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$EVWUDFW�

7KH�DUWLFOH�LV�GHYRWHG�WR�WKH�VWXG\�RI�OLQJXLVWLF�VW\OLVWLF�IHDWXUHV�RI�7DWDU�SRHWU\�RI�WKH�
ILUVW�KDOI�RI�WKH�;;�FHQWXU\�DQG�WKH�LGHQWLILFDWLRQ�RI�WKH�VW\OH�IRUPLQJ�SURSHUWLHV�RI�
QHZ� OH[LFDO� PHDQV� LQ� WKH� ODQJXDJH� RI� ILFWLRQ�� LW� UHYHDOV� WKH� DUWLVWLF� DQG� DHVWKHWLF�
IHDWXUHV DQG�VHPDQWLFV�RI�QHZ�IRUPDWLRQV�LQ�WKH�ODQJXDJH�RI�SRHWLF�WH[WV��H[SORUHV�WKH�
PHWKRGV� RI� IRUPDWLRQ� RI� QHZ� OH[LFDO� XQLWV��ZKLFK� XQWLO�QRZ�KDYH�QRW� EHFRPH� WKH�
REMHFW�RI�VSHFLDO�OLQJXLVWLF�UHVHDUFK��7KH�UHOHYDQFH�RI�WKH�UHVHDUFK�WRSLF�LV�H[SODLQHG��
ILUVW�RI�DOO��E\�WKH�SRVVLELOLW\�RI�UHYHDOLQJ�WKH�EHKDYLRU�RI�QHZ�IRUPDWLRQV�DW�GLIIHUHQW�
OHYHOV�RI�WKH�ODQJXDJH�DQG�LV�GHWHUPLQHG�E\�WKH�QHHG�WR�VWXG\�QHZ�LQGLYLGXDO�DXWKRU�
IRUPDWLRQV� LQ� 7DWDU� SRHWU\�� 7KH� VFLHQWLILF� QRYHOW\� RI� WKH� UHVHDUFK� OLHV� LQ� DQ�
LQWHUGLVFLSOLQDU\� DSSURDFK�� LQWHUGLVFLSOLQDU\� DQDO\VLV�PDGH� LW� SRVVLEOH�� RQ� WKH� RQH�
KDQG�� WR�PRUH� IXOO\� LGHQWLI\� WKH�VSHFLILFV�RI� WKH�³SRHWLF� VW\OH´�RI� WKH�7DWDU�OLWHUDU\�
ODQJXDJH� LQ�WKH� ILUVW�KDOI�RI� WKH�;;�FHQWXU\��DQG��RQ�WKH�RWKHU�KDQG�� WR�GHYHORS�D�
PHWKRGRORJ\� IRU VWXG\LQJ�WKH�VW\OLVWLF�SDWWHUQV�RI�WKH�IRUPDWLRQ�RI�WKH�ODQJXDJH�RI�
SRHWLF�WH[WV�

,Q� UHODWLRQ� WR� WKH� UHVHDUFK� SUREOHPV�� WKH� VHW� RI� H[LVWLQJ� EDVLF� UHVHDUFK�
PHWKRGV�LV�HIIHFWLYHO\�XVHG��GHVFULSWLYH��JHQHUDOL]DWLRQ�WHFKQLTXHV�DQG�LQWHUSUHWDWLRQ�
RI�WKH�PDWHULDO�XQGHU�VWXG\���FRPSDUDWLYH�KLVWRULFDO�PHWKRGV��SDUWLDO�DQG�FRQWLQXRXV�
VDPSOLQJ� WHFKQLTXHV�� V\VWHPDWL]DWLRQ� RI� XQLWV� E\� GHQRWDWLYH� FODVVHV�� HOHPHQWV� RI�
FRPSRQHQW��FRQWH[WXDO��DQG�HW\PRORJLFDO�DQDO\VLV�

7KH� VWXG\� SURYHG� WKDW� DQ\� FKDQJHV� LQ� WKH� VRFLDO�� OLWHUDU\� DQG� DHVWKHWLF�
SURFHVV��WKH�KLVWRU\�RI�WKH�7DWDU�OLWHUDU\�ODQJXDJH�WUDQVIRUP�QRW�RQO\�WKH�LGHRORJLFDO�
DQG� PHDQLQJIXO� OD\HU� RI� SRHWLF� ZRUNV� EXW� DOVR� WKH� VW\OLVWLF� EDFNJURXQG� RI� WKHLU�
ODQJXDJH��7KH�DXWKRUV�HVWDEOLVKHG�WKDW�LQ�WKH�SRHWLF�ODQJXDJH�RI�WKH�ILUVW�WKLUG�RI�WKH�
;;�FHQWXU\��OH[LFDO�XQLWV�DQG�JUDPPDWLFDO�IRUPV�DUH�IRUPHG�E\�VXIIL[DWLRQ��SKRQHWLF�

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�
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,QGLYLGXDO�DQG�DXWKRU
V�QRQ�IRUPDWLRQV�DV�D�GRPLQDQW� ODQJXDJH�RI�7DWDU�SRHWU\�RI� WKH�ILUVW�
KDOI�RI�WKH�[[ FHQWXU\� -RXUQDO�RI�5HVHDUFK�LQ�$SSOLHG�/LQJXLVWLFV�����63�������������
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5XVVLD��6XPPHU�DQG�$XWXPQ������

PHWKRG��DQG�DEEUHYLDWLRQ��3RHWLF�ODQJXDJH�VWULYHV�IRU�EUHYLW\�DV�PXFK�DV�SRVVLEOH��LQ�
WHUPV� RI� WKH� XVH� RI� OLQJXLVWLF� XQLWV�� WKH� DXWKRU
V� FKRLFH� RI� OLQJXLVWLF� DQG� VW\OLVWLF�
PHDQV��DQG�GLIIHUV�IURP�RWKHU�W\SHV�RI�ZRUNV�

.H\ZRUGV� /LQJXLVWLF� 6W\OLVWLFV�� 3RHWU\� /DQJXDJH�� 1HRORJLVP�� /H[LFDO� 8QLWV��
6XIIL[DWLRQ�

���,QWURGXFWLRQ

7KH�ODQJXDJH�RI�SRHWU\�RSHQV�XS�ZLGH�SURVSHFWV�IRU�WKH�XVH�RI�YROXPLQRXV�
VHULHV�RI�H[SUHVVLYH�VW\OLVWLF�FRQVWUXFWLRQV�DQG�VW\OLVWLF�ILJXUHV�UHSUHVHQWLQJ�D�ZKROH�
OLQJXLVWLF�VW\OLVWLF�V\VWHP��,W�GLIIHUV�IURP�D�SURVH�OLWHUDU\�WH[W��ZKHUH�ZRUGV�DQG�HYHQ�
OLQJXLVWLF�PHDQV�DFTXLUH�D�VHPDQWLF�DQG�VW\OLVWLF�FRORULQJ�FKDUDFWHULVWLF�RI�SRHWU\��7KH�
ODQJXDJH� RI� WKH� SRHWLF� WH[W��ZKLFK�KDV�D� V\VWHP�RI� ILJXUDWLYH� IRUPV� H[SUHVVHG� E\�
OLQJXLVWLF�DQG�H[WUD�OLQJXLVWLF�PHDQV��LV�DVVRFLDWHG�ZLWK�WKH�HOHPHQW�RI�WKH�ODQJXDJH��
LW�PDQLIHVWV�LWVHOI�LQ�DQ�HQGOHVV�XSGDWLQJ�RI�WKH�VW\OLVWLF�DQG�ILJXUDWLYH�VWUXFWXUH�RI�WKH�
SRHWLF�ZRUN�

7KH�7DWDU�SRHWLF�ODQJXDJH�RI�WKH�ILUVW�KDOI�RI�WKH�;;�FHQWXU\�LV�D�VSHFLILF�
VW\OLVWLF�VSKHUH�RI�WH[W�IXQFWLRQLQJ��ZKLFK�LV�IRUPHG�LQ�LW�WKURXJK�WKH�XVH�RI�SHFXOLDU�
VWUXFWXUDO�VHPDQWLF�DQG�OLQJXLVWLF�VW\OLVWLF�PHFKDQLVPV��

7KH� REMHFWLYH� RI� WKLV� UHVHDUFK� LV� D� V\VWHP�FRPSOH[�DQDO\VLV� RI� LQGLYLGXDO�
DXWKRU¶V�QHRORJLVPV�LQ�WKH�ZRUG�EXLOGLQJ�DQG�IXQFWLRQDO�VW\OLVWLF�DVSHFWV��DV�ZHOO�DV�
WKH�FKDUDFWHULVWLF�RI�VXFK�D�VWXG\�RI�QHZ�WUHQGV�LQ�WKH�IRUPDWLRQ�DQG�XVH�RI�LQGLYLGXDO�
DXWKRU¶V�OH[LFDO�XQLWV�

7KH�VWXG\�RI� WKH� OLQJXLVWLF�VW\OLVWLF� V\VWHP�DOORZV�XV� WR�VWDWH� WKH� IHDWXUHV��
GHVLJQV��DQG�HOHPHQWV�WKDW�WRRN�DQ�DFWLYH�SDUW�LQ�WKH�IRUPDWLRQ�RI�WKH�LQGLYLGXDO�VW\OH�
RI�SRHWV�EXW�FRXOG�QRW�EH�VWXGLHG�LQ�WKH�IUDPHZRUN�RI�WUDGLWLRQDO�VW\OLVWLFV��6LQFH�WKH�
OLQJXLVWLF�VW\OLVWLF�V\VWHP�RI�7DWDU�SRHWU\�RI�WKH�ILUVW�KDOI�RI�WKH�;;�FHQWXU\�PDNHV�LW�
SRVVLEOH�WR�FRQVLGHU�QRW�RQO\�WKH�ODQJXDJH�EXW�DOVR�WKH�FRQWHQW��IRUP��IXQFWLRQV��DQG�
LGHRORJLFDO�DQG�DHVWKHWLF�DWWLWXGHV�RI�WKH�WH[W�RI�WKH�SRHWLF�ZRUN��$�VLJQLILFDQW SDUW�RI�
WKH� DQDO\VLV� DQG� WKH� VXEVHTXHQW� VW\OLVWLF� V\QWKHVLV� LQ� WKH� VWXG\� LV� GHYRWHG� WR� WKH�
DQDO\VLV�RI�WKH�SRHWLF�WH[W��LQ�WKLV�DVSHFW��VW\OLVWLFV�LV�LQFOXGHG�LQ�WKH�SRHWLFV�DQG�WKHRU\�
RI�OLWHUDWXUH��7KH�LQWHUGLVFLSOLQDU\�DVSHFW�RI�WKH�ZRUN�GHWHUPLQHV�WKH PHWKRGRORJLFDO�
EDVLV�RI� WKH�VWXG\�� WKH�ZRUN�E\�7XUNRORJLVWV� �$NKXQ]KDQRYD HW�DO���������*DQLHY��
������ +XVQXWGLQRY HW� DO��� ������ $IUL\DQL� HW� DO��� ������ DQG� 5XVVLDQ� OLQJXLVWV�
�*DG]KLPXUDGRYD��������7LPDVKRYD��������FRQWULEXWHG�WR�WKH�VWXG\�RI�WKH�VW\OLVWLF�
SDWWHUQV�RI�WKH�IRUPDWLRQ�RI�WKH�ODQJXDJH�RI�SRHWLF�WH[WV��ZKLOH�ZRUNV�RQ�WKH�KLVWRU\�
RI�WKH�OLWHUDU\�SURFHVV�ZHUH�XVHG�WR�LGHQWLI\�WKH�VSHFLILFV�RI�WKH�³SRHWLF�VW\OH´�RI�WKH�
7DWDU�OLWHUDU\�ODQJXDJH�LQ�WKH�ILUVW�KDOI�RI�WKH�;;�FHQWXU\���,EUDJLPRY�	�=DNLU]\DQRY��
������.KD\EXOOLQD�HW�DO���������=DJLGXOOLQD��������<XVXSRYD�HW�DO���������DQG�OLWHUDU\�
FULWLFLVP��$EUDPV�	�+DUSKDP��������<D]GHNKDVWL��HW�DO��������
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���0HWKRGV

,Q� UHODWLRQ� WR� WKH� UHVHDUFK� SUREOHPV�� WKH� VHW� RI� H[LVWLQJ� EDVLF� UHVHDUFK�
PHWKRGV�LV�HIIHFWLYHO\�XVHG���7KH�PHWKRGRORJLFDO�EDVLV�RI�WKH�VWXG\�LV�WKH�H[SHULHQFH�
DFFXPXODWHG�LQ�GRPHVWLF�DQG�IRUHLJQ�7XUNRORJ\��DV�ZHOO�DV�2ULHQWDO�VWXGLHV��RI�WKH�
KHUPHQHXWLF�DQDO\VLV�RI�WKH�ODQJXDJH�RI�ZULWWHQ�WH[WV�EDVHG�RQ�D�V\VWHP�IXQFWLRQDO�
DSSURDFK�WR�WKH�ODQJXDJH��7KH�VHOHFWLRQ�DQG�DQDO\VLV�RI�ODQJXDJH�XQLWV�ZHUH�FDUULHG�
RXW�RQ�WKH�EDVLV�RI�D�VHW�RI�UHVHDUFK�PHWKRGV�DQG�WHFKQLTXHV��SDUWLDO�DQG�FRQWLQXRXV�
VDPSOLQJ�� V\VWHPDWL]DWLRQ� RI� XQLWV� E\� GHQRWDWLYH� FODVVHV�� HOHPHQWV� RI� FRPSRQHQW�
DQDO\VLV�ZHUH�XVHG��*HQHUDOL]DWLRQ�DQG�LQWHUSUHWDWLRQ�RI�WKH�REVHUYDWLRQ�UHVXOWV�ZHUH�
FDUULHG� RXW� RQ� WKH� EDVLV� RI� WKH�PHWKRG� RI� VFLHQWLILF GHVFULSWLRQ�� 7KH�FRPSDUDWLYH�
KLVWRULFDO�PHWKRGZDV�XVHG WR�DQDO\]H�OH[LFDO�XQLWV�LQ�WKH�GLDFKURQLF�DVSHFW�LQ�UHODWLRQ�
WR�WKH�PRGHUQ�7DWDU�OLWHUDU\�ODQJXDJH���

���5HVXOWV�DQG�'LVFXVVLRQ

&KDQJHV�LQ� WKH� OLWHUDU\�SURFHVV�DQG� LQ�VRFLHW\�� ILUVW�RI�DOO��DUH�UHIOHFWHG� LQ�
SRHWU\��LQ�WKLV�UHJDUG��SRHWLF�ZRUNV�PDNH�LW�SRVVLEOH�WR�FOHDUO\�VHH�WKH�FKDQJHV�WDNLQJ�
SODFH�LQ�WKH�KLVWRU\�RI�ODQJXDJH��7KHUHIRUH��WKH�VWXG\�RI�WKH�ODQJXDJH�RI�7DWDU�SRHWU\�
RI�WKH�;;�FHQWXU\��LQ�SDUWLFXODU��WKH�IHDWXUHV�RI�XVLQJ�QHZ�ZRUGV�LQ�LW��WKHLU�IXQFWLRQ�
LQ� WKH� VWUXFWXUH� RI� WKH� WH[W�� LV� RQH� RI WKH�PRVW� LPSRUWDQW�DUHDV��$V� \RX� NQRZ�� WKH�
SURFHVV�RI�HQULFKLQJ�WKH�ODQJXDJH�GLFWLRQDU\��WKH�HPHUJHQFH�RI�QHZ�ZRUGV��H[SDQGLQJ�
WKH�PHDQLQJV�RI�WKH�ZRUGV�³LV�DVVRFLDWHG�ZLWK�WKH�SROLWLFDO��HFRQRPLF��DQG�FXOWXUDO�
OLIH�RI�WKH�SHRSOH��,Q�WKH�7DWDU�ODQJXDJH��HVSHFLDOO\�DW�WKH�EHJLQQLQJ�DQG�PLGGOH�RI�WKH�
;;�FHQWXU\��PDQ\�QHZ�ZRUGV�DSSHDUHG´��=DNLHY��	�+LVDPRYD���������

0RGHUQ� 7DWDU� OLQJXLVWLFV� KDV� WKH� IROORZLQJ� ZRUG� IRUPDWLRQ� PHWKRGV�
REVHUYHG��³���SKRQHWLF�PHWKRG�����VXIIL[�PHWKRG�����ZRUG�PHUJLQJ�����IXVLRQ���� D�
SKUDVH�ZLWK�WKH�DGGLWLRQ�RI�D�VXIIL[�EHFRPHV�D�FRPSRXQG�ZRUG��DGGLWLRQ�RI�D�SKUDVH�
ZLWK�D�VXIIL[�PHWKRG"������FRQYHUVLRQ��OH[LFDO�DQG�JUDPPDWLFDO�PHWKRG������OH[LFR�
VHPDQWLF�PHWKRG��DQG����DEEUHYLDWLRQ���

6XIIL[LQJ��ZRUG�PHUJLQJ��IXVLRQ�DUH�WKH�PRVW�SURGXFWLYH�ZD\V��&RQYHUVLRQ�
DQG�OH[LFDO�VHPDQWLF�PHWKRGV�DUH�IDU�IURP�³SURGXFWLYH´��=DNLHY 	�+LVDPRYD���������
,Q�WKH�����V��QHZ�ZRUGV�LQ�7DWDU�SRHWU\��DV�D�ZKROH��ZHUH�IRUPHG�SUHFLVHO\�E\�WKHVH�
PHWKRGV�� ,Q�WKH� IUDPHZRUN�RI� WKLV�DUWLFOH��ZH�ZLOO� IRFXV�RQ�UDUH�RU�REVROHWH� IRUPV�
>���@��

3RHWLF�ODQJXDJH�VWULYHV�IRU�EUHYLW\�DV�PXFK�DV�SRVVLEOH��LQ�WHUPV�RI�WKH�XVH�
RI� OLQJXLVWLF�XQLWV�� WKH�DXWKRU
V�FKRLFH�RI� OLQJXLVWLF�DQG�VW\OLVWLF�PHDQV��DQG�GLIIHUV�
IURP�RWKHU� W\SHV� RI�ZRUNV�� ,Q� WKLV� UHJDUG��PRVW� H[DPSOHV� RI� QHZ�ZRUGV� WKDW�KDYH�
DULVHQ�LQ�WKH�7DWDU�ODQJXDJH�RI�WKH�VWXGLHG�SHULRG�UHODWH�WR�WKH�VXIIL[DWLRQ�PHWKRG��$V�
FDQ�EH�VHHQ�IURP�WKH�H[DPSOHV��WKH�SUHGRPLQDQW�ZD\�RI�WUDQVIHUULQJ�D�QRXQ�XVLQJ�D�
VXIIL[�LQWR�D�YHUE�LV�HVSHFLDOO\�SUHYDOHQW��WKH�EDVH�PRGHO����OD����Oَ���O\M����OL��LV�DFWLYHO\�
XVHG���EDUDEDQ�± EDUDEDQODQD µɛɚɪɚɛɚɧ�± EHDW�D�GUDP¶��RUGHQ�± RUGHQODQD µɨɪɞɟɧ�±
EH�DZDUGHG�WKH�RUGHU¶��þ�NHþ�� þ�NHþOَQَ µɦɨɥɨɬ�± WR�KDPPHU¶��PLWLQJ�± PLWLQJO\M
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µɦɢɬɢɧɝ�± KROG�D�PHHWLQJ¶��NLƾَú�± NLƾَúOL µɫɨɜɟɬ�± �KH��DGYLFHV¶��HWF���7KH�VXIIL[HV�
�OD����Oَ MRLQ�WKH�DGMHFWLYH�EDVH��W�EَQ�� W�EَQOَ µORZ�� PDNH�ORZ¶��

0RVW� RI� WKHVH� YHUEV� WKDW� DUH� SUHVHQW� LQ�7DWDU� SRHWU\� RI� WKH� ����V� DUH�QRW�
SUHVHUYHG�LQ�WKH�PRGHUQ�7DWDU�ODQJXDJH��WKH�PHDQLQJ�RI�VRPH�RI�WKHP�LV�FRQYH\HG�
WKURXJK� WKH� FRQVWUXFWLRQ� RI� WKH� 
QRXQ� �� DX[LOLDU\� YHUE
� EXW� PRVW� RI� WKH� OLWHUDU\�
ODQJXDJH�KDYH�QR�HTXLYDOHQWV��7KH�ODQJXDJH�RI�ZRUNV�FRQWDLQV�IRUPV�RI�WKH�SDUWLFLSOH�
IRUPHG� ZLWK� WKH� VXIIL[HV� �OD� �� �Oَ�� EDUDEDQ� � EDUDEDQODS µGUXP� � ZLWK� D� GUXP��
0DUVHO¶H]D�� PDUVHO¶H]DODSµ0DUVHLOODLVH�� IURP�0DUVHLOODLVH�¶��HWF��

,Q�SRHWLF� ODQJXDJH��WKH�VXIIL[HV� WKDW� WUDQVIRUP�D�QRXQ�LQWR�D�YHUE�DUH�QRW�
OLPLWHG�WR�WKLV��H[DPSOHV�LQFOXGH�RQHV�IRUPHG�DFFRUGLQJ�WR�WKH�PRGHO�
VWHP����DM����
َM� EَMUَP�� EَMUَPَM µKROLGD\�� FHOHEUDWH��FHOHEUDWH���7KH�VXIIL[HV��DM����َM��MRLQLQJ�
WKH�DGMHFWLYH�EDVH��SDUWLFLSDWH�LQ�WKH�FUHDWLRQ�RI�QHZ�YHUEV��W�EَQ�� W�EَQَM µORZ�� EH�
ORZ¶�

7KH� ODQJXDJH�RI�7DWDU�SRHWU\�RI� WKH�VWXGLHG�SHULRG�XVHV�DUWLILFLDO�GLDOHFWV�
DOLHQ�WR�WKH�7DWDU�OLWHUDU\�ODQJXDJH��7KH\�DUH�RIWHQ�FUHDWHG�RQ�WKH�EDVLV�RI�WKH�PRGHO�

GHULYHG VWHP��þDQ����þَQ��ZKLFK�LV�QRW�XVHG�WR�FUHDWH�DGYHUEV�RI�WKH�PRGHUQ�7DWDU�
ODQJXDJH��ERO¶úHYLN�� ERO¶úHYLNþD�µ%ROVKHYLN�� %ROVKHYLN¶��,Q�WKH�OLWHUDU\�SODQ��VXFK�
H[SHULPHQWV�RI�SRHWV�DUH�H[SODLQHG�E\�DYDQW�JDUGH�VHDUFKHV��WKHLU�ZRUNV�FOHDUO\�VKRZ�
WKH�GHVLUH WR�PRYH�DZD\�IURP�WKH�REVROHWH��RXWGDWHG�WR�WKH�QHZ��+��7XIDQ�FDOOHG�WKH�
GHVLUH� WR�KROG�RQ� WR�WKH�ROG�LQ�KLV�WLPH�ZLWK�WKH�ZRUG�³ध%,=0´�DQG�SURSRVHG� WKH�
WHFKQLTXH�RI�D�QHZ�YHUVH���

7KH� DEEUHYLDWLRQ� LV� WKH� DSSHDUDQFH� RI� QHZ� ZRUGV� LQ� D� ODQJXDJH� GXH� WR�
DEEUHYLDWLRQV�� ³,Q� WKH� 7DWDU� ODQJXDJH�� WKH� ILUVW� ZRUGV� IRUPHG� LQ� D� VLPLODU� ZD\�
DSSHDUHG�LQ�WKH�ODWH�;,;�� HDUO\�;;�FHQWXU\��%XW�WKH\�GLG�QRW�JHW�PXFK�GHYHORSPHQW�
WKHQ��$IWHU�WKH�UHYROXWLRQ��TXLWH�D�IHZ�DEEUHYLDWLRQV�DSSHDUHG��=DNLHY 	�+LVDPRYD��
�������$V�D�UHIOHFWLRQ�RI�WKH�FKDQJHV�WDNLQJ�SODFH�LQ�VRFLHW\��WKH�DEEUHYLDWHG�ZRUGV�
EHJLQ� WR� SHQHWUDWH�DEXQGDQWO\� LQWR� WKH� ODQJXDJH� RI� ILFWLRQ��RQ� WKH� RWKHU�KDQG�� WKLV�
SKHQRPHQRQ�LV�H[SODLQHG�E\�WKH�UHTXLUHPHQWV�RI�UK\PH�DQG�UK\WKP��FRPSOLDQFH�ZLWK�
WKH�UXOHV�RI�WKH�FRQVWUXFWLRQ�RI�WKH�SRHP��WKH�GHVLUH�RI�WKH�ODQJXDJH�IRU�EUHYLW\��,Q�WKH�
ODQJXDJH�RI�SRHWU\��DEEUHYLDWLRQV�RI�ERWK�7�UNLF�7DWDU�RULJLQV�DUH�ZLGHO\�XVHG��IRU�
H[DPSOH��ध%,=0�� WKH�VFKRRO�RI�DGKHUHQWV�RI�DQWLTXLW\�LQ�OLWHUDWXUH���DV�ZHOO�DV�9.3��
$33��WHUDENRS��1HSPDQ��NRPPXQNKR]��DQG�RWKHUV�WKDW�SHQHWUDWHG�IURP�WKH�5XVVLDQ�
ODQJXDJH��

7KH�ZULWHUV�LQYHQWHG�VHSDUDWH�ZRUGV�WKHPVHOYHV�DQG�LQFOXGHG�WKHP�LQ�WKHLU�
ZRUNV��]َƾE�UþɟOَU � ]َƾE�UþɟOَU OLWHUDOO\�PHDQV�µVXSSRUWHUV�RI�WKH�EOXH�ZROI¶��

$V�FDQ�EH�VHHQ�IURP�WKH�DERYH H[DPSOHV��DPRQJ�WKH�DEEUHYLDWHG�ZRUGV�WKHUH�
DUH�WKRVH�IRUPHG�IURP�WKH�ILUVW�OHWWHUV��DQG�WKRVH�IRUPHG�IURP�LQGLYLGXDO�HOHPHQWV�RI�
SKUDVHV�ZHUH�DOVR�XVHG��2I�FRXUVH��QHZ�ZRUGV�PXVW�FRUUHVSRQG�WR�WKH�LQWHUQDO�ODZV�
RI� WKH� ODQJXDJH�� LI� WKH\� DUH� IRUPHG� E\� WKH�PHWKRG� RI� UDQGRP� DEEUHYLDWLRQV�� WKH\�
GLVDSSHDU�LQ�WKH�SURFHVV�RI�IXUWKHU�GHYHORSPHQW�RI�WKH�ODQJXDJH���
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7KH�SKRQHWLF�ZD\�RI� IRUPLQJ�ZRUGV� LV�QRW�SURGXFWLYH�ERWK�LQ� WKH�PRGHUQ�
7DWDU�ODQJXDJH�DQG�LQ�SRHWLF�VDPSOHV�RI�WKH�VWXGLHG�SHULRG��$V�\RX�NQRZ��RQO\�ZKHQ�
SKRQHWLF�RU�SURVRGLF�FKDQJHV�FKDQJH�WKH�PHDQLQJ�RI�D�ZRUG��WKH\�DUH�FKDUDFWHUL]HG�
DV�SKRQHWLF�ZRUG�IRUPDWLRQ��³7KH�PDLQ�SKRQHWLF�SKHQRPHQD�RI�WKH�7DWDU�ODQJXDJH�
DUH�UHIOHFWHG�LQ�UHGXFWLRQ��HOL]LD��DVVLPLODWLRQ��DQG�RWKHU�PHWKRGV�RI�ZRUG�IRUPDWLRQ´�
�=DNLHY 	� +LVDPRYD�� ������� $FFRUGLQJ� WR� VFLHQWLVWV�� VHYHUDO� SKRQHWLF� FKDQJHV�
�RPLWWLQJ� LQGLYLGXDO� VRXQGV� LQ� D� ZRUG�� DOWHUQDWLQJ� VRXQGV�� FKDQJLQJ� VWUHVV� DQG�
SDODWDOL]DWLRQ�RI� WKH�VWHP��� OHDGLQJ� WR�D�FKDQJH� LQ�WKH�PHDQLQJ�RI� WKH�ZRUG�� LQ�WKH�
7DWDU�ODQJXDJH�DUH�WKH�ZD\V��PHWKRGV��WHFKQLTXHV��RI�ZRUG�IRUPDWLRQ��*DQLHY��������

7KH� ODQJXDJH� RI� 7DWDU� SRHWU\� RI� WKH� VWXGLHG� SHULRG� FRPPRQO\� XVHV� WKH�
SKHQRPHQD� RI� UHGXFWLRQ� DQG� HOL]LRQV�� 7KHLU� DFWLYH� XVH� LV� H[SODLQHG� E\� WKH�
VXERUGLQDWLRQ�RI�SRHWLF�VSHHFK�WR�WKHLU�UK\WKP�DQG�UK\PH��DQG�WKH�UHJXODULW\�RI�WKH�
VWUXFWXUH�RI�WKH�YHUVH�

� H[DPSOHV�RI�HOL]LD��W�]َ�DOPDJDþ�± W�]DOPDJDþ��W�]َOPَGɟ���EDVD�ɚOP\Mþɚ�
± EDVDOP\Mþɚ��MَúɟUَ�DOP\M�± MَúɟɪَOPL� HWF��

� UHGXFWLRQ��M|JHUَ�± M|JUَ��VXJ\úɲ\S�± VXJú\S��WَUَ]َJَ�± WَUَ]Jَ��XU\Q\�±
XUQ\� HWF��

$V�FDQ�EH�VHHQ�IURP�WKH�DERYH�H[DPSOHV��DV�D�UXOH��SKRQHWLF�PHWKRGV�GR�QRW�
OHDG�WR�D�FKDQJH�LQ�WKH�VHPDQWLFV�RI�D�ZRUG��WKHUHIRUH�ZH�FRQVLGHU�WKHP�WR�EH�RQO\�D�
WUHQG� DVVRFLDWHG� HLWKHU�ZLWK� WKH� FUHDWLRQ� RI� D� QHZ� IRUP�RU� LQ� FRQQHFWLRQ�ZLWK� WKH�
VSHOOLQJ�RI�D�ZRUG��,Q�VRPH�FDVHV��SKRQHWLF�SKHQRPHQD�FDQ�OHDG�WR�D�FKDQJH�LQ�WKH�
PHDQLQJ�RI�WKH�ZRUG��VXFK�ZRUGV�DUH�QRW�XVHG�LQ�WKH�7DWDU�OLWHUDU\�ODQJXDJH�DQG�DUH�
QRW�UHFRUGHG�LQ�GLFWLRQDULHV��N�]َW�þɟ�� N�]َWþH�µREVHUYHU��REVHUYHU¶�

���6XPPDU\

���&KDQJHV�LQ�WKH�OLWHUDU\�SURFHVV�DQG�LQ�VRFLHW\��ILUVW�RI�DOO��DUH�UHIOHFWHG�LQ�
SRHWU\��LQ�WKLV�UHJDUG��SRHWLF�ZRUNV�PDNH�LW�SRVVLEOH�WR�FOHDUO\�VHH�WKH�FKDQJHV�WDNLQJ�
SODFH�LQ�WKH�KLVWRU\�RI�ODQJXDJH��7KHUHIRUH��WKH�VWXG\�RI�WKH�ODQJXDJH�RI�7DWDU�SRHWU\�
RI WKH�ILUVW�KDOI�RI�WKH�;;�FHQWXU\��LQ�SDUWLFXODU��WKH�IHDWXUHV�RI�XVLQJ�QHZ�ZRUGV�LQ�LW��
WKHLU�IXQFWLRQ�LQ�WKH�VWUXFWXUH�RI�WKH�WH[W��LV�RQH�RI�WKH�PRVW�LPSRUWDQW�DUHDV�

���$V�D�UHVXOW�RI�WKH�VWXG\��LW�LV�FODLPHG�WKDW�WKH�GRPLQDQW�PHWKRG�RI�ZRUG�
IRUPDWLRQ�LQ�WKH�ODQJXDJH�RI�SRHWU\�LV�VXIIL[DWLRQ��$V�FDQ�EH�VHHQ�IURP�WKH�H[DPSOHV��
WKH�SUHGRPLQDQW�ZD\�RI�WUDQVIHUULQJ�D�QRXQ�XVLQJ�D�VXIIL[�LQWR�D�YHUE�LV�HVSHFLDOO\�
SUHYDOHQW��WKH�IROORZLQJ�PRGHOV�DUH�DFWLYHO\�XVHG��VWHP����Oɚ����Oَ���O\M����OL���VWHP����
ɚM����َM�

���,W�VKRXOG�EH�QRWHG�WKDW�PRVW�RI�WKH�YHUEV�IRUPHG�ZLWK�WKH�VXIIL[HV��OD����Oَ
DUH�QRW�SUHVHUYHG�LQ�WKH�PRGHUQ�7DWDU�ODQJXDJH�DQG�PRVW�KDYH�QR�HTXLYDOHQWV��WKH�
PHDQLQJ�RI�VRPH�RI�WKHP�LV�WUDQVPLWWHG�XVLQJ�WKH�FRQVWUXFWLRQ�RI�WKH�QRXQ���YHUE���
DX[LOLDU\�YHUE� $UWLILFLDO�GLDOHFWV�DOLHQ�WR�WKH�7DWDU�OLWHUDU\�ODQJXDJH�DUH�DOVR�XVHG�LQ�
WKH�ODQJXDJH�RI�7DWDU�SRHWU\�RI�WKLV�SHULRG��7KH\�DUH�RIWHQ�FUHDWHG�RQ�WKH�EDVLV�RI�WKH�



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

PRGHO�GHULYDWLYH�VWHP ���þDQ����þَQ��ZKLFK�LV�QRW�XVHG�ZKHQ�FUHDWLQJ�DGYHUEV�RI�WKH�
PRGHUQ�7DWDU�ODQJXDJH�

���,Q�WKH�ODQJXDJH�RI�SRHWU\��DEEUHYLDWLRQV�RI�ERWK�7�UNLF�7DWDU�RULJLQ�DUH�
ZLGHO\�XVHG��IRU�H[DPSOH��ध%,=0�� WKH�VFKRRO�RI�DGKHUHQWV�RI�DQWLTXLW\�LQ�OLWHUDWXUH���
DV�ZHOO�DV�ZRUGV�SHQHWUDWHG� IURP�WKH�5XVVLDQ� ODQJXDJH�� ,W�ZDV� UHYHDOHG� WKDW�SRHWV�
LQYHQWHG� LQGLYLGXDO�ZRUGV� WKHPVHOYHV�DQG�XVHG�WKHP�LQ�WKHLU�ZRUNV��7KH�SKRQHWLF�
ZD\�RI� IRUPLQJ�ZRUGV�LV�QRW�SURGXFWLYH�ERWK�LQ�WKH�PRGHUQ�7DWDU�ODQJXDJH�DQG�LQ�
SRHWLF�VDPSOHV�RI�WKH�VWXGLHG�SHULRG�

���&RQFOXVLRQV

7KXV��DQ\�FKDQJHV�LQ�WKH�VRFLDO� OLWHUDU\�DQG�DHVWKHWLF�SURFHVV��WKH�KLVWRU\�RI�
WKH�7DWDU�OLWHUDU\�ODQJXDJH�WUDQVIRUP�QRW�RQO\�WKH�LGHRORJLFDO�DQG�PHDQLQJIXO�OD\HU�
RI� SRHWLF�ZRUNV� EXW� DOVR� WKH� VW\OLVWLF� EDFNJURXQG� RI� WKHLU� ODQJXDJH�� ,Q� WKH� SRHWLF�
ODQJXDJH�RI�WKH�ILUVW�KDOI�RI�WKH�;;�FHQWXU\��QHZ�ZRUGV�DUH�IRUPHG�E\�VXIIL[DWLRQ��
SKRQHWLF�PHWKRG��DQG�DEEUHYLDWLRQ��7KH�DERYH�H[DPSOHV�VKRZ�WKDW�WKH�ZRUGV�IRUPHG�
E\�VXIIL[DWLRQ�FRQVWLWXWH�WKH�YDVW�PDMRULW\��7KH�ZLGHVSUHDG�XVH�RI�QHZ�ZRUGV�LQ�SRHWLF�
VSHHFK�LV�H[SODLQHG�E\�WKH�LQIOXHQFH�RQ�WKH�ODQJXDJH�RI�WKH�FKDQJHV�WDNLQJ�SODFH�LQ�
WKH�OLWHUDU\�SURFHVV�DQG�VRFLHW\��WKH�SRHWV
�GHVLUH�IRU�VRPHWKLQJ�QHZ�LQ�WKH�WHFKQLTXH�
RI�FUHDWLQJ�D�SRHP��LQ�ILJXUDWLYH�VSHHFK��DQG�WKHLU�DYDQW�JDUGH�VHDUFKHV�

$FNQRZOHGJPHQWV

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

7KLV�VWXG\�ZDV�FRQGXFWHG�ZLWK�ZLWKLQ�RI�WKH�5XVVLDQ�)RXQGDWLRQ�IRU�%DVLF�
5HVHDUFK� �5)%5�� DQG� WKH� *RYHUQPHQW� RI� WKH� 5HSXEOLF� RI� 7DWDUVWDQ� ZLWKLQ� WKH�
IUDPHZRUN�RI�VFLHQWLILF�SURMHFW�1R����������������

5HIHUHQFHV

$EUDPV�� 0�� +��� 	� +DUSKDP�� *� *�� ��������$� JORVVDU\� RI� OLWHUDU\� WHUPV�� 86$�
:DGVZRUWK�3XEOLVKLQJ�&RPSDQ\

$NKXQ]KDQRYD�� '�� 5��� *DOLXOOLQD�� *�� 5��� 	 .DGLURYD�� (�� .�� �������� $SSHDO�
IXQFWLRQLQJ� IHDWXUHV� LQ�SRHWLF�WH[WV�RI�ROG�7DWDU� ODQJXDJH�0RGHUQ�-RXUQDO�RI�
/DQJXDJH�7HDFKLQJ�0HWKRGV����������

$IUL\DQL�� '��� 6D¶GLMDK�� &��� 6XEDQML�� 6��� 	� 0XNVDU�� 0�� �������� &KDUDFWHULVWLFV� RI�
VWXGHQWV¶�0DWKHPDWLFDO� XQGHUVWDQGLQJ� LQ� VROYLQJ�PXOWLSOH� UHSUHVHQWDWLRQ� WDVN�
EDVHG� RQ� VROR� WD[RQRP\�� ,QWHUQDWLRQDO� (OHFWURQLF� -RXUQDO� RI� 0DWKHPDWLFV�
(GXFDWLRQ������������������KWWSV���GRL�RUJ����������LHMPH�����
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*DG]KLPXUDGRYD� %� 1����������,QGLYLGXDO�DQG�DXWKRU�QHRORJLVPV�LQ�PRGHUQ�SRHWU\��
:RUG�)RUPDWLRQ� DQG� VHPDQWLF�VW\OLVWLF� FKDUDFWHULVWLF�� �8QSXEOLVKHG�
GLVVHUWDWLRQ���0DNKDFKNDOD�

*DQLHY��)��$����������3KRQHWLF�ZRUG�IRUPDWLRQ�LQ�WKH�7DWDU�ODQJXDJH��.D]DQ��7DWDU�
3XEOLVKLQJ�+RXVH�

+XVQXWGLQRY��'��+���$NDOLQ��6��+���*LQL\DWXOOLQD��/��0���	�6DJGLHYD��5��.����������
/LQJXLVWLF�PHDQV�RI�H[SUHVVLRQ�LQ�SURYHUEV�RI�7DWDU��5XVVLDQ��7XUNLVK� 5HYLVWD�
6DQ�*UHJRULR��������������

,EUDJLPRY��%� .K�� 	�=DNLU]\DQRY��$� 0����������,GHRORJLFDO�P\WK�DQG�DUFKHW\SHV�
LQ� WKH�7DWDU�SRHWU\�RI� WKH�����V�����V� -RXUQDO�RI�/DQJXDJH�DQG�/LWHUDWXUH��
���������������

.KD\EXOOLQD��$� $�� .KDELEXOOLQD��$� =�� 	�1DJXPDQRYD��(� )����������)LJXUDWLYH�LQ�
WKH�ZRUNV�RI�5XVVLDQ�FODVVLFV�DQG�7DWDU�SRHWV�RI�WKH�HDUO\�;;�FHQWXU\��5HYLVWD�
3XEOLFDQGR�����������������

7LPDVKRYD��=K� (����������1HZ�LQGLYLGXDO�DQG�DXWKRU�IRUPDWLRQV�LQ�WKH�SRHWLF�VSHHFK�
RI�WKH�V\PEROLVWV��%DVHG�RQ�WKH�ZRUNV E\�$��%HO\L�DQG�9��,YDQRY� �8QSXEOLVKHG�
GLVVHUWDWLRQ�� %HOJRURG�

<XVXSRYD� 1� 0�� *DQLHYD� $� )�� 0LQQXOOLQD� )� .�� 1DG\UVKLQD� /�5��� 	
<XVXSRY��$� )����������,PDJH�V\PEROV�LQ�WKH�7DWDU�SRHWU\�EHWZHHQ�WKH�����V�
����V� ,QWHUQDWLRQDO�-RXUQDO�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��8$(�������������
����

=DJLGXOOLQD��'� )����������3DLU�6XIL�V\PEROV�LQ�WKH�7DWDU�SRHWU\�RI�WKH���WK�FHQWXU\��
&RPSOH[LW\�DQG�WUDQVIRUPDWLRQ�RI�V\PEROV� ;OLQJXDH���������������

=DNLHY��0��=�� 	�+LVDPRYD��)� 0� ��������7DWDU�*UDPPDWLNDV\��ΪFK�7RPGD�3URHNW�
ΖLW� .D]DQ��7ԤԢ6,�

<D]GHNKDVWL�� $��� (UIDQ�� 1��� 	� 1D]DUL�� 1�� �������� ,QYHVWLJDWLQJ� WKH� UHODWLRQVKLS�
EHWZHHQ� VSLULWXDO� LQWHOOLJHQFH� DQG� VRFLDO� DGDSWDWLRQ� DPRQJ� JLUO� KLJK� VFKRRO�
VWXGHQWV� LQ� 6KDKUH]D� FLW\��8&7� -RXUQDO� RI� 6RFLDO� 6FLHQFHV� DQG� +XPDQLWLHV�
5HVHDUFK��������������


