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TLJMM MFWFM ; BEWBODFE

Ebojfm Qfmjlbo

Jxhvw Zulwhu

LFSOFM NPEVMF
wr uhdfk dqdorjxh vdpsolqj olplw

Cvjmejoh bo ptdjmmptdpqf xjui b
Sbtqcfssz Qj

Dq rvfloorvfrsh fdq eh yhu| xvhixo wr dqdo|vh d flufxlw ru
h{shulphqw1 Vorz vljqdov fdq eh vdpsohg zlwk d vrxqg
fdug dqg {rvfrsh kwws=22{rvfrsh1vrxufhirujh1qhw2
Krzhyhu/ vrxqg fdugv fdqqrw uxq dw vdpsolqj iuhtxhqflhv
deryh 433nK}1

Wr dfklhyh kljkhu vdpsolqj udwhv/ L wulhg xvlqj dq Dugxlqr1
Zlwk wkh Dugxlqr lqwhuqdo Dqdorj Gljlwdo Frqyhuwhu +DGF,/ L
zdv deoh wr uhdfk 4/333/333 vdpsohv hyhu| vhfrqg
+4PVSV,1 Qh{w/ L wulhg xvlqj wkh Dugxlqr zlwk dq h{whuqdo
DGF/ zklfk uhdfkhg durxqg 8PVSV1 Krzhyhu/ wklv zdv
vwloo wrr vorz iru p| dssolfdwlrq dqg L vhdufkhg iru d fkhds
zd| wr uhdfk d kljkhu vdpsolqj vshhg1

L ghflghg wr wu| wkh Udvsehuu| Sl/ zklfk surylghv 4:
Jhqhudo Sxusrvh Lqsxw Rxwsxw +JSLR, slqv wkdw fdq eh
xvhg wr lqwhuidfh zlwk DGF fklsv1 Dowkrxjk zh frxog xvh
dq DGF wkdw frqqhfwv yld VSL ru L5F wr wkh Udvsehuu| Sl/
wkhvh surwrfrov uhvxow lq vdpsolqj udwhv wkdw duh dv vorz dv
d vrxqg fdug uhdgrxw ru vorzhu1 Rqh qhhgv wr xvh dq DGF
wkdw kdv d sdudooho gdwd rxwsxw/ zklfk fdq eh frqqhfwhg wr
d Udvsehuu| Sl1

Qbsbmmfm BED boe sfbmujnf sfbepvu

D sdudooho DGF fdq eh xvhg wr wdnh d vdpsoh rq wkh ulvlqj
hgjh ri d forfn vljqdo dqg rxwsxw wkh vdpsoh rq wkh gdwd
slqv rq wkh idoolqj hgjh1 Wkh dlp lv wr forfn wkh DGF dw rxu
uhtxluhg vdpsoh udwh dqg uhdg doo ri wkh gdwd slqv ehwzhhq
hdfk vdpsoh1

Wkh Udvsehuu| Sl lv d jhqhudo sxusrvh frpsxwhu wkdw fdq
uxq d Olqx{ rshudwlrq v|vwhp1 Krzhyhu/ Olqx{ rshudwlqj
v|vwhpv gr qrw qrupdoo| uxq surfhvvhv lq uhdowlph1 Wklv lv
ehfdxvh wkh rshudwlqj v|vwhp olvwhqv iru lqsxwv iurp rwkhu
ghylfhv/ udwkhu wkdq mxvw surfhvvlqj rqh frppdqg dw d
wlph1 Zkhq uhdglqj dq h{whuqdo DGF/ rqh qhhgv wr pdnh

vxuh wkdw wkh wlph ehwzhhq hdfk vdpsoh srlqw lv wkh vdph1
Zlwkrxw d uhdowlph rshudwlqj v|vwhp/ wklv lv qrw
jxdudqwhhg1

Diwhu d orw ri whvwv dqg d orw ri uhdglqj derxw lqwhuuxswv dqg
surfhvv frqwuro lq Olqx{/ L ghflghg wr zulwh d Olqx{ nhuqho
prgxoh wr wu| wr vroyh wkh uhdowlph uhdgrxw sureohp1

B Mjovy lfsofm npevmf

Zulwlqj d Olqx{ nhuqho prgxoh surylghv wkh srvvlelolw| wr
shuirup orz ohyho kdugzduh rshudwlrqv1 Zh qhhg wr uxq
zlwk wkh kljkhvw srvvleoh sulrulw|/ uhdglqj wkh JSLR uhjlvwhu
zlwk wkh v|vwhp lqwhuuxswv glvdeohg iru dv vkruw d wlph dv
srvvleoh1

Dpnqjmjoh b lfsofm npevmf

Wkh wh{w wkdw iroorzv dvvxphv wkdw d Udvsehuu| Sl lv ehlqj
xvhg wr frpsloh wkh Olqx{ nhuqho1 Krzhyhu/ dqrwkhu Olqx{
SF fdq eh xvhg wr shuirup furvv0frpslodwlrq wr vshhg xs
wkh surfhvv=kwws=22holqx{1ruj2USlbNhuqhobFrpslodwlrq

Wr vhw xs wkh exlog hqylurqphqw fruuhfwo|/ frs| wkh Edvk
vfulsw iurp wkh wrs ri wkh qh{w sdjh lqwr d iloh/ pdnh lw
h{hfxwdeoh dqg wkhq uxq lw1

Ehiruh surfhhglqj/ lw pd| eh xvhixo wr uhdg ryhu vrph
Olqx{ nhuqho ghyhorsphqw grfxphqwdwlrq=
kwws=22zzz1wogs1ruj2OGS2onpsj25192kwpo2onpsj1kwpo

Wr uhdg dqg zulwh uhjlvwhuv rq wkh Udvsehuu| Sl/ zh qhhg
wr nqrz wkhlu dgguhvvhv lq phpru|1 Wklv lqirupdwlrq fdq
eh irxqg lq wkh EFP5;680DUP0Shulskhudov
grfxphqwdwlrq=
kwws=22zzz1udvsehuu|sl1ruj2zs0frqwhqw2xsordgv253452352E
FP5;680DUP0Shulskhudov1sgi
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Xsjujoh uif lfsofm npevmf

Fuhdwh d F iloh fdoohg0>JK@�?MQ
 >wkdw frqwdlqv=

�D I>GP?@ �GDIPS�F@MI@G
 C�
�D I>GP?@ �GDIPS�HJ?PG@
 C�
�D I>GP?@ �GDIPS�AN
 C�
�D I>GP?@ �<NH�P<>>@NN
 C�
�D I>GP?@ �GDIPS�ODH@
 C�
�D I>GP?@ �GDIPS�DJ
 C�
�D I>GP?@ �GDIPS�QH<GGJ>
 C�

D IO DIDO:HJ?PG@�QJD?��
QJD? >G@<IPK:HJ?PG@�QJD?��
NO<OD> DIO ?@QD>@:JK@I�NOMP>O DIJ?@ 	� NOMP>O ADG@ 	��
NO<OD> DIO ?@QD>@:M@G@<N@�NOMP>O DIJ?@ 	� NOMP>O ADG@ 	��
NO<OD> NNDU@:O ?@QD>@:M@<?�NOMP>O ADG@ 	� >C<M 	� NDU@:O�

GJAA:O 	� �
NO<OD> NNDU@:O ?@QD>@:RMDO@�NOMP>O ADG@ 	� >JINO >C<M 	�

NDU@:O� GJAA:O 	� �

�?@ADI@ 02!!#00 �
�?@ADI@ "#3'!#:+�*# �>C<M?@Q� �	 "@QD>@ I<H@ 	�
�?@ADI@  2$:)#+ �� �	 *<SDHPH G@IBOC JA ?@QD>@ H@NN<B@ 	�

Wr vhw dgguhvv ydoxhv dqg doorz vlpsohu uhjlvwhu
pdqlsxodwlrq lq wkh F frgh/ dsshqg wkh suhsurfhvvru
pdfurv dw wkh erwwrp ri wklv sdjh wr wkh F vrxufh iloh1
Pruh lqirupdwlrq rq wkhvh pdfurv fdq eh irxqg dw=
kwws=22zzz1slhwhu0mdq1frp2qrgh248

Wkh qh{w slhfh ri frgh wkdw vkrxog eh dgghg wr wkh F

vrxufh iloh ghilqhv wkh JSLR frqqhfwlrqv wkdw duh xvhg wr
frqqhfw wr wkh DGF1 Iru wklv duwlfoh/ d vl{ elw DGF zdv
xvhg1 Wkhuhiruh/ vl{ JSLR frqqhfwlrqv duh qhhghg shu
DGF=

�	 +PH=@M JA N<HKG@N OJ ><KOPM@ 	�
�?@ADI@ 0�*-)#:0'6# �����

�	 "@ADI@ %-', -D IN 	�
�	 �"! � 	 �
�?@ADI@  '1�:-'+ �
�?@ADI@  '1�:-'+ �
�?@ADI@  '1�:-'+ �
�?@ADI@  '1�:-'+ ��
�?@ADI@  '1�:-'+ ��
�?@ADI@  '1�:-'+ ��

�	 �"! � 	 �
�?@ADI@  '1�:-'+� ��
�?@ADI@  '1�:-'+� ��
�?@ADI@  '1�:-'+� ��
�?@ADI@  '1�:-'+� ��
�?@ADI@  '1�:-'+� ��
�?@ADI@  '1�:-'+� ��

Wkh qxpehulqj vfkhph xvhg iroorzv wkh EFP qxpehulqj
vfkhph jlyhq dw=
kwws=22holqx{1ruj2USlbOrz0ohyhobshulskhudov

�	 0@OODIBN <I? H<>MJN AJM OC@ %-', >JII@>ODJIN 	�
�?@ADI@  !*����:-#/' : �0# �S��������
�?@ADI@ %-',: �0# � !*����:-#/' : �0# 
 �S������� �	 %-', > JIOMJGG@M 	�

�?@ADI@ '+-:%-',�B� 	�BKDJ
 <??M 
 ��B����� � �� Y����� � �B� ���� 	 �� �
�?@ADI@ 0#1:%-',:�)1�B� <� 	�BKDJ
 <??M 
 ���B� ���� � � W � �� �<� ���� �<� 
 �� �<� ���� �� �� ��� � �B� ���� 	 �� �

�	 %-', >GJ>F 	�
�?@ADI@ !),!(: �0# � !*����:-#/' : �0# 
 �S���������
�?@ADI@ %6:!)(: 205 �� �� ��

�� �=D I�=<NC
� � N>MDKO OJ N@OPK OC@ /<NK=@MMT -D AJM < F@MI@G =PDG?
$3�; UBM@K � 	 ADMHR<M@ <N JA� �PNM�NC<M@�?J>�M<NK=@MMTKD�=JJOGJ<?@M�>C<IB@GJB
 "@=D<I
 BU W C@<? � � W <RF � V KMDIO �� X� ;
HF?DM �K F:OHK�GDIPS
RB@O COOKN� ��M<R
 BDOCP=
 >JH�M<NK=@MMTKD�ADMHR<M@��$3�@SOM<�BDO:C<NC �, F:OHK�BDO:C<NC
RB@O COOKN� ��M<R
 BDOCP=
 >JH�M<NK=@MMTKD�ADMHR<M@��$3�@SOM<�*J?PG@
 NTHQ@MN �, F:OHK�*J?PG@
 NTHQ@MN
&�0&�; ><O F:OHK�BDO:C<NC;
RB@O �> COOKN� ��BDOCP=
 >JH�M<NK=@MMTKD�GDIPS�O<M=<GG��&�0& � , F:OHK�GDIPS
 O<M
 BU
>? F:OHK
O<M �SUA GDIPS
 O<M
 BU
(3�; PI<H@ �M;

NP?J HQ M<NK=@MMTKD�GDIPS	 �PNM�NM>�GDIPS�NJPM>@��(3
NP?J GI �N �PNM�NM>�GDIPS�NJPM>@��(3 �GD=�HJ?PG@N��(3�=PDG?
NP?J >K *J?PG@
 NTHQ@MN �PNM�NM>�GDIPS�NJPM>@��(3�
NP?J U><O �KMJ>�>JIADB
 BU � �PNM�NM>�GDIPS�NJPM>@��(3�
>JIADB
>? �PNM�NM>�GDIPS�NJPM>@��(3�
NP?J H<F@ JG?>JIADB
NP?J H<F@ KM@K<M@
NP?J H<F@ N>MDKON Edvk vfulsw

Vfrsh0guy1f +4243,

Vfrsh0guy1f +5243,

Vfrsh0guy1f +6243,
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Qrz dgg wkh uhpdlqlqj ixqfwlrq dqg yduldeoh ghilqlwlrqv
jlyhq ehorz wr wkh F iloh1

NOMP>O =>H����:K@MDKC@M<G V
PINDBI@? GJIB <??M:K�
D IO H@H:A?�
QJD? 	H<K�
QJG<ODG@ PINDBI@? DIO 	<??M�

X�

NO<OD> DIO H<K:K@MDKC@M<G�NOMP>O =>H����:K@MDKC@M<G 	K��
NO<OD> QJD? PIH<K:K@MDKC@M<G�NOMP>O =>H����:K@MDKC@M<G	K��
NO<OD> QJD? M@<?0>JK@�QJD?�� �	 /@<? < N<HKG@ 	�

NO<OD> DIO *<EJM� �	 *<EJM IPH=@M N@O AJM ?@QD>@ ?MDQ@M 	�
NO<OD> DIO "@QD>@:,K@I � �� �	 0OJM@ ?@QD>@ NO<OPN 	�
NO<OD> >C<M HNB7 2$:)#+9 �
NO<OD> >C<M 	HNB:-OM�

NO<OD> PINDBI@? >C<M 	=PA:K�

NO<OD> NOMP>O ADG@:JK@M<ODJIN AJKN � V

 M@<? � ?@QD>@:M@<?�

 RMDO@ � ?@QD>@:RMDO@�

 JK@I � ?@QD>@:JK@I�

 M@G@<N@ � ?@QD>@:M@G@<N@

X�

NO<OD> NOMP>O =>H����:K@MDKC@M<G HT>GJ>F � V!),!(: �0#X�
NO<OD> NOMP>O =>H����:K@MDKC@M<G BKDJ � V%-',: �0#X�
NOMP>O "<O<0OMP>OV

PDIO��:O  PAA@M70�*-)#:0'6#9 �
PDIO��:O ODH@�

X�

NOMP>O "<O<0OMP>O ?<O<0OMP>O�

NO<OD> PINDBI@? >C<M 	0>JK@ PAA@M0O<MO�
NO<OD> PINDBI@? >C<M 	0>JK@ PAA@M0OJK�

Wkh iluvw sduw ri wklv frgh ghilqhv d vwuxfw wr krog wkh
dgguhvv lqirupdwlrq1 D srlqwhu ri wklv vwuxfw w|sh lv sdvvhg
wr wkhH<K:K@MDKC@M<G��dqg PIH<K:K@MDKC@M<G��
ixqfwlrqv/ zklfk duh xvhg wr pds wkh kdugzduh uhjlvwhuv
lqwr phpru| dqg uhohdvh wkh pdsslqj1

WkhHT>GJ>Fdqg BKDJvwuxfwv duh dvvljqhg wkh uhjlvwhu
dgguhvvhv ri wkh JSLR dqg forfn slqv/ vxfk wkdw wkh|
pljkw eh xvhg odwhu1 Wkh"<O<0OMP>w lv ghilqhg wr krog
wkh wlph dqg yrowdjh gdwd uhdg iurp wkh DGF1 Wkh wlph
lqirupdwlrq lv qhhghg lq rughu wr fdofxodwh wkh wlph
ehwzhhq hdfk vdpsoh1 Lq dgglwlrq wzr srlqwhuv
0>JK@ PAA@M0O<MOdqg 0>JK@ PAA@M0OJKduh
ghilqhg iru odwhu xvh1

Qrz wkdw doo ri wkh ixqfwlrq ghfodudwlrqv kdyh ehhq pdgh/
wkh lpsohphqwdwlrq ri hdfk ixqfwlrq pxvw eh dgghg wr
frpsohwh wkh nhuqho prgxoh1

Nfnpsz nbqqjoh gvodujpot

NO<OD> DIO H<K:K@MDKC@M<G�NOMP>O =>H����:K@MDKC@M<G 	K�V
K� �<??M��PDIO��:O 	�DJM@H<K�%-',: �0#� ��	 �� �
M@OPMI ��

X

NO<OD> QJD? PIH<K:K@MDKC@M<G�NOMP>O =>H����:K@MDKC@M<G	K�V
DJPIH<K�K� �<??M�� ��PIH<K OC@ <??M@NN

X

Dgg wkhvh wzr ixqfwlrqv wr wkh hqg ri wkh F vrxufh iloh1

Uif sfbeTdpqf gvodujpo

Wkh M@<?0>JK@��ixqfwlrq lv uhvsrqvleoh iru wkh DGF
uhdgrxw1 Dgg wkh frgh ehorz wr wkh hqg ri wkh F iloh1

NO<OD> QJD? M@<?0>JK@��V
DIO >JPIO@M���
NOMP>O ODH@NK@> ON:NO<MO� ON:NOJK�

�	 ?DN<=G@ '/. 	�
GJ><G:DML:?DN<=G@���
GJ><G:ADL:?DN<=G@���

B@OINODH@JA?<T��ON:NO<MO�� �	 %@O NO<MO ODH@ DI IN 	�

�	 O<F@ N<HKG@N 	�
RCDG@�>JPIO@M�0�*-)#:0'6#�V

?<O<0OMP>O
  PAA@M7>JPIO@M

9 � 	�BKDJ
 <??M 
 ��� �
X

B@OINODH@JA?<T��ON:NOJK�� �	 %@O NOJK ODH@ DI IN 	�

�	 @I<=G@ '/. 	�
GJ><G:ADL:@I<=G@���
GJ><G:DML:@I<=G@���

�	 0OJM@ OC@ ODH@ ?DAA@M@I>@ DI IN 	�
?<O<0OMP>O
 ODH@ �

ODH@NK@>:OJ:IN��ON:NOJK� � ODH@NK@>:OJ:IN��ON:NO<MO��

=PA:K � �PINDBI@? >C<M	��?<O<0OMP>O�
0>JK@ PAA@M0O<MO � �PINDBI@? >C<M	��?<O<0OMP>O�

0>JK@ PAA@M0OJK � 0>JK@ PAA@M0O<MO

NDU@JA�NOMP>O "<O<0OMP>O��

X

Wkh iluvw dfwlrq lq wklv ixqfwlrq lv wr glvdeoh doo lqwhuuxswv wr
surylgh uhdowlph uhdgrxw1 Lw lv yhu| lpsruwdqw wkdw wkh wlph
zkloh wkh lqwhuuxswv duh glvdeohg lv plqlplvhg/ vlqfh wkh
lqwhuuxswv duh qhhghg iru pdq| rwkhu Olqx{ surfhvvhv vxfk
dv wkh qhwzrun frqqhfwlrqv dqg rwkhu iloh rshudwlrqv1
Uhdglqj 43/333 vdpsohv wdnhv dssur{lpdwho| 4pv/ zklfk
lv vpdoo hqrxjk qrw wr fdxvh lqwhuuxsw uhodwhg sureohpv1

Ehiruh uhdglqj rxw wkh DGF/ wkh fxuuhqw wlph lq qdqr
vhfrqgv lv vwruhg1 Wkhq wkh ixoo JSLR uhjlvwhu lv uhdg rxw
43/333 wlphv dqg wkh gdwd duh vdyhg lq?<O<0OMP>O1
Diwhu wkh uhdgrxw/ wkh fxuuhqw wlph lv uhtxhvwhg djdlq dqg
wkh lqwhuuxswv duh hqdeohg djdlq1 Wkh wlph ehwzhhq hdfk
vdpsoh srlqw lv fdofxodwhg iurp wkh wlph gliihuhqfh glylghg
e| 43/3331

Vfrsh0guy1f +7243,
Vfrsh0guy1f +8243,

Vfrsh0guy1f +9243,
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Uif joju`npevmf gvodujpo

Lq rughu wr pdnh d nhuqho prgxoh zrun/ wkh prgxoh qhhgv
vrph vshfldo hqwu| ixqfwlrqv1 Rqh ri wkhvh ixqfwlrqv lv wkh
DIDO:HJ?PG@��/ zklfk lv fdoohg zkhq wkh nhuqho prgxoh
lv ordghg1 Dgg wkh F frgh ehorz wr wkh hqg ri wkh F
vrxufh iloh1

DIO DIDO:HJ?PG@�QJD?�V
NOMP>O =>H����:K@MDKC@M<G 	K��HT>GJ>F�
D IO NK@@?:D? � �� �	 � AJM ��*&U JM � AJM ��� *&U 	�

*<EJM � M@BDNO@M:>CM?@Q��� "#3'!#:+�*#� �AJKN��
DA�*<EJM � ��V

KMDIOF�(#/+:�)#/1 � /@B
 >C<M ?@Q A<DG �?8I� � *<EJM��
M@OPMI *<EJM�

X
KMDIOF�(#/+:'+$, � *<EJM IPH=@M �?
 8I� � *<EJM��
KMDIOF�(#/+:'+$, �>M@<O@? < ?@Q ADG@ RDOC8I� � �
KMDIOF�(#/+:'+$, � � HFIJ? �?@Q��N > �? �� 
 8I� �

"#3'!#:+�*#� *<EJM��

�	 *<K %-', 	�
DA�H<K:K@MDKC@M<G��BKDJ� �� � ��V

KMDIOF�(#/+:�)#/1 �$<DG@? OJ H<K OC@ %-',8I� � �
M@OPMI � ��

X

�	 "@ADI@ DIKPO �"! >JII@>ODJIN 	�
'+-:%-',� '1�:-'+� �
'+-:%-',� '1�:-'+� �
'+-:%-',� '1�:-'+� �
'+-:%-',� '1�:-'+� �
'+-:%-',� '1�:-'+� �
'+-:%-',� '1�:-'+� �

'+-:%-',� '1�:-'+�� �
'+-:%-',� '1�:-'+�� �
'+-:%-',� '1�:-'+�� �
'+-:%-',� '1�:-'+�� �
'+-:%-',� '1�:-'+�� �
'+-:%-',� '1�:-'+�� �

�	 0@O < >GJ>F NDBI<G JI -D I � 	�
K� �<??M��PDIO��:O 	�DJM@H<K�!),!(: �0#� ��	 �� �

'+-:%-',��� �
0#1:%-',:�)1��� �� �
	 �HT>GJ>F
 <??M
��� ��S�������� W NK@@?:D?�

�	 4<DO PIODG >GJ>F DN IJ GJIB@M =PNT � 205 AG<B� 	�
RCDG@�	�HT>GJ>F
 <??M
��� � %6:!)(: 205� VX�

�	 0@O ?DQD?@M OJ ?DQD?@ =T ��� OJ M@<>C ��*&U
 	�
	 �HT>GJ>F
 <??M
��� � �S�������� W ��S�� �� ��� W ��

�	 1PMI OC@ >GJ>F JI 	�
	 �HT>GJ>F
 <??M
��� ��S�������� W NK@@?:D?�

M@OPMI 02!!#00�
X

Wklv ixqfwlrq uhjlvwhuv wkh qhz ghylfh +�?@Q�>C<M?@Q,/
pdsv wkh JSLR dgguhvv dqg frqiljxuhv wkh lqsxw
frqqhfwlrqv1 Lw wkhq vhwv wkh forfn wr uxq dw 833PK} dqg
xvhv d glylghu wr surylgh d 43PK} forfn vljqdo rq JSLR
slq 71

Wkh ghylfh iloh�?@Q�>C<M?@Qsurylghv d phfkdqlvp iru
dq h{whuqdo surjudp wr frppxqlfdwh zlwk wkh nhuqho
prgxoh1 Wkh 43PK} forfn vljqdo rq JSLR Slq 7 lv xvhg wr
gulyh wkh DGF forfn iru vdpsolqj1 Pruh ghwdlov rq vhwwlqj
wkh forfn fdq eh irxqg lq fkdswhu 916 Jhqhudo Sxusrvh
JSLR Forfnv lq kwws=22zzz1udvsehuu|sl1ruj2zs0frqwhqw2xs
ordgv253452352EFP5;680DUP0Shulskhudov1sgi

Wkh JSLR elw vdpsohv pd| qrw eh v|qfkurqlvhg zlwk wkh
forfn1 Wklv fdq fdxvh elwv wr eh uhdg iurp wkh vdph
vdpsoh wzlfh ru eh plvvhg1 Wklv fdq eh lpsuryhg e|
vhwwlqj wkh forfn dv forvh dv srvvleoh wr wkh iuhtxhqf| ri
wkh JSLR uhdgrxw1

Dmfbo vq boe efwjdf gvodujpot

Dgg wkh F frgh ehorz wr wkh hqg ri wkh0>JK@�?MQ
 >
iloh1

QJD? >G@<IPK:HJ?PG@�QJD?�V
PIM@BDNO@M:>CM?@Q�*<EJM� "#3'!#:+�*#� �
PIH<K:K@MDKC@M<G��BKDJ��
PIH<K:K@MDKC@M<G��HT>GJ>F��

X

Wklv ixqfwlrq lv fdoohg zkhq wkh nhuqho prgxoh lv xqordghg1
Lw uhpryhv wkh ghylfh iloh dqg xqpdsv wkh JSLR dqg forfn1

Wkh lpsohphqwdwlrq ri irxu pruh ixqfwlrqv qhhg wr eh
dgghg wr wkh F iloh/ wr kdqgoh frqqhfwlrqv wr wkh ghylfh iloh
dvvrfldwhg zlwk wkh nhuqho prgxoh=

NO<OD> DIO ?@QD>@:JK@I�NOMP>O DIJ?@ 	DIJ?@�
NOMP>O ADG@ 	ADG@�V
NO<OD> DIO >JPIO@M � ��
DA�"@QD>@:,K@I� M@OPMI �# 205�
"@QD>@:,K@I

�
NKMDIOA�HNB� � !<GG@? ?@QD>@:JK@I �? ODH@N8I� � >JPIO@M

��
HNB:-OM � HNB�
M@<?0>JK@��� �	 /@<? �"! N<HKG@N DIOJ H@HJMT
 	�
OMT:HJ?PG@:B@O�1&'0:*,"2)#� �
M@OPMI 02!!#00�

X

NO<OD> DIO ?@QD>@:M@G@<N@�NOMP>O DIJ?@ 	DIJ?@�
NOMP>O ADG@ 	ADG@�V
"@QD>@:,K@I� � � �	 4@� M@ IJR M@<?T AJM JPM I@SO ><GG@M 	�
HJ?PG@:KPO�1&'0:*,"2)#� �
M@OPMI ��

X

NO<OD> NNDU@:O ?@QD>@:M@<?�NOMP>O ADG@ 	ADGK� >C<M 	=PAA@M�
NDU@:O G@IBOC� GJAA:O 	 JAAN@O�V
DIO =TO@N:M@<? � �� �	 1J >JPIO =TO@N M@<?
 	�
DA�	HNB:-OM �� �� M@OPMI ��

�	 -MJO@>O <B<DINO BJDIB JPOND?@ OC@ =PAA@M
 	�
RCDG@�G@IBOC �� =PA:K�0>JK@ PAA@M0OJK�V

DA��� �KPO:PN@M�	�=PA:K

� � =PAA@M

� �
KMDIOF�(#/+:'+$, � -MJ=G@H RDOC >JKT8I� � �

G@IBOC� � �
=TO@N:M@<?

�

X
M@OPMI =TO@N:M@<?�

X

Vfrsh0guy1f +:243,

Vfrsh0guy1f +;243,

Vfrsh0guy1f +<243,
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NO<OD> NNDU@:O ?@QD>@:RMDO@�NOMP>O ADG@ 	ADGK�
>JINO >C<M 	=PAA� NDU@:O G@I� GJAA:O 	 JAA� V
KMDIOF�(#/+:�)#/1 �1CDN JK@M<ODJI DNI� O NPKKJMO@?
 8I� � �
M@OPMI �#'+3�)�

X

Wkh?@QD>@:JK@I��ixqfwlrq lv fdoohg zkhq wkh ghylfh
iloh dvvrfldwhg zlwk wkh nhuqho prgxoh lv rshqhg1 Rshqlqj
wkh ghylfh iloh fdxvhv wkh DGF wr eh uhdg rxw 43/333
wlphv/ zkhuh wkh uhvxowv duh vdyhg lq phpru|1 Wkh
?@QD>@:M@G@<N@��ixqfwlrq lv fdoohg zkhq wkh ghylfh
iloh lv forvhg1 Wkh?@QD>@:M@<?��ixqfwlrq lv fdoohg
zkhq d surfhvv uhdgv iurp wkh ghylfh iloh1 Wklv ixqfwlrq
uhwxuqv wkh phdvxuhphqwv wkdw zhuh pdgh zkhq wkh
ghylfh iloh zdv rshqhg1 Wkh odvw ixqfwlrq
?@QD>@:RMDO@��lv qhhghg wr kdqgoh wkh fdvh zkhq d
surfhvv wulhv wr zulwh wr wkh ghylfh iloh1

Cvjmejoh boe mpbejoh uif npevmf

Fuhdwh d Pdnhiloh lq wkh vdph gluhfwru| dv wkh0>JK@�
?MQ
 >iloh1 Wkhq dgg

J=E �H 
� 0>JK@�?MQ
 J

<GG�
H<F@ �! �GD=�HJ?PG@N���NC@GG PI<H@ �M��=PDG? 8

*���-4"� HJ?PG@N

>G@<I�
H<F@ �! �GD=�HJ?PG@N���NC@GG PI<H@ �M��=PDG? 8

*���-4"� >G@<I

zkhuh wkh lqghqwv vkrxog eh d vlqjoh wde1 +Pruh
lqirupdwlrq rq Pdnhilohv lv jlyhq lq Lvvxh : ri Wkh PdjSl1,

Wkh nhuqho prgxoh fdq qrz eh frpslohg rq d Udvsehuu| Sl
e| w|slqj

H<F@

Rqfh wkh prgxoh kdv ehhq vxffhvvixoo| frpslohg/ ordg wkh
prgxoh e| w|slqj=

NP?J DINHJ? 
 �0>JK@�?MQ
 FJ

Wkhq dvvljq wkh ghylfh iloh/ e| w|slqj=

NP?J HFIJ? �?@Q�>C<M?@Q > ��� �

Dpoofdujoh uif BED

Qrz wkdw wkh nhuqho prgxoh kdv ehhq ghvfulehg/ dq DGF
lv qhhghg wr surylgh wkh lqsxw gdwd1 Iru wklv duwlfoh/ d
FD6639 DGF iurp Lqwhuvlo zdv xvhg1 Wklv lv d 90elw 48
PVSV DGF zlwk d sdudooho uhdg rxw1 Wklv DGF lv yhu|
fkhds dqg idvw1 Pdq| rwkhu DGF fklsv zlwk sdudooho
uhdgrxw frxog eh xvhg/ dowkrxjk lw lv qhfhvvdu| wr fkhfn
wkh gdwdvkhhw iru frqqhfwlrq ghwdlov dqg forfn vshhg
vhwwlqjv/ hwf11

Iru wkh vhohfwhg DGF/ 90elw lpsolhv wkdw ehwzhhq wkh
jurxqg ohyho +3Y, dqg wkh uhihuhqfh yrowdjh +8Y, wkhuh duh

97 glylvlrqv wr uhsuhvhqw wkh vljqdo1 Wklv lv txlwh frxuvh/
exw lv hqrxjk iru vlpsoh dssolfdwlrqv1

Wkh vhohfwhg DGF rshudwhv zlwk 8Y orjlf/ exw wkh
Udvsehuu| Sl xvhv 6Y6 orjlf1 Wkhuhiruh/ d ohyho frqyhuwhu
lv qhhghg wr surwhfw wkh Udvsehuu| Sl iurp ehlqj
gdpdjhg1 Wkh vlpsohvw zd| wr dfklhyh wklv lv wr xvh d
ghglfdwhg ohyho frqyhuwhu/ vxfk dv wkh W[E343; iurp
Wh{dv Lqvwuxphqwv1 Wr hqvxuh wkdw vwdeoh uhdglqjv duh
rewdlqhg iurp wkh DGF/ lw lv uhfrpphqghg wkdw d vhsdudwh
8Y vxsso| lv xvhg dv |rxu YUHI. dqg YGG vxsso|1 Wklv
suhyhqwv yrowdjh gursv wkdw fdq rffxu li wkh srzhu vxsso|
lv vkduhg zlwk wkh Udvsehuu| Sl1 Krzhyhu/ d frpprq
jurxqg +JQG, frqqhfwlrq vkrxog eh xvhg iru wkh h{whuqdo

vxsso|/ DGF dqg Udvsehuu| Sl1

Ebub bdrvjtjujpo

Rqfh wkh DGF kdv ehhq frqqhfwhg dqg wkh nhuqho prgxoh
kdv ehhq ordghg/ gdwd fdq eh uhdg iurp wkh DGF e|
frqqhfwlqj wr wkh ghylfh iloh dvvrfldwhg zlwk wkh nhuqho
prgxoh1 Wr frqqhfw wr wkh nhuqho prgxoh/ dqrwkhu
surjudp lv qhhghg1 Wklv surjudp frxog eh zulwwhq lq
vhyhudo gliihuhqw surjudpplqj odqjxdjhv1 Iru wklv duwlfoh/
F.. zdv fkrvhq1 Fuhdwh d qhz iloh fdoohgM@<?JPO
 >KK
dqg dgg wkh F.. jlyhq ehorz dqg rq wkh qh{w sdjh1

�D I>GP?@ �DJNOM@<H�
�D I>GP?@ �>H<OC�
�D I>GP?@ �ANOM@<H�
�D I>GP?@ �=DON@O�

OTK@?@A PINDBI@? DIO PDIO��:O�

�	 1J H<O>C F@MI@G HJ?PG@ ?<O< NOMP>OPM@ 	�
>JINO DIO "<O<-JDION/-D �������
NOMP>O "<O<0OMP>O/-DV

PDIO��:O  PAA@M7"<O<-JDION/-D9 �
PDIO��:O ODH@�

X�

Vfrsh0guy1f +43243,
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DIO H<DI��V
��/@<? OC@ /-D
NOMP>O "<O<0OMP>O/-D ?<O<0OMP>O�
PINDBI@? >C<M 	0>JK@ PAA@M0O<MO�
PINDBI@? >C<M 	0>JK@ PAA@M0OJK�
PINDBI@? >C<M 	=PA:K�

=PA:K��PINDBI@? >C<M	��?<O<0OMP>O�
0>JK@ PAA@M0O<MO��PINDBI@? >C<M	��?<O<0OMP>O�
0>JK@ PAA@M0OJK�0>JK@ PAA@M0O<MO


NDU@JA�NOMP>O "<O<0OMP>O/-D ��

NO?� � NOMDIB GDI@�
NO?� � DANOM@<H HTADG@ �� �?@Q�>C<M?@Q� ��
DA�HTADG@
 DN:JK@I�� �V

RCDG@�NO?� � B@OGDI@�HTADG@� GDI@��V
AJM�DIO D��� D �GDI@
 NDU@��� D 

�V

DA�=PA:K�0>JK@ PAA@M0OJK�
NO?� � >@MM���=PA:K JPO JA M<IB@� � ��NO?� � @I?G�

	�=PA:K��GDI@7D9 �
=PA:K

�

X
X
HTADG@
 >GJN@���

X
@GN@ NO?� � >@MM��� 2I<=G@ OJ JK@I ADG@� ��NO?� � @I?G�

�� +JR >JIQ@MO ?<O< AJM O@SO JPOKPO

�� 1DH@ DI I<IJ N@>JI?N
?JP=G@ ODH@�?<O<0OMP>O
 ODH@��?JP=G@�"<O<-JDION/-D �

AJM�DIO D��� D �"<O<-JDION/-D � D 

�V
DIO Q<GP@�"!���� ���"! �
�� *JQ@ OC@ =DON OJ OC@ MDBCO KJNDODJI
DIO OHK � ?<O<0OMP>O
  PAA@M7D9 � ��=�������� �� � �
Q<GP@�"!��OHK����� �
OHK � ?<O<0OMP>O
  PAA@M7D9 � ��=���� ��� � �
Q<GP@�"!�
��OHK������ � �

D IO Q<GP@�"!���� ���"!�
OHK � ?<O<0OMP>O
  PAA@M7D9 � ��=����� ��� � �
Q<GP@�"!��OHK�����
OHK�?<O<0OMP>O
  PAA@M7D9 � ��=������ ��� � �
Q<GP@�"!�
��OHK����� �
OHK�?<O<0OMP>O
  PAA@M7D9 � ��=������ �
Q<GP@�"!�
��OHK����� �

�� -MDIO OC@ Q<GP@N JA OC@ ODH@ <I? =JOC �"!N
NO?� � >JPO��D 	ODH@��� 8O� ��Q<GP@�"!�	 ��
 ���
 �

��� 8O� ��Q<GP@�"!�	 ��
 ���
 � ��NO?� � @I?G�
X
M@OPMI ��

X

Wklv surjudp lqfoxghv wkh ghilqlwlrq ri wkh gdwd vwuxfw wkdw
pdwfkhv wkh yhuvlrq lq wkh nhuqho prgxoh1

Wkh H<DI�� ixqfwlrq frqqhfwv wr wkh �?@Q�>C<M?@Q
ghylfh/ zklfk fdxvhv wkh nhuqho prgxoh wr uhdgrxw wkh
DGF dqg vwruh wkh ydoxhv1 Wkhq wkh gdwd duh uhdg iurp wkh
phpru| exiihu dqg frslhg lqwr wkh orfdo exiihu zlwklq wkh
H<DI�� ixqfwlrq1 Ilqdoo|/ wkh gdwd duh frqyhuwhg lqwr d
wlph lq qdqr vhfrqgv dqg yrowdjh ydoxhv1 Wkh wlph dqg
wzr yrowdjh ydoxhv duh wkhq sulqwhg lq froxpqv1

Wkh yrowdjh ydoxhv uhdg e| wkh DGFv duh hqfrghg dv vl{
elwv1 Wkh elwv duh ghfrghg xvlqj elw vkliw rshudwlrqv dqg
elwzlvh dqg rshudwlrqv1

Wr frpsloh wkh gdwd dftxlvlwlrq surjudp/ w|sh=

B

 �J M@<?JPO M@<?JPO
 >KK

Wkhq uxq wkh surjudp e| w|slqj=


 �M@<?JPO � ?<O<
 OSO

Wkh gdwd iloh fdq eh glvsod|hg xvlqj jqxsorw1 Lqvwdoo
jqxsorw e| w|slqj=

NP?J <KO�B@O DINO<GG �T BIPKGJO�S��

Wkhq w|sh jqxsorw dqg hqwhu wkh pdfur jlyhq ehorz=

N@O F@T DIND?@ MDBCO OJK
N@O ODOG@ � �"! M@<?JPO�
N@O SG<=@G �1DH@ 7IN9 �
N@O TG<=@G �3JGO<B@ 739 �
KGJO �?<O<
 OSO� PNDIB �� � ODOG@ � �"!�� RDOC GDI@N� 8

�?<O<
 OSO� PNDIB �� � ODOG@ � �"!�� RDOC GDI@N

Pruh lqirupdwlrq rq jqxsorw fdq eh irxqg dw=
kwws=22zzz1jqxsorw1lqir2

jqxsorw frxog dovr eh uxq gluhfwo| iurp wkh uhdgrxw
surjudp dv glvfxvvhg lq Wkh F Fdyh duwlfoh lq Lvvxh 9 ri
Wkh PdjSl1 Dowhuqdwlyho|/ jqxsorw fdq eh xvhg zlwklq d
Edvk vfulsw dv ghvfulehg lq wkh Edvk Jdiihu Wdsh duwlfoh lq
Lvvxh 45 ri Wkh PdjSl1
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