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Abstrakt

.2MM� bim/B2 mi7Q`bF�` iBHH KTMBM;2M �p K�bFBMBMH `MBM; UJGV BMQK FmM/FH�bbB}+2`BM;
Q+? /2bb BMi2;`�iBQM B FmM/`2H�iBQMbbvbi2K U*_JV BMQK 7ƺ`2i�;b7ƺ`b F`BM;b#`�Mb+?2MX
6Q`bFMBM;2M bv7i�` iBHH �ii 7vHH� FmMbF�TbHm+F�M BMQK �Mp M/MBM;2M �p �A@*_J BMQK
7ƺ`2i�;b7ƺ`b F`BM;b#`�Mb+?2MX aim/B2M ;2MQK7ƺ`/2b bQK 2M 7�HHbim/B2 T´ 2ii bp2MbFi
7ƺ`b F`BM;bK FH�`7ƺ`2i�;X aim/B2M miMviiD�/2 2ti2`M� /�i�F HHQ` 7ƺ` �ii bF�T� 2M /�i�b2i
�p FmM/BM7Q`K�iBQMX S`Q+2bb2M 7ƺ` p�H �p p�`B�#H2` BMFHm/2`�/2 o�`B�M+2 AM~m2M+2 6�+iQ`
UoA6V 7ƺ` �ii i� #Q`i FQHHBM2�`Bi2i Q+? b2/�M Jmim�H *H�bb AM7Q Q+? _�M/QK 6Q`2bi-
bQK  ` K2iQ/2` bQK �Mp M/b 7ƺ` �ii ?Bii� pBHF� Q#2`Q2M/2 p�`B�#H2` bQK T´p2`F�`
/2M #2`Q2M/2 p�`B�#2HM K2biX .2bbmiQK �Mp M/2b _2+m`bBp2 62�im`2 h2biBM; 7ƺ` �ii
?Bii� /2 # bi� FQK#BM�iBQM2`M� �p 7mMFiBQM2`X 6v`� QHBF� #BM `� FH�bbB}+2`BM;bKQ/2HH2`
BKTH2K2Mi2`�/2b Q+? D K7ƺ`/2b @ .2+BbBQM h`22- _�M/QK 6Q`2bi- amTTQ`i o2+iQ` J�+?BM2
Q+? �`iB}+B�H L2m`�H L2irQ`FX P#b2`p2`� �ii _�M/QK 6Q`2bi F�M �Mp M/�b #´/2 7ƺ`
p�H �p 7mMFiBQM2` Q+? FH�bbB}+2`BM;X JQ/2HH2`M� i2bi�/2b K2/ 7v`� QHBF� FQK#BM�iBQM2`
�p p�`B�#H2` Q+? mip `/2`�/2b K2/ ?D HT �p �++m`�+v- _2+�HH- S`2+BbBQM- 6R@b+Q`2 Q+?
_P*@�l*X aim/B2M ;2MQK7ƺ`/2  p2M BMi2`pDm2` T´ T�`iM2`7ƺ`2i�;2i 7ƺ` �ii mip `/2`�
/2`�b Mmp�`�M/2 *_J@bvbi2KX _2bmHi�i2M pBb�` �ii JG@#�b2`�/ FmM/FH�bbB}+2`BM; F�M
�Mp M/�b 7ƺ` �ii 2z2FiBpBb2`� T`Q+2bb2M 7ƺ` FmM/�MbF�zMBM; BMQK 7ƺ`2i�;b7ƺ`b F`BM;X
amTTQ`i o2+iQ` J�+?BM2@KQ/2HH2M mTTM´//2 ?ƺ;bi �++m`�+v- 3yWX "2`Q2M/2 T´
iBHH; M;HB;� /�i� Q+? �Mp M/MBM; �p 2p�Hm2`BM;bK´ii ?�/2 QHBF� FH�bbB}+2`�`2 # bi
T`2bi�M/�X aim/B2M 7�MM Q+Fb´ �ii pB/ BKTH2K2Mi2`BM; �p FH�bbB}+2`BM; B �A@*_J K´bi2
/2 bT2+B}F� F`�p2M T´ 7ƺ`2i�;2i mM/2`bƺF�bX .2MM� bim/B2 7�MM /2i pBFiB;i �ii #2�Fi�
T`Q+2bb2M 7ƺ` /�i��MbF�zMBM;- /2M Mmp�`�M/2 T`Q+2bb2M 7ƺ` FmM/�MbF�zMBM;- `BbF2`M�
K2/ 72HFH�bbB}+2`BM; Q+? Mmp�`�M/2 T�`iBbF?2iX _2bmHi�i2M �p /2MM� bim/B2 ?�` i2Q`2iBbF�
BKTHBF�iBQM2` 7ƺ` BKTH2K2Mi2`BM;2M �p �A@*_J 7ƺ` FmM/�MbF�zMBM;X .2M pBb�` T´
/2 T`�FiBbF� 7ƺ`/2H�`M� K2/ �ii BMi2;`2`� K�bFBMBMH `MBM;bi2FMBF2` B *_J@bvbi2K Q+?
#2iQM�` 2z2FiBpBi2i2M ?Qb �A@*_J 7ƺ` FmM/FH�bbB}+2`BM;X .2bbmiQK 7ƺ`# ii`�` bim/B2M
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/2M i2Q`2iBbF� 7ƺ`bi´2Hb2M 7ƺ` p�H �p KQ/2HH2` 7ƺ` FmM/FH�bbB}+2`BM;bmTT;B7i2` B /2i
bT2+B}F� /QK M2i ;2MQK �ii D K7ƺ`� QHBF� FH�bbB}+2`BM;bKQ/2HH2` Q+? mip `/2`� /2`�b
T`2bi�M/�X aim/B2M ;2` Q+Fb´ BMbBFi2` QK 2z2FiBp� K2iQ/2` 7ƺ` p�H �p p�`B�#H2` Q+? ?D HT2`
7Q`bF�`2 Q+? miƺp�`2 �ii 2ti`�?2`� `2H2p�Mi� p�`B�#H2` 7ƺ` FmM/FH�bbB}+2`BM;X

Nyckelord

EmM/`2H�iBQMbbvbi2K U*_JV- EmM/FH�bbB}+2`BM;- LvFmM/b#2�`#2iMBM;-
J�bFBMBMH `MBM;- 6ƺ`b F`BM;b#`�Mb+?2M- 6ƺ`2i�;b7ƺ`b F`BM;- "k"- �A@*_J
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Chapter 1

Introduction

h?Bb *?�Ti2` +QMi�BMb �M BMi`Q/m+iBQM Q7 i?2 i?2bBbX "2;BMMBM; rBi? � #�+F;`QmM/ Q7 i?2
}2H/ 7QHHQr2/ #v i?2 T`Q#H2K 7Q`KmH�iBQM- Tm`TQb2- �M/ `2b2�`+? [m2biBQMbX h?2`2�7i2`
i?2 /2HBKBi�iBQMb �`2 T`2b2Mi2/- �M/ H�biHv- i?2 QmiHBM2 Q7 i?2 `2TQ`i Bb /2b+`B#2/X

1.1 Background

h?2 BMbm`�M+2 BM/mbi`v Bb �M BKTQ`i�Mi �M/ +QKTH2t b2+iQ` i?�i Bb +`BiB+�H BM K�M�;BM;
�M/ KBiB;�iBM; `BbFb BM KQ/2`M bQ+B2iv U:`�Mi kyRkVX *Q`TQ`�i2 BMbm`�M+2 bT`2�/b i?2
`BbF Q7 mM7Q`2b22M 2p2Mib �+`Qbb i?2 BMbm`2/ #mbBM2bb b2+iQ`- T`Qi2+iBM; #mbBM2bb QrM2`b
7`QK }M�M+B�H HQbb U:`�Mi kyRkVX "v i`�Mb72``BM; i?2 `BbF Q7 HQbb- +Q`TQ`�i2 BMbm`�M+2
T`QKQi2b }M�M+B�H bi�#BHBiv �M/ 2+QMQKB+ ;`Qri? #v �HHQrBM; +Q`TQ`�iBQMb iQ QT2`�i2
rBi?Qmi i�FBM; QM i?2 7mHH #m`/2M Q7 i?2 }M�M+B�H `BbF U:`�Mi kyRkVX _2+2MiHv- i?2
*QpB/@RN T�M/2KB+ r�b �M mM7Q`2b22M 2p2Mi r?Qb2 }M�M+B�H BKT�+i QM i?2 #mbBM2bb b2+iQ`
r�b /�KT2M2/ #v +Q`TQ`�i2 BMbm`�M+2 +Qp2`�;2 UL2#QHbBM� kykRc S`xv#viMBQrbFB 2i �HX
kykkVX

h?2 BMbm`�M+2 BM/mbi`v 2M+QmMi2`b b2p2`�H +?�HH2M;2b BM iQ/�vǶb 7�bi@T�+2/ �M/
+QKT2iBiBp2 #mbBM2bb H�M/b+�T2X h?2 b2+iQ` Bb +m``2MiHv mM/2`;QBM; � i`�Mb7Q`K�iBQM
iQr�`/b BM+`2�b2/ /B;Bi�HBx�iBQM U1HBM; �M/ JX G2?K�MM kyR3c a�t2M� �M/ _X EmK�`
kykkV- �M/ i?2 2K2`;2M+2 Q7 bQ@+�HH2/ ǴBMbm`i2+?bǴ ě /B;Bi�H BMbm`�M+2 bi�`imTb ě ?�b
BM+`2�b2/ i?2 +QKT2iBiBp2 +HBK�i2 �M/ bT2/ mT i?2 /B;Bi�HBx�iBQM Q7 i?2 b2+iQ` UaiQ2+FHB-
.`2K2H- �M/ l2#2`MB+F2H kyR3c a�t2M� �M/ _X EmK�` kykkVX

AMbm`�M+2 #`QF2`b ?�p2 i`�/BiBQM�HHv `2HB2/ QM +QMp2MiBQM�H +mbiQK2` �+[mBbBiBQM bi`�i2;B2b
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bm+? �b /B`2+i K�BH- �/p2`iBbBM;- �M/ `272``�Hb �M/ ivTB+�HHv ?�p2 ?B;? +Qbib `2H�i2/ iQ
�+[mBbBiBQM U*X@*X GBm �M/ GB�Q kykyVX >Qr2p2`- i?2b2 bi`�i2;B2b �`2 ;`QrBM; BM+`2�bBM;Hv
BM2z2+iBp2 /m2 iQ M2r 2K2`;BM; i2+?MQHQ;B2b �M/ /B;Bi�H BMbm`�M+2 bQHmiBQMbX *mbiQK2`b
+�M �++2bb � #`Q�/ `�M;2 Q7 BM7Q`K�iBQM �M/ +QKT�`2 BMbm`�M+2 T`Q/m+ib �M/ b2`pB+2b
r?2`2 +QKT�MB2b Qz2` /B;Bi�H �+[mBbBiBQM +?�MM2Hb bm+? �b `2+QKK2M/�iBQM bvbi2Kb �M/
+?�i#Qib UqQM; 2i �HX kykyVX aiBHH- bQK2 +QMbmK2`b T`272` T2`bQM�H �/pB+2 `2;�`/BM;
BMbm`�M+2 T`Q/m+ib U"`vx;�HQp �M/ hbv;�MQp kykkc *X 1+F2`i- CX 1+F2`i- �M/ wBixK�MM
kykRV- K2�MBM; i?�i MQi �HH +QMbmK2`b r�Mi � 7mHHv /B;Bi�H 2tT2`B2M+2 r?2M #mvBM;
BMbm`�M+2X "mbBM2bb@iQ@#mbBM2bb U"k"V `2H�iBQMb?BTb �HbQ /Bz2` 7`QK i?Qb2 Q7 #mbBM2bb@iQ@
+QMbmK2` U"k*V- T`QpB/BM; �M �//BiBQM�H +?�HH2M;2 7Q` +Q`TQ`�i2 BMbm`�M+2 +QKT�MB2bX
GBKBi2/ `2b2�`+? 2tBbib QM i?2 �+[mBbBiBQM K2i?Q/b 7Q` +Q`TQ`�i2 BMbm`�M+2 #`QF2`b �M/
QM i?2 T`272`2M+2b Q7 �+[mBbBiBQM �M/ `2H�iBQMb?BT K�M�;2K2Mi Q7 +Q`TQ`�i2 BMbm`�M+2
+mbiQK2`b `2;�`/BM; /B;Bi�HBx�iBQMX >Qr2p2`- i`�MbT�`2M+v �M/ i`mbi �`2 MQi�#H2 ?v;B2M2
7�+iQ`b BM "k" BMbm`�M+2 `2H�iBQMb?BTb U.2t2- 6`�MF2- �M/ _�/ kykRVX h?Bb Bb 7m`i?2`
bmTTQ`i2/ #v i?2 7�+i i?�i i`mbi �M/ T2`bQM�H `2H�iBQMb?BTb �`2 +Q`M2`biQM2b 7Q` "k"
`2H�iBQMb?BTb BM Qi?2` b2+iQ`b �b r2HH UAX a�m`�- 6`�b[m2i- �M/ *2`p2`�@h�mH2i kyyNc
uQmM;- qBHFBMbQM- �M/ aKBi? kyR8c q2#bi2` RNNkc w22H�M/@p�M /2` >QHbi �M/ >2Mb2H2`
kyR3VX

AMbm`�M+2 #`QF2`b �`2 im`MBM; iQ i2+?MB+�H bQHmiBQMb bm+? �b +mbiQK2` +H�bbB}+�iBQM �M/
`2+QKK2M/�iBQM bvbi2Kb iQ BKT`Qp2 i?2B` �+[mBbBiBQM �M/ `2i2MiBQM bi`�i2;B2b Ua�t2M�
�M/ _X EmK�` kykkc *?Bm kyykVX h?2b2 bvbi2Kb 2KTHQv bQT?BbiB+�i2/ /�i� �M�HviB+b
�M/ K�+?BM2 H2�`MBM; UJGV �H;Q`Bi?Kb iQ b+`miBMBx2 +mbiQK2` #2?�pBQ` �M/ T`272`2M+2b-
i?mb /2HBp2`BM; +mbiQKBx2/ bm;;2biBQMb 7Q` BMbm`�M+2 T`Q/m+ib �M/ b2`pB+2b USBbQMB �M/
.ő�x@_Q/`ő;m2x kykjc a�t2M� �M/ _X EmK�` kykkVX h?2b2 i2+?MQHQ;B2b ivTB+�HHv `mM
QM H�`;2 �KQmMib Q7 /�i� iQ #2 #2M2}+B�HX �b i2+?MQHQ;B2b bm+? �b /�i� KBMBM; �M/
#B; /�i� U".V �`2 BM+`2�bBM;Hv #2BM; mb2/ #v +QKT�MB2b BM Q`/2` iQ BKT`Qp2 �M�HvbBb-
bi`�i2;B+ /2+BbBQMb- �M/ ;�BM +mbiQK2` BMbB;?i UE?�/2 kyRec a�iBb? �M/ umbQ7 kyRdc L;�B-
sBm- �M/ *?�m kyyNV- Bi T`QpB/2b �M QTTQ`imMBiv iQ +QK#BM2 +H�bbB}+�iBQM bvbi2Kb �M/
". BM Q`/2` iQ BKT`Qp2 +mbiQK2` `2H�iBQMb?BTbX h?2b2 /�i� �`2 +QKKQMHv +QHH2+i2/ �M/
biQ`2/ BM *mbiQK2` _2H�iBQMb?BT J�M�;2K2Mi U*_JV avbi2Kb- r?B+? BMi2;`�i2 +mbiQK2`
/�i� �+`Qbb b2p2`�H 7mM+iBQMb UhQ?B/B �M/ C�##�`B kyRkc �Mb?�`B 2i �HX kyRNc w2`#BMQ 2i
�HX kyR3c L;�B- sBm- �M/ *?�m kyyNVX �KQM; Qi?2` i?BM;b- *_J bvbi2Kb �`2 mb2/ iQ
BKT`Qp2 +mbiQK2` `2H�iBQMb?BTb- `2i2MiBQM- �M/ �+[mBbBiBQM `�i2b UAX CX *?2M �M/ SQTQpB+?
kyyjc sm 2i �HX kyykVX �b �`iB}+B�H BMi2HHB;2M+2 U�AV �M/ JG �H;Q`Bi?Kb miBHBx2 H�`;2
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*>�Sh1_ RX ALh_P.l*hAPL

�KQmMib Q7 /�i�- `2b2�`+?2`b ?�p2 2tTHQ`2/ i?2 TQbbB#BHBiv Q7 mbBM; *_J iQ;2i?2` rBi?
�A U*?�ii2`D22- _�M�- 2i �HX kykRc GB#�B 2i �HX kykyVX h?2`2 ?�p2 �HbQ #22M T`2pBQmb
`2b2�`+? BMiQ i?2 mb2 Q7 �A@*_J BM i?2 "k" +QMi2ti- r?2`2 +QKT�MB2b BKTH2K2Mi �A@
*_J iQ bi�v +QKT2iBiBp2 BM i?2 /vM�KB+ #mbBM2bb H�M/b+�T2 2M�#H2/ #v i?2 /B;Bi�HBx�iBQM
Q7 #mbBM2bb �M/ 2K2`;BM; /B;Bi�H i2+?MQHQ;B2b U*?�ii2`D22- *?�m/?m`B- �M/ o`QMiBb kykkc
*?�ii2`D22- *?�m/?m`B- o`QMiBb- �M/ C�#22M kykkc _�?K�M 2i �HX kykjVX

h?2`2 Bb i?mb �M QTTQ`imMBiv 7Q` � bQHmiBQM iQ /B;Bi�HBx2 �M/ �miQK�i2 i?2 +mbiQK2`
�+[mBbBiBQM T`Q+2bb 7Q` "k" BMbm`�M+2 #`QF2`b- r?B+? �HbQ `2bT2+ib i?2 M22/ 7Q` T2`bQM�H
+QMi�+i �M/ i`mbi BM "k" `2H�iBQMb?BTbX h?Bb bim/v 2tTHQ`2b i?2 mb2 Q7 �A@*_J BM
i?2 "k" BMbm`�M+2 b2+iQ` i?`Qm;? � +�b2 bim/v �M/ BKTH2K2Mi�iBQM Q7 � /B;Bi�H "k"
�+[mBbBiBQM bQHmiBQMX h?Bb +QMi`B#mi2b iQ i?2 HBi2`�im`2 bim/vBM; i?2 mb2 Q7 *_J BM i?2
"k" +QMi2ti �M/ i?2 /B;Bi�HBx�iBQM Q7 i?2 BMbm`�M+2 BM/mbi`v #v 2t�KBMBM; i?2 mb2 Q7
�A@*_J bQHmiBQMb 7Q` +Q`TQ`�i2 BMbm`�M+2 #`QF2`bX "v H2p2`�;BM; +mbiQK2` /�i� �M/
Qz2`BM; T2`bQM�HBx2/ `2+QKK2M/�iBQMb- i?2 bim/v /2KQMbi`�i2b ?Qr BMbm`�M+2 #`QF2`b
+�M BKT`Qp2 +mbiQK2` 2M;�;2K2Mi �M/ b�iBb7�+iBQM- BM+`2�bBM; +mbiQK2` `2i2MiBQM �M/
�+[mBbBiBQM `�i2b- �M/ `2p2Mm2 BM i?2 #mbBM2bb BMbm`�M+2 BM/mbi`vX

1.1.1 Case Study Background

h?2 �mi?Q`b T�`iM2` rBi? � ar2/Bb? BMbm`�M+2 #`QF2` +QKT�Mv iQ T`QpB/2 � KQ`2 T`�+iB+�H
�TT`Q�+? iQ i?Bb `2b2�`+?X h?Bb T�`iM2`b?BT 2M�#H2b i?2 +QM/m+iBQM Q7 � +�b2 bim/v QM
?Qr +mbiQK2` +H�bbB}+�iBQM +�M #2 �TTHB2/ BM i?2 #mbBM2bb BMbm`�M+2 BM/mbi`v iQ �+[mB`2
M2r +mbiQK2`bX h?2 +�b2 bim/v Bb 7Q+mb2/ QM `2+QKK2M/BM; i?2 +QK#BM2/ #mbBM2bb
BMbm`�M+2 T`Q/m+i iQ TQi2MiB�H +mbiQK2`b #v +H�bbB7vBM; i?2K BMiQ `2H2p�Mi b2;K2Mib
#�b2/ QM i?2B` #mbBM2bb M22/b �M/ `BbFbX h?2`2 Bb � +HQb2 +QHH�#Q`�iBQM rBi? i?2 BMbm`�M+2
#`QF2` +QKT�Mv iQ +QHH2+i /�i� QM TQi2MiB�H +mbiQK2`b �M/ mb2 JG �H;Q`Bi?Kb iQ +H�bbB7v
i?2K BMiQ /Bz2`2Mi b2;K2Mib #�b2/ QM i?2B` +?�`�+i2`BbiB+bX

The process

h?2 +QMbB/2`2/ T`Q+2bb Bb � +mbiQK2` �+[mBbBiBQM T`Q+2bb BM r?B+? BMbm`�M+2 #`QF2`b
b22F Qmi �M/ +QH/ +�HH T`QbT2+iBp2 #mbBM2bb2b- bm;;2biBM; i?�i i?2v brBi+? i?2B` +m``2Mi
BMbm`�M+2 iQ i?2 T`Q/m+i 72�im`2/ BM i?Bb bim/v- � ivT2 Q7 +QK#BM�iBQM BMbm`�M+2 T`Q/m+i
/2b+`B#2/ BM /2i�BH 7m`i?2` /QrMX hQ +QKT`2?2M/ i?2 T`Q+2bb- BMi2`pB2rb r2`2 +QM/m+i2/
rBi? i?`22 /2T�`iK2Mib �i i?2 T�`iM2` +QKT�MvX �b /2b+`B#2/ #v i?2 T�`iM2` +QKT�Mv-
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i?2 `2bmHiBM; T`Q+2bb +�M #2 pB2r2/ BM 6B;m`2 RXRXRX

h?2 �+[mBbBiBQM T`Q+2bb BMpQHp2b i?`22 bi�F2?QH/2`b, i?2 BMbm`�M+2 #`QF2`- i?2 BMbm`�M+2
+QKT�Mv- �M/ i?2 +mbiQK2`X h?2 BMbm`�M+2 #`QF2` Bb i?2 T�`iM2` +QKT�Mv �M/ i?2
T`Q+2bb H2�/2`- �M/ BMBiB�i2b i?2 T`Q+2bb #v K�Mm�HHv b2�`+?BM; 7Q` T`QbT2+iBp2 +mbiQK2`bX
AM/BpB/m�H BMbm`�M+2 #`QF2`b mb2 i?2B` T2`bQM�H FMQrH2/;2 �M/ BMimBiBQM iQ }M/ +mbiQK2`b
r?Q i?2v #2HB2p2 rQmH/ #2 bmBi�#H2 7Q` i?2 T`Q/m+i #v }Hi2`BM; QM /Bz2`2Mi +�i2;Q`B2b-
bm+? �b bT2+B}+ BM/mbi`B2bX h?2 #`QF2`bǶ ;Q�H Bb iQ }M/ +QKT�MB2b i?�i rBHH #2 �++2Ti2/
#v i?2 BMbm`�M+2 +QKT�Mv �b i?2v ?�M/ i?2K Qp2` BM i?2 M2ti bi�;2 Q7 i?2 T`Q+2bbX

h?2 #`QF2`b +QH/@+�HH TQi2MiB�H +mbiQK2`b �M/ bm;;2bi i?�i i?2v brBi+? i?2B` #mbBM2bb
BMbm`�M+2 7Q` � KQ`2 +QKT2iBiBp2 T`B+2X AMi2`2bi2/ +mbiQK2`b b?�`2 i?2B` +m``2Mi BMbm`�M+2
BM7Q`K�iBQM- BM+Hm/BM; i?2B` +m``2Mi T`2KBmK �M/ +Qp2`�;2- r?B+? Bb i?2M mb2/ iQ }Hi2`
7m`i?2`X � HBbi Q7 TQi2MiB�H +mbiQK2`b Bb i?2M b2Mi iQ i?2 BMbm`�M+2 +QKT�Mv 7Q` �MQi?2`
+mbiQK2` b2H2+iBQM T`Q+2bb bBM+2 i?2v i�F2 QM �HH i?2 `BbF BM i?2 }M�H bi�;2 Q7 #2+QKBM;
i?2 BMbm`2`X h?2 BMbm`�M+2 +QKT�Mv 2Bi?2` ;Bp2b � T`Q/m+i Qz2` Q` /2+HBM2b iQ Qz2` i?2
+mbiQK2` i?2 T`Q/m+iX 6BM�HHv- i?2 +mbiQK2` 2Bi?2` �++2Tib i?2 Qz2` Q` /Q2b MQiX

6B;m`2 RXRXR, h?2 +mbiQK2` �+[mBbBiBQM T`Q+2bb Q7 aJ1 +mbiQK2`b �i i?2 ar2/Bb?
BMbm`�M+2 +QKT�Mv

The Product

h?2 T`Q/m+i Bb � +QK#BM2/ +QKT�Mv BMbm`�M+2 i�BHQ`2/ 7Q` bK�HH iQ K2/BmK@bBx2/
2Mi2`T`Bb2b UaJ1bV i?�i +�M BM+Hm/2 b2p2`�H ivT2b Q7 BMbm`�M+2, iBiH2 BMbm`�M+2-
BMi2``mTiBQM BMbm`�M+2- HB�#BHBiv BMbm`�M+2- �M/ Qi?2`bX
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The Case

h?2 +mbiQK2` b2H2+iBQM T`Q+2bb QM i?2 #`QF2`Ƕb bB/2 Bb +m``2MiHv +QM/m+i2/ K�Mm�HHv
�M/ Bb MQi bi�M/�`/Bx2/- H2�/BM; iQ iBK2@+QMbmKBM; `2b2�`+? �M/ i?2 TQi2MiB�H QKBbbBQM
Q7 bT2+B}+ +Q`TQ`�i2 +mbiQK2`b 7`QK +2`i�BM BM/mbi`B2b /m2 iQ BM/BpB/m�H #B�bX 6m`i?2`-
}M/BM; i?2 +mbiQK2`b i?�i �`2 KQbi HBF2Hv iQ #2 �++2Ti2/ #v i?2 BMbm`�M+2 +QKT�MvǶb
b2H2+iBQM T`Q+2bb Bb /B`2+iHv HBMF2/ iQ i?2 #`QF2`bǶ T`Q}ibX h?mb- i?2v #2HB2p2 i?2`2 Bb
`QQK 7Q` BKT`Qp2K2Mi BM i2`Kb Q7 2{+B2M+v �b r2HH �b ?B;?2` �++2Ti�M+2 `�i2b 7`QK
i?2 BMbm`�M+2 +QKT�Mv /m2 iQ KQ`2 i?Q`Qm;?Hv b2H2+i2/ +mbiQK2`bX hQ BKT`Qp2 T`Q+2bb
2{+B2M+v- i?2 T�`iM2` +QKT�Mv �BKb iQ �/QTi 2K2`;BM; i2+?MQHQ;B2b rBi?BM i?2 }2H/-
r?B+? +�M `2/m+2 i?2 iBK2 `2[mB`2/ 7Q` i?2 T`Q+2bb �M/ BM+`2�b2 i?2 �++2Ti�M+2 `�iBQ Q7
T`QTQb2/ +mbiQK2`b #v i?2 BMbm`�M+2 +QKT�MvX

1.2 Problem Formulation

h?2 #mbBM2bb BMbm`�M+2 b2+iQ` 2M+QmMi2`b � MmK#2` Q7 /B{+mHiB2b BM �ii`�+iBM; M2r +HB2MibX
AMbm`�M+2 #`QF2`b 7`2[m2MiHv `2Hv QM +QMp2MiBQM�H b�H2b i2+?MB[m2b �M/ H�+F i?2 `2bQm`+2b
iQ b2;K2Mi TQi2MiB�H +HB2Mib #�b2/ QM i?2B` T�`iB+mH�` i`�Bib �M/ T`272`2M+2bX h?2 K�BM
+?�HH2M;2 7Q` i?2 #`QF2`b HB2b BM MQi KBbbBM; TQi2MiB�H +mbiQK2`b 7Q` i?2 T`Q/m+i �M/
�pQB/BM; `2+QKK2M/BM; MQM@bmBi�#H2 +mbiQK2`b 7Q` i?2 T`Q/m+iX h?2 `2bmHi Bb 2Bi?2`
KBbb2/ TQi2MiB�H `2p2Mm2 7Q` i?2 7Q`K2` Q` r�bi2/ iBK2 �M/ `2bQm`+2b 7Q` i?2 H�ii2`X

h?2`2 Bb � TQi2MiB�H iQ miBHBx2 /�i� +QHH2+i2/ i?`Qm;? i?2 BMbm`�M+2 #`QF2`bǶ *_J
bvbi2Kb rBi? 2K2`;BM; +H�bbB}+�iBQM bvbi2Kb i2+?MQHQ;B2b iQ BKT`Qp2 i?2 +mbiQK2`
�+[mBbBiBQM T`Q+2bbX h?2 ;Q�H Bb iQ BKT`Qp2 +mbiQK2` �+[mBbBiBQM `�i2b BMi2`M�HHv i?`Qm;?
7�bi2` T`Q+2bbBM; �M/ 2ti2`M�HHv i?`Qm;? �M BM+`2�b2/ �++2Ti�M+2 `�i2 #v i?2 BMbm`�M+2
+QKT�MvX

�//BiBQM�HHv- i?2`2 Bb � /2�`i? Q7 T`BQ` `2b2�`+? QM mbBM; +mbiQK2` +H�bbB}+�iBQM �M/
`2+QKK2M/�iBQM bvbi2Kb 7Q` M2r +HB2Mib BM i?2 +Q`TQ`�i2 BMbm`�M+2 b2+iQ`- T�`iB+mH�`Hv
7Q` bK�HH iQ K2/BmK@bBx2/ 2Mi2`T`Bb2bX .2bTBi2 i?2 7�+i i?�i i?2b2 i2+?MQHQ;B2b ?�p2
;�BM2/ rB/2bT`2�/ �/QTiBQM BM Qi?2` b2+iQ`b HBF2 2@+QKK2`+2 �M/ 2Mi2`i�BMK2Mi- i?2B`
TQi2MiB�H BM i?2 BMbm`�M+2 BM/mbi`v ?�b MQi #22M 2tTHQ`2/ iQ i?2 b�K2 /2;`22X

AMi2;`�iBM; +mbiQK2` +H�bbB}+�iBQM bvbi2Kb BMiQ *_J bvbi2Kb +�M TQb2 � +?�HH2M;2
7Q` BMbm`�M+2 #`QF2`b- `2[mB`BM; bB;MB}+�Mi i2+?MQHQ;B+�H �M/ Q`;�MBx�iBQM�H +?�M;2bX
6m`i?2`KQ`2- i?2`2 Bb � H�+F Q7 ;mB/�M+2 QM ?Qr iQ 2z2+iBp2Hv BKTH2K2Mi i?2b2 bvbi2Kb
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BM i?2 �+[mBbBiBQM bi`�i2;v Q7 BMbm`�M+2 #`QF2`bX

1.3 Purpose

h?2 `2b2�`+? �BKb iQ 2tTHQ`2 i?2 TQi2MiB�H Q7 +mbiQK2` +H�bbB}+�iBQM BM i?2 +Q`TQ`�i2
BMbm`�M+2 BM/mbi`v- �M/ i?2B` BMi2;`�iBQM BMiQ *_J bvbi2KbX Ai rBHH BMp2biB;�i2 i?2
+m``2Mi bi�i2 Q7 i?2b2 bvbi2Kb- 2tTHQ`2 i?2B` TQi2MiB�H #2M2}ib 7Q` +QHH2+iBM; �M/
miBHBxBM; +mbiQK2` /�i� BM +mbiQK2` �+[mBbBiBQM- �M/ /2p2HQT �M JG@#�b2/ bvbi2K 7Q`
i?2 bim/v T�`iM2` +QKT�MvX h?2 `2b2�`+? �HbQ �BKb iQ T`QpB/2 T`�+iB+�H BMbB;?ib �M/
`2+QKK2M/�iBQMb 7Q` BMbm`�M+2 #`QF2`b HQQFBM; iQ BKTH2K2Mi i?2b2 bvbi2Kb BM i?2B`
�+[mBbBiBQM bi`�i2;v �M/ BMi2;`�i2 i?2K BMiQ i?2B` *_J bvbi2KbX

1.4 Research Questions

hQ �+?B2p2 i?2 Tm`TQb2 Q7 i?Bb bim/v- i?2 7QHHQrBM; irQ `2b2�`+? [m2biBQMb ?�p2 #22M
T`QTQb2/,

RX >Qr +�M JG +H�bbB}+�iBQM bvbi2Kb #2 mb2/ iQ QTiBKBx2 i?2 +mbiQK2` �+[mBbBiBQM
T`Q+2bb Q7 BMbm`�M+2 #`QF2`b BM i?2 aJ1 K�`F2i\

kX >Qr +QmH/ �M JG@#�b2/ +H�bbB}+�iBQM bvbi2K #2 BMi2;`�i2/ 7Q` mb2 rBi? �M 2tBbiBM;
*_J bvbi2K\

h?2b2 `2b2�`+? [m2biBQMb �`2 /2bB;M2/ iQ 2tTHQ`2 i?2 T`�+iB+�H �TTHB+�iBQM �M/ TQi2MiB�H
#2M2}ib Q7 /2p2HQTBM; �M/ BKTH2K2MiBM; �M JG +mbiQK2` +H�bbB}+�iBQM bvbi2K BM i?2
+QMi2ti Q7 i?2 +Q`TQ`�i2 BMbm`�M+2 BM/mbi`vX "v BMi2;`�iBM; i?2 bvbi2K BMiQ i?2
�+[mBbBiBQM bi`�i2;v Q7 BMbm`�M+2 #`QF2`b �M/ i?2B` *_J bvbi2Kb- i?2 bim/v rBHH T`QpB/2
BMbB;?ib BMiQ ?Qr i?2b2 iQQHb +�M �ii`�+i �M/ `2i�BM M2r +mbiQK2`b �M/ BKT`Qp2 +mbiQK2`
b�iBb7�+iBQMX h?2 }M/BM;b Q7 i?Bb bim/v �BK iQ ?�p2 TQbBiBp2 BKTHB+�iBQMb 7Q` +Q`TQ`�i2
BMbm`�M+2 #`QF2`b �M/ +QMi`B#mi2 iQ i?2 HBi2`�im`2 7Q` 7mim`2 `2b2�`+?2`b �M/ T`�+iBiBQM2`b
BMi2`2bi2/ BM +mbiQK2` +H�bbB}+�iBQM bvbi2KbX

1.5 Delimitations

AM i?Bb `2b2�`+?- i?2 7QHHQrBM; /2HBKBi�iBQMb rBHH #2 K�/2,
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Geographic delimitations

h?2 `2b2�`+? rBHH 7Q+mb QM bK�HH iQ K2/BmK@bBx2/ #mbBM2bb2b BM ar2/2M- �M/ i?2 }M/BM;b
K�v MQi #2 �TTHB+�#H2 iQ Qi?2` +QmMi`B2b Q` `2;BQMbX

Industry delimitations

h?2 `2b2�`+? rBHH 7Q+mb QM i?2 +Q`TQ`�i2 BMbm`�M+2 BM/mbi`v- �M/ i?2 }M/BM;b K�v MQi
�TTHv iQ Qi?2` BMbm`�M+2 ivT2bX

Time delimitations

h?2 `2b2�`+? rBHH #2 +QM/m+i2/ Qp2` � T2`BQ/ Q7 bBt KQMi?b- �M/ i?2 }M/BM;b K�v MQi
`2~2+i i?2 HQM;@i2`K 2z2+ib Q7 BMi2;`�iBM; +mbiQK2` +H�bbB}+�iBQM �M/ `2+QKK2M/�iBQM
bvbi2Kb BM i?2 BMbm`�M+2 BM/mbi`vX

Data & Technical delimitations

h?2 `2b2�`+? rBHH mb2 /�i� T`QpB/2/ #v i?2 BMbm`�M+2 #`QF2` +QKT�Mv T�`iM2` �M/
�p�BH�#H2 /�i� 7`QK Tm#HB+ bQm`+2b QM i?2 r2#- MQ Qi?2` /�i� bQm`+2b rBHH #2 �M�Hvx2/X
h?2 /�i� �M�HvbBb K2i?Q/b �`2 HBKBi2/ iQ BKTH2K2Mi�iBQMb BM Svi?QMX

Scope delimitations

h?2 `2b2�`+? rBHH QMHv 7Q+mb QM BMi2;`�iBM; i?2 +mbiQK2` +H�bbB}+�iBQM bvbi2K BMiQ i?2
�+[mBbBiBQM bi`�i2;v Q7 BMbm`�M+2 #`QF2`b- �M/ Qi?2` �bT2+ib Q7 i?2 BMbm`�M+2 BM/mbi`v-
bm+? �b +H�BKb T`Q+2bbBM; �M/ mM/2`r`BiBM;- rBHH MQi #2 �M�Hvx2/X

"v �+FMQrH2/;BM; i?2b2 /2HBKBi�iBQMb- i?2 b+QT2 �M/ HBKBi�iBQMb Q7 i?2 `2b2�`+? �`2 +H2�`Hv
/2}M2/- �M/ i?2 }M/BM;b +�M #2 �TT`QT`B�i2Hv BMi2`T`2i2/ rBi?BM i?2b2 #QmM/�`B2bX

1.6 Outline

h?2 T�T2` rBHH #2;BM rBi? BMi`Q/m+BM; i?2 i?2Q`2iB+�H 7`�K2rQ`F U*?�Ti2` kV i?�i rBHH
#2 �TTHB2/- 7QHHQrBM; � HBi2`�im`2 bim/v U*?�Ti2` jV BMiQ `2H2p�Mi `2b2�`+? BM i?2 �`2�X
� K2i?Q/b b2+iBQM rBHH i?2M #2 T`2b2Mi2/ U*?�Ti2` 9V- QmiHBMBM; i?2 `2b2�`+? T`Q+2bb �b
r2HH �b i?2 K2i?Q/b mb2/X �7i2` i?Bb Bb � T`2b2Mi�iBQM Q7 i?2 `2bmHib U*?�Ti2` 8V- 7QHHQr2/
#v � /Bb+mbbBQM U*?�Ti2` eVX 6BM�HHv- � +QM+HmbBQM U*?�Ti2` dV rBi? `2+QKK2M/�iBQMb 7Q`
7mim`2 `2b2�`+?X
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Chapter 2

Theoretical Framework

h?2 7QHHQrBM; b2+iBQM BMi`Q/m+2b i?2 i?2Q`2iB+�H 7`�K2rQ`F i?�i rBHH /B`2+i i?2 `2b2�`+?X
h?2 bim/vǶb i?2Q`2iB+�H 7`�K2rQ`F Bb #�b2/ QM i?2 h?2Q`v Q7 *mbiQK2` _2H�iBQMb?BT
J�M�;2K2Mi U*_JV- r?B+? T`QpB/2b � +QKT`2?2MbBp2 mM/2`bi�M/BM; Q7 i?2 7�+iQ`b
M2+2bb�`v 7Q` 2z2+iBp2 +mbiQK2` `2H�iBQMb?BT K�M�;2K2Mi i?�i Bb +`m+B�H 7Q` i?2
�+[mBbBiBQM �M/ `2i2MiBQM Q7 +mbiQK2`bX

2.1 Framework Introduction

� *_J bvbi2K Bb /2b+`B#2/ �b �M BMi2;`�i2/ r�v Q7 K�M�;BM; +mbiQK2` `2H�iBQMb?BTb
BM Q`/2` iQ BKT`Qp2 +mbiQK2` `2H�iBQMb?BTb �M/ +mbiQK2` `2i2MiBQM UAX CX *?2M �M/
SQTQpB+? kyyjVX Ai b2`p2b p�`BQmb Tm`TQb2b- BM+Hm/BM; �bbBbiBM; BM K�`F2iBM; �M/ +mbiQK2`
�+[mBbBiBQM #v miBHBxBM; +mbiQK2` /�i� �+`Qbb b2p2`�H 7mM+iBQMb iQ B/2MiB7v �M/ 7Q+mb QM
i?2 KQbi bmBi�#H2 +mbiQK2`b Usm 2i �HX kyykVX *_J bvbi2KbǶ `QH2 BM +mbiQK2` �+[mBbBiBQM
Bb BM 7Q+mb BM i?Bb `2b2�`+?X

h?Bb bim/v �BKb iQ BMp2biB;�i2 ?Qr JG +H�bbB}+�iBQM bvbi2Kb +�M #2 mb2/ iQ QTiBKBx2
i?2 +mbiQK2` �+[mBbBiBQM T`Q+2bb Q7 BMbm`�M+2 #`QF2`b BM i?2 aJ1 K�`F2i U_ZRV �M/ ?Qr
bm+? � +H�bbB}+�iBQM bvbi2K +�M #2 BMi2;`�i2/ BMiQ � *_J bvbi2K U_ZkVX hQ #2 �#H2
iQ �Mbr2` i?2b2 [m2biBQMb- i?2 *_J 7`�K2rQ`F ?�b iQ #2 �TTHB2/ 7`QK i?2 #2;BMMBM;X
_2;�`/BM; i?2 }`bi `2b2�`+? [m2biBQM- Bi Bb BKTQ`i�Mi i?�i �M JG +H�bbB}+�iBQM bvbi2K
+QmH/ rQ`F iQ;2i?2` rBi? i?2 /�i� 7`QK � +QKT�MvǶb *_J bvbi2K BM Q`/2` iQ #`BM;
p�Hm2 iQ i?2 Q`;�MBx�iBQMX h?mb- B7 i?2 Q`;�MBx�iBQM +�M BMi2;`�i2 i?2 JG +H�bbB}+�iBQM
bvbi2Kb BMiQ Bib *_J bvbi2K- Bi +�M T`QpB/2 i?2K rBi? p�Hm�#H2 BMbB;?ib �M/ �bbBbi i?2K
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BM K�FBM; #2ii2` /2+BbBQMb BM i2`Kb Q7 +mbiQK2` �+[mBbBiBQMX �//BiBQM�HHv- #v miBHBxBM; i?2
*_J 7`�K2rQ`F- +QKT�MB2b +�M 2z2+iBp2Hv K�M�;2 +mbiQK2` /�i� �M/ B/2MiB7v TQi2MiB�H
+mbiQK2`b- r?B+? Bb pBi�H 7Q` bm++2bb7mH +mbiQK2` �+[mBbBiBQMX h?2`27Q`2- BM i?Bb bim/v- i?2
*_J 7`�K2rQ`F b2`p2b �b � i?2Q`2iB+�H 7QmM/�iBQM 7Q` BMp2biB;�iBM; ?Qr JG +H�bbB}+�iBQM
bvbi2Kb +�M #2 BMi2;`�i2/ BMiQ i?2 +mbiQK2` �+[mBbBiBQM T`Q+2bb Q7 BMbm`�M+2 #`QF2`b BM
i?2 aJ1 K�`F2iX

*_J bvbi2Kb ?�p2- BM T`2pBQmb `2b2�`+?- T`Qp2M �TTHB+�#H2 BM bBKBH�` +�b2bX 6Q` 2t�KTH2-
JɃHH2` �M/ h2 UkyRdV /Bb+Qp2`2/ i?�i BMi2;`�iBM; � `�M/QK 7Q`2bi KQ/2H BMiQ �M BMbm`�M+2
*_J bvbi2K rBi?BM i?2 BMbm`�M+2 BM/mbi`v +QmH/ T`Qp2 2+QMQKB+�HHv �/p�Mi�;2Qmb #v
7Q+mbBM; QM KQiQ` BMbm`�M+2 TQHB+B2bX h?2 KQ/2H 2M�#H2b BMbm`�M+2 +QKT�MB2b iQ BM+`2�b2
i?2B` BMbm`�M+2 T`2KBmKb 2{+B2MiHv #v i�`;2iBM; QMHv i?2 KQbi T`QKBbBM; +mbiQK2`bX h?2
bim/v- iQ;2i?2` rBi? b2p2`�H Qi?2`b K2MiBQM2/ BM *?�Ti2` j BM+2MiBpBx2b i?2 �TTHB+�iBQM
Q7 i?Bb 7`�K2rQ`FX

2.2 A Framework for Customer Relationship

Management (CRM)

6B;m`2 kXkXR, *_J JQ/2H UqBM2` kyyR-
TX NRV

*_J Bb � #mbBM2bb 7`�K2rQ`F 7Q` +QKT�MB2b
i?�i r�Mi iQ #mBH/ �M/ K�BMi�BM bi`QM;
+mbiQK2` `2H�iBQMb?BTbX � r2HH@/2bB;M2/ *_J
bvbi2K +�M ?2HT +QKT�MB2b BKT`Qp2 +mbiQK2`
+H�bbB}+�iBQM- BM+`2�b2 +mbiQK2` HQv�Hiv- �M/
mHiBK�i2Hv /`Bp2 #mbBM2bb ;`Qri? UqBM2` kyyRVX
aBM+2 i?Bb `2b2�`+? T�T2` �BKb iQ BKT`Qp2
i?2 +mbiQK2` �+[mBbBiBQM T`Q+2bb #v +H�bbB7vBM;
aJ1 +mbiQK2`b- Bi Bb +HQb2Hv `2H�i2/ iQ
+QM/m+iBM; �M/ BKT`QpBM; � *_J bvbi2K
7Q` i?2 T�`iM2` +QKT�MvX *_J 7Q+mb2b QM
�+[mB`BM; �M/ `2i�BMBM; +mbiQK2`b- �M/ i?Bb
`2b2�`+? K�BMHv 7Q+mb2b QM i?2 7`�K2rQ`FǶb
�+[mBbBiBQM bB/2X h?mb- BM Q`/2` iQ T`QpB/2
/B`2+iBQM 7Q` i?2 `2b2�`+? T`QD2+i- i?2 *_J 7`�K2rQ`F Bb mb2/ �b � `272`2M+2X h?Bb
b2+iBQM 2tTHQ`2b i?2 F2v TBHH�`b Q7 � bm++2bb7mH *_J bi`�i2;v #�b2/ QM qBM2`Ƕb �`iB+H2 Ǵ�
6`�K2rQ`F 7Q` *mbiQK2` _2H�iBQMb?BT J�M�;2K2MiǴ UkyyRVX
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2.2.1 Create a Database

h?2 }`bi TBHH�` Q7 � bm++2bb7mH *_J T`Q;`�K Bb +`2�iBM; � /�i�#�b2 Q7 +mbiQK2` �+iBpBivX
�b qBM2` MQi2b- Ǵ� M2+2bb�`v }`bi bi2T iQ � +QKTH2i2 *_J bQHmiBQM Bb i?2 +QMbi`m+iBQM
Q7 � +mbiQK2` /�i�#�b2 Q` BM7Q`K�iBQM }H2Ǵ UqBM2` kyyR- TX NRVX h?Bb /�i�#�b2 b?QmH/
+QMi�BM BM7Q`K�iBQM QM +mbiQK2` +QMi�+i /2i�BHb- Tm`+?�bBM; ?BbiQ`v- /2b+`BTiBp2 /�i�- �M/
+mbiQK2` `2bTQMb2 /�i�X "v +QHH2+iBM; i?Bb /�i�- +QKT�MB2b +�M ;�BM p�Hm�#H2 BMbB;?ib
BMiQ i?2B` +mbiQK2`bǶ #2?�pBQ`- T`272`2M+2b- �M/ M22/bX h?2 /�i� mb2/ 7Q` +mbiQK2`
b2;K2Mi�iBQM Bb /2b+`BTiBp2 /�i�- �M/ i?mb i?2 KQbi BKTQ`i�Mi iQ +QHH2+i 7Q` i?Bb `2b2�`+?
r?2`2 +mbiQK2`b �`2 +H�bbB}2/X

2.2.2 Analyzing the Data

h?2 b2+QM/ TBHH�` Q7 � bm++2bb7mH *_J T`Q;`�K Bb /�i�#�b2 �M�HvbBbX *QKT�MB2b +�M mb2
p�`BQmb �M�HviB+�H i2+?MB[m2b- bm+? �b /�i� KBMBM;- +Hmbi2`BM;- �M/ T`2/B+iBp2 KQ/2HBM;-
iQ ;�BM BMbB;?ib BMiQ +mbiQK2` #2?�pBQ`X *QKT�MB2b +�M B/2MiB7v ?B;?@p�Hm2 +mbiQK2`b-
+`2�i2 +mbiQK2` b2;K2Mib- �M/ /2p2HQT +mbiQK2` T`Q}H2b #v �M�HvxBM; i?2 /�i�#�b2X h?2
+mbiQK2` /�i� �M�HvbBb ?�b ;QM2 7`QK #2BM; ;`QmT@7Q+mb2/ iQ KQ`2 BM/BpB/m�HBx2/X qBM2`
bi�i2b i?�i ǴXXX i?2`2 Bb BM+`2�b2/ �ii2MiBQM #2BM; T�B/ iQ mM/2`bi�M/BM; 2�+? Ƕ`QrǶ Q7 i?2
/�i�#�b2ěi?�i Bb- mM/2`bi�M/BM; 2�+? +mbiQK2` �M/ r?�i ?2 Q` b?2 +�M /2HBp2` iQ i?2
+QKT�Mv BM i2`Kb Q7 T`Q}ib XXXǴ UqBM2` kyyR- TX N9VX *QMb2[m2MiHv- i?2 i2`K ǴHB72iBK2
+mbiQK2` p�Hm2Ǵ UG*oV 2KT?�bBx2b i?2 M22/ iQ �M�Hvx2 2�+? +mbiQK2` BM i?2 /�i�#�b2
`2;�`/BM; i?2B` T`2b2Mi �M/ 7mim`2 T`Q}i�#BHBiv 7Q` i?2 }`KX PM2 2t�KTH2 Q7 T`Q}ib 7`QK
i?Bb �M�HvbBb Bb `2/m+BM; +mbiQK2` �+[mBbBiBQM +QbibX UqBM2` kyyRVX

2.2.3 Customer Selection

�7i2` �M�HvxBM; i?2 +mbiQK2` /�i�#�b2- i?2 M2ti bi2T Bb /2i2`KBMBM; r?B+? +mbiQK2`b iQ
i�`;2iX a2;K2Mi�iBQM@ivT2 �M�Hvb2b �`2 T2`7Q`K2/ iQ B/2MiB7v i?2 KQbi /2bB`2/ b2;K2Mib
Q7 +mbiQK2`b #�b2/ QM 7�+iQ`b bm+? �b Tm`+?�bBM; `�i2b �M/ #`�M/ HQv�HivX h?2 /2b+`BTiQ`
p�`B�#H2b 7Q` i?2b2 b2;K2Mib T`QpB/2 BM7Q`K�iBQM 7Q` /2THQvBM; K�`F2iBM; iQQHbX h?2v
+�M #2 K�i+?2/ rBi? +QKK2`+B�HHv �p�BH�#H2 /�i�#�b2b Q7 M�K2b iQ }M/ �//BiBQM�H
+mbiQK2`b K�i+?BM; i?2 T`Q}H2b Q7 i?Qb2 +?Qb2M 7`QK i?2 /�i�#�b2X AM/BpB/m�H +mbiQK2`@
#�b2/ T`Q}i�#BHBiv �M�HvbBb- bm+? �b G*o- +�M /2i2`KBM2 r?B+? +mbiQK2`b iQ 7Q+mb QM
#v +?QQbBM; r?�i Bb T`Q}i�#H2 Q` T`QD2+i2/ iQ #2 Q` BKTQbBM; � _2im`M QM AMp2biK2Mi
Q#bi�+H2X h?2 ;Q�H Bb iQ b2T�`�i2 +mbiQK2`b i?�i rBHH T`QpB/2 i?2 KQbi HQM;@i2`K T`Q}ib
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7`QK i?Qb2 i?�i �`2 +m``2MiHv ?m`iBM; T`Q}ibX UqBM2` kyyRVX

h?2 7QHHQrBM; bi2Tb Q7 i?2 7`�K2rQ`F �`2 MQi +QMbB/2`2/ BM i?Bb T�T2`- #mi
�`2 2tTH�BM2/ ?2`2 �b i?2v �`2 BM+Hm/2/ BM i?2 Q`B;BM�H 7`�K2rQ`F,

2.2.4 Targeting the Customers

q?BH2 K�bb K�`F2iBM; �TT`Q�+?2b HBF2 i2H2pBbBQM- `�/BQ- �M/ T`BMi �/p2`iBbBM; �`2 ;`2�i
7Q` ;2M2`�iBM; �r�`2M2bb- i?2v �`2 MQi r2HH@bmBi2/ 7Q` *_JX h�`;2i2/ /B`2+i K�`F2iBM;
K2i?Q/b bm+? �b i2H2K�`F2iBM;- /B`2+i K�BH- �M/ /B`2+i b�H2b �`2 #2ii2` bmBi2/ 7Q` 2M;�;BM;
bT2+B}+ +mbiQK2`bX S2`bQM�HBx2/ 2K�BH K�`F2iBM; ?�b 2K2`;2/ �b � TQTmH�` �M/ 2z2+iBp2
iQQH 7Q` *_J- r?2`2 +mbiQK2`b ?�p2 iQ +?QQb2 iQ `2+2Bp2 K2bb�;2bX UqBM2` kyyRVX

AM i?Bb `2b2�`+?- i?2 KQbi BKTQ`i�Mi +mbiQK2` i�`;2iBM; �TT`Q�+? Bb /B`2+i b�H2b bBM+2
i?2 #`QF2`b Q7 i?2 T�`iM2` +QKT�Mv /B`2+iHv �TT`Q�+? T`QbT2+iBp2 +mbiQK2`b #v +QH/
+�HHBM;X

2.2.5 Relationship Programs

h?2 7Qm`i? TBHH�` Q7 � bm++2bb7mH *_J T`Q;`�K Bb #mBH/BM; `2H�iBQMb?BTb rBi? i�`;2i2/
+mbiQK2`bX _2H�iBQMb?BT T`Q;`�Kb �BK iQ /2HBp2` � ?B;?2` +mbiQK2` b�iBb7�+iBQM H2p2H
i?�M +QKT2iBiQ`bX *mbiQK2` b2`pB+2- HQv�Hivf7`2[m2M+v T`Q;`�Kb- +mbiQKBx�iBQM- `2r�`/
T`Q;`�Kb- �M/ +QKKmMBiv #mBH/BM; �`2 �HH 2bb2MiB�H +QKTQM2Mib Q7 *_JX *QKT�MB2b +�M
BM+`2�b2 +mbiQK2` HQv�Hiv �M/ /`Bp2 #mbBM2bb ;`Qri? #v #mBH/BM; +mbiQK2` `2H�iBQMb?BTbX
UqBM2` kyyRVX

h?Bb TBHH�` rBHH #2 H2bb 7Q+mb2/ QM BM i?Bb `2b2�`+? bBM+2 i?Bb Bb KQ`2 `2H2p�Mi iQ +mbiQK2`
`2i2MiBQM i?�M +mbiQK2` �+[mBbBiBQMX

2.2.6 Privacy Issues

h?2 }7i? TBHH�` Q7 � bm++2bb7mH *_J T`Q;`�K Bb �//`2bbBM; T`Bp�+v Bbbm2bX *_J `2HB2b QM
+mbiQK2` /�i� �M�HvbBb 7Q` #2ii2` K�`F2iBM; �M/ `2H�iBQMb?BT #mBH/BM;X >Qr2p2`- � i`�/2@
Qz 2tBbib #2ir22M T2`bQM�HBx2/ b2`pB+2 �M/ i?2 �KQmMi Q7 T2`bQM�H BM7Q`K�iBQM `2[mB`2/
iQ �+?B2p2 i?BbX UqBM2` kyyRVX qBi? i?2 `Bb2 Q7 /�i� KBMBM; �H;Q`Bi?Kb iQ 2ti`�+i �M/
�M�Hvx2 /�i� 7`QK QMHBM2 TH�i7Q`Kb- +QMbmK2`b �M/ �/pQ+�+v ;`QmTb �`2 +QM+2`M2/ �#Qmi
?Qr Km+? T2`bQM�H BM7Q`K�iBQM Bb biQ`2/ BM /�i�#�b2b �M/ ?Qr Bi Bb mb2/X :2M2`�H .�i�
S`Qi2+iBQM _2;mH�iBQM U:.S_V Bb � TB2+2 Q7 H2;BbH�iBQM i?�i �BKb iQ T`Qi2+i +QMbmK2`bǶ
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`B;?i iQ i?2B` /�i� U1l kyReV �M/ Bb � T`BM+BTH2 i?�i Kmbi #2 7QHHQr2/ BM Q`/2` iQ `2bT2+i
i?2 +mbiQK2`bǶ T`Bp�+vX

aBM+2 i?Bb `2b2�`+? rBHH #mBH/ Bib /�i�#�b2 QM +Q`TQ`�i2 +mbiQK2`b- bQK2 Q7 i?2
BM7Q`K�iBQM- bm+? �b }M�M+B�Hb- rBHH #2 Tm#HB+X >Qr2p2`- �HH BM7Q`K�iBQM �#Qmi i?2
+QKT�MB2bǶ BMbm`�M+2- bm+? �b i?2B` +m``2Mi T`2KBmK- ?�b iQ #2 ?�M/H2/ �b b2MbBiBp2X

2.2.7 Metrics

h?2 bBti? �M/ }M�H TBHH�` Q7 � bm++2bb7mH *_J T`Q;`�K Bb i?2 2bi�#HBb?K2Mi Q7 K2i`B+bX
h?2 7Q+mb QM *_J `2[mB`2b M2r K2i`B+b iQ K2�bm`2 i?2 bm++2bb Q7 T`Q/m+ib �M/
b2`pB+2bX h`�/BiBQM�H }M�M+B�H �M/ K�`F2i@#�b2/ BM/B+�iQ`b �`2 biBHH BKTQ`i�Mi- #mi
i?2`2 Bb MQr BM+`2�b2/ 2KT?�bBb QM +mbiQK2`@+2Mi`B+ K2�bm`2bX h?2b2 BM+Hm/2 +mbiQK2`
�+[mBbBiBQM +Qbib- +QMp2`bBQM `�i2b- `2i2MiBQMf+?m`M `�i2b- b�K2@+mbiQK2` b�H2b `�i2b-
HQv�Hiv K2�bm`2b- �M/ +mbiQK2` b?�`2X h?2b2 K2�bm`2b `2[mB`2 #2ii2` �+[mBbBiBQM �M/
T`Q+2bbBM; Q7 BMi2`M�H /�i� iQ 2p�Hm�i2 i?2 +QKT�MvǶb T2`7Q`K�M+2 �i i?2 +mbiQK2` H2p2HX
UqBM2` kyyRVX

.m2 iQ i?2 iBK2 HBKBib Q7 i?Bb `2b2�`+? K2i`B+b bm+? �b ?Qr i?2 +H�bbB}+�iBQM bvbi2K
�z2+ib +mbiQK2` �+[mBbBiBQM `�i2b �M/ +Qbib +QmH/ MQi v2i #2 2p�Hm�i2/ bBM+2 i?2 bvbi2K
i?2M ?�/ iQ #2 i2bi2/ BM �+iBQMX

2.3 More Recent Research

AM � KQ`2 `2+2Mi bim/v 7`QK kyRN- *_J Bb /2b+`B#2/ �b ǴXXX � bvbi2K r?B+? +QMbBbib Q7
BMi2``2H�i2/ b2i Q7 +QKTQM2Mib r?B+? �`2 �K#BiBQmb iQ BKT`QpBM; i?2 `2H�iBQMb?BT rBi?
2tBbiBM; �M/ M2r TQi2MiB�H #mv2`b rBi? /Bz2`2Mi MmK2`Qmb bi`�i2;B+ �/p�Mi�;2b iQ i?2
#mbBM2bb }`KXǴ UhB;�`B kyRN- TX 888VX 6m`i?2`- i?2 +QKTQM2Mib Q7 *_J �`2 /2b+`B#2/ �b
URV i?2 +mbiQK2` Q` TQi2MiB�H #mv2`- UkV i?2 `2H�iBQMb?BT- r?B+? `272`b iQ i?2 +QMM2+iBQM Q`
�bbQ+B�iBQM #2ir22M i?2 +mbiQK2` �M/ }`K- �M/ UjV K�M�;2K2Mi- r?B+? Bb `2bTQMbB#H2 7Q`
B/2MiB7vBM;- +`2�iBM;- �ii`�+iBM;- /2p2HQTBM; �M/ `2i�BMBM; +mbiQK2`b UhB;�`B kyRNVX

h?2 b�K2 bim/v UhB;�`B kyRNV 2tTH�BMb i?�i Q`;�MBx�iBQMb +�M 2KTHQv b2p2`�H ivT2b Q7
+mbiQK2` `2H�iBQMb?BT K�M�;2K2Mi U*_JV iQ 2M?�M+2 i?2B` `2H�iBQMb?BTb rBi? +mbiQK2`bX
PM2 Q7 i?2b2 Bb �M�HviB+�H *_J- r?B+? BMpQHp2b B/2MiB7vBM; i�`;2i +mbiQK2`b- +QHH2+iBM;
722/#�+F 7`QK i?2K- �M/ �M�HvxBM; +mbiQK2` BM7Q`K�iBQM iQ +`2�i2 �M/ /2HBp2` p�Hm2 iQ
+mbiQK2`bX �MQi?2` Bb bi`�i2;B+ *_J- r?B+? 7Q+mb2b QM � +QMiBM;2M+v �TT`Q�+? iQ �
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+mbiQK2`@+2Mi`B+ #mbBM2bb bi`�i2;v bmTTQ`i2/ #v �HH /2T�`iK2Mib BM i?2 Q`;�MBx�iBQMX
PT2`�iBQM�H *_J Bb � KQ/2`MBx2/ #mbBM2bb T`Q+2bb bmTTQ`i2/ #v BM7Q`K�iBQM �M/
+QKKmMB+�iBQM i2+?MQHQ;v- 2M+QKT�bbBM; b�H2b- K�`F2iBM;- �M/ b2`pB+2 �miQK�iBQMX
6BM�HHv- +QHH�#Q`�iBp2 *_J BMpQHp2b bi`�i2;B+�HHv b?�`BM; +mbiQK2` BM7Q`K�iBQM rBi?BM
�M Q`;�MBx�iBQMǶb M2irQ`F iQ 7Q+mb QM i�`;2i2/ +mbiQK2`b- bQK2iBK2b +�HH2/ bi`�i2;B+
+mbiQK2` `2H�iBQMb?BT K�M�;2K2MiX h?2 irQ *_Jb i?�i rBHH #2 KQbiHv 7Q+mb2/ QM BM
i?Bb `2b2�`+? �`2 �M�HviB+�H *_J �M/ QT2`�iBQM�H *_JX h?Bb `2b2�`+? �BKb iQ B/2MiB7v
i?2 i�`;2i +mbiQK2` �M/ �miQK�i2 T�`ib Q7 i?2 +m``2Mi b�H2b T`Q+2bbX
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Chapter 3

Literature review

h?Bb +?�Ti2` BM+Hm/2b �M Qp2`pB2r Q7 i?2 +m``2Mi HBi2`�im`2 `2;�`/BM; i?Bb i?2bBb- /BpB/2/
BMiQ irQ T�`ibX h?2 }`bi T�`i /Bb+mbb2b `2b2�`+? QM *_J bvbi2Kb- +mbiQK2` �+[mBbBiBQM-
�M/ i?2 #2M2}ib Q7 +mbiQK2` +H�bbB}+�iBQMX h?2 b2+QM/ T�`i +QM+2`Mb `2b2�`+? QM
`2+QKK2M/�iBQM bvbi2Kb �M/ i?2B` �TTHB+�iBQMb BM i?2 BMbm`�M+2 BM/mbi`v- �b r2HH �b
i?2 +m``2Mi /B;Bi�HBx�iBQM Q7 i?2 BMbm`�M+2 b2+iQ`X G�biHv- i?2 i?B`/ T�`i BM+Hm/2b HBi2`�im`2
QM �A �M/ Bib BKTHB+�iBQMb 7Q` #mbBM2bb2bX

3.1 Customer Relationship Management

3.1.1 The Customer Acquisition Problem

PM2 Q7 i?2 +?�HH2M;2b +QKT�MB2b 7�+2 iQ ;`Qr �M/ K�BMi�BM i?2B` +QKT2iBiBp2M2bb �;�BMbi
`Bp�H +QKT�MB2b Bb �+[mB`BM; M2r +mbiQK2`bX Ai Bb � +`BiB+�H �bT2+i Q7 �Mv +QKT�MvǶb ;`Qri?
�M/ bmbi�BM�#BHBiv- �b �+[mB`BM; M2r +mbiQK2`b ?2HTb iQ BM+`2�b2 `2p2Mm2- K�`F2i b?�`2-
�M/ #`�M/ `2+Q;MBiBQMX "v mM/2`bi�M/BM; i?2 p�Hm2 Q7 +mbiQK2` `2H�iBQMb?BTb- }`Kb +�M
�HHQ+�i2 i?2B` `2bQm`+2b KQ`2 2z2+iBp2Hv �M/ K�F2 #2ii2` bi`�i2;B+ /2+BbBQMbX *mbiQK2`
�+[mBbBiBQM- `2i2MiBQM- �M/ G*o �`2 F2v K2i`B+b i?�i �`2 #2BM; bim/B2/ 2t?�mbiBp2Hv
UJ+*�`i?v �M/ 6�/2` kyR3VX

�b �`;m2/ #v aX :mTi�- .X _X G2?K�MM- �M/ aim�`i Ukyy9V- � }`KǶb +mbiQK2` #�b2
Bb �M BKTQ`i�Mi �bb2i- �M/ i?2 p�Hm2 Q7 � }`KǶb +mbiQK2` #�b2 +�M #2 mb2/ �b � r�v
iQ K2�bm`2 � }`KǶb }M�M+B�H p�Hm2- �b r2HH �b Bib T`QD2+i2/ 7mim`2 2�`MBM;bX h?2v
7m`i?2` bi�i2 i?�i +mbiQK2` �+[mBbBiBQM +Qbib �`2 Km+? ?B;?2` i?�M +mbiQK2` `2i2MiBQM
+Qbib- mM/2`HBMBM; i?2 BKTQ`i�M+2 Q7 `2i2MiBQM Qp2` �+[mBbBiBQMX >Qr2p2`- BM Q`/2` iQ
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;`Qr Bib +mbiQK2` #�b2- � }`K Kmbi �+[mB`2 M2r +mbiQK2`bX 6m`i?2`- h?QK�b UkyyRV
�`;m2b i?�i +mbiQK2` �+[mBbBiBQM �M/ `2i2MiBQM �`2 MQi BM/2T2M/2Mi T`Q+2bb2b �M/ i?�i
�+[mB`BM; M2r +mbiQK2`b +�M TQbBiBp2Hv BKT�+i +mbiQK2` `2i2MiBQM `�i2bX h?Bb Bb �HbQ
7QmM/ #v JBM 2i �HX UkyReV- r?Q 7QmM/ i?�i � }`KǶb K�`F2i TQbBiBQM r�b KQ`2 b2MbBiBp2 iQ
�+[mBbBiBQM +Qbib `�i?2` i?�M `2i2MiBQM +QbibX �MQi?2` bim/v ?B;?HB;?iBM; i?Bb +Q``2H�iBQM
Bb LBDbb2M- :m2MxB- �M/ p�M /2` "Q`;? UkyRdV- r?B+? 2KT?�bBx2b i?2 BKTQ`i�M+2 Q7
/2p2HQTBM; �K#B/2ti2`Biv BM b�H2b Q`;�MBx�iBQMb iQ K�M�;2 +mbiQK2` �+[mBbBiBQM �M/
`2i2MiBQM T`Q+2bb2bX h?2 �mi?Q`b B/2MiB7v b2p2`�H b�H2b +�T�#BHBiB2b i?�i 7�+BHBi�i2 i?Bb
�M/ TQbBiBp2Hv BKT�+i b�H2b Q`;�MBx�iBQM �K#B/2ti2`Biv- BM+Hm/BM; BM+2MiBp2 K�M�;2K2Mi-
+`Qbb@7mM+iBQM�H +QQT2`�iBQM- b�H2b i`�BMBM;- �M/ +mbiQK2` T`BQ`BiBx�iBQMX LBDbb2M- :m2MxB-
�M/ p�M /2` "Q`;? UkyRdV }M/b � TQbBiBp2 +Q``2H�iBQM #2ir22M ?B;? H2p2Hb �M/ �HB;M2/
�+[mBbBiBQM �M/ `2i2MiBQM +�T�#BHBiB2b rBi? bmT2`BQ` Q`;�MB+ ;`Qri?- #mi T`Q}i ;`Qri? Bb
QMHv �+?B2p2/ B7 �+[mBbBiBQM +�T�#BHBiB2b �`2 ?B;?X

_mbi- G2KQM- �M/ w2Bi?�KH Ukyy9V 7m`i?2` /Bb+mbb2b i?2 +Qbi BKTHB2/ rBi? �+[mB`BM; M2r
+mbiQK2`b i?`Qm;? K�`F2iBM; �M/ i?2 BKTQ`i�M+2 Q7 K�tBKBxBM; i?2 `2im`M Q7 i?�i +Qbi
7Q` }`K T`Q}i�#BHBivX �b � }`KǶb +mbiQK2` #�b2 +�M #2 mb2/ �b � K2�bm`2 iQ /2i2`KBM2
}M�M+B�H p�Hm2- aX :mTi�- .X _X G2?K�MM- �M/ aim�`i Ukyy9V �`;m2- ?Qr2p2`- i?�i i?Bb
+Qbi b?QmH/ #2 b22M �b �M BMp2biK2Mi �M/ i?�i `2/m+BM; �+[mBbBiBQM +Qbib K�v MQi #2 �M
2z2+iBp2 r�v 7Q` }`Kb iQ BM+`2�b2 i?2B` p�Hm2X h?2`2 Bb- i?2`27Q`2- � M22/ 7Q` +QKT�MB2b iQ
#Qi? BMp2bi BM +mbiQK2` �+[mBbBiBQM �M/ iQ bBKmHi�M2QmbHv F22T i?Bb T`Q+2bb +Qbi@2{+B2MiX
uX *?2M �M/ >m Ukyy8V 7m`i?2`KQ`2 }M/b i?�i K�Mv +QKT�MB2b /BbT`QTQ`iBQM�i2Hv
T`BQ`BiBx2 +mbiQK2` `2i2MiBQM Qp2` +mbiQK2` �+[mBbBiBQM /m2 iQ `2i2MiBQM �+iBpBiB2b
ivTB+�HHv ?�pBM; HQr2` +Qbib �M/ i?�i K�Mv +QKT�MB2b /Q MQi FMQr i?2 +Qbi Q7 +mbiQK2`
�+[mBbBiBQM �i �HHX h?Bb Bb � T`Q#H2K 7m`i?2` `2b2�`+?2/ #v _2BM�`ix- h?QK�b- �M/
oX EmK�` Ukyy8V- r?Q T`QTQb2b � KQ/2H 7Q` K�tBKBxBM; �+[mBbBiBQM@`2i2MiBQM 2zQ`ibX
6m`i?2`- b�H2bT2QTH2 �`2 Q7i2M Qp2`r?2HK2/ rBi? /BbQ`;�MBx2/ BM7Q`K�iBQM QM T`QbT2+iBp2
+mbiQK2`b- r?B+? 7m`i?2` K�F2b i?2 �+[mBbBiBQM T`Q+2bb /B{+mHi U.Ƕ>�2M �M/ o�M /2M
SQ2H kyRjVX

3.1.2 Understanding Customer Needs

h?2 BKTQ`i�M+2 Q7 mM/2`bi�M/BM; +mbiQK2` M22/b ?�b �H`2�/v #22M r2HH 2bi�#HBb?2/ rBi?BM
i?2 `2b2�`+?- �M/ ?Qr +QKT�MB2b +�M BKT`Qp2 i?2B` #mbBM2bb T`�+iB+2b #v HBbi2MBM; iQ
i?2B` +mbiQK2` M22/b U:`B{M �M/ >�mb2` RNNjc CQb?B �M/ aX a?�`K� kyy9VX 6m`i?2`-
mM/2`bi�M/BM; i?2B` +mbiQK2`b +�M ?2HT +QKT�MB2b rBi? +mbiQK2` `2i2MiBQM `�i2b U"QHiQM
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RNN3V �b r2HH �b K�`F2iBM; BMBiB�iBp2b UEBM; �M/ "m`;2bb kyy3VX L2bHBM 2i �HX UkyyeV
�`;m2b i?2 BKTQ`i�M+2 Q7 *mbiQK2` .�i� AMi2;`�iBQM �M/ �+?B2pBM; � +QKTH2i2 pB2r Q7
i?2 +mbiQK2` #v �M�HvxBM; i?Bb /�i� 7Q` BKT`Qp2/ +mbiQK2` �+[mBbBiBQM- `2i2MiBQM- �M/
}`K T2`7Q`K�M+2X

6m`i?2`- mM/2`bi�M/BM; +mbiQK2`b �M/ i?2B` M22/b Bb � r�v 7Q` +QKT�MB2b iQ #2ii2`
K�M�;2 i?2B` `2H�iBQMb?BTb- r?B+? Bb pBi�H 7Q` bm++2bb7mH �+[mBbBiBQM �M/ `2i2MiBQM `�i2b
U.Ƕ>�2M �M/ o�M /2M SQ2H kyRjVX h?Bb Bb �HbQ bmTTQ`i2/ #v :�ii2`K�MM@Aib+?2`i �M/
h?QM2K�MM UkykkV- r?Q 7QmM/ i?�i FMQrH2/;2@/`Bp2M +mbiQK2` `2H�iBQMb?BTb TQbBiBp2Hv
BKT�+i2/ +mbiQK2` +?m`M `�i2bX �M BKT`Qp2/ mM/2`bi�M/BM; Q7 � +QKT�MvǶb +mbiQK2`
#�b2 +�M �HbQ ?2HT +`2�i2 � #2ii2` +mbiQK2` DQm`M2v UG2KQM �M/ o2`?Q27 kyReVX � T�T2`
#v hQK+xvF- .QHB;�HbFB- �M/ w�#Q`2F UkyReV HQQFBM; �i i?2 SQHBb? BMbm`�M+2 K�`F2i 7QmM/
i?�i +mbiQK2` �M�HvbBb #2M2}i2/ }`K T2`7Q`K�M+2 i?`Qm;? � /22T2` mM/2`bi�M/BM; Q7
+mbiQK2` M22/bX

AM � "k" +QMi2ti- mM/2`bi�M/BM; +mbiQK2` M22/b Bb +`m+B�H 7Q` #mbBM2bb2b iQ /2p2HQT
bQHmiBQMb i?�i +�i2` iQ i?2B` `2[mB`2K2MibX AM +QKTH2t "k" K�`F2ib- }`Kb 2K#2/ 2ti2`M�H
T`Q/m+ib �M/ b2`pB+2b iQ b2`p2 +mbiQK2` M22/b #2ii2`- H2�/BM; iQ i`B�/B+ `2H�iBQMb?BTb
#2ir22M bmTTHB2`b- #mv2`b- �M/ +mbiQK2`bX h?2b2 `2H�iBQMb?BTb /`Bp2 BMMQp�iBQM �M/
i?2 /2p2HQTK2Mi Q7 M2r bQHmiBQMbX � bim/v #v 6H2i+?2`@*?2M- �X a?�`K�- �M/
_�M;�`�D�M UkykkV 7Q+mb2/ QM mM/2`bi�M/BM; i?2 BMi2`�+iBQM �M/ BMMQp�iBQM T`Q+2bb2b
BM i`B�/B+ `2H�iBQMb?BTb �M/ B/2MiB}2/ 7Qm` F2v Qmi+QK2b, T`Q/m+i 2M?�M+2K2Mi- b2`pB+2
`2}M2K2Mib- 2@`2bQm`+2 BMi2;`�iBQM- �M/ +QKTH2K2Mi�`v bvM2`;vX h?2 bim/v �HbQ 7QmM/
i?�i /22T i`B�/B+ `2H�iBQMb?BTb H2�/ iQ `�/B+�H BMMQp�iBQM �M/ ?B;?HB;?ib i?2 BKTQ`i�M+2
Q7 +QM~B+i �b �M �Mi2+2/2Mi iQ +QQT2`�iBQM �M/ i?2 /2p2HQTK2Mi Q7 i?2b2 `2H�iBQMb?BTbX
h?2`27Q`2- mM/2`bi�M/BM; +mbiQK2` M22/b Bb 2bb2MiB�H 7Q` }`Kb iQ /2p2HQT �M/ bmbi�BM
i`B�/B+ `2H�iBQMb?BTb- H2�/BM; iQ BMMQp�iBQM �M/ bmT2`BQ` bQHmiBQMbX U6H2i+?2`@*?2M- �X
a?�`K�- �M/ _�M;�`�D�M kykkV

3.1.3 Customer Classification

*mbiQK2` +H�bbB}+�iBQM �M/ b2;K2Mi�iBQM ?�p2 #22M bim/B2/ �b � r�v 7Q` +QKT�MB2b iQ
;�BM BMbB;?i BMiQ �M/ mM/2`bi�M/ i?2B` +mbiQK2` #�b2 BM Q`/2` iQ K�F2 KQ`2 BM7Q`K2/
/2+BbBQMb `2;�`/BM; i?2B` +mbiQK2` #�b2 U_�?BK 2i �HX kykRV �b r2HH �b +mbiQK2` +?m`M
T`2/B+iBQM U"�;?H� �M/ :X :mTi� kykkVX h?Bb b2+iBQM HQQFb /22T2` BMiQ i?2 �TTHB+�iBQMb
Q7 +mbiQK2` +H�bbB}+�iBQM �b � K2i?Q/ 7Q` BKT`Qp2/ +mbiQK2` BMbB;?i �b r2HH �b Bib #2M2}ib
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BM K�`F2iBM; �M/ +mbiQK2` �+[mBbBiBQMX

Applications of Classification Algorithms

*H�bbB}+�iBQM �H;Q`Bi?Kb �`2 rB/2Hv mb2/ BM p�`BQmb }2H/b iQ +�i2;Q`Bx2 /�i� BMiQ
/Bz2`2Mi ;`QmTb Q` +H�bb2bX h?2v �`2 mb2/ BM BK�;2 `2+Q;MBiBQM iQ +H�bbB7v BK�;2b BMiQ
/Bz2`2Mi +�i2;Q`B2b- bm+? �b Q#D2+ib �M/ T2QTH2 UE`Bx?2pbFv- amibF2p2`- �M/ >BMiQM
kyRdVX AM M�im`�H H�M;m�;2 T`Q+2bbBM; ULGSV- +H�bbB}+�iBQM �H;Q`Bi?Kb �`2 mb2/ 7Q`
i2ti +H�bbB}+�iBQM- BM+Hm/BM; bT�K /2i2+iBQM UJ2ibBb- �M/`QmibQTQmHQb- �M/ S�HBQm`�b
kyyeV- b2MiBK2Mi �M�HvbBb US�M;- GX G22- �M/ o�Bi?v�M�i?�M kyykV- �M/ iQTB+ KQ/2HBM;
U"H2B- L;- �M/ CQ`/�M kyyjVX AM K2/B+�H /B�;MQbBb- +H�bbB}+�iBQM �H;Q`Bi?Kb �`2 mb2/ iQ
/B�;MQb2 /Bb2�b2b Q` T`2/B+i i?2 T�i?QHQ;v Qmi+QK2 #�b2/ QM K2/B+�H /�i� Uo�MM2b+?B
2i �HX kyRRVX AM }M�M+2 �M/ #�MFBM;- +H�bbB}+�iBQM �H;Q`Bi?Kb �`2 mb2/ 7Q` 7`�m/ /2i2+iBQM
U"?�ii�+?�`vv� 2i �HX kyRRV- +`2/Bi b+Q`BM; U6BixT�i`B+F �M/ Jm2b kyReV- �M/ `BbF
K�M�;2K2Mi U:�HBM/Q �M/ h�K�vQ kyyyVX AM K�Mm7�+im`BM;- +H�bbB}+�iBQM �H;Q`Bi?Kb
�`2 mb2/ 7Q` T`2/B+iBp2 K�BMi2M�M+2 iQ T`2/B+i r?2M � K�+?BM2 Bb HBF2Hv iQ 7�BH UC�`/BM2-
.X GBM- �M/ "�MD2pB+ kyyeVX AM K�`F2iBM; �M/ bQ+B�H K2/B� �M�HvbBb- +H�bbB}+�iBQM
�H;Q`Bi?Kb �`2 mb2/ 7Q` b2MiBK2Mi �M�HvbBb iQ +H�bbB7v i2ti BMiQ TQbBiBp2- M2;�iBp2- Q`
M2mi`�H b2MiBK2Mib U"X GBm �M/ "X GBm kyRRVX AM `2+QKK2M/�iBQM bvbi2Kb- +H�bbB}+�iBQM
�H;Q`Bi?Kb �`2 mb2/ iQ T`2/B+i mb2` T`272`2M+2b �M/ `2+QKK2M/ T`Q/m+ib Q` b2`pB+2b #�b2/
QM i?2B` T�bi #2?�pBQ` �M/ T`272`2M+2b U6�vv�x 2i �HX kykyVX

Pp2`�HH- JG �M/ +H�bbB}+�iBQM �H;Q`Bi?Kb ?�p2 #22M rB/2Hv 2tTHQBi2/X AM i?Bb i?2bBb- i?2
�TTHB+�iBQM �`2� BM 7Q+mb Bb +mbiQK2` b2;K2Mi�iBQMX h?Bb Bb �HbQ �M BKTQ`i�Mi �TTHB+�iBQM
�`2� 7Q` +H�bbB}+�iBQM �H;Q`Bi?Kb �b i?2v �HHQr #mbBM2bb2b iQ b2;K2Mi +mbiQK2`b BMiQ
/Bz2`2Mi ;`QmTb #�b2/ QM i?2B` #2?�pBQ`- /2KQ;`�T?B+b- �M/ T`272`2M+2b U:mQ- 6X GBm-
�M/ sX w?�M; kykRVX h?2 +m``2Mi HBi2`�im`2 QM i?2 }2H/ Q7 JG BM +mbiQK2` +H�bbB}+�iBQM
Bb +QMbB/2`2/ BM i?2 M2ti b2+iBQMX

Customer Classification & Data Mining

*mbiQK2` +H�bbB}+�iBQM mbBM; /�i� KBMBM; i2+?MB[m2b ?�b T`Qp2M iQ #2 mb27mH BM � rB/2
`�M;2 Q7 BM/mbi`B2bX aim/B2b b?Qr i?�i Bi +�M #`BM; p�Hm2 iQ /Bz2`2Mi #mbBM2bb2b `�M;BM;
7`QK 2@+QKK2`+2 iQ +�` H2�bBM;X � bim/v #v 1X EBK- qX EBK- �M/ uX G22 UkyyjV-
mbBM; +H�bbB}2`b iQ T`2/B+i 2@+QKK2`+2 +mbiQK2`bǶ Tm`+?�b2 #2?�pBQ` iQ BKT`Qp2 /B`2+i2/
K�`F2iBM;- b?Qrb i?�i +QK#BMBM; +H�bbB}2`b ;Bp2b i?2 #2bi T2`7Q`K�M+2X h?Bb bim/vǶb
+mbiQK2` /�i� BM+Hm/2/ i2M /2KQ;`�T?B+ 72�im`2b �M/ }p2 i`�Mb�+iBQM�H 72�im`2bX h?2
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#2bi +QK#BM�iBQM �H;Q`Bi?Kb r2`2 J�DQ`Biv pQi2 UkW 2``Q` `�i2V �M/ :2M2iB+ �H;Q`Bi?K
U:�V UkXjW 2``Q` `�i2VX 6m`i?2`- a�/BFBM �M/ �H}�M/B UkyR3V 2tTHQ`2/ i?2 /�i� KBMBM;
i2+?MB[m2b .h *9X8 �M/ L�Bp2 "�v2b UL"V 7Q` +H�bbB7vBM; i?2 TQi2MiB�H `BbF Q7 +mbiQK2`
+�M/B/�i2b 7Q` +�` H2�bBM; BM Q`/2` iQ /2+`2�b2 bi�HH2/ +`2/Bi T�vK2MibX h?2 +mbiQK2`
�ii`B#mi2b mb2/ BM i?2 bim/v r2`2, b�H�`v- �;2- K�`Bi�H bi�imb- Qi?2` BMbi�HHK2Mib- �M/
rQ`i?BM2bbX h?2 `2bmHib b?Qr2/ i?�i i?2 *9X8 �H;Q`Bi?K QmiT2`7Q`K2/ L" QM �++m`�+v
�M/ i?�i b�H�`v r�b i?2 KQbi BM~m2MiB�H /�i� TQBMiX

*mbiQK2` +H�bbB}+�iBQM ?�b �HbQ #22M 2tTHQ`2/ BM i?2 }M�M+B�H b2+iQ`X � bim/v #v *X
GBM �M/ w?2M; UkykkV `2b2�`+?2/ i?2 +H�bbB}+�iBQM Q7 +mbiQK2`b 7Q` }M�M+B�H T`Q/m+ib
rBi? i?2 Tm`TQb2 Q7 ?2HTBM; }M�M+B�H BMbiBimiBQMb rBi? +mbiQK2` �+[mBbBiBQM iQ BM+`2�b2
b�H2bX h?2 KQ/2Hb mb2/ r2`2 i?2 .2+BbBQM h`22 U.hV *8Xy �H;Q`Bi?K- i?2 L" +H�bbB}+�iBQM
�H;Q`Bi?K- i?2 "BM�`v GQ;Bi KQ/2H- �M/ }p2 +QK#BM�iBQM KQ/2HbX _2bmHib b?Qr2/ i?�i i?2
#2bi bBM;H2 KQ/2H r�b L"- rBi? �M �++m`�+v Q7 3NXe3W- �M/ i?2 #2bi +QK#BM�iBQM KQ/2H
r�b i?2 �`Bi?K2iB+ �p2`�;2 q2B;?i2/ KQ/2H- rBi? �M �++m`�+v Q7 3NXN9WX �MQi?2` bim/v
UJ�`BM�FQb �M/ .�bF�H�FB kyRdV +H�bbB}2/ #�MFBM; +mbiQK2`b i?�i rQmH/ #2 i?2 KQbi
HBF2Hv #mv2`b ;Bp2M � i2`K /2TQbBi K�`F2iBM; +�KT�B;M- �HbQ +QMbB/2`BM; i?2 BK#�H�M+2/
+H�bbB}+�iBQM T`Q#H2KX h?2 Tm`TQb2 r�b iQ BKT`Qp2 /B`2+i K�`F2iBM; �M/ i?2`2#v
b�p2 `2bQm`+2b #v }M/BM; i?2 #2bi K2i?Q/b 7Q` T`�+iBiBQM2`b `2;�`/BM; T`Q}i�#BHBiv �M/
2z2+iBp2M2bbX _2bmHib b?Qr2/ i?�i E@L2�`2bi L2B;?#Q` i`�BM2/ QM mM/2`@b�KTH2/ /�i�
rBi? i?2 +Hmbi2`@#�b2/ i2+?MB[m2 r�b i?2 KQbi T`Q}i�#H2X AM +QMi`�bi- G_ �M/ b2+QM/�`BHv
GBM2�` .Bb+`BKBM�Mi QM aJPh1 Qp2`@b�KTH2/ /�i� T`Qp2/ i?2 KQbi 2z2+iBp2X

AM i?2 BMbm`�M+2 BM/mbi`v- +mbiQK2` +H�bbB}+�iBQM ?�b �HbQ T`Qp2M mb27mH- 7Q` 2t�KTH2-
/m2 iQ i?2 p�Hm2 Q7 #2BM; �#H2 iQ i�`;2i i?2 +mbiQK2`b KQbi HBF2Hv iQ Tm`+?�b2 BMbm`�M+2
T`Q/m+ibX � T�T2` #v *?Bm UkyykV i2bi2/ `2�H +�b2b #v QM2 rQ`H/rB/2 BMbm`�M+2 /B`2+i
K�`F2iBM; +QKT�Mv- h�Br�M #`�M+?- mbBM; � :� bvbi2K iQ T`2/B+i +mbiQK2` Tm`+?�bBM;
#2?�pBQ`X _2bmHib b?Qr i?�i KBMBM; +mbiQK2` Tm`+?�bBM; /�i� Bb `2H2p�MiX lbBM; i?2
:�Ƕb `�TB/ b2�`+? bi`2M;i?b- i?2 bvbi2K +�M /2i2`KBM2 i?2 +?�`�+i2`BbiB+b Q7 � +mbiQK2`
KQbi HBF2Hv �M/ mMHBF2Hv iQ #mv �M BMbm`�M+2 T`Q/m+iX �MQi?2` bim/v #v JɃHH2` �M/ h2
UkyRdV BMp2biB;�i2/ ?Qr +?�M;2b iQ i?2 +QKT�MvǶb BMbm`2/ `2p2Mm2 +�M #2 2biBK�i2/ mbBM;
� _�M/QK 6Q`2bi U_6V +H�bbB}+�iBQMX 6Q+mbBM; QM bK�HHĜ iQ K2/BmKĜbBx2/ +QKT�MB2b-
i?2 Tm`TQb2 r�b iQ #2 �#H2 iQ b2H2+iBp2Hv +QMi�+i i?2 KQbi T`QKBbBM; +QKT�MB2b iQ /Q
#mbBM2bb rBi? #v BMi2;`�iBM; i?2 KQ/2H BMiQ �M BMbm`�M+2 *_J bvbi2K �M/ i?2`2#v
Qz2`BM; i`�/BiBQM�H BMbm`�M+2 +QKT�MB2b � T`�+iB+�H �M/ +Qbi@2z2+iBp2 bi`�i2;v iQ `�Bb2
BMbm`�M+2 T`2KBmKbX h?2 `2bmHib b?Qr i?�i � #mbBM2bb +mbiQK2`Ƕb KQiQ` p2?B+H2 BMbm`�M+2
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TQHB+v +�M #2 mb2/ iQ +H�bbB7v b?`BMFBM;- bi�#H2- �M/ ;`QrBM; #mbBM2bb2bX JɃHH2` �M/ h2
UkyRdV TQBMib Qmi i?�i i?2`2 Bb � `2b2�`+? ;�T BM i?2 mb2 Q7 MQM@}M�M+B�H BM7Q`K�iBQM
iQ 2biBK�i2 bK�HH iQ K2/BmK #mbBM2bb2bǶ `2p2Mm2 +?�M;2X h?2v �HbQ K2MiBQM i?�i i?2`2
Bb H�+FBM; `2b2�`+? QM mbBM; +QKT�Mv /�i� iQ +H�bbB7v +mbiQK2`b #v i?2B` T2`7Q`K�M+2X
6m`i?2` bm;;2biBQMb 7`QK i?2 bim/v BM+Hm/2 mbBM; Qi?2` +H�bbB}+�iBQM �H;Q`Bi?Kb- bm+? �b
amTTQ`i o2+iQ` J�+?BM2b UaoJbVX

Classifying Prospective Customers

*H�bbB7vBM; +mbiQK2`b 7Q` BMbm`�M+2 T`Q/m+ib Bb `2H2p�Mi 7Q` b2p2`�H `2�bQMbX AMbm`�M+2
+QKT�MB2b mb2 +mbiQK2` +H�bbB}+�iBQM iQ �bb2bb 2�+? +mbiQK2`Ƕb `BbF H2p2H iQ /2i2`KBM2
i?2 �TT`QT`B�i2 T`2KBmK iQ +?�`;2 UJɃHH2` �M/ h2 kyRdVX AMbm`�M+2 +QKT�MB2b +�M �HbQ
mb2 +mbiQK2` +H�bbB}+�iBQM iQ +mbiQKBx2 i?2B` b�H2b �M/ K�`F2iBM; iQ bT2+B}+ +mbiQK2`
b2;K2Mib iQ �ii`�+i �M/ `2i�BM +mbiQK2`b U*?Bm kyykVX

*H�bbB7vBM; *Q`TQ`�i2 *mbiQK2`b

h?2`2 Bb � HBKBi2/ �KQmMi Q7 `2b2�`+? BM i?2 }2H/ Q7 +H�bbB7vBM; +Q`TQ`�i2 +mbiQK2`bX
1p2M i?Qm;? +mbiQK2` +H�bbB}+�iBQM Bb 2t?�mbiBp2Hv bim/B2/ BM ;2M2`�H- i?Bb Bb KQbiHv BM �
"k* +QMi2ti �M/ MQi "k"X >Qr2p2`- i?2`2 �`2 � 72r �`iB+H2b QM +H�bbB7vBM; +Q`TQ`�i2
+mbiQK2`bX AM QM2 bim/v UJ�FBM/2 2i �HX kykyV- +mbiQK2`b Q7 � #mBH/BM; K�i2`B�Hb
K�Mm7�+im`BM; +QKT�Mv r2`2 +H�bbB}2/ mbBM; :�@#�b2/ /�i� KBMBM; iQ BKT`Qp2 b2HH2`
T`2/B+iBp2 K2�bm`2bX h?2 �H;Q`Bi?K r�b �#H2 iQ +H�bbB7v +mbiQK2`b BMiQ irQ ;`QmTb,
`2T2�i +mbiQK2`b �M/ b?QT@�M/@;Q +mbiQK2`bX h?2 `2bmHib b?Qr2/ i?�i i?2 T`QTQb2/ :�
KQ/2H 2{+B2MiHv /Bbi`B#mi2b `2bQm`+2b iQ i?2 KQbi T`Q}i�#H2 +mbiQK2` ;`QmT rBi? #2ii2`
�++m`�+v +QKT�`2/ iQ +QMp2MiBQM�H �H;Q`Bi?Kb bm+? �b *8Xy- E@K2�Mb- �M/ aoJbX �HbQ-
i?2 KQ/2H T`QpB/2/ � *_J 2MpB`QMK2Mi i?�i +QmH/ #2 2�bBHv mb2/ #v KmHiBTH2 b2HH2`b iQ
K�tBKBx2 #mbBM2bb T2`7Q`K�M+2 UJ�FBM/2 2i �HX kykyVX

*H�bbB7vBM; "k" +mbiQK2`b Bb � +`BiB+�H +QKTQM2Mi Q7 K�`F2iBM; bi`�i2;v- �b Bi 2M�#H2b
#mbBM2bb2b iQ /2p2HQT i�`;2i2/ K�`F2iBM; 2zQ`ib i?�i +�i2` iQ i?2 bT2+B}+ M22/b Q7
/Bz2`2Mi +mbiQK2` b2;K2MibX PM2 �TT`Q�+? iQ +H�bbB7vBM; "k" +mbiQK2`b Bb i?`Qm;?
K�`F2i b2;K2Mi�iBQM- r?B+? BMpQHp2b /BpB/BM; i?2 K�`F2i BMiQ /BbiBM+i b2;K2Mib #�b2/ QM
+mbiQK2` +?�`�+i2`BbiB+b- M22/b- �M/ #2?�pBQ`bX J�`F2i b2;K2Mi�iBQM +�M #2 +?�HH2M;BM;
BM i?2 "k" b2+iQ` /m2 iQ i?2 /Bp2`bBiv Q7 +mbiQK2` M22/b �M/ T`272`2M+2bX aBKFBM Ukyy3V
bm;;2bib i?�i b2+iQ`Bb�iBQM- r?B+? BMpQHp2b /BpB/BM; i?2 K�`F2i BMiQ /Bz2`2Mi b2+iQ`b #�b2/
QM BM/mbi`v Q` +mbiQK2` +?�`�+i2`BbiB+b- +�M ?2HT #mbBM2bb2b �+?B2p2 2z2+iBp2 K�`F2i
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b2;K2Mi�iBQMX h?Bb �TT`Q�+? +�M �B/ BM B/2MiB7vBM; F2v +mbiQK2` M22/b- /2p2HQTBM;
i�BHQ`2/ T`Q/m+ib �M/ b2`pB+2b- �M/ #mBH/BM; HQM;@i2`K `2H�iBQMb?BTb rBi? +mbiQK2`bX
q?BH2 i?2`2 �`2 +?�HH2M;2b iQ +QMbB/2`- b2+iQ`Bb�iBQM Bb � mb27mH iQQH 7Q` +H�bbB7vBM; "k"
+mbiQK2`b �M/ 2M?�M+BM; K�`F2iBM; 2zQ`ib UaBKFBM kyy3VX � T�T2` #v .Ƕ>�2M �M/
o�M /2M SQ2H UkyRjV �ii2KTi2/ iQ 2�b2 i?2 +mbiQK2` �+[mBbBiBQM T`Q+2bb 7Q` "k" b�H2b
`2T`2b2Mi�iBp2b #v T`QTQbBM; � KQ/2H iQ +�i2;Q`Bx2 �M/ +H�bbB7v T`QbT2+iBp2 +mbiQK2`bX
h?2B` KQ/2H ;2M2`�i2/ KQ`2 `2}M2/ H2�/bc ?Qr2p2`- i?2v +QmH/ MQi i2bi Bi BM � `2�H@HB72
2MpB`QMK2Mi �M/ i?mb bm;;2bi2/ 7m`i?2` `2b2�`+? QM i?2 iQTB+X

*Q`TQ`�i2 *mbiQK2`b BM i?2 AMbm`�M+2 AM/mbi`v

6m`i?2`- i?2`2 Bb � ;�T BM i?2 HBi2`�im`2 r?2M Bi +QK2b iQ +H�bbB7vBM; +Q`TQ`�i2 +mbiQK2`b
BM i?2 BMbm`�M+2 BM/mbi`vX �Hi?Qm;? JG KQ/2Hb ?�p2 #22M �TTHB2/ �M/ `2b2�`+?2/ BM
i?2 BMbm`�M+2 /QK�BM- i?2v ?�p2 KQbiHv #22M 7Q` BM/BpB/m�H +mbiQK2`b- MQi +Q`TQ`�i2
QM2bX h?mb- i?2 Tm#HBb?2/ rQ`F �p�BH�#H2 BM i?Bb }2H/ T2`i�BMb iQ i?2 miBHBx�iBQM Q7 JG
7Q` T`2/B+iBp2 KQ/2HBM; QM � TQHB+v H2p2H 7Q` BM/BpB/m�Hb �M/ Bb Q7i2M +QMM2+i2/ iQ HB72
BMbm`�M+2 T`Q/m+ibX >Qr2p2`- bQK2 `2b2�`+? ?�b #22M /QM2 QM Qi?2` ivT2b Q7 TQHB+B2b
i?�i +�M #2 �TTHB2/ iQ #Qi? BM/BpB/m�Hb �M/ +Q`TQ`�iBQMb- bm+? �b T`QT2`iv �M/ +�bm�Hiv
BMbm`�M+2X AM i?2B` `2b2�`+?- "HB2`@qQM; 2i �HX UkykRV +QM/m+i2/ � `2pB2r Q7 +m``2Mi
HBi2`�im`2 2tTHQ`BM; i?2 mb2 Q7 JG KQ/2Hb 7Q` `�i2@K�FBM; �M/ `2b2`pBM; BM T`QT2`iv �M/
+�bm�Hiv BMbm`�M+2X h?2v �M�Hvx2/ dd Tm#HB+�iBQMb 7`QK kyR8 iQ �m;mbi kyky- MQiBM;
� `Bb2 BM BMi2`2bi BM i?2 iQTB+- 2bT2+B�HHv �7i2` kyRdX h?2B` +QKT`2?2MbBp2 Qp2`pB2r
7QmM/ bB;MB}+�Mi p�`B�iBQMb �KQM; BMbm`�M+2 TQHB+v?QH/2`b- �M/ JG KQ/2Hb +�M 2z2+iBp2Hv
+�Tim`2 i?2b2 /Bz2`2M+2bX �b � `2bmHi- i?2b2 KQ/2Hb +�M �bbBbi BM +�H+mH�iBM; T`2KBmKb
i?�i �++m`�i2Hv `2~2+i BM/BpB/m�H `BbFX

*QMbB/2`BM; #mbBM2bb BMbm`�M+2- i?2 KQbi +QKKQM `BbF BMbm`�M+2 Bb ;2M2`�H HB�#BHBiv
BMbm`�M+2- ;BpBM; +QKT�MB2b +Qp2`�;2 7Q` ?�`K /QM2 iQ i?B`/ T�`iB2b �b � `2bmHi Q7
i?2B` QT2`�iBQMbX h?2b2 TQbbB#H2 HQbb2b BM+Hm/2 #Q/BHv ?�`K- T`QT2`iv /�K�;2- }MBb?2/
;QQ/b T`Q/m+2/ #v i?2 TQHB+v?QH/2`- �b r2HH �b T2`bQM�H BMDm`B2b- bm+? �b bH�M/2` Q`
/27�K�iBQM U>2M`v kyReVX h?2 T`B+BM; Q7 ;2M2`�H HB�#BHBiv BMbm`�M+2 Bb T`2/QKBM�MiHv
/2i2`KBM2/ #v irQ 7�+iQ`bX h?2 BMBiB�H +QKTQM2Mi Bb � K2`Bi `�iBM; i?�i +QMbB/2`b i?2
BM/mbi`vǶb `BbF �p2`�;2 #�b2/ QM +H�bb `�i2b- r?B+? Bb bm#b2[m2MiHv KQ/B}2/ mTr�`/ Q`
/QrMr�`/ �++Q`/BM; iQ i?2 TQHB+v?QH/2`Ƕb BM/BpB/m�H HQbb 2tT2`B2M+2 UJɃHH2` �M/ h2 kyRdVX
h?2 b2+QM/ +QKTQM2Mi BMpQHp2b i?2 BMbm`2`Ƕb 2tTQbm`2 iQ `BbF- 2tT`2bb2/ �b � [m�MiBiv
`Qm;?Hv T`QTQ`iBQM�H iQ i?2 `BbF TQb2/ #v 2Bi?2` �M BM/BpB/m�H TQHB+v?QH/2` Q` � ;`QmT Q7
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TQHB+v?QH/2`b UJɃHH2` �M/ h2 kyRdVX h?mb- +H�bbB7vBM; #mbBM2bb +mbiQK2`b 7Q` HB�#BHBiv
BMbm`�M+2 rBHH HBF2Hv �HbQ /2T2M/ QM 7�+iQ`b bm+? �b BM/mbi`v �M/ i?2 TQHB+v?QH/2`Ƕb
`BbFX

3.1.4 CRM Systems

�MQi?2` }2H/ �BK2/ �i BM+`2�b2/ mM/2`bi�M/BM; Q7 � +QKT�MvǶb +mbiQK2` #�b2- �b r2HH
�b i?2 BKTQ`i�M+2 Q7 }`K@rB/2 /�i� BMi2;`�iBQM 7Q` K�M�;BM; +mbiQK2`b- Bb *mbiQK2`
_2H�iBQMb?BT J�M�;2K2Mi U*_JVX AX CX *?2M �M/ SQTQpB+? UkyyjV /2b+`B#2b *_J �b
�M BMi2;`�i2/ r�v Q7 K�M�;BM; +mbiQK2` `2H�iBQMb?BTb BM Q`/2` iQ BKT`Qp2 +mbiQK2`
`2H�iBQMb?BTb �M/ +mbiQK2` `2i2MiBQMX 6m`i?2`- hQ?B/B �M/ C�##�`B UkyRkV KQiBp�i2b i?2
M2+2bbBiv Q7 mbBM; *_J bvbi2Kb 7Q` K�M�;BM; +mbiQK2` `2H�iBQMb �b i?2 +QKTH2tBiv Q7 i?2
Q`;�MBx�iBQM �b r2HH �b i?2 T`Q+2bb2b Q7 KQ/2`M +QKT�MB2b BM+`2�b2 rBi? i?2 2pQHmiBQM Q7
i2+?MQHQ;vX �KQM; K�Mv i?BM;b- *_J Bb mb27mH BM K�`F2iBM; �M/ +mbiQK2` �+[mBbBiBQM-
r?2`2 Bi +�M ?2HT B/2MiB7v �M/ i�`;2i i?2 #2bi +mbiQK2`b #�b2/ QM +mbiQK2` /�i� Usm
2i �HX kyykVX �?2�`M2- >m;?2b- �M/ a+?BHH2r�2`i UkyydV �HbQ 7QmM/ i?�i Ah@/`Bp2M *_J
bQHmiBQMb TQbBiBp2Hv BKT�+i2/ i?2 T2`7Q`K�M+2 Q7 b�H2b bi�zX

CRM Systems & Big Data

h?2 }2H/ Q7 ". �M/ Bib mb2 BM #mbBM2bb ?�p2 �HbQ #22M bim/B2/ BM `2;�`/ iQ *_J Uw2`#BMQ
2i �HX kyR3VX �b *_J bvbi2Kb �`2 �H`2�/v /�i�@/`Bp2M- i?2 �TTHB+�iBQM Q7 ". rBi?BM *_J
b22Kb HBF2 � M�im`�H T`Q;`2bbBQMX >Qr2p2`- K�Mv +QKT�MB2b bi`m;;H2 iQ /2p2HQT �M�HviB+�H
+�T�#BHBiB2b 7Q` BMi2;`�iBM; i?2 BM7Q`K�iBQM 7`QK i?2b2 /�i� bQm`+2b BMiQ i?2B` *_J
/2+BbBQMb US?BHHBTb@q`2M �M/ >QbFBbbQM kyR8VX �Mb?�`B 2i �HX UkyRNV 7m`i?2` /2b+`B#2b
i?2 M2r r�p2 Q7 ". BMiQ *_J bvbi2Kb �M/ }M/b i?�i Bi 7m`i?2` �bbBbib BM +mbiQK2`
T`Q}HBM;- �HHQrBM; 7Q` KQ`2 T`2+Bb2 �M/ �;;`2bbBp2 7Q`Kb Q7 K�`F2iBM;X S`2pBQmb iQ i?2
2pQHmiBQM Q7 ".- *_J ?�b �Hr�vb #22M /�i�@7Q+mb2/- �b /2b+`B#2/ #v L;�B- sBm- �M/
*?�m UkyyNV BM � HBi2`�im`2 `2pB2r `2pB2rBM; 3d �`iB+H2b BM `2;�`/ iQ *_J �M/ .�i�
JBMBM;X h?2v 7QmM/ i?�i +mbiQK2` `2i2MiBQM �M/ QM2@iQ@QM2 K�`F2iBM; T`Q;`�Kb r2`2
i?2 KQbi +QKKQM �TTHB+�iBQM Q7 *_J �M/ /�i� KBMBM; i2+?MB[m2bX

CRM& AI

�A Bb �MQi?2` 2K2`;BM; i2+?MQHQ;v i?�i ?�b 7QmM/ Bib mb2 rBi?BM *_JX *?�ii2`D22- _�M�-
2i �HX UkykRV 7QmM/ i?�i Q`;�MBx�iBQMb bm++2bb7mHHv BKTH2K2MiBM; �A@*_J +QMbB/2`�#Hv
BKT`Qp2/ i?2B` "k" 2M;�;2K2Mi T`Q+2bbX h?2b2 }M/BM;b �`2 bmTTQ`i2/ #v "�; 2i
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�HX UkykRV- r?B+? bBKBH�`Hv 7QmM/ i?�i ". �M/ �A ?�/ � TQbBiBp2 BKT�+i QM "k"
K�`F2iBM; /2+BbBQMbX oX EmK�` 2i �HX UkyRNV �HbQ 7QmM/ i?�i �A rQmH/ #2 mb27mH
BM /B`2+i- T2`bQM�HBx2/ K�`F2iBM; /m2 iQ Bib �#BHBiv iQ T`Q+2bb BM/BpB/m�H +mbiQK2`
BM7Q`K�iBQMX 6m`i?2`- S�b+?2M- CX EB2ixK�MM- �M/ hX *X EB2ixK�MM UkyRNV 7QmM/ i?�i
K�Mv K�M�;2`b r2`2 2�;2` iQ BKTH2K2Mi �A BM i?2B` "k" K�`F2iBM; /2+BbBQMbX >Qr2p2`-
i?2v r2`2 mM+H2�` �#Qmi ?Qr i?2 bvbi2Kb rQ`F2/ �M/- i?mb- ?Qr iQ BKTH2K2Mi i?2K
T`QT2`HvX AM �MQi?2` �`iB+H2 GB#�B 2i �HX UkykyV 2t�KBM2 i?2 BKT�+i Q7 �A QM *_J-
bT2+B}+�HHv 7Q+mbBM; QM +mbiQK2` �+[mBbBiBQM- /2p2HQTK2Mi- �M/ `2i2MiBQMX h?2v B/2MiB7v
i?2 +�T�#BHBiB2b Q7 �A i?�i rBHH i`�Mb7Q`K i`�/BiBQM�H *_J BMiQ �A@*_J- bm+? �b i?2
�#BHBiv iQ T`2/B+i *GoX h?2 �mi?Q`b �`;m2 i?�i i?Bb BM+`2�b2/ T`2/B+iBp2 TQr2` rBHH
H2�/ iQ ;`2�i2` +mbiQK2` T`BQ`BiBx�iBQM �M/ TQi2MiB�HHv /Bb+`BKBM�iQ`v T`�+iB+2b BM i?2
K�`F2iX h?2 �`iB+H2 �HbQ ?B;?HB;?ib i?2 +?�HH2M;2b `2;mH�iQ`b K�v 7�+2 BM `2bTQMb2 iQ i?2b2
/2p2HQTK2MibX *?�ii2`D22- *?�m/?m`B- �M/ o`QMiBb UkykkV ?�p2 2tTHQ`2/ i?2 "k"@*_J@
�A +QMi2ti 7m`i?2`- }M/BM; i?�i �A@*_J ?�/ � #2M2}+B�H BKT�+i QM "k" `2H�iBQMb?BT
K�M�;2K2Mi �M/ }`K T2`7Q`K�M+2X

Designing CRM Systems

sm 2i �HX UkyykV r`Bi2b i?�i *_J rBHH BKT`Qp2 K�Mv +QKT�Mv T`Q+2bb2b- �KQM;bi Qi?2`
K�`F2iBM;- +mbiQK2` HQv�Hiv- �M/ i?2 2{+B2M+v Q7 BMi2`M�H T`Q+2bb2b- r?2M BKTH2K2Mi2/
+Q``2+iHvX >Qr2p2`- MQi #2BM; BKTH2K2Mi2/ +Q``2+iHv rBHH BMbi2�/ `2bmHi BM � +Qbi 7Q` i?2
+QKT�Mv rBi?Qmi i?2 #2M2}ibX EBM; �M/ "m`;2bb Ukyy3V bBKBH�`Hv }M/b i?�i +QKT�MB2b
bi`m;;H2 iQ BKTH2K2Mi *_J bvbi2Kb �M/ bm;;2bib � 7`�K2rQ`F iQ K�F2 *_J KQ`2 2�bBHv
�/QTi�#H2X � 72r +`BiB+�H bm++2bb 7�+iQ`b 7Q` i?2 bm++2bb7mH BKTH2K2Mi�iBQM Q7 *_J r2`2
`2b2�`+?2/ #v *`Qi2�m �M/ GB UkyyjV- r?Q 7QmM/ i?�i *_J BMBiB�iBp2b r2`2 KQ`2 HBF2Hv
iQ #2 bm++2bb7mH BM Q`;�MBx�iBQMb rBi? �/2[m�i2 iQT K�M�;2K2Mi bmTTQ`i �M/ �++m`�i2
FMQrH2/;2 K�M�;2K2Mi +�T�#BHBiB2bX qBHbQM- .�MB2H- �M/ J+.QM�H/ UkyykV ?�/ bBKBH�`
}M/BM;b #mi �//2/ i?�i +QKKBiK2Mi Bb M22/2/ �+`Qbb MmK2`Qmb 7mM+iBQMbX *?�ii2`D22-
*?�m/?m`B- �M/ o`QMiBb UkykkV ?�p2 bim/B2/ i?2 BKTH2K2Mi�iBQM Q7 �A@*_J BM "k" }`Kb
�M/ �HbQ 7QmM/ i?�i BM/BpB/m�H bFBHHb �M/ +�T�#BHBiB2b Q7 }`K 2KTHQv22b ?�/ �M BKT�+i QM
i?2 bm++2bb Q7 i?2 BKTH2K2Mi�iBQMX _�?K�M 2i �HX UkykjV ?�/ bBKBH�` }M/BM;b- r?2`2 i?2v
+QM+Hm/2/ i?�i � }`KǶb i2+?MQHQ;v `2�/BM2bb ?�/ � TQbBiBp2 `2H�iBQMb?BT rBi? �A@*_J
+�T�#BHBivX
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CRM integrated with Customer Classification

AMi2;`�iBM; +mbiQK2` +H�bbB}+�iBQM rBi? *_J bvbi2Kb +�M #2 � r�v iQ miBHBx2 i?2 #2M2}ib
Q7 #Qi? +mbiQK2` +H�bbB}+�iBQM �M/ *_J bvbi2Kb iQ;2i?2`X �b *_J Bb T�`iHv #�b2/ QM
BMi2;`�iBM; +mbiQK2` /�i� BMiQ +QKT�Mv T`Q+2bb2b- Bi +�M BKT`Qp2 +mbiQK2` b2;K2Mi�iBQM
�M/ +H�bbB}+�iBQM #v miBHBxBM; i?2 �p�BH�#H2 /�i�X h?Bb �HHQrb 7Q` KQ`2 2z2+iBp2 i�`;2iBM;
Q7 bT2+B}+ ;`QmTb �M/ +�M `2bmHi BM BM+`2�b2/ +mbiQK2` 2M;�;2K2Mi �M/ HQv�Hiv- �b r2HH �b
QTiBKBx�iBQM Q7 b�H2b �M/ K�`F2iBM; 2zQ`ibX � bim/v #v �Hb�Ï- ÎQH�F- �M/ E2bFBM UkyRdV
�TTHB2/ +H�bbB}+�iBQM �H;Q`Bi?Kb iQ � hm`FBb? +QKT�Mv BM i?2 ?2�Hi? b2+iQ`- +H�bbB7vBM;
+mbiQK2`b #v T`Q/m+i ;`QmTb �M/ `BbF 7�+iQ`b rBi? i?2 �H;Q`Bi?Kb L"- .h- �M/ E@L2�`2bi
L2B;?#Qm`X h?2 `2bmHib +QmH/ #2 mb2/ iQ BKT`Qp2 i?2 K�`F2iBM; bi`�i2;v �M/ /2p2HQT �
KQ`2 2z2+iBp2 b�H2b +�KT�B;M 7Q` i?2 +QKT�MvX

qBi?BM i?2 }2H/ Q7 BMbm`�M+2- JɃHH2` �M/ h2 UkyRdV 7QmM/ i?�i i?2 BMi2;`�iBQM Q7 i?2B`
_6 KQ/2H BMiQ �M BMbm`�M+2 *_J bvbi2K +QmH/ #2 2+QMQKB+�HHv #2M2}+B�H 7Q` BMbm`�M+2
+QKT�MB2b iQ BM+`2�b2 BMbm`�M+2 T`2KBmKb BM �M 2{+B2Mi r�v #v QMHv +QMi�+iBM; i?2
KQbi T`QKBbBM; +mbiQK2`bX 6m`i?2`- � T�T2` #v uX *?2M �M/ >m Ukyy8V mb2/ /�i�
KBMBM; i2+?MQHQ;v BM *_J bvbi2Kb rBi? i?2 �BK Q7 T`QTQbBM; i?2 /�i� KBMBM; KQ/2H 7Q`
+mbiQK2` p�Hm2 �M/ +mbiQK2` +H�bbB}+�iBQMX AM i?2 +H�bbB}+�iBQM Q7 BMbm`�M+2 +mbiQK2`b-
7Qm` /Bz2`2Mi /BK2MbBQMb r2`2 bm;;2bi2/, oBi�H bi�iBbiB+b U�;2- ;2M/2`- 2/m+�iBQM- +�`22`-
2i+XV- *mbiQK2` p�Hm2 U?B;?- HQrV- *mbiQK2` +`2/Bi UBM+QK2- +�`22`- T�vK2Mi ?BbiQ`v-
2i+XV- �M/ *mbiQK2` b�iBb7�+iBQM U2tT2+i�iBQMb- T2`+2TiBQMbVX

3.1.5 CRM in the B2B Context

Traditional B2B Relationship Management

"k" `2H�iBQMb?BTb bHB;?iHv /Bz2` 7`QK i?2B` +QMbmK2` +QmMi2`T�`ib �M/ ?�b i?mb #22M
`2b2�`+?2/ �b � b2T�`�i2 }2H/X q2#bi2` URNNkV /2}M2/ /Bz2`2Mi bi�;2b Q7 "k" #mbBM2bb
`2H�iBQMb?BTb- 2KT?�bBxBM; i?2 `QH2 Q7 i`mbi BM #mBH/BM; bm++2bb7mH "k" `2H�iBQMbX h?2b2
}M/BM;b �`2 bmTTQ`i2/ #v :�M2b�M URNN9V- r?Q 7m`i?2` }M/b i?�i /2T2M/2M+2 TH�vb � `QH2
BM "k" `2H�iBQMb?BTbX �b i?2 K�`F2i #2+QK2b BM+`2�bBM;Hv +QKT2iBiBp2- i?2 /2T2M/2M+2
Q7 i?2 +mbiQK2` QM i?2 p2M/Q` /2+`2�b2bX

B2BMarketing & AI

GQQFBM; bT2+B}+�HHv iQ i?2 "k" b2+iQ`- �A ?�b #22M 7`2[m2MiHv mb2/ BM "k" K�`F2iBM;
#Qi? rBi? �M/ rBi?Qmi i?2 mb2 Q7 *_J bvbi2KbX JBF�H27- *QM#Qv- �M/ E`Q;biB2 UkykRV
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7QmM/ i?�i i?2 mb2 Q7 �A +�M 2M�#H2 �M Q`;�MBx�iBQMǶb /vM�KB+ +�T�#BHBiB2b 7Q` "k"
K�`F2iBM;X 6Q` 2t�KTH2- i?2 mb2 Q7 �A H2/ iQ �M BKT`Qp2K2Mi BM BMbB;?i- �b r2HH �b
i?2 /2p2HQTK2Mi Q7 M2r K�`F2iBM; �TT`Q�+?2bX h?2 bim/v �HbQ 7QmM/- ?Qr2p2`- i?�i
bQK2 Q7 i?2 #2M2}ib Q7 mbBM; �A BM "k" K�`F2iBM; r2`2 bimMi2/ #v T`Bp�+v Bbbm2bX
h?2 mb2 Q7 +QKTH2t �H;Q`Bi?Kb �M/ i?2 +QMb2[m2Mi /�i� +QHH2+iBQM K�/2 bQK2 Q7 i?2
H�`;2`- KQbi BKTQ`i�Mi +mbiQK2`b mM2�bv- `2bmHiBM; BM � /Bbi`mbi Q7 i?2 T`Q+2bbX �
HBi2`�im`2 `2pB2r #v CX _X a�m`�- _B#2B`Q@aQ`B�MQ- �M/ S�H�+BQb@J�`[mûb UkykRV 7QmM/
i?�i JG �M/ /�i� KBMBM; r2`2 bQK2 Q7 i?2 KQbi +QKKQM *_J i2+?MB[m2b 7Q` �A rBi?BM
"k" bi`�i2;B2bX h?2v 7QmM/ MmK2`Qmb #2M2}ib- �KQM; Qi?2`b- �M BKT`Qp2K2Mi BM b�H2b
�M/ b�H2b T`2/B+iBQMbX h?2v 7m`i?2` +QM+Hm/2 i?�i r?BH2 �A Bb � TQTmH�` iQQH BM "k"
`2H�iBQMb?BT K�M�;2K2Mi- FMQrH2/;2 �#Qmi i?2 i2+?MB+�H T`Q+2bb2b Bb M2+2bb�`v 7Q` �
bm++2bb7mH BKTH2K2Mi�iBQMX h?2 �mi?Q`b �HbQ `2+QKK2M/ 7m`i?2` `2b2�`+? BMiQ TQbbB#H2
7mim`2 mb2b Q7 �A@"�b2/ *_J BM "k"- bm+? �b i?2 2bi�#HBb?K2Mi Q7 2tT2`BK2Mib �M/
i2bib mbBM; �A iQ BKT`Qp2 T`Q+2bb2b UCX _X a�m`�- _B#2B`Q@aQ`B�MQ- �M/ S�H�+BQb@J�`[mûb
kykRVX 6m`i?2`- � T�T2` #v .Ƕ>�2M �M/ o�M /2M SQ2H UkyRjV /2b+`B#2b i?2 T`Q#H2K i?�i
b�H2b bi�z Q7i2M 7�+2 BM "k" K�`F2iBM; Q7 #2BM; Qp2`r?2HK2/ rBi? TQi2MiB�H +mbiQK2`b-
�M/ T`QTQb2b � +QK#BM2/ KQ/2H 72�im`BM; .hb �M/ L2m`�H L2irQ`Fb iQ ?2HT rBi? i?2
�+[mBbBiBQM T`Q+2bbX h?2v `2+QKK2M/ 7m`i?2` `2b2�`+? rBi? bBKBH�` ivT2b Q7 KQ/2HbX

3.2 Recommendation Systems

3.2.1 Benefits of Recommendation Systems

_2+QKK2M/�iBQM bvbi2Kb ?�p2 #2+QK2 BM+`2�bBM;Hv BKTQ`i�Mi BM `2+2Mi v2�`b-
T�`iB+mH�`Hv BM i?2 2@+QKK2`+2 �M/ 2Mi2`i�BMK2Mi BM/mbi`B2bX S2`bQM�HBx2/
`2+QKK2M/�iBQM bvbi2Kb ?�p2 #22M 7QmM/ iQ BM+`2�b2 `2p2Mm2 �M/ b�H2b pQHmK2 7Q`
QMHBM2 `2i�BH2`b U"2?2`� 2i �HX kykyVX qBi? i?2 +QMiBMm2/ ;`Qri? Q7 QMHBM2 `2i�BHBM;-
#mbBM2bb2b 7�+2 i?2 T`Q#H2K Q7 BM+`2�bBM;Hv /BbHQv�H +mbiQK2`bX �b QMHBM2 b?QTTBM; #`BM;b
HQr2` brBi+?BM; +Qbib �M/ H2bb T2`bQM�HBx�iBQM- +QMbmK2`b #2+QK2 H2bb HQv�H iQ � #mbBM2bb
r?B+? Bb /2i`BK2Mi�H iQ +mbiQK2` `2i2MiBQM U>�HHBF�BM2M 2i �HX kykkVX _2+QKK2M/�iBQM
bvbi2Kb bm+? �b `2+QKK2M/�iBQM �;2Mib U_�V- �`2 � r�v iQ +QK#�i i?Bb #v BM+`2�bBM;
T2`bQM�HBx�iBQM BM i?2 QMHBM2 b?QTTBM; 2tT2`B2M+2 U>�HHBF�BM2M 2i �HX kykkVX JQ`2Qp2`- �
bim/v #v EQKB�F �M/ "2M#�b�i UkyyeV 7QmM/ i?�i _�b +QmH/ BM+`2�b2 i`mbi- r?B+? r�b
�z2+i2/ #v i?2 _�Ƕb T2`+2Bp2/ H2p2H Q7 T2`bQM�HBx�iBQMX � KQ`2 T2`bQM�HBx2/ 2tT2`B2M+2
H2/ iQ � ;`2�i2` BM+`2�b2 BM 2KQiBQM�H �M/ +Q;MBiBp2 i`mbiX >Qr2p2`- �MQi?2` ivT2 Q7
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`2+QKK2M/�iBQM bvbi2K i?�i /Bz2`b 7`QK _�b @ /vM�KB+ T`B+BM;- r?2`2 +QMbmK2`b �`2
;Bp2M T2`bQM�HBx2/ T`B+2b- r�b 7QmM/ BMbi2�/ iQ ?�p2 � M2;�iBp2 2z2+i QM i`mbi UEQKB�F
�M/ "2M#�b�i kyyeVX _�b ?�p2 �HbQ #22M 7QmM/ iQ #2 mb27mH iQQHb �bbBbiBM; QMHBM2 b?QTT2`b
BM K�FBM; /2+BbBQMb- �HHQrBM; +mbiQK2`b iQ K�F2 #2ii2` /2+BbBQMb BM H2bb iBK2 U> m#H �M/
h`B7ib kyyyVX :m?� 2i �HX UkykRV �HbQ T`2/B+ib i?2 mb2 Q7 �A BM QMHBM2 `2i�BHBM;- bi�iBM;
i?�i Bi rBHH BKT`Qp2 +mbiQK2` b2`pB+2- T2`bQM�HBx�iBQM- �b r2HH �b ?B;?@p�Hm2 T`Q/m+i
`2+QKK2M/�iBQMb �M/ +mbiQK2` /�i� �M�HvbBbX

3.2.2 Digitalization of Insurance Advisors

AM � T�T2` �M�HvxBM; i?2 /B;Bi�HBx�iBQM Q7 i?2 BMbm`�M+2 BM/mbi`v- BM+Hm/BM; �/pBbQ`v
b2`pB+2b- i?2 �mi?Q`b 7QmM/ i?�i i?2 K�`F2i ?�b b22M � KQ`2 `�TB/ 2pQHmiBQM Q7 /B;Bi�H
b2`pB+2b bBM+2 i?2 *QpB/@RN T�M/2KB+X h?2v MQi2 i?�i ǴPp2` 3yW Q7 BMbm`2`b #2HB2p2
i?�i i?2 7mim`2 Q7 i?2 BMbm`�M+2 K�`F2i #2HQM;b iQ i?Qb2 Q`;�MBx�iBQMb i?�i rBHH K�F2
bB;MB}+�Mi BMp2biK2Mib BM i?2 �`2� Q7 BMMQp�iBQM �M/ /B;BiBx�iBQMǴ US�m+? �M/ "2`� kykk-
TX RedNVX >Qr2p2`- i?2v �HbQ 7QmM/ i?�i i?2 /B;Bi�HBx�iBQM Q7 i?2 BMbm`�M+2 b2+iQ` Bb BM Bib
BMBiB�H bi�;2bX JQ`2Qp2`- i?2v MQi2 i?�i �A �M/ ". �`2 bQK2 Q7 i?2 bQHmiBQMb #2BM; i2bi2/
rBi?BM i?2 b2+iQ` �M/ i?�i i?2 /2p2HQTK2Mi Q7 i?2b2 i2+?MQHQ;B2b �M/ /B;Bi�HBx�iBQM rBHH
#2 M2+2bb�`v 7Q` +QKT�MB2b iQ bi�v +QKT2iBiBp2X h?2b2 b2`pB+2b r2`2- �KQM;bi Qi?2`b-
mb27mH BM i�FBM; Qp2` K�`F2i b?�`2b 7`QK Qi?2` +QKT�MB2bX US�m+? �M/ "2`� kykkVX

�MQi?2` T�T2` #v SBbQMB �M/ .ő�x@_Q/`ő;m2x UkykjV 2t�KBM2/ i?2 mb2 Q7 �A BM #mBH/BM;
/B;Bi�H �/pBbQ`b 7Q` BMbm`�M+2 �M/ 7QmM/ i?�i ;Bp2M i?2 i2+?MQHQ;B+�H 2tT2`iBb2- /B;Bi�H
�/pBbQ`b r2`2 � TQr2`7mH iQQH i?�i +QmH/ ?2HT BMbm`�M+2 +QKT�MB2bX a�t2M� �M/ _X
EmK�` UkykkV 7m`i?2` 7QmM/ i?�i +mbiQK2`b MQr�/�vb �`2 bQ mb2/ iQ /B;Bi�H b2`pB+2b i?�i
i?2v MQ HQM;2` 722H i?2 M22/ iQ +QKKmMB+�i2 rBi? � T2`bQM r?2M K�FBM; � Tm`+?�b2- �M/
i?2 BMbm`�M+2 BM/mbi`v rBHH HBF2Hv #2 KQ`2 �M/ KQ`2 �z2+i2/ #v i?Bb BM i?2 7mim`2X h?2
/2p2HQTK2Mi Q7 �A �/pBbQ`b rBHH �HHQr +mbiQK2`b iQ K�F2 i?2B` QrM BMbm`�M+2 /2+BbBQMb
�M/ Tm`+?�b2b QMHBM2X h?2v 7m`i?2` bi�i2 i?�i }M�M+B�H i2+?MQHQ;v bi�`imTb rBi?BM i?2
BMbm`�M+2 b2+iQ`- i?2 bQ@+�HH2/ ǴBMbm`i2+?bǴ- K�v /Bb`mTi i?2 2MiB`2 BM/mbi`vX h?2 bi�`imTb
�`2 b22BM; � bm`;2 BM BMp2biK2Mib `Bp�HBM; i?�i Q7 Qi?2` }Mi2+? +QKT�MB2bX h?2 BMbm`i2+?b
�`2 �#H2 iQ BKT`Qp2 i?2B` b2`pB+2b #v i?2 mb2 Q7 �A �M/ JG �M/ �`2 �/�Ti2/ iQ +mbiQK2`bǶ
+m``2Mi /2K�M/b 7Q` i?2 /B;Bi�HBx�iBQM Q7 b2`pB+2bX h?2 �mi?Q`b `2+QKK2M/ BMbm`�M+2
+QKT�MB2b BMp2bi BM �A �M/ Qi?2` ivT2b Q7 /B;Bi�H i2+?MQHQ;B2b 7Q` i?2 7mim`2X
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3.2.3 Recommendation Systems in The Insurance

Industry

AM � T�T2` #v qQM; 2i �HX UkykyV- Bi Bb ?B;?HB;?i2/ i?�i i?2 BMbm`�M+2 b2+iQ` ?�b ?BbiQ`B+�HHv
mb2/ ?mK�M �;2Mib iQ �M�Hvx2 /�i� �M/ T`QpB/2 T`Q/m+i `2+QKK2M/�iBQMb- �b /Bb+mbb2/
BM i?2 T`2pBQmb b2+iBQMX >Qr2p2`- BM `2+2Mi v2�`b i2+?MQHQ;v ?�b #22M H2p2`�;2/ iQ
K�F2 BMbm`�M+2 T`Q+2bb2b 2�bB2`- H2�/BM; iQ /2+`2�b2/ +Qbib �M/ KQ`2 b�iBb}2/ +mbiQK2`bX
UqQM; 2i �HX kykyV AM i?2B` T�T2`- qQM; 2i �HX UkykyV `2b2�`+?2/ T`Q/m+i `2+QKK2M/�iBQM
bvbi2Kb BM T�`iM2`b?BT rBi? � i`�/BiBQM�H HB72 BMbm`�M+2 +QKT�Mv rBi? b�iBb7vBM; `2bmHibX
h?2 +mbiQK2`b +QmH/ #2 b2;K2Mi2/ BMiQ /Bz2`2Mi +mbiQK2` +H�bb2b- r?B+? ?B;?Hv /2T2M/2/
QM 2/m+�iBQM H2p2H- Q++mT�iBQM- �;2- �M/ #mvBM; T�ii2`MbX *QHH�#Q`�iBp2 6BHi2`BM; U*6V
�H;Q`Bi?Kb r2`2 mb2/- r?B+? Bb � +H�bb Q7 #2?�pBQ`@#�b2/ �TT`Q�+?2b i?�i mb2 T`2pBQmb
Tm`+?�b2 #2?�pBQ` iQ K�F2 T`Q/m+i `2+QKK2M/�iBQMbX AM i?2B` /Bb+mbbBQM- qQM; 2i �HX
UkykyV ?B;?HB;?ib i?�i i?2 r2�FM2bb Q7 i?2 *6 �H;Q`Bi?K Bb i?�i Bi +�MMQi K�F2 T`Q/m+i
`2+QKK2M/�iBQMb 7Q` M2r +mbiQK2`b /m2 iQ i?2 mb�;2 Q7 T`2pBQmb +mbiQK2` Tm`+?�bBM;
/�i�X h?Bb Bb �HbQ bQK2i?BM; i?�i Bb bm;;2bi2/ 7Q` 7mim`2 `2b2�`+?X

AM �MQi?2` bim/v UZ�xB 2i �HX kyRdV �TTHB2/ "�v2bB�M L2irQ`Fb iQ /2THQv �M BMbm`�M+2
`2+QKK2M/�iBQM bvbi2K 7Q` #Qi? M2r �M/ 2tBbiBM; +mbiQK2`bX h?2 mb2 Q7 "�v2bB�M
L2irQ`Fb r�b /m2 iQ i?2 bK�HH MmK#2` Q7 T`Q/m+ib iQ `2+QKK2M/ �M/ i?2 7`2[m2M+v
Q7 KBbbBM; /�i�X h?2 /�i� mb2/ +�K2 7`QK 7Qm` BMbm`�M+2 TQHB+B2b, �miQ- T`QT2`iv-
mK#`2HH�- �M/ HB72X h?2 Tm`TQb2 Q7 i?2 `2+QKK2M/�iBQM bvbi2K r�b iQ ;Bp2 BMbm`�M+2
�;2Mib � iQQH 7Q` #2ii2` T`Q/m+i `2+QKK2M/�iBQMb K�FBM; +mbiQK2`b �/2[m�i2Hv +Qp2`2/
7Q` i?2B` M22/bX h?2 `2b2�`+? r�b i2bi2/ BM �M �+iBQM `2b2�`+? 7Q`K�i #v �;2Mib r?Q ;�p2
722/#�+F- bm+? �b Bi ?2HTBM; i?2K BM+`2�b2 T`2KBmKb- ;BpBM; #2ii2` �ii2MiBQM iQ +mbiQK2`
/2i�BH- �M/ Bi #2BM; � p�Hm�#H2 i2�+?BM; iQQHX UZ�xB 2i �HX kyRdV 1p2M i?Qm;? i?2 +?QB+2
Q7 "�v2bB�M L2irQ`Fb r�b iQ #2 �#H2 iQ K�F2 `2+QKK2M/�iBQMb iQ M2r +mbiQK2`b- i?Bb
r�b MQi �/QTi2/ �M/ BMbi2�/ ;Bp2M �b � bm;;2biBQM 7Q` 7mim`2 `2b2�`+?X

6`QK i?2 T`2pBQmb `2b2�`+? QM T`Q/m+i `2+QKK2M/�iBQMb- i?2`2 �`2 b2p2`�H 2t�KTH2b Q7
`2+QKK2M/BM; HB72 BMbm`�M+2 T`Q/m+ibX >Qr2p2`- i?2`2 Bb � HBKBi2/ �KQmMi Q7 ?Qr iQ
K�F2 `2+QKK2M/�iBQMb iQ #mbBM2bb2b BMbi2�/ Q7 BM/BpB/m�Hb- r?B+? Bb bQK2i?BM; �BK2/
iQ BMp2biB;�i2 BM i?Bb T�T2`X �HbQ- b2p2`�H T�T2`b bm;;2bi `2+QKK2M/BM; T`Q/m+ib iQ
M2r +mbiQK2`b UqQM; 2i �HX kykyc Z�xB 2i �HX kyRdV- r?B+? �HbQ rBHH #2 2tTHQ`2/ BM i?Bb
bim/vX
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Machine Learning in Classification Systems

JG ?�b 7QmM/ K�Mv mb2b rBi?BM +mbiQK2` +H�bbB}+�iBQM �M/ b2;K2Mi�iBQMX AM � T�T2` #v
�#2/BM 2i �HX UkykjV- �M _6 +H�bbB}2` r�b mb2/ iQ T`2/B+i i?2 #2?�pBQ` Q7 #�MF +mbiQK2`bX
h?2 T�T2` �HbQ mb2/ � K2i?Q/ 7Q` 72�im`2 b2H2+iBQM �M/ �+?B2p2/ �M �++m`�+v Q7 d8X38W
7Q` i?2 i2bi2/ /�i� b2iX �MQi?2` T�T2` #v �KBM 2i �HX UkyRNV +H�bbB7vBM; +mbiQK2` +?m`M
T`2/B+iBQM mb2/ � L" +H�bbB}2`X AM �M �ii2KTi iQ +H�bbB7v BMbm`�M+2 7`�m/ T`2/B+iBQM-
�bH�K 2i �HX UkykkV mb2/ i?`22 /Bz2`2Mi +H�bbB}+�iBQM �H;Q`Bi?Kb @ GQ;BbiB+ _2;`2bbBQM
UG_V- aoJ- �M/ L�śp2 "�v2bX h?2 G_ +H�bbB}2` vB2H/2/ i?2 ?B;?2bi 7@b+Q`2X

� bim/v #v _mbHB- wmHFB~2- �M/ _�KHB UkykjV +QKT�`2/ JG +H�bbB}+�iBQM KQ/2Hb 7Q`
�M�HvxBM; +mbiQK2` #2?�pBQ` mbBM; � /�i� b2i 7`QK �M BM@p2?B+H2 +QmTQM `2+QKK2M/�iBQM
bvbi2KX h?2 /�i� b2i BM+Hm/2/ /2KQ;`�T?B+ �M/ 2MpB`QMK2Mi�H 7�+iQ`b- bm+? �b /`BpBM;
/2biBM�iBQMb- �;2- +m``2Mi iBK2- �M/ r2�i?2`X h?2 bBt KQ/2Hb 2p�Hm�i2/ r2`2 "�v2bB�M
L2irQ`F- L�śp2 "�v2b- AMbi�M+2@"�b2/ G2�`MBM; rBi? S�`�K2i2`@E UG�xv@A"EV- h`22 C93-
_6- �M/ _�M/QKh`22X h?2 bim/v �bb2bb2/ i?2 KQ/2H T2`7Q`K�M+2 #�b2/ QM �++m`�+v-
T`2+BbBQM- T`Q+2bbBM; iBK2- `2+�HH- �M/ 6@K2�bm`2X h?2 }M/BM;b `2p2�H2/ i?�i L�śp2 "�v2b
�M/ G�xv@A"E +QMbmK2/ i?2 H2�bi �KQmMi Q7 T`2/B+iBQM iBK2- �Hi?Qm;? rBi? i?2 HQr2bi
�++m`�+vX _�M/QKh`22 ?�/ i?2 ?B;?2bi T`Q+2bbBM; iBK2- r?2`2�b _6 T`QpB/2/ i?2 ?B;?2bi
�++m`�+v- T`2+BbBQM- `2+�HH- �M/ 6@K2�bm`2 p�Hm2bX

u2i �MQi?2` T�T2` UC�BM- u�/�p- �M/ J�MQQp kykRV +H�bbB7vBM; +mbiQK2` +?m`M i2bi2/
7Qm` /Bz2`2Mi +H�bbB}2`b- G_- _6- aoJ- �M/ s:"QQbiX h?2 �mi?Q`b 7QmM/ i?�i 7Q`
i?2 i?`22 /Bz2`2Mi b2+iQ`b bim/B2/- #�MFBM;- i2H2+QK- �M/ Ah- i?`22 b2T�`�i2 +H�bbB}2`b
?�/ i?2 ?B;?2bi �++m`�+v 7Q` i?2B` `2bT2+iBp2 /QK�BMbX .2T2M/BM; QM i?2 /�i� b2i �M/
b2+iQ`- /Bz2`2Mi +H�bbB}+�iBQM KQ/2Hb T2`7Q`K /Bz2`2MiHvX h?Bb Bb 7m`i?2` bmTTQ`i2/ #v
�M 2KTB`B+�H +QKT�`BbQM Q7 /Bz2`2Mi i`�BMBM; �H;Q`Bi?Kb #v *�`m�M� �M/ LB+mH2b+m@JBxBH
Ukyye- TTX RedĜRe3V- r?Q 7QmM/ _6 iQ T2`7Q`K r2HH iQ;2i?2` rBi? M2m`�H M2ibX >Qr2p2`-
i?2 �mi?Q`b MQi2- Ǵ1p2M i?2 #2bi KQ/2Hb bQK2iBK2b T2`7Q`K TQQ`Hv- �M/ KQ/2Hb rBi?
TQQ` �p2`�;2 T2`7Q`K�M+2 Q++�bBQM�HHv T2`7Q`K 2t+2TiBQM�HHv r2HHXǴ

3.2.4 Data Used for Creating Recommendation Systems

AM i?2 +�b2 bim/v Q7 i?Bb T�T2`- +QK#BM2/ #mbBM2bb BMbm`�M+2 rBHH #2 i?2 `2+QKK2M/2/
T`Q/m+iX h?Bb T`Q/m+i BM+Hm/2b b2p2`�H ivT2b Q7 TQHB+B2b- bm+? �b HB�#BHBiv BMbm`�M+2-
T`QT2`iv BMbm`�M+2- BMi2``mTiBQM BMbm`�M+2- �M/ Qi?2`bX GBKBi2/ `2b2�`+? 2tBbib BMiQ r?�i
/�i� T�`�K2i2`b T`2pBQmbHv ?�p2 #22M mb2/ iQ +`2�i2 `2+QKK2M/�iBQM bvbi2Kb 7Q` bBKBH�`
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BMbm`�M+2bX >Qr2p2`- � T�T2` #v UZ�xB 2i �HX kyRdV HQQF2/ �i i?2 T�`�K2i2`b mb2/ iQ
/2i2`KBM2 /Bz2`2Mi ivT2b Q7 BMbm`�M+2- �KQM; i?2`2BM T`QT2`iv BMbm`�M+2X h?2 /�i� iQ
/2i2`KBM2 T`QT2`iv BMbm`�M+2 BM+Hm/2/ BM7Q`K�iBQM �#Qmi i?2 BMbm`�M+2- i?2 +Qp2`�;2-
i?2 QTiBQMb �M/ 2M/Q`b2K2Mib- i?2 +?�`�+i2`BbiB+b Q7 i?2 ?QK2 �M/ ?Qmb2?QH/- +mbiQK2`
/2KQ;`�T?B+b- b2r2` �M/ rBH/}`2 `BbF- �M/ ;2QHQ;B+�H BM7Q`K�iBQMX

3.3 AI

3.3.1 Leveraging AI for Business

a2p2`�H `2b2�`+? T�T2`b ?�p2 2tTHQ`2/ i?2 BKTHB+�iBQMb Q7 H2p2`�;BM; �A BM i?2 rQ`FTH�+2-
T`QpB/BM; p�Hm�#H2 BMbB;?ib BMiQ Bib TQi2MiB�H #2M2}ib �M/ +?�HH2M;2bX PM2 bm+? bim/v #v
a?QHHQ 2i �HX UkykkV 2KT?�bBx2b i?2 BKTQ`i�M+2 Q7 +`2�iBM; i�M;B#H2 #mbBM2bb p�Hm2 i?`Qm;?
�A T`QD2+ibX P`;�MBx�iBQMb +�M ?�`M2bb JG �H;Q`Bi?Kb iQ 2M?�M+2 i?2B` QT2`�iBQMb-
BKT`Qp2 /2+BbBQM@K�FBM; T`Q+2bb2b- �M/ QTiBKBx2 Qp2`�HH T2`7Q`K�M+2 #v mM/2`bi�M/BM;
/Bz2`2Mi JG p�Hm2@+`2�iBQM K2+?�MBbKb �M/ i?2 M2+2bb�`v +QM/BiBQMb 7Q` bm++2bb7mH
BKTH2K2Mi�iBQMX

�b�iB�MB 2i �HX UkykRV BMi`Q/m+2 i?2 +QM+2Ti Q7 bQ+BQi2+?MB+�H 2Mp2HQTK2Mi �b � K2�Mb
iQ BKTH2K2Mi BMb+`mi�#H2 �A KQ/2Hb- bm+? �b M2m`�H M2irQ`Fb- BM � K�MM2` i?�i 2Mbm`2b
�++QmMi�#BHBiv �M/ b�72ivX h?2 �mi?Q`b ?B;?HB;?i i?2 bB;MB}+�M+2 Q7 bi`BFBM; � #�H�M+2
#2ir22M i?2 T2`7Q`K�M+2 #2M2}ib Q7 ~2tB#H2 �A KQ/2Hb �M/ i?2 `BbFb �bbQ+B�i2/ rBi?
i?2B` H�+F Q7 2tTH�BM�#BHBivX h?Bb Bb �+?B2p2/ i?`Qm;? 2bi�#HBb?BM; +H2�` #QmM/�`B2b-
K2iB+mHQmb i`�BMBM; /�i� +m`�iBQM- �M/ 2z2+iBp2 BMTmi �M/ QmiTmi bQm`+2b K�M�;2K2MiX
aQ+BQi2+?MB+�H 2Mp2HQTK2Mi Qz2`b Q`;�MBx�iBQMb � 7`�K2rQ`F iQ M�pB;�i2 i?2 +QKTH2tBiB2b
Q7 BKTH2K2MiBM; BMb+`mi�#H2 �A KQ/2Hb r?BH2 K�BMi�BMBM; +QMi`QH �M/ KBiB;�iBM; TQi2MiB�H
`BbFbX

�//BiBQM�HHv- q��`/2M#m`;- >mvbK�M- �M/ a2`;22p� UkykkV T`2b2Mib � bim/v i?�i /2Hp2b
BMiQ i?2 i`�MbH�iBQM Q7 QT�[m2 �H;Q`Bi?KB+ T`2/B+iBQMb #v FMQrH2/;2 #`QF2`bX h?2 `2b2�`+?
b?2/b HB;?i QM #`QF2`bǶ rQ`FǶb /vM�KB+ �M/ BM~m2MiB�H M�im`2 BM BMi2`T`2iBM; �M/ +m`�iBM;
�H;Q`Bi?KB+ Qmi+QK2bX h?2 �mi?Q`b ?B;?HB;?i i?2 BKTQ`i�M+2 Q7 mM/2`bi�M/BM; i?2 `QH2
Q7 FMQrH2/;2 #`QF2`b BM BKTH2K2MiBM; �AfJG �H;Q`Bi?KbX "`QF2`b �+i �b BMi2`K2/B�`B2b-
#`B/;BM; i?2 ;�T #2ir22M i2+?MB+�H 2tT2`ib �M/ 2M/@mb2`b- �M/ TH�v � TBpQi�H `QH2
BM M�pB;�iBM; +QKTH2t b+2M�`BQb i?�i `2[mB`2 ?mK�M Dm/;K2Mi �M/ /2+BbBQM@K�FBM;X
_2+Q;MBxBM; i?2 +?�HH2M;2b �M/ QTTQ`imMBiB2b �bbQ+B�i2/ rBi? �H;Q`Bi?KB+ #`QF2`�;2
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T`QpB/2b BMbB;?ib BMiQ i?2 BKTH2K2Mi�iBQM T`Q+2bb �M/ mM/2`b+Q`2b i?2 bB;MB}+�M+2 Q7
?mK�M 2tT2`iBb2 BM +QMDmM+iBQM rBi? �A bvbi2KbX
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Chapter 4

Methodology

h?Bb +?�Ti2` 2tTH�BMb i?2 K2i?Q/QHQ;v mb2/ BM i?2 +�b2 bim/vX Ai }`bi T`2b2Mib i?2 `2b2�`+?
b2iiBM;- 7QHHQr2/ #v i?2 `2b2�`+? /2bB;M �M/ T`Q+2bbX 6BM�HHv- i?2 +?�Ti2` /2Hp2b BMiQ i?2
[m�HBiv Q7 i?2 `2b2�`+?

4.1 Research Setting

h?2 `2b2�`+? b2iiBM; BMpQHp2/ � T�`iM2`b?BT #2ir22M i?2 �mi?Q`b �M/ � ar2/Bb? BMbm`�M+2
#`QF2` BM +QM/m+iBM; � +�b2 bim/v QM ?Qr JG@#�b2/ +mbiQK2` +H�bbB}+�iBQM +�M #2 �TTHB2/
BM i?2 #mbBM2bb BMbm`�M+2 BM/mbi`v iQ �+[mB`2 M2r +mbiQK2`b U_ZRVX h?2 +H�bbB}+�iBQM
BKTHB2/ /2i2`KBMBM; r?B+? +mbiQK2`b r2`2 bmBi�#H2 Q` MQi 7Q` � ivT2 Q7 +QK#BM2/ #mbBM2bb
BMbm`�M+2 T`Q/m+i #v +H�bbB7vBM; i?2K BMiQ irQ ;`QmTb- v2b Q` MQ- mbBM; [m�MiBi�iBp2
K2i?Q/bX aBKmHi�M2QmbHv- i?2 bim/v �HbQ BMp2biB;�i2/ i?2 #2M2}ib Q7 BMi2;`�iBM; JG
+H�bbB}+�iBQM BMiQ i?2 T�`iM2` +QKT�MvǶb *_J bvbi2K U_ZkVX h?2 Tm`TQb2 r�b iQ
BMp2biB;�i2 i?2 +m``2Mi +mbiQK2` �+[mBbBiBQM T`Q+2bb �M/ *_J bvbi2K mbBM; [m�HBi�iBp2
K2i?Q/b- �HHQrBM; i?2 +H�bbB}+�iBQM bvbi2K iQ #2 BMi2;`�i2/ BMiQ i?2 2tBbiBM; *_J �M/
+mbiQK2` �+[mBbBiBQM T`Q+2bb2bX

h?2 �mi?Q`b rQ`F2/ +HQb2Hv rBi? i?2 T�`iM2` +QKT�Mv iQ +QHH2+i /�i� QM TQi2MiB�H
+mbiQK2`bX JG �H;Q`Bi?Kb r2`2 mb2/ iQ +H�bbB7v i?2 +mbiQK2` #�b2 BMiQ irQ /Bz2`2Mi
b2;K2Mib #�b2/ QM i?2B` +?�`�+i2`BbiB+b iQ BKT`Qp2 i?2 +mbiQK2` �+[mBbBiBQM T`Q+2bbǶb
2{+B2M+v �M/ BM+`2�b2 i?2 BMbm`�M+2 +QKT�MvǶb T`QTQb2/ +mbiQK2` �++2Ti�M+2 `�iBQX
h?2 bim/v BMp2biB;�i2/ i?2 TQi2MiB�H 2bi�#HBb?K2Mi Q7 i?2 i2+?MQHQ;v@/`Bp2M +mbiQK2`
+H�bbB}+�iBQM T`Q+2bb #v BMi2;`�iBM; Bi BMiQ i?2 *_J bvbi2KX h?2 Q`B;BM�H +mbiQK2`
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�+[mBbBiBQM T`Q+2bb BMpQHp2/ K�Mm�H +mbiQK2` b2H2+iBQM #v BM/BpB/m�H #`QF2`b �M/ 7QHHQr2/
� MQM@bi�M/�`/Bx2/ T`Q+2bbX h?2 T`Q/m+i 72�im`2/ �b i?2 bm#D2+i BM i?Bb bim/v r�b �
+QK#BM2/ +QKT�Mv BMbm`�M+2 i�BHQ`2/ 7Q` bK�HH iQ K2/BmK@bBx2/ #mbBM2bb2b i?�i BM+Hm/2/
b2p2`�H /Bz2`2Mi ivT2b Q7 BMbm`�M+2- bm+? �b T`QT2`iv Q` HB�#BHBiv BMbm`�M+2 +Qp2`�;2X

4.2 Research Design

h?2 bim/vǶb Q#D2+iBp2 r�b iQ BMp2biB;�i2 i?2 TQbbB#BHBiv Q7 � /B;Bi�H bQHmiBQM 7Q` +mbiQK2`
b2;K2Mi�iBQM �i i?2 T�`iM2` +QKT�Mv �M/ �HbQ iQ bim/v i?2 �+im�H BKTH2K2Mi�iBQM Q7
i?2 bQHmiBQM �M/ ?Qr Bi }ib BM rBi? i?2 +QKT�MvǶb 2tBbiBM; T`Q+2bb2b �M/ +�T�#BHBiB2bX
h?2`27Q`2- i?2 bim/v r�b /2bB;M2/ iQ KQMBiQ` i?2 /B;Bi�H bQHmiBQMǶb BKTH2K2Mi�iBQM
�b Bi /2p2HQT2/ +QMiBMmQmbHvX h?Bb r�b TQbbB#H2 �b i?2 `2b2�`+?2`b BKTH2K2Mi2/ i?2
+H�bbB}+�iBQM bvbi2K i?2Kb2Hp2b �M/ +QmH/ i?mb �/�Ti Bi iQ i?2 M22/b �M/ +QM/BiBQMb
T`2b2Mi �i i?2 T�`iM2` +QKT�MvX �b i?2 bim/v r�b /m�H@7Q+mb2/- Bi r�b M2+2bb�`v iQ
�//`2bb #Qi? _ZbX *QMb2[m2MiHv- i?2 `2b2�`+? K2i?Q/b r2`2 b2H2+i2/ iQ 2Mbm`2 i?�i
#Qi? `2b2�`+? [m2biBQMb r2`2 +Qp2`2/- r?B+? K2�Mi � KBt Q7 [m�HBi�iBp2 �M/ [m�MiBi�iBp2
K2i?Q/bX

�M �#/m+iBp2 `2b2�`+? �TT`Q�+? r�b �TTHB2/ /m2 iQ i?2 H�+F Q7 `2b2�`+? BMiQ i?2 bT2+B}+
�`2�X �M �#/m+iBp2 i2+?MB[m2 +`2�i2b � ?vTQi?2bBb 7Q` � T?2MQK2MQM #�b2/ QM bT�`b2 Q`
�K#B;mQmb /�i�- r?B+? Bb i?2M i2bi2/ �M/ BKT`Qp2/ i?`Qm;? 2KTB`B+�H Q#b2`p�iBQM �M/
�M�HvbBb Ua�mM/2`b- G2rBb- �M/ h?Q`M?BHH kyR8VX h?2 �mi?Q`b #2;�M #v 7Q`KmH�iBM; �
i?2Q`v ;`QmM/2/ BM +HQb2Hv `2H�i2/ T`BQ` `2b2�`+? 7QmM/ /m`BM; i?2 BMBiB�H HBi2`�im`2 bim/v
`2;�`/BM; *_J bvbi2Kb- bT2+B}+�HHv �M�HviB+�H *_J mb2/ BM +mbiQK2` �+[mBbBiBQM i?2Q`vX
h?2 i?2Q`v i?2M +QMiBMm2/ iQ /2p2HQT �b i?2 `2b2�`+? T`QD2+i T`Q;`2bb2/- 7QHHQrBM; i?2
�#/m+iBp2 `2b2�`+? T`Q+2bb /2b+`B#2/ #v a�mM/2`b- G2rBb- �M/ h?Q`M?BHH UkyR8VX

� +QM+m``2Mi KBt2/ K2i?Q/b /2bB;M r�b mb2/ iQ �Mbr2` #Qi? `2b2�`+? [m2biBQMb- K2�MBM;
[m�MiBi�iBp2 /�i� K2i?Q/b r2`2 mb2/ BM T�`�HH2H rBi? [m�HBi�iBp2 K2i?Q/b- �b /2b+`B#2/
#v a�mM/2`b- G2rBb- �M/ h?Q`M?BHH UkyR8VX �b K2MiBQM2/- i?2 bim/v #Qi? 7Q+mb2/ QM
/2i2`KBMBM; i?2 2z2+iBp2M2bb Q7 i?2 mb2 Q7 �M JG +H�bbB}2` BM i?2 +mbiQK2` �+[mBbBiBQM
T`Q+2bb U_ZRV �b r2HH �b /2i2`KBMBM; ?Qr i?Bb +H�bbB}2` }ib BMiQ �M/ /2p2HQTb i?2
+QKT�MvǶb +m``2Mi *_J bvbi2K U_ZkV- �M/ �b bm+? � KBt2/ K2i?Q/ r�b mb2/ �b
[m�MiBi�iBp2 K2i?Q/b r2`2 mb2/ 7Q` _ZR �M/ [m�HBi�iBp2 K2i?Q/b r�b mb2/ iQ �Mbr2`
_ZkX h?2 [m�MiBi�iBp2 K2i?Q/ 7Q` �Mbr2`BM; _ZR r�b /2p2HQT2/ 7QHHQrBM; i?2 }`bi
bi2Tb Q7 i?2 *_J 7`�K2rQ`FX h?2 [m�HBi�iBp2 K2i?Q/ 7Q` �Mbr2`BM; _Zk r�b /2p2HQT2/
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7QHHQrBM; a�mM/2`b- G2rBb- �M/ h?Q`M?BHH UkyR8V- r?Q `2+QKK2M/b BMi2`pB2rb �b �
bmBi�#H2 2tTHQ`�iQ`v [m�HBi�iBp2 K2i?Q/X

� +�b2 bim/v `2b2�`+? bi`�i2;v r�b 7QHHQr2/- r?2`2 i?2 T�`iM2` +QKT�Mv r�b mb2/ �b
� bBM;H2 +�b2- �b i?2 ;Q�H r�b iQ BKTH2K2Mi �M/ bim/v i?2 TQi2MiB�H 7Q` � i2+?MQHQ;B+�H
bQHmiBQM BM i?2 bT2+B}+ b2iiBM; Q7 i?2 T�`iM2` +QKT�MvX �b K2MiBQM2/ #v a�mM/2`b-
G2rBb- �M/ h?Q`M?BHH UkyR8V- � bBM;H2 +�b2 bim/v bi`�i2;v Bb bmBi�#H2 r?2M 2tTHQ`BM; �
T?2MQK2MQM BM � `2�H@HB72 b2iiBM; �i � bT2+B}+ +QKT�MvX

4.3 Research Process

AM i?Bb b2+iBQM- i?2 T`Q+2bb Q7 i?2 `2b2�`+? Bb T`2b2Mi2/X h?2 T`Q+2bb 7QHHQrb i?2 i?2Q`2iB+�H
7`�K2rQ`F T`2b2Mi2/ BM *?�Ti2` k- rBi? � bHB;?i KQ/B}+�iBQM �b bQK2 bi2Tb r2`2 2t+Hm/2/
/m2 iQ MQi #2BM; bmBi�#H2 BM i?Bb T�`iB+mH�` +�b2X h?2 2t+HmbBQM +`Bi2`B� r2`2 #�b2/ QM
BM7Q`K�iBQM ;�i?2`2/ 7`QK i?2 T`2@bim/v BMi2`pB2rb +?�`iBM; i?2 +m``2Mi *_J bvbi2K-
�M/ i?2 bi2Tb r2`2 MQi BM+Hm/2/ �b i?2v /B/ MQi }i BMiQ i?2 T�`i Q7 i?2 +m``2Mi bvbi2K
r?2`2 i?2 +H�bbB}2` rQmH/ #2 BKTH2K2Mi2/X h?2 2t+Hm/2/ bi2Tb r2`2 *mbiQK2` h�`;2iBM;-
_2H�iBQMb?BT J�`F2iBM;- S`Bp�+v Abbm2b- �M/ J2i`B+bX

6B;m`2 9XjXR, _2b2�`+? S`Q+2bb Pp2`pB2r U"�b2/ QM i?2 *_J 6`�K2rQ`FV
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4.3.1 Create a Database

h?2 /�i� miBHBx2/ BM i?Bb `2TQ`i +QMbBbi Q7 � +QK#BM�iBQM Q7 T`BK�`v �M/ b2+QM/�`v bQm`+2bX
h?2b2 r2`2 i?2 irQ ivT2b Q7 /�i� mb2/ BM i?2 `2b2�`+? T`QD2+i- r?2`2 T`BK�`v /�i� r2`2
+QHH2+i2/ /B`2+iHv 7`QK i?2 bQm`+2- �M/ b2+QM/�`v /�i� r2`2 +QHH2+i2/ #v bQK2QM2 2Hb2 �M/
r�b- i?2`27Q`2- �H`2�/v �p�BH�#H2 Ua�mM/2`b- G2rBb- �M/ h?Q`M?BHH kyR8VX h?2 T`BK�`v
/�i� r2`2 T`QpB/2/ #v i?2 +QKT�Mv Bib2H7- r?BH2 i?2 b2+QM/�`v /�i� r2`2 Q#i�BM2/ 7`QK
Tm#HB+Hv �p�BH�#H2 bQm`+2bX h?2 T`BK�`v �M/ b2+QM/�`v /�i� r2`2 mb2/ iQ T`QpB/2 �
+QKT`2?2MbBp2 �M�HvbBb Q7 i?2 T`QbT2+iBp2 +mbiQK2`bǶ }M�M+B�H T2`7Q`K�M+2- T`QpB/BM;
BMbB;?ib 7`QK i?2 T`BK�`v /�i� �M/ � #`Q�/2` T2`bT2+iBp2 7`QK i?2 b2+QM/�`v /�i�X

Primary Data

h?2 T`BK�`v /�i� r2`2 � HBbi Q7 i?2 +mbiQK2`b T`2pBQmbHv BMpQHp2/ BM i?2 +mbiQK2`
�+[mBbBiBQM T`Q+2bbX h?2 p�`B�#H2b mb2/ 7`QK i?Bb /�i� b2i r2`2 +QKT�Mv B/2MiB}+�iBQM
MmK#2`b �M/ � p�`B�#H2 QM r?2i?2` Q` MQi i?2v ?�/ `2+2Bp2/ �M Qz2` 7`QK i?2 BMbm`�M+2
+QKT�MvX h?2 +QKT�Mv A. p�`B�#H2 r�b QMHv mb2/ iQ }M/ �M/ +QHH2+i Qi?2` p�`B�#H2b-
�M/ i?2 p�`B�#H2 `2T`2b2MiBM; r?2i?2` Q` MQi � +mbiQK2` ?�/ `2+2Bp2/ �M Qz2` r�b mb2/
�b i?2 /2T2M/2Mi p�`B�#H2 BM i?2 bim/vX

Secondary Data

h?2 T`BK�`v /�i� b2i r�b bm#b2[m2MiHv +QKTH2i2/ #v +QHH2+iBM; /�i� 7`QK � Tm#HB+
/�i� bQm`+2 ?QbiBM; +QKT�Mv BM7Q`K�iBQMX h?2 /�i� r2`2 +QHH2+i2/ 7Q` 2�+? +QKT�Mv
HBbi2/ BM i?2 T`BK�`v /�i� b2i- �M/ /m2 iQ Bi MQi #2BM; T`Q+2bb2/- Bi r�b +QMbB/2`2/
`�r /�i� Ua�mM/2`b- G2rBb- �M/ h?Q`M?BHH kyR8VX a2+QM/�`v /�i� +�M #2 MmK2`B+ �M/
MQM@MmK2`B+ Ua�mM/2`b- G2rBb- �M/ h?Q`M?BHH kyR8Vc #Qi? 7Q`Kb r2`2 BM+Hm/2/ BM i?Bb
bim/vX h?2 Tm`TQb2 Q7 i?2 /�i� b2i 2ti2MbBQM r�b iQ BM+Hm/2 �//BiBQM�H BM7Q`K�iBQMX
aBM+2 MQ bim/B2b r2`2 7QmM/ QM r?�i p�`B�#H2b r2`2 mb27mH r?2M +H�bbB7vBM; +QKT�MB2b
7Q` +Q`TQ`�i2 BMbm`�M+2- �HH �p�BH�#H2 p�`B�#H2b r2`2 +QHH2+i2/X G�i2`- /Bz2`2Mi 72�im`2
b2H2+iBQM K2i?Q/b r2`2 mb2/ iQ }M/ r?B+? p�`B�#H2b ?�/ i?2 KQbi BKT�+i QM i?2 Qmi+QK2
Q7 i?2 /2T2M/2Mi p�`B�#H2X h?2 /�i� +QHH2+i2/ r�b 7`QK kykRX � +QKT�`BbQM r�b K�/2
#2ir22M kyky@kykk- �M/ kykR r�b i?2 v2�` rBi? i?2 H2�bi KBbbBM; /�i� TQBMibX
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Variables

h?2 p�`B�#H2b +QHH2+i2/ r2`2 +QKT�Mv BM7Q`K�iBQM �M/ }M�M+B�H K2i`B+bX *QKT�Mv
BM7Q`K�iBQM p�`B�#H2b r2`2- 7Q` 2t�KTH2- +QKT�Mv `2;Bbi`�iBQM v2�`- BM/mbi`v +Q/2- �M/
MmK#2` Q7 2KTHQv22bX h?2 }M�M+B�H p�`B�#H2b r2`2- 7Q` 2t�KTH2- �bb2ib- 2[mBiv- HB�#BHBiB2b-
�M/ QT2`�iBM; T`Q}iX h?2 /�i� b2i +QMbBbi2/ Q7 jk p�`B�#H2bc i?2 7mHH HBbi Q7 p�`B�#H2b +�M
#2 7QmM/ BM �TT2M/Bt �X

4.3.2 Analysis

�++Q`/BM; iQ a�mM/2`b- G2rBb- �M/ h?Q`M?BHH UkyR8V- 7Q` � [m�MiBi�iBp2 bim/v iQ #2
bi`�B;?i7Q`r�`/ �M/ p�Hm�#H2- Bi Bb M2+2bb�`v iQ ?�p2 T`2T�`2/ i?2 /�i� �++Q`/BM;Hv �M/
FMQr r?2M iQ mb2 bT2+B}+ ;`�T?B+ �M/ bi�iBbiB+�H i2+?MB[m2bX h?2 /�i� T`2@T`Q+2bbBM;
bi2Tb BM+Hm/2/ /�i� +H2�MBM;- 2tTHQ`�iQ`v /�i� �M�HvbBb- 72�im`2 2M;BM22`BM;- �M/ 72�im`2
b2H2+iBQMX

Data Cleaning

h?2 BMBiB�H b�KTH2 bBx2 Q7 i?2 /�i� b2i T`QpB/2/ #v i?2 T�`iM2` +QKT�Mv r�b ekRk /�i�
TQBMib- r?2`2 2�+? /�i� TQBMi +Q``2bTQM/2/ iQ QM2 +QKT�MvX h?2 /�i� b2i +QMi�BM2/ �
72r L�L ULQi � LmK#2`V p�Hm2b- r?2`2�b i?2 Tm#HB+Hv �p�BH�#H2 /�i� ?�/ KBbbBM; /�i�
TQBMibX h?Bb r�b ?�M/H2/ #v /`QTTBM; �HH `Qrb +QMi�BMBM; L�L p�Hm2bX �b � +QMb2[m2M+2-
i?2 +H2�M2/ /�i� b2i ?�/ p�`vBM; �KQmMib Q7 /�i� TQBMib /2T2M/BM; QM i?2 +QK#BM�iBQM
Q7 72�im`2bX 62�im`2 +QK#BM�iBQMb R- k- j � 9 ?�/ 9jy8- 9jy8- 8dj3 � j3dj /�i� TQBMib-
`2bT2+iBp2HvX h?2 /�i� +QHH2+i2/ r2`2 7`QK kykRX

Exploratory Data Analysis

AM i?2 BMBiB�H [m�MiBi�iBp2 �M�HvbBb T?�b2- 2tTHQ`�iQ`v /�i� �M�HvbBb r�b +QM/m+i2/X
1tTHQ`BM; �M/ pBbm�HBxBM; i?2 /�i� Bb +`m+B�H #27Q`2 /BpBM; BMiQ bi�iBbiB+�H KQ/2HBM; Q`
/`�rBM; +QM+HmbBQMb #2+�mb2 Bi ?2HTb iQ mM/2`bi�M/ i?2 mM/2`HvBM; `2H�iBQMb?BTb rBi?BM
i?2 /�i�X Ai �HbQ 2M�#H2b B/2MiB7vBM; �Mv QmiHB2`b- r?B+? +QmH/ bB;MB}+�MiHv BKT�+i i?2
�++m`�+v Q7 i?2 `2bmHibX Ua�mM/2`b- G2rBb- �M/ h?Q`M?BHH kyR8VX aQK2 Q7 i?2 2tTHQ`�iQ`v
�M�HvbBb +�M #2 7QmM/ BM �TT2M/Bt "X

6m`i?2`- bBM+2 i?Bb +�b2 bim/v T�`iHv �BK2/ iQ 2tTHQ`2 r?B+? p�`B�#H2b �`2 BKTQ`i�Mi
r?2M +H�bbB7vBM; +Q`TQ`�i2 +mbiQK2`b- bQK2i?BM; i?�i ?�b MQi #22M `2b2�`+?2/ iQ i?2
FMQrH2/;2 Q7 i?Bb bim/v- 2tTHQ`BM; i?2 /�i� Bb ?B;?Hv M2+2bb�`vX *QM/m+iBM; 1tTHQ`�iQ`v
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.�i� �M�HvbBb T`QpB/2b i?2 QTTQ`imMBiv iQ �/�Ti iQ M2r /Bb+Qp2`B2b rBi?BM i?2 /�i�
�M/ BMi`Q/m+2 �M�HvbBb i?�i r�b MQi BMBiB�HHv TH�MM2/X Ua�mM/2`b- G2rBb- �M/ h?Q`M?BHH
kyR8V

Feature Engineering

62�im`2 2M;BM22`BM; BMpQHp2b b2H2+iBM;- 2ti`�+iBM;- �M/ i`�Mb7Q`KBM; 72�im`2b 7`QK `�r
/�i� iQ +`2�i2 � b2i Q7 72�im`2b bmBi�#H2 7Q` JG �H;Q`Bi?Kb Uo2`/QM+F 2i �HX kykRVX

*�i2;Q`B+�H � LmK2`B+�H p�`B�#H2b

h?2 /�i� r2`2 b2T�`�i2/ BMiQ +�i2;Q`B+�H �M/ MmK2`B+�H p�`B�#H2bX *�i2;Q`B+�H p�`B�#H2b
�`2 i?Qb2 i?�i `2T`2b2Mi � +2`i�BM +�i2;Q`v- bm+? �b +QKT�Mv +Q/2 �M/ v2�` Q7 `2;Bbi`�iBQMX
LmK2`B+�H p�`B�#H2b �`2 i?Qb2 i?�i `2T`2b2Mi � MmK#2` p�Hm2 �M/ +�M #2 mb2/ BM
+QKTmi�iBQMb- bm+? �b rQ`FBM; +�TBi�H im`MQp2` �M/ MmK#2` Q7 2KTHQv22bX

PM2@?Qi 2M+Q/BM;

aQK2 JG KQ/2Hb- bm+? �b i?2 aoJ �M/ �LL mb2/ BM i?Bb T�T2`- +�M QMHv ?�M/H2
MmK2`B+�H p�`B�#H2b UC�K2b 2i �HX kykRVX hQ bQHp2 i?Bb T`Q#H2K- QM2@?Qi 2M+Q/BM; r�b
mb2/X h?Bb BMpQHp2b +QMp2`iBM; i?2 +�i2;Q`B+�H p�`B�#H2 BMiQ MmK2`B+�H /�i� #v +`2�iBM;
/mKKv 72�im`2b 7Q` 2�+? p�Hm2 Q7 i?2 +�i2;Q`B+�H p�`B�#H2 �M/ TH�+BM; 2Bi?2` R Q` y BM
i?�i +QHmKM /2T2M/BM; QM r?2i?2` Q` MQi i?�i p�Hm2 Bb T`2b2Mi BM i?2 `Qr UC�K2b 2i �HX
kykRVX

a+�HBM;

Ai Bb +QKKQM T`�+iB+2 iQ b+�H2 MmK2`B+�H p�`B�#H2b 7Q` JG T`Q#H2Kb UC�K2b 2i �HX kykRVX
hrQ b+�HBM; K2i?Q/b r2`2 i2bi2/ �M/ +QKT�`2/ ě JBMJ�t �M/ _Q#mbi b+�H2`X h?2
irQ b+�HBM; K2i?Q/b r2`2 +?Qb2M /m2 iQ ?�M/HBM; QmiHB2`b /Bz2`2MiHvX JBMJ�t b+�HBM;
Bb � +QKKQMHv mb2/ MQ`K�HBx�iBQM i2+?MB[m2 i?�i `2b+�H2b /�i� 7`QK x2`Q iQ QM2 �M/ Bb
b2MbBiBp2 iQ QmiHB2`bX JBMJ�t b+�HBM; b+�H2b i?2 B@i? p�Hm2 BM i?2 /�i� b2i- xi- �b,

x
′

i =
xi − KBM(x)

K�t(x)− KBM(x) U9XRV

Ua+BFBi@H2�`M *QMi`B#miQ`b kykR�VX PM i?2 Qi?2` ?�M/- _Q#mbi b+�HBM; mb2b i?2 K2/B�M
�M/ BMi2`[m�`iBH2 `�M;2 iQ `2b+�H2 /�i� �M/ Bb KQ`2 `Q#mbi iQ QmiHB2`b UC�K2b 2i �HX kykRVX
_Q#mbi b+�HBM; b+�H2b i?2 B@i? p�Hm2 BM i?2 /�i� b2i- xi- �b,
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x
′

i =
xi − K2/B�M(x)

AZ_(x)
U9XkV

r?2`2 K2/B�M(x) Bb i?2 K2/B�M p�Hm2 BM i?2 /�i� b2i- �M/ AZ_(x) Bb i?2 BMi2`[m�`iBH2
`�M;2- r?B+? Bb i?2 /Bz2`2M+2 #2ir22M i?2 d8i? �M/ k8i? T2`+2MiBH2b Q7 i?2 /�i� Ua+BFBi@
H2�`M *QMi`B#miQ`b kykR#VX "v �TTHvBM; #Qi? JBMJ�t b+�HBM; �M/ _Q#mbi b+�HBM;-
i?2 bim/v �BK2/ iQ +QKT�`2 i?2 2z2+ib Q7 i?2b2 irQ MQ`K�HBx�iBQM i2+?MB[m2b QM i?2
T2`7Q`K�M+2 Q7 bm#b2[m2Mi �M�Hvb2bX

:2M2`�HBxBM; /�i�

hQ T`2p2Mi Qp2`}iiBM;- QM2 +�i2;Q`B+�H p�`B�#H2 r�b KQ/B}2/ iQ #2 H2bb bT2+B}+X h?2
p�`B�#H2 r�b � +Q/2 `2T`2b2MiBM; �M BM/mbi`v +�i2;Q`vX h?2 p�`B�#H2 ?�/ }p2 /B;Bib-
`2T`2b2MiBM; � KQ`2 bT2+B}+ bm#;`QmT- #mi Bi +QmH/ �HbQ #2 �Hi2`2/ iQ `2T`2b2Mi � KQ`2
;2M2`�H K�BM ;`QmTX h?2 H�bi i?`22 /B;Bib r2`2 i?mb /`QTT2/- +QMp2`iBM; i?2 p�`B�#H2
BMiQ Bib H2bb bT2+B}+ p2`bBQMX hQ T`2p2Mi Qp2`}iiBM;- `Qrb rBi? p2`v 72r p�Hm2b Q7 i?Bb
+QHmKM r2`2 �HbQ /`QTT2/X o�Hm2b rBi? � 7`2[m2M+v Q7 j Q` H2bb r2`2 /`QTT2/- r?B+?
K�/2 mT `Qm;?Hv yX8W Q7 i?2 /�i� b2iX A7 � p�`B�#H2 ?�b iQQ K�Mv +H�bb2b- Bi K�v
`2bmHi BM Qp2`}iiBM;- �b i?2 KQ/2H KB;?i K2KQ`Bx2 i?2 BM/BpB/m�H p�Hm2b Q7 i?2 p�`B�#H2
BMbi2�/ Q7 mM/2`bi�M/BM; i?2 7mM/�K2Mi�H T�ii2`Mb �M/ `2H�iBQMb?BTb T`2b2Mi BM i?2 /�i�X
Pp2`}iiBM; Q++m`b r?2M i?2 KQ/2H #2+QK2b 2t+2bbBp2Hv +QKTH2t �M/ Qp2`@�/�Tib iQ i?2
i`�BMBM; /�i�- +�mbBM; BM�/2[m�i2 T2`7Q`K�M+2 r?2M 2tTQb2/ iQ M2r- mMb22M /�i� U:û`QM
kykkVX h?2 ;2M2`�HBx�iBQM r�b �HbQ /QM2 BM Q`/2` iQ KBiB;�i2 #B�b i?�i KB;?i #2 T`2b2Mi BM
i?2 /�i� b2i /m2 iQ T�bi 7Q+mb QM bT2+B}+ BM/mbi`B2b 7`QK i?2 +m``2Mi +mbiQK2` �+[mBbBiBQM
T`Q+2bbX

"�H�M+BM; h?2 .�i� a2i

h?2 /�i� b2i +QMi�BM2/ `Qm;?Hv k8W Q7 QM2 +H�bb �M/ d8W Q7 i?2 Qi?2`- �b b22M BM 6B;m`2
9XjXk- `2bmHiBM; BM �M BK#�H�M+2/ /�i� b2iX h?Bb +�M +`2�i2 � #B�b iQr�`/b i?2 K�DQ`Biv
+H�bb UC�K2b 2i �HX kykRV- �M/ iQ +QK#�i i?Bb- i?2 i`�BMBM; b2i r�b #�H�M+2/X h?2 K2i?Q/
mb2/ iQ #�H�M+2 i?2 b2i r�b _�M/QK Pp2`b�KTHBM;- r?B+? `�M/QKHv /mTHB+�i2b b�KTH2b
7`QK i?2 KBMQ`Biv +H�bb mMiBH i?2 /�i� b2i Bb #�H�M+2/X avMi?2iB+ JBMQ`Biv Pp2`b�KTHBM;
h2+?MB[m2 UaJPh1V r�b �HbQ BKTH2K2Mi2/ �M/ i2bi2/X >Qr2p2`- Bi r�b /Bb+�`/2/ �b �
K2i?Q/ /m2 iQ i?2 `BbF Q7 aJPh1 TQbbB#Hv ;2M2`�iBM; b�KTH2b 7Q` i?2 KBMQ`Biv +H�bb-
r?B+? rQmH/ ?�p2 �+im�HHv #22M � b�KTH2 #2HQM;BM; iQ i?2 K�DQ`Biv +H�bbX

.Bbi`B#miBQM Q7 .�i�
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6B;m`2 9XjXk, oBbm�HBxBM; *H�bb AK#�H�M+2

h?2 MmK2`B+�H /�i� r2`2 i2bi2/ 7Q` MQ`K�HBiv mbBM; i?2 a?�TB`Q@qBHF i2bi- rBi? �HT?�
4 yXRX h?2 `2bmHib b?Qr2/ i?�i MQM2 Q7 i?2 +QHH2+i2/ /�i� r2`2 MQ`K�HHv /Bbi`B#mi2/X
�ii2KTib r2`2 K�/2 iQ MQ`K�HBx2 /�i� mbBM; i?2 "Qt@*Qt i`�Mb7Q`K�iBQM- r?B+? Bb
Q7i2M bm;;2bi2/ �b � `2K2/v 7Q` �bvKK2i`v �M/ MQM@HBM2�`Biv UG�GQM/2 kyy8VX >Qr2p2`-
MQ`K�HBiv r�b MQi �+?B2p2/X h`�Mb7Q`KBM; i?2 /�i� Bb MQi �Hr�vb � ;QQ/ T`�+iB+2 �b Bi
+�M K�F2 i?2 �M�HvbBb KQ`2 +QKTHB+�i2/- i?2 `2bmHib KQ`2 /B{+mHi iQ BMi2`T`2i- �M/ Bi +�M
`2/m+2 i?2 +QKTH2tBiv Q7 i?2 KQ/2H UG�GQM/2 kyy8VX h?2 /�i� +QKTH2tBiv- bF2rM2bb- �M/
mM�++QmMi2/ 7�+iQ`b +QmH/ ?�p2 +QMi`B#mi2/ iQ i?2 /B{+mHiv Q7 i`�Mb7Q`K�iBQM UG�GQM/2
kyy8VX �Hi2`M�iBp2 72�im`2 b2H2+iBQM �M/ +H�bbB}+�iBQM K2i?Q/b- bmBi�#H2 7Q` MQM@MQ`K�H
/�i�- r2`2 mb2/ BMbi2�/X h?2b2 K2i?Q/b /Q MQi `2[mB`2 MQ`K�HBiv �bbmKTiBQMb �M/ +�M
?�M/H2 MQM@MQ`K�H /�i�X aQK2 p�`B�#H2 /Bbi`B#miBQMb +�M #2 7QmM/ BM �TT2M/Bt "X

Feature Selection

62�im`2 b2H2+iBQM Bb +`BiB+�H BM JG- 2bT2+B�HHv BM /�i� b2ib rBi? K�Mv p�`B�#H2bX AM+Hm/BM;
B``2H2p�Mi p�`B�#H2b BM � KQ/2H +�M H2�/ iQ mMM2+2bb�`v +QKTH2tBiv UC�K2b 2i �HX kykRV-
�M/ 2HBKBM�iBM; B``2H2p�Mi 72�im`2b rBHH BKT`Qp2 i?2 �++m`�+v �M/ T2`7Q`K�M+2 Q7 i?2
KQ/2H U_X@*X *?2M 2i �HX kykyVX h?2`27Q`2- b2H2+iBM; i?2 KQbi BKTQ`i�Mi 72�im`2b 7Q`
i?2 T�`iB+mH�` T`Q#H2K Bb pBi�HX 62�im`2 b2H2+iBQM �BKb iQ B/2MiB7v � ;Bp2M i�bFǶb KQbi
`2H2p�Mi �M/ BM7Q`K�iBp2 72�im`2bX h?2`2 Bb 7m`i?2`KQ`2 � T?2MQK2MQM +�HH2/ h?2 *m`b2
Q7 .BK2MbBQM�HBiv- r?B+? /2b+`B#2b i?2 `2H�iBQMb?BT #2ir22M i?2 MmK#2` Q7 72�im`2b �M/
i?2 MmK#2` Q7 /�i� TQBMib M22/2/- K2�MBM; i?�i i?2 MmK#2` Q7 i`�BMBM; b�KTH2b 7Q` i?2
KQ/2H iQ #2 �++m`�i2 BM+`2�b2b rBi? i?2 MmK#2` Q7 mb2/ p�`B�#H2b Ua?KBHQpB+B kyy8VX 6Q`
HBM2�` +H�bbB}2`b- bm+? �b i?2 aoJ mb2/ BM i?Bb T�T2`- i?2 `2[mB`2/ MmK#2` Q7 i`�BMBM;
b�KTH2b Bb HBM2�`Hv HBMF2/ iQ i?2 MmK#2` Q7 72�im`2bX >Qr2p2`- 7Q` i?2 .h KQ/2H �TTHB2/-
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i?2 T`Q#H2K Bb 2p2M ;`2�i2`X Ai Bb 2biBK�i2/ i?�i i?2 i`�BMBM; /�i� bBx2 M22/b iQ BM+`2�b2
2tTQM2MiB�HHv rBi? i?2 MmK#2` Q7 72�im`2bX Ua?KBHQpB+B kyy8VX aK�HH2` KQ/2Hb rBi? 72r2`
72�im`2b �`2 �HbQ 2�bB2` iQ mM/2`bi�M/ �M/ 2tTH�BM Ua?KBHQpB+B kyy8VX

_2KQpBM; JmHiB+QHHBM2�`Biv

6B`biHv- i?2 o�`B�M+2 BM~�iBQM 7�+iQ` UoA6V r�b �TTHB2/ iQ i?2 7mHH 72�im`2 b2i iQ +?2+F
7Q` �M/ `2KQp2 KmHiB+QHHBM2�`BivX JmHiB+QHHBM2�`Biv Bb � bi�iBbiB+�H T?2MQK2MQM r?2`2
irQ Q` KQ`2 BM/2T2M/2Mi p�`B�#H2b rBi?BM � /�i� b2i �`2 ?B;?Hv +Q``2H�i2/ Ua?`2bi?�
kykyVX h?2 +Q``2H�iBQM K�F2b Bi /B{+mHi iQ 2biBK�i2 ?Qr 2�+? BM/2T2M/2Mi p�`B�#H2
mMB[m2Hv �z2+ib i?2 /2T2M/2Mi p�`B�#H2- �M/ mM`2bQHp2/ KmHiB+QHHBM2�`Biv +QmH/ H2�/ iQ
KBbH2�/BM; BMi2`T`2i�iBQMb Q7 i?2 `2bmHib Ua?`2bi?� kykyVX AM #`B27- Bi #2+QK2b /B{+mHi
iQ /2i2`KBM2 r?B+? BM/2T2M/2Mi p�`B�#H2 Bb +�mbBM; i?2 Q#b2`p2/ `2H�iBQMb?BT rBi? i?2
/2T2M/2Mi p�`B�#H2X hQ �//`2bb i?Bb Bbbm2- oA6 +�M #2 mb2/ Ua?`2bi?� kykyVX oA6 Bb �
bi�iBbiB+�H K2�bm`2 i?�i B/2MiB}2b i?2 /2;`22 Q7 KmHiB+QHHBM2�`Biv �KQM; i?2 BM/2T2M/2Mi
p�`B�#H2b BM � /�i� b2i UC�K2b 2i �HX kykRVX Ai K2�bm`2b i?2 BM~�iBQM Q7 i?2 p�`B�M+2
Q7 i?2 2biBK�i2/ `2;`2bbBQM +Q2{+B2Mib /m2 iQ i?2 T`2b2M+2 Q7 KmHiB+QHHBM2�`BivX oA6 Bb
+�H+mH�i2/ 7Q` 2�+? T`2/B+iQ` p�`B�#H2 B �b

oA6i =
1

1−R2
i

U9XjV

r?2`2 R2
i Bb i?2 +Q2{+B2Mi Q7 /2i2`KBM�iBQM UR2V 7Q` � `2;`2bbBQM KQ/2H rBi? i?2 B@i?

T`2/B+iQ` p�`B�#H2 �b i?2 `2bTQMb2 �M/ �HH Qi?2` T`2/B+iQ` p�`B�#H2b �b T`2/B+iQ`bX AM
i?Bb T`QD2+i- oA6 r�b mb2/ iQ B/2MiB7v �M/ `2KQp2 i?2 72�im`2b rBi? � ?B;? /2;`22 Q7
KmHiB+QHHBM2�`Biv- TQi2MiB�HHv H2�/BM; iQ BM�++m`�i2 `2bmHib �b r2HH �b p�`B�#H2b +QMi�BMBM;
`2/mM/�Mi BM7Q`K�iBQMX � oA6 p�Hm2 Q7 QM2 BM/B+�i2b MQ +Q``2H�iBQM- �M/ p�Hm2b RĜ8
ivTB+�HHv BM/B+�i2 i?2 b�72 xQM2 rBi? � HQr +Q``2H�iBQMX >Qr2p2`- � oA6 p�Hm2 Q7 8Ĝ
Ry BM/B+�i2b � ?B;?2` +Q``2H�iBQM �M/ p�Hm2b i2M �M/ �#Qp2 �M 2p2M ;`2�i2` /2;`22 Q7
+Q``2H�iBQM Ua?`2bi?� kykyVX oA6 r�b �TTHB2/ mbBM; i?2 bi�ib KQ/2Hb HB#`�`v BM Svi?QM-
�M/ p�`B�#H2b r2`2 bm#b2[m2MiHv /`QTT2/X oA6 r�b `2�TTHB2/ mMiBH i?2 `2K�BMBM; p�`B�#H2b
?�/ � oA6 p�Hm2 Q7 }p2 Q` HQr2`X

Feature Selection Trade-off

�b 2tTH�BM2/ #v PǶ#`B2M UkyydV- `2KQpBM; +QHHBM2�`Biv i?`Qm;? 72�im`2 /`QTTBM; pB� oA6
?�b Bib /`�r#�+FbX h?`Qm;? i?2 `2KQp�H Q7 72�im`2b #�b2/ QM oA6- r2 +QmH/ 2M/ mT
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/`QTTBM; p�`B�#H2b i?�i r2`2- BM 7�+i- BKTQ`i�Mi iQ i?2 KQ/2HX �b i?2 oA6 i?`2b?QH/
b2i BM i?Bb T�T2` /Q2b MQi K2�bm`2 T2`72+i +Q``2H�iBQM- bQK2 BM7Q`K�iBQM Bb HQbi UPǶ#`B2M
kyydVX >Qr2p2`- F22TBM; p�`B�#H2b rBi? � ?B;? oA6 p�Hm2 +�M KBbH2�/ i?2 `2bmHib Q7 Qi?2`
FBM/b Q7 72�im`2 b2H2+iBQM K2i?Q/b- bm+? �b i?2 Kmim�H +H�bb BM7Q UJ*AV K2i?Q/ �M/ _6
KQ/2H �TTHB2/ ?2`2 Ua?`2bi?� kykyVX

h?2`2 Bb i?mb � i`�/2@Qz #2ir22M `2KQpBM; p�`B�#H2b rBi? � ?B;? oA6 b+Q`2 �M/ i?2M
b2H2+iBM; p�`B�#H2b i?`Qm;? i?2 72�im`2 b2H2+iBQM K2i?Q/b K2MiBQM2/ Q` �TTHvBM; i?2
72�im`2 b2H2+iBQM K2i?Q/b rBi?Qmi �++QmMiBM; 7Q` KmHiB+QHHBM2�`Biv �M/ bFBTTBM; oA6X
�b i?2 ;Q�H r�b iQ +m`�i2 � p2`v HQr MmK#2` Q7 72�im`2b i?�i �HH ?�/ ?B;? BKTQ`i�M+2-
i?2 �mi?Q`b /2+B/2/ iQ mb2 oA6 �M/ i?2M 72�im`2 b2H2+iBQM K2i?Q/bX h?2 `BbF Q7 HQbBM;
BM7Q`K�iBQM pB� oA6 r�b /22K2/ H2bb2` i?�M i?2 `BbF Q7 `2+QKK2M/BM; /�i� +QHH2+iBQM
7Q` 72�im`2b i?�i ?�/ � T`Q#H2K Q7 +Q``2H�iBQM �M/ i?mb +QMi�BM2/ Km+? Q7 i?2 b�K2
BM7Q`K�iBQMX

62�im`2 AKTQ`i�M+2

L2ti- _6 �M/ J*A r2`2 2KTHQv2/ iQ `2}M2 i?2 72�im`2 b2H2+iBQM T`Q+2bb 7m`i?2` iQ b2H2+i
i?2 }M�H 72�im`2b 7Q` i?2 KQ/2HbX h?2 Tm`TQb2 r�b iQ BbQH�i2 i?2 BM/2T2M/2Mi p�`B�#H2b
rBi? i?2 KQbi 2z2+i QM i?2 /2T2M/2Mi p�`B�#H2Ƕb Qmi+QK2 �M/ 2t+Hm/2 72�im`2b +QMi�BMBM;
`2/mM/�Mi BM7Q`K�iBQMX _6 Bb �M 2Mb2K#H2 H2�`MBM; i2+?MB[m2 i?�i miBHBx2b KmHiBTH2 .hb
iQ +H�bbB7v /�i� U"`2BK�M kyyRVX Ai +�M �HbQ #2 mb2/ iQ K2�bm`2 i?2 BKTQ`i�M+2 Q7 2�+?
72�im`2Ƕb +QMi`B#miBQM iQ i?2 /�i� b2i U_X@*X *?2M 2i �HX kykyVX h?2 Tm`TQb2 Q7 i?2 _6
KQ/2H r�b 7m`i?2` iQ `2}M2 i?2 p�`B�#H2 b2H2+iBQM �7i2` mbBM; oA6X h?Bb _6 KQ/2H Bb MQi
iQ #2 +QM7mb2/ rBi? i?2 QM2 mb2/ BM i?2 +H�bbB}+�iBQM T`Q#H2K- �b i?Bb Bb � b2T�`�i2 KQ/2H
mb2/ bQH2Hv iQ /2i2`KBM2 72�im`2 BKTQ`i�M+2X

h?2 72�im`2 BKTQ`i�M+2 b+Q`2 BM �M _6 KQ/2H `2T`2b2Mib 2�+? 72�im`2Ƕb `2H�iBp2
+QMi`B#miBQM iQ i?2 KQ/2HǶb Qp2`�HH T`2/B+iBp2 T2`7Q`K�M+2X Ai +�M #2 +�H+mH�i2/ �b i?2
�p2`�;2 `2/m+iBQM BM BKTm`Biv U2X;X- :BMB BKTm`Biv- bm+? �b BM i?Bb +�b2V �+?B2p2/ #v
bTHBiiBM; � ;Bp2M 72�im`2 �+`Qbb �HH .hb BM i?2 _6X h?2 BKTQ`i�M+2 b+Q`2 +�M #2 Q#i�BM2/
mbBM; i?2 _6 +H�bbB}2` �b 7QHHQrb,

I(Xi) =
1

N

N∑

t=1

(nt

n
· BKTm`Bivt − BKTm`BivH27it − BKTm`Biv`B;?it

)
U9X9V

r?2`2,
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Ç N Bb i?2 iQi�H MmK#2` Q7 /2+BbBQM i`22b BM i?2 `�M/QK 7Q`2bi-

Ç nt Bb i?2 MmK#2` Q7 b�KTH2b BM i?2 i`�BMBM; b2i i?�i `2�+?2b MQ/2 t-

Ç n Bb i?2 iQi�H MmK#2` Q7 b�KTH2b BM i?2 i`�BMBM; b2i-

Ç BKTm`Bivt Bb i?2 BKTm`Biv Q7 MQ/2 t-

Ç BKTm`BivH27it Bb i?2 BKTm`Biv Q7 i?2 H27i +?BH/ MQ/2 Q7 MQ/2 t-

Ç BKTm`Biv`B;?it Bb i?2 BKTm`Biv Q7 i?2 `B;?i +?BH/ MQ/2 Q7 MQ/2 tX

Ua+BFBi@H2�`M *QMi`B#miQ`b kykjV

J*A K2�bm`2b i?2 Kmim�H BM7Q`K�iBQM #2ir22M irQ `�M/QK p�`B�#H2b- r?B+? +�M #2 mb2/
iQ b2H2+i BM7Q`K�iBp2 72�im`2b BM /�i� b2ib i?�i �`2 MQi MQ`K�HHv /Bbi`B#mi2/ UwQM;- sB�-
�M/ CX w?�M; kykRVX AM i?Bb T`QD2+i- J*A r�b mb2/ iQ `2}M2 i?2 72�im`2 b2H2+iBQM T`Q+2bb
7m`i?2` �M/ b2H2+i i?2 KQbi BM7Q`K�iBp2 72�im`2b 7Q` i?2 KQ/2HX A7 X Bb i?2 72�im`2 K�i`Bt
�M/ y Bb i?2 i�`;2i p2+iQ`- i?2 J*A b+Q`2 #2ir22M � 72�im`2 Xi �M/ i?2 i�`;2i p�`B�#H2 y

+�M #2 +QKTmi2/ mbBM; i?2 K2i?Q/ �b 7QHHQrb Uh?QK�b JX *Qp2` kyy8V,

I(Xi, y) =
∑

xi∈Xi

∑

yj∈y
P (xi, yj) HQ;

(
P (xi, yj)

P (xi)P (yj)

)
U9X8V

r?2`2,

Ç xi `2T`2b2Mib i?2 TQbbB#H2 p�Hm2b Q7 i?2 72�im`2 Xi-

Ç yj `2T`2b2Mib i?2 TQbbB#H2 p�Hm2b Q7 i?2 i�`;2i p�`B�#H2 y-

Ç P (xi, yj) Bb i?2 DQBMi T`Q#�#BHBiv Q7 Xi �M/ yj-

Ç P (xi) Bb i?2 K�`;BM�H T`Q#�#BHBiv Q7 Xi-

Ç P (yj) Bb i?2 K�`;BM�H T`Q#�#BHBiv Q7 yjX

62�im`2 *QK#BM�iBQMb

AM Q`/2` iQ ;�BM 7m`i?2` BM7Q`K�iBQM �#Qmi i?2 #2bi 72�im`2 +QK#BM�iBQMb- i?2 /Bz2`2Mi
+QK#BM�iBQMb r2`2 �HbQ i2bi2/ `2+m`bBp2Hv 7Q` 2�+? KQ/2HX h?Bb r�b /QM2 #v i2biBM; 2�+?
TQbbB#H2 +QK#BM�iBQM Q7 72�im`2b 7Q` 2�+? KQ/2H �M/ i?2M Q#b2`pBM; r?B+? +QK#BM�iBQM
T`Q/m+2/ i?2 #2bi `2bmHibX h?2 K2i?Q/ 7Q` 2p�Hm�iBM; 72�im`2 +QK#BM�iBQMb r�b �++m`�+vX
h?2 i2bi2/ 72�im`2b r2`2 i?2 bBt `2K�BMBM; 72�im`2b �7i2` oA6 ?�/ #22M �TTHB2/X
h?2b2 p�`B�#H2b r2`2 *�b? GB[mB/Biv- LmK#2` Q7 1KTHQv22b- qQ`FBM; *�TBi�H hm`MQp2`-
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S2`bQMM2H *Qbib T2` 1KTHQv22- L2i hm`MQp2` T2` 1KTHQv22- �M/ L2i hm`MQp2` *?�M;2X
h?2 `2�bQM 7Q` QMHv i2biBM; i?2 +QK#BM�iBQMb rBi? i?2 `2K�BMBM; p�`B�#H2b �7i2` oA6 Bb
i?�i Bi rQmH/ i�F2 iQQ Km+? iBK2 �M/ +QKTmi�iBQM�H TQr2` iQ i2bi 2�+? +QK#BM�iBQM Q7
i?2 MmK2`B+�H 72�im`2bX 6Q` 2t�KTH2- i2biBM; 2�+? +QK#BM�iBQM Q7 Rk /Bz2`2Mi 72�im`2b
7Q` QM2 KQ/2H rQmH/ i�F2 K�Mv v2�`b rBi? � ivTB+�H T`Q+2bbQ`X

AM Q`/2` iQ B/2MiB7v �M/ b2H2+i i?2 #2bi 72�im`2 +QK#BM�iBQMb- i?2 72�im`2b r2`2 b2H2+i2/
i?`Qm;? �HH Q7 i?2 2tTH�BM2/ K2i?Q/bX 6B`biHv- oA6 `2KQp2/ +QHHBM2�`Biv �M/ �HHQr2/ 7Q`
i2biBM; Q7 i?2 `2K�BMBM; p�`B�#H2bX h?2M- i?2 72�im`2b r2`2 i2bi2/ i?`Qm;? _6- J*A- �M/
#v `2+m`bBp2Hv i2biBM; +QK#BM�iBQMb pB� i?2 KQ/2HbX h?2b2 i?`22 i2+?MB[m2b r2`2 i?2M
+QKT�`2/- �M/ i?2 72�im`2b i?�i b?Qr2/ i?2 #2bi Qp2`�HH `2bmHib i?`Qm;? �HH K2i?Q/b r2`2
+?Qb2MX h?2 +QKTH2i2 HBbi Q7 +?Qb2M 72�im`2b Bb �p�BH�#H2 mM/2` *?�Ti2` 8X

4.3.3 Customer Selection

h?2 HBi2`�im`2 `2pB2r `2bmHib b?Qr2/ i?�i /Bz2`2Mi JG KQ/2Hb T2`7Q`K #2ii2` Q` rQ`b2
/2T2M/BM; QM i?2 T`Q#H2K �M/ /�i� b2iX LQi�#Hv- C�BM- u�/�p- �M/ J�MQQp UkykRV
7QmM/ i?�i /Bz2`2Mi KQ/2Hb T2`7Q`K2/ #2bi /2T2M/BM; QM r?B+? b2+iQ` i?2v r2`2
�TTHB2/ iQ U#�MFBM;- i2H2+QK- �M/ AhV- �M/ � bim/v 2t�KBMBM; /Bz2`2Mi +H�bbB}2`b #v
*�`m�M� �M/ LB+mH2b+m@JBxBH Ukyye- TTX RedĜRe3V +QM+Hm/2 i?�i Ǵ1p2M i?2 #2bi KQ/2Hb
bQK2iBK2b T2`7Q`K TQQ`Hv- �M/ KQ/2Hb rBi? TQQ` �p2`�;2 T2`7Q`K�M+2 Q++�bBQM�HHv
T2`7Q`K 2t+2TiBQM�HHv r2HHǴX

"�b2/ QM i?2 HBi2`�im`2 `2pB2r- 7Qm` KQ/2Hb r2`2 +�`27mHHv b2H2+i2/ 7Q` BKTH2K2Mi�iBQM
�M/ i2biBM;X h?2 /2+BbBQM iQ +?QQb2 i?2b2 KQ/2Hb r�b #�b2/ QM i?2B` /2KQMbi`�i2/ bm++2bb
BM bBKBH�` +H�bbB}+�iBQM T`Q#H2KbX h?2 i?`22 KQ/2Hb- .h- _6- �M/ aoJ- r2`2 �TTHB2/ BM
T`2pBQmb bim/B2b K2MiBQM2/ BM i?2 HBi2`�im`2 `2pB2r U�Hb�Ï- ÎQH�F- �M/ E2bFBM kyRdc *X
GBM �M/ w?2M; kykkc �bH�K 2i �HX kykkc C�BM- u�/�p- �M/ J�MQQp kykRVX h?2 `2T2�i2/
bm++2bb7mH �TTHB+�iBQM Q7 i?2b2 KQ/2Hb BM bBKBH�` +QMi2tib T`QpB/2/ bi`QM; 2pB/2M+2 7Q`
i?2B` 2z2+iBp2M2bb BM ?�M/HBM; +H�bbB}+�iBQM T`Q#H2KbX AM �//BiBQM iQ i?2b2 2bi�#HBb?2/
KQ/2Hb- �M �LL KQ/2H r�b �HbQ b2H2+i2/ 7Q` i2biBM;X h?Bb r�b K�BMHv �b i?2 HBi2`�im`2
`2pB2r b?Qr2/ T`QKBb2 BM i?2 BKTH2K2Mi�iBQM Q7 �LL 7Q` �A@*_J U"�; 2i �HX kykRV
�M/ 7Q` Bi #2BM; � `�/B+�HHv /Bz2`2Mi KQ/2H +QKT�`2/ iQ i?2 aoJ �M/ _6 Ua?KBHQpB+B
kyy8VX

PM2 BKTQ`i�Mi +`Bi2`BQM 7Q` b2H2+iBM; i?2b2 KQ/2Hb r�b i?2B` bmBi�#BHBiv 7Q` ?�M/HBM; MQM@
MQ`K�H /�i�X L2Bi?2` KQ/2H �bbmK2b MQ`K�H /�i�X 6Q` 2t�KTH2- aoJ 7Q+mb2b T`BK�`BHv
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QM i?2 #QmM/�`B2b Q7 i?2 b2T�`�iBM; ?vT2`TH�M2 �M/ /Q2b MQi `2Hv QM �bbmKBM; i?2 2t�+i
b?�T2 Q7 i?2 /�i� /Bbi`B#miBQMb UC�K2b 2i �HX kykRVX aBM+2 i?2 /�i� #2BM; �M�Hvx2/
/2pB�i2/ 7`QK � MQ`K�H /Bbi`B#miBQM- +?QQbBM; KQ/2Hb i?�i +QmH/ 2z2+iBp2Hv ?�M/H2 bm+?
MQM@MQ`K�HBiv r�b +`m+B�HX *QMb2[m2MiHv- �HH 7Qm` KQ/2Hb r2`2 bT2+B}+�HHv +?Qb2M 7Q`
i?2B` �TTHB+�#BHBiv iQ MQM@MQ`K�H /�i�- 2Mbm`BM; i?�i i?2 �M�HvbBb rQmH/ #2 �++m`�i2 BM
i?2 ;Bp2M +QMi2tiX

Decision Trees

h?2 bim/v 2KTHQv2/ � .h �b i?2 }`bi KQ/2H- r?B+? Bb � T`2/B+iBp2 KQ/2H i?�i miBHBx2b
� i`22@HBF2 bi`m+im`2 iQ K�F2 T`2/B+iBQMbX � +H�bbB}+�iBQM i`22 bTHBib i?2 T`2/B+iQ` bT�+2
BMiQ � MmK#2` Q7 bBKTH2 `2;BQMbX h?2M Bi K�F2b T`2/B+iBQMb Q7 i?2 Q#b2`p�iBQMǶb +H�bb2b #v
�bbB;MBM; i?2K iQ i?2 KQbi 7`2[m2MiHv Q++m``BM; +H�bb �KQM; i?2 i`�BMBM; Q#b2`p�iBQMb BM
i?2 `2;BQM iQ r?B+? Bi #2HQM;bX h?2 i`22 mb2b � #BM�`v bTHBiiBM; T`BM+BTH2 �M/ `2+m`bBp2Hv
T�`iBiBQMb i?2 /�i� BMiQ bK�HH2` bm#b2ib #�b2/ QM i?2 p�Hm2b Q7 BMTmi 72�im`2b mMiBH � }M�H
T`2/B+iBQM Bb K�/2 7Q` 2�+? bm#b2iX h?2 KQ/2H bi`m+im`2 +QKT`Bb2b MQ/2b- #`�M+?2b- �M/
H2�p2b- r?2`2 2�+? MQ/2 `2T`2b2Mib � /2+BbBQM #�b2/ QM i?2 p�Hm2 Q7 �M BMTmi 72�im`2- �M/
2�+? #`�M+? `2T`2b2Mib i?2 TQbbB#H2 Qmi+QK2b Q7 i?�i /2+BbBQMX h?2 i`22 H2�p2b `2T`2b2Mi
i?2 }M�H T`2/B+iBQMb Q7 i?2 KQ/2H UC�K2b 2i �HX kykRVX

�b � bTHBiiBM; +`Bi2`BQM +QmH/ #2 i?2 +H�bbB}+�iBQM 2``Q` `�i2- r?2`2 Q#b2`p�iBQMb �`2
�bbB;M2/ iQ i?2 KQbi +QKKQM 2``Q` `�i2 +H�bb BM i?2B` `2;BQM �M/ mb2 i?2 7`�+iBQM Q7
i`�BMBM; Q#b2`p�iBQMb MQi #2HQM;BM; iQ i?Bb +H�bb �b i?2 2``Q` K2�bm`2X >Qr2p2`- BM `2�H
+�b2b- +`Bi2`B� bm+? �b i?2 :BMB BM/2t Q` 1Mi`QTv �`2 T`272``2/X "Qi? i?2b2 K2�bm`2b �`2
mb2/ iQ 2p�Hm�i2 i?2 [m�HBiv Q7 � bT2+B}+ bTHBiX UC�K2b 2i �HX kykRVX AM i?Bb bim/v- i?2
:BMB BM/2t Bb r?B+? Bb +�H+mH�i2/ �b,

G =
c∑

i=1

p̂mk(1− p̂mk) U9XeV

r?2`2 c Bb i?2 MmK#2` Q7 +H�bb2b- m Bb i?2 MmK#2` Q7 `2;BQMb Q` H2�p2b BM i?2 .h- �M/ p̂mk

Bb i?2 T`QTQ`iBQM Q7 i`�BMBM; Q#b2`p�iBQMb BM i?2 m@i? `2;BQM i?�i #2HQM; iQ i?2 k@i? +H�bb
UC�K2b 2i �HX kykRVX .hb �`2 mb27mH BM JG /m2 iQ i?2B` BMimBiBp2 bi`m+im`2 �M/ bBKTHB+BivX
>Qr2p2`- i?2v /Q MQi i2M/ iQ QmiT2`7Q`K KQ`2 +QKTH2t KQ/2Hb bm+? �b aoJbX UC�K2b
2i �HX kykRVX
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Random Forest

h?2 b2+QM/ KQ/2H mb2/ Bb _�M/QK 7Q`2bi U_6V- �M JG i2+?MB[m2 i?�i mb2b �M 2Mb2K#H2
Q7 .hb iQ K�F2 T`2/B+iBQMbX h?2 #�bB+ B/2� #2?BM/ _6 Bb iQ +`2�i2 KmHiBTH2 .hb- 2�+?
i`�BM2/ QM � /Bz2`2Mi bm#b2i Q7 i?2 /�i� �M/ � /Bz2`2Mi bm#b2i Q7 i?2 BMTmi 72�im`2bX h?2M-
i?2v +QK#BM2 i?2B` T`2/B+iBQMb iQ BKT`Qp2 i?2 Qp2`�HH �++m`�+v �M/ `2/m+2 Qp2`@}iiBM;X
U"`2BK�M kyyRVX

hQ �+?B2p2 ?B;? +H�bbB}+�iBQM �++m`�+v- ;`QrBM; �M 2Mb2K#H2 Q7 i`22b �M/ H2iiBM; i?2K
+?QQb2 i?2 KQbi 7�pQ`2/ +H�bb Bb � +QKKQM �TT`Q�+?X h?2 ;`Qri? Q7 2�+? i`22 BM i?2
2Mb2K#H2 Bb +QMi`QHH2/ #v ;2M2`�iBM; `�M/QK p2+iQ`bX "�;;BM; �M/ `�M/QK bTHBi b2H2+iBQM
�`2 bQK2 Q7 i?2 K2i?Q/b mb2/ iQ +`2�i2 i?2b2 p2+iQ`b- r?2`2 2�+? i`22 Bb /2p2HQT2/ mbBM;
`�M/QK BMbi�M+2b Q` 72�im`2bX h?2 }M�H `2bmHi Bb �M _6 +`2�i2/ #v ;2M2`�iBM; K�Mv i`22b
�M/ H2iiBM; i?2K pQi2 7Q` i?2 KQbi TQTmH�` +H�bbX h?2 +`m+B�H �bT2+i Q7 i?2b2 i2+?MB[m2b
Bb i?2 ;2M2`�iBQM Q7 � `�M/QK p2+iQ` 7Q` 2�+? i`22- r?B+? Bb mb2/ iQ #mBH/ i?2 i`22 mbBM;
i?2 i`�BMBM; b2i �M/ i?2 `�M/QK p2+iQ`X U"`2BK�M kyyRV

_6 KQ/2Hb ?�p2 b2p2`�H �/p�Mi�;2b Qp2` BM/BpB/m�H .hbX 6B`bi- i?2v �`2 KQ`2 `Q#mbi iQ
MQBb2 �M/ Qp2`@}iiBM; bBM+2 i?2 BM/BpB/m�H i`22b �`2 i`�BM2/ QM /Bz2`2Mi bm#b2ib Q7 i?2
/�i� �M/ BMTmi 72�im`2bX a2+QM/- i?2v �`2 KQ`2 �++m`�i2 bBM+2 +QK#BMBM; KmHiBTH2 i`22b
`2/m+2b i?2 p�`B�M+2 �M/ #B�b Q7 i?2 KQ/2HX U�HB 2i �HX kyRkVX >Qr2p2`- i?2 /`�r#�+Fb
Q7 _6 KQ/2Hb �`2 i?�i i?2v �`2 +QKTmi�iBQM�HHv 2tT2MbBp2 �M/ `2[mB`2 � HQi Q7 i`�BMBM;
iBK2 bBM+2 Bi #mBH/b MmK2`Qmb i`22b iQ +QK#BM2 i?2B` QmiTmibX U"`2BK�M kyyRV

Support Vector Machine

amTTQ`i o2+iQ` J�+?BM2b UaoJbV �`2 � b2i Q7 JG KQ/2Hb r?B+? +�M #2 mb2/ BM
+H�bbB}+�iBQM T`Q#H2Kb #v }M/BM; i?2 #2bi TQbbB#H2 ?vT2`TH�M2 r?B+? b2T�`�i2b i?2 +H�bb2b
r?BH2 K�tBKBxBM; i?2 /Bbi�M+2 iQ i?2 M2�`2bi bTHBi /�i� TQBMib UC�K2b 2i �HX kykRVX h?Bb Bb
/QM2 #v i?2 bBKTH2 T`BM+BTH2 i?�i K�tBKBxBM; i?2 /Bbi�M+2 KBMBKBx2b i?2 `BbF Ua?KBHQpB+B
kyy8V- �M/ i?Bb ?vT2`TH�M2 Bb FMQrM �b i?2 K�tBK�H K�`;BM ?vT2`TH�M2 UC�K2b 2i �HX
kykRVX h?mb- i?2 TH�M2 Bb QMHv /2}M2/ #v i?2 TQBMib +HQb2bi iQ i?2 ?vT2`TH�M2- +�HH2/
bmTTQ`i p2+iQ`b UC�K2b 2i �HX kykRVX

�b QMHv i?2 /�i� +HQb2bi iQ i?2 ?vT2`TH�M2 /2}M2b i?2 KQ/2H- i?Bb K2�Mb i?�i aoJb +�M
biBHH T2`7Q`K r2HH 2p2M QM bK�HH2` /�i� b2ib Ua?KBHQpB+B kyy8V- r?B+? Bb r?v Bi r�b +?Qb2M
7Q` i?Bb +H�bbB}+�iBQM T`Q#H2KX h?Bb �HbQ K2�Mb Bi Bb `2bBHB2Mi �;�BMbi Q#b2`p�iBQMb 7�`
7`QK i?2 ?vT2`TH�M2 �M/ +�M ?�M/H2 QmiHB2`b [mBi2 r2HH UC�K2b 2i �HX kykRVX >Qr2p2`- �
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/`�r#�+F Q7 aoJb Bb i?�i rBi? +QKTH2t /�i� b2ib- i`�BMBM; +�M i�F2 2t+2TiBQM�HHv HQM;
Ua?KBHQpB+B kyy8V- r?B+? BM i?Bb +�b2 r�b KBiB;�i2/ #v i?2 72�im`2 b2H2+iBQM /QM2 T`BQ` iQ
KQ/2H i`�BMBM;X LQi�#Hv- i`�BMBM; iBK2 biBHH iQQF b2p2`�H ?Qm`b 7Q` i?2 72�im`2 +QK#BM�iBQM
rBi? i?2 ?B;?2bi MmK#2` Q7 p�`B�#H2bX aoJb +�M #2 mb2/ rBi? /Bz2`2Mi F2`M2Hb iQ �HHQr
7Q` MQM@HBM2�` ?vT2`TH�M2b UC�K2b 2i �HX kykRVX >Qr2p2`- i?2 F2`M2H mb2/ BM i?Bb T�T2`
r�b HBM2�` /m2 iQ i`�BMBM; +QKTH2tBivX

:Bp2M � i`�BMBM; /�i� b2i rBi? BMTmi 72�im`2b X �M/ +Q``2bTQM/BM; #BM�`v +H�bb H�#2Hb
y- r?2`2 X = [x1, x2, . . . , xn] `2T`2b2Mib i?2 BMTmi p2+iQ`b �M/ y = [−1, 1] `2T`2b2Mib i?2
+H�bb H�#2Hb- i?2 ;Q�H Q7 � HBM2�` aoJ Bb iQ }M/ � ?vT2`TH�M2 i?�i b2T�`�i2b i?2 /�i�
TQBMib Q7 /Bz2`2Mi +H�bb2b rBi? K�tBKmK K�`;BMX

h?2 /2+BbBQM 7mM+iBQM Q7 � HBM2�` aoJ +�M #2 /2}M2/ �b,

f(x) = r · t + # U9XdV

r?2`2,

Ç f(x) Bb i?2 /2+BbBQM 7mM+iBQM i?�i T`2/B+ib i?2 +H�bb H�#2H 7Q` � M2r BMTmi p2+iQ` xX

Ç r Bb i?2 r2B;?i p2+iQ` i?�i /2i2`KBM2b i?2 Q`B2Mi�iBQM Q7 i?2 ?vT2`TH�M2X

Ç t `2T`2b2Mib i?2 BMTmi p2+iQ`X

Ç b Bb i?2 #B�b i2`KX

.m`BM; i?2 i`�BMBM; T?�b2- i?2 aoJ �H;Q`Bi?K �BKb iQ }M/ i?2 QTiBK�H p�Hm2b 7Q` r
�M/ b i?�i K�tBKBx2 i?2 K�`;BM �M/ KBMBKBx2 i?2 +H�bbB}+�iBQM 2``Q`X h?Bb Bb ivTB+�HHv
7Q`KmH�i2/ �b �M QTiBKBx�iBQM T`Q#H2K BMpQHpBM; i?2 KBMBKBx�iBQM Q7 � +Qbi 7mM+iBQM
bm#D2+i iQ +2`i�BM +QMbi`�BMibX

PM+2 i?2 aoJ Bb i`�BM2/- i?2 bB;M Q7 f(x) UTQbBiBp2 Q` M2;�iBp2V /2i2`KBM2b i?2 T`2/B+i2/
+H�bb H�#2H 7Q` � M2r BMTmi p2+iQ` xX A7 f(x) ≥ 0- i?2 T`2/B+i2/ +H�bb H�#2H Bb Rc Qi?2`rBb2-
Bi Bb @RX UC�K2b 2i �HX kykRVX

Neural Networks

�`iB}+B�H M2m`�H M2irQ`Fb U�LLbV �`2 � ivT2 Q7 KQ/2H K2�Mi iQ `2b2K#H2 i?2 M2m`QHQ;B+�H
+QMM2+iBQMb Q7 i?2 ?mK�M #`�BM Ua?KBHQpB+B kyy8V �M/ �`2 Q7i2M `272``2/ iQ �b /22T
H2�`MBM; KQ/2Hb UC�K2b 2i �HX kykRVX h?2v +QMbBbi Q7 BMi2`+QMM2+i2/ MQ/2b Q` M2m`QMb
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�``�M;2/ BM H�v2`bX 1�+? M2m`QM `2+2Bp2b BMTmi bB;M�Hb 7`QK Qi?2` M2m`QMb BM i?2 T`2pBQmb
H�v2` �M/ T`Q/m+2b QmiTmi bB;M�Hb b2Mi iQ M2m`QMb BM i?2 M2ti H�v2` UC�K2b 2i �HX kykRVX
h?2 M2m`QMb BM 2�+? H�v2` �`2 +QMM2+i2/ iQ 2p2`v M2m`QM BM i?2 �/D�+2Mi H�v2`- �HHQrBM;
i?2 M2irQ`F iQ T2`7Q`K +QKTH2t +QKTmi�iBQMb QM i?2 BMTmi /�i� UC�K2b 2i �HX kykRVX
h?Bb bi`m+im`2 K2�Mb i?�i �LLb �`2 bmBi�#H2 7Q` MQBbv- ?B;?@/BK2MbBQM�H- H�`;2 /�i�
b2ib- r?B+? K�F2b i?2K TQTmH�` 7Q` mb2 BM /�i� KBMBM; Ua?KBHQpB+B kyy8V- r?B+? r�b
QM2 Q7 i?2 `2�bQMb �M �LL r�b mb2/ BM i?Bb T�T2`- �b T�`i Q7 i?2 Tm`TQb2 Q7 i?Bb T�T2`
r�b iQ /2p2HQT � +H�bbB}2` r?B+? +QmH/ #2 BMi2;`�i2/ BMiQ i?2 T�`iM2` +QKT�MvǶb *_J
bvbi2K �M/ i?2 �bbQ+B�i2/ /�i� b2i- r?B+? Bb 2tT2+i2/ iQ ;`Qr rBi? iBK2 �M/ 7m`i?2`
/B;Bi�HBx�iBQMX

�LLb �M/ aoJb ?�p2 � bHB;?i T`Q#H2K rBi? +QKT`2?2MbB#BHBivX h?2v +�M #2 /B{+mHi iQ
mM/2`bi�M/ �M/ �`2 Q7i2M `272``2/ iQ �b #H�+F@#Qt KQ/2Hb /m2 iQ i?2B` H�`;2 �bb2K#H�;2b
Q7 `2�H@p�Hm2/ T�`�K2i2`b Ua?KBHQpB+B kyy8c C�K2b 2i �HX kykRVX >Qr2p2`- i?2 �LLb
?�p2 b2p2`�H �TTHB+�iBQMb rBi?BM JG T`Q#H2Kb- bm+? �b BK�;2 `2+Q;MBiBQM �M/ iBK2 b2`B2b
�M�HvbBb- �bB/2 7`QK i?2B` mb2 BM +H�bbB}+�iBQM T`Q#H2Kb UC�K2b 2i �HX kykRVX h?2v �`2
+m``2MiHv p2`v 7�pQ`2/ �KQM; JG KQ/2Hb UC�K2b 2i �HX kykRVX

�LL KQ/2Hb �`2 [mBi2 /�i�@?mM;`v �M/ `2[mB`2 H�`;2 �KQmMib Q7 /�i� iQ i`�BM 2{+B2MiHv
UC�K2b 2i �HX kykRV- r?B+? Bb #Qi? QM2 Q7 i?2B` bi`2M;i?b �M/ r2�FM2bb2bX h?2v �`2
T�`iB+mH�`Hv r2HH@bmBi2/ iQ i�bFb BMpQHpBM; +QKTH2t T�ii2`Mb Q` MQMHBM2�` `2H�iBQMb?BTb BM
i?2 /�i�- �b i?2v +�M H2�`M i?2b2 T�ii2`Mb i?`Qm;? i`�BMBM; UC�K2b 2i �HX kykRVX �b /�i�
KBMBM; �M/ ". #2+QK2 BM+`2�bBM;Hv rB/2bT`2�/- �LLb �`2 mb27mH /m2 iQ i?2B` �#BHBiv iQ
?�M/H2 H�`;2 �KQmMib Q7 mMbi`m+im`2/- MQBbv /�i�X

h?2 �LL mb2/ BM i?Bb T�T2` Bb � b2[m2MiB�H M2m`�H M2irQ`F rBi? i?`22 H�v2`bX h?2 }`bi
�M/ b2+QM/ H�v2`b �`2 /2Mb2 H�v2`b rBi? e9 �M/ jk mMBib- `2bT2+iBp2HvX � /2Mb2 H�v2` Bb
� 7mHHv +QMM2+i2/ H�v2`- K2�MBM; i?�i 2�+? M2m`QM BM i?Bb H�v2` Bb +QMM2+i2/ iQ 2p2`v
M2m`QM BM i?2 T`2pBQmb H�v2`X Ai Bb Q7i2M b22M i?�i i?2 MmK#2` Q7 MQ/2b /2+`2�b2b �b r2
KQp2 /22T2` BMiQ i?2 M2irQ`FX h?Bb Bb #2+�mb2 i?2 BMBiB�H H�v2`b i2M/ iQ +�Tim`2 HQr@H2p2H
72�im`2b- �M/ �b r2 ;Q /22T2`- ?B;?2`@H2p2H �#bi`�+iBQMb �M/ KQ`2 +QKTH2t `2T`2b2Mi�iBQMb
�`2 H2�`M2/X _2/m+BM; i?2 MmK#2` Q7 MQ/2b ?2HTb BM `2/m+BM; i?2 +QKTmi�iBQM�H #m`/2M
�M/ T`2p2Mib Qp2`}iiBM; UC�K2b 2i �HX kykRVX

h?2 H�v2`b 7m`i?2` mb2 � _2Gl �+iBp�iBQM 7mM+iBQMX L2m`�H M2irQ`Fb `2[mB`2 MQM@HBM2�`
�+iBp�iBQM 7mM+iBQMb iQ H2�`M �M/ `2T`2b2Mi +QKTH2t `2H�iBQMb?BTb �M/ T�ii2`Mb BM i?2 /�i�X
_2Gl �//`2bb2b i?Bb M22/ #v T`QpB/BM; � bBKTH2 v2i 2z2+iBp2 MQM@HBM2�` i`�Mb7Q`K�iBQMX
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�MQi?2` +`BiB+�H �/p�Mi�;2 Q7 _2Gl Bb Bib �#BHBiv iQ KBiB;�i2 i?2 T`Q#H2K Q7 ;`�/B2Mi
p�MBb?BM;X UC�K2b 2i �HX kykRVX

h?2 MmK#2` Q7 MQ/2bfM2m`QMb BM 2�+? H�v2` Q7 � M2m`�H M2irQ`F Bb � /2bB;M /2+BbBQM
i?�i /2T2M/b QM p�`BQmb 7�+iQ`b- BM+Hm/BM; i?2 +QKTH2tBiv Q7 i?2 T`Q#H2K- i?2 �KQmMi Q7
�p�BH�#H2 /�i�- �M/ i?2 /2bB`2/ +�T�+Biv Q7 i?2 KQ/2HX �7i2` i2biBM;- Bi r�b b2iiH2/ mTQM
e9 �M/ jkX

6BM�HHv- i?2 i?B`/ H�v2` Bb � /2Mb2 H�v2` rBi? � bBM;H2 mMBi �M/ bB;KQB/ �+iBp�iBQM 7mM+iBQM-
r?B+? Bb mb2/ 7Q` #BM�`v +H�bbB}+�iBQM T`Q#H2Kb bm+? �b i?Bb QM2- �b Bi QmiTmib p�Hm2b
#2ir22M y �M/ R UC�K2b 2i �HX kykRVX o�Hm2b +HQb2` iQ R BM/B+�i2 � ?B;?2` T`Q#�#BHBiv Q7
i?2 TQbBiBp2 +H�bb- r?BH2 p�Hm2b +HQb2` iQ y BM/B+�i2 � ?B;?2` T`Q#�#BHBiv Q7 i?2 M2;�iBp2
+H�bbX

h?2 _2Gl �+iBp�iBQM 7mM+iBQM Bb /2}M2/ �b,

f(x) =






0, B7 x < 0

x, Qi?2`rBb2
U9X3V

r?2`2 x Bb i?2 BMTmi iQ i?2 �+iBp�iBQM 7mM+iBQM- �M/ f(x) Bb i?2 QmiTmi UC�K2b 2i �HX
kykRVX 6m`i?2`- i?2 bB;KQB/ 7mM+iBQM Bb /2}M2/ �b,

f(x) =
1

1 + e−x
U9XNV

r?2`2 x Bb i?2 BMTmi iQ i?2 �+iBp�iBQM 7mM+iBQM- �M/ f(x) Bb i?2 QmiTmi UC�K2b 2i �HX
kykRVX

6B;m`2 9XjXj, �+iBp�iBQM 6mM+iBQMb
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Training

h?2 /�i� r�b bTHBi `�M/QKHv BMiQ i`�BMBM; �M/ i2biBM; b2ib- rBi? 3yW `2b2`p2/ 7Q` i`�BMBM;
�M/ kyW 7Q` i2biBM;X h?2 Tm`TQb2 Q7 bTHBiiBM; i?2 /�i� b2i BMiQ i`�BMBM; �M/ i2biBM; b2ib
Bb iQ �bb2bb i?2 KQ/2HǶb T2`7Q`K�M+2 QM /�i� Bi ?�b MQi #22M i`�BM2/ QM �M/ i?mb MQi
b22M UC�K2b 2i �HX kykRVX h?2 i`�BMBM; b2i }ib i?2 KQ/2H iQ i?2 /�i�- r?BH2 i?2 i2biBM;
b2i 2p�Hm�i2b i?2 KQ/2HǶb T2`7Q`K�M+2 QM M2r /�i�X h?Bb Bb BKTQ`i�Mi #2+�mb2 � KQ/2H
i?�i T2`7Q`Kb r2HH QM i?2 i`�BMBM; b2i K�v MQi M2+2bb�`BHv T2`7Q`K r2HH QM M2r /�i�-
r?B+? Bb i?2 mHiBK�i2 ;Q�H Q7 i?2 KQ/2H UC�K2b 2i �HX kykRVX h?2 i2bi@i`�BMBM; bTHBi r�b
/QM2 T`BQ` iQ �Mv 72�im`2 2M;BM22`BM;- bm+? �b b+�HBM; �M/ QM2@?Qi 2M+Q/BM;- r?B+? r2`2
/QM2 b2T�`�i2Hv 7`QK i?2 i2bi �M/ i`�BMBM; b2iX h?2 i`�BMBM; b2i r�b- �b K2MiBQM2/-
Qp2`b�KTH2/ iQ #�H�M+2 i?2 +H�bb /Bbi`B#miBQMX >Qr2p2`- i?2 i2bi b2i r�b F2Ti BM Bib
Q`B;BM�H /Bbi`B#miBQMX h?Bb r�b /QM2 iQ i2bi i?2 KQ/2H QM i?2 �+im�H /�i�- �M/ bTHBiiBM;
i?2 i2bi b2i 8yf8y #2ir22M i?2 +H�bb2b rQmH/ ?�p2 `2bmHi2/ BM 2Bi?2` � bK�HH i2bi b�KTH2
Q` bB;MB}+�MiHv 72r2` i`�BMBM; b�KTH2b Q7 i?2 KBMQ`Biv +H�bbX

Evaluation

1p�Hm�iBQM Bb � +`BiB+�H bi2T BM �Mv JG T`QD2+i- �b Bi �HHQrb 7Q` K2�bm`BM; i?2 T2`7Q`K�M+2
Q7 i?2 KQ/2Hb �M/ /2i2`KBMBM; ?Qr r2HH Bi Bb �#H2 iQ K�F2 T`2/B+iBQMbX h?2 2p�Hm�iBQM
K2i`B+b mb2/ BM i?Bb `2TQ`i �`2 �++m`�+v- S`2+BbBQM- _2+�HH- 6R@b+Q`2- �M/ i?2 _2+2Bp2`
PT2`�iBM; *?�`�+i2`BbiB+ Ĝ �`2� lM/2` i?2 *m`p2 U_P*@�l*VX �++m`�+v K2�bm`2b i?2
T2`+2Mi�;2 Q7 +Q``2+iHv +H�bbB}2/ BMbi�M+2b �KQM; �HH i?2 BMbi�M+2b BM i?2 /�i� b2iX Ai Bb
/2}M2/ �b,

Accuracy =
TP + TN

TP + TN + FP + FN
U9XRyV

r?2`2 TP Bb i?2 MmK#2` Q7 i`m2 TQbBiBp2b UBMbi�M+2b i?�i �`2 TQbBiBp2 �M/ �`2 +Q``2+iHv
T`2/B+i2/ �b TQbBiBp2V- TN Bb i?2 MmK#2` Q7 i`m2 M2;�iBp2b UBMbi�M+2b i?�i �`2 M2;�iBp2
�M/ �`2 +Q``2+iHv T`2/B+i2/ �b M2;�iBp2V- FP Bb i?2 MmK#2` Q7 7�Hb2 TQbBiBp2b UBMbi�M+2b
i?�i �`2 M2;�iBp2 #mi �`2 BM+Q``2+iHv T`2/B+i2/ �b TQbBiBp2V- �M/ FN Bb i?2 MmK#2` Q7 7�Hb2
M2;�iBp2b UBMbi�M+2b i?�i �`2 TQbBiBp2 #mi �`2 BM+Q``2+iHv T`2/B+i2/ �b M2;�iBp2V UC�K2b
2i �HX kykRVX

S`2+BbBQM K2�bm`2b i?2 T`QTQ`iBQM Q7 TQbBiBp2 T`2/B+iBQMb i?�i �`2 +Q``2+iX Ai Bb /2}M2/
�b i?2 MmK#2` Q7 i`m2 TQbBiBp2b /BpB/2/ #v i?2 bmK Q7 i`m2 TQbBiBp2b �M/ 7�Hb2 TQbBiBp2bX
USQr2`b kykyV
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Precision =
TP

TP + FP
U9XRRV

_2+�HH- �HbQ FMQrM �b b2MbBiBpBiv Q` i`m2 TQbBiBp2 `�i2 UhS_V- K2�bm`2b i?2 T`QTQ`iBQM Q7
�+im�H TQbBiBp2b i?�i �`2 +Q``2+iHv B/2MiB}2/X Ai Bb /2}M2/ �b i?2 MmK#2` Q7 i`m2 TQbBiBp2b
UhSV /BpB/2/ #v i?2 bmK Q7 i`m2 TQbBiBp2b �M/ 7�Hb2 M2;�iBp2b U6LVX USQr2`b kykyV

Recall = TPR =
TP

TP + FN
U9XRkV

h?2 6R@b+Q`2 Bb i?2 ?�`KQMB+ K2�M Q7 T`2+BbBQM �M/ `2+�HHX Ai Bb � #�H�M+2/ K2�bm`2 i?�i
+QMbB/2`b #Qi? T`2+BbBQM �M/ `2+�HH �M/ Bb Q7i2M mb2/ iQ 2p�Hm�i2 i?2 Qp2`�HH T2`7Q`K�M+2
Q7 � +H�bbB}2`X USQr2`b kykyV h?2 6R@b+Q`2 Bb /2}M2/ �b,

F1− score = 2
precision× recall

precision+ recall
U9XRjV

h?2 _P* +m`p2 Bb � ;`�T?B+�H `2T`2b2Mi�iBQM Q7 i?2 T2`7Q`K�M+2 Q7 � T`2/B+iBp2 �H;Q`Bi?KX
Ai THQib i?2 hS_ �;�BMbi i?2 7�Hb2 TQbBiBp2 `�i2 U6S_V 7Q` /Bz2`2Mi i?`2b?QH/ p�Hm2b Q7
i?2 +H�bbB}2`X h?2 _P* +m`p2 pBbm�HHv `2T`2b2Mib i?2 i`�/2@Qz #2ir22M b2MbBiBpBiv �M/
bT2+B}+Biv 7Q` � ;Bp2M +H�bbB}2`X U>�M/2HK�M 2i �HX kyRNV

FPR =
FP

FP + TN
U9XR9V

a2H2+iBM; � T�`iB+mH�` TQBMi QM i?2 _P* +m`p2 /2T2M/b QM i?2 i�bF �M/ bvbi2K@bT2+B}+
`2[mB`2K2MibX 6Q` BMbi�M+2- � ?B;?2` b2MbBiBpBiv K�v bQK2iBK2b #2 T`272``2/- 2p2M B7 Bi
`2bmHib BM KQ`2 7�Hb2 TQbBiBp2bX PM i?2 Qi?2` ?�M/- BM bQK2 b+2M�`BQb- � ?B;?2` bT2+B}+Biv
K�v #2 KQ`2 /2bB`�#H2- 2p2M B7 Bi +QK2b �i i?2 2tT2Mb2 Q7 � HQr2` b2MbBiBpBivX *?QQbBM;
� T�`iB+mH�` QT2`�iBM; TQBMi QM i?2 _P* +m`p2 +�M �+?B2p2 i?2 /2bB`2/ #�H�M+2 #2ir22M
b2MbBiBpBiv �M/ bT2+B}+Biv 7Q` � ;Bp2M i�bFX h?2 �`2� mM/2` i?2 _P* +m`p2 U_P*@�l*V Bb
� +QKKQMHv mb2/ K2i`B+ iQ +QKT�`2 i?2 T2`7Q`K�M+2 Q7 /Bz2`2Mi �H;Q`Bi?KbX h?2 _P*@
�l* T`QpB/2b � MmK2`B+�H p�Hm2 i?�i bmKK�`Bx2b i?2 +H�bbB}2`Ƕb Qp2`�HH T2`7Q`K�M+2X h?2
?B;?2` i?2 p�Hm2 Q7 i?2 _P*@�l*- i?2 #2ii2` i?2 �H;Q`Bi?KǶb T2`7Q`K�M+2X U>�M/2HK�M
2i �HX kyRNV
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4.3.4 Interview Process

a2p2M BMi2`pB2rb r2`2 +QM/m+i2/ 7Q` i?Bb bim/v- irQ /m`BM; i?2 T`2@bim/v �M/ }p2 /m`BM;
i?2 BM@/2Ti? bim/vX 6Bp2 /Bz2`2Mi T2QTH2 r2`2 BMi2`pB2r2/ BM iQi�HX h?mb- bQK2 r2`2
`2+m``2Mi Ub22 h�#H2 9XjXRVX h?2 BMi2`pB2r22b r2`2 7`QK i?`22 /Bz2`2Mi /2T�`iK2MibX
h?2 BMi2`pB2r22b r2`2 irQ "mbBM2bb .2p2HQT2`b- irQ �M�Hvbib- �M/ QM2 AMbm`�M+2 "`QF2`
J�M�;2`X h?2 /2T�`iK2Mib r2`2 "mbBM2bb .2p2HQTK2Mi U".V- AMi2HHB;2Mi �miQK�iBQM
UA�V- �M/ i?2 "`QF2`�;2 U"V Q7 i?2 T�`iB+mH�` BMbm`�M+2 T`Q/m+i BM i?Bb bim/vX

Pre-Study Interviews

6B`bi- �M 2tTHQ`�iQ`v bim/v r�b +QM/m+i2/ iQ ;�BM BM7Q`K�iBQM �#Qmi i?2 T`Q#H2K �M/
i?2 +QKT�MvǶb 2tBbiBM; +�T�#BHBiB2bX h?Bb +QMbBbi2/ Q7 T`2@BMi2`pB2rb rBi? i?2 T�`iM2`
+QKT�Mv �M/ �M 2tTHQ`�iQ`v HBi2`�im`2 `2pB2rX h?2 T`2@BMi2`pB2rb r2`2 ?2H/ rBi?
irQ 2KTHQv22b 7`QK /Bz2`2Mi /2T�`iK2Mib iQ ;�BM �M Qp2`pB2r Q7 i?2 +�b2- mM/2`bi�M/
i?2 #�+F;`QmM/ �M/ +QMi2ti Q7 i?2 bBim�iBQM- �M/ ;�BM � /22T2` mM/2`bi�M/BM; Q7 i?2
T�`iM2` +QKT�MvǶb 2tBbiBM; +�T�#BHBiB2b �M/ i?2 72�bB#BHBiv Q7 i2+?MB+�H BKTH2K2Mi�iBQMX
�b /2b+`B#2/ #v a�mM/2`b- G2rBb- �M/ h?Q`M?BHH UkyR8V- mMbi`m+im`2/ BMi2`pB2rb �`2
mb27mH 7Q` #2ii2` mM/2`bi�M/BM; i?2 +QMi2ti Q7 i?2 `2b2�`+? T`Q#H2K /m`BM; �M 2tTHQ`�iQ`v
bim/vX

h?2 BMi2`pB2r22b #2HQM;2/ iQ irQ /2T�`iK2Mib- BMi2HHB;2Mi �miQK�iBQM �M/ #mbBM2bb
/2p2HQTK2MiX h?2v r2`2 +?Qb2M #2+�mb2 #Qi? /2T�`iK2Mib Qp2`b22 �M/ /2p2HQT i?2
+mbiQK2` �+[mBbBiBQM T`Q+2bb �M/ bmTTQ`i �M/ /2p2HQT M2r /B;Bi�H bi`�i2;B2b �M/
BKTH2K2Mi�iBQMbX h?2v i?mb �HbQ ?�p2 �M Qp2`pB2r Q7 i?2 +QKT�MvǶb *_J bvbi2K- r?B+?
�HHQr2/ i?2 `2b2�`+?2`b � }`bi Qp2`pB2r Q7 Bib +m``2Mi BKTH2K2Mi�iBQMX

h?2 2tTHQ`�iQ`v HBi2`�im`2 `2pB2r r�b mb2/ iQ B/2MiB7v `2b2�`+? ;�Tb BM i?2 2tBbiBM;
HBi2`�im`2 �M/ ;mB/2/ i?2 7Q`KmH�iBQMb Q7 i?2 `2b2�`+? [m2biBQMbX h?2 HBi2`�im`2 `2pB2r
BM+Hm/2b �HH i?2 `2pB2r2/ �`iB+H2b 7`QK i?2 2tTHQ`�iQ`v bim/vX

In-Depth Interviews

AM@/2Ti? BMi2`pB2rb r2`2 +QM/m+i2/ rBi? i?`22 b2T�`�i2 /2T�`iK2Mib iQ ;�BM 7m`i?2`
BMbB;?i BMiQ i?2 +m``2Mi T`Q+2bb2bX h?2 BMi2`pB2rb �BK2/ iQ mM/2`bi�M/ i?2 T�`iM2`
+QKT�MvǶb +m``2Mi �+[mBbBiBQM bi`�i2;B2b- +mbiQK2` +H�bbB}+�iBQM bvbi2Kb- �M/ *_J
bvbi2KbX PM2 BMi2`pB2r r�b b2KB@bi`m+im`2/ rBi? � b2i Q7 T`2T�`2/ QT2M@2M/2/ [m2biBQMb-
�M/ i?2 Qi?2` irQ r2`2 +QM/m+i2/ �b BM@/2Ti? BMi2`pB2rbX �b /2b+`B#2/ #v a�mM/2`b-
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G2rBb- �M/ h?Q`M?BHH UkyR8V- b2KB@bi`m+im`2/ �M/ BM@/2Ti? BMi2`pB2rb �`2 bmBi�#H2
2tTHQ`�iQ`v- [m�HBi�iBp2 K2i?Q/b 7Q` /�i� ;�i?2`BM;X

h?2 }`bi BMi2`pB2r22 r�b i?2 K�M�;2` �i i?2 /2T�`iK2Mi Q7 #`QF2`b r?Q rQ`F2/
2ti2MbBp2Hv rBi? i?2 bim/B2/ BMbm`�M+2 T`Q/m+iX h?Bb BMi2`pB2r UBM@/2Ti? RV �BK2/ iQ
H2�`M KQ`2 �#Qmi i?2 +m``2Mi +mbiQK2` b2H2+iBQM T`Q+2bb �M/ ?Qr � i2+?MB+�H bQHmiBQM
+QmH/ #2 BMi2;`�i2/ BMiQ BiX �b i?2 #`QF2`b rQ`F rBi? i?Bb BMbm`�M+2 T`Q/m+i /�BHv �M/
rQmH/ #2 i?2 K�BM mb2`b Q7 � /B;Bi�H bQHmiBQM- Bi r�b pBi�H iQ ;2i i?2B` T2`bT2+iBp2X .m2
iQ i?2 HQ+�iBQM Q7 i?2 /2T�`iK2Mi #2BM; BM � /Bz2`2Mi +Biv 7`QK i?2 T�`iM2` +QKT�MvǶb
K�BM Q{+2b- i?2 BMi2`pB2r r�b ?2H/ /B;Bi�HHv- r?B+? r�b �HbQ i?2 `2�bQM 7Q` Bi #2BM;
i?2 QMHv b2KB@bi`m+im`2/ QM2X �b /B;Bi�H BMi2`pB2rb bQK2iBK2b +�M #2 bHB;?iHv KQ`2
mMT`2/B+i�#H2 BM i?2 ~Qr Q7 i?2 +QMp2`b�iBQM- i?2 �mi?Q`b /2+B/2/ iQ T`2T�`2 � b2i Q7
[m2biBQMb #27Q`2?�M/ iQ F22T i?2 BMi2`pB2r ;QBM; �b M22/2/X h?2 i�bFb #2ir22M i?2
BMi2`pB2r2`b r2`2 /BpB/2/ bQ i?�i QM2 T2`bQM ?2H/ i?2 BMi2`pB2r- �M/ �MQi?2` T2`bQM iQQF
MQi2bX

h?2 b2+QM/ irQ BMi2`pB2rb UBM@/2Ti? k �M/ jV r2`2 ?2H/ rBi? i?2 b�K2 /2T�`iK2Mib �b i?2
2tTHQ`�iQ`v bim/v- "mbBM2bb .2p2HQTK2Mi- �M/ AMi2HHB;2Mi �miQK�iBQMX h?2 Tm`TQb2 Q7 �
b2+QM/ BMi2`pB2r rBi? i?2b2 /2T�`iK2Mib r�b iQ `2pBbBi �Mv [m2biBQMb i?�i ?�/ +QK2 mT
�7i2` i?2 }`bi BMi2`pB2rb �M/ �HbQ iQ ;�BM M2r BMbB;?i �b i?2 �mi?Q`b 2tTHQ`2/ i?2 T`Q#H2K
7m`i?2`X h?2 BMi2`pB2rb r2`2 ?2H/ BM T2`bQM �M/ r2`2- �b K2MiBQM2/- mMbi`m+im`2/X h?2
rQ`F #2ir22M i?2 BMi2`pB2r2`b r�b /BpB/2/ BM i?2 b�K2 K�MM2` �b i?2 }`bi BMi2`pB2r-
rBi? QM2 T2`bQM i�FBM; MQi2b �M/ i?2 Qi?2` +QM/m+iBM; i?2 BMi2`pB2rX

G�biHv- irQ }M�H BMi2`pB2rb UBM@/2Ti? 9 �M/ 8V r2`2 ?2H/ iQ `2+2Bp2 722/#�+F �M/ i?Qm;?ib
�#Qmi i?2 }M�H KQ/2Hb- ?Qr i?2v +QmH/ #2 �TTHB2/ BM � `2�H b2iiBM;- �M/ r?�i p�Hm2 i?2v
+QmH/ T`QpB/2 ;Bp2M i?2B` T2`7Q`K�M+2X h?2 T`QTQb2/ BMi2;`�iBQM BMiQ i?2 *_J bvbi2K
r�b �HbQ /Bb+mbb2/- �b r2HH �b i?2 KQbi BKTQ`i�Mi 72�im`2b 7QmM/ �M/ ?Qr i?2b2 +QmH/
#2 +QHH2+i2/ �M/ biQ`2/ iQ #mBH/ � bmBi�#H2 /�i�#�b2 7Q` i?2 +H�bbB}2`X h?2b2 BMi2`pB2rb
7m`i?2` b2`p2/ �b �M 2p�Hm�iBQM Q7 i?2 `2bmHi Q7 i?2 `2b2�`+? T`QD2+iX

AMi2`pB2r .2TX AMi2`pB2r22 Sm`TQb2 .�i2 G2M;i?
S`2@bim/v R ". "mbBM2bb

.2p2HQT2` URV
Pp2`pB2r Q7
T`Q#H2K- +QMi2ti
�M/ b2iiBM;

62#`m�`v 3i? R?
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AMi2`pB2r .2TX AMi2`pB2r22 Sm`TQb2 .�i2 G2M;i?
S`2@bim/v k A� "mbBM2bb

.2p2HQT2` UkV
Pp2`pB2r Q7
T`Q#H2K- +QMi2ti
�M/ b2iiBM;

62#`m�`v Ryi? R?

AM@/2Ti? R " "`QF2` J�M�;2` :�BM �//BiBQM�H
mM/2`bi�M/BM; Q7
+m``2Mi T`Q+2bb
�M/ 2M/ mb2`b

J�`+? j`/ R?

AM@/2Ti? k ". "mbBM2bb
.2p2HQT2` URV-
�M�Hvbi URV

.22T2` BMbB;?i
BMiQ +m``2Mi
T`Q+2bb2b �M/
*_J bvbi2Kb

J�`+? Rei? R?

AM@/2Ti? j A� "mbBM2bb
.2p2HQT2` UkV-
�M�Hvbi UkV

.22T2` BMbB;?i
BMiQ +m``2Mi
T`Q+2bb2b �M/
*_J bvbi2Kb

J�`+? Rei? R?

AM@/2Ti? 9 ". "mbBM2bb
.2p2HQT2` URV

Pp2`pB2r Q7
KQ/2H
T2`7Q`K�M+2 �M/
BMi2;`�iBQM

J�v j`/ R?

AM@/2Ti? 8 A� "mbBM2bb
.2p2HQT2` UkV

Pp2`pB2r Q7
KQ/2H
T2`7Q`K�M+2 �M/
BMi2;`�iBQM

J�v j`/ R?

h�#H2 9XjXR, Pp2`pB2r Q7 i?2 BMi2`pB2r T`Q+2bbX U.2T�`iK2Mib, "mbBM2bb .2p2HQTK2Mi
(".)- AMi2HHB;2Mi �miQK�iBQM (A�)- �M/ "`QF2`b (")V

h?2 BMi2`pB2rb T`QpB/2/ i?2 #�+F;`QmM/ �M/ +QMi2ti M22/2/ iQ mM/2`bi�M/ �M/ +?�`i
i?2 +QKT�MvǶb +m``2Mi *_J bvbi2K �M/ �/D�+2Mi +mbiQK2` �+[mBbBiBQM T`Q+2bbX h?2
T`2@bim/v BMi2`pB2rb r2`2 bm#b2[m2MiHv �M�Hvx2/ #v `2�/BM; i?`Qm;? i?2 MQi2b �M/
bi`m+im`BM; � pBbm�H `2T`2b2Mi�iBQM Q7 i?2 +m``2Mi *_J bvbi2K �M/ +QMM2+i2/ +mbiQK2`
�+[mBbBiBQM T`Q+2bb- r?B+? +�M #2 b22M BM 6B;m`2 9XjX9X

h?2 BM@/2Ti? BMi2`pB2rb r2`2 �M�Hvx2/ BMbTB`2/ #v i?2 [m�HBi�iBp2 /�i� �M�HvbBb K2i?Q/
7Q` BMi2`pB2rb /2b+`B#2/ #v a�mM/2`b- G2rBb- �M/ h?Q`M?BHH UkyR8VX h?2 `2�H@iBK2 MQi2b
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6B;m`2 9XjX9, h?2 *mbiQK2` �+[mBbBiBQM S`Q+2bb Q7 aJ1 *mbiQK2`b

Q7 2�+? BMi2`pB2r r2`2 bmKK�`Bx2/ BMiQ i?2 KQbi `2H2p�Mi T�`�T?`�b2/ bi�i2K2Mib 7Q` i?2
T�`iB+mH�` T`Q#H2K- r?B+? +QmH/ i?2M #2 +QKT�`2/ �;�BMbi i?2 Qi?2` BMi2`pB2rbX h?Bb
�HHQr2/ 7Q` 7m`i?2` bmKK�`BxBM; BMiQ 7Qm` i?2K2b i?�i M22/2/ iQ #2 +QMbB/2`2/ /m`BM; i?2
/2p2HQTK2Mi Q7 i?2 +H�bbB}+�iBQM bvbi2K rBi? `2bT2+i iQ i?2 *_J bvbi2KX h?2 `2bT2+iBp2
bi�i2K2Mib +�M #2 7QmM/ BM i?2 `2bmHib b2+iBQM BM h�#H2 8XkXRX

4.4 Quality of Research

a2p2`�H K2�bm`2b r2`2 +QMbB/2`2/ iQ 2Mbm`2 i?2 [m�HBiv Q7 i?2 `2b2�`+?- bm+? �b p�HB/Biv-
`2HB�#BHBiv- �M/ 2i?B+bX h?Bb r�b /QM2 #Qi? 7Q` i?2 [m�MiBi�iBp2 �M/ [m�HBi�iBp2 T�`ib Q7
i?2 bim/vX

4.4.1 Validity

o�HB/Biv `272`b iQ i?2 �++m`�+v �M/ i`mi?7mHM2bb Q7 i?2 `2b2�`+? }M/BM;bX AM i?Bb bim/v-
2zQ`ib r2`2 K�/2 iQ 2Mbm`2 i?2 p�HB/Biv Q7 i?2 /�i� +QHH2+iBQM �M/ �M�HvbBb T`Q+2bbX
h?2 �mi?Q`b rQ`F2/ +HQb2Hv rBi? i?2 BMbm`�M+2 #`QF2` +QKT�Mv iQ 2Mbm`2 i?�i i?2
/�i� +QHH2+i2/ �++m`�i2Hv `2~2+i2/ i?2 i�`;2i TQTmH�iBQM Q7 TQi2MiB�H +mbiQK2`bX h?2
JG �H;Q`Bi?Kb miBHBx2/ BM i?2 bim/v r2`2 +�`27mHHv b2H2+i2/ �M/ BKTH2K2Mi2/ iQ 2Mbm`2
i?�i i?2 `2bmHib �++m`�i2Hv `2~2+i2/ i?2 +?�`�+i2`BbiB+b Q7 i?2 TQi2MiB�H +mbiQK2`bX hQ
7m`i?2` 2M?�M+2 i?2 bim/vǶb p�HB/Biv- KmHiBTH2 72�im`2 b2H2+iBQM K2i?Q/b r2`2 2KTHQv2/
iQ 2Mbm`2 i?�i i?2 b2H2+i2/ 72�im`2b �++m`�i2Hv +�Tim`2/ i?2 `2H2p�Mi +?�`�+i2`BbiB+b Q7
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6B;m`2 9XjX8, AMi2`pB2r �M�HvbBb S`Q+2bb

i?2 TQi2MiB�H +mbiQK2`bX h?2 i2bi /�i� TQBMib r2`2 `�M/QKHv b2H2+i2/ 7`QK i?2 /�i�
b2i iQ 2Mbm`2 i?�i i?2 i2bi /�i� b2i `2T`2b2Mib i?2 Qp2`�HH /Bbi`B#miBQM Q7 i?2 /�i�X
6m`i?2`KQ`2- i?2 KQ/2Hb r2`2 2p�Hm�i2/ mbBM; p�`BQmb T2`7Q`K�M+2 K2i`B+b iQ �++m`�i2Hv
+H�bbB7v TQi2MiB�H +mbiQK2`b BMiQ `2H2p�Mi b2;K2MibX >Qr2p2`- Bi Bb BKTQ`i�Mi iQ MQi2 i?�i
i?Bb T�`iB+mH�` /�i� b2i Q7 +mbiQK2`b +Q``2bTQM/2/ iQ QM2 T�`iB+mH�` BMbm`�M+2 T`Q/m+i
7`QK QM2 T�`iB+mH�` +QKT�MvX h?mb- Bi /Q2b MQi `2~2+i �HH aJ1b Q` �HH +QKT�Mv BMbm`�M+2
T`Q/m+ibX h?2`27Q`2- i?2 `2bmHib +QmH/ p�`v B7 � bBKBH�` K2i?Q/ Bb mb2/ 7Q` Qi?2` /�i� b2ib
�M/ Qi?2` T`Q/m+ibX

6Q` i?2 [m�HBi�iBp2 T�`ib Q7 i?2 bim/v- p�HB/Biv r�b 2Mbm`2/ i?`Qm;? BMi2`pB2rb rBi?
2KTHQv22b 7`QK i?`22 /Bz2`2Mi /2T�`iK2Mib iQ p�HB/�i2 i?2B` i?`22 b2T�`�i2 T2`bT2+iBp2b
iQ ;�BM � +QKTH2i2 �M/ mM#B�b2/ mM/2`bi�M/BM; Q7 i?2 T`Q+2bbX o�HB/Biv r�b 7m`i?2`
2Mbm`2/ #v 7QHHQrBM; 2bi�#HBb?2/ K2i?Q/b 7Q` [m�HBi�iBp2 �M�HvbBb �M/ BMi2`pB2r T`�+iB+2bX
Ai Bb BKTQ`i�Mi iQ MQi2 i?�i i?Bb Bb � bBM;H2@+�b2 +�b2 bim/v �++QmMiBM; 7Q` i?2 bT2+B}+
b2iiBM; Q7 i?2 T�`iM2` +QKT�Mv- �M/ i?2 `2bmHib Q7 i?2 bim/v �`2 b?�T2/ #v i?�i
b2iiBM;X
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4.4.2 Reliability

_2HB�#BHBiv `272`b iQ i?2 +QMbBbi2M+v �M/ `2T`Q/m+B#BHBiv Q7 i?2 `2b2�`+? }M/BM;bX AM i?Bb
bim/v- 2zQ`ib r2`2 K�/2 iQ 2Mbm`2 i?2 `2HB�#BHBiv Q7 i?2 /�i� +QHH2+iBQM �M/ �M�HvbBb
T`Q+2bbX h?2 JG KQ/2Hb r2`2 /2p2HQT2/ mbBM; bi�M/�`/Bx2/ i2+?MB[m2b �M/ K2i?Q/b-
�M/ i?2 b�K2 KQ/2Hb r2`2 �TTHB2/ iQ �HH i?2 TQi2MiB�H +mbiQK2`b BM i?2 /�i� b2iX h?2
+�i2;Q`B+�H p�`B�#H2 AM/mbi`v *Q/2 r�b ;`QmT2/ iQ /2+`2�b2 Bib MmK#2` Q7 /Bz2`2Mi +H�bb2b
BM Q`/2` iQ �pQB/ �b Km+? Qp2`}iiBM; �b TQbbB#H2X 6m`i?2`- �HH /Bz2`2Mi TQbbB#H2 72�im`2
+QK#BM�iBQMb r2`2 i2bi2/ `2+m`bBp2Hv iQ 2Mbm`2 i?�i i?2 `2bmHib 7`QK i?2 72�im`2 b2H2+iBQM
K2i?Q/b r2`2 bBKBH�`X

_2HB�#BHBiv r�b �HbQ �bb2bb2/ 7Q` i?2 [m�HBi�iBp2 K2i?Q/b mb2/X q?BH2 i`�/BiBQM�H K2�bm`2b
Q7 `2HB�#BHBiv- bm+? �b BMi2`M�H +QMbBbi2M+v Q` i2bi@`2i2bi `2HB�#BHBiv- K�v MQi #2 �TTHB+�#H2
iQ [m�HBi�iBp2 K2i?Q/b- 2Mbm`BM; `B;Q` �M/ i`mbirQ`i?BM2bb Bb biBHH +`m+B�HX *`2/B#BHBiv r�b
2bi�#HBb?2/ i?`Qm;? +�`27mH �bb2bbK2Mi Q7 2�+? Q7 i?2 BMi2`pB2r22b BM i?2 bim/vX h?2B`
`QH2 �M/ FMQrH2/;2 rBi?BM i?2 +QKT�Mv r2`2 2bi�#HBb?2/ iQ 2Mbm`2 i?�i i?2v r2`2 i?2
`B;?i }i �M/ ?�/ i?2 2tT2`B2M+2 �M/ FMQrH2/;2 iQ bT2�F �#Qmi i?2B` `2bT2+iBp2 T`Q+2bb2bX
AM Q`/2` iQ 2Mbm`2 /2T2M/�#BHBiv- �HH i?2 BMi2`pB2rb r2`2 �ii2M/2/ #v #Qi? `2b2�`+?2`bX
_2�H@iBK2 MQi2b r2`2 i�F2M /m`BM; 2�+? BMi2`pB2r �M/ F2Ti �b /Q+mK2Mi�iBQMX 1�+?
/Q+mK2Mi�iBQM r�b `2pB2r2/ #v #Qi? `2b2�`+?2`b iQ KBMBKBx2 BM/BpB/m�H #B�b r?2M
�M�HvxBM;X h?`Qm;?Qmi i?2 `2b2�`+? T`Q+2bb- i?2 T`QD2+i r�b `2pB2r2/ #v i?2 i?2bBb
bmT2`pBbQ` �b r2HH �b i?2 T22`b Q7 i?2 `2b2�`+?2`b iQ 2Mbm`2 � `2HB�#H2 T`Q+2bbX

4.4.3 Ethics

1i?B+�H +QMbB/2`�iBQMb r2`2 i�F2M BMiQ �++QmMi i?`Qm;?Qmi i?2 `2b2�`+? T`Q+2bbX h?2
�mi?Q`b rQ`F2/ +HQb2Hv rBi? i?2 BMbm`�M+2 #`QF2` +QKT�Mv iQ 2Mbm`2 i?�i i?2 /�i�
+QHH2+iBQM �M/ �M�HvbBb T`Q+2bb r�b BM +QKTHB�M+2 rBi? �HH `2H2p�Mi T`Bp�+v �M/
`2;mH�iBQMbX 6m`i?2`- K2�bm`2b r2`2 i�F2M iQ T`2p2Mi i?2 JG �H;Q`Bi?Kb 7`QK
/Bb+`BKBM�iBM; �;�BMbi �Mv bT2+B}+ +mbiQK2` ;`QmTX �HbQ- i?2 bim/v bi`Qp2 iQ ?�p2 �
i`�MbT�`2Mi JG /2p2HQTK2Mi T`Q+2bb �M/ /�i� T`Q+2bbBM; 7Q` i?2 #`QF2`b �M/ Qi?2`b iQ
mM/2`bi�M/ i?2 HBKBib �M/ ~�rb Q7 i?2 KQ/2HbX
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Chapter 5

Results

AM i?Bb +?�Ti2`- i?2 `2bmHib Q7 i?2 `2b2�`+? �`2 T`2b2Mi2/X h?2 72�im`2 b2H2+iBQM `2bmHib �`2
2tTH�BM2/ BM i?2 [m�MiBi�iBp2 T�`i- 7QHHQr2/ #v i?2 b2H2+i2/ 72�im`2 +QK#BM�iBQMb �M/ i?2
KQ/2HbǶ `2bmHibX h?2`2�7i2`- i?2 `2bmHib 7`QK i?2 [m�HBi�iBp2 T�`i Q7 i?2 bim/v �`2 T`2b2Mi2/-
bmKK�`BxBM; i?2 KQbi BKTQ`i�Mi i?2K2b 7`QK i?2 BMi2`pB2rb- 7QHHQr2/ #v � /2b+`BTiBQM
Q7 ?Qr i?2b2 i?2K2b +QMi`B#mi2/ iQ i?2 bim/vX

5.1 Quantitative / MLModels

h?2 bim/vǶb [m�MiBi�iBp2 T�`i 2tTHQ`2/ JG �H;Q`Bi?KbǶ TQi2MiB�H BM +H�bbB7vBM; TQi2MiB�H
+mbiQK2`bX 6Qm` /Bz2`2Mi 72�im`2 +QK#BM�iBQMb- irQ b+�HBM; i2+?MB[m2b- �M/ 7Qm` KQ/2Hb
r2`2 i2bi2/X

5.1.1 Feature Selection

h?2`2 r2`2 K�Mv MmK2`B+�H p�`B�#H2b i?�i r2`2 ?B;?Hv +Q``2H�i2/X h?2 +Q``2H�iBQM
#2ir22M �HH p�`B�#H2b +�M #2 b22M BM �TT2M/Bt "X h?2`27Q`2- QMHv bBt MmK2`B+�H 72�im`2b
`2K�BM2/ �7i2` �TTHvBM; oA6 iQ `2KQp2 KmHiB+QHHBM2�`Biv- �b 2tTH�BM2/ BM i?2 K2i?Q/QHQ;vX
h?2b2 p�`B�#H2b �`2 pBbB#H2 BM h�#H2 8XRXRX

h?2 p�`B�#H2b `2K�BMBM; �7i2` oA6 r2`2 i?2M 2p�Hm�i2/ rBi? _6 �M/ J*A iQ }M/ i?2 KQbi
BKTQ`i�Mi 72�im`2b- r?B+? vB2H/2/ i?2 `2bmHib b?QrM BM 6B;m`2 8XRXRX 6`QK i?2 };m`2-
Bi +�M #2 +QM+Hm/2/ i?�i *�b? HB[mB/Biv r�b �M BKTQ`i�Mi BM/2T2M/2Mi 72�im`2 7Q` i?2
/2T2M/2Mi p�`B�#H2 /m2 Bi r�b }`bi BM 8XRXR# �M/ b2+QM/ BM 8XRXR�X �HbQ- Qi?2` BKTQ`i�Mi
p�`B�#H2b r2`2 AM/mbi`v +Q/2- qQ`FBM; +�TBi�H im`MQp2`- �M/ L` Q7 2KTHQv22bX
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h�#H2 8XRXR, LmK2`B+�H o�`B�#H2b _2K�BMBM; �7i2` _2KQpBM; JmHiB+QHHBM2�`Biv

LmK2`B+�H o�`B�#H2b
*�b? HB[mB/Biv
L` Q7 2KTHQv22b
qQ`FBM; +�TBi�H im`MQp2`
S2`bQMM2H +Qbib T2` 2KTHQv22
L2i im`MQp2` T2` 2KTHQv22
L2i im`MQp2` +?�M;2

U�V Jmim�H *H�bb AM7Q U#V _�M/QK 6Q`2bi

6B;m`2 8XRXR, 62�im`2 AKTQ`i�M+2 _2bmHib

5.1.2 Most Important Features

� HBbi Q7 i?2 KQbi BKTQ`i�Mi 72�im`2b r�b +m`�i2/ /m`BM; i?2 72�im`2 b2H2+iBQM T`Q+2bbX
�Hi?Qm;? i?2 KQ/2Hb mb2/ BM i?Bb T�T2` +QmH/ ?�M/H2 KQ`2 72�im`2b i?�M �TTHB2/- �
bK�HH2` b2i Q7 72�im`2b �HHQrb 7Q` � KQ`2 BM7Q`K2/ +H�bbB}+�iBQM T`Q+2bb �b Bi b?Qrb r?B+?
72�im`2b �`2 `2bTQMbB#H2 7Q` i?2 �+?B2p2/ `2bmHiX .�i� +QHH2+iBQM +�M #2 2tT2MbBp2 �M/
iBK2@+QMbmKBM;- �HHQrBM; i?2 +QKT�Mv iQ 7Q+mb Bib `2bQm`+2b QM +QHH2+iBM; i?2 /�i� rBi?
i?2 #B;;2bi BKT�+i QM i?2 +mbiQK2` �+[mBbBiBQM T`Q+2bbX
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Industry Code

AM/mbi`v *Q/2 2K2`;2/ �b QM2 Q7 i?2 KQbi p�Hm�#H2 72�im`2b BM i?2 +H�bbB}+�iBQM Q7
+Q`TQ`�i2 +mbiQK2`b 7Q` i?2 BMbm`�M+2 T`Q/m+iX Aib bB;MB}+�M+2 +QmH/ TQi2MiB�HHv HB2 BM Bib
�#BHBiv iQ T`QpB/2 BMbB;?ib BMiQ i?2 b2+iQ` BM r?B+? � #mbBM2bb QT2`�i2bX .Bz2`2Mi BM/mbi`B2b
2t?B#Bi p�`vBM; H2p2Hb Q7 `BbF 2tTQbm`2- }M�M+B�H bi�#BHBiv- �M/ `2;mH�iQ`v +QKTHB�M+2X "v
BM+Hm/BM; BM/mbi`v +Q/2 �b � 72�im`2- i?2 KQ/2Hb +QmH/ TQi2MiB�HHv +�Tim`2 i?2 BM/mbi`v@
bT2+B}+ `2�bQMb r?v � +QKT�Mv KB;?i #2 � bmBi�#H2 +�M/B/�i2 7Q` i?2 T`Q/m+iX AM/mbi`v
+Q/2 Bb 7m`i?2` ?Qr i?2 +m``2Mi +mbiQK2` �+[mBbBiBQM T`Q+2bb b2;K2Mib i?2 +mbiQK2` #�b2-
r?B+? #Qi? bT2�Fb iQ Bib BKTQ`i�M+2 �M/ /2KQMbi`�i2b r?v Bi Bb mb27mH iQ +H�bbB7v i?Bb
/�i� b2i �b Bi r�b Q`B;BM�HHv T�`iHv +H�bbB}2/ #�b2/ QM BM/mbi`vX

Cash Liquidity

*�b? GB[mB/Biv �TT2�`2/ �b �MQi?2` bB;MB}+�Mi 72�im`2 BM i?2 +H�bbB}+�iBQM T`Q+2bbX Ai
K2�bm`2b i?2 �p�BH�#BHBiv Q7 HB[mB/ �bb2ib rBi?BM � #mbBM2bb �M/ BM/B+�i2b Bib }M�M+B�H
bi�#BHBiv �M/ �#BHBiv iQ K22i b?Q`i@i2`K Q#HB;�iBQMbX "mbBM2bb2b rBi? ?B;?2` +�b? HB[mB/Biv
�`2 Q7i2M +QMbB/2`2/ HQr2` `BbF- �b i?2v ?�p2 � ;`2�i2` +�T�+Biv iQ rBi?bi�M/ }M�M+B�H
b?Q+Fb �M/ 7mH}HH i?2B` BMbm`�M+2 Q#HB;�iBQMbX h?2 JG KQ/2Hb +QmH/- i?2`27Q`2- +QMbB/2`
aJ1bǶ +�b? HB[mB/Biv iQ �bb2bb i?2B` }M�M+B�H bi`2M;i? �M/ `BbF T`Q}H2bX �b i?2 BMbm`�M+2
+QKT�Mv i�F2b QM �HH i?2 `BbF Q7 i?2 +mbiQK2`- Bi K�F2b Bi KQ`2 HBF2Hv i?�i i?2v rBHH �++2Ti
+QKT�MB2b rBi? ;`2�i2` }M�M+B�H bi�#BHBivX h?Bb Bb HBF2Hv i?2 `2�bQM r?v +�b? HB[mB/Biv
b?Qr2/ iQ #2 QM2 Q7 i?2 KQbi /2i2`KBMBM; 72�im`2bX

Working Capital Turnover

qQ`FBM; *�TBi�H hm`MQp2`- r?B+? K2�bm`2b i?2 2{+B2M+v Q7 � +QKT�MvǶb rQ`FBM; +�TBi�H
K�M�;2K2Mi- r�b �HbQ B/2MiB}2/ �b �M BKTQ`i�Mi 72�im`2X Ai `2~2+ib i?2 �#BHBiv Q7 �
#mbBM2bb iQ miBHBx2 Bib +m``2Mi �bb2ib 2z2+iBp2Hv iQ ;2M2`�i2 `2p2Mm2X � ?B;?2` rQ`FBM;
+�TBi�H im`MQp2` `�iBQ BM/B+�i2b 2{+B2Mi miBHBx�iBQM Q7 `2bQm`+2b �M/ TQi2MiB�HHv HQr2`
`BbFX h?2 JG KQ/2Hb +QmH/- i?2`27Q`2- TQi2MiB�HHv H2p2`�;2 i?Bb 72�im`2 iQ 2p�Hm�i2
aJ1bǶ QT2`�iBQM�H 2{+B2M+v �M/ `BbF T`Q}H2b- 2M�#HBM; KQ`2 �++m`�i2 +H�bbB}+�iBQM �M/
mM/2`r`BiBM; /2+BbBQMbX .Bz2`2Mi +QKT�MB2b M22/ /Bz2`2Mi �KQmMib Q7 rQ`FBM; +�TBi�H
iQ QT2`�i2- r?B+? KB;?i �+i �b �M B/2MiB}2` BM i?2 +H�bbB}+�iBQM T`Q+2bbX �MQi?2` `2�bQM
+QmH/ #2 i?�i +QKT�MB2b rBi? ;`2�i2` rQ`FBM; +�TBi�H im`MQp2` �`2 b22M �b KQ`2 }M�M+B�HHv
bi�#H2 BM i?2 b2Mb2 i?�i i?2v �`2 b22M �b T`Q}i�#H2 �M/ i?mb �#H2 iQ T�v i?2B` T`2KBmKb
QM iBK2- � 7�+iQ` 7�pQ`2/ #v i?2 BMbm`�M+2 +QKT�MvX
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Number of Employees

h?2 MmK#2` Q7 2KTHQv22b rBi?BM � +QKT�Mv r�b 7QmM/ iQ #2 � p�Hm�#H2 72�im`2 BM i?2
+H�bbB}+�iBQM T`Q+2bbX h?2 bBx2 Q7 i?2 rQ`F7Q`+2 +�M BM/B+�i2 i?2 b+�H2 �M/ +QKTH2tBiv
Q7 � #mbBM2bbǶb QT2`�iBQMbX h?Bb 72�im`2 +QmH/ `2bmHi �b �M BKTQ`i�Mi QM2 #2+�mb2 i?2
T`Q/m+i QMHv 7Q+mb2b QM aJ1b- �M/ H�`;2` +Q`TQ`�iBQMb �`2 i?2`27Q`2 MQi `2+2BpBM; �M
Qz2`X h?2 MmK#2` Q7 2KTHQv22b +QmH/ �HbQ #2 +Q``2H�i2/ rBi? 7�+iQ`b bm+? �b `2p2Mm2-
K�`F2i `2�+?- �M/ `BbF 2tTQbm`2X JG KQ/2Hb +QmH/ +QMbB/2` i?2 MmK#2` Q7 2KTHQv22b �b
� T`Qtv 7Q` i?2 +QKT�MvǶb bBx2 �M/ TQi2MiB�H `BbF- 2M�#HBM; � KQ`2 T`2+Bb2 +H�bbB}+�iBQM
Q7 aJ1b BMiQ �TT`QT`B�i2 `BbF +�i2;Q`B2bX

5.1.3 Feature Combinations

h?2 b2H2+i2/ 72�im`2 +QK#BM�iBQMb r2`2 bvbi2K�iB+�HHv +?Qb2M #�b2/ QM i?2B` BKTQ`i�M+2
�M/ `2H2p�M+2 iQ i?2 /2T2M/2Mi p�`B�#H2- r?B+? `2T`2b2Mib r?2i?2` i?2 +mbiQK2` `2+2Bp2b
�M BMbm`�M+2 Qz2` Q` MQiX h?2 BM/2T2M/2Mi p�`B�#H2b r2`2 `�MF2/ BM Q`/2` Q7 BKTQ`i�M+2
mbBM; irQ /Bz2`2Mi K2i?Q/b, J*A �M/ _6 72�im`2 BKTQ`i�M+2X "�b2/ QM i?2b2 `�MFBM;b-
7Qm` b2H2+i2/ 72�im`2 +QK#BM�iBQMb r2`2 /2i2`KBM2/X

h�#H2 8XRXk, a2H2+i2/ 62�im`2 *QK#BM�iBQMb

*QK#BM�iBQM o�`B�#H2b
R *�b? HB[mB/Biv- qQ`FBM; +�TBi�H im`MQp2`- L` Q7 2KTHQv22b
k *�b? HB[mB/Biv- qQ`FBM; +�TBi�H im`MQp2`- L` Q7 2KTHQv22b- AM/mbi`v +Q/2
j AM/mbi`v +Q/2
9 �HH jk p�`B�#H2b Ub22 �TT2M/Bt �V

Combination 1

Ç *�b? HB[mB/Biv- qQ`FBM; +�TBi�H im`MQp2`- L` Q7 2KTHQv22b

h?2 J*A �M/ _6 72�im`2 BKTQ`i�M+2 K2i?Q/b +QMbBbi2MiHv `�MF2/ i?2b2 p�`B�#H2b �KQM;
i?2 KQbi BKTQ`i�Mi MmK2`B+�H 72�im`2bX *�b? HB[mB/Biv- i?2 ?B;?2bi@`�MF2/ 72�im`2 BM
i?2 _6 BKTQ`i�M+2 �M�HvbBb- bi`QM;Hv BM~m2M+2b i?2 HBF2HB?QQ/ Q7 `2+2BpBM; � +Q`TQ`�i2
BMbm`�M+2 Qz2`X qQ`FBM; +�TBi�H im`MQp2` �M/ L` Q7 2KTHQv22b �HbQ 2t?B#Bi2/ bB;MB}+�Mi
BKTQ`i�M+2- BM/B+�iBM; i?2B` TQi2MiB�H BKT�+i QM i?2 /2T2M/2Mi p�`B�#H2X

6Q` 72�im`2 +QK#BM�iBQM R- r2 b22 bBKBH�` `2bmHib iQ 72�im`2 +QK#BM�iBQM k- /Bb+mbb2/
#2HQr- r?B+? Bb MQi i?�i bm`T`BbBM; bBM+2 i?2v +QMi�BM K�Mv Q7 i?2 b�K2 p�`B�#H2bX h?2
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`2bmHib 7Q` +QK#BM�iBQM k r2`2 bHB;?iHv #2ii2`- ?Qr2p2`- bm;;2biBM; i?�i i?2 �//BiBQM
Q7 i?2 p�`B�#H2 BM/mbi`v +Q/2 BKT`Qp2/ i?2 `2bmHibX h?Bb Bb T`Q#�#Hv /m2 iQ i?2
T?2MQK2MQM /Bb+mbb2/ 2�`HB2`- i?�i BM/mbi`v Bb � +QKKQM r�v Q7 /BbiBM;mBb?BM; #2ir22M
#mbBM2bb2bX

Combination 2

Ç *�b? HB[mB/Biv- qQ`FBM; +�TBi�H im`MQp2`- L` Q7 2KTHQv22b- AM/mbi`v +Q/2

h?Bb +QK#BM�iBQM 2tT�M/b QM *QK#BM�iBQM R #v BM+Hm/BM; i?2 +�i2;Q`B+�H p�`B�#H2
AM/mbi`v +Q/2- r?B+? r�b +QMbBbi2MiHv `�MF2/ ?B;?Hv BM #Qi? K2i?Q/bX h?2 BM+HmbBQM Q7
i?2 AM/mbi`v +Q/2 `2+Q;MBx2b i?2 BKTQ`i�M+2 Q7 BM/mbi`v@bT2+B}+ 7�+iQ`b BM /2i2`KBMBM;
i?2 HBF2HB?QQ/ Q7 `2+2BpBM; � +Q`TQ`�i2 BMbm`�M+2 Qz2`X

�KQM; i?2 p�`BQmb +QK#BM�iBQMb i2bi2/- 72�im`2 +QK#BM�iBQM k biQQ/ Qmi rBi? i?2
#2bi BM/BpB/m�H T2`7Q`K�M+2 BM i2`Kb Q7 �++m`�+vX h?Bb Bb T`Q#�#Hv #2+�mb2 Bi Bb i?2
+QK#BM�iBQM +QMi�BMBM; �HH i?2 b2H2+i2/ 72�im`2b �M/ i?mb ;�p2 i?2 KQ/2Hb i?2 KQbi
BM7Q`K�iBQM Qmi Q7 72�im`2 +QK#BM�iBQMb RĜjX

Combination 3

Ç AM/mbi`v +Q/2

h?Bb +QK#BM�iBQM 7Q+mb2b bQH2Hv QM i?2 AM/mbi`v +Q/2 p�`B�#H2- r?B+? r�b `�MF2/ �b i?2
iQT 72�im`2 #v J*AX h?2 BM/mbi`v BM r?B+? � +mbiQK2` QT2`�i2b Bb HBF2Hv iQ BM~m2M+2
r?2i?2` i?2v `2+2Bp2 � +Q`TQ`�i2 BMbm`�M+2 Qz2` bB;MB}+�MiHvX h?Bb Bb- 7m`i?2`KQ`2- ?Qr
i?2 +m``2Mi +mbiQK2` �+[mBbBiBQM T`Q+2bb b2;K2Mib i?2 +mbiQK2`b- r?B+? Bb � [m�HBi�iBp2
`2�bQM r?v i?Bb 72�im`2 +QK#BM�iBQM r�b i2bi2/X

AMi2`2biBM;Hv- r?2M +QMbB/2`BM; i?2 Qp2`�HH T2`7Q`K�M+2 �+`Qbb �HH 72�im`2 +QK#BM�iBQMb-
72�im`2 +QK#BM�iBQM j ?�/ i?2 #2bi `2bmHibX h?Bb Bb KQbi HBF2Hv /m2 iQ i?2 BM/mbi`v #2BM;
� r�v iQ /Bz2`2MiB�i2 #2ir22M +QKT�MB2b- �M/ bQK2 BM/mbi`B2b �`2 KQ`2 bmBi2/ 7Q` i?Bb
ivT2 Q7 BMbm`�M+2 T`Q/m+iX h?Bb r�b �HbQ bQK2i?BM; i?�i r�b #`Qm;?i mT /m`BM; i?2
BMi2`pB2rb �b � HBF2Hv /2i2`KBM�Mi 7Q` i?2 bmBi�#BHBiv Q7 i?2 T`Q/m+iX

Combination 4

Ç �HH jk p�`B�#H2b Ub22 �TT2M/Bt �V

h?Bb +QK#BM�iBQM BM+Hm/2b �HH �p�BH�#H2 p�`B�#H2b �M/ +QKT`2?2MbBp2Hv �M�Hvx2b i?2
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`2H�iBQMb?BT #2ir22M BM/2T2M/2Mi p�`B�#H2b �M/ i?2 /2T2M/2Mi p�`B�#H2X Ai �HHQrb 7Q`
� +QKT�`BbQM rBi? i?2 KQ`2 7Q+mb2/ +QK#BM�iBQMb iQ �bb2bb i?2 BKTQ`i�M+2 Q7 72�im`2
b2H2+iBQMX

5.1.4 Models

h?2 `2bmHib Q7 i?2 bim/v �`2 T`2b2Mi2/ BM h�#H2 8XRXjX h?2 KQ/2Hb r2`2 2p�Hm�i2/ #�b2/
QM }p2 T2`7Q`K�M+2 K2i`B+b, �++m`�+v- T`2+BbBQM- `2+�HH- 6R@b+Q`2- �M/ _P*@�l*X

Decision Tree

h?2 .h KQ/2H /B/ MQi QmiT2`7Q`K i?2 _6 KQ/2H 7Q` �Mv +QK#BM�iBQMX >Qr2p2`- Bi /B/
T2`7Q`K #2ii2` i?�M i?2 aoJ 7Q` 72�im`2 +QK#BM�iBQM jX h?Bb Bb HBF2Hv /m2 iQ i?2 7�+i i?�i
Bi +QMi�BMb QMHv QM2 72�im`2 �M/ i?mb #2+QK2b � bBKTHB}2/ T`Q#�#BHBiv T`Q#H2KX h?2 #2bi
`2bmHi 7Q` .h r�b �M �++m`�+v Q7 d9W rBi? 72�im`2 +QK#BM�iBQM j 7Q` #Qi? b+�H�`bX

h?2 .h KQ/2HǶb TQQ` T2`7Q`K�M+2 r�b 2tT2+i2/ /m2 iQ Bib H�+FBM; �#BHBiv iQ ?�M/H2
M2r /�i� TQBMibX .m2 iQ �HH /�i� TQBMib i2bi2/ #v i?2 KQ/2H #2BM; +QKTH2i2Hv M2r �M/
/Bz2`2Mi +mbiQK2`b- i?2v �`2 /B{+mHi 7Q` i?2 KQ/2H iQ T`2/B+i +Q``2+iHvX h?2 .h KQ/2H
T2`7Q`K2/ #2bi QM 72�im`2 +QK#BM�iBQM j- r?B+? QMHv +QMi�BM2/ i?2 BM/mbi`v +Q/2 �b �
72�im`2X Ai T2`7Q`K2/ H2bb r2HH QM 72�im`2 +QK#BM�iBQM k- +QMi�BMBM; i?2 BM/mbi`v +Q/2
�M/ i?2 i?`22 #2bi MmK2`B+�H p�`B�#H2bX h?2 KQ/2H T2`7Q`K2/ 2p2M rQ`b2 QM 72�im`2
+QK#BM�iBQM R- +QMi�BMBM; QMHv i?2 i?`22 #2bi MmK2`B+�H p�`B�#H2bX h?mb- i?2 KQ/2H
b22K2/ iQ #2 +QM7mb2/ #v i?2 MmK2`B+�H /�i�X h?Bb BKTHB2b i?�i BM � bBKTH2 KQ/2H bm+?
�b � .h- i?2 KQ/2H bi`m;;H2b iQ +H�bbB7v +QKT�MB2b #�b2/ QM MmK2`B+�H K2i`B+b bm+? �b
HB[mB/Biv- rQ`FBM; +�TBi�H- �M/ MmK#2` Q7 2KTHQv22bX h?Bb +QmH/ #2 /m2 iQ � ;`2�i2`
p�`B�iBQM BM i?2b2 MmK2`B+�H p�Hm2b 7Q` +mbiQK2`b `2+2BpBM; �M Qz2` �M/ i?�i +QKT�MB2b
�`2 BMbi2�/ 2�bB2` iQ +H�bbB7v #�b2/ QM i?2B` BM/mbi`vX

Random Forest

_6 T2`7Q`K2/ r2HH �+`Qbb �HH 72�im`2 +QK#BM�iBQMb �M/ b+�HBM; i2+?MB[m2bX Pp2`�HH- i?2
aoJ QmiT2`7Q`K2/ Bi #mi biBHH T`Qp2/ iQ #2 #2ii2` 7Q` 72�im`2 +QK#BM�iBQM jX h?2 #2bi
`2bmHi 7Q` _6 r�b �M �++m`�+v Q7 d8W 7Q` 72�im`2 +QK#BM�iBQM 9 7Q` #Qi? b+�H2`bX h?2 _6
KQ/2H T2`7Q`K2/ #2ii2` i?�M i?2 .h KQ/2H BM �HH i2bib 2t+2Ti 7Q` 72�im`2 +QK#BM�iBQM j
UAM/mbi`v *Q/2V- r?2`2 i?2 KQ/2Hb T2`7Q`K2/ p2`v bBKBH�`HvX �b K2MiBQM2/ BM *?�Ti2`
9- _6 Bb #2ii2` �i ;2M2`�HBxBM; i?�M .h �M/ Bb Q7i2M #2ii2` �i ?�M/HBM; M2r /�i�X h?Bb
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Bb HBF2Hv r?v i?2 _6 KQ/2H +�M +H�bbB7v M2r +mbiQK2`b KQ`2 �++m`�i2HvX >Qr2p2`- i?2
KQ/2H Bb biBHH QmiT2`7Q`K2/ #v i?2 aoJ KQ/2HX

Support Vector Machine

aoJ +QMbBbi2MiHv T`Q/m+2/ i?2 #2bi �++m`�+v �M/ `2+�HH �+`Qbb �HH 72�im`2 +QK#BM�iBQMb
�M/ b+�HBM; i2+?MB[m2b- BM/B+�iBM; i?�i Bi Bb i?2 KQbi 2z2+iBp2 KQ/2H BM +H�bbB7vBM;
TQi2MiB�H +mbiQK2`bX h?2 #2bi `2bmHi 7Q` aoJ r�b 3yW- 7Q` 72�im`2 +QK#BM�iBQMb R �M/
k- rBi? JBMJ�t b+�H2`X h?2 aoJ KQ/2H r�b i?2 Qp2`�HH #2bi T2`7Q`K2`- r?B+? +QmH/ #2
�ii`B#mi2/ iQ i?2B` bm++2bb BM #BM�`v +H�bbB}+�iBQM T`Q#H2Kb U�r�/ �M/ E?�MM� kyR8VX
aoJb 7m`i?2` T2`7Q`K r2HH rBi? bK�HH2` �KQmMib Q7 /�i�- r?B+? +QmH/ �HbQ +QMi`B#mi2 iQ
i?2 2z2+iBp2M2bb Q7 i?2B` mb2 BM i?Bb T`Q#H2KX >Qr2p2`- h?2 /`�r#�+Fb Q7 aoJb BM+Hm/2
+QKTH2t �M/ iBK2@+QMbmKBM; i`�BMBM; QM H�`;2` /�i� b2ib �M/ i?2B` i2M/2M+v iQ T2`7Q`K
rQ`b2 QM KmHiBTH2 +H�bb T`Q#H2Kb US`BM+2 kyRkVX

1p2M i?Qm;? Bi T2`7Q`Kb r2HH BM i?Bb +�b2 bim/v- i?2 /`�r#�+Fb KB;?i #2 �M Bbbm2 r?2M
i?2 *_J bvbi2K /2p2HQTb �M/ vB2H/b H�`;2` /�i� b2ib Q` i?2 +H�bbB}2` M22/b iQ #2 2ti2M/2/
iQ #2 mb2/ 7Q` KmHiBTH2 +�b2 +H�bbB}+�iBQM- r?B+? r�b `2H�i2/ iQ irQ Q7 i?2 bi�i2K2Mib
/Bb+Qp2`2/- MQX Ry � RR @ h?2 Tm`TQb2 Q7 i?2 +H�bbB}2` K�v BM i?2 7mim`2 #2 KmHiBTH2 +�b2
+H�bbB}+�iBQM � h?2 /�i� b2i 7Q` i?2 +H�bbB}2` Bb 2tT2+i2/ iQ ;`Qr BM i?2 7mim`2X

Neural Network

h?2 LL KQ/2H T2`7Q`K2/ rQ`b2 i?�M _6 �M/ aoJ BM i2`Kb Q7 �++m`�+vX h?Bb Bb KQbi
HBF2Hv /m2 iQ i?2 bHBK MmK#2` Q7 72�im`2b- �b �LLb �`2 KQ/2Hb i?�i i2M/ iQ rQ`F #2ii2` QM
H�`;2` /�i� b2ib rBi? KQ`2 72�im`2bX h?2 �LL KQ/2H r�b �HbQ QM2 Q7 i?2 rQ`bi T2`7Q`K2`b
BM i2`Kb Q7 _2+�HHX >Qr2p2`- BMi2`2biBM;Hv 2MQm;?- Bi +QMbBbi2MiHv r�b i?2 #2bi T2`7Q`K2`
BM i2`Kb Q7 S`2+BbBQMX h?2 #2bi `2bmHi 7Q` i?2 �LL r�b �M �++m`�+v Q7 d8W 7Q` 72�im`2
+QK#BM�iBQM 9 rBi? i?2 JBMJ�t b+�H2`X

PM2 Q7 i?2 #2M2}ib Q7 �LLb Bb i?2B` �#BHBiv iQ ?�M/H2 H�`;2 �KQmMib Q7 mMbi`m+im`2/-
MQBbv /�i� US`BM+2 kyRkVX h?2v ivTB+�HHv T2`7Q`K #2ii2` QM H�`;2 /�i� b2ib rBi? K�Mv
72�im`2b �M/ MQi �b r2HH QM bK�HH2` /�i� b2ib rBi? 72r2` �KQmMib Q7 72�im`2b US`BM+2
kyRkVX h?2`27Q`2- i?2 p2`v +m`�i2/ 72�im`2 b2H2+iBQM /QM2 BM i?Bb T�T2` Bb T`Q#�#Hv iQ
#H�K2 7Q` i?2 bHB;?iHv rQ`b2 T2`7Q`K�M+2 7Q` i?Bb T`Q#H2K +QKT�`2/ iQ i?2 _6 Q` aoJ
KQ/2HX h?Bb T?2MQK2MQM +�M #2 Q#b2`p2/ 7Q` 72�im`2 +QK#BM�iBQM 9- r?B+? vB2H/2/ i?2
#2bi `2bmHi �M/ r�b i?2 +QK#BM�iBQM rBi? �HH �p�BH�#H2 72�im`2bX
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5.1.5 Metrics

Accuracy

�++m`�+v Bb � +QKKQMHv mb2/ 2p�Hm�iBQM K2i`B+ BM JG i?�i K2�bm`2b i?2 Qp2`�HH
+Q``2+iM2bb Q7 � +H�bbB}2`Ƕb T`2/B+iBQMbX Ai `2T`2b2Mib i?2 T`QTQ`iBQM Q7 +Q``2+iHv +H�bbB}2/
BMbi�M+2b Qmi Q7 i?2 iQi�H MmK#2` Q7 BMbi�M+2b BM i?2 /�i� b2iX PM2 Q7 i?2 #2M2}ib
Q7 �++m`�+v Bb Bib BMimBiBp2 BMi2`T`2i�iBQM- K�FBM; Bi � +QMp2MB2Mi K2i`B+ iQ mb2 #v- 7Q`
2t�KTH2- mb2`b Q7 i?2 +H�bbB}+�iBQM bvbi2K MQi 7�KBHB�` rBi? JG Q` Qi?2` ivT2b Q7 JG
K2i`B+bX >Qr2p2`- QM2 HBKBi�iBQM Q7 �++m`�+v Bb Bib b2MbBiBpBiv iQ +H�bb BK#�H�M+2X AM i?Bb
+�b2- r?2`2 i?2`2 r�b � d8fk8 /Bz2`2M+2 BM i?2 MmK#2` Q7 BMbi�M+2b #2ir22M +H�bb2b BM i?2
i2bi /�i�- i?2 +H�bbB}2` +�M �+?B2p2 ?B;? �++m`�+v #v bBKTHv T`2/B+iBM; i?2 K�DQ`Biv +H�bb
KQbi Q7 i?2 iBK2X �++m`�+v 7m`i?2` 7�BHb iQ T`QpB/2 BMbB;?ib BMiQ i?2 ivT2 Q7 2``Q`b K�/2
#v i?2 +H�bbB}2`X Ai i`2�ib �HH KBb+H�bbB}+�iBQMb 2[m�HHv- rBi?Qmi /BbiBM;mBb?BM; #2ir22M
7�Hb2 TQbBiBp2b �M/ 7�Hb2 M2;�iBp2bX h?Bb r�b i?2 `2�bQM 7Q` +QKTH2K2MiBM; �++m`�+v rBi?
i?2 �//BiBQM�H K2i`B+b S`2+BbBQM- _2+�HH- 6R@b+Q`2- �M/ _P*@�l*X

� ?vTQi?2iB+�H +H�bbB}2` i?�i T`2/B+ib i?2 K�DQ`Biv +H�bb RyyW Q7 i?2 iBK2 rQmH/ �+?B2p2
d8W �++m`�+v QM i?Bb T`Q#H2K r?BHbi /QBM; MQi?BM; #2M2}+B�H �M/ `2+2BpBM; � #2ii2` b+Q`2
i?�M .h- _6- �M/ �LLX h?2`27Q`2- Bi Bb bB;MB}+�Mi i?�i i?2 aoJ KQ/2H �+?B2p2b �M
�++m`�+v Q7 3yW- T2`7Q`KBM; #2ii2` i?�M i?2 ?vTQi?2iB+�H KQ/2HX AM Q`/2` iQ mM/2`bi�M/
i?2 T2`7Q`K�M+2 Q7 i?2 Qi?2` KQ/2Hb- r?B+? ?�p2 �M �++m`�+v Q7 d8W Q` #2HQr- r2 M22/
iQ HQQF �i i?2 Qi?2` K2i`B+b iQ 2p�Hm�i2 i?2B` T2`7Q`K�M+2 #2vQM/ /QBM; H2bb i?�M i?2
?vTQi?2iB+�H KQ/2HX

Precision, Recall & F1-Score

S`2+BbBQM �M/ _2+�HH r2`2 2[m�H Q` +HQb2 BM `�M;2 7Q` K�Mv Q7 i?2 KQ/2H `2bmHib-
T�`iB+mH�`Hv i?2 .h �M/ _6 KQ/2HX q?2M T`2+BbBQM �M/ `2+�HH �`2 2[m�H iQ 2�+? Qi?2`- Bi
K2�Mb i?�i i?2 KQ/2H Bb �+?B2pBM; � #�H�M+2 #2ir22M i?2b2 irQ K2i`B+bX AM Qi?2` rQ`/b-
i?2 KQ/2H K�F2b +Q``2+i TQbBiBp2 T`2/B+iBQMb UT`2+BbBQMV r?BH2 +�Tim`BM; � bB;MB}+�Mi
TQ`iBQM Q7 i?2 �+im�H TQbBiBp2 BMbi�M+2b U`2+�HHVX AM T`�+iB+2- i?2`2 Bb Q7i2M � i`�/2@Qz
#2ir22M T`2+BbBQM �M/ `2+�HHX AM+`2�bBM; QM2 Q7 i?2b2 K2i`B+b ivTB+�HHv H2�/b iQ � /2+`2�b2
BM i?2 Qi?2`X 6Q` 2t�KTH2- B7 � KQ/2H Bb imM2/ iQ ?�p2 ?B;? T`2+BbBQM- Bi K�v #2 KQ`2
+QMb2`p�iBp2 BM H�#2HBM; BMbi�M+2b �b TQbBiBp2- `2bmHiBM; BM � HQr2` `2+�HHX *QMp2`b2Hv- B7
� KQ/2H �BKb 7Q` ?B;? `2+�HH- Bi K�v #2 KQ`2 BM+HmbBp2 BM H�#2HBM; BMbi�M+2b �b TQbBiBp2-
TQi2MiB�HHv H2�/BM; iQ � HQr2` T`2+BbBQMX q2 Q#b2`p2 i?Bb T?2MQK2MQM rBi? i?2 �LL
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KQ/2H- r?B+? `2+2Bp2/ i?2 ?B;?2bi S`2+BbBQM r?BHbi Q7i2M `2+2BpBM; i?2 HQr2bi _2+�HH b+Q`2-
�M/ r2 7m`i?2` Q#b2`p2 i?2 `2p2`b2 rBi? i?2 aoJ KQ/2H- r?B+? `2+2Bp2/ i?2 ?B;?2bi _2+�HH
b+Q`2 �M/ �KQM; i?2 HQr2bi T`2+BbBQM 7Q` irQ Q7 i?2 72�im`2 +QK#BM�iBQMbX

h?2 bT2+B}+ #�H�M+2 #2ir22M T`2+BbBQM �M/ `2+�HH /2T2M/b QM i?2 bT2+B}+ `2[mB`2K2Mib
�M/ ;Q�Hb Q7 i?2 T`Q#H2K �i ?�M/X 6Q` 2t�KTH2- bmTTQb2 i?2 ;Q�H Bb QMHv iQ ?�p2 � HBbi
Q7 +QKT�MB2b +Q``2+iHv +H�bbB}2/ �b v2bX AM i?�i +�b2- ?�pBM; ?B;? T`2+BbBQM K�v #2 KQ`2
BKTQ`i�Mi iQ �pQB/ BM+Q``2+iHv +H�bbB7vBM; MQM@bmBi�#H2 +mbiQK2`b �b bmBi�#H2 QM2bX PM
i?2 Qi?2` ?�M/- B7 i?2 ;Q�H Bb iQ KBbb �b 72r +QKT�MB2b �b TQbbB#H2- Bi K�v #2 KQ`2 +`BiB+�H
iQ ?�p2 � ?B;? `2+�HH iQ �pQB/ KBbbBM; TQbBiBp2 +�b2b- 2p2M B7 Bi K2�Mb �++2TiBM; bQK2 7�Hb2
TQbBiBp2bX PM i?�i MQi2- i?2 6R@b+Q`2 +QK#BM2b T`2+BbBQM �M/ `2+�HH BMiQ � bBM;H2 p�Hm2 iQ
T`QpB/2 � #�H�M+2/ 2p�Hm�iBQM Q7 � KQ/2HǶb T2`7Q`K�M+2X h?2 6R@b+Q`2 Bb +QKTmi2/ �b
i?2 ?�`KQMB+ K2�M Q7 T`2+BbBQM �M/ `2+�HH iQ 2Mbm`2 i?�i i?2 6R@b+Q`2 `2K�BMb ?B;? QMHv
B7 #Qi? T`2+BbBQM �M/ `2+�HH �`2 ?B;?X Ai T2M�HBx2b KQ/2Hb rBi? � bB;MB}+�Mi /Bz2`2M+2
#2ir22M T`2+BbBQM �M/ `2+�HH- 7�pQ`BM; KQ/2Hb rBi? � KQ`2 #�H�M+2/ T2`7Q`K�M+2X h?mb-
/2T2M/BM; QM i?2 bT2+B}+ `2[mB`2K2Mib Q7 i?2 QmiTmi- QM2 Q7 i?2b2 K2i`B+b +�M #2 +?Qb2M
�b i?2 KQbi BKTQ`i�Mi QM2X

ROC-AUC

h?2 _P* +m`p2 Bb � ;`�T?B+�H `2T`2b2Mi�iBQM Q7 i?2 T2`7Q`K�M+2 Q7 � +H�bbB}2` �b i?2
/Bb+`BKBM�iBQM i?`2b?QH/ Bb p�`B2/- r?BH2 i?2 �l* [m�MiB}2b i?2 Qp2`�HH T2`7Q`K�M+2 Q7
i?2 +H�bbB}2`X h?Bb b+Q`2 Bb �Hr�vb #2ir22M yX8 �M/ R- r?2`2 R Bb � T2`72+i b+Q`2- �M/ yX8
`2T`2b2Mib � `�M/QK +H�bbB}2`X h?2 _P* +m`p2 Bb +`2�i2/ #v THQiiBM; i?2 i`m2 TQbBiBp2
`�i2 UhS_V �;�BMbi i?2 7�Hb2 TQbBiBp2 `�i2 U6S_V �i p�`BQmb i?`2b?QH/ b2iiBM;bX � +H�bbB}2`
rBi? � ?B;?2` hS_ �M/ � HQr2` 6S_ �+`Qbb p�`BQmb i?`2b?QH/ b2iiBM;b rBHH ?�p2 � +m`p2
+HQb2` iQ i?2 THQiǶb iQT@H27i +Q`M2`- BM/B+�iBM; #2ii2` T2`7Q`K�M+2X h?2 /B�;QM�H HBM2 BM
i?2 _P* THQi `2T`2b2Mib � `�M/QK +H�bbB}2`X Ai Bb mb27mH �b Bi +QKT`2?2MbBp2Hv 2p�Hm�i2b
i?2 +H�bbB}2`Ƕb T2`7Q`K�M+2 �+`Qbb p�`BQmb i?`2b?QH/ b2iiBM;b- +QMbB/2`BM; i?2 i`�/2@Qz
#2ir22M hS_ �M/ 6S_X Ai /Q2b MQi T`QpB/2 BMbB;?ib BMiQ i?2 bT2+B}+ KBb+H�bbB}+�iBQMb
K�/2 #v i?2 +H�bbB}2` Q` i?2 QTiBK�H i?`2b?QH/ iQ mb2 BM � ;Bp2M +QMi2tiX �//BiBQM�HHv-
i?2 _P*@�l* Bb H2bb BM7Q`K�iBp2 BM +�b2b r?2`2 i?2 +Qbib Q7 7�Hb2 TQbBiBp2b �M/ 7�Hb2
M2;�iBp2b �`2 bB;MB}+�MiHv /Bz2`2MiX �b i?Bb Bb �M BK#�H�M+2/ /�i� b2i- Bi Bb mb27mH �b
�M Qp2`�HH T2`7Q`K�M+2 b+Q`2X >Qr2p2`- r?2M i?2 ;Q�H Bb iQ ;�BM KQ`2 BMbB;?i BMiQ i?2
`2bmHib �M/ T2`7Q`K�M+2 Q7 i?2 +H�bbB}2`- K2i`B+b bm+? �b S`2+BbBQM �M/ _2+�HH KB;?i #2
KQ`2 mb27mHX
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h?2 .h KQ/2H ?�/ i?2 rQ`bi �l* b+Q`2 Qp2`�HH- �b +�M #2 Q#b2`p2/ BM i?2 i�#H2 �b r2HH
�b i?2 ;`�T?b #2HQr- r?2`2 i?2 #Hm2 HBM2 Bb Q7i2M +HQb2bi iQ i?2 /B�;QM�H HBM2 `2T`2b2MiBM;
i?2 `�M/QK +H�bbB}2`X Ai �HbQ `2+2Bp2/ � HQr2` �++m`�+v i?�M � KQ/2H r?B+? rQmH/ ?�p2
T`2/B+i2/ i?2 K�DQ`Biv +H�bb RyyW Q7 i?2 iBK2- BM/B+�iBM; i?�i Bi /Q2b MQi T2`7Q`K Km+?
#2ii2` i?�M � `�M/QK +H�bbB}2`X h?2 �LL Qp2`�HH ?�/ i?2 #2bi �l* b+Q`2- r?B+? +�M #2
Q#b2`p2/ �b i?2 ;`22M HBM2 Bb i?2 +HQb2bi iQ i?2 iQT H27i +Q`M2` 7Q` K�Mv Q7 i?2 ;`�T?bX h?2
�LL `2+2Bp2/ rQ`b2 �l* b+Q`2b 7Q` i?2 _Q#mbi b+�H2`- BM/B+�iBM; Bi +�M KQ`2 2z2+iBp2Hv
/BbiBM;mBb? #2ir22M TQbBiBp2 �M/ M2;�iBp2 +�b2b r?2M i?2 /�i� b2i Bb b+�H2/ mbBM; i?2
JBMJ�t b+�H2`X Ai Bb BMi2`2biBM; i?�i i?2 �LL KQ/2H `2+2Bp2/ i?2 ?B;?2bi _P* b+Q`2
r?BH2 `2+2BpBM; i?2 HQr2bi �++m`�+vX h?Bb BM/B+�i2b i?�i Bi Bb KQ`2 2z2+iBp2 �i +Q``2+iHv
B/2MiB7vBM; �M/ `�MFBM; i?2 KBMQ`Biv +H�bb BMbi�M+2b- 2p2M B7 Bi KBb+H�bbB}2b bQK2 K�DQ`Biv
+H�bb BMbi�M+2b- r?2`2�b i?2 Qi?2` KQ/2Hb- r?B+? `2+2Bp2/ � ?B;?2` �++m`�+v �M/ BMbi2�/
rQ`b2 �l* b+Q`2b `2H�iBp2 iQ i?2 �LL- T`BQ`BiBx2 i?2 K�DQ`Biv +H�bb r?2M T`2/B+iBM;X

5.1.6 Scaling Technique

hrQ b+�HBM; i2+?MB[m2b r2`2 mb2/- JBMJ�t b+�H2` �M/ _Q#mbi b+�H2`- iQ MQ`K�HBx2 i?2
72�im`2 p�Hm2b iQ � bT2+B}+ b+�H2X JBMJ�t b+�H2b i?2 72�im`2b iQ � `�M;2 #2ir22M y �M/ R-
r?2`2�b i?2 _Q#mbi b+�H2b i?2 72�im`2b iQ � `�M;2 #2ir22M i?2 k8i? �M/ d8i? T2`+2MiBH2
Q7 i?2 /�i�- r?B+? K�F2b Bi KQ`2 `Q#mbi iQ QmiHB2`bX JBMJ�t b+�HBM; +QMbBbi2MiHv
QmiT2`7Q`K2/ _Q#mbi b+�HBM; �+`Qbb �HH 72�im`2 +QK#BM�iBQMb �M/ KQ/2Hb- 2t+2Ti 7Q` aoJ-
r?2`2 #Qi? b+�HBM; i2+?MB[m2b T`Q/m+2/ bBKBH�` `2bmHibX h?2 b+�HBM; i2+?MB[m2bǶ BKT�+i
QM i?2 /Bz2`2Mi KQ/2HbǶ T2`7Q`K�M+2 K2i`B+b +�M #2 b22M BM h�#H2 8XRXjX 6Q` 2t�KTH2-
r?2M mbBM; 72�im`2 +QK#BM�iBQM R rBi? JBMJ�t b+�HBM;- i?2 aoJ KQ/2H ?�b i?2 ?B;?2bi
�++m`�+v �M/ 6R b+Q`2 �KQM; �HH i?2 KQ/2Hb i2bi2/X PM i?2 Qi?2` ?�M/- i?2 LL KQ/2H
?�b p2`v HQr@T2`7Q`K�M+2 b+Q`2b �+`Qbb �HH K2i`B+bX q?2M mbBM; _Q#mbi b+�HBM; rBi?
72�im`2 +QK#BM�iBQM k- i?2 aoJ �M/ _6 KQ/2Hb ?�p2 i?2 ?B;?2bi �++m`�+v �M/ 6R b+Q`2-
r?BH2 i?2 LL KQ/2H biBHH ?�b HQr@T2`7Q`K�M+2 b+Q`2bX

JBMJ�t b+�HBM; Bb ;2M2`�HHv � ;QQ/ +?QB+2 r?2M i?2 /�i� Bb r2HH@#2?�p2/- �M/ i?2`2
�`2 MQ bB;MB}+�Mi QmiHB2`b- r?2`2�b _Q#mbi b+�HBM; Bb #2ii2` r?2M i?2 /�i� +QMi�BMb
QmiHB2`bX >Qr2p2`- Bi Bb BKTQ`i�Mi iQ MQi2 i?�i i?2 +?QB+2 Q7 b+�HBM; i2+?MB[m2 +�M �HbQ
/2T2M/ QM i?2 bT2+B}+ +?�`�+i2`BbiB+b Q7 i?2 /�i� �M/ i?2 KQ/2Hb #2BM; mb2/X AM bQK2
+�b2b- JBMJ�t b+�HBM; K�v biBHH T2`7Q`K #2ii2` i?�M `Q#mbi b+�HBM;- 2p2M rBi? QmiHB2`bX
h?2`27Q`2- i`vBM; KmHiBTH2 b+�HBM; i2+?MB[m2b �M/ +QKT�`BM; i?2B` T2`7Q`K�M+2 Bb �Hr�vb
� ;QQ/ T`�+iB+2X
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h�#H2 8XRXj, JQ/2H T2`7Q`K�M+2 K2i`B+b 7Q` /Bz2`2Mi 72�im`2 +QK#BM�iBQMb- b+�HBM;
i2+?MB[m2b- �M/ KQ/2HbX

62�im`2
+QK#BM�@
iBQM

a+�HBM;
h2+?MB[m2

JQ/2H �++m`�+v S`2+BbBQM _2+�HH 6R@a+Q`2 _P*@
�l*

R JBMJ�t .h yXeN yXe3 yXeN yXe3 yX8k
R JBMJ�t _6 yXdR yXe3 yXdk yXeN yX8d
R JBMJ�t aoJ yX3y yXeN yX3y yXdk yX83
R JBMJ�t LL yXek yXdj yXek yXee yX8N
R _Q#mbi .h yXee yXeN yXee yXe3 yX8k
R _Q#mbi _6 yXdR yXdy yXdR yXdR yX8d
R _Q#mbi aoJ yXd8 yXdy yXd8 yXdk yX8N
R _Q#mbi LL yXeR yXde yXeR yXe8 yXek

k JBMJ�t .h yXe3 yXdy yXe3 yXeN yX8e
k JBMJ�t _6 yXd9 yXdj yXd9 yXdj yXej
k JBMJ�t aoJ yX3y yXeN yX3y yXdk yXdy
k JBMJ�t LL yXdy yXd8 yXdy yXdR yXdR
k _Q#mbi .h yXeN yXdR yXeN yXdy yX8d
k _Q#mbi _6 yXd9 yXdj yXd9 yXdj yXeR
k _Q#mbi aoJ yXdy yXdk yXdy yXdR yXdy
k _Q#mbi LL yXdR yXd9 yXdR yXdk yXe9

j JBMJ�t .h yXd9 yXd8 yXd9 yXd9 yXdR
j JBMJ�t _6 yXd9 yXd8 yXd9 yXd9 yXdR
j JBMJ�t aoJ yXdj yXde yXdj yXd9 yXed
j JBMJ�t LL yXdR yXd9 yXdR yXdk yXdR
j _Q#mbi .h yXd9 yXd8 yXd9 yXd9 yXdR
j _Q#mbi _6 yXd9 yXd8 yXd9 yXd9 yXdR
j _Q#mbi aoJ yXdj yXde yXdj yXd9 yXed
j _Q#mbi LL yXdR yXd9 yXdR yXdk yXdR

9 JBMJ�t .h yXed yXe8 yXed yXee yX88
9 JBMJ�t _6 yXd9 yXed yXd9 yXed yXe3
9 JBMJ�t aoJ yXdy yXdk yXdy yXdR yXdy
9 JBMJ�t LL yXd8 yXd8 yXd8 yXd8 yXdy
9 _Q#mbi .h yXee yXe9 yXee yXe8 yX8k
9 _Q#mbi _6 yXd8 yXeN yXd8 yXe3 yXe8
9 _Q#mbi aoJ yXdy yXdk yXdy ydR yXdy
9 _Q#mbi LL yXdR yXdk yXdR yXdR yXee
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6B;m`2 8XRXk, _P* *m`p2b

U�V 62�im`2 +QK#BM�iBQM, R- a+�H2`,
JBMJ�t U#V 62�im`2 +QK#BM�iBQM, R- a+�H2`, _Q#mbi

U+V 62�im`2 +QK#BM�iBQM, k- a+�H2`,
JBMJ�t U/V 62�im`2 +QK#BM�iBQM, k- a+�H2`, _Q#mbi

U2V 62�im`2 +QK#BM�iBQM, j- a+�H2`,
JBMJ�t U7V 62�im`2 +QK#BM�iBQM, j- a+�H2`, _Q#mbi
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U�V 62�im`2 +QK#BM�iBQM, 9- a+�H2`,
JBMJ�t U#V 62�im`2 +QK#BM�iBQM, 9- a+�H2`, _Q#mbi

5.2 Qualitative / Interviews

h?2 BMi2`pB2rb T`QpB/2/ p�Hm�#H2 BMbB;?ib BMiQ BMbm`�M+2 #`QF2`bǶ +?�HH2M;2b BM i?2
#mbBM2bb BMbm`�M+2 BM/mbi`v �M/ ?Qr +mbiQK2` +H�bbB}+�iBQM +�M #2 BMi2;`�i2/ BMiQ
i?2B` +m``2Mi �+[mBbBiBQM bi`�i2;vX Ai �HbQ T`QpB/2/ 7m`i?2` BMbB;?i BMiQ ?Qr � /B;Bi�H
+H�bbB}+�iBQM BKTH2K2Mi�iBQM +QmH/ #2 BMi2;`�i2/ BMiQ i?2 +m``2Mi *_J bvbi2KX _2�H@
iBK2 MQi2b Q7 2�+? BMi2`pB2r r2`2 bmKK�`Bx2/ BMiQ i?2 KQbi `2H2p�Mi T�`�T?`�b2/
bi�i2K2Mib- r?B+? +QmH/ i?2M #2 bmKK�`Bx2/ 7m`i?2` BMiQ 7Qm` i?2K2b �b b22M BM 6B;m`2
9XjX8X h?2 T�`�T?`�b2/ bi�i2K2Mib 7`QK i?2 BMi2`pB2rb +�M #2 7QmM/ BM h�#H2 8XkXR- �M/
i?2 bmKK�`BxBM; i?2K2b +�M #2 7QmM/ BM h�#H2 8XkXk

5.2.1 Themes

h?2 `2bmHiBM; T�`�T?`�b2/ bi�i2K2Mib r2`2 bmKK�`Bx2/ BMiQ 7Qm` i?2K2bX h?2
bi�i2K2Mib T`QpB/2/ /Bz2`2Mi ;mB/2HBM2b 7Q` i?2 BKTH2K2Mi�iBQM Q7 i?2 +H�bbB}+�iBQM
bvbi2K /2T2M/BM; QM r?B+? i?2K2 Bi r�b ;`QmT2/ iQX �b i?2 BMi2`pB2rb r2`2 ?2H/ �M/
bi�i2K2Mib bm#b2[m2MiHv ;�i?2`2/ Qp2` i?2 `2b2�`+? T`Q+2bb- i?2 +H�bbB}+�iBQM bvbi2K r�b
;`�/m�HHv /2p2HQT2/ �++Q`/BM; iQ i?2 bi�i2K2Mib �M/ i?2B` bT2+B}2/ `2[mB`2K2MibX

Theme 1: Data collection

ai�i2K2Mib R- j- 9- 3- �M/ N �`2 `2H�i2/ iQ +QHH2+iBM; �M/ T`Q+2bbBM; /�i� 7Q` i?2 +H�bbB}2`X
6Q` 2t�KTH2- bi�i2K2Mi MQX R H2�/b iQ i?2 mb2 Q7 Tm#HB+Hv �p�BH�#H2 /�i� bQm`+2b �b i?2v
�`2 �p�BH�#H2 �i �Mv iBK2 BM i?2 T`Q+2bbX 6Q` i?2 BMi2M/2/ mb2`b iQ #2 �#H2 iQ mb2 i?2
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.2T�`iK2Mib LmK#2` S�`�T?`�b2/ ai�i2K2Mib
".- A� R PMHv /�i� �p�BH�#H2 2�`Hv BM i?2 T`Q+2bb- #27Q`2 i?2

BMbm`�M+2 +QKT�Mv ?�b #22M +QMi�+i2/- K�v #2 mb2/
".- A� k h?2 QmiTmi Q7 i?2 +H�bbB}2` M22/b iQ #2 � #BM�`v HBbi Q7

+QKT�MB2b K�`F2/ v2b Q` MQ
".- A� j �pQB/ Ǵ#H�+F #QtǴ +H�bbB}+�iBQM- �M/ BMbi2�/ 7Q+mb QM

� +H2�` b2i Q7 72�im`2b r?B+? +�M i?2M #2 7Q+mb2/ QM
+QHH2+iBM; pB� i?2 *_J bvbi2K

" 9 L22/b iQ #2 �#H2 iQ rQ`F rBi? i?2B` +m``2Mi /�i�
+QHH2+iBQM K2i?Q/b

" 8 a?QmH/ 7m`i?2` `2}M2 � HBbi Q7 +QKT�MB2b �H`2�/v ;�i?2`2/
#v i?2B` i`�/BiBQM�H K2i?Q/b �M/ }i BMiQ i?2 T`Q+2bb
#27Q`2 +QH/ +�HHBM;

" e h?2 +m``2Mi +mbiQK2` �+[mBbBiBQM T`Q+2bb Bb p2`v 7Q+mb2/
QM bT2+B}+ BM/mbi`B2b �M/ i?mb p2`v #B�b2/

". d JBiB;�i2 i?2 #mBHi@BM #B�b 7`QK i?2 *_J /�i�
A� 3 *H�bbB7v mbBM; QMHv MmK2`B+ p�`B�#H2b �M/ +�i2;Q`B+�H

p�`B�#H2b- MQ /2b+`BTiBp2 i2ti }2H/b
A� N h?2 /�i� 7Q` i?2 +H�bbB}2` b?QmH/ M22/ KBMBK�H T`Q+2bbBM;

".- �A Ry lb2 �b 72r 72�im`2b �b TQbbB#H2
". RR h?2 Tm`TQb2 Q7 i?2 +H�bbB}2` K�v- BM i?2 7mim`2- #2

KmHiBTH2 +�b2 +H�bbB}+�iBQM Q7 b2p2`�H BMbm`�M+2 T`Q/m+ib
".- �A Rk h?2 /�i� b2i 7Q` i?2 +H�bbB}2` Bb 2tT2+i2/ iQ ;`Qr BM i?2

7mim`2
A� Rj Ai Bb BKTQ`i�Mi MQi iQ KBb+H�bbB7v � +mbiQK2` �b ǴMQǴ i?�i

rQmH/ ?�p2 `2+2Bp2/ �M Qz2`
". R9 Ai Bb �HbQ BKTQ`i�Mi MQi iQ KBb+H�bbB7v � +mbiQK2` �b Ǵv2bǴ

i?�i b?QmH/ MQi `2+2Bp2 �M Qz2`

h�#H2 8XkXR, S�`�T?`�b2/ ai�i2K2Mib U.2T�`iK2Mib, "mbBM2bb .2p2HQTK2Mi (".)-
AMi2HHB;2Mi �miQK�iBQM (A�)- �M/ "`QF2`b (")V

+H�bbB}2`- i?2 /�i� +QHH2+iBQM �HbQ M22/b iQ #2 +QMbB/2`2/X Jm+? Q7 i?2 /�i� +QHH2+iBQM
bi�i2K2Mib �`2 `2H�i2/ iQ i`�MbT�`2M+v �M/ BMbB;?i- BX2X- r2 r�Mi iQ FMQr 2t�+iHv r?B+?
/�i� iQ +QHH2+i �M/ Bib BKTQ`i�M+2 7Q` i?2 +H�bbB}+�iBQM T`Q+2bbX h?2 BMi2`pB2r2/ #mbBM2bb
/2p2HQT2` 7`QK BM@/2Ti? 9 `2K�`F2/ i?�i ǴAi Bb BKTQ`i�Mi 7Q` mb iQ mM/2`bi�M/ i?2 T`Q+2bb
#2?BM/ i?2 b2;K2Mi�iBQM- �M/ iQ b22 r?B+? T�`�K2i2`b K�F2 i?2 +H�bbB}2` /Q Bib DQ#XǴX h?Bb
Bb- BM im`M- +QMM2+i2/ iQ i?2 72�im`2 b2H2+iBQM T`Q+2bb 2KTHQv2/ BM i?Bb T�T2`X h?2 `2�bQM
7Q` 2KTHQvBM; b2p2`�H 72�im`2 b2H2+iBQM K2i?Q/b �M/ +m`�iBM; i?2 MmK#2` Q7 72�im`2b
iQ #2 p2`v 72r r�b iQ ;Bp2 � KQ`2 BMbB;?i7mH /�i� +QHH2+iBQM T`Q+2bb i?�i �HHQr2/ 7Q` i?2
+QHH2+iBQM Q7 �b 72r p�`B�#H2b �b TQbbB#H2X ai�i2K2Mi MQX N �HbQ /2b+`B#2b i?2 T`272``2/ /�i�
+QHH2+iBQM T`Q+2bb- �b MQi ?�pBM; iQ bT2M/ `2bQm`+2b QM +H2�MBM; �M/ T`Q+2bbBM; /�i� b�p2b
iBK2 �M/ KQM2vX h?Bb r�b bQHp2/ #v +QHH2+iBM; Tm#HB+Hv �p�BH�#H2 /�i�- r?B+? Bb �H`2�/v
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S�`�T?`�b2/ ai�i2K2Mib h?2K2
R- j- 9- 3- N .�i� *QHH2+iBQM

j- 9- Ry 62�im`2 a2H2+iBQM
k- 8- e- d S`Q+2bb AMi2;`�iBQM
d- Rj- R9 SQi2MiB�H 6H�rb

h�#H2 8XkXk, h?2K2b

H�#2H2/ �M/ Q`;�MBx2/ #v +QKT�Mv �M/ v2�`X Ai r�b 7m`i?2` bQHp2/ #v #mBH/BM; bQK2
/�i� T`Q+2bbBM; BMiQ i?2 BKTH2K2Mi�iBQM bQ i?�i i?2 +Q/2 7Q` i?2 +H�bbB}2` �miQK�iB+�HHv
;2M2`�HBx2b i?2 BM/mbi`v +Q/2 p�`B�#H2 �M/ `2KQp2b L�L p�Hm2bX

Theme 2: Feature selection

ai�i2K2Mib j- 3- �M/ Ry �`2 ;`QmT2/ �b i?2K2 62�im`2 a2H2+iBQMX 6`QK i?2b2 bi�i2K2Mib-
Bi #2+�K2 +H2�` i?�i H2bb Bb KQ`2 r?2M Bi +�K2 iQ i?2 /�i� b2i �M/ 72�im`2 b2H2+iBQMX
"v ?�pBM; � bK�HH2` b2i Q7 72�im`2b- i?2 +H�bbB}+�iBQM bvbi2K Bb 2�bB2` 7Q` i?2 #`QF2`b iQ
mM/2`bi�M/ �M/ i?mb ;Bp2b i?2K BMbB;?i BMiQ r?�i +�M #2 mb2/ �b � ;QQ/ /2i2`KBM�Mi
7Q` +mbiQK2` b2H2+iBQMX � bK�HH2` b2i Q7 72�im`2b Bb �HbQ /2bB`�#H2 �b /�i� +Qbib KQM2v
iQ T`Q+m`2- �M/ #v FMQrBM; � bK�HH2` bm#b2i Q7 72�im`2b iQ 7Q+mb QM- i?2 /�i� +QHH2+iBQM
T`Q+2bb �HbQ i�F2b H2bb iBK2X PM2 #mbBM2bb /2p2HQT2` +QKK2Mi2/ i?�i ǴPM2 Q7 i?2 KQbi
p�Hm�#H2 r�vb iQ /2p2HQT i?2 *_J bvbi2K +m``2MiHv Bb iQ }M/ i?2 +Q``2+i BM7Q`K�iBQM iQ
7Q+mb QM- bQ r2 +�M bT2M/ `2bQm`+2b r?2`2 Bi K�ii2`b i?2 KQbiǴ UAM@/2Ti? 9VX ai�i2K2Mi
Ry- lb2 �b 72r 72�im`2b �b TQbbB#H2- +�M #2 bHB;?iHv KBbH2�/BM;- �b mbBM; �b 72r �b TQbbB#H2
rQmH/ K2�M x2`Q 72�im`2b �M/ MQ +H�bbB}2` �i �HHX h?2 B/2� Bb iQ mb2 i?2 H2�bi MmK#2` Q7
72�im`2b TQbbB#H2 rBi?Qmi � bB;MB}+�Mi /`QT BM T2`7Q`K�M+2 �M/ iQ }M/ � ;QQ/ i`�/2@Qz
#2ir22M +H�bbB}2` T2`7Q`K�M+2 �M/ i?2 MmK#2` Q7 72�im`2bX h?2 #mbBM2bb /2p2HQT2` 7`QK
BM@/2Ti? j +QKK2Mi2/ i?�i ǴBiǶb T`Q#�#Hv ;QQ/ iQ +QHH2+i �b Km+? /�i� �b TQbbB#H2 �b r2
+m``2MiHv /QMǶi FMQr r?�i +QmH/ #2 Q7 BKTQ`i�M+2- �M/ i?2M iQ M�``Qr Bi /QrM �b Km+?
�b TQbbB#H2 bQ r2 +�M b22 r?�i ?�b i?2 KQbi BKT�+iǴX 62�im`2 +QK#BM�iBQM 9 r�b �//2/
rBi? i?2 Tm`TQb2 Q7 /2KQMbi`�iBM; i?�i i?2 +QKTH2i2 b2i Q7 72�im`2b /Q2b MQi /2HBp2` �
#2ii2` `2bmHi i?�M i?2 b2i Q7 72�im`2b b2H2+i2/ i?`Qm;? i?2 mb2/ 72�im`2 b2H2+iBQM K2i?Q/b-
2t+2Ti 7Q` i?2 �LL KQ/2HX

Theme 3: Process Integration

ai�i2K2Mib k- 8- e- �M/ d `272` iQ i?2 S`Q+2bb AMi2;`�iBQM i?2K2X h?mb- i?2 +m``2Mi
+mbiQK2` �+[mBbBiBQM T`Q+2bb �M/ ?Qr i?2 +H�bbB}2` M22/b iQ #2 �/�Ti2/ BM Q`/2` iQ rQ`F
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�b � mb27mH iQQHX h?2K2 MQX k M22/b iQ #2 7mH}HH2/ �b i?Bb Bb ?Qr i?2 #`QF2`b rQ`F
+m``2MiHv �M/ 2tTH�BMb ?Qr i?2 QmiTmi M22/b iQ #2 7Q`K�ii2/ BM Q`/2` iQ #2 mb27mH iQ i?2
#`QF2` i2�KX h?Bb Bb +HQb2Hv `2H�i2/ iQ i?2K2 MQX 8- r?B+? 2tTH�BMb �i r?B+? TQBMi BM
i?2 T`Q+2bb i?2 QmiTmi b?QmH/ #2X h?2K2b MQX e �M/ d BM7Q`K Q7 i?2 +m``2Mi T`Q+2bb �M/
?Qr i?2 +H�bbB}2` +�M #2 mb2/ iQ #�H�M+2 Qmi BKT2`72+iBQMbX 6Q` 2t�KTH2- i?2 BMi2`pB2r2/
K�M�;2` 7Q` i?2 #`QF2` /2T�`iK2Mi `2K�`F2/ i?�i Ǵq2 }`bi ;2i TH2Miv Q7 `�r /�i� i?�i
r2 ?�p2 iQ K�Mm�HHv ;Q i?`Qm;? BM Q`/2` iQ }M/ i?2 #2bi +�M/B/�i2bX h?2 +mbiQK2`b
7Q` i?Bb ivT2 Q7 T`Q/m+i 2tT2+i � T2`bQM�H i`2�iK2Mi- bQ r2 i?2M ?�p2 iQ bT2M/ iBK2
QM 2�+? +mbiQK2` r2 /2+B/2 QM T2`bQM�HHvǴ UAM@/2Ti? RVX h?Bb K2�Mi i?�i i?2 #2bi r�v
iQ �bbBbi i?2 T`Q+2bb r�b iQ ?2HT i?2 #`QF2`b }M/ i?2 +Q``2+i +mbiQK2`b- �M/ �miQK�i2
i?�i T`Q+2bb- �M/ H2i i?2 #`QF2`b ?�M/H2 i?2 T2`bQM�H iQm+?X h?2 +H�bbB}+�iBQM bvbi2K Bb
i?2`27Q`2 /2bB;M2/ iQ T`Q+2bb i?2 +mbiQK2` /�i� �M/ i?2M H2i i?2 #`QF2`b i�F2 Qp2` �i i?2
#2bi TQi2MiB�H +mbiQK2`bX

Theme 4: Potential Risks and Flaws

h?2K2b d- Rj- �M/ R9 `272` iQ TQi2MiB�H ~�rb i?�i +�M ?�TT2M rBi? i?2 +H�bbB}+�iBQM
bvbi2KX �b i?2 /�i� b2i Bb +m``2MiHv #B�b2/ iQr�`/ i?2 #`QF2`bǶ 7�pQ`Bi2 BM/mbi`B2b-
BKTH2K2MiBM; �M JG@#�b2/ +H�bbB}+�iBQM bvbi2K +QmH/ TQbbB#Hv T`QT�;�i2 i?�i #B�b
7m`i?2`X Ai r�b i?mb BKTQ`i�Mi i?�i i?2 +H�bbB}+�iBQM bvbi2K r�b BKTH2K2Mi2/ iQ #2
#HBM/ iQ bQK2 Q7 i?2 #B�bX h?2 KQbi Q#pBQmb #B�b r�b 7QmM/ BM BM/mbi`v- �b i?2 #`QF2`b
7Q+mb QM +QKT�MB2b 7`QK bT2+B}+ BM/mbi`B2b r?BH2 B;MQ`BM; Qi?2`bX h?Bb r�b T�`i Q7
r?v i?2 BM/mbi`v +Q/2 72�im`2 r�b b?Q`i2M2/ BMiQ KQ`2 ;2M2`�H +�i2;Q`B2bX h?2 +�b2
+QmH/ #2 K�/2 7Q` QKBiiBM; BM/mbi`v �b � 72�im`2 �HiQ;2i?2` iQ 2`�b2 i?2 #B�b +QKTH2i2HvX
>Qr2p2`- �b i?2 `2bmHib b?Qr- i?2 +H�bbB}2` T2`7Q`Kb #2ii2` rBi? BM/mbi`v �b � 72�im`2-
�M/ bQK2 BM/mbi`B2b �`2 #2ii2` bmBi2/ 7Q` i?Bb ivT2 Q7 T`Q/m+iX h?2K2b Rj �M/ R9 b?Qr
i?�i KBb+H�bbB}+�iBQM rQmH/ #2 � T`Q#H2K r?2i?2` BiǶb � MQ Q` � v2b- r?B+? K2�Mi b2p2`�H
2p�Hm�iBQM K2i?Q/b HQQFBM; �i #Qi? 6Sb �b r2HH �b 6Lb ?�/ iQ #2 mb2/X .m`BM; BM@/2Ti?
9 Bi r�b b�B/ i?�i Ǵ#`BM;BM; � MQM@bmBi�#H2 +mbiQK2` BMiQ i?2 T`Q+2bb K2�Mb r2 rQmH/
?�p2 iQ bT2M/ Km+? KQ`2 iBK2 QM i?�i +mbiQK2`- �b r2 rQmH/ M22/ iQ K�Mm�HHv Tmi
iQ;2i?2` � T�+F�;2 /2�H `�i?2` i?�M Dmbi Qz2`BM; i?2K i?2 T`Q/m+iǴ- r?2`2�b /m`BM;
BM@/2Ti? BMi2`pB2r 8 Bi r�b bi�i2/ i?�i ǴBiǶb BKTQ`i�Mi MQi iQ Tmi ǶMQǶ QM � +mbiQK2`
i?�i rQmH/ ?�p2 #22M ;QQ/- �b i?Bb K2�Mb r2 +QmH/ HQb2 `2p2Mm2ǴX h?2 bi�i2K2Mib �`2
MQi +QM~B+iBM; 7`QK � #mbBM2bb T2`bT2+iBp2- ?Qr2p2` 7`QK �M JG T2`bT2+iBp2 Bi K2�Mi
i?�i i?2`2 r�b � M22/ 7Q` K2i`B+b r?B+? �HHQr2/ 2p�Hm�iBQM Q7 #Qi? bB/2b- �b K2MiBQM2/
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2�`HB2`X

5.2.2 Customer Process Integration

AM Q`/2` iQ �Mbr2` _Zk U>Qr +QmH/ �M JG@#�b2/ +H�bbB}+�iBQM bvbi2K #2 BMi2;`�i2/ 7Q`
mb2 rBi? �M 2tBbiBM; *_J bvbi2K\V- i?2 BMi2;`�iBQM Q7 i?2 +H�bbB}+�iBQM bvbi2K ?�/
iQ #2 2p�Hm�i2/X .m2 iQ i?2 HBKBi2/ iBK2- �M �+im�H BMi2;`�iBQM r�b MQi TQbbB#H2- �M/
i?2 �mi?Q`b i?mb /2p2HQT2/ � T`QTQb2/ BMi2;`�iBQM Q7 � `2+QKK2M/2/ BKTH2K2Mi�iBQM-
7QHHQrBM; i?2 i?2K2b /Bb+Qp2`2/ /m`BM; i?2 BMi2`pB2rbX AM i?2 2M/- i?2 BMi2;`�iBQM r�b
Q`;�MBx2/ 7QHHQrBM; i?2 *_J 7`�K2rQ`F- �M/ }M/BM;b 7`QK i?2 BMi2`pB2rb bm;;2bi2/ i?�i
i?2 }`bi i?`22 TBHH�`b U*`2�iBM; � .�i�#�b2- �M�HvbBb- �M/ *mbiQK2` a2H2+iBQMV r2`2 i?2
KQbi BKTQ`i�Mi BM i?Bb +�b2X

:Bp2M bi�i2K2Mib 9 � 8- L22/b iQ #2 �#H2 iQ rQ`F rBi? i?2B` +m``2Mi /�i� +QHH2+iBQM
K2i?Q/b �M/ a?QmH/ 7m`i?2` `2}M2 � HBbi Q7 +QKT�MB2b �H`2�/v ;�i?2`2/ #v i?2B` i`�/BiBQM�H
K2i?Q/b �M/ }i BMiQ i?2 T`Q+2bb #27Q`2 +QH/ +�HHBM;c Bi Bb T`QTQb2/ i?�i i?2 KQ/2H Bb
BMi2;`�i2/ �i i?2 TQBMi r?2`2 i?2 #`QF2`b `2+2Bp2 i?2 }`bi HBbi Q7 +Q`TQ`�iBQMb iQ T`Q+2bb
Ub22 6B;m`2 8XkXRVX h?2 KQ/2H +�M i?2M #2 mb2/ iQ 2tT2/Bi2 i?2 }`bi b2H2+iBQM T`Q+2bb-
�M/ i?2 #`QF2`b +�M i?2M 7Q+mb QM i?2 `2K�BMBM;- `2}M2/ HBbi Q7 TQi2MiB�H +mbiQK2`b iQ
Tm`bm2X

6B;m`2 8XkXR, JQ/2H AMi2;`�iBQM BMiQ h?2 *mbiQK2` �+[mBbBiBQM S`Q+2bb

Ai r�b 7m`i?2` 7QmM/ i?�i �M BKTH2K2Mi�iBQM Q7 � /B;Bi�H +mbiQK2` b2H2+iBQM T`Q+2bb bm+?
�b i?Bb rQmH/ }i r2HH BMiQ i?2 2tBbiBM; *_J bvbi2K r?2M i?2 +H�bbB}2` �M/ bvbi2K
rQ`F BM bvK#BQbBb iQ BKT`Qp2 i?2 /�i�@;�i?2`BM; T`Q+2bbX h?Bb BMbB;?i r�b /2`Bp2/ 7`QK

71



*>�Sh1_ 8X _1alGha

bi�i2K2Mi MQX j �pQB/ Ǵ#H�+F #QtǴ +H�bbB}+�iBQM- �M/ BMbi2�/ 7Q+mb QM � +H2�` b2i Q7
72�im`2b r?B+? +�M i?2M #2 7Q+mb2/ QM +QHH2+iBM; pB� i?2 *_J bvbi2K- �M/ 3 *H�bbB7v mbBM;
QMHv MmK2`B+ p�`B�#H2b �M/ +�i2;Q`B+�H p�`B�#H2b- MQ /2b+`BTiBp2 i2ti }2H/bX avK#BQbBb
?2`2 K2�Mb i?�i i?2 +H�bbB}+�iBQM bvbi2K +�M- i?`Qm;? 72�im`2 b2H2+iBQM �M/ BM7Q`K2/
+H�bbB}+�iBQM- ;Bp2 BMbB;?i BMiQ r?B+? p�`B�#H2b �M/ 72�im`2b ?�p2 i?2 KQbi 2z2+i QM i?2
T`2/B+iBQM Q7 i?2 +H�bbB}+�iBQMX h?mb- iBK2 �M/ `2bQm`+2b b?QmH/ #2 7Q+mb2/ QM +QHH2+iBM;
i?�i /�i�X �b i?2 *_J bvbi2K /2p2HQTb �M/ �++mKmH�i2b �//BiBQM�H /�i� TQBMib- #Qi?
i?2 /�i� `2+QKK2M/2/ #v i?2 +H�bbB}2` �b r2HH �b /�i� ;�i?2`2/ �i Qi?2` TQBMib Q7 i?2
bvbi2K +�M #2 mb2/ iQ 7m`i?2` BKT`Qp2 i?2 +H�bbB}2` #v 722/BM; Bi H�`;2` �KQmMib Q7
?B;?2`@[m�HBiv /�i�X

CRM Framework

6B;m`2 8XkXk, *H�bbB}+�iBQM JQ/2H
AMi2;`�i2/ BMiQ *_J avbi2K

h?2 *_J 7`�K2rQ`F r�b mb2/ iQ bmTTHv bi`m+im`2
7Q` i?2 BKTH2K2Mi�iBQM Q7 i?2 +H�bbB}2`X :Bp2M i?�i
i?2 }`bi i?`22 TBHH�`b BM i?2 7`�K2rQ`F �`2 �HbQ
72�im`2b i?�i +QmH/ #2 /QM2 #v i?2 +H�bbB}2`- i?2
7`�K2rQ`F +QmH/ i?2M #2 mb2/ iQ ?vTQi?2bBx2 i?�i
� +H�bbB}+�iBQM bvbi2K +QmH/ #2 /2p2HQT2/ iQ #2 T�`i
Q7 � *_J bvbi2KX

h?2 +H�bbB}+�iBQM bvbi2K r�b /2p2HQT2/ iQ 7mM+iBQM
�b i?2 }`bi i?`22 TBHH�`b Q7 i?2 7`�K2rQ`F- b22
6B;m`2 sX Ai r�b i?2M T`QTQb2/ i?�i i?2 #`QF2`b
i�F2 Qp2` #v i?2 Ǵ+mbiQK2` i�`;2iBM;Ǵ TBHH�`- r?2`2
i?2v i�`;2i i?2 b2H2+i2/ +mbiQK2`b #v i?2 +H�bbB}+�iBQM bvbi2K #v Qz2`BM; i?2K i?2
T`Q/m+iX

*`2�i2 � .�i�#�b2

h?Bb bi2T `272`b iQ i?2 �+iBQM Q7 +`2�iBM; � /�i� b2i i?�i +�M #2 mb2/ rBi? i?2 +H�bbB}2`X
AM Q`/2` iQ �/?2`2 iQ i?2 /Bb+Qp2`B2b 7`QK i?2 BMi2`pB2rb- i?Bb /�i� b2i r�b /2p2HQT2/ iQ
#2 �b `2}M2/ �b TQbbB#H2 �M/ iQ �pQB/ #HQ�i2/ /�i� b2ibX

�M�HvbBb

AM i?Bb T�T2`- � /2i�BH2/ /2b+`BTiBQM Q7 i?2 /�i� �M�HvbBb T2`7Q`K2/ +�M #2 7QmM/ BM
i?2 K2i?Q/b b2+iBQMX h?2 �mi?Q`b 7QmM/ BMbB;?ib BMiQ r?B+? /�i� Bb KQ`2 p�Hm�#H2 r?2M
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+H�bbB7vBM; +mbiQK2`b- r?B+? Bb /Bb+mbb2/ mM/2` i?2 72�im`2 b2H2+iBQM ?2�/2` BM i?2 J2i?Q/b
b2+iBQMX

*mbiQK2` a2H2+iBQM

h?Bb bi2T `272`b iQ i?2 �+im�H +H�bbB}+�iBQM T`Q+2bbX � HBbi Q7 �p�BH�#H2 +QKT�MB2b Bb
T`Q+2bb2/ �M/ b2;K2Mi2/ #v i?2 +H�bbB}2` BMiQ i?2 Ǵv2bǴ �M/ ǴMQǴ ;`QmTb- r?B+? �`2 i?2M
mb2/ #v i?2 #`QF2`b /m`BM; i?2 +mbiQK2` i�`;2iBM; T?�b2X

73



Chapter 6

Discussion

AM i?Bb b2+iBQM- i?2 2KTB`B+�H }M/BM;b 7`QK i?2 bim/v �`2 T`2b2Mi2/- �M�Hvx2/- �M/
/Bb+mbb2/X 6B`bi- i?2 KQbi BKTQ`i�Mi 72�im`2b 7Q` +H�bbB7vBM; +Q`TQ`�i2 +mbiQK2`b BM i?Bb
+QMi2ti �`2 /Bb+mbb2/X a2+QM/- _ZR �M/ i?2 KQ/2HbǶ T2`7Q`K�M+2b �`2 /Bb+mbb2/X h?Bb
Bb 7QHHQr2/ #v � /Bb+mbbBQM Q7 _Zk �M/ �A@*_J BMi2;`�iBQMX 6BM�HHv- i?2 Qmi+QK2b �M/
+?�HH2M;2b Q7 i?2 bim/v �`2 K2MiBQM2/- BM+Hm/BM; `2im`M QM BMp2biK2Mib- KBb+H�bbB}+�iBQM-
�M/ #B�bX

6.1 Features for Corporate Insurance

Classification

LQi Km+? T`2pBQmb `2b2�`+? �#Qmi p�`B�#H2b mb2/ iQ +H�bbB7v +Q`TQ`�i2 +mbiQK2`b 7Q`
BMbm`�M+2 T`Q/m+ib r�b 7QmM/ r?2M +QM/m+iBM; i?2 HBi2`�im`2 `2pB2r 7Q` i?Bb bim/vX
>Qr2p2`- bQK2 `2b2�`+? r�b 7QmM/ QM +H�bbB7vBM; T`Bp�i2 +mbiQK2`b 7Q` BMbm`�M+2
T`Q/m+ibX 6Q` T`Bp�i2 +mbiQK2`b- p�`B�#H2b bm+? �b �;2- ;2M/2`- 2/m+�iBQM- +�`22`- BM+QK2-
�M/ T�vK2Mi ?BbiQ`v r2`2 mb2/ UuX *?2M �M/ >m kyy8VX 6Q` +QKT�MB2b- i?Bb bim/v
7QmM/ i?2 p�`B�#H2b *�b? GB[mB/Biv �M/ qQ`FBM; *�TBi�H hm`MQp2` iQ #2 irQ Q7 i?2 KQbi
BKTQ`i�MiX h?2b2 p�`B�#H2b �`2 BM/B+�iBp2 Q7 � +QKT�MvǶb }M�M+B�H ?2�Hi? �M/ QT2`�iBQM�H
2{+B2M+vX *�b? HB[mB/Biv `272`b iQ i?2 �p�BH�#BHBiv Q7 +�b? Q` 2�bBHv +QMp2`iB#H2 �bb2ib-
r?B+? `2~2+ib � +QKT�MvǶb �#BHBiv iQ K22i Bib b?Q`i@i2`K Q#HB;�iBQMb U.2K�`xQ �M/ "2`F
kyR9VX PM i?2 Qi?2` ?�M/- rQ`FBM; +�TBi�H im`MQp2` K2�bm`2b ?Qr 2z2+iBp2Hv � +QKT�Mv
miBHBx2b Bib rQ`FBM; +�TBi�H iQ ;2M2`�i2 `2p2Mm2X � bi2�/v BM+QK2 Bb �M BKTQ`i�Mi p�`B�#H2
7Q` �bb2bbBM; `BbF BM T`Bp�i2 +mbiQK2`b #2+�mb2 Bi BM/B+�i2b i?2B` �#BHBiv iQ +QMbBbi2MiHv
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K22i i?2B` }M�M+B�H Q#HB;�iBQMb- bm+? �b BMbm`�M+2 T`2KBmK T�vK2MibX aBKBH�`Hv- 7Q`
+Q`TQ`�i2 +mbiQK2`b- ?B;?2` +�b? HB[mB/Biv BKTHB2b i?�i i?2 +QKT�Mv ?�b `2�/BHv �p�BH�#H2
7mM/b iQ +Qp2` mM7Q`2b22M 2tT2Mb2b- BM+Hm/BM; BMbm`�M+2 +H�BKbX h?Bb HB[mB/Biv �+ib �b �
#mz2` �M/ `2/m+2b i?2 `BbF Q7 }M�M+B�H /Bbi`2bb- K�FBM; i?2 +QKT�Mv KQ`2 `2bBHB2MiX
>Qr2p2`- Bi Bb BKTQ`i�Mi iQ MQi2 i?�i r?BH2 i?2b2 bBKBH�`BiB2b +�M #2 /`�rM- i?2 bT2+B}+
`BbF 7�+iQ`b �M/ i?2B` BKT�+i QM T`Bp�i2 �M/ +Q`TQ`�i2 +mbiQK2`b K�v /Bz2`X S`Bp�i2
+mbiQK2` `BbF �bb2bbK2Mi K�v 7Q+mb KQ`2 QM T2`bQM�H }M�M+B�H bi�#BHBiv- +`2/BirQ`i?BM2bb-
�M/ T�vK2Mi ?BbiQ`vX AM +QMi`�bi- +Q`TQ`�i2 +mbiQK2` `BbF �bb2bbK2Mi K�v BMpQHp2
+QMbB/2`�iBQMb bm+? �b BM/mbi`v@bT2+B}+ `BbFb- #mbBM2bb T2`7Q`K�M+2 BM/B+�iQ`b- �M/ i?2
+QKT�MvǶb Qp2`�HH }M�M+B�H ?2�Hi?X

*QMiBMmQmbHv- Bi r�b 7QmM/ 7`QK i?2 HBi2`�im`2 `2pB2r i?�i HB�#BHBiv BMbm`�M+2- r?B+?
Bb QM2 Q7 i?2 KQbi +QKKQM #mbBM2bb BMbm`�M+2b U>2M`v kyReV- �HbQ BM+Hm/2/ BM i?2 +�b2
bim/v BMbm`�M+2 T`Q/m+i- Bb K�BMHv T`B+2/ #�b2/ QM BM/mbi`v �M/ TQHB+v?QH/2` `BbF UJɃHH2`
�M/ h2 kyRdVX h?Bb /Q2b i?mb bmTTQ`i i?2 }M/BM; i?�i AM/mbi`v *Q/2 Bb QM2 Q7 i?2 KQbi
BKTQ`i�Mi 72�im`2b r?2M +H�bbB7vBM; +Q`TQ`�i2 +mbiQK2`bX h?2 bB;MB}+�M+2 Q7 i?2 AM/mbi`v
*Q/2 p�`B�#H2 BM +H�bbB7vBM; +Q`TQ`�i2 +mbiQK2`b +�M #2 �ii`B#mi2/ iQ i?2 p�`vBM; H2p2Hb
Q7 `BbF �bbQ+B�i2/ rBi? /Bz2`2Mi BM/mbi`B2bX *2`i�BM BM/mbi`B2b BM?2`2MiHv +�``v ?B;?2`
`BbFb /m2 iQ i?2 M�im`2 Q7 i?2B` QT2`�iBQMb- TQi2MiB�H HB�#BHBiB2b- �M/ `2;mH�iQ`v 7�+iQ`bX
AMbm`�M+2 +QKT�MB2b ?�p2 iQ +QMbB/2` i?2b2 BM/mbi`v@bT2+B}+ `BbFb r?2M /2i2`KBMBM;
+Qp2`�;2 �M/ T`B+BM; 7Q` HB�#BHBiv BMbm`�M+2 TQHB+B2bX

6.2 Model Performance

hQ �Mbr2` _ZR- i?2 KQ/2Hb �M/ i?2B` T2`7Q`K�M+2b 7Q` i?Bb +H�bbB}+�iBQM T`Q#H2K r2`2
/Bb+mbb2/- �HbQ Bib BKTHB+�iBQMb 7Q` `2b2�`+? #v HBMFBM; #�+F iQ T`2pBQmb bim/B2bX h?2
KQ/2Hb BKTH2K2Mi2/ BM i?Bb bim/v r2`2 +?Qb2M /m2 iQ K�Mv T`2pBQmb bm++2bb7mH �ii2KTib
r?2`2 i?2v r2`2 mb2/ 7Q` bBKBH�` +H�bbB}+�iBQM T`Q#H2KbX

h?2 _6 KQ/2H BM i?Bb bim/v �+?B2p2/ � K�tBKmK �++m`�+v Q7 d8XyW- r?B+? Bb +QMbBbi2Mi
rBi? i?2 }M/BM;b Q7 Qi?2` `2+2Mi T�T2`b mbBM; _6 7Q` bBKBH�` +H�bbB}+�iBQM T`Q#H2KbX
6Q` 2t�KTH2- � `2+2Mi bim/v #v �#2/BM 2i �HX UkykjV T`2/B+iBM; i?2 #2?�pBQ` Q7 #�MF
+mbiQK2`b mbBM; �M _6 KQ/2H �+?B2p2/ �M �++m`�+v Q7 d8X38W- �M/ �MQi?2` bim/v mbBM;
+mbiQK2` #2?�pBQ` /�i� 7`QK �M BM@p2?B+H2 +QmTQM `2+QKK2M/�iBQM bvbi2K 7QmM/ i?�i
i?2B` _6 KQ/2H �+?B2p2/ i?2 ?B;?2bi �++m`�+v �i deXRWX
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h?2 .h KQ/2H- r?B+? T`Q/m+2/ bHB;?iHv rQ`b2 `2bmHib i?�M i?2 Qi?2` KQ/2Hb +QKT�`2/-
�HbQ T2`7Q`K2/ bQK2r?�i �b 2tT2+i2/X � bim/v #v *X GBM �M/ w?2M; UkykkV �HbQ
BKTH2K2Mi2/ � .h KQ/2H �M/ K2MiBQM2/ i?�i Ǵi?2 `2bmHi Bb MQi b�iBb7�+iQ`vǴ U*X GBM �M/
w?2M; kykk- TX 3dyV �M/ mb2/ ;`�/B2Mi #QQbiBM; iQ BKT`Qp2 i?2 KQ/2HǶb T2`7Q`K�M+2X
� bBKBH�` bim/v BKTH2K2MiBM; � KQ/2H 7Q` "k" +mbiQK2` �+[mBbBiBQM �HbQ miBHBx2/ � .h
KQ/2H �b T�`i Q7 i?2 +mbiQK2` �+[mBbBiBQM T`Q+2bb U.Ƕ>�2M �M/ o�M /2M SQ2H kyRjVX h?2
bim/v mb2/ �l* �b � K2i`B+ 7Q` 2p�Hm�iBM; i?2 T2`7Q`K�M+2 Q7 i?2 .h- r?B+? `2+2Bp2/
� b+Q`2 Q7 yXNNN38X h?Bb Bb ?B;?2` i?�M i?2 `2bmHib BM i?Bb bim/v- r?2`2 i?2 ?B;?2bi �l*
�+?B2p2/ #v i?2 .h KQ/2H r�b yXdRX .Ƕ>�2M �M/ o�M /2M SQ2H UkyRjV �TTHB2/ i?2B`
KQ/2H rBi? QMHv +�i2;Q`B+�H p�`B�#H2b- r?B+? +QmH/ 2tTH�BM r?v Bi T2`7Q`K2/ #2ii2`X h?2
#2bi `2bmHi 7Q` i?2 .h KQ/2H BM i?Bb bim/v r�b �HbQ �+?B2p2/ r?2M mb2/ rBi? QMHv QM2
+�i2;Q`B+�H p�`B�#H2- �M/ Bi T2`7Q`K2/ bB;MB}+�MiHv rQ`b2 BM i?2 +�b2b rBi? MmK2`B+�H
p�`B�#H2bX

�b 7Q` i?2 aoJ KQ/2H- Bi �+?B2p2/ i?2 ?B;?2bi �++m`�+v Qmi Q7 �HH i?2 KQ/2Hb mb2/ BM i?Bb
bim/v #mi rBi? HQr2` T`2+BbBQM b+Q`2bX h?2b2 }M/BM;b �`2 +QM;`m2Mi rBi? i?Qb2 Q7 �bH�K
2i �HX UkykkV- r?Q BKTH2K2Mi2/ /Bz2`2Mi KQ/2Hb 7Q` BMbm`�M+2 7`�m/ /2i2+iBQMX h?2B`
aoJ KQ/2H �HbQ T`Q/m+2/ i?2 #2bi `2bmHib BM i2`Kb Q7 �++m`�+v �M/ i?2 HQr2bi b+Q`2 BM
i2`Kb Q7 T`2+BbBQM 7Q` i?2 BKTH2K2Mi2/ KQ/2HbX h?2B` aoJ KQ/2H �+?B2p2/ �M �++m`�+v
Q7 N9W ?Qr2p2`- +QKT�`2/ iQ i?Bb bim/vǶb 3yWX h?Bb +QmH/ #2 /m2 iQ i?2 /Bz2`2M+2
#2ir22M i?2 +H�bbB}+�iBQM T`Q#H2Kb- �b i?Bb r�b /QM2 QM 7`�m/ /2i2+iBQMX

LQi K�Mv bim/B2b mbBM; �LL 7Q` bBKBH�` +H�bbB}+�iBQM T`Q#H2Kb r2`2 7QmM/X >Qr2p2`-
bim/B2b ?�p2 mb2/ �LLb 7Q` Qi?2` ivT2b Q7 +H�bbB}+�iBQM T`Q#H2KbX � b+QTBM; `2pB2r Q7
�LLb 7Q` /2+BbBQM@K�FBM; BM i?2 ?2�Hi? +�`2 BM/mbi`v 7QmM/ p�`vBM; �++m`�+v b+Q`2b
#2ir22M 8yW �M/ RyyW Ua?�?B/- _�TTQM- �M/ "2`i� kyRNVX � bim/v `2b2�`+?BM;
2�`Hv Qmi+QK2 T`2/B+iBQM �M/ `BbF +H�bbB}+�iBQM BM Qmi@Q7@?QbTBi�H +�`/B�+ �``2bi T�iB2Mib
�/KBii2/ iQ BMi2MbBp2 +�`2 �HbQ 2KTHQv2/ � bBKTHB}2/ �LL KQ/2H rBi? QMHv i?`22
p�`B�#H2b �M/ b�r �M �l* b+Q`2 Q7 yX38k 7Q` i?�i KQ/2H UCQ?MbbQM 2i �HX kykyVX h?2b2
}M/BM;b �`2 bHB;?iHv ?B;?2` i?�M i?Qb2 Q7 i?Bb bim/v- r?B+? ?�/ i?2 ?B;?2bi �l* Q7 yXdR 7Q`
i?2 72�im`2 +QK#BM�iBQMb rBi? 72r 72�im`2bX h?2 72�im`2 +QK#BM�iBQM rBi? �HH i?2 T`2b2Mi
72�im`2b `2+2Bp2/ i?2 ?B;?2bi b+Q`2b- bmTTQ`iBM; i?Bb bim/vǶb ?vTQi?2bBb i?�i i?2 �LL
KQ/2H T2`7Q`K2/ rQ`b2 #2+�mb2 Q7 i?2 HQr MmK#2` Q7 72�im`2bX >Qr2p2`- i?2 }M/BM;b Q7
CQ?MbbQM 2i �HX UkykyV bm;;2bi i?�i i?2 [m�HBiv Q7 i?2 72�im`2b �M/ i?2 ivT2 Q7 T`Q#H2K
�i ?�M/ +�M vB2H/ #2ii2` T2`7Q`K�M+2 7Q` �LLb 2p2M rBi? p2`v 72r 72�im`2b- �b i?2v /B/
MQi b22 Km+? Q7 �M BKT`Qp2K2Mi mbBM; �HH Q7 i?2B` 89 �p�BH�#H2 p�`B�#H2b �b i?�i ;�p2 �M
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�l* Q7 yX3NRX

Pp2`�HH- i?2 T2`7Q`K�M+2 Q7 i?2 i2bi2/ KQ/2Hb bm;;2bib i?�i /2T2M/BM; QM i?2 /�i� b2i-
72�im`2 b2H2+iBQM- �M/ ivT2 Q7 2p�Hm�iBQM K2i`B+ mb2/- /Bz2`2Mi KQ/2Hb �`2 mb27mH 7Q` i?2b2
ivT2b Q7 +H�bbB}+�iBQM T`Q#H2KbX h?2b2 }M/BM;b �`2 +QM;`m2Mi rBi? i?Qb2 Q7 C�BM- u�/�p-
�M/ J�MQQp UkykRV- r?Q i2bi2/ /Bz2`2Mi KQ/2Hb QM /�i� b2ib 7`QK /Bz2`2Mi BM/mbi`B2b
�M/ 7QmM/ i?�i /Bz2`2Mi KQ/2Hb r2`2 mb27mH /2T2M/BM; QM r?B+? /�i� b2i r�b mb2/X

6.3 AI-CRM Integration

hQ �Mbr2` _Zk- i?Bb b2+iBQM /Bb+mbb2b i?2 BKTHB+�iBQMb Q7 i?2 `2bmHib 7QmM/ 7`QK
i?2 [m�HBi�iBp2 T�`i Q7 i?Bb bim/vX AM T`�+iB+�H i2`Kb- i?2 `2bmHib Q#i�BM2/ 7`QK i?2
BMi2`pB2rb rBi? BMbm`�M+2 #`QF2`b T`QpB/2 p�Hm�#H2 BMbB;?ib BMiQ i?2 +?�HH2M;2b i?2v 7�+2
BM i?2 #mbBM2bb BMbm`�M+2 BM/mbi`v �M/ b?2/ HB;?i QM ?Qr +mbiQK2` +H�bbB}+�iBQM +�M #2
BMi2;`�i2/ BMiQ i?2B` 2tBbiBM; �+[mBbBiBQM bi`�i2;vX PM2 BKTQ`i�Mi Q#b2`p�iBQM Bb i?2 M22/
iQ +QMbB/2` /�i� +QHH2+iBQM i?`Qm;?Qmi i?2 2MiB`2 T`Q+2bbX h?2 BMi2`pB2rb ?B;?HB;?i2/ i?2
BKTQ`i�M+2 Q7 miBHBxBM; /�i� �p�BH�#H2 2�`Hv BM i?2 T`Q+2bb #27Q`2 +QMi�+iBM; i?2 BMbm`�M+2
+QKT�MvX h?Bb bm;;2bib i?�i Tm#HB+Hv �p�BH�#H2 /�i� bQm`+2b +�M #2 H2p2`�;2/ 2z2+iBp2Hv
iQ 2M?�M+2 i?2 +H�bbB}+�iBQM bvbi2KX h?Bb Bb +QM;`m2Mi rBi? i?2 }M/BM;b Q7 GB#�B 2i
�HX UkykyV- r?Q bm;;2bi i?�i /�i� 7`QK 2ti2`M�H bQm`+2b +�M #2 mb2/ iQ BKT`Qp2 i?2
+mbiQK2` �+[mBbBiBQM bi`�i2;v 7Q` �A@*_J �M/ i?�i i?Bb rBHH #2 �M BKTQ`i�Mi +�T�#BHBiv
r?2M /2p2HQTBM; � *_J bvbi2K BMiQ �A@*_JX aBKBH�`Hv- Qi?2` bim/B2b �HbQ ?B;?HB;?i i?2
TQi2MiB�H p�Hm2 Q7 miBHBxBM; /�i� BM i?2 *_J T`Q+2bbX PM2 2t�KTH2 Bb � bim/v BM i?2 }2H/
Q7 /B`2+i K�`F2iBM; UoX EmK�` 2i �HX kyRNV ?B;?HB;?iBM; i?�i i?2 `B;?i /�i� �M/ �A �b �M
�M�HvbBb iQQH +QmH/ BKT`Qp2 i?2 T2`bQM�HBx�iBQM Q7 K�`F2iBM;X

�MQi?2` T`�+iB+�H BKTHB+�iBQM Bb i?2 2KT?�bBb QM 72�im`2 b2H2+iBQMX h?2 bi�i2K2Mib 7`QK
i?2 BMi2`pB2rb BM/B+�i2/ i?�i � bK�HH2` b2i Q7 72�im`2b Bb T`272`�#H2 7Q` i?2 +H�bbB}+�iBQM
bvbi2KX "v ?�pBM; � +QM+Bb2 b2i Q7 72�im`2b- #`QF2`b +�M #2ii2` mM/2`bi�M/ i?2
/2i2`KBM�Mib 7Q` +mbiQK2` b2H2+iBQMX JQ`2Qp2`- � bK�HH2` 72�im`2 b2i `2/m+2b /�i�
T`Q+m`2K2Mi +Qbib �M/ bT22/b mT i?2 /�i� +QHH2+iBQM T`Q+2bb- K�FBM; Bi KQ`2 2{+B2MiX
Pm` [m�MiBi�iBp2 KQ/2H �M�HvbBb 7m`i?2` b?Qrb i?�i � bK�HH2` b2i Q7 72�im`2b T`Q/m+2b �M
2[m�HHv b�iBb7vBM; `2bmHi �b i?2 7mHH b2i Q7 72�im`2bX h?Bb Bb BM �++Q`/�M+2 rBi? i?2 }M/BM;b
Q7 hBHHK�MMb 2i �HX UkyRdV- r?2`2 i?2v mb2/ 72�im`2 b2H2+iBQM K2i?Q/b iQ M�``Qr /QrM
i?2 b2i Q7 p�`B�#H2b mb2/ 7`QK Ryy iQ 3X h?2 `2bmHiBM; KQ/2H Bb Ǵbm`T`BbBM;Hv TQr2`7mH BM
T`2/B+iBM; M2r +mbiQK2` `2bTQMb2bǴ �M/ i?2v 7m`i?2` bi�i2 i?�i i?2 #2M2}i Q7 i?2 bHBK
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72�im`2 b2H2+iBQM Bb HQr2` /�i� T`Q+m`2K2Mi +Qbib UhBHHK�MMb 2i �HX kyRd- TX RRkVX

S`Q+2bb BMi2;`�iBQM Bb �MQi?2` bB;MB}+�Mi �bT2+i `2p2�H2/ #v i?2 BMi2`pB2rbX h?2
+H�bbB}+�iBQM bvbi2K M22/b iQ #2 b2�KH2bbHv BMi2;`�i2/ BMiQ i?2 +m``2Mi +mbiQK2`
�+[mBbBiBQM T`Q+2bb iQ 2Mbm`2 Bib mb27mHM2bb 7Q` #`QF2`bX h?Bb BM+Hm/2b 7Q`K�iiBM; i?2
QmiTmi �b � #BM�`v HBbi Q7 +QKT�MB2b K�`F2/ Ǵv2bǴ Q` ǴMQǴ iQ �HB;M rBi? i?2 #`QF2`bǶ
rQ`F~QrX �//BiBQM�HHv- i?2 +H�bbB}2` b?QmH/ #2 �/�Ti2/ iQ `2}M2 i?2 HBbi Q7 +QKT�MB2b
;�i?2`2/ i?`Qm;? i`�/BiBQM�H K2i?Q/b #27Q`2 2M;�;BM; BM +QH/ +�HHBM;X h?2 HBi2`�im`2
`2pB2r 7QmM/ b2p2`�H bim/B2b QM i?2 #2M2}ib Q7 BMi2;`�iBM; �A BMiQ *_J BM � "k" +QMi2tiX
6Q` 2t�KTH2- QM2 bim/v B/2MiB}2/ i?2 +�T�#BHBiB2b �A +QmH/ i`�Mb7Q`K *_J iQ �A@*_J
UGB#�B 2i �HX kykyV- bm+? �b i?2 �#BHBiv iQ T`2/B+i +mbiQK2`bǶ p�Hm2- �`;m2/ i?�i i?Bb +QmH/
H2�/ iQ BM+`2�b2/ T`BQ`BiBx�iBQM �KQM; +mbiQK2`bX aBKBH�`Hv- #`QF2`b +QmH/ TQi2MiB�HHv-
rBi? i?2 ?2HT Q7 i?2 +H�bbB}2`- T`BQ`BiBx2 r?B+? +mbiQK2`b iQ +�HH �b i?2v rBHH KQ`2 HBF2Hv
#2 �++2Ti2/ #v i?2 BMbm`2`X

6.4 Outcomes and Challenges

�b /Bb+mbb2/ T`2pBQmbHv- i?2 ;Q�H Q7 BKTH2K2MiBM; �M JG@#�b2/ +H�bbB}+�iBQM bvbi2K
BMiQ i?2 +m``2Mi +mbiQK2` �+[mBbBiBQM T`Q+2bb �i i?2 T�`iM2` +QKT�Mv r�b iQ BKT`Qp2
i?2 2{+B2M+v Q7 i?2 +mbiQK2` �+[mBbBiBQM T`Q+2bb �M/ iQ BM+`2�b2 i?2 HBF2HB?QQ/ i?�i
i?2 BMbm`�M+2 +QKT�Mv rQmH/ �++2Ti T`QTQb2/ +mbiQK2`bX h?2 2tT2+i2/ #2M2}i Q7
i?Bb Bb �M BM+`2�b2/ `2im`M QM `2bQm`+2b- �M/ i?2 K�BM +?�HH2M;2 Bb i?2 T`Q#H2K Q7
KBb+H�bbB}+�iBQMX

6.4.1 Increased Return on Investments

h?2 K�BM 2biBK�i2/ #2M2}i Q7 � +H�bbB}+�iBQM bvbi2K Bb i?2 TQi2MiB�H iQ K�F2 i?2
+m``2Mi T`Q+2bb KQ`2 2{+B2Mi �M/ 2z2+iBp2X AKT`Qp2/ 2{+B2M+v +�M #2 �+?B2p2/ #v
`2/m+BM; #`QF2`bǶ iBK2 QM +mbiQK2` �+[mBbBiBQMX h?2 +H�bbB}+�iBQM bvbi2K �miQK�i2b i?2
BMBiB�H b2H2+iBQM T?�b2- �HHQrBM; #`QF2`b iQ bT2M/ H2bb iBK2 K�Mm�HHv }Hi2`BM; TQi2MiB�H
+mbiQK2`bX h?Bb bi`2�KHBM2b i?2 T`Q+2bb �M/ 2M�#H2b #`QF2`b iQ 7Q+mb i?2B` 2zQ`ib QM
+mbiQK2`b b2H2+i2/ #v i?2 +H�bbB}2`X *QMb2[m2MiHv- i?2 +mbiQK2` �++2Ti�M+2 `�i2 7`QK
i?2 BMBiB�H +QMi�+i rBi? i?2 BMbm`�M+2 +QKT�Mv Bb 2tT2+i2/ iQ BM+`2�b2 �b i?2 +H�bbB}2`
2M?�M+2b i?2 T`Q#�#BHBiv Q7 B/2MiB7vBM; bmBi�#H2 +�M/B/�i2b 7Q` i?2 bim/B2/ T`Q/m+iX h?Bb
BM+`2�b2/ 2{+B2M+v �M/ � ?B;?2` �++2Ti�M+2 `�i2 T2` T`Q+2bb2/ +mbiQK2` H2�/ iQ � ?B;?2`
`2im`M QM BMp2bi2/ iBK2 �M/ `2bQm`+2b 7Q` #`QF2`bX "v QTiBKBxBM; i?2B` 2zQ`ib- #`QF2`b
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+�M �+?B2p2 KQ`2 7�pQ`�#H2 Qmi+QK2b r?BH2 KBMBKBxBM; i?2 `2bQm`+2b 2tT2M/2/X

6`QK � /�i� T2`bT2+iBp2- BKTH2K2MiBM; � +H�bbB}+�iBQM bvbi2K +�M �HbQ vB2H/ BM+`2�b2/
`2im`Mb QM BMp2bi2/ `2bQm`+2bX h?2 +QKTH2tBiv Q7 i?2 bvbi2KǶb /�i� `2[mB`2K2Mib Bb
`2/m+2/ #v +m`�iBM; � bK�HH2` bm#b2i Q7 `2H2p�Mi 72�im`2bX h?Bb- BM im`M- HQr2`b i?2
+Qbib �bbQ+B�i2/ rBi? /�i� �+[mBbBiBQMX �b � `2bmHi- `2bQm`+2b +�M #2 �HHQ+�i2/ KQ`2
2z2+iBp2Hv iQ +QHH2+i ?B;?@p�Hm2 /�i�- 2M?�M+BM; i?2 Qp2`�HH /�i� +QHH2+iBQM T`Q+2bbX h?Bb
�TT`Q�+? ?2HTb B/2MiB7v r?2`2 `2bQm`+2b b?QmH/ #2 �HHQ+�i2/ 7Q` i?2 ?B;?2bi p�Hm2 T2`
BMp2bi2/ 7mM/b- +QMi`B#miBM; iQ BKT`Qp2/ `2im`MbX

6.4.2 Misclassification

�M BKTH2K2Mi�iBQM Q7 � +H�bbB}+�iBQM bvbi2K 7�+2b irQ +?�HH2M;2b `2;�`/BM; i?2
KBb+H�bbB}+�iBQM Q7 TQi2MiB�H +mbiQK2`bX JBb+H�bbB}+�iBQM Q++m`b r?2M i?2 +H�bbB}2`
�bbB;Mb � H�#2H Qi?2` i?�M i?2 i`m2 QM2 iQ � ;Bp2M /�i� TQBMiX 6Q` i?Bb #BM�`v +H�bbB}+�iBQM
T`Q#H2K- i?2 irQ FBM/b Q7 KBb+H�bbB}+�iBQM �`2 6�Hb2 L2;�iBp2 U6LV �M/ 6�Hb2 SQbBiBp2
U6SVX

AM i?Bb +H�bbB}+�iBQM T`Q#H2K- � 6S rQmH/ #2 � +mbiQK2` i?�i i?2 +H�bbB}+�iBQM bvbi2K
+H�bbB}2/ �b � bmBi�#H2 +mbiQK2` r?2M Bi- BM 7�+i- r�b MQiX :Bp2M i?�i i?2 bim/B2/
BMbm`�M+2 T`Q/m+i BM i?Bb T�T2` Bb � ivT2 Q7 T�+F�;2 T`Q/m+i i?�i BM+Q`TQ`�i2b � +QHH2+iBQM
Q7 BMbm`�M+2b bmBi�#H2 7Q` K�Mv +QKT�MB2b- QM+2 � bmBi�#H2 +mbiQK2` ;2ib BMpQHp2/ BM i?2
+mbiQK2` �+[mBbBiBQM T`Q+2bb- i?2 T`Q+2bb Bb ivTB+�HHv [mBi2 7�biX A7- ?Qr2p2`- � +mbiQK2`
r?Q Bb MQi bmBi�#H2 ;2ib #`Qm;?i BMiQ i?2 T`Q+2bb- bB;MB}+�MiHv KQ`2 iBK2 rBHH ?�p2 iQ
#2 bT2Mi QM i?�i +mbiQK2` �b i?2B` BMbm`�M+2 /2�H rBHH ?�p2 iQ #2 M2;QiB�i2/ K�Mm�HHv
BMbi2�/ Q7 i?2K #2BM; Qz2`2/ i?2 `2�/v T�+F�;2 /2�HX h?Bb rBHH HQr2` i?2 `2im`M QM
BMp2bi2/ `2bQm`+2b /Bb+mbb2/ 2�`HB2`- BM+`2�bBM; i?2 iBK2 Bi i�F2b iQ 2�`M #�+F i?2 +Qbi Q7
�+[mB`BM; i?Bb +mbiQK2`X hQ KBMBKBx2 i?2 `BbF Q7 6Sb- i?2 +H�bbB}2` b?QmH/ #2 QTiBKBx2/
mbBM; S`2+BbBQM �b � K2i`B+X S`2+BbBQM +QMbB/2`b 6Sb r?2M Bi Bb +�H+mH�i2/- bQ Bi ?�b
�M BMp2`b2 `2H�iBQMb?BT rBi? i?2 6S `�i2X � ?B;? S`2+BbBQM i?mb vB2H/b � HQr `�i2 Q7
6SbX

� 6L rQmH/ BMbi2�/ #2 � +mbiQK2` i?�i i?2 +H�bbB}+�iBQM bvbi2K +H�bbB}2/ �b mMbmBi�#H2
7Q` i?2 T`Q/m+i r?2M Bi rQmH/ ?�p2 #22M � ;QQ/ +�M/B/�i2X h?2 +?�HH2M;2 ?2`2 Bb MQi
i?2 r�bi2 Q7 BMp2bi2/ `2bQm`+2b #mi `�i?2` i?2 +Qbi �bbQ+B�i2/ rBi? KBbbBM; � TQi2MiB�H
+mbiQK2`X .2T2M/BM; QM i?2 +mbiQK2`- i?Bb +Qbi +�M #2 [mBi2 ?B;? BM i2`Kb Q7 KBbb2/
v2�`Hv T`2KBmK `2p2Mm2X AM Q`/2` iQ KBMBKBx2 i?2 `�i2 Q7 6Lb- _2+�HH b?QmH/ #2 mb2/ �b
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� K2i`B+X _2+�HH BMbi2�/ ?�b �M BMp2`b2 `2H�iBQMb?BT rBi? i?2 `�i2 Q7 6Lb- �M/ � ?B;?2`
_2+�HH rBHH vB2H/ 72r2` 6LbX

6.4.3 Bias

h?2 BMi2`pB2rb `2p2�H2/ i?2 M22/ iQ �//`2bb #B�b2b BM i?2 +m``2Mi *_J /�i�- 2Mbm`BM;
�M BKT�`iB�H �M/ #�H�M+2/ +H�bbB}2`X �MQi?2` bim/v UGB#�B 2i �HX kykyV �HbQ ?B;?HB;?i2/
#B�b Bbbm2b �M/ i?2 TQi2MiB�H 7Q` +mbiQK2` /Bb+`BKBM�iBQM rBi? �A@*_JX "`QF2`b Kmbi #2
KBM/7mH Q7 i?Bb `BbF r?2M BMi2;`�iBM; i?2 bvbi2KX 6Q` BMbi�M+2- i?2v b?QmH/ �pQB/ 7�pQ`BM;
Q` /Bb+`BKBM�iBM; �;�BMbi bT2+B}+ BM/mbi`B2b #�b2/ QM T2`bQM�H T`272`2M+2X AKTH2K2MiBM;
�M JG@#�b2/ bvbi2K +QmH/ T2`T2im�i2 i?Bb #B�bX hQ KBiB;�i2 Bi- bi2Tb b?QmH/ #2 i�F2M iQ
`2/m+2 #B�b- bm+? �b mbBM; #`Q�/2` BM/mbi`v +�i2;Q`B2b BMbi2�/ Q7 bT2+B}+ QM2bX >Qr2p2`-
BiǶb BKTQ`i�Mi iQ +QMbB/2` i?�i +2`i�BM BM/mbi`B2b K�v #2 KQ`2 bmBi�#H2 7Q` i?2 T`Q/m+i-
�M/ i?2 BM/mbi`v +�i2;Q`v 72�im`2 biBHH +QMi`B#mi2b iQ #2ii2` +H�bbB}2` T2`7Q`K�M+2X
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Chapter 7

Conclusion

AM +QM+HmbBQM- i?Bb i?2bBb BMp2biB;�i2/ i?2 �TTHB+�iBQM Q7 JG@#�b2/ +H�bbB}+�iBQM BM i?2
#mbBM2bb BMbm`�M+2 BM/mbi`v �M/ ?Qr i?2 +H�bbB}+�iBQM +QmH/ TQi2MiB�HHv #2 BMi2;`�i2/ BMiQ
� *_J bvbi2KX Ai BMp2biB;�i2/ i?2 +m``2Mi bi�i2 Q7 i?2b2 bvbi2Kb- 2tTHQ`2/ i?2B` TQi2MiB�H
#2M2}ib 7Q` +QHH2+iBM; �M/ miBHBxBM; +mbiQK2` /�i� BM +mbiQK2` �+[mBbBiBQM- �M/ /2p2HQT2/
�M JG@#�b2/ bvbi2K 7Q` i?2 bim/v T�`iM2` +QKT�MvX h?2 `2b2�`+? �HbQ �BK2/ iQ T`QpB/2
T`�+iB+�H BMbB;?ib �M/ `2+QKK2M/�iBQMb 7Q` BMbm`�M+2 #`QF2`b HQQFBM; iQ BKTH2K2Mi i?2b2
bvbi2Kb BM i?2B` �+[mBbBiBQM bi`�i2;v �M/ BMi2;`�i2 i?2K BMiQ i?2B` *_J bvbi2KbX

h?2 bim/vǶb K�BM }M/BM;b �`2 `2H�i2/ iQ i?2 mb2 Q7 JG KQ/2Hb BM �A@*_J BMi2;`�iBQMX AM
`2;�`/b iQ _ZR- i?2 �mi?Q`b 7QmM/ i?�i �M JG@#�b2/ +H�bbB}+�iBQM bvbi2K +�M bm++2bb7mHHv
#2 BKTH2K2Mi2/ iQ �bbBbi BM i?2 +mbiQK2` �+[mBbBiBQM T`Q+2bb #v b2;K2MiBM; +mbiQK2`b
#�b2/ QM +mbiQK2` /�i� BMiQ irQ ;`QmTb ě +mbiQK2`b bmBi�#H2 7Q` i?2 ;Bp2M T`Q/m+i
�M/ +mbiQK2`b r?Q b?QmH/ MQi #2 Tm`bm2/X Ai r�b 7QmM/ i?�i /Bz2`2Mi KQ/2Hb �`2 mb27mH
/2T2M/BM; QM i?2 72�im`2 b2i �M/ 2p�Hm�iBQM K2i`B+X � KQ/2H b?QmH/ #2 +?Qb2M /2T2M/BM;
QM i?2 �p�BH�#H2 /�i� �M/ i?2 H2�bi /2bB`2/ ivT2 Q7 KBb+H�bbB}+�iBQMX 6m`i?2`- � HQr2`
MmK#2` Q7 72�im`2b biBHH T`Q/m+2/ 2[m�HHv b�iBb7vBM; `2bmHib �b i?2 7mHH b2i Q7 72�im`2b-
�HHQrBM; 7Q` HQr2` /�i� T`Q+m`2K2Mi +Qbib r?BH2 K�BMi�BMBM; +QKT�`�#H2 T2`7Q`K�M+2
H2p2HbX �//BiBQM�HHv- H2p2`�;BM; 2ti2`M�H /�i� bQm`+2b +�M #2 mb27mH 7Q` ;�BMBM; �//BiBQM�H
BM7Q`K�iBQM QM i?2 i�`;2i +mbiQK2` #�b2X 6Q` i?Bb /�i� b2i- � K�t �++m`�+v Q7 3yW
r�b `2�+?2/X *QMbB/2`BM; _Zk- i?2 +H�bbB}+�iBQM bvbi2K r�b bm++2bb7mHHv BMi2;`�i2/ BMiQ
i?2 +m``2Mi +mbiQK2` �+[mBbBiBQM T`Q+2bb �b r2HH �b i?2 2tBbiBM; *_J bvbi2KX h?Bb ?�b
BKTHB+�iBQMb 7Q` /2p2HQTBM; i`�/BiBQM�H *_J bvbi2Kb BMiQ �A@*_J �M/ ?Qr iQ miBHBx2 JG
+H�bbB}+�iBQM rBi? +mbiQK2` /�i�X Ai r�b 7QmM/ i?�i �A@*_J BMi2;`�iBQM 7Q` +mbiQK2`
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�+[mBbBiBQM Bb TQbbB#H2 i?`Qm;? +QMbB/2`�iBQM Q7 i?2 +QKT�MvǶb bT2+B}+ `2[mB`2K2MibX h?Bb
bim/v 7QmM/ Bi BKTQ`i�Mi iQ +QMbB/2` i?2 /�i� +QHH2+iBQM T`Q+2bb �M/ +m``2Mi +mbiQK2`
�+[mBbBiBQM T`Q+2bb BMi2;`�iBQM �M/ iQ 2biBK�i2 KBb+H�bbB}+�iBQM `BbFbX h?2 +QKT�Mv@
bT2+B}+ `2[mB`2K2Mib i?�i 2M�#H2 BMi2;`�iBQM +�M #2 +?�`i2/ #v bim/vBM; i?2 2tBbiBM;
T`Q+2bb2b �M/ i?2 #2?�pBQ`b Q7 #Qi? i?2 2M/ mb2`b Q7 � bvbi2K- �b r2HH �b i?2 T�`iB2b
`2bTQMbB#H2 7Q` K�M�;BM; BiX AM i?Bb +�b2- i?2 2M/ mb2`b r2`2 i?2 #`QF2`b �M/ i?2
K�M�;BM; T�`iB2b r2`2 i?2 #mbBM2bb /2p2HQT2`bX Ai Bb �HbQ BKTQ`i�Mi iQ MQi2 i?�i #B�b
T`2b2Mi BM +mbiQK2` /�i� +�M #2 T`QT�;�i2/ i?`Qm;? i?2 mb2 Q7 JG KQ/2Hb 7Q` +mbiQK2`
�+[mBbBiBQMX h?�i T`2b2Mi #B�b BM � *_J bvbi2K b?QmH/ #2 2p�Hm�i2/ �M/ KBiB;�i2/ r?2M
BKTH2K2MiBM; �A@*_JX

7.1 Theoretical Contributions

J�Mv Q7 i?2 }M/BM;b BM i?Bb bim/v �`2 +QM;`m2Mi rBi? Qi?2` bBKBH�` bim/B2bX >Qr2p2`-
i?2 `2b2�`+? �HbQ b?2/b HB;?i QM i?2 mM2tTHQ`2/ }2H/ Q7 mbBM; JG iQ +H�bbB7v +Q`TQ`�i2
+mbiQK2`b BM i?2 BMbm`�M+2 BM/mbi`v �M/ r?�i /�i� +QmH/ #2 mb27mH BM i?Bb +�b2X h?2 bim/v
B/2MiB}2b i?2 TQi2MiB�H T`2/B+iQ`b i?�i �`2 KQbi BM7Q`K�iBp2 7Q` �++m`�i2Hv +H�bbB7vBM;
+Q`TQ`�i2 +mbiQK2`b ě � `2b2�`+? ;�T i?�i i?2 �mi?Q`b rBb?2/ iQ �//`2bbX 6m`i?2`-
i?2 /2p2HQTK2Mi Q7 �M JG@#�b2/ bvbi2K 7Q` i?2 bim/v T�`iM2` +QKT�Mv T`QpB/2b �
T`�+iB+�H /2KQMbi`�iBQM Q7 i?2 �TTHB+�iBQM Q7 +mbiQK2` +H�bbB}+�iBQM i2+?MB[m2bX h?Bb
+QMi`B#miBQM p�HB/�i2b i?2 i?2Q`2iB+�H +QM+2Tib �M/ Qz2`b � i�M;B#H2 2t�KTH2 Q7 i?2
T`�+iB+�H BKTHB+�iBQMb �M/ #2M2}ib Q7 BMi2;`�iBM; +mbiQK2` +H�bbB}+�iBQM BMiQ *_J
bvbi2Kb �M/ �A@*_J /2p2HQTK2MiX

7.1.1 Practical implications

hQ bi�v +QKT2iBiBp2 BM � `�TB/Hv +?�M;BM; H�M/b+�T2- #mbBM2bb BMbm`�M+2 #`QF2`b b?QmH/
2K#`�+2 i?2 TQi2MiB�H Q7 �A i2+?MQHQ;B2bX �b ?B;?HB;?i2/ #v a?QHHQ 2i �HX UkykkV-
Bi Bb +`m+B�H 7Q` #`QF2`b iQ +`2�i2 i�M;B#H2 #mbBM2bb p�Hm2 i?`Qm;? �A T`QD2+ibX "v
H2p2`�;BM; K�+?BM2 H2�`MBM; UJGV �H;Q`Bi?Kb- #`QF2`b +�M 2M?�M+2 i?2B` QT2`�iBQMb-
BKT`Qp2 /2+BbBQM@K�FBM; T`Q+2bb2b- �M/ mHiBK�i2Hv /`Bp2 #2ii2` +HB2Mi Qmi+QK2bX

_2bTQMbB#H2 �M/ �++QmMi�#H2 /2THQvK2Mi Bb � F2v �bT2+i Q7 BKTH2K2MiBM; �A BM i?2
BMbm`�M+2 b2+iQ`X �b�iB�MB 2i �HX UkykRV BMi`Q/m+2 i?2 +QM+2Ti Q7 bQ+BQi2+?MB+�H
2Mp2HQTK2Mi �b � K2�Mb iQ BKTH2K2Mi BMb+`mi�#H2 �A KQ/2Hb- bm+? �b M2m`�H M2irQ`Fb- BM
� b�72 �M/ i`�MbT�`2Mi K�MM2`X "mbBM2bb BMbm`�M+2 #`QF2`b b?QmH/ �/QTi i?Bb �TT`Q�+?

82



*>�Sh1_ dX *PL*GlaAPL

#v b2iiBM; +H2�` #QmM/�`B2b 7Q` �A bvbi2Kb- K2iB+mHQmbHv +m`�iBM; i`�BMBM; /�i�- �M/
2z2+iBp2Hv K�M�;BM; BMTmi �M/ QmiTmi bQm`+2bX h?Bb 2Mbm`2b i?�i i?2 #2M2}ib Q7 ~2tB#H2
�A KQ/2Hb �`2 #�H�M+2/ rBi? i?2 M22/ 7Q` 2tTH�BM�#BHBiv �M/ `2;mH�iQ`v +QKTHB�M+2X

q?BH2 �A TH�vb � +`m+B�H `QH2 BM /2+BbBQM@K�FBM;- i?2 2tT2`iBb2 �M/ Dm/;K2Mi Q7
#mbBM2bb BMbm`�M+2 #`QF2`b `2K�BM BMp�Hm�#H2X �b q��`/2M#m`;- >mvbK�M- �M/ a2`;22p�
UkykkV 2KT?�bBx2/- #`QF2`b b?QmH/ pB2r �A �b � +QKTH2K2Mi�`v iQQH `�i?2` i?�M �
`2TH�+2K2Mi 7Q` ?mK�M 2tT2`iBb2X h?mb- Bi Bb BKTQ`i�Mi iQ +QMbB/2` i?Bb T�T2`Ƕb T`�+iB+�H
BKTH2K2Mi�iBQMb �b � `2bQm`+2 `�i?2` i?�M � bm#biBimi2X "v +QK#BMBM; �H;Q`Bi?KB+
QmiTmib rBi? i?2B` /QK�BM FMQrH2/;2- #`QF2`b +�M T`QpB/2 Mm�M+2/ �bb2bbK2Mib-
BMi2`T`2i �H;Q`Bi?KB+ T`2/B+iBQMb- �M/ K�F2 r2HH@BM7Q`K2/ /2+BbBQMb- 2bT2+B�HHv BM +QKTH2t
b+2M�`BQbX

h?2 `QH2 Q7 FMQrH2/;2 #`QF2`b �HbQ 2K2`;2b �b �M BKTQ`i�Mi +QMbB/2`�iBQMX "mbBM2bb
BMbm`�M+2 }`Kb b?QmH/ 7Qbi2` i?2 /2p2HQTK2Mi Q7 BM/BpB/m�Hb r?Q +�M #`B/;2 i?2 ;�T
#2ir22M i2+?MB+�H 2tT2`ib �M/ 2M/@mb2`bX h?2b2 FMQrH2/;2 #`QF2`b- �b ?B;?HB;?i2/
#v q��`/2M#m`;- >mvbK�M- �M/ a2`;22p� UkykkV- TH�v � +`m+B�H `QH2 BM i`�MbH�iBM;
�H;Q`Bi?KB+ Qmi+QK2b �M/ T`QpB/BM; p�Hm�#H2 BMbB;?ib BMiQ BMbm`�M+2 K�M�;2K2MiX
Lm`im`BM; FMQrH2/;2 #`QF2`�;2 +�T�#BHBiB2b rBi?BM i?2 Q`;�MBx�iBQM 2M�#H2b bm++2bb7mH
BKTH2K2Mi�iBQM �M/ �/QTiBQM Q7 �AfJG �H;Q`Bi?KbX

*QMiBMm�H H2�`MBM; �M/ �/�Ti�iBQM �`2 F2v BM i?2 DQm`M2v Q7 �A BKTH2K2Mi�iBQMX "mbBM2bb
BMbm`�M+2 #`QF2`b b?QmH/ K�BMi�BM � +mHim`2 Q7 QM;QBM; H2�`MBM; iQ F22T mT rBi? i?2 H�i2bi
�A i2+?MQHQ;B2b �M/ JG p�Hm2@+`2�iBQM K2+?�MBbKb �/p�M+2K2MibX h?Bb 2Mbm`2b i?�i
#`QF2`b +�M �/�Ti i?2B` bi`�i2;B2b- �TT`Q�+?2b- �M/ +�T�#BHBiB2b �b i?2 #mbBM2bb H�M/b+�T2
2pQHp2bX

7.2 Limitations and Future Work

PM2 MQi�#H2 +?�HH2M;2 2M+QmMi2`2/ r�b i?2 Bbbm2 Q7 HBKBi2/ /�i�X h?2 /�i� b2i +QMbBbi2/ Q7
+mbiQK2`b �H`2�/v +?Qb2M #v i?2 #`QF2`b �M/ i?mb bmz2`2/ 7`QK bHB;?i bm`pBp�H #B�bX h?2
/�i� mb2/ BM i?Bb bim/v Bb 7m`i?2` 7`QK kykR- r?B+? KB;?i MQi �++m`�i2Hv `2~2+i i?2 bi�i2
r?2M �+[mB`2/ Q7 i?2 +QKT�MB2b 7Q` i?Qb2 bB;M2/ BM kyky �M/ T`2pBQmbHvX h?2 +QKT�MB2b
i?�i r2`2 /`QTT2/ �b � `2bmHi Q7 KBbbBM; /�i� TQBMib �HbQ /B/ MQi K�F2 Bi BMiQ i?2 bim/vX
�MQi?2` BKTQ`i�Mi HBKBi�iBQM Q7 i?2 bim/v �M/ i?2 +m``2Mi `2b2�`+? r�b i?2 �#b2M+2
Q7 i2biBM; i?2 +H�bbB}+�iBQM KQ/2Hb BM � `2�H@rQ`H/ QT2`�iBQM�H +QMi2tiX � bm;;2biBQM 7Q`
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7mim`2 `2b2�`+? Bb iQ i2bi Qi?2` KQ/2Hb- 7Q` 2t�KTH2- � :2M2iB+ �H;Q`Bi?K KQ/2HX 6m`i?2`-
�b i?Bb bim/v r�b MQi �#H2 iQ i2bi i?2 BKTH2K2Mi�iBQM BM � `2�H@HB72 b2iiBM;- i?Bb rQmH/
�HbQ #2 �M BMi2`2biBM; iQTB+ 7Q` 7mim`2 `2b2�`+?X �MQi?2` �`2� 7Q` 7mim`2 `2b2�`+? rQmH/
#2 iQ i2bi i?Bb ivT2 Q7 BKTH2K2Mi�iBQM BM }2H/b Qi?2` i?�M +Q`TQ`�i2 BMbm`�M+2X
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e8- TX RyRNRjX BbbM, ykd8@8jRNX /QB, ?iiTb , f f /QB X Q`; f Ry X RyRe f D X `B#�7 X
kykjXRyRNRjX m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBf
aykd88jRNkjyyyjNNX

�?2�`M2- JB+?�2H- >m;?2b- .Qm;H�b 1X- �M/ a+?BHH2r�2`i- LB2Hb UkyydVX ǳq?v b�H2b `2Tb
b?QmH/ r2H+QK2 BM7Q`K�iBQM i2+?MQHQ;v, J2�bm`BM; i?2 BKT�+i Q7 *_J@#�b2/ Ah
QM b�H2b 2z2+iBp2M2bbǴX AM, AMi2`M�iBQM�H CQm`M�H Q7 _2b2�`+? BM J�`F2iBM; k9X9-
TTX jjeĜj9NX BbbM, yRed@3RReX /QB, ?iiTb , f f /QB X Q`; f Ry X RyRe f D X BD`2bK�` X
kyydXyNXyyjX m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBf
ayRed3RReydyyy9dsX

�HB- C2?�/- E?�M- _2?�MmHH�?- �?K�/- L�bB`- �M/ J�[bQQ/- AK`�M UkyRkVX ǳ_�M/QK
7Q`2bib �M/ /2+BbBQM i`22bǴX AM, AMi2`M�iBQM�H CQm`M�H Q7 *QKTmi2` a+B2M+2 Abbm2b
UAC*aAV NX8- TX kdkX

�Hb�Ï- �HB- ÎQH�F- Jm`�i- �M/ E2bFBM- :ɃHȔ2M �v/BM UkyRdVX ǳ�M BMi2;`�i2/ +mbiQK2`
`2H�iBQMb?BT K�M�;2K2Mi �M/ .�i� JBMBM; 7`�K2rQ`F 7Q` +mbiQK2` +H�bbB}+�iBQM �M/
`BbF �M�HvbBb BM ?2�Hi? b2+iQ`ǴX AM, kyRd ei? AMi2`M�iBQM�H *QM72`2M+2 QM AM/mbi`B�H
h2+?MQHQ;v �M/ J�M�;2K2Mi UA*AhJV- TTX 9RĜ9eX /QB, Ry X RRyN f A*AhJ X kyRd X
dNRd3NjX

�KBM- �/M�M- �H@P#2B/�i- 62`�b- a?�?- "�#�`- �/M�M- �r�Bb- GQQ- CQM�i?�M- �M/ �Mr�`-
a�DB/ UkyRNVX ǳ*mbiQK2` +?m`M T`2/B+iBQM BM i2H2+QKKmMB+�iBQM BM/mbi`v mbBM; /�i�
+2`i�BMivǴX AM, CQm`M�H Q7 "mbBM2bb _2b2�`+? N9- TTX kNyĜjyRX BbbM, yR93@kNejX /QB,
?iiTb , f f /QB X Q`; f Ry X RyRe f D X D#mb`2b X kyR3 X yj X yyjX m`H, ?iiTb , f f rrr X
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayR93kNejR3jyRkjRX
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"A"GAP:_�S>u

�Mb?�`B- Jm?�KK�/- �HKmM�r�`- JQ?�KK�/ L�#BH- GBK- av�KBKB �`Bz- �M/ �H@
Jm/BKB;?- �#/mHH�? UkyRNVX ǳ*mbiQK2` `2H�iBQMb?BT K�M�;2K2Mi �M/ #B; /�i�
2M�#H2/, S2`bQM�HBx�iBQM +mbiQKBx�iBQM Q7 b2`pB+2bǴX AM, �TTHB2/ *QKTmiBM; �M/
AM7Q`K�iB+b R8Xk- TTX N9ĜRyRX BbbM, kkRy@3jkdX /QB, ?iiTb,ff/QBXQ`;fRyXRyRef
DX�+BXkyR3Xy8Xyy9X m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2f
TBBfakkRy3jkdR3jyydj8X

�b�iB�MB- �H2Fb�M/`2- J�HQ- S2FF�- L�;#ǠH- S2` _´/#2`;- S2MiiBM2M- 1bFQ- _BMi�@
E�?BH�- h�T�MB- �M/ a�HQp��`�- �MiiB UkykRVX ǳaQ+BQi2+?MB+�H 2Mp2HQTK2Mi Q7 �`iB}+B�H
BMi2HHB;2M+2, �M �TT`Q�+? iQ Q`;�MBx�iBQM�H /2THQvK2Mi Q7 BMb+`mi�#H2 �`iB}+B�H
BMi2HHB;2M+2 bvbi2KbǴX AM, CQm`M�H Q7 i?2 �bbQ+B�iBQM 7Q` AM7Q`K�iBQM avbi2Kb UC�AaV
kkXk- TTX jk8Ĝk8kX

�bH�K- 6�?22K- >mMD`�- �?K2/ AK`�M- 6iBiB- wB2/- GQm?B+?B- q�2H- �M/ a?�Kb- h�?B`�
UkykkVX ǳAMbm`�M+2 7`�m/ /2i2+iBQM, 1pB/2M+2 7`QK �`iB}+B�H BMi2HHB;2M+2 �M/ K�+?BM2
H2�`MBM;ǴX AM, _2b2�`+? BM AMi2`M�iBQM�H "mbBM2bb �M/ 6BM�M+2 ek- TX RyRd99X BbbM,
ykd8@8jRNX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDX`B#�7XkykkXRyRd99X m`H, ?iiTb,
ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfaykd88jRNkkyyRjk8X

�r�/- J�`B2ii2 �M/ E?�MM�- _�?mH UkyR8VX ǳamTTQ`i o2+iQ` J�+?BM2b 7Q` *H�bbB}+�iBQMǴX
AM, 1{+B2Mi G2�`MBM; J�+?BM2b, h?2Q`B2b- *QM+2Tib- �M/ �TTHB+�iBQMb 7Q` 1M;BM22`b
�M/ avbi2K .2bB;M2`bX "2`F2H2v- *�, �T`2bb- TTX jNĜeeX Bb#M, Nd3@R@9jyk@8NNy@NX
/QB, RyXRyydfNd3@R@9jyk@8NNy@NnjX m`H, ?iiTb,ff/QBXQ`;fRyXRyydfNd3@R@
9jyk@8NNy@NnjX

"�;- am`�DBi- :mTi�- a?Bp�K- EmK�`- �D�v- �M/ aBp�`�D�?- li?�v�b�MF�` UkykRVX ǳ�M
BMi2;`�i2/ �`iB}+B�H BMi2HHB;2M+2 7`�K2rQ`F 7Q` FMQrH2/;2 +`2�iBQM �M/ "k" K�`F2iBM;
`�iBQM�H /2+BbBQM K�FBM; 7Q` BKT`QpBM; }`K T2`7Q`K�M+2ǴX AM, AM/mbi`B�H J�`F2iBM;
J�M�;2K2Mi Nk- TTX Rd3ĜR3NX BbbM, yyRN@38yRX /QB, ?iiTb,ff/QBXQ`;fRyXRyRef
DXBM/K�`K�MXkykyXRkXyyRX m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f
�`iB+H2fTBBfayyRN38yRkyjyNy99X

"�;?H�- a22K� �M/ :mTi�- :�m`�p UkykkVX ǳS2`7Q`K�M+2 1p�Hm�iBQM Q7 o�`BQmb
*H�bbB}+�iBQM h2+?MB[m2b 7Q` *mbiQK2` *?m`M S`2/B+iBQM BM 1@+QKK2`+2ǴX AM,
JB+`QT`Q+2bbQ`b �M/ JB+`Qbvbi2Kb N9- TX Ry9e3yX BbbM, yR9R@NjjRX /QB, ?iiTb,ff
/QBXQ`;fRyXRyRefDXKB+T`QXkykkXRy9e3yX m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX
+QKfb+B2M+2f�`iB+H2fTBBfayR9RNjjRkkyykRyRX

"2?2`�- _�D�i EmK�`- :mM�b2F�`�M- �M;�TT�- :mTi�- a?Bp�K- E�K#QD- a?�KTv- �M/
"�H�- S`�/BT EmK�` UkykyVX ǳS2`bQM�HBx2/ /B;Bi�H K�`F2iBM; `2+QKK2M/2` 2M;BM2ǴX
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"A"GAP:_�S>u

AM, CQm`M�H Q7 _2i�BHBM; �M/ *QMbmK2` a2`pB+2b 8j- TX RyRdNNX BbbM, yNeN@eN3NX /QB,
?iiTb,ff/QBXQ`;fRyXRyRefDXD`2i+QMb2`XkyRNXyjXykeX m`H, ?iiTb,ffrrrX
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayNeNeN3NR3jydN3dX

"?�ii�+?�`vv�- aB//?�`i?�- C?�- a�MD22p- h?�`�FmMM2H- Em`B�M- �M/ q2biH�M/- C
*?`BbiQT?2` UkyRRVX ǳ.�i� KBMBM; 7Q` +`2/Bi +�`/ 7`�m/, � +QKT�`�iBp2 bim/vǴX AM,
.2+BbBQM bmTTQ`i bvbi2Kb 8yXj- TTX eykĜeRjX

"H2B- .�pB/ J- L;- �M/`2r u- �M/ CQ`/�M- JB+?�2H A UkyyjVX ǳG�i2Mi /B`B+?H2i �HHQ+�iBQMǴX
AM, CQm`M�H Q7 K�+?BM2 G2�`MBM; `2b2�`+? jXC�M- TTX NNjĜRykkX

"HB2`@qQM;- *?`BbiQT?2`- *Qbb2ii2- >ûHĕM2- G�KQMi�;M2- Gm+- �M/ J�`+2�m- 1iB2MM2
UkykRVX ǳJ�+?BM2 G2�`MBM; BM S�KTc* AMbm`�M+2, � _2pB2r 7Q` S`B+BM; �M/
_2b2`pBM;ǴX AM, _BbFb NXRX BbbM, kkkd@NyNRX /QB, RyXjjNyf`BbFbNyRyyy9X m`H, ?iiTb,
ffrrrXK/TBX+QKfkkkd@NyNRfNfRf9X

"QHiQM- _mi? LX URNN3VX ǳ� .vM�KB+ JQ/2H Q7 i?2 .m`�iBQM Q7 i?2 *mbiQK2`Ƕb
_2H�iBQMb?BT rBi? � *QMiBMmQmb a2`pB+2 S`QpB/2`, h?2 _QH2 Q7 a�iBb7�+iBQMǴX AM,
J�`F2iBM; a+B2M+2 RdXR- TTX 98Ĝe8X BbbM, ydjkkjNN- R8ke893sX m`H, ?iiT,ffrrrX
DbiQ`XQ`;fbi�#H2fRNjRNe UpBbBi2/ QM ykfk3fkykjVX

"`2BK�M- G2Q UkyyRVX ǳ_�M/QK 7Q`2bibǴX AM, J�+?BM2 H2�`MBM; 98- TTX 8ĜjkX
"`vx;�HQp- .o �M/ hbv;�MQp- �� UkykkVX ǳ*QMbmK2` GBKBi�iBQMb QM i?2 .B;Bi�HBx�iBQM Q7

i?2 AMbm`�M+2 J�`F2i �M/ q�vb iQ Pp2`+QK2 h?2KXǴ AM, aim/B2b QM _mbbB�M 2+QMQKB+
/2p2HQTK2Mi jjX8X BbbM, R9kk@33NyX /QB, RyXRRj9faRyd8dyydkky8yy8dX m`H, ?iiTb,
ffrrrXM+#BXMHKXMB?X;QpfTK+f�`iB+H2bfSJ*N9NRe8kfO6MRX

*�`m�M�- _B+? �M/ LB+mH2b+m@JBxBH- �H2t�M/`m UkyyeVX ǳ�M 1KTB`B+�H *QKT�`BbQM Q7
amT2`pBb2/ G2�`MBM; �H;Q`Bi?KbǴX AM, S`Q+22/BM;b Q7 i?2 kj`/ AMi2`M�iBQM�H *QM72`2M+2
QM J�+?BM2 G2�`MBM;X A*JG ǶyeX SBiib#m`;?- S2MMbvHp�MB�- la�, �bbQ+B�iBQM 7Q`
*QKTmiBM; J�+?BM2`v- TTX ReRĜRe3X Bb#M, R8N8Njj3jkX /QB, Ry X RR98 f RR9j399 X
RR9j3e8X m`H, ?iiTb,ff/QBXQ`;fRyXRR98fRR9j399XRR9j3e8X

*?�ii2`D22- a?2b?�/`B- *?�m/?m`B- _�MD�M- �M/ o`QMiBb- .2K2i`Bb UkykkVX ǳ�A �M/
/B;Bi�HBx�iBQM BM `2H�iBQMb?BT K�M�;2K2Mi, AKT�+i Q7 �/QTiBM; �A@2K#2//2/ *_J
bvbi2KǴX AM, CQm`M�H Q7 "mbBM2bb _2b2�`+? R8y- TTX 9jdĜ98yX BbbM, yR93@kNejX /QB,
?iiTb , f f /QB X Q`; f Ry X RyRe f D X D#mb`2b X kykk X ye X yjjX m`H, ?iiTb , f f rrr X
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayR93kNejkkyy8dRNX

*?�ii2`D22- a?2b?�/`B- *?�m/?m`B- _�MD�M- o`QMiBb- .2K2i`Bb- �M/ C�#22M- 6�mxB� UkykkVX
ǳ.B;Bi�H i`�Mb7Q`K�iBQM Q7 Q`;�MBx�iBQM mbBM; �A@*_J, 6`QK KB+`Q7QmM/�iBQM�H
T2`bT2+iBp2 rBi? H2�/2`b?BT bmTTQ`iǴX AM, CQm`M�H Q7 "mbBM2bb _2b2�`+? R8j- TTX 9eĜ83X
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BbbM, yR93@kNejX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXD#mb`2bXkykkXy3XyRNX m`H,
?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayR93kNejkkyydyRNX

*?�ii2`D22- a?2b?�/`B- _�M�- L`BT2M/`� SX- h�KBHK�MB- EmiiBK�MB- �M/ a?�`K�- �MmD
UkykRVX ǳh?2 2z2+i Q7 �A@#�b2/ *_J QM Q`;�MBx�iBQM T2`7Q`K�M+2 �M/ +QKT2iBiBp2
�/p�Mi�;2, �M 2KTB`B+�H �M�HvbBb BM i?2 "k" +QMi2tiǴX AM, AM/mbi`B�H J�`F2iBM;
J�M�;2K2Mi Nd- TTX ky8ĜkRNX BbbM, yyRN@38yRX /QB, ?iiTb,ff/QBXQ`;fRyXRyRef
DXBM/K�`K�MXkykRXydXyRjX m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f
�`iB+H2fTBBfayyRN38yRkRyyR9k8X

*?2M- AMD�xx CX �M/ SQTQpB+?- E�`2M UkyyjVX ǳlM/2`bi�M/BM; +mbiQK2` `2H�iBQMb?BT
K�M�;2K2Mi U*_JV, S2QTH2- T`Q+2bb �M/ i2+?MQHQ;vǴX AM, "mbBM2bb S`Q+2bb
J�M�;2K2Mi CQm`M�H NX8- TTX edkĜe33X /QB, RyXRRy3fR9ejdR8yjRy9Ned83X m`H,
?iiTb,ff/QBXQ`;fRyXRRy3fR9ejdR8yjRy9Ned83X

*?2M- _mM;@*?BM;- .2rB- *?`BbiBM2- >m�M;- am@q2M- �M/ *�`�F�- _2xxv 1FQ UkykyVX
ǳa2H2+iBM; +`BiB+�H 72�im`2b 7Q` /�i� +H�bbB}+�iBQM #�b2/ QM K�+?BM2 H2�`MBM; K2i?Q/bǴX
AM, CQm`M�H Q7 "B; .�i� dXR- TX 8kX BbbM, kRNe@RRR8X /QB, RyXRR3efb9y8jd@ yky@
yyjkd@9X m`H, ?iiTb,ff/QBXQ`;fRyXRR3efb9y8jd@yky@yyjkd@9X

*?2M- uQM;[B�M; �M/ >m- G2B7�M; Ukyy8VX ǳaim/v QM .�i� JBMBM; �TTHB+�iBQM BM *_J
avbi2K "�b2/ QM AMbm`�M+2 h`�/2ǴX AM, S`Q+22/BM;b Q7 i?2 di? AMi2`M�iBQM�H *QM72`2M+2
QM 1H2+i`QMB+ *QKK2`+2X A*1* Ƕy8X sBǶ�M- *?BM�, �bbQ+B�iBQM 7Q` *QKTmiBM;
J�+?BM2`v- TTX 3jNĜ39RX Bb#M, R8N8NjRRkyX /QB, RyXRR98fRy3N88RXRy3NdR8X m`H,
?iiTb,ff/QB@Q`;X7Q+mbXHB#XFi?Xb2fRyXRR98fRy3N88RXRy3NdR8X

*?Bm- *?�Q+?�M; UkyykVX ǳ� +�b2@#�b2/ +mbiQK2` +H�bbB}+�iBQM �TT`Q�+? 7Q` /B`2+i
K�`F2iBM;ǴX AM, 1tT2`i avbi2Kb rBi? �TTHB+�iBQMb kkXk- TTX RejĜRe3X BbbM, yN8d@9Rd9X
/QB, ?iiTb,ff/QBXQ`;fRyXRyRefayN8d@9Rd9UyRVyyy8k@8X m`H, ?iiTb,ffrrrX
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayN8d9Rd9yRyyy8k8X

*`Qi2�m- �MM2@J�`B2 �M/ GB- S2i2` UkyyjVX ǳ*`BiB+�H am++2bb 6�+iQ`b Q7 *_J
h2+?MQHQ;B+�H AMBiB�iBp2bǴX AM, *�M�/B�M CQm`M�H Q7 �/KBMBbi`�iBp2 a+B2M+2b f _2pm2
*�M�/B2MM2 /2b a+B2M+2b /2 HǶ�/KBMBbi`�iBQM kyXR- TTX kRĜj9X /QB, ?iiTb,ff/QB@
Q`;X7Q+mbXHB#XFi?Xb2fRyXRRRRfDXRNje@99NyXkyyjXi#yyjyjXtX 2T`BMi, ?iiTb,
ffQMHBM2HB#`�`v@rBH2v@+QKX7Q+mbXHB#XFi?Xb2f/QBfT/7fRyXRRRRfDXRNje@
99NyXkyyjXi#yyjyjXtX m`H, ?iiTb,ffQMHBM2HB#`�`v@rBH2v@+QKX7Q+mbXHB#X
Fi?Xb2f/QBf�#bfRyXRRRRfDXRNje@99NyXkyyjXi#yyjyjXtX

.Ƕ>�2M- C2`Q2M �M/ o�M /2M SQ2H- .B`F UkyRjVX ǳJQ/2H@bmTTQ`i2/ #mbBM2bb@iQ@#mbBM2bb
T`QbT2+i T`2/B+iBQM #�b2/ QM �M Bi2`�iBp2 +mbiQK2` �+[mBbBiBQM 7`�K2rQ`FǴX AM,
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AM/mbi`B�H J�`F2iBM; J�M�;2K2Mi 9kX9X aT2+B�H Abbm2 QM �TTHB2/ AMi2HHB;2Mi avbi2Kb
BM "mbBM2bb@iQ@"mbBM2bb J�`F2iBM;- TTX 899Ĝ88RX BbbM, yyRN@38yRX /QB, ?iiTb,ff/QBX
Q`;fRyXRyRefDXBM/K�`K�MXkyRjXyjXyyeX m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX
+QKfb+B2M+2f�`iB+H2fTBBfayyRN38yRRjyyy8e9X

.2K�`xQ- S2i2` �M/ "2`F- CQM�i?�M UkyR9VX *Q`TQ`�i2 6BM�M+2, :HQ#�H 1/BiBQMX "QbiQMc
*QHmK#mbc AM/B�M�TQHBb 2i+X, S2�`bQM 1/m+�iBQMX

.2t2- C�+Q#- 6`�MF2- lH`BF- �M/ _�/- �H2t�M/2` UkykRVX ǳh`�MbT�`2M+v �M/ BMbm`�M+2
T`Q72bbBQM�Hb, � bim/v Q7 ar2/Bb? BMbm`�M+2 T`�+iB+2 �iiBim/2b �M/ 7mim`2
/2p2HQTK2MiǴX AM, h?2 :2M2p� S�T2`b QM _BbF �M/ AMbm`�M+2 @ Abbm2b �M/ S`�+iB+2
9eX9X BbbM, R9e3@y99yX /QB, RyXRy8dfb9Rk33@ykR@yykyd@NX m`H, ?iiTb,ff/QBXQ`;f
RyXRy8dfb9Rk33@ykR@yykyd@NX

1+F2`i- *?`BbiB�M- 1+F2`i- CQ?�MM�- �M/ wBixK�MM- �`KBM UkykRVX ǳh?2 bi�imb [mQ
Q7 /B;Bi�H i`�Mb7Q`K�iBQM BM BMbm`�M+2 b�H2b, �M 2KTB`B+�H �M�HvbBb Q7 i?2 ;2`K�M
BMbm`�M+2 BM/mbi`vXǴ AM, w2Bib+?`B7i 7Ƀ` /B2 ;2b�Ki2 o2`bB+?2`mM;brBbb2Mb+?�7i RRyXk@jX
BbbM, R9kk@33NyX /QB, RyXRyydfbRkkNd@ykR@yy8yd@vX m`H, ?iiTb,ffrrrXM+#BX
MHKXMB?X;QpfTK+f�`iB+H2bfSJ*3ek3k39fX

1HBM;- J�`iBM �M/ G2?K�MM- J�`iBM UkyR3VX ǳh?2 AKT�+i Q7 .B;Bi�HBx�iBQM QM i?2
AMbm`�M+2 o�Hm2 *?�BM �M/ i?2 AMbm`�#BHBiv Q7 _BbFbǴX AM, h?2 :2M2p� S�T2`b QM _BbF
�M/ AMbm`�M+2 @ Abbm2b �M/ S`�+iB+2 9jXjX BbbM, R9e3@y99yX /QB, RyXRy8dfb9Rk33@
yRd@yydj@yX m`H, ?iiTb,ff/QBXQ`;fRyXRy8dfb9Rk33@yRd@yydj@yX

1l UkyReVX :2M2`�H .�i� S`Qi2+iBQM _2;mH�iBQM U:.S_VX 1m`QT2�M lMBQMX m`H, ?iiTb,
ff;/T`BM7QX2mf UpBbBi2/ QM y8fRyfkykjVX

6�vv�x- w2b?�M- 1#`�?BKB�M- J�?b�- L�r�`�- .BM�- A#`�?BK- �?K2/- �M/ E�b?27-
_�b?� UkykyVX ǳ_2+QKK2M/�iBQM avbi2Kb, �H;Q`Bi?Kb- *?�HH2M;2b- J2i`B+b- �M/
"mbBM2bb PTTQ`imMBiB2bǴX AM, �TTHB2/ a+B2M+2b RyXkRX BbbM, kyde@j9RdX /QB, RyXjjNyf
�TTRykRdd93X m`H, ?iiTb,ffrrrXK/TBX+QKfkyde@j9RdfRyfkRfdd93X

6BixT�i`B+F- h`2pQ` �M/ Jm2b- *?`BbiQT?2 UkyReVX ǳ�M 2KTB`B+�H +QKT�`BbQM Q7
+H�bbB}+�iBQM �H;Q`Bi?Kb 7Q` KQ`i;�;2 /27�mHi T`2/B+iBQM, 2pB/2M+2 7`QK � /Bbi`2bb2/
KQ`i;�;2 K�`F2iǴX AM, 1m`QT2�M CQm`M�H Q7 PT2`�iBQM�H _2b2�`+? k9NXk- TTX 9kdĜ9jNX

6H2i+?2`@*?2M- *?�pB *X@uX- a?�`K�- �`mM- �M/ _�M;�`�D�M- .2p� UkykkVX ǳ1t�KBMBM;
bmTTHB2`- #mv2`- �M/ +mbiQK2` i`B�/b, h?2 +`BiB+�H `QH2 Q7 +QM~B+i BM BMi2`�+iBQM
T`Q+2bb2b �M/ T`Q/m+ifb2`pB+2 BMMQp�iBQMbǴX AM, AM/mbi`B�H J�`F2iBM; J�M�;2K2Mi
Ryd- TTX jjdĜj8kX BbbM, yyRN@38yRX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXBM/K�`K�MX
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kykkXRyXyRNX m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBf
ayyRN38yRkkyyk83NX

:�HBM/Q- CQ`;2 �M/ h�K�vQ- S�#HQ UkyyyVX ǳ*`2/Bi `BbF �bb2bbK2Mi mbBM; bi�iBbiB+�H
�M/ K�+?BM2 H2�`MBM;, #�bB+ K2i?Q/QHQ;v �M/ `BbF KQ/2HBM; �TTHB+�iBQMbǴX AM,
*QKTmi�iBQM�H 2+QMQKB+b R8- TTX RydĜR9jX

:�M2b�M- a?�MF�` URNN9VX ǳ.2i2`KBM�Mib Q7 GQM;@h2`K P`B2Mi�iBQM BM "mv2`@a2HH2`
_2H�iBQMb?BTbǴX AM, CQm`M�H Q7 J�`F2iBM; 83Xk- TTX RĜRNX BbbM, yykkk9kNX m`H, ?iiT,
ffrrrXDbiQ`XQ`;fbi�#H2fRk8kke8 UpBbBi2/ QM yjfykfkykjVX

:�ii2`K�MM@Aib+?2`i- h?2`2b� �M/ h?QM2K�MM- lH`B+? qX UkykkVX ǳS`Q�+iBp2 +mbiQK2`
`2i2MiBQM K�M�;2K2Mi BM � MQM@+QMi`�+im�H "k" b2iiBM; #�b2/ QM +?m`M T`2/B+iBQM
rBi? `�M/QK 7Q`2bibǴX AM, AM/mbi`B�H J�`F2iBM; J�M�;2K2Mi Ryd- TTX Rj9ĜR9dX BbbM,
yyRN@38yRX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXBM/K�`K�MXkykkXyNXykjX m`H,
?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayyRN38yRkkyykk88X

:û`QM- �m`ûHB2MX UkykkVX >�M/b@PM J�+?BM2 G2�`MBM; rBi? a+BFBi@G2�`M- E2`�b- �M/
h2MbQ`6HQrX 2M;X j`/ 2/X PǶ_2BHHv J2/B�- AM+X Bb#M, R@yN3R@k8Ne@dX

:`�Mi- 1`B+ UkyRkVX ǳh?2 aQ+B�H �M/ 1+QMQKB+ o�Hm2 Q7 AMbm`�M+2ǴX AM, m`H, ?iiTb,
f f rrr X ;2M2p��bbQ+B�iBQM X Q`; f bBi2b f /27�mHi f 7BH2b f `2b2�`+? @ iQTB+b @
/Q+mK2Mi@ ivT2fT/7nTm#HB+f;�kyRk@ i?2nbQ+B�Hn�M/n2+QMQKB+np�Hm2nQ7n
BMbm`�M+2XT/7X

:`B{M- �##B2 �M/ >�mb2`- CQ?M _X URNNjVX ǳh?2 oQB+2 Q7 i?2 *mbiQK2`ǴX AM, J�`F2iBM;
a+B2M+2 RkXR- TTX RĜkdX BbbM, ydjkkjNN- R8ke893sX m`H, ?iiT,ffrrrXDbiQ`XQ`;f
bi�#H2fR3jdj8 UpBbBi2/ QM ykfk3fkykjVX

:m?�- �#?BDBi- :`2r�H- .?`mp- EQT�HH2- S`�p22M EX- >�2MH2BM- JB+?�2H- a+?M2B/2`-
J�ii?2r CX- CmM;- >vmMb2QF- JQmbi�7�- _B/�- >2;/2- .BM2b? _X- �M/ >�rFBMb- :�`v
UkykRVX ǳ>Qr �`iB}+B�H BMi2HHB;2M+2 rBHH �z2+i i?2 7mim`2 Q7 `2i�BHBM;ǴX AM, CQm`M�H Q7
_2i�BHBM; NdXRX _2@ai`�i2;BxBM; _2i�BHBM; BM � h2+?MQHQ;v "�b2/ 1`�- TTX k3Ĝ9RX BbbM,
yykk@9j8NX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXD`2i�BXkykRXyRXyy8X m`H, ?iiTb,
ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayykk9j8NkRyyyy8RX

:mQ- q2B2M- GBm- 6�M;- �M/ w?�M;- sBMvm2 UkykRVX ǳ_2b2�`+? QM AMbm`�M+2 *mbiQK2`
a2;K2Mi�iBQM JQ/2H �M/ J�`F2iBM; ai`�i2;v "�b2/ QM "B; .�i� �M/ J�+?BM2
G2�`MBM;ǴX AM, kykR kM/ AMi2`M�iBQM�H *QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2 �M/
AM7Q`K�iBQM avbi2KbX A*�AAa kykRX *?QM;[BM;- *?BM�, �bbQ+B�iBQM 7Q` *QKTmiBM;
J�+?BM2`vX Bb#M, Nd3R98yjNykyyX /QB, RyXRR98fj9eNkRjXj9dRjkeX m`H, ?iiTb,
ff/QB@Q`;X7Q+mbXHB#XFi?Xb2fRyXRR98fj9eNkRjXj9dRjkeX
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:mTi�- amMBH- G2?K�MM- .QM�H/ _X- �M/ aim�`i- C2MMB72` �K2b Ukyy9VX ǳo�HmBM;
*mbiQK2`bǴX AM, CQm`M�H Q7 J�`F2iBM; _2b2�`+? 9RXR- TTX dĜR3X /QB, RyXR8yNfDKF`X
9RXRXdXk8y39X 2T`BMi, ?iiTb,ff/QBXQ`;fRyXR8yNfDKF`X9RXRXdXk8y39X m`H,
?iiTb,ff/QBXQ`;fRyXR8yNfDKF`X9RXRXdXk8y39X

>�HHBF�BM2M- >2HB- GmQM;Q- JBH2M�- .?B`- �K�M/22T- �M/ G�mFF�M2M- hQKKB UkykkVX
ǳ*QMb2[m2M+2b Q7 T2`bQM�HBx2/ T`Q/m+i `2+QKK2M/�iBQMb �M/ T`B+2 T`QKQiBQMb BM
QMHBM2 ;`Q+2`v b?QTTBM;ǴX AM, CQm`M�H Q7 _2i�BHBM; �M/ *QMbmK2` a2`pB+2b eN-
TX Ryjy33X BbbM, yNeN@eN3NX /QB, ?iiTb , f f /QB X Q`; f Ry X RyRe f D X D`2i+QMb2` X
kykkXRyjy33X m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBf
ayNeNeN3NkkyyR3RjX

>�M/2HK�M- :mv a- EQF- >QM; Em�M- *?�M/`�- _QMBH o- _�x�pB- �KB` >- >m�M;- a?Br2B-
"`QQFb- J�`F- G22- JB+?�2H C- �M/ �b�/B- >�K2/ UkyRNVX ǳS22`BM; BMiQ i?2 #H�+F
#Qt Q7 �`iB}+B�H BMi2HHB;2M+2, 2p�Hm�iBQM K2i`B+b Q7 K�+?BM2 H2�`MBM; K2i?Q/bǴX AM,
�K2`B+�M CQm`M�H Q7 _Q2Mi;2MQHQ;v kRkXR- TTX j3Ĝ9jX

> m#H- :2`�H/ �M/ h`B7ib- o�H2`B2 UkyyyVX ǳ*QMbmK2` .2+BbBQM J�FBM; BM PMHBM2 a?QTTBM;
1MpB`QMK2Mib, h?2 1z2+ib Q7 AMi2`�+iBp2 .2+BbBQM �B/bǴX AM, J�`F2iBM; a+B2M+2 RNXR-
TTX 9ĜkRX /QB, RyXRk3dfKFb+XRNXRX9XR8Rd3X 2T`BMi, ?iiTb,ff/QBXQ`;fRyXRk3df
KFb+XRNXRX9XR8Rd3X m`H, ?iiTb,ff/QBXQ`;fRyXRk3dfKFb+XRNXRX9XR8Rd3X

>2M`v- PX UkyReVX ǳ*QKK2`+B�H :2M2`�H GB�#BHBiv AMbm`�M+2 �M/ *Qp2`�;2, � h?2Q`2iB+�H
_2pB2rǴX AM, 8XR- TTX 8yNĜ8RdX

C�BM- >BK�MB- u�/�p- :�`BK�- �M/ J�MQQp- _X UkykRVX ǳ*?m`M S`2/B+iBQM �M/ _2i2MiBQM
BM "�MFBM;- h2H2+QK �M/ Ah a2+iQ`b lbBM; J�+?BM2 G2�`MBM; h2+?MB[m2bǴX AM,
�/p�M+2b BM J�+?BM2 G2�`MBM; �M/ *QKTmi�iBQM�H AMi2HHB;2M+2X 1/X #v a`BF�Mi�
S�iM�BF- sBM@a?2 u�M;- �M/ Ab?r�` EX a2i?BX aBM;�TQ`2, aT`BM;2` aBM;�TQ`2- TTX RjdĜ
R8eX Bb#M, Nd3@N3R@R8@8k9j@9X

C�K2b- :�`2i?- qBii2M- .�MB2H�- >�biB2- h`2pQ`- �M/ hB#b?B`�MB- _Q#2`i UkykRVX ǳ�M
AMi`Q/m+iBQM iQ ai�iBbiB+�H G2�`MBM;, rBi? �TTHB+�iBQMb BM _ǴX AM, L2r uQ`F- Lu,
aT`BM;2` laX Bb#M, Nd3@R@ydRe@R9R3@RX /QB, RyXRyydfNd3@R@ydRe@R9R3@Rn3X m`H,
?iiTb,ff/QBXQ`;fRyXRyydfNd3@R@ydRe@R9R3@Rn3X

C�`/BM2- �M/`2r Ea- GBM- .�KBM;- �M/ "�MD2pB+- .`�;�M UkyyeVX ǳ� `2pB2r QM
K�+?BM2`v /B�;MQbiB+b �M/ T`Q;MQbiB+b BKTH2K2MiBM; +QM/BiBQM@#�b2/ K�BMi2M�M+2ǴX
AM, J2+?�MB+�H bvbi2Kb �M/ bB;M�H T`Q+2bbBM; kyXd- TTX R93jĜR8RyX

CQ?MbbQM- CQ?�M- "Dƺ`MbbQM- Pb+�`- �M/2`bbQM- S2`- �M/ �HX- 2i UkykyVX ǳ�`iB}+B�H M2m`�H
M2irQ`Fb BKT`Qp2 2�`Hv Qmi+QK2 T`2/B+iBQM �M/ `BbF +H�bbB}+�iBQM BM Qmi@Q7@?QbTBi�H
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"A"GAP:_�S>u

+�`/B�+ �``2bi T�iB2Mib �/KBii2/ iQ BMi2MbBp2 +�`2ǴX AM, *`BiB+�H *�`2 k9XR- TX 9d9X BbbM,
R9ee@eyNsX /QB, RyXRR3efbRjy89@yky@yjRyj@RX m`H, ?iiTb,ff/QBXQ`;fRyXRR3ef
bRjy89@yky@yjRyj@RX

CQb?B- �b?rBM qX �M/ a?�`K�- a�MD�v Ukyy9VX ǳ*mbiQK2` EMQrH2/;2 .2p2HQTK2Mi,
�Mi2+2/2Mib �M/ AKT�+i QM L2r S`Q/m+i S2`7Q`K�M+2ǴX AM, CQm`M�H Q7 J�`F2iBM; e3X9-
TTX 9dĜ8NX /QB, RyXR8yNfDKF;Xe3X9X9dX9kdkkX 2T`BMi, ?iiTb,ff/QBXQ`;fRyXR8yNf
DKF;Xe3X9X9dX9kdkkX m`H, ?iiTb,ff/QBXQ`;fRyXR8yNfDKF;Xe3X9X9dX9kdkkX

E?�/2- �MBM/Bi� �X UkyReVX ǳS2`7Q`KBM; *mbiQK2` "2?�pBQ` �M�HvbBb mbBM; "B; .�i�
�M�HviB+bǴX AM, S`Q+2/B� *QKTmi2` a+B2M+2 dNX S`Q+22/BM;b Q7 AMi2`M�iBQM�H *QM72`2M+2
QM *QKKmMB+�iBQM- *QKTmiBM; �M/ oB`im�HBx�iBQM UA***oV kyRe- TTX N3eĜNNkX BbbM,
R3dd@y8yNX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXT`Q+bXkyReXyjXRk8X m`H, ?iiTb,
ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfaR3ddy8yNReyyk8e3X

EBK- 1mMDm- EBK- qQQDm- �M/ G22- uBHH#vmM; UkyyjVX ǳ*QK#BM�iBQM Q7 KmHiBTH2 +H�bbB}2`b
7Q` i?2 +mbiQK2`Ƕb Tm`+?�b2 #2?�pBQ` T`2/B+iBQMǴX AM, .2+BbBQM amTTQ`i avbi2Kb
j9XkX �;2Mib �M/ 1@*QKK2`+2 "mbBM2bb JQ/2Hb- TTX RedĜRd8X BbbM, yRed@NkjeX /QB,
?iiTb , f f /QB X Q`; f Ry X RyRe f ayRed @ NkjeUyk V yyydN @ NX m`H, ?iiTb , f f rrr X
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayRedNkjeykyyydNNX

EBM;- ai2T?2M 6X �M/ "m`;2bb- h?QK�b 6X Ukyy3VX ǳlM/2`bi�M/BM; bm++2bb �M/ 7�BHm`2
BM +mbiQK2` `2H�iBQMb?BT K�M�;2K2MiǴX AM, AM/mbi`B�H J�`F2iBM; J�M�;2K2Mi jdX9-
TTX 9kRĜ9jRX BbbM, yyRN@38yRX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXBM/K�`K�MX
kyydXykXyy8X m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBf
ayyRN38yRydyyy9jyX

EQKB�F- a?2``B2 uX sX �M/ "2M#�b�i- Ax�F UkyyeVX ǳh?2 1z2+ib Q7 S2`bQM�HBx�iBQM �M/
6�KBHB�`Biv QM h`mbi �M/ �/QTiBQM Q7 _2+QKK2M/�iBQM �;2MibǴX AM, JAa Zm�`i2`Hv
jyX9- TTX N9RĜNeyX BbbM, ykdedd3jX m`H, ?iiT,ffrrrXDbiQ`XQ`;fbi�#H2fk8R93dey
UpBbBi2/ QM yjfyefkykjVX

E`Bx?2pbFv- �H2t- amibF2p2`- AHv�- �M/ >BMiQM- :2Qz`2v 1 UkyRdVX ǳAK�;2M2i +H�bbB}+�iBQM
rBi? /22T +QMpQHmiBQM�H M2m`�H M2irQ`FbǴX AM, *QKKmMB+�iBQMb Q7 i?2 �*J eyXe-
TTX 39ĜNyX

EmK�`- oX- _�D�M- "?�`�i?- o2MF�i2b�M- _�DFmK�`- �M/ G2+BMbFB- CBK UkyRNVX
ǳlM/2`bi�M/BM; i?2 _QH2 Q7 �`iB}+B�H AMi2HHB;2M+2 BM S2`bQM�HBx2/ 1M;�;2K2Mi
J�`F2iBM;ǴX AM, *�HB7Q`MB� J�M�;2K2Mi _2pB2r eRX9- TTX Rj8ĜR88X /QB, RyXRRddf
yyy3Rk8eRN38NjRdX 2T`BMi, ?iiTb,ff/QBXQ`;fRyXRRddfyyy3Rk8eRN38NjRdX m`H,
?iiTb,ff/QBXQ`;fRyXRRddfyyy3Rk8eRN38NjRdX
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"A"GAP:_�S>u

G�GQM/2- ai2p2M J Ukyy8VX ǳh`�Mb7Q`KBM; p�`B�#H2b 7Q` MQ`K�HBiv �M/ HBM2�`Bivěr?2M-
?Qr- r?v �M/ r?v MQiǶbǴX AM, a�a +QM72`2M+2 T`Q+22/BM;b L1al:X oQHX R3- TTX RRĜR9X

G2KQM- E�i?2`BM2 LX �M/ o2`?Q27- S2i2` *X UkyReVX ǳlM/2`bi�M/BM; *mbiQK2` 1tT2`B2M+2
h?`Qm;?Qmi i?2 *mbiQK2` CQm`M2vǴX AM, CQm`M�H Q7 J�`F2iBM; 3yXe- TTX eNĜNeX BbbM,
yykkk9kNX m`H, ?iiT,ffrrrXDbiQ`XQ`;fbi�#H2f99Rj9Nd9 UpBbBi2/ QM yjfR8fkykjVX

GB#�B- "�`�F- "�`i- u�FQp- :2MbH2`- aQMD�- >Q7�+F2`- *?�`H2b 6X- E�TH�M- �M/`2�b-
Eƺii2`?2BM`B+?- EBK- �M/ E`QHH- 1BF2 "2MD�KBM UkykyVX ǳ"`�p2 L2r qQ`H/\ PM �A
�M/ i?2 J�M�;2K2Mi Q7 *mbiQK2` _2H�iBQMb?BTbǴX AM, CQm`M�H Q7 AMi2`�+iBp2 J�`F2iBM;
8RXR- TTX 99Ĝ8eX /QB, RyXRyRefDXBMiK�`XkykyXy9XyykX m`H, ?iiTb,ff/QBXQ`;f
RyXRyRefDXBMiK�`XkykyXy9XyykX

GBM- *QM; �M/ w?2M;- CBMDm UkykkVX ǳ6BM�M+B�H +mbiQK2` +H�bbB}+�iBQM #v +QK#BM2/
KQ/2HǴX AM, �TTHB2/ J�i?2K�iB+b �M/ LQMHBM2�` a+B2M+2bX *Bi2/ #v, yc �HH PT2M
�++2bb- :QH/ PT2M �++2bbX /QB, Ry X k9d3 f �KMb X kykR X k X yyRN3X m`H, ?iiTb ,
ffrrrXb+QTmbX+QKfBMr�`/f`2+Q`/Xm`B\2B/4k@bkXy@38RjN9k88R8�/QB4RyXk9d3W
k7�KMbXkykRXkXyyRN3�T�`iM2`A.49y�K/84RN+�22##yR8yN/e82de3j/y/89e�N8d�X

GBm- "BM; �M/ GBm- "BM; UkyRRVX ǳPTBMBQM KBMBM; �M/ b2MiBK2Mi �M�HvbBbǴX AM, q2# /�i�
KBMBM;, 2tTHQ`BM; ?vT2`HBMFb- +QMi2Mib- �M/ mb�;2 /�i�- TTX 98NĜ8keX

GBm- *?B@*?mM �M/ GB�Q- uB@SBM; UkykyVX ǳAMbm`�M+2 �+[mBbBiBQM *Qbib, *�TBi�HBxBM;
o2`bmb 1tT2MbBM;ǴX AM, CQm`M�H Q7 �++QmMiBM;- �m/BiBM; � 6BM�M+2 j8Xj- TTX 883Ĝ
83yX /QB, Ry X RRdd f yR93883sR3ddj39RX 2T`BMi, ?iiTb , f f /QB X Q`; f Ry X RRdd f
yR93883sR3ddj39RX m`H, ?iiTb,ff/QBXQ`;fRyXRRddfyR93883sR3ddj39RX

J�FBM/2- �vQ/2DB a�Km2H- oBM+2Mi- PHm7mMF2 _2#2++�- �FBMr�H2- �/BQ h�Q}F-
P;mMim�b2- �/2#�vQ- �M/ �+?2K2- AD2;r� .�pB/ UkykyVX ǳ�M AKT`Qp2/ *mbiQK2`
_2H�iBQMb?BT J�M�;2K2Mi JQ/2H 7Q` "mbBM2bb@iQ@"mbBM2bb 1@+QKK2`+2 lbBM;
:2M2iB+@"�b2/ .�i� JBMBM; S`Q+2bbǴX AM, *Bi2/ #v, jX /QB, RyXRRyNfA*J*1*a9deNyX
kykyXk9y3d8X m`H, ?iiTb,ffrrrXb+QTmbX+QKfBMr�`/f`2+Q`/Xm`B\2B/4k@bkXy@
38y39N8eyNN�/QB4RyXRRyNWk7A*J*1*a9deNyXkykyXk9y3d8�T�`iM2`A.49y�K/84
#/y7#e�e#R3N38R/ke838/y7RRy97ke#X

J�`BM�FQb- :2Q`;BQb �M/ .�bF�H�FB- aQT?B� UkyRdVX ǳAK#�H�M+2/ +mbiQK2` +H�bbB}+�iBQM
7Q` #�MF /B`2+i K�`F2iBM;ǴX AM, CQm`M�H Q7 J�`F2iBM; �M�HviB+b 8XRX *Bi2/ #v, Re-
TTX R9ĜjyX /QB, RyXRy8dfb9Rkdy@yRd@yyRj@dX m`H, ?iiTb,ffrrrXb+QTmbX+QKf
BMr�`/f`2+Q`/Xm`B\2B/4k@bkXy@38yjRjR9dRj�/QB4RyXRy8dWk7b9Rkdy@yRd@
yyRj@d�T�`iM2`A.49y�K/84++N2#y+e3d3#R+3d88+/7k8R/dR3jd27X
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"A"GAP:_�S>u

J+*�`i?v- .�MB2H JX �M/ 6�/2`- S2i2` aX UkyR3VX ǳ*mbiQK2`@"�b2/ *Q`TQ`�i2 o�Hm�iBQM
7Q` Sm#HB+Hv h`�/2/ LQM+QMi`�+im�H 6B`KbǴX AM, CQm`M�H Q7 J�`F2iBM; _2b2�`+? 88X8-
TTX eRdĜej8X /QB, RyXRRddfyykkk9jdR33yk39jX 2T`BMi, ?iiTb,ff/QBXQ`;fRyXRRddf
yykkk9jdR33yk39jX m`H, ?iiTb,ff/QBXQ`;fRyXRRddfyykkk9jdR33yk39jX

J2ibBb- o�M;2HBb- �M/`QmibQTQmHQb- AQM- �M/ S�HBQm`�b- :2Q`;BQb UkyyeVX ǳaT�K }Hi2`BM;
rBi? M�Bp2 #�v2b@r?B+? M�Bp2 #�v2b\Ǵ AM, *1�aX oQHX RdX JQmMi�BM oB2r- *�- TTX k3Ĝ
eNX

JBF�H27- S�i`B+F- *QM#Qv- EB2`�M- �M/ E`Q;biB2- CQ?M UkykRVX ǳ�`iB}+B�H BMi2HHB;2M+2 �b �M
2M�#H2` Q7 "k" K�`F2iBM;, � /vM�KB+ +�T�#BHBiB2b KB+`Q@7QmM/�iBQMb �TT`Q�+?ǴX AM,
AM/mbi`B�H J�`F2iBM; J�M�;2K2Mi N3- TTX 3yĜNkX BbbM, yyRN@38yRX /QB, ?iiTb,ff/QBX
Q`;fRyXRyRefDXBM/K�`K�MXkykRXy3XyyjX m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX
+QKfb+B2M+2f�`iB+H2fTBBfayyRN38yRkRyyR93eX

JBM- amM;rQQF- w?�M;- sm#BM;- EBK- L�KrQQM- �M/ a`Bp�bi�p�- _�D2M/`� EX UkyReVX
ǳ*mbiQK2` �+[mBbBiBQM �M/ _2i2MiBQM aT2M/BM;, �M �M�HviB+�H JQ/2H �M/ 1KTB`B+�H
AMp2biB;�iBQM BM qB`2H2bb h2H2+QKKmMB+�iBQMb J�`F2ibǴX AM, CQm`M�H Q7 J�`F2iBM;
_2b2�`+? 8jX8- TTX dk3Ĝd99X /QB, RyXR8yNfDK`XR9XyRdyX 2T`BMi, ?iiTb,ff/QBX
Q`;fRyXR8yNfDK`XR9XyRdyX m`H, ?iiTb,ff/QBXQ`;fRyXR8yNfDK`XR9XyRdyX

JɃHH2`- .�MB2H �M/ h2- uB2�@6mMF UkyRdVX ǳAMbm`�M+2 T`2KBmK QTiBKBx�iBQM mbBM; KQiQ`
BMbm`�M+2 TQHB+B2b ě � #mbBM2bb ;`Qri? +H�bbB}+�iBQM �TT`Q�+?ǴX AM, kyRd A111
AMi2`M�iBQM�H *QM72`2M+2 QM "B; .�i� U"B; .�i�V- TTX 9R89Ĝ9R83X /QB, RyXRRyNf
"B;.�i�XkyRdX3k839jdX

L2#QHbBM�- 1H2M� UkykRVX ǳh?2 BKT�+i Q7 i?2 *QpB/@RN T�M/2KB+ QM i?2 #mbBM2bb
BMi2``mTiBQM BMbm`�M+2 /2K�M/ BM i?2 lMBi2/ ai�i2bǴX AM, >2HBvQM dXRRX /QB, Ry X
RyRefDX?2HBvQMXkykRX2y3j8dX m`H, ?iiTb,ffrrrXM+#BXMHKXMB?X;QpfTK+f
�`iB+H2bfSJ*38dNdjefX

L2bHBM- a+Qii �X- :`2r�H- .?`mp- G2;?Q`M- _Q#2`i- a?�MF�`- o2MF�i2b?- h22`HBM;-
J�`BD2 GX- h?QK�b- C�+[m2HvM aX- �M/ o2`?Q27- S2i2` *X UkyyeVX ǳ*?�HH2M;2b �M/
PTTQ`imMBiB2b BM JmHiB+?�MM2H *mbiQK2` J�M�;2K2MiǴX AM, CQm`M�H Q7 a2`pB+2
_2b2�`+? NXk- TTX N8ĜRRkX /QB, Ry X RRdd f RyN9edy8yekNj88NX 2T`BMi, ?iiTb , f f
/QB X Q`; f Ry X RRdd f RyN9edy8yekNj88NX m`H, ?iiTb , f f /QB X Q`; f Ry X RRdd f
RyN9edy8yekNj88NX

L;�B- 1XqXhX- sBm- GB- �M/ *?�m- .X*XEX UkyyNVX ǳ�TTHB+�iBQM Q7 /�i� KBMBM; i2+?MB[m2b
BM +mbiQK2` `2H�iBQMb?BT K�M�;2K2Mi, � HBi2`�im`2 `2pB2r �M/ +H�bbB}+�iBQMǴX AM,
1tT2`i avbi2Kb rBi? �TTHB+�iBQMb jeXk- S�`i k- TTX k8NkĜkeykX BbbM, yN8d@9Rd9X /QB,

94

https://doi.org/10.1177/0022243718802843
https://doi.org/10.1177/0022243718802843
https://doi.org/10.1177/0022243718802843
https://doi.org/10.1177/0022243718802843
https://doi.org/https://doi.org/10.1016/j.indmarman.2021.08.003
https://doi.org/https://doi.org/10.1016/j.indmarman.2021.08.003
https://www.sciencedirect.com/science/article/pii/S0019850121001486
https://www.sciencedirect.com/science/article/pii/S0019850121001486
https://doi.org/10.1509/jmr.14.0170
https://doi.org/10.1509/jmr.14.0170
https://doi.org/10.1509/jmr.14.0170
https://doi.org/10.1509/jmr.14.0170
https://doi.org/10.1109/BigData.2017.8258437
https://doi.org/10.1109/BigData.2017.8258437
https://doi.org/10.1016/j.heliyon.2021.e08357
https://doi.org/10.1016/j.heliyon.2021.e08357
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8579736/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8579736/
https://doi.org/10.1177/1094670506293559
https://doi.org/10.1177/1094670506293559
https://doi.org/10.1177/1094670506293559
https://doi.org/10.1177/1094670506293559
https://doi.org/10.1177/1094670506293559


"A"GAP:_�S>u

?iiTb , f f /QB X Q`; f Ry X RyRe f D X 2br� X kyy3 X yk X ykRX m`H, ?iiTb , f f rrr X
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayN8d9Rd9y3yyRk9jX

LBDbb2M- 1/rBM CX- :m2MxB- S�QHQ- �M/ p�M /2` "Q`;?- JB+?2H UkyRdVX ǳ"2vQM/ i?2
`2i2MiBQMě�+[mBbBiBQM i`�/2@Qz, *�T�#BHBiB2b Q7 �K#B/2ti`Qmb b�H2b Q`;�MBx�iBQMbǴX AM,
AM/mbi`B�H J�`F2iBM; J�M�;2K2Mi e9- TTX RĜRjX BbbM, yyRN@38yRX /QB, ?iiTb,ff/QBX
Q`;fRyXRyRefDXBM/K�`K�MXkyRdXyjXyy3X m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX
+QKfb+B2M+2f�`iB+H2fTBBfayyRN38yRRdjykdy8X

PǶ#`B2M- _Q#2`i JX UkyydVX ǳ� *�miBQM _2;�`/BM; _mH2b Q7 h?mK# 7Q` o�`B�M+2 AM~�iBQM
6�+iQ`bǴX AM, Zm�HBiv � Zm�MiBiv 9RX8- TTX edjĜeNyX BbbM, R8dj@d398X /QB, RyXRyydf
bRRRj8@yye@NyR3@eX m`H, ?iiTb,ff/QBXQ`;fRyXRyydfbRRRj8@yye@NyR3@eX

S�M;- "Q- G22- GBHHB�M- �M/ o�Bi?v�M�i?�M- a?Bp�FmK�` UkyykVX ǳh?mK#b mT\ a2MiBK2Mi
+H�bbB}+�iBQM mbBM; K�+?BM2 H2�`MBM; i2+?MB[m2bǴX AM, �`sBp T`2T`BMi +bfyky8ydyX

S�b+?2M- C2�MM2ii2- EB2ixK�MM- C�M- �M/ EB2ixK�MM- hBK *?`BbiB�M UkyRNVX ǳ�`iB}+B�H
BMi2HHB;2M+2 U�AV �M/ Bib BKTHB+�iBQMb 7Q` K�`F2i FMQrH2/;2 BM "k" K�`F2iBM;ǴX AM,
CQm`M�H Q7 #mbBM2bb � BM/mbi`B�H K�`F2iBM;X /QB, ?iiTb,ff/QBXQ`;fRyXRRy3fC"AJ@
Ry@kyR3@ykN8X

S�m+?- .�`Bmbx �M/ "2`�- �MM� UkykkVX ǳ.B;BiBx�iBQM BM i?2 BMbm`�M+2 b2+iQ` Ĝ +?�HH2M;2b
BM i?2 7�+2 Q7 i?2 *QpB/@RN T�M/2KB+ǴX AM, S`Q+2/B� *QKTmi2` a+B2M+2 kydX EMQrH2/;2@
"�b2/ �M/ AMi2HHB;2Mi AM7Q`K�iBQM 1M;BM22`BM; avbi2Kb, S`Q+22/BM;b Q7 i?2 kei?
AMi2`M�iBQM�H *QM72`2M+2 E1akykk- TTX ReddĜRe39X BbbM, R3dd@y8yNX /QB, ?iiTb ,
ff/QBXQ`;fRyXRyRefDXT`Q+bXkykkXyNXkk8X m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX
+QKfb+B2M+2f�`iB+H2fTBBfaR3ddy8yNkkyRRyNdX

S?BHHBTb@q`2M- :HQ`B� �M/ >QbFBbbQM- �M;2H� UkyR8VX ǳ�M �M�HviB+�H DQm`M2v iQr�`/b #B;
/�i�ǴX AM, CQm`M�H Q7 .2+BbBQM avbi2Kb k9XR- TTX 3dĜRykX /QB, RyXRy3yfRk9eyRk8X
kyR8XNN9jjjX 2T`BMi, ?iiTb,ff/QBXQ`;fRyXRy3yfRk9eyRk8XkyR8XNN9jjjX m`H,
?iiTb,ff/QBXQ`;fRyXRy3yfRk9eyRk8XkyR8XNN9jjjX

SBbQMB- :�H2M� �M/ .ő�x@_Q/`ő;m2x- L�i�HB� UkykjVX ǳ_2bTQMbB#H2 �M/ ?mK�M +2Mi`B+ �A@
#�b2/ BMbm`�M+2 �/pBbQ`bǴX AM, AM7Q`K�iBQM S`Q+2bbBM; J�M�;2K2Mi eyXj- TX RyjkdjX
BbbM, yjye@98djX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXBTKXkykjXRyjkdjX m`H,
?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayjye98djkjyyyRyNX

SQr2`b- .�pB/ JX qX UkykyVX 1p�Hm�iBQM, 7`QK T`2+BbBQM- `2+�HH �M/ 6@K2�bm`2 iQ _P*-
BM7Q`K2/M2bb- K�`F2/M2bb �M/ +Q``2H�iBQMX �`sBp, kyRyXReyeR (+bXG:)X

S`BM+2- aBKQM C. UkyRkVX *QKTmi2` pBbBQM, KQ/2Hb- H2�`MBM;- �M/ BM72`2M+2X *�K#`B/;2
lMBp2`bBiv S`2bbX
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"A"GAP:_�S>u

S`xv#viMBQrbFB- C�`Qbƈ�r q2M�M+Dmbx- "Q`FQrbFB- ai�MBbƈ�r- S�rHBF- �M/`x2D- �M/
:�`�bvBK- S2i`Q UkykkVX ǳh?2 _BbF Q7 i?2 *PoA.@RN S�M/2KB+ �M/ Aib AM~m2M+2 QM
i?2 "mbBM2bb AMbm`�M+2 J�`F2i BM i?2 J2/BmK@ �M/ GQM;@h2`K >Q`BxQMǴX AM, _BbFb
RyX8X BbbM, kkkd@NyNRX /QB, RyXjjNyf`BbFbRyy8yRyyX m`H, ?iiTb,ffrrrXK/TBX+QKf
kkkd@NyNRfRyf8fRyyX

Z�xB- J�H22?�- 6mM;- :H2MM JX- J2BbbM2`- E�iB2 CX- �M/ 6QMi2b- 1/m�`/Q _X UkyRdVX
ǳ�M AMbm`�M+2 _2+QKK2M/�iBQM avbi2K lbBM; "�v2bB�M L2irQ`FbǴX AM, S`Q+22/BM;b
Q7 i?2 1H2p2Mi? �*J *QM72`2M+2 QM _2+QKK2M/2` avbi2KbX _2+avb ǶRdX *QKQ- Ai�Hv,
�bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- TTX kd9Ĝkd3X Bb#M, Nd3R98yj9e8k3X /QB, RyX
RR98fjRyN38NXjRyNNydX m`H, ?iiTb,ff/QB@Q`;X7Q+mbXHB#XFi?Xb2fRyXRR98f
jRyN38NXjRyNNydX

_�?BK- Jmbb�/B[ �#/mH- Jmb?�}[- Jm?�KK�/- E?�M- a�H�#�i- �M/ �`�BM- wmH}[�`
�HB UkykRVX ǳ_6J@#�b2/ `2Tm`+?�b2 #2?�pBQ` 7Q` +mbiQK2` +H�bbB}+�iBQM �M/
b2;K2Mi�iBQMǴX AM, CQm`M�H Q7 _2i�BHBM; �M/ *QMbmK2` a2`pB+2b eR- TX Ryk8eeX BbbM,
yNeN@eN3NX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXD`2i+QMb2`XkykRXRyk8eeX m`H,
?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayNeNeN3NkRyyRjkeX

_�?K�M- Jm?�KK�/ a�##B`- "�;- am`�DBi- :mTi�- a?Bp�K- �M/ aBp�`�D�?- li?�v�b�MF�`
UkykjVX ǳh2+?MQHQ;v `2�/BM2bb Q7 "k" }`Kb �M/ �A@#�b2/ +mbiQK2` `2H�iBQMb?BT
K�M�;2K2Mi +�T�#BHBiv 7Q` 2M?�M+BM; bQ+B�H bmbi�BM�#BHBiv T2`7Q`K�M+2ǴX AM, CQm`M�H
Q7 "mbBM2bb _2b2�`+? R8e- TX RRj8k8X BbbM, yR93@kNejX /QB, ?iiTb,ff/QBXQ`;fRyX
RyRefDXD#mb`2bXkykkXRRj8k8X m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f
�`iB+H2fTBBfayR93kNejkkyyNNyyX

_2BM�`ix- q2`M2`- h?QK�b- C�+[m2HvM aX- �M/ EmK�`- oX Ukyy8VX ǳ"�H�M+BM; �+[mBbBiBQM
�M/ _2i2MiBQM _2bQm`+2b iQ J�tBKBx2 *mbiQK2` S`Q}i�#BHBivǴX AM, CQm`M�H Q7
J�`F2iBM; eNXR- TTX ejĜdNX BbbM, yykkk9kNX m`H, ?iiT,ffrrrXDbiQ`XQ`;fbi�#H2f
jyRekyjj UpBbBi2/ QM yjfR8fkykjVX

_mbHB- Lm` A/� �MBx�- wmHFB~2- 6�`Bxmr�M� �FK�- �M/ _�KHB- AMi�M av�?2``� UkykjVX ǳ�
*QKT�`�iBp2 aim/v Q7 J�+?BM2 G2�`MBM; *H�bbB}+�iBQM JQ/2Hb QM *mbiQK2` "2?�pBQ`
.�i�ǴX AM, aQ7i *QKTmiBM; BM .�i� a+B2M+2X 1/X #v J�`BM� umbQz- h�Q >�B- Jm`Bx�?
E�bbBK- �xHBM�? JQ?�K2/- �M/ 1BbmF2 EBi�X aBM;�TQ`2, aT`BM;2` L�im`2 aBM;�TQ`2-
TTX kkkĜkjRX Bb#M, Nd3@N3R@NN@y9y8@RX

_mbi- _QH�M/ hX- G2KQM- E�i?2`BM2 LX- �M/ w2Bi?�KH- o�H�`B2 �X Ukyy9VX ǳ_2im`M QM
J�`F2iBM;, lbBM; *mbiQK2` 1[mBiv iQ 6Q+mb J�`F2iBM; ai`�i2;vǴX AM, CQm`M�H Q7
J�`F2iBM; e3XR- TTX RyNĜRkdX /QB, RyXR8yNfDKF;Xe3XRXRyNXk9yjyX 2T`BMi, ?iiTb,
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"A"GAP:_�S>u

ff/QBXQ`;fRyXR8yNfDKF;Xe3XRXRyNXk9yjyX m`H, ?iiTb,ff/QBXQ`;fRyXR8yNf
DKF;Xe3XRXRyNXk9yjyX

a�/BFBM- JmDBQMQ �M/ �H}�M/B- 6�?`B UkyR3VX ǳ*QKT�`�iBp2 bim/v Q7 +H�bbB}+�iBQM K2i?Q/
QM +mbiQK2` +�M/B/�i2 /�i� iQ T`2/B+i Bib TQi2MiB�H `BbFǴX AM, AMiX CX 1H2+i`X *QKTmiX
1M; 3Xe- TTX 9dejĜ9ddRX

a�iBb?- G�BF� �M/ umbQ7- LQ`�x�? UkyRdVX ǳ� _2pB2r, "B; .�i� �M�HviB+b 7Q` 2M?�M+2/
*mbiQK2` 1tT2`B2M+2b rBi? *`Qr/ aQm`+BM;ǴX AM, S`Q+2/B� *QKTmi2` a+B2M+2 RReX
.Bb+Qp2`v �M/ BMMQp�iBQM Q7 +QKTmi2` b+B2M+2 i2+?MQHQ;v BM �`iB}+B�H BMi2HHB;2M+2
2`�, h?2 kM/ AMi2`M�iBQM�H *QM72`2M+2 QM *QKTmi2` a+B2M+2 �M/ *QKTmi�iBQM�H
AMi2HHB;2M+2 UA**a*A kyRdV- TTX kd9Ĝk3jX BbbM, R3dd@y8yNX /QB, ?iiTb,ff/QBXQ`;f
Ry X RyRe f D X T`Q+b X kyRd X Ry X y83X m`H, ?iiTb , f f rrr X b+B2M+2/B`2+i X +QK f
b+B2M+2f�`iB+H2fTBBfaR3ddy8yNRdjkRyejX

a�mM/2`b- J�`F- G2rBb- S?BHBT- �M/ h?Q`M?BHH- �/`B�M UkyR8VX _2b2�`+? J2i?Q/b 7Q`
"mbBM2bb aim/2MibX oQHX a2p2Mi? 2/BiBQMX S2�`bQMX Bb#M, Nd3RkNkyReekdX m`H, ?iiTb,
ffb2�`+?@2#b+Q?Qbi@+QKX7Q+mbXHB#XFi?Xb2fHQ;BMX�bTt\/B`2+i4i`m2�/#4
MH2#F��L4R9RNj3R�bBi242?Qbi@HBp2X

a�m`�- A`2M2- 6`�b[m2i- J�`i�- �M/ *2`p2`�@h�mH2i- �KT�`Q UJ�v kyyNVX ǳh?2 p�Hm2 Q7
"k" `2H�iBQMb?BTbǴX AM, AM/mbi`B�H J�M�;2K2Mi �M/ .�i� avbi2Kb RyN- TTX 8NjĜeyNX
/QB, RyXRRy3fykej88dyNRyN8dey8X

a�m`�- CQb2 _�KQM- _B#2B`Q@aQ`B�MQ- .QKBM;Q- �M/ S�H�+BQb@J�`[mûb- .�MB2H UkykRVX
ǳa2iiBM; "k" /B;Bi�H K�`F2iBM; BM �`iB}+B�H BMi2HHB;2M+2@#�b2/ *_Jb, � `2pB2r �M/
/B`2+iBQMb 7Q` 7mim`2 `2b2�`+?ǴX AM, AM/mbi`B�H J�`F2iBM; J�M�;2K2Mi N3- TTX ReRĜRd3X
BbbM, yyRN@38yRX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXBM/K�`K�MXkykRXy3XyyeX m`H,
?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayyRN38yRkRyyRddkX

a�t2M�- a?BF?�` �M/ EmK�`- _�D UkykkVX ǳh?2 BKT�+i QM bmTTHv �M/ /2K�M/ /m2 iQ
`2+2Mi i`�Mb7Q`K�iBQM BM i?2 BMbm`�M+2 BM/mbi`vǴX AM, J�i2`B�Hb hQ/�v, S`Q+22/BM;b
8eX 6B`bi AMi2`M�iBQM�H *QM72`2M+2 QM .2bB;M �M/ J�i2`B�Hb- TTX j9ykĜj9y3X BbbM,
kkR9@d38jX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXK�iT`XkykRXRyXjjdX m`H, ?iiTb,
ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfakkR9d38jkRye398yX

a+BFBi@
H2�`M *QMi`B#miQ`b UkykR�VX a+BFBi@H2�`M, J�+?BM2 G2�`MBM; BM Svi?QMX ?iiTb,ffb+BFBi@
H2�`MXQ`;fbi�#H2fKQ/mH2bf;2M2`�i2/fbFH2�`MXT`2T`Q+2bbBM;XJBMJ�ta+�H2`X?iKHX
�++2bb2/, J�v j- kykjX
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"A"GAP:_�S>u

a+BFBi@
H2�`M *QMi`B#miQ`b UkykR#VX a+BFBi@H2�`M, J�+?BM2 G2�`MBM; BM Svi?QMX ?iiTb,ffb+BFBi@
H2�`MXQ`;fbi�#H2fKQ/mH2bf;2M2`�i2/fbFH2�`MXT`2T`Q+2bbBM;X_Q#mbia+�H2`X?iKHX
�++2bb2/, J�v j- kykjX

ě UkykjVX aFH2�`MX2Mb2K#H2X`�M/QK7Q`2bi+H�bbB}2`X �p�BH�#H2 �i, ?iiTb , f f b+BFBi @
H2�`M X Q`; f bi�#H2 f KQ/mH2b f ;2M2`�i2/ f bFH2�`M X 2Mb2K#H2 X
_�M/QK6Q`2bi*H�bbB7B2`X?iKHX �++2bb2/, ky J�v kykjX

a?�?B/- LB/�- _�TTQM- hBK- �M/ "2`i�- q?BiM2v UkyRNVX ǳ�TTHB+�iBQMb Q7 �`iB}+B�H M2m`�H
M2irQ`Fb BM ?2�Hi? +�`2 Q`;�MBx�iBQM�H /2+BbBQM@K�FBM;, � b+QTBM; `2pB2rǴX 2M;X AM,
SGQa PM2 R9Xk- 2ykRkj8eX BbbM, RNjk@ekyjX /QB, RyXRjdRfDQm`M�HXTQM2XykRkj8eX
m`H, ?iiTb,ff/QBXQ`;fRyXRjdRfDQm`M�HXTQM2XykRkj8eX

a?KBHQpB+B- �`KBM Ukyy8VX ǳamTTQ`i o2+iQ` J�+?BM2bǴX AM, .�i� JBMBM; �M/ EMQrH2/;2
.Bb+Qp2`v >�M/#QQFX 1/X #v P/2/ J�BKQM �M/ GBQ` _QF�+?X "QbiQM- J�, aT`BM;2`
la- TTX k8dĜkdeX Bb#M, Nd3@y@j3d@k89e8@9X /QB, RyXRyydfy@j3d@k89e8@snRkX m`H,
?iiTb,ff/QBXQ`;fRyXRyydfy@j3d@k89e8@snRkX

a?QHHQ- �`Bb�- >QT7- EQMbi�MiBM- h?B2bb- hB2KQ- �M/ JɃHH2`- PHBp2` UkykkVX ǳa?B7iBM; JG
p�Hm2 +`2�iBQM K2+?�MBbKb, � T`Q+2bb KQ/2H Q7 JG p�Hm2 +`2�iBQMǴX AM, h?2 CQm`M�H
Q7 ai`�i2;B+ AM7Q`K�iBQM avbi2Kb jRXj- TX RyRdj9X BbbM, yNej@3e3dX /QB, ?iiTb,ff
/QBXQ`;fRyXRyRefDXDbBbXkykkXRyRdj9X m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKf
b+B2M+2f�`iB+H2fTBBfayNej3e3dkkyyyjyyX

a?`2bi?�- LQQ`� UCmM2 kykyVX ǳ.2i2+iBM; JmHiB+QHHBM2�`Biv BM _2;`2bbBQM �M�HvbBbǴX AM,
�K2`B+�M CQm`M�H Q7 �TTHB2/ J�i?2K�iB+b �M/ ai�iBbiB+b 3- TTX jNĜ9kX /QB, RyXRkeNRf
�D�Kb@3@k@RX m`H, ?iiTb,ffrrrX`2b2�`+?;�i2XM2ifTm#HB+�iBQMfj9k9RjN88n
.2i2+iBM;nJmHiB+QHHBM2�`BivnBMn_2;`2bbBQMn�M�HvbBbX

aBKFBM- GvM/QM Ukyy3VX ǳ�+?B2pBM; K�`F2i b2;K2Mi�iBQM 7`QK "k" b2+iQ`Bb�iBQMǴX AM,
CQm`M�H Q7 "mbBM2bb �M/ AM/mbi`B�H J�`F2iBM; kjXdX *Bi2/ #v, j9- TTX 9e9Ĝ9d9X /QB,
RyXRRy3fy3383eky3RyNyRkkyX m`H, ?iiTb,ffrrrXb+QTmbX+QKfBMr�`/f`2+Q`/X
m`B\2B/4k@bkXy@8Rd9Ny3Nded�/QB4RyXRRy3Wk7y3383eky3RyNyRkky�T�`iM2`A.4
9y�K/84e82/�j/�+#NR+8Rj228d7��8jdyyN9�RX

aiQ2+FHB- 1K�Mm2H- .`2K2H- *?`BbiB�M- �M/ l2#2`MB+F2H- 6�HF UkyR3VX ǳ1tTHQ`BM;
+?�`�+i2`BbiB+b �M/ i`�Mb7Q`K�iBQM�H +�T�#BHBiB2b Q7 AMbm`h2+? BMMQp�iBQMb iQ
mM/2`bi�M/ BMbm`�M+2 p�Hm2 +`2�iBQM BM � /B;Bi�H rQ`H/ǴX AM, 1H2+i`QMB+ J�`F2ib k3Xj-
TTX k3dĜjy8X BbbM, R9kk@33NyX /QB, RyXRyydfbRk8k8@ yR3@ yjy9@ dX m`H, ?iiTb,
ff/QBXQ`;fRyXRyydfbRk8k8@yR3@yjy9@dX
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h?QK�b- C�+[m2HvM aX UkyyRVX ǳ� J2i?Q/QHQ;v 7Q` GBMFBM; *mbiQK2` �+[mBbBiBQM iQ
*mbiQK2` _2i2MiBQMǴX AM, CQm`M�H Q7 J�`F2iBM; _2b2�`+? j3Xk- TTX kekĜke3X BbbM,
yykkk9jdX m`H, ?iiT,ffrrrXDbiQ`XQ`;fbi�#H2fR883ekN UpBbBi2/ QM ykfk8fkykjVX

h?QK�b JX *Qp2`- CQv �X h?QK�b Ukyy8VX ǳ1Mi`QTv- _2H�iBp2 1Mi`QTv- �M/ Jmim�H
AM7Q`K�iBQMǴX AM, 1H2K2Mib Q7 AM7Q`K�iBQM h?2Q`vX CQ?M qBH2v aQMb- Gi/X *?�TX k-
TTX RjĜ88X Bb#M, Nd3y9dRd933kjX /QB, ?iiTb,ff/QBXQ`;fRyXRyykfy9dRd933ksX+?kX
2T`BMi, ?iiTb,ffQMHBM2HB#`�`vXrBH2vX+QKf/QBfT/7fRyXRyykfy9dRd933ksX+?kX
m`H, ?iiTb,ffQMHBM2HB#`�`vXrBH2vX+QKf/QBf�#bfRyXRyykfy9dRd933ksX+?kX

hB;�`B- >�`Bb? UkyRNVX ǳ*mbiQK2` _2H�iBQMb?BT J�M�;2K2Mi, � h?2Q`2iB+�H 6`�K2rQ`FǴX
AM, TTX 888Ĝ883X

hBHHK�MMb- a2#�biB�M- >Q7bi2/2- 6`2MF2H h2`- E`�zi- J�M7`2/- �M/ :Q2ix- PHBp2` UkyRdVX
ǳ>Qr iQ a2T�`�i2 i?2 q?2�i 7`QK i?2 *?�z, AKT`Qp2/ o�`B�#H2 a2H2+iBQM 7Q` L2r
*mbiQK2` �+[mBbBiBQMǴX AM, CQm`M�H Q7 J�`F2iBM; 3RXk- TTX NNĜRRjX BbbM, yykkk9kNX
m`H, ?iiT,ffrrrXDbiQ`XQ`;fbi�#H2f993dNyk3 UpBbBi2/ QM y8fkkfkykjVX

hQ?B/B- >�KB/ �M/ C�##�`B- JQ?�KK�/ J2?/B UkyRkVX ǳh?2 L2+2bbBiv Q7 lbBM; *_JǴX
AM, S`Q+2/B� h2+?MQHQ;v RX 6B`bi qQ`H/ *QM72`2M+2 QM AMMQp�iBQM �M/ *QKTmi2`
a+B2M+2b UALaP.1 kyRRV- TTX 8R9Ĝ8ReX BbbM, kkRk@yRdjX /QB, ?iiTb,ff/QBXQ`;f
Ry X RyRe f D X T`Qi+v X kyRk X yk X RRyX m`H, ?iiTb , f f rrr X b+B2M+2/B`2+i X +QK f
b+B2M+2f�`iB+H2fTBBfakkRkyRdjRkyyRRRNX

hQK+xvF- S`x2Kvbƈ�r- .QHB;�HbFB- hvKQi2mbx- �M/ w�#Q`2F- SBQi` UkyReVX ǳ.Q2b
+mbiQK2` �M�HvbBb �z2+i }`K T2`7Q`K�M+2\ Zm�MiBi�iBp2 2pB/2M+2 7`QK i?2 SQHBb?
BMbm`�M+2 K�`F2iǴX AM, CQm`M�H Q7 "mbBM2bb _2b2�`+? eNXN- TTX je8kĜje83X BbbM, yR93@
kNejX /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDXD#mb`2bXkyReXyjXykeX m`H, ?iiTb,
ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayR93kNejRejyy9edX

o�MM2b+?B- G2QM�`/Q- 6�`BM�++BQ- �MiQM2HH�- J�m`B- :B�M+�`HQ- �MiQMBQiiB- J�`+Q-
S`Qp2`Q- S�QHQ- �M/ :B�+Q#BMB- J�`BQ UkyRRVX ǳ� +QKT�`BbQM Q7 K�+?BM2 H2�`MBM;
i2+?MB[m2b 7Q` bm`pBp�H T`2/B+iBQM BM #`2�bi +�M+2`ǴX AM, "BQ.�i� KBMBM; 9XR- TTX RĜRjX

o2`/QM+F- hBK- "�2b2Mb- "�`i- ƥbF�`b/ƦiiB`- J�`ő�- �M/ "`Qm+F2- a2TT2 p�M/2M U�m;X
kykRVX ǳaT2+B�H Bbbm2 QM 72�im`2 2M;BM22`BM; 2/BiQ`B�HǴX AM, J�+?BM2 G2�`MBM;X BbbM,
R8dj@y8e8X /QB, RyXRyydfbRyNN9@ykR@yey9k@kX m`H, ?iiTb,ff/QBXQ`;fRyXRyydf
bRyNN9@ykR@yey9k@kX

q��`/2M#m`;- G�m`2M- >mvbK�M- J�`H22M- �M/ a2`;22p�- �M�bi�bB� oX UkykkVX ǳAM i?2
G�M/ Q7 i?2 "HBM/- i?2 PM2@1v2/ J�M Ab EBM;, EMQrH2/;2 "`QF2`�;2 BM i?2 �;2
Q7 G2�`MBM; �H;Q`Bi?KbǴX AM, P`;�MBx�iBQM a+B2M+2 jjXR- TTX 8NĜ3kX /QB, RyXRk3df
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Q`b+XkykRXR899X 2T`BMi, ?iiTb,ff/QBXQ`;fRyXRk3dfQ`b+XkykRXR899X m`H,
?iiTb,ff/QBXQ`;fRyXRk3dfQ`b+XkykRXR899X

q2#bi2`- 6`2/2`B+F 1X URNNkVX ǳh?2 *?�M;BM; _QH2 Q7 J�`F2iBM; BM i?2 *Q`TQ`�iBQMǴX AM,
CQm`M�H Q7 J�`F2iBM; 8eX9- TTX RĜRdX BbbM, yykkk9kNX m`H, ?iiT,ffrrrXDbiQ`XQ`;f
bi�#H2fRk8RN3j UpBbBi2/ QM yjfykfkykjVX

qBHbQM- >m;?- .�MB2H- 1HBx�#2i?- �M/ J+.QM�H/- J�H+QHK UkyykVX ǳ6�+iQ`b 7Q` am++2bb
BM *mbiQK2` _2H�iBQMb?BT J�M�;2K2Mi U*_JV avbi2KbǴX AM, CQm`M�H Q7 J�`F2iBM;
J�M�;2K2Mi R3XR@k- TTX RNjĜkRNX /QB, RyXRjekfykedk8dykkdd8NR3X 2T`BMi, ?iiTb,
f f /QB X Q`; f Ry X Rjek f ykedk8dykkdd8NR3X m`H, ?iiTb , f f /QB X Q`; f Ry X Rjek f
ykedk8dykkdd8NR3X

qBM2`- _mbb2HH aX UkyyRVX ǳ� 6`�K2rQ`F 7Q` *mbiQK2` _2H�iBQMb?BT J�M�;2K2MiǴX AM,
*�HB7Q`MB� J�M�;2K2Mi _2pB2r 9jX9- TTX 3NĜRy8X /QB, RyXkjydf9RReeRykX 2T`BMi,
?iiTb,ff/QBXQ`;fRyXkjydf9RReeRykX m`H, ?iiTb,ff/QBXQ`;fRyXkjydf9RReeRykX

qQM;- qBM;- G22- umM@hB2M- EQ- a?2M;H�M- �M/ u�m- Er�M U.2+X kykyVX GB72 BMbm`�M+2
b�H2b `2+QKK2M/2` bvbi2K, .2+2K#2` kykyX m`H, ?iiTb,ffmbXKBHHBK�MX+QKf2Mf
BMbB;?ifHB72@BMbm`�M+2@b�H2b@`2+QKK2M/2`@bvbi2K@/2+2K#2`@kykyX

sm- um`QM;- u2M- .�pB/ *X- GBM- "BMb?�M- �M/ *?Qm- .�pB/ *X UkyykVX ǳ�/QTiBM;
+mbiQK2` `2H�iBQMb?BT K�M�;2K2Mi i2+?MQHQ;vǴX AM, AM/mbi`B�H J�M�;2K2Mi .�i�
avbi2Kb RykX3- TTX 99kĜ98kX /QB, RyXRRy3fykej88dykRy9983dRX m`H, ?iiTb,ff/QBX
Q`;fRyXRRy3fykej88dykRy9983dRX

uQmM;- GQmBb2- qBHFBMbQM- A�M- �M/ aKBi?- �M/`2r UkyR8VX ǳ� a+B2MiQK2i`B+ �M�HvbBb Q7
Sm#HB+�iBQMb BM i?2 CQm`M�H Q7 "mbBM2bb@iQ@"mbBM2bb J�`F2iBM; RNNjĜkyR9ǴX AM, CQm`M�H
Q7 "mbBM2bb@iQ@"mbBM2bb J�`F2iBM; kkXR@k- TTX RRRĜRkjX /QB, RyXRy3yfRy8RdRksX
kyR8XRykR8NRX 2T`BMi, ?iiTb,ff/QBXQ`;fRyXRy3yfRy8RdRksXkyR8XRykR8NRX m`H,
?iiTb,ff/QBXQ`;fRyXRy3yfRy8RdRksXkyR8XRykR8NRX

w22H�M/@p�M /2` >QHbi- 1p2HBM2 J�`B� p�M �M/ >2Mb2H2`- Cƺ`; UkyR3VX ǳh?BMFBM; QmibB/2
i?2 #Qt, � M2m`Qb+B2MiB}+ T2`bT2+iBp2 QM i`mbi BM "k" `2H�iBQMb?BTbǴX AM, AJS CQm`M�H
RkXR- TTX d8ĜRRyX /QB, RyXRRy3fAJS@yj@kyRd@yyRRX m`H, ?iiTb,ff/QBXQ`;fRyX
RRy3fAJS@yj@kyRd@yyRRX

w2`#BMQ- SB2`HmB;B- �HQBMB- .�pB/2- .mHKBM- _B++�`/Q- �M/ JBMBMMQ- o�H2`B� UkyR3VX
ǳ"B; .�i�@2M�#H2/ *mbiQK2` _2H�iBQMb?BT J�M�;2K2Mi, � ?QHBbiB+ �TT`Q�+?ǴX AM,
AM7Q`K�iBQM S`Q+2bbBM; J�M�;2K2Mi 89X8X AM U"B;V .�i� r2 i`mbi, o�Hm2 +`2�iBQM
BM FMQrH2/;2 Q`;�MBx�iBQMb- TTX 3R3Ĝ39eX BbbM, yjye@98djX /QB, ?iiTb,ff/QBXQ`;f
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RyXRyRefDXBTKXkyRdXRyXyy8X m`H, ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f
�`iB+H2fTBBfayjye98djRdjyyyedX

wQM;- *X- sB�- _X- �M/ w?�M;- CX UkykRVX h2ti .�i� JBMBM;X aT`BM;2` L�im`2 aBM;�TQ`2X
Bb#M, Nd3N3RReyRyykX m`H, ?iiTb,ff#QQFbX;QQ;H2Xb2f#QQFb\B/41#lp1���Z"�CX
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Appendix A

Variables

h?2 iQi�H /�i� b2i +QMbBbi2/ Q7 jk p�`B�#H2b- �M/ �HH /�i� Bb 7`QK i?2 v2�` kykRX

o�`B�#H2 AM/2t o�`B�#H2 .2b+`BTiBQM
pR _2;Bbi`�iBQMb v2�`
pk hm`MQp2`
pj u2�`Ƕb `2bmHi
p9 AM/mbi`v *Q/2 UaLAV
p8 Pz2`
pe L2i im`MQp2`
pd Pi?2` im`MQp2`
p3 PT2`�iBM; T`Q}i U1"AhV
pN _2bmHi �7i2` }M�M+B�H Bi2Kb
pRy u2�`Ƕb `2bmHi
pRR �bb2ib
pRk am#b+`B#2/ 2[mBiv +�TBi�H
pRj 6Bt2/ �bb2ib
pR9 *m``2Mi �bb2ib
pR8 1[mBiv
pRe lM/Bbi`B#mi2/ `2b2`p2b
pRd S`QpBbBQMb
pR3 GQM;@i2`K HB�#BHBiB2b
pRN a?Q`i@i2`K HB�#BHBiB2b
pky GB�#BHBiB2b �M/ 2[mBiv
pkR hm`MQp2`
pkk LmK#2` Q7 2KTHQv22b
pkj L2i im`MQp2` T2` 2KTHQv22
pk9 S2`bQMM2H +Qbib T2` 2KTHQv22
pk8 PT2`�iBM; T`Q}i U1"Ah.�V
pke L2i im`MQp2` +?�M;2
pkd .mSQMi JQ/2H
pk3 S`Q}i K�`;BM
pkN :`Qbb T`Q}i K�`;BM
pjy qQ`FBM; +�TBi�Hfim`MQp2`
pjR aQHp2M+v
pjk *�b? HB[mB/Biv

102



Appendix B

Data Exploration

� HQi Q7 /�i� 2tTHQ`�iBQM r�b /QM2 BM Q`/2` iQ mM/2`bi�M/ i?2 /�i� #27Q`2 b2H2+iBM;
i?2 #2bi 72�im`2b �M/ #mBH/BM; i?2 KQ/2HbX h?Bb �TT2M/Bt +QMi�BMb #Qi? MmK2`B+�H �M/
+�i2;Q`B+�H /�i� 2tTHQ`�iBQMX

6B;m`2 "XyXR, 6`2[m2M+v .Bbi`B#miBQMb Q7 e LmK2`B+�H o�`B�#H2b
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h?2 +Q``2H�iBQM ?2�i K�T +QMi�BMb �HH jk p�`B�#H2b UpR@pjkV pBbB#H2 BM �TT2M/Bt �-
BM+Hm/BM; i?2 i�`;2i p�`B�#H2- �HH MmK2`B+�H p�`B�#H2b ;�i?2`2/ 7`QK }M�M+B�H bi�i2K2Mib-
�M/ BM/mbi`v +Q/2X 6`QK i?2 };m`2- Bi Bb +H2�` i?�i i?2`2 �`2 � HQi Q7 ?B;?Hv +Q``2H�i2/
p�`B�#H2bX

6B;m`2 "XyXk, *Q``2H�iBQM >2�i J�T Q7 �HH o�`B�#H2b
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�SS1L.As "X .�h� 1sSGP_�hAPL

6B;m`2 "XyXj pBbm�HBx2b i?2 7`2[m2M+v Q7 ;`QmT2/ UirQ MmK#2`2/V aLA +Q/2b i?�i Q++m``2/
KQ`2 i?�M ky iBK2b BM i?2 /�i� b2i �M/ ?Qr K�Mv Q7 i?2 +QKT�MB2b rBi? i?Qb2 +Q/2b
`2+2Bp2/ p2`bmb /B/ MQi `2+2Bp2 �M Qz2` 7Q` i?2 BMbm`�M+2 T`Q/m+iX

6B;m`2 "XyXj, aLA *Q/2 6`2[m2M+v Q7 Pz2` ULPh1, LQ `2�H aLA +Q/2b �`2 /BbTH�v2/ /m2
iQ +QM}/2MiB�HBivV
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Appendix C

Interview Questions

h?2b2 �`2 i?2 [m2biBQMb mb2/ 7Q` i?2 QM2 b2KB@bi`m+im`2/ BMi2`pB2rX Pi?2` iQTB+b �M/
[m2biBQMb �`Qb2 #2bB/2b i?2b2- #mi i?2v r2`2 i?2 T`2T�`2/ QM2b,

RX q?�i /Q2b i?2 T`Q+2bb HQQF HBF2 iQ/�v\

kX >Qr /Q vQm +?QQb2 TQi2MiB�H +mbiQK2`b\

jX q?B+? +`Bi2`B� Q` T�`�K2i2`b /Q vQm ;Q #v\

9X 6Q` r?B+? `2�bQMb /Q vQm +?QQb2 MQi iQ +QMi�+i � TQi2MiB�H +mbiQK2`\

8X q?B+? iQQHb /Q vQm +m``2MiHv mb2 BM i?2 T`Q+2bb\

eX .Q vQm ?�p2 � HBbi Q7 Q` /�i� QM i?2 +mbiQK2`b r?B+? ;Qi 2t+Hm/2/ 2�`HB2` BM i?2
b2H2+iBQM T`Q+2bb �M/ i?mb M2p2` K�/2 Bi BM i?2 +m``2Mi /�i� b2i\

dX q?�i +?�HH2M;2b /Q vQm +m``2MiHv 7�+2 Bb i?2 +mbiQK2` �+[mBbBiBQM T`Q+2bb\

3X *QmH/ vQm i�HF �#Qmi r?�i Bb +m``2MiHv /B{+mHi\

NX *QmH/ vQm i�HF �#Qmi r?�i Bb +m``2MiHv bi`�B;?i7Q`r�`/\

RyX q?�i ivTB+�HHv ;Q2b �++Q`/BM; iQ TH�M\

RRX >Qr /Q vQm ;2i i?2 BM7Q`K�iBQM QM i?2 TQi2MiB�H +mbiQK2`b\

RkX 6`QK vQm` T2`bT2+iBp2- /Q vQm ?�p2 �Mv bm;;2biBQMb 7Q` ?Qr i?2 T`Q+2bb +QmH/ #2
BKT`Qp2/\
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