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$EVWUBFOWRLG WKH URXWLQH RI EXLOGLQJV FRPSRVHG RI FODVVLFD
FRQWHPSRUDU\ DUFKLWHFWXUH FRQVLVW LQ WKH XVHHRHQ@WHUVH
SRVLWLRQV DV ZHO®IRM WKEGXPHINRP SRV

,Q WKLV SDSHU DIWHU D WKHRUHWLFDO LQWURGXFW LR WUAHIOOGLQ.
DQG JUDSKLFDOO\ SRLQW RI YLHZ WKH DXWKRUV DSSURDFK DSSOL
HOHPHQWYV LQ WK FLYHOGHQJILQHH

.H\ ZRWGMNKLWHFWXUDO VW\OHV LQWHUVHFWLRQV RI SODQHV IDFDG

,1752'8&7,21 PDWHULDOV RI WKH KLJK SHUIRUPDQF
GXH WR WKH SRVVLELOLW\ RI FRPSX

BWDUWLQJ ZMFKRH@QWKUY; WKH WWHREBWX WV
DUFKLWHFWXUH KDYH XQGHUJRQH D UHDO PHWDPRUSKRVLV
FDXVHG E\ WKH OHFHQVDWDWR HEJ
HIILFLHQWO\ UDWH ORGHUQ DUF K& My . s £\
YDVWQHVYV DQGJIGLYHUVLW\ { \ A
7KXV LQ D ILUVW VWDLIHWWKW\ §
FRQWRXUWG> @KLFK ZDV FKDUDFW
FROQVWUXFWLRQ RN WWDN\® F UIXS K
SDUDOOHOHSLSHGLF IRUP ZLWK

DUFKLWHFWYV RI WKLV VW\OH ZDV §
DV D SULRULW\ WKH LPSRUWDQF
DQG KDVMQAHR®PELQ DQ HIILFHQW
PDWHULDOV UHVSHFWLYHO\ VWHH
7KHQ LW IROORZNEG WE&H
PRYHPHQW¥> )@IKLFK UHSUHVHQW. M ; ,
UHEXLOG WKH IRUP WKURXJK ~urbprpepwviwing DQG
UHFRPSRVLWLRQFRVROKIEVHRPHWU
,Q SDUDOOH®P MMHJ HQMWXUEZDV FR
F>@,W PDQLIHVWHG DV D UHMF KLVWRULFDO
FXUUHQWV WKDW RQH FDQ DGPL' ' \\\;\ EOH DUFKLWHFWXUDO
MHZHOV EXW QR ORQJHU FRUUH . ANt WKH LGHD RI
VSHHG PRYHPHQW VGKGIDPRVW JHG W
ZDV LQVSLUHG E\ WKH PLOLWDU\ O
2QFH ZLWK WKH XQSUHFHG
GHYHORSPHQW LQ WKH YTwWW W
DSSHDUHG D SRVW PRGHUQ VW\OF DUOOHG KLJK WHFK G
DUFKLWHFWXUH QDBHGRUD@\MR:K\QVR@}?EWGQ@MUQ DQG YRWEVARGH@QV >
H[SUHVVLRQLVP FKDUDFWHUL]HG E\'VLPSOLFLW\ DQG HOHJDQFH
7KXV E\ DSSO\LQJ YDULRXV PHWKRGWKWWR SWEHUFWRN\ODDEWRRUYV DLP D
JHRPHWULF YROXPHV DV WKH XVLRSSROLFRWYRQYWHUWKHAWIL@WYMURIHFW LF
SODQHV RU VRPH VLPSOH FXUYHMHQYXWIBAYMYQUHVKHOW ERNOBGLEDY RXW
ZLWK WKHHUWREZQDOLW\ VSHFLILFRWRRWRISKL RWNVEP®GIGFWLR PRGKPIQVD
XUEDQ DUHDV GHQRWLQJ WKH FERVWPRGEHU® PDERUWHRW XWKHVUHQ GV
LPDJLQDWLRQ RIDDHGKWRHPWW HGJH Rl WKH
SRVVLEOH IURP D VWUXFWXUDIV YLWE6RL QMW28WKEY FSUUHQW WX
LQWR GHFRQVWUXBWLELWZKLFK JEN7(56(&7,21 2) 7+( 3/$1(6
GLVSHIpPM DQG GLVWRUWLRQ Rl VROLGV VXJJHVWV D
FRQWUROOHG FKDRXFOLIGHDR Q@RQEFPHMWI\LY NQRZQ IURP JHRPHWU\ W
FRPSRVLWLRQ GHILQHG E\ LWWKHOGRRARQQHDU SRLQW!'
7KH DFKLHYHPHQW Rl WKHVH WBEHE RQ AR QYWW URE WSLRREDAKDWM E R/ LSDIU D (
PDGH SRVVLEOH E\ WKH GLVFRYHWWHR S BDBW DQHO\G ER D WHRIHD BINR VWV GV W 1D
DV KYWKUHQJWK JODVV FDRARPRESRVLBHU DQG RWKHU
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$SSOWRH 7KHRU\ RI KKHRBYPDQHQIQ QHHULQJ )LHOG
DSSOLFDWLRQV LQ FLYLO HQJLQI—BHUEE_PJ%U{H&XOW I[URP WKH

GHILQLWLRQ RI WKH SODQH E\ LW HPHQW PH
WKH SODQH DV D SODWH VKDSH\M, @HE w&%ﬁﬁ&ﬂ%%ﬂQw
SRO\JRQ WKDE ZMOWOLSEW WKH F 5 ubQ
RWKHU YWRHOIRFRHVWR D VWUDLJIKW A ¥ WKH SODQH WKDW
ZDV GHILQHG E\ WKUHH H[SOLFLW YHUWLFHV SRLQWYV
7KH LQWHUVHFWLRQ RI WZR SOD&H@&\WO[& OLQH REWDLQHG
HLWKHU LI FHUWDLQ FRXGIQVWRE VSDYY OfL@OHG
LV DQDO\WLFDOO\ GHILQHG HLWKHU QRVIDE WKH SRLQWV RI
LQWHUVHFWLRQ RI WKH HGJHV RI D SODWH ZLWK WKH RWKHU SODWH
ZKHQ WKH SODQH LV JUDSKLFDOOWRGHIH[BHGEHVVHG LQ RWKHU ZD\ LI WKH
DFFRPSOLVK
$QDO\WLFDO GHWHUPLQDWLRQ RI WKH LQWHUVHFWLRQ RI
SODQHYV $ % & '
$ SODQH FDQ EH GHILQHG PDWKHPDAWtRBOG@YLQ VHYHUDO
ZD\V )RU WKH FXUUHQW DSSOLFDWLRQV#Q &LYLO HQJLQHHULQJ DUH
Rl LQWHRWWPW WKBW ZLOO EH IXUWKHU SUHVHQWHG
X &DUWHVLDQ LPSOLFLW HTXDWLRQ@KR WKBISKQBPQO® SHWFULSWLYH GHW
LQWHUVHFWLRQ RI SODQHYV
3 $[ %\ & $V VSHFLILHG SUHYLRXVO\ LQ FI
DSSOLFDWLRQV WKH UHSUHVHQWDWL]
SODWHVY DUH IUHTXHQW XVHG ,Q )LJ
UHVSHFWLQJ WKHOFRQGELWLRQ LQWHUMQ EHWZHHQ WZR WULDQJXOD!
ZKHUH >013@
$ % GLUHFWRUV SDUDPHWHUV RI WKH SODQH FRPSRQHQWYV
RI D QRUPDO YHFWRU WR WKH SODQH
' SDUDPHWHU GHSHQGLIQWKRH) SMKDHISRVLWLRQ R
UHODWLYHWN WBLWK® D[H
X 7KH HTXDWOP@HRIGHILQHG E\ WKUHH QRQ
FROOLQHDU SRLQW[V\O] O[ \ ]
LV H[SUHVVHG LQ WKH IRUP > @

]
]
]

]

ZKHUH) [] L UHSUHVYRRMR WKILHQ & RMHOMW
WKURXJK ZKLFK WKH SODQH SDVVHYV

X, WKH SRLOQWV WKURXJK ZKLFK WKH SODQH ZLOO SDVV
UHSUHVHQW H[DFWGOALW K HWIKGW HRIR/HGE MQLIRVQ N
D[HV UHVSHBWLYH@&\ E DQG & F
FDOOHG LQ GHVFULSWLYH JHRPHWU\ YDQLVKLQJ SRLQWV WKH
HTXDWLRQV EHFDPH

[\
[\
>3,[\
[\
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D

7KH FRRUGLQDWHY RI WKH SUHYLRXV YDQLVKLQJ SRLQWYV FDQ
EH H[SUHVVHG DV

D — E — F —
g 9 &
u' z
%HLQJ WZR @ODQEHe®I3Z QHG E\ WKH LPSOLFLW
IRUP
3 $[ % &] E

YLI ,QWHUVHFREROQ RXH WULDQJXODU
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$SSOWRB 7KHRU\ RI RHKELYQDQK LA WHULQ

7KH LQWHUVHFWLRQ OLQH ,- LV REWDLQHG LQ WKLV FDVH XVLQJ
WKH DX[LOLDU\ YHUWLFDO@® BU®WHEFWLQJ SODQHV >5
SDVVLQJ WHKWRBHY WK% DQG %& RI WKH SODWH
>$%&@ > @ 2QH HVWDEOLVKHG WKH YLVLELOLW\ RI WKH SODWHV LQ
HDFK SURMHFVELRQWMH)LJUHSUHVHQWDWLRQ RI WKH
LQWHUVHFWLRQ RI WKH SODWHV %XW LQ DSSOLFDWLRQV WR YDULRXYV
HOHPHQWYV RI FRQRKW DX FRMVRD ROD G H V
DZQLQJV GHFRUDWLRQV DUH NHSW RQO\ WKH YLVLEOH SDUW RI WKH
SODWHV ERXQGHG E\ WKH LQWHUVHFWLRQ OLQH

6LPLODUO\ LQ )LJ LW LV UHSUHVHQWHG WKH LQWHUVHFWLRQ
EHWZHHQ WZR TXDGULODWHUDO REOLTXH SODWHV 2QH REVHUYH
WKDW IRU HVWDBWLRK WKH IRURWKHS RILAW RI WKH
SODWH LW LV QHFHVVDU\ WR LPSRVH WKH FRQGLWLRQ WKDW WKH ODVW
SRLQW WR EH O\LQJ LQ WKH SODQH GHILQHG E\ WKH WKUHH NQRZQ
YHUWLFHV 7KLV FDQ EH VROYHG ZLWK WKH KHOS RI GLDJRQDOV RI
WKH TXDGULODWHUDO IURP MMIHONQRZQ SURMHFWLRQ UHVSH
WKH DIILQLW\ FRQGLWLRQ > @

)L , QWHUVHFWLRQ RI REOLTXH TXDGULODWHUDO SODWHYV

,Q PDQ\ DSSOLFDWLRQV DW OHDVW RQH RI WKEH SODWHV LV LQ
SDUWLFXODU SRVLWLRQ UHODWLYH WR WKH SURMHFWLRQ SODQHV ,Q
WKLY FDVH WKH LQWHUWQHWLURQD\LWH/QO QW KBUUHHRMNBeQ EHWZHHQ DQ REOLTXH
UHSUHVHQWHG WKH LQWHUVHFWLRQ EHWZHHIP DWLRE@LU XRVEH DA DQG

D KRULIRQWDO SODWH UHVSHFWLYHO\ L E LV UHSUHVHOWHG

)LJ
WKH LQWHUVHFWLRQ EHWZHHQ DQ RYE 04 0% HY § b DWKH 5lo®&@ Y RG V@W/LD%Q
SODWH UFKLWHFAXXBK UHVSRQGYV R WKH

FRQWHPSRUDU\ SHRSOH WR EH SUDJPI
$33/,8&%$7,216 2) 7+( ,17(56(&7,21 %Z WKH VROXWLRQV IRU DYRLGLQJ W
7+( 3/$1(6 .1 &,9,/%(1((5,1* DSSHDUDQFH LV WR XVH LQWHUVHFWL
). (" F X W B/\LSIBDWQ
$PRQJ WKH PRVW NQRZQ DSSOLFC
(YHQ LI IURP DQDO\WLFDO RU GHXFYE LR K IERL Gy WY XWV FRRIV - ZKI
WKH LQWHUVHFWLRQ Rl SODQHV Gﬁ?qgﬁe%Hde/‘t\/ﬁ'S\NKHMW/O'ZQHPMﬁWSH
IUHTXHQWO\ LQ FRQVWUXFWLRQ B8S&HDWER
ZKLFK LV WKH UHDVRQ ZK\ WKH bR WRRURWKR
GHWDLO VRPHDVSHFWIV RI WKLV 1D
PHQWLRQHG WKDW LQ WHUPV RI ¥RULQEWXATXDR KM VYuBR® Q%SRO‘
VRPH FDVHV DGGLWLRQDO FDOFX QR%‘L'—WBQZ% VMR LRQ  XVLQJ SUF

v He KK WHBW HY | W
UHSUHVHQWHG W/
A

Y
JLYHQ WKH ' UHSUHVHQWDW
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$SSOWRH 7KHRU\ RI KKHRBYPDQHQIQ QHHULQJ )LHOG

$V LW LV NQRZQ QNKI JHYWRUENRDIOR RWKHU FDVHV UEABOBVHRW B B!
LQFOLQDWLRQ VORSHV DUH SURMHFIWAGWKQ IVKH KRULJRQWDO SODQH
DERXW WKH ELVHFWLQJ OLQHV RI WIQHD Q@ WBVHRUWKXH OHF RV WRHREW
VORSHV WUDFHV RQ WKH HDYHV SHIDHRW \ZKWHRK RYREGUWKFX O RQ ROVWRQ\ [
UHSUHVHQWHG E\ WKH FRQWRXU OWLDQHDFHYV

)LJ  VKRZV WKH IRORZLQJ UHSUHVH
)LJ D DOBRRPHUFLDO EXLOGLQJV
5RDG LQ 6LQJDSRUH
)LJ £RO\YDOHQW +DOO LQ &OXM 1L
)LJ £&KLQDRDQ@FLDO ,QIRUPDOQNLRQ
6KDQJKDL
)LJ HHDOWK '"HSDUWPHQW 601G LQJ
)L ISURGXFWLRQ DIGLIRIIWKH E X
LQGXVWULDO JRQH RI 0XQLFK *HU

E
)LJ 6ROYLQZDWKRRDRSHYV RI HTXDO LQFOLQDWLRQV

,Q WKH MDKHMH (RRRIV KDYLRQHIXR®HV ZLWK
LQFOLQDWLRQ LW LV QHFHVWKH WR XVH WKH VWHHSHVW OLQH
OL@®H PD[LPXP LQFOLQDWLRQLFRILWKH VLGHV
SHUSHQGLFXODU WR WKH KRUL]JRQWDO WUDFH RI WKH SODQH
UH¥SH YHO\ RQ HDFK RI WKH KRUL]JRQWDO OLQH RI WKH JLYHQ
SODQH )JRU GHWHUPLQLQJ WKH LQWHUVHFWLRQ HGJHV RI WKH
VLGHV RQH GUDZV VORSH SODQHV KDYLQJ WKH VWHHSHVW OLQH
SHUSHQGLFXODU WR HDFK VLGH Rl WKH SRO\JRQ FRQWRXU WKDW LV
WKH SHULPHWHU SWKRWHFRQWQ 08V LQHWRIHW K H
SODQHV RQH REWDLQHG WKH LQWHUVHFWLRY RI WKH VORSHV

7KHUH DUH VLWXDWLRQV ZKHQ D QRQFRQIRUPIEVW DSSURDFK
LV GHVLUHG LQ RUGHU WR DFE+HYH)WKMHRRR¥HK 9 REIHY ERYIOQWLRUELWUD!
VHH J)LIKXMNQJDLW LV UHSUBVHQMHG WKH WR
RI W KRH URVSHEQLLJYIEI[O)\SLFWXUH RI_WKHWRRRUH TUHTXHQW VLWXDWLRQ
FRPSRVHG RI D MRLQLQJ RI Bg L\/HYW[ﬁY P[P O HVH W\SHV
LQFOLQDWLROQV SURYLGH QD XU D OWY N /L OFPW GR Q H B\

%XLOGLQJ HQYHORSHV KDYH DQ'QB%R@W%'@Q/\?E)QW\WQH’V\}&F# \UFhEbWB

,Q VRPH VLWXDWLRQV RQH PHHW_ &QR q‘ v? b WL RG
GHFRUDWH ZLQGRZV OQRMLRYV DEESEYHER 'LQW UVHFWL QEORVBIGH YV
LQWUDGRY DQGFRLWHPHQW WK RRHQ ¥YSEHEYE YDV LW IROORZV

)LJ 7KH VSHFLDO IRUP RI WKH IDF-AIP*BP YN IRPLPERYHEXHUFD 6SDLC
UHODWHG WR WKH LQWHULRU GLVWUEERWIRE %YW\@M’@(%'—%§D¢%%\@%@{RDN
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$SSOWRB 7KHRU\ RI RHKELYQDQK LA WHULQ

G H |
)LJ )DFDGH GHWDLOV > @

:KDW DUH DQG KRZ DUH REWDLQHG
NQRZ WKDW DQ\ VXUIDFH FDQ EH D
SROVJURQDO VSDWLDO QHWZRUMNWWDNLC
SRLQWY DQG UHVXOWLQJ YHUWLFHV
SROVJURQDO IDFHV 7KH DSSUR[LPDWLR
SRO\KHGURQ LV PRUH DFFXUDWH DV
VPDOOHU HGJHYV 2ZWKEBUZHQN LRYPBID
HTXLSDUWLWLRQ LQ VSDFAN B HNDKEH DLW
UHIJXODU RSRIDRWRIPAIVDKHGURQ KH[EL
RFWDKHGURQ LFRVDKHGURQ DQG GRG
WKRVH VHPBUKUIREBBRIGRKHGUD LQVFU
LQ D VSKHUH

7R DFKLHYH ODUJH RSHQLQJ UHWL

D QHFHVVBNODWRSO\ WKH IDFHV DQG YH
SRO\KHGUDRUWYNK¥KODNWN DW PDQ\ HTXDO H
DQG LGHQWLFDO VROLG DQJOHV
PXOWLSOLFDWLRQ ZKLFK LV SHUIRUP
ODzZV LQYROYH WKDW WKH SRO\KHGU
WKRXJK D VHULHWJIRODIWXDSARO\KHGUD
LQFUHDVLQJO\ VPDOOHU HGJHV DQG ID
VXUIDFH RI WKH VSKHUH RU LQ JHC
VXUIDFHVXKISRIOWWKH FRQWH[W RI WKH
SDSHU WKH UHWLFX3HD UN WEKWIHFGH VD \
VXFFHVVLRQ RI MRLQHG SODQHV SR

E VXUIDFH
7TKH PRVW VWDEOH JHRGHVLF VXUII
L1 TASHV RI DzQLQJV > @ WULDQJXODU VWUXFWXUHV WKDW SUR
5($6(5&+ ',5(&7,216 RXWVWDQGLQJ UHV OV WEFQRUWRHW KW K

XS WRGHBYHRQ WWHUSLWADOH ZLQG \
,Q FDVHV ZKHUH WRHUM DHNAVIRRENE K GXHD WIRRWIID P 2 FG¥KWVS H

UHTXLUHPHQWY WKH FRYHULQJ FP F%HG¢Q9LW(§HWKLFQQ/R@@ B pZKLFK W

RI JHRGHVLF GRPHV RU SDUWV RI RKHF DOVR ILQG GRPHV KDYLQJ S
UHJXODU IDFHV
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$SSOWRH 7KHRU\ RI KKHRBYPDQHQIQ QHHULQJ )LHOG

*HRGHVLF GRPHV DUH VQXFRHKW/IXOO\ XVHG L

FRQVWUXFWLRQ RI UHFUHDWLRQD®QHDRLOXKH HRMMX R\GRL BEWILIRQH D S
SDYLOLRQV JUHHQKRXVHV DQGD SSHBIQMEAH WRDW IQUHUNBFWLRQ ZLW
FRQVWUXFWLB® \RIG KR XWKN SUHY LRX WGD ®HDPULERBHWULF VROLGV
DGYDQWDJHV RWKHUV VKRXOG EH PBHGWHR® BMX® WX IMX WK I XALROBALBPW D |
RI VXVWDLQDEOH GMWHOXRSHALR@W APOARYGHKHPVR SXUVXH RWKHU WZR
DWWUDFWLYH WKHLU VKDSH PD[LPRQHWVHWSRUDUIKIR BHOIG FWR FRLOIQ/R Z V
RSWLPXP GLVWULEXWLRQ RI VRXQ® HBQGFLKHDMW SURYLGLQJ
WKHUPDO FRPIRUW 7KLV W\SHV RIHFNBQQWUFOLMRQWRABTBVUWKH HQYL
DSSUR[LPDWHO\ ORZHU HQHUJ\ FRQVXPSWLRQ WKDQ D

FRQYHQW LRQBOSHBUBORH OGLQJ 5()(5(1&(6

> XPLWUDYV $QDO\WLFDO DQG GLII
*HRPHWHRPHWULH DQDOLOWD® VL
'LJLWDO 'DWD &OXM ,6%ROXM
1DSRFD
> @QFD 9 =HWHD ( *HRPHWULFDO
UHSUHVHQWDWLRQ D Q%H SWHFK@WF @
JHRPHWUG AW IQQLB % X WXL H
> @YD & &RUVLXFIDQ* ''UD
'"HVFULSWLYH +*ARRRVAU\DQG DSSOLF
D *HRPHWULH GHYRRUVEWDRIQLEDW
3UHVV ,6%1 &OXM 1DSRFD
> WXUFD& $UFKLWHFW X U DAH ~H-OMP H QG
$UKLWHMPWRUDDEOH DW
ZZZ FXUVDUKLWHFWXUD ZRUGSUHVV

$FFHVVHG

> @WWSV UR ZLNLSHGLD RUJ ZLNL ,VW
$FFHVVHG

> GWWSV FRPPRQV ZLNLPHGLD RUJ ZL
$FFHVVHG

> @WWS HFRFORHEFEFR FDH/G
> GWWSV  7ZZZ GHJHHQ FRP[WHQVLRRIIL
IDFHMARSSBHRRPUDWFKLWHFWYV

$FFHVVHG
E > @WWS UEZBEBXVW FRP LQVBRUUBGPL
)L *HRGHVLF GRPH FRQVWUXF\WNURRK VWHEMWRFHNNWWUWXFW XUHV
$FFHVVHG
,Q )LIJD DUH VKRZQ WKH JURK@VSR XWHVWE RPZZZABUFKGDLO\ FRP W

%RWDQLFDO *DUGHQ/KRYF NQ HFRGMRIbDG PIOK DHFKHAWHN W X U
KRXV® WKH IRUP RI JHRGHVLF GRPH

$XWKRU V
&21&/86,216
$VVRF 3URI(QBKDUPHQ58%$'LUHFWRU RI
&RQWHPSRUDU\UHIBKIFWNFW K H H3 MEDRIW WHEWOWFDO 8QLYHUIVERRD RI ¢
FKDUDFWHUL]JHV PRGHUQ VRFLHW\HZBRXW PWHNF W DFEIX O DAX IVEKGISHIM. O 6 HU Y
DQG PHWLFXORXV GHFRUDWLYH GE®WDRODY |DI# V&YWV XSWHORHVG URI WHE
;; "FHQW XU\ ZHUH UHSODFHG ZL W KH Y WAOH KO XPRHYI G Y86 @ & F D O
IURP FODVVLFDO JHRPHWULF VROLE®\ YHUVLW1DRBIRRIDXMHSDUWPHQW R
6HUYLFHV PDLO( *HRUJLDQD#PDLO XWF
WHO

$VVLVWDGWK3KQD 0DULD 7H¥EGQLFDO
8QLYHUVLW\DBR RIFXM WUFKLWBG® XUH
SUEBQDQQRDLO DUK DQDPDULDUXVX#
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