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7 KLV SDSHU FRQWLQV VRP H UHIHFWRQV DERXW XVLQJ ! WSR®RJI\
DQG VRP H P RUH JHQHUDO ' FRQFHSW UHMWG W ! FDG DVWH
) ww Z H GHYHRS VRP H DEVWDFWYLHZ V DERXW ' P RGHOQJ DQG
P RUH VSHFLULFD® DERXW WH GHILQIMWRQ RI ! VS DWDO R E MHFW
6 HFRQGQ Z H UHSRUW D QHZ |UDP HZ RUN IRU UHSUHVHQWQJ VSDWDO
UHDOWRQVKLSY 7 KH IUDP HZ RUN KDV GUIHUHQW ~FRP SOH[ IWu HHYHO/
DQG DARZ V P L LQJ VP SH DQG FRP S| VS DWDO UHMWR QVK LSV
7 KHUHI R UH LW LV SRVVLEOH W FRQVLGHU GL IHUHQW GHWLY Z KHQ
TXHU LQJ VSDWDOREMFW ) LQD@ VRP H H[ DP SV DUH SUHVHQWHG LQ
5 W DW GHP RQVWDW WH DSSQFDELOW R WH I1UDP HZ RUN IRU

FDGDVWDOR E MHF W
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) RUP DQ\ \ HDUV DFTXLVIMRQ WHFK QLT XHV DQG FRP SXWWRQDOSURFHVVHV HYRO/H

FRQWQXD® DQG WH SUDFWFDO QP IMDWRQV RI WH XVH RI ! LQIRUP DWRQ

GHFUHDVH % XW LQ P RVWRI WH FDVHV DQG HVSHFLD@ LQ XUEDQ FRQW[ W WH

HYROWRQ WR UHDO ' JHR REMFW LV UDWVKHU VARZ 7 KLV FRXG5 EH H[ S@®DLQHG E\ D
VWRQJ LQKLEIWU IDFWVRU LH WH LQKHUMWQFH RI WH Z D\ Rl WLQNLQJ 7 KH

SUP DU\ UHIH[ Z KHQ XSJUDGLQJ D ! P RGHO IRU H[ DP SH WH FDGDVWDO
P RGHO P D\ EH W NHHS WH ! RE MHFWV GHILQLMWRQ DQG DGG VRP H

H[ VHQVLRQV ( YHQ L WKH UHVXQVLV VDWVIDFW U WH DSSURDFK LV LQFRP S QW DQG

QP LWDWYH 7 KH RSSRUWMQLW RI Z RUNLQJ Z LW ! GDW DGRZ V XV WVR FRQVLGHU
WH ' Z RUG Z KHUH P DQ\ REMFW FDQ VL QL LFDQW) HYRO'H ,1 DQ REMFWKDV D
QHZ GHILQMWWRQ VWRQJQO UHMDWHG WR ! QRW WDWLWFDQ EH WKHUHIRUH VHHQ QNH

D QHZ REMFW WH XVH RI D ' P RGHOZ LGOODEH LP SHUDWYH E\ LWHQ 7 R UHDFK



WKLV REMFWYH DGHT XDW DEVWDFWRQV DQG P DQLSX®WRQ WRO/ VKRXO EH XVHG
$ P RQJ DA VXSSRUWRI WKH VS DWDODQDQ VLV LV P RVWFULMMFDO ,Q WKLV RUGHU R
LGHDV Z H Z LAOS UHVHQWD QHZ ! FRQFHSWDOP RGHO VWH' LP HQVIRQDOO RGHO IRU
GHVFULELQJ UHDO Z RUG DQG D QHZ IUDP HZ RUN |IRU UHSUHVHQWQJ VSDWDO

UHDWRQVKLSV LQ 5
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7 UDGLWRQD@® WKH REMFW RI LQWUHVWILQ D * ,6 DUH VSDWDOREMFW LH REMFW
VK DWKDYH WK HP DWF DQG JHRP HWILF FKDUDFWHULVWFV & RQVHTXHQW) WKH Z RUG LV
DERXW ' * 6 Z KHQ VWKH REMFW DUH JHRP HWLFD@® UHSUHVHQWHG LQ WK UHH
GLP HQVIRQV 6 HYHUDOH[ VHQGHG VWK GLHV KDYH EHHQ FRP S GHWHG LQYHVW.J DWQJ

REMFW RI LQWUHVW LQ XUEDQ HQYLURQP HQW 7 KH FRP P RQ XQGHUVWQGLQJ LV

VWDWWH P RVWLP SRUMQW ' UHDO REMFW LQ XUEDQ DUHDV DUH EXLAGLQJV DQG
WHUUDLQ REMFW * W Q DQG ' DQ / HEHUO DQG * UXEHU 7 HP SIQ
) XFK SUHVHQW D VWKG\ RQ UHDOREMFW RI LQWUHVWIRU ' FLW P RGHO/

7 KH LQYHVWJ DWRQV LQ ILYH JURXSV Rl REMFW LH EXLGLQJV YHJHWWRQ WDIILF
QHW RUN SXEQF XWOWHV DQG WHGHFRP P XQLFDWRQV KDYH FQHDUQ VKRZ Q WKH
SUHYDMHQW XVDJH Rl QHHG IRU EXLOLQJV WDIILF QHW RUN DQG YHJHWWRQ
5 D] LQIHU DQG * O QHU SUHVHQW D YLUWKDO P RGHO RI D VTXDUH LQ * UD]
$ XVWID FUHDWHG XSRQ P XQLFLSDO UHTXHVW FRQWILQLQJ EXLGBLQJV WIDIILF
QHW RUN MP S SRVW DQG WHHV ' DKDQ\ VXJJHVW WK UHH JURXSV Rl RE MFW
WV EH FRQVLGHUHG WHUUDLQ YHJHWWRQ DQG EXLOVIRUP & GHDUQ P RVWRI WH
DXW R UV DGGUHVV UHDORE MIFW Z LW VS DWDOH[ WHQW 2 S HUDWR QDOGDW QHHGHG IRU
XUEDQ S®MQQLQJ DQG HVSHFLDA FDGDVWH KRZ HYHU JRHV RIVWQ IDUEH\RQG WKH
UHDO REMFW RI LQWUHVW GLVFXVVHG VR IDU ) RU H[ DP S FDGDVWDO RIILFHV
P DLQWLQ MKULGLFDOERXQGDULHV DQG (HJDOVWWKYV RI WKH UHDOHVMWDWH LH LWHP V WK DW
FDQQRWEH FMVVL LHG DV ' VSDWDOREMFW = ®MWQRYD SURSRVHV RE MFW DV
SHRS@M FRP SDQLHV W[HV HW W EH LQFXGHG LQ WH VFRSH RI REMFW
RUJDQLVHG LQ D * ,6 ) RXU EDVLF JURXSV WR GLVWQJXLVKLQJ UHDO REMFW DUH
IQWRGXFHG LH MUGLFDO REMIFW HJ LQGLYLGXDO/ LQVWWKWRQV FRP SDQLHV
WVRSRJUDSKLF REMFW HJ EXLBLQJV VWHHW XWOWHV |LFWRQDO REMFW HJ
DGP LQLVWIDWYH ERXQGDUHV DQG DEVWDFWREMFW HJ W[ HY GHHGV LQFRP HV
6 LQFH DOOWKH REMFW KDYH VHP DQWF FKDUDFWHULVWFYV JHRP HWLF FK DUDFWHULVWFV
RI UHDO REMFW DUH WH GHDGLQJ FUMHULRQ RI WKH JURXSLQJ 7 KHUH DUH RE MFW
Z LK HLVWK HU QRQ FRP SCHWH JHRP HWILF FKDUDFWULVWFV LH RQQ (RFDWRQ
FRP SCHW JHRP HWLF FKDUDFWHULVWFV DQG H[ LVWHQFH LQ WH UHDO Z RUGG
FRP SCHW JHRP HWILF FKDUDFWULVWFYV DQG ILFWYH H[ LVMHQFH DQG Z LMK RX W

JHRP HWLF FK DUDFW ULVWFV

$ FFRUGLQJ WR VWKLV FODVVLI LFDWRQ VWH ' WSRJUDSKLF REMFW DUH EDVLFD@ W H
VS DWDO RE MIFW FXUUHQW) P DLQWILQHG RU LQWQGHG IRU P DLQWQDQFH LQ D

YDULHW RI LQIRUP DWRQ VIVWHP V 7 KH QHHG IRU ' |ILFWRQDOREMFW LV XVXDa@

QRW WK DW WHDQVSDUHQW : KLH LW VHHP V QRUP DO W HYRO/'H IURP D

UHS UHVHQWWRQ RI EXLEGLQJ WR D UHS UHVHQWWR Q EHFDXVH WKLV LV WKH UHDQW



WLV LV QRWWH FDVH IRU ILFWRQDORE MFW P XQLFLSDOW XQLW VWWVWFDOXQLW RU

RWHU ILFWRQDOSKHQRP HQD

7 KH FKDAHQJH RI ' * ,6 LVW VXSSRUWDQDQ VLV EHW HHQ D®GUIHUHQWW S HV RI
UHDO RE MHFW , | ' * ,6 LQFRUSRUDWV RQQ ' WSRJUDSKLF REMFW DQG QR

ILFWRQDOREMFW VRP H DQDQ VLY Z RXG EH VIP SQILHG RU HYHQ WXQFDWG
6 XFK VLP SQILFDWRQ P D\ DOWR KDYH WH HIITHFW RI D VWRQJ EUDNH W WH
HYROXWRQ RI ! * ,6 7 KHUHIRUH 1Q WLV SDSHU Z H Z L®W FRQVLGHU ERW

WSRJUDSKLF DQG |ILFWRQDORE MFW DV D SDUWRI RXUVSDWDOUH®WRQVKLS P RGHO

7+ (' ,0 (16,218%/ 02" (I

7 KH GHYH®RSP HQWRI D P DWHP DWFDO W HRU WR FDWHJRULVH UH®WRQV DP RQJ
VS DWDO REMFW KDV EHHQ LGHQWILHG LQ HDUQ WHV DV DQ HVVHQWDO WVN WR
RYHUFRP H WH GLYHUVIW DQG LQFRP SHWQHVV Rl VS DWDO UH®WR QVK LSV UHDAVHG
IQ GUIHUHQWLQIRUP DWRQ VAN VWHP V 7 KH LQWIQVLYH UHVHDUFK LQ WKLV DUHD KDV CHG
WV VWKH GHYH®RSP HQWRI D IUDP HZ RUN EDVHG XSRQ VHW WHRU DQG JHQHUDO
WVRSRM®JI\ SUQFLSMYV DQG QRWRQV 3 XGDU DQG ( JHQKRIHU 7 KH 1UDP HZ RUN
XWQAVHV WKH IXQGDP HQWO QRWRQV RI JHQHUDO WSR®J\ |IRU WSR®RJILFDO
SUP IMYHV W LQYHVWJDWH WH LQWUDFWRQV RI VSDWDO REMFW 7 KH EDVLF
FUMHULRQ WR GLVWQJXLVK EHW HHQ GLIHUHQWUHMWRQV LV WK H GHWHFWR Q RI HP SW
DQG QRQ HP SW LQWUVHFWRQV EHW HHQ WSR®JLFDOSULP LWYHV ' HSHQGLQJ RQ
VWH QXP EHU RI WH WSR®JLFDO SULP IMLYHV FRQVLGHUHG W R LQWUHFWRQ P RGHO/
Z HUH SUHVHQWG LQ WKH QWUDWUH 7 KH ILUVW LGHD LV WR LQYHVWJDW WKH
LQWUVHFWRQ RI LQWHULRUV DQG ERXQGDULHV Rl W R REMFW 7 KLV UHVX QW LQ

UH®OWRQV EHW HHQ W R REMFW $ SSDUHQWd P DQ\ UHM®MWRQV FDQQRW EH
GLVYWQJXLVKHG RQ WH EDVLY Rl RQO W R WSRMJLFDOSULP LMWYHV 7 KHUHIRUH WK H
HYDOXDWRQ Rl WKH H[ WHUIRU LV DGRSVWG WH LQWUVHFWRQ P RGHO ( JHQKRIHU DQG
+ HUUULQJ 7 KH QXP EHURI GHWFWE GH UH®OWR QV EHW HHQ W R REMFW WK XV
LQ FUHDVHV WR 7 KH FUMWFLVP LV P RVWO DERXWWH IDFWW DWQRW D@ WK H
UH®OWRQV DUH SRVVLE 4 LQ UHDAW WK H LQWHUVHFWR QV DUH QRWI X UK HU LQ Y HVW.J DVHG

DQG P DQ\ REMFWLQWUVHFWRQV DUH WVRSR®RJLFDA@ HT XLYDHQW

$ VAWKW GLIHUHQWDSSURDFK LV IRGRZ HG E\ & OHP HQWQL HWDO $ JDLQ WKH
WUHH WSR®RJLFDO SULP IMLYHV DUH XVHG EXW ILWWW WH WSH RI LQWUVHFWRQ LV
F®UU IHG DQG WKHQ D GHWLAHG HYDXDWRQ RI DOWH FHG@/ FRP SRVLQJ DQ RE MHFWLV
SHU RUP HG 7 KH DSSURDFK F®LP VD GHWHFWRQ RI D @WUIHU QXP EHURI UH®OWRQV

KRZ HYHU DWD KWK FRP SXWWRQDOS ULFH

7 KLV VHFWRQ SUHVHQW D QHZ IUDP HZ RUN LH WH' LP HQVLIRQDOO RGHO ' O IRU
GHVFULE LQJ UHDOZ RUGG DQG UHS UHVHQWQJ VS DWDOUHMWRQVKLSV LQ 5 7 KH EDVLF
P RWYDWRQ Z KLFK JDYH ELUW W WLV P RGHO Z DV W H[ WHQG WH

&2 1 * 2 2 |1RUP DQVP 3 DQW] LV DQG ' RQQD\ W FRSH Z LW ' R E MHF W

DQG VS DWDOUHMWR QVK LSV



6 SDWDORE MHFW

$ OKRXJK Z H FDQ GHILQH FRP SQH[ REMFW WLV W[ WZ L@ UHIHU WVR RQQ VILP S
VSDWDOREMFW ,Q WKH ' 0 VLP SCH VSDWDOREMFW FRUUHVSRQG W WRSR®JLFDO
P DQURGY ,Q 50 WKH P RVWHQFRXQWUHG VLP SCH VSDWDOREMFW LQ JUDSKLFDO
UHS UHVHQWWR QV DUH SRLQW GQH SRQJRQ DQG SRQKHGURQ ) LIXUH S R UWD\ V

H[ DP SV RI VIP SO VSDWDORE MFW

LP HQVLRQDOHMHP HQW

7KH"'™ 0 LV GHILQHG XWQAVLQJ RUGHU RI SRLQW Z KLFK LV UHOWG W WH VWG\ RI
VXS SRUWQJ K\ SHUS @WQHV RI FRVHG FRQYH[ VHW 7 KH IRUP DOGHILQILWRQ RI WH
P RGHOFDQ EH IRXQG LQ %LGHQ HWDO : H LOXVWDW WKLV FRQFHSWE\ D YHU
VIP SAH H[ DP SMH ,1 RQH (RRNV DWD WIDQJM™ LQ 5/ WH SRLQW RI RUGHU DUH WK H
YHUWFHY WHSRLOQW RQ WKH HGJH KDYH RUGHU DQG WKH SRLQW R RUGHU DUH D@
WH SRLOW WK DWDUH ~ LQVLGHp WKH WJIDQJMH $ SSQLQJ WLV IRUP DQVP Z H GHILQH
D IUDP HZ RUN WVR GHVFULEH VSDWDORE MHFW DQG GLVWQJ XLVK EHW HHQ WHLU VS DWDO

UHOWRQVKLSY 7 KHIXQGDP HQWRI WKH' 0 LV VWWH GLP HQVLRQDOHOHP HQW

H LQLWRQ $ GLP HQVLRQDO H#P HQWRI GLP HOVIRQ & (a- HOHP HQW RI D VSDWDO RE MHFW &
Z KLFK KDV DWODVWGLP HQVIRQ @ FRUUHVSRQGV WR WKH VHWRI D@D WKH SRLQW RU SDUW RI &

Z KLFK KDYH RUGHU IRUP w a

,WVKRX3G EH QRWG WKDWWHUH LV RQH DQG RQQ RQH Q' HOHP HQWSHU RE MHFW

7 KLV LP SQHV WKDW VRP H Q' HHP HQW FDQ EH GLVFRQQHFWG ,Q WKH
( XFAGHDQ VSDFH 5 IRXU WSHV RI GLP HQVLRQDO H(HP HQW DUH DGRZ HG LH
' ' * DQG ' HMP HQW ) LJXUH LOXVWDVWHY WKH GLP HQVLR QDOHMHP HQW

Rl D SRQJRQ DV WKH RUGHU RI DOWH SRLOQW LQ WKH SRQJRQ LV VSHFULHG 7 KLV
SRQOJRQ KDV D ! HAHP HQW D ! HAHP HQW DQG D ' HOHP HQW 7 KH !

HMHP HQWFRLQFLGHV Z LIWK WKH VSDWDORE MHFW LH WH SRQOJRQ

' HLQLWRQ 7 KH Q' HOHP HQWRI D VSDWDOREMIFW& KDV DQ H[ WHQ VLR Q DQG P D\ KDYH D
apP LW 7 KH H WQVLRQ LV WVKH VXEVHWRI & [IRUP HG E\ LW SRLQW RI RUGHU Q DQG VKH QP LWLV

VWHVXEVHWRI & |IRUP HG E\ LW SRLQW RI RUGHU VWR RUGHU Q

7 KXV U D Q"' HOHP HQWKDV D QP LW WKLV QP IWFRUUHVSRQGV W D RZ HU Q

HOHP HQW 7 KH ' HAHP HOQWGRHV QRWKDYH D QP LWE\ GHILQMWRQ 1 RW WDWLQ
WH FDVH RI DQ HGSVH WH ! HAHP HQWGRHV QRWKDYH D QP LW ) LI XUH , Q
FRQWDVWW VWH WVRSR®RIJLFDOERXQGDW WH QP IWGRHV QRWQHFHVVDULO HQF®RVH

WK H H[ WHQVLRQ ) LJ X UH * HMP HQWV QP LWDQG H[ VHQVLRQ

) UDP HZ RUN IRUUHS UHVHQWQJ VSDWDOUHMWRQVKLSV

HXVH WKH GLP HQVLR QDOHMHP HQW WR GHVFULEH VS DWDOUHMWRQVKLSY : H GHILQH
GLP HQVLIRQDO UHDWRQVKLSV DV UHMWRQVKLSV W DW H[ LVW EHW HHQ GLP HQVLRQDO

HOHP HQW 7 KH GLP HQVLRQDO UH®WRQVKLSV DUH RUHQWG LH WH RUGHU RI WH



GLP HQVIRQDO HOHP HQW LV FUWFDOIRU WKH WSH RI WKH UH®OWRQVKLS : H GHILQH
WK UHH W SHV Rl GLP HQVLIRQDOUH®MWRQVKLSY LH WWO W SDUWDO S DQG QRQ H LWHQW

QH ) LIXUH

" HLQLWRQ $ GLP HQVLRQDO HOP HQW LV LQ WRWDO UHDWRQ Z LW DQRWHU GLP HQVLRQDO
HOP HQWLI VKHLU LQWAUVHFWRQ LV HT XDO VR VKH ILUWHMP HQW DQG VKH LQWUVHFWRQ EHW HHQ VK HLU
H WQVLRQV LV QRWHP SW
" HLQLWRQ $ GLP HQVLIRQDO HOHP HQWLV LQ S DUWDO UHDWRQ Z LK DQRWKHU GLP HQVLRQDO
HOP HQW LI VKHLU LQWUVHFWRQ LV QRWHT XDO VR VKH ILUW HOHP HQW DQG VKH LQWAUVHRWRQ EHVWZ HHQ
VKHLU H WHQVLRQV LV QRWHP SW

HILQLWRQ $ GLP HQVIRQDOHOP HQWLV LQ QR UHMWRQ QRQ H[ LVWHQW Z LVK DQRWKHU

GLP HQVLRQDOHOHP HQWLI WKH LQWAUHFWRQ EHW HHQ VKHLU H WHQVLRQV LV HP SW

7 KHUH DUH WKUHH JURXSV Rl GLP HQVIRQDOUHMWRQVKLSV LH VIP SQILHG EDVLF DQG
H WQGHG 7 KH EDVLF UH®WR QVK LSV DUH WK H UHMDWR QVK LS V WK DWH[ LVYWE HW. HHQ HY HU\

SRVVLEMH FRP ELQDWRQ RI GLP HQVIRQDOHMHP HQW RI ERW VSDWDOREMFW 7 KH
H WQGHG UHMWRQVKLSV FRQVLGHU WH GLP HQVIRQ RI WH LQWHUVHFWRQ Z KHQ Lw
H[ LVWW EHW HHQ WKH GLP HQVLRQDOHMP HQW ) LQD WKH VILP SQILHG UHMWR QVK LS V
DUH DJJUHIDWRQ RI VWKH EDVLF RQHV 7 KH\ WNH LQW DFFRXQWWH GLP HQVLRQDO
HOHP HQW RI RQQ RQH RI WH REMFW ,Q 5 Z H KDYH LGHQWILHG VIP S QllHG

EDVLF DQG H[ WHQGHG SRVVLEM GLP HQVLRQDOUHMWR QVK LSV

7 R UHS UHVHQWWK H EDVLF GLP HQVLR QDOUHMWR QVKLSV RQH KDV W FRQVLGHU DA WK H
GLP HQVIRQDOHMP HQW ) RUH[DP SGH WH GLP HQVLRQDO UHMWR QVK LSV EHW HHQ
W R VIP SCH VSDWDOREMFW RI GLP HQVIRQ LH SRQJRQV $ DQG % ) LIXUH
FDQ EH GHILQHG LQ WH IRQRZ LQJ RUGHU ILUWWW FKHFN WH GLP HQVLRQDO
UHDOWRQVKLS EHW HHQ ' HQMP HQWRI $ DQG D®OWH GLP HQVLRQDOHMP HQW RI
VSDWDO REMFW % WHQ FKHFN WH GLP HQVIRQDO UH®WRQVKLS EHW HHQ

HOHP HQWRI $ DQG D@OWH GLP HQVIRQDOHMP HQW RI| VSDWDOREMFW% HW : H
GHQRWH Z L\K 5 2 UH®OWRQVKLSYV [' 2 GLP HQVIRQDOHMHP HQWRI| WKH | LUVWRE MFW
DQG \ 2 GLP HQVIRQDO HHP HQW Rl WH VHFRQG REMFW ) RU H[DP S WKH
QRWWRQ 5 UHS UHVHQW WK H EDVLF GLP HQVLRQDO UHMWRQVK LSV EHW HHQ WKH

HAHP HQWRI WKH I LUAWRE MHFWDQG WH ' HAHP HQWRI WKH VHFRQG RE MHFW

6RP HGLP HQVLIRQDOHMP HQW P LJKWEH VRP HWP HV LUUHHYDQWLQ D JHRJUDS KLFDO

SRLQW RI YLHZ ,P DIJIQH WDW RQH Z DQW W NQRZ U RQH FDGDVWDO SDUFHO
"WRXFKHVy DQRWHU RQH QR P DWWHU Z KDW LV WKH FRP P RQ SDUW ' RU '
HAHP HQW 7 KHQ IWZ L@ EH VXIILFIHQWW FRQVLGHU WH ' HAHP HQW Z LWKRXW
QP LW DQG LQYHVWIDW RQQ 5 ' UH®DWR Q VK LS V

H GHP RQVWWDW WKH EDVLF H[ WHQGHG DQG VLP SQILHG UH®WRQVKLSV E\ XVLQJ
WH FRQILIXUDWRQ EHW HHQ D FXEH DQG D SRQJRQ VKRZ Q LQ ) LIXUH D 7 KH

EDVLF UHOWRQVKLSV DUH REWLQHG E\ RRNLQJ DWD®OWH GLP HQVLIRQDOHMP HQW R



WKH REMFW 8 VLQJ IRU QRQ H[ LVWHQW UHMDWR Q IRU VR WO UH®DWRQ DQG IRU

S DUWDOUHMWRQ Z H KDYH

% DVLF UH®WR QVK LSV

5 5 ' 5 ' 5 5 ' 5 ' 5 5 ' 5 ' 5 5 ' 5
7R REWLQ WKH Hl WHQGHG UHMWRQVKLSY Z H ®RRN DWWH LQWUVHFWRQV : H FDQ
VHH WK DWWH UH®OWRQ 5 LH EHW HHQ ' HHP HQWRI WH FXEH DQG

HAHP HQWRI WKH SROJRQ LV SDUWDO EXWW HLU LQOWHUVHFWR Q LV D QQH VHIP HQWDQG

KDV GLP HQVLRQ ) LUXUH E VKRZV DQ H[DP SQH RI D 5 SDUWDO LH WKH
LQWHUVHFWR Q KDV GLP HQVLRQ 1 RW WDWL QRQ SM®MQDU SRAJRQ LV DARZ HG
ZHP D\ KDYH DQ LQWUVHFWRQ RI GLP HQVLRQ © H NHHS WKH FRGH IRU WK H

SDUWDO UH®OWRQ LQ Z KLFK WH GLP HQVIRQ RI WH LQWUVHFWRQ LV HTXDO W

GLP HQVIRQ RI WKH (RZ HVW GLP HQVLRQDO HGHP HQW FRQVLGHUHG LQ WH VSDWDO

REMFW LH D ' LQWHUVHFWRQ IRU D 5 ' D ! LQWHUVHFWRQ IRU D 5 '

HWF : HJLYH FRGH Z KHQ WKH GLP HQVLRQ RI WKH LQWUVHFWRQ LV VP DGHU LH D
' LQWHUVHFWRQ IRUD 5 ' D LQWHUVHFWRQ IRUD 5 ' HWF DQG D FRGH
LQ WKH FDVH RI D ' LQWHUVHFWRQ IRUD 5 ' 7 KXVWHQRWWRQV EHFRP H

( [ WIQGHG UHDWR QVK LSV

5 5 ' 5 ' 5 5 ' 5 ' 5 5 ' 5 ' 5 5 ' 5

) L QD@ W XVH WH VLP SQIHG UH®OWRQVKLSY Z H Z LGOKDYH DQ DJJUHIJDWRQ RI

5 DQ 5 5 DQG 5 DQG 5 DQG 5 LH

6P SQIHG UHDOWRQVK LSV

,I RQH RI WKH GLP HQVLRQDO HHP HQW LV QRWJHRJUDSKLFD@ UHMHYDQW Z H FDQ
UHP RYH LW IURP WH DQDQAQVLY ,Q WLV FDVH Z H REWLQ GLIHUHQW JURXSV RI
VHHFWHG UHDOWR QVK LSV ) RUH[ DP SO U ' HOHP HQWLV QRWFRQVLGHUHG WH EDVLF

UHDOWRQVKLSV Z LOODEHFRP H

6 HHFWHG E DVLF UH®OWR QVK LSV

7 KH SUHVHQWIG IUDP HZ RUN RIIHUV DQ HHIDQWDQG IQH[ LEQGH Z D\ RI UHS UHVHQWQJ
D MUJH JURXS Rl VSDWDOUHMWRQVKISYV LQ ' VSDFH 7 KH FRP ELQDWRQ RI WKH
IUHHGRP LQ FKRRVLQJ JHRJUDSKLFDG® UHMHYDQWGLP HQVLRQDOHMP HQW DQG VKH
WK UHH JURXSV Rl GLP HQVIRQDOUHMWRQVKLSY DARZ V RQH W GHFLGH RQ Z RUNLQJ
Z IMK D YHU VIP SQH VHWR| VSDWDOUHMWRQVKLS RURQ YHUW FRP SQH[ P RUH WK DQ

IHZ KXQGUHG RQHV 7 KH ' 0 GHWFW D® WH WSR®RJLFDO UH®OWRQVKLSV




SUHVHQVWHG E\ ( JHQKRIHU DQG + HUULQJ $ FRP SDUWRQ EHW HHQ ERW P RGHO/

FDQ EH IRXQG LQ %LGHQ HWDO

$33/,8%$7,21 72 ' &% $675
7 KH ! P RGHOLV RIWVHQ UHOWG W RQQ ! YLVXDAVDWR Q DV WKH ' VS DWDO
TXHU LQJ LH RQH RI WKH NH\ LVWXHV RI D IXQFWRQDO ' * .6 LV TUHT X HQ WD
XQGHUHVWP DWG : H SUHVHQWKHUH WKH SRWQWDORI ' TXHUMHYV DQG FRQFHS W
Z LWK UHVS HFWWR WKH ' FDGDVWDOP RGHO
,QIXHQFH RI WKH REMFWY UHS UHVHQ WDWR Q ! ' RQ WKH VSDWDO
TXHU LQJ

2 QH TXIMWH FRP P RQ TXHUl LQ XUEDQ SMQQLQJ LV W GHWUP LQH DAWH RZ QHUV
VK DW DUH DIIHFWHG E\ JHRJUDSKLFDO SKHQRP HQD SLSH URDG QRLVH SRGXWRQ
HW 7 KH ' VROXXWRQ LV VHHFWQJ D®WH FDGDVWDOS DUFHO/ WK DWDUH FURVVHG RU
WRXFKHG E\ WKH JLYHQ SKHQRP HQD 7 KH ' UHSUHVHQWWRQ RI WKH SKHQRP HQD
HJ URDG SURMFW LV VXSHUP SRVHG RQW WH FDGDVWDOREMFW 7 KH TXHW LV
" VHOHFWD@W H REMFW WDWKDYH FRP P RQ SDUWp $ FWDO WLV LV D VHGHFWR Q
Rl SDUFHO/ EDVHG RQ D WWSR®RJLFDOFUMHULRQ : KDWLV WKH HYROXWRQ RI VXFK D
TXHUW LQ D ' P RGHO 2 QH VROXWRQ RI H[ VHQGLQJ WKH QRWRQ LQ ' LV W NHHS
WH VDP H NLQG Rl GHILQIWRQ LH WH ' FDGDVWDO SDUFHO XQLW 7 KLV LV
SRVVLEMH EHFDXVH WKH ' P RGHOGRHV QRWILP SRVH P DLQWQDQFH RI RQQ
VSDWDOREMFW HJ D SRQJRQ LH ' REMFW HP EHGGHG LQ LH KDYLQJ
" FRRUGLQDWY KDV VWA GLP HQVIRQ W R 6XSSRVH RQH Z DQW WR H[ SUHVV WK H
UHDOWRQVKLSV WVR RWKHU REMFW XQGHU RUDERYH WH JURXQG 7 KHQ IWZ RXG5 EH
QHFHVVDU WR HLWK HU DVVRFIDWH WKH GLVYWQFH W WH RWHU REMFW DV DQ
DWWLE XWH WVR WK H FDGDVWDOX QLWRU WR FRP SXWH WKH GLVYWQFH EHW HHQ WKH W R
REMFW 1 RW WDWWH GLUHFWRQ Rl WKH GLVYWQFH KDV WR EH DO/R GHILQHG ,Q
WK H | LUV/WFDVH H[ WD DWWLE XWH LQIRUP DWRQ LV VWRUHG LQ WKH VHFRQG FDVH WKH
VS DWDOT XHU\ UHT XLUHV P HWILF FRP SXWWRQV LH LWLV QRWD WVRSRMJLFDOTXHUW
) UXUH VKRZ VDQ H[DP SGHRI D ' FDGDVWDOXQLWDQG DQ XQGHUJURXQG SLSH
7 KH TXHU FDQ EH IRUP X(MWG DV ~,V WH SLSH DWD SDUWFX®U GLYWDQFH [URP

WH ' FDGDVWDOX QLW

$ QORWKHU VRXWRQ LV WVR FUHDWH D QHZ ' REMFW LH D ' FDGDVWDO X Q LW WK DW
FRXGG EH UHSUHVHQWG E\ D SROKHGURQ ,Q WDWFDVH WH TXHU EHFRP HV
"' RHV WKH SLSH LQWHUVHFW RULV LQFXGHG LQ WH ' FDGDVWDOX QLW VHH ) LI XUH
p 7 KH VSDWDOTXHUW WHQ KDV WKH VDP H QDWUH DV WKH LQLWDOTXHU LQ
LH WLV D WRSR®RIJLFDORQH 7 KH LOWIWYH FRQFXVLRQ LV WKDW ' VS DWDO
TXHUWHHV DUH VW QU LFDQWY LP SRUWQW IRU WKH WLWG GLP HQVLIRQ 7 KLV LV WXH
UHJDUGAHVV RI WH FKRLFH EHW HHQ ! RU FDGDVWIDO XQLW % XWL FDGDVWDO
XQLWLV GHILQHG DV ' RE MHFW ' WSR®RJLFDO RUP RUH JHQHUDOGLP HQVLRQDO
UHDOWRQVKLSYV P XVWEH VXSSRUWG 7 KHUHIRUH D ' W SR®RJLFDOGDW VWX FW UH
P XVWEH FRQWP S ®DWG DV DQ RSWRQ 6RP HRI RXUGHYH®RSP HQW WZ DUG W LV

GLUHFWR Q DUH S UHVHQWG EH®RZ



VHI P HQWWRQ RI VSDFH

7KH ' FDGDVWDO XQLW FRQFHSW P D\ GHDG W D QHZ DSSURDFK DQG D QHZ
GLYLVIRQ RI SURSHUW VSDFH ) LJXUH LOX VWDVWHY D FDGDVWDO VS DFH S DUWWR Q
7 KH EXLOGGLQJ LV EXLOVRQ RULQ D SULYDW FDGDVWDO SURSHUW FRP SRVHG E\
FDGDVWIDO XQLW $ % & ( ) DQG * DQG D URDG VHFWRQ LH P XQLFLSDAW
SURSHUW XQLw' 7 KLV NLQG RI SDUWMWRQV Z RX@ EH DO/R YHU\ LQWHUHVWQJ IRU
XWQW P DQDJHP HQWDV VHZ HU SLSHV HW 2 EYLRXVQ WHVH DSSURDFKHYV UHT X LUH

VXS SRUWRII ! VS DWDOUHMWR QVK LSV DQG ' VS DWDOR E MHF W

7 KH' LP HQVLRQDOP RGHODQG VSDWDODQDO VLV

$ V SUHVHQWG LQ VHFWRQ WH GLP HQVIRQDO UHOWRQVKLSY DARZ Z RUNLQJ
Z IWK D YHUW VIP SH RUYHW FRP SMH[ VHWRI VSDWDOUHM®MWRQVKLSYV ,Q WH FDVHV
R1 VSDWDO T XHUWHV P HQWRQHG DERYH WHVH GUIHUHQWFRP SM[ LW QYHO/ P D\
AHDG WR HLWKHU VIP SQIWHG RU YHUW SUHFLVH GHVFULSWRQV RI WH UH®WRQVKLSYV
EHW HHQ VSDWDOREMFW ) RU VRP H TXHUWHV WH VLP SQlLHG UH®WRQVKLSV DUH

VXIILWFWHHQW / HWXV FRQVLGHU WKH LP SDFWRI D QRLVYH SRAXWRQ RQ FDGDVWDO X Q LW

yLJXUH D ,I D ‘' VSDWDO REMIFW HJ D SROJRQ UHSUHVHQW WH QRLVH
SROAOXWRQ WKHRQQ GLP HQVLIRQDOUHMWR QVKLS RI LQWUHVWLY 5 ,QGHHG LWLV
LUUHOHY DQWVWR UHILQH WK H VS DWDOUHMWR QVK LSV DWW H GHYHORI ' RU ' HMP HQW

7 KH TXHVWRQ LV Z KHW HU WKH FDGDVWDOX QLWLV DI IHFWHG E\ WH QRLVH SRAXWRQ
DV WK H H[ DFWUH®WR QVK LSV EHW HHQ WH ERUGHUV HGJHV DQG FRUQHUW DUH QRWRI
LQWUHVW ,Q DGGLWRQ WH REMFW ~SRAXWRQu KDV UDWHU DSSUR[LP DW
H[ WIQVLRQ + RZ HYHU VRP H FRP SQH[ VSDWDOTXHUHV FRXG EH QHFHVVDU Z KHQ
DOWH GLP HQVLRQDOHMHP HQW SM®\ D URMH HJ
- ) LQG D WKH EXLGGLQIV WKDW D\ RQ DW GHDVW RQH HGJH RI VKH FDGDWWDO XQLW 7 K LV
TXHU UHT XLUHV WR GHWHUP LQH U WKH 5 LV VRWO 5 ' S DUWDO DQG
5 S DUWDO ) LJ X UH " H[DP SO
- ) LQG DO VKH EXLGGLQJIV WKDWH FHHG WKH FDGDWWDO QP LWDQG GHWAUP LQH VWKH H FHHGHG
SDUW ( [ SUHVVHG E\ 5 SDUWDO H[ DP SQH JLYHQ LQ ' 7 KH H[ FHHGHG
SDUWFDQ EH UHWIHYH E\ DQDQ VLQJ WKH UH®DWRQVKLSV EHW HHQ WKH (RZ HU
GLP HQVIRQDO HMHP HQW RI ERW REMFW ' " DQG ' HWMHP HQW
) LI X UH
,Q ERW FDVHV 7 KH ' LP HQVIRQDOP RGHOSURYLGHV DQ DSSURSULDW DQVZ HU WR
WH TXHVWRQ 6HH 6HFWRQ IRU VRP H TXHUHV SHURUP HG LQ WH 2 UDF(H

GDWE DVH

" DW FRQVLVWHQF\

2 QH Rl WKH P DMRU FKDGHQJHV IRU FDGDVWDO DGP LQLVYWIDWRQ KDV D& D\V EHHQ
T XDAW DQG FRQVLVWHQF\ R1 GDW 7 KH FRQVLVWHQF\ Rl WKH WSR®JLFDO
UH®OWR QVKLSV EHW HHQ REMFW LV RIWVHQ FRQVLGHUHG WKH P DMRU FUMWULRQ IRUWH
TXDAW RI WH P RGHO 7 KH H[DP SMHV GLVFXVVHG DERYH UHIHUUHG W WH
LQWHUDFWRQ EHW HHQ FDGDVWDO REMFW DQG RWHU REMFW WSRJUDSKLF RU
ILFWRQDO % XWVSDWDOUH®WRQVKLSV H[ WWDO/R EHW HHQ FDGDVWDORE MFW ) RU

H[ DP S DQ LP SRUWQW WVN RI FDGDVWH LV WR F®OVVLU\ WH ®QG IRGRZ LQJ D



SURSHUW FUMHURRQ %\ GHILQIWRQ D SIHFH RI ®QG P D\ QRWEH®RQJ W P RUH
WK DQ RQH FDGDVWDO XQLW DQG HDFK SDUW RI WH P RGHAHG VSDFH EH®RQJ WR
H[ DFWO RQH FDGDVWDOXQIW RUDUH RQ WH ERUGHU 7 KLV FRX® EH FRQWRGHG E\
WVRSR®JLFDOUH®WR QVK LSV EHW HHQ D@OWH FDGDVWDOXQIW LH D FDGDVWDO X QLW
P D\ QRW LQWUVHFW DQRWHU RQH 7 KLV TXHU FDQ EH HDVLQ H[ SUHVVHG LQ
GLP HQVIRQDOWHUP V LH GLP HQVLRQDOUHMWRQVKLS EHW HHQ KLIKHUGLP HQVLRQDO
HOHP HQW RI W R FDGDVWDOXQLW ' RU P XVWEH QRQ H[ LVYWWQW ,Q FDVH RI
D ' FDGDVWDOXQLW WH UH®DWRQVKLS Z LADEH 5 ' QH DQG LQ FDVH RI D '

FDGDVWIDOX QLW5 ' QH

, WLV HY LGHQWW DWL ' FDGDVWWDOP RGHO/ DUH HQYLVDJHG DGDSWG WVSR®J\
VWX FWUHV DQG E\ H[ WVHQVLRQ GLP HQVIRQDOVWXFWUHY KDYH W EH DGRS WG
) XUWKHUP RUH WKHUH DUH GUIHUHQWW SHV RI LQFRQVLVYWHQF\ LQ VSDWDOGDW ,Q WKLV
UHVHDUFK Z H DUH RQQ LQWUHVWG LQ WKH WSR VHP DQWF RQHV Z KLFK FRQFHUQV
WSR®RJLFDO UHOWRQVKLSY EHW HHQ REMFW DFFRUGLQJ W WHLU VHP DQWF
GHILQLWRQ ) LI XUH SRUWD\V H[ DP SOV RI ! DQG ! W SR VHP DQWF

FRQVLVWHQF\

,0 3/ (0 (17%$7,21 $1°' 7(67F6
7R EH DEAH WR WHVW WKH SUHVHQWG ' P HQVLRQDO P RGHO LQ GHWFWQJ VSDWDO

UH®OWRQVKLSY Z H KDYH VHHFWHG D VSDWDOP RGHOW GHVFULEH VSDWDORE MHFW $

@DUIH QXP EHU RI VSDWDO P RGHO/ DUH GHYH®RSHG DQG LP SGHP HQWG LQ * ,6

& RP SXWHU * UDSKLFV DQG & $ ' V\VWHP V EDVHG RQ LUUHJX®U P XONMGLP HQVLRQDO
FHO/ ( JHQKRIHU HW DO 0 1 QwWo 0 ROHQDDU 3 LJRW 3 LARXN
= MWQRYD 7 KH QDP HV DQG FRQVWXFWRQ UXCHV RI WKH FHO/ LQ WK H

GUIHUHQWP RGHO/ XVXD@®@ YDU 7 KH VIP SMHVWVHWRI FHGQ/ LV WVKH VHWR| VLP SQH HV

LH VIP SO QRGH VIP SO DUF VIP SO WIDQJMH DQG VIP SO WAWDKHGURQ

0 RVWRI WH P RGHO/ DGR Z FHOY Z IMK DQ DUE LWDU\ VKDSH WKDWLP SRVHV
VRP H VXSSP HQWU FRQVWDLQW HJ S®QDUM RI IDFHVY FRQYH[ VKDSH
0 RGHQDDU 3 LIRW = MWQRYD 7 KH QDP HV QRGH YHWH SRLQW HGJH

IDFH SRQJRQ DQG ERG\ VRAG SRAKHGURQ DUH WKHQ XVHG LQ WKH QWHUDWKUH WVR GHQR WH

FH@® ) XUWKHUP RUH WKH P RGHO/ FDQ EH F®OVVULHG LQW VSDWDOP RGHO/
Z IWK H[ SQFLW UHS UHVHQWWRQ RI REMFW DQG VSDWDO P RGHO/ Z LW H[ SQAFLW
UHS UHVHQWWR Q RI VSDWDO UH®OWRQVKLSY WSR®J\ ( DFK RI WKH P RGHO/ KDV
DGYDQWJHV DQG GLVYDGYDQWJHV WDWDUH QRWW EH GLVFXVVHG KHUH : H KDYH
FRQFHQWHDWG RQ WKH 6LP SQILHG 6 SDWDO0O RGHO 666 = MWQRYD E DVLFDQD
GXH W IRXU UHDVRQV ) LUVYW WKH P RGHO LY D WSLFDO H[ DP S RI DQ H[ SQFLW
UHS UHVHQWWR Q RI REMFW Z KLFK VXLW RXU FRQFHSWDOP RGHO 6HFRQG WH
P RGHO KDV EHHQ WHVWG Z LWK VWH IUDP HZ RUN RI ( JHQKRIHU IRU UHS UHVHQWQJ
VS DWDO UH®WR QVKLSVY WKDWSURYLGHV D EDVLY IRU FRP SDUWRQ EHW HHQ WH W R
IUDP HZ RUNV 7 KLWUG WH P RGHO P DLQWILQV P LQLP DO HHP HQW LH QRGH DQG
IDFH IRU GHVFULELQJ VSDWDOREMFW DQG WXV VLP SQILHV WKH UHFRQVWXFWRQ R

REMFW ) RXUK WH P RGHO KDV EHHQ VXFFHVVIX®@ WVWG IRU @MUIH

P RGHO/ RI VL HWDQ FDQ EH H[ SHFWHG IRUXUEDQ P RGHO/



H KDYH LP SQHP HQWIG WKH FRQFHSW RI ' [P HQVIRQDOP RGHODV RSHUDW UV LQ
2 UDFH GDWEDVH DQG KDYH WVWG WHVH RSHUDWRUY Z LMK W R GDW VHW
RUJDQLVHG DFFRUGIQJ W WH FRQVWXFWRQ UXQHV Rl 666 7 KH RSHUDWRQV DUH
GHYHRSHG Z IMK WKH KLJK G(HYHOSURJUDP P LQJ MQJXDJH DQ H[ WVHQVILRQ RI 64 /
SURYLGHG E\ 2 UDFQH LH 3/ 64/ 7R EH DEM W YLVXDAVH UHVXOW RI WKH
TXHUHV D9 50 / ILH LV FUHDWG RQ WKH IQ Z WK WH REMFW RI LQWUHVWDQG WK H

LQWHUVHFWQJ S DUwW

IMK WK HVH GLP HQVIRQDORSHUDWR UV LWLV SUDFWFD® SRVVLEM WR UHWILHYH E DVLF
GLP HQVIRQDOUHMWRQVKLSV EHW HHQ ERG\ DQG ERG\ ERG\ DQG IDFH ERG\ DQG
SRLQW IDFH DQG IDFH QQH DQG QQH 7 KH GLP HQVLRQDOTXHU\ UHWKUQV DQ DQVZ HU
IQ D IRUP RI UHDOWRQDO WEM WDW FRQWIQV D® WH H[ LVYWQJ GLP HQVLRQDO
UHDOWRQVKLSYV 2 WKHU RSHUDWRUY KDYH EHHQ GHYH®RSHG W H[ WDFW W H S UHFLVH
JHRP HWHA RI WKH ~SRWHQWDQ LQWUVHFWRQ EHW HHQ VSDWDOREMFW 7 KXV Z H
FDQ REWLQ WH FRP SOHW GHVFUSWRQ RI WH VSDWDOUHMWRQVKLS EHW HHQ W R
VS DWDO RE MIFW DQG DO/R W FRUUHFW ' JHRP HWLF UHS UHVHQWWRQ 7 KH
YLVXDAVDWR Q LV DFKLHYHG YLD D -DYD SURJUDP W DWWDQVMWY WH 2 UDFH WDE H

IQWR D9 50 / ILH

7 KH WHVWHG T XHULHV DUH Z KDW LV VKH VSDWDO UHDWRQVKLS EHW HHQ W R ERGLHV"
) LI X UH DQG Z KDW LV VKH VSDWDO UHDWRQVKLS EHW HHQ D ERG\ DQG D SRQJRQ"
) LI X UH ,Q WKH SURJUDP QXP EHU GHFRGHV WKH W SHV Rl UH®OWRQVKLSV LH

2 QRQ H[ LVWHQW 2 WRWO DQG 2 SDuUuwWDO

&2 1 &/86,21 $1 ' )8785( ' (9(/230 (176

7 KH ILQDOREMFWYH RI ' * ,6 LVW KDYHDFRP SQHW ' P RGHORI WH UHDQW
IRUWSRJUDSKLF DQG ILFWRQDOREMFW ,WVHHP V MKGLFLIRXV WR HQYLVDJH UHDO
FRQFHSW IRU WH FDGDVWH E\ WH HYROXWRQ RI WKH QRWRQ RI| FDGDVWDO S DUFHO
VSDFH SDUNMWRQ WR WKH H[ VHQGHG QRWRQ RI D ' FDGDVWDOXQLW : KDWY HU
* RU ' FDGDVWDOREMFW Z LOODEH SUDFWFD® VHMHFWHG D FHUWLQ GHYHORI '

VS DWDODQDQ VLV P XVWEH UHDFKHG ( LWKHUWSR®JLFDOGDW VWXFWUHV VKRXG EH

XVHG RU VS DWDORSHUDWRUV IRUQRQ WVRSR®RJILFDOGDW VWXFWUHV KDYH WVR EH
GHYH®R S HG ,Q ERW FDVHV WH ' LP HQVIRQDO P RGHO FDQ EH XVHG DV D
IUDP HZ RUN IRU WH P DQDJHP HQWRI ' VS DWDO UHMOWR QVK LSV ,Q QHDU I XW UH

ZH Z LW FRQWQXH H[ SHUP HQW Z IWK 666 DQG RWHU GDW VWXFWUHV W Z DUG

GHYH®RSP HQWRI P RUH H®DE RUDWG ' VS DWDOT X HULHV
5 ()(5(1&(6
% LAHQ 5 6 = MWQRYD 3 0 DWKRQHW DQG ) % RQLYHU 7 KH ' P HQVLRQDO

0 RGHO D IUDP HZ RUN WR GLVWQJXLVK VSDWDOUH®WRQVKLSYV LQ 3 URFHHGLQJV RI
6 SDWDO' DW + DQGQAQJ -XQ 2 WWZ D & DQDGD WR EHSXEQVKHG

& 0P HQWQL ( 3 GL) HAFH DQG 3 YDQ 2 RWHURP $ VP DO VHWRI IRUP DO
VWRSR®JLFDOUHMWR QV VXIMDE H IRU HQG XVHU LQWHUDFWRQ LQ 3 URFHHGLQJV RI WKH
WK , QWUQDWR QDO 6\P SRVIXP RQ UJH VSDWDO GDWEDVHV 6SULQJHU 9 HUDJ

% HUQQ SS



DQDK\ - $ VHWRI YLVXDQVDWRQ GDW QHHGV LQ XUEDQ HQYLURQP HQWO
SMQQLQJ GHVLWQ IRUSKRWJUDP P HWLF GDW LQ 3 URFHHGLQJV RI WKH $ VFRQD
RUNVKR S $ XVWRP DWF H[ WDFWRQ RI P DQ P DGH REMFW IURP DHULDODQG
VSDFH LP DJHV 0 RQW 9 HUMD 62Z LW HUDQG SS
( JHQKRIHU 0 - $ 8 ) UDQN DQG - 3 -DFNVRQ $ WSRM®JILFDOGDW P RGHO
IRUVS DWDOGDWEDVHV 1 & * ,$ 7 HFKQLFDOUHSRUW 1 R
( JHQKRIHU 0 - DQG - 5 + HUULQJ $ P DWKHP DWFDOIUDP HZ RUN IRU WKH

GHILQLWRQ R1 WSR®RJLFDO UHMWRQVKLSYV LQ 3 URFHHGLQJV R ) RXUW

,QWUQDWRQDO6\P SRVIXP RQ 6' + = XUFK 62Z LW HUDQG SS

) XFKV & 2 ((3( VWKG\ RQ ' FLW P RGHO/ 5 HSRUWRI WKH , QVWWK W
IRU3 KRWJUDP P HW\ 8 QLYHUVIW RI %RQQ 2 FWEHU s

* »,Q $ DQG + " DQ 72 %% * o2 D WSR®J\ EXLEBHU IRU WKH

DXWRP DWG JHQHUDWRQ RI EXLEBLRJ P RGHO LQ 3 URFHHGLQJV RI WH $ VFRQD
RUNVKRS $ XWRP DWF H[ WDFWRQ RI 0 DQ P DGH REMFW IURP DHULDODQG

VSDFH LP DJHV 0 RQWH 9 HUMD 6Z LW HUDQG SS

/' HEHUO ) DQG 0 * UXEHU 0 RGHGQJ D ) UHQFK YLODJH LQ WKH $ GV LQ

3 URFHHGLQJV RI WH W 6SUQJ & RQIHUHQFH % XGP HULFH 6 GRYDN 5 HS XE QF

01 QWO o0 $ Q LQWRGXFWRQ W VRAG P RGHG@MQJ & RP SXWU 6 FLHQFH

3 UHVV 1 HZ < RUN 8 6%

0 ROQDDU 0 $ IRUP DO GDW VWXFWKUH IRU ' YHFWU P DSV LQ
3 URFHHGLQJV RI ( * ,6- 9 RO $ P VWHUGDP 7 KH 1 HWHU®DQGV SS
3DQW] LV ' DQG ' RQQD\ - 3 / D FRQFHSWRQ GH 6, * P pWKRGH HW

IRUP DAVP H + HUP qV 3 DULV ) UDQFH

3 LJRW 6 $ WSR®RJILFDOP RGHOIRUD GLP HQVLRQDO6 SDWDO, QIRUP DWRQ
6\ VWP 3 K' VKHLY 8 QLYHUVIW RI 7 DVP DQLD $ XVWDQD

3 L.RXN 0 ,QWHJ UDWHG P RGHOQJ IRU ' * 6 3K' WHVLY ,7& 7KH
1 HWK HUDQGYV

3Xapu ' 9 DQG 0 - ( JHQKRIHU 7 RZ DUG IRUP DO GHILQLWRQ RI
WVRSRM®JLFDO UH®OWRQV DP RQJ VSDWDO REMFW LQ 3 URFHHGLQJV RI WH 7 KLUG

,QWHUQDWRQDOV\P SRVIXP RQ 6' + 6\GQH\ $ XVWDAD SS

5 DQ] LQIJHU © DQG * * 4 QHU & KDQJLQJ WKH FLW GDW VHW DQG
DSSQFDWRQV IRU ' XUEDQ SMQQLQJ LQ * ,6 ( XURSH 0 DUFK SS
7 HP SIQ . 8 UEDQ ' WVSRM®JILF GDW DQG W[ WUH E\ GLJLWO

SKRWJUDP P HW\ LQ 3 URFHHGLQJ RI ,635 6 0 DUFK $ SUO 7 HP SD ) RULGD

8 6% & 52 0

= DWQRYD 6 ' * ,6 IRU8 UEDQ GHYH®RSP HQW 3 K" W HVLY ,7 & WK H
1 HWKHU®DQGV S

&2 25" ,1 87 (6

$ VSLUDQW) 1 56 5 RM®QG % LAHQ

' HSDUW HQWRI * HRP DWFV 8 QLYHUVLW RI / LHJH

DApH GX $ REW/ LHIH % HQ LX P



5 RMQG % LOAHQ# XA DF EH

U ( QJ 6LLND = ®OWQRYD
' HSDUW HQWRI * HRGHV\ ' HQWS8 QLYHUVIW RI 7 HFKQR@®J\

7 KLWVHZ HJ -$ ' HOW 7 KH 1 HWHUDQGV

6 = WWQRYD# FLW WGHAWQO

6+ 257 &9

5 RMQEG %LAHQ LV D 3 K' FDQGLGDW DW WH ) 1 56 ) RQGV 1 DWRQDO GH @
5 HFKHUFKH 6 FLHQWILT XH 1 DWRQDO 6 FLHQWILF 5 HVHDUFK ) XQGV $ IWHU KLV
QFHQFH LQ * HRJUDSK\ 6 X UY H\ DWWH 8 QLYHUVLW RI / LHJH DQG WH 0 DVWHU
' HIJUHH LQ & DUWRJUDSK\ DQG 5 HP RWH 6 HQVLQJ 8 QLYHUVLWHV RI1 / LHJH % UXVVHO/
DQG / RXYDLQ @ QHXYH %HQLXP KH LV SUHSDULQJ KLV GRFWUDO WHVLV + LV
UHVHDUFK FRQFHUQV ' * ,6 DQG P RUH HVSHFLD® ! VS DWDOUHMWR QVKLSV + LV

EDVLF ILHGV Rl UHVHDUFK DUH VS DWDOFRQFHSWDOGHVLIQ DQG SKRWJUDP P HW\

' U 6\ND = @WQRYD LV UHVHDUFKHU DWWKH ' HOWS8 QLYHUVIW Rl 7 HFKQR®J\ 7 KH
1 HKHU®DQGYV 6KH KDV JUDGXDWG DW WH 8 QLYHUVIW RI $ UFKLWHFWUH & LYLO
( QJLQHHULQJ DQG * HRGHV\ 6RILD % XQDULD DQG KDV REWLQHG KHU 3 K" GHJ UHH
DWW H * UD] 8 QLYHUVLW RIl 7 HFKQR®J\ $ XVWLD + HU LQWHUHVW DUH LQ ' * ,6
RE MHFW UHFR Q VWX FWR Q ' GDW VWX FW UHV ' VS DWDO UH®WR QVK LSV DQG
' Y LVX DAQVDWR Q & X UUHQ WO VKH LV ILQYRO/'HG LQ WH 8 EL&RP P RE LXH

DXJP HQWG UHDAW S URMFW



3 RLQW / LQH 3 RQJRQ 6 S KHUH 3 RQ KHGURQ

) LIXUH ( [ DP SV RI VLP S VSDWD O RE NHFW

.\ -

0D efement's
«— extension — me

|

2D element’s

extension .

!

2D element’s 1D element's 1D element’s
limit extension limit

Order of points

) LIXUH 2 UGHU RI SRLQW RI D SROJRQ DQG LW GLP HQVLRQDOHGHP HQW

-

- _ 1D element’s

extension

) LIXUH ' HOHP HQWZ LVKRXWQP LW FARVHG QQH RU HASVHV FRQWRXU

1 R UH®OWRQ QRQ H LVWHQW 7 RWD O UHDWRQ 3 DUWD O UHDWRQ

) LIXUH ' LP HQVLRQDOUH®WRQVKLSV 5 ' IURP EM®MFN VWR JUA ' HOHP HQW



5 QH 5 QH 5 QH

B B
L]
}

A A <
B B
®
5 QH 5 S DUWDO 5 S DUWDO
° . . ° ° °
A A °
* - * ‘ B * * B
[ ]
5 QH 5 S DUWDO 5 QH

) LIXUH ( [ DP SQHV RI UH®WRQVKLSV

) LIXUH 6 SDWDO UH®WRQVKLSYV EHW HHQ D FXEH DQG D SRQ JRQ

2D cadastral unit

Ground level
Distance parcel-pipe

Underground pipe

) LIXUH 4 XHA “' RHV VKHSLSH JRHV VKURXJK VKH FDGDWWDO X QLW p



& DGDWWDOVSDFH SDUWWRQ 5 HDOEXLGELQJ

) LIXUH 3 DUWWRQ RI D EXLG5LQJ

") LQG WKH HIIHFWRI QRLVH SRGXWRQU ") LQG RENHFW RQ VKH VWWHHWL

) LJXUH ([ DP SO RI VSDWDOT X HULHV LQ

) LIXUH ( [ DP SOHRI VSDWDOTXHA LQ



) LIXUH 7 RSR VHP DQWF LQFRQVLWHQFLHV

) LIXUH ( [ DP SHRI VSDWDOUH®WRQVKLS EHW HHQ W R ERGLHV Z LWKRXWWH ' HOMHP HOQW



) LIXUH ( [ DP SAHRI VSDWDOUH®DWRQVKLS EHW HHQ D ERG\ DQG D SRQJRQ



