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2TQLGEV SVQEM NGXGN RTGFKEVKQP

6JKU RTQLGEV KPENWFGU C FGGR NGCTPKPI OQFGN HQT UVQEM RTG
400 YIJKEJ KU VJG UVCPFCTV HQT VKOG UGTKGU RTGFKEVKQP aVv UG
CRRTQCEJ 6JG CWVJQT TGCNN[ NOXGF VJKU RTQLGEV UKPEG JG NQ:
QHVGP CPF KU CNUQ KP NQXG YKVJ VGEJ UQ JG OPFU YC[U VQ EQO
/QUV GZKUVKPI OQFGNU HQT UVQEM RTGFKEVKQP FQ PQV KPENWFG
4KUJCDJ KPVGPFGFG VQ WUG VJCV CU CP KPRWV DWV KV FKF PQV I

6ClIU RTQOL C OPCP
OKPWVG TGCF
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$DUVTCEV

6JKU RTQLGEV KPENWFGU C FGGR NGCTPKPI OQFGN HRT UVQEM RTGFKEVKQP aV
400 YIJKEJ KU VJG UVCPFCTV HQT VKOG UGTKGU RTGFKEVKQP aV UGGOU VQ DG \
CRRTQCEJ 6JG CWVJQT TGCNN[ NQXGF VJKU RTQLGEW UKPEG JG NQXGU UVQEMU
QHVGP CPF KU CNUQ KP NQXG YKVJ VGEJ UQ JG OPFy YC[U VQ EQODKPG DQVJ ¢
/IQUV GZKUVKPI OQFGNU HQT UVQEM RTGFKEVKQP FQP[V KPENWFG VJG XQNWOG |
KPVGPFGFG VQ WUG VJCV CU CP KPRWV DWV KV FKFPAV IQ GZCEVN[ CU RNCPPC
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. &EQPENWUKQP
. 4GHGTGPEGU

-G[YQTFUGPUQTOQY .56/ 6KOG 5GTKGU RTGFKEVKQP VTCPUHQTOGTU

APVTQFWEVKQP

7UKPI FGGR NGCTPKPI HQT UVQEM NGXGN RTGFKEVKQP KU PQV C PGY EQPEGRV DWV
CFFTGUU C FKAGTGPV KUUWG JGT 8QNWOG $NOQUV PQ OQFGN CEVWCNN[ WUGU XQN
YGGMN[ XQNWOG 2GQRNG VJCV CTG GZRGTVU KP VIJKU OGNF CPF FQ C VGEJPKECN CF
XQNWOG HQT VIGKT RTGFKEVKQP GZVGPUKXGN[ UQ YJ[ PQV WUG KV KP VJG OQFGN" i
DTGCMKPI

.56/ KU VJG QDXKQWU OCVEJ HQT VIJKU MKPF QH RTQDNGO DWV VJKU RTQLGEV YKNN
VTCPUHQTOGTU KP VJG OQFGN 6JG FCVC UGV-WUGF YKNN DG HTQO ;CJQQ )KPCPEG
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(ZKUVKPI .56/ ITQFGNU

6JGTG CTG SWKVG C HGY OQFGNU QWYV VIGTG HQT UVQEM RTGFKEVKQP %WV YJCV GZ
KV YQTM CPF JQY KU KV VJG QDXKQWU QRVKQP JGTG" 6JGTG CTG QVIGT OQFGNU VQ(
.56/ OQFGNU CTGPAYV VIJCV ITGCV" +QY IQQF DCF FQ VJG[ RGTHQTO"

9JCV KU .56/"

.56/ KU UJQTV HQT .QPI 5JQTV 6GTO /GOQT[ PGVYQTMU A&V EQOGU WPFGT VJG DTCPEJ
OWGTCN OGVYQTMU .56/U CTG GZRNKEKVN[ FGUKIPGF VQ CXQKF VJG NQPI VGTO FGRG
4GOGODGTKPI KPHQTOCVKQP HQT NQPI RGTKQFU QH VKOG KU RTCEVKECNN[ VIGKT FG
UQOGVJKPI VIG[ UVTWIING VQ NGCTP $NN TGEWTTGPV PGWTCN PGVYQTMU JCXG VJG
TGRGCVKPI OQFWNGU QH PGWTCN PGVYQTM &P UVCPFCTF 400U VJKU TGRGCVKPI OQ|
UKORNG UVTWEVWTG UWEJ-CU C UKPING VCPJ NC[GT .56/ KU CNUQ WUGF HQT QVJGT
UWEJ CU YGCVJGT CPF ENKOCVG AV KU CP CTGC QH FGGR NGCTPKPI VJCV YQTMU QP
KPUVCPEGU QH VJG VKOG UGTKGU KPUVGCF QH VJG GPVKTG VKOG UGTKGU CU C YJQN
PGVYQTM ECP DG VJQWIJV QH CU OWNVKRNG EQRKGU QH VJG UCOG PGVYQTM GCEJ R
UWEEGUUQT
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6JKU FCVC EQTTQDQTCVGU YJCV YG ECP UGG HTQO )KIWTG 6JG NQY XCNWGU KP 4/5
KP 4 UJQY VJCV VJG .56/ OC[ DG IQQF CV RTGFKEVKPI VJG PGZV XCNWGU HQT VJG VK
EQPUKFGTCVKQP
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Google Stock Price Prediction
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+GTG YG ECP UGG VJCV ENGCTN[ VJG OQFGN FKF PQV FQ YGNN &P VJKU OQFGN VJG
VJG VTGPFU EQTTGEVN[] 6JGTG KU FGOPKVGN[ PGGF HQT UQOG EJCPIGU KP VJG NC[G
EQGAGEKGPV /[ IWGUU KU VJICV VJKU OQFGN YCU TGCNN[ QXGTOVVGF UKPEG VJG OTL
FKF TGNGVKXGN[ YGNN

'CVCUGVU

$U OGPVKQPGF CDQXG VJG ;CJQQ OPCPEG 'CVC UGV YKNN DG WUGF a4V KU TGCNN[ G!
FQYPNQCF HTQO CP[ VKOG UVCOR VQ CU PGY CU VQFC[ 6JGTG KU C FQYPNQCF EUX D
+GTG KU CP GAGORNGQ@EHLCIQQ )KPCPEG

)QT VJKU RTQLGEV VJG $OC\QP UVQEM YCU EJQUGP 6JG CNN VKOG OCZ JKUVQTKE FC
HTQO ;CJQQ )KPCPEG KP EUX HIQFCV +GTG KU VJG

4GUWNYVU

) K UJQYU VIJG TGUWNYV QH O] OQFGN 6JG TGUWNVU YGTGPAYVY CU GZRGEVGF 6JKU k
DG HQT CFFKPI XQNWOG VQ VJG KPRWV NC[GT 9G VTKGF VQ FQ VJCV KP VJG OQFGN
UVTCKIJV NKPG HQT VJG RTGFKEVKQP 6JKU RTQLGEV FKF OPF C WPKSWG YC[] VQ WUC
CTQWPF YKVJ VJG NC[GTU PWODGT QH NC[GTU VJG FTQWRQWY EQGaAaGEKGPV VQ OPF
DCNCPEG 6JG QWVRWY UJQYU C OQTG TGNKCDNG CPF DGNKGXCDNG QWVRWYV CPF VJ
6JGTG OKIJV DG YC[U VQ KPEQTRQTCVG XQNWOG .CVGT OC[DG KV PGGFU DGVVGT UE
RTGFKEVKQP FKF IGV VJG VTGPFU RTGVV[ CEEWTCVGN|[ GXGP VJQWIJ KV OKIJV PQV J
RTKEG EQTTGEVN[ $0OC\QP UVQEM CNUG UQCTGF WPDGNKGXCDNG[ VJKU [GCT FWG VQ
QVIJGT GZVGTPCN HCEVQTU VJCV YGTG PQV KPEQTRQTCVGF KP VIJG OQFGN CV CNN U
UGG CP WPFGTXCNWGF RTGFKEVKQP
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FCVCUGV QT RTGFKEVKQP QH VJG FCVC FQGUPAEV VCMG NQPI CV CNN 6JG OCLQTKV][
VTCKPKPI YKJEJ KU GZRGEVGF *QQING &QNCD YCU VJG VQQN WUGF CPF WVKNK\GF VJ
GCEJ GRQEJ LWUV VOQM CDQWV UGEQPFU 9JGP C RGTUQPCN &27 QT VJG FGHCWNV
*QQING &QNCD YCU WUGF KV VQQM CDQWV UGEQPFU HQT GCEJ GRQEJ QW ECP |
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&QPENWUKQP

(XGP VIQWIJ VIJG OQFGN FKF PQV FQ CU GZRGEVGF YG YGTG PQV CDNG VQ CFF XQNW
YGTG UVKNN CDNG VQ OPF UQOG UWEEGUU YKVJ EJCPIKPI VJG PWODGT NC[GTU CPF V
9G ECP UGG VJCV VIJG OQFGN ECP UWEEGUUHWNN[ RTGFKEV VJG VTGPF QH VJG UVQEI
GZVGTPCN HCEVQTU CAGEVKPI VJG RTKEGU C NKVVNG 6JG PGZV UVGR HQT VJKU RTQ
VJG XQNWOG CPF CFF KV CU CP KPRWV VQ VJG OQFGN 1PG QVJGT DWV TCVJIGT FKPE
VT[ VQ CFF UQOG GZVGTPCN HCEVQTU CU KPRWVU )QT CP CIITGICVG KPRWV QH GZVG
WUG UGPVKOGPV CPCN[UKU VJTQWIJ 6YKVVGT VYGGVU CU CP KPRWV VQ VJG OQFGN V

4GHGTGPEGU

;QWT TGRQTV OWUV KPENWFG CV NGCUV TGHGTGPEGU 2NGCUG WUG EWUVQOCT[ CE
LWUV 74.U $U YG YKNN CV QPG RQKPV CWVQOCVKECNN[ EJCPIG VJG TGHGTGPEGU HT!
DTCEMGVU KV KU DGUV VQ KPVTQFWEG C URCEG DGHQTG VJG OTUV USWCTG DTCEMG\

7UKPI FCVCUGV HQT UVQEMW VRIPNKPG PIEEA GIN DEGE Q O

7TPFGTUVCPFKPI .56/ OGVYQTMU J¥VRRNKPE AGCUIQWTYEE®D KQ RQUVU
7/PEGTUVCPEKPd .56/U

$4 UVQEM OCTMGY HQTGECUWVEI1PINKPGE TMGEQWTEERQO CK UVQEM OCTMGYV
HQTGHEHCUYV

9J[ ; QW 5JQWNF 0QV 7UG .56/A£U VQ 2TGFKEV VJG 5VQEM /CTMGV =1PNKPG TGUQW
JVVRU YYY DNWGUM[ECRKVCNOCPCIGOGPVY EQO QCEJKPG NGCTPKPI KP OPCPEG Y
PQV WUG NUVOU VQ RTGFKHY VJG UVQEM OCTMGYV

*QQING 5VQEM 2TKEG 2TGFKEVKQP 400 =*QQING &QNCD?
JVVRU EQNCD TGUGCTEJ IQQING EQO IKVIJWD /KUJCCNN *GQFGOQITCRJKE 5GIOGP
$00 DNQD OCUVGT *QQINGAS5VQEMA2TKEGA2TGFKEVKQPA400 KR[PD UETQNNG6Q UMJI

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW


https://finance.yahoo.com/
https://colah.github.io/posts/2015-08-Understanding-LSTMs/
http://ai-marketers.com/ai-stock-market-forecast/
https://www.blueskycapitalmanagement.com/machine-learning-in-finance-why-you-should-not-use-lstms-to-predict-the-stock-market/
https://colab.research.google.com/github/Mishaall/Geodemographic-Segmentation-ANN/blob/master/Google_Stock_Price_Prediction_RNN.ipynb#scrollTo=skhdvmCywHrr

BURMHFW 6WRFN OHYHO SUHGLFWLRQ _ &\EHUWUDLQLQJ
&NQWFOGUJ ='QEWOEBRVYCVKQPWFOGUJ IKVIJWD KQ ENQWFOGUJ
OCPWCN CWVQCRK ENQWFOGUJEQOOQP ENQWFOGUJ EQOOQP 5VQR9CVEJ KPFGZ J\
ENQWFOGUJ EQOOQP ENQWFOGUJ &€QOOQP 5VQRICVEJ

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW


https://cloudmesh.github.io/cloudmesh-manual/autoapi/cloudmeshcommon/cloudmesh/common/StopWatch/index.html#module-cloudmesh-common.cloudmesh.common.StopWatch
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2TQLGEV AQFGPVKH[KPI $SITKEWNVWTCI

YKVJ &00

9GGF KFGPVKOECVKQP KU CP KORQTVCPV EQORQPGPV QH CITKEWNYV

YC[ HCTOGTU WVKNK\G JGTDKEKFG 9JGP WPCD
HCTOGTU CTG HQTEGF VQ DNCPMGV WVKNK\G J

NG VQ NQECVG YGGFI
GTDKEKFG HQT YGGF

OGVJQF KU DCF HQT VJG GPXKTQPOGPV CU VJG JGTDKEKFG ECP NG
CPF DCF HQT VJG HCTOGT DGECWUG VJG[ VJGP OWUV RC[ HQT HCT (
VIG[ TGCNN[ PGGF VQ EQPVTQN YGGFU 6JKU RTQLGEV WVKNK\GU KC

TPKXGTUKV[ =@ ? FCVCUGYV VQ VTCKP C &00 VQ

KFGPVKH[ KOCIGU QF

6Q DGVVGT UKOWNCVG CEVWCN TQYU QH ETQRU C UWDUGYV QH VJG
CTTCPIGF KP C NKUV TGRTGUGPVKPI C ETQR TQY YKVJ YGGFU DGKP

MPQYP NQECVKQPU 6JGP VJG $a KU VGUVGF Q
FGVGTOKPG YJGTG KP VJG TQY VJG YGGFU CTG

6CIU RTOL C
OKPWVG TGCF

5VCVWU OPCN 6[RG 2TQLGEV

2CWNC /CFGR\MG (EKV

&QFG

e FCVCARTGR KR[PD

e &00A&QFG KR[PD

PVJG TQY CPF UJQW
NQECVGF

$DUVTCEV

9GGF KFGPVKOECVKQP KU CP KORQTVCPV EQORQPGP)
YC[ HCTOGTU WVKNK\G JGTDKEKFG 9JGP WPCDNG VQ
HCTOGTU CTG HQTEGF VQ DNCPMGV WVKNK\G JGTDKE
OGVJQF KU DCF HQT VJG GPXKTQPOGPV CU VJG JGTD
CPF DCF HQT VJG HCTOGT DGECWUG VJG[ VIGP OWUYV
VIJG[ TGCNN[ PGGF VQ EQPVTQN YGGFU 6JKU RTQLGE
7PKXGTUKV[ =@ ? FCVCUGV VQ VTCKP C &00 VQ KFGPV

CTTCPIGF KP C NKUV TGRTGUGPVKPI C ETQR TQY YKV
NQECVKQPU 6JGP VJG $4 KU VGUVGF QP VJG TQY CP
YIJGTG KP VJG TQY VIJG YGGFU CTG NQECVGF

&QPVGPVU

. aPVTQFWEVKQP

. 2TG 2TQEGUUKPI 6JG 'CVC
. 4WPPKPI VJIG &00

. %GPEJOCTMKPI

. 2QUUKDNG (ZVGPUKQP

. &QPENWUKQP

. SEMPQYNGFIOGPVU

. 4GHGTGPEGU

QH CITKEWNVWTG CPF EC
NQECVG YGGFU KP C NCTIC
KFG HQT YGGF EQPVTQN +
KEKFG ECP NGGEJ KPVQ VJ
RC[ HQT HCT OQTG HGTVK

WVKNK\GU KOCIGU HTQO
KH[ KOCIGU QH URGEKGL

6Q DGVVGT UKOWNCVG CEVWCN TQYU QH ETQRU C UWDUGV QH VJG KOCIGU HQT

J YGGFU DGKPI FKUVTKDW
F UJIQWNF DG CDNG VQ FG)

-G[YQTFIUITKEWNVWTG &O00

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW


https://github.com/cybertraining-dsc/sp21-599-354/actions
https://github.com/cybertraining-dsc/sp21-599-354/actions
https://github.com/cybertraining-dsc/sp21-599-354
https://github.com/cybertraining-dsc/sp21-599-354/blob/main/project/index.md
https://github.com/cybertraining-dsc/sp21-599-354/blob/main/project/code/data_prep.ipynb
https://github.com/cybertraining-dsc/sp21-599-354/blob/main/project/code/CNN_Code.ipynb
https://cybertraining-dsc.github.io/tags/project/
https://cybertraining-dsc.github.io/tags/ai/
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APVTQFWEVKQP

9KVJ C ITQYKPI INQDCN RQRWNCVKQP CPF C EJCPIKPI ENKOCVG VJCV ECP OCMG HCT!
KPETGCUKPIN[ KORQTVCPV HQT HCTOU VQ DG GPEKGPV HQQF RTQFWEGTU )GTVKNK\G
JGTDKEKFGU JCXG CNNQYGF OQFGTP HCTOU VQ RTQFWEG HCT JKIJGT [KGNFU VJCP V.
DG CDNG VQ +QYGXGT VJG GPXKTQPOGPVCN KORCEV HTQO VJG TWPQ& QH VIJGUG EJ!
NGCXG VJG HCTO ECP DG KPETGFKDN[ FGVTKOGPVCN VQ DQVJ JWOCP CPF PCVWTCN Y
CITKEWNVWTG KU C OGNF VJCV KU TKRG HQT KORTQXGOGPV HTQO $a 6JGTG CTG QRR
WUGF KP VJG JCTXGUVKPI QH ETQRU RTGFKEVKXG CPCN[VKEU CPF OGNF OQPKVQTKF
WUGF KP VJG OGNF OQPKVQTKPI CRRNKECVKQP 6JKU KU JGNRHWN HQT HCTOGTU DGE
YGGFU YKNN JGNR VJGO CXQKF WUKPI CU OWEJ JGTDKEKFG 6JKU RTQLGEV YKNN GZR
RNCPVU ECP DG WUGF VQ FGVGEV YGGFU KP ETQR OGNFU 6JG $a JCU DGGP VTCKPGF
QH UGGFNKPI URGEKGU KPENWFKPI KPFKXKFWCN RNCPVU TGRTGUGPVKPI DQVJ Y
$NVIQWIJ URGEKGU CTG CXCKNCDNG QPN[ YKNN DG UVWFKGF KP VIJKU RTQLGEV

RWTUG CPF UWICT DGGV 6JGUG RNCPVU YGTG EJQUGP DGECWUG VJGKT UGGFNKPIU
VQ IKXG VJG $4 C DGVVGT EJCPEG CV UWEEGUUHWNN[ FGVGEVKPI FKAGTGPEGU 6JGP
FGVGTOKPG VJG CEEWTCE[ QH VJG OQFGN )KTUV VJKU KU CEEQORNKUJGF D[ TGUGTX
VTCKPKPI FCVC VQ DG VGUVGF D[ VJG $a4 KP QTFGT VQ IGV C DCUG NKPG VGUV QH CEI
YKNN DG CTTCPIGF KP C NKUV VQ OKOKE C TQY QH ETQRU YKVJ C FGUKTGF ETQR CPF
VIG $a4 YQWNF IQ VIJTQWIJ VJG KOCIGU CPF C RTQITCO YQWNF FKURNC[ YJGTG C HCTO
CRRN[ VJG JGTDKEKFG CEEQTFKPI VQ VJG $a 6JG VITWG VGUV YQWNF DG VQ UGG KH
RTQFWEG C JGNRHWN OCR VQ PCTTQY FQYP YJGTG JGTDKEKFG UJQWNF DG CRRNKGF

2TGXKQWU UKOKNCT YQTM JCU DGGP FQPG YKVJ VJKU FCVCUGY KP -GTCU YKVJ &00 |
YIJKNG VIJKU RTQLGEV KU KORNGOGPVGF KP RI[IVQTEJ 5KOKNCT CITKEWNVWTCN KOCIG
FKUGCUG KU CNUQ CXCKNCDNG VQ DG UVWFKGF

2TG 2TQEGUUKPI 6JG 'CVC

6JG RNCPV FCVCUGV JCU VJTGG UGVU QH KOCIG QRVKQPU VQ EJQQUG HTQO 6JG OT
VTC[U YKVJ OWNVKRNG RNCPVU QH VJG UCOG URGEKGU VJG UGEQPF JCU ETQRRGF K
UGGFKPIU HTQO VJG NCTIGT RKEVWTG PQP UGIOGPVGF YJKNG VJG VJKTF KU DQVJ E
DCEMITQWPF TGRNCEGF YKVJ DNCEM RKZGNU UWEJ VJCV QPN[ VJG NGCXGU TGOCKP K
UGIOGPVGF ©6Q VTCKP VJG FCVC VJG UGIOGPVGF FCVC KU WUGF 6JKU KU DGECWUC
$4 VQ VTCKP UWEJ VJCV KV FGVGEVU RCVVGTPU QPN[ HQT VJG OQUV KORQTVCPV HGC
$4 YGTG VQ VTCKP QP VJG KOCIGU KP VJG DCEMITQWPF KV OKIJV NGCTP HGCVWTGU ¢
KPUVGCF QH VJG NGCXGU

w

f;.é?iﬁ. 118 L10G] BB [ R l.'.’l!l‘HlliHEﬂﬂl

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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YKIWTGCVCUGV a0CIG6 QRVKQPU .CTIG KOCIG YKVJ OWNVKRNG RNCPVU VQR PQP U
OKFFNG UGIOGPVGF DQVVQO

KWWSV

6JG PGZV EQORQPGPV VQ EQPUKFGT KU VJG KOCIG UK\G VQ DG WUGF 6JG &00 TGSWK
C WPKHQTO UK\G VQ TWP EQTTGEVN[ YJKNG VJG QTKIKPCN UGIOGPVGF FCVC EQPVCK
UK\GU TCPIKPI HTQO C HGY U QH RKZGNU YKFG VQ QXGT AP QTFGT VQ IGV C UG
DGVYGGP JCXKPI C DTQCF GPQWIJ FCVCUGV VQ JCXG C NCTIG GPQWIJ TGRTGUGPVCV#
RKEVWTGU VQ FTCY OGCPKPIHWN EQPENWUKQPU CPF VJG PGGF VQ JCXG TGCUQPCDN!
YKFVJ QT JGKIJV YJKEJGXGT KU NCTIGT YCU TGEQTFGF CPF NQCFGF KPVQ C JKUVQI-
URGEKGU )TQO C XKUWCN GZCOKPCVKQP Z RKZGNU YCU UGNGEVGF $P CFFKVKQ
RCFFKPI YGTG CFFGF VQ VJG OPCN KOCIG UK\G VQ RTGXGPV VJG KOCIGU HTQO DGKPI
TQVCVGF )QT GCEJ KOCIG KP VJG UGIOGPVGF FCVCUGV KV KU GZRCPFGF VQ Z R
VQ VJG UVTCKIJV KOCIG HQNFGT 6JGP GCEJ KOCIG KU TQVCVGF CPF XGTUKQPU CTG
HQNFGT $P KFGCN TQVCVKQP YQWNF CNNQY C OPG ITCKP QH TQVCVKQP +QYGXGT U
YGTG OGV YKVJ VJIG *27 WUGF HQT VJG PGWTCN PGV $V OTUV VJIG KOCIGU YGTG TQV
GCEJ DGHQTG DGKPI UCXGF VJGP VIGP CPF OPCNN] JKPCNN[ C EUX ONG YKV
PGGFGF VQ KFGPVKH[ VJG KOCIGU CPF UGRCTCVG VJG VTCKPKPI CPF VJG VGUV FCVC
R[VJQP UETKRV ECP DG WUGF VQ CEJKGXG CNN QH VJGUG IQCNU

F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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35 4 -
W black grass sizes

o 500 1000 1500 2000 2500 3000 3500 4000

N shepherds purse sizes

0 200 400 GO0 8OO 1000 1200

B sygar beet sizes

o 250 500 50 1000 1250 1500 1750

YKIWTGKUVQITCOU QH VJG OCZ YKFVJ JGKIJV QH GCEJ QH VJG RNCPV URGEKGU KP V

AWPPKPI VJG &00

6JG KORNGOGPVCVKQP QH VJG &00 KU JGCXKN[ DCUGF WRQP VJG VWVQTKCN QP /4056
KFGPVKOECVKQP YJGTG VJG &00 KFGPVKOGU Z RKZGN KOCIGU QH ENQVJKPI av K
KORNGOGPVGF KP R[VQTEJ &P VJG QTKIKPCN PGWTCN PGV VJGTG CTG QH VIGUG
ENQVJIKPI FGUKIPCVKQPU &P VJKU FCVCUGV VJGTG CTG QPN[ V[RGU QH NCDGNU D\
6JG VWVQTKCN JCF C VTCKP KOCIG UGV C XCNKFCVKQP UGV CPF C VGUV UGV $HVGT

UWKVCDNG Z WPTQVCVGF KOCIGU 9KVJQWV CP[ EJCPIGU DGUKFGU CFLWUVKPI
CPF KOCIG UK\G RCTCOGVGTU VJG &00 EQWNF KPEQPUKUVGPVN[ IGVY CRRTQZKOCVGN
YKVJ VIJG VGUV FCVC YKVJ VJG JKIJGUV CEEWTCE[ CV GRQEJU %GECWUG VJKU KOF
TGNCVKXGN[ HGY KOCIGU EQORCTGF VQ VJG /4056 ENQVJKPI FCVCUGV VJG PGZV VGU
XCNKFCVKQP UGV QH KOCIGU KP QTFGT VQ WUG OQTG QH VJIG RTGRCTGF KOCIGU HQ~
C OCZKOWO QH RGTEGPV CEEWTCE[ CV GRQEJU

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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50 50

100 100

150 150

200 x

250

200
250
300 300

350 350

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

50 50

100 100
150
200 200
250 ']llllll.. 250

300 300

150

350 350

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

JKIWTGZCORNGU QH RTGRCTGF VTCKPKPI KOCIGU

6JG VGUVKPI CEEWTCE[ QH VJG PGWTCN PGV QP VJG VGUV FCVC VTCEMGF ENQUGN]J Y
CEEWTCE[ YJGP VTICKP CEEWTCE[ YCU CTQWPF VQ RGTEGPV NCIIKPI D[ QPN[ C HC
+QYGXGT YJGP VJG VTICKPKPI FCVCUGY TGCEJGF VJG RGTEGPV CEEWTCE[ TCPIG V
TGOCKPGF CV QPN[ CTQWPF RGTEGPV 2CTV QH VJKU EQWNF DG FWG VQ VJG UOCNN
VJG HCEV GCEJ RNCPV URGEKGU JCF C UNKIJVN[ FKAGTGPV PWODGT QH UWKVCDNG V(

$P KPVGTGUVKPI QDUGTXCVKQP KU VJCV CNVJQWIJ VJG OQFGN YCU CDNG VQ EQPUKU
CEEWTCE[ KV YQWNF UQOGVKOGU HCNN KPVQ C RCVVGTP YJGTG KV YQWNF ECVGIQTk
VGUV UGV CU LWUV QPG QH VJG RNCPVU 6JGTG YCU PQ EQPUKUVGPE[ KP YJKEJ RNCF
DGVYGGP TWPU YJGTG VJG OQFGN TGCEJGF FGEGPV CEEWTCE[ KV YQWNF TGRGCV VJ
VJG VGUV UGV YCU GXGPN[ FKUVTKDWVGF DGVYGGP VJG VJTGG RNCPVU VJKU YQWNF
VQ CTQWPF RGTEGPV

aP QTFGT VQ UGG KH C XKUWCNK\CVKQP EQWNF JGNR C JWOCP GCUKN[ UGG YJGTG VJ
YQWNF PGGF VQ DG RNCEGF C EJCTV YCU ETGCVGF YKVJ VKNGU 6JG OTUV TQY KU V.
VIJTGG VIRGU QH RNCPVU KP VJG FCVCUGV YJGTG GCEJ RNCPV KU CUUKIPGF C EQNQT
$4 RTGFKEVKQP QH YJKEJ V[RG QH RNCPV VJG VGUV UGV KU (XGP YKVJ VJG RGTEG
YCU PQV CU ENGCT CU KV EQWNF DG HTQO VJG KOCIG JQY CEEWTCVG VJG OQFGN YCL
VIG XKUWCNK\CVKQP DQVJ GCUKGT VQ XKUWCNN[ FGVGTOKPG CEEWTCE[ CPF OQTG T¢
QH RNCPV DG VIJG FQOKPCPV ETQR CPF JCXG RCVEJGU QH YGGFU VITQWIJQWYV VIG T
QDUVCENG VQ VJKU YCU VJG HCEV VJCV VJGTG YGTG PQV GPQWIJ UWKVCDNG KOCIGU
RNCPV KP VJG VGUV ITQWR 6QQ OCP[ KOCIGU WUGF KP VGUVKPI YQWNF JCXG C FGVT
VTCKPKPI VIJIG OQFGN

! o ™ "I I Bl

0 10 20 0 40

JKIWTGJIG VQR TQY UuJQYU VJG CEVWCN URGEKGU FKUVTKDWVKQP QH VJG RNCPVU Y
UJQYU VJIG $4 RTGFKEVKQP

WGPEJOCTMKPI

6JG NQPIGUV QRGTCVKQP D[ HCT YCU VJG OTUV VKOG TGCFKPI KP VJG KOCIGU 6JKU .
KP UQ VJG UVQRYCVEJ HWPEVKQP YCU PQV WUGF JGTG 5WDUGSWGPV TWPPKPI QH V
RTQITCO OWUV ECEJG UQOG QH VJIG TGUWNVU UQ VJG KOCIG NQCFKPI VCMGU OWEJ b

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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NQCFKPI QH VJG KOCIGU VQQM CRRTQZKOCVGN[ OKPWVGU 9aVJ VJG *27 CEEGNC
VICKPKPI QH GRQEJU IQV VQ U YIJKNG VJG VGUV QPN[ VQQM U

2QUUKDNG (ZVGPUKQP

6JG TQVCVGF KOCIGU QH VJG RNCPVU YGTG WNVKOCVGN[ PQV GZRNQTGF 6JKU KU FW
KORNGOGPVCVKQP VICV YCU HQNNQYGF TGSWKTGF *27 TGUQWTEGU QP *QQING &QNC|
KOCIGU VQ HGGF KPVQ VJG OQFGN VJG *27 YCU PQV UVTCKPGF +QYGXGT GXGP YKV.
TQVCVKQPU KV CRRGCTGF VJCV VJG *27 OGOQT[ NKOKV HQT TWPPKPI VIG GPVKTG PC
DGHQTG GXGP VJG OTUV GRQEJ aH VJKU RTQLGEV YGTG VQ DG CVVGORVGF CICKP V!
PGGF VQ DG UOCNNGT QT HGYGT UVTCKIJV KOCIGU UJQWNF DG NQCFGF UQ VJCV VJIG
GZJCWUV *27 CNNQECVKQP 1PG YC[ VQ IQ CDQWYV VJKU YQWNF DG VQ JCXG C TQVCVK
KOCIGU QH KPFKXKFWCN RNCPVU DWV VQ TQVCVG VJGO UWEJ VIJCV VIG TQVCVGF FC!
KOCIGU 6JGP C EQORCTKUQP EQWNF DG OCFG DGVYGGP VJG VTCKPKPI CEEWTCE[ QH
GZCORNGU QH GCEJ URGEKGU XU HGYGT KPFKXKFWCN RNCPVU CV C YKFGT TCPIG QH

&QPENWUKQP

9KV J PQP TQVCVGF RNCPV KOCIGU C OCZKOWO CEEWTCE[ QH RGTEGPV YCU CDN
KP RCTV D[ WUKPI VJG GPVKTG VTCKPKPI FCVCUGYV HQT VTCKPKPI TCVJGT VJCP XCNKI
YCU DCUGF QP FKF 9KVJ C UKIPKOECPVN[ UOCNNGT PWODGT QH KOCIGU HQT VJG PG\
GXGP C RGTEGPV EJCPIG KP VJG CXCKNCDNG VTCKPKPI KOCIGU OCVVGTGF KP KVU }
$PQVJGT OCKP EQPENWUKQP KU VJG KORQTVCPEG QH TGUQWTEG WUG CPF EJQKEG KF
$NVJIQWIJ KP VIGQT[ VIGTG EQWNF QPN[ DG DGPGOVU VQ CFFKPI OQTG KOCIGU VQ VT
GPQWIJ FCVCUGVU RTCEVKECN EQORWVKPI NKOKVCVKQPU DGEQOG KPETGCUKPIN[ CF
YQWNF KPXQNXG EJQQUKPI C OQFGN VJCV GKVJGT FKF PQV TGSWKTG *72 CNNQECVKQ
EJQUGP KOCIGU VQ VCMG HGYGT EQORWVKPI TGUQWTEGU

SEMPQYNGFIOGPVU

'T *GQATG[ )QZ

'T *TGIIQT XQP .CU\GYUMK

4GHGTGPEGU

$CTIWU 7PKXGRUKVEKUKQP GPI CW EM RNE@BPV UGGFNKPIU FCVCUGV

2NCPV 5GGFNKPI &NZRU K OBEXRVK@PP IIWOCP CK RNCPV UGGFNKPIU ENCUUKOECVKQ
EPPU GC - €]

INWYCHGOXKEBRKTWQYCTFUFCVCUEKGPEG EQO RNCPV CK RNCPV FKUGCUG FGVGE
EQPXQNWVKQPCN PGWTCN PEAVYQTM D C H

2WNMKV 3Y8ROC YYY CPCN[VKEUXKFEJ[C EQO DNQI DWKNFKPI KOCIG ENCUUK(
OQFGNU_EPP R[VQTEJ

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW


https://vision.eng.au.dk/plant-seedlings-dataset/
https://becominghuman.ai/plant-seedlings-classification-using-cnns-ea7474416e65
https://towardsdatascience.com/plant-ai-plant-disease-detection-using-convolutional-neural-network-9b58a96f2289
https://www.analyticsvidhya.com/blog/2019/10/building-image-classification-models-cnn-pytorch/

BURMHFW &KDW %RWV LQ &XVWRPHU 6HUYLFH _ &\EHUWUDLQLQJ

2TQLGEV &JCV %QVU KP &WUVQOGT 5

$WVQOCVGF EWUVQOGT UGTXKEG KU C TKUKPI RIGPQOQP HQT DWKU
RTGUGPEG $U EWUVQOGT UGTXKEG DQVU CFXCPEG KP EQORNKECVK
ECP JCPFNG QPG EQPEGTP CDQWY VJG CNVGTGF EWUVQOGT GZRGTK
KPHQTOCVKQP KU EQPXG[GF 7UKPI EWUVQOGT UWRRQTV FCVC VYGC
RTQLGEV TWPU UGPVKOGPV CPCN[UKU QP KV EWUVQOGT VYGGVU CP
EQPXQNWVKQPCN PGWTCN PGVYQTM VQ GZCOKPG KH EQPXGTUCVKQF
GCTN[ KP VJG EQPXGTUCVKAQP

6CIU RTQL C PN
OKPWVG TGCF

SVCVWU OPCN  6[RG 2TQLGEV

$PPC (XGIBVV (EKV

e VYKVVGTAUWRRQTVACPCN[UKU R[PD
e VYKVVGTAUWRRQTVACPCN[UKU RFH

$DUVTCEV

$WVQOCVGF EWUVQOGT UGTXKEG KU C TKUKPI RIGPQPQP HQT DWKUPGUUGU YK\
RTGUGPEG $U EWUVQOGT UGTXKEG DQVU CFXCPEG KP EQORNKECVKQP QH RTQD
ECP JCPFNG QPG EQPEGTP CDQWYV VJIG CNVGTGF EWUYQOGT GZRGTKGEG KU JQY
KPHQTOCVKQP KU EQPXG[GF 7UKPI EWUVQOGT UWRR®TV FCVC VYGGVU QP VYKV
RTQLGEVY TWPU UGPVKOGPV CPCN[UKU QP KV EWUVQOIGT VYGGVU CPF VJGP VTCK
EQPXQNWVKQPCN PGWTCN PGVYQTM VQ GZCOKPG KH EQPXGTUCVKQP VQPG ECP
GCTN[ KP VJG EQPXGTUCVKQP

&QPVGPVU

. aPVTQFWEVKQP
. 2TQEGFWTG

o 6JG 'CVCUGYV
o SKORNKH[KPI VJG 'CVCUGV
. 6JG $NIQTKVJIO
o 5GPVKOGPY $PCN[UKU 1XGTXKGY CPF a&0RNGOGPVCVKQP
o EQPXQNWVKQPCN OGWTCN OGVYQTMU &00
o SRNKVVKPI 7R VJG 'CVC

. 6TCKPKPI VIJG /QFGN
&QPENWUKQP
4GHGTGPEGU

APVTQFWEVKQP
2TQEGFWTG

o 6JG 'CVCUGYV
o GKORNKH[KPI VJG FCVCUGYV
6JG $NIQTKVJIO

o 5GPVKOGPV $PCN[UKU 1XGTXKGY CPF &0RNGOGPVCVKQP
o &QPXQNWVKQPCN OGWTCN 0OGVYQTMU &00
o SRNKVKPI 7R VJG 'CVC

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW


https://github.com/cybertraining-dsc/sp21-599-355/actions
https://github.com/cybertraining-dsc/sp21-599-355/actions
https://github.com/cybertraining-dsc/sp21-599-355/
https://github.com/cybertraining-dsc/sp21-599-355/blob/main/project/index.md
https://github.com/cybertraining-dsc/sp21-599-355/blob/main/project/code/twitter_support_analysis.ipynb
https://github.com/cybertraining-dsc/sp21-599-355/blob/main/project/code/twitter_support_analysis.pdf
https://cybertraining-dsc.github.io/tags/project/
https://cybertraining-dsc.github.io/tags/ai/
https://cybertraining-dsc.github.io/tags/nlp/
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6TCKPKPI VIJG /QFGN

&QPENWUKQP
AGHGTGPEGU

-G[YQTF®4a EJCV DQVU VQPG PNR VYKVVGT EWUVQOGT UGTXKEG

APVTQFWEVKQP

2NGCUG PQV GVJCV CP WR VQ FCVG XGTUKQP QH VIGUG KPUVTWEVKQPU KU CXCKNCD

e JVVRU IKVIJWD EQO E[DGTVTCKPKPI FUE JKF GZCORNG DNQD OCKP RTQLGEV KPFC

5Q0G UVWFKGU TGRQTV VJCV EWUVQOGTU RTGHGT NKXG-EJCV HQT VIGKT EWUVQOGT
&WTTGPVN[] OQUV KUUWGU CTG UKORNG GPQWIJ VJCV VIG[ ECP DG TGUQNXGF D[ C Dt
EQORCPKGU CTG CNTGCF[ WUKPI QT JCXG RNCPU VQ WUG UQOG HQTO QH UQHVYCTG
(ZKUVKPI $KAU KP WUG CTG NKOKVGF VQ UKORNG CPF EQOOQP GPQWIJ SWGUVKQPU (
CNNQY HQT IGPGTCNK\CDNG EQOOWPKECVKQP $U $a4 VGEIJPQNQI[ FGXGNQRU CPF CNN
EQORNKECVGF RTQDNGOU VIG EQOOWPKECVKQP OGVJQFU YKNN CNUQ JCXG VQ GXQN:

LIVE CHAT IS THE LEADING
DIGITAL CONTENT METHOD

Live chat Email Social media

JKI &WUVQOGT 5WRRQTV 2TGHGTGPEGU

$P CTVKENG D[ )QTDGU E$a 5VvCVU 0GYU 1H &QPUWOGTU 2TGHGT +WOCPU 6Q &JCV
QPNJ QH EQPUWOGTU DGNGXG VJCV CP $48 YQWNF DG DGVVGT CV UQNXKPI VIGKT R~
CIGPV +WOCP CIGPVU CTG WUWCNN[ RTGHGTGF DGEWCUG JWOCPU CTG CDNG VQ RG
EQPXGTUVCKQPU VQ VIJIG KPFKXKWCN EWUVQOGT 1P VJG QVJGT JCPF CWVQOCVGF U(
CUUKUVCPEG KH PGGFGF VJG UECNG QH JQY OCP[ EWUVQOGTU C DQV YQWNF DG CDN
EQPUKFGTGF NCTIGT CPF OQTG GPEKGPV KP EQORCTKUKQP VQ YJCV JWOCPU ECP JCP
UKIPKOECPVY COQWPV QH SWGUVKQPU CTG UKORNG GPQWIJ VQ DG JCPFNGF D[ C DQV

CHAT
SESSIONS 80%

)KI BWRRQTV 5CYRCHEEVKQP

UQWTEG

6Q IGV VIJG DGUV QWV QH DQVJ XGTUKQPU QH UGTXKEG VJKU RTQLGEV WUGU PCVWT(
CPCN[\G UQEKCN OGFKC EWUVQOGT UGTXKEG EQPXGTUCVKQPU 6JKU KU VJGP TWP VJ
PGWTCN PGVYQTM VQ RTGFKEV KH VQPG ECP DG FGVGTOKPGF GCTN[ KP VJG EQPXGTL

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW


https://github.com/cybertraining-dsc/hid-example/blob/main/project/index.md
https://acquire.io/wp-content/uploads/2017/09/chat-session.png
https://www.superoffice.com/blog/live-chat-statistics/
https://www.superoffice.com/blog/live-chat-statistics/
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2TQEGFWTG
6JG 'CVCUGYV

6JG FCVCUGY EQOGU HTQO VIJG RWDNKE FCVCUGY EQORKNCVKQP YGDUKVG MCIING C(
-CIING 'CV®BU&KY FCVCUGYV YCU EJQUGP FWG VQ VYKVVGT UWRRQTVAU KPHQTOCN PCV!
VQ EQOG YKVJ SWKEMGT CPF OQTG CWVQOCVGF EWUVQOGT KPVGTCEVKQPU

6JG EQPVGPV QH VJG FCVC EQPUKUVU QH QXGT OKNNKQP VYGGVU HTQO DQVJ EWU
EQORCPKGU VJCV JCXG VYKVVGT CEEQWPYV TGRTGUGPVCVKQP (CEJ TQY QH FCVC EQF
VYGGV KF CP CPQP[OK\GF KF QH VJG CWVJQT KH VJG VYGGV YCU UGPV FKTGEVN][ VQ
VKOG UGPV VJG EQPVGPV QH VJIG VYGGV VIG KFU QH CP[ VYGGVU VIJCV TGURQPFGF
VIJG KF QH VJG VYGGV VJCV VJKU YCU UGPV KP TGURQPUG VQ KH CP]|

5KORNKH[KPI VJG 'CVCUGYV

6JG TCY FCVCUGYVY KU NCTIG CPF EQPVKPU WPPEGUUGT[ KPHQTOCVKQP VJCV KUPAV P
aP QTFGT VQ VTKO VJG FCVCUGV QPN[ VJG OTUV UCORNGU CTG VCMGP

0GZV UKPEG VJG RTQLGEV IQCN KU VQ RTGFKEV EWUVQOGT UGPVKOGPV CP[ VYGGV C
C EQORCP[ KU TGOQXGF .WEMKN[ EQORCPKGU CWVJQT KFAU FQPAV IGV CPQP[OK\GF
ECP ONVGT VIJQUG QWV D[ TGOQXKPI CP[ FCVC CUUQEKCVGF YKVJ CP CWVJQT KF VJC\
URGGF CPF UKORNKEKV[ VJGUG CWVJQT KF CTG QPN[ EJGEMGF HQT XQYGNU

6JG $SNIQTKVJIO
5GPVKOGPV $PCN[UKU 1XGTXKGY CPF aORNGOGPVCVK(

5GPVKOGPV CPCN[UKU KU VJG RTQEGUU QH VCMKPI KP PCVTWCN NCPIWCIG VGZV CPF
RQUKVKXG QT PGICYKXG UGPVKOGPV 6JKU RTQEGUU KU WUGHWN HQT YJGP FQKPI O
VTCEMKPI CVVKVWFGU VQYCTFU C RCTVKEWCNCT EQORCP[ 4P C UKOKNCT HCUJKQP V
CPCN[UKU VQ FGVGTOKPG VJG VGZV UGPVKOGPV QH VJG EWUVQOGT KPKVKCNNJ[ YKV
VJG UGPVKOGPV QH VIGKT UKFG QH VJG EQPXGTUCVKQP CU C YIJQNG

6JG IQCN QH CPCN[\KPI DQVJ VJG OTUV CPF IGPGTCN VQPG QH VJG VGZV KU VQ FGVG"
EQTTGNCVKQP DGVYGGP VJGO ECP DG HQWPF

6JG OCKP NKDTCT[ WUGF HQT VJG UGPVKOGPV CPCN[UKU QH VJG FCVC YCU EPNVME C
ESGPVKOGPVAPVGPUKV[$PCN[\GTE

Sentiment distribution of all customer Tweets

20 4

-0.75 —0.50 -0.25 0.00 025 050 075 ) K| &WUV Q OGT 5GPVKOGPYV

First average sentiment dist Average sentiment dist
100 4

'KUVTKDWVKQP

$U ECP DG UGGP KP VJG )KI  VJG FKUVTKDWVKQP QH VJG UGPVKOGPV XCNWGU CTG I(
FKUVTKDWVKQP .QQMKPI CV VJG DKPCT[ ENCUUKOECVKQPU QH DQVJ VJG OTUV CPF C
FKUVTKDWVKQP KV ECP DG UGGP VJCV YJKNG VJG OCLQTKV[ ECP DG ENCUUKOGF CU F
UKIPKOECPV COQWPV VJCV CTG ENCUUKOGF CU PGICVKXG

&QPXQNWVKQPCN OGWTCN OGVYQTMU &00

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW


https://www.kaggle.com/thoughtvector/customer-support-on-twitter
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9JKNG EQPXQNWVKQPCN OGWTCN OGVYQTMU CTG VTCRKVKQPZNERNWUGF HQT KOCIG R~
UWIIGUV VJCV &00A&U CNUQ YQTM YGNN HQT OCVWTCN .CPIWCIG 2TQEGUUKPI 6TCFKV
PGWTCN PGVYQTMU CTG PGVYQTMU VICV CRRN[ ONVGTU QXGT C FCVCUGV QH RKZGNL
YGNN CU VIQUG VIJCV UWTTQWPFU KV 6[RKECNN[ VJKU KU WUGF HQT KOCIGU CU RKE\
ONVGTKPI CPF GFIG FGVGEVKPI HQT KFGPVKH[KPI QDLGEVU

&\EHUWUDLQLQJ

X1

X1

x1

1 0 1 0 4
x0 X2 x0

0 1 3 3 1
x0 X2 x0

0 4 3 1 5

Convolved feature

Image
JKI' AO0CIG EQP XONWE KQPWTEG
C1 51 cz 52 n; n;
input feature maps feature mapsfeature mapsfeature maps output
32x32 28 x 28 14x14 10x 10 . 5x5
\ AN
A — \\o TR0y
- s | | ‘\“. \\\\\ '~,.‘\‘ 8
3= \;\ \\\\\$%}A5;t:i
L] O
55 N \ %
convolution \ 22 . 5X5 . ' \\ O fully \
subsampling convolution 2x2 connected
N subsampling \\ \
feature extraction classification
YKI &QPXQNW YV KDRC 8K WWEOWN E G

&00AU CNUQ YQTM YGNN HQT PCVTWCN NCPIWCIG RTQEGUUKPI 6JKPMKPI CDQWV VJG
OGCPKPI CPF VQPG QH C UEGPVGPEG QT VGZV KU ECWUGF D[ VJG TGNCVKQP QH YQTF
YQTF QP KVU QYP 0.2 VIJTQWIJ &00U YQTM KP C UKOKNCT HCUJKQP VQ JQY KV RTQEG!
KPUVGCF QH RKZGNU KVU GPEQFGF YQTFU VJCV CTG DGKPI EQPXQNXGF

$U ECP DG UGGP D[ )KI VJKU RTQLGEV WUGF C OWNVK NC[GTGF &00 DGIKPPKPI YKV
NC[GT CNVGTPCVKPI MGTCU FKOGPUKQP EQPXQNWVKQP CPF OCZ RQQNKPI NC[GTU
YKVJ C TCVG QH VQ RTGXGPV OXGTOVVKPI QH VJG OQFGN CPF C MGTCU FGPUG NC
VJG CEVKXCVKQP HWPEVKQP KPVQ VJG QWVRWYV

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW


https://medium.com/saarthi-ai/sentence-classification-using-convolutional-neural-networks-ddad72c7048c
https://miro.medium.com/max/1575/1*EPpYI-llkbtwHgfprtTJzw.png
https://miro.medium.com/max/1575/1*EPpYI-llkbtwHgfprtTJzw.png
https://miro.medium.com/max/1575/1*NBtZgyBC1oSuqs2SswwwbA.png
https://miro.medium.com/max/1575/1*NBtZgyBC1oSuqs2SswwwbA.png
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input: | [(None, 225)]
embedding_6_input: InputLayer
output: | [(None, 225)]
4
. . nput: (None, 225)
embedding_6: Embedding
output: | (None, 225, 225)
Y
mput: | (None, 225, 225)
convld 28: ConvlD
output: | (None, 225, 64)

'

max_poolingld_21: MaxPooling1D

input:

(None, 225, 64)

output:

(None, 112, 64)

'

convld 29: ConvlD

input:

(None, 112, 64)

output:

(None, 112, 64)

l

max_poolingld_22: MaxPooling1D

input:

(None, 112, 64)

output:

(None, 56, 64)

KWWSV

'

convld 30: ConvlD

input:

(None, 56, 64)

output:

(None, 56, 64)

'

max_poolingld_23: MaxPooling1D

mput:

(None, 56, 64)

output:

(None, 28, 64)

l

flatten 7: Flatten

mput: | (None, 28, 64)
convld 31: ConvlD
output: | (None, 28, 64)
input: | (None, 28, 64)

dropout_7: Dropout

output: | (None, 1792)
mmput: | (None, 1792)

output:

(None, 1792)

input:

(None, 1792)

dense 7: Dense

output:

(None, 2)

'

activation_7: Activation

nput:

(None, 2)

output:

(None, 2)

SRNKVVKPI

F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS

/R VJG 'CVC

SURMHFW

YK

&00 /QFGN

&\EHUWUDLQLQJ
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aP QTFGT HQT VJG FCVC VQ DG UWKVCDNG VQ DG TWP VJTQWIJ VJG &00 VIJG KPRWV H
TGUJCRGF KPVQ C ' CTTC[ $HVGTYCTFU VJG FCVC YCU URNKV WR WUKPI VIJG EUMNG
RCEMCIG EVTCKPAVGUVAURNKVE YKVJ VJG HGCVWTGU DGKPI KPRWV CU VJG GPEQFGF
DGKPI KPRWV CU VJG IGPGTCN ENCUUKOECVKQP UGPVKOGPYV

6TCKPKPI VIG /QFGN

6JG OQFGN YCU VTCKPGF WUKPI VIG VTCKPKPI VGZV CPF VTCKPKPI UGPVKOGPV DGE(
UCORNGU WUGF C DCVEJ UK\G QH YCU KPRWV CPF TWP HQT GRQEJU

&QPENWUKQP

aP EQPENWUKQP YJKNG UGPVKOGPV RTGFKEVKQP QH EWUVQOGT VYGGVU YGTG PQV (
KU UVKNN WUGHWN KPHQTOCVKQP HQWPF VQ CKF KP HWVWTG CVVGORVU aP FGCNKP
FCVC CF RGTHQTOKPI C PQP DKPCT[ UGPVKOGPV CPCN[UKU CNNQYGF HQT XKUWCNK\C
QH YJCV ECP DG GZRGEVGF YJGP CPVKEKRCVKPI FGCNKPI YKV EWUVQOGTU GURGEK
UGVVKPI UWEJ CU UQEKCN OGFKC 6JKU RTQLGEV CNUQ DTQWIJV VQ NKIJV VIG VIGQT
EQPXQNWVKQPCN PGWTCN PGVYQTMU VJIQWIJ PQV HWTVIGT GZCOKPGF KP VJKU RTQL
OQFGN OV CU CP KPFKECVKQP VJGTG KU TGCUQPCDNG GXKFGPEG VJCV VJG OTUV KP.
RTGFKEVY CPF VCMG RTQCEVKXG OGCUWTGU KP HWVWTG EWUVQOGT UGTXKEG EJCV D(
VIJKU RTQLGEV UIJQWNF KPENWFG CNVGTKPI VJG FCVC RTG RTQEGUUKPI VGEJPKSWG C
UCORNGU HTQO VJG FCVCUGYV

4GHGTGPEGU

SWRGT 1PEG =QPNKRGRIGUQ@QWTEGPRGCGTOQPEG EQO DNQd NKXG EJCV UVCVKUVKEU

)QTDGU =QPNKRGEGVIFGUQWYEGTDGU EQO UKVGU IKNRTGUU CK UVCVU PGY
QH EQPUWOGTU RTGHGT VQ KPVGTCEV YKVJ C JWOCP CIGPV TCVJGT VJCP C EJC
uJ H F F dD

SEWKTG =QPNKPWG/RGUQRWBENGZTG KQ DNQI EHICVDQV XU NKXG EJCV

/IQPMG[ NGCTP =QPNKPRRUIGCUWOWWVEGRGCTP EQO U&PVKOGPV CPCN[UKU

-GTCU =QPNKPG FQEWRGPWCVKQPXQ CRK NC[GTU TGIWBMCTK\CVKQPANC[GTU FTQI

F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW


https://www.superoffice.com/blog/live-chat-statistics/
https://www.forbes.com/sites/gilpress/2019/10/02/ai-stats-news-86-of-consumers-prefer-to-interact-with-a-human-agent-rather-than-a-chatbot/?sh=5f5d91422d3b
https://acquire.io/blog/chatbot-vs-live-chat/
https://monkeylearn.com/sentiment-analysis/
https://keras.io/api/layers/regularization_layers/dropout/

SURMHFW )RUHFDVWLQJ 1DWXUDO *DV 'HPDQG 6XSSO\ _ &\EHUWUDLQLQJ

2TQLGEV )QTGECUVKPI OCVWTCN *CU
'GOCPF 5WRRN]

OCVWTCN *CU 0* KU QPG QH VJG XCNWCDNG QPGU COQPI VJG QVJGT
AV KU WUGF CU C JGCVKPI UQWTEG HQT JQOGU CPF DWUKPGUUGU V.
EQORCPKGU CPF WVKNK\GF CU C TCY OCVGTKCN HQT RQYGT RNCPVU
6JTQWIJ VIKU KV ECP DG UGGP VJCV XCTKQWU RWTRQUGU QH 0* FG
FKAGTGPV OGNFU AaP CFFKVKQP KV KU GUUGPVKCN VQ KFGPVKH[ CE
VIGTG KU ITQYKPI XQNCVKNKV[ KP GPGTI[ FGOCPF FGRGPFKPI QP VJ
IQXGTPOGPVAU GPXKTQPOGPVCN RQNKE[ 6JKU RTQLGEV HQEWUGU

QH HQTGECUVKPI VJG 0* FGOCPF CPF UWRRN[ COQWPV QH 5QWVJ -Q°
QP KORQTVU HQT OWEJ QH KVU GPGTI[ UQWTEGU 'CVCUGVU HQT VT
OGNFU UWEJ CU YGCVJGT CPF RTKEGU QH QVJGT GPGTI[ TGUQWTEG!
UQWTEG $NUQ VJQUG CTG VTCKPGF D[ WUKPI FGGR NGCTPKPI OGV]J
OWNVK NC[GT RGTEGRVTQP /.2 YKVJ NQPI UJQTV VGTO OGOQT[ .56/

6GPUQTOQY AP CFFKVKQP C EQODKPCVKQP QH VJG FCVCUGV HTQO
ETGCVGF D[ WUKPI RCPFCU HQT VTCKPKPI UEGPCTKQ YKUG CPF VJG
EQORCTGF D[ EJCPIKPI VIJG XCTKCDNGU CPF CPCN[\GF D[ FKAGTGPYV

6ClIU RTQL C GPGIT
OKPWVG TGCF

5VCVWU OPCN 6[RG 2TQLGEV

%CGMGWPURCTM (EKV

e &QFG

$DUVTCEV

KWWSV

F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS

OCVWTCN *CU 0* KU QPG QH VJG XCNWCDNG QPGU CO
av KU WUGF CU C JGCVKPI UQWTEG HQT JQOGU CPF D
EQORCPKGU CPF WVKNK\GF CU C TCY OCVGTKCN HQT
6JTQWIJ VIKU KV ECP DG UGGP VJCV XCTKQWU RWTR
FKAGTGPV OGNFU &P CFFKVKQP KV KU GUUGPVKCN V
VIGTG KU ITQYKPI XQNCVKNKV[ KP GPGTI[ FGOCPF FG
IQXGTPOGPVAU GPXKTQPOGPVCN RQNKE]

6JKU RTQLGEV HQEWUGU QP DWKNFKPI VIJG OQFGN QH

UWRRN[ COQWPV QH 5QWVJ -QTGC YJKEJ TGNKGU QP
UQWTEGU

QPI VIG QVIGT GPGTI[ TGU
NUKPGUUGU VITQWIJ EKV]
RQYGT RNCPVU VQ IGPGTC)
DUGU QH 0* FGOCPF CTKUG
Q KFGPVKH[ CEEWTCVG FGI
RGPFKPI QP VIG FKTGEVKQ

HQTGECUVKPI VJG 0* FGO
KORQTVU HQT OWEJ QH KV

'CVCUGVU HQT VTCKPKPI KPENWFG XCTKQWU OGNFU UWEJ CU YGCVJG

QH QVJGT GPGTI[ TGUQWTEGU YJKEJ CTG QRGP UQWTEG $NUQ VJQUG CTG VTC

WUKPI FGGR NGCTPKPI OGVJQFU UWEJ CU VJG OWNVK
UJQTV VGTO OGOQT[ .56/ WUKPI 6GPUQTOQY aP CFF

NC[GT RGTEGRVTQP /.2 Y}
KVKQP C EQODKPCVKQP Qt

FCVCUGY HTQO XCTKQWU HCEVQTU KU ETGCVGF D[ WUKPI RCPFCU HQT VTCKPKP

YKUG CPF VJG TGUWNVU CTG EQORCTGF D[ EJCPIKPI
FKaGTGPV XKGYRQKPVU

&QPVGPVU

. APVTQFWEVKQP
. AGNCVGF 9QTM
. 'CVCUGVU

SURMHFW

VJG XCTKCDNGU CPF CPCN



https://github.com/cybertraining-dsc/sp21-599-356/actions
https://github.com/cybertraining-dsc/sp21-599-356/actions
https://github.com/cybertraining-dsc/sp21-599-356/
https://github.com/cybertraining-dsc/sp21-599-356/blob/main/project/index.md
https://github.com/cybertraining-dsc/sp21-599-356/blob/main/project/code/Forecasting_NG_Demand_Supply.ipynb
https://cybertraining-dsc.github.io/tags/project/
https://cybertraining-dsc.github.io/tags/ai/
https://cybertraining-dsc.github.io/tags/energy/
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e I/GVJIQFQNQI[

. /IKP /CZ UECNKPI

. BTCKPKPI

. (XCNWCVKQP

. 2TGFKEVKQP

. AGUWNV

. SEGPCTKQ QPG TGIKQPCN FCVCUGYV

. SEGPCTKQ VYQ TGIKQPCN ENKOCVG FCVCUGV
. SEGPCTKQ VJTGG TGIKQPCN VGORGTCVWTG FCV|ICUGV
. SEGPCTKQ HOWT CRRN[KPI VKOGUVGRU

. SEGPCTKQ OXG PCVKQPCN FCVCUGV

. IXGTCNN TGUWNVU

. %GPEJOCTMU
. &QPENWUKQP
. $SEMPQYNGFIOGPVU
. 5QWTEG EQFG
AGHGTGPEGU

-G[YQTFWCVWTCN *CU UWRRN[ HQTGECUVKPI 5QWVJ -QTGC /.2 YKVJ .56/ 6GPUQTOQ
FCVCUGYV

APVTQFWEVKQP

5QWVJ -QTGC TGNKGU QP KORQTVU HQT RGTEGPV QH KVU GPGTI[ TGUQWTEGU CU 1
- $0OQPI VJG GPGTI[ TGUQWTEGU VJG -QTGC *CU &QTRQTCVKQP -1*$5 KORQTVU .KSW
*CU .0* HTQO CTQWPF VJG YQTNF CPF UWRRNKGU KV VQ RQYGT IGPGTCVKQP RNCPVU
EQORCPKGU CPF EKV[ICU EQORCPKGUY VJTQWIJQWYV VJG EQWPVT[ a4V RTQFWEGU CF
QTFGT VQ GPUWTG C UVCDNG ICU UWRRN[ HQT VJG PCVKQP /QTGQXGT KV QRGTCVGU
.0* CESWKUKVKQP DCUGU UVQTKPI .0* FWTKPI VJG UGCUQP YJGP EKV[ ICU FGOCPF Kl
.0* FWTKPI YKPVGT YJGP FGOCPF KU JKIJGT VJCP UWRRN]

6JG YIQNGUCNG EJCTIGU EQPUKUV QH TCY OCVGTKCN EQUVU .0* KPVTQFWEVKQP CPF
ICU UWRRN[ EQUVU 6JGTGHQTG VJG HQTGECUVKPI 0* FGOCPF UWRRN|[ YKNN JGNR C
OKF VQ NQPI VGTO RNCP HQT VJG KPVTQFWEVKQP QH .0* CPF UVCDNG 0* UWRRN[ CPF

6JG HCEVQTU YJKEJ KPOWGPEG 0* FGOCPF KPENWFG YGCVJGT GEQPQOKE EQPFKVKQI
RTKEGU 6JG YKPVGT YGCVJGT UVTQPIN[ KPOWGPEGU 0* FGOCPF CPF VJG JQV UWOOC(
KPETGCUG GNGEVTKE RQYGT FGOCPF HQT 0* aP CFFKVKQP UQOG NCTIG XQNWOG HW
RQYGT RNCPVU CPF KTQP UVGGN CPF RCRGT OKNNU ECP UYKVEJ DGVYGGP 0* EQCN
FGRGPFKPI QP VJG EQUYV QH GCEJ HWGN

6JGTGHQTG UQOG KPFKECVQTU TGNCVGF VQ YGCVJGT GEQPQOKE EQPFKVKQPU CPF
GPGTI[ TGUQWTEGU ECP DG WUGF HQT VJKU RTQLGEV

4GNCVGF 9QTM

-JQVCP\CF CPF (NTCICN RTQRQUGF C VYQ UVCIG U[UVGO YKVJ VJG OTUV UVCIG E
EQODKPCVKQP QH CTVKOEKCN PGWTCN PGVYQTM $00 HQT RTGFKEVKQP QH FCKN[ O* I
-JQVCP\CF GV CN EQODKPGF GKIJV FKAGTGPV CNIQTKVJOU VQ KORTQXG VJG RGI
HQTGEGUVGTU /I WUVCHC $MRKPCT GV CN WUGF FCKN[ 0* EQPUWORVKQP FCVC
FGOCPF D[ $%& DCUGF $00 $NUQ $VICPCUKQU $PCIPQUVKU GV CN EQPFWEVGF
FGOCPF RTGFKEVKQP D[ C EQORCTCVKXG CPEN[UKU DGVYGGP $00 CPF .56/ TPNKMG
/.2 YKVJ .56/ KU CRRNKGF HQT VJKU RTQLGEV CPF GZVGTPCN HCEVQTU CaGEVKPI O0* F
CPF EQORCTGF

'CVvVCUGVU
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$U FGUETKDGF YGCVJGT FCVCUGVU NKMG VGORGTCVWTG CPF RTGEKRKVCVKQP RTKE
GPGTI[ TGUQWTEGU NKMG ETWFG QKN CPF EQCN CPF GEQPQOKE KPFKECVQTU NKMG (
VIKU RTQLGEV HQT HQTGECUVKPI 0* FGOCPF CPF UWRRN]

6JGTG KU CP 0* UWRRN[ FCVCUGYV HTQO C RWDNKE FCVC RQTVCN KP 5QWVJ -QTGC
HTQO VQ QH TGIKQPCN OQPVJIN[ 0* UWRRN[ KP VJG PKPG FKAGTGPV EKVKGU QH
CFFKVKQP ENKOCVG FCVC UWEJ CU VGORGTCVWTG CPF RTGEKRKVCVKQP HQT VJG L
QDVCKPGF HTQO VJG -QTGC /GVGQTQNQIKECN $FOKPKUVTCVKQP 5KOKNCTN[ FCVC QI
QH ETWFG QKN CPF XCTKQWU V[RGU QH-EQCN RTKEG FCVCUGVU RGT OQPVJ CTG C
EQTTGURQPFKPI CIGPEKGU )KPCNN[ VJG 9QP-'QNNCT GZEJCPIG TCVG FCVCUGV Y KV
WUGF

$U OGPVKQPGF CDQXG GCEJ FCVCUGV JCU OQPVIN[ KPHQTOCVKQP CPF CNUQ JCU CX
QH VJG 0* UWRRN[ FCVCUGV 4V KU TGIKQPCNN[ UGRCTCVGF QT EQODKPGF CEEQTFKP
)QT GZCORNG VJG 0* UWRRN[ FCVCUGV JCU PKPG FKaGTGPV EKVKGU 1PG EQNWOP Ql
VIJIG QTKIKPCN FCVCUGY CPF OGTIGF YKVJ CPQVIGT TGIKQPCN FCVCUGY NKMG VGORG
1P VJG QVJGT JCPF GCEJ TGIKQPCN XCNWGAU UWOOCVKQP KU WVKNK\GF KP C UEGP(
FCVCUGV KU PGGFGF

6JG FCVCUGYVY KU CRRNKGF FKAGTGPVN[ HQT GCEJ UEGPCTKQ &P UEGPCTKQ QPG CNN
RTKEG EQCN RTKEG GZEJCPIG TCVG CPF TGIKQPCN VGORGTCVWTG CPF RTGEKRKVC!
TGIKQPCN FCVCUGYVY GURGEKCNN[ 5GQWN )QT UEGPCTKQ VYQ CNN ENKOCVG FCVCUG
TGIKQPCN FCVCUGV 1PN[ VGORGTCVWTG FCVCUGYV KU WVKNK\GF YKVJ TGIKQPCN FCV
CFFKVKQP KP UEGPCTKQ HQWT CNN ECUGU CTG VJG UCOG CU KP UEGPCTKQ QPG DW
EJCPIGF VQ VYQ OQPVJU )KPCNN[ VJG PCVKQPCN FCVCUGV KU WUGF HQT UEGPCTKQ

3 3 i § = =i '.rCUUE
w -|
T T T T T

kJ
[*3]

SS U I3 1 BRI AT SoASHS T

[
=k

JKIWTGZVGTPCN HCEVQTU CaGEVKPI PCVWTCN ICU
IGVIJQFQNOQI|

IKP /ICZ UECNKRPI

aP VIJKU RTQLGEV CNN FCVCUGVU CTG TGUECNGF DGVYGGP CPF D[ /KP /CZ UECNKF
EQOOQP PQTOCNK\CVKQP OGVJQFU &aH VJGTG KU C HGCVWTG YKVJ CPQP[OQWU FCVC
XCNWG O0CzZ Z QH FCVC KU EQPXGTVGF VQ CPF VJG OKPKOWO XCNWG OKP Z QH F(
6JG QVIGT XCNWGU DGVYGGP VJG OCZKOWO XCNWG CPF VJG OKPKOWO XCNWG IGV EC
DGVYGGP CPF

, __ x—min(x)

X = max(x)— min(x)

6TCKPKPI

)QT HQTGECUVKPI VJG 0* UWRRN[ COQWPYVY HTQO VJG VKOG UGTKGU FCVCUGV [.2 YKV
OQFGN KU FGUKIPGF D[ WUKPI 6GPUQTOQY 6JG OTUV CPF UGEQPF .56/ NC[GTU JCXG

VQVCN QH NC[GTU QH /.2 HQNNQY KV (CEJ /.2 NC[GT JCU PGWTQPU KPUVGCF QH \
KVU PGWTQP KU aP CFFKVKQP FTQRQWV YCU FGUKIPCVGF VQ RTGXGPV QXGTOVVKFP
WUGF CU CP QRVKOK\GT CPF VJG 4GEVKOGF .KPGCT 7PKV 4G.7 CU CP CEVKXCVKQP F
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Istm_input: InputLayer

l

Istm: LSTM

'

Istm_1: LSTM

'

dense: Dense

'

activation: Activation

'

dropout: Dropout

'

dense 1: Dense

l

activation_1: Activation

'

dropout_1: Dropout

'

dense Z2: Dense

'

activation_2: Activation

SURMHFW )RUHFDVWLQJ 1DWXUDO *DV 'HPDQG 6XSSO\ _ &\EHUWUDLQLQJ

)KIWTGEVTWEVWTG QH PGVYQTM OQFGN

/IGCP $DUQNWVG (TTQT /$(

(XCNWCVKQP

CPF 4QQV /GCP 5SWCTGF (TTQT 4/5¢(
FCVCUGYV VQ GXCNWCVG VJKU PGVYQTM OQFGN 6JG /$( OGCUWTGU VJG CXGTCIG OCIF
CPF KU RTGUGPVGF D[ VJG HQTOWNC CU HQNNQYKRIKY MIdTGEWGCKU VIG PWODGT QH GT°

XCNWGy, BRFMWIBTGFKEVGF XCNWG

N

2y, — il

_ i=171 l
MAE ===

$NUQ 6JG 4/5( KU WUGF HQT QDUGTXKPI VIG FKaAGTGPEGU DGVYGGP VJG CEVWCN FC\
XCNWGU 6JG HQNNQYKPI KU VIJG HQTOWNC QH 4/5(

n A2
2,- = 1()’i— )’i)

RMSE:\/ =

KWWSV

F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS

SURMHFW

CTG CRRNKGF HQT VJ

CPF GCEJ XCNWG QH VJKU KU VJC
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2TGFKEVKQP

5KPEG VJG FCVCUGVU WUGF HQT VJG VTCKPKPI RTQEGUU CTG PQTOCNK\GF DGVYGGP
EQPXGTVGF VQ C TCPIG QH VJG ITQWPF VTWVJ XCNWGU CICKP )TQO VJGUG TGUECNG
RQUUKDNG VQ QDVCKP VJG 4/5( CPF EQORCTG VIJG FKaGTGPEGU DGVYGGP VJIG CEVWC
RTGFKEVGF XCNWG

aP CNN UEGPCTKQU OCKP XCTKCDNGU UWEJ CU FTQRQWYV NGCTPKPI TCVG CPF GRQE
UCOG EQPFKVKQPU CPF CTG CPF KP QTFGT 4P UEGPCTKQU QPG VYQ VJT

VTCKPKPI UGV KU CRRNKGF CU VYGNXG OQPVJU CPF KP UEGPCTKQ HQWT PGZV OQPYV
HTQO VJG RTGXKQWU VYQ OQPVJU FCVCUGV )QT EQORCTCVKXG CPCN[UKU VJG TGUW
EJCPIKPI VJG UK\G QH VJG VTCKPKPI UGV HTQO VYGNXG OQPVJU VQ VYGPV[ HQWT 0Q
FGUETKDGF (CEJ UEGPCTKQ UJQYU KPFKXKFWCN TGUWNVU CPF KU EQORTGJGPUKXGN
QH VJKU RCTV

SEGPCTKQ QPG TGIKQPCN FCVCUGYV

6JG OPCN /$( QH VJG VTCKP UGV KU CTQWPF CPF VJG QPG QH VJG VGUV UGV KU C
4/5( DGVYGGP CEVWCN FCVC CPF RTGFKEVGF FCVC KU CTQWPF 6JG RTGFKEVKXC
FGXKCVG C NQV CV VJG DGIKPPKPI QH VJG RCTV DWV KV UJQYU C TGNCVKXGN[ UKOK!
ITCRJ

= Train Loss
0.35 1 ‘alidation Loss

030 1
025 1

020 1

Mean Absalute Error

015 4

010 A

0.05 1

0 20 40 &0 80 100
Epoch

JKIWTG.QUU HQT UEGPCTKQ QPG

led

- Real
17 - Prediction

10 1

0.3 1

06 1

04 4

o 5 10 15 20 5 30 35

JKIWTG2TGFKEVKQP TGUWNVU HQT UEGPCTKQ QPG

SEGPCTKQ VYQ TGIKQPCN ENKOCVG FCV

6JG OPCN /$( QH VJG VTCKP UGV KU CTQWPF CPF VJG QPG QH VJG VGUV UGV KU C
4/5( KU CTQWPF $NVJIQWIJ VIG RTGFKEVKXG ITCRJ UVKNN FKAGTU EQORCTGF VQ
KV UJQYU UKOKNCT VTGPFU KP UJCRG
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! —— Train Loss
035 - N\ Validation Loss
g 030
w
£
2 0257
0
=T
€ 020
i
=
0.15
0.10 1
T T T : T :
0 20 40 &0 80 100
Epoch

JKIWTG.QUU HQT UEGPCTKQ VYQ

le6
—— Real
17 Prediction
10 -
0.8 1
06 1
0.4 N \ '/"

JKIWTG2TGFKEVKQP TGUWNVU HQT UEGPCTKQ VYQ

SEGPCTKQ VIJTGG TGIKQPCN VGORGTCVY
FCVCUGYV

6JG OPCN /$( QH VJG VTCKP UGV KU CTQWPF CPF VJG QPG QH VJG VGUV UGV KU C
4/5( KU CTQWPF 9JKNG VJG VGPFGPE[ VQ HQNNQY JKIJ CPF NQY UGGOU UKOKNC"™
VJG OKFFNG UGGO VQ DG OKUNGCFEFKPI

' —— Train Loss
0351 \ Validation Loss

Mean Absolute Error
[=]
P
(W]

Epoch

JKIWTG.QUU HQT UEGPCTKQ VJTGG

1e6
— Real
17 - Prediction
10 1
0.8 1
0.6 1
0.4 1

JKIWTGTGFKEVKQP TGUWNVU HQT UEGPCTKQ VJTGG
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SEGPCTKQ HQWT CRRN[KPI VKOGUVGRU

6JG OPCN /$( QH VJG VTCKP UGV KU CTQWPF CPF VJG QPG QH VJG VGUV UGV KU C
4/5( KU CTQWPF I1WV QH CNN UEGPCTKQU VJG RTGFKEVKXG ITCRJ UJQYU VQ JCX
FKaGTGPEGU +QYGXGT KP VJG NCUV RCTV VJGTG KU C UQOGYJCV CMKP VGPFGPE]

= Train Loss
0351 AW Validaticn Loss

\ [ i - ;
0301 .' A
(.25 1

0.20 1

Mean Absolute Error

(.15 1

010 1

0.05 1

T
0 20 40 2] 8o 100
Epoch

JKIWTG.QUU HQT UEGPCTKQ HQWT

led

—— Real

17 - Prediction

10 1

08 4

06

04

YKIWTG 2TGFKEVKQP TGUWNVU HQT UEGPCTKQ HQWT

SEGPCTKQ OXG PCVKQPCN FCVCUGYV

6JG OPCN /$( QH VJG VTCKP UGV KU CTQWPF CPF VJG QPG QH VGUV UGV KU CTQWF
4/5( DGVYGGP TGCN FCVC CPF RTGFKEVGF FCVC KU CTQWPF 6TGOGPFQWU 4/5( X
DWV FKTGEV EQORCTKUQPU CTG PQV RQUUKDNG DGECWUG VJG DCUGNKPG XQNWOG K
UEGPCTKQU $NVJIJQWIJ VIG RTGFKEVKXG ITCRJ UJQYU FKUETGRCPE[ KV VGPFU VQ DG
KP UEGPCTKQ VYQ

— Fain Loss

(.35 1 “falidation Loss

030 1

025 1

0.20 1

(.15 1

Mean Absolute Error

010 1

005 1

T
0 20 40 E0 80 100
Epoch

YKIWTG .QUU HQT UEGPCTKQ OXG
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JKIWTG2TGFKEVKQP TGUWNVU HQT UEGPCTKQ OXG

I1XGTCNN TGUWNVU

1WV QH VJG OXG UEGPCTKQU KP VQVCN VJG UGEQPF CPF VJKTF JCXG UOCNNGT 4/5( \
ITCRJU CNUQ UJQY TGNCVKXGN[ UKOKNCT TGUWNVU 6JG OTUV CPF HQWTVJ UJQY FKa
CPF UKOKNCT VTIGPFU KP VJG NCUV RCTV +QYGXGT KV KU PQVGYQTVJ[ VIJCV VJG ICR
VIJGO KU XGT[ NCTIG DWV KV VGPFU VQ UJTKPM VQIGVJGT CV VJG RQKPV QH FGENKP(
VJG RQKPV QH KPETGCUG

aP VJG OTUV CPF OHVJ UEGPCTKQU CNN FCVC CTG KFGPVKECN GZEGRV VJCV VJG][ FK
VGORGTCVWTG CPF RTGEKRKVCVKQP av KU CNUQ VJG UCOG VJCV VYGNXG OQPVJU Ql
VTCKPKPI UGV )TQO VJG UWDVNG FKaGTGPEGU KP VJG UJCRG QH VJG TGUWNVKPI ITC
VJG PCVKQPCN CXGTCIG FCVC ECPPQV TGRTGUGPV VJG UKVWCVKQP KP C RCTVKEWNC
QH 0* UWRRN[ FKAGTU FGRGPFKPI QP VIJG EKTEWOUVCPEGU KP VJG TGIKQP

JKIWTG6QVCN RTGFKEVKQP TGUWNVU OQPVJU VTCKPKPI UGV

$HVGT EJCPIKPI VJG VTCKPKPI UGV HTQO VYGNXG OQPVJU VQ VYGPV[ HQWT OQPVJU
ENGCTN[ XKUKDNG 6JG UGEQPF CPF VJKTF RTGFKEVKQP ITCRJU JCXG C OQTG UKOKN!
XCNWG FGETGCUGU VJCP VJG RTGXKQWU UGVVKPI 6JG TGUWNVU QH QVJGT UEGPCTK
UJCRG JCU KORTQXGF EQPVTCTKN[ VJG UJCRG QH VJG TCRKFN[ EJCPIKPI OKFFNG RC
RTGXKQWU EQPFKVKQP

16 Scenario one 1e6 Scenario two 106 Scenario four 126 Scenario five

al 12 { — Real
Prediction Prediction

al
Prediction

04 04

JKIWTG6QVCN RTGFKEVKQP TGUWNVU OQPVJU VTCKPKPI UGV

%GPEJOCTMU

)QT C DGPEJOCTM VJG &NQWFOGUJ 5VQRI9CVEJ CPF %GPEJOCTM KU WUGF VQ OGCU'
RTQITCOAU RGTHQTOCPEG 6JG VKOG URGPV QP FCVC NQCF FCVC RTGRTQEGUUKPI |
EQORKNG VTCKPKPI CPF VJG RTGFKEVKQP YCU UGRCTCVGN[ OGCUWTGF CPF VJG QX
GZGEWVKQP QH CNN UEGPCTKQU KU CTQWPF UGEQPFU AaV ECP DG UGGP VJCV 6JG \
HQWTVJ UEGPCTKQ KU VJG NQPIGUV CPF VJG QPG HQT VJG OHVJ UEGPCTKQ KU VJG U

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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YKIWTG %GPEJOCTMU

&QPENWUKQP

)TQO VIJG TGUWNVU QH VIJKU RTQLGEV KV ECP DG UGGP VJCV UKORNKH[KPI HCEVQTU
KORCEV UJQYU DGVVGT GPEKGPE[ VICP EQODKPKPI XCTKQWU HCEVQTU )QT GZCORNC
VGPFU VQ KPETGCUG HQT JGCVKPI KP EQNF YGCVJGT &aP CFFKVKQP VJGTG KU OWEJ
JQV YGCVJIGT QP VJG EQPVTCT[ VIJGTG KU TGNCVKXGN[ NKVVNG RTGEKRKVCVKQP KP
UGGP VJCV VIJIGUG UGCUQPCN GNGOGPVU UJQY TGNCVKXGN[ JKIJ EQPUKUVGPE[ HQT C
VJQUG CTG WUGF CU VTCKPKPI FCVCUGVU $NUQ VJG RTGFKEVKQPU CTG FGTKXGF OC
UGCUQPCN FCVCUGVU CTG EQODKPGF

+QYGXGT KP VTCKPKPI UGV YKVIJ C FWTCVKQP QH VYGNXG OQPVJU VJG NCUV RCTV Q
OCVEJ VJG CEVWCN FCVC FGURKVG WUKPI VIJG FCVCUGY EQODKPGF YKVJ XCTKQWU H(
DG UGCUQPCNN[ WPTGNCVGF )WTVJGTOQTG YJGP VJG VTCKPKPI UGV KU FQWDNGF Q
ECP DG UGGP VJCV VIJG FKaGTGPEGU DGVYGGP VIJG CEVWCN CPF RTGFKEVKQP ITCRJ (
VIJG TGUWNV QH C UOCNNGT VTCKPKPI UGV %CUGF QP VJKU KV ECP DG GZRGEVGF V.
C NCTIG COQWPV QH FCVCUGYV YKV]J C OQTG GZVGPFGF RGTKQF KU WUGF CPF VJG TC\
CRRTQRTKCVGN[ CFLWUVGF

5QWVJ -QTGC KORQTVU C NCTIG COQWPV QH KVU GPGTI[ TGUQWTEGU $NUQ VJG RNC
CPF UWRRN[ KU DGKPI OCFG CPF QRGTCVGF VJTQWIJ PCVKQP NGF RQNKEKGU A&4TQPKE
RNCP CNUQ UJQYU C UJCTR EJCPIG KP FKTGEVKQP YKVJ TGEGPV GPXKTQPOGPVCN KU
QH FGOCPF KP VJG GPGTI[ OCTMGV KU KPETGCUKPI VICP DGHQTG 6JGTGHQTG O0OGVJC
CEEWTCVG HQTGECUVKPI QH GPGTI[ FGOCPF YKNN PGGF VQ DG EQORNGOGPVGF CPF F
VQ RTGRCTG HQT CPF QXGTEQOG VJKU XCTKCDKNKV][

aP VIJKU RTQLGEV )QTGECUVKPI 0* FGOCPF CPF UWRRNJ[ YCU ECTTKGF QWV WUKPI XC
UWEJ CU YGCVJGT CPF RTKEG VJCV KU TGNCVKXGN[ GCUKN[ QDVCKPGF VJCP VJG FCV
GEQPQOKE KPFKECVQTU QT ENCUUKOGF CU EQPOFGPVKCN OGXGTVJGNGUU UVCVG Q
OGVJQFU UJQY VJICV KV JCU VIJG OGZKDKNKV[ CPF RQVGPVKCN VQ HQTGECUV 0* FGOC
VGPFGPE[ QH VJG TGUWNVU VIJCV KPFKECVG C TGNCVKXGN[ EQPUKUVGPV YKVJ VJG Cl
QH XKGY KV KU VIJQWIJV VICV VIG TGUGCTEJ QP 0* KP 5QWVJ -QTGC UJQWNF DG EQP
CFXCPEGF HQTO D[ WVKNK\KPI XCTKQWU FCVC CPF OQTG URGEKCNK\GF CPCN[UKU

SEMPQYNGFIOGPVU

6JG CWVIQT YQWNF NKMG VQ VIJCPM 'T *TGIQT XQP .CU\GYUMK HQT JKU KPXCNWCDNC
CUUKUVCPEG CPF UWIIGUVKQPU QP VJKU RCRGT CPF 'T *GQATG[ )QZ HQT UJCTKPI JI
.GCTPKPI CPF $TVKOEKCN 4PVGNNKIGPEG CRRNKECVKQPU VJTQWIJQWYV VJKU 'GGR .G(
JKTUV (PIKPGGTKPI EQWTUG Q4GTGF KP VJG 5RTKPI UGOGUVGT CV aPFKCPC 7PKXC

SQWTEG EQFG

6JG UQWTEG EQFG HQT CNN GZRGTKOGPVU CIPE[FE UMPHFVRREECWYPKP® HQWPF JGTG CU

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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4GHGTGPEGU

KWWSV

IQPVIN[ (PGTI[ 5VCVKUVKEU =1PNKPG TGUQWTEG?
VVR YYY MGGK TG MT MGGK FQYSRA\RQCdE A5 RFH

-1*$5 RTQONG =1PNKPRGRGUQWYBGPICU QT MT GPlI EQPVGPVU FQ"

MG] d

.0* RTQFWEVKQP RIJCUG =1PWNKPGC YTGUQWTEGDT MT ROTVCN EQPVGPVU FQ"
MG] d

0* YIQNGUCNG EJCTIGU =1VPNKPGC TGUOWITEGDT MT ROQTVCN EQPVGPVU FQ"
MG] d

OCVWTCN ICU GZRNCKPGFJ¥VYRNKPGYTCUIQNTEGEPGTI[GZRNCKPGEF PCVWTCN
ICU HCEVQTU CAGEVKPI PCYWHWN 1€l RTKEGU RJR

$ -JQVCP\CF CPF + (NTCICN EOCVWTCN ICU NQCF HQTGECUVKPI YKVJ EQODKPCYV
PGWTCN PGVYQTMU E 4,&00 APVGTPCVKQPCN ,QKPV &QPHGTGPEG QP OGWTCN O

2TQEGGFKPIU &CV 0Q &+ RR XQN FQK
4,800 da
$ -JQVCP\CF + (NTCICN CPF 6 . W E&QODKPCVKQP QH CTVKOEKCN PGWTCN |
HQT RTGFKEVKQP QH PCVWTCN ICU EQPUWORVKQP E KP a((( 6TCPUCEVKQPU QP 0G
PQ RR ICTEJ FQK d a

/ $MRKPCT / ) $FCM CPF 0 ;WOWUCM E)QTGECUVKPI PCVWTCN ICU EQPUWORVK
PGWTCN PGVYQTMU A $TVKOEKCN DGG EQNQP[ E PF aPVGTPCVKQPCN &QPHGTC
(PGTI[ CPF 2QYGT 5[UVGOU 4a(25 RR FQK d a(25 a

$ $PCIPQUVKU ( 2CRCIGQTIKQW 8 'CHQRQWNQU CPF ' %QEJVKU E$RRN[KPI .QF

/I GOQT[ OGVYQTMU HQT PCVWTCN ICU FGOCPF RTGFKEVKQP E VJ aPVGTPCVKQI
QP APHQTOCVKQP a4PVGNNKIGPEG 5[UVGOU CPF $RRNKECVKQPU aass RR
aass d a

0* UWRRN[ FCVCUGV 1PWKRIGE TGYUQWIEGAQ MT FCVC ONG'CVC FQ

$SRT da

4GIKQPCN ENKOCVG FCVCUGY =1PNKPG TGUQWTEG?
JVVRU FCVC MOC I1Q MT ENKOCVG 4CPM5VCVG UGNGEV4CPMSVCVKUVKEU'KXKUKQF

RIOC0Q d

&TWFG QKN QTKEG FCVCUGVVERUPNKPG HGUDWTEGHQ MT OCKP LUR

%WKVWOKPQWU EQCN RTKEG FCVCUGYV =1PNKPG TGUQWTEG?
JVVRU YYY MQTGU PGV MQOKU RTKEG OKPGTCNRTKEG KTQPQTGGPGTI[ RTKEGVTC
OEAUGS OPTNAREAO&AUGS

9QP 'QNNCT GZEJCPIG TCVG FCVGUGV =1PNKPG TGUQWTEG?
JVVR GEQU DQM QT MT OGZ (CU[5GCTEJ LUR"N@PI*WDWP - VQR&QFG :

*TGIQT XQP .CU\GYUMK &NQWFOGUJ 5VQR9CVEJ CPF %GPEJOCTM HTQO VJG &NQW
&QOO0OQP .KDTCT[ JKRVUGWDRVIWD EQO ENQWFOGUJENQWFOGUJ EQOOQP

F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW



KWWSV

SURMHFW 6WUXFWXUDO 3URWHLQ 6HTXHQFHV &ODVVLAFDWLRQ _ &\EHUWUDLQLQJ

2TQLGEV 5VTWEVWTCN 2TQVGKP 5GS\
&NCUUKOECVKQP

6JG IQCN QH VJKU RTQLGEV KU VQ RTGFKEV VJG HCOKN[ QH C RTQVC
CEKF UGSWGPEG QH VJG RTQVGKP 6JG UVTWEVWTG CPF HWPEVKQP
FGVGTOKPGF D[ VJG COKPQ CEKF UGSWGPEG VJCV EQORQUGU KV aF
UVTWEVWTG FCVC UGV GCEJ RTQVGKP KU ENCUUKOGF CEEQTFKPI V.
KPENWFG +:'41.$5( 1::*(0 64$052146 8&a475 5a4*0%$.a40* 2416(4a0 GVE

FOQ\GPU QH MKPFU aP VJKU RTQLGEV YG YKNN WUG PWENGKE CEKF
VIRG QH RTQVGKP $NVJQWIJ VIGTG CTG CNTGCF[ RTQVGKP UGCTEJ

%.$56 VIJCV ECP FKTGEVN[ SWGT[ VJG MPQYP RTQVGKP HCOKNKGU %
RTQVGKPU KV KU UVKNN KORQTVCPV VQ WUG FGGR NGCTPKPI CNIQT
HWPEVKQPU 2TQVGKP ENCUUKOECVKQP KU C UKORNGT RTQDNGO VJ
RTGFKEVKQP 6JG NCVVGT TGSWKTGU VJG EQORNGVG URCVKCN UVT\
VIJG TGSWKTGF FGGR NGCTPKPI OQFGN KU GZVTGOGN[ EQORNGZ

6CIU RTQL C DKQON
OKPWVG TGCF

swavssvv. 5VCVWU OPCN 6[RG 2TQLGEV

w

ZVV.

&KHFAFN Sk

, KC[WU K (FKV

e &QFG
o DGPEJOCTM R]J
o NUVO KR[PD

$DUVTCEV

F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS

6JG IQCN QH VJKU RTQLGEV KU VQ RTGFKEV VJG HCOK
CEKF UGSWGPEG QH VJG RTQVGKP 6JG UVTWEVWTG C
FGVGTOKPGF D[ VIG COKPQ CEKF UGSWGPEG VJCV EQ
UVTWEVWTG FCVC UGV GCEJ RTQVGKP KU ENCUUKOG
KPENWFG +;'41.$5( 1:;*(0 64$052146 8a475 5a*0%$.a0*
FQ\GPU QH MKPFU &P VJKU RTQLGEV YG YKNN WUG P
VIRG QH RTQVGKP

$NVJIQWIJ VIGTG CTG CNTGCF[ RTQVGKP UGCTEJ GPIK
FKTGEVN[ SWGT[ VJG MPQYP RTQVGKP HCOKNKGU %W
KORQTVCPV VQ WUG FGGR NGCTPKPI CNIQTKVJOU VQ

2TQVGKP ENCUUKOECVKQP KU C UKORNGT RTQDNGO V
6JG NCVVGT TGSWKTGU VJG EQORNGVG URCVKCN UVT

N[ QH C RTQVGKP DCUGF (
PF HWPEVKQP QH C RTQVG
ORQUGU KV aP VJG RTQVG
- CEEQTFKPI VQ KVU HWPE’
2416(a0 GVE

WENGKE CEKF UGSWGPEGU

PGU UWEJ CU %.$56=@ ? V.
V HQT WPMPQYP RTQVGKPL
RTGFKEV VIGKT HWPEVKQP

JCP RTQVGKP UVTWEVWTG
WEVWTG QH VJG RTQVGKP

TGSWKTGF FGGR NGCTPKPI OQFGN KU GZVTGOGN[ EQO@RNGZ

&QPVGPVU

. aPVTQFWEVKQP

o 'CVCUGV
° 'GGR NGCTPKPI CNIQTKVJO
o 9QTF (ODGFFKPI
0 .56/
° %WGPEJOCTM
o &QORCTG YKVJ VGUV DGPEJOCTM
o 6JG KORCEYV QH VJG PWODGT QH NCDGNU QP

CEEWTCE]

SURMHFW



3URMHFW 6WUXFWXUDO 3URWHLQ 6HTXHQFHV &ODVVLAFDWLRQ _ & EHUWUDLQLQJ
. &QPENWUKQP
. SEMPQYNGFIOGPVU
. 4GHGTGPEGU

-G[YQTFYTQVGKP 5GSWGPEGU 'GGR NGCTPKPI

APVTQFWEVKQP

6JG UVTWEVWTG CPF HWPEVKQP QH C RTQVGKP CTG FGVGTOKPGF D[ VJG COKPQ CEKF
EQORQUGU KV 6JG COKPQ CEKF UGSWGPEG ECP DG TGICTFGF CU C NCPIWCIG EQORQ
EJCTCEVGTU &P TGEGPV [GCTU FWG VQ VJG FGXGNQROGPV QH FGGR NGCTPKPI VJG
PGVYQTMU VQ RTQEGUU PCVWTCN NCPIWCIG JCU TGCEJGF QT GXGP UWTRCUUGF JWO((
VIJKU RTQLGEV YG VTKGF VQ VTGCV VJG COKPQ CEKF UGSWGPEG CU C NCPIWCIG CPF
NGCTPKPI OQFGN VQ CPCN[\G KV VQ CEJKGXG VJG RWTRQUG QH KPHGTTKPI KVU HWPE

6JG FCVC UGVU WUGF KP VJG RTQLGEY EQOG HTQO 4GUGCTEJ &QNNCDQTCVQT[ HQT 5
4&5% CPF 2TQVGKP 'CVC %CPM 2'%

6JG FCVC UGV EQPVCKPU CRRTQZKOCVGN] COKPQ CEKF UGSWGPEGU CPF JCU DC
NCDGN KU VJG HCOKN[ VQ YJKEJ VJG RTQVGKP DGNQPIU 6JG RTQVGKP HCOKN[ KPENV
+:'41.$5( +;'41.$5( 4a0+a%Aa614 a//70( 5;56(/ .;$5( 1:4'14('7&6%$5( GVE 6JGTGHQTG
VIJKU RTQDNGO ECP DG TGICTFGF CU C ENCUUKOECVKQP RTQDNGO 6JG KPRWV QH VJi
VJG NGPIVJ QH VJG UGSWGPEG KU WPEGTVCKP CPF VJG QWVRWYVY QH VJG OQFGN KU C
%[ EQORCTKPI '00 &00 .56/ CPF QVJGT EQOOQP OQFGNU YG JCXG CEJKGXGF G4AGEVK
RTGFKEVKQP QH RTQVGKP GPGTI[ UWRRN]

'CVCUGYV

2'% KU C FCVC UGV FGFKECVGF VQ VJG VITGG FKOGPUKQPCN UVTWEVWTG QH RTQVGK
JCU C XGT[ NQPI JKUVQT[ FCVKPI DCEM VQ apr 2'%9 FGXGNQRGF KPVQ CP KPVC
QTICPK\CVKQP YY2'% 1VJGT OGODGTU QH YY2'% KPENWFKPI 2'%G (WTQRG 4&5% 7F
CPF 2'"%L ,CRCP CNUQ RTQXKFG 2'% YKVJ C EGPVGT HQT FCVC CEEWOWNCVKQP RTQ
$NVIQWIJ 2'% FCVC KU UWDOKVVGF D[ UEKGPVKUVU HTQO CNN QXGT VJG YQTNF GCE.
UWDOKVVGF YKNN DG TGXKGYGF CPF CPPQVCVGF D[ YY2'% UVC4&4 CPF YJGVJIGT VJG FC
QT PQV 6JG 2'% CPF VJG UQHVYCTG KV RTQXKFGU CTG PQY HTGG CPF QRGP VQ VJG R
FGECFGU VJG PWODGT QH 2'% UVTWEVWTGU JCU ITQYP CV CP GZRQPGPVKCN TCVG

5VTWEVWTCN DKQNQIKUVU CTQWPF VJG YQTNF WUG OGVJQFU UWEJ CU : TC[ ET[UVCNI
URGEVTQUEQR[ CPF ET[Q GNGEVTQP OKETQUEQR|[ VQ FGVGTOKPG VJG RQUKVKQP QH
GCEJ QVJGT KP VJG OQNGEWNG 6JGP VJG[ YKNN UWDOKV VJKU UVTWEVWTCN KPHQTO
CPPQVCVG KV CPF RWDNKUJ KV VQ VJG FCVCDCUG RWDNKEN]

2'% UWRRQTVU UGCTEJKPI HQT TKDQUQOGU QPEQIGPGU FTWI VCTIGVU CPF GXGP VI
GPVKTG XKTWU +QYGXGT VJG PWODGT QH UVTWEVWTGU CTEJKXGF KP VJG 2'% KU JW
KPHQTOCVKQP OC[ DG C FKPEWNYV VCUM

6JG KPHQTOCVKQP KP VJG 2'% FCVC UGV OCKPN[ KPENWFGU RTQVGKP PWENGKE CEKI
CEKF OQNGEWNG EQORQUKVKQP CVQOKE EQQTFKPCVGU GZRGTKOGPVCN OGVJQFU W
UVTWEVWTG 5VTWEVWTCN 2TQYGKRU5GBWGREGIWCCYQUAMCIKT RTQVGKP FCVC

UGV EQFG

2TQVGKP FCVCUGV ENVVRUMUKOECWKQPNG EQO TCHC[ CPVK HTGG\G RTQVGKP ENCUUKOI

4&5% 2'3%W VRU YYY TEUD QTI

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW



SURMHFW 6WUXFWXUDO 3URWHLQ 6HTXHQFHV &ODVVLAFDWLRQ _ &\EHUWUDLQLQJ

JKIWTGCVC UGV UCORNG

YKIWTGJG HTGSWGPE[] QH CRRGCTCPEG QH FKaGTGPV NCDGNU

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW



3URMHFW 6WUXFWXUDO 3URWHLQ 6HTXHQFHV &ODVVLAFDWLRQ _ & EHUWUDLQLQJ
JKIWTGJG NGPIVI FKUVTKDWVKQP QH COKPQ CEKF UGSWGPEGU

'GGR NGCTPKPI CNIQTKVJO

6YQ FGGR NGCTPKPI OQFGNU &00 CPF .56/ CTG OCKPN[ WUGF KP VJKU RTQLGEV aP
(ODGFFKPI CNIQTKVJO KU CNUQ WUGF VQ RTGRTQEGUU VJG FCVC

$OQPI VIGUG OQFGNU VJG &00 OQFGN EQOGU HTQO VJG -CIING YGDUKVG CPF YKNN I
DGPEJOCTM 9G YKNN VT[] VQ DWKNF C UKORNGT DWV OQTG CEEWTCVG OQFGN YKVJ C
NGCUV PQV NQYGT VJCP VJG VGUV DGPEJOCTM

9QTF (ODGFFKPI

$ YQTF GODGFFKPI KU C ENCUU QH CRRTQCEJGU HQT TGRTGUGPVKPI YQTFU CPF FQEV
FGPUG XGEVQT TGRTGUGPVCVKQP

AKP CP GODGFFKPI YQTFU CTG TGRTGUGPVGF D[ FGPUG XGEVQTU YJGTG C XGEVQT T
RTQLGEVKQP QH VJG YQTF KPVQ C EQPVKPWQWU XGEVQT URCEG

6JG RQUKVKQP QH C YQTF YKVJKP VJIG XGEVQT URCEG KU NGCTPGF HTQO VGZV CPF K
VICV UWTTQWPF VJG YQTF YJGP KV KU WUGF

6JG RQUKVKQP QH C YQTF KP VJG NGCTPGF XGEVQT URCEG KU TGHGTTGF VvVQ CU KVU

6YQ RQRWNCT GZCORNGU QH OGVJQFU QH NGCTPKPI YQTF GODGFFKPIU HTQO VGZV KI
CPF *NQ8G

JKIWTGIQTF 8GE CPF *NQ8G

.56/

AGEWTTGPV OGWTCN OGVYQTM 400 KU C PGWTCN PGVYQTM WUGF VQ RTQEGUU UGSW
YKVI VIJG IGPGTCN PGWTCN PGVYQTM KV ECP RTQEGUU VJG FCVC QH UGSWGPEG EJC/
OGCPKPI QH C YQTF YKNN JCXG FKAGTGPV OGCPKPIU DGECWUG QH VJG FKAaGTGPV EQI
CDQXG CPF 400 ECP UQNXG VIJKU MKPF QH RTQDNGO YGNN

.QPI UJQTV VGTO OGOQT[ .56/ KU C URGEKCN MKPF QH 400 OCKPN[ VQ UQNXG VJG R
FKUCRRGCTCPEG CPF ITCFKGPV GZRNQUKQP FWTKPI NQPI UGSWGPEG VTCKPKPI &QOF
400 .56/ ECP RGTHQTO DGVVGT KP NQPIGT UGSWGPEGU

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW



SURMHFW 6WUXFWXUDO 3URWHLQ 6HTXHQFHV &ODVVLAFDWLRQ _ &\EHUWUDLQLQJ

)KIWTG.56/

GPEJOCTM
&QORCTG YKVJ VGUV DGPEJOCTM

- KU C JKIJN[ CEEWTCVG OQFGN QP VJG -CIING YGDUKVG aV KU EWTTGPVN[ QPG QH V.
JKIJGUV CEEWTCE[ QP VJKU FCVC UGV &P VJKU RTQLGEV &00 OQFGN KP YKNN DG W
DGPEJOCTM 9G WUG ECVGIQTKECN ETQUU GPVTQR[ CU NQUU HWPEVKQP

/IQFGN &00 .56/

RCTCOGVGTU

SEEWTCE]

6TCKPKPI VKOG OU UVGR OU UVGR
%CVEJ UK\G

.QUU

%QVJ VJG &00 OQFGN CPF VJG .56/ OQFGN WUG VJG YQTF GODGFFKPI NC[GT HQT FCVC
TGFWEVKQP $HVGT VGUVKPI VJG TGUWNV KU VJCV .56/ WUGU HGYGT RCTCOGVGTU V.
GXGP UNKIJVN[ JKIJGT CEEWTCE[ VIJCP VJG DGPEJOCTM +QYGXGT FWG VQ VJG TGNC)
UVTWEVWTG QH .56/ KVU VTCKPKPI URGGF CPF IWGUUKPI URGGF CTG UNQYGT

aP QTFGT VQ OCMG C HCKT EQORCTKUQP YKVJ VJG VGUV DGPEJOCTM YG QPN[ UGNGE
HTGSWGPV UCORNGU CU VJG FCVC UGV YJKEJ KU CNUQ VJG QTKIKPCN CWVJQTAU EJ(
CEEWTCE[ QH OQTG VJCP JGTG KU QPN[ QH TGNCVKXG UKIPKOECPEG CPF FQGU PQ
CEEWTCE[ ECP DG CEJKGXGF KP RTCEVKECN CRRNKECVKQPU VJG FCVC UGV WUWCNN

6JG KORCEV QH VJG PWODGT QH NCDGNU QP CEEWTCE

aP QTFGT VQ HWTVJGT VGUV VIJIG RGTHQTOCPEG QH .56/ QP FKAGTGPV FCVC UGVU YG
PWODGT QH NCDGNU ITCFWCNN[ KPETGCUKPI HTQO NCDGNU VQ NCDGNU )KIWTG
VIG PWODGT QH NCDGNU QP CEEWTCE]

JKIWTG6JG KORCEV QH VIJG PWODGT QH NCDGNU QP CEEWTCE]
KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW



3URMHFW 6WUXFWXUDO 3URWHLQ 6HTXHQFHV &ODVVLAFDWLRQ _ & EHUWUDLQLQJ
OQVG VIJCV FWG VQ VIJIG NKOKVCVKQP QH VJG FCVC UGV VJG PWODGT QH UCORNGU D«
NCDGNU KU FKAGTGPV &H YG YCPV VQ DCNCPEG FKaAGTGPV ECVGIQTKGU YG JCXG VQ
YJKEJ YKNN CaGEV VJG CEEWTCE[ 6JKU KU QPG QH VJG NKOKVCVKQPU QH VJKU VGUV

&QPENWUKQP

6JG FGGR NGCTPKPI OQFGN IKXGU C RTGFKEVKQP CEEWTCE[ QH OQTG VJCP HQT VJ
RTQVGKP VIRGU aH VJG PWODGT QH NCDGN KU KPETGCUGF VQ VIJG CEEWTCE[ TCV(
VTCFKVKQPCN OCEJKPG NGCTPKPI OQFGN KU FKPEWNY VQ FGCN YKVJ UVTKPI FCVC Ql

SEMPQYNGFIOGPVU

6JG CWVJIQT YQWNF NKMG VQ VJCPM 'T *TGIQT XQP .CU\GYUMK HQT JKU KPXCNWCDNC
RCRGT CPF 'T *GQATG[ )QZ HQT UJCTKPI JKU GZRGTVKUG KP %KI 'CVC CRRNKECVKQP
EQWTUG

4GHGTGPEGU

5WUUOCP ,QGN . GV CN E2TQVGKP 'CVC %CPM 2'% FCVCDCUG QH VJTGG FKOG
KPHQTOCVKQP QH DKQNQIKECN OCETQOQNGEWNGU E $EVC &T[UVCNNQITCRJKEC 5¢
&T[UVCNNQITCRIJ] d a

SWPFGTOG[GT /CTVKP 4CNH 5EJN:VGT CPF +GTOCPP 0G[ E.56/ PGWTCN PGVYQT
OQFGNKPI E 6JKTVGGPVJ CPPWCN EQPHGTGPEG QH VJG KPVGTPCVKQPCN URGGEJ
CUUQEKCVK®DP a

-CIING 2TQVGKP 5GSWGPEG/EBNCUMWKORCVIKKBGPEQO JGNOGIJGNOWVQ EPP MGTCU
CPF KPPXGAJVKICVG

&JWTEJ -GPPGVJ 9CTF E9QTF 8GE E OCVWTCN .CPIWCIGI(PIKPGGTKPI

2GPPKPIVQP ,G4TG[ 4KEJCTF 5QEJGT CPF &JTKUVQRJGT ' /CPPKPI E*NQXG *NQ
YQTF TGRTGUGPVCVKQP E 2TQEGGFKPIU QH VIG EQPHGTGPEG QP GORKTKECN
NCPIWCIG RTQEGUUKPId(/0.2 a

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW



BURMHFW 7UDLQLQJ $ 9HKLFOH 8VLQJ &DPHUD )HHG IURP 9HKLFOH 6LPXODWLRQ _ &\EHUW!

2TQLGEV G6TCKPKPI $ 8GJKENG 7UKPI &C
)GGF HTQO 8GJKENG 5KOWNCVKQP

'GGR .GCTPKPI JCU DGEQOG VJG OCKP HQTO QH OCEJKPG NGCTPKPI VJC
VQ VTCKP VGUV CPF ICVJGT FCVC HQT UGNH FTKXKPI ECTU 6JG &%$4.%
FGXGNQRGF HTQO VJG ITQWPF WR UQ VJCV TGCUGCTEJGTU YJQ PQTOCN
ECRKVCN VQ IGPGTCVG VJGKT QYP FCVC HQT UGNH FTKXKPI XGJKENGU |
OQFGN &%$4.$ RTQXKFGU OCP[ VQQNU VJCV ECP UKOWNCVG OCP[ UEGPC
CWVQPQOQWU XGJKENG YQWNF TWP KPVQ 6JG DGPGOV QH &$4.$ KU VJC
UEGPCTKQU VJCV OC[ DG VQQ FCPIGTQWU HQT C TGCN XGJKENG VQ RGT
FTKXKPI ECT KP C JGCXN[ RQRWNCVGF CTGC &%$4.$ JCU VJG DCEMKPI QF
YJQ NGCF KPFWUVT[ NKMG 6Q[QVC YJQ KPXGUVGF FQNNCTU KP
WUGU VJG &%$4.$ UKOWNCVQT VQ XKUWCNK\G JQY C TGCN ECOGTC U[UVG
ECT UGGU QDUVCENGU CPF QDLGEVU

6ClIU RTQOL C VICPUROQT
OKPWVG TGCF

) ax~=x 52 savv. O ewavsovy. 5VCVWU OPCN 6[RG 2TQLGEV
,GUWU %ORKNNQ (FKV
e &QFG

o VWVQTKCN(IQ R]

$DUVTCEV

'GGR .GCTPKPI JCU DGEQOG VJG OCKP HQTO QH OCEJKPG
VTCKP VGUV CPF ICVJGT FCVC HQT UGNH FTKXKPI ECTU
FGXGNQRGF HTQO VJG ITQWPF WR UQ VIJCV TGCUGCTEJG]

OQFGN &%$4.3$ RTQXKFGU OCP[ VQQNU VJCV ECP UKOWNC\
CWVQPQOQWU XGJKENG YQWNF TWP KPVQ 6JG DGPGOV ¢
UEGPCTKQU VJCV OC[ DG VQQ FCPIGTQWU HQT C TGCN X
FTKXKPI ECT KP C JGCXN[ RQRWNCVGF CTGC &$4.$ JCU V
NGCF KPFWUVT[ NKMG 6Q[QVC YJQ KPXGUVGF FQNN
VIG &$4.$ UKOWNCVQT VQ XKUWCNK\G JQY C TGCN ECOG]

NGCTPKPI VIJCV JCU DGGP )
6JG &$4.$ UKOWNCVQT JCU
'U YJQ PQTOCNN[ FQ PQV JC

ECRKVCN VQ IGPGTCVG VIGKT QYP FCVC HQT UGNH FTKXKPI XGJKENGU ECP FQ UQ V(C

G OCP[ UEGPCTKQU VJCV CI
H &$4.$ KU VJCV KV ECP UK
JKENG VQ RGTHQTO UWEJ
JG DCEMKPI QH OCP[ EQORC
CTU KP =@ ? 6JKU RTQL
'C U[JUVGO DCUGF UGNH FTK

QDUVCENGU CPF QDLGEVU
&QPVGPVU

. APVTQFWEVKQP
. ZUKPI VJG &$4.$ 5KOWNCVQT
o (ZKUVKPI 9QTM QP &CTNC
. 7UKPI VJG 6GPUQTI)NQY I1IDLGEV 'GVGEVKQP $24a
. A0ORNGOGPVCVKQP

o 5[UVGO 4GSWKTGOGPVU
o 'QYPNQCF CPF 4PUVCNN &%$4.%$
" '"QYPNQCF HOQT &%4.$ XGTUKQP
o 'QYPNQCF CPF AaPUVCNN 6GPUQT)NQY 1DLGEV 'JQVGEVKQP $24a
m )TQO VJG 'QYPNQCFU HQONFGT ENQPG VJG 6GPUQT)NQY OQFGNU IKV
o 'QYPNQCF 2TQVQDWH

m 6JG NKPM VQ VIJG 2TQVQ%WH TGRQUKVQT[ FQY

m 4AWP VJG RYF EQOOCPF HTQO RQYGTUJGNN CPF
'QYPNQCFU HQNFGT

= 9JGP TWPPKPI VIJG EQOOCPF OCMG UWTG VJCV
A" '"OQOYPNQCFU OQFGNU OCUVGT TGUGCTEJA

PNQCF KU UJQYP DGNQY
IGV VJG RCVJ HTQO TQQV V

[QW CTG KP

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW



3URMHFW 7UDLQLQJ $ 9HKLFOH 8VLQJ &DPHUD )HHG IURP 9HKLFOH 6LPXODWLRQ _ &\EHUW!
= /CMG UWTG VJCV [QW CTG KP '"QYPNQCFU OQFGINU OCUVGT TGUGCTEJ YJGP
TWPPKPI VIJKU EQOOCPF
m 6GUVY aPUVCNNCVKQP
= 6GUV SWEEGUU
o AWPPKPI &CTNC 9KVJ 1DLGEV '"GVGEVKQP
AWP &%$4.%3 &NKGPV
m 4WP &CTNC 1DLGEYV 'GVGEVKQP 2TQITCO
. 6TCKPKPI /QFGN
. 4GUWNVU
. %GPEJOCTM
. &QPENWUKQP
. SEMPQYNGFIOGPVU
. 4GHGTGPEGU

-G[YQTFUGPUQTOQY GZCORNG

APVTQFWEVKQP

ICMKPI ECTU UGNH FTKXKPI JCU DGGP C RTQDNGO VJCV OCP[ ECT EQORCPKGU JCXG DGGP
VIG UV EGPVWT[ 6JGTG CTG OCP[ FKAGTGPV CRRTQCEJGU VJCV JCXG DGGP WUGF YJKEJ
NGCTPKPI 6JG CRRTQCEJGU CNN VTCKP FCVC VJCV CTG ICVIGTGF HTQO C XCTKGV[ QH UG
.KFCT CPF EQORWVGT XKUKQP CTG VJG OCKP UGPUQTU VJCV CTG WUGF D[ EQOOGTEKCN E
XKFGQ ICVIGTGF HTQO OWNVKRNG ECOGTCY VQ VTCKP VIGKT PGWTCN PGVYQTM YJKEJ K
VIKU RTQLGEV C UKOWNCVKQP QH C TGCN FTKXKPI XGJKENG YKVJ C ECOGTC HGGF YKNN
VIJCV C ECT YQWNF PGGF VQ UGG VQ VTCKP VJG XGJKENG VQ DG UGNH FTKXKPI

7TUKPI VJG &%4.%3 5KOWNCVQT

6JG &$4.$ UKOWNCVQT YJKEJ WUGU VJG FTKXGT KPRWVU CPF RWVU KPVQ C FTKXKPI NQI Y
VJG VTCLGEVQT[ CPF VJG UWTTQWPFKPIU QH VJG UKOWNCVGF XGJKENG 6JG &$4.$ UKOWN
UVGGTKPI CPING CPF VJTQVVNG VQ CEV OWEJ NKMG VJG EQPVTQNNCDNG KPRWVU QH C TG
UQWTEG CPF JCU DGGP FGXGNQRGF HTQO VJG ITQWPF WR VQ UWRRQTVY FGXGNQROGPV VT
QH CWVQPQOQWU FTKXKPI U[UVGOU &P CFFKVKQP VQ QRGP UQWTEG EQFG CPF RTQVQEQN
FKIKVCN WTDCP NC[QWVU DWKNFKPIU CPF XGJKENGU VJCV YGTG ETGCVGF HQT VJKU RW1
HTGGN[ 6JG UKOWNCVKQP RNCVHQTO UWRRQTVU OGZKDNG URGEKOECVKQP QH UGPUQT U
EQPFKVKQPU HWNN EQPVTQN QH CNN UVCVKE-CPF F[PCOKE CEVQTU OCRU IGPGTCVKQP
ETGCVGF D[ FTKXKPI VJG XGJKENG KP VJG UKOWNCVQT CPF WUKPI VJG ECOGTC HGGF UQ
ECP DG VTCKPGF 'TKXKPI KP VJG UKOWNCVQT NQQMU OWEJ NKMG )KIWTG

JKIWTGTKXKPI KP &CTNC 5KOWNCVQT

(ZKUVKPI 9QTM QP &CTNC

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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6JG VWVQTKCNU QXGT &CTNC HTQO VJG [QWVWDGT 5GPV'GZ RTQXKFG C IQQF KPVTQFWEV}
EQWNF WUG FGGR NGCTPKPI VQ VTCKP UGNH FTKXKPI ECTU +KU VWVQTKCNU RTQXKFG C |
(PXKTQPOGPV UQ VIJCV QPG EQWNF RGTHQTO VJGKT QYP UVWF]

/TUKPI VJG 6GPUQT)NQY 1DLGEV 'GVGEVKQF

6JG 6GPUGTOQY QDLGEV FGVGEVKQP $24 KU WUGF VQ ENCUUKH[ QDLGEVU YKVJ C URGEKO®
A0CIG TGEQIPKVKQP KU WUGHWN HQT UGNH FTKXKPI ECTU DGECWUG KV ECP RTQXKFG MP
XGJKENG KU RTQJKDKVGF HTQO VTCXGNKPI 6JG $2a JCU DGGP VTCKPGF QP VJG &1&1 FCV
EQPUKUVKPI QH CDQWYV QH QH VJG OQUV EQOOQPN[ HQWPF QDLGEVU *QQING RTQ!
KORTQXG VJG UVCVG QH VJG &QORWVGT XKUKQP OGNF )KIWTG UJQYU JQY VJG DQWPFKP
WUKPI VJG QDLGEV FGVGEVKQP $24a

JKIWTADGEV "GVGEVKQP HQT &CTU

A0RNGOGPVCVKQP
5[ UVGO 4GSWKTGOGPVU

6JKU RTQLGEV WUGU YKPFQYU CNQPI YKVJ XKUWCN UVWFKQ EQFG CPF R[VJQP 0OQVG
YQTM YKVJ QVIGT U[UVGOU DWYV &%$4.%$ KU C TGUQWTEG KPVGPUKXG RTQITCO

15 8GTUKQP *27 4%/
9KPFQYU %WKNF 084a'a%$ *6: SWRGT *%
aP VIJKU UVWF[ VJG &%$4.% XGTUKQP KU DGKPI WUGF CNQPI YKVJ R[VJIQP VQ EQPVTQ

XGJKENG KP VJG &%$4.$ UKOWNCVQT

'QYPNQCF CPF AaPUVCNN &%$4.%

'QYPNQCF HQT &$4.$ XGTUKQP

I JVVRU IKVIJWD EQO ECTNC UKOWNCVOQT ECTNC TGNGCUGU VCI

6JG ONG VQ FQYPNQCF KU UJQYP DGNQY

I &$4.$A \KR

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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ICMG UWTG VQ FQYPNQCF VIJIG EQORKNGF XGTUKQP HQT 9KPFQYU 6JG &CTNC 5KOWNCVQT
TGRNKECVG VIJG UVWF[ QPG OWUV JCXG *% QH HTGG FKUM URCEG 1PEG VJG ONG KU O
GZVTCEV VJG EQPVGPV QH VJG &%$4.%3 \KR ONG KPVQ VJG '"QYPNQCFU HQNFGT

'QYPNQCF CPF 4aPUVCNN 6GPUQT)NQY 1DLGEV 'GVGEVKQP

)TQO VJG 'QYPNQCFU HQNFGT ENQPG VJG 6GPUQT)NQY OQFGNU IK\

JLW FORQH KWWSV JLWKXE FRP WHQVRUIORZ PRGHOV JLW
/ICMG UWTG VQ ENQPG VJKU IKV TGRQUKVQT[ KPVQ VJG 'QYPNQCFU HQNFGT QH [QWT YKPF
'"QYPNQCF 2TQVQDWH

6JG NKPM VQ VJG 2TQVQ%WH TGRQUKVQT[ FOQOYPNQCF KU UJQYP DG

I JVVRU IKVJWD EQO RTQVQEQNDWAGTU RTQVQDWH TGNGCUGUY FQYPNQCF X RTQVQE

6JG 6GPUQTOQY 1DLGEV 'GVGEVKQP $2a WUGU 2TQVQDWHU VQ EQPOIWTG OQFGN CPF VTC
%GHQTG VIJG HTCOGYQTM ECP DG WUGF VJG 2TQVQDWH NKBTCTKGU OWUV DG FQYPNQCFC

UWTG VJCV [QW GZVTCEV VJG ONG VQ VJG 'QYPNQCFU HQNFGT 6Q EQPOIWTG VJG OQFGN
UVTWEVWTG TWP VJG EQOOCPFU DGNQY

A4WP VJG RYF EQOOCPF HTQO RQYGTUJGNN CPF IGV VJG RCVJ HTQC
'OQYPNQCFU HQNFGT

SZG

9JGP TWPPKPI VIG EQOOCPF OCMG UWTG VJCV [QW CTG KP
A "QYPNQCFU OQFGNU OCUVGT TGUGCTEJE

SDWK)URP'RZQORDGY 'RZQORDGY SURWRF REMHFWBGHWHFWLRQ SURWI

6JG EQOOCPF UJQYP CDQXG EQPOIWTGU RTQVQDWH UQ VJIJCV VJG QDLGEV FGVGEVKQP $24a
UWTG [QW CTG KP VJG 'QYPNQCFU OQFGNU OCUVGT TGUGCTEJ RCVJ 4WP VJG EQOOCPFU |
QH VJG PGEGUUCT[ RCEMCIGU VQ TWP VJG QDLGEV FGVGEVKQP $24a

/ICMG UWTG VJCV [QW CTG KP 'QYPNQCFU OQFGNU OCUVGT TGUGCT
TWPPKPI VJKU EQOOCPF

FS REMHFWBGHWHFWLRQ SDFNDJHV WI VHWXS S\
S\WKRQ P SLS LQVWDOO

$HVGT KPUVCNNKPI VJG RCEMCIGU VGUV [QWT KPUVCNNCVKQP HTQO VJG 'QYPNQCFU OQF(
CPF TWP VJG EQOOCPF DGNQY

6GUV aPUVCNNCVKQP

S\WKRQ REMHFWBGHWHFWLRQ EXLOGHUVY PRGHOBEXLOGHUBWI BWHVW S}

6GUV SWEEGUU

aH vJG VGUV YCU UWEEGUUHWN VJCP [QW YKNN C TGUWNV UKOKNCT VQ VJG QPG UJQYGF

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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BURMHFW 7UDLQLQJ $ 9HKLFOH 8VLQJ &DPHUD )HHG IURP 9HKLFOH 6LPXODWLRQ _ &\EHUW!

A4WPPKPI &CTNC 9KVJ 1DLGEYV '"GVGEVKQP

6JG FKTGEVQT[ UVTWEVWTG HQT VJG &%$4.%$ HQT VJG RTQLGEV UJQWF JCXG RTQVQDWH VI

OCUVGT FKTGEVQT|

CPF VJG &$4.3A FKTGEVQT[ CNN KP VJG 'QYPNQCFU HQNFGT 6Q EI

RTQLGEV QPG YQWNF PGGF VQ QRGP VYQ RQYGTUJGNN YKPFQYU CPF TWP VJG &$4.$ ENKG
KU RTQXKFKF KP VJKU IKV TGRQUKVQT[ ECNNGF VWVQTKCN(IQ R[ 6JG VYQ EQFG UPKRRGV

RTQITCOU

AWP &%$4.%$ &NKGPYV

\RXU SDWK ?'RZQORDGV?&%$5/$B

?2:LQGRZV1IR(GLWRU! ?&DUODS8( HI[H

4WP &CTNC 1DLGEV 'GVGEVKQP 2TQITCO

ODNH VXUH WR SODFH WKH WXWRULDO(JR S\ LQ WKH H[DPSOHV IROGHU

\RXU SDWK ?'RZQORDGV?&%$5/$B

?2:LQGRZV1IR(GLWRU3\WKRQ$3,?H[DPS

6TCKPKPI /QFGN

/IQFGN 0COG

UUFAOQDKNGPGVAX AEQEQ

UUFAKPEGRVKQPAX AEQEQ

THEPATGUPGV AEQEQ

HCUVGTATEPPATGUPGYV

SRGGF &1&1 O0$%2

HCUV

HCUV

OGFKWO

AEQEQ OGFKWO

HCUVGTATEPPAKPEGRVKQPATGUPGVAX ACUVTQWUAEQEQ UNQY

6Q RGTHQTO VJG QDLGEV FGVGEVKQP KP VJG &CTC UKOWNCVQT VIJKU RTQLGEV WUGU VJG
FGVGEVKQP $2a 6JG OQFGN WUGU VJG &1&1 FCVCUGYV YJKEJ EQPVCKPU OXG FKAGTGPV 0OC
FKAGTGPV OGCP CXGTCIG RTGEKUKQP 6JG OGCP CXGTCIG RTGEKUQP QT O0%$2 KU VJG RTC
TGECNN QP FGVGEVKPI DQWPFKPI DQZGU 6JG JKIJGT VJG O0%$2 UEQTG VJG OQTG CEEWTCV
VJCV UNQYU FQYP VJG URGGF QH VJG OQFGN aP VIJKU RTQLGEV VJG UUFAOQDKNGPGVAX
DGECWUG KV KU VJG HCUVGUV QH VJG OQFGNU RTQXKFKG HQT VJG &1&1 FCVCUGYV

KWWSV

F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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4GUWNVU

6JG CEEWTCE[ QH VJG OQFGN YCU PQV XGT[ IQQF CV FGVGEVKPI QVJGT UEGPGT[ DWV KV
OQUV KORQTVCPV QDUVCENGU HQT UGNH FTKXKPI ECTU UWEJ CU QVJGT XGIJKENGU RGFG
6JG XKFGQ DGNQY UJQYU C UKOWNCVKQP KP VJG &CTNC UKOWNCVGF XGJKENG YKVJ QDLG

JKIWTADLGEV '"GVGEVKQP KP &%$4.%

I JVVRU FTKXG IQQING EQO ONG F_ 4:48[ $2DY5S8A\%UAX X <1P9FVT6 XKGY"WUR UJCTKP

WGPEJOCTM

6JG DGPEJOCTM WUGF HQT VJKU RTQLGEV YCU VJG 5VQR9CVEJ HWPEVKQP HTQO VJG ENQV
HWPEVKQP ECP UGG JQY NQPI C RCTVKEWNCT UGEVKQP QH EQFG VQQM EQORCTGF VQ C FI
RTQITCO &P VJKU RTQLGEV VJG UGEVKQP VJCV VQQM VJG NQPIGUV YCU VQ UGVWR RGFGU
VIJG UKOWNCVGF EKV[ 6JKU OCMGU UGPUG DGECWUG VJGTG CTG OCP[ XGJKENGU CPF RGF
URCYPGF YJKNG CNUQ RTG EQORWVKPI VIGTG VTCLGEVQTKGU

YKIWTG

&QPENWUKQP

6JG UUFAOQDKNGPGVAX AEQEQ OQFGN FKF PQV RGTHQTO CU YGNN CU KV EQWNF JCXG DG
ENCUUKOGF UQOG QDLGEVU YTQPI )QT GZCORNG UQOG RGFGUVTKCPU YCNMKPI RTQFWEC
QDLGEV FGVGEVKQP OQFGNU RGTEGKXGF CU UMKAU 6JG OGCP CXGTCIG RTGEKUKQP QH \

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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QH VJG OQFGNU VTCKPGF D[ VJG &1&1 FCVCUGV YJKEJ RNC[GF C HCEVQT KP VJG CEEWTCE
ECWUGF KUUWGU KP VJG XGJKENGAU FGVGEVKQP QH KVU UWTTQWPFKPIU 1XGTCNN VJIG
VJG OCKP QDLGEVU KV PGGFU VQ MPQY VQ FTKXG UCHGN[ UWEJ CU RGFGUVTKCPU CPF QV
HWNONNGF KVU RWTRQUG D[ UJQYECUKPI VIJCV KV ECP WUG VJG QDLGEV FGVGEVKQP HTQ!
YKVI DWKNV KP EQNNKUQP FGVGEVQT VQ DG CDNG VQ VTCKP C UGNH FTKXKPI XGJKENG Kl

SEMPQYNGFIOGPVU

6JG CWVJIQT KH VJKU RTQLGEV YQWNF NKMG VQ VIJCPM +CTTKUQP -KPUNG[ HTQO VJG [QWV
RTQXKFKPI IQQF TGUQWTEGU HQT JQY VQ WUG FGGR NGCTPKPI WUKPI ECTNC CPF VGPUQT
CNUQ NKMG VQ VJCPM 'T *TGIQT XQP .CU\GYUMK HQT HGGFDCEM QP VJKU TGRQTV CPF 'T
UJCTKPI JKU MPQYNGFIG KP 'GGR .GCTPKPI CPF $TVKOEKCN aPVGNNKIGPEG VIJTQWIJQWYV \
APFKCPC 7PKXGTUKV]

4GHGTGPEGU

(ZRNCKPU CTEJKVGEVWTG QH 6GUNCAU OGWTCN 0OGVYQTM =1PNKPG 4GUQWTEG?

JVVRU QRGPCEEGUU VIGEXH EQO EQPVGPVAEXRTA RCRGTUADCEMWR /WNNCRW F KeA

.KPM VQ &CTNC YGDUKVGJVIRNKIPGEHGCURWTEG?

'"QEWOGPVCVKQP (ZRNCKPI -G[ )GCVWTGU QH &CTNC =1PNKPG 4GUQWTEG?
JVVRU ECTNC TGCFVIJGEQEU KQ @GP IGVVKPIAUVCTVGF

APVTQFWEVKQP VQ &CTNC YKVJ 2[VIJQP =1PNKPG 4GUQWTEG?
VVRL RIVIQPRTQITCOOKPI PGV KPVTQFWEVKQP UGNH FEAKXKPI CWVQPQOQWU ECTU E

1DLGEV 'GVGEVKQP a4a0CIG RPMIPRNKPEVMGUQWEEGRIICVG PGV OIWTG 1DLGEV
FGVGEVKQP KP C FGPUG UEGPGAOI A

.KPM VQ VJG &CTNCA JKVYBWD |EYKVWHWDQRO ECTNC
UKOWNCVQT ECTNC T@NGCUGU VCI

2TQVQDWH IKVIJWD FQYPNQCF =*KV+WD?
JVVRU IKVIJWD EQO RTQVQEQNDWAGTU RTQVQDWH TGNGCUGU FQYPNQCF X RTQVC
YKP KR

(ZRNCKPU FKAGTGPEGU DGVYGGP OQFGNU DGKPI WUGF HQT 1DLGEV 'GVGEVKQP CPF R
AGUQWIEWVRU VQYCTFUFCVCUEKGPEG EQO KU IQQING VGPUQTOQY QDLGEV FGVGEVKQI
YC[ VQ KORNGOGPYV KOCIG TGEQIRKVKQP C DF H GC

*TGIQT XQP .CU\GYUMK &NQWFOGUJ 5VQR9CVEJ CPF %GPEJOCTM HTQO VJG &NQWFOG
.KDTCT[ =*KWWRMD? IKVJWD EQO ENQWFOGUJ&ENQWFOGUJ EQOOQP

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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2TQLGEV 'GGR .GCTPKPI KP 'TWI
'KUEQXGT]

ICEJKPG NGCTPKPI JCU DGGP C OCKPUVC|[ KP FTWI FKUEQXGT[ HQT F
PGWTCN PGVYQTMU JCXG DGGP WUGF KP EQORWVCVKQPCN CRRTQCE
UKPEG VJG U 7PFGT VTCFKVKQPCN CRRTQCEJGU GORJCUKU KP F
RNCEGF QP WPFGTUVCPFKPI EJGOKECN OQNGEWNCT OPIGTRTKPVU
DKQNQIKECN CEVKXKV[] /QTG TGEGPVN[ JQYGXGT FGGR NGCTPKPI C
CFQRVGF KPUVGCF QH EQORWVCVKQPCN OGVIJQFU 6JKU RCRGT QWYV
KP RTGFKEVKPI FTWI OQNGEWNCT CEVKXKV[ WUKPI FGGR NGCTPKPI

6ClIU RTQOL C JGCN
OKPWVG TGCF

) 2<-7x 52 sovv. O swsvsavy. 5VCVWU OPCN 6[RG 2TQLGEV

$PGUW &JGRTC (EKV

e EQFEBTGFKEVKPIAOQNGEWNCTACEVKXKV[ KR[PD

$DUVTCEV

ICEJKPG NGCTPKPI JCU DGGP C OCKPUVC[ KP FTWI FKUEQXGT[ HQT FGECFGU $T°'
PGWTCN PGVYQTMU JCXG DGGP WUGF KP EQORWVCVKRPCN CRRTQCEJGU VQ FTW
UKPEG VJG U=@ ? 7PFGT VTCFKVKQPCN CRRTQCEJGU GORJCUKU KP FTWI FK
YCU RNCEGF QP WPFGTUVCPFKPI EJGOKECN OQNGEWNCT OPIGTRTKPVU KP QTFG
DKQNQIKECN CEVKXKV[ /QTG TGEGPVN[ JQYGXGT FGGR NGCTPKPI CRRTQCEJGU
CFQRVGF KPUVGCF QH EQORWVCVKQPCN OGVJQFU 6JKU RCRGT QWVNKPGU YQTN
KP RTGFKEVKPI FTWI OQNGEWNCT CEVKXKV[ WUKPI FEGR NGCTPKPI CRRTQCEJG

&QPVGPVU

. aPVTQFWEVKQP

o 'G PQXQ OQNGEWNCT FGUKIP
o %KQCEVKXKV[ RTGFKEVKQP

. AGNCVGF 9QTM
o IGTEM /QNGEWNCT $EVKXKV[ &ICNNGPIG QP|-CIING
o 6JG 'CVCUGYV

o

$ '"GGR .GCTPKPI $NIQTKVJO

. 2TQLGEV 40RNGOGPVCVKQP
6QQNU CPF (PXKTQPOGPV
AORNGOGPVCVKQP 1XGTXKGY
%GPEJOCTMU
JKPEKPIU

'KUEWUUKQP

&QPENWUKQP

$SEMPQYNGFIOGPVU
__$RRGPFKZ
AGHGTGPEGU

O O O O

-GI[YQTFWGR .GCTPKPI FTWI FKUEQXGT]

APVTQFWEVKQP

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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'G PQXQ OQNGEWNCT FGUKIP

'GGR NGCTPKPI '. KU OPFKPI WUGU KP FGXGNQRKPI PQXGN EJGOKECN UVTWEVWTGU
XCTKCVKQPCN CWVQGPEQFGTU 8%$( JCXG DGGP WUGF VQ IGPGTCVG PGY EJGOKECN U
JCXG KPXQNXGF GPEQFKPI KPRWV UVTKPI OQNGEWNG UVTWEVWTGU VJGP TGRCTCOG
NCVGPV XCTKCDNGU DGHQTG UGCTEJKPI HQT XKCDNG UQNWVKQPU KP VJG NCVGPV U
CU %C[GUKCP QRVKOK\CVKQPU 6JG TGUWNVU CTG VJGP FGEQFGF DCEM KPVQ UKORNI
NKPG GPVT[ U[UVGO 5/4.(5 PQVCVKQP HQT TGEQXGT[ QH OQNGEWNCT FGUETKRVQTU
OGVJQF KPXQNXG WUKPI IGPGTCVKXG CFXGTUCTKCN PGVYQTMU *$0 U CU UWDPGVYQ
CTEJKVGEVWTG VQ IGPGTCVG VJG-PGY EJGOKECN UVTWEVWTGU

1VIGT CRRTQCEJGU HQT FGXGNQRKPI PGY EJGOKECN UVTWEVWTGU KPXQNXG TGEWTT
400 VQ IGPGTCVG PGY XCNKF 5/4.(5 UVTKPIU CHVGT VTCKPKPI VJG 400U QP EQRKQV
MPQYP 5/4.(5 FCVCUGVU 6JG 400U WUG RTQDCDKNKV[ FKUVTKDWVKQPU NGCTPGF HTQ
IGPGTCVG PGY UVTKPIU VICV EQTTGURQPF VQ OQNGEWNCT UVTWEVWTGU 8CTKCVKC(
KPEQTRQTCVG TGKPHQTEGOGPV NGCTPKPI VQ TGYCTF OQFGNU HQT PGY EJGOKECN U\
RWPKUJKPI VIJGO HQT WPFGUKTCDNG TGUWNVU

WKQCEVKXKV] RTGFKEVKQP

&QORWVCVKQPCN OGVIQFU JCXG DGGP WUGF KP FTWI FGXGNQROGPYV HQT FGECFGU
JKIJ VITQWIJRWYVY UETGGPKPI +65 KP YJKEJ CWVQOCVGF GSWKROGPV KU WUGF VQ E
QH UEKGPVKOE GZRGTKOGPVU QP OQNGEWNCT EQORQWPFU KP RCTCNNGN JCU TGUW
GPQTOQWU COQWPVU QH FCVC VIJCV TGSWKTG RTQEGUUKPI 3WCPVKVCVKXG UVTWEV\
35%4 OQFGNU HQT RTGFKEVKPI VIG DKQNQIKECN CEVKXKV[ TGURQPUGU VQ RJ[UKQE.
RTGFKEVQT EJGOKECNU GZVGPUKXGN[ WUG OCEJKPG NGCTPKPI OQFGNU NKMG UWRR
58/ CPF TCPFQO FGEKUKQP HQTGUVYU 4) HQT RTQEGUUKPI

9JKNG FGGR NGCTPKPI '. CRRTQCEJGU JCXG CP CFXCPVCIG QXGT UKPING NC[GT OCE
OGVIJQFU YJGP RTGFKEVKPI DKQNQIKECN CEVKXKV[ TGURQPUGU VQ RTQRGTVKGU QH
JCXG QPN[ TGEGPVN[ DGGP WUGF HQT VJKU 6JG PGGF VQ KPVGTRTGV JQY RTGFKEVI
EQORWVCVKQPCNN[ QTKGPVGF FTWI FKUEQXGT[ KU UGGP KP RCTV CU C HCEVQT VvV
JCXG PQV DGGP CFQRVGF CU-SWKEMN[ KP VJKU CTGC +QYGXGT DGECWUG '. OQFGN
PQP NKPGCT FCVC RCVVGTPU WUKPI VIGKT OWNVKRNG JKFFGP NC[GTU VQ ECRVWTG
DGVVGT UWKVGF HQT RTQEGUUKPI EQORNGZ NKHG UEKGPEGU FCVC VJCP QVJGT OCE

6JGKT CRRNKECVKQPU JCXG KPENWFGF RTQONKPI VWOQTU CV OQNGEWNCT NGXGN CP
TGURQPUGU DCUGF QP RICTOCEQNQIKECN CPF DKQNQIKECN OQNGEWNCT UVTWEVWT
FIPCOKEU 6JKU KU CVVTKDWVGF VQ VIGKT CDKNKV[ VQ JCPFNG JKIJ FKOGPUKQPCNKH\
VJGO CRRGCNKPI HQT WUG KP RT-GFKEVKPI FTWI TGURQPUG

)QT GZCORNG FGGR PGWTCN PGVYQTMU YGTG WUGF KP OQFGNU VJCV YQP 0Oa4a+A&U 6Q:
WUKPI EJGOKECN UVTWEVWTG FCVC QPN[ VQ RTGFKEV EQORQWPFU QH EQPEGTP VQ J
OQFGNU YGTG CNUQ HQWPF VQ RGTHQTO DGVVGT VJCP UVCPFCTF 4) OQFGNU KP RTC
CEVKXKVKGU QH OQNGEWNCT EQORQWPFU KP VJG /IGTEM /QNGEWNCT $EVKXKV[ &JCNN
QH VJG EJCNNGPIG HQNNQY

4GNCVGF 9QTM
IGTEM /QNGEWNCT $EVKXKV[ &ICNNGPIG QP -CIING

$ EJCNNGPIG VQ KFGPVKH[ VJG DGUV UVCVKUVKECN VGEJPKSWGU HQT RTGFKEVKPI O
D[ /GTEM &Q 2JCTOCEGWVKECN VJTQWIJ -CIING KP 1EVQDGT QH 6JG UVCVGF 1Q¢
EJCNNGPIG YCU VQ AJGNR FGXGNQR UCHG CPF GAGEVKXG OGFKEKPGU D[ RTGFKEVKPI
GAGEVU VJCV YGTG DQVJ-OP CPF Qa VCTIGYV

6JG 'CVCUGYV

$FCVCYECGVY RTQXKFGF HQT-VJG EJCNNGPIG av EQPUKUVGF QH OQNGEWNCT CEVKX
FCVCUGY EQPVCKPGF TQYU EQTTGURQPFKPI VQ CUUC[U QH DKQNQIKECN CEVKXKV[ HC
6JG FCVCUGVU YGTG UWDFKXKFGF KPVQ VTCKPKPI CPF VGUV UGV ONGU 6JG VTCKPKF

KWWSV F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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YCU FQPG D[ FCVGY QH VGUVKPI YKVJ VGUV UGV FCVGU EQPUKUVKPI QH CUUC[U EC
VTCKPKPI UGV CUUCI[U

6JG VTCKPKPI UGV ONGU GCEJ JCF C EQNWOP YKVJ OQNGEWNCT FGUETKRVQTU VJCV "
EJGOKECN OQNGEWNCT UVTWEVWTGU $ UGEQPF EQNWOP KP VJG ONGU EQPVCKPGF P
EQTTGURQPFKPI VQ TCY CEVKXKV[ OGCUWTGU 6JGUG YGTG PQV PQTOCNK\GF CPF KP
FKaGTGPV WPKVU

6JG TGOCKPFGT QH VJG EQNWOPU KP GCEJ VTCKPKPI FCVCUGY ONG KPFKECVGF FKUI\
OQNGEWNGU 8CNWGU KP GCEJ TQY WPFGT VIJG UWDUVTWEVWTG CVQO RCKT CPF FQ
EQFGU EQTTGURQPFGF VQ VIG HTGSWGPEKGU CV YJKEJ GCEJ QH VJG UWDUVTWEVWT
EQORQWPF )KIWTG UJQYU RCTV QH VJG JGCF TQY HQT QPG QH VJG VTCKPKPI FCVCL
TGEQTFU KP VJG ONG

JKIWTG+GCF 4QY QH QH 6TCKPKPI 'CVCUGV ONGU

6JG VGUV FCVCUGY ONGU YGTG UKOKNCT )KIWTG VQ VIJG VTCKPKPI ONGU GZEGRYV
EQNWOP HQT CEVKXKV[ OGCUWTGU 6JG EJCNNGPIG RTGUGPVGF YCU VQ RTGFKEV VJC
VJG VGUV FCVCUGYV

JKIWTG+GCF 4QY QH QH 6GUV 'CVCUGV ONGU

$ 'GGR .GCTPKPI $NIQTKVJO

6JG GPVT[ VJCV YQP VIJG /GTEM /QNGEWNCT $EVKXKV[ &JCNNGPIG QP -CIING WUGF CP
OGVJQFU VJCV KPENWFGF C HWNN[ EQPPGEVGF PGWTCN PGVYQTM CU VJG OCKP EQPV
CEEWTCE[ KP RTGFKEVKPFOQNGEWNCT CEVKXKV] (XCNWCVKQPU QH RTGFKEVKQPU
VJG VGUV UGV CUUCIU YGTG VIGP FGVGTOKPGF WUKPI VJG OGCP QH VJG EQTTGNCVKH(

FCVC UGVU 5CORNG EQFG KP 4 YCU RTQXKFGF HQT GXCNWCVKPI VIJIG EQTTGNCVKQI
CPF HQTOWNC HQT 4 CTG CRRGPFGF KP $RRGPFKZ

$P CRRTQCEJ QH GORNQ[KPI EQPXQNWVKQPCN PGVYQTMU QP UWDUVTWEVWTGU QH O
NGCTPKPI QP NQECNK\GF HGCVWTGU YJKNG TGFWEKPI VIJG PWODGT QH RCTCOGVGTU
YCU CNUQ RTQRQUGF KP NKVGTCVWTG QP KORTQXKPI OQNGEWNCT CEVKXKV[ RTGFKE"
KFGPVKH[KPI OQNGEWNCT UWDUVTWEVWTGU CU ITCRJ EQPXQNWVKQPU RTKQT VQ HW
FKUEWUUGF D €EWVJQTU

aP NKPG YKVJ VJG CDQXG TGUGCTEJ CP GPUGODNG QH PGVYQTMU HQT RTGFKEVKPI C
RNCPPGF HQT VJKU RTQLGEV WUKPI VJG /GTEM FCVCUGYVY CPF J[RGTRCTCOGVGT EQP
QRVKOCN D[ VJG EKVGF CWVJQTU 4GEQIPK\GF QRVKOCN CEVKXCVKQP HWPEVKQPU H
PGVYQTM V[RGU CPF RFGFKEVKQP V[RGU YGTG CNUQ GCTOCTMGF HQT WUG QP VJG

2TQLGEV 80RNGOGPVCVKQP

AORNGOGPVCVKQP FGVCKNU HQT VJG RTQLGEV YGTG CU HQNNQYU
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6QQONU CPF (PXKTQPOGPYV

6JG 2[VJQP RTQITCOOKPI NCPIWCIG XGTUKQP YCU WUGF QP *QQING &QNCD
JVVRU EQNCD TGUGCTEJ IQQING EQO

$ UWDUETKRVKQP CEEQWPV VQ VIJG UGTXKEG YCU GORNQ[GF HQT CEEGUU VQ OQTG /4
UJCRG FWTKPI FGXGNQROGPV CNVJIQWIJ VIJG HTGG UVCPFCTF UWDUETKRVKQP YKNN
QH EQFG KPENWFGF KP VJKU TGRQUKVQT]

*QQING &QNCD *27 JCTFYCTG CEEGNGTCVQTU YGTG WUGF KP VJG TWPVKOG EQPOIWTC

2TGTGSWKUKVGU HQT VJG EQFG &R ENWE GKR OEWEIBOLHVMARI RGTHQTOCPEG
CPF HEQONMQT $24 CEEGUU VQ TGNCVGF FCVC

-GTCU NKDTCTKGU YGTG WUGF HQT KORNGOGPVKPI VIG OQNGEWNCT CEVKXKV[ RTGFK

AORNGOGPVCVKQP 1XGTXKGY

6JKU RTQLGEVAU KORNGOGPVCVKQP QH C OQNGEWNCT CEVKXKV[ RTGFKEVKQP OQFGTI
EQPPGEVGF PGWTCN PGVYQTM 6JG-PGVYQTM WUGF VJG $FCO QRVKOK\CVKQP CNIQ1
TCVG QH CPF DGVCA ECNKDTCVKQP QH IGCP 5SWCTGF (TTQT /5( YCU WUGF F
HWPEVKQP CPF4 5SWCTGF HQT VJG OGVTKE %CVEJ UK\GU YGTG UGV CV 6JGUG
YGTG UGNGEVGF D[ TGHGTGPEKPI VIG EJQKEGU QH QVJGT RTKQT KPXGUVKICVQTU

6JG PGVYQTM YCU VTCKPGF QP VJG FCVCUGVU UGRCTCVGN[ D[ KVGTCVKPI VITQWI.
EQPVCKPKPI RTGRTQEGUUGF FCVC CPF UCORNKPI VJG FCVC KPVQ VTCKPKPI GXCNW(
FCVCUGVU DGHQTG TWPPKPI VIG VTCKPKPI 6JG GXCNWCVKQP CPF RTGFKEVKQP UVC
YIJGTG CNUQ GZGEWVGF FWTKPI VJG KVGTCVKQP QH GCEJ OQNGEWNCT CEVKXKV[ FCV
RTQEGUUKPI KP VJKU YC[ YCU PGEGUUKVCVGF D[ VJG HCEV VJCV VJG FCVCUGVU GC
HGCVWTG UGV EQNWOPU EQTTGURQPFKPI VQ FKaAaGTGPV OQNGEWNCT UWDUVTWEVWT(
DG TGCFKN[ RTQEGUUGF VJTQWIJ C UKPING FCVCHTCOG

$P CFFKVKQPCN EQORQWPFKPI HCEVQT YCU VJCV VJG FCVC YCU OKUUKPI VIG OQNGE'
CEVWCN TGCFKPIU CUUQEKCVGF YKVJ VJG FCVCUGYV RTQXKFGF HQT VGUVKPI 6JGUG
VITQWIJ -CIING CU VIG QTKIKPCN EQORGVKVKQP YKVJIJGNF VIGUG HTQO EQPVGUVCPYV
OGCPU HQT GXCNWCVKPI VJG CEEWTCE[ QH VJG OQFGNU UWDOKVVGF apP VJG CDUGPE
XCNKFCVKPI VJG TGUWNVU QH VJKU RTQLGEV VJG CXCKNCDNG VTCKPKPI FCVC YCU U
VIGP WUGF HQT VJG GZGTEKUG 6JG VTCKPKPI QH VIJG HWNN[ EQPPGEVGF PGVYQTM Y
FCVC YJKNG VJG VGUVKPI GXCNWCVKQP QH VJG OQFGN YCU CNNQECVGF QH VJG F
FCVC YCU WUGF HQT GXCNWCVKPI RTGFKEVKQPU

%GPEJOCTMU
%YGPEJOCTMU ECRVWTGF FWTKPI EQFG GZGEWVKQP WUKPI ENQWFOGUJ EQOOQP YG
e 6JG FCVC FQYPNQCF RTQEGUU HTQO -CIING VJTQWIJ VJG -CIING FCVC $2a VQQM

e 'CVC RTGRTQEGUUKPI UETKRVU VQQM OKPWVGU CPF UGEQPFU VQ TGPFGT VJIG
VTCKPKPI CPF GXCNWCVKQP 2TGRTQEGUUKPI QH FCVC KPENWFGF KVGTCVKPI VJT
FCVCUGVU UGRCTCVGN[ UKPEG GCEJ ONG EQPVCKPGF FKaGTGPV EQODKPCVKQPU
OQNGEWNCT UWDUVTWEVWTGU

e 6JG OQFGN VTCKPKPI GXCNWCVKQP CPF RTGFKEVKQP UVGR VQQM OKPWVGU CPF

JKPFKPIU
6JG USWCTG QH VJG EQTTGNCVKQP EQGPEKGPV 4@ XCNWGU QDVCKPGF EQGPEKGP'
FWTKPI VTCKPKPI CPF GXCNWCVKQP YGTG EQPUKFGTCDN[ NQY $ XCNWG QH QPC

IQQFPGUU QH OV HQT VJG OQFGN VJCV KORNKGU VJCV VJG OQFGN KU EQORNGVGN][ QI
CEEWTCVG QWVEQOGU OQNGEWNCT CEVKXKV[ HTQO VJG KPFGRGPFGPV XCTKCDNGU
UGVU S5WEJ C OQFGN YQWNF VIWU HWNN[ CEEQWPYVY HQT VJG RTGFKEVKQPU IKXGP C
KPRWVU $ XCNWG QH \GTQ YOQOWNF KPFKECVG C VQVCN NCEM QH EQTTGNCVKQP DG
XCNWGU CPF VJG RTGFKEVGF QWVRWVU $U UWEJ KV YQWNF KORN[ VJCV VJGTG KU C
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XCTKCPEG KP VJG QWVRWVU QH VJG OQFGN 6JG USWCTG QH VJG EQTTGNCVKQP EQGHE
HQT VJKU OQFGN VIGTGHQTG KORNJ[ VIJCV KV GKVJGT FKF PQV NGCTP GPQWIJ QT
VIG OQFGN XCTKCPEG ECWUGF WPTGNKCDNG RTGFKEVKQPU

'KUEWUUKQP

$P QXGTYIJGNOKPI RTQRQTVKQP QH VJG FCVC GNGOGPVU RTQXKFGF VIJTQWIJ VJG FCV

U KPFKECVKPI VJCV PQ HTGSWGPEKGU QH VJG OQNGEWNCT UWDUVTWEVWTGU HGC'
OQNGEWNGU TGRTGUGPVGF D[ RCTVKEWNCT TQYU QH FCVC GNGOGPVU 6JKU FKURTQI
TGRTGUGPVCVKQP QH CDUGPV OQNGEWNCT UWDUVTWEVWTG HTGSWGPEKGU XGTUWU
KPUVCPEGU YJGTG VIGTG YGTG HTGSWGPEKGU CRRGCTU VQ JCXG JCF CP GAGEV QH F
NGCTPKPI QH VIJG HWNN[ EQPPGEVGF PGWTCN PGVYQTM

6JKU UWRRQTVU CRRTQCEJGU VIJCV CFXQECVGF HQT VJG WUG QH EQPXQNWVKQPCN P
CWZKNKCT[ EQORQPGPVU VQ JGNR HQEWU NGCTPKPI QP RGTVKPGPV UWDUVTWEVWTG
RJCUG QH VJKU RTQLGEV JCF KPEQTRQTCVGF KPENWUKQP QH UWEJ VJG KPXGUVKICV
KORNGOGPV CP GPUGODNG PGVYQTM VIJCV YQWNF KPENWFG VJG UWIIGUVKQPU

$RCTV HTQO GORNQ[KPI EQPXQNWVKQPU QVJGT RTGRTQEGUUKPI CRRTQCEJGU HQT T
PQTOCNK\KPI VJG FCVC HGCVWWTGU CPF CEVKXCVKQPU EQWNF JCXG JGNRGF VJG NC
UWDUGSWGPVN[ VIJIG RTGFKEVKQPU OCFG 6JKU TGKPHQTEGU VJG HCEV VJCV FGGR NC
QH QVJGT OCEJKPG NGCTPKPI CRRTQCEJGU TGN[ FGGRN[ QP VIJG SWCNKV[ CPF RTGR!
KPVQ VJGO

&QPENWUKQP

'GGR NGCTPKPI KU C XGT[ RQYGTHWN PGY CRRTQCEJ VQ UQNXKPI OCP[ OCEJKPG NGC"
KPENWFKPI UQOG VJCV JCXG GNWFGF UQNWVKQPU VKNN PQY 9JKNG FGGR NGCTPKPI
UQRJKUVKECVGF YC[U QH NGCTPKPI RCVVGTPU KP FCVC VJG[ CTG UVKNN QPN[ JCNH
CRRTQRTKCVG RTGRCTCVKQP QH VJG FCVC HGF KPVQ OQFGNU KU GSWCNN[ KORQTVCH
OGCPKPIHWN TGUWNVU

SEMPQYNGFIOGPVU

$EMPQYNGFIGOGPVU IQ VQ 'T *GQATG[ )QZ HQT JKU GZEGNNGPV IWKFCPEG QP YC[U V
FGGR NGCTPKPI CRRTQCEJGU CPF HQT JKU KPUVTWEVQTUJKR QH VJG EQWTUG A(0* (
(PIKPGGTKPIZA HQT YJKEJ VJKU RTQLGEV KU C FGNKXGTCDNG $EMPQYNGFIGOGPVU C
.CU\GYUMK HQT JKU CUVWVG VKRU CPF TGEQOOGPFCVKQPU QP VGEJPKECN OCVVGTU
FQEWOGPVKQP GVKSWGVVG

$SRRGPFKZ

SSWCTG QH VJG &QTTGNCVKQP &QGPEKGPV 4 )JQTOWNC
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SCORNG 4 &QFG KP VJG 4 2TQITCOOKPI .CPIWCIG

SVTXDUHG IXQFWLRQ [\ ~

5HWXUQV 5 VTXDUHG
5 ?IUDFA*>?VXPBL [BL ?EDU [ \BL ?EDU \ @A ""?VXPBL [BL ?EDU [

$UXIJPHQWY [ VROXWLRQ DFWLYLWLHYV
\ SUHGLFWHG DFWLYLWLHV
LI OHQJWK | OHQJWK \

ZDUQLQJ ,QSXW YHFWRUV PXVW EH VDPH OHQJWK

HOVH A
DY[ PHDQ |
DY\ PHDQ \
QXP VXP [ DY[ \ DY\
QXP QXP QXP
GHQRP VXP [DY[ [DY] VXP \ DY\ \ DY\
UHWXUQ QXP GHQRP

41GHGTGPEGU

KWWSV

+QPIOKPI &JGP 1 ( 6JG TKUG QH FGGR NGCTRKPI KP FTWI FKUEQXGT[ (NUC

ICTYKP + 5 5GINGT 6 - *GPGTCVKPI )QOEWUGF /QNGEWNG .KDTCTKGU HQT '
YKVI 4GEWTTGPV OGWTCN 0OGVYQTMU &#SOGTKEC &JGOKECN 5QEKGV] a

0 ,CSWGU 5 ~* 5GSWGPEG 6WVQT &QPUGTXCVKXG )KPG 6WPKPI QH 5GSWGP
/IQFGNU YKVJ -. EQPVTQN 2TQEGGFKPIU QH VJG VJ aPVGTPCVKQPCN &QPHGTGPE!
.GCTPKPI 2/.4 RR /.4GUGCTEJ2TGUU a

*TGIQT[ 5NKYQUMK 5 - &QORWVCVKQPCN /GVJQFU KP 'TWI 'KUEQXGT[ 2JCT

da

'GNQTC %CRVKUVC 2 * '"GGR NGCTPKPI HQT FTWI TGURQPUG RTGFKEVKQP
%TKGOPIU KP %KQKPHQTOCVKIEU A a

(TKM *CYGJP , $ 'GGR .GCTPKPI KP 'TWI '"KUEQXGd[] /QNGEWNCT aPHQTOCYV
OCVKQPCN aPUVKVWVG QH +GCNVJ 0OQXGODGT 6QZ 'CVC &JCNNGPIG

HTQO =VTKRQEWKRUQX PKROQF PKJ IOX #QZ EJCNNGPIG

$PFTGCU /C[T * - 'GGRVQZ 6QZKEKV[ 2TGFKEVKQP WUKPI '"GGR .GCTPKPI )
(PXKTQPOGPVCIN 5EKGPEG a

,WPUJWK /C 4 2 'GGR OGWTCN 0GVU CU C /GVIJQF HQT 3WCPVKVCVKXG 5VT\
4GNCVKQPUJKRU ,QWTPCN QH &JGOKECN aPHQTOCVKQP CPF /IQFGNKPI a

-CIING P F IGTEM /IQNGEWNCT $EVKXKV[ &JCNNGPIG 4GVTKGXGF HTQO =-CIING
JVVRU YYY MCIING EQO H/GTEMS$SEVKXKV]

-GCTPGU 5 J/E&NQUMG[ - %GTPFN / 2CPFG 8 4AKNG[ 2 IQNGEWNCT IT
EQPXQNWVKQPU OQXKPI DG[QPF OPIGTRTKPVU 5YKV\GTNCPF 5RTKPIGT aPVGTPC
@

JIKMCGN +GPCa , % 'GGR &QPXQNWVKQPCN 0GMYQTMU QP *TCRJ 5VTWEVWT:

%TQPNGG |, ,CPWCT] +QY VQ &JQQUG CP $EVKXCVKQP )WPEVKQP HQT 'GG
AGVTKGXGF HTQO =JVVRU OCEJKPGNGCTPKPIOCUVGT[ EQO ?
JVVRU OCEJKPGNGCTPKPIOCUVGT[ EQO EJQQUG CP CE¥KXCVKQP HWPEVKQP HQT

-GTCU $FCO 4GVTKGXGF HTQO =JVVRU MGTCU KQ ?
JVVRU MGTCU KQ CRK @RVKOK\GTU CFCO

F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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-GTCU 4GITGUUKQP /GVTKEU 4GVTKGXGF HTQO =JVVRU MGTCU KQ ?
JVVRU MGTCU KQ CRK OGVTKHEHU TGITGUUKQPAOGVTKEU

4WYCPG IC| /IGTM 4GVTKGXGF HTQO =JVVRU IKVIJWD EQO ?
JVVRU IKVIJWD EQO 4WYCP6 OGTEM DNQD OCUVGT 4($'/( OF

9KMKRGFKC &QGPEKGPV QH 'GVGTOKPCVKQP 4GVTKGXGF HTQO =JVVRU
VVRU GP YKMKRGFEKC QTlI YKMK &QG@G@PEKGPVAQHAFGVGTOKPCVKQP

F\EHUWUDLQLQJ GVF JLWKXE LR UHSRUW VS SURMHFW
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