRQV

IURP�D�JLYHQ�VWDWH��:H�PD\�XVH�DQ\�RI� WKH� VFKHPHV�SURSRVHG�E\

3DXO��>��@��>��@��WR�LPSURYH�WKH�RULJLQDO�$�DOJRULWKP��HYHQ�DW�WKH�FRVW

RI�FRPSOHWLRQ�RU�DGPLVVLELOLW\�

)XUWKHUPRUH�� LI� ZH� DUH� QRW� DWWHPSWLQJ� D� WLPH� V\QFKURQRXV

UHFRJQLWLRQ�DQG�NQRZ�WKH�HQG�RI�WKH�HORFXWLRQ�EHIRUHKDQG��ZH�FDQ

XVH� WKH� PLQLPXP� WUDLQHG� SKRQHWLF� GLVWDQFH� DQG� WKH� H[SHFWHG

GLVWDQFH�IURP�HDFK�V\PERO�LQ�WKH�JUDPPDU�DV�QRQ�UHODWHG�KHXULVWLFV

IRU�D�QHDU�DGPLVVLEOH��EHWWHU�LQIRUPHG�VHDUFK�

���� 2EMHFWLRQ��1RQ�5HFXUVLYH�-XPSV

6RPH� OLQJXLVWLF� SURFHVVHV� VHHP� WR� EH� RXW� RI� WKH� PDLQ� UHFXUVLYH

GHVFHQW� LQ� WKH� OHYHO� KLHUDUFK\�� )RU� H[DPSOH� SUHSRVLWLRQV� DOPRVW

DOZD\V� SUHFHGH� QRXQ� SKUDVHV�� EXW� WKH� UHVXOWLQJ� SUHSRVLWLRQ�QRXQ

SKUDVH�� DOPRVW� DOZD\V� EHKDYHV� OLNH� VRPHWKLQJ� LQ� WKH� ZRUG� OHYHO

�XVHG� DV�D�ZRUG�ZKHQ� EXLOGLQJ� SKUDVHV���7KH�VDPH� KDSSHQV�ZLWK

UHODWLYH�SURQRXQV�DQG�FODXVHV��UHFDWHJRUL]HG�ZRUGV�OLNH�SDUWLFLSOHV�

HWF�� 7KHVH� SKHQRPHQD� FKDOOHQJH� ERWK� D� VLPSOH� UHFXUVLYH� GHVFHQW

WHFKQLTXH��DQG�WKH�WHUPLQDWLQJ�SURRI�RI�WKH�DOJRULWKP�

:KLOH�WKH�WHUPLQDWLRQ�LV�VWLOO�PDLQWDLQHG�LI�ZH�LPSRVH�WKH�FULWHULRQ

WKDW�HDFK�MXPS�PXVW�DGYDQFH�WKH�H[SORUDWLRQ�VWDWH��QRQ�GHVFHQGLQJ

MXPSV� UHTXHVW� D� PRUH� HODERUDWH� UHRUJDQL]DWLRQ� RI� WKH� DOJRULWKP

ZKLFK�LPSOLHV�JXLGDQFH�

���*8,',1*�7+(�352&(66

,Q� WKH� VWDWH� WUDQVLWLRQ� IXQFWLRQ�� FRQVLGHULQJ� WKDW� RQO\� WKRVH

FRQVWUXFWLRQ� VWDWHV� DOORZHG� E\� WKH�JUDPPDU�RXJKW� WR�EH� UHDFKHG�

PDQ\�DOUHDG\�EXLOW��FRVWO\�VROXWLRQV�ZLOO�EH�ZDVWHIXOO\�GLVFDUGHG��,W

ZRXOG�EH�EHWWHU� LI�WKH�HIIRUW�XVHG� LQ�VFRULQJ�DQG�EXLOGLQJ�ZHQW�WR

XQLWV�WKDW�FRXOG�DIWHUZDUGV�EH�NHSW�LQ�WKH�K\SRWKHVLV�

7DUJHWV��7R�DYRLG�RYHUJHQHUDWLRQ�DQG� UHVWULFW�SDWKV� LQ� WKH� VHDUFK

SURFHVV�ZH�LQWURGXFH�WKH�QRWLRQ�RI�WDUJHWV��7DUJHWV�DUH�FRQVWUDLQWV

RQ�WKH�VROXWLRQV�RI�WKH�UHFRJQLWLRQ�IXQFWLRQ�WKDW�FDQ�EH�VWDWHG�EHIRUH

WKH�SURFHVV�KDV�VWDUWHG��,Q�IDFW��WKH�H[SORUDWLRQ�RI�WKH�LQSXW�VHTXHQFH

RI�DFRXVWLF�REVHUYDWLRQV�FDQ�EH�FRQVLGHUHG�D�¦WDUJHW§�WKDW�KDV�WR�EH

DFFRXQWHG�IRU��KRZHYHU��RXU�VLJQV�KDYH�D�GRXEOH�GRPDLQ��VHPDQWLF

WDUJHWV� DOVR� KDYH� WR� EH� WDNHQ� LQWR� FRQVLGHUDWLRQ�� DQG�� DV� QR

K\SRWKHVLV�LV�UHMHFWHG�RQ�WKH�JURXQGV�RI�DFRXVWLFDO�PDWFKLQJ��LW�IDOOV

WR�WKH�VHPDQWLF�FRPSRQHQW�WR�JXLGH�WKH�VHDUFK�

7DUJHW�IRFXVLQJ��7RR�VWULFW�D�FRQVWUDLQW�PD\�FRPSOHWHO\�UXOH�RXW�WKH

GHVLUHG�VROXWLRQ��EXW�WRR�ZHDN�D�FRQVWUDLQW�PD\�QRW�JXLGH�WKH�VHDUFK

SURSHUO\� DOORZLQJ� RYHUJHQHUDWLRQ�� VR� ZH� PXVW� KDYH� D� ZD\� WR

XQGHUVSHFLI\�FRQVWUDLQWV�DQG�VWUHQJWKHQ�WKHP�DORQJ�WKH�UHFRJQLWLRQ

SURFHVV��:H�FDOO�WKLV�IRFXVLQJ�WKH�WDUJHW��7R�DWWDLQ�WKLV��ZH�DGRSW�D

OLQJXLVWLF�IUDPHZRUN�WKDW�DOORZV�WKH�LQFUHPHQWDO�EXLOGLQJ�RI�VLJQV



DQG�WDUJHWV��WUDGLWLRQDO�JUDPPDUV�DUH�QRW�VXLWHG�IRU�WKLV�SXUSRVH��EXW

XQLILFDWLRQ�JUDPPDUV�DUH�

3DWK�UHGXFWLRQ��7DUJHWV�KDYH�DOVR�WZR�EHKDYLRXUV�DFFRUGLQJ�WR�WKH

SKDVH� WKH\� DUH� XVHG� LQ� WKH� SURFHVV�� RQ� RQH� KDQG�� SDUDGLJPDWLF

WDUJHWV�FRQVWUDLQW�WKH�QXPEHU�DFFHSWDEOH�OH[LFDOL]HG�VROXWLRQV�RI�WKH

SDUDGLJPDWLF� IXQFWLRQ� �ZKLFK� DFFRUGLQJO\� UHGXFHV� WKH� QXPEHU� RI

SDWKV�H[SORUHG�LQ�WKH�VLQWDJPDWLF�RQH���RQ�WKH�RWKHU��WDUJHWV�LQ�WKH

VLQWDJPDWLF�SKDVH�JXLGH�WKH�UHFRJQLWLRQ�SURFHVV��ILUVW�E\�SUHGLFWLQJ

YDOLG�QHZ�WDUJHWV�DQG�WKHQ�E\�IRFXVLQJ�WKH�WDUJHW�DOUHDG\�DWWDLQHG�

3UHGLFWLRQ� LV� FDUULHG� RXW� MXVW� EHIRUH� UHFXUVLYHO\� FDOOLQJ� WKH

SDUDGLJPDWLF�IXQFWLRQ��WR�VXSSO\�LW�ZLWK�DGHTXDWH�WDUJHWV�IRU�D�QHZ�

ORZHU� OHYHO� UHFRJQLWLRQ�� WKH�JUDPPDU�DQG� WKH� DFWXDO� FRQVWUXFWLRQ

VWDWH� GLFWDWH� WKDW� QRW� DOO� VLJQV� DUH� DOORZHG� LQ� WKH� IROORZ�VHW� IRU� D

SDUWLFXODU�RYHUDOO�VWDWH��EXW�RQO\�WKRVH�WKDW�ZLOO�QRW�IDLO�WR�DGYDQFH

LWV�SUHVHQW�FRQVWUXFWLRQ�VWDWH�

)RFXVLQJ��)RFXVLQJ�LV�FDUULHG�RXW�E\�WKH�DGYDQFH�LQ�WKH�FRQVWUXFWLRQ

VWDWH�EURXJKW�DERXW�E\�DFFXPXODWLQJ�WKH�LQIRUPDWLRQ�VXSSOLHG�E\�WKH

QHZ�VLJQV�LQ�WKH�VHPDQWLFV�RI�WKH�FRQVWUXFWHG�VLJQ�

1RQ�GHVFHQGLQJ�MXPSV��)LQDOO\��LI�WDUJHWV�KDYH�DQ�LQGLFDWLRQ�RI�WKH

OHYHO� WKH\�PXVW�EH� VROYHG� LQ�� WKH\�PD\� EH� XVHG� WR� MXPS� WR�RWKHU

OHYHOV�WKDQ�WKH�RQH�GLUHFWO\�XQGHUQHDWK�

���$33/,&$7,21�&+$5$&7(5,=$7,21�

$1'�75$,1,1*

:H�KDYH�D�'$53$�50�OLNH�DSSOLFDWLRQ�FRQVLVWLQJ�RI�VRPH�����

VHQWHQFHV�RI�ZKLFK�ZH�XVH�����IRU�WUDLQLQJ�DQG�����IRU�WHVWLQJ��7KH

YRFDEXODU\�LV�DURXQG��N�ZRUGV�

7KH�DFRXVWLFDO�REVHUYDWLRQV�DUH�SKRQHWLF�VWULQJV�REWDLQHG�E\�D�RQH�

SDVV� PRQRSKRQH�� ��VWDWH�� GLVFUHWH� +00� GHFRGHU� ZLWK� ��

DOORSKRQHV��RSHUDWLQJ�RQ����0(/�IUHTXHQF\�&HSVWUXP�FRHIILFLHQWV

SOXV�HQHUJ\� DQG� WKHLU�GHULYDWLYHV�� XVLQJ� WZR� FRGHERRNV�ZLWK� ���

FHQWURLGV�HDFK��7KH�FRVW�PDWUL[�HUURU�PRGHO�IRU�WKH����DOORSKRQHV

XVHG�ZDV�WUDLQHG�XVLQJ�D�'7:�PDWFK�DOJRULWKP�WKDW�GLVPLVVHG�DOO

FRQWH[W�LQIOXHQFH�

7KH�KDUGHVW�SDUW�RI�WKH� WUDLQLQJ� LV� WKH� OH[LFDO�PRGHO� WUDLQLQJ��7KH

WUDLQLQJ�IXQFWLRQ� WDNHV�DV�LWV� LQSXW�D� VHW� WDJJHG�ZLWK� WKH� VHPDQWLF

FDWHJRULHV� RI� WKH� XSSHU� OHYHO� DQG� HDFK� XQLW� VHJPHQWHG� LQWR� LWV

FRQVWLWXHQWV��DQG�WKHQ�SURFHHGV�WKURXJK�WKH�IROORZLQJ�VWHSV�

�� 'HVLJQ� D� QHZ� WDJ� VHW� WKDW� GHVFULEHV� D� OH[LFDO

PHDQLQJ�FODVVLILFDWLRQ�WUHH�IRU�WKH�XQLWV�LQ�WKLV�OHYHO

DQG� FODVVLI\� WKH� FRQVWLWXHQWV� RI� WKH� OHYHO� FRUSXV

XVLQJ�WKLV�WUHH��)RU�WKH�WLPH�EHLQJ��WKLV�LV�D�FRPSXWHU

DVVLVWHG�WDVN�

�� ,QFOXGH�LQ�WKH�OHYHO�OH[LFRQ�DOO�OH[LFDOL]HG�XQLWV�DQG

UHFRUG�WKHLU�IUHTXHQF\��,QGH[�WKLV�OH[LFRQ�ZLWK�WKH

FODVVLILFDWLRQ� WUHH� VR� WKDW� ERWK� WKH� VHW� DQG� WKH

IUHTXHQF\�LQWHUSUHWDWLRQ�RI�D�PHDQLQJ�FDQ�HDVLO\�EH

DFFHVVHG�

�� 6HJPHQW� DOO� QRQ�OH[LFDOL]HG� XQLWV� LQWR� WKHLU

FRQVWLWXHQW�XQLWV�EHORQJLQJ�WR�WKH�ORZHU�OHYHO��GRQH

VHPLDXWRPDWLFDOO\�� DQG� UHFXUVLYHO\� FDOO� WKLV

IXQFWLRQ� WR� REWDLQ� WKH� JUDPPDUV� WKDW� JHQHUDWH� WKH

VHJPHQWDWLRQV� LQ� WKH� ORZHU� OHYHO�� %HFDXVH� WKHVH

JUDPPDUV�DOO�GHVFULEH�WKH�GHULYDWLRQ�RI�D�SDUWLFXODU

VHPDQWLF�WDJ�LQ�WKLV�OHYHO��HDFK�FDQ�DOVR�EH�LQGH[HG

E\�LWV�HQWU\�WDJ�LQ�WKH�FODVVLILFDWLRQ�WUHH�

�� %XLOG� RQH� JUDPPDU� IRU� HDFK� RI� WKH� VHPDQWLF� WDJV

XVHG� LQ� WKH� LQSXW� �XSSHU� OHYHO�� VHJPHQWDWLRQ�� $

JUDPPDWLFDO� LQIHUHQFH� DOJRULWKP� FDQ� EH� XVHG� IRU

WKLV�WDVN��5HWXUQ�WKH�VHW�RI�JUDPPDUV�REWDLQHG�

7KH�LQIHUHQFH�DOJRULWKP�XVHG�LV�(&*,�>��@�ZKLFK�REWDLQV�HVWRFKDVWLF

ILQLWH� DXWRPDWD�� QRWH� KRZHYHU�� WKDW�ZH�KDYH� VXSSOLHG� RXU� V\VWHP

ZLWK� D� UHFXUVLYH� GHVFHQW� DOJRULWKP�� VR� WKH� SRZHU� RI� WKH� RYHUDOO

JUDPPDU�PD\�UHDFK�WKDW�RI�&)*�

���5()(5(1&(6

�� %DKO�� /�5��� -HOLQHN�� )��� DQG� 0HUFHU�� 5�/��� ¦$�0D[LPXP

/LNHOLKRRG�$SSURDFK�WR�&RQWLQXRXV�6SHHFK�5HFRJQLWLRQ§�

,(((� 7UDQV�� 3DWWHUQ� $QDO\VLV� DQG� 0DFKLQH� ,QWHOOLJHQFH�

3$0,����0DUFK������

�� 1LOVVRQ��1�-���3ULQFLSOHV�RI�$UWLILFLDO�,QWHOOLJHQFH��0RUJDQ

.DXIIPDQ��6DQ�0DWHR��&D��((88�������

�� 3DXO��'�%��¦$Q�(IILFLHQW�$
�6WDFN�'HFRGHU�$OJRULWKP�IRU

&RQWLQXRXV�6SHHFK�5HFRJQLWLRQ�ZLWK�D�(VWRFKDVWLF�0RGHO§�

3URFV��,&$663�����9RO��,��SS���������6DQ�)UDQFLVFR�������

�� 3DXO�� '�%��� ¦$OJRULWKPV� IRU� DQ� 2SWLPDO� $
� 6HDUFK� DQG

/LQHDUL]LQJ� WKH� 6HDUFK� LQ� WKH� 6WDFN� 'HFRGHU§�� 3URFV�

,&$663�����SS�����������7RURQWR�������

�� 3DXO��'�%���¦$�&65�1/� ,QWHUIDFH�$UFKLWHFWXUH§��3URFV��RI

WKH�,&6/3�����9RO�����SS�������������&DQDGD�������

�� &UXVH�� '�$��� /H[LFDO� 6HPDQWLFV�� &DPEULGJH� 8QLYHUVLW\

3UHVV��8.������

�� 0LOOHU�� *�� HW� DO��� ¦)LYH� 3DSHUV� RQ� :RUG1HW§�� RIILFLDO

GRFXPHQWDWLRQ�RI�WKH�:RUG1HW�'LVWULEXWLRQ�

�� %XQJH��0���¦/D�0HWDItVLFD��(SLVWHPRORJtD�\�0HWRGRORJtD

GH�ORV�1LYHOHV§��LQ�+LHUDUFKLFDO�6WUXFWXUHV��3URFHHGLQJV�RI

WKH� 6\PSRVLXP� KHOG� 1RY�� ����� DW� 'RXJODV� $GYDQFHG

5HVHDUFK�/DERUDWRULHV��$PHULFDQ�(OVHYLHU�3XEOLVKLQJ�&R��

����

�� 5XORW�6HJRYLD�� +�0��� (&*,�� 8Q� DOJRULWPR� GH� ,QIHUHQFLD

*UDPDWLFDO�PHGLDQWH�&RUUHFFLyQ�GH�(UURUHV��3K��'��7KHVLV�

8QLYHUVLGDG�GH�9DOHQFLD��6SDLQ�������

���$&.12:/('*(0(176

7KLV�UHVHDUFK�ZDV�SDUWLDOO\�IXQGHG�E\�D�UHVHDUFK�JUDQW�¦)RUPDFLyQ

GH� 3URIHVRUDGR� 8QLYHUVLWDULR§� IURP� WKH� 6SDQLVK� 0LQLVWU\� RI

(GXFDWLRQ�DQG�6FLHQFH�

:H�ZRXOG�OLNH�WR�WKDQN�-�&ROiV�3DVDPRQWHV�IRU�VXSSO\LQJ�XV�ZLWK

WKH�DFRXVWLFDO�PRGHO�DQG�IURQW�HQG�WR�JHQHUDWH�WKH�SKRQHWLF�VWULQJV

DQG�-�0DFtDV�*XDUDVD�IRU�KLV�KHOS�ZLWK�WKH�'3�WHFKQLTXHV��


