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Abstract

Maintaining laminar flow on large swept surfaces of subsonic transport aircraft, i.e. the wings and
the stabilisers, is currently posing a considerable challenge for aerodynamic design. Improving the
efficiency of aircraft by delaying or removing the laminar-to-turbulent transition process over the wing
and tail parts can substantially reduce contaminant emissions. The dominant flow instability causing
laminar-turbulent transition of swept-wing flow is the so-called crossflow instability (CFI). Ongoing re-
search at TU Delft has shown potential to delay transition by use of passive mechanisms. As such, a
framework has been designed to numerically compute crossflow development and transition to turbu-
lence on swept wings. Through the use of experimental data acquired in wind-tunnel measurements at
TU Delft, the CFI development and transition process on swept wings has been modelled numerically
by means of Direct Numerical Simulation (DNS). Based on a DNS laminar flow field generated from the
pressure distribution along the model surface, a numerical primary CFl mode in good agreement with
the experiment was obtained through Non-linear Parabolized Stability Equations (NPSE). Following
this steady flow field analysis, the simulation was made unsteady by the implementation of numeri-
cal free-stream turbulence. This novel method resulted in unprecedented modelling of the receptivity
mechanisms of transition in three-dimensional crossflow cases, overcoming ad-hoc treatments. Both
experimental and numerical flow fields indicated a Type-I dominant secondary CFI (i.e. K-H type of re-
sponse in the laterally inclined shear layer of the stationary crossflow vortex), which consequently car-
ries the formation of near-wall hairpins and ultimately turbulence. Crossflow vortex frequency content
also agrees well in the low-frequency band (450Hz 2 2 3000Hz), whilst the numerical high-frequency
content (3500Hza 29000 )does show a distinct delay in amplitude growth throughout the majority
of the transition region. Contradicting the promising qualitative analysis of the free-stream turbulence
methodology, this discrepancy in the frequency spectrum indicates the major shortcoming in the nu-
merical setup, which was shown to be biased towards introducing more low-frequency disturbances at
the inflow boundary.
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7KLY ERXQGDU\ OD\HU WKHRU\ DOVR DOORZV WKH FDOFXODWLRQ RIV
OD\HU EHFDXVH WKH GLIITHUHQFH LQ PRPHQWXP EHWZHHQ WKH VXUIDF
YHORFLWV\JUDGLHQW WKDW LQWURGXFHV VKHDU IRUFHV LQ WKHERXQG
DUH ZKDW TXDQWLI\WKH VNLQ IULFWLRQ GUDJ $ PHDVXWXHWDWURWKH VKI
ZKHUHLV WKH VKHDU VWU B WKBIVG VQKOHP ZB §OVFRVLW\SR WWKHH IDXQB FDW C
JUDGLHQW DW WKH ZDOO

~ S .
p pbU=-U
WrléE0

(TXDWLRSRLQWY RXW WKDW VNLQ IULFWLRQ GUDJGHSHQGV DOPRVW H
ZDOO 7KLV JUDGLHQW LVLQWXUQ GHSHQGHQW RQ WKHERXQGDU\ OD\I
8QGHU ODPLQDU FRQGLWLRQV IOXLG SDUWLFOHV PRYHTXDVL SDUDOO
LQJLQD YHU\WPRRWKIORZDQG D ORZERXQGDU\OD\HU WKLFNQHVV ,Q
LVUHODWLYHO\ZHOO GLVWULEXWHG DORQJWKHHQWLUH ERXQGDU\ OI
ZDOO 7XUEXOHQWERXQGDU\OD\HUV WKHQ FRQWDLQ H[FHVVLYH SDUW
QRQ SDUDOOHO 7KHFKDRWLF ORRNLQJPRWLRQ RIWKH SDUWLFOHYV FI
YHORFLW\JUDGLHQW FORVHWR WKH ZDOO 7KLV UHVXOWVLQDFRQVLG
ODPLQDU ERXQGDU\OD\HU 7KHUHIRUH WR UHGXFH RYHUDOO GUDJ DL
OD\HUV DQG ZDQW WR DYRLG RU GHOD\ WUDQVLWLRQ WR D WXUEXOHQ\
ERXQGDU\OD\HUVY DV ZHOO DV WKH WUDQNIXWJUHRQ UHJLRQ DUH YLVXDO

JLIXUH %RXQGDU\OD\HU SURILOHV IRU ODPLQDUDQG WXUEXOHQW IORZ VWDWHYV dHQ
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+\GURG\QDPLF 6WDELOLW\

7KH EHKDYLRXU RI D ERXQGDU\ OD\HU FDQ EH DQDO\VHG E\ DVVHVVLQJ LWV
WKHUHDFWLRQ RI WKHEDVHIORZWR VXSHULPSRVHG HIWHUQDO GLVWXUED
ODPLQDU VWHDG\ VWDWH VROXWLRQ WR WKH 1DYLHU 6WRNHV HTXDWLRQV
DOORZHG WRJURZLQGHILQLWHO\ WKHIORZLVFRQVLGHUHG XQVWDEOH ZK
GLVWXUEDQFHYV 7KH DVVHVVPHQW RI WKH IORZ VWDELOLW\ FDQ EH SHUIR
5H\QROGV QXPEHU RYHU DQ DLUFUDIW ZLQJ LV WX¢IWRLW @ WOK HE H®DRZ WKH U |
FDQEHFRQVLGHUHG VWDEOWK&ANRUYDQRW WKH FDVH WKHQ NLQHWLF HQHUJ'
VWDELOLW\ -RGHKRLG +HQQLQJVRHOLQLQJDIORZDV\PSWRWLFDOO\VWDE
NLQHWLFHQHUJ\RIWKHGLVWXUEDQFHRYHU WLPH JRHV WR ]JHUR

N

aedt

2U PRUH VLPSO\ WKHIORZFDQDOVR EHVHHQ DV PRQRWRQLFDOO\VWDEOH
RI'WKHGLVWXUEDQFHRYHU WLPHLV VPDOOHU WKDQ ]JHURIRUDOO WLPH VW

C
% IRUDOO
cr

ODQ\GLIITHUHQW WASHV RI K\GURG\QDPLFLQVWDELOLWLHY H[LVW WKRXJKR
IORZ RYHU VZHSW ZLQJV %RURGXOLQ ,YDQRWH DDWFWDERRHGW DOQH LQVWI
7TROOPLHQ 6FKOLFKWLQJ ZDYHV DQG FURVVIGRAVLQWRW D KILO@OHMDLBGI® RHDO O H
WKHVHFDQ OHDG WR WUDQVLWLRQ ERXQGDU\OD\HU FKDUDFWHULVWLFV G
GXOLQ ,YDQRY OLVFKHQNRHHWDG®GLQJ HGJH VKDSH DQG FRQYH[ DLUIRLO V.
SUHVVXUHVLGH FRPELQHG ZLWK WKHQHJDWLYH SUHVVXUHJUDGLHQW FD(
PHQW OLQH LQVWDELOLWLHV DQG 7 & 2@WKHRWKJKDABLECHWAY GR RFFXU IUHT XH(
ZLQJV ZLWK VPDOOHU VZHHS DQJOHVDQGDGYHUVH SUHVVXUH JUDGLHQWYV
QDQW FDXVH RIWUDQVLWLRQ RQKLJKO\VZHSW ZLQJV ZLWKIDYRXUDEOH SU
DK\GURG\QDPLFLQVWDELOLW\RI SDUWLFXODULQWHUHVW WR WKHDYLDWI
HW DO ,QGHSHQGHQWRIWKHVWDELOLW\RIWKHERXQGDU\OD\HU WKHGL'
HLWKHU WKURXJK &))" RUDQDO\WLF VWDELOLW\WRROV 9DULRXVOHYHOVR
RQ WKH W\A\SH RIITORZ IURP WKH IDVW EXW OLPLWHG ,QFRPSUHVVLEOH /LQHL
HODERUDWH EXW DFFXUDWH 1RQ OLQHDU 3DUDEROL]JHG 6 WDEKBLW\ (TXDW
UDQJH RIGLIITHUHQW VWDELOLW\WRROV XWLOLVHG MKKOBBRXHURXW WKLV ZRU

&URVVIORZ ,QVWDELOLW\

7KHVHFRQG KD O¥FRIQWXHU\ VHHY WKH HPHUJHQFH RIPDQ\QHZWUDQVRQLF DQ
$FFRPSDQ\LQJ WKLV DYLDWLRQ ERRP LV D ULVHLQ DLUFUDIW UHODWHG SR
D SRLQW RI FRQFHUQ LQ PRUH UHFHQW \HDUV WKH UHVHDUFK HIIRUWV WR
WKH LGHD RI ODPLQDU IORZ FRQWURO /)& UHGXFLQJWKH VNLQ IULFWLRQ
GHYLFHV DEHWWHU XQGHUVWDQGLQJRIWKHPHFKDQLVPV EHKLQG WUDQV
DWLQJ D ULVHLQ UHVHDUFK LQWR WKLV ILHOG :LWK PRGHUQ DLUFUDIW LQ
WKH GLVFRYHULHV PD®H E\EFUDH JDLQV IRFXV D*UDE IRXQG WKDW ZKHQ

LQWURGXFLQJVZHHS WR ZLQJV WKH WUDQVLWLRQ ORFDWLRQ PRYHV FORV
UHIHUUHG WR DV FURVVIORZ DSSHDUV ,Q FURVVIORZ GRPLQDWHG ERXQGL
GLPHQVLRQDO WUDMHFWRULHV DURXQG VZHSW ZLQJV 7KHVH VWUHDPOLQF
3UDQGWO HVWDEOLVKLQJ WKDW YLVFRVLW\ HIIHFWV DUH RQO\ HYLGHQW Q
WKH ERXQGDU\ OD\HU 7KH SUHVVXUH IRUFHV DORQJWKHLQYLVFLG VWUHEL
FHQWULIXJDO IRUFHV SXOOLQJ RQ WKH IORZ SDUWLFOHV 7KLV IRUFH EDO
WKUHH GLPHQVLRQDO VWUHDPOLQH VKRZLQJLIKXNHYHG SDWWHUQ DV YLVX
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JLIXUH ,QYLVFLG VWUHDPOLQHRYHUD VHFWLRQ RIDVZHSW ZLQJ 'DJHQKDUW ©6DULF

KHQ YLVFLG IRUFHVY EHFRPH UHOHYDQW QHDU WKH VXUIDFH L H LQ\
ULXP QR ORQJHU KROGV 7KH PRPHQWXP GHILFLW ZKHQ DSSURDFKLQJ"
WKHIORZ WR JHQHUDWH D YHORFLW\ FRPSRQHQW SHUSHQGLFXODU WR
EHFRPHV PRUH GRPLQDQW ZLWK WKH LQFUHDVHLQ PRPHQWXP GHILFLW
WKHQR VOLS FRQGLWLRQ 7KHVH WZR YHOREUWUY ARKS$RGHQRAHVWDIIGII HLOA
FRPSRQHQWIROORZVWKHLQYLVFLGVWUHDPOLQHGLUHFWLRQDQG WK
WR LW 7KHLQIOHFWLRQ SRLQW JHQHUDWHG E\ WKH YHORFLW\YHFWRU

JLIXUH ,OOXVWUDWLRQ RIWKHLQGLYLGXDO FURVVIORZ YHORFLW\FRPSRQHQWYV 6HU

3ULPDU\ &URVVIORZ ,QVWDELOLW\

$UQDO HW DDQG 3ROOVKRZHG WKDW FURVVIORZ FRQVLVWV RI WUDYHOO
YRUWLFHV JURZLQJLQ DPSOLWXGH LQ WKH GRZQVWUHDP GLUHFWLRQ
EDQFHV FURVVIORZ YRUWLFHY DUHLQWURGXFHG LQWR WKH ERXQGDU
XSZHOOLQJDQG GRZQZHOOLQJUHJLRQVLQ WKHERXQGDU\OD\HU JHQF
ZLVH PRGXODWLRQ 5HIHUUHG WR DV WKH SULPDU\ FURVVIORZLQVWDE
UHPDLQ IL[HG LQ SODFH RU WUDYHO DORQJ WKH VSDQ :KDW UDWLR RI V
GHSHQGV ODUJHO\RQ WKH WXUEXOHQFHLQWHQVLW\DQG VXUIDFH URX.
EXOHQFH FRPELQHG ZLWK ORZ VXUIDFH URXJKQHVV WHQGV WR IDYRXU
IUHH VWUHDP WXUEXOHQFH HQYLURQPHQWY SURGXFH VWDWLRQDU\ Y
VXUIDFH URXJKQHVV OHYHO '"H\KIOH O BWSSHYSURSHUW\ FDQ EH XVHG LC
FLDOO\LPSRVH VWDWLRQDU\ FURVVIORZ YRUWLFHV ZLWK D VSHFLILF D!
LQWKHERXQGDU\OD\HU WKURXJKWRROV VXFKDV'5(V 7KHVHGLVWXU
GRZQVWUHDP DW YDU\LQJVSHHGYV GHSHQGLQJRQ WKHIORZFRQGLWLF



+\GURG\QDPLF 6WDELOLW\

DPSOLWXGH LV UHDFKHG DQG EUHDNGRZQ RFFXUV 7KH EUHDNGRZQ LQWR
SULPDU\ &), EXW LQVWHDG RFFXUV GXH WR WKH GHYHORSPHQW RI XQVWH
-RVOLQ 6WUHHRWWPD HW DO

6HFRQGDU\ &URVVIORZ ,QVWDELOLW\

6WUHDPZLVH YHORFLW\GLVWRUWLRQVJHQHUDWHG E\WKH SULPDU\FURVV|
LQIOHFWHG YHORFLW\ SURILOHYV 7KHVH GRXEOH LQIOHFWLRQ SRLQWYV DUH
FURVVIORZ LQVWDELOLWLHYV ZKLFK DUHLQWURGXFHG E\H{WHUQDO GLVWX
YLEUDWLRQ RUVXUIDFHURXJKQHVV WKURXJKWKHSURFHVV RIUHFHSWLYL
KLIK TUHTXHQF\ LQVWDELOLWLHY WKDW WHQG WR JURZ HI[SRQHQWLDOO\ zZ
RIWHQ FDXVLQJ EUHDNGRZQ VKRUWO\ DIWHU WKHLU ILUVW RFFXUUHQFH L
LQVWDELOLWLHYV FDQ PDQLIHVW WKHPVHOYHV LQ WKUHH GLITHUHQW ZD\V
GHSHQGLQJRQWKHLUORFDWLRQLQ WKH ERXQ @DW\LONDH WWDWEHVEKHUL ‘DOOP
.RWVRQLV:DVVHUPDQQ .ORNHWH , GULYHQWUDQVLWLRQLVGULYHQE\WEk
VSDQZLVH GLUHFWLRQ DQGWKHUHODWHG VHFRQGDU\ &), JURZLQ WKH XSZ
7\SH ,,LQVWDELOLWLHVFDQEHIRXQG QHDUWKHWRSRIWKHFURVVIORZ YR
VKHDU 7\SH ,,,LQVWDELOLWLHVDUHWKHQ GULYHQ E\WKHLQWHUDFWLRQ F
WKHLU SUHVHQFH LY ODUJHO\GHSHQGHQW RQ WKH UDWLR RI WKHVH WZR YR
WKHPVHOYHYVY QHDU WKH ORZHVW SDUW RI WKH YRUWH[ LQ WKH ZDYH WUR XJ

JLIXUH &), W\SH ORFDWLRQV ZLWK UHVSHFW WR WKH &) YRUWH[ J)ULHGHULFK

7TKHVH VHFRQGDU\ LQVWDELOLWLHVY FRPSOHWH WKH FURVVIORZ GRPLQD)\
WKUHH PDLQ FRPSRQHQWYV

0OV W X TgyVOTW™ ™™ ADTMUMOR KTV § T

1%

ZKHOHUHIHUV WR WKH XQSHU¥BKSEHE HQWNIWRA SULPDU\ FURWYWHFORZ LQVWLE
VHFRQGDU\ LQVWDELOLW\ 7KH EDVHIORZ DQG SULPDU\ FURVVIORZ FRPELC
EDVHIORZ, RDVDFXEHUWD *URRW HWDO

5HFHQW 6FLHQWLILF $GYDQFHYV

&URVVIORZ ,QVWDELOLW\ &KDUDFWHULVWLFV

:KLOH FRPSXWDWLRQDO SRZHU ZzDV VWLOO UHODWLYHO\ OLPLWHG LQ WKH
GXULQJWKLVGHFDGHZHUHOLQNHG WR VWDELOLW\WKHRU\DQGDFKLHYHG
VWLWXWLRQV VXFKDV'/5DQG $68 7KHVHH[SHULPHQWY VHW WKHVWDQGDU
IRUPDQ\\HDUV XVLQJVZHSWIODW SODWHVDWILUVW WRODWHUVKLIWWRL
PHDVXUHPHQW HTXLSPHQW WR VHW XS D QXPHULFDQ FRBRRBEKVRQ 'H\KOH |
5HLEHUW HW BBHHYHUDO LQDGHTXDFLHV LQ OLQHDU WKHRU\ DQG LWV OLPLW
WKLV WLPH '"H\KOH HWHD® HW DODQG :DVVHUPDQQ DQG .OIRMK K®), EH
FRPLQJFRPPRQNQRZOHGJH E\WKHHQG RIWKHODVW FHQWXU\ H[SHULPHQ'
&), LQOWHUDFWLRQ ZLWK LUUHJXODULWLHV VXFKDV URXJKQHVVDQG VWHSV
DOQ\LUUHJXODULWLHVY RQDLUFUDIW ZLQJVY HQFRXQWHUHG GXULQJIOLJKW
LQWHUDFWLRQ FRXOG XOWLPDWHO\ OHDG WR EHWWHU FRQWYRUWIHU &), .
JDWHG WKHHIITHFW RIURXJKQHVYV ILQGLQIJWKDW URXJKVXUIDFHVDQG ORZ
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FURVVIORZ YRUWLFHY 6PRRWKVXUIDFHVDQG KLIKWXUEXOHQFH WKHC(
7TKLVNQRZOHGJH WKHQ OHG WR WKH FUHDWLRQ RI'LUHFW 5RXJKQHVYV ((
HOHPHQWY QHDU WKH OHDGLQJ ZHUH XVHG WR IRUFH VWDWLRQDU\ FUF
ZDYHOHQJWK 5DGH]WY/NDWHU \HDUV '5(V ZHUH FRPPRQO\ HPSOR\HG
FURVVIORZ VFHQDULRYV 5LXV 9LGDOHWWRWWRDAUYF HW DQRUZDUG

DQG EDFNZDUGV IDFLQJVWHSV DUHDQRWKHU FRPPRQ WHFKQLTXH WR |
LQIJDUHSHDWDEOH ZD\WR UHSOLFDWH GLVFRQWLQXLWLHV VXFK DV UR
.RWVRQLVDQG 5LXV 9LGDOHYV DQG VKRYRQWKH LPSDFW RI )RUZDUG )D
))6 RQWKHIORZILHOG EHKDYLRXU DQG WKHODUJH GHSHQGHQF\RQ W
DQG .RWVRQLMRXQG WKDW VWHS KHLIKWV ZKLFK FDXVH D VLJQLILFDQW
IURQW VKRZ ODUJHU WHPSRUDO YHORFLW\ IOXFWXDWLRQV QRW OLQN
VSDWLDOO\ UHVROYHG PHDVXUHPHQWY OLPLWHG WKH FRQFOXVLRQV V
WRSRORJLFDO PHFKDQLVPV (YHQ ZLWK WKH ODUJH LPSURYHPHQWYV PI
UHFHQW \HDUV WKHUH LV VWLOO D QHHG IRUPRUH H[SHULPHQWDO GD
DV 3,9 UHVXOWHG LQ ODUJH MXPSV LQ H[SHULPHQWDO FDSDELOLWLHYV
EHQHILW IURP WKHDGGLWLRQ RIVSDWLDOO\DQG WHPSRUDOO\UHVRO?

/IDPLQDU )ORZ &RQWURO

,Q WHUPV RI DSSOLFDEOH ODPLQDU IORZ FRQWURO GHWDLOHG NQRZO
TXDWH WR HITHFWLYHO\ GHVLJQ /)& GHYLFHV 2XW Rl WKH ER[LGHDV Z
H[SHULPHQW ZKLFK SHUIRUPHG IOLJKW WHVWV WR VWXG\ WKH LPSDFV
WDFKHG XQGHUQHDWK D VPDOO DL UFQ® DD VERORXFKHWRIOVKH WHVWYV
XVDEOH GDWD WKHLQFRQVLVWHQF\RIWKH UHVXOWYV XOWLPDWHO\ OH
RI'5(VDVDYLDEOHODPLQDUIORZFRQWURO WHFK@RLXHVHGWRZDUGYV
QHHG IRUPRUH FRPSXWDWLRQDO UHVHDUFK LQWR /)& GHYLFHV EHIRUH
SXWDWLRQDO SRZHU LQFUHDVHG DQG WKH FDSDELOLW\ WR UXQ '16 EH
UHVHDUFK EHFRPHV PRUH DQG PRUH RI D UHDOLW\ DV ZHOO +RZHYHU
WHVWLQJLQ &)' PLJKW EH WRR DUWLILFLDO DW WKLV SRLQW LQ WLPH $
LV RIWHQ WDNHQ WKURXJK IXQGDPHQWDO &)' Rl VLPSOH VXUIDFHV DQ
RU URXJKQHVV HOHPHQWYV &DV XKMEHW WHD )HBVIDSSSURDFK WR IXUWKHU L
IORZ PHFKDQLVP RYHU VWHSV QXPHULFDOO\ LQ D VLPLODU IDBMKLRQ D\
H[SHULPHQWDOO\ &DVDFXRMQWWHKWWOBURVVIORZ GLVWXUEDQFHV DUF
WKH VWHS 7KH GLVWXUEDQFHV JHW OLIWHG XS DQG D IORZUHYHUVDO
ODUJHU VWHS FDVHV D VHFRQG UHJLRQ RI IORZ UHYHUVDO LV GLVFRYF
VHFRQGDU\LQIOHFWLRQ SRLQWYV 7KHVWHS DOVR JHQHUDWHV D VHFRC
WLRQ ZLWK DQ DPSOLWXGH GHSHQGLQJ RQ WKH VWHS KHLJKW 7KH VWF
KHLJKW LV VXIILFLHQWO\ ODUJH EXW PDLQO\LQFUHDVHV WKH VXE KDU
OD\HU GRZQVWUHDP RI WKH VWHS 7KH PHFKDQLVPV EHKLQG WKH IORZ
GXHWR VWUXFWXUH UHVHDUFK ZRUN RI WKLV W\SH +RZHYHU WHFKQLT
LQVWDELOLW\ JURZWK LQ UHVHDUFK OLNH DDVRPXEE QR HLEOHDH S
RI ZKDW KDSSHQV LQ IOLJKW DQG ZLQG WXQQHO FRQGLWLRQV )RUFLQ.
DWWKH ZDOO VXFKDV %ORZLQJDQG6XFWLRQRUUDQGRPIRUFLQJWHF
QRURQDLUFUDIW ZLQJV &DVEBXEHUWDWHNOOEHUJ +HQQLQJVRQ
ORUH UHSUHVHQWDWLYH ZD\V RI WULJJHULQJLQVWDELOLWLHV LQ &)'D
ZDYHVLQ FRPSUHVVLEOHIORZV RUIUHH VWUHDP WXUEXOHQFH 7KH OI
IORZLQVWDELOLW\UHVHDUFK EXW ZLOO QHHG PRUH SURRI WR EHFRPH
WRZDUGV D EHWWHU XQGHUVWDQGLQJ RI FURVVIORZ GRPLQDWHG ERX(
RIWKH SX]JOH LV PLVVLQJ

1XPHULFDO (TXLYDOHQW RI ([SHULPHQWDO 6HWXSYV

ORUH FDSDELOLWLHYVY DUH GHVLUHG WR DGYDQFH NQRZOHGJH LQ WKLYV
RUH[SHULPHQWDO UHVHDUFK FDQ EH OLPLWHG LQ WKLV FRQWH[W 8VL
FRQFHSWVY DQG WRROV KDV EHHQ GRQH IUHTX'HOROH HW\ROFHHHBLSSHV
HW DO 7KH RWKHU ZD\ XVLQJ QXPHULFDO GDWD DV DQ DGGLWLRQ W
RIWHQ WKH QXPHULFDO GDWD LV RQO\ XVHG DV D YDOLGDWLRQ RI ZKD'
D FRPSOHPHQWDU\ GDWD VHWS5 KIUEHIWOVHMWWDDO WK WKH UHFHQW LPSURY



/IDPLQDU 7XUEXOHQW 7UDQVLWLRQ 3UHGLFWLRQ

LQ '16 FDSDELOLWLHY LW ZRXOG EH XVHIXO WR FRPELQH ERWK RI WKHVH D
RI GDWD DYDLODEOH IRU HDFK H[SHULPHQWDO VHWXS %\ XVLQJ WKH H[S}
QXPHULFDOUHSOLFDWLRQ WKHQXPHULFDOVHWXSLVYDOLGDWHG 7KHQ X
GLPHQVLRQDO GDWDDVDQDGGLWLRQ WR WKHH[SHULPHQWDO GDWD ZRXO(
WR DQDO\WVH FURVVIORZ GULYHQ WUDQVLWLRQ EIHKWXKRXY KW 1R VK ROERH D/VQIGH
ILUVW WKDW DWWHPSWHG WR PDWFK DQ H[SHULPHQW H[DFWO\ XVLQJ'1l6 7
1LVKLQR DQG 6KD/MHWID EHQFKPDUN IRUWKHFORVHVW PDWFK DW WKDW WLPE
DPSOLWXGHV VHHQLQ WKH'16 ZHUH VWLOO RUGHUV RIPDJQLWXGHUHPRY H(
7KHSRVVLEOH FDXVHV IRUWKLYVY GLVFUHSDQF\ZHUH WKRXJKW WR EH UHODYV
WKH URXJKQHVVY HOHPHQWYV DV ZHOO DV WKH ODFN RI'ITUHH VWUHDP WXUEX
7THPSHOPDQQ HWIDGIDWONLPSURYHG WKLVEHQFKPDUNRQO\D\HDU ODWHU
LQUHVXOWY FRPSDUHG WR 1LVKW®R BQGWXDEDQFH DPSOLWXGH RI WKH VW
YRUWLFHY UHSRUWHG E\ 7THP IR HWRD W KDW VHHQ LQ WKH VHULHV RI1 F
SHUIRUPHG DW $68 5HLEBDWLHWW® XLWH 6DULF1XPHULFDO PDWFKLQJRI
FURVVIORZ H[SHULPHQWYV ZDV VWLOO IDU IURP SHUIHFWOM D WMWY ERXWYWG 7
WKH GLITHUHQFHYVY WR WKH ODFN RI lUHH VWUHDP WXUEXOHQFH LQ WKH &)’
URXJKQHVVRYHUWKHDLUIRLO VXUIDFH 2WKRANPSKDE DIMKH @OWRG 6 KDULII
SRLQWHGWR VPDOOGLVFUHSDQFLHVLQWKHSUHVVXUHJUDGLHQW QHDU Wk
H[SODLQWKHGLIITHUHQFHIXUWKHU GRZQVWUHDP RIWKH'5( 8S XQWLO WKLV
LVWKHFORVHVW PDWFKDFKLHYHG WKURXJK '16 %R UFRO@DWOH @ POYQOIYG . D F k
WR FORVHO\UHSOLFDWH WKH VWDELOLW\FKDUDFWHULVWLFV RI XQVWHDG\
WKH XVH RI ERXQGDU\ OD\HU WKHRU\DQG 3SDUDEROL]HG 6WDELOLW\ (TXDW
IRFXVHG RQ XVLQJVWDELOLW\WKHRU\WR PDWFKVWDELOLW\FKDUDFWHUL)
FDSDELOLWLHV 8QIRUWXQDWHO\ 36( FDQQRW VLPXODWHIORZ GHYHORSPF
WKHQHHG UHPDLQVIRUDQ HIDFW H[SHULPHQW UHSOLFDWLRQ ZLWK '16 7KL
IORZILHOGVY QHDU WKHWUDQVLWLRQ UHJLRQ REVHUYHG GXULQJH[SHULPH(
WR WKHDGGLWLRQDO QXPHULFDO GDWD

/IDPLQDU 7XUEXOHQW 7UDQVLWLRQ 3BUHGLFWLRQ

/IDPLQDU WR WXUEXOHQW WUDQVLWLRQ GHVFULEHVY WKH SURFHVV RI D OD
'LWKRXW D IL[HG SDWK WR WXUEXOHQFH WKHUHDUHVHYHUDO W\SHV RI WU|
ILHOG W\SH DQG $DIU)OPHWREY WKH PRVW SUHYDOHQWRQWILROIQWHY KHKUHH S D
WUDQVLWLRQ WA\SHRILQWHUHVW LQ WKLV ZRUN 7KURXJKUHFHSWLYLW\RI |
VWDUW WR JURZ LQVLGH WKHERXQGDU\OD\HU 5HFHSWLYLW\LVY WKHDPRX(
KDV RQ WKHERXQGDU\ OD\HU DQG KRZPXFK LWDIIHFWV LWV VWDELOLW\R
EH SUHVHQWHG LQ WKH IRUP RI IUHH VWUHDP WXUEXOHQFH YLEUDWLRQV
7KURXJK WKLV UHFHSWLYLW\SURFHVV LQVWDELOLWLHVFDQJURZ ZKLFK LC
&), 7KH SULPDU\ LQVWDELOLW\LY DOORZHG WR JURZ XQWLO VDWXUDWHG
EUHDNGRZQDQGWUDQVLWLRQWRWXUEXOHQFH $VWKHSULPDU\&), GRHV C
D KLJK IJUHTXHQF\ VHFRQGDU\ &), LV UHTXLUHG WR FRPSOHWH WKLV VWHS
WHQGV WR JURZ H[SRQHQWLDOO\DQG TXLFNO\ OHDGV WR WUDQVLWLRQ 3L
LV PRVW DFFXUDWH WKURXJK H[SHULPHQWDO PHDVXUHPHQWY RU QXPHUL
H[SHQVLYH SURFHVV LQ WHUPV RI FRVWDQG WLPH VHYHUDO PHWULFV RI D
WUDQVLWLRQ ORFDWLRQPRUHHDVLO\ ORVWIXQGDPHQWDGOHWYMKHEGYVSDWLCLC
IURP WKH FRPSOH[ SDUW RI WKH VWUHDPZLVH ZDYHQXPEHU 7KLV GLVWXUE
WKHGLVWXUEDQHHVDPSOLWXGH
clac

v ¢9 dec

Uy cv
ZLWK VXEVBQBSMWHWUULQIWR WHPSRUDO IUHTXHQF\DQG VSDQZLVHZDYHQXI
UHVSHFWGHYEWHY WKH YHORFLW\ YHFWRUs Z LIZWNKGLADW\Y K X HHUAR P S'RIRHRQW V
HW DO 7R WKH GLVWXUEDQFH JURZWK UDWA VERNEPSIOH IRIFBMIVWRROAB FWR |

EHOLQNHG DV
q

I O0& & eV
o qz



T QWURGXFWLRC

ZKHUHDQG® UHIHU WR WKH ILUVW NQRZQ DPSOLWXGH DQG LWV UHVSHFW
| IDFWRU FDQ EH UHIHUUHG WR LQ FRQWH[W RI D ORFDWLRQ RULQD IU
NHHS WUDFN RI GLVWXUEDQFH JURZWK IRULQGLYLGXDO IUHTXHQFLHV |

YLIXUH '"LIIHUHQW SDWKZD\V IURP ODPLQDU WR W XDIEX®LH@W B R XKG-DW U O Q VWL FZ@ MU
IRUWKLY UHVHDUFK OHHUVPDQ HW DO

(YHQ WKRXJK WKH WUDQVLWLRQ ORFDWLRQ FDQ EH HVWLPDWHG XVL
WKM PHWKRG GHYHORSHG E\ 9DLQW, QBIPQLQV D KLJKO\ QRQ OLQHDU SURF
VXJIJHVWY LW XVHV WKH D P8R E DLGPX\OIRYH MFRHRDIP S:@ IHIQ FADKNE. RV RULD W L
UHDFKHV D SUHGHWHUPLQHG YDOXH WUDQVLWLRQ LV H[SHFWHG WR R
PHWKRG DUHUHPDUNDEO\VLPLODUWRWUDQVLWLRQ ORFDWLRQV REVH
OLQHDU VWDELOLW\WKHRU\ 7KLV LPSOLHV D ODUJH QXPEHU RI DVVXP S
GLVWXUEDQFHV VWUHDPZLVH LQYDULDQW YHORFLW\ GLVWULEXWLRQ
KDYH EHHQ GHYHORSHG LW UHPDLQV KDUG WR NHHS XS ZLWK WKH ODV
VLPSOLILFDWLRQVLQYROYHG 6R ZKLOH YHU\FRPSXWDWLRQDOO\H[SH
ZD\RIHVWLPDWLQJWUDQVLWLRQ

ORWLYDWLRQ

6HSDUDWH H[SHULPHQWDO DQG QXPHULFDO UHVHDUFK KDV FRQWULE X
FURVVIORZ GULYHQ ODPLQDU WR WXUEXOHQW WUDQVLWLRQRQ VZHSW
LQVWDQFH 6HUSLHUL DQGHFSWVYRPHQWDO PHDVXUHPHQW FDSDELOLWL
YROXPHV LQVLGH WKLV W\SH RI ERXQGDU\ OD\HU UHPDLQ OLPLWHG ZL!
VSLWH RI WKH LQFUHDVLQJDYDLODELOLW\RI PHDVXUHPHQW WRROV VX
WLPH UHVROYHG +:$ PHDVXUHPHQWY WKH ODFN RILQWHU GHSHQGHQF
IRXQG LQ H[SHULPHQWY WHQGY WR PDNH LW GLIILFXOW WR H[WUDFW D
‘LWKLQ QXPHULFDO VLPXODWLRQV RQ WKHRWKHU KDQG WHPSRUDOO\
IORZ ILHOGV FDQ EH H{WUDFWHG PXFK PRUH HDVLO\ +RZHYHU WKHUH
VLPXODWLRQ VHWXS :LQG WXQQHOV DUH GHVLJQHG WR GHYHORS FHU
WHVW VHFWLRQV KHQFH QXPHULFDOPRGHOV VKRXOGUHSURGXFHWKH'
FRPSDULVRQ ZLWK WKH ZLQG WXQQHO GDWD )RU WKLV WR RFFXU ERXQ
WXQQHO HQYLURQPHQW QHHGV WR EH JHQHUDWHG QXPHULFDOO\ 6WL
UHTXLUHV FDUHIXO FRQVLGHUDWLRQ Rl WKH DSSOLFDELOLW\ RI WKH |
‘KHQ D IUDPHZRUN ZRXOG QRZ H[LVW WR EXLOG D QXPHULFDO VLPXODW
&), GHYHORSPHQW DQG WUDQVLWLRQ LW ZRXOG JLYHPRUHLQVLJKW L
ERWK QXPHULFDO DQG H[SHULPHQWDO GDWD VHWV 7KH H[SHULPHQWD
GLPHQVLRQDO DQG WLPH GHSHQGHQW GDWD WR GUDZ DGGLWLRQDO FF
QXPHULFDO VHWXS FDQ EH YDOLGDWHG E\ WKH H[SHULPHQWDO PHDVX!



SURMHFW 6FRSH

UHVXOWV $OWKRXJK SUHYLRXV DWWHPSWYV KDYH QRW EHHQ IXOO\ VXFFH
LQVWDQFH 1LVKLQR DQBQXKDPHWRSHOPDQQ HWQMZ DQG XSFRPLQJ VLPXODWL
WHFKQLTXHVDUHH[WHQGLQJWKHQXPHULFDO FDSDELOLWLHY $SULPHHI[D
QXPHULFDO JHQHUDWLRQRIIUHH VWUHDP WXUEXOHQFH )67 :LQG WXQQH¢
FHUWDLQ OHYHORI)67 GHSHQGLQJRQWKHLUGHVLIJQ 7KURXJKUHFHSWLYL
OD\HU DQG WKH IUHH VWUHDP VHFWLRQV RI WKH IORZ GLVWXUEDQFHV DUH
QXPHULFDOO\ UHSOLFDWLQJ WKLV )67 OHYHO PHDVXUHG LQ WKH ZLQG W X (
WKLV UHFHSWLYLW\ PHFKDQLVP LQ WKH VLPXODWLRQ :KHQ LPSOHPHQWH
FROQYHQWLRQDO IRUFLQJWHFKQLTXHV VXFKDV %ORZLQJ 6XFWLRQ EULQJL
FORVHUWR WKH H[SHULPHQWDO HTXLYDOHQW 7RWHVW WKHIHDVLELOLW\ R
LWV FDSDELOLWLHV IRUJHQHUDWLQJD IUDPHZRUN IRU IXWXUH QXPHULFDO
WR UHSOLFDWH D ORZ VSHHG FURVVIORZ H[SHULPHQW RYHUD GHJUHH VZ
ZLWK WKH JRDO RI HYWDEOLVKLQJ WKH FDSDELOLWLHV RI )67 LQ WKLV VFH
IXWXUH QXPHULFDO VLPXODWLRQ RI &), GHYHORSPHQW DQG WUDQVLWLRQ V

SURMHFW 6FRSH

7KLV UHVHDUFK DLPV WR DQVZHU WKH TXHVWLRQ "+RZWR JHQHUDWH D QX
GHYHORSPHQW RI FURVVIORZ LQVWDELOLWLHV DQG WUDQVLWLRQ WR WXUE
FDQEHVSOLWLQWR VHYHUDO VXE TXHVWLRQV WKLV UHVHDUFK ZLOO WU\ W

ft, VLWSRVVLEOHWRDFFXUDWHO\UHSOLFDWHH[SHULPHQWDO &), GHYHO
ZLWKDJOREDO IUHH VWUHDP PHWKRG WKDW GRHV QRW D SULRUL DVVXF

1:KLFK FRPSRQHQWV DUH UHTXLUHG WR JHQHUDWH WKLV QXPHULFDO IUD

$'RHV XVLQJ IUHH VWUHDP WXUEXOHQFH LQ XQVWHDG\ VLPXODWLRQV UF
H[SHULPHQWY PRUH FORVHO\ WKDQ FRQYHQWLRQDO IRUFLQJ WHFKQLTX

,QDQ DWWHPSWWRDQVZHU WKHVH TXHVWLRQV D QXPHULFDO VHWXS ZLOO
RYHUD VPRRWK VZHSW ZLQJ SHUIRUPHG DW 78 '"HOIW 5HSOLFDWLRQ RI WK
HUDO VWHSYV DLPLQJ WR ILUVW PDWFK EDVHIORZ WKHQ WKH SULPDU\ FUR\
VHFRQGDU\ &), WR UHVXOW LQ DQ XQVWHDG\IORZ ILHOG 7KLV IUDPHZRUN
RQLWY FDSDELOLWLHY DQG IOH[LELOLW\WRZDUGV IXWXUH DSSOLFDWLRQ
WUDQVLWLRQ WR WXUEXOHQFH FURVVIORZLQVWDELOLWLHV DQG VRPH KL
PHQWDO GDWD VHW ZLOO EH GLVFXVVHG ILUVW LQ WKH QH[W VHFWLRQ $IWtk
WRXFKHG XSRQ EHIRUHGLYLQJLQWR WKH QXPHULFDO PHWKRGRORJ\ EHKL
VHFWLRQ ZLOO WKHQ GLVFXVV WKUHH PDLQ SLOODUV WKH RXWFRPH RI WK
WKHDQDO\WLV RI WKHXQVWHDG\IORZILHOG EDVHG RQ WUDQVLWLRQ IURQV
YLHZRIWKHLPSDFWRIWKHIUHH VWUHDP WXUEXOHQFHPHWKRG &RQFOXYV
ZKHWKHU WKLV IUDPHZRUN LV FDSDEOH RI UHOLDEOH UHSURGXFWLRQ RI FI
ILHOGV RQ VZHSW ZLQJ VXUIDFHV DQGLILWFDQEHXVHG IRUPRUHFRPSOH






5HIHUHQFH ([SHULPHQV

5HIHUHQFH GDWD IURP D ZLQG WXQQHO H[SHULPHQW SHUIRUMPHIIE E\ 5LXV 9L
VXULQJFURVVIORZ GULYHQ WUDQVLWLRQRYHUDQLQILQLWHVZHSW ZLQJP
LFDO ZRUN 7KHIROORZLQJ FKDSWHU ZLOO RXWOLQH WKH H[SHULPHQWDO !
UHPDUNV UHJDUGLQJ WKH SURFHVVLQJDQG XVHRI WKLV H[SHULPHQWDO G|
DVDFRQFOXVLRQ WR WKLV FKDSWHU EHIRUHPRYLQJRQ WR QXPHULFDO PH

(ISHULPHQWDO /D\RXW

7TKHVXEVRQLFH[SHULPHQW PHDVXUHV WKHIORZRYHUDVZHSW ZLQJ VSHFI
YHORSPHQWDQG WUDQVLWLRQE\LQKLELWLQIJWKHJURZWKRI7 6ZDYHV DQ!
.RWVRQLYV *HQHUDWLQJD IUDPHZRUN WR UHSOLFDWH WKLV H[SHULPHQW
HGJH RI WKH H[SHULPHQWDO OD\RXW DQG WKH IORZ SDUDPHWHUV 7KHUHI
DQG PRGHO LV SURYLGHG KHUH

'LQG 7XQQHO
([SHULPHQWYVY ZHUH SHUIRUPHG LQ WKHORZ WXUEXOHQFHZLQGWXQQHO /7
RJ\ 7KLV FORVHG ORRS DWPRVSKHULF ZLQG WXQQHO ZLWK D FRQWUDFWLR
WKURXJK WKH XVHRI DQWL WXUEXOHQFH VFUHHQV 7KH PORQJWHVW VL
Pl P Z[K %DVHG RQIUHH VWUHDP KRW ZLUH GDWD WKH PHDVXUHG
LQ WKH WHVW VHFWLRQ ZDV DWDZLW@ RBHHG RISLXY YLC@®H YV
.RWVRQLV6HUSLHUL :LQG VSHHG LQ WKH WHVW VHFWLRQ LV FDOFXODWHG E
SUHVVXUH DW WKH HQG RI WKH ZLQG WXQQHO FRQWUDFWLRQ UHJLRQ IURP
OHQFH JULGV LQ WKH VHWWOLQJ FKDPEHU )YURP WKLY SUHVVXUH GLIITHUH(
n LQWKHWHVWVHFWLRQLY GHWHUPLQHG EDVHGRQDQHPSW\WHVW VHF!
WHVW VHFWLRQ YHI@RFE\Z\MV 9LGDOHV$ SLWRW WXEH LQ WKH WHVW VHFWLR
VHFRQG YHORFLW\ PHDVXUHPHQW ZKLFK FRQVLGHUV WKH EORFNDJH HIIHF\
SUHVVXUH WDSV DW WKH PRGHO VXUIDFH DV ZHOO DV DFFHVV IURP WKH ELC
PHDVXUHPHQWY DOORZIRUGHWDLOHG FKDUDFWHULVDWLRQ RIWKHIORZ I

ORGHO
7KH PRGHO XVHG FRQVLVEYV RI B FROWWPODWH FKRUG ZHI®S DMBDQQLQJ
kDQG LQWHUVHFWLQJ ZLWK ERWK ZLQG WXQQHO ZDOOV 7R FDSWXUH WK
GULYHQ WUDQVLWLRQ WKHLQILQLWH VZHSW ZL QJ6AHRUBE HW L R QRIW VRHIILA U |
7KURXJK D VXIILFLHQWO\ KLJK ZLQJ DVSHFW UDWLR WKHUHIRUH D V¢
EXWLRQ DQG IORZILHOG KDV EHHQ JHQHUDWHG ZLWKRXW WKH QHHG IRU VS
7KHO -DLUIRLO XVHG LV D YDULDQW RI WKH 1$&$ GHYHORSHG E\ 6H
WR IDYRXU FURVVIORZ LQVWDELOLW\JURZWK ZKLOH VXSSUHVVLQJ 7ROOPL
ELOLWLHY DW ORZ BQJOHRRREDWW® AR WKH 1$&$ )LIDVH/WKE BRLQW RI
PD[LPXP WKLFNQHVV LV PRYHG UHDUZDUG WR OHQJWKHQ WKH UHJLRQ R1 ID"



SHIHUHQFH ([SHULPHQWDC

JLIXUH 0 -DLUIRLO FURVV VHFWLRQ FRPSDUHG WR WKH 1$&$ 5HSULQWHG IURP 6H

ODGH RXW RI ILEUHJODVV WKH PRGHO LV SROLVKHG WR D URXJKQHYV
BHUSLHUL .RWVRQDUDOOHO ZLWK WKH ZLQG WXQQHO ZDOOV VWD)
RYHU WZR URZV DOORZ IRU PHDVXUHPHQWY DORQJ WKH IXO0O VWUHDP:
.RWVRQLV)LIXUHVKRZY WKH ORFDWLRQ Rl ERW K SRQ D SAKULWKMRUHD O L G [
LQILQLWH VZHSW ZLQJ DVVXPSWLRQ 'LVFUHWH 5R XKkK Q 8DV \WOHPHO WK |
OHDGLQJ HGJH 7KH '5(V FRQGLWLRQ WKH VSDQZLVH ZDYHOHQJWK RI W
RI pk VWURQJVWDWLRQDU\ &), JURZWK LV HQFRXUDJHG DQG WUDQVL
GRPLQDQW UHJLRQ 7KH FRRUGLQDWH VI\VWHP XVHG RQ WKH PRGHO LV
ZLQ¥ w XZKLOH WKH ZLQG WXQQHO LWVHOI XVHV D IUHH VWUHDP DOLJ
] ~ LRLIXUH

YLIXUH 'LQJ PRGHO OD\RXW DQG SRVLWLRQLQJLQ WKH ZLQG WXQQHO LQGLFDWLQJW
+:$ PHDVXUHPHQWY DQG WKH '5(V SODFHG QHDU WKH ZLQJ OHDGLQJHGJH 5H DGDSWHG I

$YDLODEOH 'DWD

7KH DYDLODEOH H[SHULPHQWDO GDWD GLFWDWHYV ZKLFK DSSURDFKHV
WKLV UHDVRQ UHFRPPHQGDWLRQV RQ H[SHULPHQWDO GDWD GHVLUHG
JLYHQ DW WKHHQG RIWKLV ZRUN 7KH GDWD H[WUDFW HRRQJIQ\RFRIL\KLG $ILUG/
WKH H[SHULPHQW ZLWKRXW )RUZDUG )DFLQJ 6WHS ))6 ZKLFK LV UHIHL
WKLV VSHFLILF H{SHULPHQW WKUHH VHSDUDWH GDWD VHWV DUHDYDLC
SUHVVXUH SRUW GDWD DQG KRW ZLUHDQHPRPHWU\ +:$ SODQHV $PEL
GHQVLW\ DQGDPELHQW SUHVVXUHDUHUHFRUGHG GXULQJWHVWLQJ 6
PHDVXUHG RYHU WKH VSDQ RI PXOWLSOH GD\V DPELHQW FRQGLWLRQV
¢ P SUHVWXUH 66U GHQVLW if k%2 DQG YHRRFLW\ k g
7HVW VHEFWLRMUHIRUH VKRZVVRPHYDULDWLRQVLQFHWKHZLQG WXQQ
QXPEHU $V SUHYLRXVOAXENVGWWRABKEH YHVW VHFWLRQ IUHH VWUHDP Y
GHWHUPLQHG LQGLUHFWO\EDVHG RQ ZLQG WXQQH G €00 WERDWDRQY ®LE
WXEH LV DYDLODEOH LQ WKH WHVW VHFWLRQ LWVHOI MXVW XSVWUHDP



$GGLWLRQDO5HPDUNYV

JLIXUH  3UHVVXUHFRHIILFLHQW GLVWULEXWLRQLQ VWUHDPZLVH [ FRRUMDIGQDWH GLUHFWL
Q4 & % »A—IRU WKH ORZHU UHG DQG XSSHU EODFN SUHVVXUH WDS URZV

GXH WR EORFNDJH HIITHFWV :LWK WKH WRWDO SUHVVXUH NQRZQ IURP WKH D
SUHVVXUH FRHIRYHB @WH ZLQJ FDQ EH FDOFXODWHG XVLQJ WKH WZR URZV
DORQJ WKH ZLQJ FKRIWAN WKEHXWLRQ WKDW HPDXQWHWRY ERWKRBLMHNVYXUH WDS
URZV 21l VXUIDFHPHDVXUHPHQWY DUH SURYLGHG E\KRWZLUHDQHPRPHWU
DEOH VWHHO VWLQJ ZLWK D VLQJOH K& WFH. F\W LIRAML JRHEV XH UYL PO OO LQHD
WKH YHORFLW\ FRPSRQHQWY 7KH UHVXOWLWQJ PBUQOWXGHHRIAWKLY VXP HT
ZKHWHY WKH ZLQJ VZHHS DQJOH 7KH KRWZLUH LV RSHUDWHG XVLQJD FRQV
VXULQJ DW N+] IRU VHFRQGY SODQHV RI E\ PHDVXUHPHQW SRLQW
WKH OHDGLQJ HGJH 7KH UHVXOW LV D PHPB VX UWHPH QSO GRYUREBWWR R QIRY G
EHWZHHRDQGPKkLQ ZDOO QRGIPDHOFWLRQ 30DQH ORFDWLRQV DUH H[SUHVVFE
RIWKH FKRUG DQG VSWERDG EBEQ@HHQ 5LXV 9LGDOHV .RWWRZLV

WKLY GDWD ZLOO EH XVHG LQ WKH QXPHULFDO VHWXS ZLOO EH RXWOLQHG L
SURFHVVLQJUHTXLUHG WRJHQHUDWH VXLWDEOH LQSXW SDUDPHWHUV IUR
SURFHVVLQJ WKH H[SHULPHQWDO GDWD ZLOO EH WRXFKHG XSRQ LQ WKH QH

$GGLWLRQDO 5HPDUNYV

([SHULPHQWDO UHVHDUFK XVLQJ WKLY GDWD KDV DOUHDG\ EHHQ SHUIRUPF

'"HWDLOHG IORZ SK\VLFV DQDO\VLV RI WKH H[SHULPHQWDO GDWD LV V
VLV 7KHIRFXVLQVWHDGLVRQWKHGDWD WKDWFDQEHH[WUDFWHGDQG XV
%DVHG RQWKHH[SHULPHQWDO UHVHDUFK LWLV NQRZQ WKDW WKHWUDQVL
RIWUDQVLWLRQLVGHWHUPLQHG XVLQJDQ ,5 WKHUPRJUDSKLF VA\VWHP PRQ
7TKURXJK FKDQJHVLQPRGHO WHPSHUDWXUH WKHWUDRVLWLBRFRORFDWLRQ
JLIXUH 5EXV 9LGDOHV .RWVRQLV

D E

YLIXUH D 7KHUPDO PDS IURP FDPHUD ,5 % ODUNHU % LQGLFDWHV WKH SURMHFWLRQ RI W
WR WKH FHQWUH RI WKH GRPDLQ 5HSULQWHG |URPE5ZX\D Q VG WO RQ G0 RER-DDIBY
7 E£ARU WKH H[SHULPHQWDO PRGHO UH DGDSWHG IURP 5LXV 9LGDOHV DQG .RWVRQLYV



SHIHUHQFH ([SHULPHQWDC

7R DOORZ IRU VXFFHVVIXO UHSOLFDWLRQ RI WKLY WUDQVLWLRQ EHK
HIWUDFWHG FRUUHFWO\ )RUWKHH[SHULPHQWDO GDWD WKH LQIORZY
PRGHO RQ WKH FDOLEUDWHG WHVW VHFWLRQ YHORFLW\ ZLOO WKXV QF
ZLQG WXQQHO ZDOOV DOWKRXJKNHSWWRDPLQLPXP FDQDOVR SOD\D
ZLQJ DVVXPSWLRQ ZKLOH FRPPRQO\DFFHSWHG GRHV DOVR QHHG WR
SRVVLELOLW\RIODUJHVSDQZLVH GLIIHUHQFHV WKURXJKRXW WKH H[SF
RQDORQJPHWDO VWLQJ ZKLFK ZLOO LQHYLWDEO\LQWURGXFH QRLVH
WXUEXOHQFHLQWHQVLW\IURP WKLY GDWD LW LVD QW& HM KWRUHH ER QI S
ERWK WKH PHFKDQLFDO YLEUDWLRQV RI WKH VXSSRUWLQJDUP DQG WK
LQKHUHQW FKDUDFWHULVWLFV RI WKH +:$ EULG J6IS 5 EWW D D@DQDHOA V LR W
ERXQGDU\OD\HULQ5LXV 9LGDOHV DWGORBWRQRVYPHG RQ WKH XQILOWF
ZKLFK KDV WR EH NHSW LQ PLQG ZKHQ FRPSDULQJ H[SHULPHQWDO DQG ¢
RI WKH SRWHQWLDO H[SHULPHQWDO HUURU VRXUFHV DQG PLWLJDWLRQ
LQWURGXFHG 7KH GLIIHUHQW FRRUGLQDWH VI\VWHPV LQWURGXFHG LQ
FDUHQHHGV WREHWDNHQ ZKHQ WUDQVIHUULQJH[SHULPHQWDO GDWD \
FRRUGLQDWHDQG UHIHUHQFH VIVWHPV DUH XVHG LQ ERWK UHVHDUFK |
GLPHQVLRQDO RUQRQ GLPHQVLRQDO GHSHQGLQJRQ WKH FLUFXPVWDZC



*RYHUQLQJ (TXDW

OXOWLSOH WRROV DUH XVHG WR HIILFLHQWO\ VHW XS WKH QXPHULFDO IOF
IXQGDPHQWDO IOXLG G\QDPLFVY HTXDWLRQV ZLWK VRPH DFFRPSDQLHG E\
LPSOHPHQWDWLRQ 7KLV VHFWLRQ ZLOO RXWOLQH WKH 1IDYLHU 6WRNHV H
DV ZHOO DV WKH GLITHUHQW HTXDWLRQV XVHG E\ VWDELOLW\ WRROV 7KH (
H[SHQVLYHDVVHVVPHQW RIWKHIORZILHOG

I1DYLHU 6WRNHV (TXDWLRQV

7KH 1DYLHU 6WRNHV HTXDWLRQV DUH WKH EDVLV RIIOXLG G\QDPLFV 'HVFL
WKH\FRQVLVWRID VHW RI WKUHH WLPH GHSHQGHQW SDUWLDO GLITHUHQW.L
WXP FRQVHUYDWLRQ LQ HDFK RI WKH WKUHH GLPHQVLRQV 7R IXOO\ FKDUD
HTXDWLRQ IRUPDVV FRQVHUYDWLRQ LV DOVR UHTXLUHG DORQJ ZLWK WKH
GHUVRQ $OWKRXJKQRJIHQHUDO VROXWLRQ KDV EHHQ FRQVWUXFWHG IRU
VROYHG LQ LWHUDWLYH ZzD\V %HFDXVH WKLV LV YHU\ FRPSXWDWLRQDOO\
I1IDYLHU 6WRNHV HTXDWLRQV FDQ EH XVHG IRU WKH SXUSRVHRIWKLYV ZRUN

QDPLFV FRPSUHVVLELOLW\DQG WHPSHUDWXUH HIITHFWV FDQ EH QHJOHFWH
HTXDWLRQV FDQ EH VLPSOLILHG IRULQFRPSUHVVLEOH IORZ 1HJOHFWLQJ
WKURXJKWKHDVVXPSWLRQ RIFRQVWDQW WHPSHUDW XUXDWAWR@®Y WKH 1DYL

0
— & or’  o0¢’'n po D

“ro E

+HUHV WKH YHORFEW\ MEFWRMNXGLUHFWLRQ UHMBHAFNMHGWY WKH G\QDPLF
YLVFRVLGLFDWHV WKIHVWHPHVIDAWWAF SUHVVXUHRG63XRIH WKHVH HTXDWLRQV
WR VROYH WKH FURVVIORZ VROXWLRQ LOQVLGH WKH QXPHULFDO GRPDLQ %
LQFRPSUHVVLEOH YLVFRXVIORZ SUHFLVHO\ LWLV WKHLGHDO FKRLFH IRU |

ILQHDU 6 WDELOLW\ 7KHRU\

7KURXJKRXW WKH ILUVW VWDJH RIWUDQVLWLRQ LQILQLWHVLPDOO\VPDOO
LQFRPSUHVVLEOH ORFDO VWDELOLW\HTXDWLRQV ,/67 WKHJURZWK UDWF
HVWLPDWHG 'HULYDWLRQRIWKH ,/67HTXDWLRQVVWDUWY ZLWK 1IDYLHU 6V
(TXDWLRQKH YHORFLW\YHFWRUFDQEHVSOLW XS L QBVROD/S\WHD/EX B BN W ILARRY
FRPSRQHAQWHVVXUH WHUPV FDQ EH GHFRPSRVHG LQ WKH VDPH ZD\ 7KHQ
YHFWRU ZLWK WKH WKUHH LQGLYLGXDO PRPHQWXP HTXDWLRQV UHVXOWV I
WKHH[WHQGHG 1DYLHU 6WRNHV HTXDWLRQV 6XEWUDFWLQJWKHVWHDG\F
RQ WKHDVVXPSWLRQ WKDW WKHVHIRUP D VWDQG DORQHVROXWLRQ ZKHQ V
SHUWXUEDWLRQHTXDWLRQVXDQW RROONWKH SHQVEXd EDW LIRGEWHUP V

DUH OHIW
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7TKLVVHWRISHUWXUEDWLRQHTXDWLRQVLVWKHEDVLVIRUDOOVWDE
WKHOLQHDUDQG QRQOLQHDU SDUDEROL]JHG VWDELOLW\HTXDWLRQV Gl
HTXDWLRQV WKHIROORZLQJ)RXULHU DQVDW]LV UHTXLUHG

OﬁRS o W ZqA-sA:mb b

ZKHUM W WKHHLIJHQIXQFWLR® KHYRFLIND FYHPVHREIY KHQ)SMEHWVH ZDYHQ
EHU DQWKHDQJXODU IUHTXHQF\ :HWMWHRWREHHNQJ WKLY HTXDWLRQ LQW
HTXDWLRQVDQGDVVXPLQJRQO\VPDOO SHUWXUEDWLRQV DUH SUHVHQ
WLRQV 7KLV HQWDLOV GLVUHJDUGLQJ WHUPV ZLWK PXOWLSOH GLVWX
FRVWDQGWLPH 5HPRYDOGRHVY FRPHZLWKWKHFRVWRIORVLQJIORZLC(
JHUHG E\ QRQOLQHDU GLVWXUEDQFHVY 2WKHU SURFHVVHV VXFK DV YR
EHFDXVH RI WKLV DVVXPSWLRQ 7KH ,/67 HTXDWLRQV FDQ EH IXUWKHU
QHRXV GLVWXUEDQFHVLQ RQO\RQH GLUHFWLRQ &RPELQH WKLV ZLWK
GLPHQVLRQDO VHW RIHTXDWLRQV UHPDLQ ZLWK WKHIORZ RQO\EHLQJ
FRRUGLQDWHYV ,/67 FRQVLVWYV RI WKHIROORZLQJIRXUHTXDWLRQV

go AtA g6 ’s
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7KLV VHW RI HLJHQYDOXH SUREOHPV QHHGV WREBIQ&R W XHGI W QIX®@
WLR&X AIDQ@$ UDQJH RI VROXWLRQV LV SRVVLEOH IRUWKHVH HTXDWLR
WRILQG WKHUHTXLUHG VROXWLRQ VHW 7KH SRVVLEOH VROXWLRQV F
GLVFUHWH DQG FRQWLQXRXV VSHFWUD 6ROXWLRQV WR WKH GLVFUHW
ERXQGDU\ OD\HU ZKLFK LV GDPSHG H[SRQHQWLDOO\ RXWVLGH RI WKH
SURGXFHRVFLOODWRU\HLJHQIXQFWLRQV LQ WKHIUHH VWUHDP ZKLFEK
DU\ OD\HU -DFREV 'XUBR® ZKLFK VSHFWUXP WKHILOWHUHG VROXWLR
RQ WKH GHVLUHG XVH FDVH )RU JHQHUDWLQJ ERXQGDU\ FRQGLWLRQV
HLIHQIXQFWLRQV DUH UHTXLUHG ,Q WKH FDVHRIIUHH VWUHDP WXUE>
RXV HLIJHQIXQFWLRQV DUH VXSHULPSRVHG JHQHUDWLQJD UDQGRPLVI
ERXQGDU\ OD\HU WKURXJK D ERXQGDU\ FRQGLWLRQ GLVFUHWH HLJHQ

VWUHDP XQWRXFKHG 6LPLODU WR WUDQVLWLRQ HVWLPDWLRQ WKH GL
GHVLUHG
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/LQHDU 3DUDEROL]J]HG 6WDELOLW\ (TXDWLRQV

2UU 6RPPHUIHOG (TXDWLRQ
7KH2UU 6RPPHUIHOGHTXDWLRQLVHVVHQWLDOO\DIRUPRIWKH ,/67HTXDW|
E\:LOOLDPOF)DGGHQ2UUDQG $UQROG6RPPHUIHOG LWDOVRGHVFULEHV O
IORZ (FNHUW+DYLQJ EHFRPH FRPPRQ NQRZOHGJH LQ K\GURG\QDPLF VWDEI
RIWHQ UHIHUHQFHG WKDQ WKH ,/67 IRUP 1R IXUWKHU DVVXPSWLRQV DUH Ut
DQG 2UU 6RPPHUIHOG IRUPY 7KH SDUWLDO GLITHUHQWLDO IRUP RI WKH 2UU
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7KHHLJHQYDOXH SUREOHP FDQ EH VRO Y ® & R/ KIQIEL\WHE HWDRGI XQFWLRQ
WKH LQIORZ YHORFIZW\QPFRPBR NYREY ,Q WKH QXPHULFDO VWXG\ RI WUDQVL
WR WXUEXOHQW IORZ RYHU VZHSW ZLQJV ,/67 RU 2UU 6RPPHUIHOG FDQ EH
WUDQVLWLRQ SURFHVV $OORZLQJ WKH JHQHUDWLRQ RILQIORZ ERXQGDU\
DFWV DV DQ LQLWLDO SUHGLFWRU RI GLVWXUEDQFH JURZWK 7KRXJK IORZ
DQG PRUH DFFXUDWH WHFKQLTXHV ZLOO EH UHTXLUHG WKHUH 1H[W WR GLV
HTXDWLRQ LV DOVR WK WEDQNVYWLMEXBUHGLFWLRQ PHWKRG 7KLV PHWKRG
DSSURDFK WR DOORZ IRUUHODWLYHO\DFFXUDWH SUHGLFWLRQ RI WKH WULC

/ILQHDU SDUDEROL]J]HG 6WDELOLW\ (TXDWLRQV

/LQHDU 3DUDEROL]HG 6WDELOLW\ (TXDWLRQV DOVR FDOOHG 36( RU /36( L\
7KH PDMRU FKDQJH LV GURSSLQJ WKH SDUDOOHO IORZDVVXPSWLRQ LPSO\
GHSHQGHQW RQ WKH SRVLWLRQ DORQJ WKH ZDOO QH[W WR WKH ZDOO QRU
SHQGHQF\LV LQWURGXFHG WKURXJK WKH )R XX DWW FO@KHDUH] W K ¥ DAKDS® JL Y |
IXQFWIRRY EHFRPHY GHSHQGHQW RQ\ERQWH JUPWHG RYHU WKH VWUHDPZL)
WUDYHOOHG WR SURYLGHDGGLWLRQDO LQIRUPDWLRQ RQ XSVWUHDP GLVW

ofv w x r Aotﬁézzwq gah-sAon

, ATXDWLR®QLY RQO\DOORZHG WR YDU\ VORZO\DQG LV FDOOHG WKH VKDS'}
WHUP LV UHIHUUHG WR DV WKH ZDYH IXQFWLRQ ZKLFKLVDOORZHG WR YDU\
FDQ EHLQWURGXFHG LQWR WKH SHUW XU E D/\M ER/Q RIXD WLYRH{MXEBAHULYHG EH
WLRQ WKHUHIRUH LWY GHULYDWLYHY QHHG WR EH FDOFXODWHG ILUVW 7k
WKURXJK WKH FKDLQ UXOH IRU HDFK RI LWV FRPSRQHQWYV $Q H[DPSOH HJ[S|
FRPSRQJéBQW ) ) )
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sE A pdPsq sqA-sAimi
2 - , A g §qAssAiml
UV_Vd g6 Wd
ZKHUH WKH VHFRQG RUGHU GHULYDWLYH UHVXOWYV LQ
1/4S£ ~ 1/“,56 g o) A'S g A@ . bEIAAZ AesAlmi
- G A B e~ A< g 8gAesAiml
v Yog % sH sA ¢ M
7R PDNH WKHHTXDWLRQV SDUDE%%&LFQ WKH VY9OPRQW IRROMHUFRGHULYDWLYH LV

LWLV QHIJOLIJLEOH LQ PDIQLWXGH FRPSDUHG WR WKH UHPDLQLQJ WHUPV
SHUWXUEDWLRQ HTXDWLRQV UHVXOWY LQ WKHIROORZLQJ VHW RI OLQHDU
"HVWHUEHHN
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$V PHQWLRQHG EHIRUH WEBQ®ZBNHROAPWHRERWK DOORZHG WR YDU)\
OLPLW WKH GHJUHHV RIITUHHGRP LQ WKH VI\VWHP DQDGGLWLRQDO HTXI
ZD\ WR DFKLHYH WKLV UHGXFWLRQ LQ GHJUHHV RI IUHHGRP LV WR PDN|
WKH VWUHDPZLVH GLVWXUEDQFHY EHFDXVH WKH VKDSH IXQFWLRQ QHH
WKH ZDYH IXQFWLRQ 7KLV FRQVWUDLQW RQ WKH VKDSH IXQFWLRQ FD(
FRQGLWLRQ JLYHQ E\

O’A—Vcw

ZKHUH WKHDVWHULVN RIWKHVKDSHIXQFWLRQLQGLFDWHY WKHFRPSO
UHVWULFWV TWRPHUH VKDSHFKDQJHVDQG WKXVUHGXFHV WKH GHJUH
+D\QHV 5HHG

':LWK SDUDOOHO IORZ QR ORQJHU DVVXPHG WKH IORZ ILHOG XVHG E
LPSURYHYVY DFFXUDF\ FRPSDUHG WR ,/67 EXW DOVR GUDVWLFDOO\ LQFU
GLVUHIDUGLQJ WKH QRQ OLQHDULWLHY LQ WKH IORZ WRWDO FRVW VW
VXFKDV/DUJH (GG\6LPXODWLRQ /(6 DQG'LUHFW1XPHULFDOGLPXODWL
WHFKQLTXH WRHVWLPDWH GLVWXUEDQFH JURZWK LQ WKHOLQHDU VWD
ZKHUH WKH ILUVW QRQ OLQHDULWLHY DSSHDU WKLV WHFKQLTXH UHPI
ZRUOGDQGFDQEHWUXVWHG WRGHSLFWFRUUHFW GLVWXUEDQFH JURZ
WKH ODPLQDU WR WXUEXOHQW WUDQVLWLRQ SURFHVV LV GRPLQDWHG
FDQ EH XVHG WR HVWLPDWH GLVWXUEDQFH JURZWK LQ WKHOLQHDU UH.
DUH VWLOO VPDOO (LWKHU WR KHOS JHQHUDWH ERXQGDU\ FRQGLWLR
GLVWXUEDQFH UHJLRQ %DFN XS ZLWK KLIJKHU ILGHOLW\ PHWKRGV LV
DSSOLFDWLRQ DQG WKHERXQGDULHV ZLWKLQ ZKLFKLW LV XVHG ,Q H[S
DUH WDNHQ GLVFUHWHO\ LQ VSDFH WKLV WHFKQLTXH FDQ DOVR EH XV
DPSOLWXGHV ZLWKLQ WKHOLQHDU UHJLRQ

1RQOLQHDU SDUDEROL]JHG 6WDELOLW\ (TXDWL

1RQOLQHDU 3DUDEROL]HG 6WDELOLW\ (TXDWLRQV DUH UHODWHG WR W
QRQOLQHDULWLHYV LQ WKH IORZ ILHOG DV ZHOO 1RW GLVUHJDUGLQJ \
SUR[LPDWLRQ RI WKH GLVWXUEDQFH JURZWK EH\RQG ZKDW /36( LV FDSE
WUDQVLWLRQ LWVHOI QRQOLQHDU GLVWXUEDQFH JURZWK XS WR WKH
'HULYDWLRQ RI WKH 136( VWDUWYV DJDLQ ZLWKV\WRW ISRIQLW XN ERLRQ HT
WLRQ 1RW QHJOHFWLQJ WKH QRQOLQHDU WHUPV DOO PXOWLSOLFDWLF
WKH ULJKW VLGH $V ZLWK /36( WKH GHULYDWLRQ LV EDVHG RQ D)RXUL
IRUP ZULWWHQ DV
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$OWKRXIK VLPLODU WR WKH /36( YHUVLRQ 136( XVHV D GRXEOH VXPPD\
DUDQJHZDIYHQXPEHUMIHQG&HQFLHY :KHUH ,/67DQG 36( RQO\LQWURGXF



1RQOLQHDU SDUDEROL]JHG 6WDELOLW\ (TXDWLRQV

PRGH PXOWLSOH PRGHV KDYH WR EH LQWURGXFHG WR REWDLQ QRQ OLQH|
IRUD FRPSOH[ FRQMXJDWH WKH VXPPDWLRQ LQVLGH WKH )RXULHU DQVDW
VXPPDWLRQ DV ZHOO UXQQLQJIURP QHJDWLYH LQILQLW\ WR SRVLWLYH LQ

3UDFWLFH ZLOO PDQGDWH WKH LQILQLW)\ YDOXHV WR EH FDSSHG DW D
DVVXPSWLRQV GLVFXVVHG ZLWK /36( KROG IRU WKHVH HTXWR/ YRQV DVVXP
VORZO\ ZKLOH WKH H[SRQHQWLDO WHUP DOORZV UDSLG FKDQJHV ZKHQ UHT
DQG WDNLQJWKHGHULYDWLYHV RIWKH )RXULHU DQVDW] VLPLODU WR WKH
WLRQ RI WKHVH GHULYDWLYHV LQWR WKH QRQOLQHDU VHW RIHTXDWLRQV
DV 136(
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$V ZLWK 36( WRR PDQ\ GHJUHHV RI IUHHGRP DUH SUHVHQW LQ WKHVH HTXDV
OLPLWHG %\ DJDLQ XVLQJ WKH QR U PO DWDLRIQRVE H VXMD\8 HR ® XFMIGRLOQIUR Z \
FDQ EH OLPLWHG WR SXUHO\ VKDSH FKDQJHV DJDLQ :HVWHUEHHN
,Q ZRUN VXFK DV &DVDFXEHUWD D+Q G NHDY DHFWEHU WD *URRWG6HW DO

KDV EHHQ VKRZQ WR DFFXUDWHO\ PDWFK '16 XQWLO FORVH WR WKH WUDQ\
GLVWXUEDQFHJURZWK SUHGLFWLRQ FRPSDUHG ZLWK WKH FRPSXWDWLRQTC
'16 LQGLFDWHY WKLV LV D YDOXDEOH PHWKRG LQ QXPHULFDO UHVHDUFK 1
'16 EXW DOVR DV D VWDQGDORQH WRRO LQ QXPHULFDO ZRUN 3UHGLFWLRC
GRZQVWUHDP RI D GLVFUHWH PHDVXUHPHQW SRLQW FDQ JLYHDGGLWLRQDC
,Q QXPHULFDO UHVHDUFK ZKHUH H[SHULPHQWDO UHVXOWYV DUH XVHG DV DQ
EHLQJ DEOH WR HVWLPDWH XSVWUHDP FRQGLWLRQV KHOSV VHW XS ERXQGI
GLPHQVLRQDO WHFKQLTXHFDQ DOVR EHH[SDQGHG WR JHQHUDWH D WKUHH
JRXULHU DQVDW] H[SDQVLRQ RI WKH UHVXOWYV
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OHWKRGROR.

7R DOORZ DFFXUDWH UHSOLFDWLRQ RI WKH H[SHULPHQWDO GDWD VHW WHK
ZLQG WXQQHO FRQGLWLRQV DV PXFKDV SRVVLEOH ,Q WKUHH VWHSYVY WKLV
WKHH[SHULPHQWDO GDWD DYDLODEOH %\ILUVW QXPHULFDOO\UHFRQVWU
VWDWH VROXWLRQ WR WKH 1DYLHU 6WRNHY HTXDWLRQV D VROLG IRXQGD!
FURVVIORZ GLVWXUEDQFHY UHVXOWY LQ D VWHDG\ '16 IORZ ILHOG ZKLFK
DYDLODEOH H[SHULPHQWDO KRWZLUH GDWD 2QFH WKH VWHDG\IORZ ILHOC
GLVWXUEDQFHV DUH LQWURGXFHG WR WULJJHU ODPLQDU WR WXUEXOHQW
SHUIRUP WKHVH VWHSV DQG KRZ WKLV LVLPSOHPHQWHGLQ '"16 LV GLVFXV!

&RPSXWDWLRQDO 'RPDLQ

7KH QXPHULFDO GRPDLQ QHHGV WR PRGHO WKH IORZRYHU WKH fVZHSW ZL
5LXV 9LGDOHV DQG .RWKRQHYRXUFHV WRPRGHO WKH IX00 ZLQG WXQQHO D
DQG ZLWK FRPSXWDWLRQDO FRVW LQ PLQG WKH GRPDLQ VL]H LV NHSW WR I
ER[ VKDSHG GRPDLQ RQ WKH SUHVVXUH VLGH RIWKH ZLQJLV XVHG DOLJQHG
HGJH 7KH QXPHULFDO GRPDLQ VKDSH DRQIXVH] DU N LYGEN X RO WKHGGRPDLQ D
IODW LPSO\LQJ WKH DLUIRLO VXUIDFHLY PRGHOOHG DV D IODW SODWH &X
SUHVVXUH JUDGLHQWYV LQVW HB®& UGSWRIQR(QPG | WKM GRPDLQ FDSWXUHV WKH
RI FURVVIORZ ZDYH JURZWK DQG WKH H[SHFWHG WUDQVLWIKkR QVKHILRQ 7KH
H[DEFW VSDQZLVH IXQGDPHQWDO ZDYHOHQJWK WR HQVXUH WKH FRUUHFW KL
KHLIJKW QHHGV WREHNHSWWRDPLQLPXP ZLWKRXW LQIOXHQFLQJWKHERX!
LQ D GRPDLQ ZLWK WKH GLBHQVLRQWRIKRUGZLVH GMUBFWLRQQ

ZDOO QRUPDO GLUHFWLRQ DQG VSDQZLVH GLUHFWLRQ 7KHFRRUGLQDWH
DOLJQHG ZLWK WKH DLUIRLO ®H D& ERU HII6 8 RDIGVUMR WKH FKRUGZLVH ZDOO
VSDQZLVH GLUHFWLRQV UHVSHEWLYHO\

JLIXUH 9LVXDOLVDWLRQ RI WKH QXPHULFDO GRPDLQ 5HSULQWHG IURP &DVDFXEHUWD +LF



OHWKRGRORJ\

%RXQGDU\ &RQGLWLRQV

7KH VLPSOH JHRPHWU\ Rl WKH QXPHULFDO GRPDLQ UHTXLUHV D QXPE}
UHVHPEOHV WKH H[SHULPHQWDO IORZILHOG RYHU WKH DLUIRLO VXUIDF
RQ DOO VLGHV WKUHH OD\HUV RI JKRVW FHOOV DUH DGGHG DURXQG Wk
DLUIRLORQ WKH IODW SODWH LV DFKLHYHG WKURXJKDQ H[WHUQDO SUH
RI WKH GRPDLQ 7KH SUHVVXUH GDWD XVHG LV DFTXLUHG IURP WKH HJ[!
DQG .RWVRQLVPSRVLQJ WKH SUHVVXUH GLVWULEXWLRQ RQ WKH WRS E
LWVHOI LV DOORZHG EDVHG RQ WKH 3UDQGWO ERXQGDU\ OD\HU HTXDW
VHFWLR@KHVH HTXDWLRQWVWHKRZH® WKDW FDVH 7KH WRS ERXQGDU\ R
DGGLWLRQDOO\ GDPSV DQ\ YHORFLW\ DQG SUHVVXUH IOXFWXDWLRQV I
sftw EAF'DSSOLHG WR WKH JKRVW FHOOV 34LHFWHOL ES®DPRWKH SUHVVXUH .
WKH WRS ERXQGDU\UHPRYHVY WKH QHHG IRU FRPSOH[ERXQGDU\ FRQGL
WKH QR VOLS ERXQGDUNFROSQWAREELWH@KH VSDQZLVH ERXQGDU\ FRQ
DUH SHULRGLF WR DGKHUH WR WKH LQILQLWH ZLQJ DVVXPSWLRQ 3HU
VSDQZLVH IXQGDPHQWDO ZDYHQXPEHU LQWR WKH GRPDLQ 7KH RXWIO
WRWDO SUHVVXUH FRQGLWLRQ @&0ZH®OO DVIKH LQIORZ ERXQGDU\ LV 2
WKH FURVVIORZ GLVWXUEDQFHV ZLOO EH SUHVFULEHG ZKLFK LV WKH W
SULPDU\DQG VHFRQGDU\LQVWDELOLWLHYVY 7KHVHZLOOLQFOXGH WKH I
GLVWXUEDQFH PRGHV 7R SUHVFULEH WKH H[SHULPHQWDO YHORFLW\
IRXUWK RUGHU SRO\ORJDULWKPLF IXQFWLRQ LV XVHG ZKLFK LV FXUYH
GDWD 'HWDLOV RQ WKLV IXIQFWILRQ@ DUH JLYHQ LQ

OHVK

7R VWXG\ WKH PHFKDQLVPV EHKLQG ODPLQDU WR WXUEXOHQW WUDQVI
ERXQGDU\OD\HUDUH QHFHVVDU\WR UHVROYH DOO UADPEBORARIIDRA RV
RQHLY GHVLUHG DW WKH ZDOO UHWDLQLQJWKH VDPH ZDOO QRUPDO Jl
UHVXOWLQJ JULG FRQVLVWYV RI UHFWDQJXODU FHOOV [ [
DQG VSDQZLVH GLUHFWLRQV UHVSHFWLYHO\ 7R FDSWXUH DOO VWUXF
JULG SRLQWV LQ ZDOO QRUPDO GLUHFWLRQ DUH HTXDOO\ VSDFHG ZLW
UHPDLQLQJ SRLQWV LQ WKLV GLUHFWLRQ DUH K\SHUEROLFDOO\ VSDFH
GRPDLQ ERXQGDU\ 7K#HHVXDOWRY D DGHTXDWHO\ EHORZ WKH UHTXL
H[DPSOH RI WKLV JULG VSRBXQHLWYEGRRLQWV LQ FKRUGZLVH DQG VSDQ(
DUHDOOHTXDOO\VSDFHG ZLWKD JULG VBRBLQJ L TEKDIMDXQHWWRIQHP I
LQGLUHFWLRQ LV UHTXLUHG WR FDSWXUH WKH VSDQZLVH IHDWXUHV W
H[SHULPHQWDO FDVH 6LPLODUUHILQHPHQWLQ[ DQG] GLUHFWLRQ LV
ORZ 6LQFH WKH IORZ PRYHV DW DQ DQJOH RI RQO\ VOLJKWO\ ODUJHU V
H[SHEFWHG WR EH UHODWLYHO\VLPLODULQ ERWK GLUHFWLRQV WKURXJ
ERWK GLUHFWLRQV FRXOG OHDG WR QXPHULFDO HUURUV LQWURGXFHG
FHOOV DUH XVHG IRU WHVWLQJ WKH '16 VHWXS %\ ILUVW FRQYHUJLQJ

mapQG M2WKH DPRXQW RI FHOOV DOVR DOORZV LQLWLDOLVDWLRQ L
UHILQHG GRPDLQ ORUH UHILQHG JULGYV DUH REWDLQHG E\VSOLWWLQJ

JLIXUH qgr'VOLFH RI WKH QXPHULFDO PHVK FRDUVHQHG IRU FODUYLDQIESG SORMWIRIYI HY
&URSSHGELAWHFWLRQ IRU FRPSU 4 KWSQWFILRLUICLMPADD § WIKEHHQWLFDO



%DVHIORZ

%DVHIORZ

'HYHORSLQJEDVHIORZERXQGDU\FRQGLWLRQVLVWKHILUVWVWHSWRZDUG
$Q DFFXUDWHPDWFK LV HVVHQWLDO DW WKLV SRLQW WR FUHDWH D VWDEO
LQWHUDFWLRQV EHWZHHQ WKH LOQWURGXFHG GLVWXUEDQFHY DQG WKH ED\
PDWFK H[SHULPHQWDO PHDVXUHPHQWY DUH SURFHVVHG WR VHUYH DV QXP|
YHORFLW\ PDJQLWXGH LQ WKH H[SHULPHQWDO WHVW VHFWLRQ LV ILUVW G
VXEWUDFWLQJ WKH VWDWLF SUHVVXUH DW WKH HQG RI WKH ZLQG WXQQHO F
EHWZHHQ WKH WXUEXOHQFH JULGV LQ WKH VHWWOLQJ FKDPEHU )URP WKL
G\QDPLF SUHMVWQUWMKH WHVW VHFWLRQ LV GHWHUPLQHG EDVHG RQ DQ HPS!
FXUYH UHVXOWLQJLQ WKHRWHVAW VHBEWYRQGMHDHRFRAYNYHU WKH EORFNDJH
UDWLR RIWKHZLQG WXQQW® ERBARMDIH DHDWHMDGRNQRZQ WR UHVXOW LQ PHLC
EORFNDJHHIIHFWV WKLWEBMLR®WR QRWLFHDEO\LPSDFW WKH YHORFLW\ |
.DWR 7KHUHIRUH D SLWRW WXEH LQ WKH WHVW VHFWLRQ LV XVHG WR
IDUHQRXJK XSVWUHDP RI WKH PRGHO WR QRW EH LPSDFWHG E\ LWV SUHVHC
UHDGLQJ RI WKH WHVW VHFWLRQ YHORFLW\ PDJQLWXGH :LWK WKLV LQIRUP
GLVWULEXWLRQ RYHU WKH DLUIRLO FDQ EH GHWHUPLQHG XVLQJWKHDYDLC

((WHUQDO 9HORFLW\O0ODJQLWXGH
7ZRURZVRISUHVVXUHWDSVDUHDYDLODEOWHLD®BR J WHKWHHWR R @ RIXW IDQJGIL F D
SURFHVVHG LQGLYLGXDOO\DW ILUVW WRDYRLG ORVV RILQIRUPDWLRQ GX
ERWKURZV VHSDUDWHO\DOORZVWKHHYDOXDWLRQRIWKHLQILQLWHZLQJLCL
YHORFLW\ SURILOH LV DYDLODEOH IRUERWK URZV ZKLFK FDQ WKHQ EHDY
QXPHULFDO VHWXS 7R REWDLQ ERWK YHORFLW\ SURILOHVY WKHILUVW VWH
WKURXJIK
r-\hZ_X(.' r]aZe\e
h - @ Te-

n
ZKHUH WKHnVWR®IGRQMPISFUHVVXUH RI WKH SLWRW WXEH LQ WKH WHVW VHF
7KH WHVW VHFWLRQ SLWRW GDWD LV GHHPHG WKH FORVHVW UHSUHVHQWD)
EHFDXVH WKH FDOLEUDWLRQ FXUYH VKRZV VOLJKW GHYLDWLRQ IURP WKH H
EORFNDJH HIITHFWYV QRW EHLQJ WDNHQ LOWR DFFRXQW &RPELQHG ZLWK W
WKH ZLQJ VXUIDFH WKH SUHVVXUH FRHIILFLHQW FXUYHV FDQ QRZ EH REWD|
LOQFRPSUHVVLEOHDQG LQYLVFLGIORZ WKH %YHUQRXOOLHTXDWLRQ FDQ WK
ILFLHQW WR UHVXOW LQDQ HTXDWLRQ IRU WKHH[WHUQDO IORZ YHORFLW\P

Z chrz

ZKHZHLVY WKH IUHH VWUHDP YHORFLW\ PDJQLWXGH GHWHUPLQHG HDUOLHU
WLRQ LV DQ DFFXUDWH GHSLFWLRQ RI WKH IORZ VWDWH KHUH BV WKH YHOT
RU ODFK ZHOO EHORZ WKH OLPLW IRULQFRPSUHVVLEOH IORZV RI 0DFK

DOORZV PRUH URRP IRU HUURUV DV LW GRHVY QRW WDNH LQWR DFFRXQW DQ
OD\HU ZKLFKPLJKW DIIHFW WKH ZDOO QRUPDO SUHVVXUH JUDGLHQW +RZF
HTXDWLRQV LW FDQ EH FRQVLGHUHG D YDOLG DVVXPSWLRQ LQ D IORZ ZLWK
LV GHHPHG WR EH VPDOO HQRXJK WR QHJOHFW DW WKLV VWDFAD G Q H[WHUQ
WKHUHIRUH EHHVWDEOLVKHG IRUHDFK RIWKHWZR SUHVVXUH WDS URZV 7]
YHU\ FORVHO\ EDVHG RQ WKH LQILQLWH VZHSW ZLQJ DVVXPSWLRQ DQG DQ
UHPDLQGHU RI WKLV ZRUN . ZH.S/LVQKH. B [GMWMKDW W KHORFLW\ PDJQLWXGH DQ
GHFRPSRVHG LQWR OHDGLQJ HGJH QRUPDO DQG WDQJHQWLDO FRPSRQHQW
'16

((WHUQDO 9HORFLW\ ' HFRPSRVLWLRQ
SLWRW WXEHVDQG SUHVVXUH WDSV RQO\DOORZ WKH HIWUDFWLRQ RI YHOR
LQSXWIRUWKUHH GLPHQVLRQDO QXPHULFDO VLPXODWLRQV 'HFRPSRVLW
JHQWLDO FRPSRQHQWV LV UHTXLUHGDQG DFKLHYHG EDVHG RQ WKH DVVXP S
WKHDVVXPSWLRQ WKDW WKHOHDGLQJ HGJH QRUPDO YHORFLW\DW WKH DW
LQYDULDQW IORZ LPSOLHVY QHJOLJLEOH HIWHUQDO SUHVVXUH JUDGLHQWYV



OHWKRGRORJ\

UHVXOWLQJLQD FRQVWDQW IUHH VWUHDP VSDQZLVH Y HYFNHWPDRYH U V
.ORNHU 7KLV VXJIJHVWV WKH VSDQZLVH YHORFLW\ RQO\ QHHGV WR
NQRZ LWV PDIJQLWXGHDWDOO SRLQWV DORQJWKHFKRUG $VVXPLQJW
WDFKPHQWOLQH ORFDWLRQLV]JHURPHDQV WKDW RQO\WKHVSDQZLVH"
VRIxn Zrn :KHQ WKLY YHORFLW\ PDJQLWXGH DW WKH DWWDFKPHQW OLQH
DOORZIRU YHORFLW\GHFRPSRVLWLRQ DORQJ WKH HQWLUH FKRUG :LV

WKH OHDGLQJ HGJH QRUPDO FRPSRQHQWYV FIXO VWP SO\ EH H{WUDFWHG |
'LWKRXW D SUHVVXUH WDS DW WKH H[F WDIMQRMF K R H5Q W HOALVD®\ GIR WD\
WKH PHDVXUHPHQW GDWD ,QVWHDG GDWD IURP WKH SUHVVXUH WDS
WKH OHDGLQJHGJH KDYHWR EH XVHG ,QWHUS R O BVWLURRX R IGWKHKIHH] SHDGLL
HGJHLV QRW VWUDLJKWIRUZDUG DVVZHSW ZLQJVKDYHDQDWWDFKPHC
LPSOLIBRHY QRW JRWR]JHURDW DQ\ SRLQW DUR X Q@GLW IGH /HD® L Q H & G H\
VWHSV )LUVW WKHDWWDFKPHQW OLQH ORFDWLRQLVY GHWHWRLQHG 7
PHDVXUHPHQW SRLQWYV WKHORFRWQRQRVY P QGLEDRVHRG D M G D W
WKLV SRLQW LV QRWHG DV WKHORFDWLRQRIWKHDWWDFKPHQW OL
GHHPHG DFFXUDWH HQRXJK WR H{WUDFW WKH YHORFLW) PDBY EMORE V
WKH ORZHVW PHDVXUHPHQW SRLQW ,QVWHDG D VHFRQG LQWHUSROD
OLQH ORFDWLRQ LV SHULRVKRHREX JKKMHPWRUBMNFFXUDW B GQWW U & RO WR®
DGDSVWHRX WKH VXFWLRQ VLGH RI WKH.Z LWQR D@ PXDWH STFIXHE B\WKD W F
D[LV %HRDXWORW VXSSRVHGWRUHDFK]HURDWDQ\SRLQWDURXQG WKF
DURXQG WKH DWWDFKPHQW OLQH ORFDWLRQ DV VHEXQH\ YVRKHHJUHHQ
GHFRPSRWVLQWRQGB WZR FRQWLQXRXV FXUYHV VKR XO0 G UFHRPSRY HDMR Q
DQG D FRQWLORRERQHQW FURVVLQJ WKH [ D[LV DW WK DWWDFKPHQW
6LQFH ERWK FRPSRQHQWYV DUH XQNQRZQ DW WKR¥ WW®DQ HGWHERR QLWLD
LV XVE\GJHVXOWLQJ IURP GHFRPSRVLWLRQ VKRXOG VKRZ D FRQWLQXRX
DWWDFKPHQW OLQH ORFDWLRQ 1 WAKH YW VRDRWHW K H FIBIP H GAMLK-DIE@ XW DE
ur HYWLPDWH LV REWDLQHG E\ VX BPWUWRWLHW RUPPSKHBHFRPSRVLWLR
LWHUDWLYH SURFHGXUH LV UHSHDWHG XQWLO WKH OHDGLQUHHGEH QR
FURVVHV JHUR DW WKH DWWDFKPHQW OLQH ORFDWLRQ DV D FRQWLQXR:

YLIXUH 6SOLQH LQWHUSRGPWLRQHR/I WK H.Q@IGVWKHHWMWWDFKPHQW OLQH ORFDWLRQ LQC
D E
YLIXUH D 6WUHDPZLVH YAPRFLYGPPDQWILWI®HKH GLVFRQWLQXWW\DURXQG WKH OHDG

OLQHLQGLFDWHY WKH DWW DI & P if @ A/SIR\VGHHEA ROFMDRWL. RERQ-Z D\OHG YAHK@RRIFGLAN Wiyl ¥ HIDURAEX QUG
WKH ZLQJ PRGHO %ODFN GDVKHG YHUWLFDO OLQH LQGLFDWHY WKH QXPHULFDO LQIORZE
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LW NQRZQ WKH LQIORZIDORQ@HWIKHEFKRUG DUH NQRZQ DV ZHOO 7R LPSU
ZLWK WKH H[SHULPHQW IXUWKHU WKH ODVW VWHS PDNHV XVH RI WKH +:$ GI
VWUHDP YHORFLW\ GDWD FDQ EH H{\WUDFWHG IURP WKHVH +:$ SODQHV DQG
REWDLQHG DQDO\WLFDOO\HDUOLHULQ WKLV VHFWLRQ :KHQ WKH YHORFLW
XS WKH QXEHUMFBDOHG XQWLO WKH GDWD VHWYV DUH DOLJQHG DV ZHOO D\
DQG UHODWLYH FRQDNUEL WRWIRDNERRZQ IURP SUHYLRXV FDOFXODWLRQV DQC
UHPDLQ FRQVWDQW WKURXJKRXW WKLY FRUUHFWLRQ SURFHVV

I1XPHULFDO ,PSOHPHQWDWLRQ

7KH 5H\QROGV QXPEHU WKH IUHH VWUHDP YHORFLW\ PDJQLWXGH DQG WK#
FDQ GLUHFWO\EH XVHG LQ D QXPHULFDO FRQWH[W 7KHIUHH VWUHDP YHOF
QHQWV DUH QRZNQRZQ DQG WKHS5H\QROGV QXPEHU ZDV PHDVXUHG GXULQJ
DQG .RWVRQLWRZHYHU WKHUHLV RQHVWHS OHIW EHIRUH '16 LPSOHPHQWD
VXUHPHQW ORFDWLRQV DUH H[SUHVVHG LQ D SHUFHQWDJH RI WKH FKRUG E
RYHU WKH DLUIRLO VXUIDFH 2Q WRS RI WKDW QXPHULFDO GDWD LV QRQ GL
OD\HU WKLFNQHVV 7R PDWFK WKH H[SHULPHQWDO GDWD ZLWK WKH QXPHUL
KDYHWREHWUDQVIRUPHGDQG QRQ GLPHQVLRQDOL]HG ,QVWHDGRIXVLQJ
DUH WUDQVIRUPHG WR WKH DLUIRLO VXUIDFHDQG H[SUHVVHG DV D GLVWDQ
GLVWDQFH FDQ GLUHFWO\EH XVHG LQ WKH IODW SODWH QXPHULFDO GRPDL
RI WKH GDWD LQWR WKH '16 VROYHU

7KH YHORFLW)\ IXQFWLRQ GHULYHG LQ WKH SUHYLRXV VHFWLRQ FRQYHU
WHP LV XVHG DV LQSXW IRU WKH '16 VROYHU 5HSUHVHQWHG DV D IRXUWK F
SUHVFULEHG LQ '16 DV

Sa Sc o obv b 06v b 0bv b o@ b

ZKHWbH DQG UHSUHVHQWY WKH VKLIW LQ VWDUWLQJ SRLQW RI WKH ER
HGJHWR WKHVWDJQDWLRQ SRLQW 7KLV YHORFLWN\GLVWULEXWLRQLV DOV
GLVWULEXWLRQ SUHVFULEHG DW WKH WRS ERXQGDU\RI WKH GRPDLQ :LWK
WKHLQIORZERXQGDU\OD\HU WI@I.FNQH—V‘&g/E’V[FQKB(FXODWHG DW

ULPDU\ &URVVIORZ ,QVWDELOLW\

B3ULPDU\ FURVVIORZ LQVWDELOLW\ LV JHQHUDWHG E\DGGLQJ VWHDG\ GLVYV
6WHDG\LPSOLHVY QR VHFRQGDU\ LQVWDELOLWLHY DUHDOORZHG DQG WKX
\HW 7KHVH SULPDU\&), DUHSUHVFULEHGDWWKHLQIORZERXQGDU\RIWKH C
FDQEHFRPSRVHGRIERWKWUDYHOOLQJDQG VWDWLRQDU\YRUWLFHV 'XHW
H[SHULPHQWDO VHWXS KRZHYHU WKHVWDWLRQDU\&),LVIRXQG GRPLQDQ'
DVWURQJVWDWLRQDU\ &), KDVWREH SUHVFULEHG QXPHULFDOO\DV ZHOO

,QIORZ %RXQGDU\ &RQGLWLRQ
7KH LQIORZ ERXQGDU\ FRQGLWLRQ UHTXLUHG WR LQLWLDWH WKH SULPDU\
QRUPDOLVHG HLJHQIXQFWLRQV DQGDQ DGHTXDWH DPSOLWXGH IRUWKHVF
HUDWH WKH VHW RI HLJHQYDOXHV DQG H VHFV XRMF KWH. RVGIF KEM G K N K/ RICEYHHDY LV
HLIJHQYDOXH S URBMMPWKRIHQIHQIXQFWLRQ WHRFWW K H, BIMVIVIORZ YHORFLWL
DQG SUHVVXUH DUH NQRZQ IURP WKH EDVHIDRY HM6 WRF S X\W IVWQR B WIHS UL
FURVVIORZ LV WLPH LQYDULDQW 7KH VSDQZLVHIXQGDPHQWDO ZDYHQXPE
WLYH ZDYHOHQJWKPRQBREQXORVE®J LQ D ¥XBOR& RRQ GLPHQVLRQDOL]HG IRL
QXPHULFBEKWFRPHY 7KHUHVXOW RI WKH HLJHQYDOXH SUREOHPV LV D OR
DQG HLJHQIXQFWLRQ VHWV 7KHVHDUHHLWKHU SDUW RIWKH GLVFUHWH RU
FDQ EH GLVWLQJXLVKHG EDVHG RQ WKHLU FKDUDFWHULVWLFV (LJHQIXQF
GLVWXUEDQFHV LQVLGH WKH ERXQGDU\OD\HU EXW JHW GDPSHG RXW H[SR(
FRQWLQXRXVVSHFWUXPHLJHQIXQFWLRQV VKRZRVFLOODWLQJEHKDYLRXU
RXW UDSLGO\ LQVLGH WKH ERXQGDU\ OD\HU %RWK VSHFWUD WKHUHIRUH
7KHHLJHQYDOXHUHTXLUHG IRUSULPDU\FURVVIORZLYV SDUWRIWKHGLVFUL
LPSRVH D GLVWXUEDQFH GLUHFWO\RQ WKH ERXQGDU\OD\HU &KRRVLQJ WK
WLRQ FRPELQDWLRQ ZLWKLQ WKLV GLVFUHWH VSHFWUXP LV GRQH WKURXJK
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RQWKHGHVLUHG HISRQHQWLDO GHFD\RI WKH GLVWXUEDQFHLQ WKH IU
RI'WKHHLIWQWRBXISDQZLVH Zb YIHQKX WEKHHUHLIJHQIXQFWLRQ WKH IROOR:

HYDOXDWHG
dAbZCA-'r

ZKHUHVY WKH HLIJH@GIWRRAWHP® FRPSRQHQW ROl WWKKHH VHELD @ DINDFHD XBIY H Q X P |
DQG \ WKH ZDOO QRUPDO FRRUGLQDWH 7KURXJK H[SRQHQWLDO ILWW
HLJHQIXQFWLRQ WKDW ILWV WKLV H[SUHVVLRQ WKH EHVW LV H[WUDFW
UHTXLUHG WR LQWURGXFH WKH SULPDU\ GLVWXUEDQFHsPRR@GHD G&H UHV
FRQVWORWN@, GLUHFWLRQ FDQ BHGIL/SBRWHRBQWR REWDLQ D WZR GLPHQ
SUHVFULEHG DW WKH GRPDLQ LQIORZ 7KLV H[SDQVLRQ LV SHUIRUPHG F

oF Fr Ahfah-sAim

ZKHWHV WKH GLVWXUEDQFH YHORFLW\ YHFWRU SUHVFULEHGWDWWHKH LQ
SUHVFULEHG GLVWXUBDWQWHK D PEOHQIXQFWLRQ YHFWRU DQG WKH H[SR(
FRQVWDRWYGGHWHUPLQHG EHWRHUHP ZXHHUR DQG FDQ EH QHJOHFWHG D
WKH SULPDU\ &), LV WLPH LQWD ULIDIQW K HYGIRPDKRXIX ORFERRIERGBQW WK
FDQ QRW EH QHJOHFWHG 6LQFH WKH QXPHULFDO GRPDLQ PDNHV XVH
SUHVFULEH ERXQGDU\ FRQGLWLRQV VHHVKLIH 8BHDPDWG &G MWPWDYHO WK U
OD\HUV RI JULG FHOOV EHIRUH HQWHULQJ WKH VLPXODWLRQ GRPDLQ

GLVWDQFEHUBFWLROQ @WHIWW WKH GLVWXUEDQFH VKDSH EWHIRUMKHW UHDF
VLPSOLILHG )RXULHU DQVDW]WKDW UHVXOWY RQO\KDV RQH XQNQRZQ ¢
GLVWXUEDQFHV %DVHG RQ WKHH[SHULPHQW &), DPSOLWXGHV FDQ EH
DW HLJKW FKRUGZLVH ORFDWLRQV ,Q WKH QXPHULFDO GRPDLQ WKH L
EH SUHVFULEHG LV IDU XSVWUHDP Rl WKHVH SODQHV FRPSOLFDWLQJ
ZLOO WKXV EH UHTXLUHG WR ILQG WKH DSSURSULDWH &), DPSOLWXGH
IDUWRR FRVWO\ WR EH IHDVLEOH VR VWDELOLW\ WRROV DUH XWLOLV}
SURFHVV $WWHPSWLQJWRILQGDQLQLWLDO &), DPSOLWXGH WKDW UH
DPSOLWXGHV DQG JURZWK UDWHV WKURXJKRXW WKH IXO0O GRPDLQ

$PSOLWXGH 'HWHUPLQDWLRQ

7ULDO DQG HUURU XVLQJ '16 WRILQG DQ XSVWUHDP ERXQGDU\ FRQGL!
VWUHDP IORZ ILHOG LV PXFK WRR FRVWO\IRU WKH FXUUHQW FRPSXWD)
QLTXHVDUHXVHG WRHVWLPDWHWKHLQIORZGLVWXUEDQFHDPSOLWXG
,FKDSWBWXPEHU RI VWDELOLW\ WRROV ZHUH RXWOLQHG FDSDEOH RI
RI GLVWXUEDQFHV LQ GLIIHUHQW SDUWV RI WKH WUDQVLWLRQ UHJLRQ
GRZQVWUHDP DQ LWHUDWLYH SURFHVV LV ZRUNHG RXW WR ILQG WKH
JHW WKH FRUUHFW IORZ ILHOG GRZQVWUHDP 136( LV WKH VWDELOLW\
RI WKH H{IWHQVLYH OLVW RI DVVXPSWLRQV L H LQFRPSUHVVLEOH IOR.
JURZWK ,/67LVWRRVLPSOLILHG WRDFFXUDWHO\UHSURGXFH WKH H[S
RQO\ZRUNVLQ WKHOLQHDUUHJLPHRIWKHIORZILHOG .QRZLQJVWURQ
LPHQW LW LV DVVXPHG QRQOLQHDU GLVWXUEDQFHV PLJKW DOUHDG\ E|
ORFDWLRQ 136(LVWKXVGHWHUPLQHG WREHPRVW VXLWDEOH IRUDFF
GLVWXUEDQFHDPSOLWXGH %DVHG RQ ZRUN SHQ LR B PHIGPK\Q B WWR Q E M
RQDJULG ZLWK  HTXLGLVWDQWO\VSDFHV VWUHDPZLVH SRLQWV DQG
SRLQWV XVLQJ VSDQZLVH)RXULHU PRGHV WKURXJKRXW WKH VLPXOL
GLVFUHWL]HG EDVHG RQ D ILUVW RUGHU EDFNZDUG (XOHU GLVFUHWLV|
&DVDFXEHUWD +LFNHO HW DO

8S WR WKLV SRLQW DOOLQIRUPDWLRQ WR UXQ 136(LV NQRZQ H[FHS\
FRQYHQLHQW VLQFHDQRSWLPLVDWLRQ ORRSFDQEHFRQVWUXFWHG EL
ekglgd pBGQFWLRQ LV XVHG IRU WKLV SXUSRVH EDVHG RQ WKH 1HOGHU
HW DO 7KLV GLUHFW VHDUFK PHWKRG GRHVY QRW PDNH XVH RI GHULYTC
QRQOLQHDU RSWLPLVDWLRQ SURFHGXUHV DQG DUULYHV DW WKH RSWL
LQSXW LWPLQLPLVHVDSUHGHILQHG HUURU 7KHFRUUHFW GHILQLWLR
IXQFWLRQLQJ RI WKH RSWLPLVDWLRQ SURFHGXUH 8VLQJWKH GLVWXU
SURILOHV DVNKRPZEEUH WZR YDOLG RSWLRQV EXW WR FRPELQH WKH OD
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LOQWR WKLV VLQJOH HUURU PHWULF WKH XVH RI WKH GLVWXUEDQFH SURIL
WDNLQJ WKHVSDQZLVH URRW PHDQ VTXDUH RI WKHWLPH DYHUDJHG GLVW?

9
&dAw O —|$ VAW, x¢, VB4 W 7
c/AE»

ZKHWAW AV WKH GLVWXUBD® FW IS RILPDH DYHUDJHG YHBRWFILW\WBIOHDQH DQG
GLVWXUEHG EDVHIORZ SURILOH 5LXV$OMWRABHY$ SRRER®QW\ PHDVXUHV D V
FLILF VXP RI YHORFLW\ FRPISROH QMY IH”* WKH QXPHULFDO YHORFLW\ FRPSF
KDYHWREH SURFHVVHG LQ WKH VB PIS \&BAK $\WVWARDGMHPGE QO LRQDO 136( UHVXO
EH HISDQGHG LQ WKUHH GLPHQVLRQV XVLQUTWHEW ) R QUK HFRK IOVRZ MVJIIRH Q E
HDV\H[WUDFWLRQ RI WKH 136( GDWD DW WKH ORFDWLRQ RI WKH +:$ SODQHYV
FRPSRQHQWYVY WR REWDLQ DWQRPKBULEBQ FDORXARWLQJ WKH(GXDWXUEDQFH
WLRQDOORZV IRUD GLUHFW FRPSDULVRQ 7KH HUURU LV WKHQ FDOFXODW |
WKH RYHUODSSLQJ VHFWLRQV R) WKW R XUKHHR/RIWZV. K RIZFXUYHY DUH FURSSH(
WKH ZDOO WR HQVXUH WKH GDWD XVHG IRUHUURU HVWLPDWLRQLV QRW DIIF
WKH ZDOO %\ VXEWUDFWLQJWKHRYHUODSSLQJVHFWLRQV RI WKH FXUYHV
\ D[LV DVLQJOH YDOXH WKDW GHVFULEHV WKH HUURU LV REWDLQHG &RPE
HLJKW SODQHV UHVXOWY LQ WKH TXDQWLILFDWXRQ RRWKHWRYWKBHOO HUUR
YDOsKy lgqd pPBQLPLVHV E\ YDU\LQJWKHLQIORZDPSRLWXGHKH%S$VVYQLWLDO DF
XVHG EDVHGRQ '16 UHVHDUFK ZRUNRQ YHU\VLPLODU IORZILHOGV SHUIRUF

BV w da AV w Rokp

qr V\ \'
JLIXUH D 'LVWXUEHG EDVHIORZ H[DPSOH SURIL@HIQEGCLFO(W L QG HW D R UEE B W HBIRSO B
SURILOH FRP S Dt D@QX+1 86 ( GDWD

ODWFKLQJWKHVWDWLRQDU\FURVVIORZJURZWK ZLWK WKHH[SHULPHQWD
UHVHDUFK DQG WKH SURFHVV GHVFULEHG VR IDU FDQ DOORZ IRU HUURUV W
PLQGVHYHUDO FKHFNVWR SHUIRUP GXULQJWKLVRSWLPLVDWLRQ SURFHGX
WKHRSWLPLVDWLRQ FRGH WKH 136( FRGH XVHGLVYDOLGDWHG WKURXJK S
GXULQJ WKLY SURMHFW ZDV GHYHORSHG L@ ®&&8 XWH 6 \WHKVYW KUKERXW SURMH
WKH SDVW &DVDFXEHUWD -+DIFRNHHY HHGWDDFRADRVH PDWFK EHWZHHQ 136( DQG
D YHU\VLPLODU FURVVIORZ VHWXS XVLQJ WKH VDPH LQ KRXVH VROYHU L
+LFNHO HW D®OYDLODEOH WKH FRUUHFW LPSOHPHQWDWLRQ RI WKH 136( V
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LV YDOLGDWHG E\ PDWFKLQJ WKH '16 GDWD DJDLQ +DYLQJHQVXUHG W
RSWLPLVDWLRQWRROFDQEHUXQ EXWFDUHKDVWREHWDNHQWRDYRL
ORZHU ILGHOLW\RSWLPLVDWLRQV IURP YHU\ GLITHUHQW LQLWLDO DPS(
EHLQJUHDFKHG 7KLV VKRXOG UHVXOW LQ WKH FRQFEOXVL—R@VWKDWWK}
GRHV QRW DIIHFW WKH UHVXOW EXW PHUHO\VSHHGV XS WKH RSWLPLYV
UHVXOW 7R DOVR DYRLG WKH GLVSURSRUWLRQDO LQIOXHQFH RI D VL
PXOWLSOH RSWLPLVDWLRQV ZLWK GLITHUHQW VHWY RI KRWZLUH SODQ
VDPH 7HVWLQJ GLIITHUHQW PHWKRGV WR GHWHUPLQH WKH HUURU LV D
HUURUGHWHUPLOQDWLRQ PHWKRGV  DYDLODEOH GR QRWUHVXOWLQ VLJ
DFFXUDF\ $OWKRXJKWKHGLVWXUEDQFH SURILOHVDUHREMHFWLYHO\
JRRG WR DOVR NHHS WUDFN RI WKH GLVWXUEDQFH DPSOLWXGH DQG WK
FRXOG ZHOO EHWR GLUHFWO\ FRPSDUH WKH KRWZLUH SODQH FRQWRXL
136( GDWD FDQ EH PDGH WKUHH GLPHQVLRQDO XVLQJWKH )RXULHU DQ\

JUHH 6 WUHDP 7XUEXOHQFH *HQHUDWLRQ

,PSOHPHQWDWLRQ RIIUHH VWUHDP WXUEXOHQFHLQWR WKH IORZ VLPX
SULQFLSOHV XVHG LQ WKH SULPDU\FURVVIORZVHWXS ZLWKDQDGGHG
DVLQJOHPRGH WR LQLWLDWH WKH GLVWXUEDQFH IUHH VWUHDP WXUE
WR UHSOLFDWH WKH FKDUDFWHULVWLFV RI LVRWURSLF WXUEXOHQFH
6FKODWWHMQG %UDQGW HWEWRERWK XVHG WKH VDPH SULQFLSOHV DSSO
RITORZILHOGV 7KURXJK WKH VHOHFWLRQ RI SVHXGR UDQGRP VHWV RI
HLJHQYDOXHV DQG HLJHQIXQFWLRQV ZLOO EH H{IWUDFWHG WKDW VHU)\
WXUEXOHQFH VLPXODWLRQ ,QVWHDG RI WKH GLVFUHWH HLJHQYDOXH
XVHG ZLWK HLJHQIXQFWLRQV WKDW RVFLOODWH LQ WKH IUHH VWUHD
OD\HU 7KH ZHLJKW RI WKH HLIJHQIXQFWLRQV LV GHWHUPLQHG WKURXJ
LOQWHQVLW\DQG WKH WXUEXOHQFH LQWHJUDO OHQJWK VFDOH ([DFWC
IRUP WKH IUHH VWUHDP WXUEXOHQFH GHSHQGV RQ WKH GHVLUHG UDQG

D QXPEHU EHWZHHQ DQG PRGHV LQ WRW®HOD %G ®W]HW ')® R WIOF
7HVWV XVLQJ GLIIHUHQW QXPEHUV RI SRLQWY KDYH EHHQ SHUIRU
FOXGLQJ WKH ORZHU OLPLW RI IUHH VWUHDP WXUEXOHQFH PRGHYV L\

LQ WKLV VHWXS 7KH ILUVW VWHS LV VHOHEWLQJ VHWV RI ZDYHQXPE
UHVXOWLQJHLJHQYDOXHV DQG HLJHQIXQFWLRQV DUH WKHQ ILOWHUHG
IRUHDFK ZDYHQXPEHU VHW 7KHVH HLJHQIXQFWLRQV DUH WKHQ JLYHC
LQSXWLQ '16

‘DYHQXPEHUG6HOHFWLRQ

JUHH VWUHDP WXUEXOHQFH LQIORZ PRGHV FDQ EH JHQHUDWHG XVLQJ
WKUHH ZDYHQXPEHUV GHVFULELQJ WKH ZDYH FKDUWDRWIOOLYWUPD Q @&
UHFWARMQG VSDQZLVHOGLUKHFPWALRI)YHQXPEHUY FDQ WKHQ EH XVHG HLW
/67 HTXDWLRQV WR REWDLQ HLIJIHQYDOXHYV DQG HLIJHQIXQFWLRQ RU IR
I[URP WKH PDQV\UHVXOWY SURYLGHG E\ ,/67 %DVHG RQ 7D\ORIZTV )UR]H(
WKHLQSXW UHTXLUHG IRU ,/676UWDEAVWRH BWRY XGFHG DV LOGLAWW W HNG TV K
RVFLOODWLRQ SDWWHUQ RI WKH HLIHQIXQFWLRQ GXULQJ WKH ILOWHU
VHWV RI ZDYHQXPEHUVY ZLOO KDYHWR EH VHOHFWHG EHIRUHLVRWURS|
WKH SULQFLSOH EHKLQG WKH ZDYHQXPEHU VHOHFWLRQ LV UDQGRPQH
ZDYHQXPEHU UDQGRPO\LV UHTXLUHG 7KH OLPLWV WR WKHVH UDQJHV |
SK\WWLFV DQG JULG UHVROXWLRQ WKURXJKRXW WKH GRPDLQ (DFK ZDY
VSRQGLQJ ZDYHOHQIJWKHUHY WKH ZDYHQXPEHU YHFWRU .HHSLQJ LQ |
WKHRUHP ZDYHVY QHHG WR EH VDPSOHG DW D FHUWDLQ UDWH WR EH GH
ORFDWHG RQ HDFK ZDYH EHIRUH WKH\FDQ EH FKDUDFWHULVHG ,Q WKL
IRXU JULG SRLQWYV QHHG WR EH ZLWKLQ HDFK ZDYHOHQJWK 7KLV SURY
UDQJHV ZKLOHWKHORZHU OLPLW QHHGVY WR PDNH VXUH WKH ZDYHOHQ.
LQWKHUHVSHFWLYH GLUHFWLRQ 'HSHQGLQJRQ WKH ZDYHQXPEHU DC
SODFH 7KH VSDQZLVH ZDYHQXPEHU LV PRVW UHVWULFWHG DQG FDQ F
VSDQZLVH ZDYHQXPERKUENIWKE WRERHULPHQW 7KHUHIRUH WKH XSSHU C



JUHH 6WUHDP 7XUEXOHQFH *HQHUDWLRQ

ZDYHQXPEHU UBQJH LKV ZKHUH WKH ORZHU OLPLW LV EDVHG RQ WKH JULG U}
IRXU WLPHV WKH VSDQZLVH BHOO VE]A*"HRIXDOOL/QPLWY RI WKH VWUHDPZLV
ZDYHQXPRHEHIH HQWLUHO\ EDVHG RQ WKH JULG XVHG 7R HQVXUH WKH JULG S
HUDWHG WKH ZDYHOHQJWK PXVW EH OD U JHURV KDXQM RXRWJIO D G FHDW K DRUN Z
WKH GRPDLQ OHQJWHKP ROKH UDQIMWRXYV OLHV EHW DIQHQ ,Q WKH

ZDOO QRUPDO GLUHFWLRQ WKH RQWR BK\®DEDBWWKIDW JHMITRLBMYQJI WKH V
FULWHUL® ®MWZQMPKLWHG WR D ZDYHOHQJWK EHWZHHQ IRXUJULG FHOOV DQG
UHVX GBI DY®QXPEHUV EBIQU@HHQ

D E

JLIXUH D 'LVWULEXWLRQ RI SRLQWYV RQ D VSKHUH ZLWK IL[H & ZDLWHXIFEEAWLRDIRQWBRE K ' X
VSKHUH VHFWLRQ ZKHUH WKH T TXHVWLRQ PDUNV LQGLFDE\DQWMH UDQGRPO\FKRVHQ DQJOHYV Et

'LWKWKHDOORZHG UDQJHV RIZDYHQXPEHUY GHWHUPLQHG VHWY QHH
WKHVH UDQJHY $ UHOLDEOH DQG UHSHDWDEOH PHWKRG WR VHOHFW WKH
VSKHUHY DV DOVR XVHG DQG GHVFULEHBOER W RKODMAWKHDO]HU DQG )DVHO

7KLY DSSURDFK VWDUWV E\ JHQHUDWLQJ D WKUHH GLPHQVLRQDO D|[
VHOQWLQJ RQH RIWKH ZDYHQXPEHUV ZLWKLQ ZKLFK D QXPEHU RI FRQFHQW
JLQ DV VKRZQXAJH 7KH UDGLXV RI WKH VSKHUHV LV WKH WRBRWDO ZDYHQXF
6% 6% 0% 7TKH VPDOOHVW DQG ODUJHVW VSKHUHV DUH OLPLWHG E\ WKH PLCQ
DEOHUDQJHVRIHDFKZDYHQXPEHU W\SH 7TRHQVXUH WKHWKUHH ZDYHQXPE
ZDYHQXPEHU PDIJQLWXGH WKHOLPLWLQJVSKHUHV GRQRWKDYH WKHVPDO
7KHVPDOOHVW VSKHUH LX®IL® VW HKGIEYD * kgl 6 “DQG WKH ODUJHVW VSKHU

E\iU kgl 6% kv 6% kgl 6% 7KHPLQLPXP VSKHUH UDGLXV XVHBQ® WKHUHIRI
WKH PD[LPXP LV (TXDOO\VSDFHG EHWZHHQ WKH VPDOOHVW DQG ODUJHVW \
QXPEHU RI FRQFHQWULF VSKHUHV DUH DBAJRIS® V #hW D Q/GBW HHWHB ODQ G WKLV L
VDPH DPRXQW RI VSKHUHV XVHG LQ WKLV UHVHDUFK ORUH FBQREH XVHG D
SRVHV WKH XVHRI VSKHUHV EXW LV GHHPHG HQRXJKIRUVXIILFLHQWO\ |
LQ WKLV IORZ ILHOG 2Q HDFK RI WKHVH VSKHUHV DQ HTXDO QXPEHU RI SRL
PRGHV UHTXLUHG KHUH SRLQWY SHU VSKHUH DUH WKHUHIRUH VHOHFWHG
FKRVHQ ZKLOH EHLQJ HTXDOO\VSDFHG $ FRPPRQO\XVHG WHFKQLTXH LV W
DPRXQW RI FRUQHUV DV SRLQWYV DUH UHTXLUHG 30ODFLQJ WKLV SRO\KHGU
DQJOH DQG VHOHFWLQJ WKH LQWHUVHFWLRQ SRLQWV RI ERWK LQGLFDWH
RIWKH SRO\KHGURQ IRUHDFK VSKHUHDGGY WKH GHJUHHRIUDQGRPQHVV Ul

%HFDXVH WKH VSDQZLVH ZDYHQXPEHU LV OLPLWHG WR GLVFUHWH P X
WKLY WHFKQLTXH LY QRW DSSURSULDWH KHUH ,QVWHDG WKH FKRLEH LV P
WZR VWHSV )LUVW WKHVSDQZLVHZDYHQXPEHUV IRUHDFKVSKHUHDUH VH
UDGLXV DV WKH VSKHUH 2Q WKLV FLUFOH D QXPEHU RI SRLQWYV QHHG WR E
VIXDUHURRW RI WKH WRWDO SRLQWV RQ WKHVSKHUH :LWKDOO ZDYHQXPE
VSKHUH LV XVHG D QG WKIHUW VRIUHHWIKOH/ R VHOHFWHG RQDIXKXBUWEU RI D FLLU
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,Q WKLV FDVH ZLWKLQ HDFK TXDUWHU FLUFOH IRXU SRLQWYV KDYH WR
LV GRQH XVLQJ FRQJUXHQW DQJOHV VSOLWWLQJ WKH fTXDUWHU FLL
SRLQW LV VSDFHG DW DQ fDQJPH DS U\ VI KKIRRRPLLY OHIW WR UD Q¢
WDWH WKHVH SRLQWV E\DQ DQJOH EHWZHHQ fDQG fWRHQVXUHUDQC
%\ SURMHFWLQJWKHVH SRLQWY RQWR WKH [ D[LVDQG URXQGLQJ WKHV
YDOXH WKH VSDQZLVH ZDYHQXP BHILW VWH EXWYRQ VIXWMP LV UHSUHV
JLIXUH 7EHVH ZDYHQXPEHUV LQGLFDWH WKH GLITHUHQW DOORZHG VSD
WKH WRWDO DPRXQW RI SRLQWV UHTXLUHG FDQ UHWXUQ PXOWLSOH WL

TKHDPRXQWRIWLPHVHDFKVSDQZLVHZDYHQXPEHUUHWXUQV LV EDVI
ZDYHQXPEHU HVVHQWLDOO\JHQHUDWHY DQHZ FLUFOH ZKHDR[LFDMQLQ
WKH VHGHMMOKE LOWHUVHFWLQJ ZLWK WKH VS KHWHKHAKRDO D BHIHW RAHKH
JHQHUDWHG E\ WKH LOWHUXHHAWLE® VZIDOYOLEXMNDO UHSUHVHQWDWLRQ RI
JHQHUDWHG IURPWKHLQWHUVHFWLRQ ZLWK WKH '"VSKHUH )RXU RI WK
IRXU SRYYWOXHY 7KH SRLQWV WKDW QHHG WR EH GLVWULEXWHG RQ F
RQWKHVHIRXUFLUFOHYV 7KLVLVGRQHEDVHGRQHDFKFLUFOHTV FLUF.
FLUFOHVLVVXPPHGDQGHDFKFLUFOHJHWVDVVLIQHGDIUDFWLRQ RIW
FRPSDUHG WR WKH WRWDO FLUFXPIHUHQFH VXP 2QFH WKH DPRXQW RI
SRLQWV DUHGLVWULEXWHG RQWKHFLUFOHV LQ WKBRGHOD QW &/ DWPKHHZIQ DY
LVGLIIHUHQWEDVHGRQWKHQXPEHURISRLQWYV EXW WK&BQEDQA SOH U
VHOHFWHG VLPXOWDQHRXVO\ QR SURMHFWLRQ LV QHFHVVDU\ DQG Wk
I[URP ERWK D[HV 7KLV SULQF)ISXHHYV SHSXDWILVHOMKLY SURFHVV IRU H
UHVXOWYV LQ VHWYV RI WKUHH ZDYHQXPEHUV ZKLFKFDQ EH XVHG WR J
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YLIXUH D 'VOLFHV RIWKH 'ZDYHQXPEHU VSKHUHV DW FRQXNKEDDEE GLMMN U REKX\T L B 6 \
VA\VWHP RQ HDFK 'VOLFH ZKHUH WKH TXHVWLRQ PDUNV LQGAFQ®AM UDQGRPO\ FKRVHQ DQ

(LJHQIXQFWLRQ ([WUDFWLRQ

-XVW DV ZLWK WKH SULPDU\ FURVVIORZ PRGH ,/67 LV XVHG WR JHQHUD
VSHFWUXP EDVHG RQ HDFK RIWKH ZDYHQXPEHU VHWYV :KHUH WKH GLVF
IRUWKH SULPDU\ FURVVIORZ GLVWXUEDQFH WKHFRQWLQXRXV VSHFW
OHQFH 7KLV WKHRUHWLFDOO\LQILQLWH VSHFWUXP RIHLIHQYDOXHV I
EHKDYLRXU RXWVLGH WKH ERXQGDU\ ObD\HU ,QVLGH WKH ERXQGDU\ OI
ZKLOH RXWVLGH WKH ERXQGDU\ OD\HU WKH\ FRQYHUM WRZDKHGV D FF
GDPSHG EHKDYLRXU LQVLGH WKH ERXQGDU\ OD\HU LV WKH UHVXOW RI
LW\ RI WKH FRQWLQXRXV 2UU 6RPPHUIHOG PRGHV WR SHQHWUDWH LQW

KHQ D ODUJH QXPEHU RIWKHVH RVFLOODWRU\PRGHV DUH VXPPHG
ILOH WKDW UHVXOWY UHVHPEOHYV LVRWURSLF IUHH VWUHDP WXUEXOH:
WKHFRQWLQXRXV VSHFWUXP VKRZLQJ RVFLORXRDWRU\ PRWLRQ LV SUHVE



JUHH 6WUHDP 7XUEXOHQFH *HQHUDWLRQ

JLIXUH XHIDAWG LPDIKkYBODUWY RIDQ HLIHQIXQFWLRQ LQ WKHFRQWLQXRXV VSHFWUXP *URV

7KLV LV RQO\RQHRI D ODUJH VSHFWUXP ,/67 RXWSXWV IRUD VLQJOH ZDY|
VWUHDP WXUEXOHQFH D VSHFLILF HLIHQIXQFWLRQ DQG HLIJHQYDOXH IUR
EH VHOHFWHG IRU HDFK PRGH 7KLV LV GRQH XVL® X MWMKHK A GW QW H ¥ DMK HD
ZDOO QRUPDO RVFLOODWLRQ SDWWHUQ GHVLUHG ,I WKH FRQWLQXRXV V¢
HLIHQIXQFWLRQ DQG HLIHQYDOXH SDLU FRXOG EH SLFNHG +RZHYHU EHF
FROQWLQXRXV VSHFWUXP WKDW UHVXOWV IURP ,/67 LV QRW LQILQLWH LQ VL]
SRO\QRPLDO 7KHUHIRUH FXUYH ILWWLQJ WR ILQG WKH FORVHVW PDWFKLC
ZDYHQXPEHRPELQHG ZLWK WWHDHLRNQGYOOBRWRU\ FXUYH FDQ EH JHQHUDWHG

tA d'r dAr dZr w2 E

7KLV FXUYH UHSUHVHQWY WKH GHVLUHG HLJHQIXQFWLRQ EHKDYLRXU IRU
ILWWLQJ WKH FRQWLQXRXV PRGH HLJHQIXQFWLRQV JHQHUDWHG ZLWK ,/67
VHOHFWHG 7KLV HLJHQIXQFWLRQ DQG LWV DFFRPSDQ\LQJHLJHQYDOXH DU
VROYHU 7KH SURFHVV LV UHSHDWHG IRUDOO GLVWXUEDQFH PRGHV :L!
YDOXHV IRU HDFK RI WKH GLVWXUEDQFH PRGHVY NQRZQ WKH RQO\ PLVVL
ERXQGDU\ FRQGLWLRQV FDQ EH JHQHUDWHG DUH WKH ZHLJKWV 7KH HLJHQ
DQG WKHUHIRUH UHTXLUH DGHTXDWH ZHLJKWYVY WR GHWHUPLQH WKHLU FRQ
7KH ZHLJKW RI HDFK HLJHQIXQFWLRQ LV DVVLJQHG DV D ZDYH DPSOLWXGH |

$PSOLWXGH 'HWHUPLQDWLRQ

'LWK WKH HLJHQYDOXHV DQG HLJHQIXQFWLRQV IRUHDFK PRGHNQRZQ WKH
DVVLIJQHG WR HDFK HLJHQIXQFWLRQ 'HWHUPLQLQJ WKLV DPSOLWXGH UHT
FDOFXODWHG WKH WXUEXOHQFH LQWHJUDO OHQJWK VFDOH DQG WKH WXL
FKDUDFWHULVWLFERIWKHZLQG WXQQHO EXWFDQDOVREHH[WUDFWHG IURT
UHTXLUHG IRUWKLVY UHVHDUFK 8VLQJD +:$ SUREH SODFHG RXWVLGH RI WKF
YHORFLW\ SURILOH LV H{(WUDFWHG 6XEWUDFWLQJWKH PHDQ YHORFLW\ IUF
VTXDUHG YDOXH UHVXOWVLQ WKHWXUEXOHQFHLQWHQVLW\ 8QGHUVWDQC
EDVHGRQ YHORFLW WDVRUWEEGHWKH +:$ SUREHDQG QRW YLD WKH VWDQGDU
YHORFLW\ FRPSRQHQWY $ FRUUHFWLRQ ZLOO QHHG WR EH DSSOLHG WR W
KDSSHQV ULJKW EHIRUH LPSOHPHQWDWLRQ LQWR '16 )RU QRZ WKLV YDO X
LQWHJUDO OHQJWK VFDOH LV WKH RQO\ XQNQRZQ OHIW 5HSUHVHQWLQJ W
ILHOG WKLV YDOXH FDQ EH H{WUDFWHG XVLQJ WKH DXWR FRUUHODWLRQ IX
YHORFLW\ GDWD 6LQFH PHDVXUHPHQWY RQ D VLQJOH SRLQW DUH XVHG W
ILUVW GHWHUPLQHG 7KHDXWR FRUUHODWLRQ IXQFWLRQDVVHVVHV YHOREF
ORRNV IRUVHOI VLPLODULWLHVLQ WKHVLJQDO WRGHWHUPLQHKRZORQJL
ZD\WRIDVVHVVLQJ WKHDXWR FRUUHODWLRQ IXQFWLRQ H[LVW EXW PRVW F
UHDFKHV JHUR LV WDNHQ 7UXWK WWHWXUEXOHQFH LQWHJUDO WLPH VFDOF
VFDOH LV REWDLQHG E\PXOWLSO\LQJWKH WLPH VFDOH E\WKH IUHH VWUHD
IRUP WKLV DXWR FRUUHODWLRQ IXQFWLRQ LY UHSUHVHQWHG DV
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'LWK ERWK WKH WXUEXOHQ F HL QDVHI WIKG®! WHKYBEXIOMPFEH QWHQVLW\ N
LQ WKH IORZILHOG DVVRFLDWHG ZLWK HDFK ZDYHQXPEHU PDJQLWXGH F
IRUPXOD
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ZKHYBLY WKH WXUEXOHQFH LQWHQVLWYUIY D O X\D ¥ H ULDHEVEIHRIQPDIIRQ W/ X
Q,LVWKHWXUEXOHQFHLQWHJUDO OHQJWK VFDOH 7KHUHVXOWLV DQ H
HIDPSOH LV VKRZQHQ:DWK WKH HQHUJ\DVVLJQHG WR HDFK ZDYHQXPEH
SHUVSKHUHLV NQRZQDV ZHOO 7KURXJKD VLPSOHHTXDWLRQ WKLV HC
RYHU WKH QXPEHU RI SRLQWV RQ HDFK VSKHUH DV JLYHQ E\

J i Ad
Si

ZKHWHLY WKH VSDFLQJ EHWZHHQSWIZ\R W B K HQUHP\E HOIQRSI SRLQWV SHU VSK
YDULDEOHY UHTXLUHG IRU '16 LPSOHPHQWDWLRQ NQRZQ RQO\ RQH WK
EXOHQFH LQWHQVLW\ FRUUHFWLRQ PHQWLRQHG HDUOLHU )RU WKLV W
FRQVWUXFWFGXWLRQQ/ XPPLQJDOO PRGHYV

3/400
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7KLY UHVXOWV LQD SODQH VLPLOPUXMRHWERKEHHIBRSBW UIRSHE FHORFL W\
LPSRVH WXUEXOHQFH RQ WKHIUHH VWUHDP IORZ EXW JHW GDPSHG RXYV
WXUEXOHQFHLQWHQVLW\LPSRVHG RQ WKHIUHH VWUHDP IORZ E\ WKLV
E\WKH KRWZLUH %RWK WKH SODQH DQG WKH KRWZLUH GDWD VKRXOG |
FDVH WKH GLIITIHUHQFH QHHGV WR EH GHWHUPLQHG DQG HYHU\ DPSOL)\
EHIRUHLQSXWLQ '16 7KLVHQVXUHV WKHWXUEXOHQFHLQWHQVLW\LPE
PHDVXUHG GXULQJ WKH H[SHULPHQW

D E

JLIXUH D (QHUJ\GLVWULEXWLRQ RYHU WKH ZD YEH QMPEHIDWS DOHORRMIRRXQGDU\ FRQG
IUHH VWUHDP WXUEXOHQFH LPSOHPHQWDWLRQ %DO]JHU )DVHO
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7KURXJKRXW WKLV ZRUN WKH ,1&$ VROYHU LV XVHG WR SHUIRUP '16 'HYHO
YHUVLW\RI 7HFKQRORJ\ WKLV LV DQ HIWHQVLYH PXOWL SK\VLFV &)' VROYH!
FRPSOH[ /(6 DQG '16 VLPXODWLRQV ¥KENHQOWMHBPGURYLGHY WKH IOH[LELOI
IRUWKH XVHDQG LPSOHPHQWDWLRQ RI WKH QXPHULFDO WHFKQLTXHV SURS
WKLUG RUGHU 5XQJH .XWWD PHWKRG WKH IDYLHU 6WRNHV HTXDWLRQV DU
IORZ ILHOG $V D JHQHUDO FR QHRIWR R HVFK HWHWPLSIR WPIOHG U LY DWLY HV
FKRVHQ )RUDQHIILFLHQW ZD\RIUHSURGXFLQJWKHH[SHULPHQWDO IORZ |
WKLY FKDSWHU LV LPSOHPHQWHG LQ VWHSY )ROORZLQJWKHRUGHU RI WKL
WKDW QHHGYV WR EH PDWFKHG ZLWK H[SHULPHQWDO GDWD 'XH WR WKH VSD(
IORZXLQLUHFWLRQ GRHYVY QRW QHHG WR EH UHVROYHG 7KLV DOORZV WKH UH
FHOOV VDYLQJFRQVLGHUDEOHUHVRXUFHV DW WKLV VWDJHRIWKHVLPXOD
UHTXLUHV VHYHUDO SDUDPHWHUV WR EH SDVVHG WR WKH VROYHU LQFOXG
VWUHDP YHORFLW\ FRPSRQHQWY DW WKH LQIORZ SODQH 7KH H[WHUQDO Y
GLUHFWLRQ FUREXBPWHRK GUHVFULEHG WKURXJK D ORJDULWKPLF SRO\Q
FLHQWV DV ZHOO DV WKH RIIVHW DGGHG WR WDNH LQWR DFFRXQW WKH DWV
(TXDWLRQQFH WKH VROXWLRQ EDVHG RQ WKHVH SDUDPHWHUV FRQYHUJHYV
VROXWLRQ UHPDLQV 7KH RQO\H[SHULPHQWDO GDWD WKDW FDQ EH XVHG IF
VXUH GLVWULEXWLRQ RI WKH ZLQJ %RXQGDU\OD\HU WKHRU\ LV XVHG DV D
EDVHIORZ UHVXOWV :KHQ DOO WKUHH GDWD W\SHV DJUHH ZHOO ZLWK HDFK
FDQEHLQLWLDWHG

7RVLPXODWH WKLV VWHDG\IORZILHOG E\LQWURGXFLQJSULPDU\&), DIO
VLRQV LV UHTXLUHG DJDLQ DFKLHYHG E\ PXOWLSO\LQJ WKH WRWDO QXPEF
DGDSWDWLRQ RQO\DGGLQJ WKH SULPDU\ FURVVIORZ GLVWXUEDQFH PRGH
WULJJHU SULPDU\ FURVVIORZLQVWDELOLWLHV 7KLV FRQVLVWV RIDVHW R
YDOXH D VSDQZLVH ZDYHQXPEHU DQG D WHPSRUDO IUHTXHQF\ DORQJ ZLW
QRUPDOLVHG HLJHQIXQFWLRQV )JURP WKHVHLQSXWV WKHLQIORZ GLVWXU

of Fr AAPFaArs

ZKHWVH >s t YU®WKH GLVWXUEDQ&W BIR $IQ I WX GBIONKH VRIBQZLVH IXQGDPHQWD
ZDYHQXPEHU $GGLQJWKLV GLVWXUEDQFH SODQH WR WKH H[LVWLQJLQIOR
FRQYHUJHQFH LVVXHV 7R UHDFK IXO0 FRQYHUJHQFH DQG HQIRUFH D VWD
JUHTXHQF\ GDPSLQJ 6)' LV WKHUHBRUH DSGOLOOGMKRRRXWIORZ ERXQGDU\
GRPDLQ 'RZQVWWHDP R6)'LV DSSOLHG DFURVV WKH IXO0 ZLGWK DQG KHLJ
,Q WKLV UHJLRQ WKH FRQYHUJHQFH FULWHULR®R QR UFM® 8 F WEKBVWH. Gl IGUHE BH
EHWZHHQ WKH LQVWDQWDQHRXV IORZ VRO XW L RS HI @ G WHGH MeRVEX\BY V'V | L O W F
QHZ FRQYHUJHQFH WRUJHW &L VAIHW WR 7KH JRDO RI WKLV PHWKRG LV WR RE
VWHDG\ VWD WHHRMOMWR@ KH LQVW D& WoHE BB XW \GROX IV NRXRZQ VWDWH Wk
ORZ SDVV ILOWHUHG VROXWLRQ LV LQVWHDGZXVFAK UBMNIHIHYROXWLRQ HT X

Ao ¢ T¢TA H

ZKHUMY WLPH GHULYDWLYH RI WKHd QQ@B RMW Q R & RX\QHDWXIVDYRG U 6 WRNHV
WRU &DVDFXEHUWD HWWIOH IHHGEDFN FRQWURO FRHIILFLHQW VHW WR VX
XQVWDEOH IUHTXHQFLHV %HFDXVHWKHLQWHJUDO GHILQLWLRQRIDORZ S
WHQVLYH VLQFHWKHFRPSOHWH WLPHKLVWRU\RIWKHVLJQDO ZRXOG QHH(
IRUP LV EHLQJ XVHG

o¢ Mo
23 ;: Al
ALV UHIHUUHG WR DV WKH WLPH FRQVWDQW UHSODFLQJ VWMKH FXW RII IUHTX
cCNHUYLN HW D@KLYV GLIITHUHQWLDO IRUP FDQ EH WLPH PDUFKHG OHVV FRPF
UHVXOWV LQDQ HDVLHU ZD\ RI LPSOHPHQWLQJ6)' 7KHHIILFLHQF\RI6)" KR
RQ WKH YDORR® RIKHVH SDUDPHWHUV LQ WKH ,1&3%3 VROYHU KDYH EHHQ H[W
&DVDFXEHUWD HWPIR@QJ RWKHUV DQG WKHUHIRUH ZLOO QRWEHDOWHUHG G
$GGLQJ IUHH VWUHDP WXUEXOHQFH RQWR WKH FRQYHUJHG VWHDG\ IOR?Z
IORZ ILHOG %\ VXPPLQJ WKH GLVWXUBMHFMH. R G R ¥ HF\DVOLRXIOW KVHHRG XL\ Q J
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(TXDWLR®QG DGGLQJ WKHP WR WKH VWHDG\ IORZ ILHOG DOO UHTXLUH
6LQFH IUHH VWUHDP WXUEXOHQFH LV LQKHUHQWO\ XQVWDEOH WKH 6)
WR EH UHGXFHG LQ VL]H 2WKHUZLVH LW ZLOO UDSLGO\ILOWHU RXW W
LV VWLOO DSSOLHG LQ WKH XQVWHD G\ VLP XGRWLRQN K \RRQI@RZ ER X
HQVXUHD VWDEOH RXWIORZERXQGDU\FRQGLWLRQ 7KURXJK WKH SURF
LQWURGXFH VHFRQGDU\ LQVWDELOLWLHY LQWR WKH ERXQGDU\ OD\HU
DQG XOWLPDWHO\FDXVH WUDQVLWLRQ WR WXUEXOHQFH %HFDXVH OH\
SUHVHQW LQ WKH QXPHULFDO VLPXODWLRQ FRPSDUHG WR WKH ZLQG W
WXUEXOHQFH ZLOO GLVVLSDWH TXLFNHULQ '16 &RQVLGHULQJ WKH PRV
RFFXUV IDUXSVWUHDP RIWKHWUDQVLWLRQ UHJLRQ ZKHUH GLVVLSDW!|
RI GLVVLSDWLRQ SOD\LQJ D FUXFLDOKIRDWUBQDQWIUWRIWRBEBPXUV LQ WK F
FRQYHUJHQFH ZLOO QR ORQJHU EH SRVVLEOHLQ '16 7XUEXOHQW ERXQC
FKDQJLQJ ,QVWHDG WKLV VLPXODWLRQLV UXQ XQWLO WKHERXQGDU\
VXIILFLHQWO\ VWDELOLVH $IWHU ZKLFK WKH QHFHVVDU\ IORZ FKDUDH
PDWFK ZLWK H[SHULPHQWDO GDWD 7KH '16 VHWXS RIDVHFRQG QXPHUL
IRUFLQJ XVHV WKH VDPH VWHDG\IORZILHOG DV WKH IUHH VWUHDP WXUFE
DODUJHQXPEHURIGLVWXUEDQFHPRGHV DWWKHLQIORZ WKLV WLPH W
WKH 6)' ]JRQH LPSRVHG RQ WKH WUDQVLWLRQ UHJLRQ JHWV UHPRYHG 71
WKHIORZLVDOORZHGWRWUDQVLWLRQIURPODPLQDUWRWXUEXOHQW
7KLV LV WKH LGHDO EDVHOLQH VLPXODWLRQ WR DVVHVV WKH LPSDFW |
WUDQVLWLRQ WKURXJKRXW WKH QXPHULFDO GRPDLQ

7R DVVHVV WKH WUDQVLWLRQ ORFDWLRQ DQG PHFKDQLVPV RI ERWK
PXVW EH HIWUDFWHG IURP WKH IORZ ILHOG :KHQ WKH XQVWHDG\ VLP>
UHDFKHG D UHSHDWLQJ SDWWHUQ WKHIORZILHOGLVDYHUDJHG WR H['
WKH IULFWLR @ BRIMILY FIGHIQWP WKHVH VKHDU VWUHVVHVY WKH WUDQVLW
SRLQW RI PDHLRAXPKLY PHWULF LV FRPSDUDEOH WR WKH ,5 WKHUPRJUDS
GDWD E\ 5LXV 9LGDOHV DQGDRWWRSQIR/GXFHV WKH PRVW YLVLEOH VHSI
ODPLQDUDQG WXUEXOHQW IORZ VWDWHYV 3UREH GDWD LV DOVR VDPSO
VDPSOHG LQVWDQWDQHRXV YHORFLW\ GDWD RI WKH IORZ ILHOG 8VHG
IORZILHOG WKLV SUREH GDWD FDQ EHGLUHFWO\FRPSDUHG WR WKH LQ
H[SHULPHQWYV 6DPSOLQJRIWKHHQWLUHIORZILHOGHYHU\ LWHUDWLF
GLVWULEXWLRQRIWKHYHORFLW\IOXFWXDWLRQDFURVV WKHFURVVIO]
RIWKHLQVWDQWDQHRXV YHORFLW)\ k@8 POW RBIWWR QV 6 MWWMOUAKE XRILGRW EQ
VSDWLDOO\WKURXJK
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$V D PHWULF WR NHHS WUDFN RI WKM-RWKHBDQ EB VW ELODW\HI® R Y WK V
XWSODQH JLYHQ DV

p = W X CXCw
Va R

ZKHVH.VWKHIUHH VWUHDP FRPSRQHQW RI WKH ¥: % POIRNXW\HDWQ P W Y00/
DSSO\LQJDIUHTXHQF\ILOWHUWRWKHLQVWDQW P QHRKNVQHOREL@LWLJ
RI VSHFLILF IUHTXHQFLHV FDQ EH H{(WUDFWHG DV ZHOO 7R LQYHVWLJD
WUDQVLWLRQ UHJLRQ LQVLGH WKH ERXQGDU\ OD\HU WKH VLJQDO IUHT
6SHFWUDO 'HQVLW)\ 36' DQDO\VLV 7KH QXPHULFDO YHORFLW\ VLJQDO
VHFRQGV PXFK ORZHU WKDQ WKH WZR VHFRQGV VDPSOHV H{WUDFWHG |
UDWH LV VLIQLILFBRQW® PKSIDIKHE MMHX UHODWHG WR WKH VPDOO WLPH VWH
UHVROYH WKH WXUEXOHQW VWUXFWXUHV 7KLV LPSOLHV WKH 1\TXLVW
RILQWHUHVYWNEXDRQTHMQ GHWHUPLQHG IURP WKH H[SHULPHD/EIMMHGDWD

$ ODUJH DPRXQW RI FRPSXWDWLRQDO UHVRXUFHV LV QHHGHG WR VR
UHVXOWY 6HYHUDO GLIIHUHQW FRPSXWDWLRQDO FOXVWHUV DUH XVHG
GXULQJHDFK VLPXODWLRQ VWDJH %DVHIORZ '16 WRJHWKHU ZLWK DQ\
LQ +3& 7KLV VPDOOHUFOXVWHULV SDUW RIWKHDHURG\QDPLFV GHSD
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IURPVLQJOH FRUHFRPSXWDWLRQV XSWRVLPXODWLRQV ZLWK VHYHUDO KX
IRUIXO0O XQVWHDG\ '16 WKLV FRPSXWHU DOORZV IDVW WXUQ DURXQG WLPI
WKH VWHDG\ SULPDU\ FURVVIORZ DQG WKH IXO0 XQVWHDG\ VROXWLRQ WK
&HQWUH '+3& LV XVHG 'HOIW +LJK 3BHUIRUPDQFH &R P 5W\W IDQV SSHHOWVRIH '+ 3
SHWD)/236 WKLV QHZ FRPSXWLQJ VIVWHP LV UDQNHG DPRQJ WKH WRS
WKH ZRUOG DOORZLQJVHYHUDO WKRXVDQGV RI &38 FRUHV WR EH XVHG IR!
XQVWHDG\ '16 UXQV )RU WKH ILQDO VWDJHV Rl WKH XQVWHDG\ VLPXODWL
UHODWHG WR WKHVH VLPXODWLRQV WKLV ZRUN XVHG WKH 'XWFK QDWLRQD
685) 8aRRSHUDWLYH XVLQJJUDQW QR (,1) 7KH SHWD)/2366QHOOLXV V\!
ZZZ VXUl QO LVDEOH WR SURYLGH WKH ODUJH QXPEHU RI SURFHVVRUV UH’
DV LV SHUIRUPHG KHUH 7KH (,1) JUDQW 685) SURYLGHG WKH UHVHDUFKHU
KRXUV RQ 6QHOOLXV WR FRQFOXGH WKH ILQDO VWDJHV RI WKH SURMHFW 6F
YHU\WKDQNIXO IRU






SHVXOWYV

JROORZLQJWKHPHWKRGRORJ\UHVXOWY LQ D WKUHH GLPHQVLRQDO QXPHU
OHQWO\WR WKH H[SHULPHQWDO GDWD WR DOORZ HYDOXDWLRQ RI WKH PDW
WKHEDVHIORZ VWHDG\DQG XQVWHDG\IORZILHOGHQDEOHV DQ HIWHQVLYF
IRUIXWXUH QXPHULFDO DQG H[SHULPHQWDO UHVHDUFK RQ LQFRPSUHVVLE
XQVWHDG\UHVXOWYVY LQWR SHUVSHFWLYH WKHQXPHULFDO EDVHIORZ DQG
ILUVW 7KLV VHUYHVDVDVWDUWLQJSRLQWIRUXQVWHDG\IORZVLPXODWLTF
DFFXUDF\IRUHDFK VWHS RI WKH SURFHVV LQGLFDWLQJ WKDW QXPHULFDO
IHDVLEOH IRUHDFK VWHS RI WKH SURFHVVY LQGLYLGXDOO\ :KHQ GLVFXVVLQ
HQG RI WKLV FKDSWHU WKHUHVXOWV IRFXVRQ WKHWKUHHPDLQ SLOODUYV |
I[UHTXHQF\ FROQWHQW Rl WKH FURVVIORZ YRUWLFHYV 6KRZFDVLQJ WKH FDS
DQG LWV YDOXH IRUIXWXUH UHVHDUFK 7KH ODWWHU LV EDFNHG XS E\ WKH |
FRPSDULVRQ EHWZHHQ WKH XQVWHDG\ QXPHULFDO IORZILHOGY REWDLQHG
VWUHDP WXUEXOHQFH 7KLV SURYLGHV D FOHDURYHUYLHZ RI WKH EHQHILYV
UHODWHG WR LQFRPSUHVVLEOH &), UHVHDUFK RQ VZHSW ZLQJV

%DVHIORZG6LPXODWLRQ

%DVHG RQ WKHWHVW VHFWLRQ SLWRW WXEH WKHZLQG WXQQHO PRGHO LV |
PDJQLWXGH HTXPOOL@®DVHG RQ WKH LGHQWLILFDWLRQ Rl WKXHEDWWDFKPH
VHFWLRQWKH YHORFLW\PDJQLWXGH LV GHFRPSRVHG LQ®WR D FKRUGZLVH YH
PV DQG D VSDQZLVH YHORELW\ FRP SR @MQWKH DWWDFKPHQW OLQH ORFDYV
FRPSRQHQWY PDNH D fLQIORZDQJOH UHODWLYH WR WKH PRGHOYV OHD
GLVWULEXWLRQRYHU WKHDLUIRLO W KH DUHRQV W M DK R\ BIRG E WO B BVHEL W X
'LYLGHG LQWR WZR UREWLRQ WKH VXUIDFH SUHVVXUH SRUWYV DOORZHG WK
SURILOHV DVWUL¥YWH EKH GLIIHUHQFH EHWZHHQ ERWK SURILOHV LV FRQVLG!
WKH DXWKRUYV GHFLVLRQ WR DFFHSW WKH VSDQZLVH LQYDULDQW IORZ DV
RXVO\FRQILUPV WKH YDOLGLW\RIWKHLQILQLWH VZHSW ZLQJDSSURDFK W
DYHUDJHG WR\IBYV@IAHEXWLRQ V HH)UHGIGIR SAWMIGHOM. QWVLDQQPHG FRQVWDQW
DFURVV WKHFKRUG IROORZLQJWKHLQILQLWHVZHSW ZL@QJDWYRESWLRQ W
GHWHUPLQHG DV ZHOGs» SHRIDDHUDKBE UHVXOWYV IURP GHFRPSRVLWLRQ V
XUH LVWKHQXVHG DV DQ LQSXW IRU WSHU&R)'L\ORHOLWHW R RKHDWIR D EOH VR D IR X
SRO\QRPLDO LV XVHG WRsDG SV JLLAEDWH. RIK LY VW H DIGI XWUHH JUHHIRQ O LQH LQ
LPSOHPHQWDWLRQ WKH SRO\QRPLDO LV FURSSHG WIR WKHWRMHKH FDO GR
RXWIORZ ERXQEDU\ DWRWK QXPHULFDO ERXQGDULHV DUH LQGLFDWHG E\ E
JLIXUH $W WKH QXPHULFDO LQIORZ SODQH WKH IUHH VWUHDP YHORFLWLH)
PVDORQJWKHFKRUG pUGLUWHFWLRQ DOBQJWKHVSDQ ] GLUHFWLRQ $0C
LQSXW YDOXHV DUH QRUPDOLVHG E\ WK HIFHKRDG\ZILY HL@ QORRZ ¢ HROHRFLMRQ D O
DWWKHLQIORZ SODQH RI DQG UHVSHFWLYHO\ %DVHG RQ WKLV YHOR
LPHQWDO IORZILHOG WKH YHORFLW\GLVWULEXWLRQ FDQ EH GHFRPSRVHG
DEDVHIORZWDLORUHG WR PDWFK WKH H[SHULPHQW



5HVXOWYV

YLIXUH 'LVWULEXWLR® R BIORHULIRHQIRIXK X TEHWORZIBUHVVXUH SRUW URZNRWYHUDJH
QXPHULFDO SURFHVVLQJ %ODFN GDVKHG OLQHLQGLFDWHY WKH QXPHULFDOLQ DQG RX\

7KH UHVXOWLQJ QXPHULFDO EDVHIORZ LV VLPXODWHG LQ ,1&$ DV D V
FHOOMGL@HFWLRQ EHFDXVH RIWKH VSDQZLVH LQYDULDQFH RI WKH SD!I
GLPHQVLRQ Rl WKH GRPDLQ LV DOORZHG WR UHPDLQ XQUHVROYHG DW
DOUHDG\ WKUHH GLPHQVLRQDO JHRPHWU\ WKH EDVHIORZ FDQ GLUHFW
VLPXODWLRQ 7KH FKRUGZLVH ¥ HRO RKLHAR VLN R Z EDOV)LERHO K W, ¥ O FH Q W H
VHHJIJXUHDQG VKRZV DJURZLQJ ERX®GIHAVWDRBAULKH RYHUDOO LQFUHD'
YHORKILWSRVHG RQ WKH GRPDLQ WR HPXODWH WKH IORZ DFFHOHUDWLR
WKH ZLQG WXQQHO H[SHULPHRWXWHDDW R/RB SIRXHGW LQOD\HU LV RQO\
WKH WRWDO GRPDLQ VL]H

JLIXUH IXPHULFBOEDWVAHQRBLFDWLQJ WHKHWGRVGUPIHEXW.IRRQD ¥ LPXODWHG XVLQJ ,1&$%
WR £ » —%%

6LQFH WKH +:$ GDWD RI WKH H[SHULPHQW RQO\ SURYLGHY GHWDLOYV
ODFNV LVRODWHG EDVHIORZ LQIRUPDWLRQ WKHUH LY QR SRVVLELOLMW
H[SHULPHQW 1HLWKHU YLVXDOO\ QRU EDVHG RQ +:$ GDWD SRLQWYV 7
FRPSDUHG EDFN WR WKH H[SHULPHQWDO GDWD WKURXJK WKH DLUIRLO
REWDLQHG IURP WKH H[SHULPHQWQOIX B WH RIDX B B \G-DGVRDQMIKQUFRRPIKUHV V L
LQYLVFLGIORZDVVXPSWLRQV 1HYHUWKHOHVY WKHYHORFLWLHV FRQ
RIWKHVHDVVXPSWLRQVDW WKLV VWDIJHRIWKHUHVHDUFK &RPSDULVR
WDO YHORFLWA\GLVWULEXWLRQV VKRZV PLQLPDO )AUNMHHHTRKHV EHMXIH I
GLITHUHQFHV WKDW FDQ VWLOO EH GLVWLQJXLVKHG EHWZHHQ WKH GL|
DWWULEXWHG WR WKHDYHUDJLQJ RI WKH SUHVVXUH SRUW GDWD DQG
XQVWHDGLQHVV &RQVLGHULQJWKHDPRXQW RI SURFHVVLQJ UHTXLUH(
GLIITIHUHQFHVY EHWZHHQ ERWK FXUYHV DUH ODEHOOHG QHJOLJLEOH FR!
DSSOLHG LQ WKH QXPHULFDO VHWXS

$GGLWLRQDOO\ DWKHRUHWLFDO ERXQGDU\OD\HU %/ VROYHUEDVH
WLRQV LV XVHG WR YHULI\LI WKH QXPHULFDO EDVHIORZ LV SHOQWHWHIW H G
WKDQ D FRPSDULVRQ ZLWK H[SHULPHQWDO GDWD WKLV %/ VROYHU LV :
UHFW FRPSDULVRQ EHWZHHQ WKH QXPHULFDO HIWHUQDO YHORFLW\ DC
SUHVVXUH SRUWV DOUHDG\ LQG4RIHPHGC WEHI®WIHEE R FERPKE @QOUHD G\
SDUWLDOO\FRQILUPVY WKH YDOLGLW\RIWKHEDVHIORZ XVHG GXULQJ W|
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UHVXOWV DUH FRPSDUHG PRUH H[WHQVLYHO\WR WKH %/ VRIOY.HU 7KLV LQF!
SUHVWX®HDQG WKH ERXQGD U\ O DB HUDKH N GIOWVOVRIMW KH DIRUHPHQWLRQHG |
SDULVRQV DUH YLWMXDOLVKRZILQJ ERWK VROYHUV DUH LQ JRRG DJUHHPHQW
LQFUHDVLQJ FRQILGHQFH LQ WKH QXPHULFDO EDVHIORZ VROXWLRQ $OWKF
VROYHU DQG WKH '16 UHVXOWY DUH VWLOO QRWLFHDEOH WKHVH DUH H[SH|
VROYHU LV EDVHG RQ 7KLV LV PDLQO\ WKRXJKW WR EH UHODWHG EXW LV
n v LQWKH%/VROYHUVROXWLRQ

JLIXUH &KRUGZLVH 6 lny WRUILWXW LRQVRIUSRODWHG H[SHULPHQWDO GDWD WKH SRO\QRPLI
WKH %/ VROYHUDUHY/WEW '16 UHVXOWV IURP W KH ,1&$ VLPXODWLRQ

YLIXUH 16 EDVHIORZ FRPSDULVRQ ZLWK WKH )6& ERXQGDU\ ©DnH LDH TSUDHWAR(QMIRU ZDOO QR
E DQGERXQGDU\OD\HUWRLBRGHNV\GHV

3ULPDU\ &URVVIORZ ,QVWDELOLW\'HYHORSPHQW

$GGLQJSULPDU\ &), WRWKH QXPHULFDO EDVHIORZ UHVXOWYV LQ WKH VWHDG
DZDYH OLNH SDWWHUQ JHQHUDWHG E\ WKH FURVVIORZ YRUWLFHV LQVLGH !
QXPHULFDO SURFHVV WKH +:$ GDWD FRPHV LQWR SOD\ DV D UHIHUHQFH IR
VLPXODWLRQ $OWKRXJKWKH+:$GDWDLVLQVWDQWDQHRXV WLPH DYHUDJ
IORZ ILHOG IURP XQVWHDG\ PHDVXUHPHQW GDWD 7KH WLPH DYHUDJHG +:$
FRPSDUHG WR LWV QXPHULFDO HTXLYDOHQW DVVHVVLQJ WKH DFFXUDF\ R
WR WKH WUDQVLWLRQ UHJLRQ SULPDU\ &), GRPLQDWHY WKH ERXQGDU\ OD\
SURSDJDWLQJGRZQVWUHDP OHDGVY WR WKH IRUPDWLRQ RIVHFRQGDU\ FUR\
H[SRQHQWLDOO\DQG OHDG WR UDSLG EUHDNGRRZ\YLVRR WX D XOOBQE HH USWVRRIX
EDVHG RSWLPLVDWLRQLV XVHG DW WKLV VWDJH RI WKH SURFHVV $VLQJOH
RQWKHIXQGDPHQWDO VSD QKK DI BOLPISENE EWK/ PMIQ LQIORZFRQGLWLRQ RQ V
7KH DGGLWLRQ RI WKLV VLQJOH GLVWXUEDQFH UHVXOWYV LQ WKH QXPHULF
VKDSH Rl WKLY GLVWXUEDQFH DQG WKH DFFRPSDQ\LQJ HLJHQYDOXH DQG Z



5HVXOWYV

ERXQGDU\FRQGLWLRQDUHGHWHUPLQHG 7KHVKDSHRIWKHGLVWXUED
\ GLUHFWLR®@ IRQUBRASRQHQWY DORQJZLWK WKH SUHVVXUH 7KHVH YH
WZR GLPHQVLRQDO WR FRYHU(WXBW QRQRH S0 DREXWHIQU WKH UHDGHU\
LQIRUPDWLRQ 1H[W WR WKH YHORFLW\ DQG SUHVVXUH YHFWRUV WKF
ZDYHQXFEHU LV SDUW Rl WKH GLVWXUEDQFH PRGH QH[W WR WKH W

7KHVH ZDYHQXPEHUV DUH QHFHVVDU\ WR UHFUHDWH WKH WZR GL
GHWHUPLQHG YHEWRDXVH WKH IORZ DW WKLY VWDJH LV VWHDG\ DQG Q
GHVLUHG 7KH FRPSO#[ HLJHQYDOXHV DOVR SDUW RI WKH SULPDU\ &),
PRGH LQIOXHQFLQJ WKH GLVWXUEDQFH VKDSH WKURXJKRXW WKH JKR
GLVFXVVHWCER® FWLRTKHVH LQSXWV DUH SDUW RI WKH GLVFUHWH HLJHQ
6RPPHUIHOG HTXDWLRQ ZLWK WKH PDLQ FKDUDFWHULVWLF WKDW WKF
WKH ERXQGDU\ OD\HU 7KLV DJUHHV ZLWK WKH GHVLUH WR RQO\ LQWU|
ERXQGDU\ OD\HU $W WKLV VWDJH WKHVH LQSXWV DUH VWLOO QRUPD
DW WKH LQIORZ SODQH :LWK WKH LQIORZ ERXQGDU\ FRQGLWLRQ VKDS
QRUPDOLVHG IXQFWLRQV QRZ QHHGV WR EH GWX\EMHFWVQLIHRY ZKLFK LV GL

YLIXUH 1R U RAMpAY @Y HFWRUV LQ \ GLUHFWLRQ UHSUHVHQWLQJ WKH SULPDU\ &), DW W

'LVWXUEDQFH $PSOLWXGH '"HWHUPLQDWLRQ
7TKHYHORFLW\DQG SUHVVXUHYDOXHVDWWKHLQIORZDUHQRUPDOLVHC(
WXGHWR VFDOH WKH GLVWXUEDQFHV WR WKHOHYHOV PHDVXUHG E\ WK
WKHPHWKRGRORMWRMWAHCG WQLRBQALRSWLPLVDWLRQ VFULSW LV UXQ WR GH'
UHTXLUHG WR REWDLQ WKH FORVHVW PDWFK ZLWK H[SHULPHQWDO GDW
SURFHGXUH XVHV 136(LQVWHDG RI'16 )URP VLPLODU UHVHDUFK SHUIRI
DQ LQLWLDOFDELSOLW—XélFLV FKRVHQDV LQLWLDO HVWLPDWLRQ 7R VKRZ
ZLWK H[SHULPHQWYV EH)RUXUHEWR BDVBW MRKH 136(lBoH$éXOW—\LZ}3L1/WK
IRUPD[LPXP GLVWXUEDQFH DPSOLWXGH PHDQ IORZ GLVWRUWLRQ 0)°'
HQFHVY EHWZHHQ WKHQXPHULFDODQG H[SHULPHQWDO GDWD DW WKLV V
DUH YLVLEO\ PRUH VDWXUDWHG WKDR & KH QXPMUSPXC K AOREWWY ZDWER
LVUHTXLUHG WR UHSURGXFH WKH FRQGLWLRQV RI WKH H[SHULPHQWYV
SURFHGXUH

7KHLWHUDWLYH RSWLPLVHU ZDONV WKURXJK D QXPEHU RI GLITHUHQV
PXPHUURUEHWZHHQ WKHGLVWXUEDQFH SURILOHV %DVHGRQ WKHLQV
DQG H[SHULPHQWDO GLVWXUEDQFH SURILOHVY WKHHUURU PHWULF FRC
WDNHQ E\ WKH RSWLPLVHU ZKLOH LWHUDWLQJ WRZDUBWWKHIRKWLPDC
UHVXOWLQJDPSOLWXGHIRUWKH SULPDU\ &)FLAGIORZ ER—XQ\@DM‘HFRQGL'
QHZPD[LPXPDPSOLWHGKFXBYHDYHY D PXFK LPSURYHG PDWFK ZLWK H
([SHULPHQWDO GDWD LQHYLWDEO\ FRQWDLQV RXWOLHUV EHFDXVH RI
GLITHUHQW KRWZLUH PHDVXUHPHQW SRLQWYVY 'XHWR WKHWLPH LQWHQ
GLIITHUHQW SODQHV XVHG WR PDWFK 136( ZHUH PHDVXUHG RQ GLIIHUHC
H[SHULPHQWDO FXUYH DUH WKHUHIRUH LQGHSHQGHQW RI HDFK RWKHL
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SDUDPHWHUV FDQVEHF WRXFOES ZRLFK WKH LPSDFW FDQ QRW EH XQGHUHVWLP
E\ WDNLQJ DOO HLJKW SODQHV LQWR DFFRXQW WKH RSWLPLVDWLRQ LV ED
DYDLODEOH 7KH RSWLPLVDWLRQ FULWHULD EDVHG (R®DWKIHRRQGW XUEDQFH
FKRVHQXEN¥HFWLRIHDG WKH DXWKRU WR EH.O KM ¥HWEK NVEKHVPORVW VY ILW WR
H[SHULPHQWDO GDWD SRVVLEOH ZLWK WKH WRROV DYDLODEOH 3RWHQWLD
DQG WKHLQIORZERXQGDU\FRQGLWLRQV XVHG QRW NQRZQ WR WKH DXWKRU
IXUWKHU LQFUHDVHG DFFXUDF\ +RZHYHU JLYHQ WKH YDULDELOLW\ RI WKH
ILHOG WKLV ZRUN FRQVLGHUV WKH PDWFKLQJSURFHGXUHDVXFFHVV OLPL
WR ZHOO EHORZ

D E F

YLIXUH &RPSDULVRQ EHWZHHQ 136( B QG \BKBH ELR HQ#DRUG DWPD[LPXP GLVWXUEDQFH
DPSOLWXGH E 0)'DQG F GLVWXUEDQFH SURILOH

D E

JLIXUH D &RQYHUIHQEMSBBW®WKH HUURU FULW EGLRERPEDOUXDRQEGWZHHQ 136( ZLWK
@ ny, £» A%°»2DPOG H[SHULPHQWDO GDWD

1H[WWRGLVWXUEDQFHDPSOLWXGH PRUHGHWDLOHG WHFKQLTXHV WR F|
XVHO)'DQG GLVWXUEDQFH SURILOHV (LJKW +:$SODQHVDUHDYDLODEOH WF
JRXUDUH XVHG KHUHDVDEDVLVIRUDQDO\VLYURUUBEBRNEIFRABSDUIE/RQ WASH\
7TRDYRLGPLVLQWHUSUHWDWLRQ RIWKHGLITHUHQFHEHWZHHQ QXPHULFDO
PDOLVHG E\WKHORFDOIUHH VWUHDP YHORFLW\ WR UHGXFH WKHHIIHFW RI
XQGHU VOLIJKWO\GLIITHUHQW FRQGLWLRQV %HFDXVHDGLIIHUHQFHLQ IUHH
RQ WKH QHDU ZDOO YHORFLW\JUDGLHQW VPDOO HUURUV DYUHIVWLOO WR E
XUH FBQILUPVWKHDFFXUDWHPDWFKRIWKHVWHDG\FURVVIORZILHOG GH
VWDUWLQJWR FUHHS LBQEBOH WR SLQSRLQW WKH H[DFW UHDVRQ IRU WKH
RSWLPLVHULV VWLOO FRQILGHQW WKLV GLVWXUEDQFHDPSOLWXGH UHSUH\
DYDLODEOH UHIHUHQFH GDWD +RZHYHU 0)' SURILOHVY DUHVWLOO OLPLWH
DWWHPSW WR LQFOXGH PRUHLQIRUPDWLRQ RQ WKHH[SHULPHQWDO IORZ Il
DV ZHOO 7KHLU FRPSOH[ SURILOHY DUH KDUGHU WR PDWFK DV WKH\ GR Q|
OLNH WKH 0)' 8VLQJ WKH URRW PHDQ VTXDUH RI WKH WLPH DYHUDJHG YHOI
WKH\ FRQWDLQ PRUH LQIRUPDWLRQ DERXW WKH IORZ WKDQ WKH 0)' ZKLFK |
DPSOLWXGH SURILOH ZKLFK RQO\ WDNHV WKH PD[LPXP GLVWXUEDQFH DPSO
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WXUEDQFH SURILOH VKDSHPDWFKHY FORVHO\EHWZHHQ ERWK GDWD VH
WKH XSSHU UHJLRQ RI WKH ERXQGDU\OD\HU $OWKRXJK WKH ORZHU RI W
ODS SHUVLVWLQJGLIIHUHQFHY UHPDLQ DURXQG WKH XSSHU SHDN :LW
QHDU WKLV XSSHU SHDN WRR VLJQLILFDQW WKHFKRLFH ZDV PDGH WR IL
+:$ SODQHV 7KH YDULDWLRQ EHWZHHQ SODQHV LV WKRXJKW WR EH D IH
DQG WKH YDU\LQJ ZLQG WXQQHO SDUDPHWHUV IRULQGLYLGXDO +:$ SOL
PDWFKHG FORVHU EXW WKH FKDOOHQJH LQ WKLV UHVHDUFK FRQFHUQ\
WKDW SUHYLRXV ZRUN IURP WKH OLNH VDR) G 7TYRISGI® PR G @ KBWRRIU W H G
VLIJQLILFDQW GLIIHUMR RWGHIRPRI PDIJQLWXGH WKH PDWFKLQJ SURFHG
FRQVLGHUHG VDWLVIDFWRU\

D 0)'SURILOHV E 'LVWXUEDQFH SURILOHV
YLIXUH 136( 0)' DQG GLVWXUEDQFH SURILOH FRPSDULVRRIVNWK WLPH DYHUDJIHG +:
DQG

7KH UHVXOWLQJ RSWLPDO DPSOLWXGH WXUQHG RXW WR EH RYHU IL)
IHG WR WKH RSWLPLVDWLRQ WRRO 7R HQVXUH WKH JOREDO PLQLPXP |
UHJDUGHG VHYHUDO WHVWV DUH UXQ ZLWK YDU\LQJ LQL®/ISDO DPSOLYV

— A% WKHUHRUH DQB s. DUH UXQ DV ZHOO .HHSLQJLQ PLQG
FDOO\ZLGHVSUHDG UHVHDUFKLQWR WKLV W\SHRIIORZILHOG WKHUHV
ZLWKLQ WKHVH ERXQGV 1RLUUHJXODULWLHV DUHIRXQG ZLWKLQ DQ\ R
WR FRQYHUJH VPRRWKO\ WR D VLQJOH PLQLPXP YDOXH 'LUHFW FRPSD
FRQYHUJHQFH FXUN ¥RBILUPV WKH HITHFWLYHQHVV Rl WKH RSWLPL
FXUYHV ODUJHO\ RYHUODS DQG WKH VDPH RSWLPDO GLVWXUEDQFH DF
FRQILGHQFHLQ WKH 136( RSWLPLVDWLRQ UHVXOWYV

JLIXUH"FRQYHUJHQFH SORWV IRUGLIIHUWGH QWE @LWVEDD @ M CEWXGRAE @ n, £ ° °f

/ILQHDU 36( LV UXQIRUWKHVDPH-LQIORZ D P-S G *WSOBHKRIX J K OLQHDU 3
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ZRXOG PDNHIRUD VLJQLILFDQWO\IDVWHU RSWLPLVDWLRQ WRRO WKH SUR
DVVHVV LWV OLPLWDWLRQV HIILFLHQWO\ 5HVXOWYV ZLOO DOZD\V EH UHWXU
LQ WKH VWUHDPZLVH GLUHFWLRQ WKH UHVXOWY UHPDLQ DFFXUDWH ,Q WK
XS XQWLPKRUG DV GHULYHG IURP WKH GLUHFWLBRBEDURYRQWUWRPL36( LQ
RNV R 36(DQG 136( VROXWLRQV VWDUW WR GLIIHU QRWLFHDEO\ %HFDX
WKH WUDQVLWLRQ UHJLRQ IXUWHKHU GRDGVYN UH DPKRHMEZ BB(QZRXOG QRW

UHVXOW LQ D VXLWDEOH LQIORZ DPSOLWXGH IRUWKH VWHDG\ '16 7KHUHIR
RSWLPLVDWLRQ WRRO ZDV FRUUHFW DQG WKH UHVHDUFKHU VWLOO GHHPV

YLIXUH &KRUGZLVHEHYROXMWBRQ R » A%°»% 4RU OLQHADQE(136( )RXULHU PRGHV M
WKLFN WR WKLQ DQG M 9HUWLFDO UHG OLQH LQGLFDWLQJ H[SHULPHQWDO ODPLQDU

'1I6 5 HVXOWYV

7TKHLQIORZ GLVWXUEDQFH DPSOLWXGH UHVXOWLQJ IURP WKH 136( RSWLPL
BUHYLRXV ZRUN EA\ WKH OLNHV RI &DVDFXEKRUW®G '#6 BNN&ORW MR EH UHDO O\
WR LWV 136( SUHFXUVRU 7KH '16 IORZILHOG WKDW UHVXOWYVY LQGLFDWHYV Jl
VSDFHG PP DSDUW DV YLLNOXIHO LOMH G & \ WKH YRUWLFHY UHDFK D ILUVW VD
DPSOLWXGH DIWHU ZKLFK D VHFRQG DPSOLWXGH LQFUHDVH LV GLVFRYHU'
JURZWK LY SUHVHQW LQ ERWK 136(DQG '16 7KHGRXEOHVDWXUDWLRQ FXUY
WLRQVDQGLVWKRXJKWWREHUHODWHG WR WKH SUHVVXUH GLVWULEXWLR(
WKH VHFRQG VDWXUDWLRQ LWQPPSOLWKIEBDRIAZWK®HWQRWLFHDEO\ VWDUW
ORVW OLNHO\ WKLV EHKDYLRXU LV UHODWHG WR WKH SUR[LPLW\ RI WKH RX
VXUH JUDGLHQW PRYLQJ PRUHDIWRQ WKH DLUIRLO JHRPHWU\ $W WKH RXYV
FRQGLWLRQ LV DSSOLHG LQIOXHQFLQJ WKH UHJLRQ RIIORZ LQ LWV YLFLQ
WKH LQIOXHQFH UHPDLQVY ORFDO DQG WKH UHJLRQ RILQWHUHVW OLHV IDU
DQG FKRUG 6R DOWKRXJK WKH DPSOLWXGHVDIBREZRIRQWHDHPURIG LUUHOHY
IRUFRPSDULVRQ ZLWK WKH H[SHULPHQWDO UHVXOWYV VLQFH WUDQVLWLRC(
XVHIXO WR HQVXUH WKH GLITHUHQW QXPHULFDO WRROV XVHG WKURXJKRXW
LQWKLVGRZQVWUHDP UHJLRQ 1HYHUWKHOHVV WKHPDLQ UHJLRQ RILQWH
WUDQVLWLRQ IURQW 7KHUHIRUH LW LV SRVLWLYH WKDW WKH WKUHH GLPH!
RIVWURQJ VWDWLRQDU\ FURVVIORZ YRUWLFHYVY ZKLFKLVLQOLQH ZLWK WK
WR WKH '5(V XVHG LQ WKH H[SHULPHQWDO PRGHO

7KH &), DPSOLWXGHJURZWKLQ'16 DQGWKHJIJURZWKRILIFVY EQGLYLGXDOV
FDQ EH GLUHFWO\ FRPSDUHG ZLWK WKH 136( GDWD WR HQVXUH WKH 136( EL
VHOQWHG WKH '16 VLPXODWLRQV %\ VSOLWWLQJ XS WKH WRWDO GLVWXUED
PRG HV DQG WKH PHDQ IORZ GLWMRHMHLRRRIGHY FDQ EH JUDSKLFDOO\ FRPS
JLIXUH 7KH PDWFK EHWZHHQ 136( DQG '"16 LV YHU\ FORVH XQWLO ZHOO SD
,WLVRQO\GRZQWUHEZRHRUH WKH VROXWLRQV VWDUW WR GLYHUJH YHU\ VC
LQWHUHVW OLHV IDU XSVWUHDP RI WKLY SRLQW LWLV QRW H[SHFWHG WR K
IHFW LV WKRXJKW WREHUHODWHG WR WKHRXWIORZERXQGDU\FRQGLWLRQ
ZLWKD VHFRQG RUGHU 1HXPDQQ W\SH ERXQGDU\FRQGLWLRQLPSRVHG RQ"
HW DO 7TKLVLVDQDUWLILFLDOO\JHQHUDWHG ERXQGDU\FRQGLWLRQ QRW
GDWD WKHUHIRUH QRW OLNHO\WREHDIXOO\DFFXUDWH GHSLFWLRQ RI UL
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