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&DOLEUDWLRQ� ZDV� QRW� SRVVLEOH� HYHQ� LQ� WKH� FDVH� ZKHQ� DOO� VWRLFKLRPHWULF� DQG� NLQHWLF�

FRQVWDQWV� ZHUH� IUHH� IRU� FDOLEUDWLRQ�� )RU� RXU� H[SHULPHQWDO� SLORW� SODQW� DFWLYDWHG� VOXGJH�

SURFHVV� ZLWK� QLWURJHQ� UHPRYDO� LQFOXGHG� LW� ZDV� VKRZQ�� WKDW� FDOLEUDWLRQ� EDVHG� RQ� WKH�

$60�� PRGHO� LV� VXFFHVVIXO� RQO\� ZKHQ� VRPH� H[SHULPHQWDO� GDWD�� QDPHO\� WKH�
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����

FRQFHQWUDWLRQV�RI�DFWLYH�ELRPDVV�DQG�UHDGLO\�ELRGHJUDGDEOH�VXEVWUDWH��WRJHWKHU�ZLWK�VRPH�

NLQHWLF�DQG�VWRLFKLRPHWULF�FRQVWDQWV�ZHUH�XVHG�DV�FDOLEUDWHG�SDUDPHWHUV��7KRVH�GDWD�DUH�

VKRZQ� LQ� 7DEOH� ��� PDUNHG� ZLWK� DQ� DVWHULVN� IRU� SURFHVV� YDULDEOHV� DQG� LQ� 7DEOH� �� IRU�

NLQHWLF�DQG�VWRLFKLRPHWULF�FRQVWDQWV���

� 7KLV�RSHQV�WKH�TXHVWLRQ�RI�WKH�UHOLDELOLW\�RI�VRPH�RI�WKH�DQDO\WLFDO�PHWKRGV�DQG�

WKH� UHVXOWV� IRU�DFWLYDWHG�VOXGJH�SURFHVV�YDULDEOHV��HVSHFLDOO\� WKH�DFWLYH�FRQFHQWUDWLRQ�RI�

ELRPDVV��2Q�WKH�RWKHU�KDQG��WKH�GHILQLWLRQ�RI�NLQHWLF�DQG�VWRLFKLRPHWULF�FRQVWDQWV�JLYHQ�

E\� WKH� $60�� PRGHO� FDQQRW� SURSHUO\� GHVFULEH� WKH� DFWLYDWHG� VOXGJH� SURFHVV� ±� IRU�

H[DPSOH��WKH�KHWHURWURSKLF�\LHOG�FDQQRW�EH�IL[HG�DV�D�FRQVWDQW�IRU�GLIIHUHQW�UHDFWRUV��7KH�

QHZ�FRQFHSW�RI�$60��FRQILUPHG�RXU�RSLQLRQ
�����

��

7DEOH �� &RPSDULVRQ RI VWRLFKLRPHWULF DQG NLQHWLF FRQVWDQWV GHWHUPLQHG H[SHULPHQWDOO\� E\ FDOLEUDWLRQ

DQG SUHVHQWHG E\ $60� DW ��
R

&�

6\PERO 8QLW H[SHULPHQWDOO\

GHWHUPLQHG

PRGHOHG $60�
�

672,&+,20(75,&�&2167$176�

<+ PJ &2'F�PJ &2' ���� ���� ���� ����� ± �����

<$ PJ &2'F�PJ 1 ���� ���� ����� ± �����

L1[ PJ 1�PJ &2'F ���� ± ���� ������ 
 �����

ID ����� �����

GH1, ���� �����

.,1(7,&�&2167$176�

.6 PJ &2'�/ �� � �� ����� �� ��� ± ����

.2+ PJ 2��/ ��� ��� ����� ± �����

.2$ PJ 2��/ ��� ��� ���� ± ��

.12 PJ 1�/ ��� ��� ���� ± ����

.1+ PJ 1�/ ��� ��� ���

0D[+ ��K ���� � ���� ������ 
 ���� ������ ± �����

0D[$ ��K ���� ������ �����

E+ ��K ����� ������� ������ ������ ± ������

E$ ��K ������� ������ ± ������

ND / &2'�PJ�K ������ 
 ������

HWDJ ���� 
 ��� ���� ± ��

/HJHQG� 
 � WKH FDOLEUDWHG YDOXH LV YHU\ GLIIHUHQW IURP WKH YDOXH JLYHQ LQ WKH OLWHUDWXUH

�

� 2Q� WKH� EDVLV� RI� WKH� FDOLEUDWLRQ� GHVFULEHG�� WKH� FDOLEUDWHG� SDUDPHWHUV� IRU� VWHDG\�

VWDWH�RSHUDWLRQ�RI�WKH�DFWLYDWHG�VOXGJH�SURFHVV�ZHUH�XVHG�IRU�SURFHVV�VLPXODWLRQ�EDVHG�RQ�

WKH�G\QDPLF�PRGHO�HTXDWLRQV��(TXDWLRQV���������
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���� ����
���� ����

�

��

���
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���

� � � � � � � � �

GD\ RI ,,� H[SHULPHQW

6
6
�
�
6
6
�
�P

J
&
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'
�/
�

�

���

�

���

�

���

�

)
�
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�K
�

66� �PRGHO� 66� �PRGHO� 66� �H[SHULPHQW� )�

�

)LJXUH �� '\QDPLF PRGHO SUHGLFWLRQ RI &2' FRQFHQWUDWLRQ LQ WKH DQR[LF �66�� DQG R[LF UHDFWRUV �66��

FRPSDUHG ZLWK H[SHULPHQWDO GDWD

����

��

����

����

����
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� � � � � � � � �

GD\ RI ,,� H[SHULPHQW

6
1
+
�
�
6
1
+
�
�P

J
1
�/
�

�

���

�

���

�

���

�

)
�
�/
�K
�

61+� �PRGHO� 61+� �H[SHULPHQW� 61+� �PRGHO�

61+� �H[SHULPHQW� )�

)LJXUH �� '\QDPLF PRGHO SUHGLFWLRQ RI DPPRQLD FRQFHQWUDWLRQ LQ WKH DQR[LF �61+�� DQG R[LF UHDFWRUV

�61+�� FRPSDUHG ZLWK H[SHULPHQWDO GDWD

�
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����

7KH� FRPSDULVRQ� EHWZHHQ� H[SHULPHQWDO� DQG� G\QDPLF� PRGHO� UHVSRQVH� RQ� WKH� VWHS�

FKDQJH� RI� WKH� LQIOXHQW� IORZ� DUH� SUHVHQWHG� LQ� )LJXUHV� �� DQG� ��� ,W� FDQ� EH� VHHQ� WKDW� WKH�

G\QDPLF� PRGHO� SUHGLFWLRQV� DUH� QRW� LQ� JRRG� DJUHHPHQWV� ZLWK� WKH� H[SHULPHQWDO� GDWD��

5HDVRQV�IRU�WKDW�FRXOG�EH�SDUW�RI�WKH�$60��OLPLWDWLRQV��$OWKRXJK�WKH�FDOLEUDWHG�$60��

PRGHO�FDQ�EH�SURYHG�IRU� WKH�VWHDG\�VWDWH�RSHUDWLRQV��WKH�G\QDPLF�VLPXODWLRQV�EDVHG�RQ�

,$:4�PRGHO� 1R��� DUH� TXHVWLRQDEOH�� 7KH�PRGHO�� DOUHDG\�PRVW� SDUDPHWULF� VHQVLWLYH�
��
�

DQWLFLSDWHV� WKDW� NLQHWLF� DQG� VWRLFKLRPHWULF� SDUDPHWHUV� DUH� FRQVWDQWV� IRU� WKH� DHURELF�

QLWULILFDWLRQ� DQG� DQR[LF� GHQLWULILFDWLRQ� VWHS�� 6HWWLQJ� XS� D� QHZ� PRGHO� FRQILJXUDWLRQ�

DFFRUGLQJ�WR�WKH�$60��PRGHO�FDQ�VROYH�VRPH�RI�WKHVH�SUREOHPV���2Q�WKH�RWKHU�KDQG��ZH�

KDYH� WR� WDNH� LQWR� FRQVLGHUDWLRQ� WKH�SUREOHPV�RI� UHOLDELOLW\�RI� H[SHULPHQWDO� UHVXOWV��:H�

VKRXOG�HPSKDVL]H�WKH�GLIILFXOWLHV�LQ�GHWHUPLQJ�WKH�FRQFHQWUDWLRQV�RI�DFWLYH�KHWHURWURSKLF�

DQG� DXWRWURSKLF� ELRPDVV� DQG� WKH� FRUUHFWQHVV� RI� VRPH� NLQHWLF� DQG� VWRLFKLRPHWULF�

FRQVWDQWV� XVHG� LQ� WKH�PRGHO� VLPXODWLRQ��ZKLFK� DUH� GHWHUPLQHG� LQ� WKH� ODERUDWRU\� XQGHU�

GLIIHUHQW�SURFHVV�FRQGLWLRQV�
�
�

�

&RQFOXVLRQV�

$� PDWKHPDWLFDO� PRGHO� ZDV� EXLOW� XS� DFFRUGLQJ� WR� $60�� IRU� ZDVWHZDWHU� WUHDWPHQW�

SURFHVV�WDNLQJ�SODFH�LQ�WKH�SLORW�ZDVWHZDWHU�WUHDWPHQW�SODQW�LQFOXGLQJ�QLWURJHQ�UHPRYDO��

7KH�PRGHO�ZDV�VXFFHVVIXOO\�FDOLEUDWHG�IRU�WKH�VWHDG\�VWDWH�RSHUDWLRQDO�FRQGLWLRQV�DQG�WKH�

FDOFXODWLRQV� RI� WKH� G\QDPLF� UHVSRQVH� RQ� WKH� VWHS� FKDQJH� RI� WKH� LQIOXHQW� IORZ� ZHUH�

FRPSDUHG�ZLWK�WKH�H[SHULPHQWDO�GDWD��7KH�GHYLDWLQJ�EHWZHHQ�SUHGLFWHG�DQG�H[SHULPHQWDO�

UHVXOWV�ZDV�H[SODLQHG�ZLWK�$60��OLPLWDWLRQV�DQG�ZLWK�SRVVLEOH�SUREOHPV�RI�UHOLDELOLW\�RI�

H[SHULPHQWDO�YDOXHV��3DUDPHWHUV��WKH�TXDQWLWLHV�WKDW�JR�DORQJVLGH�WKH�SUREOHP��FDQQRW�EXW�

EH�OXPSHG��EHFDXVH��ZHUH�WKH\�QRW��WKH\�ZRXOG�KDYH�WR�EH�WUHDWHG�DV�YDULDEOHV�

�

�

$FNQRZOHGJPHQW�

7KH�UHVHDUFK�ZDV�VXSSRUWHG�E\�*UDQW�-������������RI�WKH�0LQLVWU\�RI�6FLHQFH�DQG�

7HFKQRORJ\�RI�6ORYHQLD��

�

�
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6\PEROV�
6\PERO 8QLW 1DPH

E$ ��K 'HFD\ FRHII� IRU DXWRWURSKLF ELRPDVV

E+ ��K 'HFD\ FRHII� IRU KHWHURWURSKLF ELRPDVV

GH1, � )UDFWLRQ RI DXWRWURSKLF ELRPDVV

HWDJ � &RUUHFWLRQ IDFWRU IRU 0D[+ XQGHU DQR[LF FRQGLWLRQV

HWDK � &RUUHFWLRQ IDFWRU IRU K\GURO\VLV XQGHU DQR[LF FRQGLWLRQV

) /�K 9ROXPHWULF IORZ

ID � $FWLYH IUDFWLRQ RI WKH ELRPDVV

L1[ PJ 1�PJ &2'F 0DVV 1�PDVV &2' LQ ELRPDVV

ND / &2'�PJ�K $PPRQLILFDWLRQ UDWH

.1+ PJ 1�/ $PPRQLD KDOI�VDWXUDWLRQ FRHII� IRU DXWRWURSKLF ELRPDVV

.12 PJ 1�/ 1LWUDWH KDOI�VDWXUDWLRQ FRHII� IRU KHWHURWURSKLF ELRPDVV

.2$ PJ 2��/ 2[\JHQ KDOI�VDWXUDWLRQ FRHII� IRU DXWRWURSKLF ELRPDVV

.2+ PJ 2��/ 2[\JHQ KDOI�VDWXUDWLRQ FRHII� IRU KHWHURWURSKLF ELRPDVV

.6 PJ &2'�/ +DOI�VDWXUDWLRQ FRHII� IRU KHWHURWURSKLF ELRPDVV

0D[$ ��K 0D[� VSHFLILF JURZWK UDWH IRU DXWRWURSKLF ELRPDVV

0D[+ ��K 0D[� VSHFLILF JURZWK UDWH IRU KHWHURWURSKLF ELRPDVV

61' PJ 1�/ 6ROXEOH RUJDQLF�1 FRQFHQWUDWLRQ

61+ PJ 1�/ $PPRQLD�1 FRQFHQWUDWLRQ

612 PJ 1�/ 1LWUDWH�1 FRQFHQWUDWLRQ

62 PJ 2��/ 'LVVROYHG R[\JHQ FRQFHQWUDWLRQ

66 PJ &2'�/ 5HDGLO\ ELRGHJUDGDEOH �VROXEOH� VXEVWUDWH FRQFHQWUDWLRQ

9DHU / 9ROXPH RI DHURELF ± R[LF UHDFWRU

9DQ[ / 9ROXPH RI DQR[LF UHDFWRU

9V / 9ROXPH RI VHWWOHU

;% PJ &2'F�/ 7RWDO ELRPDVV FRQFHQWUDWLRQ LQ &2' XQLWV

;%$ PJ &2'F�/ $FWLYH DXWRWURSKLF ELRPDVV FRQFHQWUDWLRQ LQ &2' XQLWV

;%+ PJ &2'F�/ $FWLYH KHWHURWURSKLF ELRPDVV FRQFHQWUDWLRQ LQ &2' XQLWV

<$ PJ &2'F�PJ 1 $XWRWURSKLF \LHOG

<+ PJ &2'F�PJ &2' +HWHURWURSKLF \LHOG

�

�

5HIHUHQFHV�
�� :� *XMHU� 0� +HQ]H� 7� 0LQR� 0�9DQ /RRVGUHFKW� $FWLYDWHG VOXGJH PRGHOV $60�� $60�� $60�'

DQG $60��� 3XEOLVKHG E\ ,:$ 3XEOLVKLQJ� /RQGRQ� (QJODQG� �����

�� +� 6SDQMHUV� 3�$� 9DQUROOHJKHP� *� 2OVVRQ� 3� 'ROG� 5HVSLURPHWU\ LQ FRQWURO RI WKH DFWLYDWHG VOXGJH

SURFHVV� SULQFLSOHV� ,$:4 WDVN JURXS RQ UHVSLURPHWU\� (QJODQG� �����

�� 0� +HQ]H� 3� +DUUHPRHV� -�&� -DQVHQ� (� $UYLQ� :DVWHZDWHU 7UHDWPHQW� %LRORJLFDO DQG &KHPLFDO

3URFHVVHV� 6SULQJHU� %HUOLQ +HLGHOEHUJ� �����

�� '� 2UKRQ� 1� $UWDQ� 0RGHOOLQJ RI WKH DFWLYDWHG VOXGJH V\VWHPV� 7HFKQRPLF� 86$� �����

�� /�&�/� *UDG\� *�7� 'DLJJHU� +�&� /LP� %LRORJLFDO :DVWHZDWHU 7UHDWPHQW� �
QG
HGLWLRQ� 0DUFHO 'HNNHU�

86$� �����

�� -� %HYHU� $� 6WHLQ� +� 7HLFKPDQQ� :HLWHUJHKHQGH $EZDVVHUUHLQLJXQJ� �
UG
HGLWLRQ� 5�2OGHQERXUJ�

*HUPDQ\� �����

�� 0� 5Rã� 5HVSLURPHWU\ RI $FWLYDWHG 6OXGJH� 7HFKQRPLF� 86$� �����

�� +� 6SDQMHUV� 5HVSLURPHWU\ LQ $FWLYDWHG 6OXGJH� :DJHQLQJHQ $JULFXOWXUDO 8QLYHUVLW\� 1HWKHUODQGV�

�����

�� $�)� 5R]LFK� $�)� *DXG\� 'HVLJQ DQG 2SHUDWLRQ RI $FWLYDWHG 6OXGJH 3URFHVVHV 8VLQJ 5HVSLURPHWU\�

/HZLV 3XEOLVKHUV� 86$� �����

��� 7�(� &ORHWH� 1�<�2� 0X\LPD� 0LFURELDO FRPPXQLW\ DQDO\VLV� 7KH NH\ WR WKH GHVLJQ RI ELRORJLFDO

ZDVWHZDWHU WUHDWPHQW V\VWHPV� ,$:4 6FLHQWLILF DQG 7HFKQLFDO 5HSRUW 1R� �� (QJODQG� �����
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��� '�+� (LNHOERRP� 3URFHVV FRQWURO RI DFWLYDWHG VOXGJH E\ PLFURVFRSLF LQYHVWLJDWLRQ� ,:$ 3XEOLVKLQJ�

(QJODQG� �����

��� :� *XMHU� 0� +HQ]H� 7� 0LQR� 0�9DQ /RRVGUHFKW� $FWLYDWHG VOXGJH PRGHO $60�� :DWHU 6FL� 7HFKQRO�

����� ������ ��������

��� *� .RFK� 0� .XKQL� :� *XMHU� +� 6LHJULVW� &DOLEUDWLRQ DQG YDOLGDWLRQ RI DFWLYDWHG VOXGJH PRGHO 1R�

� IRU 6ZLVV PXQLFLSDO ZDVWHZDWHU� :DW� 5HV� ����� ������� ����������

��� ,�3OD]O� *�3LSXV� 0�'UROND� 7�.RORLQL� 3DUDPHWULF 6HQVLWLYLW\ DQG (YDOXDWLRQ RI D '\QDPLF 0RGHO IRU

6LQJOH�6WDJH :DVWHZDWHU 7UHDWPHQW 3ODQW� $FWD &KLP� 6ORY� ����� ������ ��������

��� 0�1� 3RQV� 0RGHOLQJ DQG VLPXODWLRQ RI D PXQLFLSDO ZDVWH ZDWHUWUHDWPHQW SODQW E\ DFWLYDWHG VOXGJH�

3URFHHGLQJV RI WKH ,0$&6 6\PSRVLXP RQ PDWKHPDWLFDO PRGHOOLQJ� 9LHQQD� ����� �� ��������

��� 0� 0DXUHU� :� *XMHU� '\QDPLF PRGHOOLQJ RI HQKDQFHG ELRORJLFDO SKRVSKRUXV DQG QLWURJHQ UHPRYDO

LQ DFWLYDWHG VOXGJH V\VWHPV� 3URFHHGLQJV RI WKH ,$:4 ��
WK

%LHQQLDO &RQI� :DWHU 4XDOLW\

,QWHUQDWLRQDO� ����� �� ��������

3RY]HWHN�
'LQDPLþQR PRGHOLUDQMH SURFHVRY þLãþHQMD RGSDGQLK YRG VH MH XYHOMDYLOR NRW ]HOR XSRUDEQR
XURGMH SUL QDþUWRYDQMX LQ RSWLPLUDQMX þLVWLOQLK QDSUDY WHU SUL UD]XPHYDQMX NRPSOHNVQLK
SURFHVRY þLãþHQMD� âH SRVHEQR VH XSRUDEQRVW PRGHOLUDQMD LVNDåH SUL RGSDGQLK YRGDK
]DKWHYQHMãLK NDUDNWHULVWLN LQ SUL QH�RSWLPDOQLK SURFHVQLK SRJRMLK� 6WURJD ]DNRQRGDMD
(YURSVNH VNXSQRVWL LQ YHOLND YVHEQRVW GXãLND Y RGSDGQL YRGL QDUHNXMHWD QDGJUDGQMR þLVWLOQH
QDSUDYH 'RPåDOH�.DPQLN ] ������� 3(� 9 WD QDPHQ SRWHNDMR ãWXGLMH QLWULILNDFLMH LQ
GHQLWULILNDFLMH QD SLORWQL GYRVWRSHQMVNL þLVWLOQL QDSUDYL� NL YVHEXMH � / DQRNVLþQL LQ �� /
DHUREQL VWDQGDUGQL PHãDOQL UHDNWRU WHU � / XVHGDOQLN� 3LORWQR QDSUDYR� NL RPRJRþD
VSUHPOMDQMH LQ QDG]RU SURFHVQLK SRJRMHY �WHPSHUDWXUD� UD]WRSOMHQL NLVLN� SUHWRN� UHFLNHO��
VPR Y QDãHP SULPHUX QDSDMDOL ] XPHWQR RGSDGQR YRGR� 9UHGQRVWL SURFHVQLK VSUHPHQOMLYN
PHG SURFHVRP þLãþHQMD �RUJDQVNL GXãLN� DPRQLMDN� QLWUDW� .3.� LQ QHNDWHULK VWRKLRPHWULþQLK
LQ NLQHWLþQLK SDUDPHWURY VPR GRORþLOL V VWDQGDUGQLPL ODERUDWRULMVNLPL PHWRGDPL� 7H
UH]XOWDWH VPR XSRUDELOL SUL NDOLEUDFLML V VWDFLRQDUQLP PDWHPDWLþQLP PRGHORP� UD]YLWLP SR
$60��
8VSHãQR NDOLEULUDQ LQ SRWUMHQ PRGHO ]D VWDFLRQDUQR REUDWRYDQMH VPR SRWHP XSRUDELOL ]D
QDSRYHG GLQDPLþQHJD RG]LYD SLORWQH þLVWLOQH QDSUDYH QD VWRSHQMVNR PRWQMR YVWRSQHJD WRND�
3ULPHUMDYD PHG HNVSHULPHQWDOQLPL UH]XOWDWL LQ PDWHPDWLþQR QDSRYHGMR MH SRND]DOD QD
RPHMLWYH $60� PRGHOD�

�


