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$EVWUDFW

$GLDEDWLF FDORULPHWU\ LV D WHFKQLTXH WKDW KDV EHHQ LQWURGXFHG DV DQ LPSRUWDQW DSSURDFK WR

KD]DUG HYDOXDWLRQ RI H[RWKHUPLFDOO\ UHDFWLYH V\VWHPV� ,Q WKLV SDSHU WKH IUHH UDGLFDO SRO\PHUL]DWLRQ

RI PHWK\O PHWKDFU\ODWH �00$� KDV EHHQ VWXGLHG� 2QH RI WKH PRVW LPSRUWDQW DVSHFWV RI 00$ SR�

O\PHUL]DWLRQ LV LWV H[RWKHUPLFLW\ DQG DXWRDFFHOHUDWLQJ EHKDYLRXU� WKHVH FKDUDFWHULVWLFV FDQ JHQHU�

DWH WKH RFFXUUHQFH RI D UXQDZD\ UHDFWLRQ�

,Q D UXQDZD\ VLWXDWLRQ WKH UHDFWLQJ V\VWHP LV FORVH WR DGLDEDWLF EHKDYLRXU EHFDXVH LW LV XQDEOH

WR HOLPLQDWH WKH KHDW WKDW LV EHLQJ JHQHUDWHG� $Q HYHQ ZRUVH VLWXDWLRQ FDQ EH UHSURGXFHG LQ WKH

ODERUDWRU\ ZLWK WKH 3KL�7HF SVHXGR�DGLDEDWLF FDORULPHWHU� 3URFHVV GHVLJQ SDUDPHWHUV WKDW DUH XVX�

DOO\ FDOFXODWHG IURP WKHUPRG\QDPLF GDWD RU XVLQJ VHPLHPSLULFDO UXOHV� VXFK DV DGLDEDWLF WHPSHUD�

WXUH ULVH RU PD[LPXP DWWDLQDEOH SUHVVXUH� FDQ EH GLUHFWO\ GHWHUPLQHG�

7KH H[LVWHQFH RI WKH FHLOLQJ WHPSHUDWXUH KDV EHHQ H[SHULPHQWDOO\ GHPRQVWUDWHG�

.H\ZRUGV� DGLDEDWLF FDORULPHWU\� KD]DUG HYDOXDWLRQ� SRO\PHUL]DWLRQ� UXQZD\ UHDFWLRQ� VDIHW\

,QWURGXFWLRQ

3RWHQWLDO KD]DUGV DVVRFLDWHG ZLWK WKH WKHUPDO EHKDYLRXU RI FKHPLFDO SURFHVVHV
UHTXLUH WKDW DQ DFFXUDWH VWDELOLW\ DQDO\VLV VKRXOG EH FDUULHG RXW WR DVVXUH VDIH SURF�
HVVLQJ� KDQGOLQJ DQG VWRUDJH RI UHDJHQWV DQG SURGXFWV� 2QH HVVHQWLDO DVSHFW RI D WKHU�
PDO�VWDELOLW\ KD]DUG HYDOXDWLRQ LV WKH GHYHORSPHQW RI D PHWKRGRORJ\ RI WKHUPDO
DQDO\VLV XVLQJ GLIIHUHQW FDORULPHWULF WHFKQLTXHV�

$Q XQFRQWUROOHG SURFHVV RI VHOI�KHDWLQJ LQ WKH RSHUDWLRQ RI WKH FKHPLFDO UHDFWRU
FDQ JHQHUDWH WKH RFFXUUHQFH RI D µUXQDZD\ UHDFWLRQ¶ RU µWKHUPDO H[SORVLRQ¶� ,Q JHQ�
HUDO� WKH PDMRULW\ RI DFFLGHQWV LQYROYLQJ UXQDZD\ UHDFWLRQV DUH DVVRFLDWHG HLWKHU ZLWK
KXPDQ HUURU RU ZLWK WKH IDLOXUH RI FRQWUROV DQG VDIH�JXDUGV� +RZHYHU LQ PDQ\ FDVHV
DFFLGHQWV DUH JHQHUDWHG EHFDXVH RI LQDGHTXDWH SURYLVLRQ IRU KHDW UHPRYDO ZKHQ LQ�
FUHDVLQJ SODQW VL]H IURP ODERUDWRU\ VFDOH WR SURGXFWLRQ VFDOH� ,W KDV EHHQ UHPDUNHG

����±�������� � ����
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WKDW D UHDFWLRQ PD\ QRW EH UHFRJQLVHG DV SDUWLFXODUO\ H[RWKHUPLF ZKHQ FRQGXFWHG RQ
D ODERUDWRU\ VFDOH�

%RZHV >�@ MXGJHG WKDW �� SHU FHQW RI H[SORVLRQV RU XQFRQWUROOHG UHOHDVHV LQ EDWFK
SURFHVVHV ZHUH DVVRFLDWHG ZLWK DSSDUHQW LJQRUDQFH RI WKH VHOI�KHDWLQJ KD]DUG� 0RUH�
RYHU� LW LV NQRZQ WKDW SRO\PHUL]DWLRQ UHDFWLRQV DUH FKDUDFWHULVHG E\ VWURQJ H[RWKHU�
PLFLW\� ZKLFK LV RIWHQ DFFRPSDQLHG E\ DXWRDFFHOHUDWLQJ NLQHWLFV WKDW FDQ OHDG WKH
V\VWHP WR XQFRQWUROODEOH VLWXDWLRQV� $FU\ODWH DQG PHWKDFU\ODWH PRQRPHUV DUH� LQ
JHQHUDO� KLJKO\ UHDFWLYH DQG UHOHDVH FRQVLGHUDEOH KHDW WKDW FDQ JHQHUDWH D VLJQLILFDQW
SUHVVXUH LQFUHDVH GXULQJ XQFRQWUROOHG SRO\PHUL]DWLRQ UHDFWLRQV �UXQDZD\ UHDFWLRQ��
7KHUHIRUH� UXQDZD\ SRO\PHUL]DWLRQV KDYH WKH SRWHQWLDO WR LQIOLFW FRQVLGHUDEOH GDP�
DJH LI DSSURSULDWH HPHUJHQF\ PHDVXUHV DUH QRW LQ SODFH�

,Q WKH SDVW� VRPH DFFLGHQWV FDXVHG E\ UXQDZD\ KDYH RFFXUUHG LQ SRO\PHUL]DWLRQ
SODQWV >�@� )URP DQ DQDO\VLV RI FDVH KLVWRULHV� WKH GHYHORSPHQW RI LQFLGHQWV� LQ PDQ\
FDVHV� LV IRXQG WR EH GXH WR D ODFN RI XQGHUVWDQGLQJ RI WKH SURFHVV FKHPLVWU\ DQG
WKHUPRG\QDPLFV DQG SRRU UHDFWRU GHVLJQ�

$GLDEDWLF FDORULPHWU\ LV D WHFKQLTXH WKDW KDV EHHQ LQWURGXFHG DV DQ LPSRUWDQW DS�
SURDFK WR WKH KD]DUG HYDOXDWLRQ RI H[RWKHUPLF UHDFWLYH FKHPLFDOV� ,W FDQ EH XVHG WR
VLPXODWH DQG WR VWXG\ VHOI�KHDWLQJ SKHQRPHQD WKDW FDQ LQLWLDWH WKHUPDO UXQDZD\ UH�
DFWLRQV� $ NH\ IHDWXUH LQ WKH GHVLJQ RI WKH GHYLFH LV WKDW LW PDLQWDLQV WKH VDPSOH LQ D
QHDU�SHUIHFW DGLDEDWLF HQYLURQPHQW� $ VLQJOH DGLDEDWLF H[SHULPHQW FDQ SURYLGH PXFK
WKHUPRNLQHWLF GDWD ZKLFK DUH DSSOLFDEOH WR WKH GHVLJQ RI EDWFK UHDFWRUV� VDIH SURFHVV�
LQJ� VWRUDJH DQG WUDQVSRUWDWLRQ RI FKHPLFDOV DQG PL[WXUHV >�@�

$GLDEDWLF FDORULPHWU\ SURYLGHV LQIRUPDWLRQ VXFK DV WKH UDWH RI WHPSHUDWXUH DQG
SUHVVXUH LQFUHDVH DQG WKH RYHUDOO UHDFWLRQ UDWH� $GGLWLRQDO LQIRUPDWLRQ REWDLQHG IURP
DGLDEDWLF UXQV SHUPLWV WKH FDOFXODWLRQ RI WKH UHOLHI FDSDFLW\ QHHGHG WR SUHYHQW GDP�
DJH IROORZLQJ D UXQDZD\� 6RPH FRPPHUFLDO DGLDEDWLF FDORULPHWHUV DUH DYDLODEOH�
7KH DFFHOHUDWLQJ UDWH FDORULPHWHU $5&70 >�@ UHSUHVHQWV RQH RI WKH PRVW FRPPRQO\
XVHG DSSDUDWXV� ZLWK WKH $5& LW LV SRVVLEOH WR IROORZ D UXQDZD\ UHDFWLRQ XQGHU DGL�
DEDWLF FRQGLWLRQV� +RZHYHU� RQH RI LWV PDMRU GLVDGYDQWDJHV LV WKH UHODWLYHO\ KLJK KHDW
FDSDFLW\ RI WKH VDPSOH ERPE� 3+,7(& ,, �+�(�/�� >�� �@ DQG 5667 >�� �@ UHSUHVHQW
WZR SVHXGRDGLDEDWLF FDORULPHWHUV FKDUDFWHULVHG E\ D ORZ KHDW FDSDFLW\ VDPSOH FHOO�
7KH XVH RI DQ DSSDUDWXV ZLWK D ORZ WKHUPDO LQHUWLD SUHVHQWV VRPH DGYDQWDJHV DQG LV
UHFRPPHQGHG E\ WKH $,&K(¶V 'HVLJQ ,QVWLWXWH IRU (PHUJHQF\ 5HOLHI 6\VWHPV
�',(56� >�@�

,Q WKH HYDOXDWLRQ RI WKH DGLDEDWLF WHPSHUDWXUH ULVH WKH WKHUPDO LQHUWLD RI WKH VDP�
SOH FHOO SOD\ DQ LPSRUWDQW UROH� 7KH FHOO DFWV DV D KHDW VLQN� DEVRUELQJ SDUW RI WKH KHDW
IURP WKH VDPSOH� $ FRPPRQO\ FDOFXODWHG TXDQWLW\ LV WKH VR�FDOOHG Φ�IDFWRU ZKLFK LV
GHILQHG DV�
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ZKHUH PV DQG PF DUH WKH PDVVHV RI WKH VDPSOH DQG WKH FHOO UHVSHFWLYHO\� 7KH Φ�IDFWRU
LV D GLUHFW PHDVXUH RI WKH IUDFWLRQ RI WKH KHDW UHOHDVHG E\ WKH UHDFWLRQ FRQYHUWHG LQWR
VHQVLEOH KHDW RI WKH VDPSOH FHOO� ,Q DQ DGLDEDWLF FDORULPHWHU ZLWK D KLJK YDOXH RI WKH
Φ�IDFWRU WKH REVHUYHG DGLDEDWLF WHPSHUDWXUH ULVH LV ORZHU WKDQ WKH WKHRUHWLFDO YDOXH�
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,Q WKLV SDSHU WKH IUHH UDGLFDO SRO\PHUL]DWLRQ RI PHWK\O PHWKDFU\ODWH �00$� KDV
EHHQ VWXGLHG� 2QH RI WKH PRVW LPSRUWDQW DVSHFWV RI 00$ SRO\PHUL]DWLRQ LV LWV
H[RWKHUPLFLW\ DQG DXWRDFFHOHUDWLQJ EHKDYLRXU >��±��@� 'XULQJ WKH UHDFWLRQ� ODUJH
TXDQWLWLHV RI KHDW DUH UHOHDVHG ZKLFK PXVW EH HLWKHU UHPRYHG E\ D FRRODQW RU GLVVL�
SDWHG WR WKH VXUURXQGLQJV LQ RUGHU WR DYRLG D WKHUPDO H[FXUVLRQ WKDW FRXOG DFFHOHUDWH
WKH SURFHVV DQG LQLWLDWH DQ XQFRQWUROODEOH UXQDZD\ HYHQW� ,Q D UXQDZD\ VLWXDWLRQ WKH
UHDFWLQJ V\VWHP LV FORVH WR DGLDEDWLF EHKDYLRXU EHFDXVH LW LV XQDEOH WR HOLPLQDWH DOO
WKH KHDW WKDW LV EHLQJ JHQHUDWHG� $Q HYHQ ZRUVH VLWXDWLRQ� DOPRVW FRPSOHWHO\ DGL�
DEDWLF FRQGLWLRQV� FDQ EH UHSURGXFHG LQ WKH ODERUDWRU\ ZLWK WKH 3KL�7HF SVHXGR�DGL�
DEDWLF FDORULPHWHU EDVHG RQ WKH FRPSHQVDWLRQ RI KHDW ORVV� 3URFHVV GHVLJQ SDUDPH�
WHUV WKDW DUH XVXDOO\ FDOFXODWHG IURP WKHUPRG\QDPLF GDWD RU XVLQJ VHPLHPSLULFDO
UXOHV� VXFK DV DGLDEDWLF WHPSHUDWXUH ULVH RU PD[LPXP DWWDLQDEOH SUHVVXUH� FDQ EH GL�
UHFWO\ GHWHUPLQHG�

/DERUDWRU\ WHVWV ZHUH GHVLJQHG LQ RUGHU WR GHWHUPLQH H[SHULPHQWDOO\ WKH OLPLWD�
WLRQ LQ WKH DGLDEDWLF WHPSHUDWXUH ULVH GXH WR WKH FHLOLQJ WHPSHUDWXUH HIIHFW >��� ��@�

&RPSOLPHQWDU\ UHVXOWV REWDLQHG XVLQJ GLIIHUHQW FDORULPHWULF WHFKQLTXHV VXFK DV
'6& DQG 7*$ DUH SUHVHQWHG LQ WKLV SDSHU�

([SHULPHQWDO

3XULILFDWLRQ RI PDWHULDOV

7KH LQLWLDWRUV XVHG LQ WKLV VWXG\� �$,%1� ���¶�D]R�ELV�LVREXW\URQLWULOH� %32�
%HQ]R\O SHUR[LGH �)OXND� 6ZLW]HUODQG�� 3.'��� 3HUNDGR[ ��� 3.'%&� 3HUNDGR[
%&� 7*1%� 7ULJRQR[ % DQG 7%1.��� 7ULJRQR[ .��� �$.=2� +ROODQG�� ZHUH UH�
FU\VWDOOL]HG IURP HWKDQRO�

0HWK\OPHWKDFU\ODWH �00$� VWDELOLVHG ZLWK ������� K\GURTXLQRQH �)OXND� ,W�
DO\� ZDV ZDVKHG WZLFH ZLWK ���Z�Y� DTXHRXV VRGLXP K\GUR[LGH VROXWLRQ DQG ODWHU
WKUHH WLPHV ZLWK GLVWLOOHG ZDWHU� $IWHU GU\LQJ RYHU DQK\GURXV VRGLXP VXOSKDWH DQG
ILOWHULQJ WKURXJK D VLOLFRQH ILOWHU SDSHU� WKH PRQRPHU ZDV GHJDVVHG ZLWK QLWURJHQ DQG
XVHG LPPHGLDWHO\�

5HDFWLQJ VROXWLRQV ZHUH SUHSDUHG DW DQ LQLWLDWRU FRQFHQWUDWLRQ RI ���� 0 E\
ZHLJKLQJ WKH LQLWLDWRU DQG GLVVROYLQJ LW LQ WKH PRQRPHU� 6ROXWLRQV ZHUH GHJDVVHG
DJDLQ DQG XVHG LPPHGLDWHO\�

'LIIHUHQWLDO VFDQQLQJ FDORULPHWU\

7KH EXON LVRWKHUPDO SRO\PHUL]DWLRQ RI 00$ ZDV LQYHVWLJDWHG XVLQJ D GLIIHUHQ�
WLDO VFDQQLQJ FDORULPHWHU �3HUNLQ (OPHU 0RGHO '6&���� 6DPSOHV RI VROXWLRQV ZHUH
ZHLJKHG ���±�� PJ� LQWR '6& VDPSOH SDQV DQG VHDOHG� ,Q RUGHU WR ILQG DQ\ PDVV
ORVV� VDPSOH SDQV ZHUH ZHLJKHG EHIRUH DQG DIWHU HDFK H[SHULPHQW� ,QGLXP ZDV XVHG
DV WKH FDOLEUDQW IRU HQWKDOS\ DQG WHPSHUDWXUH PHDVXUHPHQWV�

$OO NLQHWLF GDWD ZHUH REWDLQHG LQ LVRWKHUPDO H[SHULPHQWDO UXQV� 7KH VDPSOHV
ZHUH KHDWHG IURP D WHPSHUDWXUH RI ��� . WR WKH GHVLUHG LVRWKHUPDO SRO\PHUL]DWLRQ
WHPSHUDWXUH DW D UDWH RI �� . PLQ±�� ,Q RUGHU WR WDNH WKH UHDFWLRQ WR FRPSOHWH FRQYHU�
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VLRQ� LW ZDV QHFHVVDU\ WR FDUU\ RXW D WHPSHUDWXUH VFDQ XS WR ��� . RQFH WKH LVRWKHU�
PDO UXQ ZDV ILQLVKHG� 7KH HQWKDOSLHV RI SRO\PHUL]DWLRQ ZHUH FDOFXODWHG E\ LQWHJUDW�
LQJ WKH DUHD EHWZHHQ WKH '6& FXUYHV DQG WKH EDVHOLQH HVWDEOLVKHG E\ H[WUDSRODWLRQ
IURP WKH WUDFH SURGXFHG DIWHU FRPSOHWH �HTXLOLEULXP� SRO\PHUL]DWLRQ�

7KHUPRJUDYLPHWULF DQDO\VLV

7KH GHSRO\PHUL]DWLRQ RI SRO\�PHWK\OPHWKDFU\ODWH �300$� ZDV LQYHVWLJDWHG XV�
LQJ D 7KHUPRJUDYLPHWULF $QDO\VHU 7*$ ���� �7�$� ,QVWUXPHQWV�� ,Q SDUWLFXODU� WKH
+LJK 5HVROXWLRQ 7*$ �+5�7*$� WHFKQLTXH ZDV XVHG WR LPSURYH WKH WUDQVLWLRQ UHVR�
OXWLRQ DQG WKHQ WR GHWHUPLQDWH WKH FHLOLQJ WHPSHUDWXUH� ,Q WKH +L�5HV 7*$ WHFKQLTXH
WKH V\VWHP YDULHV WKH KHDWLQJ�FRROLQJ UDWH RI WKH IXUQDFH LQ UHVSRQVH WR FKDQJHV LQ
WKH UDWH RI GHFRPSRVLWLRQ RI WKH VDPSOH LQ VXFK D ZD\ DV WR PDLQWDLQ D SUH�VHOHFWHG
FRQVWDQW PDVV ORVV UDWH �� PLQ±��� $V WKLV UDWH LQFUHDVHV WKH KHDWLQJ UDWH LV GHFUHDVHG
DQG YLFH YHUVD� 7KLV DOORZV WKH SUHFLVH GHWHUPLQDWLRQ RI WHPSHUDWXUH RI WKH RQVHW RI
WKH WUDQVLWLRQ�

$ VDPSOH RI SRO\�PHWK\OPHWKDFU\ODWH ��� PJ� �00: 300$ � 6LJPD $OGULFK�
ZDV SODFHG LQ D SODWLQXP SDQ DQG ZDV ORDGHG LQWR WKH 7* IXUQDFH� $ IORZ RI
��� FP� PLQ±� RI DQ LQHUW JDV �1�� ZDV XVHG WR FRQWURO WKH VDPSOH DWPRVSKHUH GXULQJ
7* H[SHULPHQW� 7KH SXUJH JDV ZDV GLVWULEXWHG VHSDUDWHO\ WR WZR SDUWV RI 7*� �� SHU�
FHQW WR WKH IXUQDFH DQG �� SHUFHQW WR WKH EDODQFH FKDPEHU� 7KH VDPSOH ZDV KHDWHG WR
��� . DQG NHSW DW WKLV WHPSHUDWXUH IRU � PLQ WR GU\ LW DQG WKHQ ZDV KHDWHG WR ��� .
XVLQJ D PD[LPXP UDWH RI �� . PLQ±� DQG D UHVROXWLRQ RI � .�

$GLDEDWLF FDORULPHWU\

$ 3KL�7HF FDORULPHWHU +(/� 8.� ZDV XVHG WR FDUU\ RXW WKH SVHXGR�DGLDEDWLF
PHDVXUHPHQWV RI WKH EXON SRO\PHUL]DWLRQ RI 00$� 6DPSOHV RI DURXQG �⋅��±�P�

ZHUH ZHLJKHG DQG WKHQ LQWURGXFHG LQWR WKH SUHYLRXVO\ HYDFXDWHG UHDFWRU ZKLFK FRQ�
VLVWHG RI D VWDLQOHVV VWHHO VWLUUHG YHVVHO �9U ��±�P��� $ VPDOO LPSHOOHU ZDV SODFHG LQ�
VLGH WKH FHOO DQG GULYHQ E\ DQ HOHFWULF PRWRU� ,Q RXU H[SHULPHQWDO UXQV D W\SLFDO YDOXH
RI WKH Φ�IDFWRU LV ����±����� 7KLV YDOXH LV DFFHSWDEO\ ORZ� WKHUHIRUH WKH H[SHULPHQWDO
GDWD FDQ EH H[SHFWHG WR PLPLF UHVXOWV H[SHFWHG IURP D SODQW VFDOH UXQDZD\ ZLWKRXW
WKH QHHG IRU H[WUDSRODWLRQ� )LJXUH � VKRZV WKH 3KL�7HF H[SHULPHQWDO DSSDUDWXV� 6DP�
SOHV ZHUH KHDWHG WR WKH GHVLUHG LQLWLDO WHPSHUDWXUH DQG WKHQ DOORZHG WR UHDFW XQWLO QR
LQFUHDVH LQ WHPSHUDWXUH ZDV GHWHFWHG� 'XULQJ WKH FRXUVH RI DQ H[SHULPHQW WKH WHP�
SHUDWXUH DQG SUHVVXUH LQVLGH WKH YHVVHO ZHUH PHDVXUHG� WKH V\VWHP ZDV PDLQWDLQHG LQ
SVHXGR�DGLDEDWLF FRQGLWLRQV XVLQJ D VRSKLVWLFDWHG FRQWURO V\VWHP EDVHG RQ WKH FRP�
SHQVDWLRQ RI WKH KHDW ORVVHV� 7KH UDWHV RI FKDQJH RI WHPSHUDWXUH DQG RI SUHVVXUH ZHUH
DOVR PRQLWRUHG DQG VWRUHG� 7KLV GDWD� DIWHU DSSURSULDWH SURFHVVLQJ� FDQ EH XVHG WR
H[HFXWH D IXUWKHU DQDO\VLV� ,Q SDUWLFXODU WKH KHDW UDWH JHQHUDWHG E\ WKH UHDFWLRQV� WKH
UHDFWLRQ UDWH� WKH FRQYHUVLRQ DQG D SVHXGR�ILUVW RUGHU UDWH FRQVWDQW FDQ EH GHWHU�
PLQHG�

$W WKH HQG RI HDFK H[SHULPHQW� ILQDO FRQYHUVLRQV ZHUH GHWHUPLQHG JUDYLPHWUL�
FDOO\� 7KH UHDFWRU ZDV RSHQHG� SRO\PHU DQG XQUHDFWHG PRQRPHU ZHUH GLVVROYHG LQ
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DFHWRQH DQG SRO\PHU ZDV UHSUHFLSLWDWHG ZLWK PHWK\O DOFRKRO� $IWHU VROYHQW HYDSRUD�
WLRQ DQG VROLG GU\LQJ� PDVV GLIIHUHQFH JDYH WKH SHUFHQW RI PRQRPHU UHDFWHG�

([SHULPHQWDO�UHVXOWV

'LIIHUHQWLDO VFDQQLQJ FDORULPHWU\

,Q D SUHYLRXV ZRUN >��@� DQ H[WHQVLYH NLQHWLF VWXG\ RI WKH SRO\PHUL]DWLRQ RI
00$ KDV EHHQ FDUULHG RXW XVLQJ D GLIIHUHQWLDO VFDQQLQJ FDORULPHWHU RSHUDWLQJ XQGHU
LVRWKHUPDO FRQGLWLRQV� LQ WKLV ZD\ VRPH FKDUDFWHULVWLF SDUDPHWHUV RI WKH EXON SRO\�
PHUL]DWLRQ RI 00$ LQLWLDWHG E\ $,%1 ZHUH GHWHUPLQHG� ,Q WKH DEVHQFH RI GLIIXVLRQ
OLPLWDWLRQV� WKH DSSDUHQW ILUVW RUGHU FRQVWDQW ZDV HVWLPDWHG IRU WHPSHUDWXUHV UDQJLQJ
IURP ��� WR ��� .�

7KH PDLQ UHVXOWV FDQ EH VXPPDULVHG E\ DYHUDJLQJ WKH YDOXHV REWDLQHG IRU WKH
KHDW RI UHDFWLRQ DQG FDOFXODWLQJ WKH WHPSHUDWXUH GHSHQGHQFH RI WKH DSSDUHQW ILUVW RU�
GHU FRQVWDQW�

∆+S = −����±��� N-PRO−�00$

NDSS = ���⋅���H[S
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PRO��� V

&RQYHU VLRQVZHUHDOZD\VKLJKHU WKDQ��� IRU DOOWKHWHPSHUDWXUHVWHVWHG�

$GLDEDWLF FDORULPHWU\

/DWHU VWXGLHV� IRFXVHG RQ KD]DUG HYDOXDWLRQV� SHUPLWWHG WKH XVH RI DGLDEDWLF FDO�
RULPHWU\ WR GHWHUPLQH WKH WHPSHUDWXUH ULVH GXH WR WKH FRQVXPSWLRQ RI DOO RI WKH UHDF�
WDQWV� 7KH DGLDEDWLF WHPSHUDWXUH ULVH� ∆7DG� FDQ EH FDOFXODWHG IURP WKHUPRG\QDPLF
GDWD�

)LJ� � 3KL�7HF H[SHULPHQWDO DSSDUDWXV
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7DG = 7� +
P(−∆+S)
0&S

���

ZKHUH 7DG LV WKH DGLDEDWLF WHPSHUDWXUH� 7� LV WKH LQLWLDO WHPSHUDWXUH� ∆+S LV WKH KHDW
RI SRO\PHUL]DWLRQ� P WKH LQLWLDO DPRXQW RI PRQRPHU� DQG0 DQG &S WKH PDVV DQG WKH
KHDW FDSDFLW\ RI WKH UHDFWLQJ V\VWHP�

$ PD[LPXP WHPSHUDWXUH ULVH RI ��� . LV SRVVLEOH IRU WKH EXON 00$ SRO\PHUL�
]DWLRQ >��@� ,Q WKH 3KL�7HF FDORULPHWHU WKH UHDFWLQJ PDVV ZDV NHSW XQGHU SVHXGR�DGL�
DEDWLF FRQGLWLRQV WR DOORZ LW WR UHDFW FRPSOHWHO\ ZLWKRXW KHDW OLPLWDWLRQV� 1HYHUWKH�
OHVV� LW LV NQRZQ WKDW DW YHU\ KLJK WHPSHUDWXUHV SRO\PHWK\OPHWKDFU\ODWH EHJLQV WR GH�
FRPSRVH LQWR VKRUWHU IUDJPHQWV� 'DLQWRQ DQG ,YLQ ������ >��@ KDYH GHILQHG WKH FHLO�
LQJ WHPSHUDWXUH �7F� DV WKH WHPSHUDWXUH DW ZKLFK WKH UDWH RI GHSRO\PHUL]DWLRQ HTXDOV
WKH UDWH RI FKDLQ SURSDJDWLRQ� 8QGHU FRQGLWLRQV RI HTXLOLEULXP SURSDJDWLRQ�GHSR�
O\PHUL]DWLRQ� WKH FHLOLQJ WHPSHUDWXUH PD\ EH H[SUHVVHG DV�

7F =
∆+S

(∆6S� + 5OQ(0))
���

ZKHUH ∆6S� LV WKH HQWURS\ RI WKH UHDFWLRQ� 5 LV WKH JDV FRQVWDQW DQG >0@ LV WKH FRQ�
FHQWUDWLRQ RI PRQRPHU�

,Q DQ DGLDEDWLF H[SHULPHQW� ZLWK QR KHDW H[FKDQJH ZLWK WKH VXUURXQGLQJV� DQG DV�
VXPLQJ ILUVW RUGHU NLQHWLFV� WKH WHPSHUDWXUH LQFUHDVHV OLQHDUO\ ZLWK FRQYHUVLRQ� 'XH
WR WKLV LQFUHDVH RI WHPSHUDWXUH� WKH IUHH YROXPH RI WKH V\VWHP DOVR LQFUHDVHV DQG WKH
FULWLFDO YDOXHV DW ZKLFK WKH GLIIXVLYH FRQWURO RI SRO\PHUL]DWLRQ VWDUWV DUH UHDFKHG
ODWHU� DQG KLJKHU FRQYHUVLRQV FDQ EH DFKLHYHG ZLWKRXW GLIIXVLRQ SUREOHPV DULVLQJ� 6R
WKH NLQHWLF GDWD REWDLQHG DUH QRW DIIHFWHG E\ GLIIXVLRQ FRQWURO�

$V PHQWLRQHG LQ WKH H[SHULPHQWDO VHFWLRQ� WKH WHPSHUDWXUH DQG SUHVVXUH RI WKH UH�
DFWLQJ PDVV ZHUH FRQWLQXRXVO\ PRQLWRUHG GXULQJ WKH H[SHULPHQWV� 7KHLU UDWH RI
FKDQJH ZLWK WLPH ZHUH DOVR VWRUHG� 7\SLFDO SORWV RI WKH UDZ GDWD REWDLQHG GXULQJ WKH
FRXUVH RI DQ H[SHULPHQW LV VKRZHG LQ )LJ� �� $Q LQLWLDO H[SHULPHQW ZDV SHUIRUPHG
XVLQJ $,%1 DV LQLWLDWRU DQG VWDUWLQJ DW ��� . DQG ZLWK DQ LQLWLDO LQLWLDWRU FRQFHQWUD�
WLRQ RI ���� 0� 7KH PD[LPXP WHPSHUDWXUH UHDFKHG E\ WKH V\VWHP GXULQJ DQ H[SHUL�
PHQWDO UXQ ZDV ���±� .� 7KLV YDOXH LV IDU IURP WKH WKHRUHWLFDO YDOXH RI WKH PD[L�
PXP DGLDEDWLF WHPSHUDWXUH �������� ��� .� SUHGLFWHG RQ WKH EDVLV RI WKH WKHUPR�
G\QDPLF GDWD� 7KLV WHPSHUDWXUH LQFUHDVH FRUUHVSRQGV WR D 00$ FRQYHUVLRQ RI DERXW
����

7KH HIIHFW RI WKH LQLWLDO $,%1 FRQFHQWUDWLRQ RQ WKH UHDFWLRQ GHYHORSPHQW ZDV
DOVR FKHFNHG� 7KUHH GLIIHUHQW LQLWLDO FRQFHQWUDWLRQV ZHUH WHVWHG� ����� ���� DQG
����� 0� ,Q DOO FDVHV� WKH WHPSHUDWXUH LQFUHDVH LV ORZHU WKDQ WKH WKHRUHWLFDO WKHUPR�
G\QDPLF YDOXH� WKLV IDFW LQGLFDWHV WKDW WKH FRQYHUVLRQ RI WKH SRO\PHUL]DWLRQ LW LV LQ�
FRPSOHWH� 7KLV LV GXH WR NLQHWLF DQG WKHUPRG\QDPLF IDFWRUV WKDW LQGLFDWH WKH H[LV�
WHQFH RI D FHLOLQJ WHPSHUDWXUH DV GLVFXVVHG EHORZ�

)XUWKHU H[SHULPHQWDO LQYHVWLJDWLRQV ZLOO EH FDUULHG RXW LQ RUGHU WR GHWHUPLQH WKH
UHODWLRQVKLS EHWZHHQ WKH PD[LPXP WHPSHUDWXUH LQFUHDVH DQG WKH FHLOLQJ WHPSHUD�

��� )(/,8 HW DO�� $',$%$7,& &$/25,0(75<

-� 7KHUP� $QDO� &DO�� ��� ����



WXUH� /DE WHVWV ZHUH GHVLJQHG LQ RUGHU WR GHWHUPLQH H[SHULPHQWDOO\ WKH OLPLWDWLRQ LQ
WKH DGLDEDWLF WHPSHUDWXUH ULVH GXH WR WKH FHLOLQJ WHPSHUDWXUH HIIHFW� 'LIIHUHQW LQLWLD�
WRUV KDYH EHHQ XVHG� 7KH\ KDYH EHHQ FKRVHQ ZLWK GLIIHUHQW KDOI OLIH WLPHV DQG GLIIHU�
HQW PD[LPXP WHPSHUDWXUH RI RSHUDWLRQ LQ RUGHU WR FRYHU D EURDG UDQJH RI SRVVLEOH
VLWXDWLRQV�

7KH WHPSHUDWXUH DQG SUHVVXUH HYROXWLRQ RI WKH UHDFWLQJ V\VWHPV GHSHQGV RQ WKH
NLQG RI LQLWLDWRU XVHG DV VKRZQ LQ )LJV �D DQG �E UHVSHFWLYHO\� 7KH UDWH RI WHPSHUD�
WXUH LQFUHDVH RU VHOI�KHDWLQJ UDWH� SURSRUWLRQDO WR WKH KHDW IOX[HV ZHUH DOVR PRQLWRUHG
E\ WKH FDORULPHWHU DQG DUH SUHVHQWHG� YV� WHPSHUDWXUH� LQ )LJ� �� 'XH WR WKH WLPH UH�
VSRQVH RI WKH FRQWUROOHU� DQG LWV VHOI�DGDSWLQJ EHKDYLRXU� WKH KHDW IOX[ FXUYHV VKRZ
PRUH QRLVH WKDQ WKH WHPSHUDWXUH FXUYHV� 7KH KHDWLQJ UDWH LQLWLDOO\ LQFUHDVHV OLQHDUO\
ZLWK FRQYHUVLRQ� EXW DV KLJKHU WHPSHUDWXUHV DUH UHDFKHG WKH FRQWULEXWLRQ RI WKH GH�
SRO\PHUL]DWLRQ EHFRPHV PRUH DQG PRUH LPSRUWDQW XQWLO WKH HTXLOLEULXP OLPLW UHSUH�
VHQWHG E\ WKH FHLOLQJ WHPSHUDWXUH LV UHDFKHG�

7ZR GLIIHUHQW LQLWLDO WHPSHUDWXUHV ZHUH XVHG IRU WKH VL[ LQLWLDWRUV WHVWHG GHSHQG�
LQJ RQ WKH LQLWLDWRU GHFRPSRVLWLRQ WHPSHUDWXUH� 7KH VKDSH RI WKH FXUYH VKRZV WKDW
00$ KDG DOUHDG\ EHJXQ WR UHDFW DW ��� . ZKHQ LQLWLDWHG ZLWK 3.'��� 7KH LQLWLDWRU
3.'�� GHFRPSRVHV IDVWHU WKDQ WKH RWKHU LQLWLDWRUV� DQG ZDV FRPSOHWHO\ FRQVXPHG�
EHIRUH WKH FHLOLQJ WHPSHUDWXUH ZDV UHDFKHG� 1HYHUWKHOHVV� YHU\ KLJK UDWHV RI WHP�
SHUDWXUH LQFUHDVH �WKDW FDQ EH FRQVLGHUHG DV HTXLYDOHQW WR UHDFWLRQ UDWH� DV ODWHU ZLOO
EH GHPRQVWUDWHG� ZHUH PHDVXUHG DQG WKH UHDFWLRQ ZHQW WR FRPSOHWLRQ ZLWK QR RWKHU
OLPLWDWLRQ WKDQ 3.'�� FRQVXPSWLRQ� $,%1 DQG %32� KDYLQJ KLJKHU GHFRPSRVLWLRQ

)LJ� � 3ORW RI WKH UDZ GDWD REWDLQHG GXULQJ WKH FRXUVH RI D 3KL�7HF H[SHULPHQW� ,QLWLDWRU
$,%1 ���� 0
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WHPSHUDWXUHV� EHJDQ WR UHDFW ODWHU� UHDFKHG UHDFWLRQ UDWHV FORVH WR WKDW RI 3.'�� DQG
ERWK VWRSSHG DW DERXW WKH VDPH WHPSHUDWXUH DQG UHDFKHG DSSUR[LPDWHO\ WKH VDPH
PD[LPXP UHDFWLRQ UDWH� :KHQ D VHW RI LQLWLDWRUV ZLWK ORQJHU KDOI OLYHV ZDV XVHG
�3.'%&� 7*1%� 7*1.���� D GLIIHUHQW NLQG RI OLPLWDWLRQ ZDV GHWHFWHG� 6OLJKWO\
KLJKHU WHPSHUDWXUHV ZHUH UHDFKHG E\ WKH UHDFWLQJ PDVVHV� EXW WKH UDWHV RI WHPSHUD�
WXUH LQFUHDVH ZHUH RQH RUGHU RI PDJQLWXGH ORZHU VKRZLQJ WKDW WKH V\VWHP ZDV OLP�
LWHG E\ VRPHWKLQJ RWKHU WKDQ LQLWLDWRU FRQVXPSWLRQ� 7KH GDWD REWDLQHG VHUYHV DV D
VWDUWLQJ SRLQW IRU IXUWKHU DQDO\VLV�

7HPSHUDWXUH DQG KHDW IOX[ GDWD FDQ EH WUDQVIRUPHG LQWR FRQYHUVLRQ DQG UHDFWLRQ
UDWH DSSO\LQJ WKH IROORZLQJ WUDQVIRUPDWLRQV�

; =
7 − 7�

∆7DG

���

)LJ� �D 7HPSHUDWXUH YV� WLPH IRU VRPH LQLWLDWRUV WHVWHG

)LJ� �E 3UHVVXUH YV� WLPH IRU VRPH LQLWLDWRUV WHVWHG
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US = G;

GW
= �

∆7DG

G7

GW ���

ZKHUH ; LV FRQYHUVLRQ DQG US UHDFWLRQ UDWH� $ ILUVW SHULRG ZLWK D OLQHDU LQFUHDVH RI WKH
UHDFWLRQ UDWH LV GHWHFWHG� DQG D SVHXGR�ILUVW RUGHU NLQHWLF FRQVWDQW FDQ EH GHWHUPLQHG
DQG LWV WHPSHUDWXUH GHSHQGHQFH FDOFXODWHG XVLQJ WKH $UUKHQLXV HTXDWLRQ� 7KH YDOXHV
RI ILQDO FRQYHUVLRQ FDOFXODWHG IURP WKH SUHYLRXV HTXDWLRQ DUH YHU\ FORVH WR WKH H[�
SHULPHQWDO YDOXHV GHWHUPLQHG JUDYLPHWULFDOO\�

7KH ORFDO UDWH RI WHPSHUDWXUH ULVH DQG RYHUDOO WHPSHUDWXUH LQFUHDVH PD\ EH XVHG
WR GHWHUPLQH D SVHXGR�ILUVW RUGHU UDWH FRQVWDQW� N� FDOFXODWHG E\ WKH HTXDWLRQ�

)LJ� � /RJDULWKPLF SORW RI KHDW UDWH YV� WHPSHUDWXUH IRU VRPH LQLWLDWRUV WHVWHG

)LJ� � $UUKHQLXV SORW REWDLQHG IRU HDFK LQLWLDWRU
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N = G7�GW

(7PD[− 7) ���

ZKHUH 7PD[ LV WKH PD[LPXP UHFRUGHG WHPSHUDWXUH� 7KH HYDOXDWLRQ RI $UUKHQLXV FRQ�
VWDQWV IRU WKH SRO\PHUL]DWLRQ UHDFWLRQ KDV EHHQ FDUULHG RXW LQ WKH UDQJH RI WHPSHUD�
WXUH ZKHUH WKH KHDW UDWH LQFUHDVHV OLQHDUO\ ZLWK WHPSHUDWXUH XVLQJ D ILUVW RUGHU OLQHDU
UHJUHVVLRQ RI OQN YV� ±�����7 SORW� ,Q WKLV UDQJH RI WHPSHUDWXUH WKH FRQWULEXWLRQ RI
GHSRO\PHUL]DWLRQ UHDFWLRQ FDQ EH QHJOHFWHG DQG WKH FDOFXODWHG UDWH FRQVWDQW LV WKH
SRO\PHUL]DWLRQ UDWH FRQVWDQW� )LJXUH � VKRZV WKH $UUKHQLXV SORW REWDLQHG IRU HDFK
LQLWLDWRU� 7DEOH � VKRZV WKH H[SHULPHQWDO YDOXHV RI WKH RYHUDOO NLQHWLF FRQVWDQW DQG
WKH UHVXOWV REWDLQHG ZKHQ ILWWLQJ WKH $UUKHQLXV¶ HTXDWLRQ SDUDPHWHUV�

7KHUPRJUDYLPHWULF DQDO\VLV

$ ILQDO PHDVXUHPHQW� LQ RUGHU WR FRQILUP WKH FHLOLQJ WHPSHUDWXUH� ZDV SHUIRUPHG
RQ D 7* DSSDUDWXV� $ VDPSOH RI 300$ ZDV WHVWHG IRU LWV WKHUPDO GHFRPSRVLWLRQ�
)LJXUH � VKRZV WKH UHVXOWV RI D WKHUPRJUDYLPHWULF H[SHULPHQW ZKHUH DW ��� . DQ HQ�
GRWKHUPLF SURFHVV EHJLQV WKDW FDQ RQO\ EH UHODWHG WR WKH GHFRPSRVLWLRQ RI 300$
LQWR PRQRPHU PROHFXOHV� 7KH YDOXH RI WKH WHPSHUDWXUH RI WKH RQVHW RI WKLV WKHUPDO
GHFRPSRVLWLRQ LV YHU\ FORVH WR WKH FHLOLQJ WHPSHUDWXUH GHWHUPLQHG LQ WKH SVHXGR�DGL�
DEDWLF UXQV FDUULHG RXW LQ WKH 3KL�7HF�

7KH VLPLODULW\ RI WKH GHFRPSRVLWLRQ DQG FHLOLQJ WHPSHUDWXUHV LV D SRVVLEOH H[SOD�
QDWLRQ RI ZK\ 300$ LV RQH RI WKH SRO\PHUV WKDW FDQ EH UHFRYHUHG LQ QHDU ��� RI
PRQRPHU E\ WKHUPDO GHFRPSRVLWLRQ�

'LVFXVVLRQ

)LJXUH � VKRZV WKH FXUYHV RI OQUS YV� ��7 REWDLQHG LQ DGLDEDWLF UXQV XVLQJ GLIIHU�

HQW LQLWLDWRUV� $W ORZHU WHPSHUDWXUHV WKH RYHUDOO *LEEV IUHH HQHUJ\ FKDQJH �∆*� LV

7DEOH � $UUKHQLXV¶ HTXDWLRQ SDUDPHWHUV DQG ILQDO FRQYHUVLRQV REWDLQHG IRU WKH LQLWLDWRUV XVHG

,QLWLDWRU

3VHXGR�ILUVW RUGHU UDWH

FRQVWDQW N

,QLWLDWRU GHFRPSRVLWLRQ UDWH

FRQVWDQW NG
D

)LQDO FRQY�

OQ$ (D5
±�
�. OQ$ (D5

±�
�.

$,%1 ���� ����� ���� ����� ����

%HQ]RO SHUR[LGH �%32� ���� ����� ���� ����� ����

3HUNDGR[ �� �3.'��� ���� ����� ���� ����� ����

3HUNDGR[ %& �3.'%&� ���� ����� ���� ����� ����

7ULJRQR[ % �7*1%� ���� ����� ���� ����� 1�'�
E

7ULJRQR[ .��� �7*1.��� ���� ���� 1�'�
E

1�'�
E

����

D
$.=2�3URGXFW &DWDORJ

E
1�'�� QRW GHWHUPLQHG
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QHJDWLYH DQG WKH SRO\PHUL]DWLRQ LV WKHUPRG\QDPLFDOO\ IHDVLEOH� 7KHVH FRQGLWLRQV ID�

YRXU WKH IRUPDWLRQ RI SRO\PHU DQG WKH SRO\PHUL]DWLRQ UDWH LQFUHDVHV DV WHPSHUDWXUH

LQFUHDVHV� ,Q WKLV WHPSHUDWXUH UDQJH OQUS LQFUHDVHV DERXW OLQHDUO\ ZLWK ��7 IROORZLQJ

WKH $UUKHQLXV ORZ� $W KLJKHU WHPSHUDWXUH WKH GHSRO\PHUL]DWLRQ UHDFWLRQ EHFRPHV

PRUH LPSRUWDQW DQG WKH ∆* EHFRPHV OHVV QHJDWLYH� 7KH RYHUDOO SRO\PHUL]DWLRQ UDWH

UHDFK D PD[LPXP DQG WKHQ GHFUHDVHV� :KHQ WKH RYHUDOO SRO\PHUL]DWLRQ UDWH LV ]HUR

WKH FHLOLQJ WHPSHUDWXUH LV UHDFKHG�

)URP WKH DQDO\VLV RI DGLDEDWLF UXQV WKH H[LVWHQFH RI D FHLOLQJ WHPSHUDWXUH RI

DERXW ���R& LV FRQILUPHG� ,I ERWK WKH SURSDJDWLRQ DQG GHSURSDJDWLRQ UHDFWLRQV DUH

)LJ� � 7KHUPDO GHFRPSRVLWLRQ RI 300$

)LJ� � /RJDULWKPLF SORW RI WKH RYHUDOO UHDFWLRQ UDWH YV� ��7 REWDLQHG LQ SVHXGR�DGLDEDWLF UXQV
XVLQJ GLIIHUHQW LQLWLDWRUV
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WUHDWHG DV UDGLFDO UHDFWLRQV WKH RYHUDOO UDWH H[SUHVVLRQ GHSHQGV RQ WKH NLQHWLF UDWH

FRQVWDQWV RI SURSDJDWLRQ �NS� DQG GHSURSDJDWLRQ �NGS� DQG RQ WKH FRQFHQWUDWLRQ RI

PRQRPHU >0@ DQG IUHH UDGLFDO >3R@�

US = NS>3
R@>0@ − NGS>3

R@ ���

DW WKH FHLOLQJ WHPSHUDWXUH� US � DQG VR�

NS

NGS
= �

>0@F

���

ZKHUH >0@F LV WKH HTXLOLEULXP PRQRPHU FRQFHQWUDWLRQ� 7KH FHLOLQJ WHPSHUDWXUH FDQ

EH GHVFULEHG DV WKH LQWHUVHFWLRQ RI WKH SURSDJDWLRQ DQG GHSURSDJDWLRQ UDWH FXUYHV�

7KH GHSHQGHQFH RI WKH RYHUDOO UDWH RI IUHH UDGLFDO IRUPDWLRQ VKRZV WKDW D FHUWDLQ GH�

SHQGHQFH RI WKH YDOXH RI WKH FHLOLQJ WHPSHUDWXUH RQ WKH W\SH RI LQLWLDWRU FDQ EH DV�

VXPHG�

'XULQJ WKH SVHXGR�DGLDEDWLF UXQV FDUULHG RXW LQ WKH 3KL�7HF FDORULPHWHU D VWURQJ

LQFUHDVH LQ WKH SUHVVXUH KDV EHHQ REVHUYHG� ZKHQ WKH WHPSHUDWXUH DSSURDFKHV WKH

FHLOLQJ WHPSHUDWXUH WKH UDWH RI LQFUHDVH LQ SUHVVXUH LV UHGXFHG� 7KH FHLOLQJ WHPSHUD�

WXUH LV DERXW ��� . ORZHU WKDQ WKH WKHRUHWLFDO PD[LPXP DGLDEDWLF WHPSHUDWXUH SUH�

GLFWHG RQ WKH EDVLV RI WKHUPRG\QDPLF GDWD� DOVR WKH PD[LPXP YDOXH RI SUHVVXUH

UHDFKHG GXULQJ WKH DGLDEDWLF UXQ LV ORZHU WKDQ H[SHFWHG� $V D FRQVHTXHQFH WKH SUHV�

HQFH RI D FHLOLQJ WHPSHUDWXUH LQ WKH SRO\PHUL]DWLRQ RI 00$ GHWHUPLQHV DQ LQWULQVLF

OLPLWDWLRQ RQ WKH FRQVHTXHQFHV RI WKHUPDO UXQDZD\ LQ WKLV SURFHVV�

&RQFOXVLRQV

/DERUDWRU\ WHVWV ZHUH GHVLJQHG LQ RUGHU WR GHWHUPLQH H[SHULPHQWDOO\ WKH OLPLWD�

WLRQ LQ WKH DGLDEDWLF WHPSHUDWXUH ULVH GXH WR WKH FHLOLQJ WHPSHUDWXUH HIIHFW� 7KH H[LV�

WHQFH RI WKH FHLOLQJ WHPSHUDWXUH KDV EHHQ GHPRQVWUDWHG H[SHULPHQWDOO\� 7KH IDFW WKDW

DQ LQWULQVLF OLPLWDWLRQ WR WKH LQFUHDVH RI WHPSHUDWXUH DQG SUHVVXUH� GXH WR WKH FHLOLQJ

WHPSHUDWXUH� H[LVWV� VKRXOG SHUPLW WKH GHVLJQ RI HTXLSPHQW ZLWK OHVV UHVWULFWLYH

VDIHW\ VSHFLILFDWLRQV� ,Q FRQFOXVLRQ WKH XVH RI DGLDEDWLF FDORULPHWU\ UHSUHVHQWV D YHU\

HIILFLHQW WRRO IRU REWDLQLQJ D GHHSHU NQRZOHGJH RI WKH SRO\PHUL]DWLRQ SURFHVVHV IL�

QDOLVHG WR D VDIHW\ DQDO\VLV RI WKH SURFHVV�

7KH H[SHULPHQWDO GDWD� VXFK DV UDWH RI WHPSHUDWXUH ULVH DQG UDWH RI SUHVVXUH ULVH�

REWDLQHG XVLQJ WKH 3KL�7HF DSSDUDWXV FDQ EH XVHG LQ WKH ',(56 YHQW VL]LQJ PHWKRG�

RORJ\ WR SURYLGH UHDOLVWLF HTXDWLRQV IRU WKH GHVLJQ RI ODUJH VFDOH DSSDUDWXV� 7KH UH�

VXOWV REWDLQHG LQ WKLV VWXG\ FDQ EH DOVR XVHG LQ WKH EXLOGLQJ RI D PRGHO� LQFOXGLQJ WKH

GHSRO\PHUL]DWLRQ SURFHVV� WKDW ZLOO EH XVHG IRU D SDUDPHWULF VHQVLWLYLW\ DQDO\VLV RI

WKH SURFHVV DQG WR H[HFXWH DQ HIILFLHQW VFDOLQJ IURP WKH ODERUDWRU\ WR DQ LQGXVWULDO UH�

DFWRU DQG WR GHWHUPLQH WKH RQVHW RI VHOI�KHDWLQJ FRQGLWLRQV LQ RUGHU WR GHWHUPLQH LQ�

WULQVLFDOO\ VDIH RSHUDWLQJ FRQGLWLRQV�
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1RPHQFODWXUH

  

7KH ILQDQFLDO VXSSRUW RI WKH 5HJLRQH 6LFLOLDQD DQG RI WKH &RPPLVVLRQ RI (XURSHDQ &RPPX�

QLW\ �3URJHWWR 323 6LFLOLD� DQG RI ,WDOLDQ 08567 �3URJHWWR H[ ���� LV JUDWHIXOO\ DFNQRZOHGJHG�

5HIHUHQFHV

� %� &� %RZHV� LQ 6HOI�KHDWLQJ� HYDOXDWLQJ DQG FRQWUROOLQJ WKH KD]DUGV� (OVHYLHU 6FLHQFH 3XE�
OLVKLQJ &R�� 1HZ <RUN �����

� -� $� %DUWRQ DQG 3� )� 1RODQ� -� +D]DUG� 0DW�� �� ������ ����
� 0� 'XFK� .� 0DUFDOL� 0� '� *RUGRQ� &� -� +HQVOHU DQG *� -� 2p%ULHQ� 3ODQW�2SHUDWLRQV

3URJUHVV� � ������ ���
� '� ,� 7RZQVHQG DQG -� &� 7RQ� 7KHUPRFKLP� $FWD� �� ������ ��
� -� 6LQJK� ,QW� 6\PSRVLXP RQ 5XQDZD\ 5HDFWLRQ� &DPEULGJH� 0$ $,&K(� 1HZ <RUN �����

S� ����
� -� 6LQJK� 7KHUPRFKLP� $FWD� ��� ������ ����

FS KHDW FDSDFLW\ RI WKH UHDFWLQJ V\VWHP - NJ
±�
.

±�

(D DFWLYDWLRQ HQHUJ\ -

NDSS RYHUDOO SRO\PHUL]DWLRQ UDWH FRQVWDQW P
���

NPRO
±���

V
±�

NS SURSDJDWLRQ UDWH FRQVWDQW P
���

NPRO
±���

V
±�

NG LQLWLDWRU GHFRPSRVLWLRQ UDWH FRQVWDQW P
���

NPRO
±���

V
±�

P LQLWLDO DPRXQW RI PRQRPHU NPRO

0 PDVV RI WKH UHDFWLQJ V\VWHP NJ

US UDWH RI SRO\PHUL]DWLRQ UHDFWLRQ NPRO P
±�
V
±�

5 JDV FRQVWDQW 3DP
�
PRO

±�
.

±�

W WLPH V

7DG DGLDEDWLF WHPSHUDWXUH .

7� LQLWLDO WHPSHUDWXUH .

7F FHLOLQJ WHPSHUDWXUH .

7PD[ PD[LPXP UHFRUGHG WHPSHUDWXUH .

9 YROXPH P
�

9U YROXPH RI UHDFWLQJ V\VWHP P
�

; FRQYHUVLRQ GLPHQVLRQOHVV

>3
R
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