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ODULR 'XPRQW



$EVWUDFW

$IWHU D IXOO TXDUWHU LQ $ RI SUDFWLFLQJ WKH WHFKQLT
VHPLFRQGXFWRU GHYLFHV LQFOXGLQJ DSSO\LQJ SKRWRUHVL
DOLJQPHQW DQG IDPLOLDUL]LQJ RXUVHOYHV ZLWK WKH HTXL
Sbuw Rl WKH SURFHVYV ZH ZHUH JLYHQ WKH WDVN RI GHVLJQ

7KH ILUVW ZHHN RU WZR RI WKLV FODVYV ZDV VSHQW GHVLJQL
WR EH PDGH LQWR PDVNV ‘H GHFLGHG WR EH OLWWOH DPELYV
ZDV YHU\ IDPLOLDU ZLWK KRZ LW ZDV VXSSRVHG WR SHUIRUP
LW VHHPHG IDLUO\ HDV\ WR WHVW RQFH WKH FLUFXLW ZDV PI
PDNH D IXOO DGGHU RXW RI ;25 $1' DQG 25 JDWHV DQG WKH
WKHVH LQGLYLGXDO JDWHV XVLQJ RQO\ 1026 WUDQVLVWRUYV
IXQFWLRQ SURSHUO\ ZH JRW WR OD\LQJ LW RXW RQ WKH / (G
DOO RI XV EXW DIWHU RYHUFRPLQJ WKH VOLJKW OHDUQLQJ F
ZHUH DEOH WR FRPH XS ZLWK D GHVLJQ WKDW ZH DOO DJUHH

2QFH WKH PDVNV DUULYHG ZH HPSOR\HG WKH VNLOOV WKDW
FKLSV ZLWK RXU RZQ GHVLJQ 7KH IDEULFDWLRQ SURFHVV ZD
QHFHVVDU\ I[IURP ODVW TXDUWHU DQG NQHZ ZKDW PLVWDNHYV
WR IROORZLQJ HYHU\ VWHS H[DFWO\ NQRZLQJ ZKLFK VWHS W
HYHU\ FDOFXODWLRQ PXOWLSOH WLPHV EHLQJ PHWLFXORXV
PHDVXUHPHQWY DQG WDNLQJ SLFWXUHV DV RIWHQ DV SRVVL
TXDUWHU WKDW ZH HQGHG XS UHJUHWWLQJ

2QFH RXU FKLSV ZHUH IDEULFDWHG ZH WHVWHG WKHP WR VH
IURP HDFK RI RXU JDWHV DQG WKH IXOO DGGHU 'XULQJ WKLYV
WKH SUREOHPV ZLWK RXU FLUFXLW GHVLJQ DQG WKLQJV ZH
ZHUH JHWWLQJ WKH FRUUHFW RXWSXWV LQ WHUPV RI KLJK D
PDGH DQDO\VLYVY TXLWH GLIILFXOW DQG ZH GLGQfW UHDOO\ K
DFWXDO YDOXHV ZLWK 7KH ODFN RI YDULDQFH LQ RXU IHDW X
FRPSDUH RXU GDWD

2YHUDOO WKLV ODE ZzDV DQ HI[WUHPHO\ HGXFDWLRQDO H[SHL
PLVWDNHYVY ODVW TXDUWHU DQG PDGH QHZ PLVWDNHV WKDW 2z
DFTXLUHG RYHU WKH FRXUVH RI WKLV TXDUWHU LQFOXGLQJ
WHFKQLTXHY DUH ERWK DSSOLFDEOH DQG LPSRUWDQW DV VI
DGYDQFLQJ DUHD RI VWXG\ LQ HOHFWULFDO HQJLQHHULQJ



)LQDO '"HYLFH 8QGHU OLFURVFRSH

YJLIXUH



'"HVLJQ

2XU GHVLJQ VWDUWHG ZLWK D VLQJOH 026)(7 :H FKRRVH D
FRPSDFW DQG SHUIRUPHG ZHOO ODVW TXDUWHU ILIJXUH -}
IRU DOO RI RXU GHYLFHYV

JLIXUH 026)(7 GHVLJQ DQG DQG LPDJH

,QVWHDG RI ORDGLQJ RXU 026)(7 ZLWK D UHVLVWRU ZKLFK D
VSDFH FRQVWUDLQHG GHVLJQ ZH FKRVH WR XVH D GLRGH D
DFFRPSOLVKHG VLPSO\ E\ FRQQHFWLQJ WKH PHWDO OD\HU EF
ZLGWK DQG OHQJWK RI WKH JDWH WR LQFUHDVH LWV OHQJWHK
GLPHQVLRQV

N

YLIXUH 'LRGH GHVLJOQ

6RPH RI RXU JDWHV UHTXLUHG WKDW ZH VWDFN WZR WUDQVL
ZRXOG QHHG WR GRXEOH RXU ORDG LQ RUGHU WR DFFRPPRG!
LQFUHDVH WKH GLRGHYV JDWH OHQJWK :H ZHUH FRQFHUQHG

—P PLJKW QRW JLYH XV WZLFH WKH ORDG VLQFH GLRGHV [
GHVLJQLQJ ZKDW ZH FDOO RXU 3GRXEOH 026)(7° 7KLV GHYLFI

—P DQG KDV ,KDDXUMKH %\ NHHSLQJ RXU JDWH VL]HV FRQV
GHYLFHV RXU KRSH ZDV WKDW ZH ZRXOG UHGXFH YDULDELOL
SRVVLELOLW\ RI IDLOXUH ,W DOVR PDGH WKH GHVLJQ SURFH
FRPSRQHQWYV

O

"Wz, i
‘

J)LIXUH 'RXEOH 026)(7 GHVLJQ DQG LPDJH



7TKH ILUVW JDWH ZH FRQVWUXFWHG ZDV DQ 25 JDWH ZKLFK Z

,

|
%

B 7/
/

-///%'.z ''''' =

g
g

J)LIXUH 25 *DWH VFKHPDWLF GHVLJQ DQG LPL



1H[W ZH GHVLJQHG DQ $1' JDWH E\ SODFLQJ DQ LQYHUWHU DI
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$1' *DWH

YJLIXUH



2XU ILQDO DQG PRVW FRPSOH[ JDWH ZDV WKH ;25 ZKLFK XWL
Voo

JLIXUH ;25 *DWH



,Q RUGHU WR EHWWHU XQGHUVWDQG WKH ;25 JDWH ZH SHUIF
RXWSXWYV

JLIXUH  'LDJWXAW )DROP/ W DZG W K PYIDWDLVRIXR/QFRQILIXUDWLRQV
'& YROWDJHV




2XU ILQDO GHVLIJQ LOQOFRUSRUDWHG DOO WKUHH JDWHYV DORQ.
IDFLOLWDWH WKH WHVWLQJ SURFHVVHYV

J)LIXUH )XOO $GGHU GHVLJQ

JLIXUH &RPSOHWH ODVN GHVLJQ



2XU GHVLJQ DOVR LQFOXGHG RWKHU HOHPHQWYV IRU DOLJQLC
WHVWLQJ GHYLFH SHUIRUPDQFH

J)LIXUH 7UDQVIHU /HQIJWK OHDVXUHPHQW 7/0 7H

JLIXUH (WFK $FFXUDF\

YLIXUH —fP &DSDFLWRU



SURFHGXUH

2YHU WKH ODVW WZR ZHHNV ZH ZRUNHG LQ WKH FOHDQ URRP
SURSHUO\ ZRUNLQJ 026)(7 GHYLFH 7KLV LQYROYHG PXOWLSO
ZRUNHG ZLWK YDULRXV SURFHVVHVY LQFOXGLQJ R[LGDWLRQ
DQG OLIW RII DORQJ ZLWK PXOWLSOH GLITHUHQW ZDIHU FOHD
ZRUNLQJ GHYLFH

JLIXUH JORZ &KDUW RI )DEULFDWLRQ 3URFH)

'D\"  :DIHU FOHDQLQJ DQG JURZWK RI R[LGH IRU GLIIXVLRQ P
$IWHU SURSHUO\ JRZQLQJ XS LQ FOHDQ URRP DWWLUH ZH XV
S W\SH | VLOLFRQ ZDIHUV RI RKP FP LOWR LQGLYLGXI
FOHDQHG HDFK VDPSOH XVLQJ SURSHU ZDIHU FOHDQLQJ E\ L¥F
LVRSURS\O DOFRKRO ,62 EHIRUMXWR GWKWKHPDWHRFBGG LL
FOHDQ ZH PHDVXUHG WKH UHVLVWLYLW\ XVLQJ WKH IRXU SR
WKH UHVLVWLYLW\ PHDVXUHPHQW WKDW ZH ZDQWHG %HIRUH
SLUDQKD FOHDQ XVLQJ D PL[WXUP @®RE KVCURBLEGIBEUVDRHIEGH +
PLQXWHV :H WKHQ FOHDQHG RXU ZDIHUV ZLWK +) DQG ', ZD
RI R[LGH WKDW PLJKW KDYH IRUPHG GXH WR WKH SHUR[LGH

SUHSDUDWRU\ SURFHGXUHVY LQFOXGLQJ SUHKHDWLQJ WKH IX
VIVWHP Z1IMWWK 1H WKHQ UHIDO/DEHEKWKIODFLQJ RXU ZDIHUV LQ
ZDV D GHOLFDWH SURFHGXUH ILUVW ZH SXW WKHP RQ WKH V
ERDW TXDUW] HOHSKDQW WKDW ZH SXVKHG LQWR WKH IXUQ
PLOQXWH GU\ R[LGDWLRQ IROORZHG E\ DQ KU PLQXWH ZHW
WKHDXQG WXUQLQJ RQ WKH SURFHVV VZLWFK DQG ILQLVKLQJ
‘H WRRN WKH ZDIHUV RXW Rl WKH IXUQDFH DQG DIWHU OHWW
WKLFNQHVV ®@DWKHZEMK DQ $SSOLHG ODWHULDOV HOOLSVRP}
DQDO\]HU WR JHW DQ LQLWLDO OD\HU WKLFNQHVV RI DURXQGC



YDULDWLRQV LQ WKH WKLFNQHVVHYV LV EHFDXVH RI WKH WHP
FKLS LQ WKH IXUQDFH

6DPS{ 7KLFNQH
$
%
&
(
)
7TDEOH ,QLWLDO 2[LGH 7KLFNQHVV RQ 6DPSOI

'D\ ILWKRJUDSK\ XVLQJ ODVN IRU RSHQLQJ WKH GLIIXVLRQ
$IWHU GD\ ZH KDG DERXRQ RX¥U RILOHWRGLEDVHY H VWDUW
$FH ,VR ', FOHDQLQJ GHK\GUDWLRQ EDNLQJ IRU PLOQXWHYV |
YDSRU GHSRVLWLRQ KRRG IRU PLOQXWHYV 7KHQ ZH VSXQ SKR
7TKHQ ZH XVHG ODVN WR H[SRVH GLIIXVLRQ UHJLRQV DQG HJ!
‘H GHYHORSHG HDFK FKLS DPW$H WLRFHXMDRFHU 'R VHFRQ(
HIDPLQHG WKHP XQGHU WKH PLFURVFRSH

J)LIXUH ODVN SDWWHUQ ZLWK VHFRQGV RI GH



%HIRUH ZH EHJDQ RXU HWFK&EQDVEB SHVFRXPP HEIDFRK ZH GLG E
HWFKLQJ 7KHQ ZH HWFKHG RQH FKLS WR YHULI\ WKH HWFKLC
HWFK RIlI DOO ¢c R[LGH ZLWK RYHU HWFKLQJ %HIRUH HYV

IRU PLQXWH ZLWK DJLWDWLRQ EHIRUH SODFLQJ LW LQ WKH
HQVXUHV XQLIRUP HWFKLQJ

J)LIXUH SKRWRUHVLVW WKLFNQHVYV

JLIXUH SKRWRUHVLVW WKLFNQHVYV HWFK GHSW



$V VKRZQ LQ ILJXUH ZH VWDUWHG ZLWK D 35 WKLFNQHVV F
VDPSOH IRU PLQXWH WKH WKLFNQHVV PHDVXUHG WRWDOV |
HWFKHG RII LQ RGHLPLQOXWH )PWYG ®RBHPHWFKLQ
ZH IRXQG WKDW PLQXWHV RI HWFKLQJ ZDV VXIILEFLHQW WR J
EDUH VLOLFRQ

7R YHULI\ WKDW ZH KDYHOQHWKHKIIEGEHWRIUBGQ@KEIOIRPRQ ZH H[DPLQF
PLFURVFRSH WR FRPSDUH WKH FRORU ZLWK WKDW RI D SXUH
EHORZ WKH HWFKHG UHJLRQV ORRN ZKLWH ZKLFK PHDQV ED

J)LIXUH $IWHU PLQXWHV RI +) HWFKLQJ

‘H WKHQ UHPRYHG WKH SKRWRUHVLVW E\ GLSSLQJ LQ DFHWR
E\ D PLQXWH LQ DFHWRQH LQ D VRQLF EDWK WKHQ DQRWKHU
WKH SURFHGXUH IRU HYHU\ SKRWRUHVLVW UHPRYDO

'D\  3KRVSKRUXV SUHGHSRVLWLRQ GULYH LQ DQG ILHOG R
JRU RXU SKRVSKRUXV SUHGHSRVLWLRQ ZH XVHG WKH 3'6 SO
VROLG VRXUFHV :H SUHSDUHG WKH ZDIHUV IRU WKH SUHGHS
$FH ,VR ', FOHDQLQJ SURFHGXUH DQG 3LUDQKD &0HDQ DQG \
SKRVSKRUXV IXUQDFH IRU PLQXWHV DW fé&



J)LIXUH %RE +LOO ORDGLQJ VDPSOHV LQWR WKH S

$IWHU OHWWLQJ VDPSOHV WR)FRROQUUHRRXWHBKH SKRWVSKRURX
IRUPHG RQ WKH VXUIDFH RI WKH VXEVWUDWH GXULQJ WKH GL
WHVW ZDIHU % RPQWR IRU ', RLQXWHV WR VHH LI ZDWHU ZDV EF
VLOLFRQ LV K\GURSKRELF 2QFH ZH ZHUH VDWLVILHG WKDW
RXU VDPSOHV IRU WKH VDPH PLOQXWHV $IWHU UHPRYLQJ WK
VDPSOHV 2QR'Y + PLOQXWHYV DQG GUIHNG WKHPVRKHHWWHKIXYLVWD C
ZDIHU LV DERXW FP

1RZ ZH ZHUH UHDG\ WR JURZ RXU a c RI ZHW R[LGH :H XVH
JURZ WKH LQLWLDO R[LGH OD\HU WR JURZ WKLY OD\HU DQG |
R[LGH ZKLOH WKH VRXUFH DQG GUDLQ UHJLRQV ZHUH FRYHUF
JLIXUH VKRZV RXU GLIIXVLRQ UHJLRQV LQ RXU DGGHU DIWF

J)LIXUH 'LIXVLRQ UHJLRQV DIWHU GULYH LQ



'D\ *DWH /LWKRJUDSK\ XVLQJ ODVN DQG JDWH RJ[L

‘H VWDUWHG ZLWK VWDQGDUG $FH ,VR ', FOHDQLQJ DQG GHK)

XQGHU WKH +0'6 YDSRU GHSRVLWLRQ KRRG IRU PLQXWHYV V

PLOQXWH 7KHQ ZH DOLJQHG ODVN ZLWK ODVN DQG H[SRVHG

VHFRQGY GHYHORZPHOW LQHYHORSHU ZH YHULILHG SDWW
PLFURVFRSH

JLIXUH ODVN SRVW GHYHORSPHQW J)LIXUH

7TKHQ ZH GISODWYPD GHVFXP DQG SUHSDUHG IRU HWFKLQJ RI W
ZDV DERXW c PLQ :H KDG WR UHPRYH DOO RI WKH R[LGH Il
WKLFNQHVYV RI DERXW c $IWHU HWFKLQJ DzZD\ DW FKLS % |
EHHQ HWFKHG DzZzD\ ZLWK '"HN7DN PHDVXUHPHQWY LQ EHWZHH
ZDV VXIILFLHQW WR HQVXUH WKDW ZH UHDFKHG WKH VLOLFR(
JLIXUH VKRZV WKDW ZHYYH HWFKHG DzZD\ DOO WKH R[LGH
WKH R[LGH LQ WKH JDWH UHJLRQ RI RXU PRVIHWYVY ZH PHDVXI
GUDLQ R[LGH SOXV WKH WKLFNQHVV RI WKH 35 DQG WKH ILHC
QXPEHU ZDV DW DURXQG ¢c )LIXUH $IWHU D IHZ HWEFKI
DURXQG c bW PLQXWHV )LJIJXUH ZKLFK ZRXOG SXW F
ZKLFK ZH GHHPHG FORVH HQRXJK WR RXU H[SHFWHG ILJXUH F
ZRXOG KDYH FDXVHG WKLV GLITHUHQFH EHWZHHQ WKH DFWXLCL
WKH IRUPDWLRQ RI WKH R[LGH RQ RXU FKLSVY DQG V\VWHPDW
(WFK FRPSOHWLRQ ZDV YHULILHG E\ YLVXDO LQVSHFWLRQ IR



‘H HWFKHG DOO RI RXU FKLSV IRU PLOQXWHV WKHQ ZH VWUL
SUHSDUHG WKHP IRU JDWH R[LGH JURZWK E\ SHUIRUPLQJ D S

JLIXUH

JLIXUH



J)LIXUH $IWHU PDVN HWFK

8VLQJ WKH GU\ R[LGH JURZWK SURFHGXUH ZH SXW WKH ZDIH
PLOQXWHV WR JURZ DURXQG c RI JIDWH R[LGH

J)LIXUH $IWHU JDWH R[LGH JURZWK RI ¢

'D\  &RQWDFW /LWKRJUDSK\ DQG (WFKLQJ

$IWHU RXU JDWH R[LGH zZDV JURZQ ZH WUDQVIHUUHG WKH SC
‘H XVHG VWDQGDUG OLWKRJUDSK\ WHFKQLTXHV WR WUDQVIH!
$FH ,VR ', FOHDQLQJ DQG GHK\GUDWLRQ EDNH WKHQ SODFLQ
GHSRVLWLRQ KRRG IRU PLQXWHV VSLQQLQJ SKRWRUHVLVW
'H DOLJQHG ODVN ZLWK ODVN IRU HDFK FKLS DQG H[SRVHG
$IWHU VHFRQGY GHYHDRSPHQ®HLYBIORSHY ZH REVHUYHG W
IRUPHG SDWWHUQV XQGHU WKH PLFURVFRSH $IWHU GHYHOR:



ZKLOH D VPDOO VOLYHU RI WKH GUDLQ DQG VRXUFH ZHUH OH
ZKHUH WKH YLDV DUH H[SRVHG IRU HWFKLQJ

J)LIXUH $IWHU PDVN GHYHORSPHQW J)LIXUH $0LJ

‘H NQHZ WKDW WKH R[LGH OD\HU RYHU WKH VRXUFH DQG GUD
DIWHU PDVN DQG DQ bGGHG a ¢ IURP WKH JDWH R[LGH JUR
ZH IHOW WKDW DOO RI WKH R[LGH IURP WKH H[SRVHG UHJLRQ
FKHFN IRU FRORU DQG WKH '"(.7$. WR JHW D QXPHULFDO YDOX
WKH 35 DURXQG WKH YLD ,WfV DOVR ZRUWK QRWLQJ WKDW W
DQG WKH ULJKW VLGH LV DERXW ¢ ZKLFK H[LVWV EHFDXVH
WKH GUDLQ VRXUFH DQG c RQ WKH RWKHU I[URP WKH GULY|
DERXW PLQXWHV RI HWFKLQJ 2XU L QLWILHUW PDRSKWRH LI\ AWK |
IRXQG HDUOLHU ZH KDG HWFKHG DZD\ ¢c RI R[LGH DQG )L
DQG VHFRQGV RU PLOQXWHYV WRWDO RI HWFKLQJ ZDV H(
LV DSSUR[LPDWHO\ WKHDW ZHRKDBE2HVWLPDWHG HDUOLHU

JLIXUH



JLIXUH

JLIXUH

‘H ZHUH VDWLVILHG ZLWK WKLV QXPEHU DQG \RX FDQ VHH LQ
WKH VRXUFH DQG GUDLQ DQG 7/0 UHVLVWRU OHIW H[SRVHG E
WKRXJK ZH KDG DQ LQFLGHQW ZLWK WKH ZKLWH EDODQFH WK
QRW VR ZKLWH LQ WKH SKRWR 9LVXDO LQVSHFWLRQ PRPHQW



J)LIXUH $IWHU PDVN HWFK J)LIXUH $

$IWHU IXOO\ HWFKLQJ DzZzD\ WKH R[LGH IURP WKH H[SRVHG UH
DJDLQ WLPH WR UHPRYH WKH ROG SKRWRUHVLVW DQG SUHSD
GRQH ZLWK WKH VWDQGDUG $FH ,VR ', FOHDQLQJ DQG GHK\G
+0'6 YDSRU GHSRVLWLRQ KRRG IRU PLOQXWHYV VSLQQLQJ SKI
IRU PLQXWH $W WKLV SRLQW WKH PDVN DOLJQPHQW SURFF
WDNH ORQJ WR DSSO\ ODVN WR RXU FKLSV $V WKLV ILQDO |
ZH FRXOG GHYHORS RXU SKRWRUHVLVW ZH KDG WR GLS WKH
7KLV LV GRQH WR KDUGHQ WKH RXWHU OD\HU RI WKH SKRWRL
VOLJKW OLS DW WKH WRS RI WKH SKRWRUHVLVW SURILOH ZK
ZDOOV DV HDVLO\ DQG PHWDO OLIWRII LV VLIQLILFDQWO\ QHI
VWUHQIJWKHQHG RXWHU OD\HU LV D OLWWOH KDUGHU IRU WK
D VOLIJKWO\ ORQJHU WLPH RI VHFRQGY DV RSSRVHG WR W
WKH WROXHQH FUHDWLQJ DQ D QLFH OLS LQ WKH SKRWRUHVL
WKH PHWDO GHSRVLWLRQ DQG OLIW RIl SURFHVYV

'D\ /ILIW 211 [/LWKRJUDSK\ DQG OHWDOOL]DWLRQ

7R VWDUW WKLV GD\ ZH2G)GGDSTEHFRIUH SXWWLQJ WKH ZDIHU
HYDSRUDWRU :H SUHSDUHG WKH HYDSRUDWRU WR HYDSRUDV
ZDIHU DQG ORDGHG WKH VDPSOWWRUIXPEBBURXNQGERZQ WRIPDRGXPL
GHSRVLWHG 2QFH WKH HYDSRUDWLRQ SURFHVV ZDV FRPSOH
PHWDOV WR FRPSOHWH RXU VHPLFRQGXFWRU :H KDG HQVXUI
ZDV VHW IRU D SURSHU OLIW RII ZKHQ ZH KDG GRQH WKH WRC(



SODFHG WKH ZDIHUV LQ DFHWRQH RYHUQLJKW WR SURSHUO\
FDPH EDFN WKH QH[W PRUQLQJ ZH XVHG D SLSHWWH WR MHW
FRPH RIIl DORQJ ZLWK WKH XQGHVLUHG DOXPLQXP UHVWLQJ R
', DQG EORZ GUDHWHALWKLEK ZH ZHUH UHDG\ WR EHJLQ WHVW
ZKHUH WKH PHWDO ZDV OLIWHG RIIl LQ WKH ILIJXUH EHORZ

$OXPLQXP 5HPRYDO

YLIXUH

'"HYLFH &KDUDFWHUL]DWLRQV

7R WHVW RXU GHYLFHV ZH EHJDQ E\ 7/0 FRQWDFWYV LQ RUGH
GHYLFH WKH\ ZHUH RKPLF VR ZH GLG QRW KDYH WR VLQWHU
PHDVXUHG WKH FRQWDFW UHVLVWDQFH RI WKH RKPLF FRQWD
GHWHUPLQH WKH WUDQVFRQGXFWDQFH WKUHVKROG YROWDJ
GHYLFHV WKDW ZH KDG IDEULFDWHG

SHVLVWDQFH 7HVWLQJ
7KH VORSH RI HDFK ,9 FXUYH WKDW ZH PHDVXUHG IRU WKH Ul
HTXDW LlzRRQ ,Q RUGHU WR PHDVXUH WKH UHVLVWDQFHYV

VORSH RI WKH , 9 FXUYH



&LUFXLW ,QWHQW

2XU FLUFXLW LV D IXO0O DGGHU ZKLFK LV D FLUFXLW WKDW W
ELW RI HLWKHU KLJK RU ORZ VLJQDOV DQG WKHQ DGGV WKHI
RXWSXWV EHLQJ WKH VXP DQG WKH FDUU\ RXW ELW ,Q RUGH
JDWHV DQG D VLQJOH 25 JDWH SXW WRJHWKHU LQ WKLV DUU

JLIXUH

‘H DOVR KDG LQGLYLGXDO ;25 $1' DQG 25 JDWHV RQ RXU FKl
ZRUNHG VHSDUDWHO\ EHIRUH WHVWLQJ WKH IXO0O DGGHU ZK€FE
HDFK RWKHU

,Q RUGHU WR SURYH WKDW RXU JDWHYV DQG IXOO DGGHU ZHU!
ZRXOG KROG RQH LQSXW DW D KLJK RU ORZ YDOXH 9 RU 9
9 7KH UHDVRQ ZH GHFLGHG WR WHVW RXU JDWHV DQG DGGI

RI HDFK RI WKH JDWHVY DQG WKH DGGHU 7KLV FDQ EH HDVLO)
JDWH DV DQ H[DPSOH

,OSXW|  ,osxw| $1' 2xw

7TDEOH $1' IJDWH WUXWK WDEOH



,Q TDEOH ZH FDQ VHH WKDW IRU DQ $1' JDWH LI ,QSXW LV
ORJLFDO ORZ WR D KLJK 9 WR 9 IRU RXU WHVWY WKH RX
UHJDUGOHVV RI WKH VZHHSLQJ YROWDJH IURP ,QSXW +RZH
VZHHSV IURP ORZ WR KLJK WKH RXWSXW RI WKH $1' JDWH VK
ORZ WR KLJK ZKHQ ,QSXW KDV UHDFKHG D YROWDJH FRQVLC
WKLV LV D YHU\ HIIHFWLYH ZD\ RI WHVWLQJ WKH FKDUDFWHU
RXWSXWV UHDFW WR YDU\LQJ LQSXWV WKDW WKH JDWH LV R
LV KLIJK HQRXJK WR KDYH DQ HIITHFW RQ WKH RXWSXW ZKHQ '
7KLV PHWKRG LV MXVW DV HDVLO\ DSSOLHG WR ERWK ;25 DQC
FKDQJH ZKHQ LQSXW VZHHSV IURP ORZ WR KLJK DQG LQSXW
YROWDJH

,QOSXW ,QSXW 25 2XW

7TDEOH 25 WUXWK WDEOH

, QS XW ,QSXW ;25 2XW

7TDEOH ;25 WUXWK WDEOH



$V PHQWLRQHG DERYH WKLV PHWKRG FDQ DOVR EH XVHG WR
WUXWK WDEOH 7KH WUXWK WDEOH IRU D VLQJOH IXOO DGGH

,QSXW ,QSXW &DUU\ 6 XP &DUU\

7TDEOH )XOO $GGHU 7TUXWK 7DEOH

‘H FDQ VHH WKDW IRU D IXO0O DGGHU ZH KDYH LQSXWYV PDN
WKLV GRHVQTW FKDQJH RXU WHVWLQJ PHWKRG 7KH ILUVW W
VZHHSLQJ WKH FDUU\ LQ ELW IURP D ORJLFDO ORZ WR D KLJK
VXP IROORZV &LQ DV LW EHFRPHV D ORJLFDO KLJK ZKLOH WK
VHFRQG WHVW LV ZKHUH ,QSXW LV NHSW DW 9 ZKLOH ,QSX
ORJLFDO ORZ WR D KLJK 7KH VXP VKRXOG PRYH IURP D ORJL
WUDQVLWLRQV IURP D ORZ WR D KLJK 7KH WKLUG WHVW LV Z
WR 9 6ZHHSLQJ &LQ WKH VDPH zZD\ VKRXOG \LHOG WKH VDPH
DV LQ WKH SUHYLRXV WHVW 7KH ILQDO WHVW LV ZKHUH ERW
FDUU\ LQ ELW LV VZHSW LQ ZKLFK FDVH WKH 6XP ELW VKRXO
&DUU\ 2XW ELW VKRXOG VWD\ DW D ORJLFDO KLJK ,I RXU IXO
FRXOG SURYH WKDW LW DORQJ ZLWK WKH LQGLYLGXDO JDW



'$7% $1%$/<6,6

&.5&8.7 7(67 5(68/76

$1°

JLIXUH

8VLQJ WKH WHVWLQJ PHWKRG PHQWLRQHG DERYH ZH ZHUH D
VZHSW IURP 9 WR 9 DQG ZH MXVW FKDQJHG ,QSXW $ IURP
UHIHUHQFH LI ZH NHHS $ DW ZKLOH VZHHSLQJ % WKH RXWS
LW GRHV I[URP WKH JUDSK RQ WKH OHIW :KHQ WHVWLQJ ZLWE
WUDQVLWLRQ IURP ORZ WR KLJK DV RQH FDQ WHOO WKDW LV
GbDwWD ZH ZHUH DEOH WR SURYH WKDW RXU $1' JDWH ZDV ZRL
UHDG WKDW WKH RXWSXW ORZ IRU $1' JDWH LV 9 DQG WKF



25

JLIXUH
)RU WKH 25 JDWH WHVWLQJ SURFHGXUH ZDV WKH VDPH DV X\
WUXWK WDEOH DV UHIHUHQFH LI ZH NHHS $ DW ZKLOH VZHF
ZLWK % DQG ZH FDQ VHH WKDW LW GRHV IURP WKH JUDSK RC
KLJK 9 WKH RXWSXW VKRXOG UHPDLQ KLJK DV RQH FDQ WH
8VLQJ WKLV GDWD ZH ZHUH DEOH WR SURYH WKDW RXU 25 JC
ZH FDQ UHDG WKDW WKH RXWSXW ORZ IRU 25 JDWH LV 9 D
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YLIXUH

JROORZLQJ WKH VDPH WHVWLQJ SURFHGXUH DQG XVLQJ WKH
ZKLOH VZHHSLQJ % IRU RXU ;25 JDWH WKH RXWSXW VKRXOG
WKDW LW GRHV I URP WKH JUDSK RQ WKH OHIW :KHQ WHVWLQ
VKRXOG GURS WR D ORJLFDO ORZ DV % EHFRPHYV KLJK DV RQ
ULJKW 7KLV GDWD SURYHV WKDW RXU ;25 JDWH LV ZRUNLQJ
WKDW WKH RXWSXW ORZ IRU $1' JDWH LV 9 DQG WKH RXWS

‘H GLG KRZHYHU KDYH D ORW RI WURXEOH WHVWLQJ RXU ;2¢
ILUVW UHDVRQ ZDV WKDW ZH PDGH D PLVWDNH LQ RXU PDVN

026)(7 VRXUFHV $W ILUVW ZH WULHG WR ZLUH ERQG WKH GD
WHFKQLTXH ZDV WRR GLIILFXOW IRU XV WR OHDUQ RQ WKH V!
HYHU\ JDWH ZH WULHG LW RQ QRW WR PHQWLRQ WKDW LW G|
JURXQGHG WHVWLQJ SLQ WR FRQWDFW ZLWK WKDW VRXUFH V
SUREOHP WKDW ZH KDG ZDV ZLWK WKH VZHHSLQJ RI ,QSXW %
WKH SUREOHP ZDV DQG MXVW WULHG WHVWLQJ HYHU\ ;25 JDV
SLQV DQG HQVXULQJ WKDW ZH ZHUH PDNLQJ JRRG FRQWDFW
ZDV WRR IDVW IRU WKH RXWSXW WR GLVSOD\ D FRQFUHWH FX
FRPSOH[ RI RXU JDWHV WKH VLIJQDOV GLGQTYW KDYH HQRXJK
JHQHUDWH DQ RXWSXW EHIRUH WKH LQSXW FKDQJHG 7R VRO
WR VHFRQG VR WKDW WKH VLIQDOV ZRXOG KDYH WLPH WR V
RXWSXW FXUYH



)81/ $'' (5

JLIXUH

7TKHVH DUH WKH UHVXOWY RI RXU WHVWV RQ RXU IXOO DGGHI
RQ IRU WHVWLQJ IXOO DGGHUV PHQWLRQHG SUHYLRXVO\

7KH JUDSK RQ WKH WRS OHIW VKRZV WKH 6XP DQG &DUU\ 2XW
DW 9 ZKLOH &DUU\ ,Q ZDV VZHSW IURP 9 WR 9 $FFRUGLQ.



PDNH 6 XP WUDQVLWLRQ IURP D ORZ WR D KLJK ZKLOH WKH &
WKDW LW GRHV
7KH JUDSK RQ WKH WRS ULJKW VKRZV WKH RXWSXWYV ZKHQ LC
9 )URP WKH WUXWK WDEOH ZH FDQ VHH WKDW WKH 6XP VKI
IURP ORZ WR KLJK +RZHYHU LQ RXU JUDSK \RX FDQ VHH WKL
GRHVQYW UHDOO\ GURS GRZQ WR D WUXH ORZ LQVWHDG IRO
EHORZ LW 7KH &RXW DOVR GRHVQYW PDNH D JUHDW LQFUHD)
9
7TKH ERWWRP OHIW JUDSK ZKLFK VKRZV WKH RXWSXWV ZKHQ
WHFKQLFDOO\ EH WKH VDPH DV WKH WRS ULJKW JUDSK DV ER
UHIHU WR ILJXUH EXW GXH WR WKH ORFDWLRQV RI RXU L
DUH GLITHUHQW EHWZHHQ WKH LQSXWYV DQG WKH RXWSXW GL
WKH 6XP PDNHV D QLFH GLS WR D ORZ EXW &RXW EDUHO\ PR
RYHU 9 $OVR QRWLFH WKDW WKH 6XP DJDLQ FXUYHV XS DIW
XQGHU LW :H GRQTW H[DFWO\ NQRZ ZKDW FDXVHV WKLV LQW
GXH WR OHDN\ YROWDJH
7TKH ERWWRP ULJKW JUDSK VKRZV RXWSXW EHKDYLRU ZKHQ E
&DUU\ ,Q ELW LV VZHSW IURP ORZ WR KLJK 9 WR 9 T7KH YV
6XP VKRXOG JR IURP ORZ WR KLJK ZKLOH &RXW VWD\V KLJK
VWURQJ WUDQVLWLRQ IURP DURXQG 9 WR 9 EXW WKH &RXW
‘H EHOLHYH WKDW &RXWITV FXUYH VWDUWY DW D KLJK HQRXJI
EXW WKH &DUU\ 2XW ELWIV PRYHPHQW LQ DOO RI RXU WHVW\
6XPV ‘H EHOLHYH WKDW WKLV LV GXH WR WKH IDFW WKDW V1
WKDQ 6XP DQG PXVW JR WKURXJK JDWHV WRWDO DV RSSR\
JHW WR 6XP
5HIDUGOHVV RI WKH TXDOLW\ RI RXU UHVXOWYVY ZH WKLQN Wt
UXQQLQJ PDQ\ WHVWYV RQ SUDFWLFDOO\ DOO RI RXU JDWHV D
EHWZHHQ D KLJK DQG ORZ VLIJQDO OLHV VRPHZKHUH DURXQG
SHUIRUPHG FRUUHFWO\ XQGHU WKLV DVVXPSWLRQ +RZHYHU
RXWSXWYV RI RXU IXOO DGGHU DV ORDG OLQH DQDO\VLV LV ID
QRQ OLQHDU HOHPHQW WKH GLRGH DV RXU ORDG :H DUH Yl
FRQFHUQHG WKDW ZLWK VR PDQ\ JDWHV DQG ZLUHV LQ RXU F
IDEULFDWLRQ HUURUV DQG DQ\ PDMRU PLVWDNH ZRXOG KDY/
IURP RXU DGGHU RU DQ\ RI WKH JDWHV :KLOH WKH OHVV WKL
OLNHO\ D IDEULFDWLRQ HUURU DQ\ZD\ ZH DUH JODG WKDW W
WKDW HYHU\ IHDWXUH RQ RXU FKLSV ZDV DFFXUDWHO\ IRUPH



XP [

XP [

)LIXUH

XP

XP

)$ WHVWLQJ ZLWK

XP [ XP

XP [ XP

SLQV

XP [

XP [



XP [

XP

XP [

JLIXUH

S5SHVLVWDQFH YV /HQIJWK

JLIXUH

XP



8VLQJ WKH UHVLVWDQFH YDOXHV IRXQG IURP WKH PHDVXUHG

UHVLVWDQFH WR VHH WKH OLQHDU ULVH LQ YDOXHV DV OHQ.

SRLQW ZKHUH WKH WUHQG OLQH LQJW, ki ARDSQWVYHW KW K\DIV LW KLV
WKHUHIRUH RXU FRQWDFW UHVLVWDQFH LV HTXDO WR

6KHHW UHVLVWDQFH VORSH RI WKH 5 YV [/ FXUY
5VKHHV5V: TPA XP VT

JURP WKLV LQIRUPDWLRQ ZH FDQ VHH WKDW UHVLVWDQFH LC

VWDWHYV +RZHYHU RXU FDOFXODWHG VKHHW UHVLVWDQFH
FRUUHFW UHVLVWDQFH WKDW ZH IRXQG QRU GRHV WKH VKHFE
GHILQLWHO\ D IDEULFDWLRQ SUREOHP DQG ZKLOH LW PLJKW
ZHUH WDNLQJ GDWD ZH VDZ OLQHDU FXUYHV DQG DVVXPHG V

(TXDWLRQ

026)(76

ZKHORH ‘ IRU 6L2 8VLQJ $QIJVWUF
R[LGH WKLFNQHVV ZH JHW &R]
(OHFWURQ PRELOLW\ JG > =/J &R[ 9J 9WK
2XWSXW FRQGXHRBWDQFHHBUW®ROWDJH DV WKH HDUO\
Rl 9G YV ,G FXUYH
JRU WKH IROORZLQJ GDWD ZH DVVXPHG WKDW$WKH WKUHVKR



Y)LIXUH

YLIXUH
7UDQVFRQGXFWDQFH P6
R LGHDOO\



JLIXUH



JLIXUH
&KDQQHO &RQGXFWDQFH JG VORSH RI ,GV YV 9GV EXUYH

$W 9J 9 JG PRVIHW LV LQ FXW RII
:$W 93 9 JG P6
D $W 97 9 JG P6
D $W 9 9 JG P6
D $W 9 9 JG P6
D $W 91 9 JG P6

)LIXUH LGV YV 9J # 9GV 9



‘H FDQ JHW WKH 9WK IURP WKH JUDSK :H DVVXBEBHG WKDW WK

X$ DQG 9JV 9 )URP WKH JUDSK ZH FDQ VHH WKDW 9WK LV
026)(7

JLIXUH
7UDQVFRQGXFWDQFH JP VORSH RI ,GV YV 9JV FXUYH P6

21 UHVLVWDQFH JP

JLIXUH



JLIXUH

JLIXUH



J)LIXUH 9J YV ,GV # 9GV 9
‘H FDQ JHW 9WK RI WKH GRXEOH 026)(7 ITURP WKH DERYH JUDE
YROWDJH RFFXX$E@ODRDW 9JV 9 )JURP WKH JUDSK ZH FDQ VHtE
9 IRU WKH GRXEOH ORVIHW



JLIXUH ,GV 9J 9GV # 9GV 9

TUDQVFRQGXFWDQFH JP VORSH RI ,GV YV 9JV FXUYH P6
21 SHVLVWDQFH JP

1RWLFH WKDW WKLV LV KDOI RI WKH 21 UHVLVWDQFH RI WKH
VLQJOH 026)(7V LQ SDUDOOHO



JLIXUH

JRU ERWK RI WKH 026)(7 LQSXW ORZ LV 9 ZKLOH LQSXW KLJ

UHVLVWRVKRXO® EH LGHDOO\ DQG WKHUHIRUH WKH VWI
VKRXOG EH ,GV $ X$ )RU WKH VLQJOH 026)(7 WKH RXW:¢
KLJK LV 9 UHDG IURP )LJXUH JRU WKH GRXEOH 026)(7 WK
RXWSXW KLJK LV 9 UHDG IURP )LIJXUH +RZHYHU LQ WKH

LQVWHDG RI D UHVLVWRU WKH ORDG OLQH VKRXOG QR ORQJI
FKDQJHV ZKHQ ZH VZHHSLQJ WKH YROWDJH DFURVV LW 6R Z}
RI RXU GLRGH )LJXUH DQG )LJXUH JURP WKH QHZ ORDG
KLJK IRU WKH VLQJOH 026)(7 LV 9 DQG 9 $QG WKH QHZ R
GRXEOH 026)(7 LV 9 DQG 9

7TKH FDOFXODWHG RXWSXW ORZ YDOXH IRU 25 JDWH LV 9 Z
ZKLOH WKH FDOFXODWHG RXWSXW KLJK YDOXH IRU 25 JDWH L
YDOXH )RU ERWK $1' JDWH DQG ;25 JDWH WKH FDOFXODWHG
LV 9 ZKLFK DUH QRW FRQVLVWHQW ZLWK WKH WHVWLQJ YD
ORDG OLQHV IRU FDOFXODWLRQ 1RWLFH WKDW LQ WKH UHDC
D VLQJOH RU D GRXEOH 026)(7 DORQH )RU WKH GRXEOH 026)(
ZLWK WZR GRXEOH 026)(76 6LQFH ZH DUH RQO\ PHDVXULQJ W



026)(76 WKH RXWSXW YROWDJH REVHUYHG ZDV ORZHU WKDQ
SHUIRUPV EHWWHU EHFDXVH LW LV PRUH VLPSOH WKDQ WKH

&DSDFLWDQFHYV

(TXDWLRQ
ZKHUH 0O S) PR O IRU 682 DUHD RI FDSDFLWRU DQG G WKLFI

JRU —P —P FDSDFLWRU

& A"y p ‘AP S)
P
7KH FDSDFLWRU ZH EXLOW GLGQYfW ZRUN DV H[SHFWHG 7KLV
EHIRUH ZH HYHQ VXEPLWWHG RXU GHVLJQV WR EH PDGH LQW
DERXW S) D QHJOLJLEO\ VPDOO QXPEHU 7KH SUREOHP LV &

EHWZHHQ ELDV DQG PHWDO OD\HUV :H RQO\ OHDYH XP IRU V

&RQFOXVLRQ

‘H VWDUWHG WKLV ODE E\ GHVLJQLQJ RXU RZQ FKLS ,W ZDV
XQGHUVWDQG WKH VWUXFWXUH RI1 026)(7 UHVLVWRU FDSDFL
EHFDXVH ZH QHHG WR GHVLJQ WKHP OD\HU E\ OD\HU DQG DU
LPSRUWDQW WKLQJ ZH IRXQG RXW LQ WKLY SURFHGXUH ZDV \
PDGH RXU OLIH PRUH HDVLHU ZKHQ ZH VWDUWHG WHVWLQJ
ZKLFK ZDV IRUJHWWLQJ WR QXPEHU WKH PDVN DQG WKHUHIR
XQGHU WKH PLFURVFRSH ZKHQ ZH ZHUH XVLQJ WKHP

7KLY ODE ZDV FHQWHUHG DURXQG XVLQJ WKH VNLOOV DQG W
TXDUWHU WR EXLOG DQG WHVW RXU RZQ 026)(7 GHYLFH IURP
NQRZOHGJH RI PDQ\ SURFHGXUHV VXFK DV SKRWROLWKRJUD:
JURZWK HWFKLQJ SODVPD GHVFXP 'HNWDN R[LGH JURZWK P
VROXWLRQ PHWDOOL]|DWLRQ DQG PHWDO OLIW RIlI :LWK DOC
JURZ OD\HU DQG HWFK R[LGH LQ SDWWHUQV DFFRUGLQJ WR
GHILQHG FKDQQHO VRXUFH DQG GUDLQ R[LGH

'H RULJLQDOO\ VWDUWHG RII ZLWK VL[ FKLSVY EXW DIWHU WK
HWFKLQJ ([HFXWLQJ WKH SURMHFW LWVHOI ZDV QHDUO\ VHD



UHSHDWLQJ D FOHDQLQJ VWHS RU DGGLQJ WLPH WR DQ HWEFK
FKHENLQJ RXU ZRUN ZLWK WKH "HNWDN DQG RWKHU WRROV 2z
SUREOHPV :KLOH ZH GLG H[SHULPHQW ZLWK GHYHORSPHQW I
DSSHDUHG WR EH FRQVLVWHQW $QRWKHU LVVXH RFFXUHG Z
UHFHLYH WKH RXWSXW IRU RXU ;25 JDWH DQG ZH IRXQG RXW
RI WKH 026 LQ RXU GHVLJQ SDWWHUQ )RUWXQDWHO\ WKLV H
JURXQG LW VHSDUDWHO\ DQG UHVXOWHG LQ WKH H[FHOOHQ\
ZH WHVWLQJ IRU RXU ORJLF JDWHV ZH FRXOG QRW JHW WKH
LQ RXU ORJLF FLUFXLW FRXOG QRW IORZV IDVW HQRXJK :H W
GHOD\ ZKHQ WHVWLQJ

, I ZH ZHUH WR UHSHDW WKLY ODE ZH ZRXOG H[SHULPHQW ZL
DQRG ZH ZRXOG SUREDEO\ XVH D UHVLVWRU LQVWHDG RI D GLI
IDU PRUH GLIILEFXOW 2QH UHWURVSHFWLYH LGHD ZH KDG DIW
DGGHU DQG DOO WKH JDWHV ZLWK WKH GLRGH DV WKH ORDG
UHVLVWRUV 7KLV ZD\ ZH FRXOG GLUHFWO\ FRPSDUH WKH SH
$GGLWLRQDOO\ XVLQJ RQH WUDQVLVWRU RI WKH VDPH JDWH
ZH ZRXOG KDYH OHDUQHG PRUH LI ZH PDGH WKH DQRWKHU VF
026)(7 WR FRPSDUH WKH SHUIRUPDQFH RI WKH FLUFXLWYV EDYV
SUHWW\ PDMRU GHVLJQ IODZ WKDW ZH KDG DV RXU HQWLUH
ZRUNLQJ IXOO DGGHU UDWKHU WKDQ WHVWLQJ D YDULHW\ R
FKDUDFWHULVWLFVY WR VHH KRZ SHUIRUPDQFH FKDQJHG :H Z
RXU GHVLJQ WR PDNH VXUH HYHU\WKLQJ ZDV ODLG RXW FRU
RQ RXU ;25 JDWH PDGH WHVWLQJ YHU\ GLIILFXOW IRU XV ZKH
XVH SLQV WR WHVW LW DQG RXU FDSDFLWRU GHVLJQ ZDV I
FDSDFLWDQFH DW DOO %HVLGHV ZH ZLOO OHDYH PRUH VWD
VSHFLILFDOO\ ZH ZLOO OHDYH GLRGHV ORDG ZLWK 026)(7V V
PRUH HDVLHU ZKHQ WHVWLQJ WKH RXWSXW ORZ DQG KLJK DQ
2YHUDOO WKLV ODE DQG FODVV DOORZHG XV WR XQGHUVWD (
WR IDEULFDWH WKH YHU\ WUDQVLVWRUV ZH GR FDOFXODWLR
ODERULRXYVY SURFHGXUH RI IDEULFDWLQJ VXFK FKLSVY DQG DO
IXQFWLRQV WKH ZD\ LW GRHV EDVHG RQ LWV FRPSRQHQWY D¢
YHU\ YDOXDEOH H[SHULHQFH DQG JDYH XV WRROV DQG NQRZ¢
I XWXUH



SHIHUHQFHV

1026 'LIJLWDO &LUFXLWYV
KWWSV IWS XWFOXM UR SXE XVHUVY GDGDUODW FLUFBDQDOF

S5DEDH\ -DQ 0 $QDQWKD 3 &KDQGUDRNDWDQ ,QRG JWDWLKY & MM
'"HVLJQ 3HUVSIIOKWLS#H, /HDUQLQJ 3ULYDWH /LPLWHG

%D\RXPL 0D *D -XOOLHQ DQG : F OLOOHU $Q $UHD WLPI
,QWHJUDWLRQ WK®R9/6, -RXUQDO GRL \Y,



