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35$;$,5 LV D ODUJH LQGXVWULDO JDVHV FRPSDQ\ ZLWK DERXW �� SURGXFWLRQ ID�
FLOLWLHV DQG RYHU ������ FXVWRPHUV DFURVV 1RUWK $PHULFD� 35$;$,5 UHFHQWO\
QHJRWLDWHG D SROLF\ ZLWK LWV FXVWRPHUV LQ ZKLFK 35$;$,5 LV LQ FKDUJH RI PDQ�
DJLQJ LWV FXVWRPHUV
 LQYHQWRULHV� &XVWRPHUV ZLOO QR ORQJHU EH FDOOLQJ 35$;$,5
WR UHTXHVW D GHOLYHU\� ,QVWHDG� 35$;$,5 ZLOO GHWHUPLQH ZKR UHFHLYHV D GH�
OLYHU\ HDFK GD\ DQG ZKDW WKH VL]H RI WKDW GHOLYHU\ ZLOO EH� 35$;$,5 ZLOO XVH
JDXJH UHDGLQJV UHFHLYHG IURP UHPRWH WHOHPHWU\ XQLWV DV ZHOO DV UHJXODU FXVWRPHU
SKRQH FDOOV WR PRQLWRU DQG IRUHFDVW SURGXFW LQYHQWRULHV� 7KH GLVWULEXWLRQ SODQ�
QLQJ SUREOHPV DVVRFLDWHG ZLWK VXFK YHQGRU PDQDJHG UHVXSSO\ SROLFLHV DUH NQRZQ
DV LQYHQWRU\ URXWLQJ SUREOHPV�
,QYHQWRU\ URXWLQJ SUREOHPV DUH YHU\ GLoHUHQW IURP YHKLFOH URXWLQJ SUREOHPV�

9HKLFOH URXWLQJ SUREOHPV RFFXU ZKHQ FXVWRPHUV SODFH RUGHUV DQG WKH GHOLYHU\
FRPSDQ\� RQ DQ\ JLYHQ GD\� DVVLJQV WKH RUGHUV IRU WKDW GD\ WR URXWHV IRU WUXFNV�
,Q LQYHQWRU\ URXWLQJ SUREOHPV� WKH GHOLYHU\ FRPSDQ\� QRW WKH FXVWRPHU� GHFLGHV
KRZ PXFK WR GHOLYHU WR ZKLFK FXVWRPHUV HDFK GD\� 7KHUH DUH QR FXVWRPHU
RUGHUV� ,QVWHDG� WKH GHOLYHU\ FRPSDQ\ RSHUDWHV XQGHU WKH UHVWULFWLRQ WKDW LWV
FXVWRPHUV DUH QRW DOORZHG WR UXQ RXW RI SURGXFW� $QRWKHU GLoHUHQFH LV WKH
SODQQLQJ KRUL]RQ� 9HKLFOH URXWLQJ SUREOHPV W\SLFDOO\ GHDO ZLWK D VLQJOH GD\�
ZLWK WKH RQO\ UHTXLUHPHQW EHLQJ WKDW DOO RUGHUV KDYH WR EH GHOLYHUHG E\ WKH HQG
RI WKH GD\� ,QYHQWRU\ URXWLQJ SUREOHPV GHDO ZLWK D ORQJHU KRUL]RQ� (DFK GD\
WKH GHOLYHU\ FRPSDQ\ PDNHV GHFLVLRQV DERXW ZKLFK FXVWRPHUV WR YLVLW DQG KRZ
PXFK WR GHOLYHU WR HDFK RI WKHP� ZKLOH NHHSLQJ LQ PLQG WKDW GHFLVLRQV PDGH
WRGD\ LPSDFW ZKDW KDV WR EH GRQH LQ WKH IXWXUH� 7KH REMHFWLYH LV WR PLQLPL]H
WKH WRWDO FRVW RYHU WKH SODQQLQJ KRUL]RQ ZKLOH PDNLQJ VXUH QR FXVWRPHUV UXQ
RXW RI SURGXFW� 7KH qH[LELOLW\ WR GHFLGH ZKHQ FXVWRPHUV UHFHLYH D GHOLYHU\ DQG
KRZ ODUJH WKHVH GHOLYHULHV ZLOO EH PD\ VLJQLpFDQWO\ UHGXFH GLVWULEXWLRQ FRVWV�
+RZHYHU� WKLV qH[LELOLW\ DOVR PDNHV LW YHU\ GLrFXOW WR GHWHUPLQH D JRRG� PXFK
OHVV DQ RSWLPDO� FRVW HoHFWLYH GLVWULEXWLRQ SODQ� :KHQ WKH FKRLFH EHFRPHV ZKLFK
RI WKH FXVWRPHUV WR VHUYH HDFK GD\ �35$;$,5 KDV RYHU ������ FXVWRPHUV� DQG
KRZ PXFK WR GHOLYHU WR WKHP� WKH FKRLFHV EHFRPH YLUWXDOO\ HQGOHVV�
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9HQGRU PDQDJHG UHVXSSO\ SROLFLHV FDQ EH XVHG LQ PDQ\ VLWXDWLRQV� ,Q VRPH
LQVWDQFHV� WKH XVH RI VXFK D SROLF\ LV QDWXUDO� VXFK DV ZKHQ WKH ?FXVWRPHUV� DUH
UHDOO\ SDUW RI WKH VDPH FRPSDQ\� ,Q RWKHUV� WKH XVH RI D YHQGRU PDQDJHG UHVXS�
SO\ SROLF\ LV RIWHQ WKH UHVXOW RI OHQJWK\ QHJRWLDWLRQV ZLWK FXVWRPHUV ZKR KDYH IRU
\HDUV IROORZHG D SROLF\ LQ ZKLFK WKH\ FDOO LQ WKHLU RUGHUV� ([DPSOHV RI LQGXVWULHV
ZKHUH YHQGRU PDQDJHG UHVXSSO\ SROLFLHV DUH EHLQJ XVHG RU FRQVLGHUHG LQFOXGH�
WKH SHWURFKHPLFDO LQGXVWU\ �JDV VWDWLRQV�� WKH JURFHU\ LQGXVWU\ �VXSHUPDUNHWV��
WKH VRIW GULQN LQGXVWU\ �YHQGLQJ PDFKLQHV�� DQG WKH DXWRPRWLYH LQGXVWU\ �SDUWV
GLVWULEXWLRQ�� 7KH QXPEHU RI LQGXVWULHV XVLQJ YHQGRU PDQDJHG UHVXSSO\ SROLFLHV
LV LQFUHDVLQJ UDSLGO\� $Q LPSRUWDQW UHDVRQ IRU WKLV LV WHFKQRORJ\� )RU D YDULHW\
RI LQGXVWULHV�SURGXFWV� WKH PRQLWRULQJ WHFKQRORJ\ WKDW H[LVWHG VHYHUDO \HDUV DJR
ZDV QRW VRSKLVWLFDWHG HQRXJK WR PDNH D YHQGRU PDQDJHG UHVXSSO\ V\VWHP SRV�
VLEOH� 7KH RQO\ ZD\ WR FKHFN D FXVWRPHU
V LQYHQWRU\ IRU PDQ\ W\SHV RI SURGXFWV
KDV EHHQ IRU WKH YHQGRU WR FDOO WKH FXVWRPHU DQG IRU WKH FXVWRPHU WR JR ORRN DW
WKH PHWHU RQ WKH WDQN� WR FRXQW WKH QXPEHU RI LWHPV LQ WKH YHQGLQJ PDFKLQH�
HWF� 1RZ WKH XVH RI UHPRWH WHOHPHWU\ XQLWV� VFDQQHUV� FRPSXWHUV DQG PRGHPV
DOORZV WKH PRQLWRULQJ RI LQYHQWRU\ OHYHOV GLUHFWO\ E\ WKH YHQGRU� RSHQLQJ XS QHZ
RSSRUWXQLWLHV IRU YHQGRU PDQDJHG UHVXSSO\ SROLFLHV�
7KH UHPDLQGHU RI WKH FKDSWHU LV RUJDQL]HG DV IROORZV� ,Q 6HFWLRQ �� ZH

IRUPDOO\ LQWURGXFH WKH LQYHQWRU\ URXWLQJ SUREOHP� ,Q 6HFWLRQ �� ZH GLVFXVV WKH
WZR�SKDVH DSSURDFK ZH KDYH FKRVHQ WR VROYH LQVWDQFHV RI WKH ,53� ,Q 6HFWLRQ ��
ZH SUHVHQW WKH UHVXOWV RI VRPH FRPSXWDWLRQDO H[SHULPHQWV�

� 3 U REOHP 'HpQLWLRQ

7KH LQYHQWRU\ URXWLQJ SUREOHP �,53� LV FRQFHUQHG ZLWK WKH UHSHDWHG GLVWULEX�
WLRQ RI D VLQJOH SURGXFW IURP D VLQJOH IDFLOLW\� WR D VHW 1 RI FXVWRPHUV RYHU D
SODQQLQJ KRUL]RQ RI OHQJWK 7 � SRVVLEO\ LQpQLW\� &XVWRPHU L FRQVXPHV WKH SURG�
XFW DW D UDWH XL �YROXPH SHU GD\� DQG KDV WKH FDSDELOLW\ WR PDLQWDLQ D ORFDO
LQYHQWRU\ RI WKH SURGXFW XS WR D PD[LPXP RI &L� 7KH LQYHQWRU\ DW FXVWRPHU L
LV ,�L DW WLPH �� $ qHHW0 RI KRPRJHQHRXV YHKLFOHV� ZLWK FDSDFLW\ 4� LV DYDLODEOH
IRU WKH GLVWULEXWLRQ RI WKH SURGXFW� 7KH REMHFWLYH LV WR PLQLPL]H WKH DYHUDJH
GDLO\ GLVWULEXWLRQ FRVW GXULQJ WKH SODQQLQJ SHULRG ZLWKRXW FDXVLQJ VWRFNRXWV
DW DQ\ RI WKH FXVWRPHUV� 9HKLFOHV DUH DOORZHG WR PDNH PXOWLSOH WULSV SHU GD\�
7KUHH GHFLVLRQV KDYH WR EH PDGH�

�� :KHQ WR VHUYH D FXVWRPHU"

�� +RZ PXFK WR GHOLYHU WR D FXVWRPHU ZKHQ VHUYHG"

�� :KLFK GHOLYHU\ URXWHV WR XVH"

5HDO�OLIH LQYHQWRU\ URXWLQJ SUREOHPV DUH REYLRXVO\ VWRFKDVWLF� 1R FXVWRPHU
ZLOO XVH SURGXFW WKH VDPH ZD\ HYHU\ VLQJOH GD\� ,Q PDQ\ VLWXDWLRQV� KRZHYHU� XV�
DJH LV UHODWLYHO\ SUHGLFWDEOH DQG FXVWRPHUV JHQHUDOO\ XVH DERXW WKH VDPH DPRXQW
HDFK GD\ LI ZH ORRN DW WKHLU WRWDO XVDJH IRU VHYHUDO GD\V LQ D URZ� 7KHUHIRUH�
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VROXWLRQ DSSURDFKHV GHYHORSHG IRU WKH ,53 DV GHpQHG DERYH ZLOO VWLOO SURYLGH
XVHIXO SODQQLQJ WRROV�

� 6ROXWLRQ $SSU RDFK

(YHQ WKRXJK WKH ,53 LV D ORQJ�WHUP SUREOHP� DOPRVW DOO SURSRVHG VROXWLRQ
DSSURDFKHV VROYH RQO\ D VKRUW�WHUP YHUVLRQ RI WKH SUREOHP WR PDNH LW HDVLHU� ,Q
HDUO\ ZRUN� VKRUW�WHUP ZDV RIWHQ MXVW D VLQJOH GD\� EXW LQ ODWHU ZRUN WKLV ZDV
H[SDQGHG WR VHYHUDO GD\V� %HVLGHV WKH QXPEHU RI GD\V PRGHOHG� NH\ IHDWXUHV
WKDW GLVWLQJXLVK GLoHUHQW VROXWLRQ DSSURDFKHV LQFOXGH KRZ WKH ORQJ�WHUP HoHFW RI
VKRUW�WHUP GHFLVLRQV LV PRGHOHG� DQG KRZ LW LV GHWHUPLQHG ZKLFK FXVWRPHUV DUH
LQFOXGHG LQ WKH VKRUW�WHUP SUREOHP� )RU D UHYLHZ RI VRPH RI WKHVH DSSURDFKHV�
ZH UHIHU WR &DPSEHOO HW DO� >�@�
$ VKRUW�WHUP DSSURDFK KDV WKH WHQGHQF\ WR GHIHU DV PDQ\ GHOLYHULHV DV SRV�

VLEOH WR WKH QH[W SODQQLQJ SHULRG� ZKLFK PD\ OHDG WR DQ XQGHVLUDEOH VLWXDWLRQ
LQ WKH QH[W SODQQLQJ SHULRG� 7KHUHIRUH� WKH SURSHU SURMHFWLRQ RI D ORQJ�WHUP
REMHFWLYH LQWR D VKRUW�WHUP SODQQLQJ SUREOHP LV HVVHQWLDO� ,W QHHGV WR FDSWXUH
WKH FRVWV DQG EHQHpWV RI GHOLYHULQJ WR D FXVWRPHU HDUOLHU WKDQ QHFHVVDU\� 2XU IR�
FXV KDV EHHQ RQ GHYHORSLQJ D qH[LEOH V\VWHP FDSDEOH RI KDQGOLQJ ODUJH LQVWDQFHV
WKDW SURSHUO\ EDODQFHV VKRUW�WHUP DQG ORQJ�WHUP JRDOV DQG WKDW FRQVLGHUV DOO
WKH NH\ IDFWRUV� L�H�� JHRJUDSK\� LQYHQWRU\� FDSDFLW\� DQG XVDJH UDWH� :H ZDQWHG
DOVR WR FUHDWH D V\VWHP WKDW ZRXOG FRQVLGHU URXWLQJ FXVWRPHUV WRJHWKHU RQ D
GD\ ZKHUH QRQH RI WKHP DUH DW WKH SRLQW RI UXQ RXW� EXW ZKHUH WKH\ FRPELQH
WR PDNH D JRRG IXOO WUXFNORDG GHOLYHU\� :H IRXQG WKDW PRVW V\VWHPV UHGXFH
WKH SUREOHP E\ VWDUWLQJ ZLWK RQO\ WKH ?HPHUJHQF\� FXVWRPHUV� QHYHU SXWWLQJ
WRJHWKHU FHUWDLQ FRPELQDWLRQV WKDW PDNH VHQVH ZLWK UHJDUG WR ORFDWLRQ DQG GH�
OLYHU\ VL]H� 7KH EDVLV IRU RXU V\VWHP LV D WZR�SKDVH VROXWLRQ DSSURDFK� ,Q WKH
pUVW SKDVH� ZH GHWHUPLQH ZKLFK FXVWRPHUV UHFHLYH D GHOLYHU\ RQ HDFK GD\ RI WKH
SODQQLQJ SHULRG DQG GHFLGH RQ WKH VL]H RI WKH GHOLYHULHV� ,Q WKH VHFRQG SKDVH�
ZH GHWHUPLQH WKH DFWXDO GHOLYHU\ URXWHV DQG VFKHGXOHV IRU HDFK RI WKH GD\V�
$V PHQWLRQHG HDUOLHU� UHDO�OLIH LQYHQWRU\ URXWLQJ SUREOHPV DUH VWRFKDVWLF�

7KHUHIRUH� DQ\ GLVWULEXWLRQ SODQ FRYHULQJ PRUH WKDQ D FRXSOH RI GD\V ZLOO QHYHU
EH H[HFXWHG FRPSOHWHO\ DV SODQQHG� $FWXDO YROXPHV GHOLYHUHG GLoHU IURP SODQQHG
YROXPHV EHFDXVH XVDJH UDWHV GHYLDWH IURP WKHLU IRUHFDVWV� SODQQHG GULYLQJ WLPH
LV Ro GXH WR WUDrF FRQJHVWLRQ� HWF�� 7KHUHIRUH� DQ\ SODQQLQJ V\VWHP QHHGV WR EH
qH[LEOH� ,W QHHGV WR WDNH DGYDQWDJH RI WKH ODWHVW FKDQJHV LQ WKH GDWD� *LYHQ WKLV�
RXU DSSURDFK LV WR HPEHG RXU WZR�SKDVH VROXWLRQ DSSURDFK LQ D UROOLQJ KRUL]RQ
IUDPHZRUN� :H DOZD\V FRQVWUXFW D GLVWULEXWLRQ SODQ IRU D PRQWK WR UHqHFW WKH
ORQJ�WHUP QDWXUH RI WKH SODQQLQJ SUREOHP� EXW ZH H[SHFW WR LPSOHPHQW RQO\ WKH
pUVW IHZ GD\V� :H UHSHDW WKLV DV RIWHQ DV QHFHVVDU\ XVLQJ WKH ODWHVW LQIRUPDWLRQ
DYDLODEOH�
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��� 3 KDVH , � $Q , QWHJHU 3 U RJU DPPLQJ 0 RGHO

$W WKH KHDUW RI WKH pUVW SKDVH LV DQ LQWHJHU SURJUDP� &HQWUDO WR WKH PRGHO DUH
WZR TXDQWLWLHV� /W

L  PD[��� WXL b ,�L �� D ORZHU ERXQG RQ WKH WRWDO YROXPH WKDW
KDV WR EH GHOLYHUHG WR FXVWRPHU L E\ WKH HQG RI GD\ W� DQG 8 W

L  WXL � &L b ,�L �
DQ XSSHU ERXQG RQ WKH WRWDO YROXPH WKDW FDQ EH GHOLYHUHG WR FXVWRPHU L E\ WKH
HQG RI GD\ W� /HW GWL UHSUHVHQW WKH GHOLYHU\ YROXPH WR FXVWRPHU L RQ GD\ W� WKHQ
WR HQVXUH WKDW QR VWRFNRXW RFFXUV DW FXVWRPHU L DQG WR HQVXUH WKDW ZH GR QRW
H[FHHG WKH LQYHQWRU\ FDSDFLW\ DW FXVWRPHU L� ZH QHHG WR KDYH WKDW

/W
L x

;

�xVxW

GVL x 8 W
L �L � 1� W  �� ���� 7�

7R PRGHO WKH UHVRXUFH FRQVWUDLQWV ZLWK VRPH GHJUHH RI DFFXUDF\ DQG WR KDYH
D PHDQLQJIXO REMHFWLYH IXQFWLRQ� ZH IRXQG LW QHFHVVDU\ WR H[SOLFLWO\ XVH GHOLYHU\
URXWHV� +RZHYHU� ZKHQ ZH UHIHU WR D ?URXWH�� ZH DUH UHDOO\ UHIHUULQJ WR D VHW
RI FXVWRPHUV ZLWKRXW HQIRUFLQJ D VSHFLpF RUGHULQJ DPRQJ WKH FXVWRPHUV LQ WKH
VHW� :H HVWLPDWH WKH GLVWDQFH UHTXLUHG WR YLVLW WKH FXVWRPHUV LQ WKH VHW E\ WKH
OHQJWK RI WKH RSWLPDO WUDYHOLQJ VDOHVPDQ WRXU WKURXJK DOO WKH FXVWRPHUV� 1RZ�
OHW 5 EH WKH VHW RI GHOLYHU\ URXWHV� OHW 7U GHQRWH WKH GXUDWLRQ RI URXWH U �DV D
IUDFWLRQ RI D GD\�� DQG OHW FU EH WKH FRVW RI H[HFXWLQJ URXWH U� )XUWKHUPRUH� OHW
[WU EH D ��� YDULDEOH LQGLFDWLQJ ZKHWKHU URXWH U LV XVHG RQ GD\ W �[WU  �� RU QRW
�[WU  ��� 7KH WRWDO YROXPH WKDW FDQ EH GHOLYHUHG RQ D VLQJOH GD\ LV OLPLWHG E\
D FRPELQDWLRQ RI FDSDFLW\ DQG WLPH FRQVWUDLQWV� 6LQFH YHKLFOHV DUH DOORZHG WR
PDNH PXOWLSOH WULSV SHU GD\� ZH FDQQRW VLPSO\ OLPLW WKH WRWDO YROXPH GHOLYHUHG
RQ D JLYHQ GD\ WR EH WKH VXP RI WKH YHKLFOH FDSDFLWLHV� 7R EH PRUH SUHFLVH� WKH
UHVRXUFH FRQVWUDLQWV FDQ EH PRGHOHG E\

;

L�L� U

GWLU x 4[WU �U � 5� W  �� ���� 7�

DQG

;

U�U � 5

7U[
W
U x M0 M W  �� ���� 7�

7KHVH FRQVWUDLQWV HQVXUH WKDW ZH GR QRW H[FHHG WKH YHKLFOH FDSDFLW\ RQ DQ\ RI
WKH VHOHFWHG URXWHV DQG WKDW WKH WLPH UHTXLUHG WR H[HFXWH WKH VHOHFWHG URXWHV
GRHV QRW H[FHHG WKH WLPH DYDLODEOH�
7KH EDVLF 3KDVH , LQWHJHU SURJUDPPLQJ PRGHO LV JLYHQ E\

PLQ
;

W

;

U

FU[
W
U

/W
L x

;

�xVxW

GVL x 8 W
L �L � 1� W  �� ���� 7�
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;

L�L� U

GWLU x 4[WU �U � 5� W  �� ���� 7�

;

U�U � 5

7U[
W
U x M0 M W  �� ���� 7�

7KH pUVW YDULDWLRQ RI WKH EDVLF PRGHO KDQGOHV p[HG DQG YDULDEOH VWRS WLPHV
DW WKH FXVWRPHUV DV ZHOO DV D YHKLFOH UHORDGLQJ WLPH DW WKH IDFLOLW\� 7KH GXUDWLRQ
RI D URXWH 7U FDQ EH PRGLpHG WR LQFOXGH QRW RQO\ WKH HVWLPDWHG WLPH WR GULYH
WKH GLVWDQFH EHWZHHQ WKH FXVWRPHUV RQ WKH URXWH� EXW DOVR D p[HG VWRS WLPH IRU
HDFK FXVWRPHU DQG DQ LQLWLDO pOO WLPH IRU WKH YHKLFOH UHTXLUHG EHIRUH WKH URXWH
FDQ VWDUW� 'LVSHQVH WLPH DW D FXVWRPHU FOHDUO\ FDQQRW EH LQFOXGHG LQ 7U D SULRUL
EHFDXVH LW GHSHQGV RQ WKH VL]H RI WKH GHOLYHU\� 7KHUHIRUH� ZH PXVW DOWHU WKH
UHVRXUFH FRQVWUDLQW DV IROORZV� ZKHUH ) LV WKH SHUFHQWDJH RI WKH GD\ UHTXLUHG WR
GLVSHQVH HDFK XQLW RI SURGXFW

;

U�U � 5

�7U[
W
U �

;

L�L� U

)GWLU� x M0 M W  �� ���� 7�

7KH VHFRQG YDULDWLRQ KDQGOHV RSHUDWLQJ PRGHV RI FXVWRPHUV� 2SHUDWLQJ
PRGH UHIHUV WR WKH VWDUW DQG HQG WLPH RI FXVWRPHU XVDJH RQ HDFK GD\ RI WKH
ZHHN� %HIRUH� ZH DVVXPHG WKDW HDFK FXVWRPHU L XVHV SURGXFW �� KRXUV SHU GD\
HYHU\GD\� 2SHUDWLQJ PRGHV DUH LPSRUWDQW� :KHQ D FXVWRPHU GRHV QRW XVH
SURGXFW RQ WKH ZHHNHQG� IRU H[DPSOH� LW KDV D ELJ LPSDFW RQ SURSHUO\ WLPLQJ
WKH GHOLYHULHV� 2SHUDWLQJ PRGHV FDQ EH KDQGOHG HDVLO\ E\ DSSURSULDWHO\ PRGLI\�
LQJ WKH ORZHU DQG XSSHU ERXQG SDUDPHWHUV� 7KH YDOXHV RI WKH ORZHU DQG XSSHU
ERXQGV RQ GD\ W QRZ GHSHQG RQ ZKHUH LQ WKH ZHHN GD\V � WKURXJK W IDOO�
7KH WKLUG YDULDQW KDQGOHV WLPH ZLQGRZV DW FXVWRPHUV� $Q RSHUDWLQJ PRGH

UHVWULFWV ZKHQ D FXVWRPHU XVHV SURGXFW� $ WLPH ZLQGRZ UHVWULFWV ZKHQ D FXV�
WRPHU FDQ UHFHLYH D GHOLYHU\� 7LPH ZLQGRZV PD\ EH GD\ GHSHQGHQW DV ZHOO� 7R
KDQGOH WLPH ZLQGRZV� WKH ORZHU DQG XSSHU ERXQG SDUDPHWHUV QHHG WR PRGLpHG
DJDLQ� EXW LQ D VOLJKWO\ GLoHUHQW ZD\� 1RZ WKH ORZHU ERXQG /W

L QHHGV WR EH
GHpQHG DV WKH WRWDO YROXPH WKDW KDV WR EH GHOLYHUHG WR FXVWRPHU L E\ WKH FORVLQJ
RI WKH WLPH ZLQGRZ RQ GD\ W WR DOORZ FXVWRPHU L WR ODVW XQWLO WKH RSHQLQJ RI
WKH WLPH ZLQGRZ RQ GD\ W � � �RU WKH RSHQLQJ RI WKH WLPH ZLQGRZ RQ WKH pUVW
DYDLODEOH GD\ IRU WKH QH[W GHOLYHU\ LI QR GHOLYHULHV FDQ EH PDGH RQ GD\ W � ���
7KH XSSHU ERXQG 8 W

L LV QRZ GHpQHG DV WKH ODUJHVW YROXPH WKDW FXVWRPHU L FDQ
UHFHLYH E\ WKH FORVH RI WKH GHOLYHU\ ZLQGRZ RQ GD\ W�

��� 3 KDVH , � 6ROYLQJ WKH , QWHJHU 3 U RJU DPPLQJ 0 RGHO

7KH LQWHJHU SURJUDPPLQJ PRGHO SUHVHQWHG DERYH LV QRW YHU\ SUDFWLFDO IRU WZR
UHDVRQV� WKH KXJH QXPEHU RI SRVVLEOH GHOLYHU\ URXWHV DQG� DOWKRXJK WR D OHVVHU
H[WHQW� WKH OHQJWK RI WKH SODQQLQJ KRUL]RQ� 7R PDNH WKH LQWHJHU SURJUDP FRP�
SXWDWLRQDOO\ WUDFWDEOH ZH FRQVLGHU D VPDOO �EXW JRRG� VHW RI GHOLYHU\ URXWHV DQG
DJJUHJDWH SHULRGV WRZDUG WKH HQG RI WKH SODQQLQJ KRUL]RQ�
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����� &OXVWHUV

2XU DSSURDFK WR UHGXFH WKH QXPEHU RI URXWHV LV EDVHG RQ DOORZLQJ FXVWRPHUV WR
EH RQ D URXWH WRJHWKHU RQO\ LI WKH\ DUH LQ WKH VDPH FOXVWHU� $ FOXVWHU LV D JURXS
RI FXVWRPHUV WKDW FDQ EH VHUYHG FRVW HoHFWLYHO\ E\ D VLQJOH YHKLFOH IRU D ORQJ
SHULRG RI WLPH� 7KH FRVW RI D FOXVWHU LV DQ DSSUR[LPDWLRQ RI WKH GLVWULEXWLRQ
FRVW IRU VHUYLQJ WKH FXVWRPHUV LQ WKH FOXVWHU IRU D PRQWK� 7KH FRVW RI VHUYLQJ
D FOXVWHU GRHV QRW RQO\ GHSHQG RQ WKH JHRJUDSKLF ORFDWLRQV RI WKH FXVWRPHUV LQ
WKH FOXVWHU� EXW DOVR RQ ZKHWKHU WKH FXVWRPHUV LQ WKH FOXVWHU KDYH FRPSDWLEOH
LQYHQWRU\ FDSDFLWLHV DQG XVDJH UDWHV� 7KHUHIRUH� WR HYDOXDWH WKH FRVW RI D FOXVWHU�
ZH QHHG D PRGHO WKDW FRQVLGHUV DOO RI WKHVH IDFWRUV�
7KH IROORZLQJ DSSURDFK LV XVHG WR LGHQWLI\ D JRRG VHW RI GLVMRLQW FOXVWHUV

FRYHULQJ DOO FXVWRPHUV�

�� *HQHUDWH D ODUJH VHW RI SRVVLEOH FOXVWHUV�

�� (VWLPDWH WKH FRVW RI VHUYLQJ HDFK FOXVWHU�

�� 6ROYH D VHW SDUWLWLRQLQJ SUREOHP WR VHOHFW FOXVWHUV�

2EVHUYH WKDW WKH VHOHFWLRQ RI FOXVWHUV RQO\ KDV WR EH GRQH RQFH DV D SUHSUR�
FHVVLQJ VWHS EHIRUH WKH DFWXDO SODQQLQJ VWDUWV� ,W GRHV QRW KDYH WR EH UH�UXQ
EHIRUH HYHU\ H[HFXWLRQ RI WKH 3KDVH , LQWHJHU SURJUDP� ,Q SUDFWLFH LW PDNHV
VHQVH WR UH�FOXVWHU ZKHQ QHZ FXVWRPHUV KDYH EHHQ DGGHG RU WKHUH KDYH EHHQ
VLJQLpFDQW FKDQJHV WR WKH GDWD�
6LQFH ZH JHQHUDWH D ODUJH QXPEHU RI FOXVWHUV WR FKRRVH IURP� ZH QHHG D

FRVWLQJ SURFHGXUH WKDW LV IDVW� EXW DEOH WR SURYLGH DQ DFFXUDWH HVWLPDWH RI WKH
FRVW RI VHUYLQJ WKH FOXVWHU� :H GHFLGHG WR XVH D VLPSOH LQWHJHU SURJUDP ZLWK
NH\ IHDWXUHV UHSUHVHQWHG�

����� $JJUHJDWLRQ�5HOD[DWLRQ

*LYHQ WKDW RXU WZR�SKDVH VROXWLRQ DSSURDFK ZLOO EH HPEHGGHG LQ D UROOLQJ KRUL�
]RQ IUDPHZRUN� WKH HPSKDVLV VKRXOG EH RQ WKH TXDOLW\ DQG GHWDLO RI WKH GHFLVLRQV
FRQFHUQLQJ WKH pUVW IHZ GD\V RI WKH SODQ� 7KLV SURYLGHV XV ZLWK DQ H[FHOOHQW RS�
SRUWXQLW\ WR UHGXFH WKH VL]H RI WKH LQWHJHU SURJUDP E\ DJJUHJDWLQJ GD\V WRZDUGV
WKH HQG RI WKH SODQQLQJ SHULRG�
)RU WKH pUVW N GD\V� ZH ZLOO VWLOO KDYH URXWH VHOHFWLRQ YDULDEOHV IRU HDFK GD\�

EXW IRU WKH GD\V DIWHU WKDW� ZH ZLOO KDYH URXWH VHOHFWLRQ YDULDEOHV FRYHULQJ SHULRGV
RI VHYHUDO GD\V� ,QVWHDG RI PDNLQJ D GHFLVLRQ RQ ZKHWKHU WR H[HFXWH HDFK URXWH
RQ GD\V � WR �� LQGLYLGXDOO\� IRU H[DPSOH� ZH QRZ GHFLGH KRZ PDQ\ WLPHV HDFK RI
WKH URXWHV ZLOO EH H[HFXWHG GXULQJ WKH ZKROH ZHHN LQVWHDG� 6HYHUDO DJJUHJDWLRQ
VFKHPHV ZHUH WHVWHG� :H IRXQG WKDW FRQVLGHULQJ ZHHNV UDWKHU WKDQ GD\V WRZDUGV
WKH HQG RI WKH SODQQLQJ KRUL]RQ VWLOO GRHV D JRRG MRE RI SUHVHUYLQJ WKH FRVWV
DVVRFLDWHG ZLWK WKH HoHFW RI VKRUW�WHUP GHFLVLRQV RQ WKH IXWXUH DQG \LHOGV D
VLJQLpFDQW UHGXFWLRQ LQ &38 WLPH� 7KHUHIRUH� WKH GDLO\ YDULDEOHV DVVRFLDWHG
ZLWK WKHVH ODWHU GD\V DUH UHSODFHG E\ ZHHNO\ YDULDEOHV� 8SSHU DQG ORZHU ERXQGV
DUH DOWHUHG DFFRUGLQJO\ DV ZHOO�
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$ IXUWKHU VLPSOLpFDWLRQ LV REWDLQHG E\ UHOD[LQJ WKH LQWHJUDOLW\ UHVWULFWLRQV
RQ WKH YDULDEOHV UHSUHVHQWLQJ WKH ZHHNO\ GHFLVLRQV� 7KHUHIRUH� WKH RQO\ ELQDU\
YDULDEOHV DSSHDULQJ LQ WKH LQWHJHU SURJUDP ZLOO EH WKRVH UHSUHVHQWLQJ URXWH VH�
OHFWLRQV IRU WKH pUVW N GD\V�

��� 3 KDVH , , � 6FKHGXOLQJ

$ VROXWLRQ WR WKH LQWHJHU SURJUDP RI 3KDVH , VSHFLpHV WKH YROXPHV WR GHOLYHU
WR HDFK FXVWRPHU IRU WKH QH[W N GD\V� ,W GRHV QRW VSHFLI\ GHSDUWXUH WLPHV
DQG FXVWRPHU VHTXHQFHV IRU WKH GLoHUHQW YHKLFOHV� 7KHUHIRUH� ZH VWLOO QHHG WR
FRQVWUXFW YHKLFOH URXWHV DQG VFKHGXOHV�
6LQFH WKH GHOLYHU\ YROXPHV VSHFLpHG E\ WKH VROXWLRQ WR WKH LQWHJHU SURJUDP

PD\ QRW pW EHIRUH D VSHFLpF WLPH RI WKH GD\ DQG PD\ QHHG WR EH UHFHLYHG EHIRUH
D FHUWDLQ ODWHU WLPH WR SUHYHQW UXQ RXW� WKHVH GHOLYHULHV KDYH VHOI LPSRVHG WLPH
ZLQGRZV� 7KHUHIRUH� WR FRQYHUW WKH LQIRUPDWLRQ SURYLGHG E\ WKH VROXWLRQ WR WKH
LQWHJHU SURJUDP WR GDLO\ YHKLFOH URXWHV DQG VFKHGXOHV� ZH FDQ VROYH D VHTXHQFH
RI YHKLFOH URXWLQJ SUREOHPV ZLWK WLPH ZLQGRZV�
+RZHYHU� VXFK DQ DSSURDFK GRHV QRW FDSLWDOL]H RQ WKH qH[LELOLW\ LQKHUHQW LQ

WKH LQYHQWRU\ URXWLQJ SUREOHP� 7KH GHOLYHU\ YROXPHV VSHFLpHG E\ WKH VROXWLRQ
WR WKH LQWHJHU SURJUDP DUH JRRG IURP D ORQJ�WHUP SHUVSHFWLYH� WKH\ PD\ QRW EH
JRRG IURP D VKRUW�WHUP SHUVSHFWLYH� 7KHUHIRUH� ZH WUHDW WKH GHOLYHU\ YROXPHV
DQG WLPLQJ VSHFLpHG E\ WKH VROXWLRQ WR WKH LQWHJHU SURJUDPV DV VXJJHVWLRQV� :H
WU\ WR IROORZ WKHVH VXJJHVWLRQV DV FORVHO\ DV SRVVLEOH� VLQFH WKLV KHOSV WR DFKLHYH
RXU ORQJ�WHUP JRDOV� EXW ZH DOORZ VPDOO GHYLDWLRQV ZKHQ LW KHOSV WR FRQVWUXFW
EHWWHU VKRUW�WHUP SODQV� 7R EH PRUH SUHFLVH� ZH FRQVWUXFW YHKLFOH URXWHV DQG
VFKHGXOHV IRU WZR FRQVHFXWLYH GD\V� ZKHUH ZH IRUFH WKH WRWDO YROXPH GHOLYHUHG WR
D FXVWRPHU RYHU WKH WZR GD\V WR EH JUHDWHU WKDQ RU HTXDO WR WKH WRWDO GHOLYHU\
YROXPH VSHFLpHG E\ WKH VROXWLRQ WR WKH LQWHJHU SURJUDP IRU WKHVH WZR GD\V�
EXW ZH GR QRW HQIRUFH VSHFLpF GHOLYHU\ YROXPHV RQ LQGLYLGXDO GD\V� ,Q WKLV
ZD\� ZH VWD\ FORVH WR WKH GHOLYHU\ YROXPHV VXJJHVWHG E\ WKH LQWHJHU SURJUDP�
ZKLFK LV JRRG IURP D ORQJ�WHUP SHUVSHFWLYH� EXW ZH LQWURGXFH VRPH qH[LELOLW\ LQ
WKH GDLO\ URXWLQJ DQG VFKHGXOLQJ� ZKLFK LV JRRG IURP D VKRUW�WHUP SHUVSHFWLYH�
'HOLYHULHV FDQ EH VSOLW LQWR VPDOOHU SLHFHV� GHOLYHULQJ RQH SDUW RQ WKH pUVW GD\
DQG WKH VHFRQG SDUW RQ WKH VHFRQG GD\ LI WKLV ZRUNV RXW WR EH EHWWHU� IRU H[DPSOH
ZKHQ UHVRXUFHV DUH YHU\ WLJKW RQ RQH RI WKH GD\V� 7KLV qH[LELOLW\ LV HYHQ PRUH
LPSRUWDQW ZKHQ ZH FRQVLGHU WKH IDFW WKDW LQ SUDFWLFH D IHZ FXVWRPHUV PD\ QRW
IROORZ D YHQGRU PDQDJHG UHVXSSO\ SROLF\ DQG PD\ FDOO LQ RUGHUV WKDW QHHG WR
EH DGGHG WR WKH GDLO\ URXWLQJ DQG VFKHGXOLQJ SUREOHP� :LWK QHZ RUGHUV DQG
QHZ DFFXUDWH XS�WR�GDWH LQIRUPDWLRQ RQ FXVWRPHU LQYHQWRU\ OHYHOV� LW PD\ PDNH
VHQVH WR VKLIW DURXQG VRPH RI WKH GHOLYHULHV RYHU WKH QH[W FRXSOH RI GD\V�
%HFDXVH RI FXVWRPHU XVDJH DQG FXVWRPHU LQYHQWRU\ FDSDFLWLHV� WKHUH PD\

EH FXVWRPHUV WKDW UHTXLUH D GHOLYHU\ RQ ERWK GD\V RU HYHQ PXOWLSOH WLPHV D
GD\� &RQVHTXHQWO\� LQ RXU WZR GD\ URXWLQJ DQG VFKHGXOLQJ SUREOHP� ZH FDQ
GLVWLQJXLVK WZR W\SHV RI FXVWRPHUV� FXVWRPHUV WKDW UHTXLUH PXOWLSOH GHOLYHULHV
RYHU WKH WZR GD\V DQG FXVWRPHUV WKDW UHTXLUH RQO\ RQH�
:H KDYH GHYHORSHG DQG LPSOHPHQWHG DQ LQVHUWLRQ KHXULVWLF IRU WKLV WZR GD\
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URXWLQJ DQG VFKHGXOLQJ SUREOHP� 7KH KHXULVWLF LV D ORJLFDO SURJUHVVLRQ RI FRP�
PRQO\ XVHG WHFKQLTXHV LQ LQVHUWLRQ KHXULVWLFV IRU WKH YHKLFOH URXWLQJ SUREOHP
ZLWK WLPH ZLQGRZV� VHH IRU H[DPSOH 6RORPRQ >�@ DQG .LQGHUYDWHU DQG 6DYHOV�
EHUJK >�@�
,Q WKH GHVFULSWLRQ RI WKH KHXULVWLF� ZH DVVXPH� IRU HDVH RI SUHVHQWDWLRQ� WKDW

WKHUH DUH QR RSHUDWLQJ PRGHV DQG QR WLPH ZLQGRZV UHVWULFWLQJ ZKHQ GHOLYHULHV
FDQ WDNH SODFH� %RWK FRPSOLFDWLRQV FDQ HDVLO\ EH KDQGOHG� :H DOVR GR QRW
GLVFXVV H[SOLFLWO\ WKH XVH RI p[HG VWRS WLPHV DQG XQORDGLQJ WLPHV� WKRXJK ERWK
FDQ EH LQFOXGHG LQ WKH WUDYHO WLPH YDOXH XVHG KHUH�
7KH qH[LELOLW\ WR FKDQJH GHOLYHU\ YROXPHV PDNHV FKHFNLQJ WKH IHDVLELOLW\ RI

LQVHUWLRQV PXFK PRUH FRPSOH[ WKDQ LQ WKH 953� )RU H[DPSOH� WKH LQVHUWLRQ RI
D FXVWRPHU RQ D URXWH FDQ DoHFW WKH GHOLYHU\ YROXPH RI DQRWKHU FXVWRPHU RQ DQ
HDUOLHU RU ODWHU URXWH IRU WKH VDPH YHKLFOH� ZKLFK FDQ DoHFW WKH VL]H DQG WLPLQJ
RI RWKHU GHOLYHULHV IRU WKH FXVWRPHUV RQ WKDW URXWH� HWF�
7R EH DEOH WR HYDOXDWH WKH IHDVLELOLW\ RI DQ LQVHUWLRQ� ZH PDLQWDLQ VHYHUDO

TXDQWLWLHV UHODWHG WR GHOLYHULHV WR FXVWRPHUV DOUHDG\ VFKHGXOHG� &RQVLGHU D GH�
OLYHU\ WR FXVWRPHU L RQ URXWH U� 7KH SUHGHFHVVRU RQ WKH URXWH LV GHQRWHG E\
S�L� DQG WKH VXFFHVVRU RQ WKH URXWH LV GHQRWHG E\ V�L�� 7KH WRWDO YROXPH WR
EH GHOLYHUHG WR FXVWRPHU L RYHU WKH WZR GD\V SUHVFULEHG E\ WKH VROXWLRQ WR WKH
3KDVH , LQWHJHU SURJUDP LV GL� :H FRQVLGHU D GD\ DV UDQJLQJ IURP WLPH � WR
� IRU FRQYHQLHQFH� 7KHUH LV D VOLJKW GLoHUHQFH IRU FXVWRPHUV WKDW QHHG PXOWL�
SOH GHOLYHULHV RYHU WKH WZR GD\V� EXW WKH EDVLF TXDQWLWLHV ZH PDLQWDLQ DUH WKH
IROORZLQJ�

�� 7KH PLQLPXP GHOLYHU\ YROXPH TP LQ
UL �

TPLQ
UL  GL�

�� 7KH HDUOLHVW WLPH D GHOLYHU\ FDQ EH PDGH WHDUO\UL

WHDUO\UL  PD[�WHDUO\
US�L� � WWS�L��L�

�TPLQ
UL b &L � ,L� XL�

ZKHUH WHDUO\U�  WHDUO\VWDUWU � WKH HDUOLHVW WLPH WKH URXWH FDQ VWDUW� DQG WWM�N
LV WKH WUDYHO WLPH IURP FXVWRPHU M WR N� 7KH pUVW WHUP RI WKH PD[LPXP
UHSUHVHQWV WKH WLPH WR JHW WR FXVWRPHU L IURP S�L� DQG WKH VHFRQG WHUP
UHSUHVHQWV WKH WLPH WKDW WKH PLQLPXP GHOLYHU\ YROXPH FDQ pW DW FXVWRPHU
L�

�� 7KH ODWHVW WLPH D GHOLYHU\ FDQ EH PDGH WODWHUL

WODWHUL  PLQ�WODWHUV�L� b WWL�V�L�� ,L XL�

ZKHUH WODWH
U�Q � ��  WODWHHQGU � WKH ODWHVW WLPH URXWH U FDQ HQG� 7KH pUVW WHUP

RI WKH PLQLPXP UHSUHVHQWV WKH ODWHVW GHSDUWXUH WLPH IURP L WR EH DEOH WR
UHDFK V�L� E\ WKH ODWHVW WLPH IRU LWV GHOLYHU\� 7KH VHFRQG WHUP UHSUHVHQWV
WKH WLPH ZKHQ FXVWRPHU L UXQV RXW RI SURGXFW�

�



�� 7KH PD[LPXP GHOLYHU\ YROXPH TP D[
UL

TPD[
UL  PLQ�4b

;

M � L� U

TPLQ
UM � &L� GL�

&L b ,L � XLW
ODWH
UL �

7KH pUVW WHUP RI WKH PLQLPXP LV WKH FDSDFLW\ UHPDLQLQJ LQ WKH YHKLFOH
LI ZH DVVXPH DOO RWKHU FXVWRPHUV RQ WKH URXWH ZLOO UHFHLYH WKHLU PLQLPXP
GHOLYHU\ YROXPHV� WKH VHFRQG DQG WKLUG WHUPV DUH REYLRXV� DQG WKH IRXUWK
WHUP UHSUHVHQWV WKH YROXPH WKDW ZLOO pW DW WKH ODWHVW WLPH D GHOLYHU\ FDQ
EH PDGH�

%HFDXVH YHKLFOHV FDQ GULYH PXOWLSOH URXWHV SHU GD\ ZH DOVR PDLQWDLQ VHYHUDO
TXDQWLWLHV IRU HDFK URXWH�

�� 7KH HDUOLHVW WLPH WKH URXWH FDQ VWDUW WHDUO\VWDUWU

�� 7KH ODWHVW WLPH WKH URXWH FDQ VWDUW WODWHVWDUWU

�� 7KH HDUOLHVW WLPH WKH URXWH FDQ HQG WHDUO\HQGU

�� 7KH ODWHVW WLPH D URXWH FDQ HQG WODWHHQGU

*LYHQ WKHVH TXDQWLWLHV WKH IHDVLELOLW\ RI DQ LQVHUWLRQ LV FKHFNHG DV IROORZV�
)LUVW� ZH FKHFN ZKHWKHU WKH PLQLPXP GHOLYHU\ YROXPH pWV LQ WKH YHKLFOH JLYHQ
WKH RWKHU SODQQHG GHOLYHULHV� 1H[W� ZH FRPSXWH WKH HDUOLHVW WLPH DQG WKH ODWHVW
WLPH D GHOLYHU\ FDQ WDNH SODFH� ,I WKH HDUOLHVW GHOLYHU\ WLPH LV JUHDWHU WKDQ WKH
ODWHVW GHOLYHU\ WLPH� WKH LQVHUWLRQ LV LQIHDVLEOH� 8VLQJ WKH ODWHVW GHOLYHU\ WLPH� ZH
FRPSXWH WKH PD[LPXP GHOLYHU\ VL]H� ,I LW LV VPDOOHU WKDQ WKH PLQLPXP GHOLYHU\
VL]H� WKH LQVHUWLRQ LV LQIHDVLEOH� ,I WKH LQVHUWLRQ SDVVHV ERWK RI WKHVH WHVWV� LW LV
IHDVLEOH�
,I DQ LQVHUWLRQ LV IHDVLEOH� WKH FRVW RI WKH LQVHUWLRQ LV HYDOXDWHG� 7KH FRVW

RI DQ LQVHUWLRQ LV D ZHLJKWHG VXP RI VHYHUDO FRPSRQHQWV� 7KH pUVW FRPSRQHQW
LV WKH LQFUHDVH LQ GLVWDQFH DQG WKH VHFRQG FRPSRQHQW LV DQ DSSUR[LPDWLRQ RI
WKH PLQLPXP LQFUHDVH LQ ZDLWLQJ WLPH LI WKH LQVHUWLRQ LV FDUULHG RXW� 7KH WKLUG
FRPSRQHQW LV D FKDUJH IRU PDNLQJ URXWHV ?LQqH[LEOH�� ,Q WKH pQDO WZR GD\ SODQ�
ZH OLNH WR KDYH QHDU FDSDFLW\ URXWHV� 7KHUHIRUH� ZH ZDQW WR GLVFRXUDJH WKH
FRQVWUXFWLRQ RI URXWHV ZLWK D VPDOO GLoHUHQFH WODWHVWDUWU b WHDUO\VWDUWU DQG D ODUJH
GLoHUHQFH 4b3

M � U T
P D[
UM � VLQFH LW LV XQOLNHO\ WKDW VXFK URXWHV FDQ EH H[WHQGHG

WR QHDU FDSDFLW\ URXWHV� $ FKDUJH LV LQFXUUHG LI WKH LQVHUWLRQ IRUFHV D URXWH WR
KDYH D JDS EHWZHHQ HDUOLHVW DQG ODWHVW VWDUWLQJ WLPH WKDW LV OHVV WKDQ [ PLQXWHV
DQG D WRWDO PD[LPXP GHOLYHU\ YROXPH WKDW LV OHVV WKDQ \� RI FDSDFLW\� 7KH
FKDUJH LV LQYHUVHO\ UHODWHG WR WKH VL]H RI WKH JDS�
)RU HDFK GHOLYHU\ WR D FXVWRPHU� ZH PDLQWDLQ WKH FKHDSHVW IHDVLEOH LQVHUWLRQ

DQG WKH VHFRQG FKHDSHVW IHDVLEOH LQVHUWLRQ� LI LW H[LVWV� 6LQFH ZH FDQ DOZD\V
FRQVWUXFW D IHDVLEOH URXWH ZLWK MXVW D GHOLYHU\ WR D VLQJOH FXVWRPHU� WKHUH H[LVWV
DW OHDVW RQH IHDVLEOH LQVHUWLRQ�
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$OO WKDW UHPDLQV WR FRPSOHWH WKH GHVFULSWLRQ RI WKH LQVHUWLRQ KHXULVWLF LV WR
VSHFLI\ KRZ ZH VHOHFW WKH GHOLYHULHV WR EH LQVHUWHG LQ HDFK LWHUDWLRQ� 1RWH WKDW ZH
VHOHFW GHOLYHULHV UDWKHU WKDQ FXVWRPHUV� EHFDXVH FXVWRPHUV PD\ UHTXLUH PXOWLSOH
GHOLYHULHV RYHU WKH WZR GD\V� :H XVH WKH IROORZLQJ VHOHFWLRQ UXOH�

�� ,I WKHUH DUH GHOLYHULHV WKDW FDQQRW EH LQVHUWHG LQWR DQ\ H[LVWLQJ URXWH� WKHQ
DPRQJ WKRVH GHOLYHULHV VHOHFW WKH RQH ZLWK WKH PRVW H[SHQVLYH URXWH IRU
LWVHOI�

�� ,I DOO GHOLYHULHV FDQ EH LQVHUWHG LQWR DW OHDVW RQH H[LVWLQJ URXWH� WKHQ VHOHFW
WKH RQH ZLWK WKH ODUJHVW GLoHUHQFH EHWZHHQ WKH FRVW RI LWV FKHDSHVW DQG
VHFRQG FKHDSHVW LQVHUWLRQ�

7KH pUVW SDUW RI WKH UXOH FDSWXUHV WKH LGHD WKDW LI WKHUH DUH GHOLYHULHV WKDW
FDQQRW EH LQVHUWHG LQ WKH FXUUHQW VHW RI URXWHV� ZH NQRZ WKDW ZH KDYH WR FUHDWH
DW OHDVW RQH PRUH URXWH� VR ZH PLJKW DV ZHOO GR LW QRZ� 7KH VHFRQG SDUW RI WKH
UXOH FDSWXUHV WKH LGHD RI WU\LQJ WR LQVHUW D GHOLYHU\ ZHOO DQG EHIRUH DOO RI LWV
JRRG SRWHQWLDO LQVHUWLRQ SRLQWV EHFRPH LQIHDVLEOH�
7KHVH UXOHV DUH pUVW DSSOLHG WR WKH GHOLYHULHV WR FXVWRPHUV WKDW UHTXLUH PXO�

WLSOH GHOLYHULHV RYHU WKH WZR GD\V� 7KH LGHD LV WKDW WKHVH GHOLYHULHV ZLOO EH WKH
PRVW GLrFXOW WR VFKHGXOH IHDVLEO\� VR ZH QHHG WR KDQGOH WKHVH pUVW� :KHQ DOO RI
WKHVH DUH VFKHGXOHG� WKHVH VDPH LQVHUWLRQ UXOHV DUH WKHQ DSSOLHG WR WKH UHPDLQLQJ
GHOLYHULHV�
$IWHU D IHDVLEOH VFKHGXOH LV FUHDWHG� ZH UXQ RQH PRUH KHXULVWLF� D GHOLYHU\

DPRXQW RSWLPL]DWLRQ URXWLQH� ZKLFK pQDOL]HV WKH VFKHGXOH� ,W UHYLHZV WKH FXUUHQW
VFKHGXOH� GHFLGHV ZKLFK RI WKH FXVWRPHUV ZLOO KDYH WKHLU GHOLYHU\ DPRXQWV LQ�
FUHDVHG DQG E\ KRZ PXFK� DQG GHWHUPLQHV DW ZKDW WLPH ZLWKLQ WKH pQDO IHDVLEOH
WLPH UDQJHV WKH GHOLYHULHV ZLOO WDNH SODFH�
7KH LQVHUWLRQ KHXULVWLF GHVFULEHG DERYH LV HPEHGGHG LQWR D JUHHG\ UDQGRP�

L]HG DGDSWLYH VHDUFK SURFHGXUH �*5$63� >�@� $ *5$63 FRPELQHV D JUHHG\
KHXULVWLF ZLWK UDQGRPL]DWLRQ� :KHQHYHU WKH KHXULVWLF VHOHFWV WKH QH[W GHOLYHU\
WR EH LQVHUWHG� LW ZLOO SLFN UDQGRPO\ IURP WKH T EHVW FKRLFHV� ZKHUH T LV SUH�
VSHFLpHG� 7KLV DOORZV WKH DOJRULWKP WR PDNH FKRLFHV WKDW GR QRW VHHP WR EH
WKH EHVW DW WKH WLPH� EXW PD\ SURYLGH EHWWHU RSSRUWXQLWLHV ODWHU� ,Q D *5$63
IUDPHZRUN� WKH KHXULVWLF LV H[HFXWHG PDQ\ WLPHV DQG WKH EHVW SODQ REWDLQHG LV
SLFNHG�

� &RPSXWDWLRQDO ( [SHU LHQFH

,Q WKLV VHFWLRQ� ZH SUHVHQW WKH UHVXOWV RI YDULRXV FRPSXWDWLRQDO H[SHULPHQWV WKDW
GHPRQVWUDWH WKH YLDELOLW\ DQG YDOXH RI WKH SUHVHQWHG DSSURDFK DQG LOOXVWUDWH
PDQ\ RI WKH FRPSOH[LWLHV RI LQYHQWRU\ URXWLQJ SUREOHPV�

��� , QVWDQFHV

)RU RXU FRPSXWDWLRQDO H[SHULPHQWV ZH KDYH XVHG UHDO�OLIH GDWD IURP WZR RI
35$;$,5
V SURGXFWLRQ IDFLOLWLHV� :H KDYH FKRVHQ WKHVH WZR SURGXFWLRQ IDFLO�

��



)LJXUH �� )DFLOLW\ $ DQG LWV FXVWRPHUV

Deliveries Per Week for Plant A Customers
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)LJXUH �� 'HOLYHU\ IUHTXHQFLHV RI FXVWRPHUV RI IDFLOLW\ $

LWLHV EHFDXVH WKH FKDUDFWHULVWLFV RI WKH VHW RI FXVWRPHUV WKH\ VHUYH DUH TXLWH
GLoHUHQW LQ WHUPV RI JHRJUDSK\� WDQN FDSDFLWLHV� DQG XVDJH UDWHV�
3URGXFWLRQ IDFLOLW\ $ VHUYHV �� FXVWRPHUV WKDW DUH IDLUO\ VSUHDG RXW� FRYHULQJ

D PRVWO\ UXUDO DUHD ZLWK VRPH VPDOO FOXVWHUV RI FXVWRPHUV QHDU FLWLHV� 7KH IDFLOLW\
LV ORFDWHG LQ WKH QRUWKZHVWHUQ FRUQHU RI WKH VWDWH� QRW LQ WKH FHQWHU� �6HH )LJXUH
��� &XVWRPHUV DUH EHWZHHQ � PLQXWHV WR � DQG D KDOI KRXUV GULYLQJ WLPH IURP
WKH IDFLOLW\� ZLWK DQ DYHUDJH RI � KRXUV� 7KH DYHUDJH GULYLQJ WLPH EHWZHHQ WZR
FXVWRPHUV LV � KRXUV DQG �� PLQXWHV� 2I WKH �� FXVWRPHUV� �� � UHTXLUH OHVV
WKDQ � GHOLYHU\ SHU ZHHN� ��� UHTXLUH EHWZHHQ � DQG �� �� UHTXLUH EHWZHHQ
� DQG �� DQG �� UHTXLUH EHWZHHQ � DQG � GHOLYHULHV SHU ZHHN� �6HH )LJXUH ���
:LWK UHVSHFW WR WDQN FDSDFLWLHV� ��� RI WKH FXVWRPHUV FDQ UHFHLYH D GHOLYHU\ RI
PRUH WKDQ D WUXFNORDG� EXW ��� FDQQRW UHFHLYH HYHQ KDOI RI D WUXFNORDG� �6HH
)LJXUH �� WKH KHDY\ OLQH LQGLFDWHV YHKLFOH FDSDFLW\��
3URGXFWLRQ IDFLOLW\ % VHUYHV �� FXVWRPHUV VSUHDG RYHU D ODUJH JHRJUDSKLF DUHD

LQ WKH QRUWKHUQ 8QLWHG 6WDWHV� 7KH FXVWRPHUV DUH FRQFHQWUDWHG KHDYLO\ LQ WKH
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)LJXUH �� 7DQN FDSDFLWLHV RI FXVWRPHUV RI IDFLOLW\ $

)LJXUH �� )DFLOLW\ % DQG LWV FXVWRPHUV

PLGGOH RI WKH DUHD� ZKHUH WKH IDFLOLW\ LV DOVR ORFDWHG� DQG EHFRPH OHVV FRQFHQ�
WUDWHG DV WKH GLVWDQFH IURP WKH FHQWHU LQFUHDVHV� �6HH )LJXUH ��� &XVWRPHUV DUH
EHWZHHQ � PLQXWHV DQG �� KRXUV GULYLQJ WLPH IURP WKH IDFLOLW\� ZLWK DQ DYHUDJH
RI � KRXUV DQG �� PLQXWHV� 7KH DYHUDJH GULYLQJ WLPH EHWZHHQ WZR SRLQWV LV �
KRXUV DQG �� PLQXWHV� ,Q WHUPV RI XVDJH� ��� QHHG OHVV WKDQ � GHOLYHU\ SHU
ZHHN� �� QHHG EHWZHHQ � DQG �� DQG RQO\ �� UHTXLUH PRUH WKDQ � GHOLYHU\ SHU
ZHHN� �6HH )LJXUH ��� )XUWKHUPRUH� ��� FDQ UHFHLYH D GHOLYHU\ RI D WUXFNORDG
DQG �� � FDQQRW UHFHLYH KDOI RI D WUXFNORDG� �6HH )LJXUH ���
5RXJKO\ ��� RI WKH FXVWRPHUV DW ERWK SODQWV XVH SURGXFW �� KRXUV D GD\� �

GD\V D ZHHN� 2I WKH FXVWRPHUV WKDW DUH QRW FRQVWDQW XVHUV� PDQ\ FKDQJH KRZ
WKH\ XVH SURGXFW GHSHQGLQJ RQ WKH GD\ RI WKH ZHHN� 0RVW XVH SURGXFW URXJKO\
WKH VDPH ZD\ 0RQGD\ WKURXJK )ULGD\� EXW RIWHQ RQO\ � WR �� KRXUV SHU GD\� 7KH
XVDJH SDWWHUQ XVXDOO\ FKDQJHV RQ WKH ZHHNHQG� ZLWK PDQ\ RI WKHVH FXVWRPHUV
QRW XVLQJ SURGXFW DW DOO RQ 6XQGD\V DQG OHVV WKDQ KDOI RI D ZHHNGD\ DPRXQW RQ
6DWXUGD\V�
2WKHU UHOHYDQW LQIRUPDWLRQ XVHG LQ RXU FRPSXWDWLRQDO H[SHULPHQWV LV WKDW WKH

WLPH RI D GHOLYHU\ LV FDOFXODWHG DV �� � �YHKLFOH SXPS UDWH�B�TXDQWLW\ GHOLYHUHG��

��
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)LJXUH �� 7DQN FDSDFLWLHV RI FXVWRPHUV RI IDFLOLW\ %

WKDW LW WDNHV � KRXU WR UHORDG D YHKLFOH DW WKH IDFLOLW\ EHIRUH LW FDQ GHSDUW DJDLQ
RQ DQRWKHU URXWH� WKDW DOO YHKLFOHV GULYH DW D VSHHG RI DW �� PSK� DQG WKDW
GHOLYHULHV FDQ EH PDGH �� KRXUV D GD\�
)LQDOO\� WKH LQLWLDO LQYHQWRU\ IRU DOO FXVWRPHUV ZDV FKRRVHQ UDQGRPO\� ZLWK

WKH UHVWULFWLRQ WKDW WKH LQYHQWRU\ OHYHO VKRXOG EH VXrFLHQW WR ODVW WKH FXVWRPHU
XQWLO WKH pUVW WLPH D YHKLFOH ZRXOG EH DEOH WR DUULYH DW WKH FXVWRPHU WR UHpOO LWV
WDQN�

��� 6ROXWLRQ TXDOLW\

$ VROXWLRQ WR WKH LQYHQWRU\ URXWLQJ SUREOHP IRU D JLYHQ SODQQLQJ SHULRG VSHFLpHV
ZKLFK YHKLFOHV DUH YLVLWLQJ ZKLFK FXVWRPHUV RQ HDFK GD\ RI WKH SODQQLQJ SHULRG�
LQ ZKDW RUGHU WKH GHOLYHULHV DUH EHLQJ PDGH� DQG KRZ PXFK LV GHOLYHUHG WR HDFK
FXVWRPHU� +RZHYHU� HYHQ ZLWK DOO WKLV LQIRUPDWLRQ LW LV VWLOO QRQWULYLDO WR HYDOXDWH
WKH TXDOLW\ RI WKH VROXWLRQ� 6LQFH WKH ,53 LV UHDOO\ DQ LQpQLWH KRUL]RQ SUREOHP�
ZH KDYH RQO\ VSHFLpHG WKH pUVW SDUW RI D VROXWLRQ� )RU H[DPSOH� LI ZH FRQVLGHU D
SODQQLQJ SHULRG RI WZR ZHHNV� DV ZH ZLOO GR LQ RXU FRPSXWDWLRQDO H[SHULPHQWV�
LW LV QRW REYLRXV KRZ WR FRPSDUH WZR VROXWLRQV DQG FODLP WKDW RQH LV EHWWHU WKDQ
WKH RWKHU� ,I WKH WRWDO GLVWDQFH WUDYHOHG LQ RQH VROXWLRQ LV OHVV WKDQ LQ WKH RWKHU
VROXWLRQ� WKLV UHSUHVHQWV D VPDOOHU GULYLQJ FRVWV� +RZHYHU� LI� LQ WKH VROXWLRQ

��



ZLWK D KLJKHU WRWDO GLVWDQFH WUDYHOHG� RQO\ IXOO WUXFNORDG GHOLYHULHV DUH PDGH�
KRZ FDQ ZH VD\ WKLV VROXWLRQ LV ZRUVH" ,W XWLOL]HV WKH WUXFNV H[WUHPHO\ ZHOO DQG
PD\ HQG LQ D VWDWH WKDW LV D PXFK EHWWHU VWDUWLQJ SRLQW IRU WKH GHOLYHULHV WKDW
KDYH WR EH PDGH LQ WKH IROORZLQJ ZHHNV�
7KHUHIRUH� LQ DGGLWLRQ WR ORRNLQJ DW WKH REYLRXV VWDWLVWLFV� VXFK DV WKH QXPEHU

RI WULSV� WKH QXPEHU RI VWRSV� WKH WRWDO YROXPH GHOLYHUHG� DQG WKH WRWDO GLVWDQFH
WUDYHOHG� ZH DOVR ORRN DW VHYHUDO RWKHU VWDWLVWLFV WR HYDOXDWH WKH TXDOLW\ RI D
VROXWLRQ IRU D WZR ZHHN SODQQLQJ SHULRG� 6RPH RI WKHVH VWDWLVWLFV DUH XVHG
E\ 35$;$,5 WR HYDOXDWH WKHLU RZQ SHUIRUPDQFH� RWKHUV DUH SURSRVHG LQ WKH
OLWHUDWXUH� DQG VRPH ZH MXVW IRXQG WR EH LQWHUHVWLQJ�
$ SRSXODU VWDWLVWLF XVHG LQ LQGXVWU\ LV DYHUDJH YROXPH SHU PLOH� 7KLV VWDWLVWLF

DYHUDJHV WKH YROXPH SHU PLOH RI DOO WKH WULSV� ZKHUH WKH YROXPH SHU PLOH RI D WULS
LV ZKDW ZH H[SHFW LW WR EH� QDPHO\ WKH WRWDO YROXPH GHOLYHUHG RQ D WULS GLYLGHG
E\ WKH WRWDO GLVWDQFH WUDYHOHG RQ WKH WULS� ,W LV HDV\ WR VHH WKDW WKLV QXPEHU
LV YHU\ VHQVLWLYH WR WKH GLVWDQFH RI FXVWRPHUV WR WKH IDFLOLW\ DQG WKHUHIRUH GRHV
QRW VHHP WR SURYLGH UHOLDEOH LQIRUPDWLRQ LQ DQ DYHUDJHG IRUP� )RU H[DPSOH� LI
ZH FRQVLGHU D WULS WR D FXVWRPHU � PLOHV DZD\ IURP WKH IDFLOLW\ ZKHUH D IXOO
WUXFNORDG LV GHOLYHUHG� WKH YROXPH SHU PLOH LV HTXDO WR WUXFNORDG GLYLGHG E\ �� ,I
ZH FRQVLGHU DQRWKHU WULS WR D FXVWRPHU �� PLOHV DZD\ IURP WKH IDFLOLW\ ZKHUH ZH
DOVR GHOLYHU D IXOO WUXFNORDG� WKH YROXPH SHU PLOH LV HTXDO WR WUXFNORDG GLYLGHG
E\ ��� 7KH DYHUDJH RI WKHVH WZR YROXPHV SHU PLOH � ��

��� WUXFNORDG� GRHV QRW
SURYLGH PXFK LQIRUPDWLRQ�
$ PRUH VHQVLEOH VWDWLVWLF� HVSHFLDOO\ RYHU D SHULRG RI VHYHUDO GD\V� LV WRWDO

YROXPH SHU PLOH� GHpQHG DV WKH WRWDO YROXPH GHOLYHUHG WR DOO FXVWRPHUV RYHU
WKH WLPH SHULRG FRQVLGHUHG GLYLGHG E\ WKH WRWDO GLVWDQFH WUDYHOHG RYHU WKLV WLPH
SHULRG� 6LQFH ZH DUH ORRNLQJ RQO\ DW WKH pUVW SLHFH RI D ORQJ�WHUP SUREOHP� LW
PDNHV VHQVH� LQ WKLV pUVW SLHFH� WR GHOLYHU PRUH SURGXFW WKDQ UHTXLUHG WR HQVXUH
WKDW FXVWRPHUV ZLOO QRW UXQ RXW� LI LW FDQ EH GRQH DW D UHODWLYH VPDOO FRVW� L�H��
D VPDOO LQFUHDVH LQ GLVWDQFH WUDYHOHG� $ ODUJH YDOXH RI WRWDO YROXPH SHU PLOH
LQGLFDWHV WKDW \RX DUH VXFFHVVIXO DW GRLQJ VR�
$ WKLUG VWDWLVWLF� LQVSLUHG E\ WKH ?ZHLJKWHG GHOLYHU\ UDGLXV� GLVFXVVHG LQ >�@�

LV ZHLJKWHG YROXPH SHU PLOH� 7KH ZHLJKWHG YROXPH SHU PLOH IRU D WULS ZLWK Q
FXVWRPHUV LV FRPSXWHG DV�

G� c WW��� � G� c WW��� � ���� GQ c WW��Q
WRWDO URXQG WULS GLVWDQFH

7KH LQWXLWLRQ EHKLQG WKLV VWDWLVWLF LV UHYHDOHG ZKHQ ZH ORRN DW WKH YDOXHV LW JLYHV
IRU WKH H[DPSOH JLYHQ DERYH� 7KH YDOXH LW JLYHV IRU ERWK WULSV LV ��� WUXFNORDG
�ZKLFK LV WKH ODUJHVW YDOXH SRVVLEOH�� ,W VD\V WKDW ERWK WULSV DUH HTXDOO\ JRRG� LQ
IDFW DV JRRG DV SRVVLEOH� VLQFH WKH EHVW \RX FDQ GR ZKHQ VHUYLQJ D FXVWRPHU IRU
D ORQJ SHULRG RI WLPH LV WR GHOLYHU IXOO WUXFNORDGV� :KHQ D WULS FRQWDLQV VHYHUDO
VWRSV WR GHOLYHU D IXOO WUXFNORDG RU ZKHQ D WULS GRHV QRW GHOLYHU D IXOO WUXFNORDG�
WKH YDOXH RI WKLV VWDWLVWLF ZLOO JR GRZQ� 7KH RWKHU EHQHpW RI WKLV VWDWLVWLF LV WKDW
LW VWLOO SURYLGHV UHOHYDQW LQIRUPDWLRQ ZKHQ LW LV DYHUDJHG RYHU D QXPEHU RI WULSV
�DVVXPLQJ DOO YHKLFOH FDSDFLWLHV DUH HTXDO��

��



2WKHU VWDWLVWLFV WKDW DUH DOVR LPSRUWDQW WR FRQVLGHU LQFOXGH WKH DYHUDJH LQ�
YHQWRU\ OHYHO EHIRUH GHOLYHU\ DQG DYHUDJH LQYHQWRU\ OHYHO DIWHU GHOLYHU\� 2EYL�
RXVO\� KLJKHU YDOXHV DUH SUHIHUUHG� HVSHFLDOO\ ZLWK UHVSHFW WR WKH DYHUDJH LQYHQ�
WRU\ OHYHO EHIRUH GHOLYHU\� EHFDXVH D KLJK YDOXH LQGLFDWHV WKDW \RX DUH OHVV OLNHO\
WR H[SHULHQFH VWRFNRXWV GXH WR qXFWXDWLRQV LQ XVDJH UDWHV� )XUWKHUPRUH� WKH
DYHUDJH YHKLFOH XWLOL]DWLRQ LV DQ LQWHUHVWLQJ VWDWLVWLF� <RX OLNH WKLV YDOXH WR EH
KLJK� EXW QRW DW DOO FRVWV� <RX GR QRW ZDQW WR GULYH PDQ\ H[WUD PLOHV MXVW WR
HQVXUH D KLJK YHKLFOH XWLOL]DWLRQ� �,Q SUDFWLFH� WKHUH LV D VWURQJ EHOLHI WKDW HYHU\
YHKLFOH VKRXOG OHDYH WKH IDFLOLW\ IXOO\ ORDGHG DQG UHWXUQ HPSW\� ,Q SDUW WKRXJK�
WKLV LV PRWLYDWHG E\ WKH LQKHUHQW VWRFKDVWLFLW\ ZKLFK VRPHWLPHV DOORZV IRU ODUJHU
WKDQ H[SHFWHG GHOLYHULHV��
)LQDOO\� ZH PD\ DOVR ZDQW WR ORRN DW WKH QXPEHU RI YHKLFOHV XVHG� :H GR QRW

ZDQW WR SXW WRR PXFK LPSRUWDQFH RQ WKLV VWDWLVWLF LQ RXU H[SHULPHQWV WKRXJK� ,Q
WKH ORQJ�WHUP� HOLPLQDWLQJ D YHKLFOH UHSUHVHQWV VLJQLpFDQW VDYLQJV IRU D FRPSDQ\�
EXW LQ WKH VKRUW�WHUP� ZH FDQQRW UHDOO\ DUJXH WKDW RQH VROXWLRQ LV UHDOO\ EHWWHU
WKDQ DQRWKHU MXVW EHFDXVH LW XVHV RQH OHVV YHKLFOH�
,Q RXU WHVWV� ZH XVHG WKH QXPEHU RI YHKLFOHV XVHG LQ SUDFWLFH DV WKH PD[L�

PXP QXPEHU RI YHKLFOHV DYDLODEOH� :H RSHUDWHG XQGHU WKH DVVXPSWLRQ WKDW WKH
QXPEHU XVHG LQ SUDFWLFH ZDV QHFHVVDU\ �ORQJ�WHUP� DQG WKDW WKHUHIRUH PLQLPL]�
LQJ WKLV QXPEHU �VKRUW�WHUP� GRHV QRW PDNH VHQVH� ,I HYHU\WKLQJ HOVH LV HTXDO�
WKRXJK� WKLV PD\ EH XVHG DV FULWHULRQ IRU SUHIHUULQJ RQH VROXWLRQ RYHU DQRWKHU�

��� $OWHU QDWH KHXU LVWLF

7R EH DEOH WR FRPSDUH WKH TXDOLW\ RI WKH VROXWLRQV SURGXFHG E\ RXU SURSRVHG
DSSURDFK WR FXUUHQW LQGXVWULDO SUDFWLFHV� ZH LPSOHPHQWHG D VROXWLRQ DSSURDFK
EDVHG RQ WKH UXOHV�RI�WKXPE DQG LGHDV PRVW FRPPRQO\ XVHG LQ SUDFWLFH� $IWHU
PDQ\ GLVFXVVLRQ ZLWK WKH SODQQHUV DW 35$;$,5� ZH LGHQWLpHG WKH IROORZLQJ
UXOHV�

�� &UHDWH WULSV DURXQG FXVWRPHUV WKDW PXVW UHFHLYH D GHOLYHU\ RQ WKH GD\
EHLQJ FRQVLGHUHG� )LOO XS WKDW FXVWRPHU WR FDSDFLW\ DQG WKHQ DGG QHDUE\
FXVWRPHUV WR WKH WULS LI WKHUH LV UHPDLQLQJ LQYHQWRU\ LQ WKH YHKLFOH�

�� $OO FXVWRPHUV RQ D WULS DUH pOOHG XS WR FDSDFLW\ H[FHSW IRU WKH ODVW RQH�

�� 'LVFRXUDJH D YHKLFOH IURP UHWXUQLQJ WR WKH IDFLOLW\ ZLWKRXW GHOLYHULQJ LWV
UHPDLQLQJ FDSDFLW\ WR VRPH FXVWRPHU�

�� 'R QRW FUHDWH WULSV LQYROYLQJ RQO\ FXVWRPHUV WKDW GR QRW UHTXLUH D GHOLYHU\
RQ WKH GD\ EHLQJ FRQVLGHUHG XQOHVV WKHUH DUH H[FHVV UHVRXUFHV WKDW GD\� DQG
LW DSSHDUV WKDW WKHUH ZLOO EH LQVXrFLHQW UHVRXUFHV ZKHQ WKH pUVW RI WKHVH
FXVWRPHUV UHTXLUHV GHOLYHU\�

��� &RPSXWDWLRQDO H[SHU LPHQWV

7KH pUVW H[SHULPHQW FRPSDUHV WKH VROXWLRQV REWDLQHG E\ RXU SURSRVHG RSWLPL]D�
WLRQ EDVHG DSSURDFK �2� WR WKH VROXWLRQV REWDLQHG E\ WKH LQGXVWU\ DSSURDFK �,��

��



7KH UHVXOWV FDQ EH IRXQG LQ 7DEOH �� ,Q WKLV WDEOH� DQG LQ DOO RWKHU WDEOHV� WKH
WRS SDUW FRQWDLQV WKH UHVXOWV IRU IDFLOLW\ $� DQG WKH ERWWRP SDUW FRQWDLQV WKH
UHVXOWV IRU IDFLOLW\ %� :H SUHVHQW WKH QXPEHU RI YHKLFOHV XVHG �9�� WKH QXPEHU
RI WULSV PDGH �7�� WKH QXPEHU RI VWRSV PDGH �6�� WKH YHKLFOH XWLOL]DWLRQ �8�� WKH
WRWDO YROXPH GHOLYHUHG �9RO�� WKH WRWDO GLVWDQFH WUDYHOHG �0LOH�� WKH YROXPH SHU
PLOH �9�0�� WKH DYHUDJH YROXPH SHU PLOH �D9�0�� WKH DYHUDJH ZHLJKWHG YROXPH
SHU PLOH �Z9�0�� WKH DYHUDJH LQYHQWRU\ EHIRUH GHOLYHU\ �%HI�� DQG WKH DYHUDJH
LQYHQWRU\ DIWHU GHOLYHU\�

7DEOH �� &RPSDULVRQ RI RSWLPL]DWLRQ DSSURDFK DQG LQGXVWU\ DSSURDFK

$S S URDFK 9 7 6 8 9RO 0 LOH 9�0 D9�0 Z9�0 %HI $IW
2 � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
, � �� �� ����� ������� ����� ������ ��� ����� ����� �����
2 � �� ��� ����� �������� ����� ������� ���� ������ ����� �����
, � �� �� ����� �������� ����� ������� ���� ������ ���� �����

2XU DSSURDFK FOHDUO\ RXWSHUIRUPV WKH LQGXVWU\ DSSURDFK� ,W GRHV EHWWHU IRU
ERWK IDFLOLWLHV RQ DOO WKH LPSRUWDQW VWDWLVWLFV� 7KH GLoHUHQFH LQ WKH XQGHUO\LQJ
LGHDV RI WKH WZR DSSURDFKHV LV PRVW FOHDUO\ REVHUYHG LQ WKH �DYHUDJH LQYHQWRU\
EHIRUH GHOLYHU\� FROXPQ� 7KH LQGXVWU\ DSSUR[LPDWLRQ DSSURDFK LV GULYHQ E\
FXVWRPHUV WKDW DUH JHWWLQJ QHDU WR UXQ RXW DQG WKDW KDYH WR EH YLVLWHG� ZKLFK
UHVXOWV LQ D ORZ �DYHUDJH LQYHQWRU\ EHIRUH GHOLYHU\�� ZKHUHDV RXU DSSURDFK ORRNV
IXUWKHU DKHDG DQG DWWHPSWV WR LGHQWLI\ JRRG RSSRUWXQLWLHV WR YLVLW FXVWRPHUV
EHIRUH WKH\ DUH JHWWLQJ QHDU WR UXQ RXW�
$V ZH LQGLFDWHG DERYH� ZH EHOLHYH WKDW WKH VWUHQJWK RI RXU DSSURDFK LV WKDW

LW FRQVLGHUV ?HQRXJK� RI WKH IXWXUH WR PDNH WKH ULJKW GHFLVLRQV� ,Q WKH QH[W
WZR H[SHULPHQWV� ZH LQYHVWLJDWH WKH LPSDFW RI YDU\LQJ WKH DPRXQW RI IXWXUH
FRQVLGHUHG� ,Q RXU FKRVHQ DSSURDFK� ZH FRQVLGHU � GD\V LQ IXOO GHWDLO SOXV �
ZHHNV LQ DJJUHJDWHG IRUP EH\RQG WKLV� :H QRWH WKDW FRQVLGHULQJ � GD\V LQ IXOO
GHWDLO LV DOUHDG\ PRUH WKDQ PDQ\ RI WKH VROXWLRQ DSSURDFKHV SURSRVHG LQ WKH
OLWHUDWXUH� ,Q 7DEOH �� ZH VKRZ WKH UHVXOWV ZKHQ ZH YDU\ WKH DPRXQW RI IXWXUH
FRQVLGHUHG LQ DJJUHJDWHG IRUP�

7DEOH �� 9DOXH RI WKH OHQJWK RI WKH SODQQLQJ KRUL]RQ

6 HWWLQ J 9 7 6 8 9RO 0 LOH 9�0 D9�0 Z9�0 %HI $IW
� G D\V � � ZN � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
� G D\V � � ZN � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
� G D\V � � ZN � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
� G D\V � � ZN � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
� G D\V � � ZN � �� ��� ����� �������� ����� ������� ���� ������ ����� �����
� G D\V � � ZN � �� ��� ����� �������� ����� ������� ���� ������ ����� �����
� G D\V � � ZN � �� ��� ����� �������� ����� ������� ���� ������ ����� �����
� G D\V � � ZN � �� ��� ����� �������� ����� ������� ���� ������ ����� �����

,W LV LQWHUHVWLQJ WR REVHUYH WKH LQFUHDVH LQ WKH QXPEHU RI GHOLYHULHV ZKHQ �
ZHHNV DUH FRQVLGHUHG� :KHQ � ZHHNV DUH FRQVLGHUHG� D ODUJHU SRUWLRQ RI WKH
REMHFWLYH IXQFWLRQ YDOXH LV UHSUHVHQWLQJ IXWXUH FRVWV� DQG RSWLPL]LQJ ZLWK WKLV
REMHFWLYH DSSDUHQWO\ DOORZV XV WR PDNH VRPH XQZLVH DQG H[SHQVLYH GHFLVLRQV LQ

��



WKH SDUW RI WKH SODQQLQJ SHULRG WKDW UHDOO\ FRXQWV� L�H�� WKH pUVW pYH GD\V� ,I ZH
GR QRW FRQVLGHU DQ\ RI WKH IXWXUH EH\RQG WKH � GD\V� ZH DSSHDU WR EH PLVVLQJ
VRPH EHQHpFLDO RSSRUWXQLWLHV� 7KHUH LV QRW PXFK GLoHUHQFH� WKRXJK� EHWZHHQ
FRQVLGHULQJ � ZHHN RU � ZHHNV EH\RQG WKH � GD\V�
1H[W� ZH GHFLGHG WR LQYHVWLJDWH WKH HoHFW RI FRQVLGHULQJ IHZHU GD\V LQ IXOO

GHWDLO� %\ UHGXFLQJ WKLV QXPEHU IURP �� ZH PDNH WKH ,3V VPDOOHU DQG WKHUHIRUH
HDVLHU WR VROYH� EXW LW LV QRW FOHDU ZKDW WKH LPSDFW ZLOO EH RQ WKH VROXWLRQV� ,Q
7DEOH �� ZH VKRZ WKH UHVXOWV ZKHQ ZH YDU\ WKH QXPEHU RI GD\V FRQVLGHUHG LQ
IXOO GHWDLO�

7DEOH �� 9DOXH RI WKH QXPEHU RI GD\V RI FRQVLGHUHG LQ IXOO GHWDLO

6 HWWLQ J 9 7 6 8 9RO 0 LOH 9�0 D9�0 Z9�0 %HI $IW
� G D\V � � ZN 

� G D\V � � ZN � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
� G D\V � � ZN � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
� G D\V � � ZN � �� ��� ����� �������� ����� ������� ���� ������ ����� �����
� G D\V � � ZN � �� ��� ����� �������� ����� ������� ���� ������ ����� �����
� G D\V � � ZN � �� ��� ����� �������� ����� ������� ���� ������ ����� �����

$V H[SHFWHG� IRU IDFLOLW\ $ WKH TXDOLW\ RI WKH VROXWLRQV GHFUHDVHV ZKHQ ZH
FRQVLGHU IHZHU GD\V LQ IXOO GHWDLO� ,Q IDFW� ZKHQ ZH MXVW FRQVLGHU WZR GD\V� ZH DUH
XQDEOH WR FRQVWUXFW D VROXWLRQ LQ ZKLFK QRQH RI WKH FXVWRPHUV UXQV RXW RI SURGXFW
GXULQJ WKH SODQQLQJ SHULRG� ,Q WKLV FDVH� WKH ,3 VHOHFWV GHOLYHU\ DPRXQWV IRU
FXVWRPHUV WKDW WXUQ RXW WR EH LPSRVVLEOH WR VFKHGXOH ZLWK WKH URXWLQJ KHXULVWLF�
EHFDXVH WRR PDQ\ GHOLYHULHV PXVW RFFXU RQ D VSHFLpF GD\ DQG URXJKO\ DW WKH
VDPH WLPH� 2Q WKH RWKHU KDQG� IRU IDFLOLW\ % WKH EHVW VROXWLRQ LV IRXQG ZKHQ
ZH FRQVLGHU RQO\ � GD\V ZLWK IXOO GHWDLO� ,W LV LQWHUHVWLQJ WR REVHUYH WKDW ZKHQ
ZH FRQVLGHU IHZHU GD\V� WKH QXPEHU RI VWRSV GHFUHDVHV� $SSDUHQWO\� ZKHQ ZH
FRQVLGHU PRUH GD\V LQ IXOO GHWDLO� WKH ,3 VWDUWV ORRNLQJ IRU RSSRUWXQLWLHV WR PDNH
GHOLYHULHV WR FXVWRPHUV WKDW RQO\ UHTXLUH D GHOLYHU\ D IHZ GD\V RXW� ZKHUHDV WKH
,3 LV XQDEOH WR GR WKDW ZKHQ IHZHU GD\V DUH FRQVLGHUHG LQ IXOO GHWDLO�
%HVLGHV WKH DPRXQW RI IXWXUH FRQVLGHUHG� WKH TXDOLW\ RI WKH VROXWLRQ LV DOVR

LPSDFWHG E\ WKH SDUDPHWHU VHWWLQJV XVHG LQ WKH URXWLQJ DQG VFKHGXOLQJ KHXULVWLF
DQG ZKHWKHU RU QRW GHOLYHU\ DPRXQW RSWLPL]DWLRQ LV DFWLYH� :KHQ GHOLYHU\
DPRXQW RSWLPL]DWLRQ LV QRW DFWLYH� D GHOLYHU\ DPRXQW FDQQRW EH VHW DERYH WKH
DPRXQW VSHFLpHG E\ WKH ,3� ,Q 7DEOH � ZH SUHVHQW WKH UHVXOWV RI RXU DSSURDFK
ZLWK �<� DQG ZLWKRXW �1� GHOLYHU\ RSWLPL]DWLRQ� :LWKRXW GHOLYHU\ RSWLPL]DWLRQ�
ZH H[SHFW WKH DYHUDJH YHKLFOH XWLOL]DWLRQ DQG WKH WRWDO YROXPH WR EH OHVV�

7DEOH �� 9DOXH RI GHOLYHU\ DPRXQW RSWLPL]DWLRQ

6 HWWLQ J 9 7 6 8 9RO 0 LOH 9�0 D9�0 Z9�0 %HI $IW
1 � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
< � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
1 � �� ��� ����� �������� ����� ������� ���� ������ ����� �����
< � �� ��� ����� �������� ����� ������� ���� ������ ����� �����

/RRNLQJ DW WKH VXPPDU\ VWDWLVWLFV� WKH GHOLYHU\ DPRXQW RSWLPL]DWLRQ FOHDUO\

��



LPSURYHV WUXFN XWLOL]DWLRQ DQG DOVR OHDGV WR D VLJQLpFDQWO\ EHWWHU WRWDO YROXPH
SHU PLOH DQG ZHLJKWHG YROXPH SHU PLOH� 7KH LQFUHDVH LQ WRWDO YROXPH GHOLYHUHG
ZDV VOLJKWO\ OHVV WKDQ �� IRU IDFLOLW\ $ DQG VOLJKWO\ PRUH WKDQ �� IRU IDFLOLW\ %�
2XU GHIDXOW VHWWLQJV IRU WKH *5$63 DUH WR UXQ WKH URXWLQJ DQG VFKHGXOLQJ

KHXULVWLF �� WLPHV DQG WR VHOHFW IURP DPRQJ WKH � EHVW FKRLFHV� 7R LQYHVWL�
JDWH WKH LPSDFW RI WKHVH VHWWLQJV DV ZHOO DV WKH LPSRUWDQFH RI UDQGRPL]DWLRQ�
ZH FRQGXFWHG DQ H[SHULPHQW LQ ZKLFK ZH H[HFXWHG WKH KHXULVWLF ZLWKRXW DQ\
UDQGRPL]DWLRQ �SXUH JUHHG\� DQG ZLWK GLoHUHQW VHWWLQJV IRU WKH QXPEHU RI UHSOL�
FDWLRQV� 7KH UHVXOWV DUH SUHVHQWHG LQ 7DEOH ��

7DEOH �� 9DOXH RI UDQGRPL]DWLRQ

6 HWWLQ J 9 7 6 8 9RO 0 LOH 9�0 D9�0 Z9�0 %HI $IW
12 � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
� � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
�� � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
�� � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
12 � �� �� ����� �������� ����� ������� ���� ������ ����� �����
� � �� ��� ����� �������� ����� ������� ���� ������ ����� �����
�� � �� ��� ����� �������� ����� ������� ���� ������ ����� �����
�� � �� ��� ����� �������� ����� ������� ���� ������ ����� �����

:LWKRXW UDQGRPL]DWLRQ WKH VROXWLRQ KDV D QRWLFHDEO\ ORZ DYHUDJH YHKLFOH
XWLOL]DWLRQ� WRWDO YROXPH SHU PLOH� DQG DYHUDJH ZHLJKWHG YROXPH SHU PLOH� 2Q
WKH RWKHU KDQG� JRLQJ WR �� UHSOLFDWLRQV GRHV QRW VHHP WR LPSURYH RYHU �� UHSOL�
FDWLRQV� LQ IDFW LW GRHV VOLJKWO\ ZRUVH� 7KLV LV SRVVLEOH EHFDXVH WKH UHSOLFDWLRQV
DUH IRU WZR GD\V RI WKH VFKHGXOH DW D WLPH� :KLFK VFKHGXOH LV VHOHFWHG DoHFWV
ZKDW GHOLYHULHV DUH PDGH� ZKDW WKH FXVWRPHU LQYHQWRULHV DUH DW WKH HQG RI WKH
WZR GD\V� DQG WKXV WKH LQSXW IRU WKH QH[W LQWHJHU SURJUDP WKDW LV VROYHG�
7R REWDLQ PRUH LQVLJKW LQ WKH EHKDYLRU RI WKH *5$63� ZH NHSW WUDFN RI WKH

WRWDO GLVWDQFH WUDYHOHG IRU DOO �� UHSOLFDWLRQV DW WZR GLoHUHQW SRLQWV LQ WKH WZR
ZHHN SODQQLQJ SHULRG� 7KH UHVXOWV DUH SORWWHG LQ )LJXUH ��
7KH FULWHULRQ XVHG WR SLFN WKH EHVW VROXWLRQ RXW RI WKH �� SURGXFHG E\ WKH

*5$63 LV WRWDO WUDYHO GLVWDQFH� +RZHYHU� WKH UHVXOWV PD\ EH TXLWH GLoHUHQW LI ZH
GHFLGH WR XVH DYHUDJH ZHLJKWHG YROXPH SHU PLOH DV WKH FULWHULRQ WR SLFN WKH EHVW
VROXWLRQ� 2XU ODVW FRPSXWDWLRQDO H[SHULPHQW UHODWLQJ WR WKH *5$63 FRPSDUHV
WKH EHKDYLRU EDVHG RQ GLoHUHQW VHOHFWLRQ FULWHULD� 7KH UHVXOWV DUH SUHVHQWHG LQ
7DEOH �� ZKHUH ' LQGLFDWHV WKDW VFKHGXOHV DUH VHOHFWHG EDVHG RQ PLOHDJH DQG
:90 LQGLFDWHV WKDW VFKHGXOHV DUH VHOHFWHG EDVHG RQ DYHUDJH ZHLJKWHG YROXPH
SHU PLOH�

7DEOH �� &RPSDULQJ GLVWDQFH DQG ZHLJKWHG YROXPH SHU PLOH DV VHOHFWLRQ FULWHULRQ

6 HWWLQ J 9 7 6 8 9RO 0 LOH 9�0 D9�0 Z9�0 %HI $IW
' � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
:90 � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
' � �� ��� ����� �������� ����� ������� ���� ������ ����� �����
:90 � �� ��� ����� �������� ����� ������� ���� ������ ����� �����

7KHUH DUH YDULRXV RWKHU SDUDPHWHUV WKDW FDQ EH VHW LQ WKH URXWLQJ DQG

��



Variance in Distance

0

2

4

6

8

10

12

14

2601-
2700

2701-
2800

2801-
2900

2901-
3000

3001-
3100

3101-
3200

Distance

F
re

q
u

e
n

c
y

Variance in Distance

0
2

4

6
8

10
12

14

16
18

3101-
3200

3201-
3300

3301-
3400

3401-
3500

3501-
3600

3601-
3700

Distance

F
re

q
u

e
n

c
y

)LJXUH �� (oHFWV RI UDQGRPL]DWLRQ

VFKHGXOLQJ KHXULVWLF� 6RPH RI WKHVH KHOS WR FRQVWUXFW VROXWLRQV WKDW UHqHFW
FRPSDQ\ SROLF\� )RU H[DPSOH� LQ RXU GHIDXOW DSSURDFK� ZH KDYH QRW SHQDOL]HG
ZDLWLQJ WLPH DW FXVWRPHUV� ,Q SUDFWLFH� WKRXJK� ZDLWLQJ WLPH LV RIWHQ VWURQJO\
GLVFRXUDJHG RU QRW HYHQ DOORZHG� 7R VHH WKH LPSDFW RI GLVFRXUDJLQJ ZDLWLQJ WLPH
RQ WKH TXDOLW\ RI WKH VROXWLRQV� 7DEOH � SUHVHQWV WKH VROXWLRQ VWDWLVWLFV ZKHQ ZH
GR QRW SHQDOL]H ZDLWLQJ WLPH �:� DQG ZKHQ ZH GR SHQDOL]H ZDLWLQJ WLPH �1:��

7DEOH �� &RPSDULQJ DOORZLQJ ZDLWLQJ DQG SHQDOL]LQJ ZDLWLQJ DW FXVWRPHUV

6 HWWLQ J 9 7 6 8 9RO 0 LOH 9�0 D9�0 Z9�0 %HI $IW
: � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
1: � �� ��� ����� ������� ����� ������ ��� ����� ����� �����
: � �� ��� ����� �������� ����� ������� ���� ������ ����� �����
1: � �� ��� ����� �������� ����� ������� ���� ������ ����� �����

$V ZH H[SHFWHG� ZKHQ ZH DOORZ ZDLWLQJ DW FXVWRPHUV� ZH JHW D KLJKHU WUXFN
XWLOL]DWLRQ� D EHWWHU WRWDO YROXPH SHU PLOH� DQG DYHUDJH ZHLJKWHG YROXPH SHU
PLOH� )RU IDFLOLW\ %� WKH GLoHUHQFHV DUH TXLWH VLJQLpFDQW�

��



� &RQFOXVLRQ

:H KDYH SUHVHQWHG DQ LQYHQWRU\ URXWLQJ SUREOHP DQG DQ RSWLPL]DWLRQ EDVHG
DSSURDFK IRU LWV VROXWLRQ� ([WHQVLYH FRPSXWDWLRQDO H[SHULPHQWV LQGLFDWH WKH
YDOXH DQG SRWHQWLDO RI RSWLPL]DWLRQ EDVHG DSSURDFKHV IRU WKLV W\SH RI FRPSOH[
URXWLQJ DQG VFKHGXOLQJ SUREOHP� 7KH LQYHQWRU\ URXWLQJ SUREOHP LV RI VSHFLDO
LQWHUHVW EHFDXVH LW LQWHJUDWHV WZR FRPSRQHQWV RI VXSSO\ FKDLQ PDQDJHPHQW�
LQYHQWRU\ FRQWURO DQG YHKLFOH URXWLQJ� 7KLV W\SH RI LQWHJUDWLRQ LV HVVHQWLDO WR
LPSURYH RYHUDOO V\VWHP SHUIRUPDQFH�

5HIHU HQFHV

>�@ :� %HOO� /� 'DOEHUWR� 0� )LVKHU� $� *UHHQpHOG� 5� -DLNXPDU� 3� .HGLD�
5� 0DFN� DQG 3� 3UXW]PDQ� ,PSURYLQJ WKH GLVWULEXWLRQ RI LQGXVWULDO JDVHV
ZLWK DQ RQ�OLQH FRPSXWHUL]HG URXWLQJ DQG VFKHGXOLQJ RSWLPL]HU� ,QWHUIDFHV�
�������^��� �����

>�@ $� &DPSEHOO� /� &ODUNH� $� .OH\ZHJW� DQG 0� 6DYHOVEHUJK� ,QYHQWRU\ URXW�
LQJ� ,Q 7� &UDLQLF DQG *� /DSRUWH� HGLWRUV� )OHHW 0DQDJHPHQW DQG /RJLVWLFV�
.OXZHU $FDGHPLF 3XEOLVKHUV� �����

>�@ 7�$� )HR DQG 0�*�&� 5HVHQGH� *UHHG\ UDQGRPL]HG DGDSWLYH VHDUFK SURFH�
GXUHV� -RXUQDO RI *OREDO 2SWLPL]DWLRQ� �����^���� �����

>�@ *� $� 3� .LQGHUYDWHU DQG 0� :� 3� 6DYHOVEHUJK� 9HKLFOH URXWLQJ� +DQGOLQJ
HGJH H[FKDQJHV� ,Q (� +� /� $DUWV DPG -� .� /HQVWUD� HGLWRU� /RFDO 6HDUFK
LQ &RPELQDWRULDO 2SWLPL]DWLRQ� SDJHV ���^���� :LOH\� �����

>�@ 0DULXV 6RORPRQ� $OJRULWKPV IRU WKH YHKLFOH URXWLQJ DQG VFKHGXOLQJ SUREOHPV
ZLWK WLPH ZLQGRZ FRQVWUDLQWV� 2SHUDWLRQV 5HVHDUFK� ���������^���� �����
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