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ODQJXDJH��0HWKRGV� RI� SUREDELOLW\� WKHRU\� DQG� PDWKHPDWLFDO� VWDWLVWLFV� DUH� XVHG� IRU�
GHFRGLQJ�

%XW�QRZDGD\V��IUHTXHQF\�DQDO\VLV�LV�QRW�UHOHYDQW�EHFDXVH�DIWHU�:RUOG�:DU�
,,�PRVW�RI�WKH�FLSKHUV�XVHG�DUH�FU\SWR�UHVLVWDQW�WR�IUHTXHQF\�DQDO\VLV��VR�LW�LV�PDLQO\�
XVHG�LQ�WKH�OHDUQLQJ�SURFHVV��6KULYDVWDYD�HW�DO���������

���0HWKRGV�DQG�0DWHULDOV

)UHTXHQF\� DQDO\VLV� ZDV� XVHG� WR� GHFLSKHU� WKH� FLSKHUV� RI�PRQR�DOSKDEHWLF�
VXEVWLWXWLRQ��7KH�VLPSOHVW�DQG��SHUKDSV��ROGHVW�FLSKHU�IRU�D�VLPSOH�UHSODFHPHQW�RI�D�
OHWWHU�E\�D�OHWWHU�LV�&DHVDU
V�FLSKHU��7KH�FLSKHU�LV�QDPHG�DIWHU�WKH�5RPDQ�(PSHURU�
*DLXV�-XOLXV�&DHVDU��ZKR�XVHG�LW�IRU�VHFUHW�FRUUHVSRQGHQFH�ZLWK�KLV�JHQHUDOV��%DXHU�
������

7KH� HVVHQFH� RI� HQFU\SWLRQ� E\� WKLV� DOJRULWKP� LV� WKDW� DOO� WKH� OHWWHUV� RI� WKH�
(QJOLVK�DOSKDEHW�DUH�VKLIWHG�E\�D�FHUWDLQ�QXPEHU�RI�FKDUDFWHUV�WR�WKH�ULJKW��RU�WR�WKH�
OHIW��DQG�HDFK�OHWWHU�RI�D�SODLQWH[W�LV�SXW�LQ�FRUUHVSRQGHQFH�ZLWK�LWV�VKLIWHG�OHWWHU�LQ�
FLSKHUWH[W��7KH�NH\�RI�WKH�FLSKHU�LV�WKH�QXPEHU�RI�VKLIWV��)RU�H[DPSOH��LI�ZH�VKLIW�WKH�
OHWWHU� $� E\� WKUHH� FKDUDFWHUV�� DV� WKH� 5RPDQ� UXOHU� GLG�� ZH� ZLOO� JHW� WKH� OHWWHU� '��
&RUUHVSRQGLQJO\��DOO�WKH�OHWWHUV�$�LQ�WKH�SODLQWH[W�ZLOO�EH�UHSODFHG�E\�WKH�OHWWHU�'�LQ�
WKH�HQFU\SWHG�RQH��(UHPHHYD�HW�DO����������

$�EUXWH�IRUFH�DOJRULWKP�PRVW�HDVLO\�GHFLSKHUV�WKLV�FLSKHU��7KH�LGHD�RI�LW�LV�
WR�VRUW� WKURXJK�DOO� WKH�SRVVLEOH�RSWLRQV�IRU� WKH�NH\V��7KHUH�DUH�RQO\����RI� WKHP�LQ�
&DHVDU
V�FLSKHU��VR�FU\SWDQDO\VLV�LV�YHU\�VLPSOH��

%XW� ZKDW� LI� ZH� GR� QRW� NQRZ� KRZ� WKH� WH[W� ZDV� HQFU\SWHG"� ,I� ZH� KDYH�
LQIRUPDWLRQ�WKDW�WKH�WH[W�ZDV�HQFU\SWHG�ZLWK�D�PRQR�DOSKDEHWLF�FLSKHU��WKHQ�WR�VRUW�
RXW�DOO�SRVVLEOH�RSWLRQV��LW�ZLOO�WDNH�WLPH�SURSRUWLRQDO�WR�WKH�IDFWRULDO�RI�WKH�SRZHU�RI�
WKH�DOSKDEHW�RI�WKH�ODQJXDJH��7KDW�LV�����IRU�(QJOLVK��$QG�WKLV�LV�DOUHDG\�TXLWH�D�ELJ�
LQWHJHU�HYHQ�IRU�FRPSXWHUV�������������������������������,Q�WKLV�FDVH��IUHTXHQF\�
DQDO\VLV�LV�SUREDEO\�WKH�IDVWHVW�PHWKRG�RI�GHFRGLQJ��

+RZ� FRXOG�ZH� GHFU\SW� WKH� FLSKHU� RI� &DHVDU� DV� ZHOO� DV� DQ\� RWKHU�PRQR�
DOSKDEHWLF�FLSKHU"�:H�FDQ�FDOFXODWH�WKH�IUHTXHQFLHV�RI�HDFK�OHWWHU�LQ�DQ�HQFU\SWHG�WH[W�
DQG� FRUUHODWH� LW� ZLWK� WKH� FDOFXODWHG� UHIHUHQFH� UDWLR� LQ� RUGLQDU\� (QJOLVK� WH[W�� )RU�
H[DPSOH��LI�WKH�PRVW�IUHTXHQW�OHWWHU�LQ�WKH�FLSKHUWH[W�LV�+��DQG�WKH�PRVW�IUHTXHQW�LQ�
WKH� (QJOLVK� ODQJXDJH� LV� WKH� OHWWHU� (�� WKHQ� LW� LV� ORJLFDO� WR� DVVXPH� WKDW� WKH� OHWWHU�+�
HQFU\SWV�WKH�OHWWHU�(��7KLV�LV�WKH�DSSUR[LPDWH�HVVHQFH�RI�WKH�IUHTXHQF\�DQDO\VLV��/HWWHU�
IUHTXHQF\�LQ�WKH�(QJOLVK�ODQJXDJH��
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*UDSK��� )UHTXHQFLHV�RI�(QJOLVK /HWWHUV

���5HVXOWV�DQG�'LVFXVVLRQ

7KH�SHUFHQWDJH� UDWLRV�RI� WKH� IUHTXHQF\�RI� HDFK� OHWWHU� LQ�(QJOLVK� WH[WV� DUH�
JLYHQ�LQ�PDQ\�FU\SWRJUDSKLF�VRXUFHV��6KHYO\DNRYD�	�6RORY
HY���������7KHVH�UDWLRV�
ZHUH� FDOFXODWHG� E\� SURFHVVLQJ� KXJH� QXPEHU� RI� GLIIHUHQW� PDWHULDOV� EXW� RIWHQ� WKHVH�
UHVXOWV�YDU\�VOLJKWO\��,W�LV�HDV\�WR�JXHVV�ZK\�WKLV�KDSSHQV��7KH�IDFW�LV�WKDW�(QJOLVK�LV�
YDULRXV� LQ�GLIIHUHQW�VLWXDWLRQV��(QJOLVK�OHWWHUV� IUHTXHQFLHV��3UDFWLFDO�FU\SWRJUDSK\���
'LIIHUHQW�VW\OLVWLFV��GLIIHUHQW�OH[LV�DQG�SUHVHQFH�RI�IRUHLJQ�ZRUGV�FDQ�VWURQJO\�DIIHFW�
WKH�RYHUDOO�IUHTXHQF\��7KXV��GHSHQGLQJ�RQ�WKH�VRXUFH�RI�WKH�WH[W�DQG�RQ�LWV�WKHPH��WKH�
IUHTXHQF\�GLVWULEXWLRQ�RI�OHWWHUV�YDULHV�

,Q�RUGHU�WR�PDNH�VXUH�RI�WKLV�IDFW�DQG�UHYHDO�VRPH�UHJXODULWLHV��VHYHUDO�WH[WV�
RI�YDULRXV�VXEMHFWV�DQG�VW\OLVWLFV�ZHUH�DQDO\]HG��(DFK�WH[W�FRQWDLQHG�DSSUR[LPDWHO\�
��������FKDUDFWHUV�WR�DFKLHYH�UHODWLYHO\�JRRG�DFFXUDF\��)RU�WKLV�SXUSRVH��WKH�QXPEHU�
RI�HDFK�VSHFLILF�(QJOLVK�V\PERO�LQ�WKH�WH[W�DQG�WKH�WRWDO�QXPEHU�RI�FKDUDFWHUV�ZHUH�
FRXQWHG�� WKH� FRUUHVSRQGLQJ� YDOXHV� ZHUH� GLYLGHG� DQG� WKH� OHWWHUV� ZHUH� RXWSXW� LQ�
GHVFHQGLQJ� RUGHU�� GHSHQGLQJ� RQ� WKH� SHUFHQWDJH� FDOFXODWHG�� 7KH� UHVXOWV� RI� WKH�
FDOFXODWLRQV�DUH�JLYHQ�LQ�WKH�WDEOH�EHORZ�

7DEOH����)UHTXHQF\�$QDO\VHV�RI�7H[WV�RQ�'LIIHUHQW�6XEMHFWV��$SSUR[LPDWHO\���� ����
OHWWHUV�RQ�(DFK�6XEMHFW�
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$UWLFOHV�RQ�PDWKHPDWLFV�RQ�

ZZZ�VFLHQWLILFDPHULFDQ�FRP�PDWK�� DQG�
ZZZ�PGSL�FRP�MRXUQDO�PDWKHPDWLFVULFDQ�FRP�PDWK�

7KLV� WDEOH� LOOXVWUDWHV� FOHDUO\� WKH� H[WHQW� WR� ZKLFK� IUHTXHQF\� FRXQWV� GLIIHU�
GHSHQGLQJ�RQ�WKH�VXEMHFW��,W�VKRZV�VWURQJ�FRUUHODWLRQ�EHWZHHQ�IUHTXHQFLHV�RI�(QJOLVK�
OHWWHUV� LQ� WH[WV� RQ� SROLWLFV� DQG� WH[WV� RQ� DUW� DQG� EHWZHHQ� WH[WV� RQ� LQIRUPDWLRQ�
WHFKQRORJ\�DQG�WH[WV�RQ�PDWKHPDWLFV��³7KH�-XQJOH�%RRN´�VKRZV�DEVROXWHO\�GLIIHUHQW�
IUHTXHQF\�GLVWULEXWLRQ�RI�OHWWHUV��3HUKDSV��WKH�UHDVRQ�IRU�WKLV�LV�WKH�IDFW�WKDW�WKH�ERRN�
ZDV�ZULWWHQ�LQ������DQG�WKH�ODQJXDJH�KDV�FKDQJHG�D�ORW�GXULQJ�WKLV�WLPH��6RORY\HY�HW�
DO��� �������:H� FDQ� FRQFOXGH� WKDW� IUHTXHQF\� DQDO\VLV� FDQ� RIWHQ� EH� FRPSOLFDWHG� E\�
GLIIHUHQW�VW\OLVWLFV�DQG�WKH�VXEMHFW�PDWWHU�RI�WKH�WH[W��ZKLFK�QHHGV�WR�EH�GHFLSKHUHG�

$V�SDUW� RI� WKH� VWXG\�� LW�ZDV� LQWHUHVWLQJ� WR� WHVW� WKH�RSHUDWLRQ�RI� IUHTXHQF\�
DQDO\VLV�LQ�WKH�FDVH�RI�GHFU\SWLRQ�RI�VLPSOH�UHSODFHPHQW�FLSKHUV��7KH�FLSKHU�RI�&DHVDU�
ZDV�FKRVHQ��7KH�DUWLFOH�DERXW�%LWFRLQ�IURP�:LNLSHGLD�ZDV�HQFU\SWHG�XVLQJ�WKH�NH\�N�
 ���ZKLFK�&DHVDU�KLPVHOI�XVHG��7H[W�KDV�DSSUR[LPDWHO\��� ����V\PEROV�WR�HQVXUH�
WKDW� LW�ZLOO�EH�GHFRGHG��)RU�D�GHPRQVWUDWLRQ�� LW� LV� VKRZHG� KRZ� WKH�FLSKHUWH[W�ZDV�
GHFU\SWHG�XVLQJ�D�EUXWH�IRUFH�DOJRULWKP�E\�VLPSO\�VRUWLQJ�WKURXJK�WKH�NH\V��,W�FDQ�EH�
VHHQ�WKDW�ZH�UHFHLYHG�WKH�RULJLQDO�WH[W�RQ�WKH����OLQH�
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3LF���

,Q�RUGHU�WR�GHFLSKHU�WKH�FLSKHUWH[W�E\�WKH�PHWKRG�RI�IUHTXHQF\�DQDO\VLV��WKH�
VLPSOHVW�DOJRULWKP�ZDV�LQYHQWHG��WKH�IUHTXHQF\�RI�HDFK�OHWWHU�RI�WKH�FLSKHUHG�WH[W�ZDV�
FDOFXODWHG� DQG� WKHQ� WKHQ� DOO� WKH� OHWWHUV�ZHUH� DUUDQJHG� LQ� GHFUHDVLQJ� RUGHU�RI� WKHLU�
IUHTXHQF\�� 7KHQ� HDFK� OHWWHU� RI� WKH� UHFHLYHG� VWULQJ� ZDV� PDWFKHG� ZLWK� WKH�
FRUUHVSRQGLQJ OHWWHU� RI� WKH� �VWDQGDUG�� VWULQJ� �0DNKPXWRYD�� ������� 6WULQJ�
�HWDRLQVUKOGFXPISJZ\EYN[MT]��ZDV�FKRVHQ�DV�VWDQGDUG�VWULQJ�

7KH�UHVXOW�ZDV�QRW�LPSUHVVLYH��7KH��GHFLSKHUHG�WH[W��ZDV�QRW�OLNH�WKDW�DW�DOO��
,W�LV�FOHDU�WKDW�D�VLPSOH�VXEVWLWXWLRQ�RI�D�OHWWHU�IRU�D�OHWWHU�LV�QRW�HQRXJK��ZH�QHHG�HLWKHU�
D�PRUH�VRSKLVWLFDWHG�PDWFKLQJ�DOJRULWKP��RU�ZH�QHHG�D�VHDUFK�IRU�IUHTXHQWO\�UHSHDWHG�
ELJUDPV�DQG�WULJUDPV��RU�ERWK�

7KHUH�ZDV�DQ�LGHD�WR�GLYLGH�WKH�OHWWHUV�LQ�WKH��GHFU\SWHG��WH[W�LQWR�ZRUGV�RI�
WKH�VDPH�OHQJWK�DV�LQ�WKH RULJLQDO�WH[W�DQG�WU\�WR�XQGHUVWDQG�KRZ�ZHOO�RU�SRRUO\�RXU�
VLPSOHVW�DOJRULWKP�GHFLSKHUHG�WKH�WH[W��7KH�UHVXOW�LV�SUHVHQWHG�EHORZ�

3LF����
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7KH�UHG�OLQH�XQGHUOLQHV�ZRUGV�VLPLODU�WR�QRUPDO�(QJOLVK�ZRUGV�DQG�DOVR�WKH�
PRVW�IUHTXHQWO\�IRXQG�WULJUDP�LQ�WKH�GHFLSKHUHG�WH[W��7KLV�LV�WULJUDP�³WGH´��,W�LV�HDV\�
WR�JXHVV�WKDW�LW�FDQ�EH�GHFLSKHUHG�DV�³WKH´��%XW�³WKH´�LV�WKH�PRVW�IUHTXHQW�WULJUDP�LQ�
WKH�(QJOLVK�ODQJXDJH�DQG�LW�LV�DOVR�WKH�PRVW�FRPPRQ�ZRUG�DQG�LW�FRQVWLWXWHV�DURXQG�
������RI�DOO�ZRUGV��

:RUGV�³XVHUV´��³UHSUHVHQW´��³UHSUHVHRW´���³VWLOO´��³VILOO´���³SDSHU´��³SLSHU´���
³VWUHHW´�� ³ODVW´�� ³SHHU�WR�SHHU´� �³SHHUWQSHHU´�� FDQ� EH� HDVLO\� GHFLSKHUHG� VLPSO\� E\�
ORRNLQJ�DW�WKH�WH[W��EXW�LW�LV�QRW�HQRXJK�WR�XQGHUVWDQG�HYHQ�WKH�PDLQ�VHQVH��

7KXV��ZH�FRQFOXGHG�WKDW�LQ�RUGHU�WR�LPSURYH�WKH�WUDQVODWLRQ��LW�LV�QHFHVVDU\�
WR�GHFLSKHU�WKH�WH[W�QRW�RQO\�E\�PRQRJUDPV��EXW�DOVR�E\�ELJUDPV��WULJUDPV�DQG�ZKROH�
ZRUGV�DQG�LQYHQW�DQ�DOJRULWKP�

7KH� QH[W� VWHS� ZDV� FDOFXODWLQJ� WKH� IUHTXHQFLHV� RI� GLIIHUHQW� ELJUDPV� DQG�
WULJUDPV�IRXQG�LQ�WKH�WH[W��$IWHUZDUGV�WKH\�ZHUH�VRUWHG�LQ�GHVFHQGLQJ�RUGHU�DQG�ZHUH�
FRPSDUHG�ZLWK�OLVW�RI�WULJUDP�DQG�ELJUDP�IUHTXHQFLHV�

7DEOH����%LJUDP�)UHTXHQFLHV
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17+����������������$//����������������5(6��������

,17����������������(7+����������������217��������

)RU�H[DPSOH��LI�WKH�PRVW�IUHTXHQW�ELJUDP�LQ�WKH�WH[W�LV�³WH´�DQG�LW�LV�NQRZQ�
WKDW�WKH�PRVW�FRPPRQ�ELJUDP�RI�(QJOLVK�ODQJXDJH�LV�³WK´�LW�LV�QRW�GLIILFXOW�WR�DVVXPH�
WKDW�D� OHWWHU� ³H´�FDQ�EH�GHFRGHG�DV�D� OHWWHU�³K´��%XW�RXU�DOJRULWKP�GRHV�QRW� LPSO\�
LQVWDQWDQHRXV�UHSODFHPHQW�RI�WKH�OHWWHU�ZLWK�WKH�OHWWHU��EHFDXVH�LI�ZH�FKRRVH�WKH�ZURQJ�
UHSODFHPHQW��WKHQ�ZH�FDQ�VSRLO�WKH�SXULW\�RI�WKH�GHFU\SWLRQ��7KHUHIRUH��WKH�DOJRULWKP�
ILUVW� SHUIRUPV� WKH� DQDO\VLV� RI�ZKLFK� OHWWHU� LV�PRUH� OLNHO\� WR�EH� DEOH� WR� UHSODFH� WKH�
SDUWLFXODU�OHWWHU�DQG�DW�WKH�HQG�SHUIRUPV�GHFRGLQJ�DFFRUGLQJ�WR�WKH�REWDLQHG�GDWD�

,Q�RUGHU�WR�DFWXDOO\�FROOHFW�WKLV�GDWD��D�UHJXODU�PDWUL[�RI�VL]H����E\����ZDV�
XVHG��ZKHUH�LQ�D�FHOO�LQ�WKH�URZ�QXPEHU�L�DQG�LQ�WKH�FROXPQ�QXPEHU�M�LV�D�QXPEHU�
UHIOHFWLQJ�WKH�UDWLR�RI�KRZ�WKH�OHWWHU�M�LV�PRUH�OLNHO\�WR�FRUUHFWO\�UHSODFH�WKH�OHWWHU�L�LQ�
WKH��DOPRVW�GHFU\SWHG��WH[W�

7KH�H[DPSOH�RI�WKLV�PDWUL[�LV�VKRZHG�EHORZ�

3LF����
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2QO\�WULJUDPV�DQG�ELJUDPV�ZHUH�QRW�HQRXJK��VR�WKHUH�ZDV�DQ�LGHD�WR�ORRN�IRU�
WKH�PRVW�IUHTXHQW�ZRUGV�RI�(QJOLVK�LQ�WKH�WH[W�E\�D�FHUWDLQ�SHUFHQWDJH�RI�FRLQFLGHQFH��
7KH�KDUGHVW�SDUW�ZDV�WR�ILQG�WKLV�*ROGHQ�PHDQ��VR�WKDW�LW�ZDV�KLJK�HQRXJK�WR�FRUUHFWO\�
GHWHUPLQH�WKH�VLPLODULW\�RI�D�SDUW�RI�WKH�WH[W�ZLWK�WKH�ZRUG�DQG�DW�WKH�VDPH�WLPH�ORZ�
HQRXJK�IRU�WKH�DOJRULWKP�WR�ILQG�DV�PDQ\��VHPL�WUDQVODWHG��ZRUGV�DV�SRVVLEOH�

$W�ILUVW��DERXW�����PRVW�IUHTXHQW�ZRUGV�ORQJHU�WKDQ���FKDUDFWHUV�ZHUH�DGGHG�
WR�WKH��GLFWLRQDU\��RI�WKH�SURJUDP�IRU�FRUUHFW�PDWFKLQJ��:RUGV�OLNH��ZRXOG����WKHLU���
�DERXW����ZKLFK����SHRSOH����FRXOG����RWKHU����WKLQN����VKRXOG����VFKRRO����EHFRPH���
�EHWZHHQ����VRPHWKLQJ����EHFDXVH����WKURXJK��ZHUH�XVHG��7KH�DOJRULWKP�ZRUNHG�E\�
DQDORJ\�ZLWK�ELJUDPV�DQG�WULJUDPV��FRQWLQXLQJ�WR�ILOO�WKH�PDWUL[�PDWFKLQJ�WKH�OHWWHU�
WR�WKH�OHWWHU��7KH�UHVXOW�RI�WKH�DQDO\VLV�DQG�LWV�FRUUHVSRQGLQJ�UHSODFHPHQW�LQ�WKH�WH[W�
LV�SUHVHQWHG�EHORZ�

3LF����

7KH�UHVXOW�ZDV�PXFK�PRUH� LPSUHVVLYH��7KH�QXPEHU�RI� DOPRVW�FRPSOHWHO\�
WUDQVODWHG� ZRUGV� KDV� LQFUHDVHG�� QRZ� FOHDUO\� GLVWLQJXLVK� ODQJXDJH� FRQVWUXFWLRQV��
VWUXFWXUH� RI� VHQWHQFHV�� GLVWLQJXLVK� PDQ\� SKUDVHV� VXFK� DV� ³WKHVH� WUDQVDFWLRQV� DUH�
YHULILHG´��³WGHVH�WUDRVDKWLQRV�DUH�YHULJLHF´���³UHIHU�WR�WKH�WHFKQRORJ\´��³UHJHU�WQ�WGH�
WHKGRQOQ\\´��DQG�PRVW�LPSRUWDQWO\��WKH�PHDQLQJ�RI�WKH�HQWLUH�WH[W�KDV�EHFRPH�PRUH�
XQGHUVWDQGDEOH��%XW�WKHUH�ZDV�VWLOO�D�ORW�RI�XQNQRZQ�ZRUGV�RU�ZRUGV�WKDW�ZHUH�YHU\�
GLIILFXOW�WR�WUDQVODWH��7KH�ZRUG��WGH��KDV�QRW�\HW�EHHQ�GHFLSKHUHG�FRUUHFWO\�WR�³WKH´��
7R�VROYH�WKLV�SUREOHP��LW�ZDV�GHFLGHG�WR�UHGXFH�WKH�*ROGHQ�PHDQ�IURP����SHUFHQW�RI�
PDWFKHV�WR����DQG�WKH��GLFWLRQDU\��RI�WKH�SURJUDP�ZDV�LQFUHDVHG�E\���WLPHV��$IWHU�
WKH�SURJUDP�KDV�ZRUNHG�ZLWK�WKH�QHZ��VHWWLQJV��WKH�UHVXOW�RI�GHFU\SWLRQ�KDV�EHFRPH�
VLJQLILFDQWO\�EHWWHU�
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3LF����

,Q�WKLV�LOOXVWUDWLRQ��UHG�KLJKOLJKWHG�ZRUGV�DQG�HQWLUH�SKUDVHV�WKDW�DUH�HLWKHU�
IXOO\�WUDQVODWHG�RU�FDQ�EH�GHFU\SWHG�HDVLO\�E\�VLPSO\�ORRNLQJ�DW�WKHP��,W�LV�HDV\�WR�VHH�
WKDW�WKH�QXPEHU�RI�XQGHUOLQHG�SDUWV�RI�WKH�WH[W�KDV�LQFUHDVHG��PRUH�WKDQ�����RI�WKH�WH[W�
LV�GHFU\SWHG�DQG�WKH�PHDQLQJ�RI�WKH�WH[W�FDQ�EH�XQGHUVWRRG�DOPRVW�FRPSOHWHO\��7KH�
EOXH�OLQH�HPSKDVL]HV�ZRUGV�WKDW�DUH�RIWHQ�IRXQG�LQ�WKH�WH[W��EXW�HLWKHU�WKH\�DUH�SRRUO\�
GHFU\SWHG�� RU� ZH� VLPSO\� GR� QRW� XQGHUVWDQG� WKHLU� PHDQLQJ�� $QG� VLQFH� WKH\� DUH�
FRPPRQ��ZH�FDQ�FRQFOXGH�WKDW�WKHVH�DUH�VRPH��ORFDO��WHUPV��/RRNLQJ�DW�WKH�SKUDVH�
�VDWQVKL�RDNDPQWQ��DQG�FRQVLGHULQJ�WKDW�WKH�WH[W�LQIRUPV�DERXW�WKH�FU\SWRFXUUHQF\��
DERXW�WKH�QHZ�PHWKRG�RI�HOHFWURQLF�SD\PHQWV��LW�LV�HDV\�WR�JXHVV�WKDW�LW�LV��6DWRVKL�
1DNDPRWR���WKH�ɫUHDWRU�RI�ELWFRLQ��WKH�ZRUOG
V�ILUVW�ZLGHVSUHDG�FU\SWRFXUUHQF\��7KLV�
PHDQV� WKDW� WKH� XQGHUOLQHG� EOXH� ZRUG� �PLWFQLR��� ZKLFK� LV� IRXQG� LQ� WKH� JLYHQ�
LOOXVWUDWLRQ�PRUH�WKDQ����WLPHV��LV�GHFU\SWHG�DV��ELWFRLQ��

%XW� WKH� DFFXUDF\� RI GHFU\SWLRQ� LV� VWLOO� QRW� HQRXJK� WR� UHDG� DQG� FOHDUO\�
XQGHUVWDQG�HYHU\�ZRUG�LQ�WKH�SUHVHQWHG�SDVVDJH��+RZHYHU��DIWHU�D�VLPSOH�DQDO\VLV�RI�
WKH�SDVVDJH�ZKHQ�UHDGLQJ� LW�� LW� LV�QRW�GLIILFXOW� WR�XQGHUVWDQG�� IRU�H[DPSOH�� WKDW� WKH�
OHWWHUV��R��DQG��Q��DUH�PL[HG�XS��³WUDRVDFWLQRV´� �³WUDQVDFWLRQV´���,I�ZH�PDNH�WKLV�
UHSODFHPHQW��WKH�WUDQVODWLRQ�ZLOO�DJDLQ�LPSURYH�QRWLFHDEO\�
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3LF����

���6XPPDU\

%XW� GHVSLWH� WKH� IDFW� WKDW� PDQ\� ZRUGV� RI� WKH� WH[W� KDYH� EHHQ� WUDQVODWHG�
FRPSOHWHO\��WKH�WUDQVODWLRQ�UHPDLQHG�LPSHUIHFW��7KH�IDFW�WKDW�UHSODFLQJ�WKH�OHWWHU�ZLWK�
D�OHWWHU�ZH�FRXOG�VWLOO�QRW�TXLWH�FRUUHFWO\�GHWHUPLQH�WKLV�FRUUHVSRQGHQFH��0RUHRYHU��
RXU� DOJRULWKP�GLG� QRW� WDNH� LQWR� DFFRXQW� WKH� IDFW� WKDW� WKLV� FRUUHVSRQGHQFH�PXVW� EH�
QHFHVVDULO\�RQH�WR�RQH��7KXV��VHYHUDO�OHWWHUV�FRXOG�EH UHSODFHG�E\�WKH�VDPH�OHWWHU��7KH�
DOJRULWKP�LV�QRW�SHUIHFW�EHFDXVH�LW�ZDV�ZULWWHQ�IRU�H[SHULPHQWDO�SXUSRVHV�DQG�WKHUH�
ZDV�QR�JRDO�WR�GHFU\SW�WKH�WH[W�H[DFWO\��0RUHRYHU��WKH�WH[W�ZDV�GLIILFXOW�WR�WUDQVODWH��
KDG�PDQ\�GLIILFXOW�WHUPV�WR�WUDQVODWH��DQG�GLG�QRW IXOILOO�WKH��UHIHUHQFH��IUHTXHQF\�RI�
(QJOLVK�OHWWHUV��:H�EHOLHYH�WKDW�XVLQJ�PRUH�FRPSOH[�SUREDELOLVWLF�DOJRULWKPV�RI�OHWWHU�
PDWFKLQJ��\RX�FDQ�DFKLHYH�D�SHUIHFW�WUDQVODWLRQ�RI�WKH�WH[W��$OJRULWKPV�WKDW�DUH�VLPLODU�
WR�WKRVH�WKDW�UHSODFH�PLVVSHOOHG�ZRUGV�LQ�VHDUFK�HQJLQHV�VXFK�DV�*RRJOH�FDQ�DOVR�KHOS�
WKLV�

���&RQFOXVLRQ

7KLV� DUWLFOH� KDV� RQO\� EHHQ� DEOH� WR� WRXFK� RQH� W\SH� RI� FLSKHUV� WKDW� FDQ� EH�
GHFLSKHUHG� XVLQJ� PHWKRGV� RI� IUHTXHQF\� DQDO\VLV� � FLSKHUV� RI� PRQR�DOSKDEHWLF�
VXEVWLWXWLRQ�� %XW� D� SRO\DOSKDEHWLF� FLSKHU� ZKLFK� LV� MXVW� D� FROOHFWLRQ� RI� VLPSOH�
UHSODFHPHQW�FLSKHUV�XVHG� WR�HQFU\SW�DQRWKHU�SODLQWH[W�FKDUDFWHU�DFFRUGLQJ� WR�VRPH�
UXOH��LV�DOVR�DPHQDEOH�WR�IUHTXHQF\�FU\SWDQDO\VLV��7KH�HVVHQFH�RI�WKH�GHFRGLQJ�RI�VXFK�
DOJRULWKPV� LV� WKDW� WKH� LQLWLDO� FLSKHUWH[W� LV� FRQVLGHUHG� DV� D� IHZ� PRQR�DOSKDEHWLF�
FLSKHUV��HDFK�RI�ZKLFK�DSSOLHV�D� IUHTXHQF\�FU\SWDQDO\VLV��7KH�UHVXOWV�RI� WKLV�VWXG\�
VKRZ� WKDW� HYHQ� XVLQJ� LPSHUIHFW� DOJRULWKPV� DFWLQJ� GLUHFWO\�� ZLWKRXW� XVLQJ� PRUH�
FRPSOH[� PHWKRGV� RI� VWDWLVWLFDO� DQDO\VLV�� PRVW� RI� WKH� WH[WV� HQFU\SWHG� E\� PRQR�
DOSKDEHWLF�FLSKHU�FDQ�EH�HDVLO\�DQG�ZHOO�HQRXJK�EH�GHFLSKHUHG��0RUHRYHU��LW�GRHV�QRW�
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PDWWHU�ZKDW�NLQG�RI�FLSKHU�ZDV�XVHG�WR�HQFU\SW�WKH�WH[W��IUHTXHQF\�DQDO\VLV�ZRUN�ZLOO�
EH�GRQH�

$FNQRZOHGJHPHQWV

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

5HIHUHQFHV

%DXHU��)��/��������� 'HFU\SWHG�VHFUHWV��0HWKRGV�DQG�PD[LPV�RI�FU\SWRORJ\��6SULQJHU�
6FLHQFH�	�%XVLQHVV�0HGLD�

(QJOLVK� OHWWHUV� IUHTXHQFLHV�� 3UDFWLFDO� FU\SWRJUDSK\�� 85/��
KWWS���SUDFWLFDOFU\SWRJUDSK\�FRP�FU\SWDQDO\VLV�OHWWHU�IUHTXHQFLHV�YDULRXV�
ODQJXDJHV�HQJOLVK�OHWWHU�IUHTXHQFLHV� �DFFHVVHG�LQ�����������

(UHPHHYD��*��5���0HOQLNRYD��2��.���	�6LWWLNRYD��$��5����������5D]UHVKHQLH�DQDIRU\�
Y�Y\FKLVOLWHO
QRM�OLQJYLVWLNH��.D]DQVNLM�/LQJYLVWLFKHVNLM�=KXUQDO��������������

/HWWHU�IUHTXHQF\�LQ�WKH�(QJOLVK�ODQJXDJH��85/��KWWS���OHWWHUIUHTXHQF\�RUJ �DFFHVVHG�
LQ�����������

0DNKPXWRYD�� $�� 1�� �������� 'HSHQGHQFH� RI� SUDJPDWLFDOO\� LPSOLHG� PHDQLQJ� RQ�
DVSHFWXDO�WHPSRUDO� VHPDQWLFV� �EDVHG� RQ� WKH� (QJOLVK� DQG� 5XVVLDQ� ODQJXDJH�
PDWHULDO��;/LQJXDH���������������

6KHYO\DNRYD� $�� 9��� 	� 6RORY
HY�� 9�� '�� �������� &KDVWRWQRVW
� XSRWUHEOHQL\D�
PHVWRLPHQLM� SR� GDQQ\P� NRUSXVD� *RRJOH� %RRNV� V� WRFKNL� ]UHQL\D� NRJQLWLYQRM�
OLQJYLVWLNL� 3\DWD\D� 0H]KGXQDURGQD\D� .RQIHUHQFL\D� 3R� .RJQLWLYQRM� 1DXNH��
.DOLQLQJUDG�

6KULYDVWDYD��*���6KDUPD��5���	�&KRXKDQ��0����������8VLQJ�OHWWHUV�IUHTXHQF\�DQDO\VLV�
LQ�&DHVDU� FLSKHU�ZLWK�GRXEOH� FROXPQDU� WUDQVSRVLWLRQ� WHFKQLTXH� ,QWHUQDWLRQDO�
-RXUQDO�RI�(QJLQHHULQJ�6FLHQFHV�	�5HVHDUFK�7HFKQRORJ\� ����� ����������

6ROQ\VKNLQD��0��,���	�,VPDJLORYD��$��5����������/LQJXLVWLF�ODQGVFDSH�ZHVWHUQL]DWLRQ�
DQG�JORFDOL]DWLRQ��7KH�FDVH�RI�.D]DQ��5HSXEOLF�RI�7DWDUVWDQ� ;/LQJXDH� ������
������

6RORY\HY��9��'���%RFKNDUHY��9��9���	�6KHYO\DNRYD�$��9����������'\QDPLFV�RI�FRUH�
RI�ODQJXDJH�YRFDEXODU\��&(85�:RUNVKRS�3URFHHGLQJV�������������������


