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.2+H�`�iBQM

A- *?`BbiQT?2` J�`22- ?2`2#v /2+H�`2 i?�i i?2 rQ`F QM r?B+? i?Bb /Bbb2`i�iBQM Bb #�b2/ Bb
Kv Q`B;BM�H rQ`F U2t+2Ti r?2`2 �+FMQrH2/;K2Mib BM/B+�i2 Qi?2`rBb2V �M/ i?�i,

Ç A FMQr i?�i TH�;B�`BbK Bb r`QM;X SH�;B�`BbK Bb iQ mb2 �MQi?2`Ƕb rQ`F �M/ T`2i2M/
i?�i Bi Bb QM2Ƕb QrMX

Ç A ?�p2 mb2/ i?2 `2[mB`2/ >�`p�`/ +QMp2MiBQM 7Q` +Bi�iBQM �M/ `272`2M+BM;X 1�+?
+QMi`B#miBQM iQ �M/ [mQi�iBQM BM i?Bb �bbB;MK2Mi 7`QK i?2 rQ`FUbV Q7 Qi?2` T2QTH2
?�b #22M �ii`B#mi2/- �M/ ?�b #22M +Bi2/ �M/ `272`2M+2/X

Ç A ?�p2 MQi �HHQr2/- �M/ rBHH MQi �HHQr- �MvQM2 iQ +QTv Kv rQ`F rBi? i?2 BMi2MiBQM
Q7 T�bbBM; Bi Qz �b ?Bb Q` ?2` QrM rQ`FX

Ç A �+FMQrH2/;2 i?�i +QTvBM; bQK2QM2 2Hb2Ƕb �bbB;MK2Mi Q` 2bb�v- Q` T�`i Q7 Bi- Bb
r`QM;- �M/ /2+H�`2 i?�i i?Bb Bb Kv QrM rQ`FX

Ç L2Bi?2` i?2 r?QH2 rQ`F MQ` �Mv T�`i Q7 i?Bb /Bbb2`i�iBQM ?�b #22M- Bb #2BM; Q` Bb
iQ #2 bm#KBii2/ 7Q` �MQi?2` /2;`22 BM i?Bb Q` �Mv Qi?2` lMBp2`bBivX A 2KTQr2` i?2
lMBp2`bBiv Q7 *�T2 hQrM iQ `2T`Q/m+2 7Q` i?2 Tm`TQb2 Q7 `2b2�`+? 2Bi?2` i?2 r?QH2
Q` �Mv TQ`iBQM Q7 i?2 +QMi2Mib BM �Mv K�MM2` r?�ibQ2p2`X

*?`BbiQT?2` J�`22

.2+2K#2` kyRN
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�#bi`�+i

h?Qb2 i?�i +QK2 mT rBi? +QKK2`+B�HHv pB�#H2 B/2�b �`2 Q7i2M MQi i?2 #2bi bmBi2/ iQ
BKTH2K2Mi i?2KX h?Bb +�M H2�/ iQ �HHQ+�iBQM BM2{+�+v BM i?2 /2THQvK2Mi Q7 ;QQ/ B/2�bX
h?2 i`�Mb72` Q` HB+2MbBM; Q7 T�i2Mib Bb � K2�Mb Q7 +QKK2`+B�HBxBM; B/2�bX >Qr2p2`- BM i?2
+m``2Mi T�i2Mi K�`F2i- i?2 B/2� b2HH2` �M/ i?2 B/2� #mv2` Q7i2M /QMǶi K�i+? r?B+? `2bmHib
BM i?2 T`QHB72`�iBQM Q7 �/p2`b2 b2H2+iBQMX

h?Bb i?2bBb 2t�KBM2b i?2 2tBbiBM; T�i2Mi K�`F2i �M/ }M/b K�Mv 2t�KTH2b Q7 QT�+BivX
SBi7�HHb �#QmM/ 7Q` #Qi? b2HH2`b �M/ #mv2`b r?B+? `2bmHi BM BM2{+B2M+B2b r?2M �ii2KTiBM;
iQ }M/ i?2 #2bi }i 7Q` b2HH2` �M/ #mv2`X AKT`Qp2K2Mib BM �HHQ+�iBM; B/2�b iQ i?2 #2bi
BKTH2K2Mi2`b rQmH/ ?2HT BMp2MiQ`b �M/ +QKT�MB2b �HBF2X

"`BHHB�Mi B/2�b �`2 7`2[m2MiHv ;2M2`�i2/ 7`QK mMBp2`bBiB2bX h?Bb i?2bBb T`2b2Mib � K2�Mb
iQ +QKK2`+B�HBx2 i?2b2 B/2�b #v BbbmBM; HB+2Mb2b QM i?2 #HQ+F+?�BM BM �M BMMQp�iBp2 K�`@
F2iTH�+2 7Q` B/2�bX h?Bb +QKK2`+B�HBx�iBQM Q7 B/2�b ;2M2`�i2b 7mM/b i?�i bmTTQ`i i?2
BMbiBimiBQM i?�i Q`B;BM�HHv +QM+2Bp2/ i?2 B/2�b �M/ BM/B`2+iHv bmTTQ`ib 7QmM/�iBQM�H `2@
b2�`+?X

h?2 K�`F2iTH�+2 7Q` B/2�b Bb #�b2/ QM b2�H2/ #B/ �m+iBQMb r?B+? 2Mbm`2 i?�i i?2 +QKT�Mv
i?�i p�Hm2b i?2 B/2� i?2 KQbi Bb �HHQ+�i2/ i?2 HB+2Mb2X �M QTiBQM�H >�`#2`;2` h�t bvbi2K
Bb BM+Hm/2/ iQ ;2M2`�i2 +QMbi�Mi `2p2Mm2 7Q` i?2 mMBp2`bBiB2b 7`QK i?2 HB+2Mb2/ B/2�bX h?Bb
K2+?�MBbK /2+`2�b2b BM7Q`K�iBQM �bvKK2i`B2b- BM+`2�b2b K�`F2i HB[mB/Biv �M/ T`QpB/2b
`2T`2b2Mi�iBp2 HB+2Mb2 T`B+BM;X

aK�`i +QMi`�+ib /2THQv2/ QM i?2 1i?2`2mK #HQ+F+?�BM �`2 mb2/ iQ 2HBKBM�i2 �m+iBQM +Q`@
`mTiBQM i?`Qm;? i`mbiH2bb b2�H2/ #B/ �m+iBQMbX aK�`i +QMi`�+ib �HbQ �miQK�i2 HB+2Mb2
Bbbm�M+2- T�vK2Mib �M/ �+i �b � Tm#HB+ H2/;2` Q7 HB+2Mb2 QrM2`b?BT �M/ T`Qp2M�M+2X � 7mHH
7`QMi@2M/ r2# �TTHB+�iBQM Bb T`2b2Mi2/ iQ BMi2`7�+2 rBi? i?2 K�`F2iTH�+2 7Q` �HH mb2`bX
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�+FMQrH2/;2K2Mib

A rQmH/ }`bi HBF2 iQ �+FMQrH2/;2 Kv bmT2`pBbQ`- *Q@SB2``2 :2Q`;- 7Q` ?Bb +QMbi�Mi bmTTQ`i-
�p�BH�#BHBiv �M/ BMbB;?i i?`Qm;?Qmi r`BiBM; i?Bb i?2bBbX A ?�p2 H2�`Mi Km+? 7`QK vQm BM i?2
T�bi v2�` �M/ vQm` BMTmi ?�b #22M BMp�Hm�#H2 BM ?2HTBM; K2 7Q`K i?2 B/2�b BM i?Bb i?2bBb
�M/ Kv pB2rb QM i?2 rQ`H/ �i H�`;2X

A +QmH/ MQi ?�p2 `2�+?2/ i?Bb bi�;2 BM Kv bim/B2b rBi?Qmi Kv #2HQp2/ T�`2Mib :BHH �M/
JBF2X h?�MF vQm 7Q` vQm` mM#`B/H2/ bmTTQ`i i?`Qm;?Qmi i?2 v2�`b 7`QK T`2b+?QQH �HH i?2
mT iQ � TQbi@;`�/m�i2 H2p2HX h?�MF vQm 7Q` /2/B+�iBM; vQm` iBK2 �M/ BMTmi BM ?2HTBM; iQ
2/Bi �M/ b?�T2 i?Bb i?2bBb �M/ 7Q` �HH i?2 bmTTQ`i �HQM; i?2 r�vX

hQ GmF2 J2BFH2DQ?M 7Q` i?2 /2/B+�i2/ rQ`F �M/ #`�BMbiQ`KBM; b2bbBQMb QM i?2 Q`B;BM�H
lMB*QBM B/2�X uQm` +`BiB+�H b?�`T KBM/ �M/ r�v Q7 HQQFBM; �i T`Q#H2Kb r�b BMp�Hm�#H2 BM
b?�TBM; i?2 B/2�b +`2�i2/ BM i?�i T`QD2+i- r?B+? ?2�pBHv BM~m2M+2/ i?Bb i?2bBbX

h?�MF vQm iQ �HH�M .�pB/b 7Q` �//BM; 7Q+mb �M/ /B`2+iBQM iQ Kv r`BiBM;X A �TT`2+B�i2 �HH
i?2 iBK2 i�F2M iQ ;mB/2 K2 BM `2}MBM; Kv r`BiBM;X

G�biHv- A r�Mi iQ b�v i?�MF vQm iQ o2`QMB+� *Qmiib 7Q` �Hr�vb #2BM; � bQmM/BM; #Q�`/ 7Q`
B/2�b- T`QpB/BM; p�Hm�#H2 BMTmi �M/ 7Q` vQm` bmTTQ`i i?`Qm;?Qmi i?Bb v2�`X
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*QMi2Mib
R AMi`Q/m+iBQM R

k "�+F;`QmM/ �M/ `2H�i2/ HBi2`�im`2 9
kXR h?2 ?BbiQ`v Q7 T�i2Mib KQM2iBx�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X 9
kXk AKTQ`i�M+2 Q7 T�i2Mib BM KQ/2`M #mbBM2bb X X X X X X X X X X X X X X X X X X X X X X 8

kXkXR AKT�+i Q7 T�i2Mib QM `2b2�`+? �M/ /2p2HQTK2Mi X X X X X X X X X X X X X X 8
kXkXk o�Hm2 Q7 � T�i2Mi iQ � +QKT�Mv X X X X X X X X X X X X X X X X X X X X X X X e

kXj h?2 K�`F2i 7Q` T�i2Mib �b �M �bb2i X X X X X X X X X X X X X X X X X X X X X X X X X X e
kXjXR �+iQ`b BM i?2 T�i2Mi K�`F2iTH�+2 X X X X X X X X X X X X X X X X X X X X X X e
kXjXk J2+?�MBbKb 7Q` i`�Mb72``BM; T�i2Mi `B;?ib X X X X X X X X X X X X X X X X X 3

kX9 h?2 +m``2Mi bi�imb �M/ bBx2 Q7 T�i2Mi i`�/2b X X X X X X X X X X X X X X X X X X X X Ry
kX8 JQM2iBx�iBQM Q7 AS 7`QK mMBp2`bBiB2b X X X X X X X X X X X X X X X X X X X X X X X X X RR

kX8XR lMBp2`bBiv T�i2Mi BM+2MiBp2b X X X X X X X X X X X X X X X X X X X X X X X X X Rk
kXe P+2�M hQKQ T�i2Mi �m+iBQM K�`F2iTH�+2 X X X X X X X X X X X X X X X X X X X X X X Rj
kXd *?�Ti2` +QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9

j h?2 1+QMQKB+b Q7 b2HHBM; T�i2Mib R8
jXR *?�HH2M;2b BM T`B+BM; T�i2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R8

jXRXR AM7Q`K�iBQM �bvKK2i`v BM i?2 K�`F2iTH�+2 7Q` T�i2Mib X X X X X X X X X X Re
jXRXk h?2 T`Q#�#BHBbiB+ M�im`2 Q7 T�i2Mib X X X X X X X X X X X X X X X X X X X X X Re
jXRXj G�+F Q7 `2HB�#H2 [m�HBiv #2M+?K�`Fb �M/ K�`F2i QT�+Biv X X X X X X X X X Re
jXRX9 h?2 T�i2Mi K�`F2i Bb � ǳK�`F2i 7Q` H2KQMbǴ X X X X X X X X X X X X X X X X Rd

jXk .Bz2`2Mi T�i2Mi b�H2 +QM};m`�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X Rd
jXj Zm�MiB7vBM; i?2 p�Hm2 Q7 � T�i2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X R3
jX9 "`B27 BMi`Q/m+iBQM iQ #HQ+F+?�BM X X X X X X X X X X X X X X X X X X X X X X X X X X X RN
jX8 A/2�b �b � bm#b2i Q7 /�i� X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RN
jXe *?�Ti2` +QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ky

9 S`QTQb2/ K�`F2iTH�+2 7Q` B/2�b kR
9XR .2bB`2/ K�`F2iTH�+2 T`QT2`iB2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR
9Xk S`QTQb2/ K2+?�MBbK ?B;? H2p2H Qp2`pB2r X X X X X X X X X X X X X X X X X X X X X X kR
9Xj �m+iBQMb �b � T`B+2 /Bb+Qp2`v K2+?�MBbK X X X X X X X X X X X X X X X X X X X X X X kk

9XjXR �m+iBQMb rBi? �/p2`b�`B�H �m+iBQM22`b X X X X X X X X X X X X X X X X X X X X kj
9XjXk �m+iBQM22` K�MBTmH�iBQM BM2{+B2M+v X X X X X X X X X X X X X X X X X X X X kj
9XjXj S`2p2MiBM; �m+iBQM22` +Q``mTiBQM rBi? bK�`i +QMi`�+ib X X X X X X X X X X k8
9XjX9 �m+iBQM BM lMBp2`bBiv Q7 .�H?QmbB2 �M/ h2bH� 2t�KTH2 X X X X X X X X X X k8
9XjX8 � MQi2 QM i?2 `2p2Mm2 1[mBp�H2M+2 i?2Q`2K X X X X X X X X X X X X X X X X ke

9X9 6Bt2/ `�i2 T�vK2Mi bi`m+im`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke
9X8 >�`#2`;2` h�t 7Q` T�i2Mi HB+2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X ke

9X8XR >�`#2`;2` h�t �HHQ+�iBQM 2{+B2M+v X X X X X X X X X X X X X X X X X X X X X kd
9X8Xk >�`#2`;2` h�t �/p�Mi�;2b X X X X X X X X X X X X X X X X X X X X X X X X X X kd
9X8Xj A/2�H >�`#2`;2` h�t `�i2 X X X X X X X X X X X X X X X X X X X X X X X X X X X k3
9X8X9 "mvQmi BKTHB+�iBQMb 7Q` b2HH2` X X X X X X X X X X X X X X X X X X X X X X X X k3
9X8X8 h2bH� 2t�KTH2 rBi? HB+2M+2 #mvQmi X X X X X X X X X X X X X X X X X X X X X kN
9X8Xe >�`#2`;2` h�t QM B/2�b �M/ i?2 +QKKQMb X X X X X X X X X X X X X X X X X kN
9X8Xd .Bb�#H2/ i`�Mb72`�#BHBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X kN
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9X8X3 lMBi HB+2M+2 2t+HmbBpBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X kN
9X8XN a2HH2` BM~m2M+2 QM K�`F2i /vM�KB+b X X X X X X X X X X X X X X X X X X X X jy
9X8XRy >�`#2`;2` h�t BM i?2 h2bH� 2t�KTH2 X X X X X X X X X X X X X X X X X X X X jy
9X8XRR AKTH2K2MiBM; >�`#2`;2` h�t rBi? bK�`i +QMi`�+ib X X X X X X X X X X X X jy

9Xe Sm#HB+ `2+Q`/ Q7 T�i2Mi HB+2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X jR
9XeXR AM+`2�b2/ K�`F2i 2{+B2M+v i?`Qm;? K�`F2i i`�MbT�`2M+v X X X X X X X X X jR
9XeXk GB+2Mb22 bi`�i2;B+ BKTHB+�iBQMb 7`QK Tm#HB+ BM7Q`K�iBQM X X X X X X X X X X jR

9Xd �miQK�iB+ T`Q;`�KK�#H2 T�vK2Mib X X X X X X X X X X X X X X X X X X X X X X X X X jR
9X3 SH�i7Q`K 722b �M/ KQM2iBx�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X jk
9XN �ii`B#miBQM Q7 bQ+B�H +`2/Bi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jk
9XRy GB+2M+2 7Q` Bbbm2/ Tm#HB+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X jk
9XRR *?�Ti2` +QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jj

8 � +�b2 7Q` #HQ+F+?�BM j9
8XR "HQ+F+?�BM i2+?MQHQ;v +QMi2tim�HBx�iBQM X X X X X X X X X X X X X X X X X X X X X X X j9

8XRXR "HQ+F+?�BM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9
8XRXk aK�`i +QMi`�+ib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8
8XRXj 1i?2`2mK X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8
8XRX9 aQHB/Biv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X je

8Xk lb2 Q7 #HQ+F+?�BM BM i?2 K�`F2iTH�+2 7Q` B/2�b X X X X X X X X X X X X X X X X X X X je
8XkXR "mBH/BM; i`mbiH2bb �m+iBQMb mbBM; bK�`i +QMi`�+ib X X X X X X X X X X X X X je
8XkXk �miQK�iB+ �M/ i`mbiH2bb 2M7Q`+2K2Mi Q7 >�`#2`;2` h�t X X X X X X X X X X jN
8XkXj LQM@7mM;B#H2 iQF2MBx2/ T�i2Mi HB+2M+2b X X X X X X X X X X X X X X X X X X X 9y
8XkX9 S`Q;`�KK�#H2 T�vK2Mib mbBM; bK�`i +QMi`�+ib X X X X X X X X X X X X X X 9R

8Xj *?�Ti2` +QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9k

e J�`F2iTH�+2 BKTH2K2Mi�iBQM /2i�BHb 9j
eXR >B;? H2p2H bvbi2K Qp2`pB2r X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j
eXk aK�`i +QMi`�+ib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 98

eXkXR aK�`i +QMi`�+i /�i� bi`m+im`2 X X X X X X X X X X X X X X X X X X X X X X X X 9d
eXkXk aK�`i +QMi`�+i 7mM+iBQM�HBiv X X X X X X X X X X X X X X X X X X X X X X X X X 93
eXkXj aK�`i +QMi`�+i HB72 +v+H2 X X X X X X X X X X X X X X X X X X X X X X X X X X X 9N
eXkX9 aK�`i +QMi`�+i mT;`�/�#BHBiv T�ii2`M X X X X X X X X X X X X X X X X X X X X 8j
eXkX8 J2i� i`�Mb�+iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 89
eXkXe LQM@+mbiQ/B�H r�HH2ib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 88
eXkXd .�B iQ }�i QM �M/ Qz `�KTBM; X X X X X X X X X X X X X X X X X X X X X X X X 8e
eXkX3 lTT2` #QmM/ QM ;�b mb�;2 +QMbB/2`�iBQMb X X X X X X X X X X X X X X X X X 8d
eXkXN a2+m`Biv �M/ i2biBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8d
eXkXRy aK�`i +QMi`�+i /2THQvK2Mi X X X X X X X X X X X X X X X X X X X X X X X X X 83
eXkXRR AMi2`7�+2 +QMi`�+ib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 83

eXj 6`QMi 2M/ /2bB;M �M/ BKTH2K2Mi�iBQM X X X X X X X X X X X X X X X X X X X X X X X X 8N
eXjXR C�p�b+`BTi 7`�K2rQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8N
eXjXk C�p�b+`BTi +QMM2+iBQM iQ 1i?2`2mK X X X X X X X X X X X X X X X X X X X X X 8N
eXjXj *QKTQM2Mi #�b2/ /2bB;M X X X X X X X X X X X X X X X X X X X X X X X X X X X ey
eXjX9 C�p�b+`BTi ai�i2 J�M�;2K2Mi X X X X X X X X X X X X X X X X X X X X X X X X ey
eXjX8 GQ;BM rBi? P_*A. X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR
eXjXe S2M/BM; i`�Mb�+iBQM bi2Tb X X X X X X X X X X X X X X X X X X X X X X X X X X ek
eXjXd 6`QMi 2M/ /2pQTb- M2iQTb �M/ �TTHB+�iBQM /2THQvK2Mi X X X X X X X X X X ek

eX9 .2+2Mi`�HBx2/ }H2 biQ`�;2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ej

p



eX8 *?�Ti2` +QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e8

d J�`F2i � BKTH2K2Mi�iBQM �M�HvbBb ee
dXR _2;mH�iQ`v �M/ H2;�H �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ee

dXRXR o�HB/Biv Q7 AS +H�BK i?`Qm;? MQM@7mM;B#H2 HB+2M+2b X X X X X X X X X X X X X ee
dXRXk o2`B}+�iBQM Q7 Tm#HB+�iBQM �mi?Q`b?BT X X X X X X X X X X X X X X X X X X X X ee
dXRXj G2;�H 7`�K2rQ`F iQ Tm`bm2 HB+2M+2 �;`22K2Mi pBQH�iQ`b X X X X X X X X X X ed

dXk J�`F2i K2+?�MBbKb �M/ BM+2MiBp2 /2bB;M �M�HvbBb X X X X X X X X X X X X X X X X X ed
dXkXR _2/m+iBQM BM BM7Q`K�iBQM �bvKK2i`v X X X X X X X X X X X X X X X X X X X X e3
dXkXk J�`F2i +QQ`/BM�iBQM BM2{+B2M+B2b X X X X X X X X X X X X X X X X X X X X X X e3
dXkXj 6�BH2/ �m+iBQMb �M/ TQbi �m+iBQM M2;QiB�iBQMb X X X X X X X X X X X X X X X e3
dXkX9 AKT`Qp2K2Mib BM �HHQ+�iBQM 2{+B2M+v X X X X X X X X X X X X X X X X X X X X eN
dXkX8 Sm#HB+ �m+iBQMb �M/ HB+2M+2 BM7Q`K�iBQM /Bb�/p�Mi�;2b X X X X X X X X X X eN
dXkXe AKTHB+�iBQMb Q7 HB+2M+2 `2pQ+�iBQM i?`Qm;? >�`#2`;2` h�t X X X X X X X X dy
dXkXd >�`#2`;2` h�t �M/ `2T`2b2Mi�iBp2 T`B+BM; X X X X X X X X X X X X X X X X X dR
dXkX3 ai`�i2;B+ BKTHB+�iBQMb Q7 >�`#2`;2` h�t `B;?i Q7 }`bi Qz2` X X X X X X X X dR

dXj h2+?MB+�H BKTH2K2Mi�iBQM pB�#BHBiv �M�HvbBb X X X X X X X X X X X X X X X X X X X X X dR
dXjXR �TTHB+�iBQM mb�#BHBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dk
dXjXk L22/ 7Q` � r�HH2i �M/ 7Q`2B;M MQK2M+H�im`2 X X X X X X X X X X X X X X X X dk
dXjXj PM �M/ Qz #Q�`/BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dk
dXjX9 *QKT�Mv `2;Bbi`�iBQM p2`B}+�iBQM X X X X X X X X X X X X X X X X X X X X X X dj
dXjX8 �m+iBQM ;�KBM; i?`Qm;? KmHiBTH2 #B/ bm#KBbbBQMb X X X X X X X X X X X X X dj
dXjXe aK�`i +QMi`�+i 7`QMi `mMMBM; X X X X X X X X X X X X X X X X X X X X X X X X d9
dXjXd 6`QMi 2M/ b2+m`Biv pmHM2`�#BHBiB2b X X X X X X X X X X X X X X X X X X X X X X d8

dX9 *?�Ti2` +QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d8
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*?�Ti2` R

AMi`Q/m+iBQM
L2r B/2�b- �M/ i?2 BKTH2K2Mi�iBQM i?2`2Q7- H�v i?2 7QmM/�iBQM 7Q` 2+QMQKB+ ;`Qri?X A/2�b
�`2 ?Qr2p2` MQi �Hr�vb #Q`M iQ i?2 #2bi mb2`bX *QKK2`+B�HBx�iBQM Q7 B/2�b `2[mB`2b i�+Bi
BM/mbi`v FMQrH2/;2- +�TBi�H �M/ H�#Qm` BMp2biK2Mib UGQp2 2i �HX- kyRNVX 6m`i?2`KQ`2-
B/2�b �M/ BMMQp�iBQMb �`2 bQK2iBK2b #2bi miBHBx2/ QmibB/2 i?2 +QMi2tib Q7 i?2B` +`2�iBQM
UJ+*Hm`2- kyR8VX h?Bb +`2�i2b �M �HHQ+�iBp2 2{+B2M+v T`Q#H2K, i?2 B/2�b Q7 QM2 T2`bQM
�`2 BM bQK2 +�b2b #2bi BKTH2K2Mi2/ #v bQK2QM2 2Hb2X

h?Bb i?2bBb T`2b2Mib i?2 +QM+2Ti Q7 � K�`F2iTH�+2 7Q` B/2�b �b � K2+?�MBbK iQ BKT`Qp2
�HHQ+�iBQM 2{+B2M+v #2ir22M B/2�b �M/ BKTH2K2Mi�iBQMX h?Bb K�`F2iTH�+2 7Q` B/2�b H2p2`@
�;2b bm#@HB+2MbBM; Q7 T�i2Mib iQ +`2�i2 � H2;�HHv T2`KBbbB#H2 r�v iQ BKTH2K2Mi �M/ T`Qi2+i
�M B/2�X h?Bb 7�+BHBi�i2b i?2 KQM2iBx�iBQM �M/ i`�/2 Q7 B/2�b iQ i?B`/ T�`iB2b r?Q BMi2M/ iQ
BKTH2K2Mi i?2KX � T`BK�`v mb2 +�b2 7Q` i?Bb K�`F2iTH�+2 Bb +QKK2`+B�HHv pB�#H2 `2b2�`+?
Tm#HBb?2/ 7`QK mMBp2`bBiB2bX AM i?Bb +QMi2ti- i?2 K�`F2iTH�+2 7Q` B/2�b ?2HTb �+�/2KB+b iQ
KQM2iBx2 i?2B` rQ`F r?BH2 BM+2MiBpBxBM; QT2M b+B2M+2 �M/ 7QmM/�iBQM�H `2b2�`+?X *QMi2Mi
rBi?BM i?2 TH�i7Q`K `2K�BMb QT2M �M/ 7`22 7Q` �Mv MQM@+QKK2`+B�H mb�;2X

S�i2Mib r2`2 QM+2 b22M �b �`+�M2 H2;�H BMbi`mK2Mib rBi? HBiiH2 `2H2p�M+2 iQ #Q�`/`QQK
bi`�i2;B2b #mi ?�p2 MQr 2K2`;2/ �b � F2v �bb2i i?�i /2}M2b 2Mi2`T`Bb2 p�Hm2 UJ+*Hm`2-
kyR8VX kyR3 b�r i?2 ?B;?2bi MmK#2` Q7 T�i2Mi �TTHB+�iBQMb Q7 �HH iBK2 rBi? jXj KBHHBQM
}H2/ rQ`H/rB/2XR S�i2Mib 7Q`K �M BKTQ`i�Mi T�`i Q7 � +QKT�MvǶb BMi�M;B#H2 �bb2ib rBi?
39W Q7 i?2 aS 8yy K�`F2i p�Hm2 BM kyR8 +QMbBbiBM; Q7 BMi2HH2+im�H +�TBi�H- `2T`2b2Mi2/ #v
T�i2Mib- i`�/2K�`Fb �M/ +QTv`B;?ib UP+2�M hQKQ- kyRyVX qBi?BM i?Bb BMi2HH2+im�H +�TBi�H-
i?2 p�bi K�DQ`Biv Q7 p�Hm2 +QK2b 7`QK i?2 T�i2Mib i?2Kb2Hp2bXk h?2b2 BMi�M;B#H2 �bb2ib �`2
;`QrBM; �i �M 2p2` BM+`2�bBM; `�i2 �M/ bQ 2z2+iBp2 K2+?�MBbKb iQ i`�/2 i?2K Bb #2+QKBM;
BM+`2�bBM;Hv BKTQ`i�MiX

h?2 KQM2iBx�iBQM Q7 T�i2Mib Bb- ?Qr2p2`- /B{+mHi /m2 iQ i?2B` BM?2`2Mi +QKTH2tBiv �M/ i?2
bT2+B�HBx2/ M�im`2 Q7 2�+? T�i2MiX h?Bb K�F2b i?2 T`Q+2bb Q7 /m2 /BHB;2M+2 2tT2MbBp2 �M/
+QKTHB+�i2/ 7Q` TQi2MiB�H #mv2`b UE2HH2v7- kyRNVX h?2 KQ/2`M /�v T�i2Mi K�`F2i QT2`�i2b
rBi?Qmi `2HB�#H2 [m�HBiv �M/ p�Hm�iBQM #2M+?K�`Fb r?B+? K�F2b Bi +?�HH2M;BM; iQ [m�MiB7v
i?2 mb27mHM2bb Q7 � T�i2Mi J+*Hm`2 UkyR8VX �//2/ iQ i?Bb- T�i2Mib �`2 � T`Q#�#BHBbiB+
`B;?i BM i?�i QrMBM; � T�i2Mi /Q2b MQi M2+2bb�`BHv ;m�`�Mi22 �#bQHmi2 2M7Q`+2�#BHBiv �b
QM+2 � T�i2Mi Bb ;`�Mi2/ i?2 `B;?i KB;?i #2 bm#b2[m2MiHv 2HBKBM�i2/ rBi?Qmi `2+Qm`b2 Q`

RqASP UkyRNV r?Q 7QmM/ i?�i 9eX9W Q7 �TTHB+�iBQMb +�K2 7`QK *?BM�X
kGQp2 2i �HX UkyRdV b?Qrb i?�i T�i2Mib �`2 �#Qp2 N8W Q7 i?Bb BMi�M;B#H2 �bb2i p�Hm2X
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+QKT2Mb�iBQMXj AM i?2 b�H2 Q7 � T�i2Mi- Bi K�v MQi #2 �TT�`2Mi r?Q i?2 TQi2MiB�H #mv2`b
�M/ +QKT2iBM; b2HH2`b �`2- 2bT2+B�HHv BM bBim�iBQMb r?2`2 +QKT�MB2b r�Mi iQ F22T i?2B`
bi`�i2;B2b b2+`2iX h?Bb Bb #2+�mb2 i?2 p�bi K�DQ`Biv Q7 i?2 K�`F2i 7Q` HB+2MbBM; �M/ #mvBM;
T�i2Mi `B;?ib QT2`�i2b BM M2�` iQi�H /�`FM2bbX9 S�`iB2b iQ � T�i2Mi i`�Mb�+iBQM KQbiHv QTi
7Q` +QM}/2MiB�HBiv /m2 iQ mM+2`i�BMiv �#Qmi ?Qr i?2 K�`F2i �M/ i?2B` +QKT2iBiQ`b rBHH
BMi2`T`2i #Qi? i?2 b�H2 �M/ Tm`+?�b2X _2bmHi�MiHv- i?2 K�DQ`Biv Q7 i?2 K�`F2i +QKT`Bb2b
#BH�i2`�H M2;QiB�iBQMb r?2`2BM i?2 T`B+2 �M/ i2`Kb Q7 i?2 i`�Mb�+iBQM �`2 F2Ti +QM}/2MiB�HX8
h?2b2 /B{+mHiB2b K�F2 T�i2Mi i`�/2 +?�HH2M;BM;- r?B+? `2bmHib BM � i?BM K�`F2iX h?Bb
i?2bBb �BKb iQ �//`2bb bQK2 Q7 i?2b2 T`Q#H2Kb i?`Qm;? � KQ`2 i`�MbT�`2Mi �M/ 2{+B2Mi
K�`F2i K2+?�MBbK r?B+? 2KT?�bBb2b �HHQ+�iBQM 2{+B2M+v Q7 B/2�b iQ +QKT�MB2b i?�i p�Hm2
i?2K i?2 KQbiX

� H2�/BM; mb2 +�b2 Q7 i?Bb K�`F2iTH�+2 Bb i?2 kyRN 2t+HmbBp2 HB+2M+2 �;`22K2Mi #2ir22M
h2bH� �M/ i?2 lMBp2`bBiv Q7 .�H?QmbB2- r?Q +`2�i2/ � M2r #�ii2`v /2bB;M i?�i BKT`Qp2/
mTQM i?2 T`2pBQmb K�`F2i #2bi #v KQ`2 i?�M irQ 7QH/Xe h?2 mMBp2`bBiv Tm#HBb?2/ i?2
T�T2` QT2MHv 2M�#HBM; �MvQM2 iQ #mBH/ QM Bi MQM@+QKK2`+B�HHv #mi Bbbm2/ �M 2t+HmbBp2
HB+2M+2 �;`22K2Mi rBi? h2bH�- T`Qi2+i2/ #v � T�i2Mi- 2M�#HBM; h2bH� iQ mb2 i?2 B/2�b
+QKK2`+B�HHv BM i?2B` p2?B+H2b UP#2`?�mb- kyRNVX h?Bb QT2M Tm#HB+�iBQM ;Q2b �;�BMbi i?2
bi�M/�`/ T`�+iB+2 BM i?2 2H2+i`B+ p2?B+H2 BM/mbi`v r?2`2 #�ii2`v /2bB;Mb �`2 MQ`K�HHv F2Ti
�b � +HQb2Hv ;m�`/2/ b2+`2iX h?Bb HB+2M+2 Bbbm�M+2 �M/ T�T2` Tm#HB+�iBQM +QmH/ ?�p2 #22M
`mM QM i?2 T`QTQb2/ K�`F2iTH�+2 7Q` B/2�b r?B+? rQmH/ ?�p2 2M�#H2/ i?2 `2b2�`+?2`b iQ
`2�+? � Km+? rB/2` TQQH Q7 TQi2MiB�H #mv2`b �M/ i?2`27Q`2 rQmH/ ?�p2 2M�#H2/ i?2K iQ
;2M2`�i2 KQ`2 `2p2Mm2 7`QK i?2B` BMi2HH2+im�H T`QT2`ivX

h?Bb i?2bBb }`bi 2t�KBM2b i?2 bi�imb [mQ Q7 T�i2Mi K�`F2ib �M/ �M�Hvx2b i?2 +QKTH2tBiv
BM b2HHBM; B/2�bX � 7mHH BKTH2K2Mi�iBQM Q7 i?2 T`QTQb2/ K�`F2iTH�+2 Bb i?2M +QM+2Tim�H@
Bx2/- BKTH2K2Mi2/ �M/ /Bb+mbb2/X h?2 K�`F2iTH�+2 T`2b2Mi2/ �BKb iQ /Bb`mTi i?2 +m``2Mi
QT�[m2 �M/ BM2{+B2Mi K�`F2iX h?2 T`QTQb2/ K�`F2i �+ib HBF2 �M BMi2HH2+im�H T`QT2`iv
#`QF2` �M/ �+?B2p2b BM+`2�b2/ B/2� �HHQ+�iBQM 2{+B2M+v i?`Qm;? b2�H2/ #B/ �m+iBQMb r?2M
;`�MiBM; HB+2Mb2b iQ B/2�bX h?Bb K2+?�MBbK T`2b2`p2b #B//2`b p�Hm�iBQM �M/ 2Mbm`2b +QM}@
/2MiB�HBiv r?BH2 2M�#HBM; i?2 #B//2` rBi? i?2 ?B;?2bi p�Hm�iBQM iQ rBM i?2 �m+iBQMX LQi2
i?2 i?2bBb �bbmK2b i?2 2tBbi2M+2 Q7 � `Q#mbi ;HQ#�H H2;�H 7`�K2rQ`F i?�i +�M 7mHHv /272M/
� T�i2Mib 2t+HmbBpBiv UBX2 T`2p2MiBM; MQM@T�i2Mi ?QH/2`b 7`QK +QTvBM; i?2 B/2�b rBi?Qmi
QrMBM; i?2 T�i2MiVX

�//BiBQM�H K2+?�MBbKb �`2 /Bb+mbb2/ �M/ BKTH2K2Mi2/ BM+Hm/BM; � >�`#2`;2` h�t KQ/2HXd
h?Bb T`QpB/2b � r�v 7Q` +QMiBMmQmb `2@b�H2 �M/ `2T`2b2Mi�iBp2 T`B+BM; Q7 HB+2M+2b �7i2` �M
�m+iBQM Bb +QKTH2i2- i?mb 2Mbm`BM; i?�i i?2 QrM2` Q7 �M B/2� Bb �Hr�vb i?2 +QKT�Mv i?�i
p�Hm2b Bi i?2 KQbi- i?2`2#v BKT`QpBM; �HHQ+�iBQM 2{+B2M+vX h?2 i�t�iBQM BKTQb2/ 7`QK i?2

j1M7Q`+2�#BHBiv /2T2M/b i?2 T�i2MiǶb QrM2`- i?2 p�HB/Biv- �M/ +H�BK +Qp2`�;2X h?Bb +�M #2 +?�M;2/ #v
bm#D2+iBp2 BMi2`T`2i�iBQM BM � +Qm`i Q7 H�r �M/ bQ � T�i2Mi +�M #2 7QmM/ iQ #2 BMp�HB/ UJ+*Hm`2- kyR8VX

9GQp2 2i �HX UkyRdV 2biBK�i2/ i?�i QMHv kyW iQ k8W Q7 T�i2Mi i`�/2b ?�TT2M QM #`QF2`�;2 K�`F2ib
rBi? i?2 `2bi ?�TT2MBM; T`Bp�i2Hv rBi? MQ Tm#HB+ BM7Q`K�iBQM �p�BH�#H2X

8GQp2 2i �HX UkyR9V b?Qr2/ i?�i #`QF2`2/ T�i2Mi b�H2b- r?B+? ?�p2 Tm#HB+Hv �p�BH�#H2 BM7Q`K�iBQM-
+QMi`B#mi2 H2bb i?�M QM2 T2`+2Mi Q7 �HH `2p2Mm2 2�`M2/ �MMm�HHv rQ`H/rB/2 7`QK T�i2Mi �M/ HB+2M+2 b�H2bX

eP#2`?�mb UkyRNV `2TQ`ib i?�i i?2 #�ii2`v /`Bp2b p2?B+H2b Qp2` R KBHHBQM KBH2b #27Q`2 M22/BM; `2TH�+2@
K2MiX h?Bb Bb `2pQHmiBQM�`v �b 2H2+i`B+ +�`b MQr ?�p2 � HQM;2` HB72 #27Q`2 `2TH�+2K2Mi i?�M T2i`QHX

d>�`#2`;2` h�t �BKb iQ }M/ � #�H�M+2 #2ir22M Tm`2 T`Bp�i2 QrM2`b?BT �M/ iQi�H +QKKQMb QrM2`b?BT
iQ BM+`2�b2 ;2M2`�H bQ+B2iv r2H7�`2 �M/ T`Q/m+iBpBiv i?`Qm;? 2+QMQKB+ TQHB+v USQbM2` �M/ q2vH- kyRdVX
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>�`#2`;2` h�t KQ/2H Bb T�B/ /B`2+iHv iQ i?2 B/2� +`2�iQ`- +`2�iBM; � bi`2�K Q7 `2+m``BM;
BM+QK2 7Q` p�Hm�#H2 B/2�bX �//BiBQM�H `2bi`B+iBQMb iQ T`Qi2+i B/2� QrM2`b 7`QK 2tTHQBi�iBQM
�M/ bvbi2K ;�KBM; �`2 +QMbB/2`2/X

h?2 BKTH2K2Mi�iBQM T`2b2Mi2/ H2p2`�;2b i?2 1i?2`2mK #HQ+F+?�BM �M/ � b2`B2b Q7 +mbiQK
/2bB;M2/ bK�`i +QMi`�+ib iQ #mBH/ � i`mbiH2bb- +Q``mTiBQM 7`22- T22` iQ T22` K�`F2iTH�+2X
h?Bb `2KQp2b �Mv QTTQ`imMBiv 7Q` i?2 K�`F2i QT2`�iQ` iQ BM~m2M+2 �m+iBQMb- 2ti`�+i mM7�B`
`2Mi Q` K�MBTmH�i2 HB+2M+2 Bbbm�M+2X 1�+? Q7 i?2b2 +QKTQM2Mib �`2 /Bb+mbb2/ BM /2i�BH �HQM;
rBi? � /2bB;M /2+BbBQMb `�iBQM�HX

h?2 `2bi Q7 i?Bb i?2bBb Bb bi`m+im`2/ �b 7QHHQrb, *?�Ti2` k 2t�KBM2b `2H�i2/ HBi2`�im`2
�M/ i?2 #�+F;`QmM/ Q7 T�i2Mib �M/ T�i2Mi K�`F2iTH�+2bX h?Bb H�vb i?2 7QmM/�iBQM 7Q`
i?2 /Bb+mbbBQM �M/ T`QpB/2b BMbB;?i BMiQ r?2`2 i?2 K�`F2i b?QmH/ #2 TQbBiBQM2/X *?�Ti2`
j 2t�KBM2b i?2 2+QMQKB+b Q7 T`B+BM; �M/ b2HHBM; T�i2Mib �M/ i?2 +QKTH2tBiB2b i?2`2Q7X
h?Bb +?�Ti2` #mBH/b i?2 �`;mK2Mi 7Q` ?Qr �M BKT`Qp2/ K�`F2iTH�+2 7Q` B/2�b b?QmH/ #2
+QMbi`m+i2/X *?�Ti2` 9 BMi`Q/m+2b i?2 T`QTQb2/ K�`F2iTH�+2 �M/ K2+?�MBbK /2bB;M 7`QK
� +QM+2Tim�H H2p2H �M/ 2t�KBM2b i?2 /Bz2`2Mi mb2 +�b2b �M/ +QMbB/2`�iBQMb BM #mBH/BM; �
B/2� K�`F2iTH�+2X *?�Ti2` 8 T`2b2Mib � #HQ+F+?�BM bQHmiBQM 7Q` i?2 K�`F2i T`QTQb2/ BM
i?2 T`2pBQmb +?�Ti2`X h?Bb bi�`ib rBi? �M BMi`Q/m+iBQM BMiQ #HQ+F+?�BM �M/ 1i?2`2mK
�M/ Bb 7QHHQr2/ #v i2+?MB+�H BKTH2K2Mi�iBQM /2i�BHb QM ?Qr i?2 K�`F2i T`QTQb2/ +�M #2
#mBHi mbBM; � #HQ+F+?�BM bQHmiBQMX *?�Ti2` e /Bb+mbb2b i?2 BKTH2K2Mi�iBQM /2i�BHb �M/
2t�KBM2b i?2 K�`F2i �i �HH H2p2Hb Q7 i?2 i2+?MQHQ;v bi�+FX h?Bb BM+Hm/2b 2t�KBMBM; i?2
bK�`i +QMi`�+ib- M2irQ`F /2bB;M �M/ 7`QMi 2M/X *?�Ti2` d +`BiB+�HHv �M�Hvx2b i?2 T`QTQb2/
K�`F2iTH�+2 7`QK � H2;�H �M/ `2;mH�iQ`v T2`bT2+iBp2- K�`F2i K2+?�MBbK T2`bT2+iBp2 �M/
BKTH2K2Mi�iBQM pB�#BHBiv T2`bT2+iBp2X *?�Ti2` 3 +QM+Hm/2bX

h?2`2 Bb �HbQ � /2i�BH2/ �TT2M/Bt �ii�+?2/ �i i?2 2M/ Q7 Q7 i?Bb i?2bBbX Ai Bb `272`2M+2/ r?2M
�TT`QT`B�i2 i?`Qm;?QmiX h?Bb BM+Hm/2b /2i�BH2/ +QMi`�+i b2[m2M+2 /B�;`�Kb BM �TT2M/Bt
6- �TTHB+�iBQM b+`22Mb?Qib BM �TT2M/Bt A �M/ 7mim`2 `2b2�`+? BM �TT2M/Bt CX

j



*?�Ti2` k

"�+F;`QmM/ �M/ `2H�i2/ HBi2`�im`2
h?2 �p�BH�#H2 HBi2`�im`2 QM T�i2Mib- T�i2Mi K�`F2ib �M/ i?2 ?BbiQ`v Q7 i`�/BM; B/2�b Bb
2ti`2K2Hv #`Q�/X h?Bb +?�Ti2` 2t�KBM2b i?2 K2+?�MBbKb 7Q` i`�Mb72``BM; T�i2Mib �M/
i?2 �+iQ`b rBi?BM 2t+?�M;2bX AKTQ`i�MiHv- mMBp2`bBiv BMpQHp2K2Mi rBi?BM i?Bb K�`F2i Bb
�HbQ BMp2biB;�i2/ iQ #2ii2` mM/2`bi�M/ ?Qr i?2 T`QTQb2/ K�`F2i rBHH QT2`�i2 rBi?BM i?2
2tBbiBM; 2MpB`QMK2MiX

kXR h?2 ?BbiQ`v Q7 T�i2Mib KQM2iBx�iBQM
1t+HmbBp2 T�i2Mi `B;?ib ?�p2 � HQM; ?BbiQ`vX �b 2�`Hv �b 8yy "* i?2 :`22F +QHQMv Q7
av#�`Bb ;`�Mi2/ 2t+HmbBp2 `B;?ib 7Q` QM2 v2�` iQ +`2�iQ`b Q7 ǳmMB[m2 +mHBM�`v /Bb?2bǴ-
�M 2�`Hv 2t�KTH2 Q7 �M 2t+HmbBp2 `B;?i U:QH/K�M- kyyyVX .m`BM; i?2 JBM; .vM�biv BM
*?BM�- TQii2`b r2`2 `2[mB`2/ iQ K�`F i?2B` T`Q/m+ib iQ 2Mbm`2 [m�HBiv bQ i?�i T2QTH2 +QmH/
T`QT2`Hv /B`2+i +QKTH�BMib U"HQ+?- RNeyVX AM RjjR 1/r�`/ AAA ;`�Mi2/ � H2ii2` T�i2Mi iQ
CQ?M E2KT2- � 6H2KBb? r2�p2`- iQ 2MiB+2 bFBHH2/ 7Q`2B;M H�#Q` iQ b2iiH2 BM 1M;H�M/ UhBK-
kyRkVX

h?2 KQ/2`M MQiBQM Q7 � T�i2Mi Bb � i2KTQ`�`v ;Qp2`MK2Mi ;`�Mi2/ KQMQTQHv `B;?i QM �M
B/2�X h?Bb ;Bp2b i?2 QrM2` i?2 H2;�H `B;?i iQ 2t+Hm/2 Qi?2`b 7`QK mbBM; i?2 BMi2HH2+im�H
T`QT2`iv 7Q` � T2`BQ/ i?mb 2M�#HBM; i?2 QrM2` iQ 7`22Hv +�TBi�HBx2 QM i?2B` B/2� U*QMr�v-
RN8eVX h?2 B/2�b rBi?BM T�i2Mib �`2 Tm#HB+ �b �M 2M+Qm`�;2K2Mi 7Q` 7m`i?2` BMMQp�iBQMX
JQ/2`M T�i2Mib ;`�Mi 2t+HmbBp2 `B;?ib 7Q` ky v2�`b �7i2` T�i2Mi Bbbm�M+2 U>�`?Qz 2i �HX-
kyydVX PM+2 i?2 T�i2Mi 2tTB`2b Bi #2+QK2b QT2M �M/ �MvQM2 +�M 7`22Hv mb2 i?2 B/2�b
T`2b2Mi2/ rBi?BMX

h?2 }`bi 2t�KTH2 Q7 � ǳT�i2MiǴ BM i?2 KQ/2`M /2}MBiBQM r�b ;`�Mi2/ iQ � R9kR 6HQ`2MiBM2
�`+?Bi2+i- 6BHBTTQ "`mM2HH2b+?B- r?Q `2+2Bp2/ � i?`22 v2�` T�i2Mi ;`�MiBM; ?BK 2t+HmbBpBiv
QM ?Bb BMp2MiBQM- � #�`;2 rBi? � ?QBbiBM; /2pB+2- iQ i`�MbTQ`i bH�#b Q7 K�`#H2 U>�`?Qz
2i �HX- kyydVX

h`�/BM; T�i2Mib Bb MQi � M2r +QM+2Ti 2Bi?2` rBi? 2�`Hv b�H2b /�iBM; #�+F iQ i?2 R3i?
+2Mim`vX q�Hi2` >mMi BMp2Mi2/ �M/ T�i2Mi2/ i?2 b�72iv TBM BM R39N �M/ H�i2` bQH/ Bi iQ
qX _X :`�+2 �M/ *QKT�Mv 7Q` 0Ry-yyyX qX _X :`�+2 �M/ *QKT�Mv r2Mi QM iQ K�bb
T`Q/m+2 i?2 TBM �M/ K�F2 KBHHBQMb U>�`?Qz 2i �HX- kyydVX

AMi2`K2/B�`B2b ?�p2 �HbQ #22M �`QmM/ 7Q` � HQM; iBK2- BM 7�+i i?2 K�`F2i 7Q` T�i2Mib ?�b
#22M �B/2/ #v i`�/2 BMi2`K2/B�`B2b 7Q` �HKQbi �b HQM; �b T�i2Mib i?2Kb2Hp2b U�#`�Kb
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2i �HX- kyRNVX .m2 iQ i?2 +QKTH2tBiv Q7 T�i2Mib �M/ BM7Q`K�iBQM �bvKK2i`v i?2 K�`F2i
7Q` T�i2Mib bmz2`b 7`QK BMi2`M�H �M/ }M�M+B�H 7`B+iBQMb i?�i K�F2 Bi ?�`/ iQ K�i+? #mv2`b
�M/ b2HH2`bX AMi2`K2/B�`B2b +�M ?2HT /2+`2�b2 i?Bb 7`B+iBQM #v ?2HTBM; K�i+? #mv2`b �M/
b2HH2`bUG2KH2v- kyRRVX AMp2MiQ`b rBi? p�Hm�#H2 B/2�b HQQF 7Q` +?�MM2Hb iQ b2HH i?2B` B/2�X
�++Q`/BM; iQ G�KQ`2�mt 2i �HX UkyRjV i?2`2 r2`2 88y BMi2`K2/B�`B2b K�i+?BM; #mv2`b �M/
b2HH2`b Q7 T�i2Mib BM i?2 R33yǶb �+`Qbb i?2 laX

kXk AKTQ`i�M+2 Q7 T�i2Mib BM KQ/2`M #mbBM2bb
Pp2` i?2 T�bi 7Q`iv v2�`b +QKT�Mv p�Hm2 ?�b b?B7i2/ 7`QK i�M;B#H2 iQ BMi�M;B#H2 �bb2ib
U�F+B;Bi 2i �HX- kyReVX AM RNd8 RdW Q7 i?2 aS 8yy K�`F2i p�Hm2 +QMbBbi2/ Q7 BMi�M;B#H2
�bb2ib HBF2 T�i2Mib- i`�/2K�`Fb �M/ +QTv`B;?ibX AM kyR8 i?Bb ?�/ ;`QrM iQ 39W UP+2�M
hQKQ- kyRyVX >�B;? UkyR3V `2TQ`ib i?�i ;HQ#�H BMi�M;B#H2 p�Hm2 ?�/ `2�+?2/ 8dXj i`BHHBQM
la. �i i?2 #2;BMMBM; Q7 kyR3Ƕb }M�M+B�H v2�`- +QMbiBimiBM; 8kW Q7 �HH 2Mi2`T`Bb2 p�Hm2 Q7
�HH Tm#HB+Hv i`�/2/ +QKT�MB2b rQ`H/ rB/2X P7 i?2b2 BMi�M;B#H2 �bb2ib- T�i2Mib +QMbiBimi2
� F2v +QKTQM2MiX

kXkXR AKT�+i Q7 T�i2Mib QM `2b2�`+? �M/ /2p2HQTK2Mi
AMMQp�iBQM Bb 2tT2MbBp2 �M/ `BbFvX AM Q`/2` iQ ;2M2`�i2 M2r B/2�b +QKT�MB2b Kmbi BMp2bi
BM _2b2�`+? �M/ .2p2HQTK2Mi U_�.V r?B+? Bb MQi ;m�`�Mi22/ iQ ;2M2`�i2 � p�Hm�#H2 B/2�
U>�Mb2M �M/ "B`FBMb?�r- kyydVX *QKT�MB2b Q7i2M ?�p2 iQ bi�`i /Qx2Mb Q` 2p2M ?mM/`2/b
Q7 `2b2�`+? T`QD2+ib BM Q`/2` iQ �+?B2p2 QM2 +QKK2`+B�H bm++2bb U7Q` 1m`QT2- kyRRVX 6Q`
2t�KTH2- T?�`K�+2miB+�H +QKT�MB2b rBHH `2b2�`+? ?mM/`2/b Q7 KQH2+mH2b iQ +`2�i2 QM2
K�`F2i�#H2 /`m; UJ2bi`2@62``�M/Bx 2i �HX- kyRkVX �//2/ iQ i?Bb- QM+2 � M2r T`Q/m+i
Q` b2`pB+2 Bb QM i?2 K�`F2i +QKT2iBiQ`b rBHH BMp�`B�#Hv i`v iQ KBKB+ BiX � T�i2Mi ;Bp2b
i2KTQ`�`v 2t+HmbBp2 `B;?ib iQ BMp2MiQ`b- i?2`2#v BM+`2�bBM; i?2B` +?�M+2b iQ `2+Qp2` i?2
mT7`QMi BMp2biK2Mib K�/2 iQ ;2M2`�i2 BMMQp�iBQMb �M/ iQ #`BM; i?2K iQ K�`F2i UJ+*Hm`2-
kyR8VX

h?2 T`Qi2+iBQM Q7 �M B/2� �M/ i?2 +`2�iBQM Q7 � KQMQTQHv T`QpB/2b BM+2MiBp2b 7Q` 2+Q@
MQKB+�HHv 2{+B2Mi _�. UPHbQM- kyyNVX h?2 kyR3 1l AM/mbi`B�H _�. AMp2biK2Mi a+Q`2@
#Q�`/ b?Qr2/ i?�i rQ`H/rB/2- i?2 iQi�H BMp2biK2Mi BMiQ _�. Q7 i?2 iQT k8yy +QKT�MB2b
�++QmMi2/ 7Q` NyW Q7 i?2 rQ`H/Ƕb #mbBM2bb@7mM/2/ _�.- �KQmMiBM; iQ īdjeX9 #BHHBQM
U>2`M�M/2x 2i �HX- kyR3VX qBi?Qmi T`QT2` T�i2Mi H�rb Bi Bb /B{+mHi iQ DmbiB7v }M�M+B�H
2tT2Mb2b BMiQ _�.X G2;�H T`Qi2+iBQM Bb i?2`27Q`2 M2+2bb�`v iQ ;Bp2 +QKT�MB2b � +?�M+2 iQ
7mHHv 2tTHQBi i?2 B/2� �7i2` Bib +`2�iBQM iQ `2+QmT 2tT2Mb2b U�F+B;Bi 2i �HX- kyReVX

h?2 2MpB`QMK2Mi bm``QmM/BM; _�. �+iBpBiB2b Bb �HbQ +?�M;BM; /m2 iQ BM+`2�bBM; i2+?MQHQ;v
+QKTH2tBiv UGQp2 2i �HX- kyRdVX Ai Bb BM+`2�bBM;Hv /B{+mHi �M/ BM2{+B2Mi 7Q` +QKT�MB2b
iQ `2b2�`+? �M/ /2p2HQT �HH i?2 i2+?MQHQ;v +QKTQM2Mib Q7 i?2B` T`Q/m+ib QM i?2B` QrM
Uu�M�;Bb�r� �M/ :m2HH2+- kyyNVX 6Q` 2t�KTH2- KQ/2`M +2HH T?QM2b +�M ?�p2 i?Qmb�M/b
Q7 T�i2Mi2/ +QKTQM2Mib �M/ bQ7ir�`2 U�F+B;Bi 2i �HX- kyReVX h?2 �#BHBiv iQ #mv �M/ b2HH
BMi2HH2+im�H T`QT2`iv BM i?2 7Q`K Q7 T�i2Mib ?�b BM~m2M+2/ ?Qr +QKT�MB2b �TT`Q�+? i?2B`
_�. �M/ BMMQp�iBQM BM ;2M2`�H U�F+B;Bi 2i �HX- kyReVX *QKT�Mv _�. bQK2iBK2b ;2M2`�i2b
mb27mH B/2�b �M/ Qi?2` iBK2b Bi /Q2b MQiX � mb27mH B/2� BM+`2�b2b � +QKT�MvǶb T`Q/m+iBpBiv
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B7 i?2 B/2� Bb +HQb2 iQ Bib i2+?MQHQ;v +H�bbXR � +QKT�Mv K�v +?QQb2 iQ b2HH i?2 B/2� B7 Bi Bb
MQi +HQb2 iQ Bib +H�bbX *QMp2`b2Hv- � +QKT�Mv K�v +?QQb2 iQ #mv �M B/2� B7 Bi ?�b 7�BH2/ iQ
BMMQp�i2 U�F+B;Bi 2i �HX- kyReVX PM i?2 QM2 ?�M/- i?2 �#BHBiv 7Q` � +QKT�Mv iQ b2HH B/2�b
T`QpB/2b �M BM+2MiBp2 iQ 2M;�;2 BM _�. �M/ QM i?2 Qi?2` ?�M/- i?2 �#BHBiv iQ #mv �M B/2�
`2/m+2b i?2 `2r�`/ 7`QK /QBM; _�.X

kXkXk o�Hm2 Q7 � T�i2Mi iQ � +QKT�Mv
� ?B;?@i2+? bi�`imTǶb p�Hm2 Bb Q7i2M iB2/ iQ i?2 B/2� i?�i ;�p2 #B`i? iQ i?2 +QKT�Mv
U_�zQmH �M/ "`BQM- kyRRVX h?2 KQ`2 BKTQ`i�Mi �M/ BKT�+i7mH i?2 B/2�- i?2 ?B;?2` i?2
TQi2MiB�H p�Hm�iBQM Q7 i?2 +QKT�MvX _2bmHi�MiHv- #2ii2` T`Qi2+iBQM �`QmM/ i?�i B/2� K�v
�HbQ BM+`2�b2 i?2 pB�#BHBiv Q7 i?2 +QKT�Mv r?B+? �//b K2�bm`�#H2 p�Hm2 U_�zQmH �M/
"`BQM- kyRRc �F+B;Bi 2i �HX- kyReVX

S�i2Mib T`QpB/2 +QKT�MB2b rBi? i?2 7`22/QK iQ QT2`�i2 �b i?2v FMQr i?�i i?2v �`2 T`Q@
i2+i2/ 7`QK HBiB;�iBQM r?2M rQ`FBM; QM i?2 bT2+B}+ T`Q/m+i Q` B/2� Uu�M�;Bb�r� �M/
:m2HH2+- kyyNVX 6Q` 2t�KTH2 r?2M � +QKT�Mv #`BM;b �M 2ti2`M�H B/2� Q` i2+?MQHQ;v BMiQ
i?2B` #mbBM2bb i?2v Kmbi +�`27mHHv 2t�KBM2 B7 i?2 B/2� +�M #2 mb2/ rBi?Qmi BM7`BM;BM; QM
i?2 H2;�H `B;?ib Q7 i?2 B/2� +`2�iQ`Ƕb T�i2Mi Uu�M�;Bb�r� �M/ :m2HH2+- kyyNVX A7 i?2v �H@
`2�/v ?�p2 i?2 T�i2Mib iQ �M B/2� i?2v �`2 7`22 iQ QT2`�i2 BM i?�i /QK�BM rBi? /2+`2�b2/
HBiB;�iBQM +QM+2`MbX

kXj h?2 K�`F2i 7Q` T�i2Mib �b �M �bb2i
J�`F2ib 2M�#H2 i?2 2t+?�M;2 Q7 ;QQ/b �M/ b2`pB+2b- BM+Hm/BM; BMi�M;B#H2 �bb2ib HBF2 T�i2MibX
h?2 Q#D2+iBp2 Q7 � K�`F2i Bb iQ 2bi�#HBb? � T`B+2- [m�MiBiv �M/ � b2i Q7 `B;?ib i?�i `2bmHib
BM i?2 i`�Mb72` Q7 QrM2`b?BT 7`QK QM2 T�`iv iQ �MQi?2` UC�`Qbx 2i �HX- kyRyVX S�i2Mib
�`2 � +QKTHB+�i2/- Mm�M+2/ �M/ bT2+B�HBx2/ �bb2i r?B+? K�F2b i?2 2t+?�M;2 �M/ T`B+2
/Bb+Qp2`v i?2`2Q7 +QKTH2t U�F+B;Bi 2i �HX- kyReVX h?2b2 +QKTH2tBiB2b rBHH #2 2t�KBM2/
QM+2 �M Qp2`pB2r Q7 i?2 K�`F2i �b � r?QH2 ?�b #22M T`2b2Mi2/X

kXjXR �+iQ`b BM i?2 T�i2Mi K�`F2iTH�+2
S�i2Mi b2HH2`b KB;?i b2HH i?2B` B/2�b B7 i?2v �`2 MQi �HB;M2/ rBi? i?2B` +Q`2 #mbBM2bbX
�F+B;Bi 2i �HX UkyReV +QM+Hm/2b i?�i � T�i2Mi +QMi`B#mi2b KQ`2 iQ � +QKT�MvǶb p�Hm2 B7 Bi
Bb +HQb2` BM i2`Kb Q7 Ǵi2+?MQHQ;B+�H /Bbi�M+2Ǵ �M/ �b bm+? T�i2Mib i?�i �`2 7�` 7`QK � +QK@
T�MB2b T`BK�`v Qz2`BM; �`2 KQ`2 HBF2Hv iQ #2 bQH/Xk �Hi2`M�iBp2Hv- BMp2MiQ`b- mMBp2`bBiB2b
Q` +QKT�MB2b r?Q /Q MQi ?�p2 i?2 K2�Mb iQ +QKK2`+B�HBx2 �M B/2� KB;?i r�Mi iQ b2HH Bi
U�F+B;Bi 2i �HX- kyReVX h?Bb Bb r?2`2 i?2 K�`F2iTH�+2 7Q` B/2�b T`2b2Mi2/ BM i?Bb i?2bBb
QT2`�i2b, B/2�b i?�i �`2 #2ii2` bmBi2/ iQ #2 BKTH2K2Mi2/ #v Qi?2` +QKT�MB2bX

S�i2Mi #`QF2`b �`2 i?2 BMi2HH2+im�H T`QT2`iv 2[mBp�H2Mi Q7 `2�H 2bi�i2 �;2Mib �M/ QT2`�i2
QM #Qi? i?2 #mv �M/ b2HH bB/2 Q7 � T�i2Mi i`�Mb�+iBQM UGQp2 2i �HX- kyRdc u�M�;Bb�r� �M/

R1�+? +QKT�Mv QT2`�i2b rBi?BM � T�`iB+mH�` i2+?MQHQ;v +H�bb- r?B+? Bb }t2/ Qp2` iBK2X h?Bb /2}M2b
i?2 /QK�BM rBi?BM r?B+? i?2v QT2`�i2 �M/ rBHH /B+i�i2 B7 �M B/2� Bb mb27mH Q` MQi UG2KH2v- kyRRVX

kh2+?MQHQ;B+�H /Bbi�M+2 Bb i?2 H2M;i? Q7 i2+?MQHQ;B+�H bT�+2 #2ir22M irQ i?BM;bX AM i?Bb +�b2 � +QKT�Mv
�M/ �M B/2�X A7 i?2 B/2� Bb �HB;M2/ rBi? i?2 +QKT�MB2b +Q`2 Qz2`BM; i?2M i?2 /Bbi�M+2 Bb HQr2`X
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:m2HH2+- kyyNVX h?2v ?2HT iQ K�`F2i T�i2Mib QM i?2 b2HH2`b #2?�H7 �M/ �ii2KTi iQ }M/
�M/ M2;QiB�i2 /2�Hb rBi? #mv2`b BM 2t+?�M;2 7Q` � 722Xj

h?2 K2+?�MBbK T`2b2Mi2/ BM i?Bb i?2bBb QT2`�i2b rBi?BM i?Bb #`QF2`2/ T�i2Mi K�`F2i-
�BKBM; iQ /2+`2�b2 i?2 7`B+iBQM #2ir22M #mv2`b �M/ b2HH2`b �M/ BM+`2�b2 �HHQ+�iBQM 2{+B2M+v
r?BH2 KBMBKBxBM; i?2 2tTHQBi�iBQM 7`QK BMi2`K2/B�`B2bX

"mv2`b Q7 T�i2Mib- HBF2 b2HH2`b- 2Bi?2` BMi2`�+i /B`2+iHv BM i?2 K�`F2i Q` pB� �M BMi2`K2@
/B�`v i?B`/ T�`iv r?Q `2T`2b2Mib i?2KX J+*Hm`2 UkyR8V �M/ G�KQ`2�mt 2i �HX UkyRjV }M/
i?�i +QKT�MB2b #mv T�i2Mib 7Q` i?`22 T`BK�`v `2�bQMb,

RX iQ ;�BM �++2bb iQ i?2 mM/2`HvBM; BMi2HH2+im�H T`QT2`iv UAS i`�Mb72`V-

kX �b � /272MbBp2 i�+iB+ iQ 72M/ Qz HBiB;�iBQM U/272MbBp2 �+[mBbBiBQMV Q`

jX rBi? i?2 BMi2MiBQM Q7 Tm`bmBM; H2;�H �+iBQM �;�BMbi +QKT�MB2b i?�i �`2 BM7`BM;BM; QM
i?2 T�i2Mi UQz2MbBp2 �+[mBbBiBQMVX

S�i2Mi �;;`2;�iQ`b BM/B`2+iHv `2T`2b2Mi #mv2`b �M/ 7�+BHBi�i2 +QQ`/BM�iBQM #2ir22M KmH@
iBTH2 +QKT�MB2b rBi? �HB;M2/ BMi2`2bib UG2KH2v �M/ Jv?`pQH/- kyyNVX 6Q` 2t�KTH2 i?2
�HHB2/ a2+m`Biv h`mbi �+ib �b � /272MbBp2 T�i2Mi �;;`2;�iQ` iQ `2T`2b2Mi Bib K2K#2` +QKT�@
MB2bX Ai +?�`;2b � K2K#2`b?BT 722 r?B+? Bb mb2/ iQ #mv T�i2Mib Q7 BMi2`2bi iQ Bib K2K#2`b
UGQp2 2i �HX- kyRdVX GQp2 2i �HX UkyRdV bmKK�`Bx2/ T�i2Mib Tm`+?�b2/ #v �M �;;`2;�iQ`
i2M/ iQ #2 BM QM2 Q7 i?`22 +�i2;Q`B2b,

RX T�i2Mib i?�i �`2 #2BM; 2M7Q`+2/ �;�BMbi K2K#2`b-

kX T�i2Mib i?�i K2K#2`b bmbT2+i +QmH/ #2 mb2/ �;�BMbi i?2K BM i?2 7mim`2 Q`

jX T�i2Mib i?�i K2K#2`b r�Mi iQ ?QH/ �b /272M+2 iQ ;m�`/ �;�BMbi +QKT2iBiQ`bX

LQM@T`�+iB+BM; 2MiBiB2b ULS1bV �`2 +QKT�MB2b r?Qb2 T`BK�`v bQm`+2 Q7 `2p2Mm2 Bb
7`QK T�i2Mi HB+2MbBM; 722b Q` T�i2Mi HBiB;�iBQM �r�`/b UG2KH2v �M/ Jv?`pQH/- kyyNVX h?2
+QKTH2t M�im`2 Q7 T�i2Mib- H�+F Q7 #2M+?K�`Fb- 2t+?�M;2 �M/ b2�`+? 7`B+iBQM �M/ i?2
QT�[m2 M�im`2 Q7 i?2 K�`F2i +`2�i2b � T2`72+i 2MpB`QMK2Mi 7Q` i?2 T`QHB72`�iBQM Q7 mM+2`@
i�BMiv UJ+*Hm`2- kyR8VX AM i?Bb 2MpB`QMK2Mi �/p2`b2 b2H2+iBQM i?`Bp2b r?B+? ?�b 2M�#H2/
LS1b iQ 2K2`;2X LS1b 2M+QKT�b2b BM/BpB/m�H BMp2MiQ`b r?Q /Q MQi BKTH2K2Mi i?2B` BM@
p2MiBQMb- mMBp2`bBiv AS HB+2MbBM; Q{+2b �M/ b?2HH +QKT�MB2b i?�i }H2 ?mM/`2/b Q7 H�rbmBib
iQ T�i2Mi �;;`2;�iQ`b r?Qb2 `2p2Mm2 +QK2b 7`QK HB+2MbBM; 722b Uu�M�;Bb�r� �M/ :m2HH2+-
kyyNVX q?BH2 bQK2 LS1b �`2 H2;BiBK�i2 HB+2M+BM; 2MiBiB2b- bm+? �b mMBp2`bBiB2b- K�Mv �`2
2tTHQBi�iBp2 �M/ i?2B` bQH2 �BK Bb iQ 2ti`�+i p�Hm2 7`QK BM7`BM;BM; +QKT�MB2bX

S�i2Mi �bb2`iBQM 2MiBiv US�1bV �`2 � bm#b2i Q7 LS1b �M/ �;;`2;�iQ`b i?�i ?QH/ �
TQ`i7QHBQ Q7 T�i2Mib �M/ KQM2iBx2 i?2K i?`Qm;? HBiB;�iBQM �M/ HB+2M+BM; 722b `�i?2` i?�M
bmTTQ`iBM; /2p2HQTK2Mi Q` i`�Mb72` Q7 i2+?MQHQ;v UGQp2- kyRjVX h?2v +�M #2 b22M �b
bT2+mH�iQ`b BM i?2 T�i2Mi K�`F2i UJ+*Hm`2- kyR8VX S�1b �`2 FMQrM iQ 2t2+mi2 � 7Q`K
Q7 ǳ?QH/mTǴ- #v bmBM; BM7`BM;BM; +QKT�MB2b QM i?2 T�i2Mib i?2v ?QH/ U�#`�Kb 2i �HX-
kyRNVX S�1b /Q MQi +QKT2i2 rBi? i?2 +QKT�MB2b i?�i i?2v bm2 �M/ bQ i?2v �`2 �#H2 iQ
i�F2 �/p�Mi�;2 Q7 b2p2`�H H2;�H QTTQ`imMBiB2b i?�i �`2 ;2M2`�HHv MQi �p�BH�#H2 iQ QT2`�iBM;

jGQp2 2i �HX UkyRNV `2TQ`ib i?�i QM �p2`�;2 i?2b2 722b �`2 kyW Q7 i?2 /2�H +HQb2/X
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+QKT�MB2bX 6Q` 2t�KTH2- #2+�mb2 S�1b /Q MQi b2HH T`Q/m+ib i?�i +QKT2i2 rBi? i?Qb2
T`Q/m+2/ #v �HH2;2/ BM7`BM;2`b- i?2v �`2 �#H2 iQ �pQB/ +QmMi2`bmBib UGQp2- kyRjVX

�//2/ iQ i?Bb S�1b bm2 iQ `2+Qp2` KQM2i�`v /�K�;2b `�i?2` i?�M BMDmM+iBQMb iQ T`Qi2+i
K�`F2i b?�`2 UGQp2- kyRjVX _2bmHiBM;Hv- S�1b +�M bi`�i2;B+�HHv /2H�v bmBib mMiBH i?2B`
�HH2;2/ BM7`BM;2`b �`2 HQ+F2/ BM iQ mbBM; i?2 �HH2;2/Hv BM7`BM;BM; i2+?MQHQ;v i?`Qm;? K�M@
m7�+im`BM; � T`Q/m+i �M/ bQ +�M MQi 2�bBHv brBi+? iQ �M �Hi2`M�iBp2 i?�i /Q2b MQi BM7`BM;2
QM i?2 T�i2Mi U�#`�Kb 2i �HX- kyRNVX S�1b �`2 +QKKQMHv `272``2/ iQ �b ǳT�i2Mi i`QHHbǴ
�M/ �`2 b22M �b � #m`/2M QM BMMQp�iBQM BM KQbi b2iiBM;b U�#`�Kb 2i �HX- kyRNVX

GQp2 2i �HX UkyRdV 2biBK�i2b i?�i 8yW Q7 T�i2Mib bQH/ rBM/ mT BM i?2 ?�M/b Q7 S�1b
�M/ �;;`2;�iQ`b- M2Bi?2` Q7 r?B+? +QKK2`+B�HBx2 i?2 i2+?MQHQ;vX h?2 �+iBpBiB2b Q7 S�1b
?�b ;`QrM /`�K�iB+�HHv BM i?2 H�bi ky v2�`bX J+*Hm`2 UkyR8V 7QmM/ i?�i BM kyRk S�1b
#`Qm;?i Qp2` k899 H�rbmBib BM i?2 la- r?B+? �++QmMib 7Q` eRW Q7 �HH T�i2Mi bmBibX "2bb2M
�M/ J2m`2` UkyR9V 7QmM/ i?�i i?Bb HBiB;�iBQM �+iBpBiv ?�b � /B`2+i +Qbi Q7 0kN #BHHBQM T2`
v2�` QM i?2 rQ`H/ 2+QMQKvX

S�i2Mi b2`pB+2b BM+Hm/2 b2H7@QT2`�i2/ bQ7ir�`2 iQ ?2HT +QKT�MB2b B/2MiB7v T`Q#H2K@
�iB+ T�i2Mib �M/ T�i2Mi K�M�;2K2Mi +QMbmHi�Mib UJ+*Hm`2- kyR8VX *QMbmHi�Mib Qz2`
T�i2Mi �M/ T`BQ` �`i b2�`+?- BM7`BM;2K2Mi �M�HvbBb- T`Q/m+i i2�`/QrMb- BM+Hm/BM; `2p2`b2@
2M;BM22`BM; �M/ T�i2Mi p�HB/�iBQM UJ+*Hm`2- kyR8VX9 lHiBK�i2Hv i?2b2 +QKT�MB2b ?2HT
iQ B/2MiB7v � +QKT�MB2b AS `BbF �M/ #2ii2` mM/2`bi�M/ i?2 mM+2`i�BMiv �bbQ+B�i2/ rBi?
Qmibi�M/BM; T�i2Mib �;�BMbi i?2B` T`Q/m+ib �M/ b2`pB+2b UJ+*Hm`2- kyR8VX �M 2ti2MbBp2
HBbi Q7 b2H7@QT2`�i2/ bQ7ir�`2 �M/ +QMbmHiBM; b2`pB+2b +�M #2 b22M BM �TT2M/Bt �X

kXjXk J2+?�MBbKb 7Q` i`�Mb72``BM; T�i2Mi `B;?ib
hQ/�v i?2 K�`F2i 7Q` T�i2Mib Bb 2ti`2K2Hv 7`�;K2Mi2/ �M/ QT�[m2X JQbi /2�HBM;b ?�T@
T2M BM iQi�H b2+`2+v /m2 iQ mM+2`i�BMiv �#Qmi ?Qr i?2 K�`F2i �M/ i?2B` +QKT2iBiQ`b rBHH
BMi2`T`2i i?2 b�H2 UGQp2 2i �HX- kyRdVX S�i2Mi b�H2b ?�TT2M pB� � MmK#2` Q7 /Bz2`2Mi K2+?@
�MBbKb i?�i +�M #2 bTHBi #2ir22M i?2 [m�bB@Tm#HB+ #`QF2`2/ K�`F2i �M/ T`Bp�i2 #BH�i2`�H
M2;QiB�iBQMb UGQp2 2i �HX- kyRdVX

h?2 [m�bB@Tm#HB+ #`QF2`2/ K�`F2i 2M+QKT�bb2b �HH K�`F2i K2+?�MBbKb r?2`2 � i?B`/
T�`iv K�i+?2b T�i2Mi #mv2`b �M/ b2HH2`b U�#`�Kb 2i �HX- kyRNVX aQK2 Q7 i?Bb K�`F2i Bb
Tm#HB+ �M/ QT2M- 2M�#HBM; �MvQM2 iQ #`Qrb2 +�i�HQ;b Q7 T�i2Mib- Qi?2`b `2[mB`2 bB;M mT
�M/ `2;Bbi`�iBQM 722b �M/ bQK2 �`2 KQ`2 2t+HmbBp2 �M/ +�M #2 �++2bb2/ pB� BMpBi�iBQM QMHv
Uu�M�;Bb�r� �M/ :m2HH2+- kyyNVX h?Bb `QH2 r�b Q`B;BM�HHv }HH2/ #v +QKT�MB2b r?Q rQmH/
b22F Qmi #mv2`b QM b2HH2`b #2?�H7- �M/ Bb MQr }HH2/ #v i?B`/ T�`iv TH�i7Q`Kb r?Q 7�+BHBi�i2
K�i+?BM; UGQp2 2i �HX- kyRdVX

S�i2Mi +H2�`BM; ?Qmb2b 7�HH mM/2` i?2 /2}MBiBQM Q7 T�i2Mi #`QF2`b Uo�M Pp2`r�HH2 2i �HX-
kyydVX h?2b2 �+i iQ #`BM; #mv2`b �M/ b2HH2`b iQ;2i?2` rBi? p�`vBM; H2p2Hb Q7 BMpQHp2K2Mi
BM i?2 2t+?�M;2X h?2`2 �`2 i?`22 K�BM ivT2b Q7 +H2�`BM; ?Qmb2b,

RX AM7Q`K�iBQM +H2�`BM; ?Qmb2b r?B+? bBKTHv T`QpB/2 � K2+?�MBbK iQ 2t+?�M;2 i2+?@
MB+�H �M/ `2H2p�Mi T�i2Mi BM7Q`K�iBQM �#Qmi � T�i2Mi b�H2 iQ TQi2MiB�H #mv2`bX h?Bb

9S`BQ` �`i Bb � T`2pBQmbHv Tm#HB+Bx2/ p2`bBQM Q7 � p2`v bBKBH�` i2+?MQHQ;v r?B+? +�M BKT�+i � +H�BK Q7
Q`B;BM�HBivX *QMbmHiBM; b2`pB+2b �B/ BM }M/BM; bBKBH�` T�i2Mib i?�i +QmH/ ?�p2 �M Qp2`H�T rBi? �M B/2�X

3



Bb � Tm#HB+- ǳ7Q` b�H2Ǵ- #BHH#Q�`/ 7Q` T�i2Mib Uo�M Pp2`r�HH2 2i �HX- kyydVX

kX h2+?MQHQ;v 2t+?�M;2 +H2�`BM; ?Qmb2- r?B+? T`QpB/2b T`Bp�i2 BM7Q`K�iBQM 2t+?�M;2
iQ TQi2MiB�H #mv2`b i?�i i?2 b2HH2` ?�b /22K2/ �++2Ti�#H2X h?Bb +�M BMpQHp2 � /m2
/BHB;2M+2 T`Q+2bb 7`QK i?2 +H2�`BM; ?Qmb2 iQ p2i i?2 #B//2`b UGQp2 2i �HX- kyRdVX

jX _Qv�Hiv@+QHH2+iBQM +H2�`BM; ?Qmb2 r?Q T`QpB/2 i?�i /2}M2/ BM URV �M/ UkV #mi �HbQ
�+i iQ 7�+BHBi�i2 i?2 �+im�H T�i2Mi 2t+?�M;2 #2ir22M #mv2`b �M/ b2HH2`b Uu�M�;Bb�r�
�M/ :m2HH2+- kyyNVX

h?2 K�`F2i T`2b2Mi2/ BM i?Bb i?2bBb 2M+QKT�bb2b Km+? Q7 i?2 7mM+iBQM�HBiv /2b+`B#2/ BM
UjV r?BH2 2tT�M/BM; i?2 b+QT2 iQ BM+Hm/2 i?2 Bbbm�M+2 Q7 #HQ+F+?�BM #�b2/ HB+2M+2bX

�M 2t�KTH2 Q7 � i2+?MQHQ;v 2t+?�M;2 +H2�`BM; ?Qmb2 Bb i?2 AMi2HH2+im�H �bb2i J�M�;2K2Mi
UA�JV K�`F2i- r?B+? r�b bi�`i2/ #v i?2 A�J K�;�xBM2 �M/ MQr �++QmMib 7Q` k8W Q7
�HH T�i2Mib bQH/ BM i?2 #`QF2`�;2 K�`F2i Uu�M�;Bb�r� �M/ :m2HH2+- kyyNVX AKTQ`i�MiHv-
MQ T`B+BM; BM7Q`K�iBQM Bb HBbi2/ BM i?2 A�J K�`F2ic `�i?2` b2HH2`b HBbi T�i2Mib Q` T�i2Mi
TQ`i7QHBQb �M/ #mv2`b `2�+? Qmi iQ b2HH2`b i?`Qm;? i?2 TH�i7Q`K �M/ i?2M M2;QiB�i2 HBbiBM;
T`B+2b Q|BM2 UGQp2 2i �HX- kyRdVX h?Bb K2+?�MBbK i?2`27Q`2 �+ib iQ #`BM; #mv2`b �M/
b2HH2`b iQ;2i?2` BM � Tm#HB+ 7Q`K �M/ 2M�#H2b T`Bp�i2 #BH�i2`�H M2;QiB�iBQMb iQ Q++m` QM+2
i?2 K�i+?BM; 7`B+iBQM ?�b #22M Qp2`+QK2X

h?2 T`Bp�i2 T�i2Mi K�`F2i +QMbBbib Q7 b2+`2i #BH�i2`�H M2;QiB�iBQMb /B`2+iHv #2ir22M
#mv2`b �M/ b2HH2`b rBi?Qmi i?2 �bbBbi�M+2 Q7 � #`QF2` UGQp2 2i �HX- kyRdVX h?2b2 i`�/2b i2M/
iQ #2 Q7 ?B;? p�Hm2 #2ir22M H�`;2 +QKT�MB2b �M/ +QMbBbi Q7 #�+F �M/ 7Q`i? M2;QiB�iBQMb
#2ir22M #mv2`b �M/ b2HH2`b mMiBH i2`Kb �`2 `2�+?2/ UC�`Qbx 2i �HX- kyRyVX GQp2 2i �HX UkyRNV
2biBK�i2b i?�i i?2 T`Bp�i2 T�i2Mi K�`F2i Bb mTr�`/b Q7 Ry iBK2b H�`;2` i?�M i?2 #`QF2`2/
K�`F2iX h?2b2 T`Bp�i2 b�H2Ƕb i2`Kb i2M/ iQ #2 #2bTQF2 �M/ �`2 KQiBp�i2/ #v � rB/2` b2i Q7
7�+iQ`b i?�i BM+Hm/2 KQ`2 i?�M Dmbi i?2 i`�Mb72` Q7 T�i2Mib- bm+? �b bi`�i2;B+ �M/ #mbBM2bb
`2H�iBQMb U�#`�Kb 2i �HX- kyRNVX �+im�H T�i2Mi QrM2`b?BT i`�Mb72` i2M/b iQ Q++m` QMHv
�7i2` 2ti2MbBp2 /m2 /BHB;2M+2 Bb +QM/m+i2/ QM #Qi? bB/2b UC�`Qbx 2i �HX- kyRyVX h?2 /2i�BHb
Q7 i?2b2 /2�HBM;b �`2 KQbiHv mMFMQrM mMH2bb i?2v �`2 #`Qm;?i iQ Tm#HB+ HB;?i i?`Qm;? �
+Qm`i +�b2 Q` �+[mBbBiBQM UJ+*Hm`2- kyR8VX

S`Bp�i2 #BH�i2`�H M2;QiB�iBQMb �`2 Q7i2M mb2/ #v H�`;2 +QKT�MB2b /m2 iQ mM+2`i�BMiv �#Qmi
?Qr i?2 K�`F2i �M/ i?2B` +QKT2iBiQ`b rBHH BMi2`T`2i i?2 b�H2 UGQp2 2i �HX- kyRdVX ai`�i2;B@
+�HHv +?QQbBM; � HBKBi2/ MmK#2` Q7 M2;QiB�iBM; T�`iM2`b- #QmM/ #v MQM /Bb+HQbm`2 �;`22@
K2Mib- 2M�#H2b T�i2Mi b2HH2`b iQ `2p2�H 7�` H2bb T`QT`B2i�`v BM7Q`K�iBQM `2;�`/BM; TQi2MiB�H
T�i2Mi p�Hm2X S`Bp�i2 M2;QiB�iBQMb �HbQ 2M�#H2 KQ`2 #2bTQF2 �;`22K2Mib iQ #2 `2�+?2/
i?�i +�M �++QKKQ/�i2 #mv2`b �M/ b2HH2`b bT2+B}+ `2[mB`2K2Mib �M/ M22/b UC�`Qbx 2i �HX-
kyRyVX

h?2 H�+F Q7 BM7Q`K�iBQM BM i?2 T`Bp�i2 T�i2Mi K�`F2i K�F2b Bi /B{+mHi iQ [m�MiB7v i?2
T`B+2 Q7 T�i2Mib i`�/2/- i?2 bBx2 Q7 i?2 K�`F2i �M/ i?2 MmK#2` Q7 K�`F2i T�`iB+BT�Mib
UJ+*Hm`2- kyR8VX G2KH2v �M/ Jv?`pQH/ UkyyNV +QKT�`2b i?Bb T`Bp�i2 K�`F2i iQ � biQ+F
K�`F2i BM r?B+? #mv2`b �M/ b2HH2`b +�MǶi }M/ i?2 T`B+2 �i r?B+? �MvQM2 2Hb2 2t+?�M;2/
� biQ+FX A7 QM2 r�Mi2/ iQ #mv Q` b2HH � biQ+F i?2v rQmH/ ?�p2 iQ ;m2bb Bib T`B+2X h?2
`2bmHi Q7 i?Bb Bb K�bbBp2 BM2{+B2M+vX qBHHBM; #mv2`b �M/ b2HH2`b rQmH/ KBbb 2�+? Qi?2`- i?2
b�H2 T`B+2 rQmH/ p�`v rB/2Hv #2ir22M b�H2b �M/ i?Qb2 rBi? T`Bp�i2 Q` BMbB/2` BM7Q`K�iBQM
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rQmH/ #2 2�bBHv �#H2 iQ 2tTHQBi Qi?2`bX Pp2`�HH i?Bb K�`F2i rQmH/ #2 MQr?2`2 +HQb2 iQ
r?�i iQ/�vǶb biQ+F K�`F2i Bb BM i2`Kb Q7 pQHmK2 �M/ 2{+B2M+vX

.m2 iQ i?2 QT�+Biv BM i?2 T`Bp�i2 T�i2Mi K�`F2i i?Bb b�K2 BM2{+B2M+v �M/ 2MbmBM; 2t@
THQBi�iBQM ~Qm`Bb?2bX qBHHBM; #mv2`b �M/ b2HH2`b +�MǶi }M/ 2�+? Qi?2` �M/ T`B+2b �`2 �HH
Qp2` i?2 K�TX h?Bb `2bmHib BM +QKT�MB2b Q7i2M B;MQ`BM; T�i2Mi `B;?ib �HiQ;2i?2` #2+�mb2
i?2v +�MMQi K�F2 `2�bQM�#H2 7Q`2+�bib 7Q` i?2 +Qbi Q7 Q#i�BMBM; � HB+2M+2X h?Bb H�+F Q7
T`B+BM; BM7Q`K�iBQM T2`KBib T�i2Mi QrM2`b iQ 2tTHQBi +QKT�MB2b i?�i K�F2 T`Q/m+ib #v
/2K�M/BM; ?B;? `Qv�HiB2b 7`QK � Dm`v i?�i ?�b MQ r�v Q7 [m�MiB7vBM; i?2 �+im�H rQ`i? Q7 �
T�i2MiX G2KH2v �M/ Jv?`pQH/ UkyyNV bm;;2bib i?�i i?2 bQHmiBQM iQ i?Bb H�+F Q7 BM7Q`K�iBQM
Bb iQ `2[mB`2 i?2 Tm#HB+�iBQM Q7 T�i2Mi �bbB;MK2Mi �M/ HB+2M+BM; i2`KbX

Pi?2` i?�M i?2 H�+F Q7 2{+B2M+v BM i?2 T`Bp�i2 K�`F2i- #BH�i2`�H M2;QiB�iBQMb ?�p2 b2p2`�H
Qi?2` /`�r#�+FbX 6B`biHv- Bi Bb /B{+mHi 7Q` � b2HH2` iQ }M/ �M �TT`QT`B�i2 #mv2` rBi?Qmi
BM+m``BM; i?2 +Qbi Q7 rB/2Hv �/p2`iBbBM; i?2 �p�BH�#BHBiv Q7 i?2B` T�i2Mib UC�`Qbx 2i �HX-
kyRyVX �i i?2 b�K2 iBK2 #mv2`b /QMǶi r�Mi iQ Tm#HB+Bx2 i?2 /2bB`2 iQ #mv T�i2Mib �b
i?Bb +QmH/ `2p2�H +QKT2iBiBp2 Q` H2;�H r2�FM2bb2b BM i?2B` T�i2Mi TQ`i7QHBQb iQ +QKT2iBiQ`b
UJ+*Hm`2- kyR8VX L2;QiB�iBQMb �`2 iBK2 +QMbmKBM; �M/ /m2 /BHB;2M+2 Bb 2tT2MbBp2X �//B@
iBQM�HHv- i?2`2 Bb �M QTTQ`imMBiv +Qbi �bbQ+B�i2/ rBi? /2pQiBM; � bm#bi�MiB�H TQ`iBQM Q7 �
T�i2MiǶb HBKBi2/ HB72 iQ M2;QiB�iBQM `�i?2` i?�M T�i2Mi 2tTHQBi�iBQM UC�`Qbx 2i �HX- kyRyVX
A7 M2;QiB�iBQMb #`2�F /QrM- i?2b2 +Qbib #2+QK2 T�`iB+mH�`Hv �+mi2 #2+�mb2 M2;QiB�iBQMb
Kmbi bi�`i Qp2` �;�BM UE2HH2v7- kyRNVX

h?2b2 `2�bQMb mHiBK�i2Hv K2�M i?�i i?2 T`Bp�i2 K�`F2i 7Q` T�i2Mib Bb i?BM- rBi? HBiiH2
QTTQ`imMBiv 7Q` `Q#mbi #B//BM; �M/ +QmMi2` #B//BM; `2bmHiBM; BM TQQ` T`B+BM; /Bb+Qp2`vX

kX9 h?2 +m``2Mi bi�imb �M/ bBx2 Q7 T�i2Mi i`�/2b
qASP UkyRNV `2+Q`/2/ jXj KBHHBQM T�i2Mib `2;Bbi2`2/ rQ`H/rB/2 BM kyR3X h?2 T�i2Mi
K�`F2i �b � r?QH2 UBM+Hm/BM; T`Bp�i2 i`�Mb�+iBQMb �M/ T�i2Mi HB+2M+BM;V Bb 2biBK�i2/ iQ
#2 #2ir22M 0j8 �M/ 0Ryy #BHHBQM � v2�` UGQp2 2i �HX- kyRdVX h?Bb 2biBK�i2 `�M;2 Bb bQ
H�`;2 /m2 iQ i?2 QT�[m2 M�im`2 Q7 i?2 K�`F2i �M/- �b bm+?- /Bz2`2Mi 2biBK�i2b rBHH HQQF
�i p�`vBM; /�i� b2ib �M/ K2i`B+bX �F+B;Bi 2i �HX UkyReV b?Qrb i?�i QM �p2`�;2 ReW Q7 �HH
T�i2Mib `2;Bbi2`2/ BM i?2 lMBi2/ ai�i2b S�i2Mi �M/ h`�/2K�`F P{+2UlaShPV �`2 i`�/2/
�M/ i?�i M2r T�i2Mib �`2 bQH/ rBi?BM 8X93 v2�`bX

�b Q7 kyRe i?2 H�`;2bi #mv2`b Q7 T�i2Mib �`2 T`Q/m+i T`Q/m+BM; i2+?MQHQ;v +QKT�MB2b
UGQp2 2i �HX- kyRdVX h?2b2 +QKT�MB2b �HbQ `2+2Bp2 i?2 ?B;?2bi MmK#2` Q7 HBiB;�iBQMb rBi?
i?2 iQT 8 #2BM; :QQ;H2- �TTH2- JB+`QbQ7i- a�KbmM; �M/ *Bb+Q UGQp2 2i �HX- kyRdVX hQ
mM/2`bi�M/ i?2 b+�H2 Q7 i?Bb K�`F2i �M/ i?2 pQHmK2 Q7 i`�/2 #2ir22M i?2b2 H�`;2` i2+?
TH�v2`b- i?2 LQ`i2H �M/ bm#b2[m2Mi JQiQ`QH� �+[mBbBiBQMb �`2 Qz2`2/ �b T`BK�`v 2t�KTH2b
UPr2M- kyRkVX AM kyRR � +QMbQ`iBmK +�HH2/ _Q+Fbi�` "B/+Q 7Q`K2/ #v �TTH2- JB+`QbQ7i-
_AJ- aQMv- 1`B+bbQM �M/ 1J* #Qm;?i 9yyy T�i2Mib 7`QK i?2 `2+2MiHv #�MF`mTi LQ`i2H
L2irQ`Fb UPr2M- kyRkVX h?Bb �+[mBbBiBQM `�M QM �M �m+iBQM r?2`2 :QQ;H2 �M/ _Q+Fbi�`
2M;�;2/ BM � b2[m2MiB�H #B//BM; r�` mMiBH _Q+Fbi�` rQM Qmi rBi? � 09X8 #BHHBQM #B/ U�F+B;Bi
2i �HX- kyReVX �7i2` LQ`i2HǶb #�MF`mTi+v i?2 +QKT�MB2b �bb2ib r2`2 bQH/ 7Q` �TT`QtBK�i2Hv
0j #BHHBQM- v2i i?2 �m+iBQM }MBb?2/ �i 09X8 #BHHBQM /2KQMbi`�iBM; ?Qr � +QKT�MvǶb T�i2Mib
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+�M #2 rQ`i? KQ`2 i?�M �HH Q7 Bib Qi?2` �bb2ib UGQp2 2i �HX- kyRdVX

aQQM �7i2` i?2 �+[mBbBiBQM _Q+Fbi�` "B/+Q 2M;�;2/ BM KmHiBTH2 HBiB;�iBQMb �;�BMbi :QQ;H2
7Q` � MmK#2` Q7 T�i2Mib i?�i i?2v r2`2 �+iBp2Hv BM7`BM;BM; UJmHHBM- kyRjVX hQ #mBH/ �
/272MbBp2 TQ`i7QHBQ iQ T`Qi2+i �;�BMbi 7m`i?2` HBiB;�iBQM- :QQ;H2 T`Q+22/2/ iQ #mv JQiQ`QH�
iQ �+[mB`2 Rd-yyy T�i2Mib �i 0RkX8 #BHHBQM BM +�b? UCQ?MbiQM- kyRRVX h?2v ?2H/ i?2 +QKT�Mv
7Q` QMHv i?`22 v2�`b �M/ bQH/ i?2K BM kyR9 7Q` 0kXNR #BHHBQM iQ G2MQpQ UCQ?MbiQM- kyRRVX

h?2b2 irQ �+[mBbBiBQMb b?Qr i?2 b+�H2 Q7 i?2 T�i2Mi K�`F2i BM bBM;H2- T`Bp�i2- #BH�i2`�H
i`�/2bX

kX8 JQM2iBx�iBQM Q7 AS 7`QK mMBp2`bBiB2b
�b i?2 T`BK�`v mb2 +�b2 7Q` i?2 K�`F2i T`2b2Mi2/ BM i?Bb i?2bBb Bb 7Q` +QKK2`+B�HHv pB�#H2
`2b2�`+? Tm#HBb?2/ 7`QK mMBp2`bBiB2b- Bi Bb �Ti iQ HQQF �i ?Qr mMBp2`bBiB2b pB2r AS KQM2@
iBx�iBQMX h`�Mb72``BM; `2b2�`+? +`2�i2/ rBi?BM mMBp2`bBiB2b iQ +QKT�MB2b Bb BKTQ`i�Mi BM
T`QKQiBM; BMMQp�iBQM Uu�M�;Bb�r� �M/ :m2HH2+- kyyNVX h?Bb Bb � Kmim�HHv #2M2}+B�H bBim@
�iBQM r?2`2BM mMBp2`bBiB2b +�M `�Bb2 7mM/BM; 7`QK HB+2M+BM; �M/ T�i2Mi b�H2b �M/ +QKT�MB2b
+�M �++2bb #2ii2` B/2�b /B`2+iHv 7`QK �+�/2KB+ BMbiBimiBQMbX

>Qr2p2` K�`F2i QT�[m2M2bb K�F2b Bi /B{+mHi iQ [m�MiB7v mMBp2`bBiv T�`iB+BT�iBQMX PM
i?2 QM2 ?�M/ UGQp2 2i �HX- kyRNV 7QmM/ i?�i #2ir22M RNNy �M/ kyRd KQ`2 i?�M ky-yyy la
T�i2Mib r2`2 i`�Mb72``2/ #v mMBp2`bBiB2bX PM i?2 Qi?2` ?�M/- mbBM; `�r i`�Mb72` MmK#2`b
iQ [m�MiB7v BMpQHp2K2Mi Bb /B{+mHi �b T�i2Mi i`�Mb72`b #v mMBp2`bBiB2b �`2 Q7i2M �b � `2bmHi
Q7 /Bp2`b2 +B`+mKbi�M+2bX 6Q` 2t�KTH2- mMBp2`bBiB2b Q7i2M i`�Mb72` AS �bb2ib iQ bTBM Qmi
+QKT�MB2b bi�`i2/ #v mMBp2`bBiB2b r?Q �ii2KTi iQ KQM2iBx2 i?2 AS UGQp2 2i �HX- kyRNVX
AM/22/ �miK UkyRdV }M/b i?�i Qp2` Ryyy bTBM Qmib +�K2 7`QK mMBp2`bBiB2b BM kyRd �HQM2
rBi? Qp2` Ry-yyy bi�`imTb #2BM; 7Q`K2/ 7`QK RNN8X

lMBp2`bBiB2b �HbQ `2;mH�`Hv +QHH�#Q`�i2 rBi? BM/mbi`v T�`iM2`b r?Q 7mM/ �M/ bQK2iBK2b
�+iBp2Hv T�`iB+BT�i2 BM `2b2�`+?X h?Bb Bb mbm�HHv rBi? i?2 mM/2`bi�M/BM; i?�i i?2 BM/mbi`v
T�`iM2` rBHH `2+2Bp2 `B;?ib iQ mb2 i?2 AS �7i2` i?2 7�+i UGQp2 2i �HX- kyRNVX h?Bb FBM/ Q7
+QHH�#Q`�iBQM r�b b22M BM i?2 H2�/BM; 2t�KTH2 Q7 i?2 h2bH� �M/ i?2 lMBp2`bBiv Q7 .�H?QmbB2
r?2`2BM h2bH� 7mM/2/ T�`i Q7 i?2 `2b2�`+? BM 2t+?�M;2 7Q` �++2bb iQ i?2 T`Q/m+2/ AS
UP#2`?�mb- kyRNVX

PM2 +QKKQM i?2K2 �KQM;bi i?2 HBi2`�im`2 2t�KBMBM; mMBp2`bBiB2b BM i?2 AS K�`F2i Bb i?�i
Bi Bb +QKT�`�iBp2Hv `�`2 7Q` mMBp2`bBiB2b iQ i`�Mb72` �bb2ib 7QHHQrBM; M2;QiB�iBQMb rBi? i?B`/
T�`iB2b i?�i �`2 mM`2H�i2/ iQ i?2 BMbiBimiBQM UG2KH2v �M/ Jv?`pQH/- kyyNVX 6Q` 2t�KTH2-
mMBp2`bBiB2b b2H/QK T�`iB+BT�i2 BM i?2 #`QF2`�;2 K�`F2iX "2ir22M kyRk �M/ kyRe QMHv
7Qm`i22M T�i2Mi T�+F�;2b r2`2 bQH/ #v mMBp2`bBiB2b Q` Qi?2` `2b2�`+? BMbiBimiBQMb- r?B+?
�KQmMib iQ jW Q7 i?2 iQi�H #`QF2`�;2 K�`F2i BM i?�i T2`BQ/ UGQp2 2i �HX- kyRdc G2pv-
kyR8VX

GQp2 2i �HX UkyRNV }M/b i?�i Q7 T�i2Mib bQH/ #v mMBp2`bBiB2b- �#Qmi irQ@i?B`/b 2M/ mT
BM i?2 ?�M/b Q7 LS1bX h?2v �HbQ 7QmM/ i?�i kNW Q7 T�i2Mib i`�Mb72``2/ �`2 mb2/ 7Q`
/272MbBp2 Q` Qz2MbBp2 �+[mBbBiBQMb #v QT2`�iBM; +QKT�MB2b ?QTBM; iQ �pQB/ Q` BKTQb2
HBiB;�iBQM `BbFX �HH BM �HH GQp2 2i �HX UkyRNV }M/b i?�i `Qm;?Hv NyW Q7 i?2 T�i2Mi K�`F2i
7`QK mMBp2`bBiB2b `2pQHp2b �`QmM/ KBiB;�iBM; +QKT�Mv HBiB;�iBQM �M/ `BbFX _2bmHi�MiHv-
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T�i2Mi �+[mBbBiBQM 7`QK mMBp2`bBiB2b +HQb2Hv KB``Q`b i?�i Q7 i?2 #`QF2`�;2 K�`F2i rBi? i?2
BMi2MiBQM Q7 KBiB;�iBM; HBiB;�iBQM `BbF- MQi i?2 i`�Mb72` Q7 i2+?MQHQ;vX

AMi2`2biBM;Hv- wmMB;� UkyRRV }M/b i?�i i?2 K�DQ`Biv Q7 T�i2Mi i`�Mb72`b Q++m` 7`QK Tm#HB+
mMBp2`bBiB2bX aBKBH�`Hv GQp2 2i �HX UkyRNV +QM+Hm/2/ 7`QK i?2B` bim/v i?�i 2HBi2 la `2b2�`+?
mMBp2`bBiB2b �HKQbi 2MiB`2Hv `27`�BM 7`QK b2HHBM; T�i2Mib iQ i?B`/ T�`iB2bX h?Bb Bb T�`iHv �
`2bmHi Q7 la `2;mH�iBQM �`QmM/ ;Qp2`MK2Mi 7mM/2/ BMbiBimiBQMb KQM2iBxBM; AS- BM �++Q`@
/�M+2 rBi? i?2 "�v?@.QH2 �+i *P:_ URNNNVX �//BiBQM�HHv- 2HBi2 la mMBp2`bBiB2b �`2 Q7i2M
#2ii2` TQbBiBQM2/ iQ HBiB;�i2 T�i2Mi pBQH�iBQMb i?�M LS1b rBi? GQp2 2i �HX UkyRNV }M/BM;
i?�i la Dm`Q`b pB2r la mMBp2`bBiB2b KQ`2 7�pQm`�#Hv i?�M LS1b BM +Qm`iX

AM i2`Kb Q7 T�i2Mi b�H2b �M/ HBiB;�iBQMb BM i?2 Tm#HB+ /QK�BM- � MmK#2` Q7 ?B;? T`Q}H2 +�b2b
?�p2 Q++m``2/ BM `2+2Mi v2�`bX AM kyRy- *Q`M2HH lMBp2`bBiv rQM � 0R39 KBHHBQM HBiB;�iBQM
�;�BMbi >2rH2ii@S�+F�`/ BM � +�b2 i?�i H�i2` b2iiH2/ QM +QM}/2MiB�H i2`KbX �++Q`/BM; iQ
GQp2 2i �HX UkyR9V *�`M2;B2 J2HHQM lMBp2`bBiv `2+2Bp2/ � 0RX8 #BHHBQM Dm/;K2Mi bmBi �;�BMbi
J�`p2HH a2KB+QM/m+iQ`bX .2bTBi2 i?2b2 H�`;2 HBiB;�iBQMb Bi Bb 2biBK�i2/ #v _v�M �M/ 6`v2
UkyR3V i?�i QM �p2`�;2 mMBp2`bBiv T�i2Mi T`Q;`�Kb +QHH2+iBp2Hv 2�`M � M2;�iBp2 `�i2 Q7
`2im`M rBi? �M Qp2`�HH HQbb Q7 KQ`2 i?�M jWX

kX8XR lMBp2`bBiv T�i2Mi BM+2MiBp2b
_v�M �M/ 6`v2 UkyR3V /2}M2b mMBp2`bBiB2b �b +?�`Bi�#H2 Q`;�MBx�iBQMb r?B+? �BK iQ T`QKQi2
BMMQp�iBQM 7Q` Tm#HB+ ;QQ/X J�Mv �+�/2KB+ BMbiBimiBQMb `2Hv QM bB;MB}+�Mi ;Qp2`MK2Mi
BMp2biK2Mi iQ bmTTQ`i `2b2�`+? iQ T`QKQi2 i?2 /Bbb2KBM�iBQM �M/ ;`Qri? Q7 FMQrH2/;2
r?B+? biBKmH�i2b BMMQp�iBQMX �++Q`/BM; iQ _v�M �M/ 6`v2 UkyR3V T�i2Mib +QmH/- BM i?2Q`v-
/Q 2p2M KQ`2 iQ 2M+Qm`�;2 mMBp2`bBiB2b iQ BMp2bi �//BiBQM�H `2bQm`+2b BMiQ BMMQp�iBQMX

>Qr2p2` _v�M �M/ 6`v2 UkyR3V �+FMQrH2/;2 i?�i i?2 KQM2iBx�iBQM Q7 T�i2Mib Bb MQi M2+@
2bb�`BHv �HB;M2/ rBi? i?2 ;Q�Hb Q7 �+�/2KB+ BMbiBimiBQMbX 6Q` QM2- i?2 T�i2Mi bvbi2K mb2b
T`Bp�i2 2+QMQKB+ BM+2MiBp2b iQ T`QKQi2 BMMQp�iBQMX h?Bb +`2�i2b BM+2MiBp2b 7Q` mMBp2`bB@
iB2b iQ BMp2bi BM T�i2Mi�#H2 BMMQp�iBQM iQ K�tBKBx2 T`Bp�i2 2+QMQKB+ p�Hm2X lHiBK�i2Hv
i?Bb K2�Mb i?�i mMBp2`bBiB2b rBHH miBHBx2 Tm#HB+Hv 7mM/2/ `2b2�`+? iQ ;2M2`�i2 T�i2Mi�#H2
BMMQp�iBQMb 7Q` T`Bp�i2 ;�BMX

GQp2 2i �HX UkyR9V +QM/m+i2/ � b2`B2b Q7 BMi2`pB2rb rBi? �+�/2KB+b �i � MmK#2` Q7 la
mMBp2`bBiB2b �M/ 7QmM/ i?�i 38W Q7 `2b2�`+?2`b /B/ MQi i?BMF i?�i T�i2Mi `B;?ib �`2 �KQM;
i?2 iQT 7Qm` 7�+iQ`b KQiBp�iBM; i?2B` `2b2�`+? �M/ i?�i T�i2Mib /Q MQi KQiBp�i2 i?2B`
`2b2�`+? Q#D2+iBp2bX AM 7�+i GQp2 2i �HX UkyR9V +H�BKb i?�i mMBp2`bBiv T�i2Mi T`Q;`�Kb K�v
`2/m+2 i?2 [m�HBiv �M/ [m�MiBiv Q7 mMBp2`bBiv `2b2�`+? #v ?�`KBM; T`Q72bbQ`b �#BHBiv iQ
Q#i�BM 7mM/BM;- +QHH�#Q`�i2 rBi? Qi?2`b �M/ /Bbb2KBM�i2 i?2B` rQ`F �b � `2bmHi Q7 H2;�H
`2bi`B+iBQMb BMi`Q/m+2/ #v i?2 T�i2MibX �//BiBQM�HHv i?2 �mi?Q`b }M/b i?�i 72r2` i?�M
8yW Q7 bTBM@Qz +QKT�MB2b `2TQ`i i?�i ?�pBM; � T�i2Mi �{`K�iBp2Hv ?2HT2/ i?2B` B/2�
+QKK2`+B�HBx�iBQMX

�HmKMB UkyyeV �`;m2b i?�i ǳmMBp2`bBiB2b rQmH/ #2ii2` b2`p2 i?2 Tm#HB+ BMi2`2bi #v 2Mbm`BM;
�TT`QT`B�i2 mb2 Q7 i?2B` i2+?MQHQ;v #v `2[mB`BM; i?2B` HB+2Mb22b iQ QT2`�i2 mM/2` � #mbBM2bb
KQ/2H i?�i 2M+Qm`�;2b +QKK2`+B�HBx�iBQM �M/ /Q2b MQi `2Hv T`BK�`BHv QM i?`2�ib Q7 BM@
7`BM;2K2Mi HBiB;�iBQM iQ ;2M2`�i2 `2p2Mm2ǴX h?Bb b2MiBK2Mi Bb 2+?Q2/ GQp2 2i �HX UkyRNV BM

Rk



i?�i i?2 T`BK�`v ;Q�H Q7 mMBp2`bBiv i2+?MQHQ;v i`�Mb72` Bb iQ 7�+BHBi�i2 mMBp2`bBiv `2b2�`+?
+QKK2`+B�HBx�iBQMX

h?2b2 BMbB;?ib �`2 BMp�Hm�#H2 BM /2}MBM; i?2 ;Q�Hb Q7 i?2 T`QTQb2/ K�`F2iTH�+2 7Q` B/2�b,
1M�#H2 �+�/2KB+ BMbiBimiBQMb iQ HB+2M+2 �M/ KQM2iBx2 B/2�b r?BH2 MQi BMi2`72`BM; rBi? i?2
MQ`K�H �+�/2KB+ T`Q+2bb2bX JQM2iBx�iBQM b?QmH/ bmTTQ`i i?2 7QmM/�iBQM�H `2b2�`+? �M/
BMbiBimiBQMb i?�i K�/2 i?2 `2b2�`+? TQbbB#H2 r?BH2 MQi +Q``mTiBM; i?2 BM+2MiBp2b Q7 `2b2�`+?X
�//BiBQM�HHv- BM �++Q`/�M+2 rBi? mMBp2`bBiv b2MiBK2Mi �M/ i?2 "�v?@.QH2 �+i- mMBp2`bBiB2b
b?QmH/ `2K�BM i?2 QrM2`b Q7 i?2 T�i2Mib �M/ KQM2iBx�iBQM b?QmH/ Q++m` i?`Qm;? � HB+2M+BM;
b+?2K2X h?Bb rBHH 7�+BHBi�i2 i2+?MQHQ;v i`�Mb72` r?BH2 KBMBKBxBM; QTTQ`imMBiv 7Q` LS1b
iQ 2tTHQBi mMBp2`bBiv T�i2Mib i?`Qm;? HBiB;�iBQMX

kXe P+2�M hQKQ T�i2Mi �m+iBQM K�`F2iTH�+2
� +Q`2 +QKTQM2Mi Q7 i?2 K2+?�MBbK T`2b2Mi2/ BM i?Bb i?2bBb Bb � b2�H2/ #B/ �m+iBQM mb2/ BM
i?2 BMBiB�H �HHQ+�iBQM Q7 HB+2M+2b �7i2` i?2 Tm#HB+�iBQM Q7 �M B/2�X Ai Bb i?2`27Q`2 �TT`QT`B�i2
iQ 2t�KBM2 i?2 2tBbiBM; T�i2Mi �m+iBQM K�`F2i KQ`2 +HQb2HvX

h?2`2 �`2 � MmK#2` Q7 T�i2Mi K�`F2iTH�+2b i?�i mb2 �m+iBQMb �b i?2B` K�BM T`B+BM; K2+?�@
MBbKX PM2 Q7 i?2 KQbi r2HH FMQrM Bb P+2�M hQKQ r?Q Qz2`b BMi2HH2+im�H T`QT2`iv `2H�i2/
b2`pB+2b �M/ `mMb QM2 Q7 i?2 rQ`H/b H�`;2bi �M/ KQbi bm++2bb7mH T�i2Mi �m+iBQM K�`F2i@
TH�+2b UGQp2 2i �HX- kyRdVX AM kyye P+2�M hQKQ ?2H/ i?2 rQ`H/Ƕb }`bi ǳHBp2Ǵ T�i2Mi �m+iBQM
2KTHQvBM; �M QT2M@Qmi+`v 7Q`K�i iQ ;2M2`�i2 K�tBKmK �m/B2M+2 T�`iB+BT�iBQM �M/ #mxx
UC�`Qbx 2i �HX- kyRyVX

�m+iBQMb �`2 MQi M2r iQ i?2 T�i2Mi rQ`H/ rBi? i?2 }`bi `2+Q`/2/ �m+iBQM /�iBM; #�+F iQ
RNNj r?2`2 i?2 A_a �m+iBQM2/ Qz T�i2Mib iQ `2+Qp2` i�t2b UC�`Qbx 2i �HX- kyRyVX q?�i
P+2�M hQKQ /B/ /Bz2`2MiHv r�b iQ #mBH/ ?vT2 �M/ 2t+Bi2K2Mi �`QmM/ i?2 �m+iBQM i?2v
r2`2 ?QH/BM; i?`Qm;? � HBp2 �m+iBQM T`Q+2bb UC�`Qbx 2i �HX- kyRyVX P+2�M hQKQ ?2H/ �
iQi�H Q7 Ry QT2M@Qmi+`v 1M;HBb? �m+iBQMb +Qp2`BM; T�i2Mi `B;?ib #27Q`2 i?2B` �+[mBbBiBQM #v
A*�S S�i2Mi "`QF2`�;2 BM kyyN UC�`Qbx 2i �HX- kyRyVX

P+2�M hQKQǶb �m+iBQMb 7�+BHBi�i2/ i?2 b�H2 Q7 #Qi? HB+2M+2b �M/ Qmi`B;?i T�i2Mi i`�Mb72`
UC�`Qbx 2i �HX- kyRyVX �m+iBQMb mbm�HHv 7�+BHBi�i2 i?2 b�H2 Q7 ǳHQibǴ Q7 T�i2Mibc � #mM/H2 Q7
QM2 Q` KQ`2 T�i2Mib bQH/ �i i?2 b�K2 iBK2X "B//2`b T`2`2;Bbi2`2/ 7Q` �m+iBQMb �i r?B+?
TQBMi i?2v r2`2 T`QpB/2/ rBi? � b2H2+iBQM Q7 +m`�i2/ BM7Q`K�iBQM r?B+? �BK2/ iQ /2+`2�b2
i?2 /m2 /BHB;2M+2 `2[mB`2/ Uai�i?Bb- kyyNVX P+2�M hQKQ 2KTHQv2/ i?2B` QrM T`QT`B2i�`v
T�i2Mi `�iBM; bvbi2K r?B+? �BK2/ iQ [m�MiB7v �M ǳQ#D2+iBp2Ǵ K2�bm`2 Q7 T�i2Mib p�Hm2 #v
HQQFBM; �i � MmK#2` Q7 F2v K2i`B+b i?2v /2}M2/X �b T�`i Q7 i?Bb i?2v i`B2/ iQ B/2MiB7v
T�i2Mib i?�i �`2 bmBi�#H2 7Q` � HBp2 �m+iBQM U_�K2`- kyyeVX P+2�M hQKQ i�F2b � HBbiBM; 722
Q7 #2ir22M 0R-yyy �M/ 0e-yyy /2T2M/BM; QM i?2 HQi- b2HH2`b T�v �M �//BiBQM�H R8W mTQM
+QMp2`bBQM �M/ #mv2`b T�v � RyW T`2KBmK UC�`Qbx 2i �HX- kyRyVX

P+2�M hQKQ ;2M2`�i2/ � iQi�H Q7 0RR9Xe KBHHBQM BM `2p2Mm2 b2HHBM; � iQi�H Q7 k3k HQib Q7
T�i2Mib #2ir22M kyye �M/ kyyN UC�`Qbx 2i �HX- kyRyVX P+2�M hQKQ bm++22/ BM bQK2 r�vb
�M/ 7�BH2/ BM Qi?2`bX

h?2v bm++22/2/ BM `2/m+BM; i?2 b2HH2`Ƕb b2�`+? +Qbi Q7 K�`F2iBM; AS iQ #mv2`b U"2M�bbB
�M/ .B JBMBM- kyyNVX h?2v �HbQ `2/m+2/ M2;QiB�iBQM iBK2b �b �M �m+iBQM 7�+BHBi�i2b 7�bi2`
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T`B+2 /Bb+Qp2`v i?�M #BH�i2`�H M2;QiB�iBQMb UC�`Qbx 2i �HX- kyRyVX �//BiBQM�HHv- i?2v Q7@
72`2/ �MQMvKBiv iQ i?2B` #B//2`b i?`Qm;? `2KQi2 #B//BM;- T`Qtv #B//BM; �M/ 2p2M b?2HH
+Q`TQ`�iBQMb b2i mT bT2+B}+�HHv 7Q` i?2 �m+iBQM UC�`Qbx 2i �HX- kyRyVX

aQK2 Q7 i?2 b?Q`i+QKBM;b 7`QK P+2�MhQKQǶb �m+iBQMb BM+Hm/2 i?2 ?B;? HBbiBM; �M/ �m+iBQM
722b r?B+? �`2 bB;MB}+�Mi 2MQm;? iQ /2+`2�b2 i`�Mb�+iBQM pQHmK2 UC�`Qbx 2i �HX- kyRyVX �
MmK#2` Q7 HQib `2+2Bp2/ MQ #B/b �i �HH- r?B+? K�F2b HBbiBM; BM �M �m+iBQM `BbFvX >�/
i?2 �m+iBQM 7�BH2/- Bi K�v ?�p2 #22M #2ii2` iQ MQi 2Mi2` i?2 �m+iBQM �i �HH- �b TQi2MiB�H
Tm`+?�b2b Q` HB+2Mb22b rBHH ?�p2 Q#b2`p2/ i?�i i?2 T2`+2Bp2/ p�Hm2 Q7 i?2 i2+?MQHQ;v Bb
HQr �M/ rBHH bm#b2[m2MiHv Qz2` Km+? H2bb i?�M i?2B` Q`B;BM�H p�Hm�iBQM Uu�M�;Bb�r� �M/
:m2HH2+- kyyNVX a2p2`�H �m+iBQMb �HbQ 2tT2`B2M+2/ #B/b r?B+? /B/ MQi K22i i?2 `2b2`p2/
T`B+2 r?B+? `2bmHi2/ BM TQbi@�m+iBQM M2;QiB�iBQM #2ir22M #mv2`b �M/ b2HH2`bX AM 7�+i P+2�M
hQKQ 2M+Qm`�;2b TQbi@�m+iBQM b�H2b UC�`Qbx 2i �HX- kyRyVX h?2 T`Q#H2K rBi? i?Bb Bb i?�i
Bi mM/2`KBM2b i?2 TQBMi Q7 i?2 �m+iBQM �b � K2+?�MBbK iQ 2HB+Bi #B//2`b i`m2 p�Hm�iBQM,
`�i?2` i?2 �m+iBQM �+ib �b � K2�Mb Q7 HBKBi2/ T`B+2 /Bb+Qp2`v r?B+? Bb i?2M mb2/ BM i?2
TQbi@�m+iBQM M2;QiB�iBQMb Uq�M; 2i �HX- kyReVX

kXd *?�Ti2` +QM+HmbBQM
h?Bb +?�Ti2` QmiHBM2/ i?2 ?BbiQ`v Q7 T�i2Mib �M/ i?2B` BKTQ`i�M+2 BM KQ/2`M /�v #mbBM2bb
�b BMi�M;B#H2 �bb2ibX h?2 K�`F2i 7Q` T�i2Mib r�b 2t�KBM2/- �HQM; rBi? Bib �+iQ`b �M/
BMi2`K2/B�`B2bX AKTQ`i�MiHv- i?2 H�`;2 bBx2 �M/ b+QT2 Q7 T�i2Mi �;;`2;�i2b �M/ i?B`/ T�`iB2b
r�b T`2b2Mi2/X h?2b2 T�i2Mi BMi2`K2/B�`B2b Q7i2M 2M;�;2 BM /272MbBp2 T�i2Mi �+[mBbBiBQM
rBi? i?2 T`BK�`v ;Q�H Q7 i`�/BM; T�i2Mib #2BM; `BbF i`�Mb72`X h?Bb Bb `2H2p�Mi �b i?2
+QMi`B#miBQMb Q7 i?Bb i?2bBb �BKb iQ /Bb`mTi i?2 T�i2Mi BMi2`K2/B�`v �+iBM; �b �M QT2M-
7`22 �M/ MQM@`2Mi b22FBM; bm#biBimi2 7Q` i?2 2tBbiBM; #`QF2`�;2 K�`F2iX

h?2 BKTHB+�iBQMb Q7 B/2� KQM2iBx�iBQM 7Q` mMBp2`bBiB2b r�b �HbQ /Bb+mbb2/X h?2 +Q`2 i�F2@
�r�v 7`QK i?Bb Bb i?�i i?2 T`QTQb2/ K�`F2i b?QmH/ �BK iQ T`QpB/2 �+�/2KB+b rBi? �
K2�Mb iQ KQM2iBx2 i?2B` `2b2�`+?X h?2 K�`F2i b?QmH/ i`v iQ �HB;M rBi? �M �+�/2KB+ BMbiB@
imiBQMǶb +Q`2 ;Q�Hb, K2�MBM;7mH FMQrH2/;2 +QMi`B#miBQM iQ i?2 +QKKQMb r?BH2 T`QpB/BM;
�M 2MpB`QMK2Mi 7Q` 7QmM/�iBQM�H `2b2�`+?X lMBp2`bBiv AS KQM2iBx�iBQM b?QmH/ H2p2`�;2 �
HB+2MbBM; b+?2K2 r?2`2BM i?2 mMBp2`bBiv `2K�BMb i?2 QrM2` Q7 i?2 mM/2`HvBM; B/2� i?`Qm;?
� T�i2MiX JQM2iBx�iBQM b?QmH/ 2M+Qm`�;2 i2+?MQHQ;v i`�Mb72` 7`QK mMBp2`bBiB2b iQ +QKT�@
MB2b iQ biBKmH�i2 BMMQp�iBQM �M/ ;`Qri?X lMBp2`bBiB2b b?QmH/ BM im`M #2M2}i }M�M+B�HHv
7Q` i?2B` B/2� +QMi`B#miBQM iQ b�B/ +QKT�Mv r?B+? rBHH mHiBK�i2Hv bmTTQ`i i?2 +Q`2 ;Q�Hb
Q7 i?2 BMbiBimiBQMX

h?2 M2ti +?�Ti2` 2t�KBM2b i?2 2+QMQKB+b Q7 T`B+BM; T�i2Mib �M/ i?2 /B{+mHiB2b i?2`2Q7X
h?Bb Bb #mBHi QM i?2 7QmM/�iBQM H�B/ rBi?BM i?Bb +?�Ti2` �M/ H�i2` H2�/b iQ i?2 T`QTQb2/
K�`F2iTH�+2 7Q` B/2�b BM i?2 +?�Ti2`b i?�i 7QHHQrX
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*?�Ti2` j

h?2 1+QMQKB+b Q7 b2HHBM; T�i2Mib
Zm�MiB7vBM; �M/ /Bb+Qp2`BM; i?2 T`B+2 Q7 �M �bb2i Bb � F2v +QKTQM2Mi BM �Mv 2t+?�M;2X h?Bb
+?�Ti2` 2t�KBM2b T�i2Mib �M/ i?2 K�`F2iTH�+2 7Q` B/2�b 7`QK �M 2+QMQKB+b T2`bT2+iBp2X
h?2 +QKTH2tBiB2b BM T`B+BM; B/2�b �`2 2tTHQ`2/- �b r2HH �b i?2 /Bz2`2Mi K2+?�MBbKb i?�i
�`2 mb2/ BM iQ/�vǶb T�i2Mi K�`F2iTH�+2X G�biHv- B/2�b �b � bm#b2i Q7 /�i� Bb /Bb+mbb2/ �b
r2HH �b �M BMBiB�H BMi`Q/m+iBQM BMiQ r?v #HQ+F+?�BM Bb `2H2p�Mi BM i?Bb +QMi2tiX

1+QMQKB+ i?2Q`v DmbiB}2b T�i2Mib �b � K2�Mb iQ bQHp2 K�`F2i 7�BHm`2b i?�i �`Bb2 7`QK
i?2 7`22 `B/2` T`Q#H2KR U_v�M �M/ 6`v2- kyR3VX qBi?Qmi T�i2Mib i?2 +`2�iBQM Q7 M2r
B/2�b #2+QK2b � Tm`2 Tm#HB+ ;QQ/ r?B+? Bb +QKTH2i2Hv MQM@`Bp�H`Qmbk �M/ MQM@2t+Hm/�#H2j

U"�iQ`- kyRkVX 6`22 `B/BM; T`2p2Mib BMp2MiQ`b 7`QK `2+Qp2`BM; i?2 }t2/ �M/ QTTQ`imMBiv
+Qbi Q7 BMp2MiBQM r?B+? `2bmHib BM K�`F2i 7�BHm`2X9 h?`Qm;? i?Bb H2Mb- T�i2Mib bQHp2 K�`F2i
7�BHm`2b BM BMMQp�iBQM #v +`2�iBM; � i2KTQ`�`v 2t+HmbBp2 `B;?i 7Q` BMp2MiQ`b r?B+? 2M�#H2b
i?2K iQ `2+H�BK i?2B` }t2/ +Qbib i?mb BM+2MiBpBbBM; BMMQp�iBQM U_v�M �M/ 6`v2- kyR3VX

S�i2Mib +�M- ?Qr2p2`- +�mb2 K�`F2i 7�BHm`2b i?`Qm;? BM2{+B2Mi `B;?ib �M/ ?B;? i`�Mb�+iBQM
+QbibX PM+2 � T�i2Mi Bb ;`�Mi2/ i?2 BMp2MiQ`Ƕb +Qbib �`2 bmMF K2�MBM; i?�i �Mv 7mim`2
`2b2�`+? �M/ /2p2HQTK2Mi rBHH `2bmHi BM 7m`i?2` +Qbib r?B+? biB~2b K�`;BM�H BKT`Qp2K2Mi
Qp2` r?�i r�b T�i2Mi2/ U*?B2M- kyRyVX h?2`2 �`2 � MmK#2` Q7 Qi?2` K�`F2i �M/ b2�`+?
7`B+iBQMb r?B+? K�F2 Bi /B{+mHi iQ 2t+?�M;2 T�i2Mib r?B+? 7m`i?2` +�mb2 K�`F2i 7�BHm`2bX
h?2b2 �`2 MQr 2tTHQ`2/X

jXR *?�HH2M;2b BM T`B+BM; T�i2Mib
6BM/BM; � K�`F2i +H2�`BM; T`B+2 iQ 2t+?�M;2 � T�i2Mi �i Bb /B{+mHi /m2 iQ � MmK#2` Q7
`2�bQMb r?B+? K�F2 T�i2Mib � mMB[m2- Mm�M+2/ �bb2iX aQK2 Q7 i?2b2 +?�HH2M;2b �`2 MQr
/Bb+mbb2/X

R6`22 `B/BM; Bb i?2 #m`/2M QM � b?�`2/ `2bQm`+2 7`QK Qp2`mb2 #v T2QTH2 r?Q /QMǶi T�v i?2B` 7�B` b?�`2X
kLQM@`Bp�H`Qmb K2�Mb i?�i QM2Ƕb +QMbmKTiBQM /Q2b MQi /BKBMBb? i?2 +QMbmKTiBQM Q7 Qi?2`bX h?Bb

/Bz2`b 7`QK � `Bp�H ;QQ/ i?�i +�M QMHv #2 +QMbmK2/ #v QM2 T2`bQM �i � iBK2X LQM@`Bp�H`Qmb ;QQ/b i2M/
iQ ?�p2 H�`;2 }t2/ +Qbib �M/ HQr K�`;BM�H +Qbib U>`vb?FQ- kyyRVX

jLQM@2t2+mi�#H2 K2�Mb i?�i MQM@T�vBM; +QMbmK2`b +�MMQi #2 T`2p2Mi2/ 7`QK �++2bbBM; i?2 ;QQ/X
9J�`F2i 7�BHm`2 Bb � M2i HQbb BM 2+QMQKB+ p�Hm2 r?2M �HHQ+�iBQM #v � 7`22 K�`F2i Bb MQi S�`2iQ 2{+B2MiX
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jXRXR AM7Q`K�iBQM �bvKK2i`v BM i?2 K�`F2iTH�+2 7Q` T�i2Mib
PM2 Q7 i?2 +Q`2 +?�HH2M;2b BM [m�MiB7vBM; � T�i2Mi T`B+2 Bb BM7Q`K�iBQM �bvKK2i`v #2ir22M
#mv2`b �M/ b2HH2`b r?B+? `2bmHib BM K�`F2i BM2{+B2M+v UJ+*Hm`2- kyR8VX h?Bb BM2{+B2M+v
`2bmHib 7`QK mM+2`i�BMiv `2;�`/BM; T�i2Mi b+QT2- p�HB/Biv �M/ p�Hm2X �MQi?2` 2H2K2Mi Q7
BM7Q`K�iBQM �bvKK2i`v Bb T�i2Mi +QKTH2tBivX "v /2}MBiBQM- T�i2Mib �`2 mb2/ iQ T`Qi2+i
M2r Q` MQp2H B/2�bX h?Bb K2�Mb i?�i i?2v ?�p2 +QKTH2t- +miiBM; 2/;2 �M/ ?B;?Hv i2+?MB+�H
/QK�BM FMQrH2/;2 rBi?BM i?2KX h?Bb HBKBib i?2 BM/BpB/m�Hb i?�i +�M p�Hm2 i?2K r?B+?
K�F2b /m2 /BHB;2M+2 2tT2MbBp2 �M/ iBK2 +QMbmKBM; UE2HH2v7- kyRNVX h?Bb 2tTQb2b #mv2`b
iQ �/p2`b2 b2H2+iBQMX

�M �//BiBQM�H +QKTH2tBiv Bb i?�i BKTQ`i�Mi BM7Q`K�iBQM BM [m�MiB7vBM; i?2 p�Hm2 Q7 �
T�i2Mi Bb Q7i2M MQi /Bb+HQb2/ #v i?2 b2HH2` /m2 iQ H2;�H `2bi`B+iBQMb- 7m`i?2` +QKTQmM/BM;
i?2 BM7Q`K�iBQM �bvKK2i`v UC�`Qbx 2i �HX- kyRyVX h?Bb K�F2b Bi /B{+mHi 7Q` #mv2`b iQ FMQr
?Qr Km+? iQ p�Hm2 � T�i2MiX 6Q` 2t�KTH2- � T�i2Mi KB;?i ?�p2 �M 2tBbiBM; +QM}/2MiB�H
HB+2M+BM; �;`22K2Mi �bbQ+B�i2/ rBi? Bi i?�i Bb MQi Tm#HB+Hv /Bb+HQb2/X h?Bb BM7Q`K�iBQM
rQmH/ �Hi2` � +QKT�MvǶb p�Hm�iBQM- B7 i?2v FM2r �#Qmi BiX

jXRXk h?2 T`Q#�#BHBbiB+ M�im`2 Q7 T�i2Mib
� T�i2Mi Bb �M 2t+HmbBp2 KQMQTQHv `B;?i- #mi MQi �M �#bQHmi2 `B;?i U�F2`HQ7- RNdyVX h?2`2@
7Q`2- QrMBM; � T�i2Mi /Q2b MQi M2+2bb�`BHv ;m�`�Mi22 �#bQHmi2 2M7Q`+2�#BHBiv �b � pBQH�iBQM
+H�BK ?�b iQ #2 }M�HBx2/ �M/ b2iiH2/ BM +Qm`iX h?2 2M7Q`+2�#BHBiv /2T2M/b QM i?2 T�i2MiǶb
QrM2`- i?2 p�HB/Biv- +H�BK +Qp2`�;2 �M/ ?Qr i?2 +Qm`i BMi2`T`2ib �HH i?2b2 7�+iQ`bX �//2/
iQ i?Bb- HBiB;�iBQM Bib2H7 Bb p2`v mMT`2/B+i�#H2 /m2 iQ /Bz2`2Mi Dm`Bb/B+iBQMb- H2M;i? Q7 +Qm`i
+�b2b �M/ ?Qr i?2 +Qm`i BMi2`T`2ib i?2 H�r Bib2H7 UP/�bbQ 2i �HX- kyR8VX

jXRXj G�+F Q7 `2HB�#H2 [m�HBiv #2M+?K�`Fb �M/ K�`F2i QT�+Biv
Zm�MiB7vBM; i?2 mb27mHM2bb Q7 � T�i2Mi �M/ +QKBM; mT rBi? � T`Q#�#BHBiv Q7 T�i2Mi p�HB/Biv
U�M/ bm#b2[m2Mi bm++2bb BM TQbbB#H2 HBiB;�iBQMV Bb +?�HH2M;BM; /m2 iQ i?2 H�+F Q7 /Bb+Qp2`�#H2
�M/ mb27mH BM7Q`K�iBQM U�F2`HQ7- RNdyVX h?2`2 Bb MQ `2HB�#H2 r�v iQ [m�MiB7v i?2 p�Hm2 Q7
� T�i2Mi Q` bi�M/�`/ K2�bm`2 �;�BMbi r?B+? � T�i2Mi +�M #2 +QKT�`2/ UG2KH2v- kyRRVX
h?2b2 `2�bQMb 7m`i?2` �// iQ i?2 +QKTH2tBiv BM T`B+BM; T�i2MibX

h?2 ;Q�H Q7 � K�`F2i Bb i?2 ǳT`2b2`p�iBQM �M/ mb2 Q7 mMB[m2 BM7Q`K�iBQM +QMi�BM2/ BM i?2
T`B+2Ǵ U>�v2F- kyRkVX h?Bb Bb iQ b�v i?�i i?2 T`B+2 Q7 �M �bb2i BM � K�`F2i b?QmH/ 7mHHv
`2~2+i �HH �p�BH�#H2 BM7Q`K�iBQM BM i?2 K�`F2i- i?2`2#v K�FBM; i?2 K�`F2i 2{+B2MiX h?2
T�i2Mi K�`F2iTH�+2 ?Qr2p2` H�+Fb �Mv 7Q`K Q7 i`�MbT�`2M+v Q` #2M+?K�`Fb r?B+? K�F2b
[m�MiB7vBM; 7�B` T`B+2 +?�HH2M;BM; U�F2`HQ7- RNdyVX �//2/ iQ i?Bb- KQbi +QKT�MB2b ?�p2
b2+`2iBp2 T�i2Mi TQ`i7QHBQb �M/ KQbi i`�Mb�+iBQM BM7Q`K�iBQM `2K�BMb T`Bp�i2X qBi?Qmi
FMQrBM; r?Q QrMb r?�i- ?Qr Km+? i?2v T�B/ 7Q` Bi �M/ ?Qr Bi Bb i`�Mb72``2/- Bi Bb ?�`/
iQ [m�MiB7v T`B+2 U�F2`HQ7- RNdyVX

"QM2 UkyRyV /`�rb � T�`�HH2H iQ i?2 `2�H 2bi�i2 K�`F2i- TQbBM; i?2 [m2biBQM ǳB7 `2�HiQ`b
+�M p�Hm2 ?Qmb2b r?v +�MǶi r2 p�Hm2 T�i2MibǴX AM i?2 +�b2 Q7 `2�H 2bi�i2- ?Qr2p2`- vQm
+�M +QKT�`2 � T`QT2`iv iQ �Mv MmK#2` Q7 +QKT�`�#H2 ?Qmb2b BM i?2 b�K2 �`2� iQ T2`7Q`K
`2H�iBp2 #2M+?K�`FBM;X uQm �HbQ ?�p2 �++2bb iQ ?BbiQ`B+ T`B+BM; BM7Q`K�iBQM 7Q` bBKBH�`

Re



?Qmb2b BM bBKBH�` �`2�bX L2Bi?2` Q7 i?2b2 K2i`B+b �`2 �p�BH�#H2 7Q` i?2 b�H2 Q7 T�i2Mib r?B+?
K�F2b [m�MiB7vBM; i?2B` `2H�iBp2 p�Hm2 � `2�H +?�HH2M;2X

jXRX9 h?2 T�i2Mi K�`F2i Bb � ǳK�`F2i 7Q` H2KQMbǴ
� mb27mH T�`�HH2H BM i?2 +QKTH2tBiv Q7 [m�MiB7vBM; �M B/2�Ƕb T`B+2 +�M #2 /`�rM 7`QK �
ǳJ�`F2i 7Q` G2KQMbǴ- �TTHvBM; i?2 B/2�b Q7 :2Q`;2 �F2`HQ7 UrBMM2` Q7 i?2 LQ#2H S`Bx2 BM
1+QMQKB+ a+B2M+2bVX �F2`HQ7 URNdyVǶb +H�bbB+ �`iB+H2 2t�KBM2/ i?2 +�` K�`F2i �M/ QmiHBM2b
i?2 `2�bQMb r?v QMHv bHB;?iHv mb2/ +�`b b2HH 7Q` K2�bm`�#Hv H2bb i?�M M2r +�`bX h?2 KQ/2H
BMi`Q/m+2/ BM i?2 �`iB+H2 �bbmK2b i?�i bQK2 +�`b �`2 ?B;? [m�HBiv �M/ Qi?2`b �`2 ǳH2KQMbǴX
hrQ b2T�`�i2 K�`F2ib rQmH/ 2tBbi B7 #mv2`b +QmH/ /BbiBM;mBb? #2ir22M i?2 irQ +H�bb2bX
>Qr2p2`- #mv2`b Q7i2M +�MǶi /BbiBM;mBb? �M/ bQ i?2 +�` K�`F2i 2tT2`B2M+2b ?B;? H2p2Hb Q7
BM7Q`K�iBQM �bvKK2i`v rBi? b2HH2`b FMQrBM; B7 i?2B` +�` Bb � H2KQM UQ` MQiV r?BH2 i?2
#mv2` ?�b MQ bm+? BM7Q`K�iBQMX �b � `2bmHi- i?2 #mv2` /Q2b MQi FMQr B7 b?2 Bb #mvBM; �
H2KQM Q` � ?B;? [m�HBiv +�` �M/ 2M/b mT T�vBM; H2bb U�F2`HQ7- RNdyVX �//BiBQM�HHv i?2 +Qbi
Q7 /Bb+Qp2`BM; B7 i?2 p2?B+H2 Bb � H2KQM Q` MQi Bb ?B;? #2+�mb2 Bi BMpQHp2b #mvBM; i?2 +�`
�M/ /`BpBM; Bi mMiBH Bi 7�BHb U�F2`HQ7- RNdyVX

h?Bb mHiBK�i2Hv K2�Mb i?�i �M 2t+?�M;2 i?�i rQmH/ #2M2}i #Qi? i?2 #mv2` �M/ b2HH2`
7�BHb iQ Q++m` r?B+? `2/m+2b 2{+B2M+v U�F2`HQ7- RNdyVX �F2`HQ7 +QKK2Mi2/ jy v2�`b H�i2`
i?�i ǳ�bvKK2i`B+ BM7Q`K�iBQM r�b TQi2MiB�HHv �M Bbbm2 BM �Mv K�`F2i r?2`2 i?2 [m�HBiv Q7
;QQ/b rQmH/ #2 /B{+mHi iQ b22 #v �Mvi?BM; Qi?2` i?�M +�bm�H BMbT2+iBQMǴ U�F2`HQ7- kyyRVX

AM/22/- i?2 T�i2Mi K�`F2i BMpQHp2b i?2 2t+?�M;2 Q7 +QKTH2t �bb2ib �M/ �b i?2`2 Bb MQ
bi�M/�`/ r�v Q7 p�HmBM; i?2Kc i?2`2 Bb +2`i�BMHv MQ r�v iQ [m�MiB7v i?2B` p�Hm2 i?`Qm;?
ǳ+�bm�H BMbT2+iBQMǴX �//BiBQM�HHv- �b � `2bmHi Q7 i?2 /2i2`KBMBbiB+ M�im`2 Q7 � T�i2Mi BiǶb
i`m2 p�Hm2 +�M QMHv #2 /Bb+Qp2`2/ BM +Qm`i r?B+? K�F2b i?2 +Qbi Q7 }M/BM; i`m2 p�Hm2
2ti`2K2Hv ?B;?- HBF2 i?�i Q7 i?2 mb2/ +�`bX h?2`27Q`2 i?2 T�i2Mi K�`F2iTH�+2 Bb � K�`F2i
7Q` H2KQMb r?2`2 bQK2 H2KQMb �`2 �ii`B#mi2/ p�Hm2 �M/ bQK2 i`m2 ?B;?@[m�HBiv T�i2Mib
rBHH #2 mM/2`p�Hm2/ UJ+*Hm`2- kyR8VX

h?2 K�BM BMbB;?i 7`QK i?2b2 +?�HH2M;2b BM T`B+BM; Bb i?�i i?2 K�`F2i K2+?�MBbK M22/b iQ
7Q+mb QM /2+`2�bBM; BM7Q`K�iBQM �bvKK2i`B2b �b 7�` �b TQbbB#H2X � #mv2` b?QmH/ FMQr B7
i?2v �`2 HBF2Hv iQ #mvBM; � ǴH2KQM T�i2MiǴ- �M/ B7 i?2v /Q- i?2 K2+?�MBbK b?QmH/ T`QpB/2
� K2�Mb Q7 `2+Qm`b2 i?�i /2+`2�b2b i?2 iQi�H BM+m``2/ +Qbi Q7 i?Bb KBbi�F2X h?Bb Tm#HB+�iBQM
Q7 T�i2Mi QrM2`b?BT BM7Q`K�iBQM +�MǶi /B`2+iHv �//`2bb i?2 T`Q#�#BHBbiB+ M�im`2 Q7 T�i2Mib-
MQ` +�M Bi ?2HT rBi? i?2 H�+F Q7 `2HB�#H2 [m�HBiv #2M+?K�`Fb- #mi Bi +�M ?2HT T`QpB/2
`2H�iBp2 T`B+BM; iQ +QKT�`2 B/2�b �b r2HH �b T`QpB/2 BM+`2�b2/ K�`F2i BM7Q`K�iBQMX

jXk .Bz2`2Mi T�i2Mi b�H2 +QM};m`�iBQMb
�M �//BiBQM�H +QMbB/2`�iBQM BM T`B+BM; �M B/2� Bb ?Qr i?2 �+im�H i`�Mb72` Q7 i?2 T�i2Mi
Q++m`bX h?2 K�`F2i 7Q` T�i2Mi `B;?ib +�M #2 bTHBi BMiQ irQ K�BM +QM};m`�iBQMb,

RX b�H2b i?�i HB+2M+2 `B;?ib iQ mb2 T�i2Mib �M/

kX b�H2b i?�i H2�/ iQ Qmi`B;?i i`�Mb72` Q7 T�i2Mib UGQp2 2i �HX- kyRNVX
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1�+? Q7 i?2b2 b2iiBM;b ?�p2 /Bz2`2Mi BM+2MiBp2b �M/ �/p�Mi�;2b r?B+? M22/ iQ #2 +QMbB/2`2/
BM ?Qr � K�`F2i Bb /2bB;M2/ �M/ r?2`2 i?2 K�`F2i QT2`�i2b UBX2X rBi?BM i?2 mMBp2`bBiv
+QMi2tiVX

"2bbv 2i �HX UkyRRV }M/b i?�i � HB+2M+BM; �M/ `Qv�Hiv KQ/2H Bb T`272``2/ BM K�Mv +QMi2tib
�b Bi `2/m+2b i?2 `BbF Q7 #mvBM; � #�/ T�i2MiX A7 i?2 HB+2M+2 ?QH/2` MQ HQM;2` `2[mB`2b i?2
HB+2M+2 Q` /22Kb BiǶb p�Hm2 HQr2` i?�M i?2v ?�/ Q`B;BM�HHv �MiB+BT�i2/- Bi Bb 2�bB2` iQ r�HF
�r�v 7`QK i?2 2t+?�M;2 i?�M B7 vQmǶp2 Tm`+?�b2/ i?2 T�i2Mi Qmi`B;?iX h?2`27Q`2 HmKT bmK
T�vK2Mib `2bmHiBM; BM i?2 i`�Mb72` Q7 � T�i2Mi `2[mB`2 Km+? ?B;?2` T`2b�H2 K2�bm`2K2Mi
Q7 i?2 2t�+i p�Hm2 Q7 i?2 i2+?MQHQ;v i?`Qm;? �M 2ti2MbBp2 /m2 /BHB;2M+2 T`Q+2bb U�#`�Kb
2i �HX- kyRNVX

�M �//BiBQM�H +QMbB/2`�iBQM BM HB+2M+BM; pb b2HHBM; Q7 T�i2Mib Bb i?2 `B;?ib ;`�Mi2/ iQ i?2
#mv2`X � HB+2M+BM; �``�M;2K2Mi +�M biBTmH�i2 bT2+B}+ i2`Kb �`QmM/ ?Qr i?2 HB+2M+2 +�M
#2 mb2/ r?2`2�b � T�i2Mi b�H2 7Q`;Q2b �HH +QMi`QH 7`QK i?2 b2HH2`X h?Bb ?�b �M BKT�+i QM
i?2 HBiB;�iBQM QTTQ`imMBiB2b 7Q` i?2 #mv2`X � HB+2M+2 ?QH/2` +�MMQi mb2 i?2B` HB+2M+2 iQ
b22F HBiB;�iBQM �;�BMbi BM7`BM;2`b �b i?2 QrM2`b?BT Q7 i?2 T�i2Mi `2K�BMb rBi? i?2 Q`B;BM�H
B/2� +`2�iQ`- MQi i?2 HB+2Mb22X

GB+2M+BM; p2`bmb T�i2Mi i`�Mb72` Bb T�`iB+mH�`Hv `2H2p�Mi BM i?2 +QMi2ti Q7 mMBp2`bBiv AS
KQM2iBx�iBQMX �v`2b �M/ Pm2HH2ii2 UkyRdV �`;m2 i?�i i?2 i`�Mb72` Q7 2t+HmbBp2 T�i2Mi `B;?ib
7`QK � mMBp2`bBiv iQ � +QKK2`+B�HBx�iBQM i?B`/ T�`iv K�F2b HBiiH2 b2Mb2 r?2`2 MmK2`Qmb
}`Kb �`2 �H`2�/v 2�;2` iQ mb2 i?2 BMp2MiBQM rBi?Qmi 2t+HmbBpBivX h?2 ;Q�H Q7 � mMBp2`bBiv
T�i2Mi KQM2iBx�iBQM bvbi2K b?QmH/ #2 iQ ;2M2`�i2 `2p2Mm2 7Q` i?2 mMBp2`bBiv r?BH2 7�+BHB@
i�iBM; i2+?MQHQ;v i`�Mb72`- MQi iQ 2M�#H2 QM2 +QKT�Mv iQ ;�BM 2t+HmbBpBiv �M/ QTTQ`imMBiv
7Q` 2tTHQBi�iBQM #v S�1b U6mb+Q 2i �HX- kyRNVX >2M+2 � T�i2Mi HB+2M+BM; bi`m+im`2 Bb KQ`2
`2H2p�Mi BM i?2 +�b2 Q7 mMBp2`bBiv AS KQM2iBx�iBQMX

Ai Kmbi #2 MQi2/ ?Qr2p2` i?�i i?Bb Bb MQi bi`B+iHv �Hr�vb i?2 +�b2 �M/ i?�i � mMBp2`bBiv
Tm#HBb?2` b?QmH/ #2 ;Bp2M i?2 QTTQ`imMBiv iQ b2H2+i ?Qr i?2v r�Mi i?2B` Tm#HB+�iBQMb iQ
#2 HB+2M+2/X h?Bb /2bB;M Bb /Bb+mbb2/ BM 9XkX

jXj Zm�MiB7vBM; i?2 p�Hm2 Q7 � T�i2Mi
LQr i?�i i?2 +QKTH2tBiv �`QmM/ T�i2Mi T`B+BM; �M/ `B;?ib Bb #2ii2` mM/2`biQQ/- 2tBbiBM;
7`�K2rQ`Fb i?�i [m�MiB7v i?2 p�Hm2 Q7 B/2�b +�M #2 2tTHQ`2/X .m2 iQ i?2 mMB[m2 �M/ ?B;?Hv
+QMi2tim�H M�im`2 Q7 T�i2Mib i?2`2 �`2 � rB/2 �``�v Q7 K2i?Q/b Q7 T`B+BM;X � T�i2Mib p�Hm2
Bb � 7mM+iBQM Q7 � MmK#2` Q7 7�+iQ`b BM+Hm/BM;, i?2 #`2�/i? Q7 +H�BKb- ?Qr rB/2Hv Bi Bb #2BM;
mb2/ UQ` rBHH #2 mb2/ BM i?2 7mim`2V �M/ ?Qr 2�bBHv Bi +�M #2 2M7Q`+2/X lHiBK�i2Hv ?Qr
Km+? 2+QMQKB+ p�Hm2 +�M #2 ;2M2`�i2/ 7`QK i?2 `B;?ib ;`�Mi2/ #v i?2 T�i2Mi rBHH /2}M2
Bib p�Hm2X aQK2 �//BiBQM�H +QMbB/2`�iBQMb �`2 MQr 2tTHQ`2/X

E2HH2v7 UkyRNV B/2MiB}2b 8 MmK2`B+�H BM/B+�iBQMb Q7 � T�i2Mib p�Hm2 #2BM;, RV i?2 MmK#2`
Q7 i?B`/ T�`iv +Bi�iBQMb kV MmK#2` Q7 +Bi�iBQMb iQ T`BQ` �`i jV i?2 `2K�BMBM; /m`�iBQM Q7
i?2 T�i2Mi 9V i?2 MmK#2` Q7 iBK2b i?2 T�i2Mi r�b i`�/2/ �M/ 8V i?2 MmK#2` Q7 +H�BKb
+QMi�BM2/ rBi?BM i?2 T�i2MiX Pi?2` 7�+iQ`b i?�i BM~m2M+2 p�Hm2 �`2 i?2 +QMi2ti Q7 i?2
T�i2Mi TQ`i7QHBQ �b K�Mv T�i2Mib �`2 +QKTH2K2Mi�`v r?2M mb2/ BM +QMDmM+iBQM rBi? Qi?2`
bBKBH�` T�i2Mib Ua�/�Q �M/ uQB+?B`Q- kyR9VX P/�bbQ 2i �HX UkyR8V 7m`i?2` B/2MiB}2b K2i?Q/b
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`�M;BM; 7`QK T�i2Mi `2M2r�H K2i`B+b- K�`F2i #�b2/ 2biBK�iBQMb- bm`p2vb Q7 �//`2bb�#H2
K�`F2ib �M/ #BQ;`�T?B+�H BM/B+�iQ`b �b BM/B+�iQ`b 7Q` T�i2Mi [m�HBivX

�//2/ iQ i?Bb- /Bz2`2Mi #mv2`b ?�p2 /Bz2`2Mi p�Hm�iBQMb 7Q` i?2 b�K2 T�i2Mi #�b2/ QM Bib
mb27mHM2bb- H2;�H BKTHB+�iBQMb �M/ 7mim`2 �TTHB+�#BHBiv rBi?BM i?2B` #mbBM2bb /QK�BMX h?Bb
K2�Mb i?�i T�i2Mib +�M ?�p2 � ?B;? `�M;2 Q7 T`Bp�i2 p�Hm�iBQMb #�b2/ QM +QKT�Mv �M/
+QMi2tiX �F+B;Bi 2i �HX UkyReV +QM+Hm/2b i?�i i?2 T`Bp�i2 p�Hm�iBQM Q7 � T�i2Mi Bb BMp2`b2Hv
T`QTQ`iBQM�H iQ i?2 i2+?MQHQ;B+�H /Bbi�M+2 7`QK i?2 T�i2Mi iQ i?2 +QKT�MvX h2+?MQHQ;B+�H
/Bbi�M+2 Bb ?Qr `2H2p�Mi �M/ �TTHB+�#H2 i2+?MQHQ;v Bb rBi?BM � +QKT�MvǶb #mbBM2bb Qz2`BM;X
�b � `2bmHi- i?2 KQ`2 �HB;M2/ �M B/2� Bb iQ � +QKT�MvǶb +Q`2 Qz2`BM; i?2 KQ`2 i?2 +QKT�Mv
p�Hm2b i?2 T�i2MiX

jX9 "`B27 BMi`Q/m+iBQM iQ #HQ+F+?�BM
h?2 /2i�BHb Q7 ?Qr � #HQ+F+?�BM rQ`Fb �M/ Bib BKTH2K2Mi�iBQM 7Q` i?2 K�`F2iTH�+2 7Q`
B/2�b Bb QmiHBM2/ BM H�i2` +?�Ti2`bX 6Q` i?2 +QMi2ti Q7 i?Bb +?�Ti2`- � #HQ+F+?�BM +�M #2
i?Qm;?i Q7 �b �M BKKmi�#H2 H2/;2` rBi? mMBp2`b�HHv �;`22/ mTQM Tm#HB+ bi�i2X aK�`i
+QMi`�+ib `mM rBi?BM i?2 #HQ+F+?�BM bm#bi`�i2 �M/ 2M�#H2 i?2 T2`KBbbBQM2/ KQ/B}+�iBQM
Q7 i?2 H2/;2` i?`Qm;? i?2 BM+Q``mTiB#H2 2M7Q`+2K2Mi Q7 T`2T`Q;`�KK2/ HQ;B+X

jX8 A/2�b �b � bm#b2i Q7 /�i�
A/2�b rBi?BM T�i2Mib �`2 MQM@`Bp�H`Qmb �b i?2v +�M #2 +QTB2/ �i x2`Q K�`;BM�H +Qbi U_v�M
�M/ 6`v2- kyR3VX �i i?2 b�K2 iBK2- QM2 +QKT�Mv ?�pBM; �++2bb iQ � T�i2Mi �+ib �b �
M2;�iBp2 2ti2`M�HBiv iQ � +QKT2iBiQ` �b i?2`2 Bb � `BbF Q7 TQi2MiB�H HBiB;�iBQM UG2KH2v-
kyRRVX S�i2Mib �`2 �HbQ BM?2`2MiHv +QK#BM�iQ`B�H �b i?2v Q7i2M K�F2 mT T�`i Q7 � H�`;2`
TQ`i7QHBQ �M/ i?2B` p�Hm2 Bb BM~m2M+2/ #v i?2 Qi?2` T�i2Mib BM i?2 TQ`i7QHBQ UJ+*Hm`2-
kyR8VX

h?2b2 i?`22 T`QT2`iB2b UMQM@`Bp�H`v- +QKT2iBiQ` QrM2`b?BT �b � M2;�iBp2 2ti2`M�HBiv �M/
+QK#BM�iQ`B�H p�Hm2V K�F2b B/2�b �M/ T�i2Mib 7mM/�K2Mi�HHv bBKBH�` iQ �MQi?2` 2K2`;2Mi
MQM@`Bp�H`Qmb �bb2i +H�bb, /�i�X 6mM/�K2Mi�HHv � T�i2Mi Bb � #Hm2T`BMi 7Q` ?Qr iQ BKTH2@
K2Mi � rB/;2iX .�i� Bb i?2 T?vbB+�H 2K#Q/BK2Mi Q7 BM7Q`K�iBQM r?B+? K�F2b T�i2Mib
U�M/ i?2`27Q`2 B/2�bV � bm#b2i Q7 /�i�X �Mv 7Q`K�H T`Q+2bb Q` b2i Q7 BMbi`m+iBQMb HBF2 �M
�H;Q`Bi?K- T�i2Mi Q` 2p2M +Q/2 �`2 bBKTHv biQ`2/ BM7Q`K�iBQM- K�FBM; i?2K �HH bm#b2ib Q7
/�i�X AM 7�+i T�i2Mib �`2 MQi?BM; KQ`2 i?�M i2ti �M/ BK�;2b- r?B+? Bb /�i� Bib2H7X

aBKBH�`Hv- #Qi? /�i� �M/ B/2�b �`2 iBK2 +QMbmKBM; iQ T`Q/m+2 r?BH2 #2BM; 7`22 iQ `2THB+�i2-
+`2�iBM; BM}MBi2 bmTTHvX .�i� �M/ B/2�b +�M #2 +QTv`B;?i2/ Q` HB+2M+2/ #mi Bi Bb /B{+mHi
iQ i`�+F i?2B` /2biBM�iBQMb �M/ mb2b QM+2 Tm#HB+Hv `2H2�b2/X h?Bb K�F2b i?2 MQiBQM Q7
QrM2`b?BT 7mM/�K2Mi�HHv bBKBH�` #2ir22M #2ir22M /�i� �M/ B/2�bX

�b rBHH #2 /Bb+mbb2/ BM /2i�BH BM H�i2` +?�Ti2`b- #HQ+F+?�BM K�F2b /�i� mMB[m2 �b QM+2 /�i�
Bb `2;Bbi2`2/ �M/ `2+Q`/2/ Bi +�M #2 i`�+2/ iQ Bib Q`B;BMbX h?Bb Q++m`b i?`Qm;? b2[m2MiB�H
?�b?2/ iBK2 bi�KTBM;X

� bBKBH�` T`BM+BTH2 +�M #2 �TTHB2/ iQ B/2�b i?`Qm;? � #HQ+F+?�BM #�b2/ HB+2MbBM; b+?2K2
i?�i ?2HTb �+�/2KB+b KQM2iBx2 i?2B` `2b2�`+?- r?BH2 K�BMi�BMBM; QrM2`b?BT Q7 BiX AM i?Bb

RN



b+?2K2- i?2 mMBp2`bBiv `2K�BMb i?2 QrM2` Q7 i?2B` AS #v F22TBM; QrM2`b?BT Q7 i?2 mM@
/2`HvBM; T�i2MiX h?2 #HQ+F+?�BM Bb i?2M mb2/ �b � K2�Mb iQ b2HH HB+2M+2b iQ BKTH2K2Mi
i?2b2 B/2�bX h?Bb Bb �M�HQ;Qmb iQ b2HHBM; T2`KBbbBQM2/ �++2bb iQ /�i� `2;Bbi2`2/ QM �
#HQ+F+?�BMX h?2 #HQ+F+?�BM T`QpB/2b � Tm#HB+ �M/ p2`B}�#H2 ?BbiQ`v Q7 HB+2M+2 QrM2`b?BT
�b �HH i`�Mb�+iBQMb BMpQHpBM; i?2 HB+2M+2 +�M #2 2�bBHv HQ+�i2/- i`�+F2/ �M/ p2`B}2/X

h?Bb Tm#HB+ `2+Q`/ Q7 HB+2M+2 QrM2`b?BT BM+`2�b2b K�`F2i i`�MbT�`2M+v �M/ 2{+B2M+B2b
r?BH2 /2+`2�bBM; �/p2`b2 b2H2+iBQMX h?2 /2bB;M /2i�BHb Q7 i?Bb #HQ+F+?�BM bvbi2K �`2 2t@
THQ`2/ BM i?2 +?�Ti2`b i?�i 7QHHQrX

jXe *?�Ti2` +QM+HmbBQM
h?Bb +?�Ti2` 2t�KBM2/ i?2 +QKTH2tBiv BM b2HHBM; T�i2MibX aT2+B}+�HHv- T�i2Mib �`2 � +QK@
TH2t Mm�M+2/ �bb2i r?B+? K�F2b �TTHvBM; �Mv FBM/ Q7 2p�Hm�iBQM 7`�K2rQ`F iQ i?2K
+?�HH2M;BM; �M/ 2tT2MbBp2X � MmK#2` Q7 /Bz2`2Mi b�H2 K2+?�MBbKb r2`2 �HbQ 2tTHQ`2/
rBi? i?2 F2v i�F2 �r�v #2BM; i?�i � bm#@HB+2MbBM; bvbi2K r?2`2BM mMBp2`bBiB2b `2K�BM i?2
QrM2` Q7 i?2 B/2� BM i?2 7Q`K Q7 � T�i2Mi rBHH #2 i?2 KQbi �TT`QT`B�i2X >Qr B/2�b- �b �
MQM@`Bp�H`Qmb ;QQ/- `2H�i2b iQ /�i� r�b �HbQ BMi`Q/m+2/X h?Bb Bb `2H2p�Mi r?2M 7`�KBM;
i?2 K�`F2i �M/ i`vBM; iQ }M/ +QKT�`�#H2 KQ/2HbX

h?2 M2ti +?�Ti2` i�F2b i?2b2 +QM+HmbBQMb �b �M BMTmi �M/ /2}M2b i?2 /2bB`2/ T`QT2`iB2b Q7
�M B/2�H B/2� K�`F2iX 6`QK i?Bb- � T`QTQb2/ K�`F2iTH�+2 /2bB;M Bb T`2b2Mi2/X �7i2` i?Bb-
i?2 #HQ+F+?�BM BKTH2K2Mi�iBQM Bb T`2b2Mi2/X

ky



*?�Ti2` 9

S`QTQb2/ K�`F2iTH�+2 7Q` B/2�b
h?2`2 �`2 � MmK#2` Q7 K�`F2i K2+?�MBbKb i?�i �BK iQ }M/ �M QTiBK�H K�`F2i +H2�`BM;
T`B+2X h?Bb Bb i?2 T`B+2 �i r?B+? i?2 [m�MiBiv bmTTHB2/ Bb 2[m�H iQ i?2 [m�MiBiv /2K�M/2/X
�b ?�b #22M /Bb+mbb2/- i?2 p�bi K�DQ`Biv Q7 T�i2Mi 2t+?�M;2b Q++m` mbBM; T`Bp�i2 #BH�i2`�H
M2;QiB�iBQMb r?B+? bmz2` 7`QK � MmK#2` Q7 +Q`2 T`Q#H2Kb `2bmHiBM; BM TQQ` 2{+B2M+vX
h?2 [m�bB@Tm#HB+ #`QF2`�;2 K�`F2i Qz2`b �M �Hi2`M�iBp2 #mi biBHH bmz2`b 7`QK BM2{+B2M+B2b
bm+? �b ?B;? 722b- TQQ` �HHQ+�iBQM 2{+B2M+v �M/ �/p2`b2 b2H2+iBQMX h?Bb +?�Ti2` /Bb+mbb2b �
MmK#2` Q7 /2bB`2/ T`QT2`iB2b BM � K�`F2iTH�+2 7Q` B/2�b �M/ i?2M T`QTQb2b � K�`F2i K2+?@
�MBbK r?B+? �BKb iQ �+?B2p2 i?2KX h?Bb T`QTQb�H bi�`ib �i � K2+?�MBbK �M/ +QM+2Tim�H
H2p2H �M/ #2+QK2b KQ`2 i2+?MB+�HHv bT2+B}+ BM +?�Ti2`b i?�i 7QHHQrX

9XR .2bB`2/ K�`F2iTH�+2 T`QT2`iB2b
h?2 /2bB`2/ K�`F2i K2+?�MBbK b?QmH/ `2/m+2 b2�`+? 7`B+iBQMb- #`2�F /QrM BM7Q`K�iBQM
�bvKK2i`B2b �M/ BM+`2�b2 �HHQ+�iBQM 2{+B2M+B2bX h?Bb K2+?�MBbK b?QmH/ �HHQ+�i2 HB+2M+2b
iQ #mv2`b rBi? i?2 ?B;?2bi T`Bp�i2 p�Hm�iBQMX h?2 K�`F2i b?QmH/ #2 BM+HmbBp2 i?2`2#v
T`QpB/BM; b2HH2`b rBi? i?2 H�`;2bi TQbbB#H2 TQi2MiB�H TQQH Q7 #mv2`bX 1H2K2Mib 7`QK i?2
+m``2Mi #`QF2`2/ K�`F2i +�M #2 BKT`Qp2/ mTQM- r?BH2 2HBKBM�iBM; i?2 BM2{+B2M+B2b �M/
2tTHQBi�iBQM i?�i Bb bQK2iBK2b T`2b2MiX

9Xk S`QTQb2/ K2+?�MBbK ?B;? H2p2H Qp2`pB2r
hQ �+?B2p2 i?2b2 /2bB`2/ T`QT2`iB2b- i?Bb i?2bBb T`QTQb2b � T22` iQ T22` BMi2HH2+im�H T`QT2`iv
#`QF2` r?B+? �+ib �b � K�`F2iTH�+2 7Q` B/2�b- 2M�#HBM; i?2 2{+B2Mi i`�/2 �M/ KQM2iBx�iBQM
Q7 T�i2MibX hQ `2/m+2 i?2 b+QT2 Q7 i?Bb T`Q#H2K- � bm#b2i Q7 �HH T�i2Mi�#H2 B/2�b Bb
2tTHQ`2/, KQM2iBx�#H2 `2b2�`+? Tm#HBb?2/ 7`QK mMBp2`bBiB2bX h?Bb K�`F2iTH�+2 T`QpB/2b �
#`QF2`�;2 b2`pB+2 r?2`2 `2b2�`+?2`b Tm#HBb? rQ`Fb QMiQ i?2 TH�i7Q`K �M/ i?2M +QKT�MB2b
�M/ BM/BpB/m�Hb #mv HB+2M+2b iQ mb2 i?2 B/2�b BM � /2`Bp�iBp2 Q` +QKK2`+B�H rQ`FX

h?2b2 HB+2M+2b 2M�#H2 QM2 Q7 irQ K�BM mb2 +�b2b,

RX � +QKT�Mv r�Mib iQ +QKK2`+B�HBx2 i?2 B/2�b T`2b2Mi2/ BM � T�T2` �M/ #mvb � HB+2M+2
iQ mb2 i?2 B/2�bX h?Bb HB+2M+2 +�M 2Bi?2` #2 2t+HmbBp2 iQ QM2 bT2+B}+ +QKT�Mv Q`
+Q@2t+HmbBp2- 2M�#HBM; KmHiBTH2 +QKT�MB2b iQ bBKmHi�M2QmbHv +QKK2`+B�HBx2 i?2 B/2�X
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kX � MQM@+QKK2`+B�H +QMi2ti BM r?B+? �M �+�/2KB+ +BiBM; � T�T2` �+ib iQ ǳ#mvǴ �M
�ii`B#miBQM Q7 bQ+B�H +�TBi�HX *QKK2`+B�HBx�iBQM Q7 /2`Bp�iBp2 rQ`Fb rBHH b?�`2 T`Q}ib
;2M2`�i2/ rBi? +QMi`B#miBM; �+�/2KB+bX

�+�/2KB+ rQ`Fb rBi?BM i?2 TH�i7Q`K `2K�BM QT2M �M/ 7`22 7Q` �MvQM2 r?Q r�Mib iQ `2�/
Q` #mBH/ QM iQT Q7 i?2K �bbmKBM; i?2v /QMǶi +QKK2`+B�HBx2 i?2B` rQ`FX h?Bb +QKK2`@
+B�HBx�iBQM Q7 B/2�b 2M�#H2b �+�/2KB+b iQ KQM2iBx2 i?2B` rQ`F r?BH2 BM+2MiBpBxBM; QT2M
b+B2M+2X

h?2 b2+iBQMb i?�i 7QHHQr 7Q+mb bT2+B}+�HHv QM i?2 +QKK2`+B�HBx�iBQM mb2 +�b2X h?2 MQM@
+QKK2`+B�H �TTHB+�iBQMb �`2 2tTHQ`2/ H�i2` BM i?Bb +?�Ti2`X

9Xj �m+iBQMb �b � T`B+2 /Bb+Qp2`v K2+?�MBbK
hQ T`B+2 i?2 BMBiB�H b�H2 Q7 � HB+2M+2- � K2+?�MBbK Bb `2[mB`2/ iQ 2HB+Bi i?2 i`m2 T`Bp�i2
p�Hm�iBQMb Q7 T`QbT2+iBp2 #mv2`b �M/ i?2M �HHQ+�i2 i?2 HB+2M+2b iQ i?Qb2 i?�i p�Hm2 i?2K
KQbiX hQ �+?B2p2 i?Bb- � }`bi@T`B+2 b2�H2/ #B/ �m+iBQM U6Sa"�V Bb mb2/ iQ T`B+2 i?2 BMBiB�H
b�H2 Q7 HB+2M+2bX �m+iBQMb �`2 � mb27mH K2+?�MBbK 7Q` T`B+2 /Bb+Qp2`v r?2M i?2 p�Hm2 Q7 �
;QQ/ #2BM; bQH/ Bb MQi 2tTHB+BiHv FMQrM #27Q`2?�M/ #v i?2 b2HH2` U_Q#2`ib �M/ ar22iBM;-
kyRjVX �M �m+iBQM Bb i?2M mb2/ iQ }M/ i?2 ?B;?2bi TQbbB#H2 K�`F2i +H2�`BM; T`B+2- i?2`2#v
�HHQ+�iBM; i?2 ;QQ/ iQ i?2 #mv2` rBi? i?2 ?B;?2bi T`Bp�i2 p�Hm�iBQMX

� }`bi@T`B+2- b2�H2/ #B/ �m+iBQM rQ`Fb #v #B//2`b bm#KBiiBM; b2�H2/ #B/b- bm+? i?�i MQ
#B//2` FMQrb �MvQM2 2Hb2Ƕb #B/X �7i2` � bm#KBbbBQM T2`BQ/- i?2 �m+iBQM22` `2p2�Hb �HH #B/b
Tm#HB+�HHv �M/ i?2 ?B;?2bi #B//2` T�vb i?2 T`B+2 i?2v bm#KBii2/ �M/ rBMb i?2 �m+iBQMX
h?Bb Bb � bi`�i2;v@T`QQ7 K2+?�MBbK r?B+? ?�b #22M b?QrM iQ 2z2+iBp2Hv 2HB+Bi i?2 #mv2`bǶ
i`m2 p�Hm�iBQM r?B+? `2bmHib BM 2{+B2Mi �HHQ+�iBQM UJ2M/2b- kyR3VX

� b2�H2/ #B/ �m+iBQM Bb mb2/ #2+�mb2 Bi T`2p2Mib � MmK#2` Q7 TQbbB#H2 �m+iBQM K�MBTmH�@
iBQM �M/ +QHHmbBQM QTTQ`imMBiB2b #v #B//2`b i?�i �`2 T`2p2H2Mi rBi? �m+iBQM K2+?�MBbKb
rBi? QT2M BM7Q`K�iBQM U2; 1M;HBb? Qmi+`v �m+iBQMVX 6Q` 2t�KTH2 � 6Sa"� T`2p2Mib #B/
b?BHHBM;- � T`�+iB+2 r?2`2 i?2 b2HH2` BM i?2 �m+iBQM UQ` T2QTH2 �bbQ+B�i2/ rBi? i?2 b2HH2`V �`@
iB}+B�HHv BM~�i2 i?2 �m+iBQM T`B+2 #v /2+2TiBp2Hv #B//BM; QM �M Bi2K UJ�KmM �M/ a�/�QmB-
kyRjVX "2+�mb2 #B/b �`2 b2�H2/ � b?BHH #B//2` +�MǶi �`iB}+B�HHv BM~�i2 i?2 T`B+2X � b2�H2/
#B/ �m+iBQM �HbQ T`2b2`p2b #B//2`b T`Bp�i2 p�Hm�iBQM �b i?Bb BM7Q`K�iBQM Bb p�Hm�#H2 iQ +QK@
T2iBiQ`b UP+2�M hQKQ- kyRyVX � b2�H2/ #B/ �m+iBQM T`2p2Mib +QHHmbBQM #2ir22M #B//2`b �b
r?2M2p2` i?2 B/2MiBiv Q7 Qi?2` #B//2`b �`2 FMQrM i?2`2 Bb � `BbF i?�i � `BM; Q7 #B//2`b +�M
#2 7Q`K2/ iQ K�MBTmH�i2 i?2 �m+iBQM `2bmHib U_Q#2`ib �M/ ar22iBM;- kyRjVX � #B//BM;
`BM; rQ`Fb #v +QHHm/2`b �;`22BM; QMHv iQ #B/ �;�BMbi QmibB/2`b- �M/ M2p2` �;�BMbi � `BM;
K2K#2`X �b � `2bmHi- +QKT2iBiBQM #2+QK2b K2�bm`�#Hv r2�F2` r?B+? ?�b #22M b?QrM iQ
/`�biB+�HHv �z2+i i?2 }M�H +HQbBM; T`B+2X A7- ?Qr2p2`- �HH #B/b �`2 b2�H2/ i?2M i?Bb 7Q`K
Q7 +QHHmbBQM Bb MQi TQbbB#H2 UJ�`b?�HH �M/ J2m`2`- kyy8VX G�biHv- � }`bi T`B+2 b2�H2/ #B/
�m+iBQM �HbQ T`2p2Mib #B/ bMBTBM; r?B+? Bb � T`2p�H2Mi T`Q#H2K BM K�Mv QMHBM2 �m+iBQM
K2+?�MBbKb r?2`2BM �M �+iQ` rBHH �// � rBMMBM; #B/ `B;?i �#Qp2 i?2 b2+QM/ ?B;?2bi #B/
`B;?i #27Q`2 i?2 +HQb2 Q7 i?2 �m+iBQM iBK2`X 6Q` � /2i�BH2/ +QKT�`BbQM BMiQ Qi?2` #B//BM;
K2+?�MBbKb �M/ 7m`i?2` DmbiB}+�iBQM BMiQ r?v i?2 6Sa"� r�b +?Qb2M b22 �TT2M/Bt *X

lHiBK�i2Hv �M �m+iBQM �+ib iQ Qp2`+QK2 BM7Q`K�iBQM #�``B2`b b2T�`�iBM; #mv2`b r?BH2 `2@
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/m+BM; i`�Mb�+iBQM �M/ b2�`+? +Qbib UC�`Qbx 2i �HX- kyRyVX h?Bb K2+?�MBbK /`�biB+�HHv
bT22/b mT T`B+2 /Bb+Qp2`v r?BH2 2HB+BiBM; i`m2 p�Hm�iBQMb 7`QK #B//2`bX

9XjXR �m+iBQMb rBi? �/p2`b�`B�H �m+iBQM22`b
a2�H2/ #B/ �m+iBQMb �`2- ?Qr2p2`- bmb+2TiB#H2 iQ �/p2`b�`B�H �M/ +Q``mTi �m+iBQM22`b r?Q
+QHHm/2 rBi? #B//2`b �M/ K�MBTmH�i2 �m+iBQM Qmi+QK2bX *Q``mTiBQM BM �m+iBQMb Bb � K�DQ`
T`Q#H2K rBi? i?2 qQ`H/ "�MF 2biBK�iBM; � pQHmK2 Q7 la0kyy #BHHBQM T2` v2�` bT2Mi QM
#`B#2b 7Q` Tm#HB+ b2+iQ` T`Q+m`2K2Mi �m+iBQMb UEM�+F 2i �HX- kyRNVX

�m+iBQM +Q``mTiBQM BM b2�H2/ #B/ �m+iBQMb i�F2b i?2 7Q`K Q7 i?2 �m+iBQM22` i�FBM; �/p�M@
i�;2 Q7 i?2B` TQbBiBQM Q7 i`mbi i?`Qm;? H2�FBM; b2HH2`b T`272`2M+2b iQ Qi?2` #B//2`b 7Q` #`B#2b
UG2M;rBH2` �M/ qQH7bi2ii2`- kyRyVX h?Bb BM7Q`K�iBQM H2�F�;2 Q++m`b /m`BM; i?2 #B/ bm#@
KBbbBQM T?�b2 r?2`2BM i?2 �m+iBQM22` QT2Mb i?2 b2�H2/ #B/b �M/ `2p2�Hb i?2 #B/b Q7 Qi?2`b
iQ � 7�pQm`2/ #B//2`X h?Bb K2�Mb i?�i i?2 7�pQm`2/ #B//2` 2z2+iBp2Hv TH�vb � b2+QM/@T`B+2
�m+iBQM r?BH2 i?2 Qi?2` #B//2`b TH�v i?2B` #B/b �b B7 i?2v rBMX h?Bb +QHHmbBQM 2M�#H2b i?2
7�pQm`2/ #B//2` iQ rBM �m+iBQMb �i i?2 #2bi TQbbB#H2 T`B+2 r?B+? #`2�Fb i?2 K2+?�MBbK
�M/ /2bi`Qvb 2{+B2M+v �b i?2 7�pQ`2/ #B//2` KB;?i MQi ?�p2 i?2 ?B;?2bi p�Hm�iBQM �M/
v2i rBMb i?2 �m+iBQMX

h?2 BM2{+B2M+v +Qbi Q7 +QHHmbBQM Bb Q7 i?2 b�K2 Q`/2` �b i?2 �m+iBQM22`b K�MBTmH�iBQM
+�T�+Biv U"m`;m2i �M/ S2``v- kyydVX h?2 K�MBTmH�iBQM +�T�+Biv Bb i?2 /2;`22 iQ r?B+?
i?2 �m+iBQM22` +�M K�MBTmH�i2 i?2 �m+iBQM i?`Qm;? 2tTHQBiBM; i?2B` TQbBiBQM Q7 i`mbi #v
H2�FBM; b2HH2` T`272`2M+2b iQ Qi?2` #B//2`bX h?2 +Qbi Q7 � +Q``mTiB#H2 b2�H2/ #B/ �m+iBQM
K2+?�MBbK Bb MQr 2tTHQ`2/X

LQi2 i?�i i?Bb /2b+`BTiBQM- �M/ i?2 �M�HvbBb i?�i 7QHHQrb- QMHv `272`b iQ �m+iBQM22`b i?�i
+QHHm/2 rBi? T`BpBH2;2/ #B//2`b #v H2�FBM; BM7Q`K�iBQM �#Qmi Qi?2` #B//2`b T`272`2M+2
#27Q`2 i?2 �m+iBQM ?�b +QM+Hm/2/- 2M�#HBM; i?2 T`BpBH2;2/ #B//2`b iQ KQ/B7v i?2B` rBMMBM;
#B/ /QrMr�`/b- i?2`2#v BMi`Q/m+BM; �M BM2{+B2M+vX h?Bb 7`�KBM; �bbmK2b i?�i i?2 MQM@
+QHHm/BM; #B//2`b �`2 `�iBQM�H 2+QMQKB+ �+iQ`b r?Q #B/ mT iQ i?2B` i`m2 2p�Hm�iBQMX

9XjXk �m+iBQM22` K�MBTmH�iBQM BM2{+B2M+v
h?2 2{+B2M+v +Qbi Q7 +Q``mTiBQM BM � b2�H2/ #B/ �m+iBQM Bb MQr 2tTHQ`2/ #v HQQFBM; �i �M
2t�KTH2 Q7 � b2�H2/ #B/ �m+iBQM rBi? MQ `2b2`p2 T`B+2 7Q` � bBM;H2 Bi2KX AM i?Bb �m+iBQM
i?2`2 �`2 N #B//2`b r?Qb2 p�Hm�iBQMb �`2 vi(i = 1, . . . N) r?B+? �`2 BM/2T2M/2Mi- T`Bp�i2
�M/ /Bbi`B#mi2/ QM i?2 BMi2`p�H [v, v̄]X h?2 p�Hm�iBQMb �`2 /Bbi`B#mi2/ B/2MiB+�HHv �M/
BM/2T2M/2MiHv �++Q`/BM; iQ � +QMiBMmQmb /Bbi`B#miBQM 7mM+iBQM F X �bbmK2 i?�i #27Q`2
i?2 �m+iBQM i�F2b TH�+2 i?2 �m+iBQM22` ?�b `2�+?2/ �M �;`22K2Mi rBi? QM2 Q7 i?2 #B//2`b
�#Qmi H2�FBM; i?2 #B/b Q7 ?2` `Bp�Hb T`Bp�i2 p�Hm�iBQM- �M/ i?2M �HHQrBM; ?2` iQ KQ/B7v
?2` Q`B;BM�H #B/ 2Bi?2` mTr�`/b Q` /QrMr�`/b B7 b?2 rBb?2b iQ /Q bQX 6Q` i?2 #B//2` r?Q
#`B#2b i?2 �m+iBQM22` i?2v 2z2+iBp2Hv i�F2 T�`i BM � b2[m2MiB�H �m+iBQM r?2`2 �HH ?2` `Bp�Hb
#B/ BM i?2 }`bi bi�;2 �M/ b?2 +�M i?2M #B/ BM i?2 b2+iBQM bi�;2 �7i2` b22BM; BM7Q`K�iBQM
�#Qmi ?2` `Bp�HbX

6Q` i?Bb b2imT- �bbmK2 i?�i QMHv QM2 /Bb?QM2bi #B//2` Bb +QHHm/BM; rBi? i?2 �m+iBQM22`
�i � iBK2X A7 � #B//2` Bb ?QM2bi i?2M b?2 #2HB2p2b i?�i QM2 Q7 ?2` `Bp�Hb Bb +QHHm/BM; rBi?

kj



T`Q#�#BHBiv pX h?2`27Q`2 �M ?QM2bi #B//2` Bb 7�+BM; QM2 /Bb?QM2bi #B//2` �M/ N−2 ?QM2bi
#B//2`b BM ?2` b�K2 bBim�iBQM rBi? T`Q#�#BHBiv pX �b � `2bmHi �M ?QM2bi #B//2`- rBi?
T`Q#�#BHBiv 1− p- #2HB2p2b i?2v �`2 7�+BM; N − 1 ?QM2bi `Bp�Hb BM ?2` 2t�+i b�K2 bBim�iBQMX

h?2 TQbbB#BHBiv Q7 +Q``mTiBQM ?�b � bB;MB}+�Mi 2z2+i QM i?2 �m+iBQM 2{+B2M+v U�`Qx�K2M�
�M/ q2BMb+?2H#�mK- kyyNVX G2i d #2 i?2 /Bb?QM2bi #B//2` rBi? `2pBb2/ #B/ bd- T`Bp�i2
p�Hm�iBQM vdX G2i bh #2 i?2 ?B;?2bi ?QM2bi #B/ �KQM;bi i?2 ?QM2bi #B//2`b /2}M2/ #v
bh = maxi !=dbiX �i i?2 +QM+HmbBQM Q7 i?2 �m+iBQM i?2`2 �`2 � MmK#2` Q7 TQbbB#H2 Qmi+QK2b,

RX A7 d rBMb i?2 �m+iBQM rBi? ?2` Q`B;BM�H #B/ i?2M b?2 rBHH `2pBb2 ?2` #B/ /QrMr�`/b �M/
b2i bd = bh + ε r?2`2 2TbBHQM Bb � bK�HH MmK#2` 2Mbm`BM; i?�i b?2 rBMb i?2 �m+iBQM
#mi KBMBKBx2b �Mv �//BiBQM�H 2tT2Mb2b i?�i rQmH/ #2 �HHQ+�i2/ iQ i?2 b2HH2`X

kX A7 d HQb2b i?2 �m+iBQM rBi? i?2 Q`B;BM�H #B/ i?2M b?2 ?�b irQ QTiBQMb,

U�V A7 vd > bh i?2M ?2` T`Bp�i2 p�Hm�iBQM Bb ?B;?2` i?�M i?2 +m``2Mi ?B;?2bi ?QM2bi
#B/ �M/ b?2 rBHH b2i bd = bh + ε �M/ rBM i?2 �m+iBQMX

U#V A7- ?Qr2p2`- vd < bh i?2M ?2` T`Bp�i2 p�Hm�iBQM Bb HQr2` i?�M i?2 ?B;?2bi ?QM2bi
#B/ �M/ b?2 rBHH bm#KBi � `2pBb2/ #B/ bd < bh- Q` b?2 H2�p2b i?2 Q`B;BM�H #B/-
�M/ rBHH HQb2X h?Bb K2�Mb i?�i 7`QK �M ?QM2bi #B//2`b T2`bT2+iBp2 i?2v rBHH
#2 #B//BM; �;�BMbi i?2 /Bb?QM2bi `Bp�HǶb T`Bp�i2 p�Hm�iBQM BMbi2�/ Q7 +QKT2iBM;
�;�BMbi i?2B` #B/X

lbBM; i?Bb 7`�K2rQ`F- QM2 +�M [m�MiB7v i?2 BM2{+B2M+v +Qbi Q7 � +Q``mTi �m+iBQMX 1p2`v
?QM2bi #B//2` rBHH #B/ HQr2` i?�M ?2` �+im�H p�Hm�iBQM #2+�mb2 b?2 FMQrb b?2 Bb #B//BM;
rBi? T`Q#�#BHBiv p �;�BMbi � /Bb?QM2bi `Bp�H rBi? �M mM7�B` �/p�Mi�;2X h?Bb Bb FMQrM �b
b?�/2 #B//BM; U�i?2v 2i �HX- kyRRVX

L2ti- i?2 K�;MBim/2 Q7 i?Bb /2+`2�b2 BM #B/b Bb [m�MiB}2/X G2i vh = maxi !=dvi #2 i?2
?B;?2bi ?QM2bi p�Hm�iBQMX >QM2bi #B//2`b ?�p2 �M �bvKK2i`B+ BM+`2�bBM; 2[mBHB#`BmK
#B//BM; bi`�i2;v bh(v) r?B+? /2}M2b i?2 ?B;?2bi #B/ �b bh = bh(vh)X AM i?Bb +�b2 i?2
/Bb?QM2bi #B//2` Bb �HHQr2/ iQ 2t�KBM2 #B/b �M/ `2bm#KBi ?2` QrMX A7 i?2 /Bb?QM2bi
#B//2`Ƕb p�Hm�iBQM Bb ?B;?2` i?�M i?2 ?B;?2bi #B/ �b vd > bh #mi HQr2` i?�M i?2 ?B;?2bi
i`m2 p�Hm�iBQM �b vd < vh i?2M b?2 rBMb i?2 �m+iBQM #mi BMi`Q/m+2b BM2{+B2M+v BMiQ i?2
Qmi+QK2X h?Bb BM2{+B2M+v Bb ζ = vh − bh r?B+? +�M #2 b22M BM i?2 6B;m`2 9XR #2HQrX

:  loses :  wins

 = inefficient outcome

6B;m`2 9XR, AM2{+B2M+v +Qbi /m2 iQ /2+`2�b2/ i`m2 #B//2` #B/ �KQmMi

h?2 BM2{+B2M+v BMi`Q/m+2/ #v i?Bb BM7Q`K�iBQM H2�F�;2 `2T`2b2Mib i?2 �m+iBQM22`b K�@
MBTmH�iBQM +�T�+Biv �M/ Bb /B`2+iHv T`QTQ`iBQM�H iQ i?2 T`Q#�#BHBiv Q7 � /Bb?QM2bi #B//2`
p U�`Qx�K2M� �M/ q2BMb+?2H#�mK- kyyNVX lM/2` � i`mHv i`mbi2/ �m+iBQM22` rBi? MQ K�@
MBTmH�iBQM +�T�+Biv p = 0 �M/ i?2 �m+iBQM Bb 2{+B2MiX h?Bb `2bmHib BM ζ = 0 �M/ i?2
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�m+iBQM 2{+B2MiHv �HHQ+�i2b i?2 ;QQ/ iQ i?2 #B//2` rBi? i?2 ?B;?2bi i`m2 p�Hm�iBQM rBi?
MQ /2pB�iBQM #2ir22M #B//2`Ƕb #B/b �M/ i?2B` p�Hm�iBQMX

�M �m+iBQM bvbi2K b?QmH/ i?2`27Q`2 �BK iQ `2/m+2 i?2 T`Q#�#BHBiv p Q7 � +Q``mTi �m+@
iBQM22` iQ x2`Q i?2`2#v K�FBM; i?2 �m+iBQM 2{+B2Mi i?`Qm;? i?2 �#bQHmi2 2HBKBM�iBQM Q7
+Q``mTiBQMX h?Bb K�F2b i?2 �m+iBQM 7�B` 7Q` �HH BM/BpB/m�Hb �M/ `2KQp2b i?2 �#BHBiv 7Q`
H2�F2/ #B/b iQ 2ti`�+i p�Hm2 7`QK i?2 �m+iBQMX

� b2+QM/�`v BM2{+B2M+v i?�i �`Bb2b 7`QK i?2 �m+iBQM22` `2p2�HBM; BM7Q`K�iBQM iQ � 7�pQm`2/
#B//2` Q++m`b BM i?2 +�b2 i?�i i?2 /Bb?QM2bi #B//2` rBMb i?2 �m+iBQM �M/ i?2M /2+`2�b2b
i?2B` #B/ iQ Dmbi �#Qp2 i?2 ?B;?2bi i`m2 #B/ bhX AM i?Bb +�b2 �HH i?2 bm`THmb i?�i rQmH/ ?�p2
#22M �HHQ+�i2/ iQ i?2 b2HH2` Bb HQbi /m2 iQ i?2 /Bb?QM2bi #B//2`b �#BHBiv iQ `2i`Q�+iBp2Hv
`2/m+2 i?2B` #B/X h?Bb BM2{+B2M+v Bb ζ = vd − (bh + ε) r?2`2 ε +�M #2 � bK�HH �KQmMi
iQ 2Mbm`2 i?2 /Bb?QM2bi #B//2` rBMb i?2 �m+iBQM Qp2` i?2 ?B;?2bi ?QM2bi #B//2` bhX h?Bb
BM2{+B2M+v +�M #2 b22M BM 6B;m`2 9XkX

 = inefficient outcome

6B;m`2 9Xk, AM2{+B2M+v +Qbi /m2 iQ +Q``mTi #B//2` /2+`2�bBM; bm#KBii2/ #B/

A7 i?2 �#BHBiv 7Q` +Q``mTiBQM Q` #B/ +QHHmbBQM Bb T`2p2Mi2/ i?Bb BM2{+B2M+v +Qbi +�M #2
`2KQp2/X h?Bb rBHH 2Mbm`2 i?�i i?2 /Bb?QM2bi #B//2` ?�b iQ T�v i?2B` i`m2 p�Hm�iBQM
r?2M #B//BM;X h?2 ;Q�H Q7 �M �m+iBQM K2+?�MBbK M22/b iQ #2 iQ `2/m+2 i?2 �m+iBQM22`b
K�MBTmH�iBQM +�T�+Biv iQ x2`Q- r?B+? BM im`M `2KQp2b �Mv �#BHBiv 7Q` �m+iBQM +Q``mTiBQMX

9XjXj S`2p2MiBM; �m+iBQM22` +Q``mTiBQM rBi? bK�`i +QMi`�+ib
�m+iBQM22` K�MBTmH�iBQM +�T�+Biv +�M #2 b2i iQ x2`Q #v `mMMBM; i?2 �m+iBQM mbBM; � bK�`i
+QMi`�+i 2t2+mi2/ QM � Tm#HB+ #HQ+F+?�BMX h?Bb 2M�#H2b i?2 +`2�iBQM Q7 i`mbiH2bb- b2�H2/ #B/
�m+iBQMb r?B+? `2KQp2b �Mv K�MBTmH�iBQM +�T�+Biv #v i?2 �m+iBQM22`- i?2`2#v 2Mbm`BM;
QTiBK�H �HHQ+�iBQM 2{+B2M+v UsBQM; �M/ q�M;- kyRNVX >Qr � #HQ+F+?�BM QT2`�i2b �M/
i?2 T`QTQb2/ BKTH2K2Mi�iBQM i?�i `2KQp2b �m+iBQM K�MBTmH�iBQM +�T�+Biv �`2 QmiHBM2/ BM
a2+iBQM 8XkXR r?B+? T`2b2Mib � +�b2 7Q` #HQ+F+?�BM rBi?BM � K�`F2iTH�+2 7Q` B/2�bX

9XjX9 �m+iBQM BM lMBp2`bBiv Q7 .�H?QmbB2 �M/ h2bH� 2t�KTH2
h?2 .�H?�QmbB2 �M/ h2bH� 2t�KTH2 b?Qrb r?v �M �m+iBQM Bb �M �TT`QT`B�i2 T`B+BM; K2+?@
�MBbK, i?2 QrM2` Q7 i?2 2t+HmbBp2 #�ii2`v HB+2M+2 b?QmH/ #2 i?2 +QKT�Mv i?�i ?�b i?2
?B;?2bi p�Hm�iBQM Q7 BiX h?Bb `2bmHib BM BM+`2�b2/ �HHQ+�iBQM 2{+B2M+v �M/ K�tBKmK 7mM/@
BM; `�Bb2/ 7Q` i?2 B/2� +`2�iQ`X

h?Bb 2t�KTH2 �HbQ ?B;?HB;?ib i?2 M22/ 7Q` � i`mbiH2bb �m+iBQM K2+?�MBbKX a�v- 7Q` i?2 b�F2
Q7 �`;mK2Mi- i?�i i?2 lMBp2`bBiv Q7 .�H?QmbB2 HBbi2/ i?2B` `2pQHmiBQM�`v #�ii2`v i2+?MQHQ;v
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7Q` b�H2 BM � i`�/BiBQM�H b2�H2/ #B/ �m+iBQM K�`F2iTH�+2 `mM #v � MQ`K�H �m+iBQM22` �M/
h2bH� TH�+2/ � #B/ 7Q` i?Bb HB+2M+2X � +Q``mTi �m+iBQM22` +�M HQQF �i h2bH�Ƕb #B/ �M/ i?2M
bQHB+Bi h2bH�Ƕb +QKT2iBiQ` iQ Qmi#B/ h2bH� 7Q` � #`B#2X q?BH2 i?2 �m+iBQM rBHH i?2M +HQb2
�i � ?B;?2` p�Hm�iBQM- i?2 bm`THmb i?�i rQmH/ ?�p2 #22M �HHQ+�i2/ iQ i?2 mMBp2`bBiv Bb
2ti`�+i2/ #v i?2 +Q``mTi �m+iBQM22`X

A7- ?Qr2p2`- i?2 K2+?�MBbK T`2p2Mi2/ i?2 �m+iBQM22` 7`QK FMQrBM; �Mv T`Bp�i2 BM7Q`K�@
iBQM �#Qmi #B//2`b T`272`2M+2 i?`Qm;? � i`mbiH2bb b2�H2/ #B/ �m+iBQM- i?2M i?2 �m+iBQM22`
rQmH/ MQi ?�p2 �Mv �#BHBiv iQ bQHB+Bi #`B#2bX �b � `2bmHi #Qi? h2bH� �M/ i?2B` +QKT2iBiQ`
rQmH/ ?�p2 iQ +QKT2i2 BM i?2 �m+iBQM FMQrBM; i?�i M2Bi?2` +QmH/ ?�p2 +Q``mTi2/ i?2
K2+?�MBbK �M/ #Qi? rQmH/ i?2`27Q`2 ?�p2 iQ #B/ i?2B` i`m2 p�Hm�iBQMX h?Bb i`mbiH2bb
K2+?�MBbK rQmH/ #2 2{+B2Mi- �HHQ+�iBM; i?2 HB+2M+2 iQ i?2 #B//2` rBi? i?2 ?B;?2bi p�Hm@
�iBQMX h?Bb �HbQ 2Mbm`2b i?�i i?2 lMBp2`bBiv Q7 .�H?QmbB2 rQmH/ ;2M2`�i2 i?2 K�tBKmK
`2p2Mm2 TQbbB#H2X

9XjX8 � MQi2 QM i?2 `2p2Mm2 1[mBp�H2M+2 i?2Q`2K
h?2 `2p2Mm2 2[mBp�H2M+2 i?2Q`2K bi�i2b i?�i 7Q` +2`i�BM 2+QMQKB+ 2MpB`QMK2Mib- i?2 2t@
T2+i2/ `2p2Mm2 �M/ #B//2` T`272`2M+2b 7Q` � MmK#2` Q7 /Bz2`2M+2 �m+iBQM K2+?�MBbKb
rBHH �HH T`Q/m+2 i?2 b�K2 Qmi+QK2- 7Q` #B//2`b i?�i mb2 2[mBHB#`BmK bi`�i2;B2bUCQM�i?�M
G2pBM- kyyyVX 6`QK i?Bb i?2Q`2K- Bi +QmH/ #2 �`;m2/ i?�i � bBKTH2` �m+iBQM K2+?�MBbK
Ubm+? �b �M 1M;HBb? Qmi@+`vV rQmH/ #2 2+QMQKB+�HHv 2[mBp�H2Mi iQ i?2 }`bi T`B+2 b2�H2/ #Bi
�m+iBQM T`QTQb2/- r?BH2 �pQB/BM; i?2 T`Q#H2K Q7 � +Q``mTi �m+iBQM22` �b �HH BM7Q`K�iBQM
Bb Tm#HB+ bQ MQ T`BpBH2;2/ BM7Q`K�iBQM +�M #2 H2�F2/X h?Bb rQmH/ 2z2+iBp2Hv bB/2 bi2T �HH
BM2{+B2M+B2b BMi`Q/m+2/ #v � +Q``mTi �m+iBQM22`X

AM K�Mv `2;�`/b- i?Bb Bb i`m2X >Qr2p2`- i?2 T`Q#H2Kb rBi? QT2M �m+iBQMb- �b /Bb+mbb2/ BM
9Xj U�M/ 7m`i?2` BM �TT2M/Bt *V bm+? �b #B/ b?BHHBM;- #B//2` +QHHmbBQM- #B//2` `BM;b �M/ #B/
bMBTBM; �`2 �HH QMHv 2tBbi rBi?BM i?2 +QMi2ti Q7 QT2M �m+iBQM bi`m+im`2b- bm+? �b 1M;HBb?
Qmi@+`vX A7 #B//2`b /QMǶi ?�p2 �Mv BM7Q`K�iBQM �`QmM/ Qi?2` #B//2`b #B/b i?2M i?2b2 FBM/b
Q7 K�MBTmH�iBQMb #2+QK2 BKTQbbB#H2X 6Q` i?Bb `2�bQM- � K2+?�MBbK Bb `2[mB`2/ i?�i +�M
MQi #2 K�MBTmH�i2/ #v #B//2`b Ub2�H2/ #B/ �m+iBQMV �M/ Bb +Q``mTi �m+iBQM22` T`QQ7 UbK�`i
+QMi`�+i #�b2/ �m+iBQM22`VX

9X9 6Bt2/ `�i2 T�vK2Mi bi`m+im`2
�m+iBQMb �`2 Dmbi QM2 r�v iQ T`B+2 i?2 �HHQ+�iBQM Q7 HB+2M+2bX q?�i Bb BKTQ`i�Mi Bb i?�i i?2
B/2� b2HH2` b?QmH/ ?�p2 QTiBQM�HBiv BM TB+FBM; i?2 K2+?�MBbK i?�i i?2v /22K �TT`QT`B�i2
7Q` i?2B` bT2+B}+ b�H2bX hQ i?Bb 2M/- � }t2/ `�i2 HB+2M+BM; b+?2K2 +�M �HbQ #2 +?Qb2M #v
i?2 b2HH2` r?2`2BM i?2v /2}M2 � }t2/ Ǵi�F2 Bi Q` H2�p2 BiǴ T`B+2 7Q` i?2B` T�i2Mi HB+2M+2bX
h?Bb Bb �TT`QT`B�i2 r?2M i?2 b2HH2` r�Mib iQ +`2�i2 �M mMHBKBi2/ MmK#2` Q7 HB+2M+2bX

9X8 >�`#2`;2` h�t 7Q` T�i2Mi HB+2M+2b
�b �M 2ti2MbBQM iQ i?2 K�`F2iTH�+2 7Q` B/2�b i?2 B/2� b2HH2` +�M +?QQb2 iQ BKTQb2 �
p�`B�Mi Q7 >�`#2`;2` h�t QM i?2 Bbbm2/ HB+2M+2X h?Bb T`QpB/2b � +QMiBMmQmb bi`2�K Q7

ke



`2p2Mm2 7`QK B/2�b 7Q` B/2� b2HH2`b- r?BH2 �HHQ+�iBM; i?2 B/2� iQ i?2 #mv2` rBi? i?2 ?B;?2bi
p�Hm�iBQMX >�`#2`;2` h�t Bb �M 2+QMQKB+ TQHB+v i?�i �BKb iQ }M/ � #�H�M+2 #2ir22M
Tm`2 T`Bp�i2 QrM2`b?BT �M/ iQi�H +QKKQMb QrM2`b?BT iQ BM+`2�b2 ;2M2`�H bQ+B2iv r2H7�`2
�M/ T`Q/m+iBpBivX �i Bib +Q`2 >�`#2`;2` h�t #�H�M+2b K�`F2i TQr2` r?BH2 `2/m+BM; i?2
BM2{+B2M+v BM �HHQ+�iBQM USQbM2` �M/ q2vH- kyRdVX

h?2 K2+?�MBbK rQ`Fb #v BMi`Q/m+BM; irQ T`BM+BTH2b,

RX h?2 QrM2` p�Hm2b i?2 HB+2M+2 �M/ T�vb i�t QM i?�i p�Hm2X h?Bb Bb � b2H7@�bb2bb2/ i�tX

kX �i �Mv TQBMi BM iBK2 �MvQM2 +�M #mv i?2 HB+2M+2 7`QK i?2 QrM2` �i i?�i T`B+2-
7Q`+BM; � b�H2X h?2 QrM2` Bb ;Bp2M i?2 `B;?i Q7 }`bi Qz2` iQ BM+`2�b2 i?2B` HB+2M+2Ƕb
p�Hm�iBQM iQ +QMiBMm2 QrMBM; BiX

9X8XR >�`#2`;2` h�t �HHQ+�iBQM 2{+B2M+v
�HHQ+�iBp2 2{+B2M+v BM i?Bb +QMi2ti Bb /2}M2/ �b /Bbi`B#miBM; HB+2M+2b iQ i?2 KQbi T`Q/m+@
iBp2 QrM2`bX AM ;2M2`�H- `2bQm`+2b +�M #2 KBb�HHQ+�i2/ i?`Qm;? T`B+2b #2BM; b2i iQQ ?B;?
Q` iQQ HQr r?B+? `2bmHib BM /2�/r2B;?i HQbb- r?B+? Bb � M2i 2+QMQKB+ BM2{+B2M+v BM bQ+B2iv
USQbM2` �M/ q2vH- kyRdVX AM i?2 +�b2 Q7 T`QT2`iv- 7Q` 2t�KTH2- �M QrM2` +�M ǳ?QH/ QmiǴ
7Q` � T`B+2 i?�i i?2 #mv2` K�v MQi #2 �#H2 iQ T�v- H2�/BM; iQ /2H�v Q` � 7�BH2/ i`�Mb�+iBQM
2p2M r?2M i?2 #mv2` +�M mb2 i?2 T`QT2`iv KQ`2 T`Q/m+iBp2Hv i?�M i?2 +m``2Mi QrM2` +�M
USQbM2` 2i �HX- kyRNVX �//2/ iQ i?Bb- BiǶb �Hr�vb BM i?2 BMi2`2bi 7Q` � b2HH2` iQ [mQi2 � ?B;?2`
b2HHBM; T`B+2 i?�M i?2B` HQr2bi b2HH T`B+2 r?BH2 BiǶb �Hr�vb BM i?2 BM i?2 BMi2`2bi Q7 i?2 #mv2`
iQ [mQi2 � #mv T`B+2 H2bb i?�M i?2 ?B;?2bi T`B+2 i?2v �`2 rBHHBM; iQ T�vX h?2b2 irQ 7Q`+2b
`2/m+2 �HHQ+�iBQM 2{+B2M+v BM MQ`K�H #BH�i2`�H 2t+?�M;2b U.2 H� _QmpB2`2- kyR3VX

>�`#2`;2` h�t BM+`2�b2b i?2 �HHQ+�iBQM 2{+B2M+v Q7 2t+?�M;2 �M/ `2KQp2b i?2 M22/ 7Q` �
b2+QM/�`v K�`F2iX >�`#2`;2` h�t /BbBM+2MiBpBx2b i?2 b2HH2` 7`QK b2iiBM; ?B;?- KQMQTQHBbiB+
?QH/@Qmi T`B+2b #2+�mb2 i?2v rBHH ?�p2 iQ T�v �M BM+`2�b2/ i�t USQbM2` �M/ q2vH- kyRdVX
�i i?2 b�K2 iBK2 Bi `2KQp2b i?2 �//BiBQM�H +Qbib /m2 iQ #�`;�BMBM; �b i?2 b2HH2` �Hr�vb
b2ib i?2 T`B+2X h?Bb K2�Mb i?�i B7 bQK2QM2 2Hb2 p�Hm2b i?2 �bb2i #2BM; bQH/ KQ`2 i?�M i?2
+m``2Mi QrM2` i?2v +�M #mv Bi- i?2`2#v �Hr�vb �HHQ+�iBM; i?2 �bb2i iQ i?2 QrM2` i?�i p�Hm2b
Bi i?2 KQbiX h?2`27Q`2 >�`#2`;2` h�t `2/m+2b BMp2biK2Mi 2{+B2M+v U?QH/@Qmi T`B+BM;V 7Q`
� 72r- r?BH2 BM+`2�bBM; �HHQ+�iBQM 2{+B2M+v Q7 QrM2`b?BT r?B+? BM+`2�b2b bQ+B�H r2H7�`2 7Q`
K�Mv USQbM2` �M/ q2vH- kyRdVX >�`#2`;2` h�t �BKb iQ �+?B2p2 T�`iB�H +QKKQM QrM2`b?BTX
SQbM2` 2i �HX UkyRNV b?Qr2/ i?�i i?Bb KQ/2H �+?B2p2b dyW iQ NyW Q7 i?2 K�tBKmK TQbbB#H2
�HHQ+�iBQM Q7 r2H7�`2 2{+B2M+v r?BH2 2`Q/BM; QMHv RyW iQ kyW Q7 BMp2biK2Mi 2{+B2M+vX

9X8Xk >�`#2`;2` h�t �/p�Mi�;2b
>�`#2`;2` h�t Qz2`b � MmK#2` Q7 �/p�Mi�;2b Qp2` i?2 BM+`2�b2/ �HHQ+�iBQM 2{+B2M+v BM
i?2 +QMi2ti Q7 T�i2Mi HB+2M+2bX 6Q` QM2- Bi 7Q`+2b HB+2M+2 ?QH/2`b iQ b2H7@�bb2bb i?2 HB+2M+2Ƕb
rQ`i?- i?2`2#v T`QpB/BM; i?2 K�`F2i rBi? i?2 KQbi `2+2Mi T`B+2 BM7Q`K�iBQMX h?2 �#BHBiv
7Q` �MvQM2 iQ bm#KBi � #mvQmi 7Q` i?2 HB+2M+2 BMi`Q/m+2b HB[mB/Biv iQ i?2 K�`F2iTH�+2 7Q`
B/2�bX h?Bb K2+?�MBbK T`QpB/2b 7mM/BM; 7Q` i?2 Q`B;BM�H b+B2MiB}+ 2zQ`ib i?�i +`2�i2/ i?2
B/2� i?`Qm;? i?2 +QMiBMmQmb +QHH2+iBQM Q7 i�tX �//BiBQM�HHv- T�i2Mi i`QHHb �M/ S�1b �`2
}M�M+B�HHv /BbBM+2MiBpBx2/ #v #2BM; 7Q`+2/ iQ T�v i�t QM ?QH/BM; i?2 T�i2MibX
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�//2/ iQ i?Bb- 6�K� URNdyV BMi`Q/m+2b i?2 MQiBQM Q7 �M ǳB/2�H K�`F2iǴ �b QM2 i?�i �i �Mv
TQBMi BM iBK2 ǳ7mHHv `2~2+ib �HH �p�BH�#H2 K�`F2i BM7Q`K�iBQMǴX h?Bb 2M�#H2b +QKT�MB2b iQ
K�F2 #2ii2` T`Q/m+i BMp2biK2Mi /2+BbBQMb �b i?2 T`B+2 �+ib �b � mb27mH bB;M�H 7Q` `2bQm`+2
�HHQ+�iBQMX >�`#2`;2` h�t �BKb iQ }M/ �M B/2�H T`B+2 7Q` i?2 Bi2K #2BM; i�t2/- r?B+?
BM im`M b?QmH/ `2~2+i �b Km+? K�`F2i BM7Q`K�iBQM �b TQbbB#H2X h?Bb `2/m+2b BM7Q`K�iBQM
�bvKK2i`v �b i?2 QrM2` Bb b2iiBM; i?2 T`B+2X

9X8Xj A/2�H >�`#2`;2` h�t `�i2
h?2 i�t `�i2 BM >�`#2`;2` h�t bvbi2Kb p�`vX SQbM2` �M/ q2vH UkyRdV T`QTQb2/ i?�i
i?2 QTiBK�H `�i2 7Q` >�`#2`;2` h�t b?QmH/ #2 �#Qmi ?�H7 Q7 i?2 Q#b2`p2/ `�i2 Q7 �bb2i
i`�/2 BM �M 2tBbiBM; K�`F2iX h?Bb BMbB;?i +�M #2 mb2/ �b � #�bBb 7Q` �M B/2�H `�i2 7Q` �
>�`#2`;2` h�t KQ/2H 7Q` B/2�bX �F+B;Bi 2i �HX UkyReV �M�Hvx2/ � K�`F2iTH�+2 7Q` B/2�b
r?2`2BM T�i2Mib r2`2 QT2MHv i`�/2/X h?2v +QM+Hm/2/ i?�i �+`Qbb i?2 �p�BH�#H2 /�i� �#Qmi
ReW Q7 T�i2Mib �`2 bQH/ �M/ Bi i�F2b �#Qmi 8X8 v2�`b QM �p2`�;2 iQ b2HH i?2KX lbBM; i?Bb
�b �M BMTmi i?2 Q#b2`p2/ `�i2 Q7 �bb2i i`�/2 Bb ≈jW T2` T�i2Mi T2` v2�`X �TTHvBM; i?2
?�H7 �bb2i i`�/2 `mH2 7`QK SQbM2` �M/ q2vH UkyRdV vB2H/b � v2�`Hv i�t Q7 RX8W �b � bi�`iBM;
#�bBb 7Q` �HH B/2�b i�t2/ rBi? i?Bb KQ/2HX

.m2 iQ i?2 HQr �bb2i i`�/2 `�i2 Q7 B/2�b- �M/ #2+�mb2 bQK2 B/2�b �`2 i`�/2/ 7�` KQ`2
7`2[m2MiHv i?�M Qi?2`b- i?2 i�t `�i2 b?QmH/ �HbQ #2 � 7mM+iBQM Q7 ?Qr 7`2[m2MiHv i?�i
bT2+B}+ B/2� ?�b i`�/2/ BM i?2 T�biX h?Bb `2bmHib BM 7`2[m2MiHv i`�/2/ B/2�b T�vBM; KQ`2
i�t r?B+? �HB;Mb i?2 T�vK2Mib i?�i B/2� b2HH2`b ;2i- rBi? i?2 /2K�M/ 7Q` i?Qb2 B/2�bX h?2
bBKTH2 HBM2�` 1[m�iBQM 9XR Bb mb2/ iQ /2}M2 i?2 i�t +?�`;2/ T2` �MMmKX n Bb i?2 MmK#2`
Q7 iBK2b i?�i i?2 HB+2M+2 ?�b i`�/2/ BM Bib HB72iBK2X

r = 0.015(n+ 1) U9XRV

h?Bb HB+2M+2 p�Hm�iBQM bi�`ib �i i?2 b2HH T`B+2 Q7 i?2 b2�H2/ #B/ �m+iBQMX �i �Mv TQBMi BM
iBK2 i?2 HB+2M+2 +�M #2 #Qm;?i 7`QK i?2 +m``2Mi HB+2M+2 QrM2`- �i Bib +m``2Mi p�Hm�iBQM-
�bbmKBM; i?2v `�Bb2 i?2 p�Hm�iBQM #v � KBMBKmK Q7 8WX h?2 +m``2Mi HB+2M+2 QrM2` ?�b �
`B;?i Q7 }`bi Qz2` iQ `�Bb2 i?2 +m``2Mi p�Hm�iBQM Q7 i?2 HB+2M+2 �b � `2bTQMb2 iQ ?QH/ QMiQ
i?2 HB+2M+2X h?2v rBHH ?Qr2p2` ?�p2 iQ T�v KQ`2 i�t QM i?2 M2r p�Hm�iBQM Q7 i?2 HB+2M+2
B7 i?2v +?QQb2 iQ #2�i i?2 M2r Qz2`X AKTQ`i�MiHv 1[m�iBQM 9XR +�M #2 KQ/B}2/ #v i?2
b2HH2` B7 i?2v +?QQb2X Ai Bb b2i iQ RX8W T2` v2�` �b � bm;;2biBQMX

9X8X9 "mvQmi BKTHB+�iBQMb 7Q` b2HH2`
h?2 `BbF Q7 HQbBM; � HB+2M+2 Bb TQi2MiB�HHv /2p�bi�iBM; 7Q` � +QKT�Mv r?Q ?�b #mBHi i?2B`
r?QH2 #mbBM2bb �`QmM/ i?2 B/2�X h?Bb TQi2MiB�H HQbb +�M #2 KBiB;�i2/ #v irQ 7�+iQ`b,

RX h?2 HB+2M+2 ?QH/2` +�M �Hr�vb BM+`2�b2 i?2B` T`Bp�i2 p�Hm�iBQM BM i?2 2p2Mi bQK2QM2
i`B2b iQ T2`7Q`K � #mvQmi i?`Qm;? i?2 `B;?i Q7 }`bi Qz2`X

kX �7i2` HB+2M+2 `2pQ+�iBQM- i?2 T`2pBQmb ?QH/2` Bb T2`KBii2/ iQ F22T i?2B` HB+2M+2 7Q`
� T2`BQ/ Q7 iBK2X h?Bb b2`p2b �b � ;`�+2 T2`BQ/ r?B+? 2M�#H2b i?2 +QKT�Mv iQ }M/
�MQi?2` r�v iQ HB+2M+2 i?2B` T`Q/m+i- +`2�i2 � M2r T`Q/m+i Q` #mv #�+F i?2 HB+2M+2X
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h?Bb ;`�+2 T2`BQ/ b?QmH/ #2 HQM; 2MQm;? i?�i +QKT�MB2b i?�i ?�p2 i?2B` HB+2M+2 `2pQF2/
�`2 MQi BKK2/B�i2Hv Tmi Qmi Q7 #mbBM2bbX Ai b?QmH/ #2 `2T`2b2Mi�iBp2 Q7 ?Qr Km+? iBK2
i?2 +QKT�Mv ?�/ ?2H/ i?2 T�i2Mi 7Q`X hQ F22T i?2 BKTH2K2Mi�iBQM bBKTH2 i?2 T2`BQ/ Q7
p�HB/Biv �7i2` HB+2M+2 `2pQ+�iBQM Bb b2i iQ tg = th

2 r?2`2 tg Bb i?2 ;`�+2 �7i2` `2pQ+�iBQM
�M/ th Bb ?Qr HQM; i?2 2t@HB+2Mb22 ?2H/ i?2 HB+2M+2 7Q`X �Hi2`M�iBp2 +QMbi`m+iBQMb 7Q` i?Bb
2[m�iBQM �`2 �HbQ TQbbB#H2X

9X8X8 h2bH� 2t�KTH2 rBi? HB+2M+2 #mvQmi
a�v 7Q` 2t�KTH2 h2bH� i?BMFb i?�i i?2 #�ii2`v B/2� 7`QK i?2 lMBp2`bBiv Q7 .�H?QmbB2 Bb
rQ`i? 0R "BHHBQMX A7 i?2v #mv �++2bb iQ i?2 HB+2M+2 7`QK i?2 T`QTQb2/ K�`F2i i?2`2 Bb �M
QT2`�iBQM�H `BbF iQ i?2K Q7 HQbBM; i?2 HB+2M+2 2[m�H iQ ?Qr Km+? i?2v i?BMF i?2 HB+2M+2
Bb rQ`i?X a�v h2bH� b2ib i?2B` p�Hm�iBQM QM i?2 K�`F2i iQ i?2B` T`Bp�i2 p�Hm2 �M/ hQvQi�
bm++2bb7mHHv #mvb Bi Qmi 7Q` 0RXR "BHHBQM- `2bmHiBM; BM h2bH� HQbBM; i?2 HB+2M+2X h2bH� rBHH BM
7�+i ;2M2`�i2 KQ`2 `2p2Mm2 7`QK i?2 #mvQmi i?�M i?2 +Qbi Q7 HQbBM; i?2 HB+2M+2 #2+�mb2
i?2v r2`2 T�B/ KQ`2 i?�M i?2B` T`Bp�i2 p�Hm�iBQM Q7 i?2 HB+2M+2X h?2 #mvQmi T2`BQ/ +QK2b
BMiQ TH�v ?2`2 BM i?�i h2bH� +�M `2@2p�Hm�i2 B7 i?2v r�Mi iQ #mv i?2 HB+2M+2 #�+FX

9X8Xe >�`#2`;2` h�t QM B/2�b �M/ i?2 +QKKQMb
� F2v 2H2K2Mi Q7 >�`#2`;2` h�t Bb i?�i Bi �ii2KTib iQ #�H�M+2 Tm`2 T`Bp�i2 QrM2`b?BT �M/
iQi�H +QKKQMb QrM2`b?BT iQ BM+`2�b2 i?2 r2H7�`2 Q7 bQ+B2iv �i H�`;2 U6�K�- RNdyVX S�i2Mib
�`2 b22M �b � i2KTQ`�`v KQMQTQHv ;Bp2M iQ � +QKT�Mv 2M�#HBM; i?2K iQ `2+QmT +Qbib Q7
_�.- i?mb BM+2MiBpBbBM; �M/ T`Qi2+iBM; BMMQp�iBQMX >Qr2p2`- T�i2Mib 2tTB`2 �7i2` ky v2�`b
�M/ i?2M i?2B` B/2�b 2Mi2` i?2 Tm#HB+ /QK�BMXR �i i?Bb TQBMi i?2 BMi2HH2+im�H T`QT2`iv +�M
#2 b22M iQ #2 QrM2/ #v i?2 +QKKQMbX

>�`#2`;2` h�t i?2`27Q`2 T`QpB/2b � i�t�iBQM K2+?�MBbK QM i?Bb KQMQTQHv `B;?i mMiBH i?2
B/2� 2Mi2`b i?2 +QKKQMbX �//BiBQM�HHv- #2+�mb2 mMBp2`bBiB2b �`2 b22M �b � +QKKQM ;QQ/-
b2M/BM; i�t iQ i?2 BMbiBimiBQM i?�i 7mM/2/ i?2 B/2� /B`2+iHv #2M2}ib i?2 +QKKQMb mMiBH
i?2 B/2� 7mHHv 2Mi2`b i?2 Tm#HB+ /QK�BM �i T�i2Mi 2tTB`�iBQMX

9X8Xd .Bb�#H2/ i`�Mb72`�#BHBiv
Ai2Kb i?�i ?�p2 �M �TTHB2/ >�`#2`;2` h�t b?QmH/ MQi #2 �#H2 iQ #2 i`�/2/ BM b2+QM/�`v
K�`F2ibX h?Bb Bb iQ 2Mbm`2 i?�i �HH HB+2M+2b �`2 i`�/2/ i?`Qm;? i?2 >�`#2`;2` #mvQmi
T`Q+2bbX h?`Qm;? i?2 bm#KBbbBQM Q7 #mvQmi `2[m2bib #v #B//2`b �M/ TQi2MiB�H bm#b2[m2Mi
p�Hm�iBQM `�Bb2b #v i?2 +m``2Mi QrM2`- i?2 K�`F2i 7Q` T�i2Mi 2t+?�M;2 Bb �Hr�vb K�tBK�HHv
2{+B2MiX

9X8X3 lMBi HB+2M+2 2t+HmbBpBiv
1�+? HB+2M+2 +�M QMHv #2 BKTH2K2Mi2/ #v QM2 +QKT�Mv �i � iBK2 U2t+Hm/BM; /m`BM; �
#mvQmiVX h?Bb Bb iQ T`2p2Mi ?QH/BM; +QKT�MB2b 7`QK bm#HB+2MbBM; �M/ +?�`;BM; 722bX h?Bb
`2Mi b22FBM; #2?�pBQm` rQmH/ 2ti`�+i p�Hm2 7`QK i?2 K�`F2iTH�+2 �M/ /2+`2�b2 i?2 Qp2`�HH
r2H7�`2X

Rh?Bb Bb i?2 +�b2 BM aQmi? �7`B+� U*AS*- kyRNV- la UCQ2 _mM;2- kyReV �M/ rQ`H/rB/2 UqASP- kyRNVX
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9X8XN a2HH2` BM~m2M+2 QM K�`F2i /vM�KB+b
h?2 b2HH2` r?Q Tm#HBb?2b i?2 B/2� +�M +?QQb2 ?Qr K�Mv HB+2M+2b i?2v r�Mi iQ Bbbm2 BMiQ
i?2 K�`F2iTH�+2X h?Bb QTiBQM�HBiv +QmTH2/ rBi? i?2 +?QB+2 #2ir22M �M �m+iBQM Q` }t2/
`�i2 b�H2 �M/ i?2 �#BHBiv iQ 2M�#H2 >�`#2`;2` h�t T`QpB/2b i?2 �+�/2KB+ rBi? �M BM~m2M+2
Qp2` ?Qr i?2 K�`F2i rBHH QT2`�i2X �b � `2bmHi i?2 b2HH2` +�M #2 bi`�i2;B+ #�b2/ QM ?Qr
i?2v T2`+2Bp2 i?2 K�`F2i BMi2`2bi BM i?2B` bT2+B}+ T�i2MiX

�M 2t�KTH2 +QM};m`�iBQM Bb iQ b2i i?2 K�t +QM+m``2Mi HB+2Mb2 iQ QM2 �M/ 2M�#H2 >�`#2`;2`
h�tX h?Bb rQmH/ +`2�i2 �M �`iB}+B�H KQMQTQHv QM i?2 B/2� 7Q` r?Q2p2` ?QH/b i?2 HB+2M+2X AM
i?2 +�b2 Q7 i?2 h2bH� 2t�KTH2 i?Bb KB;?i #2 i?2 bBim�iBQM i?�i i?2 lMBp2`bBiv Q7 .�H?QmbB2
rQmH/ r�Mi ;Bp2M i?2B` T`BQ` �``�M;2K2Mi rBi? h2bH�X �Hi2`M�iBp2Hv- K�tBKmK +QM+m``2Mi
HB+2M+2b +QmH/ #2 b2i iQ irQ �M/ 2M�#H2 >�`#2`;2` h�t iQ +`2�i2 � /mQTQHv QM i?2 B/2�X

JmHiBTH2 HB+2M+2b +QmTH2/ rBi? >�`#2`;2` h�t `2bmHib BM �HH HB+2M+2 p�Hm�iBQM i2M/BM; iQ
i?2 b�K2 �p2`�;2 7Q` i?�i bT2+B}+ T�i2MiX h?Bb Bb � `2bmHi Q7 i?2 HQr2bi p�Hm2/ HB+2M+2
�Hr�vb `2+2BpBM; i?2 KQbi #B/bX h?Bb rBHH /`Bp2 mT i?Bb HB+2M+2 p�Hm2 �b HB+2M+2 ?QH/2`b i`v
iQ T`2p2Mi #mvQmibX �i i?2 b�K2 iBK2 i?2 ?B;?2bi p�Hm2/ HB+2M+2 ?�b �M mMM2+2bb�`BHv ?B;?
p�Hm�iBQM �b Bi rQMǶi ;2i �ii2KTi2/ #mvQmib �b i?2b2 �`2 �HH i�F2M #v i?2 HB+2M+2 rBi? �
HQr2` p�Hm�iBQMX h?Bb rBHH /`Bp2 /QrM i?2 T`B+2 Q7 i?2 ?B;?2bi p�Hm�iBQMX

9X8XRy >�`#2`;2` h�t BM i?2 h2bH� 2t�KTH2
AM i?2 +�b2 Q7 i?2 h2bH� 2t�KTH2- �i i?2 +QM+HmbBQM Q7 i?2 �m+iBQM h2bH� rQmH/ #2 Bbbm2/ �
HB+2M+2 r?B+? rQmH/ ?�p2 � >�`#2`;2` h�t �bbQ+B�i2/ rBi? BiX h?Bb `2bmHib BM +QMiBMmQmb
i�t�iBQM Q7 i?2 HB+2M+2 r?B+? +�M #2 +H�BK2/ #v i?2 lMBp2`bBiv Q7 .�H?QmbB2X �i �Mv
TQBMi �Mv Qi?2` mb2` +�M bm#KBi � #mvQmi T`QTQb�HX 6Q` i?Bb 2t�KTH2 b�v hQvQi� Bb i?2
+QKT2iBiQ`X �7i2` i?2 #mvQmi bm#KBbbBQM h2bH� ?�b irQ r22Fb iQ bm#KBi � +QmMi2` Qz2`
i?�i 2t+22/b hQvQi�Ƕb #mvQmi T`QTQb�HX

h2bH� rBHH +QMiBMm2 iQ BM+`2�b2 i?2B` HB+2M+2 p�Hm�iBQM mMiBH Bi 2t+22/b i?2B` 7mim`2 T`Bp�i2
p�Hm�iBQM Q7 i?2 HB+2M+2 +QMbB/2`BM; �HH +Qbib �M/ T`Q}ibX A7 hQvQi� +QMiBMm2 iQ #B/ T�bi
h2bH�Ƕb T`Bp�i2 p�Hm�iBQM i?2M h2bH� /Q2b MQi HQb2 Qmi 7`QK � KQM2i�`v T2`bT2+iBp2 �b �
`2bmHi Q7 HB+2M+2 `2pQ+�iBQM #2+�mb2 i?2v K�F2 i?2B` 7mim`2 p�Hm2 �i i?2 +QM+HmbBQM Q7 i?2
#mvQmiX

PM2 +QmH/ �`;m2 i?�i i?Bb K2+?�MBbK 2M�#H2b h2bH� iQ ǳHQ+F BMǴ i?2 7mim`2 p�Hm�iBQM Q7 i?2
HB+2M+2 r?BH2 `2KQpBM; �Mv mM+2`i�BMivX A7 h2bH� ?QH/b QMiQ i?2 HB+2M+2 i?2`2 Bb � MQM@x2`Q
+?�M+2 i?�i i?2v +�M MQi 2p2` �+?B2p2 i?2B` b2H7 /2}M2/ 7mim`2 p�Hm�iBQMX >Qr2p2`- B7 i?2v
�`2 #Qm;?i Qmi #v hQvQi� i?2v �`2 ;m�`�Mi22/ iQ `2+2Bp2 i?�i KQM2v BM +�b?X

9X8XRR AKTH2K2MiBM; >�`#2`;2` h�t rBi? bK�`i +QMi`�+ib
� +QKTH2tBiv BM /2�HBM; rBi? >�`#2`;2` h�t Bb 2M7Q`+2K2Mi �b Bi +QMbB/2`b #Qi? T�vK2Mib
7Q` i�t�iBQM �M/ HB+2M+2 `2�HHQ+�iBQM B7 i?2 HB+2M+2 ?QH/2` Bb BMbQHp2MiX � +2Mi`�HBx2/ bQ@
HmiBQM `2bmHib BM ?B;? �/KBMBbi`�iBp2 Qp2`?2�/ 7Q` T�vBM; i�t2b- �M/ `2HQ+�iBQM �7i2` �M
�m+iBQM USQbM2` 2i �HX- kyRNVX

PM2 bQHmiBQM iQ i?Bb Bb iQ �miQK�i2 i?2 r?QH2 T`Q+2bb mbBM; #HQ+F+?�BM #�b2/ bK�`i
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+QMi`�+ibX � bK�`i +QMi`�+i bvbi2K 2M�#H2b B/2� +`2�iQ`b iQ +H�BK Qmibi�M/BM; i�t �i
�Mv TQBMi BM iBK2 rBi?Qmi `2[mB`BM; �Mv +2Mi`�HBx2/ �/KBMBbi`�iBQMX AM i?2 2p2Mi i?�i i?2
HB+2M+2 ?QH/2` Bb MQi bQHp2Mi- � bK�`i +QMi`�+i bvbi2K +�M �miQK�iB+�HHv HBbi i?2 HB+2M+2
7Q` `2�m+iBQMX � bK�`i +QMi`�+i bvbi2K rBHH �HbQ T`2p2Mi �Mv FBM/ Q7 K�MBTmH�iBQM Q7
i?2 i�t�iBQM bvbi2K #v i?2 +2Mi`�HBx2/ T`QpB/2`X G�biHv- bK�`i +QMi`�+ib +�M #2 mb2/
iQ T`2p2Mi HB+2M+2 i`�Mb72` i?2`2#v T`2p2MiBM; b2+QM/�`v K�`F2ib �M/ 2M7Q`+BM; i?�i �HH
2t+?�M;2 Q++m`b i?`Qm;? i?2 >�`#2`;2` h�t K2+?�MBbKX h?2 7mHH /2i�BHb 7Q` i?Bb /2bB;M
�M/ `�iBQM�H �`2 /Bb+mbb2/ BM a2+iBQM 8XkXk rBi? BKTH2K2Mi�iBQM BM *?�Ti2` eX

9Xe Sm#HB+ `2+Q`/ Q7 T�i2Mi HB+2M+2b
�M �//BiBQM�H +QKTQM2Mi Q7 i?2 T`QTQb2/ /2bB;M Bb � Tm#HB+ `2+Q`/ Q7 �HH T�i2Mi HB+2M+2bX
h?Bb Bb �+?B2p2/ mbBM; � #HQ+F+?�BM �b � Tm#HB+Hv /BbTH�v2/ ?BbiQ`v Q7 �HH HB+2M+2b Bbbm2/
7`QK i?2 K�`F2i rBi? 7mHH i`�MbT�`2M+v �M/ �m/Bi�#BHBiv QM r?Q QrMb i?2K- ?Qr Km+?
i?2v T�B/ 7Q` i?2K �M/ i?2 QrM2`b?BT i`�BHX �//BiBQM�HHv �HH i2`Kb �M/ +QM/BiBQMb 7Q`
i?2 HB+2M+2b �`2 Tm#HB+Hv b?QrMX h?2 7mHH /2bB;M �M/ BKTH2K2Mi�iBQM /2i�BHb Q7 i?Bb Tm#HB+
`2;Bbi`v 7Q` HB+2M+2b Bbbm2/ 7`QK i?2 K�`F2i +�M #2 7QmM/ BM a2+iBQM 8XkXjX

9XeXR AM+`2�b2/ K�`F2i 2{+B2M+v i?`Qm;? K�`F2i i`�MbT�`2M+v
h?2 T`BK�`v `2�bQM 7Q` K�FBM; i?2 K�`F2i �b i`�MbT�`2Mi �b TQbbB#H2 i?`Qm;? Tm#HBb?BM;
T�i2Mi QrM2`b?BT ?BbiQ`v Bb iQ /2+`2�b2 BM7Q`K�iBQM �bvKK2i`B2b �M/ 2M�#H2 `2H�iBp2 T`B+@
BM;X A7 i?Bb BM7Q`K�iBQM Bb Tm#HB+Hv �++2bbB#H2 #mv2`b rBHH #2 KQ`2 BM7Q`K2/ �`QmM/ i?2 i`m2
p�Hm�iBQM Q7 �M B/2�X h?Bb i`�MbT�`2M+v rBHH �B/ BM 2z2+iBp2 >�`#2`;2` h�t T`B+2 �HHQ+�iBQM
�b HB+2M+2 QrM2`b rBHH ?�p2 �//BiBQM�H BM7Q`K�iBQM iQ BM7Q`K i?2B` T`Bp�i2 p�Hm�iBQMbX

9XeXk GB+2Mb22 bi`�i2;B+ BKTHB+�iBQMb 7`QK Tm#HB+ BM7Q`K�iBQM
PM2 /QrMbB/2 iQ Tm#HB+BbBM; �HH HB+2M+2 ?QH/2` BM7Q`K�iBQM Bb i?2 HQbb Q7 bi`�i2;B+ �/p�Mi�;2
#v HB+2M+2 ?QH/2`bX �b bQQM �b vQm` +QKT2iBiQ`b FMQr �#Qmi i?2 HB+2M+2b vQm ?QH/ vQm
HQb2 � bi`�i2;B+ �/p�Mi�;2X h?Bb +�M `2bmHi BM � `2/m+iBQM Q7 i?2 T`Bp�i2 p�Hm�iBQM Q7
i?2 HB+2M+2X �//BiBQM�HHv- i?Bb KB;?i K�F2 i?2 T`QTQb2/ bvbi2K � MQM@bi�`i2` 7Q` bQK2
BM/mbi`B2bX AM Qi?2`b i?Bb K�`F2iTH�+2 i`�MbT�`2M+v b?QmH/ MQi #2 � T`Q#H2KX q?2i?2`
Q` MQi i?Bb Bb �M �++2Ti�#H2 Tm#HB+ /BbTH�v Q7 BM7Q`K�iBQM rBHH /2T2M/ QM i?2 BM/mbi`v �M/
#mbBM2bb BMpQHp2/X

6Q` QM2- i?2 +m``2Mi [m�bB@Tm#HB+ #`QF2`�;2 K�`F2i Bb �H`2�/v KQbiHv QT2M �M/ bQ i?2`2 Bb
� H�`;2 QTTQ`imMBiv iQ /Bb`mTi i?Bb b2+iQ`X a2+QM/Hv- i?2 �/p�Mi�;2b Q7 `2~2+iBp2 T`B+BM;-
K�`F2i 2{+B2M+v �M/ HB[mB/Biv #`Qm;?i �#Qmi i?`Qm;? Tm#HB+ BM7Q`K�iBQM Qmir2B;? i?2
/Bb�/p�Mi�;2b 7Q` HQbb Q7 bi`�i2;B+ �/p�Mi�;2 BM KQbi +�b2bX

9Xd �miQK�iB+ T`Q;`�KK�#H2 T�vK2Mib
S�vK2Mib BM i?2 T`QTQb2/ K�`F2iTH�+2 b?QmH/ �miQK�iB+�HHv 2t2+mi2 �7i2` �m+iBQM +QM@
+HmbBQM �M/ �7i2` >�`#2`;2` h�t Bb +H�BK2/X A/2�HHv i?Bb T�vK2Mi bvbi2K b?QmH/ `2[mB`2
�b HBiiH2 �/KBMBbi`�iBQM �b TQbbB#H2 r?BH2 T`QpB/BM; bi`QM; b2+m`Biv ;m�`�Mi22b iQ K�`F2i
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T�`iB+BT�MibX Ai b?QmH/ �HbQ #2 2�bv iQ i`�Mb�+i BM /Bz2`2Mi +m``2M+B2b QM i?2 TH�i7Q`K
2M�#HBM; � rB/2 `�M;2 Q7 K�`F2i T�`iB+BT�MibX

"HQ+F+?�BM 2M�#H2b HQr +Qbi- i`mbiH2bb- +`Qbb #Q`/2` T�vK2MibX Aib �TTHB+�#BHBiv BM i?2
+QMi2ti Q7 T�vK2Mib Bb 2t�KBM2/ BM b2+iBQM 8XkX9X

9X3 SH�i7Q`K 722b �M/ KQM2iBx�iBQM
� +Q`2 ;Q�H Q7 i?2 T`QTQb2/ K�`F2iTH�+2 Bb iQ T`QpB/2 p�Hm2 iQ i?2 +QKKQMb r?BH2 �M B/2�
Bb T`Qi2+i2/ #v � T�i2Mi mMiBH i?2 B/2� `2im`Mb iQ i?2 +QKKQMb �i 2tTB`vX h?2 T`QTQb2/
K�`F2i �BKb iQ `2KQp2 `2Mi b22FBM; #2?�pBQm` 7`QK KB//H2K2M r?Q T`QpB/2 HBKBi2/ p�Hm2
iQ i?2 BMp2MiQ` �M/ Qi?2` K�`F2i T�`iB+BT�MibX _�i?2`- p�Hm2 ;2M2`�i2/ 7`QK i?2 K�`F2i Bb
/B`2+i2/ #�+F iQ i?2 +`2�iQ`b i?2`2#v biBKmH�iBM; BMMQp�iBQM �M/ bmTTQ`iBM; i?2 +QKKQMbX
hQ i?Bb 2M/- �HH i`�Mb�+iBQMb �`2 7`22 BM i?2 TH�i7Q`KX h?Bb BM+Hm/2b �m+iBQM T�vK2Mi
b2iiH2K2Mi �b r2HH �b >�`#2`;2` h�t 2M7Q`+2K2MiX h?Bb Bb p�biHv /Bz2`2Mi iQ i?2 K�DQ`Biv
Q7 2tBbiBM; #`QF2`�;2 b2`pB+2b i?�i Qz2` � +QKT�`�#H2 b+QT2 Q7 72�im`2b r?Q i2M/ iQ +?�`;2
2tQ`#Bi�Mi 722/bX

SH�i7Q`K KQM2iBx�iBQM Bb MQi � /B`2+i +QMbB/2`�iBQM 7Q` i?2 +QMi2ti Q7 i?Bb i?2bBbX 6mim`2
BKTH2K2Mi�iBQMb Q7 i?2 K�`F2iTH�+2 +QmH/ Qz2` �//BiBQM�H b2`pB+2b QM iQT Q7 i?2 T`QpB/2/
7`22 2t+?�M;2- bm+? �b T`Q72bbBQM�H /m2 /BHB;2M+2 �M/ +QHH�iBQM b2`pB+2b r?B+? +QmH/ #2
+?�`;2/ 7Q`X

9XN �ii`B#miBQM Q7 bQ+B�H +`2/Bi
lTQM HBbiBM; �M �+�/2KB+ rQ`F i?2 �mi?Q` +�M +?QQb2 iQ b?�`2 � 7`�+iBQM Q7 i?2 T`Q+22/b
rBi? i?2B` +Bi�iBQMǶb �mi?Q`b Q` +Q@�mi?Q`bX h?Bb 2M�#H2b p�Hm2 iQ #2 �ii`B#mi2/ iQ �M
BM~m2MiB�H �mi?Q` Q` 72HHQr +QMi`B#miQ`bX h?Bb +�M #2 2ti2M/2/ iQ b?�`BM; `2p2Mm2 rBi?
i?2 Tm#HBb?2`Ƕb BMbiBimiBQMX

�b �M 2ti2MbBQM- +Bi�iBQM M2irQ`Fb +�M #2 #mBHi #v �M�HvxBM; i?2 T�T2`b `272`2M+2/ rBi?BM
� Tm#HB+�iBQM �M/ i?2M � 7`�+iBQM Q7 ;2M2`�i2/ `2p2Mm2 +�M #2 b?�`2/ rBi? i?2 KQbi BM@
~m2MiB�H +QMi`B#miQ`bX "v B/2MiB7vBM; T�T2`b i?�i ?�p2 i?2 ?B;?2bi MmK#2` Q7 `272`2M+2b
�b r2HH �b +QMbB/2`BM; +`Qbb `272`2M+2b- � T�T2`b ǳBM~m2M+2Ǵ b+Q`2 +�M /2}M2 ?Qr Km+? �
+Bi�iBQM rQmH/ ;2i T�B/ `2H�iBp2 iQ Qi?2` +Bi�iBQMbX h?Bb K2+?�MBbK �BKb iQ BM/B`2+iHv bmT@
TQ`i 7QmM/�iBQM�H b+B2M+2 �M/ `2b2�`+? #v ;BpBM; #�+F iQ i?2 KQbi BM~m2MiB�H +QMi`B#miQ`b
iQ � bT2+B}+ B/2�X h?Bb i?2bBb r�b #Q`M 7`QK �M �+�/2KB+ T`QD2+i +�HH2/ lMB*QBM r?B+?
BKTH2K2Mi2/ �M BMBiB�H p2`bBQM Q7 i?2 K�`F2iTH�+2 7Q` B/2�b T`QTQb2/X PM2 Q7 i?2 Q`B;BM�H
;Q�Hb Q7 lMB*QBM r�b i?Bb MQiBQM Q7 � +Bi�iBQM M2irQ`F iQ /Bbi`B#mi2 T`QTQ`iBQM�H `2p2Mm2
�KQM; +QMi`B#miQ`bX h?Bb +QM+2Ti Q7 +Bi�iBQM M2irQ`Fb Bb #2BM; �+iBp2Hv `2b2�`+?2/ BM
T�`�HH2H rBi? J2BFH2DQ?M UkykyVX

9XRy GB+2M+2 7Q` Bbbm2/ Tm#HB+�iBQMb
h?2 KQ/2H T`2b2Mi2/ ;`�Mib T�i2Mi `B;?ib i?`Qm;? HB+2M+2b Bbbm2/ #v i?2 T�i2Mi ?QH/2` Ui?2
mMBp2`bBivVX �7i2` i?2 b�H2- i?2 mMBp2`bBiv `2K�BMb i?2 T�i2Mi ?QH/2` r?B+? Bb +QM;`m2Mi

jk



rBi? i?2 `2[mB`2K2Mib Q7 "�v?@.QH2 i?2`2#v K�FBM; i?2 K�`F2iTH�+2 H2;�HHv T2`KBbbB#H2 BM
i?2 la U*P:_- RNNNVX h?2 "�v?@.QH2 �+i /2}M2b i?2 T`Q+2bb i?�i la mMBp2`bBiB2b Kmbi
7QHHQr B7 � 72/2`�HHv 7mM/2/ Tm#HB+�iBQM Bb T�i2Mi2/X h?Bb Bb `2H2p�Mi �b i?2 la ?�b i?2
?B;?2bi MmK#2` Q7 HBiB;�iBQM +�b2b Qmi Q7 �Mv K�DQ` T�i2Mi BbbmBM; +QmMi`v �M/ i?2`27Q`2
Bi Bb BKTQ`i�Mi i?�i i?2 K�`F2i +�M QT2`�i2 BM i?2 laX h?Bb /2bB;M /2+BbBQM �HbQ K�F2b
i?2 HB+2M+BM; T`Q+2bb +QKTHB�Mi rBi? aQmi? �7`B+�M *QTv`B;?i :mB/2HBM2b �M/ `mH2b 7Q`
rQ`Fb Tm#HBb?2/ 7`QK mMBp2`bBiB2b UqBib- kyRNVX

GB+2M+2b Bbbm2/ M22/ iQ }i rBi?BM i?2 `2;mH�iQ`v 7`�K2rQ`F rBi?BM r?B+? i?2 T�i2Mi r�b
}H2/X h?2b2 MQM@2t+HmbBp2 HB+2M+2 �;`22K2Mib �`2 #2bTQF2 /Q+mK2Mib bB;M2/ #2ir22M i?2
mMBp2`bBiv �M/ i?2 HB+2Mb22X qASP UkyRNV ?�b �M 2t�KTH2 MQM@2t+HmbBp2 HB+2M+2 �;`22K2Mi
i2KTH�i2 ;2M2`�i2/ 7`QK >�`p�`/X h?2 i`�MbH�iBQM 7`QK i?Bb H2;�HHv #BM/BM; �;`22K2Mi
iQ � #HQ+F+?�BM iQF2M Bb MQi mMB[m2 iQ i?Bb i?2bBb �M/ Bb �M �`2� Q7 �+iBp2 `2b2�`+? 7Q` �
MmK#2` Q7 #HQ+F+?�BM +QKT�MB2bX 6m`i?2` /Bb+mbbBQM QM i?2 +QKTH2tBiB2b Q7 i?Bb T`Q+2bb
�`2 /2H2;�i2/ iQ a2+iBQM dXRXjX

�b ?�b #22M K2MiBQM2/- �HH T�T2`b rBi?BM i?2 K�`F2i `2K�BM QT2M �M/ 7`22 7Q` �MvQM2 iQ
/QrMHQ�/ �M/ `2�/X Pi?2` `2b2�`+?2`b +�M `2�/ i?2K �M/ #mBH/ 7m`i?2` `2b2�`+? �`QmM/
i?2K- �bbmKBM; i?2v /Q MQi +QKK2`+B�HBx2 i?2 B/2�b T`2b2Mi2/ rBi?BMX h?Bb �BKb iQ #`2�F
/QrM i?2 +m``2Mi 2tTHQBi�iBp2 KQM2iBx�iBQM 7`�K2rQ`F i?�i bm``QmM/b � HQi Q7 +miiBM; 2/;2
`2b2�`+?- bm+? �b 1Hb2pB2`Ƕb T�vr�HH U1Hb2- kyRNVX AM i?2 T`QTQb2/ KQ/2H p�Hm2 ~Qrb 7`QK
i?2 HB+2M+2 ?QH/2` iQ i?2 Q`B;BM�H `2b2�`+?2`X i?Bb bmTTQ`ib i?2 BMbiBimiBQM �M/ mHiBK�i2Hv
bmTTQ`ib QT2M b+B2M+2X

9XRR *?�Ti2` +QM+HmbBQM
h?Bb +?�Ti2` BMi`Q/m+2/ i?2 +QM+2Tim�H 2H2K2Mib Q7 i?2 T`QTQb2/ K�`F2iTH�+2 7Q` B/2�bX
h?Bb BM+Hm/2b i?2 mb2 Q7 � b2�H2/ #B/ �m+iBQM 7Q` i?2 BMBiB�H �HHQ+�iBQM Q7 HB+2M+2b iQ +QKT�@
MB2b i?�i p�Hm2 i?2K i?2 KQbiX h?Bb Bb �TT`QT`B�i2 �b � `2�H rQ`H/ b�H2 Q7 B/2�b rBHH KQbi
HBF2Hv ?�p2 � MmK#2` Q7 +QKT2iBM; +QKT�MB2b r?Q �HH ?�p2 i?2B` QrM T`Bp�i2 p�Hm�iBQM
Q7 i?2 B/2� r?B+? rBHH BM7Q`K i?2B` #B//BM; T`B+2X �M �m+iBQM i?2`27Q`2 2Mbm`2b i?�i i?2
K�tBKmK `2p2Mm2 +�M #2 ;2M2`�i2/ 7Q` i?2 B/2� b2HH2`X �M �m+iBQM /2+`2�b2b i?2 K�i+?@
BM; +Qbib #2ir22M � b2HH2` �M/ #mv2`X h?Bb Bb BKTQ`i�Mi BM i?2 mMBp2`bBiv +QMi2ti �b i?2
T`Q+2bb Q7 b2HHBM; �M B/2� M22/b iQ #2 �b bBKTH2 �M/ �TT`Q�+?�#H2 �b TQbbB#H2 7Q` �M �+�@
/2KB+X >Qr2p2`- �m+iBQMb �`2 bmb+2TiB#H2 iQ � +Q``mTi �m+iBQM22` r?Q +�M 2ti`�+i p�Hm2
7`QK � b�H2X �b � `2bmHi- i?Bb BM2{+B2M+v r�b +QMbB/2`2/ iQ }M/ i?2 BKT�+i Q7 �m+iBQM22`
K�MBTmH�iBQM QM �m+iBQM 2{+B2M+vX � >�`#2`;2` h�t K2+?�MBbK Bb �HbQ T`2b2Mi2/ r?B+?
`2[mB`2b HB+2M+2 ?QH/2`b iQ /2}M2 i?2B` QrM p�Hm�iBQM Q7 i?2 HB+2M+2b i?2v ?QH/X h?Bb T`Q@
pB/2b `2T`2b2Mi�iBp2 T`B+BM; �M/ +`2�i2b K�`F2i HB[mB/Biv 7Q` HB+2M+2bX *QMbB/2`�iBQMb �M/
2t�KTH2b �bbQ+B�i2/ rBi? i?2 >�`#2`;2` h�t �`2 �HbQ /Bb+mbb2/- BM+Hm/BM; i?2 bi`�i2;B+
BKTHB+�iBQMb Q7 #mvQmibX >Qr T�vK2Mib �`2 T`Q+2bb2/- i?2 +`2�iBQM Q7 � Tm#HB+ HB+2M+2
`2;Bbi`v �M/ TH�i7Q`K KBMBKBx�iBQM �`2 �HbQ /Bb+mbb2/X

h?2 BKTH2K2Mi�iBQM /2i�BHb Q7 2�+? +QKTQM2Mi �i � i?2Q`2iB+�H �M/ i2+?MB+�H H2p2H �`2
2tTHQ`2/ BM i?2 M2ti irQ +?�Ti2`bX h?Bb bi�`ib rBi? � +�b2 7Q` #HQ+F+?�BM rBi?BM i?2 +QMi2ti
Q7 i?2 K�`F2iTH�+2 7Q` B/2�b �M/ Bb 7QHHQr2/ #v � i2+?MB+�H BKTH2K2Mi�iBQM /Bb+mbbBQMX

jj



*?�Ti2` 8

� +�b2 7Q` #HQ+F+?�BM
h?Bb +?�Ti2` i�F2b i?2 +QM+2Tim�H 2H2K2Mib T`2b2Mi2/ BM i?2 T`2pBQmb +?�Ti2` �M/ /Bb+mbb2b
?Qr i?2b2 +�M #2 #mBHi mbBM; � #HQ+F+?�BM bvbi2KX AKTQ`i�MiHv i?2 `�iBQM�H BMiQ r?v
#HQ+F+?�BM Bb �M �TT`QT`B�i2 bQHmiBQM 7Q` i?2 T`QTQb2/ K�`F2i Bb B/2MiB}2/X

8XR "HQ+F+?�BM i2+?MQHQ;v +QMi2tim�HBx�iBQM
� #`B27 +QMi2tim�H mM/2`bi�M/BM; Q7 #HQ+F+?�BM Bb `2[mB`2/ iQ mM/2`bi�M/ ?Qr Bi +�M #2
mb2/ iQ +`2�i2 i?2 T`QTQb2/ K�`F2iTH�+2X h?Bb #2;BMb rBi? �M BMi`Q/m+iBQM BMiQ #HQ+F+?�BM
�M/ Bb 7QHHQr2/ #v �M Qp2`pB2r Q7 1i?2`2mK �M/ bK�`i +QMi`�+ibX

8XRXR "HQ+F+?�BM
� #HQ+F+?�BM Bb � T22`@iQ@T22`- /B;Bi�H H2/;2`- mb2/ iQ `2+Q`/ i`�Mb�+iBQMb +?`QMQHQ;B+�HHvX
Ai `2T`2b2Mib �M BKKmi�#H2- T2`bBbi2Mi `2+Q`/ i?�i +�M M2p2` #2 �Hi2`2/ Q` +?�M;2/ #v
�MvQM2 /m2 iQ i?2 /Bbi`B#mi2/ M�im`2 Q7 i?2 +QMb2Mbmb �H;Q`Bi?KX JBM2`b- �HH �`QmM/ i?2
rQ`H/- Qz2` +QKTmi�iBQM�H TQr2` iQ p2`B7v i`�Mb�+iBQMb UBM #HQ+FbV iQ b2+m`2 i?2 M2irQ`F
BM 2t+?�M;2 7Q` `2r�`/bX h?Bb Bb FMQrM �b T`QQ7@Q7@rQ`F +QMb2MbmbX h?2 /Bbi`B#miBQM
Q7 i?Bb +QMb2Mbmb �H;Q`Bi?K `2bmHib BM i?2 BM?2`2Mi b2+m`Biv Q7 i?2 M2irQ`F, B7 QM2 r�Mib
iQ �Hi2` i?2 H2/;2`- QM2 rQmH/ `2[mB`2 KQ`2 i?�M ?�H7 Q7 i?2 iQi�H +QKTmi�iBQM�H TQr2`-
+QKKQMHv FMQrM �b � 8RW �ii�+FX LQi2 i?�i i?2`2 �`2 Qi?2` +QMb2Mbmb �H;Q`Bi?Kb- bm+?
�b T`QQ7@Q7@bi�F2 r?B+? �`2 7�` KQ`2 2M2`;v 2{+B2Mi- #mi i?2 mM/2`HvBM; BKKmi�#BHBiv
+QM+2Tib `2K�BM i?2 b�K2X

"HQ+F+?�BM r�b }`bi T`QTQb2/ BM kyy3 #v a�iQb?B L�F�KQiQX AM ?Bb b2KBM�H r?Bi2 T�T2`
?2 BMi`Q/m+2/ � #HQ+F+?�BM p2`bBQM Q7 � ǳS22`@iQ@S22` 1H2+i`QMB+ *�b? avbi2KǴ FMQrM
�b "Bi+QBM UL�F�KQiQ- kyy3VX Aib BMp2MiBQM r�b ǳ?�BH2/ �b � `�/B+�H /2p2HQTK2Mi BM
KQM2v �M/ +m``2M+v- #2BM; i?2 }`bi 2t�KTH2 Q7 � /B;Bi�H �bb2i r?B+? bBKmHi�M2QmbHv ?�b
MQ #�+FBM; Q` BMi`BMbB+ p�Hm2 �M/ MQ +2Mi`�HBx2/ Bbbm2` Q` +QMi`QHH2`Ǵ UoBi�HBF "mi2`BM-
kyR3VX .B;Bi�H +�b? Bb- ?Qr2p2`- QMHv QM2 Q7 ?mM/`2/b Q7 TQi2MiB�H mb2 +�b2b Q7 #HQ+F+?�BM
i2+?MQHQ;vX

Pi?2` mb2b Q7 i?Bb i2+?MQHQ;v BM+Hm/2 #2bTQF2 �TTHB+�iBQM bT2+B}+ #HQ+F+?�BMb iQ `2T`2b2Mi
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/B;Bi�H �bb2ib iQ +`2�i2 +m``2M+B2bR- T`QQ7 Q7 QrM2`b?BTk- �M/ iQF2MBx�iBQM Q7 MQM@7mM;B#H2
�bb2ib HBF2 /QK�BM M�K2b jX

8XRXk aK�`i +QMi`�+ib
Pi?2` #HQ+F+?�BM TH�i7Q`Kb mb2 bK�`i +QMi`�+ib r?B+? 2t2+mi2 +Q/2 BM � hm`BM;@+QKTH2i2
pB`im�H 2MpB`QMK2Mi9X aK�`i +QMi`�+i TH�i7Q`Kb �+i �b � ;2M2`B+ 2t2+miBQM bm#bi`�i2-
2M�#HBM; i?2 BKTH2K2Mi�iBQM Q7 �`#Bi`�`v HQ;B+X aK�`i +QMi`�+ib +�M #2 mb2/ iQ +`2�i2 �HH
i?2 �#Qp2 2t�KTH2 BKTH2K2Mi�iBQMb BM � 72r HBM2b Q7 +Q/2X aK�`i +QMi`�+ib +�M K�F2 K�Mv
Qi?2` +QKTH2t bvbi2Kb HBF2 7mM;B#H28 �M/ MQM@7mM;B#H2 iQF2Mbe UBM+Hm/BM; bi�#H2+QBMbdV-
+QKTH2t }M�M+B�H T`Q/m+ib U.26BV3- ;Qp2`M�M+2 K2+?�MBbKb U.�PbVN �M/ b2H7 bQp2`2B;M
B/2MiBiv bvbi2KbRyX

h?2 BKKmi�#H2 M�im`2 Q7 i?2 #HQ+F+?�BM 2Mbm`2b i?�i i?2 HQ;B+ /2}M2/ rBi?BM i?2 bK�`i
+QMi`�+ib Bb 2t2+mi2/ +Q``2+iHv r?BH2 T`2p2MiBM; �HH i?B`/ T�`iB2b 7`QK K�MBTmH�iBM; BiX AM
Q`/2` iQ +?�M;2 i?2 2t2+miBQM HQ;B+ Q` Qmi+QK2 QM2 rQmH/ M22/ iQ �ii�+F i?2 1i?2`2mK
#HQ+F+?�BM Bib2H7 r?B+? Bb T`Q?B#BiBp2Hv 2tT2MbBp2 �b i?Bb rQmH/ BMpQHp2 `2[mB`2 #mvBM; �M/
K�BMi�BMBM; 8RW Q7 i?2 M2irQ`F ?�b? `�i2 iQ KQ/B7v i?2 2t2+miBQM Q` bi�i2 Q7 � bK�`i
+QMi`�+iX

8XRXj 1i?2`2mK
6Q` i?Bb i?2bBb- i?2 1i?2`2mK #HQ+F+?�BM Bb mb2/X 6Q` � 7mHH `�iBQM�H b22 �TT2M/Bt "X

1i?2`2mK �BKb iQ +`2�i2 i?2 mHiBK�i2 T`QiQ+QH 7Q` #mBH/BM; /2+2Mi`�HBb2/ �TTHB+�iBQMbX
1i?2`2mK BKTH2K2Mib � hm`BM;@+QKTH2i2 pB`im�H K�+?BM2 +�HH2/ i?2 1i?2`2mK oB`im�H
J�+?BM2 U1oJV r?B+? Bb #mBHi BMiQ Bib #HQ+F+?�BMX h?Bb 2M�#H2b �MvQM2 iQ +`2�i2 �M/
/2THQv bK�`i +QMi`�+ib iQ i?2 Tm#HB+ M2irQ`F UoBi�HBF "mi2`BM- kyR3VX 1i?2`2mK +�M #2
i?Qm;?i Q7 �b � ǳrQ`H/ +QKTmi2`Ǵ i?�i 2M�#H2b �`#Bi`�`v +Q/2 �M/ HQ;B+ iQ #2 2t2+mi2/ BM

R"Bi+QBM Bb QMHv QM2 Q7 K�Mv +`vTiQ+m``2M+B2b r?Q �BK iQ �+i �b � Ǵ/B;Bi�H +�b?ǴX Pi?2`b BM+Hm/2 w+�b?
7Q` T`Bp�i2 i`�Mb�+iBQMb- .�b? 7Q` b+�H�#H2 +QKK2`+B�H T�vK2MibX

kS`QQ7 Q7 QrM2`b?BT- bm+? �b ǴbK�`i T`QT2`ivǴ r?2`2 QrM2`b?BT Q7 �M �bb2i Bb /2}M2/ #v � #HQ+F+?�BM
+QMi`�+iX 1t�KTH2b BM+Hm/2 rBFB UkyRkV r?2`2 � ?Qmb2 Bb QrM2/ #v "Bi+QBM b+`BTiX

jL�K2+QBM UkyRyV 7Q` 2t�KTH2 +`2�i2b � #HQ+F+?�BM `2T`2b2Mi�iBQM Q7 i?2 QrM2`b?BT Q7 � /QK�BM M�K2X
9hm`BM;@+QKTH2i2M2bb /2}M2b i?2 �#BHBiv 7Q` � +QKTmi�iBQM�H bvbi2K iQ 2t2+mi2 �Mv �`#Bi`�`v HQ;B+X
8� 7mM;B#H2 iQF2M +�M #2 mb2/ iQ `2T`2b2Mi �Mvi?BM; i?�i Bb /BpBbB#H2X
e� MQM@7mM;B#H2 iQF2MUL6hV Bb mb2/ iQ `2T`2b2Mi bQK2i?BM; +`vTiQ;`�T?B+�HHv mMB[m2 �M/ Bb MQM@

/BpBbB#H2X h?2v BMi`Q/m+2 /B;Bi�H b+�`+Biv BMiQ �TTHB+�iBQMbX 6Q` 2t�KTH2 *`vTiQFBiiB2b H2ib vQm i`�/2
/B;Bi�H +�ibX h?2v `2�+?2/ BKT`2bbBp2 bBx2 �M/ pQHmK2 /m`BM; i?2B` T2�F i`�/BM; T2`BQ/b rBi? jXk KBHHBQM
i`�Mb�+iBQMb �M/ i?2 KQbi p�Hm�#H2 +�i #2BM; i`�/2/ 7Q` RRy yyy la.X

dai�#H2+QBMb ?�p2 � }t2/ p�Hm2 �;�BMbi � `272`2M+2 +m``2M+vX 6Q` 2t�KTH2 .�B Bb T2;;2/ R iQ R iQ i?2
la.X h?Bb Bb /Bb+mbb2/ BM /2i�BH BM b2+iBQM 8XkX9XRX

3.26B Bb /2+2Mi`�HBx2/ }M�M+2X .26B BKTH2K2Mib +QKTH2t }M�M+B�H T`Q/m+ib HBF2 #QM/b- br�Tb �M/
7mim`2b #mBHi QM i?2 #HQ+F+?�BM rBi?Qmi �M BMi2`K2/B�`vX h?Bb /2+`2�b2b i`mbi `2[mB`2K2Mib �M/ +Qbib
r?BH2 BM+`2�bBM; K�`F2i �++2bb iQ � rQ`H/ rB/2 �m/B2M+2X 6Q` 2t�KTH2 lJ� r?Q �`2 #mBH/BM; � ;2M2`B+
bm#bi`�i2 7Q` `mMMBM; }M�M+B�H +QMi`�+ib QM i?2 #HQ+F+?�BMX

N.�P Bb � .2+2Mi`�HBx2/ �miQMQKQmb P`;�MBx�iBQM r?B+? `2T`2b2Mib �M Q`;�MBx�iBQM r?QǶb /2+B@
bBQMb �`2 K�/2 i?`Qm;? pQi2b Q7 Bib K2K#2`bX h?Bb bvbi2K ?�b ?�`/ +Q/2/ `mH2b T`Q;`�KK2/ BMiQ i?2
#HQ+F+?�BMX 1t�KTH2, �`�;QM r?Q #mBH/ � ;2M2`B+ 7`�K2rQ`Fb 7Q` /2THQvBM; .�Qb BM `2�H rQ`H/ b2iiBM;bX

Rya2H7 aQp2`2B;M A/2MiBiv /2b+`B#2b bvbi2Kb r?2`2BM BM/BpB/m�Hb �`2 ;Bp2M QrM2`b?BT �M/ +QMi`QH Qp2`
i?2B` /B;Bi�H B/2MiBiB2b rBi?Qmi BMi2`p2MBM; �/KBMBbi`�iBp2 �mi?Q`BiB2bX 6Q` 2t�KTH2 lTQ`i r?Q ?�p2
+`2�i2/ � TH�i7Q`K 7Q` BbbmBM; #HQ+F+?�BM #�b2/ B/2MiBiB2b �M/ +2`iB}+�i2b r?B+? �`2 QrM2/ #v BM/BpB/m�HbX
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� i`mbiH2bb- BKKmi�#H2 r�vX h?2 M2irQ`F Bb Tm#HB+- 2M�#HBM; �MvQM2 iQ +QMi`B#mi2 iQ i?2
+QMb2Mbmb- i`�Mb�+i Q` BMi2`�+i rBi? bK�`i +QMi`�+ibX

8XRX9 aQHB/Biv
aK�`i +QMi`�+ib 7Q` 1i?2`2mK +�M #2 r`Bii2M BM � KmHiBim/2 Q7 H�M;m�;2b i?�i �`2 �HH
+QKTBH2/ /QrM iQ 1i?2`2mK #vi2+Q/2- i?2 bi�+F@#�b2/ H�M;m�;2- 2t2+mi2/ #v i?2 1oJ
UaQHB/Biv- kyR3VX h?2 KQbi TQTmH�` H�M;m�;2 7Q` r`BiBM; bK�`i +QMi`�+ib Bb aQHB/Biv-
� ǳ?B;?@H2p2H BKT2`�iBp2 bi�iB+�HHv ivT2/ H�M;m�;2 +QKTBH2/ iQ 1oJǴ UoBi�HBF "mi2`BM-
kyR3VX aQHB/Biv Bb +QMbB/2`2/ ǳ+QMi`�+i@Q`B2Mi2/Ǵ rBi? b2K�MiB+b bBKBH�` iQ *YY �M/
C�p�b+`BTi UaQHB/Biv- kyR3VX

6Q` i?2 Tm`TQb2b Q7 i?Bb i?2bBb- BM �M �ii2KTi iQ F22T i?2 +QM+2Tim�H 2H2K2Mib Q7 #HQ+F+?�BM
bBKTH2- bK�`i +QMi`�+ib +�M #2 i?Qm;?i Q7 �b �miQK�iB+�HHv 2t2+miBM; bQ7ir�`2 i?�i `mM
r?2M bT2+B}+ T`2/2}M2/ +QM/BiBQMb �`2 K2i UoBi�HBF "mi2`BM- kyR3VX

8Xk lb2 Q7 #HQ+F+?�BM BM i?2 K�`F2iTH�+2 7Q` B/2�b
1i?2`2mK bK�`i +QMi`�+ib 2M�#H2 i?2 +`2�iBQM Q7 i�KT2`@T`QQ7- +Q``mTiBQM 7`22 �M/ p2`B@
}�#H2 K2+?�MBbKbX aK�`i +QMi`�+ib �`2 +2MbQ`b?BT `2bBbi�Mi BM i?�i MQ +2Mi`�HBx2/ 2MiBiv
+�M +QMi`QH Q` KQ/B7v i?2B` 2t2+miBQMX aK�`i +QMi`�+ib �`2 mb2/ iQ `2KQp2 �Mv i`mbi
�bbmKTiBQMb i?�i rQmH/ mbm�HHv M22/ iQ #2 TH�+2/ BMiQ i?B`/ T�`iv +mbiQ/B�H b2`pB+2bX

h?2 7Qm` K�BM +QKTQM2Mib Q7 i?2 K�`F2iTH�+2 7Q` B/2�b r?2`2 #HQ+F+?�BM Bb mb2/ �`2,

RX _mMMBM; i`mbiH2bb- +Q``mTiBQM T`QQ7 b2�H2/ #B/ �m+iBQMb-

kX �miQK�iB+ �M/ i`mbiH2bb 2M7Q`+2K2Mi Q7 >�`#2`;2` h�t-

jX aiQ`2 Q7 Tm#HB+ `2+Q`/ Q7 iQF2MBx2/ T�i2Mi HB+2M+2b �M/

9X AMbi�Mi�M2Qmb- +?2�T �M/ MQM@+mbiQ/B�H T�vK2MibX

h?2 `2bi Q7 i?Bb +?�Ti2` /Bb+mbb2b ?Qr #HQ+F+?�BM Bb mb2/ iQ �+?B2p2 i?2b2 7Qm` +QKTQM2MibX

8XkXR "mBH/BM; i`mbiH2bb �m+iBQMb mbBM; bK�`i +QMi`�+ib
h?2`2 �`2 � MmK#2` Q7 +QMbi`m+iBQMb �p�BH�#H2 iQ +`2�i2 i`mbiH2bb b2�H2/ #B/ �m+iBQMb mbBM;
bK�`i +QMi`�+ib U:�H�H �M/ uQmbb27- kyRNVX h?2 bBKTH2bi Bb � +QKKBi `2p2�H b+?2K2
r?2`2BM #B//2`b bm#KBi � +`vTiQ;`�T?B+ ?�b? Q7 i?2B` #B/ iQ � bK�`i +QMi`�+i /m`BM; �
+QKKBi T?�b2 �M/ i?2M `2p2�H i?2K /m`BM; i?2 `2p2�H T?�b2XRR �i i?2 2M/ i?2 #B//2`
rBi? i?2 ?B;?2bi bm#KBii2/ p�Hm2 rBMb i?2 �m+iBQMX h?Bb K2+?�MBbK ;m�`�Mi22b i?�i MQ
T`Bp�i2 BM7Q`K�iBQM Bb H2�F2/ /m`BM; i?2 #B//BM; T?�b2- i?2`2#v T`2p2MiBM; +QHHmbBQMX h?Bb
K2+?�MBbK �HbQ 2M�#H2b �Mv Qi?2` #B//2` iQ p�HB/�i2 i?2 +Q``2+iM2bb Q7 �m+iBQM 2t2+miBQM
#v Dmbi Q#b2`pBM; i?2 Tm#HB+ #HQ+F+?�BMX

RR� +`vTiQ;`�T?B+ ?�b? Bb � QM2 r�v /2i2`KBMBbiB+ 7mM+iBQM r?B+? K�Tb �M �`#Bi`�`v H2M;i? BMTmi iQ �
}t2/ H2M;i? QmiTmiX Ai 2z2+iBp2Hv ;2M2`�i2b � mMB[m2 /B;Bi�H }M;2`T`BMi 7Q` i?2 BMTmiX "2+�mb2 Bi Bb QM2
r�v- i?2`2 Bb MQ r�v iQ BM72` i?2 BMTmi /�i� bi`BM; UBM i?Bb +�b2 i?2 #B/V 7`QK i?2 ?�b?X

je



AM `2H�iBQM iQ a2+iBQM 9XjXk r?B+? /Bb+mbb2/ i?2 BKT�+i Q7 � +Q``mTi �m+iBQM22` QM �m+iBQM
2{+B2M+v- i?Bb +QKKBi `2p2�H K2+?�MBbK T`2p2Mib �Mv TQbbB#BHBiv Q7 �m+iBQM22` K�MBT@
mH�iBQM #v #mBH/BM; i?2 �m+iBQM T`QiQ+QH QM i`mbi2/ T`BKBiBp2b UBX2X T`Qp2M b2+m`2 QM2
r�v ?�b? 7mM+iBQMb �M/ i?2 #HQ+F+?�BM Bib2H7VX �b � `2bmHi- i?2`2 Bb MQ M22/ iQ TH�+2 �Mv
7Q`K Q7 i`mbi rBi?BM i?2 �m+iBQM22` Q` i?B`/ T�`iv iQ `mM i?2 �m+iBQMX h?Bb K2�Mb i?�i
i?2 T`Q#�#BHBiv p i?�i i?2 �m+iBQM22` Bb +Q``mTi Bb b2i iQ x2`Q r?B+? `2bmHib `2KQpBM; �HH
BM2{+B2M+v 7`QK +Q``mTiBQM �b ζ = 0X

8XkXRXR h`mbiH2bb b2�H2/ #B/ �m+iBQM K2+?�MBbK

h?2 T`Q+2bb Q7 `mMMBM; � i`mbiH2bb �m+iBQM mbBM; bK�`i +QMi`�+ib Bb MQr 2tTHQ`2/X a�v �
bBM;H2 Bi2K Bb #2BM; bQH/ �i �m+iBQM- rBi? � `2b2`p2 T`B+2 RX AM i?Bb �m+iBQM i?2`2 �`2 N

#B//2`b r?Qb2 #B/b �`2 bi(i = 1, . . . N) BM i?2 BMi2`p�H [b, b̄]X h?2 �m+iBQM Bb bTHBi BMiQ 7Qm`
T?�b2b, T2M/BM;- +QKKBi- `2p2�H �M/ }M�HBx2/X

RX S2M/BM; T?�b2, #27Q`2 i?2 �m+iBQM bi�`ib- TQi2MiB�H #B//2`b rBHH +QM/m+i /m2 /BHB@
;2M+2 �M/ i?2 b2HH2` +�M �/p2`iBb2 i?2 �m+iBQMX h?Bb ?�b � `2+QKK2M/2/ /m`�iBQM Q7
mTr�`/b Q7 e KQMi?b #mi +�M #2 +?�M;2/ #v i?2 b2HH2` /2T2M/BM; QM i?2B` T`272`2M+2X

kX *QKKBi T?�b2, #B//2`b bm#KBi b2�H2/ #B/b iQ i?2 #HQ+F+?�BMX LQ QM2 +�M b22 i?2
p�Hm�iBQMb Q7 Qi?2` #B//2`b �i �Mv TQBMiX h?Bb ?�b � `2+QKK2M/2/ /m`�iBQM Q7 k
r22Fb #mi +�M #2 +?�M;2/ #v i?2 b2HH2` /2T2M/BM; QM i?2B` T`272`2M+2X

h?Bb T?�b2 BMpQHp2b i?2 #B//2` ;2M2`�iBM; � `�M/QK MmK#2`- +�HH2/ � b�HiX h?Bb Bb
mb2/ iQ �// 2Mi`QTv iQ i?2B` #B/>�b? +QKKBiK2MiX q?2M ;2M2`�iBM; i?2 #B/>�b?
+QKKBiK2Mi- i?2 b�Hi Bb +QM+�i2M�i2/ rBi? i?2 #B//2`Ƕb #B/�KQmMi #27Q`2 �TTHvBM;
i?2 ?�b? 7mM+iBQMX h?2 #B//2` F22Tb i?2B` #B/�KQmMi �M/ b�Hi T`Bp�i2 mMiBH i?2
`2p2�H T?�b2X

h?2 b�Hi Bb mb2/ iQ T`2p2Mi �M �/p2`b�`v 7`QK ;m2bbBM; i?2 #B/�KQmMi mbBM; i?2
#B/>�b? i?`Qm;? �M Bi2`�iBp2 #`mi2 7Q`+2 �ii�+FX qBi?Qmi i?2 �//2/ 2Mi`QTv �M
�ii�+F2` +QmH/ ;2M2`�i2 i?Qmb�M/b Q7 ?�b?2b mMiBH i?2v }M/ i?2 #B//2` #B/�KQmMiX
A7 i?2 b�Hi ?�b bm{+B2Mi 2Mi`QTv- b�v k8e #Bib- i?2M i?Bb �ii�+F #2+QK2b BM72�bB#H2X

G2i #B//2` iǶb `�M/QK b�Hi #2 si r?B+? Bb ;2M2`�i2/ mbBM; � `�M/QK MmK#2` ;2M2`�iQ`
rBi? � H�`;2 `�M;2 `mMMBM; rBi?BM i?2 #B//2`b #`Qrb2`XRk h?2 a>�j ?�b? 7mM+iBQM
Bb mb2/ iQ ;2M2`�i2 i?2 #B/ ?�b?- /2}M2/ #v H(x)XRj h?2 #B/ ?�b? +QKKBiK2Mi hi

Bb i?2`27Q`2 /2}M2/ #v 1[m�iBQM 8XRX

hi = H(bi # si) U8XRV

bi # si `2T`2b2Mib i?2 +QM+�i2M�iBQM Q7 i?2 p�Hm2b bi �M/ siX 6Q` 2t�KTH2 B7 i?2 #B/
r�b bi = 1234 �M/ i?2 b�Hi r�b si = 5678 i?2M bi # si = 12345678X

jX _2p2�H T?�b2, �7i2` i?2 �m+iBQM ?�b }MBb?2/- #B//2`b `2im`M iQ i?2 TH�i7Q`K iQ
`2p2�H i?2B` #B/�KQmMi �M/ b�Hi iQ i?2 #HQ+F+?�BM bK�`i +QMi`�+i 7Q` p2`B}+�iBQMX A7

Rkh?Bb `�M/QK MmK#2` ;2M2`�iBQM T`Q+2bb Kmbi Q++m` BM i?2 #B//2`b r2# #`Qrb2` bm+? i?�i Bi Bb b?B2H/2/
7`QK i?2 QmibB/2 rQ`H/X A7 bQK2QM2 FMQrb i?Bb b�Hi i?2v +�M #`mi2 7Q`+2 iQ }M/ i?2 #B//2`Ƕb #B/ �KQmMiX

Rja>�j Bb BKTH2K2Mi2/ BM i?2 #B//2`b #`Qrb2` mbBM; C�p�b+`BTiX

jd



� #B//2` /Q2b MQi `2p2�H i?2B` #B/ Bi Bb 7Q`72Bi2/X h?Bb ?�b � QM2 r22F `2+QKK2M/2/
/m`�iBQMX

h?Bb T?�b2 BMpQHp2b bm#KBiiBM; i?2 #B/�KQmMi �M/ b�Hi BM � i`�Mb�+iBQM iQ i?2
bK�`i +QMi`�+iX h?2 bK�`i +QMi`�+i i?2M +?2+Fb B7 i?2b2 K�i+? i?2 #B/>�b? hi

+QKKBiK2Mi 7`QK i?2 +QKKBi T?�b2X A7 i?2v K�i+?- i?2 #B/ Bb K�`F2/ �b p�HB/ �M/
Bb 2HB;B#H2 iQ rBM i?2 �m+iBQMX A7 i?2v /QMǶi K�i+?- i?2 #B/ Bb K�`F2/ �b BMp�HB/ �M/
Bb `2KQp2/ 7`QK i?2 �m+iBQMX

o2`B}+�iBQM Q++m`b rBi?BM i?2 bK�`i +QMi`�+i i?`Qm;? i?2 BKTH2K2Mi�iBQM Q7 i?2
T`2/B+�i2 6mM+iBQM 8XkX G2i i?2 bm#KBii2/ #B/�KQmMi �M/ b�Hi T`2b2Mi2/ iQ i?2
bK�`i +QMi`�+i #v i?2 #B//2` #2 b̂i �M/ ŝiX h?2b2 �`2 i?2 p�Hm2b i?2 #B//2` Bb +H�BKBM;
iQ #2 i?2 p�Hm2b i?2v +QKKBii2/ iQ /m`BM; i?2 +QKKBi T?�b2X h?2 T`2/B+�i2 7mM+iBQM
Bb /2}M2/ �b 7QHHQrb 7Q` #B//2` biǶb b2�H2/ #B/ �M/ FMQrM +�Tim`2/ #B/>�b? hiX

φi =

{
1 if H(b̂i # ŝi) = hi

0 if H(b̂i # ŝi) #= hi
U8XkV

A7 i?2 ?�b? Q7 i?2 +H�BK2/ #B/�KQmMi �M/ b�Hi b̂i �M/ ŝi ;2M2`�i2 i?2 ?�b? Q`B;BM�HHv
bm#KBii2/ #v i?2 #B//2` hi i?2M i?2 #B/ Bb p�HB/X Pi?2`rBb2 Bi Bb MQi p�HB/ �M/ Bb
`2D2+i2/X �7i2` � #B/ Bb /22K2/ p�HB/ i?2 p2`B}2/ #B/�KQmMi �M/ b�Hi �`2 biQ`2/
rBi?BM i?2 bK�`i +QMi`�+iX h?Bb 2M�#H2b QM@+?�BM b2H2+iBQM Q7 i?2 ?B;?2bi #B/ �M/
2ti2`M�H p�HB/�iBQM Q7 i?2 +Q``2+iM2bb Q7 i?2 #B//BM; T`Q+2bb #v �Mv i?B`/ T�`ivXR9

9X 6BM�HBx2 T?�b2, i?2 �m+iBQM Bb }M�HBx2/ #v }M/BM; i?2 rBMMBM; #B/ �M/ T2`7Q`KBM;
T�vK2Mi 7`QK i?2 rBMM2` iQ i?2 b2HH2`X h?2 �m+iBQM `2K�BMb BM i?Bb T?�b2 ?2M+27Q`i?
UBi Bb 7Q`2p2` }M�HBx2/- �bbmKBM; i?2`2 Bb � rBMM2`VX

h?2 bK�`i +QMi`�+i BKTH2K2Mi�iBQM Q7 i?Bb 7mM+iBQM BMpQHp2b HQQTBM; i?`Qm;? �HH i?2
#B/b bm#KBii2/ iQ B/2MiB7v i?2 ?B;?2bi #B/�KQmMiX h?2 ?B;?2bi #B/ bh Bb /2}M2/ #v
1[m�iBQM 8XjX

bh = max {bi : i = 1 . . . N} U8XjV

�7i2` B/2MiB}+�iBQM Q7 i?2 ?B;?2bi #B//2`- i?Bb Bb +?2+F2/ �;�BMbi i?2 `2b2`p2 RX A7
bh >= R i?2M T�vK2Mi Bb K�/2 7`QK i?2 rBMM2` iQ b2HH2`X

h?Bb K2+?�MBbK Bb mb2/ r?2M BMBiB�HHv �m+iBQMBM; Qz � HB+2M+2 QM i?2 TH�i7Q`K �b r2HH �b
7Q` i?2 `2b�H2 Q7 HB+2M+2b �7i2` i?2 HB+2M+2 ?QH/2` 7�BHb iQ T�v i?2B` >�`#2`;2` h�t2bX

8XkXRXk *QKKBi `2p2�H b2�H2/ #B/ �m+iBQM HBp2M2bb +QMbB/2`�iBQMb

h?2 K2+?�MBbK T`2b2Mi2/ ;m�`�Mi22b i?�i MQ T`Bp�i2 BM7Q`K�iBQM Bb H2�F2/ 7`QK #B//2`b
#v i?2 �m+iBQM22` �M/ i?�i MQ #B/b +�M #2 KQ/B}2/ �7i2` i?2v �`2 +QKKBii2/X h?Bb BM
im`M- 2HBKBM�i2b �Mv QTTQ`imMBiv 7Q` +Q``mTiBQM K�FBM; i?2 �m+iBQM K�tBK�HHv 2{+B2MiX

h?Bb K2+?�MBbK ?Qr2p2` BMi`Q/m+2b � HBp2M2bb i`�/2 Qz /m2 iQ i?2 �bvM+?`QMQmb M�im`2
R9�M Q#b2`p2` +�M +?2+F i?�i i?2 bm#KBii2/ #B/ K�i+?2b i?�i Q7 i?2 +QKKBii2/ #B/X �b � `2bmHi

i?2 #B//2` �M/ b2HH2` FMQr i?�i i?2 �m+iBQM22` +QmH/ MQi +?2�i #2+�mb2 i?2v i`mbi �M/ +�M Q#b2`p2 i?2
K2+?�MBbKX h?Bb 2M�#H2b i?2K iQ p2`B7v i?2 H2;BiBK�+v Q7 i?2 �m+iBQM rBi?Qmi M22/BM; iQ i`mbi �MvQM2X

j3



Q7 i?2 +QKKBi `2p2�H T`Q+2bbX aT2+B}+�HHv- � #B//2` +�M +QKKBi � #B/ �M/ i?2M MQi `2im`M
QMHBM2 /m`BM; i?2 `2p2�H T?�b2 iQ `2p2�H i?2B` #B/X AM i?Bb +�b2 i?2 #B/ Bb HQbi- 2p2M B7 i?2v
rQmH/ ?�p2 rQM i?2 �m+iBQMX h?Bb �HbQ ;Bp2b i?2 #B//2` i?2 QTiBQM iQ rBi??QH/ `2p2�HBM;
i?2B` #B/ B7 i?2v +�M b22 i?�i Qi?2` `2p2�H2/ #B/b rQmH/ `2bmHi BM i?2K HQbBM; i?2 #B/-
i?2`2#v 2M�#HBM; i?2K iQ T`2b2`p2 i?2B` T`Bp�i2 p�Hm�iBQMX

hQ /2�H rBi? i?Bb HBp2M2bb +QMbB/2`�iBQM- i?2 �m+iBQM T?�b2b �`2 b2i iQ `mM Qp2` � HQM;
T2`BQ/ Q7 iBK2X h?2 `2p2�H T?�b2- 7Q` 2t�KTH2- Bb � 7mHH r22FX h?Bb ;Bp2b i?2 #B//2` �KTH2
QTTQ`imMBiv iQ +QK2 #�+F iQ i?2 TH�i7Q`K /m`BM; i?2 `2p2�H T?�b2X

�//BiBQM�HHv- �M 2K�BH b2`pB+2 +�M #2 b2i mT iQ /B`2+i i?2 #B//2` #�+F iQ i?2 TH�i7Q`K bQ
i?2v +�M `2p2�H i?2B` #B/X h?Bb bvbi2K rQmH/ 2K�BH i?2 #B//2` T2`BQ/B+�HHv rBi? � /B`2+i
HBMF iQ `2p2�H i?2B` #B/X A7 i?2 #B//2` /Q2b MQi `2p2�H i?2B` #B/ T`QKTiHv �//BiBQM�H 2K�BHb
+�M #2 b2Mi mMiBH bm+? iBK2 i?�i i?2 #B//2` `2p2�Hb Q` i?2 �m+iBQM Bb Qp2`X

Ai Bb BKTQ`i�Mi iQ MQi2 i?�i � +2Mi`�HBx2/ bQHmiBQM iQ i?2 HBp2M2bb T`Q#H2K Bb iQ ;2i �
i?B`/ T�`iv iQ biQ`2 i?2 #B/�KQmMi �M/ b�Hi 7Q` i?2 #B//2`X h?Bb i?B`/ T�`iv +�M i?2M
T2`7Q`K i?2 `2p2�H QM i?2 #B//2`b #2?�H7 �M/ �b bm+? i?2 #B//2` /Q2b MQi ?�p2 iQ `2im`M
QMHBM2X q?BH2 i?Bb bQHmiBQM /Q2b bQHp2 i?2 HBp2M2bb +QMbB/2`�iBQM- Bi QT2Mb mT i?2 �m+iBQM
iQ +Q``mTiBQM r?2`2BM i?Bb i?B`/ T�`iv H2�Fb BM7Q`K�iBQM iQ Qi?2` #B//2`b �#Qmi i?2 #B/b
i?2v �`2 `2bTQMbB#H2 7Q` `2p2�HBM;X

8XkXRXj �Hi2`M�iBp2 b2�H2/ #B/ �m+iBQM K2+?�MBbKb

h?2`2 �`2 � MmK#2` Q7 Qi?2` K2+?�MBbKb i?�i ?�p2 #22M T`2b2Mi2/ BM i?2 HBi2`�im`2 iQ
`mM b2�H2/ #B/ �m+iBQMbX aQK2 Q7 i?2b2 mb2 x2`Q FMQrH2/;2 T`QQ7b Q` Qi?2` +QKTH2t +`vT@
iQ;`�T?v HBF2 iBK2@HQ+F2/ 2M+`vTiBQM b+?2K2b U:�H�H �M/ uQmbb27- kyRNc sBQM; �M/ q�M;-
kyRNc aQMMBMQ 2i �HX- kyRNVX h?2b2 K2i?Q/b �`2- ?Qr2p2`- 7�` KQ`2 +QKTH2t �M/ `2[mB`2
Km+? KQ`2 bQT?BbiB+�i2/ i`mbi2/ bi2T mTb- 2t2+miBQM �M/ BKTH2K2Mi�iBQMX �//BiBQM�HHv-
bQK2 Q7 i?2b2 K2i?Q/b BMi`Q/m+2 Qi?2` i`mbi �bbmKTiBQMb i?�i /2;`�/2 i?2 Qp2`�HH bvbi2K
b2+m`BivX 6Q` 2t�KTH2 K�Mv Q7 i?2 x2`Q FMQrH2/;2 BKTH2K2Mi�iBQMb `2[mB`2 � i`mbi2/ b2i
mT �M/ iBK2@HQ+F2/ 2M+`vTiBQM `2[mB`2b � i`mbi2/ iBK2 b2`p2`X

� +QKKBi `2p2�H K2+?�MBbK- r?BH2 ?�pBM; � HBp2M2bb +QMbB/2`�iBQM- T`QpB/2b bi`QM; ;m�`@
�Mi22b 7Q` +Q``2+iM2bb �M/ b2+m`BivX qBi? i?�i b�B/- i?2 K2+?�MBbK mb2/ BM i?Bb i?2bBb Bb
KQ/mH�` �M/ i?2`27Q`2 +QmH/ #2 br�TT2/ Qmi iQ � KQ`2 bQT?BbiB+�i2/ K2+?�MBbK BM i?2
7mim`2 B7 r�Mi2/X 6Q` 7m`i?2` /2i�BHb BMiQ �Hi2`M�iBp2 BKTH2K2Mi�iBQMb b22 �TT2M/Bt *X

8XkXk �miQK�iB+ �M/ i`mbiH2bb 2M7Q`+2K2Mi Q7 >�`#2`;2` h�t
>�`#2`;2` h�t +QHH2+iBQM +�M #2 #mBHi mbBM; bK�`i +QMi`�+ib i?2`2#v 2M�#HBM; i?2 HB+2M+2
Bbbm2` iQ +H�BK Qmibi�M/BM; T�vK2Mib �i �Mv iBK2X A7 � HB+2M+2 ?QH/2` Bb BMbQHp2Mi- i?2 bK�`i
+QMi`�+ib �miQK�iB+�HHv TH�+2 i?2 HB+2M+2 mT 7Q` �m+iBQMX h?Bb r?QH2 T`Q+2bb +�M QT2`�i2
rBi?Qmi �Mv �/KBMBbi`�iBp2 Qp2`bB;?i BM � +QKTH2i2Hv /2+2Mi`�HBx2/ �M/ �miQMQKQmb r�vX
h?Bb /2+`2�b2b +Qbi �M/ +?�M+2 7Q` ?mK�M 2``Q`X �Mv QTTQ`imMBiv 7Q` � +Q``mTi 2M7Q`+2`
Bb �HbQ `2KQp2/X

jN



8XkXkXR Pmibi�M/BM; i�t +�H+mH�iBQM

h?2 �KQmMi Q7 i�t Qr2/ Bb � 7mM+iBQM Q7 i?2 b2H7 �bb2ib T`B+2 p- i?2 i�t `�i2 r �M/ i?2
/m`�iBQM 7`QK r?2M i?2 H�bi T�vK2Mi r�b K�/2X h?Bb /m`�iBQM Bb `2T`2b2Mi2/ mbBM; mMBt
iBK2bi�KTb �M/ Bb 2tT`2bb2/ �b `mMMBM; 7`QK t1 iQ t2 r?2`2 t1 Bb i?2 H�bi T�vK2Mi /�i2
�M/ t2 Bb +m``2Mi iBK2X h?2 /m`�iBQM- �b � 7`�+iBQM Q7 � v2�`- Bb i?2`27Q`2 2tT`2bb2/ �b
τ = t2−t1

60∗60∗24∗365 X h?2 6mM+iBQM 8X9 #2HQr b?Qrb Qmibi�M/BM; i�t O iQ #2 T�B/ 7`QK i?2
H�bi T�vK2Mi mMiBH i?2 +m``2Mi iBK2bi�KTX

O = p(erτ − 1) U8X9V

h?Bb 2tT`2bbBQM 2M�#H2b i?2 +m``2Mi Qmibi�M/BM; i�t iQ #2 +�H+mH�i2/ �i �Mv TQBMi BM iBK2X
h?Bb K2�Mb i?2 HB+2M+2 QrM2` +�M +H�BK i?2B` i�t r?2M i?2v r�Mi �b Bi /Q2b MQi ?�p2 iQ
#2 `2bi`B+i2/ #v � i�t T�vK2Mi b+?2/mH2X

8XkXkXk GB+2M+2 ?QH/2` bQHp2M+v

q?2M i?2 HB+2M+2 Bbbm2` +�HHb iQ +H�BK i�t QM �M Qmibi�M/BM; HB+2M+2- i?2 HB+2M+2 ?QH/2`
Kmbi #2 bQHp2Mi BM Q`/2` iQ K�F2 i?2 T�vK2MiX A7 i?2v �`2 MQi bQHp2Mi i?2M i?2 HB+2M+2
Bb `2pQF2/ �M/ TH�+2/ 7Q` �m+iBQMX GB+2M+2 ?QH/2` bQHp2M+v Bb 7QmM/ #v 2p�Hm�iBM; i?2
BM2[m�HBiv b?QrM BM i?2 T`2/B+�i2 6mM+iBQM 8X8 r?2`2 si Bb 2Bi?2` x2`Q Q` QM2 /2T2M/BM;
QM B7 #B//2` iǶb #�H�M+2 bi Bb KQ`2 i?�M i?2B` Qmibi�M/BM; /2#i OiX

si =

{
1 if bi > Oi

0 if bi < Oi
U8X8V

�i �Mv TQBMi BM iBK2 i?2 HB+2M+2 ?QH/2` +�M +H�BK i?Bb i�t �M/ B7 6mM+iBQM 8X8 2p�Hm�i2b
iQ 0 i?2M i?2 HB+2M+2 Bb `2pQF2/ �M/ TH�+2/ QM �m+iBQMX h?2 �m+iBQM T`Q+2bb 7QHHQrb i?�i
Q7 BMBiB�H HB+2M+2 �HHQ+�iBQM QmiHBM2/ BM b2+iBQM 8XkXRX

8XkXj LQM@7mM;B#H2 iQF2MBx2/ T�i2Mi HB+2M+2b
h?2 #HQ+F+?�BM �+ib �b �M 2t+2HH2Mi K2+?�MBbK iQ biQ`2 � Tm#HB+ `2+Q`/ Q7 r?Q QrMb r?�iX
lHiBK�i2Hv i?Bb Bb i?2 TQBMi Q7 � H2/;2`, � +?`QMQHQ;B+�H HBbi Q7 �bb2i QrM2`b?BTX AM i?2
+QMi2ti Q7 i?2 K�`F2iTH�+2 7Q` B/2�b- � MQM@7mM;B#H2 iQF2MUL6hV Bb +`2�i2/ iQ `2T`2b2Mi
i?2 QrM2`b?BT Q7 � HB+2M+2X � L6h Bb � bT2+B�H FBM/ Q7 iQF2M mb2/ iQ `2T`2b2Mi bQK2i?BM;
/B;Bi�HHv b+�`+2 �M/ mMB[m2X h?2 T`QiQivTB+�H 2t�KTH2 Q7 L6hb Bb *`vTiQEBiiB2bX h?Bb
Bb �M 1i?2`2mK �TTHB+�iBQM r?2`2BM L6hb �`2 mb2/ iQ `2T`2b2Mi BM@;�K2 /B;Bi�H +�ibX �b
Q7 H�i2 kyRN Qp2` R KBHHBQM EBiiB2b r2`2 +`2�i2/ �M/ i`�/2/ rBi? iQi�HHBM; 03y KBHHBQM
BM i`�/2b U*`vTiQbi�ib- kyRNVXR8 L6hb �`2 BKTH2K2Mi2/ BM 1i?2`2mK mbBM; i?2 1_*dkR
iQF2M bi�M/�`/X h?Bb bi�M/�`/ /2}M2b � MmK#2` Q7 +QKKQM BMi2`7�+2b �M/ ivT2 /2}MBiBQMb
iQ +`2�i2 � +QKTHB�Mi iQF2MX

L6hb �`2- #v /2}MBiBQM- MQi BMi2`+?�M;2�#H2X h?Bb Bb [mBi2 /Bz2`2Mi 7`QK � i`�/BiBQM�H
+`vTiQ+m``2M+v iQF2M bm+? �b "Bi+QBM Q` 1i?2` r?B+? �`2 7mM;B#H2 �M/ i?2`27Q`2 BMi2`@
+?�M;2�#H2, QM2 "Bi+QBM Bb �Hr�vb 2[m�H iQ �MQi?2` "Bi+QBMX >Qr2p2`- T�i2Mi HB+2M+2b 7Q`

R8h?2 iQi�H i`�/2/ pQHmK2 r�b 8d-ee3 1i?2`- rBi? �M �HH iBK2 ?B;? p�Hm2 Q7 0R-9yy T2` 1i?2` 2[m�i2b
iQ 03y KBHHBQM BM iQi�H pQHmK2 i`�/2/ 7Q` +`vTiQ FBiiB2bX
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QM2 +QKT�Mv �`2 MQi BMi2`+?�M;2�#H2 7Q` �MQi?2` �b i?2v ?�p2 /Bz2`2Mi i2`Kb- +QM/BiBQMb
�M/ QrM2`bX h?2b2 i2`Kb- /2i�BHb Q7 i`�/2 �M/ Qi?2` BM7Q`K�iBQM �`2 2K#2//2/ BMiQ i?2
L6h iQ ;Bp2 � mMB[m2- iQF2MBx2/ p2`bBQM Q7 � HB+2M+2X

8XkXjXR aiQ`BM; HB+2M+2 BM7Q`K�iBQM rBi?BM �M L6h

� F2v T�`i Q7 �M L6h Bb �ii�+?BM; K2i�/�i� iQ � iQF2MX 1�+? HB+2M+2 +`2�i2/ 7`QK i?2
K�`F2iTH�+2 biQ`2b i?2 Tm`+?�b2 T`B+2- i?2 HB+2M+2 QrM2`- i?2 mMB[m2 HB+2M+2 MmK#2` �M/
i?2 HB+2M+2 bi�imb rBi?BM i?2 iQF2MX h?2 bi�imb BM/B+�i2b B7 Bi Bb +m``2MiHv �+iBp2 Q` B7 Bi
?�b #22M `2pQF2/X h?2 bi`m+im`2 +�M #2 /vM�KB+ iQ 2M�#H2 7mim`2 }2H/b iQ #2 �//2/X

8XkX9 S`Q;`�KK�#H2 T�vK2Mib mbBM; bK�`i +QMi`�+ib
aK�`i +QMi`�+ib 2M�#H2 T`Q;`�KK�#H2 KQM2vX h?Bb Bb TQr2`7mH r?2M +QKTH2t T�vK2Mib
M22/ iQ #2 T2`7Q`K2/ #2ir22M � MmK#2` Q7 `2+BTB2MibX AM i?2 K�`F2iTH�+2 7Q` B/2�b- i?2`2
�`2 irQ K�BM bBim�iBQMb BM r?B+? T�vK2Mib �`2 K�/2,

RX �i �m+iBQM }M�HBx�iBQM- i?2 rBMMBM; #B//2` T�vb i?2 Bbbm2` �M/ �HH +QMi`B#miQ`bX

kX q?2M +H�BKBM; >�`#2`;2` h�t- i?2 HB+2M+22 T�vb i?2 Bbbm2` �M/ �HH +QMi`B#miQ`bX

"Qi? bBim�iBQMb BMpQHp2 `2+2BpBM; QM2 T�vK2Mi 7`QK i?2 T�v2` �M/ bTHBiiBM; i?Bb BMiQ
KmHiBTH2 +QKTQM2Mib 7Q` i?2 `2bT2+iBp2 `2+BTB2MibX h?Bb +�M BMpQHp2 [mBi2 � MmK#2` Q7
T�vK2Mib BM i?2 +�b2 r?2`2 � T�i2Mi ?�b K�Mv +QMi`B#miQ`b iQ #2 T�B/X � i`�/BiBQM�H
+2Mi`�HBx2/ r�v iQ BKTH2K2Mi i?Bb rQmH/ #2 iQ #mM/H2 T�vK2Mib 7Q` +QMi`B#miQ`b Qp2` �
T2`BQ/ Q7 iBK2 �M/ i?2M T2`7Q`K QM2 #mHF T�vK2Mi 7Q` 2�+? +QMi`B#miQ`X 6Q` 2t�KTH2-
T�vK2Mib +QmH/ #2 T`Q+2bb2/ QM+2 � KQMi? iQ �HH +QMi`B#miQ`bX lbBM; bK�`i +QMi`�+ib
i?2b2 T�vK2Mib +�M #2 T`Q+2bb2/ �miQK�iB+�HHv BKK2/B�i2Hv 7QHHQrBM; �M �m+iBQMX

8XkX9XR ai�#H2+QBM T�vK2Mib

1i?2`2mK ?�b � MmK#2` Q7 bi�#H2+QBMb i?�i �`2 �+iBp2Hv i`�/2/X � bi�#H2+QBM Bb � #HQ+F+?�BM
iQF2M i?�i Bb T2;;2/ R,R rBi? � }�i +m``2M+v- bm+? �b i?2 .QHH�`X h?2v i?2`27Q`2 ?�p2 �HH
i?2 #2M2}ib Q7 � +`vTiQ+m``2M+v UT`Q;`�KK�#H2- +?2�T � 7�bi i`�Mb�+iBQMb- i`mbiH2bb QrM@
2`b?BT 2i+XV r?BH2 MQi bmz2`BM; 7`QK i?2 pQH�iBHBiv Q7 i?2 `2bi Q7 i?2 +`vTiQ K�`F2iXReRd AM
i?Bb r�v � bi�#H2+QBM #`BM;b `2HB�#BHBiv iQ +`vTiQ r?B+? K�F2b i?2K 7�` KQ`2 �TT`QT`B�i2
7Q` `2�H rQ`H/ �TTHB+�iBQMbX

h?2`2 �`2 � MmK#2` Q7 bi�#H2+QBM +QMbi`m+iBQMb QM 1i?2`2mKX h?2v /Bz2` T`BK�`BHv BM
?Qr iQF2M +QHH�i2`�HBx�iBQM rQ`FbX h?Bb i?2bBb miBHBx2b i?2 .�B bi�#H2+QBM iQ ?�M/H2 �HH
T�vK2Mib QM i?2 TH�i7Q`KX 6Q` � 7mHH `�iBQM�H BMiQ i?Bb /2+BbBQM �b r2HH �b � +QKT�`BbQM
iQ Qi?2` bi�#H2+QBMb �p�BH�#H2 b22 �TT2M/Bt .X

.�B Bb �M 1_*ky iQF2M rBi? �HH bi�M/�`/ iQF2M 7mM+iBQM�HBiv 2M�#H2/XR3 .�B Bb QM2 Q7 i?2
72r i`mHv /2+2Mi`�HBx2/ �M/ i`mbiH2bb bi�#H2+QBMb i?�i Bb MQi +QMi`QHH2/ #v �Mv +2Mi`�HBx2/

Re� }�i +m``2M+v Bb �Mv +m``2M+v i?�i Bb #�+F2/ #v � bQp2`2B;M ;Qp2`MK2Mi U_�M/b- .QHH�`b 2+iXV
RdGBp2 *QBM q�i+? UkyRNV b?Qrb i?�i #2ir22M kyRe �M/ kyRN i?2 T`B+2 Q7 1i?2` r2Mi 7`QK � HQr Q7 0R

iQ Qp2` 0R9yy #�+F /QrM iQ H2bb i?�M 0RyyX
R31_* Bb i?2 1i?2`2mK _2[m2bi 7Q` *QKK2Mi r?B+? 2M�#H2b +QKKmMBiv K2K#2`b iQ T`QTQb2 bi�M/�`/

BMi2`7�+2b 7Q` +QKKQM BKTH2K2Mi�iBQMb rBi?BM i?2 1i?2`2mK 2+Qbvbi2KX h?2 1_*ky Bb i?2 bi�M/�`/
BMi2`7�+2 7Q` K�FBM; 7mM;B#H2 iQF2Mb QM 1i?2`2mKX �HH K�DQ` iQF2Mb Bbbm2/ iQ/�v +QM7Q`K iQ i?Bb bi�M/�`/X
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Bbbm2`X Ai mb2b Qp2`+QHH�i2`�HBx2/ 1i?2` /2TQbBib �M/ BM+2MiBp2 �HB;MK2Mi iQ ?2HT #`BM;
bi�#BHBiv r?BH2 K�BMi�BMBM; /2+2Mi`�HBx�iBQM UJ�F2`.�Q- kyRdVX AKTQ`i�MiHv ?Qr2p2`- i?2
/2bB;M Q7 i?2 bvbi2K Bb MQi HQ+F2/ BMiQ 2t+HmbBp2Hv mbBM; .�B �M/ 7mim`2 Bi2`�iBQMb +QmH/
2�bBHv mb2 �MQi?2` T�vK2Mi iQF2M B7 /2bB`2/X

_mMMBM; T�vK2Mib QM i?2 TH�i7Q`K rBi? .�B 2M�#H2b p2`v HQr +Qbi i`�Mb�+iBQMbX AM H�i2
kyRN i?2 +Qbi Q7 T2`7Q`KBM; � .�B i`�Mb�+iBQM r�b Q7 i?2 Q`/2` Q7 � 7`�+iBQM Q7 � la +2Mi
T2` i`�Mb�+iBQMXRN

8XkX9Xk S�vK2Mi bTHBiiBM;

aTHBiiBM; i?2 T�vK2Mi Bb /QM2 #v KmHiBTHvBM; � 7`�+iBQM iQ #2 T�B/ iQ 2�+? +QMi`B#miQ` #v
i?2 iQi�H T�vK2Mi �KQmMiX a�v � Tm#HB+�iBQM ?�b N +QMi`B#miQ`bX G2i i?2 iQi�H �KQmMi iQ
#2 T�B/ 7Q` i?2 BMi2`�+iBQM #2 T X AMi2`�+iBQMb �`2 i?2 b�H2 Q7 � HB+2M+2 Q` +H�BKBM; >�`#2`#2`
h�tX G2i i?2 7`�+iBQM i?�i 2�+? +QMi`B#miQ` `2+2Bp2b #2 /2}M2/ #v αi(i = 1, ...N) r?2`2∑N

i=1 αi = 1 bm+? i?�i i?2 iQi�H �KQmMi #2BM; T�B/ Bb /BpB/2/ �KQM;bi i?2 +QMi`B#miQ`bX
1�+? +QMi`B#miQ` T�vK2Mi pi Bb i?2`27Q`2 /2}M2/ #v 6mM+iBQM 8Xe #2HQrX 1�+? +QMi`B#miQ`
Bb i`�Mb72``2/ i?Bb �KQmMi Q7 iQF2Mb pi �i i?2 +QM+HmbBQM Q7 i?2 T�vK2Mi bTHBiiBM;X

pi = αiT U8XeV

8XkX9Xj S2`KBbbBQM2/ T�vK2Mib

h?2 1_*ky iQF2M bi�M/�`/ 2M�#H2b � mb2` iQ ;`�Mi T2`KBbbBQM iQ �MQi?2` r�HH2i iQ KQp2
iQF2Mb QM i?2B` #2?�H7X h?Bb Bb mb27mH �b Bi 2M�#H2b i?2 bK�`i +QMi`�+i bvbi2K iQ 7mH}H iQF2M
T�vK2Mib QM i?2 mb2`b #2?�H7X 6Q` 2t�KTH2 r?2M +`2�iBM; � #B/ i?2 #B//2` rBHH ;`�Mi i?2
bK�`i +QMi`�+i bvbi2K T2`KBbbBQM iQ KQp2 iQF2Mb Qmi Q7 ?2` r�HH2iX �i i?2 +QM+HmbBQM Q7
i?2 �m+iBQM i?2 bK�`i +QMi`�+i +�M i?2M �miQK�iB+�HHv 2ti`�+i i?2 `2[mB`2/ T�vK2Mi �M/
b2M/ Bi iQ i?2 `2+BTB2Mib rBi?Qmi `2[mB`BM; �Mv �//BiBQM�H BMTmi 7`QK i?2 #B//2`X

8Xj *?�Ti2` +QM+HmbBQM
h?Bb +?�Ti2` +QMi�BM2/ � ?B;? H2p2H Qp2`pB2r Q7 r?�i #HQ+F+?�BM Bb- ?Qr Bi rQ`Fb �M/ r?v
Bi Bb mb27mH BM #mBH/BM; � K�`F2iTH�+2 7Q` B/2�bX h?2 7Qm` F2v K2+?�MBbKb mb2/ Ub2�H2/
#B/ �m+iBQMb- �miQK�iB+ >�`#2`;2` h�t- MQM@7mM;B#H2 iQF2M HB+2M+2b �M/ T`Q;`�KK�#H2
T�vK2MibV r2`2 QmiHBM2/ 7`QK � i?2Q`2iB+�H T2`bT2+iBp2X h?Bb BM+Hm/2/ � ;2M2`B+ 7mM+iBQM�H
/2}MBiBQM Q7 ?Qr iQ #mBH/ i?2b2 K2+?�MBbKbX

PM2 F2v i�F2�r�v Bb i?�i #HQ+F+?�BM 2M�#H2b i?2 BKTH2K2Mi�iBQM Q7 BKKmi�#H2- ?B;?Hv
i�KT2` `2bBbi�Mi K2+?�MBbKb i?�i +�M #2 mb2/ iQ +QMbi`m+i K�`F2iTH�+2bX aK�`i +QMi`�+ib
`2KQp2 KB//H2K�M 7`QK i?2 +QMbi`m+iBQM �M/ QT2`�iBQM r?B+? `2/m+2b +Qbib Q7 QT2`�iBQMX
h?Bb /2+`2�b2b i?2 +Qbi iQ i?2 2M/ mb2`X "HQ+F+?�BMb /2i2`KBMBbiB+ M�im`2 +QmTH2/ rBi? �M
BKKmi�#H2 ?BbiQ`v `2bmHi BM bi`QM; b2+m`Biv ;m�`�Mi22b iQ i?2 `Q#mbiM2bb Q7 K2+?�MBbKb
/2THQv2/ QM i?2KX

h?2 M2ti +?�Ti2` 2t�KBM2b i?2 BKTH2K2Mi�iBQM /2i�BHb Q7 i?2 K�`F2iTH�+2 7`QK � i2+?MB+�H
�M/ BKTH2K2Mi�iBQM T2`bT2+iBp2X h?Bb BKTH2K2Mib i?2 B/2�b T`2b2Mi2/ BM i?Bb +?�Ti2`X

RNTransactionCost = gasUsed ∗ gasPriceX 6Q` � bi�M/�`/ 1_*ky iQF2M i`�Mb72` Bb ≈ 0.001USD.
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*?�Ti2` e

J�`F2iTH�+2 BKTH2K2Mi�iBQM /2i�BHb
h?2 BKTH2K2Mi�iBQM Q7 i?2 K�`F2iTH�+2 T`QTQb2/ BM i?2 T`2pBQmb +?�Ti2`b Bb MQr T`2@
b2Mi2/X h?Bb /Bb+mbbBQM bi�`ib rBi? � ?B;? H2p2H Qp2`pB2r Q7 i?2 /Bz2`2Mi bvbi2K +QKTQ@
M2Mib �M/ i?2M 2�+? +QKTQM2Mi Bb /Bb+mbb2/ BM /2i�BHX �//BiBQM�HHv- � MmK#2` Q7 /2bB;M
+QMbB/2`�iBQMb- `BbFb �M/ +?�HH2M;2b �M/ r?�i r�b /QM2 iQ Qp2`+QK2 i?2K Bb /Bb+mbb2/X

�HH +Q/2 7Q` i?Bb i?2bBbǶ BKTH2K2Mi�iBQM Bb QT2M bQm`+2- �M/ Bb Tm#HBb?2/ QM :Bi?m# ?2`2X
h?Bb `2TQ +QMi�BMb �HH +Q/2 7Q` �HH +QKTQM2Mib /Bb+mbb2/ BM i?Bb +?�Ti2`X h?Bb :Bi?m#
`2TQbBiQ`v Bb � 7Q`F Q7 i?2 Q`B;BM�H lMB+QBM T`QD2+i- r?B+? +�M #2 7QmM/ QM :Bi?m# ?2`2X
h?2 }M�H r2# /�TT U/2+2Mi`�HBx2/ �TTV +�M #2 7QmM/ QMHBM2 �i mMB+QBMXrBMX �Hi2`M�iBp2Hv-
i?2`2 �`2 b+`22Mb?Qib Q7 F2v +QKTQM2Mib T`2b2Mi2/ H�i2` BM i?Bb +?�Ti2`X

h?2 +Q/2 +QMi`B#miBQM Q7 i?Bb i?2bBb Bb � 7mHH `2/2bB;M Q7 i?2 bK�`i +QMi`�+ib 7`QK i?2
Q`B;BM�H T`QD2+i r?2`2BM �HH BKTH2K2Mi�iBQM HQ;B+ r�b `2#mBHi 7`QK i?2 ;`QmM/ mT iQ �+@
+QKKQ/�i2 i?2 b2�H2/ #B/ �m+iBQMb- >�`#2`;2` h�t �M/ � MmK#2` Q7 7m`i?2` BKT`Qp2K2Mib
�`2 /Bb+mbb2/ H�i2` BM i?Bb +?�Ti2`X �//BiBQM�HHv- i?2 7`QMi 2M/ BKTH2K2Mi�iBQM r�b `�/B@
+�HHv Qp2`?�mH2/ 7Q` i?2 i?2bBb BKTH2K2Mi�iBQMX �HH bK�`i +QMi`�+ib ?�p2 #22M /2THQv2/ QM
i?2 1i?2`2mK EQp�M i2biM2iX .2THQvK2Mi /2i�BHb +�M #2 7QmM/ QM :Bi?m# ?2`2X .2i�BHb QM
?Qr iQ `mM i?2 +Q/2 T`2b2Mi2/ BM i?Bb +?�Ti2` +�M #2 7QmM/ rBi?BM i?2 :Bi?m# `2TQbBiQ`v
?2`2X �TTHB+�iBQM b+`22Mb?Qib 7Q` i?2 BKTH2K2Mi�iBQM +�M #2 7QmM/ BM �TT2M/Bt AX

eXR >B;? H2p2H bvbi2K Qp2`pB2r
h?2`2 �`2 i?`22 K�BM H�v2`b iQ i?2 i2+?MQHQ;v bi�+F,

RX q2#j H�v2` +QMbBbiBM; Q7 � b2`B2b Q7 aQHB/Biv bK�`i +QMi`�+ib r?B+? ?�M/H2 �HH +Q`2
TH�i7Q`K 7mM+iBQM�HBiv BM+Hm/BM; `2;Bbi`�iBQM Q7 Tm#HB+�iBQMb- QT2`�iBQM Q7 �m+iBQMb-
b2iiH2K2Mi Q7 T�vK2Mib- >�`#2`;2` h�t 2M7Q`+2K2Mi �M/ �HHQ+�iBQM Q7 L6h HB+2M+2bX

kX q2#k H�v2` 7`QMi 2M/ �TTHB+�iBQM r?B+? `mMb BM i?2 mb2`b #`Qrb2` �M/ �+ib �b i?2
T`BK�`v BMi2`7�+2 7Q` �HH mb2` BMi2`�+iBQMb rBi? r2#jX h?Bb BM+Hm/2b +QMM2+iBQMb
iQ �+�/2KB+ T`Q}H2 p�HB/�iBQM b2`pB+2b HBF2 P_*A.- bm#KBiiBM; i`�Mb�+iBQMb �M/
#`QrbBM; B/2�b 7Q` b�H2X

jX .2+2Mi`�HBx2/ }H2 ?QbiBM; H�v2` 7Q` Tm#HB+�iBQM �M/ T`Q}H2 BM7Q`K�iBQM biQ`2/ QM i?2
AMi2`SH�M2i�`v 6BH2 aiQ`�;2 UAS6aV M2irQ`FX h?Bb BM+Hm/2b biQ`�;2 Q7 S.6 }H2b 7Q`
Tm#HB+�iBQMbX
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1�+? Q7 i?2b2 H�v2`b Bb 2t�KBM2/ BM i?2 b2+iBQMb i?�i 7QHHQr- �HQM; rBi? ?Qr i?2v BMi2`@
+QMM2+iX amTTH2K2Mi�`v bvbi2K +QKTQM2Mib- HBF2 mb2` T`Bp�i2 F2v K�M�;2K2Mi �`2 �HbQ
/Bb+mbb2/ r?2M �TT`QT`B�i2X 6B;m`2 eXR b?Qrb � ?B;? H2p2H BMi2`+QMM2+iBQM Q7 i?2b2 i?`22
H�v2`b �b r2HH �b �HH F2v i2+?MQHQ;v +QKTQM2MibX

OR

OR

Client (Researcher or company). Can access web3 via metamask
(if installed) or using username and password via Portis. Portis takes
away the need for users to have a mobile wallet or custom web3
provider. 

Front end application (Dapp) to enable users to access the 
decentralize application and file storage. Written in vue.js. Web3.js
is used to connect to smart contracts. Material design is used
as a component library and yarn is used as a package manager.
 

Decentralized file store for papers and profile
information for each publisher and company. 
Accounts are stored in OrbitDB which links a 
users public key to a profile.

Statig website file host(Dapp) to enable the client to interact
with web3. CI piepline update the deployment on new version

Ethereum smart contracts for auctions, licencing, payments and Harberger Tax.
Contracts are written in Solidity. Truffle is used as a testing and deployment
framework. Connection to mainnet is provided via Infura (in the case of the 
backend metamask). OpenzeppelinSDK is used to make smart contracts 
upgradable. This enables new versions to be created and pushed.

CDN is managed by cloudflare to provide 
ddos protection and high availability. They
also provide SSL certificates.Gandi is used
for domain names.

Client interacting with
internet via CDN to hosting 
to access Dapp.

Clients connects
directly with IPFS

to store and retrieve info

API calls orcid
to validate logins

Academic publication and platform to verify publishers and
publications. Every user has an ORCID which is linked to the
 publishers public key though a verification process from the API.

Client (web3 provider of the user)
communicates directly with contracts

All traffic is forwarded 
over the CDN to load

the front end application
and to make API calls

to request account
authentication.

web3 
layer

Decentralized 
file hosting 
layer

web2 
layer

6B;m`2 eXR, h2+?MQHQ;v bi�+F Qp2`pB2r b?QrBM; �HH i?2 BMi2`+QMM2+i2/ +QKTQM2Mib mb2/
iQ +`2�i2 i?2 K�`F2iTH�+2X 1�+? /�b?2/ `2+i�M;H2 `2T`2b2Mib � +QKTQM2Mi rBi?BM i?2
�TTHB+�iBQMX

h?Bb 6B;m`2 +QMi�BMb irQ Qi?2` #HQ+Fb r?B+? �`2 MQi ǳH�v2`bǴ Q7 i?2 �TTHB+�iBQM, i?2 +HB2Mi
�M/ i?2 +QMi2Mi /2HBp2`v M2irQ`F U*.LVX h?2 +HB2Mi Bb i?2 mb2`b #`Qrb2` QM 2Bi?2` �
+QKTmi2` Q` KQ#BH2 /2pB+2 �M/ i?2 *.L Bb � M2irQ`FBM; bi�+F iQ T`QpB/2 �++2bb iQ i?2
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�TTHB+�iBQM Qp2` i?2 BMi2`M2iX "Qi? �`2 /Bb+mbb2/ BM i?2 b2+iBQMb i?�i 7QHHQrX

eXk aK�`i +QMi`�+ib
h?2 bK�`i +QMi`�+ib r2`2 /2bB;M2/ iQ #2 bBKTH2- 2ti2MbB#H2 �M/ KQ/mH�`X hQ �+?B2p2 i?2b2
T`QT2`iB2b � +QMi`�+i Q`B2Mi2/ /2bB;M �TT`Q�+? r�b 7QHHQr2/ r?B+? +QMbB/2`b � bi`QM; 7Q+mb
QM b2T�`�iBQM Q7 +QM+2`MbX h?Bb Bb bBKBH�` BM T`BM+BTH2 iQ Q#D2+i Q`B2Mi2/ T`Q;`�KKBM; 7`QK
Qi?2` /QK�BMbX AM i?Bb T�`�/B;K � H�`;2 +QKTH2t T`Q#H2K Bb #`QF2M /QrM BMiQ KmHiBTH2
bK�HH2` Q#D2+ib UQ` bK�`i +QMi`�+ibV r?B+? ?�p2 b+QT2/ /QK�BMb Q7 `2bTQMbB#BHBivX h?2b2
+QMi`�+ib �`2 BMi2`+QMM2+i2/ iQ +`2�i2 � H�`;2`- KQ`2 +QKTH2t bvbi2KX

� ?m# �M/ bTQF2 T�ii2`M r�b mb2/ iQ /2}M2 i?2 BMi2`+QMM2+iBQM Q7 +QMi`�+ib r?2`2BM �
+2Mi`�H +QMi`QHH2` U?m#V +QMM2+ib iQ 2ti2`M�H HQ;B+ �M/ /�i� mMBib UbTQF2bVX h?Bb T�ii2`M
2M�#H2b �HH 2ti2`M�H +QMM2+iBQMb iQ #2 /B`2+i2/ iQ QM2 +2Mi`�H ?m# r?B+? i?2M /2H2;�i2b
2t2+miBQM ~Qr iQ � bT2+B}+ bTQF2 #�b2/ QM i?2 +QMi2tiX h?Bb K�F2b i?2 Qp2`�HH bvbi2K
2�bB2` iQ mM/2`bi�M/ �b QM2 +�M #`2�F i?2 +QM+2Tim�H 7mM+iBQMb Q7 i?2 bvbi2K BMiQ bK�HH2`-
BbQH�i2/ +?mMFbX AMi2;`�iBQM 7`QK 2ti2`M�H bvbi2Kb �HbQ #2+QK2b 2�bB2` �b i?2`2 Bb QMHv
QM2 BMi2;`�iBQM TQBMi, i?2 ?m#X h?Bb T�ii2`M 2M�#H2b 2ti2MbB#BHBiv �b M2r 7mM+iBQM�HBiv
+�M #2 �//2/ #v �//BM; M2r bTQF2bX

h?2 BKTH2K2Mi�iBQM +QMbBbib Q7 b2p2M b2T�`�i2 bK�`i +QMi`�+ibX h?2 ?m# �M/ bTQF2 /2bB;M
�HQM; rBi? �HH +QMi`�+i M�K2b �M/ +Q`2 7mM+iBQM�HBiv +�M #2 b22M BM 6B;m`2 eXk #2HQrX h?2
`2H�iBQMb?BT #2ir22M i?2 bTQF2b �M/ i?2 #�b2 ?m# Bb � RXXR `2H�iBQMb?BT QM #Qi? bB/2b
#2+�mb2 i?2`2 Bb QMHv 2p2` QM2 bTQF2 Q7 2�+? FBM/ 7Q` � ?m#X

h?Bb 6B;m`2 mb2b i?2 +H�bb 6B;m`2 bvMi�tX � }HH2/ /B�KQM/ BM/B+�i2b +QKTQbBiBQM Uǳ?�b
�Ǵ `2H�iBQMb?BTVX 1; i?2 lMB+QBM_2;Bbi`v ?�b � o�mHiX h?2 RXXR bvMi�t BM/B+�i2b
i?2 +QKTQbBiBQM `2H�iBQMb?BT #2ir22M irQ +QMi`�+ibX 6Q` 2t�KTH2 i?2 RXXR #2ir22M
i?2 lMB+QBM_2;Bbi`v �M/ i?2 o�mHi K2�Mb i?�i i?2 lMB+QBM_2;Bbi`v ?�b 2t�+iHv QM2
o�mHiX �M QT2M �``Qr?2�/ rBi? � bQHB/ HBM2 BM/B+�i2b BM?2`Bi�M+2 U�M ǳBb �Ǵ `2H�iBQMb?BTVX
6Q` 2t�KTH2 i?2 GB+2M+2J�M;2` Bb � 1_*dkRX 1ti2`M�H HB#`�`B2b �M/ i?2B` +QMM2+iBQMb �`2
�HbQ b?QrM- bm+? �b i?2 +QMM2+iBQM iQ i?2 1_*ky .�B bi�#H2+QBM 7`QK i?2 p�mHiX h?Bb Bb
� IImb2== `2H�iBQMb?BT- BM/B+�iBM; i?�i i?2 p�mHi mb2b i?2 1_*ky iQF2MX

h?2 +�HH2` Q7 i?2 lMB+QBM_2;Bbi`v +�M #2 �Mv 2ti2`M�HHv QrM2/ �++QmMi bm+? �b � mb2`-
i`�/2` Q` Tm#HBb?2`XR Ai +�M �HbQ #2 � bK�`i +QMi`�+i B7 bQK2QM2 ?�b +`2�i2/ �M BMi2;`�iBQM
BMiQ i?2 K�`F2iTH�+2 7Q` B/2�bX 1�+? +QMi`�+i Bb MQr #`B2~v /Bb+mbb2/,

RX lMB+QBM_2;Bbi`v Bb i?2 +2Mi`�H ?m# Q7 i?2 ?m# �M/ bTQF2X �HH +QMi`�+i +�HHb i?�i
?�TT2M iQ i?2 K�`F2iTH�+2 7Q` B/2�b �`2 b2Mi iQ i?Bb +QMi`�+i �M/ i?2M 7Q`r�`/2/ iQ
i?2 bTQF2bX

kX lb2`J�M�;2` +QMi`QHb �HH mb2` �++QmMi `2H�i2/ BM7Q`K�iBQM �M/ HQ;B+X h?Bb bTQF2 biQ`2b
�++QmMi /2i�BHb �M/ �mi?2MiB+�i2b mb2` +�HHb iQ +?2+F B7 � mb2` Bb `2;Bbi2`2/ �M/ i?2
�++QmMi ivT2 Q7 +�HH2`bX

jX o�mHi Bb `2bTQMbB#H2 7Q` �HH iQF2M T�vK2Mib BM i?2 bvbi2KX Ai Bb i?2 QMHv BMi2`7�+2 i?�i
R1ti2`M�HHv QrM2/ �++QmMi U1P�V Bb �M 1i?2`2mK �++QmMi i?�i ?�b � T`Bp�i2 F2v K�M�;2/ #v � mb2`X

h?Bb BM+Hm/2b �HH �++QmMib i?�i �`2 MQi bK�`i +QMi`�+ibX 6Q` 2t�KTH2 J2i�K�bF Bb �M 1P�X
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Create new users and
stores all user information.
Check information about
calling account addresses.

Create and store all info on
publications on the platform.
Stores contributors, links to
auctions and licences.

<<use>>

Manages all interactions
with any external tokens.
Used for settling payment
in auctions and tax.

«ERC20»
Dai stablecoin on
main Ethereum

Network

Operates the auction
process and stores all 
important auction info eg:
bids and auction status.

Governs the payment of tax for
licence ownership. Calculates
interest and stores info about
payments.

Controls the issuance of 
new licences. Inherits from
ERC721. Stores a link from
each licence to publications. 

ڨERC721ڧ
Non-fungible
token
management

UniCoin Registry

Caption: UniCoin Registry hub and spoke design pattern. All user calls are made 
to the UniCoin Registry which then delegates to different domains of responsibility.
 When multiple domains are required in a function call the registry takes care of 
cross-spoke communication. External libraries are indicated as well as external contracts. 

External user (publisher, buyer etc.)

1..1

1..1

1..1
1..1

1..1

1..1

1..1

1..1

1..1

1..1

1..1

<<is a>>

The central hub of the system
The central hub of the hub
& spoke model. Contains an
instance of all spokes and 
facilitates cross-spoke coms.
Controls contract upgrades.

contract AuctionManager

contract LicenceManager

contract Vault

contract PublicationManager

contract UserManager

contract UnicoinRegistry

contract HarbergerTaxManager

1..1

6B;m`2 eXk, >m# �M/ bTQF2 /2bB;M T�ii2`MX �HH mb2` +�HHb �`2 K�/2 iQ i?2 lMB+QBM_2;@
Bbi`vU?m#V r?B+? i?2M /2H2;�i2b iQ /Bz2`2Mi /QK�BMb Q7 `2bTQMbB#BHBivX q?2M KmHiBTH2
/QK�BMb �`2 `2[mB`2/ BM � 7mM+iBQM +�HH i?2 `2;Bbi`v i�F2b +�`2 Q7 +`Qbb@bTQF2 +QKKmMB+�@
iBQMX 1ti2`M�H HB#`�`B2b �`2 BM/B+�i2/ �b r2HH �b 2ti2`M�H +QMi`�+ib bm+? �b i?2 1_*dkR
�M/ 1_*ky +QMi`�+ibX

+QKKmMB+�i2b rBi? i?2 .�B 1_*ky iQF2MX Ai ?�M/H2b T�vK2Mib iQ �M BM/BpB/m�H Q`
#mHF T�vK2Mib iQ � +QHH2+iBQM Q7 mb2`bX AM Q`/2` 7Q` i?2 p�mHi iQ i`�Mb72` iQF2Mb QM i?2
mb2`b #2?�H7 i?2 mb2` Kmbi }`bi �TT`Qp2 i?2 p�mHiX h?Bb Bb BM �++Q`/�M+2 rBi? b2+iBQM
8XkX9X h?Bb Bb /QM2 #v i?2 mb2` +�HHBM; i?2 �TT`Qp2 7mM+iBQM QM i?2 .�B 1_*ky +QMi`�+i
�M/ bT2+B}2b i?2 p�mHi +QMi`�+i �//`2bbX PM+2 i?Bb Bb /QM2 i?2 p�mHi +�M b2M/ mb2`
iQF2Mb rBi? i?2 i`�Mb72`6`QK 7mM+iBQM �M/ �miQK�iB+�HHv T2`7Q`K T�vK2MibX

9X Sm#HB+�iBQMJ�M�;2` biQ`2b �HH BM7Q`K�iBQM �#Qmi Tm#HB+�iBQMb- BM+Hm/BM; T`B+BM; +QM@
};m`�iBQMb �M/ +QMi`B#miQ`bX

8X GB+2M+2J�M�;2` BM?2`Bib 7`QK 1_*dkR �M/ T`QpB/2b �HH HQ;B+ �M/ biQ`�;2 iQ 7�+BHBi�i2
i?2 +`2�iBQM Q7 M2r HB+2M+2bX h?Bb BM?2`Bi�M+2 K2�Mb i?�i i?2 HB+2M+2 K�M�;2` ;�BMb
i?2 BMi2`7�+2b Q7 � 1_*dkR iQF2MX hQ BKTH2K2Mi i?Bb i?2 PT2Mx2TT2HBM aQHB/Biv HB#`�`v
r�b mb2/X h?Bb T`QpB/2b � +QHH2+iBQM Q7 �m/Bi2/ +QMi`�+i /2}MBiBQMb K�FBM; #mBH/BM; QM
iQT Q7 +m``2Mi bi�M/�`/b KQ`2 bi`2�KHBM2/ �M/ KBMBKBx2b `BbFX h?2 bi�M/�`/ 1_*dkR
BMi2`7�+2 2M�#H2b i?2 i`�Mb72` Q7 iQF2MbX h?Bb ?�b #22M /Bb�#H2/ BM i?Bb BKTH2K2Mi�iBQM
#v Qp2``B/BM; i?2 i`�Mb72` �M/ i`�Mb72`6`QK 7mM+iBQMb BM �++Q`/�M+2 rBi? b2+iBQM
8XkXjX

eX �m+iBQMJ�M�;2` QT2`�i2b i?2 b2�H2/ #B/ �m+iBQM bvbi2KX h?Bb BMpQHp2b 2M�#HBM; mb2`b
iQ RV bm#KBi ?�b?2/ #B/ +QKKBiK2Mib kV `2p2�H �M/ p�HB/�i2 #B/b jV }M�HBx2 �m+iBQMbX
�b /Bb+mbb2/ BM 8XkXR- `2p2�HBM; #B/b BMpQHp2b ?�b?BM; i?2 T`QpB/2/ #B/�KQmMi rBi? �
b�HiX h?Bb Bb /QM2 mbBM; i?2 F2++�Fk8e 7mM+iBQM r?B+? Bb aQHB/BivǶb BKTH2K2Mi�iBQM
Q7 a>�@jX

9e
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dX >�`#2`;2` h�tJ�M�;2` BKTH2K2Mib �M/ 2M7Q`+2b >�`#2`;2` h�t QM HB+2M+2b- B7 i?2
Tm#HBb?2` +?Qb2 iQ 2M�#H2 i?Bb 7Q` i?2B` HBbiBM;X h?Bb BM+Hm/2b i?2 HQ;B+ 7Q` +�H+mH�iBM;
Qmibi�M/BM; i�t QM �M Bbbm2/ HB+2M+2X h?Bb Bb +�H+mH�i2/ �b /Bb+mbb2/ BM b2+iBQM 8XkXkX
aQHB/Biv Bb [mBi2 `2bi`B+i2/ BM i?2 MmK2`B+�H QT2`�iBQMb i?�i +�M #2 T2`7Q`K2/X hQ
+�H+mH�i2 i?2 Qmibi�M/BM; i�t �M 2tTQM2Mi Bb i�F2M �b O = p(erτ −1)X >Qr2p2` bQHB/Biv
/Q2b MQi ?�p2 �Mv MQiBQM Q7 i?2 M�im`�H MmK#2` e �M/ +�MǶi i�F2 2tTQM2Mib rBi?
7`�+iBQMbX hQ Qp2`+QK2 i?Bb 7mM/�K2Mi�H HBKBi�iBQM BM aQHB/Biv i?2 QTiBK�H1tT 7mM+iBQM
r�b i�F2M 7`QK i?2 "�M+Q` #QM/BM; +m`p2 BKTH2K2Mi�iBQMXk h?Bb 7mM+iBQM 2M�#H2b
�`#Bi`�`v M�im`�H 2tTQM2MiB�iBQM BM aQHB/Biv mbBM; � b2i Q7 T`2+QKTmi2/ +QMbi�MibX

eXkXR aK�`i +QMi`�+i /�i� bi`m+im`2
1�+? bTQF2 +QMi`�+i biQ`2b /�i� �#Qmi Bib `2bT2+iBp2 /QK�BM Q7 `2bTQMbB#BHBivX 6Q` 2t�KTH2
i?2 lb2`J�M�;2` biQ`2b BM7Q`K�iBQM �#Qmi �HH mb2`b rBi?BM i?2 bvbi2KX �HH bTQF2 /�i�
7QHHQrb i?2 b�K2 T�ii2`M, �M �``�v Q7 bi`m+i r?2`2 i?2 bi`m+i biQ`2b bi`m+im`2/ /�i� 7Q`
i?2 bTQF2X �M 2t�KTH2 Q7 i?Bb bi`m+im`2 +�M #2 b22M BM 6B;m`2 eXjX h?2 BMi2`M�Hb Q7
i?2 bi`m+i �`2 /2}M2/ iQ 2M+QKT�bb �HH BM7Q`K�iBQM M22/2/ 7Q` i?�i bT2+B}+ 2MiBivX 6Q`
2t�KTH2 6B;m`2 eXj b?Qrb i?2 /�i� `2[mB`2/ iQ +`2�i2 � mb2`X aBKBH�` bi`m+ib �`2 /2}M2/
7Q` Qi?2` 2MiBiB2bX

				��Struct	to	define	the	user	object
				struct	User	{
						address	owned_address;
						string	profile_uri;
				}
				��Array	of	registered	users
				User[]	public	users;

6B;m`2 eXj, .�i� bi`m+im`2 mb2/ iQ biQ`2 � mb2`X 1�+? /�i� bi`m+im`2 Bb �M �``�v Q7 bi`m+ib
r?B+? BKTQb2 bi`B+i bi`m+im`2 QM i?2 /�i� biQ`2/X �``�v BM/2t `2T`2b2Mib 2�+? 2MiBivǶb A.X

1�+? BMbi�M+2 Q7 i?2 bi`m+i rBi?BM i?2 �``�v ?�b � mMB[m2 �``�v BM/2tX h?Bb BM/2t �+ib �b
�M 2MiBiv B/2MiB}2` UA.V �M/ +�M #2 i?Qm;?i Q7 �b � mMB[m2 Ǵ/�i�#�b2Ǵ B/2MiB72` 7Q` i?�i
bT2+B}+ 2MiBivX AM 6B;m`2 eXj 7Q` 2t�KTH2 i?2 �``�v Q7 mb2`b /2}M2b 2�+? lb2` � mMB[m2
A. �b i?2 BM/2t Q7 i?2 lb2` rBi?BM i?2 �``�v mb2`bX h?Bb mb2 Q7 �M BM/2t A. �b �M 2MiBiv
A. 2M�#H2b BMi2`+QMM2+i2/ /�i� bi`m+im`2b iQ #2 7Q`K2/ #2ir22M /Bz2`2Mi bTQF2 +QMi`�+i
/�i� bi`m+im`2bX 6Q` 2t�KTH2 �M Bbbm2/ HB+2M+2 +QmH/ ?�p2 �M 2MiBiv A. Q7 9X � Tm#HB+�iBQM
+�M ǳ?QH/Ǵ i?Bb HB+2M+2 #v biQ`BM; i?Bb 2MiBiv A. rBi?BM �M �``�vX

6B;m`2 eX9 b?Qrb �HH /�i� Q#D2+ib �M/ bi`m+im`2b rBi?BM i?2 bK�`i +QMi`�+ibX 1�+? Q#D2+i
`2T`2b2Mib �M �``�v Q7 bi`m+i Q7 i?�i bT2+B}+ ivT2X h?2 `2H�iBQMb?BTb #2ir22M /Bz2`2Mi
2MiBiB2b �`2 �HbQ b?QrMX >2`2 �M QT2M /B�KQM/ BM/B+�i2b �M QTiBQM�H �bbQ+B�iBQMX 6Q`
2t�KTH2 � lb2` +�M ?�p2 � Sm#HB+�iBQMX � +HQb2/ /B�KQM/ b?Qrb � `2[mB`2/ `2H�iBQM@
b?BTX 6Q` 2t�KTH2 � "B/ Kmbi ?�p2 �M �m+iBQMX h?Bb 6B;m`2 �HbQ b?Qrb i?2 MmK2`B+�H
`2H�iBQMb?BTb #2ir22M /Bz2`2Mi 2MiBiB2bX 6Q` 2t�KTH2 �M �m+iBQM ?�b yXX "B/b- K2�MBM;

k"�M+Q` BKTH2K2Mi2/ #QM/BM; +m`p2b BM aQHB/BivX h?Bb `2[mB`2b BMi2;`�H +�H+mHmb iQ #2 /2}M2/ rBi?BM
� bK�`i +QMi`�+iX aQHB/Biv /Q2b MQi +QMi�BM 2MQm;? K�i?2K�iB+�H QT2`�iBQMb iQ T2`7Q`K i?Bb QM +?�BM bQ
"�M+Q` BKTH2K2Mi2/ � MmK#2` Q7 mb27mH 7mM+iBQMb iQ Qp2`+QK2 i?Bb r?B+? i?2v Tm#HBb?2/ QMHBM2X
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i?�i �M �m+iBQM +�M ?�p2 �i H2�bi x2`Q #B/b �M/ �i KQbi �M mM/2}M2/ mTT2` #QmM/ Q7 #B/bX
>Qr2p2`- � "B/ ?�b RXXR �m+iBQMb K2�MBM; i?�i 7Q` 2p2`v "B/ i?2`2 Kmbi #2 2t�+iHv QM2
�m+iBQMc � #B/ +�MǶi 2tBbi rBi?Qmi �M �m+iBQM �M/ +�MǶi #2 T�`i Q7 KmHiBTH2 �m+iBQMbX

Licences

{

    uint256 buyer_Id;

    uint256 publication_Id;

    uint256 publicationLicenceNo;

}

Publication

{     

    PricingStrategy pricingStrategy;

    string publication_uri; //IPFS address of the publication

    uint256 author_id; //id of the author

    uint256 sell_price;

    uint256 maxNumberOfLicences;

    uint256 licencesIssued;

    uint256 TaxObject_Id;

    uint256[] auction_ids; //ids of bids on the publication

    uint256[] contributors;

    uint256[] contributors_weightings; //scaled by 1e2

    uint256[] donations;

}

User

{

    uint256 owned_address;

    uint256 profile_uri;

}

0..*

1..1 0..*

1..1

Auction

{

    uint256 publication_Id;

    uint256 auctionFloor;

    uint256 starting_time;

    uint256 duration;

    uint256[] auction_bid_ids;

    uint256 winning_bid_Id;

    AuctionStatus status;

}

Bid

{

    bytes32 commitBid;

    uint256 revealedBid;

    uint256 revealedSalt;

    BidStatus status;

    uint256 publication_Id;

    uint256 auction_Id;

    uint256 bidder_Id;

}

TaxObject

{

    uint256 licenceId;

    uint256 ratePerBlock;

    uint256 lastPayment;

    uint256 numberOfOutBids;

    uint256 currentAssignedValue;

    uint256[] buyout_Ids;

}

BuyOutOffer

{

    uint256 taxObject_Id;

    uint256 buyoutOwner_Id;

    uint256 buyoutAmount;

    uint256 buyOutExpiration;

    BuyoutStatus status;

}

1..1

0..*

0..* 1..1

1..1

0..*
1..1

0..1

0..*1..1

Caption: these data structures store the full state of the UniCoin

system. Data is stored within arrays of each type and then linked

between different types via ids. For example, there is an array of 

type Bid called bids which asignes an array id to each bid. These

Id's are stored within another array within each auction.

6B;m`2 eX9, *QMi`�+i /�i� bi`m+im`2X .�i� Bb biQ`2/ BM �``�vb Q7 2�+? ivT2X h?Bb Bb HBMF2/
#2ir22M /Bz2`2Mi Q#D2+ib pB� A.bX 6Q` 2t�KTH2- i?2`2 Bb �M �``�v Q7 "B/ +�HH2/ #B/b r?B+?
�bbB;Mb �M �``�v A. iQ 2�+? #B/X h?2b2 A.b �`2 biQ`2/ rBi?BM �M �``�v 7Q` 2�+? �m+iBQMX

eXkXk aK�`i +QMi`�+i 7mM+iBQM�HBiv
�b ?�b #22M /Bb+mbb2/- �HH 7mM+iBQM +�HHb Q`B;BM�i2 �i i?2 ?m# Q7 i?2 bvbi2K- i?2 lMB+QBM_2;Bbi`vX
6`QK ?2`2 7mM+iBQMb rBi?BM i?2 bTQF2b �`2 +�HH2/X h?2 ?m# ?�b MQ bi�i2 Q` HQ;B+ Qi?2`
i?�M biQ`BM; i?2 �//`2bb2b Q7 i?2 bTQF2b �M/ HQ;B+ QM ?Qr iQ +QMM2+i i?2 bTQF2b iQ;2i?2`X
�b � `2bmHi �HH BKTH2K2Mi�iBQM bi�i2 �M/ HQ;B+ Bb /2}M2/ rBi?BM i?2 bTQF2bX

h?2 +Q`2 7mM+iBQM�HBiv Q7 i?2 K�`F2iTH�+2 +�M #2 #`QF2M /QrM BMiQ MBM2 K�BM 7mM+iBQMbX
1�+? Q7 i?2b2 7mM+iBQMb �`2 #`B2~v /Bb+mbb2/ #2HQrX 1�+? 7mM+iBQM ?�b � 7mHH b2[m2M+2
6B;m`2 �b r2HH �b �//BiBQM�H /Bb+mbbBQM BM �TT2M/Bt 6 7Q` #`2pBivX

RX `2;Bbi2`lb2` +`2�i2b � M2r mb2` �++QmMiX h?2 nT`Q7BH2nm`B Bb bT2+B}2/ r?B+? Bb
� mMB[m2 }M;2`T`BMi +`2�i2/ 7Q` 2�+? mb2` r?2M i?2v `2;Bbi2`X _2;Bbi`�iBQM BMpQHp2b
biQ`BM; T`Q}H2 BM7Q`K�iBQM QM AS6aX lTQM �//BM; i?2 T`Q}H2 iQ AS6a � l_A Bb �miQ@
K�iB+�HHv +`2�i2/X a22 b2+iBQM eX9 7Q` A6Sa /2i�BHbX �TT2M/Bt 6B;m`2 6XRX
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kX +`2�i2Sm#HB+�iBQM +`2�i2b � M2r Tm#HB+�iBQM Q#D2+i BM i?2 K�`F2iTH�+2X �HH F2v
BM7Q`K�iBQM �#Qmi i?2 Tm#HB+�iBQM Bb bT2+B}2/ bm+? �b i?2 T`B+BM; bi`�i2;v +?Qb2M #v
i?2 b2HH2` U�m+iBQM Q` }t2/ `�i2V- �m+iBQM /2i�BHb HBF2 /m`�iBQM �M/ bi�`i iBK2 �M/
Tm#HB+�iBQM +QMi`B#miQ`Ƕb /BpBbBQMbX �TT2M/Bt 6B;m`2 6XkX

jX +QKKBia2�H2/"B/ �//b � #B/>�b? +QKKBiK2Mi iQ � bT2+B}+ Tm#HB+�iBQM 7Q` � bT2+B}+
�m+iBQMX h?Bb Bb i?2 ?�b?2/ +QM+�i2M�iBQM Q7 i?2 #B/�KQmMi �M/ i?2 b�HiX h?2 #B//2`
rBHH biQ`2 i?2B` #B/ �M/ ?�b? mMiBH i?2 `2p2�H T?�b2X h?Bb #B/>�b? Bb ;2M2`�i2/ #v
i?2 mb2` BM i?2B` r2# #`Qrb2` #27Q`2 +�HHBM; i?Bb 7mM+iBQM rBi?BM i?2 bK�`i +QMi`�+iX
�TT2M/Bt 6B;m`2 6XjX

9X `2p2�Ha2�H2/"B/ Bb mb2/ #v � #B//2` iQ `2p2�H i?2B` #B/�KQmMi �M/ b�HiX h?2 p�Hm2b
bT2+B}2/ �`2 +?2+F2/ �;�BMbi i?2 #B/>�b? i?�i r�b +QKKBii2/ BM UjVX A7 i?2 #B/ Bb p�HB/
Bi Bb K�`F2/ �b bm+? �M/ Bb i?mb 2HB;B#H2 iQ rBM i?2 �m+iBQMX h?2 #B/ p�HB/�iBQM T`Q+2bb
Bb BM �++Q`/�M+2 rBi? b2+iBQM 8XkXRX �TT2M/Bt 6B;m`2 6X9X

8X 7BM�HBx2�m+iBQM HQQTb i?`Qm;? �HH p�HB/ #B/b �M/ B/2MiB}2b i?2 rBMM2` Q7 i?2 �m+iBQMX
�i i?2 2M/- #mHF T�vK2Mi Bb b2iiH2/ #2ir22M i?2 rBMM2` Q7 i?2 �m+iBQM �M/ �HH +QM@
i`B#miQ`bX h?Bb BMpQHp2b i?2 i`�Mb72` Q7 .�B iQ � MmK#2` Q7 r�HH2ib- BM �++Q`/�M+2 rBi?
b2+iBQM 8XkX9X �TT2M/Bt 6B;m`2 6X8X

eX +H�BK>�`#2`;2` h�t 2M�#H2b i?2 HB+2M+2 Bbbm2` iQ +H�BK Qmibi�M/BM; i�t QM � bT2+B}+
Tm#HB+�iBQMX �HH i�t 7`QK i?2 T`2pBQmb T�vK2Mi �++`m2/ iQ i?2 iBK2 Q7 i?2 +�HH Bb T�B/
Qmi- BM �++Q`/�M+2 rBi? b2+iBQM 8XkXkX �TT2M/Bt 6B;m`2 6XdX

dX mT/�i2GB+2M+2>�`#2`;2`o�Hm�iBQM 2M�#H2b i?2 +m``2Mi QrM2` iQ mT/�i2 i?2B` p�Hm@
�iBQM Q7 i?2 HB+2M+2X h?2 p�Hm2 i?�i i?2v /2}M2 ?2`2 rBHH #2 i?2 �KQmMi i?�i i?2v �`2
i�t2/X PM2 rQmH/ mT/�i2 i?2B` p�Hm2 B7 i?2v #2HB2p2 i?2 p�Hm2 ?�b /`QTT2/ �M/ i?mb
i?2v r�Mi iQ T�v H2bb i�t Q` B7 bQK2QM2 ?�b +`2�i2/ � #mvQmi `2[m2bi �M/ i?2v r�Mi
iQ `�Bb2 i?2B` p�Hm�iBQM �#Qp2 i?2 #mvQmi `2[m2biX �TT2M/Bt 6B;m`2 6XeX

3X +`2�i2>�`#2`;2`"mvPmi +`2�i2b � #B/ iQ #mvQmi � HB+2M+2 #�b2/ QM i?2 +m``2Mi >�`@
#2`;2` h�t �HHQ+�i2/ T`B+2X h?2 #mvQmi Qz2` Kmbi 2t+22/ i?2 +m``2Mi p�Hm�iBQM #v �i
H2�bi 8W Q` Bb `2D2+i2/- �b QmiHBM2/ BM b2+iBQM 8XkXkX �TT2M/Bt 6B;m`2 6X3X

NX 7BM�HBx2"mvPmiP772` +HQb2b Qmi � #mvQmi `2[m2biX h?Bb 2Bi?2` `2bmHib BM i?2 HB+2M+2
#2BM; `2pQF2/ 7`QK i?2 T`2pBQmb QrM2` �M/ i`�Mb72``2/ iQ i?2 mb2` i?�i +`2�i2/ i?2
#mvQmi Q` Bb `2D2+i2/ B7 i?2 Qz2` Bb #2HQr i?2 i?`2b?QH/X �TT2M/Bt 6B;m`2 6XNX

eXkXj aK�`i +QMi`�+i HB72 +v+H2
LQr i?�i i?2 +Q`2 7mM+iBQMb Q7 i?2 bK�`i +QMi`�+i bvbi2K ?�p2 #22M BMi`Q/m+2/- � MmK#2`
Q7 mb�;2 HB72 +v+H2b +�M #2 /Bb+mbb2/X h?Bb b?Qr+�b2b i?2 K�BM 7mM+iBQM�HBiv Q7 i?2 /Bz2`2Mi
mb2` ;`QmTb BMi2`�+iBM; rBi? i?2 bK�`i +QMi`�+i bvbi2KX h?2b2 };m`2b b?Qr 2t2+miBQM
bi2Tb r?B+? 2z2+iBp2Hv KQ/2Hb i?2 +QMi`�+ib Q7 i?2 bvbi2K �b � bi�i2 K�+?BM2X h?2 F2v
7Q` i?2 6B;m`2b �`2 b2H7 2tTH�M�iQ`v �M/ � /2i�BH2/ p2`bBQM +�M #2 7QmM/ BM �TT2M/Bt 1X
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eXkXjXR Sm#HB+�iBQM HBbiBM; �M/ �m+iBQM HB72 +v+H2

6B;m`2 eX8 b?Qrb i?2 2t2+miBQM ~Qr 7Q` +`2�iBM; � Tm#HB+�iBQM �M/ bm#b2[m2Mi #B//BM;X
h?Bb HB72 +v+H2 ~Qr KBKB+b i?2 T`BM+BTH2 h2bH� �M/ .�H?�QmbB2 2t�KTH2 BMi`Q/m+2/ 2�`HB2`X
>2`2 � +QKT2iBiQ` hQvQi� Bb �HbQ #B//BM; BM i?2 �m+iBQM 7Q` � HB+2M+2X h2bH� rBMb i?2
�m+iBQM- T�vb i?2 HB+2M+2 722 BM .�B r?B+? Bb /Bbi`B#mi2/ �KQM;bi i?2 +QMi`B#miQ`b- �M/
i?2 MQM@7mM;B#H2 HB+2M+2 Bb +`2�i2/X

Academic publisher

1

Create new publication from
their wallet. Specify the

ORCID ID & auction or sale
details.

createPublication(
  uint8 _pricing_Strategy,     //fixed rate or auction
  string _publication_uri,     //the IPFS link
  uint256 _auctionFloor,       //min sell price acceptable
  uint256 _auctionStartTime,   //time stamp of auction start
  uint256 _auctionDuration,    //how long the auction will run for
  uint256 _fixed_sell_price,   //if rate, what the rate is
  uint256 _maxNumberOfLicences,//how many licences will be created
  uint256[] _contributors,     //user number of creators
uint256[] _weightings)         //each contributor weightings

Commit a sealed bid. Specify
the hashed bid which has the

hash and salt info in it.

Patent Bidder1

3

Patent Bidder2

Add publication
to contract state

Commit sealed bid
for bidder1 to state

Commit sealed bid
for bidder2 to state

Commit a sealed bid. Specify
the hashed bid which has the

hash and salt info in it.

2b

Reveal sealed bid. Specify the
bid&salt and contract checks

the hashes match.

revealSealedBid(
  uint256 _bid,  //Id of bid being revealed
  uint256 _salt, //random number from bidder
  uint256 _publication_Id,
  uint256 _bid_Id)

All bidders
...

Reveal bid and
update state

2a

Finalize the auction. Loops
through bids and finds

highest. mints a NFT to the
winner.

finalizeAuction(uint256 _auction_Id) Any user(or keeper)

4

Finalize auction and
payments

ڨERC721ڧ
Create NFT for
winner for licence

ڨERCE20ڧ
Pay contributors
from winners

Dai Transfer

Mint

commitSealedBid(
  bytes32 _bidHash,        //hash of bid information
  uint256 _publication_Id) //the publication being bid on

commitSealedBid(
  bytes32 _bidHash,        //hash of bid information
  uint256 _publication_Id) //the publication being bid on

Caption: this figure shows the full lifecycle of 1) an academic creating a publication
2) prospective buyers bidding on the patent 3) prospective buyers revealing their bids

4) a keeper finalizing the auction which identifies the winner, mints an NFT and pays the
academic and paper contributes in tokens.

 Non Fungible Licence

6B;m`2 eX8, Sm#HB+�iBQM �M/ #B//BM; HB72 +v+H2 r?B+? BMpQHp2b 7Qm` K�BM bi2Tb, RV �M
�+�/2KB+ HBbib � Tm#HB+�iBQM- kV irQ +QKT�MB2b #B/ BM i?2 �m+iBQM- jV i?2 +QKT�MB2b `2p2�H
i?2B` #B/b- 9V �m+iBQM }M�HBx�iBQM- HB+2M+2 �HHQ+�iBQM �M/ i?2 �bbQ+B�i2/ iQF2M i`�Mb72`bX

h?Bb 6B;m`2 BMi`Q/m+2b � M2r mb2` i?�i ?�b MQi #22M /Bb+mbb2/ mT mMiBH MQr, � F22T2`X h?Bb
mb2` Bb +�HHBM; i?2 7BM�HBx2�m+iBQM 7mM+iBQM BM bi2T 9X h?Bb 7mM+iBQM HQQTb Qp2` �HH p�HB/
#B/b �M/ B/2MiB}2b i?2 rBMM2`X h?Bb 7mM+iBQM�HBiv /Q2b MQi `2[mB`2 �Mv bT2+B�H T2`KBbbBQMbc
BM 7�+i Bi +�M #2 +�HH2/ #v � mb2` i?�i Bb MQi 2p2M `2;Bbi2`2/ QM i?2 TH�i7Q`KX h?Bb Bb
/Bz2`2Mi iQ Qi?2` 7mM+iBQMb i?�i `2[mB`2 `2;Bbi`�iBQM �M/ mb2` �++QmMibX 6Q` 2t�KTH2
+`2�i2Sm#HB+�iBQM `2[mB`2b i?�i i?2 +�HH2` Bb � `2;Bbi2`2/ �+�/2KB+ U?�b +`2�i2/ �M
�++QmMi rBi? i?2 +`2�i2�++QmMi 7mM+iBQMVX AM +QMi`�bi- i?2 }M�HBx�iBQM Q7 �M �m+iBQM
/Q2b MQi `2[mB`2 �Mv bT2+B�H +?2+FbX �b � `2bmHi- � i?B`/ T�`iv T`QpB/2` +�M +�HH i?Bb
7mM+iBQM bm+? i?�i MQ #B//2` Q` Tm#HBb?2` M22/b iQ `2im`M QMHBM2 iQ }M�HBx2 i?2 �m+iBQMX
h?Bb BKT`Qp2b i?2 mb2` 2tT2`B2M+2 �M/ ~Qr 7Q` #B//2`b �M/ Tm#HBb?2`b #v �#bi`�+iBM; �r�v
i?Bb bi2T 7Q` i?2KX h?mb i?Bb b?QmH/ #2 +�HH2/ #v i?2 QT2`�iQ` Q7 i?2 K�`F2iTH�+2X

�i i?2 +QM+HmbBQM Q7 bi2T 9 i?2`2 Bb � .�B iQF2M i`�Mb72` 7`QK h2bH� iQ i?2 +QMi`B#miQ`bX
h?Bb Bb 7�+BHBi�i2/ #v i?2 T2`KBbbBQM2/ T�vK2Mib BMi`Q/m+2/ BM b2+iBQM 8XkX9X h?Bb i`�Mb72`
Q++m`b #v +�HHBM; i?2 i`�Mb72`6`QK 7mM+iBQM rBi?BM i?2 .�B 1_*ky iQF2M r?B+? i`�Mb72`b
iQF2Mb 7`QK i?2 �m+iBQM rBMM2` iQ i?2 `2bT2+iBp2 +QMi`B#miQ`bX h?Bb Bb /QM2 Bi2`�iBp2Hv 7Q`
2�+? +QMi`B#miQ` �b /2}M2/ BM i?2 T`2pBQmb +?�Ti2`X
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eXkXjXk *H�BKBM; >�`#2`;2` h�t HB72 +v+H2

6B;m`2 eXe b?Qrb i?2 +H�BKBM; >�`#2`;2` h�t HB72 +v+H2X h?Bb ?�b irQ TQbbB#H2 Qmi+QK2b
�7i2` >�`#2`;2` h�t Bb +H�BK2/,

RX h?2 +m``2Mi ?QH/2` Q7 i?2 HB+2M+2 Bb bQHp2Mi r?B+? `2bmHib BM � T�vK2Mi iQ i?2 +QM@
i`B#miQ`bX h?Bb T�vK2Mi Bb bBKBH�` T`Q+2bb iQ i?�i 2t2+mi2/ �7i2` �M �m+iBQMX

kX h?2 HB+2M+2 ?QH/2` Bb BMbQHp2Mi r?B+? `2bmHib BM i?2 `2pQ+�iBQM Q7 i?2 HB+2M+2 �M/
i?2 `2HBbiBM; Q7 i?2 HB+2M+2 BM � M2r �m+iBQM rBi?BM i?2 K�`F2iTH�+2X �7i2` `2HBbiBM;
�MQi?2` #B//2` UhQvQi�V- bm#KBib #B/b �M/ rBMb i?2 �m+iBQM 7Q` i?2 HB+2M+2X

1

2

Any user(or keeper)

Is owner
solvent?

Revoke licence. List
new auction for a

new licence.

NO

Licence
revocation

Place bid on the revoked
licence in a new auction

commitSealedBid(
  bytes32 _bidHash,        
  uint256 _publication_Id) 

Add bid to auction
on new licence.

Reveal seal bid on revoked
licence

Patent Bidder2

revealSealedBid(
  uint256 _bid,  
  uint256 _salt, 
  uint256 _publication_Id,
  uint256 _bid_Id)

3

Dai Transfer

Mint

ڨERC721ڧ
Create NFT for
winner for licence

ڨERCE20ڧ
Pay contributors
from winers

Finalize auction and
payments

Validate
revealed bid and
add to contract

state

Any user(or keeper)

Finalize the auction. Loops
through bids and finds

highest. Mints a NFT to the
winner.

4 Claim Harberger Tax on
publication. Contract

calculates exact payout
requirement.

finalizeAuction(uint256 _auction_Id)

Patent Bidder2

Caption: the process of a keeper calling claim harberger tax on a patent. This
results in the licence owner paying the content creator in the case of solvency or

licence revocation if the holder is insolvent. In the case of the latter a new patent 
auction is created. Steps 2,3&4 show a new patent buyer bidding and winning in 

the resultant auction that follows the revocation.

ڨERCE20ڧ
Pay creator from
licence owner

Dai Transfer

Calculate the amount of Dai to pay 
in tax from the last payment done. 

After this the execution is finished until 
someone calls to claim tax again.

ڨERC721ڧ
Destroy old NFT
by burning it

 Non Fungible Licence

claimHarbergerTax(uint256 _publication_Id)
YES

6B;m`2 eXe, S`Q+2bb Q7 +H�BKBM; >�`#2`;2` h�tX h?Bb `2bmHib BM i?2 HB+2M+2 QrM2` T�vBM;
i?2 +QMi2Mi +`2�iQ` BM i?2 +�b2 Q7 bQHp2M+v Q` HB+2M+2 `2pQ+�iBQM B7 i?2 ?QH/2` Bb BMbQHp2MiX
AM i?2 +�b2 Q7 i?2 H�ii2` � M2r T�i2Mi �m+iBQM Bb +`2�i2/X ai2Tb k- j �M/ 9 b?Qr � M2r
T�i2Mi #mv2` #B//BM; �M/ rBMMBM; BM i?2 `2bmHi�Mi �m+iBQM i?�i 7QHHQrb i?2 `2pQ+�iBQMX
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eXkXjXj >�`#2`;2` h�t #mvQmi HB72 +v+H2

6B;m`2 eXd b?Qrb i?2 >�`#2`;2` h�t #mvQmi HB72 +v+H2X h?Bb ~Qr Q++m`b r?2M � #B//2`
i`B2b iQ #mv � HB+2M+2 7`QK i?2 +m``2Mi HB+2M+2 ?QH/2`X h?Bb +QMbBbib Q7 i?`22 K�BM bi2Tb,

RX h?2 #B//2` +`2�i2b � #mvQmi `2[m2bi bT2+B7vBM; i?2 �KQmMi i?2v �`2 rBHHBM; iQ T�vX

kX h?2 +m``2Mi HB+2M+2 ?QH/2` +�M +?QQb2 iQ mT/�i2 i?2B` HB+2M+2 p�Hm�iBQM UQ` H2�p2 BiVX

jX A7 i?2v BM+`2�b2 Bi �#Qp2 i?2 #mvQmi `2[m2bi i?2M i?2 #mvQmi rBHH 7�BHX 1Hb2 B7
i?2v /Q MQi mT/�i2 Bi Q` mT/�i2 Bi iQ H2bb i?�M i?2 i?`2b?QH/ i?2M i?2 HB+2M+2 Bb
i`�Mb72``2/ �r�v 7`QK i?2K �M/ iQ i?2 #B//2`X AM i?Bb 6B;m`2 i?Bb Bb b?QrM �b i?2
L6h i`�Mb72``BM; 7`QK h2bH� iQ hQvQi�X hQ T�v 7Q` i?2 #mvQmi- � iQF2M i`�Mb72`
i?2M Q++m`b 7`QK i?2 mb2` i?�i bm#KBii2/ i?2 #mvQmi iQ i?2 T`2pBQmb QrM2` �M/
+QMi`B#miQ`bX

1
Add buyout to

Harberger Tax object
in contract state.

Create buyout proposal.
Specify an amount that is

willing to buy the harberger
licence for.

createHarbergerBuyOut(uint256 _licence_Id, uint256 _buyOutAmount)

Update private valuation to
an amount 5% or more higher
than the buyout bid to block

buyout.

2

Current licence holder
update licence self

assets valuation from
current licence owner

updateLicenceHarbergerValuation(
  uint256 _licence_Id,
  uint256 _newValuation)

finalizeBuyoutOffer(uint256 _buyOut_Id)

Check if the buyout amount is
more than 5% more than the

current licence valuation
specified by the current owner.

Any user(or keeper)

3

Offer
succeeded?

Set offer state in
contract to failed.
Do nothing more.

NO YES
Set offer state to

succeded. Transfer NFT
from old owner to new

and Dai from new to old
+ creator.

Dai Transfer

Transfer

ڨERC721ڧ
Transfer NFT from
old owner to new

ڨERCE20ڧ
Pay old owner &
contributors

Finalize auction and
payments

 Non Fungible Licence

Caption: Bidder2 creates a buyout offer. Bidder one can choose to outbid 
this offer by raising it a min of 5% in the time frame allocated. If Bidder 1 does,
then the offer is not successful and the execution ends. If Bidder 1 does not raise

the bid, however, then the licence is revoked and transferred to Bidder2. As a result
of the purchase bidder2 pays Dai to Bidder1 in exchange for the licence.

This includes 

Patent Bidder2

6B;m`2 eXd, "mvQmi T`Q+2bb r?2`2 "B//2`k +`2�i2b � #mvQmi Qz2`X "B//2`R +�M +?QQb2 iQ
Qmi#B/ i?Bb Qz2` #v `�BbBM; Bi � KBMBKmK Q7 8W BM i?2 iBK2 7`�K2 �HHQ+�i2/X A7 "B//2`R
/Q2b- i?2M i?2 Qz2` Bb MQi bm++2bb7mH �M/ i?2 2t2+miBQM 2M/bX A7 "B//2`R /Q2b MQi `�Bb2 i?2
#B/- i?2M i?2 HB+2M+2 Bb `2pQF2/ �M/ i`�Mb72``2/ iQ "B//2`kX �b � `2bmHi Q7 i?2 Tm`+?�b2
"B//2`k T�vb .�B iQ "B//2`R BM 2t+?�M;2 7Q` i?2 HB+2M+2X

h?2b2 HB72 +v+H2 b?Qrb � F2v �/p�Mi�;2 Q7 bK�`i +QMi`�+ib, i?2 �miQK�iB+ ǴB7 i?Bb i?2M i?�iǴ
Q7 +QKTH2t }M�M+B�H bvbi2KbX h?Bb Bb BM i?2 7Q`K Q7 � L6h HB+2M+2 +QmTH2/ rBi? �miQK�iB+
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T�vK2MibX lTQM i?2 `2pQ+�iBQM Q7 i?2 HB+2M+2 i?2 L6h Bb `2pQF2/ r?B+? `2KQp2b Bi 7`QK
+B`+mH�iBQMX 6QHHQrBM; i?Bb � M2r �m+iBQM Bb +`2�i2/ 7Q` i?2 `2@b�H2 Q7 i?Bb HB+2M+2X h?Bb
�miQK�iBQM /2+`2�b2b i?2 �/KBMBbi`�iBp2 Qp2`?2�/ #v i?2 TH�i7Q`K QT2`�iQ`X �i i?2 b�K2
iBK2 i?2 /2i2`KBMBbiB+ M�im`2 Q7 i?2 +Q/2 2t2+miBQM �M/ i?2 Tm#HB+ p2`B}+�iBQM i?2`2Q7
`2KQp2b �Mv QTTQ`imMBiv 7Q` KBbi�F2b QM i?2 T�`i Q7 i?2 TH�i7Q`K QT2`�iQ`X

L2ti- �//BiBQM�H bvbi2K /2bB;M +QMbB/2`�iBQMb �`2 /Bb+mbb2/X

eXkX9 aK�`i +QMi`�+i mT;`�/�#BHBiv T�ii2`M
aK�`i +QMi`�+ib �`2 #v /2bB;M BKKmi�#H2X >Qr2p2`- KQ/2`M bQ7ir�`2 /2p2HQTK2Mi `2HB2b
QM i?2 �#BHBiv iQ mT;`�/2 �M/ T�i+? bQm`+2 +Q/2 iQ T`Q/m+2 Bi2`�iBp2 `2H2�b2bX "HQ+F+?�BM
bvbi2Kb `2Hv QM i?2B` BKKmi�#BH2 /2bB;M �b � +Q`2 T`QT2`iv #mi bQK2 /2;`22 Q7 Kmi�#BHBiv
Bb M22/2/ 7Q` #m; }tBM; �M/ T`Q/m+i BKT`Qp2K2MiX

h?2 bK�`i +QMi`�+ib +`2�i2/ BM i?2 K�`F2i �`2 /2bB;M2/ mbBM; � T`Qtv T�ii2`M- miBHBxBM; �M
mMbi`m+im`2/ biQ`�;2 K2+?�MBbK iQ T`QpB/2 bK�`i +QMi`�+i mT;`�/�#BHBivX h?Bb Bb �+?B2p2/
BM T�`i #v miBHBxBM; i?2 PT2Mw2TT2HBM a.E r?B+? T`QpB/2b r`�TT2`b 7Q` i?Bb 7mM+iBQM�HBivX

lT;`�/�#BHBiv mbBM; � T`Qtv T�ii2`M rQ`Fb #v /B`2+iBM; �HH i`�{+ iQ � T`Qtv +QMi`�+i r?B+?
r`�Tb i?2 HQ;B+ �M/ 7mM+iBQM�HBiv Q7 i?2 BKTH2K2Mi�iBQM +QMi`�+iX h?2 T`Qtv /B`2+ib �HH
+�HHb iQ i?2 BKTH2K2Mi�iBQM +QMi`�+i r?B+? +QMi�BMb �HH +QMi`�+i HQ;B+X ai�i2- QM i?2 Qi?2`
?�M/- Bb biQ`2/ rBi?BM i?2 T`QtvX h?2 F2v +QKTQM2Mi Bb i?�i i?2 BKTH2K2Mi�iBQM +QMi`�+i
HQ;B+ +�M #2 mT/�i2/ #mi i?2 T`Qtv �++2bb TQBMi Bb M2p2` +?�M;2/X h?Bb 2Mbm`2b i?�i
i?2 bi�i2 Bb F2Ti /m`BM; mT;`�/2b r?2`2BM i?2 bvbi2K HQ;B+ +�M #2 br�TT2/ Qmi rBi?Qmi
HQQbBM; �Mv bvbi2K /�i�X h?2 bvbi2K `2K�BMb BKKmi�#BH2 BM i?2 b2Mb2 i?�i i?2 +Q/2 Q`
bi�i2 +�MǶi #2 +?�M;2/ #mi i?2 BKTH2K2Mi�iBQM HQ;B+ +�M #2 br�TT2/ iQ �MQi?2` +QMi`�+i-
i?2`2#v mT/�iBM; BiX h?2 T`Qtv �++2bb TQBMi rBHH /B`2+i i`�Mb�+iBQMb iQ � /Bz2`2Mi UM2r2`V
BKTH2K2Mi�iBQM �M/ BM /QBM; bQ- i?2 bQ7ir�`2 rBHH ?�p2 #22M mT;`�/2/X h?Bb Bb b22M BM
i?2 6B;m`2 eX3X

Admin

Proxy Contract
(Storage Layer)

transaction Implementation_V2
(logic layer)

Implementation_V1
(old logic layer)

Implementation_V0
(old logic layer)

Previous versions

Production version

Caption: each smart contract deployed within the hub and spoke model
follows this deployment pattern wherein all traffic is forwarded from a proxy
to an implementation specific contract. The implementation contract can be
updated between different versions and keep it's state such as token balances,

NFTs issued or running auctions as these are stored in the proxy contract.

Stores address of logic contract

6B;m`2 eX3, lT;`�/�#H2 bK�`i +QMi`�+i T�ii2`MX 1�+? bK�`i +QMi`�+i /2THQv2/ UBM+Hm/BM;
�HH ?m#b �M/ bTQF2bV mb2 i?Bb T�ii2`MX �HH i`�{+ Bb 7Q`r�`/2/ 7`QK � T`Qtv iQ �M BK@
TH2K2Mi�iBQM +QMi`�+iX h?2 BKTH2K2Mi�iBQM +QMi`�+i +�M #2 mT/�i2/ #2ir22M /Bz2`2Mi
p2`bBQMb r?B+? F22Tb bi�i2 bm+? �b iQF2M #�H�M+2b- L6hb Bbbm2/ Q` `mMMBM; �m+iBQMb �b
i?2b2 �`2 biQ`2/ BM i?2 T`Qtv +QMi`�+iX
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PT2Mw2TT2HBM a.E Bb mb2/ iQ �miQK�iB+�HHv +`2�i2 T`Qtv 7Q`r�`/BM; +QMi`�+ib r?B+? �+i
iQ 2tTQb2 i?2 7mHH BMi2`7�+2 Q7 i?2 +?BH/ +QMi`�+ib r?B+? �`2 i?mb mT;`�/�#H2X h?Bb Bb /QM2
mbBM; � 7�HH#�+F 7mM+iBQM- r`Bii2M BM aQHB/Biv �bb2K#HvX h?Bb K2+?�MBbK �+ib iQ 7Q`r�`/
�HH +�HHb �M/ bi�i2 7`QK i?2 T`Qtv iQ i?2 BKTH2K2Mi�iBQM +QMi`�+ib bm+? i?�i 7`QK i?2
mb2`Ƕb T2`bT2+iBp2 i?2 T`Qtv �TT2�`b iQ #2 i?2 BKTH2K2Mi�iBQM +QMi`�+iX

lHiBK�i2Hv i?Bb K2+?�MBbK 2M�#H2b KQ/mH�` mT;`�/�#BHBiv Q7 2�+? +QKTQM2Mi Q7 i?2 ?m#
�M/ bTQF2X h?Bb Bb mb27mH #2+�mb2 mT;`�/2b +�M #2 T2`7Q`K2/ QM QM2 bT2+B}+ bK�`i bTQF2
+QMi`�+i rBi?Qmi ?�pBM; iQ 2z2+i i?2 `2bi Q7 i?2 bK�`i +QMi`�+ibX 6Q` 2t�KTH2- b�v i?2
r�v i?�i �m+iBQMb �`2 `mM Bb mT/�i2/X h?2 M2r HQ;B+ Bb /2THQv2/ �b � M2r BKTH2K2Mi�iBQM
Q7 �m+iBQMJ�M�;2`- i?2 �m+iBQM bi�i2 Bb BM?2`Bi2/ 7`QK i?2 T`2pBQmb p2`bBQM /m2 iQ mM@
bi`m+im`2/ biQ`�;2 �M/ i?2 `2bi Q7 i?2 bvbi2K `2K�BMb 7mM+iBQM�H rBi?Qmi M22/ 7Q` mT/�i2
/m2 iQ i?2 T`Qtv +QMi`�+iX �7i2` i?2 mT;`�/2 i?2 r?QH2 bvbi2K +QMiBMm2b iQ QT2`�i2 #mi
rBi? i?2 M2r b2+iBQM Q7 HQ;B+ 7Q` i?2 �m+iBQMJ�M�;2`X

lT;`�/�#BHBiv Bb T2`7Q`K2/ #v /2THQvBM; � M2r BKTH2K2Mi�iBQM +QMi`�+i p2`bBQM i?2M
mT/�iBM; i?2 T`Qtv iQ 7Q`r�`/ i`�{+ iQ i?2 M2r p2`bBQMX "2+�mb2 i?2 T`Qtv F22Tb Bib
�//`2bb 2i2`M�HHv i?2 +QHH2+iBQM Q7 bK�`i +QMi`�+ib �TT2�` iQ MQi +?�M;2 7`QK � +�HH2`b
T2`bT2+iBp2- /2bTBi2 i?2 BMi2`M�H HQ;B+ mT;`�/2X h?Bb +�M #2 b22M BM 6B;m`2 eXN #2HQrX

Admin

Proxy contract
0x1234

Upgrade 0x1234
to 0x20

Logic contract 0x10

Logic contract 0x20

Current version

Caption: when contracts are upgraded a new version is first deployed
and then the proxy is instructed to forward all contract calls to the newly
deployed logic contract. The proxy then stores this new address and uses

it until the admin updates the proxy to a new address.

New version

6B;m`2 eXN, lT;`�/2 T`Q+2bbX � M2r BKTH2K2Mi�iBQM p2`bBQM Bb }`bi /2THQv2/ �M/ i?2M
i?2 T`Qtv Bb BMbi`m+i2/ iQ 7Q`r�`/ �HH +QMi`�+i +�HHb iQ i?2 M2rHv /2THQv2/ +QMi`�+iX h?2
T`Qtv i?2M biQ`2b i?Bb M2r �//`2bb �M/ mb2b Bi mMiBH i?2 �/KBM mT/�i2b i?2 T`Qtv �;�BMX

eXkX8 J2i� i`�Mb�+iBQMb
aK�`i +QMi`�+ib i?�i KQ/B7v +QMi`�+i bi�i2 +Qbi ;�bX :�b Bb � T�vK2Mi BM 1i?2` K�/2
#v i?2 +�HH2` Q7 i?2 7mM+iBQM iQ T�v 7Q` i?2 bi�i2 mT/�i2X 6Q` 2t�KTH2 T2`7Q`KBM; �
i`�Mb�+iBQM i?�i i`�Mb72`b 1_*ky iQF2Mb +Qbib ;�bX h?2 +Qbi Bb � 7mM+iBQM Q7 i?2 ;�b mb2/
�M/ i?2 ;�b T`B+2X h?2 ;�b mb2/ Bb /2T2M/2Mi QM i?2 mM/2`HvBM; QT +Q/2b 2t2+mi2/ rBi?BM
i?2 1oJ /m`BM; i?2 7mM+iBQM +�HHX h?2 ;�b T`B+2 Bb /2T2M/2Mi QM +m``2Mi /2K�M/ QM i?2
1i?2`2mK M2irQ`FX

h?2 M22/ iQ T�v ;�b 7Q` i`�Mb�+iBQMb bB;MB}+�MiHv /2;`�/2b i?2 mb�#BHBiv Q7 #HQ+F+?�BM
�TTHB+�iBQMbX � mb2` M22/b iQ ?�p2 b2i mT � r�HH2i �M/ /2TQbBi2/ 1i?2` #27Q`2 i?2v +�M
2M;�;2 BM � K2�MBM;7mH r�v rBi? i?2 �TTHB+�iBQMX AM i?2 +�b2 Q7 �M �+�/2KB+- 7Q` 2t�KTH2-
i?2v rQmH/ M22/ iQ ?�p2 #Qm;?i 1i?2` 7`QK � +`vTiQ 2t+?�M;2 �M/ /2TQbBi2/ i?Bb BMiQ
i?2B` r�HH2i #27Q`2 +`2�iBM; � Tm#HB+�iBQMX h?Bb `2bi`B+iBQM /`�biB+�HHv `2/m+2b i?2 MmK#2`
Q7 mb2`b i?�i +QmH/ �+im�HHv mb2 i?2 TH�i7Q`KX
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� bQHmiBQM iQ i?Bb TQQ` mb2` 2tT2`B2M+2 UlsV Bb iQ �#bi`�+i i?2 r�HH2i i?�i T�vb 7Q` ;�b
�r�v 7`QK i?2 r�HH2i i?�i bm#KBib i?2 i`�Mb�+iBQM mbBM; K2i� i`�Mb�+iBQMbX aBKTHv Tmi-
;2i bQK2QM2 2Hb2 iQ T�v i?2 ;�b 7Q` � i`�Mb�+iBQMX AM i?2 +�b2 Q7 �M �+�/2KB+ Tm#HBb?BM; �
HBbiBM; BM i?2 K�`F2i- i?2 K�`F2i QT2`�iQ` +QmH/ T�v 7Q` i?2B` i`�Mb�+iBQMb QM i?2B` #2?�H7X
J2i� i`�Mb�+iBQMb ?�p2 7�` `2�+?BM; +QMb2[m2M+2b BM i?2 ls Q7 #HQ+F+?�BM �TTHB+�iBQMb,
� M2r mb2` MQ HQM;2` M22/b iQ �+[mB`2 +`vTiQ+m``2M+v iQ mb2 � #HQ+F+?�BM �TTHB+�iBQMX

�M BKTQ`i�Mi /2i�BH ?2`2 Bb i?�i i?2 mb2` r?Q bm#KBib i?2 i`�Mb�+iBQM b?QmH/ biBHH `2K�BM
i?2 QrM2` Q7 i?2B` T`Bp�i2 F2vbX 1`;Q i?2v rBHH bm#KBi � bB;M2/ i`�Mb�+iBQM iQ bQK2QM2 2Hb2
U`2H�v2`V r?Q rBHH i?2M 2t2+mi2 Bi QM i?2B` #2?�H7X "2+�mb2 i?2 mb2` bB;M2/ i?2 i`�Mb�+iBQM
i?2 `2H�v2` T�vBM; 7Q` i?2 ;�b +�MMQi K�MBTmH�i2 i?2 +QMi2Mib Q7 i?2 i`�Mb�+iBQMX h?Bb
K�F2b K2i� i`�Mb�+iBQMb i`mbiH2bbX 6B;m`2 eXRy b?Qrb ?Qr K2i� i`�Mb�+iBQMb rQ`FX

User App Server

Relay
contract

UnicoinRegistry
contract

1. serve front
end app files

2. Sign transaction including
bytecode for UnicoinRegisrty

3. send user transaction
to relay contract (GSN)

4. Call UnicoinRegistry function
with User bytecode and signature
and pays gas on the users behalf

5. User watches and waits for events emitted from 
blockchain for contract state change from UnicoinRegistry

6B;m`2 eXRy, J2i� i`�Mb�+iBQM ~QrX am#KBii2/ i`�Mb�+iBQM ;�b T�B/ 7Q` #v � `2H�v2` QM
i?2 mb2`b #2?�H7 i?2`2#v �#bi`�+iBM; �r�v i?2 M22/ 7Q` i?2 mb2` iQ ?�p2 1i?2`X

h?2 rQ`bi ǳ�ii�+FǴ � K�HB+BQmb `2H�v2` +�M /Q Bb rBi??QH/ � i`�Mb�+iBQM 7`QK i?2 #HQ+F+?�BMX
h?Bb +�M #2 bQHp2/ #v +`2�iBM; � T2`KBbbBQMH2bb M2irQ`F Q7 `2H�v2`b r?Q +�M �HH i`�MbKBi
i`�Mb�+iBQMb �M/ +QKT2i2 7Q` bm#KBbbBQM 722bX h?2 `2H�v2` M2irQ`F +?Qb2M 7Q` i?Bb i?2bBb
Bb i?2 :�b ai�iBQM L2irQ`F U:aLVX :aL T`QpB/2b � T22` iQ T22` M2irQ`F Q7 `2H�v2`b r?Q
Tmb? i`�Mb�+iBQMb iQ i?2 1i?2`2mK #HQ+F+?�BM BM 2t+?�M;2 7Q` � 722X

AMi2;`�iBQM rBi? i?2 :aL BMpQHp2b BM?2`BiBM; 7`QK � HB#`�`v i?�i ?�b �HH i?2 HQ;B+ /2}M2/
iQ +QMM2+i rBi? i?2 M2irQ`FX h?Bb HB#`�`v +�M #2 BMi2;`�i2/ /B`2+iHv BMiQ i?2 PT2M@
w2TT2HBM mT;`�/�#BHBiv a.E i?`Qm;? i?2 :aL T`QpB/2`X a2+QM/Hv- /2}M2 i?2 7mM+iBQM
�++2Ti_2H�v2/*�HH iQ BM/B+�i2 r?Qb2 722b b?QmH/ #2 T�B/ 7Q`X 6Q` i?Bb i?2bBbǶ BKTH2@
K2Mi�iBQM Q7 i?Bb 7mM+iBQM rBHH T�v i?2 ;�b 7Q` �HH r�HH2ib i?�i +�HH 7mM+iBQMb rBi?BM i?2
lMB+QBM_2;Bbi`vX JQ`2 bQT?BbiB+�i2/ +m`�iBQM Q7 +�HH2`b Bb TQbbB#H2 BM 7mim`2 p2`bBQMb
�M/ rQmH/ 2Mbm`2 i?�i QMHv `2;Bbi2`2/ mb2`b rBHH ?�p2 i?2B` ;�b bTQMbQ`2/X

eXkXe LQM@+mbiQ/B�H r�HH2ib
� F2v 2H2K2Mi Q7 #mBH/BM; /2+2Mi`�HBx2/- i`mbi KBMBKBx2/ �TTHB+�iBQMb Bb T`Bp�i2 F2v K�M@
�;2K2MiX q?Q QrMb �M/ +QMi`QHb mb2` T`Bp�i2 F2vb Bb BKTQ`i�Mi r?2M +QMbB/2`BM; ?Qr
+2Mi`�HBx2/ � bQHmiBQM BbX h?Bb Bb mHiBK�i2Hv �z2+ib i?2 TQBMib Q7 7�BHm`2 rBi?BM � bvbi2KX
6Q` 2t�KTH2- � i`�/BiBQM�H +`vTiQ +m``2M+v 2t+?�M;2 biQ`2b Bib mb2`b T`Bp�i2 F2vb QM i?2B`
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#2?�H7X AM i?Bb b2imT mb2`b /QMǶi ǳQrMǴ i?2B` +`vTiQc `�i?2` i?2v ?�p2 �M �++QmMi rBi? �
+QKT�Mv i?�i T`QKBb2b iQ ;`�Mi �++2bb iQ i?2B` /2TQbBibX h?Bb +`2�i2b � +2Mi`�H TQBMi Q7
7�BHm`2 7Q` �ii�+F2`b iQ i�`;2iX

�M �Hi2`M�iBp2 /2bB;M T`BM+BTH2 Bb iQ #mBH/ bvbi2Kb r?2`2BM i?2 mb2` Bb �Hr�vb BM +QMi`QH Q7
i?2B` T`Bp�i2 F2vbc � /2+2Mi`�HBx2/- i`mbiH2bb bvbi2KX h?Bb /`�biB+�HHv `2/m+2b i?2 `BbF Q7 �
?�+F �b � +QKT`QKBb2/ F2v rBHH QMHv �z2+i QM2 mb2`- `�i?2` i?�M i?2 r?QH2 �TTHB+�iBQMX Ai
Bb �HbQ KQ`2 �HB;M2/ rBi? i?2 B/2QHQ;v Q7 /2+2Mi`�HBx2/ i`mbi KBMBKBx2/ �TTHB+�iBQMb r?B+?
�BK iQ Tmi i?2 mb2` BM +QMi`QH Q7 i?2B` r�HH2i- B/2MiBiv �M/ /�i�X

>Qr2p2` i?2`2 Bb � mb�#BHBiv i`�/2 Qz BM r�MiBM; mb2`b iQ K�M�;2 i?2B` QrM T`Bp�i2 F2vbX
AM Q`/2` iQ ?�p2 � r�HH2i iQ BMi2`�+i rBi? �M 1i?2`2mK �TTHB+�iBQM � mb2` MQ`K�HHv M22/b
iQ BMbi�HH �M 2ti2MbBQM BMiQ i?2B` #`Qrb2`- bm+? �b J2i�K�bFX h?Bb Bb BMiBKB/�iBM; �M/
7Q`2B;M 7Q` M2r mb2`bX

SQ`iBb Qz2`b � MQM@+mbiQ/B�H bQHmiBQM iQ i?Bb ls +?�HH2M;2X h?2v +`2�i2 � r�HH2i r?B+?
Bb biQ`2/ BM i?2 HQ+�H biQ`�;2 Q7 i?2 mb2`b #`Qrb2` r?B+? Bb 2M+`vTi2/ rBi? �M 2K�BH �M/
T�bbrQ`/X h?Bb 2M+`vTi2/ r�HH2i Bb i?2M mTHQ�/2/ iQ AS6aX q?2M � mb2` bB;Mb BM iQ �
M2r �TTHB+�iBQM Q` QM � M2r /2pB+2 i?2v /QrMHQ�/ i?Bb 2M+`vTi2/ r�HH2i 7`QK AS6a �M/
/2+`vTi Bi BM i?2B` M2r #`Qrb2`X h?2v i?2M ?�p2 �++2bb iQ i?2B` r�HH2i 7`QK i?2 #`Qrb2`
iQ bB;M i`�Mb�+iBQMb �M/ �++2bb i?2B` 7mM/bX h?Bb r?QH2 T`Q+2bb Bb �miQK�i2/ 7Q` i?2 mb2`
�M/ BMD2+i2/ BMiQ i?2 #`Qrb2` 7`QK i?2 �TTHB+�iBQMX h?2v bBKTHv M22/ iQ ivT2 BM �M 2K�BH
�//`2bb �M/ T�bbrQ`/ �M/ i?2B` r�HH2i rBHH #2 /QrMHQ�/2/ �M/ mMHQ+F2/ QM i?2B` #2?�H7X

h?Bb /`�biB+�HHv BKT`Qp2b i?2 ls �b mb2`b MQ HQM;2` M22/ iQ BMbi�HH � +mbiQK 2ti2MbBQM
�M/ �`2 T`2b2Mi2/ rBi? � HQ;BM ~Qr i?�i i?2v �`2 �H`2�/v 7�KBHB�` rBi?X �i i?2 b�K2 iBK2
i?Bb K2+?�MBbK F22Tb i?2 mb2` BM iQi�H +QMi`QH Q7 ?2` �++QmMi i?2`2#v K�FBM; QM#Q�`/BM;
2�bB2`X

eXkXd .�B iQ }�i QM �M/ Qz `�KTBM;
�b ?�b #22M /Bb+mbb2/- �HH T�vK2Mib /QM2 QM i?2 TH�i7Q`K 7Q` �m+iBQMb �M/ >�`#2`;2` h�t
�`2 T`Q+2bb2/ mbBM; i?2 .�B bi�#H2+QBMX PM2 +QMbB/2`�iBQM Bb ?Qr mb2`b rBi?BM i?2 bvbi2K
rBHH +QMp2`i 7`QK i?2B` M�iBp2 }�i +m``2M+v BMiQ .�BX 6Q` 2t�KTH2- ?Qr /Q2b h2bH� +QMp2`i
7`QK la. BMiQ .�B �M/ i?2M ?Qr /Q2b i?2 lMBp2`bBiv Q7 .�H?QmbB2 bT2M/ i?Bb .�B 2Bi?2`
BM la. Q` �MQi?2` +m``2M+v Ui?2v �`2 � *�M�/B�M mMBp2`bBiv bQ i?2v KB;?i HBF2 iQ bT2M/
Bi BM *�M�/B�M .QHH�`bVX

*QMp2`bBQM 7`QK }�i +m``2M+B2b iQ +`vTiQ+m``2M+B2b �M/ #�+F Bb � +QKKQM T`Q#H2K 7Q`
K�Mv #HQ+F+?�BM �TTHB+�iBQMbX J�FBM; i?Bb T`Q+2bb �b 2�bv �M/ �TT`Q�+?�#H2 7Q` mb2`b �b
TQbbB#H2 Bb BKTQ`i�Mi BM �+?B2pBM; �Mv FBM/ Q7 �/QTiBQMX h?2`2 �`2 � MmK#2` Q7 bQHmiBQMb
i?�i ?�p2 2Mi2`2/ i?2 #HQ+F+?�BM 2+Qbvbi2K BM i?2 H�bi 72r v2�`b BM+Hm/BM; qv`2- GBK2T�v
�M/ JQQMT�v r?Q �HH T`QpB/2 �TT`Q�+?�#H2 �SAb 2M�#HBM; mb2` �TTHB+�iBQM /2p2HQT2`b iQ
BMi2;`�i2 }�i iQ +`vTiQ QM`�KTb /B`2+iHv BMiQ i?2B` �TTHB+�iBQMbX

qv`2 r�b b2H2+i2/ �b i?2 T�vK2Mi QM`�KT 7Q` i?2 K�`F2iTH�+2 �b i?2v T`QpB/2 HQr 722b-
bBKTH2 �SA �M/ 2t+2HH2Mi /Q+mK2Mi�iBQMX Ai �HbQ Qz2`b i?2 HQr2bi 722b Qmi Q7 i?2 i?`22
r?B+? K�F2b Bi KQ`2 2+QMQKB+�HX �b rBi? �Mv 2ti2`M�H BMi2;`�iBQM- i?2 T`QpB/2/ +Q/2
#�b2 Bb KQ/mH�` 2M�#HBM; 2�bv 2t+?�M;2 Q7 i?Bb +QKTQM2Mi iQ �MQi?2` �SA B7 /2bB`2/X
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eXkX3 lTT2` #QmM/ QM ;�b mb�;2 +QMbB/2`�iBQMb
h?2 1i?2`2mK oB`im�H J�+?BM2 U1oJV Bb hm`BM; +QKTH2i2- �bbmKBM; 2t2+miBQM `2K�BMb
rBi?BM i?2 #HQ+F ;�b HBKBiX h?2 #HQ+F ;�b HBKBi Bb i?2 K�tBKmK +QKTmi�iBQM i?�i +�M
#2 T2`7Q`K2/ BM QM2 bBM;H2 #HQ+F Q7 i?2 1oJX �Mv +QKTmi�iBQMb i?�i 2t+22/ i?Bb �`2
`2p2`i2/X h?Bb K2�Mb i?�i +2`i�BM +QKTmi�iBQMb �`2 MQi TQbbB#H2 iQ #2 T2`7Q`K2/ rBi?BM
i?2 1oJ �b i?2v rBHH 2t+22/ i?2 ;�b HBKBiX

h?Bb Bb `2H2p�Mi BM i?2 K�`F2iTH�+2 r?2M bT2+B}+ ?B;? ;�b QT2`�iBQMb �`2 T2`7Q`K2/- bm+?
�b i`�Mb72``BM; iQF2MbX �b � `2bmHi- i?2`2 Bb �M mTT2` #QmM/ QM ?Qr K�Mv iQF2M i`�Mb72`b
+�M #2 b�72Hv T2`7Q`K2/ rBi?BM QM2 #HQ+FX 6Q` 2t�KTH2 �i i?2 +QM+HmbBQM Q7 �M �m+iBQM UQ`
r?2M T�vBM; >�`#2`;2` h�tV 2�+? +QMi`B#miQ` `2+2Bp2b � iQF2M i`�Mb72` 7`QK i?2 HB+2M+2
?QH/2`X h?Bb `2[mB`2b ;�b iQ #2 bT2Mi 7Q` 2�+? i`�Mb�+iBQM r?B+? BM im`M HBKBib i?2 MmK#2`
Q7 i`�Mb�+iBQMb i?�i +�M #2 TH�+2/ rBi?BM 2�+? #HQ+FX A7 i?2`2 �`2 iQQ K�Mv i`�Mb�+iBQMb
�ii2KTi2/ rBi?BM � #HQ+F i?2M i?2 7mM+iBQM 2t2+miBQM rBHH 2t+22/ i?2 ;�b HBKBi �M/ i?2
r?QH2 i`�Mb�+iBQM rBHH `2p2`iX h?Bb Bb +QKKQMHv `272``2/ iQ �b � ;�b HBKBi /2MB�H Q7 b2`pB+2
�M/ Bb bmb+2TiB#H2 iQ +QMi`�+ib rBi? mM#QmM/2/ QT2`�iBQMbX �b � `2bmHi- i?2 7mM+iBQM rBHH
M2p2` #2 �#H2 iQ #2 2t2+mi2/ r?B+? K2�Mb i?�i MQ +QMi`B#miQ` rBHH ;2i T�B/ �M/ 7mM/b rBHH
#2 HQ+F2/ rBi?BM i?2 +QMi`�+iX h?Bb rBHH Tmi i?2 bvbi2K BM � #`QF2M- B``2+Qp2`�#H2 bi�i2
`2[mB`BM; �M mT;`�/2 iQ }tX h?2`2 �`2 irQ TQbbB#H2 bQHmiBQMb iQ i?Bb T`Q#H2K,

RX GBKBi i?2 MmK#2` Q7 +QMi`B#miQ`b i?�i +�M #2 �//2/ iQ � Tm#HB+�iBQM bm+? i?�i i?2
MmK#2` �//2/ Bb �Hr�vb H2bb i?�M i?2 MmK#2` Q7 i`�Mb�+iBQMb i?�i +�M #2 T2`7Q`K2/
BM QM2 #HQ+FX

kX aTHBi iQF2M T�vK2Mib Qp2` KmHiBTH2 #HQ+Fb bQ MQ bBM;H2 #HQ+F 2t+22/b i?2 ;�b HBKBiX

PTiBQM R Bb 2�bB2` iQ BKTH2K2Mi �M/ /Q2b MQi BKTQb2 Qp2`Hv QM2`Qmb `2bi`B+iBQMb QM i?2
bvbi2K �b QM2 #HQ+F +�M biBHH 7�+BHBi�i2 mTr�`/b Q7 e8 i`�Mb�+iBQMbX h?2 mTT2` #QmM/ 7Q`
i?2 MmK#2` Q7 +QMi`B#miQ`b Bb i?2`27Q`2 b2i iQ 8y iQ 2Mbm`2 +QMbBbi2Mi QT2`�iBQMX 6mim`2
BKTH2K2Mi�iBQMb +�M 2tT�M/ QM i?Bb i?`Qm;? bTHBiiBM; i`�Mb�+iBQMb Qp2` KmHiBTH2 #HQ+FbX

eXkXN a2+m`Biv �M/ i2biBM;
h2biBM; Bb �M BKTQ`i�Mi T�`i Q7 #mBH/BM; �Mv FBM/ Q7 bQ7ir�`2 bvbi2KX AM i?2 +�b2 Q7
#HQ+F+?�BM �TTHB+�iBQMb- i2biBM; Bb pBi�H iQ 2Mbm`2 i?�i i?2 bK�`i +QMi`�+i #2?�p2b �b
2tT2+i2/X h?2b2 bvbi2Kb KQp2 �`QmM/ p�Hm2 �M/ B7 T`Q;`�KK�#H2 KQM2v ?�b � #m;-
KQM2v +�M #2 HQbi Q` biQH2MX "HQ+F+?�BMǶb BKKmi�#BHBiv K�F2b i?2 +Qbi Q7 7�BHm`2 p2`v
?B;?X A7 � +QMi`�+i Bb +QKT`QKBb2/ i?2`2 Bb MQ 2�bv r�v iQ ǳ`QHH #�+FǴ i?2 bi�i2 iQ mM/Q
i?2 ?�+FX

h?2 bK�`i +QMi`�+ib r2`2 i?Q`Qm;?Hv i2bi2/ mbBM; i?2 C�p�b+`BTi 7`�K2rQ`F JQ+?� �M/
*?�BX h`m|2 r�b mb2/ iQ /2THQv �M/ BMi2`�+i rBi? i?2 bK�`i +QMi`�+ib rBi?BM i?2 i2biBM;
2MpB`QMK2MiX � iQi�H Q7 ek i2bib r2`2 r`Bii2M rBi? � +Q/2 +Qp2`�;2 Q7 NjWX � 7mHH HBbi Q7
�HH i?2 i2bib +`2�i2/ �M/ � +Qp2`�;2 `2TQ`i +�M #2 b22M BM �TT2M/Bt :X
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eXkXRy aK�`i +QMi`�+i /2THQvK2Mi
"27Q`2 bK�`i +QMi`�+ib +�M #2 mb2/ QM i?2 #HQ+F+?�BM i?2v M22/ iQ #2 /2THQv2/X �
KB;`�iBQM b+`BTi r�b +`2�i2/ i?�i /2THQvb i?2 bK�`i +QMi`�+ib �M/ i?2M +�Tim`2b i?2
/2THQvK2Mi �//`2bb2b bQ i?2 7`QMi 2M/ �TTHB+�iBQM FMQrb r?2`2 i?2 +QMi`�+ib �`2 HQ+�i2/
QM i?2 #HQ+F+?�BM UBX2 i?2 /2THQvK2Mi �//`2bb2bVX h?2 /2THQvK2Mi T`Q+2bb +`2�i2b M2r
BMbi�M+2b Q7 i?2 +QMi`�+ib QM 2Bi?2` � HQ+�H i2bi #HQ+F+?�BM Q` � Tm#HB+ i2bi M2irQ`FX � HQ+�H
i2bi #HQ+F+?�BM +�M #2 `mM rBi? :�M�+?2 �M/ �+ib �b � ?B;? bT22/ i2biBM; 2MpB`QMK2Mi
7Q` `�TB/ /2p2HQTK2Mi Bi2`�iBQMX � i2bi M2irQ`F- HBF2 EQp�M �+ib �b � Tm#HB+- 7`22 i2bi
2MpB`QMK2Mi i?�i KBKB+b i?2 K�BM 1i?2`2mK #HQ+F+?�BM 7Q` i2biBM; �TTHB+�iBQMbX �b
bQQM �b KmHiBTH2 mb2`b rBHH i2bi �M �TTHB+�iBQM Bi Bb �TT`QT`B�i2 iQ Tmi Bi QM � Tm#HB+ i2bi
M2irQ`FX �//BiBQM�HHv ?�pBM; i?2 �TT QM i?2 i2bi M2irQ`F K2�Mb i?�i QM2 /Q2b MQi M22/
iQ bi�`i mT � HQ+�H i2bi M2irQ`F 2p2`v iBK2 iQ BMi2`�+i rBi? i?2 �TTHB+�iBQMX �//BiBQM�H
/2i�BHb QM i?2 i?2 EQp�M /2THQvK2Mi �//`2bb2b �M/ ?Qr iQ `2+`2�i2 i?2 /2THQvK2Mi +�M
#2 7QmM/ QM :Bi?m# ?2`2X

h?Bb KB;`�iBQM b+`BTi Bb }`bi /2THQv2/ QM i?2 ?m# �M/ i?2M �HH bTQF2 +QMi`�+ibX 1�+? bTQF2
+QMi`�+i M22/b iQ FMQr i?2 ?m# �//`2bb #27Q`2 Bi +�M #2 /2THQv2/X h?Bb Bb #2+�mb2 bQK2
7mM+iBQMb rBi?BM bTQF2b `2[mB`2 iQ QMHv #2 +�HH2/ #v i?2 ?m#X 6Q` 2t�KTH2- T2`KBbbBQM2/
+�HHb i?�i KQ/B7v bvbi2K bi�i2 b?QmH/ QMHv Q`B;BM�i2 7`QK i?2 ?m#- �b i?Bb �+ib �b i?2
+2Mi`�H TQBMi Q7 i?2 bvbi2KX h?Bb ?m# �//`2bb Bb bT2+B}2/ BM i?2 BMBiB�HBx2 7mM+iBQM 7Q`
2�+? bTQF2X h?Bb BMBiB�HBx2 7mM+iBQM Bb bBKBH�` iQ � +QMbi`m+iQ` 2t+2Ti Bi +�M #2 +�HH2/
b2T�`�i2Hv 7`QK /2THQvK2MiX PM+2 �HH bTQF2b �`2 /2THQv2/ i?2 ?m# Bb BMBiB�HBx2/ rBi?
�HH bTQF2 �//`2bb2bX JQ`2 /2i�BHb �M/ ~Qr 6B;m`2b QM i?2 /2THQvK2Mi T`Q+2bb +�M #2 b22M
BM �TT2M/Bt 6XNX

eXkXRR AMi2`7�+2 +QMi`�+ib
h?2 H�bi `2H2p�Mi /2bB;M +QMbB/2`�iBQM r�b i?2 mb2 Q7 BMi2`7�+2 +QMi`�+ib iQ /2}M2 i?2
BMi2`+QMM2+iBQM #2ir22M i?2 ?m# �M/ bTQF2 +QMi`�+ibX AM Q`/2` 7Q` i?2 ?m# iQ +QKKmMB+�i2
rBi? 2�+? bTQF2 +QMi`�+i Bi `2[mB`2b iQ ?�p2 �M BMbi�M+2 Q7 b�B/ bTQF2 +QMi`�+i BMbi�MiB�i2/
rBi?BM BiX h?2 MQ`K�H T`Q+2bb 7Q` /QBM; i?Bb Bb iQ BKTQ`i �HH bTQF2 +Q/2 BMiQ i?2 ?m# �M/
i?2M +`2�i2 �M BMbi�M+2 Q7 Bi rBi?BM i?2 BMBi�HBx2 7mM+iBQM UQ` rBi?BM i?2 +QMbi`m+iQ`- B7
vQm �`2 mbBM; +QMbi`m+iQ`bVX h?2 ?m# +�M i?2M +�HH 7mM+iBQMb rBi?BM i?2 BMbi�M+2 Q7 2�+?
bTQF2X

h?Bb T�ii2`M ?Qr2p2` BMi`Q/m+2b #HQ�i BM i?2 ?m# �b BKTQ`iBM; �HH +Q/2 Q7 2�+? bTQF2
BMiQ i?2 ?m# `2bmHib BM i?2 ?m# +QMi�BMBM; mMM2+2bb�`v HQ;B+ r?B+? Bb BM/2T2M/2Mi Q7 Bib
/QK�BM Q7 `2bTQMbB#BHBiv Ui?2 ?m# b?QmH/ MQi M22/ iQ FMQr ?Qr i?2 bTQF2b rQ`F- QMHv
?Qr iQ +QMM2+i iQ i?2KVX � b2+QM/�`v Bbbm2 +�M �`Bb2 r?2`2BM i?2 #vi2 +Q/2 Q7 i?2 ?m#
+�M #2+QK2 bQ H�`;2 i?�i Bi +�M MQ HQM;2` #2 /2THQv2/X

� bQHmiBQM iQ i?2b2 Bbbm2b Bb iQ /2}M2 �M �//BiBQM�H BMi2`7�+2 +QMi`�+i 7Q` 2�+? bTQF2 +QM@
i`�+i r?B+? ?�b �HH 7mM+iBQM /2}MBiBQMb �bbQ+B�i2/ rBi? i?2 bTQF2- #mi MQ BKTH2K2Mi�iBQM
HQ;B+X h?2 ?m# +QMi`�+i i?2M BKTQ`ib i?Bb BMi2`7�+2 +QMi`�+i �M/ BMbi�MiB�i2b �M BMbi�M+2
Q7 Bi �i i?2 �//`2bb Q7 2�+? `2bT2+iBp2 bTQF2 BKTH2K2Mi�iBQMX "2+�mb2 i?Bb BMi2`7�+2 ?�b
i?2 b�K2 7mM+iBQM /2}MBiBQMb �b i?2 BKTH2K2Mi�iBQM +QMi`�+i- Bi ?�b i?2 b�K2 �TTHB+�iBQM
"BM�`v AMi2`7�+2 U�"AV �M/ bQ i?2 ?m# +�M +QKKmMB+�i2 rBi? i?2 bTQF2 BM i?2 2t�+i b�K2
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r�v �b Bi rQmH/ B7 i?2 ?m# ?�/ BKTQ`i2/ �HH BKTH2K2Mi�iBQM /2i�BHb Q7 2�+? bTQF2X "2+�mb2
i?2 ?m# ?�b QMHv BKTQ`i2/ �M BMi2`7�+2 �M/ MQi i?2 7mHH +QMi`�+i /2}MBiBQM i?2 ?m# #HQ�i
+�M #2 �pQB/2/ r?B+? /`�biB+�HHv `2/m+2b i?2 ?m# +QMi`�+i bBx2 �b MQ mMM2+2bb�`v HQ;B+ Bb
BM+Hm/2/ rBi?BM i?2 BKTQ`iX

eXj 6`QMi 2M/ /2bB;M �M/ BKTH2K2Mi�iBQM
h?2 M2ti b2+iBQM 2t�KBM2b i?2 7`QMi 2M/ +`2�i2/ 7Q` i?2 K�`F2iTH�+2X h?2 7`QMi 2M/ Bb i?2
TQ`i�H i?�i �HH mb2`b mb2 iQ �++2bb i?2 K�`F2iTH�+2X Ai T2`7Q`Kb irQ T`BK�`v 7mM+iBQMb,

RX 1M�#H2 i?2 mb2` iQ BMi2`�+i rBi? bK�`i +QMi`�+ibX h?Bb Bb 7Q` �HH +Q`2 TH�i7Q`K 7mM+@
iBQM�HBiv BM+Hm/BM; BbbmBM; M2r Tm#HB+�iBQMb- #B//BM; QM HB+2M+2b- +`2�iBM; #mvQmi
`2[m2bib 2+iX

kX oB2r #HQ+F+?�BM BM7Q`K�iBQM 7Q` i?2 K�`F2iTH�+2 bm+? �b HBbiBM;b �M/ #B/bX

h?2 mb2` BMi2`�+ib /B`2+iHv rBi? bK�`i +QMi`�+ib 7`QK i?2B` #`Qrb2` BM i?2 7`QMi 2M/X h?2
7`QMi 2M/ bmTTQ`ib �Mv BMD2+i2/ r2#j T`QpB/2` HBF2 J2i�K�bF Q` SQ`iBbX SQ`iBb Bb i?2
/27�mHi �b i?Bb Bb r?�i KQbi MQM@+`vTiQ mb2`b rBHH 722H i?2 KQbi +QK7Q`i�#H2 rBi?X

eXjXR C�p�b+`BTi 7`�K2rQ`F
om2Db r�b b2H2+i2/ �b i?2 D�p�b+`BTi 7`�K2rQ`F Q7 +?QB+2 iQ T`QpB/2 � K2+?�MBbK iQ BMi2`@
+QMM2+i i?2 �TTHB+�iBQM 7`QMi 2M/ +QKTQM2Mib iQ i?2 bK�`i +QMi`�+ib �M/ /2+2Mi`�HBx2/
biQ`�;2X 6Q` � 7mHH `�iBQM�H BMiQ r?v om2 r�b b2H2+i2/ Qp2` Qi?2` 7`�K2rQ`Fb HBF2 �M;mH�`
Q` _2�+i- b22 �TT2M/Bt >X

q?BH2 � D�p�b+`BTi 7`�K2rQ`F Bb MQi bi`B+iHv `2[mB`2/ iQ #mBH/ � `2�+iBp2- KQ/2`M r2#bBi2-
Bi K�F2b i?2 mM/2`HvBM; D�p�b+`BTi +QKTH2tBiB2b � HQi bBKTH2`- bm+? �b bi�i2 K�M�;2K2Mi-
`QmiBM; �M/ b2T�`�iBQM Q7 +QM+2`Mb i?`Qm;? +QKTQM2Mi #�b2/ /2bB;MX �//BiBQM�HHv- i?2
BMi2;`�iBQM rBi? i?B`/ T�`iv HB#`�`B2b #2+QK2b 2�bB2`X JQ`2Qp2`- i?2 mb2 Q7 � 7`�K2rQ`F
K�F2b bvM+?`QMBx�iBQM #2ir22M i?2 bi�i2 �M/ i?2 mb2` BMi2`7�+2 TQbbB#H2X h?Bb bvM+?`Q@
MBx�iBQM Bb ?�`/ iQ �+?B2p2 rBi?Qmi i?2 mb2 Q7 � 7`�K2rQ`FX G�biHv- i?2 7`�K2rQ`F �HHQrb
7Q` i?2 +`2�iBQM Q7 +QKTH2t- v2i 2{+B2Mi �M/ 2�bv iQ K�BMi�BM mb2` BMi2`7�+2 i?�i rQmH/
MQi #2 `2�HBb�#H2 rBi? p�MBHH� D�p�b+`BTiX

eXjXk C�p�b+`BTi +QMM2+iBQM iQ 1i?2`2mK
*2`i�BM +HB2Mi BMi2`�+iBQMb `2bmHi BM i?2 bm#KBbbBQM Q7 � i`�Mb�+iBQM iQ i?2 #HQ+F+?�BMX 6Q`
2t�KTH2- +`2�iBM; � mb2` �++QmMi- +`2�iBM; � Tm#HB+�iBQM Q` bm#KBiiBM; � #B/ �HH `2[mB`2
i?2 mb2` iQ bm#KBi � i`�Mb�+iBQMX h?Bb Bb ?�M/H2/ rBi? i?2 r2#jXDb HB#`�`vX h?Bb HB#`�`v
bm#KBib i`�Mb�+iBQMb 7`QK i?2 mb2`Ƕb r�HH2i pB� i?2B` #`Qrb2` �M/ 2M�#H2b /B`2+i BMi2`�+iBQM
rBi? bK�`i +QMi`�+ibX 6B;m`2 eXRR b?Qr i?Bb HB72 +v+H2 7`QK +�HHBM; /�i� iQ Bi #2BM; `2im`M2/
�M/ `2M/2`2/ QM i?2 7`QMi 2M/X
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Interact with the frontend
 and request information
or submit a transaction

Infura wallet web3
access point

Ethereum blockchain
network

Unicoin hub and spoke
smart contracts

Forward Request to
blockchain from wallet

Gas Station network
pays for transaction

Front end Vue
Component

Dispatch information
request or web3 call

Vuex application
persistent datastore

Web3 utility
Javascript interface

Submit function call
to blockchain

Call Web3 function
within the utility object

Forward returned data
to conclude promise

Add returned data to 
vuex storeListen for state

change on Vuex
& update component

Render information
on application frontend

Ethereum network and smart contractsFront end from user browser

6B;m`2 eXRR, .�i� ~Qr 7`QK i?2 mb2` 7`QMi 2M/ iQ bK�`i +QMi`�+ib �M/ #�+FX *�HH Q`B;BM�i2b
7`QK mb2`- Bb i?2M T`Q+2bb2/ #v i?2 biQ`2 �M/ bm#KBii2/ iQ i?2 #HQ+F+?�BMX 6`QK ?2`2 i?2
i`�Mb�+iBQM Bb T`Q+2bb2/ #v i?2 M2irQ`F #27Q`2 #2BM; `2im`M2/ iQ i?2 mb2`X

eXjXj *QKTQM2Mi #�b2/ /2bB;M
AM Q`/2` iQ K�F2 i?2 7`QMi 2M/ �b KQ/mH�` �b TQbbB#H2 iQ 7�+BHBi�i2 mT;`�/�#BHBiv- 2�bv
�//BiBQM �M/ KQ/B}+�iBQM- 2p2`v 2H2K2Mi rBi?BM i?2 7`QMi 2M/ Bb � b2`B2b Q7 M2bi2/ +QK@
TQM2MibX h?Bb K2�Mb i?�i i?2 7`QMi 2M/ +�M T`Q;`�KK�iB+�HHv `2M/2` b2H2+iBp2 2H2K2Mib
#�b2/ QM i?2 mb2`b BMi2`�+iBQMX 6Q` 2t�KTH2- B7 i?2 mb2` b2H2+ib iQ +`2�i2 � M2r Tm#HB+�iBQM
i?Bb bT2+B}+ BM7Q`K�iBQM Bb `2M/2`2/ rBi?BM i?2 7`QMi 2M/ .Q+mK2Mi P#D2+i JQ/2H U.PJVX
1�+? +QKTQM2Mi /B`2+iHv �++2bb2b i?2 bi�i2X h?Bb bi�i2 2z2+iBp2Hv �+ib �b +QKKQM biQ`�;2
7Q` �HH 7`QMi 2M/ +QKTQM2MiǶb `2M/2`2/ /�i�X h?Bb +�M #2 b22M BM 6B;m`2 eXRk�X

eXjX9 C�p�b+`BTi ai�i2 J�M�;2K2Mi
AM Q`/2` 7Q` i?2 7`QMi 2M/ iQ /BbTH�v QM@+?�BM BM7Q`K�iBQM Bi M22/b iQ `2�/ /�i� 7`QK i?2
#HQ+F+?�BM- T`Q+2bb Bi �M/ i?2M biQ`2 Bi BM i?2 +HB2MiǶb #`Qrb2`X hQ /Q i?Bb r?BH2 2Mbm`BM;
KQ/mH�`Biv �M/ mT;`�/�#BHBiv- � om2t bi�i2 K�M�;2K2Mi T�ii2`M r�b 2K#Q/B2/ iQ �+i �b �
+2Mi`�HBx2/ biQ`2 7Q` �HH QM@+?�BM BM7Q`K�iBQM BM i?2 +HB2MiǶb r2# #`Qrb2`X h?Bb K2�Mb i?�i
i?2`2 Bb 2z2+iBp2Hv � ǳ/�i�#�b2Ǵ i?�i `mMb BM i?2 +HB2MiǶb r2# #`Qrb2`Ƕb HQ+�H biQ`�;2 r?B+?
biQ`2b i?2 /�i� `2i`B2p2/ QM@+?�BMX ai�i2 �++2bb �M/ Kmi�iBQM `mH2b �`2 mb2/ iQ 2Mbm`2
i?�i i?2 bi�i2 +�M QMHv #2 Kmi�i2/ BM � T�`iB+mH�` 7�b?BQMX _2bmHiBM;Hv- i?2 K2+?�MBbK
mb2/ iQ `2i`B2p2 BM7Q`K�iBQM Bb /2+QmTH2/ 7`QK ?Qr BM7Q`K�iBQM Bb /BbTH�v2/ QM i?2 7`QMi
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2M/X 6B;m`2 eXRk� b?Qrb ?Qr i?2 biQ`2 Bb `2mb2/ #2ir22M /Bz2`2Mi +QKTQM2Mib- `2im`MBM;
bT2+B}+ BM7Q`K�iBQM r?2M `2[mB`2/X

6B;m`2 eXRk# b?Qrb ?Qr om2t bi�i2 Kmi�iBQM QT2`�i2b rBi?BM i?2 7`QMi 2M/ �TTHB+�iBQMX
� 7`QMi 2M/ +QKTQM2Mi rBHH .BbT�i+? �M �+iBQM iQ `2[m2bi bQK2 /�i�X 6Q` 2t�KTH2- i?2
mb2` KB;?i r�Mi iQ pB2r �HH Tm#HB+�iBQMb HBbi2/ rBi?BM i?2 K�`F2iTH�+2X h?Bb �+iBQM rBHH BM
im`M 2t2+mi2 � +�HH iQ i?2 #HQ+F+?�BM Q` 2ti2`M�H �SA #�b2/ QM i?2 +QMi2tiX h?2 *QKKBi
Bb i?2M mb2/ iQ �// /�i� i?`Qm;? � Jmi�i2 7mM+iBQM iQ i?2 ai�i2X h?2 `2im`M2/ /�i� Bb
_2M/2`2/ BM i?2 7`QMi 2M/ +QKTQM2Mi �M/ b?QrM iQ i?2 mb2`X

Component 1 Component 3Component 2

State

Caption: the state stores all application data that could
be needed to render components. It is also responsible
for executing external calls to APIs and the blockchain.

U�V *QKTQM2Mib #�b2/ /2bB;M

Vue Components

actions

State

Mutations

Dispatch

Render

Commit

Mutate

Vuex

  Orcid
  API

    Smart
    contract
    calls

Call external APIs

Caption: vuex flow works through a predictable, reproducible and deterministic
flow that controls how the state is updated. Any vue component can dispatch
an action to update the state. For example clicking "create publication" will

result in an action being dispatched from the Vuex Store.

U#V 6`QMi 2M/ bi�i2 K�M�;2K2Mi

6B;m`2 eXRk, 6`QMi 2M/ +QKTQM2Mi �M/ bi�i2 K�M�;2K2MiX �HH +QKTQM2Mib b?�`2 i?2
b�K2 ;HQ#�H bi�i2X h?Bb +�M #2 b22M �b � HQ+�H /�i�#�b2 i?�i `mMb rBi?BM i?2 mb2`b r2#
+HB2MiX h?Bb bi�i2 Bb mT/�i2/ BM � T`2/B+i�#H2- `2T`Q/m+B#H2 �M/ /2i2`KBMBbiB+ r�vX �Mv
om2 +QKTQM2Mi +�M /BbT�i+? �M �+iBQM iQ mT/�i2 i?2 bi�i2X 6Q` 2t�KTH2 +HB+FBM; Ǵ+`2�i2
Tm#HB+�iBQMǴ rBHH `2bmHi BM �M �+iBQM #2BM; /BbT�i+?2/ 7`QK i?2 om2t biQ`2X

eXjX8 GQ;BM rBi? P_*A.
�HH �+�/2KB+b r?Q Tm#HBb? QM i?2 TH�i7Q`K M22/ iQ p2`B7v i?2B` B/2MiBiv iQ 2M�#H2 #mv2`b
iQ p�HB/�i2 i?2B` +H�BKb Q7 �mi?2MiB+BivX h?Bb Bb �+?B2p2/ i?`Qm;? BMi2;`�iBQM rBi? P_*A.X
P_*A. Bb � MQM@T`Q}i Q`;�MBx�iBQM i?�i T`QpB/2b T2`bBbi2Mi /B;Bi�H �HT?�MmK2`B+ +Q/2b
iQ mMB[m2Hv B/2MiB7v b+B2MiB}+ �M/ Qi?2` �+�/2KB+ �mi?Q`b �M/ +QMi`B#miQ`b UP`+B/- kyRNVX
P_*A. T`QpB/2b �M P�mi?Xj /2H2;�i2/ HQ;BM �SA r?B+? 2M�#H2b �+�/2KB+b iQ HQ;BM iQ
i?2 TH�i7Q`K mbBM; i?2B` 2tBbiBM; �+�/2KB+ BMbiBimiBQM +`2/2MiB�HbX h?Bb Bb mb2/ bT2+B}@
+�HHv /m`BM; i?2 �++QmMi +`2�iBQM T`Q+2bb r?2`2BM �M �+�/2KB+ rBHH HQ;BM iQ i?2B` P_*A.
�++QmMi r?B+? rBHH `2im`M i?2B` mMB[m2 B/2MiB}2` r?B+? Bb i?2M biQ`2/ BM i?2B` �++QmMi
T`Q}H2 QM AS6aX h?Bb AS6a �++QmMi +`2�iBQM ~Qr Bb b?QrM BM b2+iBQM eX9X a+`22Mb?Qib 7Q`
i?Bb HQ;BM ~Qr +�M #2 7QmM/ BM �TT2M/Bt AX

q?2M � TQi2MiB�H #B//2` Bb T2`7Q`KBM; /m2 /BHB;2M+2 QM � Tm#HB+�iBQM i?2v +�M pB2r
jP�mi? Bb � K2+?�MBbK Q7 /2H2;�i2/ �mi?2MiB+�iBQMX 6Q` 2t�KTH2- HQ;BM rBi? :QQ;H2 rBHH mb2 :QQ;H2Ƕb

�mi?2MiB+�iBQM bvbi2K iQ ;2M2`�i2 � HQ;BM iQF2M 7Q` i?2 �TTHB+�iBQMX

eR
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i?2 Tm#HBb?2`b P_*A. �bbQ+B�i2/ rBi? i?2B` �++QmMiX h?2v +�M i?2M pB2r i?2B` P_*A.
T`Q}H2 �M/ p2`B7v i?�i i?2v �`2 BM/22/ i?2 Tm#HBb?2` Q7 i?2 T�T2` i?2v +H�BK iQ #2X h?Bb
p2`B}+�iBQM rQ`Fb #v P_*A. HBMFBM; iQ Qi?2` Tm#HB+�iBQM b2`pB+2b- HBF2 �`tBpX

eXjXe S2M/BM; i`�Mb�+iBQM bi2Tb
"HQ+F+?�BM #�b2/ �TTHB+�iBQMb `2[mB`2 +QMbB/2`�iBQM Q7 �//BiBQM�H mb2` BMi2`7�+2 BMi2`�+@
iBQMb 7Q` #HQ+F+?�BM bT2+B}+ T`Q+2bb- HBF2 T2M/BM; i`�Mb�+iBQMbX 6Q` 2t�KTH2 r?2M �M
�+�/2KB+ +`2�i2b � Tm#HB+�iBQM i?2`2 Bb � KmHiBTH2 bi2T T`Q+2bb i?2B` r2# +HB2Mi rBHH ;Q
i?`Qm;? BM+Hm/BM;, RV mTHQ�/BM; }H2 iQ AS6a kV bm#KBiiBM; i`�Mb�+iBQM iQ #HQ+F+?�BM jV
HBbi2MBM; 7Q` i`�Mb�+iBQM KBMBM; +QM}`K�iBQM 9V BM7Q`KBM; i?2 mb2` QM+2 i?2 i`�Mb�+iBQM
?�b #22M KBM2/X 1�+? Q7 i?2b2 bi2Tb +�M U�M/ b?QmH/V #2 �#bi`�+i2/ �r�v 7`QK i?2 mb2`
BMi2`�+iBM; rBi? i?2 �TTHB+�iBQMX >Qr2p2`- bQK2 Q7 i?2b2 T`Q+2bb2b b?QmH/ T`QpB/2 722/@
#�+F iQ i?2 mb2` �b ?2` +HB2Mi bi2Tb i?`Qm;? i?2b2 T`Q+2bb2b �b i?2v +�M i�F2 � r?BH2 iQ
+QKTH2i2X 6Q` 2t�KTH2- i?2 bm#KBiiBM; Q7 � i`�Mb�+iBQM iQ 1i?2`2mK rBHH i�F2 � KBMBKmK
Q7 R8 b2+QM/b �M/ +QmH/ #2 HQM;2` /2T2M/BM; QM i?2 M2irQ`F +QM;2biBQM �M/ ;�b T`B+2 mb2/
#v i?2 mb2`X hQ i?Bb 2M/- 2�+? bi2T Q7 i?2 BMi2`�+iBQM b?QmH/ BM7Q`K i?2 mb2` rBi? KQ/�Hb
i?�i mT/�i2 �b i?2 T`Q+2bb T`Q;`2bb2bX a+`22Mb?Qib Q7 i?Bb +�M #2 b22M BM �TT2M/Bt AX

eXjXd 6`QMi 2M/ /2pQTb- M2iQTb �M/ �TTHB+�iBQM /2THQvK2Mi
h?2 om2Cb 7`QMi 2M/ �TTHB+�iBQM +�M #2 #mBHi iQ ;2M2`�i2 � b2i Q7 bi�iB+ >hJG- *aa �M/
C�p�b+`BTi }H2bX h?2b2 }H2b +�M #2 b2`p2/ 7`QK � r2# b2`p2` iQ Tmi i?2 r2#bBi2 QMHBM2X
PM2 Q7 i?2 2�bB2bi �M/ +?2�T2bi r�vb iQ �+?B2p2 i?Bb Bb iQ mb2 L2iHB7v- � 7`22 bi�iB+ +QMi2Mi
?QbiBM; r2#bBi2X L2iHB7v �HbQ T`QpB/2b #mBHi BM +QMiBMmQmb BMi2;`�iBQM TBT2HBM2b r?B+?
rBHH �miQK�iB+�HHv /2THQv M2r +QMi2Mi r?2M /2p2HQT2`b Tmb? iQ :Bi?m#X PM+2 /2THQv2/-
L2iHB7v T`QpB/2b � b2KB@mb�#H2 /QK�BM M�K2 7Q` � T`QD2+i �b T`QD2+i@M�K2XM2HB7ivX+QKX

hQ ;2i � +mbiQK /QK�BM M�K2- :�M/B r�b mb2/ iQ `2;Bbi2` mMB+QBMXrBMX h?2 .QK�BM L�K2
a2`pB+2 U.LaV 7Q` lMB+QBMXrBM r�b +QM};m`2/ iQ `mM mbBM; *HQm/~�`2 �b r2HH �b � *QMi2Mi
.2HBp2`v L2irQ`F U*.LVX h?Bb *.L BM+`2�b2b bvbi2K `2bTQMbBp2M2bb �M/ /2+`2�b2b T�;2
HQ�/ iBK2b #v ?QbiBM; � +QTv Q7 i?2 r2#bBi2 QM � MmK#2` Q7 b2`p2`b HQ+�i2/ �`QmM/ i?2
rQ`H/X

6B;m`2 eXRj b?Qrb i?2 M2irQ`FBM; BMi2`+QMM2+iBQM iQ ;2i i?2 r2# �TTHB+�iBQM QMHBM2X q?2M
� +HB2Mi HQ�/b i?2 r2#bBi2- i?2B` i`�{+ Bb `Qmi2/ pB� i?2 +HQm/~�`2 *.L iQ i?2 L2iHB7v
b2`p2`X *HQm/~�`2 +�+?2b � +QTv Q7 i?2 r2#bBi2 iQ �+?B2p2 ?B;? bT22/ HQ�/BM; iBK2bX
AKTQ`i�MiHv i?2 mb2`b +HB2Mi BMi2`�+ib /B`2+iHv rBi? i?2 1i?2`2mK #HQ+F+?�BM pB� i?2B` r2#j
T`QpB/2` UJ2i�K�bF Q` SQ`iBbVX h?Bb Bb pBi�H �b i?Bb 2Mbm`2b i?�i i?2 �TTHB+�iBQM `2K�BMb
i`mbiH2bb BM i?�i i?2 TH�i7Q`K QT2`�iQ` +�MMQi BMi2`72`2 rBi? i?2 #HQ+F+?�BM 2H2K2Mi B7 i?2
mb2` +QMM2+ib /B`2+iHv iQ i?2 1i?2`2mK M2irQ`FX

�HH i`�{+ #2ir22M i?2 +HB2Mi- *.L �M/ mHiBK�i2Hv ?QbiBM; QM L2iHB7v Bb 2M+`vTi2/ mbBM;
aaGX *2`iB}+�i2b �`2 Bbbm2/ #v *HQm/~�`2 �M/ BMbi�HH2/ rBi?BM L2iHB7v r?Q b2`p2b i?2K
QM T�;2 HQ�/X h?Bb 2M�#H2b i?2 mb2`b r2# #`Qrb2` iQ p�HB/�i2 i?2 +QMi2Mi HQ�/2/ �M/
T`2p2Mib �MvQM2 QMHBM2 7`QK bMB{M; i?2 +QMi2Mi b2Mi iQ �M/ 7`QK i?2 b2`p2`X

h?Bb /2bB;M T�ii2`M Bb bBKTH2- ?B;?Hv T2`7Q`K�Mi �M/ b+�H�#H2X h?2 *.L 2M�#H2b HQr

ek
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Client

Cloudflare worldwide CDN used
to speed up access times of website

and to provide global coverage

HTTPS request
for website or API

Calls to Orcid

https://unicoin.win is registered with Gandi
and the DNS is managed by Cloudflare's
nameservers. Thus all traffic is routed via
Cloudflare CDN.

Forward all traffic
via an encrypted
https tunnel

Submit transactions
directly from the clients

web3 provider

Return website
or Orcid
information

Netlify hosts all website information and
static files to render the actual front end.

Forward 
all traffic
to CDN

6B;m`2 eXRj, L2irQ`F ~Qr Q7 �TTHB+�iBQM 7`QK r2# ?QbiBM; pB� i?2 *.L iQ i?2 r2# +HB2MiX

H�i2M+v �HH �`QmM/ i?2 rQ`H/ �M/ L2iHB7vǶb *A TBT2HBM2 BMi2;`�iBQM rBi? :Bi?m# K�F2b `�TB/
/2p2HQTK2Mi TQbbB#H2 rBi? KBMBK�H b2imT Qp2`?2�/X >Qr2p2`- i?Bb bQHmiBQM Bb BM?2`2MiHv
+2Mi`�HBx2/X A7 �M �ii�+F2` r�b �#H2 iQ +QKT`QKBb2 �Mv Q7 i?2 i?`22 b2`pB+2b ?2`2 UL2iHB7v-
*HQm/~�`2 Q` :�M/BV i?2v +QmH/ BMD2+i K�HB+BQmb +Q/2 r?B+? rQmH/ i?2M ;2i b2`p2/ iQ i?2
mb2` r?2M i?2v HQ�/ i?2 r2#bBi2X h?Bb +QmH/ #2 mb2/ iQ ;2i i?2 mb2` iQ bB;M � K�HB+BQmb
i`�Mb�+iBQM BM �M �ii2KTi iQ bi2�H i?2B` 7mM/bX 6mim`2 BKT`Qp2K2Mib rQmH/ BMpQHp2 i?2 mb2
Q7 AS6a �b � }H2 ?QbiBM; K2+?�MBbKX q?BH2 i?Bb Bb B/2QHQ;B+�HHv �HB;M2/- Bi bmz2`b 7`QK
TQQ` /2p2HQT2` 2tT2`B2M+2 �M/ �//b i2+?MB+�H Qp2`?2�/ iQ /2THQvK2Mi �M/ +QMiBMmQmb
BMi2;`�iBQM QT2`�iBQMbX

eX9 .2+2Mi`�HBx2/ }H2 biQ`�;2
h?2 H�bi H�v2` BM i?2 i2+?MQHQ;v bi�+F Bb i?2 /2+2Mi`�HBx2/ }H2 biQ`�;2X aT2+B}+�HHv- i?2
K�`F2iTH�+2 `2[mB`2b biQ`�;2 7Q`,

RX aiQ`BM; �++QmMi T`Q}H2 BM7Q`K�iBQM bm+? �b Tm#HBb?2` M�K2- BMbiBimiBQM �M/ P_*A.X

kX aiQ`BM; T�T2`b Tm#HBb?2/ QM i?2 TH�i7Q`K BM i?2 7Q`K Q7 � S.6X

L2Bi?2` Q7 i?2b2 b?QmH/ #2 biQ`2/ /B`2+iHv QM i?2 #HQ+F+?�BM �b biQ`BM; /�i� QM i?2
#HQ+F+?�BM Bb T`Q?B#BiBp2Hv 2tT2MbBp2X9 h?2 2�bB2bi bQHmiBQM iQ i?Bb biQ`�;2 `2[mB`2K2Mi
rQmH/ #2 iQ mb2 � +2Mi`�HBx2/ }H2 biQ`�;2 bQHmiBQM HBF2 �K�xQM q2# U�qaV b2`pB+2b Q`
:QQ;H2 *HQm/ *QKTmi2 U:**VX >Qr2p2`- +2Mi`�HBx2/ bQHmiBQMb ?�p2 � 7mM/�K2Mi�HHv /B7@
72`2Mi KQ/2H r?B+? M22/b iQ #2 i`mbi2/ r?2M mbBM; i?2 TH�i7Q`KX �HH mb2` �M/ �++QmMi
/�i� QM � +2Mi`�HBx2/ bvbi2K HBF2 �qa Q` :** Bb mM/2` i?2 Dm`Bb/B+iBQM Q7 i?2 +QKT�Mv

9h?2 #HQ+F+?�BM Bb MQi � /�i�#�b2 �M/ b?QmH/ MQi #2 i`2�i2/ �b bm+?X aiQ`BM; R:" Q7 /�i� QM i?2
1i?2`2mK #HQ+F+?�BM rBHH +Qbi ≈ 0 8yy-yyy #�b2/ QM i?2 +m``2Mi ;�b +QbiX h?Bb Bb #�b2/ Qz i?2 v2HHQr
T�T2` r?B+? `2TQ`ib � 722 Q7 kyF ;�b iQ biQ`2 � k8e #Bi rQ`/X � FBHQ#vi2 Bb i?mb e9yF ;�bX "�b2/ Qz
+m``2Mi ;�b +Qbib- i?Bb Bb �`QmM/ jk-yyy 1i?2` 7Q` R:" Q7 biQ`�;2X

ej
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i?�i `mMb i?2 b2`pB+2X h?Bb K2�Mb i?�i mb2`b +�M #2 +2MbQ`2/- /�i� H2�Fb Q++m` �M/ T`Bp�+v
+QM+2`Mb �`2 `�KT�MiX

�M �Hi2`M�iBp2 �TT`Q�+?- r?B+? Bb �HB;M2/ rBi? i?2 2i?Qb �M/ B/2QHQ;v Q7 � /2+2Mi`�HBx2/
�TTHB+�iBQM- Bb /2+2Mi`�HBx2/ }H2 biQ`�;2X h?2 AMi2`TH�M2i�`v 6BH2 aiQ`�;2 avbi2K UAS6aV
Bb i?2 KQbi +QKKQM r�v iQ �ii�+? /2+2Mi`�HBx2/ }H2 biQ`�;2 iQ � /2+2Mi`�HBx2/ �TTHB+�@
iBQMX AS6a rQ`Fb #v +?mMFBM; mT }H2b �M/ i?2M biQ`BM; i?2K QM � /2+2Mi`�HBx2/ M2irQ`FX
�HH }H2b �//2/ iQ i?2 M2irQ`F �`2 mMB[m2Hv B/2MiB}2/ #v � ?�b? Q7 i?2 }H2 +QMi2Mib r?B+?
2M�#H2b p�HB/�iBQM Q7 i?2 }H2 BMi2;`Biv r?2M `2i`B2pBM; Bi H�i2`X q?2M2p2` bQK2QM2 /QrM@
HQ�/b � }H2 7`QK AS6a i?2v �+i iQ bmTTQ`i i?2 M2irQ`F #v ?QbiBM; Bi 7Q` Qi?2`b 7Q` �
}t2/ T2`BQ/ Q7 iBK2X S2`K�M2Mi biQ`�;2 QM AS6a +�M #2 �+?B2p2/ #v ǳTBMMBM;Ǵ i?2 }H2-
BM/B+�iBM; iQ vQm` AS6a +HB2Mi i?�i vQm r�Mi iQ +QMiBMm2 iQ ?Qbi i?Bb }H2 BM/2}MBi2HvX

h?2 ?�b? Q7 � }H2 �//2/ iQ AS6a �+ib �b � lMB[m2 _2bQm`+2 A/2MiB}2` Ul_AVX h?Bb l_A Bb
biQ`2/ rBi?BM � bK�`i +QMi`�+i iQ T`QpB/2 � `272`2M+2 iQ i?2 }H2 ?Qbi2/ QM AS6a bQ i?�i
i?2 BM7Q`K�iBQM +�M #2 �++2bb2/ H�i2` QMX 6Q` 2t�KTH2- +QMbB/2` i?2 T`Q+2bb Q7 +`2�iBM; �
mb2` �++QmMi rBi?BM i?2 K�`F2iTH�+2 7Q` B/2�bX h?2 T`Q+2bb 2Mi�BHb RV +`2�iBM; i?2 Q#D2+i
kV �//BM; Bi iQ AS6a �M/ jV �//BM; Bi iQ i?2 1i?2`2mK #HQ+F+?�BMX h?Bb ~Qr Bb b?QrM BM
6B;m`2 eXR9X

UserProfile JSON object

{
    UserFirstName: "Jessica",
    UserSecondName: "Jones",
    AccountType: "academic",
    ORCID: "0000000252729472";
    TimeStamp: "1576476865"
}

1

User adds the 
object to IPFS.

IPFS returns URI

Return profile URI which uniquely
identifies the profile object
_profile_uri = QmeWUs9YdymQV.... 

Any JSON object can be stored
within IPFS. The UserProfile
object emposes a structure to
define the contents of the object.

User's client creates JSON
object to represent their profile

2

3

User calls registerUser(string _profile_uri)
on the smart contract and specifies the profile URI

Caption: the interaction flow for interacting with IPFS and the blockchain is shown.
The user first creates an account object which is then added to IPFS. the returned

URI is then added to the smart contract when adding the user.
6B;m`2 eXR9, .2+2Mi`�HBx2/ }H2 biQ`�;2X h?2 mb2` }`bi +`2�i2b �M �++QmMi Q#D2+i r?B+? Bb
i?2M �//2/ iQ AS6aX h?2 `2im`M2/ l_A Bb i?2M �//2/ iQ i?2 bK�`i +QMi`�+i r?2M �//BM;
i?2 mb2`X

G�i2` r?2M `2i`B2pBM; T`Q}H2 BM7Q`K�iBQM i?2 l_A Bb `2i`B2p2/ 7`QK i?2 #HQ+F+?�BM �M/
i?2M BM7Q`K�iBQM Bb `2[m2bi2/ 7`QK AS6aX

e9



S.6b Q7 Tm#HB+�iBQMb �M/ T�i2Mib �`2 �HbQ biQ`2/ QM AS6aX h?2 T`Q+2bb iQ �+?B2p2 i?Bb
Bb p2`v bBKBH�` iQ i?�i H�B/ Qmi �#Qp2 7Q` +`2�iBM; � mb2` T`Q}H2X h?2 S.6 Bb `2�/ BM
#v i?2 mb2`b #`Qrb2` �M/ +QMp2`i2/ BMiQ � /�i� Q#D2+iX h?2 /�i� Q#D2+i Bb i?2M T�`b2/
BMiQ C�p�a+`BTi P#D2+i LQi�iBQM UCaPLV r?B+? Bb i?2M biQ`2/ QM AS6a �b � biQ`�;2 #HQ#X
1�+? }H2 ?�b � l_A +`2�i2/ 7Q` Bi r?B+? Bb biQ`2/ rBi?BM i?2 bK�`i +QMi`�+ib BM i?2 b�K2
K�MM2` �b i?2 mb2` T`Q}H2bX

lTQM `2i`B2pBM; BM7Q`K�iBQM �#Qmi � Tm#HB+�iBQM Q` � mb2`- i?2 +HB2Mi rBHH `2i`B2p2 BM7Q`@
K�iBQM 7`QK i?2 #HQ+F+?�BM- bm+? �b i?2 Q#D2+i l_A- �M/ i?2M ;2i /�i� 7`QK AS6a iQ
/BbTH�v i?2 T`Q}H2X

hQ +QMM2+i iQ AS6a �M AS6a +HB2Mi �M/ AS6a ;�i2r�v �`2 `2[mB`2/X h?Bb r�b �+?B2p2/
i?`Qm;? i?2 mb2 Q7 BT7bXDb �b i?2 +HB2Mi iQ `mM rBi?BM i?2 mb2`b #`Qrb2` �M/ i?2 AM7m`�
AS6a ;�i2r�v r?B+? `2KQp2b i?2 M22/ 7Q` i?2 K�`F2i iQ ?Qbi BiǶb QrM AS6a �++2bb TQBMiX

eX8 *?�Ti2` +QM+HmbBQM
h?Bb +?�Ti2` QmiHBM2/ i?2 i2+?MB+�H BKTH2K2Mi�iBQM /2i�BHb Q7 i?2 K�`F2iTH�+2 7Q` B/2�bX
h?Bb /Bb+mbbBQM BM+Hm/2/ �HH +Q`2 +QKTQM2Mib /2p2HQT2/ �b r2HH �b i?2 BMi2`+QMM2+iBQM
i?2`2Q7X lHiBK�i2Hv i?Bb +QMbBbib Q7 i?`22 K�BM �TTHB+�iBQM H�v2`b, RV aK�`i +QMi`�+i H�v2`
iQ QT2`�i2 i?2 +Q`2 K�`F2iTH�+2 HQ;B+X h?2b2 bK�`i +QMi`�+ib �`2 r`Bii2M BM aQHB/Biv- mb2
�M mT;`�/�#BHBiv T�ii2`M �M/ H2p2`�;2 i?2 ;�b bi�iBQM M2irQ`F iQ K�F2 i`�Mb�+iBQMb 7`22
7Q` mb2`bX kV � 7`QMi 2M/ �TTHB+�iBQM iQ 2M�#H2 mb2`b iQ BMi2`�+i rBi? i?2 TH�i7Q`KX h?Bb
Bb r`Bii2M BM om2XDb �M/ H2p2`�;2b b2T�`�iBQM Q7 +QM+2`Mb �M/ om2t bi�i2 K�M�;2K2MiX jV
.2+2Mi`�HBx2/ }H2 biQ`�;2 iQ biQ`2 mb2` T`Q}H2b �M/ Tm#HB+�iBQMbX h?Bb �HbQ BM+Q`TQ`�i2/ �M
BMi2;`�iBQM rBi? P`+B/ 7Q` �+�/2KB+ T`Q}H2 p2`B}+�iBQMX �//BiBQM�H `2bQm`+2b- b+`22Mb?Qib
�M/ /2THQvK2Mi BM7Q`K�iBQM +�M #2 7QmM/ BM i?2 �TT2M/Bt �M/ QM :Bi?m#X

h?2 M2ti +?�Ti2` +`BiB+�HHv �M�Hvb2b i?2 KQ/2H �M/ BKTH2K2Mi�iBQM T`2b2Mi2/X h?Bb BM@
+Hm/2b � MmK#2` Q7 `2+QKK2M/�iBQMb �M/ 7mim`2 BKT`Qp2K2MibX
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*?�Ti2` d

J�`F2i � BKTH2K2Mi�iBQM �M�HvbBb
h?2 K�`F2iTH�+2 7Q` B/2�b ?�b MQr #22M /Bb+mbb2/ �i p�`vBM; H2p2Hb Q7 /2i�BHX L2ti- i?2
K�`F2i �M/ Bib BKTH2K2Mi�iBQM �`2 +`BiB+�HHv �M�Hvx2/X h?Bb �M�HvbBb Bb #`QF2M BMiQ i?`22
K�BM b2+iBQMb, RV `2;mH�iQ`v �M/ H2;�H- kV K�`F2i K2+?�MBbKb �M/ BM+2MiBp2 /2bB;M �M/
jV #HQ+F+?�BM i2+?MB+�H �M/ BKTH2K2Mi�iBQM pB�#BHBivX

dXR _2;mH�iQ`v �M/ H2;�H �M�HvbBb
h?2`2 �`2 � MmK#2` Q7 `2;mH�iQ`v Q#bi�+H2b i?�i M22/ iQ #2 Qp2`+QK2 iQ K�F2 i?2 T`QTQb2/
K�`F2i � `2�HBivX aQK2 Q7 i?2b2 �`2 MQr 2tTHQ`2/X

dXRXR o�HB/Biv Q7 AS +H�BK i?`Qm;? MQM@7mM;B#H2 HB+2M+2b
PM2 Q7 i?2 +Q`2 T`2KBb2b Q7 i?2 K�`F2iTH�+2 7Q` B/2�b Bb i?�i i?2 MQM@7mM;B#H2 iQF2M
`2T`2b2Mib T2`KBbbBQM 7`QK i?2 +QMi2Mi +`2�iQ` iQ KQM2iBx2 i?2B` rQ`FX h?Bb L6h �+ib �b �
ǳMQM@7mM;B#H2 HB+2M+2Ǵ- ;`�MiBM; T2`KBbbBQM 7`QK i?2 +`2�iQ` iQ i?2 HB+2M+2 ?QH/2`X 6Q` i?Bb
iQ #2 � p�HB/ H2;�H +QMbi`m+iBQM BM i?2 `2�H rQ`H/- Bi rQmH/ M22/ iQ #2 /272MbB#H2 BM � +Qm`i Q7
H�rX h?Bb MQM@7mM;B#H2 HB+2M+2- r?BH2 +`vTiQ;`�T?B+�HHv mMB[m2 �M/ ;m�`�Mi22/ iQ Q`B;BM�i2
7`QK i?2 +QMi2Mi +`2�iQ`- Bb MQi T`2b2MiHv � H2;�H +QMbi`m+i rBi?BM �Mv Dm`Bb/B+iBQMX Ai Bb
i?2`27Q`2 MQi i`BpB�H iQ mb2 i?Bb �b � p�HB/ +H�BK Q7 2tTHB+Bi +QMb2Mi ;`�Mi2/ 7`QK i?2 HB+2M+2
Bbbm2` iQ i?2 HB+2M+2 ?QH/2`X �b � `2bmHi- #2bTQF2 H2;�H +QMi`�+ib rQmH/ M22/ iQ #2 /`�7i2/
�M/ +Q/B}2/ iQ K�F2 i?Bb +QMbi`m+iBQM H2;�HHv T2`KBbbB#H2X

h?Bb T`Q#H2K Bb MQi mMB[m2 iQ i?Bb i?2bBbǶ BKTH2K2Mi�iBQMX AM/22/- i?2`2 �`2 K�Mv T`QD2+ib
i?�i �BK iQ HBMF #HQ+F+?�BM �bb2ib iQ `2�H rQ`H/ /272MbB#H2 +QMi`�+ibX S`QD2+ib HBF2 PT2M@
G�r �`2 H2�/BM; i?2 r�v BM K�FBM; H2;�HHv /272MbB#H2 `2�H rQ`H/ +QMi`�+im�H �;`22K2Mib-
#�+F2/ #v bK�`i +QMi`�+ibX � bvbi2K bBKBH�` iQ i?Bb rQmH/ #2 �TTHB+�#H2 BM 7mim`2 p2`bBQMb
Q7 i?2 K�`F2iTH�+2 7Q` B/2�bX

dXRXk o2`B}+�iBQM Q7 Tm#HB+�iBQM �mi?Q`b?BT
� b2+QM/ T`2KBb2 Q7 i?2 K�`F2iTH�+2 Bb i?�i QMHv i?2 �mi?Q` Q7 �M B/2� b?QmH/ #2 �#H2
iQ Tm#HBb? Bi rBi?BM i?2 K�`F2iX h?Bb K2�Mb i?�i � `�M/QK mb2` b?QmH/ MQi #2 �#H2 iQ
;2i bQK2QM2 2Hb2Ƕb T�T2`- +H�BK Bi �b i?2B` QrM- Tm#HBb? Bi- �M/ mHiBK�i2Hv T`Q}i 7`QK BiX
h?2 /2bB;M T`2b2Mi2/ 2M�#H2b � Tm#HBb?2` iQ ǴT`Qp2Ǵ i?2B` B/2MiBiv i?`Qm;? P_*A. HQ;BM
r?B+? �bbQ+B�i2b � mb2` rBi? i?2B` �+�/2KB+ T`Q}H2X �//BiBQM�HHv- T�i2Mi /Q+mK2Mi�iBQM
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r?B+? +QMi�BMb /2i�BHb �`QmM/ r?QK i?2 T�i2Mi r�b Bbbm2/ iQ +�M #2 mTHQ�/2/ X h?Bb
2M�#H2b TQi2MiB�H #B//2`b �M/ Qi?2` mb2`b iQ p�HB/�i2 i?�i � mb2` Bb BM/22/ r?Q i?2v b�v
i?2v �`2 #v +Q``Q#Q`�iBM; i?2B` +H�BK rBi? i?2B` P_*A. �M/ bm#KBii2/ T�i2MiX >Qr2p2`
i?Bb K2+?�MBbK Bb MQi #mHH2i T`QQ7X

q?BH2 i?Bb bQHmiBQM /Q2b ?2HT i?2 T`Q#H2K Q7 �mi?Q`b?BT p�HB/�iBQM- Bi Bb MQi 7mHH T`QQ7X
6Q` QM2- i?Bb K2+?�MBbK �bbmK2b i?�i i?2 #B//2` rBHH +QM/m+i bm{+B2Mi /m2 /BHB;2M+2
r?2M #B//BM; #�b2/ QM i?2 P_*A. �M/ i?2 bm#KBii2/ T�i2MiX h?Bb H2�p2b i?2 QMmb QM
i?2 #B//2`- `�i?2` i?�M i?2 K�`F2i- iQ T`Qi2+i i?2 mb2`X h?Bb Bb MQi B/2�H �b i?2 #B//2`
�H`2�/v ?�b � ?B;? Qp2`?2�/ Q7 /m2 /BHB;2M+2 i?�i i?2v M22/ iQ +QM/m+i QM i?2 p�Hm2 Q7 i?2
T�i2Mi i?2v �`2 #B//BM; 7Q`X a2+QM/Hv- i?Bb K2+?�MBbK `2[mB`2b � bm{+B2MiHv bi`QM; H2;�H
7`�K2rQ`F i?�i +�M H2;�HHv T`Qb2+mi2 BM/BpB/m�Hb i?�i #`2�F i?Bb �bbmKTiBQM �M/ bi2�H
Qi?2`b AS QM i?2 TH�i7Q`KX h?Bb �bbmKTiBQM Bb �HKQbi BKTQbbB#H2 iQ K�F2 BM T`�+iB+2 /m2
iQ i?2 2tQ`#Bi�Mi +Qbi Q7 BMi2`M�iBQM�H HBiB;�iBQMX 6mim`2 p2`bBQMb Q7 i?2 K�`F2iTH�+2 7Q`
B/2�b T`2b2Mi2/ BM i?Bb i?2bBb rBHH `2[mB`2 � KQ`2 `Q#mbi K2+?�MBbK iQ T`2p2Mi i?Bb FBM/
Q7 #2?�pBQm`X

dXRXj G2;�H 7`�K2rQ`F iQ Tm`bm2 HB+2M+2 �;`22K2Mi pBQH�iQ`b
h?2 K�`F2iTH�+2 ?�b MQ K2�MBM;7mH r�v iQ H2;�HHv Tm`bm2 T2QTH2 i?�i /Q MQi 7QHHQr i?2
biBTmH�i2/ HB+2M+2 �;`22K2MiX h?Bb K2�Mb i?�i bQK2QM2 +�M /QrMHQ�/ i?2 T�T2` 7Q` QT2M@
b+B2M+2 mb�;2 �M/ i?2M +QKK2`+B�HBx2 i?2 B/2� rBi? HBKBi2/ `2T2`+mbbBQMbX A/2�b QM i?2
TH�i7Q`K �`2 T`Qi2+i2/ #v T�i2Mib �M/ bQ Bi Bb i?2 B/2� +`2�iQ`b `2bTQMbB#BHBiv iQ Tm`bm2 i?2
BM7`BM;2` Q7 i?2 T�i2Mi BM � +Qm`i Q7 H�rX h?Bb Bb MQi bi`B+iHv � 7�mHi rBi? i?2 K�`F2iTH�+2
#mi `�i?2` T�i2Mib �i H�`;2X

AM i?2 h2bH� 2t�KTH2- hQvQi� +QmH/ i�F2 i?2 B/2� T`2b2Mi2/ BM i?2 .�H?QmbB2 T�T2` �M/
BKTH2K2Mi Bi BM i?2B` QrM #�ii2`v /2bB;M- M2p2` /Bb+HQbBM; ?�pBM; /QM2 i?BbX h?2`2 Bb MQ
r�v 7Q` i?2 K�`F2iTH�+2 iQ T`2p2Mi i?Bb FBM/ Q7 #2?�pBQm` �b i?2 BM7Q`K�iBQM Bb BM i?2
Tm#HB+ /QK�BM �H`2�/vX Ai Bb i?2M i?2 mMBp2`bBiv Q7 .�H?QmbB2Ƕb `2bTQMbB#BHBiv iQ HBiB;�i2
�;�BMbi hQvQi� 7Q` i?Bb BM7`BM;2K2MiX

lHiBK�i2Hv rBi? Q` rBi?Qmi i?2 K�`F2iTH�+2 7Q` B/2�b TH�;B�`BbK �M/ B/2� i?27i rBHH #2
T`2b2Mi r?2M2p2` i?2`2 Bb Tm#HB+ BM7Q`K�iBQMX h?Bb Bb MQi � 7�mHi Q7 i?2 K�`F2iTH�+2 Q`
i?2 K2+?�MBbK #mi `�i?2` AS T`Qi2+iBQM �i H�`;2X

�b � `2bmHi- i?2 i?Bb i?2bBb �bbmK2b i?2 2tBbi2M+2 Q7 � `Q#mbi ;HQ#�H H2;�H 7`�K2rQ`F i?�i
+�M 7mHHv /272M/ � T�i2Mib 2t+HmbBpBiv iQ 2M7Q`+2 i?2 +Q``2+i ǴQrM2`b?BTǴ Q7 T�i2MibX h?Bb
�bbmKTiBQM Bb MQi i`�+i�#H2 BM `2�H HB72 �M/ +QmH/ �`;m�#Hv #2 i?2 H�`;2bi /QrM7�HH Q7 i?2
Qp2`�HH bvbi2K /m2 iQ i?2 BKT`�+iB+�HBiv Q7 i?Bb �bbmKTiBQMX

dXk J�`F2i K2+?�MBbKb �M/ BM+2MiBp2 /2bB;M �M�HvbBb
L2ti- i?2 K�`F2i K2+?�MBbK Bb +`BiB+�HHv �M�Hvx2/X h?Bb �M�HvbBb BM+Hm/2b i?2 T`QTQb2/
b2�H2/ #B/ �m+iBQM �M/ >�`#2`;2` h�t bvbi2Kb �M/ i?2B` BKT�+i QM mb2`Ƕb #2?�pQm` �M/
BM+2MiBp2bX

ed



dXkXR _2/m+iBQM BM BM7Q`K�iBQM �bvKK2i`v
h?2 K�`F2iTH�+2 7Q` B/2�b �BKb `2/m+2 BM7Q`K�iBQM �bvKK2i`v #2ir22M #mv2`b �M/ b2HH2`b
iQ /2+`2�b2 �/p2`b2 b2H2+iBQMX h?Bb Bb �+?B2p2/ i?`Qm;? Tm#HB+Hv /BbTH�vBM; T�i2Mi �M/
`2b2�`+? BM7Q`K�iBQM �bbQ+B�i2/ rBi? i?2 B/2� iQ ;Bp2 i?2 #mv2` K�tBKmK BM7Q`K�iBQM
�#Qmi i?2 T�i2Mi i?2v �`2 #B//BM; 7Q`X >Qr2p2`- � T�T2` �M/ � T�i2Mi �HQM2 BM MQ r�v
[m�MiB}2b bm{+B2Mi /m2 /BHB;2M+2 7Q` � TQi2MiB�H #mv2`X � TQi2MiB�H #mv2` rQmH/ M22/ iQ
+QM/m+i 2ti2MbBp2 `2b2�`+? iQ p�Hm2 i?2 B/2�X �//BiBQM�H i?B`/ T�`iv b2`pB+2b rQmH/ biBHH #2
`2[mB`2/ iQ [m�MiB7v �Mv K2�MBM;7mH T�i2Mi p�Hm�iBQMX 6`QK � /m2 /BHB;2M+2 T2`bT2+iBp2-
i?2 K�`F2i 7Q` B/2�b T`QpB/2b HBiiH2 �/p�Mi�;2 Qp2` 2tBbiBM; #`QF2`�;2 b2`pB+2bX

qBi? i?�i b�B/- i?2 T`QTQb2/ K�`F2iTH�+2 7Q` B/2�b /Q2b T`QpB/2 � K2�MBM;7mH /2+`2�b2
BM T�bi T`B+BM; BM7Q`K�iBQM �bvKK2i`v #v biQ`BM; � Tm#HB+ `2+Q`/ Q7 ?BbiQ`B+ QrM2`b?BT
�M/ T`B+BM; BM7Q`K�iBQMX 1�+? B/2� BM i?2 K�`F2iTH�+2 biQ`2b BM7Q`K�iBQM QM r?Q QrM2/
Bi- r?2M Bi r�b QrM2/ �M/ ?Qr Km+? r�b T�B/ 7Q` BiX h?Bb Bb BM bi�`F +QMi`�bi iQ i?2
+m``2Mi T�i2Mi K�`F2i r?2`2 Bi Bb 2ti`2K2Hv /B{+mHi iQ FMQr i?2 T`Qp2M�M+2 Q7 �Mv
HB+2M+2 Q` T�i2MiX "v Tm#HB+BxBM; i?Bb BM7Q`K�iBQM TQi2MiB�H #mv2`b ?�p2 +QMbB/2`�#Hv
KQ`2 BM7Q`K�iBQM �i i?2B` /BbTQb�H r?2M i`vBM; iQ [m�MiB7v � T�i2MiǶb p�Hm2 �b i?2v +�M
+QKT�`2 iQ T�bi i`�/2b 7Q` bBKBH�` T�i2MibX

dXkXk J�`F2i +QQ`/BM�iBQM BM2{+B2M+B2b
� T`Q#H2K rBi? b2HHBM; �Mvi?BM; QM �m+iBQM Bb +QQ`/BM�iBM; TQi2MiB�H #B//2`b iQ #2 T`2b2Mi
/m`BM; i?2 �m+iBQMX h?2 K�`F2i T`2b2Mi2/ BM i?Bb i?2bBb- i`B2b iQ /2+`2�b2 i?Bb BM2{+B2M+v
#v `mMMBM; HQM; /m`�iBQM �m+iBQMb- mTr�`/b Q7 irQ r22Fb- i?2`2#v ;BpBM; TQi2MiB�H #B//2`b
KQ`2 iBK2 iQ T�`iB+BT�i2X h?Bb �HbQ ;Bp2b b2HH2`Ƕb QTTQ`imMBiv iQ �/p2`iBb2 i?2 �m+iBQMX
q?BH2 � HQM; /m`�iBQM /Q2b ;Bp2 KQ`2 iBK2 iQ }M/ #B//2`b Bi /Q2b MQi 2Mbm`2 i?�i i?2
QTiBK�H #B//2` FMQrb �#Qmi i?2 �m+iBQMX h?Bb H2�p2b i?2 QMmb QM i?2 b2HH2` iQ bm{+B2MiHv
�/p2`iBb2 i?2B` �m+iBQM iQ �ii`�+i #mv2`bX

�b � +QmMi2` K2�bm`2- >�`#2`;2` h�t 2z2+iBp2Hv �+ib �b � +QMiBMmQmb �m+iBQM K2+?�MBbK
2M�#HBM; #B//BM; QM HB+2Mb2b �7i2` i?2 �m+iBQM ?�b +HQb2/X h?Bb ?2HTb iQ /2+`2�b2 +QQ`/B@
M�iBQM BM2{+B2M+v �b M2r #B//2`b i?�i KBbb2/ i?2 �m+iBQM +�M biBHH T�`iB+BT�i2 i?`Qm;?
>�`#2`;2` h�t #mvQmi bm#KBbbBQMX

dXkXj 6�BH2/ �m+iBQMb �M/ TQbi �m+iBQM M2;QiB�iBQMb
A7 p�HB/ #B/b 7�BH iQ `2�+? i?2 `2b2`p2 T`B+2 i?2M i?2 �m+iBQM rBHH MQi +H2�`X AM i?Bb +�b2 MQ
2t+?�M;2 Q++m`b �M/ i?2 �m+iBQM 7�BHbX h?Bb Bb MQi �M B/2�H Qmi+QK2 7Q` �Mv T�`iB+BT�MiX

�b � TQBMi Q7 +QKT�`BbQM- P+2�M hQKKQǶb �m+iBQMb 2tT2`B2M+2 TQbi@�m+iBQM M2;QiB�iBQM
r?2M #B/b 7�BH iQ K22i i?2 `2b2`p2 T`B+2 UC�`Qbx 2i �HX- kyRyVX h?2b2 TQbi �m+iBQM M2;Q@
iB�iBQMb +?�M;2 i?2 BM+2MiBp2b Q7 b2HH2`b �M/ #B//2`bX a2HH2`b �`2 BM+2MiBp2/ iQ b2i `2b2`p2
T`B+2b iQQ ?B;?X �//BiBQM�HHv #B//2`b K�v mb2 i?2 �m+iBQM �b � K2�Mb Q7 HBKBi2/ T`B+2
/Bb+Qp2`v �M/ i?2M mb2 i?2 BM7Q`K�iBQM BM TQbi@�m+iBQM M2;QiB�iBQMbX

AM i?2 T`QTQb2/ K�`F2iTH�+2 TQbi �m+iBQM M2;QiB�iBQM Bb /B{+mHi iQ T2`7Q`K #2+�mb2 TQbi
�m+iBQM /B`2+i b�H2b `2[mB`2 +QQ`/BM�iBQMX � /B`2+i 2t+?�M;2 7`QK � b2HH2` iQ � T`2/2}M2/
#mv2` Bb TQbbB#H2 i?`Qm;? � +mK#2`bQK2 BMi2`�+iBQM #2ir22M i?2 #mv2` �M/ b2HH2`X 6Q`
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2t�KTH2 � TQbi �m+iBQM b�H2 rQmH/ `2[mB`2 i?2 b2HH2` iQ K�F2 � bBM;H2 HB+2M+2 }t2/ T`B+2
b�H2 �i i?2 T`Bp�i2Hv M2;QiB�i2/ T`B+2X h?2M- i?2 #mv2` #mvb i?2 HB+2M+2 �b bQQM �b Bi Bb
HBbi2/ QM i?2 K�`F2iX A7 Q`+?2bi`�i2/ +Q``2+iHv- i?Bb i2+?MB[m2 2M�#H2b T`Bp�i2 #BH�i2`�H
M2;QiB�iBQMb iQ Q++m` Q|BM2 �M/ i?2M i?2 i`�/2 Bb b2iiH2/ rBi?BM i?2 K�`F2iX

q?2i?2` i?Bb Bb � TQbBiBp2 Q` M2;�iBp2 `2bmHi `2K�BMb �M QT2M [m2biBQMX PM i?2 QM2
?�M/- i?2`2 �`2 bBim�iBQMb BM r?B+? T`Bp�i2 #BH�i2`�H M2;QiB�iBQMb �`2 `2[mB`2/ iQ T`Qi2+i
� b2HH2`b bi`�i2;vX a�v 7Q` 2t�KTH2 � T�i2Mi ?QH/2` Bb b2HHBM; T�i2Mi HB+2M+2b �b � H�bi /Bi+?
2zQ`i iQ b�p2 i?2B` +QKT�MvX AM i?Bb +�b2 i?2v KB;?i MQi r�Mi iQ Tm#HB+Bb2 i?�i i?2v
�`2 b2HHBM; �M/ bQ � Tm#HB+ �m+iBQM Bb MQi �TT`QT`B�i2X _�i?2`- i?2v r�Mi iQ M2;QiB�i2
rBi? #mv2`b r?BH2 T`Qi2+i2/ #v � MQM@/Bb+HQbm`2 �;`22K2Mi �M/ #2?BM/ +HQb2/ /QQ`bX h?2
T`QTQb2/ K�`F2iTH�+2 biBHH T`QpB/2b #2M2}ib HBF2 T�vK2Mi b2iiH2K2Mi �M/ `2+Q`/BM; HB+2M+2
BM7Q`K�iBQM- 2p2M BM i?Bb bBim�iBQMX

PM i?2 Qi?2` ?�M/- T`Bp�i2 #BH�i2`�H M2;QiB�iBQMb `2bmHi BM � +QMiBMm�iBQM Q7 i?2 +m``2Mi
K�`F2i QT�+Biv �M/ b?�HHQrM2bbX PM2 +QmH/ �`;m2- i?2`27Q`2- i?�i B/2�HHv �HH b�H2b b?QmH/
#2 Tm#HB+ 7Q` i?2 #2ii2`K2Mi Q7 i?2 K�`F2iX h?Bb /272�ib i?2 Tm`TQb2 Q7 ?�pBM; �M �m+iBQM
BM i?2 }`bi TH�+2X hQ �+?B2p2 i`m2 T`B+2 /Bb+Qp2`v �M/ BKT`Qp2/ �HHQ+�iBQM 7Q` B/2�b
rBi?BM i?2 K�`F2i i?2 b2HH2` b?QmH/ MQi b2i mM`2�HBbiB+�HHv ?B;? `2b2`p2 T`B+2b �M/ 2M�#H2
>�`#2`;2` h�t iQ 2Mbm`2 i?�i i?2 HB+2M+2 Bb �Hr�vb QrM2/ #v i?2 T2`bQM i?�i p�Hm2b Bi i?2
KQbiX

dXkX9 AKT`Qp2K2Mib BM �HHQ+�iBQM 2{+B2M+v
h?2`2 �`2 irQ bi�;2b Q7 � T�i2Mi b�H2 T`Q+2bb i?�i ?�p2 BKT`Qp2/ �HHQ+�iBQM 2{+B2M+v �b �
`2bmHi Q7 i?2 T`QTQb2/ /2bB;MX 6B`biHv- i?2 BMBiB�H �HHQ+�iBQM Q7 HB+2M+2b iQ #B//2`b i?`Qm;?
Tm#HB+ b2�H2/ #B/ �m+iBQMb 2Mbm`2b i?�i i?2 #B//2` r?Q p�Hm2b i?2 HB+2M+2 i?2 KQbi rBHH
rBM i?2 �m+iBQMX a2+QM/Hv- >�`#2`;2` h�t �+ib �b � +QMiBMmQmb �m+iBQM K2+?�MBbKX A7
�7i2` �M �m+iBQM +QM+Hm/2b �M/ � 7mim`2 +QKT�Mv p�Hm2b i?2 B/2� KQ`2 i?2v rBHH #2 �#H2
iQ Tm`+?�b2 BiX

h?2b2 irQ TQBMib K2�M i?�i B/2�b �`2 �Hr�vb �HHQ+�i2/ iQ +QKT�MB2b i?�i p�Hm2 i?2K i?2
KQbi- 2p2M �7i2` � b�H2 ?�b +QM+Hm/2/ i?`Qm;? >�`#2`;2` h�t #mvQmibX 6m`i?2` `2b2�`+?
rQmH/ BMpQHp2 bBKmH�iBQM �M/ }M�M+B�H KQ/2HBM; iQ MmK2`B+�HHv p�HB/�i2 i?2b2 +H�BKbX

dXkX8 Sm#HB+ �m+iBQMb �M/ HB+2M+2 BM7Q`K�iBQM /Bb�/p�Mi�;2b
*QKT�MB2b F22T i?2B` T�i2Mi TQ`i7QHBQb �M/ i`�Mb�+iBQMb T`Bp�i2 iQ T`Qi2+i bi`�i2;B+ BM@
7Q`K�iBQM 7`QK +QKT2iBiQ`b UJ+*Hm`2- kyR8VX >Qr2p2` i?2 KQ/2H T`QTQb2/ BM i?Bb i?2bBb
i�F2b � bi`QM; bi�M+2 i?�i T�i2Mi BM7Q`K�iBQM- i`�/2b �M/ QrM2`b?BT b?QmH/ #2 Tm#HB+X
PT2MM2bb BM i?Bb `2;�`/ BKT`Qp2b �HHQ+�iBp2 2{+B2M+v- +`2�i2b � KQ`2 2z2+iBp2 T`B+BM;
b+?2K2 �M/ BM+`2�b2b K�`F2i HB[mB/Biv Qp2`�HHX h?Bb Bb #2M2}+B�H 7Q` T�i2Mi #mv2`b �M/
b2HH2`b #mi Bi KB;?i MQi #2 7Q` 2tBbiBM; T�i2Mi ?QH/2`b r?Q rQmH/ r�Mi iQ F22T i?2B`
TQ`i7QHBQb T`Bp�i2X

�b � `2bmHi- i?2 K�`F2iTH�+2 T`QTQb2/ BM i?Bb i?2bBb rBHH MQi rQ`F 7Q` �HH FBM/b Q7 T�i2Mib
�M/ BMi2HH2+im�H T`QT2`ivX AM 7�+i- K�Mv T�i2Mi ?QH/2`b rBHH #2 �+iBp2Hv �;�BMbi i?Bb /2bB;M
#2+�mb2 i?2v rQmH/ b�+`B}+2 i?2 bi`�i2;B+ �/p�Mi�;2 Q7 Q#b+m`Biv BM TQ`i7QHBQ ?QH/BM;bX
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6Q` i?Bb `2�bQM i?2 /2bB;M 7Q+mb2b T`BK�`BHv QM rQ`Fb i?�i b?QmH/ #2 F2Ti BM i?2 Tm#HB+
/QK�BMc rQ`Fb i?�i �`2 Tm#HBb?2/ 7`QK mMBp2`bBiB2bX GB+2M+2b Bbbm2/ rBi?BM i?Bb TH�i7Q`K
+�M 7Q`K T�`i Q7 � H�`;2` T`Bp�i2 T�i2Mi TQ`i7QHBQ B7 M22/ #2- #mi i?2 BM/BpB/m�H HB+2M+2b
�M/ i?2 QrM2`b i?2`2Q7 `2K�BM Tm#HB+ B7 i?2 B/2�b +�K2 7`QK mMBp2`bBiB2bX

dXkXe AKTHB+�iBQMb Q7 HB+2M+2 `2pQ+�iBQM i?`Qm;? >�`#2`;2` h�t
A7 � HB+2M+2 ?2H/ #v � +QKT�Mv Bb `2pQF2/ �b � `2bmHi Q7 � >�`#2`;2` h�t #mvQmi i?2M
i?2 +QKT�Mv i?�i HQb2b �++2bb iQ i?2 HB+2M+2 +QmH/ #2 bB;MB}+�MiHv /Bb�/p�Mi�;2/X h?Bb
Bb +QKTQmM/2/ B7 i?2v ?�p2 BMp2bi2/ BMiQ BM7`�bi`m+im`2 iQ +�TBi�HBx2 QM i?2 HB+2M+2X a�v-
7Q` 2t�KTH2- h2bH� BMp2bib #BHHBQMb BMiQ #mBH/BM; � 7�+iQ`v iQ #mBH/ i?2 #�ii2`v T�i2Mi2/ #v
i?2 lMBp2`bBiv Q7 .�H?QmbB2X hQvQi� bm#KBib � #mvQmi `2[m2bi- r?B+? Bb bm++2bb7mHX h?Bb
`2bmHib BM i?2 i`�Mb72` Q7 i?2 HB+2M+2 7`QK h2bH� iQ hQvQi�X h?Bb +QmH/ #2 p2`v /2i`BK2Mi�H
iQ h2bH� r?Q ?�b BMp2bi2/ p�bi bmKb Q7 KQM2v BMiQ i?2 K�Mm7�+im`BM; 7�+BHBiB2bX h?2`2
�`2 irQ K�BM +QMbB/2`�iBQMb ?2`2 BM /2�HBM; rBi? i?Bb bBim�iBQM r?B+? �`2 MQr 2tTHQ`2/X

6B`biHv- �b B/2MiB}2/ QmiHBM2/ BM b2+iBQM 9X8X9- �7i2` � HB+2M+2 Bb `2pQF2/ 7`QK >�`#2`;2`
h�t i?2 T`2pBQmb HB+2M+2 QrM2` +�M +QMiBMm2 mbBM; i?2 HB+2M+2 7Q` � +�H+mH�i2/ T2`BQ/ Q7
iBK2 #27Q`2 Bi #2+QK2b BMp�HB/X h?Bb ;`�+2 T2`BQ/ Bb � 7mM+iBQM Q7 ?Qr HQM; i?2 HB+2M+2
?QH/2` ?2H/ i?2 HB+2M+2 7Q` #27Q`2 `2pQ+�iBQMX h?Bb ;`�+2 T2`BQ/ Q7 iBK2 rBHH 2M�#H2 h2bH�
iQ 2Bi?2`,

RX i`v �M/ #mv i?2 HB+2M+2 #�+F 7`QK hQvQi�-

kX #mBH/ #�ii2`B2b 7Q` i?2 `2K�BMBM; /m`�iBQM Q7 i?2B` HB+2M+2 i?2M biQT Q`

jX }M/ �MQi?2` HB+2M+2fT�i2Mi i?�i i?2v +�M +�TBi�HBx2 QM BM i?2B` T`Q/m+iBQM 7�+BHBiv
Q` +?�M;2 i?2B` /2bB;MX

LQM2 Q7 i?2b2 QTiBQMb �`2 M2+2bb�`BHv B/2�HX Ai Bb BKTQ`i�Mi iQ `2K2K#2` rBi? >�`#2`;2`
h�t i?�i B7 h2bH� ?�/ b2i i?2B` p�Hm�iBQM Q7 i?2 HB+2M+2 2[m�H iQ i?2B` i`m2 p�Hm�iBQM i?2M
i?2v rBHH MQi HQb2 �Mv 7mim`2 T`Q}i 7`QK ?�pBM; i?2 HB+2M+2 `2pQF2/X a�v h2bH� +�H+mH�i2b
i?2B` T`Q}i �M/ +Qbib Q7 i?2 7�+iQ`v �M/ /2i2`KBM2b i?2 p�Hm2 Q7 i?2 HB+2M+2 iQ #2 0R #BHHBQMX
A7 hQvQi� p�Hm2b i?2 HB+2M+2- �i 0k #BHHBQM �M/ #mvb Bi Qz h2bH� 7Q` 0RXR #BHHBQM i?2M h2bH�
?�b MQi HQbi �Mvi?BM; #2+�mb2 i?2v rBHH ?�p2 #22M T�B/ i?2 �KQmMi i?�i i?2v ?�/ p�Hm2/
i?2 HB+2M+2 �i BM i?2 }`bi TH�+2X

h?Bb �#BHBiv iQ `2pQF2 � HB+2M+2 Bbbm2/ iQ � +QKT�Mv r?Q ?�b BMp2bi2/ BM Bi +QmH/ 2tTQb2
+QKT�MB2b iQ mMT`2/B+i�#H2 HBiB;�iBQM `BbFX 6Q` 2t�KTH2 � S�1 +QmH/ #mv h2bH�Ƕb HB+2M+2
7`QK i?2K rBi? i?2 BMi2MiBQM Q7 bmBM; i?2K 7Q` BM7`BM;BM; QM i?2 T�i2MiX h?Bb `BbF rQmH/
K�F2 QrMBM; HB+2M+2b i?�i �`2 Bbbm2/ BM i?Bb r�v `BbFv 7Q` +QKT�MB2b mMH2bb i?2v FM2r i?�i
i?2v +QmH/ T`Qi2+i �;�BMbi i?Bb `BbFX >Qr2p2`- i?2 HB+2M+2 p�HB/Biv T2`BQ/ �7i2` `2pQ+�iBQM
KBiB;�i2b i?Bb `BbFX LQr- i?2 S�1 rQmH/ M22/ iQ ?QH/ i?2 HB+2M+2 mMiBH i?2B` i�`;2ib HB+2M+2
2tTB`2bX h?Bb K�F2b i?Bb 7Q`K Q7 �ii�+F p2`v 2tT2MbBp2 �b i?2v rBHH M22/ iQ T�v i�t QM Bi
7Q` i?2 /m`�iBQMX 6m`i?2` `2b2�`+? BMiQ i?2 BKTHB+�iBQMb Q7 >�`#2`;2` h�t rBi? BMi2HH2+im�H
T`QT2`iv �M/ i?2 BKTHB+�iBQMb 7Q` S�1b Bb `2[mB`2/ iQ #2ii2` mM/2`bi�M/ i?Bb T�`iB+mH�`
b+2M�`BQX

dy



dXkXd >�`#2`;2` h�t �M/ `2T`2b2Mi�iBp2 T`B+BM;
A7 �M B/2� Bb HBbi2/ BM i?2 K�`F2iTH�+2 rBi? >�`#2`;2` h�t i?2M �i �HH TQBMib � K�`F2i
`2T`2b2Mi�iBp2 T`B+2 +�M #2 �ii�BM2/X h?Bb Bb � bB;MB}+�Mi BKT`Qp2K2Mi Qp2` i?2 +m``2Mi
T�i2Mi K�`F2iTH�+2 �b 2�+? �M/ 2p2`v B/2� HBbi2/ rBi? >�`#2`;2` h�t rBHH ?�p2 � +m``2Mi
�bFBM; T`B+2 �bb2bb2/ #v i?2 +m``2Mi QrM2`X h?Bb K2�Mb i?�i i?2 T`B+2 Q7 i?2 B/2� �i �Mv
TQBMi BM iBK2 b?QmH/ 7mHHv `2~2+i �b Km+? �p�BH�#H2 K�`F2i BM7Q`K�iBQM �b TQbbB#H2X "2@
+�mb2 i?2 +m``2Mi QrM2` Kmbi b2i i?Bb T`B+2- i?2 T`B+BM; �HHQ+�iBQM #2+QK2b KQ`2 `2~2+iBp2
Q7 i?2 i`m2 p�Hm�iBQMX h?Bb `2bmHib BM �M BM+`2�b2/ K�`F2i 2{+B2M+vX

dXkX3 ai`�i2;B+ BKTHB+�iBQMb Q7 >�`#2`;2` h�t `B;?i Q7 }`bi Qz2`
h?2 >�`#2`;2` h�t KQ/2H T`2b2Mi2/ ?�b � MQiBQM Q7 `B;?i Q7 }`bi Qz2`X h?Bb 2M�#H2b i?2
+m``2Mi HB+2M+2 QrM2` iQ K�i+? � #mvQmi Qz2` bm#KBii2/ 7Q` � HB+2M+2 i?2v QrMX 6Q` �
#mvQmi Qz2` iQ #2 bm++2bb7mH Bi M22/b iQ bm#KBi � p�Hm�iBQM Q7 �i H2�bi 8W KQ`2 i?�M i?2
+m``2Mi HBbi2/ T`B+2X PM+2 � #mvQmi ?�b #22M bm#KBii2/ i?2 +m``2Mi HB+2M+2 ?QH/2` ?�b
irQ r22Fb iQ 2Bi?2` BM+`2�b2 i?2B` T`Bp�i2 p�Hm�iBQM iQ K�i+? i?2 #mvQmi Qz2` �M/ F22T
i?2 HB+2M+2 Q` /Q MQi?BM; �M/ +?QQb2 iQ HQb2 i?2 HB+2M+2X

h?Bb K2+?�MBbK BMi`Q/m+2b �M QTTQ`imMBiv 7Q` HB+2M+2 ?QH/2`b iQ ;2i �r�v rBi? mM/mHv
HQr i�t `�i2b B7 i?2 HB+2M+2 BM [m2biBQM Bb MQi ?B;?Hv /2K�M/2/X h?Bb rQ`Fb #v i?2 HB+2M+2
?QH/2` b2iiBM; �M �`#Bi`�`v HQr p�Hm�iBQM 7Q` i?2 HB+2M+2X h?Bb +�M #2 � bK�HH 7`�+iBQM Q7
i?2B` i`m2 p�Hm�iBQMX A7 i?2 HB+2M+2 Bb MQi BM ?B;? /2K�M/ i?2M i?2 ?QH/2` /Q2b MQi T�v �
`2T`2b2Mi�iBp2 i�t #2+�mb2 MQ QM2 rBHH �ii2KTi � #mvQmiX A7 �i �Mv TQBMi bQK2QM2 i`B2b iQ
#mvQmi i?2 HB+2M+2 i?2 HB+2M+2 ?QH/2` BM+`2�b2b i?2B` p�Hm�iBQM mMiBH RV i?2 #mvQmi Qz2`b
biQT B7 i?2 HB+2M+2 ?QH/2`b p�Hm�iBQM Bb H�`;2` i?�M i?2 #mvQmi #B//2`b p�Hm�iBQM Q` kV i?2
#mvQmi bm++22/b B7 i?2 #mvQmi #B//2`b p�Hm�iBQM Bb H�`;2` i?�M i?2 +m``2Mi HB+2M+2 ?QH/2`X
AM 2Bi?2` +�b2 i?2`2 Bb �M BM2{+B2M+v BMi`Q/m+2/ /m2 iQ i?2 T2`BQ/ Q7 iBK2 r?2`2BM i?2
p�Hm2 r�b mM/2` `2TQ`i2/ #v i?2 HB+2M+2 ?QH/2` �M/ bQ i?2 HB+2M+2 Bbbm2` KBbb2b Qmi QM
bQK2 TQi2MiB�H `2p2Mm2X

h?Bb K2�Mb i?�i i?2 >2`#2`;2` h�t KQ/2H KB;?i #2 QMHv �TT`QT`B�i2 BM K�`F2ib r?2`2
i?2`2 Bb �+iBp2 /2K�M/ 7Q` HB+2M+2b �M/ r?2`2 HB+2M+2 ?QH/2`b �`2 BM+2MiBpBx2/ iQ b2i i`m2
p�Hm�iBQMbX �M �Hi2`M�iBp2 bQHmiBQM Bb iQ `2KQp2 i?2 `B;?i Q7 }`bi Qz2` 7Q` HB+2M+2 ?QH/2`bX
A7 i?Bb Bb `2KQp2/ i?2M +m``2Mi ?QH/2`b �`2 BM+2MiBpBx2/ iQ KQ`2 �++m`�i2Hv `2TQ`i i?2B`
HB+2M+2 p�Hm�iBQMb �b �i �Mv TQBMi i?2 HB+2M+2 +�M #2 `2pQF2/ i?`Qm;? � #mvQmiX �b �
`2bmHi- i?2 +m``2Mi ?QH/2` rBHH b2i i?2 p�Hm2 iQ i?2B` i`m2 p�Hm�iBQM iQ 2Mbm`2 i?�i 2p2M B7
i?2`2 Bb � #mvQmi i?2v rBHH 2ti`�+i i?2B` p�Hm�iBQM 7`QK i?2 HB+2M+2 `�i?2` i?�M ;2iiBM;
mM/2`+QKT2Mb�i2/X >Qr2p2`- i?2 `2KQp�H Q7 i?2 `B;?i Q7 }`bi Qz2` K�F2b i?2 >�`#2`;2`
h�t bvbi2K 2ti`2K2Hv `BbFv 7Q` HB+2M+2 ?QH/2`bX Ai Bb 7Q` i?Bb `2�bQM i?�i Bi r�b BMi`Q/m+2/
BM i?2 }`bi TH�+2, iQ T`Qi2+i HB+2M+2 ?QH/2`b �;�BMbi QTTQ`imMBbiB+ #mvQmibX

dXj h2+?MB+�H BKTH2K2Mi�iBQM pB�#BHBiv �M�HvbBb
L2ti- i?2 T`2b2Mi2/ K�`F2iTH�+2Ƕb BKTH2K2Mi�iBQM Bb �M�Hvx2/ BM i2`Kb Q7 mb�#BHBiv- pB�#BH@
Biv �M/ bmbi�BM�#BHBivX � MmK#2` Q7 `2�H rQ`H/ b2+m`Biv +QMbB/2`�iBQMb �`2 �HbQ /Bb+mbb2/X
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dXjXR �TTHB+�iBQM mb�#BHBiv
"HQ+F+?�BM �TTHB+�iBQM mb2` 2tT2`B2M+2 UlsV Bb MQiQ`BQmbHv /B{+mHi iQ ;2i `B;?iX h?Bb
Bb T`BK�`BHv /m2 iQ H�+F Q7 iQQHBM; rBi?BM i?2 2+Qbvbi2K r?B+? Bb +QMbi�MiHv 2pQHpBM;
�M/ +?�M;BM;X �b � `2bmHi- � HQi Q7 rQ`F Bb H27i mT iQ i?2 /2p2HQT2` iQ K�F2 i?2 ls
�TT`Q�+?�#H2X h?Bb Bb BM +QMi`�bi iQ i?2 +m``2Mi r2#kXy rQ`H/ Q7 iQ/�v r?2`2 i?2`2 Bb
� r2�Hi? Q7 T�+F�;2b- HB#`�`B2b �M/ iQQHb �i � /2p2HQT2`b /BbTQb�H iQ K�F2 2�bv iQ mb2
�TTHB+�iBQMbX

�M �//BiBQM�H T`Q#H2K Bb i?�i K�Mv �TTHB+�iBQMb K�F2 �bbmKTiBQMb �`QmM/ i?2B` mb2`b
i2+?MB+�H +QKT2i2M+v #v i�`;2iBM; � bT2+B}+ mb2` ;`QmT Q7 T2QTH2 �H`2�/v rBi?BM i?2 +`vTiQ
2+Qbvbi2KX 6Q` 2t�KTH2 �M �TTHB+�iBQM KB;?i �bbmK2 i?�i Bib mb2`b ?�p2 � r�HH2i �M/ FMQr
?Qr iQ mb2 BiX >Qr2p2`- i?Bb K�F2b i?2 �TTHB+�iBQM mM�TT`Q�+?�#H2 #v � ǳMQ`K�HǴ mb2`
r?Q /Q2b MQi ?�p2 i?Bb bT2bB}+ bFBHH b2iX q?BH2 i?Bb Bb }M2 7Q` +`vTiQ bT2+B}+ �TTHB+�iBQMb
Bi K�F2b ;�BMBM; �Mv FBM/ Q7 `2�H rQ`H/ i`�+iBQM /B{+mHi BM #`Q�/2` +QMi2tibX

AM �M 2zQ`i iQ K�F2 i?2 �TTHB+�iBQM �b mb�#H2 �b TQbbB#H2 i?2 K�`F2iTH�+2 T`2b2Mi2/ BM
i?Bb i?2bBb �BKb iQ �#bi`�+i �b Km+? +QKTH2tBiv �r�v 7`QK i?2 mb2` �b TQbbB#H2X h?Bb Bb
/QM2 T`BK�`BHv #v `2KQpBM; ;�b +Qbib i?`Qm;? K2i� i`�Mb�+iBQMb- Qz2`BM; MQM@+mbiQ/B�H
r2# #�b2/ r�HH2i BMi2;`�iBQM rBi? SQ`iBb �M/ 2�b2 6B�i QM#Q�`/BM; rBi? qv`2X q?BH2
i?2b2 +QMbB/2`�iBQMb ?2HT iQ bBKTHB7v i?2 �TTHB+�iBQM- i?2v /Q MQi M2+2bb�`BHv KBiB;�i2 �HH
Q7 i?2 +Q;MBiBp2 Qp2`?2�/ �bbQ+B�i2/ rBi? � #HQ+F+?�BM �TTHB+�iBQMX 6m`i?2` /2p2HQTK2Mi
�M/ iQQHBM; Bb `2[mB`2/ iQ K�F2 i?2 K�`F2i �b �TT`Q�+?�#H2 �b iQ�/vǶb r2#kXy �TTHB+�iBQMX

lHiBK�i2Hv �Mv #HQ+F+?�BM �TTHB+�iBQM b?QmH/ #2 bBKTH2 2MQm;? i?�i i?2 mb2` /Q2b MQi
2p2M FMQr i?2v �`2 mbBM; #HQ+F+?�BM Q` ?Qr Bi rQ`FbX uQm b?QmH/ MQi M22/ iQ FMQr ?Qr
h*SfAS rQ`Fb iQ mb2 6�+2#QQFX h?2 b�K2 K�Mi`� b?QmH/ �TTHv iQ #HQ+F+?�BM #�b2/
�TTHB+�iBQMbX

dXjXk L22/ 7Q` � r�HH2i �M/ 7Q`2B;M MQK2M+H�im`2
SQ`iBb bm++2bb7mHHv �#bi`�+ib �r�v Km+? Q7 i?2 +QKTH2tBiv rBi? ?�pBM; � r�HH2i �b i?2
mb2` MQ HQM;2` M22/b iQ K�M�;2 i?2B` T`Bp�i2 F2vb BM � +QKTH2t r�vX >Qr2p2` Bi /Q2b
MQi +QKTH2i2Hv `2KQp2 i?2 +Q;MBiBp2 Qp2`?2�/ 7Q` M2r mb2`b �b vQm biBHH M22/ iQ BMi2`�+i
rBi? � 7Q`2B;M BMi2`7�+2- mM/2`bi�M/ r?�i � r�HH2i Bb �M/ ?Qr iQ BMi2`�+i rBi? BiX h?2`2
Bb � H2�`MBM; +m`p2 �bbQ+B�i2/ rBi? i?BbX AM iBK2- i?Bb rBHH #2+QK2 KQ`2 +QKKQM TH�+2 BM
Qi?2` �TTHB+�iBQMb #mi 7Q` MQr Bi Bb [mBi2 � 7Q`2B;M +QM+2TiX

J�Mv #HQ+F+?�BM �TTHB+�iBQMb BMi`Q/m+2 � b2i Q7 D�`;QM r?B+? Bb /B{+mHi 7Q` M2r mb2`b iQ
TB+F mT �M/ mM/2`bi�M/X hQ i`v �M/ KBiB;�i2 i?Bb i?2 T`QTQb2/ K�`F2iTH�+2 mb2/ �b bBKTH2
i2`KBMQHQ;v �M/ rQ`/BM; �b TQbbB#H2 r?2M /2b+`B#BM; i?2 mb2` BMi2`7�+2 �M/ T`Q+2bb iQ
i?2 mb2`X 6mim`2 BKTH2K2Mi�iBQMb b?QmH/ BM+Hm/2 � b2i Q7 imiQ`B�H pB/2Qb 2tTH�BMBM; 2p2`v
T�`i Q7 i?2 mb2` BMi2`�+iBQM ~QrX

dXjXj PM �M/ Qz #Q�`/BM;
6B�i QM �M/ Qz #Q�`/BM; +QKTH2tBiv ?�b #22M KBMBKBx2/ i?`Qm;? qv`2X >Qr2p2` Bi Bb
biBHH +?�HH2M;BM; 7Q` M2r mb2`b �M/ i?Bb �TT`Q�+? K�F2b �bbmKTiBQMb �`QmM/ i?2 FBM/b Q7
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T�vK2Mi QTiBQMb +QKT�MB2b ?�p2X 6Q` 2t�KTH2 qv`2 `2[mB`2b i?2 #mv2` iQ ?�p2 �++2bb iQ
� +`2/Bi +�`/ iQ #mv .�BX h?Bb `2bi`B+iBQM KB;?i HBKBi r?Q +�M BMi2`�+i rBi? i?2 TH�i7Q`KX

lHiBK�i2Hv i?2 T`QTQb2/ ls BKT`Qp2K2Mib rBHH ?2HT BM #`BM;BM; M2r mb2`b BMiQ i?2 �TTHB@
+�iBQM #mi `2�H rQ`H/ i2biBM; Bb `2[mB`2/ iQ 7m`i?2` p�HB/�i2 i?2b2 +H�BKbX JQ`2Qp2`- i?2
#HQ+F+?�BM 2+Qbvbi2K �b � r?QH2 M22/b iBK2 iQ K�im`2 7m`i?2` #27Q`2 rB/2 b+�H2 �/QTiBQM
Bb i`mHv TQbbB#H2X h?Bb Bb MQi mMB[m2 iQ i?2 K�`F2iTH�+2 T`2b2Mi2/ #mi �Mv #HQ+F+?�BM
#�b2/ �TTHB+�iBQM BM ;2M2`�HX

dXjX9 *QKT�Mv `2;Bbi`�iBQM p2`B}+�iBQM
h?2 `2;Bbi`�iBQM T`Q+2bb T`QTQb2/ /Q2b MQi `2bi`B+i �Mv mb2` 7`QK bB;MBM; mT �b � +QKT�Mv
iQ T�`iB+BT�i2 BM �m+iBQMbX h?Bb QT2MM2bb Bb T�`i Q7 i?2 /2bB;M iQ i`v �M/ BM+`2�b2 i?2
MmK#2` Q7 #B//2`b- i?2`2#v K�tBKBxBM; i?2 b2HH2`b TQi2MiB�H `2p2Mm2X �//BiBQM�HHv- QT2M
`2;Bbi`�iBQM /Q2b MQi /Bb+`BKBM�i2 �;�BMbi QM2 mb2` ;`QmT- bBx2 Q` HQ+�iBQMX

GB+2M+2 #mv2`b �`2 BM+2MiBpBb2/ iQ +Q``2+iHv `2TQ`i i?2B` `2;Bbi`�iBQM BM7Q`K�iBQM �b B7 i?Bb
Bb /QM2 BM+Q``2+iHv i?2 HB+2M+2 K�v #2 BMp�HB/ BM � +Qm`i Q7 H�rX a�v- 7Q` 2t�KTH2- i?�i h2bH�
BM+Q``2+iHv `2;Bbi2`b QM i?2 TH�i7Q`K #27Q`2 �M �m+iBQM �b � /Bz2`2Mi +QKT�MvX 1p2M B7
i?2v rBM i?2 �m+iBQM �M/ ?�p2 � HB+2M+2 Bbbm2/ iQ i?2K i?2v rBHH MQi #2 H2;�HHv T`Qi2+i2/
#v i?2 HB+2M+2 �b Bi r�b Bbbm2/ iQ � /Bz2`2Mi +QKT�MvX *H2�`Hv ?QH/BM; �M/ bm#bB/B�`v
+QKT�Mv +QM};m`�iBQMb �`2 TQbB#H2 BMpQHpBM; bm# HB+2MbBM; #mi 2p2M BM i?2b2 b2iiBM;b i?2
+Q`2 T`2KBb2 `2K�BMb, BM+Q``2+iHv `2TQ`iBM; vQm` +QKT�Mv BM7Q`K�iBQM `mMb � `BbF Q7 MQi
#2BM; �#H2 iQ H2;�HHv 2t2+mi2 QM i?2 HB+2M+2 Bbbm2/X

6mim`2 p2`bBQMb Q7 i?2 TH�i7Q`K b?QmH/ BM+Q`TQ`�i2 � KQ`2 `Q#mbi K2+?�MBbK Q7 p�HB/�iBM;
+QKT�Mv `2;Bbi`�iBQMX

dXjX8 �m+iBQM ;�KBM; i?`Qm;? KmHiBTH2 #B/ bm#KBbbBQMb
�M �/p2`b�`B�H #B//2` +�M ;�K2 i?2 T`QTQb2/ �m+iBQM K2+?�MBbK #v bm#KBiiBM; KmHiBTH2
b2�H2/ #B/b �M/ QMHv +?QQbBM; iQ `2p2�H i?2 #B/ i?�i K�tBKBx2 i?2B` miBHBivX .m`BM; i?2
+QKKBi T?�b2 Q7 i?2 �m+iBQM- �HH #B/b �`2 F2Ti b2+`2i �M/ MQi b?�`2/ #2ir22M #B//2`bX
>Qr2p2`- /m`BM; i?2 `2p2�H T?�b2 �HH #B/ BM7Q`K�iBQM #2+QK2b Tm#HB+ iQ �HH �m+iBQM #B//2`bX
�b � `2bmHi- � /2i2`KBM2/ #B//2` +QmH/ +?QQb2 iQ bm#KBi K�Mv #B/b Qp2` � `�M;2 Q7 p�Hm2b
BM i?2 +QKKBi T?�b2 �M/ i?2M QMHv `2p2�H i?2 #B/ i?�i rBHH ;m�`�Mi22 i?2 rBMX h?Bb K2�Mb
i?�i i?2 #B//2` rBHH mM/2`T�v QM r?�i i?2B` i`m2 p�Hm�iBQM Q7 i?2 HB+2M+2 Bb #v rBMMBM;
i?2 �m+iBQM rBi? � #B/ i?�i Bb HQr2` i?�M i?2B` K�tBKmK rBHHBM;M2bb iQ T�vX

h?2`2 �`2 � MmK#2` Q7 r�vb iQ KBMBKBx2 i?Bb 7Q`K Q7 K2+?�MBbK 2tTHQBi�iBQMX 6B`biHv-
�HH #B//2`b QM i?2 TH�i7Q`K Kmbi `2;Bbi2` #27Q`2 i?2v +�M T�`iB+BT�i2X *QmTH2/ rBi?
i?Bb- �HH +QKT�Mv �++QmMib �`2 HBKBi2/ iQ bm#KBi 2t�+iHv QM2 #B/ BM 2�+? �m+iBQMX �Mv
bm#b2[m2Mi #B/ T�bi i?2B` BMBiB�H #B/ Bb `2D2+i2/X h?2`27Q`2 � #B//2` Kmbi +�M+2H �M/
`2@bm#KBi iQ mT/�i2 i?2B` #B/ �KQmMiX h?Bb- ?Qr2p2`- /Q2b MQi T`2p2Mi i?2 �m+iBQM
K2+?�MBbK 7`QK bv#BH �ii�+F r?2`2BM �M �/p2`b�`B�H #B//2` +`2�i2b KmHiBTH2 �++QmMib
�M/ +?QQb2b iQ QMHv `2p2H i?2 #B/b QM QM2 Q7 i?2B` �++QmMib i?2`2#v �+?B2pBM; i?2 b�K2
K2+?�MBbK 2tTHQBi�iBQMXR h?Bb FBM/ Q7 �ii�+F Bb /B{+mHi iQ T`2p2Mi �;�BMbi ;Bp2M i?2

R� bv#BH �ii�+F Bb �M �ii�+F QM �M B/2MiBiv bvbi2K r?2`2 �M �ii�+F2` +`2�i2b K�Mv Tb2m/QMvKQmb
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+QKT�Mv p2`B}+�iBQM K2+?�MBbK T`2b2Mi2/ Bb MQi 2ti`2K2Hv `Q#mbi- �b /Bb+mbb2/ BM TQBMi
dXjX9 �#Qp2X

PM2 T`QTQb2/ r�v iQ /272M/ �;�BMbi i?Bb �ii�+F Bb iQ `2[mB`2 �HH #B/b iQ #2 �++QKT�MB2/
#v � `27mM/�#H2 bi�F2X A/2�HHv- i?Bb bi�F2 b?QmH/ #2 T`QTQ`iBQM�H iQ i?2 #B//2`b #B/ #mi
i?Bb 7mM/�K2Mi�HHv /272�ib i?2 TQBMi Q7 � b2�H2/ #B/ �m+iBQM �b i?Bb rBHH H2�F BM7Q`K�iBQMX
�Hi2`M�iBp2Hv- i?2 bi�F2 +QmH/ #2 T`QTQ`iBQM�H iQ i?2 �m+iBQM T`B+2 ~QQ`- i?2`2#v b2iiBM;
i?2 b�K2 KQM2i�`v `2[mB`2K2Mi 7Q` �HH #B//2`bX h?Bb- ?Qr2p2`- /Q2b MQi T`2p2Mi i?Bb
�ii�+F �b � K�HB+BQmb #B//2` rBi? � ?B;? #m/;2i +�M biBHH +`2�i2 KmHiBTH2 �++QmMib �M/
7mM/ i?2K �++Q`/BM;Hv iQ +QM/m+i i?Bb �ii�+FX

6m`i?2` `2b2�`+? BMiQ KQ`2 `Q#mbi +QKT�Mv `2;Bbi`�iBQM K2+?�MBbKb �M/ �//BiBQM�H /2bB;M
+QMbB/2`�iBQMb �`2 `2[mB`2/ iQ 7mHHv KBiB;�i2 i?Bb �ii�+F p2+iQ`X

dXjXe aK�`i +QMi`�+i 7`QMi `mMMBM;
aK�`i +QMi`�+i bvbi2Kb BMi`Q/m+2 � MmK#2` Q7 TQi2MiB�H �ii�+F p2+iQ`b �M/ pmHM2`�#BHB@
iB2bX 6Q` QM2- #HQ+F KBMBM; �M/ T`QT�;�iBQM iBK2 QT2Mb bvbi2Kb mT iQ 7`QMi `mMMBM; Q7
i`�Mb�+iBQMbX h?Bb Q++m`b r?2M bQK2QM2 KQMBiQ`b i?2 #HQ+F+?�BM 7Q` i`�Mb�+iBQMb i?2v
+�M i�F2 �/p�Mi�;2 Q7 �M/ bm#KBib � i`�Mb�+iBQM rBi? � ?B;?2` ;�b T`B+2 r?B+? `2bmHib
BM i?2 i`�Mb�+iBQM #2BM; KBM2/ #27Q`2 i?2 2tTHQBi2/ i`�Mb�+iBQMXk h?Bb FBM/ Q7 �ii�+F Bb
+QKKQM BM /2+2Mi`�HBx2/ 2t+?�M;2b U.2t2bV r?2`2BM 7`QMi `mMM2`b HQQF 7Q` i`�/2b i?�i
i?2v +�M 2tTHQBi i?`Qm;? bm#KBiiBM; �M Q`/2` #27Q`2 i?2 H2;BiBK�i2 Q`/2`X

�m+iBQM 7`QMi `mMMBM; Bb MQi TQbbB#H2 /m2 iQ i?2 +QKKBi `2p2�H #B/ T`Q+2bb mb2/X A7 i?2
#B/b r2`2 QT2M i?2M 7`QMi `mMMBM; #2+QK2b � K�DQ` T`Q#H2K, � #B//2` +�M bBKTHv r�Bi
mMiBH i?2 2M/ Q7 i?2 �m+iBQM �M/ #B/ Dmbi �#Qp2 i?2 ?B;?2bi #B/- rBMMBM; i?2 �m+iBQMX
h?Bb Bb +QKKQMHv `272``2/ iQ �b #B/ bMBTBM; BM i`�/BiBQM�H �m+iBQMb Uh`2p�i?�M �M/ _2�/-
kyyeVX AM i?Bb +�b2 i?2 #HQ+F+?�BM K�F2b i?Bb #2?�pQm` 2p2M 2�bB2` iQ /Q /m2 iQ i?2 bHQr
#HQ+F T`Q+2bbBM; iBK2bX A7 KmHiBTH2 #B//2`b �`2 #Qi? �ii2KTiBM; iQ bMBT2 � #B/ i?2M i?2v
rBHH 2M;�;2 BM � ;�b #B//BM; r�` r?2`2BM 2�+? T`Q;`2bbBp2Hv `�Bb2b i?2 ;�b �bbQ+B�i2/ rBi?
i?2B` #B/- MQi i?2 #B/ �KQmMi- iQ 2Mbm`2 i?�i i?2B` i`�Mb�+iBQM Bb BM+Hm/2/ BM i?2 #HQ+F
�M/ i?�i i?2B` +QKT2iBiQ`b Bb MQiX a2�H2/ #B/b T`2p2Mi i?Bb #2?�pQm` �b #B//2`b ?�p2 MQ
FMQrH2/;2 Q7 i?2B` +QKT2iBiQ`b #B/bX

h?2 >�`#2`;2` h�t K2+?�MBbK ?Qr2p2` Bb pmHM2`�#H2 iQ � FBM/ Q7 7`QMi `mMMBM; �ii�+FX
h�F2 i?2 +�b2 Q7 � HB+2M+2 #mvQmiX a�v h2bH� QrMb � HB+2M+2 �M/ hQvQi� ?�b bm#KBii2/
� #mvQmi `2[m2bi rBi? � bm{+B2MiHv ?B;? T`QTQb2/ �KQmMiX h2bH� +�M +?QQb2 iQ BM+`2�b2
i?2B` T`Bp�i2 p�Hm�iBQM- i?2`2#v K�FBM; i?2 hQvQi� #mvQmi BMp�HB/X h?2 7`QMi `mMMBM;
�ii�+F +�M +QK2 BM r?2`2 hQvQi� r�Bib mMiBH Dmbi #27Q`2 i?2 2M/ Q7 i?2 #mvQmi T2`BQ/
U/2}M2/ �b irQ r22Fb BM b2+iBQM 8XkXRXRV �M/ bm#KBib � i`�Mb�+iBQM i?�i rBHH Dmbi #2�i
h2bH�Ƕb p�Hm�iBQMX A7 i?Bb �ii�+F Bb /QM2 +Q``2+iHv i?Bb i`�Mb�+iBQM b?QmH/ #2 BM+Hm/2/ BM
i?2 H�bi #HQ+F #27Q`2 i?2 2M/ Q7 i?2 #mvQmi T2`BQ/X hQvQi� +�M KQMBiQ` i?2 #HQ+F+?�BM iQ
b22 B7 h2bH� bm#KBib �M BM+`2�b2 �M/ B7 i?2v /Q i?2v +�M BKK2/B�i2Hv BM+`2�b2 i?2B` #mvQmi
B/2MiBiB2b iQ K�MBTmH�i2 i?2 bvbi2KX

k:�b T`B+2 �+ib �b � K2+?�MBbK iQ +QKT2Mb�i2 KBM2`b �M/ iQ T`BQ`BiBx2 i`�Mb�+iBQMbX A7 � i`�Mb�+iBQM
?�b ?B;?2` ;�b T`B+2 i?�M �MQi?2` i?2M Bi rBHH ;2i KBM2/ }`biX h?Bb Bb 2z2+iBp2Hv 2[mBp�H2Mi iQ � }`bi@T`B+2
�m+iBQMX

d9



`2[m2biX h?Bb #2?�pQm` rBHH T`2p2Mi h2bH� 7`QK `2bTQM/BM; BM � K2�MBM;7mH r�v �b i?2v
/Q MQi ?�p2 iBK2 iQ `2bTQM/ iQ i?2 #mvQmi `2[m2biX

hQ KBiB;�i2 i?Bb T`Q#H2K � MmK#2` Q7 bQHmiBQMb +QmH/ #2 BMi`Q/m+2/ BM 7m`i?2` p2`bBQMbX
h?2 bBKTH2bi Bb iQ 2M7Q`+2 i?�i i?2 #mvQmi `2[m2bib �M/ T`B+2 mT/�i2b ?�p2 � b�72 MmK#2`
Q7 #HQ+Fb #2ir22M i?2K �M/ i?2 2M/ Q7 i?2 #mvQmi T2`BQ/X h?Bb 2Mbm`2b i?�i #Qi? T�`iB2b
?�p2 bm{+B2MiHv HQM; iQ `2bTQM/ BM � #mvQmi �ii2KTiX �MQi?2` QTiBQM Bb iQ TH�+2 ;�b
HBKBib QM i`�Mb�+iBQMb bm#KBii2/ iQ i?2 +QMi`�+iX h?Bb HBKBib i?2 �#BHBiv 7Q` mb2`b iQ 7`QMi
`mM iQ bQK2 2ti2Mi �b ;�b #B//BM; r�`b #2+QK2 BKTQbbB#H2 #v +QMbi`m+iBQMX

dXjXd 6`QMi 2M/ b2+m`Biv pmHM2`�#BHBiB2b
.m2 iQ i?2 ?QbiBM; b2imT mb2/ BM i?2 K�`F2i i?2 7`QMi 2M/ Bb bmb+2TiB#H2 iQ � MmK#2` Q7
�ii�+FbX A7 �M �ii�+F2` r�b �#H2 iQ �++2bb i?2 �++QmMi /2i�BHb 7Q` �Mv Q7 i?2 +2Mi`�HBx2/
?QbiBM; b2`pB+2b mb2/ U:�M/B- *HQm/~�`2 Q` L2iHB7vV i?2v +QmH/ mTHQ�/ � K�HB+BQmb 7`QMi
2M/ �TTHB+�iBQM BM TH�+2 Q7 i?2 2tBbiBM; �TTHB+�iBQM rBi? i?2 BMi2MiBQM bi2�HBM; mb2`b 7mM/bX
6Q` 2t�KTH2- i?2 K�HB+BQmb r2#bBi2 +QmH/ `2TH�+2 �HH bK�`i +QMi`�+i BMi2`�+iBQMb rBi? �
i`�Mb�+iBQM i?�i bBT?QMb mb2`b r�HH2ib iQ i?2 �ii�+F2`X

h?2 T`QpB/2/ /272M+2 �;�BMbi i?Bb Bb a2+m`2 aQ+F2i G�v2` UaaGV i?`Qm;? >vT2`i2ti h`�Mb@
72` S`QiQ+QH a2+m`2U>hhSaVX h?Bb 2Mbm`2b i?�i �HH r2# T�;2b HQ�/2/ #v � mb2` ?�p2 �
bB;M�im`2 �M/ +2`iB}+�i2 �M/ B7 2Bi?2` Q7 i?2b2 +?�M;2 i?2 mb2` Bb BM7Q`K2/X h?Bb /272M+2
rQ`Fb �;�BMbi bQK2 �ii�+F p2+iQ`b #mi rQmH/ MQi T`2p2Mi Qi?2`b- bm+? �b � .La i�F2Qp2`
r?2`2BM �M �ii�+F2` TQBMib i?2 H2;BiBK�i2 /QK�BM M�K2 iQ � K�HB+BQmb r2# b2`p2`X

6m`m`2 BKTH2K2Mi�iBQMb- �b K2MiBQM2/ BM a2+iBQM eXjXd- b?QmH/ ?Qbi �HH r2#bBi2 }H2b /B@
`2+iHv QM AS6aX q?2M � mb2` HQ�/b i?2 T�;2 i?2B` #`Qrb2` rBHH #2 �#H2 iQ p�HB/�i2 i?�i
i?2 +QMi2Mi HQ�/2/ K�i+?2b i?�i +H�BK2/ #v i?2 /2p2HQT2` QM AS6aX h?Bb T`2p2Mib �Mv
K�HB+BQmb +Q/2 7`QK #2BM; BMD2+i2/ �b i?2 ?�b?2b rBHH MQ HQM;2` K�i+? �M/ i?2 mb2` rBHH
#2 BM7Q`K2/X

dX9 *?�Ti2` +QM+HmbBQM
h?Bb +?�Ti2` +`BiB+�HHv �M�Hvx2/ i?2 T`QTQb2/ /2bB;M 7`QK i?`22 K�BM TQBMib Q7 pB2r BM@
+Hm/BM; `2;mH�iQ`v �M/ H2;�H- K2+?�MBbK �M/ BM+2MiBp2b �M/ i2+?MB+�H /2bB;M �M/ BKTH2@
K2Mi�iBQMX h?2 /2bB;M T`2b2Mi2/ BKT`Qp2b BM bQK2 r�vb i?2 +m``2Mi #`QF2`�;2 K�`F2i
�M/ T`QpB/2b p�Hm�#H2 pBbB#BHBiv iQ i?2 QT�[m2 K�`F2iX AM+`2�b2/ �HHQ+�iBQM 2{+B2M+v
Bb �+?B2p2/ i?`Qm;? i?2 K�`F2i K�FBM; K2+?�MBbKb �M/ >�`#2`;2` h�t bvbi2KX >Qr@
2p2`- i?2`2 �`2 biBHH K�Mv H2;�H +QMbB/2`�iBQMb i?�i M22/ iQ #2 K�/2 �b r2HH �b `2;mH�iQ`v
+H2�`�M+2 #27Q`2 i?2 T`QTQb2/ K�`F2iTH�+2 7Q` B/2�b +QmH/ #2+QK2 � `2�H rQ`H/ T`Q/m+i BM
iQ/�vǶb 2+Qbvbi2KX h?2 i2+?MB+�H BKTH2K2Mi�iBQM Bb `Q#mbi �M/ K�BMi�BM�#H2- #mi `2[mB`2b
�//BiBQM�H /2p2HQTK2Mi �M/ iQQHBM; mMiBH i?2 �TTHB+�iBQM Bb i`mHv T`Q/m+iBQM `2�/vX lHiB@
K�i2Hv i?2 T`QTQb2/ bvbi2K `2[mB`2b 2ti2MbBp2 i2biBM; #27Q`2 Bi Bb �TT`QT`B�i2 iQ H�mM+?
BM � `2�H rQ`H/ b2iiBM;X

�//BiBQM�HHv- i?2 K2+?�MBbKb T`2b2Mi2/ BM i?Bb i?2bBb �`2 QMHv QM2 Q7 K�Mv TQbbB#H2 +QM@
bi`m+iBQMbX �TT2M/Bt C T`2b2Mib � MmK#2` Q7 �//BiBQM�H �`2�b Q7 `2b2�`+? i?�i r2`2 +QM@
bB/2`2/ BM i?2 r`BiBM; Q7 i?Bb i?2bBbX
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*?�Ti2` 3

*QM+HmbBQM

*QKK2`+B�HHv pB�#H2 B/2�b �`2 MQi �Hr�vb #Q`M iQ i?2B` #2bi mb2`bX h?Bb `2bmHib BM �M
�HHQ+�iBQM 2{+B2M+v T`Q#H2K #2ir22M B/2� +`2�iQ`b �M/ BKTH2K2MiQ`bX �b � bm#b2i Q7 �HH
B/2� +`2�iQ`b- �+�/2KB+b Q7i2M Tm#HBb? rQ`Fb i?�i rQmH/ #2 p�Hm�#H2 iQ BM/mbi`v- #mi i?2v
H�+F � bBKTH2 KQM�iBx�iBQM K2+?�MBbK iQ �HHQ+�i2 i?2K iQ i?2B` #2bi BKTH2K2MiQ`bX JQ`2
#`Q�/Hv- i?2`2 �`2 +QKTH2tBiB2b BM i`�/BM; B/2�b bm+? �b BM7Q`K�iBQM �bvKK2i`v- T�i2Mi
+QKTH2tBiv �M/ `2;mH�iBQMX h?Bb +QKTH2tBiv Bb T`2b2Mi BM i?2 +m``2Mi T�i2Mi K�`F2i r?B+?
`2bmHib BM i?2 T`QHB72`�iBQM Q7 �/p2`b2 b2H2+iBQM �M/ TQQ` K�`F2i 2{+B2M+vX

h?Bb i?2bBb T`2b2Mi2/ TQbB#H2 bQHmiBQMb iQ bQK2 Q7 i?2b2 T`Q#H2Kb #v T`QTQbBM; � K�`F2i@
TH�+2 7Q` B/2�b r?B+? 2M�#H2b �+�/2KB+b iQ KQM2iBx2 p�Hm�#H2 B/2�b i?`Qm;? � #HQ+F+?�BM
#�b2/ T�i2Mi HB+2MbBM; b+?2K2X h?2 K�BM i2+?MB+�H +QMi`B#miBQM Q7 i?Bb T�T2` Bb i?2 �m@
iQK�iB+ K�`F2i K2+?�MBbK BM+Hm/BM; b2�H2/ #B/ �m+iBQMb mb2/ BM i?2 BMBiB�H �HHQ+�iBQM Q7
HB+2Mb2bX h?Bb �m+iBQM H2p2`�;2b � T`Bp�+v T`2b2`pBM;- Tm#HB+Hv p2`B}�#H2 +QKKBi `2p2�H
b+?2K2 r?B+? `mMb QM i?2 1i?2`2mK #HQ+F+?�BMX �//BiBQM�HHv- bK�`i +QMi`�+i 2M7Q`+2/
>�`#2`;2` h�t Bb T`QTQb2/ iQ 7�B`Hv i�t B/2�b i?�i ;2M2`�i2 +QKK2`+B�H p�Hm2 7Q` HB+2Mb2
QrM2`bX h?2b2 bK�`i +QMi`�+ib �HbQ +`2�i2 +`vTiQ;`�T?B+�HHv mMB[m2 iQF2MBx2/ HB+2Mb2bX
h?Bb 2M�#H2b �+�/2KB+b iQ `2i�BM QrM2`b?BT Q7 i?2B` BMi2HH2+im�H T`QT2`iv- r?BH2 BbbmBM;
HB+2Mb2bX G�biHv- �iQKB+- i`mbiH2bb �M/ b2+m`2 T�vK2Mib �`2 T2`7Q`K2/ rBi?Qmi �Mv �/@
KBMBbi`�iBp2 BMi2`p2MiBQM mbBM; bK�`i +QMi`�+ibX h?�MFb iQ i?2 #HQ+F+?�BM- �HH QT2`�iBQMb
�`2 Tm#HB+Hv p2`B}�#H2 �M/ i`mbiH2bb i?2`2#v T`2p2MiBM; �Mv TQbbB#H2 K�MBTmH�iBQM 7`QK
i?2 K�`F2i QT2`�iQ` Q` K�`F2i T�`iB+BT�MibX

h?2 K�`F2i K2+?�MBbK Bb bm++2bb7mH BM Tm#HB+BbBM; HB+2MbBM; �M/ QrM2`b?BT BM7Q`K�iBQM-
i?2`2#v /2+`2�bBM; BM7Q`K�iBQM �bvKK2i`B2bX �//BiBQM�HHv- i?2 BKTH2K2Mi2/ �m+iBQM �M/
>�`#2`#2` h�t bvbi2Kb 2Mbm`2 i?�i i?Qb2 i?�i p�Hm2 i?2 HB+2M+2b i?2 KQbi QrM i?2KX h?Bb
BKT`Qp2b �HHQ+�iBQM 2{+B2M+v r?BH2 BM+`2�bBM; bQ+B�H r2H7�`2 #v 7mM/BM; i?2 BMbiBimiBQMb
i?�i bmTTQ`i2/ i?2 Q`B;BM�H `2b2�`+?X

de



"B#HBQ;`�T?v

.�pB/ aX �#`�Kb- l7mF �F+B;Bi- :QF?�M Px- �M/ C2`2Kv S2�`+2X h?2 S�i2Mi h`QHH, "2MB;M
JB//H2K�M Q` aiB+F@lT �`iBbi\ aa_L 1H2+i`QMB+ CQm`M�H- T�;2b RĜ88- kyRNX /QB, RyXkRjNf
bb`MXjjeRkR8X

l7mF �F+B;Bi- Jm`�i �HT *2HBF- �M/ C2`2Kv :`22MrQQ/X "mv- E22T- Q` a2HH, 1+QMQKB+ :`Qri?
�M/ i?2 J�`F2i 7Q` A/2�bX 1+QMQK2i`B+�- 39UjV,N9jĜN39- kyReX AaaL yyRk@Ne3kX /QB, RyXjN3kf
2+i�RkR99X

:2Q`;2 �X �F2`HQ7X S2`bT2+iBp2 /2b T�`+Qm`b /2 pB2 2i bQ+BQHQ;B2 /2 HǶBM/BpB/m�iBQMX aQ@
+BQHQ;B2 2i bQ+Bûiûb- 98URV,kdNĜjyy- RNdyX AaaL yyj3@yjysX /QB, RyXdkykfRyRe9y9�`X
l_G ?iiT,ff/tX/QBXQ`;fRyXRyRefDX`27B`BXkyRdXydXyRy&W'y�?iiT,ff+QQT@BbiX
+B`�/X7`&W'y�?iiT,ffrrrXi?2b2bX7`fkyR9�AsJ8y93&W'y�?iiT,ffrrrX+�B`MXBM7Qf
`2pm2@K�M�;2K2Mi@2i@�p2MB`@kyRy@e@T�;2@39X?iK&W'y�?iiT,ffrrrX+�B`MXBM7Qf
#B7m`+�iBQMb@@Nd3kdydR8eyye@T�;2@j9NX?iK&W'y�?iiT,ffrX

:2Q`;2 �X �F2`HQ7X q`BiBM; i?2 Ǵh?2 J�`F2i 7Q` ǶG2KQMbǶǴ, � S2`bQM�H AMi2`T`2iBp2 1bb�v
@ LQ#2HS`Bx2XQ`;- kyyRX l_G ?iiTb,ffrrrXMQ#2HT`Bx2XQ`;fT`Bx2bf2+QMQKB+@b+B2M+2bf
kyyRf�F2`HQ7f�`iB+H2fX

qBb+QMbBM �HmKMBX LBM2 iQ SQBMib iQ *QMbB/2` BM GB+2MbBM; lMBp2`bBiv h2+?MQHQ;vX hBK2- T�;2b
RĜRd- kyyeX

G2�M/`Q �`Qx�K2M� �M/ 62/2`B+Q q2BMb+?2H#�mKX h?2 2z2+i Q7 +Q``mTiBQM QM #B//BM; #2?�pBQ`
BM }`bi@T`B+2 �m+iBQMbX 1m`QT2�M 1+QMQKB+ _2pB2r- 8jUeV,e98Ĝe8d- kyyNX AaaL yyR9kNkRX /QB,
RyXRyRefDX2m`Q2+Q`2pXkyy3XRRXyyRX

amb�M �i?2v- CQM�i?�M G2pBM- �M/ 1M`B[m2 a2B`�X *QKT�`BM; QT2M �M/ b2�H2/ #B/ �m+iBQMb,
1pB/2M+2 7`QK iBK#2` �m+iBQMbX Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b- RkeURV,kydĜk8d- kyRRX AaaL
yyjj88jjX /QB, RyXRyNjf[D2f[D[yyRX

�miKX .`BpBM; i?2 AMMQp�QM 1+QMQKv- �+�/2KB+ i2+?MQHQ;v i`�Mb72` BM MmK#2`b 6`QKX UCmM2V,
RĜk- kyRdX

A�M �v`2b �M/ GBb� G�``BKQ`2 Pm2HH2ii2X � K�`F2i i2bi 7Q` #�v?@/QH2 T�i2MibX *Q`M2HH G�r
_2pB2r- RykUkV,kdRĜjjR- kyRdX AaaL yyRy339dX /QB, RyXjRkk3fQb7XBQfFrpx;X

"v 6`�M+Bb J "�iQ`X h?2 �M�iQKv Q7 J�`F2i 6�BHm`2 �mi?Q` U b V, 6`�M+Bb J X "�iQ` _2pB2r2/
rQ`F U b V, aQm`+2 , h?2 Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b - oQH X dk - LQ X j U �m; X- RN83 V- TT X
j8R@jdN Sm#HBb?2/ #v , Pt7Q`/ lMBp2`bBiv S`2bb h>1 �L�hPJu P6 J�_E1h 6�AGl_1X
dkUjV,j8RĜjdN- kyRkX

J�`BQ "2M�bbB �M/ �H#2`iQ .B JBMBMX SH�vBM; BM #2ir22M, S�i2Mi #`QF2`b BM K�`F2ib 7Q` i2+?@
MQHQ;vX _ �M/ . J�M�;2K2Mi- jNURV,e3Ĝ3e- kyyNX AaaL yyjje3ydX /QB, RyXRRRRfDXR9ed@NjRyX
kyy3Xyy8jdXtX
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C�K2b "2bb2M �M/ JB+?�2H CX J2m`2`X h?2 /B`2+i +Qbib 7`QK LS1 /BbTmi2bX *Q`M2HH G�r _2pB2r-
NNUkV,j3dĜ9k9- kyR9X AaaL yyRy339dX /QB, RyXkRjNfbb`MXkyNRkRyX

*?`BbiB�M "2bbv- 1`B+ "`Qmbb2�m- �M/ aiûT?�M2 a�mbbB2`X S�vK2Mi a+?2K2b BM h2+?MQHQ;v GB@
+2MbBM; �;`22K2Mib, � h`�Mb�+iBQM *Qbi �TT`Q�+?X aa_L 1H2+i`QMB+ CQm`M�H- yyjjURV,RĜk3-
kyRRX /QB, RyXkRjNfbb`MXRk8NjN9X

.�pB/ a "HQ+?X JQM2iBx�iBQM Q7 S�i2Mi �M/ Pi?2` AS _B;?ib �M AMi`Q/m+iBQMX h2+?MB+�H `2TQ`i-
RNeyX l_G ?iiT,ffrrrXBM7QTH2�b2X+QKfbTQifi`�/2K�`FbRX?iKHX

CQ?M "QM2X oB2r 7`QK i?2 62/2`�H *B`+mBi, �M AMi2`pB2r rBi? *?B27 Cm/;2 _�M@
/�HH _X _�/2` % aiQmi- kyRyX l_G ?iiTb,ffrrrXbiQmiX+QKf2MfBMbB;?ibf�`iB+H2f
pB2r@72/2`�H@+B`+mBi@BMi2`pB2r@+?B27@Dm/;2@`�M/�HH@`@`�/2`fX

_Q#2`iQ "m`;m2i �M/ J�`iBM EX S2``vX "`B#2`v �M/ 7�pQ`BiBbK #v �m+iBQM22`b BM b2�H2/@#B/
�m+iBQMbX "X1X CQm`M�H Q7 h?2Q`2iB+�H 1+QMQKB+b- dURV- kyydX AaaL RNj8Rdy9X /QB, RyXkkykf
RNj8@Rdy9XRkRNX

*QHH22M oX *?B2MX 6`QK �`Kb `�+2 iQ K�`F2iTH�+2, h?2 +QKTH2t T�i2Mi 2+Qbvbi2K �M/ Bib BK@
THB+�iBQMb 7Q` i?2 T�i2Mi bvbi2KX >�biBM;b G�r CQm`M�H- ekUkV,kNdĜj8e- kyRyX AaaL yyRd3jkkX

*AS*X *QKT�MB2b �M/ AMi2HH2+im�H S`QT2`iv *QKKBbbBQM- kyRNX

*P:_X h?2 "�v?@.QH2 �+iX � :mB/2 iQ i?2 G�r �M/ AKTH2K2MiBM; _2;mH�iBQMbX h2+?MB+�H
_2TQ`i P+iQ#2` RNNN- RNNNX

�H�M *QMr�vX � >BbiQ`v Q7 i?2 lMBi2/ ai�i2b- RN8eX AaaL yyky@838yX l_G ?iiT,ffrrrXH�/�bX
+QKfS�i2MibflaS�i2Mi>BbiQ`vX?iKHX

*`vTiQbi�ibX _.*,EBiiv bi�ib- kyRNX l_G ?iiT,ffrrrX`QHH/B+2X+Hm#f+`vTiQFBiiB2bf
BM/2tXT?TX

aBKQM .2 H� _QmpB2`2X q?�i Bb >�`#2`;2` h�t � q?2`2 .Q2b h?2
"HQ+F+?�BM 6Bi AM\- kyR3X l_G ?iiTb,ffK2/BmKX+QKf!bBKQM/H`f
r?�i@Bb@?�`#2`;2`@i�t@r?2`2@/Q2b@i?2@#HQ+F+?�BM@7Bi@BM@RjkNy9eNkk+eX

>QHHv 1Hb2X h?Qmb�M/b Q7 b+B2MiBbib `mM mT �;�BMbi 1Hb2pB2`Ƕb T�vr�HHX L�im`2- 72# kyRNX AaaL
yyk3@y3jeX /QB, RyXRyj3f/9R83e@yRN@yy9Nk@9X

1m;2M2 6X 6�K�X 1{+B2Mi *�TBi�H J�`F2ib, � _2pB2r Q7 h?2Q`v �M/ 1KTB`B+�H qQ`FX h?2
CQm`M�H Q7 6BM�M+2- k8UkV,j3j- K�v RNdyX AaaL yykkRy3kX /QB, RyXkjydfkjk893eX

lMBi2/ L�iBQMb 1+QMQKB+ *QKKBbbBQM 7Q` 1m`QT2X AMi2HH2+im�H S`QT2`iv AMi2HH2+im�H S`QT2`iv
*QKK2`+B�HBx�iBQM *QKK2`+B�HBx�iBQM SPGA*u PShAPLa �L. S_�*hA*�G ALah_l@
J1LhaX h2+?MB+�H `2TQ`i- kyRRX

ai27�MB� 6mb+Q- 6`�M+2b+Q GBbbQMB- *�i�HBM� J�`iBM2x- �M/ o�H2`BQ ai2`xBX JQM2iBx�iBQM ai`�i2;B2b
Q7 lMBp2`bBiv S�i2Mib h?`Qm;? S�2b, �M �M�HvbBb Q7 la S�i2Mi h`�Mb72`bX aa_L 1H2+i`QMB+
CQm`M�H- UCmM2V- kyRNX /QB, RyXkRjNfbb`MXj9Ryy3eX

>Bb?�K aX :�H�H �M/ �K` JX uQmbb27X o2`B}�#H2 b2�H2/@#B/ �m+iBQM QM i?2 2i?2`2mK #HQ+F+?�BM-
kyRNX AaaL ReRRjj9NX

:X6X q?v #Bi+QBM mb2b bQ Km+? 2M2`;v @ h?2 1+QMQKBbi 2tTH�BMb- kyR3X
l_G ?iiTb,ffrrrX2+QMQKBbiX+QKfi?2@2+QMQKBbi@2tTH�BMbfkyR3fydfyNf
r?v@#Bi+QBM@mb2b@bQ@Km+?@2M2`;vX
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_Q#2`i :QH/K�MX a+?r�`ixb S�i2Mi G�r �M/ S`�+iB+2X kyyyX Aa"L Nd3@ReRd9ed889X

.�pB/ >�B;?X "`�M/ 6BM�M+2 @ :HQ#�H AMi�M;B#H2 o�Hm2 1t+22/b la h`BHHBQM 7Q` i?2 6B`bi hBK2X
T�;2b RĜj- kyR3X

JQ`i2M hX >�Mb2M �M/ CmHB�M "B`FBMb?�rX h?2 BMMQp�iBQM p�Hm2 +?�BM- kyydX AaaL yyRd3yRkX
l_G ?iiTb,ff?#`XQ`;fkyydfyefi?2@BMMQp�iBQM@p�Hm2@+?�BMX

.B2iK�` >�`?Qz- "`QMrvM > >�HH- :2Q`; :`�2p2MBix pQM- E�`BM >QBbH- ai27�M q�;M2`- �H7QMbQ
:�K#�`/2HH�- �M/ S�QH� :Bm`BX h?2 bi`�i2;B+ mb2 Q7 T�i2Mib �M/ Bib BKTHB+�iBQMb 7Q` 2Mi2`T`Bb2
�M/ +QKT2iBiBQM TQHB+B2bX 1m`QT2�M *QKKBbbBQM- T�;2b RĜjy3- kyydX

6X �X >�v2FX h?2 Sm`2 h?2Q`v Q7 +�TBi�HX h?2 Sm`2 h?2Q`v Q7 *�TBi�H- Rk,RĜ9jN- kyRkX /QB,
RyX9jk9fNd3ykyj3kyk9dX

>X >2`M�M/2x- LX :`�bb�MQ- �X hɃ#F2- GX SQii2`b- SX :FQibBb- �M/ �X o2xx�MBX h?2 kyR3 1l
AM/mbi`B�H _�. AMp2biK2Mi a+Q`2#Q�`/c 1l_ kN98y 1LX h2+?MB+�H `2TQ`i- Sm#HB+�iBQMb P{+2
Q7 i?2 1m`QT2�M lMBQM- kyR3X l_G ?iiT,ffB`BXD`+X2+X2m`QT�X2mfb+Q`2#Q�`/R3X?iKHX

AMbi`m+iQ` .Kvi`Q >`vb?FQX q?�i Bb h2+?MQHQ;v\ *QKTmi2` 6`�m/ �M/ a2+m`Biv- kyyRUdV,
RdĜRN- kyyRX AaaL RjeRjdkjX /QB, RyXRyRefaRjeR@jdkjUyRVyydky@8X

CQ?M C�`Qbx- _Q#BM >2B/2`- *QH2K�M "�x2HQM- *?`BbiBM2 "B2`B- �M/ S2i2` >2bbX S�i2Mi �m+iBQMb
S�i2Mi �m+iBQMb, >Qr 6�` >�p2 q2 *QK2\ H2b LQmp2HUJ�`+?V,RRĜjy- kyRyX

CQ2 _mM;2X >Qr GQM; .Q2b � S�i2Mi G�bi\ % G2;�HwQQK- kyReX l_G ?iiTb,ffrrrXH2;�HxQQKX
+QKf�`iB+H2bf?Qr@HQM;@/Q2b@�@T�i2Mi@H�biX

*�b2v CQ?MbiQMX :QQ;H2- M22/BM; T�i2Mib- #mvb JQiQ`QH� rB`2H2bb 7Q` 0RkX8
#BHHBQM- kyRRX l_G ?iiT,ff�`bi2+?MB+�X+QKf;�/;2ibfM2rbfkyRRfy3f
;QQ;H2@iQ@#mv@KQiQ`QH�@BM@277Q`i@iQ@/272M/@Bib2H7@7`QK@T�i2Mi@#mHHB2bX�`bX

CQM�i?�M G2pBMX LQi2b QM i?2 _2p2Mm2 1[mBp�H2M+2 h?2Q`2KX kyyyX

�MM2 E2HH2v7X S`�+iB+BM; BM i?2 S�i2Mi J�`F2iTH�+2 �mi?Q` U b V, �MM2 E2HH2v aQm`+2 , h?2
lMBp2`bBiv Q7 *?B+�;Q G�r _2pB2r - oQH X d3 - LQ X R U qBMi2` kyRR V- TT X RR8@Rjd Sm#HBb?2/
#v , h?2 lMBp2`bBiv Q7 *?B+�;Q G�r _2pB2r ai�#H2 l_G , ?iiTb,ffrrrXDbiQ`XQ`;fbi�#H2f9RX
d3URV,RR8ĜRjd- kyRNX

ai2T?2M EM�+F- L�i�HBv� "BH2ibF�- �M/ E�MBb?F� E�+F2`X .2i2``BM; EB+F#�+Fb �M/ 1M+Qm`�;@
BM; 1Mi`v BM Sm#HB+ S`Q+m`2K2Mi J�`F2ib, 1pB/2M+2 7`QK 6B`K am`p2vb BM Ny .2p2HQTBM;
*QmMi`B2bX h2+?MB+�H _2TQ`i k- kyRNX l_G ?iiT,ff2+QMXrQ`H/#�MFXQ`;X

L�QKB _X G�KQ`2�mt- E2MM2i? GX aQFQHQz- �M/ .?�MQQb amii?BT?Bb�HX S�i2Mi �H+?2Kv, h?2
K�`F2i 7Q` i2+?MQHQ;v BM la ?BbiQ`vX "mbBM2bb >BbiQ`v _2pB2r- 3dURV,jĜj3- kyRjX AaaL
yyyde3y8X /QB, RyXRyRdfayyyde3y8RjyyyRkjX

J�`F �X G2KH2vX �`2 mMBp2`bBiB2b T�i2Mi i`QHHb\ S2`bT2+iBp2b QM *QKK2`+B�HBxBM; AMMQp�iBQM-
U�T`BH kyydV,8jRĜ89e- kyRRX /QB, RyXRyRdf*"PNd3RRjNy8RkekXykRX

J�`F � G2KH2v �M/ L�i?�M Jv?`pQH/X >Qr iQ K�F2 � S�i2Mi J�`F2iX >P6ah_� G�q
_1oA1q U_FX e3 G�r CQm`M�HbV- jeUkV,RyRĜRyj- kyyNX l_G ?iiT,ffbb`MX+QKf�#bi`�+i4
RyRkdkeX

up�M G2M;rBH2` �M/ 1HK�` qQH7bi2ii2`X �m+iBQMb �M/ +Q``mTiBQM, �M �M�HvbBb Q7 #B/ `B;;BM;
#v � +Q``mTi �m+iBQM22`X CQm`M�H Q7 1+QMQKB+ .vM�KB+b �M/ *QMi`QH- j9URyV,R3dkĜR3Nk-
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kyRyX AaaL yRe8R33NX /QB, RyXRyRefDXD2/+XkyRyXyjXyykX l_G ?iiT,ff/tX/QBXQ`;fRyXRyRef
DXD2/+XkyRyXyjXyykX

J�ii G2pvX q?v lMBp2`bBiB2b PTTQb2 _2�H S�i2Mi _27Q`K, JQM2v @
S�i2Mi S`Q;`2bb- kyR8X l_G ?iiTb,ffrrrXT�i2MiT`Q;`2bbXQ`;fkyR8fy8fydf
r?v@mMBp2`bBiB2b@QTTQb2@`2�H@T�i2Mi@`27Q`K@KQM2vfX

GBp2 *QBM q�i+?X 1i?2`2mK U1h>V HBp2 +QBM T`B+2- +?�`ib- K�`F2ib � HB[mB/Biv % 1h> iQ la.-
kyRNX l_G ?iiTb,ffrrrXHBp2+QBMr�i+?X+QKfT`B+2f1i?2`2mK@1h>X

"`B�M CX GQp2X h2biBKQMv Q7 "`B�M CX GQp2- *�HB7Q`MB� �bb2K#Hv a2H2+i *QKKBii22 QM >B;?
h2+?MQHQ;v- AM7Q`K�iBQM�H >2�`BM; QM S�i2Mi �bb2`iBQM 1MiBiB2bX aa_L 1H2+i`QMB+ CQm`M�H-
jeN- kyRjX /QB, RyXkRjNfbb`MXkj9dRj3X

"`B�M C GQp2- u C G �H2- �M/ h 1+?X "`B�M CX GQp2  Re uX k38,k38Ĝj9j- kyR9X

"`B�M CX GQp2- E2Mi _B+?�`/bQM- 1`BF PHBp2`- �M/ JB+?�2H *Qbi�X �M 1KTB`B+�H GQQF �i i?2
Ƕ"`QF2`2/Ƕ J�`F2i 7Q` S�i2Mib- pQHmK2 3jX kyRdX Aa"L kjyj3RkRy98deX /QB, RyXkRjNfbb`MX
jy8e999X

"`B�M C GQp2- 1`BF PHBp2`- �M/ JB+?�2H *Qbi�X l X a X S�h1Lh a�G1a "u lLAo1_aAhA1aX
T�;2b RĜjy- kyRNX

J�F2`.�QX h?2gg.�B gai�#H2+QBM gavbi2K q?Bi2T�T2`X h2+?MB+�H `2TQ`i- kyRdX l_G ?iiTb,
ffK�F2`/�QX+QKfX

C�K2b 1 J�H�+FQrbFB- E2Bi? *�`/Qx�- *�K2`QM :`�v- _B+F *QM`Qv- �M/ C�K2b 1 J�H�+FQrbFBX
h?2 AMi2HH2+im�H S`QT2`iv J�`F2iTH�+2, 1K2`;BM; h`�Mb�+iBQM �M/ AMp2biK2Mi o2?B+H2bX kd
UkV,RĜRR- kyydX

E�xB J�KmM �M/ a�KB`� a�/�QmBX *QK#�iBM; b?BHH #B//BM; BM QMHBM2 �m+iBQMbX AMi2`M�iBQM�H
*QM72`2M+2 QM AM7Q`K�iBQM aQ+B2iv- B@aQ+B2iv kyRj- UCmM2 kyRjV,RdyĜRde- kyRjX

_Q#2`i *X J�`b?�HH �M/ JB+?�2H CX J2m`2`X h?2 1+QMQKB+b Q7 �m+iBQMb �M/ "B//2` *QHHmbBQM-
kyy8X

6`�M+Bb h J+�M/`2r �M/ EMQt *QHH2;2X 1M+v+HQT2/B� Q7 1pQHmiBQM�`v Sbv+?QHQ;B+�H a+B@
2M+2X 1M+v+HQT2/B� Q7 1pQHmiBQM�`v Sbv+?QHQ;B+�H a+B2M+2- UC�Mm�`vV- kyRNX /QB, RyXRyydf
Nd3@j@jRN@ReNNN@eX

A�M .�pB/ J+*Hm`2X 6`QK � T�i2Mi K�`F2i 7Q` H2KQMb iQ � K�`F2iTH�+2 7Q` T�i2Mib, #2M+?K�`F@
BM; AS BM Bib 2pQHmiBQM iQ �bb2i +H�bb bi�imbXUh`QHHb Q` h`QHH@h�F2`b, .Q AMi2HH2+im�H S`QT2`iv
LQM@S`�+iB+BM; 1MiBiB2b �// o�Hm2 iQ aQ+B2iv\VX *?�TK�M G�r _2pB2r- R3UjV,d8NĜdNd- kyR8X

GmF2 J2BFH2DQ?MX >Qr iQ �ii`B#mi2 +`2/Bi B7 vQm KmbiX S?. i?2bBb- kykyX l_G ?iiTb,ffrrrX
/`QT#QtX+QKfbf[i[+FK[�Bi+?eMmfh?2bBbkd@.2+XT/7\/H4yX

S?BHBT J2M/2bX hQ GB+2Mb2 � S�i2Mi Ĝ Q` - iQ �bbB;M Bi , 6�+iQ`b AM~m2M+BM; i?2 *?QB+2X UCmHvV-
kyR3X

CX J2bi`2@62``�M/Bx- CQM ambb2t- �M/ �/`B�M hQrb2X h?2 _ � . *Qbi Q7 � L2rX kyRkX Aa"L
Nd3R3NNy9yRNjX

CQ2 JmHHBMX S�i2Mi r�` ;Q2b Mm+H2�`, JB+`QbQ7i- �TTH2@QrM2/ ǳ_Q+Fbi�`Ǵ bm2b
:QQ;H2 % �`b h2+?MB+�- kyRjX l_G ?iiTb,ff�`bi2+?MB+�X+QKfi2+?@TQHB+vfkyRjfRyf
T�i2Mi@r�`@;Q2b@Mm+H2�`@KB+`QbQ7i@�TTH2@QrM2/@`Q+Fbi�`@bm2b@;QQ;H2fX
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a�iQb?B L�F�KQiQX "Bi+QBM, � S22`@iQ@S22` 1H2+i`QMB+ *�b? avbi2KX h2+?MB+�H `2TQ`i- kyy3X
l_G ?iiTb,ff#Bi+QBMXQ`;f#Bi+QBMXT/7X

L�K2+QBMX L�K2+QBM- kyRyX l_G ?iiTb,ffrrrXM�K2+QBMXQ`;fX

.�MB2H P#2`?�mbX h2bH� J�v aQQM >�p2 � "�ii2`v h?�i *�M G�bi � JBHHBQM
JBH2bX qB`2/- kyRNX AaaL Ry8N@Ryk3X l_G ?iiTb,ffrrrXrB`2/X+QKfbiQ`vf
i2bH�@K�v@bQQM@?�p2@�@#�ii2`v@i?�i@+�M@H�bi@�@KBHHBQM@KBH2bfX

P+2�M hQKQX AMi�M;B#H2 �bb2i J�`F2i o�Hm2 % P+2�M hQKQX kyRyX l_G ?iiT,ffrrrXQ+2�MiQKQX
+QKfT`Q/m+ib�M/b2`pB+2bfBMp2biK2MibfBMi�M;B#H2@K�`F2i@p�Hm2X

*`BbiBM� P/�bbQ- :Bmb2TT2 a+2HH�iQ- �M/ 1HBb� l;?2iiQX a2HHBM; T�i2Mib �i �m+iBQM, �M 2KTB`@
B+�H �M�HvbBb Q7 T�i2Mi p�Hm2X AM/mbi`B�H �M/ *Q`TQ`�i2 *?�M;2- k9UkV,9RdĜ9j3- kyR8X AaaL
R9e9je8yX /QB, RyXRyNjfB++f/imyR8X

.�pB/ aX PHbQMX h�FBM; i?2 miBHBi�`B�M #�bBb 7Q` T�i2Mi H�r b2`BQmbHv, h?2 +�b2 7Q` `2bi`B+iBM;
T�i2Mi�#H2 bm#D2+i K�ii2`X h2KTH2 G�r _2pB2r- 3kURV,R3RĜk9y- kyyNX AaaL y3NN3y3eX /QB,
RyXkRjNfbb`MXNjjRedX

P`+B/X P_*A.- kyRNX l_G ?iiTb,ffQ`+B/XQ`;fX

h?QK�b Pr2MX �TTH2 h�F2b Pp2` 6Q`K2` LQ`i2H S�i2Mib @ "mbBM2bb AMbB/2`- kyRkX l_G ?iiTb,
ffrrrX#mbBM2bbBMbB/2`X+QKf�TTH2@`Q+Fbi�`@#B/+Q@MQ`i2H@T�i2Mib@kyRk@RR\A_4hX

.�pB/ *X S�`F2b- JB+?�2H PX _�#BM- aim�`i JX a?B2#2`- �M/ *?`BbiQT?2` h?Q`T2X S`�+iB+�H
b2+`2+v@T`2b2`pBM;- p2`B}�#Hv +Q``2+i �M/ i`mbirQ`i?v �m+iBQMbX 1H2+i`QMB+ *QKK2`+2 _2b2�`+?
�M/ �TTHB+�iBQMb- dUjV,kN9ĜjRk- kyy3X AaaL R8ed9kkjX /QB, RyXRyRefDX2H2`�TXkyy3Xy9XyyeX

1`B+ SQbM2`- "BHH oB+F`2v- �M/ >2M`v :2Q`;2X _2BK�;BMBM; S`QT2`iv � S?BHQbQT?B+�H GQQF �i
>�`#2`;2` h�t�iBQM R X � ZmB+F �M/ .B`iv AMi`Q/m+iBQM iQ >�`#2`;2` h�t�iBQMX U�T`BHV- kyRNX

1`B+ �X SQbM2` �M/ 1X :H2M q2vHX S`QT2`iv Bb QMHv �MQi?2` M�K2 7Q` KQMQTQHvX CQm`M�H Q7
G2;�H �M�HvbBb- NURV,8RĜRkj- kyRdX AaaL RN9e8jRNX /QB, RyXRyNjfDH�fH�tyyRX

L�i�HB2 _�zQmH �M/ �`i "`BQMX _2�bQMb 7Q` S�i2Mi S`Qi2+iBQM �M/ *Qbi@2z2+iBp2 S�i2Mi 6BHBM;
PTiBQMb 7Q` aJ1bX h2+?MQHQ;v AMMQp�iBQM J�M�;2K2Mi _2pB2r- RUjV,kNĜjj- kyRRX AaaL
RNkd@yjkRX /QB, RyXkkkR8fiBK`2pB2r8y8X

�M/`2r _�K2`X am++2bb aiQ`v, P+2�M hQKQ _2pQHmiBQMBxBM; AS �m+iBQMbX h2+?MB+�H `2TQ`i-
kyyeX l_G rrrXQ+2�MiQKQX+QKX

C�K2b qX _Q#2`ib �M/ �M/`2r ar22iBM;X q?2M b?QmH/ b2HH2`b mb2 �m+iBQMb\ �K2`B+�M 1+QMQKB+
_2pB2r- RyjU8V,R3jyĜR3eR- kyRjX AaaL yyyk3k3kX /QB, RyXRk8df�2`XRyjX8XR3jyX

_bFX _aE @ >QK2- kyRNX l_G ?iiTb,ffrrrX`bFX+QfX

*C _v�M �M/ "`B�M GX 6`v2X �M 1KTB`B+�H aim/v Q7 lMBp2`bBiv S�i2Mi �+iBpBiv- kyR3X l_G
?iiTb,ffDBT2HXH�rXMvmX2/mfpQH@d@MQ@R@k@`v�MfX

L a�/�Q �M/ L uQB+?B`QX *QKTH2K2Mi�`Biv- 6`�;K2Mi�iBQM- �M/ i?2 1z2+ib Q7 S�i2Mi h?B+F2ibX
kyR9X l_G ?iiT,ffB/2�bX`2T2+XQ`;fTf2iBf/T�T2`fR9yyRX?iKHX

aQHB/BivX aQHB/Biv ě aQHB/Biv yX9Xkj /Q+mK2Mi�iBQM- kyR3X l_G ?iiTb,ffbQHB/BivX
`2�/i?2/Q+bXBQf2MfpyX9XkjfX
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�H#2`iQ aQMMBMQ- JB+?�H E`ƦH- �`;v`BQb :X h�bBQTQmHQb- �M/ AQ�MMBb Sb�`�bX �ai1_AaE,
�m+iBQM@#�b2/ a?�`2/ 1+QMQKv _2bQHmiAQM J�`F2ib 7Q` "HQ+F+?�BM SH�i7Q`KbX kyRNX /QB,
RyXR9dkkf/BbbXkyRNXkjyyRX

E`BbiB ai�i?BbX P+2�M hQKQ- GG* �MMQmM+2b Ry@u2�` _2H�iBQMb?BT rBi? A*�S % "mbB@
M2bb qB`2- kyyNX l_G ?iiTb,ffrrrX#mbBM2bbrB`2X+QKfM2rbf?QK2fkyyNyeReyyekeRf2Mf
P+2�M@hQKQ@GG*@�MMQmM+2b@Ry@u2�`@_2H�iBQMb?BT@A*�SX

a?�r hBKX .�BHv J2/B2p�H, S�i2Mi G�r- kyRkX l_G ?iiT,ff/�BHvK2/B2p�HX#HQ;bTQiX+QKf
kyRkfy3fT�i2Mi@H�rX?iKHX

C�``Q/ h`2p�i?�M �M/ q�vM2 _2�/X lM/2bB`�#H2 �M/ 7`�m/mH2Mi #2?�pBQm` BM QMHBM2 �m+iBQMbX
a1*_uSh kyye @ AMi2`M�iBQM�H *QM72`2M+2 QM a2+m`Biv �M/ *`vTiQ;`�T?v- S`Q+22/BM;b- T�;2b
98yĜ983- kyyeX /QB, RyX8kkyfyyykRyydy98yy983X

:22`i`mB o�M Pp2`r�HH2- 1bi?2` o�M wBKK2`2M- "B`;Bi o2`#2m`2- �M/ :2`i J�ii?BDbX .2�HBM;
rBi? T�i2Mi 7`�;K2Mi�iBQM BM A*h �M/ ;2M2iB+b, S�i2Mi TQQHb �M/ +H2�`BM; ?Qmb2b- kyydX
AaaL RjNey9eeX l_G ?iiTb,ff7B`biKQM/�vXQ`;fQDbfBM/2tXT?Tf7Kf�`iB+H2fpB2rfRNRkf
RdN9&O'peX

oBi�HBF "mi2`BMX 1i?2`2mK q?Bi2 S�T2`- kyR3X l_G ?iiTb,ff;Bi?m#X+QKf2i?2`2mKfrBFBf
rBFBfq?Bi2@S�T2`X

sB�M; q�M;- w?2Mx?2 w?2M;- 6�M qm- sB�QDm .QM;- a?�QDB2 h�M;- �M/ :mB?�B *?2MX ai`�i2;v@
T`QQ7 /�i� �m+iBQMb rBi? M2;�iBp2 2ti2`M�HBiB2bX S`Q+22/BM;b Q7 i?2 AMi2`M�iBQM�H CQBMi *QM@
72`2M+2 QM �miQMQKQmb �;2Mib �M/ JmHiB�;2Mi avbi2Kb- ��J�a- T�;2b RkeNĜRkdy- kyReX
AaaL R883kNR9X

"Bi+QBM rBFBX aK�`i S`QT2`iv @ "Bi+QBM qBFB- kyRkX l_G ?iiTb,ff2MX#Bi+QBMXBifrBFBf
aK�`i&n'S`QT2`ivX

"Bi+QBM rBFBX a+`BTi @ "Bi+QBM qBFB- kyRNX l_G ?iiTb,ff2MX#Bi+QBMXBifrBFBfa+`BTiX

qASPX AMi2HH2+im�H T`QT2`iv TQHB+B2b 7Q` mMBp2`bBiB2b- kyRNX l_G ?iiTb,ffrrrXrBTQXBMif
rBTQ&n'K�;�xBM2f2MfkyRNfbBf�`iB+H2&n'yyRyX?iKHX

qBibX a� *QTv`B;?i G�r @ *QTv`B;?i :mB/2HBM2b 7Q` ai�z � aim/2Mib Q7 i?2 lMBp2`bBiv
Q7 i?2 qBir�i2`b`�M/- CQ?�MM2b#m`; UqAhaV @ GB#:mB/2b �i lMBp2`bBiv Q7 i?2 qBir�@
i2`b`�M/- kyRNX l_G ?iiTb,ffHB#;mB/2bXrBibX�+Xx�fqBib&n'*QTv`B;?i&n':mB/2HBM2bf
a�&n'*QTv`B;?i&n'G�rX

CB2 sBQM; �M/ ZB q�M;X �MQMvKQmb �m+iBQM S`QiQ+QH "�b2/ QM hBK2@_2H2�b2/ 1M+`vTiBQM
�iQT *QMbQ`iBmK "HQ+F*?�BMX AMi2`M�iBQM�H CQm`M�H Q7 �/p�M+2/ AM7Q`K�iBQM h2+?MQHQ;v-
yNUyRV,yRĜRe- kyRNX AaaL kkjRRNkyX /QB, RyX8RkRfBD�BiXkyRNXNRyRX

hQKQv� u�M�;Bb�r� �M/ .QKBMB[m2 :m2HH2+X i?2 1K2`;BM; S�i2Mi J�`F2iTH�+2X P1*. a+B2M+2-
h2+?MQHQ;v �M/ AM/mbi`v qQ`FBM; S�T2`b- T�;2b RĜ8k- kyyNX

SHmpB� wmMB;�X h?2 ai�i2 Q7 S�i2MiBM; �i _2b2�`+? AMbiBimiBQMb BM /2p2HQTBM; +QmMi`B2b,
SQHB+v �TT`Q�+?2b �M/ T`�+iB+2bX Ę _2TQ`i iQ i?2 Tm#HB+�iBQM, AMi2HH2+im�H T`QT2`iv
�M/ i?2 Ę- U9V,Ne- kyRRX l_G ?iiT,ffrrrXrBTQXBMif2+QM&n'bi�if2Mf2+QMQKB+bfT/7f
qS9&n'wmMB;�&n'iQ&n'#2&n'Tm#HBb?2/XT/7X
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�TT2M/Bt �

J�`F2iTH�+2 b2`pB+2 T`QpB/2`b
h?2 i�#H2b �XR �M/ �Xk #2HQr b?Qr � MmK#2` Q7 TQTmH�` bQ7ir�`2 �M/ +QMbmHiBM; b2`pB+2b
iQ �B/ +QKT�MB2b BM 2p�Hm�iBM; T�i2MibX

a2H7@mb2 bQ7ir�`2 q2#bBi2
AMMQ;`�T?v BMMQ;`�T?vX+QK
S�Mi`Qb AS BTX+QK
S�i2Mi_�iBM;b T�i2Mi`�iBM;bX+QK
h?QKbQM AMMQp�iBQM BM7QXi?QKbQMBMMQp�iBQMX+QK
�K#2`+Bi2 �K#2`+Bi2X+QK
:QQ;H2 S�i2Mib T�i2MibX;QQ;H2X+QK
J�to�H@AS K�tp�HX+QK
�bi�Kmb2 �bi�Kmb2X+QXDTf2M
amKQ#`�BM bmKQ#`�BMX+QK
S�i2Mi"m//v T�i2Mi#m//vX+QK
S2i�S�iQ` T2i�T�iQ`X+QK

h�#H2 �XR, a2H7@mb2 bQ7ir�`2X h?2v T`QpB/2 /m2 /BHB;2M+2 b2`pB+2b i?�i [m�MiB7v T�i2Mi
p�Hm2X S`BK�`BHv i?2b2 b2H7@mb2 bQ7ir�`2 T`Q/m+ib �;;`2;�i2 Tm#HB+Hv �p�BH�#H2 T�i2Mi /�i�
�M/ `mM �H;Q`Bi?Kb iQ T`Q/m+2 mb27mH T�i2Mi b2�`+? �M/ 2p�Hm�iBQM QmiTmibX

*QMbmHiBM; b2`pB+2b q2#bBi2
ASoBbBQM BTpBbX+QK
AS *�TBi�H :`QmT BT+;X+QK
1p�Hm2b2`p2 2p�Hm2b2`p2X+QK
_2/ P�F AS- GG* `2/Q�FBTX+QK
P+2�M hQKQ- GG* Q+2�MiQKQX+QK
_2/ *?�HF :`QmT- GG* `2/+?�HFX+QK
h�1la i�2mbX+QK
AS:2MBt BT;2MBtX+QK
"H�+F aiQM2 AS #H�+FbiQM2BTX+QK
*?BTrQ`Fb +?BTrQ`FbX+QK
jGS �/pBbQ`b jHTX+QK
k39 S�`iM2`b k39T�`iM2`bX+QK
Zm2bi2H [m2bi2HX+QK

h�#H2 �Xk, *QMbmHiBM; +QKT�MB2bX a2`pB+2b BM+Hm/2 /m2 /BHB;2M+2- i`�/2 M2;QiB�iBQMb-
T�i2Mi H2;�H +QMbmHiBM;- `2p2`b2@2M;BM22`BM; �M/ i2�`/QrM b2`pB+2bX

3j



�TT2M/Bt "

1i?2`2mK b2H2+iBQM `�iBQM�H
h?2`2 �`2 � MmK#2` Q7 #HQ+F+?�BMb i?�i +QmH/ TQi2MiB�HHv #2 mb2/ BM i?2 K�`F2iTH�+2 7Q`
B/2�bX lHiBK�i2Hv i?2 T`BK�`v +QMbB/2`�iBQM Bb � ~2tB#H2 bK�`i +QMi`�+i TH�i7Q`K i?�i
+�M 7�+BHBi�i2 i`mbiH2bb 2t2+miBQM Q7 �`#Bi`�`v HQ;B+X h?Bb Bb `2[mB`2/ iQ BKTH2K2Mi i?2
i`mbiH2bb b2�H2/ #B/ �m+iBQMb- >�`#2`;2` h�t- T�vK2Mi T`Q+2bbBM; �M/ HB+2M+2 `2;Bbi`�iBQMX
h?2 T`BK�`v +QMbB/2`�iBQMb r?2M TB+FBM; � #HQ+F+?�BM 7Q` i?Bb �TTHB+�iBQM �`2,

Ç /2p2HQT2` iQQHBM; iQ K�F2 i?2 /2p2HQTK2Mi �TT`Q�+?�#H2- K�BMi�BM�#H2 �M/ ?B;?
[m�HBiv-

Ç 2+Qbvbi2K Q7 HB#`�`B2b �M/ bi�M/�`/b bm+? �b bi�M/�`/ BMi2`7�+2b �M/ bi�#H2+QBMb-

Ç bi`QM; /2p2HQT2` +QKKmMBiv iQ 2Mbm`2 i?2 +Q/2 #�b2 Bb K�BMi�BM2/ BMiQ i?2 7mim`2
�M/

Ç ?B;? [m�HBiv /Q+mK2Mi�iBQM �M/ /2p2HQT2` 2tT2`B2M+2X

� MmK#2` Q7 TQTmH�` #HQ+F+?�BM TH�i7Q`Kb �`2 +QMbB/2`2/ #2HQr �M/ +QKT�`2/ iQ T`QpB/2
� 7mHH `�iBQM�H BMiQ r?v 1i?2`2mK r�b +?Qb2MX

"Bi+QBM Bb i?2 Q`B;BM�H �M/ KQbi r2HH FMQrM mb2 Q7 #HQ+F+?�BMX "Bi+QBM /Q2b 2M�#H2
� b+`BTiBM; H�M;m�;2- +�HH2/ "Bi+QBM b+`BTi- i?�i +�M #2 mb2/ iQ r`Bi2 #�bB+ HQ;B+ BMiQ
i?2 #HQ+F+?�BM UrBFB- kyRNVX Ai Bb- ?Qr2p2`- p2`v HBKBi2/ �M/ /Q2b MQi Qz2` � hm`BM;
+QKTH2i2 T`Q;`�KKBM; 2MpB`QMK2Mi +�T�#H2 Q7 T`QpB/BM; /vM�KB+- �miQMQKQmb 2t2+miBQM
Q7 +QMi`�+i +Q/2X AiǶb 7mM+iBQM�HBiv Bb HBKBi2/ iQ i?2 i`�Mb72` Q7 p�Hm2 7`QK QM2 T�`iv iQ
�MQi?2`X �b � `2bmHi- B7 i?2 "Bi+QBM #HQ+F+?�BM r�b mb2/- ?2�pv KQ/B}+�iBQM iQ i?2
mM/2`HvBM; +Q/2 #�b2 rQmH/ #2 `2[mB`2/X � `2H�iBp2Hv `2+2Mi /2p2HQTK2Mi Bb _aE 7Q`
"Bi+QBM U_bF- kyRNVX h?Bb M2r i2+?MQHQ;v 2M�#H2b i?2 /2THQvK2Mi Q7 bK�`i +QMi`�+ib QM
� bB/2 +?�BM i?�i Bb iB2/ iQ i?2 "Bi+QBM M2irQ`FX >Qr2p2` _Ea Bb biBHH BM Bib p2`v 2�`Hv
/�vb- /Q2b MQi ?�p2 � bi`QM; /2p2HQT2` +QKKmMBiv �M/ /Q2b MQi ?�p2 2ti2MbBp2 iQQHBM;
#mBHi �`QmM/ BiX

�//2/ iQ i?Bb- "Bi+QBM +�M QMHv 7�+BHBi�i2 i?`22 i`�Mb�+iBQMb T2` b2+QM/ r?B+? `2bmHib
BM 2tQ`#Bi�Mi i`�Mb�+iBQM 722b r?2M M2irQ`F /2K�M/ Bb ?B;?\X �b � `2bmHi- i`�Mb�+iBQMb
+�M #2 bHQr iQ T`Q+2bb- bQK2iBK2b i�FBM; mT iQ ir2Hp2 ?Qm`b Q` KQ`2 r?2M i?2 M2irQ`F
Bb mM/2` ?B;? HQ�/X h?Bb rQmH/ K�F2 i?2 mb2` 2tT2`B2M+2 Q7 i?2 TH�i7Q`K mM�++2Ti�#Hv
bHQrX � bQHmiBQM +QmH/ #2 iQ #mBH/ � T�vK2Mi +?�MM2H bvbi2K Q` iQ H2p2`�;2 i?2 GB;?iMBM;
L2irQ`FX >Qr2p2` i?Bb rQmH/ �// � HQi Q7 +QKTH2tBiv iQ i?2 /2p2HQTK2Mi T`Q+2bb r?B+?
mHiBK�i2Hv K�F2b Bi MQi rQ`i? BiX
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G�biHv- "Bi+QBM mb2b T`QQ7@Q7@rQ`F �b Bib +QMb2Mbmb �H;Q`Bi?K K�FBM; Bi BM?2`2MiHv BM2{@
+B2MiX hQ b2+m`2 i?2 "Bi+QBM M2irQ`F kk i2`�r�ii@?Qm`b Q7 2M2`;v T2` v2�` �`2 mb2/ U:X6-
kyR3VX h?Bb Bb �HKQbi i?2 b�K2 �b A`2H�M/Ƕb v2�`Hv 2M2`;v mb�;2X h?Bb Bb mMbmbi�BM�#H2
�M/ bQ � KQ`2 2M2`;v 2{+B2Mi bQHmiBQM Bb `2[mB`2/X

APh� Bb /2bB;M2/ iQ #2 KQ`2 b+�H�#H2 i?�M i`�/BiBQM�H #HQ+F+?�BMb- rBi? MQ i?2Q`2iB+�H
K�tBKmK i?`Qm;?TmiX �//BiBQM�HHv- Bi ?�b MQ KBM2` 722b �b i?2`2 �`2 MQ KBM2`b rBi?BM
i?2 APh� M2irQ`FX _�i?2`- 2�+? MQ/2 rBi?BM i?2 M2irQ`F T2`7Q`Kb i?2 �+iBQM i?�i �
i`�/BiBQM�H KBM2` rQmH/ /Q r?2M T`Q+2bbBM; � i`�Mb�+iBQMX APh� /Q2b MQi ?�p2 #HQ+Fb
�M/ �b � `2bmHi- MQ +?�BMX Ai Bb � bi`2�K Q7 BMi2`HBMF2/ i`�Mb�+iBQMb i?�i �`2 /Bbi`B#mi2/ �M/
biQ`2/ �+`Qbb i?2 M2irQ`F i?`Qm;? � /�i� bi`m+im`2 +�HH2/ � h�M;H2- � 7Q`K Q7 � /B`2+i2/
.B`2+i2/ �+v+HB+ :`�T? U.�:VX

.2bTBi2 i?2 �TT�`2Mi �/p�Mi�;2b Q7 APh�- Bi /Q2b MQi Qz2` �Mv TH�i7Q`K iQ +`2�i2 bK�`i
+QMi`�+ib �M/ �b bm+? rQmH/ `2[mB`2 i?2 mb2 Q7 2ti2MbBp2 KQ/B}+�iBQM iQ �++QKKQ/�i2
�Mv 7Q`K Q7 +QKTH2t HB+2M+BM; �M/ iQF2M 2t+?�M;2 b2iiH2K2MibX �b i?2 K�`F2iTH�+2 �BKb
iQ #2 � T`QQ7 Q7 T`BM+BT�H- APh� Bb MQi +QMbB/2`2/ �TT`QT`B�i2 /m2 iQ i?2 BKTH2K2Mi�iBQM
+QKTH2tBiB2b �bbQ+B�i2/ rBi? mbBM; Bi �b i?2 mM/2`HvBM; #HQ+F+?�BMX

L1P r�b 7Q`K�HHv FMQrM �b �Mib?�`2b �M/ Bb b22M �b i?2 *?BM2b2 p2`bBQM Q7 1i?2`2mK
#v K�MvX 6mM/�K2Mi�HHv- Bi Qz2`b Km+? Q7 i?2 b�K2 7mM+iBQM�HBiv �b 1i?2`2mK rBi? 7mHH
bK�`i +QMi`�+i bmTTQ`iX JQ`2Qp2`- L1PǶb bK�`i +QMi`�+i TH�i7Q`K Bb H�M;m�;2 �;MQbiB+
K2�MBM; i?�i �Mv hm`BM; +QKTH2i2 T`Q;`�KKBM; H�M;m�;2 +�M +QKTBH2 /QrM iQ L1PǶb
bK�`i +QMi`�+i #vi2+Q/2X 6Q` 2t�KTH2- QM2 +�M r`Bi2 *YY- *O Q` C�p�b+`BTi bK�`i
+QMi`�+ib i?�i �`2 i?2M /2THQv2/ iQ i?2 L1P #HQ+F+?�BMX L1P mb2b /2H2;�i2/ #vx�MiBM2
7�mHi iQH2`�M+2 U/"6hV �b Bib +QMb2Mbmb �H;Q`Bi?KX h?Bb K�F2b Bi 2{+B2Mi �M/ 7�bi #mi i?Bb
`2bmHib BM i?2 +QMb2Mbmb #2+QKBM; KQ`2 +2Mi`�HBb2/ i?�M Qi?2` TH�i7Q`Kb �M/ �b bm+? K�F2b
Bi KQ`2 bmb+2TiB#H2 iQ +2MbQ`b?BTX L1P ?�b � HBKBi2/ 1M;HBb? bT2�FBM; /2p2HQT2` #�b2
K�FBM; i?2 BMi2`�+iBQM rBi? i?2 /Q+mK2Mi�iBQM +mK#2`bQK2 �i iBK2bX L1PǶb TH�i7Q`K Bb
biBHH mM/2` �+iBp2 /2p2HQTK2Mi �M/ Bb MQi +QMbB/2`2/ T`Q/m+iBQM `2�/vX h?2 H�+F Q7 iQQHBM;-
/Q+mK2Mi�iBQM �M/ +QKKmMBiv bBx2 K�F2 Bi mMbmBi�#H2 7Q` i?2 T`QTQb2/ K�`F2iTH�+2X

L2ti ;2M2`�iBQM #HQ+F+?�BMb �`2 +QMbi`m+iBQMb i?�i �`2 b2i iQ H�mM+? BM kyky i?�i
+QmH/ BM i?2Q`v T`QpB/2 i?2 `2[mB`2/ 7mM+iBQM�HBiv M22/2/ 7Q` i?2 T`QTQb2/ K�`F2iTH�+2X
h?2b2 BM+Hm/2 �H;Q`�M/- �2`;Q- AMbQH�`- *�`/�MQ �M/ L�MQX q?BH2 i?2b2 T`QD2+ib �HH b?Qr
T`QKBb2 �i T`QpB/BM; TQr2`7mH b+�H�#H2 #HQ+F+?�BM bvbi2Kb- MQM2 Q7 i?2K �`2 BM � bi�i2 Q7
i?2B` /2p2HQTK2Mi i?�i Bb bm{+B2MiHv K�im`2 iQ mb2 7Q` i?2 T`QTQb2/ T`QD2+iX �HH Q7 i?2K
biBHH M22/ iQ T`Qp2 i?2Kb2Hp2b BM i?2 `2�H rQ`H/ #27Q`2 #2BM; /22K2/ �TT`QT`B�i2X

1i?2`2mK Bb � #HQ+F+?�BM TH�i7Q`K Qz2`BM; hm`BM; +QKTH2i2 bK�`i +QMi`�+i 2t2+miBQMX
Ai ?�b i?2 H�`;2bi /2p2HQT2` KBM/b?�`2 Q7 �HH i?2 #HQ+F+?�BM TH�i7Q`Kb BM i?2 2+Qbvbi2K
#v �M Q`/2` Q7 K�;MBim/2X 1i?2`2mK Bb +m``2MiHv mb2/ BM KQ`2 bK�`i +QMi`�+i `2H�i2/
T`QD2+ib i?�M �Mv Qi?2` #HQ+F+?�BM- rBi? Ne Qmi Q7 i?2 iQT Ryy iQF2M #�b2/ �TTHB+�iBQMb
`mMMBM; QM i?2 1i?2`2mK #HQ+F+?�BM UGBp2 *QBM q�i+?- kyRNVX

1i?2`2mK Bb +m``2MiHv mbBM; T`QQ7@Q7@rQ`F- #mi rBHH bQQM KQp2 iQ T`QQ7@Q7@bi�F2 mM/2` i?2
*�bT2` mT/�i2 rBi? i?2 H�mM+? Q7 1i? kXy BM i?2 M2ti k v2�`b UoBi�HBF "mi2`BM- kyR3VX
h?Bb rBHH K�F2 1i?2`2mK 7�` KQ`2 b+�H�#H2 �M/ 2{+B2MiX 1i?2`2mK ?�b 2ti2MbBp2 /Q+m@
K2Mi�iBQM �M/ � rB/2 `�M;2 Q7 +QKKmMBiv #mBHi �M/ K�BMi�BM2/ iQQHbX
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.m2 iQ i?2 bBKTHB+Biv Q7 BKTH2K2Mi�iBQM- i?2 �#BHBiv iQ r`Bi2 hm`BM; +QKTH2i2 bK�`i
+QMi`�+ib- i?2 7mim`2 bmbi�BM�#BHBiv /m2 iQ /2p2HQT2` KBM/ b?�`2- i`m2 /2+2Mi`�HBx�iBQM
�M/ +m``2Mi BKTH2K2Mi2/ bi�M/�`/b- 1i?2`2mK Bb +?Qb2M �b i?2 #HQ+F+?�BM Q7 +?QB+2 7Q`
i?Bb i?2bBbX

Ai Bb BKTQ`i�Mi iQ MQi2 i?�i B/2�b /Bb+mbb2/ BM i?Bb T�T2` +�M #2 �TTHB2/ iQ mbBM; �Mv
.Bbi`B#mi2/ G2/;2` h2+?MQHQ;vU.GhV Q` #HQ+F+?�BMc i?Bb /Q2b MQi ?�p2 iQ #2 BM i?2
7Q`K Q7 1i?2`2mKX >Qr2p2`- K�Mv +QKTQM2Mib rQmH/ M22/ iQ #2 `2#mBHi rBi?BM �MQi?2`
#HQ+F+?�BM 7`�K2rQ`FX 6Q` 2t�KTH2- ?�pBM; � M�iBp2 bi�#H2+QBM rBi?BM 1i?2`2mK U.�BV
K�F2b #mBH/BM; �TTHB+�iBQMb i?�i mb2 T�vK2Mib 7�` 2�bB2`X A7 #mBHi QM �MQi?2` #HQ+F+?�BM
i?Bb #2+QK2b +QMbB/2`�#Hv KQ`2 /B{+mHi �b 2p2`v 2H2K2Mi Q7 i?2 �TTHB+�iBQM M22/b iQ #2
#mBHi BM@?Qmb2X
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�TT2M/Bt *

�Hi2`M�iBp2 b2�H2/ #B/ +QMbi`m+iBQMb
h?2 T`QTQb2/ K�`F2iTH�+2b mb2b b2�H2/ #B/ �m+iBQMb Qp2` � Tm#HB+ 1M;HBb? Qmi+`v �m+iBQM
iQ,

Ç T`2p2Mi b?BHH #B//BM;-

Ç T`2p2Mi #B/ bMBTBM;-

Ç T`2p2Mi #B//2` +QHHmbBQM BM i?2 7Q`K�iBQM Q7 #B//BM; `BM;b �M/

Ç T`2b2`p2 #B//2`b T`Bp�i2 p�Hm�iBQM �M/ bi`�i2;vX

h?2 K2+?�MBbK T`QTQb2/ miBHBx2b � +QKKBi `2p2�H K2+?�MBbK r?B+? ?�b bi`QM; T`Bp�+v
;m�`�Mi22bX >Qr2p2`- i?Bb K2+?�MBbK BMi`Q/m+2b � HBp2M2bb i`�/2 Qz /m2 iQ i?2 �bvM@
+?`QMQmb M�im`2 Q7 i?2 `2p2�H T`Q+2bb r?B+? `2[mB`2b #B//2` BMi2`�+iBpBivX h?Bb K2�Mb
i?�i #B//2`b +QmH/ HQQb2 i?2B` #B/b B7 i?2v /Q MQi `2im`M iQ i?2 TH�i7Q`K /m`BM; i?2 `2p2�H
T?�b2X �//BiBQM�HHv- � mb2` +QmH/ HQQb2 i?2B` #B/ B7 i?2v +H2�` i?2B` r2# #`Qrb2` +�+?2 �M/
7Q`;2i i?2B` #B/ �KQmMi �M/ b�HiX

q?BH2 i?2b2 /Bb�/p�Mi�;2b �`2 [mBi2 b2p2`2- i?2 K2+?�MBbK Bb bBKTH2 iQ mM/2`bi�M/ �M/
BKTH2K2MiX h?2`2 �`2 � MmK#2` Q7 Qi?2` K2+?�MBbKb T`QTQb2/ BM i?2 HBi2`�im`2 i?�i �BK
iQ T`QpB/2 b2�H2/ #B/ �m+iBQM K2+?�MBbKb rBi?Qmi i?2 b�K2 HBp2M2bb i`�/2 QzbX

:�H�H �M/ uQmbb27 UkyRNV T`QTQb2 � K2+?�MBbK i?�i Bb T`Bp�i2- p2`B}�#H2- 7�B` �M/ MQM@
BMi2`�+iBp2 #�b2/ QM x2`Q FMQrH2/;2 +`vTiQ;`�T?v �M/ i?2 1i?2`2mK #HQ+F+?�BMX �HH Q7
i?2b2 T`QT2`iB2b �`2 T`2b2Mi BM � +QKKBi `2p2�H b+?2K2- 2t+2Ti 7Q` i?2 BMi2`�+iBp2 2H2K2Mi
r?B+? Bb `2[mB`2/ BM i?2 `2p2�H T?�b2X :�H�H �M/ uQmbb27 UkyRNVǶb K2+?�MBbK BMpQHp2b
#B//2`b bm#KBiiBM; ?QKQKQ`T?B+ +QKKBiK2Mib Q7 i?2B` b2�H2/ #B/b iQ � bK�`i +QMi`�+iX
"B//2`b i?2M `2p2�H i?2B` #B/b iQ �M �m+iBQM22` pB� � Tm#HB+ F2v 2M+`vTiBQM b+?2K2X h?2
�m+iBQM22` i?2M /2i2`KBM2b i?2 rBMM2` Q7 i?2 �m+iBQMX �M BMi2`�+iBp2 x2`Q FMQrH2/;2 T`QQ7
T`QiQ+QH Bb i?2M mb2/ #2ir22M i?2 bK�`i +QMi`�+i �M/ �m+iBQM22` iQ p2`B7v i?2 +Q``2+iM2bb
Q7 i?2 �m+iBQM22`Ƕb +H�BKX h?Bb K2+?�MBbK Bb T�`iB�HHv T`Bp�+v T`2b2`pBM; BM i?�i MQ #B//2`
BM7Q`K�iBQM H2�F2/ #v i?2 #B//2`b #mi i?2 �m+iBQM22` +�M biBHH H2�F BM7Q`K�iBQM iQ Qi?2`
#B//2`b /m`BM; i?2 #B/ T?�b2X �//BiBQM�HHv- i?Bb i2+?MB[m2 `2[mB`2b � i`mbi2/ b2imT iQ #2
T2`7Q`K2/ iQ Q`+?2bi`�i2 i?2 x2`Q FMQrH2/;2 T`QQ7 bvbi2KX

S�`F2b 2i �HX Ukyy3V T`QTQb2b � bvbi2K i?�i H2p2`�;2b hBK2@G�Tb2 *`vTiQ;`�T?v UhG*V
r?B+? T`2p2Mib +BT?2`i2ti /2+`vTiBQM mMiBH � b2i TQBMi BM i?2 7mim`2X h?Bb Bb mb2/ iQ F22T
i?2 #B/b b2�H2/ mMiBH i?2 2M/ Q7 i?2 �m+iBQM- T`2p2MiBM; �Mv BM7Q`K�iBQM H2�F�;2X AM i?2Q`v-
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i?Bb Bb �M 2t+2HH2Mi r�v iQ �+?B2p2 i?2 ;Q�Hb Q7 T`2p2MiBM; �Mv K�MBTmH�iBQM Q` +Q``mTiBQMX
>Qr2p2`- i?2 hG* K2+?�MBbK T`2b2Mi2/ BM i?2B` T�T2` `2[mB`2b i?2 mb2 Q7 � i`mbi2/ iBK2
b2`p2` BM i?2 QT2`�iBQM Q7 i?2 hG*X h?Bb BMi`Q/m+2b � i`mbi �bbmKTiBQM r?B+? +QmH/ #2
�++2Ti�#H2 BM bQK2 +�b2b #mi- #v Bib /2}MBiBQM- Bb MQi i`mbiH2bb �M/ Qmi+QK2 p2`B}+�iBQM
#2+QK2b BKTQbbB#H2c i?2`2 Bb MQ r�v 7Q` �M Q#b2`p2` iQ FMQr i?�i i?2 i`mbi2/ iBK2 b2`p2`
/B/ MQi H2�F BM7Q`K�iBQM iQ � +QKT2iBM; #B//2` /m`BM; i?2 #B//2` T?�b2X h?Bb i`mbi
�bbmKTiBQM i?2`27Q`2 b?B7ib i?2 QTTQ`imMBiv Q7 K�MBTmH�iBQM �r�v 7`QK i?2 �m+iBQM22`
�M/ iQ � i?B`/ T�`ivX

lHiBK�i2Hv- i?2 K2+?�MBbK mb2/ BM i?Bb i?2bBb Bb bBKTHv � KQ/mH�` +QKTQM2Mi iQ 7�+BHBi�i2
i`mbiH2bb b2�H2/ #B/ �m+iBQMbX 6mim`2 BKTH2K2Mi�iBQMb +QmH/ 2t+?�M;2 i?Bb K2+?�MBbK 7Q`
� KQ`2 `Q#mbi- MQM@BMi2`�+iBp2 T`Q+2bbX >Qr2p2`- 7Q` i?2 +�b2 Q7 i?Bb T`QQ7 Q7 +QM+2Ti- i?2
+QKKBi `2p2�H K2+?�MBbK Bb bBKTH2 �M/ +�M #2 2�bBHv BKTH2K2Mi2/ r?BH2 ?�pBM; bi`QM;
b2+m`Biv �M/ T`Bp�+v ;m�`�Mi22bX

a2�H2/ #B/ �m+iBQMb rBi? +QKKBi `2p2�H 2M+`vTiBQM
�MQi?2` QTiBQM iQ `2TH�+BM; i?2 +QKKBi `2p2�H K2+?�MBbK Bb iQ BKT`Qp2 Bib /QrMbB/2bX
h?2 T`BK�`v /QrMbB/2 Bb i?�i i?2 mb2` HQQb2b i?2B` #B/ �M/ b�Hi �KQmMi B7 i?2v +H2�` i?2B`
#`Qrb2` r?B+? rBHH K�F2 Bi BKTQbbB#H2 iQ `2p2�H i?2B` #B/X PM2 bQHmiBQM iQ i?Bb Bb iQ 2M+`vTi
i?2 mb2`b #B/ �KQmMi �M/ b�Hi �M/ biQ`2 i?2 2M+`vTi2/ /�i� QM i?2 #HQ+F+?�BMX q?2M
`2p2�HBM; i?2B` pQi2 i?2v }`bi /QrMHQ�/ i?2 2M+`vTi2/ #B/ �M/ b�Hi- /2+`vTi Bi �M/ i?2M mb2
Bi iQ pQi2X AM i?Bb +QMbi`m+iBQM i?2 #B//2` 2M+`vTib i?2B` #B/ �M/ b�Hi mbBM; � S`2iiv :QQ/
T`Bp�+vUS:SV 2M+`vTiBQM F2v T�`BM;X 6B`bi- i?2 #B//2` ;2M2`�i2b � T`Bp�i2 2M+`vTiBQM F2v
mbBM; � bB;M�im`2 ;2M2`�i2/ 7`QK i?2B` 1i?2`2mK r�HH2iX h?Bb mb2b i?2B` r�HH2i T`Bp�i2
F2v 2Mi`QTv iQ +`2�i2 i?2 2M+`vTiBQM F2v- rBi?Qmi 2tTQbBM; i?2 r�HH2i T`Bp�i2 F2v iQ i?2
#`Qrb2`X h?Bb K�F2b Bi 7�` KQ`2 b2+m`2 �M/ H2bb BMp�bBp2X �//BiBQM�HHv- KQbi r�HH2ib /QMǶi
H2i i?2 mb2` 2tTQb2 i?2B` T`Bp�i2 F2v BM �Mv +�b2 �b i?Bb Bb #�/ T`�+iB+2X

q?2M i?2 mb2` +QK2b iQ `2p2�HBM; i?2v +�M bBKTHv `2/2`Bp2 i?2B` 2M+`vTiBQM T`Bp�i2 F2v
7`QK � 7`2b? r�HH2i bB;M�im`2X h?Bb F22Tb i?2 T`Bp�i2 F2v b�72 �i �HH iBK2b �M/ 2M�#H2b i?2
mb2` iQ `2+Qp2` i?2B` b�Hi �M/ #B/ �KQmMiX
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.�B bi�#H2+QBM b2H2+iBQM `�iBQM�H
ai�#H2+QBMb �`2 mb2/ �b i?2 /27�+iQ T�vK2Mi K2+?�MBbK 7Q` �HH b2iiH2K2Mi rBi?BM i?2
T`QTQb2/ K�`F2iTH�+2X h?2`2 �`2 � MmK#2` Q7 /Bz2`2Mi bi�#H2+QBMb i?�i +�M #2 +?Qb2M
7`QK �M/ i?2 /2bB;M T`QTQb2/ #v MQ K2�Mb /B+i�i2b r?B+? bi�#H2+QBM Kmbi #2 mb2/X AM
7�+i �Mv 1_*ky iQF2M +QmH/ #2 mb2/ �b � T�vK2Mi iQF2M rBi?BM i?2 TH�i7Q`KX >Qr2p2`-
i?2 mb2 Q7 � bi�#H2+QBM Bb bi`QM;Hv `2+QKK2M/2/ �b Qi?2` +`vTiQ iQF2Mb ?�p2 #22M FMQrM
iQ #2 2ti`2K2Hv pQH�iBH2X

h?2`2 �`2 � MmK#2` Q7 /Bz2`2Mi bi�#H2+QBMb rBi?BM i?2 1i?2`2mK 2+Qbvbi2KX h?2B` T`BK�`v
/Bz2`2M+2b �`2 BM ?Qr +QHH�i2`�HBx�iBQM rQ`Fb iQ K�BMi�BM iQF2M bi�#BHBivX JQbi bi�#H2@
+QBMb +�M mHiBK�i2Hv #2 #`QF2M mT BMiQ irQ K�BM FBM/b, }�i@+QHH�i2`�HBx2/ �M/ +`vTiQ
+QHH�i2`�HBx2/X

6B�i@+QHH�i2`�HBx2/ bi�#H2+QBMb 2M+QKT�bb KQbi Q7 i?2 bi�#H2+QBMb QM i?2 K�`F2i �M/
rQ`F #v � +QKT�Mv BbbmBM; � iQF2M r?B+? Bb #�+F2/ R,R rBi? �M 2[m�H �KQmMi Q7 }�i +m`@
`2M+v BM � #�MF �++QmMiX h?2 BbbmBM; +QKT�Mv Bb `2bTQMbB#H2 7Q` K�BMi�BMBM; �TT`QT`B�i2
`2b2`p2b �;�BMbi i?2B` Bbbm2/ iQF2MX h?Bb K2�Mb i?�i mb2`b M22/ iQ i`mbi i?�i i?2 Bbbm2`
?�b MQi KBb`2TQ`i2/ i?2B` +QHH�i2`�HBx�iBQM #v +H�BKBM; iQ ?�p2 KQ`2 +m``2M+v BM i?2 #�MF
i?�M r?�i i?2v �+im�HHv ?�p2X AM i?2Q`v i?2 bi�#H2 +`vTiQ +m``2M+v Bb `2/22K�#H2 7Q`
mM/2`HvBM; }�i +m``2M+v 7`QK i?2 Bbbm2` r?B+? ?2HTb K�BMi�BM i?2 T2;X

hrQ Q7 i?2 KQbi +QKKQM }�i@+QHH�i2`�HBx2/ bi�#H2+QBMb QM 1i?2`2mK �`2,

Ç h2i?2` U0la.hV Bb Bbbm2/ #v � >QM; EQM; #�b2/ +QKT�Mv- h2i?2` GBKBi2/X h2i?2`
?�b #22M mM/2` � HQi Q7 b+`miBMv /m2 iQ i?2 H�+F Q7 i`�MbT�`2M+v Q7 i?2B` }�i ?QH/BM;b
r?B+? ?�b H2�/ BMp2biQ`b iQ #2HB2p2 i?�i Bi ?�b #22M mM/2`+QHH�i2`�HBx2/X h?2 H�+F Q7
+H�`Biv QM h2i?2`Ƕb bQHp2M+v `2KQp2b Bi 7`QK i?2 QTiBQMb 7Q` i?2 T�vK2Mi iQF2M 7Q`
i?2 K�`F2iTH�+2X

Ç l.* *QBM U0la.*V Bb Bbbm2/ #v *1Lh_1- � DQBMi p2Mim`2 #2ir22M *B`+H2 �M/
*QBM#�b2X Ai Bb 7mHHv +QHH�i2`�HBx2/ �M/ QT2M bQm`+2 �M/ QT2`�i2b rBi?BM la KQM2v
i`�MbKBbbBQM H�rbX Ai rQ`Fb 2t+HmbBp2Hv rBi? 2bi�#HBb?2/ #�MFb �M/ �m/BiQ`bX "2@
+�mb2 la.* Bb #�+F2/ #v H�`;2 #�MFb- QT2M bQm`+2 �M/ i`�MbT�`2Mi �M/ Bb +QKKQMHv
pB2r2/ �b b�72 rBi?BM i?2 +`vTiQ +QKKmMBiv Bi Bb � +QMi2M/2` 7Q` i?2 bi�#H2+QBM Q7@
72`2/ rBi?BM i?2 K�`F2iX

*`vTiQ@+QHH�i2`�HBx2/ bi�#H2+QBMb rQ`F #v HQ+FBM; +`vTiQ+m``2M+v BM � bK�`i +QMi`�+i
�b +QHH�i2`�H r?2M BbbmBM; i?2 bi�#H2+QBMX AM i?2 +�b2 Q7 J�F2`.�QǶb .�B iQF2M- 1i?2` �M/
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"�h iQF2Mb +�M #2 mb2/ �b +QHH�i2`�H iQ ;2M2`�i2 .�B #v M2irQ`F T�`iB+BT�MibX h?2b2
/2TQbBib �`2 `2[mB`2/ iQ #2 Qp2` +QHH�i�i`�HBx2/ #v � KBMBKmK i?`2b?QH/ Q7 R8yW- Q` �
TQbBiBQM Bb HB[mB/�i2/X

6Q` 2t�KTH2 B7 vQm r�Mi iQ ;2M2`�i2 Ryy .�B vQm rQmH/ M22/ iQ +QHH�i2`�HBx2 i?2 TQbBiBQM
rBi? � KBMBKmK Q7 R8y la. rQ`i? Q7 1i?2`- #�b2/ QM i?2 +m``2Mi 1i?2` T`B+2X 6Q`
2t�KTH2 b�v i?�i 1i?2` Bb rQ`i? Ryy la.X h?Bb K2�Mb vQm rQmH/ M22/ iQ HQ+F �r�v �
KBMBmKBK Q7 RX8 1i?2` iQ ;2M2`�i2 i?2 Ryy .�BX A7 vQm HQ+F �r�v k 1i?2` i?2M vQm`
TQbBiBQM Bb kyyW Qp2` +QHH�i2`�HBx2/ �M/ b�72 7`QK HB[mB/�iBQMX A7 �i �Mv TQBMi i?2 T`B+2
Q7 1i?2` /`QTb bm+? i?�i i?2 p�Hm2 Q7 i?2 1i?2` BM i?2 p�mHi Bb H2bb i?�M R8yW Q7 i?2
Qmibi�M/BM; /2#i Q7 Ryy .�B i?2M i?2 TQbBiBQM Bb HB[mB/�i2/ rBi? � RjW T2M�HivX BX2 B7 i?2
k 1i?2` Bb rQ`i? H2bb i?�M 0R8y i?2 TQbBiBQM rBHH #2 HB[mB/�i2/X h?Bb K2+?�MBbK BM+2MiBp2b
mb2`b i?�i Bbbm2 .�B iQ �Hr�vb F22T i?2B` `2b2`p2b bm{+B2MiHv #�+F2/X

h?2 K�BM �ii`�+iBQM iQ .�B Bb i?�i i?2`2 Bb MQ +2Mi`�HBx2/ TQBMi Q7 7�BHm`2 i?�i +�M i�F2 i?2
bvbi2K Q|BM2X Pi?2` bi�#H2+QBM bvbi2Kb- 2p2M i?Qb2 #�+F2/ #v +`2/B#H2 BMbiBimiBQMb HBF2
la.*- +�M #2 biQTT2/- +Q``mTi2/ Q` b?mi /QrM #v ;Qp2`MK2Mi `2;mH�iBQM Q` +QKT�Mv
/2+BbBQMbX >Qr2p2`- .�B Bb mMbiQTT�#H2 BM i?2 b2Mb2 i?�i i?2`2 Bb MQ `2;mH�iQ`v Qp2`bB;?i
i?�i +�M BKT2/2 Bib ;`Qri? Q` mb�;2 �M/ i?mb MQ QM2 +�M biQT BiX

PM2 J�DQ` +`BiB+BbK Q7 +`vTiQ +QHH�i2`�HBx2/ bi�#H2+QBMb Bb bi�#BHBiBivX .�B r�b }`bi H�mM+?2/
r?2M i?2 T`B+2 Q7 1i?2` r�b Qp2` R9yy la. �M/ /m`BM; Bib HB72 Bi ?�b rBi?biQQ/ i?2 T`B+2
Q7 1i?2` 7�HHBM; �HH i?2 r�v iQ dy la.X .m`BM; i?Bb iBK2 i?2 .�B iQ la. T2; ?�b `2@
K�BM2/ }t2/ rBi? /2pB�iBQMb MQi 2t+22/BM; KQ`2 i?�M 8 +2Mib BM 2Bi?2` /B`2+iBQMX h?Bb Bb
� `2K�`F�#H2 �+?B2p2K2Mi �M/ Bb � i2bi�K2Mi iQ i?2 .�BǶb bi�#H2 K2+?�MBbKX

.m2 iQ Bib i`mbiH2bb M�im`2 �M/ ?BbiQ`B+ T`B+2 bi�#BHBiv .�B Bb i?2 bi�#H2+QBM Q7 +?QB+2 7Q`
i?2 K�`F2iTH�+2 7Q` B/2�bX >Qr2p2`- Bi Bb BKTQ`i�Mi iQ MQi2 i?�i 7mim`2 BKTH2K2Mi�iBQMb
+�M p2`v 2�bBHv BM+Q`TQ`�i2 KmHiBTH2 T�vK2Mi iQF2MbX A7 i?2`2 Bb � /2K�M/ 7Q` la.* Q`
�Mv Qi?2` 1_*ky iQF2M i?2 K�`F2i +QmH/ Qz2` mb2`b i?Bb QTiBQMX

G�biHv- 7`QMi 2M/ BMi2;`�iBQM rBi? 2t+?�M;2b HBF2 lMBbr�TXBQ +QmH/ 2M�#H2 /B`2+i �iQKB+
br�Tb 7`QK QM2 T�vK2Mi iQF2M iQ �MQi?2` bm+? i?�i mb2`b +QmH/ mb2 KmHiBTH2 iQF2Mb r?B+?
�`2 i?2M �Hr�vb +QMp2`i2/ iQ i?2 b�K2 #�b2 +m``2M+v BM i?2 #�+F2M/X

Ny
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a2[m2M+2 };m`2 F2v

h?2 6B;m`2 #2HQr Bb i?2 F2v 7Q` i?2 HB72 +v+H2b T`2b2Mi2/ BM 6B;m`2 eX8- eXe �M/ eXdX

Call from externally owned account
such as a publisher, bidder or keeper

Execution of contract logic

Modification of contract state

...

Pending between contract
state change and next interaction

αExecution step

ڨERCE20ڧ
XXXExternal contract interaction

...

Dai Stable coin

NFT Token auctions, like
minting, burning transfer ect

Life Cycle Key

State modification calls by the 
execution of contract logic

6B;m`2 1XR, a2[m2M+2 6B;m`2 F2v

NR
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aK�`i +QMi`�+i b2[m2M+2 /B�;`�Kb
1�+? Q7 i?2 T`BK�`v 7mM+iBQMb /Bb+mbb2/ BM a2+iBQM eXkXk �`2 MQr #`QF2M /QrM rBi? �
b2[m2M+2 6B;m`2X h?2b2 6B;m`2b b?Qr+�b2 i?2 BMi2`+QMM2+iBQM Q7 i?2 d bK�`i +QMi`�+ib
rBi?BM i?2 K�`F2iTH�+2X �i 2�+? TQBMi BM i?2 6B;m`2 � `2+i�M;H2 `2T`2b2Mib r?2`2 i?2
+QMi`�+i HQ;B+ Bb 2t2+miBM;X 6Q` 2t�KTH2 BM 6XRy i?2 L2rlb2` +�HHb i?2 `2;Bbi2`lb2`
7mM+iBQM rBi?BM i?2 lMB+QBM_2;Bbi`vX h?Bb 7mM+iBQM i?2M +�HHb �MQi?2` BMi2`M�H 7mM+iBQM
7`QK i?2 mb2`J�M�;2`- n`2;Bbi2`lb2`X �HQM; i?Bb 2t2+miBQM � `2+i�M;H2 `2T`2b2Mib r?2`2
i?2 HQ;B+ Bb #2BM; +�HH2/ 7`QKX

�i �TT`QT`B�i2 TQBMib �//BiBQM�H +QKK2Mi Bb b?QrM M2ti iQ `2+i�M;H2b MQi�iBM; i?2 �bbQ@
+B�i2/ bi�i2 +?�M;2 Q` BMTmi p�HB/�iBQMX q?2M M22/2/- A7 bi�i2K2Mib �`2 /2}M2/ mbBM; �M
Ǵ�HiǴ #HQ+FX h?2b2 #HQ+Fb 2M+QKT�bb � #HQ+F Q7 +Q/2 2t2+miBQM #�b2/ QM i?2 B7 bi�i2K2MiX

UniCoin
Registry

User
Manager

New
User

function registerUser(string _profile_uri)

_registerUser(_profile_uri, msg.sender)

validate input and
modify contract state return user_Id

Caption: most simple functions, like registering a user
are done by delegation from the registry to the respective

spoke that validates the input then modifies the state.
6B;m`2 6XR, lb2` `2;Bbi`�iBQM �//b mb2` �++QmMi /2i�BHb iQ i?2 mb2` K�M�;2`X

Nk



UniCoin
Registry

User
Manager

Auction
Manager

Publication
Manager

Publisher
Account

createPublication(
  uint8 _pricing_Strategy,
  string _publication_uri,
  uint256 _auctionFloor,
  uint256 _auctionStartTime,
  uint256 _auctionDuration,
  uint256 _fixed_sell_price,
  uint256 _maxNumberOfLicences,
  uint256[] _contributors,
  uint256[] _contributors_weightings)

getCallerId()

return author_Id

Alt - if statement with 2 conditions
[if pricing strategy is private auction]

_addAuctionToPublication(
  uint256 _publication_Id,
  uint256 auction_Id)

[else if pricing strategy is fixed price sale]

Caption: the creation of a publication is depicted, 
including a logical statement that conditionally

 creates an auction in the case of a private auction pricing strategy.

Check input values
& add publication
to contract state

Check auction input
& add auction
to contract state

add auction to
publication state

return publication_Id

_createPublication(
  uint8 _pricing_stratergy,
  string memory _publication_uri,
  uint256 _author_Id,
  uint256 _fixed_sell_price,
  uint256 _maxNumberOfLicences,
  uint256[] _contributors,
  uint256[] _contributors_weightings)

return auctionId

_createAuction(
   uint8 _pricing_stratergy,
   string _publication_uri,
   uint256 _author_Id,
   uint256 _fixed_sell_price,
   uint256 _maxNumberOfLicences,
   uint256[] _contributors,
   uint256[] _contributors_weightings)

return publication_Id

return publication_Id

6B;m`2 6Xk, Sm#HB+�iBQM HBbiBM; BM+Hm/BM; � HQ;B+�H bi�i2K2Mi i?�i +QM/BiBQM�HHv +`2�i2b �M
�m+iBQM BM i?2 +�b2 Q7 � T`Bp�i2 �m+iBQM T`B+BM; bi`�i2;vX

Nj



UniCoin
Registry

User
Manager

Auction
Manager

Bidder
Account

commitSealedBid(

  bytes32 _bidHash,

  uint256 _publication_Id)

getCallerId()

return author_Id

Checks the bid is
in commit phase 
and add bid to statereturn bidId

return bidId

_commitSealedBid(
  bytes32 _bidHash,
  uint256 _auction_Id,
  uint256 _bidder_Id)

Caption: when a sealed bid is committed the bid hash
and publication Id are specified. The bid is added

 to the bid auction for the specific publication.

getLatestAuctionId(_publication_Id)

return auction_Id

Publication
Manager

Get the Id of the
most recent auction

6B;m`2 6Xj, *QKKBiiBM; b2�H2/ #B/ BMpQHp2b bm#KBiiBM; i?2 #B/ ?�b? �M/ Tm#HB+�iBQM A/X
h?2 #B/ Bb �//2/ iQ i?2 #B/ �m+iBQM 7Q` i?2 bT2+B}+ Tm#HB+�iBQMX

N9



UniCoin
Registry

User
Manager

Auction
Manager

Bidder
Account

getCallerId()

return author_Id

Checks the auction is in
the right state, that the
caller is the same as who
submitted the bid and then
hashes the bid and salt
together to find the commit.
If they match, add the bid to 
the state for that bid.return true

Caption: When a bid is revealed, the contract checks that
the hash of the bid amount and the salt equal the committed

value specified during the commit phase. If they match
the bid value is added to the contract state.

getLatestAuctionId(_publication_Id)

return auction_Id

Publication
Manager

Get the Id of the
most recent auction

revealSealedBid(
  uint256 _bid,
  uint256 _salt,
  uint256 _publication_Id,
  uint256 _bid_Id)

revealSealedBid(
  uint256 _bid,
  uint256 _salt,
  uint256 _auction_Id,
  uint256 _bid_Id,
  uint256 _bidder_Id)

return true

6B;m`2 6X9, "B/ `2p2�H BMpQHp2b i?2 +QMi`�+i +?2+FBM; i?�i i?2 ?�b? Q7 i?2 #B/ �KQmMi
�M/ i?2 b�Hi 2[m�H i?2 +QKKBii2/ p�Hm2 bT2+B}2/ /m`BM; i?2 +QKKBi T?�b2X A7 i?2v K�i+?
i?2 #B/ p�Hm2 Bb �//2/ iQ i?2 +QMi`�+i bi�i2X
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UniCoin

Registry

HarbergerTax

Manager
Vault

Publication

Manager

User

Manager

Auction

Manager

Any account

Check the input params are

valid then loop over all bids

in the auction to find the highest

Extracts all contributor

ids for a specific publication

Convert the input array

of contributor ids to array

of contributor addresses.

These are used to make payments.

[else if the author did select to create a Harberger tax type licence

Alt - if statement with 2 conditions
[if the author did not selected to create a Harberger tax type licence]

Pay the author their full amount

and then loop through each

contributor address and weighting

and transfer Dai to their wallets.

If the creator wants 

Harberger tax then

Harberger tax manager

is called is called to create

a tax object to store the info

Caption: finalizing an auction involves looping through all revealed bids for the auction

and identifying the winner. The winner payment is then split amounts all contributors. If 

the publisher chose to use a harberger tax model, this is added to the licence on chain.

6B;m`2 6X8, �m+iBQM }M�HBx�iBQM BMpQHp2b HQQTBM; i?`Qm;? �HH `2p2�H2/ #B/b 7Q` i?2 �m+iBQM
�M/ B/2MiB7vBM; i?2 rBMM2`X h?2 rBMM2` T�vK2Mi Bb i?2M bTHBi �KQmMib �HH +QMi`B#miQ`bX
A7 i?2 Tm#HBb?2` +?Qb2 iQ mb2 � >�`#2`;2` h�t KQ/2H- i?Bb Bb �//2/ iQ i?2 HB+2M+2X

Ne



UniCoin
Registry

User
Manager

Publication
Manager

HarbergerTax
Manager VaultLicence

Manager
Idea creator

Account

claimHarbergerTax(uint256 _publication_Id)

getMostRecentPublicationLicence(uint256 _publication_Id)

getLicenceTaxObjectId(uint256 licence_Id)

calculateOutstandingTax(uint256 taxObject_Id)

Auction
Manager

return publication_Id

return taxObject_Id

return outstandingTax

return licenceOwner

ownerOf(uint256 licence_Id)

canAddressPay(uint256 licenceOwner, uint256 outstandingTax)

return licenceOwnerSolvent

getAuthorId(uint256 publication_Id)

getUserAddress(uint256 authorId)

return author_Id

return authorAddress

getAddressArray(uint256 contributorIds);

return contributorAddresses

[else if the licence owner is not solvent]

Alt - if statement with 2 conditions
[if the licence owner is solvent]

settleBulkPayment(address _sender,
  address _authorAddress,
  address[] _contributorAddresses,
  uint256[] _contributorWeightings,
  uint256 _paymentAmount)

_updateTaxObjectLastPayment(uint256 taxObject_Id)

return outstandingTax

revokeLicence(uint256 licence_Id)

revokeLicence(uint256 _publication_Id)

revokeTaxObject(uint256 taxObject_Id)

_createAuction(uint256 _publication_Id, uint256 auctionFloor,
  uint256 auctionStartTime, uint256 auctionDuration)

return auction_Id

addAuctionToPublication(uint256 _publication_Id, uint256 auctionId)

return 0

Checks licence owner
wallet balance and 
wallet allowance

loops through
all wallet address
and amounts and
pays each

caption: when claiming harberger tax either: 1) the licence owner has enough
dai and can pay(solvent) then all contributors are paid and harberger object is
updated or 2) the licence owner does not have enough Dai (not solvent) and the

licence is taken away from them and listed for public auction for anyone. the
auction duration starts at 30 days.

Mark the licence
as revoked within
the publication &
decrement licences
issued

Delete the tax object
and harberger tax
outstanding for the
previous licence owner

Create auction
to sell off publication's
revoked licence.
Duration set to 1 month.

Update publication info
to store the newly create
auction for the licence

6B;m`2 6Xd, *H�BKBM; >�`#2`;2` h�t 2Bi?2` BMpQHp2b, RV i?2 HB+2M+2 QrM2` ?�b 2MQm;? .�B
�M/ +�M T�v UbQHp2MiV i?2M �HH +QMi`B#miQ`b �`2 T�B/ �M/ >�`#2`;2` Q#D2+i Bb mT/�i2/ Q`
kV i?2 HB+2M+2 QrM2` /Q2b MQi ?�p2 2MQm;? .�B UMQi bQHp2MiV �M/ i?2 HB+2M+2 Bb i�F2M �r�v
7`QK i?2K �M/ HBbi2/ 7Q` Tm#HB+ �m+iBQMX h?2 �m+iBQM /m`�iBQM bi�`ib �i jy /�vbX



UniCoin
Registry

HarbergerTax
Manager

Licence
Manager

Licence
Owner

Account

getLicenceOwnerId(uint256 _licence_Id)

return licenceOwner_Id

updateLicenceHarbergerValuation(
  uint256 _licence_Id, 
  uint256 _newValuation)

getLicenceTaxObjectId(uint256 _licence_Id)

return taxObject_Id

_updateTaxObjectValuation(
uint256 taxObject_Id,
 uint256 _newValuation)

return _newValuation

Caption: The private valuation of the object listed under harberger tax can be updated
by the owner of the object. They feed in the licence ID and the new valuation and the registry

calls the licence manager and harberger tax manager accordingly to update the values.

check that the person
calling the function is
the current licence owner

6B;m`2 6Xe, lT/�iBM; HB+2Mb22 T`Bp�i2 p�Hm�iBQM BMpQHp2b bT2+B7vBM; i?2 HB+2M+2 A. �M/
i?2 M2r p�Hm�iBQMX h?2 `2;Bbi`v +�HHb i?2 HB+2M+2 K�M�;2` �M/ >�`#2`;2` h�t K�M�;2`
�++Q`/BM;Hv iQ mT/�i2 i?2 p�Hm2bX � HB+2M+2 ?QH/2` rQmH/ /Q i?Bb B7 i?2v r2`2 mT/�iBM; BM
i?2 +�b2 Q7 � #mv Qmi Q` B7 i?2v /22K i?2 HB+2M+2 iQ #2 rQ`i? KQ`2 Q` H2bbX

N3



UniCoin
Registry

HarbergerTax
Manager

Another
Company or bidder

Caption: at any point in time anyone can submit a buyout request to a licence. To
create this the user specifies the licence they want to buyout along with their buy

out amount. This amount is how much the buyer is willing to pay to take the licence.

User
Manager

Add the buyout
object to the contract
state associated with
a licence.

6B;m`2 6X3, *`2�iBM; >�`#2`;2` h�t #mvBM; +�M #2 /QM2 #v �MvQM2 �i �Mv TQBMi BM iBK2X
hQ +`2�i2 i?Bb i?2 mb2` bT2+B}2b i?2 HB+2M+2 i?2v r�Mi iQ #mvQmi �HQM; rBi? i?2B` #mv Qmi
�KQmMiX h?Bb �KQmMi Bb ?Qr Km+? i?2 #mv2` Bb rBHHBM; iQ T�v iQ i�F2 i?2 HB+2M+2X
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UniCoin
Registry

User
Manager

HarbergerTax
Manager VaultLicence

Manager
Any

Account

finalizeBuyOutOffer(uint256 _buyOut_Id)

finalizeBuyOutOffer(uint256 _buyOut_Id)

return offerSucceeded

checks if the amount
spesified in the buyout
object is enough to 
settle the buyout based
off the minimum increase.
If it is, return true.

Alt - if statement with 2 conditions
[if the buyout offer succeeded]

getBuyOutLicenceId(uint256 _buyOut_Id)

return licence_Id

getBuyOutOwnerId(uint256 _buyOut_Id)

return buyOutOwner_Id

getUserAddress(uint256 buyOutOwner_Id)

return buyOutOwner_Address

getLicenceOwnerId(uint256 licence_Id)

return previousOwner_Id

getUserAddress(uint256 previousOwner_Id)

return previousOwner_Address

settlePayment(
  address buyOutOwner_address
  address previousOwner_address
  uint256 buyOutAmount)
  

return true

allocateLicenceToNewOwner(
  uint256 licence_Id,
  uint256 buyOutOwner_Id,
  address previousOwner_address
  address buyOutOwner_address)

return true

transfer the NFT
from the previous
owner to the new
owner.

Pay the previous
owner from the new
owner the amount
the new owner bid

Caption: When finalizing a buyout, the validity of the buyout claim is first checked
to ensure that the buyout is more than the minimum threshold for that specific licence.

If it is, then the licence is transferred away from the old owner and is allocated to the new
owner.

6B;m`2 6XN, "mvQmi }M�HBx�iBQM BMpQHp2b i?2 p�HB/Biv Q7 i?2 #mvQmi +H�BK #2BM; +?2+F2/ iQ
2Mbm`2 i?�i i?2 #mvQmi Bb KQ`2 i?�M i?2 KBMBKmK i?`2b?QH/ 7Q` i?�i bT2+B}+ HB+2M+2X A7
Bi Bb- i?2M i?2 HB+2M+2 Bb i`�Mb72``2/ �r�v 7`QK i?2 QH/ QrM2` �M/ Bb �HHQ+�i2/ iQ i?2 M2r
QrM2`X

Ryy



constructor()

UniCoin
Registry

User
Manager

Harbeger
Tax

Manager
Auction
Manager

Licence
Manager

Publication
Manager Vault

UniCoin
Deployer

constructor()

Publication Manager
instance

Auction Manager
instance

Licence Manager
instance

Harbeger Tax
Manager instance

User Manager
instance

User Manager
instance

initialize(address _unicoinRegistry, address _daiContractAddress)

initialize(address _unicoinRegistry)

constructor()

constructor()

initialize(address _unicoinRegistry)

constructor()

initialize(string _name, string _symbol, address _unicoinRegistry)

constructor()

initialize(address _unicoinRegistry)

constructor()

initialize(address _unicoinRegistry)

constructor()

Caption: the deployment of the smart contracts involves deploying each 
spoke and then initializing them with the UniCoin Registry address. After

all spokes are deployed the Registry it's self is initialized with all spoke
addresses. Some spokes require special parameters like the Dai contract address

initialize(address _auctionManager, address _licenceManager, address _publicationManager, address _userManager, address _vault)

UniCoin Registry
instance

6B;m`2 6XRy, .2THQvK2Mi ~Qr Q7 i?2 bK�`i +QMi`�+ib BMpQHp2b /2THQvBM; 2�+? bTQF2 �M/
i?2M BMBiB�HBxBM; i?2K rBi? i?2 lMB*QBM _2;Bbi`v �//`2bb U?m#VX �7i2` �HH bTQF2b �`2
/2THQv2/ i?2 _2;Bbi`v Bib2H7 Bb BMBiB�HBx2/ rBi? �HH bTQF2 �//`2bb2bX aQK2 bTQF2b `2[mB`2
bT2+B�H T�`�K2i2`b HBF2 i?2 .�B +QMi`�+i �//`2bb Q` �//BiBQM�H BM7Q`K�iBQM HBF2 i?2 L6h
iQF2M M�K2 �M/ iB+F2` 7Q` i?2 GB+2M+2 J�M�;2`X
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aK�`i +QMi`�+i i2bib
h?2 bK�`i +QMi`�+ib r2`2 i?Q`Qm;?Hv i2bi2/ BM D�p�b+`BTi mbBM; i?2 h`m|2 7`�K2rQ`FX
1�+? +Q`2 7mM+iBQM ?�b #Qi? � TQbBiBp2 �{`K�iBQM i2bi iQ 2Mbm`2 i?�i Bi /Q2b i?2 +Q``2+i
2t2+miBQM �b r2HH �b � M2;�iBp2 i2bi iQ 2Mbm`2 i?�i Bi `2D2+ib BMp�HB/ BMTmibX

a22 i?2 :Bi?m# `2TQ ?2`2 iQ `mM i?2 i2bib HQ+�HHv QM vQm` +QKTmi2`X h?2 QmiTmi Q7 i?2
i2bib Bb b?QrM #2HQrX 1�+? b2+iBQM 2M+QKT�bb2b � b2i Q7 7mM+iBQM�HBiv rBi?BM i?2 i2bibX

Ryk
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om2 b2H2+iBQM `�iBQM�H

h?2`2 �`2 MmK2`Qmb C�p�b+`BTi 7`�K2rQ`Fb �p�BH�#H2 7Q` #mBH/BM; KQ/2`M- `2bTQMbBp2 �T@
THB+�iBQMbX h?`22 Q7 i?2 KQbi TQTmH�` 7`�KrQ`Fb U�M;mH�`- _2�+i �M/ om2V �`2 +QKT�`2/
BM h�#H2 >XR #2HQrX lHiBK�i2Hv �Mv C�p�b+`BTi 7`�K2rQ`F rQmH/ #2 �#H2 iQ #mBH/ i?2
T`QTQb2/ K�`F2iTH�+2X q?�i mHiBK�i2Hv K�ii2`b Bb TB+FBM; � 7`�K2rQ`F i?�i Bb,

RX 6mim`2 T`QQ7 , i?2 TH�i7Q`K +?Qb2M b?QmH/ +QMiBMm2 iQ #2 bmTTQ`i2/ BMiQ i?2 7mim`2
iQ 2Mbm`2 i?2 �TTHB+�iBQM #mBHi +QMiBMm2b iQ #2 bmTTQ`i2/X

kX q2HH /Q+mK2Mi2/- 2�bv iQ mb2 �M/ ?�b bi`QM; iQQHBM;, /2p2HQT2` 2tT2`B2M+2 K�ii2`bX
SB+FBM; � 7`�K2rQ`F i?�i Bb 2�bv iQ mM/2`bi�M/ �M/ i?�i ?�b ;QQ/ /2p2HQT2` iQQHBM;
rBHH 2Mbm`2 i?�i Qi?2`b +�M +QMiBMm2 iQ #mBH/ QM i?2 TH�i7Q`KX

jX PT2M bQm`+2 �M/ 7`22, i?2 B/2QHQ;v Q7 i?2 C�p�b+`BTi 7`�K2rQ`F M22/b iQ �HB;M rBi?
i?2 Qp2`�HH �TTHB+�iBQMX lbBM; � +HQb2/ bQm`+2 7`�K2rQ`F Bb i?2`27Q`2 BM�TT`QT`B�i2
BM i?Bb +QMi2tiX h?Bb rBHH �HbQ ?2HT iQ 2Mbm`2 i?�i i?2 7`�K2rQ`F Bb K�BMi�BM2/ BMiQ
i?2 7mim`2 �b QT2M bQm`+2 bQ7ir�`2 �ii`�+ib /2p2HQT2`b 7`QK �HH �`QmM/ i?2 rQ`H/X

�M;mH�` _2�+i om2
hvT2 � 6`�K2rQ`F GB#`�`v iQ #mBH/ lA � 6`�K2rQ`F
q?v *?QQb2 A7 vQm r�Mi iQ mb2 hvT2a+`BTi A7 vQm r�Mi iQ ;Q 7Q` ǳ2p2`vi?BM;@Bb@C�p�a+`BTiǴ

�TT`Q�+? 1�bv C�p�a+`BTi �M/ >hJG
6QmM/2`b SQr2`2/ #v :QQ;H2 J�BMi�BM2/ #v 6�+2#QQF *`2�i2/ #v 6Q`K2` :QQ;H2 1KTHQv22
AMBiB�H _2H2�b2 a2Ti2K#2` kyRe J�`+? kyRj 62#`m�`v kyR9
�TTHB+�iBQM hvT2b A7 vQm r�Mi iQ /2p2HQT L�iBp2 �TTb-

?v#`B/ �TTb- �M/ r2# �TTb A7 vQm r�Mi iQ /2p2HQT aS� �M/ KQ#BH2 �TTb �/p�M+2/ aS� �M/ bi�`i2/ bmTTQ`iBM;
L�iBp2 �TTb

A/2�H 7Q` A7 vQm r�Mi iQ 7Q+mb QM H�`;2@b+�H2-
72�im`2@`B+? �TTHB+�iBQMb

amBi�#H2 7Q` KQ/2`M r2# /2p2HQTK2Mi �M/
M�iBp2@`2M/2`2/ �TTb 7Q` BPa �M/ �M/`QB/

A/2�H 7Q` r2# /2p2HQTK2Mi �M/
bBM;H2@T�;2 �TTHB+�iBQMb

G2�`MBM; *m`p2 � bi22T H2�`MBM; +m`p2 � HBiiH2 #Bi 2�bB2` i?�M �M;mH�` � bK�HH H2�`MBM; +m`p2
.2p2HQT2`@7`B2M/Hv A7 vQm r�Mi iQ mb2 i?2 bi`m+im`2@#�b2/

7`�K2rQ`F
A7 vQm r�Mi iQ ?�p2 ~2tB#BHBiv BM i?2
/2p2HQTK2Mi 2MpB`QMK2Mi A7 vQm r�Mi iQ ?�p2 b2T�`�iBQM Q7 +QM+2`Mb

JQ/2H "�b2/ QM JQ/2H@oB2r@*QMi`QHH2` "�b2/ QM oB`im�H .Q+mK2Mi P#D2+i JQ/2H "�b2/ QM oB`im�H .Q+mK2Mi P#D2+i JQ/2H
q`Bii2M BM hvT2a+`BTi C�p�a+`BTi C�p�a+`BTi
*QKKmMBiv amTTQ`i � H�`;2 +QKKmMBiv Q7 /2p2HQT2`b �M/

bmTTQ`i2`b 6�+2#QQF /2p2HQT2`b +QKKmMBiv QT2M@bQm`+2 T`QD2+i bTQMbQ`2/
i?`Qm;? +`Qr/@bQm`+BM;

G�M;m�;2 S`272`2M+2 _2+QKK2M/b i?2 mb2 Q7 hvT2a+`BTi _2+QKK2M/b i?2 mb2 Q7 Cas Ĝ C�p�a+`BTi sJG >hJG i2KTH�i2b �M/ C�p�a+`BTi
SQTmH�`Biv qB/2Hv TQTmH�` �KQM; /2p2HQT2`b JQ`2 i?�M kd-yyy bi�`b �//2/ Qp2` i?2 v2�` JQ`2 i?�M 9y-yyy bi�`b �//2/

QM :Bi>m# /m`BM; i?2 v2�`
*QKT�MB2b lbBM; lb2/ #v :QQ;H2- 6Q`#2b- qBt-

�M/ r2�i?2`X+QK
lb2/ #v 6�+2#QQF- l#2`- L2i~Bt-
hrBii2`- _2//Bi- S�vT�H- q�HK�`i- �M/ Qi?2`b lb2/ #v �HB#�#�- "�B/m- :BiG�#- �M/ Qi?2`b

h�#H2 >XR, h�#H2 +QKT�`BM; /Bz`2Mi T`QT2`iB2b Q7 �M;mH�`- _2�+i �M/ om2

Ryj



�TT2M/Bt A

J�`F2iTH�+2 b+`22Mb?Qib
h?Bb �TT2M/Bt +QMi�BMb � MmK#2` Q7 b+`22Mb?Qib i?�i b?Qr+�b2 i?2 +Q`2 7mM+iBQM�HBiv
Q7 i?2 J�`F2iTH�+2X h?2 J�`F2iTH�+2 +�M �HbQ #2 7QmM/ QMHBM2 �i mMB+QBMXrBMX 1�+?
b+`22Mb?Qi ?�b �M �++QKT�MvBM; /2b+`BTiBQM iQ QmiHBM2 r?�i Bb #2BM; b?QrM �HQM; � mb2`
biQ`vX h?Bb mb2` biQ`v 2M+QKT�b2b i?2 7mHH ~Qr �M/ BMi2`�+iBQM rBi? i?2 K�`F2i 7`QK
HQ�/BM; i?2 r2#bBi2- +`2�iBM; �M �++QmMi- Tm#HBb?BM; � T�T2` iQ i?2 K�`F2i �M/ }M�HHv
rBi? � +QKT�Mv #B//BM; �M/ rBMMBM; BM �M �m+iBQMX

.�TT ?QK2 T�;2X S`QpB/2b ?B;? H2p2H BM7Q`K�iBQM BMiQ QT2`�iBQM Q7 i?2 K�`F2iTH�+2
�M/ #`B2~v 2tTH�BMb ?Qr i?2 bvbi2K rQ`Fb i?`Qm;? � iBK2HBM2X

6B;m`2 AXR, >QK2 T�;2X AM+Hm/2b � b?Q`i /2b+`BTiBQM Q7 7mM+iBQM�HBivX LQiB+2 i?�i iQT
`B;?i ?�b i?2 mb2`b r�HH2i �//`2bbX h?Bb Bb �miQK�iB+�HHv HQ�/2/ 7`QK i?2B` r2#j r�HH2iX

Ry9

http://unicoin.win/


6B;m`2 AXk, >QK2 T�;2X hBK2HBM2 Q7 i?2 HB72 +v+H2 Q7 � Tm#HB+�iBQM QM i?2 TH�i7Q`KX

6B;m`2 AXj, >QK2 T�;2X 1tT�M/�#H2 /2b+`BTiBQM Q7 i?2 /Bz`2Mi i2+?MQHQ;B2b mb2/ BM i?2
K�`F2iX q?2M 2tT�M/2/- b?Qrb �//BiBQM�H /2i�BHb �#Qmi i?2 i2+?MQHQ;v bi�+FX

*`2�i2 �M �++QmMiX �HH mb2`b �`2 `2[mB`2/ iQ `2;Bbi2`X h?Bb BMpQHp2b K�FBM; � DbQM
Q#D2+i BM i?2B` r2# #`Qrb2` r?B+? Bb i?2M mTHQ�/2/ iQ AS6a �M/ `2;Bbi2`2/ BM i?2 bK�`i
+QMi`�+iX 6Q` �M �+�/2KB+- i?Bb `2;Bbi2`i`�iBQM T`Q+2bb BM+Hm/2b 72i+?BM; i?2B` P_*A.
A. pB� P�mi?X h?Bb Bb b?QrM BM i?2 b+`22Mb?Qib i?�i 7QHHQrX 6Q` � +QKT�Mv � bBKBH�`
T`Q+2bb rQmH/ #2 7QHHQr2/ 2t+2Ti i?2v rQmH/ bT2+B7v +QKT�Mv `2H�i2/ BM7Q`K�iBQM bm+? �b
+QKT�Mv M�K2- HQ+�iBQM- +QMi�+i /2i�BHb �M/ r2#bBi2 Ub+`22Mb?Qi MQi b?QrM 7Q` #`2pBivVX

Ry8



6B;m`2 AX9, *`2�i2 �M �++QmMiX hrQ K�BM QTiBQMb �`2 2Bi?2` 7Q` �M �+�/2KB+ r?Q BMi2M/b
iQ Tm#HBb? rBi?BM i?2 K�`F2i Q` � +QKT�Mv r?Q r�Mib iQ #mv HB+2M+2b 7`QK i?2 K�`F2iX
h?2 }`bi M�K2 �M/ H�bi M�K2 }2H/b �`2 /Bb�#H2/ �b i?2b2 Kmbi #2 TQTmH�i2/ 7`QK �M
�+�/2KB+b P_*A. �++QmMiX

6B;m`2 AX8, PM+2 i?2 mb2` +HB+Fb QM i?2 ǴP_*A. GP:ALǴ #miiQM i?2v �`2 `2@`Qmi2/ iQ
i?2 P_*A. r2#bBi2 r?2`2 i?2v �`2 �#H2 iQ HQ;BM mbBM; i?2B` BMbiBimiBQM mb2`M�K2 �M/
T�bbrQ`/X AM i?Bb b+`22Mb?Qi i?2 lMBp2`bBiv Q7 *�T2 hQrM Bb b2H2+i2/X P_*A. 2M�#H2b
�Mv �+�/2KB+ 7`QK �Mv BMbiBimiBQM iQ +`2�i2 � T`Q}H2X h?2`2 Bb MQ �//BiBQM�H QM #Q�`/BM;
`2[mB`2/ 7`QK BMbiBimiBQMb iQ 2M�#H2 i?2B` �+�/2KB+b iQ K�F2 �M �++QmMi �b �HH K�DQ`
mMBp2`bBiB2b �`2 �H`2�/v b2i mT rBi? i?Bb bvbi2KX

Rye



6B;m`2 AXe, �7i2` b2H2+iBM; i?2 mMBp2`bBiv Q7 *�T2 hQrM i?2 mb2` Bb `2@`Qmi2/ iQ � l*h
HQ;BM T�;2 r?2`2 i?2v +�M 2Mi2` i?2B` MQ`K�H l*h lb2`M�K2 �M/ T�bbrQ`/X

6B;m`2 AXd, �b T�`i Q7 i?2 l*h HQ;BM i?2 �+�/2KB+ Kmbi ;`�Mi P_*A. T2`KBbbBQM iQ
�++2bb bQK2 +`2/2MiB�HbX h?Bb b2`pB+2 Bb Qz2`2/ #v �M �mi?2MiB+�iBQM �b � b2`pB+2 +QKT�Mv
+�HH2/ a�6A_1 r?Q BMi2;`�i2 /B`2+iHv rBi? l*hX

Ryd



6B;m`2 AX3, �7i2` ;`�MiBM; T2`KBbbBQM iQ �++2bb �++QmMi /2i�BHb i?2 mb2` Bb `2@`Qmi2/ #�+F
iQ i?2 K�`F2iX h?2B` /2i�BHb �`2 MQr �miQK�iB+�HHv TQTmH�i2/ BMiQ i?2 +`2�i2 �++QmMi
T�;2X

�i i?Bb TQBMi i?2 mb2` ?�b +`2�i2/ �M �++QmMiX h?Bb ?�b BMpQHp2/ Tm#HBb?BM; � CaPL
Q#D2+i QMiQ AS6a r?B+? `2T`2b2Mib i?2 mb2`b �++QmMi T`Q}H2 �M/ �//BM; i?2 l_G 7Q` i?Bb
T`Q}H2 iQ i?2 1i?2`2mK bK�`i +QMi`�+iX �M 2t�KTH2 T`Q}H2 l_A +�M #2 7QmM/ ?2`2 �M/
i?2 1i?2`2mK i`�Mb�+iBQM mb2/ iQ `2;Bbi2` i?2 mb2` +�M #2 7QmM/ ?2`2X

Sm#HB+�iBQM HBbiBM; BMpQHp2b i?2 �+�/2KB+ mTHQ�/BM; i?2B` T�T2` �M/ �//BiBQM�H BM7Q`K�@
iBQM bm+? �b iBiH2- �#bi`�+i �M/ F2v rQ`/bX h?2 �+�/2KB+ +�M �HbQ bT2+B7v +QMi`B#miQ`b iQ
bTHBi i?2 `2+2Bp2/ `2p2Mm2 rBi?X 6Q` i?Bb i?2bBb i?Bb T`Q+2bb Bb K�Mm�H r?2`2 i?2 �+�/2KB+
b2H2+ib ?Qr Km+? iQ ;Q iQ 2�+? T2`bQMX �M �//BiBQM�H 7mM+iBQM Bb �p�BH�#H2 iQ mTHQ�/ �
*ao r?B+? +QMi�BMb `2+BTB�Mib M�K2b- �//`2bb2b �M/ T2`+2Mi�;2b �ii`B#mi2/X Ai Bb �i i?Bb
TQBMi r?2`2 i?2 rQ`F /QM2 #v J2BFH2DQ?M UkykyV rQmH/ }i BM iQ �miQK�iB+�HHv �ii`B#mi2
bQ+B�H +`2/Bi #�b2/ Qz BM~m2M+2 �M/ BKT�+i Q7 � T�T2`X

6B;m`2 AXN, *`2�i2 Tm#HB+�iBQM bi2T RX h?2 �+�/2KB+ mTHQ�/b i?2 S.6- r?B+? Bb T`2pB2r2/-
bT2+B}2b i?2 Tm#HB+�iBQM M�K2- �#bi`�+i �M/ F2vrQ`/bX

Ry3

https://ipfs.io/ipfs/QmWaHydKMendQD2yBoCwiZQ4SWP9bFRTrYoLosyew5sNAv/
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6B;m`2 AXRy, *`2�i2 Tm#HB+�iBQM bi2T kX�X h?2 �+�/2KB+ h?2M bT2+B}2b r?Q i?2v r�Mi iQ
bTHBi i?2 `2p2Mm2 rBi?X h?Bb b+`22Mb?Qi b?Qrb i?2 2KTiv bi�i2 B7 i?2 �+�/2KB+ ?�b MQi
b2H2+i2/ �MvQM2 iQ b?�`2 rBi?X

6B;m`2 AXRR, *`2�i2 Tm#HB+�iBQM bi2T kX#X A/2�HHv- i?2 �+�/2KB+ rBHH r�Mi iQ b?�`2 i?2B`
`2p2Mm2 rBi? +QMi`B#mi2bX h?Bb };m`2 b?Qrb j +Q@�mi?Q`b �//2/ iQ i?2 Tm#HB+�iBQMX h?2
TB2 +?�`i b?Qrb r?Q i?2 +QMi`B#miBQM rBHH #2 bTHBi rBi? �M/ i?2B` `2bT2+iBp2 �KQmMibX

RyN



6B;m`2 AXRk, *`2�i2 Tm#HB+�iBQM bi2T jX h?2 �+�/2KB+ +�M +?QQb2 ?Qr i?2v r�Mi iQ b2HH
i?2B` HB+2M+2bX h?Bb Bb � +?QB+2 #2ir22M � b2�H2/ #B/ �m+iBQM Q` � }t2/ T`B+2X A7 � b2�H2/
#B/ �m+iBQM Bb +?Qb2M- i?2M i?2v +�M �HbQ TB+F i?2 MmK#2` Q7 HB+2M+2b iQ Bbbm2- i?2 �m+iBQM
~QQ`- T`2@�m+iBQM /m`�iBQM �M/ #B//BM; /m`�iBQMX PTiBQM�H >�`#2`;2` h�t Bb �HbQ b?QrMX

6B;m`2 AXRj, *`2�i2 Tm#HB+�iBQM bi2T 9X Sm#HB+�iBQM HBbiBM; bmKK�`v 2M�#H2b i?2 �+�/2KB+
iQ /Qm#H2 +?2+F �HH T`QpB/2/ BM7Q`K�iBQMX lTQM +HB+FBM; Ǵ6ALAa>Ǵ i?2B` Tm#HB+�iBQM rBHH
#2 mTHQ�/2/ iQ AS6a �M/ i?2 b�H2 BM7Q`K�iBQM rBHH #2 �//2/ iQ i?2 #HQ+F+?�BMX

h`�Mb�+iBQM KBMBM; T`Q+2bb Bb MQr b?QrMX h?Bb bi2Tb i?2 mb2` i?`Qm;? i?2 j /Bz`2Mi
bi�;2b r?BH2 i?2 i`�Mb�+iBQM KBM2b 7`QK RV mTHQ�/BM; }H2b iQ AS6a BM+Hm/BM; T`Q}H2 �M/

RRy



S.6- kV BMi2`�+iBM; rBi? bK�`i +QMi`�+i �M/ bm#KBiiBM; � i`�Mb�+iBQM iQ i?2 #HQ+F+?�BM
�M/ jV r�BiBM; mMiBH i?2 i`�Mb�+iBQM KBM2b �M/ `2TQ`iBM; #�+F iQ i?2 mb2` r?2M Bi ?�bX

6B;m`2 AXR9, S2M/BM; bi�i2 r?BH2 S.6 �M/ Tm#HB+�iBQM BM7Q`K�iBQM mTHQ�/ iQ AS6aX h?Bb
+�M i�F2 mT iQ R8 b2+QM/b /2T2M/BM; QM i?2 bBx2 Q7 i?2 S.6X

6B;m`2 AXR8, aB;M i`�Mb�+iBQM KQ/�H rBi? J2i�K�bF iQ bm#KBi � i`�Mb�+iBQM iQ i?2
#HQ+F+?�BM iQ HBbi BM i?2 K�`F2iTH�+2 �M/ biQ`2 T`QpB/2/ BM7Q`K�iBQMX

6B;m`2 AXRe, PM+2 � i`�Mb�+iBQM ?�b #22M T`Q+2bb2/ �M/ 2p2`vi?BM; ?�b +QKTH2+i2/ i?2
mb2` Bb BM7Q`K2/X � ?vT2`HBMF iQ i?2 i`�Mb�+iBQM ?�b? Bb BM+Hm/2/X

RRR



Sm#HB+�iBQM K�`F2iTH�+2 HBbib �HH i?2 Tm#HB+�iBQMb i?�i ?�p2 #22M HBbi2/ rBi?BM i?2
K�`F2iTH�+2X 1�+? Tm#HB+�iBQM ?�b BiǶb �mi?Q`- �#bi`�+i �M/ F2vrQ`/b HBbi2/ �HQM; rBi?
bQK2 /2i�BHb �`QmM/ BiǶb �m+iBQM bi�imbX "�b2/ QM i?2 bi�i2 Q7 i?2 Tm#HB+�iBQM �m+iBQM
/Bz`2Mi �m+iBQMb +�M #2 T2`7Q`K2/X

6B;m`2 AXRd, �HH Tm#HB+�iBQMb rBi?BM i?2 K�`F2i �`2 b?QrM BM Q`/2` Q7 Tm#HB+�iBQMX >2`2- �
mb2` +�M b22 i?2 +m``2Mi bi�imb Q7 i?2 �m+iBQM U+m``2MiHv ǴS`2@�m+iBQMǴV �M/ i?2 HB+2MbBM;
i2`KbX

� mb2` +�M �HbQ /QrMHQ�/ i?2 T�T2` 7Q` MQM@+QKK2`+B�H mb�;2- �b b?QrM BM 6B;m`2 AXR3�
Q` /QM�i2 /B`2+iHv iQ i?2 �mi?Q` Q7 i?2 T�T2`- �b b?QrM BM 6B;m`2 AXR3#X

U�V hQ /QrMHQ�/ � T�T2` rBi? MQM@+QKK2`+B�H
BMi2MiBQMb vQm Kmbi �;`22 iQ i?2 HB+2MbBM; i2`Kb
#27Q`2 i?2 S.6 rBHH #2 /QrMHQ�/2/X

U#V �Hi2`M�iBp2Hv- vQm +�M +?QQb2 iQ /QM�i2 /B@
`2+iHv iQ i?2 �mi?Q`bX h?Bb /QM�iBQM rBHH #2 bTHBi
#�b2/ QM i?2 �mi?Q`b /BpBbBQM /2}M2/ r?2M +`2@
�iBM; i?2 HBbiBM;X

�m+iBQM #B//BM; bi�`ib QM+2 2MQm;? iBK2 ?�b T�bb2/ 7`QK i?2 BMBiB�H Tm#HB+�iBQM HBbiBM;X
.m`BM; i?2 #B//BM; T?�b2 �Mv mb2` +�M bm#KBi � b2�H2/ #B/ iQ i?2 �m+iBQMX h?Bb T`Q+2bb Bb
QmiHBM2/ BM b2+iBQM 8XkXR �M/ BMpQHp2b +`2�iBM; � #B/ b�Hi r?B+? Bb bm#KBii2/ �HQM; rBi?
i?2 #B/�KQmMiX 6B;m`2 AXky b?Qrb � Tm#HB+�iBQM i?�i Bb `2�/v 7Q` #B//BM;- MQi�i2/ #v
Ǵ�m+iBQM `mMMBM;Ǵ �M/ i?2 T`2b2M+2 Q7 � Ǵ"A. AL �l*hAPLǴ #miiQMX

RRk



6B;m`2 AXRN, PM+2 � i`�Mb�+iBQM ?�b #22M T`Q+2bb2/ �M/ 2p2`vi?BM; ?�b +QKTH2�i2/ i?2
mb2` Bb BM7Q`K2/X � ?vT2`HBMF Bb BM+Hm/2/ i?�i rBHH /B`2+i i?2K iQ i?2 #HQ+F+?�BM B7 i?2v
rBb? iQ b22 i?2 T`Q+2bb2/ i`�Mb�+iBQM BM7Q`K�iBQMX

6B;m`2 AXky, � mb2` +�M #B/ QM � HB+2M+2 #v bT2+B7vBM; i?2 #B/ �KQmMiX �7i2` +HB+FBM; "A.
i?2v rBHH bB;M � i`�Mb�+iBQM r?B+? rBHH bm#KBi i?2B` #B/ +QKKBiK2Mi iQ i?2 #HQ+F+?�BMX

�m+iBQM }M�HBx�iBQM +�M Q++m` #v �Mv mb2` }M/BM; i?�i �M �m+iBQM ?�b 2Mi2`2/ i?2
}M�HBx�iBQM T?�b2 �M/ i?2M +�HHBM; i?2 7BM�HBx2�m+iBQM 7mM+iBQMX lb2`b �`2 BM+2MiBpBx2/
iQ +�HH i?Bb 7mM+iBQM �b Bi T�vb irB+2 i?2B` bT2Mi ;�b #�+FX 6Q` i?2 BMBiB�H BKTH2K2Mi�iBQM
T`2b2Mi2/ BM i?Bb i?2bBb i?Bb 7mM+iBQM Bb +�HH2/ K�Mm�HHvX h?Bb Bb MQi b?QrM ?2`2 7Q` #`2pBiv
#mi r�b /QM2 mbBM; � r2#j +�HH /B`2+iHv 7`QK r2#jXDb `mM rBi?BM � b?2HHX

h?2 }M�HBx�iBQM T`Q+2bb BMpQHp2b HQQTBM; i?`Qm;? �HH #B/b �M/ B/2MiB7vBM; i?2 rBMM2`X
h?2M- T�vK2Mi Bb �miQK�iB+�HHv K�/2 7`QK i?2 rBMM2` iQ �HH +QMi`B#miQ`b �M/ � L6h Bb
�miQK�iB+�HHv Bbbm2/X �M 2t�KTH2 Bbbm2/ L6h +�M #2 7QmM/ QM EQp�M 1i?2`b+�M ?2`2X
h?Bb Bb BM �++Q`/�M+2 rBi? b2+iBQM 8XkXRXRX

6B;m`2 AXkR b?Qr i?2 HB+2M+2 Bbbm2/ iQ �m+iBQM rBMM2`b T`Q}H2X 6B;m`2 AXkk b?Qrb BM7Q`@
K�iBQM b?QrM iQ i?2 �+�/2KB+ r?Q +`2�i2/ i?2 Tm#HB+�iBQMX >2`2 i?2v +�M +H�BK i?2
Qmibi�M/BM; >�`#2`;2` h�t �bbQ+B�i2/ rBi? i?2B` Tm#HB+�iBQM �i �Mv TQBMi BM iBK2X h?2
i�t T�B/ Bb i?2 �KQmMi �++`m2/ 7`QK i?2 KQbi `2+2Mi T�vK2Mi iQ T`2b2Mi #HQ+F iBK2X
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6B;m`2 AXkR, �m+iBQM rBMM2`b HB+2M+2 BM7Q`K�iBQM �bbQ+B�i2/ rBi? �M Bbbm2/ HB+2M+2X h?2
HB+2M+2 QrM2` +�M i`�Mb72` i?2 L6h- /QrMHQ�/ i?2 T�T2`Ƕb S.6 Q` i?2B` HB+2M+2X �//B@
iBQM�HHv- i?2v +�M �HbQ mT/�i2 i?2B` >�`#2`;2` h�t p�Hm�iBQMX

6B;m`2 AXkk, �+�/2KB+ Tm#HBb?2`b BM7Q`K�iBQM �bbQ+B�i2/ rBi? i?2 HB+2M+2X h?2v +�M pB2r
r?2M i?2 �m+iBQM +QKTH2i2/- ?Qr Km+? Bi b2iiH2/ 7Q` �M/ r?�i i?2 +m``2Mi Qmibi�M/BM;
>�`#2`;2` h�t BbX �i �Mv TQBMi i?2v +�M +?QQb2 iQ +H�BK i?2 i�tX A7 i?2v /Q- BMbi�Mi
b2iiH2K2Mi Q++m`b pB� i?2 bK�`i +QMi`�+iX
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�TT2M/Bt C

�`2�b Q7 7m`i?2` `2b2�`+?
h?2`2 �`2 � MmK#2` Q7 Qi?2` BMi2`2biBM; K2+?�MBbKb i?�i +�M #2 +QmTH2/ rBi? i?2 b�H2 Q7
B/2�bX h?2b2 K2+?�MBbKb +QmH/ #2 Qz2`2/ �b �//BiBQM�H T`B+BM; QTiBQMb �p�BH�#H2 iQ b2HH2`b
r?2M HBbiBM; i?2B` B/2�bX aQK2 Q7 i?2b2 �//BiBQM�H K2+?�MBbKb �`2 MQr /Bb+mbb2/X

"QM/BM; +m`p2 rBi? mMBi HB+2M+BM;
lMBi HB+2MbBM; `B;?ib UlG_V Bb � K2+?�MBbK iQ b2HH HB+2M+2b iQ #2 mb2/ BM 2t�+iHv QM2
T`Q/m+2/ T`Q/m+i UC�`Qbx 2i �HX- kyRyVX h?2b2 �`2 MQ`K�HHv bQH/ BM #mM/H2b 2M�#HBM; i?2
#mv2` iQ T`Q/m+2 � }t2/ MmK#2` Q7 Bi2KbX 6Q` 2t�KTH2 � #mM/H2 Q7 R KBHHBQM i2H2T?QMv
HB+2M+2b +QmH/ #2 #Qm;?i #v � bK�`iT?QM2 K�Mm7�+im`2`- ;`�MiBM; `B;?ib iQ K�F2 R KBH@
HBQM bK�`i T?QM2 mMBib +QMi�BMBM; b�B/ HB+2Mb2/ i2+?MQHQ;vX h?Bb +QMbi`B+iBQM 2M�#H2b
b2+QM/�`v K�`F2ib #v /2bB;MX

h?Bb HB+2M+BM; b+?2K2 +�M #2 +QK#BM2/ rBi? � #QM/BM; +m`p2 iQ +`2�i2 �M �miQK�iB+
K�`F2i K�F2` 7Q` mMBi HB+2M+2bX "QM/BM; +m`p2b �`2 � FBM/ Q7 bK�`i +QMi`�+i K�`F2iK�F2`
i?�i 2M�#H2b i?2 +QMiBMmQmb b�H2 Q7 �H;Q`Bi?KB+�HHv T`B+2/ iQF2MbX AM i?Bb BKTH2K2Mi�iBQM
i?2b2 iQF2Mb �`2 mMBi HB+2M+2b ;`�MiBM; T2`KBbbBQM iQ mb2 �M B/2� BM � +QKK2`+B�H +QMi2tiX

� #QM/BM; +m`p2 rQ`Fb #v BbbmBM; UKBMiBM;V iQF2Mb BM 2t+?�M;2 7Q` mb2`b #QM/BM; �MQi?2`
iQF2MX h?2 2t+?�M;2 `�i2 Bb /2}M2/ #v � K�i?2K�iB+�H 7mM+iBQM r?B+? `2H�i2b i?2 +m``2Mi
iQF2M T`B+2 iQ i?2 +m``2Mi +B`+mH�iBM; iQF2M bmTTHvX 6Q` 2t�KTH2 price = supply2X h?Bb
7mM+iBQM Bb �`#Bi`�`v �M/ +�M #2 �Mv 7mM+iBQM iQ `2H�i2 i?2 T`B+2 Q7 i?2 Bbbm2/ iQF2M iQ
i?2 bmTTHv Q7 Bbbm2/ iQF2MX h?2 #QM/2/ iQF2M BM i?Bb +�b2 Bb .�BX lTQM /2TQbBiBM; .�B �
iQF2M Bb KBMi2/ iQ i?2 #mv2`X

qBi?BM i?Bb +QMbi`m+iBQM � +QKT�Mv rBHH /2TQbBi .�B BMiQ i?2 bK�`i +QMi`�+i r?B+? rBHH
KBMi � HB+2M+2 7Q` i?2 2t�+i MmK#2` Q7 Bi2Kb i?2v rQmH/ r�Mi iQ K�F2X h?2 T`Q+2bb
Q7 #QM/BM; .�B KBMib � Tm#HB+�iBQM bT2+B}+ iQF2M +�HH2/ i?2 lMB iQF2MX lMB iQF2Mb �`2
MQM@7mM;B#H2 #2ir22M /Bz2`2Mi B/2�bc 2�+? B/2� i?2`27Q`2 ?�b Bib QrM mMB[m2 lMB iQF2M
�M/ �b bm+? Bib QrM lMB iQF2M K�`F2iX

AM Q`/2` iQ ǳmb2Ǵ i?2 HB+2M+2- r?2M +QMbi`m+iBM; � T`Q/m+i 7Q` 2t�KTH2- i?2v Kmbi ǳ#m`MǴ
i?2 iQF2M BMiQ i?2 #QM/BM; +m`p2X h?Bb �+ib iQ /2bi`Qv i?2 iQF2M �M/ `2KQp2b Bi 7`QK
bmTTHvX q?2M � iQF2M Bb #m`Mi i?2 mM/2`HBM; #QM/2/ .�B `2K�BMb BM i?2 TQQHX h?Bb
�+ib iQ BM+`2�b2 i?2 T`B+2 Q7 �HH iQF2Mb #2+�mb2 i?2 iQi�H bmTTHv Q7 iQF2Mb ?�b /2+`2�b2/
7Q` i?2 b�K2 �KQmMi Q7 #QM/2/ +QHH�i2`�HX h?2 #m`MBM; T`Q+2bb rQ`Fb #v /2+`2�bBM; i?2
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bmTTHv #v ?�H7 Q7 i?2 iQF2Mb b2Mi �M/ b2M/BM; i?2 Qi?2` ?�H7 iQ i?2 B/2� +`2�iQ` �M/ �HH
+QMi`B#miQ`bX h?Bb �+ib �b � +QMbi�Mi bi`2�K Q7 `2p2Mm2 7Q` i?2 B/2� +`2�iQ` �b 2p2`v iBK2
bQK2QM2 mb2b i?2 B/2�- i?2 B/2� +`2�iQ` +�M mM#QM/ i?2B` iQF2Mb 7Q` i?2 .�B BM i?2 TQQHX

h?Bb K2+?�MBbK �HbQ 2M�#H2b T2QTH2 iQ ǳbi�F2Ǵ QM � bT2+B}+ B/2� #v #mvBM; iQF2Mb 7`QK
i?2 B/2�Ƕb +m`p2 #mi MQi #m`MBM; i?2K BM K�Mm7�+im`BM; �M Bi2KX �b Qi?2`b #mv iQF2Mb
�M/ #m`M i?2K r?BH2 K�FBM; T`Q/m+ib i?2 BMp2biQ`b iQF2M rBHH �TT`2+B�i2 BM p�Hm2 2M�#HBM;
i?2K iQ b2HH �i � T`Q}i H�i2` QMX h?2 BMp2biQ` #2BM; BMpQHp2/ BM i?2 K�`F2i Bb #2M2}+B�H
iQ i?2 B/2� +`2�iQ` �b i?2v Tmb? mT i?2 T`B+2 �HQM; i?2 #QM/BM; +m`p2 r?B+? rBHH vB2H/
?B;?2` `2im`M 7Q` 2p2`v mMBi HB+2M+2 i?2 B/2� +`2�iQ` ;2ib 7`QK #m`Mi iQF2MbX

LQi2 i?�i �M BMp2biQ` /Q2b MQi #m`M i?2B` iQF2Mb �i �Mv TQBMiX _�i?2`- i?2B` �+i Q7
ǳb2HHBM;Ǵ Bb /QM2 #v mM#QM/BM; i?2B` lLA iQF2Mb iQ ;2i #�+F .�BX h?2 mM#QM/BM; T`Q+2bb
�TTHB2b � b2HH i�t r?B+? Bb b2Mi /B`2+iHv iQ i?2 B/2� +`2�iQ`bX h?Bb Bb /QM2 iQ i�t i?2
BMp2biQ`b 7Q` T`Q}iBM; 7`QK bQK2QM2 2Hb2Ƕb B/2� i?mb ;2M2`�iBM; �//BiBQM�H `2p2Mm2 7Q` i?2
B/2� +`2�iQ`X h?Bb �HbQ T`2p2Mib TmKT �M/ /mKT b+?2K2b 7`QK �z2+iBM; i?2 #QM/BM;
+m`p2X h?Bb 2z2+iBp2Hv K2�Mb i?�i �M BMp2biQ` ?�b b2T�`�i2 #mv U#QM/V �M/ b2HH UmM#QM/V
+m`p2bX h?Bb Bb /m2 iQ i?2 722 #2ir22M i?2 irQX �M �`#Bi`�`v 2t�KTH2 Q7 i?Bb FBM/ Q7
#QM/BM; +m`p2 Bb b?QrM BM 6B;m`2 CXRX

4VQQMZ�	/VNCFS�PG�PVUTUBOEJOH�VOJU�MJDFODFT
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6B;m`2 CXR, "QM/BM; +m`p2 rBi? b2T�`�i2 #mv �M/ b2HH 7mM+iBQMb

J2+?�MBbK �/p�Mi�;2b
h?Bb K2+?�MBbK Bb mb27mH #2+�mb2 Bi +`2�i2b � +QMiBMmQmb- BMbi�Mi�M2Qmb K�`F2iX h?Bb Bb
�/p�Mi�;2Qmb Qp2` i?2 �m+iBQM �M/ >�`#2`;2` h�t KQ/2H r?B+? i�F2b HQM;2` 7`QK � #mv2`
b22BM; �M B/2� Q7 BMi2`2bi- #B//BM;- `2p2�HBM; �M/ i?2M }M�HBxBM; �M �m+iBQMX h?2 #QM/BM;
+m`p2 K2+?�MBbK QM i?2 Qi?2` ?�M/ 2M�#H2b BMbi�Mi Tm`+?�b2b 7Q` BKTH2K2Mi2`bX

�//BiBQM�HHv i?Bb K2+?�MBbK /Q2b MQi 2t+Hm/2 �Mv T�`iB+mH�` BM/BpB/m�H Q` ;`QmTX h?Bb
Bb MQi �M �`iB}+B�H KQMQTQHv BM i?2 b�K2 r�v i?�i �M 2t+HmbBp2 HB+2M+2 rQmH/ #2X h?Bb
+�M #2 b�B/ iQ /2KQ+`�iBx2 �++2bb iQ +QKK2`+B�HHv pB�#H2 B/2�bX �//BiBQM�HHv- Q7i2M �
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+QKT�Mv rBHH MQi `2[mB`2 � KQMQTQHv HB+2M+2 #mi `�i?2` M22/b iQ #mBH/ � }t2/ MmK#2`
Q7 T`Q/m+ib rBi? � HB+2M+2X lbBM; � mMBi HB+2M+2 K2�Mb i?�i i?2b2 +QKT�MB2b QMHv M22/
iQ #mv i?2 2t�+i MmK#2` Q7 HB+2Mb2b `2[mB`2/ 7Q` i?2B` T`Q/m+iX h?Bb /2+`2�b2b HB+2MbBM;
mM+2`i�BMiv �M/ Qp2`?2�/ +Qbi p2`bmb �+[mB`BM; � ;2M2`B+ mMHBKBi2/ HB+2M+2X AM i?Bb r�v
i?2 mMBi HB+2M+BM; K2+?�MBbK +�M #2 b22M �b � KQ`2 T`2+Bb2 HB+2M+BM; i2+?MB[m2X

h?2 �#BHBiv iQ ǳbi�F2Ǵ QM �M B/2� #v #mvBM; iQF2Mb rBi? i?2 BMi2MiBQM Q7 mM#QM/BM; i?2K
H�i2` �i � ?B;?2` T`B+2 +?�M;2b ?Qr BMp2biQ`b BMi2`�+i rBi? BMi2HH2+im�H T`QT2`iv �M/ B/2�bX
h?Bb M2r K2+?�MBbK 2M�#H2b �M BMp2biQ` iQ /B`2+iHv #2M2}i 7`QK i?2 bm++2bb Q7 �M B/2�
r?B+? 2z2+iBp2Hv +`2�i2b � M2r �++2bbB#H2 �bb2i +H�bbX h?2`27Q`2 vQm +�M ǳBMp2biǴ BMiQ �
T�i2Mi2/ B/2� bm+? i?�i vQm ;2i � b?�`2 Q7 7mim`2 `2p2Mm2 ;2M2`�i2/ 7`QK i?2 B/2�X

h?Bb T`Q+2bb Q7 bi�FBM; �//BiBQM�HHv �+ib �b � bB;M�HBM; K2+?�MBbK iQ B/2MiB7v i?2 KQbi
BKTQ`i�Mi B/2�bX h?Bb Bb � +QbiHv bB;M�HBM; K2+?�MBbK /m2 iQ i?2 QTTQ`imMBiv +Qbi �M/
K�`F2i `BbF Q7 bi�FBM; r?B+? K�F2b Bi �M 2z2+iBp2 r�v iQ +m`�i2 +QMi2Mi UJ+�M/`2r �M/
*QHH2;2- kyRNVX A/2�b i?�i ?�p2 � HQi Q7 p�Hm2 bi�F2/ BM i?2K b?Qr i?�i i?2 +QKKmMBiv
Q7 BMp2biQ`b #2HB2p2 i?�i Bi rBHH #2 T`Q}i�#H2 BMiQ i?2 7mim`2X h?Bb +�M #2 mb2/ iQ #mBH/
� iQF2M +m`�i2/ `2;Bbi`vX �i i?2 b�K2 iBK2- BMp2biQ`b #2M2}i BMp2MiQ`b �b i?2B` ?QH/BM;
iQF2Mb /`Bp2b mT i?2 T`B+2 Q7 M2r KBMi2/ lG_b r?B+? ;2M2`�i2b KQ`2 `2p2Mm2X

J2+?�MBbK /Bb�/p�Mi�;2b
h?2`2 +QmH/ #2 /B{+mHiv BM +Q``Q#Q`�iBM; i?2 MmK#2` Q7 T`Q/m+ib T`Q/m+2/ rBi? i?2
MmK#2` Q7 HB+2Mb2b Tm`+?�b2/X 6Q` 2t�KTH2- B7 i?2 bK�`iT?QM2 K�Mm7�+im`2` #mvb R
KBHHBQM HB+2M+2b #mi BM 7�+i +`2�i2b RX8 KBHHBQM /2pB+2b Bi Bb ?�`/ iQ p�HB/�i2 i?Bb rBi?Qmi
i`mbiBM; i?2 T?QM2 K�Mm7�+im`2`X A7 i?2`2 Bb mM+2`i�BMiv ?2`2 i?Bb rBHH 2M�#H2 HB+2M+2
#mv2`b iQ mM/2` T�v 7Q` i?2B` HB+2M+2bX lHiBK�i2Hv �//BiBQM�H KQ/2HBM; �M/ B/2� p�HB/�iBQM
Bb `2[mB`2/ #27Q`2 �//BM; i?Bb K2+?�MBbK iQ �Mv `2�H rQ`H/ bvbi2KX

AS BM/2t 7mM/b i?`Qm;? i?2 iQF2MBx�iBQM Q7 B/2�b
AS BM/2t 7mM/b ?�p2 #22M �`QmM/ 7Q` Qp2` � /2+�/2 rBi? 2�`Hv BKTH2K2Mi�iBQMb #2BM;
H�mM+?2/ #v P+2�M hQKQ BM kyye UJ�H�+FQrbFB 2i �HX- kyydVX h?2 7mM/ +QMbBbi2/ Q7
� TQ`i7QHBQ Q7 jyy +QKT�MB2b i?�i QrM i?2 KQbi p�Hm�#H2 T�i2Mib �b �bb2bb2/ #v P+2�M
hQKQ- `2H�iBp2 iQ i?2 +QKT�MB2bǶ #QQF p�Hm2X *QKT�MB2b BM+Hm/2/ BM i?2 7mM/ r2`2 +?Qb2M
#�b2/ Qz F2v K2i`B+b P+2�M hQKQ /2}M2/X

h?2 iQF2MBx�iBQM Q7 B/2�b T`2b2Mi2/ BM i?Bb i?2bBb H2M/b Bib2H7 iQ � TQi2MiB�H M2ti 2pQHmiBQM
Q7 AS #�b2/ BM/2t 7mM/bX � 7mM/ +QmH/ bBKTHv QrM � TQ`i7QHBQ Q7 HB+2M+2b ;2M2`�i2/ 7`QK
i?Bb TH�i7Q`K �M/ i?2M b2HH � /2`Bp�iBp2 iQF2M r?B+? `2T`2b2Mib 7`�+iBQM�H QrM2`b?BT BM
i?2 TQ`i7QHBQX h?2 FBM/ Q7 HB+2Mb2b i?�i i?2 7mM/ QrMb +�M #2 ;Qp2`M2/ #v � MmK#2` Q7
/Bz2`2Mi `mH2b- BM+Hm/BM; #mi MQi HBKBi2/ iQ � .2+2Mi`�HBx2/ �miQMQKQmb P`;�MBx�iBQM
U.�PV r?B+? rQmH/ +?QQb2 r?�i FBM/ Q7 iQF2Mb iQ BM+Hm/2X

�Hi2`M�iBp2Hv- �M BM/2t 7mM/ Q7 /Bz2`2Mi B/2� /QK�BMb +QmH/ #2 +`2�i2/X 6Q` 2t�KTH2
T�i2Mib `2H�iBM; iQ i2H2+QKKmMB+�iBQM +QmH/ #2 QrM2/ #v QM2 bT2+B}+ 7mM/ �M/ T�i2Mib
`2H�iBM; iQ ?2�Hi?+�`2 iQ �MQi?2`X h?Bb KQ/2H BMi2`�+ib r2HH rBi? i?2 #QM/BM; +m`p2 �b i?2
7mM/ QrMb #QM/BM; +m`p2 iQF2Mb iQ `2T`2b2Mi 7`�+iBQM�H BMp2biK2Mi BMiQ i?2 lG_ K�`F2iX
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