
7KH 02; FRUH FULWLFDO H[SHULPHQWV IRU /:5V DQG WKH DQDO\VLV EDVHG RQ

-(1'/����

7DNX\D 80$12

1XFOHDU (QJLQHHULQJ ODERUDWRU\� 7RVKLED FRUSRUDWLRQ

��� 8NLVKLPD�FKR� .DZDVDNLNX� .DZDVDNL�VKL� �������� -DSDQ

(�PDLO� UDXP#UFJ�QHO�UGF�WRVKLED�FR�MS

+LURPL 0$58<$0$ �+LWDFKL�� 0DNRWR 6$6$., �0+,�� 0DVDKLUR 7$7680, �1),��

7RUX <$0$0272� +LURIXPL 0$768�85$
�183(&�


 &XUUHQW DGGUHVV� +LWDFKL HQJLQHHULQJ FRUSRUDWLRQ

183(& DQG &($ KDYH ODXQFKHG DQ H[WHQVLYH H[SHULPHQWDO SURJUDP FDOOHG 0,675$/

WR VWXG\ KLJKO\ PRGHUDWHG 02; FRUHV IRU WKH DGYDQFHG /:5V� 7KH DQDO\VHV ZLWK XVLQJ

65$& V\VWHP DQG 093 ZLWK -(1'/���� OLEUDU\ DUH SURJUHVVLQJ RQ WKH H[SHULPHQWV RI

WKH 0,675$/ DQG WKH IRUPHU (3,&85( SURJUDPV� 9DULRXV FRPSDULVRQV KDYH EHHQ

PDGH EHWZHHQ FDOFXODWLRQ UHVXOWV DQG PHDVXUHPHQW YDOXHV�

�� ,QWURGXFWLRQ

1XFOHDU 3RZHU (QJLQHHULQJ &RUSRUDWLRQ �183(&�� )UHQFK $WRPLF &RPPLVVLRQ �&($�

DQG &($·V LQGXVWULDO SDUWQHUV KDYH ODXQFKHG DQ H[WHQVLYH H[SHULPHQWDO SURJUDP

FDOOHG 0,675$/ �02;� ,QYHVWLJDWLRQ RI 6\VWHPV 7HFKQLFDOO\ 5HOHYDQW RI $GYDQFHG

/LJKW ZDWHU UHDFWRUV� >�����@ LQ RUGHU WR REWDLQ WKH FRUH SK\VLFV SDUDPHWHUV RI KLJK

PRGHUDWLRQ 02; FRUHV WKDW ZLOO EH XVHG WR LPSURYH WKH FRUH DQDO\VLV PHWKRGV� 183(&

LV FRQGXFWLQJ WKLV VWXG\ RQ EHKDOI RI WKH -DSDQHVH 0LQLVWU\ RI ,QWHUQDWLRQDO 7UDGH DQG

,QGXVWU\ �0,7,�� 7KLV H[SHULPHQWDO SURJUDP LV SURJUHVVLQJ LQ WKH (2/( IDFLOLW\ DW

&($ &DGDUDFKH FHQWHU� 7KLV SURJUDP VWDUWHG LQ ���� DQG VFKHGXOHG WR EH ILQLVKHG E\

����� $PRQJ IRXU FRUHV RI WKH SURJUDP� WKH H[SHULPHQWV RI &RUH � DQG &RUH � KDYH

DOUHDG\ EHHQ ILQLVKHG E\ WKH HQG RI $SULO LQ ����� :LWKLQ D SDUW RI FROODERUDWLRQ RI

183(& DQG &($� 183(& DOVR REWDLQHG WKH H[SHULPHQWDO GDWD RI WKH (3,&85(

SURJUDP WKDW &($ KDV FRQGXFWHG IRU ��� 02; ORDGLQJ LQ 3:5V� )LJXUH � VKRZV

8+��� FRUH FRQILJXUDWLRQ WKDW ZDV GHYRWHG WR VWXG\ RQ D 82� UHIHUHQFH FRUH LQ WKH



(3,&85( SURJUDP� )LJXUH � VKRZV 0+��� FRUH FRQILJXUDWLRQ WKDW ZDV GHYRWHG WR

VWXG\ RQ EDVLF FKDUDFWHULVWLFV RI D 02; FRUH LQ WKH (3,&85( SURJUDP�

�� (2/( FULWLFDO IDFLOLW\

([SHULPHQWV KDYH EHHQ SHUIRUPHG LQ WKH (2/( IDFLOLW\ WKDW LV D WDQN W\SH FULWLFDO

DVVHPEO\� $ F\OLQGULFDO $OXPLQXP YHVVHO �GLDPHWHU  ��� P� KHLJKW  �P� LV LQVWDOOHG

ZLWK VWDLQOHVV VWHHO RYHU VWUXFWXUHV� )XHO SLQV RI WKH IDFLOLW\ DUH VWDQGDUG 3:5 W\SHV

DQG WKH DFWLYH OHQJWK RI WKH SLQ LV DERXW �� FP� )RXU W\SHV RI HQULFKPHQW DUH SUHSDUHG

IRU 02; SLQV DQG RQH W\SH IRU 82� SLQ� *ULG SODWHV DUH IL[HG LQ DQ LQQHU WDQN DQG WKH\

SURYLGH IOH[LELOLW\ RI WKH FRUH FRQILJXUDWLRQV� 7KH UHDFWLYLW\ RI D FRUH LV FRQWUROOHG

PDLQO\ ZLWK ERURQ �ERULF DFLG� FRQFHQWUDWLRQ LQ ZDWHU DQG FRUH VL]H� $W WKH FULWLFDO

VWDWHV DQG WKH YDULRXV PHDVXUHPHQWV� WKH ZDWHU OHYHO RI WKH WDQN LV DOZD\V NHSW DW WKH

KHLJKW WKDW LV DERXW �� FP KLJKHU IURP WKH WRS RI DFWLYH OHQJWK RI IXHO SLQV� 6PDOO

UHDFWLYLW\ LV FRPSHQVDWHG ZLWK WKH XVH RI D SLORW URG� &RUH H[FHVV UHDFWLYLW\ ZLWKRXW WKH

SLORW URG LV GHWHUPLQHG WKURXJK WKH LQKRXU HTXDWLRQ ZLWK PHDVXULQJ WKH GRXEOLQJ WLPH

DIWHU ZLWKGUDZDO RI WKH SLORW URG� )RXU SDLUV RI FOXVWHU�W\SH VDIHW\ URGV DUH XWLOL]HG IRU

WKH VKXWGRZQ�

�� &RUH FRQILJXUDWLRQV DQG PHDVXUHPHQWV LQ WKH 0,675$/ SURJUDP

)LJXUH � VKRZV WKH FRUH FRQILJXUDWLRQ RI 0,675$/ &RUH �� ,W FRQVLVWHG RI DERXW ���

UHJXODU HQULFKHG 82� ����� LQ ���8� IXHO SLQV LQ D ODWWLFH SLWFK RI ���� FP DQG ZDV

GHVLJQHG DV D UHIHUHQFH IRU WKH KLJK PRGHUDWLRQ 02; FRUHV� )LJXUH � VKRZV WKH FRUH

FRQILJXUDWLRQ RI &RUH �� 7KLV LV D KLJK PRGHUDWLRQ IXOO�02; FRUH FRQVLVWLQJ RI DERXW

���� 02; ��� HQULFKPHQW� IXHO SLQV LQ WKH VDPH ODWWLFH SLWFK RI &RUH �� &RUH � LV

GHYRWHG WR WKH SK\VLFDO VWXG\ RI D ���� 02; ODWWLFH ZLWK KLJKHU PRGHUDWLRQ WKDQ &RUH

�� 7KLV FRQILJXUDWLRQ FRQVLVWV RI DERXW ���� 02; �� IXHO SLQV LQ WKH ODWWLFH SLWFK RI

���� FP� &RUH � LV D 3:5 PRFN�XS FRQILJXUDWLRQ� 7KH PHDVXUHPHQW LWHPV DUH VHOHFWHG

IRU HDFK FRUH FRQILJXUDWLRQ IURP IROORZLQJ LWHPV�

��� &ULWLFDO PDVV DQG ERURQ FRQFHQWUDWLRQ

��� %XFNOLQJ PHDVXUHPHQW ZLWK XVLQJ UHDFWLRQ UDWH GLVWULEXWLRQ PHDVXUHPHQWV

��� %RURQ ZRUWK

��� 6SHFWUXP LQGLFHV PHDVXUHPHQW

��� 0RGLILHG FRQYHUVLRQ IDFWRU� ���8 FDSWXUH�WRWDO ILVVLRQ

��� ,VRWKHUPDO WHPSHUDWXUH FRHIILFLHQWV

��� 5HDFWLYLW\ ZRUWK DQG DVVRFLDWHG UHDFWLRQ UDWH GLVWULEXWLRQ RI D VLQJOH DEVRUEHU

�1DWXUDO %�&� HQULFKHG %�&� $J�,Q�&G DOOR\� DQG 82��*G�2�� DW WKH FHQWHU RI



WKH FRUH

��� 5HDFWLYLW\ ZRUWK DQG DVVRFLDWHG UHDFWLRQ UDWH GLVWULEXWLRQ RI WKH VXEVWLWXWLRQ RI �

FHQWUDO IXHO SLQV E\ ZDWHU KROHV

��� 5HDFWLYLW\ ZRUWK DQG DVVRFLDWHG UHDFWLRQ UDWH GLVWULEXWLRQ RI D FOXVWHU DEVRUEHU

���� 9RLG FRHIILFLHQW

����βHII

�� ([SHULPHQWDO PHWKRGV

9DULRXV NLQGV RI H[SHULPHQWDO PHWKRGV DUH DSSOLHG WR REWDLQ SK\VLFDO SDUDPHWHUV RI

WKH FRUHV LQ WKH 0,675$/ SURJUDP� 7KH QXPEHU RI IXHO SLQV� FRUH� WHPSHUDWXUH� WKH

ERURQ FRQFHQWUDWLRQ DQG GRXEOLQJ WLPH DUH PHDVXUHG WR GHWHUPLQH WKH FRUH FULWLFDO

PDVV� $ QHXWURQ VRXUFH PXOWLSOLFDWLRQ PHWKRG �D VXE�FULWLFDO PHWKRG� LV XWLOL]HG IRU WKH

UHDFWLYLW\ PHDVXUHPHQW� $Q LQWHJUDO JDPPD VFDQQLQJ PHWKRG LV DSSOLHG WR GHWHUPLQH

WKH ILVVLRQ GHQVLWLHV RI WKH IXHO SLQV� 0LQLDWXUH ILVVLRQ FKDPEHUV RI VHYHUDO NLQGV RI

LVRWRSHV DUH DGRSWHG IRU WKH GHWHUPLQDWLRQ RI HQHUJ\ GHSHQGHQW QHXWURQ IOX[ DQG DOVR

IRU VSHFWUDO LQGH[ PHDVXUHPHQWV� 7KH HIIHFWLYH GHOD\HG QHXWURQ IUDFWLRQ RI D FRUH �β

HII � LV PHDVXUHG ZLWK XVH RI WKH FRUH QRLVH PHWKRG ZKLFK KDV EHHQ XWLOL]HG LQ WKH

LQWHUQDWLRQDO EHQFKPDUN RIβHII·V DW WKH 0$685&$ DQG WKH )&$ IDVW FULWLFDO IDFLOLWLHV�

�� &DOFXODWLRQ PHWKRGV

7KH DQDO\VLV KDV EHHQ SHUIRUPHG XVLQJ 65$& V\VWHP DQG 093 ZLWK -(1'/����

ZKLFK ZHUH GHYHORSHG DW -$(5,� 65$& V\VWHP LV D GHWHUPLQLVWLF W\SH FRGH� ,Q 65$&�

WKH SURFHVVHG ����HQHUJ\ JURXS·V QXFOHDU GDWD OLEUDU\ LV SUHSDUHG DQG WKH FRPELQDWLRQ

RI D FHOO FDOFXODWLRQ DQG D FRUH FDOFXODWLRQ LV SHUIRUPHG� 7KH 093 LV D FRQWLQXRXV

HQHUJ\ 0RQWH &DUOR FRGH WKDW LV XWLOL]HG WR REWDLQ UHIHUHQFH FDOFXODWLRQ UHVXOWV IRU WKH

65$& V\VWHP VXFK DV FRUH HLJHQ�YDOXHV� ,Q WKH 65$& V\VWHP� WKH FRQYHQWLRQDO FROOLVLRQ

SUREDELOLW\ PHWKRG LV DSSOLHG IRU JHQHUDWLQJ WKH ���JURXS FROODSVHG DQG KRPRJHQL]HG

XQLW FHOO FURVV VHFWLRQV� 7KH QHXWURQ HQHUJ\ VSHFWUXP DIIHFWHG E\ WKH QHXWURQ OHDNDJH LV

FDOFXODWHG ZLWK WKH %� DSSUR[LPDWLRQ WDNLQJ WKH PHDVXUHG JHRPHWULFDO EXFNOLQJ LQWR

DFFRXQW� 7KH UHVRQDQFH DEVRUSWLRQ UHDFWLRQ RI 3X LVRWRSHV VKRXOG EH SUHFLVHO\

HYDOXDWHG DW HSL�WKHUPDO DQG WKHUPDO UDQJHV IRU 02; IXHOV� 7KHUHIRUH� DQ XOWUD ILQH

JURXS UHVRQDQFH UHDFWLRQ FDOFXODWLRQ PRGXOH� 3($&2� LV IXOO\ XWLOL]HG IRU WKH DQDO\VLV�

7KH WKHUPDO FXW�RII HQHUJ\ ZDV FDUHIXOO\ VWXGLHG DQG GHWHUPLQHG WR EH �����H9� $IWHU

JHQHUDWLQJ ���JURXS FHOO FURVV VHFWLRQV �IDVW UDQJH � � JURXSV DQG WKHUPDO UDQJH � �

JURXSV� � FRUH FDOFXODWLRQV LQ ��� V\PPHWU\ FRQILJXUDWLRQ DUH SHUIRUPHG ZLWK WKH XVH RI

&,7$7,21 DQG 7:275$1 PRGXOH RI WKH 65$& V\VWHP� ,Q WZR�GLPHQVLRQDO



FDOFXODWLRQV� WKH D[LDO OHDNDJH LV FDOFXODWHG ZLWK XVLQJ WKH PHDVXUHG D[LDO EXFNOLQJ RI D

FRUH� )RU D VLQJOH DEVRUEHU FDOFXODWLRQ� D �×� FHOO PRGHO LV DGRSWHG LQ WKH FROOLVLRQ

SUREDELOLW\ FDOFXODWLRQ RI WKH DEVRUEHU FHOO DW WKH FRUH FHQWHU� $OVR GHWDLOHG FHOO PRGHOV

LQ WKH FROOLVLRQ SUREDELOLW\ FDOFXODWLRQ LV DGRSWHG IRU WKH VSHFWUDO LQGLFHV DQDO\VLV�

�� &DOFXODWLRQ UHVXOWV

9DULHWLHV RI FRPSDULVRQV EHWZHHQ FDOFXODWLRQV DQG PHDVXUHPHQWV DUH SURJUHVVLQJ IRU

8+���� 0+���� 0,675$/ &RUH� DQG �� 7DEOH � VKRZV WKH GLIIHUHQFHV RI .HIIV IRU �

FRQILJXUDWLRQV� 7KH FDOFXODWHG .HIIV DJUHH ZHOO ZLWK WKH H[SHULPHQWDO YDOXHV� 7DEOH �

VKRZV WKH URRW�PHDQ�VTXDUH �5�0�6� GLIIHUHQFHV RI UDGLDO SRZHU GLVWULEXWLRQ� 7KH

GLIIHUHQFHV DUH DV PXFK DV WKH XQFHUWDLQW\ RI PHDVXUHPHQW� 7DEOH � VKRZV WKH &�(

YDOXHV RI VSHFWUDO LQGH[HV DQG FRQYHUVLRQ IDFWRU� 7ZR W\SLFDO VSHFWUDO LQGLFHV DQG

PRGLILHG FRQYHUVLRQ IDFWRUV VKRZ WKH DJUHHPHQW ZLWKLQ WZR WLPHV RI WKH XQFHUWDLQW\ RI

PHDVXUHPHQW HUURU�

$FNQRZOHGJPHQW

7KH DXWKRUV WKDQN 3URI� 2ND RI WKH 8QLYHUVLW\ RI 7RN\R DQG RWKHU PHPEHUV RI WKH

LPSOHPHQWDWLRQ FRPPLWWHH RI ´6WXG\ RI $GYDQFHG /:5 &RUHV IRU (IIHFWLYH 8VH RI

3OXWRQLXP�µ LQ 183(& IRU WKHLU WHFKQLFDO DGYLFH DQG VXJJHVWLRQV�

5HIHUHQFHV

>�@  6� &DWKDODX DQG -�&� &DEULOODW HW DO� ´0,675$/� DQ H[SHULPHQWDO SURJUDP LQ WKH

(2/( IDFLOLW\ GHYRWHG WR ���� 02; FRUH SK\VLFVµ� ,QWHUQDWLRQDO &RQIHUHQFH RQ

3K\VLFV RI 5HDFWRUV� 3K\VRU ��� 9RO� � �+� ������ 6HSWHPEHU ���������� 0LWR� -DSDQ

>�@  6� &DWKDODX DQG 3� )RXJHUDV HW DO� ´)LUVW YDOLGDWLRQ RI QHXWURQLF ODWWLFH SDUDPHWHUV

RI RYHU PRGHUDWHG ���� 02; IXHOHG 3:5 FRUHV RQ WKH EDVLV RI WKH 0,675$/

H[SHULPHQWµ $16 WRSLFDO PHHWLQJ /RQJ ,VODQG� S���� �������

>�@  .� .DQGD DQG 7� <DPDPRWR HW DO� ´02; IXHO FRUH SK\VLFV H[SHULPHQWV DQG DQDO\VLV

� DLPLQJ IRU 3OXWRQLXP HIIHFWLYH XVH µ� �LQ -DSDQHVH� -RXUQDO RI WKH $WRPLF (QHUJ\

6RFLHW\ RI -DSDQ� 1R���� 9RO� ��� �����
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    Fig.4 The core configuration of MISTRAL-2
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