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RESUME EN FRANCAIS

&RPPHQORQV SDU XQH G p6DY H\® VE® WIKDIEXE WIHIGRHQV HO

g'/D ORJLVWLTKRIQMIBEMNLK HWURXYHU GHV PR\HQV HIILFD
DQVSRUWHU GHV PDUFKDQGLVHY GDQV OHV JRQHYV Xl
HITHWYV QpJDWLIV VXU OD FRQJHVWLRQ OD VpBXULWp HW

&HWWHWKqVHVULQVFULW GDQV OH YDVWHFRXUDQW GH W
VHQW GHV PRGQOHV HW GHY PpWKRGHYV SRXU DPpOLRUHU Ot
EUHX[ DVSHFWV /UREMHFWLI GH FH WUDYDLO HVW GH GRQ
DSHUOX GH SROLWLTXHYV GH GLVWULEXWLRQV XUEDLQHV SR
GHUQLqQUHV HWOHV VLPXODWLRQV UpDOLVpHVY SDUFHV DOJ
DYRQV WUDYDLOOpPp HQ pWURLWH FROODERUDWLRQ DYHF OI
6FKRRO RIODQDJHPHQW DQG (FRQRPLFV OD\HQFH $OOHPD.
H[DFWHV SRXU OHV SUREOQPHV GURSWLPLVDWLRQ FRPELQTL
VLRQV RSpPUDWLRQQHOOHY GHURXWDJH SRXU OHV SHWLWV
XUEDLQHV (Q GUDXWUHV WHUPHVY QRXV FKHUFKRQV jFRQFH
SRXUOHV FRQGXFWHXUV DILQGHUHPSOLU GHY WKFKHV GR(
WLWUH GUH[HPSOHV SUpPVHQWRQV EULqQYHPHQW TXHOTXHV
UHFRPELQHUHW UpVRXGUH GDQV FHWWH WKqVH

+ /[HSUREOQPH GH WRXUQ®HKLG A H pRXMXLEFTISIDVRWE DHPD QG
5DPVHU FKHUFKHj)WURXYHU OHV LWLQpPUDLUHY OHYV PF
HQVHPEOH GRQQp GHFROLVDYHF XQHIORWWHGRQQpPHYV

I+

/IHSUREOQPH GH WRXUQpPHYV GH Y pKLFXIOIHNO B YSHRREX MAIQQ W 8L
ZLWK 7LPH (ISGCGRBVYHOVEHUJIKVW XQ HIWHQVLRQ GX 953
FOLHQW QH SHXW rwWUH VHUYL TXH SHQGD@xW X¥B & 8pWUHRE

I+

IHSUREOQPH GH WRXUQpPHV GH Y pK LML DUYLHF I K D FMOHHA
SUREM@MHB53O0OHLVFKPDQRVW XQH UHOD[DWLRQ GX 953 GD!
YPKLFXOHHVWDXWRULVpjHIITHFWXHU SOXVLHXUV WRXU

7TUDGXFWLRQ GH OubQJODLY YHUVOHIUDQoODLV



I+

JHSUREOQPH GH WRXUQpPHV GH Y p&H K XMV DRMWLQXBUREB !
%DFNKDXIWpOLQDV HW BIOW XQH H[WHQVLRQ GX 953 R+ FHUW
GLVHV GRLYHQW rWUH OLYUpHV HW GuDXWUHV PDUFKDQGLYV

JHSUREOQPH GH WRXUQpHV GHQi-KLEF G D]HING JHXLUFDBILSRX W L Q
*953*KLDQLDQG ,PSURMDXQHDXWUHH[WHQVLRQ GX 953 R+ O
rWUH VHUYLV jGLIIpUHQWY HQGURLWYV

JHSUREOQPH GHWRXUQpPHV GH Y pKLKFKKORIY 9IBKIXHPRANBAR QY Q
OHP( 953%UDLQLF HW BRQVLGqUH pJDOHPHQW OD OLYUDLVR
PRLQGUH FREW PDLV YLD OD FRRSpUDWLRQ GH GHX[ IORW W
IORWWH GH FDPLRQV DFKHPLQH GUDERUG OHV PDUFKDQGLV
GH SHWLWHY SODWHIRUPHY ORJLVWLTXEW S ORE WD GX FHC
VRQW HQVXLWH OLYUpV DX[FOLHQWY SDU GH SHWLWV YpKLF

3RXU FRPELQHU GH PDQLQUH HIILFDFHHW UpDOLVWH FHV FDU
GRQQHU OHV RSpUDWLRQV GHV GLIIpUHQWYV YpKLEXOHV $LQVL
UDLVVHQW GDQV OHV PRGgqOHV &HOOHV TXH QEROQOWUDLOYRAV
GH UHVVRXUFSIDHBIWSVFW RQEG ,URKFFRKQWUDLQWHY GH VIQFKURQ
UHVVRXDBHMO  TXLOHV GpILQLHV WHOV TXH

I+

I+

/D FRQVRPPDWLRQ WRWDOH GuXQH UHVVRXUFH SDU WR X
IPOLHXUH RX pJDOHj XQH OLPLWH VSpFLILpH 3

$X FRXUV GH FHWWH WKgqVH QRXV GpILQLVVRQV GHX[ QRXYH
GUDERUG OH SUREOQPH GH WRXUQpPHV GH YQKWLAPOOHH ¥ RDXWHLFQR
3UREOHP ZLWK 'HOBSB'2\ 2 BM|LKR@W ® 7LON HW DO LO VuDJLW
GUXQH H[WHQVLRQ GX *9537: GDQV OHTXHO FKDTXH FOLHQW SL
SRVVLEOHV DYHF XQH IHQrWUH WHPSRUHOOH FRUUHVSRQGDQ
&HUWDLQV SHXYHQW rWUH GHV OLHX[ GH OLYUDLVRQ SDUWDJp
DYHF XQH FDSDFLWp OLPLWpH SDUWDJpH SDU WRXV OHV OLYU
GH YPKLFXOHV j GHX[ pFKHORQV DYHF WUDMHWY PXOWLSOHYV

(FKHORQ OXOWL 7ULS 9HKLFOH 5RXWLQJ 3UREOHP ZLWK &DSD
(07953 &63XPH]HWD® LOLQWgJUH OH 9537: HW OH 953% GDC
ORJLVWLTXHGX ( 953 WRXW HQ FRQVLGpPUDQW GHV VDWHOOLW
GHV GHX[ pFKHORQV GRLYHQW rWUH VIQFKURQLVpPY GDQV OH V
PDUFKDQGLVHY jOLYUHU HW j FROOHFWHU WRXW HQ YHLOODG

7TUDGXFWLRQ GH OubQJODLY YHUVOHIUDQoDLV



DWWHQWH GHWUDQVIHUW HQWUH OHV GHX[ pFKHORQV j XQ \

SRXUUpVRXGUH FHVY SUREOgqPHV QRXV XWLOLVRQV GHV P
GHUHFKHUFKH GHOD\HQFH VUHVW FRQFORYWHILp B Y& URFFHKKWH B |&
GplLQLVVPHQYWIKOHMSIDWWLTXHV

g'HV PPWKRGHV GH UpVROXWLRQ TXL RUFKHVWUHQW ¢
ORFDOH HW GHV VWUDWPpPJLHY GH QLYHDX VXSpULHXU !
GUPFKDSSHUDX[RSWLPD ORFDX[HW GUHIIHFWXHU XQH U
VROXWLRQ

'H SOXV GDQV OH FDGUH GUXQH FROODERUDWLRQ HQWUH
WpUHVVpV G BUKHXD XH WWHXIH/P H H YIW B 1§ A WIWALHD®EEQ Y V F K H
GHODPDQLQqUH VXLYDQWH

2éQ SHXWLQVLVWHU VXU OuDSSURFKH GH OD SURJUDP|
GUREWHQLU GHV UpVXOWDWY GH SOXV HQ SOXV VDWLVII
HQULFKLVVDQWOHVROYHXUGHIRQFWLRQQDOLWPV VSp
JUDPPDWLRQ PDWKpPDWLTXH HW UHFRXULU j GHV KHXU
EDVpHVVXUOHPRGqQOHGH SURJUDPPDWLRQPDWKpPDWL
gOH PDWKpPDWLTXHHVW FRPSOgWHPHQW LIQRUp RX VLF
FDUDFWpPpULVWLTXHV GX SUREOgPH > @ 8QH WURLVLQP!
TXLFRQVLVWH | XWLOLVHUOHVROYHXUFRPPHRXWLO GH
K\EULGDWLRQ GHOD SURJUDPPDWLRQ PDWKpPDWLTXH D
] OUDSSURFKHPDWKHXULVWLTXH

1RXV XWLOLVRQV OD RpWRKHRKHVWRLXYH GMIH ODUJH /D
6HDUFK 6R& LGpH HVW GUDPpOLRUHU LW pUD WX YQIPBHIWOD V
GLUHHQ HQOH Y DQWUBHD SIUGWIMH | HKOW LI D@ UpLQVpUDQW OH
HQGURLWDGpPpTXDW &H SURFHVVXVHVW UpSpWp MXVTXujFF
PHQW XQHOLPLWHGHWHPSY 3RXUFODULILHUODSRVLWLR
GH/16 SRXUOHVY SUREOqPHY GH URXWDJH

6KDZ DLQLWLDOHPHQW SURSRVp /16 GDQV XQ FRQWH
WUDLQWHY SRXU UpVRXGUH OH 953 'DQV FHWWH SUHPLq
SDU XQ EUDQFK DQG ERXQG XWLOLVDQW XQ VROYHXU GF

TUDGXFWLRQ GH OpuDQJODLY YHUV OHIUDQoODLYV
TUDGXFWLRQ GHOpubQJODLV YHUV OHIUDQoODLYV



6FKULPSIHWDGpPYHORSSPpLQGPSHQGDPPHQW XQH PpWKRGF
UXLQHU HW YIHF D @KBUSHRKUHDMVIE37: 0ODLY FHWWH IRLY OHV V
UpSDUpHV SDU XQH PpWKRGH KHXULVWLTXH

3LVLQJHU DQG 5BREBSNH DQG 3LVDER) RMW SRSXODULVpP /16 HQ
SRVDQW XQH PpWKRGH XQLILpH SRXU GLYHUV SUREOQPHV ¢
953% (Q KBIRISWHDQG 3LV R PHULQWHQDQW p WHHWW B QRMR LV
YHOOH YHUVLRQ GpWUXLW HW UpSDUH OHV VROXWLRQV DYH
SUREDELOLVWH HQ IRQFWLRQ GH OHXUV SHUIRUPDQFHYV SD
DSSHOpH UHFKHUFKH j YRLVLQDJH ODUJH DGDSWDWLYH $G
$/16

$X FRXUV GHV DQQpHV VXLYDQWHY OD PpWKRGH $ /16 D pW
SUREOQPHVY YDULpPV HW $OXIHERPGSOG 5 BHMNUHH[HPSOH SRXU C
( 953+HPPHOPD\U HWRIQOV GpYHORSSp SOXVLHXUV KHXULVW
GLIIpPUHQWYV DVSHFW\®HVHWRBWXRIOR GY HMORSSp GDYDQWDJ
EULGDWLRQVDYHF OHV VROYHXUV GH SURJUDPPDWLRQ PDW

$ SDUWLU GH FHV QRFPEQW XY H W WWINOG NNA HW RQW UpDOLVp

GHV PpWD DQDO\VHV VXU GHV FRPSRVDQWYV VSpPpFLILTXHV G|
GUDFFHSWDWLRQ HW OD FRXFKH DGDSWDWLYH &HV pWXGH\
FRPPHQFHjPEULUDXWRXU GHV FRQQD LV \6DQH @ V H/QVHIW VDX |

&KULVWLDHQVDQGIDRQWQRUBWHMBRHQW SURSRVp GHUpGXLUI
] GHV FRPSRVDQWY SOXV VLPSOHV $LQVL LOV QuXWLOLVH(
UDWLRQ VLPSOHV HW VXSSULPHQW SHX FOLHQWY GHV VRO X
FRQGXLW | XQHPpWKRGHFDSDEOH GUuHITHFWXHU XQ WUQqV JL

/IHSUHPLHU D[H GH QRWUH FRQWULEXWLRQ PpWKRGRORJLTX

(Q HITHW ORUV GH QRWUH UHYXH GH OD OLWWpUDWXUH GH QR
UpSDUDWLRQ QRXV RQW VHPEOpP SHUWLQHQWHY 1RXVDYRQV FI
EDVp VXU GHV WHVWV VWDWLVWLTXHV SRXU pYDOXHU OHV UHG
KHXULVWLTXHV &HFL QRXV D SHUPLV GH GPpFLGHU GuXQH FRQIL
3DUDLOOHXUV DX FRXUV GH FHV QRPEUHXVHVY H[SPULHQFHV
JpUp SPULVWLDHQV DQG 9D QGHIN GHMINKKMFWLRQV OLPLWpPHV HW
UDSLGH FRQGXLVHQW j GH ERQV UpVXOWDWY 3DU FRQVpPTXHQV

6HORQ *RRJOH VFKRODU OH



TXLFRPELQH GHV GHVWUXFWLRQV GH S H8NL&6H B O/GSBIQ G DG
1HLJKERUKRRG 6HDUFK DLQVL GPYHORSSp VUHVW DYpUp rV
SUREOQPHV JpQpUDOLVPY GHURXWDJH GH YpKLEXOHV DYHF

/H GHX[LqgPH D[H GH QRWUH FRQWULEXWLRQ PpWKRGROR.
DYHF GHV FRPSRVDQWYV H[DFWV FUpDQW DLQVL GHV PDWKH
GPpYHORSSpPHV SRXU GPFLGHU GX PRPHQW R+« LO IDXW XWLOL
DPpPOLRUHU VLJQLILFDWLYHPHQW OHV UpVXOWDWYV GH /16 (
PRPHQWV R« /16 DXUDLW REWHQX GHPHLOOHXUV UpVXOWDW
VLYH UDSLGH $X FRXUV GH FHWWH WKqVH QRXV DYRQV GpY
FODVVH GH OD FODVVLILFDVWUEXBWWP D\ KHSHIMMIDXHV Gt

$SSURFKHV EDVpHV VXU OD Jp QPRGN IORHQEGN F RRBQEM VYR XW
OH953'2 HW HVW UpVROX UpJXOLqQqUHPHQW SDU XQ VROY'
GXLWHV SDU /16 DXFRXUV GHVHV LWpUDWLRQV

,PSURYHPHQW X@NKUWYWIFNVKH GH SURJUDPPDWLRQ G\QDPL
DPpOLRUHU OHVURXWHY SURPHWWHXVHYVY SURGXLWHV S
OHYRLVLQDJH GH %D@WDMDW 6LPRQHWWL

$SSURFKHV GH GpPRPIRWVKRVARQPYHORSSpH SRXU UpVRXG U}
EDVpH VXU XQH GPpFRPSRVLWLRQ HQ WURLV VRXV SUREO
YDLO VXU OH SUHPLHU pFKHORQ DYHF 6/16 OH WUDYDLO
UpVROXWLRQ GUXQ PRGqOH SRXUUHFRPELQHU OHV GHX]|

/ID SUpVHQWDWLRQ GHV GHX[ QRXYHDX[ SUREOqQPHV HW Gt
HVW RUJDQLVpH FRPPH VXLW

&EKDSLWOH QWURGXLWOHSUREOqQPHGHWRXUQPHV GHYpKLF
'‘XPHIHWD® 7LONHWD®LQVLTXHOD UHFKHUFKH SDU SF
QDJHV 6/16 GpYHORSSpH SRXUOHUpVRXGUH 1RXV TXH
GHFKDTXHFRPSRVDQW

&KDSLWOHUpVHQWH OPK\EULGDWLRQ GX 6/16 DYHF GHV VRC
QDPLTXHSRXUUpVRXGUHXQHYDULpWpPpGHSUREOQPHYV Jy
IHQrWUHV WHPSRUHOOHY /uXWLOLWp GHFKDTXHRXWLO
PHQW pWXGLpHV GDQV OHFRQWH[WH GH TXDWUH YDULDC
JpQpUDOLVpP

&KDSLWOHUpVHQWH OH SUREOqQPH GHWRXUQpPHV GH YpKLFX
SOHV FDSDFLWpVVXUOHV VDWHOOLWMKNHWMBREBELQYHU\



HWOD PPpWKRGHGHGpPFRPSRVLWLRQGPYHORSSpH SRXU OH |
OHWUDYDLO VXU FKDTXH pFKHORQDYHF 6/16 HW OD UpVRO X
XQ VROYHXU SRXUUHFRPELQHU OHV GHX[pFKHORQV $LQVL
PHOQWY SUpFpGHQWY SRXU UpVRXGUH XQ SUREOqQPH FRPSOH

/HV GHX[ SUHPLHUV FKDSLW U H VX\PRIQ WVE D Dpi'\W X ]G IDQ W L F ¢
F SXEOLpY GDQV 7UDQVSRUWDWLRQ 5HVHDUFK SDUW % HW

IRILVWLFV &HV UpVXOWDWYV RQW pWp SUpPXPIQWIWE® QV OHV FR

'XPH]HWD® 3pWRQ HW DXOPH] HW D® 'XPH]HW DO /HGHUQLHU

FKDSLWUHHVW ERNBH VKXW D@D UWILFEHD VRXPLY SURFKDLQHPHQ
LOWHUQDWLRQDOH
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INTRODUCTION

/IHW XV VWDUW ZLWK D GCHOVEHWIR Q@ QUGERFD Q :RHQVHO

g&LW\ /IRIIWDHEXW ILQGLQJ HIILFLHQW DQG HIITHFWLYH
LOXUEDQDUHDYV ZKLOH WDNLQJLQWR DFFRXQW WKH QH.

DQG HQYLURQPHQW 3

7KLV WKHVLV LY SDUW RIWKHEURDG VWUHDP RI VWXGLHV

PRGHOVDQGPHWKRGVWRLPSURYHWKHWUDQVSRUWDWLRC
ZRUNLVWRJLYH SUDFWLWLRQHUVDQGDFDGHPLFVDQRYHU
RSWLPLVDWLRQ DOJRULWKPV IRUWKHVH DQG VLPXODWLRQ
RIWKH 23866 SURMHFW ZH ZRUNHG LQ WLJKW FROODERUDWI
RIWKH*XWHQEHUJ6FKRRORIODQDIJHPHQWDQG (FRQRPLFV
LQH[DFWPHWKRGVIRUFRPELQDWRULDO RSWLPL]IDWLRQ SU
GHFLVLRQV IRU VPDOO VKRSV DQG SULYDWH VHUYLFHV LQ X
HITLFLHQW GD\ WR GD\URXWHV DQG SODQQLQJIRU GULYHU)
DUHVWULFWHG ]JRQH $V H[DPSOHV OHW XV EULHIO\ SUHVH(
UHFRPELQHDQG VROYH LQ WKLV WKHVLYV

+

I+

I+

I+

I+

7KHHKLFOH 5RXW 9B 3 DOREIQHP QG 5DPVHHNY WR ILQG WK
FRVW URXWHV LQ RUGHU WR GLVWULEXWHDJLYHQ VHW R

7TKBHKLFOHS5RXWLQJ 3UREOH®ZBI/WKO ¥LIHAHV-EQGRY D H [
WHQWLRQRIWKH953ZKHUHHDFKFXVWRPHUFDQEHVHU
FDOWHRBH ZLQGRZ

7TKBXOWL 7ULS OHKLFOH®GBMSBYORLYBREDGAIRY D UHOD[DWL]
WKH 953 LQ ZKLFKHDFK YHKLFOHLVDOORZHG WR SHUIRL
WKH GD\

7KBHKLFOH 5RXWLQJ 3URE OB PYh QKRN ANK DR H[WHQ
VLRQ RI WKH 953 ZKHUH VRPH JRRGV KDYH WR EH GHOLYH
FROOHFWHG

7KHHQHUDOL]HG 9HKLF O H $53X ML) 3D Q & QMPURMDE R W K H
HIWHQVLRQ RIWKH 953 ZKHUH WKH FXVWRPHUV FDQ EH V}



 QWURGXFWLRQ

E\WKHGHOLYHU\FRPSDQ\

I+

7KH(FKHORQ 9HKLFOH 5RX¥5B3UBIURIEFFO-HPDOVR FRQVLGHUV W
OHDVW FRVW GHOLYHU\RIJRRGV EXW YLD WKHFRRSHUDWL
LVWR VD\ DIOHHW RIWUXFNVILUVW EULQJJRRGV IURP WKH
ORJLVWLF SODWIRUPV QHYDDWHGHRAHBA § F IYONH D U F DADKCHHIGG H ¢
WKH FXVWRPHUV E\VPDOO YHKLFOHV IURP WKH VDWHOOLWF

,QRUGHU WR FRPELQHWKHVHIHDWXUHVLQDQHIILFLHQW DQ
QDWH WKH RSHUDWLRQV RI WKH GLITHUHQW YHKLFOHV 7KHUHIF
PRGHOV 7KRVH ZH WUHDW LQ W K U WNRKKHUVUL N VBRIXHU B I FFRGDVQ\GU D L G
JUQLFK DQGUMWRXUFHV VIQFKUR G\ DHYOR Q ER QNKVSIDR QRW H WK |
IROORZLQJGHILQLWLRQ

g?KH WRWDO FRQVXPSWLRQRIDVSHFLILHGUHVRXUFH E\D
RUHTXDO WRDVSHFLILHG OLPLW 3

‘H GHILQH WZR QHZ SUREOHPYV GXULQJ WKLV WKHVLV )LUVW
'"HOLYHU\ 2SWLRQWHI5BV2 D@ 7LON HW DOLW LV D UHILQHPHQW
WKH *9537: LQ ZKLFK HDFK FXVWRPHU JLYHVY VHYHUDO SRVVLI
RUGHU DORQJ ZLWK D WLPH ZLQGRZV FRUUHVSRQGLQJ WR SO
6RPH FDQ EH VKDUHG GHOLYHU\ ORFDWLRQV VXFK DV VKRSV
WR EH XVHG E\ DOO GHOLYHU\PHQ 6HFRQG WKH (FKHORQ O0X
ZLWK &DSDFLWDWHG 6DWHOOLWHY DQXBPHYHWMBORA ( 0795
LQWHIJUDWHV WKH9537: DQG WKH953% LQWKH ( 953 ORJLVWLF\
RI OLPLWHG FDSDFLW\ 7KXV WKH YHKLFOHV RI WKH WZR HFKH(
VSDFH WR KDQGOH WKHJRRGV WR EHGHOLYHUHG DQG FROOHF
JRRGVZDLWLQJWREHWUDQVIHUUHG EHWZHHQWKHWZRHFKHO

7TRVROYHWKHVHSUREOHPV ZHXVHDSSUR[LPDWHPHWKRGYV Z
RQH[DFW PIOPRKRGWQG .RFKH@GEHUPHWD K HXXURRK/ /. F

86ROXWLRQ PHWKRGV WKDW RUFKHVWUDWHDQ LQWHUDF!
SURFHGXUHVDQG KLIKHUOHYHO VWUDWHIJLHVY WR FUHDWH
ORFDO RSWLPDDQG SHUIRUPLQJD UREXVW V@DUFK R1IDVRO

ORUHRYHU LOQWKHFRQWH[WRIDFROODERUDWLRQEHWZHHQ
PDWKHXUWIKWMWLIGFH/D LV SWFKUHMEW GD QG LY WMKHHW R QORZLQJI PDQ(



, QWURGXFWLF

QHFDQLQVLVWRQWKHPDWKHPDWLFDO SURJUDPPLC
LQEHWWHUDQG EHWWHU UHVXOWV E\LPSURYLQJWKF
VSHFLDOL]HG IHDWXUHV 2URQHFDQIRUJHWDERXW 03D
EDVHGRQWKHO3PRGHO ,Q WKLV ODWWHUFDVH WKHO03
RUMXVW XVHGIRULOOXVWUDWLQJWKHSUREOHP FKDUD
HYHU SRVVLEOH WKDW FRQVLVWV LQ XVLQJWKHO3VROYt
IUDPHZRUN 7KLV K\EULGL]DWLRQRI03ZLWK PHWDKHXU
DSSURDFK 3

'HXVHMKBH 1HLJKERUKRRRCHOMHDKIFXUMMMWLF WV LGHD LV W
WKHFXUUHQW VROXWLRQ EV\UXLQLQJLW L H UHPRYLQJD S
UHPRYHG FXVWRPHUV DW DSSURSULDWHG SODFHV 7KLV SL
XVXDOO\D WLPHOLPLW 7R FODULI\WKHSRVLWLRQ RI WKL’
IRUURXWLQJ SUREOHPV

6KDZ LQLWLDOO\ SURSRVHG /16 LQ D FRQVWUDLQW Sl
953 ,Q WKLV ILUVW YHUVLRQ WKH VROXWLRQV ZHUH UH
FRQVWUDLQW SURJUDPPLQJVROYHU

6FKULPSIHWIDIDGHSHQGHQWO\GHYHORSHG D YHUWXWLIQPLO|
DQG UHFRIBIWWH 9537: % XW WKLV WLPH WKH VROXWLRQV
PHWKRG

SLVLQJHUDQG 5RRSINHH DQG 3LVDERSREXODUL]JHG /16 E\ SUF
DQ XQLILHG PHWKRG IRU YDULRXV URXWLQJ SUREOHPYV |
,QGHRGNHDQG 3LVRQVKRZ FLWHG 7KWELRHY YHUVLRQ G|
DQG UHSDLUV WKH VROXWLRQV ZLWK YDULRXV KHXULVW
SDVW SHUIRUPDQFH 7KLV PHWKRGLVY FDOOHG $GDSWLY|

'‘XULQJ WKH IROORZLQJ\HDUV $ /16 ZDV IXUWKHU GHYF
FRPSOH[SURKEQRAPMUDQG 5REBIH[DPSOH IRWRAPIBBFD\U
HWDO GHYHORSHGYDULRXV KHXULVWLFVZRUNLQJRQG
*UDQJLHU HWLRQWHJUDWHG WLPH ZLQGRZVDQG IXUWKHU
ZLWK 0,3 VROYHUYV

JURP WKHVH QX P HEDRMW L\QW YHGADBWX UNHA HW FR Q G X FW H C
PHWD DQDO\VLVRQVSHFLILFFRPSRQHQWVRI$/16 UHVS
WKH DGDSWLYH OD\HU 7KHVH VWXGLHV VKRZ WKDW WK
DURXQG VWUXFWXUHG N®/RHDNGDHH W\DIORSHG E\

$FFRUGLQJWR *RRJOH VFKRODU WKH



 QWURGXFWLRQ

&KULVWLDHQVDQG 9D QB HFHIMOUIKHWRSRVHG WR QDUURZ GRZ
WRVLPSOHUFRPSRQHQWY 7KXV WKH\XVHRQO\DIHZVLPSO
DIHZ FXVWRPHUV IURP WKH VROXWLRQV GXULQJ HDFK LWH !
FDSDEOHRISHUIRUPLQJD WUHPHQGRXV QXPEHURIYHU\IDV
RSK\IRU /16 SURYHG WR EH YHU\ FRPSHWLWLYHRQ WKH 953 I

7TKHILUVWD[LVRIRXUPHWKRGRORIJLFDO FRQWULEXWLRQ LV
GXULQJ RXU OLWHUDWXUH UHYLHZ PDQ\ UXLQ DQG UHFUHDWH |
DULJRURXV H[SHULPHQWDO SURWRFRO EDVHG RQ VWDWLVWLF
SOHPHQWDULWLHY EHWZHHQ KHXULVWLFV 7KLV DOORZHG XV V
ILIXUDWLRQ RI /16 %HVLGHV GXULQJWKHVHPDQ\H[SHULPHQ\
&KULVWLDHQVDQG 9DQ@WHPQRWHIIXHVWUXFWLRQVDQGIDVWUHF
UHVXOWY $VDUHVXOW ZH SURSRVHD /16 FRQILIXUDWLRQ WKI
VLIHV 7KH UHV XOMPLDOIGGBIE ORGHG1IHLIKER WBKURR'GI GHDRI EK B/ ]
VWDWHRIDUWDOJRULWKP RQIRXUJHQHUDOL]HG YHKLFOH URX

7TKHVHFRQG D[LVRIRXUPHWKRGRORIJLFDO FRQWULEXWLRQ L
HIDFW FRPSRQHQWY WKXV FUHDWLQJ PDWKHXULVWLFV $GDS
ZKHQ WR XVH WKHVH WRROV ,QGHHG WKHVH WRROV FDQ VLJQL
WKH RWKHU KDQG WKH\ PD\EH WRR VORZ DW WLPHV ZKHQ /16 Z
RZQ XVKFDVGXULQJIDVWLQWHQVLILFDWLRQ SKDVHV ,QWKHF
IDOOLQJ LQWRSHEPRKK WOMLVD/QRA 6 PBWKMIPDODULVWLFYV FODVVLILFDW

&ROXPQIJHQHUDWLRQIEDRN®E B EDMDFRRGHO LV ZULWWHQ IRL
VROYHG UHJXODUO\E\D 0,3 VROYHULQ RUGHU WR UHFRPEL:
FRXUVHRILWV LWHUDWLRQV

,PSURYHPHQWDKG\RQUWIPLW SRMRJUDPPLQJDSSURDFKLVWDNHQ WR
SURGXFHG E\/16 IRUWKH 953'2 1DPHO\ ZHDGDSW WKH %DO
%DODV

'"HFRPSRVLWLRQWODKSHSRPRWKRBEBVGHYHORSHG WR VROYHWKH ( 079!
WKUHHIROG GHFRPSRVLWLRQ RI WKH SUREOHP 7KLV PHWKR
VHFRQG HFKHORQ ZLWK 6/16 ZRUNLQJRQ WKHILUVW HFKHO
WR UHFRPELQH WKHWZR HFKHORQV

7KH SUHVHQWDWLRQ RI WKHWZR QHZ SUREOHPV DQG RI WKH
RUJDQL]J]HG DV IROORZ

&KDSWHQQWURGXFHV WKH 9HKLFOH 5RXWLQJ SUREXXRPIZLWK "HO



, QWURGXFWLF

HWDOD 7LONHWDMWRJIJHWKHU ZLWK WKH 6PDOODQG /DUJ
6/16 GHYHORSHG WR VROYH LW ‘HULJRURXVO\TXHVWL
WKHGHYHORSHG PHWKRGDQG WKHLPSDFW RIWKH SURS

&KDSWHUHVHQWY WKH K\EULGL]DWLRQ RIWKHDIRUHPHQWL
EDVHGDSSURDFKDQG G\QDPLFSURJUDPPLQJWRVROYHI
LQJ3UREOHPV ZLWK7LPH:LQGRZV 7KHXVHIXOQHVV RI HI
WKHPLVH[WHQVLYHO\VWXGLHG LQ WKHFRQWH[W RIIRX

&KDSWHUHVHQWY WKH (FKHORQOXOWL 7ULS 9HKLFOHS5RXW
OLWHVDQG5HYHUVH )ORZXPHDPAYNSD ®&6BPGCG WKH GHFRPSR
PHWKRGGHYHORSHGWRVROYHLW 7KLVPHWKRGDOWHU
ZLWK 6/16 DQG VROYLQJDO0,3ZLWK D FRPPHUFLDO VROYF}
7TKXV WKLV FKDSWHU UHXVHV WKH SUHYLRXV GHYHORSP

7KH ILUVW WZR FKDSWHUV DUH D VWUHDPOL'QR WV DHME XS G
DDQBPH]HW D® SXEOLVKHG LQ 7UDQVSRUWDWLRQ 5HVH
QDO LQ 7UDQVSRUWDWLRQ DQG /RIJLVWLFV 7KHVH UHVXOW\
'XPH]HW D®& 'XPH] HW D® 3pWRQ HW DOPH] HW D® 'XPH]
HW DO 7KHODVW FKDSWHU LVXPHIY H® DEWEKKLFUW VRO EH \
PLWWHG VRRQWRDQLQWHUQDWLRQDO MRXUQDO






&KDSWHU

LARGE NEIGHBORHOOD SEARCH
HEURISTICS FOR THE VEHICLE ROUTING
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3DUWLH &KDBWHULHLIKERUKRRG 6HDUFK KHXULVWLFV IRU WKH 9HKLF
'"HOLYHU\2SWLRQV

,(QWURGXFWLRQ

7KHUHYHQXHRIRQOLQHVWRUHVLQ)UDQFHZDV ELOOLRQ }
R13% SHU \HDU GXULQJ W IR RXV W | RXAK\WKUV JURZWK RIH FRPP}
LQFUHDVLQJ QXPEHU RI SDUFHOV KDYHWR EH GHOLYHUHG HDFK
KDYHEHHQ GHYHORSHG VR WKDW GLVWULEXWLRQ DDWE H VDU O F

LQ RIWKH)UHQFKDQG *HUPDQ SRSXODWLRQ ZHUH Z:
RUD SLFN XS SRLQW RIWHQ VKRSV RUSRVW RIILFHV DQG WKH
EHWZHHQ DQG JXUWKHUPRUH WUXQNGHOLYHULHV ZHUH

OF)DUODQG

7KH FXVWRPHU LV JHQHUDOO\ UHTXLUHG WR FKRRVH RQH GH
PRYHDURXQG GXULQJWKH GD\ IRUH[DPSOH WR JR WR ZRUN RL
PDMRUFDXVHRIQR VKRZ LQ DW W H{DGH® GIMODIIHW KHB . $FFRUG L
RIDOO GHOLYHULHV IDLO ,Q LQ WKH 8. WKH FRVW RI WKHVI
DW .. PLOOLRQ &RQVHTXHQWO\ LWLV YHU\OLNHO\WKDW D ¢
VHYHUDO GHOLYHU\RSWLRQV GHSHQGLQJRQ WKH WLPHRIGHO

TKHREMHFWLYHRIFDUULHUV LV WRGHOLYHUDOO WKHLU SDL
PDLQWDLQ DJRRG TXDOLW\RIVHUYLFH EXW WKH WLPH ZLQGR:
FRVWY 1HYHUWKHOHVVY WKH\DUH HVVHQWLDO EHFDXVH RI
ILWLQWR WKHODOHQY WWHWUB®R G QRERG\ OLNHV WR ZDLW DOO DIWH
SDUBBDW]HWDGFFRUGLQJO\ QHZVWUDWHILHVDUHGHYHORSE}
VXFFHVVIX0O)®HRWLRHUW DD

7KLV FKDSWHU BHKNEKVYNBRXWKIHQJ SUREOHP ZLWK 'MOLLW HU\ 2 S
DQ HIWHQVLRQ RI ERWK WKH 9HKLFOH 5RXW L Q J6DYRIEOHEMDUIW K
DQG WKH *HQHUDOL]HG 9HKLFO*KERRWDQEG3PRBBEGWM *953
WKH 953'2 HDFK FXVWRPHU FDQ FKRRVH WR KDYH D SDENDJH G|
RSWLRQV )RU H[DPSOH D JLYHQ SDUFHO FDQ EH GHOLYHUHG D
WKHHYHQLQJRULQDORFNHUDWDQ\WLPH

JURP WKH VWDQGSRLQW RI WKH FDUULHU WKHVH GHOLYHU\ R
WDNH SODFHLQLQGLYLGXDO GHOLYHU\ ORFDWLRQV OLNH D KT
EHGHOLYHUHG LQ WKDW ORFDWLRQ 2WKBUHG/GEHOHYHYHORHRLU
6'/ OLNHORFNHUVRUSLFN XSSRLQWV ,QWKLVFDVH VHYHUD¢
ZKLOH SRVVLEO\VDWLVI\LQJVRPHFDSDFLW\FRQVWUDLQWYV

7TKH FRQWULEXWLRQ RI WKLY FKDSWHU LV WZR IROG )LUVW



, QWURGXFWL

QHZ YDULDQW RIWKH 9HKLFOH 5RXWLQJ3UREOHP 953 LV LG
HU\ RSWLRQV WR UHGXFH GHOLYHU\ FRVWV ZKLOH JXDUDQW
PHWKRGRORJLFDO SRLQW RIYLHZ D/DUJH1HLJKERUKRRG 6
PDQ\UHFHQW DQG QHZ LGHDV LV SURSRVHG 7KLV /16 LQFOX
‘H FRPSDUH WKHP ULJRURXVO\ WR GHWHUPLQH DQ HIILFLHQ
LQWURGXFH D QHZ /16 IUDPHZRUN ZKLFK FRPEL GRY U P DG D
/IDUJH 1HLJKERUKRR G :6HH\DKIEX WB{ D& WKLV IUDPHZRUN LV SD
HVFDSH ORFDO RSWLPD LQ FDVH RI FRPSOH[ FRQVWUDLQWYV
WKH 953'2

7KLV FKDSWHU LV VWU XFW X UHWE KH/ 9RD D RV \G H @ FBHLFEMIGR )G
PDWLFDO PRGHO LV SUR[SRWHY WKHWLRHUDWXUH RQ UHOD
GHWDLOV WKHILUVW /16 GHYHORSHG WR VROYH WKH 953'2 ,(
WKHDOJRULWKP LV H[SOBVEBD® WHFAVBLRQ )LORGGHVHDPDWRER(
H[SHULPHQWYV ILUVWWR YDOLGDWHWKHPHWKRGDQG VHFR
JHQHUDWHG LQVWDQFHV RI WKH 953'2



3DUWLH &KDBWHULHLIKERUKRRG 6HDUFK KHXULVWLFV IRU WKH 9HKLF
'"HOLYHU\2SWLRQV

/KHI9HKLFOHSRXWLQJ3UREOHP ZLWK "H

7TKLVVHFWLRQ GHWDLOV DOO FRPSRQBQ® YLRIHYKCHPDW'KR H & HD W\
PRGHO 6HFWLRQ

7KLY SUREOHP ZDV GHILQHG LQ FROODERUDWLRQ ZLWK WKH O
‘XPHIHW D® DQI&GEGON HW DO/KH IRUPHU GHYHORSV D KHXULVWLF
ZKLOHWKHODWWHU GHVFULEHVDQH[DFWDOJRULWKP

SUREOHP VHWWLQJV

7KH 953'2 LV DQ RSHUDWLRQDO RSWLPL]DWLRQ SUREOHP GH|
LEDOO\RQH GD\ ,Q WKLY SUREOHP H DEHKORLY\HW R, ROBWVHEHR QROK R R \
ORZLQJ IRUWKHVDNHRIFRQFLVHQHRSWZRQNOO UHIHU WR WKt

$QRSWLRQLVDWXSOHDVVRFLDWHG ZDWIR B MBLLRRH BKQWIRP I
OHPWBVHUYLFH GXURWQRDV

+ $ORFDRDMMRDJIJHRJIJUDSKLFDO DGGUHVVDQG D WLPHZLQGRZG
OLYHUHG )RUHDFK ORFDWLRQ DIL[HG SUHSDUDWLRQ WLP
YHKLFOHDQG DFFHVV WKH GHOLYHU\ SRLQW 7ZR W\SHV RI (
GHOLYHU\ ORFDWLRQVDQG VKDUHG GHOLYHU\ ORFDWLRQV
LV W\SLFDOO\D SHUVRQDO DGGUHVV 2QO\RQH RSWLRQ FD
JHQHUDOO\KDV DWLJKWWLPHZLQGRZ $Q6'/LVW\SLFDOO\ |
RSWLRQV FDQ EHDVVRFLDWHG ZLWK WKLY ORFDWLRQ $Q 6
GHILQHG DVWKHPD[LPXP QXPEHU RISDFNDJHV ZKLFK FDQ E|
LQJWKHWLPHKRUL]JRQ )RUWKHVDNHRIFRQFLVHQHVV 6'/\
PD\EHFDOOHG 2VKDUHG ORFDWLRQV:DQG?LQGLYLGXDO OR

I+

7KBUHIHUHQAMD QHRSMOLRQ LV1D:Opt @ WHUEUWERH QXPEHU RI S
HUHQFHIQNYHIOVYDOXH DVVRFLDWHG ZLWK WKRRMYVWRPHU |
VSRQGV WR WKH OHDVW SUHIHUUHG RSWLRQ

I+

TKNHUYLFH RXODRWISRMLRQ UHSUHVHQWY WKH WLPH QHHGHC
SDFNDJHDIWHUDFFHVVLQI WKHORFDWLRQ

IHW XV FRQVLGHU D KRPRJHQHRXVIOHHW RIYHKLFOHYV VWDUYV
WKLV GHSRW ZLWKLQ WKH WLPH SHULRG 7UDYHO WLPHDQG UR:
DUHDVVXPHG WR EHNQRZQ



7TKHO9HKLFOHS5RXWLQJ 3UREOHP ZLV

7TKH953'2 FRQVLVWV LQ GHVLIJQLQJD URXWHIRUHDFK YHK
RI KLV KHURSWLRQV DQG VDWLVI\LQJWKH 6'/ FDSDFLWLHV
HDFK PHMLHO 1g WKH VHUSLFMH ORWYROXWLRQ LV GHILQHG DV
FXVWRPHUVVHUYHG ZLWK p GPEWLRD®YVE H X BRHYRHERNDAK L H
IRU HDFEK20 HY;lp O 1g

6LPLODUO\ WR PDQ\ YHKLFOH URXWLQJ SUREOHPV WKHR
WKH QXPEHU RI YHKLFOHV DQG WKH VXP RI URXWLQJ FRVWYV
FXVWRPHUuyV RUGHU KDVWREHGHOLYHUHG E\DVLQJOH WU

KHQ D FXVWRPHU RUGHUV D SDUFHO KH VKH FKRRVHV P
OHYHO ,QWKH953'2 WKHWLPHZLQGRZVUHODWHWRWKHGH
ORFDWLRQV WKHVHWLPHZLQGRZVDUHVHOHFWHGE\FXVWF
RIWLPHGXULQJZKLFKWKHFRUUHVSRQGLQJIDFLOLWLHV FD
WKDW DOO RSWLRQV GHOLYHUHGDW 6'/VKDYHWKHVDPH WL
RUGHU LV GHOLYHUHG DW DQ 6'/ RUD UHPRWH ORFDWLRQ L
KH VKHFDQFROOHFWWKHSDFNDIJHDWDQ\WLPHDIWHUEHLC
RQFHDQ RUGHULVGHOLYHUHGDWDQG6'/ LWLVFRQVLGHUH:«
WKHHQG RI WKH SHULRG 7KHUH PLJKW EH VHYHUDO SROLFL
TXHVWLRQLVRXWRIWKHVFRSHRIWKHSUHVHQW VWXG\ 7K.
6'/LWYD SUDRBIMXVWHG EHIRUH VROYLQJ WKH 953'2 DFFRUGLQ.
ORFDWLRAQ

7TRLOOXVWUDWH WKH GHILQLWLRRZRIWHKHI RS PRIQAV XWRIP V
SHUVSHFWLYNKRIXWKH H[DPSOH RI D FXVWRPHU ZLWK GH
KRPHEHWZHHQ S P DQG S P LVWKHSUHIHUUHG RSWLRQ \
DQRG S P WKHQDGHOLYHU\LQ WKHWUXQNRIKLV KHUFDU

JLIXUMMUHVHQWY WKH RSWLRQV IURP WKH FDUULHU SHUVS
FXVWRPHUDUHUHSUHVHQWHG E\DJURXSRILFRQVRILGHQV
LFRQV ®RANRUH SR WDOKRAXMVAHRPHU LV UHSUHVHQWHG E\ D
DUH VXUURXQGHG E\D OLQH RI WKH VDPH FRORU DV WKH LFFR
YLD H[DFWO\RQH RSWLRQ 7KLV DPRXQWY WR GHILQHD VHW
UHSUHVHQWHG EA WDIQGWUWXEW HHROW O\ RQH RSWLRQ LQVLG

JLNHLQ WKH*HQHUDOL]HG 9HK L F OKLDRMWLAG FUSREROMBP  * 9
VHW RIRSWLRQV LV FRPSRVHG RIVXEVHWVY IRUHDFK FXVWR
LQ HDFK VXEVHW ,Q WKH *953 VXEVHWV RIRSWLRQV IRUP D
953'2 WKH VXEVHWY RI RSWLRQV IRUP D FRYHU RI WKH VHW



3DUWLH &KDBWHULHLIKERUKRRG 6HDUFK KHXULVWLFV IRU WKH 9HKLF
'"HOLYHU\2SWLRQV

JLIXUH °([DPSOHRIDFXVWRPHUpV SUHIHUHQFHV LQ

J)LIXUH °"$QLQVWDQFHRIWKH953'2 I URP WKH FDUULH

DVVRFLDWHG ZLWK GLVWLQFW FXVWRPHUV FDQ WDNH SODFH DW
*HQHUDOL]J]HG 9HKLFOH5RXWLQJ 3UREOHIMRFIFNR AMPBIOVQGRZYV
DQLQVWDQFH RIWKH 953'2 ZLWKRXW VKDUHG ORFDWLRQV DQG
953'2 FDQ EHVHHQDVDJHQHUDOL]DWLRQ RI WKH *9537:

JLIXUWHSUHVHQWY D VROXWLRQ WR WKH 953" 22l Q(WKAMDQARH L Q
RQHURXWH $Q RSWLRQ WKDW WDNHY SODFHLQDQLQGLYLGXD
WKHFXVWRPHUUVLGHQWLW\DQG WKHORFDWLRQ 7KLVLVWKH
UDWKHU WKDQ DW KRPH WKXVDYRLGLQJDELJGHWRXU $VKDUHI



7TKHO9HKLFOHS5RXWLQJ 3UREOHP ZLV

LOQFOXGHV WKH ORFDWLRQVDQG LGHQWLILHY WKH GHOLYHL
DUHGHOLYHAJHG DW 6"/

D

P P

1X]

&

Y4
J)LIXUH °([DPSOHRIDURXWHLQ WKH 953"'2

7KHWLPHVSHQWE\D YHKLFOHDW D ORFDWLRQ LV HTXDO \
WKHVHUYLFH GXUDWLRQRIWKHYLVLWHG RSWLRQV 7KH SU
WLPHWR ILQG D SDUNLQJSODFH +HQFH LWLVFRXQWHG RQ
GHOLYHUHG 7KHVHUYLFH GXUDWLRQ RIDQRSWLRQ FRUUH
SXW LW LQ D ER]

JLIXUWHSUHVHQWY D VROXWLRQ WR WKH 9537: IRU WKH VI
RQO\

‘H DVVXPH WKDW D SDUFHO DOZD\V RFFXSLHV RQH ER[LQ I
ORFNHULVDUDFNRIDXWRPDWLFER[HVVRWKHUHLVDW PRV
WKHFDSDFLW\RIWKHVKDUHG ORFDWLRQV JHQHUDOO\H[SL
EHH[SUHVVHG DV D QXPEHU RI SDUFHOV 'XH WR XQFHUWDLC
SDUFHOV LWLVDVVXPHG WKDW HDFKER[FDQEH XVHG RQO\
WR FRQVLGHU WKDW VRPH VKDUHG ORFDWLRQV H J SRVWR

7KHDVVLJQPHQW RISDUFHOV WR ER[HV LV QRW WDNHQ LQ
SRVVLEOH WR FRQVLGHU GLIITHUHQW VL]HV RI ER[HV E\ GXSO

JLIXUHOOXVWUDWHY WKH FDSDFLW\ FRQVWUDLQWYV LQG >
GHVFULEHG LQLRW)>OUHD VKDUHG ORFDWLRQV PXVW EH YLVLW
YLVLWHG E\GLIIHUHQW YHKLFOHV



3DUWLH &KDBWHULHLIKERUKRRG 6HDUFK KHXULVWLFV IRU WKH 9HKLF
'"HOLYHU\2SWLRQV

o

Z

J)LIXUH °([DPSOHRIDURXWHLQWKH9537: ZLWK KRPH (

X

AXT L

*

JLIXUH °&DSDFLW\DW VKDUHG GHOLYHU\ ORFDWL

&RQVLGHULQJWKH TXDOLW\URHSWKHWIQWWB R HILDORSGH ZLWK D
FRQVWUDLQW UHT XL¥ 50%J RV K\CKWA B WVONHRDPHAUY DUH VHUYHG ZLW
RSWLRQV DQG WKDIMWRD W IOHHBXWWRPHUY DUH VHUYHG ZLWK RSW
WKH H[BPERIHWKH FXVWRPHUV DUH VHUYHGLZ L WE¥WRHWKISUHIHU
FXVWRPHUV DUH VHUYHG ZLWELP Q\RSSWKR Y RMIOHHYHOY LRFBKH OHY H

DUHVDWLVILHG

7KHFRQVWUDLQWY UHODWHG WR 6'/ FDSDFLW\DQG VHUYLFH C
FRQVWUDLQWY LQYROYLQJ DOO WKH YHKLEOKVR DK HN GDWDHV RAE G
GHILQHMGHED DV 2$W DQ\ SRLQW LQ WLPH WKH WRWDO XWLOL
VSHFLILHG UHVRXUFHE\DOO YHKLFOHV PXVW EH OHVV WKDQ R L



7TKHO9HKLFOHS5RXWLQJ 3UREOHP ZLV
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J)LIXUH °6HUYLFHOHYHO PHDVXUHG ZLWK UHVSHFW

ODWKHPDWLFDO PRGHO

JHWEH WKH VHW RI FXWW R HHWW FIIGRE W LR QV 7 Kd2 RS W L R Q\
GHQRVOHGCE\DUH VSHELILF WR WKDW FX¥ 0 REBEP R (0\6 7K X V
@) O\ Ogp=: i

/HWGHQRWH WKH VHWOR| ORFFDWEKR QX DOKW RI RSWLRQV W
ORFDWILRQ

7KH953'2 LVPRGHOHG RQ DQ RSW LGQ VEA) VHICHRRP\S @ HYWHHUMW
GHQRWHG®EN 00y FROQWDLQV RQH YHUWH[ IRU HDFKOPSMELRQ
WKH HQGIO® Y&HSRWWHY DUH GHILOHG R WHRRBMWLRO EDV
RIRSWLROV EHORQJLQJWR GLVWLQFW FXVWRPHUV &RQVHT
DVKDUHG ORFDWLRQ LW LV UHSW HY QUGB I/ H M B U B @ HGIW
WKH URXWH IURP RI)LJXUH

7 — | %@—»!, ‘!)H@HZ

JLIXUH °5HSUHVHQWDWLRQ RRORHAFRKKWH IURP )L

7KHWUDYHOW)LRPARY OCHRRWH®B EQFOXGHY WKH SUHSDUL
ORFDWLRQ RHWEWWR® ORFDWLRQV DUH GLV Wilj® EWGHQRMRALC
Ec; 7KHVHUYLFHGXYBXWRIGSUHVHQWY WKH WLPH QHFHVVI
DVVRFLDWHG ZLWK WKLV YHUWH][ ,W LOVDIGY B IFK ® BARIIERNQQ X O C
DVVRFLDWHG ZLW KaVWWKRIIW WR/HOZR FDOMRIZRQ ORUH&B ¥ H =AW LV D
DOQOGWRDODMWFRUUHVSRQG WR WKHHQG RIWKH ZRUNLQJ GD\

/IHWEH WKH QXPEHU RI SUHIHUHQFH Op2 HIQ:Vpg) RUL B B/UWKHIH |
PLQLPDO SHUFHQWDJH RI FXVWRPHUV WKDWp FROUWQCRZ YK U %M
GHILQRWIORB®QD @BE2fL:5p 19 1,6 pua



3DUWLH &KDBWHULHLIKERUKRRG 6HDUFK KHXULVWLFV IRU WKH 9HKLF
'"HOLYHU\2SWLRQV

/IH EH WKH FDSDFLWA RIFOIBEMHWYRQ@ DV D QXPEHU RI SDUFHO
020 LVDVVRFLDWHG ZLWi DQG DI B HYRAXAW IO HY HOXDO WR WKH G
RI' LWV DVVRFLDWHG FXVWRPHU 7KH WHW ROJWHKAH G M KD & FKRH
KRPRIJIHQHRXV DQG WKHFDSDFLYW\RIYHKLFOHV LV GHQRWHG E\

ORGHGHVFULEHYV WHJ-(I-H‘GED3E2LQDU\ YDULDEOH WKRWKQGLFDWH
XVHViDUFA yo LVD ELQDU\ YDULDEOH W Ko2WD LW B WAL MAV-REGHKMHK HU R
VHUYLFH WLKR RIDX\WM K UHRONHH [

7KHILUVW REMHFWPYBURQFWLWRIOH QXPEHU RI YHKLFOHV 7K}
IXQFWLERRLQLPL]HV WKH URXW L Q JFRRWDWWH S\RKDWWHI[MIFQWOM RQ H R
EHVHOHFWHG IRU HDFK FX&WHRPUHHV QY WKUHDY. QWM IDFWLRQ R
5HFDOOLQJWKDW WKHFDSDFLW\RI6'/VLVH[SUHVVHG DV D QXP
VL]H FRQVWVUWDQWAW KDW WKH QXPEHU R IR % W DRIGMRGVHH [EYHHIGH ¢
LWV F DCp DSFROWM W UDR.RGWO WKH VDWLVIDFWLRQ RISUHIHUHQFH O
OHYHQ; ::;pg DW QPIRVW KH WRWDO QXPEHU RI FXVWRPHUV PXVW E
RI OBYHDEHWWHU &RQWWDWHLWWIYW DQ RSWLRQ FDQ EH XVHG R
RQHYHKLFOH 7KHUHPDLQLQJFRQVWUDLQWWDXI® @ KHUOHWDW \DLC

&RQVWURHQWXUH WKDW D YHKLFOH WKDW OHDYHV WKH GH
URXWH &RQVMQUDDMWKH FRQWLQXLW)\ R MWK PSUXRAKMM K H/RQWW
WLPH DQG &R QWRMQANX . WDMWWKH UHVSHFW MR ILW KOHQ VD LUFEH. WIUDGER DY C
SRVLWLYH YDOXH

ORGHO RSWLRQ EDVHGPRGHO

lex min(z;;2)
X

stzi= X D
j2v
X X K
k2f 1;::5K g (i )2A
X
Yo=1 8c2 N F
%% x
X% 6 Q 8k 2 K G
020 (i;0)2A
Yo 6 C 8l 2L H
020,
X

Yo> p J Nj 8p2fl:p 1g I
020jpo6 p



7TKHO9HKLFOHS5RXWLQJ 3UREOHP ZLV

X X K

Xi;o > Yo
(i;:0)2A k2K

X
k  — k
Xo;j - Xi;oO

(i)2a  (i)2A
.

a6 hf6 b

x:fj 2f0;1g

Yo 20; 19
h¢ > 0

h< h+ by + 56 M1 X

802 O
8k 2 K
8k2 K: 8 20

8k 2 K;8(i;j)2 A
8k2K;8 2V
8k2K;8(;j)2A
802 O
8k2K;8 2V

J



3DUWLH &KDBWHULHLIKERUKRRG 6HDUFK KHXULVWLFV IRU WKH 9HKLF
'"HOLYHU\2SWLRQV

6WDWHRIWKHDUW

7KH 953'2LV D 9537: ZLWK PXOWLSOH GHOLYHU\RSWLRQV DQG
VHEWLRQ LV RUJDQL]JHG DEFFRUGLQJ WR WKHVH WKUHH DVSHFW
VIQFKURQL]DWLRQ ,QDGGLWLRQ VRPHFORVHO\UHODWHG SUF

9537:

6LQFH WKH LOQWURGXFW BRY HRO WEKHHUIEKSS7O IEWKRUD RI SDSHUYV
EHHQ SXEOLVKHG RQ WK EAUVWE DIQEW H:O COEHBY WR HYLHZ RI WK F
DSSOLFDEOH OBWGDO WW DD Q)GKWRDWHVW DGYDQFHYV 0DQ\/16
EHHQ XVHG WR VROYH SUREOHPVY UHODWHG WR WKH 9537: 7KH\

'"HOLYHU\RSWLRQV

QO WKH 953'2 FXVWRPHU UHTXHVWV FDQ EH VDWLVILHG DW YL
LV VKDUHGIBDWHUIK L]HG OHKLFOH 5RXWLQJ 3*9BRBED:HREEWK 7LPH :
HWDO 7KH*9537:LVDVSHFLILFFDVHRIWKH953'2ZLWKRXW Vk
DVLQJOH SUHIHUHQFHOHYHO 7KHOLWHUDW X G4HRQV\D & HWOB Q7 :
D@GVDU HW DIRU GHWDLOV RQ VWRH E2B3H /QDBBWRSHWDLOV
RI WKH *958RFFLD HW D®URSRVHG D WDEX VHDUFK DEOH WR WEC
FOXVWHUV ZLW KIG B W LBDOOWRHEWD Q HW DEOGHYHORSHG PRGHO
DQG D EUDQFK DQG FXW DOJRULWKP IRU WKH *7637: D VLQJOH
LQVWDQFHV ZLWK FOXVWHUV<XBIQV PBRER® HWHDORIQGHG LQ
WKH *9537: DV D KHXULVWLF EDVHG EUDQFK DQG FXW 7KLV PHW
RQLQVWDQFHV ZLWK XSWR FXVWRPHUVLQDIHZKXQGUHG VI
7KBHKLFOH 5RXWLQJ 3UREOHP ZL W K530 W)IDSYDH A MPW R LHING R 7
FDQ EH VHHQ DV D VSHFLDO FDVH RI WKH 953'2 DQG Rl WKH
RIDFXVWRPHU WDNH SODFH DW WKH VDPH ORFDWLRQ DQG WKH
GHWDIZOL¥RHUH HWBIOKDL]D HWDQMxRRIJHERRP HW DO
,Q DGGLWLRQ WR WKH *953 VRPH FODVVHV Rl YHKLFOH URXW
ORFDWLRQV WR YLVLW 7KH JRDO RI WKHVH SUREOHPV LV WR V}
WZHHQ WKHVH ORFDWLRQV VXFK WKDW UHTXLUHPHQWY DUH P



6WDWHRI WKH

PD[LPL]HG 7KLV FDWHJRU\RYTSDREBOHPQW FAE X GG Y\BREBE OH P
ZLWK SPRAKWWW L HWOWWHHQZHJHQWMRHDYHOLQJ 3XUFKDVHL
733%HUQDUGLQR DQGHIDADND X HW DX GERKHULQJ 7RXU 3UR
&73.DPPRXQ HW DO)RU WKH LQW H{XD\QVH E URDGBUBR G F X V V
+DPLOWRQLDQ URXWLQJSUREOHPV

$PRQIJWKHKHXULVWLFVWKDWKDYHEHHQ SURSRVHG WR V
ZLQGRZV PRVWRIWKHDXWKRUVLQFOXGHD SHUWXUEDWLR
WKH 7#28DQG /LP GHYHORSHG D VLPXODWHG DQQHDOLQJ KH X
SHUWXUEDWLRQV DQG D VH\WR U DWW LHRWFIRPE ILRQUHPCK O/ BOW I* B |
5DQGRPL]HG $GDSWLYH6HDUFK3URFHGXUH *5$63 ZUMWK DQ
FRLUHHW X®HG D 9DULDEOH QHLJKERUKRRG 6HDUFK 916 PH
&73300DK\DUL HAWRIPELQHG *5%6 37ZLNIXG,D6HW ROHG 906U J DV
HWDO ZRUNHG ZLWKDQ $GDSWLYH/DUJH QHLDRER X & RIRVGDM

SURSRVHG D 916

%HVLGHV VRPHSDSHUV SURSRVH XVLQJG\QDPLF SURJUDI
723 ZLWK PXOWLSOH WILPRILUHER DG G\QDPLF SURJUDPPLQ
ZKLFK WLPH ZLQGRZ VKRXOG EHRFFHO HQ/ IR ONE & RXWIB 7 :
ZKHQ D FXVWRPHU LVLQVHUWHG LQ D URXWH WKHRSWLRQV
FKDQJHG WKURXJK G\Q DL BY RW DPPQAYHG WKH &73 ZLWK L
DOJRULWKP WKDW XVHV G\QDPLF SURJUDPPLQJWR GHFRPSF

SHVRXUFH VIQFKURQL]DWLRQ

'UH[O XQGHUOHL®RGSWKIDMG ,URDFKOPRVW WKH RQO\ SO
HULQJV\QFKURQL]JHG UHVRXUFHV )HZ RWKHU KHXPLSAWIKF V |
DQG,UQLFKUDQJLHUHWDRJHU HW DW@WKH UHVRXUFHV DUH RQC
XVHG GXULQJD OLPLWHG SHULRGRIWLPH EHIR UHUDHFRMILQ .
HW DO D WUXFN XVHV D GRFN DW D VDWHOOLWH IDFLOLW\ |
RSHUDWLRQV

,Q WKH 953'2 WKH VIQFKURQL]JHG UHVRXUFHYV DUH SHUPD
KRUL]JRQ 7KXV LWLVRQO\QHFHVVDU\WRFRXQW WKH QXPEHI
RIYLVLWHG RSWLRQV RIHDFK SUHIHUHQFH OHYHO WR FKHFEN
FRQVWUDLQWYV

6RXINTULDX HWGBIOLQHG D YDULDQW RIWKH 723 DSSOLHG WR



3DUWLH &KDBWHULHLIKERUKRRG 6HDUFK KHXULVWLFV IRU WKH 9HKLF
'"HOLYHU\2SWLRQV

FDOOHG WKHOXOWLFRQVWUDLQW 7HDP 2ULHQWHHULQJ3UREOF
07: 7TKHURXWHVUHSUHVHQWWKHGLITHUHQW GD\VRIWKHWULS
UHSUHVHQW WKH EXGJHW DQG WKH PD[LPDO QXPEHU RI PRQXPF
7TKHVH UHVRXUFHV DUH FRQVLGHUHG LQ D ORFDO VHDUFK ZLWK
XSGDWHG DWHDFK PRGLILFDWLRQ RI WKHVFKHGXOH 7R JHW JF
WKHLUDOJRULWKPUHOLHVRQ SHUWXUEDWLRQV WKURXJKD FRI
VHDUFK PRYHV DUH FKRVHQ ZLWK D VFRUH WLV DIXQFWLRQ RI
WLPH VKLIW DQG UHVRXUFHFRQVXPSWLRQ

&ORVHO\UHODWHG SUREOHPYV

1RZ WKDW WKH WKUHH FRPSRQHQWYV RI WKH 953'2 KDYH EHHQ
FORVH SUREOHPV

5H\HV HW DG HILQHGIWAKHM K 5RDPLQJ '"HOLYHU\ /RAALWLRQV ¢
SUREOHP LQYROYHV GHOLYHULQJ SDUFHOV LQWR WKH WUXQN\
VFKHGXOHV ,Q WKH 9535'/ WKHUH DUH QR VIQFKURQL]HG UHVR
WRPHU DUH GLVMRLQWHG DQG FDUV GR QRW PRYH IDVWHU WKDQ
ZLWK DQ /16 KHXULVWLF &ODVVLFDO RSHUDWRUV DUH DGDSWF
UH RSWLPL]H URXWHVY E\ VHOHFWLQJ EHWWHU RSWLRQV ZLWKR
URXWH 7KHFRPELQDWLRQ ZLWK KRPH GHOA53BHALWVLK FRPIN DQIGU H
5RDPLQJ 'HOLYHU\/RFDWMRIQNVGHPEEBREQ HW IDAQG VROYHG WR
RSWLPDOLW\E\D %UDQFK DQG 3ULFH % 3 DOJRULWKP IRU LQ\
WKHVHLQVWDQFEHV KEXYDHE H¢XDWORON BA@KLFK SUHVHQW EHWWH L
IRUODUJHULQVWDQFHV 1RWH WKDW WKHVHWZR VROXWLRQ DS
RIWKH *9537:

6LWHNDQG :LNDWHNY RO S\KFH.WDWHG 953 ZLWK 3LEN XS DQG $C
HU\ &95338KLV SDSHU FRQVLGHUV PXOWLSOHRSWLRQV IRUHDF
DQG SRVW RIILFHVDUHPRGHOHG ZLWK OLPLWHG FDSDFLWLHV
SHQDOW\RQ WKHREMHFEWLYH IXQFWLRQLID QRQ GHVLUHG RSV
HUHG 7KHLUPHWKRGUHOLHVRQDSUH SURFHVVLQJSKDVHGRQ
WKHQ JURXSVY SDUFHOV WRJHWKHU EHIRUHDVVLJQLQJWKHP WF

=KRX HW DOGHILQHX®WH 'HSRW 7ZR (FKHORQ 9HKLFOH 5RXW
'HOLYHU\ 2SWLRQV 0' QMRLY2 SDSHU D SDUFHO FDQ HLWKHU
FXVWRPHUpV KRPH RU WR D VHOHFWHG SLFN XS IDFLOLW\ 6K
FXVWRPHU SUHIHUHQFHYV DUH PRGHOHG WKURXJK SHQDOWLHYV



6WDWHRI WKH

DUH QRW FRQVLGHUHG 7KLV SUREOHP LV VROYHG ZLWK D
HPEHGV DQDG KRFORFDO VHDUEFK

6LQFH WKH SXEOLFDWLRQ RI WKH SXAH\ HHQUMD®/ DRTE B NW K H
HW DO WKHLQWHUHVW RI WKH UHVHDUFK FRPPXQLW\ DERX
GHOLYHU\ KDV LQFUHDVHG DQGDIHZ SDSHU ZHUH SXEOLVK

ODQFLQLDQG *DQBWHQHWBKLEBH 5SRXWLQJ3UREOHP ZLWK :
'HOLYHU\ /RFDWLRQ¥XHI%3386// VHHNV WR GHOLYHU WKH SDU
HLWKHU DW KRPH XQGHU WLPH ZLQGRZV FRQVWUDLQW RU
,Q DGGLWLRQ ORFNHUV KDYHD FDSDFLW\ H[SUHVVHG DV Wk
GHOLYHUHG KHUH $IL[ DQG RSWLPL]HPHWKRG ZDV GHYHOF
EDVHG 0,3 PRGHO RI WKH SUREOHP ,QVWDQFHV ZHUH VROYH
ZLWK D WRWDO FDSDFLW\ R

*UDEHQVFKZHLJHUWGHW QB®GE KLK®WH 5RXWLQJ 3UREOHP ZLW
IRFNHU %R[HV 9B2¥/ HUREOHP DVVXPHV WKDW SDUFHOV WR
IDOOXQGHUVL]HFDWHJIJRULHV VXFKWKDW WKHGHPDQGRI HI
ER[HV 7KH 953+/% VHHNV WR GHOLYHU WKH SDUFHOV RI HDF
ZLQGRZV FRQVWUDLQW RU WKURXJK D ORFNHU ZLWK FRPS|
VLIH H[SUHVVHG DV D QXPEHU RIER[HVRIHDFK VL]H 7KHLUP
GHFLGHRQ WKHURXWLQJDQGELQ SDFNLQJWDLORUHG KHX
WR ORFNHUV RU KRPH GHOLYHU\ GEEFVADDBG WIKHVIQNEW-DUS
LQVWDQFHV ZLWK XS WR FXVWRPHUV ORFNHUVWDWLROQ\
VLIHV RI ORFNHU ER[HV 7KH\VKRZHG WKDW WKH FRVW RI W
LQWR ORFNHU EE3PHV LV RQO\ R

% X]]JHIJD DQG 1RYH®HIDQHBKLKBH 5RXWLQJ 3UREOHP ZLWK
‘LQGRZV 9537KLV SUREOHP FRQVLGHUV WKDW ORFNHU DUH"
FDSDFLW\H[SUHVVHG DV WKH QXPEHURIFXVWRPHU WKDW FL
IRUPXODWLRQV DUH GHWDLOHG DQG D EUDQFK DQG FXW LV
DQG ORFNHUVRIVL]H ZHUHSURSRVHG EXWRQO\LQVWDQ
ZHUH FRQVLVWHQWO\VROYHG

6\QWKHVLYV

7TDEOWXPPDUL]JHV WKH SUHVHQWHG YHKLFOHVY URXWLQJS
WLRQ 7KHILUVW  FROXPQVJURXSV VWXGLHVDFFRUGLQJ WR



3DUWLH &KDBWHULHLIKERUKRRG 6HDUFK KHXULVWLFV IRU WKH 9HKLF
'"HOLYHU\2SWLRQV

WKH UHIHUHQFH WR WKH VWXG\ &ROXPQ LV WKHQDPHRIWKH \
RIWKHVROXWLRQ PHWKRG &ROXPQ LQGLFDWHV ZKHWKHU WK
UHQHZDEOH FRQWUDU\WR V\QFKURQL]JHG UHVRXUFHV XVHG GX
EULHIO\ GHVFULEHV WKH FRUH LGHD Rl WKH VROXWLRQ PHWKR
FRQVWUDLQWYV

7DEOHSUHVHQWY D QRQ H[KDXVWLYH OLVWV RI VFLHQWLILF F
LQ WKH VHQVH WKDW WKH\ DUH YHKLFOH URXWLQJ SUREOHPV Z
KDYHWREHYLVLWHG 7KHILUVWFROXPQVJURXSV VWXGLHV DFI
&ROXPQ LVWKHUHIHUHQFHWRWKHVWXG\ &ROXPQ LV WKHQD
WKH QDPHRIWKHVROXWLRQ PHWKRG 7KHODVW FROXPQ EULHI
PHWKRGVY WR PDQDJH WKH DOWHUQDWLYH RSWLRQV

SUREOHP DUWLFOH VXE SUREOHPHWKRG WLPHWUHDWPHQW RI WKH UHVRXUFH
GHS
+HPSVFKDQG ,UQLFR'9537: /6 X JLDQW WRXU
*UDQJLHU HW DO 953&' 5& /16 630 X EUDQFK DQG FKHFN
953 JURJHU HW DO (953 1/ & SKDVH ,/% 0,3EUDQFKDQG FKHFN EHQGHUV GHFRPSRVL
ODQFLQLDQG *DQVW®BB36"/ /6116 UHSDLU ZLWK 0,3
*UDEHQVFKZHLJHU HWT80% $/16 633 ELQ SDFNLQJIRUWKHORFNHUV
% X]]HIJD DQG 1RYHO OIBQ LT : % & IORZ EDVHG PRGHO
09733 | *HQGUHDX HW DO 09733 3,& % 3
7237: | 6RXIIULDXHW DO 0& 723 07: *5./6 ERROHDQ YDULDEOH IRU HDFK SDLU RSW]|
DQG SHQDOW\LQWKHREMHFWLYHIRUWKH

7TDEOH °9HKLFOH URXWLQJ SUREOHPV ZLWK VIQFKUR



6WDWHRI WKH

SUREOHP DUWLFOH

VXE SUREOHP PHWKRGWUHDWPHQW RIWKHDOWHUQDWL

*953

95307:

7237:

733

&73

RWKHU
953

%HNWDuUHWDO *953
ORFFLD HW DO *9537:
$IVDU HW DO *953 IOH]|
<XDQ HW DO *7637:
<XDQHWDO *9537:
TULFRLUH HW DO 0X3 237:
6RXITULDXHWDO 0& 723 07:
%HOKDL]D HW DO 95307:
+RRJHERRPHWDO 95307:
TULFRLUH HW DO 0X3 237:
6RXITULDXHWDO 0& 723 07:
+XDQG/LP 7237:
*HQGUHDX HW DO 09733 3,&

%HUQDUGLQR DQG 3DIS8DE3

$OODK\DULHWDO 0'&7953
7TDNDGD HW DO P &73
9DUJDV HW DO &73

.DPPRXQHWDO P &73
5H\HV HW DO 9535"/

=KRX HW DO 0' (953 '2
6LWHNDQG :LNDUHN&9533$"
ODQFLQLDQG *DQVWB®IBG'/
*UDEHQVFKZHLJHU H V8 DT %
%X]]JHJD DQG 1RYHO OTEGLT :

7TDEOH

/16 WKHQ % &

WDERX

.16

% &
% 3 /6

916

*5,/6
+9176

$916

916
*5,/6
6% 633

% 3
*$

JUDSKRQ WKHFOXVWHUDQG
RSWLRQ

FKDQJH WKHRSWLRQ RIWKH FORYV
DOWHUQDWHEHWZHHQ WKH URXW
WRXU

H[DFW FKRLFH RI WKHRSWLRQV E
WKHRSWLRQRIWKHDGMDFHQW F

/6 RQ WKH URXWHYVY WKHQ FKRLFH
ZLQGRZ WR XVH

SHQDOL]HG WHPSRUDO LQIHDVLE]I
WHPSRUDO LQIHDVLELOLW\ ED
VODFN

G\QDPLF IRUZDUG WLPH LQWHUY
VHDUFK

SHUWXUEDWLRQV
UHVWDUWV HW SHUWXUEDWLRQV
SHUWXUEDWLRQV DQG 633

SURGXHFWOQ GRUDVVRFLDWLRQLQW

*5$63 ,/6 6$ VSHFLILFQHLJKERUKRRGV SHU

.16

$/16
916

/16
*$

IL[l RSWLPL]H
16 [/16

$/16
% &

G\QDPLFSHQDOW\ VSHFLILFQHL]J
'3

VSLWHGJLDQW WRXU YLD 6335&
SHUWXUEDWLRQV

'3 SHUWXUEDWLRQ
RSWLRQVDUHFRGHG LQWR WKH JI
KHXULVWLF FKRLFH
FXVWRPRIKDWLRQ DVVRFLDWLRQ
SKDVH KRPHRQO\ SKDVH ZLWK
YDOLGLQHTXDOLWLHYV

°9HKLFOH URXWLQJ SUREOHPV UHODWHG



3DUWLH &KDBWHULHLIKERUKRRG 6HDUFK KHXULVWLFV IRU WKH 9HKLF
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/IDUJH 1HLJKERUKRRG 6HDUFK IRU WKH 9°¢

$OJRULWEIRVHQWY WKH PDLQ VWHSYV RI WKH /DUJH 1HLJKERU
7KH PDLQ ORRS RI WKH LWHUDW MYRI S,\DR/FEIDWVR V HIQRIF @ LDQWWF U F
RSHUDWFRRP DVRWRSHUDWRUYV 7KHVDPH SURFUXNVLRXNBGBWRUL
LV UDQGRPO\ VHO HFRMHRG HUFOPMRWWW(DFK RSHUDWRU KDV D JLYH
RIEHLQJVHOHFWMW&H QRIIWKH GHVWUXFWLRQ LV UDQGRPO\ FKR
YDO] 7KH GHVWUXFWLRQ VL]HLV WKH SHUFHQWDJH RI FXVWRP
VROXWLRQ

7KH VHOHFWHG RSHUDWRUV DUH D BEQ QLA B) WURYWRIHAMRX U H Q W
FXVWRPHUVDUHUHPRYHG IURP WKH VRO XW KR H EW W WRKMHK\R D
SODFHG LQ WKH VR FDOOHG UHTXHVW EDQN 6HFRQG WKH FXVV
LQ WKH VROXWLRQ E\ WKHQUHRHDDVDH RISSWDYRWFULWHULRQ LV
ZKHWKHU WKH QHZ VROXWLRQ EHFRPHVY WKH FXUUHQW VROXWL
WDQFH FULWHULRQ DQG WKH SHQDOL]DWLRQ WKH FXVWRPHUV

7KH953'2 KDVWZR OH[LFRJUDSKLF REMHFWLYHYV WR PLQLEF

WR PLQLPL]JH WKHURXWLQJFRVWYV GHE¥FUULEHIGBBONWHRREMH
DQG3LVLQDH$OJRULWKRQWZLFH ZLWKKDOIRIWKHWLPHEXGJF}
WKHILUVW SKDVH WKHQXPEHURIYHKLFOHVLVGHFUHDVHG E\ U
WLRQHDFKWLPHDIHDVLEOHVROXWLRQLVIRXQG WKHFXVWRP
WKHVHFRQG SKDVH WKHURXWLQJFRVWVDUHPLQLPL]HG XVLQ
LQDIHDVLEOH VROXWLRQ REWDLQHG GXULQJ WKH ILUVW SKDV
QRWFKDQIJHEHWZHHQ WKH WZR SKDVHYV

SXLQRSHUDWRUYV

5XLQ RSHUDWRUV XVH GLIIHUHQW UXOHV WR UHPRYH FXVWRF
FXVWRPHUV DUH SODFHG LQ WKH UHTXHVW EDQN RI WKH VROXW
‘H GLYLGH UXLQ RSHUDWRUYV IURP W K® RCADADHW)DLYDRRISHLUDMAR WA
ODUJH UXLQ ROREDWRXYQ RSHUDWRU GHOHWHV FXVWRPHUV VI
GHOHWHG LWLV OLNHO\WKDW WKHVROXWLRQ ZLOOEHLPSURY
UXLQ RSHUDWRU UHTXLUHV WKDW PRUH FXVWRPHUV EH GHOHW
IHZ FXVWRPHUV DUH UHPRYHG LWLV OLNHO\WKDW WKH\ZLOO E
,QWKHOLWHUDWXUH ODUJHUXLQ RSHUDWRUV DUH W\SLFDO



/IDUJH 1HLJKERUKRRG 6HDUFK IF

$OJRULWKeR

s LQLWLDO VROXWLRQ

ZKLOKHWLPHEXGIJHWRY QRW UHDFKHG

s s

UDQGRPO\VHOHFW D'HFUHDWH RSHUDWRU
UDQGRPO\VHOHFWDR UXLQRSHUDWRU
UDQGRPO\VHOHFW D2GHVWUXFWLRQ VL]H
s (%)

LLPHHWY WKHDFFHSWMBQFH FULWHULRQ
s

HQG LI

HQG ZKLOH

UHWXMKMH EHVW IHDVLEOH VROXWLRQ IRXQG

WKH ORFDO UXLQ RSHUDWRUV DUH IURP SDSHUV IDYRULQJ V
VL]H EXW D ODUJHU QXPEHU RILWHUDWLRQV

,Q WKHIROORZLQJ RSHUBWRUNVKHGR QM VIHHEHEIMWNHG G XU L
VWXG\SUHVHQWH G2LOQVBKIIF WRRQ UDU\ WKH GLVFDU&HG RQH"

/IRFDOUXLQ RSHUDWRUYV

7TKHORFDOUXLQ RSHUDWRUV LPSOHPHQWHG IURP WKH OL

>6@aLVWDQFH UHODBbRSNAHUHPRIDWHE. QUHPRYHYV FXVWRPHUV W
WR HDFK RWKHU ZLWK UHVSHFW WR WKH (XFOLGHDQ GLV)

>@lRGH QHLJKERUKRFPGE UHRPRNOOHPRYHY FXVWRPHUV WKD
HDFK RWKHU ZLWK UHVSHFW WR WKHLQILQLW\QRUP

~>@3UR[LPLW\ BUPARFBR@YW *DIJQRQHPREBY FXVWRPHUV WKDYV
IURPDVSDWLDODQGD WHPSRUDO SRLQW RIYLHZ DFFRU
DQ HIWHQVLRQ RI 6KDZUHPRYDO

>6@6SOLW 6WUIKKUUNWRDYDBIQV DQG 9D QUHPROHV YKIH XHQFH \
WRPHUV LQ WKHURXWHV RI WKHFXUUHQW VROXWLRQ H
PLGGOH

/IDUJHUXLQ RSHUDWRUV

7TKHODUJHUXLQ RSHUDWRUV LPSOHPHQWHG IURP WKH OL!
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>e@DQGRP UMFRRBYWIHOD QG 3LVE QUIPIQQGRPO\UHPRYHV FXVWRPHUV

>>@eHPDQG UHODWHBIUWHRWYDOWHPRYHYV FXVWRPHUV WKDW KDY
VLPLODU VL]H

>e@ LPH UHODWRHBGW.HKHRRYIDD G SRISIPRYHYVY FXVWRPHUV WKDW D
DWDSSUR[LPDWHO\WKH VDPH WLPH

>6@RQH UHPHRKNIDLDOHW DOUDQGRPO\ UHPRYHVY FXVWRPHUV LQWEF
UHFWDQJXODU ]JRQHYV

>6@ OXVWHU BJIHPIRYIHW DQG S5RIFHAPHRYHYV FXVWRPHUV WKDW DUH
VDPH URXWHLQ WKHFXUUHQW VROXWLRQ $URXWHLV UDQ
ULWKPLVUXQRQWKHDUFV RIWKLVURXWHXQWLO WZR FOX\
WKHP UDQGRPO\FKRVHQ DUHUHPRYHG

>se RXWH UHPRDW® DQG % UUMPRYHV DOO WKH FXVWRPHUV RI I

>@LVWDQFH ZRUYRSWHPR® AL VL QMWHUDWLYHO\ UHPRYHV WK
ZLWK WKH KLIJIKHVW LQGLYLGXDO VHUYLFH FRVW 7KHLQGLY
FRVWRIWKHDUFV WKDW HQWHU DQG HI[LW WKH ORFDWLRQ Z
FXUUHQW VROXWLRQ PLQXV WKHFRVWRIJRLQJGLUHFWO\ |
WR WKHQH[WRQH ,ILWLVDVKDUHG ORFDWLRQ WKLV FRVYV
VHUYHG DW WKLV ORFDWLRQ RQ WKH VDPH URXWH

>>@/LPH ZRUVW'BHRRBRYDVWMDOUHPRYHV WKH FXVWRPHUV WKDW F
WLPH ORVYV

>@lHLJIKERUKRRGIBHBRIYWDDOILUVW WKH FRVW RI HDFK URXWH
QXPEHURI FXVWRPHUV VHUYHG E\ WKLV URXWHLV FRPSXWH
VHTXHQWLDOO\ E\GHFUHDVLQJ RUGHU RI WKH GLITHUHQFH
DOGWKHDYHUDJH VHUYLFH FRVW RIWKHLU URXWH

>>@lRGH SDLU KLVVBRVYULQBHPRDOQG 5PFPHRUL]HV WKH FRVW RI W
VROXWLRQ WKDW XVHVHDFKDUF 7KHRSHUDWRU UHPRYHV \
WKHODUJHVW VFRUH

>6@@ LVWRULFDO NQRZOHKBRBHWHRW B OMRRWRIOVWRU\UHPRYDO PF
WKHORZHVWLQGLYLGXDO VHUYLFHFRVW RIHDFKFXVWRPH
ZLWK WKHODUJHVW GLITHUHQFH EHWZHHQ WKHLU FXUUHQW
LQGLYLGXDO VHUYLFHFRVW ,WFDQEHVHHDVDKLVWRU\ E
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SXLQ RSHUDWRUV IRU WKH 9537: FDQ EHDGDSWHG WR WK
RU FXVWRPHU EDVHG $Q RSWLRQ EDVHG RSHUDWRU RQO\ \
UHQWO\ YLVLWHG WR VHUYH WKH FXVWRPHUV $ FXVWRPHU
FRXQW /HW XV GHVFULGEH\WQDH)PH SJCIHDZMWAGE. ¥ W/PDRIYWIHOE HW Z
FXVWRRARHWWIORFH RSWLRQ ELDVMXUHHIONVWH® BHERWMY®HQ W
FXUUHQWO\ YLVLWHG WR VHUYH W K& MAWXY MRPXVUW RPE W KK
UHPRYWOLV WKHPLQLPDO GLVWDQFHEHWZHHQDQ\WZR RSW
WKHRSWLRQ EDVHG YHUVLRQ ZLOO UHPRYH FXVWRPHUV WK
WKHFXVWRPHU EDVHG RQHZLOO GHOHWH FXVWRPHUYV WKD)\

953'2 VSHFLILFUXLQ RSHUDWRUYV
7TKHQHZUXLQ RSHUDWRUV VSHFLILFDOO\GHYHORSHG IRU

>@3UHIHUHQFH RULHQW H DB Q®RB®RP/HORHEYADWOF XVWRPHUV D
SUREDELOLW\EDVHGRQWKHSUHIHUHQFHOHYHO RIWKH
SUREDELOLW\RIGHOHWLQJD VHOHFWH®FX#WRPHU FXL
'KHQ WKHUHDUHWKUHH SUHIHUHQFH OHYHOV WKH SURE
DQRSWLRQRIOHYHO DQG LV DQG UHVSHF

sed'/ RULHQWHG UDQGRIPUMHIGP RO HU\ /RFDWLRQ RULHQW
UDQGRPO\ VHOHFWY FXVWRPHUV LQ WKH VROXWLRQ ,I
LQGLYLGXDO ORFDWLRQ WKH SUREDEWEHWYRVEHL QR>XGH
DUHGHOLYHUHG DW D VKDUHG ORFDWLRQ WKH\DUH DOZ

>>@5DQGRP 6'/f UHPROGRPO\ VHOHFWYVY D VKDUHG GHOLYHU\ (
FXVWRPHUV GHOLYHUHG DW WKLV ORFDWLRQ

>@6'/ UHODWHGWHPHRAWDYWD VKDUHG GHOLYHU\ORFDWLRQ D
WKDW KDYHDQRSWLRQ DW WKLV ORFDWLRQ

>>@6'/ ZRUVW UBPRWWDQFH ZRUWVMIBHWPRKRKY BEWRXU FRVW LV |
DOO WKH FXVWRPHUY VHUYHG DW WKH VKDUHG GHOLYHL
E\WKHQXPEHU RIFXVWRPHUV VHUYHG DW WKLV ORFDWL

$O0 WKHVH DG KRFUXLQ RSHUDWRUV DUH ODUGBH UMD® W Hli&L
UHPRYWXMH\DUHDOO RSWLRQ EDVHG
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SHFUHDWH RSHUDWRUYV

ORVW UHFUHDWH RSHUDWRUV IROORZ WKH EHVW LQVHUWLRQ
DW WKH SRVLWLRQ WKDW PLQLPL]HVY WKH LQFUHDVH RI URXWLC
FXVWRPO WRXAHWU\ WR LQVHUW DOO FXVWRPHUIRSQQRQV LQ I
IHDVLEOHLQVHUWLRQV DUH SHUIRUPHG E\WKHDOJRULWKP +H
FDSDFLW\FRQVWUDLQWY WLPHZLQGRZV VKDUHG ORFDWLRQF
RQO\IRUPRILQIHDVLELOLW\FRQVLGHUHGLQ /16 LV WKH IDFW W
WKHUHTXHVW EDQN FDQ EH QRQ HPSW\

7KHRUZDUG WLBEHEWOODFRYWURKDOO URXWHYV DUH VWRUHG LQ R
LQVHUWLRQV LQ FRQVWDQW WLPH ZLWK UHVSHFW WR WLPH ZL¢
DQG RI HDFK SUHIHUHQFH OHYHO LV VWRUHG +HQFH WHVWLQJ
VIQFKURQL]JHG UHVRXUFHV LV GRQHLQ FRQVWDQW WLPH :KHQ
WLPH VODFNV Rl WKH FRUUHVSRQGLQJ URXWH DUH XSGDWHG L ¢
WKHURXWH 7KH XSGDWHRIFDSDFLW\XVDJHLVY GRQHLQ FRQVYV

SHFUHDWH RSHUDWRUV IURP WKHOLWHUDWXUH

7KH /16 UHFUHDWH RSHUDWRUV IURP WKH OLWHUDMWX\UH FDQC
KHXULV®E& RWKHUV ORVW RI WKH WUDGLWLRQDO /16 UHSDLU |
RI WKH LQVHUWLRQ FRVW RI HDFK FXVWRPHU LQ WKH UHTXHVYV
7\SLFDOO\ WKH LQVHUWLRQ RI HDFK FXVWRPHU LQ WKH UHTX
RQFH DW WKH EHJLQQLQJ $IWHU HDFK PRGLILFDWLRQ WKH LC
WKH PRGLILHG URXWH LV WKHQ UH HYDOXDWHGKQLWWHDUB QW F
DQG 9DQGHQ %HNMNYKIFH[FOXVLYHO\ OLVW KHXULVWLFV )RU HDF
ILUVW VHOHFW D FXVWRPHU LQ WKHUHTXHVWEDQNDFFRUGLQJ
LOVHUWLRQ FRVW RI WKH VHOHFWHG FXVWRPHU LQ WKH VROX\
RIWHQ PRUHQDLYHEXWIDVWHUDQG HDVLHU WR LPSOHPHQW

7TKHOLVW KHXULVWLFV LPSOHPHQWHG IURP WKH OLWHUDW XU

s6DQGRP RUGHU ERXWILOWHDMQRDYG 9D QGH Y BhOIW LRI O\ LQV
WKHFXVWRPHUV LQ WKHUHTXHVW EDQN DW WKHLU EHVW LQ

>@2O0OGHVW ILUVW BHKWAUVLWNVBHON. RQE 9D QBGHTXHRWILKD-OO\ LQV
WKH  FXVWRPHUV LQ WKHUHTXHVW EDQNDW WKHLU EHVW LC
RI WKHQXPEHURILWHUDWLRQV VLQFH WKHODVW WLPH WKH
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s6@DUJHVW ILUVW BRHMM LY VBHQN. RQG 9D Q\GHHTOX % 8 W.LKDHD O\ |
WKH FXVWRPHUV LQ WKH UHTXHVW EDQN DW WKHLU EHVYV
RIWKHLU GHPDQG

>@ DUWKHVW ILUVWEKHYWWORNHQWDQ QYD Q\WGHIX 4@ WILIOH O\ L
WKH FXVWRPHUV LQ WKHUHTXHVWEDQNDW WKHLU EHVYV
RIGLVWDQFH WR WKH GHSRW

> @& ORVHVW ILUVW &EKHYIW WQ D H QW LDRYEEVI D QWGHHTX % 8 WILKHD O\ |
WKH FEXVWRPHUV LQ WKH UHTXHVW EDQN DW WKHLU EHV
WKHLU GLVWDQFH WR WKH GHSRW

/TKHRWKHURSHUDWRUVLPSOHPHQWHG IURP WKH OLWHUD

>>@%HVW WHPSRUMPLQWMWUDNMOLRYHMUWY WKHFXVWRPHUV VR
LVPLQLPDO 7KHORVV RIWLPHLV GHILQHG DV WKH ZDLW
ZDLWLQJWLPHDWWKHQH[WRSWLRQRQWKHURXWH &X\
RUGHURUE\GHFUHDVLQJRUGHU RIGHPDQG UHVSHFWL

>@*UHHG\ EHVWSRBWNHIMMWQR QL VDR QMAMWUDWLYHO\FRPSXWHYV )
VHUWLRQIRUHDFKFXVWRPHUDQGLQVHUWY WKH FXVWR

6 UHBRBWHDQG 3LV QIHHWWUDWLYHO\FRPSXWHV WKH EHV
URXWHIRUHDFKFXVWRPHUDQGLQVHUWY WKHRQH WKD)
LQVHUWLRQ BRVWURXOVAIHYWVEHVW LQVHUWLRQ FRVWYV

>SedMHFWLRQMHDWBWW QG %UILYNMAVW DOO WKHFXVWRPHUYV LG
SODFHGLQD),)2VWUXFWXUH 7KHFXVWRPHUVIURP WKL
E\DOORZLQJVRPHFXVWRPHUVIURP WKHVROXWLRQ WR |
&XUWRLYV HWEKBG SURFHGXUHLV KHXULVWLFDOO\VSHG XS
PRVWWZR FXVWRPHUVFDQEHUHPRYHGIURP WKH VROXV
DQLQFUHDVLQJ QXPEHU RIUHPRYHG FXVWRPHUV I D IH
ZLWKPRUHUHPRYDOV ZLOO QRWEHWHVWHG 7KLUG ZKlI
D FXVWRPHU WKHLQVHUWLRQ WKDW UHPRYHV WKH FXV
7TKHVFRUHRIDFXVWRPHULV WKHQXPEHURIWLPHYV ZKHL
WKLV FXVWRPHU G X ULNHE PHVOICRWLKHD DB RW KIHRQ XPEHU R L
HMHFWLRQWHDBKKDOO LVOLPLWHG WRILYH WLPHV WK

953'2VSHFLILFUHFUHDWH RSHUDWRUYV

7TKHRSHUDWRUV VSHFLILFDOO\GHYHORSHG IRUWKH 953'Z
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>e@UHIHUUHG EHWWLL\QR/SHIHHWOLRRU LV DQ DGDSWLRQRIWKHFOD)\
7TKHRQO\GLIITHUHQFHLVWKDWWKHLQVHUWLRQFRVWVDUH I
FRVWRIDOOLQVHUWLRQ SRVLWLRQVZLWKDOOGHOLYHU\R
FRVWY DUH OH[LFRJUDSKLFDOO\ VRUWH @, EL BRY VDL@GE WIKJ
LOQVHUWLRQ FRVWV VHFRQG

>@3UHIHUHQ AMKUHEMWW LQVHUWLRQLVFRPSXWHGIRUHDFK F X\
OHYHC{J EHWKH FRVW RI WKH EHVW £ QW K W LARSIMALIRDQ FRIVONHRYFH

1 .
ORZHUSMHH—IHUHQ‘FHRU—H]BHIV\DL@V\(G‘PPW &EXVWRPHUV DUHDOZI
p=1
LOQVHUWHG DW WKHLU FKHDSHVW SRVLWLRQDQG WKH FXVWF

>@lRUPDOL]J]HG EHWWH QRHPWORMHG LQVHUWLRQ FRVW RID FXV
LVWKHFRVWRIWKHLQVHUWLRQ GLYLEBHBEO W KIG EMHSDNL QN
WLIRQMHHG\ EHVWKQWHDUWHMIO QRUPDOL]JHGLQVHUWLRQ FFR
SRVVLELOLW\N\IRUHDFK FXVWRPHUDQG VHOHFW WKHILUVW

s66'/ UHJWBHKWUHG '"HOLYHU\ /REFDWLRQ UHJUHW FXVWRPHUYV |
LQVHUWLRQLQ QRQ LQFUHDVLQJRUGHU RIUHJUHW ,Q WKL
GLIIHUHQFH EHWZHHQ WKH LQVHUWLRQ FRVW ZKHQ DOO RS\
ZKHQ RQO\LQGLYLGXDO ORFDWLRQV DUH DXWKRUL]JHG )RL
VROXWLRQUHSUHVHNQWHGQQWDIXFHDEXQWRPHIH DQG DU
QRW VHUYHG %RWKFDQEHGHOLYHUHG DW ORFNHU,, OLNF
FDSDFLW\RIWZR DMNUERWXWPXVWRPHUV DQG WKHFKHDS
WKLV ORFNHU ZLWK D BRGWHRIR Z)WIHIHWMHD SHVW LQVHUWLR(
DQG ZLWKRXWFRQVLGHULQJVKDUHG ORFDWLRQV +HQFH
WKDQ WKDW RI FXVWR P& U UH QWD W ADF WV WRPHU  1LU\
KLP KHULQ WKH ORFNHU

2SHUDWRU VHOHFWLRQ

$V GHVFULEHG LQD/EWIDRQXPEHU RI RSHUDWRUYV KDYH EHHC
%HFDXVHLWGRHV QRW VHHP XVHIXO WR NHHS WKHP DOO ZH VH
IHZHU RSHUDWRUV ,Q WKERQYHBWDR QY VAHEGCHMW RHWXLQ RSHUDYV
VXEVHW RIUHFUHDWH RSHUDWRUYV

$ VWDWLVWLFDO VWXG\ZDV SHUIRUPHG WR FKRRVH D FRQILJ:
WKH UHFUHDWHRSHUDWRUV WKDWZHUHLPSOHPHQWHG 7HVW
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J)LIXUH °,QVHUWLRQ RIWKHEURZQ FXVWRPHU

UDQGRPO\JHQHUDWHG 953'2LQVWDQFHYVY 7RGHWHUPLQH ZK
GLITHUHQW IURRD®R VRIQHS.D WKBAPR{R/MHY V'V XVHG ZLWK D WKU'
5% 7KLVWHVWFRPSDUHVWZRSRSXODWLRQVRIUHVXOWYV ,Q
WZR FRQILIXUDWLRQVRQHDFKLQVWDQFHRIDVHWRIO953'2 1
IURPN*W]OH1RWHWKDW WKHDXWRPDWLF F/RQH]JXE]i b IHRMQDX

ZDVDOVR XVHG EXWLWGLG QRW FRQYHUJHDIWHU VHYF
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JLIXUH °,QVHUWLRQ RI WKH SXUSOH FXVWRPHU ZI

/IHW XV GHILQH D FODVV RIRSHUDWRUV DV D JURXS RIRSHUDV
WKH UXLQ RSHUDWRUV WDH GRE LUWHBEMHORD W® DRI WWRW DIV R Y D O V
DQCLVWRU\ UHPRRFOQG@WKH UHFUHDWH R SH UDW RWK/HWWUHR M3 Q EW L
EHVW LQVHUWUR QUKHX K HDWQWAU AW WHNR DKMWIOFWAXVVLILFDWLRQ LV G
7TDEOHINQG

7KLV VWDWLVWLFDO VWXG\LVGHFRPSRVHGLQWZR SKDVHYV
RSHUDWRUYV DVWXG\RIWKHLPSDFW RIHDFKLQGLYLGXDO R

7TRVWXG\FODVVHVRIRSHUDWRUV WKHUHIHUHQFHFRQILJXU
WKHRSHUDWRUV DQGDPLQLPDO FRQILIXUDWLRQ ZLWK DV IHZ
RIHDFK FODVVDUH UHPRYHG IURP WKH IXOO FRQILIJXUDWLRQ D
$00 WKHVH 2VXE FRQILIJXUDWLRQV3 ZHUH WHVWHG RQ DOO LQV
ILUVW SKDVH GHWHUPLQHYVY ZKHWKHU WKH FRQVLGHUHG RSHUD
WKHIXOO FRQILIJIXUDWLRQ DQG ZKHWKHU WKH\LPSURYH WKH U

%DVHG RQ WKH SUHYLRXV UHVXOWYV ZH EXLOGDQLQWHUPHG
WKLV FRQILIXUDWLRQ DUHFKDQJHG RQHE\RQH ,IDJLYHQ RSH
RWKHUZLVHLWLVDGGHG WRWKHFRQILIXUDWLRQ $0OO0 WKHVHII
WKHLQWHUPHGLDWHFRQILIXUDWLRQ ,WGHWHUPLQHV LI WKH
UHVXOWYV RULILWLVUHGXQGDQW ZLWK XVHG RSHUDWRUYV

7TKHUHVXOWV RIWKHRSHUDWRUD QG RSKRPMRUYN®DQ NBEQH
DUHFRQVLGHUHG HVVHQWLDOL 2RWOD WHRSUMP/AUNKIKEG ZHWXO WYV -
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ZLWKUH XVHOHVV RUUHGXQGDQW ZLWK DOUHDG\ NHSW RSHI
WKHUHVXOWY 7KHVHOHFWHGBQRGHUDWRUY DUH WKRVH UDW

2SWLRQ EDVHG RSHUDWRWWRPHU EDVHG RSHUDWR
5spQGRp - HUHQFH RULHQWHE UDQGERP UHPRYDO

UHPRY[EJ%Y}GRP 6'/ UHPRYDO

GLVWDQFH UHODWHG RGIWMROU-HHP RN O D
SHODWRGEGGH OQOHLIJKERUKRRG URBRY.DHD
UHPRYMNOWH UHODWHG RSWLRQLWPHPRNOD
VSOLW VWULQJUHPRSD®[LPLW\FXVWRPHU UHPR
FOXVWHU UHPRYDO GHPDQG UHODWHG UHPRYD
6'/ UHODWHG UHPRYDO

GLVWDQFH ZRUVW UHPRYDO
‘RUVW WLPH ZRUVW UHPRYDO
UHPRYMOGNVIJKERUKRRG UHPRYDO

6'/ZRUVW UHPRYDO

+LVWRWRGH SDLU KLVWRU\ UHKPLIRVMMDROULFDO NQRZOHGJH Q
UHPRYDOV

7TDEOH °2YHUYLHZ RIFRQILIXUDWLRQ H[SHULPHQV

$FFHSWDQFH &ULWHULRQ

,Q OLRH$OJRULWKH DFFHSWDQFH FULWHULRQ GHWHUPLQF
VROXWLRQ VKRXOG EHDFFHSWHG DV WKH FXUUHQW VROXWL

5RSNHDQG 3LVE ®YHE WKHOHWURSROLV FULWHULRQIURP
SDWULFN HW7ROGHDO ZLWK SDUWLDO VROXWLR Q\3LB PQRIGILU L
DQG 5RSNH 7KH PRGLILHG FRVW BHOXOMHR@WKH XQVHUYHG
IDFWRQ WKLV BRUVPWXB UHTXHVW EDQN RebaVIK\H LA U R & W MR
GHVFULEHBLY WKH VHW RI FXVWRPHUYV

!
_%_

PRGLILHG FRVW + :

6DQWLQL HWFBRQGXFWHG D FRPSUHKHQVLYH VWXG\ RQ WK
/116 PHWDKHXULVWLF ,QWKHLUFRQFOXVLRQDERXW WKH &9°¢
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9537: RSHUDWRUV953'2 RSHUDWRUYV
UDQGRP RUGHU EHVW LQVHUWLROQ
ROGHVW ILUVW EHég% Veii/l_l'jﬁg %

JLVW KHXULVWAEVIHVW [LUVW E Fg|Q_DQ Fel’_E gWLQVHUWLR

IDUWKHVW ILUVW EHVW LQVHUWLRQ
FORVHVWILUVWEHVW LQVHUWLRQ

7LPHEHVW LQWHRMWERQW LOVHUWLRQ

JUHHG\EHVW LQVHUWLRQ
UHJUHW
UHJUHW SUHIHUHQFH UHJUHW
UHJUHW

(MHFWLRQ VHEUFK

SHIJUHWYV

7TDEOH °2YHUYLHZ RIFRQILIXUDWLRQ H[SHULPHQWYV IR

FULWHULRNY) LWK WKLV FULWHULRQ WKH VROXWLRQLV DFFH
WKIDQODUJHU WKDQ WKH PRGLILHG FRVW RI WKH EHVW NQRZQ V
GHFUHDVLQJ WKH DFFI6XWDQF W WHD®N REPBKIRY OLQHDUO\ EHV
LQLWLDO YDOXH DW WKHE WKHWLPH DQBLW LV UHDFKHG 7KH\F
YDOXHD@GGHSHQG RI WKHW\SHDQG VLIHRILQVWDQFH

2XU LPSOHPHQWDWLRQ XVHV WKH UHFRUG WR URIBRBGGULW
WXQLQJ SDUDPHWHUV DQG JHW D UHOLDEOH DFFHSWDQFH FUL\
SRVHG

2XU H[SHULPHQWV HPSLULFDOO\VKRZ WKDW /16 SHUIRUPV ZH
LV EHW% D@ T DQGAUH FKDQJHG VR DV WR PDLQWDLQ WKH UDW
LQ WKLV WDUJHW 7KH UDWLR RIDFFHSWHG VROXWLRQV LV SHU
VROXWLRQMWHYT @QMWPX VWIS OIOHGVEG LY UGHBEWKH FRQWUDU\ LI L
O D U J HIMOWTKIDVQG L Y LIGHD@®ELY PXOWUSOLHG E\

3DUDPHWHUV WXQQLQJ

,QRXU/16 WKHSUREDELOLW\RIVHOHFWLQJHDFKRSHUDWRL
, QGHHGIJNH& HW DJWHYLHZHG WKH /16 OLWHUDWXUH DQG FRQFOX
WXUH KDV DWEHVW D YHU\OLWWOH SRVLWLYHLPSDFW 7KLV |
SUHOLPLQDU\H[SHULPHQWYV
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,Q WKH SURSRVHG LPSOHPHQWDWLRQ DOO UXLQ RSHUDW
OHFWLQJHDFKUHFUHDWHRSHUDWRULVLQYHUVHO\SURSRL
&KULVWLDHQV DQG 9D GERG RMHUWKRHSHUIRUP D KXJH QXPEHU
HUDWLRQVLQ /16 LQRUGHU WR FRPSHQVDWH WKH ODFN RI O
WKLV IXQFWLRQDOLW\DVDVSHFLDO FDVH LID OLVWKBXU L\
WKH GHVWUXFWLRQ VL]H Z biDDGE b WRIF 6 Q WE R MZ IKIHH DX VW R P H |
UXLQ RSHUDWRU ¥ WQQ @ H WHRAEYMID \DWHIR G L YWPRYBIOUH O D W H C
UHPRYBE& SUREDELOLW\ RI HPRKpRPHUEBDARW XQHG DFFRUGLC
UHFRPPHQGDWLRQYHR I, Bi%&(] HW DO

&KULVWLDHQV DQG 9D Q G WQ RGHHENBWKGFLSOH IRU UHFUH
WRUV ,WUDQGRPO\LJQRUHVY FHUWDLQ LQVHUWLRQV ZLWK
WKH EHVW LQVHUWLRQ ,Q WKH SURSRVHG LPSOHPHQWDWLF
LFDQW LPSDFW ,W LQWURGXFHV GLYHUVLILFDWLRQ WKURX
KDV EHHQ DSSOLHG WR WKH UXLQ RSHUDWRUV IRU HDFK UH
RIVLPSO\LJQRULQJLW

7R VXPPDUL]H RQ WKH RQH KDQG WKH OLVW KHXULVWLF\
QXPEHU RI LWHUDWLRQV 2Q WKH RWKHU KDQG XVLQJ UHJL
UHGXFH WKH QXPEHU RI LW HYDWLMMND BY\REY B WDIQ®/EY % H
VPDOO GHVWUXFWLRQ DQG OLVW KHXULVWLE FDQ FRPSHQVI
QXPHURXV LWHUDWLRQV FRXSOHG ZLWK EOLQN SURYLGH D
&953 7TRGHDO ZLWK WLPH ZLQGRZV ZHREVHUYHWKDW LW LV
DQG WR WDNH VRPH WLPH WR DQWLFRSPMW B R @ VVDUDIHUW Y |
'HPLU HW DO

2XU /16 DOZD\V ZRUNV LQ WZR SKDVHV ,Q WKH ILUVW SKD'
DQG LQ WKH VHFRQG SKDVH LW PLQLPL]JHV WKH URXWLQJ FR
7KHILUVW SKDVH LV HLWKHU VWRSSHG ZKHQ KDOI RI WKH WL
IHDVLEOH VROXWLRQ ZLWK WKHJLYHQ QXPEHU RI URXWHYV K

7RFRQFOXGH WKLV VHFWLRQ ZHLQGLFDWHWKH YDOXHV |
WKH KHOS RI ,5$&(

I+

7KH SUREDELOLW\RI VHOHFWLQJ HDFK UXLQ RSHUDWRU
ELOLW\WREOLQND G30WHWLRQ SRVVLELOLW\ LV

7KH SUREDELOLW\ RI VHOHFWLQJ D UHFUHDWH RSHUDW
WLPH 7KH SUREDELOLW\RIVBQGRWRQ & & U\EWIAADHBIWHLY
EHVW LOQVBMUWKR @UREDELOLW\ RI VHOHFWLQJWKH RWK |

I+
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HMHFW L RE/VHHDIDFISA HI HUUHG EHMWELQVHUWLRQ

7KH GHVWUXFWLRQ VL]HDQG UHPRYDO RSHUDWRU VHOHFW.L
DQG WKH RWKHU UHFUHDWH RSHUDWRUYV , G 109QMQ® O WKH C
=20% RIWKHQXPEHURIFXVWRPHUV )RIOMIUHRE D\EW KW \UR N
SHUIRUPLQJD FODVVLFDO GHVWUXFW+R% SR BD DL LWUX\LR)I F
SHUIRUPLQJDVPDOO ORFDOGHVWUXF#PRDQGBI LV WR VD
10% R1 FXVWRPHUV DUH UHPRYHG DQGLY WRPEFE WHIRRWDHIGRISH
VSOLW VWULQXVHBRYPWODUJHLQVWDQFHV WKH GHVWUX
DQG FXVWRPHUV UHVSHFWLYHO\

*+ 7TKHLQLWLDO YDOXHV RI WKH UHFRUG IWRIBUHF&EYWG DFFHSWI
7KHVH YDOXHV DU#MME WXV WERIQWE\ D IDFWRU RI

I+



/116 ZLWK VPDOO GHVW

/116 ZLWK VPDOO GHVWUXFWLRQ

$IWHUPDQ\URXQGV RIWHVWYV WK E DM LPSHMNRYGME H G LVQKBLHFY
ZLOO IRFXVRQDEHWWHU RUFKHVWUDWLRQRIVPDOODQG O
LV XVEGPIH) HW D ®

7KH XWLOL]DWLRQ RI WKH /16 IUDPHZRUN SUHVHQWHG LQ
WKH LGHDV SHURIS/MH) /QIG 2IQVDQHAUU HW DOD@EULVWLDHQV
9IDQGHQ %HUJRKH PRGLILFDWLRQRIWKHIUDPHZRUN SUHVHC
IURPHPPHOPD\U HWDKH\ SURSRVHG DQ /16 KHXULVWLF IRU Wk
URXWLQJ SUREOHP ,Q WKHLU PHWKRG PRVW RI WKH LWHUTL
HFKHORQ DQG WKHILUVW HFKHORQ LV PRGLILHG RQO\ LI WK
LWHUDWLRQYV

$OJRULWKP

‘HFDQ QRZ SUHVHQW WKH VIQRSVLV RI WKH S UFPTRO/H B Q G6
/IDUJH 1IHLJKERUKRR G, QHDHIPKS ¥ALB\GW KRG XU UH QWWRIBD EWV R
IRXQG VRO XMW VRQF PR\R | WKH FXUUHQW VROXW IR WK E N RR
RIUHSDLU RSWKBWRW\W I GHVWURb RS & UDMNRKY VBIQ/GR | ORFD (
RSHUDWRUV VHH BKHFWDBDEFREBOWY WKH QXPEHU RI LWHUDYV
QHZEHVW VROXWLRQ ZDV IRXQG RUWKH ODVW ODUJH GHVW L

7KH DOJRULWKP LV L QitewW WIRO|HBIR ELYKHMW RO ORRS LV JL
WKH /LQWR ,Q HDFK LWHUDWLRQ HLWKHU D ORFDO RU ODL
GHSHQGLQJ R Qitsy KDH)GDWD KK IRQ S X W, BDL'D PWWH UWHUDWLRQ F
LQFUHDVHG WKHFXUUHQW VROXWLRQLVFRSLHGDQGDVPD

2 jorrBbWK GHVWUXRFWb&RIIMLIFHLIJRUPHGNV R QRWKHUZLVH
WKH FRe(QW B VHW WKHEHVW IRXQG VROXWLRQ LV FRSLHG
LH WKHGHVWUR\RSHUDWRD Q% WKHMHERPON Y KPW E RGO G LG L
L RobuswobiALOQHVWR  $ UHSDLU RSHUDWRU LV 2D Q G/RP®\ V H (

7KHQ WKHFRPELQDWLRQ RIS YMOISBEW HIGGE\W B WRYHR W\

7TKHQHZ VROXWLRQ EHFRPHV WKH EXUWN ®PW ZIRIQO M IERY W(
WKDQ WKHFXUUHQW RUD ODUJH GHVW WXHWNELHVWZ DR/XSHIUVY RO
EHXSGDWHG DQ@& WKHHERKQYWHBRUGLQJO\



3DUWLH &KDBWHULHLIKERUKRRG 6HDUFK KHXULVWLFV IRU WKH 9HKLF
'"HOLYHU\2SWLRQV

$OJRULVBKIFG

s LQLWLDO VROXWLRQ
iter =0
ZKLOKHHWLPHEXGIJHWRY QRW UHDFKHG
UDQGRPO\VHOHFW D'HFUHDWH RSHUDWRU
Liter<! WKHQ
s s
iter iter +1
UDQGRPO\VHOHFWD ORFD&EREKL¥LQ RSHUDWRU
UDQGRPO\VHOHFW D2G Hp6WdLFEFNLRQ VL]H
HOVH
s s
iter =0
UDQGRPO\VHOHFW R UXLQRSHUDWRU
UDQGRPO\VHOHFW D2G H Yy WdbKFWLRQ VL]H
HQG LI
O t( (%)
LAYsY <f qs) Rittr =0 WKHQ
s
HQG LI
LA(s) <f(s) DQBz=: WKHQ
S s0
iter 0
HQG LI
HQG ZKLOH
UHWXUQ

,Q PDQ\ DSSOLFDWLRQV WKH VWUHQUWKQRHU ®QBGREWRQ L\
UHSRUWYV WKDW WKHLU $/16 WDNHY  VHFRQGY RQDYHUDJH I
BRORPRQLQVWDQFHVIRUWKH9537: ZLWK FXVWRPHUV :LWKV
LQVWDQFHV 6/16 SHUIRUPV PLOOLRQLWHUDWLRQVRQDYHU|
LWHUDWLRQV ZLWK D &38 WKDW LV RQO\ 3WVNADUNVSRIW 3B UK

ILNH 6,65 6ODFN ,QGXFWLRQ E\ 6 WUL&HK WHRARLIDHODQN BOPRBSK
GHQ %HUJKH/16 SHUIRUP D WUHPHQGRXV QXPEHU RIIDVW LWH!
WKHVROXWLRQV %XWH[SHULPHQWY VKRZHG WKDW 6,65 ODFN\
953'2 2Q WKH FRQWUDU\ WKH SUHYLRXVO\ SUHVHQWHG /16 LV L
WLRQ VLPLODUO\SREMWKBQ@GL8LR/ID QBWNHW VXFK FRQILIXUDWLRQ
VLIQLILFDQWO\VXIIHUIURP LQFUHDVHLQ VLIHRILQVWDQFHYV



/116 ZLWK VPDOO GHVW

$OJRULYWKHY ERWK WKHLQWHQVLILFDWLRQ FDSDELOLWLH
$OJRULWKRV 6/16LVERWKHIILFLHQW DQG DEOHWR UHDFK |
WREHFRPSHWLWLYHRQ ODUJH953'2LQVWDQFHV DV ZH ZLO!

3DUDPHWHUV WXQQLQJ

,Q6/16 WKHDFFHSWDQFHFULWHUKXR® N\DD & &EHKNZEHRUKXG D F
D FRQVWDQW WOH P 8 WKBIVDHEZHVRIOXWLRQ LPSURYHV WKH FXU
DGGLWLRQ VROXWLRQV SURGXFHG E\ D ODUJH GHVWUXFWL
VROXWLRQV ZLWK QRQ HPSW\ UHTXHVW EDQN ZH VWLOO FRI

‘HVHW D FRQVWDQW S+ D QLDXDMRERID FWR U

6/16 XVHWKHVDPHRSHUDWRUV DV /16 ZLWK WKH VDPHFRQ
ORUHRYHU ZHVHW WKH VL]H RI WKHyY¥HoR i3 4B BN UDNGW LR Q L
DQG WKH VL]H RI WKH ODUJHoGik ¥ M 40 AW 0B . QW H IOYDG AV IRQ
VWDQFHV WKHGHVWUXFWLRQVL]JHVDUHOLPLWHG WR DQC
EHURILWHUDWLRQV EHWZHHQ WZRj®|®U J R \G H VPSS OHWLRQV |
LWHUDWLRQV ZLWK FXVWRPHUV DQG ZLWK  FXVWRP



3DUWLH &KDBWHULHLIKERUKRRG 6HDUFK KHXULVWLFV IRU WKH 9HKLF
'"HOLYHU\2SWLRQV

([SHULPHQWYVY RQ /16

,Q WKLV VHFWLRQ ZHFRPSDUH WKH WZR SURSRVHG VROXWLF
PDUNLQVWDQFHVDQGRQ WKHQHZO\JHQHUDWHG 953'2 LQVWD{(

7KHPHWKRGVDUHFRGHGLQ& DQGLVFRPSLOHG ZLWK J
LQVWDQFHV ZHUH SHUIRUPHG XVLQJ/LQX[ 8EXQWX 176 UXQ

*+] ([SHULPHQWVY RQ WKH 9537: LQVWDQFHYV ZHUH SHUIRUPH
/76 UXQQLQJRQDQ,QWHO ;HRQ *ROG # * 4]

SHVXOWVY RQWKH YHKLFOHURXWLQJSUREOHP Z

7KH /16 $0OJRUDQEM/16 $OJRUMWHPYDOXDWHG RQ EHQFK
VWDQFHV RI WKH 95376 ROIRPRRVEGQGEHVURVLFHUMRPHUV DQG
*HKULQJ DQG +RPEHUJHYG FXVWRPHUV ,QVWDQFHV RI W\SH
RIUDQGRPO\ORFDWHG FXVWRPHUV ,QVWDQFHV RI W\SH & DUH
VWDQFHV RIW\SH5& DUHD PL[RIUDQGRPDQG FOXVWHUHG FXVV
WZRJURXSV LQ ZKLFK URXWHV YLVLW D IHZ EXVWRPHUVDQG PD

7DEOHYVY DQG SUHVHQW WKH UHVXOWYV IRULQVWDQFHV ZLWK
UHVSHFWLYHO\ ,QHDFKWDEOH WKHUHVXOWVIRXQGE\/16DQG
E\WKH $/B&RLQJHUDQG 5RG@G H\ WKH VWDWH RIWKHDUW +\EULG
ZLWK $GDSWLYH'LYHUVLW)\ 0D QLDGB® HWD BKI8 SRURPHWHUV RI R
PHWKRGY WXQHGIRUWKH953'2 ZHUH QRW FKDQJHG IRU WKH 95
LQ $SSHIQGL]

(DFK OLQH UHSUHVHQWY WKH DYHUDJH UHVXOW IRU RQH W\S|
LQ FROXPQ &ROXPQV UHSUHVHQW WKH DYHUDJH QXPEHU RI
DQG WKH DYHUDJH FRVW RYHU DOO LQVWDQFHV RI HDFK JURX
FRQVLGHUHG &ROXPQV DQG DQG JLYHWKHVDPHLQIR
6/16 UHVSHEWLYHO\ 7KHODVW OLQHV JLYHWKH WRWDO RYHU D
DQG WKH WLPHEXGJHW DOORFDWHG WR HDFK DOJRULWKP UHV:!

JLIXUHVKRZV WKH UHODWLYH JDS LQ SHUFHQWDJH EHWZHH
WKH EHVW VROXWLRQV IRXQG E\ /16 DQG 6/16 RXW Rl UXQV |
ZLWK WKH RSWLPDO QXPEHU RI YHKLFOHV ZHUH QRW IRXQG GX|
OXWLRQVPD\KDYHDWUDYHO GLVWDQFHORZHUWKDQ WKHRSW|

7TKHVHH[SHULPHQWYV VKRZ WKDW DOWKRXJKLWKDVEHHQ WD



(ISHULPHQWYV RQ /

FRPSHWHY ZLWK VWDWH RI WKH DUWDOJRULWKPV RQLQVW

VWDQFHV 6/16 UHPDLQV IDLUO\ FORVH WR RSWLPDO VROXW.

GHWHULRUDWHY ,QGHHG LQ WKLV FKDSWHU ZH VROHO\ IRF

ROXWLRQRIDVHW SDUWLWLRQLQJ SUREOHP WR UHFRPELQ

/116 RQ WKH 9537: :H UHIHU WKH LQWHUHVWHG'XPABGHW /& V
D

$/16 +*6%$'& /16 6/16
L QVWDOWHHK ; FRVWHK ; FRVWHK ; FRVWHK ; FRVW

&
&
5
5
5&
5&

7TRWDO
7LP$

7TDEOH °"6RORPRQ9537: LQVWDQFHV ZLWK FXV

$/16 +*6$'& /16 6/16
,QVWDQMHK ; FRVWHK ; FRVWHK ; FRVWHK ; FRVW

&
&
5
5
5&
5&

7TRWDO
/LPH V

7TDEOH °+RPEHUJHU 9537: LQVWDQFHV ZLWK F>
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$/16 +*6%$'& /16 6/16
, QVWD,QHHK ; FRVWHK ; FRVWHK ;FRVWHK ;FRVW

&
&
5
5
5&
5&

7TRWDO
7LPH V

7DEOH °+RPEHUJHU 9537: LQVWDQFHV ZLWK FXVW

JLIXUH °5HODWLYH GHYLDWLRQ EHWZHHQ WKH UHVXOWYV RI
VROXWLRQ RQYDULRXV 9537: LQVWDQFHYV



(ISHULPHQWYV RQ /

SHVXOWV RQWKH YHKLFOHURXWLQJ SUREOH

953'2 LQVWDQFHV ZHUH UDQGRPO\JHQHUDWHG 7KUHH W\!
DQG 8%& )RUHDFKW\SH LQVWDQFHV ZLWK DQG F

$0O0O WKH GHOLYHU\ ORFDWLR QWX BUWTKXDQGIR P ION BHBHRUAD W
DWWKHERWWRPOHIW KDQG FRUQHU (XFOLGHDQ GLVWDQF}
WDNHV D XQLW RIWLPHWREHFURVVHG $WLPHKRUL]RQRI

 QWKHS8DQG 8%& LQVWDQFHY HDFK FXVWRPHU KDV EHW?Z
RI RSWLRQV SHUFXVWRPHU ,Q WKH9LQVWDQFH HDFK FXV
RI' RSWLRQV SHU FXVWRPHU

' QWKHS8DQG9LQVWDQFHY WKHFDSDFLWLHY DUH WLJKW
ORFNHU FDQ DFFHSW EHWZHHQ DQG SDUFHOV DQG YHKLF
DURXQG FXVWRPHUV ,QWKHB8%&LQVWDQFHV 8 ZLWK %LJ
WKDW D URXWH FDQ VHUYH DURXQG FXVWRPHUV )XUWKHU
WKHLU FDSDFLW\LV ILYHWLPHV ODUJHU

7KHWLPHZLQGRZRILQGLYLGXDO ORF [DY8G&OR QW KEHD Q | EVHHHULO
[360;720] UDQGRP LQ WK iR VR E R OBK&HH 240 D uG= a + 120
UDQGRP LQ WKH [BIH M X BDRIGEDENVE 600 D WG a +120 RU UDQGRP
LQ WKH ZKR QaHhG DX FLK BN6K® W 480 D QbG= & +240 7KH WLPH ZLQGH
RI D VKDUHG ORFDWLRQ FDQ EH HaWIKHUF KBRS BWRADQ V&K H G I
h=a+480 RU WKH I[3@20]G D\

%\ GHIDXOW DOO WKHVH WHVWYV ZH U B0%R Q08X E WH B VEZ IOMID
80% RI WKH FXVWRPHUV DUH VHUYHG Z LW K90%4KRILW KSHJ FI XY WLRHPQ
DUHVHUYHG ZLWK DQ RSWLRQ RIOHYHO RU

7KH FKDUDFWHULVWLFV RI LQVWDQFH B8 D\HDHK VUL HHVX® B
FODVYV LQVWDQFHVY ZHUH JHQHUDWHG OHDGLQJ WR D WR
DYDLODEOH XSRQ UHTXHVW

TDEOWXPPDUL]H WKH UHVXOWYV RI GLITHUHQW /16 KHXULV
DVVHV WKH SHUIRUPDQFH WKH SURSRVHG FRQILIJXUDWLRQV
XUDWLRQV RIWKHPHWDKHXULVWLF

$/16 ZH FRQILJXUHG RXU SURJUDP DV FORVH DV3RAQUHWHW
SRSNH IRU WKH 9537: :LWK RXULPSOHPHQWDWLRQ WK
EHWZHHQ WKH EHVW VROXWLRQV IRXQG RXW RIILYH UX¢
9537: LVIB1% RQ WKH 6RORPRQ LQVWDQRHYEZQWHKU D G K\L\WR
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'"HOLYHU\2SWLRQV

,QVWDQF&DSDFLW\ $YJ QXPEHU 7TLPHZLQGRZV ZLG!

W\SH RIRSWLRQV SHU ,QGLYLGXDO 6KDU
FXVWRPHUORFDWLRQV IRFDWLRQV

8 PHGLXP WR KRXUV WR KRXUV

8% & ELJ WR KRXUV WR KRXUV

9 PHGLXP WR KRXUV WR KRXUV

7TDEOH °&ODVVHV RI953'2LQVWDQFHYV

UHSRUW D GHYLDWL RQWRQW KHRGWLEPKWRQFHY ZLWK
RIWLPHEXGJIJHW

6,65ZH FRQILJXUHG RXU SURJUDP DV FORVH DV &R VY VRO B MRVW
DQGI9DQGHQ Y HBRIKWKH9537: :LWKRXULPSOHPHQWDWLRQ
GHYLDWLRQEHWZHHQ WKHEHVWVROXWLRQVIRXQG RXWRII
WKH 9537 :108RRQ WKH 6RORPRQ LQVWD QRHKWILINMMWHK D HRBRXVDNR
9DQGHQ %YHUJBER QRW UHSRUW UHVXOWYVY RQ WKH FXVWRP
D UHODWLYH GLDYLDWLRQ WR WKH RSWLB2P: R QWKK H FXV
PLOQXWHV RIWLPH EXGJIJHW

/16 ZH FRQILIJXUHG RXUPHWKRG DV GHVFULEHG LQ 6HFWLRQ
6/16ZH FRQILJXUHG RXU PHWKRGDV GHVFULEHG LQ 6HFWLRQ

(DFKOLQHUHSUHVHQWY DJURXS RILQVWDQFHV 7KH W\SH RIL
QXPEHURIGHOLYHU\ORFDWLRQVDQG WKHQXPEHU RIRSWLRQ)\
UHVSHFWLYHO\ )RUHDFKFRQILIXUDWLRQ ZHGHSLFW WKH WRW
FRVW RQ DOO WKH FRQVLGHUHG LQVWDQFHV 7KH EHVW VROXW
7TKHFRPSXWLQJWLPHLVLQGLFDWHG E\ &ROXPQ

2YHUDOO WKH 953'2 LQVWDQFHV 6/16 FOHDUO\ SURYLGHV WK
SURYHV WKH UHVX@WWRR¥/H & B&8Y 5SDE)J G WK RV H1B% / $ 616\
6,65 DQG/16 DUHDEOHWRILQGDFFHSWDEOHVROXWLRQRQLQ)
HUDJHUHODWLYH GHYLDWLR Q@84/0RBW R B:B/RWHWSIHHFQWLR IHED L 621 W
FRQWUDU\ WKHVH /16 FRQILIXUDWLRQV DUHVLJQLILFDQWO\ R>
ZLWKDDYHUDJHUHODWLYH GHY L DWW WIRQSEH/HI\HR/GXIW LR Q V
WLYHO\



$/16 6,65 /16 6/16
7\SH jNj jLj jOj YHK FRVW HK FRVW HK FRVW HK FRVW 7LPH
8
9
8% &
7RWDO
7DEOH °5HVXOWV RIGLIIHUHQW PHWKRGV RQ WKH 953'2

LQVWDQFH)

] OYd AMOHAINHSI)
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ODQDIJHULDO LQVLIKWY RQ WKH 953'2

, QWKLVVHFWLRQZHSUHVHQWPDQDJHULDOLQVLJKWV RQ WK
RSWLRQV RQ WKH URXWLQJFRVWV DQGRQ WKH  TXDOLW\RIVHU
OLVKHG®HQHW D® REWDLQHG E\ WKH VWDQGDUG /16 FRPELQHG
LQ &KDSWHU

(FRQRPLFLPSDFWRIGHOLYHU\RSWLRQV

TR TXDQWLI\WKHLPSDFW RIGHOLYHU\RSWLRQV WKH VROXW
SDUHG WR WKRVH RI WKHLU 9537: FRXQWHUSDUW 7R WUDQVIRL
LQVWDQFH ZHFRQVLGHU RQO\WKH KRPHRSWLRQ RIHDFK FXVW
DFFRXQW ,Q WKH953'2LQVWDQFHVY KRPHGHOLYHU\RSWLRQV
YLGXDO ORFDWLRQV ,Q WKHFDVH RI FXVWRPHUV WKDW RQO\ K
DGGHG DV DKRPHORFDWLRQ

7TKH WRWDO QXPEHU RI YHKLFOHVY DQG WKH URXWLQJ FRVW IF
7TDEOH

9537: 953'2

*DS 6'/
7\S HjN]j YHK FRVWYHK FRVW 6'/ ILOOUDWH

8% &

7TRWDO

7TDEOH °(FRQRPLFLPSDFWRIGHOLYHU\RSWLRC

(DFK OLQH UHSUHVHQWY WKHDYHUDJH UHVXOWV RYHU WKH
XPQLQGLFDWHY WKH W\SHRILQVWDQFHDQG WKHVHFRQG FRO
DQG LQGLFDWH WKHWRWDO QXPEHU RI YHKLFOHV DQG WKH V;



ODQDJHULDO LQVLIKWYV RQ

WKHJURXS ZKHQ RQO\KRPH GHOLYHU\LVFRQVLGHUHG &RO
YHKLFOHV DQG WKH WRWDO URXWLQJFRVW RYHU WKH LQVW
HUHG &ROXPQ LV WKHUHODWLYHVDYLQJVRQ WKH URXWLC
&RQVLGHULQJ GHOLYHU\ RSW LR Q2% HDG D WHRJ D FR \J WUIMIGHKU
WKH 8%& LQVWDQFHY ZLWK ODUJH ORFNHUV WKH VDYLQJV |
UHGXFHG EHFDXVHLWLY GHWHUPLQHG E\WKHELQGLQJ YHI

7KHXVHRI6'/VLVGHWDLOHGLQWKHODVWWZRFROXPQV :
GHOLYHUHGDW 6'/VDQG WKHDYHUDJHILOO UDWHRI6'/V UH
YDOXHRIWKHJDSLQ FROXPQ LVUHODWHG WR WKH XVH RI \
ODUJHU SDUW RI FXVWRPHUV DUHGHOLYHUHGDW 6'/V LQ 8%
FROXPQ VKRZV WKDW 6'/V DUH QRW VDWXUDWHG 7KLV VXJJ
SOD\D QRQ QHJOLJLEOH UROHLQ WKH JDSEHWZHHQ WKH 95¢

$GGLWLRQDOO\ ORRNLQJ DW WKH DFWXDO VHUYLFH OHY
REVHUYH WKDW WKH SHUFHQWDJH RI FXVWRPHUV VHUYHG Z
YHU\ FORVH WR WKH WKUHVKROGYV RI DQG 7KH VHUYLF
RIWHQ ELQGLQJ

'"HOLYHU\RSWLRQVDUH FRPSDWLEOH ZLWK WLJKW WLPH ZLC

‘H SHUIRUPHG D VHQVLWLYLW\ DQDO\VLV E\ PRGLI\LQJ WK
ZLQGRZV &RQVLGHUL[@:hPDW.PRIZRMYGRIH PRGLILHG WLPH Z|
VWLOO FH Q &M b)HGEXW WWRH L GWK LV U HG/XVAHREZ B\ IDQY DAEWPRAD L

" #
a+h b & a+h b a
@i t]= = 2 2 T2
7KH VDPH H[SHULPHQW¥YHUHLIRTDEOHNVHG ZLWK WKHVH WL
JLIXUHUHSUHVHQWV WKHURXWLQJFRVWVRIWKHVROXWLRQ
EOXHOLQH UHVSHFWLYHO\ ZKHQ WKH ZLGWK RIWLPH ZLQ
7KH[ D[LVUHSUHVHQW WKH ZLGWK RIWLPH ZLQGRZV DQG
WLPH ZLQGRZV ZLGWK ZDV VHWREL QS SUREG 1 ® HTRWRUR Q
OHDGLQJWR WLPH ZLQGRZ ZLGWK EHWZHHQ DQG PLQXMW
LQIHDVLEOH ZKHQ WKH WLPH ZLQGRZV DUH WRR WLJKW 7KX
LQ WKLV ILJXUH 7KH PDLQ FRQFOXVLRQ RI WKLV ILIJXUH LV V
953'2 LQFUHDVH ZKHQ WLPH ZLQGRZV DUHWLJKWHQHG EXW
WKH 953'2 6LPLODU PDQDJHULDO LQWXJKWY RPBGH. BONR WBIQ
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JLIXUH ° ,PSDFWRIWLPHZLQGRZVRQWKHIOHHW

'LWK ODUJHWLPH ZLQGRZV HDFKURXWHFDQ GHOLYHU PDQ\ |
WKHFDSDFLW\RIWUXFN 7KLVLVWKHVROXWLRQVRIERWK WKH
'LWKYHU\WLIJKWWLPHZLQGRZ WKHQXPEHURIYHKLFOHV QHHG
ZKLOH LW LQFUHDVHV IURP WR IRU WKH 953'2 7KH PDLQ FI
GHOLYHU\RSWLRQVDQGG6'/VPDNHVLWSRVVLEOHWRVHUYHFX
ZLWK YHU\ QDUURZ WLPH ZLQGRZV DW WKH FRVW RI PLQRU LQ
UHDVRQDEOH FRVWLQFUHDVH

7TR LOOXVWUDWH WKLV SURSHUW\ OHW XV FRQVLGHU LQVWD
WUXFNV DQG PDQ\VPDOO ORFNHUV :KHQ WKH ZLGWXY RI RULJI
WKH QXPEHU RI YHKLFOHV UHPDLQV WKHR0¥D PIKH ZURXKVDL Q DK RIJ\D



ODQDJHULDO LQVLIKWYV RQ

LQFUHDV B8 BQIOUVW H[SODQDWLRQ LV WKDW WKH QXPEHU F
65D®6 UHVSHFWLYHO\ DQG WKHVH ORFDWLRQV DUH QRW LP
VHFRQG H[S O D QDRXIVR\RIP\H WK DWH GHOLYHUHG DW DQRWKH L
ZLQGRZLQ ERWK FDVHV )LQDOO\ QRWH WKDW WKH JHQHUD
WZR VFHQDULRYV

'"HOLYHU\RSWLRQVDQG VHUYLFHOHYHO FRQVWUDLQWYV

,QRUGHUWRTXDQWLI\WKHLPSDFWRIVHUYLFHOHYHO FR
DQSZHUH WHVWHGUMMEOHWY VXP RI WKH URXWLQJ FRVW RI L
UHVSHFW WR WKH UHTXLUHG VHUYLFH OHYHO &ROXPQV
UDWLR RI FXVWRPHUV VHUYHG Z LIWKDWKAHH VAW H I H UDUHGE R SUW
/ILQHV WR FRUUHVSRQG WR WKHVROXWLRQV ZKHUH WKH U
RU , LVHTXDO WRDWOHDVW DQG UHVSHFWLYHO\

RIFXVWRPHUV VHUYHG ZLWK RSWLF

RIFXVWRPHUV 13

VHUYHG ZLWK
RSWLRQV RU

7TDEOH °,PSDFWRIVHUYLFHOHYHO RQ WKH UR

,Q PRVW VROXWLRQWKRHl WIRBACCHO QXPEHU RI YHKLFOHV XVH
DGGLWLRQDO YHKLFOH LV QHFHVVDU\ LQ WKHVH FDVHV Wt
FRUUHVSRQGLOQOOMSB) LY OHIW HPSW\ EHFDXVH WKH;AFRUWHVS
> DUHLQFRPSDWLEQOH)¥RH1P)Q® BHIW HPSW\ EHFDXVH VRPF
LQIHDVLEOH ZLWK VXFKUHVWULFWLYH SDUDPHWHUYV

TKLVWDEOHVKRZV WKDW WKHVHUYLFHOHYHOFDQEHJUH
URXWLQJFRVWY ORUHRYHU WKHVHUYLFHOHYHO KDV YHU\
Rl, VHHPV WR EHUDWKHU OLPLWHG ,QGHHG DMK H SOYWRDP J H
100 ZLWK70 LV R@®B\ZKHUHDV WKH FRV WYLDQUAUHTYDIWAR PALHANK
2=90 L9%S%



3DUWLH &KDBWHULHLIKERUKRRG 6HDUFK KHXULVWLFV IRU WKH 9HKLF
'"HOLYHU\2SWLRQV

&RQFOXVLROQ

,Q WKLV FKDSWHU ZH SURSRVHG D QHZ HIWHQVLRQ RI WKH 9
RSWLRQV IRUHDFK FXVWRPHU 7KH 9HKLFOH SRXWLQJ 3UREOHPF
FOXGHV WKH XVH RI VKDUHG GHOLYHU\ ORFDWLRQV VXFK DV O
SUHIHUHQFHY ,QDGGLWLRQ WKHPRGHOLVJHQHUDO HQRXJKV
WUXQN GHOLYHU\ 7KH953'2 LV WKHRUHWLFDOO\FKDOOHQJLQJ
VRXUFHVDQGD QHZVWUXFWXUH RIWKHVHDUFKVSDFH GXHWR
IRUHDFK FXVWRPHU

7KH QXPHULFDO H[SHULPHQWY VKRZ WKDW 953'2 FDQ VDYH F
FRPSDUHG ZLWK 9537: ORUHRYHU IRUD VPDOO FRVW LQFUHDV
EHDFKLHYHG HVSHFLDOO\ZLWK UHVSHFW WR WKH WLPH ZLQGF

7TRVROYHWKLY SUREOHPZHGHYHORSHGD /16 PHWD KHXULVW
DQG/DUJH 1HLIJKERUKRRG6HDUFK 6/16 $IWHULPSOHPHQWLQ.
DWHRSHUDWRUYV DFRPSUHKHQVLYH WXQLQJSURFHVV UHVXOW
WRUV 7KHH[SHULPHQWYV VKRZWKDW FRPELQLQJORFDOLPSDFV
RSHUDWRUV LVDQHIILFLHQW VWUDWHJI\ $ NH\VXFFHVVIDFWRU
QXPEHURILWHUDWLRQV WKDWFDQ EH SHUIRUPHG WKDQNV WR
LV GLYHUVLILHG E\ODUJHU GHVWUR\ PRYHV LI QHFHVVDU\ $ FF
/116 PHWDKHXULVWLFV RQ WKH 953'2 VKRZ WKDW WKLV FRPELQD
SURYLGHV PXFKEHWWHU UHVXOWY HVSHFLDOO\IRUODUJH LQ\



&KDSWHU
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3SDUWLH &KDBEWMHU/DUJH 1HLJKERUKRRG 6HDUFK KHXULVWLFV IRU JHC
SUREOHPYV

,(QWURGXFWLRQ

,Q WKLV FKDSWHU ZH SUHVHQW D PDWKHXULVWLF EDVHG RQ
YHKLFOH URXWLQJ SUREOHP ZLWK WLPH ZLQGRIZIW@THUD OGH[H& H |
YHKLFOH URXWLQJ SUREOHBZLWRMFLPDHHALQGRZV

7TKHPRVWJIJHQHUDO FRQVY¥YEKHUHGHSURXEWHPILYURIEDHP ZLWK G
953'2 ,WH[WHQGV WKH *9537: E\VHUYLFH OHYHO FRQVWUDLQ\
HUHQFHV IRURSWLRQVDQG E\ORFDWLRQ FDSDFLWLHV WKDW P
SUREOHPYV VXHKLIFOW KR XWLQJ SUREOHP ZLWKSGBRDPHHVGHOLYH
HW DO LQ ZKLFK RSWLRQV UHVXOW IURP GHOLY HUYHKY MORHD F X\
URXWLQJ SUREOHP ZLWK PY®30LZSYDH WU RW WIRQHWR Z\RLFK DOO
RSWLRQVRID FXVWRPHU UHIHUWR WKH VDPH SK\VLFDO ORFDW|

7KH FRQWULEXWLRQ RI WKLV ZRUN LV WKH GHVLJQ RI WZR H[L
LQ6/16 7TKHUHVXOWLVDSRZHUIXOO PDWKHXULVWLFWKDW RII
YDULDQWYV PHQWLR @ B WGSDERNLHW | IRIBLVD I8 BREFGIGPS HULRGLFD O |
ELQH SUHYLRXVO\ IRXQG URXWHV L% W®DQH & L\PRESPEMMDRIOD/Q 6 H F R
BLPRQHWWIHLJKERUKRRG LV DGDSWHG WR IXUWKHU LPSURYH C
QHLJKERUKRRGLVDQH[SRQHQWLDOO\ VL]JHG QHLJKERUKRRG L
IRXQG E\VROYLQJD VKRUWHVW SDWK SUREOHP LQ D OD\HUHG J
JLYLQJULVH WRFARQIL GX BRBIWKR@WWKHXULVWLF

7TKHH[SHULPHQWDWLRQ ZLWKWKHWZRH[DFWFRPSRQHQWYV F
HUDO WUHQG WRZDUGY K\EULGL]DWLRQ DQG PDWKHXULVWLFV
7THOOH] HW WROYH D VHW SDUWLWLRQLQJ SUREOHPLQDQ /16 IR
SUREORIIPROR HW BWH WKH %6 QHLJKERUKRRG LQ D VWUXFWXUD
IRUWBKSDFLWDWHG YHKL AOEIDRXNMWLQ BRPEEQH® URXWH EDVHG
ZLWK G\QDPLF SURJUDPPLQJDQG ORFDO VHDUFKHV IRU WKH *9¢
DFW FRPSRQHQWV LQ 6/16 LV WKDW GHOLYHU\RSWLRQV UHTXL!
EHFDXVH WKH XVHIXOQHVV RIDQRSWLRQLVREVHUYDEOH RQO\
RSWLRQV 7KXV VLPSOHORFDOPRGLILFDWLRQV RIDVROXWLRC(
QHVVRIDQRSWLRQ :KDWLVUHTXLUHG LV ODUJHUPRGLILFDWL
FKDQJHV LQ WKHDVVLIQPHQW RI FXVWRPHU UHTXHVWV WR URX
WKHURXWLQJ L H VHTXHQFHLQ ZKLFKGHOLYHULHYVY DUH SHUI

,QDQH[KDXVWLYHFRPSXWDWLRQDO VWXG\ ZHHYDOXDWH Wt
WLFRQVHYHUDOEHQFKPDUNLQVWDQFHV RIWKH*9537: 9535"'/ !



, QWURGXFWL

EHQFKPDUN VHWY DWOHDVWRQHFRQILIXUDWLRQ RIWKHP
XUDWLRQVDUHFRPSHWLWLYH ZLWK WKHSUHYLRXV VWDWH
FRQILIXUDWLRQVRIRXUPDWKHXULVWLFZRUNDOPRVWHTXL
ILQG HTXLYDOHQW RUVOLJKWO\LPSURYLQJUHVXOWYV ZLWK
WKH FRPSDULVLRQ ZLWK WKH OLWHUDWXUH LV HYHQ WLJKW
SHUIRUP WKH $/16 FRPSHWLWRU LPSURYLQJ JDSV RQO\ PDU
EUDQFK SULFH DQG FXW DOJRULWKP IRUWKH 953"/ DQG 953
UDWLRQILQGV DOONQRZQRSWLPDO VROXWLRQV H[FHSW RC
DOO LQVWDQFHV WKDW ZHUH QRW VROYHG WR SURYHQ RSW
SURYLGHG IRU WKH 953'2

2QH PLIJKW DUJXH WKDW D VLQJOH PDWKHXULVWLF LQVWH
XUDWLRQV ZRXOG EH SUHIHUDEOH +RZHYHU DV DQRWKHU
ZRUN RXW FKDUDFWHULVWLFV RI*9537: YDULDQWV DQG PDW
WRIJHWKHU RUDUH FXPEHUVRPH

7KH UHPDLQGHU RI WKLV FKDSWHU LV RBUPQIOEGE@MURA!
*9537: YDULDQWY ‘HGHVFULEH WKH WZR HIDFW FRPSRQHQV
%6 QHLIKERUKRRGDQ&HHWERRWLYHOS UGARHMHMVRWYWKH FRPS
HISHULPHQWV DQG WKHLU UHVXOWY )LQDO FRQFOXVLRQVD



3SDUWLH &KDBEWMHU/DUJH 1HLJKERUKRRG 6HDUFK KHXULVWLFV IRU JHC
SUREOHPYV

*HQHUDOL]J]HG YHKLFOH URXWLQJ SUREO

,Q WKLV VHFWLRQ ZHIRUPDOO\LQWURGXFH WKHFRQVLGHUFE
PLQGHU RI WKH QRWDWLRQV XVHG IRU W KEHHFLBX2/ H. QW UYR @D KAHE
JHQHUDO YDULDQW $IWHUZDUGV *9537: 9535'/DQG 95307: DU}
LVH[SODLQHG KRZWKH\FDQ EHPRGHOHG DV VSHFLDO FDVHV R
SUHYLRXV SDSHU FRQVLGHULQJWKHVH SUREOHPV WR ZKLFK ZH

OHKLFOH 5RXWLQJ 3UREOHP ZLWK 'HOLYHU\ 2SW

7KH953'2LVWKHSUREOHPRIVHOHFWLQJGHOLYHU\RSWLRQV
GHWHUPLQLQJD FRVW PLQLPDO VHW RIITHDVLEOH URXWHV WKD
UHVSHFWLQJORFDWLRQ FDSDFLW\DQG VHUYLFH OHYHO FRQV\

/HW EH WKH VHW RL EXVWRIPF NHW RI| ®RF DIy2: R;Qd/ E B QWX H
SULRULW\OHYHOV $GHOLYHU\RSWLRQLVDWULSOHFRPSRVHC
YRUPDO®@\ WMHW P EH WKH VHW RI GHOLYHU\dRSQV IZRHQAU )WBI DQ R
N2 N IRULWYVY FXVWRPHUl,@HO RVHUW Y © RBHIAWY IRRQY) DWBE SULRULW
OHYHO $GGLWLRQ@BKOU\D WBIRK,RSM/WR O H

$ UHTXAENWY FKDUDFWHULPH GEHUGIARBY®W LV VHUYHG E\ FKRF
WKH RS®WLIRQM; po) 2 O:ny= ng

‘H GHIOQHT(Nolo;po) 2 O : 1o = lg DV WKH VHW RI RSWLRQV EHORQJL
2L /HW=1fl2L:jOj> 19 EHWKH VHW RI VKDUHG GHOLYHU\ ORFDW
|2 L™ KDYHD OLPLWHGQFWSESDPVWI WKH QXPEHU RI VKLSPHQWV W
WKHUH ORUHRYHU ZHDVVXPH WEKDKN DQDNY® BIRIFRME RVQPH Z L G
WKDW GHVFULEHVY WKH WLPH SHULRGLQ ZKLFK GHOLYHULHYV FD:

$ IOHKWKRIPRIJHQHRXV YHKLF@HWKRWKHDBWP MF2GHSRW ORFI
YRU HDFK S DL UIPIG@GRIEF DWK IR /W RYIHOGMWLRH Wy DYHQ ERN @/

6HUYLFH OHYHO FRQVWUDLQW\2 DUH RE2GPHTKEB YRDWKKXPEHU
WKHPLQLPXP SHUFHQWDJH RI RSWLR QWVRK I WPYXL\\VAM BHH FF K R VQHROA

$ URXWHO0;0;::;0,;0) LV DV VHTXHQFH RI RSWLRQV LQ ZKLFK WK
0 =0 DQB; =0 UHSUHVHQW WKH YLVLW, RIWVKKHWERW VO R BIBWH.!
WKH URXWH UHVSHFWLYHO\ 7KHVQHEDPQ"§%HWW|GN\MRXWH
FDSDFLW\ Ig¢pV IQEIOROIGY $ URXWH LV WLPH ZLQGRZ IHDVLEOH L
XQH; Ty Th Thae) 2 R™ ZKLFK FRPSOLHY ZLWK WKH RSWLRQ VHUYL
DQGWLPHZLQGREY, L HslL] T IRUDJGO h+l DVVXRL®J



*HQHUDOL]JHG YHKLFOH URXWLQ.

DAG:T + s4] [a,:b,] IRUDOJO h+1 $ URXMHIHDVLEOH LI LW IXC
FDSDFLW\DQG WLPH ZLQGRZ FRQVWUDLQWY 7KH FRVW RI D
W K H FRQVHFXWLYHO\WérL:VPLth_YX}/bIOleQjRFDWLRQV L H

$VROSWIRRI®3'2LVDVHWRIIHDVLEOH URXWHV WKDW VHOH
/JH®(S) EH WKH VHW RI RSWLRQV 8 HDKHQ MK HQUW K3 NHRAEHFVUAR
H[DFWO\RQHRSWLRQ SH [D(SH DX ¥ WRW HDEDDV TKHWHRVOLXQWL. R Q | X
WKH ORFDWLRQ FD §OBL\W\j F CQNW DL W IXOILOOV WKH VHL
FRQVWUDLQ@WR LI IRUDOO

jfo20(S):po pgi  piNj , jf 020(S):po>pgi (@  pINj

*HQHUDOL]J]HG 9HKLFOH 5RXWLQJ3UREOHP ZL

7KH*95370RFFLDHWDO DGLUHFWJHQHUDOL]DWLRQ RI WK
ZLWKWLPHZLQGREVDX®YLHUVEDW BOVEHULK ZKLFK FXVWRI
KDYHWREHVHUYHGDWRQHRIWKHLU SRWHQWLDO GHOLYH!
ZLQGRZ (DFK SRWHQWLDO GHOLYHU\ ORFDWLRQ GHILQHV D
*9537: FDQEHPRGHOHG DQG VROYHG DV D 953'2 ZLWKRXW V\«

ORFFLD HW DIQUVW GHVLIQHG D KHXULVWLF VROXWLRQ RI
LQFUHPHQWDO WDEX VHDUFK XVLQJ D G\QDPLF SURJUDPPL(
WRPHUVHU ORFDWLRQV ZKHQ LQVHUWLQJ D FXVWRPHULQD U
LOQVWDQFHV ZLWK XS WR FXVWRPHUV LQDIHZKXQGUHG VF
UHFHQWO\JWRDWYHME BULWK D FROXPQ JHQHUDWLRQ EDVHG KI
FRVW RI WKH VROXWLORDAY EDV QHB EHNG/BAROXWLRQV RXW R/
ZLWKDFRPSXWLQJWLPHQHDUO\GLYLGHGE\ E\WDNLQJLQ
7TKHPHWKRG SZHE/MHQMWHHBVEIFAR XOG GHDO ZLWK WKHVH LQVWEL
SUHVHQW UHVXOWYV

OHKLFOH5RXWLQJ3UREOHP ZLWK +RPHDQG
WLRQV
7KH 9535'"/ LQWURBREBXHFHEW\DOVSHFLILFDOO\ PRGHOV WKH

WUXQNRIFDUV &XVWRPHUVPXVWVSHFLI\ZKHUH WKH\SODQ
GHILQLQJGLIIHUHQW GHOLYHU\RSWLRQV 7KH9535'/FDQ EH



3SDUWLH &KDBEWMHU/DUJH 1HLJKERUKRRG 6HDUFK KHXULVWLFV IRU JHC
SUREOHPYV

ZLWK QRQ RYHUODSSLQJWLPH ZLQGRZV IRU WK GIHQLHMHDORSV

7KH953+5'/LVDQH[WHQVLRQRIWKH 9535'/ KRWK RORUGREQ W LR ¢
HDFK FXVAWRPWUQ HW DDKLY DGGLWLRQDO GHOLYHU\ RSWLRQ K
WLPH ZLQGRZ HJ LGHQWLFDO WR WKH SODQQLQJ KRUL]JRQ %
*9537: DQG FDQ WKHUHIRUH EH PRGHOHG DQG VROYHG DV 953
VRXUFHV

5H\HV HW DGURSRVH D YDULDEOH QHLJKERUKRRG VHDUFK WF
EHGV D G\QDPLF SURJUDPPLQJ DOJRULWKP WR RSWLPL]H WKH "
VHTXHQEB\JLQ HW DBHYHORS D EUDQFK DQG SULFH DOJRULWKP
DQG 953+5'/ ZLWK XS WR <XBRQVWRRPBIQYWW DSGURSRVH D KHXULVW
EDVHG EUDQFK DQG SULFH WKDW VROYHV LQVWDQFHV ZLWK XS
WKDJED\JLQ HW DBU LQVWDQFHMPEMDGEHWLRROYH VPDOOHU
LQVWDQFHV RIDVWRFKDVWLF 9535'/

I9HKLFOH S5RXWLQJ 3UREOHP ZLWK OXOWLSOH 7LI

7KH 95307: ZDV LQWURGBBH®WWR HO¥V DQ H{WHQVLRQ RI WKH 9!
ZKHUH HDFK FXVWRPHU FDQ KDYH PXOWLSOH WLPH ZLQGRZV ,I
DGLITHUHQW RSWLRQ WKH 95307: LVD VSHFLDO FDVH RI WKH 9
FXVWRPHU DUH DW WKH VDPH SK\VLFDO SODFH 2SWLRQV RI WZ
GLITHUHQW SK\VLFDO SODFHYV

7KH REMHFWLYH RI WKH 95307: LV HLWKHU PLQLPL]JLQJ WKH W
WRWDO WUDYHO VHUYLFH DQG ZDLWLQJWLPH ,QERWKFDVEF
REMHFWLYHIXQFWLRQ

%HOKDL]DHWDR®RSRVHD K\EULGYDULDEOHQHLJKERUKRRGWD
PDUNLQVWDQFHV ZLWK FXVWRPHUV $UHYLVHBNABKVLRD RIW
HWDO DVDK\EULGJHQHWLF YDULD/PQN QG DIXX&ERBRDKR@REH HDUF
WKH 95307: ZLWK DQDGDSWLYH /16 ZLWK D SUREOHP WDLORUHC
DOL]H WKHIRUZDUG WLFHDYBOVFH ISURR MVIOXNUHHLRIWR DFFRXQW D (
ZLQGRZVRIWKHYLVLWHG FXVWRPHUV 7KXV WKHWLPHZLQGRZ
FDQ EH FKDQJHG WR LQVHUW D GRR FXERRRP H W GEWFKILLE H DXQN H
DGDSWLYH YDULDEOH QHLJKERUKRRG VHDUFK UHO\LQJ RQ D JH
IRUWKH95307: ZLWK GXUDWLRQ PLQLPL]DWLRQ REMHFWLYH



6HW 3IDUWLRQLQJ 31

6HW SIDUWLRQLQJ3UREOHP

7KH XWLOL]BWWRDRMWLKH. R Q L Y RIMREOVHPHELF OH URXWLC
ILUVW LQW LRRGXHF Y G\W\LV QRZDGD\V ZLGHO\ XVHG LQ FROXPQ
IRUPDQ\ YDULDQWRWKVDIKH 9 IRV FDQ DOVR EH XVHG WR UH
WKDW DUH SURGXFHG E\ D KHXULVWLF 7KH 633 1*V KKV L
DQG 'UH[OODQFLQL5RFKDW DQG 7DLDOBHGO DV LQVLGH K\E
WLBWMQGR]D DQG 9LOITHIDNVIK DQG 6 FXPHBFRWW *DJQRQ HW
6XEUDPDQLDQDHW®®H] HW DO

/JHRVEH D VHW RI IHDVLEOH URXRVBIY G) R D FHDE B VUMRRKEVEL Q D U \
SDUDPHWBINHVLYDWXH BEWLRAHUYHG E\ 20K D @RXWKH U Z LV H
7KHPRGHO XVHYV E L QB2 R DVKIDME DGIF LIF DW¥VH G R @ WHKH VR O X

ORGHO URXWH EDVHG PRGHO

min C D
r2R
X X
sit: Pr=1 8n2 N E
r2R 020y
X X |
°.6C gl2L™ F
r2R 020,
P66 (1 n)iNj 8p2 P nfpg G
r2R 020:po>p
X
r 6 K H
r2R
r 210;1g 8r2 R

7KH REMHBWLQHPL]HY WKH WRWDO FRVW RI WKH VROXWLF
URXWHYV XVHG 7KH VHW SDBWWWWRQW R D WFRHDWW FXIVQWR\P H U
DFWO\RQFH 7KHFDSDFLW\FRQVWUDLQWWDIRWW KB VHG OIRFH
FRQVWUDLE®WKHENOHHW V L]HHFVRHQWAWW BH X RFUWEREKQ &P EH U
URXWHV XVHG LQ WKHVROXWLRQ )LQDOO\ WKH YDULDEOH (

JRUVROYLQJWKHPRGHO ZLWKDO0,3VROYHU LWLVNQRZQ
KDYHVKRUWHU FRPSXWDWLRQ WLPHV WKDQ WKOQUGYSBF\D
dDWD\ ,I| WKH WUDYHO WLPHV DQG FRVWV IXOILOO WKH W
EHQFKPDUNV RI 6MMEWEBQWLWLRQLQJFRQVWUDLQWYV FDQ EH
LH1LQVWHDG®IE ,QDVHW FRYHULQJVROXWLRQ PRUH WK
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WR VHUYH D FXVWRPHU $VLPSOHJUHHG\SURFHGXUHFDQ TXLFI
RYHUFRYHU VRPH FXVWRPHUV 1RWH WKDW WKHUHSDLUHG VRO
FDSDFLW\DQG VHUYLFH OHYHO FRQVWUDLQWYV

7R IXUWKHU UHGXFH WKH VROXWLRQ WLPHV ZH H[WHQG WKH I
DEQHWKDW LQGLFOMWH LY REWHRYHG :H SULRULWL]H EUDQFKLC
LQ WKH 0,3 VRO WHAD UKBIE@HZ DUH FRXSOHG ZLWK WKH URXWH Y
FRQVWUDLQW

X
S r=Yo 802 O:

r2R

7R LQWHJUDWH WKH 633 VROYLQJ LQWR GHI®O B} HH\WDOHIR G WKk
XVHG LQWKHLU /16 633 1RUWKHIOHHW VLIHDQG PL[GLDO D ULG
FDSDFLW\ ,QLWLDOO\ WKGLMBIBUYWRRIYWGHVKKHWVROYHU IDLOV
WZLFHLQDURZWKHWLPHEHWZHHQ WZR FDOOV LV UHGXFHG E\

,Q WKH VFRSHRRN6WIKGH SRRO Rl URXWHV 7KLV GDWD VWUXFW.
VROXWLRQV JHQHUDWHG E\6/16 ZKHWKHU R JRQRRVGAHKEH\GCHIRICD F
ZKHQ WR VROYHVOR ®/H® 0,3 VRO YR UV BI® S W IKHHGSIRIRMCH U HDFK FD O C
FRPSRQHQW ORUH SUH F L \RHPOR QUMD IL \DrvayBUg BEBMNKISAN j)
GLIIHUHQW URXWHY 7KLV WK B096/LK RMDGHWLRID Y M W & BWY HOMHYGH B\ F
WZLFH LQ DURZ &RQYHUVHO\ LW LV UHGXFHG E\ WKH VDPH IDE
RSWLPDOLW\WZLFHLQ D URZ ,Q DGGLWLRQ LWLV VROYHG RQ
KDV LPSUR Y H G186\ FOHMV/ WHKHDW B VYW LRQV L H ILYHWLPHV WKH Q
ZLWKRXW LPSURYHPHQW EHIRUH SHUIRUPLQXMH®DGHBN GV QX
WKHH[SHULPHQWY WR WXQH WKHVH SDUDPHWHUV ZH QRWLFHGC
WR XVH WKH 633 EDVWHGOROKMKHWKO B EDVHG RQ WKH QXPEHU RI L)
RZDVILOOHG



%DODV 6LPRQHWWL QHI

%»DODV 6LPRQHWWL QHLIJKERUKRRG

%DODV SURSRVHGDQGDQDO\]HGDIDPLO\RIODUDW\ RFDOF
PHWULFWUDYHOLQJ$/BGHV¥PRE S WRBDWHFKHG HIILFLHQWO\ L
RI WKH +DPLOWRQLDQ SDWJ DAKH STHLD R E R BIKR RHGE® B\QIEQ L Q)
%DODV DQG 6LPRQHMEWMKHP ZLWKLQ D ORFDO VHDUFK DOJR
$763 ZLWK WLPH ZLQGRZV

‘HYHU\EULHIO\ VXPPODV [6ILWR B HW WRUQW K HK$ZR B KRR E Q D(
+DPLOWR Q& DX@8D:Wh;; Xn1) WKH QHLIKERYKRE® JLYKHQ2Y DO X H
FRQVLVWYV RA=D(&X WRX;MV);Xn1) ZKHUHK D SHUPXM/DWIGRQ R
WKDW IXOILOOV WKH IROORZLQJ FRQ LW IR @ VWKHRU DQ\ WZR
WKH LQHUXD Q)VKRO GV ,W PHDQ V AW & D WFIH ®HXADREWHIYWHH D V V
k SRVLWLRQV LQ %V KMKHPYX-VQVSIDOWKR; S OHW K B XA LRKIERWLY HQ
YDOXH RI WKK SDEBDWVHW\WQHUNKERBDQ EH GHWBURLHB\LQ
VROYLQJD VKRUWHVW SDWK S UREIHPVL Q IHQ DK LD LID[BI\GQY
WKH SD W MPKHHMHHUL JKERUKRRG H[BORUDWLRQ LV OLQHDU LQ

$Q H[DPSOHRIDQDX[LOLDU\ QHW ZIRN3LD G&S LFRHHI® DS KL .
FRQVLVW RIOD\HUV GHSLFWHGIURP OHIWWR ULJKW LQ WKH
+DPLOWRQLDQ SDWK 7KH YHUWLFHV DW HDFK OD\HU FDQ EH
DQ RIIVHW YDWKH IROORZLQJ WKH YHUWLFHV RAWVDXWMHBW[L O L
HDFK VWDWH LQ WKH DX[LOLDU\ QHWZ R B KHMHI WWKR Q D WHHGRZ
VW DWHMKPMHCGY DOXH DVVRFLDWHG ZLWK WKH VWDWH j$WRV H[F
VWDWHY RI WKH Y XE VHKIHKHHOQWHODMHUWUXFWXUH RI WKH DXL
LQ VHYHUDO ZFAUNDN B QG 6LPRQISWWY HUD O V X EAMHIIVX W RRAVDIQL
JUQLFK ,UQLFKE7LONDQG ,UQLFK

(YHU\VRXUFH VLQRN+S$DWKWIKIRPXMWRLDU\QHWZRUMNFRUUH)
JRUH[DPSOH WKHJUHHQ VHTXHQFH RI VARDW H V SFRAE K MR R ¢
(0:1:2:34,56) 7TKHUHG VHTXHQFHRIVWDWHWERUBHYZROGV WR
LH D+DPLOWRQLDQ SDWK WKDW UHVSHFWV WKH SWHFHGH
DQG WKH JLYHESDUDPHWHU

7TKHVWUXFWXUHRIWKHDX[LOLDU\QHWZRUN L Kk DQWDWH
n EXWQRWRQ KKAKHRHOSOWMKHUHQFHEHWZHHQ WZR DX[LO
WKHDUFV WKDW PXVWEHVHW WR WKHGLVWDQFHEHWZHHQ
%6 QHLIJIKERUKRRG PXVWEHH[SORUHG PXOWLSOHWLPHV WEk
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J)LIXUH  °([DPSOHRIWKH DKFB@DL@®&5 QHWZRUN IRU

WKHDX[LOLDW QWWZRDWIRVWDWH LQGXFHG VXEJUDSK RIWKH
ODUWIrH®Y LQGLFDWHG E\WKH VHSDUDWLQJOLQHV LQ )LJXUH

$GDSWLRHW ZH H[SODLQ KRZWRDGDSW WKH %DODV 6LPRQHW!
EH XVHG IRUDOO *9537: YDULDQWY LQFOXGLQJWKH 953'2 ZLWK
FRQVWUDLQWYV LPSRVHG E\ORFDWLRQ FDSDFLWLHV DQG VHUYL

JLUVW ZHJHQHUDOL]H WKHDX[LOLDU\QHWZRUN VXFK WKDW |
763 LQWKH 953'2 D G HCAD/QG BN WHITUXYHANGAX VL QJ WKH GLITHUHQW G
+HQPH WD WQFWPSDVV VHWV RIVWDWHY WKDW UHSUHVHQW DOC
DVVKRZQLQ)BODOUHWDWHY IRURSWLRQV RIDFXVWRPHUDUH OL
WKHVXEVHTXHQW FXVWRPHU
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J)LIXUH *$VHTXHQFHRIFXVWRPHUVLQWKHDX[LOLDU\QHWZR
WR GHOLYHU\RSWLRQV LQ WKH *9537:

6HFRQYBERAUJUWHVW SDWK SUREOHP AW K&KV R XK DEHY/'HR Q X® Q DH
PXVWEH VROYHG RQ WKHJHQHUDOL]JHG DX[LOLDU\ QHWZRU
UHVRXUFH FRQVWUDLQWYV IRU WKH $763 :H VROYH WKH FRUUH)



%DODV 6LPRQHWWL QHI

DOJRULWKP DV IRQ O RZY. TiI$QQ®REHO(H!)2.) UHSUHVHQWYV D SDU
IURP WK I &RIRMWANDWIKH DX[LOLDU\ QHW ZRU N S YHHNH@AVW W
DQG WKHUHIRUH DnG HOQ RHAD BURXRWHWD Q & DHOH Usy IDRFHW L P
DVVRFLDWHG 7KH FRPBRIQUHQWY RI WKH ODEHO

LODVW RWDKMHSDUWLDO SDWK

LIWKHDFFXPXODWHG URXWLQJ FRVW
LLWKHHDUOLHVVWODMWWEKMDARWLWHRQ DVVRFLDWHG ZLWK
LYWKHDFFXPXODWH@GKPWRK Y HOR.FFG H

Y WKH QKPRHYUKLSPHQWYVY IRUHDFK VKDUHGIOHCLQYE U\ ORFI

YIWKH QRPEHRISWEZR Q@YX S p, LIRIHDWHWHNUK G DORQJ WKH SDU\
D @2P nfpg

7KH LQLWLDO SDUWLDO SDWK LQ WKH DXPLDQ B UN IQH W 2 R
Lo =(0;0a,;0; ;) 7KH ODEHO VHWWLQJ DOJRULWKP H[WHQGV O
LOLDU\ QHWZRUN ([WHCGETL @1 BPFDTH@,)2") DORQI @GR DUF
UHVXOW YV LR=WICH §;IE (RYPF™P: (H)12t") GHILQHG E\
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WKHUHTXLUHG VODFNLQ WKHORFDWLRQ FDSDFLW\DQG VHUYL

7KH SUHVHQWHG DGDSWDWLRQ OHW XV XVH WKHZ2ZEXODYV 6LPF
QRWRQ WKH 953'2 :HFRQVLGHU WKUHH GLITHUHQW XVH FDVHYV |
URXWHYV

WKHORFDO RSWLPL]DWLRQRIDVLQJOH URXWH
WKHORFDO RSWLPLIDWLRQRIDJLDQW URXWH WKDW DJJUHJL
WKHVLPXOWDQHRXY ORFDO RSWLPL]DWLRQ HDFK SDLUV RI1 U

,Q FDVH RI D VLDSIW B NRAWIR P D F XU WO VS D BAD B gRE RRQY/
p2Pnfpg FDQ EH VHW WR WKH UHVRXUFH FRQ¥XPEWLRQV RI DOO R

,Q WIK.ID Q WALRMHNV B O O UR X W H VsRQ DH G YWHRQEHRN) R MQLAREDD V L Q
DOQGLQWVFK DQG ,UKIFEDUBPBIGREDYVH VHW W RO;0)2/ FOLWANQ J
WZR GLITHUHQW U R X VDHRGDW KIHU bty \BRWAY RV VSHFWLYHO\ ,Q FRQ
UHVRMUWFQREDUH NHSW DW WKHLU FXUUHQW YDOXH HQDEOLQJ WK
FRQVWUDLQWY DUHLQFRUSRUDWHG FRUUHFWO\

,Q FDVH RitSDPRUVRXWHY WKH WZR URXWHV DUH MRLQHG OHD
7KH SDUDP ID\gR@WDWH WKHQ VHW WR WKH UHVRXUFHM®RQVXPSWL
snfri;r,g 1IRWH WKDW WKH %6 QHLJKERUKRRG KHUH DOVR DOORZV
PLGGOH VR WKDW W;KIHQUER DWW H OBIQIMV K R |

6LQFH DOO UHVRXUFH H{WHQVLRQV DUH QRQ GHFUHDVLQJ D
IURPDERYH ZH FDQ DSRE\L\QWREIETIXKEG2EY LR XV O \HWHRR XU FH
DUHREVROHWHLQ WKH *9537: 9535'/ 953+5'/ DQG 95307: +RZH"
EO\ODUJH QXPEHU RI FDSDFLWDWHG VKDUHG GHOLYHU\ ORFDW
WKH GRPLQDQFH UHODWLRQ FDQ EHFRPH UDWKHU ZHDN LQ WKL

‘H KDYH FRQGXFWHG VRPH SUHOLPLQDU\ H[SHULPHQWYV WKD\
YHUVLRQ LV WKH PRVW HIITHFWLYH QRWH WKDW LW LQFOXGHV
6335& IRUWKH JLDQW URXWH LV H[FHVVLYHO\WLPH FRQVXPLQJ
%6 SDUDPHWHHWKHUHIRUH XVH WKH %6 FRPSRQHQW RQO\ IRU
IROORZLQJ

$FFHOHUDWLRQ $MFR@ISTVWHMQI WLPHLVHVVHQWLDO ZHGHYLVH
WHFKQLTXHV WZRH[DFW WKH\GRQRWFKDQJHWKHRXWSXW RI
DFFHOHUDWLRQ PHWKRGV WKH\PD\KLQGHU WKH ODEHOLQJ D
RI'WKH 6335&



%DODV 6LPRQHWWL QHI

2Q WKH H[DFW VLGH ZHILUVW XVH D BLGKUBE\NQREED® O RE
1RWH WKDW EDFNZDUG HIWHQVLRQ DQG PHUUQQBKI ODEHOV

6HFRQG ZKHQ SDLULQJURXWHV ZH VROYH DQ 6335& RQ H
LH HDFKURXWHZLOOEHXVHGLQVHYHUDO FRPELQDWLRQ
WKHEHIJLQQLQJ RIWKHIRUZDUG DQG EDFNZDUG ODEHOLQJIL
URXWHDQG PXVWEHFRPSXWHG RQO\RQFH

2Q WKH KHXULVWLF VLGH ZH ILUVW UHVWULFW YHLKD O B ®WH
HW DO 7KHUHLQ ZHOLPLW WKHQXPEHU RIFXVWRPHUV WK
7TKHFRQVHTXHQFH LV WKDW DOO FXVWRPHU UHTXHVWYV FDQ
RIWKHFXUUHQWO\ XVHG RSWLRQV FDQEHUHSODFHG E\DQ I
,QRXUH[SHULPHQWY ZHOLPLW WKHQXPEHURIFXVWRPHUYV

6HFRQG ZH XVH D KHXULVWLF ERXQGLQJVWUDWHJI\WKDW
VRPHWKUHVKROGYDOXH 7KHWKUHVKROGYDOXHLV FRPSX)\
FRVWDQG WKH VXP RI WKHEHVW LQGLYLGXDO VHUYLFH FRV
OXWLRQ FRPSXWHG LQ WKH FRXUVH RXVWKRIPGHHUY YA S6Y EAHH. AFRRPV.
RIHDFK FXVWRPHUDQG XSGDWH WKHEHVWRQHLI QHFHVVD
GHOLYHU\ORFDWLRQ LWV FXVWRPHU VSHFLILF VHUYLFH FF
RXWIJRLQJDUFV XVHGWRDFFHVV LW ,IDFXVWRPHULV VHUY
WKHLQJRLQIJDQG RXWJRLQJDUFV LV GLYLGHG E\WZR WLPH
ORFDWLRQ E\WKLV URXWH

7TKLUG DVLIQLILFDQWQXPEHURIWKHUHVRXUFHV RIDOD
WLRQ RI VKDUHG GHOLYHU\ ORFDWLRQV ZKLFK UHVXOWYV LC
WKH GRPLQDQFH ZH LJQRUH VRPH RI WKH VKDUHG GHOLYHU
FLGH ZKLFK VKDUHG GHOLYHU\ ORFDWLRQV DUH LIQRUHG VW
XWLOLJHVY WKH FDSDFLW\RI D ORFDWLRQ LV UHFRUGHGLQ W
LQ VROXWLRQV ZLWK D FRVW WKDW LV PRUH WKDQ KLIJKH
VROXWLRQ

JRXUWK URXWHVDUHVHTXHQFHV RIRSWLRQVDQGPXOWL
GHOLYHU\ ORFDWLRQ FDQ EH VZDSSHG ZLWKRXW FKDQJLQJ
VI\PPHWULHV E\PDLQWDLQLQJWKHRUGHURIWKHFXUUHQWC
ORFDWLRQV

%RWKH[DFWFRPSRQHQWVDUHRQO\DSSOLHGLIWKHFRV\
E\OHVV WKDQ BYIHW UKDV BRWW ORUHRYHU D JRRG VROXWI
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PLVH LV D VPDIOOS5YDIOWK WKLY YDOXH WKH %6 FRPSRQHQW LV D
VROXWLRQV WKDW VHUYH DOO FXVWRPHDQ GLZH & KVDKFIRY W R/F\D (
WKDQ WLPHV RI WKH FRVW RI WKH EHVW NQRZQ VROXWLRQ
SUHOLPLQDU\H[SHULPHQWYV
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&RPSXWDWLRQDO ([SHULPHQWYV

7TRVXPPDUL]H OHW XV SUKLMHKAW $\KIRRKWRORQH RI16/16 ZL'
FRPSRQHQWYV ,WGLIITHEVWKRIARO ORZLWEKRPQVWUXFWLRQV

/ILQH DSSOLHV WKH %DODV 6LPRQHWWL QHLJKERUKRRG RQ
/ILQH VDYHV WKHURXWHV RI WKHARUUHQW VROXWLRQLQW
ILQH DSSOLHV WKH 633 WR UHR DRELQMHSW RN R RO XKW RR Q

$OJRULVWRBPOO DQG /IDUJH 1HLIJKERUKRRG 6HDUFK ZLWK 6H
DQG %DODV 6LPRQHWWL QHLJKERUKRRG

s LQLWLDO VROXWLRQ
iter =0 R ;
ZKLOKH WLPHEXGJHWRY QRW UHDFKHG
UDQGRPO\VHOHFW DRPHFUHDWH RSHUDWRU
Liter<! WKHQ
P s
UDQGRPO\VHOHFW D ORFDQrUXI-Q RSHUDWRU
UDQGRPO\VHOHFW D2G MW &G LRQ VL]H
HOVH
iter =0
0 s
UDQGRPO\VHOHFWRUXLQ RSHUDWRU
UDQGRPO\VHOHFW D2G bV WiokFWLRQ VL]H
HQG LI
S N ED))
LA(S) < (1+ )f(s) DQL LV IHDWKEQH
LPSURYHWK WKH %DODYV 6LPRQHWWL QHLJKERUKRRG
HQG LI
DG G URXWHVIRIR O
iter iter +1
LAYsY) <f As) Ritkr =! WKHQ
s
HQG LI
LA(S) <f(s) DQBzo=; WKHQ
s
iter 0
HQG LI
LD VXIILFLHQW QXPEHU RWKRXQWHYV LV JHQHUDWHG
LPSURAIHVK WKH 633 DRQG URXWH VHW
R ;
HQG LI
HQG ZKLOH
UHWXUQ
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,QWKHIROORZLQJ ZHHYDOXDWHIRXU FRQILIXUDWLRQVRI $
6/16ZLWKRXWDQ\H[DFW FRPSRQHQWV DQG GHDFWLYDWHG
6/16 WZLWK RQO\WKH %6 FRPSRQHQMWQHY DQG GHDFWLYDWHG
6/16 63ZLWKRQO\WKHG633FRPSRQHQW /LQH GHDFWLYDWHG
6/16 633 BLWK ERWK 633 DQG %6

,Q WKLV VHFWLRQ ZH UHSRUW WKH UHVXOWY RI FRPSXWDWI
RQ *9537: 9535'/ 953+5'/ 95307: DQG 953'2 EHQFKPDUNYV ZLW|
FRQILIXUDWLRQV RI WKH PDWKHXULVWLF 7KH DOJRULWKPV K

LOQWR ELW VLQJOH WKUHDG FRGH ZLWK J $00 H[SHULPI
8EXQW X /76 UXQQLQJ RQ DQ ,QWHO :HRQ # *4] K
&3/(; %0 WR VROYH WKH 633 DQ G #H FMLMYDN IH BRI R SW L R

2KT? bBbnQMn?B//2Mn72 bB#H2nbQHmMiBQMb

$ FRPSDULVRQ ZLWK DOJRULWKPV IURP WKH OLWHUDWXUH |
*9537: 9535'/ 953+5'/ 95307: DQG 953'2 LV FRQGXFWHG LQ 6HI
WR UHVSHFWLYHO\ $ VIQWKHVLV RI QXPHULFDQLWD\OGWV L\
BHFWLRUHVHQWY DGGLWLRQDO H[SHULPHQWDO UHVXOWV 2X
*9537: DUH FRPSDUHG WR WKRVHXB6HYWDO SMEOKNKPBUH WK
VFDOLQJFDSDELOLWLHV RIRXUPHWKRG DUHHYDOXDWHG RQ

7TKHWDEOHYVY SUHVHQWHG LQ WKHIROORZLQJVHFWLRQV SURYL(

,QVWDQAMHPN RIWKHEHQFKPDUNLQVWDQFH JURXS
IXPEHURILQVWDQFHV LQ WKH JURXS

jNj 1IXPEHURIFXVWRPHU UHTXHVWYV

YHBSSHU ERXQG FRPSXWHG VHWRQ WKHQXPEHU RI YHKLFOH \

YHKXP RI WKHQXPEHURIYHKLFOHV RYHU WKHJURXS RILQVWD

&RV2WHUDOO FRVW RI WKHEHVW REWDLQHG VROXWLRQ

&RVWOPH VXPPHGRYHUWKHJURXSRILQVWDQFHV

WHVI\PEHU RILQVWDQFHV IRUZKLFKDQDOJRULWKP KDV IRXQC

*$3 JDS EHWZHHQ WKH EHVW VROXWLRQBY DQGHN RN @® H\IERB /@
OLWHSd W XBRS XWH @BV Sol)=Sol

; * DS$YHUDJIH *$3 RYHU WKHUHVSHFWLYHLQVWDQFH JURXS
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SHVXOWYV IRU WKH *9537:

‘HFRPSDUHDOO IRXU FRQILJXUWWUWURB®YY RH 6,016 XBERNIRUEK H
HWDO RQWKHLUEHQFKPDUNFRQWDLQLQJLQVWDQFHV ZLW
DUH QBR@PG @0 ZKHUH Q LV WKH QX P & ¥ WVKIH K VOURPRKHRWIK®IG
PD[LPXP QXPEHU RIRSWLRQV SHU FXVWRPHU

ORFFLD HW DERRQVLGHU WKH VLQJOH REMHFWLYH RI URXW |
FRPSDULVRQ ZHERXQG WKH QXPEHURIDYDLODEOH YHKLFO

ORFFLD HW D®HUIRUPHG WKHLU FRPSXWDWLRQDO H[SHUL!

*+]DQG OLPLWHG WKHMLWBODRULRWQKPWORILQJ D WRWDO FR
VHFRQGYV ,Q RXUPDWKHXULVWLF ZHDOORFDWHD TXRWD IR
FRUGLQJWR WKH QXPEHURIFXVWRPHUV ,Q WRWDO WKH 6/°
PDUN LQVWDQFH\3D$RFRIUGL 6B WRPQYMLQJOH WKUHDG EHQF
SURFHZVWRWLIPHY VORZHU WKDQ RXUV ,W PHDQV WKDW RQ D
UXQ DSSUR[LPDWHO\ WLPHVIDVWHU WKDQ WKH ,76

, 76 6/16 6/16 %6 6/16 633 6/16 633 %6

,QVWDQFH YHK &RVW &RVW *DS &RVW *DS &RVW ’
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L
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L
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%HVW

7TDEOH °5HVXOWV IRUWKH *@BBFLPDHQWVFRPDUN R
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7KH UHVXOWY DUH SUHYR QYW GIRKBQD BIFMOBOGRHY QRW LQGLFD\
ZKHWKHU WKHLU UHVXOWY DUH WKH EHVW UHVXOWYV RXW RI VHY
WKHEHVW VROXWLRQ RXW RIILYHUXQV LV WDNHQ LQWR DFFRX
EROG

$O0 IRXU6/16 FRQILIXUDWLRQV RXWSHUIRUP WKH UHVXOWV F
WLRQ %.6 DUHIRXQG ZLWK 6/16 DQG 6/16 633 %6 5HIJDUGLQJW
SHUIRUPV EHVW DQG LPSURU¥30%WRDYHYROMXLRI KB ED[LPXP LP
PHQW®4RY% ORUHRYHU 6/16 633 SURYLGHVDQHTXLYDOHQW RU EH
RIWKH LQVWDQFHV +RZHYHU DOO IRXUFRQILIXUDWLRQV RI
*9537: EHQFKPDUN ,Q WRWDO ZHSURYLGH QHZEHVW NQRZQ \
LQVWDQFH UHVXOWYV FD® EHIRXQG LQ $SSHQGL]

SHVXOWYV IRUWKH9535'/DQG 953+5"/

‘HQH[WFRPSDUH WKHIRXU 6/16 FRQILIXUDWLRQV ZLWK WKH
DOJRULWIONRIW DRQ D EHQFKPDUN VHW RUBHARDEBO\NDBOWRSRVHG
$V VXIIHVAWHR ENQ HW D@ KH LQVWDQFHYV VKRXOG EHPRGLILHG \
LQHTXDOLW\N\IRUWUDYHO FRVWDQG WUDYHO WLPHVY KROGV 7Kt
VLVWYV RI UDQGRPO\JHQHUDWHG LQVWDQFHV ZLWK D VL]H UD
ZLWK D PD[LPXP RI RSWLRQV SHUUHTXHVW 7KHEHQFKPDUN VI

953+5'/LQVWDQFHYV

1RWH WKDW ZH FDQQRW IDLUO\ FRPSDUH ZL WK WHWHHYWD DOD E O

EHFDXVH ZH RQO\ KDYH DFFHVV WR WKR JEDGLLQHBM QU W D

6LQFH WKHLWONHRN DRPLQLPL]J]HV URXWLQJFRVWY ZH RQO\ I
FRVWPLQLPL]DWLRQ 7TRWKLVHQG ZHERXQG WKHOQXPEHURI Y
LQWKHLUVROXWLRQV

7KH WLPH EXGJHW IRU WKH IRXU FRQILIXUDWLRQV RI WKH 6/1
VWDQFHV ZLWK XS WR FXVWRPHUV DQG VHFRQGV IRU WKH
DUDWKHUVPDOO FRPSXWDWLRQWLPHFRPSDUHGLWRN WWH OKR X

$JIJUHIDWHG UHVXOWYV IRU WKH 9535'/DQG WKH¥B3+5'/ DUH V
UHVSHFWLYHO\ (DFKOLQHUHIHUV WRD JINRRERAVLW RWIBDIQWV H\KHL
%3& DOJRULWKP VROYHVDOO 9535'/LQVWDQFHVDQG RI 95
VHWWR SURYHQ RSWLPDOEWQ GKHMHVOMWUWRD WNEHH/ M WRRZQ VRC
EHHQ XVHG KHUH EHFDXVHRSWLPDOLW\FRXOGQRWEHSURYHQ



&RPSXWDWLRQDO ([SH

LQWKLVJIURXS $JDLQ WKHEHVW VROXWLRQ YDOXHV DUH P/

&RPSDULQJ WKH IRXU PDWKHXULVWLF FRQILIXUDWLRQV
OHP YDULDQWYV )RU WKH 9535'/ DOO RSWLPDO VROXWLRQV
FRQILIJIXUDWLRQV WKH UHVXOWY DUHEHWZHHQ DQG
JDUGLQJWKH 953+5'/ WKHIRXUFRQILIXUDWLRQVLPSURYH\
SURYLGHGNAOW D®/16 633 FRQWULEXWHYV ZLWK GBEH @ UJH
DYHUDJH ORUHRYHU 6/16 633ILQGV DOO EXW WZR NQRZQ R

% IRUWKHLQVWDQFHJURXS ZLWK FXVWRPHUV WKDW FR
PDOVROXWLRQV ORUHRYHU VHYHQ QHZ EHVW NQRZQ VROX
FDQEHIRXQG LR $SSHQGL]

% &3 6/16 6/16 %6 6/16 633 6/16 633 %6
,QVWDQF Y YHK FRVWFRVWDS FRVWDS FRV,WDS FRVWDS

BY
BY

7TRWDO
%HVW

7TDEOH °5HVXOWYV IRU WKH 25BBVIEQGHRAKPDUN R

% &3 6/16 6/16 %6 6/16 633 6/16 633 %6
,QVWDQ F KN/ YHK &RVW&RVWDS &RVWDS &RVWDS &RVWDS

o

o

BY
BY

7TRWDO

o o o o o
N

7TDEOH °5HVXOWYV IRUWKH 923EB\JEROIFMKBPDUN R
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SHVXOWYV IRUWKH95307:

‘H FRPSDUH WKH 6/16 FRQILJXUDWLRWDNQ@ZDQYE SVKRIQRWRIS HR |
DGDSWHG 6RORPRQ EHQFKPDUN LQVWD Q% H® KRWWKHVB®07: SU
7KH DOJR Wh WERDRIPLEW FDLQHY WKH VXP Rl WKH WRWDO URXWLQ
YHKLFOHV XVHG 6LQFH YHKLFOH FRVWVY DUH IDLUO\ODUJH EHV
WZLFH ILUVWWRPLQLPL]JHWKHQXPEHURIYHKLFOHV ZKLFKLYV
WKH URXWLQJ FROVRS NVHLB QGBUOD ORHH I LUVW SKDVH WULHV WR C
QXPEHURIYHKLFOHVE\UHPRYLQJWKHVPDOOHVWURXWHIURP \
LV IRXQG

‘HUHSRUW WKHEHVW VROXWLRQIRXQG RXWRI UXQV ZLWK D
IRU ERWK SKDV HMSHHQONDIDRYEB WKH VDPH WLPH OLPLW DQ
UXQV ORUHRYHU WKH\SHUIRUPHG WKHLU FRPSXWDWLRQDO H|

*+] ZKLRRE2IWLPHV IDVWHU WKD @ RBXVEURFBRWRIDVHH

6/16 FRQILIXUDWLRQV

$/16 6/16 6/16 %6 6/16 633 6/16 633 %6
*URXS YHK &RVW HK &RVW HK &RVW HK &RVW HK &RVW
1 *DS :*DS :*DS :*DS
UprP
Uup
FP
FP
UFP
UFP
7TRWDO

%HVW

7TDEOH °5HVXOWYV IRU WKH 9% 3HIIK E H@HAKW DON R |

7TDEOWKRZV DJJUHIJDWHG UHVXOWV IRUWKHVL[JURXSV RILQ'
RU 5& SDUWO\ UDQGRP SDUWO\ FOXVWHUHG VHULHV DQG .
UHVSHFWLYHO\ 'HWDLOHG UHVXOWYV S$#HULQVWDQFHDUH SUH\
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&RPSDULQJDOOILYHDOJRULWKPV WKH $/16 SURGXFHV V
6/16 FRQILIXUDWLRQV ZKLFKLVFDXVHGE\WKHGLITHUHQW S
WKHRYHUDOO FRVWREMHFWLYH UHVXOWV RYHUDOOILYHI
EHORZ 6/16 633 %6 SHUIRUPVEHVW LWLPSXMR¥BE ®& KH L
SURYLGHV WKHPRVWEHVW NQRZQ VROXWLRQV 2YHU WKH
E\ DWOHDVW RQHRIWKHIRXUG6/16 FRQILIXUDWLRQV 1RW
VPDOO GXHWR WKHODUJHIL[HG FRVWIRU WKH XWLOL]DWLR

SHVXOWYV IRUWKH953'2

JRUWKH953'2 ZHWHVW WKH6/16 FRQILIXUDWLRQV RQ WK
7TKHUHTXLUHG VHUYLFH 6BOHDY &0 LYKIHQVELPH EXGJHW L\
VHFRQGV IRU FXVWRPHUV LQVWDQFHV DQG VHFRQG
SHFDOO WKDW WKH 953'2 KDV D KLHU D U F K VHRDXOQRE EALH-FHW LLYU
PLQLPL]HWKHQXPEHURIYHKLFOHY DQG VHFRQG WR PLQLP
7TDEOKBUHVHQWYVY WKHDJJUHIJDWHG UHVXOWYV (DFKOLQH U
WLFDO QXPEHU RI FXVWRPHUV DQG RSWLRQV &ROXPQV DQ
DQGWKHWRWDO FRVWRIWKHEHVWVROXWLRQVIRXQG RXW
LQGLFDWH WKH WRWDO FRVWDQG WKHDYHUDU1I® GD & DMVRHNV KY
RQHURXWHOHVYVY ZDV QHHGHG 'HWDLOKG UHVXOWYV FDQ EH

6/16 6/16 %6 6/16 633 6/16 633 %6
*URXS YHK &RVW &RVWDS &RVWDS &RVWDS
8
9
8% &
8
9 z
8% &
7TRWDO
%HVW

7TDEOH °5HVXOWV IRUWKH'XPHPHEWQ@AKXPDUN RI

$PRQJ WKH 6/16 FRQILIXUDWLRQV 6/16 633 SURGXFHV WK
URXWLQJFRVWY ORUHRYHU 6/16 633LVWKHRQO\FRQILJXU
RQHOHVV YHKLFOHRQLQVWDQFH9B B )RUDOORWKHULQ



3SDUWLH &KDBEWMHU/DUJH 1HLJKERUKRRG 6HDUFK KHXULVWLFV IRU JHC
SUREOHPYV

LGHQWLFDO RYHUDOO FRQILIXUDWLRQV 6/16 630BABURYHV W
RQDYHUDJH DIGGHRQEXBWWHRS LQVWDQFHV ZLWK  EXVWRPHUV W
VROXWLRQRQ RIWKH LQVWDQFHYV

&RQILIXUDWLRQ 6/16 633 %6 SHUIRUPV YHU\ VLPLODUO\ WR ¢
EHVW NQRZQ VROXWLRQ DQG W K®EWREXW HR QRTUHDROYLFA LW KGHHGY Iy
UHVXOWYV RI$$ /YKHRZOLKDW FRQILIXUDWLRQ 6/16 633 %6 H[FOXV
VROXWLRQVIRU LQVWDQFHV

&RPSDULVRQ RIPDWKHXULVWLFFRQILIXUDWLR

7TRVXPPDUL]HWKHUHVXOWV IRUWKHIRXU *9537: YDULDQWYV
WR GLITHUHQW FULWHULD WR IXUWKHU DVVHVV WKH SHUIRUPDAQ
HQG ZHUHSRUWWKHJIJDSWR WKHEHVW NQRZQ VROXWLRQ YDO X
IRXQG 7TRGHWHUPLQHWKHEHVW NQRZQVROXWLRQYDOXH ZHL
WDEOHV )RUPDOO\ WKH JDS 10Q (8B UBKEQ-BKE VARBKWEK WWNH G DV
WKHEHVW NQRZQ VROXWLRQ YDOXHIURP WKHEDLWWHWHEWMNVW Q
VROXWLRQ YDOXHIRXQG E\WKHDOJRULWKP FRQVLGHUHG

JRUWKH953'2 ZHFRQVLGHURQO\LQVWDQFHVIRUZKLFKDOO |
WLRQ ZLWK WKH VDPH QXPEHU RI YHKLF Oohh Xy $ VVDGLRQMNH DXUHGHRAH
‘'HIJURXS WKHLQVWDQFHV DFFRUGLQJWR WKH 953 YDULDQW Wt
%.6 DQG WKHQXPEHURIRSWLRQV SHU FXVWRPHU

TDEOWKRZV DJJUHIJDWHG UHVXOWYVY UHJDUGLQJ WKH SHUIRUF
LQGLFDWHV WKHFDWHJRU\XVHGIRUJURXSLQJWKHLQVWDQFH!
LQJWKHJURXS DQG WKH WKLUG FROXPQ VKRZV WKH QXPEHU RI
FROXPQVUHSRUWWKHDYHUDJHJIJDS DQG WKHODVW IRXU FROXI
OXWLRQVIRXQG ,QHDFKOLQH WKHVPDOOHVWDYHUDJHJDS D
KLIKOLIJKWHGLQ EROG



5HVXOWV JURXSHG E\ *DS % .6
6/16 6/16 %6 6/16 633 6/16 633 %6 6/16 6/16 %6 6/16 633 6/16 633 %6

*9537:
9535"/
9DULDQW3+5"/
95307:
953'2

> >

&XVWRPHUW

SHUSRXWH >
> 1 >

> >

2SWLRQY SHEHU

&XVWRPHU>
>1 >

7TRWDO

7TDEOH °&RPSDULVRQ RIWKHIRXUPDWKHXULVWLFFRQIHH IJXUDWLRC

HS]) 0addTMAMXSIH®



3SDUWLH &KDBEWMHU/DUJH 1HLJKERUKRRG 6HDUFK KHXULVWLFV IRU JHC
SUREOHPYV

SHIDUGLQJ WKH GLITHUHQW SUREOHP YDULDQWY DOO FRQI
UDWKHU VLPLODUO\RQ WKHLQVWDQFHV IRU WKH *9537: 9535/
LQVWDQFHV 6/16 633 %6 LV FOHDUO\ WKH EHVW FRQILJXUDWL
6/16 633 LVWKHEHVW ,Q SDUWLFXODU UHJDUGLQJ  %.6p WK
FRPSRQHQW RXWSHUIRUP WKHLU FRXQWHUSDUWYV ZLWKRXW 63
3'2

7TKHUDWKHU EDG SHUIRUPDQFH RIWKH %6 FRPSRQHQW RQ 953
WKHDGGLWLRQDO VIQFKURQL]DWLRQV FRQVWUDLQWY RQO\ SU
WKDW D ODUJHU VHW RI UHVRXUFHYVY KDV WR EH WDNHQ LQWR DF
UHVXOW WKH SUDFWLFDO GLIILFXOW\RIWKH 6335& LQFUHDVH)\
WRR WLPH FRQVXPLQJUHODWLYH WR WKHLPSURYHPHQWYV REW

KHQLQVWDQFHVDUHJURXSHGDFFRUGLQJWRURXWHOHQJW
FRPSRQHQWYVY L H 6/16 633 %6 DUH EHQHILFLDO IRU WKH URX
WRPHUV 7KHUHLV QHDUO\QRGLITHUHQFHEHWZHHQ FRQILJXUD
ZKLOH WKHH[DFW  FRPSRQHQWY ZRUVHQ WKHUHVXOWYV IRU PRU

"KHQ JURXSHG DFFRUGLQJWR WKHQXPEHU RIRSWLRQV SHU L
ZKHQ WKHQXPEHURIRSWLRQV SHU FXVWRPHU ULVHV +RZHYHU

7R VXPPDUL]H FRQILIJXUDWLRQ 6/16 %6 SHUIRUPV ZRUVW
6/16 633 DQG6/16 633 %6 DUHYHU\FRPSHWLWLYH 7KHIRUPHU S
WKHODWWHU SURYLGHVY WKHPRVW %.6 %RWKFRQILIXUDWLRQ
EHFDXVH WKH RYHUODS EHWZHHQ WKH DQG %L¥¢ RVHB\ODV W

LOQVWDQFHY ‘HFDQDOVRFRQFOXGH WKDW WKH %6 FRPSRQH
ZLWK WKHG633FRPSRQHQW

‘'HDUHDEOHWRVXSSRUWWKHDERYSHQMHEOS QHWDUORROQWHX/L
DQGORUp 3HUIRUPDQFH SURILOHV DOQGR W& HRRIPVS ORIV ¥ R QAXI L
DOODSSOLHGWR WKHVDPHEHQFKPDUM¥HSUINHHIANEWKH IRXU F
BS; SLNS + SPP; SLNS+ SPP+ BSg DV WKH DOJRULWKPV WR FRPSDUH 7
SURILORK1)! [0;1]] RI FRQILIXQIAWILVRD GLVWULEXWLRQ IXQFWLRC(
Zpn=Zest ZKHWHY WKH VROXWLRQ Y DA R R +Riakhk X U QVRIVWRKH U
ZRUGV WHKH)YIDOXKIHIUDFWLRQ RILQVWBQIEF@FEVDWRKDEK IDROQY R L\
DIDFWRWRIWKHFRVWRIWKHFRQVLGHUHG VROXWLRQ UHODW
IRXQG E\ DO O DA JRULMKRMFXY WMKH SURSRUWLRQ RMIKRQVWDQFH)
IRXQG WKHEHVW VROXWLRQ DPRQJDOO PDWKHXULVWLF FRQIL:

‘HILUVW FRPSDUH SHUIRUPDQFH SURILOHV IRUDOO LQVWDQ



&RPSXWDWLRQDO ([SH

—_6/16 6/16 %6  6/16 633 6/16 633 — 6/16 6/16 %6  6/16 633— 6/16 633 %6
100f ‘ ‘ 1001 ‘ ‘
90 90
80 80
70+ = 70 =
60 = 60| =
% | | | % | | |
1:.01 1:.02 1:03 1:.01 1:02 1:03

D $OOLQVWDQFHYV E ,QVWD Q@EFHWVFZAMVWKRPHUY SHU UR
—— 6/16 6/16 %6 6/16 633—-6/16 633 —— 6/16 6/16 %6 6/16 633 —6/16 633 %6
100f ‘ : : 100F

90 90
80 80
70 70
60 a 60
% H | | | % | | |
1:01 1:02 1:03 1:01 1:02 1:03
F ,QVWDQIBRO) EXWWRPHUYV SHG URXWDB (2BHY ZXWWRPHUV SHU UR
JLIXUH °3HUIRUPDQFH SURILOH RIWKHIRXU YDULDQWYV

GLIITHULQJLQ WKHDYHUDJH QXPEHU RI FXVWRPHUV SHU URX
JLIXUHFRQWDLQV IRXU SHUIRUPDQFH £I6R IIL ®iH VZ 1\WR & B WHUD\W
QXPEHURIDYHUDJHFXVWRPHUV SHUURXWH KDVEHHQRPLW
ILQG WKH %.6 7TKHFRPSDULVRQ RI WKHSURILOHV UHYHDOV

6/16 %6 LVLQIHULRUWRDOO RWKHU FRQILIXUDWLRQV L(

&RPSDULQJG6/16 633 DQG6/16 633 %6 ZHFDQ VWDWH WKL
ERUKRRGLVRQO\SURYLGLQJ D V[B DI DLMMKYWMWHKH B VKB W
, Q WKHQURX SWVKH FRQILIXUDWLRQ 6/16 633 %6 XVLQJ %6
SOHPHQWDU\WR WKH FRQILIXUDWLRQ6/16 633 QRWH W|

I+

I+
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I+

7TKHORQJHU WKHURXWHY WKHPRUHREYLRXVDQG SURQR X
DQG 6/16 %6 DVZHOO DV EHWZHHQ 6/16 633 DQG6/16 633 %6

I+

JRU WKH UG XOSMB20) LWLV HYLGHQW WKDW WKH VHW SDUW
6/16 633 LVLQGLVSHQVDEOH WR UHDFK WKH KLJK TXDOLW\\

‘H DOVR SRLQWHG RXW WKDW WKH SHUIRUPDQFH RI WKH %6 F
QXPEHU RIUHVRXUFHV WR EHLQFOXGHG LQ WKH 6335& 5HFDOC
LQ WKH 953'2 WR FRXQW WKH QXPEHU RI VKLSPHQWY GHOLYHU
FRXQWLQJ SULRULWLHYVY +HQFH DGHWHULRUDWLRQRIWKH %6
ZKHQ FRPSDUHG WR WKH RWKHU *9537: YDULDQWYV

—— 6/16 6/16 %6 6/16 633—6/16 633 —— 6/16 6/16 %6 - 6/16 633— 6/16 633 %6

100F | ‘ ‘ 100r | |
80
90 : 60
40
80|/ . 20l |
101 102 103 101 102 103

D $00 *9537: HIFHSW 953'2 LQVWD@FR@O\953'2 LQVWDQFHV

JLIXUH °S3HUIRUPDQFH SURILOHVRIWKHVROXWLRQYDOXHUH
E\*9537: YDULDQW

7KH SHUIRUPDQFH SURILONWVURRZIQLQYXYEIRWAV WKHILYHQLQ

I+

'LIIHUHQFHV EHWZHHQ 6/16 DQG 6/16 %6 DV ZHOO DV EH\
6/16 633 %6 DUHVPDOO IRUQRQ 953'2LQVWDQFHV EXW VXE\

I+

7KH SURILOHV RI1 6/16 633 DQG 6/16 633 %6 DUH DOPRVW LG
LQVWDQFHVD)/KAWH YV LQ OLQH ZLWK WKH REVHUYDWLRQ W
DUH FRPSOHPHQWLQJ HDFK RWKHU $V REVHUYHG IRU WKH
6/16 633 %6 FDQHYHQ OHDG WR D VXSHULRU SHUIRUPDQFH



&RPSXWDWLRQDO ([SH

I+

7KH FRPSDULVRQ EH\WAHHE KRZDMWKDW DOO FRQILIJXUDW
ULRURQ953'2LQVWDQFHV 7KLV LVDVWURQJLQGLFDWL
"GLIILFXOWq

I+

JRUYDOXHHVURIFORVH WR LH IRUILQGLQJKLJK TXDOLYV
LVIJHQHUDOO\ XVHIXO

I+

$OVR KHUH WKH VHW SDUWLWLRQLQJFRPSRQHQW LV LQ
WLRQV LQ SDUWLFXODUIRUWKH 953'2

$GGLWLRQDO H[SHULPHQWYV

,QDGGLWLRQ WR WKH KNPNXIOW D G XE®ZRKIOG IOQ NH WR SUH
ODWHVW UHVXOWV

7KH\ ZHUH SHUIRUPHG RQ 8EXQWX /76 UXQQLQJ RQ DQ

*+] ZLWK ,%0 ,0RJ &3/(; 7KH FRPSXWLQJ WLPH:ZDV VFI
DFFRUGIDQWWRBUN 6RIWZDUH

9535'/DQG 953+5"/

9HU\ UH RXQWO\W D@DOVR VROYHG WKHVH 953 + 5'/ LQVWD(
WLF PHWKRG 7KHVH VROXWLRQV KDYH D IOHHW VL]H FRUUH
2]ED\JLQ HW DM FRPSDUH WKH VROXWLRQV RIWKHVHWZR VW
ZLWK WKH VDPH QXPEHU RIURXWHYV $JJUHJDOWWU & KHWYEBDINVN I
DQGLQ 7DROMVKH 953+5'/ (DFKOLQHFRUUHVSRQGV WRDQ LC
ILUVW FROXPQ 7KHVHFRQG FROXPQ LQGLFDWHY WKH QXPE
FROXPQ WKH QXPEHU RI FXVWRPHUV &ROXPQV2]EQGLGHW
HW DO WKHWRWDO QXPEHU RIURXWHV DQG WKH WRWDO FI
VKRZ WKH UHVXOWV RI WKH &ROXPQ *HGNXDDW L RQDQDHM G @ F

WKHWRWDO FRVW RIWKHLU VROXWLRQVDQG WKH WRW

VDPHLQIRUPDWLRQIRURXU6/16 633

JLUVW RI DOO OHW XV XQGHUOLQH WKDW WKH UHVXOWV R
WUHPHO\FORVH 2YHUDOOWKHLQVWDQFHVRIERWK SUREO!
WKH VROXWLRQV IURP ERW K QR MMHUDVIKP WKWRSIHYLDWLRQ Et
UHVXOWYV D®W KRWHRD1% RQ WKH 95350.02Q G WKH 953 +5"/
7KXV ERWKDUH LPSURYEQUJW® H WHVXOWYV R



3SDUWLH &KDBEWMHU/DUJH 1HLJKERUKRRG 6HDUFK KHXULVWLFV IRU JHC
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6HFRQG DERXW WKHFRPSXWLQJWLPH &*%+ LVIDVWHU RQ V'
IDVWHURQWKHODUJHURQHYV 1RQHWKHOHYV VL4 RRNWWKHNN KD 8H L
WKBDYVODUN 6RIWZDUH

% &3 &*% + 6/16 633
,QVWDQFHY YHK FRVWFRVWLPH FRVWLPH

BY
BY

7TRWDO

7DEOH  ° & RP SXDIY/RW VR Q WKH 9535"/

% &3 &* %+ 6/16 633
, QVWDQFHMY YHK FRVWFRVWLPH FRVWLPH

TRWDO

7DEOH ° &RPSIXWDIQ/RW VR Q WKH 953+5"/

*9537:

,Q DGGLWLRQ WR UHVXOWXIRDRHWK B ®E3BVR SUHVHQW UHVXOW
*9537: LQVWDOQFHALBRIHW DOKHLU PHWKRG &*+% VOLJKWO\UHGX
FRVW RI WKH VROXWLRQV DQG VLIQLILFDQWO\UHGXFHV WKH F
ORFFLD HW DO

TDEOHGHWDLOV WKH EHVW UHVXOWY REWDLQHG RXW RIILYH
WKH UHVXOWYV RI &*+% 1RWH WKDW WKH DXWKRUV GLG QRW LQ



&RPSXWDWLRQDO ([SH

UHVXOWYVY RXWRIVHYHUDO UXQV )RUHDFKLQVWDQFH WKHI
VHFRQG DUHUHSRUWHG IRUHDFKRIWKHWZR PHWKRGV
7TKHWZR PHWKRGYVY SURYLGH YHU\ VLPLODU UHVXOWY RQ V
WZHHQ WKH FRVW R W:86% VHRRYHVY HRIQW KW RS XWLQJ WLPH R
DYHUDJH WLPHV VPDO@HDV MHANKWKIDWRWKDMAMB @R | W Z D U H

&*+ % 6/16 633
,QVWDQFH&RVW 7LPH &RVW 7LPH

~N QrrrerrHrrHrrrHHrrHHrHHrHrHrHrH-rHrHr+H-

RWDO

7TDEOH ° &RPSIXDIYVIRYW R Q WKH *9537:

IDUJH 953'2LQVWDQFHYV

ILNHZLVH VLQFH WKH VXEPLVVLRQ RI WKH SUHYLRXVO\ Sl
953'2LQVWDQFHV ZLWK FXVWRPHUYV

TDEOHSUHVHQWV WKHDJJUHIJDWHG UHVXOWYVY RIHDFK YDU
ODUJHLQVWDQFHY 7KHEHVW VROXWLRQVRXWRIILYHUXQV
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LQWR DFFRXQW (DFKOLQHFRUUHVSRQGWRDQLQVWDQFH W\SF
VKRZV WKH WRWDO QXPEHU RI YHKLFOHV DQG WKH WRWDO FRVW

2YHUDOO WKH 633 LPSURY H VLK I KIHVX @/\K M BIDEJ D&/EBLPRQHW
WKHR® DQG WKHFRQMXQFWLRQ RI WR6MMNZR ZRUVHQ WKH UH V>

7KHWHQGHQFLHV REVHUYHG RQ WKH RWKHU LQVWDQFHV DUH
ODUJHULQVWDQFHYV 7KDWLVWRVD\ 6/16 SURYLGHVJRRG UHVX
LPSURYH WKH UHVXOWV $QG 6/16 633 %6 LV DEOH WRILQG EHW
LQVWDQFHY LW REWDLQV D XQLTXH EHVW VROXWLRQ RQ LQVW
SURJUDPPLQJFRPSRQHQW LV WRRWLPHFRQVXPLQJRQ WKHVH

6/16 6/16 %6 6/16 633 6/16 633 %6
,QVWDQ¥HN FRVW HK FRVW HK FRVW HK FRVW
8
9
8% &
7TRWDO

7TDEOH °5HVXOWVIRUWKH 953'2LQVWDQFHYV ZLWK



&RQFOXVLRQ

&RQFOXVLRQV

,Q WKLV FKDSWHU ZH SUHVHQWHGD 6/16 EDVHG PDWKHXU
DQWV LQ SDUWLFXODUDOVR ZLWK WKHPRVW JHQHUDO DQG
DQDGDSWLYHOD\HUWKDW FRQWUROV WKH XVHRIWZR RSW
QHLJKERUKRRG DOORZVDQLPSURYHPHQW RIVROXWLRQV Z|
6HW 3DUWLRQQLQJ 3UREOHP FRPSRQHQW XWLOL]JHV D 0,3 VI
RISRWHQWLDO URXWHY 7KHVHFRQG FRPSRQHQW XVHV %6 C
PXOWLSOH YHKLFOH FRQWH[W ZLWK FDSDFLW\ WLPH ZLQGR
QHQWV DUH FRPSDUHGWRDVLQJOHG6/16 LWHUDWLRQ YHU\
YHU\FDUHIXOO\FRQWUROV KRZRIWHQ DQG ZKHQ WKH H[DFW

7KH SULPDU\IRFXV RI RXUUHVHDUFK LV WKH HYDOXDWLRC
H[DFW FRPSRQHQWYV :H FRPSDUH IRXU GLIITHUHQW FRQILJXL
6/16 %6 6/16 633 DQG 6/16 633 %6 L H ZLWKDQG ZLWKRXV
DPRQJHDFKRWKHUDQG ZLWK VWDWH RI WKH DUWDOJRULW
95307: DQG 953'2 7KH H[SHULPHQWY DUH FRQGXFWHG RQ V
SUREOHPV DQG OHDG WR WKH IROORZLQJLQVLJKWYV

*+ 7TKHWZR FRQILIXUDWLRQV ZLWK WKH 633 FRPSRQHQW R.
633 FRPSRQHQW UHJDUGLQJDYHUDJHJDSV WR EHVW NQ
RI1%.6 FRPSXWHG 7DEOH

7KH FRQILIJXUDWLRQ ZLWK WKH %6 FRPSRQHQW DORQH
ODU IRU WKH 953'2 WKH SUHVHQFH RI PDQ\ LQWHU UR X
ZLWKLQ WKH %6 QHLJKERUKRRG H[SORUDWLRQ PDNHV W
VHH 6HFWLRRZHYHU ZKHQ FRPELQHG ZLWK 633 WKH LU
6/16 633 %6 LVFRPSHWLWLYH

7KH SUDFWLFDO GLIILFXOW\ RI WKH 953'2 LV ZHOO UHIOI
PDWKHXULVWLF FRQILIJXUDWLRQV $YHUDJH JDSV RI
WKDQJDSVIRUWKHRWKHU *9537: YDULDQWYV ZKLFK IDOC

&RPSDUHG WR VWDWH RI WKH DUW PHWDKHXULVWLFV IL
PXFKIDVWHU IDFWRU IRU WKH *9537: IDFWRU IRU WK
DQG

JRU WKH 9535/ 953+5'/ WKHFRPSDULVRQDJDLQVW D UH
FXWDOJRULWKP VKRZV WKDW FRQILIJXUDWLRQ 6/16 633 |
WLPDO VROXWLRQVLQDIUDFWLRQ RI WKHFRPSXWDWLR

I+

I+

I+

I+



3SDUWLH &KDBEWMHU/DUJH 1HLJKERUKRRG 6HDUFK KHXULVWLFV IRU JHC
SUREOHPYV

DGGLWLRQ DOO FRQILIXUDWLRQV WRIJHWKHU SURYLGH QH.
WKDW ZHUH QRW VROYHG WR SURYHQ RSWLPDOLW\E\WKH EL

7TKXV 6/16 LVDQ HIILFLHQW PHWKRG IRUJHQHUDOL]HG YHKLF
GRZV +\EULGL]JLQJ LW ZLWK WKH 633 HQKDQFHV LWV SHUIRUPD
KDUG LQVWDQFHYV )LQDOO\ WKH %DODV 6LPRQHWWL FDQ IXUW
VWDQFHV ZLWK VKRUW URXWHYV

JXUWKHUPRUH WREHHIILFLHQWRQ ODUJHLQVWDQFHV LWL
QHLIKERUKRRGIRUSUREOHPVZLWKV\QFKURQL]JHGUHVRXUFHYV
/IRIDQR DQG OHGDJQLWDGGLWLRQ WKH FRPSXWLQJ WLPH RIDOO
VXJIHVWV WR UHGXFH WKH QXPEHURIHYDOXDWHGLQVHUWLRQ
E\TRWKDQG 9LJR



&KDSWHU

AN ITERATIVE TWO-STAGE HEURISTIC
FOR THE 2-ECHELON MULTI-TRIP
VEHICLE ROUTING PROBLEM WITH
CAPACITATED SATELLITES AND
REVERSE FLOWS




3DUWLH &KDQSWHWDWLYH 7ZR 6WDJH +HXULVWLFIRUWKH (FKHORQ
BUREOHP ZLWK &DSDFLWDWHG 6DWHOOLWHV DQG5HYHUVH )ORZV

,(QWURGXFWLRQ

, QPRUHDQG PRUH FLWLHYV JRYHUQPHQWDO UHJXODWLRQV U
DOORZHG WR DFFHVV FLW\ FHQWHUY EHFDXVH RI WKHLQWHQVFE
ODFN RIDGHTXDW HOXBR X NAWLIHNE DEORRUGLQDWHG XUEDQ GHOLY
SDUW RI WKH VROXWLRQ ‘:HFRQVLGHU PRGHUQLQQHU FLW\GL
HFKHORQ VWUXFWXUH WR UHGXFH WKH QXLVDQFHV DVVRFLDW
ZKLOH VXSSRUWLQJWKHLU HFRQ&PDE PIFCGHWRBODO GHYHORSPH

2QH RI WKH PRVW FRPPRQ GHVLJQV IRUKDQGOLQJ DQG UHGX
YHKLFOHV JRLQJLQWR FLWLHV RIWHQ GHOLYHULQJVPDOO TXEC
PHQWHG Y RKQEMBH OBW VW U L ESX @/\. RQORAFHDQWHIEULMQ  FELDAYLHHOW IE KW VK L L
DQG 9DQ :RHQVH®WKHR HFKHORQ YHKLF OH 53X WELXYMSRREOHP U
VXSSOLHG IURP WKH 8'& W KD RMHIGOUWHHWPKHOPQ Y HKLFOHYV WU
IURP WKH 8'& WR VDWHOOLWHY DW ZKLFK VHFRQG HFKHORQ Y
WKHP WR WKH FXVWRPHUV 7KH IORZ RI JRRGV PXVW UHVSHFW
FRQVWUDLQWY IROORZALMDWKH WMD[RQRPXRW GHFLGH RQ WKH
RI HDFK FXVWRPHUPY GHPDQG WR D VDWHOOLWH DQG HQVXUH \
HDFK VDWHOOLWH FRLQFLGH

‘HKDYHLGHQWLILHG WKUHH H[WHQVLRQV RI WKHEDVLF ( 95
WKHLQWHJUDWLRQRIUHYHUVHIORZYVY LL WKHFRQVLGHUDWL
ZLQGRZVDQG WKH SRVVLELOLW\WR SHUIRUP PXOWLSOH WULS\
FDSDFLWLHY ‘HHODERUDWHWKHLULPSRUWDQFHLQ WKHIROO

7TKHJRDO WR UHGXFH WUDIILF SROOXWLRQ DQG QRLVH LQ F
YLHZRQ WKHORJLVWLFV VI\VWHPLQFOXGLQJ JRR G% RMNIDMN SRU)
HW DO SRLQWHG RXW WKDW KDQGOLQJIRUZDUG UHYHUVH DC
ZLWKLQ XUEDQDUHDV ,QVRPHILHOGV RIDSSOLFDWLRQ WKH F|
LVWKHUHIRUH DOPRVW LPSHUDWLYH ([DPSOHMIEQADXE&E HREHRY F

DQG SDFNDJH DQG XU EDRQRR XU IZKKWHVHWHYHYVH TXDQWLWL
FXVWRPHUV FDQHDVLO\H[FHHG WKHLU IRUZDUG TXDQWLWLHYV

7\SLFDO IOHHWV RQ WKH VHFRQG HFKHORQ FRPSULVH VPDOO
FDOO\ HPLVVLRQ |UHB DWW HRQ HH\D ¥ KK THW D X IOICAGHHJW HW D O
6FKQHLGHU HV@DOFDUJROEINHY DQG JULHBUNVNHKYHKLFOHY W\SLI
KDYH D PXFK VPDOOHU FDSDFLW\ WKDQ WKH WUXFNV XVHG RQ !



, QWURGXFWL

HFKHORQ URXWHVDUHUHODWLYHO\VKRUW VR WKDW D YHKL
LWKDOLPLWHGIOHHW WKH DVWXERWWAHGRSWBBEOQMR HWWIKOH |
VWUHVV LWV UHOHYDQFHIRUFLW\ORJLVWLFVDQG ODVW PL
8'& DQG VDWHOOLWHY DUH VKRUW PXOWLSOH WULSV RI WK
HJIRO]J]HWDO

, Q WKHLUXSYOLHW DEALIJKOLIJKW WKH VWHDGLO\LQFUHDVL
RQ WKH (953 7KH\ FRQFOXGH WKDW PRVWO\ EDVLF YHUVL
DQG WKDW PDQ\ SUDFWLFDO LVVXHV LQ SDUWLFXODU WHP ¢
LQYHVWLIJDWHG ERWK LQ KHXULVWLF DQG H[DFW DSSURDFK
WKHUHTXLUHPHQW WKDW

HLWKHU ILUVW HFKHORQ DQG VHFRQG HFKHORQ YHKLFOH
WUDQVIHU ORDIGN\D FQRR R/S\HRUDDN HR (DW\ G A KIURFEE. G W LR Q

RUVDWHOOLWH YLVLWV RI ILUVW HFKHORQ YHKLFOHYV FL
VWRUDJH DRSHUDMORIQWHPFKURQL]DWLHRQUEBR K SUHFHG

)XUWKHUPRUH VDW H O 0HWRXADFSDVF\LQWF IR QRIS RM@N\R ©

YRU FDVHUDQJLHU HWLIOW UR GXER WKKHORQ PXOWLSOH W
LQJSUREOHP ZLWK VDWHQ O Z %538 V6 § FZAKULE® IH PWHR®V WKH ED
FXVWRPHU WLPH ZLQGRZV DQG PXOWLSOH WULSV RQ WKH VF
VWRUDJH SRVVLELOLWLHYV DWWVIK\HR/EW. R E @ MKW PRRUG FIED\L )
OHPV ZLWK VDWHOOLWHFDSDFLWLHVLVPXFKPRUHLQYROY|
OLWHUDWXUH UHYLHZLQ 6HFWLRQ

,QUHVSRQVHWRWKLVUHVHDUFKJDS ZHDLPDWPRGHOLQ
ZLWK D VSHFLILF IRFXV RQ LQFRUSRUDWLQJ WKH SURFHVVF
UHTXLUHPHQW WR KDQGOH ERWK IRUZDUG DQG UHYHUVH 10}
WKH ( 07953 *8DRJJLHU HWEDWKUHH DVSHFWV

+ JLUVW FXVWRPHUVFDQKDYHDSLFEFNXSGHPDQGLQWURG
VI\VWHP $VDFRQVHTXHQFH VHFRQG HFKHORQ YHKLFOH
DQG FROOHFW SLFN XS JRRGV DW FXVWRPHUV ZLWKLQ W
GHPDQG PXVW EH WUDQVSRUWHG WR D VDWHOOLWH DQC
HFKHORQ YHKLFOH

BHFRQG DOVRILUVW HFKHORQ YHKLFOHV DUHDOORZHG
QLQJKRUL]RQ

7KLUG VDWHOOLWHVDOORZDWHPSRUDU\VWRUDJHRIJ

I+

I+



3DUWLH &KDQSWHWDWLYH 7ZR 6WDJH +HXULVWLFIRUWKH (FKHORQ
BUREOHP ZLWK &DSDFLWDWHG 6DWHOOLWHV DQG5HYHUVH )ORZV

WHUPV RIJRRGV WKDW FDQ EHVWRUHG DW D WLPH 7KH PRV
JRRGV WR EH GHOLYHUHG IRUZDUG DQG SLFNHG XS UHYH
VKDUHDQG FRPSHWH IRUWKH VDWHOOLWHFDSDFLW\

‘HLQWURGRH(WKHORQ OXOWLSOH 7ULS 9HKLFOH 5RXWLQJ 3
6DWHOOLWHY DQG(50HWEB 6P RZKDW DGGUHVVHYVY DOO WKUHH |
7TKH (07953 &65) PRGHOV WKHWLPHDQG TXDQWLW\GHSHQGHQ
PRUH SUHFLVHPDQQHU WKDQ SUHYLRXV ZRUNV WLV WKHUHII
LQVWDQFHV RIUHDOLVWLF VLIH WKHRQO\YLDEOH VROXWLRQ L

7R VROYH WKH ( 07953 &65) ZH SURSRVH DQ LWHUDWLYH DO
SRVHV WKH SUREOHP LQWR WKUHH GLIITHUHQW VXEBWREOHPYV
1HLJKERUKRR/G 6 HDOWRULWKPY HDFK RI WKHP RSWLPL]LQJ RQH
WKH RWKHU HFKHORQ DUH IL[HG :LWK RQH VXE SUREOHP SHU |
RI WKH HITHFWLYHQHVV RI1 /16 WR VROYH OXOWL 7ULS 9HKLFOH !
DQG WRLQWHJUDWH VIQFKURQL]DWLRQ FRQVWUDLQW ZLWK WK
HQKDQFHG YHUVLRQ RI WKH SDWK EDVHG IRUPXODWLRQ LV XVH
DOJRULWKPV 7KLV ZD\ WKHPHWKRGDOVR WDNHVDGYDQWDJH |
WULSVY JHQHUDWHG E\WKH WZR /16V ZKLOHKDYLQJD JOREDO Y|
ZHOO DV WKH VSDWLDODQG WLPH VIQFKURQL]DWLRQ EHWZHHQ

2Q UDQGRPO\JHQHUDWHG LQVWDQFHV ZLWK  FXVWRPHUV C
ZHILQG WKDW WKH RYHUKHDG FRVW R F REB% L % KILUALKQ LT VWZKRHJW\CKW |
FRQVLGHULQJLQ UHJDUG RI WKHPHWHU VTXDUH SULFHV LQ OD
ZHFRPSXWHG WKDW LQWHJUDWLQJIRUZDUGDQG WBWHUVH IOR.

7KH UHPDLQGHU RI WKH SDSHU LV VWUKFWHKI\H® PN R DIBRT I
HUDWXUH IREFXVLQJ RQ WKRVH YDULDQWY ZLWK UHYHUVH IORZ)\
DQG VDWHOOLWH FDSZFHLM URPWY Q Q BIHFWWRGXFH WKH ( 07953 &6
VLELOLW\ FRQGLWLRQV DQG SUHVHQWSUWUVHS \E D WKGH IR\ K & b
DOJRULWKP &RPSXWDWLRQDO UHVXOWY DQG PDQBHHUWHD O LQ\
ILQDO FRQFOXVLRQVDUH GUDZQLQ 6HFWLRQ



/ILWHUDW XU

ILWHUDWXUH

7KH EDVLF ( 953 LPSOLFLWO\DVVXPHV WKDW DOO WUDQYV
ORQ KDSSHQLQ VHSDUDWH SHULRGV DQG DUHWKHUHIRUH D
SHULRG GXULQJ ZKLFK DOO WUDQVIHUV DUH SHUIRUPHG VR
DUULYH GHSDUW EHIRUH DIWHU WKDW SHYXRIG V-ESHOAKMHR S
EDVLEFYHUVHRQ VHAKHILUVWVWXG\RQWKH (*RIB|PDDHEFBBGC KX
HW DO ZKRLQWURGXFHG WKH SUREOHP LQWR WKH OLWHUD'
PRGHOPQBQFK DBR& BOWRULWKP WKDW ZDVWHVWHG RQ LQV\
DQG VDWHOOLWHYV 7KH (896G B W\DX0RHMHEHRHQW VXFFHV
WLRQ DSSUR D FKMHYTIXWHY HMEBWUEROL HWRG K H B DVMRIXF K H
HW DO %UHXQLJHWD®J HW DO

7KH VWDQGDUG DVVXPSWLRQ LV WKDW FXVWRPHUV DUH V|
QRW VSOLW RQ WKHVHFRQG HFKHORQ +RZHYHU VSOLWWLQ
RSWLRQ

SHYHUVHIORZYV

7KHLQWHJUDWLRQRIIRUZDUGDQG UHYHUVHIORZVLQD V
VHQWHG DV DQ LP S&UDVIQ W IF WIZDEDO BIQI HWDHOUH WKH ILUVW W
D (953 YDULDQW ZLWK IRUZDUG DQG UHYHUVH IORZV VR WK
DQG SLFNXSGHPDQG 7KHYHKLFOHURXWLQJ SVREXOHR DOHR
GHOLYHULHYV BXBUDIPINXLS/QEH W ®®L W IYRHIDIQ QR IRVE VDN H O O L W
FDSDBVWMAKH PD[LPXP WRWDO GHPDQG WKDW FDQ EH VHUYHC
KRUL]JRQ ZH DOV RVRWHDVOKGHIWEKHBIROORZLQJ WR UHIHU WR C
GHPDQG 7KH SUREOHP LV VROYHGIRHXDEOQW UFRLOKEEURRR
91' +DQVHQ HW DQG ORFDO VHDUFK $GGLWLRQDOO\ WKH\ S
FRPSXWDWLRQDOO\HYDOXDWHWKHHIIHEFWRIDGGLWLRQDC
FRQGXFWHG RQDQHZLQVWDQFHVHW FRPSULVLQJ XS WR F

/LPHZLQGRZVDQG PXOWLSOH WULSYV

&UDLQLF HWZBIOH WKHILUVWWRFRQVLGHUWLPLQJDVSHF\
FXVWRPHU WLPH ZLQGRZV DQG PXOWLSOH WULSV RQ ERWK F



3DUWLH &KDQSWHWDWLYH 7ZR 6WDJH +HXULVWLFIRUWKH (FKHORQ
BUREOHP ZLWK &DSDFLWDWHG 6DWHOOLWHV DQG5HYHUVH )ORZV

WZR WLHU FLW\ORJLVWLF V\VWHPV 7KHZRUNDOVR SUHVHQWV
VLEOH KHXULVWLFV ZLWKRXW FRPSXWDWLRQDO WHVWLQJ

*UDQJLHUHWRWURGXFHG WKH ( 07953 66 ZKLFK IHDWXUHV F)
DQG PXOWLSOHWULSV LQ WKHVHFRQG HFKHORQ 7KH\SUHVHQ\
WLEFDWHG IHDVLELOLW\ FKHFN &RPSXWDWLRQDO H[SHULPHQW:
VDWHOOLWHV DQG FXVWRPHUV GHULYHG | URRFOWRR @ D3J G E H (
'HVURVLHUV

$QGHUOXK HWHPWHQG WKH ( 07953 66 E\DOORZLQJ WKH ILUV)
VHUYH VRPH FXVWRPHUV $ WZR SKDVH JUHHG\ UDQGRPL]HG D¢
UHOLQNLQJLVDSSOLHG WRVROYHWKHH[WHQGHG ( 07953 66
RQLQVWDQFHV ZLWK XSWR FXVWRPHUVDQG VDWHOOLWHYV

'HOODHUW HWXDOHVW D WZR SDWK IRUPXODWLRQ IRUWKH VLQ
ZLWK WLPH ZLQGRZV DQG H[DFW VI\QFKURQL]DWLRQ ( 9537: 7
PDQG GHOLYHUHG E\ D VHFRQG HFKHORQ YHKLFOH PXVW EH SU
$ EUDQFK DQ%3SDORRULWKP WKDW HQXPHUDWHY FRQILJXUDW.L
NH\ FRPSRQHQW 7KH %3 DOJRULWKP LV FDSDEOH WR H[DFWO\ \
FXVWRPHUV DQG VDWHOOLWHWERDW®HKGQ MW HEMKRIOR W i B HD (VIRP |
SKLVWEBDQFIG SULPH3RQMBOBRWLWKP IRUWKH ( 9537: 7KH DOJR
ZHOORQWKHLQVWDBE B HHWQHUBRREEXPALQJ QHZRSWLPDO VR
WKH KRXUWLPH OLPIDW T RIGW B VIISDHOMIQW %3& DOJRULWKPV W
(07953 66 DQG ( 9537: 7TKH\UHSRUWHG QHZRSWLPDO VROXWL]
66 LQVWDQFHV DQG RIWKH ( 9537: LQVWDQFHV

7KH SUDFWLFDO UHOHYDQFH RI WLPLQJDVSHFWV KDV OHG W
953 YDULDQWY FRYHULQJ QHZ WHFKQRORJLHV DQG UHBO ZRUO
HW DO FDUJR ELNHV ZLW K &<D0SEDR®IW DIQEEH RDVQIELEXO WL S O H
FRPPRGLWLHYV SURYLGHG® 6&0®H U HGRFRHRWEHU O XK HW D O
DQDO\]JHG DQG GLVFXVVHG WKHLPSDFW RI VWRFKDVWLF WUDYH

6DWHOOLWH FDSDFLW\

7ZR DSSURDFKHV IRUPRGHOOLQJ WKH VDWHOOLWH FDSDFLW
ILUVW DSSURDFK DQ XSSHUERXQGRQ WKHQXPEHURIVHFRQG |
LPSRVHG ILUVWOLIGHMNHMBEG YHU\ UHFHQWGEKD ES® R WHIBQES
YRQWDLQH 7KH VHFRQG DSSURDFK OLPLWVY WKH WRWDO GHPDQC
LQ WKH XQL GHPDQG FDVH WKLV PHDQV OLPLWL Q4BMXH QXPEH



/ILWHUDW XU

HW DO %YUHXQLJ HW WK DSSURDFKHV KDYHLQ FRPPRQ WK
WKH G\QDPLFV RYHU WKH SODQQLQJ KRUL]JRQ L H DYDLODI
JRRGVHQWHULQJDQG OHDYLQJ WKHVDWHOOLWHRYHU WLP

7R WKH EHVW RI RXUNQRZOHGJH RQO\WKUHH ZRUNV XVH
LW\ PRIGHHO®V DO VWXG\ D ( 953 ZLWK FXVWRPHU WLPH ZLQGR
RI FXVWRPHUV WR VDWHOOLWHY DQG UHDO WLPH WUDQVVK
FDSDFLWLHY GHVFULEH WKH FXUUHQWO\DYDLODEOH FDSDF
WZHHQ WKH PD[LPXP FDSDFLW\DQG WKH TXDQWLW\ Rl JRRG
SLFNHG XS E\D VHFRQG HFKHORQ YHKLFOH $GGLWLRQDOO
WKHILUVW HFKHORQ DQG PXOWLSOH WULSVRQ WKHVHFRQG
WZR VWDJH KH X YIDVW DFE B B VQHHL. RIQERLB K B R & /@l Bl WFIXD S U R
SRVHG 6PDOO VFDOH LQVWDQFHV ZLWK XS WR VDWHOOLW
WR RSWLPDOLW\ ZLWK D 0,3 VROYHU ZLWKLQ D KRXUV WLP!
WHVWHG RQ ODUJHU LQVWDQFHV ZLWK XS WR /LVBW H®@O L
VOLJKWO\ H[WHQG WKH SUREOHP E\ YDU\LQJ WKH PD[LP
WLPH SHULRG

SHFHQWO)}HW DGFRQVLGHUHG DWZR HFKHORQ GLVWULE X\
VDWHOOLWH EFXVWRPHU WLPH ZLQGRZV DQG PXOWLSOH W
0,3 PRGHO DQG D WKUHH SKDVH KHXULVWLF PHWKRG ZKLFK
DQG LQWHJH U FSQJRIMYIRYX DWH WKHLU PHWKRGV RQ LQVWDQ
JHQHUDWHG IURP UHDO ZRUOG GDWD IURP WKH FLW\ RI 9LHQ

ORUHJHQHUDOO\ DWLPHGHSHQGHQW VDWHOOLWH FDSDF
UHQHZDEOH FDSDFLWDWHG UHVRXUFHV DW IDFLOLWLHV 7F
FHLYHG OLWWOH DWWHQWLRQ LQ WKH OLWHUDWXUH PRVW
OHPV FRPLQJIURP WKH VKDULQJRI SDUWLFXODU YHKLFOHYV
WR EH URXWHG WR SHU&DWRVG OI0RUGDOD)MEBHRW QG +L UV EK
3DUDVNHYRSRXORBWWMUD® FDVHY DUH UHODWHG WR ORDGLQC
LQ IRUKN®OWDEKHPL HW DO FRQVWBRRRILGREW DROU SXEOLF ZRL
*ULPDXOW HW,POWDQJLHU HWDORQVWUDLQW OLPLW WKH QXP
EHXVHG VLPXOWDQHRXVO\ LQ WKH 958 HWE®WR\ Y D/RHF B LAY
QXPEHU RI FKDUJHUV DW FKDUJLQJ VWDWLRQV LQ HOHFWUL
YHKLFOH FRQVXPHVY RQH XQLW RI WKH UHVRXUFH FDSDFLW\
NQRZOHGJH QR SDSHU LQYHVWLJDWH D VIQFKURQL]DWLRQ
H[SUHVVHG RQ D WUDQVIHUUHG TXDQWLW\ LQ SDUWLFXODU



3DUWLH &KDQSWHWDWLYH 7ZR 6WDJH +HXULVWLFIRUWKH (FKHORQ
BUREOHP ZLWK &DSDFLWDWHG 6DWHOOLWHV DQG5HYHUVH )ORZV

7KH (FKHORQOXOWL 7ULS 9HKLFOH 5RX
&DSDFLWDWHG 6DWHOOLWHV DQG 5HYHU

‘H GHILQH WKH ( 07953 &65) E\IRUPDOO\ GHVFULELQJ FXVWR
URXWHY DQG WKHQ VDWHOOLWH FDSDFLWLHYV 7KH WKUHH ODW
YLGHG LQ 6HFWLR@G $Q LQWHJHU OLQHDU SURJUDPPLQJ ,;
SUHVHQWHG LQ 6HFWLRQ

/JHW GHQRWH WKH VHW RI FXVWRRRWVK 2 K HDUGHOLFKH BX V \WRRWPZD
RUOLQHKDX®D@BPDRIGFN XS UHYHUVHGUEDW K IGIHPD @GP DG
WR EH IXOILOOHG E\D VLQJOH YLVLW RI D VHFRQ& NFIOPHORQ YH!
YHKLFOH PD\ZDLW DW WKH FXVWRPHU EHIRUH DFWXDOO\SURYL
WLPH Z[aQWIRZ

JHSVGHQRWH WKH VHW R1VDW H O O2V8HW HHDIY\D\L YORHE W K RW /D W K
SODQQLQIKROLIRR L H VSDQQLQJ W[KthWAL[P#] ZARGHRREY H U
HDFK VBWHODVY ¥ B L P L WGFGIFQGS D FIRQ\V W D Q WiSI R R FHWVIY Q § DHAULLALHY
JRRGVIURPRQHHFKHORQWRWKHRWKHU +RZWKHFDSDFLW\DQ
LV GHWDLOHG LQ 6HFWLRQ

$ KRPRIJHQHRXRIIOLWWW HFKHORQ YHKLFOHRY LVNVHEZDRWH RI) H G
KRPRJHQHRXRII'OHFHRMQ G HFKHORQ YHKLFOHV LV KRA/WEQ DW WK
YHKLFOHV PXVW VWDUW DQG H)IBQABKUHH \USHFWLEY W D W TWKK-H IDW Gl HDS:
SHUIRUP PXOWLSOHWULSVLQEHWZHHQ (DFKILUWWVHFRQG
WKDW KDV WR EH VKDUHG E\IRUZDUG DQG UHYHUVH GHPDQGYV Z|

7KHREMHFWLYHRIWKH ( 07953 &65)LVWRILQG FRVW PLQLP|
DQG VHFRQG HFKHORQ WULSV IRUPDOOWE B W QHKG! L R @6 R WILQRDF
KROG

) $O00 FXVWRPHUV DUH YLVLWHG HIDFWO\RQFHE\H[DFWO\RQ

) 7KH VHW RI ILUVW VHFRQG HFKHORQ \¥YLjB¥ ABEQVEHE ORPEL:
ILUVW VHFRQG HFKHORQ URXWHYV

) 7KHIRUZDUG IORZ RIJRRGV LV FRQ¥VHIUYG B8 MAK ISREKQ WOV HOD
t2T LH WKHIRUZDUG IORZ WIKEWIKDV W HIFRKKHIIR QDWMWH.CGQ LX
t , LVDWOHDVWDV ODUJHDV WKH | BRIRADVWKF&RHKFRED B IR/HIOHDY W
XQWLO WLPH

) /LNHZLVH WKHUHYHUVH IORZ RI JRRG\YZ BE\DERROQWBRK 85 B LMW H



7KH (FKHORQOXOWL 7ULS 9HKLFOHS5RXWLQJ3UREOHP ZLWK

LQ WMILPA L H WKH FROOHFWHG GHPRQ &W URIQE KLRKIH\OR
DUULYLQJXIQMWLW HPWW DV ODUJH DV WKH UHYHUS/H IOR:
E\ILUVW HFKHORQ WULS) VWDUWLQJ XQWLO WLPH

) 7TKHFDSDFLWLHVRIDOOVDWHOOLWHVDUHQHYHUH[FHH
JRRGVVWRUHG RU SURFHVVHG DWD VDWHOOLWHLY QRW

1RWH WKDW IORZ FRQURBGYDPWQRRWDFX)VWRPHUuVY GHPDQG
UHYHUVH GHPDQG WREHVSOLWRQWKHILUVW HFKHORQ XV
YHKLFOHVY EXW WKDW WKLY GHPDQG FDQQRW EHVSOLWRQ

/ULSV

1HW ZH GHILQH IHDVLEOH WULSV DQG URXWHV LQ ERWK
JUDSKV )RU WKH | GUVWIHAAKHHOWRQHTFRW S OHWH GLINIBZSK ZLW
S[f olg DQG DBF YBIRK(DjYE A' LV DVVRFLDWHG ZLWK D QtRQ QHJI
DQG D QRQ QHJDWLYHWUDYHO FRVW

$ ILUVW HFKHORQPMUDSFRQVLVWY RI D FORVRG=GLUHF\
(iojig;: 2 insiner) ZLWK= iy = o DQiG:::jin, 2 S DWLPH VFKHGXOH
(Toi Ty 5T Tan) 2 T DQ®RBRDGLQAS@P)Q::;(LY;LY)) 2 ([0;Q1)\
Z)>’" 7KH DWWQRLERWEHOV WKH VWDUW RI WKH YHRBNMEFH RSFH
fO;1;:::;n+1g

(DFK $PTWRI YHUWH[DQG YLVLWWWA P FKNFDODERVENMW KD W P
WLSOH)(9YDWWKHVDPHVDWHOOLWHDUHDOORZHG ZLWKLC
SHQLQJDW WKHVDPHVDWHOOLWHDW GLITHUHQW WLPHV Wtk
DW WKH VDWHOOLWH IRU H[OP'SD@AE PLIDWRN NWCHMWIWUHE
DQG FROOHFWHG UHVWVSKREWKL.YHHO\ DWVDWHOOLWH

$ILUVW HFKHEORQWWHS VLEWKH IROORZLQJWKUHH FRQGL

70U DOO YHUWLFHV DUHYLVLWHG ZLWKLQ WKH SODQQLQJ KR
T 2 [0;tPO IRUKRO@1;:::;n+1Q:;
7U WKHWLPHVFKHGXOHLVFRQVLVWHQW ZLWK UHVSHFW W]

T+t + i, Tka IRUKROQ1;:::;ng;

(PP



3DUWLH &KDQSWHWDWLYH 7ZR 6WDJH +HXULVWLFIRUWKH (FKHORQ
BUREOHP ZLWK &DSDFLWDWHG 6DWHOOLWHV DQG5HYHUVH )ORZV

7UDQG WKHORDGDWHDFKYHUWH[LVY OHVV WKDQ WKHFDSDFL

X
L2+ LYY QY IRUIRO®L:::;ng;

k=1+1 k=1
ZKHUH ZH DVVXPH D $JREHRWWEHW IBRFHEH WKH ILUVWhHFKHORQ
LvILY Ry B
6LPLODBGOX (0%AR) EH WKH VLPSOH DQG FRPSOHWH £LJUDSK Z|
S[ N[fcPg DQG DWF VBRK @JYR A? LV DVVRFLDWHG ZLWK D QRQ QH.

WLPH QG D QRQ QHIDWLYH WUDYHO FRVW

$ VHFRQG HFKHGRQPWUERPSULVHV D FORVH® RU RSHQ Z

7TKH VHFRQG HFEKPF;0)RLYMDMISEWKH IROORZLQJILYHFRQGLWLR
7 WKH YHUWLFHVY DUH YLVLWHG ZLWKLQ WKHLU WLPH ZLQGRZ)\

Tk 2 [&,;0,] IRUKRO@1;:::n+1g;
77U WKHWLPHVFKHGXOH UHVSHFWY WUDYHO WLPHYV

T+ t2 Tt IRUKR2O@1;:::;ng;

(PP
7U WKH YHKLFOHFDSDFLW\A\LVY UHVSHFWHGDWHDFK YHUWH][ RC
X X

g7+ g’ Q? IRUIRO®L;:::ng;
k=1+1 k=1

7U Lip= ¢ WIQHQO PXVW KR&GIRR:DEM® DQG
7U Lihsy = 02 WI({L'LI’-‘Q) PXVW KR&G@1RY:DMO

7KH ODWWHU WZR PRGGLWERYM WKDW WULSV WKDWBWDUW HQ
QRW VHUYH FXVWRPHUV WKDW KDYH D SR ¥ R \BY AVE& H /LR G U H
HFKHORQWIULNS O El, &,

1RWH WKDW VHFRQG HFKHORQ YHKLFOHV DQG WULSV FDQ VW
WLFXODU VHFRQG HFKHORQ WULSV WKDW GR QR W7KIHWHN D Q\ F



7KH (FKHORQOXOWL 7ULS 9HKLFOHS5RXWLQJ3UREOHP ZLWK

WUDQVIPRGHOLWKDW D YHKLFOH FDQ FKDQJH WKH VWDUWLQ
VHUYLFHWLPHVDWFXVWRPHUVDUHLQWHIJUDWHG LQWR WU

SRXWHYV

$ILUVW VHFRQG RHNICHORSUREW RN 1 IHDVLEOH ILUVW V
HFKHORQ YAWRKYRWH WR H @R;:QN:V: &), ijn,1) DQG WKH WLPH VFK

$ILUVW HFKHIGIBDY URXM H LV
5 WZR FRQVHAXWOQGHGRIQEW RYHUODS LQ WLPH

Tj;nj+1 Tj+1;0 |RUJ[2®D,m 1g

$VHFRQG HFKHORYULEWKRMHROORZLQJ WKUHH FRQGLWLRQV |
5 LWVWDUWVDQGHQGDW WKHVHFRQG HFKHORQ GHSRW

0°=i10= imny+1;
5 FRQVHFXWLYHWULSV VKDUHLGHQWLFDOHQGDQG VWDU
ljnj+1 = 1j+1,02 S IRUJR@D2;:::;m 1g
5 FRQVHFXWLYH WULSVGRQRWRYHUODSLQWLPH
Tinj+1 + P Tivao0 IRUjR®D2;:::;m 1g

,QSDUWLFXODU W%;H+§UQF5-I‘WMFQ2]5WL92§IFDQ EHXVHG WR PR
QHFHVVDU\WLPH SHULRG QHHGHG WR FOHDU DQG ORDG D VH

JORZ FRQVHUYDWLRQDQG VDWHOOLWHFDSD

,Q WKLV VHFWLRQ ZH VKRZ KRZ WR FKHFN ZKHWKHU D JL"
VHFRQG HFKHORQ URXWHV LQFOXGLQJ WKH TXDQWLWLHYV (
UHVSHFW WKHIRUZDUGDQG UHYHUVHIORZVDQG ZKHWKHU V
VDWHOOLWHFDSDFLW\ 7KLV VKRZV RRZRMDKHEH BDAHMBEW B GW\ F



3DUWLH &KDQSWHWDWLYH 7ZR 6WDJH +HXULVWLFIRUWKH (FKHORQ
BUREOHP ZLWK &DSDFLWDWHG 6DWHOOLWHV DQG5HYHUVH )ORZV

JRU WKDW SXUSRVH WWKHCWHIQW\WHIEQO IHDVLEOH ILWANKW HFKHO
VHWRIDOOIHDVLEOH VHFRQG HFKHORQ WULSV ‘HLQWURGXFH
h=(P;T)2 !

+ WKHTXDQWLW\ GURB DMGVRORERMON MVHRIH S

8
2 _ S L{%Z WKHUH H[LVRRVIRQ:L;QEH]W K s D Je= t
hisit 00 RWKHUZLVH

+ WKHTXDQWh WR /& B MAWWNALLYS VIV \WR® B LWH

8
oy _ S LYY WKHUH H[LVRRYIPQ:t;QESH]W K s D Je= t
hisit 0. RWKHUZLVH

6LPLODUO\ ZHGHILQH IRWBWHEFRQ@G?HFKHORQ WULS

+ WKHTXDQWhWRWWEDMWWUBMRY YU WR®BLWH
8 p .

iz _ 5 k= QLZ’ lo=s DQk=1t

0 RWKHUZLVH

+ WKHTXDQWhLWUWEY WIWDHK S D W HAR APLHWV H
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