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: K HQ P X OWLS OH G HIHFWV �D OVR FDOOHG G LVHDVHV RU IDX OWV�
DUH S UHVHQ W� WK HUH LV D S RVVLE LOLW\ RI LQ WHUDFWLRQ V E H�
WZ HHQ WK H G HIHFWV� : K HQ G HIHFWV LQ WHUDFW� WK H FX HV

�G DWD RE WDLQ D E OH� IRU D FRP E LQ D WLRQ RI G HIHFWV LV Q RW
D VLP S OH VX P RI WK H FX HV RE VHUYD E OH IRU WK H FRP S R Q HQ W
G HIHFWV� ( [ S HFWHG FX HV P D\ E H P LVVLQ J� DOWHUHG � RU Q HZ
FX HV P D\ DS S HDU� ( DFK RI WK HVH DOWHUDWLR Q V RI FX HV
P DNHV G LDJQ RVLV P R UH G Ls FX OW� DV WK H FRUUHFW G HIHFW
FRP E LQ DWLRQ P D\ Q RW HY HQ E H FRQ VLG HUHG �WULJ JHUHG �
E \ D G LD JQ RVWLF V\ VWHP � : H S UHVHQ W D Q DOJ RULWK P IRU
K HX ULVWLF VR OX WLRQ FR Q VWUX FWLRQ WK DW LQ WHJUDWHV P X OWL�
S OH W\ S HV RI LQ IRUP DWLRQ DE R X W WK H FDVH� 6 ROX WLRQ V DUH
HYDOX DWHG E DVHG RQ K RZ P DQ \ RI WK H D E Q R UP DO FX HV
DUH DFFRX Q WHG IRU� Z LWK D P HWK R G WK DW FRP E LQ HV FX HV
WK DW P D\ E H DOWHUHG G X H WR LQ WHUDFWLRQ V E HWZ HHQ G H�
IHFWV� 7 K H P HWK R G FDQ DFFR X Q W IRU FX HV WK D W FRP E LQ H
Z LWK RQ H DQ RWK HU LQ WK UHH E DVLF Z D\ V� VHW X Q LRQ � DG G L�
WLYHO\ DQ G RUG HUHG G R P LQ DQ FH �VR P H YDOX HV P DVN RWK HU
YDOX HV� RU Z LWK D FR P E LQ DWLRQ RI WK RVH E D VLF Z D\ V�

) R U WK H VROX WLRQ VS DFH RI RQ H WDVN � G LD JQ RVLQ J FRQ �
JHQ LWDO K HDUW G HIHFWV� Z H FR Q VLG HUHG VHYHQ P D MRU G H�
IHFWV DQ G IRX Q G WK H VROX WLRQ VS DFH �H[ K D X VWLYH� Z DV
UHG X FHG E \ DS S UR[ LP DWHO\ �� � E HFDX VH VRP H RI WK H
G HIHFWV FRX OG Q R W S K \ VLFDOO\ R FFX U WRJ HWK HU� ( [ S HUL�
P HQ WDO UHVX OWV RQ FD VHV IURP K R VS LWDO q OHV G HP R Q VWUDWH
WK H Hp HFWLY HQ HVV RI WK H K HX ULVWLF VR OX WLRQ FRQ VWUX FWLRQ
DOJ RULWK P WR J HQ HUDWH WK H FR UUHFW VROX WLRQ HDUO\ Z K LFK
UHG X FHG WK H Q X P E HU R I VROX WLRQ V H[ S ORUHG �FRP S DUHG WR
DQ H[ K DX VWLY H VHDUFK � HYHQ IX UWK HU RQ P RVW FDVHV� : LWK
WK H FRP S X WDWLRQ D O S RZ HU RI FX UUHQ W Z RUN VWDWLRQ V� HYHQ
FDVHV UHT X LULQ J H[ S ORUD WLRQ RI WK LV HQ WLUH VROX WLRQ VS DFH
UHT X LUHG OHVV WK DQ � P LQ X WHV RI & 3 8 WLP H S HU FDVH�

,Q WUR G X F WLR Q

& X H UHIHUV WR D SLHFH RI GDWD DYDLODEOH DERXW WKH FDVH
�REVHUYHG� RU RQH H[SHFWHG IURP D GHIHFW� &XHV PD\ EH
HLWKHU QRUPDO �H[SHFWHG RI D QRUPDO SDWLHQW� RU DEQRU�
PDO �DOVR FDOOHG V\P S WR P V� � &XHV LQFOXGH WHVW UHVXOWV�
SDWLHQW LQWHUYLHZV� SK\VLFDO H[DPV� DQG WKH SDWLHQW
V
KLVWRU\� 6 LQ JOH G HIHFW UHIHUV WR D VLQJOH SK\VLFDO DEQRU�
PDOLW\� ' LVHD VH RU ID X OW DUH WHUPV DOVR XVHG IUHTXHQWO\�

& R S \ ULJ K W Fr ��� �� $ P HULFDQ $ VVR FLDWLRQ IRU $ UWLq FLDO ,Q WHOOLJHQ FH

�Z Z Z �DDDL�RUJ�� $ OO ULJK WV UHVHUYHG �

(DFK GHIHFW KDV D QDPH WKDW XQLTXHO\ LGHQWLqHV LW� 0 X O�
WLS OH G HIHFW UHIHUV WR WKH FRH[LVWHQFH RI WZR RU PRUH SK\V�
LFDO DEQRUPDOLWLHV �GHIHFWV� � LQGHSHQGHQW RI DQ\ FDXVDO
UHODWLRQVKLS�V� � $ PXOWLSOH GHIHFW ZLWK D XQLTXH QDPH
ZLOO EH FDOOHG D FR P S OH[ GHIHFW�

'LDJQRVLQJ PXOWLSOH GHIHFWV FRQWLQXHV WR EH D GLsFXOW
SUREOHP LQ PDQ\ GRPDLQV� HVSHFLDOO\ PHGLFDO GRPDLQV�
:KHQ PXOWLSOH GHIHFWV PLJKW EH SUHVHQW� WKH QXPEHU RI
SRWHQWLDO VROXWLRQV WR HDFK SUREOHP LV JUHDWO\ LQFUHDVHG�
0XOWLSOH GHIHFWV DUH LQ WHUD FWLQ J ZKHQ WKH FXHV IURP WKH
PXOWLSOH GHIHFW FDVH DUH QRW VHW DGGLWLYH �3DWLO �����
ZKHQ FRPSDUHG WR WKH FXHV IRU WKH FRPSRQHQW GHIHFWV�
'LDJQRVLV LV HYHQ PRUH GLsFXOW LI WKH GHIHFWV LQWHUDFW�
,Q SDUWLFXODU� ZKHQ GHIHFWV LQWHUDFW� H[SHFWHG DEQRUPDO
FXHV PD\ EH FRPELQHG� PLVVLQJ� RU DOWHUHG� DQG QHZ
DEQRUPDO FXHV PD\ DSSHDU�

%\ODQGHU� HW DO� ������ KDYH VKRZQ WKDW DEGXFWLRQ
SUREOHPV DUH LQ JHQHUDO LQWUDFWDEOH� 2QH H[FHSWLRQ LV
qQGLQJ RQH EHVW H[SODQDWLRQ IRU DQ RUGHUHG� LQGHSHQ�
GHQW� PRQRWRQLF DEGXFWLRQ SUREOHP� ,QWHUDFWLQJ GH�
IHFWV DUH FOHDUO\ QRW LQ WKH WUDFWDEOH FDWHJRU\� VLQFH FXHV
PD\ FDQFHO� $V D UHVXOW� VROXWLRQV WR PXOWLSOH GHIHFW
SUREOHPV ZLOO FRQWLQXH WR UHTXLUH D JUHDW GHDO RI FRP�
SXWDWLRQDO SRZHU� :LWKLQ WKHVH FRQVWUDLQWV� D FRPEL�
QDWLRQ RI HsFLHQW KHXULVWLF VROXWLRQ FRQVWUXFWLRQ DOJR�
ULWKPV DQG LQFUHDVLQJO\ SRZHUIXO FRPSXWHUV DOORZV XV
WR WDFNOH LQWHUHVWLQJ GLDJQRVWLF SUREOHPV� RQH RI ZKLFK
LV GHVFULEHG LQ WKLV SDSHU�

' LD J Q R VWLF & R Q WUR O $ OJ R ULWK P

7KLV LV D GHFLVLRQ�VXSSRUW DSSURDFK WR GLDJQRVLV� LQ
RWKHU ZRUGV� WKH JRDO LV QRW ?D GLDJQRVLV� � EXW UDWKHU WR
SURGXFH HYLGHQFH WKDW FRPSDUHV DOWHUQDWLYH VROXWLRQV�
7KLV DSSURDFK XVHV D UDQNLQJ RI VROXWLRQV EDVHG RQ KRZ
PDQ\ RI WKH DEQRUPDO FXHV LQ WKH FDVH DUH DFFRXQWHG
IRU DQG LGHQWLI\LQJ ZKLFK RQH�V� DUH QRW� $Q\ VROXWLRQV
DFFRXQWLQJ IRU DOO RU DOPRVW DOO RI WKH DEQRUPDO FXHV
FDQ EH FRQVLGHUHG SRWHQWLDO GLDJQRVHV�

7KLV DSSURDFK DSSOLHV WR PXOWLSOH LQWHUDFWLQJ GHIHFWV
DQG V\QWKHVL]HV LGHDV IURP D QXPEHU RI GLDJQRVWLF DS�
SURDFKHV LQFOXGLQJ VHW FRYHULQJ �3HQJ DQG 5HJJLD ����� �
UHFRJQLWLRQ�EDVHG UHDVRQLQJ �7KRPSVRQ HW D O� �����
-RKQVRQ HW D O� ����� DQG DEGXFWLRQ DQG K\SRWKH�
VLV DVVHPEO\ �%\ODQGHU HW D O� ���� � )LVFKHU �����



-RVHSKVRQ DQG -RVHSKVRQ ����� �
7KLV FRPSXWDWLRQDO PRGHO XVHV WZR SULPDU\ PRGHV

RI UHDVRQLQJ� )LUVW� D IRUZDUG FKDLQLQJ VW\OH LQFOXG�
LQJ UHFRJQLWLRQ�EDVHG UHDVRQLQJ LV SHUIRUPHG XQWLO DOO
FXHV KDYH EHHQ DFFHSWHG� 7KHQ� DQ DEGXFWLYH VW\OH FRQ�
VLVWLQJ RI DOWHUQDWLQJ VROXWLRQ FRQVWUXFWLRQ DQG HYDOXD�
WLRQ LV SHUIRUPHG XQWLO DQ DGHTXDWH VROXWLRQ LV IRXQG
RU DOO DOWHUQDWLYHV KDYH EHHQ FRQVLGHUHG �5HHG �����
5HHG HW D O� ����� � +HXULVWLFV DUH XVHG LQ WKH FRQ�
VWUXFWLRQ RI DOWHUQDWLYH VROXWLRQV WR IRFXV RQ WKH PRVW
SURPLVLQJ VROXWLRQV qUVW�
7KH PRGXOHV DSSOLFDEOH ZKHQ QHZ FXHV DUH DYDLO�

DEOH LQFOXGH WZR LG HQ WLI\ IHD WX UHV PRGXOHV DQG WZR UHF�

RJQ L]H G HIHFW PRGXOHV IRU UHFRJQLWLRQ�EDVHG UHDVRQLQJ
�5%5� GHVFULEHG QH[W� 7KH LG HQ WLI\ VR OX WLR Q W\SH PRG�
XOH VHDUFKHV IRU FXHV WKDW FDQ IRFXV SUREOHP VROYLQJ RQ D
VXEVHW RI WKH VROXWLRQ VSDFH� 7KH VROXWLRQ W\SH PD\ EH
LGHQWLqHG DV D VLQJOH GHIHFW� D QDPHG GHIHFW� D FRPSOH[
GHIHFW� D PXOWLSOH GHIHFW� RU VRPH FRPELQDWLRQ RI WKRVH
W\SHV� 7KH LG HQ WLI\ HVVHQ WLD O G HIHFWV PRGXOH VHDUFKHV
IRU FXHV WKDW DUH RQO\ SURGXFHG E\ RQH VSHFLqF GHIHFW�
7KHVH DUH DOVR FDOOHG SDWKRJQRPRQLF FXHV� ,I D FXH FDQ
RQO\ EH FDXVHG E\ RQH GHIHFW DQG WKDW FXH DSSHDUV�
WKHQ WKH FRUUHVSRQGLQJ GHIHFW PXVW EH D FRPSRQHQW RI
WKH VROXWLRQ� 7KHVH GHIHFWV DUH FDOOHG HVVHQ WLD O �)LVFKHU
����� �
7KH WZR UHFRJQLWLRQ�EDVHG UHDVRQLQJ �5%5� PRG�

XOHV DSSOLFDEOH ZKHQ QHZ FXHV DUH DYDLODEOH SURSRVH
DQG HYDOXDWH K\SRWKHVHV �7KRPSVRQ HW D O� �����
-RKQVRQ HW D O� ����� � 7KH S UR SR VH K \SR WK HVHV PRG�
XOH DFWLYDWHV SK\VLRORJLFDO DQG GHIHFW K\SRWKHVHV EDVHG
RQ REVHUYHG FXHV LQ WKH FDVH� 7KH UHYLHZ K \SR WK HVHV

PRGXOH HYDOXDWHV DOO DFWLYH K\SRWKHVHV ZLWK QHZ LQ�
IRUPDWLRQ DV LW EHFRPHV DYDLODEOH� +\SRWKHVHV FDQ EH
LQ H[DFWO\ RQH RI IRXU VWDWHV� G R UP D Q W �LQDFWLYH� � S UR �

SR VHG �EHOLHYHG UHOHYDQW� � D FFHS WHG �EHOLHYHG WUXH� � DQG
UHMHFWHG �EHOLHYHG IDOVH� � $OO K\SRWKHVHV VWDUW LQ D GRU�
PDQW VWDWH� PHDQLQJ WKH\ DUH QRW FXUUHQWO\ FRQVLGHUHG
UHOHYDQW WR WKH FDVH� 7KH RWKHU WKUHH VWDWHV DOO GHVFULEH
DFWLYH K\SRWKHVHV� (YLGHQFH LV JDWKHUHG WR VXSSRUW RU
RSSRVH DFWLYH K\SRWKHVHV� ,I HQRXJK SRVLWLYH HYLGHQFH
DFFXPXODWHV� D SURSRVHG K\SRWKHVLV ZLOO EH DFFHSWHG�
,I HQRXJK QHJDWLYH HYLGHQFH DFFXPXODWHV� D SURSRVHG
RU DFFHSWHG K\SRWKHVLV ZLOO EH UHMHFWHG� 5HMHFWLQJ D K\�
SRWKHVLV LV qQDO� 2QFH UHMHFWHG� D K\SRWKHVLV FDQQRW
FKDQJH VWDWH�
7KH VHFRQG VWHS RI WKH FRQWURO DOJRULWKP LV WR HYDO�

XDWH WKH FXUUHQW VROXWLRQ� ,I WKH 5%5 PRGXOHV DFFHSW
RQH GHIHFW DIWHU DOO REVHUYHG FXHV KDYH EHHQ SURFHVVHG�
WKDW VROXWLRQ LV FRQVLGHUHG WKH ?FXUUHQW VROXWLRQ� DQG LV
HYDOXDWHG XVLQJ D PHWULF GHVFULEHG LQ WKH QH[W VHFWLRQ�
,I WKH FXUUHQW VROXWLRQ H[SODLQV DOO DEQRUPDO FXHV �RU
DW OHDVW VRPH VSHFLqHG FXWRp YDOXH� � WKHQ WKDW LV WKH
RQO\ VROXWLRQ HYDOXDWHG DQG WKH SUREOHP LV FRQVLGHUHG
VROYHG�
,Q DOO RWKHU FDVHV� ZKHQ UHFRJQLWLRQ�EDVHG UHDVRQLQJ

�5%5� DFFHSWV QR GHIHFWV RU PRUH WKDQ RQH GHIHFW� RU LI
WKH DFFHSWHG GHIHFW GRHV QRW H[SODLQ DOO WKH DEQRUPDO
FXHV� WKHQ VROXWLRQV DUH FRQVWUXFWHG DQG HYDOXDWHG E\

WKH FR Q VWUX FW VR OX WLR Q V DQG HYD OX D WH VR OX WLR Q V PRGXOHV�
UHVSHFWLYHO\�

( Y D OX D WLQ J 6 R OX WLR Q V

7KH PHWULF XVHG WR FRPSDUH VROXWLRQV LV FDOOHG HYLG HQ FH

SR LQ WV DQG LV GHqQHG EHORZ �5HHG HW D O� ����� � 6ROX�
WLRQV DUH HYDOXDWHG EDVHG RQ WKH UDWLR RI H[SODLQHG WR
WRWDO DEQRUPDO FXHV� )RU D FDVH & DQG D VROXWLRQ 6 �
WKH DEQRUPDO FXHV REVHUYHG LQ WKH FDVH �2 EV �& � DQG
H[SHFWHG IRU WKH GHIHFWV LQ WKH VROXWLRQ �( [ S �6 � � 7KH
EHVW VROXWLRQV DUH WKRVH WKDW KDYH WKH KLJKHVW HYLGHQFH
SRLQW UDWLRV �PHDQLQJ WKH IHZHVW XQH[SODLQHG DEQRUPDO
FXHV� � 7KH HYLGHQFH SRLQW �(3� IRUPXOD LV VKRZQ QH[W�
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&XHV DUH FDWHJRUL]HG DV HLWKHU LPSRUWDQW RU LJQRUHG�
,PSRUWDQW DEQRUPDO H[SHFWHG FXHV IRU HDFK GHIHFW DUH
FODVVLqHG LQ RQH RI WZR FDWHJRULHV � UHTX LUHG RU R S WLR Q D O�
5HTXLUHG H[SHFWHG FXHV DUH ?DOZD\V� SUHVHQW LQ D FDVH
ZKHQ WKH GHIHFW LV SUHVHQW �XQOHVV WKH\ DUH PLVVLQJ RU
DOWHUHG GXH WR LQWHUDFWLRQV EHWZHHQ GHIHFWV� � 2SWLRQDO
H[SHFWHG FXHV DUH RIWHQ SUHVHQW LQ FDVHV ZKHQ WKH GHIHFW
LV SUHVHQW� EXW WKHLU DEVHQFH GRHV QRW QHHG D UHDVRQ� ,J�
QRUHG FXHV DUH WKRVH WKDW DUH HLWKHU QRW LPSRUWDQW IRU
GHWHUPLQLQJ D GLDJQRVLV RU DUH QRW XVHIXO IRU GLVFULPL�
QDWLQJ EHWZHHQ GHIHFWV� ,JQRUHG FXHV DUH QRW LQFOXGHG
LQ WKH HYDOXDWLRQ RI VROXWLRQV XVLQJ WKH HYLGHQFH SRLQWV
PHWULF�
(3 FDOFXODWLRQV JHQHUDOL]H WR VROXWLRQV FRQWDLQLQJ

PRUH WKDQ RQH GHIHFW DQG DFFRXQW IRU LQWHUDFWLRQV EH�
WZHHQ GHIHFWV DV IROORZV� 7KH (3 FDOFXODWLRQV FOX VWHU

FXHV� &XHV RI WKH VDPH W\SH IURP WKH FDVH DQG DOO GH�
IHFWV LQ WKH VROXWLRQ DUH FRQVLGHUHG WRJHWKHU� (DFK W\SH
RI FXH KDV D VSHFLqF FRPELQDWLRQ PHWKRG� 7KH PHWKRGV
FXUUHQWO\ DYDLODEOH LQFOXGH WKUHH EDVLF ZD\V � VHW XQLRQ�
DGGLWLYHO\� DQG RUGHUHG GRPLQDQFH �ZKHUH ?VWURQJHU�
YDOXHV PDVN RWKHU YDOXHV� � RU D FRPELQDWLRQ RI WKH WKUHH
EDVLF ZD\V EDVHG RQ FKDUDFWHULVWLFV RI WKH FXH� FDVH RU
GRPDLQ� 7KHVH FRPELQDWLRQ PHWKRGV DOORZ WKH FRUUHFW
LQWHUSUHWDWLRQ RI DOWHUHG FXHV GXH WR LQWHUDFWLQJ GHIHFWV�
:KHQ D FDVH LV SUHVHQWHG� LW LV DVVXPHG WKDW DOO DE�

QRUPDO FXHV RI WKH LPSRUWDQW W\SHV DUH LQFOXGHG� DV LV
XVXDOO\ GRQH E\ SK\VLFLDQV GRFXPHQWLQJ D FDVH� ,I WKH
REVHUYDWLRQ RI D VSHFLqF FXH LV QRW SRVVLEOH� WKDW FXH LV
JLYHQ D YDOXH RI X Q NQ R Z Q IRU WKDW FDVH� 8QNQRZQ FXHV
DQG DOO H[SHFWHG FXHV RI WKH VDPH W\SH DUH QRW LQFOXGHG
LQ WKH (3 IRUPXOD ZKHQ VROXWLRQV DUH HYDOXDWHG�

+ H X ULVWLF 6 R OX WLR Q & R Q VWUX F WLR Q

&DQGLGDWH VROXWLRQV DUH FRQVWUXFWHG XVLQJ WKH KHXULVWLF
DOJRULWKP VXPPDUL]HG LQ 7DEOH �� )LUVW� VROXWLRQV FRQ�
WDLQLQJ RQH GHIHFW �VLQJOH RU FRPSOH[� DUH H[SORUHG� WKHQ
WKRVH ZLWK WZR GHIHFWV� HWF� XS WR WKH P D [LP X P Q X P �
EHU R I G HIHFWV SHU VR OX WLR Q � ZKLFK LV GRPDLQ GHSHQGHQW�
+HXULVWLF VROXWLRQ FRQVWUXFWLRQ PDNHV XVH RI WKH GHIHFWV



SURSRVHG DQG DFFHSWHG E\ WKH UHFRJQLWLRQ�EDVHG UHDVRQ�
LQJ �5%5� PRGXOHV DQG DQ\ HVVHQWLDO GHIHFWV RU VROXWLRQ
W\SH LGHQWLqHG �DOO PRGXOHV DFWLYH RQ QHZ FXHV� �
,Q ERWK KHXULVWLF DQG H[KDXVWLYH VHDUFK PRGHV� VR�

OXWLRQ FRQVWUXFWLRQ DQG HYDOXDWLRQ ZLOO VWRS ZKHQ HL�
WKHU WKH q UVW VXsFLHQW VROXWLRQ RU D OO VROXWLRQV XS WR
WKH VDPH QXPEHU RI GHIHFWV DV WKH qUVW KDYH EHHQ
FRQVWUXFWHG DQG HYDOXDWHG� ,I QR VROXWLRQV H[SODLQLQJ
HQRXJK DEQRUPDO FXHV DUH IRXQG� SURFHVVLQJ FRQWLQXHV
XQWLO DOO KHXULVWLF RU H[KDXVWLYH VROXWLRQV KDYH EHHQ FRQ�
VWUXFWHG DQG HYDOXDWHG �XS WR WKH PD[LPXP QXPEHU RI
GHIHFWV SHU VROXWLRQ� �
+HXULVWLFDOO\ JHQHUDWHG VROXWLRQV DUH FRQVWUXFWHG XV�

LQJ WKH IROORZLQJ PRGXOHV� LQ FOX G H HVVHQ WLD O G HIHFWV�
FR YHU FX HV� D G G D VVRFLD WHG G HIHFWV� P D WFK VR OX WLR Q W\SH�

HOLP LQ D WH LQ FR P SD WLEOH G HIHFWV� DQG HOLP LQ D WH G X S OLFD WH

VR OX WLR Q V� 7KH D G G HVVHQ WLD O G HIHFWV PRGXOH PDNHV VXUH
WKDW DQ\ HVVHQWLDO GHIHFWV LGHQWLqHG DUH LQFOXGHG LQ WKH
VROXWLRQV FRQVWUXFWHG� 7KH FR YHU FX HV PRGXOH LQFOXGHV
GHIHFWV WKDW H[SODLQ VLJQLqFDQW DEQRUPDO REVHUYHG FXHV
LQ WKH FDVH DV LGHQWLqHG E\ WKH 5%5 PRGXOHV �DFFHSWHG�
SURSRVHG� RU UHMHFWHG GHIHFW K\SRWKHVHV� �

� � &RQVWUXFW � GHIHFW VROXWLRQV LQ WKLV RUGHU�
( VVHQ WLD O GHIHFWV�
5%5 D FFHS WHG GHIHFWV�
5%5 S UR SR VHG �LQFOXGLQJ UHMHFWHG� GHIHFWV�

�� ) R U 1 X P ' H I  � WR 0 D [ ' H I 3 H U 6 R O Q G R

6WDUW ZLWK VROXWLRQV RI �1 X P ' H I �� � GHIHFWV�
IRUP VROXWLRQV FRQWDLQLQJ 1 X P ' H I GHIHFWV E\
DGGLQJ GHIHFWV LQ WKH IROORZLQJ RUGHU�

HVVHQ WLD O GHIHFWV�
5 % 5 D FFHS WHG GHIHFWV
5 % 5 S UR SR VHG GHIHFWV�
D VVRFLD WHG GHIHFWV �&RPPRQ�2FFDVLRQDO�5DUH� �

5HPRYH GXSOLFDWH VROXWLRQV�
5HPRYH VROXWLRQV RI LQFRPSDWLEOH W\SH�V� �
5HPRYH VROXWLRQV ZLWK LQFRPSDWLEOH GHIHFWV�

( Q G ) R U

7DEOH � � +HXULVWLF VROXWLRQ FRQVWUXFWLRQ DOJRULWKP�

7KH D G G D VVRFLD WHG G HIHFWV PRGXOH qQGV DQG DGGV GH�
IHFWV WKDW FR�RFFXU ZLWK D PLQLPXP RI VRPH VSHFLqHG
IUHTXHQF\ ZLWK VRPH GHIHFW DOUHDG\ XQGHU FRQVLGHUDWLRQ
WR D VROXWLRQ� 7KH IUHTXHQFLHV WKDW GHIHFWV RFFXU ZLWK
RWKHU GHIHFWV DUH FODVVLqHG LQWR IRXU FDWHJRULHV� FRP�
PRQ� RFFDVLRQDO� UDUH� DQG QHYHU� )RU HDFK SDLU RI GH�
IHFWV� ' L DQG ' M � WKH UDWH WKDW ' M RFFXUV ZKHQ GHIHFW
' L LV SUHVHQW LV FRQWDLQHG LQ D GDWDEDVH� 'HIHFWV WKDW
QHYHU RFFXU WRJHWKHU FDQ EH GXH WR WKH SK\VLFDO SURSHU�
WLHV RI WKH GHIHFWV� 2IWHQ WKH IUHTXHQF\ WKDW ' N DSSHDUV
ZKHQ ' O LV SUHVHQW LV WKH VDPH DV WKDW RI ' O DSSHDU�
LQJ ZKHQ ' N LV SUHVHQW� 7KHVH DSSHDU DV V\PPHWULFDO
HQWULHV LQ WKH PDWUL[� +RZHYHU� LW LV SRVVLEOH WKDW WKH
IUHTXHQFLHV ZLOO EH GLpHUHQW GXH WR WKH IDFW WKDW ' N DQG
' O FDQ RFFXU ZLWK JUHDWO\ GLpHUHQW IUHTXHQFLHV�
7KH HOLP LQ D WH G X S OLFD WHV� P D WFK VR OX WLR Q W\ SH � DQG

HOLP LQ D WH LQ FR P SD WLEOHV PRGXOHV SUXQH XQSURGXFWLYH
VROXWLRQV WKDW PD\ EH JHQHUDWHG DQG VKRXOG EH VHOI H[�
SODQDWRU\�

( [ K D X VWLY H 6 R OX WLR Q & R Q VWUX F WLR Q

([KDXVWLYH VROXWLRQ FRQVWUXFWLRQ PRGH� ZKHQ VHOHFWHG�
qUVW FRQVWUXFWV DQG HYDOXDWHV VROXWLRQV XVLQJ WKH KHXULV�
WLF PRGXOH� 7KHQ DOO VROXWLRQV QRW FRQVWUXFWHG LQ WKH
KHXULVWLF PRGH DUH FRQVWUXFWHG DQG HYDOXDWHG� 7KH H[�
KDXVWLYH PRGH PD\ DOVR EH DXWRPDWLFDOO\ LQYRNHG LI WKH
KHXULVWLF PRGH GLG QRW qQG DQ\ VROXWLRQV FDSDEOH RI H[�
SODLQLQJ DOO RU PRVW RI WKH LPSRUWDQW DEQRUPDO FXHV�

( [ D P S OH ' R P D LQ

7KLV VHFWLRQ GHVFULEHV FKDUDFWHULVWLFV RI WKH GRPDLQ RI
SHGLDWULF FDUGLRORJ\� 7KHUH LV D VWDQGDUG VHW RI GDWD FRO�
OHFWHG LQ WKLV GRPDLQ LQFOXGLQJ KLVWRU\� SK\VLFDO H[DP�
EORRG WHVWV� FDUGLDF DXVFXOWDWLRQ� ;�UD\� DQG (.* GDWD�
%DVHG RQ FRQVXOWDWLRQ ZLWK DQ H[SHUW� ZH FKRVH EHWZHHQ
� DQG � LPSRUWDQW W\SHV RI FXHV LQ HDFK RI � FULWLFDO WHVW
DUHDV �FDUGLDF DXVFXOWDWLRQ� (.*� SK\VLFDO H[DP� DQG
;�UD\� � &XHV LQ RWKHU DUHDV ZHUH LJQRUHG�

' H IH F WV

,Q WKLV GRPDLQ� IRXU NLQGV RI SK\VLFDO GHIHFWV FDQ RF�
FXU ^ FRPPXQLFDWLRQ GHIHFWV �KROHV� � REVWUXFWLRQV QHDU
YDOYHV �RU LQVXsFLHQFLHV� � DEVHQW RU PLV�FRQQHFWHG YHV�
VHOV� DQG HOHFWURPHFKDQLFDO GHIHFWV� (OHFWURPHFKDQLFDO
GHIHFWV �RWKHU WKDQ VHFRQGDU\ PDQLIHVWDWLRQV RI RWKHU
GHIHFWV� ZHUH H[FOXGHG IURP WKLV LQYHVWLJDWLRQ� 7KH\
DUH FRYHUHG LQ WKH ZRUN RI RWKHUV LQFOXGLQJ %UDWNR HW
DO� ������ DQG 'RZQLQJ DQG :LGPDQ ������ �
7KH � FRPPRQ GHIHFWV VHOHFWHG IRU WKLV VWXG\ DUH

GHVFULEHG QH[W� $RUWLF 6WHQRVLV �$6� DQG 3XOPRQDU\
6WHQRVLV �36� DUH YDOYXODU GHIHFWV �REVWUXFWLRQV� WKDW
UHVWULFW WKH rRZ RI EORRG WKURXJK WKH DRUWLF RU SXO�
PRQDU\ YDOYHV� UHVSHFWLYHO\� $WULDO 6HSWDO 'HIHFW
�$6'� DQG 9HQWULFXODU 6HSWDO 'HIHFW �96'� DUH FRP�
PXQLFDWLRQ GHIHFWV� ZKHUH EORRG rRZV EHWZHHQ WZR QRU�
PDOO\ XQFRQQHFWHG FKDPEHUV RI WKH KHDUW �WKH XSSHU
WZR DQG ORZHU WZR UHVSHFWLYHO\� �
7HWUDORJ\ RI )DOORW �7)� LV D FRPSOH[ GHIHFW ZLWK IRXU

FRPSRQHQWV� 96'� 36� WKH DRUWD XVXDOO\ RYHUULGHV WKH
96'� DQG ULJKW YHQWULFXODU K\SHUWURSK\ �WKLFNHQLQJ RI
WKH FKDPEHU ZDOO� LV SUHVHQW� 7RWDO $QRPDORXV 3XO�
PRQDU\ 9HQRXV &RQQHFWLRQ �7$39&� LV DQRWKHU FRP�
SOH[ GHIHFW� ,W RFFXUV ZKHQ DOO WKH YHVVHOV IURP WKH OXQJV
FRQQHFW WR WKH ULJKW DWULXP LQVWHDG RI WKH OHIW DWULXP�
$ KROH LQ WKH DWULDO VHSWXP �$6'� LV QHFHVVDU\ ZLWK
WKLV GHIHFW� RWKHUZLVH R[\JHQDWHG EORRG FRXOG QRW rRZ
WR WKH ERG\�
3DUWLDO $QRPDORXV 3XOPRQDU\ 9HQRXV &RQQHFWLRQ

�3$39&� LV ZKHQ VRPH� EXW QRW DOO� RI WKH YHVVHOV DUH
PLV�FRQQHFWHG DV LQ 7$39&� 7KHUH QHHG QRW EH D KROH
LQ WKH DWULDO VHSWXP ZLWK WKLV GHIHFW� WKHUHIRUH LW LV
FRQVLGHUHG D VLQJOH GHIHFW� 7KH PD[LPXP QXPEHU RI
�QDPHG� GHIHFWV SHU FDVH LV FRQVLGHUHG WR EH WKUHH�



' H IH F W D VVR F LD WLR Q V D Q G LQ F R P S D WLE LOLWLH V

)LJXUH � VKRZV WKH DVVRFLDWLRQ UHODWLRQVKLSV DPRQJ WKH
� FDUGLDF GHIHFWV H[DPLQHG LQ WKLV VWXG\� 7KH GLDJRQDO
RI WKH qJXUH LV FURVVHG RXW VLQFH HDFK GHIHFW FDQ RF�
FXU RQO\ RQFH LQ D SDWLHQW� ,Q WKH WRS URZ� $6' DQG
96' RFFDVLRQDOO\ RFFXU ZLWK $6� ZKLOH 3$39&� 36�
DQG 7$39& UDUHO\ RFFXU ZLWK $6� 7) QHYHU RFFXUV
ZLWK $6� 36 DQG 96' QHYHU RFFXU ZLWK 7) EHFDXVH
WKH\ DUH SDUW RI WKH GHqQLWLRQ RI 7)� 6LPLODUO\ ZLWK
$6' DQG 7$39&�
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)LJXUH �� 'HIHFW DVVRFLDWLRQ UHODWLRQVKLSV LGHQWLqHG�

6RPH RI WKH � GHIHFWV DUH LQFRPSDWLEOH� WKH\ GR QRW
RU FDQQRW �SK\VLFDOO\� RFFXU WRJHWKHU� DQG DUH LGHQWLqHG
E\ DQ 1 LQ D FHOO RI )LJXUH �� ,JQRULQJ WKH RUGHU RI GH�
IHFWV LQ D VROXWLRQ DQG XVLQJ WKH PD[LPXP RI � GHIHFWV
SHU FDVH� D PD[LPXP RI �� SRVVLEOH FRPELQDWLRQV RI GH�
IHFWV FDQ RFFXU� � FRQWDLQLQJ VLQJOH �LQFOXGLQJ FRPSOH[�
GHIHFWV� �� ZLWK � GHIHFWV� DQG �� ZLWK � GHIHFWV�

,Q D GRPDLQ ZLWK QR LQFRPSDWLEOH GHIHFWV �DQG � VLQ�
JOH GHIHFWV ZKHUH WKH RUGHU RI GHIHFWV LV DJDLQ LJQRUHG� �
WKHUH ZRXOG EH �� SRVVLEOH FRPELQDWLRQV WR VHDUFK ��
VLQJOH GHIHFWV� �� FRPELQDWLRQV RI � GHIHFWV� DQG �� FRP�
ELQDWLRQV RI � GHIHFWV� � 7KH VHDUFK VSDFH LV UHGXFHG E\
DOPRVW KDOI ���� IHZHU� GXH WR FKDUDFWHULVWLFV RI WKH
GRPDLQ�

,I WKH PD[LPXP RI � GHIHFWV SHU FDVH LV OLIWHG� WKH
UHGXFWLRQ LQ WKH QXPEHU RI SRVVLEOH VROXWLRQV LV HYHQ
JUHDWHU � WKHUH DUH RQO\ �� SRVVLEOH VROXWLRQV FRQWDLQLQJ
WKH DERYH GHIHFWV FRQVLVWHQW ZLWK WKH LQFRPSDWLELOLWLHV
� DQ DGGLWLRQDO � SRVVLELOLWLHV ZLWK � GHIHFWV DQG � SRV�
VLEOH FRPELQDWLRQ RI � GHIHFWV� ,I WKHUH ZHUH QR LQFRP�
SDWLEOH GHIHFWV� WKHUH ZRXOG EH ��� SRVVLEOH VROXWLRQV�
7KH QXPEHU RI VROXWLRQV WR H[SORUH LV UHGXFHG E\ RYHU
��� GXH WR WKH GHIHFW LQFRPSDWLELOLWLHV RI WKLV GRPDLQ�

7 H VWV R Q + R VS LWD O & D VH V

7KH GLDJQRVWLF DOJRULWKP KDV EHHQ LPSOHPHQWHG DQG
D NQRZOHGJH EDVH FRQVWUXFWHG IRU WKH WDVN RI GLDJQRV�
LQJ FRQJHQLWDO KHDUW GHIHFWV� 7KH NQRZOHGJH EDVH FRQ�
WDLQV WKH � FRPPRQ GHIHFWV GHVFULEHG DERYH �� VLQJOH
DQG � FRPSOH[� � $ WRWDO RI �� FDVHV ZLWK VLQJOH� FRP�
SOH[� DQG PXOWLSOH GHIHFWV ZHUH DYDLODEOH IURP KRVSL�
WDO qOHV IRU NQRZOHGJH EDVH FRQVWUXFWLRQ DQG WHVWLQJ�
(DFK FDVH FRQWDLQHG � � �� RU � RI WKH � GHIHFWV DV GHWHU�
PLQHG E\ VXUJHU\ RU FDUGLDF FDWKHWHUL]DWLRQ �SHUIRUPHG
DIWHU WKH LQLWLDO H[SHUW GLDJQRVLV� � $SSUR[LPDWHO\ RQH�
WKLUG RI WKH FDVHV ZHUH XVHG IRU NQRZOHGJH EDVH FRQ�
VWUXFWLRQ DQG WKH RWKHU WZR�WKLUGV ��� FDVHV� ZHUH XVHG
LQ D ?EOLQG� WHVW� 2Q WKHVH FDVHV� WKH RULJLQDO H[�
SHUW GLDJQRVLV LV FRPSDUHG WR WKH UHVXOWV REWDLQHG XVLQJ
UHFRJQLWLRQ�EDVHG UHDVRQLQJ DORQH �5%5� DQG WR WKH UH�
VXOWV REWDLQHG XVLQJ WKH FRPSXWDWLRQDO PRGHO ZLWK WKH
KHXULVWLF VROXWLRQ FRQVWUXFWLRQ �+6&� DOJRULWKP �ZKLFK
LQFOXGHV WKH 5%5 PRGXOHV� � ,W VKRXOG EH QRWHG WKDW
WKH H[SHUWV VDZ WKH SDWLHQWV LQ SHUVRQ ZKLOH ERWK 5%5
DQG +6& XVHG VHOHFWHG LQIRUPDWLRQ IURP WKH ZULWWHQ
UHFRUGV� 7KHUHIRUH� WKH H[SHUWV KDG DFFHVV WR PRUH LQ�
IRUPDWLRQ DERXW WKH FDVHV�

5HVXOW ([SHUW 5%5 +6&
6 &RUUHFW RU UDQNV KLJK �� �� ��
6 87' RU SDUWLDO � �� �
6 ,QFRUUHFW RU UDQNV ORZ � � �
& &RUUHFW RU UDQNV KLJK � � �
& 87' RU VLPLODU GHIHFW � � �
& ,QFRUUHFW RU UDQNV ORZ � � �
0 &RUUHFW RU UDQNV KLJK � � �
0 87'� RU QHDU WKH WRS � � �
0 ,QFRUUHFW RU UDQNV ORZ � � �

6 � VLQJOH� & � FRPSOH[� 0 � PXOWLSOH� 87' � 8QDEOH
WR GLDJQRVH�

7DEOH �� 5HVXOWV RQ DOO �� WHVW FDVHV�

7DEOH � VXPPDUL]H WKH UHVXOWV RQ DOO WKH WHVW FDVHV�
,Q WKH �� VLQJOH GHIHFW FDVHV �6� � WKH H[SHUWV FRUUHFWO\
LGHQWLqHG DOO EXW � FDVH ZKHUH WKH H[SHUW JDYH D SDU�
WLDOO\ FRUUHFW GLDJQRVLV� 5%5 DORQH FRUUHFWO\ GLDJQRVHG
DSSUR[LPDWHO\ KDOI ���� RI WKH FDVHV� LQFRUUHFWO\ GLDJ�
QRVHG � FDVHV DQG ZDV XQDEOH WR FRPH WR D FRQFOXVLRQ
LQ WKH UHVW� +6& ZDV DOPRVW DV JRRG DV WKH H[SHUWV�
UDQNLQJ WKH FRUUHFW GLDJQRVLV DV WKH EHVW VLQJOH GHIHFW
VROXWLRQ ������� RU YHU\ FORVH ������ LQ DSSUR[LPDWHO\
��� RI WKH FDVHV� 7KH FHQWHU RI WKH WDEOH VKRZV WKH
UHVXOWV RQ WKH � FRPSOH[ GHIHFW WHVW FDVHV �&� � 7KH H[�
SHUWV JDYH WKH FRUUHFW GLDJQRVLV LQ ��� RI WKH FDVHV DQG
GLDJQRVHG D FOLQLFDOO\ VLPLODU GHIHFW WR WKH DFWXDO GH�
IHFW LQ WKH RWKHU FDVHV� 5%5 FRUUHFWO\ GLDJQRVHG ���
RI WKH FDVHV� GLDJQRVHG LQFRUUHFW GHIHFWV LQ DQRWKHU ���
RI WKH FDVHV DQG ZDV XQDEOH WR GLDJQRVH WKH UHPDLQLQJ
���� +6& UDQNHG WKH FRUUHFW VROXWLRQ DW RU FORVH WR WKH
WRS LQ ��� RI WKH FDVHV DQG UDQNHG D FOLQLFDOO\ VLPLODU



GHIHFW KLJKHU LQ � FDVH� DJDLQ DSSURDFKLQJ WKH OHYHO RI
WKH H[SHUWV�

2Q WKH �� PXOWLSOH GHIHFW FDVHV �0� VKRZQ DW WKH ERW�
WRP RI WKH WDEOH� WKH H[SHUWV JDYH WKH FRUUHFW GLDJQRVLV
LQ RYHU KDOI ��� RI WKH FDVHV� JDYH DOWHUQDWLYH RU SDUWLDO
GLDJQRVHV LQ DSSUR[LPDWHO\ ��� ��� RI WKH FDVHV DQG LQ�
FRUUHFWO\ GLDJQRVHG WKH UHPDLQLQJ FDVH �ZLWK FOLQLFDOO\
YHU\ VLPLODU GHIHFWV� � 5%5 GLG QRW FRUUHFWO\ GLDJQRVH
DQ\ FDVHV� ,Q KDOI RI WKH FDVHV� 5%5 GLDJQRVHG LQFRUUHFW
GHIHFWV� LQ WKH UHPDLQLQJ KDOI RI WKH FDVHV QR FRQFOXVLRQ
ZDV UHDFKHG� +6& UDQNHG WKH FRUUHFW VROXWLRQ DW RU
QHDU WKH WRS LQ KDOI RI WKH FDVHV� LQ DSSUR[LPDWHO\ ���
��� RI WKH FDVHV� WKH FRUUHFW VROXWLRQ UDQNHG UHDVRQDEO\
KLJK� ZKLOH LQ WKH UHPDLQLQJ FDVHV� WKH FRUUHFW VROXWLRQ
ZDV QRW QHDU WKH WRS� 2Q WKH FDVH PLVGLDJQRVHG E\ WKH
H[SHUWV� +6& UDQNHG WKH VDPH LQFRUUHFW� EXW FOLQLFDOO\
VLPLODU VROXWLRQ ZHOO DERYH WKH FRUUHFW VROXWLRQ �ZKLFK
ZDV UDQNHG ORZ� �

7KH 5%5 NQRZOHGJH EDVH ZDV XSGDWHG GXULQJ WKH
FRQVWUXFWLRQ SKDVH� EXW ZDV QRW RULJLQDOO\ GHVLJQHG IRU
PXOWLSOH GHIHFWV� 7KLV FOHDUO\ VKRZV DV QRQH RI WKH PXO�
WLSOH GHIHFW FDVHV ZHUH FRUUHFWO\ GLDJQRVHG E\ 5%5� 7KH
VDPH 5%5 NQRZOHGJH EDVH ZDV XVHG LQ +6&� KRZHYHU�
DQG FRQWULEXWHG WR WKH FRUUHFW GLDJQRVLV RI � PXOWLSOH
GHIHFW FDVHV� ZKLFK LV GHWDLOHG LQ WKH QH[W VHFWLRQ�

,Q WKH FDVHV ZKHUH WKH FRUUHFW VROXWLRQV GLG QRW UDQN
DW WKH WRS� ZH DQDO\]HG DOO XQH[SODLQHG DEQRUPDO FXHV
�PLVVHG SRLQWV LQ WKH (3 IRUPXOD� DQG GHWHUPLQHG WKDW
WKH\ ZHUH GXH WR HLWKHU DW\SLFDO FXHV SUHVHQW LQ WKH
FDVH� RU LQDFFXUDWH H[SHFWHG FXHV LQ WKH NQRZOHGJH EDVH�
0RUH NQRZOHGJH EDVH GHYHORSPHQW HpRUW FDQ UHGXFH RU
HOLPLQDWH WKH VHFRQG FDWHJRU\� $W\SLFDO FXHV ZLOO DOZD\V
EH D KD]DUG ZKHQ ZRUNLQJ ZLWK UHDO GDWD� 7KH (3
PHWULF
 V HYDOXDWLRQ RI FDVHV LV XVHG WR KLJKOLJKW WKHVH
?XQH[SODLQHG� FXHV WR EULQJ WKHP WR WKH DWWHQWLRQ RI WKH
XVHU� (YHQ LQFOXGLQJ WKHVH XQH[SODLQHG DEQRUPDO FXHV�
WKH +6& DOJRULWKP GHPRQVWUDWHV D ODUJH LPSURYHPHQW
IURP D SUHYLRXV PHWKRG� 5%5 DORQH� DSSOLHG WR WKH
FDVHV DQG DSSURDFKHG WKH OHYHO RI WKH RULJLQDO H[SHUW
GLDJQRVHV�

* H Q H UD WLQ J WK H F R UUH F W VR OX WLR Q

7R LPSURYH WKH SHUFHQWDJH RI FRUUHFW VROXWLRQV JHQHU�
DWHG E\ +6& LQ WKH IXWXUH� ZH QH[W DQDO\]H WKH WHVW
FDVHV DERYH WR GHWHUPLQH ZKLFK UHDVRQLQJ PHWKRGV JHQ�
HUDWHG WKH FRUUHFW VROXWLRQV�

5HVXOWV RQ WKH �� WHVW FDVHV DUH VKRZQ LQ 7DEOH ��
5%5 DFWLYDWHG �DFFHSWHG� SURSRVHG� RU UHMHFWHG� WKH
FRUUHFW VROXWLRQ LQ WKH PDMRULW\ RI WKH FDVHV ������ RU
����� DOWKRXJK RQO\ UHDFKHG WKH FRUUHFW GLDJQRVLV LQ
DERXW KDOI ���� � 2Q RQH FDVH� ERWK WKH FRUUHFW GHIHFW
DQG DQ LQFRUUHFW GHIHFW ZHUH DFFHSWHG�

,Q JHQHUDO� WKLV PHDQV WKDW 5%5 LV YHU\ JRRG DW DFWL�
YDWLQJ WKH FRUUHFW GHIHFW RQ VLQJOH GHIHFW FDVHV� ,W LV QRW
LQIDOOLEOH� KRZHYHU� 7KH HYDOXDWLRQ RI VROXWLRQV ZLWK WKH
(3 PHWULF JLYHV VRPHWKLQJ OLNH D ?VHFRQG RSLQLRQ� RQ
SRWHQWLDO VROXWLRQV DQG UHVXOWHG LQ D PXFK KLJKHU QXP�
EHU RI FRUUHFW GLDJQRVHV EHLQJ UDWHG DW RU QHDU WKH WRS
FRPSDUHG WR RWKHU VROXWLRQV �7DEOH �� � +RZHYHU� SR�

6ROXWLRQ *HQHUDWLRQ 6 & 0
5%5 DFFHSWHG �DOO� �� � �
5%5 DFFHSWHG �� RI � RU �� 1�$ 1�$ �
5%5 DFFHSWHG �� RI � � � RU �� � 1�$ �
5%5 DFFHSWHG LQFRUUHFW � � �
5%5 DFFHSWHG FRUUHFW�LQFRUUHFW � � �
5%5 UHMHFWHG �� RI � � � RU �� � � �
5%5 SURSRVHG DOO � � �
5%5 SURSRVHG �� RI � � � RU �� � � �
5%5 SURSRVHG �� RI � RU �� 1�$ � �
5%5 SURSRVHG RQO\ LQFRUUHFW � � �
1R GHIHFWV SURSRVHG � � �
$VVRFLDWHG GHIHFWV 1�$ 1�$ �

6 � VLQJOH� & � FRPSOH[� 0 � PXOWLSOH

7DEOH �� &RUUHFW VROXWLRQV JHQHUDWHG RQ DOO �� WHVW FDVHV�

WHQWLDO VROXWLRQV PXVW EH FRQVWUXFWHG EHIRUH WKH\ FDQ
EH HYDOXDWHG� ,Q FDVHV ZKHUH QR GHIHFWV ZHUH SURSRVHG�
RU WKH SURSRVHG GHIHFWV GLG QRW H[SODLQ YHU\ PXFK RI
WKH GDWD� DOO SRVVLEOH VLQJOH GHIHFWV ZHUH HYDOXDWHG �H[�
KDXVWLYH VHDUFK� �

,Q WKH FRPSOH[ DQG PXOWLSOH GHIHFW FDVHV� 5%5 DF�
WLYDWHG WKH FRUUHFW GHIHFW LQ ��� RI WKH FRPSOH[ FDVHV
DQG DW OHDVW RQH RI WKH FRPSRQHQW GHIHFWV LQ DOO EXW �
������� RI WKH PXOWLSOH GHIHFW FDVHV� ,Q WZR PXOWLSOH
GHIHFW FDVHV� DVVRFLDWHG GHIHFWV ZHUH QHFHVVDU\ WR FRQ�
VWUXFW WKH FRUUHFW VROXWLRQV VLQFH RQO\ RQH FRPSRQHQW
GHIHFW ZDV DFWLYDWHG E\ 5%5� ,Q RQH FDVH� RQH FRUUHFW
GHIHFW ZDV SURSRVHG� DQG LQ WKH RWKHU� RQH FRUUHFW GH�
IHFW ZDV DFFHSWHG E\ 5%5� 7KH RWKHU FRPSRQHQW RI
WKH FRUUHFW VROXWLRQ ZDV QRW SURSRVHG E\ 5%5 LQ HLWKHU
FDVH� %RWK VHFRQG GHIHFWV ZHUH FRPPRQO\ DVVRFLDWHG
ZLWK D GHIHFW XQGHU FRQVLGHUDWLRQ� 8QIRUWXQDWHO\� LQ
RQH RI WKH FDVHV� D VLQJOH GHIHFW H[SODLQHG DOO WKH FDVH
FXHV� VR WKLV VLQJOH GHIHFW VROXWLRQ ZRXOG EH SUHIHUUHG
RYHU D WZR GHIHFW VROXWLRQ �ZKLFK ZDV FRUUHFW� � 7KH
RWKHU FDVH FRQWDLQHG RQH DW\SLFDO FXH WKDW ZDV QRW H[�
SODLQHG E\ WKH FRUUHFW WZR�GHIHFW VROXWLRQ� DOWKRXJK WKH
FRUUHFW VROXWLRQ ZDV WKH EHVW WZR�GHIHFW VROXWLRQ� 7ZR
WKUHH�GHIHFW VROXWLRQV �VXSHUVHWV RI WKH FRUUHFW VROXWLRQ�
ZHUH DEOH WR H[SODLQ DOO WKH REVHUYHG FXHV LQ WKDW FDVH�

' LVF X VVLR Q

*HQHUDWLQJ DQG WHVWLQJ ODUJH QXPEHUV RI SRWHQWLDO VR�
OXWLRQV WR RQH SUREOHP KDV EHHQ FRPSXWDWLRQDOO\ SUR�
KLELWLYH XQWLO UHFHQWO\� :H XVH D FRPELQDWLRQ RI KHXULV�
WLFV WR IRFXV RQ WKH PRVW SURPLVLQJ VROXWLRQV qUVW� FRP�
ELQHG ZLWK UHDVRQDEO\ IDVW FRPSXWHUV� 7KH H[SHULPHQWV
UHSRUWHG ZHUH SHUIRUPHG XVLQJ VXQ � ��� 0K] 6SDUF�
ZRUNVWDWLRQV UXQQLQJ 8QL[ %6' ��� DQG /XFLG &RP�
PRQ /LVS� 7KH IDVWHVW RI WKH �� SUREOHPV PHQWLRQHG
DERYH ZHUH VROYHG LQ � VHFRQGV RI &38 WLPH� (YHQ
ZKHQ DOO SRVVLEOH ���� VROXWLRQV ZHUH H[SORUHG DQG YHU�
ERVH SULQWRXW ZDV UHTXHVWHG �JHQHUDWLQJ ����� SDJHV RI
WH[W SHU FDVH� � WKH ORQJHVW FDVHV WRRN OHVV WKDQ � PLQ�
XWHV RI &38 WLPH�



+6& SHUIRUPHG YHU\ ZHOO DQG H[SORUHG RQO\ RQH RU
D YHU\ IHZ VROXWLRQV RQ PRVW VLQJOH�GHIHFW FDVHV� ZKHUH
WKHUH LV QR SRVVLELOLW\ RI LQWHUDFWLRQV EHWZHHQ GHIHFWV�
0RUH WLPH DQG FRPSXWDWLRQ ZDV IRFXVHG RQ FDVHV WKDW
ZHUH PRUH GLsFXOW � RQHV FRQWDLQLQJ PXOWLSOH GHIHFWV RU
SUHVHQWLQJ DW\SLFDO FXHV� (pRUW LV UHGXFHG LQ WKH HYDO�
XDWLRQ RI DOO VROXWLRQV EHFDXVH RQO\ ?LPSRUWDQW� FXHV
DUH SURFHVVHG ��� W\SHV LQ WKH GRPDLQ LQYHVWLJDWHG� � ,Q
DGGLWLRQ� RQO\ FXHV RI WKH VDPH W\SH DUH PDWFKHG LQ
FOXVWHUV WR FDOFXODWH WKH (3� VR WKHUH LV QR H[SRQHQ�
WLDO JURZWK WKHUH� 7KH DPRXQW RI WLPH VSHQW ZDV ZHOO
ZLWKLQ WKH OLPLWV RI FXUUHQW V\VWHPV� DQG LQFUHDVLQJO\
ODUJHU SUREOHPV ZLOO EH IHDVLEOH DV FRPSXWHU SRZHU GRX�
EOHV HYHU\ IHZ \HDUV�

2WKHU VXFFHVVIXO DSSURDFKHV WR WKH GLDJQRVLV RI PXO�
WLSOH LQWHUDFWLQJ GHIHFWV LQFOXGH PRGHO�EDVHG UHDVRQLQJ
�GH .OHHU DQG :LOOLDPV ����� 5HLWHU ����� � TXDOLWD�
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7KH VLJQLqFDQW GLpHUHQFHV DQG DGYDQWDJHV RI WKLV
FRPSXWDWLRQDO PRGHO FHQWHU RQ FRUUHFWO\ H[SODLQLQJ
FXHV PRGLqHG GXH WR LQWHUDFWLRQV EHWZHHQ GHIHFWV� HVSH�
FLDOO\ LQ GRPDLQV ZKHUH FRPSOHWH VLPXODWLRQ PRGHOV DUH
QRW DYDLODEOH RU FDQQRW IHDVLEO\ EH FRQVWUXFWHG� $OO GH�
IHFWV LQ D VROXWLRQ DUH HYDOXDWHG LQ D FOXVWHU� ZKHQ QHF�
HVVDU\� WR H[SODLQ DEQRUPDO FXHV LQ WKLV PHWKRG� 2WKHU
PHWKRGV� OLNH V\PSWRP FOXVWHULQJ� JURXS FXHV WRJHWKHU
DQG H[SODLQ WKHP ZLWK RQH GLVHDVH� EXW GR QRW XVH D
FRPELQDWLRQV RI GHIHFWV WR H[SODLQ RQH FXH �ZLWK WKH
H[FHSWLRQ RI VRPH DGGLWLYH FRPELQDWLRQV� � )RU SURED�
ELOLVWLF PHWKRGV� WKH LQWHUDFWLRQ EHWZHHQ GHIHFWV PHDQV
WKDW WKH SUREDELOLW\ RI DQ DEQRUPDO FXH LV DOWHUHG FRP�
SDUHG WR WKH SUREDELOLW\ FDOFXODWHG IURP WKH FRPSR�
QHQW GHIHFWV� 7KXV WKH FROOHFWLRQ DQG XVH RI DGGLWLRQDO
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DQG HDFK W\SH RI FXH ZKHUH LQWHUDFWLRQV DUH SUHVHQW�

)XWXUH ZRUN LV SODQQHG WR H[SHULPHQW RQ ODUJHU VHWV RI
GHIHFWV DQG WR H[SORUH WKH XVHIXOQHVV RI GLpHUHQW ZHLJKWV
DVVRFLDWHG ZLWK HDFK W\SH RI FXH� JLYLQJ PRUH �RU OHVV�
LPSRUWDQFH WR VHOHFWHG FXHV�
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0XOWLSOH LQWHUDFWLQJ GHIHFWV RFFXU LQ PDQ\ GRPDLQV�
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