
/DQJXDJH�)HDWXUHV�RI�5XVVLDQ�7H[WV�RI�(QJLQHHULQJ�
'LVFRXUVH�

,O\LQD�2OJD� 	�=RORWDUHYD�0DULQD�

$EVWUDFW

7KH�$UWLFOH�LV�GHYRWHG�WR�WKH�DSSOLHG�SUREOHP�RI�LGHQWLI\LQJ�WKH�OLQJXLVWLF�IHDWXUHV�RI�
HQJLQHHULQJ�WH[WV��7KH�VWXG\�RI�5XVVLDQ�ODQJXDJH� WH[WV�RI�HQJLQHHULQJ�GLVFRXUVH�LV�
XVXDOO\�RI�DQ�DSSOLHG�QDWXUH��LQ�RXU�FDVH��WKLV�DSSOLHG�UHVHDUFK�LV�FDXVHG�E\�WKH�QHHG�
WR�WHDFK�IRUHLJQHUV�ZKR�UHFHLYH�SURIHVVLRQDO�HQJLQHHULQJ�HGXFDWLRQ�LQ�5XVVLD�DQG�LQ�
5XVVLDQ� ODQJXDJH�� 7KH� REMHFW� RI� WKH� UHVHDUFK� LV� WKH� 5XVVLDQ�ODQJXDJH� WH[WV� RI�
WH[WERRNV� DQG� PDQXDOV� RI� HQJLQHHULQJ� VSHFLDOW\� �5RERWLF� V\VWHPV��� 7KH� ORJLFDO�
FRPSRQHQW�IHDWXUHV�RI�WKH�HQJLQHHULQJ�WH[WV�RUJDQL]DWLRQ�DUH�GHVFULEHG��7KH�EDVLV�IRU�
WKH� VWXG\� RI� IHDWXUHV� FDQ� EH D� GLFWLRQDU\� GDWDEDVH� RI� HQJLQHHULQJ� WH[WV�� QDPHO\�
FDWDORJV�RI�IUHTXHQF\�ZRUGV��7KH�PHWKRG�RI�FUHDWLQJ�D�FDWDORJ�RI�IUHTXHQF\�ZRUGV�LV�
SUHVHQWHG�� 7KH� VRXUFH� PDWHULDO� IRU� WKLV� VWXG\� ZHUH� WKH� WH[WV� RQ� WKH� HQJLQHHULQJ�
VSHFLDOW\� �5RERWLF� V\VWHPV��� FUHDWHG� IRU WKH� SXUSRVH� RI� WHDFKLQJ� VWXGHQWV� RI� WKLV�
SURILOH�� ,Q� WRWDO�� DERXW� ��� WKRXVDQG� SDJHV� RI� DXWKHQWLF� WH[WV� ZHUH� SURFHVVHG�� 7KH�
FDWDORJ� RI� IUHTXHQF\� YRFDEXODU\� LQFOXGHV� DERXW� ����� XQLWV�� 2Q� WKH� EDVLV� RI� WKLV�
DQDO\VLV��WKH�VXEVWDQWLYH��YHUEDO��DGMHFWLYDO��DGYHUELDO�JURXSV�DQG�WKH�JURXS�RI�VHUYLFH�
SDUWV�RI� VSHHFK�ZHUH� LGHQWLILHG��4XDQWLWDWLYH�DQDO\VLV�DOORZHG� WR� LGHQWLI\� WKH�PRVW�
SRSXODU�JUDPPDWLFDO�FODVVHV�RI�ZRUGV� WKDW�DUH� IRXQG� LQ�5XVVLDQ�HQJLQHHULQJ� WH[WV��
DQG�WR�GHVFULEH�WKH�IHDWXUHV�RI�WKHLU�IXQFWLRQLQJ�LQ�HQJLQHHULQJ�WH[WV��&XUUHQWO\��WKH�
UHVXOWV� RI� WKH� UHVHDUFK� DOORZ� XV� WR� FRPH� WR� WKH� VWDWHPHQW� WKDW� HQJLQHHULQJ�
FRPPXQLFDWLRQ�LV�D�VSHFLDO�NLQG�RI�5XVVLDQ�ODQJXDJH�VSHHFK�XQLYHUVH��7KH�PHWKRG�
RI�DQDO\VLV�RI�WH[WV�RI�HQJLQHHULQJ�VSHFLDOWLHV��EDVHG�RQ�WKH�VWXG\ RI�WKH�PRVW�IUHTXHQW�
YRFDEXODU\��LV�QRW�H[KDXVWLYH�LQ�RUGHU�WR�VHH�DOO�WKHLU�VSHFLILF�ODQJXDJH�IHDWXUHV��EXW�
PDNHV�LW�SRVVLEOH�WR�WUDFN�WKH�PRVW�VWULNLQJ�IHDWXUHV�LQKHUHQW�LQ�WKLV�FODVV�RI�VFLHQWLILF�
WH[WV��7KH�$SSHQGL[�FRQWDLQV�D�FDWDORJXH�RI�IUHTXHQF\�YRFDEXODU\�LQ�WKH�HQJLQHHULQJ�
VSHFLDOW\��5RERWLF�V\VWHPV��
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.H\ZRUGV� (QJLQHHULQJ� 'LVFRXUVH�� 7HDFKLQJ� )RUHLJQ� /DQJXDJHV�� 5XVVLDQ� DV� D�
)RUHLJQ�/DQJXDJH�

���,QWURGXFWLRQ

7KH�UHVHDUFK�RI�HQJLQHHULQJ�GLVFRXUVH�WH[WV��XQOLNH�WKH�WH[WV�RI�RWKHU�DUHDV��
IRU�H[DPSOH��ILFWLRQ��LV�XVXDOO\�DSSOLHG��,Q�RXU�FDVH��WKH�LQWHUHVW�WR�WKLV�W\SH�RI�VSHHFK�
SURGXFWLRQ�LV�GXH�WR�WKH�QHHG�RI�FRPSRQHQW�DQDO\VLV�RI�WKH�WH[W�PDWHULDO��ZLWK�WKH�KHOS�
RI�ZKLFK�LW�LV�SRVVLEOH�WR�LGHQWLI\�LWV�VSHFLILF�OLQJXLVWLF�IHDWXUHV��,GHQWLILFDWLRQ�RI�WKH�
ODQJXDJH� IHDWXUHV�RI�5XVVLDQ�ODQJXDJH� HQJLQHHULQJ� WH[WV� LV� QHFHVVDU\� IRU� WHDFKLQJ�
WKHLU� FUHDWLRQ� DQG�XQGHUVWDQGLQJ�RI� IRUHLJQ� VWXGHQWV� VWXG\LQJ� DW�5XVVLDQ� WHFKQLFDO�
XQLYHUVLWLHV�� 7KHUHIRUH�� 5XVVLDQ� WH[WV� RI� HQJLQHHULQJ� GLVFRXUVH� DUH� WKH� VXEMHFW� RI�
VSHFLDO� VFLHQWLILF� LQWHUHVW� RI� WHDFKHUV� ZKR� ZRUN� ZLWK� IRUHLJQ� VWXGHQWV� VWXG\LQJ�
5XVVLDQ�DV�D�PHDQV�RI�HGXFDWLRQ� LQ�5XVVLDQ�� ,W� FDQ�EH�DVVXPHG� WKDW� WKH� OLQJXLVWLF�
VWXG\�RI�HQJLQHHULQJ�WH[WV�DV�DQ�LQWHJUDO�SDUW�RI�WKH�5XVVLDQ�VSHDNLQJ�FRPPXQLFDWLYH�
VSDFH�LV�ODUJHO\�DVVRFLDWHG�ZLWK�WKH�VHDUFK�IRU�DQVZHUV�WR�WKH�OLQJXLVWLF�DQG�GLGDFWLF�
TXHVWLRQ�RI�KRZ�WR�LPSURYH��PRGHUQL]H�PHWKRGV�RI�WHDFKLQJ�5XVVLDQ�WR�IRUHLJQHUV�LQ�
5XVVLDQ�WHFKQLFDO�XQLYHUVLWLHV�

���/LWHUDWXUH�5HYLHZ

,W� VKRXOG� EH� QRWHG� WKDW� HQJLQHHULQJ� FRPPXQLFDWLRQ� LQ� 5XVVLDQ� EHJDQ� WR�
DWWUDFW�WKH�DWWHQWLRQ�RI�OLQJXLVWV�UHODWLYHO\�QRW�ORQJ�WLPH�DJR��,W�FDQ�EH�VDLG�WKDW�WKH�
WH[WV� RI� VFLHQWLILF� GLVFRXUVH� ZHUH� VWXGLHG� LQ� JHQHUDO� LQ� RUGHU� WR� LGHQWLI\� VSHFLILF�
IHDWXUHV�WKDW�DUH�FKDUDFWHULVWLF�RI�ZULWWHQ�VFLHQWLILF�WH[WV�� (QJLQHHULQJ�FRPPXQLFDWLRQ�
ZDV�QRW�RI�SDUWLFXODU�LQWHUHVW�WR�OLQJXLVWV�DQG�ZDV�E\�GHIDXOW�UHJDUGHG�DV�DQ�LQWHJUDO�
SDUW�RI�VFLHQWLILF�GLVFRXUVH�

&XUUHQWO\�� WKH� UHVHDUFK� FRQGXFWHG� E\� 5XVVLDQ� VFLHQWLVWV� DQG� WKH� UHVXOWV�
REWDLQHG�E\�WKHP�DOORZ�XV�WR�FRPH�WR�WKH�VWDWHPHQW�WKDW�HQJLQHHULQJ�FRPPXQLFDWLRQ�
LV�D� VSHFLDO�NLQG�RI�5XVVLDQ�ODQJXDJH� VSHHFK�XQLYHUVH��$YGHHYD� ������� LGHQWLILHG��
DQG�LQ�WKH�ZRUN�RI�.RVWHULQD��������FODULILHG�WKH�ORJLFDO�DQG�FRPSRQHQW�IHDWXUHV�RI�
WKH�RUJDQL]DWLRQ�RI�HQJLQHHULQJ�WH[WV��7KHVH�LQFOXGH�VXFK�HOHPHQWV�DV�WKH�FRQFHSW�RI�
WKH�REMHFW��WKH�*HQHVLV�RI�WKH�REMHFW��WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�FKDUDFWHULVWLFV�
RI� REMHFWV�� WKH� IRUPXODWLRQ� RI� WKH� SUREOHP�� WKH� IRUPXODWLRQ� RI� WKH� SUREOHP�� WKH�
VROXWLRQ� RI� WKH� SUREOHP� LQ� LGHDO� FRQGLWLRQV� DQG� LQ� UHDO� FRQGLWLRQV�� HYDOXDWLRQ� RI�
VROXWLRQV��HYDOXDWLRQ�RI�WKH�HIIHFWLYHQHVV�RI�WKH�GHFLVLRQ�

,Q�GLIIHUHQW�ZRUNV� �/HYLQD��������������9DVLO
HYD�������������������� WKH�
EDVLF� V\QWDFWLF� PRGHOV� XVHG� LQ� WKH� FRQVWUXFWLRQ� RI� RUDO� DQG�ZULWWHQ� VWDWHPHQWV� RI�
HQJLQHHULQJ� FRPPXQLFDWLRQ� SDUWLFLSDQWV� DUH� FROOHFWHG� DQG� GHVFULEHG�� 5HSHDWHGO\�
LPSOHPHQWHG�LQ�DWWHPSWLQJ�WR�SURGXFH�FDWDORJXHV�RI�WKH�IUHTXHQF\�OH[LFRQ�XWLOLWLHV�
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�$UWHP¶HYD�� ������ 9DVLO
HYD�� ������ =+DURY�� .OLPRYD�� 	� .X]QHFRYD�� ������
/RKZDWHU�������

6WXGLHV�LQ�OLQJXLVWLF�SXUSRVH�WH[W�HQJLQHHULQJ�PDWHULDO�GLVFRXUVH�DOORZ�XV�WR�
LGHQWLI\�DQG�GHVFULEH� WKH� OLQJXLVWLF� IHDWXUHV�RI�HQJLQHHULQJ� WH[WV��7KH�EDVLV� IRU� WKH�
VWXG\�RI�WKHVH�IHDWXUHV�FDQ�EH�WKH�OH[LFDO�)XQG�RI�5XVVLDQ�HQJLQHHULQJ�WH[WV��QDPHO\�
FDWDORJV� RI� IUHTXHQF\ YRFDEXODU\�� FRPSLOHG� RQ� WKH�PDWHULDO� RI� WKH� VWXG\� RI� ODUJH�
DPRXQWV� RI� HQJLQHHULQJ� WH[WV�� ,Q� WKLV� DUWLFOH� ZH� DUH� WDONLQJ� DERXW� WKH� OLQJXLVWLF�
VSHFLILFLW\�RI�5XVVLDQ�HQJLQHHULQJ�WH[WV�REWDLQHG�RQ�WKH�EDVLV�RI�WKH�DQDO\VLV�RI�WKH�
IUHTXHQF\�YRFDEXODU\�RI�WKH�DUUD\�RI�WH[WV�LQ�WKH�VSHFLDOW\��5RERWLF�V\VWHPV��

���0HWKRGRORJ\

7R� LGHQWLI\� WKH� OLQJXLVWLF� IHDWXUHV� RI� WKH� 5XVVLDQ�ODQJXDJH� WH[WV� RI�
HQJLQHHULQJ�GLVFRXUVH��D�WHFKQLTXH��EDVHG�RQ�WKH�DQDO\VLV�RI�WKH�IUHTXHQF\�YRFDEXODU\�
XVHG�LQ�WKLV�FRPPXQLFDWLYH�DQG�SURIHVVLRQDO�VSKHUH�ZDV�FKRVHQ��7KH�RULJLQDO�LGHD�RI�
WKH�VWXG\�ZDV�WR�VHH�ZKDW�OH[LFDO�XQLWV�HQJLQHHUV�PRVW�RIWHQ�XVH�LQ�WKHLU�VSHHFK��:H�
ZHUH� LQWHUHVWHG� LQ� WKH� QXPEHU� RI� WKHVH� OH[LFDO� XQLWV� DQG� WKHLU� JUDPPDWLFDO�
FKDUDFWHULVWLFV��

,Q�RUGHU�WR�LPSOHPHQW�WKH�LGHD�RI�WKH�VWXG\��LW�ZDV�QHFHVVDU\�WR�VHOHFW�WKH�
IUHTXHQF\�YRFDEXODU\�DQG�PDNH�D�FDWDORJ�RI�WKH�PRVW�IUHTXHQWO\�XVHG�XQLWV��ZKLFK�LQ�
OLQJXRGLGDFWLFV�LV�FDOOHG�WKH�OH[LFDO�PLQLPXP�

7KH� OH[LFDO�PLQLPXP� LQ� WKH� VSHFLDOW\� �5RERWLF� V\VWHPV��ZDV�PDGH� DV� D�
UHVXOW�RI SURFHVVLQJ�RI� WKH�GLFWLRQDU\�PDWHULDO�RI���� WH[WERRNV�IRU�XQLYHUVLWLHV�DQG�
WH[WERRNV� ZULWWHQ� E\� GLIIHUHQW� DXWKRUV�� ZLWK� D� WRWDO� RI� ��������ZRUG� XVHV��:KHQ�
GHYHORSLQJ�WKH�OH[LFDO�PLQLPXP��WKH�FRPSXWHU�SURJUDP�:RUGVWVW�ZDV�XVHG��ZKLFK�
DOORZHG�WR�FUHDWH�D�UDWLQJ�RI�ZRUGV�E\�IUHTXHQF\�RI�XVH��7KH�EDVLV�RI�WKH�FDWDORJ�LV�
WKH�SULQFLSOHV�RI�IUHTXHQF\��ZRUG�IRUPDWLRQ�SURGXFWLYLW\��KLJK�OH[LFDO�YDOHQFH��WDNLQJ�
LQWR� DFFRXQW� WKH� WHUPLQRORJLFDO� QDWXUH� RI� WKH� ZRUG�� ,W� VKRXOG� EH� QRWHG� WKDW� WKHVH�
SULQFLSOHV��H[FHSW�IRU�WKH�WHUPLQRORJLFDO�QDWXUH�RI�WKH�ZRUG��DUH�LQGLFDWHG�DV�WKH�PDLQ�
RQHV�DQG�GHYHORSHUV�RI�OH[LFDO�PLQLPD�RI�JHQHUDO�NQRZOHGJH�RI�5XVVLDQ�DV�D�IRUHLJQ�
ODQJXDJH��$QGU\XVKLQD���������������:KHQ�GHYHORSLQJ�WKH�OH[LFDO�PLQLPXP�RQ�WKH�
VSHFLDOW\� �5RERWLF� V\VWHPV�� ZDV� DOVR� WDNHQ� LQWR� DFFRXQW� WKH� IDFWRU� RI� ODQJXDJH�
0DWXUH� VWXGHQWV� IRUHLJQ� VWXGHQWV�� VR� YRFDEXODU\� LWHPV�� ZKLFK� DUH� FRQVLVWHQW� ZLWK�
WKRVH� UHIOHFWHG� LQ� WKH� OH[LFDO� PLQLPXP� RI� WKH� WRWDO� 5XVVLDQ� ODQJXDJH� SURILFLHQF\�
OHYHOV� $�� DQG�$�� RI� WKH� ILQDO� YHUVLRQ� RI� WKLV EUDQFK� WKH� OH[LFDO�PLQLPXP� RI� WKH�
H[FOXGHG��7KH�IXOO�OH[LFDO�PLQLPXP�LQ�WKH�VSHFLDOW\��5RERWLF�V\VWHPV��LQFOXGHV�������
ZRUGV�

,W�VKRXOG�EH�QRWHG�WKDW�ZKHQ�FRPSLOLQJ�WKH�OH[LFDO�PLQLPXP��VRPH�HUURUV�
ZHUH�DOORZHG��ZKLFK�PD\�OHDG�WR�D�VOLJKW�GLVWRUWLRQ�RI�WKH�UHVXOWV� )LUVWO\��RQO\�ZULWWHQ�
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WH[WV�DUH�XVHG�IRU�DQDO\VLV�DQG�RUDO�VSHHFK�LV�QRW�WDNHQ�LQWR�DFFRXQW��6HFRQGO\��VLQFH�
WKH� EDVLV� IRU� WKH� VHOHFWLRQ� RI� VRXUFHV� ZDV� WKH� PDUNLQJ� RI� D� VSHFLDOW\� UDWKHU� WKDQ�
VSHFLDOL]DWLRQ�� LW� FDQ� EH� DVVXPHG� WKDW� WKH� YROXPH� RI� VSHHFK� PDWHULDO� FRYHULQJ� D�
SDUWLFXODU�VSHFLDOL]DWLRQ�LV�QRW�HTXDO��ZKLFK�FDQ�OHDG�WR�DQ�HUURU�LQ�GHWHUPLQLQJ�WKH�
IUHTXHQF\�RI�XVH�RI�WHUPV��,Q�RWKHU�ZRUGV��LI�WKH�WRWDO�DPRXQW�RI�WH[W�PDWHULDO�LQ�WKH�
HQWLUH�GDWDEDVH�RI�VRXUFHV�GHYRWHG��IRU�H[DPSOH�� WR�WKH�WKHPH�RI�WKH�HOHFWULF�GULYH��
H[FHHGV� RWKHU� WRSLFV�� LW� LV� H[SHFWHG� WKDW� WKH� WHUPV� RI� WKLV� VFLHQWLILF� ILHOG� ZLOO� EH�
QRPLQDOO\�PRUH��DQG�WKHUH�ZLOO�EH�PRUH�WKDQ�XVH�RI�RQH�WHUP�

:KDW
V� PRUH�� VLQFH� WKH� OH[LFDO� PLQLPXP� LV� OLPLWHG�� LW� LV� QRW� SRVVLEOH� WR�
LQWURGXFH�DOO�WHUPLQRORJLFDO�XQLWV�LQWR�LW��7R�RYHUFRPH�WKLV�SUREOHP��LW�LV�QHFHVVDU\�WR�
FUHDWH�WHUPLQRORJLFDO�PLQLPD�

0RUHRYHU�� WKH� HUURU� LQ� WKH� FDOFXODWLRQV� LV� DVVRFLDWHG� ZLWK� WKH� WHFKQLFDO�
FDSDELOLWLHV�RI�:RUGVWDW�� WKH�HUURUV�GHVFULEHG�DERYH�FRQWULEXWH�D�FHUWDLQ�DPRXQW�RI�
VXEMHFWLYLW\� WR� WKH� IRUPDWLRQ� RI� WKH� OH[LFDO�PLQLPXP��EXW� FDQ�KDUGO\� VLJQLILFDQWO\�
DIIHFW�WKH�ILQDO�UHVXOW�

7KH� FDWDORJ� RI� IUHTXHQF\� YRFDEXODU\� LV� D� PDWHULDO� IRU� WKH� DQDO\VLV� RI�
OLQJXLVWLF�IHDWXUHV�RI�HQJLQHHULQJ�WH[WV��2Q�LWV�EDVLV��WKH�FRPSRQHQW�FRPSRVLWLRQ�RI�
WKH�ODQJXDJH�FRQWHQW�RI�HQJLQHHULQJ�WH[WV�LV�DQDO\]HG��WKH�FKDUDFWHULVWLFV�RI�LQGLYLGXDO�
FODVVHV�RI�SDUWV�RI�VSHHFK�SUHVHQWHG�LQ�WKH�FDWDORJ�DUH�LGHQWLILHG�DQG�GHVFULEHG�

���5HVXOWV

&UHDWLRQ�RI�WKH�FDWDORJ�DOORZHG�WR�UHYHDO�OH[LFDO�DQG JUDPPDWLFDO�IHDWXUHV�
RI� WKH� ODQJXDJH� ODQGVFDSH�RI� WKH�SURIHVVLRQDO�DQG�FRPPXQLFDWLYH�VSKHUH��5RERWLF�
V\VWHPV��� 7KHVH� IHDWXUHV� VKRXOG� EH� WDNHQ� LQWR� DFFRXQW� ZKHQ� GHYHORSLQJ� WHDFKLQJ�
PDWHULDOV�RQ�WKH�5XVVLDQ�ODQJXDJH�IRU�IRUHLJQ�VWXGHQWV�UHFHLYLQJ�SURIHVVLRQDO�WUDLQLQJ�
LQ�WKLV�VSHFLDOW\�

�����/LQJXR�'LGDFWLF�'HVFULSWLRQ�RI�WKH�/H[LFDO�0LQLPXP�LQ�WKH�6SHFLDOW\��5RERWLF�
6\VWHPVª

,Q� RUGHU� WR� VWXG\� WKH� JUDPPDWLFDO� IHDWXUHV� RI� WKH� OH[LFDO� PLQLPXP�� ILYH�
FDWDORJXHV�ZHUH�FRPSLOHG�� LQFOXGLQJ�JURXSV�RI�ZRUGV�RI�GLIIHUHQW�SDUWV�RI�VSHHFK��
VXEVWDQWLYH��YHUEDO��DGMHFWLYDO��DGYHUELDO�DQG�FDWDORJXH�RI�RIILFLDO�SDUWV�RI�VSHHFK��$�
FRPSDUDWLYH�DQDO\VLV�RI�WKH�YROXPHV�RI�WKHVH�GLUHFWRULHV�LV�SUHVHQWHG�LQ�7DEOH����

7DEOH��� 5DWLR�RI�3DUWV�RI�6SHHFK�

3DUW�RI�VSHHFK 1RXQ $GMHFWLYH 9HUE $GYHUE 6HUYLFH

��RI�WKH�WRWDO�DPRXQW�RI�
ZRUGV�RI�WKH�OH[LFDO�PLQLPXP

��� ��� ��� ���� ����
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0RUSKRORJLFDO�DQDO\VLV�RI�WKH�OH[LFDO�PLQLPXP�VKRZHG�WKDW�WKH�SURSRUWLRQ�
RI�QRPLQDO�SDUWV�RI�VSHHFK�LV�����RI�WKH�WRWDO�YROXPH�RI�YRFDEXODU\�PDWHULDO��ZKLOH�
WKH�WRWDO�SURSRUWLRQ�RI�WKH�VXEVWDQWLYH�JURXS�RI�WKLV�OH[LFDO�PLQLPXP�LV�PXFK�KLJKHU�
WKDQ� WKH� SURSRUWLRQ� RI� DQ\� RWKHU� PRUSKRORJLFDO� JURXS�� ,Q� *HQHUDO�� WKLV� UDWLR� RI�
QRPLQDO�DQG�YHUEDO�SDUWV�RI�VSHHFK�LV�XVXDO�IRU�WKH�WH[WV�RI�HQJLQHHULQJ�GLVFRXUVH��DV�
SUHYLRXVO\� ZULWWHQ� LQ� WKH� VFLHQWLILF� OLWHUDWXUH� �/HYLQD�� ������ 9DVLO
HYD�� �������
(QJLQHHULQJ�DQG�WHFKQLFDO�WH[WV��EHLQJ�SDUW�RI�WKH�*HQHUDO�VFLHQWLILF�GLVFRXUVH��LQ�D�
ODUJH� QXPEHU� XVH� GHVFULSWLYH� FRPPXQLFDWLYH� VWUDWHJLHV�� WKH� WDVN� RI� ZKLFK� LV� WR�
UHSUHVHQW� WKH� PXOWLGLPHQVLRQDO� FKDUDFWHULVWLFV� RI� WKH� REMHFW� XQGHU� VWXG\�� VR�
HQJLQHHULQJ� WH[WV� LQ�*HQHUDO� EHORQJ� WR� WKH� W\SRORJLFDO� FODVV� RI� WH[WV�GHVFULSWLRQV��
ZKLFK� LV� UHIOHFWHG� LQ� WKH� FRQVWUXFWLRQ� RI� VWDWHPHQWV�� 7KHUHIRUH�� WKH� V\QWD[� RI� WKH�
HQJLQHHULQJ� WH[W� SUHIHUV� YHUEV� WR� GHVFULSWLYH� SKUDVHV� �YHUE��� QRXQ��� LQ�ZKLFK� WKH�
WUDGLWLRQDO�YHUEDO�VHPDQWLFV�LV�GLVWULEXWHG EHWZHHQ�WZR�LQGHSHQGHQW�OH[LFDO�XQLWV�± D�
YHUE�WKDW�GRHV�QRW�QDPH�WKH�DFWLRQ��EXW�RQO\�QRPLQDWHV�WKH�IDFW�RI�LWV�SUHVHQFH��DQG�D�
YHUEDO� QRXQ� WKDW� H[SUHVVHV� WKH� HVVHQFH� RI� WKH� GHVFULEHG� SURFHVV�� IRU� H[DPSOH�� WR�
SHUIRUP�DQ�DFWLRQ��SURYLGH�PRYHPHQW��SHUIRUP�URWDWLRQ��HWF��

�����9HUE�*URXS

/HW�XV�FRQVLGHU�WKH�SHFXOLDULWLHV�RI�WKH�YHUEDO�JURXS�RI�WKLV�OH[LFDO�PLQLPXP��
7KH� FDWDORJXH� RI� YHUEDO� YRFDEXODU\�� RUGHUHG� E\� WKH� QXPEHU� RI� XVHV�� UHYHDOHG� WKH�
IROORZLQJ�SDWWHUQV��7KH�PRVW�IUHTXHQW�DUH�WKH�YHUEV�UHODWHG�WR�WKH�*HQHUDO�VFLHQWLILF�
EORFN� RI� YRFDEXODU\� ZKLFK� UHIOHFWV� QRW� VSHFLILF� WR� WKH� GHVFULEHG� FRPPXQLFDWLYH�
VSKHUH�RI� DFWLRQ�� DQG�*HQHUDO� ORJLFDO�� ,PDJLQH� WKH� UDWLQJ�RI� WKH� ILUVW� WKLUW\�RQ� WKH�
IUHTXHQF\�RI�RFFXUUHQFHV�RI�WKH�YHUEV��WR�EH��WKHUH�DUH�VHYHUDO�GLIIHUHQW�5XVVLDQ�ZRUGV�
HTXLYDOHQW� WR� (QJOLVK� YHUE� WR� EH��� WR� KDYH�� WR� IROORZ� �\RX� VKRXOG��� DOORZ�� GHILQH��
LPSOHPHQW�� LQFOXGH��VXEPLW��FRQVLGHU��XVH��GHSHQG��SURYLGH��JHW� �JHW��� UHTXLUH��XVH��
KDSSHQ��JLYH��OHDG��VKRZ��VKRZQ���WR�UHODWH��WR�FRQWDLQ��WR�SURGXFH��WR�ILQG��WR�LQFOXGH��
WR�H[LVW��WR�QRWLFH��WR�EH�6SHFLDO�YHUEDO�YRFDEXODU\�UHIOHFWLQJ�WKH�FRJQLWLYH�FRQFHSWXDO�
ILHOG� RI� LQYHVWLJDWHG� FRPPXQLFDWLYH� VSKHUHV�� VKLIWHG� LQ� WKH� VHFRQG� KDOI� RI� WKLV�
GLUHFWRU\��WR�VWUHQJWKHQ��WR�KROG��WR�EUHDN��WR�UHFRJQL]H��WR�SOD\��WR�UXQ��WR�FXVWRPL]H��
WR�YDU\��WR�GHVLJQ��WR�LQGXFH��WR�GLVFKDUJH��WR�DVVLJQ��,W�LV�REYLRXV�WKDW�WKH�FRPSRVLWLRQ�
RI�WKH�YHUEDO�JURXS�FOHDUO\�IDOOV�LQWR�WZR�FDWHJRULHV�± JHQHUDO�VFLHQWLILF��RIWHQ�ZLWK�D�
YDJXH�PHDQLQJ�� YRFDEXODU\� DQG� LQGXVWU\� YRFDEXODU\��ZLWK� WKH�PRVW� FRPPRQ� ILUVW�
FDWHJRU\��7KLV�IDFW�FRQILUPV�WKH�WKHVLV�WKDW�WKH�JUDPPDWLFDO�VWUXFWXUH�RI�WKH�VHQWHQFHV�
RI� WKH� HQJLQHHULQJ� WH[W� LV� EDVHG�RQ� VXEVWDQWLYH�GRPLQDQWV��ZKLFK� LV�ZK\� WKH� WRWDO�
YROXPH�RI�YHUEDO�YRFDEXODU\�LV�VPDOO�FRPSDUHG�WR�WKH�YROXPH�RI�QRPLQDO�YRFDEXODU\��
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�����6XEVWDQWLYH�*URXS�

&DWDORJ�RI�VXEVWDQWLYH�YRFDEXODU\��DOVR�RUGHUHG�E\�WKH�QXPEHU�RI�ZRUG�XVH��
DOORZHG�WR�LGHQWLI\�RWKHU�SDWWHUQV��7KH�ILUVW�WKLUW\�QRXQV�FOHDUO\�LQGLFDWH�WKH�VXEMHFW�
RI� WKH� OH[LFDO� PLQLPXP�� URERW�� FRQWURO�� V\VWHP�� PRYHPHQW�� FRRUGLQDWH�� GHYLFH��
PDQLSXODWRU�� VSHHG�� ZRUN�� WLPH�� VFKHPH�� D[LV�� PRPHQW�� GULYH�� FXUUHQW�� HQJLQH��
QXPEHU��PRYHPHQW��FRPPXQLFDWLRQ��OLQN��REMHFW��SRVLWLRQ��SRLQW��YDOXH��HTXLSPHQW��
SDUW��PHFKDQLVP��PRELOLW\��HOHPHQW��HTXDWLRQ��(YHQ�WKH�DERYH�VHW�RI�ZRUGV�VKRZV�WKDW�
LQ� WKH� VXEVWDQWLYH� JURXS� DV� ZHOO� DV� LQ� WKH� YHUEDO� RQH�� WKHUH� DUH� WZR� FDWHJRULHV� ±
*HQHUDO�VFLHQWLILF�DQG�EUDQFK�� EXW�XQOLNH�WKH�YHUEDO�JURXS��ERWK�FDWHJRULHV�EHORQJ�WR�
WKH�VXE�ODQJXDJH�RI�QDWXUDO�6FLHQFHV��$QRWKHU�LPSRUWDQW� IHDWXUH�RI� WKH�VXEVWDQWLYH�
JURXS� LV� WKDW� ���� RI� LWV� FRPSRVLWLRQ� FRQVLVWV� RI� YHUEDO� GHULYDWLYHV�� ZKLFK� DUH�
FRQVLGHUHG�DV�YHUE�IRUPV�E\�VRPH�5XVVLDQ� OLQJXLVWLF�VFKRROV��7KH�IUHTXHQW�XVH�RI�
YHUEDO�GHULYDWLYHV�LV�DVVRFLDWHG�ZLWK�WKH�SUHGRPLQDQFH�RI�GHVFULSWLYH�SUHGLFDWHV�RYHU�
YHUEDO�SUHGLFDWHV�LQ�WKH�V\QWDFWLF�VWUXFWXUH�RI�VHQWHQFHV�RI�HQJLQHHULQJ�WH[WV��

�����$GMHFWLYDO�*URXS

7KH�DGMHFWLYDO�FDWDORJXH�DOORZV�WR�UHYHDO�SURGXFWLYH�ZRUG�IRUPDWLYH�PRGHOV�
RI�DGMHFWLYHV�XVHG� LQ� WKH�FRPPXQLFDWLYH� VSKHUH�RI� URERWLFV��7KHVH� LQFOXGH�PRGHOV�
ZKLFK�DUH�GHULYHG�IURP�QRXQV�ZLWK�WKH�IROORZLQJ�VXIIL[HV���1� �UXV�SHUHNKRG�Q�\L�±
HJQO�� WUDQVLWLRQ�� UXV�� JDEDULW�Q�\L� ± HJQO�� GLPHQVLDRQDO�� UXV�� ]DNKYDW�Q�\L� ± HJQO��
JULSSHU��UXV��PDJQLW�Q�\L�± HJQO��PDJQHWLF��UXV��VWDO�Q�RL�± HJQO��VWHHO��UXV��YDNXXP�Q�
\L�± HJQO��YDFXXP��UXV��VHQVRU�Q�\L�± HJQO��WRXFK�VHQVLWLYH��HWF����� 29�(9� �UXV��NROWV�
HY�RL�± HJQO��ULQJ��UXV�SOHFK�HY�RL�± HJQO��VKRXOGHU��UXV��WVLIU�RY�RL�± HJQO��GLJLWDO��UXV��
UROLN�RY�\L� ± HJQO�� UROOHU�� UXV�� ORNW�HY�RL� ± HJQO�� HOERZ�� UXV�� SXVN�RY�RL� ± HJQO��
WULJJHULQJ��UXV��YLQW�RY�RL�± HJQO��VFUHZ��UXV��VYHW�RY�RL�± HJQO��OLJKW��UXV��XJO�RY�RL�±
HJQO��DQJXODU��UXV�� WVLNO�RY�RL�± HJQO��V\FOLF��HWF���� � (6.� �UXV��NLQHPDWLFK�HVN�LL�±
HJQO��NLQHPDWLF��UXV��DNXVWLFK�HVN�LL�± HJQO��DFRXVWLF��UXV��PHNKDQLFK�HVN�LL�± HJQO��
PHFKDQLFDO��UXV��HOHNWULFK�HVN�LL�± HJQO��HOHFWULFDO��HWF����7(/1� �UXV��SUHGYDUL�WHOQ�\L�
± HJQO��SUHOLPLQDU\��UXV��VRHGLQL�WHOQ�\L�± HJQO��FRQQHFWLYH��UXV��NROHED�WHOQ�\L�± HJQO��
RVFLOODWRU\�� UXV��YUDVFKD�WHOQ�\L�± HJQO�� URWDWLRQDO�� UXV�� WVHQWURVWUHPL�WHOQ�\L�± HJQO��
FHQWULSHWDO��HWF����211� �UXV�NRPPXWDWVL�RQQ�\L�± HJQO��VZLWFKLQJ��UXV��ORNDWVL�RQQ�
\L�± HJQO��UDGDU��UXV��QDYLJDWVL�RQQ�\L�± HJQO��QDYLJDWLRQ��UXV��GLVWDQWVL�RQQ�\L�± HJQO��
UHPRWH��UXV��PDQLSXO\DWL�RQQ�\L�± HJQO��PDQLSXODWLRQ��HWF���

�����7KH�DGYHUELDO�*URXS

7KH� FDWDORJXH� RI� IUHTXHQF\� DGYHUEV� LV� VPDOO� FRPSDUHG� WR� WKH� FDWDORJXHV�
GHVFULEHG�DERYH��$V�LW�FDQ�EH�VHHQ�IURP�7DEOH����DGYHUEV�PDNH�XS�������$OPRVW�DOO�
DGYHUEV� DUH� IRUPHG� IURP� DGMHFWLYHV� E\� VXIIL[DO� PHWKRG� ZLWK� WKH� VXIIL[� �2�� � UXV��
DQDORJLFKQ�R ± HJQO�� DQDORJLFDOO\�� UXV�� SRVOHGRYDWHOQ�R�± HJQO�� FRQVHFXWLYHO\�� UXV��
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SULEOL]LWHOQ�R� ± HJQO�� DSSUR[LPDWHO\�� UXV�� SRRFKHUHGQ�R� ± HJQO�� DOWHUQDWHO\�� UXV��
HNYLYDOHQWQ�R�± HJQO��HTXLYDOHQWO\��HWF��

�����*URXS�RI�6HUYLFH�3DUWV�RI�6SHHFK

7KH�FDWDORJ�RI�VHUYLFH SDUWV�RI�VSHHFK�LQFOXGHV�D�OLVW�RI�XQLWV�VSHFLILF�IRU�WKH�
VFLHQWLILF�VW\OH��7KH�OLVW��UDQNHG�E\�IUHTXHQF\��ORRNV�OLNH�WKLV��LQ�WKH�FDVH��XVLQJ��IRU�
H[DPSOH�� WKXV� W\SH�� LQ� WKH� IRUP�� LQ� FRQQHFWLRQ�� KRZHYHU�� UHODWLYHO\�� WKH� PRVW�� RU�
EHFDXVH��DV��H[FHSW��E\��WKHUHIRUH��DORQJ��DQG��ZLWK�WKH�SXUSRVH��WKDQNV��RUGHU��HWF��

���'LVFXVVLRQ

7KH�UHYHDOHG�IHDWXUHV�RI�WKH�5XVVLDQ�ODQJXDJH�WH[WV�RI�HQJLQHHULQJ�GLVFRXUVH�
KHOS�WR�XQGHUVWDQG�WKH�OLQJXLVWLF�QDWXUH�RI�WKHVH�WH[WV��/HW�XV�SUHVHQW�VRPH�ODQJXDJH�
IHDWXUHV� WKDW� GLVWLQJXLVK� HQJLQHHULQJ� FRPPXQLFDWLRQ� IURP� RWKHU� W\SHV� RI� VSHHFK�
SUDFWLFHV�� ,W� LV� REYLRXV� WKDW� HQJLQHHULQJ� FRPPXQLFDWLRQ� LV� EDVHG� RQ� QRPLQDWLYH�
YRFDEXODU\�� DV� LW� XVHV� PDLQO\� GHVFULSWLYH� WDFWLFV� LQ� EXLOGLQJ� GLVFRXUVH�� -XVW� DV� LQ�
*HQHUDO� VFLHQWLILF� GLVFRXUVH�� HQJLQHHULQJ�GLVFRXUVH� LV� WXQHG� WR� WKH�GHVFULSWLRQ� DQG�
H[SODQDWLRQ� RI� FRQFHSWV� DQG� SURFHVVHV�� VR� HYHQ� PRYHPHQW�� ZKLFK� LQ� LWV� QDWXUDO�
VHPDQWLFV�FDQ�QRW�EH�VWDWLF��LQ�HQJLQHHULQJ�FRPPXQLFDWLRQ�VWRSV��DV�LW�LV�FRQVLGHUHG�
QRW�DV�D�IDFW�RI�EHLQJ��EXW�DV�D�VFLHQWLILF�SKHQRPHQD��ZKHUH�LW�LV�UHTXLUHG�WR�GHVFULEH�
LWV� VWUXFWXUH�� &RQVLGHULQJ� WKH� PRYHPHQW�� WKH� SDUWLFLSDQW� RI� HQJLQHHULQJ�
FRPPXQLFDWLRQ�SUHIHUV�WR�XVH�LQ�VSHHFK�LQVWHDG�RI�WXUQLQJ�± WR�PDNH���SHUIRUP�D�WXUQ��
LQVWHDG�RI�PRYLQJ�± WR�PDNH���SHUIRUP�PRYHPHQW��7KH�UHVXOWV�RI�WKH�VWXG\�VKRZHG�
WKDW� WKH�QXPEHU�RI�YHUEDO�YRFDEXODU\� LV�FRPSDUDEOH�ZLWK� WKH�QXPEHU�RI�DGMHFWLYDO�
YRFDEXODU\�� ,Q�RUGLQDU\� HYHU\GD\� FRPPXQLFDWLRQ�YHUEDO� YRFDEXODU\� WDNHV� D�PXFK�
ODUJHU�SODFH��SHUIRUPLQJ�LWV�PDLQ�IXQFWLRQ�± WR�UHSRUW�RQ�WKH�DFWLRQ��,Q�HQJLQHHULQJ�
WH[WV� ZH�VHH�WKDW�RIWHQ�WKH�YHUEDO�YRFDEXODU\�SHUIRUPV�WKH�IXQFWLRQ�RI�WKH�VXEVWDQFH��
L�H�� VLPSO\� QRPLQDWHV� WKH� IDFW� RI� WKH� DFWLRQ�� EXW� GRHV� QRW� VSHFLI\� WKLV� DFWLRQ��7KH�
5XVVLDQ�OH[LFDO�)XQG�LV�FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI�D�ODUJH�QXPEHU�RI�ZRUGV�ZLWK�
WKH�VDPH�URRW�PRUSKHPH��ZKLFK�LV�H[SODLQHG�E\�WKH�KLJK�ZRUG�IRUPDWLRQ�DFWLYLW\��DV�
WKH� 5XVVLDQ� ODQJXDJH� KDV� D� ODUJH� QXPEHU� RI� EXLOGLQJ� PRUSKHPHV� ± SUHIL[HV� DQG�
VXIIL[HV� IRU� GLIIHUHQW� SDUWV� RI� VSHHFK�� 7KLV� DOORZV� QDWLYH� VSHDNHUV� RI� WKH� 5XVVLDQ�
ODQJXDJH� LQ� HYHU\GD\� FRPPXQLFDWLRQ� WR� FRQYH\� GLIIHUHQW� VKDGHV� RI� PHDQLQJ� DQG�
VKDGHV�RI�HPRWLRQDO�UHODWLRQV�WR�WKH�REMHFW�RI�FRPPXQLFDWLRQ��+RZHYHU��OH[LFDO�XQLWV�
LQFOXGHG�LQ�WKH�FRUH�RI�IUHTXHQF\�LQ�HQJLQHHULQJ�FRPPXQLFDWLRQ�DUH�RIWHQ�IRUPHG�E\�
FHUWDLQ�PRUSKHPHV�DQG�LQ�DFFRUGDQFH�ZLWK�FOHDU�ZRUG�IRUPDWLRQ�DOJRULWKPV��7KH�OLVW�
RI� WKHVH� PRUSKHPHV� LV� QRW� VR� ODUJH� FRPSDUHG� WR� WKH� H[LVWLQJ� VHW� RI� SUHIL[HV� DQG�
VXIIL[HV�LQ�WKH�ODQJXDJH��0RVW�RIWHQ��FRQVWUXFWLRQ�PRUSKHPH�XVHG�IRU�IRUPLQJ�IURP�
D� NQRZQ� URRW� ZRUG� ZLWK� D� VSHFLILF� FDWHJRULFDO� YDOXH�� 7KXV�� LQ� WKH� ODQJXDJH� RI�
HQJLQHHULQJ�FRPPXQLFDWLRQ��YHUE�QRXQV�ZLWK�D�VXIIL[�RU�LWV�YDULDQW�DUH�RIWHQ�XVHG��IRU�
H[DPSOH��SUHVHUYDWLRQ��PRYHPHQW��GLUHFWLRQ��,QWHUHVWLQJO\��WKH�VXIIL[HV�RI�DGMHFWLYHV�
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DUH�PRVW�RIWHQ�XVHG�IRU�DWWULEXWLRQ�RI�ZRUGV�WR�WKH�FODVV�RI�DGMHFWLYHV��7KH�FDWDORJXH�
RI� IUHTXHQF\� YRFDEXODU\� QRW� RQO\� JLYHV� DQ� RSSRUWXQLW\� QRW� RQO\� WR� VHH� VRPH�
JUDPPDWLFDO�IHDWXUHV�RI�WKH�ODQJXDJH�RI�D�FHUWDLQ�SURIHVVLRQDO�VSKHUH��7DNLQJ�LW�LQWR�
FRQVLGHUDWLRQ� LW� LV� HDV\� WR� LGHQWLI\� WKH� PDLQ� WKHPDWLF� EORFNV� RI� WKH� VWXGLHG�
FRPPXQLFDWLYH�VSKHUH��LQ�SDUWLFXODU�LQ�WKH�ILHOG�RI�URERWLFV�WKHUH�LV�WKH�VWUXFWXUH�RI�D�
PHFKDQLFDO�URERW��D�PDQLSXODWRU�DV�DQ�LQWHJUDO�SDUW�RI�D�PHFKDQLFDO�URERW��WKH�GHJUHH�
RI�PRELOLW\�RI�WKH�PDQLSXODWRU��ZD\V�WR�PRYH�WKH�URERW��URERW�FRQWURO�V\VWHP��HWF��,W�
LV� LPSRUWDQW� WR� QRWH� WKDW� IUHTXHQF\� YRFDEXODU\� FDWDORJV� �OH[LFDO� PLQLPD�� DUH�
QHFHVVDU\�QRW�RQO\�DV�D�WRRO�IRU�DQDO\]LQJ�D�KXJH�GDWDEDVH�RI�WH[WV�RI�DQ\�SURIHVVLRQDO�
RULHQWDWLRQ��7KH\�DOVR�KDYH�RWKHU�IXQFWLRQV�QHFHVVDU\�IRU�WKH�HIIHFWLYH�RUJDQL]DWLRQ�
RI� IRUHLJQ� ODQJXDJH� WHDFKLQJ�� /H[LFDO� PLQLPXP� DV� D� VHSDUDWH� WRRO� LV� XVHG� LQ� WKH�
PHWKRGRORJ\�RI�WHDFKLQJ�IRUHLJQ�ODQJXDJHV�IRU�VHYHUDO�FHQWXULHV��)LUVW�GHYHORSHG�E\�
.DPHQVN\� IRU� WKH� VWXG\� RI� WKH� &]HFK� ODQJXDJH�� LW� EHFDPH� WKH� REMHFW� RI� VSHFLDO�
VFLHQWLILF�VWXG\�LQ�PRGHUQ�OLQJXRGLGDFWLFV��%DO\KLQD���������DV�RQH�RI�WKH�IRXQGHUV�
RI� WKH�5XVVLDQ� V\VWHP� RI� WHVWLQJ� 5XVVLDQ� DV� D� IRUHLJQ� ODQJXDJH�� EHOLHYHV� WKDW� WKH�
OH[LFDO� PLQLPXP� LV� XQGHUVWRRG� DV� ³D� VHW� RI� ZRUGV�� WKH� QXPEHU� RI� ZKLFK� LV� WKH�
PD[LPXP�LQ�WHUPV�RI�VWXGHQWV�
�DELOLWLHV�DQG�WKH�PLQLPXP�LQ�WHUPV�RI�WKH�ODQJXDJH�
V\VWHP� DQG� DOORZV� XVLQJ� WKH� ODQJXDJH� DV� D�PHDQV� RI� FRPPXQLFDWLRQ´� �S������WKH�
OH[LFDO�PLQLPXP�DOORZV�WR�VROYH�LPSRUWDQW�OLQJXRGLGDFWLF�SUREOHPV��ILUVW��WR�OLPLW�WKH�
LQILQLWH�VSHHFK�VSDFH�RI�UHDO�FRPPXQLFDWLRQ�WR�WKH�OLPLWV�LQ�ZKLFK�LW� LV�SRVVLEOH�WR�
VWXG\�PRGHOLQJ�RI�QDWXUDO�VSHHFK�EHKDYLRU��DQG�VHFRQGO\��WR�GHVFULEH�WKH�OH[LFDO�XQLWV�
QHFHVVDU\�IRU�WKH�GHYHORSPHQW�RI�FHUWDLQ�SXUSRVHV�DQG�IRU�D�FHUWDLQ�SHULRG��WKLUG��WR�
DFFXPXODWH�PDWHULDO�WKDW�DOORZV�WHDFKHUV�WR�XQGHUVWDQG�ZKDW�WR�WHDFK��DQG�VWXGHQWV�±
ZKDW�WR�VWXG\�

7KH�FDWDORJXH�RI�IUHTXHQF\�YRFDEXODU\�LQ�WKH�VSHFLDOW\��5RERWLF�V\VWHPV��
SUHVHQWHG�LQ�WKH�DUWLFOH�LV�WKH�EUDQFK�OH[LFDO�PLQLPXP��L�H��WKH�OH[LFDO�PLQLPXP�LQ�WKH�
ODQJXDJH� RI� RQH� SURIHVVLRQDO� VSKHUH�� 7KH� EUDQFK� OH[LFDO� PLQLPXP� GHVFULEHV� WKH�
YRFDEXODU\� FRUH� RI� VSHHFK� FRPPXQLFDWLRQ� ZLWKLQ� WKH� ERXQGDULHV� RI� D� JLYHQ�
SURIHVVLRQDO� GLVFRXUVH��7R� WHDFK� D� IRUHLJQ� ODQJXDJH�� WKH� GHYHORSPHQW� RI� D� OH[LFDO�
PLQLPXP�LQ�WKH�ODQJXDJH�RI�WKH�VSHFLDOW\�LV�LPSRUWDQW�SULPDULO\�EHFDXVH�ZLWK�LWV�KHOS��
WKH� LQILQLWH� OH[LFDO� VSDFH� RI� UHDO� FRPPXQLFDWLRQ� LQ� D� FHUWDLQ� SURIHVVLRQDO� DUHD� LV�
QDUURZHG� WR� WKH� ERXQGDULHV� WKDW� DOORZ� PRGHOLQJ� VSHHFK� FRPPXQLFDWLRQ� LQ� WKH�
HGXFDWLRQDO� SODQH�� :LWK� WKLV� DSSURDFK�� HGXFDWLRQDO� FRPPXQLFDWLRQ� FHDVHV� WR� EH�
VSRQWDQHRXV�DQG�DFTXLUHV�D��OHJLWLPDWH��FKDUDFWHU�GXH�WR�WKH�IDFW�WKDW�LW�LV�EDVHG�RQ�D�
VFLHQWLILFDOO\� VRXQG� EDVH� ± WKH� PLQLPXP� OH[LFDO� ODQJXDJH� RI� WKH� VSHFLDOW\�� 7KH�
FKDUDFWHULVWLFV�RI�WKH�OH[LFDO�PLQLPXP�GHVFULEHG�DERYH�DUH�D�UHIHUHQFH�SRLQW�IRU�WKH�
GHYHORSPHQW� RI� WKH� DSSDUDWXV� RI� ODQJXDJH� DQG� VSHHFK� H[HUFLVHV�� 7KH� GHYHORSHG�
OH[LFDO�PLQLPXP�LQ�WKH�VSHFLDOW\��5RERWLF�V\VWHPV��LV�WKH�EDVLV�IRU�WKH�FUHDWLRQ�RI�D�
PDQXDO�RQ�WKH�5XVVLDQ�ODQJXDJH�IRU IRUHLJQ�VWXGHQWV�VWXG\LQJ�LQ�WKLV�GLUHFWLRQ��7KH�
PDQXDO�LV�IRFXVHG�RQ�WKH�GHYHORSPHQW�RI�ERWK�ODQJXDJH�DQG�VSHHFK�VNLOOV�RI�IRUHLJQ�
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VWXGHQWV�DQG�LV�D�V\QWKHVLV�RI�OH[LFDO�DQG�JUDPPDWLFDO�ZRUN�VXSSRUWHG�E\�D�ODUJH�VHW�
RI�H[HUFLVHV�DQG�ZRUN�RQ�WHDFKLQJ�W\SHV�RI�VSHHFK�DFWLYLW\��UHDGLQJ�SURIHVVLRQDO�WH[WV�
ZLWK�WKHLU�VXEVHTXHQW�DQDO\VLV��FUHDWLQJ�WKHLU�RZQ�ZULWWHQ�WH[WV�RI�VHFRQGDU\�VSHHFK�
JHQUHV�DQG�WHDFKLQJ�RUDO�VSHHFK�FRPPXQLFDWLRQ�ZLWKLQ�WKLV�SURIHVVLRQDO�GLVFRXUVH��
7UDLQLQJ� RI� SURIHVVLRQDO� FRPPXQLFDWLRQ� EHFRPHV� PRUH� HIIHFWLYH� GXH� WR� WKH�
XQGHUVWDQGLQJ�RI�WKH�PDLQ�ODQJXDJH�IHDWXUHV�RI�HQJLQHHULQJ�FRPPXQLFDWLRQ�LGHQWLILHG�
E\�WKH�DQDO\VLV�RI�WKH�OH[LFDO�PLQLPXP��

���&RQFOXVLRQ

/H[LFDO� PLQLPXP� LQ� WKH� GLUHFWLRQ� RI� �5RERWLF� V\VWHPV�� LV� D� VSHFLDOO\�
VHOHFWHG� DOSKDEHWLFDO� OLVW� RI� ZRUGV� WKDW� PDNH� XS� WKH� OH[LFDO� FRUH� RI� VSHHFK�
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