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D'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��)DFXOW\�RI�6FLHQFH
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V�,QVWLWXWH�RI�7HFKQRORJ\�/DGNUDEDQJ��%DQJNRN��������7KDLODQG

�$%675$&7

7KLV�SDSHU�GHVFULEHV�WKH�GHYHORSPHQW�RI�DQ�RSWLFDO�PDUN�UHDGHU�WKDW�FDQ�EH�XVHG�IRU�FRXQWLQJ�WKH�H[DPLQDWLRQ�VFRUH�IURP
WKH� PXOWLSOH�FKRLFH� DQVZHU� VKHHW�� 7KH� V\VWHP� LV� GHYHORSHG� EDVHG� RQ� 3&�W\SH� PLFURFRPSXWHU� FRQQHFWLQJ� WR� DQ� LPDJH
VFDQQHU��7KH�V\VWHP�RSHUDWLRQV�FDQ�EH�GLVWLQJXLVKHG� LQWR� WZR�PRGHV�� OHDUQLQJ�PRGH�DQG�RSHUDWLRQ�PRGH�� ,Q� WKH� OHDUQLQJ
PRGH�� WKH� PRGHO� FRUUHVSRQGLQJ� WR� HDFK� W\SH� RI� DQVZHU� VKHHW� LV� FRQVWUXFWHG� E\� H[WUDFWLQJ� DOO� VLJQLILFDQW� KRUL]RQWDO� DQG
YHUWLFDO� OLQHV� LQ� WKH� EODQN�VKHHW� LPDJH�� 7KHQ�� HYHU\� SRVVLEO\� FURVV�OLQH� ZLOO� EH� ORFDWHG� WR� IRUP� UHFWDQJXODU� DUHD�� ,Q� WKH
RSHUDWLRQ�PRGH��HDFK�VKHHW� IHG� LQWR� WKH� V\VWHP�KDV� WR�EH� LGHQWLILHG�E\�PDWFKLQJ� WKH�KRUL]RQWDO� OLQHV�GHWHFWHG�ZLWK� HYHU\
PRGHO�� 7KH� GDWD� H[WUDFWLRQ� IURP� HDFK� DUHD� FDQ� EH� SHUIRUPHG� EDVHG� RQ� WKH� KRUL]RQWDO� DQG� YHUWLFDO� SURMHFWLRQV� RI� WKH
KLVWRJUDP��)RU�WKH�DQVZHU�FKHFNLQJ�SXUSRVH��WKH�QXPEHU�RI�EODFN�SL[HOV�LQ�HDFK�DQVZHU�EORFN�LV�FRXQWHG��DQG�WKH�GLIIHUHQFH
RI� WKRVH� QXPEHUV� EHWZHHQ� WKH� LQSXW� DQG� LWV� FRUUHVSRQGLQJ� PRGHO� LV� XVHG� DV� GHFLVLRQ� FULWHULRQ�� )LQDOO\�� WKH� GDWDEDVH
FRQWDLQLQJ�D�OLVW�RI�VXEMHFWV��VWXGHQWV��DQG�VFRUHV�FDQ�EH�FUHDWHG��7KH�H[SHULPHQWDO�UHVXOWV�RQ�PDQ\�VW\OHV�RI�DQVZHU�VKHHWV
VKRZ�WKH�HIIHFWLYHQHVV�RI�VXFK�D�V\VWHP�

.H\ZRUGV��RSWLFDO�PDUN�UHDGHU��GRFXPHQW�LPDJH�DQDO\VLV��LPDJH�VHJPHQWDWLRQ

��� ,1752'8&7,21

2SWLFDO�0DUN�5HDGHU��205�LV�DQ�DXWRPDWLF�PDFKLQH�IRU�PXOWLSOH�FKRLFH�FKHFNLQJ�V\VWHP��,W� LV�YHU\�SRSXODU�LQ�XVHG��1RW
RQO\�D�KLJK�DFFXUDF\�EXW�DOVR�LW�JLYHV�D�KLJK�VSHHG�IRU�FKHFN��%XW�ZH�IRXQG�VRPH�LQIOH[LELOLW\�RI�205��)LUVW��LQ�HDFK�WLPH��LW
FDQ�FKHFN�RQO\�VLQJOH�DQVZHU�VKHHW�IRUP�DQG�VLQJOH�VXEMHFW��7KH�205�ZLOO�FKHFN�EHWZHHQ�DQ�LQSXW�DQVZHU�VKHHW�DQG�WKH
WHPSODWH�DQVZHU�VKHHW��,W�ZLOO�UHMHFW�DQ�LQSXW�VKHHW�LI�GLIIHU�IURP�WKH�WHPSODWH��,Q�RWKHU�ZRUG��D�WHPSODWH�IRUP�FRQWDLQHG�RQO\
RQH�VXEMHFW�DQVZHU�PRGHO��6R�LI�ZH�LQSXW�DQVZHU�VKHHW�ZLWK�GLIIHUHQW�VXEMHFW�IURP�WHPSODWH��LW�ZLOO�JLYH�D�ZURQJ�VFRUH��VRPH
205�PDFKLQH�ZLOO�QRW�FKHFN�VXEMHFW��6HFRQG��205�FDQ�FKHFN�RQO\�D�IXOO�ILOO�PDUN�LQ�VWDWLF�JULG�SRVLWLRQ��FLUFOH�RU�VTXDUH
UHFWDQJOH� ILOOHG�E\�SHQFLO���%�RU�GDUNHU� LV� UHFRPPHQGHG��)URP�GLVFXVVLRQ� DERYH��ZH�GHYHORSHG� DQ� DEVWUDFWLRQ� DOJRULWKP
ZLWK�KLJK�HIILFLHQF\�DQG�IOH[LELOLW\�IRU�PXOWLSOH�FKRLFH�FKHFNLQJ�V\VWHP�

2XU�V\VWHP��DQ�LQSXW�DQVZHU�VKHHW�LV�VFDQQHG��7KH�LPDJH�LV�VXEMHFWHG�WR�SUHSURFHVVLQJ�VWHS��QRLVH�UHGXFWLRQ�����DQG
VNHZ�GHWHFWLRQ���1H[W��PDWFKLQJ�WKH�KRUL]RQWDO�OLQH�GHWHFWHG�ZLWK�HYHU\�PRGHO�LGHQWLILHV�DQ�LPDJH�VKHHW��$Q�LQIRUPDWLRQ�RI
DOO�UHFWDQJXODU�DUHD�LQ�HDFK�IRUP�LV�UHDG�IURP�GDWDEDVH��7KHQ��FRXQW� WKH�QXPEHU�RI�EODFN�SL[HOV� LQ�6XEMHFW�FRGH�DUHD�DQG
PDWFKLQJ�VXEMHFW�FRGH��,WV�WUXH�DQVZHU�LV�UHDG�LQWR�OLVW��)RU�WKH�DQVZHU�FKHFNLQJ�SURFHVV��WKH�QXPEHU�RI�EODFN�SL[HOV�LQ�HDFK
DQVZHU�EORFN�LV�FRXQWHG��DQG�FKHFNLQJ�WKH�GLIIHUHQFH�RI�WKRVH�QXPEHU�EHWZHHQ�WKH�LQSXW�DQG�LWV�FRUUHVSRQGLQJ�PRGHO�

)XUWKHU�DXWKRU�LQIRUPDWLRQ�±
.�&���FRUUHVSRQGHQFH���(PDLO���NULVDQD#ZZZ�VFL�EXX�DF�WK��:::��KWWS���ZZZ�VFL�EXX�DF�WK�aNULVDQD�
<�5���(PDLO��NU\XWWKD#NPLWO�DF�WK



��� 352-(&7,21�352),/(

$�3URMHFWLRQ�3URILOH��LV�D�KLVWRJUDP�RI�QXPEHUV�RI�21�SL[HOV�DFFXPXODWHG�DORQJ�SDUDOOHO�URZV�DQG�FROXPQV�RI�WKH�LPDJH�
7KH�KRUL]RQWDO�SURMHFWLRQ�SURILOH�FDQ�EH�DSSOLHG� WR� LGHQWLI\� WKH� WH[W� OLQH� LQ�D�GRFXPHQW� LPDJH�E\�JURXSLQJ� WKH�QXPEHU�RI
KRUL]RQWDO�KLVWRJUDP�� WKHQ�FODVVLILHG�E\�PHDQV� WKUHVKROG�� ,Q� WKH� VDPH� WLPH�� WKH�YHUWLFDO�SURMHFWLRQ�SURILOH� LV� GHVLJQHG� IRU
VHJPHQWDWLRQ�RI�FROXPQV�LQ�PXOWL�FROXPQ�GRFXPHQW�LPDJHV��0DQ\�UHVHDUFKHUV�DSSOLHG�WKH�KRUL]RQWDO�DQG�YHUWLFDO�SURMHFWLRQ
SURILOH�WR�LGHQWLI\�D�FKDUDFWHU�ERXQGDU\��,Q�RXU�DOJRULWKPV��WKH�SURMHFWLRQ�SURILOH�ZDV�DSSOLHG�WR�LGHQWLI\�D�FLUFOH�ERXQGDU\
DQG�WKH�QXPEHU�RI�EODFN�SL[HOV�IRU�D�FLUFOH�DUH�XVHG�WR�EH�D�EDVLF�FULWHULRQ�DQG�VWRUHG�LQ�IRUP�OLEUDU\�

��� /,1(�&5266,1*

/LQH� LV� D� SRLQW� DGMDFHQW�� )RU�PRVW� SUHSULQWHG� IRUP� KDV�PDQ\� W\SH� RI� OLQH� LQ� GLIIHUHQFH� GLUHFWLRQ�� 6XSSRVH� ZH� FORVHG� WR
KRUL]RQWDO� DQG� YHUWLFDO� OLQH�� %RWK� DUH� SHUSHQGLFXODU� WRJHWKHU�� 7\SH� RI� OLQH� FURVV� LV� GHILQHG� LQWR� �� FDWHJRULHV��� VXFK� DV
FRUQHU/7��FRUQHU/%��OHIW7��WRS7��FURVV��ERWWRP7��ULJKW7��FRUQHU5%��DQG�FRUQHU57��DV�VKRZQ�LQ�)LJXUH���

FRUQHU/7 FRUQHU/% OHIW7 WRS7 FURVV ERWWRP7 ULJKW7 FRUQHU57FRUQHU5%

)LJXUH����&URVV�OLQH�SDWWHUQV�

&URVV�/LQH�ZLOO�GHILQH�WKH�UHFWDQJXODU�ILHOG�RQ�IRUP��7KLV�SDSHU��WKH�UHFWDQJXODU�DUHDV�DUH�FODVVLILHG�LQWR�6XEMHFW�$UHD�&RGH�
6WXGHQW�$UHD�&RGH��$QVZHU�$UHD�&RGH�DQG�8QXVHG�$UHD��)RU�XVHG�DUHD��LQ�HDFK�ER[�FRQWDLQ�D�GLIIHUHQFH�QXPEHU�RI�FLUFOHV�
7KH� SURMHFWLRQ� SURILOH� LV� XVHG� WR� LGHQWLI\� HDFK� FLUFOH� ERXQGDU\� E\� PHDQ� WKUHVKROG�� DQG� WKH� QXPEHU� RI� EODFN� SL[HOV� LV� D
FULWHULRQ�IRU�HDFK�FLUFOH�PRGHO�

��� ,0$*(�352&(66,1*�25,(17('�237,&$/�0$5.�5($'(5

7KH� RYHUDOO� RUJDQL]DWLRQ� RI� RXU� ,PDJH�3URFHVVLQJ� 2ULHQWHG� 2SWLFDO� 0DUN� 5HDGHU� �,32205�� LV� VKRZQ� LQ� )LJXUH� ��
,32205�FRQWDLQV���PRGHV��RQH� IRU� OHDUQLQJ�PRGH�� ,W� SUHSDUHV� IRU�� KRZ� WR� FRPSXWHU� XQGHUVWDQG� DQ� LQIRUPDWLRQ� LQ� HDFK
DQVZHU�IRUP��7KLV�PRGH�FRPSRXQG�ZLWK�D� IRUP�PRGHOLQJ�IRU�XQGHUVWDQG� IRUP�W\SH��DQG� WUXH�DQVZHU�PRGHO� IRU�D�VXEMHFW
FRGH�LQ�HDFK�IRUP��7KH�RWKHU�LV�RSHUDWLRQ�PRGH�WKDW�GHDOV�ZLWK�KRZ�WR�UHWULHYH�VFRUH�IURP�WKH�LQSXW�VKHHW�

,PDJH�3URFHVVLQJ�2ULHQWHG�2SWLFDO�0DUN�5HDGHU

6WXGHQW�6FRUH
5HSRUW

)RUP�0RGHOLQJ
7UXH�$QVZHU
0RGHOLQJ

$QVZHU
&KHFNLQJ

7UXH�$QVZHU
'DWDEDVH

3HQWLXP���+3�6FDQ-HW��F�$')

7ZDLQ�'OO
6FDQQHU�&RQWURO

%LQDU\�,PDJH

)RUP�/LEUDU\

1RLVH�5HGXFWLRQ�	
6NHZ�&RUUHFWLRQ

)LJXUH����6\VWHP�RYHUYLHZ�



�����/HDUQLQJ�PRGH

$Q�HPSW\�SUHSULQWHG�DQVZHU�VKHHW� IRUP�LV�HQWHUHG� WR� WKH� V\VWHP�DV�D�ELQDU\�GLJLWDO� LPDJH�E\�RSWLFDO� VFDQQHU��$JDLQ�� WKH
LPDJH�ZDV�SUHSURFHVVHG�ZLWK�QRLVH�UHGXFWLRQ�DQG�VNHZ�GHWHFWLRQ��$Q�DOJRULWKP�ZLOO�VHDUFK�IRU�DOO�KRUL]RQWDOV�DQG�YHUWLFDO
OLQHV�� WKHQ� FURVV� WKHP� WRJHWKHU�� &URVV�/LQH� SDWWHUQ� DQG� SRVLWLRQ� DUH� NHSW� DQG� VWRUHG� LQ� D� IRUP� OLEUDU\�� 5HFWDQJXODU� ER[
FRRUGLQDWH�� WRS�OHIW� DQG� ERWWRP�ULJKW� DUH� FUHDWHG� IURP� FURVV�OLQH� SDWWHUQ� DQG� SRVLWLRQ�� (DFK� IRUP� FRQWDLQV� �� UHFWDQJXODU
ILHOGV�� 6XEMHFW� DUHD� FRGH�� 6WXGHQW� DUHD� FRGH�� $QVZHU� DUHDV� DQG� XQXVHG� DUHDV�� $� XVHU� GHILQHV� ILHOG� W\SH� KLPVHOI�� 7KH
KRUL]RQWDO�OLQH�SDUDPHWHUV�VXFK�DV�DPRXQW��SRVLWLRQ��DQG�OHQJWKV�DUH�XVHG�WR�LGHQWLI\�NLQG�RI�IRUP��,Q�WKLV�PRGH��ZH�VFRSH�WR
PRGHO�RQO\�D�QHFHVVDU\�UHFWDQJXODU�ER[��VXEMHFW�FRGH��VWXGHQW�FRGH�DQG�DQVZHU�DUHD�ILHOGV

)LJXUH����,QSXW�DQVZHU�VKHHW�

�D� �E�

)LJXUH�����D��$OO�UHFWDQJXODU�ER[HV�GHWHFWHG����E��8VHG�$UHDV�IRU�RXU�DOJRULWKP�

6WXGHQW�$UHD�&RGH

6XEMHFW�$UHD�&RGH

$QVZHU�$UHD



$Q�HPSW\�DQVZHU�VKHHW�RI�W\SH����LQ�)LJXUH���LV�HQWHUHG�LQWR�WKH�V\VWHP��$OO�UHFWDQJXODU� ILHOGV�FRQVWUXFWHG�IURP
KRUL]RQWDO�DQG�YHUWLFDO�OLQHV�DUH�GHWHFWHG�DQG�VKRZQ�LQ�)LJXUH����D���7KHVH�UHFWDQJXODU�ILHOGV�KDYH�WR�EH�LQWHUDFWLYHO\�PDUNHG
E\�WKH�XVHU�DV�6XEMHFW�FRGH�DUHD��6WXGHQW�FRGH�DUHD��DQG�$QVZHU�DUHD��DV�LOOXVWUDWHG�LQ�)LJXUH����E��

7KH�VXEMHFW�FRGH�FRQVLVWV�RI���DOSKDEHWV��$�=��IROORZHG�E\���GLJLWV��������%RWK�DUH�DUUDQJHG�LQ�KRUL]RQWDO�GLUHFWLRQ�
6R�WKH�YHUWLFDO�SURMHFWLRQ�SURILOH�LV�XVHG�WR�LGHQWLI\�HDFK�FLUFOH�ERXQGDU\�LQ�HDFK�ILHOG�� OHIW�PRVW�DQG�ULJKW�PRVW�E\�PHDQV
WKUHVKROG��7KHQ�NHSW�WKH�QXPEHU�RI�EODFN�SL[HOV�LQ�HDFK�FLUFOH��7KH� VWXGHQW�FRGH�LV�D�VHTXHQFH�RI���GLJLWV��DQG�DUUDQJHG�LQ
YHUWLFDO�GLUHFWLRQ��+RUL]RQWDO�SURMHFWLRQ�SURILOH�DQG�PHDQV�WKUHVKROGV�DUH�XVHG�WR�LGHQWLI\�DOO�ILHOGV¶�LQIRUPDWLRQ��7KXV�HDFK
FLUFOH�LQIRUPDWLRQ�DUH�WRS��ERWWRP��DQG�WKH�QXPEHU�RI�EODFN�SL[HOV��7KH�DQVZHU�DUHD�FRQWDLQV�WKH�QXPEHU�RI�DQVZHU�LWHP�RU
LQGLYLGXDO� DQVZHU� UHFRUG��7KH� YHUWLFDO� DQG� KRUL]RQWDO� SURMHFWLRQ� SURILOHV� RI� WKH� DQVZHU� DUHD� LQ� WKH� VKHHW� RI� )LJXUH� �� DUH
VKRZQ�LQ�)LJXUH����D��DQG��E��UHVSHFWLYHO\��7RWDO����SHDNV�LQ�KRUL]RQWDO�GLUHFWLRQ�DQG���YDOOH\�LQ�YHUWLFDO�GLUHFWLRQ�FDQ�EH
FRXQWHG��ZKLFK� UHVXOWV� LQ� ��� DQVZHU� LWHPV� �)LJXUH� ����$JDLQ��ZLWK� HDFK� DQVZHU� LWHP�� LW� LV� HQWHUHG� WR� YHUWLFDO� SURMHFWLRQ
SURILOH�IRU�LGHQWLILHG�LWV�ERXQGDULHV��OHIW�DQG�ULJKW��7KH�QXPEHU�RI�EODFN�SL[HOV�LV�FRXQWHG��)LQDOO\�DOO�LQIRUPDWLRQ�DUH�VWRUHG
LQWR�IRUP�OLEUDU\�
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)LJXUH����3URMHFWLRQ�SURILOHV�RI�WKH�DQVZHU�DUHD�LQ�WKH�VKHHW�RI�)LJXUH�����D��+RUL]RQWDO�SURMHFWLRQ���E��9HUWLFDO�SURMHFWLRQ�

)LJXUH����$QVZHU�LWHPV�ORFDWHG�IURP�WKH�UHODWLRQ�EHWZHHQ�KRUL]RQWDO�DQG�YHUWLFDO�SURMHFWLRQ�

1RW� RQO\� IRUP�PRGHOV� DUH� FRQVWUXFWHG�� EXW� DOVR� WKH� WUXH� DQVZHU� LWHP� GDWDEDVH� LV� DQ� LPSRUWDQFH� LQIRUPDWLRQ� IRU� DQVZHU
FKHFN��7R�GR�LQ�WKLV�SURFHVV�ZH�VWDUWHG�ZLWK�D�ELQDU\�GLJLWDO�LPDJH�RI�WUXH�DQVZHU�VKHHW��HQWHU�WR�WKH�SUHSURFHVVLQJ�V\VWHP�
6HFRQG�� LQSXW� IRUP�W\SH� LV�FKHFNHG�E\�KRUL]RQWDO� OLQH�� ,I� IRXQG�� UHDG�DOO� HQWULHV� LQIRUPDWLRQ� LQWR� OLVW��1H[W�� VHSDUDWH� WR��
SDUDOOHO�RSHUDWLRQV�� VXEMHFW�FRGH�GHWHFWLRQ�DQG� WUXH�DQVZHU� LWHP�GHWHFWLRQ�� ,Q�ERWK�RSHUDWLRQV��ZH�FRXQWHG� WKH�QXPEHU�RI
EODFN�SL[HOV�ZLWKLQ�HDFK�FLUFOH��DQG�WKH�ILOOHG�LQIRUPDWLRQ�FDQ�EH�H[WUDFWHG�E\�WKH�SRVLWLRQV�RI�PD[LPD�



�����2SHUDWLRQ�PRGH

,Q� WKLV�PRGH�� WKH� W\SH�RI�HDFK�DQVZHU� VKHHW� KDV� WR�EH� LGHQWLILHG�DIWHU�SUHSURFHVVLQJ��7KH�QXPEHU�RI�EODFN�SL[HOV� LQ� HDFK
FLUFOH�ERXQGDU\�LV�FRXQWHG��7KH�QH[W���SDUDOOHO�SURFHVVHV�DUH�VXEMHFW�FRGH�GHWHFWLRQ�DQG�VWXGHQW�FRGH�GHWHFWLRQ��7KH�VXEMHFW
FRGH�GHWHFWLRQ�SURFHVV�� LQ�HDFK�ILHOG�VHDUFK�IRU�D�SRVLWLRQ�RI�D�FLUFOH�FRQWDLQV� WKH�PD[LPDO�QXPEHU�RI�EODFN�SL[HOV��7KHQ
UHSUHVHQW�D�FLUFOH�SRVLWLRQ�E\�D�FRGH�GLVFXVVHG�DERYH��$IWHU�MRLQHG�WKH�VHTXHQFH�RI�VXEMHFW�FRGH��VHDUFK�IRU�DOO�LQIRUPDWLRQ
IURP� IRUP� OLEUDU\� DQG�SXW� WKHP� LQWR� OLVWV��)RU� VWXGHQW� FRGH� DSSOLHG� D�YHUWLFDO� SURMHFWLRQ�SURILOH� DQG�PHDQV� WKUHVKROG� IRU
VHJPHQWV�D�FLUFOH�ERXQGDU\�LQ�HDFK�ILHOG��(DFK�6WXGHQW�FRGH�LV�FUHDWHG�IURP�WKH�FLUFOH¶V�SRVLWLRQ�ZLWK�WKH�PD[LPXP�QXPEHU
RI�EODFN�SL[HOV�

)RU�WKH�DQVZHU�FKHFN�SURFHVV��WKH�QXPEHU�RI�EODFN�SL[HOV�LQ�HDFK�FLUFOH�ERXQGDU\�LV�FRXQWHG�DQG�VHDUFKHV�IRU�WKH
PD[LPXP�YDOXH�SRVLWLRQ��)RU�HDFK�DQVZHU�LWHP��WKH�PD[LPXP�YDOXH�SRVLWLRQ�LV�FRPSDUHG�ZLWK�WUXH�DQVZHU�LWHP�PRGHO��LQ
OLVW�� ,I��ERWK�DUH� WKH� VDPH�SRVLWLRQ�JLYHQ�SRLQW�� HOVH� VNLS� WR�QH[W� DQVZHU� LWHP�XQWLO� HQG� OLVW��%XW� VRPH� VWXGHQWV� VRPHWLPH
PDUNHG�RU� ILOO� LQ� WZR�RU�PRUH�FLUFOH� LQ�HDFK�DQVZHU� LWHP��2XU�DOJRULWKP�FDQ�SURWHFW��:H�GR� WKDW��QRW�RQO\� WKH�PD[LPXP
YDOXH�SRVLWLRQ�LV�FKHFNHG�ZLWK�D�PRGHO��EXW�DOVR�LW�ZLOO�EH�FKHFNHG�ZLWK�WKH��QG�PD[LPXP�YDOXH�SRVLWLRQ�RI�WKH�VDPH�DQVZHU
LWHP��,I�WKHLU�YDOXH�LV�GLIIHULQJ�OHVV�WKDQ����SL[HOV��FLUFOH�ERXQGDULHV���[���SL[HOV��VNLS�WR�QH[W�DQVZHU�LWHP�

,Q�)LJXUH���� WKH�DQVZHU� VKHHW�ZDV�PDUNHG� IRU� VWXGHQW�FRGH��������DQG�VXEMHFW�FRGH�0$������&URVV�0DUNV�DUH
XVHG�IRU�WKH�DQVZHU�FKHFNLQJ��6XEMHFW�DQG�6WXGHQW�FRGH�DUH�GHWHFWHG�DQG�WKH�UHVXOWV�DUH�VKRZQ�LQ�7DEOH���DQG���UHVSHFWLYHO\�
7DEOH���VKRZV�WKH�GHWDLO�DQG�VXPPDU\�RXWSXW�IURP�WKH�DQVZHU�FKHFN�SURFHVV�

)LJXUH����,QSXW�DQVZHU�VKHHW�

7DEOH����1XPEHU�RI�EODFN�SL[HOV�LQ�FLUFOH�IRU�VXEMHFW�FRGH�ILHOG��PDUNHG�DV�0$�����

)LHOG�1R� 1XPEHU�RI�%ODFN�3L[HOV
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7DEOH����1XPEHU�RI�EODFN�SL[HOV�LQ�FLUFOH�IRU�VWXGHQW�FRGH�ILHOG��PDUNHG�DV��������

)LHOG�1R� 1XPEHU�RI�%ODFN�3L[HOV
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7DEOH����'HWDLOV�DQG�VXPPDU\�RXWSXW�IURP�WKH�DQVZHU�FKHFN�SURFHVV�

$QVZHU�,WHP
7UXH�$QVZHU�0RGHO

3RVLWLRQ
1XPEHU�RI�EODFN�SL[HOV�LQ�HDFK
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