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$EVWUDFW

7KH� DUWLFOH� LV� GHGLFDWHG� WR� WKH� UHVHDUFK� RI� V\QWD[� SKUDVH� PRGHOV� ZLWK� D� PRGDO�
FRPSRQHQW�LQ�WKH�FRQWH[W�RI�&KHNKRY¶V�DUWLVWLF�DQG�HSLVWRODU\�SURVH��$FWXDOLW\�RI�WKH�
XQGHUWDNHQ�UHVHDUFK�LV�DWWULEXWDEOH�WR�WKH�IDFW�WKDW�VHQWHQFHV�ZLWK�LGLRPDWLF�VWUXFWXUH�
DUH� LQVXIILFLHQWO\�UHVHDUFKHG�� LQ�SDUWLFXODU�� WKH� LVVXH�RI� WKHLU� IXQFWLRQ� LQ�GLVFXUVLYH�
VSDFH�LV�QRW�UHVROYHG��'XH�WR�WKLV�IDFW��SKUDVH�PRGHOV�ZLWK�D�PRGDO�FRPSRQHQW�WKDW�
SRVVHVV�V\QWDFWLF�ELYDOHQF\��ZKLFK�DUH�FRPPRQ�IRU�&KHNKRY¶V�LGLRPDWLF�VW\OH��DUH�
FRQVLGHUHG� LQ� WKLV� DUWLFOH�� WKH\� DUH� DQDO\]HG� E\� WKHLU� YDULHW\� E\� ³LQWHQVLW\´� DQG�
³FRQILUPDWLRQ�GHQLDO´� VFDOHV�� DV�ZHOO�DV�D�³PDQ\�IHZ´�RSSRVLWLRQ�� �7KH�VSHFLILFLW\�
DQG� REMHFWLYHV� RI� WKH� VWXGLHG� PDWHULDO� UHTXLUHG� WKH� XVDJH� RI� FRPSOH[� RI� UHVHDUFK�
PHWKRGV�� GHVFULSWLYH�� FRPSRQHQW�� VWUXFWXUDO�VHPDQWLF� DQG� VWDWLVWLFDO�PHWKRGV�� WH[W�
DQG� GLVWULEXWLRQDO� DQDO\VLV� RI� SKUDVH� PRGHOV� WKDW� H[SUHVV� PRGDOLW\�� 7KH� DXWKRU¶V�
PRGDOLW\� LV� D� YHU\� LPSRUWDQW� WH[W� FDWHJRU\�� WKH� VWXG\LQJ� RI� ZKLFK� LV� WKH� PRVW�
SURGXFWLYH�LQ�WHUPV�RI�WH[W�IUDJPHQWV�RI�ELJJHU�DQG�VKRUWHU�H[WHQW��,Q�WKH�&KHNKRY¶V�
GLVFXUVLYH� VSDFH�� WKH�SDUDJUDSK�RIWHQ�HLWKHU� VWDUWV�ZLWK� WKH� VWXGLHG�SKUDVH�PRGHOV��
ZKLFK� DUH� XQUDYHOHG� LQ� WKH� IROORZLQJ� VHQWHQFHV�� RU HQGV� ZLWK� WKHP�� FUHDWLQJ� D�
VXPPDUL]LQJ� MXGJHPHQW�� 7KH� VWXGLHG� SKUDVH� PRGHOV� DUH� DOVR� IROORZHG� E\� WKH�
H[SOLFDWLYH� DQG� DUJXPHQWDWLYH� FRPSRQHQW�� DQG� DUH� HVWDEOLVKHG� E\� HPRWLRQDO� DQG�
H[SUHVVLYH�XQLWV�DQG�TXHVWLRQ�PDUNV��7KH�PHQWDO�VSDFH�RI�&KHNKRY¶V�ZRUNV�LV�ILOOHG�
ZLWK� ERWK� UHOHYDQW� YRFDEXODU\� DQG� JUDPPDU� VWUXFWXUHV� �H�J��� SKUDVH� PRGHOV� ZLWK�
PRGDO�FRPSRQHQWV���ZKLFK�DUH�RULHQWHG�WR�UHODWLRQDO�PHDQLQJV�LQ�WKH�ILHOG�RI�VHPDQWLF�
RI�GHSHQGHQF\��0HDQZKLOH��WKH�FRQGLWLRQDOLW\�FDWHJRU\�LQFOXGHV�QRW�RQO\�W\SLFDO�XQLWV�
ZLWK�PHDQLQJV�RI�WDUJHW��FDXVH�DQG�HIIHFW��EXW�DOVR�VLPLODU�PHDQLQJV�WKDW�DUH�IROORZHG�
E\�WKH�PRGDO�DQG�HYDOXDWLYH�FRPSRQHQW�

.H\ZRUGV� $�3�� &KHNKRY¶V� ,GLRPDWLF� 6W\OH�� 0RGDOLW\�� 3KUDVH� 0RGHO��
([SUHVVLYHQHVV��6HPDQWLF�RI�'HSHQGHQF\��)XQFWLRQDOLW\�

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

&KXSU\DNRYD� 2��$���6DIRQRYD��6��6���	�9RW\DNRYD��,��$����������6\QWD[�SKUDVH�PRGHOV�ZLWK�
D�PRGDO�FRPSRQHQW�LQ�WKH�GLVFXUVLYH�VSDFH�RI�$�3��&KHNKRY��-RXUQDO�RI�5HVHDUFK�LQ�$SSOLHG�
/LQJXLVWLFV�����63�����������

� .D]DQ�)HGHUDO�8QLYHUVLW\��SUHSRGVV#PDLO�UX
� .D]DQ�)HGHUDO�8QLYHUVLW\
� 8GPXUW�6WDWH�8QLYHUVLW\
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�� ,QWURGXFWLRQ

7KH�DXWKRU¶V�V\QWKHVL]LQJ�PRGDOLW\��ZKLFK�LV�UHODWHG�WR�³WKH�LPDJH�GHVFULEHG�
RQ�WKH�RQH�KDQG�IURP�WKH�UHDOLW\�XQUHDOLW\�SHUVSHFWLYH�DQGɛ�RQ�WKH�RWKHU�KDQG��IURP�
WKH�REMHFWLYLW\�VXEMHFWLYLW\�DQG� LQWHUHVW�SHUVSHFWLYHV´��,O
HQNR��������� LV�RQH�RI WKH�
PRVW�LPSRUWDQW�WH[W�FDWHJRULHV��7KH�VWXG\LQJ�RI�WKLV�VHPDQWLF��GHVSLWH�WKH�IDFW�WKDW�
DOPRVW�DOO�PRGDOLW\�W\SHV�FRXOG�EH�GHVFULEHG�ZLWK�VHQWHQFHV��LV�WKH�PRVW�SURGXFWLYH�
LQ�WHUPV�RI�WH[W�IUDJPHQWV�RI�ELJJHU�DQG�VKRUWHU�H[WHQW�

0RUHRYHU�� WKH� WHUP� ³PRGDOLW\´�� DV� %RQGDUNR� KDG� QRWLFHG�� LV� QRW� FOHDUO\�
GHILQHG� LQ� OLQJXLVWLFV�� ³0RGDOLW\� FDQ� EH� FRQVLGHUHG� DV� D� FRPSOH[� RI� XSGDWHG�
FDWHJRULHV�WKDW�FKDUDFWHUL]HV�WKH�UHODWLRQ�RI�SURSRVLWLRQDO�EDVLV�RI�WKH�FRQWH[W�RI�WKH�
VSHHFK� IURP� WKH� SRLQW� RI� VSHDNHU� WR� WKH� UHDOLW\� E\� WKH� GRPLQDWLQJ� IDFWRUV� RI�
UHDOLW\�XQUHDOLW\´��&KHNKRY��������,UDQL�	�5H]DHL��������

7KH�FODVV�RI�SKUDVH�PRGHOV�WKDW�DUH�DLPHG�DW�WKH�PRGDO�DQG�HYDOXDWLRQ�SODQ�
DUH� GLVWLQJXLVKHG� LQ� WKH� V\VWHP� RI� PRGXV�RULHQWHG� V\QWD[� XQLWV�� $V� QRWHG� E\� WKH�
UHVHDUFKHUV� ³WKH�OHDUQLQJ�RI�DVSHFWV�RI�LQWHUDFWLRQ��LQWHUSHQHWUDWLRQ�DQG�FRQWDFWLQJ�RI�
V\QWD[�DQG�OH[LFRQ��SKUDVHRORJ\�LQ�SDUWLFXODU��«!��KDG�LQWHQVLILHG�LQ�WKH�ODWH���WK ±
HDUO\���VW FHQWXULHV�GXH�WR�WKH�GRPLQDQW�IXQFWLRQDO�DQG�FRPPXQLFDWLYH�SDUDGLJP�RI�
OLQJXLVWLF�UHVHDUFKHV�DQG�LQWHJUDWLYH�DSSURDFK�WR�WKH�ODQJXDJH�XQLW�DQDO\VLV´��&RZLH��
������1DFLVFLRQH� ������/DQJROW]��������6DIRQRYD���������

7KH�GLVWLQJXLVKHG�IHDWXUHV�RI�SKUDVH�PRGHOV�DUH�VXVWDLQDELOLW\�RI�WKH�PRGHO�
LWVHOI�DQG�RQH�RI�LWV�SDUWV��PRGHO�UHSURGXFLELOLW\�LQ�VSHHFK�LQ�FDVH�RI�OH[LFDO�FRQWH[W�
IUHHGRP�� V\QWDFWLF� DQG� SKUDVHRORJLFDO� FRQQHFWLRQ�� UHODWLYH� VWDELOLW\� RI� FRPSRQHQW�
SODFHPHQW� VHPDQWLF� LQWHJULW\� DQG� H[SUHVVLYHQHVV� ZLWK� LPDJHU\�� ZKLFK� DUH�
RSHUDWLRQDOO\� FRQWH[WXDOO\� UHOHYDQW� WR� VRPH�GHJUHH��7KH�SUREOHP�RI�SKUDVH�PRGHO�
IXQFWLRQ�LQ�WKH�DUWLVWLF�DQG�HSLVWRODU\�VSHHFK�LV�QRW�VWXGLHG�HQRXJK��DQG�WKDW�LV�ZK\�
ZH�DUH�IRFXVLQJ�RQ�WKLV�UHVHDUFK�LQ�WKH�ILHOG�RI�&KHNKRY¶V�LGLRPDWLF�VW\OH�

���0HWKRGV

,Q� WKH� SURFHVV� RI� WKLV� UHVHDUFK�� ZH� UHIHUHQFHG� WKH� H[LVWLQJ� H[SHULHQFH� RI�
VWXG\LQJ� RI� VHPDQWLF� DQG� IXQFWLRQDO� IHDWXUHV� RI� ODQJXDJH� XQLWV� LQ� WKH� DUWLVWLF� DQG�
HSLVWRODU\�SURVH��6DILQ�HW�DO���������5DNKLPRYD�HW�DO���������1XUXOOLQD�	�8VPDQRYD�
�������ZKLFK�DUH�VWLPXODWHG�E\� LWV�DXWKRU� LGLRPDWLF�VW\OH��ZRUOG�YLHZV�DQG�DUWLVWLF�
PDQQHU��1XUXOOLQD�	�8VPDQRYD� ������0HUNLED\HY�HW�DO���������

7KH�DFWXDOLW\�RI�RXU�XQGHUWDNHQ�UHVHDUFK�LV�GHILQHG�E\�WKH�QHHG�RI�VWXG\LQJ�
WKH�GLVFXUVLYH�SUREOHPV�RI�PRGHUQ�OLQJXLVWLFV�± LQWHUDFWLRQ�EHWZHHQ�GLIIHUHQW�OHYHOV�
RI� ODQJXDJH� XVLQJ� WKH� V\QWD[� DQG� SKUDVHRORJ\� H[DPSOHV�� QDPHO\� SKUDVHRORJLFDO�
PRGHOV�RI�GLIIHUHQW� VHPDQWLF� FRQWHQW� LQ� WKH�GLVFXUVLYH� VSDFH�RI�&KHNKRY¶V�ZRUNV��
2YHU�����XQLWV�VDPSOHG�IURP�&KHNKRY¶V�ZRUNV�KDYH�EHHQ�XVHG�DV�DQ�HPSLULFDO�EDVLV�
RI�WKLV�UHVHDUFK� 7KH�VWXGLHG�PDWHULDO�VSHFLILFLW\�DQG�REMHFWLYHV�UHTXLUHG�WKH�XVDJH�RI�
FRPSOH[� RI� UHVHDUFK� PHWKRGV�� GHVFULSWLYH�� ZKLFK� SURSRVHV� REVHUYDWLRQ� DQG�
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FODVVLILFDWLRQ� RI� ODQJXDJH� PDWHULDO�� FRPSRQHQW�� VWUXFWXUDO�VHPDQWLF� DQG� VWDWLVWLFDO�
PHWKRGV��WH[W�DQG�GLVWULEXWLRQDO�DQDO\VLV�RI�SKUDVH�PRGHOV�

���5HVXOWV�DQG�'LVFXVVLRQ

,QWHUHVWLQJO\��SKUDVHRORJLFDO�VWUXFWXUHV�DUH�WKH�PRVW�FRPPRQ�LQ�WKH�ILHOG�RI�
GHILQHG� VHPDQWLF� DQG� V\QWDFWLF� UHODWLRQV� ± DGYHUVDU\�� WHPSRUDU\�� FDXVDO� ZLWK� WKH�
GLUHFW� DQG� UHYHUVH� FRQGLWLRQDOLW\� �6DIRQRYD�� ������� 0HDQZKLOH�� RQH� RI� WKH� PRVW�
FRPPRQ�FRQVWDQW�FRPSRQHQWV�RI�SKUDVH�PRGHOV�LV�WKH�FKWRE\�FRQMXFWLRQ�WKDW�SOD\V�
WKH�UROH�RI�K\SRWKHWLFDO�DQG�GHVLUDEOH�PRGDOLW\�TXDOLILHU� LQ� WKH� VHFRQG�SDUW��ZKLFK�
DGGV� DGGLWLRQDO� PRGDO� PHDQLQJV� RI� QHFHVVLW\�� UHVSRQVLELOLW\� DQG� DELOLW\�� ,W� LV�
VLJQLILFDQW�WR�QRWH�WKDW�WKH�FXUUHQW�PRGHO�FRXOG�EH�FDWHJRUL]HG�DV�D�IUHTXHQW�RQH�LQ�
WKH�&KHNKRY¶V�GLVFXUVLYH�VSDFH�����+YDWLW�OL�X�9DV�VLO"�1X]KQR�PQRJR�QHUYQRM�HQHUJLL�
L� XVWRMFKLYRVWL�� FKWRE\� QHVWL� EUHP\D� URVVLMVNRJR� GUDPRSLVFD� �7�� ���� S�� ����� <D�
QHGRVWDWRFKQR�VHU
H]HQ�L�QHGRVWDWRFKQR PX]\NDOHQ��FKWRE\�LPHW
�VLOX�XEHGLW
�HJR��9DP�
]KH��N�VFKDVW
\X��RQ�YHULW��7�����S��������

'HVSLWH� WKH� IDFW� WKDW� LGLRPDWLF� VW\OH� RI� $�3�� &KHNKRY¶V� ZRUNV� LV�
FKDUDFWHUL]HG�E\�WKH�DXWKRU¶V�GHWDFKPHQW��&KHNKRY���������KLV�RSLQLRQV��HVSHFLDOO\�
KLV� PRUDO� DQG� SHUVRQDO� YDOXHV�� DUH� FOHDUO\� VKRZQ�� 2QH� RI� WKH� &KHNKRY¶V� ³PRUDO�
FRGH[´� IHDWXUHV� ZDV� SUHFLVHO\� QRWHG� E\� 6WHSDQRY� �������� ³&KHNKRY¶V� FRGH[� LV�
PDJQLILFHQW� EHFDXVH� LW� LV� YHU\� VLWXDWLRQDO��+LV� VOLJKWO\� MRNLQJ� DQG� VK\� WRQH� FRPHV�
SUHFLVHO\�IURP�LW´�

7KH�PRGDO�DQG�HYDOXDWLYH�SODQ�RI�&KHNKRY¶V�VWRU\WHOOLQJ�LV�GLIIHUHQW�EHFDXVH�
RI� WKH� FRQWH[WXDO� DWWDFKPHQW� DQG� UHVSRQVHV� WR� WKH� DGGUHVVHH¶V� VHW� RI� H[SUHVVHG�
WKRXJKWV�DQG�TXHVWLRQV��LQ�WKH�ZULWLQJV��LQ�GLDORJXHV�DQG�PRQRORJXHV�HWF��

,QFOXGLQJ�GLVWULEXWLYH�DVSHFW��OHW�XV�DQDO\]H�LQLWLDO�V\QWD[�SKUDVH�PRGHOV�E\�
WKH�QH[W�SDUDPHWHUV��ZKLOH�QRWLQJ�WKH�IROORZLQJ�VWHSV�RI�OHDUQLQJ�WKHP�

�� GLVWLQFWLRQ�RI�FRQVWDQW�FRPSRQHQWV�LQ�WKHLU�FRPSRVLWLRQ�
�� LQVWDOOPHQW�RI�PRGDO�FRPSRQHQW�YDULDELOLW\�
�� YDULDWLRQ�RI�SKUDVH�PRGHO�E\�LQWHQVLW\�VFDOH��³PDQ\�IHZ´�RSSRVLWLRQ�

HWF��
�� FKDUDFWHULVWLF�RI�YDULDEOH�OH[LFDO�DQG�JUDPPDU�ILOOLQJ�
�� GHWHFWLRQ�RI� ORJLFDO� DQG� VHPDQWLF� UHODWLRQV�EHWZHHQ�SKUDVH�PRGHO�

SDUWV�
�� GHWHUPLQDWLRQ�RI�VXFK�SKUDVH�PRGHOV¶�VWDWXVHV�DQG�IXQFWLRQV�LQ�WKH�

&KHNKRY¶V�GLVFXUVLYH�VSDFH�

0RGDO� OH[HPHV� DV� FRQVWDQW� SKUDVH� PRGHO� FRPSRQHQWV� �QDGR�� QDGREQR��
QX]KQR� �QX]KHQ�� QX]KQD��� QHREKRGLPR�� WUHEXHWV\D�� SRQDGRELWV\D�� GRVWDWRFKQR��
QHGRVWDWRFKQR� HWF��� FDUU\� GXDO� V\QWD[� YDOHQF\�� H[SODQDWRU\� DQG� SURGXFWLYH�� 7KH�
VHFRQG� RQH� LV�� DV� D� UXOH�� UHDOL]HG� XQGHU� WKH� FLUFXPVWDQFH� RI� ILUVW� YDOHQF\� ILOOLQJ��
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)XOILOOLQJ� WKH� VHQWHQFH�DQG� WH[W�PRGDOL]DWLRQ�IXQFWLRQ�� WKH\�FUHDWH�GLIIHUHQW�V\QWD[�
PRGHOV�WKDW�VHQG�VXEMHFW�REMHFW�UHODWLRQV�RU�FRQGLWLRQDO�VHPDQWLFV��DQG�DUH�TXLWH�RIWHQ�
VHHQ� ZLWKLQ� RQH� WH[W� IUDJPHQW�� � ���1R� ]QDQL\D� GHMVWYX\XVKFKLK� OLF� L� VRGHU]KDQL\D�
URPDQD� QHGRVWDWRFKQR� GO\D� WRJR�� FKWRE\� VPHW
� VX]KGHQL\D� LPHW
���� QX]KQR� HVKFKH�
]QDW
��NDN�VSUDYLOLV
�Y\�V�DUKLWHNWXURM �7�����S�������

7KH�ILUVW�SKUDVH�PRGHO�FRPSRQHQW��ZKLFK�FDQ�EH�FRPSDUHG�WR�WKH�VHPDQWLF�
FRQMXFWLRQ�FKWRE\��LV�XVXDOO\�PDGH�RXW�RI�WKUHH�SDUWV�

��� PRGDO� OH[HPH� �� LQILQLWLYH� �� REMHFW� RU�� LQ� VRPH� FDVHV�� FRQGLWLRQ�� 9�
RSLVDQL\DK�SULURG\�QDGR�KYDWDW
V\D�]D�PHONLH�FKDVWQRVWL��FKWRE\�SR�SURFKWHQLL��NRJGD�
]DNURHVK
� JOD]D�� GDYDODV
� NDUWLQD �7�� ��� S�� ����� 1DP� QDGR� SRJRYRULW
� QDVFKHW�
9DJQHUD�� FKWRE\�QH�SHW
� L]� UD]Q\K�RSHU �7�� ���S�� ����� &KWRE\�SROXFKLW
� SLV
PR� LOL�
JD]HWX��QDGR�]KGDW
�RND]LL��D�QDURFKQR�]D�NRUUHVSRQGHQFLHM�WXW�QLNWR�QH�H]GLW��7�����S��
������ 9DVK� PDO
FKLN� ± QDWXUD� FKLVWHQ
ND\D�� PLOD\D�� LVKFKXVKFKD\D� ERJD��
O\XE\DVKFKD\D��FKXWND\D�VHUGFHP�L�JOXERNR�RVNRUEOHQQD\D��&KWRE\�RYODGHW
� WDNLP�
OLFRP�� QDGR� VDPRPX� XPHW
� VWUDGDW
�� VRYUHPHQQ\H� ]KH� SHYF\� XPH\XW� WRO
NR� Q\W
� L�
KQ\NDW
 �7�����S�������

��� PRGDO� OH[HPH� �� E\W¶ YHUE� �� QDPH� LQ� WKH� LQVWUXPHQWDO� FDVH �RIWHQ�
DFFRPSDQLHG� E\� WKH� GHILQLWLRQ���3UDYR�� QX]KQR� E\W
� ERO
VKLP� NURNRGLORP�� FKWRE\��
SRGREQR� 9DP�� NRSWHW
� WHSHU
� Y� JRURGH� �7�� ���� S�� ����� 1DGR� E\W
� LVNUHQQHM�
KXGR]KQLFHM�� FKWRE\�SLVDW
� NDUWLQ\� �7�� ��� S�� ����� 1DGR�E\W
� ERO
VKRM� RYFRM�� FKWRE\�
VHU
H]QR�RWQRVLW
V\D�N�HJR�VLPSDWL\DP�L�YHULW
�Y�HJR�GUX]KEX��7�����S������

���PRGDO�OH[HPH���VXEVWDQWLYH�LQ�WKH�JHQLWLYH�FDVH��ZKLFK�VHQGV�WKH�LGHD�RI�
EDVH� PLQLPL]DWLRQ�� $� \D� WHEH� JRYRU\X�� GRVWDWRFKQR� PQH� GHV\DWL�GYDGFDWL� PLQXW��
FKWRE\�W\�VHO�]D�HWRW�VDP\M�VWRO�L�QDSLVDO�RWND]�VYRHM�QHYHVWH �7�����S��������6RPHWLPHV�
SURQRPLQDOV�ZLWK�WKH�HYHQW�DQDSKRULF�PHDQLQJ�WDNH�SODFH�EHVLGHV�WHPSRUDU\�JHQLWLYH�
IRUPV��9�PRORGRVWL�\D�FKDVWR�SRVHVKFKDO�WHDWU��L�WHSHU
�UD]D�GYD�Y�JRG�VHP
\D�EHUHW�
OR]KX� L� YR]LW�PHQ\D�©SURYHWULW
V\Dª� .RQHFKQR�� HWRJR�QHGRVWDWRFKQR�� FKWRE\� LPHW
�
SUDYR�VXGLW
�R�WHDWUH��QR�\D�VND]KX�R�QHP�QHPQRJR �7�����S�������

7KH�FRPSOHWHQHVV�RI�WKH�SUHYLRXVO\�PHQWLRQHG�LQ�WKH�ILUVW�SDUW�EDVH�LV�RIWHQ�
VXSSRUWHG�E\�WKH�TXDQWLWDWLYH�OH[LFRQ�E\�WKH�³PDQ\�IHZ´�RSSRVLWLRQ�ZLWK�WKH�PHDVXUH�
YDOXH��1HPQRJR�QX]KQR�XVLOLM�PRHPX�JHUR\X��FKWRE\�VRJQXW
�SRGNRYX�LOL�VSO\XVKFKLW
�
Y�NXODNH�NRURENX�L]�SRG�VDUGLQRN��D�PH]KGX�WHP�QL�RGQR�HJR�GYL]KHQLH�QH�Y\GDHW�Y�
QHP�IL]LFKHVNL�VLO
QRJR �7�����S�����

4XDQWLWDWLYH� OH[HPHV� ZLWK� WKH� PHDQLQJ� RI� VOLVKNRP�� RFKHQ
� GHJUHH� DUH�
UHOHYDQW� ZLWK� WKH� TXDOLWDWLYHO\� FKDUDFWHUL]LQJ� ZRUGV�� 1DGR� E\W
� RFKHQ
� YHOLNLP�
SLVDWHOHP��FKWRE\�Y�RGLQ���� PHV\DF�]DUDERWDW
�W\V\DFKX�UXEOHM��QH�SUDYGD�OL��7������
S��������1X]KQR�E\W
�VOLVKNRP�QHO\XELP\P�VXSUXJRP��FKWRE\�QH�SHUHGDW
�HWRJR�]KHQH
�7������S��������,I�WKH�QHGRVWDWRFKQR�SUHGLFDWLYH�LV�WDNLQJ�SODFH��WKH�PHDVXUH�DGYHUE�
VRYVHP�PD\�DFFRPSDQ\�LW��.DN�E\�QL�E\OR��RGQRJR�GYXK�QHXGDFKQ\K�SUHGVWDYOHQLM�
VRYVHP�QHGRVWDWRFKQR��FKWRE\�YHVKDW
�QRV�L�QH�VSDW
�YV\X�QRFK
 �7�����S��������DQG�
ZLWK�WKH�GRVWDWRFKQR�SUHGLFDWLYH��WKH�PHDVXUH�DGYHUE�VRYHUVKHQQ DFFRPSDQLHV�LW��9�
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OLWHUDWXUH�9\�X]KH�SR�NUDMQHM�PHUH�SRGSRONRYQLN��V�]RORW\P�RUX]KLHP���D�WDNRJR�FKLQD�
VRYHUVKHQQR�GRVWDWRFKQR��FKWRE\�QH�SULKRGLW
�Y�X]KDV��FKWR�NXVD\XWV\D�EORKL�L�YRHW�
SRG�RNQRP�VREDND �7������S�������

,QWHQVLW\� VHPDQWLF� FDQ� EH� H[SUHVVHG� ZLWK� HLWKHU� OH[HPH� ZLWK� LQGLUHFW�
PHDQLQJ�DQG�FRQWH[W�RI� WKH�ZKROH� VHQWHQFH�� ���9V\X�QRFK
� ]GHV
�E
\XW�Y�FKXJXQQ\H�
GRVNL�QD�YVHNK�XJODK��1DGR� LPHW
�FKXJXQQ\H�JRORY\��FKWRE\�QH�VRMWL�V�XPD�RW�HWLK�
QHXPROND\XVKFKLK�NXUDQWRY��7������S��������,Q�WKLV�UHPDUN��$�3��&KHNKRY�XVHV�ZRUG�
SOD\� �FKXJXQQ\H� GRVNL�± FKXJXQQ\H� JRORY\�� DQG� FRPSDUHV� WKH� VRXQG� RI� FDVW� LURQ�
ERDUGV�WR�WKH�QHYHU�HQGLQJ�VRXQG�RI�FKLPHV�

$VLGH� IURP� ³PDQ\�IHZ´� OLQH� JUDGDWLRQ�� WKH� FRUUHODWLRQ� E\�
³FRQILUPDWLRQ�GHQLDO´� VFDOH�� ZKLFK� LV� FRPPXQLFDWLYHO\� GULYHQ�� DOVR� WDNHV� SODFH��
&KWRE\�]DEROHW
�NRNO\XVKHP��QHW�QDGREQRVWL�SURVWX]KDW
V\D��%ROH]Q
�LQIHNFLRQQRJR�LOL��
NDN�GXPD\XW��QHUYQRJR�SURLVNKR]KGHQL\D �7������S�������

,Q�WKH�V\QWD[�SKUDVH�PRGHOV�ZLWK�GHQLDO�WKH�PHDQLQJ�RI�WKH�UHMHFWHG�EDVH�IRU�
WKH�DVVXPHG�FRQVHTXHQFH�LV�H[SUHVVHG��1H�QDGR�E\W
�ERWDQLNRP�LOL�]RRORJRP��FKWRE\�
SRQ\DW
��NDN�QL]NR�X�QDV�VWRLW�WR��FKWR�P\�SR�QHYHGHQL\X�VFKLWDHP�Y\VRNLP �7������S��
������1H�QX]KQR�QHSUHPHQQR�YLGHW
��FKWRE�RSLVDW
 �7�����S������ ,Q� WKH� ODWHVW�SKUDVH�
PRGHO� WKH� PRGDO� ZRUG� ZLWK� DIILUPDWLYH� PHDQLQJ� QHSUHPHQQR� LV� DQ� REOLJDWRU\�
HOHPHQW�

,Q�WKH�GLVFXUVLYH�VSDFH�RI�$�3��&KHNKRY¶V�ZRUNV�WKH�VWXGLHG�SKUDVH�PRGHOV�
DUH RIWHQ� DFFRPSDQLHG� E\� WKH� H[SOLFDWLYH� DQG� DUJXPHQWDWLYH� FRPSRQHQW�� &KWRE\�
SRNXSDW
� ERO
VKRH� LPHQLH�� QDGR� E\W
� ERO
VKLP� KR]\DLQRP�� LQDFKH� RQR� UD]RULW�� 9HV
�
VHNUHW�XVSHNKD�Y�KR]\DMVWYH�± HWR�JO\DGHW
�GHQQR�L�QRVKFKQR�Y�RED �7������S�������,Q�
WKLV�FRQWH[W��$�3��&KHNKRY�XVHV�ZRUG�SOD\�DJDLQ��XWLOL]LQJ�ERWK�OLWHUDO�DQG�ILJXUDWLYH�
PHDQLQJV� RI� ZRUGV� �ERO
VKRH� LPHQLH� ± ERO
VKRM� KR]\DLQ���0RUHRYHU�� WKLV� VHQWHQFH�
FRQWDLQV� ERWK� DUJXPHQW�� FRPPHQWDU\� DQG� PRWLYDWLRQ� DW� RQFH�� $W� WKH� VDPH� WLPH��
SKUDVH�PRGHO�FDQ�EH�XVHG�RYHUDOO�DV�D�FRPPHQWDU\��1D�YHFKHU�Y�SRO
]X�VHP
L�*��,��
8VSHQVNRJR�HGYD�OL�SRSDGX��7DN�NDN�Y\EUDW
V\D�L]�GRPX�WHSHU
�PQH�QHOHJNR�L�WDN�NDN��
YRREVKFKH� JRYRU\D�� QD� YHFKHUDK� \D� QH� FKLWD\X�� 'RVWDWRFKQR� PQH� SRFKLWDW
� �±��
PLQXW�� NDN� YR� UWX� X� PHQ\D� VRKQHW�� JRORV� VLSQHW�� L� \D� QDFKLQD\X� QHSUHU\YQR�
RWNDVKOLYDW
V\D �7������S������

,W� LV� UHPDUNDEOH� WKDW� OH[HPHV� ³HQRXJK�QRW� HQRXJK´� LQ� WKH� WH[W� FRXOG� EH�
H[SDQGHG�DQG�H[SUHVVHG�DV�D�QXPEHU�RI�PRWLYDWLRQV��2Q�PRORG��FKHVWHQ��QH�VXHWHQ��
O\XELW�VYR\X�PHGLFLQX��YHFKQR�Y�UD]�H]GDK ± HWRJR�GRVWDWRFKQR��FKWRE\�RE�\DVQLW
�Y�
HJR�SRO
]X�YVH�SURPDKL�HJR�QH]DWHMOLYRJR�WXDOHWD �7�����S�������+RZHYHU��LW�LV�RIWHQ�
HQRXJK�WR�UHTXLUH�RQO\�RQH�IDFW�WKDW�VWLPXODWHV�RWKHUV��3R�VYRHM�SULURGH�QHVFKDVW
\D�
± WH�]KH�NDPQL��1X]KQR�WRO
NR�RGQRPX�NDPQ\X�VYDOLW
V\D�V�Y\VRNRJR�EHUHJD��FKWRE\�
]D�QLP�SRV\SDOLV
�GUXJLH �7�����S�������

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�SDUDJUDSK�RIWHQ�HLWKHU�VWDUWV�ZLWK�WKH�VWXGLHG�
SKUDVH�PRGHOV��ZKLFK�DUH�XQUDYHOHG�LQ�WKH�IROORZLQJ�VHQWHQFHV��RU�HQGV�ZLWK�WKHP��
FUHDWLQJ�D�VXPPDUL]LQJ�MXGJHPHQW��4XLWH�RIWHQ�WKH�WKRXJKW�WKDW�LV�FRQWDLQHG�LQ�WKH�
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SKUDVH�PRGHO� LV� GHOLYHUHG� E\� HPRWLRQDO� DQG� H[SUHVVLYH� XQLWV� DQG�TXHVWLRQ�PDUNV��
1X]KQR�VWDUDW
V\D��FKWRE\�]KL]Q
�E\OD�LQWHUHVQD��1H�SUDYGD�OL" �7�����S�������.DNR\X�
PHUR\X�QX]KQR�L]PHU\DW
�GRVWRLQVWYD�O\XGHM��FKWRE\�VXGLW
�R�QLK�VSUDYHGOLYR" �7�����
S��������$K��.DNRM�QDGR�E\W
�GHUHY\DQQRM�VNRWLQRM��FKWRE\�QH�FKXYVWYRYDW
�VHE\D�QD�
YHUKX�EOD]KHQVWYD��NRJGD�RQD�JRYRULW��VPHHWV\D��SRND]\YD\D�VYRL�RVOHSLWHO
QR�EHO\H�
]XENL� �7�����S�������

$V�QRWHG�LQ�WKH�OLWHUDWXUH�RI�TXHVWLRQ��³IRU�&KHNKRY��SHUVRQ¶V�PHQWDOLW\�LV�DQ�
HQGXULQJ��XQFRQGLWLRQDO�DQG�DEVROXWH�TXDOLW\�RI�KLV��LQ�DGGLWLRQ�WR�NLQGQHVV��GLOLJHQFH��
KRQHVW\�DQG�LQWHJULW\«´��&KHUYRQ\M���������7KH�PHQWDO�VSDFH�RI�KLV�ZRUNV�LV�ILOOHG�
ZLWK� ERWK� UHOHYDQW� YRFDEXODU\� DQG� JUDPPDU�� ZKLFK� DUH� RULHQWHG� WR� UHODWLRQDO�
PHDQLQJV� LQ� WKH� ILHOG� RI� VHPDQWLF� RI� GHSHQGHQF\�� 0HDQZKLOH�� WKH� FRQGLWLRQDOLW\�
FDWHJRU\� LQFOXGHV�QRW�RQO\� W\SLFDO�XQLWV�ZLWK�PHDQLQJV�RI� WDUJHW��FDXVH��FRQGLWLRQ��
FRQFHVVLRQ�DQG�HIIHFW��EXW�DOVR�VLPLODU�PHDQLQJV�WKDW�DUH�IROORZHG�E\�WKH�PRGDO�DQG�
HYDOXDWLYH�FRPSRQHQW��0RGXVHV�RI�QHFHVVLW\��REOLJDWLRQ�DQG�VXIILFLHQF\�LQ�WHUPV�RI�
ɫFRPSOH[� UHODWLRQV� WUDQVIRUP� WKHP� WR� WKH� FRPSOH[� UHODWLRQV� RI� SXUSRVH� LPSURSHU��
ZKHUH�GHVLUDELOLW\�VHPDQWLF�LV�UHSODFHV�ZLWK�SRWHQWLDOLW\�DQG�EDVLV�FDUULHV�WKH�PRGDOO\�
FRORUHG�W\SH�

7KH�VWXGLHG�SKUDVH�PRGHOV�FDQ�EH�H[SDQGHG�DQG�UHSHDWHG�LQ�WHUPV�RI�WH[W�
IUDJPHQWV�ZLWK�WKH�FRQWH[W�RI�UHDVRQLQJ��&KWRE\�FKLWDW
�KRURVKR��WR�HVW
�QH�VNXFKQR�L�
V�SRO
]RM�GO\D�VOXVKDWHOHM��QX]KQR��NURPH�WDODQWD��LPHW
�HVKFKH�VQRURYNX�L�RS\W��QX]KQR�
REODGDW
�VDP\P�\DVQ\P�SUHGVWDYOHQLHP�R�VYRLK�VLODK��R�WHNK��NRPX�FKLWDHVK
��L�R�WRP��
FKWR�VRVWDYO\DHW�SUHGPHW�WYRHM�UHFKL��.URPH�WRJR��QDGR�E\W
�FKHORYHNRP�VHEH�QD�XPH��
VOHGLW
� ]RUNR� L� QL� QD� RGQX� VHNXQGX� QH� WHU\DW
� SROH� ]UHQL\D �7KHRU\� RI� )XQFWLRQDO�
*UDPPDU��������

7KH�IDFW�WKDW�WKH�VWXGLHG�SKUDVH�PRGHO�ZDV�FKRVHQ�E\�$�3��&KHNKRY�WR�LVVXH�
JHQHUDOL]HG� LGHDV� WKDW� FDUU\� WKH� FKDUDFWHU� RI� DSKRULVPV� RU� HWHUQDO�PRUDO� YDOXHV� LV�
LQWHUHVWLQJ��$V�DQ�H[DPSOH��ZKHQ�ZULWLQJ�WR�KLV�EURWKHU��$�3��&KHNKRY�KDG�IRUPXODWHG�
DQG�FRPPHQWHG D�FRGH[�RI�LQWHOOHFWXDO�SHUVRQ¶V�EHKDYLRU��&KWRE\�FKXYVWYRYDW
�VHE\D�
Y�VYRHM�WDUHONH�Y�LQWHOOLJHQWQRM�VUHGH��FKWRE\�QH�E\W
�VUHGL�QHH�FKX]KLP�L�VDPRPX�QH�
W\DJRWLW
V\D�H\X��QX]KQR�E\W
�L]YHVWQ\P�REUD]RP�YRVSLWDQQ\P �7������S�������QH[W�DUH�
WKH�H[SODQDWLRQV RI���SRLQWV��RU�&KWRE\�YRVSLWDW
V\D�L�QH�VWR\DW
�QL]KH�XURYQ\D�VUHG\��
Y� NRWRUX\X� SRSDO�� QHGRVWDWRFKQR� SURFKHVW
� WRO
NR� 3LNYLND� L� Y\]XEULW
� PRQRORJ� L]�
)DXVWD �7������S������

���6XPPDU\

6\QWD[� SKUDVH� PRGHOV� ZLWK� PRGDO� FRPSRQHQW� WKDW� H[SUHVV� FRQGLWLRQDO�
VHPDQWLFV�LQ�WKH�FRPSOH[�IRUP�DUH�RUJDQLFDOO\�ILWWHG�LQ�WKH�WH[W�DQG�WKXV�ILQG�WKHLU�
UHDOL]DWLRQV�ZLWK�OHIW�DQG�ULJKW�FRQWH[WV�WDNHQ�LQWR�DFFRXQW��0HDQZKLOH��WKH�UHTXLUHG�
EDVLV�VHPDQWLF�XVHG�E\�$�3��&KHNKRY�FDUULHV�WKH�FKDUDFWHU�RI�DQ�DGYLFH��UHTXHVW�RU�
UHFRPPHQGDWLRQ�DQG�QRW�RI�DQ� LQVWUXFWLRQ��7KLV� LV�VHHQ� LQ�KLV�SUHIHUUHG�XVH�RI� WKH�
ZRUG�QX]KQR�LQVWHDG�RI�VXFK�ZRUGV�OLNH�QDGR�DQG QHREKRGLPR�



���_ 3URFHHGLQJV�RI� WKH��WK� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�$SSOLHG�/LQJXLVWLFV� ,VVXHV�� 6DLQW�3HWHUVEXUJ��
5XVVLD��6XPPHU�DQG�$XWXPQ������

,Q�&KHNKRY¶V�GLVFXUVLYH�VSDFH��V\QWD[�SKUDVH�PRGHOV�WKDW�H[SUHVV�PRGDOLW\�
UHFHLYH�DQ�H[SUHVVLYH�DQG�HPRWLRQDO�IRUP�GXH�WR�WKH�XVH�RI�TXHVWLRQ�DQG�H[FODPDWLRQ�
PDUNV�ZKHQ�WKH�DXWKRU�UHIHUV�WR�KLV�ZRUNV¶�DGGUHVVHH��RIWHQ�VKRZFDVLQJ�KLV�RSLQLRQ�
LQ�KLV�VRIW��XQREWUXVLYH�DQG�VOLJKWO\�LURQLF�IRUP��+LV�DELOLW\�WR�H[SDQG�PRGXV�RULHQWHG�
SKUDVH� PRGHOV� ZLWK� HPRWLRQDO� DQG� HYDOXDWLYH� OH[LFRQ� DQG� TXLWH� RIWHQ� ZLWK� VKDUS�
SKUDVHRORJLFDO�FRPELQDWLRQV�VKRZFDVHV�ZULWHU¶V�PDVWHU\�

���&RQFOXVLRQV

,Q� WKH�HQG��ZH�FDQ�FRQFOXGH� WKDW� WKH� VWXGLHG�V\QWDFWLF�SKUDVH�PRGHOV�DQG�
WKHLU�PXOWLIXQFWLRQDO�UHDOL]DWLRQ�LQ�&KHNKRY¶V�GLVFXUVLYH�VSDFH�DUH�UHOHYDQW�

$FNQRZOHGJHPHQWV

7KH�ZRUN� LV�SHUIRUPHG�DFFRUGLQJ� WR� WKH�5XVVLDQ�*RYHUQPHQW�3URJUDP�RI�
&RPSHWLWLYH�*URZWK�RI�.D]DQ�)HGHUDO�8QLYHUVLW\�

5HIHUHQFHV

&KHNKRY��$��3����������3UR�(W�&RQWUD��&KHNKRY¶V�:RUNV�LQ�WKH�5XVVLDQ�WKRXJKW�LQ�
WKH�/DWH���WK� (DUO\���WK FHQWXULHV��6DLQW�3HWHUVEXUJ

&KHUYRQ\M��$��0����������0HQWDO�OH[LFRQ�DV�D�PDLQ�IHDWXUH�RI�$�3��&KHNKRY¶V�VSHHFK�
SRUWUDLW��OH[LFDO�DQG�VHPDQWLF�DQDO\VLV�RI�$�3��&KHNKRY¶V�SOD\�³8QFOH 9DQ\D´���
;;,,,� &KHNKRY¶V� UHDGLQJV� �0DWHULDOV� RI� /LQJXLVWLF� 6HFWLRQ��� ,QWHUXQLYHUVLW\�
FROOHFWLRQ�RI�VFLHQWLILF�SDSHUV��7DJDQURJ� ��������

&RZLH��$��3����������3KUDVHRORJ\��$QDO\VLV�DQG�DSSOLFDWLRQ��,QWURGXFWLRQ��2[IRUG��
&ODUHGRQ�3UHVV�

,O
HQNR��6��*�� ��������7H[W�UHDOL]DWLRQ�DQG� WH[W�IRUPLQJ� IXQFWLRQ�RI�V\QWDFWLF�XQLWV��
,QWHUXQLYHUVLW\�FROOHFWLRQ�RI�VFLHQWLILF�SDSHUV��/�

/DQJROW]�� $�� �������� ,GLRP� FUHDWLYLW\�� $� FRJQLWLYH� OLQJXLVWLF� PRGHO� RI� LGLRP�
UHSUHVHQWDWLRQ�DQG�LGLRP�YDULDWLRQ�LQ�(QJOLVK��$PVWHUGDP��3KLODGHOSKLD��-RKQ�
%HQMDPLQV�3XEOLVKLQJ�&RPSDQ\�

1DFLVFLRQH��$��������� 3KUDVHRORJLFDO�XQLWV�LQ�GLVFRXUVH��7RZDUGV�DSSOLHG�VW\OLVWLFV��
/DWYLDQ�$FDGHP\�RI�&XOWXUH�

1XUXOOLQD��*��0���	�8VPDQRYD��/��$����������7KH�LGLRVW\OH�RI�,� $� %XQLQ��(PRWLYH�
DQG� 6HPDQWLF� GRPLQDQWV� LQ� GHVFULSWLRQ� RI� QDWXUDO� SKHQRPHQD�� -RXUQDO� RI�
/DQJXDJH�DQG�/LWHUDWXUH�����������±���

1XUXOOLQD�� *�� 0��� 	� 8VPDQRYD�� /�� $�� �������� 6HPDQWLFV� RI� FRORXUV� LQ�
2�(� 0DQGHOVWDP
V�SRHWU\��$PD]RQLD�,QYHVWLJD������������±����
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5DNKLPRYD��'��,���)DWWDKRYD��1��1���	�<XVXSRYD��=��)����������&KHVV�WHUPLQRORJ\�DV�
D�7RRO�RI�7H[W�2UJDQL]DWLRQ �2Q�WKH�H[DPSOH�RI�9��9��1DERNRY
V�QRYHO�³7KH�
GHIHQVH´��� � UG� ,QWHUQDWLRQDO� 0XOWLGLVFLSOLQDU\� 6FLHQWLILFDO� &RQIHUHQFH� RQ�
6RFLDO� 6FLHQFHV�#� $UWV� 6*(0� ������ � %RRN ��� &RQIHUHQFH� RQ� 3V\FKRORJ\��
3V\FKLDWU\�� 6RFLRORJ\�� +WDOWKFDUH�� (GXFDWLRQ�� &RQIHUHQFH� 3URFHHGLQJV��
9RO� ,,,� (GXFDWLRQ�DQG�(GXFDWLRQIO�5HVHDUFK ���±���$8*867���������$OEHQD��
%XOJDULD�

6DILQ��,��&K���.RORVRYD��(��,���	�*LPUDQRYD��7��$����������,QWHUSUHWDWLRQ�RI�DQ�HSRFK�
LQ�WKH�QRYHO�WKH�%LJ�*UHHQ�7HQW�E\�/��8OLWVND\D��/LQJXLVWLF�FXOWXUDO�DQDO\VLV�RI�
YHUEDO�OH[LFRQ��7DULK�.XOWXU�9H�6DQDW�$UDVWLUPDODUL�'HUJLVL�-RXUQDO�RI�+LVWRU\�
&XOWXUH�DQG�$UW�5HVHDUFK������� ���±���

6DIRQRYD�� 6�� 6�� �������� 3KUDVHRORJL]DWLRQ� RI� FRPSOH[� VHQWHQFHV� ZLWK� FKWRE\�
FRQMXFWLRQ� LQ�PRGHUQ�5XVVLDQ� ODQJXDJH��)LORORJL\D� ,�.XO
WXUD� �3KLORORJ\�DQG�
&XOWXUH���.D]DQ�����������±����

6WHSDQRY��<X��6����������&RQVWDQWV��'LFWLRQDU\�RI�5XVVLDQ�FXOWXUH��0RVFRZ�

7KHRU\�RI�)XQFWLRQDO�*UDPPDU�������������7HPSRUDOLW\��0RGDOLW\��/�

,UDQL��=��%���	�5H]DHL��7����������7KH�HIIHFWV�RI�VRFLDO�QHWZRUNLQJ�RQ�PDULWDO�UHODWLRQVKLSV�
DQG�FRXSOHV¶�TXDOLW\�RI�OLIH��&DVH�VWXG\��&RXSOHV�RI�VRFLDO�QHWZRUNLQJ�PHPEHUV�LQ�
6KLUD]���8&7�-RXUQDO�RI�6RFLDO�6FLHQFHV�DQG�+XPDQLWLHV�5HVHDUFK��������������

0HUNLED\HY��7���6HLVHQED\HYD��=���%HNNR]KDQRYD��*���.REODQRYD��$���	�$OLNKDQN\]\��
*����������2SSRVLWLRQV�LQ�WKH�FRQFHSWXDO�DQG�OLQJXLVWLF�FDWHJRU\�RI�WLPH��2SFLyQ��
������������������


