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7KH WDFH FDFKH LV EHFRP LQJ DQ LP SRUWQW EXLGGLQJ
ECRFN RI P RGHUQ Z LGH LVVXH SURFHVVRUV 6R IDU WDFH
FDFKH UHODWG UHVHDUFK KDV EHHQ IRFXVHG RQ LQFUHDVLQJ
IHWF K EDQGZ LGW 7UDFH FDFKHV KDYH EHHQ VKRZ Q W
HITHFWYHO LQFUHDVH WH QXP EHU RI 3 XVHIXO LQVWXFWRQV
WDWFDQ EH IHWKHG LQW WH P DFKLQH WXV HQDEQQJ P RUH
LQVWXFWRQV W EH H[HFXWG HDFK F\FOH + RZ HYHU WDFH
FDFKH KDV DQRWHU LP SRUW QWE HQHILWW DWJ RWCHVV DWHQWR Q
LQ UHFHQW UHVHDUFK HVSHFLDOO IRU YDULDEOH CHQJW ,6%

VX FK DV ,QWOIvV .8 D UF K LWHF WK UH UHGXFLQJ

LQVWXFWRQ GHFRGLQJ SRZ HU LV SDUWFXOUQ D WWD FWYH

HHSLQJ WH LQVWXFWRQ WDFHV LQ GHFRGHG IRUP DW LP SQHV
WH GHFRGLQJ SRZ HU LV RQO SDLG XSRQ WH EXLOG RI D WDFH
WXV UHGXFLQJ WH RYHUDOO SRZ HU FRQVXP SWRQ RI WH

V\ VWHP

7KLV SDSHU KDV WUHH P DLQ FRQWLEXWRQV LW LQGLFDWYV
VWDWWDFH FDFKH RSWP L] DWRQV GLUHFW G W UHGXFLQJ SRZ HU
FRQVXP SWRQ DUH GR QRW QHFHVVDULO FRLQFLGH Z LW
RSWP L] DWRQV GLUHFWG W LQFUHDVLQJ IHWK EDQGZ LGW LW
H[ WVHQGV RXU XQGHUVWQGLQJ RQ KRZ Z HOO WH WDFH FDFKH
XWQ] HV LW UHVRXUFHV DQG LQWRGXFHV D QHZ WDFH FDFKH
RUJ DQL] DWRQ EDVHG RQ ILOMULQJ VHFK QLT X HV 7 KH
NQRZ CHGJH REWLQHG IURP VWKH DQDO VLV RI VKH WDFHVS
EHKDYLRUDO SDWHUQV P RWYDWYV VWH XVH RI ILOMULQJ
WFK QLT XHV 7 KH QHZ WDFH FDFKH RUJDQL]DWRQ LQFUHDVHV
WH HITHFWYH LQVWXFWRQ IHWK EDQGZ LGW LQ FRQMQFWRQ
Z LWK UHGXFLQJ WH SRZ HU FRQVXP SWRQ RI WH WDFH FDFKH

V\ VWHP

H REVHUYH WDW WH P DMRULW RI WDFHV WDW DUH
LQVHUWG LQW WH WDFH FDFKH DUH UDUHO XVHG DJDLQ EHIRUH
EHLQJ UHS D FHG WH P DM ULW Rl WH LQVWXFWRQV
GHOYHUHG IRU H[ HFXWRQ RULJLQDW IURP WH IHZ HU WDFHV
WDW DUH KHDYLO DQG UHSHDWGO XVHG DQG WDW

WFKQLT XHV WDW DLP WR LP SURYH LQVWXFWRQ IHWK
EDQGZ LGW P D\ LQFUHDVH WH QXP EHU RI WIDFHV EXLONGX ULQJ
SURJ UDP H[ HF XWRQ %DVHG RQ WHVH REVHUYDWRQV Z H
SURSRVH VSOWIQJ WH WDFH FDFKH LQW W R FRP SRQHQW
WH |ILOMU WDFH FDFKH ) 7 & DQG WH P DLQ WDFH FDFKH

0 7& 7 UDFHV DUH ILUVWLQVHUWG LQW WH ) 7& WDWLV XVHG

URQQ\ URQHQ ' # LQWOFRP

VR ILOMU RXWWH LQIUHT XHQW) XVHG WIDFHV WDFHV WDWSURVYH
3 XVHIXO DUH WU P RYHG LQW WH 0 7& LWHA 7KH
) 7& 0 7& RUJDQL DWRQ H[KLELW DQ LP SRUWQW EHQHILW LW
GHFUHDVHV WH QXP EHU RI WDFHV EXLON VKXV UHGXFLQJ SRZ HU
FRQVXP SWRQ Z KLOH LP SURYLQJ RYHUDO SHUIRUP DQFH ) RU
P HGLXP VLJH DSSOFDWRQV VWKH ) 7& 0 7& SDLU UHGXFHV WH

QXP EHURI WWIDFH EXLOGV E\ LQ DYHUDJH

$ Q Hl WMQVLRQ Rl WH ILOMULQJ FRQFHSWLQYROYHV DGGLQJ D
VHFRQG GHYHO / WDFH FDFKH VWKDW VWUHV CHVV IUHT XHQW
WDFHV WKDWDUH UHSCDFHG LQ WKH ) 7& RUWH 0 7& 7 KH H[ WD
CHYHO Rl FDFKLQJ DORZ V IRU RUGHU Rl P DJQLWGH UHGXFWRQ
LQ WKH QXP EHU Rl WDFH EXLOGYV 6HFRQG OHYHO WIDFH FDFKH
SURYHV SDUWFXMUO XVHIXO IRU DSSOFDWRQV Z LW OUJH

LQVWXFWRQ IRRW ULQW

,QWUR G X FWR Q

0 RGHUQ KLIK HQG SURFHVVRUV UHTXLUH KLIK WURXJKSXW
IURQWHQGV LQ RUGHU W FRSH Z LW LQFUHDVLQJ SHUIRUP DQFH
GHP DQG ) HWKLQJ D CUJH QXP EHU RI XVHIXO LQVWXFWRQV
LQVWXFWRQV UHVLGLQJ RQ WH FRUUHFW SDW SHU F\ FCH LV D
QRQ WLYLDOWVN VLQFH RQ DYHUDJH HYHU\ ILIVWK LQVWXFWRQ LV
D EUDQFK ,Q VWKH FXUUHQW LQVWXFWRQ FDFKH RUJDQL] DWRQ
IHWKLQJ D ODUJH QXP EHU RI XVHIXO LQUVWXFWRQV SHU F\ FCH
UHT X LUHV DFFXUDW SUHGLFWRQ RI P XOASCH EUDQFK WUJ HW DQG
VKH DVVHP EO RI

LQVWXFWRQV  IURP P XOMSCH QRQ

FRQWJ XRXV FDFKH ECRFNV

2 QH z D\ RI LQFUHDVLQJ VKH  HITHFWYHQHVV  RI
FRQYHQWRQDO IHWK LV UHGXFLQJ WH QXP EHU RI IHWK
GLVFRQWQXLWHV DCRQJ WKH H[ HFXWRQ SDW RI WKH SURJUDP
/ RRS XQUROOLQJ > @ FRGH P RWRQ > @ EUDQFK DQJ QP HQW
> @DQG VRIW DUH WDFH FDFKHV > @ DUH DO H[ DP SCHV RI
FRP SLOHU WFKQLTXHV WKDW UHGXFH VWKH QXP EHU RI WNHQ
EUDQFKHV DQG  VXEVHTXHQWD UHGXFH WKH DP RXQW RI
LQVWXFWRQ VWHDP GLVFRQWQXLWHV LQ SURJUDP V H[ HFXWRQV
6 SHFLDO ,6$ IV ,QVWXFWRQ 6HW $ UFKLWFWUHV > @ @
KDYH DOVR EHHQ SURSRVHG VW EHWHU H[ SUHVV VXFK FRP SLCHU
RSWP L] DARQV W VWKH KDUGZ DUH + RZ HYHU WKH LOXVLRQ RI
FRQWQXRXV IHWK FDQ DOVR EH FRQVWXFWG DWUXQ WP H 7 KH
WDFH FDFKH > @ @ @ @ @ LV DQ

P HP RUN FRP SRQHQW WDW VWUHV LQVWXFWRQV LQ WH RUGHU

LQ VWX F WR Q



WH\ DUH H[ HFXWG UDWHU WDQ LQ WHLU VWWF RUGHU DV

GHILQHG E\ WKH SURJUDP H[ HFXWECH

7 DNLQJ DGYDQWJH RI WH IDFWWDWSURJUDP V H[ HF X W WKH
VDP H LQVWXFWRQ SDVWKV UHSHDW GO WH WDFH FDFKH VWUHV
IUHT XHQW) H[ HFXWG QRQ FRQWJXRXV LQVWXFWRQ ECRFNV DV
VWDLI KWHQHG RXW UXQV FDOHG  WDFHV © KHQ  WKHVH
LQVWXFWRQV VXEVHT XHQW\ QHHG W EH IHWKHG WH FRP SCH[
RSHUDWRQ RI P XOMSCH EUDQFK SUHGLFWRQ FDQ EH GRQH LQ
SDUDOCHO WV VKH IHWK DVVXP LQJ VSHFXMWYHO WH UHSHDWG
H[ HEXWRQ RI D SUHYLRXV WDFH > @ ,Q DGGLWRQ P XOASCH
ECRFN DVVHP EO FDQ EH VNLSSHG EHFDXVH WH UHVXOWN RI

WHVH DFWRQV DUH DOQUHDG\ LP SOLFLWLQ WH WDFH LWHQO

7 KH SHURUP DQFH EHQHILW RI WH WDFH FDFKH H[ WVHQGV

EH\ RQG IHWK FRQYHQLHQFH KRZ HYHU & RQVLGHU WKH

SURFHVVRU QRQ VSHFLILF VWJHV LH VWJHV LQ 2Z KLFK
SURFHVVLQ) GHSHQGV RQ WKH VWWF LQVWXFWRQ RQO DQG QRW
RQ LW G\ QDP LF LQVWQFH ONH LQVWXFWRQ GHFRGH 7 KH
SUHVHQFH RI DQ LQWHULP IRUP RI WKH LQVWXFWRQV DV H[ LVWLQ
D WDFH FDFKH IDFLAWWY GHFRXSOQJ RI WKHVH VWJHV IURP

WH FRP P RQ FDVH SURFHVVLQJ SDW E\  VWRULQJ SUH
SURFHVVHG WDFHV WKDWDQUHDG\ UHICHFWWKH RSHUDWRQ RI WKHVH
VWJIHV ( VWHQWDOD WKHVH SLSHOQH VWJHV FDQ EH P RYHG LQ
IURQW Rl WH WDFH FDFKH VR WDW WKHLU CODWQF\ LV RQO
REVHUYHG RQ D WIDFH FDFKH P LVV 7 KLV IHDWKUH LV HVSHFLDOO
XVHIXO Z KHQ WH SLSHAQH VWJH LQ TXHVWRQ LV ORQJ
FRP SCH[ DQG SRZ HUKXQJU ONH WH GHFRGLQJ VWJH IRU

DUFKLWFWUH > @ @ @

L QWHONV . $

7 KH IXQFWRQDOW RI WH WDFH FDFKH FDQ EH GLYLGHG LQWR
WDFH EXLOGLQJ WKDW H[ DP LQHV WKH G\ QDP LF LQVWXFWRQ
VWHDP VHGHFW  DQG FRODWHV

FRP P RQ LQVWXFWRQ

VHT XHQFHV DQG WDFH ERRNNHHSLQJ Z KLFK DWHP SW W
P DLQWLQ WH WDFH Z RUNLQJ VHW LQ WH WDFH FDFKH DQG
DYRLG XQQHFHVVDU\ UH EXLOGV 0 RVWUHFHQWUHVHDUFK RQ WDFH
FDFKHV KDV IRFXVHG RQ SHU RUP DQFH DVSHFW +
LP SURYHP HQW WR WH WDFH EXLOG SURFHVV > @ @ @ @
WH IRUP DW3 FRQYHQLHQFH" RI WH RXW XWLQVWXFWRQ VWHDP

> @ @ @ @RURQ ILQGLQJ QHZ VWXFWUHV IRUWH WDFH > @
> @ @ $ SHURUP DQFH SHUVSHFWYH VWG\ RI WDFH FDFKH

QP LWWRQV FDQ EH IRXQG LQ > @

+ RZ HYHU WDFH FDFKHV P D\ SCD\ DQRWHULP SRUWQWURCH
LQ WH V\ VWP E\ UHGXFLQJ WKH SRZ HU FRQVXP SWRQ RI WKH
SURFHVVRU 3 RZ HUDQG HQHUJ\ FRQVXP SWRQ DUH EHFRP LQJ D
P DMRUFRQFHUQ RI SURFHVVRUV DWDOO SHUIRUP DQFH CHYHOV QRW
MVW DW WKH CRZ HQG 0 RGHUQ LP SCHP HQWWRQV RI & ,6&

DUFKLWFWUHV SRVH D SDUWFXOU FKDOHQJH RQ WH GHVLIQ RI
WH SURFHVVRUIV IURQWHQG LQVWXFWRQ IHWK DQG GHFRGH

Z KRVH SRZ HUFRQVXP SWRQ P D\ JHWDV KLIK DV RI WKH
RYHUDOO SURFHVVRU SRZ HU > @ 2 XU VWG\ IRFXVHV RQ
DVSHFW RI WDFH FDFKHV WDWP D\ FRQWLEXW W SRZ HU DQG

HQHUJ\ VDYLQJ E\ WKH SURFHVVRU

7 KLV SDSHU H[ DP LQHV WIDFH FDFKHV I UR P VHY HUDO

YLHZ SRLQW H VWUW E\ VWKG\LQJ WH EDVLF EHKDYLRUDO

SDWWHUQV RI WKH WUDFHV Z LWLQ WH WDFH FDFKH H P HDVXUH

VHY HUDO IXQGDP HQWO FKDUDFW ULVWF V RI WK H WIDFHV

LQFOXGLQJ WH ITUHT XHQF\ DW Z KLFK WDFHV DUH XVHG WHLU
QLIHWP H Z LWKLQ WH FDFKH WHLU VSDFH XWQ] DWRQ DQG KRZ
RQJ LWWNHV EHIRUH D UHSOMFHG WDFH LV UH E XLOW H DOVR
H[ DP LQH KRZ WH SK\ VLFDO FKDUDFWULVWFV RI WH FDFKH
DITHFWWHVH SDUDP HWUV DQG XVH D QHDU SHU HFWDQ RULWK P W
H[ DP LQH WH LP SDFWRI WH UHSCOFHP HQWP HFKDQLVP 7 KHVH
REVHUYDWRQV KHGOS XV FRQYHUILQJ RQ WH LGHD WDW WDFHV

VKRXOG EH |ILOMUHG LQ RUGHU WR LP SURYH WH WDFH FDFKH

X WQA] DWR Q

% DVHG RQ WH DERYH REVHUYDWRQV Z H SURSRVH D QHZ
WDFH FDFKH RUJDQL] DWRQ H VSOW WH WDFH FDFKH 7 &
LQW W R VHFWRQV WH ) LOMU 7 UDFH & DFKH ) 7 & W DW
ILOMUV RXW WH LQIUHT XHQW WDFHV DQG WH 0 DLQ 7 UDFH

& DFKH 0 7 & WDWNHHSYV WKH IUHT XHQWRQHV

) LOMULQJ WFKQLTXHV KDYH DOUHDG\ EHHQ SURSRVHG W
LP SURYH WH SHUIRUP DQFH RI FDFKH EDVHG V\ VWHP V ,Q > @
LWLV SURSRVHG W XVH D ILOMU FDFKH LQ RUGHU WR LP SURYH WKH
SHURUP DQFH RI GDW FDFKH DQG > @ VXJJHVW W 3 1LOMU
WDFHV VKDWGR QRWFRQWLQ WNHQ EUDQFKHV VLQFH WKH\ GR QRW
FRQWLEXW W WH LQVWXFWRQ IHWK EDQGZ LGW ,Q WKLV
SDSHU Z H SURSRVH ILOMULQ) WHFKQLT XHV EDVHG RQ WH X VDJH
IUHT X HQF\ RI WDFHV DLP HG DWUHGXFLQJ WKH WDFHV E XLOG UDW
LQ VKH V\ VWHP 7 KH QHZ WDFH FDFKH RUJDQL DWRQ LV
H[ DP LQHG IRU LW

LP SDFW RQ WKH LQVWXFWRQ IHWK

EDQGZ LGW DQG RQ WKH SRZ HU VDYLQJ H VKRZ WKDW WKH
RSWP L] DALRQ SRLQW IRU SRZ HU VDYLQJ LV GLIIHUHQWWKDQ VWK DW

IRUIHWK EDQGZ LGW

H REVHUYH WKDW IRU P HGLXP VL] H DSSOFDWRQV WKH
)7& 0 7 & RUIDQL] DWRQ UHGXFHV WH EXLOG UDWH E\ LQ
DYHUDJH DFKLHYLQJ LQFUHDVHG SHUIRUP DQFH DQG UHGXFHG
SRZ HU FRQVXP SWRQ 6 HYHUDO DSSOLFDWRQV W SLFDOO WKRVH
Z LW  UH LQVWXFWRQ IRRW ULQW H[ KLELW VP DOHU
LP SURYHP HQW ) RU WHVH DSSOFDWRQV Z H SURSRVH XVLQJ D
VHFRQG CHYHO WDFH FDFKH / LQ RUGHU W VVWRUH HYLFWG
WDFHV : H VKRZ WDW IRU DSSOFDWRQV Z LW OUIH
LQVWXFWRQ I RRVSULQW VKLV WDFH FDFKH RUJDQL] DWRQ
HITHFWYHO UHGXFHV WH QXP EHU RI EXLOGV E\ D IDFWU RI

WUHH FRP SDUHG W WH EDVLF ) 7 & 0 7 & RUJDQL] DWRQ

7 KH UHVWRI WH SDSHULV RUIDQL] HG DV IRORZ V 6 HFWRQ

GHWLOY WK H WDFH FDFKH P RGHO DQG WK H VLP X MDWRQ

HQYLURQP HQW 6 HF WR Q GHVFULE HV YDULR XV WIDF H

FKDUDFWULVWFV IRFXVLQJ P DLQO RQ WH FKDUDFWULVWFV RI D

VLQJCH H[ DP SCH WH JFF DSSOFDWRQ 6 HFWRQ S UHVHQW
VKH  1LOMULQJ P HFKDQLVP DQG  H[ WVIQGV  WKH FDFKH
RUJDQL DWRQ Z LW D VHFRQG CHYHO WDFH FDFKH ) LQDCO

6 HF WR Q FRQFOXGHV WKH SDSHU

7UDFH & DFKH 0O RGHO

H DVVXP H DQ DEVWDFWP RGHORI D P DFKLQH LQ Z KLFK

LQVWXFWRQ SURFHVVLQJ RFFXU LQ WKUHH P DMRU VXE V\ VWHP V

x 7 KH WDFH EXLOGLQJ VXE V\ VWP IHWKHV LQVWXFWRQV

IURP FRQYHQWRQDO LQVWXFWRQ P HP RU\ GHFRGHV

WHP DQG JURXSV GHFRGHG LQVWXFWRQV LQW WDFHV



7 UDFHV DUH VWUHG LQ D WDFH P HP RU Z KLFK LV
W SLFDOO VWXFWUHG DV D WDFH FDFKH ,Q RXU P RGHO
HYHW H[ HFXWG LQVWXFWRQ FRP HV IURP D WDFH WDW

KDV EHHQ EXLONDQG VWUHG LQ WKH WDFH FDFKH P HP RU\

x 7 KH WDFH P DQDJHP HQW VXE V\ VWP IHWKHV Z KROH

WHDFHV [URP WHDFH P HP RU\ FUHDWYV D FRQWQXRXV
VWHDP RI WHLU LQFOXGHG LQVWXFWRQV DQG IHHGV WDW

VWHDP W WH H[ HFXWRQ VXE V\ VWP

X 7 KH H[ HFXWRQ VXE V\ VWP FRQVXP HV WH LQVWXFWRQ

VWHDP

7 KH WDFH P DQDJHP HQWVXE V\ VWP SO\ V FULWFDO URCHV
LQ ERW WH SHUIRUP DQFH DQG SRZ HU GRP DLQV 2 Q RQH
KDQG LW LV H[ SHFWG W SURYLGH KLIK WURXJKSXW DQG D
FRUUHFWVWHDP RI LQVWXFWRQV WR WH H[ HFXWRQ VXE V\ VWP
2 Q WKH RWHU KDQG LWLV H[ SHFWG W QP LWWH XVH RI WKH
WDFH EXLOGLQJ VXEV\ VWP  Z KLFK W SLFDOO LP SRVHV RQJ
GHOD\ V DQG FRQVXP HV SRZ HU DWD KLJK UDW 2 QH Z D\ W
DFKLHYH ERW JRDOV LV W NHHS WKH 3ULJKW WDFHV LQ WDFH
P HP RU\ VR WKDWWH UHT XLUHG WDFHV DUH DYDLODECH IRU IDVW
GHOLYHU\ DV RIWHQ DV SRVVLECH DQG H[ SHQVLYH UH EXLOGV DQG

UH GHFRGHV DUH DYRLGHG DV P XFK DV SRVVLE XH

/ LP LM\DWRQV RI WKH IUDP HZ RUN

7 KH SUHVHQWG VWG\ Z DV SHURUP HG Z LW D FHUWLQ
DEVWDFWRQ CGHYHO LQ P LQG ,W Z DV GHVLIQHG W HYDOXDW
VHYHUDO QHZ FRQFHSW DWD UDWHU KLIK DEVWDFWRQ CHYHO

H SUHVHQW RXU VLP SQI\ LQJ DVVXP SWRQV GLVFXVV WHLU

LP SOAFDWRQV DQG SURYLGH VRP H MKVWILFDWRQV

6 LQFH WKH SHQDON IRUIDLOQJ W VXSSO D WDFH Z KHQ RQH
UHT XLUHG LV YHUW KLIK WH P HFKDQLVP IRU SUHGLFWQJ WH
QH[ WWDFH WR EH IHWKHG IURP DQG LQW VKH WDFH P HP RU\
LV FUMFDO ,Q WLV VWKG\ Z H DVVXP H SHUIHFW RUDFOH
SUHGLFWRQ WKDWJ XDUDQWHY Z H DQZ D\ V IHWK LQ DGYDQFH DQG
VXSSO  WH UKW QH[W WDFH IRU H[HFXWRQ 7 KH
P HFKDQLVP V WKDW Z H HYDXDW LQ WKLV VWG\ DUH TXLW
RUKRJIRQDOW WH SUREGHP RI WDFH SUHGLFWRQ VR LWLV VDIH
WR DVVXP H WKDWVWKH WDGH RIIV Z H HYWEQVK UHP DLQ YDAG LQ
VWH SUHVHQFH RI UHDQVWF WDFH SUHGLFWRQ 7 KLV DVVXP SWRQ

LV VXSSRUWG E\ WH QP LWVWGLHV UHSRUWG LQ > @

,WVKRXOG EH QRWG WDW IRU VLP SAQFLW * LQ RUGHU W

DEVWDFW DZ D\ IURP ORZ HU HYHO GHWLOVY RI P LFUR
DUFKLWHFWUH LP SCHP HQWWRQ * FXUUHQWUHVXOW DQG GHILQHG
P HWLFV UHIHU WVR WIDFHV EXLOWVRXWRI ,$ LQ VWX FWRQV UDWHU
WDQ P LFUR RSHUDWRQV 7 KLV DEVWDFWRQ LV VXSSRUWG E\
WH IDFWWDWW SLFDO , $ DSSQAFDWRQV H[ KLELWDQ DYHUDJH

Rl DERXW P LFUR RSHUDWRQV SHU HDFK ,$ LQ VWX FWR Q
Fl > @ 2 XU GHILQLWRQV DQG P HWLFV Z LOO UHWLQ WHLU
XVHIXOQHVV Z KHQ DSSAHG W WH P RUH DFFXUDW QYHO RI
P LFUR RSHUDWRQV H DOVR H[ SHFW WDW WH WHQGV DQG
WDGH RIIV SUHVHQWG KHUHDIWU Z LOCO UHWLQ WHLU YDOAGLW LQ

WH P RUH VSHFLILF FRQW[ W

7UDFH GHILQLWR QV

) RUEUHYLW RI GHVFULSWRQ Z H D\ GRZ Q WKH IRORZ LQJ
VHWR| WDFH UHODWHG GHILQLWRQV $ Q DGGUHVV LV D (RFDWRQ LQ
VKH DSSQFDWRQ H[ HFXWEGH LP DJH DWZ KLFK D EDVLF EGRFN
EHJLQV $ WDFH P D\ FRQWLQ P XOMSCH EDVLF ECRFNV DQG
P XOMSCH WDFHV P D\ EHJLQ DW WH VDP H EDVLF ECRFN
DGGUHVV $ WNDFH LV XQLTXHO LGHQWILHG E\ D WDJ D
FRP SRVLW LGHQWILHU WDW QDP HV DO WH FRQGLWRQDO
EUDQFKHV DCRQJ D WNDFH + RZ HYHU IRU FRP SDFWQHVV RI
UHSUHVHQWWRQ D WJ LV QRW D OVW RI WH LQVWXFWRQ
DGGUHVVHV LQ D WDFH 5 DWHU LWLV VKH DGGUHVV RI WKH |LUVW
EDVLF ECRFN DQG D OVW RI Q GHVFULSWRUV WKDW VSHFLI\ WKH
EUDQFK WDQVLWRQ IURP RQH EDVLF EGRFN W DQRWHU IRU D
P D[ LP XP Rl Q EUDQFKHV LQ WH WDFH 7 UDQVLWRQ
GHVFULSWR U DUH W R ELW ORQJ WR VSHFLI\ WH WUHH ECRFN
WDQVLWRQ SRVVLELOAWHV WDQVLWRQ YLD D WNHQ EUDQFK

WDQVLWRQ YLD D QRWWNHQ EUDQFK DQG WKH HQG RI WKH WDFH

$ WDFH IUDP H LV WKH VSDFH LQ D WDFH FDFKH UHT XLUHG WR
VWUH D P D[ LP DOVL]H WDFH $ EXLOG LV WKH RSHUDWRQ WDW
FRQVXP HV LQVWXFWRQV IHWKHG IURP WH LQVWXFWRQ FDFKH
GHFRGHV WHP DQG SMFHV WKH GHFRGHG LQVWXFWRQV LQW D
WHDFH IUDP H $ Q DFFHVV LV DQ LQVWQFH DWZ KLFK D WDFH WDW
LV SUHVHQWLQ WH WDFH P HP RU\ LV H[ WDFWG IRU H[ HFXWRQ

H P DNH WKH VLP SAIl\LQJ DVVXP SWRQ WDWWH VL]H RI D
WDFH DQG WDWRI D WDFH IUDP H LV GLUHFW SURSRUWRQDOW

WH QXP EHURI LQVWXFWRQV LWHQFDS VX CDWHV

7UDFH EXLOGLQJ

7 UDFH EXLOGLQJ LV DQ LWUDWYH SURFHVV LQ Z KLFK
LQVWXFWRQV DUH IHWKHG GHFRGHG DQG DGGHG W VWKH WDFH
$ WDFH DQZ D\ V VWUW DWDQ DGGUHVV RI D EUDQFK WUJ HW DQG
HQGV Z KHQ D WUP LQDWRQ FRQGLWRQ LV P HW 7 KH
WHUP LQDWRQ FULWULRQ LV WH IDFWU WDW P RVW GLUHF WD
FRQWRO/ WH TXDOAW DQG XWOW RI FUHDWG WDFHV ,Q
JHQHUDO WDFHV DUH FRP SRVHG RI DQ LQWJUDO QXP EHU RI
EDVLF ERFNV H GR QRWDORZ EUHDNLQJ EDVLF ERFNV RU

VS AWNQJ WK HP EHW HHQ GLIIHUHQW WDFHV H[ FHSW YHU

H[ FHSWRQDOFDVHV VXFK DV D VLQJCH YHU\ (RQJ EDVLF EXRFN

,Q WH FXUUHQW VWG\ Z H DSSO D FRP SRVLW FULWULRQ

FRQVLVWQJ RI VHYHUDO IL[ HG FRQGLWRQV DQG D IHZ

FRQILJ XUDECH SDUDP HWHUV 7 KH IL[ HG FRQGLWRQV DUH

X 0 D[LP DO QXP EHU RI EUDQFKHV $ WDFH FDQQRW
FRQWLQ P RUH WDQ FRQGLWRQDO EUDQFKHV ( DFK

FRQGLWRQDO EUDQFK DORQJ WKH WDFH FRQWLEXWV W WKH

WDFH WJ DQG WKH WJ LV OP LWHG W EUDQFKHV 7 KH

QXP EHU RI EUDQFKHV LV URXJKO WH QXP EHU RI EDVLF

ECRFNV Ll Z H LJQRUH XQGHWFWG EUDQFK WUJ HW LQVLGH

VWKH WDFH $ FWDOO WH DYHUDJH QXP EHU RI EDVLF
ECRFNV SHU WDFH LV P XFK VP DOHU 2 XU GHWLHG
REVHUYDWRQV RQ VXFK W SH RI WDFH FKDUDFWULVWFV Z LOD
EH SXEQVKHG HO/HZ KHUH

X & DO $ Q\ SURFHGXUH FDOO LQVWXFWRQ WHUP LQDWV D

WIDF H



x 5 HW  $ Q\ UHWKUQ  IURP SURFHGXUH  LQVWXFWRQ

WHUP LQDWV D WIDFH

x ,QWHUUXSW $ Q\ DV\ QFKURQRXV HYHQW WDW LQW UUXS W
VWH QRUP DO H[ HFXWRQ RI WKH SURJUDP HJ D SDJH
IDXON WHUP LQDWHV D WDFH

7 KH FRQILI XUDECH FRQGLWRQV DUH
x 7 UDFH FDSDFLW $ WDFH FDQQRWFRQWLQ P RUH WDQ D

SUHGHILQHG IL[ HG QXP EHU RI ,$ LQVWXFWRQV 7 KH
FRQVLGHUHG FRQILIXUDWRQV DOORZ D P D[LP XP RI
WHVH FRQILIXUDWRQV DUH GHQRWG E\ RU
GHQRWHG E\ , LQVWX FWR QV
X % DFNZ DUGV % UDQFK 7 HUP LQDWRQ 7 HVW KHUH Z H KDYH
VK UHH RSWRQV
R % DVLF % $ WDFH WUP LQDWYV RQ DQ\ EDFNZ DUG
EUDQFK WKLV FKRLFH FUHDWYV WDFHV WKDWDUH VLQJ CH
RRS LWUDWRQV
R 1 RQ %DFNZ DUG Q% $ WNDFH LV QRWWUP LQDWG
RQ EDFNZ DUG EUDQFKHV WKLV FKRLFH DORZ V WH
FUHDWRQ RI ORQJHU WDFHV WDWP D\ FRQWLQ P RUH
LQVWXFWRQV WKDQ WRVH FRQWLQHG LQ D VLQJH
LWUDWRQ RI D VKRUWRRS
R / RRS 8 QUROAQJ / 8 VWKH EXLOG P HFKDQLVP
HP SCR\ V VLP SCH CRRS XQUROLQJ KHXULVWFV DQG LW
RUDFCH NQRZ CHGJH RI VLP SCH WV GHWFW RRSV LQ
RUGHU W RSWP LJH WH Z D\ FHUWLQ ORRSV DUH

XQUROHG LQW WIDFHV

7 KH P DLQ GLIIHUHQFH EHW HHQ WH ODVWW R P HFKDQLVP V
LV KDWWH / 8 P HFKDQLVP V WILHV WR ILWD P D[ LP DOQXP EHU
Rl Z KRH ORRS LWUDWRQV LQW D VLQJH WDFH Z KLOH WH
VLP SCHU Q% P HFKDQLVP EHLQJ LI QRUDQWRI LWUDWRQV |LW

WH P D[ LP DOQXP EHURI LQVWXFWRQV LQW D WDFH

7UDFH & DFKH 2 Ul DQL] DWRQ

$ WDFH FDFKH FRQVLVW Rl FRQWRO/ DQG GDW DUHD 7 KH
FRQWRO RI HDFK FDFKH HQW\ KROGV D WDFH LGHQWILHU
LQFOXGLQJ WKH VWUWQJ DGGUHVV DQG EUDQFK FRQGLWRQV ,Q
DGGLWRQ WH FRQWRO NHHSV VWWVWFV RQ WDFH XVDJH 7 KH
GDW DUHD LV FDSDEGH RI VWULQJ RQH WDFH SHU HQWA : H
FRQVLGHU WDFH FDFKHV VWDW DUH Z D\ VHWDVVRFLDWYH
H[ FHSWIRU WKH FDVHV Z KHUH Z H VWG\ WH LP SDFWKLJKHU
DVVRFLDWYLW $ VHWLV P DQDJHG XVLQJ DQ / 58 UHSCDFHP HQW
SROF\ 7 KH P DSSLQJ RI D WDFH LQW LW KRVWQJ VHWLV D

IXQFWRQ RI LW FRP SCHWH WJ

) RUWH SXUSRVH RI QP LWVWGLHV Z H DOVR FRQVLGHU HVV
SUDFWFDO RUIDQL] DWRQV VXFK DV Z D\ VHWDVVRFLDWYH
DQG IX0O DVVRFLDWYH FDFKHV DQG Z LOO DOVR H[ DP LQH QHDU

SHU HFWUHS @OFHP HQWSRQF\

,Q WKLV VW G\ Z H FRQVLGHU V\ VWP V FRP SRVHG RI RQH RU
P RUH WWDFH FDFKHV ) RU H[ DP SOH Z KHQ D ILOMU FDFKH LV
XVHG WK H HY LFWHG WDFHV  DUH GLUHF WG WR D FDFKH
P DQDJHP HQWORJLF WJHWHU Z LW WHLU XVDJH FRXQWUV IRU
I X UK HU SURFHVVLQJ DV GHVFULEHG LQ VXEVHTXHQW VHFWRQV

$ Q LP SRUWQW IXQFWRQDAW RI WH FDFKH P DQDJHP HQW

RJLF LV WDW RI ILOMULQJ WDFHV DFFRUGLQJ W D VWWF RU
G\ QDP LF FULWULRQ H FDOO VXFK D FULMWHULRQ D ILOMU ,Q D
MDWU VHFWRQ Z H VKD GHILQH VHYHUDO W SHV RI ILOMUV DQG

LQYHVWJ DWH WHLU EHKDY LRU

H GHILQH D WDFH FDFKH W EH H[ HFXWQJ LI LWGHQYHUV
LQVWXFWRQ [|URP WDFHV GLUHFW W WH H[ HFXWRQ VXE
V\ VWHP $ QRWHU W SH RI WDFH FDFKH Z H LQYHVWJDW LV D
VWUDJH WDFH FDFKHV Z KLFK LV XVHG DV VHFRQGDU WDFH
VW UDJ H HJ VHFRQG YHO WWDFH FDFKH 7 KH SURFHVVRU
FDQQRWIHWK LQVWXFWRQV IURP WH VWUHG WDFHV GLUHFW
WDFHV QHHG W EH WDQVIHUUHG W DQ H[ HFXWQJ WDFH FDFKH

EHIRUH WKHLU LQVWXFWRQV FDQ EH LVVXHG IRUH[ HF XWRQ

' DW & ROHFWRQ DQG ( YDOXDWRQ & ULWHULD

,Q WH IRORZ LQJ IHZ VHFWRQV Z H LQYHVWJDW VHYHUDO
RUI DQL] DWRQV IRU WH WDFH FDFKH 7 KURXJKRXW WHVH
VW GLHV Z H DVVXP H D P D[ LP XP GDW DUHD RI . % IRUDGO
WK H H[ HF XWQJ FDFKHV LQ WK H V\ VWHP $ OMUQDWY H
RUIDQL] DWRQ WFKQLTXHV DUH FRP SDUHG DFFRUGLQJ W WH
HITHFWYHQHVV RI WHLU H[ SORLWDWRQ RI D JLYHQ DUHD 7 KH

DUHD UHT XLUHG IRUD FDFKH HT XDOV

RI VHW RI Z D\ V 0 $; B,167B,1B758 & (
,167B6,=(
+ HUHO $; B,167B,1B758% & ( HTXDO/ HLWHU RU
, RU, FRQILI XUDWRQV UHVSHFWYHO DQG ,1 67 B6,= (

KDV D IL[ HG VLI H RI E\ WV 7 KXV IRU LQVWQFH LQ DQ ,

FRQILI XUDWRQ Z LW D VLQJCH Z D\ DVVRFLDWYH FDFKH WH
QXP EHU RI VHW LV ,Q DQ , FRQILI XUDWRQ Z LW W R
HT XDO VL] HG H[ HFXWRQ FDFKHV VWKH QXP EHU Rl VHW LQ HDFK
FDFKH LV 1 RW WDW VWULQJ GHFRGHG LQVWXFWRQV
LP SQHV DQ DUHD LQFUHDVH Z KLFK LV DSSUR[ LP DWG E\ XVLQJ

WH OGRQJIJHU,1 67 B6, = ( E\ VHV

/ DU RQ Z H H[ WQG WH VWG\ E\ FRQVLGHULQJ WKH
DGGLWRQ RI VHFRQG CHYHO RU VWUDJH FDFKHV 7 KHQ Z H
FRQVLGHU VHYHUDO DOMUQDWYHV RI DORFDWQJ DUHD IRU WKH

FDFKHV LQ WKH V\ VWP

2 XU HYDOXDWRQ UHOHV RQ FRXQWQJ WUHH NLQGV RI
HYHQW EXLOGV DFFHVVHV DQG WDQVIHUV WDQVIHU LV WH
HYHQW LQ Z KLFK D WDFH LV FRSLHG IURP RQH FDFKH W
DQRVKHU 2 XU P DLQ SHURUP DQFH DQG SRZ HU UHMDWG
P HWLFV DUH
X 7 KH WDFH FDFKH LQVWX FWRQ IHWK EDQGZ LGWK RU MVW
IHWK EDQGZ LGW LQ VKRUW FRP SXWG E\ GLYLGLQJ WKH
QXP EHU Rl LQVWXFWRQV E\ WH QXP EHU RI WDFH FDFKH
DFFHVVHV

X 7 KH EXLOG UDW GHILQHG DV WKH DYHUDJH QXP EHU RI
WDFH EXLOGV SHUN LQVWXFWRQV

X 7 KH WDQVIHU UDW GHILQHG DV WH DYHUDJH QXP EHU RI

LQWU FDFKH P RYHV SHUN LQVWXFWRQV

+ LI KHU IHWK EDQGZ LGW FRUUHWV Z LW KLI KHU

SHU RUP DQFH % XLOG UDWH DIIHFW ERW SHURUP DQFH DQG
SRZ HU % XLOGLQJ D WWDFH LQYROYHV IHWKLQJ DQG GHFRGLQJ RI

UDZ LQVWXFWRQV LWKDV KLJ KHU CDWHQF\ DQG ORZ HU IHWK



EDQGZ LGW WDQ IHWKLQJ GHFRGHG LQVWXFWRQV IURP WKH
WDFH FDFKH DQG LWFRQVXP HV D CRWRI SRZ HU & RQVHT XHQWD
KLJ KHU EXLOG UDWH LP SOHV ORZ HU SHURUP DQFH DQG KLJKHU
SRZ HU FRQVXP SWRQV 7 UDQVIHU UDW DOVR DIIHFW ERW
SHUIRUP DQFH DQG SRZ HU EXWW D P XFK CHVVHU H[ WVHQW
WDQVIHUULQJ DQ DQUHDG\ EXLOV WDFH LV EDVLFDOO D VLP SCH
FRS\ DQG LWLV D P XFK IDVWU DQG CHVV SRZ HU FRQVXP LQJ
RSHUDWRQ WKDQ EXLOGLQ)J D WDFH $ V Z H Z LODO VKRZ  WKH
WFKQLT XHV GHVFULEHG LQ WKLV SDSHUDIIHFWP DLQO WKH EXLOG
UDWH DQG WKH WIDQVIHU UDW 7 R JDLQ SHUIRUP DQFH DQG UHGXFH
SRZ HU Z H VWLYH W P DLQO. GHFUHDVH WH EXLOG UDW
HFUHDVLQJ VWKH WDQVIHU UDWH GRHV KHOS EXWLWLV P XFK CHVV

FUXFLDO

6 LP XDWRQ ( QYLURQP HQW

2 XUVLP XCDWRQ HQYLURQP HQWLV FRP SRVHG RI IRXUW SHV
Rl FRP SRQHQW DV GHSLFWHG LQ ) LJ XUH
x 7 UDFH % XLOGHU * HQHUDWYV WDFHV RXW RI D G\ QDP LF
H[ HFXWRQ VWHDP DFFRUGLQJ W WH WDFH EXLOG
RSWRQV
X & DFKH 0 DQDJHU & RQWRO/ WKH WDQVIHU RI WDFHV
EHW HHQ WH GLIIHUHQW FDFKHV DFFRUGLQJ W WKH
GLIIHUHQWI LOMULQJ SROFLHV DQG FDFKH RUJDQL] DWRQV
X & DFKH 0 DQDJHV VWKH VWUDJH DQG VXSSO RI WDFHV
DFFRUGLQJ WR LW FRQILJ X UDWRQ R1 VHW DVVRFLDWY LW
/58 SROF\ HW 2 XUHQYLURQP HQWP D\ FRQWLQ RQH
RUP RUH FDFKHV
x 6 WDWWVWFV 0 DQDJHU * DWHUW GDW RQ WKH LQWUHVWQJ
HYHQW LQ WKH V\ VWP DQG RXMWSXW WH UHTXHVWG

KLVWRJ UDP V

2 XU VHWRI EHQFKP DUNV LV FRP SRVHG RI WQ DSSOAFDWRQ
WDFHV FRQVLVWQJ RI P LOOLRQ LQVWXFWRQV HDFK 7 KH
LQVWXFWRQ WDFHV FRQVLVWRI UHSUHVHQWWYH SRUWRQV RI WH
DSSAFDWRQV VDP SHG Z LWKLQ WK HLU H[ HF XWR Q 7 KH
DSSQAFDWRQV EHRQJ W VHYHUDOEHQFKP DUNV

X 63(& &38 ,17 JFF YRUWA[ FUDIW

X 0 0 P DUN : Lo YLGHR

X 6 < 6P DUN 17 P SHJ SKRWVKRS Ssw

X 6 < 6P DUN LQ N H[ FHO Z RUG

X 6 SHHFK UHFRJ QLWRQ

$ 6 WG\ RI 7UDFH %¥HKDYLRU

,Q WKLV VHFWRQ Z H FKDUDFWUL] H GLITHUHQWWJDFH EHKDY LR UV
Z LWKLQ WKH WIDFH FDFKH ,Q RUGHU W JXDUDQWH WH JHQHUDOW
RI RXU UHVXOW Z H GR QRWOQP LWWH VWG\ W DQ\ VSHFLILF
LP SCHP HQWWRQ VXFK DV WH WDFH FDFKH RI WH ,QWO
3 HQWX P 3 URFHVVRU > @ @RU WH 6 SDUF 9 > @ )RU
H[ DP SOH RXU WDFH EXLOGLQJ P HFKDQLVP DORZ V WDFHV Z LW
WH VDP H VWUWQJ DGGUHVV EXW GLIITHULQJ LQ LQWUQDO
EUDQFKHV RXWRP H W FRH[LVW LQ WH WDFH FDFKH 7 KLV
WFKQLTXH P DNHV RXU UHVXON CHVV VHQVLWYH W WH TXDOW RI
D FHUWLQ EUDQFK SUHGLFWU DQG W WH HIIHFW RI P LVV

VSHFXMWG SDWYV

5 HYXOW LQ WKH SDSHU DUH SUHVHQWG LQ W R P DQQHUV
KHQ D EURDGHU XQGHUVWQGLQJ LV UHTXLUHG Z H SUHVHQWWKH
UHVXON [URP WH FRP SCHW EHQFKP DUN VXLW ) RU RVWKHU
H[ SHULP HQW P DLQO Z KHQ D GHHSHU DQDO VLV RI WH
EHKDYLRU LV UHTXLUHG Z H GHP RQVWNDW VWKH UHVXOW XVLQJ D

VLQJ CH SURJ UDP JFF

,QFUHDVLQJ ,QVWXFWRQ ) HWK % DQGZ LGW

YV 5 HGXFLQJ % XLOG 5 DWH

2 SWP L] LQJ WDFH FDFKH IRU SHURUP DQFH LV GLIIHUHQW
VWKDQ RSWP LJLQJ LW IRU SRZ HU UHGXFWRQ 3 HUIRUP DQFH
RSWP L] DALRQV DUH P DLQO FRQFHUQHG Z LW LQFUHDVLQJ WKH
QXP EHU RI 3XVHIXO LQVWXFWRQV VXSSOHG W WH FRUH
Z KLOH SRZ HU DZ DUH RSWP L] DWRQV DUH GLUHFWG DWUHGXFLQJ
VKH IUHT XHQF\ DWZ KLFK QHZ WNDFHV QHHG W EH EXLON 7 KLV
VHFWRQ IRFXVHV RQ WH WDGHRIIV EHW HHQ WHVH W R
RSWP L] DARQ SRLQW 5 HFDOO WKDW IHWK EDQGZ LGW Z DV
GHILQHG DV  WKH DYHUDJH QXP EHU Rl LQVWXFWRQ IHWKHG

IURP D WDFH WURXJKRXWWH H[ HFXWRQ RI DQ DSSQFDWRQ
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) LI XUH VKRZ V WKH IHWK EDQGZ LGW FRUUHODWG Z LWK

SHU RUP DQFH DQG VWKH EXLOG UDW FRUUHDWG Z LW SRZ HU

RI D V\ VWP Z KHQ UXQQLQJ WH * & & EHQFKP DUN DQG



FRP SDULQJ W R GLI IHUHQWRSWP L] DWRQV LQFUHDVLQJ WKH
WDFH VL] H Z KLH NHHSLQJ WKH FDSDFLW RI VWKH FDFKHV IL[
VRS KLVWFDWHG

DQG XVLQJ P RUH WDFH WHUP LQDWRQ

FRQGLWRQV

$ V H[ SHFWG ERW WDFH VL] H DQG VWKH GHJUHH RI ORRS
XQUROLQJ LQFUHDVH WKH QXP EHU RI LQVWXFWRQV SURGXFHG
IURP D WNDFH H[ SCDLQLQJ WKH LP SDFWRQ IHWK EDQGZ LGW
1 RW WDW WH EHQHILW RI XQUROLQJ /8 YV % Lv

VLI QLILFDQW) KLJKHUIRU CDUJ HU WDFHV Yv ,

7 KH HITHFWRI EDFNZ DUG EUDQFK SRQOF\ DQG WDFH VLI H RQ
WH EXLOGG UDWH LV CHVV LQWKLWYH 7 KH QXP EHU RI EXLOGV
LQFUHDVH Z LW WDFH VLJH GXH W DQ HIIHFWYH GHFUHDVH LQ
WDFH FDFKH FDSDFLW 5 HFDOO WDFHV FDQ RYHU®DS DQG
RQJHU WDFHV LQFUHDVH WH OGNHOKRRG RI RYHUDS $ W WH
VDP H WP H ORQJHU WIDFHV UHGXFH WH QXP EHU RI WDFHV DQG
WH ICH[ LELOW LQ P DQDJLQJ WH LQFUHDVHG RYHUDS 7 KH HQG
UHVXON LV WDW WH FDFKH FRQWLQV P RUH UHGXQGDQF\
UHGXFLQJ LW HIIHFWYH FDSDFLW DQG UHTXLULQJ P RUH EXLOGV
7 KH LQWHUDFWRQ Z LW CORRS XQUROALQJ LV QHJQJLEM™ IRU VKRUW
WHDFHV EXW VLI QLILFDQW IRU ORQJHU RQHV H[ FOXGLQJ ORRS
XQUROILQJ GUDP DWFDOO LQFUHDVHV WH QXP EHU RI EXLOGV
7 KH UHDVRQ IRU WLV LV VLP SCH DV Z HOO ) RUFLQJ WDFHV W
WHUP LQDW DW HYHU\ EDFNZ DUG EUDQFK % FUHDWYV P DQ\
VKRUW WDFHV DQG GUDVWFDOO UHGXFHV WH XWAQa] DWRQ RI
LQGLYLGXDO WDFHV $ JDLQ WLV HIITHFWLV P DJQLILHG IRU WH

RQJHU WDFHV

/ UHWP H FKDUDFW UL DWRQ RI WDFHYV

$ QRWHU LP SRUMQW P HWLF LV WKH QIHWP H RI D WDFH LQ
WH FDFKH 6 SHFLILFDOO Z H DUH LOWUHVWG LQ WKH GXUDWRQ DW
Z KLFK D WDFH UHVLGHV LQ WH FDFKH DQG WKH UHQHZ WP H
Z KLFK LV WKH WP H IURP LW UHSCFHP HQWXQWOWH QH[ WWP H
LWLV EURXJ KWLQWR WKH FDFKH 7 KH UHVLGHQFH SHULRG LV | X UK HU
SDUWWRQHG DV IRORZ V 7 KH WDFH OQYH WP H LV P HDVXUHG
IURP LW HQWDQFH W WH FDFKH XQWO WH VWDFFHVV W WLV
SDUWFXOU RFFXUUHQFH DQG WH GHFD\ WP H LV P HDVXUHG DV
WH WP H IURP WH VW DFFHVV W WH WDFH XQWO LW LV
UHS DFHG 7 KH GHFD\ WP H UHSUHVHQW WH GXUDWRQ DWZ KLFK
WH WDFH Z DV GHDG LQ WH FDFKH ) LJ XUH GLVS D\ V WKH

WDFH QLIHWP H IRUGLI ITHUHQWFRQILJ XUDWRQV

H QRWFH WDWWH WP H WH WDFH VSHQWLQ WH WDFH LV
DOP RVWHT XDOO GLYLGHG EHW HHQ LW QYH WP H DQG LW GHFD\
WP H 7 KLV LQGLFDWYV WDWD GLI IHUHQWUHS ®OFHP HQW VWIDWJ \
FRXOG SRWQWDOO LP SURYH WH XWQ] DWRQ Rl WKH WIDFH FDFKH
V\ VVHP $ QRWHU LP SRUWMQWREVHUYDWRQ LV WKDW WH UHQHZ
WP H LH WH WP H D WDFH VW\ V RXWLGH WH FDFKH EHIRUH
EHLQJ QH[ WFRQVXP HG LV UHODWYHO ORQJ 7 KLV REVHUYDWRQ
Z LOOVXSSRUWRXU SURSRVHG WHFKQLT XHV DV GHVFULEHG LQ WH

QH[ WVHFWRQ

$ FORVHU CGRRN DW) LJ X UH UHY HDOV WK DW VKH QLIHWP H
Rl CDUJHU WDFHV LV VLI QLILFDQW)\ ORQJHU WKDQ WKH QIHWP H RI
VKH VKRUWU WDFHV XQUROLQJ HQOUJHV WKH QIHWP H RI
WDFHV DQG Q% DQG / 8 XQUROOLQJ VHFKQLTXHV KDYH
VLP LODU HIITHFW RQ WKH UHVLGHQF\ GXUDWRQ IRU ERW WDFH

CHQJ WKV

$ ILQDO VHW RI GDW WDW P RWYDW RXU SURSRVHG
RUJDQL] DWRQ LV WKH FRQWLE XWRQ W WRWODFFHVVHV DQG WRWO
LQVWXFWRQV IHWKHG EURNHQ GRZ Q E\ WDFH EXLOGV Z KHUH
WDFH EXLOGV DUH JURXSHG E\ WKH QXP EHURI DFFHVVHV EHIRUH
UHS ODFHP HQW ) LJ X UH VKRZ VW R FKDUW RQH IRU WDFHV

RI CHQJ W WH RWHU IRU WIDFHV RI CHQJ W ( DFK FKDUW
KDV W R SDUW WH CHIWLY D EUHDNGRZ Q Rl WH SHUFHQWJH RI
WWODFFHVVHV 7 KH JURXS RI EDUVY RQ WKH CHIWUHS UHVHQW WK H
IUDFWRQ RI WWO DFFHVVHV FRQWLEXWG WR WDFHV WDW Z HUH
DFFHVVHG RQO RQH WP H EHIRUH WH\ Z HUH HYLFWG 7 KH
VHFRQG JURXS LV WKH IUDFWRQ RI WRWO DFFHVVHV FRQWLE XWG
E\ WDFHV WDWZ HUH DFFHVVHG W LFH WUHH RU IRXU WP HV
EHIRUH WKH\ Z HUH HYLFWG DQG VR RQ 7 KH VHFRQG SDUWRI WH
FKDUWEUHDNV GRZ Q WKH WVRWOQXP EHURI LQVWXFWRQV IHWKHG

LQ WKH VDP H Z D\ 7 KH WHQG RI WHVH JUDSKV LV YHU\ FCHDU *

DOKRXJ K RI WKH WIDFHV DUH UHIHUHQFHG MXVWRQFH EHIRUH
HY LFWRQ DQG DURXQG DUH DFFHVVHG DW P RVW IRXU
WP HV WH YDVWP DMRULW RI LQVWXFWRQV FRP H IURP WRVH

IHZ WDFHV WDW DUH H[ HFXWG P DQ\ WP HV H REVHUYHG

VLP LODU EHKDYLRULQ DOOWH SURJUDP V Z H H[ DP LQHG

I LP LWV WK G\
,Q WLV VHFWRQ Z H HYDOXDW WH LP SDFW RI FORVH W

RSWP DO UHSMFHP HQW DQ RULWP V FI > @ DQG WKH LP SDFW



Rl WH GHJUHH RI DVVRFLDWY LW Rl WH FDFKH RQ WH
XWAa] DWRQ RI WWDFHV Z LWKLQ WH WDFH FDFKH 7 KLV EHKDYLRU
P D\ VXJJHVWGLUHFWRQV IRUSRWQWDOLP SURYHP HQWW WDFH

FDFKH XWQ] DWRQ

H GHILQH SHU HFWFDFKH UHSMFHP HQWDV WH SRQF\ RI
UHS ODFLQJ WKH WWDFH Z KRVH QH[ WDFFHVV LV WKH CDWHVW DP RQJ
WH WDFHV LQ WKH VHW 1 HDU SHUHFW UHSOFHP HQW LV WH
SRAQF\ RI UHSMFLQJ WH WDFH Z KRVH QH[ WDFFHVV Z LWLQ D
JLYHQ CRRN DKHDG Z LQGRZ LQW WH IXWUH LV WKH GDWVW , Q
WH HYHQWW DWVHY HUDO WDFHV KDYH WHLU QH[ WDFFHVV EH\ RQG
WH ORRN DKHDG Z LQGRZ Z H HP SR\ WH VWQGDUG / 5 8

P HFKDQLVP W VHGHFWDP RQJ WKHVH WDFHV

,Q WKLV VWKG\ Z H FRQVLGHU C(RRN DKHDG Z LQGRZ V RI N
WIDFHV N WDFHV DQG 0 WDFHV $ V FDQ EH VHHQ IURP
WH GDW EHORZ WH SKHQRP HQD Z H LQYHVWJDW FRQYHUJH DW
ORRN DKHDG RI . RU 0 VR WHUH LV QR SUDFWFDO UHDVRQ
W JR EH\ RQG WHVH QP LW RU W FRQVLGHU DEVROXW SHU HFW

UHS CDFHP HQW

7 R H[ DP LQH WH LP SDFWRI LQFUHDVHG DVVRFLDWY LW ZH
FRQVLGHU W R HQKDQFHG FDVHV GRXECH DVVRFLDWY LW LH
XVLQJ Z D\ V LQVWHDG RI DQG IXQ DVVRFLDWY LW 1 RW
WDWZ H DUH XVLQJ D IL[ HG GLH VL] H P HDQLQJ WDWW LFH WH

DVVRFLDWY LW LP SAHV KDO WH QXP EHURI VHW

,Q RUGHU W H[ SRVH WKH I X0 SLFWUH RI QP LW Z H SUHVHQW
WH UHVXOW RI FURVV XVLQJ QHDU SHU HFW DQG LP SURYHG
DVVRFLDWY LW

) LI XUH SUHVHQW WH UHVXOW RI WHVH

H[ SHULP HQW LQ WHUP V RI EXLOG UDWA Z KLCH ) LI XUH

SUHVHQW WKH LP SDFWRQ WH DYHUDJH WDFH QI HWP H

H REVHUYH WKDWDOMKRXJK ERW LQFUHDVHG DVVRFLDWY LW
DQG SHUHFWRQ RI WH UHSOFHP HQW SRQF\ LP SURYH WH
EXLOG UDWH WH LP SDFWRI WH UHSMFHP HQWSRQF\ LV P XFK
VWRQJHU 8 QIRUWKQDWOQO SHU HFW UHS @MFHP HQW DQ RULWP V
DUH QRW LP SCHP HQWEOG + RZ HYHU WHVH UHVXOW LQGLFDW
WDW WHFKQLT XHV WDW P D\ H[ WVHQG WH DYHUDJH WP H D
UXVHIX Ol WHDFH UHVLGHV Z LWLQ D FDFKH P D\ LP SURYH WH

RYHUDGOSHU RUP DQFH RI WKH V\ VWP

& RQFOXVLRQV DQG 2 EVHUYDWRQV

2 XU ILQGLQJV LQ WKLV VHFWRQ FDQ EH VXP P DUL] HG E\ WH

IRORZ LQJ REVHUYDWRQV

X ) RUD JLYHQ EXLOG SRAQF\ RSWP L] LQJ WH WDFH FDFKH
IRU LQVWXFWRQ IHWK EDQGZ LGW LQFUHDVHV WH QXP EHU
RI EXLOGV DWUXQ WP H 7 KDWLV SHURUP DQFH RULHQWG
RSWP L] DWRQV KLIKHU EDQGZ LGW P D\ UHVXON LQ
KLIKHUSRZ HUFRQVXP SWRQV P RUH EXLOGV

X 7 KH P DMRULW RI WIDFHV DUH XVHG RQQO IHZ WP HV EHIRUH
EHLQJ HYLFWG

X 7 KH P DMRULW RI LQVWXFWRQV FRP H IURP WDFHV WDW
KDYH EHHQ XVHG P DQ\ WP HV EHIRUH EHLQJ UHSOFHG
IURP WH WDFH FDFKH

X ,Q DYHUDJH D UHODWYHO ORQJ WP H SDVVHV EHIRUH DQ

HYLFWG WDFH LV QHHGHG DJDLQ

$ QHZ WDFH FDFKH RUJIDQL] DWRQ WDW H[ SQRLW WHVH
REVHUYDWRQV LQ RUGHU W LP SURYH WUDFH FDFKH HIITHFWYHQHVV

LV SURSRVHG LQ WKH QH[ WVHFWRQ

) LOMH ULQ J

& RQFHS W

7 KH CDVWVHWRI REVHUYDWRQV P DGH LQ VHFWRQ HDG XV
VR WKH FRQFOXVLRQ WKDWD ILOMULQ) P HFKDQLVP LV QHHGHG LQ
RUGHU WR VHSDUDW WDFHV WKDWDUH KHDYLO XVHG IURP VWKRVH
WDW GR QRW VKRZ ORFDOAW LQ WP H RI UHIHUHQFH 7R
LP SCHP HQWWKLV ILOMULQJ Z H VHSDUDW WKH WDFH FDFKH LQW
W R SDUW 7 KH ) LOMU 7 UDFH & DFKH )7 & LV XVHG IRU
ILOMULQ) WH 0 DLQ 7 UDFH & DFKH 0 7 & VWUHV WDFHV WDW

KDYH EHHQ VHOHF WG E\ WK H I LOMULQJ SURFHVV 7 KLV

RUJDQL] DWRQ LV VKRZ Q LQ ) LJ XUH % RW WH )7 & DQG
0 7& DUH Z D\ DVVRFLDWYH DQG HDFK RQH RI WKHP KDV
KDO WH QXP EHU RI VHW RI WH RUJLQDO 0 7 & RQO

FRQILJ X UDWR Q



, QVWXFWRQV DUH IHWKHG IURP WH LQVWXFWRQ FDFKH
GHFRGHG DQG EXLONLQWR WIDFHV % XLONVWDFHY DUH HQWUHG LQW
WH )7 & 7 UDFHV WKDWDUH HYLFWG IURP WH ) 7 & DUH HLWHU
GLVFDUGHG RU P RYHG W WH 0 7 & IRU (RQJHU WUP VWUDJH
7 KH GHFLVLRQ W GLVFDUG RU W SURP RW D WDFH LV P DGH
EDVHG RQ D ILOMU WKDWLP SCHP HQW VRP H KHXULVWF $ QDwWH
ILOMU P D\ EH EDVHG GLUHFW RQ WH GDW VKRZ Q LQ ) LJ XUH

1 DP HO LI D WDFH KDV EHHQ DFFHVVHG P RUH WDQ D
VP DOO FRQVWQW H J W LFH SULRU W LWV ) 7 & HYLFWRQ Z H
DVVXP H WDWLWLV D XVHIXO WDFH RQH Z H Z LOO FRQWQXH W
DFFHVV DJDLQ DQG DJDLQ WHUHIRUH LW JHW SURP RWG
2 WKHUZ LVH Z H GLVFDUG WKH WDFH RQ WH JURXQGV WDW LWLV
AQANHO W EH RQH RI WH RI WDFHV WKDWRQFH SURP RWG
Z LOO MKVW EH HYLFWG IURP WH 0 7 & EHIRUH EHLQJ XVHG

DJ DLQ

,Q WKH QH[ WVHFWRQ Z H FRQVLGHU VHYHUDOVXFK |LOMUY DQG
SUHVHQW FRP SDUDWYH UHVXON LQGLFDWQJ WDWWHUH LV URRP

IRULP SURYHP HQWEH\ RQG WH QDwWYH | LOMMU SUHVHQWG DERYH

$ OMHUQDWYH ) LOMH UV

,Q WLV VHFWRQ Z H SUHVHQWWKH LP SDFWRI XVLQJ GLIIHUHQW
ILOMW LQ WKH )7 & 0 7& WDFH FDFKH RUJDQL] DWRQ 7 KH
ILOMU P HFKDQLVP GHFLGHV XSRQ WKH UHSOFHP HQWRI D WDFH
IURP WKH ) 7 & Z KHWHU W LQVHUW LW LQW WKH 0 7 & RU W
GLVFDUG LW 7 KLV P HFKDQLVP FDQ EH HLWHU VWWF RU
G\ QDP LF $ VWWF ILOMU VLP SO FRP SDUHV WH QXP EHU RI

DFFHVVHV RI D WUDFH W D IL[ HG FRQVWQW DQG GLVFDUGV LW LI

WH DFFHVV FRXQWLV VP DOHU WKDQ WKLV W UHVKR GG H GHQRW
E\ & & & WH ILOMU Z KRVH DVVLI QHG FRQVWQW LV
DQG UHVSHFWYHO & LV D ILOMU WKDWDGOORZ V DOO WIDFHV W

SDVV DVVXP LQJ DO WDFHV LQ WKH FDFKH KDYH EHHQ DFFHVVHG
DWOHDVWRQFH WLV DVVXP SWRQ Z RXOG QR (RQJHUEH WXH KDG
Z H XVHG DQ\ WDFH SUHIHWKLQJ P HFKDQLVP 1 RW WDWD
I LOMU VA VWVHP  Z LW & LV VRP HZ KDWGLIIHUHQWWDQ DQ 0 7 &
RQO V\ VWP D WWDFH WDQVIHUUHG W WH 0 7 & LV QR RQJHU

VXEMIFWW WH/ 58 SRAF\ RI WKH ) 7 &

$ G\ QDP LF ILOMU UHSUHVHQW D VHA DGMXVWQJ V\ VWHP WKDW
P RGLILHV LW | LOMULQJ FULWULRQ EDVHG RQ SDVWIHHGEDFN : H
Z LOO SUHVHQWRQH VLP SCH W SH RI G\ QDP LF ILOMU Z KLFK Z H
FDOO [/ 2 * | LOMHU 7KH [ 2* ILOMU [ 2 * FRQWLQV
UHJ LVWHUV G G DQG G ) RUHDFK VWW RI WKH UHJ LVWHUV Z H
GHILQH D EDUULHU E GHILQHG DV WKH DUJ HVWM VXFK WKDWGM!
LI QR UHJLVWHU LV SRVLWYH WH EDUULHU LV E 7 KH
IXQFWRQDAW LV VHSDUDWG LQW W R SKDVHV [|LOMULQJ DQG
XSGDW * LYHQ WH WDFH DFFHVV FRXQW1 DV LQSXW WH WDFH
LV DOORZ HG W SDVV LI 1 LV ODUJHUWDQ WH EDUULHU ) RORZ LQJ
HDFK ILOMULQJ SKDVH FRP HV DQ XSGDW SKDVH DWZ KLFK 1
DIITHFW WH QH[ WEDUULHU ( DFK UHJ LVWHU GMLV LQFUHP HQWG E\
xRJ 1 LI 1! M RUGHFUHP HQWG E\ WLV DP RXQWLI 1 M
, QWK LWYHO  WH EDUULHU UHSUHVHQW DQ DSSUR[ LP DWRQ W WH
DYHUDJH DP RQJ DOOWH SDVWWIDFHV 7 KH WIDFHV DUH Z HLJ KWHG
LQW WLV DYHUDJH E\ WH CRJDULWKP Rl WKHLU WH DFFHVV
FRXQW ) LJ XUH SUHVHQW WH EXLOG UDWH IRU VHY HUDO VW WF
DQG G\ QDP LF ILOMUV RQ WKH IX0 VHWRI EHQFKP DUNV Z LW

WIDFHV RI CHQJ W ,

7 KH EXLOG EHKDYLRUV REVHUYHG LQ ) LI XUH VHS DUDWH
VKH EHQFKP DUNV LQW WKUHH FDWHJ RULHV ,Q DSSCOFDWRQV Z LW
VP DOO WDFH IRRVWULQW ONH P SHJ VSHHFK DQG YLGHR WH
Z RUNLQJ VHWLV VR VP DOO WKDW WIDFHV DUH HVVHQWDOO QHYHU
HYLFWG DQG RQO FROG ILUVWWP H EXLOGV DUH UHT XLUHG 1 R
RSWP L] DWRQ Z LOO UHGXFH WH QXP EHU RI WHVH EXLOGV
$ SSAFDWRQV Z LW P HGLXP WHDFH IRRWULQW ONH FUDIW
JFF SKRWVKRS DQG 9 RUW[ KDYH VRP H HYLFWRQ P LVVHV
DQG SUHVHQW DQ RSSRUWMQLW IRU VP DUWU WDFH FDFKH
P DQDJHP HQWSURYLGHG E\ WKH ) 7& 0 7 & RUIDQL DWRQ : H
FDOO VKHP P HGLXP VLJH DSSOFDWRQV 7 KH WLUG FDWHJRU\
FRQWLQV SURJUDP V Z LW ODUJH WDFH Z RUNLQJ VHW ONH
H[FHO SSW DQG Z RUG 7KH RSSRUWQLW IRU VP DUW
P DQDJHP HQWKHUH LV J UHDWEXWVR LV WKH ANHOKRRG VKDW WK H
VRWOFDSDFLW RI WKH ) 7& 0 7 & LVVLP SO QRWOUJH HQRXJ K
VWV KROG WH HQWUH Z RUNLQJ VHW DQG WDW WH RSWP DO
QXP EHU RI

P LVVHV EXLOGV HYHQ IRU SHUHFW WDFH

UHS MFHP HQW Z LOO EH KLIK H FDOO WHVH UJH IRRW ULQW

DSSAFDWRQV



* LYHQ WKH DERYH FOVVLILFDWRQ ) LJ XUH SUHVHQW WKH
ILQDO 3 VFRUH" RI WH ILOMHULQJ WHFKQLT XHV P HDVXUHG DV WH
LP SURYHP HQW UDWR RI HDFK ILOWMHU RYHU WH EDVLF 0 7 &

FRQILJ XUDWRQ KLJKHUUDWR LV EHWHU

) LUUMD  Z H REVHUYH WDWWH ) 7& 0 7 & RUJDQL] DWRQ LV
P RVW EHQHILFLDO IRU WKH P HGLXP VL] H DSSOFDWRQV Z KLH
IRU WKH DU H IRRWS ULQW DS SOFDWRQV WH LP SURYHP HQW DUH
P RUH P RGHVW KHQ WKH WDFH Z RUNLQJ VHWLV ODUJHU WDQ
WH WDFH FDFKH P DQ\ RI WH P LVVHV Z H VHH DUH WXH
FDSDFLW P LVVHV QRWUHSFHP HQWSROF\ VHQVLWYH FRQIQFW
P LVVHV ,Q RUGHU W LP SURYH WDFH FDFKH SHUIRUP DQFH IRU
WHVH DSSQFDWRQV LQ WH QH[ WWHFWRQ Z H SURSRVH W DGG D
VHFRQG GHYHO WDFH FDFKH WKDW VWRUHV WDFHV HYLFWG IURP

WH)7& 0 7&

6 HFRQGO Z H REVHUYH WWKDWWH ) 7 & 0 7 & SDUWWRQ RI

WH V\ VWP KDV D JUHDWU LP SDFW WDQ P HUH LQFUHDVH LQ

DVVRFLDWY LW ([ FHSW IRU SKRWVKRS DQG H[ FHO WK H
LP SURYHP HQW JDLQHG E\ GRXEQOH DVVRFLDWYLW LV VP DCHU
WDQ WDWREWLQHG E\ P RVWILOMUWY ,Q RWHU Z RUGV W R

Z D\ DVVRFLDWYH FDFKHV Z LWK / 58 UHSOMFHP HQWDQG D |ILOMU
LQ EHW HHQ DUH D EHWWU FDFKH RUJDQL] DWRQ LQ WUP V RI
EXLOG UDWVWH EXWDO/R LQ WHUP V RI VP DOHU/ 58 RJLF WDQ D

VLQJ CH Z D\ DVVRFLDWYH FDFKH

) RFXVLQJ RQ WKH P HGLXP VL] H DSSQFDWRQV Z H REVHUYH
VLI QLILFDQW LP SURYHP HQW W WKH EXLOG UDWH E\ XS W
RYHU WH FRQYHQWRQDO 7 & RUJDQL] DWRQ & RP SDULQJ WKH
EHKDYLRU RI GLIIHUHQW ILOMUV Z H QRW VWKDW WKH G\ QDP LF
ILOMU / 2 * IRU, /8 SHUIRUP V WH EHVW VFRULQJ DQ
DYHUDJH LP SURYHP HQWRI $ V WKHVH I LOMUV DUH J (REDO
WH\ DUH P XFK VLP SCHU W GHVLIQ DQG FKHDSHU LQ WUP V RI

GLH VL] H WKDQ DQ\ UHSOFHP HQW SRQF\ LP SURYHP HQW WDW

KDV WVR EH CRFDOO LP SCHP HQWG IRU HDFK RI WH FDFKH VHW
& RP SDUHG W WKH UHVXON RI WH QP LWVWG\ SUHVHQWG LQ WH
SUHYLRXV VHFWRQ ZH FRQFOXGH WDW WH GHP RQVWDWG
LP SURYHP HQW LV VXE RSWP DO CHDYLQJ URRP IRU I XUWKHU

LP SURYHP HQWRI WH ILOMULQJ WHFKQLT XHV

$ QDO VLV RI ) 7& %HKDYLRU

$ GGLWRQDOLQGLFDWRQ RQ WKH VSHFLDOURCH SCD\ HG E\ WH
) 7& FDQ EH REWLQHG E\ REVHUYLQJ WKH QLIHWP H RI WDFHV LQ
VKH ) 7& 0 7& V\VWP ) LIXUH SUHVHQW WKH CQIHWP H
EUHDNGRZ Q RI DQ 0 7 & RQO V\ VWP YV WH FRP SRQHQW RI
DQ )7& 0 7 & V\VWP 7 KH GDW SUHVHQWG LQ ) LJ XUH
VKRZ V WKH VLI QLILFDQWLP SURYHP HQWLQ WKH DYHUDJH SHULRG
WDFHV OYH LQ WKH )7 & 0 7 & V\VWP LQ SDUMFXOU WH
LP SURYHP HQWLV H[ KLELWG E\ WH 0 7 & 7 KLV VKRXOG EH RI
QR VXUSULVH VLQFH DIWU SURSHU ILOMULQ) WH 0 7 & LV
H[ SHFWG W FRQWLQ P RUH RI WH 3KRW WDFHV 7 KLV
SKHQRP HQRQ LV FCHDUO REVHUYHG LQ WH GLVWLEXWRQ RI

H[ HFXWRQ DQG EXLOGV SUHVHQWG > @

$ QRWHU LP SRUWQW DVSHFW RI W H )7& 0 7 &
RUIDQL] DWRQ LV WKH IDFWWDWWH LP SURYHP HQWLQ EXLOG UDW
LV DFKLHYHG LQ WKH FRVWRI P RUH GDW WDQVIHUV EHW HHQ WH
) 7& DQG WH 0 7 & 7 KH GDW LQ ) LJXUH VKRZ V WH
WDQVIHU UDWH IRU GLITHUHQW ILOMUV GHP RQVWDWQJ W DWW HUH
DUH DGGLWRQDO FRQVLGHUDWRQV W EH HYDOXDWG Z KHQ D

FKRLFH RI ILOMU KDV WR EH P DGH ) RU H[ DP SCH DQ\ ,$



GHVLIQ Z RXOG DSSUHFLDW WH UHGXFWRQ LQ WKH YHU FRVW

EXLOGV Z KLoH D 5,6 & GHVLIQ P D\ SUHIHU D GLIIHUHQW

WHDGHRII

D EXLOG UDWH . WUDQVIHU UDWH

07& & & 12*

RQO\

+ LHUD UF K\

$ V VKRZ Q DERYH WH WDFH ILOMU P HFKDQLVP UHGXFHV
WH QXP EHU RI WDFH EXLOGV E\ LP SURYLQJ WH WDFH
UHS OODFHP HQW SROQF\ 6 WOO WH QXP EHU RI WDFH EXLOGV
HVS HF LDOO IRU WH OUIH IRRWULQW DSSAFDWRQV UHP DLQV
K L) K P DLQO GXH W QP LWG FDSDFLW 5 HGXFLQJ WK H

QXP EHU RI WIDFH EXLOGV IRU VXFK FDSDFLW QP LWHG

DSSOFDWRQV FDQ EH DFKLHYHG E\ HQOUILQJ WKH WDFH
VWRUDJH 8 QIRUMQDWO ELJJHU )7& 0 7& SDLU LQYROYHV
KLJ KHU CDWHQF\ DQG KLIKHU SRZ HU WHUHIRUH WKLV VHFWRQ
H[ DP LQHV WKH EHQHILWRI DGGLQJ D VHFRQG CHYHO / VWD F H
FDFKH 7 KH SURSRVHG / FDFKH DLP V VR HQODUJH WKH RYHUDCD
VSDFH GHYRVWHG W NHHSLQJ GHFRGHG WNDFH FDFKHV 7 KH /

FDFKH LV DVVXP HG W EH VORZ HUWDQ WH / WDFH FDFKH EXW
DOVR W FRQVXP H VLI QLILFDQW) CHVV SRZ HU SHU E\ Wi 8 VLQJ
VHYHUDO CHYHOV Rl WDFH FDFKHV HQDECHV XV W WDGH EHW HHQ
DUHD SHURUP DQFH DQG SRZ HU FRQVXP SWRQ H VKRZ WKDW
/ WDFH FDFKH VL) QLILFDQW) UHGXFHV WH QXP EHU Rl WDFH
EXLOGV UHODWYH W WH )7& 0 7& RQO FRQILIXUDWRQ ,Q
SDUWF X DU

DSSAFDWRQV Z LW MUIH IRRW ULQW  HQM\

VL) QLILFDQWUHGXFWRQ LQ WKH QXP EHURI DEVROXW EXLOGV

,Q WHUP V RI FDFKH VLJH Z H LQYHVWJDW WH IRCRZ LQJ

FRQILI XUDWRQV 7 KH EDVH QQH LV VKH S % )7& 0 7&
V\ VVWHP © H LQYHVWJDW WH RSWRQ RI SURJUHVVLYHO
H[ WIQGLQJ LW Z LW CDUJHU / FDFKHV 6 SHFLILFDOO Z H DGG
/ RI VL] HV WKDW DUH P XOASCHV RI VWKH RULILQDO %
)7& 0 78& DQG GHQRWG E\ / IRU WK H L% DQG
VRV ORI . % WDFH FDFKH P HP RU\ DQG / IRU WKH

% / DQG WWORI . % WDFH FDFKH P HP RU\  $ 0O WKH

/ FRQILI XUDWRQV DUH Z D\ DVVRFLDWYH

$ JDLQ Z H IRFXV RXU P HDVXUHP HQW DW WH LP SDFWRQ
EXLOG UDWH H DVVXP H WKDW WH RSHUDWRQ RI WDFH EXLOG
I UR P FRQYHQWRQDO P HP RU\ LV IDU P RUH H[ SHQVLYH WDQ
ERRNNHHSLQJ RSHUDWRQV VXFK DV WKH WDQVIHU RI WDFHV IURP
RQH CHYHO LQ WKH KLHUDUFK\ WR DQRWHU ERW LQ WUP V RI
SRZ HU FRQVXP SWRQ DQG LQ WUP V Rl DGGHG GHMM\V : H

WHUHIRUH DUJXH WDW WH SRZ HU DQG SHURUP DQFH JDLQ

UHDOWG WR UHGXFWRQ LQ WH QXP EHU RI EXLOGV GXH W WH

LQWRGXFWRQ RI DQ / WDFH FDFKH DUH VL) QLILFDQW KLJ KHU

WDQ WH ORVV GXH WH H[WD ERRNNHHSLQJ RYHUKHDG
P HDVXUHG E\ D P XFK ODUJHUQXP EHURI WDQVIHUV
5 HV X ow
7 KH UHVXOW RI WH / WDFH FDFKH H[ SHULP HQW DUH
SUHVHQWG LQ ) LJ XUH H REVHUYH WDW WH / WIDF H

FDFKH VLI QLILFDQW) LP SURYHV WH EXLOG UDWH XS W WP HV

UHGXFWRQ Z LW WH OUJHVW / FRQVLGHUHG 7 KLV WHQG LV
FRQVLVWHQW IRU DOO DSSOFDWRQV + RZ HYHU WH DEVROXW
UHGXFWRQ LQ EXLOG UDWH LV IDU ELJJHU IRU WH OUJH IRRW ULQW
DSSAFDWRQV ,Q YLHZ RI WKH SUHYLRXV UHVXOAN RQ |LOMULQJ

WKH / WDFH FDFKH HQDECHYV WHVH DSSOFDWRQV WVR RYHUFRP H
WH LQKHUHQW FDSDFLW QP LWWRQV RI WH RUGLQDU WDFH

FDFKH V\ VWHP & RP SDULQJ ) LJ XUH WR ) LI XUH Z H FDQ
VHH WKDWHYHQ WH EXLOG UDW RI H[ FHO DSSAQFDWRQ Z KLFK
FRXOG QRWEH LP SURYHG E\ DQ\ RI WH VXJJHVWG |ILOMHUV JHW

ILQDOO UHGXFHG E\ WKH / WHDFH FDFKH

7 KH LP SURYHP HQWUDWRYV LQ EXLOG UDW DUH SUHVHQWG LQ

) LI XUH H REWLQ D UHGXFWRQ RI RYHU IRU WKH
UJH IRRVW ULQW DSSOFDWRQV DQG HYHQ DUJHU UHGXFWRQ

UDWR IRUWH P HGLXP VL] H RQHV

$ FRP SCHW WDGH RII DQDO VLV VKRXOG LQFOXGH WKH
LP SDFWRI WH DGGLWRQDOO LQWRGXFHG WDQVIHUY ,Q D WDFH
P HP RU\ Z LWK / FDFKH WKHUH LV GLITHUHQWS ULFH LQ WHUP V RI
SRZ HUFRQVXP SWRQ W WDQVIHUV I[URP )7 & W 0 7 & DQG W
WDQVIHUY IURP 0 7& W [/ RU YLFH YHUWD 7 KHVH
SDUDP HWHUV DUH GHVL) Q UHODWHG DQG DUH QRWDYDLODECH W XV DW
VKLV SRLQW ) XWUH Z RUN VKRXOG H[ WHQG WKH FXUUHQW VWK G\
Z LK D GHWLHG DQDO VLV Rl WKH WDGH RIIV EHW HHQ SRZ HU
FRQVXP SWRQ FRVW RI H[ WD DUHD DQG VKH SHURUP DQFH
LP SDFWRI DGGLQJ / WDFH FDFKH Z KLOH UHGXFLQJ WKH VL] H RI

WH / WDFH FDFKH



& RQFOXVLRQV DQG ) XW UH : R UN

7 KLV SDSHU KDV WUHH P DLQ FRQWLEXWRQV LWVKRZ V WDW
RSWP L] LQJ WDFHV IRU UHGXFHG SRZ HU LV GLIIHUHQW WKDQ
RSWP L] LQJ WHP IRUKLIK IHWK EDQGZ LGW LWSURYLGHV LQ
GHSW LQIRUP DWRQ RQ KRZ WNDFHV DUH XWQ] HG Z LWLQ VKH
WDFH FDFKH DQG LWSUHVHQW QHZ P LFURDUFKLWFWUDO LGHDV
IRU LP SURYLQJ WKH SRZ HU FRQVXP SWRQ RI WDFH FDFKH
EDVHG V\ VWP V ,Q WKH ILUVWSDUWRI WH SDSHU Z H DQDO ] H WH
EHKDYLRUDO SDWHUQV RI WDFHV Z LWKLQ WKH WDFH FDFKH 7 KH
DQDO VLV LQGLFDWYV WK DW
X " LITHUHQW WHFKQLT XHV DUH QHHGHG IRU RSWP L] LQJ WKH

WDFH FDFKH IRU SRZ HU UHGXFWRQ P LQLP L] LQJ WKH
WDFHV EXLOG UDW DQG IRU SHURUP DQFH P D[ LP L] LQJ
WH LQUWXFWRQ IHWK EDQGZ LGW $ WNDFH FDFKH WKDWLV

RSWP L] HG IRU KLIK LQVWXFWRQ IHWK EDQGZ LGW
UHT XLUHV FRP SOFDWG DQG SRZ HU KXQJU IURQWHQGV LQ
RUGHU W FRSH Z LW LQFUHDVLQJ SHURUP DQFH GHP DQG
6 XFK WDFH FDFKHV WQG VWR HQUIJH WH VL] H RI WKH
WDFH OLQH DQG XVH VRSKLVWFDWG CRRS XQUROLQJ
P HFKDQLVP V 8 QIRUAQDWO  WHVH WFKQLTXHV P D\
UHVX ONLQ LQFUHDVHG EXLOG UDW DQG CRZ HU XWO] DWRQ RI
VK H WDFH FDFKH

& RQVHT X HQWD WK H SRZ HU

FRQVXP SWRQ RI WH IURQWHQG P D\ VLI QLILFDQW
LQFUHDVH 1 RWH WKDW D CGOUJH QXP EHU RI EXLOGV P D\

K DUP WH SHURUP DQFH DV Z HOO XQMVV H[ SHQVLYH

KDUGZ DUH LQ WHUP RI GHVLI Q FRVW DQG SRZ HU
GLVVLSDWRQ LV EHLQJ XVHG

X 7 KH P DMRULW RI WH WDFHV DUH UDUHO XVHG 0 DQ\
WDFHV DUH EXLONRQO RQFH

X 7 KH P DMRULW RI WKH H[ HFXWG LQVWXFWRQV FRP H IURP
WH P RUH IUHT XHQWD XVHG WDFHV

X * RRG UHSMFHP HQWP HFKDQLVP KDV D VLI QLILFDQWHIIHFW

RQ UHGXFLQJ WH EXLOG UDW

7 KHVH EHKDYLRUDO SDWWHUQV LQGLFDW WDW | LOMULQJ
WFKQLT XHV FDQ LQFUHDVH WH XWQ] DWRQ RI WH WDFH FDFKH
E\ SUHYHQWQJ WH LQIUHT XHQW) XVHG WDFHV IURP SROXWQJ

WH WDFH FDFKH $ QRWHU REVHUYDWRQ LV WKDW ILOMULQJ DOVR

HQMUJ HV WKH QLIHWP H RI WH WHDFHV WXV FRQWLE XWQJ W WH

RYHUDCO SHU RUP DQFH

H SURSRVH D QHZ WDFH FDFKH RUJDQL] DWRQ EDVHG RQ
WH SDUAMWRQ RI WH WDFH FDFKH LQW ) 7 & DQG 0 7 & $ VvV
P HDVXUHG RQ P HGLXP VL] H DSSQFDWRQV WH )7& 0 7 &
RUJIDQL] DWRQ LP SURYHV WH EXLOG UDWH E\ LQ DYHUDJH
DFKLHY LQJ LQFUHDVHG SHURUP DQFH DQG UHGXFHG SRZ HU
FRQVXP SWRQ H DOVR HYDOXDWG WH LP SDFW RI DGGLQJ
VHFRQG CHYHO WIDFH FDFKH / WDW VWUHV WDFHV HYLFWG
IURP WH )7 & DQG 0 7 & : HIRXQG WDWIRU DSSAQFDWRQV
Z LW UJ H LQ VWX FWR Q I RRWs ULQ W/ WK LV WDFH FDFKH
RUJDQL] DWRQ HIITHFWYHO UHGXFHV WKH QXP EHURI EXLOGV E\ D

IDFWURI FRP SDUHG WR WH EDVLF ) 7 & 0 7 & RUJDQL] DWRQ

,Q YLHZ RI WKH HQFRXUDJLQJ UHVXOWN RI WH |LOMULQJ
VHFK QLT XHV SUHVHQWHG LQ WKLV SDSHU Z H EHOHYH WKDWRWHU
ILOMULQ) DQJ RULVKP V VKRXOG EH LQYHVWJDWG 2 QH SRVVLEH
GLUHFWRQ LV WV FKDQJH WH KDUGZ DUH VRIW DUH LQWUI DFH DQG
XVH VRIW DUH GLUHFVWHG 3KRW SDW ' VHCHFWRQ VHFKQLT XHV
VLP LCDUO. W WH SURSRVDOV LQ > @ $ GGLWRQDO P LFUR
DUFKLWFWUDODVSHFW RI WKH P HP RU\ V\ VWVHP UHFRP P HQGHG
IRU IXWKUH UHVHDUFK LQFOXGH WKH LP SDFWRI WDFH VHCHFWRQ
DQG EUDQFK SUHGLFWRQ RQ WKH RYHUDOD SHUIRUP DQFH DQG
HQHUJ\ FRQVXP SWRQ RI WH SURFHVVRU 6 WG\ LQJ GLIIHUHQW
DOMUQDWYH RUJDQL DWRQV DQG SDUDP HWHU UHDWG W VKH
LQWRGXFWRQ RI D CUJH / WDFH FDFKH P D\ DO/R SURYLGH
LP SRUMQWLQVLI KWLQWR WKH V\ VWP fV DUHD SHUIRUP DQFH DQG

SRZ HUWDGHRIIV

$ FNQRZ OHGJHP HQW

7 KH DXWRUV Z RXOG QGNH W WDQN $ P LU 5 RW IRU KLV
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