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7 KLV SDSHU FRQWILQV VRP H UHIHFWRQV DERXW XVLQJ ' WSR®RJ\
DQG P RUH JHQHUD@® VRP H ' FRQFHSW UHMWG WR ' FDG DVWH
) Luwwo Z H GHYHRS VRP H FRQFHSWDO YLHZ V DERXW ' P RGHOQJ
DQG P RUH VSHFULFD®@D DERXWWH GHILQMRQ RI ! VS DWDO R E MHF W/

6 HFRQGQ Z H SUHVHQWD QHZ IUDP HZ RUN IRU UHSUHVHQWQJ VS DWDO
UH®OWRQVKLSYV 7 KH IUDP HZ RUN KDV GUIHUHQW "~ FRP SMH[ LW u MHYHO
DQG DGRZ V P U LQJ VP SH DQG FRP S| VS DWDO UHMWR QVK LSV
7 KHUHIRUH LWLV SRVVLIEAH WR FRQVLGHU GUIHUHQWMYHO/ Z KHQ TXHU LQJ
VS DWDO RE MHFW ) LQDG®@ VRP H H[ DP SV DUH SUHVHQWG LQ 5 WK DW
GHP RQVWDW WH DSSQFDELOQW RI WH IUDP HZ RUN IRU FDGDVWDO

R E MHFW

,1 752 ' 8 &7 ,2 1 7+ ( (921787 ,21 72 !
) 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

HYROXWRQ WR UHDO ' JHR REMFW LV UDWVKHU VARZ 7 KLV FRXG EH H[ S@®DLQHG E\ D
VWRQJ LQKLELWU IDFWRU LH WH LQKHUMQFH RI ! Z D\ RI WLQNLQJ 7 KH
SULP 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 RSSRUWQLW 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 GHILQMWMWRQ VWRQJQ UHMDWG WR ! QRW WDWLWFDQ EH WKHUHIRUH VHHQ QNH

D QHZ REMFW WH XVH RI D ' P RGHOZ LGOOEH 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

2 %-(&762) ,17(5(67 ,1 85%%$1 $5(3$6

7 UDGIMRQD®M WH REMFW RI LQWUHVWLQ D * ,6 DUH FRQVLGHUHG VS DWDORE MHFW
LH REMFW WDWKDYH WHP DWF DQG JHRP HWLF FKDUDFWULVWFV & RQVHT XHQW)
WH Z RUG LV DERXW ' * ,6 Z KLAH WKH REMFW DUH JHRP HWLFDG@ UHS UHVHQWG LQ
W UHH GLP HQVLRQV 6 HYHUDO Hf WHQGHG VW GLHV KDYH EHHQ GRQH DERXWWH

REMFWRI| LQWUHVWLQ XUEDQ HQYLURQP HQW 7 KH FRP P RQ XQGHUVWQGLQJ LV WK DW

WH P RVWLP SRUMQW ' UHDOREMFW LQ XUEDQ DUHDV DUH EXLG5LQJV DQG WHUUDLQ
UHS UHVHQWHG DV 7 ,1 * l,Q DQG ' DQ / HEHUO DQG * UXEHU 7 HP SIQ
) XFK SUHVHQW D VWK G\ RQ UHDO REMFW RI LQWUHVW IRU ' FLW

P RGHOY 7 KH LQYHVWJDWRQV LQ ILYH JURXSV RI REMFW LH EXLGGLQJV
YHIJHWWRQ WDDIILF QHW RUN SXEQF XWAOWHV DQG WMFRP P XQLFDWRQV KDYH
FOHDUQ VKRZ Q WKH SUHYDMHQW XVDJH RI QHHG IRU EXLGLQJV WDIILF QHW RUN
DQG YHJHWWRQ 5 D] LQJHUDQG * QH[ QHU S UHVHQWD Y LUK DOP RGHORI D VT X DUH
IQ * UD] FUHDWG XSRQ P XQLFLSDO UHTXHVW FRQWILQLQJ EXLALQJV WDIILF
QHW RUN P 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 HVSHFLDAM FDGDVWH KRZ HYHU JRHV RIVWHQ IDUEH\RQG WKH
UHDO REMFW RI LQWUHVW GLVFXVVHG VR IDU ) RU H[ DP SGH FDGDVWDO RIILFHV
P DLQWLQ MKULGLFDOERXQGDULHV DQG (HJDOVWWKY RI WKH UHDOHVMWDWH LH LWHP V WK DW
FDQQRWEH FMVVL LHG DV ' VSDWDOREMFW = ®MWQRYD SURSRVHV RE MFW DV
SHRS@M FRP SDQLHV W[HYV HW W EH LQFXGHG LQ WH VFRSH RI REMFW
RUJDQLVHG LQ D * ,6 ) RXU EDVLF JURXSV WR GLVWQJXLVKLQJ UHDO REMFW DUH
IQWRGXFHG LH MUGLFDO REMFW HJ LQGLYLGXDO/ LQVWWKWRQV FRP SDQLHV
WRSRJUDSKLF REMFW HJ EXLBLQJV VWHHW XWOAWHV |LFWRQDO REMFW HJ
DGP LQLVWIDWYH ERXQGDUHV DQG DEVWDFWREMFW HJ W[ HY GHHGV LQFRP HV
6 LQFH DOOWKH REMFW KDYH VHP DQWF FKDUDFWHULVWFV JHRP HWLF FK DUDFWHULVWFV
RI UHDO REMFW DUH WH GHDGLQJ FUMHULRQ RI WKH JURXSLQJ 7 KHUH DUH RE MFW
Z LMK HLVWK HU QRQ FRP SHWH JHRP HWILF FKDUDFWULVWFV LH RQQ (RFDWRQ
FRP SCHW JHRP HWLF FKDUDFWHULVWFV DQG H[ LVWHQFH LQ WH UHDO Z RUGG
FRP SCHW JHRP HWILF FKDUDFWULVWFV DQG ILFWYH H[ LVMHQFH DQG Z LMK RX W

JHRP HWLF FK DUDFW ULVWFV

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

YDULHW RI LQIRUP DWRQ VIVWHP V 7 KH QHHG RI ' [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
WVSR®J\ SUQFLSMHY DQG QRWRQV VHH 3XGDU DQG ( JHQKRIHU 7 KH
IUDP HZ RUN XWQVHV WKH [IXQGDP HQWO QRWRQV RI JHQHUDO WRSR®J\ IRU
VWVRSR@JLFDO SULP LWYHV WR LQYHVWJDW WH LQWUDFWRQV RI WKH VSDWDO RE MFW
7 KH EDVLF FUIMWHULRQ WR GLVWQJ XLVK EHW HHQ GL I HUHQWUHMWRQV LV WK H G HWHFWR Q
RI HP SW DQG QRQ HP SW LQWUVHFWRQV EHW HHQ WSR®RJLFDO SULP LWYHV

HSHQGLQJ RQ WKH QXP EHU RI WH WSR®JLFDO SUP IMLYHV FRQVILGHUHG W R
LQWAUVHFWRQ P RGHO/ Z HUH SUHVHQWIG LQ WH QWUDWKUH 7 KH [LUVW LGHD LV WR
LQYHVW.I DWH W H LQWUVHFWRQ RI LQWHULRUV DQG ERXQGDULHV RI W R REMFW 7 KLV
UHVX QW LQ UH®OWRQV EHW HHQ W R REMFW $ SSDUHQWY P DQ\ UHDWRQV

FDQQRW EH GLVYWQJXLVKHG RQ WH EDVLY RI RQAO W R WRSR®JLFDO SULP LWYHV

7 KHUHIRUH WKH HYDXDWRQ RI WH H[ WWUIRU LV DGRS WG WK H LQ WHUVHFWR Q
P RGHO ( JHQKRIHU DQG + HUUULQJ 7 KH QXP EHU RI GHWFWE®M UHMOWRQV
EHW HHQ W R REMFW WXV LQFUHDVHV WR 7 KH FUWFLVP LV P RVW DERXW

WH IDFWWKDWQRWDM®OWH UH®OWRQV DUH SRVVLEMH LQ UHDAOW WH LQWUVHFWR QV DUH
QRW I XUNKHU LQYHVWJIDWG DQG P DQ\ REMFW LQWHUVHFWRQV DUH WSR®RJLFD®

HT XLYDOHQW

$ VWKW GUIHUHQWDSSURDFK LV IRGRZ HG E\ & (HP HQW HWDO $ JDLQ WKH
WUHH WSR®JLFDO SUP IMYHV DUH XVHG EXW ILWUWWWH WSH RI LQWUVHFWRQ LV
F@DOUU LHG 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 KLIK FRP SXWWRQDOS ULFH

7 KLV VHFWRQ SUHVHQW D QHZ |1UDP HZ RUN LH WH' LP HQVLRQDOO RGHO ' 0 IRU
GHVFULELQJ UHDO Z RUG DQG D QHZ IUDP HZ RUN |IRU UHSUHVHQWQJ VSDWDO
UHDOWRQVKLSV LQ 5 7 KH EDVLF URMH RI WLV P RGHOZ DV W UHVSRQG W WH
aP IWDWRQ RI WH LQWHUVHFWRQ P RGHO DQG P RUH SUHFLVHO WH WSR®RJLFDO

HT XLYDAHQFH ( JHQKRIHU DQG ) UDQ] RVD = MWQRYD



3URUJLYLQJ WKH GHILQIWRQV Z H Z LAOP HQWRQ IHZ NH\ LVWXHV ) LU/W WKH P RGHO
LV EDVHG RQ WH ' &2 1 * 2 2 |RUP DAVP SUHVHQWG E\ 3 DQW] LV HWDO

DQG H[ VHQGHG W FRSH Z LWK ' REMFW DQG VSDWDOUHMWRQVKLSY 6HFRQG WKH
VS DWDORE MIFWLQ WKLV P RGHOLY FRP SRVHG RI GL IHUHQWVP DQHU H(HP HQW QDP HG
GLP HQVIRQDO HOHP HQW 7 KLUG VWK H FRQFHSWDQVDWRQ RI WKH VSDWDO UHDWR QVK LSV
FRQVILGHUHG RI VXSHURU P SRUWQFH FRP SDUH W REMFW IRFXV RQ RQQ
REMFW Z IMK GHILQHG QP LW Z L® EH H[S®LQHG MOWU 7KH IRGRZ LQJ
VXEVHFWRQV DUH RUJDQLVHG DV IRGRZ YV ILUWWW WH NH\ GHILQIWRQV IRU
UHS UHVHQWQJ REMFW RI UHDOZ RUGS DUH SUHVHQWHG DQG WK HQ WKH IUDP HZ RUN IRU

GHVFULE LQJ VS DWDOUHMWR QVK LSV LV GLVFXVVHG

LP HQVLRQDOHMHP HQW

7 KLV VHFWRQ SUHVHQW WH EDVLF UXMHV RI WH ' P HQVIRQDO 0 RGHO 0 RUH
GHWLOY LH WH P DWHP DWFDO GHP RQVWWDWRQV RI WHVH UXMV IRU FRQYH[
REMFW Z LGOOEH JLYHQ LQ IXUWKHU Z RUNV 7 KH VWDUWQJ GHILQIMWRQ RI WKH P RGHO

IRGRZ V

HI LQLWRQ $ ' LP HQVLRQDOHMHP HQW GHQRWG E\ ' HOP HQW LV D SRUWRQ RI VSDFH
Z KLFK LV UHDWG WR D SDUWNFXMU GLP HQVLRQDO IUDP H RI UHIHUHQFH ,wLv wic &

GLP HQVLRQDOZ KHQ WVRW @ GHILQHG E\ A& GLP HQVLRQDOIUDP HV Rl UH HUHQFH

) UDP H Rl UHIHUHQFH GHQRWYV WKH GLP HQVLRQ RI WKH VSDFH RU VXE VSDFH LQ

Z KLFK WKH GLP HQVLIRQDO HOHP HQW LV HP EHGGHG ) LJ X UH VKRZ V D ' HOP HQW
SOXQJHG QW D ' IUDP H RI UHIHUHQFH 5 ( DFK SRLQWRI WKLV HHP HQWFDQ
EH H[ SUHVWHG DO/R E\ RQH FRRUGLQDWH XVLQJ WKH DVVRFIDWG ' IUDP H RI
UHIHUHQFH $ QRWHUH[DP SGHIRUD ' HMHP HQWLV JLYHQ LQ ) LJ X UH

i point P I

z point P
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Euclidean co-ordinates of point B Xp, Yp, Zp

1D element co-orciinate of point P - x Euclidean co-ordinates of point P : Xp, Yp, Zp

2D element co-ordinate of point P - x, y

) LIXUH " HOP HQWHP EHGGHG LQ 5 ) LIXUH " HOP HQWHP EHGGHG LQ 5

%\ WDQVLWYLW RQH FDQ VD\ WKDWD Q GLP HQVLRQDOSRUWRQ RI VSDFH LV GHQRVWHG
Q' HMP HQW $ Q GLP HQVLRQDOIUDP H Rl UHIHUHQFH P D\ FRQWLQ Q' HMP HQW

Q ! HAHP HQW GRZ Q W ' HOHP HQW ,Q WH ' ( XFQGHDQ VSDFH 5 IRXU



WSHV RI GLP HQVLIRQDO HMHP HQW DUH DGRZ HG LH ' ' ' DQG

HGHP HQW

HI LQLWRQ $ @& GLP HQVLRQDOHMP HQWKDV DQ H[ WHQVLRQ DQG P D\ KDYHD QP LW 7 KH
H WHQVLRQ LV VKH Z KROH VXE VSDFH RI @ GLP HQVLRQ RI WKH HOHP HQW DQG WKH QP LWLV WKH Z KROH
VXE VSDFHRI  GLP HQVLIRQ VR @ GLP HQVLIRQ 7 KXV LU D & HOP HQWKDV D QP LW VKLV QP LW

FRUUHVSRQGV WR D (RZHU & ' HOP HOW

7 KH QH[ WILI XUHV LOXVWIDW WKH FRQFHSWIRU ' HMP HQW ) LI XUH DQG
HOHP HQW ) LI XUH 2 QH FDQ VHH WVKDWWKH ' HGHP HQWV QP LWFRUUHVSRQGV WR
WH W R H[ WHP H SRLOW RI WLV QQH + RZ HYHU L VWKH ' HMHP HQWLV FQRVHG

W DQ LWKDV QR QP LW 7 KH ' HAHP HQWGRHVY QRWKDYH D QP LWE\ GHILQWMRQ

1D element's extension 1D element's extension
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1D element's limit

Ty

) LIXUH / LP LWDQG H WQVIRQ RI ' HOHP HQW
2D element 2D element’s limit 1D element’s extension
: : 1D elem\e;nt’s limit
0D element
) LIXUH / LP LWDQG H WQVIRQ RI ' HOHP HQW
) XUWKHUP RUH WKH ' HMHP HQWWDWFRUUHVSRQGV W WH ' HGP HQWV QP LW
) LI X UH P XVWEH XQGHUVWRRG DV D Z KRMH DQG QRWDV ILYH FRQQHFWG '

HHP HQW 7 KH IRGRZ LQJ W R GHILQLWRQV UHIHU WVR GLP HQVLRQDOHGHP HQW Z LW

Z IV KRXWKRMV

H LQLWRQ $ SRUWRQ RI VWKH QP LWLV VDLG WR EH LQWHULRU QP LWZ KHQ LWGLYLGHV WKH

H WHQVLRQ DQG H[ WHULR U AP LWZ KHQ LWRXVWAQHV VKH H WHQVLRQ

HI LQLWRQ $ GLP HQVLRQDO HOHP HQW LV VDLG WR EH Z KRCH Z KHQ LW H WWULRU QP LW LV

FRQWQOXRXV $ FRQWQXRXV QP LWLV FKDUDFWAULVHG E\ D FRQWJXLW RI DG LW SDUW



) LI X UH SUHVHQW D Z KRQ GLP HQVLRQDO HGHP HQW Z KLH ) LI XUH S UHVHQW D
QRQ Z KRM HMP HQW 7 KHVH VW GHILQLWRQV DUH HVSHFLDG LP SRUWQWIRU WH

GHILQLWRQV Rl VS DWDORE MFWLQWR GXFHG LQ WKH IRGRZ LQJ VHFWRQ

A interior limit
z exterior limit
N [
exterior limit
X:
Y
) LUXUH : KROH GLP HQVLRQDOHOHP HQW ) LUXUH 1 RQ Z KRH GLP HQVLRQDOHMHP HQW

6 SDWDORE MHFW

,Q WKLV VWG\ IRU VIP SAQFIW Z H QP LW RXUVHO'HV WR WKH WLUG GLP HQVLRQ
+ RZ HYHU WKHUH LV QR UHDOQP LWWRQ LQ WKH HOHP HQWV GLP HQVIRQ : H SUHVHQW
WH GL I HUHQW VS DWDO RE MiFW VWUWQJ IURP P RUH UHVWLFWYH QRWWRQV W VV

UHVWILFWYH RQHV 7 KH GHILQIMWRQV SUHVHQWG KHUH DUH EDVHG RQ WKH GLP HQVLRQDO
HOHP HQW LQWRGXFHG LQ WKH SUHYLR XV VHFWR Q

H LQLWRQ $ VSDWDORE MHFWLV FRP SRVHG E\ DWOHDVWRQH GLP HQVLRQDO HMHP HQW

H LQLWRQ $ VLP SH VSDWDO REMFW LV FRP SRVHG Rl FRQWQXRXV VHULHV Rl Z KRMH

GLP HQVLRQDOHOHP HQW VKDWHQG Z LVK D GLP HQVLRQDOHMHP HQWZ LVKRXWQP LW

H LQLWRQ $ FRP SRVHG VSDWDO REMFW LV FRP SRVHG RI FRQWQXRXV VHULHV RI

GLP HQVLRQDOHOHP HQW VWKDWHQG Z LVK D GLP HQVLRQDOHOHP HQWZ LWKRXWQP LW

) RUVIP SH DQG FRP SRVHG VSDWDORE MIFW HDFK GLP HQVLRQDOHMP HQWLV MRLQHG
W DAOWH RWHUGLP HQVLRQDOHMP HQW

H LQLWRQ $ FRP SQH[ VSDWDO REMFW LV FRP SRVHG Rl VHULHV Rl GLP HQVLRQDO
HOHP HQW WKDWHQG Z LVK D GLP HQVLRQDOHOHP HQWZ LVKRXWQP LW

6 LP SOH VS DWD O RE NHFW & RP SRVHG VSDWD O RE MHFW & RP SOH VSDWDO RENHFW

) LIXUH ( [ DP SOV RI VSDWD O RE NHFW



6P SH VSDWDO REMFW DUH WKH HDVIHVWW XQGHUVWQG 7 KH P RVWFRP P RQQ

P HOWRQHG LQ WH QWUDWKUH VIP SOH REMFW DUH SRLQW FRP SRVHG RI '

HAHP HQW QQH FRP SRVHG RI ! DQG HAHP HQW F®RVHG QQH FRP SRVHG RI

HAHP HQW SRQJRQ FRP SRVHG RI ' ! DQG ! HAHP HQW VS K HUH
FRP SRVHG RI ' DQG ' HAHP HQW DQG FXEH FRP SRVHG RI ' ' '
DQG ' HAHP HQW 0 RVWRI WH DQG GDW P RGHOP DQDJHV WKLV WSH RI
R E MHF W

R N

3 RLQW /' LQH 3 ROJRQ 6 SKHUH & XEH

) LIXUH ( [ DP SQHV RI VLP SO VS DWD O RE NHFW/

7 KH FRP SRVHG VSDWDORE MHFWFDQ EH VHHQ DV WKH FRP ELQDWRQ RI VRP H WSH

Rl VIP SOH VSDWDORE MIFW HJ W R SRLOQW W R SRQJRQV HW

X

) LIXUH ( [ DP SV RI FRP SRVHG RE NHFW

7 KH FRP SQH[ VSDWDOREMFWFDQ EH VHHQ DV WVKH FRP ELQDWRQ RI VIP S VS DWDO
REMFW RI GUIHUHQW NLQG HJ RQH SRLQW DQG RQH SRQJRQ HW W LV
IP SRUMQWWR QRWH WDWHYHQ LI D VSDWDOREMFWLY VWLFWI GHILQHG Z LW DG WK H
GLP HQVIRQDO HOHP HQW HJ D FXEH : ' : " HMHP HQW D®RI WKHVH
HCHP HQW DUH P D\ EH QRWUHMHYDQWDWD JHRJUDSKLF CHYHO / HWXV FRQVLGHU WK H
UHDO REMIFW E XLO3LQJ WK DW LV UHS UHVHQWHG E\ D VIP SCH VSDWDOREMFWFXEH ,Q
VRP H DSSQFDWRQV WKH ' HMHP HQW WH FXEH-V FRUQHUV P D\ QRW KDYH D
SDUWFX U LQWHUHVW 7 KHUHIRUH DV Z H Z LD VHH LQ WKH QH[ WVHFWRQ LWLV QRW
UHOHYDQWWR WNH WKLV ' HMHP HQWLQW FRQVIGHUDWRQ IRUWH GHWHUP LQDWRQ R

GLP HQVLR QDOUHMWR Q VK LS V

) UDP HZ RUN IRUUHS UHVHQWQJ VSDWDOUHMWRQVKLSYV

+ DYLQJ WH GLP HQVLRQDOHGHP HQW DQG VS DWDORE MFW GHILQHG LQ WKH SUHYLRXV
VHFWRQV Z H FDQ QRZ SUHVHQWKRZ WLV QRWWRQ FDQ EH XVHG WR UHS UHVHQW
VS DWDO UH®MWR QVKLSV : H GHILQH GLP HQVLIRQDO UHDWRQVKLSV DV WKH UHM®MWR QVK LSV
VWK DW H[ LVW EHW HHQ GLP HQVLRQDO HOHP HQW : H GHILQH WUHH W SHV RI

GLP HQVLRQDOUHMWRQVKLSYV LH WRWO W SDUWIDO S DQG QRQ H LWHQW Q H

" HLQLWRQ $ GLP HQVLRQDO HHP HQW LV LQ WRW O UH(DWRQ Z LW DQRWHU GLP HQVLRQDO

HOHP HQWLI VKHLU LQWAUVHFWRQ LV HT XDOWR VKH | LUWWHOHP HQW



HI LQLWRQ $ GLP HQVLRQDO HOHP HQWLV LQ S DUWDO UHMWRQ Z LVK DQRVKHU GLP HQVLRQDO
HOP HOWL VK HLU LQWAUVHFWRQ LV QRWHT XDOVR VKH ILUWWWHOP HQW DQG LI WKH LQWAUVHFWRQ EHW HHQ

VKH [LUWHOHP HQWDQG VKH H WQVLRQ RI VKH VHFRQG LV QRWQX @D

" HLQLWRQ $ GLP HQVLRQDOHOP HQWLV LQ QR UH(DWRQ QRQ H[ LVWHQW Z LK DQRVKHU
GLP HQVLRQDO HOHP HQW LI VKH LQWUVHFWRQ EHW HHQ VKH ILUVW HOHP HQWDQG VKH H VHQVLRQ RI VKH

VHFRQG LV QX @D

7 KHVH W SHV Rl UH®DWR QVK LSV DUH LOXVWDWHG IRUW R ' HMP HQW ) LI XUH
7 RWD O UHDWRQ 3 DUWDO UHDWRQ 1 R UHDWRQ QRQ H LWHQW
) LIXUH 5 HDWRQV EHW HHQ GLP HQVLRQDOHOHP HQW

7 KH GLP HQVIRQDO UH®WRQVKLSV EHW HHQ W R VSDWDO REMFW FDQ EH DSSQHG
IRU DO WKH GLP HQVLIRQDO HCHP HQW VWUWQJ IURP WH RQH Z MK WKH KLIKHVW
GLP HQVIRQ ) RUH[DP S WKH GLP HQVLRQDOUHMWRQVKLSV EHW HHQ W R VSDWDO
REMFW SRQJRQV $ DQG % FDQ EH GHILQHG LQ WKH IRAGRZ LQJ RUGHU I|LUVW
FKHFN WH GLP HQVIRQDO UH®WRQVKLS EHW HHQ ' HQMP HQWRI $ DQG D@® WKH
GLP HQVIRQDO HGHP HQW RI VSDWDO REMFW % WHQ FKHFN VWH GLP HQVLRQDO
UH®OWRQVKLS EHW HHQ ' HQMP HQWRI $ DQG D®OWH GLP HQVIRQDOHMP HQW RI
VS DWDORE MIFW% HW 7 KH IRGRZ LQJ QRWWRQ LV XVHG LQ WKH UHVWRI| WK H DUWFCH

5 UHMWRQVK LSV

[ GLP HQVIRQ Rl WH HOHP HQWRI WKH | LUVWRE MFW

\ GLP HQVIRQ RI WKH HHP HQWRI WKH VHFRQG RE MHFW

) RUH[DP SOH 5 ' UHS UHVHQWWK H GLP HQVIRQDOUHMWR QVKLSV EHW HHQ WH '
HAHP HQWRI WKH | LUWRE MHFWDQG WH ' HAHP HQWRI WKH VHFRQG RE MHFW
A A A o
B B
® o
5 QH 5 ! QH 5 ! QH
A A A < )
B B
° °

5 QH 5 SDUWDO 5 SDUWDO



A A A © o
[ ] ® [ B [ ] L ] B
° L]
5 QH 5 SDUWDO 5 QH
) LIXUH ( [ DP SOV RI UHDOWRQVKLSV

$ VP HQWRQHG EHIRUH VRP H GLP HQVIRQDO HHP HQWFDQ EH QRWUHMHYDQWLQ D
JHRJUDSKLFDOSRLQWRI YLHZ ,P DJLQH WWDWRQH Z DOQW W NQRZ L RQH FDGDVWDO

SDUFHO WRXFKHV DQRWHU RQH GRHV QRWP DWHU LU WLV UHOWRQVKLS FRQFHUQV

HGJHV ! HAHP HQW RU FRUQHUV ' HAHP HQW 7 KHQ LWLV QRWLQWUHVWQJ WR
RRN WVR WKH IRXUWK UH@OWR QVK LSV 5 5 5 DQG 5 ' ,Q WKLV
FDVH W Z LGO EH EHWHU W FRQVLGHU GH ! HAHP HQW Z IWKRXW QP LW DQG MVW
RRNLQJ WR 5 ' UHMDWR QVK LS V

7 KHUH DUH WKUHH JURXSV Rl GLP HQVIRQDOUHMWRQVKLSYV LH VIP SQILHG EDVLF DQG
H WQGHG 7 KH VIP SQILHG RQH JLYHV RQQ LQIRUP DWRQ DERXWWH GLP HQVLRQ RI
VWK H KL KHVWGLP HQVLRQDOHMP HQWLQ W H UH®DWRQVK LSV GRHVQ-WP DWWHU WH W SH
RI HOHP HQWRI WKH VHFRQG REMFW ) RUH[ DP SGH WV WNH D FXEH DQG LQWUHVW
IQ W ' DQG D ' HMHP HQW DQG D SRAOJRQ MVWFRQVIGHULQJ LW ' DQG
HOHP HQW Z H Z L0 KDYH RQH UH®WRQVKLS 5 ' 5 5 DQG D
UHDWRQVKLS 5 5 5 IRUWH FXEH-V HHP HQW DQG D UHMWR QVK LS
5 5 5 IRUWH SRQJRQ-V HHP HQW ,Q ) LIXUH WKH 5 ' RI

WHFXEH LV SDUWDO 5 RI WKH FXEH LV SDUWDODV WKH 5 ' RI WKH SRQJRQ

) LIXUH ( [ DP SOHRI GLP HQVIRQDOUHDWRQVKLSY EHW HHQ D FXEH DQG D SRQ JRQ

8 VIQJ VIP SQILHG GLP HQVIRQDO UH®WRQVKISV Z H LQWRGXFH WH WSR®RILFDO
UHDWRQVKLSY QDP HG LQFOXVIRQ VXSHULP SRVIWRQ DGMFHQR DQG FRQWFW 7 KH VLP S QlLHG
5 ' LV FDOHG LQFXVIRQ WKH 5 ' VXSHUP SRVIWRQ WH 5 ' DGMFHQR DQG WKH
5 ' FRQWFW

7 KH EDVIF UH®OWRQVK LSV FDQ EH FRQVLGHUHG DV D I XUWKK HU H[ WVHQVLRQ RI WK H VS DWDO
UHDOWRQVKLSY WKDWJLYH DGGLMWR QDO LQIRUP DWRQ DERXWWH GLP HQVLRQ RI WH

GLP HQVLRQDO HHP HQW FRQVLGHUHG LQ WKH UH®WRQVKLS ,Q RXU H[DP SCH Z H



Z RXG KDYH RQH UHM®MWR Q ' Z LW ' 5 ) LI XUH D RQH UHDOWRQ

Z LW ' 5 ) LI XUH E RQH UHMWR Q ! Z LW ! 5 ) LI XUH
D DQG RQH UH®OWRQ ' Z LW ' 5 ) LI XUH E IRU WKH FXEH:-V
HAHP HQW DQG RQH UHDOWRAQ ! Z LW ! 5 ) LI XUH E IRU WH

SRQAJRQ-V HMHP HQW 7 KH H WQGHG UHMOWRQVKLSYV WNH LQW DFFRXQW WH
GLP HQVIRQ RI WH LQWUVHFWRQ Z KHQ LW H[ LVWW EHW HHQ WH GLP HQVLRQDO
REMFW ,Q 5 WK HUH DUH VIP SQILHG UHDWRQVK LSV EDVLF UHDWR QVK LSV

DQG H[ WHQGHG UHMWR QVK LS V

D 5 DQG 5 ' E 5 DQG 5 '

) LIXUH % DVLF GLP HQVLRQDO UH®WRQVKLSYV EHW HHQ D FXEH DQG D SRQ JRQ

7 KH SUHVHQWAG 1 UDP HZ RUN RIIHUY DQ HBHIDQWDQG IH[ LEMH Z D\ RI UHS UHVHQWQJ
D WUJH JURXS RI VSDWDOUHM®MWRQVKLSV LQ ! VSDFH 7 KH FRP ELQDWRQ RI WH
IUHHGRP LQ WH FKRLFH RI WKH JHRJUDSKLFD®@D UHMHYDQW GLP HQVLRQDO HAHP HQW
Z IWK WKH WKUHH W SHV RI GLP HQVLIRQDO UH®WRQVKLSY DGRZ V RQH W GHFLGH RQ
Z RUNLQJ Z IWK D YHW VIP SOH VHWRI VSDWDO UH®WRQVKLS RU RQ YHU FRP S|
P RUH WKDQ IHZ KXQGUHG RQHV 7 KH WUHH GLP HQVLIRQDOUHM®MWRQVKLSV FDQ EH
HDVLO QQNHG W WH WSR®RJLFDO RSHUDW UV EDVHG RQ WRSRQRJILFDO SULP LWYHV
LQWHULRU ERXQGDU DQG H[ WHUIRU LQWRGXFHG E\ ( JHQKRIHU + RZ HYHU
WH UHOWRQVKLSY WKDWFDQ EH GHULYHG DSSQLQJ RXU IUDP HZ RUN DUH IDU P RUH
) XUWK HUP R UH ZH H[ SHFW WH QRWWRQV DQG H[ SUHVVLIRQ XVHG LQ RXU
IUDP HZ RUN WR |IDFLOWW WKH XQGHUVWQGLQJ RI D QRQ VSHFLDAQVW IRU VSDWDO

UH®DWR Q VK LS V

$33/,8%$7,21 72 ' &% $675
7 KH ! P RGHO LV RIWVHQ UH®OWG W RQQ ' YLVXDAQVDWRQ 7 KH ' VS DWDO
TXHU LQJ LH RQH RI WKH NH\ LVWXHV RI D IXQFWRQDO ' * 6 LV TUHT XHQ WD)
XQGHUHVWP DWG : H SUHVHQWKHUH WKH SRWQWDO R ! TXHULHY DQG FRQFHS W
Z LWK UHVS HFWWR WKH ' FDGDVWDOP RGHO
, QIXHQFH RI WKH REMFWY UHS UHVHQ WODWR Q ! ' RQ WKH VSDWDO
TXHU LQJ

2 QH TXIMH FRP P RQ TXHU LQ XUEDQ SMQQLQJ LV W' GHWUP LQH DAWH RZ QHUV
VK DW DUH DIIHFWHG E\ JHRJUDSKLFDO SKHQRP HQD SLSH URDG QRLVH SRGXWRQ
HWE 7 KH ' VROXWRQ LVW VHMHFWD@®W H FDGDVWDOS DUFHO/ WK DWDUH FURVVHG RU

WRXFKHG E\ WKH JLYHQ SKHQRP HQD 7 KH ' UHSUHVHQWWRQ RI WH SKHQRP HQD



HJ URDG SURMFW LV VXSHUSRVHG W WH FDGDVWDO REMFW DQG WH TXHU LV

"VHHFWD®OWH REMFW WDWKDYH FRP P RQ SDUWp $ FWKDG WLV LV D VHHFWRQ

Rl SDUFHO/ EDVHG RQ D WRSRM®RJLFDOFULMHULIRQ : KDWLV WKH HYROXWRQ RI VXFK D
TXHU 1Q D ' P RGHO 2 QH VROXWRQ VWR H[ WHQG WKH QRWRQ LQ ' LV W NHHS
WH VDP H NLQG Rl GHILQIWRQ LH WH ' FDGDVWDO SDUFHO XQLW 7 KLV LV
SRVVLEGH EHFDXVH WH ' P RGHOGR QRWLP SRVH P DIQWQDQFH RI RQQ

VSDWDOREMFW HJ DSRQOQJRQ LH ' REMFW HP EHGGHG LQW D ' IUDP H RI
UHIHUHQFH LH KDYLQJ ' FRRUGLQDWYV KDV VW@ ' GLP HQVIRQD® 6XSSRVH

RQH Z RXG AQNH W H[ SUHVV WKH UHOWRQVKLSV WVR RWHU REMFW XQGHU RUDERYH
WHJURXQG 7 KHQ LWZ RXGG EH QHFHVVDUW WR HLW HU DVVR FIDWVH WR WKH FDGDVWDO
XQLWDV DQ DWWLE XWH WKH GLVYWQFH WVR WKH RWHU REMFWRU W FRP SXW WH
GLVWQFH EHW HHQ WKH W R REMFW 1 RW WDWWH GLUHFWRQ RI WH GLVYWQFH
P XVWEH FAHDUO GHILQHG ,Q WKH | LUWWFDVH H[ WD DWWLE XWH LQI RUP DWRQ LV VW UHG

LIQ WWH VHFRQG FDVH WH VSDWDOTXHU UHTXLUHV P HWLF FRP SXWWRQV LH LWLV
QRWD WRSR@®JLFDOT XHUW ) LI XUH VKRZ V DQ H[ DP SO RI D ' FDGDVWDO X Q LW
DQG DQ XQGHUJURXQG SLSH 7 KH TXHU FDQ EH IRUP XWG DV ~,V WKH SLSH DWD

SDUWFX ®DU GLVWQFH IURP WH FDGDVWIDO X Q LW1

$ QRWHU VROXWRQ LV WR FUHDWH D QHZ ' REMFW LH D ' FDGDVWIDO 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 WKDQ WKH LQLWDOT XHU LQ

' LH LWLV D WSR®RJLFDORQH

3D cadastral unit

e

2D cadastral unit

Ground level Ground level

Distance parcel-pipe

Underground pipe

Underground pipe

) LIXUH 4 XHA ' RHV WKH SLSH JR WKURXJK VWKH FDGDVWWDO X QLW

7 KH LOWIMMYH FRQFXVLRQ LV WDW ! VS DWDO TXHUWHV DUH RI VWQULFDQW

LP SRUWQFH IRU WKH WLUG GLP HQVLRQDAW 7 KLV LV WXH UHJDUGMHVV WKH FKRLFH

EHW HHQ FDGDVWWDORU ' FDGDVWDOX QLW % XWL FDGDVWDOXQLWLV GHILQHG DV
' RE MHFW ' WSR®RJLFDO RUP RUH JHQHUDOGLP HQVLIRQDO UHMWRQVKLSV P XVW
EH VXSSRUWG 7 KHUHI R UH D ' WSR®RJLFDO GDW VWXFWUH P XVW EH

FRQWP S®WG DV DQ RSWRQ 6RP HRI RXUGHYH®RSP HQW WZ DUG WKLV GLUHFWR Q

DUH S UHVHQWG E HGR Z



VHI P HQWWRQ RI VSDFH

8 VIQJ ' FDGDVWDO XQIWFRQFHSWP D\ HDG W D QHZ DSSURDFK DQG D QHZ
GLYLVLIRQ RI SURSHUW VSDFH ) LJXUH VKRZ V D FDGDVWDOVS DFH SDUMWRQ : H
FDQ LP DJLQH VWKDWWH EXLGLQJ LQ ) LI XUH LV EXLGG RQ RU LQ D FDGDVWIDO

SURSHUW FRP SRVHG E\ FDGDVWDOXQLWS$ % & ( ) DQG * Z KHQ WH XQLW"'

FRUUHVSRQG W D URDG VHFWRQ SURSHUW RI WH P XQLFLSDAQW 7 KLV NLQG R
SDUWWRQ Z RXGG EH DOR YHW LOQWUHVWQJ IRU WHFKQLFDO VWXFWUH DV VHZ HU
SLSHV HW 2 EYLRXVO WDWWSH RI DSSURDFK UHTXLUHV VXSSRUWRI ' VS DWDO

UHDOWRQVKLSYV DQG ' VS DWDOR E MHF W

Building

Ground level

& DGDWWDOVSDFH SDUWWRQ 5 HDOEXLGELQJ

) LIXUH 3 DUWWRQ RI D EXLGELQJ

7 KH' LP HQVLRQDOP RGHODQG VSDWDODQDO VLV

$ V SUHVHQWHG LQ VHFWRQ WH GLP HQVIRQDO UH®OWRQVKLSV DGRZ Z RUNLQJ
ZIMK D YHUW VIP SCH RUYHU FRP SQH[ VHWRI| VSDWDOUHMWRQVKLSYV ,Q WH FDVHV
RI VSDWDO TXHUHV P HQWRQHG DERYH WHVH GL IHUHQW FRP SCH[ IW QHYHO/ P D\
HDG WR VIP SQILHG RU YHUW SUHFLVH GHVFULSWRQ Rl WH UH®DWRQVKLSV EHW HHQ

VS DWDORE MHFW ) RUVRP H TXHUWHV WH VP SQILHG UH®OWRQVKLSV DUH VXIILFLHQW

/ HWXV FRQVLGHU WKH [P SDFWRI D QRLVH SRAXWRQ RQ WH FDGDVWDOXQLW ,| WH
QRLVH SRAXWRQ LV UHSUHVHQWHG E\ D ' VSDWDOREMFW HJ D SRQJRQ WH
RQQ GLP HQVIRQDOUHMWRQVKLSV RI LQWUHVWZ RXG EH 5 ' ,QGHHG LWLV QRW
UHOHYDQWWR UHILQH WK H VS DWDOUHMWR QVK LSV DWW H QHYHORI ' RU ' HMP HQW

7 KH DLP LV WR NQRZ LV WKH FDGDVWDO XQLWLV DIITHFWHG E\ WKH QRLVH SROAXWRQ
DQG QRWWR NQRZ Z KDWDUH WKH H[ DFWUH®WR QVK LSV EHW HHQ WKH ERUGHUV HGJHV
DQG FRUQHUV ,Q DGGLMWRQ WH REMFW SROXWRQp KDV UDWHU DSSUR[ LP DWH

H[ WHQ VLR Q



") LQG WKH HIHFWRI QRLVH SRGXWRQu ") LQG RENHFW RQ VKH VWWHHWL

) LIXUH ( [ DP SOV Rl VSDWDOT XHULHV LQ

+ RZ HYHU VRP H FRP S| VSDWDO TXHUHV FRXO EH QHFHVVDU\ Z KHQ DO WKH
GLP HQVIRQDOHMP HQW S@\ D URQH HJ

- ) LQG D@ VKH EXLGBLQJV WKDW @D\ VRWA RQ DWGDVWRQH HGJH Rl WKH FDGDWWDO X QLW
7 KLV TXHU Z LOOLP SRVH WR GHWHUP LQH LI WKH 5 ' LV WO 5 ' S DUWDO
DQG 5 ' SDUWDO H[ DP SH JLYHQ LQ
) LQG DO WKH EXLASLQJV WVKDWH FHHG WKH FDGDWWDO QP LWDQG GHWAUP LQH VKH H FHHGHG
SDUW ( [ SUHVVHG E\ 5 SDUWDO H[ DP SCH JLYHQ LQ ' 7 KH H[ FHHGHG
SDUWFDQ EH UHWIHYH E\ DQDQ VLQJ WKH UH®DWRQVKLSV EHW HHQ WKH (RZ HU

GLP HQVLRQDOHMP HQW RI ERW REMFW ' " DQG ' HMHP HQW

) LIXUH ( [ DP SOHRI VSDWDOTXHA LQ

,Q ERW FDVHV 7 KH ' P HQVIRQDOP RGHOSURYLGHV DQ DSSURSULDW DQVZ HU W

WH TXHVWRQ 6HH 6HFWRQ IRU VRP H TXHUWHV SHURUP HG LQ WH 2 UDFMH
GDWE DVH

" DW FRQVLVWHQF\

2 QH RI WKH P DMU FKDGAHQJHV IRU FDGDVWDO DGP LQLVYWIDWRQ KDV D& D\V EHHQ
TXDAOW DQG FRQVLVWHQF\ LQFRKHUHQFH RI GDW 7 KH FRQVLVWHQF\ RI WH
WVRSRM®JLFDO UHDWRQVK LSV EHW HHQ REMFW LV RIWQ FRQVLGHUHG WH P DMU
FUMHULRQ IRUTXDAW RI WKH P RGHO 7 KH H[ DP SV GLVFXVVHG DERYH UHI HUUHG WR
VK H LQWHUDFWRQ EHW HHQ FDGDVWDOREMFW DQG RWHU REMFW WSRJUDSKLF RU

ILFWRQDO % XWVSDWDOUH®MWRQVKLSV H[ WDOR EHW HHQ FDGDVWDOREMFW ) RU



H[DP SQH DQ LP SRUWMQWWVYN RI FDGDVWH LV WVR F®DVVL\ WH ®QG IRGRZ LQJ D
SURSHUW FUMHURRQ %\ GHILQIWRQ D SIHFH RI QG P D\ QRWEH®RQJ W P RUH
VWK DQ RQH FDGDVWDOX QLW 7 KLV FRX3 EH FRQWRGHG E\ WRSR®JLFDOUHMWR QVK LS V
EHW HHQ D@WH FDGDVWWDOXQLW LH D FDGDVWDOXQLWP D\ QRWLQWUVHFWDQR WK HU
RQH 7 KLV TXHUW FDQ EH HDVLQ H[ SUHVVHG LQ GLP HQVIRQDO WHUP V LH
GLP HQVIRQDO UH®MWRQVKLS EHW HHQ KLIKHU GLP HQVIRQDO HGHP HQW RI W R
FDGDVWIDOXQLW ' RU ' P XVWEH QRQ H[ LVVHQW ,Q FDVH RI D ' FDGDVWDO
XQLW WH UH®DWRQVKLS Z LGDEH 5 ° QH DQG LQ FDVH RI D ' FDGDVWDOXQLW

5 QH

, WLV HY LGHQWW DWL ' FDGDVWWDOP RGHO/ DUH HQYLVDJHG DGDSWG WSR®RJ\
VWX FWUHV DQG E\ H[ WVHQVLRQ GLP HQVIRQDOVWXFWUHY KDYH W EH DGRS WG
) XUWKHUP RUH WKHUH DUH GL |HUHQWW SHV Rl LQFRKHUHQFH LQ VSDWDOGDW ,Q WKLV
UHVHDUFK Z H DUH RQQ LQWUHVWHG LQ WKH WVRSR VHP DQWF RQHV Z KLFK FRQFHUQ
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

LQFRKHUHQFH

) LIXUH 7 RSR VHP DQWF LQFRQVLWHQR

,0 3/ (0 (17%$7,21 $1°' 7(67F6

7R EH DEQH W VWHVW WH SUHVHQWIG ' [P HQVIRQDO P RGHO WR UHS UHVHQW VS DWDO
UH®WRQVKLSYV Z H KDYH VHGHFWHG D VS DWDOP RGHOWR UHS UHVHQWVS DWDORE MFW $

@UJH QXP EHURI VSDWDOP RGHO/ DUH GHYH®RSHG DQG LP SQHP HQWHG LQ * ,6 & *

DQG & $ ' V\VWP V EDVHG RQ LUUHIX®U P XONGLP HQVLRQDOFH@/ ( JHQKRIHU

0 I QWO o0 0 RGHQDDU 3 LIRW 3 LARXN = MWQRYD 7 KH
QDP HV DQG FRQVWXFWRQ UXQHV RI WKH FHOV LQ WKH GLIHUHQW P RGHO/ XVXD@@
YDU 7 KH VIP SQHVW VHWRI| FHO/ LV WVKH VHWRI VIP SQ{ HV LH VIP SO QRGH

VIP SO DUF VIP SO WIDQJH DQG  VIP SO WMWIDKHGURQ 0 RVWRI WH P RGHO/
DAR Z FHO/ Z IMK DQ DUE LMUDU\ VKDSH WKDWLP SRVHV VRP H VXSSP HQWUWU
FRQVWDLQW HJ SM®QDUW RI IDFHV FRQYH[ VKDSH 0 RGQDDU 3 LIRW

= MVWQRYD 7 KH QDP HV QRGH YHMH SRLQW HGJH IDFH SRQJRQ DQG ERG\ VRAG
SRAKHGURQ DUH WK HQ XVHG LQ WKH QWHUDW UH WR GHQRWH FHG ) X UK HUP R UH

VWH P RGHO/ FDQ EH FMVVL LHG LQWR VSDWDOP RGHO/ Z LMK H[ S QF LWUHS UHVHQ WWR Q

RlI  REMFW DQG VSDWDO P RGHO/ Z IWK H[ SQFLW UHS UHVHQWWRQ RI VSDWDO



UHDOWR QVK LS V WSR®RIJ\ ( DFK Rl WK H P RGHO/ KDV DGYDQWJHV DQG
GLV/DGYDQWJIHVY WKDWDUH QRWW EH GLVFXVVHG KHUH : H KDYH FRQFHQWDWG RQ
WH 6LP SQILHG 6SDWDO 0 RGHO 666 = WWQRYD EDVLFD@ GXH W IRXU
UHDVRQV ) LUVYW WKH P RGHO LV WSLFDO H[ DP SO RI H[ SQFLW UHS UHVHQWWRQ R
REMFW Z KLFK VXLW RXU FRQFHSWDO P RGHO 6HFRQG WH P RGHO KDV EHHQ
VWHVWHG Z LW WK H IUDP HZ RUN Rl ( JHQJRIHU IRU UHSUHVHQWQJ VS DWDO
UHDOWRQVKLSY WDW SURYLGHV D EDVLY IRU FRP SDUWRQ EHW HHQ WH W R
IUDP HZ RUNV 7 KLWUG WKH P RGHO P DLQWILQV P LQLP DO HHP HQW LH QRGH DQG
IDFH IRU GHVFULELQJ VSDWDOREMFW DQG WXV VLP SQILHY WKH UHFRQVWXFWRQ R
' REMFW ) RXUK WH P RGHO KDV EHHQ VXFFHVVIX@ WVWG IRU @UJH '

P RGHO/ RI VLJH WKDQ FDQ EH H[ SHFWHG IRUXUEDQ P RGHO/

H KDYH LP SQHP HQWG WH FRQFHSW RI ' P HQVLIRQDOP RGHODV RS HUDW UV LQ
2 UDFH GDWEDVH DQG KDYH WVWG WHVH RSHUDWUV Z IWK W R GDW VHW
RUJDQLVHG DFFRUGLQJ WR WH FRQVWXFWRQ UXMV RI 666 7 KH RSHUDWRQV DUH
GHYH®RSHG Z I\K WKH KLJK HYHOSURJUDP P LQJ ®D®QJXDJH DQ H[ WVHQVLRQ RI 64 /
SURYLGHG E\ 2 UDFH LH 3/ 64 / 7R EH DEMH WR YLVXDAVH WKH UHVXONRI TXHU
D 950 / ILAH LV FUHDWHG RQ WKH I1Q Z WK WH REMFW RI LQWUHVW DQG WKH

LQWUVHFWQJ S DUW

IMK WKHVH GLP HQVLRQDO RSHUDWRUV LW LV DFWD@®@ SRVVIEMH W UHWILHYH EDVLF
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 UHMDWRQDO WEM WDW FRQWILQV D® WH H[ LVWQJ GLP HQVLRQDO
UHDOWRQVKLSYV 2 WHU RSHUDWR U KDYH EHHQ GHYH®RSHG W H[ WDFW W H S UHFLVH
JHRP HWA RI WKH ~SRWQWDQ LQWHUVHFWRQ EHW HHQ VSDWDOREMFW 7 KXV Z H
FDQ REWLQ WH SUHFLVH GHVFULSSWRQ RI WKH VSDWDO UH®WRQVKLS EHW HHQ W R
VS DWDORE MFW DQG DO/R D FRUUHFW ' UHSUHVHQWWRQ 7 KH ' YLVXDAQVDWRQ LV

DFKLHYHG YLD MDYD SURJUDP W DWWDQV®W WH 2 UDFH WOEM LQWR 9 50 / ILH

R3D3 | i R3D3| R3D2 | R3DL | R2D3 | R2D2 | R2DL | RLD3 | R1D2 | RLD1

) LIXUH ( [ DP SAHRI VSDWDOUH®DWRQVKLS EHW HHQ W R ERGLHV

7 KH VWHVWHG T XHULHV DUH Z KDW LV VWH VSDWDO UH®WRQVKLS EHW HHQ W R ERGLHV'

) LI XUH Z KDWLV VKH VSDWDO UH®OWRQVKLS EHW HHQ D ERG\ DQG D IDFH'" ) L) X UH



,Q WKH SURJUDP QXP EHUY GHFRGHV WKH W SHV RI UH®OWRQVKLSV LH 2 WVRWO

2 QRQ H[ LYWWHQWDQG 2 SDUWDO

R3D2 |R3D1 | R2D2 |i R2D2| R2D1 | RLD2 | R1D1 |i RLDL
3 13 |3 |3 |3 |3 |3 |3
) LIXUH ( [ DP SHRI VSDWDOUH®WRQVKLS EHW HHQ D ERG\ DQG D IDFH
& 2 1 &/ 86,21 $1 ' )8785( ' (9(/230 (176
7 KH ILQDORE MHFWYH R ' * ,6 LVW KDYH D FRP SOHW ' P RGHORI WH UHDAQW

IRUWSRJUDSKLF DQG ILFWRQDOREMFW ,WVHHP V MKGLFLIRXV WR HQYLVDJH UHDO

FRQFHSW IRU WH FDGDVWH E\ WH HYROXWRQ RI WKH QRWRQ RI| FDGDVWDO S DUFHO
VSDFH-V SDUMWRQ W DQ H[ WIQGHG QRWRQ RI ' FDGDVWDOXQLW : KDWYHU
RU ' FDGDVWDOREMFW Z LGODEH SUDFWFD@ VHMFWG D FHUWLQ CHYHORI

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

XVHG RU VS DWDORSHUDWRUV IRUQRQ WRSR®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 IRUWH P DQDJHP HQWRI ' VS DWDO UHMWRQVKLSYV ,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 HDE RUDWHG ' VS DWDOT X HULHV
5()(5(1&(6 * $5%$0 2 1 ° 37 60 $// &$36 %2/
& 0P HQWQL ( 3 GL) HOFH DQG 3 YDQ 2 RWHWURP $ VP D®OVHWRI IRUP DO

WRSRM®JLFDOUHMWR QV VXIMDE H IRUHQG XVHU LQWHUDFWRQ LQ 3 URFHHGLQJV RI WKH
WK , QWUQDWR QDO 6\P SRVIXP RQ UJH VSDWDO GDWEDVHV 6SULQJHU 9 HU®DJ

% HUQQ SS

' DQDK\ - $ VHWRI YLVXDAVDWRQ GDW QHHGV LQ XUEDQ HQYLURQP HQWO

SMQQLQJ GHVLQ IRUSKRWJUDP P HWLF GDW LQ 3 URFHHGLQJV RI WKH $ VFRQD
RUNVKR S $ XVWVRP DWF H[ WDFWRQ RI P DQ P DGH REMFW IURP DHULDODQG

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

( JHQKRIHU 0 - DQG 5 ' ) UDQ] RVD 2 Q WKH HTXLYDMHQFH RI WVRSR@®JLFDO
UHDOWRQV LQ , QWHUQDWRQDO-RXUQDORI * ,6 9 RO 1 R Ss
( JHQKRIHU 0 - DQG - 5 + HUUQJ $ P DWHP DWFDOIUDP HZ RUN IRU WK H

GHILQIWRQ RI WSR®JLFDO UHMOWRQVKLISV LQ 3 URFHHGLQJV RI ) RXUWK

, QWHUQDWR QDO6\P SRVILXP 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 %% * 2 D WSR®J\ EXLEBHU IRU WKH

DXWRP DWG JHQHUDWRQ RI EXLG®LQJ P RGHO/ LQ 3 URFHHGLQJYV RI WH $ VFRQD
RUNVKRS $ XVWVRP DWF H[ WIDFWRQ RI 0 DQ P DGH REMFW IURP DHULDODQG

VSDFH LP DJHV 0 RQW 9 HUMD 62Z LW HUDQG SS

/ HEHUO ) DQG 0 * UXEHU 0 RGHOQJ D ) UHQFK YLADJH LQ WKH $ BV LQ

3 URFHHGLQJV RI WKH W 6SUQJ & RQIHUHQFH % XGP HUFH 6 RYDN 5 HSXE QF

0 QWO 0 $ Q LQWRGXFWRQ W VRAG P RGH@MQJ & RP SXWiU 6 FIHQFH

3 UHVV 1 HZ < RUN 8 6%

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

IRUP DQVP H + HUP gV 3 DULV ) UDQFH

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

3 LIRXN 0 ,QWHIJUDWHG P RGH@QJ IRU ' * ,6 3K' WHVLY ,7& 7KH
1 HWK HUDQGV

3 Xapu ' 9 DQG 0 - ( JHQKRIHU 7 RZ DUG IRUP DO GHILQLWRQ RI
WVRSR@®JLFDO UH®WRQV DP RQJ VSDWDO REMFW L[Q 3 URFHHGLQJV RI WH 7 KLUG

, QWHUQDWR QDOV\ P SRVLXP RQ 6' + 6\ GQH\ $ XvwpDaD SS

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

SKRWJUDP P HW\ LQ 3 URFHHGLQJ RI ,6356 0 DUFK $ SUO 7 HP SD ) (RUGD

86% &' 52 0

= DWQRYD 6 ! * ,6 IRU8 UEDQ GHYHM®RSP HQW 3 K" W HVLY ,7 & WK H
1 HWK HUDQGYV s

&2 25" ,187(6

$ VSLUDQW) 1 56 5 R®QG % LAHQ

' HSDUW HQWRI * HRP DWFV 8 QLYHUVLW RI / LHJH

DApH GX $ REW/ LHIH % HQ LX P

5 RMQG % LAHQ# XQ DF EH

U ( QJ 6LLND = ®OWQRYD

' HSDUW HQWRI * HRGHVY ' HAOW8 QLYHUVLW RI 7 HFKQR®RJ\

7 KLWVHZ HJ -$ ' HOW 7 KH1 HWHU®DQGYV

6 = WWQRYD# FLW WGHAWQO



6+ 257 &9

5 RDQG %LOHQ LV D 3K' FDQGLGDW DWWH )1 56 ) RQGV 1 DWRQDO GH @

5 HFK HUFKH 6 FLHQWI LT X H 1 DWRQDO 6 FLHQWILF 5 HVHDUFK ) XQGV $ IWU KLV

QFHQFH LQ * HRJUDSK\ 6XUYH\ DWWH 8 QLYHUVIW RI / LHJH DQG WKH 0 DVWU
HJUHH LQ & DUWRRJUDSK\ DQG 5 HP RWH 6 HQVLQJ 8 QLYHUVLWHV RI / LHJH % UXVVHO/

DQG / RXYDLQ M QHXYH %HQLXP KH LV SUHSDULQJ KLV GRFWRUDO WKHVLV + LV

UHVHDUFK FRQFHUQV ' * ,6 DQG HVSHFLDA ' VSDWDOUHMWRQVKLSV + LV EDVLF

ILHG@GV Rl UHVHDUFK DUH VS DWDOFRQFHSWDOGHVLIQ DQG SKRWJUDP P HWA\

U 6\ND = @WQRYD LV UHVHDUFK HU DWW H ' HAQW8 QLYHUVIW RI 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 QLYHUVLIW RI 7 HFKQR®J\ $ XVWID + HU LQWUHVW DUH LQ ' * ,6
' RE MHFW UHFR Q VWX FWR Q ' GDW VWX FW UHV ' VS DWDO UHMWR 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



