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0DVDQRUL ,6+,,� +LURQDUL 0$68,� +LUR\XNL 6+,0,=8� .R]R 6$.$:$� DQG 7DNHKLNR .2%$<$6+,

<53 0RELOH 7HOHFRPPXQLFDWLRQV .H\ 7HFKQRORJ\ 5HVHDUFK /DERUDWRULHV &R�� /WG�

���� +LNDULQRRND� <RNRVXND�VKL� .DQDJDZD� ��������� -$3$1

(�PDLO� PDVD�L#\US�NWUO�FR�MS�

,� ,1752'8&7,21

,Q SDUDOOHO ZLWK WKH GLYHUVLILFDWLRQ RI PRELOH FRPPXQLFDWLRQV� WKH QHHG KDV DULVHQ IRU IUHTXHQF\

EDQGV FDSDEOH RI KLJK�TXDOLW\ DQG KLJK�VSHHG WUDQVPLVVLRQ UHTXLUHG E\ PXOWLPHGLD VHUYLFHV� ,Q

UHFHQW \HDUV� WKH PLFURZDYH EDQG KDV FRPH WR EH VHHQ DV WKH PRVW SURPLVLQJ FDQGLGDWH LQ WKLV UHJDUG�

DQG LWV DSSOLFDWLRQ WR PRELOH FRPPXQLFDWLRQV LV QRZ EHLQJ VWXGLHG� 7R DFKLHYH KLJK�VSHHG PRELOLW\

DQG KLJK�VSHHG WUDQVPLVVLRQ� KRZHYHU� LW LV LQGLVSHQVDEOH WKDW SURSDJDWLRQ FKDUDFWHULVWLFV EH FODULILHG

DQG SURSDJDWLRQ SDUDPHWHUV EH HPSLULFDOO\ XQGHUVWRRG� 7R GDWH� WKHUH KDYH EHHQ PDQ\ UHSRUWV RQ

VXFK UHVHDUFK LQ WKH 8+) EDQG >�@�>�@� 7KHUH KDYH DOVR EHHQ YDULRXV UHSRUWV RQ OLQH�RI�VLJKW �/26�

PHDVXUHPHQWV LQ WKH PLFURZDYH EDQG ZLWKLQ D VXEXUEDQ HQYLURQPHQW� EXW IHZ IRU QRQ�OLQH�RI�VLJKW

�1/26�� DQG PDQ\ DUHDV LQ 1/26 SURSDJDWLRQ FKDUDFWHULVWLFV VWLOO UHPDLQ XQFOHDU� :LWK WKH DLP RI

REWDLQLQJ DQ HPSLULFDO XQGHUVWDQGLQJ RI SURSDJDWLRQ SDUDPHWHUV� ZH KDYH PHDVXUHG SURSDJDWLRQ ORVV�

GHOD\ VSUHDG� DQG QXPEHU RI DUULYLQJ UDGLR ZDYHV LQ D VXEXUEDQ HQYLURQPHQW ZLWK DQ HPSKDVLV RQ

1/26 FKDUDFWHULVWLFV�

,,� (;3(5,0(17'(6&5,37,21

��� /RFDWLRQ

7KH PHDVXUHPHQWV ZHUH SHUIRUPHG LQ D ORZ�ULVH UHVLGHQWLDO DUHD LQ WKH VXEXUEV ZLWK DYHUDJH

KRXVH KHLJKWV RI � P� $ PDS RI WKH PHDVXUHPHQW DUHD LV VKRZQ LQ )LJ� �� 7KH RYHUDOO PHDVXUHPHQW

FRXUVH FRPSULVHG D /26 FRXUVH LQ WKH HDVW�ZHVW GLUHFWLRQ KDYLQJ D WRWDO OHQJWK RI DERXW ��� P DQG

VHYHUDO 1/26 FRXUVHV HDFK RI DERXW ��� P LQ WKH QRUWK�VRXWK GLUHFWLRQ SHUSHQGLFXODU WR WKH IRUPHU�

6WUHHW ZLGWK LQ WKLV DUHD ZDV DERXW � P� (DFK EORFN FRPSULVHV W\SLFDOO\ �� KRXVHV LQ WRWDO �L�H� WZR

URZV RI HOHYHQ KRXVHV��

��� 0HDVXUHPHQW 6HWXS

)RU WKH WUDQVPLWWLQJ EDVH VWDWLRQ� ZH XVHG D ��P�KLJK DQWHQQD DQG D WUDQVPLVVLRQ IUHTXHQF\ RI

���� *+]� DQG IRU WKH UHFHLYLQJ PRELOH VWDWLRQ� D PHDVXUHPHQW YHKLFOH ZLWK D ����P�KLJK DQWHQQD�

+DOI�ZDYHOHQJWK YHUWLFDO GLSROH DQWHQQDV ZHUH XVHG IRU ERWK WKH WUDQVPLVVLRQ DQG UHFHSWLRQ�

&RQWLQXRXV ZDYH ZDV XVHG IRU SDWK ORVV PHDVXUHPHQWV� $ GHOD\ SURILOH PHDVXUHPHQW V\VWHP>�@

ZDV GHYHORSHG XWLOL]LQJ D SVHXGR QRLVH �31� FRGH PHWKRG IRU KLJK�SUHFLVLRQ GHOD\ PHDVXUHPHQWV LQ

RXWGRRU HQYLURQPHQWV� 7KH WUDQVPLWWHU RI WKH V\VWHP HPSOR\V 31 ZLWK D FRGH OHQJWK RI ���� FKLSV�

DQG WKH WUDQVPLVVLRQ UDWH ZDV �� 0FKLS�V �WLPH UHVROXWLRQ  �� QV� XVLQJ %36. PRGXODWLRQ� 7KH

UHFHLYHU LV FRQILJXUHG ZLWK D VLQJOH VXSHUKHWHURG\QH V\VWHP� ,W H[WUDFWV LQ�SKDVH DQG TXDGUDWXUH

FRPSRQHQWV IURP WKH LQWHUPHGLDWH IUHTXHQF\ VLJQDO� SHUIRUPV ��WLPHV RYHU�VDPSOLQJ XVLQJ D ���ELW

DQDORJ�WR�GLJLWDO FRQYHUWHU� DQG VWRUHV UHVXOWLQJ GDWD LQ UHFHLYH�ZDYHIRUP PHPRU\ DFKLHYLQJ D

VDPSOLQJ VSHHG RI ��� 0VDPSOH�V� &RUUHODWLRQ SURFHVVLQJ LV SHUIRUPHG RII�OLQH DQG D GHOD\ SURILOH LV

FDOFXODWHG� 7KLV GHOD\ SURILOH LV WDNHQ WR EH DQ HQVHPEOH DYHUDJH ZLWK UHVSHFW WR FRQWLQXRXV GDWD

PDGH XS RI �� F\FOHV RI WKH VSUHDG FRGH OHQJWK� $XWRPDWLF JDLQ FRQWURO �$*&� RI WKH UHFHLYH V\VWHP

KDV D G\QDPLF UDQJH RI �� G% LQ �G% VWHSV DQG WLPH FRQVWDQW ZDV � �V� 7KH $*& YDOXH LV FRQVWDQW

ZKLOH WKH �� F\FOHV RI GDWD LV EHLQJ LQSXW� DQG GXULQJ WKLV WLPH� WKH G\QDPLF UDQJH RI WKH UHFHLYH

V\VWHP LV QHDUO\ �� G% � �� ORJ�������� 5HODWLYH DPSOLWXGH XQFHUWDLQW\ LV ZLWKLQ �G%�

,,,� (;3(5,0(175(68/76 $1'',6&866,216

��� 3URSDJDWLRQ /RVV

)LJXUH � VKRZV WKH UHVXOWV RI SURSDJDWLRQ ORVV PHDVXUHPHQWV� )LJXUH ��D� VKRZV SURSDJDWLRQ

ORVV FKDUDFWHULVWLFV IRU ERWK /26 DQG 1/26 VWUHHWV� $V VKRZQ� DQ�DWWHQXDWLRQ FRHIILFLHQW α RI

DSSUR[LPDWHO\ ��� �DOPRVW HTXLYDOHQW WR IUHH VSDFH SURSDJDWLRQ �α  ��� ZDV REWDLQHG IRU WKH /26

高田 潤一




VWUHHW� )LJXUHV ��E� DQG ��F� VKRZ SURSDJDWLRQ�ORVV FKDUDFWHULVWLFV IRU WKH WZR 1/26 VWUHHWV� DQG

WKH\ UHYHDO WKDW D FRUQHU ORVV RI IURP �� WR �� G% RFFXUV RQ WXUQLQJ LQWR 1/26 VWUHHWV� 7KHVH FRUQHU

ORVVHV DUH DERXW �� G% JUHDWHU WKDQ WKDW PHDVXUHG LQ DQ XUEDQ HQYLURQPHQW >�@� $FFRUGLQJ WR D

ZDYHJXLGH SURSDJDWLRQ PRGHO� WKLV LV EHFDXVH WKH ORVV LV JUHDWHU LQ D VXEXUEDQ UHVLGHQWLDO DUHD GXH WR

QDUURZHU VWUHHWV� $ QXPEHU RI SHDNV LQ SURSDJDWLRQ ORVV ZHUH DOVR REVHUYHG RZLQJ WR ZDYHV DUULYLQJ

DORQJ VWUHHWV WKDW FURVV D 1/26 VWUHHW DQG ZDYHV VOLSSLQJ WKURXJK WKH JDSV EHWZHHQ KRXVHV� 7KHVH

UHVXOWV GHPRQVWUDWHG WKDW SURSDJDWLRQ ORVV DORQJ 1/26 VWUHHWV LV FKDUDFWHULVWLF RI D VXEXUEDQ

HQYLURQPHQW� L�H�� SURSDJDWLRQ ORVV GRHV QRW QHFHVVDULO\ LQFUHDVH PRQRWRQLFDOO\ ZLWK GLVWDQFH�

��� 'HOD\ &KDUDFWHULVWLFV

)LJXUHV ��D� DQG ��F� VKRZ H[DPSOHV RI GHOD\ SURILOH PHDVXUHPHQWV IRU /26 DQG 1/26 FDVHV�

2Q WKH /26 VWUHHW� DOPRVW QR GHOD\ DERYH � �V ZDV REVHUYHG� ZKLOH RQ WKH 1/26 VWUHHW� GHOD\ WLPH

LQFUHDVHG GUDPDWLFDOO\ DW HDFK YDULRXV SRLQWV� )LJXUH � VKRZV WKH GHSHQGHQFH RI GHOD\ VSUHDG RQ

GLVWDQFH� ,W FDQ EH VHHQ WKDW GHOD\ VSUHDG RQ WKH /26 VWUHHW LV QR PRUH WKDQ ��� QV� ZKLOH WKDW RQ D

1/26 VWUHHW LV ODUJHU E\ PRUH WKDQ VHYHUDO WLPHV WKLV YDOXH�

)LJXUH � VKRZV WKH GHSHQGHQFH RI DYHUDJH GHOD\ WLPH RQ GLVWDQFH RQ 1/26 VWUHHWV� &RPSDULQJ

WKH UHVXOWV REWDLQHG IRU FRXUVH � ZLWK WKRVH RI FRXUVH �� ZH VHH WKDW DYHUDJH GHOD\ WLPH LV HVVHQWLDOO\

WKH VDPH QHDU WKH LQWHUVHFWLRQV ZLWK WKH /26 VWUHHW� $V WKH GLVWDQFH IURP VXFK DQ LQWHUVHFWLRQ

LQFUHDVHV� KRZHYHU� WKH GLIIHUHQFH EHWZHHQ WKHVH WZR YDOXHV LQFUHDVHV� &RXUVH � LV ��� P IDUWKHU

IURP WKH WUDQVPLWWHU WKDQ FRXUVH �� DQG DYHUDJH GHOD\ WLPH LQ WKH FDVH RI WKH IRUPHU LV DERXW ���� WR

����WLPHV WKDW RI WKH ODWWHU� 1HYHUWKHOHVV� ERWK FRXUVHV GLVSOD\ D WHQGHQF\ IRU GHOD\ WLPH WR LQFUHDVH

QHDU LQWHUVHFWLRQV DQG QHDU WKH JDSV EHWZHHQ KRXVHV� 7KH UHDVRQ IRU WKLV LQFUHDVH LQ GHOD\ WLPH LV

DWWULEXWHG WR WKH PXOWLSOH UHIOHFWLRQV WKDW ZDYHV XQGHUJR LQ WKH DOOH\V DQG RII WKH URZV RI KRXVHV

FDXVLQJ WKH ZDYHV WR DUULYH ODWH�

��� 1XPEHU RI DUULYLQJ UDGLR ZDYHV

)LJXUH ��D� VKRZV UHVXOWV RI PHDVXULQJ WKH QXPEHU RI DUULYLQJ UDGLR ZDYHV YHUVXV GLVWDQFH IRU WKH

/26 VWUHHW� DQG )LJV� ��E� DQG ��F� VKRZV WKDW IRU 1/26 VWUHHWV� 7KH QXPEHU RI DUULYLQJ UDGLR ZDYHV

RQ WKH /26 VWUHHW ZDV REWDLQHG E\ FRXQWLQJ WKH QXPEHU RI ZDYHV LQ GHOD\ SURILOHV ZLWKLQ �� G% RI WKH

SHDN SRZHU RI WKH GRPLQDQW ZDYH� DQG WKDW RQ WKH 1/26 VWUHHWV E\ FRXQWLQJ WKH QXPEHU RI ZDYHV

ZLWKLQ � G% RI WKH VWURQJHVW ZDYH�

7KH SHDN YDOXH LQ )LJ� ��D� RFFXUV H[DFWO\ DW LQWHUVHFWLRQ %� �WKH LQWHUVHFWLRQ RI WKH /26 FRXUVH

DQG 1/26 FRXUVH �� GXH� ZH FDQ WKLQN� WR ZDYHV DUULYLQJ IURP PDQ\ GLUHFWLRQV DW WKH LQWHUVHFWLRQ�

7KLV SKHQRPHQRQ� KRZHYHU� FDQQRW EH VHHQ DW RWKHU LQWHUVHFWLRQV RQ WKH /26 VWUHHW� DQG ZH FRQVLGHU

WKH UHDVRQ IRU WKLV WR EH WKDW WKRVH ORFDWLRQV KDYH RSHQ VSDFH OLNH SDUNLQJ ORWV DQG ILHOGV� ,Q DGGLWLRQ�

WKH UHDVRQ IRU VRPH ORFDWLRQV QHDU WKH WUDQVPLWWHU KDYLQJ DQ LQFUHDVH LQ QXPEHU RI DUULYLQJ ZDYHV LV

DWWULEXWHG WR WKH SUHVHQFH RI KRXVHV RQ ERWK VLGHV RI WKH VWUHHW RQ VRPH VWUHWFKHV DQG RSHQ VSDFH RQ

RWKHUV LQ WKLV DUHD� 2YHUDOO� WKH QXPEHU RI DUULYLQJ ZDYHV RQ WKH /26 VWUHHW LV RQ WKH RUGHU RI VHYHUDO

ZDYHV� ZKLFK LV VPDOOHU WKDQ WKDW PHDVXUHG LQ DQ XUEDQ HQYLURQPHQW >�@� )RU 1/26� SHDN YDOXHV

RFFXUUHG LQ D PDQQHU VLPLODU WR WKH EHKDYLRU RI DYHUDJH GHOD\ WLPH� L�H�� WKH QXPEHU RI DUULYLQJ ZDYHV

LQFUHDVHG QHDU LQWHUVHFWLRQV DQG WKH JDSV EHWZHHQ KRXVHV�

,9� &21&/86,21

7KLV SDSHU KDV UHSRUWHG RQ WKH PHDVXUHPHQW RI SURSDJDWLRQ ORVV� GHOD\ FKDUDFWHULVWLFV� DQG

QXPEHU RI DUULYLQJ UDGLR ZDYHV ZLWK WKH DLP RI FODULI\LQJ WKH FKDUDFWHULVWLFV RI 1/26 PLFURZDYH

SURSDJDWLRQ LQ VXEXUEDQ HQYLURQPHQWV� ,Q WKHVH PHDVXUHPHQWV� 1/26 SURSDJDWLRQ ORVV

GHPRQVWUDWHG FKDUDFWHULVWLFV W\SLFDO RI D VXEXUEDQ HQYLURQPHQW� WKDW LV� DWWHQXDWLRQ FKDUDFWHULVWLFV GR

QRW QHFHVVDULO\ LQFUHDVH PRQRWRQLFDOO\ ZLWK GLVWDQFH� &RUQHU ORVV DW ���� *+] ZDV IRXQG WR EH DERXW

�� WR �� G%� ZKLFK LV DSSUR[LPDWHO\ �� G% JUHDWHU WKDQ WKDW LQ DQ XUEDQ HQYLURQPHQW� ([FHVV GHOD\

RI VHYHUDO �V ZDV REVHUYHG RQ 1/26 VWUHHWV� 'HOD\ VSUHDG ZDV DERXW ��� QV RQ WKH /26 VWUHHW EXW

VHYHUDO WLPHV WKLV YDOXH RQ 1/26 VWUHHWV� ,Q DGGLWLRQ� WKH GLVWULEXWLRQ REWDLQHG IRU WKH QXPEHU RI

DUULYLQJ UDGLR ZDYHV VKRZHG WKDW RQO\ D IHZ ZDYHV DW WKH PRVW DUULYHG IRU /26� EXW VRPHWLPHV RYHU

�� RQ 1/26 VWUHHWV� ,W ZDV DOVR IRXQG WKDW WKH QXPEHU RI DUULYLQJ ZDYHV LQFUHDVHG QHDU DOOH\V DQG

WKH JDSV EHWZHHQ KRXVHV� )LQDOO\� LW ZDV H[SHULPHQWDOO\ VKRZQ WKDW ERWK /26 DQG 1/26

FKDUDFWHULVWLFV KDYH D FORVH UHODWLRQVKLS ZLWK DOOH\V DQG KRXVHV LQ WKH LPPHGLDWH DUHD�
�
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>�@ -� %� $QGHUVRQ� 7� 6� 5DSDSRUW� DQG 6� <RVKLGD� ³3URSDJDWLRQ PHDVXUHPHQWV DQG PRGHOV IRU ZLUHOHVV

FRPPXQLFDWLRQV FKDQQHOV�´ ,((( &RPPXQ� 0DJ�� SS� ������ -DQ� �����

>�@ 0� .DML DQG $� $NH\DPD� �8+)�EDQG PRELOH UDGLR SURSDJDWLRQ FKDUDFWHULVWLFV LQ UHVLGHQWLDO DUHD IRU D ORZ

DQWHQQD KHLJKW EDVH VWDWLRQ�´ ,(,&( 7UDQV�� YRO� -���%� QR� ��� SS� ���������� 2FW� �����

>�@ 7� 6� 5DSSDSRUW� ³:LUHOHVV &RPPXQLFDWLRQV�´ 3UHQWLFH +DOO 375� �����

>�@ +� 0DVXL� .� 7DNDKDVKL� 6� 7DNDKDVKL� .� .DJH� 7� .RED\DVKL� �'HOD\ SURILOH PHDVXUHPHQW V\VWHP IRU

PLFURZDYH EURDGEDQG WUDQVPLVVLRQ DQG DQDO\VLV RI GHOD\ FKDUDFWHULVWLFV LQ DQ XUEDQ HQYLURQPHQW�� ,(,&(

7UDQV� (OHFWURQ�� YRO� (���&� QR� �� SS� ���������� -XO\ �����

>�@ +� 0DVXL� .� 7DNDKDVKL� 6� 7DNDKDVKL� .� .DJH� 7� .RED\DVKL DQG .� 1DNDMLPD� ³0HDVXUHPHQWV RI

1RQ�/LQH�RI�6LJKW ORVV LQ PLFURZDYH XUEDQ SURSDJDWLRQ�´ ,(,&( *HQ� &RQI�� %������ �����

>�@ 6� 7DNDKDVKL� 7� .RED\DVKL� .� .DJH� .� 7DNDKDVKL DQG +� 0DVXL� ³6WRFKDVWLF SUHGLFWLRQ RI WUDQVPLVVLRQ

SHUIRUPDQFH LQ PRELOH FRPPXQLFDWLRQ V\VWHP HPSOR\LQJ DQWL�PXOWLSDWK WHFKQLTXHV LQ XUEDQ SURSDJDWLRQ

HQYLURQPHQWV�´ ,(,&( 7UDQV� &RPPXQ�� YRO� (���%� QR� ��� SS� ���������� 'HF� �����

)LJ� �� 0HDVXUHPHQW HQYLURQPHQW�

�D� 2YHUDOO SORWV RQ ORJDULWKPLF VFDOH�

�E� 3DWK ORVV DORQJ 1/26 FRXUVH �� �F� 3DWK ORVV DORQJ 1/26 FRXUVH ��

)LJ� �� 3DWK ORVV FKDUDFWHULVWLFV�
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