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Abstract

On social media, how users interact and what content they see characterizes their expe-
rience. How interaction occurs and content is shown to the viewer varies across platforms
and is determined by undisclosed algorithms. This paper explores how TikTok’s algorithms
curate videos and how users engage with the videos and each other. The analysis is done in
two parts. First, how four di↵erent professional groups hashtag their content is compared
in order to understand whether groups communicate with the algorithm in distinct ways. I
find that while some tags are commonly used across all types of content, the remaining tags
form clusters, which represent the interests of the four pooled groups. Second, a statistical
analysis of a particular hashtag is conducted. Using video posting date, video length, and
video description, I construct a model to predict whether a TikTok video is relevant to the
hashtag. Increased hashtag relevancy is valuable to both users looking for specific topics
through hashtag search and also to social media platforms that want to hold the attention
of users for as long as possible. Empirically, video relevancy can be predicted with 94%
accuracy. This thesis contributes to our understanding of user interactions on social media
by demonstrating that shared topics are a driving factor in TikTok community interactions,
and it also provides an accurate prediction model that is able to classify content by hashtag
relevancy using only anonymous video attributes.
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1tBbiBM; `2b2�`+? QM lXaX TQHBiB+�H +QMi2Mi 7`QK i?2 �TT +QMbB/2`b i?Bb B/2�X (Rj)

�b i?Bb i?2bBb 7Q+mb2b QM mb2`@b2H2+i2/ ?�b?i�;b- � }M�H b2+iBQM Q7 `2H2p�Mi ?�b?i�; HBi2`�im`2 Bb i?�i r?B+?

+QMbB/2`b i?2 `2H2p�M+v Q7 � i�; iQ � b2+iBQM Q7 +QMi2MiX PM hrBii2`- i?Bb Bb � K�im`2 [m2biBQMX S`2/B+iBQM Q7

?�b?i�;b �M/ ?�b?i�; bm;;2biBQM Bb �M 2p2`@2pQHpBM; �`2� Q7 bim/vX (e) (R9) (RR) h?`Qm;? i?2 H2Mb Q7 ?�b?i�;bǶ

b2�`+? 7mM+iBQMb- T`2/B+iBM; �TTHB+�#H2 i�;b b?QmH/ #2 � p�Hm�#H2 �#BHBiv iQ bQ+B�H TH�i7Q`Kb �b 2p2M +QMi2Mi

rBi?Qmi ǳT`QT2`Ǵ i�;b +�M #2 �++m`�i2Hv +�i2;Q`Bx2/ 7Q` b2�`+?X h?Bb HBi2`�im`2 7Q+mb2b QM }M/BM; � `2H2p�Mi

?�b?i�; 7Q` +QMi2Mi r?BH2 i?2 7Q+mb Q7 i?Bb i?2bBb Bb i?2 �/D�+2Mi [m2biBQM Q7 �bb2bbBM; r?B+? +QMi2Mi �H`2�/v

i�;;2/ Bb i`mHv `2H2p�Mi iQ i?�i ?�b?i�;X Pi?2` bim/B2b i�F2 r?�i Bb 2bb2MiB�HHv i?2 `2p2`b2 Q7 i?Bb [m2biBQM

�M/ �ii2KTi iQ T`2/B+i �M 2tBbiBM; ?�b?i�;Ƕb TQTmH�`Biv Q` HB72iBK2X (Re) (Rk) am+? bim/B2b �`2 �TTHB+�#H2 iQ

hBFhQFǶb i`2M/BM; i�;b bm+? �b i?2 OLQLm�M+2LQp2K#2` +?�HH2M;2- ?Qr2p2` i?2b2 �HbQ /Q MQi 7mHHv �//`2bb

TQTmH�`Biv BM i2`Kb Q7 i�;@`2H2p�Mi �M/ i�;@B``2H2p�Mi +QMi2Mi +`2�iBQMX

j S`Q72bbBQM�H *QKKmMBiv .BbiBM+iBQMb BM >�b?i�; lb2

jXR .�i� *QHH2+iBQM

h?Bb T�T2` i�F2b �/p�Mi�;2 Q7 i?2 TQTmH�`Biv Q7 +QKKmMBiv `272`2M+BM; i�; bi`m+im`2b bm+? �b ǳOěQ7hBFhQFǴ

BM Q`/2` iQ +QHH2+i +QMi2Mi `2T`2b2Mi�iBp2 Q7 i?Qb2 r?Q b2H7@B/2MiB7v iQ #2 BM i?�i +QKKmMBivX AM Q`/2` iQ

F22T b2H2+i2/ +QKKmMBiB2b +QKT�`�#H2- i?2 7Q+mb Q7 i?Bb �M�HvbBb Bb QM T`Q72bbBQM�H ;`QmTbX AM .2+2K#2`

kyky- A 2tTHQ`2/ i?2 hBFhQF ?�b?i�; b2�`+? 7mM+iBQM 7Q` �HH K�DQ` T`Q72bbBQM�H ;`QmTb mM/2` ?�b?i�;b i?�i

mb2/ i?2 bi`m+im`2 ǳOěQ7hBFhQFǴ- ǳOěQMhBFhQFǴ- ǳOěhBFhQFǴ- �M/ ǳOěhQFǴ bm+? i?�i i?2 #H�MF

bT�+2 r�b � T`Q72bbBQM Q` T`Q72bbBQMbX A 7QmM/ i?2 7Qm` KQbi TQTmH�` /BbiBM+i T`Q72bbBQM�H +QKKmMBiB2b

r2`2 O�`iBbibQ7hBFhQF U3XR" pB2rbV- O*QTbQ7hBFhQF U8Xe" pB2rbV- Oh2�+?2`bQ7hBFhQF U8XR" pB2rbV �M/

OLm`b2bQ7hBFhQF URXR" pB2rbVX lbBM; i?2 hBFhQF �SA T�+F�;2 +`2�i2/ #v .�pB/ h2�i?2`e- A mb2/ Svi?QM iQ

`mM +Q/2 BM Q`/2` iQ r2# b+`�T2 �HH �p�BH�#H2 Tm#HB+ +QMi2Mi mM/2` 2�+? Q7 i?2b2 i�;bX *Q/2 }H2b �`2 �p�BH�#H2

QM Kv :Bi>m#dX h?2 b+`�T2/ +QMi2Mi `2T`2b2Mib �HH pB/2Qb � hBFhQF mb2` +QmH/ pB2r mM/2` i?2 ?�b?i�;
e?iiTb,ff;Bi?m#X+QKf/�pB/i2�i?2`fhBFhQF@�TB
d?iiTb,ff;Bi?m#X+QKf2F3i2`BM�
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B7 i?2v r2`2 iQ b+`QHH i?`Qm;? i?2 b2�`+?2/ i�; �i �TT`QtBK�i2Hv i?2 b�K2 iBK2 �b i?2 pB/2Q +QHH2+iBQMX

h?2 2�`HB2bi Q#b2`p�iBQM +QK2b 7`QK O�`iBbibQ7hBFhQF QM �T`BH R8i?- kyRN r?BH2 i?2 H�i2bi +QK2b 7`QK

Oh2�+?2`bQ7hBFhQF QM .2+2K#2` Ni?- kyky- i?2 �TT`QtBK�i2 /�i2 Q7 /�i� +QHH2+iBQMX h?2`2 �`2 9eN9- j3Ny-

9j9j- �M/ 9eyy Q#b2`p�iBQMb mM/2` 2�+? i�; `2bT2+iBp2Hv- Q` Rd8kd pB/2Qb r?2M TQQH2/X

jXk .�i� S`2T�`�iBQM �M/ J2i?Q/

lTQM b+`�TBM;- /�i� r�b +Q/2/ R- k- j- Q` 9 iQ `2T`2b2Mi 2�+? +QKKmMBiv �b /2i2`KBM2/ #v i?2 i�; 7`QK

r?B+? 2�+? pB/2Q r�b b+`�T2/ UO�`iBbibQ7hBFhQF- O*QTbQ7hBFhQF- �M/ bQ QMVX lbBM; _ �M/ `2;2t 7mM+iBQMb-

i?2 /2b+`BTiBQM Q7 2�+? pB/2Q r�b +H2�M2/ iQ +`2�i2 � HBbi Q7 ?�b?i�;b mb2/ BM 2�+? pB/2Q- i?2 MmK#2` Q7 i�;b

mb2/ #v 2�+? pB/2Q- �M/ i?2 MmK#2` Q7 MQM@i�; +?�`�+i2`b mb2/ #v 2�+? pB/2QX h?2 +?�`�+i2` HBKBi Q7 �

hBFhQF /2b+`BTiBQM Bb R8y bQ i?2 H�ii2` irQ �ii`B#mi2b Kmbi #2 R8y Q` H2bb #v /2}MBiBQMX h?2 H�ii2` p�`B�#H2b

�HQM2 ?�p2 � HBKBi2/ �#BHBiv iQ TQ`i`�v i?2 ?�b?i�;b mb2/ #v 2�+? ;`QmTX �M Q#b2`p�iBQM rBi? i?2 /2b+`BTiBQM-

ǳOLm`b2bQ7hBFhQF OMm`b2Ǵ �M/ �M Q#b2`p�iBQM rBi? i?2 /2b+`BTiBQM ǳO�`iBbibQ7hBFhQF O�`iǴ rBHH ?�p2 i?2

b�K2 p�Hm2bX h?2v #Qi? ?�p2 k ?�b?i�;b �M/ MQ MQM@?�b?i�; +?�`�+i2`bX .2bTBi2 i?Bb- i?2 ?mK�M 2v2 rQmH/

FMQr iQ Tmi Q#b2`p�iBQM R BM i?2 Mm`b2bǶ T`Q72bbBQM�H ;`QmT �M/ Q#b2`p�iBQM k BMiQ i?2 �`iBbibǶ T`Q72bbBQM�H

;`QmTX

AM Q`/2` iQ MmK2`B+�HHv `2T`2b2Mi /Bz2`2M+2b BM i?2 ?�b?i�;b i?2Kb2Hp2b- 2p2`v ?�b?i�; i?�i �TT2�`2/

�i H2�bi QM+2 BM i?2 TQQH2/ /�i� b2i r�b +QMp2`i2/ BMiQ � /mKKv p�`B�#H2 &y-R'X � pB/2Q ?�/ � p�Hm2 Q7

y B7 Bi /B/ MQi mb2 i?�i ?�b?i�; �M/ � p�Hm2 Q7 R B7 Bi mb2/ i?2 i�;X h?Bb +`2�i2/ Re38e /mKKv p�`B�#H2b

7Q` i?2 Rd8kd@Q#b2`p�iBQM /�i� b2i rBi? 2�+? /mKKv `2T`2b2MiBM; � mMB[m2 ?�b?i�; i?�i �TT2�`2/ BM i?2

TQQH2/ /�i�X h?2 ?�b?i�;b O�`iBbibQ7hBFiQF- O*QTbQ7hBFhQF- Oh2�+?2`bQ7hBFhQF- �M/ OLm`b2bQ7hBFhQF

r2`2 i?2M i�F2M Qmi �b i?2v `2T`2b2Mi i?2 R- k- j- 9 +Q/BM; �H`2�/v �//2/ iQ i?2 Q#b2`p�iBQMbX �//BiBQM�HHv-

�HH ?�b?i�;b i?�i �TT2�`2/ QMHv QM+2 BM i?2 /�i�b2i r2`2 �HbQ i�F2M QmiX � ?�b?i�; i?�i �TT2�`2/ QMHv QM+2

r�b /22K2/ mMHBF2Hv iQ #2 BM/B+�iBp2 Q7 �Mv T�`iB+mH�` ;`QmT �M/ Bb i?mb mM?2HT7mH iQ 7Q`KBM; +QKKmMBiv

/BbiBM+iBQMbX h?Bb H27i eRej i�;b i?�i 2�+? �TT2�`2/ BM i?2 /�i�b2i KQ`2 i?�M QM+2 �M/ r2`2 MQi i?2

+QKKmMBiv i�;b i?2Kb2Hp2bX 6BM�HHv- i?2 TQQH2/ /�i�b2i r�b �HbQ +H2�M2/ Q7 i?2 iQT i?`22 i�;b- O7vT-

O7Q`vQm- �M/ O7Q`vQmT�;2X h?2 mb2 Q7 i?2b2 �H;Q`Bi?KB+�HHv `272`2M+BM; i�;b /r�`7 i?2 +QmMib Q7 �HH Qi?2`

i�;b BM i?2 /�i�b2i �M/ �`2 mb2/ �+`Qbb +QKKmMBiB2b bQ i?2v /Q MQi `2T`2b2Mi �Mv K2�MBM;7mH +QKKmMBiv@

bT2+B}+ mb2 T�ii2`MX AM Q`/2` iQ �+?B2p2 i?2 ;Q�H Q7 +Hmbi2`b r?B+? `2+`2�i2 i?2 R- k- j- 9 ;`QmT +Q/BM;- i?2b2

?�/ iQ #2 `2KQp2/X

:`�T?B+�H `2T`2b2Mi�iBQMb ;`2�i2` i?�M j@/BK2MbBQMb �`2 MQi 2�bv iQ BMi2`T`2i iQ i?2 ?mK�M 2v2- ?Qr2p2`

i?Bb �M�HvbBb +QMbB/2`b 7Qm` T`Q72bbBQMbX AM Q`/2` iQ pBbm�HBx2 TQi2MiB�H +Hmbi2`b- i?2 TQQH2/ Q#b2`p�iBQMb r2`2
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7m`i?2` bTHBi BMiQ i?`22 /�i�b2ib 2�+? Q7 i?`22 ;`QmTb Q` H2bbX

.�i�b2i R, �HH pB/2Qb Q7 O�`iBbibQ7hBFhQF �M/ O*QTbQ7hBFhQF

.�i�b2i k, �HH pB/2Qb Q7 Oh2�+?2`bQ7hBFhQF �M/ OLm`b2bQ7hBFhQF

.�i�b2i j, �HH pB/2Qb Q7 O�`iBbibQ7hBFhQF- Oh2�+?2`bQ7hBFhQF- �M/ OLm`b2bQ7hBFhQF

1�+? /�i�b2i r�b �//BiBQM�HHv +H2�M2/ Q7 i�;b i?�i /B/ MQi �TT2�` Q` QMHv �TT2�`2/ QM+2 BM i?2 `2bT2+iBp2 b2iX

h?2 }M�H /�i� b2ib +QK2 Qmi iQ ?�p2 i?2 7QHHQrBM; ?�b?i�; p�`B�#H2b- .�i�b2i R, jed9 i�; /mKKv p�`B�#H2b-

.�i�b2i k, jkkR i�; /mKKv p�`B�#H2b- .�i�b2i j, 8y93 i�; /mKKv p�`B�#H2bX

AM Q`/2` iQ +`2�i2 `2�bQM�#H2 +Hmbi2` pBbm�HBx�iBQMb- i?2b2 i?Qmb�M/b Q7 &y-R' BM/B+�iQ`b M22/2/ iQ #2

+QKT`2bb2/ r?BH2 T`2b2`pBM; �b Km+? Q7 i?2 BM7Q`K�iBQM 7`QK �HH i?`22 iQ }p2 i?Qmb�M/ Q7 i?2K �b TQbbB#H2X

6B`bi- 7Q` 2�+? /�i�b2i- � /Bbi�M+2 K�i`Bt mbBM; i?2 #BM�`v /Bbi�M+2 K2i`B+- i?2 C�++�`/ AM/2t U1[m�iBQM

RV- r�b +�H+mH�i2/X h?Bb /Bbi�M+2 K�i`Bt rQmH/ `2T`2b2Mi i?2 /BbbBKBH�`Biv Q7 2�+? hBFhQF pB/2QǶb i�; mb2

T�ii2`M iQ 2p2`v Qi?2` pB/2QǶb i�; mb2 T�ii2`MX A7 i�; mb2 `2�HHv Bb /BbiBM+i #2ir22M T`Q72bbBQM�H +QKKmMBiB2b-

Bi rQmH/ #2 2tT2+i2/ i?�i pB/2Qb rBi?BM i?2 b�K2 ;`QmT �`2 7�B`Hv bBKBH�` iQ 2�+? Qi?2` r?BH2 i?Qb2 BM �

/Bz2`2Mi ;`QmT �`2 KQ`2 bBKBH�` iQ 2�+? Qi?2` i?�M iQ i?2 Qi?2` ;`QmTX

J(X,Y ) = 1� |X \ Y |
|X [ Y | URV

PM+2 � /Bbi�M+2 K�i`Bt 7Q` 2�+? /�i�b2i r�b +�H+mH�i2/- KmHiB/BK2MbBQM�H b+�HBM; UJ.aV r�b /QM2 QM �HH

i?`22 /�i�b2ibX h?2 B/2� #2?BM/ J.a Bb iQ `2T`2b2Mi � /�i�b2i i?�i Bb BM T /BK2MbBQMb BMbi2�/ BM F /BK2MbBQMb

Ubm+? i?�i F I TV r?BH2 biBHH F22TBM; �TT`QtBK�i2Hv i?2 Q`B;BM�H /BbbBKBH�`Biv #2ir22M Q#b2`p�iBQMbX 1[m�iBQM

k `2T`2b2Mib i?Bb +QM+2Ti �b � T�B`@rBb2 /Bbi�M+2 �TT`QtBK�iBQMX

di,j =k zi � zj k2 UkV

r?2`2,

di,j 4 i?2 /Bbi�M+2 #2ir22M k Q#b2`p�iBQMb BM T /BK2MbBQMb

zi 4 �M Q#b2`p�iBQM b+�H2/ iQ F /BK2MbBQMb

zj 4 �M Q#b2`p�iBQM b+�H2/ iQ F /BK2MbBQMb

lbBM; +H�bbB+�H K2i`B+ KmHiB/BK2MbBQM�H b+�HBM; U*J.aV U+K/b+�H2 BM _V- i?2 C�++�`/ /Bbi�M+2 K�i`B+2b

7Q` 2�+? /�i�b2i r2`2 b+�H2/ iQ HQr2` /BK2MbBQM�HBivX .�i�b2ib R �M/ k r2`2 b+�H2/ iQ irQ /BK2MbBQMb r?BH2

.�i�b2i j r�b b+�H2/ iQ i?`22 /BK2MbBQMbX *H�bbB+�H b+�HBM; b22Fb iQ KBMBKBx2 � T�`iB+mH�` bi`2bb 7mM+iBQM

U2[m�iBQM jVX (3) q?2M i?2 /BbbBKBH�`Biv K�i`Bt mb2/ Bb � 1m+HB/2�M /Bbi�M+2 K2i`B+- *J.a b+�HBM; Bb

2[mBp�H2Mi iQ T`BM+BT�H +QKTQM2Mi �M�HvbBb US*�V �M/ Bb i?2`27Q`2 � bBKTH2 HBM2�` /BK2MbBQM `2/m+iBQMX �b

i?Bb �M�HvbBb r�b +QM/m+i2/ mbBM; � MQM@1m+HB/2�M /Bbi�M+2 K2i`B+ UC�++�`/ "BM�`v .Bbi�M+2V- *J.a H2�/b

e



iQ � bBKBH�` Qmi+QK2- #mi rBi? � MQMHBM2�` K�TTBM;X h?2 b+�H2/ /BK2MbBQMb Q7 2�+? /�i�b2i r2`2 mb2/ iQ

+`2�i2 pBbm�HBx�iBQMb Q7 i?2 /BbbBKBH�`BiB2b BM i�; mb2 �+`Qbb �HH Q#b2`p�iBQMbX

SC(z1, z2, ...zN ) =
X

i,i0

(sii0 � hzi � z, zi0 � zi)2 UjV

r?2`2,

sii0 4 T�B`rBb2 bBKBH�`BiB2b #2ir22M k Q#b2`p�iBQMb BM T /BK2MbBQMb

zi 4 �M Q#b2`p�iBQM b+�H2/ iQ F /BK2MbBQMb

z0i 4 �MQi?2` Q#b2`p�iBQM b+�H2/ iQ F /BK2MbBQMb

N 4 MmK#2` Q7 Q#b2`p�iBQMb

jXj _2bmHib

h?2 `2bmHib vB2H/2/ i?`22 };m`2b UQM2 7Q` 2�+? /�i�b2i Q7 /Bz2`2Mi TQQH2/ +QKKmMBiB2bVX 1�+? };m`2 ?�b �t2b

`2T`2b2MiBM; i?2 `2/m+2/ /BK2MbBQMb U`272``2/ iQ �b 2B;2M7mM+iBQMb /m2 iQ i?2 +�H+mH�iBQM K2i?Q/QHQ;vV �M/

2�+? TQBMi Bb QM2 hBFhQF pB/2Q 7`QK i?2 TQQH2/ b2iX

6B;m`2 R, .BbbBKBH�`Biv BM ?�b?i�;b mb2/ #v O�`iBbibQ7hBFhQF �M/ O*QTbQ7hBFhQF T`Q72bbBQM�H ;`QmTb

h?2 }`bi /�i�b2iǶb #BM�`v /Bbi�M+2 *J.a +QMbi`m+i2/ 6B;m`2 RX h?2 pBbm�HBx�iBQM BM+Hm/2b irQ �t2b iQ

`2T`2b2Mi i?2 jed9 i�; /mKKv p�`B�#H2b `2/m+2/ iQ irQ /BK2MbBQMbX 1�+? TQBMi Bb � hBFhQF pB/2Q- �M/ Bib

d



i�; mb2 /BbbBKBH�`Biv iQ �HH Qi?2` pB/2Qb Bb `2T`2b2Mi2/ BM Bib +QQ`/BM�i2b rBi?BM i?2 `2/m+2/ /BK2MbBQMbX h?2

M�im`2 Q7 *J.a Bb iQ T`2b2`p2 i?2 /BbbBKBH�`Biv BM i?2 Q`B;BM�H p�`B�#H2b �b Km+? �b TQbbB#H2- bQ Bi +�M #2

BMi2`T`2i2/ i?�i 6B;m`2 R `2T`2b2Mib /Bz2`2M+2b BM ?�b?i�; mb2 T�ii2`M �+`Qbb i?2 TQQH2/ /�i�b2iX

6B;m`2 R b?Qrb i?`22 +Hmbi2`b 2�+? +QMM2+i2/ iQ QM2 �MQi?2` �i i?2 U�TT`QtBK�i2V Q`B;BMX h?2b2 i?`22

+Hmbi2`b K�T `Qm;?Hv iQ i?2 T`Q72bbBQM�H ;`QmTbX hrQ Q7 i?2 +Hmbi2`b �`2 pB/2Qb 7`QK O�`iBbibQ7hBFhQF r?BH2

i?2 `2K�BMBM; +Hmbi2` +QMbBbib Q7 pB/2Qb 7`QK O*QTbQ7hBFhQFX q?2M TQBMib �`2 p2`v +HQb2 iQ 2�+? Qi?2`-

i?Bb K2�Mb i?�i i?2 pB/2Qb ?�p2 p2`v bBKBH�` i�; mb2 T�ii2`Mb- r?BH2 i?Qb2 p2`v 7�` 7`QK 2�+? Qi?2` �`2 p2`v

/BbbBKBH�`X h?2 +QKKQM bQm`+2 TQBMi BM/B+�i2b i?2 2tBbi2M+2 Q7 ?�b?i�; mb2 T�ii2`Mb i?�i �`2 mb2/ �+`Qbb

#Qi? +QKKmMBiB2bX h?2b2 i�; T�ii2`Mb ?�p2 ?B;? bBKBH�`Biv iQ 2�+? Qi?2` #mi �HbQ � HQr bBKBH�`Biv iQ i?Qb2

2�bBHv +H�bb2/ BMiQ QM2 Q7 i?2 ;`QmTbX h?2 +QHH2+iBQM i�;b UO�`iBbibQ7hBFhQF- O*QTbQ7hBFhQF- 2i+XV r2`2

i�F2M Qmi- bQ i?Bb K2�Mb �M 2t�KTH2 Q7 bm+? �M Q#b2`p�iBQM +QmH/ #2 QM2 r?Qb2 i�;b �`2 Dmbi ǳOpB`�HǴX

6B;m`2 R pBbm�HBx2b r?v i�; T�ii2`M ǳOpB`�HǴ +QmH/ MQi #2 Tmi BMiQ � +Q``2+i +QKKmMBivX h?Bb i�; T�ii2`M

rQmH/ #2 bBKBH�` iQ pB/2Qb BM O�`iBbibQ7hBFhQF- �b r2HH �b iQ pB/2Qb BM O*QTbQ7hBFhQFX �bB/2 7`QK i?2

+QKKQM bQm`+2 TQBMi- pB/2Qb +H2�`Hv +Hmbi2` #v /BbbBKBH�`BiB2b BM i�; mb2X � pB/2Q 7`QK i?2 O�`iBbibQ7hBFhQF

+QKKmMBiv i?�i mb2b i?2 i�; T�ii2`M O�`iBbibQ7hBFhQF- O�`i- O`2bBM- �M/ OpB`�H b?QmH/ #2 +Q``2+iHv /22K2/

/BbbBKBH�` iQ �Mv pB/2Q i?�i +QK2b 7`QK O*QTbQ7hBFhQF r?2`2 ?�b?i�;b bm+? �b O�`i �M/ O`2bBM �TT2�`

p2`v BM7`2[m2MiHv- B7 �i �HHX

6B;m`2 k, .BbbBKBH�`Biv BM ?�b?i�;b mb2/ #v OLm`b2bQ7hBFhQF �M/ Oh2�+?2`bQ7hBFhQF T`Q72bbBQM�H ;`QmTb

3



6B;m`2 k +QK2b 7`QK i?2 #BM�`v /Bbi�M+2 *J.a Q7 /�i�b2i k- r?B+? Bb i?2 TQQH2/ Q#b2`p�iBQMb 7`QK

OLm`b2bQ7hBFhQF �M/ Oh2�+?2`bQ7hBFhQFX �t2b QM2 �M/ irQ `2T`2b2Mi i?2 jkkR i�; /mKKv p�`B�#H2b

b+�H2/ /QrM iQ irQ /BK2MbBQMb r?BH2 T`2b2`pBM; /BbbBKBH�`Biv

�Hi?Qm;? i?2 b?�T2b Q7 i?2 +Hmbi2`b b22M BM 6B;m`2 k /Bz2` bB;MB}+�MiHv 7`QK 6B;m`2 R- i?2 F2v �bT2+ib Q7

i?2 irQ �`2 i?2 b�K2X "Qi? };m`2b b?Qr �M �`2� Q7 KBtBM; #2ir22M i?2 k T`Q72bbBQM�H ;`QmTb �M/- #2vQM/

i?Bb- +�M #2 bTHBi [mBi2 +H2�MHv BMiQ +QKKmMBiB2bX PM+2 �;�BM- i?Bb BKTHB2b i?�i 2p2M rBi?Qmi i?2 +QKKmMBiv

i�;b i?2Kb2Hp2b- i?2 `2K�BMBM; i�; T�ii2`Mb bTHBi ;2M2`�HHv BMiQ i?Qb2 i?�i +�MMQi #2 Tmi BMiQ QM2 ;`QmT

UOpB`�H- 7Q` 2t�KTH2V �M/ i?Qb2 i?�i �`2 T`2b2Mi �HKQbi 2t+HmbBp2Hv BM QM2 ;`QmTX

6B;m`2 j, .BbbBKBH�`Biv BM ?�b?i�;b mb2/ #v O�`iBbibQ7hBFhQF- OLm`b2bQ7hBFhQF- �M/ Oh2�+?2`bQ7hBFhQF
T`Q72bbBQM�H ;`QmTb

h?2 i?B`/ /�i�b2i Bb TQQH2/ 7`QK O�`iBbibQ7hBFhQF- Oh2�+?2`bQ7hBFhQF- �M/ OLm`b2bQ7hBFhQF �M/

b+�H2/ iQ j@. 7`QK 8y93 /mKKv p�`B�#H2bX lMHBF2 6B;m`2b R �M/ k- i?Bb pBbm�HBx�iBQM mb2b i?`22 /BK2MbBQMb

BM Q`/2` iQ 2M�#H2 i?2 i?`22 T`Q72bbBQM�H ;`QmTb iQ pBbm�HHv +Hmbi2` �b Km+? �b TQbbB#H2X

6B;m`2 j b?Qrb � b?�T2 i?�i HQQFb HBF2 � j@/BK2MbBQM�H p2`bBQM Q7 6B;m`2b R �M/ kX Ai ?�b � +QKKQM

bQm`+2 TQBMi- 7`QK r?B+? �HH +Hmbi2`b bT`2�/ Qmi �M/ i?2M bTHBi BMiQ i?`22 +QHQ`b [mBi2 Tm`2Hv- 2p2M B7 2�+?

+QHQ` +QMi�BMb KmHiBTH2 +Hmbi2`bX h?Bb b2`p2b �b � +QM}`K�iBQM i?�i i?Bb b+�HBM; K2i?Q/ +QmH/ #2 �TTHB2/ iQ

KQ`2 i?�M Dmbi irQ T`Q72bbBQM�H ;`QmTb- �M/ Bi BKTHB2b i?�i �//BiBQM�H ;`QmTb +�M biBHH #2 b2T�`�i2/ 7`QK

2�+? Qi?2` #v i�; mb2 /BbbBKBH�`BivX � i�; T�ii2`M HBF2 ǳOMm`b2- OpB`�HǴ Bb QM2 i?�i rQmH/ #2 2tT2+i2/ BM

M2Bi?2` i?2 �`iBbi MQ` i?2 i2�+?2` T`Q72bbBQM�H +Hmbi2`b #2+�mb2 Bib mb2 Q7 OMm`b2 b?QmH/ K�F2 Bi 7�` KQ`2

bBKBH�` iQ Qi?2` +QMi2Mi BM i?2 OLm`b2bQ7hBFhQF +QKKmMBivX
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jX9 *QKKmMBiv h�; .Bb+mbbBQM

q?2M +`2�iQ`b i�; QM2 Q7 i?2 +QKKmMBiv ?�b?i�;b HBF2 O�`iBbibQ7hBFhQF- i?Bb 2M�#H2b i?2 +`2�iQ` iQ B/2MiB7v

+QMi2Mi �b `2H2p�Mi iQ i?�i +QKKmMBivX h?2`27Q`2- i?2 +`2�iQ` i2HHb i?2 �H;Q`Bi?K i?�i i?2B` +QMi2Mi b?QmH/

#2 `2+QKK2M/2/ iQ �`iBbib Q` i?Qb2 BMi2`2bi2/ BM �`iX h?2 `2bmHib �+`Qbb i?2b2 i?`22 pBbm�HBx�iBQMb TQBMi iQ

i?2 7�+i i?�i rBi?BM i?2b2 hBFhQF T`Q72bbBQM�H +QKKmMBiB2b- i?2 `2K�BMBM; ?�b?i�;b mb2/ �`2 �HbQ ?2�pBHv

�bbQ+B�i2/ rBi? i?�i +QKKmMBivX h?Bb BKTHB2b i?�i mb2`b +�M bB;M�H i?2 b�K2 +QKKmMBiv `2H2p�M+v iQ i?2

�H;Q`Bi?K i?`Qm;? K�Mv /Bz2`2Mi i�;b �M/ bBKBH�`Hv- i?�i � bBM;H2 +QKKmMBiv ?�b b2p2`�H +QKKmMBiv@bT2+B}+

BMi2`2bib Q` i�;bX

h?Bb +QMi`B#mi2b iQ Qm` mM/2`bi�M/BM; Q7 ?Qr +QKKmMBiB2b QM hBFhQF 7mM+iBQMX 6B;m`2b R- k- �M/ j ?B;?@

HB;?i i?�i i?2`2 �`2 `2+Q;MBx�#H2 T�ii2`Mb BM ?�b?i�; mb�;2 rBi?BM i?2 b2H7@B/2MiB}2/ T`Q72bbBQM�H +QKKmMBiB2bX

h?Bb K2�Mb 2p2M i?Qm;? mb2`b i2HH i?2 �H;Q`Bi?K ?Qr i?2B` +QMi2Mi b?QmH/ #2 `2+QKK2M/2/ i?`Qm;? QM2 i�;

UO�`iBbibQ7hBFhQF- O*QTbQ7hBFhQF- 2i+XV- i?2v Q7i2M BM+Hm/2 �//BiBQM�H bB;M�Hb b�vBM; i?2 b�K2 i?BM;X �

/2b+`BTiBQM K�v BM+Hm/2 ǳO�`iBbibQ7hBFiQFǴ �M/ ǳO�`iBbiǴ 2p2M i?Qm;? #Qi? Q7 i?2b2 TQBMi i?2 +QMi2Mi iQ

i?2 b�K2 +QKKmMBivX am+? T�ii2`Mb Q7 i�; mb2 �`2 BKTQ`i�Mi iQ mM/2`bi�M/ #2+�mb2 i?2v BKTHv +`2�iQ`b �`2

�r�`2 Q7 ?Qr i?2B` i�;b BM~m2M+2 r?Q Bb i?2 +QMi2MiǶb �m/B2M+2- �M/ i?�i +`2�iQ`b mb2 i?Bb iQ i?2B` �/p�Mi�;2X

h?2v i�BHQ` i�;b bm+? i?�i i?2v rBHH BM+`2�b2 i?2 HBF2HB?QQ/ Q7 ;2iiBM; iQ i?2 i�`;2i2/ +QKKmMBiv #v mbBM;

KmHiBTH2 `2H2p�Mi i�;bX

6`QK �M BM7Q`K�iBQM /Bbb2KBM�iBQM T2`bT2+iBp2- `2+Q;MBxBM; i?�i #Qi? �+iBpBbib �M/ i?Qb2 rBi? K�H BMi2Mi

+�M mb2 i?Bb i�; �r�`2M2bb iQ i?2B` �/p�Mi�;2 Bb +`BiB+�HX >�b?i�;b �`2 MQi i?2 QMHv �ii`B#mi2 mb2/ BM

`2+QKK2M/�iBQM- #mi i?2v �`2 �M BKTQ`i�Mi QM2X �r�`2M2bb Q7 � T�`iB+mH�` 2p2Mi- 7Q` 2t�KTH2- +�M #2

bT`2�/ #v #2BM; �bbQ+B�i2/ rBi? H�`;2 br�i?b Q7 +QMi2Mi i?�i mb2b b2p2`�H +QKKmMBiv i�;b iQ 2Mbm`2 Bib

`2+QKK2M/�iBQM iQ i�`;2i ;`QmTbX h?2 T`2pBQmbHv K2MiBQM2/ i�;- O.Bb�#BHBiv�r�`2M2bb.�v- +�M #2 b22M

QM +QMi2Mi rBi? +QKKmMBiv i�;b HBF2 O.Bb�#H2/hBFhQF- O.Bb�#BHBivhBFhQF- �M/ O.Bb�#BHBivX h?Bb K2i?Q/

Q7 i�; ;`QmTBM; +QmH/ #2 mb2/ iQ bT`2�/ TQHBiB+�H BM7Q`K�iBQM- �+iBpBbK- Q` 2p2M ?�i27mH `?2iQ`B+ iQ bT2+B}+

�m/B2M+2bX

9 �M�HvbBb Q7 _2H2p�M+v �M/ S`QKQiBQM Q7 *QMi2Mi

9XR .�i�, *QHH2+iBQM �M/ "�+F;`QmM/

AM �//BiBQM iQ i?2 bi�M/�`/ ?�b?i�; bvbi2Kb mb2/ �+`Qbb �HH bQ+B�H K2/B� TH�i7Q`Kb- � ivT2 Q7 ?�b?i�; mMB[m2 iQ

hBFhQF Bb i?2 +?�HH2M;2 i�; U�XFX�X i`2M/BM; i�;VX *?�HH2M;2 i�;b �`2 � bT2+B�H +�i2;Q`v Q7 ?�b?i�;b T`QKQi2/

#v i?2 TH�i7Q`K �b � r�v iQ /B`2+iHv 2M;�;2 rBi? mb2`b #v 2M+Qm`�;BM; i?2 +`2�iBQM Q7 � pB/2Q 7QHHQrBM; �
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bT2+B}+ b2i Q7 BMbi`m+iBQMbX h?2 F2v �bT2+i Q7 +?�HH2M;2 i�;b- �b QTTQb2/ iQ i�;b HBF2 O�`iBbibQ7hBFhQF Q`

O7vT- Bb i?�i +?�HH2M;2 i�;b �`2 T`QKBM2MiHv /BbTH�v2/ QM i?2 TH�i7Q`KǶb /Bb+Qp2` T�;2X 6B;m`2 9 b?Qr+�b2b

i?`22 /Bz2`2Mi +?�HH2M;2 i�;b 7`QK i?2 mb2`Ƕb T2`bT2+iBp2X

6B;m`2 9, a+`22Mb?Qib Q7 j +?�HH2M;2 i�;b, OLQLm�M+2LQp2K#2`- OPM2ai2T*HQb2`- �M/ O�T`BH6QQHbX .2@
b+`BTiBQMb Q7 2�+? +?�HH2M;2 �`2 QmiHBM2/ BM ;`22MX

h?2 i?`22 +?�HH2M;2 i�;b Q7 6B;m`2 9 ?B;?HB;?i i?2 mMB[m2 �bT2+ib Q7 i`2M/BM; i�;bX JQbi BKTQ`i�MiHv- i?2v

?�p2 � i�; /2b+`BTiBQM �#Qp2 i?2 b+`QHH Q7 pB/2Qb UQmiHBM2/ BM ;`22MVX h?2 +?�HH2M;2Ƕb /2b+`BTiBQM 2tTH�BMb

i?2 K2�MBM; Q7 i?2 i�;- ?Qr iQ T�`iB+BT�i2- �M/ i?2 #`�M/ bTQMbQ`b?BT- r?2M �TTHB+�#H2X LQ`K�H i�;b ?�p2

M2Bi?2` i?Bb BMpBi�iBQM iQ T�`iB+BT�i2 MQ` i?2 BKTHB+�iBQM Q7 #2BM; ǳi`2M/BM;ǴX �b � `2bmHi- i?2 mb2 Q7 �

+?�HH2M;2 i�; �TT2�Hb iQ mb2`b r?Q r�Mi iQ ;2MmBM2Hv T�`iB+BT�i2 BM i?2 i`2M/ �M/ �HbQ iQ mb2`b r?Q r�Mi iQ

mb2 i?2 i�; QM B``2H2p�Mi +QMi2Mi BM ?QT2b Q7 +�TBi�HBxBM; QM i?2 i`2M/ 7Q` � #QQbi BM `2+QKK2M/�iBQMX

"2+�mb2 Q7 i?2b2 irQ ivT2b Q7 +`2�iQ`b- i`2M/BM; i�;b �`2 Q7i2M }HH2/ rBi? B``2H2p�Mi +QMi2Mi i?�i � mb2`

Kmbi b+`QHH i?`Qm;? BM Q`/2` iQ r�i+? i?2 ;2MmBM2Hv +?�HH2M;2@T�`iB+BT�iQ`v pB/2QbX h?Bb �M�HvbBb 7Q+mb2b QM

i?2 T`2pBQmbHv i`2M/BM; i�; OLQLm�M+2LQp2K#2` ULLLVX h?Bb i`2M/BM; i�; ?�b i?2 /2b+`BTiBQM,

ǳAiǶb OLQLm�M+2LQp2K#2`- bQ TQbi vQm` ?Qi i�F2b rBi? MQ +QMi2ti �M/ `mMXǴ

h?Bb BMbi`m+ib mb2`b iQ +`2�i2 � pB/2Q Q7 i?2B` +QMi`Qp2`bB�H QTBMBQMb rBi? MQ `QQK 7Q` Mm�M+2X "2+�mb2 i?Bb

RR



T`QKTi H2/ iQ K�Mv /Bb+mbbBQMb �M/ �//BiBQM�H QTBMBQMb b?�`2/- Bi Bb HBF2Hv mb2`b K�v r�Mi iQ b+`QHH i?`Qm;?

i?Bb +?�HH2M;2 i�; BM Q`/2` iQ 2M;�;2 rBi? i?2 +QMi2Mi U2X;X- HBFBM;- b?�`BM;- +QKK2MiBM;VX lM7Q`imM�i2Hv-

/m2 iQ i?2 i�; #2BM; � i`2M/- K�Mv pB/2Qb ?�p2 mb2/ i?2 ?�b?i�; QM +QMi2Mi i?�i ?�b MQi?BM; iQ /Q rBi? i?2

BMbi`m+iBQMbX

�b mb2`b rQmH/ r�Mi iQ b22 KQ`2 +?�HH2M;2 `2H2p�Mi +QMi2Mi r?2M b+`QHHBM; i?`Qm;? i?2 i�;- �M/ i?2

TH�i7Q`K rQmH/ r�Mi iQ F22T mb2`bǶ �ii2MiBQM �b HQM; �b TQbbB#H2- Bi Bb /2bB`�#H2 iQ #2 �#H2 iQ T`2/B+i LLL

+?�HH2M;2 `2H2p�M+v #�b2/ QM bBKTH2 pB/2Q �ii`B#mi2bX AM Q`/2` iQ i`�BM bm+? � KQ/2H- �HH +QMi2Mi 7`QK i?2

LLL +?�HH2M;2 i�; r�b b+`�T2/ BM 2�`Hv J�`+? kykR mbBM; .�pB/ h2�i?2`Ƕb hBFhQF �SA3X *Q/BM; r�b /QM2

BM Svi?QM �M/ Bb �p�BH�#H2 QM Kv :Bi>m#NX h?2 `�r LLL /�i�b2i +QMi�BMb 9R3N Q#b2`p�iBQMb- rBi? i?2

2�`HB2bi pB/2Q TQbiBM; /�i2 #2BM; LQp2K#2` di?- kyky �M/ i?2 KQbi `2+2Mi U�b Q7 +QHH2+iBQMV #2BM; J�`+?

8i?- kykRX h?2b2 Q#b2`p�iBQMb `2T`2b2Mi �HH pB/2Qb � mb2` +QmH/ b+`QHH i?`Qm;? mM/2` i?2 i�; �b Q7 J�`+? 8i?X

9Xk .�i�, o�`B�#H2b *`2�i2/

h?2 K�BM pB/2Q �ii`B#mi2b +QHH2+i2/ 7`QK i?2 OLQLm�M+2LQp2K#2` b+`�T2 r2`2 pB/2Q /2b+`BTiBQM- iBK2 Q7

TQbiBM; UBM b2+QM/bV- H2M;i? Q7 pB/2Q Uy@ey b2+QM/bV- �M/ HBMFX h?2 ;Q�H Q7 i?Bb �M�HvbBb Bb iQ i`�BM � bmT2`pBb2/

H2�`MBM; K2i?Q/- K2�MBM; QM2 rBi? FMQrM BMTmib UpB/2Q �ii`B#mi2bV �M/ QmiTmib U`2H2p�M+v +H�bbB}+�iBQMV-

BM Q`/2` iQ T`2/B+i �M/ i2biX �b bm+?- Bi r�b M2+2bb�`v i?�i i?2 /�i�b2i ?�p2 i?2 +H�bbB}+�iBQM Q7 +?�HH2M;2

`2H2p�Mi �M/ +?�HH2M;2 B``2H2p�Mi QM �HH Q#b2`p�iBQMbX AM Q`/2` iQ +`2�i2 i?Bb &y-R' /mKKv p�`B�#H2- A 7QHHQr2/

i?2 HBMF QM 2�+? Q7 i?2 9R3N hBFhQF pB/2Qb �M/ r�i+?2/ 2�+? QM2 iQ +Q/2 Bi �b y U+?�HH2M;2 B``2H2p�MiV Q` R

U+?�HH2M;2 `2H2p�MiVX 6Q` +Q/BM;- 2KT?�bBb r�b TH�+2/ QM i?2 b?�`BM; Q7 �i H2�bi QM2 QTBMBQM rBi? HBiiH2 Q`

MQ 2tTH�M�iBQMX oB/2Qb /22K2/ TQi2MiB�HHv y Q` R BM � }`bi `QmM/ Q7 +Q/BM; r2`2 K�`F2/ 7Q` `2+?2+F �M/

`22p�Hm�i2/ �b � ;`QmT �7i2` �HH Qi?2`b r2`2 +Q/2/X h?Bb +Q/BM; /2+`2�b2/ i?2 /�i�b2i iQ 9R98 pB/2Qb #2+�mb2

99 pB/2Qb ?�/ #22M /2H2i2/ Q` K�/2 T`Bp�i2 bBM+2 i?2 BMBiB�H b+`�T2 �M/ +QmH/ MQi #2 r�i+?2/X *?�HH2M;2

`2H2p�M+v +Q/BM; `2p2�H2/ � +H�bb BK#�H�M+2 BM i?2 /�i� rBi? �TT`QtBK�i2Hv dNW Ujk39V Q7 pB/2Qb #2BM;

+?�HH2M;2 B``2H2p�MiX q?BH2 i?Bb K�F2b T`2/B+iBQM Q7 `2H2p�M+v bHB;?iHv KQ`2 /B{+mHi- Bi QMHv K�F2b Bi �HH

i?2 KQ`2 BKTQ`i�Mi 7Q` i?2 #2M2}i Q7 mb2`b r?Q HBF2Hv rQmH/ MQi r�Mi iQ b+`QHH i?`Qm;? bQ K�Mv B``2H2p�Mi

pB/2QbX

AM �//BiBQM iQ i?2 +`2�iBQM Q7 � +?�HH2M;2 `2H2p�M+v /mKKv p�`B�#H2- mbBM; _ �M/ `2;2t- pB/2Q /2b+`BTiBQMb

r2`2 +H2�M2/ BM Q`/2` iQ +`2�i2 p�`B�#H2b `2T`2b2MiBM; i?2 MmK#2` Q7 ?�b?i�;b mb2/ �M/ i?2 MmK#2` Q7 MQM@

i�; +?�`�+i2`b mb2/X �Hi?Qm;? #Qi? Q7 i?2b2 MmK#2`b +�Tim`2 p�Hm�#H2 BM7Q`K�iBQM �#Qmi i?2 pB/2Q- M2Bi?2`

�`2 �#H2 iQ 7mHHv TQ`i`�v r?B+? i�;b �`2 BM+Hm/2/X AM Q`/2` iQ `2T`2b2Mi i?Bb 2KTB`B+�HHv- � /BK2MbBQM�HBiv
3?iiTb,ff;Bi?m#X+QKf/�pB/i2�i?2`fhBFhQF@�TB
N?iiTb,ff;Bi?m#X+QKf2F3i2`BM�
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`2/m+iBQM K2i?Q/ p2`v iQ i?�i r?B+? r�b /2b+`B#2/ BM jXk r�b +QM/m+i2/X

1p2`v mMB[m2 ?�b?i�; mb2/ BM i?2 /�i�b2i r�b +Q/2/ iQ #2 � &y-R' p�`B�#H2- y B7 � pB/2Q mb2/ i?2 i�; �M/

R B7 i?�i i�; r�b MQi mb2/X h?Bb +`2�i2/ 8333 i�; /mKKv p�`B�#H2b 7Q` i?2 9R98 pB/2Qb BM i?2 OLQLm�M+2L@

Qp2K#2` +?�HH2M;2 i�;X PM2 Q7 i?2b2 i�; /mKKv p�`B�#H2b Bb i?2 OLQLm�M+2LQp2K#2` +?�HH2M;2 i�; Bib2H7-

r?B+? Bb � p2+iQ` Q7 QM2b �b Bi Bb mb2/ BM �HH pB/2Qb #v /2}MBiBQMX Ai rQmH/ #2 mM`2�bQM�#H2 iQ mb2 �HH 8333 i�;

/mKKv p�`B�#H2b BM +?�HH2M;2 `2H2p�M+v T`2/B+iBQM �b i?Bb +QmH/ BM+`2�b2 i?2 +QKTmi�iBQM�H TQr2` M22/2/

bB;MB}+�MiHvX

AM Q`/2` iQ �HH2pB�i2 i?Bb Bbbm2- i?2 b�K2 KmHiB/BK2MbBQM�H b+�HBM; UJ.aV K2i?Q/ r�b mb2/ QM i?2b2 i�;

/mKKv p�`B�#H2b �b r�b mb2/ BM b2+iBQM jXkX h?2 �BK Q7 J.a Bb iQ �TT`QtBK�i2 i?2 /BbbBKBH�`Biv Q7 p�`B�#H2b

BM p2`v H�`;2 T /BK2MbBQMb iQ � Km+? bK�HH2` F /BK2MbBQMX 1[m�iBQM k Ub2+iBQM jXkV `2T`2b2Mib i?Bb ;Q�HX

A7 Bi Bb i?2 +�b2 i?�i +?�HH2M;2 `2H2p�Mi pB/2Qb ?�p2 i�; mb2 T�ii2`Mb bBKBH�` iQ 2�+? Qi?2` �M/ /BbbBKBH�` iQ

+?�HH2M;2 B``2H2p�Mi pB/2Qb- J.a rBHH F22T i?Bb /BbbBKBH�`Biv- #mi Bi rBHH `2T`2b2Mi Bi BM irQ Q` i?`22 /BK2MbBQMb

`�i?2` i?�M 8333X

� /BbbBKBH�`Biv K�i`Bt r�b +�H+mH�i2/ mbBM; i?2 #BM�`v /Bbi�M+2 K2i`B+- i?2 C�++�`/ AM/2tX 1[m�iBQM R

Ub2+iBQM jXkV b?Qrb i?Bb /Bbi�M+2 BM b2i MQi�iBQMX lbBM; +H�bbB+�H K2i`B+ KmHiB/BK2MbBQM�H b+�HBM; U*J.aV Ub22

1[m�iBQM j BM b2+iBQM jXkV i?Bb /BbbBKBH�`Biv K�i`Bt r�b MQM@HBM2�`Hv K�TT2/ iQ i?`22 /BK2MbBQMbX h?2b2 i?`22

/BK2MbBQMb `2T`2b2Mi i?2 T�B`rBb2 /BbbBKBH�`Biv #2ir22M OLQLm�M+2LQp2K#2` pB/2QbǶ i�; mb2 T�ii2`Mb- #mi

BM QMHv i?`22 +QMbi`m+i2/ p�`B�#H2b `�i?2` i?�M �HH 8333 &y-R' i�; /mKKv p�`B�#H2bX 6B;m`2 8 Bb � pBbm�HBx�iBQM

Q7 i?2 LLL pB/2Qb �+`Qbb i?2 }`bi irQ Q7 i?2 i?`22 b+�H2/ p�`B�#H2bX

6B;m`2 8, .BbbBKBH�`Biv BM ?�b?i�;b mb2/ #v pB/2Qb BM i?2 OLQLm�M+2LQp2K#2` +?�HH2M;2 i�;

Rj



�b 6B;m`2 8 ?B;?HB;?ib- [m�MiB7vBM; i�; mb2 /BbbBKBH�`Biv �+`Qbb �HH OLQLm�M+2LQp2K#2` pB/2Qb `2p2�Hb

i?�i Bi Bb TQbbB#H2 iQ +`2�i2 b2p2`�H +Hmbi2`b i?�i �`2 �HKQbi Tm`2Hv +?�HH2M;2 B``2H2p�MiX h?2`2 Bb �HbQ � b2i Q7

irQ +Hmbi2`b r?B+? +QMi�BM �HKQbi �HH i?2 +?�HH2M;2 `2H2p�Mi pB/2Qb- #mi i?2v �`2 MQi p2`v Tm`2X h?Bb BKTHB2b

i?2`2 �`2 K�Mv i�; T�ii2`Mb- r?B+? �`2 mb2/ �HKQbi 2t+HmbBp2Hv #v B``2H2p�Mi pB/2Qb- r?BH2 i?2 i�; T�ii2`Mb

mb2/ #v +?�HH2M;2 `2H2p�Mi pB/2Qb �`2 bBKBH�` iQ � b2H2+iBQM Q7 +?�HH2M;2 B``2H2p�Mi pB/2QbX h?2 /BbiBM+iBQM i?Bb

b2i Q7 i?`22 b+�H2/ p�`B�#H2b +`2�i2b Bb BKTQ`i�Mi 7Q` bmT2`pBb2/ H2�`MBM; T`2/B+iBQM K2i?Q/b �b Bi 2M�#H2b �

H�`;2 T`QTQ`iBQM Q7 pB/2Qb iQ #2 2�bBHv �M/ �++m`�i2Hv +H�bbB}2/ �b +?�HH2M;2 B``2H2p�MiX

9Xj J2i?Q/QHQ;v, 6Qm` J�+?BM2 G2�`MBM; J2i?Q/b

�7i2` +`2�iBM; M2r p�`B�#H2b �M/ +H2�MBM; i?2 OLQLm�M+2LQp2K#2` /�i�b2i- i?2`2 r2`2 9R98 pB/2Qb `2T@

`2b2MiBM; �HH pB/2Qb � mb2` +QmH/ pB2r mM/2` i?2 i�; �i �TT`QtBK�i2Hv i?2 /�v Q7 +QHH2+iBQM BM 2�`Hv J�`+?

kykRX h?Bb K2�Mb i?2 pB/2QbǶ +`2�iBQM /�i2b bT�MM2/ LQp2K#2` di?- kyky i?`Qm;? J�`+? 8i?- kykRX PM

hBFhQF- pB/2Qb +�M #2 /2H2i2/- K�/2 T`Bp�i2- Q` TQbi2/- #mi i?2v +�MMQi #2 2/Bi2/X h?Bb K2�Mb i?�i bBM+2

+QHH2+iBQM- i?2 i`m2 b2i Q7 pB/2Qb BM i?2 i�; +QmH/ BM+`2�b2 Q` /2+`2�b2 bHB;?iHv- #mi �b i?2 LQp2K#2`@#�b2/

i`2M/ ?�b 2M/2/- i?2b2 +?�M;2b �`2 mMHBF2Hv iQ #2 #v Km+?X 6Q` i?Bb `2�bQM- i?2 b2i Q7 pB/2Qb `2T`2b2Mi2/ BM

i?Bb T�T2`Ƕb /�i�b2i Bb i?2 TQTmH�iBQM U�b Q7 +QHH2+iBQMV Q7 �HH pB/2Qb mM/2` i?2 LLL i�;- BMbi2�/ Q7 � b�KTH2X

1�+? pB/2QǶb BKTQ`i�Mi p�`B�#H2b �`2 i?2 iBK2 Q7 TQbiBM;- H2M;i? Q7 pB/2Q- MmK#2` Q7 ?�b?i�;b- MmK#2`

Q7 MQM@i�; +?�`�+i2`b- i?2 i?`22 b+�H2/ p�`B�#H2b `2T`2b2MiBM; i�; mb2 /BbbBKBH�`Biv- �M/ i?2 +Q/2/ +?�HH2M;2

`2H2p�M+v +H�bbB}+�iBQMX h?2 7Q`K2` b2p2M p�`B�#H2b r2`2 mb2/ iQ i`�BM � KQ/2H i?�i +QmH/ T`2/B+i +?�HH2M;2

`2H2p�M+vX 6Qm` /Bz2`2Mi KQ/2Hb r2`2 �ii2KTi2/ iQ �+?B2p2 i?2 #2bi T`2/B+iBQM, � r2B;?i2/ HQ;BbiB+ `2;`2bbBQM

KQ/2H- � +H�bbB}+�iBQM �M/ `2;`2bbBQM i`22 U*�_hV- �M/ irQ /Bz2`2Mi _�M/QK 6Q`2bib UQM2 r?B+? ;`2r 7`QK

i?2 Q`B;BM�H b�KTH2 �M/ QM2 r?B+? mb2/ mT@b�KTHBM; iQ #�H�M+2 +H�bb2bVX �HH KQ/2Hb r2`2 K2�bm`2/ QM i?2

b�K2 `�M/QK RR98 pB/2Q i2bi b2iX h?Bb b2+iBQM rBHH 2tTH�BM �M/ +QKT�`2 i?2 K2i?Q/QHQ;v Q7 2�+? KQ/2H

+QMbi`m+i2/ �M/ b2+iBQM 9X9 rBHH +QKT�`2 2�+? KQ/2HǶb T`2/B+iBQMbX

� HQ;BbiB+ `2;`2bbBQM KQ/2H r�b +QMbi`m+i2/ mbBM; i?2 iBK2 Q7 TQbiBM;- H2M;i? Q7 pB/2Q- MmK#2` Q7 ?�b?i�;b-

MmK#2` Q7 MQM@i�; +?�`�+i2`b- �M/ i?2 i?`22 b+�H2/ p�`B�#H2b `2T`2b2MiBM; i�; mb2 /BbbBKBH�`Biv �b T`2/B+iQ`b

iQ +H�bbB7v � pB/2Q �b y U+?�HH2M;2 B``2H2p�MiV Q` R U+?�HH2M;2 `2H2p�MiVX 1[m�iBQM 9 b?Qrb i?2 7mM+iBQM mb2/ BM

Q`/2` iQ +�H+mH�i2 T`Q#�#BHBiv Q7 +?�HH2M;2 `2H2p�M+vX oB/2Qb rBi? � T`Q#�#BHBiv H�`;2` i?�M X8 r2`2 +H�bbB}2/

�b +?�HH2M;2 `2H2p�Mi- r?BH2 i?Qb2 rBi? � T`Q#�#BHBiv HQr2` r2`2 +H�bbB}2/ �b +?�HH2M;2 B``2H2p�MiX

P (Y = 1|X = x) =
exp(s�)

1 + exp(s�)
U9V

r?2`2,

R9



s� 4 �0 + �1tagNumber+ �2charNumber+ �3length+ �5time+ �6tagV ec1+ �7tagV ec2+ �8tagV ec3

tagNumber 4 LmK#2` Q7 ?�b?i�;b

charNumber 4 LmK#2` Q7 MQM@i�; +?�`�+i2`b

length 4 G2M;i? Q7 pB/2Q

time 4 SQbiBM; iBK2

tagV ec 4 *QMbi`m+i2/ i�; /BbbBKBH�`Biv p�`B�#H2b

hQ �++QKKQ/�i2 7Q` i?2 +H�bb BK#�H�M+2 Q7 �TT`QtBK�i2Hv dNW +?�HH2M;2 B``2H2p�Mi pB/2Qb- r2B;?ib r2`2

BM+Hm/2/ BM i?2 HQ;BbiB+ `2;`2bbBQMX A/2�H r2B;?ib r2`2 +�H+mH�i2/ i?`Qm;? 8@7QH/ +`Qbb p�HB/�iBQMX Ai r�b

7QmM/ i?2 r2B;?ib XRN �M/ X3R Ui�; B``2H2p�Mi �M/ i�; `2H2p�Mi `2bT2+iBp2HvV ;�p2 i?2 #2bi T`2/B+iBQMX h?Bb

r2B;?iBM; KB``Q`b i?2 /�i�b2iǶb i`m2 +H�bb BK#�H�M+2 p2`v +HQb2Hv #2+�mb2 jk39 Q7 9R98 UdNXkWV pB/2Qb �`2

+?�HH2M;2 i�; B``2H2p�MiX h?2 HQ;BbiB+ KQ/2HǶb `2;`2bbBQM QM i?2 i`�BMBM; b2i Bb b?QrM BM h�#H2 RX

h�#H2 R, q2B;?i2/ GQ;BbiB+ _2;`2bbBQM JQ/2H

.2T2M/2Mi p�`B�#H2,
*?�HH2M;2 _2H2p�M+v

G2M;i? Q7 oB/2Q yXy83⇤⇤⇤
hBK2 Q7 SQbiBM; yXyyyyy
LmK#2` Q7 h�;b �yXyRe
LmK#2` Q7 MQM@h�; *?�`b �yXyyj
h�; 2@p2+iQ` R �RyXk8d⇤⇤⇤
h�; 2@p2+iQ` k �9Xejd⇤⇤⇤
h�; 2@p2+iQ` j �9XeN3⇤⇤⇤
*QMbi�Mi �RykX83e
P#b2`p�iBQMb j-yyy
GQ; GBF2HB?QQ/ �R3dXe3y
�F�BF2 AM7X *`BiX jNRXjey

LQi2, ⇤T<yXRc ⇤⇤T<yXy8c ⇤⇤⇤T<yXyR

h�#H2 R MQi2b i?�i H2M;i? Q7 pB/2Q �M/ i?2 i?`22 +QMbi`m+i2/ ?�b?i�; /BbT�`Biv p�`B�#H2b ?�p2 � T@p�Hm2

I XyRX h?`Qm;? i?2 H2Mb Q7 BM72`2M+2- i?Bb b?QmH/ #2 BMi2`T`2i2/ +�miBQmbHv- �b i?Bb KQ/2H Bb #2BM; mb2/

7Q` T`2/B+iBQM �M/ /Q2b MQi BMpQHp2 � `B;Q`Qmb i2bi Q7 `2;`2bbBQM �bbmKTiBQMbX AMbi2�/- i?2b2 bB;MB}+�M+2b

b?QmH/ #2 b22M 7Q` i?2B` BM/B+�iBQM i?�i i?2b2 9 p�`B�#H2b �`2 p�Hm�#H2 7Q` i?2B` T`2/B+iBp2 TQr2`X 6Q` i?2

HQ;BbiB+ KQ/2H- � pB/2QǶb H2M;i? �M/ i?2 i�; mb2 T�ii2`Mb BM i?2 /2b+`BTiBQM �`2 i?2 BKTQ`i�Mi T`2/B+iQ`b Q7

+?�HH2M;2 `2H2p�M+vX h?2 b2+QM/ KQ/2H i`�BM2/ QM i?2 LLL /�i�b2i r�b � +H�bbB}+�iBQM �M/ `2;`2bbBQM i`22

U*�_hVX q?2`2�b � HQ;BbiB+ `2;`2bbBQM KQ/2H Bb � HBM2�` +H�bbB}2` UBX2X- Bi +`2�i2b � HBM2�` /2+BbBQM #QmM/�`v

BM T /BK2MbBQMbV � *�_h K2i?Q/ i`�BMb � KQ/2H i?�i +`2�i2b bTHBib BM i?2 T`2/B+iQ` p�`B�#H2bX h?2 �H;Q`Bi?K

+�H+mH�i2b bTHBib 7Q` T`2/B+iQ` p�`B�#H2b �i p�Hm2b i?�i rBHH KBMBKBx2 i?2 b[m�`2/ `2bB/m�Hb r?2M � +QMbi�Mi

7mM+iBQM Bb }i QM 2Bi?2` bB/2 Q7 i?2 bTHBiX �b � `2bmHi- � *�_h bTHBi Bb bBKBH�` iQ }M/BM; i?2 #2bi TQBMi 7Q`

R8



`2;`2bbBQM /Bb+QMiBMmBiv- #mi rBi? i?2 �//2/ `2[mB`2K2Mi i?�i i?2 `2;`2bbBQM QM 2Bi?2` bB/2 Q7 i?2 /Bb+QMiBMmBiv

Bb � +QMbi�MiX A7 � T`2/B+iQ` p�`B�#H2 ?�b j bm+? bTHBib- i?2 Q#b2`p�iBQMb BM i?2 HQr2` i?B`/ +QmH/ #2 T`2/B+i2/

�b `2H2p�Mi- i?Qb2 BM i?2 KB//H2 i?B`/ T`2/B+i2/ iQ #2 B``2H2p�Mi- �M/ i?Qb2 BM i?2 mTT2` i?B`/ QM+2 �;�BM

T`2/B+i2/ iQ #2 `2H2p�MiX �b � `2bmHi- *�_h +QmH/ #2 KQ`2 �++m`�i2 �i T`2/B+iBQM i?�M HQ;BbiB+ `2;`2bbBQM B7

i?2`2 �`2 MQM@HBM2�` `2H�iBQMb?BTb #2ir22M � T`2/B+iQ` �M/ i?2 HQ;@Q//bX *�_h r�b `mM QM i?2 b�K2 i`�BMBM;

b2i �b i?2 HQ;BbiB+ `2;`2bbBQM KQ/2H mbBM; i?2 `T�`i T�+F�;2 BM _X 6B;m`2 e b?Qrb i?2 `2bmHiBM; i`22X

6B;m`2 e, *�_h h`22 7Q` OLQLm�M+2LQp2K#2` pB/2Qb- T`2/B+i2/ +H�bbB}+�iBQMb #v +?�HH2M;2 `2H2p�M+v

1�+? +QHQ`2/ #Qt- Q` MQ/2- Q7 i?2 i`22 /B�;`�K BM 6B;m`2 e ?�b i?`22 HBM2b Q7 i2ti �M/ mM/2`M2�i?- � bTHBiX

h?2 i?`22 H�#2Hb QM 2�+? +QHQ`2/ #Qt `2T`2b2Mi i?2 T`2/B+i2/ +H�bb Q7 i?�i MQ/2 U`2H2p�Mi Q` B``2H2p�MiV- i?2

T`QTQ`iBQM Q7 `2H2p�Mi +QMi2Mi BM i?2 MQ/2- �M/ i?2 T2`+2Mi Q7 iQi�H Q#b2`p�iBQMb BM i?2 MQ/2X GQQFBM; �i

Re



i?2 }`bi MQ/2- Bi T`2/B+ib i?�i +QMi2Mi Bb B``2H2p�Mi- b�vb kRW Q7 �HH Q#b2`p�iBQMb �`2 `2H2p�Mi- �M/ RyyW Q7

�HH Q#b2`p�iBQMb �`2 mM/2` i?Bb MQ/2X h?Bb Bb Dmbi i?2 Qp2`�HH /�i�b2i rBi?Qmi �Mv bTHBib- bQ Bi Bb QMHv M�im`�H

iQ T`2/B+i +QMi2Mi iQ #2 B``2H2p�Mi #2+�mb2 Q7 i?2 +H�bb BK#�H�M+2X �b KQ`2 bTHBib �`2 �//2/- i?2 bK�HH2`

TQ`iBQMb Q7 pB/2Qb BM 2�+? b2+iBQM +�M #2 T`2/B+i2/ KQ`2 �++m`�i2HvX h?2 H�bi `Qr Q7 6B;m`2 e b?Qrb 2H2p2M

H2�p2bX h?Qb2 r?B+? �`2 � /�`F2` ;`22M Q` � /�`F2` #Hm2 +`2�i2 p2`v Tm`2 ;`QmTBM;b Q7 +QMi2MiX h?2 `B;?iKQbi

H2�7 T`2/B+ib Bib b2+iBQM Q7 pB/2Qb iQ #2 `2H2p�Mi- �M/ N8W Q7 pB/2Qb BM i?2 H2�7 BM/22/ �`2X

aBKBH�` iQ HQ;BbiB+ `2;`2bbBQM- i?2 pBbm�HBx�iBQM Q7 i?2 *�_h K2i?Q/ +�M b?2/ bQK2 HB;?i QM T`2/B+iQ`b

r?B+? r2`2 KQbi p�Hm�#H2 iQ +`2�iBM; K2�MBM;7mH bTHBibX aTHBib �`2 +�H+mH�i2/ Bi2`�iBp2Hv U7`QK i?2 ?B;?2bi iQ

HQr2biVX h?2 }`bi bTHBi K�/2 BM i?2 /�i� Bb BM QM2 Q7 i?2 +QMbi`m+i2/ i�; mb2 T�ii2`M p�`B�#H2bX 6`QK i?2`2-

i?2 pB/2Q TQbiBM; iBK2- pB/2Q H2M;i?- �M/ �MQi?2` +QMbi`m+i2/ i�; mb2 p�`B�#H2 �TT2�`X h?Bb BKTHB2b i?2b2

9 p�`B�#H2b `2T`2b2Mi i?Qb2 r?B+? �`2 KQbi BKTQ`i�Mi BM *�_hǶb +H�bbB}+�iBQMX LQi�#Hv- pB/2Q TQbiBM; iBK2

/Q2b MQi �TT2�` �b BKTQ`i�Mi BM i?2 HQ;BbiB+ `2;`2bbBQM KQ/2HX h?Bb �TT2�`�M+2 BM/B+�i2b *�_h Bb �#H2 iQ

?�`M2bb i?2 T`2/B+iBp2 TQr2` Q7 �M 2ti`� p�`B�#H2X

"Qi? Q7 i?2 }M�H irQ KQ/2Hb �`2 #�b2/ BM i?2 _�M/QK 6Q`2bi K�+?BM2 H2�`MBM; i2+?MB[m2X _�M/QK 6Q`2bi

Bb bBKBH�` iQ *�_h- #mi `�i?2` i?�M mbBM; � bBM;H2 /2+BbBQM i`22- i?2 K2i?Q/ +`2�i2b M i`22b �M/ �p2`�;2b

�+`Qbb �HH Q7 i?2KX � bBM;H2 i`22- �b BM *�_h- +�M #2 � K2i?Q/ i?�i ?�b HQr #B�b UBX2X- rBi? K�Mv bTHBib-

Bi +�M 7QHHQr i?2 i`m2 +H�bbB}+�iBQMb Q7 i?2 i`�BMBM; b2i p2`v r2HHV #mi ?B;? p�`B�M+2X �b � `2bmHi- � bBM;H2

i`22 K�v ?�p2 ;`2�i +H�bbB}+�iBQM �#BHBiv bT2+B}+�HHv 7Q` i?2 i`�BMBM; /�i�- #mi r?2M �TTHB2/ QM � b2T�`�i2

i2bi b2i- i?2b2 bTHBib �`2 MQi ?2HT7mHX � K2i?Q/ i?�i mb2b �M 2Mb2K#H2 Q7 i`22b bm+? �b _�M/QK 6Q`2bi +�M

�HH2pB�i2 bQK2 Q7 i?2b2 Bbbm2b #2+�mb2 Bi BMpQHp2b �p2`�;BM; Qp2` K�Mv i`22bX

h?Bb T�T2` +QM/m+ib irQ bHB;?iHv /Bz2`2Mi _�M/QK 6Q`2bi K2i?Q/b #Qi? mbBM; i?2 `�M/QK6Q`2bi T�+F�;2

BM _X h?2 }`bi Bb QM i?2 i`�BMBM; /�i�b2i mb2/ #v �HH T`2pBQmb K2i?Q/bX Ryy i`22b r2`2 ;`QrM #�b2/ QM i?2

+H�bb BK#�H�M+2/ U�TT`QtBK�i2Hv dNW B``2H2p�MiV /�i�X h?2 b2+QM/ _�M/QK 6Q`2bi Q7 Ryy i`22b r�b ;`QrM

7`QK mT@b�KTH2/ i`�BMBM; /�i�X lT@b�KTHBM; r�b /QM2 #v `�M/QKHv b�KTHBM; +?�HH2M;2@`2H2p�Mi pB/2Qb rBi?

`2TH�+2K2Mi 7`QK i?2 i`�BMBM; b2i mMiBH i?2 b2i ?�/ i?2 b�K2 MmK#2` Q7 +?�HH2M;2 `2H2p�Mi pB/2Qb �b +?�HH2M;2

B``2H2p�MiX h?Bb r�b /QM2 BM ?QT2b Q7 BKT`QpBM; i?2 Bbbm2b i?�i K�v +QK2 7`QK +H�bb BK#�H�M+2 Dmbi �b i?2

r2B;?ib Q7 i?2 HQ;BbiB+ `2;`2bbBQM /B/X h?2 +�`2i T�+F�;2 BM _ r�b mb2/ BM Q`/2` iQ +QM/m+i i?2 mT@b�KTHBM;

T`Q+2bbX

"2+�mb2 _�M/QK 6Q`2bi Bb �M 2Mb2K#H2 Q7 i`22b K2i?Q/- Bi Bb Km+? KQ`2 /B{+mHi iQ pBbm�HBx2 i?2 K2i?Q/@

QHQ;vX AM Q`/2` iQ BMp2biB;�i2 i?2 p�`B�#H2 BKTQ`i�M+2- �b ?�b #22M /QM2 QM #Qi? *�_h �M/ r2B;?i2/ HQ;BbiB+

`2;`2bbBQM- � p�`B�#H2 BKTQ`i�M+2 THQi r�b +QMbi`m+i2/ mbBM; i?2 K2�M /2+`2�b2 BM :BMB +Q2{+B2Mib 7Q` 2�+?

p�`B�#H2X 1[m�iBQM 8 b?Qrb i?2 2[m�iBQM 7Q` :BMB BKTm`Biv rBi? QMHv k +H�bb2b U`2H2p�Mi �M/ B``2H2p�MiV r?BH2

Rd



1[m�iBQM e b?Qrb i?2 J2�M .2+`2�b2 BM :BMB UJ.:V +�H+mH�iBQM �+`Qbb i?2 7Q`2biX

GI = 1�
2X

i=1

p2 U8V

r?2`2,

GI 4 :BMB AKTm`Biv

p 4 S`Q#�#BHBiv Q7 Q#b2`p�iBQMb #2BM; BM +H�bb B

MDGv =
1

n

nX

i=1

(GDv,i) UeV

r?2`2,

GD 4 .2+`2�b2 BM :BMB BKTm`Biv #v p�`B�#H2 p BM i`22 B

n 4 LmK#2` Q7 h`22b

J2�M .2+`2�b2 BM :BMB �+`Qbb p�`B�#H2b `2T`2b2Mib ?Qr r2HH bTHBib BM i?2 p�`B�#H2b BKT`Qp2 +H�bbB}+�iBQM

Tm`Biv QM �p2`�;2X � p�`B�#H2 rBi? ?B;? T`2/B+iBp2 TQr2` b?QmH/ #2 �#H2 iQ /2+`2�b2 i?2 :BMB AKTm`Biv

+Q2{+B2Mi bB;MB}+�MiHv �+`Qbb K�Mv i`22bX JQbi BKTQ`i�Mi �`2 i?2 `2H�iBp2 /Bz2`2M+2b BM J.: #2ir22M

p�`B�#H2b `�i?2` i?�M i?2 �#bQHmi2 p�Hm2b i?2Kb2Hp2bX 6B;m`2 d b?Qrb BM T�M2Hb � �M/ " i?2 J.: THQib Q7

#Qi? _�M/QK 6Q`2bi K2i?Q/bX

6B;m`2 d, �, o�`B�#H2 AKTQ`i�M+2 7Q` _�M/QK 6Q`2bi- ", o�`B�#H2 AKTQ`i�M+2 7Q` lT@b�KTH2/ _�M/QK
6Q`2bi

6`QK #Qi? 6B;m`2b d� �M/ d"- � K�DQ` i�F2�r�v i?�i KB``Q`b Qi?2` K2i?Q/b Bb i?�i i?2 MmK#2` Q7

R3



i�;b �M/ i?2 MmK#2` Q7 MQM@i�; +?�`�+i2`b ?�p2 p2`v HQr `2H�iBp2 T`2/B+iBp2 TQr2`X "Qi? p�`B�#H2b +�MMQi

+`2�i2 Tm`2 ;`QmTBM;b mbBM; �Mv JG KQ/2Hb i`�BM2/ QM i?2 LLL /�i�b2iX "2vQM/ i?Bb- S�M2Hb � �M/ "

b?Qr bHB;?iHv /Bz2`BM; `2bmHib- i?Qm;? MQi iQ � H�`;2 /2;`22X 6Q` #Qi? _�M/QK 6Q`2bi QM i?2 MQ`K�H /�i�b2i

�M/ QM i?2 mT@b�KTH2/ QM2- TQbiBM; iBK2- pB/2Q H2M;i?- �M/ �i H2�bi irQ +QMbi`m+i2/ i�; mb�;2 p�`B�#H2b �`2

�HH `2H�iBp2Hv ?B;?Hv T`2/B+iBp2X AMi2`2biBM;Hv- r?BH2 i?Bb ;2M2`�HHv �HB;Mb rBi? *�_h- i?Bb /Bz2`b ?B;?Hv rBi?

HQ;BbiB+ `2;`2bbBQM- r?B+? r�b mM�z2+i2/ #v i?2 iBK2 Q7 � pB/2QǶb TQbiBM;X PM+2 �;�BM- Bi BKTHB2b i?�i i?Bb

p�`B�#H2Ƕb T`2/B+iBp2 TQr2` +�MMQi #2 ?�`M2bb2/ rBi? HQ;BbiB+ `2;`2bbBQMX h?2 b2+QM/ i�; mb2 p�`B�#H2 b22Kb

`2H�iBp2Hv H2bb T`2/B+iBp2 BM #Qi? T�M2Hb � �M/ "X h?Bb TQBMib iQ i?2 7�+i i?�i Bi /Q2b MQi �// Km+? `2H�iBp2

T`2/B+iBp2 TQr2` r?2M i?2`2 �`2 �H`2�/v bTHBib +`2�i2/ BM irQ Qi?2` i�; T�ii2`M p�`B�#H2bX _2/m+BM; i?2 8333

BM/B+�iQ`b iQ Dmbi irQ /BK2MbBQMb rQmH/ HBF2Hv biBHH vB2H/ ;QQ/ T`2/B+iBp2 `2bmHibX �//BiBQM�HHv- `2/m+BM; i?2

8333 BM/B+�iQ`b iQ 7Qm` Q` KQ`2 /BK2MbBQMb BMbi2�/ Q7 i?`22 rQmH/ HBF2Hv ?�p2 � K�`;BM�HHv /2+`2�bBM; #2M2}iX

9X9 _2bmHib

PM+2 i`�BM2/- �HH 7Qm` K2i?Q/b r2`2 i2bi2/ QM i?2 b�K2 RR98 pB/2Q /�i�b2i BM Q`/2` iQ +QKT�`2 T`2/B+iBQM

�#BHBiB2bX hQ �bb2bb KQ/2HbǶ T`2/B+iBQMb QM i?2 i2bi b2i- irQ K2�bm`2K2Mib r2`2 +QMbB/2`2/, i?2 bi�M/�`/

�++m`�+v K2�bm`2K2Mi �M/ i?2 �`2� mM/2` i?2 `2+2Bp2` QT2`�iBM; +?�`�+i2`BbiB+ U_P*V +m`p2X 1[m�iBQM d

`2T`2b2Mib i?2 bi�M/�`/ �++m`�+v K2�bm`2K2MiX h?2 _P* +m`p2 Bb � ;`�T? i?�i /2TB+ib � KQ/2HǶb +H�bbB}@

+�iBQM T2`7Q`K�M+2 �i �HH +H�bbB}+�iBQM i?`2b?QH/bX AM Q`/2` iQ /Q i?Bb- Bi THQib i?2 i`m2 TQbBiBp2 `�i2 U�F�

hS_- `2+�HH- Q` b2MbBiBpBivV QM i?2 t@�tBb �M/ i?2 7�Hb2 TQbBiBp2 `�i2 U6S_V QM i?2 v@�tBbX 1[m�iBQMb 3 �M/ N

`2T`2b2Mi i?2b2 irQ `2bT2+iBp2HvX LQi2, SQbBiBp2b �`2 Q#b2`p�iBQMb T`2/B+i2/ iQ #2 `2H2p�Mi �M/ M2;�iBp2b �`2

Q#b2`p�iBQMb T`2/B+i2/ iQ #2 B``2H2p�MiX h`m2 BKTHB2b i?2 T`2/B+iBQM Bb +Q``2+i �M/ 7�Hb2 BKTHB2b i?2 T`2/B+iBQM

Bb BM+Q``2+iX

Accuracy =
TP + TN

P +N
UdV

TPR =
TP

TP + FN
U3V

FPR =
FP

TN + FP
UNV

r?2`2,

TP 4 h`m2 SQbBiBp2b

TN 4 h`m2 L2;�iBp2b

P 4 SQbBiBp2b

N 4 L2;�iBp2b

h?2 _P* +m`p2 b?Qrb ?Qr r2HH � KQ/2H +�M T`2/B+i � ?B;?2` T`Q#�#BHBiv 7Q` � pB/2Q i?�i Bb i`mHv `2H2p�Mi

RN



�b QTTQb2/ iQ � pB/2Q i?�i Bb i`mHv B``2H2p�MiX h?Bb Bb � mb27mH iQQH #2+�mb2 � T2`72+i KQ/2H rQmH/ �Hr�vb ;Bp2

?B;?2` T`2/B+i2/ T`Q#�#BHBiB2b iQ Q#b2`p�iBQMb r?B+? �`2 `2H2p�Mi i?�M iQ i?Qb2 i?�i �`2 MQiX h?mb- i?2 _P*

+m`p2 ?B;?HB;?ib ?Qr r2HH � KQ/2H /Bb+`BKBM�i2b #2ir22M `2H2p�Mi �M/ B``2H2p�Mi Q#b2`p�iBQMb U`2;�`/H2bb Q7

i?2 BM?2`2Mi +H�bb BK#�H�M+2VX 6B;m`2 3 S�M2H �- "- *- �M/ . b?Qr i?2 _P* +m`p2b 7Q` �HH 9 KQ/2HbX

6B;m`2 3, �, q2B;?i2/ GQ; _2; _P*- ", *�_h _P*- *, _�M/QK 6Q`2bi _P*- ., lT@a�KTH2/ _�M/QK
6Q`2bi _P*

PM 2�+? _P* +m`p2- bK�HH p�Hm2b BM i?2 6S_ �tBb K2�M HQr `�i2b Q7 7�Hb2 TQbBiBp2b �M/ ?B;? `�i2b Q7

i`m2 M2;�iBp2b- r?BH2 #B; p�Hm2b BM i?2 a2MbBiBpBiv UhS_V �tBb �`2 ?B;? `�i2b Q7 i`m2 TQbBiBp2b �M/ HQr `�i2b

ky



Q7 7�Hb2 M2;�iBp2bX h?Bb K2�Mb � T2`72+i KQ/2H rBHH iQm+? UyXy- RXyV rBi? � T2`72+i Ny@/2;`22 �M;H2X � KQ/2H

r?B+? +�MMQi /Bb+`BKBM�i2 #2ir22M +H�bb2b �Mv #2ii2` i?�M `�M/QK ;m2bbBM; rQmH/ #2 � HBM2 r?B+? Bb hS_

4 6S_ UBX2X- � 98@/2;`22 �M;H2VX h?2 �`2� mM/2` i?2 +m`p2 Bb H�#2H2/ �l*- �M/ Bi 7QHHQrb i?�i i?2 T2`72+i

�l* Bb R- r?BH2 i?2 MQ@#2ii2`@i?�M@`�M/QK �l* Bb yX8X 6B;m`2 3 b?Qrb i?�i �HH KQ/2Hb �`2 p2`v ;QQ/ �i

/Bb+`BKBM�iBM; #2ir22M `2H2p�Mi �M/ B``2H2p�Mi +QMi2MiX q2B;?i2/ HQ;BbiB+ `2;`2bbBQM �M/ *�_h ?�p2 bBKBH�`

_P*@�l* b+Q`2b Q7 �TT`QtBK�i2Hv XN8- r?BH2 #Qi? _�M/QK 6Q`2bi KQ/2Hb BKT`Qp2 QM i?Bb rBi? b+Q`2b Q7

�TT`QtBK�i2Hv XNdX �b � `2bmHi- i?2 _P*@�l* BM/B+�i2b i?�i B7 r2 r�Mi � KQ/2H i?�i #2bi /Bb+`BKBM�i2b

#2ir22M i?2 irQ +H�bb2b ;2M2`�HHv- i?2 #2bi #2i Bb iQ +?QQb2 2Bi?2` Q7 i?2 _�M/QK 6Q`2bi KQ/2HbX

�++m`�+v Bb �MQi?2` r�v iQ HQQF �i ?Qr ;QQ/ � KQ/2HǶb T`2/B+iBQM BbX �++m`�+v �M/ _P*@�l* �`2

M�im`�HHv ?B;?Hv +Q``2H�i2/ U;QQ/ _P*@�l* rBHH mbm�HHv K2�M ;QQ/ �++m`�+vV- #mi bQK2iBK2b i?2 irQ

K2�bm`2b +�M b2H2+i irQ /Bz2`2Mi KQ/2Hb 7`QK � b2iX �++m`�+v Bb Dmbi i?2 MmK#2` Q7 +Q``2+i +H�bbB}+�iBQMb

/BpB/2/ #v i?2 iQi�H Q#b2`p�iBQMbX �b bm+?- Bi Bb BKTQ`i�Mi iQ MQi2 i?�i �++m`�+v Bb [mBi2 bT2+B}+ iQ i?�i b2i

�M/ T`QM2 iQ +?�M;2- 2bT2+B�HHv B7 i?2 +H�bb BK#�H�M+2 Q7 i?2 i2bi +?�M;2bX �//BiBQM�HHv- BM � +H�bb BK#�H�M+2/

b2i- �++m`�+v +�M #2 � #Bi KBbH2�/BM;X AM LLL- 7Q` 2t�KTH2- 7Q` � +H�bbB}2` iQ #2 #2ii2` i?�M �Hr�vb T`2/B+iBM;

B``2H2p�Mi- Bi Kmbi #2 #2ii2` i?�M XdN �++m`�+vX h?�i #2BM; b�B/- i?2 LLL /�i�b2i Bb MQi � b�KTH2 Q7 �HH Q7

pB/2Qb mM/2` i?2 OLQLm�M+2LQp2K#2` ?�b?i�;X AMbi2�/- Bi Bb i?2 TQTmH�iBQM Q7 �HH mb2`@pB2r�#H2 pB/2Qb U�b

Q7 +QHH2+iBQMVX h?Bb K2�Mb i?2 Q#b2`p�iBQMb Q7 i?2 /�i�b2i rBHH MQi +?�M;2 rBi? � `�M/QK `2b�KTHBM;X 6Q` i?Bb

`2�bQM- �++m`�+v rQmH/ #2 � mb27mH K2i`B+X h?2 KQ/2Hb /Q M22/ iQ ?�p2 i?2 ;2M2`�H TQr2` iQ /Bb+`BKBM�i2

#2ir22M `�M/QK `2H2p�Mi �M/ B``2H2p�Mi Q#b2`p�iBQMb- #mi i?2v b?QmH/ �HbQ ;Bp2 � p2`v ?B;? T`QTQ`iBQM Q7

+Q``2+i +H�bbB}+�iBQMb QM i?Bb /�i�b2i bT2+B}+�HHvX h�#H2 k b?Qrb 2�+? KQ/2H �HQM; rBi? Bib _P*@�l*- �b

r2HH �b Bib �++m`�+vX

JQ/2H �++m`�+v _P* �l*
q2B;?i2/ GQ; _2; yX38d yXN9e
*�_h yXNje yXN9e
_�M/QK 6Q`2bi yXNj3 yXNdk
lT@a�KTH2/ _�M/QK 6Q`2bi yXNj8 yXNd8

h�#H2 k, 9 JQ/2HǶb S`2/B+iBp2 �#BHBiB2b

:QBM; #v Tm`2 �++m`�+v- _�M/QK 6Q`2bi UMQ mT@b�KTHBM;V Bb i?2 #2bi #v � p2`v bK�HH K�`;BMX LQM2i?2H2bb-

*�_h- _�M/QK 6Q`2bi- �M/ lT@a�KTH2/ _�M/QK 6Q`2bi �HH ;Bp2 �M �++m`�+v Q7 �TT`QtBK�i2Hv N9WX �b

_�M/QK 6Q`2bi UMQ mT@b�KTHBM;V �HbQ ?�b �M 2ti`2K2Hv ?B;? _P*@�l* UQMHv Xyyj H2bb i?�M Bib mT@b�KTH2/

+QmMi2`T�`iV- i?Bb i?2bBb +QM+Hm/2b i?�i � _�M/QK 6Q`2bi UMQ mT@b�KTHBM;V KQ/2H Bb i?2 #2bi +H�bbB}+�iBQM

K2i?Q/ Qmi Q7 i?Qb2 +QMbi`m+i2/X

kR



9X8 *?�HH2M;2 _2H2p�M+v .Bb+mbbBQM

lbBM; i?2 7QHHQrBM; p�`B�#H2b, MmK#2` Q7 i�;b- MmK#2` Q7 MQM@i�; +?�`�+i2`b- iBK2 Q7 TQbiBM;- pB/2Q H2M;i?-

�M/ i?`22 �//BiBQM�H +QMbi`m+i2/ p�`B�#H2b `2T`2b2MiBM; i�; /BbbBKBH�`Biv- i?Bb i?2bBb +QMbi`m+ib � _�M/QK

6Q`2bi KQ/2H i?�i Bb �#H2 iQ T`2/B+i OLQLm�M+2LQp2K#2` +?�HH2M;2 `2H2p�M+v rBi? N9W �++m`�+vX �//B@

iBQM�HHv- i?Bb KQbi �++m`�i2 KQ/2H Bb QM2 r?Qb2 KQbi BKTQ`i�Mi T`2/B+iQ`b �`2 iBK2 Q7 TQbiBM;- pB/2Q H2M;i?-

�M/ i�; mb2 T�ii2`MbX qBi? QMHv i?Bb p2`v #�bB+ BM7Q`K�iBQM- � KQ/2H T`2/B+ib B7 pB/2Qb rBi?BM i?Bb i`2M/

b�iBb7v i?2 BMbi`m+iBQMb-

ǳAiǶb OLQLm�M+2LQp2K#2`- bQ TQbi vQm` ?Qi i�F2b rBi? MQ +QMi2ti �M/ `mMXǴ

h?Bb ?�b BKTQ`i�Mi BKTHB+�iBQMb 7Q` mb2`b- �b r2HH �b 7Q` i?2 TH�i7Q`KX PM i?2 mb2` bB/2- B7 QM2 +?QQb2b

iQ b+`QHH i?`Qm;? � i�; rBi? bm+? � +QMp2`b�iBQM@bi�`iBM; #�+F;`QmM/- Bi bi�M/b iQ `2�bQM i?�i i?2v rQmH/

T`272` iQ b22 KQbiHv UB7 MQi QMHvV i?Qb2 pB/2Qb r?B+? �`2 T2`iBM2MiX h?2 +m``2Mi Q7 pB/2Qb mM/2` +?�HH2M;2

i�;b b22K iQ #2 Q`/2`2/ �TT`QtBK�i2Hv #v pB2rbc ?Qr2p2`- i?Bb /Q2b MQi b2T�`�i2 `2H2p�Mi �M/ B``2H2p�Mi

pB/2Qb 7Q` i?2 mb2`b BM �Mv K2�MBM;7mH r�vX PM i?2 Qi?2` ?�M/- i?2 _�M/QK 6Q`2bi K2i?Q/ Q7 i?Bb i?2bBb U�b

K2�bm`2/ #v i?2 _P*@�l*V Bb �#H2 iQ /Q bQ 2ti`2K2Hv 2z2+iBp2HvX h?Bb b2T�`�iBQM Q7 +QMi2Mi rQmH/ BKT`Qp2

i?2 mb2` 2tT2`B2M+2X PM i?2 TH�i7Q`K bB/2- � K�DQ` ;Q�H Q7 �Mv bQ+B�H K2/B� bBi2 Bb iQ ?QH/ mb2`bǶ �ii2MiBQM

7Q` �b HQM; �b TQbbB#H2X "v +QMiBMmQmbHv T`QpB/BM; +?�HH2M;2@`2H2p�Mi- /Bb+Qm`b2@bi�`iBM; pB/2Qb mM/2` i?2

OLQLm�M+2LQp2K#2` i�;- i?2v rQmH/ #2 HBF2Hv iQ /Q bQX

�//BiBQM�HHv- i?Bb _�M/QK 6Q`2bi Bb i`�BM2/ iQ T`2/B+i +?�HH2M;2 `2H2p�M+v mbBM; 2t+HmbBp2Hv �MQMvKQmb

pB/2Q �ii`B#mi2bX LQM2 Q7 i?2 T`2/B+iQ`b �`2 /2`Bp2/ 7`QK pB/2Q �M�HvbBb bQ7ir�`2- bQ #B�b BMpQHp2/ BM �H;Q`Bi?@

KB+ 7�+B�H Q` #Q/v `2+Q;MBiBQM +�M #2 �pQB/2/X �A `2b2�`+?2` 7`QK i?2 l* "2`F2H2v a+?QQH Q7 AM7Q`K�iBQM-

J�`+ 6�//QmH- 7QmM/ i?�i i?2 hBFhQF `2+QKK2M/�iBQM bvbi2K i2M/2/ iQ `2+QKK2M/ mb2`b iQ 7QHHQr i?Qb2

r?Q HQQF2/ HBF2 +`2�iQ`b i?2v �H`2�/v 7QHHQrRyX � +H�bbB}+�iBQM i?�i mb2b MQ T`2/B+iQ`b ;H2�M2/ 7`QK pB/2Q

Q` Qi?2` mb2`@bT2+B}+ BM7Q rQmH/ ?QT27mHHv �pQB/ i?Bb T`Q#H2K- �i H2�bi BM OLQLm�M+2LQp2K#2` +?�HH2M;2

`2H2p�M+v T`2/B+iBQM bT2+B}+�HHvX h?2 bBKTH2 7�+i i?�i +?�HH2M;2 `2H2p�M+v +�M #2 T`2/B+i2/ �++m`�i2Hv 7`QK

i?2b2 �ii`B#mi2b �HQM2 Bb �M BKTQ`i�Mi +QMi`B#miBQM iQ hBFhQF HBi2`�im`2X 6m`i?2` `2b2�`+? Bb M22/2/ BM Q`/2`

iQ #2ii2` mM/2`bi�M/ r?2M bQ+B�H K2/B� �H;Q`Bi?Kb +�M Q` b?QmH/ +?QQb2 iQ 2t+Hm/2 MQM@�MQMvKQmb �M/

#B�b2/ p�`B�#H2bX
Ry?iiTb,ffrrrXBb+?QQHX#2`F2H2vX2/mfM2rbfkykyf�HmKMmb@K�`+@7�//QmH@/Bb+Qp2`b@`�+B�H@#B�b2b@iBFiQFb@�H;Q`Bi?K

kk



8 *QM+HmbBQM

AM i?Bb i?2bBb A �M�Hvx2 ?Qr mb2`b BMi2`�+i rBi? i?2 hBFhQF �H;Q`Bi?K- r?�i K2i?Q/b i?2v mb2 BM Q`/2` iQ

K�F2 +QMi2Mi �H;Q`Bi?KB+�HHv 7�pQ`�#H2- �M/ ?Qr iQ BKT`Qp2 i?2 mb2` 2tT2`B2M+2 i?`Qm;? +QMi2Mi `2H2p�M+v

T`2/B+iBQM BM i`2M/BM; /Bb+mbbBQM ?�b?i�;bX A }M/ i?�i mb2`b +�M BMi2`�+i rBi? i?2 �H;Q`Bi?K i?`Qm;? +?QB+2

Q7 ?�b?i�;b- i2HHBM; i?2 �H;Q`Bi?K iQ r?QK +QMi2Mi b?QmH/ #2 `2+QKK2M/2/X lb2`b +�M b2H7@B/2MiB7v i?2B`

+QMi2Mi �b +QKKmMBiv@`2H2p�Mi BM b2p2`�H r�vb #2+�mb2 i?2 b�K2 +QKKmMBiB2b ?�p2 K�Mv /Bz2`2Mi �++2Ti2/

i�;@mb2 T�ii2`MbX h?Bb Bb �M BKTQ`i�Mi }M/BM; i?�i b?2/b HB;?i QM i?2 +QMi2ti Q7 BM7Q`K�iBQM /Bbb2KBM�iBQM

QM hBFhQFX "v �ii�+?BM; +QMi2Mi iQ b2p2`�H ?�b?i�;b i?�i �`2 +QKKmMBiv `2H2p�Mi- 2p2Mi- TQHBiB+�H- �M/

;2M2`�H BM7Q`K�iBQM +�M #2 ?vT2`@/B`2+i2/ iQ `2H2p�Mi +QKKmMBiB2bX

�//BiBQM�HHv- A i`�BM � _�M/QK 6Q`2bi KQ/2H i?�i +�M T`2/B+i- rBi? N9W �++m`�+v- i?2 `2H2p�M+v Q7

� pB/2Q iQ i?2 T`2pBQmbHv i`2M/BM; +?�HH2M;2 i�;- OLQLm�M+2LQp2K#2`X �b i?Bb i�; Bb ?QK2 iQ K�Mv

+QMi`Qp2`bB�H �M/ ;2M2`�HHv 2M;�;BM; pB/2Qb- i?2 2tT2`B2M+2 Q7 mb2`b b2�`+?BM; i?`Qm;? i?2 i�; +�M #2 BKT`Qp2/

#v T`QpB/BM; KQ`2 +?�HH2M;2 `2H2p�Mi +QMi2Mi i?�M +?�HH2M;2 B``2H2p�MiX h?Bb KQ/2H Bb �HbQ i`�BM2/ QM i?2

#�bB+ pB/2Q �ii`B#mi2b Q7 TQbiBM; /�i2- pB/2Q H2M;i?- MmK#2` Q7 ?�b?i�;b- MmK#2` Q7 MQM@i�; +?�`�+i2`b- �M/

?�b?i�; T�ii2`MX �b � `2bmHi- i?Bb �H;Q`Bi?K rQmH/ �pQB/ �Mv #B�b2b i?�i K�v +QK2 7`QK T`2/B+iBQM BMpQHpBM;

mb2`fpB/2Q +?�`�+i2`BbiB+b �M/ Bb +QKTH2i2Hv �MQMvKQmbX h?Bb T�T2` +QMi`B#mi2b iQ 2tBbiBM; bQ+B�H M2irQ`F

�M�HvbBb HBi2`�im`2 #v TQ`i`�vBM; i?2 mb2 Q7 +QKKmMBiv i�; T�ii2`Mb BM � MQp2H pBbm�HBx�iBQM �M/ +QMbi`m+iBM;

�M �++m`�i2 +QMi2Mi `2H2p�M+v T`2/B+iBQM KQ/2H i?�i +QmH/ BKT`Qp2 mb2` 2tT2`B2M+2 QM i?2 TH�i7Q`KX

e 1i?B+�H *QMbB/2`�iBQMb

AM BMp2biB;�iBM; i?2 mb2 Q7 ?�b?i�;b �+`Qbb ;`QmTb �M/ i?2 TQr2` Q7 T`2/B+iBp2 KQ/2HBM; QM +?�HH2M;2 `2H2p�M+v-

A ?�p2 HQQF2/ �i �M/ +QHH2+i2/ H�`;2 �KQmMib Q7 hBFhQF pB/2Qb #Qi? BM K�Mv T`Q72bbBQM�H +QKKmMBiB2b- �b

r2HH �b KQ`2 rB/2Hv �+`Qbb +?�HH2M;2bX q?BH2 �HH Q7 i?2b2 pB/2Qb �`2 Tm#HB+ �M/ +�M 2�bBHv #2 pB2r2/ #v

�MvQM2 QM i?2 �TT- i?2 �;;`2;�iBQM �M/ bvbi2K�iBx�iBQM Q7 H�`;2 �KQmMib Q7 i?Bb /�i� +QmH/ #2 b22M �b �M

Qp2`bi2T BM T`Bp�+vX AM Q`/2` iQ K�BMi�BM /�i� T`Qi2+iBQM- MQM2 Q7 i?2 B/2MiB}�#H2 /�i� ?�b #22M BM+Hm/2/ BM

i?Bb T�T2` Q` b?�`2/ rBi? Qi?2`bX

kj



_272`2M+2b

(R) *`vbi�H �#B/BMX J�TTBM; BMi2`M2i +2H2#`Biv QM hBFhQF, 1tTHQ`BM; �ii2MiBQM 2+QMQKB2b �M/ pBbB#BHBiv

H�#Qm`bX *mHim`�H a+B2M+2 CQm`M�H- RkURV,ddĜRyj- kykyX

(k) �X �Mmb?� �M/ a�MD�v aBM;?X Ab i?�i irBii2` ?�b?i�; rQ`i? `2�/BM;X AM S`Q+22/BM;b Q7 i?2 h?B`/

AMi2`M�iBQM�H avKTQbBmK QM qQK2M BM *QKTmiBM; �M/ AM7Q`K�iB+b- q*A ǶR8- T�;2 kdkĜkdd- L2r

uQ`F- Lu- la�- kyR8X �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`vX

(j) 1F�i2`BM� "m/MBF- oBQH2ii� :�TmiBM�- �M/ o2`� "Q;mbH�pbF�v�X .vM�KB+ Q7 ?�b?i�; 7mM+iBQMb /2p2HQT@

K2Mi BM M2r K2/B�, >�b?i�; �b �M B/2MiB}+�iBQM�H K�`F Q7 /B;Bi�H +QKKmMB+�iBQM BM bQ+B�H M2irQ`FbX AM

S`Q+22/BM;b Q7 i?2 sA AMi2`M�iBQM�H a+B2MiB}+ *QM72`2M+2 *QKKmMB+�iBp2 ai`�i2;B2b Q7 i?2 AM7Q`K�iBQM

aQ+B2iv- *aAaǶkyRN- L2r uQ`F- Lu- la�- kyRNX �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`vX

(9) C2MM� "m``2HH- wQ2 E�?M- �MM2 CQM�b- �M/ .�MB2H :`B{MX q?2M mb2`b +QMi`QH i?2 �H;Q`Bi?Kb, o�Hm2b

2tT`2bb2/ BM T`�+iB+2b QM irBii2`X S`Q+X �*J >mKX@*QKTmiX AMi2`�+iX- jU*a*qV- LQp2K#2` kyRNX

(8) �HB+2 _X .�2`- _2#2++� >QzK�M- �M/ a2i? :QQ/K�MX _?2iQ`B+�H 7mM+iBQMb Q7 ?�b?i�; 7Q`Kb �+`Qbb

bQ+B�H K2/B� �TTHB+�iBQMbX AM S`Q+22/BM;b Q7 i?2 jkM/ �*J AMi2`M�iBQM�H *QM72`2M+2 QM h?2 .2bB;M

Q7 *QKKmMB+�iBQM *.@_PJ- aA:.P* ǶR9- L2r uQ`F- Lu- la�- kyR9X �bbQ+B�iBQM 7Q` *QKTmiBM;

J�+?BM2`vX

(e) 6`û/2`B+ :Q/BM- oBFiQ` aH�pFQpBFD- q2bH2v .2 L2p2- "2MD�KBM a+?`�mr2M- �M/ _BF o�M /2 q�HH2X lbBM;

iQTB+ KQ/2Hb 7Q` irBii2` ?�b?i�; `2+QKK2M/�iBQMX AM S`Q+22/BM;b Q7 i?2 kkM/ AMi2`M�iBQM�H *QM72`2M+2

QM qQ`H/ qB/2 q2#- qqq ǶRj *QKT�MBQM- T�;2 8NjĜ8Ne- L2r uQ`F- Lu- la�- kyRjX �bbQ+B�iBQM 7Q`

*QKTmiBM; J�+?BM2`vX

(d) P#�B/� >�Mi22`- Gm+� _QbbB- .�pB/2 o2;� .Ƕ�m`2HBQ- �M/ J�ii2Q J�;M�MBX 6`QK BMi2`�+iBQM iQ T�`iB+@

BT�iBQM, h?2 `QH2 Q7 i?2 BK�;BM2/ �m/B2M+2 BM bQ+B�H K2/B� +QKKmMBiv /2i2+iBQM �M/ �M �TTHB+�iBQM iQ

TQHBiB+�H +QKKmMB+�iBQM QM irBii2`X AM S`Q+22/BM;b Q7 i?2 kyR3 A111f�*J AMi2`M�iBQM�H *QM72`2M+2

QM �/p�M+2b BM aQ+B�H L2irQ`Fb �M�HvbBb �M/ JBMBM;- �aPL�J ǶR3- T�;2 8jRĜ8j9X A111 S`2bb- kyR3X

(3) h`2pQ` >�biB2- C2`QK2 6`B2/K�M- �M/ _Q#2`i hBb#b?B`�MBX h?2 1H2K2Mib Q7 bi�iBbiB+�H H2�`MBM;, /�i�

KBMBM;- BM72`2M+2- �M/ T`2/B+iBQMX aT`BM;2`- b2+QM/ 2/BiBQM- kyRdX

(N) �MM2 CQM�b �M/ C2MM� "m``2HHX 6`B+iBQM- bM�F2 QBH- �M/ r2B`/ +QmMi`B2b, *v#2`b2+m`Biv bvbi2Kb +QmH/

/22T2M ;HQ#�H BM2[m�HBiv i?`Qm;? `2;BQM�H #HQ+FBM;X "B; .�i� aQ+B2iv- e,ky8jN8RdRN3j8kj- yj kyRNX
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(Ry) Jm?�KK�/ >�b22# l_ _2?K�M E?�M- E2B q�F�#�v�b?B- �M/ a�iQb?B 6mFmv�K�X 1p2Mib BMbB;?ib

2ti`�+iBQM 7`QK irBii2` mbBM; H/� �M/ /�v@?�b?i�; TQQHBM;X AM S`Q+22/BM;b Q7 i?2 kRbi AMi2`M�iBQM�H

*QM72`2M+2 QM AM7Q`K�iBQM AMi2;`�iBQM �M/ q2#@"�b2/ �TTHB+�iBQMb a2`pB+2b- BBq�akyRN- T�;2 k9yĜk99-

L2r uQ`F- Lu- la�- kyRNX �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`vX

(RR) 1`B+ E`QFQb- >�M�M a�K2i- �M/ C�;�M a�MF�`�M�`�v�M�MX � HQQF BMiQ irBii2` ?�b?i�; /Bb+Qp2`v �M/

;2M2`�iBQMX AM S`Q+22/BM;b Q7 i?2 di? �*J aA:aS�hA�G AMi2`M�iBQM�H qQ`Fb?QT QM GQ+�iBQM@"�b2/

aQ+B�H L2irQ`Fb- G"aL ǶR9- T�;2 9NĜ8e- L2r uQ`F- Lu- la�- kyR9X �bbQ+B�iBQM 7Q` *QKTmiBM; J�@

+?BM2`vX

(Rk) wQM;v�M; J�- �BtBM amM- �M/ :�Q *QM;X qBHH i?Bb ?�b?i�; #2 TQTmH�` iQKQ``Qr\ AM S`Q+22/BM;b Q7

i?2 j8i? AMi2`M�iBQM�H �*J aA:A_ *QM72`2M+2 QM _2b2�`+? �M/ .2p2HQTK2Mi BM AM7Q`K�iBQM _2i`B2p�H-

aA:A_ ǶRk- T�;2 RRdjĜRRd9- L2r uQ`F- Lu- la�- kyRkX �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`vX

(Rj) Cm�M *�`HQb J2/BM� a2``�MQ- P`2biBb S�T�Fv`B�FQTQmHQb- �M/ aBKQM >2;2HB+?X .�M+BM; iQ i?2 T�`iBb�M

#2�i, � }`bi �M�HvbBb Q7 TQHBiB+�H +QKKmMB+�iBQM QM iBFiQFX AM Rki? �*J *QM72`2M+2 QM q2# a+B2M+2-

q2#a+B Ƕky- T�;2 k8dĜkee- L2r uQ`F- Lu- la�- kykyX �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`vX

(R9) 1`BFQ PibmF�- a+Qii �X q�HH�+2- �M/ .�pB/ *?BmX .2bB;M �M/ 2p�Hm�iBQM Q7 � irBii2` ?�b?i�; `2+QKK2M@

/�iBQM bvbi2KX AM S`Q+22/BM;b Q7 i?2 R3i? AMi2`M�iBQM�H .�i�#�b2 1M;BM22`BM; �TTHB+�iBQMb avKTQbBmK-

A.1�a ǶR9- T�;2 jjyĜjjj- L2r uQ`F- Lu- la�- kyR9X �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`vX

(R8) 1HH2M aBKTbQM �M/ "`v�M a2K��MX 6Q` vQm- Q` 7Q`ǴvQmǴ\ 2p2`v/�v H;#i[Y 2M+QmMi2`b rBi? iBFiQFX S`Q+X

�*J >mKX@*QKTmiX AMi2`�+iX- 9U*a*qjV- C�Mm�`v kykRX

(Re) P`2M hbm` �M/ �`B _�TTQTQ`iX q?�iǶb BM � ?�b?i�;\ +QMi2Mi #�b2/ T`2/B+iBQM Q7 i?2 bT`2�/ Q7 B/2�b BM

KB+`Q#HQ;;BM; +QKKmMBiB2bX AM S`Q+22/BM;b Q7 i?2 6B7i? �*J AMi2`M�iBQM�H *QM72`2M+2 QM q2# a2�`+?

�M/ .�i� JBMBM;- qa.J ǶRk- T�;2 e9jĜe8k- L2r uQ`F- Lu- la�- kyRkX �bbQ+B�iBQM 7Q` *QKTmiBM;

J�+?BM2`vX

(Rd) A�M .X qQQ/- CQ?M :HQp2`- �M/ S�mH "mBi2H��`X *QKKmMBiv iQTB+ mb�;2 BM QMHBM2 bQ+B�H K2/B�X h`�MbX

aQ+X *QKTmiX- jUjV- J�v kykyX

(R3) 1p� uBr2B qm- 1KBHv S2/2`b2M- �M/ LBHQm7�` a�H2?BX �;2Mi- ;�i2F22T2`- /`m; /2�H2`, >Qr +QMi2Mi

+`2�iQ`b +`�7i �H;Q`Bi?KB+ T2`bQM�bX S`Q+X �*J >mKX@*QKTmiX AMi2`�+iX- jU*a*qV- LQp2K#2` kyRNX

(RN) w?BDmM uBM- GB�M;HB�M; *�Q- Zm�M[m�M :m- �M/ CB�r2B >�MX G�i2Mi +QKKmMBiv iQTB+ �M�HvbBb, AMi2;`�@

iBQM Q7 +QKKmMBiv /Bb+Qp2`v rBi? iQTB+ KQ/2HBM;X �*J h`�MbX AMi2HHX avbiX h2+?MQHX- jU9V- a2Ti2K#2`

kyRkX
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