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9DOLGDWLRQ RI )DVW 1HXWURQ 5HDFWRUV IH
FDOFXODWLRQV WKURXJK WKH DQDO\VLV RI WK
3KHQL[ ZLWK 75,32/, $ DQG '$5:,1 6)5

$XUpOLH &$/$0( -HDQ )UDQORLV /(%5%$7 /DXUHQW %8,521

&($ '(6 ,5(61( '(5 635&
&($ GH &DGDUDFKH 6DLQW 3DXO /qV 'XUDQFH
(PDLMHDQ IUDQFRLYV OHEUDW#FHD IU

$SEVWUDFW

$ UHOLDEOH DVVHVVPHQW RI WKH ILQDO LQYHQWRU\ LQ WKH IHU\
LPSRUWDQW LVVXH IRU IXHO F\FOH SK\VLFV DV LW LPSDFWV VDIH
SHUIRUPDQFHYVY RI IHUWLOH EODQNHWY QHXWURQLFVY FDOFXODWLRQ"'
LQ WKHVH UHJLRQV WKDW DUH TXLWH FKDOOHQJLQJ HVSHFLDOO\ IF

7KH QHZ &($ IXHO GHSOHWLRQ FDOFXODWLRQ SDFENDJH LV '$5:,1
GHWHUPLQLVWLF QHXWURQLFV FRGH $32//2 S DQG WKH GHSOHWLRQ
YDOLGDWLRQ RI '$5:,1 6)5 IRU IHUWLOH EODQNHW FDOFXODWLRQ\
'28%/21 SLQ LUUDGLDWLRQ LQ WKH 3KHQL[ UHDFWRU

'XULQJ WKLY LUUDGLDWLRQ QLQH SLQV DUH VWXGLHG WKURXJK
DERXW WKH GHSOHWLRQ DQG LQGLUHFWO\ WKH QHXWURQ IOX[ FDC(
LV HVSHFLDOO\ FKDOOHQJLQJ IRU QHXWURQLFV FRGHV VLQFH WKH
DQG SRSXODWLRQ RYHU D VKRUW GLVWDQFH 2XU UHFHQW DQDO\VL
EXW LQ WKH FRUH FHQWHU KDV SURYHQ '$5:,1 6)5 WR EH UHOLDEC
ILVVLOH VXEDVVHPEOLHY QHYHUWKHOHVV LWV SHUIRUPDQFHV LQ \

‘H REVHUYH WKDW RQFH WKH FDOFXODWHG QHXWURQ IOX[ OHYHO
WKHG 8 UDWLR '$5:,1 6)5 SURYLGHV UHVXOWYV VLPLODU WR WKH UH
S +RZHYHU ERWK FRGHV KDYH GLIILFXOWLHY WR UHSURGXFH VRPF
IHUWLOH EODQNHW :KLOVW '$5:,1 6)5 SURGXFHYVY LGHQWLFDO UHV)>

8 8 8 3X 3X 3X YDULDWLRQV RI WKH QHXWURQ VSHFWUXP OHL
SURGXFWIROQO®WX ,QGHHG WKH ORZ HQHUJ\ IOX[ HVWLPDWLRQ LV KL
ZLWK '$5:,1 6)5 LQ WKH HQHUJBX X@IW DZ KHUK PDKSHW XUH FURVYV VHF
LQFUHDVHV WKH FDOFXR DWIG SURGXFWLRQ RI

'$5:,1 6)5 DQG LWV SUHGHFHVVRU '$5:,1 DUH HIILFLHQW DW FDC
[OX[ OHYHO RYHU WKH HOQWLUH IHUWLOH EODQNHW +RZHYHU WKH L
GLVSHUVLRQ UHVXOWLQJ LQ D GLITHUHQW VKDSH RI WKH QHXWURQ
WKH HVWLPDWHG QHXWURQ VSHFWUXP LV VR8WHWGWXDI) DQGCHEVYLRI
UHDFWLRQ UDWHY DQG KHQFH WKH SURGXFWLRQ RI SOXWRQLXP



,QWURGXFWLRQ

$ UHOLDEOH DVVHVVPHQW RI WKH ILQDO LQYHQWRU\ LQ WKH IHU\
LPSRUWDQW LVVXH IRU IXHO F\FOH SK\VLFV DV LW LPSDFWV VDIH
SHUIRUPDQFHY RI IHUWLOH EODQNHWY QHXWURQLFV FDOFXODWLR(
&RUFXHUD 6RXOH DV WKHUH DV VSHFLILFLWLHY LQ WKH
HYVSHFLDOO\ IRU GHSOHWLRQ FRGHYVY ,QGHHG WKH EODQNHWY DUH |
WUDQVLWLRQ UHJLRQ IRU WKH QHXWURQ IOX[ 7KH PDJQLWXGH RI W
HQHUJ\ VSHFWUXP VRIWHQV ZLWK SHQHWUDWLRQ ,W ZDV REVHUYH
SHUIRUPDQFHY RI FDOFXODWLRQ WRROV WHQG WR GHWHULRUDWH .

+LOO

'$5:,1 6)5 9DJOLR *DXGDUG HW DO LV WKH &($ XS WR GDWHFH
GHSOHWLRQ FDOFXODWLRQV 7KH &($ KDV GHYHORSHG LW LQ RUGH|
Rl GHFD\ KHDW PDWHULDO EDODQFH DFWLYLW\ HWF

'$5:,1 6)5 LQFRUSRUDWHYV $32//2 § 6FKQHLGHU HW DO IRU W
DQG WKH GHSOHWLRQ PRGXOH 0(1'(/ /DKD\H HW DO $32//2 S
DFFXUDF\ IRU QHXWURQ IOX[ HVWLPDWLRQ DQG EHWWHU FRPSXW
(5$126 9LGDO HW DO ,Q DGGLWLRQ WKH SURSDJDWLRQ RI WK
LQYHQWRU\ LV QRZ SHUIRUPHG VLPSO\ ZLWK WKH SHUWXUEDWLRQV

'$5:,1 WKH SUHGHFHVVRU RI '$5:,1 6)5 KDG EHHQ YDOLGDWH
:DWHU 5HDFWRUV /:5V (VFKEDFK HW DO 6DQ )HOLFH HW DO
)15V FDOFXODWLRQV /HEUDW HW DO /[HEUDW HW DO 4
VWDUWHG UHFHQWO\ IRU WKH IXHO GHSOHWLRQ FDOFXODWLRQV RI
IHUWLOH EODQNHWY VXEDVVHPEOLHY KDYH WR EH VWXGLHG DV ZHO
WKH IXWXUH

JRU WKLV SXUSRVH ZH SUHVHQW KHUH WIKHD®DOKNVYXEIOVWHKHREQ
ZKLFK ZDV SHUIRUPHG LQ WKH 3KHQL[ UHDFWRU EHWZHHQ DQG
YDOLGDWLQJ WKH UDGLDO IHUWLOH EODQNHWY FDOFXODWLRQV DQ(
SXUSRVH D VWXG\ RI WZR IHUWLOH VXEDVVHPEOLHV RI WKH ILUVW
ZDV SHUIRUPHG 3HUIRUPLQJ QHXWURQLF =+ DQG HVSHFLDOO\ GHSOI
PRUH FKDOOHQJLQJ WKDQ LQVLGH WKH FRUH DV WKH 3IXQGDPHQWD!
YDULDWLRQ RI WKH QHXWURQ IOX[ LQWHQVLW\ DQG HQHUJ\ VSHFWU

‘H ZLOO FRPSDUH WKH UHVXOWY ZH KDYH REWDLQHG ZLWK '$5:,1

WKH SUHYLRXV '$5:;,1 UHVXOWV DQG WR WKH FDOFXODWLRQV SHUII
S %UXQ HW DO WKH DVVRFLDWHG XQFHUWDLQWLHY ZLOO EH

'"HVFULSWLRQ RI WKH '28%/21 LUUDGLDWLRQ H[SHL

SBKHQL[ LV D VRGLXP FRROHG IDVW QHXWURQ UHDFWRU ZKLFK ZD
DQG ZKRVH QRPLQDO WKHUPDO SRZHU RI 0: ZDV GHFUHDVHG V

'28%/21 LV DQ LUUDGLDWLRQ H[SHULPHQW ORFDWHG LQ WKH UDG
WR WV LQLWLDO SXUSRVH ZDV WKH TXDOLILFDWLRQ RI UDGL

3RVW ,UUDGLDWLRQ ([SHULPHQW



IRU WKH HIWHUQDO UHJHQHUDWLRQ JDLQ GHWHUPLQDWLRQ EXW
FDOFXODWLRQV

JLIXUH VKRZV WKH WZR VXEDVVHPEOLHY LQYROYHG LQ WKH '28%

FEF79 FEG58
1st ring of the 2nd ring of the
fertile blanket fertile blanket

. s Pin 59, ition 10
Pin 57, position 1 n position

Pin 52, position 2

" e Pin 31, ition 14
Pin 31, position 5 In 31, position

Pin 15 ition 16
Pin 16, position 7 in 15, position

Pin 3, position 18

Pin 5, position 9

JLIXUH )() DQG )(* VXEDVVHPEOLHV ZLWK WKH H[SHULPH

x 7TKH)() VXEDVVHPEO\ LV ORFDWHG LQ WKH ILUVW ULQJ RI WKH |

LQ SRVLWLRQ IURP F\FOH WMWRBXUHIRU)LYHB®BHOVODU’
KDYH EHHQ VWXGLHG QXPEHU DQG ,Q RUGHU WR
WKHP DQG E\ LQFUHDVLQJ GLVWD @FHRIQWHAQWKHVFRUF

DWRP SHUFHQW

x TKH )(* VXEDVVHPEO\ LV ORFDWHG LV WKH VHFRQG ULQJ RI V

LUUDGLDWHG LQ SRVLWLRQ IURP F\FOH WR 8IRU ()3
SLQV KDYH EHHQ VWXGLHG QXPEHU DQG ,Q RUGHU W
WKHP DQG JLIXBRQW H@WLILV DWRP SHUFHQW

(I!THFWLYH )XOO 3RZHU 'D\



1RPLQDO 3RZHU
]

3RZHU

i il Pii Tii oili Al oili o1l o1l oii
7LPH GD\V

JLIXUH )() VXEDVVHPEO\ LUUDGLDWLRQ KLVWRU\

1RPLQDO 3RZHU

3RZHU

i ini [RR [RR ol Al oili o1l o011 ol i
7LPH GD\V

JLIXUH )(* VXEDVVHPEO\ LUUDGLDWLRQ KLVWRU\

JRU HDFK H[SHULPHQWDO SLQ VHYHUDO VDPSOHV KDYH EHHQ \
EHHQ FXW LQWR VDPSOHV WKDW KDYH EHHQ GLVVROYHG E\ D FKHP
VSHFWURVFRS\ LQ RUGHU WR REWDLQ LVRWRSLF UDWLRYV

7KH TROORZLQJ LVRWRSLF UDWLRBRY &ED8H EHHQ3IRHDVXUHG
3X 3X 3X 3X 3X 3X 3X 3XQGCG ILQIBEOB®\7KH ODWWHU LV XVHG DV D QF
LQGLFDWRU DOORZLQJ WR DGMXVW WKH FDOFXODWHG QHXWURQ 10

7KH H[SHULPHQW MICRAWWWDR GHKAJHDVHY E\ D IDFWRU EHWZHHC

SLQ RI WKH ILUVW ULQJ VXEDVVHPEO\ )() DQG E\ D IDFWRU IR
WKDW LI ERWK DVVHPEOLHY DUH DGMXVWHG WR WKH VDPH ()3 WK
SSP LQVLGH WKH EODQNHW /HEUDW HW DO W LV REYLRXV Wk

RYHU D VKRUW GLVWDQFH LV D UHDO FKDOOHQJH IRU FDOFXODWLRC

7KH1G LQVLGH WKH SLQV LV SURGXFHG E\ ILVVLRQ UHDFWLRQV ZKRVH UD



7TKH PRGHOOLQJ RI WKH LUUDGLDWLRAQ

7KH PRGHOLQJ RI WKH '28%/21 LUUDGLDWLRQ ZLWK '$5:,1 6)5 DQC
WKH RQH ZH KDYH SHUIRUPHG LQ RXU SUHYLRXV ZRUN RQ WKH 75%$38
&DODPH HW DO

7KH PRGHOLQJ RI WKH LUUDGLDWLRQ ZLWK '$5:,1 6)5

'$5:,1 6)5 9DJOLR *DXGDUG HW DO LV WKH &($ XS WR GDWF
GHSOHWLRQ FDOFXODWLRQV 7KH &($ KDV GHYHORSHG LW LQ RUGH!I
RI GHFD\ KHDW PDWHULDO EDODQFH DFWLYLW\ HWF

JLIXUH  VKRZV WKH '$5:,1 6)5 FDOFXODWLRQ VHTXHQFH ZKLF}
6FKQHLGHU HW DO IRU WKH QHXWURQ IOX[ FDOFXODWLRQ DQG
DO $32//2 S DOUHDG\ VKRZV LPSURYHG DFFXUDF\ IRU QHXWL
FRPSXWDWLRQ SHUIRUPDQFHV WKDQ LWV SUHGHFHVVRU (5$126 9
SURSDJDWLRQ RI WKH QXFOHDU GDWD XQFHUWDLQWLHY RQ WKH ILC
SHUWXUEDWLRQV WRROV LPSOHPHQWHG LQ 0(1'(/

JEFF3 library processed by the
GALILEE processing chain
(1968-energy mesh)

APOLLO3®; Solving of the
Boltzmann equation on
assembly geometriesininfinite
lattice

MPO-xs containing self-
shielded and collapsed cross-
sections

APOLLO3?: solving the Depletion chains
Boltzmann and Bateman
equations on the 3D whole
core geometry

MENDEL : Solving the | Cross sections at infinite
l, Bateman equation dilution (GENDF format)
MPO-core containing self- /
shielded and collapsed cross-
sections, and core multigroup Nuclearconstantlibrary (2, FYi,
neutron flux tabulated versus Ei, etc)
depletion Physical parameters for

cycle : Fuel inventory, decay
heat, material activation, etc

JLIXUH '"HVFULSWLRQ RI WKH FRGH FKDLQLQJ UHODWLYH WR WK
'$5:,1 6)5 9DJOLR *DXGDUG HW DO



'"HWDLOV DERXW WKH $32//2 S QHXWURQ IOX[ FDOFXODWLRQ ZF
&DODPH HW DO ,Q VKRUW

x 7KH ODWWLFH FDOFXODWLRQ SURGXFHV WKH HIIHFWLYH
VXEDVVHPEO\ OHYHO

X 7TKHVH FURVV VHFWLRQV DUH XVHG GXUVYRKO YHKUH ZRRVMKH OF D O
JURXSV HQHUJ\ PHVK IROORZHG E\ D FRQGHQVDWLRQ W

$W FRUH VFDOH $32//2 S RITHUV VHYHUDO QXPHULFDO VROYHU\
0,126 %DXGURQ HW DO 3$67,6 /HZLV HW DO DQG 0,1%$5
$PRQJ WKHP ZKLFK DUH HTXDOO\ HIILFLHQW WR PDVWHU IOX[ FDO
DQG 3%67,6 DUH QRW DEOH WR PDQDJH XQVWUXFWXUHG JHRPHWULE
XVLQJ GLVFUHWH RUGLQDWHY FRPSXWDWLRQDO PHWKRGY ZLWK DG
WUHDW XQVWUXFWXUHG JHRPHWULHYV LQ ZKLFK WKH IXHO SHOOHW\

7KLY SDUWLFXODU IHDWXUH LV RI SULPH LQWHUHVW IRU WKH S
DUH DYDLODEOH IRU GHGLFDWHG SHOOHWY DFURVV WKH IHUWLOH
KRPRIJHQRXV ZD\ VXFK DV QHHGHG IRU 0,126 RU 3%$67,6 ZRXOG LQW
DQG WKXV D SRWHQWLDO QXPHULFDO ELDV ,Q 0,1$5(7 ZH KDYH VH
UbGLDO D[LDO RUGHUV HTXDO WR ZKLFK FRUUHVSRQGY WR D OL
FRXQWHU EDODQFHG E\ D UHILQHG WULDQJXODU PHVK FHQWLPHW
GHGLFDWHG VXE DVVHPEOLHVY WR WDNH LQWR DFFRXQW WKH IOX[ JL

7KH FRUH FDOFXODWLRQ DUH SHUIRUPHG LQ D VHPL KHWHUR
VXEDVVHPEO\ LV KRPRJHQL]HG UDGLDOO\ ZKLOH NHHSLQJ LWV D[LD
EHHQ PRGHOHG VHSDUDWHO\ WKDQNV WR WKH $32//2 § XQVWUXFW
DQG )LIXUH

JLIXUMHRPHWULFDO GHNFUNVNXWDRYHPEWKHQVLGH WKH 3+(1,; UHDF
$32//12 S

7ZR 7KUHH 'LPHQVLRQDO 7UDQVSRUW



JLIXUHHRPHWULFDO GHVFUIXWDRYHRABOKH QVLGH WKH 3+(1,; UHDF!
$32//12 S

7KH PRGHOLQJ Rl WKH LUUDGLDWLRQ ZLWK 75,32/, S

,Q DGGLWLRQ WR '$5:,1 6)5 ZH KDYH DOVR VLPXODWHG WKH '2¢
SUHIHUHQFH™ VWRFKDVWLF FRGH 75,32/, S DFFRUGLQJ WR WKH JHR

:KHUHDV D GHWHUPLQLVWLF FRGH KDV FDOFXODWLRQ ELDVHYV
DSSUR[LPDWLRQV D VWRFKDVWLF FRGH VXFK DV 75,32/, S SHUIRUP
QHXWURQ IOX[ FDOFXODWLRQ WKH DVVRFLDWHG FDOFXODWLRQ UHYV
GLVFUHSDQFLHY ZLWK PHDVXUHPHQWY FDQ EH DWWULEXWHG WR EL
6)5 WKH GHSOHWLRQ FDOFXODWLRQV LQ 75,32/, S DUH SHUIRUPHG

,Q RUGHU WR ILQG D JRRG FRPSURPLVH EHWZHHQ FDOFXODWLRQC
VLPXODWLRQV FRQVLVWHG LQ EDWFKHV RI QHXWURQV IRU HD

,Q RXU VSDWLDO PRGHOLQJ RI WKH LUUDGLDWLRQ WKH VXEDVVH
D[LDO VWUXFWXUH LV IXOO\ GHVFULEHG $ 7KH VXEDVVHPEOLHV R
DUHD )LIJXUH % EXW RQO\ WKH VDPSOHV LQVLGH WKH SLQV RI LQ
ILYH VDPSOHV IRU WKH )() VLPXODWLRQ DQG IRXU VDPSOHV IRU Wtk

7TKH QXFOHDU GDWD OLEUDU\N ZH KDYH XVHG LV -()) 6DQWDPD
R f& DV LV FRQVWLWXWHY WKH UHIHUHQFH GDWD XVHG LQ )15 QH
JRRG SHUIRUPDQFHY ZKHQ DVVRFLDWHG ZLWK (5%$126 /HEUDW HW D



I nternal core

External core Reflectors

Fertile blanket Il Sodium
[ Auxial fertile blanket Il Control rod absorbent medium

Expansion blanket Control rod following medium
B Neutronic protection I Control rod neutronic protection
Il Sodium fransition zones [ Void

DOUBLON subassemblies

2, _'Tfh FEF79 subassembly
e FEGS58 subassembly

%

JLIXUH 75,32/, S VHPL KHWHURJHQHRXV PRGHOOLQJ RI WKH '

7KH GHVFULSWLRQ RI WKH LUUDGLDWLRQ KLVWRU\

7KH LUUDGLDWLRQ KLVWRULHV RI ERWK WKH )() DQG )(* VXE
PRGHOHG VHH )LJXUH DQG )LJXUH 6LQFH ERWK VXEDVVHPEOLHYV
UHDFWRU F\FOHV ZH KDG WR SHUIRUP WKH FRUUHVSRQGLQJ GHSO
+RZHYHU WKH UHVXOWY ZLOO EH SUHVHQWHG RQ WKH VDPH JUDSK



« FEF » modelling : modelling of the FEF79 subassembly, with its irradiation history from cycle 17 to 24.

« FEG » modelling : modelling of the FEG58 subassembly, with its irradiation history from cycle 13 to 22

FEF79

1
1
i
1 i Cycles 17 to 24 -
|
i 1€
i€ : >
l FEG58 ! :
] Cycles 13 to 22 1 1
i i |
€ - =
DOUBLON experiment
Cycles 13 to 24
JLIXUH ,UUDGLDWLRQ KLVWRU\ RI WKH )() DQG )(* VXEDVVHP]I

H[SHULPHQW

,QGHHG HYHQ WKRXJK WKHVH VXEDVVHPEOLHY DUH QRW DOLJQHC
DGMDFHQW WR HDFK RWKHU WKH\ DUH DW LQFUHDVLQJ GLVWDQFH)
SLQV DUH WKHUHIRUH YLUWXDOO\ DOLJQHG ZLWK HDFK RWKHU LQ W/

J)LIXUH SRVLWLRQ RI WKH )() DQG )(* VXEDVVHPEOLHV LQVLGF
H[SHULPHQWDO SLQV



FEF79 FEGS58

e B o8 el e o e B R e R e

JLIXUH 9LUWXDO VXEDVVHPEOLHY DOLJQPHQW

7KKV E\ VIPPHWU\ DQG WKDQNV WR WKH LQFUHDVLQJ GLVWDQFH
Y)LIXUH LW FDQ EH FRQVLGHUHG WKDW WKH )() DQG )(* VXE
H[SHULPHQWDO SLQV DUH YLUWXDOO\ DOLJQHG ,Q DGGLWLRQ WKD
LQ WKH WZR DVVHPEOLHV FDQ EH FRPSDUHG WR HDFK RWKHU GHVS
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JLIXUH 'LVWDQFH EHWZHHQ HDFK H[SHULPHQWDO SLQ DQ

,QIOXHQFH RI WKH PRGLILFDWLRQ RI WKH VXEDVVHPEOL|

'XULQJ WKH LUUDGLDWLRQ WKH HQYLURQPHQW RI WKH )() DQG )
PRGLILHG

t ,Q SRVLWLRQ WKH IHUWLOH VXEDVVHPEO\ ZBW'D @G SODFHG E
VE\FOHV IURP W R

t ,Q SRVLWLRQ WKH IHUWLOH VXEDVVHPEO\ ZDWWHSODFHG |
WR WKF\FOHV IURP WR

7KHVH PRGLILFDWLRQV FDQ DIIHFW WKH QHXWURQ IOX[ LQ WKH VX
DQG LQ SDUWLFXODU WKH )(* VXEDVVHPEO\ DV FDQ EH VHHQ LQ )L



JLIXUH SRVLWLRQV DQG ZKHUH VRPH VXEDVVHPEOLHYV Z|
H[SHULPHQW

7KH )(* VXEDVVHPEO\ ZDV REYLRXVO\ PRUH GLUBWDMEOWZRSDFWH (
GLIITHUHQW PRGHOLQJY ZHUH WHVWHG ZLWK 75,32/, S IRU WKH )(*

LWKRXW WDNLQJ LOQWR DFFRXQW WKHVH FKDQJHVY LQ WKH HQYI
'LWK WDNLQJ WKHP LQWR DFFRXQW IRU WKH )(* VXEDVVHPEO\

7KH1G 8 LVRWRSLF UDWLR FDOFXODWHG ZLWK ERMVK PRGHOLQ
REVHUYH WKDW RQH FXUYH FDQ EH GHGXFHG IURP WKH RWKHU LQFL
WKH SLQV 6LQFH D IOX[ DGMXVWPHQW ZLOO EH SHUIRUPHG LQ DC
16 8 UDWLR WR WKH PHDVXUHG RQH ZH FDQ NHHS WKH DSSURI[LPC
RXU FDOFXODWLRQV

ZH FRQVLGHU WKDW WKH )() VXEDVVHPEO\ ZDV QRW LPSDFWHG
H[FHSW IRU WKHVH WZR SRVLWLRQV WKH UHVW RI WKH ORDGLQJ SODQ LV
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JLJXUH 1G 8 LVRWRSLF UDWLR IRU WKH SLQV FRR QVRKE RO WIXEDVVHP I
ORDGLQJ SODQ

&RPSDUDWLYH DQDO\VLV RI WKH H[SHULPHQW
'$5:,1 DQG 75,32/, S

7KH '28%/21 H[SHULPHQW ZDV SUHYLRXVO\ DQDO\]HG /HEUDW H!'
SDFENDJH 7VLODQL]DUD HW DO EDVHG RQ WKH (5%$126 QHXWU
ZLOO FRPSDUH WKHVH UHVXOWY ZLWK WKRVH ZH QRZ REWDLQ ZLWK
ZLOO DOVR VWXG\ WKH HIITHFW RI XVLQJ WKH -()) QXFOHDU GDWD

$GMXVWPHQW RI WKH FDOFXODWHG LUUDGLDWLRQ QHX\

7KH1G LV D VWDEOH ILVVLRQ SURGXFW SURGXFBGIQGRXU FDVH
3X$W WKH HQG RI WKH LUUDGLDWLRQ WKH DPRXQW RI WKLV QXFC
IOX] RULQ RWKHU ZRUGV WR WKH EXUQXS 'XULQJ WKH LQWHUSUHV
QHXWURQ IOX[ LV XVXDOO\ SHUIRUPHGGA @ RDW/HBR WR RMKWFK[SHUHL P E
YDOXH WKLV ZD\ D SRWHQWLDO ELDV RQ WKH FDOFXODWHG I10X][
FDOFXODWLRQV

SBURGXFWLRQ SDWKZD\ RI WKH LVRWRSHV RI LOQOWHUHVW

7KH PRGXOH RI '$5:,1 SURYLGHV WKH SURGXFWLRQ SD
QXFOLGHY PHDVXUHG DW WKH HQG RI WKH LUUDGLDWLRQ 7KH PDMF



7TDEOH BURGXFWLRQ SDWKZD\V RI WKH GLITHUHQW QXFOLGH)
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W DSSHDUV WKDW WKH KHDY\ QXFOLGHV DUH SURGXFHG H[FOX
VXFFHVVLYH UMDBQYGRERQRBTXHQWO\ WKHLU ILQDO DPRXQWV ZLOO
PRGHOLQJ FDOFXODWLRQ ELDVHV

&DOFXODWLRQ RI WKH LVRWRSLF UDWLRY DQG WKH DVYV

$IWHU WKH IOX[ DGMXVIGP& QW VEIBR/ ABPBOQ WHKWKH YDULRXV LVRW
WKDW ZH KDYH FDOFXODWHG ZLWK 75,32/, S '$5:,1 DQG '$5:,1 6)5
E\ WKH PHDQWIRWLRY XX XFHUWDLQWLHY RQ WKHVH UDWLRYV DFFRX!
XQFHUWDLQW\ RI WASLFDOO\ DQG WKH VWDWLVWLFDO GLVSHUVLI

JRU HDFK LVRWRSLIF RGN ®RH WKE(1'(/ /DKD\H HW DO SHUI
SURSDJDWLRQ RI WKH XQFHUWDLQWLHV RQ W/KRHWIKXF OIHDIO GLOIQN Bl Q W
RI HDFK QXFOLGH

*...¥"XVHV WKH FRYDULDQFH GDWD IURP WKH &20%$& Y GDWDED)
LQFOXGHY DOO WKH QXFOHDU GDWD DQG FRYDULDQFH PDWULFHV DV
GDWD ILVVLRWLRIQ I HXWURQ VSHFWUD DQG PXOWLSOLFLWLHV LQ
7TKHVH GDWD FRYHU PRVW RI WKH PDMRU DFWLQLGHYV ILVVLRQ SUR
FDOFXODWLRQV 7KH UHODWLYH XQFHUWDLQW\ RQ DQ LVRWRSLF L
XQFHUWDLQWLHY RQ WKH WZR FRQFPHQWUDWLRQV ZKLFK DUH HVWL|

&RPSDUDWLYH DQDO\VLV RI WKH '$5:,1 6)5 DQG 75,32/,

$ FRPSDULVRQ RI WKH H[SHULPHQWDO YDOXHV WR WKH FDOFXO
75,32/, $ LV SHUIRUPHG ,Q ERWK FDOFXODWLRQV RQO\ WKH FRQ
GHSOHWHG WKH FRUH WHPSHUDWXUH LV f& DQG WKH -()) 6
OLEUDU\ LV XVHG

$QDO\VLVIBI SUKRHG XFWLRQ

JLIXUH VKRZV WK 8 URMMRHRU WKH GLIITHUHQND XESHWDIWLP HQWD |
GDWD XQFHUWDLQW)\ DVVRFLDWHG ZLWK WKH '$5:,1 6)5 FDOFXODWL
IDVW VSHFWUXP LQGHSH Q8 W@A\H | DOMR. RDK LIFKOBR'WRI GG AD\ LQWR
VXFFHE G \V

&DOFXODWLRQ RYHU ([SHULPHQW
7KLV FRQFHUQV WKH GHFD\ FRQVWDQWY EUDQFKLQJ UDWLRV FUR\
$W WKLV SRLQW &20%& GRHVY QRW LQFOXGH WKH FRYDULDQFHV EH\



7KH 75,32/, S DQG '$5:,1 6)5 UHVXOWV DUH FRPSDWLEOH ZLWKLGC
IRU WKH ODVW SLQ ZKHUH D GURS LV REVHUYHG ZLWK '$5:,1 6)5
FDOFXODWHYVY WKH HYROXWLRQ RI WKH QHXWURQ IOX[ WKURXJKRXW

JLIXUH & (R3 WKNRWRSLF UDWLR REWDLQHG ZLWK VY5,32/, S DQG
XQFHUWDLQWLHYV

IHYHUWKHOHVY ODUJH SLQ WR SLQ YDULDWLRQV DUH REVHUYI
WZR VXEDVVHPEOLHV ,Q WKLV ]JRQH WKH & ( YDULHV IURP WR
WKH OLPLWDWLRQV RI RXU GHSOHWLRQ FRGHVY WR UHSURGXFH WKH |
UDGLDO EODQNHW ,Q6BB86EXZDWKRD FRGHMAMMG SHUIHFW QXFOHDU (
IODW

+RZHYHU WKH DYHUDJH & ( HVWLPDWHG ZLWK '$5:,1 6)5 LV YHU\
WKH DYHUDJH QHXWURQ IOX[ LQ WKH EODQNHW LV ZHOO HVWLPDWH

SBURGXFWLRQ RI RWKHU QXFOLGHYV

JRU WKH DQDO\VLV RI WKH SURGXFWLRQ RI RWKHU QXFOLGHV |
SHUIRUPLQJ D QHXWURQ IOX[ DGMXVWPHQW ZKLFK LV DQ LWHUDWLY
PXFK WLPH FRQVXPLQJ DQG LV QRW UHDVRQDEO\ DFKLHYDEOH LQ W
WKMHSRVLWLR@®SILE RWKMKH )(* VXEDVVHPEO\ VLQHEK IRU WKLV SLQ
LVRWRSLF UDWLR ZLWK 75,32/, S LV WKH FORVHVW WR RQH VHH )LJ

$ IOX[ DGMXVWPHQW SHUIRUPHG ZLWK '$5:,1 6)5 PDNHV LW SRVVL
1G 8 LVRWRSLF UDWLR IRU WKLV SHQG DS BIRWENQRH X IOWWDED A
IOX[ DGMXVWPHQW IDFWRU ZDV RSWLPDO IRU WKLV W\SH RI DQ
WHVWV ZH IRFXVHG RQ WKH IDFWRU ZKLFK PDNHV LW SRVVLE

LH ZLWKRXW DQ\ FDOFXODWLRQ ELDV



1G 8 VLPXOWDQHRXVO\ FORVHVW WR WKH 75,32/, S YDOXH D(
REWDLQHG E\ DGMXVWLQJ WKH QHXWURQ1I® X[ ZLWK WKH PHDQ

7TDEOH '"HWHUPLQDWLRQ RI WKH QHXWURQ IOX[ DGMXVYV

© )(* @S LQ RI ) (*

WKS|Q RI 28%/21 YOX[ DGMXVWPHQW |IDEWSR|U & ( RI

75,32/, S F r{y
'$5:,1 6)5 ZLWKRXW DQ\|IDGMXVWHPHQW r{u

$5:,1 6)5 - q‘ o
DGMXVWHG ZLWK WKH P (ﬂama

$5:,1 6)5 f L .
DGMXVWHG ZLWK WK*HS& @ YDO XHsR koW K H

JLIXUH FRPSDUHV WKH UHVXOWYV RI '$5:,1 6)5 YfSW® WKRVH R
RI WKH )(* VXEDVVHPEO\ DIWHU WKH IOX[ DGMXVWPHQW ZLWK WKH
D VLPLODU1& (8REHWZHHQ 75,32/, $ DQG '$5:,1 6)5 DQG FORVH WR
7KLV PHDQV WKDW WKH FDOFXODWHG QHXWURQ IOX[ QRZ PDWFKHV \
ZH FDQ DQDO\]H WKH RWKHU LVRWRSLF UDWLRYV

‘H FDQ REVHUYH RQ )LIJXUH WKDW

x 7TKH & (IRU8 8 8 8 8 3X 8 3X 3X 3X 3X DQIX 3X
DQG FRPSDWLEOH EHWZHHQ '$5:,1 6)5 DQG 75,32/,VS ZLWK UH\
XQFHUWDLQWLHYV

x 7KHUH LV D GLVFUHSDQF\ 3RU BXKWH VBKIHR @ DWW HR/QZRKOG EH FRPS
XQFHUWDLQWLHY ZHUH FRQVLGHUHG



JLIXUH & ( RI WKH LVRWRS LV XWFW URWD LROWWWHW WK SLQ

%\ VWXG\LQJ WKH & ( RI )LIXUH DQG WKH SURGXFWLRQ SDWKZD)\
WKH IROORZLQJ DQDO\VLY FDQ EH PDGH

x 7TKH3X LV DQ LVRWRSH ZKRVH SURGXFWLRQ LV VHQVLWLYH WR
VKRZV WKDW WKLV QXFOLGH BV GURYGXFUBDFEMLE®M E\KWKKH KDV
HQHUJ\ WKUHVKROG RI O0H91S7IsH FDEXOFONVRY RQ WKKH 75$38 H[S!
&DODPH HW DO VKRZHG D SRWH Q@WN LQ OPURW N UHH/FANWLLPRDQV [ZRK
FRXOG H[SODLQ WKH XQ&HISHRWXFWWWRRQVKIDWKHH REVHUYH LQ
H[SHULPHQW ZLWK ERWK 75,32/, S DQG '$5:,1 6)5

x 7TKH SURGXFWXRQVRFRPSDWLEOH EHWZHHQ ERWK FDOFXODWL
XQFHUWDLQWLHYVY EXW LV RYHUHVWLPDWHG FRPSDUHG WR WKH
LV SURGXFHBXE\QWKHDFWLRQ )LJXUH DQG VKRZ WKDW WKL
HQHUJ\ UHVRQDQFH EHORZ H9 LYKHWUB\ \WWRHE QBBWIIRRE DEX]) S
HVWLPDWHG E\ ERWK RXU QHXWURQLF FDOFXODWLRQ FRGHV D
WKH 75,32/, S DQG $32//2 S IOX[ HVWLPDWLRQV

Xx 7KH VDPH DQDO\VLV VWD QG@WX IIRQBEHV KZHK B IDRIGIX E WR B OFRIIG E\ VXFFI
FDSWXUH UHDFWXRQV RRRW®HLQ 7DEOH 7KH FDOFXODWLRQ
GHVFULEHG IRU W KK DPWRIGFFMXRIMWRHIG IRU WKHVH QXFOLGHYV

JLIXUH DQG VKRZ WKH QHXWURQ IOX[ DYHUDJHG RYHU DOO WKH H[SH!
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JLIXUH &RPSDULVRQ RI WKH QHXWURQ IOX[ DQG VHYHUDO UHDFW
DQG 75,32/, S OLQHDU VFDOH
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JLIXUH &RPSDULVRQ RI WKH QHXWURQ IOX[ DQG VHYHUDO UHDFW

DQG 75,32/, S ORJDULWKPLF VFDOH
'XULQJ WKH LUUBDXG BDWDLEBX DMKHHSURGXFHG LQ YHU\ VPDOO DPRX
DV WKH\ DUH QRW SUHVHQW LQ WKH LQLWLDO FRPSRVLWLRQ RI W
75,32/, S DQG '$5:,1 6)5 IRU WKH SURGXFWLRQ RI WKHVH QXFOLGHYV
LQ WKH FDOFXODWHG QHXWURQ HQHUJ\ VSHFWUXP )RU LQVWDOQFH
HVWLPDWHG ORZ HQHUJ\ QHXWURQ IOX[ LV KLJKHU ZLWK 75,32/, S
HOQHUJ\ UDQ3XK KWKHD KLJK FDSWXUH FURVV VHFWLRQ ZKLFK OHDC
HVWLPDWLRQV EHWZHHQ WKH WZR FRGHV DXXGDKRXEDFWYV WKH FDOFX

7DEOH $YHUDJH '28%/21 SOXWRQLXP LVRWRSLF UDWL
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&RPSDUDWLYH DQDO\VLV RI WKH '$5:,1 6)5 DQG '$5:,1

$ FRPSDULVRQ RI WKH H[SHULPHQWDO YDOXHV WR WKRVH REWDLC
LV SHUIRUPHG ,Q ERWK FDVHV RQO\ WKH FRQFHQWUDWLRQV RI WI
WHPSHUDWXUH LV f & DQG WKH -()) QXFOHDU GDWD OLEUDU\

&DOFXODWLRQV ZLWK WKH '$5:,1 GHSOHWLRQ SDFNDJH

$ SUHYLRXV LQWHUSUHWDWLRQ RI '28%/21 ZDV SHUIRUPHG VRPH \
WKH '$5:,1 GHSOHWLRQ SDFNDJH XVLQJ WKH (5%$126 QHXWURQLF
3(3,1 GHSOHWLRQ PRGXOH DQG WKH -()) QXFOHDU GDWD OLEUD

7KH FHOO FDOFXODWLRQV ZHUH SHUIRUPHG ZLWK WKH (&&2 PRGX
KHWHURJHQHRXV VXEDVVHPEO\ GHVFULSWLRQ DQG D HQHUJ\ JL
HQYLURQPHQW PRGLILFDWLRQ ZDV WDNHQ LQWR DFFRXQW GXULQJ V
WKH 9$5,$17 &DUULFR HW DO VROYHU RI (5$126 LQ D JURXS

2QFH WKH UHDFWLRQ UDWHY DQG QHXWURQ VSHFWUXP KDYH E
UHDFWRU F\FOH DQG HDFK SLQ WKH 3(3,1 PRGXOH ZDV XVHG WR SH
FDOOHG '$5:,1 ZKLFK SHUPLWYVY WR REWDLQ WKH ILQDO FRQFHQWU
$ IOX[ DGMXVWPHQW RI LQ WKH FDOFXD®WURQG XBWLQ ) FMNVIYDXIV HAC
WKH H[SHULPHQW

&RPSDUDWLYH DQ@BOSVIRG R F WIKRHQ
7KH & ( REWDLQIHGG8IRVRWKRISLF UDWLR DUH VKRZQ LQ )LJXUH 'H

X 7KH DYHUDJH &G BIUDWRMHLR LV VLPLODU EHWZHHQ '$5:,1 DQG '$
RQ DYHUDJH WKH EXUQXS OHYHO L H WKH QHXWURQ I0X[ OH
ZKROH [HUWLOH EODQNHW LV VLPLODU

Xx 7TKHUH LV KRZHYHU D YHU\ ODUJH SLQ WR SLQ VSDWLDO YDU

16 8 & ( LV YHU\ GLITHUHQW EHWZHHQ '$5:,1 DQG '$5:,1 6)5
LOWHUIDFH EHWZHHQ WKH WZR IHUWLOH VXEDVVHPEOLHV

7KH SLQV bDUH ORFDWHG DW LQFUHDVLQJ GLVWDQFHV IURP WKH [
OHYHO GHFUHDVHYVY LQVLGH WKH EODQNHW & HAOLOW A HW QN QVHODW/U W/ &
IDUWKHU WKH SLQ WKH ORZHU WKH QHXWURQ IOX[ OHYHO DQG KHQ

1G SURGXFWLRQ %XW ZKHQ QHXWURQV SHQHWUDWH WKH IHUWLOFL
GLIIXVLRQ UHDFWLRQV DQG WKH GHFUHDVH RI WKHLU HQHUJ\ PDNHYV
RU3X ZKLFK WHQGV W& BQRGKEWH RCKH

7KLV VXJIJHVWYV WKDW WKH HVWLPDWLRQ RI WKH QHXWURQ HQHUJ
IRU DQ DFFXUDWH FD® BXODWLILR Q@ REG WKXY Rl WKH RWKHU LVRWRSLF



JLIXUH & (R WKNRWRSLF UDWLR REWDLQHG ZLWK '$5:,1 DQG

$QDO\WVLV RI WKH HIIHFW RI WKH QHXWURQ HQHUJ\ VSHF

7R DQDO\]H WKH QHXWURQ HQHUJ\ VSHFWUXP LQ D JURXSYV
QRUPDOL]HG QXA EARIQFKOXY W K H“RH XWKHRIQQIMUGIL YIIUGRHKS E\ WKH VXP
RYHU DOO MBKH JURXSYV

JLIXUH DQG SUHVHQW WKH VSDWLDO DYHUDJH QHXWUR
'$5:,1 DQG '$5:,1 6)5 LQVLGH WKH IHUWLOH EODQNHW :H QRWLFH
ERWK FRGHVY DUH JOREDOO\ VLPLODU DOWKRXJK D ELW VRIWHU ZLW
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JLIXUH '$5:,1 DQG '$5:,1 6)5 VSDWLDO DYHUDJH QRUPDOL]HG Qt

$QDO\WVLVBRUHDKMWLRQV FURVYV VHFWLRQV

7KH GLITHUHQFHVY REVHUYHG LQ WKH FDOFXODWHG QHXWURQ H
VWXG\ WKH FURVV BHFMWDLRWQVRRIVVRIFISHFLDOO\ WKH FDSWXUH DQG ||
WKH YDOXHV RI WKRVH FURVV VHFWLRQV LQ '$5:,1 6)5 DQG '$5:,1
UHFRYHUHG LQ WKH FDOFXODWLRQ FRGHV (5%$126 DQG $32//2 S IRU
FXUYH UHSUHVHQWYV WKH $32//2 S (5$126 UDWLR
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JLIXUH '"LITHUHQFI EBDYWNKHAE W&AE ILVVLRQ FURVYV VHFWLRQV LC
(5$126

7KHUH DUH VLJQLILFDQW GLIIHUHQFHV EHWZHHQ '$5:,1 6)5 DQ
HQHUJ\ UDQJH ERWK IRU WKH FDSWXBH7EK®G HVEHI IV MDRE \F PRV A [\
WKH GLVSDULWLHYV 160 SWKHWRIRO DSOIMKNEGRGXFHG E\ WKH HQHUJ\ G
ILVVLRQ X WHKGHUDWHG E\ WKH HQHUS\DEHS EQ @HEWH 6 BB WXEHSRIQ C
ILVVLRQ & ID\W BH

JRU VXEFULWLFDO PHGLXPV VXFK DV WKH I[IHUWLOH EODQNHW (!
RQ PDQ\ DSSUR[LPDWLRQV ZKLFK FDQ LQGXFH ELDVHV IRU REWDLQ!
XVHG IRU WKH FRUH FDOFXODWLRQ EQHQKHDRWKHG RRQYGZLIVR RBW2R/
LQ RUGHU WR LPSURYH WKH FDOFXODWLRQ VFKHPHV IRU VXEFULWLF
WKH JHQHUDWLRQ RI WKH FURVV VHFWLRQV IRU WKH VXEFULWLFD(
FDOFXODWLRQ DQG H[SHULPHQWDO YDOLGDWLRQ

2ZWKHU LVRWRSLF UDWLRYV

'"HVSLWH VLIJQLILFDQW SLQ WR SLQ GIL& SDIMWOQRV HWKRH FDQYHH RY H
WKH ZKROH UDGLDO IHUWLOH EODQNHW DOORZLQJ XV WR LQWHUSU
REWDLQHG RYHU WKH SLQV )LJXUH VKRZV WKH & ( RI WKH DYHUDJ

DQG '$5:,1 6)5 WKH DVVRFLDWHG XQFHUWDLQWLHY PDLQO\ UHVXO
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JLIXUH & (Rl WKH DYHUDJH LVRWRSLF UDWLRY HVWLPDWHG ZL'
‘H REVHUYH RQ )LJXUH WKDW

¥ 7TKH DYHBDBHDQB® SURGXFWLRQV VKRZ D JRRG DJUHHPHQW EHW:?
FRGHYVY DQG WKH H[SHULPHQW

¥ 7KH DYHUDJH SURGK¥WICRMR RMIHU\ ZHOO HVWLPDWHG ZKLFK LV
WKDW WKH DYHGD3 H\W. HORVH WR RQH

¥ 7KH DYHUDJH SURGXEWLRIKQR BRHVXOWYV [URP WRHDFEDVRNKRIBIURIG W C
FDOFXODWHG

¥ 7TKH3X SURGXFWLRQ VKRZVY EHWWHU UHVXOWY ZLWK '$5:,1 6)5 V
XQFHUWDLQWLHY DUH LPSRUWDQW EHFDXVIX RBXWKIHWQBUJH SLQ

¥ 7KH SURGXF&L DP@QEXRDUH FRQVLVWHQW EHWZHHQ '$5:,1 DQG '¢
+RZHYHU WKH\ DUH QRW FRPSDWLEOH ZLWK WKH PHDVXUHPHQ
WKH GHSOHWLRQ FRGHVY WR HVWLPDWH WKH SURGXFWLRQ RI WI

,PSDFW RI WKH QXFOHDU GDWD OLEUDU\ RQ WKH FDOFXO

,Q RUGHU WR HYDOXDWH WKH LPSDFW RI WKH QXFOHDU GDWD ¢
FDOFXODWLRQV SHUIRUPHG ZLWK -()) DQG -()) 1($

YLIXUH SUHVHQWV1WKH BDWRR WRHERWK FDVHV :H FDQ REVHUY
VOLJKW GLITHUHQFH IRU WKH ILUVW SLQV RI WKH IHUWLOH EODQNH
UHVXOWYV DUH VLPLODU IRU WKH )(* VXEDVVHPEO\ 7KH OLPLWHG
DVVHPEO\ ZLWK -()) LPSOLHV DQ DYHUDJH YDOXH RI WKH & ( WKD
RQH



J)LIXUH & (R WKNRWRSLF UDWLR FDOFXODWHG ZLWK '$5:,1 6)5 X
RU WKH -()) QXFOHDU GDWD OLEUDU\

JLIXUH SUHVHQWY WKH & ( YDOXHV IRU WKH RWKHU LVRWRSL
DUH VLPLODU IRU WKH XUBRLBRPH BWIRBUM CFHE WBMN BEKVHUYHG IRL
DQG3X EXW WKH UHVXOWY DUH FRPSDWLEOH ZLWK HDFK RWKHU JLY
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JLIXUH & ( RI WKH '28%/21 LVRWRSLF UDWLRV HVWLPDWHG ZLWK
RU WKH -()) QXFOHDU GDWD OLEUDU\



‘H QRWLFH LQ )LIJXUH WKDW WKHUH DUH VLJQLILEFDOQW YDULDW
ZKHQ FKDQJLQJ WKH QXFOHDU GDWD OLEUDU\ ,QGHHG WKLV FURV

-0)) WKDQ ZLWK -()) 'H DOVR QRWLFH WKDW WKH QHXWURQ V
6)5 LV VRIWHU ZLWK -()) WKDQ ZLWK -()) ZRXFIKQEKSODLQV WKI
GLIIHU
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&RQFOXVLRQ

'$5:,1 6)5 LV WKH &($ IXHO GHSOHWLRQ SDFNDJH WKDW DLPV \
GHWHUPLQLVWLF FDOFXODWLRQV ,W LV FRPSRVHG RI WKH GHWHU
GHSOHWLRQ PRGXOH 0(1'(/ DQG QHHGYV WR EH YDOLGDWHG E\ FRPS
RWKHU FDOFXODWLRQ WRROV 7KH '$5:,1 6)5 SDFNDJH EHQHILWV IU
WKH LQGHSHQGHQW XVH RI WKH WZR FRGHV $32//2 $ DQG 0(1'(/ PDJ
WKH JHQHUDWLRQ RI WKH 032V RXWSXW ILOHVY DQG WR SHUIRUP XVF

‘H KDYH XVHG '$5:,1 6)5 WR UHYLVLW WKH '28%/21 H[SHULPHQW LC
FDOFXODWLRQV WR WKH PHDVXUHPHQWY WR WKH SUHYLRXV UHVXC
FDOFXODWLRQV SHUIRUPHG ZLWK WKH VWRFKDVWLF FRGH 75,32/,
LUUDGLDWLRQ RI WZR VXEDVVHPEOLHY ORFDWHG LQ WKH ILUVW DQ
VRGLXP FRROHG IDVW UHDFWRU 3+(1,; 7KH\ ZHUH LUUDGLDWHG GXU
SLQV ZHUH DQDO\IHG DQG SURYLGHG VRPH LVRWRSLF UDWLRV XYV
FDOFXODWLRQV LQVLGH WKH UDGLDO IHUWLOH EODQNHW

‘H REVHUYH WKDW '$5:,1 6)5 FDOFXODWHYVY WKH VKDSH RI WKH QF
S ZLWKLQ WKH IHUWLOH EODQNHW DV ORQJ DV D IOX[ OHYHO DGMX'
GLIILFXOWLHVY WR UHSURGXFH WKH ILVVLRQ UDWHV :KLOH '$5:,1 6)
UHVXOWY IRU WKH SURGXFWLRQ R3 PRVW RIXWEBK DQEWRBHKW DQDO\]E
GLITHUHQFH LQ WKH QHXWURQ HQHUJ\ VSHFWUXP3XDXQ3XV VRPH GLVS¢
,QGHHG WKH ORZ HQHUJ\ IOX[ LV KLJKHU ZLWK 75,32/, S WKDQ ZLWtk
ZKHUH 3WKKDV D KLJK FDSWXUH FURVV VHFWLRQ 1HYHUWKHOHVV LW
DUH SURGXFHG LQ D YHU\ VPDOO DPRXQW GXULQJ WKH LUUDGLDWLR

'$5:,1 6)5 DQG '$5:,1 DUH RQ DYHUDJH HIILFLHQW DW FDOFXOL
RYHU WKH HQWLUH IHUWLOH EODQNHW +RZHYHU WKH WZR FRGHV V
D GLIIHUHQW VKDSH RI WKH QHXWURQ IOX[ LQVLGH WKH EODQNHW
VRIWHU WKDQ LQ '$5:,1 DQG WK H U HS8DRMS IXWRH ®IQG UIHNSLLGRFL A ¥ R\QV
LQ ERWK FRGHYV

7KH WHPSHUDWXUH KDV DQ LPSDFW RQ WKH FDOFXODWLRQ RI WK
KDV D VOLJKW LPSDFW RQ WKH IOX[ oW XEXW BRUWY DRMNIERIQ E O\

&RQFHUQLQJ WKH FKRLFH RI WKH QXFOHDU GDWD OLEUDU\ LW
SURGXFWIROQO@EK EHFDXVH LW VWURDEFOBSBWXIWDKHQRNYV WHKHWLRQ
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7VLODQL]DUD $ HW DO '$5:,1 DQ HYROXWLRQ FRGH V\VWHF
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9LGDO - ) HW DO $32//2 KRPRJHQL]DWLRQ WHFKQLTXHV
DSSOLFDWLRQ WR WKH $675,"' &)9 FRUH 1XFO (QJ 7HFKQRO Y|



