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7KH ,QWHUQDWLRQDO &ULWLFDOLW\ 6DIHW\ (YDOXDWLRQ 3URMHFW� ,&6%(3 ZDV

GHVLJQHG WR LGHQWLI\ DQG HYDOXDWH D FRPSUHKHQVLYH VHW RI FULWLFDO

H[SHULPHQW EHQFKPDUN GDWD� &RPSLODWLRQ RI WKH GDWD LQWR D

VWDQGDUGL]HG IRUPDW DUH PDGH E\ UHYLHZLQJ RULJLQDO DQG VXEVHTXHQWO\

UHYLVHG GRFXPHQWDWLRQ IRU FDOFXODWLQJ HDFK H[SHULPHQW ZLWK VWDQGDUG

FULWLFDOLW\ VDIHW\ FRGHV� )LYH KDQGERRNV RI HYDOXDWHG FULWLFDOLW\ VDIHW\

EHQFKPDUN H[SHULPHQWV KDYH EHHQ SXEOLVKHG VLQFH �����

�� ,QWURGXFWLRQ

7KH ,QWHUQDWLRQDO &ULWLFDOLW\ 6DIHW\ (YDOXDWLRQ 3URMHFW� ,&6%(3 LV DQ RIILFLDO DFWLYLW\ RI WKH

2UJDQL]DWLRQ IRU (FRQRPLF &RRSHUDWLRQ DQG 'HYHORSPHQW� 1XFOHDU (QHUJ\ $JHQF\� 2(&'�1($�

7KLV DFWLYLW\ ZDV LQLWLDWHG DV WKH &ULWLFDOLW\ 6DIHW\ (YDOXDWLRQ 3URMHFW �&6%(3 LQ 2FWREHU RI ���� E\

WKH 8QLWHG 6WDWHV 'HSDUWPHQW RI (QHUJ\� '2(� 0DLQ FRXQWULHV FRQWULEXWLQJ WR WKLV SURMHFW DUH 8QLWHG

.LQJGRP� -DSDQ� 5XVVLD� )UDQFH� 5HSXEOLF RI .RUHD DQG 86$ DV VKRZQ LQ )LJXUH �� ,&6%(3 KDV

HYDOXDWHG D ODUJH QXPEHU RI FULWLFDOLW\ H[SHULPHQWV SHUIRUPHG DW YDULRXV QXFOHDU IDFLOLWLHV DOO RYHU WKH

ZRUOG� 7KH GHWDLO VSHFLILFDWLRQV RI WKH FULWLFDO FRQGLWLRQV DUH LQWHQGHG WR YDOLGDWH WKH FULWLFDOLW\

FDOFXODWLRQ FRGHV DQG QXFOHDU GDWD OLEUDULHV� &ULWLFDOLW\ VDIHW\ SHUVRQQHO LQ �� GLIIHUHQW FRXQWULHV DUH

QRZ XVLQJ WKH LQWHUQDWLRQDO KDQGERRN RI HYDOXDWHG FULWLFDOLW\ VDIHW\ EHQFKPDUN H[SHULPHQWV
���
�

�� &ODVVLILFDWLRQ RI &ULWLFDO ([SHULPHQWV

&ULWLFDOLW\ VDIHW\ EHQFKPDUN H[SHULPHQWV DUH FODVVLILHG LQWR VHYHQ GLIIHUHQW W\SHV RI ILVVLOH

PDWHULDOV� �Ⅰ� 3OXWRQLXP 6\VWHP� �Ⅱ� +LJKO\ (QULFKHG 8UDQLXP 6\VWHPV �ZW��
���
8 ≥ ���� �Ⅲ�

,QWHUPHGLDWH DQG 0L[HG (QULFKPHQW 8UDQLXP 6\VWHPV ��� < ZW�� ���
8 < ���� �Ⅳ� /RZ (QULFKHG

8UDQLXP 6\VWHPV �ZW��
���

8 ≤ ���� �Ⅴ� 8UDQLXP���� 6\VWHPV� �Ⅵ� 0L[HG 3OXWRQLXP � 8UDQLXP

6\VWHPV� DQG �Ⅶ� 6SHFLDO ,VRWRSH 6\VWHPV� (DFK RI WKHVH VHYHQ V\VWHPV DUH GLYLGHG LQWR IRXU

SK\VLFDO IRUP RI WKH ILVVLOH PDWHULDO VXFK DV PHWDO� FRPSRXQG� VROXWLRQ DQG PLVFHOODQHRXV V\VWHPV� ,Q

WKLV KDQGERRN� IDVW� LQWHUPHGLDWH DQG WKHUPDO V\VWHPV DUH GHILQHG DV V\VWHPV LQ ZKLFK RYHU ��� RI WKH



ILVVLRQV RFFXU DW HQHUJLHV RYHU ��� NH9� IURP ����� H9 WR ��� NH9� DQG OHVV WKDQ �����H9� UHVSHFWLYHO\�

7KH IUXLW RI WKLV SURMHFW LV D EHQFKPDUN GDWD KDQGERRN FRQVLVWLQJ RI VHYHQ YROXPHV UHSUHVHQWLQJ DERYH

GLIIHUHQW V\VWHPV IRU WKH FULWLFDOLW\ VDIHW\ FRPSXWHU FRGHV� 7KH QXPEHU RI HYDOXDWLRQV DQG

FRQILJXUDWLRQV FRQWDLQHG LQ WKH ILYH KDQGERRNV DUH OLVWHG LQ 7DEOH ��

�� 0DLQ &ULWLFDO ([SHULPHQW )DFLOLWLHV

,Q 8QLWHG 6WDWHV� %1:/� /$1/� DQG 251/ DUH PDLQ UHVHDUFK RUJDQL]DWLRQ SURGXFLQJ WKH FULWLFDO

GDWD� %1:/ ZHUH VSHFLDOO\ FRQFHUQLQJ WR SOXWRQLXP DQG XUDQLXP QLWUDWH VROXWLRQ IRU IDVW UHDFWRU

IXHO F\FOH� /$1/ KDV DFFXPXODWHG PDQ\ FULWLFDO GDWD RQ KLJK HQULFKHG XUDQLXP DQG SOXWRQLXP PHWDO

XVLQJ FULWLFDO DVVHPEOLHV VXFK DV *2',9$� %,* 7(1 DQG )/$7723� ,Q )UDQFH� 9DOGXF UHVHDUFK

FHQWHU RI ,361 KDV SHUIRUPHG YDULRXV W\SH RI H[SHULPHQWV IRU IXHO URG ODWWLFHV ZLWK IL[HG DEVRUEHU DQG

KLJK HQULFKHG XUDQ\O QLWUDWH VROXWLRQ� ([SHULPHQWV RQ PXOWLSOH XQLWV RI WDQN DUUD\ FRQWDLQLQJ

SOXWRQLXP VROXWLRQ ZHUH DOVR SHUIRUPHG� ,Q 5XVVLD )HGHUDWLRQ� ,33( VXSSOLHG ZLWK KLJK HQULFKHG

XUDQ\O QLWUDWH VROXWLRQ LQ F\OLQGULFDO DQG DQQXODU JHRPHWU\� 5HDFWLYLW\ HIIHFWV RI VROXEOH SRLVRQ VXFK

DV JDGROLQLXP ZHUH DOVR PHDVXUHG� ,Q -DSDQ� -$(5, KDV VXEPLWWHG VRPH HYDOXDWLRQV RI 67$&<

H[SHULPHQWV RQ VLQJOH XQLW FRQWDLQLQJ �� � HQULFKHG XUDQ\O QLWUDWH VROXWLRQ DQG 7&$ H[SHULPHQWV

RQ ORZ HQULFKHG XUDQLXP R[LGH IXHO URG DUUD\V�

�� 6DPSOH (YDOXDWLRQ IRU 8UDQ\O 1LWUDWH 6ROXWLRQ
���

6DPSOH HYDOXDWLRQV DERXW XUDQ\O QLWUDWH VROXWLRQ LQ WKH EHQFKPDUN KDQGERRN DUH OLVWHG LQ 7DEOH ��

�� +(8�VRO�WKHUP����

7KH H[SHULPHQWV FRQVLVWHG RI FXELF DUUD\V RI �� ��� ��� RU ��� F\OLQGULFDO XQLWV ZLWK

KHLJKW�WR�GLDPHWHU UDWLRV QHDU XQLW\� (DFK XQLW RI WKH DUUD\ FRQWDLQV ��OLWHU XUDQ\O QLWUDWH VROXWLRQ

DW FRQFHQWUDWLRQV RI ���� ���� RU ���� J�/� 7KH
���
8 HQULFKPHQW ZDV ���� Z�R� 7KH DUUD\ ZDV

HLWKHU EDUH RU UHIOHFWHG E\ SDUDIILQ DQG�RU 3OH[LJODV ZLWK WKLFNQHVV EHWZHHQ ���� DQG ����� FP�

�� +(8�VRO�WKHUP����

7KH KLJKO\ HQULFKHG XUDQ\O QLWUDWH SRLVRQHG ZLWK HQULFKHG ERURQ LQ ERULF DFLG ZHUH FRQWDLQHG LQ

D F\OLQGULFDO WDQN VXUURXQGHG E\ WZR DQQXODU UHJLRQV� LQ ZKLFK YDULRXV UDGLDO UHIOHFWRU H[LVWHG� 7KH

LQQHU DQQXODU UHJLRQ FRQWDLQHG HLWKHU DLU RU D WKLFN QLFNHO VOHHYH� 7KH RXWHU DQQXODU UHJLRQ

FRQWDLQHG DLU� ZDWHU� RU ERUDWHG ZDWHU� &ULWLFDO FRQILJXUDWLRQV KDG KHLJKW WR GLDPHWHU UDWLRV LQ WKH

UDQJH IURP ���� WR ����� 8UDQLXP FRQFHQWUDWLRQ ZDV YDULHG EHWZHHQ ����� DQG ����� J�/� 7KH

ERURQ LQ WKH XUDQ\O QLWUDWH VROXWLRQ ZDV HQULFKHG WR ����� Z�R
��
%� DQG FRQFHQWUDWLRQ ZDV FKDQJHG

ZLWKLQ ���� J%�/�

�� +(8�VRO�WKHUP����～���

(DFK H[SHULPHQW LQYROYLQJ D VLQJOH ZDWHU�UHIOHFWHG WDQN RI KLJKO\ HQULFKHG XUDQ\O QLWUDWH

VROXWLRQ �8 ��～ ���J�OLWHU� ZHUH SHUIRUPHG LQ ,33( �5XVVLD�� 7KHVH H[SHULPHQWV ZHUH

SHUIRUPHG ZLWK WKH FRQFHQWUDWLRQ RI JDGROLQLXP ZLWKLQ ��� J�/� 7KH GLDPHWHU RI WKH FRUHV ZDV ��



FP RU �� FP� &RUHV ZHUH VXUURXQGHG E\ WKLFN ZDWHU UHIOHFWRUV RQ WKH ERWWRP DQG VLGH�

�� /(8�VRO�WKHUP����� ���～���

8VLQJ 67$&<� FULWLFDO VROXWLRQ OHYHOV ZHUH V\VWHPDWLFDOO\ PHDVXUHG IRU D F\OLQGULFDO WDQN RI ��

FP LQ GLDPHWHU XVLQJ ���� Z�R
���
8 HQULFKHG XUDQ\O QLWUDWH VROXWLRQ� 7KH FRUH WDQN ZDV UHIOHFWHG

ZLWK VWUXFWXUDO PDWHULDO VXFK DV RUGLQDU\ FRQFUHWH� ERUDWHG FRQFUHWH DQG SRO\HWK\OHQH� 7KH PDLQ

SDUDPHWHUV ZHUH WKH WKLFNQHVV RI WKH UHIOHFWRU DQG ERURQ FRQFHQWUDWLRQ� 5HDFWLYLW\ HIIHFWV RI WKHVH

PDWHULDO ZHUH DOVR PHDVXUHG� )RU XQUHIOHFWHG DQG ZDWHU UHIOHFWHG FRUH� WKH XUDQLXP FRQFHQWUDWLRQ

ZDV FKDQJHG IURP ��� WR ��� J8�/ DW IUHH QLWULF DFLG RI � PRO�/� &RUH FRQILJXUDWLRQV RI

H[SHULPHQWV RQ XUDQLXP VROXWLRQ V\VWHP DUH VKRZQ LQ )LJXUH ��

�� &DOFXODWLRQ IRU 8UDQ\O 1LWUDWH 6ROXWLRQ

&ULWLFDO FDOFXODWLRQV ZHUH PDGH WR VWXG\ WKH ELDV RI QHXWURQ PXOWLSOLFDWLRQ IDFWRU ZKHQ XVLQJ

-DSDQHVH QXFOHDU GDWD OLEUDU\ -(1'/ ���� +LVWRJUDP RI FDOFXODWHG QHXWURQ PXOWLSOLFDWLRQ IRU HDFK

H[SHULPHQW LV VKRZQ LQ )LJXUH �� $ &RQWLQXRXV HQHUJ\ 0RQWH &DUOR FRGH 0&13 �$ RU �% ZDV XVHG

LQ RUGHU WR FRPSDUH EHWZHHQ -(1'/ ��� DQG (1')�%�9� )RU ERWK KLJK HQULFKHG DQG ORZ HQUHLFKHG

XUDQ\O VROXWLRQ V\VWHP� LW VKRXOG EH QRWHG WKDW WKH FDOFXODWHG NHII ZLWK -(1'/��� DUH DERXW ����ΔN

ODUJHU WKDQ WKDW ZLWK (1')�%�9 IRU XUDQ\O QLWUDWH VROXWLRQ V\VWHP� 7KH H[SHULPHQWDO XQFHUWDLQWLHV LQ

WKH QHXWURQ PXOWLSOLFDWLRQ IDFWRU GXH WR JHRPHWU\ DQG FRPSRVLWLRQ RI IXHO DQG VWUXFWXUDO UHJLRQ� ZKLFK

ZHUH HYDOXDWHG E\ VHQVLWLYLW\ DQDO\VHV� DUH OHVV WKDQ ����ΔN�

�� 6XPPDU\

&ULWLFDO FRQILJXUDWLRQV GHVFULEHG LQ WKH ,&6%(3 KDQGERRN DUH KHOSIXO WR YHULI\ WKH UHOLDELOLW\ RI WKH

FULWLFDOLW\ FDOFXODWLRQ FRGH V\VWHP LQFOXGLQJ QXFOHDU GDWD OLEUDU\� $V W\SLFDO LQSXW GDWD IRU UHIHUHQFH

FDOFXODWLRQ DUH DOVR DWWDFKHG LQ WKH HYDOXDWLRQ� LW LV HDV\ IRU XVHUV WR PDNH FDOFXODWLRQV ZLWK WKHLU RZQ

FRGH V\VWHPV� ,Q DGGLWLRQ WR FULWLFDO GDWD� ,&6%(3 KDV HVWDEOLVKHG D VXEFULWLFDO ZRUNLQJ JURXS ZKLFK

HYDOXDWH WKH VXEFULWLFDO FRQGLWLRQ LQFOXGLQJ SULPDU\ GDWD LQ VLPLODU IRUPDW WR PDNH WKH FRPSUHKHQVLYH

GDWDEDVH IRU FULWLFDOLW\ VDIHW\ HYDOXDWLRQ�

5HIHUHQFHV

�� -�%�%ULJJV HW DO�� ,&1&
�� LQ )UDQFH ������

��1($�16&�'2&����� 1($ 18&/($5 6&,(1&( &200,77((� ,QWHUQDWLRQDO +DQGERRN RI

(YDOXDWHG &ULWLFDOLW\ 6DIHW\ %HQFKPDUN ([SHULPHQWV� 6HSWHPEHU ���� (GLWLRQ


