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7KLV� ZRUN� SURSRVHV� D� WHFKQLTXH� WR� VSHHG� XS� WKH� H[HFXWLRQ� RI� DQ� LQWHUSUHWHU� IRU� D� YLUWXDO
PDFKLQH�LPSOHPHQWLQJ�LQ�D�KLJK�OHYHO�ODQJXDJH���:H�REVHUYH�WKDW�IRU�D�VWDFN�EDVHG�PDFKLQH
WKH�SHUIRUPDQFH�OLPLW�RI�WKH�LQWHUSUHWHU�LV�OLNHO\�WR�EH�WKH�IHWFK�OLPLW��L�H��WKH�WLPH�VSHQGLQJ�RQ
IHWFKLQJ�DQG�GHFRGLQJ�DQ�LQVWUXFWLRQ�� � �:H�K\SRWKHVLVH�WKDW� WR�LPSURYH�WKH�SHUIRUPDQFH�WKH
QXPEHU�RI�LQVWUXFWLRQ�WR�EH�H[HFXWHG�VKRXOG�EH�UHGXFHG���7KLV�FDQ�EH�DFKLHYHG�E\�GHVLJQLQJ
DQ� LQVWUXFWLRQ� VHW� WKDW� HDFK� LQVWUXFWLRQ� SHUIRUPV� DV�PXFK�ZRUN� DV� SRVVLEOH�� � %DVHG� RQ� WKLV
DVVXPSWLRQ��ZH� LQYHVWLJDWH� DQ� REYLRXV� DOWHUQDWLYH� DUFKLWHFWXUH� ��� D� UHJLVWHU�EDVHG�PDFKLQH� ��
:H�KDYH� FRPSDUHG� WZR�YLUWXDO�PDFKLQHV� �� VWDFN�EDVHG� DQG� UHJLVWHU�EDVHG�� �8VLQJ� 6WDQIRUG
LQWHJHU�EHQFKPDUN�VXLWH��WKH�UHVXOW�VKRZV�WKDW�UHJLVWHU�EDVHG�YLUWXDO�PDFKLQH�LQWHUSUHWHU�LV����
WR���WLPHV�IDVWHU�WKDQ�WKH�VWDFN�EDVHG�YLUWXDO�PDFKLQH�LQWHUSUHWHU�

����,QWURGXFWLRQ

7KH� PRVW� SRSXODU� DSSOLFDWLRQV� EDVHG� RQ� YLUWXDO� PDFKLQH� DUH� -DYD� DSSOHWV�� � ,WV� SRSXODULW\
GHULYHG�IURP�LWV�DELOLW\� WR�EH�SODWIRUP� LQGHSHQGHQW�� �$�-DYD�FRPSLOHU�SURGXFHV�-DYD�YLUWXDO
PDFKLQH� LQVWUXFWLRQV� ZKLFK� DUH� DUFKLWHFWXUDO� QHXWUDO�� � � 7KLV� OHDGV� QDWXUDOO\� WR� WKH� VW\OH� RI
LPSOHPHQWDWLRQ� WKDW� XVHV� DQ� LQWHUSUHWHU�� � 7KHUH� LV� D� SHQDOW\� RI� XVLQJ� LQWHUSUHWHU�� WKDW� LV� LWV
SHUIRUPDQFH���0DQ\�UHVHDUFKHV�DUH�DWWDFNLQJ�WKLV�SHUIRUPDQFH�LVVXH�>���@���7KHVH�DWWHPSWV�DUH
DORQJ� WKHVH� DSSURDFKHV� �� H[HFXWLRQ� LQ� KDUGZDUH�� MXVW� LQ� WLPH� FRPSLOHU� DQG� YDULDQWV� RI
FRPSLOHU���2XU�SUHYLRXV�ZRUN�SURSRVHG�D�WHFKQLTXH�EDVHG�RQ�D�YLUWXDO�PDFKLQH�H[WHQVLRQ�>�@�
7KH� RSWLPL]DWLRQ� WHFKQLTXH� UHFRJQLVHV� WKH� VHTXHQFH� RI� E\WH�FRGH� LQ� WKH� EDVLF� EORFNV�� � %\
DQDO\VLQJ�WKH�G\QDPLF�H[HFXWLRQ�RI�EHQFKPDUN�SURJUDPV�WKH�PRVW�IUHTXHQWO\�XVHG�VHTXHQFH
DUH�LGHQWLILHG�DQG�UHSODFHG�E\�WKH�VSHFLDOLVHG�YHUVLRQ�RI�E\WH�FRGHV�ZKLFK�DUH�DQ�H[WHQVLRQ�RI
WKH�RULJLQDO�YLUWXDO�PDFKLQH�

$Q� H[WHQVLRQ� RI� YLUWXDO� PDFKLQH� DSSURDFK� GHSHQGV� RQ� WKH� G\QDPLF� FKDUDFWHULVWLFV� RI
DSSOLFDWLRQV��L�H��WKH�IUHTXHQF\�RI�WKH�H[HFXWLRQ�RI�SDUWLFXODU�VHTXHQFH�RI�LQVWUXFWLRQV���)URP
RXU�HDUOLHU�H[SHULHQFH�>�@��WKH�VSHHG�XS�LV�DVVRFLDWHG�ZLWK�WKH�UHGXFWLRQ�RI�WKH�QXPEHU�RI�VWDFN
RSHUDWLRQ���$V�D�YLUWXDO�PDFKLQH�LV�LPSOHPHQWHG�LQ�D�KLJK�OHYHO�ODQJXDJH��ZH�K\SRWKHVLV�WKDW
WKH�PDLQ�ERWWOHQHFN�LV�WKH�WLPH�VSHQGLQJ�LQ�WKH�LQVWUXFWLRQ�IHWFK�DQG�GHFRGH��VR�FDOOHG��IHWFK�
OLPLW���$�EDVLF�ORRS�LQ�DQ�LQWHUSUHWHU�LV��



ZKLOH�UXQIODJ��^
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H[HFXWH�E\WH�FRGH��^
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����FDVH������
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`

7KH�QXPEHU�RI�WLPHV�D�SURJUDP�JRHV�WKURXJK�WKH�PDLQ�ZKLOH�ORRS�DQG�VZLWFK�GLFWDWHV�WKH
IHWFK�WLPH���:H�H[SORUH�DQ�DOWHUQDWLYH�,QVWUXFWLRQ�6HW�$UFKLWHFWXUH��,6$��WKDW�DLPV�WR�UHGXFH
WKH�IHWFK�WLPH�� �%\�PDNLQJ�HDFK� LQVWUXFWLRQ�GR� WKH�ZRUN�DQG�PXFK�DV�SRVVLEOH� WKH�G\QDPLF
LQVWUXFWLRQ� FRXQW� FDQ� EH� UHGXFHG�� KHQFH� WKH� UHGXFWLRQ� RI� IHWFK� WLPH�� � 7RZDUGV� WKLV� JRDO� DQ
REYLRXV� DUFKLWHFWXUH� WR� H[SORUH� DV� RSSRVHG� WR� WKH� VWDFN�EDVHG� DUFKLWHFWXUH� �690�� LV� WKH
UHJLVWHU�EDVHG�DUFKLWHFWXUH��590����,Q�WKH�UHJLVWHU�EDVHG�DUFKLWHFWXUH�DQ�LQVWUXFWLRQ�KDV�DFFHVV
WR� D� QXPEHU� RI� RSHUDQGV� LQ� WKH� UHJLVWHUV� LQVWHDG� RI� OLPLW� WR� WKH� DFFHVV� WR� WKH� VWDFN�� � 7KH
UHJLVWHUV�FDQ�EH�DFFHVVHG�UDQGRPO\�XQOLNH�WKH�VWDFN���$QRWKHU�SRVVLEOH�DOWHUQDWLYH�LV�WKH�/RQJ
,QVWUXFWLRQ� :RUG� �/,:�� DUFKLWHFWXUH�� � 7KH� /,:� DSSURDFK� UHTXLUHV� D� FRPSLOHU� WKDW� FDQ
SHUIRUP�LQVWUXFWLRQ�VFKHGXOLQJ���$V�DQ�LQWHUSUHWHU�LV�EDVLFDOO\�VHTXHQWLDO�LQ�H[HFXWLRQ��D�ORQJ
LQVWUXFWLRQ�QHHGV�WR�EH�XQSDFNHG�DQG�H[HFXWH�HDFK�VKRUW�LQVWUXFWLRQ�LQGLYLGXDOO\�ZKLFK�LQ�WKH
HQG�WKH�H[HFXWLRQ�WLPH�ZLOO�EH�FRPSDUDEOH�WR�D�UHJLVWHU�PDFKLQH���7KH�RWKHU�DOWHUQDWLYH�LV�WKH
YHFWRU�DUFKLWHFWXUH�ZKHUH�DQ�LQVWUXFWLRQ�FDQ�SHUIRUP�D�YHFWRU�RSHUDWLRQ���7KLV��ZLOO�GHILQLWHO\
UHGXFH�IHWFK�WLPH�EXW�D�YHFWRU�PDFKLQH�LV�KDUGO\�D�JHQHUDO�SXUSRVH�DUFKLWHFWXUH���,W�LV�OLPLWHG
WR�DSSOLFDWLRQV�WKDW�DUH�VXLWDEOH�IRU�YHFWRUL]DWLRQ�

7KH�QH[W� VHFWLRQ�GHVFULEHV�KRZ�ZH�GHVLJQ� WKH� H[SHULPHQW� DQG� KRZ�ZH� WHVW� WKH� K\SRWKHVLV�
7KH� VXEVHTXHQW� VHFWLRQV� H[SODLQ� WKH� VWDFN�EDVHG� PDFKLQH� DQG� UHJLVWHU�EDVHG� PDFKLQH� LQ
GHWDLOV�DQG�GLVFXVV�WKH�H[SHULPHQW�DQG�WKH�UHVXOW�

����&RPSDULQJ�WKH�690��DQG�WKH�590

7KH�WHVW�EHG�LV�D�VHW�RI�VPDOO�LQWHJHU�EHQFKPDUN��6WDQIRUG�LQWHJHU�VXLWH��>�@���7KH�690�FRPHV
IURP�>�@��,W�LV�D�VLPSOH�VWDFN�PDFKLQH���7KH�590�LV�EDVLFDOO\�D���RSHUDQG�UHJLVWHU�PDFKLQH�
:H� FRPSDUH� WKH� G\QDPLF� LQVWUXFWLRQ� FRXQW� DQG� WKH� H[HFXWLRQ� WLPH�� � &RPSDULQJ� WKH
LQVWUXFWLRQ�FRXQW�GRHVQ
W�SRVH�DQ\�SUREOHP�DV�LW�GHSHQGV�PRVWO\�RQ�WKH�LQVWUXFWLRQ�VHW�GHVLJQ
DOWKRXJK� WKH� FRPSLOHU� DIIHFWV� WKH� TXDOLW\� RI� WKH� JHQHUDWHG� FRGH�� ZH� WU\� WR� JHQHUDWH� D
UHDVRQDEOH� JRRG� FRGH� IRU� ERWK� PDFKLQHV�� � &RPSDULQJ� WKH� H[HFXWLRQ� WLPH� GHSHQGV� RQ� WKH
LPSOHPHQWDWLRQ�RI�WKH�YLUWXDO�PDFKLQH�LQWHUSUHWHU���,Q�WKLV�UHVSHFW��LW�LV�GLIILFXOW�WR�VHSDUDWH�WKH
GLIIHUHQFH� FDXVHG� E\� WKH� LPSOHPHQWDWLRQ� DQG� WKH� GLIIHUHQFH� FDXVHG� E\� WKH� LQVWUXFWLRQ� VHW
GHVLJQ���:H�WU\�WR�PLQLPLVH�WKH�GLIIHUHQFH�RI�WKH�LPSOHPHQWDWLRQ�E\�XVLQJ�WKH�VLPLODU�VW\OH�LQ
LPSOHPHQWLQJ�ERWK�YLUWXDO�PDFKLQH�LQWHUSUHWHUV���:H�EHOLHYH�WKDW�WKH�UHSRUWHG�VWDWLVWLFV�VKRZ
WKH�GLIIHUHQFH�FDXVHG�E\�WKH�LQVWUXFWLRQ�VHW�GHVLJQ�IDLUO\�ZHOO�



����7KH�UHJLVWHU�EDVHG�PDFKLQH��590�
7KH�590� LV� D� ��RSHUDQG� UHJLVWHU�PDFKLQH�� � ,W� LV� D� � ORDG�VWRUH� DUFKLWHFWXUH�ZLWK� ��

UHJLVWHUV��7KH�PDFKLQH�KDV�D������ZRUGV�DGGUHVVDEOH�XQLILHG�PHPRU\�VSDFH��ILJXUH�������7KH
RSHUDQG� LQ� WKH� RSFRGH� FDQ� EH� DFFHVVHG� XVLQJ� �� DGGUHVVLQJ� PRGHV�� � ���� DEVROXWH� �ZLWK� DQ
DGGUHVV� VL]H� RI� ��� ELWV��� � ���� LQWHUPHGLDWH� ������ WR� � ������ ��� � ���� EDVH�LQGH[�� ���
EDVH�GLVSODFHPHQW� �ZLWK� DQ� DGGUHVV� RIIVHW� VL]H� RI� ��� ELWV�� DQG� � ���� UHJLVWHU� GHIHUUHG�� � 7KH
PDFKLQH�KDV�������ELW�JHQHUDO�SXUSRVH�UHJLVWHUV��*35V���QDPHO\�5���5��«�5����7KH�5�� LV
UHVHUYHG�IRU�D�FRQVWDQW�]HUR��5��LV�XVHG�LQ�WKH�VDPH�ZD\�DV�*35V�EXW�LWV�YDOXH�DOZD\V���ZKHQ
UHDG�DQG�WKH�ZULWH�WR�5��LV�LJQRUHG��5��LV�D�SURJUDP�FRXQWHU�DQG�5���VWRUHV�WKH�UHPDLQGHU�LQ
WKH�',9�LQVWUXFWLRQ�

7KH�590�KDV����VLPSOH�LQVWUXFWLRQV�� �/DWHU��DIWHU�VRPH�H[SHULPHQWV��ZH�IRXQG�WKDW�ZH�FDQ
VSHHG�XS�WKH�H[HFXWLRQ�E\�DGGLQJ���VWDFN�RSHUDWLRQV��6$9(�DQG�5672��WR�VDYH�DQG�UHVWRUH
YDOXH� RI� UHJLVWHUV� EHWZHHQ� D� IXQFWLRQ� FDOO��$OO� RI� WKH� LQVWUXFWLRQV� VXSSRUW� RQO\� ���ELW�ZRUG
GDWD�W\SH��7KH�LQVWUXFWLRQV�DUH�HQFRGHG�XVLQJ����ELW�IL[HG�OHQJWK�HQFRGLQJ���7KH�LQVWUXFWLRQV
FDQ� EH� GLYLGHG� LQWR� WKUHH� JURXSV�� ���� GDWD� WUDQVIHU�� �� /2$'�� 6725(�� /2$',�� 6$9(� DQG
5672��$OO�LQVWUXFWLRQV�LQ�WKLV�JURXS�H[FHSW�/2$',�DUH�WKH�RQO\�LQVWUXFWLRQV�WKDW�FDQ�DFFHVV
WKH�PHPRU\������&RQWURO�IORZ����&$//��-803�DQG�+$/7�DQG�����$/8�LQVWUXFWLRQV����$''�
68%��$1'��25��;25��6+,)7��08/�DQG�',9��7KH�$/8�LQVWUXFWLRQV�KDYH�DQ�RSWLRQ�WR�VHW
FRQGLWLRQDO�IODJV��]HUR��QHJDWLYH��FDUU\�DQG�RYHUIORZ��WR�UHIOHFW�WKH�UHVXOW�RI�WKH�LQVWUXFWLRQ�
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�����7KH�VWDFN�EDVHG�PDFKLQH��690�
7KH�690�LV�D�E\WH�FRGH�PDFKLQH�� �7KH�E\WH�FRGH�VHW� LV�TXLWH�PLQLPDO�� � ,W�KDV�EHHQ

GHVLJQHG�WR�PDNH�LW�HDV\�WR�LPSOHPHQW�WKH�LQWHUSUHWHU�IRU�YDULRXV�SODWIRUPV���)LJXUH���VKRZV
WKH�VHPDQWLFV�RI�E\WH�FRGHV�

1RWDWLRQ� ��0�PHPRU\��'6�GDWD�VHJPHQW��66�VWDFN�VHJPHQW�� �$RS�DULWKPHWLF�RSHUDWRUV��/RS
ORJLFDO�RSHUDWRUV��8RS�XQDU\�RSHUDWRUV�

%\WH�FRGH 2SHUDWLRQDO�VHPDQWLFV
>/LW��Q�@ SXVK��Q��
>/YDOJ��UHI�@����� SXVK��UHI��
>/YDO��L�@����� SXVK��)S�L��
>5YDOJ��UHI�@����� SXVK��'6>UHI@��
>5YDO��L�@����� SXVK��66>)S�L@��
>)HWFK@ SXVK��0>�SRS�@��
>6HW@ 0>�SRS��@� �SRS�
>,QGH[@����� SXVK��EDVHBDGV���LQGH[��
>-PS��DGV�@ ,S� �DGV
>-]��DGV�@����� LI�SRS� ���WKHQ�,S� �DGV
>&DOO��DGV�@����� SXVK��,S����,S� �DGV
>)XQF��QS��QO�@���� VDYH�VWDWH��QHZ�VWDFN�IUDPH��SDVV

SDUDPHWHUV
>5HW�@ UHPRYH�VWDFN�IUDPH��UHVWRUH�VWDWH
>5HW�@ UHPRYH�VWDFN�IUDPH��UHVWRUH�VWDWH�

UHWXUQ�D�YDOXH
>6WRS@ WHUPLQDWH�WKH�SURFHVV
>$RS@ SXVK���SRS��$RS�SRS���
>/RS@ SXVK���SRS��/RS�SRS���
>8RS@ SXVK���8RS�SRS��

)LJXUH����690�E\WH�FRGH�VHPDQWLFV

����YDULDEOH�DFFHVV
����HIIHFWLYH�DGGUHVV�FDOFXODWLRQ�IRU�DUUD\�YDU�
����LI�WRS�RI�VWDFN� ���MXPS
����FDOO�WR�VXEURXWLQH
����FUHDWH�QHZ�VWDFN�IUDPH��LQYRNH�D�IXQFWLRQ

����5HVXOW�DQG�GLVFXVVLRQ

7KH�SHUFHQW�RI�UHGXFWLRQ�RI�WKH�LQVWUXFWLRQ�FRXQW�LV�VKRZQ�LQ�)LJXUH���

SHUFHQW�UHGXFWLRQ� ���,VYP���,UYP��
�������,VYP�����������������������������������������������������������

ZKHUH�,�LV�D�G\QDPLF�LQVWUXFWLRQ�FRXQW���7KH�LQVWUXFWLRQ�IHWFK�LV�UHGXFHG����������7KLV�VKRZV
D� ELJ� DGYDQWDJH� RI� 590� RYHU� 690�� � 7KLV� DGYDQWDJH� LV� WUDQVODWHG� WR� WKH� UHGXFWLRQ� RI� WKH
H[HFXWLRQ�WLPH����)LJXUH���VKRZV�WKH�VSHHG�XS�>�@�RI�590�RYHU�690�

VSHHG�XS� �7VYP���7UYP�������������������������������������������������������������������������������������������������



ZKHUH�7�LV�WKH�H[HFXWLRQ�WLPH���7KH�VSHHG�XS�LV�SURSRUWLRQDO�WR�WKH�UHGXFWLRQ�LQ�WKH�LQVWUXFWLRQ
FRXQW�����±������$OWKRXJK�WKH�IHWFK�WLPH�LQ�590�LQ�UHGXFHG��WKH�H[HFXWLRQ�RI�HDFK�LQVWUXFWLRQ
LV�VOLJKWO\�LQFUHDVHG�EHFDXVH�HDFK�LQVWUXFWLRQ�GRHV�PRUH�ZRUN�WKDQ�HDFK�LQVWUXFWLRQ�LQ�690�
'HFRGLQJ�RI�DQ�LQVWUXFWLRQ�LQ�590�LV�DOVR�PRUH�FRPSOLFDWH�GXH�WR�LWV�DGGUHVVLQJ�PRGH���7KH
SURJUDPV� WKDW� KHDYLO\� XVH� UHFXUVLYH� FDOO� GR� QRW� JDLQ� PXFK� VSHHG� XS� EHFDXVH� WKH� FRVW� RI
IXQFWLRQ� FDOO� LV� VLPLODU� EHWZHHQ� 590� DQG� 690�� � )LQDOO\� WKH� VL]H� RI� H[HFXWDEOH� FRGH� LV
FRPSDUHG� LQ� ILJXUH� ��� � 7KH� VL]H� RI� H[HFXWDEOH� FRGH� RI� ERWK� ,6$� DUH� FRPSDUDEOH�� � (DFK
LQVWUXFWLRQ�RI�590�LV�ODUJHU�����ELW��EXW�WKHUH�DUH�IHZHU�LQVWUXFWLRQV�LQ�D�SURJUDP�

,QVWUXFWLRQV�&RXQW
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)LJXUH�����&RPSDULVRQ�RI�WKH�H[HFXWDEOH�VL]H

����&RQFOXVLRQ

)URP�WKH�DQDO\VLV�RI�H[HFXWLRQ�SURILOH�RI�690�ZH�K\SRWKHVLVH�WKDW�WKH�SHUIRUPDQFH�LV�IHWFK�
OLPLW���:H�SURSRVH�D�590�ZKLFK�LV�GHVLJQHG�WR�PLQLPLVH�WKH�G\QDPLF�LQVWUXFWLRQ�FRXQW���7KH
,6$�RI�690�DQG�590�DUH�FRPSDUHG�XVLQJ�6WDQIRUG�LQWHJHU�VXLWH�EHQFKPDUN���7KH�UHVXOW�RI
WKH�H[SHULPHQW�VKRZV�WKDW�590�KDV�UHGXFHG�WKH�LQVWUXFWLRQ�FRXQW��������FRPSDUHG�WR�690�
7KLV� DGYDQWDJH� FDUULHV� WR� WKH� H[HFXWLRQ� WLPH� VSHHG� XS� RI� 590� RYHU� 690�� � 7KLV� UHVXOW
FRQILUPV�RXU�K\SRWKHVLV�

,Q�WKH�IXWXUH��ZH�EHOLHYH�WKDW�WKH�LPSOHPHQWDWLRQ�RI�590�FDQ�EH�LPSURYHG���2XU�IXWXUH�ZRUN
ZLOO� FRQFHQWUDWH� RQ� WKH� GLUHFW� WUDQVODWLRQ� IURP� E\WH�FRGHV� WR� WKH� LQVWUXFWLRQ� VHW� RI� 590
ZLWKRXW�UHFRPSLODWLRQ�RI�WKH�VRXUFH�FRGH���7KLV�FDQ�EH�DSSOLHG�WR�LPSURYH�WKH�H[HFXWLRQ�VSHHG
RI�E\WH�FRGH�H[HFXWLRQ�LQ�-DYD90�E\�LQWURGXFLQJ�D�VXLWDEOH�590�IRU�-DYD���7KH�DGYDQWDJH�RI
WKLV�DSSURDFK�LV�WKDW�WKH�SODWIRUP�LQGHSHQGHQFH�RI�-DYD�LV�UHWDLQHG�ZKLOH�WKH�H[HFXWLRQ�VSHHG
LV� LPSURYHG�� �7KH�VFKHPH� LV�DOVR� FRPSDWLEOH�ZLWK� WKH�H[LVWLQJ�VWUXFWXUH�RI� -DYD� DSSOLFDWLRQ
GHSOR\PHQW�
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