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,WDPDU�(OKDQDQ\
�
��'DQ�6DGRW

�

(OHFWULFDO�DQG�&RPSXWHUV�(QJLQHHULQJ�'HSDUWPHQW

%HQ�*XULRQ�8QLYHUVLW\

%HHU�6KHYD��������,VUDHO

$EVWUDFW

$ QRYHO KLJK WKURXJKSXW� UHVHUYDWLRQ�EDVHG VZLWFK DUFKLWHFWXUH IRU $70�:'0

QHWZRUNV LV SUHVHQWHG� 7KH VFKHPH LV FRQWHQWLRQ�IUHH DQG KLJKO\ IOH[LEOH \LHOGLQJ D

SRZHUIXO VROXWLRQ IRU KLJK�VSHHG EURDGEDQG SDFNHW�VZLWFKHG QHWZRUNV� 6ZLWFKLQJ

PDQDJHPHQW DQG FRQWURO LV VWXGLHG IRU GDWD UDWHV RI XS WR �� *ELW�VHF�SRUW� SURYLGLQJ

DJJUHJDWHG WKURXJKSXW RI RYHU � 7HUDELW�VHF�

���,QWURGXFWLRQ

:DYHOHQJWK� GLYLVLRQ� PXOWLSOH[LQJ� �:'0�� LV� ZLGHO\� UHFRJQL]HG� DV� D� SURPLVLQJ

WHFKQRORJ\� IRU� KLJK�FDSDFLW\�� VFDODEOH�� FRVW� HIIHFWLYH� RSWLFDO� QHWZRUNV�� &RQVLGHUDEOH

DWWHQWLRQ�KDV�EHHQ�SDLG�WR�:'0�FRQWHQWLRQ�UHVROXWLRQ�DQG�ZDYHOHQJWK�DVVLJQPHQW�LVVXHV�

FRPPRQO\�WDUJHWHG�DW�SDFNHW�VZLWFKHG�FRPSXWHU�QHWZRUNV�VXFK�DV�DV\QFKURQRXV�WUDQVIHU

PRGH��$70���&KLXVVL�HW�DO���������0F.LQQRQ�HW�DO����������5HFHQWO\��VHYHUDO�VZLWFKLQJ

VFKHPHV�ZHUH�GHVLJQHG�LQ�RUGHU�WR�VXSSRUW�KLJK�FDSDFLW\��ODUJH�QXPEHU�RI�SRUWV�DQG�ORZ

ODWHQF\�UHTXLUHPHQWV��&KLXVVL�HW�DO��������6DOLVEXU\�HW�DO���������6LYDUDPDQ�HW�DO���������

+HUH��ZH�LQWURGXFH�D�QHZ�:'0�SDFNHW�VZLWFKLQJ�VFKHPH�WKDW�RIIHUV�7HUDELW�VHF�FDSDFLW\

DORQJ�ZLWK�VXSSRUW�RI�RYHU�����SRUWV�DQG�VZLWFKLQJ�ODWHQF\�RI�VHYHUDO�PLFURVHFRQGV��7KH

QHZ� DUFKLWHFWXUH� LV� FRQWHQWLRQ�IUHH� DQG� KDV� WKH� DGYDQWDJHV� RI� ORZ� LPSOHPHQWDWLRQ

FRPSOH[LW\� DQG� KLJK� VFDODELOLW\�� ,Q� DGGLWLRQ�� WKH� DUFKLWHFWXUH� FDQ� HDVLO\� EH� DGDSWHG� WR

FRPSO\�ZLWK�GLYHUVH�TXDOLW\�RI�VHUYLFH��4R6��GHPDQGV�

���6ZLWFKLQJ�$UFKLWHFWXUH

)LJXUH���GHSLFWV�WKH�SURSRVHG�VZLWFK�DUFKLWHFWXUH��7KH�QRGHV��FRUUHVSRQGLQJ�WR�WKH�VZLWFK

SRUWV�� KDYH� EL�GLUHFWLRQDO� RSWLFDO� GDWD� OLQNV� LQWHUFRQQHFWHG� YLD� DQ� RSWLFDO� SDVVLYH� VWDU

FRXSOHU��(DFK�WUDQVPLWWHU�FDQ�EH�WXQHG�WR�DQ\�RI�WKH�1�ZDYHOHQJWKV��ZKLOH�HDFK�UHFHLYHU�LV

� ������������������������������������������������
 :RUN VXSSRUWHG E\ WKH ,VUDHOL 0LQLVWU\ RI 6FLHQFH XQGHU FRQWUDFW QR� ���������� WKH :ROIVRQ
IRXQGDWLRQ DQG WKH 5HFWRU¶V RIILFH DW WKH %HQ�*XULRQ 8QLYHUVLW\ RI WKH 1HJHY�

� (�PDLO� LWDPDU#LHHH�RUJ
� (�PDLO� VDGRW#HH�EJX�DF�LO
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DVVLJQHG�D�IL[HG�DQG�GLVWLQFW�ZDYHOHQJWK��$70�WUDIILF�UHFHLYHG�DW�HDFK�SRUW�LV�GLVWULEXWHG

WR�GLIIHUHQW�EXIIHUV�ZLWKLQ�WKH�QRGH�RQ�D�FHOO�E\�FHOO�EDVLV��ZKHUH�HDFK�EXIIHU�UHODWHV�WR�D

VLQJOH�ZDYHOHQJWK�DFFRUGLQJ�WR�WKH�GHVLUHG�GHVWLQDWLRQ�QRGH��$OO�QRGHV�DUH�FRQQHFWHG�WR�D

FHQWUDO�ZDYHOHQJWK�UHVHUYDWLRQ�VFKHGXOHU�YLD�D�FRPPRQ�HOHFWURQLF�ZDYHOHQJWK�UHVHUYDWLRQ

EXV��DQG�LQGLYLGXDO�FRQWURO�OLQHV��7KH�1�EXV�OLQHV�DUH�DFFHVVLEOH�WR�DOO�QRGHV�DQG�LQGLFDWH

WKH�UHVHUYDWLRQ�VWDWXV�RI�HDFK�RI�WKH�1�ZDYHOHQJWKV��7KH�LQGLYLGXDO�FRQWURO�OLQHV�DUH�XVHG

E\� WKH�VFKHGXOHU� WR� VLJQDO�HDFK�QRGH�� LQ� WXUQ�� WR� FRPPHQFH� WKH�ZDYHOHQJWK� UHVHUYDWLRQ

SURFHGXUH�

)LJXUH����7HUDELW�VHF�$70�RYHU�:'0�VZLWFK�DUFKLWHFWXUH

���:DYHOHQJWK�5HVHUYDWLRQ

8SRQ� UHFHLYLQJ� D� FRQWURO� VLJQDO� IURP� WKH�ZDYHOHQJWK� UHVHUYDWLRQ� VFKHGXOHU�� HDFK� QRGH

SHUIRUPV� ZDYHOHQJWK� UHVHUYDWLRQ� DFFRUGLQJ� WR� WZR�PDMRU� JXLGHOLQHV�� �D�� JOREDO� VZLWFK

UHVRXUFHV� VWDWXV�� L�H��� DYDLODEOH� ZDYHOHQJWKV� DW� WKH� UHVHUYDWLRQ� WLPH�� DQG� �E�� ORFDO

FRQVLGHUDWLRQV��L�H���WKH�VWDWXV�DQG�SULRULWLHV�RI�WKH�QRGH
V�LQWHUQDO�EXIIHUV�

)LJXUH���LOOXVWUDWHV�D�EORFN�GLDJUDP�RI�WKH�ZDYHOHQJWK�UHVHUYDWLRQ�KDUGZDUH�RI�D�QRGH

LQ�DQ��[��VZLWFK��$W�WKH�KLJKHVW�OHYHO��WKH�ZDYHOHQJWK�UHVHUYDWLRQ�VWDWXV�OLQHV��GHQRWHG�E\

6L�� HLWKHU� JUDQW� RU� GLVFDUG� EXIIHU� SULRULWLHV�� GHQRWHG� E\� 3L�� YLD� GHVLJQDWHG� $1'� ORJLF�

&RQVHTXHQWO\�� RQO\� EXIIHU� LQGLFHV�� GHQRWHG� E\� ,L�� UHODWLQJ� WR� DYDLODEOH� ZDYHOHQJWKV

DGYDQFH�WR�WKH�ORZHU�OHYHOV��(DFK�OHYHO�FRQVLVWV�RI�D�VHW�RI�FRPSDUDWRUV��ZKLFK�UHFHLYH�DV

LQSXW�D�SDLU�RI�LQGLFHV�DORQJ�ZLWK�WKHLU�UHVSHFWLYH�SULRULWLHV�DQG�RXWSXW�WKH�KLJKHU�SULRULW\

DQG� LWV� FRUUHVSRQGLQJ� LQGH[�� 7KH� RXWSXW� RI� WKH� ODVW� FRPSDUDWRU� GHWHUPLQHV� WKH

³SUHYDLOLQJ´�EXIIHU��ZKLFK�KHOG�WKH�KLJKHVW�SULRULW\�RXW�RI�WKH�VXEVHW�RI�EXIIHUV�UHODWLQJ�WR

XQUHVHUYHG�ZDYHOHQJWKV��$Q\� QXPEHU� RI� SDUDPHWHUV�� VXFK� DV� EXIIHU� ORDG�� DFFXPXODWHG

GHOD\�DQG�UHTXLUHG�4R6�FDQ�DIIHFW�WKH�EXIIHU�SULRULW\�PHWULFV��1RGH�ZDYHOHQJWK�VHOHFWLRQ

:DYHOHQJWK

5HVHUYDWLRQ %XV

DQG &RQWURO /LQHV

λ
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&RXSOHU

:DYHOHQJWK

5HVHUYDWLRQ
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LV� LQVWDQWO\�IROORZHG�E\�DVVHUWLRQ�RI� WKH�UHOHYDQW� OLQH�ZLWKLQ� WKH�ZDYHOHQJWK�UHVHUYDWLRQ

EXV�� $W� WKDW� SRLQW�� XWLOL]LQJ� D� ZHLJKWHG� 5RXQG� 5XELQ� SURFHGXUH�� WKH� FHQWUDO� VFKHGXOHU

VLJQDOV�WKH�QH[W�QRGH�WR�EHJLQ�ZDYHOHQJWK�UHVHUYDWLRQ��&RQWHQWLRQ�LV�DYRLGHG��VLQFH�DW�DQ\

JLYHQ�WLPH�RQO\�RQH�QRGH�DWWHPSWV�WR�UHVHUYH�D�ZDYHOHQJWK��$IWHU�DOO�1�QRGHV�FRPSOHWH

ZDYHOHQJWK�UHVHUYDWLRQ��KLJK�VSHHG�GDWD�LV�RSWLFDOO\�WUDQVPLWWHG�YLD�WKH�VWDU�FRXSOHU�

����)LJXUH����%ORFN�GLDJUDP�RI�QRGH�ZDYHOHQJWK�UHVHUYDWLRQ�IRU�DQ��[��VZLWFK�

7KH� ZDYHOHQJWK� UHVHUYDWLRQ� DQG� GDWD� WUDQVPLVVLRQ� DUH� FRQGXFWHG� LQ� D� WLPH� VORW

GLVFLSOLQH��1RGHV�WUDQVPLW�GDWD�FRQFXUUHQWO\�DW�ZDYHOHQJWKV�UHVHUYHG�GXULQJ�WKH�SUHYLRXV

WLPH� VORW��$VVXPLQJ�1� QRGHV�� WKH� WLPH� VORW� SHULRG� FDQ� EH� FDOFXODWHG� DV�
cts W11W ⋅⋅= ��ORJ

�
�

ZKHUH� WF� LV� WKH� SURFHVVLQJ� WLPH� IRU� D� VLQJOH� FRPSDUDWRU�� $FFRUGLQJO\�� WWV GLFWDWHV� WKH

PLQLPDO�QXPEHU�RI�FHOOV�UHTXLUHG�WR�EH�WUDQVPLWWHG�GXULQJ�HDFK�WLPH�VORW�DQG�KHQFH�WKH

TXHXLQJ�WLPH�GHOD\V�

���6LPXODWLRQ�5HVXOWV

7DNLQJ�LQWR�FRQVLGHUDWLRQ�SUHVHQW�FXVWRP�9/6,�WHFKQRORJ\�� WF ��QV�ZDV�IRXQG� IHDVLEOH�

$V�D�UHVXOW��H[WUHPHO\�VKRUW�SURFHVVLQJ�WLPH�IRU�UHVRXUFH�DOORFDWLRQ�LV�DWWDLQHG��\LHOGLQJ

KLJK� VZLWFKLQJ� SHUIRUPDQFH�� )LJXUH� �� SUHVHQWV� WKH� QXPEHU� RI� FHOOV� UHTXLUHG� WR� EH

WUDQVPLWWHG�GXULQJ�HDFK�WLPH�VORW�XQGHU�KHDY\�WUDIILF�FRQGLWLRQV��YHUVXV�VZLWFK�DJJUHJDWHG

WKURXJKSXW��9DULRXV�SRUW�ELWUDWHV�DUH�SUHVHQWHG�DV�D�SDUDPHWHU��7KH�PDUNV�RQ�HDFK�FXUYH

UHSUHVHQW�VWDQGDUG�QXPEHU�RI�SRUWV��H�J�����������������DQG������6LPXODWLRQV�GHPRQVWUDWH

WKDW�7HUDELW�VHF�VZLWFKLQJ�FDSDFLW\�DW������*ESV��2&������SHU�SRUW�FDQ�EH�DFKLHYHG��2YHU

WR�����SRUWV�DUH� VXSSRUWHG�ZLWK�XQGHU����FHOOV� WUDQVPLWWHG�SHU� WLPH� VORW�� DQG�ZLWK� WRWDO

UHTXLUHG�EXIIHU�VL]H�RI�D�IHZ�KXQGUHGV�RI�FHOOV�

7KHVH� UHVXOWV� FDQ�EH� FRPSDUHG� WR�RWKHU�KLJK�VSHHG�EXIIHU�PDQDJHPHQW� DSSURDFKHV

VXFK�DV�LQ��&KLXVVL�HW�DO����������,Q�VXFK�DUFKLWHFWXUHV��EXIIHU�VHOHFWLRQ�LV�H[HFXWHG�XVLQJ

UHVHUYDWLRQ�IUHH� 5RXQG�5RELQ� DOJRULWKPV� WKDW� DWWHPSW� WR� PLQLPL]H� SURFHVVLQJ� WLPH�

&RQWHQWLRQ� LV�DYRLGHG�E\�DSSO\LQJ�PXOWLOD\HUHG�EXIIHU� FRQILJXUDWLRQV� DQG�EDFNSUHVVXUH

PHFKDQLVPV��ZKLFK�OLPLW�SHUIRUPDQFH�DQG�VFDODELOLW\�

$OWKRXJK�LQ�WKLV� OHWWHU�ZH�GLVFXVV�IL[HG�VL]H�SDFNHWV�� WKLV�PHWKRG�FDQ�EH�DSSOLHG� WR

YDULDEOH�VL]H�SDFNHWV��H�J��� ,3�WUDIILF��%\�WKH�VDPH�WRNHQ��RSWLFDO�:'0�FDQ�EH�UHSODFHG

E\�RWKHU�PXOWLSOH[LQJ�WHFKQRORJ\��H�J���RSWLFDO�6'0��VSDFH�GLYLVLRQ�PXOWLSOH[LQJ��
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)LJXUH����0LQLPDO�QXPEHU�RI�FHOOV�WUDQVPLWWHG�SHU�WLPH�VORW

IRU�YDULRXV�DJJUHJDWHG�WKURXJKSXW�YDOXHV

���&RQFOXVLRQV

$�QRYHO�7ELW�VHF�VZLWFK�DUFKLWHFWXUH�IRU�$70�RYHU�:'0�SDFNHW�VZLWFKHG�QHWZRUNV�KDV

EHHQ� SURSRVHG�� %\� DSSO\LQJ� DQ� XOWUD�KLJK� VSHHG� VFKHGXOLQJ� GLVFLSOLQH�� H[WUHPHO\� KLJK

FDSDFLW\�DQG�ORZ�ODWHQF\�VZLWFKLQJ�LV�DFKLHYHG�IRU�IDEULFV�RI�XS�WR����[�����7KH�GHVLJQ

LV�VLPSOH��VFDODEOH�DQG�IOH[LEOH�WR�VXSSRUW�GLYHUVH�WUDIILF�FKDUDFWHULVWLFV��7KH�PHWKRG�FDQ

EH�DGDSWHG�WR�,3�WUDIILF�DQG�WR�YDULRXV�PXOWLSOH[LQJ�WHFKQRORJLHV�

5HIHUHQFHV

&KLXVVL�� )��0��� -��*��.QHXHU�� DQG�9��3��.XPDU� �������� ³/RZ�&RVW� 6FDODEOH� 6ZLWFKLQJ

6ROXWLRQV�IRU�%URDGEDQG�1HWZRUNLQJ��7KH�$7/$17$�$UFKLWHFWXUH�DQG�&KLSVHW�´�,(((

&RPPXQLFDWLRQV�0DJD]LQH������QR������SS��������

0F.LQQRQ��0��:��� 1�� 5�� *HRUJH�� DQG� *�� 3�� +DUU\� �������� ³3HUIRUPDQFH� $QDO\VLV� RI

6LQJOH�+RS�3KRWRQLF�$70�6ZLWFK�$UFKLWHFWXUH�ZLWK�7XQDEOH�7UDQVPLWWHUV� DQG�)L[HG

)UHTXHQF\�5HFHLYHUV�´�3HUIRUPDQFH�(YDOXDWLRQ������QR�����SS���������

6DOLVEXU\�� &��� DQG� 5�� 0HOKHP� �������� ³$� +LJK� 6SHHG� 6FKHGXOHU�&RQWUROOHU� IRU

8QEXIIHUHG�%DQ\DQ�1HWZRUNV�´�3URF��,(((�,&&¶����6HVVLRQ�6�����

6LYDUDPDQ��9���DQG�*��1��5RXVNDV���������³+L3H5����$�+LJK�3HUIRUPDQFH�5HVHUYDWLRQ

3URWRFRO� ZLWK� /RRN�$KHDG� IRU� %URDGFDVW� :'0� 1HWZRUNV�´� 3URF�� ,(((� ,1)2&20
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