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Thèse de doctorat de l’Institut Polytechnique de Paris
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kXRXR a2Mb2K�FBM; �M/ /�i� �M�HvbBb X X X X X X X X X Ry
kXRXk o�`BQmb +QM+2Tib �`QmM/ �Hi2`M�iBp2b X X X X X X RR
kXRXj �Hi2`M�iBp2b BM b2Mb2K�FBM; KQ/2Hb X X X X X X X R9

kXk AMi2`�+iBp2 avbi2Kb � i2+?MB[m2b 7Q` �Hi2`M�iBp2b �M/
a2Mb2K�FBM; 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
kXkXR avbi2Kb � i2+?MB[m2b 7Q` �Hi2`M�iBp2b X X X X X X kR
kXkXk avbi2Kb 7Q` b2Mb2K�FBM; X X X X X X X X X X X X X ke
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kXjXR � #`B27 ?BbiQ`v X X X X X X X X X X X X X X X X X X jy
kXjXk *QM+2Tib � i?2Q`B2b QM /2bB;MBM; ~2tB#H2 iQQHb X j9

A lM/2`bi�M/BM; �Hi2`M�iBp2b BM a2Mb2K�FBM;
S`�+iB+2b jd

j � +?�`�+i2`Bx�iBQM QM �Hi2`M�iBp2b jN
jXR aim/v .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 9y

jXRXR S�`iB+BT�Mib X X X X X X X X X X X X X X X X X X X X 9y
jXRXk a2iiBM; �M/ T`Q+2/m`2 X X X X X X X X X X X X X X 9R
jXRXj .�i� +QHH2+iBQM �M/ �M�HvbBb X X X X X X X X X X X 9j

jXk q?v .�i� qQ`F2`b 1tTHQ`2 �Hi2`M�iBp2b X X X X X X X X 98
jXkXR :2M2`�H `2�bQMb X X X X X X X X X X X X X X X X X X 98
jXkXk h`B;;2`b � #�``B2`b X X X X X X X X X X X X X X X X 9e

jXj � 6`�K2rQ`F Q7 �Hi2`M�iBp2b X X X X X X X X X X X X X X X 9N
jXjXR .2;`22 Q7 �ii2MiBQM X X X X X X X X X X X X X X X X 8y
jXjXk G2p2H Q7 �#bi`�+iBQM X X X X X X X X X X X X X X X X 8k
jXjXj >B;?@H2p2H T`Q+2bb2b QM �Hi2`M�iBp2b X X X X X X X 88

jX9 ai`�i2;B2b iQ *QT2 rBi? �Hi2`M�iBp2b X X X X X X X X X X 83
jX9XR :2M2`�iBM;- mT/�iBM; �M/ `2/m+BM; �Hi2`M�iBp2b 8N
jX9Xk _2�bQMBM; �#Qmi �Hi2`M�iBp2b X X X X X X X X X X ey
jX9Xj J�M�;BM; �Hi2`M�iBp2b X X X X X X X X X X X X X X eR

jX8 �TTHB+�iBQM Q7 �Hi2`M�iBp2b 6`�K2rQ`F QM �M�HvbBb iQQHb ek
jXe .Bb+mbbBQM 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 e3

jXeXR *QKT�`BbQM rBi? Qi?2` MQiBQMb �`QmM/ �Hi2`M�@
iBp2b X X X X X X X X X X X X X X X X X X X X X X X X e3

jXeXk aim/v GBKBi�iBQMb X X X X X X X X X X X X X X X X X dy
jXd 6mim`2 qQ`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 d9

jXdXR .2bB;M +?�HH2M;2b 7Q` b2Mb2K�FBM; iQQHb X X X X X d9
jXdXk Pi?2` `2b2�`+? /B`2+iBQMb X X X X X X X X X X X X X d8
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AA amTTQ`iBM; �Hi2`M�iBp2b BM a2Mb2K�FBM; rBi?
JQ`2 6H2tB#H2 hQQHb dd

9 �.Z.� @ amTTQ`iBM; �Hi2`M�iBp2b BM Zm�HBi�iBp2 .�i�
�M�HvbBb dN
9XR AMi`Q/m+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 3y
9Xk _2H�i2/ qQ`F X X X X X X X X X X X X X X X X X X X X X X X 3j

9XkXR �{MBiv /B�;`�KKBM; T`�+iB+2b � iQQHb X X X X X 39
9XkXk o�`BQmb b2Mb2K�FBM; K2i?Q/b � �TT`Q�+?2b X X 3e
9XkXj �`iB7�+i 2+QHQ;v BM +QHH�#Q`�iBp2 b2Mb2K�FBM; �+@

iBpBiB2b X X X X X X X X X X X X X X X X X X X X X X X 33
9Xj .2bB;M aT�+2 7Q` Zm�HBi�iBp2 a2Mb2K�FBM; hQQHb X X X X 3N

9XjXR AM7Q`K�H bim/B2b � �M�HvbBb Q7 +QHH2+i2/ /�i� X X 3N
9XjXk 6Bp2 /BK2MbBQMb BM [m�HBi�iBp2 b2Mb2K�FBM; X X X NR

9XjXkXR U�V �M�HvbBb S?�b2b X X X X X X X X X X NR
9XjXkXk U"V *QM+2Tim�H J2i?Q/b X X X X X X X X Nj
9XjXkXj U*V �M�HviB+ G2Mb X X X X X X X X X X X N9
9XjXkX9 U.V JQ/2b Q7 *QHH�#Q`�iBQM � U1V .2@

pB+2 hvT2b X X X X X X X X X X X X X X X X N8
9XjXj S�BMTQBMib, r?2`2 +m``2Mi iQQHb #`2�F /QrM X X Nd

9X9 �.Z.� @ � S`QQ7@Q7@*QM+2Ti a2Mb2K�FBM; hQQH X X X Ryy
9X9XR .2bB;M pBbBQM � /2bB;M ;Q�Hb X X X X X X X X X X X Ryy
9X9Xk �.Z.� .2bB;M X X X X X X X X X X X X X X X X X X RyR

9X9XkXR avbi2K K�BM +QKTQM2Mib X X X X X X X RyR
9X9XkXk Ai2`�iBM; #2ir22M T?�b2b X X X X X X X X Ryj
9X9XkXj JBtBM; +Q/BM; �M/ /B�;`�KKBM; X X X Ry8
9X9XkX9 J�M�;BM; KmHiBTH2 �M�HviB+ H2Mb X X X X Ryd
9X9XkX8 .Bbi`B#mi2 pB2rb �+`Qbb mb2`b � /2pB+2b Ry3
9X9XkXe ǳAM#Qt2b � Pmi#Qt2bǴ 7Q` �r�`2M2bb X RyN

9X9Xj �.Z.� AKTH2K2Mi�iBQM X X X X X X X X X X X X X RRR
9X8 �TTHB+�iBQM a+2M�`BQb X X X X X X X X X X X X X X X X X X X RRe
9Xe �.Z.� i?`Qm;? i?2 G2Mb Q7 �Hi2`M�iBp2b 6`�K2rQ`F X RkR
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9Xd .Bb+mbbBQM 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 Rkj
9XdXR .2bB;M PTiBQMb *QMbB/2`2/ X X X X X X X X X X X X Rkj
9XdXk S`QiQivT2 GBKBi�iBQMb X X X X X X X X X X X X X X Rk8
9XdXj *QM+2Tim�H GBKBi�iBQMb X X X X X X X X X X X X X X Rke

9X3 6mim`2 qQ`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 Rkd

8 *QKTmi�iBQM�H h`�Mb+HmbBQM @ J�M�;BM; �Hi2`M�iBp2b
BM i?2 +QMi2ti Q7 `2mb2 RjR
8XR AMi`Q/m+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 Rjk
8Xk _2H�i2/ qQ`F X X X X X X X X X X X X X X X X X X X X X X X Rj8

8XkXR a2Mb2K�FBM; BM +QKTmi�iBQM�H MQi2#QQFb X X X X Rj8
8XkXk h?2 Q`B;BM�H +QM+2Ti Q7 i`�Mb+HmbBQM X X X X X X X Rj3
8XkXj ǳAMi2HHB;2MiǴ +QTv@T�bi2- HBMFBM; � 2K#2//BM;

i2+?MB[m2b X X X X X X X X X X X X X X X X X X X X R9y
8XkX9 .Bbi`B#mi2/ pBbm�HBx�iBQM � pBbm�HBx�iBQM b?�`BM; R99

8Xj 1tTHQ`BM; *QKTmi�iBQM�H h`�Mb+HmbBQM X X X X X X X X X R9d
8XjXR *QKTQM2Mib Q7 pBbm�HBx�iBQM i`�Mb+HmbBQM X X X X R9N
8XjXk 1tTHQ`BM; p�`BQmb i`�Mb+HmbBQM b+2M�`BQb X X X X R8j

8XjXkXR h`�Mb+HmbBQM b+2M�`BQb X X X X X X X X X R8j
8XjXkXk .2bB;M BMbB;?ib X X X X X X X X X X X X X R83

8X9 h`�Mb+HmbBQM S`QT2`iB2b � _2B}+�iBQMb X X X X X X X X X Rey
8X9XR h`�Mb+HmbBQM S`QT2`iB2b X X X X X X X X X X X X X X Rey
8X9Xk _2B7v i`�Mb+HmbBQM X X X X X X X X X X X X X X X X X Re9

8X8 .Bb+mbbBQM 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 Re3
8X8XR *QKTmi�iBQM�H i`�Mb+HmbBQM pbX Qi?2` `2mb2 i2+?@

MB[m2b X X X X X X X X X X X X X X X X X X X X X X X Re3
8X8Xk GBKBi�iBQMb X X X X X X X X X X X X X X X X X X X X Rdk

8Xe 6mim`2 qQ`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 Rd9

e *QM+HmbBQM Rdd
eXR *QMi`B#miBQMb X X X X X X X X X X X X X X X X X X X X X X X Rd3
eXk 6mim`2 qQ`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 R3R
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hQ K�F2 b2Mb2 Q7 /�i�- /�i� rQ`F2`b +QMbB/2` /Bz2`2Mi FBM/b Q7 �Hi2`@
M�iBp2b, i?2v 2t�KBM2 � p�`B2iv Q7 /�i� bQm`+2b- 2tTHQ`2 /Bp2`b2 b2ib Q7
?vTQi?2b2b- i`v Qmi /Bz2`2Mi ivT2b Q7 K2i?Q/b- �M/ 2tT2`BK2Mi rBi?
� #`Q�/ bT�+2 Q7 TQbbB#H2 bQHmiBQMbX h?2b2 �Hi2`M�iBp2b BM~m2M+2 2�+?
Qi?2` rBi?BM � /vM�KB+ �M/ +QKTH2t b2Mb2K�FBM; T`Q+2bbX *m``2Mi �M@
�HviB+ iQQHb- ?Qr2p2`- K�F2 Bi +mK#2`bQK2 �M/ +Q;MBiBp2Hv /2K�M/BM;
iQ ?�M/H2 bm+? �Hi2`M�iBp2b /m`BM; b2Mb2K�FBM;X

q2 7Q+mb QM b2Mb2K�FBM; �b � ?mK�M +Q;MBiBp2 T`Q+2bb 2M�#H2/
i?`Qm;? �TT`QT`B�i2 iQQHbX q2 �//`2bb i?2 7QHHQrBM; [m2biBQMb, >Qr
/Q �Hi2`M�iBp2b }i rBi?BM i?2 b2Mb2K�FBM; T`Q+2bb\ >Qr +�M iQQHb
#2ii2` bmTTQ`i i?2 2tTHQ`�iBQM �M/ K�M�;2K2Mi Q7 �Hi2`M�iBp2b\

q2 }`bi +QM/m+i b2KB@bi`m+im`2/ BMi2`pB2rb rBi? ir2Hp2 /�i� rQ`F@
2`b iQ #2ii2` mM/2`bi�M/ i?2 `QH2 Q7 �Hi2`M�iBp2b BM b2Mb2K�FBM;X q2
HQQF �i i?2 /Bz2`2Mi FBM/b �M/ K2�MBM;b Q7 �Hi2`M�iBp2b 7Q` Qm` /�i�
rQ`F2`b- r?v i?2v 2tTHQ`2 i?2K- �M/ ?Qr i?2b2 �Hi2`M�iBp2b }i BMiQ
i?2B` Qp2`�HH b2Mb2K�FBM; T`Q+2bb2bX .`�rBM; mTQM Qm` �M�Hvb2b �M/
}M/BM;b- r2 +?�`�+i2`Bx2 �Hi2`M�iBp2b mbBM; � i?2Q`2iB+�H 7`�K2rQ`F
#�b2/ QM T�`iB+BT�MibǶ RV /2;`22 Q7 �ii2MiBQM- kV �#bi`�+iBQM H2p2H- �M/
jV �M�HviB+ T`Q+2bb2bX q2 b?Qr ?Qr i?Bb 7`�K2rQ`F +�M ?2HT /2b+`B#2
�M/ `2�bQM i?2 FBM/b Q7 �Hi2`M�iBp2b +QMbB/2`2/ BM b2Mb2K�FBM;- i?2
`2H�i2/ T`Q+2bb2b- �M/ ?Qr iQQH /2bB;M2`b KB;?i +`2�i2 KQ`2 ~2tB#H2
iQQHb iQ #2ii2` bmTTQ`i i?2KX

qBi? i?Bb ;2M2`�H mM/2`bi�M/BM;- r2 i?2M bim/v �Hi2`M�iBp2b BM i?2
[m�HBi�iBp2 �M�HvbBb +QMi2tiX q2 }M/ i?�i T`�+iBiBQM2`b Q7i2M KBt �Hi2`@



JJ "CTUSBDU

M�iBp2 K2i?Q/b- +QKT�`2 KmHiBTH2 �M�HviB+ H2Mb2b- �M/ �/QTi /Bz2`2Mi
`2T`2b2Mi�iBQMbX AM +m``2Mi iQQHb- i?2b2 �Hi2`M�iBp2b �M/ `2H2p�Mi �`iB@
7�+ib �`2 Q7i2M /Bb+QMM2+i2/- H2�pBM; �M�Hvbib iQ +Q##H2 iQ;2i?2` rQ`F@
~Qrb �M/ �TTHv �/@?Q+ bi`�i2;B2bX q2 BKTH2K2Mi � T`QQ7@Q7@+QM+2Ti
T`QiQivT2- �.Z.�- iQ 2tTHQ`2 ?Qr �M�Hvbib +�M �TT`QT`B�i2 �p�BH@
�#H2 /B;Bi�H /2pB+2b �b i?2v ~mB/Hv KB;`�i2 #2ir22M �M�HviB+ T?�b2b Q`
�/QTi /Bz2`2Mi K2i?Q/b �M/ `2T`2b2Mi�iBQMb- �HH r?BH2 T`2b2`pBM; +QM@
bBbi2Mi �M�HvbBb �`iB7�+ibX q2 p�HB/�i2 i?Bb �TT`Q�+? i?`Qm;? � b2i Q7
�TTHB+�iBQM b+2M�`BQb i?�i 2tTHQ`2 ?Qr Bi 2M�#H2b M2r r�vb Q7 �M�Hvx@
BM; [m�HBi�iBp2 /�i� i?�i #2ii2` �HB;M rBi? i?2 B/2MiB}2/ �Hi2`M�iBp2b
BM b2Mb2K�FBM; T`�+iB+2bX

6BM�HHv- r2 bim/v �Hi2`M�iBp2b BM i?2 +QMi2ti Q7 `2mb2X �M�Hvbib
Q7i2M `2mb2 +QMi2Mib ;2M2`�i2/ BM +QKTmi�iBQM�H MQi2#QQFb iQ Qi?2`
TH�+2b HBF2 T`2b2Mi�iBQM bHB/2bX q2 +QMbB/2` i?2 Q`B;BM�H +QMi2Mi �M/
Bib /2`Bp�iBp2 �b ǳ�Hi2`M�iBp2bǴ i?�i /Bp2`;2 7`QK i?2 KQK2Mi Q7 `2mb2X
h?2b2 �Hi2`M�iBp2b KB;?i #2 �TTHB2/ rBi? i?2 b�K2 mT/�i2b Q` #2 KQ/@
B}2/ /Bz2`2MiHv /m`BM; i?2 b2Mb2K�FBM; T`Q+2bbX q2 BMi`Q/m+2 ǳ+QK@
Tmi�iBQM�H i`�Mb+HmbBQMǴ �b � MQp2H `2mb2 �TT`Q�+? i?�i K�BMi�BMb i?2
HBMFb #2ir22M T�B`b Q7 �Hi2`M�iBp2b iQ 7�+BHBi�i2 i`�+FBM; �M/ +QQ`/BM�i@
BM; +?�M;2bX q2 2tTHQ`2 i?Bb +QM+2Ti BM i?2 +QMi2ti Q7 i`�Mb+Hm/BM;
/�i� pBbm�HBx�iBQMbX "v 2t�KBMBM; p�`BQmb `2mb2 b+2M�`BQb- r2 T`QTQb2
� b2i Q7 i`�Mb+HmbBQM T`QT2`iB2b iQ +H�`B7v i?2 /Bz2`2Mi FBM/b Q7 HBMFb
#2ir22M i?2 �Hi2`M�iBp2bX q2 �HbQ 2tTHQ`2 ?Qr iQ `2B7v i?2K BM i?2
mb2` BMi2`7�+2 iQ 2M�#H2 ~2tB#H2 U`2@V+QM};m`�iBQMb Q7 i`�Mb+HmbBQM iQ
bmBi mb2`bǶ +QMi2tim�H M22/bX

q2 +QM+Hm/2 i?�i iQQHb +�M #2ii2` bmTTQ`i b2Mb2K�FBM; #v �/�Ti@
BM; iQ /�i� rQ`F2`bǶ +QMi2tim�H M22/b �M/ HBMFBM; �bbQ+B�i2/ �Hi2`M�@
iBp2b �b i?2v �`Bb2 BM i?2 b2Mb2K�FBM; T`Q+2bbX *?�Ti2` j 2tTHQ`2b
i?2 FBM/b Q7 �Hi2`M�iBp2b i?�i �`Bb2 BM b2Mb2K�FBM;c *?�Ti2` 9 b?Qrb
?Qr iQQHb +�M HBMF �Hi2`M�iBp2b �M/ #2 �TT`QT`B�i2/ rBi?BM i?2 bT2+B}+
+QMi2ti Q7 [m�HBi�iBp2 /�i� �M�HvbBbX *?�Ti2` 8 T`Q#2b /Bz2`2Mi ivT2b
Q7 HBMFb #2ir22M �Hi2`M�iBp2b rBi?BM i?2 +QMi2ti Q7 `2mb2X
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SQm` #B2M +QKT`2M/`2 H2b /QMMû2b- H2b ǳ/�i� rQ`F2`bǴ +QMbB/ĕ`2Mi /B7@
7û`2Mib ivT2b /Ƕ �Hi2`M�iBp2b, BHb 2t�KBM2Mi mM2 p�`Bûiû /2 bQm`+2b
/2 /QMMû2b- 2tTHQ`2Mi /Bp2`b2b ?vTQi?ĕb2b- 2bb�v2Mi /Bzû`2Mib ivT2b
/2 Kûi?Q/2b 2i 2tTû`BK2Mi2Mi mM H�`;2 ûp2Mi�BH /2 bQHmiBQMb TQbbB@
#H2bX *2b �Hi2`M�iBp2b bǶBM~m2M+2Mi Kmim2HH2K2Mi /�Mb mM T`Q+2bbmb
/vM�KB[m2 2i +QKTH2t2 /2 ǳb2Mb2K�FBM;ǴX SQm`i�Mi- H2b QmiBHb /Ƕ�M�Hvb2
�+im2Hb bQMi HQm`/b 2i +Q;MBiB7 2tB;2�Mib TQm` i`�Bi2` +2b �Hi2`M�iBp2bX

LQmb MQmb +QM+2Mi`QMb bm` H2 b2Mb2K�FBM; +QKK2 mM T`Q+2bbmb +Q;@
MBiB7 ?mK�BM 7�+BHBiû T�` /2b QmiBHb �TT`QT`BûbX LQmb `ûTQM/QMb �mt
[m2biBQMb, *QKK2Mi H2b �Hi2`M�iBp2b bǶBMiĕ;`2Mi@2HH2b /�Mb H2 T`Q+2b@
bmb /2 b2Mb2K�FBM; \ *QKK2Mi H2b QmiBHb T2mp2Mi@BHb KB2mt bQmi2MB`
HǶ2tTHQ`�iBQM 2i H� ;2biBQM /2b �Hi2`M�iBp2b \

LQmb K2MQMb /2b 2Mi`2iB2Mb b2KB@bi`m+im`ûb �p2+ /Qmx2 ǳ/�i� rQ`F@
2`bǴ �}M /2 KB2mt +QKT`2M/`2 H2 `ƬH2 /2b �Hi2`M�iBp2b /�Mb H2 b2Mb2@
K�FBM;X LQmb 2t�KBMQMb H2b /Bzû`2Mib ivT2b 2i b2Mb /2b �Hi2`M�iBp2b
TQm` MQb T�`iB+BT�Mib- H2b `�BbQMb TQm` H2b[m2HH2b BHb H2b 2tTHQ`2Mi- 2i H�
K�MBĕ`2 /QMi +2b �Hi2`M�iBp2b bǶBMiĕ;`2Mi /�Mb H2m`b T`Q+2bbmb ;ûMû`�mt
/m b2Mb2K�FBM;X 1M bǶ�TTmv�Mi bm` MQb �M�Hvb2b 2i `ûbmHi�ib- MQmb +�`@
�+iû`BbQMb H2b �Hi2`M�iBp2b 2M miBHBb�Mi mM +�/`2 i?ûQ`B[m2 #�bû bm` URV
H2 /2;`û /Ƕ�ii2MiBQM- UkV H2 MBp2�m /Ƕ�#bi`�+iBQM- 2i UjV H2b T`Q+2bbmb
/Ƕ�M�Hvb2 /2b T�`iB+BT�MibX *2 +�/`2 2bi +�T�#H2 /Ƕ�B/2` ¨ /û+`B`2 2i
¨ `�BbQMM2` H2b ivT2b /Ƕ�Hi2`M�iBp2b /�Mb H2 b2Mb2K�FBM;- H2b T`�iB[m2b
[mB v bQMi HBû2b- 2i +QKK2Mi H2b +QM+2Ti2m`b /ǶQmiBH TQm``�B2Mi +`û2`
/2b QmiBHb THmb ~2tB#H2b �}M /2 KB2mt H2b bQmi2MB`X
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�p2+ +2ii2 +QKT`û?2MbBQM ;ûMû`�H2- MQmb ûim/BQMb 2MbmBi2 H2b �H@
i2`M�iBp2b /�Mb H2 +QMi2ti2 /2 HǶ�M�Hvb2 [m�HBi�iBp2X LQmb +QMbi�iQMb
[m2 H2b T`�iB+B2Mb KûH�M;2Mi bQmp2Mi /2b Kûi?Q/2b �Hi2`M�iBp2b- +QK@
T�`2Mi THmbB2m`b �M;H2b /Ƕ�M�Hvb2- 2i �/QTi2Mi /Bzû`2Mi2b `2T`ûb2Mi�@
iBQMbX .�Mb H2b QmiBHb �+im2Hb- +2b �Hi2`M�iBp2b 2i H2b �`i27�+ib HBû2b
bQMi bQmp2Mi /û+QMM2+iûb- +2 [mB H�Bbb2 HǶ�M�Hvbi2 ;`BzQMM2` /2b ~mt
/2 i`�p�BH 2i �TTHB[m2` /2b bi`�iû;B2b �/ ?Q+X LQmb K2iiQMb 2M ƾmp`2
mM T`QiQivT2- �.Z.�- TQm` 2tTHQ`2` +QKK2Mi H2b �M�Hvbi2b T2mp2Mi
bǶ�TT`QT`B2` H2b /BbTQbBiB7b MmKû`B[m2b /BbTQMB#H2b HQ`b[mǶBHb KB;`2Mi
/2 K�MBĕ`2 ~mB/2 2Mi`2 H2b T?�b2b �M�HviB[m2b Qm �/QTi2Mi /Bzû`2Mi2b
Kûi?Q/2b 2i `2T`ûb2Mi�iBQMb- iQmi 2M T`ûb2`p�Mi /2b �`i27�+ib /Ƕ�M�Hvb2
+Q?û`2MibX LQmb p�HB/QMb +2ii2 �TT`Q+?2 ¨ i`�p2`b mM 2Mb2K#H2 /2 b+û@
M�`BQb /Ƕ�TTHB+�iBQM [mB 2tTHQ`2Mi +QKK2Mi �.Z.� T2`K2i /2 MQm@
p2HH2b 7�ÏQMb /Ƕ�M�Hvb2` /2b /QMMû2b [m�HBi�iBp2b [mB bǶ�HB;M2Mi KB2mt
�p2+ H2b �Hi2`M�iBp2b B/2MiB}û2b /�Mb H2b T`�iB[m2b /2 b2Mb2K�FBM;X

1M}M- MQmb ûim/BQMb H2b �Hi2`M�iBp2b /�Mb H2 +QMi2ti2 /2 H� `ûmiBH@
Bb�iBQMX G2b �M�Hvbi2b `ûmiBHBb2Mi bQmp2Mi H2b +QMi2Mmb /�Mb H2b ǳ+QK@
Tmi�iBQM�H MQi2#QQFbǴ ¨ /Ƕ�mi`2b 2M/`QBib- +QKK2 H2b /B�TQbBiBp2b
/2 T`ûb2Mi�iBQMX LQmb +QMbB/û`QMb H2 +QMi2Mm Q`B;BM�H 2i bQM /û`Bpû
+QKK2 /2b Ǵ�Hi2`M�iBp2bǴ [mB /Bp2`;2Mi ¨ T�`iB` /m KQK2Mi /2 H� `ûm@
iBHBb�iBQMX *2b �Hi2`M�iBp2b T2mp2Mi āi`2 �TTHB[mû2b �p2+ H2b KāK2b
KBb2b ¨ DQm` Qm āi`2 KQ/B}û2b /Bzû`2KK2Mi �m +Qm`b /m T`Q+2bbmb
/2 b2Mb2K�FBM;X LQmb T`ûb2MiQMb H� Ǵ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ
+QKK2 mM2 MQmp2HH2 �TT`Q+?2 /2 `ûmiBHBb�iBQM [mB K�BMiB2Mi H2b HB2Mb
2Mi`2 H2b T�B`2b /Ƕ�Hi2`M�iBp2b TQm` 7�+BHBi2` H2 bmBpB 2i H� +QQ`/BM�iBQM
/2b +?�M;2K2MibX LQmb 2tTHQ`QMb +2 +QM+2Ti /�Mb H2 +QMi2ti2 /2 H�
i`�Mb+HmbBQM /2b pBbm�HBb�iBQMbX 1M 2t�KBM�Mi /Bp2`b b+ûM�`BQb /2 `ûm@
iBHBb�iBQM- MQmb T`QTQbQMb mM 2Mb2K#H2 /2 T`QT`Bûiûb /2 i`�Mb+HmbBQM
TQm` +H�`B}2` H2b /Bzû`2Mib ivT2b /2 HB2Mb 2Mi`2 H2b �Hi2`M�iBp2bX LQmb
2tTHQ`QMb û;�H2K2Mi +QKK2Mi H2b `ûB}2` /�Mb HǶBMi2`7�+2 miBHBb�i2m`
�}M /2 T2`K2ii`2 /2b U`2V+QM};m`�iBQMb ~2tB#H2b /2 H� i`�Mb+HmbBQM
TQm` `ûTQM/`2 �mt #2bQBMb +QMi2tim2Hb /2b miBHBb�i2m`bX
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LQmb +QM+HmQMb [m2 H2b QmiBHb T2mp2Mi KB2mt bQmi2MB` H2 b2Mb2K�F@
BM; 2M bǶ�/�Ti�Mi �mt #2bQBMb +QMi2tim2Hb /2b miBHBb�i2m`b 2i 2M `2HB�Mi
H2b �Hi2`M�iBp2b �bbQ+Bû2b /�Mb H2 T`Q+2bbmb /2 b2Mb2K�FBM;X G2 +?�TBi`2
j 2tTHQ`2 H2b ivT2b /Ƕ�Hi2`M�iBp2b [mB �TT�`�Bbb2Mi /�Mb H2 b2Mb2K�FBM;
c H2 +?�TBi`2 9 KQMi`2 +QKK2Mi H2b QmiBHb T2mp2Mi `2HB2` /2b �Hi2`M�iBp2b
2i āi`2 �TT`QT`Bûb /�Mb H2 +QMi2ti2 /2 HǶ�M�Hvb2 /2b /QMMû2b [m�HBi�@
iBp2bX 1M}M- H2 +?�TBi`2 8 2t�KBM2 H2b /Bzû`2Mib ivT2b /2 HB2Mb /�Mb H2
+QMi2ti2 /2 H� `ûmiBHBb�iBQMX



WJ



"DLOPXMFEHFNFOUT
h?�MFb iQ i?2 bmTTQ`i Q7 K�Mv T2QTH2- A �K �#H2 iQ T`2b2Mi Kv `2@
b2�`+? +QMi`B#miBQMb BM i?Bb /Bbb2`i�iBQMX

6B`bi �M/ 7Q`2KQbi- i?�MF vQm iQ Kv bmT2`pBbQ`b- C�K2b 1�;�M
�M/ JB+?2H "2�m/QmBM@H�7QM- i?2v �`2 i?2 QM2b r?Q BMi`Q/m+2/ K2
iQ >*A `2b2�`+? �M/ BMbTB`2/ K2 iQ Tm`bm2 Kv S?X.X /2;`22X C�K2b
?�b #22M �Hr�vb bmTTQ`iBM; K2 i?`Qm;?Qmi Kv `2b2�`+? DQm`M2vX >2
Qz2`2/ K2 � HQi Q7 7`22/QK �M/ T�iB2M+2 iQ }M/ Kv QrM `2b2�`+?
BMi2`2bibX >2 �Hr�vb #2HB2p2/ BM K2 2p2M /m`BM; i?2 KQK2Mib r?2M
A 722H HQbiX qBi?Qmi ?Bb b?�`2 Q7 FMQrH2/;2- BMbTB`BM; +QMp2`b�iBQMb-
�M/ 2M+Qm`�;BM; rQ`/b- A rQmH/ MQi #2 �#H2 iQ T`Q/m+2 i?2 bQHB/ rQ`F
T`2b2Mi2/ BM i?Bb /Bbb2`i�iBQMX

A rQmH/ HBF2 iQ i?�MF i?2 K2K#2`b Q7 Kv Dm`v, �M�bi�bB� "2x2`B@
�MQb- amb�MM2 "Ǡ/F2`- �H2t 1M/2`i- >�`�H/ _2Bi2`2`X h?�MFb iQ i?2
BMbB;?i7mH `2TQ`ib i?�i amb�MM2 �M/ �H2t ;�p2 iQ K2 �b Kv i?2bBb `2@
pB2r2`b- A �K �#H2 iQ #2ii2` mM/2`bi�M/ i?2 bi`2M;i?b �M/ HBKBi�iBQMb
Q7 Kv rQ`FX h?�MFb iQ �M�bi�bB�- �HbQ Kv KB/@i2`K `2pB2r2`- 7Q`
T`QpB/BM; K2 rBi? p�Hm�#H2 722/#�+FX h?�MFb iQ >�`�H/- Kv i?2bBb
T`2bB/2Mi- 7Q` i?2 2zQ`ib iQ Q`;�MBb2 Kv /272Mb2X h?�MF vQm �HH 7Q`
i�FBM; vQm` p�Hm�#H2 iBK2 iQ `2�/ �M/ 2t�KBM2 Kv /Bbb2`i�iBQM- �M/
7Q` �bFBM; BMbTB`BM; [m2biBQMb /m`BM; Kv T`2b2Mi�iBQMX uQm �HH Qz2`2/
K2 bm+? � TH2�b�Mi /272Mb2 K2KQ`vX

h?�MF vQm iQ L�/B� "QmF?2HB7� 7Q` #2BM; � ;`2�i +QHH�#Q`�iQ` BM
QM2 Q7 Kv T�T2`bX a?2 Bb �M �K�xBM; `2b2�`+?2` �M/ �Hr�vb T�bbBQM�i2
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iQ Tm`bm2 ?2` `2b2�`+? B/2�bX a?2 T`QpB/2/ K2 rBi? p�Hm�#H2 bm;;2b@
iBQMb QM ?Qr iQ +QM/m+i [m�HBi�iBp2 bim/B2bX A 722H bQ ?�TTv iQ ?�p2
i?2 +?�M+2 iQ rQ`F rBi? ?2` �M/ iQ H2�`M 7`QK ?2`X

A �HbQ r�Mi iQ i?�MF �HH .Bp� K2K#2`bX S`Q72bbQ`b 1`B+ G2+QHBM2i-
C�M :m;2M?2BK2`- a�Km2H >m`QM- _ûKB a?�``Q+F- �M/ up2b :mB�`/X
�HH Q7 i?2K �`2 2t+2TiBQM�H `2b2�`+?2`b 7`QK r?QK A H2�`M2/ � HQiX
h?2v Qz2`2/ K2 +QMbi`m+iBp2 +QKK2Mib QM Kv `2b2�`+? T`QD2+ibX h?2v
�HbQ QT2M2/ mT Kv ?Q`BxQMb QM i?2 p�`B2iv Q7 `2b2�`+? �TT`Q�+?2b �M/
/QK�BMb BM >*AX a2MBQ` S?.b- "`mMQ 6`m+?�`/- q�Mvm GBm- J�`+
h2vbbB2`- 1KK�MQmBH :B�MMBb�FBb- �M/ C2bb�HvM �HpBM� T`QpB/2/ K2
;QQ/ �/pB+2 �M/ ?2HT2/ K2 Qmi r?2M A 72Hi HQbi BM Kv DQm`M2vX "v
HBbi2MBM; iQ i?2B` 2tT2`B2M+2 �M/ biQ`B2b- A r�b �#H2 iQ `2;�BM Kv KQiB@
p�iBQM �M/ +QM}/2M+2X 62HHQr S?. bim/2Mib w?mQKBM; w?�M;- JBM;@
KBM; ZBm- �M/ q2M@CB2 hb2M;- A �K bQ ;H�/ iQ ?�p2 vQm BM i?2 H�#X A
+?2`Bb? i?2 ?�TTv KQK2Mib i?�i r2 T�bb2/ iQ;2i?2`X

A �K ;`�i27mH iQ ?�p2 i?2 +?�M+2 iQ rQ`F rBi? *H2K2Mb EHQFKQb2
�i ��`?mb lMBp2`bBivX h?Qm;? Kv 2t+?�M;2 BM ��`?mb ;Qi �#Q`i2/
�7i2` irQ r22Fb /m2 iQ i?2 *PoA. T�M/2KB+- *H2K2Mb �M/ ?Bb i2�K
K2K#2`b biBHH BKT`2bb2/ K2 rBi? i?2B` r�`KM2bb �M/ 2M/H2bb 2t+BiBM;
`2b2�`+? B/2�bX

6BM�HHv- i?�MF vQm iQ Kv T�`2Mib- r?Q �Hr�vb mM+QM/BiBQM�HHv bmT@
TQ`i K2- #2HB2p2 BM K2- �M/ ;Bp2 K2 �HH i?2 HQp2 i?2v ?�p2X A �HbQ Qr2
� ;`2�i /2#i iQ Kv HQp2`- Zm�M; L?�i L;mv2M- i?2 QM2 r?Q �++QKT�@
MB2/ K2 i?`Qm;? �HH Kv 7`�;BH2 KQK2Mib- r?Q ?�b #22M 2M/m`BM; �HH
Kv #�/ i2KT2`b �M/ M2;�iBp2 2KQiBQMb- #mi biBHH- �Hr�vb bi�v #v Kv
bB/2X
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qBi? BM+`2�bBM; �++2bb iQ /Bp2`b2 FBM/b Q7 /�i� b2ib- �M�HviB+ iQQHb- �M/
BMi2`�+iBp2 /2pB+2b- T2QTH2 7`QK p�`BQmb /QK�BMb `2Hv QM /�i� �M�Hv@
bBb iQ ;�BM BMbB;?i- BM7Q`K �+iBQMb- �M/ K�F2 /2+BbBQMbX 6Q` 2t�KTH2-
�M >*A `2b2�`+?2` K�v �M�Hvx2 T�`iB+BT�MibǶ /�i� +QHH2+i2/ BM 2tT2`B@
K2Mib iQ p2`B7v i?2 BKT�+i Q7 � MQp2H BMi2`�+iBQM i2+?MB[m2X � TQHB+2
Q{+2` �M�Hvx2b BM+B/2Mi �M/ +`BK2 `2TQ`ib iQ +QMM2+i i?2 /Qib �M/ /Bb@
+Qp2` +`BK2 T�ii2`MbX q2 `272` i?2K �b ǳ/�i� rQ`F2`bXǴ h?2 T`Q+2bb
i?�i T2QTH2 ;Q i?`Qm;? iQ +QHH2+i- Q`;�MBx2- �M/ bi`m+im`2 BM7Q`K�iBQM
7Q` mM/2`bi�M/BM; Bb FMQrM �b ǳb2Mb2K�FBM;Ǵ (R- k)X

��� .PUJWBUJPO
.�i� rQ`F2`b Q7i2M M22/ iQ bQHp2 BHH@/2}M2/ �M/ QT2M@2M/2/ T`Q#H2KbX
AMbi2�/ Q7 7QHHQrBM; � bi`�B;?i7Q`r�`/ TBT2HBM2- i?2v M22/ iQ +QMbB/2`
�M/ 2tTHQ`2 /Bz2`2Mi FBM/b Q7 �Hi2`M�iBp2b, i?2v 2t�KBM2 � p�`B2iv
Q7 /�i� bQm`+2b- 2tTHQ`2 /Bp2`b2 b2ib Q7 ?vTQi?2b2b- i`v Qmi /Bz2`2Mi
ivT2b Q7 K2i?Q/b- �M/ 2tT2`BK2Mi rBi? � #`Q�/ bT�+2 Q7 TQbbB#H2 bQ@
HmiBQMb mMiBH i?2v 722H +QM}/2Mi iQ /`�r +QM+HmbBQMb (jĜ8)X h?2b2 �H@
i2`M�iBp2b 7m`i?2` BM~m2M+2 2�+? Qi?2` rBi?BM � /vM�KB+ �M/ +QKTH2t
b2Mb2K�FBM; T`Q+2bbX 6Q` 2t�KTH2- i?2 �TTHB+�iBQM Q7 �M �Hi2`M�iBp2
pBbm�HBx�iBQM +QmH/ `2p2�H ?B//2M BMbB;?ib �M/ H2�/ iQ �M �Hi2`M�iBp2
?vTQi?2bBbX h?Bb ?vTQi?2bBb- BM im`M- +QmH/ `2[mB`2 #mBH/BM; /Bz2`2Mi



� � *OUSPEVDUJPO

KQ/2Hb Q` +QHH2+iBM; �//BiBQM�H /�i� b2ibX
"�+F BM i?2 RNeyb- CQ?M hmF2v mb2/ i?2 i2`K ǳ2tTHQ`�iQ`v /�i�

�M�HvbBbǴ iQ /2b+`B#2 i?2 K2bbv �M/ Bi2`�iBp2 �M�HvbBb T`Q+2bb2b (e)X
.�i� �M�HvbBb Bb HBF2 2tT2`BK2Mi�iBQM- r?2`2 ǳi?2 �+im�H bi2Tb �`2 b2@
H2+i2/ b2;K2Mib Q7 � bim##BHv #`�M+?BM;- i`22@HBF2 T�ii2`M Q7 TQbbB#H2
�+iBQMbǴX G�i2` BM i?2 RNNyb- SB`QHHB �M/ *�`/ T`QTQb2/ � b2Mb2K�FBM;
KQ/2H iQ +?�`�+i2`Bx2 i?2 �M�HviB+ T`Q+2bbX h?2 KQ/2H +QMi�BMb irQ
K�DQ` HQQTb, i?2 BM7Q`K�iBQM 7Q`�;BM; HQQT r?2`2 �M�Hvbib b2�`+? 7Q`
/�i� �M/ i`�Mb72` Bi iQ K2�MBM;7mH BM7Q`K�iBQM mMBibc �M/ i?2 b2Mb2@
K�FBM; HQQT r?2`2 i?2v Q`;�MBx2 /�i� iQ b+?2K�b �M/ 7Q`K ?vTQi?2@
b2b (R)X .m`BM; i?2 Qp2`�HH b2Mb2K�FBM; T`Q+2bb- �M�Hvbib �`#Bi`�`BHv
KBt i?2b2 irQ HQQTb �M/ Bi2`�iBp2Hv ;Q #�+F �M/ 7Q`i? #2ir22M p�`BQmb
�M�HviB+ i�bFbX

"mBH/BM; mTQM i?2B` rQ`F- r2 +QMbB/2` /�i� rQ`F2`bǶ b2Mb2K�FBM;
T`�+iB+2b �b � b2`B2b Q7 2tTHQ`�iBQMb �M/ Bi2`�iBQMb QM � +QK#BM�iBQM
Q7 /Bz2`2Mi ivT2b Q7 ǳ�Hi2`M�iBp2bǴ ě Q7 ?vTQi?2b2b- /�i�- �H;Q`Bi?Kb-
iQQHb- 2i+X .2bTBi2 i?2 #`2�/i? Q7 rQ`F �`QmM/ b2Mb2K�FBM; T`�+iB+2b-
i?2 T�`iB+mH�` `QH2 Q7 �Hi2`M�iBp2b `2K�BMb mM/2`@2tTHQ`2/X q?BH2 T�bi
rQ`F ?�b 2tTHQ`2/ p�`BQmb +QM+2Tib Q7 �Hi2`M�iBp2b- bm+? �b KmHiBTH2b
�M/ KmHiB7Q`Kb BM /�i� pBbm�HBx�iBQMb (d) Q` p�`B�iBQMb �M/ p2`bBQMb
BM +Q/BM; T`�+iB+2b (3- N)- r?�i +QMbiBimi2b �M �Hi2`M�iBp2 `2K�BMb �K@
#B;mQmbX .Bz2`2Mi K2�MBM;b Q7 �Hi2`M�iBp2 2tBbi BM /Bz2`2Mi +QMi2tib-
�M/ i?2 i2`K Bib2H7 2M+�TbmH�i2b K�Mv +QM+2TibX hQ }HH BM i?Bb ;�T-
i?2 }`bi ;Q�H Q7 i?Bb /Bbb2`i�iBQM Bb iQ T`QpB/2 � /22T2` mM/2`bi�M/BM;
QM i?2 T�`iB+mH�` `QH2 Q7 �Hi2`M�iBp2b �b i?2v }i rBi?BM /�i� rQ`F2`bǶ
b2Mb2K�FBM; T`Q+2bb2bX

hQQH /2bB;Mb +�M BKT�+i i?2 r�v �M�Hvbib T2`7Q`K- `2+Q`/- �M/
b?�`2 i?2B` rQ`F /m2 iQ ?mK�M@iQQH +Q@�/�Ti�iBQM (Ry)X qBi?Qmi �T@
T`QT`B�i2 2ti2`M�H iQQHb- /�i� rQ`F2`b +QmH/ MQi +QM/m+i 2{+B2Mi b2Mb2@
K�FBM; T`�+iB+2bX h2+?MQHQ;v iQ/�v KB;?i T`QpB/2 ;QQ/ bmTTQ`i 7Q`
i`�Mb7Q`KBM;- pBbm�HBxBM;- �M/ 2p2M B/2MiB7vBM; TQi2MiB�H T�ii2`Mb Q7
/�i� #v mbBM; �/p�M+2/ K�+?BM2 H2�`MBM; i2+?MB[m2bX u2i b2Mb2K�F@
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BM; Bb biBHH 7mM/�K2Mi�HHv � ?mK�M �+iBpBivX .�i� rQ`F2`b `2Hv QM i?2B`
rQ`FBM; 2tT2`B2M+2 �M/ /QK�BM FMQrH2/;2 iQ b2H2+i T2`iBM2Mi �M�HviB+
[m2biBQMb- �TTHv �TT`QT`B�i2 K2i?Q/b- `2�bQM QM KmHiBTH2 b+?2K�b-
�M/ +QK#BM2 � p�`B2iv Q7 iQQHb iQ 7mH}HH i?2b2 �M�HviB+ i�bFbX JmHiBTH2
ivT2b Q7 /�i� rQ`F2`b M22/ iQ +QHH�#Q`�i2 iQ T2`7Q`K KQ`2 +QKTH2t
�M�HviB+ i�bFb (9- RR)X

1tBbiBM; iQQHb i2M/ iQ b2`p2 � bT2+B}+ Tm`TQb2 rBi? bQK2 T`2@
/2}M2/ 7mM+iBQM�HBiB2b �M/ rQ`F~QrbX Ai Bb ?�`/ iQ 2ti2M/ 2tBbiBM;
7mM+iBQM�HBiB2b- �/�Ti i?2K 7Q` �Hi2`M�iBp2 Tm`TQb2b- Q` +QK#BM2 i?2K
#�b2/ QM �M�HvbibǶ +QMi2tim�H M22/bX 6Q` 2t�KTH2- +QKTmi�iBQM�H MQi2@
#QQFb 7�+BHBi�i2 /�i� rQ`F2`b iQ 2tTHQ`2 B/2�b #v 2tT2`BK2MiBM; rBi?
+Q/2- #mi mb2`b M22/ iQ �TTHv �/@?Q+ bi`�i2;B2b iQ p2`bBQM i?2 +Q/2-
+QKT�`2 /Bz2`2Mi �M�HviB+ T�i?b- �M/ `2+Q`/ i?2 mM/2`HBMBM; `2�bQMBM;
T`Q+2bb (3- Rk)X

hQ 2tTHQ`2 �Hi2`M�iBp2b- �M�Hvbib Q7i2M +Q##H2 iQ;2i?2` rQ`F~Qrb-
brBi+? #2ir22M /Bz2`2Mi }H2b- �TTHB+�iBQMb- �M/ �TTHv �/@?Q+ bi`�i2@
;B2bX �b � `2bmHi- i?2 �Hi2`M�iBp2b r?B+? �`2 K2�Mi iQ #2 `2H�i2/ �M/
+QMM2+i2/ 2M/ mT BM b+�ii2`2/ �M/ BbQH�i2/ }H2b �M/ �TTHB+�iBQMbX �M@
�Hvbib r�bi2 � bB;MB}+�Mi �KQmMi Q7 iBK2 �M/ K2Mi�H `2bQm`+2b BM i`v@
BM; iQ `2+QMM2+i i?2K �M/ +QQ`/BM�i2 i?2K �b i?2 �M�HvbBb +QMiBMm2bX
qQ`b2 biBHH- i?2v KB;?i HQb2 i`�+F Q7 i?2 2tTHQ`2/ �Hi2`M�iBp2b- r?B+?
+�M ?�KT2` i?2B` �M�HviB+ `2�bQMBM; �M/ KB;?i H2�/ iQ TQQ` T`Q#H2K
bQHpBM; �M/ /2+BbBQM@K�FBM; (Rj)X h?2`27Q`2- i?2 b2+QM/ ;Q�H Q7 Kv
/Bbb2`i�iBQM Bb iQ 2tTHQ`2 ?Qr iQ /2bB;M iQQHb i?�i +�M #2 2�bBHv �TT`Q@
T`B�i2/ iQ 2tTHQ`2 �Hi2`M�iBp2b �M/ +�M `2@2bi�#HBb? i?2 KBbbBM; HBMFb
�KQM; `2H2p�Mi �Hi2`M�iBp2b iQ 7�+BHBi�i2 K�M�;BM; i?2KX

J�Mv BMbTB`BM; +QM+2Tib �M/ i?2Q`B2b ?�p2 #22M #`Qm;?i mT iQ `2/2@
}M2 i?2 `2H�iBQMb?BT #2ir22M iQQHb �M/ ?mK�M �+iBpBiB2bX 6Q` 2t�KTH2-
i?2 ǳb?�`2�#H2 /vM�KB+ K2/B�Ǵ +QM+2Ti (R9) BK�;BM2 bvbi2Kb �b BM7Q`@
K�iBQM bm#bi`�i2b i?�i +�M #2 2�bBHv b?�`2/ �+`Qbb T2QTH2 �M/ /2pB+2b-
�M/ +�M #2 /vM�KB+�HHv KQ/B}2/ 7`QK rBi?BMX AMbi2�/ Q7 /2bB;MBM;
iQQHb 7Q` +2`i�BM i�bFb- �+iBpBiv h?2Q`v bim/B2b ?2i2`Q;2M2Qmb /2pB+2b
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�b T�`i Q7 �M �`iB7�+i 2+QHQ;v r?2`2 ǳQM2 +�M /vM�KB+�HHv BMi2`TH�v
rBi? Qi?2`b �M/ rBi? mb2`bǶ r2# Q7 �+iBpBiB2bǴ (R8-Re)X h?Bb /Bbb2`i�iBQM
/2KQMbi`�i2b ?Qr i?2b2 +QM+2Tib �M/ i?2Q`B2b +�M #2 �TTHB2/ BM #mBH/@
BM; KQ`2 ~2tB#H2 iQQHb iQ bmTTQ`i 2tTHQ`BM; �M/ K�M�;BM; �Hi2`M�iBp2b
i?`Qm;?Qmi i?2 b2Mb2K�FBM; T`Q+2bbX

h?2bBb ai�i2K2Mi .�i� rQ`F2`b +QMbB/2` /Bz2`2Mi FBM/b Q7 �Hi2`@
M�iBp2b rBi?BM � /vM�KB+ �M/ +QKTH2t b2Mb2K�FBM; T`Q+2bbX .B;Bi�H
iQQHb +�M 7�+BHBi�i2 b2Mb2K�FBM; #v URV �TTHvBM; p�`BQmb HBMFBM; K2+?�@
MBbKb iQ ?2HT i`�+F �M/ K�M�;2 �bbQ+B�i2/ �Hi2`M�iBp2bc �M/ UkV #2BM;
`2@+QM};m`�#H2 BM i2`Kb Q7 /2pB+2b �M/ 72�im`2b iQ H2i i?2 mb2` �/�Ti
i?2b2 iQQHb iQ i?2B` +QMi2tim�H M22/b /m`BM; i?2 Qp2`�HH b2Mb2K�FBM;
T`Q+2bbX

��� 3FTFBSDI 2VFTUJPOT �
"QQSPBDIFT

h?Bb /Bbb2`i�iBQM ?�b irQ ?B;?@H2p2H ;Q�Hb, }`bi- iQ T`QpB/2 � /22T2`
mM/2`bi�M/BM; Q7 �Hi2`M�iBp2b �M/ i?2B` `QH2 BM /�i� rQ`F2`bǶ b2Mb2K�F@
BM; T`Q+2bb2bc b2+QM/- iQ 2tTHQ`2 ?Qr iQ #mBH/ ~2tB#H2 iQQHb i?�i +�M
#2ii2` bmTTQ`i i?2 2tTHQ`�iBQM �M/ K�M�;2K2Mi Q7 �Hi2`M�iBp2b /m`BM;
i?2 b2Mb2K�FBM; T`Q+2bbX q2 7Q`KmH�i2 irQ K�BM `2b2�`+? [m2biBQMb
rBi? � b2i Q7 bm#b2[m2Mi [m2biBQMb,

_ZR, >Qr /Q �Hi2`M�iBp2b }i rBi?BM i?2 b2Mb2K�FBM; T`Q@
+2bb\ .Q /�i� rQ`F2`b +QMbB/2` �Hi2`M�iBp2b BM i?2B` b2Mb2K�FBM;
T`Q+2bb\ hQ r?�i 2ti2Mi /Q i?2v 2tTHB+BiHv 2tTHQ`2 �M/ K�M�;2 �Hi2`@
M�iBp2b\ q?�i �`2 i?2 /Bz2`2Mi FBM/b Q7 �Hi2`M�iBp2b i?�i �`Bb2\ >Qr
/Q i?2v }i rBi?BM i?2 Qp2`�HH b2Mb2K�FBM; T`Q+2bb\
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_Zk, >Qr +�M iQQHb #2ii2` bmTTQ`i i?2 2tTHQ`�iBQM �M/ K�M@
�;2K2Mi Q7 �Hi2`M�iBp2b\ .Q +m``2Mi �M�HviB+ iQQHb bm{+B2MiHv
bmTTQ`i i?2 T`�+iB+2b �`QmM/ �Hi2`M�iBp2b\ q?2M /Q i?2v #`2�F /QrM\
>Qr /Q 2M+Qm`�;BM; iQQH /2bB;M +QM+2Tib �M/ i2+?MQHQ;B2b +�M #2 �T@
THB2/ iQ bQHp2 i?2b2 T`Q#H2Kb\

_2b2�`+? �TT`Q�+? hQ �Mbr2` i?2b2 [m2biBQMb- r2 bim/v b2Mb2@
K�FBM; �b i?2 BMi2`b2+iBQM Q7 ?mK�M +Q;MBiBp2 T`Q+2bb2b �M/ i?2 iQQHb
i?�i 2M�#H2 i?2KX Ai Bb 2bb2MiB�H iQ +QK#BM2 #Qi? /22T2` mM/2`bi�M/@
BM;b Q7 `2�H@rQ`H/ b2Mb2K�FBM; T`�+iB+2b �`QmM/ �Hi2`M�iBp2b rBi? 2M@
+Qm`�;BM; +QM+2Tib Q` i?2Q`B2b QM /2bB;MBM; KQ`2 ~2tB#H2 iQQHb iQ bmT@
TQ`i i?2KX q2 i?mb �TTHv � +QK#BM�iBQM Q7 p�`BQmb [m�HBi�iBp2 K2i?@
Q/b- bm+? �b BMi2`pB2rb �M/ Q#b2`p�iBQMb- iQ;2i?2` rBi? /2bB;MBM; �M/
T`QiQivTBM; M2r 7Q`Kb Q7 iQQHb iQ B/2MiB7v bQHmiBQMb iQ 2tBbiBM; T`Q#@
H2KbX

JQ`2 +QM+`2i2Hv- r2 }`bi +QM/m+i �M 2KTB`B+�H bim/v iQ +?�`�+i2`@
Bx2 �Hi2`M�iBp2b BM /�i� rQ`F2`bǶ b2Mb2K�FBM; T`Q+2bb2bX q2 T`2b2Mi
Qm` }M/BM;b �M/ � 7`�K2rQ`F Q7 �Hi2`M�iBp2b �b � bvbi2K�iB+ r�v iQ
i?BMF �M/ `2�bQM �Hi2`M�iBp2b BM ;2M2`�HX qBi? i?2 �B/ Q7 i?Bb 7`�K2@
rQ`F- r2 HQQF BMiQ irQ bT2+B}+ �M�HviB+ +QMi2tib, RV �Hi2`M�iBp2b BM
[m�HBi�iBp2 �M�HvbBb mbBM; i?2 �{MBiv /B�;`�KKBM; i2+?MB[m2- �M/ kV
�Hi2`M�iBp2b BM i?2 +QMi2ti Q7 `2mb2- r?2`2 /�i� rQ`F2`b `2mb2 �`iB7�+ib
7`QK +QKTmi�iBQM�H MQi2#QQFb iQ Qi?2` TH�+2b /m`BM; b2Mb2K�FBM;X
q2 T`2b2Mi Qm` pBbBQM Q7 KQ`2 ~2tB#H2 iQQHb r?B+? +�M #2ii2` bmTTQ`i
�Hi2`M�iBp2b BM i?2b2 irQ b2Mb2K�FBM; +QMi2tibX q2 /2KQMbi`�i2 b?Qr
?Qr M2r@Bb? i2+?MQHQ;B2b +�M #2 +QK#BM2/ iQ `2�HBx2 Qm` pBbBQMX
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"�b2/ QM qQ##`Q+F �M/ EB2MixǶb b2p2M `2b2�`+? +QMi`B#miBQMb ivT2b
BM >*A (Rd)- i?2 T`BK�`v +QMi`B#miBQMb Q7 i?Bb /Bbb2`i�iBQM 7�HH mM/2`
i?`22 �`2�b, i?2Q`2iB+�H- �`iB7�+i- �M/ 2KTB`B+�HX

Ç h?2Q`2iB+�H +QMi`B#miBQMb, � i?2Q`2iB+�H 7`�K2rQ`F iQ ?2HT
/2b+`B#2- mM/2`bi�M/- �M/ `2�bQM �#Qmi i?2 `QH2 Q7 �Hi2`M�iBp2b
BM ;2M2`�H /�i� �M�HvbBb T`�+iB+2b U*?�Ti2` jVc � /2bB;M bT�+2
QM [m�HBi�iBp2 /�i� �M�HvbBb iQQHb mM/2` i?2 H2Mb Q7 �Hi2`M�iBp2b
U*?�Ti2` 9Vc � +QM+2Ti Q7 ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ i?�i
?2HTb i`�+F �M/ +QQ`/BM�i2 �Hi2`M�iBp2b BM i?2 +QMi2ti Q7 `2mb2
U*?�Ti2` 8VX

Ç �`iB7�+i +QMi`B#miBQMb, � T`QQ7@Q7@+QM+2Ti T`QiQivT2- �.Z.�
ě � r2#@#�b2/- +QHH�#Q`�iBp2- +`Qbb@/2pB+2 �{MBiv /B�;`�KKBM;
iQQH 7Q` [m�HBi�iBp2 /�i� �M�HvbBb U*?�Ti2` 9Vc � r2#@#�b2/ b�M/@
#Qt bvbi2K 7Q` 2tTHQ`BM; /Bz2`2Mi FBM/b Q7 `2mb2 +�b2bc �M/ i?2
BKTH2K2Mi�iBQM Q7 b2p2`�H /2KQMbi`�iBp2 b+2M�`BQb QM i`�Mb+Hm/@
BM; /�i� pBbm�HBx�iBQMb U*?�Ti2` 8VX

Ç 1KTB`B+�H +QMi`B#miBQMb, b2KB@bi`m+im`2/ BMi2`pB2rb rBi? Rk
/�i� rQ`F2`b i?�i `2TQ`i i?2 `2�bQMbc i`B;;2`b �M/ #�``B2`bc /Bz2`@
2Mi MQiBQMb �M/ T`Q+2bb2b �`QmM/ �Hi2`M�iBp2bc �b r2HH �b bi`�i2@
;B2b �TTHB2/ #v Qm` T�`iB+BT�Mib U*?�Ti2` jVX AM7Q`K�H BMi2`@
pB2rb rBi? j �{MBiv /B�;`�KKBM; T`�+iBiBQM2`b +QK#BM2/ rBi?
Qm` QrM 2tT2`B2M+2 i?�i `2p2�H `2�H@rQ`H/ [m�HBi�iBp2 b2Mb2K�F@
BM; T`�+iB+2b rBi? �{MBiv /B�;`�Kb �M/ i?2 T�BM@TQBMib rBi?
+m``2Mi iQQHb U*?�Ti2` 9VX
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q2 QmiHBM2 i?2 +?�Ti2`b Q7 i?Bb /Bbb2`i�iBQM �b 7QHHQrb,

*?�Ti2` R BMi`Q/m+2b i?2 KQiBp�iBQM Q7 i?Bb /Bbb2`i�iBQM- Qm` `2@
b2�`+? [m2biBQMb �M/ �TT`Q�+?2b- �b r2HH �b Qm` +QMi`B#miBQMbX q2
/2KQMbi`�i2 r?v r2 bim/v �Hi2`M�iBp2b BM b2Mb2K�FBM; T`Q+2bb2b �M/
?Qr +m``2Mi iQQHb 7�BH iQ bmTTQ`i i?2 2tTHQ`�iBQM Q7 �Hi2`M�iBp2b Ub2+@
iBQM RXRVX q2 /2b+`B#2 r?�i [m2biBQMb r2 �BK iQ bQHp2 �M/ ?Qr r2
TH�M iQ bQHp2 i?2K Ub2+iBQM RXkVX 6BM�HHv r2 +QM+Hm/2 rBi? � bmKK�`v
Q7 Qm` +QMi`B#miBQMb BM i?Bb /Bbb2`i�iBQM Ub2+iBQM RXjVX

*?�Ti2` k T`2b2Mib i?2 #�+F;`QmM/ Q7 i?Bb rQ`F- BM+Hm/BM; p�`BQmb
MQiBQMb �`QmM/ �Hi2`M�iBp2b i?�i ?�p2 #22M bim/B2/ �M/ ?Qr 2tBbi@
BM; b2Mb2K�FBM; KQ/2Hb +�Tim`2 i?2K Ub2+iBQM kXRVc T�bi `2b2�`+? QM
i?2 /Bz2`2Mi FBM/b Q7 i2+?MB[m2b �M/ bvbi2Kb iQ bmTTQ`i �Hi2`M�iBp2b
�M/ b2Mb2K�FBM; T`�+iB+2b Ub2+iBQM kXkVc i?2 2K2`;BM; +QM+2Tib �M/
i?2Q`B2b i?�i H2�/ iQ `2/2bB;M /B;Bi�H iQQHb BM � KQ`2 ~2tB#H2 K�MM2`
Ub2+iBQM kXjVX

*?�Ti2` j BMp2biB;�i2b i?2 `QH2 Q7 �Hi2`M�iBp2b �b i?2v }i rBi?BM i?2
b2Mb2K�FBM; T`Q+2bb2bX q2 T`2b2Mi Qm` b2KB@bi`m+im`2/ BMi2`pB2rb �M/
Qm` }M/BM;b Ub2+iBQM jXR- jXk � jX9VX q2 +?�`�+i2`Bx2 �Hi2`M�iBp2b mb@
BM; � 7`�K2rQ`F iQ ?2HT #2ii2` /2b+`B#2- mM/2`bi�M/- �M/ `2�bQM i?2
FBM/b �M/ MQiBQMb Q7 �Hi2`M�iBp2b- �b r2HH �b i?2 `2H�i2/ T`Q+2bb2b BM
b2Mb2K�FBM; Ub2+iBQM jXjVX q2 b?Qr+�b2 Bib �TTHB+�iBQM QM iQQH /2bB;Mb
#v HQQFBM; �i 7Qm` bT2+B}+ �M�HvbBb bvbi2Kb Ub2+iBQM jX8VX q2 7m`i?2`
/Bb+mbb Qm` rQ`F #v +QKT�`BM; rBi? Qi?2` 2tBbiBM; MQiBQMb �`QmM/
�Hi2`M�iBp2b �M/ `2~2+i QM Bib HBKBi�iBQMb Ub2+iBQM jXeVX 6BM�HHv- r2 `2@
pB2r i?2 TQi2MiB�H 7mim`2 `2b2�`+? /B`2+iBQMb Q7 i?Bb rQ`F Ub2+iBQM jXdVX
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*?�Ti2` 9 7Q+mb2b T�`iB+mH�`Hv QM �Hi2`M�iBp2b BM [m�HBi�iBp2 /�i�
�M�HvbBb mbBM; i?2 �{MBiv /B�;`�KKBM; K2i?Q/X q2 `2pB2r `2H�i2/
rQ`F �`QmM/ �{MBiv /B�;`�KKBM; T`�+iB+2b �M/ iQQHb i?�i bmTTQ`i
i?2K Ub2+iBQM 9XkVX "�b2/ QM BM7Q`K�H bim/B2b �M/ Qm` QrM 2tT2`B2M+2-
r2 /2b+`B#2 � /2bB;M bT�+2 iQ +?�`�+i2`Bx2 /�i� rQ`F2`bǶ b2Mb2K�F@
BM; T`Q+2bb2b �M/ i?2 FBM/b Q7 �Hi2`M�iBp2b BMpQHp2/ Ub2+iBQM 9XjVX q2
T`2b2Mi Qm` pBbBQM Q7 ~2tB#H2 �M/ HBMF�#H2 [m�HBi�iBp2 b2Mb2K�FBM; iQQHb
�M/ � T`QQ7@Q7@+QM+2Ti T`QiQivT2 �.Z.� Ub2+iBQM 9X9VX q2 p�HB/�i2
i?Bb �TT`Q�+? i?`Qm;? � b2i Q7 �TTHB+�iBQM b+2M�`BQb Ub2+iBQM 9X8VX 6m`@
i?2`KQ`2- r2 /Bb+mbb i?2 FBM/b Q7 �Hi2`M�iBp2b bmTTQ`i2/ BM �.Z.�
mbBM; i?2 7`�K2rQ`F Q7 �Hi2`M�iBp2b �b B/2MiB}2/ BM b2+iBQM jXj Ub2+@
iBQM 9XeVX q2 2M/ i?Bb +?�Ti2` #v /Bb+mbbBM; i?2 HBKBi�iBQMb Q7 i?Bb
rQ`F �M/ r?�i +�M #2 /QM2 BM i?2 7mim`2 Ub2+iBQM 9Xd � 9X3VX

*?�Ti2` 8 BMi`Q/m+2b i?2 +QM+2Ti Q7 ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ
�b � MQp2H `2mb2 �TT`Q�+? i?�i K�BMi�BMb i?2 HBMFb #2ir22M �Hi2`M�iBp2b
BM i?2 +QMi2ti Q7 `2mb2X q2 }`bi BMi`Q/m+2b Qm` KQiBp�iBQM 7Q` 2MpB@
bBQMBM; ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ Ub2+iBQM 8XRVX q2 `2pB2r `2H�i2/
rQ`F QM 2tBbiBM; `2mb2 i2+?MB[m2b Ub2+iBQM 8XkVX q2 2tTHQ`2 i`�Mb+Hm/@
BM; /�i� pBbm�HBx�iBQMb #v 2t�KBMBM; p�`BQmb `2mb2 b+2M�`BQb mbBM; �
b�M/#Qt bvbi2K Ub2+iBQM 8XjVX q2 T`QTQb2 bBt T2`iBM2Mi T`QT2`iB2b Q7
i`�Mb+HmbBQM �M/ 2tTHQ`2 ?Qr iQ `2B7v i?2K BM i?2 mb2` BMi2`7�+2 iQ 2M@
�#H2 ~2tB#H2 U`2@V+QM};m`�iBQMb Q7 i`�Mb+HmbBQM Ub2+iBQM 8X9VX 6BM�HHv-
q2 /Bb+mbb i?2 HBKBi�iBQMb Q7 Qm` rQ`F �b r2HH �b r?�i +�M #2 /QM2 BM
i?2 7mim`2 Ub2+iBQM 8X8 � 8XeVX

*?�Ti2` e +QM+Hm/2b ?Qr Qm` `2b2�`+? ;Q�Hb ?�p2 #22M �+?B2p2/
�M/ `2pB2rb Qm` +QMi`B#miBQMb BM i?Bb /Bbb2`i�iBQM Ub2+iBQM eXRVX q2
7m`i?2` /Bb+mbb r?�i r2 ?�p2 H2�`M2/ �M/ i?2 BKTHB+�iBQMb 7Q` 7mim`2
rQ`F Ub2+iBQM eXkVX
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h?Bb /Bbb2`i�iBQM BMp2biB;�i2b ?Qr T2QTH2 K�F2 b2Mb2 Q7 /�i� i?`Qm;?
i?2 H2Mb Q7 �Hi2`M�iBp2b- �M/ 2tTHQ`2b ?Qr iQ /2bB;M iQQHb iQ #2ii2` bmT@
TQ`i 2tTHQ`BM; �Hi2`M�iBp2b /m`BM; b2Mb2K�FBM;X h?2`2 �`2 i?`22 F2v
+QM+2Tib BMpQHp2/, b2Mb2K�FBM;- �Hi2`M�iBp2b- �M/ iQQH /2bB;MX h?Bb
+?�Ti2` 2tT�M/b QM i?2b2 +QM+2Tib �M/ i?2B` BMi2`TH�vbX

AM b2+iBQM kXR- r2 `2pB2r p�`BQmb MQiBQMb �M/ +QM+2Tib �`QmM/ �Hi2`@
M�iBp2b �M/ T`2b2Mi ivTB+�H b2Mb2K�FBM; KQ/2Hb r?B+? 7Q`K�HBx2 b2Mb2@
K�FBM; T`Q+2bb2bX q2 /Bb+mbb i?2 `QH2 Q7 �Hi2`M�iBp2b 2Bi?2` 2tTHB+BiHv
Q` BKTHB+BiHv K2MiBQM2/ BM i?2b2 KQ/2HbX AM b2+iBQM kXk- r2 HQQF �i ?Qr
BMi2`�+iBp2 bvbi2Kb �`2 /2bB;M2/ iQ bmTTQ`i i?2 2tTHQ`�iBQM Q7 �Hi2`M�@
iBp2b �M/ i?2 Qp2`�HH b2Mb2K�FBM; T`Q+2bbX AM b2+iBQM kXj- r2 T`2b2Mi �
#`B27 ?BbiQ`v Q7 bQ7ir�`2 /2bB;M �b r2HH �b 2K2`;BM; �TT`Q�+?2b �M/ i?2@
Q`B2bX q2 /Bb+mbb ?Qr i?2b2 i?2Q`B2b BMbTB`2 mb iQ /2bB;M KQ`2 ~2tB#H2
iQQHb iQ bmTTQ`i �Hi2`M�iBp2b BM b2Mb2K�FBM;X
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��� "MUFSOBUJWFT BOE 4FOTFNBLJOH
AM i?Bb b2+iBQM- iQ /2}M2 i?2 b+QT2 Q7 Qm` rQ`F- r2 }`bi 2tTH�BM i?2
+QM+2Ti Q7 b2Mb2K�FBM; �M/ i?2 ivT2 Q7 �M�HvbBb i�bFb r2 +QMbB/2`X q2
i?2M `2pB2r /Bz2`2Mi MQiBQMb �M/ +QM+2Tib Q7 �Hi2`M�iBp2b �M/ i?2B` `QH2
BM 2tBbiBM; b2Mb2K�FBM; KQ/2HbX

����� 4FOTFNBLJOH BOE EBUB BOBMZTJT
h?2 i2`K �M/ +QM+2Ti Q7 ǳb2Mb2K�FBM;Ǵ r�b BMi`Q/m+2/ iQ >mK�MĜ
*QKTmi2` AMi2`�+iBQM U>*AV #v S�_* `2b2�`+?2`b _mbb2HH- ai2}F- SB`QHHB-
�M/ *�`/ BM RNNj (R- R3)X Ai Bb �HbQ rB/2Hv �TTHB2/ BM /QK�BMb bm+? �b
Tbv+?QHQ;v UEH2BMǶb b2Mb2K�FBM;V (RN-ky)- HB#`�`v �M/ BM7Q`K�iBQM b+B@
2M+2 U.2`pBMǶb b2Mb2@K�FBM;V (kR) �M/ Q`;�MBx�iBQM�H b+B2M+2 Uq2B+FǶb
b2Mb2@K�FBM;V (kk)X AM i?Bb /Bbb2`i�iBQM- r2 i�F2 i?2 T2`bT2+iBp2 Q7
b2Mb2K�FBM; BM >*A ě i?2 T`Q+2bb i?�i T2QTH2 ;Q i?`Qm;? iQ #mBH/
mM/2`bi�M/BM; Qmi Q7 � +QHH2+iBQM Q7 /�i�- iQ bi`m+im`2 i?2 mMFMQrM
BMiQ BMbB;?ib- b+?2K�b- �M/ ?vTQi?2b2b i?�i +�M #2 �+i2/ QMX

AM b2Mb2K�FBM; i�bFb- T2QTH2 Q7i2M ?�M/H2 QT2M@2M/2/ �M/ BHH@/2}M2/
T`Q#H2KbX h?2 �M�HviB+ T`Q+2bb Bb HBF2 2tT2`BK2Mi�iBQMX AMbi2�/ Q7 7QH@
HQrBM; � TBT2HBM2- /�i� rQ`F2`b Q7i2M M22/ iQ 2tTHQ`2 � #`Q�/ bT�+2 Q7
�Hi2`M�iBp2b �M/ Bi2`�iBp2Hv ;Q #�+F �M/ 7Q`i? iQ mT/�i2- +QKT�`2 �M/
K�M�;2 i?2KX h?2 /�i� iQ #2 �M�Hvx2/ +QmH/ #2 2Bi?2` [m�MiBi�iBp2 Q`
[m�HBi�iBp2 Q` � KBt Q7 i?2KX Ai +QmH/ #2 Q#i�BM2/ 7`QK /Bp2`b2 bQm`+2bX
a2Mb2K�FBM; ?�b #22M pB2r2/ �b � T`2`2[mBbBi2 iQ BM7Q`K +QM+HmbBQMb-
bQHp2 T`Q#H2Kb- �M/ bmTTQ`i /2+BbBQM@K�FBM; (kj)X q2 T`2b2Mi � KQ`2
/2i�BH2/ `2pB2r QM b2Mb2K�FBM; BM i?2 7QHHQrBM; b2+iBQM Ub2+iBQM kXRXjVX

h?2`2 2tBbi �MQi?2` r2HH@FMQrM i2`K- ǳ/�i� �M�HvbBbǴX q2 +�M
mb2 #Qi? ǳ/�i� �M�HvbBbǴ Q` ǳb2Mb2K�FBM;Ǵ iQ /2b+`B#2 i?2 T`Q+2bb Q7
K�FBM; b2Mb2 Q7 /�i�X h?2b2 irQ i2`Kb +QmH/ #2 /BbiBM;mBb?2/ #�b2/
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QM i?2B` 7Q+mb, b2Mb2K�FBM; �M/ i?2 bim/B2b �`QmM/ Bi i2M/b iQ Tmi �
+Q;MBiBp2 7Q+mb iQ �M�Hvx2 �M/ /2b+`B#2 i?2 /�i� �M�HvbBb T`Q+2bbc /�i�
�M�HvbBb i2M/b iQ #2 mb2/ rBi? � +QKTmi�iBQM�H 7Q+mb iQ 2KT?�bBx2
i?2 QT2`�iBQMb QM +H2�MBM;- i`�Mb7Q`KBM;- �M/ KQ/2HBM; /�i�X .�i�
�M�HvbBb +�M #2 7m`i?2` /BpB/2/ BMiQ /2b+`BTiBp2 bi�iBbiB+b- 2tTHQ`�iQ`v
/�i� �M�HvbBb U1.�V- �M/ +QM}`K�iQ`v /�i� �M�HvbBb (k9)X �KQM;
i?2K- 2tTHQ`�iQ`v /�i� �M�HvbBb- /2}M2/ �b ǳHQQFBM; �i /�i� iQ b22
r?�i Bi b22Kb iQ b�vǴ #v CQ?M hmF2v (e)- KQbi +HQb2Hv `2b2K#H2b i?2
FBM/ Q7 �M�HvbBb i�bFb r2 +QMbB/2`X

AM i?Bb /Bbb2`i�iBQM- r2 H2�p2 �bB/2 i?Bb /Bz2`2M+2 #2ir22M i?2b2
irQ i2`KbX q2 mb2 /�i� �M�HvbBb Q` b2Mb2K�FBM; BMi2`+?�M;2�#Hv iQ
/2b+`B#2 i?2 T`Q+2bb i?�i T2QTH2 ;Q i?`Qm;? iQ mM/2`bi�M/ /�i�X .�i�
rQ`F2`b- b2Mb2@K�F2`b- �M/ U/�i�V �M�Hvbib �`2 �HbQ mb2/ BMi2`+?�M;2@
�#Hv iQ /2b+`B#2 i?2 ;`QmTb Q7 T2QTH2 r?Q M22/ iQ ;�BM BMbB;?ib 7`QK
/�i� BM i?2B` /�BHv rQ`FX h?2v KB;?i MQi M2+2bb�`BHv +QMbB/2` i?2K@
b2Hp2b �b /�i� b+B2MiBbib /m2 iQ i?2 /Bp2`bBiv Q7 i?2B` /QK�BM FMQrH2/;2-
H2p2Hb Q7 T`Q;`�KKBM; bFBHHb- �M/ /2;`22b Q7 7Q`K�HBbK r?2M i?2v ?�M@
/H2 i?2B` �M�HviB+ i�bFbX

����� 7BSJPVT DPODFQUT BSPVOE BMUFSOBUJWFT
J2``B�K@q2#bi2`Ƕb QMHBM2 /B+iBQM�`v (k8) /2}M2b �M �Hi2`M�iBp2 �b bQK2@
i?BM; i?�i Bb ǳ�p�BH�#H2 �b �MQi?2` TQbbB#BHBiv Q` +?QB+2XǴ h?2 MQiBQMb
�M/ +QM+2Tib �`QmM/ �Hi2`M�iBp2b ?�p2 #22M rB/2Hv 2tTHQ`2/ BM i?2
/QK�BM Q7 /�i� �M�HvbBb �M/ /2bB;MX h?2b2 irQ /QK�BMb b?�`2 +QK@
KQM +?�`�+i2`BbiB+b, i?2v #Qi? TQ`i`�v ?B;?Hv Bi2`�iBp2 T`Q+2bb2b �M/
?�M/H2 BHH@/2}M2/- QT2M@2M/2/ T`Q#H2KbX

lMHBF2 Qm` rQ`F- r?B+? 7Q+mb2b QM i?2 `QH2 Q7 �Hi2`M�iBp2b BM i?2
Qp2`�HH b2Mb2K�FBM; T`Q+2bb- T�bi `2b2�`+? QM �Hi2`M�iBp2b i2M/b iQ 7Q@
+mb QM bT2+B}+ �`iB7�+ib Q` T�`iB+mH�` �M�HviB+ +QMi2tibX 6Q` 2t�KTH2-
i?2 MQiBQM Q7 ǳKmHiB@7Q`Kb �M/ KmHiBTH2bǴ +QMbB/2`b �Hi2`M�iBp2 7Q`Kb
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7Q` /�i� pBbm�HBx�iBQM (d)c i?2 MQiBQMb Q7 ǳ+Q/2 p2`bBQMbǴ �M/ ǳp�`B�MibǴ
2t�KBM2 �Hi2`M�iBp2 +Q/2 TB2+2b (3- Rk- ke- kd)- 2i+X h?2b2 bim/B2b BHHmb@
i`�i2 i?2 /Bp2`bBiv Q7 i?2 FBM/b �M/ MQiBQMb Q7 �Hi2`M�iBp2b- �M/ r?v Bi
Bb BKTQ`i�Mi iQ /�i� �M�HvbBb �M/ /2bB;M T`Q+2bb2bX

AM i?2 /QK�BM Q7 /2bB;M- rQ`FBM; rBi? KmHiBTH2 �Hi2`M�iBp2b ?�b
#2BM; +QMbB/2`2/ � +2Mi`�H �+iBpBiv (k3Ĝjy)X hQ?B/B 2i �HX (jy) }M/
i?�i /2bB;M2`b- 2Bi?2` rQ`FBM; BM/BpB/m�HHv Q` BM � i2�K- 2tTHQ`2 KmH@
iBTH2 �Hi2`M�iBp2b i?`Qm;?Qmi �HH bi�;2b Q7 i?2 /2bB;M T`Q+2bbX h?2v
7m`i?2` }M/ i?�i 2tTQbBM; i?2 /2bB;M �Hi2`M�iBp2b iQ 2M/ mb2`b +�M
Q#i�BM KQ`2 +`BiB+�H +QKK2Mib r?B+? K�v H2�/ iQ #2ii2` /2bB;M bQHm@
iBQMbX >�`iK�MM 2i �HX (j) }M/ i?�i BMi2`�+iBQM /2bB;M2`b #mBH/ �Hi2`@
M�iBp2 T`QiQivT2b iQ #2ii2` mM/2`bi�M/ i?2 /2bB;M bT�+2- `2�bQM �#Qmi
p�`BQmb /2bB;M i`�/2@Qzb- �M/ 2M�#H2 2z2+iBp2 /2+BbBQM K�FBM; rBi?BM
Q`;�MBb�iBQMbX h?2v B/2MiB7v irQ /BbiBM+i ivT2b Q7 �Hi2`M�iBp2b, bQm`+2
+Q/2 �Hi2`M�iBp2b 7Q` i2biBM; /Bz2`2Mi �TTHB+�iBQM HQ;B+- �M/ T�`�K2i2`
p�`B�iBQMb 7Q` imMBM; �M/ Q#b2`pBM; BMi2`�+iBQMb �i `mMiBK2X h2``v 2i
�HX (jR) 7m`i?2` /BbiBM;mBb? #2ir22M i?2 MQiBQMb Q7 p�`B�iBQMb �M/ Bi@
2`�iBQMb 7Q` � /2bB;M, p�`B�iBQMb �`2 ǳ�Hi2`M�iBp2 bQHmiBQMb iQ � ;Bp2M
T`Q#H2K �i � TQBMi BM iBK2-Ǵ �M/ Bi2`�iBQMb �`2 ǳi?2 b�K2 bQHmiBQM iQ
� T`Q#H2K �i � ;Bp2M TQBMi BM `2pBbBQMXǴ

S�`�K2i`B+ �M/ ;2M2`�iBp2 /2bB;M K2i?Q/b 2M�#H2 mb2`b iQ 2tTHQ`2
� H�`;2 b2i Q7 �Hi2`M�iBp2 /2bB;M bQHmiBQMb #v imMBM; i?2 2tT`2bbBQM Q7
T�`�K2i2`b �M/ `mH2b (jkĜj9)X qQQ/#m`v 2i �HX (kN) /2}M2 �Hi2`M�iBp2b
�b ǳbi`m+im`�HHv /Bz2`2Mi bQHmiBQMb iQ � /2bB;M-Ǵ r?BH2 p�`B�iBQMb �`2
ǳ/2bB;M bQHmiBQMb rBi? B/2MiB+�H KQ/2H bi`m+im`2- #mi ?�pBM; /Bz2`2Mi
p�Hm2b �bbB;M2/ iQ T�`�K2i2`bXǴ >Qr2p2`- i?2 H�`;2 MmK#2` Q7 �Hi2`@
M�iBp2b �HbQ +�mb2b T`Q#H2Kb �M/ +?�HH2M;2b- BM+Hm/BM; +?QB+2 Qp2`HQ�/
T`Q#H2K- ?B;? +Q;MBiBp2 +Qbi- �M/ /BbTH�v +QMbi`�BMib iQ pB2r KmHiBTH2
�Hi2`M�iBp2b bBKmHi�M2QmbHv (k3- j8- je)X

6Q+mbBM; QM i?2 b2Mb2K�FBM; /QK�BM- i?2 BKTQ`i�M+2 Q7 ;2M2`@
�iBM;- 2H�#Q`�iBM;- �M/ i2biBM; �Hi2`M�iBp2 ?vTQi?2b2b ?�b #22M 2K@
T?�bBx2/ BM i?2 T`Q+2bb Q7 BMi2HHB;2M+2 �M�HvbBb- � T`QiQivTB+�H �M/
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BMi2MbBp2 b2Mb2K�FBM; i�bF (jdĜjN)X �M�Hvbib Q7i2M 2KTHQv +QKT2iBM;
?vTQi?2b2b iQ 2p�Hm�i2 �HH `2�bQM�#H2 �Hi2`M�iBp2b (9y)X aBKBH�`Hv- BM
i?2 /QK�BM Q7 #mbBM2bb BMi2HHB;2M+2- �M�Hvbib pB2r �Hi2`M�iBp2b �b /B7@
72`2Mi b+2M�`BQb 2tTHQ`2/ iQ BMbT2+i i?2 #2?�pBQ` Q7 � +QKTH2t bvbi2K
UBX2X- i?2 2Mi2`T`Bb2 #mbBM2bbVX h?2 T`Q+2bb Bb `272``2/ iQ �b ǳr?�i@B7Ǵ
�M�HvbBb- K2�bm`BM; p�`B�iBQMb Q7 � ;Bp2M bBKmH�iBQM KQ/2H #v +?�M;@
BM; � b2i Q7 BM/2T2M/2Mi p�`B�#H2b (9R)X AM /B;Bi�H K�`F2iBM;- :mQ 2i
�HX (9k) }M/ i?�i BMbi2�/ Q7 b?QrBM; i?2 iQT@QM2 `2bmHi BM 2p2Mi b2@
[m2M+2 T`2/B+iBQM- mb2`b �`2 KQ`2 +QM}/2Mi BM K�FBM; /2+BbBQMb r?2M
bi`QM; �Hi2`M�iBp2 T`2/B+iBQMb �`2 /BbTH�v2/X "QmF?2HB7� 2i �HX (RR) 7m`@
i?2` bim/v ?Qr /Bz2`2Mi FBM/b Q7 /QK�BM 2tT2`ib +QHH�#Q`�iBp2Hv K�F2
b2Mb2 Q7 bBKmH�iBQM KQ/2Hb- �M/ }M/ i?�i �Hi2`M�iBp2 �M�HvbBb b+2M�`BQb
#`�M+? Qmi 7`QK T`2pBQmb `2b2�`+? [m2biBQMb �M/ ?vTQi?2b2bX

6Q` /�i� �M�HvbBb i�bFb BM ;2M2`�H- `2+2Mi bim/B2b b?Qr i?�i /�i�
b+B2MiBbib r`Bi2 �Hi2`M�iBp2 p2`bBQMb Q7 2tTHQ`�iQ`v +Q/2 (3- Rk- ke- kd)-
�TTHv KmHiBTH2 �Hi2`M�iBp2 KQ/2Hb (9j)- Q` T`Q#2 BMiQ p�`B�iBQMb QM �
bBM;H2 KQ/2H (99)X 6Q` 2t�KTH2- BM b2[m2M+2 KQ/2Hb- �Hi2`M�iBp2b �`2
/2}M2/ �b ǳ`2�bQM�#H2 �M/ BMi2`T`2i�#H2 KQ/B}+�iBQMb Q7 i?2 KQ/2H
BMTmi �M/ BMi2`M�Hb /m`BM; BM72`2M+2 KQ/2 iQ ?2HT rBi? mM/2`bi�M/BM;
�M/ /2#m;;BM;XǴ (98) E2`v 2i �HX B/2MiB7v +?�HH2M;2b BM i2`Kb Q7 +Q/2
�Hi2`M�iBp2b 7Q` /�i� b+B2MiBbib mbBM; +QKTmi�iBQM�H MQi2#QQFb- BM+Hm/@
BM; /mTHB+�i2/ �M/ BM+QMbBbi2Mi �Hi2`M�iBp2b- /B{+mHiv BM ;2M2`�iBM;-
+H2�MBM;- �M/ i`�+FBM; �Hi2`M�iBp2b- 2i+ (3- Rk- 9e)X

.�i� rQ`F2`b Q7i2M �TTHv pBbm�H �M�HviB+b iQ K�F2 b2Mb2 Q7 /�i�X "v
`2pB2rBM; pBbm�H �M�HviB+b bvbi2Kb- BM+Hm/BM; CB;b�r (9d)- pBbh`�BHb (93)-
�M/ h�#H2�mR- *?2M �M/ :m2Mi?2` B/2MiB7v i?`22 ivTB+�H ivT2b Q7 �H@
i2`M�iBp2b +QMbB/2`2/ #v i?2K, /�i�- pBbm�HBx�iBQM- �M/ ?vTQi?2b2b
�Hi2`M�iBp2b (jj-j9)X o�M 2i �HX (d) T`QTQb2 i?2 +QM+2Ti Q7 ǳbK�HH KmHiB@
TH2b- H�`;2 bBM;H2bǴ r?B+? 2M�#H2b mb2`b iQ 2tTHQ`2 KmHiBTH2 �Hi2`M�iBp2
bi�i2b Q7 � pBbm�HBx�iBQMX qQQ/ 2i �HX (9N) 2KT?�bBx2 i?2 BKTQ`i�M+2

R?iiTb,ffrrrXi�#H2�mX+QKf- �++2bb2/ QM kRfyjfkykRX

https://www.tableau.com/
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Q7 +�Tim`BM; �M/ b?�`BM; /2bB;M `�iBQM�H2b #2?BM/ 2�+? �Hi2`M�iBp2 pB@
bm�HBx�iBQM 2tTHQ`�iBQM T�i?- �M/ T`QTQb2 i?2 ǳ#`�M+?BM; M�``�iBp2bǴ
KQ/2H iQ T`QKTi bm+? �+iBQMbX

�T�`i 7`QK /�i� �M�HvbBb �M/ /2bB;M T`Q+2bb2b- +QM/m+iBM; `2b2�`+?
Bb �HbQ � b2Mb2K�FBM; T`Q+2bbX E�H2 2i �HX (8y) 7Q+mb QM i?2 BKTQ`i�M+2
Q7 �Hi2`M�iBp2 �M�Hvb2b iQ K�M�;BM; mM+2`i�BMiv BM `2b2�`+? bvMi?2bBbX
h?2v `272` iQ �Hi2`M�iBp2b �b � ǳ;�`/2M Q7 7Q`FBM; T�i?bǴ ě � b2`B2b Q7
�M�HviB+�H /2+BbBQM@TQBMib- 2�+? Q7 r?B+? ?�b i?2 TQi2MiB�H iQ BM~m2M+2
}M/BM;bX :mQ �M/ G�B/H�r (8R) T`QTQb2 mbBM; iQTB+ KQ/2Hb �b �M �B/
7Q` `2b2�`+? B/2� ;2M2`�iBQM- �M/ }M/ i?Bb �TT`Q�+? H2�/b iQ KQ`2 /B@
p2`;2Mi i?BMFBM; �M/ 2M+Qm`�;2b mb2`b 2tTHQ`2 KQ`2 �Hi2`M�iBp2 �M;H2b
r?2M 2H�#Q`�iBM; i?2 +Q`2 �BKbX

h?2 �#Qp2 `2b2�`+? T`QpB/2b � p�`B2iv Q7 MQiBQMb �M/ +QM+2Tib
�`QmM/ �Hi2`M�iBp2bX Ai i2M/b iQ bim/v bT2+B}+ ivT2b Q7 �Hi2`M�iBp2b
mM/2` T�`iB+mH�` +QMi2tibX Pm` bim/B2b- BMbi2�/- 7Q+mb QM i?2 `QH2 Q7
�Hi2`M�iBp2b �b i?2v }i rBi?BM i?2 Qp2`�HH b2Mb2K�FBM; T`Q+2bbX q2 }M/
i?�i i?2 /Bz2`2Mi ivT2b Q7 �Hi2`M�iBp2b +QMbB/2`2/ #v Qm` /�i� rQ`F2`b
�HB;M r2HH rBi? i?Qb2 /Bb+mbb2/ BM T`2pBQmb }M/BM;bX h?Bb /Bbb2`i�iBQM
+QMi`B#mi2b � i?2Q`2iB+�H 7`�K2rQ`F iQ ?2HT /2b+`B#2 �M/ `2�bQM �#Qmi
i?2 p�`BQmb FBM/b Q7 MQiBQMb �M/ K2�MBM;b Q7 �Hi2`M�iBp2b BM b2Mb2K�F@
BM; U+?�Ti2` jVX Ai 7m`i?2` T`QpB/2b MQiBQMb Q7 �Hi2`M�iBp2b mM/2` irQ
bT2+B}+ b2Mb2K�FBM; +QMi2tib, [m�HBi�iBp2 /�i� �M�HvbBb U+?�Ti2` 9V
�M/ b2Mb2K�FBM; rBi? +QKTmi�iBQM�H MQi2#QQFb U+?�Ti2` 8VX

����� "MUFSOBUJWFT JO TFOTFNBLJOH NPEFMT
hQ mM/2`bi�M/ ?Qr �Hi2`M�iBp2b }i rBi?BM /�i� rQ`F2`bǶ b2Mb2K�FBM;
T`Q+2bb2b- Bi Bb BKTQ`i�Mi iQ mM/2`bi�M/ b2Mb2K�FBM; BM ;2M2`�HX S�bi
`2b2�`+? ?�b 2t�KBM2/ b2Mb2K�FBM; T`Q+2bb2b mM/2` /Bz2`2Mi +QMi2tib
�M/ 7`QK /Bz2`2Mi pB2rTQBMibX AM i?Bb b2+iBQM- r2 `2pB2r `2T`2b2Mi�iBp2
KQ/2Hb /2p2HQT2/ iQ /2b+`B#2 i?2 b2Mb2K�FBM; Q` /�i� �M�HvbBb T`Q+2bbX



��� "MUFSOBUJWFT BOE 4FOTFNBLJOH ��

q2 /Bb+mbb ?Qr i?2b2 KQ/2Hb +QMbB/2`- 2Bi?2` 2tTHB+BiHv Q` BKTHB+BiHv-
i?2 2tTHQ`�iBQM Q7 �Hi2`M�iBp2b- �b r2HH �b i?2 FBM/b Q7 �Hi2`M�iBp2b i?2v
+QMbB/2`X

"v Q#b2`pBM; ?Qr T2QTH2 K�F2 b2Mb2 Q7 H�`;2 �KQmMib Q7 BM7Q`@
K�iBQM �#Qmi H�b2` T`BMi2`b- _mbb2HH 2i �HX (R3) /2p2HQT � b2Mb2K�FBM;
KQ/2H i?�i 7Q+mb2b QM i?2 2ti2`M�H FMQrH2/;2 `2T`2b2Mi�iBQMb BM b2Mb2@
K�FBM; �+iBpBiB2bX �b b?QrM BM };m`2 kXR- �M�Hvbib }`bi b2�`+? 7Q` �
;QQ/ `2T`2b2Mi�iBQM �M/ i?2M Bi2`�iBp2Hv 2M+Q/2 BM7Q`K�iBQM BM i?Bb
`2T`2b2Mi�iBQMX h?2 +2Mi`�H �+iBpBiv Bb B/2MiB}2/ �b i?2 ǳ`2T`2b2Mi�@
iBQM b?B7i HQQTǴ ě r?2M �M�Hvbib }M/ /�i� Bi2Kb i?�i /Q MQi }i BMiQ i?2
+m``2Mi `2T`2b2Mi�iBQM- i?2v M22/ iQ F22T �/DmbiBM; i?2 `2T`2b2Mi�iBQM
7Q` #2ii2` /�i� +Qp2`�;2X h?Bb �/DmbiK2Mi +QmH/ H2�/ iQ � p�`B�Mi QM
i?2 +m``2Mi `2T`2b2Mi�iBQM Q` � M2r �Hi2`M�iBp2 QM2X q2 +QMbB/2` i?�i
_mbb2HH 2i �HXǶb KQ/2H 2KT?�bBx2b i?2 ǳ`2T`2b2Mi�iBQM �Hi2`M�iBp2bǴX

EH2BM 2i �HX (ky) i�F2 K�+`Q+Q;MBiBQM �TT`Q�+? �M/ T`QTQb2 i?2

'JHVSF ���� _mbb2HH 2i �HXǶb b2Mb2K�FBM; KQ/2H- /2KQMbi`�iBM; ?Qr �M�@
Hvbib Bi2`�iBp2Hv +?�M;2 i?2 `2T`2b2Mi�iBQM iQ }i /�i� (R3)X



�� � #BDLHSPVOE

'JHVSF ���� EH2BM 2i �HXǶb .�i� 6`�K2 JQ/2H- /2KQMbi`�iBM; �M �+iBp2
irQ@r�v T`Q+2bb Q7 ǳ}iiBM; /�i� BMiQ � 7`�K2Ǵ �M/ ǳ}iiBM; � 7`�K2
�`QmM/ i?2 /�i�XǴ (ky)

.�i�@6`�K2 i?2Q`vX h?2v mb2 i?2 K2i�T?Q` ǳ7`�K2Ǵ iQ `2T`2b2Mi i?2
K2Mi�H KQ/2Hb ?2H/ #v �M�Hvbib QM i?2 +QMM2+iBQMb �KQM; /�i�X �
7`�K2 +�M #2 2tT`2bb2/ BM p�`BQmb 7Q`Kb- bm+? �b biQ`B2b- K�Tb- Q`;�@
MBx�iBQM�H /B�;`�Kb- b+`BTib- 2i+X h?2v /2b+`B#2 b2Mb2K�FBM; �b �M
�+iBp2 irQ@r�v T`Q+2bb Q7 ǳ}iiBM; /�i� BMiQ � 7`�K2Ǵ �M/ ǳ}iiBM; �
7`�K2 �`QmM/ i?2 /�i�XǴ 6`�K2 �M/ /�i� �`2 i?mb BMi2`/2T2M/2Mi,
7`�K2b �`2 #mBHi �M/ Bi2`�iBp2Hv mT/�i2/ #�b2/ QM /�i� �M/ BM im`M
b?�T2 �M/ /2}M2 i?2 `2H2p�Mi /�i�- �b b?QrM BM };m`2 kXkX 6Q` 2t�K@
TH2- �M �M�Hvbi K�v ;2M2`�i2 M2r �Hi2`M�iBp2 7`�K2b r?2M /2i2+iBM;
�MQK�HB2b Q` BM+QMbBbi2M+B2bX h?mb i?2B` KQ/2H /2b+`B#2b ǳ7`�K2bǴ �M/
/�i� �Hi2`M�iBp2b- �b r2HH �b i?2 BMi2`+QMM2+iBQMb #2ir22M i?2KX

SB`QHHB �M/ *�`/ (R) 7m`i?2` 2ti2M/ _mbb2HH 2i �HXǶb b2Mb2K�FBM;
KQ/2H 7Q` BMi2HHB;2M+2 �M�HvbBb BM ;2M2`�HX �b b?QrM BM };m`2 kXj- i?2
T`Q+2bb2b �`2 bi`m+im`2/ #v /2;`22 Q7 2zQ`i �M/ /2;`22 Q7 BM7Q`K�iBQM
bi`m+im`2X h?2 Qp2`�HH T`Q+2bb +QMi�BMb irQ K�DQ` HQQTb, � 7Q`�;BM;



��� "MUFSOBUJWFT BOE 4FOTFNBLJOH ��

'JHVSF ���� SB`QHHB �M/ *�`/Ƕb b2Mb2K�FBM; KQ/2H- /2KQMbi`�iBM; i?2
Bi2`�iBQMb #2ir22M /Bz2`2Mi �M�HviB+ bi�;2b �M/ i�bFb /m`BM; i?2 b2Mb2@
K�FBM; T`Q+2bb (R)X

HQQT ě r?2`2 �M�Hvbib b2�`+? 7Q` BM7Q`K�iBQM- Q7i2M 7`QK p�`BQmb FBM/b
Q7 bQm`+2b- �M/ }Hi2` Bi #�b2/ QM i?2 i�bF@bT2+B}+ [m2biBQMb �M/ ;Q�Hbc
� b2Mb2K�FBM; HQQT ě r?2`2 �M�Hvbib Q`;�MBx2 i?2 BM7Q`K�iBQM BMiQ
+2`i�BM FBM/b Q7 b+?2K�b iQ #mBH/ K2Mi�H KQ/2Hb �M/ mT/�i2 i?2B` mM@
/2`bi�M/BM; QM i?2 �M�Hvx2/ T`Q#H2KX �M �M�HvbBb +QmH/ #2;BM 2Bi?2`
iQT@/QrM Ui?2Q`v Q` bi`m+im`2 /`Bp2MV Q` #QiiQK@mT U/�i�@/`Bp2MVX LQ
K�ii2` i?2 bi`�i2;v- Bi BMpQHp2b �M QTTQ`imMBbiB+ KBt Q7 i?2K, �M�Hvbib
Bi2`�iBp2Hv r2�p2 #2ir22M 7Q`;�BM; �M/ b2Mb2K�FBM; T`Q+2bb2b- �b r2HH
�b i?2B` bm#@�+iBpBiB2bX 1�+? #�+F �M/ 7Q`i? #2ir22M �M�HviB+ bi�;2b
+QmH/ TQi2MiB�HHv BMi`Q/m+2 +2`i�BM ivT2b Q7 �Hi2`M�iBp2bX 6Q` 2t�K@
TH2- i?2 ;2M2`�iBQM Q7 �Hi2`M�iBp2 ?vTQi?2b2b +QmH/ H2�/ iQ ;�i?2`BM;



�� � #BDLHSPVOE

�Hi2`M�iBp2 /�i� Bi2Kb 7Q` T`Q+2bbBM;X
Pm` `2b2�`+? Bb H�`;2Hv BMbTB`2/ #v SB`QHHB �M/ *�`/Ƕb b2Mb2K�F@

BM; KQ/2HX q2 +QMbB/2` b2Mb2K�FBM; �b � K2bbv �M/ Bi2`�iBp2 T`Q+2bb
r?2`2 �M�Hvbib ;Q #�+F �M/ 7Q`i? #2ir22M /Bz2`2Mi �M�HviB+ i�bFb rBi?
/Bz2`2Mi FBM/b Q7 BMi2`M�H Q` 2ti2`M�H `2T`2b2Mi�iBQMbX AMbi2�/ Q7 7Q@
+mbBM; QM BMi2HHB;2M+2 �M�HvbBb- r2 bim/v i?2 T`�+iB+2b Q7 /�i� rQ`F2`b
BM ;2M2`�H �M/ 2t�KBM2 i?2 `QH2 Q7 �Hi2`M�iBp2b �b i?2v }i rBi?BM i?2B`
�M�HvbBb T`Q+2bbX

w?�M; �M/ .�;Q#2`i (kj) 7m`i?2` 2ti2M/ 2tBbiBM; b2Mb2K�FBM; KQ/@
2Hb #v i�FBM; B/2�b �M/ +QM+2Tib 7`QK i?2 }2H/b Q7 H2�`MBM; �M/ +Q;MB@
iBQMX �b b?QrM BM };m`2 kX9- i?Bb KQ/2H T`QpB/2b � KQ`2 /2i�BH2/ HQQF
QM i?2 �+iBpBiB2b �M/ +Q;MBiBp2 K2+?�MBbKb 2M;�;2/ BM b2Mb2K�FBM;X
aBKBH�`Hv- w?�M; �M/ .�;Q#2`i 2KT?�bBx2 i?2 Bi2`�iBQMb #2ir22M /B7@
72`2Mi �+iBpBiB2bX AM i2`Kb Q7 �Hi2`M�iBp2b- i?2v /BbiBM;mBb? #2ir22M i?2
+QM+2Tib Q7 ǳimMBM;Ǵ �M/ ǳ`2bi`m+im`BM;Ǵ, imMBM; `2T`2b2Mib i?2 ǳ2pQ@
HmiBQM�`v +QM+2Tim�H +?�M;2 BM i?2 b+?2K�bǴ Q` � ǳr2�F `2pBbBQMcǴ �M/
`2bi`m+im`BM;- `2T`2b2Mib ǳ+QM+2Tim�H +?�M;2b i?�i BMpQHp2 i?2 `�/B+�H
+?�M;2 Q7 2tBbiBM; bi`m+im`2b Q` +`2�iBQM Q7 M2r bi`m+im`2bXǴ

�HH i?2b2 b2Mb2K�FBM; KQ/2Hb 7Q+mb QM +Q;MBiBp2 T`Q+2bb �M/ /2@
b+`B#2 i?2 ?B;? H2p2H T`�+iB+2b �`QmM/ BM/BpB/m�H b2Mb2K�FBM;X Pi?2`
/�i� �M�HvbBb KQ/2Hb- r?B+? MQi M2+2bb�`BHv 2KT?�bBx2 QM i?2 +Q;MBiBp2
T`Q+2bb Q` K2+?�MBbKb- �HbQ +QMbB/2` i?2 BKTQ`i�M+2 Q7 �Hi2`M�iBp2bX
>m#2` (8j) B/2MiB}2b MBM2 bi�;2b BM i?2 Qp2`�HH /�i� �M�HvbBb T`Q+2bb
�M/ bi`2bb2b i?2 BKTQ`i�M+2 Q7 +QM/m+iBM; �Hi2`M�iBp2 r?�i@B7 �M�Hv@
b2bX 6Q` 2t�KTH2- ?2 bm;;2bib TQQHBM; bQK2 bm#b2ib Q7 i?2 /�i� Q`
mbBM; /Bz2`2Mi ivT2b Q7 KQ/2HbX :mQ (8k) +?�`�+i2`Bx2b i?2 T`Q+2bb
Q7 `2b2�`+? T`Q;`�KKBM;- r?2`2 `2b2�`+?2`b 7`QK /Bz2`2Mi /QK�BMb
r`Bi2 2tTHQ`�iQ`v +Q/2 iQ i2bi B/2�b �M/ Q#i�BM BMbB;?ib 7`QK /�i�X �b
b?QrM BM };m`2 kX8- ?2 B/2MiB}2b ǳ2tTHQ`2 �Hi2`M�iBp2bǴ �b QM2 +QK@
TQM2Mi Q7 i?2 KQ/2H- r?B+? iB2b iQ;2i?2` i?2 `2~2+iBQM �M/ �M�HvbBb
T`Q+2bbX �Hi?Qm;? i?2b2 KQ/2Hb +QMbB/2` �Hi2`M�iBp2b �b � bBM;H2 bi�;2
Q7 �M�HvbBb Q++m``BM; rBi?BM �M Bi2`�iBp2 b2Mb2K�FBM; HQQT- BM T`�+iB+2



��� "MUFSOBUJWFT BOE 4FOTFNBLJOH ��

'JHVSF ���� w?�M; �M/ .�;Q#2`iǶb a2Mb2K�FBM; JQ/2H- 7Q+mbBM; QM i?2
T`Q+2bb2b- �+iBpBiB2b �M/ +Q;MBiBp2 K2+?�MBbKb BM b2Mb2K�FBM; (kj)X

Bi K�v #2 /B{+mHi iQ b2T�`�i2 i?2 2tTHQ`�iBQM Q7 �Hi2`M�iBp2b 7`QK
Qi?2` b2Mb2K�FBM; �+iBQMbX >m#2` 2tTH�BMb i?2 `2�bQM i?�i ǳ�Hi2`M�@
iBp2b Bb `2T`2b2Mi2/ BM Bib QrM bi�;2 #2+�mb2 Bi Bb /B{+mHi iQ Q`/2`
i?2 b2Mb2K�FBM; T?�b2b bBM+2 i?2v M�im`�HHv �M/ `2T2�i2/Hv �TT2�` BM
+v+H2b #2ir22M /Bz2`2Mi �+iBQMbXǴ

AM +QM+HmbBQM- /2bTBi2 i?�i i?2b2 KQ/2Hb /Bz2` BM 2KT?�bBb �M/
Mm�M+2- i?2 #�bB+ T�ii2`M Q7 brBi+?BM; �M/ HQQTBM; #2ir22M /Bz2`@
2Mi FBM/b Q7 �M�HviB+ bi�;2b �M/ `2T`2b2Mi�iBQMb Bb BM +QKKQM iQ �HH
KQ/2HbX h?2v �HH 2tTHB+BiHv Q` BKTHB+BiHv BHHmbi`�i2 i?2 2tTHQ`�iBQM Q7



�� � #BDLHSPVOE

'JHVSF ���� Pp2`pB2r Q7 � ivTB+�H `2b2�`+? T`Q;`�KKBM; rQ`F~Qr #v
:mQ (8k)X

�Hi2`M�iBp2b- bQK2 +QMbB/2` Bi �b � +QKTQM2Mi Q7 i?2 KQ/2H- �M/ bQK2
�b � /`Bp2M 7�+iQ` 7Q`- Q` i?2 +QMb2[m2M+2 Q7 i?2 2t2+miBQM Q7 Qi?2`
+QKTQM2Mib BM i?2 KQ/2HX u2i- i?2v /Q MQi bT2+B}+�HHv bim/v b2Mb2@
K�FBM; mM/2` i?2 H2Mb Q7 �Hi2`M�iBp2b �b Qm` rQ`FX h?Bb /Bbb2`i�iBQM
+QMi`B#mi2b }M/BM;b �M/ � i?2Q`2iB+�H 7`�K2rQ`F iQ /2b+`B#2 �M/ `2�@
bQM �#Qmi i?2 `QH2 Q7 �Hi2`M�iBp2b �b i?2v }i rBi?BM i?2 b2Mb2K�FBM;
T`Q+2bb BM ;2M2`�H U+?�Ti2`X jVX Ai �HbQ +QMi`B#mi2b i?2 FBM/b Q7 �Hi2`M�@
iBp2b �b i?2v }i rBi?BM i?2 bT2+B}+ +QMi2ti Q7 [m�HBi�iBp2 b2Mb2K�FBM;
U+?�Ti2`X 9VX
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��� *OUFSBDUJWF 4ZTUFNT �
UFDIOJRVFT GPS "MUFSOBUJWFT BOE
4FOTFNBLJOH

�Hi?Qm;? /�i� rQ`F2`b 2tTHQ`2 � p�`B2iv Q7 �Hi2`M�iBp2b BM i?2B` b2Mb2@
K�FBM; T`Q+2bb2b- T�bi `2b2�`+? `2p2�Hb i?�i 2tBbiBM; iQQHb +�MMQi 27@
}+B2MiHv bmTTQ`i i?2KX AM i?Bb b2+iBQM- r2 `2pB2r i?2 bvbi2Kb �M/
i2+?MB[m2b T`QTQb2/ iQ 7�+BHBi�i2 i?2 2tTHQ`�iBQM Q7 �Hi2`M�iBp2b BM i?2
/QK�BM Q7 /�i� �M�HvbBb �M/ /2bB;M Ub2+iBQM kXkXRVX q2 �HbQ `2pB2r
b2p2`�H `2T`2b2Mi�iBp2 BMi2`�+iBp2 bvbi2Kb i?�i bmTTQ`i b2Mb2K�FBM;
T`Q+2bb2b BM ;2M2`�H Ub2+iBQM kXkXkVX

����� 4ZTUFNT � UFDIOJRVFT GPS BMUFSOBUJWFT

J�Mv �M�HvbBb iQQHb- BM+Hm/BM; i?Qb2 mb2/ #v /�i� rQ`F2`b- `2Hv QM
i?2 aBM;H2 ai�i2 .Q+mK2Mi JQ/2H (jR) ě r?2`2 QMHv QM2 bi�i2 Bb bmT@
TQ`i2/ BM i?2 bvbi2K UQ` /Q+mK2MiV �i �Mv TQBMi BM iBK2X �b � `2bmHi-
mb2`b M22/ iQ /2p2HQT rQ`F�`QmM/b �M/ �TTHv �/ ?Q+ �TT`Q�+?2b iQ
+QKT2Mb�i2 7Q` i?2 H�+F Q7 bm{+B2Mi iQQH bmTTQ`i 7Q` �Hi2`M�iBp2bX 6Q`
2t�KTH2- /�i� b+B2MiBbib /mTHB+�i2 +Q/2 bMBTT2ib �M/ 7mM+iBQMbc BMi2`@
H2�p2 +QKK2Mi �M/ mM@+QKK2Mic Q` `2Hv QM `2/Q �M/ mM/Q +QKK�M/b
iQ 2tTHQ`2 �Hi2`M�iBp2 �M�HvbBbX h?2v �HbQ �TTHv BM7Q`K�H Q` 7Q`K�H
p2`bBQMBM; K2i?Q/b iQ K�M�;2 i?2 2tTHQ`2/ �Hi2`M�iBp2b (3-89-88)X .2@
bB;M2`b �HbQ BKT`QpBb2 p�`BQmb r�vb iQ +`2�i2 �M/ K�MBTmH�i2 �Hi2`M�@
iBp2b- bm+? �b +`2�iBM; �M/ iQ;;HBM; H�v2`bc mbBM; � H�`;2 +�Mp�b 7Q`
pB2rBM; KmHiBTH2 /2bB;Mbc +`2�iBM; }H2 M�KBM; +QMp2MiBQMbc �M/ mbBM;
mM/Q �M/ `2/Q iQ +v+H2 #2ir22M /Bz2`2Mi bi�i2b (jR)X



�� � #BDLHSPVOE

'JHVSF ���� am#DmM+iBp2 AMi2`7�+2b- � i2+?MB[m2 iQ 2ti2M/ BMi2`7�+2
7Q` 2tTHQ`BM; KmHiBTH2 �Hi2`M�iBp2 b+2M�`BQb BM BM7Q`K�iBQM T`Q+2bbBM;
i�bFb (8e)X

� p�`B2iv Q7 K2i?Q/b �M/ iQQHb 7Q` ?�p2 #22M BMi`Q/m+2/ iQ #2i@
i2` bmTTQ`i i?2 2tTHQ`�iBQM Q7 �Hi2`M�iBp2bX hQQKBK 2i �HX (8d) BMp2Mi
ǳGBMF2/ 1/BiBM;-Ǵ � HB;?ir2B;?i 2/BiQ` #�b2/ i2+?MB[m2 iQ 2M�#H2 bBKmH@
i�M2Qmb �mi?Q`BM; Q7 �Hi2`M�iBp2 TB2+2b Q7 +Q/2X h2``v 2i �HX (jR- 83)
BMi`Q/m+2 b2i@#�b2/ BMi2`�+iBQM i2+?MB[m2b r?B+? �HHQr bBKmHi�M2Qmb
K�MBTmH�iBQM QM KmHiBTH2 ;`�T?B+ 2H2K2MibX aB/2 oB2rb (jR) bmTTQ`ib
2tTHB+Bi T`2pB2r- +QKT�`BbQM �M/ ;2M2`�iBQM Q7 �Hi2`M�iBp2 pBbm�HBx�@
iBQMX AM S�`�HH2H SB2b (83)- mb2`b +�M 2tTHQ`2 KmHiBTH2 T�`�K2i2` +QM};@
m`�iBQMb Q7 �M BK�;2 #v bm#@/BpB/BM; i?2 +�Mp�b 7Q` /Bz2`2Mi i`�Mb7Q`@
K�iBQMbX GmMxM2` � >Q`M#¤FǶb am#DmM+iBp2 AMi2`7�+2b (8e) TBQM22`2/
i2+?MB[m2b 7Q` T�`�HH2H 2tTHQ`�iBQM Q7 KmHiBTH2 b+2M�`BQb #v 2ti2M/BM;
i?2 �TTHB+�iBQMǶb mb2` BMi2`7�+2- �b b?QrM BM };m`2 kXeX >�`iK�MM
2i �HX (j)Ƕb Cmti�TQb2- � bvbi2K /2bB;M2/ 7Q` 7Q` BMi2`�+iBQM /2bB;M2`b-
bmTTQ`ib #Qi? +Q/2 �Hi2`M�iBp2b r?BH2 �mi?Q`BM; �TTHB+�iBQM HQ;B+- �M/
BMi2`7�+2 �Hi2`M�iBp2b r?2M imMBM; �TTHB+�iBQM p�`B�#H2b �i `mMiBK2X
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h?2 �#Qp2 bvbi2Kb �M/ i2+?MB[m2b �`2 TBQM22`b BM bmTTQ`iBM; �H@
i2`M�iBp2bX h?2v 2KT?�bBx2 i?2 `2[mB`2K2Mi Q7 bBKmHi�M2Qmb pB2rBM;-
2/BiBM;- �M/ +QKT�`BM; KmHiBTH2 �Hi2`M�iBp2 BMbi�M+2b- BM+Hm/BM; bQm`+2
+Q/2- T�`�K2i2`b- ;`�T?B+ Q` bBKmH�iBQM `2bmHibX AM Qm` `2b2�`+?- r2
+QMbB/2` i?2K �b �`iB7�+i �Hi2`M�iBp2bX

"2bB/2b bmTTQ`i 7Q` T�`�HH2H 2/BiBM; Q7 KmHiBTH2 �Hi2`M�iBp2b- w�K�M
2i �HX BKTH2K2Mi TQbi@?Q+ bvM+?`QMBx�iBQM Q7 �Hi2`M�iBp2b BM ;2M2`�@
iBp2 /2bB;M BM i?2 :1J@LA �M/ J�*1 bvbi2K (je)X EQH�`BÉ 2i �HXǶb
*�J"_A� (8N) BKTH2K2Mib irQ FBM/b Q7 QT2`�iBQMb iQ 2tTHQ`2 /2@
bB;M �Hi2`M�iBp2b, ǳT�bb p�`B�#H2bǴ iQ 2M�#H2 i?2 2t+?�M;2 Q7 2H2K2Mib
#2ir22M �Hi2`M�iBp2 /2bB;Mb- �M/ ǳT�bb p�Hm2bǴ iQ 2M�#H2 i?2 T`QT�@
;�iBQM Q7 2H2K2MiǶb T`QT2`iv p�Hm2b iQ Qi?2` �Hi2`M�iBp2b rBi? bBKBH�`
2H2K2MibX *�J"_A� T`QpB/2b p�`BQmb FBM/b Q7 H�vQmi 7Q` +QKT�`BM;
/2bB;M �Hi2`M�iBp2b- bm+? �b Dmti�TQbBiBQM �M/ bmT2`TQbBiBQM- �b b?QrM
BM };m`2 kXdX

h?2 /2p2HQTK2Mi Q7 BMi2`�+iBp2 K�+?BM2 H2�`MBM; UBJGV iQQHb- bm+?

'JHVSF ���� *�J"_A� bvbi2K bmTTQ`ib /Bz2`2Mi FBM/b Q7 QT2`�iBQMb QM
/2bB;M �Hi2`M�iBp2b �M/ T`QpB/2 p�`BQmb FBM/b Q7 H�vQmib iQ 7�+BHBi�i2
i?2 +QKT�`BbQM Q7 �Hi2`M�iBp2b (8N)X
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�b _�TB/JBM2` (ey) Q` Q`�M;2 k- �HHQr /�i� rQ`F2`b iQ [mB+FHv 2tTHQ`2
�Hi2`M�iBp2 JG �H;Q`Bi?Kb mbBM; pBbm�H rQ`F~Qrb (eR- ek)X >Qr2p2`-
mb2`b +�M QMHv �++2bb iQ T`2/2}M2/ +QKTQM2Mib �M/ K2i?Q/bX Ai Bb
/B{+mHi iQ �// �//BiBQM�H �H;Q`Bi?Kb- �Hi2` i?2K 7Q` bT2+B}+ M22/b- Q`
BMbT2+i BMiQ 2�+? +QKTQM2Mi �M/ p�`v Bib #2?�pBQ`bX

AM pBbm�H /�i� 2tTHQ`�iBQM- 1Hx2M 2i �HX (d) BMi`Q/m+2 i?2 ǳbK�HH
KmHiBTH2b �M/ H�`;2 bBM;H2bǴ K2i?Q/ �M/ }HKbi`BT K2i�T?Q` iQ ?2HT
MQM@2tT2`i mb2`b pB2r- +QKT�`2 �M/ BMi2`�+i rBi? �Hi2`M�iBp2 pBbm�H@
Bx�iBQMb iQ 2tTHQ`2 KmHiBp�`B�i2 /�i� b2ibX AM i?2 +QMi2ti Q7 KBt2/
BMBiB�iBp2 bvbi2Kb- 1pQ:`�T?.B+2 (ej) +QK#BM2b i?2 �miQK�iB+ /2i2+@
iBQM Q7 pBbm�H 72�im`2b rBi? ?mK�M 2p�Hm�iBQM iQ T`QTQb2 �Hi2`M�iBp2
pB2rb Q7 i?2 /�i� BM i?2 7Q`K Q7 irQ@/BK2MbBQM�H T`QD2+iBQMb Q`;�MBx2/
BM � b+�ii2`THQi K�i`BtX

"mBH/ mTQM i?2 HBi2`�i2 T`Q;`�KKBM; +QM+2Ti (e9)- +QKTmi�iBQM�H

k?iiTb,ffQ`�M;2/�i�KBMBM;X+QKf- �++2bb2/ QM kdfyjfkykRX

'JHVSF ���� o�`BQHBi2 2ti2M/b i?2 i`�/BiBQM�H +Q/2 2/BiQ` iQ 7�+BHBi�i2 i?2
2tTHQ`�iBQM Q7 �Hi2`M�iBp2 +Q/2 TB2+2b BM �`#Bi`�`v bBx2b (3)X

https://orangedatamining.com/
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MQi2#QQFb 2M�#H2 /Bp2`b2 ;`QmTb Q7 /�i� rQ`F2`b iQ 2tTHQ`2 �Hi2`M�iBp2
B/2�b �M/ �M�HvbBb T�i?b mbBM; i?2 +QK#BM�iBQM Q7 +Q/2- i2ti M�``�iBp2b-
�M/ /�i� pBbm�HBx�iBQMbX u2i- i?2 2tTHQ`2/ �Hi2`M�iBp2b �`2 Q7i2M K2bbv
�M/ BMi2`irBM2/ BMbB/2 QM2 Q` KQ`2 MQi2#QQFb- K�FBM; Bi ?�`/ iQ K�M@
�;2 �M/ `2i`B2p2 (3- N- Rk- ke- kd)X E2`v 2i �HX Ƕb o�`BQHBi2 (3)- �b b?QrM
BM };m`2 kX3- �ii2KTib iQ ;2M2`�HBx2 BMi2`�+iBQMb 7Q` /2�HBM; rBi? �Hi2`@
M�iBp2b BM i?2 MQi2#QQF BMi2`7�+2bX lb2`b +�M +`2�i2 �Hi2`M�iBp2 +Q/2
#HQ+Fb- i2bi /Bz2`2Mi +QK#BM�iBQMb Q7 �Hi2`M�iBp2b- �M/ +QKT�`2 i?2K
#v BMi2`+?�M;BM; i?2 `mMMBM; p2`bBQMbX >2�/ 2i �HXǶb *Q/2 :�i?2`@
BM; (kd) /2THQvb � ǳTQbi@?Q+ K2bb K�M�;2K2MiǴ bi`�i2;v iQ ?2HT mb2`b
;2i � +H2�M �M�HvbBb �KQM; �HH 2tTHQ`2/ �Hi2`M�iBp2bX "v b2H2+iBM;
i?2 /2bB`2/ �M�HviB+ `2bmHib- *Q/2 :�i?2`BM; �miQK�iB+�HHv ;2M2`�i2b
Q`/2`2/- KBMBK�H bm#b2ib Q7 +Q/2 i?�i T`Q/m+2 i?2KX E2`v 2i �HXǶb
o2`/�Mi bvbi2K 2M�#H2b /�i� rQ`F2`b iQ i`�+2- `2TH�v- �M/ +QKT�`2
K�Mv �Hi2`M�iBp2 p2`bBQMb Q7 +Q/2 �M/ MQM@+Q/2 �`iB7�+ib- BM #Qi? i?2
MQi2#QQF �M/ +2HH H2p2H (N- e8)X

*QKTmi�iBQM�H MQi2#QQFb �`2 BMBiB�HHv /2bB;M2/ iQ T`QKTi i?2 +�T@
im`2 Q7 �M�HviB+ `2�bQMBM; #v i`2�iBM; �M�HviB+ M�``�iBp2b �b }`bi +H�bb
+BiBx2M �b bQm`+2 +Q/2X h?2 o�`BQHBi2- *Q/2 :�i?2`BM;- �M/ o2`/�Mi
bvbi2Kb 7�+BHBi�i2 i?2 K�M�;2K2Mi Q7 +Q/2 �M/ p2`bBQM �Hi2`M�iBp2b-
#mi i?2v /Q MQi 2tTHB+BiHv +QMbB/2` �Hi2`M�iBp2b BM i?2 +Q;MBiBp2 H2p2HX

"�b2/ mTQM �M/ 2ti2M/BM; i?2 +QM+2Ti Q7 Bi2`�i2 T`Q;`�KKBM; (e9)-
qQQ/ 2i �HX T`QTQb2 GBioBb (9N) UHBi2`�i2 pBbm�HBx�iBQMV iQ +�Tim`2 �Hi2`@
M�iBp2 pBbm�HBx�iBQM /2bB;Mb �b r2HH �b i?2 �bbQ+B�i2/ `2�bQMBM; T`Q+2bbX
GBioBb +QKTQb2b � KQ/2H Q7 /2bB;M 2tTQbBiBQM �M/ � b2i Q7 M�``�iBp2
b+?2K�bX �M�Hvib M22/ iQ BMi2;`�i2 +Q/2 7Q` BKTH2K2MiBM; /�i� pBbm@
�HBx�iBQMb rBi? /2b+`BTiBQMb Q7 i?2B` /2bB;M +?QB+2bX J�i?Bb2M 2i �HXǶb
AMbB/2AMbB;?ib (ee) �BKb iQ +�Tim`2 i?2 ?B2`�`+?B+�H �M/ #`�M+?BM; M�@
im`2 Q7 /�i� �M�HvbBbX lb2`b bi`m+im`2 i?2B` }M/BM;b BMiQ ?B2`�`+?B+�H
biQ`B2b �M/ HBMF i?2 �M�HvbBb bi�i2b r?B+? bmTTQ`i i?2KX h?2 }M�H
T`Q/m+i Bb � /vM�KB+ �M/ BMi2`�+iBp2 `2TQ`i i?�i +�M #2 b?�`2/X "Qi?
GBioBb �M/ AMbB/2AMbB;?ib bmTTQ`i i?2 K�M�;2K2Mi Q7 �Hi2`M�iBp2b BM
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i?2 +Q;MBiBQM H2p2H �M/ iB2 i?2K iQ;2i?2` rBi? i?2 `2H�i2/ �`iB7�+i �H@
i2`M�iBp2bX

h?2 `2pB2r2/ bvbi2Kb �M/ i2+?MB[m2b BHHmbi`�i2 � p�`B2iv Q7 r�vb
iQ #2ii2` bmTTQ`i �Hi2`M�iBp2bX h?2v i2M/ iQ i�+FH2 � bm#b2i Q7 �Hi2`@
M�iBp2b �M/ T`�+iB+2b �KQM; i?2 Qp2`�HH b2Mb2K�FBM; T`Q+2bbX JQbi Q7
i?2K T`QpB/2 bQHmiBQMb 7Q` K�M�;BM; �`iB7�+i �Hi2`M�iBp2b- bm+? �b +Q/2-
T�`�K2i2`b- �M/ �H;Q`Bi?KbX aQK2 �HbQ T`QpB/2 bmTTQ`i 7Q` `2+Q`/BM;
�M/ K�M�;BM; +Q;MBiBp2 �Hi2`M�iBp2b HBF2 }M/BM;b �M/ ?vTQi?2b2bX

����� 4ZTUFNT GPS TFOTFNBLJOH
AM i?Bb b2+iBQM- r2 HQQF �i bvbi2Kb i?�i bmTTQ`i i?2 Qp2`�HH b2Mb2K�F@
BM; T`Q+2bb2bX AMbi2�/ Q7 7Q+mbBM; QM bT2+B}+ ivT2b Q7 �Hi2`M�iBp2b-
i?2b2 bvbi2Kb +QM+2Mi`�i2 QM bmTTQ`iBM; i?2 p�`BQmb FBM/b Q7 �M�HviB+
i�bFb �M/ �+iBpBiB2b �+`Qbb i?2 b2Mb2K�FBM; T`Q+2bbX

'JHVSF ���� JmHiBTH2 pB2rb BM CB;b�r bvbi2K iQ 7�+BHBi�i2 i?2 b2Mb2K�FBM;
T`Q+2bb2b Q7 BMp2biB;�iBp2 �M�HvbBb (9d)X
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AMp2biB;�iBp2 �M�Hvbib M22/ iQ K�F2 b2Mb2 Q7 H�`;2 +QHH2+iBQMb Q7
/�i�- Q7i2M BM i2ti /Q+mK2Mib- iQ +QMM2+i i?2 /Qib �M/ /Bb+Qp2` ?B/@
/2M i`mi?b (j3- edĜeN)X ai�bFQ 2i �HX (9d) BMp2Mi � pBbm�H �M�HviB+ bvb@
i2K CB;b�r 7Q` BMp2biB;�iBp2 �M�HvbBb- �b b?QrM BM };m`2 kXNX .`�rBM;
mTQM SB``QHB �M/ *�`/Ƕb b2Mb2K�FBM; KQ/2H (R)- CB;b�r i�+FH2b QM #Qi?
HQQTb Q7 BM7Q`K�iBQM 7Q`�;BM; �M/ b2Mb2K�FBM;X CB;b�r T`QpB/2b KmH@
iBTH2 /BbiBM+i pBbm�HBx�iBQMbX h?2b2 /Bz2`2Mi pB2rb �`2 �Hi2`M�iBp2b 7Q`
� b�K2 /Q+mK2Mi +QHH2+iBQMX h?2v 2M�#H2 /Bz2`2Mi �M�HviB+ K2i?Q/b-
T2`bT2+iBp2b- �M/ /�i� `2T`2b2Mi�iBQMb- r?B+? �`2 +QKTH2K2Mi�`v iQ
2�+? Qi?2` BM i?2 �M�HvbBbX "2bB/2b �Hi2`M�iBp2 pBbm�HBx�iBQMb- CB;b�r
�HbQ 2M�#H2b �M�Hvbib iQ Q`;�MBx2 2pB/2M+2 �M/ #mBH/ ?vTQi?2b2bX h?2
bvbi2KǶb T`BK�`v 7Q+mb Bb QM ǳ/BbTH�vBM; i?2 +QMM2+iBQMb #2ir22M 2MiB@
iB2b �+`Qbb i?2 /Q+mK2MibǴ (9d)X Ai �HHQrb �M�Hvbib iQ 2bi�#HBb? /Bz2`2Mi
ivT2b Q7 HBMFb BMbB/2 � T�`iB+mH�` pB2r- �M/ �HbQ BMi2;`�i2 HBMFb #2ir22M
KmHiBTH2 pB2rb iQ 7�+BHBi�i2 i?2 M�pB;�iBQMX

�MQi?2` bvbi2K �`mpB- /2bB;M2/ #v a?`BMBp�b�M 2i �HX- i�F2b 2KT?�@
bBb QM i?2 �M�HviB+�H `2�bQMBM; T`Q+2bb /m`BM; BMi2`�+iBp2 /�i� 2tTHQ@
`�iBQM (dy)X "2bB/2b i?2 +QKKQM /�i� pB2r r?2`2 �M�Hvbib +�M BMi2`�+i
rBi? p�`BQmb FBM/b Q7 /�i� `2T`2b2Mi�iBQMb- �`mpB 7m`i?2` BMi`Q/m+2b �
M�pB;�iBQM pB2r �M/ � FMQrH2/;2 pB2rX h?2 FMQrH2/;2 pB2r 2M�#H2b
mb2`b iQ `2+Q`/ i?2B` BMi2`T`2i�iBQMb- }M/BM;b- �M/ ?vTQi?2b2bX �`mpB
�miQK�iB+�HHv +�Tim`2b i?2 2tTHQ`�iBQM bi�i2bX lb2`b +�M `2pBbBi � bi�i2
�M/ #`�M+? Qmi �Hi2`M�iBp2 �M�HvbBb #v BMi2`�+iBM; rBi? i?2 M�pB;�iBQM
pB2rX h?2v +�M �HbQ 2bi�#HBb? HBMFb #2ir22M i?2 �M�HvbBb �`iB7�+ib BM
i?2 FMQrH2/;2 pB2r �M/ � pBbm�HBx�iBQM bi�i2 BM i?2 M�pB;�iBQM pB2r
iQ 7�+BHBi�i2 i?2 p�HB/�iBQM Q7 � }M/BM; Q` � ?vTQi?2bBbX

AM i?2 mb2` bim/v Q7 �`mpB- a?`BMBp�b�M 2i �HX }M/ i?�i �M�Hvbib
?B;?Hv p�Hm2 i?2 FMQrH2/;2 pB2r �M/ i?2 HBMFb #2ir22M �M�HvbBb �`iB@
7�+ib �M/ bT2+B}+ pBbm�HBx�iBQM bi�i2bX h?2b2 72�im`2b ?2HT �M�Hvbib iQ
+H2�`Hv b22 i?2 �M�HvbBb T`Q+2bb �M/ �HbQ BKT`Qp2 i?2B` [m�HBiv Q7 `2bmHibX
u2i- i?2v }M/ i?�i iQ +QKT�`2 �Hi2`M�iBp2 �M�HvbBb- mb2`b M22/ iQ F22T
brBi+?BM; #2ir22M i?2 �Hi2`M�iBp2 bi�i2b �M/ pB2rbX aQK2 mb2`b bm;@



�� � #BDLHSPVOE

;2bi i?�i � bB/2@#v@bB/2 +QKT�`BbQM rQmH/ #2 � KQ`2 2z2+iBp2 r�v (dy)X
S�bi `2b2�`+?2b `2p2�H i?2 #2M2}ib Q7 +QK#BMBM; ?2i2`Q;2M2Qmb /Bb@

TH�vb iQ 2M�#H2 ǳbT�+2 iQ i?BMFǴ �M/ iQ bmTTQ`i /Bz2`2Mi ivT2b Q7
i�bFb BM b2Mb2K�FBM; �+iBpBiB2b (dRĜd9)X h?2 bBx2- KQ#BHBiv- �M/ BM?2`@
2Mi �zQ`/�M+2b Q7 /Bp2`b2 /BbTH�vb �HH TH�v mMB[m2 �M/ +`m+B�H `QH2b
BM bmTTQ`iBM; /Bz2`2Mi �M�HviB+ i�bFb rBi?BM i?2 b2Mb2K�FBM; T`Q+2bbX
h?2v iQ;2i?2` 7Q`K � /BbTH�v 2+QHQ;v @ ǳ� bvbi2K Q7 /BbTH�vb i?�i 2M@
;�;2 i?2 2MiB`2 rQ`F~Qr Q7 � i�bF iQ #2ii2` �bbBbi �M�Hvbib BM �+?B2pBM;
i?2B` /2bB`2/ Qmi+QK2bǴ �b /2}M2/ #v +?mM; 2i �HX (dj)X

hQ 7�+BHBi�i2 b2�`+?BM;- Q`;�MBxBM;- �M/ bvMi?2bBxBM; `2H2p�Mi BM@
7Q`K�iBQM �+`Qbb KmHiBTH2 /BbTH�vb- i?2 bvbi2K a�oBG /2THQvb /B`2+i
pBbm�H +QMM2+iBQMb �KQM; /Bz2`2Mi ivT2b Q7 Q#D2+ib QM KmHiBTH2 ?2i@
2`Q;2M2Qmb /BbTH�vb (d9)X *?mM; 2i �HX }M/ i?�i i?2b2 pBbm�H HBMFb
?2HT �M�Hvbib #2ii2` T2`7Q`K BM7Q`K�iBQM 7Q`�;BM; i�bFb- �M/ K�BM@
i�BM �r�`2M2bb Q7 +QMM2+iBQMb #2ir22M /Q+mK2MibX a�oBG �HbQ 7�+BH@
Bi�i2 H2p2`�;BM; KmHiBTH2 /BbTH�vb �M/ +`2�iBM; b2K�MiB+ H�v2`b Qp2`

'JHVSF ����� a�oBG T`QpB/2b /B`2+i pBbm�H HBMFb �KQM; /Bz2`2Mi ivT2b Q7
Q#D2+ib QM KmHiBTH2 ?2i2`Q;2M2Qmb /BbTH�vb (d9)X
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i?2K (d9)X
h?2b2 b2Mb2K�FBM; bvbi2Kb b?�`2 bQK2 +QKKQM�HBiB2b, i?2v �HH

T`QpB/2 KmHiBTH2 pB2rb iQ 2M�#H2 mb2`b 2tTHQ`2 /Bz2`2Mi /�i� `2T`2b2M@
i�iBQMb �M/ 2t�KBM2 KmHiBTH2 �M�HviB+ T2`bT2+iBp2bX h?2v �HbQ T`QpB/2
p�`BQmb ivT2b Q7 HBMFb #2ir22M i?2b2 pB2rb �M/ �M�HvbBb �`iB7�+ib iQ 7�@
+BHBi�i2 b2Mb2K�FBM;X Pm` bim/v QM �Hi2`M�iBp2b BM b2Mb2K�FBM; �HbQ
`2p2�H /�i� rQ`F2`bǶ M22/b Q7 KmHiBTH2 �M�HviB+ pB2rb �M/ i?2 HBMFb
#2ir22M /Bz2`2Mi FBM/b Q7 �Hi2`M�iBp2 �`iB7�+ibX Pm` rQ`F BM +?�Ti2` 9
2tTHQ`2b i?2 �Hi2`M�iBp2 pB2rb BM [m�HBi�iBp2 b2Mb2K�FBM; rBi? �{M@
Biv /B�;`�KKBM; i2+?MB[m2X Pm` T`QQ7@Q7@+QM+2Ti T`QiQivT2 �.Z.�
2tTHQ`2b /Bz2`2Mi ivT2b Q7 BKTHB+Bi HBMFb iQ 7�+BHBi�i2 i`�+FBM; �M/ bvM@
+?`QMBxBM; `2H�i2/ �`iB7�+ib �+`Qbb i?2b2 pB2rbX Pm` rQ`F BM +?�Ti2` 8
2tTHQ`2b /Bz2`2Mi ivT2b Q7 2tTHB+Bi HBMFb iQ ?2HT K�M�;2 �Hi2`M�iBp2b BM
i?2 +QMi2ti Q7 `2mb2X
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��� %FTJHOJOH 4PGUXBSF
AM i?Bb b2+iBQM- r2 T`QpB/2 � #`B27 `2pB2r QM i?2 ?BbiQ`v Q7 /2bB;MBM;
bQ7ir�`2 r?B+? H�`;2Hv BMbTB`2 �M/ b?�T2 i?2 r�v r2 ?�M/H2 BM7Q`K�@
iBQM iQ/�vX q2 i?2M T`2b2Mi b2p2`�H 2K2`;BM; +QM+2Tib �M/ i?2Q`B2b
QM #mBH/BM; KQ`2 ~2tB#H2 bQ7ir�`2 iQQHb r?B+? ;`2�iHv BM~m2M+2 Qm`
`2b2�`+? QM /2bB;MBM; iQQHb 7Q` �Hi2`M�iBp2b BM b2Mb2K�FBM;X

����� " CSJFG IJTUPSZ
AM i?2 �`iB+H2 ǳ�b q2 J�v h?BMFǴ Tm#HBb?2/ BM RN98- o�MM2p�` "mb?
2MpBbBQM2/ � /2pB+2 +�HH2/ i?2 J2K2t U�b ǳK2KQ`v 2ti2M/2`ǴV iQ biQ`2
K�bbBp2 �KQmMib Q7 BM7Q`K�iBQM �M/ FMQrH2/;2 BM p�`BQmb FBM/b Q7
7Q`Kb- �b BHHmbi`�i2/ BM };m`2 kXRRX h?2 J2K2t rQmH/ �HHQr T2QTH2 iQ
2{+B2MiHv �M/ ~2tB#Hv �++2bb- `2i`B2p2- �M/ BMi2`�+i rBi? BM7Q`K�iBQM

'JHVSF ����� P`B;BM�H BHHmbi`�iBQM Q7 i?2 J2K2t- � i?2Q`2iB+�H �M�HQ;m2
+QKTmi2` /2b+`B#2/ #v o�MM2p�` "mb? (d8)X
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BM /Bz2`2Mi FBM/b Q7 7Q`KbX Ai Bb �M ǳ2MH�`;2/ BMiBK�i2 bmTTH2K2Mi iQ
QM2Ƕb K2KQ`vǴ (d8)X J2K2t Bb i?2 TBQM22` BM `2+Q;MBxBM; �M/ 2MpB@
bBQMBM; i?2 +QKTmi2` �b �M 2KTQr2`BM; iQQH iQ 2ti2`M�HBx2- Q`;�MBx2-
�++2bb- �M/ b?�`2 FMQrH2/;2X 1p2M B7 M2p2` #mBHi- i?Bb pBbBQM ?�b /22THv
�z2+i2/ ?Qr r2 �++2bb �M/ BMi2`�+i rBi? BM7Q`K�iBQM iQ/�vX

AM i?2 RNeyb- BMbTB`2/ #v o�MM2p�` "mb?Ƕb pBbBQM- h2/ L2HbQM
+QBM2/ i?2 MQiBQMb Q7 ?vT2`i2ti ě ǳr`Bii2M Q` TB+iQ`B�H K�i2`B�H BM@
i2`+QMM2+i2/ BM �M �bbQ+B�iBp2 7�b?BQM- +QMbBbiBM; Q7 mMBib Q7 BM7Q`K�@
iBQM `2i`B2p2/ #v �miQK�i2/ HBMFb- #2bi `2�/ �i � b+`22MǴ (de)X AMbi2�/
Q7 2KmH�iBM; T?vbB+�H T�T2` iQ ?�M/H2 BM7Q`K�iBQM BM � /B;Bi�H rQ`H/-
h2/ L2HbQM `2/2}M2/ i?2 bi`m+im`2 �M/ KQ/2H Q7 i2tib BM � /B;Bi�H
+QMi2tiX AM7Q`K�iBQM BM � p�`B2iv ivT2b Q7 7Q`Kb �M/ �+`Qbb /Bz2`@
2Mi FBM/b Q7 TH�+2b Bb bmTTQb2/ iQ #2 ~2tB#Hv Q`;�MBx2/ iQ �HB;M rBi?
?mK�M i?Qm;?i �M/ +`2�iBpBivX h?2b2 BMi2`+QMM2+i2/ /Q+mK2Mib �`2
TQr2`7mH 2ti2`M�H �B/b iQ ?mK�M K2KQ`v �M/ �KTHB7v Qm` �#BHBiv iQ
K�M�;2 +QKTH2t BM7Q`K�iBQM `2bQm`+2bX h?2 +2Mi`�H +QM+2Ti Bb BM i?Bb

'JHVSF ����� >vT2`i2ti �b b+?2K�iB+�HHv BHHmbi`�i2/ BM RNe8 (de)X



�� � #BDLHSPVOE

pBbBQM Bb i?2 ?vT2`HBMFX �b BHHmbi`�i2/ BM };m`2 kXRk- ?vT2`HBMFb �`2
i?2 `272`2M+2b iQ Qi?2` BM7Q`K�iBQM K�i2`B�H r?B+? 7�+BHBi�i2 i?2 BK@
K2/B�i2 �++2bb �M/ M�pB;�iBQM �KQM; H�`;2 i`Qp2b Q7 BMi2`+QMM2+i2/
/Q+mK2MibX

h?2 +QM+2Ti Q7 ?vT2`HBMF Bb rB/2Hv �TTHB2/ BM iQ/�vǶb BM7Q`K�iBQM
bvbi2KX 6Q` 2t�KTH2- i?2 QKMBT`2b2Mi qQ`H/ qB/2 q2#- r?B+? r�b
BMp2Mi2/ #v hBK "2`M2`b@G22 BM RN3N- Bb #mBHi mTQM ?vT2`HBMFb �KQM;
r2# T�;2bX q?2`2�b �MQi?2` 2bb2MiB�H +QKTQM2Mi Q7 h2/ L2HbQMǶb pB@
bBQM ?�b #22M QKBii2/ BM K�Mv Q7 2tBbiBM; iQQHb, ǳi`�Mb+HmbBQMǴX h`�M@
b+HmbBQM Bb /2}M2/ �b ǳi?2 b�K2 +QMi2Mi FMQr�#Hv BM KQ`2 i?�M QM2
TH�+2Ǵ (de)- Q` ǳ`2mb2 rBi? Q`B;BM�H +QMi2ti �p�BH�#H2- i?`Qm;? 2K#2/@
/2/ b?�`2/ BMbi�M+BM;Ǵ (dd)X Ai +�M #2 pB2r2/ �b � K2+?�MBbK iQ
+QKTQb2 /Q+mK2MibX h?`Qm;? /vM�KB+ 2K#2//BM; Q7 � b�K2 +QMi2Mi
rBi?BM KmHiBTH2 /Q+mK2Mib- +?�M;2b iQ i?2 2K#2//2/ +QMi2Mi �`2 `2@
~2+i2/ BM �HH i?2 2K#2//BM; /Q+mK2Mib BM `2�H iBK2X h?2v �`2 MQi
b2T�`�i2 +QTB2b- #mi `�i?2` `272`2M+2b iQ i?2 b�K2 mM/2`HvBM; +QMi2MiX
Pm` rQ`F QM ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ Bb H�`;2Hv BMbTB`2/ #v h2/
L2HbQMǶb i`�Mb+HmbBQM +QM+2Ti �M/ Bib 2ti2MbBQM Q7 ǳbQ7ir�`2 i`�Mb+Hm@
bBQMǴ (R9-d3)X � KQ`2 /2i�BH2/ /Bb+mbbBQM QM i`�Mb+HmbBQM Bb T`2b2Mi2/
QM i`�Mb+HmbBQM BM +?�Ti2` 8X

�MQi?2` ;`2�i BMp2MiBQM BM i?2 ?BbiQ`v Bb i?2 >vT2`*�`/ bvbi2K-
+`2�i2/ #v "BHH �iFBMbQM BM RN38X Ai r�b � TQTmH�` 7Q`K iQ BMi2`�+i
rBi? BM7Q`K�iBQM BM i?2 T`2@q2# 2`�X "BHH �iFBMbQM /2b+`B#2b >vT2`@
*�`/ �b ǳ� bQ7ir�`2 2`2+iQ` b2i i?�i H2ib MQM@T`Q;`�KK2`b Tmi iQ;2i?2`
BMi2`�+iBp2 BM7Q`K�iBQMǴ (dN)X AMbTB`2/ #v h2/ L2HbQMǶb >vT2`K2/B�
+QM+2Ti- >vT2`*�`/ �`2 � bi�+F Q7 +�`/b BMi2`+QMM2+i2/ #v ?vT2`HBMFbX
� +�`/ +QMi�BMb #Qi? BM7Q`K�iBQM �M/ BMi2`�+iBQMX Ai +�M ?QH/ p�`BQmb
Q#D2+ib- bm+? �b i2tib- ;`�T?B+b- B+QMb- �M/ BMi2`�+iBp2 #miiQMbX lb2`b
+�M 2�bBHv #mBH/ i?2B` QrM BMi2`�+iBp2 bvbi2Kb #v mbBM; � +QK#BM�iBQM
Q7 p�`BQmb FBM/b Q7 +�`/b �M/ HBMFBM; i?2K #�b2/ QM ?Qr i?BM;b �`2 �b@
bQ+B�i2/X h?2v +�M �HbQ mb2 i?2 #mBHi@BM T`Q;`�KKBM; H�M;m�;2 +�HH2/
>vT2`h�HF iQ +mbiQKBx2 M2r +�`/b- Q` iQ `2/2}M2 �M/ 2ti2M/ 2tBbiBM;
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'JHVSF ����� � ;�K2 +�HH2/ *QbKB+ PbKQ BKTH2K2Mi2/ BM ?vT2`*�`/X

QM2bX
h?2`2 2tBbi K�Mv BMi2`�+iBp2 bvbi2Kb #mBHi rBi? >vT2`*�`/ (dN-3y)-

7`QK bBKTH2 rQ`/ T`Q+2bbBM; �TTHB+�iBQMb iQ +QKTH2t QM2b HBF2 #mbBM2bb
K�M�;2K2Mi �TTHB+�iBQMbX 6B;m`2 kXRj b?Qrb � ;�K2 +`2�i2/ rBi?
>vT2`*�`/X >vT2`*�`/ ?�b #22M T`Qp2/ iQ #2 2�bv iQ H2�`M �M/ mb2
7Q` T2QTH2 7`QK p�`BQmb /QK�BMb �i /Bp2`b2 �;2 `�M;2 (dN)X 6Q` 2t�KTH2-
T`BK�`v b+?QQH FB/b +QmH/ mb2 >vT2`*�`/ 7Q` +H�bb �bbB;MK2Mib- Q` 2p2M
#mBH/ i?2B` QrM bvbi2KbX Jv2` 2i �HX 2p�Hm�i2 iQQHb mbBM; ǳi?`2b?QH/
�M/ +2BHBM;Ǵ, i?`2b?QH/ Bb ǳ?Qr /B{+mHi Bi Bb iQ H2�`M ?Qr iQ mb2 i?2
bvbi2KǴ- �M/ +2BHBM; Bb ǳ?Qr Km+? +�M #2 /QM2 mbBM; i?2 bvbi2KǴ (3R)X
>vT2`*�`/ +�M i?mb #2 pB2r2/ �b � bm++2bb7mH iQQH /m2 iQ Bib ?B;?
+2BHBM; �M/ HQr i?`2b?QH/X Ai Bb 2�bv 7Q` MQM@T`Q;`�KK2`b iQ bi�`iX
q?BH2 i?2 mb2`b H2�`M KQ`2 �#Qmi >vT2`*�`/- i?2v +�M +mbiQKBx2 Bi
iQ #mBH/ +QKTH2t bvbi2Kb 7Q` p�`BQmb FBM/b Q7 M22/bX

h?2b2 TBQM22`BM; bvbi2Kb �M/ +QM+2Tib �HH `2+Q;MBx2 i?2 M�im`�H
+QKTH2tBiv Q7 ?mK�M �+iBpBiB2bX h?2v 2MpBbBQM /B;Bi�H iQQHb +�M ?2HT
~2tB#Hv Q`;�MBx2 BM7Q`K�iBQM �M/ FMQrH2/;2 �b i?2 r�v r2 i?BMF �M/
mb2 i?2KX .2bTBi2 i?Bb pBbBQM- Qm` �#BHBiv iQ ?�M/H2 BM7Q`K�iBQM Bb
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biBHH H�`;2Hv +QMbi`�BM2/ BM iQ/�vǶb /B;Bi�H rQ`H/X *m``2Mi iQQHb H�`;2Hv
�/QTi i?2 �TTHB+�iBQM KQ/2H- r?B+? i2M/b iQ 2M+�TbmH�i2 BM7Q`K�iBQM
BM bBHQb- BKTQb2 ?Qr BMi2`�+iBQMb b?QmH/ +�``v Qmi- �M/ HBKBi r?�i
mb2`b +�M /Q rBi? T`2@/2}M2/ bvbi2K 72�im`2bX Ai Bb ?�`/ iQ 2ti2M/ Q`
+QK#BM2 i?2b2 iQQHb iQ bmBi mb2`bǶ bBim�i2/ M22/bX AM i?Bb /Bbb2`i�iBQM-
r2 2tTHQ`2 ?Qr iQ #mBH/ /B;Bi�H iQQHb i?�i +�M #2 ~2tB#Hv �TT`QT`B@
�i2/ iQ ?�M/H2 �Hi2`M�iBp2b BM i?2 /vM�KB+ �M/ Bi2`�iBp2 T`Q+2bb Q7
b2Mb2K�FBM;X

����� $PODFQUT � UIFPSJFT PO EFTJHOJOH
bFYJCMF UPPMT

JQ`2 `2+2MiHv- K�Mv `2b2�`+?2b `2@[m2biBQM i?2 H�`;2Hv �/QTi2/ �TTHB@
+�iBQM KQ/2H �M/ `2/2}M2 i?2 `2H�iBQMb?BT #2ir22M iQQHb �M/ ?mK�M
�+iBpBiB2bX AM i?Bb b2+iBQM- r2 /2KQMbi`�i2 i?2 +QM+2Tib �M/ i?2Q`B2b
i?�i Qz2` M2r QTTQ`imMBiB2b QM /2bB;MBM; /B;Bi�H iQQHbX

"�b2/ QM ?Qr T2QTH2 K�MBTmH�i2 Q#D2+ib BM i?2 T?vbB+�H rQ`H/-
"2�m/QmBM@G�7QM T`QTQb2b � M2r BMi2`�+iBQM KQ/2H Q7 ǳBMbi`mK2Mi�H
BMi2`�+iBQMǴ (3k)X hQ BMi2`�+i rBi? � /B;Bi�H Q#D2+i- ǳi?2 mb2` �+ib QM
i?2 BMbi`mK2Mi- r?B+? i`�Mb7Q`Kb i?2 mb2`Ƕb �+iBQMb BMiQ +QKK�M/b
�z2+iBM; `2H2p�Mi i�`;2i /QK�BM Q#D2+ibXǴ lMHBF2 /B`2+i K�MBTmH�@
iBQM (3j)- BMbi`mK2Mi�H BMi2`�+iBQM /2+QmTH2b i?2 Q#D2+i Q7 BMi2`2bi �M/
i?2 BMbi`mK2Mi mb2/ iQ K�MBTmH�i2 i?2KX 6Q` 2t�KTH2- b+`QHHBM; � /B;@
Bi�H /Q+mK2Mi Ui?2 /QK�BM Q#D2+iV Bb K2/B�i2/ #v /`�;;BM; � b+`QHH#�`
Ui?2 BMbi`mK2MiVX

AM i?2 T?vbB+�H rQ`H/- �M BMbi`mK2Mi +�M #2 mb2/ BM � ~2tB#H2 r�v
#2vQM/ Bib Q`B;BM�H +QMi2tiX h?2 BMbi`mK2Mi +�M #2 �TT`QT`B�i2/ iQ
p�`BQmb FBM/b Q7 M22/b �++Q`/BM; iQ Bib �zQ`/�M+2bX 6Q` 2t�KTH2- +?QT@
biB+Fb �`2 MQi QMHv HBKBi2/ iQ ;2iiBM; 7QQ/ #mi �HbQ +�M #2 mb2/ iQ `QHH
mT ?�B` BM H�+F Q7 i?2 ?�B` +HBTX >Qr2p2`- BM i?2 �TTHB+�iBQM KQ/2H-
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iQQHb Q` BMbi`mK2Mib �`2 iB;?iHv iB2/ iQ Q#D2+ibX Ai Bb M2�`Hv BKTQbbB@
#H2 7Q` 2M/@mb2`b iQ �TTHv i?2K /Bz2`2MiHv Q` iQ KQp2 i?2K #2ir22M
�TTHB+�iBQMbX hQ H2p2`�;2 i?2 BMbi`mK2Mi�H BMi2`�+iBQM +QM+2Ti BMiQ
�TTHB+�iBQMb- "2�m/QmBM@G�7QM 7m`i?2` bmKK�`Bb2b i?`22 T`BM+BTH2b 7Q`
/2bB;MBM; pBbm�H BMi2`7�+2b, `2B}+�iBQM- TQHvKQ`T?BbK- �M/ `2mb2 (39)X
>Bb rQ`F ?�b T`QKTi2/ i?2 `2/2bB;M Q7 bQ7ir�`2 BMi2`7�+2 BM p�`BQmb
/QK�BMb BM+Hm/BM; ;`�T?B+ /2bB;M �M/ /�i� �M�HvbBb- 2X;X (39Ĝ3e)X

�MQi?2` �ii2KTi iQ +?�HH2M;2 i?2 �TTHB+�iBQM KQ/2H Bb BMbTB`2/ #v
i?2 }2H/ Q7 ?vT2`K2/B�X AMbi2�/ Q7 i`2�iBM; bQ7ir�`2 �b bi�iB+ bvb@
i2Kb BbQH�i2/ 7`QK 2�+? Qi?2`X >vT2`K2/B�- bBM+2 Bib +`2�iBQM- p�Hm2b
i?2 ~2tB#BHBiv �M/ +QKTH2tBiv Q7 ?mK�M �+iBpBiB2bX Ai 2KT?�bBx2b i?2
+QHH�#Q`�iBQM �KQM; mb2`b- i?2 /Bbi`B#miBQM �+`Qbb TH�+2b- �M/ i?2 +QM@
bi�MiHv +?�M;BM; T`Q+2/m`2b BM `2�H rQ`F (3d)X _2~2+iBM; QM r?�i
bQ7ir�`2 +�M H2�`M 7`QK ?vT2`K2/B�- EHQFKQb2 2i �HX BMi`Q/m+2 i?2
ǳb?�`2�#H2 /vM�KB+ K2/B�Ǵ �b �M �Hi2`M�iBp2 KQ/2H (R9)X a?�`2�#H2
/vM�KB+ K2/B� �`2 +QHH2+iBQMb Q7 BM7Q`K�iBQM bm#bi`�i2b- r?B+? 2K@
#Q/v +QMi2Mi- +QKTmi�iBQM- �M/ BMi2`�+iBQMX am#bi`�i2b +�M #2 2�bBHv
b?�`2/ �KQM; mb2`b �M/ #2 /Bbi`B#mi2/ �+`Qbb /Bp2`b2 /2pB+2b �M/ TH�i@
7Q`KbX am#bi`�i2b +�M 2pQHp2 Qp2` iBK2 �M/ #2 /vM�KB+�HHv KQ/B}2/
�M/ 2ti2M/2/ 7`QK rBi?BMX GBF2 >vT2`*�`/- i?2`2 Bb MQ +H2�` b2T�`�@
iBQM #2ir22M �mi?Q`BM; �M/ +QMbmKBM; i?2 bQ7ir�`2 �`iB7�+iX Ai +�M
�+i �b ǳ/Q+mK2Mib Q` �TTHB+�iBQMb Q` � KBt Q7 i?2 irQ �++Q`/BM; iQ
i?2 +QMi2tiǴX

EHQFKQb2 2i �HX 7m`i?2` T`QpB/2 �M 2tT2`BK2Mi�H BKTH2K2Mi�iBQM
Q7 i?Bb KQ/2H @ i?2 q2#bi`�i2bX *?�M;2b iQ 2�+? r2#bi`�i2 Ur2# /Q+@
mK2MiV �`2 bvM+?`QMBx2/ i?`Qm;? �HH Bib BMbi�M+2b bQ i?�i � r2#bi`�i2
+�M #2 b?�`2/ �+`Qbb T2QTH2 �M/ /2pB+2bX q2#bi`�i2b +�M #2 +QK@
TQb2/ mbBM; i?2 i`�Mb+HmbBQM K2+?�MBbK- 2K#2//BM; QM2 r2#bi`�i2
rBi?BM �MQi?2`X �b /Bb+mbb2/ 2�`HB2`- i`�Mb+HmbBQM 2M�#H2b /vM�KB+
b?�`BM; `�i?2` i?�M Dmbi +QTv i?2 +QMi2MiX am#bi`�i2b +�M #2 +QK@
TQb2/ BM p�`BQmb r�vbX 6Q` 2t�KTH2- QM2 bm#bi`�i2 +�M /2}M2 i?2 #2@
?�pBQ`b Q7 �MQi?2` Q` ;Bp2 bi`m+im`2 iQ �MQi?2`X h?2 ;2M2`�iBp2 TQr2`



�� � #BDLHSPVOE

Q7 q2#bi`�i2b ?�b #22M T`Qp2M #v i?2 7QHHQrBM; +`2�iBQM Q7 `2b2�`+?
T`QiQivT2b BM � p�`B2iv Q7 /QK�BMb- bm+? �b *Q/2bi`�i2b 7Q` +QKTmi�@
iBQM�H MQi2#QQFb (33)- oB/2Qbi`�i2b 7Q` T`Q;`�KK�#H2 pB/2Q K�MBTmH�@
iBQM (3N)- �M/ oBbi`�i2b 7Q` pBbm�H �M�HviB+b (Ny)X Pm` T`Qp2@Q7@+QM+2Ti
T`QiQivT2 �.Z.� U+?�Ti2` 9V �M/ Qm` b�M/#Qt 7Q` 2tTHQ`BM; ǳ+QK@
Tmi�iBQM�H i`�Mb+HmbBQMǴ U+?�Ti2` 8V �`2 �HH #mBHi mTQM i?2 q2#bi`�i2b
TH�i7Q`KX

�b i2+?MQHQ;v 2pQHp2b- i?2 r�v iQ i?BMF �#Qmi i?2 ?mK�M@iQQH
`2H�iBQMb?BT ?�b #22M 2pQHpBM; �b r2HHX AMi2`�+iBp2 /2pB+2b- bm+? �b
KQ#BH2 T?QM2b- i�#H2ib- H�TiQTb- i�#H2iQTb- �M/ r�HH@bBx2/ /BbTH�vb- �`2
#2+QKBM; BM+`2�bBM;Hv �++2bbB#H2 �M/ T2`p�bBp2 BM Qm` /�BHv HB72X Ai Bb
+QKKQM 7Q` #Qi? BM/BpB/m�Hb �M/ Q`;�MBx�iBQMb iQ QrM � +QK#BM�iBQM
Q7 /2pBb2 /BbTH�vbX h?2b2 /Bz2`2Mi ivT2 Q7 /2pB+2b ?�p2 i?2B` �zQ`@
/�M+2b �M/ i2+?MB+�H +�T�#BHBiB2b- BM i2`Kb Q7 i?2B` 7Q`Kb- bBx2b- BMTmi
KQ/�HBiv- �M/ BMTmi �++m`�+vX h?2v �HH TH�v mMB[m2 �M/ +`m+B�H `QH2b
BM bmTTQ`iBM; /Bz2`2Mi �M�HviB+ i�bFb rBi?BM i?2 b2Mb2K�FBM; T`Q+2bbX

h?2 �+iBpBiv i?2Q`v �+ib �b QM2 Q7 i?2 KQbi 7mM/�K2Mi�H i?2Q`2i@
B+�H �TT`Q�+?2b BM i?2 /2bB;M �M/ 2p�Hm�iBQM Q7 K�Mv BMi2`�+iBp2 bvb@
i2Kb (NR- Nk)X h?2 BMi`Q/m+iBQM Q7 �+iBpBiv i?2Q`v b?B7ib i?2 �ii2MiBQM
Q7 /2bB;MBM; iQQHb 7Q` +2`i�BM i�bFb iQ mM/2`bi�M/ ?mK�Mb- �+iBpBiB2b-
�M/ i?2 H�`;2` +QMi2tib �b Kmim�H 7�+iQ`b r?2`2 QM2 +�M BM~m2M+2 �M/
/2i2`KBM2 �MQi?2`X "Ǡ/F2` �M/ EHQFKQb2 (R8- Re) 7m`i?2` /2p2HQT2/
i?2 >mK�M@�`iB7�+i JQ/2HX h?2v 2KT?�bBx2 bim/vBM; ?2i2`Q;2M2Qmb
/2pB+2b �b T�`i Q7 �M �`iB7�+i 2+QHQ;v r?2`2 ǳQM2 +�M /vM�KB+�HHv BM@
i2`TH�v rBi? Qi?2`b �M/ rBi? mb2`bǶ r2# Q7 �+iBpBiB2bǴX J�Mv bim/B2b
2tTHQ`2 i?2 +QK#BM�iBQM Q7 p�`BQmb /BbTH�vb iQ bmTTQ`i b2Mb2K�FBM;
�+iBpBiB2b- #Qi? 7Q` BM/BpB/m�Hb �M/ 7Q` ;`QmTb (dk- Ny- Nj- N9)X

h?Bb /Bbb2`i�iBQM /2KQMbi`�i2b ?Qr i?2b2 +QM+2Tib �M/ i?2Q`B2b
+�M #2 �TTHB2/ BM #mBH/BM; KQ`2 ~2tB#H2 iQQHb iQ bmTTQ`i 2tTHQ`BM;
�M/ K�M�;BM; �Hi2`M�iBp2b i?`Qm;?Qmi i?2 b2Mb2K�FBM; T`Q+2bbX
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AM i?Bb +?�Ti2`- r2 �BK iQ �Mbr2` i?2 }`bi `2b2�`+? [m2biBQM @ ?Qr /Q
�Hi2`M�iBp2b }i rBi?BM i?2 b2Mb2K�FBM; T`Q+2bb\ q2 T`2b2Mi Qm`
bim/v QM b2KB@bi`m+im`2/ BMi2`pB2rb rBi? ir2Hp2 /�i� rQ`F2`b 7`QK �
p�`B2iv Q7 /Bb+BTHBM2bX q2 7Q+mb QM i?2 /Bz2`2Mi FBM/b �M/ K2�MBM;b Q7
�Hi2`M�iBp2b 7Q` Qm` /�i� rQ`F2`b- �M/ ?Qr i?2b2 �Hi2`M�iBp2b }i BMiQ
i?2B` Qp2`�HH b2Mb2K�FBM; T`�+iB+2b RX

a2+iBQM jXR T`2b2Mib ?Qr i?2b2 BMi2`pB2rb r2`2 +QM/m+i2/ �M/ i?2
ivT2b Q7 �M�HvbBb T2`7Q`K2/ QM i?2 +QHH2+i2/ /�i�X a2+iBQM jXk 2tTH�BMb
r?v /�i� rQ`F2`b 2tTHQ`2 �Hi2`M�iBp2b �M/ i?2 i`B;;2`b �M/ #�``B2`b iQ
/QBM; bQX a2+iBQM jXj /2KQMbi`�i2b � 7`�K2rQ`F Q7 �Hi2`M�iBp2b iQ ?2HT
/2b+`B#2 �M/ `2�bQM ?Qr /�i� rQ`F2`b +QMbB/2` �Hi2`M�iBp2b BM i?2B`
�M�Hvb2b- �M/ ?Qr iQQH /2bB;M2`b KB;?i +`2�i2 iQQHb iQ #2ii2` bmTTQ`i
i?2KX a2+iBQM jX9 /Bb+mbb2b Qm` /�i� rQ`F2`bǶ bi`�i2;B2b iQ +QT2 rBi?
�Hi2`M�iBp2bX a2+iBQM jX8 b?Qrb ?Qr i?Bb 7`�K2rQ`F +�M #2 mb2/ iQ
/2b+`B#2 �M/ �M�Hvx2 �M�HviB+ iQQHb i?`Qm;? i?2 H2Mb Q7 �Hi2`M�iBp2bX
a2+iBQM jXe +QKT�`2b i?2 T`QTQb2/ 7`�K2rQ`F rBi? 2tBbiBM; MQiBQMb Q7
�Hi2`M�iBp2b �M/ /Bb+mbb2b i?2 bim/v HBKBi�iBQMbX a2+iBQM jXd 2M/b i?Bb
+?�Ti2` #v /Bb+mbbBM; `2K�BM2/ [m2biBQMb 7Q` 7mim`2 rQ`FX

Rh?Bb +?�Ti2` /`�rb ?2�pBHv mTQM Qm` ho*: Tm#HB+�iBQM (8)X
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��� 4UVEZ %FTJHO
q2 +QM/m+i2/ b2KB@bi`m+im`2/ BMi2`pB2rb rBi? ir2Hp2 /�i� rQ`F2`b
rBi? /Bz2`2Mi ivT2b Q7 2tT2`iBb2X h?`Qm;? i?2b2 BMi2`pB2rb- r2 �BK iQ
mM/2`bi�M/ i?2 7QHHQrBM; [m2biBQMb BM T�`iB+mH�`,

ZR hQ r?�i 2ti2Mi /Q /�i� rQ`F2`b 2tTHB+BiHv +QMbB/2` �Hi2`M�iBp2b
BM i?2B` rQ`F~Qr\

Zk q?2M /Q i?2v +QMbB/2` �Hi2`M�iBp2b\ �`2 i?2`2 bT2+B}+ i`B;;2`b
� #�``B2`b 7Q` 2tTHQ`BM; �Hi2`M�iBp2b\

Zj q?�i ivT2b Q7 �Hi2`M�iBp2b /Q i?2v +QMbB/2`\

Z9 q?�i bi`�i2;B2b /Q i?2v /2THQv iQ +QT2 rBi? �Hi2`M�iBp2b\

����� 1BSUJDJQBOUT
q2 `2+`mBi2/ ir2Hp2 T�`iB+BT�Mib r?Q T2`7Q`K /�i� rQ`F /�BHvX �;2b
`�M;2/ 7`QK kk iQ ejc i?`22 B/2MiB}2/ �b 72K�H2- MBM2 �b K�H2X S�`@
iB+BT�Mib r2`2 `2+`mBi2/ #v 2K�BH i?`Qm;? Qm` bQ+B�H �M/ T`Q72bbBQM�H
M2irQ`FbX h?2v +QK2 7`QK � p�`B2iv Q7 /Bb+BTHBM2b, 7Qm` T�`iB+BT�Mib
rQ`F BM BM/mbi`v- BM b2+iQ`b bm+? �b K�`F2iBM;- K2/B+�H /�i� KQ/2H@
BM;- �M/ +Qbi K�M�;2K2MiX 1B;?i T�`iB+BT�Mib rQ`F BM `2b2�`+? /Q@
K�BMb BM+Hm/BM; >mK�M@*QKTmi2` AMi2`�+iBQM U>*AV- ?mK�MBi�`B�M
`2b2�`+?- �M/ #BQHQ;v Ub22 h�#H2 jXRVX h?2v ?2H/ � `�M;2 Q7 DQ# iB@
iH2b 7`QK ǳ`2b2�`+?2`Ǵ iQ ǳ�bbBbi�Mi T`QD2+i K�M�;2`-Ǵ ǳ+Qbi K�M�;2`-Ǵ
ǳ+QMbmHi�Mi-Ǵ �M/ ǳ/�i� �M�HvbiXǴ JQbi UMBM2V �`2 DmMBQ` BM i2`Kb Q7
2tT2`B2M+2 BM /2�HBM; rBi? i?2B` bT2+B}+ /QK�BM Q7 �+iBpBiv URĜ8 v2�`bVX
h?`22 ?�p2 MBM2 Q` KQ`2 v2�`b Q7 2tT2`B2M+2X q?BH2 �HH T�`iB+BT�Mib
?�p2 2tT2`B2M+2 BM /�i� rQ`F- i?2v ?�p2 /Bp2`b2 H2p2Hb Q7 /QK�BM �M/
+QKTmi�iBQM�H 2tT2`iBb2X AM E�M/2HǶb +�i2;Q`Bx�iBQM (9)- r?B+? 7Q+mb2b



��� 4UVEZ %FTJHO ��

P# Org Domain Experience 
with data

Analysis Tools

1(H) E Cost management 1.5 years Excel, VBA

2(H) E Medical 3D 
modeling

3 years Visual Studio, OpenGL

3(S) R Visual tracking 5 years Matlab, Python

4(A) E Project management 2 years Excel

5(S) R InfoVis research 1.5 years D3.js, Tableau

6(S) R Optimization 9 years Python

7(S) R HCI research 2.5 years JupyterNotebook, 
PyCharm

8(H) E Food delivery 2 years Jira, Python, Metabase

9(H) R Topological 
research

10 years TTK (customized)

10(A) R Humanitarian 
research

3 years Excel, Tableau

11(S) R Ecosystem services 5 years QuantumGIS, Matlab

12(A) R Education 30 years Paper, digital folders

5BCMF ���� AMi2`pB2r T�`iB+BT�Mib #v /QK�BM Q7 2tT2`iBb2X "`�+F2ib �7i2`
A.b `272` iQ a, a+`BTi2`- >, >�+F2`- �, �TTHB+�iBQM lb2`X P`; Bb b?Q`i
7Q` P`;�MBx�iBQM- r?2`2 _, `2b2�`+?- 1, 2Mi2`T`Bb2X

QM +QKTmi�iBQM�H iQQH +�T�#BHBiB2b- 7Qm` +�M #2 +H�bbB}2/ �b ?�+F2`b-
}p2 �b b+`BTi2`b- �M/ i?`22 �b �TTHB+�iBQM mb2`bX

����� 4FUUJOH BOE QSPDFEVSF
h?2 bim/v r�b +QM/m+i2/ i?`Qm;? b2KB@bi`m+im`2/ BMi2`pB2rbX AMi2`@
pB2rb r2`2 +QM/m+i2/ BM 1M;HBb?- 6`2M+?- Q` *?BM2b2- /2T2M/BM; QM
i?2 T�`iB+BT�MiǶb T`272`2M+2X a2p2M BMi2`pB2rb r2`2 +QM/m+i2/ BM i?2
T�`iB+BT�MiǶb T`BK�`v rQ`FTH�+2X 6Bp2 r2`2 +QM/m+i2/ #v pB/2Q+QM@
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72`2M+2- BM+Hm/BM; i?2 T�`iB+BT�MiǶb +QKTmi2` /2bFiQT- 7Q` T`�+iB+�H Q`
rQ`FTH�+2 b2+m`Biv `2bi`B+iBQMbX

Zm2biBQMb r2`2 QT2M@2M/2/ iQ 2M+Qm`�;2 T�`iB+BT�Mib iQ /2b+`B#2
i?2B` 2tT2`B2M+2b BM i?2B` QrM rQ`/bX 1�+? BMi2`pB2r +QMbBbi2/ Q7 i?`22
T?�b2b- �b /2KQMbi`�i2b BM };m`2 jXRX h?2 }`bi T?�b2 �BK2/ �i mM/2`@
bi�M/BM; i?2 T�`iB+BT�MibǶ ;2M2`�H rQ`F +QMi2ti U;Q�Hb- /�i�- K2i?Q/b-
iQQHb- `QH2 BM i?2 i2�K- 2i+XV �M/ rQ`F~QrbX AM i?2 b2+QM/ T?�b2-
T�`iB+BT�Mib r2`2 �bF2/ iQ /2b+`B#2 i?2B` rQ`F~Qr BM KQ`2 /2i�BH �M/
iQ r�HF mb i?`Qm;? � `2+2Mi �M�HvbBb- bi2T@#v@bi2TX US�`iB+BT�Mib r2`2
�bF2/ iQ T`2T�`2 i?Bb �M�HvbBb r�HFi?`Qm;? /m`BM; i?2 `2+`mBiK2Mi
T?�b2XV

.m`BM; `2+`mBiK2Mi �M/ i?2b2 }`bi irQ T?�b2b- r2 /B/ MQi `2p2�H
iQ T�`iB+BT�Mib i?�i i?Bb rQ`F 7Q+mbb2/ QM �Hi2`M�iBp2bX S�`iB+BT�Mib
r2`2 iQH/ i?�i r2 r2`2 BMi2`2bi2/ BM i?2B` `2�bQMBM; �M/ b2Mb2K�FBM;
T`Q+2bb �M/ BM mM/2`bi�M/BM; i?2B` rQ`F~QrbX Pm` ;Q�H r�b iQ mM/2`@
bi�M/ r?2i?2` �M/ ?Qr T�`iB+BT�Mib i?BMF �#Qmi �Hi2`M�iBp2b i?`Qm;?@
Qmi i?2B` b2Mb2K�FBM; T`Q+2bb (ZR)X q2 /B/ �bF [m2biBQMb Q7 i?2 7Q`K
ǳ.B/ vQm i?BMF Q7 Qi?2` r�vb iQ /Q i?Bb\Ǵ Q` ǳ.B/ vQm ;2M2`�i2 �Mv
Qi?2` (�`iB7�+ib- 2X ;X- KQ/2Hb)\Ǵ iQ 2M+Qm`�;2 T�`iB+BT�Mib iQ /2b+`B#2
�Mv i�+Bi �Hi2`M�iBp2b i?2v K�v ?�p2 2tTHQ`2/ rBi?Qmi 2tTHB+BiHv Q`B@
2MiBM; i?2B` i?BMFBM; iQr�`/ �Hi2`M�iBp2bX

AM i?2 i?B`/ T?�b2- r2 `2p2�H2/ iQ T�`iB+BT�Mib i?�i i?2 K�BM ;Q�H
Q7 i?Bb bim/v r�b iQ mM/2`bi�M/ i?2 `QH2 Q7 �Hi2`M�iBp2b BM i?2B` rQ`FX
>Qr2p2`- r2 �ii2KTi2/ MQi iQ ;Bp2 �Mv +QM+`2i2 /2}MBiBQM Q7 �Hi2`M�@
iBp2b bQ �b iQ `2p2�H T�`iB+BT�MibǶ QrM BMi2`T`2i�iBQMbX A7 T`2bb2/- r2
;�p2 p�;m2 /2}MBiBQMb bm+? �b ǳ/Bz2`2Mi TQbbB#BHBiB2b vQm +QMbB/2`2/
Q` i`B2/ QmiǴ Q` ;`QmM/2/ i?2K BM i?2 /2b+`BTiBQMb T�`iB+BT�Mib ?�/
�H`2�/v b?�`2/, 6Q` 2t�KTH2- B7 � T�`iB+BT�Mi K2MiBQM2/ ?�pBM; i`B2/
b2p2`�H K�+?BM2 H2�`MBM; KQ/2Hb- r2 KB;?i �bF- ǳ.Q vQm i?BMF i?2
/Bz2`2Mi KQ/2Hb i?�i vQm 2tTHQ`2/ �`2 �Hi2`M�iBp2b\Ǵ �M/ B7 bQ- ǳ�`2
i?2`2 �Mv Qi?2` FBM/b Q7 �Hi2`M�iBp2b\Ǵ h?2 ;Q�H Q7 i?Bb i?B`/ T?�b2
r�b iQ mM/2`bi�M/ r?�i �Hi2`M�iBp2b K2�Mi iQ T�`iB+BT�Mib �M/ iQ 7Q@
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( goal of the analysis, 
data, methods, tools, 
general workflows, 
role in the team, etc. )

General Context 

( focus on reasoning and 
sense-making process, 
encourage them to tell 
story behind success )

Scenario Walkthrough 

( what are alternatives? 

how you cope with them?  

what are the challenges? )

Alternatives

No explicit mention of alternatives Questions on alternatives

'JHVSF ���� Pm` BMi2`pB2rb +QMi�BM i?`22 K�BM T?�b2b, T?�b2 R iQ mM/2`@
bi�M/ i?2 T�`iB+BT�MibǶ ;2M2`�H rQ`F +QMi2tic T?�b2 k iQ i?2B` b2Mb2@
K�FBM; rQ`F~Qr- �M�HviB+ `2�bQMBM; T`Q+2bbc �M/ T?�b2 j iQ mM/2`@
bi�M/ i?2 T�`iB+mH�` `QH2 Q7 �Hi2`M�iBp2b BM i?2B` b2Mb2K�FBM; T`�+iB+2bX

+mb KQ`2 /22THv QM ?Qr i?2v bT2+B}+�HHv K�M�;2/ i?2K i?`Qm;?Qmi
i?2B` rQ`F~Qrb (ZkĜ9)X

����� %BUB DPMMFDUJPO BOE BOBMZTJT
�HH BMi2`pB2rb r2`2 `2+Q`/2/- ;2M2`�iBM; 3kd KBMmi2b Q7 `2+Q`/BM;b BM
iQi�HX _2+Q`/BM;b r2`2 i`�Mb+`B#2/ BMiQ dj 3N8 rQ`/bX hrQ �mi?Q`b
BM/BpB/m�HHv QT2M@+Q/2/ i?2 i`�Mb+`BTib- ?B;?HB;?iBM; BMi2`2biBM; TQ`@
iBQMb Q7 i2ti Q` F2v B/2�bX q2 i?2M +QHH2+iBp2Hv +`Qbb@+?2+F2/ i?2b2 2t@
i`�+ib iQ `2�+? �;`22K2Mi- vB2H/BM; 838 mMB[m2 2ti`�+ib Ur?B+? r2 +�HH
MQi2b Q` bMBTT2ibVX q2 i?2M mb2/ �M Bi2`�iBp2 +Q/BM; �TT`Q�+? #�b2/
QM ;`QmM/2/ i?2Q`v (N8) �M/ /B;Bi�H �{MBiv /B�;`�KKBM;X q2 Bi2`�@
iBp2Hv ;`QmT2/ MQi2b #�b2/ QM +QKKQM i?2K2b mbBM; � +mbiQK �TTHB@
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+�iBQM QM � r�HH@bBx2/ KmHiB@iQm+? /BbTH�vX JmHiBTH2 �M�Hvb2b ;`QmT2/
bMBTT2ib �++Q`/BM; iQ /Bz2`2Mi 7�+2ib /`�rM 7`QK i?2 BMBiB�H bim/v
;Q�Hb U2X ;X- ivT2b Q7 �Hi2`M�iBp2b- i�bFb �`QmM/ �Hi2`M�iBp2b- bi`�i2;B2b
7Q` /2�HBM; rBi? �Hi2`M�iBp2b- i`B;;2`b #�``B2`bV �b r2HH �b i?Qb2 i?�i
2K2`;2/ /m`BM; i?2 �M�HvbBb T?�b2 U2X ;X- i?2 `QH2 Q7 2tT2`iBb2- +QHH�#@
Q`�iBQMVX q2 7m`i?2` +`2�i2/ ?B;?2`@H2p2H /B�;`�Kb iQ B/2MiB7v i?2K2b
�KQM;bi i?2 /Bz2`2Mi +�i2;Q`B2b UQ` +Hmbi2`bV Q7 /B`2+i Q#b2`p�iBQMbX
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H2�/ iQ 2�bB2` BMi2`T`2i�iBQM Q7 i?2 /�i�, ǳ2p2`v#Q/v b?Qr2/ Bi i?2 `2�H
r�v- Ę#mi A };m`2/ i?�i iQ b22 i?2 ;2QK2i`v Q7 i?2 i?BM;- Bi r�b #2ii2`
iQ ~BT Bi �M/ r2 rQmH/ ?�p2 � #2ii2` pB2rXǴ

6BM�HHv- +QHH�#Q`�iBQM 2p2Mib +�M i`B;;2` i?2 Tm`bmBi Q7 �Hi2`M�iBp2bX
.Bz2`2Mi T2QTH2 BM � i2�K K�v ?�p2 /Bp2`b2 #�+F;`QmM/ �M/ 2tT2`@
iBb2- r?B+? +�M #`BM; M2r TQBMib Q7 pB2r QM ?Qr iQ bQHp2 � T`Q#H2KX
6Q` 2t�KTH2- SRR mb2/ � K�Mm�HHv@+`2�i2/ KQ/2H mMiBH ?Bb +QHH�#Q`�@
iQ` bm;;2bi2/ i`vBM; Qmi K�+?BM2@H2�`MBM; �TT`Q�+?2bX aBKBH�`Hv- S8
+?�M;2/ ?Bb +Q/BM; 2MpB`QMK2Mi iQ CmTvi2` LQi2#QQFb iQ 7�+BHBi�i2
+QKKmMB+�iBQM rBi? ?Bb K2MiQ`X
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"�``B2`b hQ B/2MiB7v #�``B2`b iQ 2tTHQ`BM; �Hi2`M�iBp2b- r2 BM+Hm/2/
[m2biBQMb Q7 i?2 7Q`K- ǳq?�i biQTT2/ vQm 7`QK i`vBM; �Hi2`M�iBp2b\Ǵ
�M/ ǳuQm Dmbi K2MiBQM2/ vQm +QMbB/2`2/ Qi?2` QTiBQMb- /B/ vQm Tm`@
bm2 i?2K\ UA7 MQiV r?v MQi\Ǵ S�`iB+BT�Mib �HbQ `2p2�H2/ bm+? #�``B2`b
i?`Qm;? i?2B` QrM /2b+`BTiBQMb �#Qmi i?2 /B{+mHiB2b Q` T`Q#H2Kb 2M@
+QmMi2`2/X q2 +Q/2/ i`�Mb+`BTib 7Q` i?2b2 FBM/b Q7 #�``B2`b- vB2H/BM;
bBt +QKKQM ivT2b Q7 #�``B2`b �KQM;bi Qm` T�`iB+BT�MibX

GBKBi2/ /�i� �M/ iQQH �p�BH�#BHBiv Q7i2M T`2p2Mi2/ T�`iB+BT�Mib
7`QK BMbi�MiB�iBM; i?2B` B/2�bX 6Q` 2t�KTH2- r?2M SRR r�Mi2/ iQ 2M@
`B+? ?Bb KQ/2H- ?2 +QmH/ MQi #2+�mb2 ǳĘ�i i?�i KQK2Mi- A /B/MǶi ?�p2
i?2 /�i�Ǵ USRRVX aBKBH�`Hv- r?2M ?2 r�Mi2/ iQ T2`7Q`K � /Bz2`2Mi
�M�HvbBb- ?2 7QmM/ i?�i ?Bb QT2M@bQm`+2 iQQH /B/ MQi ?�p2 i?�i 72�im`2
BKTH2K2Mi2/X Cmbi �b }M�M+B�H +QMbi`�BMib HBKBi2/ ?Bb iQQH �p�BH�#BH@
Biv- iBK2 +QMbi`�BMib T`2p2Mi2/ T�`iB+BT�Mib 7`QK 2tTHQ`BM; TQi2MiB�H
�Hi2`M�iBp2bX �b S8 bm++BM+iHv /2b+`B#2/, ǳr2 /B/MǶi ?�p2 i?�i Km+?
iBK2XǴ aBKBH�`Hv- iQQ Km+? H2�`MBM; 2zQ`i ?BM/2`2/ 2zQ`ib iQ �ii2KTi
M2r bQHmiBQMb- �b r?2M SRy r�b ?2bBi�Mi iQ i`v � M2r iQQH ǳ#2+�mb2
i?2`2 �`2 MQi i?�i K�Mv iQQHb i?�i vQm +�M H2�`M ?Qr iQ mb2 rBi?Qmi
i`�BMBM;XǴ

� H�+F Q7 2tT2`iBb2 T`2p2Mi2/ bQK2 T�`iB+BT�Mib 7`QK Dm/;BM; Q`
2p�Hm�iBM; �Hi2`M�iBp2 �TT`Q�+?2bX 6Q` 2t�KTH2- S9 �#�M/QM2/ �m@
iQK�iBM; ?2` �M�HvbBb TBT2HBM2 mbBM; 1t+2H K�+`Qb #2+�mb2 b?2 `2�H@
Bx2/ b?2 /B/ MQi bm{+B2MiHv mM/2`bi�M/ i?2 o"� H�M;m�;2 mb2/ iQ
r`Bi2 i?2KX JQ`2 ;2M2`�HHv- bm+? H�+F Q7 2tT2`iBb2 Q7i2M �+i2/ �b �
+QmMi2`7Q`+2 iQ `2+Q;MBxBM;- 2p�Hm�iBM;- Q` Tm`bmBM; �Hi2`M�iBp2bX

q?BH2 � H�+F Q7 2tT2`iBb2 +�M �+i #Qi? �b � `2�bQM r?v T�`iB+BT�Mib
+QMbB/2`2/ �Hi2`M�iBp2b �M/ �b � #�``B2` iQ +QMbB/2`BM; �Hi2`M�iBp2b- r2
/Q MQi BM+Hm/2 Bi �b � i`B;;2` bBM+2 r2 /B/ MQi b22 Bi �+i �b � bT2+B}+
+�i�Hvbi iQ +QMbB/2`BM; �Hi2`M�iBp2bX

*Q;MBiBp2 #B�b2b i2M/2/ iQ ;mB/2 T�`iB+BT�Mib iQ `2mb2 �Hi2`M�iBp2b
i?�i i?2v ?�/ +QMbB/2`2/ BM T`2pBQmb T`QD2+ib- i?mb T`2p2MiBM; i?2K
7`QK +QMbB/2`BM; M2r �Hi2`M�iBp2bX *QMp2`b2Hv- T�`iB+BT�Mib bQK2iBK2b
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DmbiB}2/ 2t+Hm/BM; �Hi2`M�iBp2b #2+�mb2 i?2v ?�/ 7QmM/ i?2K MQi iQ
rQ`F BM � T�bi T`QD2+iX h?Bb i2M/2M+v ?�b #22M `2+Q;MBx2/ �b � #B�b
i?�i +�M H2�/ BMi2HHB;2M+2 �M�Hvbib �M/ TQHB+v K�F2`b iQ K�F2 TQQ`
/2+BbBQMb (Rj)X

6BM�HHv- +QHH�#Q`�iBQM 2z2+ib +�M �+i MQi QMHv �b � i`B;;2` #mi �HbQ
�b � #�``B2` iQ 2tTHQ`BM; �Hi2`M�iBp2bX AM Q`/2` iQ K�BMi�BM +QMbBb@
i2M+v rBi?BM �M Q`;�MBx�iBQM- BKT`Qp2 +QKKmMB+�iBQM 2{+B2M+v- �M/
7�+BHBi�i2 K�M�;2K2Mi- /�i� rQ`F2`b Q7i2M 7QHHQr +2`i�BM T`2/2}M2/
TBT2HBM2b �M/ mb2 � b2i Q7 T`2/2i2`KBM2/ iQQHbX AMi`Q/m+BM; � M2r iQQH-
�M�HvbBb- Q` KQ/2H MQi b?�`2/ #v +QHH�#Q`�iQ`b BMi`Q/m+2b � +QHH�#Q`�@
iBQM +Qbi- 2p2M B7 BM/BpB/m�HHv Bi K�v #2 rQ`i?r?BH2 iQ Tm`bm2X 6Q`
2t�KTH2- SR +QMiBMm2b iQ T2`7Q`K �M�Hvb2b mbBM; 1t+2H, ǳS2`bQM�HHv-
A rQmH/ HBF2 iQ i`v Svi?QM- #mi B7 r2 mb2 Svi?QM- BiǶb FBM/ Q7 /B{+mHi
7Q` Qi?2`b iQ K�MBTmH�i2 i?2 BMi2`7�+2 Q` i?2 +Q/2 BMbB/2ĘX h?2 T2QTH2
r?Q M22/ iQ b22 �`2 MQi /2p2HQT2`b- #mi HBF2Hv K�M�;2`b Q` /B`2+iQ`bXǴ

��� " 'SBNFXPSL PG "MUFSOBUJWFT
_�i?2` i?�M i`2�iBM; i?2 2tTHQ`�iBQM Q7 �Hi2`M�iBp2b �b � b2T�`�i2 bi�;2
Q7 i?2 /�i� �M�HvbBb TBT2HBM2 (8j) Q` �b � b2T�`�i2 �+iBpBiv i?�i iB2b
`2~2+iBQM rBi? �M�HvbBb /m`BM; `2b2�`+? T`Q;`�KKBM; rQ`F~Qrb (8k)-
Qm` T�`iB+BT�Mib `2p2�H2/ i?�i �Hi2`M�iBp2b �M/ i?2B` BKT�+i QM /�i�
�M�HvbBb �+iBpBiB2b �`2 m#B[mBiQmbX

Cmbi r?�i +QMbiBimi2b �M �Hi2`M�iBp2- ?Qr2p2`- +�M #2 �K#B;mQmbX
�Hi2`M�iBp2b +QmH/ 2M+QKT�bb KmHiBTH2 Bi2`�iBp2 p2`bBQMb Q7 i?2 b�K2
�`iB7�+i Q` `2}M2/ p2`bBQMb Q7 � ;Bp2M ?vTQi?2bBb Q` �HiQ;2i?2` /BbiBM+i
K2i?Q/b iQ �M�Hvx2 /�i�X AMimBiBp2Hv- ?Qr2p2`- i?2b2 /Bz2`2Mi FBM/b Q7
�Hi2`M�iBp2b b22K 7mM/�K2Mi�HHv /Bz2`2MiX

hQ +H�`B7v i?2b2 KmHiBTH2 MQiBQMb �M/ `QH2b Q7 �Hi2`M�iBp2b- r2 bi`m+@
im`2 Qm` Q#b2`p�iBQMb BM i2`Kb Q7 T�`iB+BT�MibǶ /2;`22 Q7 �ii2MiBQM
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Ub2+iBQM jXjXRV �M/ �`QmM/ i?2 �#bi`�+iBQM H2p2H Q7 �Hi2`M�iBp2b Ub2+@
iBQM jXjXkVX q2 7m`i?2` +?�`�+i2`Bx2 �Hi2`M�iBp2b #�b2/ QM i?2 ?B;?@
H2p2H T`Q+2bb2b T2`7Q`K2/ �`QmM/ Bi Ub2+iBQM jXjXjVX h?2b2 i?`22 T`B@
K�`v /BK2MbBQMb, RV /2;`22 Q7 �ii2MiBQM- kV H2p2H Q7 �#bi`�+iBQM- �M/
jV T`Q+2bb2b QM �Hi2`M�iBp2b- iQ;2i?2`- 7Q`K Qm` T`QTQb2/ 7`�K2rQ`F
7Q` mM/2`bi�M/BM; �Hi2`M�iBp2b rBi?BM i?2 b2Mb2K�FBM; T`Q+2bbX q2
2tTH�BM i?2K BM /2i�BHb BM i?2 7QHHQrBM; b2+iBQMbX

����� %FHSFF PG BUUFOUJPO
�++Q`/BM; iQ i?2 �KQmMi Q7 �ii2MiBQM T�B/ #v i?2 �M�Hvbi- r2 +H�bbB7v
�Hi2`M�iBp2b �b, JmHiBTH2b �`2 �M�HviB+ �`iB7�+ib ;2M2`�i2/ Q` 2tTHQ`2/
/m`BM; i?2 b2Mb2K�FBM; T`Q+2bb- bm+? �b +Q/2 p2`bBQMb- �MMQi�iBQMb BM
� MQi2#QQF- Q` pBbm�HBb�iBQM i`�BHbX h?2v 2tBbi �b /B`2+i 2MiBiB2b 2pQF2/
/m`BM; B/2�iBQM �M/ 2tTHQ`�iBQM- /`�rM 7`QK i?2 H�`;2` mMBp2`b2 Q7 TQb@
bB#BHBiB2bX .�i� rQ`F2`b �`2 �r�`2 Q7 i?2K- #mi MQ bT2+B�H �ii2MiBQM Bb
Tmi QM �Mv bBM;H2 QM2X PTiBQMb �`2 /`�rM 7`QK i?2b2 KmHiBTH2b �b i?2v
�`2 #`Qm;?i BMiQ i?2 �M�HvbiǶb +QMb+BQmbM2bb 7Q` +HQb2` 2t�KBM�iBQM Q`
/22T2` +QMbB/2`�iBQM- bm+? �b r?2M i?2 �M�Hvbi M�``Qrb /QrM 7Q+mb iQ
� bK�HH2` b2i Q7 TQi2MiB�H �M�Hvb2b /`�rM 7`QK i?2 HBi2`�im`2X *?QB+2b
�`2 QTiBQMb i?�i �`2 �+iBp2Hv Tm`bm2/ BM �M�HvbBbX

h?2 /BbiBM+iBQM #2ir22M KmHiBTH2b- QTiBQMb- �M/ +?QB+2b i?mb /2@
T2M/b QM i?2 �KQmMi Q7 �ii2MiBQM T�B/ #v i?2 �M�HvbiX AM i?2 `2K�BM@
/2` Q7 i?Bb /Bbb2`i�iBQM- r2 `272` iQ i?Bb �b i?2 J@P@* KQ/2HX q2 mb2
i?2 i2`K �Hi2`M�iBp2 iQ `272` iQ i?2 mMBQM Q7 KmHiBTH2b- QTiBQMb- �M/
+?QB+2b- `2;�`/H2bb Q7 i?2 �M�HvbiǶb /2;`22 Q7 �ii2MiBQMX

6HmB/Biv Q7 �ii2MiBQM �i /Bz2`2Mi T?�b2b i?`Qm;?Qmi i?2 �M�HviB+
T`Q+2bb- � ;Bp2M �Hi2`M�iBp2 KB;?i #2 � KmHiBTH2- i?2M �M QTiBQM- �
+?QB+2- �M/ 2M/ mT � K2`2 KmHiBTH2X �i �Mv ;Bp2M iBK2- i?2`2 K�v
#2 �Mv MmK#2` Q7 2�+? Q7 i?2b2 ivT2b Q7 �Hi2`M�iBp2X JmHiBTH2b K�v
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'JHVSF ���� U�V- H27i, �Hi2`M�iBp2b +?�`�+i2`Bx2/ #�b2/ QM i?2 /�i�
rQ`F2`Ƕb /2;`22 Q7 �ii2MiBQMX U#V � rQ`F~Qr b?QrBM; �Hi2`M�iBp2b
7Q` S8X �Hi2`M�iBp2b �`2 ;`QmT2/ �HQM; i?2 v@�tBb �++Q`/BM; iQ i?2B`
/2;`22 Q7 �ii2MiBQMX �HQM; i?2 t@�tBb �`2 /Bz2`2Mi bi�;2b �HQM; i?2
�M�HvbBbX q2 +�M b22 /Bz2`2Mi �Hi2`M�iBp2b KB;`�i2 #2ir22M /Bz2`2Mi
�ii2MiBQM /2;`22b �i /Bz2`2Mi bi�;2b Q7 i?2 �M�HvbBb �b i?2B` 7`�K2b Q7
`272`2M+2 2pQHp2X

#2 ;2M2`�i2/ �b �M BMBiB�H bi2T BM 2tTHQ`�iBQM iQ 2MH�`;2 i?2 TQbbB#H2
bQHmiBQM bT�+2X 6Q` 2t�KTH2- Sk +QHH2+i2/ �`QmM/ 8y T�T2`b /2b+`B#BM;
TQi2MiB�H K2i?Q/b iQ mb2 BM KQ/2HBM; Q`;�MbX q2 +�M i?BMF Q7 i?2b2
�`iB+H2b �b KmHiBTH2b /`�rM 7`QK i?2 H�`;2` mMBp2`b2 Q7 TQi2MiB�H K2i?@
Q/bX Sk i?2M bFBKK2/ i?`Qm;? i?2b2 KmHiBTH2 K2i?Q/b iQ B/2MiB7v irQ
QTiBQMb iQ Tm`bm2X �i }`bi- b?2 BKTH2K2Mi2/ QM2 i2+?MB[m2- K�FBM; �
+?QB+2X G�i2`- b?2 BKTH2K2Mi2/ i?2 Qi?2` QM2X �7i2` +QKT�`BM; i?2b2
irQ QTiBQMb �M/ �M�HvxBM; i?2 i`�/2@Qzb- b?2 +?Qb2 iQ +QMiBMm2 ?2`
T`QD2+i rBi? i?2 }`bi i2+?MB[m2X

h?2 /BbiBM+iBQM #2ir22M KmHiBTH2b- QTiBQMb- �M/ +?QB+2 +�M #2 7mxxv
�b �Hi2`M�iBp2b ~mB/Hv KQp2 #Qi? mT �M/ /QrM �KQM; i?2b2 i?`22
H2p2HbX � KmHiBTH2 +�M im`M BMiQ �M QTiBQM Q` 2p2M � +?QB+2 �HQM; i?2
b2Mb2K�FBM; T`Q+2bbX PM i?2 Qi?2` ?�M/- � +?QB+2 +�M #2+QK2 �;�BM
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�M QTiBQM Q` KmHiBTH2 r?2M i?2 �M�Hvbi ;Bp2b +QMbB/2`�iBQM iQ Qi?2`
�Hi2`M�i2 QTiBQMbX

h?2b2 /2}MBiBQMb i?mb /2T2M/ QM i?2 �M�HvbiǶb ǳ7`�K2 Q7 `272`2M+2XǴ
6Q` 2t�KTH2- S8 +QHH2+i2/ KmHiBTH2 TQi2MiB�H /�i�b2ib iQ pBbm�HBx2X .m`@
BM; i?Bb T`Q+2bb- i?2 /Bz2`2Mi /�i�b2ib �`2 �+iBp2 �Hi2`M�iBp2b i?�i
KQp2 mT �M/ /QrM �HQM; i?2 i?`22@H2p2HbX PM+2 ?2 ?�/ b2H2+i2/ �
;Bp2M /�i�b2i �M/ KQp2/ QM iQ +QMbB/2`BM; r?�i ivT2 Q7 pBbm�HBb�@
iBQM iQ mb2- i?2 +QMbB/2`�iBQM Q7 �Hi2`M�iBp2 /�i�b2ib 7�/2/ BMiQ i?2
#�+F;`QmM/X �b bm+?- mM/2` ?Bb M2r 7`�K2 Q7 `272`2M+2- i?2 /�i�b2i
#2+QK2b � }t2/ +?QB+2 �M/ /Bz2`2Mi pBbm�HBb�iBQM ivT2b #2+QK2 i?2
+m``2Mi �+iBp2 �Hi2`M�iBp2b- �b b?QrM BM 6B;m`2 jXjX

JQ`2Qp2`- 2tTHQ`�iBQM +�M bi�`i �i �Mv Q7 i?2b2 i?`22 H2p2Hb- /2@
T2M/BM; QM i?2 bi`�i2;v BMpQHp2/ Ub2+iBQM jX9VX AM � #`2�/i?@}`bi- Q`
ǳb?Qi;mM-Ǵ bi`�i2;v- KmHiBTH2 KmHiBTH2b �`2 b2H2+i2/ }`bi iQ B/2MiB7v
�M/ 7Q+mb QM �b QTiBQMbX AM � /2Ti?@}`bi- Q` ǳbMBT2`-Ǵ bi`�i2;v- �
/�i� rQ`F2` K�v K�F2 �M BKK2/B�i2 +?QB+2 iQ 7Q+mb QM � ;Bp2M T�i?
mMiBH bQK2 i`B;;2` KQiBp�i2b i?2 2tTHQ`�iBQM Q7 Qi?2` �Hi2`M�iBp2b Ub2+@
iBQM jXkXkVX
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q2 T2`7Q`K2/ � #QiiQK@mT �M�HvbBb Q7 BMi2`pB2r i`�Mb+`BTib �M/ B/2M@
iB7v i2M ivT2b Q7 �Hi2`M�iBp2 +QMbB/2`2/ #v Qm` T�`iB+BT�Mib, ?vTQi?@
2bBb- K2Mi�H KQ/2H- BMi2`T`2i�iBQM- /�i�- KQ/2H- `2T`2b2Mi�iBQM- iQQH-
+Q/2- T�`�K2i2`- �M/ K2i?Q/X JQbi Q7 i?2b2 �Hi2`M�iBp2 ivT2b- bm+?
�b K2i?Q/b- r2`2 2tTHB+BiHv B/2MiB}2/ #v T�`iB+BT�MibX Pi?2`b- bm+?
�b K2Mi�H KQ/2Hb- r2`2 MQi 2tTHB+BiHv K2MiBQM2/ #v T�`iB+BT�Mib #mi
r2`2 `2p2�H2/ BM i?2 +Qm`b2 Q7 i?2B` BMi2`pB2rbX q2 ;`QmT i?2b2 ivT2b
Q7 �Hi2`M�iBp2 BMiQ i?`22 H2p2Hb Q7 �#bi`�+iBQM #�b2/ QM i?2B` `QH2 BM i?2
�M�HviB+ T`Q+2bb,
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*Q;MBiBp2 �Hi2`M�iBp2b T2`i�BM iQ ?mK�M `2�bQMBM;- BM+Hm/BM; �Hi2`@
M�iBp2 ?vTQi?2b2b- K2Mi�H KQ/2Hb- �M/ BMi2`T`2i�iBQMbX

�`iB7�+i �Hi2`M�iBp2b `2H�i2 iQ /Bz2`2Mi ivT2b Q7 +QM+`2i2 �`iB7�+ib-
bm+? �b �Hi2`M�iBp2 /�i�- KQ/2Hb- `2T`2b2Mi�iBQMb- Q` iQQHbX

1t2+miBQM �Hi2`M�iBp2b `272` iQ ?Qr /�i� rQ`F2`b +�``v Qmi �M �+iBp@
Biv- BM+Hm/BM; K2i?Q/- +Q/2 �M/ T�`�K2i2` �Hi2`M�iBp2bX

q?BH2 i?2b2 i2M ivT2b Q7 �Hi2`M�iBp2 �`2 MQi BMi2M/2/ iQ +QKT`Bb2
�M 2t?�mbiBp2 i�tQMQKv Q7 i?2 /Bz2`2Mi FBM/b Q7 �Hi2`M�iBp2 i?�i K�v
2tBbi- r2 /Q 2tT2+i �Mv Qi?2` �Hi2`M�iBp2 ivT2b iQ }i rBi?BM i?2b2 i?`22
H�v2`b Q7 �#bi`�+iBQMX

*Q;MBiBp2 �Hi2`M�iBp2b T2`i�BM iQ /�i� rQ`F2`bǶ 2pQHpBM; K2Mi�H
T`Q+2bb2b i?`Qm;?Qmi i?2 /Bz2`2Mi Bi2`�iBQMb Q7 i?2B` �M�HvbBbX .�i�
rQ`F2`b K�v /2p2HQT �Hi2`M�i2 BMi2`T`2i�iBQMb- �/Dmbi i?2B` K2Mi�H
KQ/2Hb- �M/ 7Q`KmH�i2 M2r ?vTQi?2b2bX 6Q` 2t�KTH2- r?2M �M�HvxBM;
�TTb #mBHi 7Q` KB;`�Mib- SRy +QMbB/2`2/ �Hi2`M�iBp2 ?vTQi?2b2b �#Qmi
i?2B` T`Q/m+iBQM `�i2, ǳq?2M i?2b2 �TTb r2`2 #mBHi- Bb i?2`2 FBM/ Q7 �
T�ii2`M i?2`2 (2X ;X 7QHHQrBM; `27m;22 +`Bb2b)- Q` BiǶb HBF2 ky 2p2`v v2�`\Ǵ
Sd 2tT`2bb2/ �Hi2`M�i2 BMi2`T`2i�iBQMb Q7 � }M/BM; QM T2QTH2Ƕb #2?�p@
BQ`b BM HQ; /�i�, ǳh?Bb Bb �HbQ �M BMi2`2biBM; `2bmHi- #2+�mb2 i?Bb K�v
BM/B+�i2 i?�i T2QTH2 �+im�HHv bi�`i2/ +QMbB/2`BM; iQ brBi+?Ę #27Q`2 i?2v
�+im�HHv /B/- Q` K�v#2 i?Bb }M/BM; Bb Dmbi MQBb2Ę r2 M22/ iQ �M�Hvx2
KQ`2 /�i� iQ b22XǴ

�`iB7�+i �Hi2`M�iBp2b BMpQHp2 i?2 /Bz2`2Mi i?BM;b BMpQHp2/ BM �M�H@
vbBb- bm+? �b /�i�- KQ/2Hb- `2T`2b2Mi�iBQMb- Q` iQQHb, r?B+? /�i� b2ib
�`2 iQ #2 �M�Hvb2/- r?�i FBM/b Q7 KQ/2Hb iQ mb2 QM i?2 /�i�- r?�i
pBbm�H /2bB;Mb �`2 #2bi@bmBi2/ 7Q` T`2b2MiBM; `2bmHib- Q` r?B+? �M�HvbBb
iQQHb iQ mb2 iQ T2`7Q`K i?2b2 i�bFbX 1�+? Q7 i?2b2 ivT2b Q7 �`iB7�+i
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�Hi2`M�iBp2 /2b+`B#2b � +QHH2+iBQM Q7 /Bz2`2Mi bT2+B}+ FBM/b Q7 �Hi2`M�@
iBp2X 6Q` 2t�KTH2- /�i� �Hi2`M�iBp2b BM+Hm/2 �HH �Hi2`M�iBp2b T2`i�BMBM;
iQ /�i�- bm+? �b mbBM; /Bz2`2Mi /�i� b2ib- /�i� T`QpB/2`b- /BK2MbBQMb-
Q` 2p2M /Bz2`2Mi p�Hm2bX JQ/2H �Hi2`M�iBp2b BMpQHp2- 7Q` 2t�KTH2- /B7@
72`2Mi K�+?BM2 H2�`MBM; �H;Q`Bi?Kb- bi�iBbiB+�H KQ/2Hb- K�i?2K�iB+�H
KQ/2Hb- Q` Qi?2` r�vb Q7 bi`m+im`BM; i?2 BMi2`T`2i�iBQM Q7 /�i�X h?2v
K�v #2 K�+?BM2@+2Mi`B+ U2X ;X- M2m`�H M2irQ`Fb Q` `�M/QK 7Q`2bibV-
?mK�M@+2Mi`B+ U2X ;X- K�Mm�H �MMQi�iBQM Q` ?�M/@+`�7i2/ KQ/2HbV- Q`
2p2M ?v#`B/b Q7 i?2 irQX _2T`2b2Mi�iBQM �Hi2`M�iBp2b T2`i�BM iQ /Bz2`@
2Mi r�vb Q7 /2TB+iBM; i?2 p�`BQmb �`iB7�+ib BM i?2 b2Mb2K�FBM; T`Q+2bbX
6BM�HHv- iQQH �Hi2`M�iBp2b BM+Hm/2 i?2 /Bz2`2Mi �M�HviB+ iQQHb i?�i +�M
#2 mb2/- BM+Hm/BM; bQ7ir�`2 iQQHb U2X ;X- 1t+2H- h�#H2�m- ?QK2@;`QrM
HB#`�`B2bV Q` �M�Hvb2bX

1t2+miBQM �Hi2`M�iBp2b BMpQHp2 i?2 K2�Mb #v r?B+? i?2 /�i� rQ`F2`
+�``B2b Qmi �M �+iBpBivX h?Bb +�M BM+Hm/2 K2i?Q/- +Q/2- �M/ T�`�K2i2`
�Hi2`M�iBp2bX 6Q` 2t�KTH2- iQ Q#i�BM /�i� 7`QK � ;Bp2M /�i� bQm`+2-
S8 rQmH/ +?QQb2 #2ir22M /B`2+iHv /QrMHQ�/BM; /�i� Q` mbBM; � /�i�
b+`�T2`X aBt T�`iB+BT�Mib /2b+`B#2/ imMBM; T�`�K2i2`b Q7 i?2B` KQ/2HbX
�MQi?2` bBt T�`iB+BT�Mib /2b+`B#2/ mbBM; Q` +`2�iBM; /Bz2`2Mi p2`bBQMb
Q7 +Q/2X AM �HH Q7 i?2b2 +�b2b- 2t2+miBQM �Hi2`M�iBp2b /2b+`B#2 i?2 K2�Mb
#v r?B+? iQ �++QKTHBb? � T�`iB+mH�` i�bFX

h?2 �#bi`�+iBQM H2p2H Q7 �M �Hi2`M�iBp2 +�M 7m`i?2` /2T2M/ QM Bib
/2;`22 Q7 �ii2MiBQMX 6Q` 2t�KTH2- r?2M imMBM; � KQ/2H- /Bz2`2Mi
T�`�K2i2` �Hi2`M�iBp2b 7�HH BM i?2 2t2+miBQM H2p2H, i?2v T2`i�BM iQ i?2
K2�Mb #v r?B+? i?2 /�i� rQ`F2` +�``B2b Qmi i?2 �+iBpBivX �i bQK2 TQBMi-
?Qr2p2`- /Bz2`2Mi T�`�K2i2` +QM};m`�iBQMb Q7 i?2 b�K2 KQ/2H KB;?i
i?2Kb2Hp2b #2+QK2 /BbiBM+i �`iB7�+ib- �b r?2M Sj +QKT�`2b /Bz2`2Mi
+QKTmi2` pBbBQM bQHmiBQMbX �b bm+?- i?2 ivT2 Q7 �M �Hi2`M�iBp2 /Q2b
MQi �TT2�` iQ #2 � +QM+2Ti BMi`BMbB+ iQ i?2 �Hi2`M�iBp2c `�i?2`- Bi b22Kb
iQ �i H2�bi T�`iB�HHv /2T2M/ QM i?2 /�i� rQ`F2`Ƕb 7`�K2 Q7 `272`2M+2X
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AMi2`/2T2M/2M+v �KQM; �Hi2`M�iBp2b �Hi2`M�iBp2b �`Qb2 i?`Qm;?@
Qmi i?2 /�i� �M�HvbBb T`Q+2bb2b �M/ �i /Bz2`2Mi �#bi`�+iBQM H2p2HbX
h?2v �`2 Q7i2M BMi2`/2T2M/2Mi, +?�M;BM; #2ir22M �Hi2`M�iBp2b �i QM2
H2p2H +�M BM~m2M+2 i?2 Qi?2`bX 6Q` 2t�KTH2- +?�M;BM; ?vTQi?2b2b K�v
H2�/ iQ #mBH/BM; �Hi2`M�i2 KQ/2Hb- `mMMBM; b+`BTib rBi? /Bz2`2Mi T�`�K@
2i2`b �b BMTmi- Q` 2p2M +?�M;BM; i?2 mM/2`HvBM; K2i?Q/bX aBKBH�`Hv-
+?QQbBM; M2r T�`�K2i2` p�Hm2b +�M `2bmHi BM M2r }M/BM;b i?�i H2�/ iQ
�Hi2`M�i2 K2Mi�H KQ/2Hb �M/ ?vTQi?2b2bX

h?Bb BMi2`rQp2M M�im`2 �KQM; /Bz2`2Mi ivT2b Q7 �Hi2`M�iBp2b +Q`@
`2bTQM/b iQ i?2 +QKTH2t- BMi2`irBMBM; T`Q+2bb2b Q7 /�i� �M�HvbBb �+@
iBpBiB2bX h?2 �M�HviB+ `2bmHib Q` BMbB;?ib ;2M2`�i2/ �`2 �HbQ b2MbBiBp2
iQ i?2b2 �Hi2`M�iBp2b �i /Bz2`2Mi H�v2`bě?Qr /�i� �`2 +QHH2+i2/- r?�i
72�im`2b �`2 2ti`�+i2/- r?�i K2i?Q/b �`2 mb2/ iQ T`Q/m+2 i?2KX �Mv
�Hi2`M�iBp2 BM i?2 �M�HvbBb TBT2HBM2 +�M H2�/ iQ /Bz2`2Mi `2bmHibX �b
bm+?- /Bz2`2Mi ivT2b Q7 �Hi2`M�iBp2b +�MMQi #2 i`2�i2/ �b r?QHHv BM/2@
T2M/2MiX

����� )JHI�MFWFM QSPDFTTFT PO BMUFSOBUJWFT

AM i?Bb b2+iBQM- r2 /2b+`B#2 }p2 ?B;?@H2p2H T`Q+2bb2b- Q` �#bi`�+i i�bFb-
i?�i Qm` T�`iB+BT�Mib 2M;�;2/ BM r?2M ?�M/HBM; �Hi2`M�iBp2b, :2M2`�i2-
lT/�i2- _2/m+2- _2�bQM- �M/ J�M�;2 Ub22 6B;m`2 jX9VX 1�+? T`Q+2bb
QT2`�i2b QM �Hi2`M�iBp2bX h?2 }`bi i?`22 /Bz2` BM i?2 b?�T2 Q7 ?Qr
i?2v �z2+i i?2 +�`/BM�HBiv Q7 i?2 �Hi2`M�iBp2 bT�+2X h?2 Qi?2` irQ /Q
MQi /B`2+iHv T`Q/m+2 �Hi2`M�iBp2b- #mi QT2`�i2 QM i?2KX �b r2 rBHH
b22 #2HQr- :2M2`�i2- _2/m+2- �M/ J�M�;2 �TTHv iQ �Hi2`M�iBp2b �i �HH
i?`22 H2p2Hb Q7 �ii2MiBQM- r?2`2�b lT/�i2 �M/ _2�bQM b22K iQ �TTHv
QMHv iQ QTiBQMb �M/ +?QB+2bX 1�+? T`Q+2bb ?�TT2Mb �i �HH i?`22 H�v2`b
Q7 �#bi`�+iBQMX
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'JHVSF ���� h?2 }p2 ?B;?@H2p2H T`Q+2bb2b �`QmM/ �Hi2`M�iBp2b, :2M2`@
�i2- lT/�i2- �M/ _2/m+2 �`2 /BbiBM;mBb?2/ #v i?2B` /Bz2`2Mi ǳb?�T2bǴ
rBi?BM i?2 �Hi2`M�iBp2 bT�+2 U/Bp2`;2Mi- T�`�HH2H- +QMp2`;2MiVX _2�bQM
�M/ J�M�;2 /Q MQi /B`2+iHv T`Q/m+2 �Hi2`M�iBp2b- #mi QT2`�i2 QM i?2KX

:2M2`�i2 2tT�M/b i?2 �Hi2`M�iBp2b bT�+2X Ai 2M+QKT�bb2b i�bFb bm+?
�b 7Q`KmH�iBM; M2r ?vTQi?2b2b- }M/BM; � M2r pBbm�H /2bB;M U2X ;X- 7`QK
i?2 .j 2t�KTH2 ;�HH2`vV- B/2MiB7vBM; � M2r /�i� +QHH2+iBQM K2i?Q/-
+QK#BMBM; T�`ib Q7 b2p2`�H K2i?Q/b iQ K�F2 � M2r QM2- Q` +`2�iBM;
� M2r +Q/2 #`�M+?X �HH T�`iB+BT�Mib ;2M2`�i2/ �Hi2`M�iBp2b /m`BM;
i?2B` �M�HvbBb- 2Bi?2` BM � T`2T�`�iQ`v T?�b2 T`BQ` iQ 2tTHQ`�iBQM Q`
/m`BM; i?2 �M�HvbBb �b bBim�i2/ �+iBQMb (Ne) BM `2bTQMb2 iQ M2r i�bF
`2[mB`2K2MibX

6Q` 2t�KTH2- T`BQ` iQ �M�HvbBb- Sj T2`7Q`K2/ � HBi2`�im`2 `2pB2r
�M/ +QMbmHi2/ rBi? +QHH2�;m2b iQ b2H2+i b2p2`�H T`QKBbBM; �TT`Q�+?2b
iQ BKT`Qp2 � pBbm�H i`�+FBM; �TTHB+�iBQMX .m`BM; �M�HvbBb- ?Qr2p2`- ?2
7QmM/ i?�i i?2 `2bmHib r2`2 biBHH MQi b�iBb7�+iQ`v- bQ ?2 BMp2biB;�i2/ �
/Bz2`2Mi 7�KBHv Q7 K2i?Q/bX
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lT/�i2 `2}M2b �M 2tBbiBM; b2i Q7 QTiBQMb �M/ +?QB+2bX �i }`bi ;H�M+2-
i?Bb T`Q+2bb KB;?i b22K iQ #2 +QMi`�/B+iQ`v, mT/�iBM; �M �Hi2`M�iBp2
ivTB+�HHv T`Q/m+2b � M2r �Hi2`M�iBp2X 6Q` 2t�KTH2- r?2M imMBM; UmT@
/�iBM;V �M BK�;2 b�im`�iBQM T�`�K2i2`- i?Bb `2}M2K2Mi vB2H/b � M2r
UimM2/V �Hi2`M�iBp2 BM �//BiBQM iQ i?2 Q`B;BM�HX AM KQbi +�b2b- ?Qr2p2`-
2Bi?2` i?2 Q`B;BM�H �Hi2`M�iBp2 Q` Bib mT/�i2 #2+QK2b � K2`2 KmHiBTH2,
Bi MQ HQM;2` `2+2Bp2b �Mv �ii2MiBQMX �b bm+?- r?BH2 i?2 MmK#2` Q7
�Hi2`M�iBp2b K�v BM+`2�b2- i?2 MmK#2` Q7 QTiBQMb Q` +?QB+2b `2K�BMb
+QMbi�MiX AM Qi?2` rQ`/b- i?2 /Bz2`2M+2 #2ir22M mT/�iBM; �M �Hi2`M�@
iBp2 �M/ ;2M2`�iBM; � M2r �Hi2`M�iBp2 H�`;2Hv ?�b iQ /Q rBi? r?2i?2`
i?2 mb2` BMi2M/b iQ +QK2 #�+F iQ #Qi? �Hi2`M�iBp2bX

6Q` 2t�KTH2- SRy r?Q bim/B2b i?2 mb2 Q7 i2+?MQHQ;v #v KB;`�Mib-
`2;mH�`Hv `2+2Bp2b M2r- mT/�i2/- /�i�X �Hi?Qm;? 2�+? M2r mT/�i2
T`QpB/2b KQ`2 mT@iQ@/�i2 BM7Q`K�iBQM- SRy +QMiBMm2b iQ biQ`2 �HH i?2
/Bz2`2Mi p2`bBQMb, ǳA biQ`2/ �HH Q7 i?2KĘX 6Q` MQr- A /QMǶi M22/ iQ
HQQF �i i?2 T`2pBQmb p2`bBQMb- #mi A 722H b�72 i?�i i?2v �`2 i?2`2X A +�M
`2�+? i?2K r?2M M22/2/XǴ

_2/m+2 /2+`2�b2b i?2 MmK#2` Q7 �Hi2`M�iBp2b �M/ `2T`2b2Mib i?2 +QM@
p2`;2Mi T?�b2 Q7 �M�HvbBbX Ai BM+Hm/2b i�bFb bm+? �b }Hi2`BM;- 2t+Hm/BM;
/�i� b2ib U2X ;X- i?Qb2 B/2MiB}2/ �b TQQ` BM [m�HBivV- �M/ K2`;BM; KmH@
iBTH2 +Q/2 p2`bBQMbX h?2b2 QT2`�iBQMb +�M #2 K�Mm�H- �miQK�iB+- Q`
b2KB@�miQK�iB+X 6Q` 2t�KTH2- Se rQ`Fb QM � KmHiB@Q#D2+iBp2 T`Q#H2K
r?2`2 ?2 M22/b iQ T`2b2Mi i?2 b2i Q7 �Hi2`M�iBp2 QTiBK�H bQHmiBQMb iQ
� /2+BbBQM K�F2`X >2 /2THQvb � irQ@H2p2H }Hi2`BM; �TT`Q�+?- r?2`2 ?2
}`bi mb2b � KmHiB@Q#D2+iBp2 QTiBKBx�iBQM �H;Q`Bi?K iQ �miQK�iB+�HHv
b2H2+i � bm#b2i Q7 QTiBK�H bQHmiBQMb Ui?2 S�`2iQ 7`QMiV- i?2M i?2 /2@
+BbBQM K�F2` K�Mm�HHv b2H2+ib i?2 #2bi bQHmiBQMUbV �++Q`/BM; iQ ?Bb
T`272`2M+2bX
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_2�bQM 2M+�TbmH�i2b �HH i�bFb i?�i `2bmHi BM i?2 ;2M2`�iBQM Q7 i?Qm;?ib-
BMbB;?ib- Q` /2+BbBQMb QM �Hi2`M�iBp2bX q2 B/2MiB}2/ `2�bQMBM; i�bFb
bm+? �b +QKT�`2- BMbT2+i- 2t�KBM2- BMi2`T`2i- mM/2`bi�M/- �M/ 2p�H@
m�i2X h?2 T`Q+2bb Q7 `2�bQMBM; Bb Q7i2M � +QK#BM�iBQM Q7 � b2`B2b Q7
i�bFbX 6Q` 2t�KTH2- Se +`2�i2/ � i�#H2 iQ +QKT�`2 i?2 T2`7Q`K�M+2 Q7
/Bz2`2Mi +H�bbB}2`b �M/ `2;`2bbQ`b- `2p2�HBM; i?�i /2+BbBQM i`22b i2M/ iQ
T`Q/m+2 #2ii2` `2bmHibX _2~2+iBM; QM ?Bb T�bi 2tT2`B2M+2 �M/ /QK�BM
FMQrH2;2- ?2 +QmH/ +QM}`K i?Bb }M/BM; �M/ b?�`2 Bi rBi? +QHH2�;m2bX

J�M�;2 `272`b iQ i?2 QT2`�iBQMb i?�i bi`m+im`2- Q`;�MBx2 �M/ K�BM@
i�BM �Hi2`M�iBp2b 7Q` H�i2` `272`2M+2 Q` `2mb2- bm+? �b �MMQi�iBM; U2X ;X-
+QKK2Mib QM T`Qb � +QMb Q7 �Hi2`M�i2 K2i?Q/bV- p2`bBQMBM; TB2+2b
Q7 +Q/2- �M/ r`BiBM; b+`BTib iQ `2KQp2 KmHiBTH2b i?�i �`2 MQ HQM;2`
M22/2/X

��� 4USBUFHJFT UP $PQF XJUI
"MUFSOBUJWFT

AM i?Bb b2+iBQM- r2 b?�`2 p�`BQmb bi`�i2;B2b /2THQv2/ #v Qm` T�`iB+B@
T�Mib- bi`m+im`2/ #v T`Q+2bbX q2 /Q MQi i`v iQ ;Bp2 �M 2t?�mbiBp2
+�i2;Q`Bx�iBQM #v 2MmK2`�iBM; �HH TQbbB#H2 bi`�i2;B2bX AMbi2�/- r2 T`Q@
pB/2 /2b+`BTiBQMb #�b2/ QM `2+m``BM; bi`�i2;B2b Q#b2`p2/ �KQM; T�`iB+@
BT�MibX

h?2 irQ KQbi +QKKQM bi`�i2;B2b 7Q` 2tTHQ`BM; �Hi2`M�iBp2b +QmH/
#2 +�HH2/ /2Ti?@}`bi UQ` ǳbMBT2`ǴV �M/ #`2�/i?@}`bi Uǳb?Qi;mMǴVX AM
i?2 /2Ti?@}`bi bi`�i2;v- i?2 T�`iB+BT�Mi rQmH/ +QM+2Mi`�i2 QM � ;Bp2M-
T`QKBbBM; �Hi2`M�iBp2 U+?QB+2V- +QMbB/2`BM; Qi?2` �Hi2`M�iBp2b QMHv r?2M
M22/2/ Ubm+? �b r?2M `2+Q;MBxBM; � /2�/@2M/VX AM i?2 #`2�/i?@}`bi
bi`�i2;v- i?2 �M�Hvbi rQmH/ ;2M2`�i2 K�Mv KmHiBTH2b Q` QTiBQMb iQ Tm`@
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bm2 #27Q`2 2p2Mim�HHv 7Q+mbBM; /QrM QM QM2 Q` irQ T`QKBbBM; +?QB+2bX
6Q` 2t�KTH2- Se rQmH/ i?`Qr ǳ�HHǴ Q7 i?2 K�+?BM2 H2�`MBM; �H;Q`Bi?Kb
BM ?Bb iQQH +?2bi �i � T�`iB+mH�` T`Q#H2K UǳaQ vQm i`v i?2K �HHǴV #27Q`2
rBMMQrBM; i?2K /QrM iQ i?Qb2 i?�i T2`7Q`K #2biX

����� (FOFSBUJOH
 VQEBUJOH BOE SFEVDJOH
BMUFSOBUJWFT

AM 2�+? Q7 i?2b2 i?`22 T`Q+2bb2b- T�`iB+BT�Mib rQmH/ Q7i2M +QMbmHi 2t@
i2`M�H `2bQm`+2bc /`�r QM T�bi 2tT2`B2M+2 Q` /QK�BM FMQrH2/;2c Q`
mb2 i`B�H �M/ 2``Q`X S�`iB+BT�Mib 7`2[m2MiHv +QMbmHi2/ 2ti2`M�H bQm`+2b
iQ ;2M2`�i2 M2r K2i?Q/b- mT/�i2 +m``2Mi KQ/2Hb- Q` 2HBKBM�i2 BK@
T2`iBM2Mi �Hi2`M�iBp2bX h?2b2 2ti2`M�H bQm`+2b +QmH/ #2 �`iB7�+ib U2X ;X-
`2b2�`+? T�T2`b- +Q/2 `2TQbBiQ`B2bV Q` ?mK�M U2X ;X- +QHH2�;m2b- /QK�BM
2tT2`ibVX 6Q` 2t�KTH2- Sk Q7i2M +QMbmHib 2ti2`M�H `2bQm`+2b #27Q`2 mb@
BM; � bMBT2` bi`�i2;v, ǳĘA `2�/ � HQi Q7 T�T2`b- �M/ i?2M A rBHH b22
r?B+? �H;Q`Bi?K Bb ?B;?Hv `272`2M+2/ �KQM; i?Qb2 T�T2`b �M/ +�M �TTHv
iQ � rB/2 `�M;2 Q7 +�b2bXǴ S�`iB+BT�Mib �HbQ `2Hv QM i?2B` T�bi �M�@
HviB+ 2tT2`B2M+2 Q` /QK�BM FMQrH2/;2 iQ ;2M2`�i2- mT/�i2 �M/ `2/m+2
�Hi2`M�iBp2b- �b r?2M Sj- SRyĜRk ;2M2`�i2 M2r ?vTQi?2b2b Q` r?2M
Sk 2HBKBM�i2/ �H;Q`Bi?Kb #�b2/ QM T�bi 2tT2`B2M+2, ǳq2 ?�/ � T`2pB@
Qmb T`QD2+i �#Qmi HBp2` r?B+? mb2/ i?2 }`bi K2i?Q/X ĘAiǶb �#Qmi ky yyy
TQBMibX h?2 }`bi K2i?Q/ r�b �H`2�/v iBK2@+QMbmKBM;X aQ i?Bb iBK2
r2 ?�p2 KQ`2 i?�M 8y yyy TQBMib �M/ � KQ`2 +QKTHB+�i2/ bi`m+im`2- bQ
bm`2 i?2 }`bi QM2 +�MMQi K22i Qm` `2[mB`2K2Mib- bQ r2 /B`2+iHv mb2/
i?2 b2+QM/XǴ

q?2M � T`Q#H2K Bb TQQ`Hv /2}M2/ Q` i?2 ;Q�H Bb mM+H2�`- T�`iB+B@
T�Mib KB;?i 2KTHQv ǳi`�BH � 2``Q`XǴ 6Q` 2t�KTH2- SN /2b+`B#2b ;2M2`�i@
BM; pBbm�HBb�iBQMb 7Q` +HB2Mib, ǳq2 M22/ iQ i�HF rBi? i?2K iQ mM/2`bi�M/
r?�i i?2v K2�M #v #HQ+F- Q` #v i?BM;X PM+2 r2 i?BMF r2 mM/2`biQQ/-
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r2 r`Bi2 /QrM � K�i?2K�iB+�H /2}MBiBQM Q7 i?2 Q#D2+i- r2 +QKTmi2 Bi-
�M/ b?Qr Bi iQ i?2 T2QTH2 �M/ b�v i?Bb Bb r?�i vQm r2`2 i�HFBM; �#Qmi-
i?Bb ;2QK2i`v ?2`2X h?2v �`2 HBF2 v2b Q` MQXǴ

q?2M rQ`FBM; BM � i2�K- T�`iB+BT�Mib KB;?i �/QTi � /BpB/2 �
+QM[m2` bi`�i2;v- rBi? 2�+? i2�K K2K#2` 2tTHQ`BM; � bm#b2i Q7 i?2
�Hi2`M�iBp2bX 6Q` 2t�KTH2- S8 �M/ ?Bb i2�KK�i2 BM/BpB/m�HHv +QHH2+i2/
TQi2MiB�H /�i�b2ibX �7i2` b2T�`�i2Hv }Hi2`BM; �M/ +Hmbi2`BM;- i?2v T`2@
b2Mi2/ i?2 +Hmbi2`b iQ i?2B` T`Q72bbQ` iQ /2+B/2 r?B+? QM2 iQ Tm`bm2X
aBKBH�`Hv- Sd rQ`Fb rBi? irQ Qi?2` +QHH2�;m2b iQ }M/ � KQ/2H 7Q` i?2B`
/�i� +QHH2+i2/ BM 2tT2`BK2Mib- r?2`2 2�+? Q7 i?2K BKTH2K2Mi2/ QM2
Q` KQ`2 �H;Q`Bi?Kb iQ b22 r?2i?2` Bi rQ`FbX

����� 3FBTPOJOH BCPVU BMUFSOBUJWFT
_2�bQMBM; �#Qmi �Hi2`M�iBp2b Q7i2M BMpQHp2b bm#@i�bFbX PM2 +QKKQM
i�bF Bb iQ +QKT�`2 �M/ +QMi`�bi �Hi2`M�iBp2b iQ BM7Q`K 2p�Hm�iBQM Q`
/2+BbBQM@K�FBM;X aQK2 T�`iB+BT�Mib rQmH/ mb2 K2i`B+ ;mB/�M+2 7Q` i?Bb
+QKT�`BbQM- �b r?2M Sj- SeĜ3 +�H+mH�i2/ T2`+2Mi�;2 �++m`�+v- 2``Q`
`�i2- Q` /2pB�iBQM 7`QK � #�b2HBM2X Pi?2` T�`iB+BT�Mib mb2/ [m�HBi�iBp2
�TT`Q�+?2b- bm+? �b K�FBM; pBbm�H +QKT�`BbQMb #2ir22M �Hi2`M�iBp2b
USRĜk- S8- SNVX Pm` T�`iB+BT�Mib 2tT`2bb2/ i?2 M22/ iQ pB2r �M/ +QK@
T�`2 KmHiBTH2 �Hi2`M�iBp2b bBKmHi�M2QmbHv- �b r�b �HbQ ?B;?HB;?i2/ BM
Qi?2` bim/B2b QM �Hi2`M�iBp2b (j- d- 8e)X h?2v Q7i2M +QKT�`2/ �Hi2`M�@
iBp2b bB/2@#v@bB/2 USRĜj- S8- Sd- SRRV- bm+? �b r?2M +QKT�`BM; irQ
T`Q;`�K }H2bX Pi?2`b mb2/ H�v2`BM; USj- S8Ĝe- SNV �M/ �MBK�iBQM
USk- SeVX aQK2 �Hi2`M�iBp2b 2tBbi 7Q` i?2 bQH2 Tm`TQb2 Q7 +QKT�`BbQMX
6Q` 2t�KTH2- SR +`2�i2/ �M BMi2`K2/B�i2 �Hi2`M�iBp2 Q7 � bT`2�/b?22i
+�H+mH�iBQM i?�i b2`p2/ �b � HBMF iQ � T�bi p2`bBQM i?�i ?2 +QmH/ mb2
r?2M +QKKmMB+�iBM; rBi? ?Bb #QbbX

_2�bQMBM; �HbQ BMpQHp2b /`�rBM; QM /�i� rQ`F2`bǶ T�bi 2tT2`B2M+2
Q` /QK�BM FMQrH2/;2- �b r?2M Sj �M/ SRyĜRk `2Hv QM i?2B` /QK�BM
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FMQrH2/;2 iQ ;2M2`�i2 M2r ?vTQi?2b2bX Sj- 7Q` 2t�KTH2- rQmH/ BMi2`@
T`2i i?2 `2bmHib Q7 /Bz2`2Mi pBbm�H i`�+F2`b #v BMbT2+iBM; i?2B` QmiTmi
H�v2`b BM � +QMpQHmiBQM�H M2m`�H M2irQ`FX q?2M #2vQM/ i?2B` 2tT2`@
iBb2- i?2v KB;?i +QMbmHi 2ti2`M�H `2bQm`+2b- bm+? �b #v �bFBM; /Q+iQ`b iQ
K�F2 b2Mb2 Q7 /Bz2`2Mi KQ/2HBM; `2bmHib Q` +QMbmHiBM; /�i� T`QpB/2`b
iQ #2ii2` mM/2`bi�M/ /�i� 72�im`2bX

_2�bQMBM; Bb ?�`/2` r?2M 7�+BM; � H�`;2 b+�H2 Q7 �Hi2`M�iBp2bX 6Qm`
T�`iB+BT�Mib M22/2/ iQ i�+FH2 � H�`;2 MmK#2` Q7 �Hi2`M�iBp2b /m`BM;
i?2B` �M�Hvb2b USR- Sj- Se- SNV- `�M;BM; 7`QK ?mM/`2/b Q7 �Hi2`M�iBp2
;`�T?b iQ i?Qmb�M/b Q7 /�i� �Hi2`M�iBp2bX 6Q` 2t�KTH2- SR �M�Hvx2b
;`�T?b Q7 ?mM/`2/b Q7 KQ/2H bBKmH�iBQMbX >Bb �TT`Q�+? `2b2K#H2b i?2
bK�HH KmHiBTH2b i2+?MB[m2- r?2`2 ?2 �``�M;2b i?2 `2bmHiBM; ;`�T?b BM
� K�i`Bt- T`QpB/BM; �M Qp2`pB2r �M/ �HHQrBM; +QKT�`BbQMbX >2 /2@
b+`B#2b- ǳq2 ?�p2 TB+im`2b Q7 KQ`2 i?�M 3y +�`iQ;`�T?B2b- rBi? /Bz2`@
2Mi T�`�K2i2`bX q2 b�p2 i?2K �b TB+im`2b iQ SQr2`TQBMi- HBF2 � HBbi
Q7 BK�;2b Q` K�i`BtX �i i?�i KQK2Mi r2 +�M bi�`i HQQFBM; �i i?2K-
iQ �M�Hvx2 i?2 +?�M;2 Q7 T�`�K2i2`b �M/ i?2 BKT�+ib- r?�i +?�M;2b-
r?v Bi +?�M;2b- r?2M Bi +?�M;2b- +?�M;2b ?QrXǴ Se- BMbi2�/- mb2b �M
QTiBKBb�iBQM �H;Q`Bi?K iQ M�``Qr i?2 bQHmiBQM bT�+2 #27Q`2 7Q+mbBM;
QM bT2+B}+ bBKmH�iBQMbX

����� .BOBHJOH BMUFSOBUJWFT
S�`iB+BT�Mib K�M�;2/ �Hi2`M�iBp2b 2Bi?2` BM7Q`K�HHv pB� �MMQi�iBQMb-
mbBM; 7QH/2` bvbi2Kb- Q` pB� /2/B+�i2/ p2`bBQMBM; iQQHb bm+? �b :Bi Q`
JB+`QbQ7i h6aX P7i2M- ?Qr2p2`- i?2v mb2/ � +QK#BM�iBQM Q7 K2i?Q/b
�M/ iQQHbX aQK2 /BbiBM;mBb? �Hi2`M�iBp2b K�M�;2K2Mi �i /Bz2`2Mi �#@
bi`�+iBQM H�v2`bX 6Q` 2t�KTH2- Sk `2+Q`/b /Bz2`2Mi BMi2`T`2i�iBQMb BM
?2` MQi2#QQFb- b�p2b T�`�K2i2` i`�BHb BM bT`2�/b?22ib iQ 7�+BHBi�i2 7m@
im`2 �M�Hvb2b- �M/ mb2b h6a iQ +QHH�#Q`�i2 rBi? +QHH2�;m2bX Se b�p2/
�HH ;2M2`�i2/ KmHiBTH2b BM QM2 TH�+2 �M/ KQp2/ T`QKBbBM; QTiBQMb iQ �
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b2T�`�i2 7QH/2`X 6Qm` mb2`b 72Hi i2MbBQM #2ir22M 2tTHQ`�iBQM �M/ K�M@
�;2K2Mi- �b SRR bi`m;;H2/- ǳB7 AǶK BM i?2 KQ/2 Q7 2tTHQ`BM;- A `2�HHv
/QMǶi r�Mi iQ HQb2 iBK2 BM K�FBM; i?BM;b +H2�MĘXǴ hrQ T�`iB+BT�Mib
T2`7Q`K2/ TQbi@?Q+ +H2�MmT- r?BH2 �MQi?2` i`B2/ iQ #�H�M+2 ;2M2`�i@
BM; �Hi2`M�iBp2b rBi? K�BMi�BMBM; � +H2�M2` `2+Q`/ Q7 i?Qb2 2tTHQ`2/X
�MQi?2` �/KBii2/ iQ `�`2Hv +H2�MBM; mT, ǳA r�Mi iQ ;Q �M/ +H2�M Bi mT
�7i2`r�`/b- bQ i?�i A +�M b?�`2 Bi rBi? Qi?2` T2QTH2X AiǶb FBM/ Q7 Kv
`2bTQMbB#BHBiv iQ /Q Bi �7i2`r�`/b- #mi A /QMǶi /Q Bi- BM i?2Q`v vQm +�M
2�bBHv /2H2i2 � +2HH- #mi A /QMǶi /Q BiǴ USdVX

��� "QQMJDBUJPO PG "MUFSOBUJWFT
'SBNFXPSL PO BOBMZTJT UPPMT

AM i?Bb b2+iBQM- r2 �TTHv Qm` �Hi2`M�iBp2b 7`�K2rQ`F iQ 7Qm` /�i�
�M�HvbBb bvbi2Kb /`�rM 7`QK i?2 HBi2`�im`2X q2 +?Qb2 i?2 }`bi irQ
bvbi2Kběo�`BQHBi2 (3) �M/ GBioBb (9N)ě#2+�mb2 i?2v b22K +QM+2Tim@
�HHv bBKBH�`, #Qi? 2tTHB+BiHv �//`2bb MQM@HBM2�`- #`�M+?BM; T`Q+2bb2b
BMpQHp2/ BM /�i� b+B2M+2 +Q/BM; �+iBpBiB2b- �M/ #Qi? #mBH/ BM � +Q/2 2/B@
iQ` 2MpB`QMK2MiX q?2`2�b i?2 }`bi irQ bvbi2Kb 7Q+mb QM +Q/2@Q`B2Mi2/
i�bFb- i?2 b2+QM/ irQ bvbi2Kbě1pQ:`�T?.B+2 (ej) �M/ �`mpB (dy)ě
#Qi? 7Q+mb QM BMi2`�+iBp2 /�i� 2tTHQ`�iBQM �M/ KQ/2HBM;X h?2b2 irQ
bvbi2Kb �//`2bb /Bz2`2Mi FBM/b Q7 T`Q#H2Kb- #Qi? +QM+2Tim�HHv �M/ BM
i2`Kb Q7 i?2B` 7mM/�K2Mi�H `2H�iBQMb?BT iQ �Hi2`M�iBp2bX q2 /2KQM@
bi`�i2 ?Qr i?2 �Hi2`M�iBp2b 7`�K2rQ`F +�M ?2HT `2p2�H i?2 /Bz2`2Mi
FBM/b Q7 �Hi2`M�iBp2b i?2v �//`2bbX

o�`BQHBi2 BMi2;`�i2b p2`bBQM i`�+FBM;f?BbiQ`v HQ;;BM; bBKBH�` BM +QM@
+2Ti iQ :Bi /B`2+iHv BMiQ i?2 +Q/2 2/BiBM; 2MpB`QMK2Mi (3)X Ai BMi`Q/m+2b
i?2 +QM+2Tim�H +QM+2Ti Q7 +Q/2 p�`B�Mib- r?2`2 i?2 mb2` +`2�i2b �Hi2`@
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M�i2 BKTH2K2Mi�iBQMb /B`2+iHv BM i?2 +Q/2 2/BiBM; 2MpB`QMK2Miě7Q`
2t�KTH2 iQ mb2 � ǳbi`B+i K�i+?BM;Ǵ pbX � ǳ7mxxv K�i+?BM;Ǵ BKTH2K2M@
i�iBQM Q7 � b2�`+? 7mM+iBQM- �b b?QrM BM };m`2 kX3X h?2b2 p�`B�Mib
+�M #2 `2pBbBi2/ i?`Qm;? � #`�M+? K�T /B`2+iHv 2K#2//2/ rBi?BM 2�+?
p�`B�MiX

AM i2`Kb Q7 /2;`22 Q7 �ii2MiBQM- � p�`B�Mi mM/2` �+iBp2 /2p2HQTK2Mi
Bb � +?QB+2- rBi? Qi?2` p�`B�Mib �b QTiBQMbX �b i?2 mb2` MQ HQM;2`
+QMbB/2`b +2`i�BM p�`B�Mib- i?2v K�v #2+QK2 KmHiBTH2b `�i?2` i?�M
QTiBQMb mMiBH i?2 mb2` 2p2Mim�HHv UT2`?�TbV `2pBbBib i?2KX �b bm+?-
o�`BQHBi2 T`QpB/2b 2tTHB+Bi bmTTQ`i 7Q` K�M�;BM; i?2b2 i?`22 ivT2b Q7
�Hi2`M�iBp2X

h?2 F2v BMbB;?i Q7 o�`BQHBi2 Bb BM i?2 2t2+miBQM �#bi`�+iBQM H2p2H-
7Q+mbBM; QM T`QpB/BM; bmTTQ`i 7Q` ?Qr i?2 mb2` +�M K�M�;2 bm+? �H@
i2`M�iBp2b /B`2+iHv rBi?BM i?2 +Q/BM; 2MpB`QMK2Mi �M/ `2/m+BM; i?2
BMi2`�+iBp2 7`B+iBQM BMpQHp2/X _�i?2` i?�M K�M�;BM; +?`QMQHQ;B+�H p2`@
bBQMb Q7 � r?QH2 T`QD2+i- i?2 mb2` 2tTHQ`2b i?2b2 �Hi2`M�iBp2b �M/ i?2B`
+QK#BM�iBQMb /B`2+iHv BM i?2 BMi2`7�+2 i?`Qm;? 2tTHB+Bi bmTTQ`i 7Q`
i?2 2t2+miBQM@Q`B2Mi2/ T`Q+2bb2b, ;2M2`�iBM;- mT/�iBM;- `2/m+BM;- �M/
K�M�;BM; �Hi2`M�iBp2bX o�`BQHBi2 `2/m+2b i?2 7`B+iBQM BMpQHp2/ BM i?2
K�M�;2K2Mi Q7 i?2b2 2t2+miBQM �M/ +Q/2 �`iB7�+i �Hi2`M�iBp2b bQ i?�i
KQ`2 +Q;MBiBp2 `2bQm`+2b +�M #2 /2pQi2/ iQ i?2 +Q;MBiBp2 �bT2+ib Q7
i?2 i�bF- #2vQM/ i?2 b+QT2 Q7 i?2 bvbi2KX

GBioBb �HbQ T`QpB/2b 2tTHB+Bi bmTTQ`i 7Q` �Hi2`M�iBp2b BM � +Q/2 2/Bi@
BM; 2MpB`QMK2Mi- 7Q+mbBM; QM i?2 +QM+2Ti Q7 /2bB;M 2tTQbBiBQMb `�i?2`
i?�M +Q/2 p�`B�Mib BM i?2 +QMi2ti Q7 � HBi2`�i2 pBbm�HBb�iBQM +QKTm@
i�iBQM�H MQi2#QQF (9N)X AMbi2�/ Q7 +`2�iBM; �Hi2`M�iBp2b BM � bBM;H2
/Q+mK2Mi �b BM o�`BQHBi2- BM GBioBb � mb2` ;2M2`�i2b �Hi2`M�iBp2b #v
�//BM; � M2r T�`�HH2H ǳ#`�M+?XǴ 1�+? #`�M+? Bb � bBM;H2 }H2 r?B+?
+�M #2 `272`2M+2/ BM i?2 `QQi }H2 �M/ +�M 7m`i?2` /Bp2`;2 BMiQ bm#@
#`�M+?2b #v `272`2M+BM; iQ Qi?2` }H2b- r?B+? iQ;2i?2` 7Q`K � /Q+mK2Mi
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i`22 bi`m+im`2- �b b?QrM BM };m`2 jX8X �b i?2 mb2`Ƕb �ii2MiBQM b?B7ib
BM i?2 �M�HvbBb T`Q+2bb2b- i?2 `QH2 Q7 i?2b2 #`�M+?2b +�M KQp2 �HQM;
KmHiBTH2b- QTiBQMb- �M/ +?QB+2bX �Hi2`M�iBp2b +�M �`Bb2 �i � KQ`2 }M2@
;`�BM2/ H2p2Hě7Q` 2t�KTH2- � bBM;H2 #`�M+? +�M +QMi�BM K�Mv +Q/2
#HQ+Fb- 2�+? Q7 r?B+? +�M `2M/2` � /Bz2`2Mi pBbm�HBb�iBQM rBi? p�`BQmb
2M+Q/BM;b Q` i�F2 /Bz2`2Mi /�i� �b BMTmiX

GBioBb �HbQ BMi`Q/m+2b ǳM�``�iBp2 b+?2K�b-Ǵ r?B+? /`Bp2 pBbm�HBb�@
iBQM /2bB;M2`b iQ `2~2+i QM �M/ b?�`2 2�+? /2bB;MǶb `�iBQM�H2- `2B7vBM;
i?2b2 +Q;MBiBp2 �Hi2`M�iBp2b BM i?2 bvbi2K /2bB;MX 6Q` 2t�KTH2- #v �T@
THvBM; i?2 aQ+`�iB+ [m2biBQMBM; b+?2K�- mb2`b �Mbr2` [m2biBQMb bm+?
�b ǳq?�i rQmH/ vQm /Q /Bz2`2MiHv B7 vQm r2`2 iQ bi�`i i?2 T`QD2+i
�;�BM\Ǵ �b Tmi #v i?2 �mi?Q`b- ǳ1�+? #`�M+? BM � i`22 +�M `2T`2b2Mi
�Hi2`M�iBp2 TQi2MiB�HHv +QKT2iBM; /2bB;Mb 2�+? rBi? i?2B` QrM `�iBQ@
M�H2XXXBMi2M/ iQ +�Tim`2 i?2 `�iBQM�H2 �M/ FMQrH2/;2 �bbQ+B�i2/ rBi?
pBbm�HBx�iBQM /2bB;M /2+BbBQMb �i � KQ`2 ;`�MmH�` H2p2HXǴ

*QKT�`BM; i?2b2 irQ bvbi2Kb BM i2`Kb Q7 i?2 �Hi2`M�iBp2b 7`�K2@

'JHVSF ���� � KQ`2 i`�/BiBQM�H bBM;H2 HBipBb }H2 UH27iV- pbX � #`�M+?BM;
M�``�iBp2 bi`m+im`2 BM KmHiBTH2 }H2b U`B;?iV BM GBioBb (9N)X
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rQ`F- #Qi? bvbi2Kb i?mb T`QpB/2 2tTHB+Bi bmTTQ`i 7Q` KmHiBTH2b- QTiBQMb-
�M/ +?QB+2bX o�`BQHBi2 7Q+mb2b T`BK�`BHv QM i?2 2t2+miBQM �#bi`�+iBQM
H2p2H- H2�pBM; +Q;MBiBp2 �Hi2`M�iBp2b #2vQM/ i?2 /B`2+i b+QT2 Q7 i?2 bvb@
i2KX AM +QMi`�bi- GBioBb T`QpB/2b KQ`2 2tTHB+Bi bmTTQ`i 7Q` +Q;MBiBp2
�Hi2`M�iBp2b- r?BH2 T`QpB/BM; KQ`2 HBKBi2/- +Q�`b2`@;`�BM2/ bmTTQ`i 7Q`
2t2+miBQM@H2p2H �Hi2`M�iBp2bX

1pQ:`�T?.B+2 ?2HTb mb2`b 2tTHQ`2 KmHiB/BK2MbBQM�H /�i�b2ib QM �
H�`;2 MmK#2` Q7 �Hi2`M�iBp2 T`QD2+iBQMb (ej)- �b b?QrM BM };m`2 jXeX
h?2 T`BK�`v �Hi2`M�iBp2b ?2`2 �`2 /Bz2`2Mi pBbm�H T`QD2+iBQMbX 1pQ@
:`�T?.B+2 +QK#BM2b i?2 �miQK�iB+ /2i2+iBQM Q7 pBbm�H 72�im`2b rBi?
?mK�M BMi2`T`2i�iBQM �M/ 7Q+mb2b QM i?2 ;2M2`�iBQM Q7 M2r KmHiBTH2b
�b r2HH �b i?2 i`�MbBiBQM #2ir22M KmHiBTH2b- QTiBQMb- �M/ +?QB+2bX h?2
iQQH }`bi T`2b2Mib i?2 mb2` rBi? � b+�ii2`THQi K�i`Bt Q7 TQi2MiB�HHv BM@
i2`2biBM; pB2rb #�b2/ QM T`BM+BT�H +QKTQM2Mi �M�HvbBb US*�VX AM i2`Kb
Q7 /2;`22 Q7 �ii2MiBQM- i?2 BM/BpB/m�H pB2rb BM i?2 b+�ii2`THQi K�i`Bt
�`2 KmHiBTH2b- `2+2BpBM; QMHv HBKBi2/ �ii2MiBQM 7`QK i?2 mb2`X �b i?2
mb2` 2tTHQ`2b �M/ +QMbB/2`b /Bz2`2Mi KmHiBTH2b- i?Qb2 rBi? K2�MBM;7mH
Q` BMi2`2biBM; pBbm�H T�ii2`Mb Q7i2M #2+QK2 QTiBQMbX h?2 mb2` +�M b2@
H2+i � bT2+B}+ pB2r iQ BMbT2+i �M/ +�M T`QpB/2 � b�iBb7�+iBQM b+Q`2 iQ
?2HT ;mB/2 i?2 bvbi2K �b Bi mb2b �M 2pQHmiBQM�`v �H;Q`Bi?K iQ #`22/ M2r
+�M/B/�i2 T`QD2+iBQMbX lb2`b Bi2`�iBp2Hv `2T2�i i?Bb T`Q+2bb mMiBH `2�+?@
BM; � b�iBb7�+iQ`v }M/BM;X lbBM; i?2 MQiBQM Q7 ǳ7`�K2 Q7 `272`2M+2-Ǵ i?2
mb2`Ƕb +?QB+2 Bib2H7 #2+QK2b � KmHiBTH2 �KQM;bi i?2 M2r ;2M2`�iBQM Q7
KmHiBTH2b #`2/ #v i?2 2pQHmiBQM�`v �H;Q`Bi?KX �b bm+?- 1pQ:`�T?.B+2
Bb i?2 QMHv QM2 Q7 i?2 7Qm` bvbi2Kb iQ T`QpB/2 2tTHB+Bi bmTTQ`i 7Q` i?2
:2M2`�iBQM Q7 KmHiBTH2bX JQ`2Qp2`- � ǳb2H2+iBQM ?BbiQ`vǴ T�M2H ?2HTb
mb2`b K�M�;2 BMbB;?i7mH pB2rb #v b�pBM; i?2K �b 7�pQ`Bi2b UQTiBQMbV
�M/ `2pBbBiBM; T`2pBQmbHv b�p2/ +QM};m`�iBQMb UK�FBM; +?QB+2bVX

AM i2`Kb Q7 �#bi`�+iBQM H2p2H- r2 }M/ i?�i 1pQ:`�T?.B+2 T`QpB/2b
HBKBi2/ bmTTQ`i 7Q` �Hi2`M�iBp2b �i i?2 +Q;MBiBp2 Q` 2t2+miBQM H�v2`bX
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'JHVSF ���� 1pQ:`�T?.B+2 2M�#H2b mb2`b iQ 2tTHQ`2 KmHiB/BK2MbBQM�H
/�i� b2ib QM � H�`;2 MmK#2` Q7 �Hi2`M�iBp2 T`QD2+iBQMb (ej)X

h?2 H�ii2` rQmH/ b22K #2vQM/ i?2 b+QT2 Q7 i?Bb bvbi2KX 6Q` i?2 7Q`K2`-
i?2 mb2` +�M ;2M2`�i2- mT/�i2- i2bi- �M/ /Bb+�`/ ?vTQi?2b2b- #mi i?2
�TTHB+�iBQM T`QpB/2b HBiiH2 2tTHB+Bi bmTTQ`i iQ K�M�;2 i?2K #2vQM/
b�pBM; BMi2`2biBM; pB2rbX

�`mpB �BKb iQ #2ii2` bmTTQ`i i?2 b2Mb2K�FBM; T`Q+2bb /m`BM; BMi2`@
�+iBp2 /�i� 2tTHQ`�iBQM (dy)X P7 i?2 7Qm` iQQHb- Bi T`QpB/2b i?2 KQbi
2tTHB+Bi bmTTQ`i 7Q` �HH i?`22 �#bi`�+iBQM H2p2HbX h?2 bvbi2K BMi2`7�+2
+QK#BM2b i?`22 pB2rbě� /�i� pB2r- � FMQrH2/;2 pB2r- �M/ � M�pB;�@
iBQM pB2r- �b b?QrM BM };m`2 jXdX h?2 mb2` +�M 2tTHQ`2 �`iB7�+i �M/
2t2+miBQM �Hi2`M�iBp2b BM i?2 /�i� pB2r- bm+? �b 7Q` i2biBM; /Bz2`2Mi
ivT2b Q7 pBbm�HBx�iBQMb �M/ p�`BQmb 2M+Q/BM;bX h?2 FMQrH2/;2 pB2r
bmTTQ`ib ;2M2`�iBM; �M/ K�M�;BM; +Q;MBiBp2 �Hi2`M�iBp2b bm+? �b /B7@
72`2Mi ?vTQi?2b2b �M/ K2Mi�H KQ/2HbX Ai T`QpB/2b � ~2tB#H2 ;`�T?B+�H
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'JHVSF ���� �`mpB bvbi2K +QK#BM2b i`22 /Bz2`2Mi FBM/b Q7 pB2rb U/�i�-
FMQrH2/;2 �M/ M�pB;�iBQMV iQ bmTTQ`i �M�HviB+�H `2�bQMBM; T`Q+2bb BM
pBbm�H /�i� 2tTHQ`�iBQM (dy)X

2MpB`QMK2Mi r?2`2 mb2`b +�M +QMbi`m+i /B�;`�Kb iQ 2ti2`M�HBx2 i?2B`
+Q;MBiBp2 �Hi2`M�iBp2bX h?2b2 +Q;MBiBp2 �`iB7�+ib +�M #2 HBMF2/ rBi?
`2H�i2/ pBbm�HBx�iBQMb BM i?2 /�i� pB2r iQ T`QpB/2 +QMi2ti �M/ �`;m@
K2MibX

.m`BM; i?2 2tTHQ`�iBQM T`Q+2bb- �HH +?�M;2b K�/2 BM i?2 /�i� pB2r
�`2 +�Tim`2/ �miQK�iB+�HHv �M/ `2T`2b2Mi2/ �b � ?BbiQ`v i`22 BM i?2
M�pB;�iBQM pB2rX h?2 BMi2`/2T2M/2M+v �KQM; �`iB7�+if2t2+miBQM �H@
i2`M�iBp2b �M/ +Q;MBiBp2 �Hi2`M�iBp2b Bb T�`iB�HHv b?QrM QM i?Bb i`22- �b
i?2 MQ/2 r?B+? `2T`2b2Mib � bT2+B}+ bi�i2 BM i?2 /�i� pB2r Bb K�`F2/
r?2M HBMF2/ iQ � +Q;MBiBp2 �`iB7�+i BM i?2 FMQrH2/;2 pB2rX qBi? i?2b2
i?`22 pB2rb- Bi Bb `2H�iBp2Hv 2�bv 7Q` i?2 mb2` iQ M�pB;�i2 �Hi2`M�iBp2b-
`2+Qp2` +QMi2tib- �M/ ;2M2`�i2 M2r QM2b #�b2/ QM 2tBbiBM; bi�i2X
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��� %JTDVTTJPO
AM i?Bb b2+iBQM- r2 +QKT�`2 Qm` }M/BM;b QM �Hi2`M�iBp2b rBi? T�bi rQ`F
�M/ /Bb+mbb i?2 HBKBi�iBQMb Q7 Qm` bim/vX

����� $PNQBSJTPO XJUI PUIFS OPUJPOT
BSPVOE BMUFSOBUJWFT

J�Mv Q7 i?2 �Hi2`M�iBp2b r2 ?�p2 B/2MiB}2/ +�M #2 7QmM/ BM T�bi `2@
b2�`+?X 6Q` 2t�KTH2- +Q/2 �M/ /�i� �Hi2`M�iBp2b +Q``2bTQM/ iQ i?2
ivT2b Q7 �Hi2`M�iBp2 K2MiBQM2/ BM T`BQ` rQ`F (j- 3- j9- 9j- 8e)X AM +QM@
i`�bi iQ Qm` rQ`F r?B+? bim/v i?2 `QH2 Q7 �Hi2`M�iBp2b BM i?2 Qp2`�HH
b2Mb2K�FBM; T`Q+2bb- T�bi bim/B2b 7Q+mb QM � bm#b2i Q7 �Hi2`M�iBp2b BM
bT2+B}+ b2Mb2K�FBM; +QMi2tib Q` bi�;2bX

�b /Bb+mbb2/ BM b2+iBQM kXR- T�bi rQ`F ?�b /BbiBM;mBb?2/ #2ir22M
�Hi2`M�iBp2b- p�`B�iBQMb �M/ p2`bBQMb U2X ;X- (3- ke- kd- 8k)V- rBi? i?2b2
/2}MBiBQMb /2T2M/BM; QM i?2 Bi2`�iBQM Q7 i?2 �Hi2`M�iBp2X q?BH2 i?Bb
/BbiBM+iBQM Bb mb27mH- r2 }M/ Bi BM+QKTH2i2, �Hi2`M�iBp2b +�M 2pQHp2
i?`Qm;?Qmi i?2 �M�HviB+ T`Q+2bbX q?�i KB;?i #2 2T?2K2`�H U� KmHiB@
TH2 BM Qm` 7`�K2rQ`FV �i QM2 bi�;2 KB;?i #2+QK2 i?2 7Q+mb Q7 �ii2MiBQM
H�i2` U�M QTiBQM Q` � +?QB+2VX

h�FBM; i?2 2t�KTH2 Q7 imMBM; � KQ/2H- �++Q`/BM; iQ T�bi /2}MBiBQM-
i?2 /Bz2`2Mi T�`�K2i2`b i2bi2/ �`2 Q7i2M pB2r2/ �b p�`B�iBQMb iQ � ;Bp2M
KQ/2HX AM Qm` 7`�K2rQ`F- �i QM2 TQBMi- T�`�K2i2` �Hi2`M�iBp2b +�M 7�HH
BM i?2 2t2+miBQM H2p2H �M/ �+i �b KmHiBTH2b- bm+? �b r?2M SR r`BiBM;
� b+`BTi iQ ?2HT ?BK i2bi Qmi /Bz2`2Mi +QK#BM�iBQMb Q7 T�`�K2i2`bX
AiǶb Dmbi � K2�Mb iQ +�``v Qmi ?Bb �M�HvbBb �+iBpBiv- �M/ MQ T�`iB+mH�`
�ii2MiBQM r�b Tmi QM �Mv bBM;H2 T�`�K2i2` b2iiBM;c �i bQK2 TQBMi-
?Qr2p2`- i?2 +QK#BM�iBQMb Q7 T�`�K2i2`b i?2Kb2Hp2b #2+QK2 /BbiBM+i
�`iB7�+ib- �b r?2M SR i`vBM; iQ BMbT2+i BMiQ i?2 BMi2`K2/B�i2 `2bmHib iQ
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2tTH�BM i?2 /Bz2`2M+2 +�mb2/ #v i?2 /Bz2`2Mi b2ib Q7 T�`�K2i2`b- i?mb
i?2v #2+QK2 QTiBQMbX

�b r2 /Bb+mbb2/ 2�`HB2`- i?2 ivT2 Q7 �M �Hi2`M�iBp2 /Q2b MQi �TT2�`
iQ #2 � +QM+2Ti BMi`BMbB+ iQ i?2 �Hi2`M�iBp2c `�i?2`- Bi b22Kb iQ �i H2�bi
T�`iB�HHv /2T2M/ QM i?2 /�i� rQ`F2`Ƕb 7`�K2 Q7 `272`2M+2X AM Qm` 7`�K2@
rQ`F- i?2 Q`i?Q;QM�H +QK#BM�iBQM Q7 /2;`22 Q7 �ii2MiBQM rBi? H2p2H Q7
�#bi`�+iBQM +�M ?2HT +H�`B7v i?2 /Bz2`2Mi- Q7i2M +QM~�i2/- MQiBQMb Q7
�Hi2`M�iBp2b BM b2Mb2K�FBM; �+iBpBiB2b- �M/ +�M 2M`B+? Qm` pQ+�#mH�`v
iQ /2b+`B#2 i?2KX Ai 2M�#H2b mb iQ #2ii2` +�Tim`2 i?2 i`�MbBiBQMb Q7
`QH2b Q7 �Hi2`M�iBp2b- �M/ i?2B` ~mB/Biv BM b2Mb2K�FBM; �+iBpBiB2bX

JQ`2Qp2`- T�bi bim/B2b i2M/ iQ 7Q+mb KQbi QM �`iB7�+i Q` 2t2+miBQM
�Hi2`M�iBp2b �M/ BMp2Mi i2+?MB[m2b Q` bvbi2Kb iQ bmTTQ`i i?2KX Pm`
7`�K2rQ`F- BMbi2�/- `2p2�H i?2 2[m�H BKTQ`i�M+2 Q7 i?2 +Q;MBiBp2- �`@
iB7�+i �M/ 2t2+miBQM �Hi2`M�iBp2bX Pm` 7`�K2rQ`F 7m`i?2` 2KT?�bBx2b
i?2 BMi2`/2T2M/2M+v #2ir22M �`iB7�+i �Hi2`M�iBp2b �M/ �Hi2`M�iBp2b �i
i?2 +Q;MBiBp2 �M/ 2t2+miBQM �#bi`�+iBQM H�v2`bX q?2M /2bB;MBM; iQQHb
iQ bmTTQ`i �Hi2`M�iBp2b BM b2Mb2K�FBM;- Bi Bb BKTQ`i�Mi iQ +QMbB/2` i?2
HBMFb #2ir22M i?2KX

h?2 i?B`/ /BK2MbBQM BM Qm` �Hi2`MiBp2b 7`�K2rQ`F /2b+`B#2b i?2
T`Q+2bb2b �`QmM/ i?2b2 /Bz2`2Mi FBM/b Q7 �Hi2`M�iBp2X AM ;2M2`�H- Bi
+QMi�BMb � /Bp2`;2Mi T`Q+2bb iQ ;2M2`�i2 K�Mv �Hi2`M�iBp2b- 7QHHQr2/
#v K�BMi�BMBM; �M/ mT/�iBM; �HH Q` bQK2 Q7 i?2K Ui?2 T�`�HH2H T`Q@
+2bbV- �M/ 2p2Mim�HHv � +QMp2`;2Mi T`Q+2bb iQ M�``Qr /QrM i?2 b+QT2 Q7
TQbbB#H2 bQHmiBQMbX Pm` ?B;?@H2p2H T`Q+2bb2b �`QmM/ �Hi2`M�iBp2b b?�`2
bBKBH�`BiB2b iQ S2M;Ƕb /Qm#H2@/B�KQM/ K2i�T?Q` QM i?2 /�i� �M�Hv@
bBb T`Q+2bb (Nd)X q?BH2 r2 7m`i?2` /2KQMbi`�i2 i?2 p�`BQmb FBM/b Q7
`2�bQMBM; �M/ K�M�;2K2Mi �+iBpBiB2b �`QmM/ �Hi2`M�iBp2b U};m`2 jX9VX
h?2v �`2 irQ 2bb2MiB�H T�`ib �++QKT�Mv i?2 i?`Qm;?Qmi Q7 /Bp2`;2Mi-
T�`�HH2H- �M/ +QMp2`;2Mi T`Q+2bb2bX
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����� 4UVEZ -JNJUBUJPOT
h?2 T`QTQb2/ 7`�K2rQ`F 7Q` �Hi2`M�iBp2b Bb QMHv �M BMBiB�H �ii2KTi iQ
mMT�+F i?2 MQiBQM Q7 �Hi2`M�iBp2b BM /�i� rQ`FX AM i?Bb b2+iBQM- r2
`2~2+i QM i?2 HBKBi�iBQMb Q7 Qm` rQ`F 7`QK i?`22 �bT2+ib- +QM+2Tim�H-
K2i?Q/ �M/ b�KTH2 HBKBi�iBQMbX

*QM+2Tim�H HBKBi�iBQM .�i� �M�HvbBb Bb Q7i2M MQi T2`7Q`K2/ �HQM2-
b�K2 �b i?2 2tTHQ`�iBQM Q7 �Hi2`M�iBp2bX �Hi?Qm;? +QHH�#Q`�iBQM i�F2b
�M 2bb2MiB�H T�`i BM b2Mb2K�FBM; �+iBpBiB2b- BM i?Bb bim/v- r2 mM/2`@
bi�M/ �M/ bi`m+im`2 �Hi2`M�iBp2b #v Q#b2`pBM; �M/ bim/vBM; BM/BpB/m�H
b2Mb2K�FBM; T`Q+2bbX h?Bb 7Q+mb QM BM/BpB/m�Hb KB;?i +QMbi`�BM Qm`
}M/BM;bX q2 +QmH/ TQi2MiB�HHv M2;H2+i bQK2 ivT2b Q7 �Hi2`M�iBp2b i?�i
�`2 KQ`2 HBF2Hv iQ ?�TT2M BM � +QHH�#Q`�iBp2 +QMi2tiX h?2 T`Q+2bb2b
�`QmM/ �Hi2`M�iBp2b �M/ i?2 bi`�i2;B2b iQ +QT2 rBi? i?2K +QmH/ �HbQ
#2 MQi i?2 b�K2X

u2i- BM Qm` b2KB@bi`m+im`2/ BMi2`pB2rb- bQK2 +QHH�#Q`�iBp2 7�+iQ`b
i?�i BM~m2M+2 �Hi2`M�iBp2b biBHH ;2i +�Tim`2/X q?2M �M�HvbBM; i?2 `2�@
bQMb r?v T2QTH2 2tTHQ`2 �Hi2`M�iBp2b- T�`iB+BT�Mib /2+H�`2/ +QHH�#Q`�@
iBQM �b #Qi? i`B;;2`b �M/ #�``B2`b Q7 2tTHQ`BM; �Hi2`M�iBp2bX Pm` T�`@
iB+BT�Mib �HbQ `2p2�H2/ i?�i i?2v +QMbmHi +QHH�#Q`�iQ`b Q` Qi?2` ivT2b
Q7 /QK�BM 2tT2`ib iQ #2ii2` `2�bQM QM �Hi2`M�iBp2b �M/ iQ BM7Q`K 2p�H@
m�iBQM Q` /2+BbBQM@K�FBM;X o�`BQmb FBM/b Q7 bi`�i2;B2b �HbQ ?�p2 #22M
�TTHB2/ iQ +QKKmMB+�i2 �Hi2`M�iBp2b iQ i?2B` +QHH�#Q`�iQ`b- bm+? �b SR
�Hr�vb +`2�i2/ �M BMi2`K2/B�i2 �Hi2`M�iBp2 Q7 � bT`2�/b?22i +�H+mH�@
iBQM i?�i b2`p2/ �b � HBMF iQ � T�bi p2`bBQM i?�i ?2 +QmH/ mb2 r?2M
+QKKmMB+�iBM; rBi? ?Bb #QbbX

J2i?Q/ HBKBi�iBQM "27Q`2 �/QTiBM; i?2 BMi2`pB2r K2i?Q/ 7Q` i?Bb
bim/v- r2 BMBiB�HHv +QHH2+i2/ QMHBM2 /�i� biQ`B2b bm+? �b #HQ;b �M/ +QK@
Tmi�iBQM�H MQi2#QQFb U2X;X 7`QK E�;;H2 �M/ Qi?2` QT2M bQm`+2b (N3)V-
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�b r2HH �b 7`QK i?2 A111 o�ah +?�HH2M;2 `2TQ`ibX �Hi?Qm;? i?2b2
`2bQm`+2b �`2 p�Hm�#H2 iQ i`�+F i?2 T`Qp2M�M+2 Q7 /�i� �M�HviB+b- i?2v
p�`v BM i2`Kb Q7 ?Qr Km+? i?2v `2p2�H QM i?2 ?B;?@H2p2H ;Q�Hb Q7 i?2
�M�HvbBbc i?2 �M�HvbBb T`Q+2bb2b /�i� rQ`F2`b ;Q i?`Qm;?c i?2 �KQmMi
Q7 /2i�BH `2;�`/BM; ?Qr i?2 �M�HvbBb Bb T2`7Q`K2/c �M/ KQbi BKTQ`@
i�Mi- i?2 7�Hb2 bi�`ib Q` i?2 /2�/ 2M/b 2M+QmMi2`2/ /m`BM; �M�HvbBbX
h�#H2 jXj +QKT�`2b i?2 7Qm` �TT`Q�+?2b r2 BMp2biB;�i2/, /�i� biQ`B2b-
+QKTmi�iBQM�H MQi2#QQFb- `2TQ`ib 7`QK i?2 A111 o�ah +?�HH2M;2- �M/
BMi2`pB2rbX

q2 7QmM/ i?�i /�i� biQ`B2b �M/ #HQ;b +QMi�BM KQ`2 /2i�BH �#Qmi
/B{+mHiB2b /�i� rQ`F2`b K22i /m`BM; �M�HvbBb- ?Qr i?2v 2tTHQ`2 /B7@
72`2Mi �Hi2`M�iBp2b- �M/ ?Qr i?2v `2�bQM �#Qmi i?2KX >Qr2p2`- i?2
MmK#2` Q7 ?B;? [m�HBiv /�i� biQ`B2b r2 +QmH/ }M/ r�b HBKBi2/X *QKTm@
i�iBQM�H MQi2#QQFb +QK#BM2 +Q/2- pBbm�HBx�iBQMb- �M/ i2ti BM � bBM;H2
/Q+mK2MiX h?Qm;? +QKTmi�iBQM�H MQi2#QQFb �`2 /2bB;M2/ iQ bmTTQ`i
i?2 +QMbi`m+iBQM �M/ b?�`BM; Q7 �M�HviB+�H `2�bQMBM;- Bi ?�b #22M b?QrM
i?�i /�i� rQ`F2`b i2M/ iQ mb2 i?2K iQ 2tTHQ`2 B/2�b `�i?2` i?�M iQ i2HH
�M 2tTH�M�iQ`v biQ`v Q7 � `2�H rQ`H/ �M�HvbBb b+2M�`BQ (ke)X aBKBH�`Hv-

:Q�Hb �M�HviB+
S`Q+2bb .2i�BHb 6�Hb2

ai�`ib
PMHBM2 .�i� aiQ`B2b t t ě t
E�;;H2 t t
o�bi *?�HH2M;2b t ě
AMi2`pB2rb t t ě t

5BCMF ���� 6Qm` bim/v K2i?Q/b #�b2/ QM ?Qr i?2v `2p2�H, ?B;?@H2p2H
�M�HviB+ ;Q�Hbc /�i� rQ`F2`bǶ �M�HviB+ T`Q+2bb2bc /2i�BH2/ /2b+`BTiBQMb
QM ?Qr i?2v rQ`F2/c �Mv /2�/@2M/b 2M+QmMi2`2/X J�`F t `2T`2b2Mib
� ;QQ/ BM7Q`K�iBQM +Qp2`�;2X S�`iB�H BM7Q`K�iBQM Bb `2T`2b2Mi2/ #v �
HBM2X
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i?2 +QKTmi�iBQM�H MQi2#QQFb r2 +QHH2+i2/ �`2 2Bi?2` T2`bQM�H- K2bbv
�`iB7�+ib i?�i �`2 ?�`/ 7Q` Qi?2`b iQ mM/2`bi�M/- Q` +H2�M2/ p2`bBQMb
mb2/ iQ b?�`2 /BbiBHH2/ }M/BM;b Q` iQ i2�+? Qi?2`bX o�ah +?�HH2M;2
`2TQ`ib 2tTH�BM ?Qr M2r i2+?MB[m2b �M/ pBbm�HBx�iBQM bvbi2Kb 7mM+@
iBQM �M/ b?�`2 }M/BM;b `2�+?2/ mbBM; i?Qb2 bvbi2KbX >Qr2p2`- 72r Q`
MQ `B+? /2i�BHb +�M #2 7QmM/ QM i?2 b2Mb2K�FBM; T`Q+2bb U2bT2+B�HHv
7�BH2/ �M�Hvb2bVX �b � `2bmHi- r2 QTi2/ 7Q` � b2KB@bi`m+im`2/ BMi2`pB2r
K2i?Q/ iQ mMT�+F i?2 T`Q+2bb2b #2?BM/ bm++2bb7mH �M/ 7�BH2/ �M�HvbBb
b+2M�`BQbX

q?BH2- BMi2`pB2rb- �b � `2i`QbT2+iBp2 K2i?Q/- ?�b Bib QrM HBKBi�@
iBQMbX Ai +QmH/ #2 +QKKQM 7Q` T�`iB+BT�Mib iQ MQi #2 �#H2 iQ `2+�HH �HH
i?2 /2i�BHb ?�TT2M2/ /m`BM; i?2 �M�HvbBb- �b r2HH �b �HH i?2 `�iBQM�H2
#2?BM/X �b � `2bmHi- r2 +QmH/ TQi2MiB�HHv KBbb +2`i�BM ǳ#`�M+?2bǴ Q7
i?2 `2�H 2tTHQ`�iBQM T`Q+2bbX 1bT2+B�HHv BM Qm` bim/v- r2 BMi2MiBQM�HHv
/2bB;M Qm` BMi2`pB2rb BM � r�v i?�i MQ 2tTHB+Bi [m2biBQMb QM �Hi2`M�@
iBp2b r2`2 �bF2/ r?2M BM[mB`BM; i?2B` b2Mb2K�FBM; T`Q+2bb2b UBM Q`/2`
iQ MQi #B�b Q` Q`B2Mi Qm` T�`iB+BT�Mib iQr�`/b i?2 bT2+B}+ `QH2 Q7 �Hi2`@
M�iBp2bVX

Pi?2` ivT2b Q7 bim/B2b +QmH/ #2 7m`i?2` +QM/m+i2/ iQ Qp2`+QK2
i?Bb HBKBi�iBQM- bm+? �b r2 +�M 7QHHQr �M/ Q#b2`p2 i?2 T`�+iB+2b �b
/�i� rQ`F2`b �`2 +QM/m+iBM; i?2 �M�HvbBb- �M/ 7m`i?2` +QK#BM2 rBi?
ǳi?BMF �HQm/Ǵ T`QiQ+QHb iQ FMQr r?�i i?2v �`2 i?BMFBM;X >Qr2p2`-
Q7i2M � +QKTH2t �M�HvbBb +�M i�F2b 7Q` r22Fb Q` 2p2M KQMi?b- Bi +QmH/
#2 /B{+mHi iQ +QM/m+i BM T`�+iB+2X Pi?2` K2i?Q/b bm+? �b /�B`v bim/v
U� b2H7@`2TQ`iBM; Q7 bT2+B}+ �bT2+ib Q7 mb2`bǶ M�im`�H #2?�pBQ`b �M/
i?Qm;?ibV (NN)- Q` BMi2`�+iBQM HQ;b +QmH/ �HbQ #2 mb27mHX 6Q` 2t�KTH2-
iQ bim/v � +2`i�BM ivT2 Q7 �Hi2`M�iBp2b- i?2 7`2[m2M+v Q7 /Bz2`2Mi FBM/b
Q7 #2?�pBQ`b- Q` iQ bim/v �Hi2`M�iBp2b �i /Bz2`2Mi ;`�MmH�`BiB2bX

a�KTH2 HBKBi�iBQM qBi? � b�KTH2 bBx2 Q7 Rk T�`iB+BT�Mib- r2 /Q MQi
+H�BK ;2M2`�HBx�#BHBiv Q7 Qm` `2bmHibX Pm` 7Q+mb Bb QM ;2iiBM; � /22T2`
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'JHVSF ���� S�`iB+BT�MibǶ /Bp2`b2 H2p2Hb Q7 2tT2`iBb2 BM i2`Kb Q7 +QKTm@
i�iBQM�H bFBHH �M/ /QK�BM FMQrH2/;2X JQbi T�`iB+BT�Mib #2HQM; iQ QM2
Q7 i?2 7QHHQrBM; irQ ;`QmTb, ;`QmT ǳK.QK�BM1tT2`ibǴ UKQbiHv /Q@
K�BM 2tT2`ibV- r?Q ?�p2 KQ`2 /QK�BM FMQrH2/;2 i?�M T`Q;`�KKBM;
bFBHHbc �M/ T�`iB+BT�Mib rBi? KQbiHv bi`QM; +QKTmi�iBQM�H bFBHHb #mi
HBiiH2 FMQrH2/;2 Q7 i?2 �TTHB+�iBQM /QK�BM- ǳK>�+F2`bXǴ

�M/ `B+? �M�HvbBb- `�i?2` i?�M ;2M2`�HBx�iBQM 7`QK � H�`;2` b�KTH2 bBx2X
Pm` T�`iB+BT�Mib ?�p2 /Bp2`b2 H2p2Hb Q7 +QKTmi�iBQM�H 2tT2`iBb2 �M/

/QK�BM FMQrH2/;2c i?2v TH�v /Bz2`2Mi `QH2b rBi?BM i?2B` #`Q�/2` Q`@
;�MBb�iBQM�H +QMi2tibX h?2b2 /Bz2`2Mi ivT2b Q7 2tT2`iBb2 K�v BM~m2M+2
#Qi? i?2 FBM/b Q7 �Hi2`M�iBp2b /�i� rQ`F2`b i2M/ iQ +QMbB/2` /m`BM;
�M�HvbBb �M/ i?2 p�`BQmb +QTBM; bi`�i2;B2b i?2v ;2M2`�HHv /2THQvX

�Hi?Qm;? r2 /B/ MQi +QMi`QH 7Q` 2tT2`iBb2 BM i?Bb bim/v- Qm` bim/v
T�`iB+BT�Mib 72HH BMiQ irQ K�BM +�i2;Q`B2b U};m`2 jX3V, i?Qb2 rBi? ?B;?
T`Q;`�KKBM; bFBHHb �M/ HBiiH2 /QK�BM 2tT2`iBb2 UK>�+F2`bV- �M/ i?Qb2
rBi? ?B;? /QK�BM 2tT2`iBb2 #mi HBiiH2 T`Q;`�KKBM; bFBHHb UK.QK�BM@
1tT2`ibVX q2 #2HB2p2 i?�i K�Mv /�i� rQ`F2`b BM T`�+iB+2 7�HH BMiQ i?Qb2
irQ ;`QmTbX Pm` 7`�K2rQ`F ?Qr2p2` /Q2b MQi �bbmK2 �Mv bT2+B}+ H2p2H
Q7 /�i� rQ`F 2tT2`iBb2X
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AM i?Bb b2+iBQM- r2 B/2MiB7v /2bB;M +?�HH2M;2b 7Q` b2Mb2K�FBM; iQQHb BM
i2`Kb Q7 bmTTQ`iBM; �Hi2`M�iBp2bc �M/ /Bb+mbb Qi?2` `2b2�`+? /B`2+iBQMb
7Q` 7mim`2 rQ`FX

����� %FTJHO DIBMMFOHFT GPS TFOTFNBLJOH
UPPMT

"v HQQFBM; �i �M�HviB+ bvbi2Kb mM/2` i?2 T`QTQb2/ 7`�K2rQ`F Q7 �Hi2`@
M�iBp2b- r2 }M/ i?�i +m``2Mi �M�HvbBb iQQHb Q7i2M H�+F Q` ?�p2 HBKBi2/
bmTTQ`i 7Q` �Hi2`M�iBp2b �i i?2 +Q;MBiBp2 H�v2`X *Q;MBiBp2 �Hi2`M�iBp2b
�`2 BMi`BMbB+�HHv /B{+mHi iQ K�M�;2- �b Bi `2[mB`2b ;2iiBM; i�+Bi `2�bQM@
BM; Qmi Q7 i?2 ?2�/ Q7 i?2 BM/BpB/m�H �M/ BMiQ � 7Q`K i?�i +�M KQ`2
2�bBHv #2 b?�`2/X

GBioBb (9N) T`QpB/2b QM2 bQHmiBQM iQ `2/m+2 i?Bb 7`B+iBQM #v T`Q@
pB/BM; p�`BQmb FBM/b Q7 b+?2K�b 7Q` �M�HvbibX h?2b2 b+?2K�b �HHQr
mb2`b iQ bi`m+im`BM; +QKTmi�iBQM�H MQi2#QQFb �`QmM/ i?2B` pBbm�HBx�@
iBQM /2bB;M M�``�iBp2bX "mi i?Bb �TT`Q�+? K�v MQi 2�bBHv i`�Mb72` iQ
Qi?2` +QMi2tibX AM +QHH�#Q`�iBp2 b2Mb2K�FBM; +QMi2ti- q�M; 2i �HX (Ryy)
p�Hm2 i2�K /Bb+mbbBQMb BM i2`Kb Q7 2ti2`M�HBxBM; /2bB;M `�iBQM�H2b �M/
2tTH�BMBM; �Hi2`M�iBp2 �M�HviB+ T�i?bX h?2v /2bB;M *�HHBbiQ i?�i BM@
i2;`�i2b +QMp2`b�iBQM�H K2bb�;2b �b T�`i Q7 +QKTmi�iBQM�H MQi2#QQFbX
*�HHBbiQ 7m`i?2` T`QpB/2b p�`BQmb FBM/b Q7 HBMFb iQ 2M�#H2 irQ@r�v BM@
i2`�+iBQM #2ir22M K2bb�;2b �M/ `2H�i2/ MQi2#QQF +QMi2MibX

q2 Q#b2`p2/ i?�i Qm` T�`iB+BT�Mib Q7i2M mb2 � +QK#BM�iBQM Q7, MQi2@
i�FBM; iQQHb U#Qi? /B;Bi�H Q` T?vbB+�HV iQ `2+Q`/ +Q;MBiBp2 �Hi2`M�iBp2bc
�M�HvbBb iQQHb iQ T2`7Q`K 2t2+miBQM �Hi2`M�iBp2bc �M/ b�p2 �`iB7�+ib
�Hi2`M�iBp2b BM }H2b- Q` Qi?2` ivT2 Q7 �TTHB+�iBQMb- bm+? �b JB+`QbQ7i
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SQr2`SQBMiX GBMFBM; �M/ M�pB;�iBM; �Hi2`M�iBp2b �+`Qbb �#bi`�+iBQM
H2p2Hb �M/ iQQHb `2K�BMb �M QT2M +?�HH2M;2X

AM ;2M2`�H- +m``2Mi �M�HvbBb 2MpB`QMK2Mib #`2�F i?2 +?�BM Q7 �Hi2`@
M�iBp2b �+`Qbb /Bz2`2Mi �#bi`�+iBQM H2p2Hb- �b /�i� rQ`F2`b Q7i2M mb2 �
+QK#BM�iBQM Q7 iQQHb iQ `2+Q`/ �Hi2`M�iBp2b �i i?2 +Q;MBiBp2- �`iB7�+i-
�M/ 2t2+miBQM H2p2HbX �b bm+?- i?2b2 �Hi2`M�iBp2b �`2 i`2�i2/ �b i�M;2M@
iB�H �M/ BM/2T2M/2Mi- b2T�`�i2 7`QK i?2 �+im�H �M�HviB+ T`Q+2bbX lb2`b
Kmbi K2Mi�HHv K�M�;2 �M/ M�pB;�i2 i?2b2 /Bz2`2Mi �Hi2`M�iBp2b �+`Qbb
/BbiBM+i iQQHb �M/ 2MpB`QMK2MibX

JQ`2Qp2`- iQQH /2bB;M2`b +QmH/ +QMbB/2` T`QpB/BM; KQ`2 2tTHB+Bi
bmTTQ`i 7Q` K�M�;BM; /�i� rQ`F2`bǶ /2;`22 Q7 �ii2MiBQM �M/ i?2 MQM@
HBM2�`- ~mB/ M�im`2 Q7 �Hi2`M�iBp2bX J�Mv bvbi2Kb H2�p2 i?2 K�M�;2@
K2Mi Q7 �Hi2`M�iBp2b #2vQM/ i?2 b+QT2 Q7 i?2 bvbi2K- H2�pBM; /�i�
rQ`F2`b iQ +`2�i2 �/@?Q+ bQHmiBQMbX >Qr iQ /2bB;M iQQHb i?�i K�F2
i?2 ;2M2`�iBQM- K�M�;2K2Mi- �M/ 2tTHQ`�iBQM Q7 p�`BQmb FBM/b Q7 �Hi2`@
M�iBp2b � 7mM/�K2Mi�H 2H2K2Mi rBi?BM i?2 b2Mb2K�FBM; T`Q+2bb Bb �M
QT2M +?�HH2M;2X

�b /Bb+mbb2/ BM b2+iBQM kXj- i?2 bQ7ir�`2 �TTHB+�iBQM KQ/2H K�F2b Bi
/B{+mHi iQ 2ti2M/ � iQQH- 2t+?�M;2 BM7Q`K�iBQM �+`Qbb KmHiBTH2 iQQHb-
�M/ iQ +QK#BM2 /Bz2`2Mi iQQHb #�b2/ QM mb2`bǶ bBim�i2/ M22/bX q2
#2HB2p2 i?�i iQ bmTTQ`i �Hi2`M�iBp2b BM b2Mb2K�FBM; Bb KQ`2 i?�M Dmbi
�// QM � M2r 72�im`2 BM QM2 2tBbiBM; bvbi2K- Q` BMi2;`�i2 �M 2ti`�
+QKTQM2Mi BM i?2 BMi2`7�+2X Ai `2[mB`2b KQ`2 `�/B+�H +?�M;2b QM i?2
7mM/�K2Mi�H r�v iQQHb �`2 /2bB;M2/X

����� 0UIFS SFTFBSDI EJSFDUJPOT

h?Qm;? Qm` bim/v T`QpB/2b � /22T2` mM/2`bi�M/BM; QM i?2 Mm�M+2 Q7
�Hi2`M�iBp2b �M/ `2p2�H Bib `QH2 BM /�i� b2Mb2K�FBM; T`Q+2bb- HQib Q7
+?�HH2M;2b �M/ [m2biBQMb biBHH `2K�BM mM2tTHQ`2/X
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�b /Bb+mbb2/ T`2pBQmbHv- 7m`i?2` bim/v mbBM; +QKTH2K2Mi�`v K2i?@
Q/b Bb M2+2bb�`v iQ ?2HT `2p2�H /�i� rQ`F2`bǶ i`m2 mM/2`HvBM; T`�+iB+2bX
6Q` 2t�KTH2- KQ`2 /2i�BH2/ +�b2 bim/B2b +�M #2 +QM/m+i2/ iQ 2Mbm`2
`B+?2` +�Tim`2 Q7 �Hi2`M�iBp2bX

h?2 `QH2 Q7 2tT2`iBb2 BM �Hi2`M�iBp2b 2tTHQ`�iBQM �HbQ M22/ iQ #2
�M�Hvb2/ BM KQ`2 /2Ti?X Pm` bim/v }M/ bQK2 `2H�iBQMb?BTb #2ir22M
2tT2`iBb2 �M/ ivT2b Q7 �Hi2`M�iBp2b- bm+? �b T�`iB+BT�Mib rBi? bi`QM;
/QK�BM FMQrH2/;2 i2M/ iQ K2MiBQM +Q;MBiBp2 �Hi2`M�iBp2b KQ`2 Q7i2Mc
Q` T�`iB+BT�Mib r?Q rQ`F BM `2b2�`+? Q`;�MBb�iBQMb i2M/ iQ 2tTHQ`2
KQ`2 iQQH �Hi2`M�iBp2b i?�M T�`iB+BT�Mib r?Q rQ`F BM �M 2Mi2`T`Bb2- 2i+X
UJQ`2 /2i�BHb BM T�T2` kVX 6m`i?2` `2b2�`+? Bb M2+2bb�`v iQ ?2HT mM/2`@
bi�M/ i?2 BKT�+i Q7 2tT2`iBb2 BM i2`Kb Q7 �Hi2`M�iBp2b 2tTHQ`�iBQMX

6m`i?2`KQ`2- 7mim`2 `2b2�`+? +QmH/ 2tTHQ`2 i?2 `QH2 Q7 �Hi2`M�iBp2b
BM +QHH�#Q`�iBp2 b2Mb2K�FBM; +QMi2tibX q2 rQmH/ BK�;BM2 M2r BMbB;?ib
QM p�`BQmb bi`�i2;B2b /2THQv2/ iQ +QQ`/BM�i2 2tTHQ`�iBQM Q7 �Hi2`M�iBp2b
rBi?BM ;`QmTb- iQ +QKKmMB+�i2 i?2 2tTHQ`2/ �Hi2`M�iBp2b rBi? Qi?2`b-
�M/ iQ 2p�Hm�i2 Q` p�HB/�i2 �M �Hi2`M�iBp2X L2r +?�HH2M;2b +QmH/ �`Bb2
�M/ M2r r�HF@�`QmM/ K2i?Q/b +QmH/ #2 /2THQv2/ iQ +QKT2Mb�i2 7Q`
i?2 H�+F Q7 �/2[m�i2 72�im`2b BM i?2 +m``2Mi iQQHbX

AM Qm` BMi2`pB2rb- r2 }M/ i?�i T�`iB+BT�Mib 7`2[m2MiHv bi`m;;H2 rBi?
Qi?2` +?�HH2M;2b �`QmM/ �Hi2`M�iBp2b- bm+? �b ?Qr iQ 2p�Hm�i2 i?2K
T`QT2`Hv- ?Qr iQ /2+B/2 r?2M iQ biQT 2tTHQ`BM; KQ`2 �Hi2`M�iBp2b- Q`
?Qr iQ +QKT�`2- `2�bQM �#Qmi- �M/ K�M�;2 � H�`;2 bT�+2 Q7 �Hi2`M�@
iBp2bX PM2 /B`2+iBQM +QmH/ #2 `2b2�`+?BM; ?Qr iQ H2p2`�;2 i?2 TQr2` Q7
K�+?BM2- bm+? �b /Bz2`2Mi FBM/b Q7 �H;Q`Bi?Kb- rBi? ?mK�M@BM@i?2@HQQT
BM i2`Kb Q7 ;2M2`�iBM;- `2�bQMBM;- �M/ `2/m+BM; �Hi2`M�iBp2bX �MQi?2`
iQTB+ +QmH/ #2 bim/vBM; ?Qr iQ bmTTQ`i i?2 +QKT�`BbQM Q7 � H�`;2
�KQmMi Q7 �Hi2`M�iBp2b ;Bp2M i?2 HBKBi�iBQM QM +Q;MBiBp2 �M/ +QKTmi�@
iBQM�H `2bQm`+2b- �b r2HH �b i?2 HBKBi�iBQM QM b+`22M bBx2X

ka22 Qm` Tm#HB+�iBQM ?2`2, ?iiTb,ffB222tTHQ`2XB222XQ`;f�#bi`�+if/Q+mK2Mif
33y89ey
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qBi? i?2 ;2M2`�H mM/2`bi�M/BM; QM �Hi2`M�iBp2b �b }i rBi?BM i?2 b2Mb2@
K�FBM; T`Q+2bb- r2 i?2M KQp2 QM iQ i?2 b2+QM/ `2b2�`+? [m2biBQM @
>Qr +�M iQQHb #2ii2` bmTTQ`i i?2 2tTHQ`�iBQM �M/ K�M�;2@
K2Mi Q7 �Hi2`M�iBp2b\ h?Bb +?�Ti2` B/2MiB}2b i?2 FBM/b Q7 �Hi2`M�@
iBp2b rBi?BM i?2 bT2+B}+ +QMi2ti Q7 [m�HBi�iBp2 /�i� �M�HvbBb rBi? �{M@
Biv /B�;`�KKBM; i2+?MB[m2X q2 T`QpB/2 � pBbBQM �M/ T`QQ7@Q7@+QM+2Ti
T`QiQivT2 �.Z.� iQ bmTTQ`i �M�Hvbib �TT`QT`B�iBM; �p�BH�#H2 /2pB+2b
iQ ~mB/Hv KB;`�i2 #2ir22M KmHiBTH2 �M�HviB+ T?�b2b Q` �/QTi �Hi2`@
M�iBp2 �M�HviB+ K2i?Q/b �M/ `2T`2b2Mi�iBQMbX "v 2K#2//BM; p�`BQmb
FBM/b Q7 HBMFBM; K2+?�MBbKb- �.Z.� T`2b2`p2b � +QMbBbi2M+v #2ir22M
�Hi2`M�iBp2 �`iB7�+ib �b i?2v �`Bb2 BM i?2 T`Q+2bbX

a2+iBQM 9XR BMi`Q/m+2b i?2 �{MBiv /B�;`�KKBM; i2+?MB[m2 �M/ ?Qr
Bi Bb �TTHB2/ iQ [m�HBi�iBp2 /�i� �M�HvbBbX a2+iBQM 9Xk `2pB2rb HBi2`�im`2
QM �{MBiv /B�;`�KKBM;- [m�HBi�iBp2 b2Mb2K�FBM;- �b r2HH �b bvbi2Kb
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/2bB;M2/ 7Q` bmTTQ`iBM; i?2KX a2+iBQM 9Xj T`2b2Mib � /2bB;M bT�+2
7Q` [m�HBi�iBp2 b2Mb2K�FBM; iQQHb �M/ B/2MiB}2b T�BMTQBMib Q7 2tBbiBM;
bvbi2KbX a2+iBQM 9X9 /2KQMbi`�i2b Qm` pBbBQM 7Q` KQ`2 ~2tB#H2 b2Mb2@
K�FBM; iQQHb �M/ i?2 /2bB;M �M/ BKTH2K2Mi�iBQM Q7 � T`QQ7@Q7@+QM+2Ti
T`QiQivT2- �.Z.�X a2+iBQM 9X8 p�HB/�i2b �.Z.� i?`Qm;? � b2i Q7 �T@
THB+�iBQM b+2M�`BQbX a2+iBQM 9Xe /Bb+mbb2b �.Z.� mbBM; i?2 T`QTQb2/
�Hi2`M�iBp2b 7`�K2rQ`F BM +?�Ti2` jX a2+iBQM 9Xd /Bb+mbb2b i?2 HBKB@
i�iBQMb Q7 Qm` rQ`F �M/ b2+iBQM 9X3 T`2b2Mib i?2 /B`2+iBQMb 7Q` 7mim`2
rQ`FX

��� *OUSPEVDUJPO

�{MBiv /B�;`�KKBM; U�HbQ FMQrM �b i?2 EC K2i?Q/V Bb � bT�iB�H +Hmb@
i2`BM; i2+?MB[m2 r?2`2 �M�Hvbib K�Mm�HHv KQp2 �`QmM/ �M/ ;`QmT BM@
/BpB/m�H /�i� Bi2Kb #�b2/ QM i?2B` bBKBH�`Biv Q` `2H2p�M+2 iQ � b?�`2/
iQTB+ (RyR)X Ai ?�b #22M �TTHB2/ 7Q` � rB/2 p�`B2iv Q7 i�bFb BM /Bz2`2Mi
/QK�BMb- bm+? �b >mK�MĜ*QKTmi2` AMi2`�+iBQM U>*AV- �Mi?`QTQHQ;v-
�M/ K�M�;2K2Mi (RyRĜRyj)X Ai Bb ;2M2`�HHv �TTHB2/ 7Q` i?`22 FBM/b
Q7 Tm`TQb2 (Ry9), iQ 2HB+Bi /Bp2`b2 BMTmi- bm+? �b BM #`�BMbiQ`KBM; Q`
T`QD2+i TH�MMBM;c iQ Q`;�MBx2 /�i� BMiQ � FMQrM +�i2;Q`B2bc �M/ iQ
�M�Hvx2 /�i�- r?2`2 T2QTH2 2tTHQBi bT�iB�H Q`;�MBx�iBQMb iQ ?2HT i?2K
K�F2 b2Mb2 Q7 mMbi`m+im`2/ �M/ b22KBM;Hv 7mxxv [m�HBi�iBp2 K�i2`B�Hb-
bm+? �b BMi2`pB2r i`�Mb+`BTibX h?Bb rQ`F 7Q+mb2b QM i?Bb H�bi +�i2;Q`vX

J�Mv �+iBpBiB2b �`2 BMpQHp2/ BM #mBH/BM; bm+? mM/2`bi�M/BM; 7`QK
+QHH2+iBQMb Q7 /�i�, �M�Hvbib M22/ iQ +HQb2Hv 2t�KBM2 Q`B;BM�H K�i2@
`B�Hbc K�F2 ?B;?HB;?ib Q` �MMQi�iBQMb r?BH2 `2�/BM;c 2ti`�+i `2H�i2/
TB2+2b Q7 BM7Q`K�iBQM iQ Tmi i?2K BM bT�+2c 2tT2`BK2Mi rBi? /Bz2`2Mi
FBM/b Q7 �``�M;2K2Mib iQ 2tTHQ`2 +QM+2Tim�H �Hi2`M�iBp2bc i?2v KB;?i
�HbQ #mBH/ ?B;?2` H2p2H /B�;`�Kb iQ �#bi`�+i i?2 2K2`;2/ +QM+2Tib- 2i+X
.m`BM; i?2 b2Mb2K�FBM; T`Q+2bb- �M�Hvbib Q7i2M KBt �Hi2`M�iBp2 K2i?@



��� *OUSPEVDUJPO ��

'JHVSF ���� �M 2t�KTH2 �M�HvbBb mbBM; T�T2`- r?2`2 i?2 mb2` ?�b +mb@
iQKBx2/ i?2 2MpB`QMK2Mi iQ bmTTQ`i p�`BQmb �M�HviB+ �+iBpBiB2b �M/ `2T@
`2b2Mi�iBQMb BM [m�HBi�iBp2 b2Mb2K�FBM;X aQm`+2, a�`�? a+�`b#`QQFXd

Q/b- ;Q #�+F@�M/@7Q`i? #2ir22M /Bz2`2Mi �M�HvbBb bi�;2b- �M/ �/QTi
p�`BQmb FBM/b Q7 `2T`2b2Mi�iBQMb (R- 8)X 6B;X 9XR b?Qrb � `2�H �M�HvbBb
2MpB`QMK2Mi +mbiQKBx2/ iQ bmTTQ`i p�`BQmb �+iBpBiB2b �M/ `2T`2b2Mi�@
iBQMb rBi? T?vbB+�H T�T2` �M/ r�HHb RX AMbi2�/ Q7 /Bb+`2i2 TB2+2b- i?2b2
�M�HviB+ �`iB7�+ib �M/ `2T`2b2Mi�iBQMb �`2 +QMM2+i2/ BM p�`BQmb r�vbX
6Q` 2t�KTH2- � T�`iB+BT�MiǶb [mQi2 BM � biB+Fv MQi2 rQmH/ K�F2 HBiiH2
b2Mb2 rBi?Qmi Bib +QMi2ti BM � i`�Mb+`BTiX

.m`BM; �M�HvbBb- K�Mv �//BiBQM�H 7�+iQ`b K�v +QK2 BMiQ TH�v, r?2i?2`
i?2 �M�Hvbi Bb rQ`FBM; �HQM2 Q` +QHH�#Q`�iBM; rBi? Qi?2`bc r?�i FBM/b
Q7 �M�HviB+ K2i?Q/b i?2v T`272`- bm+? �b QT2M@ Q` +HQb2/@+Q/BM; Q` �
KBt Q7 i?2 irQc r?2i?2` i?2v �`2 rQ`FBM; BM i?2 b�K2 HQ+�iBQM Q`
7`QK `2KQi2 rQ`F bBi2bc i?2 i�bFb i?2v �`2 2M;�;2/ BMc Q` �p�BH�#H2
/2pB+2bX q?2M rQ`FBM; QM � +QKKQM �M�HvbBb T`QD2+i- /Bz2`2Mi +QH@
H�#Q`�iQ`b KB;?i �/QTi /Bz2`2Mi iQQHb- �`iB7�+ib- /�i� `2T`2b2Mi�iBQMb
�M/ K2i?Q/b iQ ;�BM BMbB;?ib 7`QK i?2 /�i�- �M/ i?2v KB;?i i�+FH2 QM
i?2 �M�HvbBb 7`QK /Bz2`2Mi T2`bT2+iBp2b (Ry8- Rye)X 1p2M � bBM;H2 mb2`
KB;?i M22/ iQ �/QTi /Bz2`2Mi /BbTH�vb Q` K2i?Q/b r?2M rQ`Fb 7`QK
Q{+2 Q` 7`QK ?QK2X

.2bTBi2 i?2 T2`p�bBp2 Q7 �HH FBM/b Q7 /BbTH�vb- K�Mv �M�Hvbib biBHH
T`272` mbBM; T�T2` iQQHb /m2 iQ Bib ~2tB#BHBiv �M/ 2�bv iQ #2 2ti2M/2/
R?iiTb,ffi?2�`ibDQm`M�HXM2ifkyRNfyjfk3fi?2@+Q/BM;@+�p2f- �++2bb2/ QM
jRfyjfkykRX

https://theartsjournal.net/2019/03/28/the-coding-cave/
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iQ 2M�#H2 ǳbT�+2 iQ i?BMFǶǶ (dR)X u2i T`�+iBiBQM2`b `2TQ`i r�biBM; H�`;2
�KQmMib Q7 iBK2 iQ K�BMi�BM `2H2p�Mi �`iB7�+ib �+`Qbb KmHiBTH2 `2T`2@
b2Mi�iBQMb r?B+? /Bbi`�+ib i?2K 7`QK i?2 `2�H �M�HvbBb i�bFb (Ryd-Ry3)X
h?2 b2Mb2K�FBM; T`Q+2bb Bb Q7i2M � HQM; �M/ K2Mi�HHv 2zQ`i7mH T`Q+2bb-
r?2`2 �M�Hvbib +�M 7�+2 ?mM/`2/b Q` 2p2M i?Qmb�M/b Q7 MQi2b �M/ +�M
F22T rQ`FBM; QM i?2 �M�HvbBb 7Q` r22Fb Q` KQMi?b (Ry9-Ryd)X qBi? i?2
�#b2M+2 Q7 +QMM2+iBQMb #2ir22M `2H2p�Mi �`iB7�+ib- �M�Hvbib KB;?i 2p2M
HQb2 i`�+F Q7 i?2KX S�T2` iQQHb �`2 MQi T2`bBbi2Mi �M/ �HbQ +�MMQi
bmTTQ`i `2KQi2 +QHH�#Q`�iBQMbX

.B;Bi�H iQQHb- QM i?2 Qi?2` ?�M/- i2M/ iQ bmTTQ`i QM2 T�`iB+mH�` �M@
�HviB+ K2i?Q/ Q` bi�;2- Q` BKTQb2 +2`i�BM �M�HvbBb rQ`F~QrbX h?2v /Q
MQi �//`2bb i?2 ?QHBbiB+ T`Q+2bb Q7 [m�HBi�iBp2 /�i� �M�HvbBbX Ai Bb ?�`/
iQ +QK#BM2 i?2K iQ ~mB/Hv KB;`�Mi #2ir22M /Bz2`2Mi �M�HviB+ T?�b2b-
Q` �/QTi p�`BQmb K2i?Q/b �M/ `2T`2b2Mi�iBQMbX JQ`2Qp2`- /B;Bi�H iQQHb
�`2 Q7i2M /2bB;M2/ 7Q` bT2+B}+ /BbTH�vb- bm+? �b /2bFiQT@#�b2/ �TTHB+�@
iBQMbX Ai Bb /B{+mHi iQ �TT`QT`B�i2 /Bz2`2Mi /2pB+2b Q` +QK#BM2 i?2K
iQ 2ti2M/ bT�+2 7Q` KmHiBTH2 /B�;`�KbX

q2 T`2b2Mi � pBbBQM �M/ T`QQ7@Q7@+QM+2Ti bvbi2K �.Z.� U�{MBiv
.B�;`�KKBM; 7Q` Zm�HBi�iBp2 .�i� �M�HvbBbV- � +`Qbb /2pB+2- +QHH�#Q@
`�iBp2 �{MBiv /B�;`�KKBM; iQQH 7Q` /vM�KB+ �M/ Bi2`�iBp2 b2Mb2K�F@
BM; T`Q+2bbX AM Qm` pBbBQM- mb2`b K�v rQ`F �HQM2 Q` BM +QHH�#Q`�iBQM
�+`Qbb i?2 /Bz2`2Mi �+iBpBiB2b �M/ `2T`2b2Mi�iBQMb Q7 [m�HBi�iBp2 /�i�
�M�HvbBbX lb2`b K�v b2�KH2bbHv ~Qr #2ir22M i?2b2 /Bz2`2Mi �M�HviB+
T?�b2b- K2i?Q/b- �M/ `2T`2b2Mi�iBQMb BM �`#Bi`�`v Q`/2`- �HH r?BH2 T`2@
b2`pBM; +QMbBbi2Mi �M�HvbBb �`iB7�+ibX h?2v K�v mb2 �Mv �TT`QT`B�i2
Q` �p�BH�#H2 /2pB+2 7Q` i?2 i�bF �i ?�M/- 7Q` 2t�KTH2 #v ?�pBM; KmHiB@
TH2 mb2`b +Q/2 BMi2`pB2r i`�Mb+`BTib QM i?2B` BM/BpB/m�H H�TiQTb- i?2M
�TT`QT`B�i2 � H�`;2 r�HH@bBx2/ /BbTH�v 7Q` �{MBiv /B�;`�KKBM;- Q` mb@
BM; � r?Bi2#Q�`/@bBx2/ /BbTH�v BM �M Q{+2X h?2v K�v mb2 i?2B` r�HH
BM +QMDmM+iBQM rBi? � H�TiQT- T?QM2- Q` i�#H2i �b i?2v M22/ bT�+2 iQ
i?BMF (dR) Q` iQ /BbTH�v `2H�i2/ BM7Q`K�iBQMX �b bm+?- i?2 �M�HvbBb
iQQH b?QmH/ #2 ~2tB#H2 �M/ /vM�KB+ěBM i2`Kb Q7 �M�HviB+ T`Q+2bb- BM
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MmK#2` Q7 /2pB+2b- BM MmK#2` Q7 mb2`bX
�.Z.� �TTHB2b i?2 +QM+2Ti Q7 b?�`2�#H2 /vM�KB+ K2/B� (R9) BM

KmHiB@bm`7�+2 2MpB`QMK2Mib iQ �HHQr i?2 /vM�KB+ /Bbi`B#miBQM Q7 /B7@
72`2Mi /2pB+2b �+`Qbb KmHiBTH2 mb2`bX *?�M;2b �`2 bvM+?`QMBx2/ HBp2
�+`Qbb /2pB+2b iQ �HH mb2`b- bBKBH�`Hv BM +QM+2Ti iQ QMHBM2 +QHH�#Q`�@
iBp2 rQ`/ T`Q+2bbQ`bX �.Z.� 2K#2/b p�`BQmb HBMFBM; K2+?�MBbKb iQ
T`2b2`p2 +QMbBbi2Mi �M�HvbBb �`iB7�+ib i?`Qm;?Qmi i?2 T`Q+2bbX q2 7m`@
i?2` /2bB;M p�`BQmb KmHiB@bm`7�+2 BMi2`�+iBQM i2+?MB[m2b iQ `2/m+2 i?2
+Q;MBiBp2 /2K�M/ Q7 mb2`b r?2M Bi2`�iBM; #2ir22M /Bz2`2Mi �M�HviB+
pB2rb- �M/ Qz2` �r�`2M2bb K2+?�MBbKb iQ bQHp2 TQi2MiB�H +Q;MBiBp2
#`2�F/QrMb Q7 +QHH�#Q`�iQ`bX

h?2 +QMi`B#miBQMb Q7 i?Bb rQ`F �`2 i?mb,

Ç � pBbBQM 7Q` +QHH�#Q`�iBp2- +`Qbb@/2pB+2 �{MBiv /B�;`�KKBM; 7Q`
[m�HBi�iBp2 /�i� �M�HvbBb- /`�rM 7`QK Qm` QrM 2tT2`B2M+2 �M/
7`QK BMi2`pB2rb rBi? T`�+iBiBQM2`b-

Ç � T`QQ7@Q7@+QM+2Ti T`QiQivT2- �.Z.�- BKTH2K2Mi2/ �b � /Bb@
i`B#mi2/ r2#@#�b2/ bvbi2K mbBM; q2#bi`�i2b (R9)- �M/

Ç � b2`B2b Q7 /2KQMbi`�iBp2 b+2M�`BQb i?�i b?Qr ?Qr �.Z.� `2�H@
Bx2b i?Bb pBbBQM �M/ +�M TQi2MiB�HHv 7�+BHBi�i2 `B+?2`- /22T2` [m�H@
Bi�iBp2 /�i� �M�Hvb2bX

��� 3FMBUFE 8PSL
AM i?Bb b2+iBQM- r2 `2pB2r `2H�i2/ rQ`F QM ?Qr �{MBiv /B�;`�KKBM;
Bb �TTHB2/ iQ K�F2 b2Mb2 Q7 /�i� �M/ i?2 iQQHb i?�i bmTTQ`i BiX q2
i?2M T`2b2Mi /Bz2`2Mi �TT`Q�+?2b iQ �M�Hvx2 [m�HBi�iBp2 /�i� BM ;2M2`�H
�M/ i?2 `2T`2b2Mi�iBp2 �M�HvbBb iQQHb i?�i bmTTQ`i i?2KX 6BM�HHv- r2
+QMbB/2` i?2 /2pB+2 2+QHQ;v BM i?2 r2# Q7 �M�HvbBb �+iBpBiB2bX



�� � "%2%" � 4VQQPSUJOH "MUFSOBUJWFT JO 2VBMJUBUJWF %BUB "OBMZTJT

����� "ŒOJUZ EJBHSBNNJOH QSBDUJDFT � UPPMT

�{MBiv /B�;`�KKBM; Bb � 7`2[m2MiHv@mb2/ iQQH 7Q` Q`;�MBbBM; B/2�b �M/
K�FBM; b2Mb2 Q7 i?2K (RyR-Ryk)X >�`#Q2 �M/ >m�M; (Ry9) BMp2biB;�i2/
`2�H@rQ`H/ �{MBiv /B�;`�KKBM; T`�+iB+2b #v BMi2`pB2rBM; Rj T�`iB+B@
T�MibX h?2v 7QmM/ i?�i i?2 i2`K �{MBiv /B�;`�Kb +�Tim`2/ � p�`B2iv
Q7 T`�+iB+2b- rBi? /Bz2`2Mi Tm`TQb2b �M/ T`Q+2/m`2bX q?2M mb2/ ǳhQ
1HB+Bi .Bp2`b2 AMTmi-Ǵ bm+? �b #`�BMbiQ`KBM; Q` T`QD2+i TH�MBM;- i?2
MmK#2` Q7 MQi2b i2M/b iQ #2 bK�HH2` �M/ i?2 /m`�iBQM b?Q`i2`c r?2M
mb2/ ǳhQ �M�Hvx2 .�i�-Ǵ bm+? �b 7`QK bm`p2vb (RyN- RRy)- }2H/ BMi2`@
pB2rb �M/ Q#b2`p�iBQMb (8- RRRĜRRj)- Bi i2M/b iQ #2 KQ`2 +Q;MBiBp2Hv
BMi2MbBp2 rBi? `2H�iBp2Hv H�`;2 MmK#2`b Q7 MQi2b �M/ � HQM;2` /m`�@
iBQM (Ry9)X

J�Mv +m``2Mi /B;Bi�H /B�;`�KKBM; bvbi2Kb- bm+? �b �{MBivY (RR9)
Q` �{MBivh�#H2 (RR8)- �`2 /2bB;M2/ iQ bmTTQ`i #`�BMbiQ`KBM;@HBF2 b+2@
M�`BQbX AM i?Bb rQ`F- r2 7Q+mb QM K�FBM; b2Mb2 Q7 +QHH2+i2/ [m�HBi�iBp2
K�i2`B�HbX q?2M /2�HBM; rBi? BM+`2�bBM; MmK#2`b Q7 MQi2b- bT�+2 +QM@
bi`�BMib �`2 Q7i2M � T`Q#H2K (Ry9- Ryd- Ry3)X qBi? T�T2` iQQHb- T2QTH2
Q7i2M �TT`QT`B�i2 �p�BH�#H2 bT�+2- bm+? �b #v bT`2�/BM; Qmi iQ Qi?2`
r�HHb Q` i�#H2b (Ryd- Ry3)X .B;Bi�H iQQHb- ?Qr2p2`- ǳXXX (�`2) i?Qm;?i iQ
`2bi`B+i mb2`b iQ i?2 +QM}M2b Q7 � T`2@/2i2`KBM2/ bT�+2 bm+? �b � /2bF@
iQT BMbi2�/ Q7 mbBM; �Mv �M/ �HH bT�+2 �p�BH�#H2 iQ i?2KǴ (Ry3)X aQK2
+QKK2`+B�H /B�;`�KKBM; iQQHb- bm+? �b JB`Q k Q` Jl_�G j- mb2 �M
BM}MBi2 +�Mp�b iQ 7�+BHBi�i2 �M 2p2`@2tT�M/BM; /B�;`�K- #mi biBHH �`2
HBKBi2/ iQ � bBM;H2 rBM/QrǶb pB2rTQ`iX .Bz2`2Mi bi`�i2;B2b �`2 �/QTi2/
mM/2` bm+? bT�+2 +QMi`�BMib- bm+? �b QMHv rQ`FBM; QM QM2 T�`i Q7 � /B@
�;`�K �i � iBK2 Q` QKBiiBM; H2bb BKTQ`i�Mi QM2b- r?B+? +�M ?�`K i?2
�M�HvbBb (Ry9- RRe)X

�MQi?2` +QKKQM T�BMTQBMi Bb i?2 i`�MbBiBQM Q7 �`iB7�+ib #2ir22M

k?iiTb,ffKB`QX+QKf- �++2bb2/ QM y8fy9fkykRX
j?iiTb,ffrrrXKm`�HX+Qf- �++2bb2/ QM y8fy9fkykRX

https://miro.com/
https://www.mural.co/
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/Bz2`2Mi bvbi2Kb (Ry9- RRd)X 6Q` 2t�KTH2- >�`#Q2 2i �HX 7QmM/ bQK2
T�`iB+BT�Mib bT2Mi �b Km+? iBK2 Dmbi +QTvBM; ?B;?HB;?ib iQ biB+Fv MQi2b
�b QM i?2 �M�HviB+ i�bF Bib2H7 (Ry9)X hQQHb +�M ?2HT i`�Mb7Q`KBM; T�T2`
MQi2b iQ /B;Bi�H (RRd-RR3)X Jm+? Q7 iQ/�vǶb /�i� �`2 +QHH2+i2/ BMBiB�HHv
BM /B;Bi�H 7Q`Kbc i`�Mb7Q`KBM; /B`2+iHv #2ir22M /B;Bi�H bvbi2Kb b22Kb
�TT2�HBM;X >Qr2p2`- K�Mv +m``2Mi /B;Bi�H /B�;`�KKBM; iQQHb 7Q+mb QM
b+2M�`BQb r?2`2 BMTmib �`2 T`BK�`v B/2�bě�b BM #`�BMbiQ`KBM;ě`�i?2`
i?�M /�i� Bi2Kb 2ti`�+i2/ 7`QK /Q+mK2MibX �//BiBQM�H iQQHb- bm+? �b
rQ`/ T`Q+2bbQ`b- M22/ iQ #2 BMi2;`�i2/ BM i?2 T`Q+2bbX aBM+2 2�+?
bvbi2K ?�b Bib QrM /2bB;M �#bi`�+iBQMb- i`�MbBiBQMBM; /�i� 7`QK QM2
iQ �MQi?2` +QmH/ #2 Km+? KQ`2 +mK#2`bQK2 i?�M Dmbi mbBM; BKTQ`i-
2tTQ`i 7mM+iBQM�HBivX

a2Mb2K�FBM; Bb �M Bi2`�iBp2 T`Q+2bb (RRN)- �M/ �{MBiv /B�;`�KKBM;
�b � bT2+B}+ b2Mb2K�FBM; i2+?MB[m2 BM?2`Bib i?Bb M�im`2 (RyR)X �M�Hvbib
Bi2`�iBp2Hv ;Q #�+F �M/ 7Q`i? #2ir22M /Bz2`2Mi �M�HviB+ T?�b2b �M/ `2T@
`2b2Mi�iBQMbX AM i?Bb +QMi2ti- i?2 /Bb+QMM2+i #2ir22M �M�HviB+ �`iB7�+ib
BM 2�+? T?�b2 �M/ `2T`2b2Mi�iBQM +QmH/ H2�/ iQ +Q;MBiBp2 #`2�F/QrMb
Q` Qi?2`rBb2 ?BM/2` i?2 �M�HvbBbX 6Q` 2t�KTH2- Cm/;2 2i �HX (Ry3) Q#@
b2`p2/ i?�i ǳ1p2M B7 BMi2`pB2r i`�Mb+`BTib �`2 �p�BH�#H2 iQ mb2`b- �b
i?2 MmK#2` Q7 MQi2b BM+`2�b2b- Bi #2+QK2b BKT`�+iB+�H iQ HQQF mT i?2
K2�MBM; �M/ +QMi2ti Q7 MQi2bXǴ "�b2/ QM i?2B` Q#b2`p�iBQMb Q7 /Bz2`@
2Mi �{MBiv /B�;`�KKBM; b2bbBQMb- i?2v bm;;2bi iQ �ii�+? bMBTT2ib Q7
Q`B;BM�H i`�Mb+`BTi iQ i?2 MQi2b- �M/ iQ T`QpB/2 T2`bQM�H rQ`FbT�+2b
7Q` BM/BpB/m�Hb BM +QMDmM+iBQM rBi? i?2 r�HH bBx2/ /BbTH�v- �M/ �HbQ
7�+BHBi�i2 mb2`b �b i?2v i`�MbBiBQM #2ir22M i?2KX S`�+iBiBQM2`b K�v
�HbQ ;2M2`�i2 KmHiBTH2 /B�;`�Kb- bm+? �b 7Q` i?2 Tm`TQb2 Q7 HQQFBM; �i
/�i� 7`QK � /Bz2`2Mi T2`bT2+iBp2 (8-RRj)- r?B+? K�v �// QM �//BiBQM�H
+?�HH2M;2bX

Pm` `2b2�`+? B/2MiB}2/ bBKBH�` T�BMTQBMib i?�i �HB;M rBi? i?2 `2@
H�i2/ rQ`FX q2 T`QTQb2 �//`2bbBM; bT�+2 +QMbi`�BMib #v �HHQrBM; mb2`b
iQ �// BM �//BiBQM�H �p�BH�#H2 /BbTH�vb- bm+? �b mbBM; � /B;Bi�H r?Bi2@
#Q�`/ BM +QMDmM+iBQM rBi? � r�HH bBx2 /BbTH�vX �//BiBQM�HHv- r2 T`QTQb2
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HBMFBM; i?2 p�`BQmb �`iB7�+ib BM /Bz2`2Mi +QMi2tib- �M/ T`QpB/BM; BMi2`@
�+iBQM i2+?MB[m2b iQ ?2HT mb2`b Bi2`�iBp2Hv i`�MbBiBQM #2ir22M �M�HvbBb
T?�b2b �M/ `2T`2b2Mi�iBQMbX

JQ`2Qp2`- �{MBiv /B�;`�KKBM; Bb Q7i2M T2`7Q`K2/ +QHH�#Q`�iBp2Hv (RyR-
Ry3)X h?2 MmK#2` Q7 mb2`b +�M `�M;2 7`QK � bK�HH ;`QmT Q7 irQ- iQ �
;`QmT Q7 KQ`2 i?�M ir2Miv +QHH�#Q`�iQ`b (Ry9- Ryd)X S�T2` �M/ bQK2
/B;Bi�H iQQHb- +QMbi`�BM mb2`b iQ � b?�`2/ HQ+�iBQMX .B;Bi�H iQQHb- bm+?
�b .Bbi`B#mi2/ .2bB;M2`bǶ PmiTQbi (Rky) Q` JB`Qk bmTTQ`i `2KQi2 +QH@
H�#Q`�iBQM QM i?2 b�K2 /B�;`�K- �M/ T`QpB/2 2ti`� �r�`2M2bb K2+?�@
MBbKb bm+? �b b?�`2/ +m`bQ`b Q` b?�/Qrb Q7 i?2 `2KQi2 +QHH�#Q`�iQ` 7Q`
T`2b2M+2X Pm` �TT`Q�+? �BKb iQ MQi BKTQb2 �Mv bT2+B}+ +QHH�#Q`�iBQM
bivH2X lb2`b +�M DQBM �M �M�HvbBb BM �Mv T?�b2- �i �MviBK2- BM i?2 b�K2
HQ+�iBQM Q` 7`QK `2KQi2 TH�+2bX

����� 7BSJPVT TFOTFNBLJOH NFUIPET �
BQQSPBDIFT

�{MBiv /B�;`�KKBM;- �b � bT2+B}+ b2Mb2K�FBM; i2+?MB[m2 KB;?i #2
mb2/ iQ;2i?2` rBi? Qi?2` �TT`Q�+?2b- bm+? �b +Q/BM;- r?B+? Bb KQ`2
bi`m+im`2/ �M/ Bb 2K#2//2/ BM /Q+mK2Mib (RkR- Rkk)X 1p2M rBi?BM
i?2 +QMi2ti Q7 �{MBiv /B�;`�KKBM;- p�`BQmb bi`�i2;B2b +QmH/ #2 �T@
THB2/ (Ry9)X hrQ +QKKQM bi`�i2;B2b �`2 QT2M +Q/BM; �M/ +HQb2/ +Q/BM;X
PT2M +Q/BM;- �HbQ +�HH2/ bm#bi�MiBp2 +Q/BM; Q` ;`QmM/2/ +Q/BM;- �b �M
BM/m+iBp2 7Q`K Q7 �M�HvbBb- 2KT?�bBx2b ;`�/m�HHv B/2MiB7vBM; i?2K2b
�M/ +QM+2Tib i?�i 2K2`;2 7`QK /�i� iQ +QMbi`m+i M2r i?2Q`B2b (Rkj)X
*HQb2/ +Q/BM;- �HbQ +�HH2/ � T`BQ`B +Q/BM; Q` i2KTH�i2 +Q/BM;- i�F2b
� /2/m+iBp2 �TT`Q�+? r?2`2 +Q/2b �`2 +`2�i2/ #27Q`2?�M/ #�b2/ QM
+2`i�BM i?2Q`2iB+�H 7`�K2rQ`Fb Q` T`2@2tBbiBM; FMQrH2/;2 �M/ �`2 mb2/
iQ 7`�K2 i?2 /�i� BMiQ � +Q?2`2Mi +QMbi`m+i (Rk9)X

AM T`�+iB+2- `�i?2` i?�M 7QHHQrBM; QM2 �TT`Q�+?- T`�+iBiBQM2`b Q7i2M
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#H2M/ i?2 irQ BMiQ /Bz2`2Mi p�`B�iBQMb iQ bmBi 7Q` i?2B` QrM M22/bX 6Q`
2t�KTH2- i?2v +�M #2;BM rBi? � b2i Q7 � T`BQ`B +Q/2b #�b2/ QM BMi2`@
pB2r [m2biBQMb �M/ Bi2`�iBp2Hv �// iQ i?2K �b M2r i?2K2b 2K2`;2bX
AM Qi?2` +�b2b- `2b2�`+?2`b bi�`i rBi? QT2M +Q/BM; iQ ;2i bQK2 T`2@
HBKBM�`v +�i2;Q`B2b- �M/ 7QHHQr #v +HQb2/ +Q/BM; iQ B/2MiB7v KQ`2 bT2@
+B}+ i?2K2b (Rk8- Rke)X �b 1HHBQii Q#b2`p2/- ǳh?2 KQbi T`�;K�iB+
`2b2�`+?2`b rBHH ivTB+�HHv mb2 #Qi? BM � bBM;H2 `2b2�`+? T`QD2+iǴ (Rkd)X
"H�B` 7QmM/ i?�i � +QK#BM�iBQM Q7 i?2b2 irQ +�M `2/m+2 +QM}`K�iQ`v
#B�b bBM+2 i?2v ǳbT2�F iQ- �M/ +QmMi2`- QM2 �MQi?2`Ǵ (Rk3)X *?�M@
/`�b2;�`�M 2i �HX (RkN) b?Qr ?Qr i?2 T`Q+2bb2b Q7 :`QmM/2/ h?2@
Q`v (Rjy) T�`�HH2Hb SB`QHHB �M/ *�`/Ƕb b2Mb2K�FBM; KQ/2H (RRN)- r?2`2
�M�Hvbib Bi2`�iBp2Hv brBi+? #2ir22M #QiiQK@mT U7`QK /�i� iQ i?2Q`vV
�M/ iQT@/QrM U7`QK i?2Q`v iQ /�i�V �+iBpBiB2bX "Qi? +Q/BM; �M/ /B�@
;`�KKBM; Q` � KBt Q7 i?2 irQ +QmH/ #2 �/QTi2/ iQ i?2b2 KQ/2Hb #�b2/
QM +QM+`2i2 T`QD2+ibX

*QKK2`+B�H +QKTmi2`@�B/2/ [m�HBi�iBp2 /�i� �M�HvbBb bQ7ir�`2- bm+?
�b J�tZ.� 9- �hG�aXiB 8- �M/ LoBpQ e- bmTTQ`i #Qi? +Q/BM; �M/ /B�@
;`�KKBM;X >Qr2p2`- i?2v BKTQb2 � +2`i�BM �M�HviB+ b2[m2M+2- bm+? �b
+Q/BM; #27Q`2 /B�;`�KKBM;X h?2v �`2 �HbQ HBKBi2/ iQ � /2bFiQT@#�b2/-
bBM;H2@mb2` KQ/2HX q2 7Q+mb QM i?2 M22/ iQ #H2M/ /B�;`�KKBM; �M/
+Q/BM; BM /Bz2`2Mi �M�HviB+ T?�b2b- �+`Qbb ?2i2`Q;2M2Qmb /2pB+2b- rBi?
KmHiBTH2 mb2`b rQ`FBM; BM i?2 b�K2 TH�+2 Q` `2KQi2HvX

9?iiTb,ffrrrXK�t[/�X+QKf- �++2bb2/ QM y8fy9fkykRX
8?iiTb,ff�iH�biBX+QKf- �++2bb2/ QM y8fy9fkykRX
e?iiTb,ffrrrX[b`BMi2`M�iBQM�HX+QKfMpBpQ@[m�HBi�iBp2@/�i�@�M�HvbBb@
bQ7ir�`2f?QK2- �++2bb2/ QM y8fy9fkykRX

https://www.maxqda.com/
https://atlasti.com/
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
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����� "SUJGBDU FDPMPHZ JO DPMMBCPSBUJWF
TFOTFNBLJOH BDUJWJUJFT

_2�H@rQ`H/ �M�HviB+ T`Q+2bb2b �`2 Q7i2M /vM�KB+- rBi? mb2`b 7`QK b�K2
Q` /Bz2`2Mi HQ+�iBQMb �`#Bi`�`BHv DQBMBM; BM �Mv �M�HviB+ i�bF �KQM; �
M2irQ`F Q7 �+iBpBiB2b (Ry9- Ryd)X AMbi2�/ Q7 /2bB;MBM; iQQHb 7Q` +2`@
i�BM i�bFb- "Ǡ/F2` �M/ EHQFKQb2Ƕb >mK�M@�`iB7�+i JQ/2H 2KT?�bBx2b
bim/vBM; ?2i2`Q;2M2Qmb /2pB+2b �b T�`i Q7 �M �`iB7�+i 2+QHQ;v r?2`2
ǳQM2 +�M /vM�KB+�HHv BMi2`TH�v rBi? Qi?2`b �M/ rBi? mb2`bǶ r2# Q7
�+iBpBiB2bǴ (R8- Re)X

AMi2`�+iBp2 /BbTH�vb- bm+? �b KQ#BH2 T?QM2b- i�#H2ib- H�TiQTb- i�#H2@
iQTb- �M/ r�HH@bBx2/ /BbTH�vb- �`2 #2+QKBM; BM+`2�bBM;Hv �++2bbB#H2 �M/
T2`p�bBp2 BM Qm` /�BHv HB72X .Bz2`2Mi ivT2 Q7 /2pB+2b ?�b i?2B` QrM �7@
7Q`/�M+2b �M/ i2+?MB+�H +�T�#BHBiB2b- BM i2`Kb Q7 7Q`Kb- bBx2b- BMTmi
KQ/�HBiv �M/ BMTmi �++m`�+vX "`m/v 2i �HX +H�bbB7v i?2 /Bp2`b2 /2@
pB+2b �b �/@?Q+fJQ#BH2- a2KB@}t2/ �M/ 6Bt2/- #�b2/ QM i?2B` bmTTQ`i
/2;`22 7Q` /vM�KB+ +?�M;2b �M/ `2+QM};m`�iBQM (RyN)X AM a+?�`7 2i
�HXǶb i�tQMQKv- /2pB+2b +�M #2 +�i2;Q`Bx2/ #�b2/ QM QrM2`b?BT- �++2bb-
�M/ /Bbi�M+2 (RjR)X h?2 mMB[m2 +?�`�+i2`BbiB+b Q7 2�+? Q7 i?2b2 /2pB+2b
K�F2 i?2K KQ`2 bmBi2/ iQ +2`i�BM +QHH2+iBQMb Q7 i�bFb �M/ BMi2`�+iBQMbX
.Bz2`2Mi FBM/b Q7 /2pB+2b �`2 Q7i2M +QK#BM2/ �b �M 2+Qbvbi2K 7Q` KQ`2
+QKTH2t i�bFb �M/ FMQrH2/;2 rQ`F (R8- dj)X

h�FBM; /�i� �M�HvbBb �+iBpBiB2b �b �M 2t�KTH2- bK�HH2` /2pB+2b- Qz2`
#2ii2` KQ#BHBiv- TQ`i�#BHBiv �M/ T`Bp�+v (Rjk)X h?2v �`2 Q7i2M mb2/ �i
� T2`bQM�H b+�H2 Q` iQ K2/B�i2 i?2 BMi2`�+iBQMb rBi? H�`;2 /BbTH�vb BM
KmHiB@bm`7�+2 2MpB`QMK2MibX G�`;2` /BbTH�vb- #v +QMi`�bi- �HHQr bBKmH@
i�M2Qmb �++2bb �M/ +�M T`2b2Mi Km+? KQ`2 BM7Q`K�iBQM- Q7i2M �+iBM;
�b � b?�`2/ b2Mb2K�FBM; bT�+2 (Nj- N9- Rjj- Rj9)X

hQ QT2M mT M2r QTTQ`imMBiB2b iQ /2bB;M iQQHb 7Q` KQ`2 ~2tB#H2
�M/ /vM�KB+ T`�+iB+2b- EHQFKQb2 2i �HX BMi`Q/m+2 q2#bi`�i2b (R9)X �b
/Bb+mbb2/ BM b2+iBQM kXjXk- q2#bi`�i2b T`QpB/2 � K�HH2�#H2 �M/ +QH@



��� %FTJHO 4QBDF GPS 2VBMJUBUJWF 4FOTFNBLJOH 5PPMT ��

H�#Q`�iBp2 2MpB`QMK2MiX lb2`b +�M 2�bBHv �++2bb iQ Bi rBi? �Mv /2pB+2b
i?�i T`QpB/2 KQ/2`M r2# #`Qrb2`bX .Bz2`2Mi ivT2b Q7 r2#bi`�i2b Ur2#
T�;2bV +�M #2 �bb2K#H2/ BM � ~2tB#H2 K�MM2` iQ �+?B2p2 �bvKK2i`B+
+QHH�#Q`�iBQMbX JQ`2Qp2`- mb2` +�M /vM�KB+�HHv KQ/B7v �M/ 2ti2M/
i?2 2MpB`QMK2Mi 7`QK rBi?BMX q2#bi`�i2b i?mb #Hm` i?2 #QmM/�`B2b Q7
iQQHb- /2pB+2b �M/ �+iBpBiB2bX "�/�K 2i �HXǶb oBbi`�i2b- #mBHi QM iQT Q7
q2#bi`�i2b- /2KQMbi`�i2b ?Qr ?2i2`Q;2M2Qmb /2pB+2b +�M #2 ~2tB#Hv
+QK#BM2/ iQ bmTTQ`i /vM�KB+ �+iBpBiB2b �`QmM/ /�i� pBbm�HBx�iBQM (Ny)X
aBKBH�`Hv- Qm` T`QiQivT2 �.Z.� Bb #mBHi QM iQT Q7 q2#bi`�i2b �M/
r2 7Q+mb QM i?2 /vM�KB+ BMi2`TH�v Q7 /Bz2`2Mi ivT2b Q7 /2pB+2b �M/ i?2
p�`BQmb �M�HviB+ �+iBpBiB2b rBi?BM i?2 +QMi2ti Q7 [m�HBi�iBp2 b2Mb2K�F@
BM;X

��� %FTJHO 4QBDF GPS 2VBMJUBUJWF
4FOTFNBLJOH 5PPMT

AM i?Bb b2+iBQM- r2 /2b+`B#2 Qm` BM7Q`K�H bim/B2b QM ;�BMBM; BMbB;?ib
BMiQ ?Qr T`�+iBiBQM2`b �M�Hvx2 /�i� mbBM; �{MBiv /B�;`�KKBM;X q2
T`2b2Mi � /2bB;M bT�+2 /`�rM 7`QK i?2 HBi2`�im`2- Qm` QrM 2tT2`B2M+2-
�M/ i?�i Q7 Qm` T�`iB+BT�Mib iQ /2b+`B#2 i?2 p�`BQmb FBM/b Q7 �+iBpBiB2b-
K2i?Q/b- �`iB7�+ib- �M/ iQQHb 2M;�;2/X q2 i?2M /Bb+mbb i?2 T�BMTQBMib
rBi? +m``2Mi iQQHb �b `2p2�H2/ #�b2/ QM i?Bb /2bB;M bT�+2X

����� *OGPSNBM TUVEJFT � BOBMZTJT PG
DPMMFDUFE EBUB

�b `2b2�`+?2`b BM i?2 >*A }2H/- r2 ?�p2 mb2/ �{MBiv /B�;`�KKBM; �b
� T`BM+BT�H �M�HvbBb K2i?Q/ 7Q` i�tQMQKB+ Q` BMi2`pB2r@#�b2/ bim/B2b
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Tm#HBb?2/ �i ~�;b?BT >*A +QM72`2M+2bX "2bB/2b `2~2+iBM; QM Qm` QrM
2tT2`B2M+2- r2 7m`i?2` +QM/m+i2/ BM7Q`K�H BMi2`pB2rb rBi? i?`22 T`�+@
iBiBQM2`b- irQ >*A `2b2�`+?2`b �M/ � bQ+BQHQ;Bbi- rBi? `B+? 2tT2`B2M+2
mbBM; �{MBiv /B�;`�KbX �HH ?�/ 2tT2`B2M+2 mbBM; T�T2`- QM2 ?�/ 2t@
T2`B2M+2 mbBM; � r�HH@bBx2 /B;Bi�H iQQH- �M/ QM2 ?�/ 2tT2`B2M+2 mbBM;
/2bFiQT �{MBiv /B�;`�KKBM; bQ7ir�`2X hrQ ?�/ `2+2MiHv mb2/ �{M@
Biv /B�;`�KKBM; iQ �M�Hvx2 BMi2`pB2r i`�Mb+`BTib- r?BH2 QM2 ?�/ KQbi
`2+2MiHv mb2/ Bi iQ +Hmbi2` bQ+B�H M2irQ`F /B�;`�KbX AMi2`pB2rb r2`2
iQQF TH�+2 BM 2Bi?2` i?2B` �M�HvbBb 2MpB`QMK2Mi Q` Qm` KmHiB@bm`7�+2
2MpB`QMK2Mi- rBi? i?2B` QrM H�TiQTb Q` Qi?2` `2H�i2/ �`iB7�+ibX

AM Qm` BMi2`pB2rb- T�`iB+BT�Mib b?�`2/ T?QiQb- pB/2Qb- Q` r2#bBi2b
Q7 �{MBiv /B�;`�Kb ;2M2`�i2/ BM i?2B` T�bi T`QD2+ibX h?2v 7m`i?2`
r�HF2/ i?`Qm;? i?2 T`Q+2bb mb2/ iQ ;2M2`�i2 i?2KX h?2 ;Q�H Q7 i?2
BMi2`pB2rb r�b iQ #2ii2` mM/2`bi�M/ ?Qr Qm` T�`iB+BT�Mib mb2/ �{MBiv
/B�;`�KKBM; BM i?2B` `2b2�`+?- i?2B` b2Mb2K�FBM; T`Q+2bb2b- �M/ iQ
i2�b2 Qmi TQi2MiB�H T�BMTQBMib i?2v ?�/ 2tT2`B2M+2/X

q2 i?2M b?Qr2/ i?2K �M BMBiB�H p2`bBQM Q7 �.Z.� rBi? `m/BK2M@
i�`v bmTTQ`i 7Q` +`2�iBM; #�bB+ �{MBiv /B�;`�Kb QM � r�HH@bBx2/ /BbTH�vX
Ai BM+Hm/2/ #�bB+ bmTTQ`i 7Q` BKTQ`iBM; MQi2b 7`QK � X+bp }H2- +QHH�#@
Q`�iBp2Hv Q`;�MBxBM; i?2K QM � KmHiBiQm+? r�HH UQ` rBi? � KQmb2 �M/
b+`QHH#�`b QM � /2bFiQT +QKTmi2`V- �M/ �//BM; i2tim�H �MMQi�iBQMbX
Uh?2 T`BK�`v �{MBiv /B�;`�K pB2r b?QrM BM 6B;m`2 9Xj Bb #�b2/ QM
i?Bb BMBiB�H p2`bBQMXV h?Bb T�`i Q7 i?2 BMi2`pB2r r�b �BK2/ �i ?2HTBM;
T�`iB+BT�Mib iQ T`QD2+i i?2Kb2Hp2b BMiQ i?2 2tT2`B2M+2 Q7 +QM/m+iBM;
/B;Bi�H �{MBiv /B�;`�KKBM; QM � r�HH@bBx2/ /BbTH�vX

Pm` �M�HvbBb Bb #�b2/ QM i?2 +QK#BM�iBQM Q7 HBi2`�im`2 `2pB2rb- `2@
~2+iBQMb QM Qm` QrM 2tT2`B2M+2- �M/ i?�i `2p2�H2/ #v Qm` T�`iB+BT�MibX
q2 �TTHB2/ ;`QmM/2/ i?2Q`v iQ i?2 2Mb2K#H2 Q7 �HH i?2b2 bQm`+2b- �M/
7Q+mb QM /Bz2`2Mi i?2K2b- BM+Hm/BM; i?2 p�`BQmb FBM/b Q7 �+iBpBiB2b BM
[m�HBi�iBp2 b2Mb2K�FBM; T`Q+2bb- i?2 FBM/b Q7 �`iB7�+ib �M/ `2T`2b2M@
i�iBQMb BMpQHp2/- i?2 /Bz2`2Mi FBM/b Q7 �M�HvbBb K2i?Q/b �TTHB2/- �M/
i?2 K�BM T�BM@TQBMib i?�i 2tTQb2/X
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.`�rM 7`QK i?2 HBi2`�im`2- Qm` QrM 2tT2`B2M+2- �M/ i?�i Q7 Qm` BM7Q`@
K�H BMi2`pB2r T�`iB+BT�Mib- r2 /2p2HQT � /2bB;M bT�+2 iQ /2b+`B#2 i?2
/Bz2`2Mi �`iB7�+ib- `2T`2b2Mi�iBQMb- �M/ �M�HviB+ iQQHb mb2/ BM [m�HBi�@
iBp2 /�i� �M�HvbBbX AM [m�HBi�iBp2 /�i� �M�HvbBb UrBi? �{MBiv /B�;`�K@
KBM; i2+?MB[m2V- i?2`2 �`2 }p2 K�BM /BK2MbBQMb iQ #2 +QMbB/2`2/, U�V
�M�HvbBb T?�b2b- U"V +QM+2Tim�H K2i?Q/b- U*V �M�HviB+ H2Mb- U.V KQ/2b
Q7 +QHH�#Q`�iBQM- �M/ U1V ivT2b Q7 /2pB+2b mb2/X o�`BQmb FBM/b Q7 �H@
i2`M�iBp2b 2tBbi �HQM; i?2b2 B/2MiB}2/ /BK2MbBQMbX AM i?2 7QHHQrBM;
+QMi2Mib- r2 2tTH�BM i?2b2 /BK2MbBQMb �b r2HH �b i?2 `2H�i2/ �Hi2`M�@
iBp2b BM KQ`2 /2i�BHbX

������� 	"
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hQ #2ii2` +�Tim`2 i?2 b2Mb2K�FBM; T`Q+2bb- r2 }`bi B/2MiB7v i?`22 +Q`2
�M�HviB+ T?�b2b BM [m�HBi�iBp2 /�i� b2Mb2K�FBM;, RV 2ti`�+i `2H�i2/
/�i� Bi2Kb 7`QK `�r K�i2`B�Hb- kV �bbB;M /�i� Bi2Kb BMiQ +�i2;Q`B2b
UQ7i2M +�HH2/ +Q/2bV- �M/ jV /`�r +QMM2+iBQMb #2ir22M +�i2;Q`B2b iQ
7Q`K ?B;?2`@H2p2H +QM+2Tib- �b b?QrM BM };X 9Xk �HQM; i?2 ?Q`BxQMi�H
�tBbX

hQ �M�Hvx2 BMi2`pB2r i`�Mb+`BTib- �M�Hvbib K�v �/QTi /Bz2`2Mi �T@
T`Q�+?2b, bQK2 �M�Hvbib K�v T2`7Q`K QT2M +Q/BM;- 2ti`�+iBM; +Q/2/
+QM+2Tib BM � #QiiQK@mT 7�b?BQM 7`QK i?2 mM/2`HvBM; /�i� Ubi�`iBM;
7`QK i?2 }`bi T?�b2 �M/ KQpBM; `B;?iVX Pi?2`b K�v T2`7Q`K +HQb2/
+Q/BM;- r?2`2 i?2 bT2+B}+ +QM+2Tib �`2 /2}M2/ BM �/p�M+2 Ubi�`iBM;
7`QK `B;?i �M/ KQpBM; H27iVX 6`2[m2MiHv- i?2 irQ �`2 KBt2/X LQ K�ii2`
i?2 bi`�i2;v �TTHB2/- mb2`b K�v b2�KH2bb ~Qr #2ir22M i?2b2 /Bz2`2Mi
T?�b2b Q7 �M�HvbBb BM �`#Bi`�`v Q`/2`X 6Q` 2t�KTH2- +Q/2b Q` +QM+2Tib
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'JHVSF ���� � /2bB;M bT�+2 7Q` b2Mb2K�FBM; iQQHb, U�V �M�HvbBb T?�b2b-
�HQM; i?2 t@�tBbc i?`22 T`BK�`v �M�HviB+ T?�b2b 7Q` [m�HBi�iBp2 /�i�
�M�HvbBbc �M/ U"V +QM+2Tim�H Q` �M�HviB+ iQQHb- bm+? �b +Q/BM; UBM #Hm2V
�M/ �{MBiv /B�;`�KKBM; UBM Q`�M;2V �b +QKTH2K2Mi�`v K2i?Q/b 7Q`
�M�HvbBbX U*V JmHiBTH2 G2Mb- KmHiB@7�+2i2/ �M�HvbBb b?QrM �b bi�+Fb Q7
+Q/BM; bvbi2Kb Q` �{MBiv /B�;`�KbX h?2 HBMFb #2ir22M T?�b2b �M/ `2T@
`2b2Mi�iBQMb b?Qr i?2 i`�MbBiBQMb �M/ Bi2`�iBQMb #2ir22M i?2K /m`BM;
i?2 b2Mb2K�FBM; T`Q+2bbX U.V KQ/2b Q7 +QHH�#Q`�iBQM �M/ U1V ivT2b
Q7 /2pB+2bX lb2`b �`#Bi`�`BHv DQBM BM �Mv �M�HviB+ i�bF �KQM; � r2# Q7
�+iBpBiB2b- �M/ �TT`QT`B�i2 T2`iBM2Mi /2pB+2 7Q` bBim�i2/ i�bFbX

+QmH/ #2 mT/�i2/ �b KQ`2 /�i� Bi2Kb �`2 2ti`�+i2/ Ui`�MbBiBQM 7`QK
T?�b2 R iQ k Q` jVc BMbB;?ib /2`Bp2/ BM QM2 +Q/BM; bvbi2K +QmH/ i`B;;2`
i?2 +`2�iBQM Q7 �MQi?2` 7Q+mb2/ QM � bT2+B}+ +QM+2Ti UHQQT BMbB/2 T?�b2
kV Q` +QmH/ i`B;;2` � M2r T�bb Qp2` i?2 `�r i`�Mb+`BTib U7`QK T?�b2 k
iQ RVc i?2 2K2`;2M+2 Q7 M2r +QM+2Tib Q` ?vTQi?2b2b +QmH/ H2�/ iQ +QH@
H2+iBM; KQ`2 /�i� U7`QK T?�b2 j iQ RV- bm+? �b +QM/m+iBM; �//BiBQM�H
Q` 7QHHQr@mT BMi2`pB2rb- 2i+X

Pm` BMi2`pB2rb �M/ 2tT2`B2M+2 �HB;M r2HH rBi? SB`QHHB �M/ *�`/Ƕb
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b2Mb2K�FBM; KQ/2H r?2`2 �M�Hvbib Bi2`�i2b QM BM7Q`K�iBQM 7Q`�;BM;
�M/ b2Mb2K�FBM; �+iBpBiB2b (RRN)X AMbi2�/ Q7 #2BM; /Bb+`2i2 T?�b2b BM
� HBM2�` TBT2HBM2- i?2b2 T?�b2b �`2 BM/22/ +HQb2Hv +QMM2+i2/ �b QM2 +�M
BM~m2M+2 �M/ �HbQ `2Hv QM �MQi?2`X h?2b2 T?�b2b /2b+`B#2 Bi2`�iBp2
�+iBpBiB2b rBi?BM i?2 b2Mb2K�FBM; T`Q+2bbX

������� 	#
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q?BH2 r2 7Q+mb QM mbBM; �{MBiv /B�;`�Kb �b � iQQH iQ �M�Hvx2 /�i�-
Bi Q7i2M Bb MQi mb2/ �HQM2X q2 ?�p2 b22M T`�+iBiBQM2`b KBt +Q/BM; �M/
/B�;`�KKBM; BM � ~2tB#H2 r�v /m`BM; /Bz2`2Mi T?�b2b Q7 i?2B` �M�HvbBbX
h?2 #Hm2 �M/ Q`�M;2 +QHQ`b BM };X 9Xk /2KQMbi`�i2 i?2b2 irQ +QKKQMHv
mb2/ +QM+2Tim�H iQQHb iQ +QM/m+i [m�HBi�iBp2 �M�HvbBbX

*Q/BM; T`Q+2bb2b UBM #Hm2V `2T`2b2Mi �M�HvbBb �+iBpBiB2b r?B+? �`2
KQ`2 bi`m+im`2/X am+? +Q/BM; Q7i2M 2Mi�BHb ?B;?HB;?iBM; i2ti b2;K2Mib
BM i?2 /Q+mK2Mib UT?�b2 RVc �MMQi�iBM; ?B;?HB;?ib rBi? F2vrQ`/b Q`
i�;b @ i?2 +Q/2b UT?�b2 kVc �M/ Q`;�MBxBM; Q` bi`m+im`BM; i?Qb2 +Q/2b-
bm+? �b BMiQ � ?B2`�`+?v UT?�b2 jVX �{MBiv /B�;`�KKBM; T`Q+2bb2b
UBM Q`�M;2V �`2 KQ`2 bT�iB�HHv@Q`B2Mi2/ �M�HvbBb �+iBpBiB2b- r?2`2 i?2
�M�Hvbi mb2b ǳbT�+2 iQ i?BMFǴ (dR)X 1ti`�+iBM; /�i� Bb /QM2 #v 2ti`�+i@
BM; i?2K 7`QK i?2B` bQm`+2 �M/ i`�Mb7Q`KBM; i?2K BMiQ MQi2b- bm+?
�b T?vbB+�H TQbi@Bib Q` /B;Bi�H i2ti bMBTT2ib- i?�i +�M #2 �``�M;2/ bT�@
iB�HHv UT?�b2 RVX "v +Hmbi2`BM; i?2b2 MQi2b BMiQ ;`QmTb UQ7i2M rBi?
i?2K2 MQi2b iQ bmKK�`Bb2 i?2 �#bi`�+i B/2�b Q7 � +Hmbi2`V- i?2 �M�@
Hvbi �bbB;Mb /�i� Bi2Kb BMiQ +�i2;Q`B2b UT?�b2 kVX h?2b2 i?2K2 MQi2b
+�M #2 7m`i?2` +Hmbi2`2/ iQ 7Q`K ?B;?2` H2p2H +QM+2Tib- `2bmHiBM; BM
?B2`�`+?B+�H /B�;`�Kb UT?�b2 jVX

hQ #2 +H2�`- i?2 i2`K +Q/BM; /Q2b MQi b?�`2 � mMBp2`b�H /2}MBiBQM-
Bi +�M ;2M2`�HHv K2�M Q`;�MBb2 /�i� iQ b+?2K�b MQ K�ii2` i?2 +QM+`2i2
K2i?Q/b �TTHB2/X *Q/BM; +�M #2 /2}M2/ �b ǳi?2 T`Q+2bb Q7 �M�HvxBM;
[m�HBi�iBp2 i2ti /�i� #v i�FBM; i?2K �T�`i iQ b22 r?�i i?2v vB2H/
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#27Q`2 TmiiBM; i?2 /�i� #�+F iQ;2i?2` BM � K2�MBM;7mH r�vǴ (\)X AM
i?Bb /Bbb2`i�iBQM- r2 b2T�`�i2 i?2 irQ i2`Kb- +Q/BM; �M/ /B�;`�KKBM;-
iQ #2ii2` /BbiBM;mBb? i?2b2 irQ FBM/b Q7 +QM+2Tim�H K2i?Q/b �M/ Tmi
2KT?�bBb QM i?2B` /Bz2`2Mi +?�`�+i2`BbiB+bX

q2 +QMbB/2` +Q/BM; �M/ /B�;`�KKBM; �b irQ �Hi2`M�iBp2 +QM+2T@
im�H K2i?Q/b iQ �M�Hvx2 [m�HBi�iBp2 /�i�X q2 }M/ i?�i BMbi2�/ Q7
+?QQbBM; 2Bi?2` +Q/BM; Q` /B�;`�KKBM;- i?2b2 irQ �Hi2`M�iBp2b �`2 Q7@
i2M +QK#BM2/ �M/ KBt2/ BM � ~2tB#H2 r�vX h?2v +QmH/ #2 �TTHB2/ #v
/Bz2`2Mi /�i� rQ`F2`b BM � b�K2 �M�HvbBb T`QD2+i- bQK2 mb2 +Q/BM; �M/
bQK2 /B�;`�KKBM;c Q` #2 �/QTi2/ #v � bBM;H2 �M�Hvbi- r?2`2 ?2fb?2
+?QQb2b �TT`QT`B�i2 K2i?Q/b /2T2M/BM; QM /Bz2`2Mi +QMi2tib- bm+? �b
mbBM; +Q/BM; BM i?2 H�+F Q7 2KTiv r�HH bT�+2X

*Q/BM; �M/ /B�;`�KKBM; 2M�#H2 /Bz2`2Mi FBM/b Q7 +QKTH2K2Mi�`v
�M�Hvb2b- �M/ #Qi? +QMi`B#mi2 iQ i?2 +Q;MBiBp2 BMi2`T`2i�iBQM Q7 i?2
/�i�X AM +Q/BM;- B/2�b +�M #2 [mB+FHv `2+Q`/2/ r?BH2 `2�/BM;X >B;?@
HB;?ib �M/ K�`;BM +Q/2b �`2 2K#2//2/ BM `�r K�i2`B�Hb- r?B+? K�BM@
i�BM i?2B` bm``QmM/BM; +QMi2tiX PM i?2 Qi?2` ?�M/- i?2 �+i Q7 KQpBM;
MQi2b �`QmM/ BM bT�+2 7`22b i?2 �M�Hvbi 7`QK i?2 bi`m+im`2 Q7 i?2 bQm`+2
/Q+mK2Mi- ?2HTBM; iQ 2tTHQ`2 +QMM2+iBQMb �M/ +�i2;Q`Bx�iBQMb Q7 i?2
/�i�ě�i i?2 +Qbi Q7 i?Bb +QMi2tiX AM /B�;`�KKBM;- KQ`2Qp2`- i?2
TH�+2K2Mi Q7 MQi2b- +Hmbi2`b Q` i?2 /Bbi�M+2 #2ir22M i?2K +�M +QMp2v
2ti`� +QM+2Tim�H K2bb�;2b- bm+? �b � MQi2 Tmi #2ir22M irQ +Hmbi2`b
+QmH/ +QMp2v i?2 mM+2`i�BMiv �M �M�Hvbi KB;?i ?�p2 BM KBM/ Q7 r?B+?
+Hmbi2` i?Bb MQi2 b?QmH/ #2HQM; iQX
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.m`BM; i?2 b2Mb2K�FBM; T`Q+2bb- r2 7QmM/ i?�i �M�Hvbib K�v M22/ iQ
pB2r /�i� i?`Qm;? KQ`2 i?�M QM2 H2Mb- bm+? �b i2biBM; i?2 }i Q7 /B7@
72`2Mi r�vb Q7 bi`m+im`BM; i?2 /�i� (Rkk)c bi`m+im`BM; i?2 /�i� 7`QK
i?2 T2`bT2+iBp2 Q7 /Bz2`2Mi �M�HviB+ [m2biBQMb U2X ;X bi`�i2;B2b BMpQHp2/
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pbX iQQHb mb2/ pbX +QHH�#Q`�iBQM- 2i+XV (RRj)c T�`iBiBQMBM; i?2 �M�HvbBb
�+`Qbb BM/BpB/m�H T�`iB+BT�Mib �M/ i?2M �bb2K#H2 i?2K mT iQ }M/ +QK@
KQM i?2K2b (8)c Q` 2tTHQ`BM; �Hi2`M�i2 ?vTQi?2b2b Q` BMi2`T`2i�iBQMb
#v /Bz2`2Mi +QHH�#Q`�iQ`bX h?2b2 �M�HviB+ T`�+iB+2b `2bmHi BM KmHiBTH2
�Hi2`M�iBp2 �{MBiv /B�;`�Kb- Q` KmHiBTH2 b2ib Q7 +Q/BM; bvbi2KbX

q2 `2T`2b2Mi i?Bb KmHiB@7�+2i2/ �M�HvbBb �b bi�+Fb Q7 +Q/BM; bvbi2Kb
Q` �{MBiv /B�;`�Kb BM };X 9XkX AM i?Bb +�b2- �M�Hvbib Q7i2M bi`m;;H2
�i }M/BM; KQ`2 bT�+2 iQ �``�M;2 KmHiBTH2 /B�;`�KbX h?Qm;? 2�+?
/B�;`�K `2T`2b2Mib /Bz2`2Mi BMi2`T`2i�iBQMb �M/ Q`;�MBx�iBQMb Q7 i?2
mM/2`HBMBM; /�i�- i?2v Q7i2M ?QH/ p�`BQmb FBM/b Q7 `2H�iBQMb?BTb #�b2/
QM i?2 mb2`bǶ K2Mi�H KQ/2HX 6Q` 2t�KTH2- �M�Hvbib K�v M22/ iQ +QK@
T�`2 irQ �Hi2`M�iBp2 /B�;`�Kb rBi? Qp2`H�TT2/ MQi2b iQ 2t�KBM2 ?Qr
� ;Bp2M MQi2 Bb +Hmbi2`2/ BM 2�+? Q7 i?2Kc Q` iQ 7Q`K mT ?B;?2`@H2p2H
�M�HvbBb #�b2/ QM KmHiBTH2 /B�;`�KbX �HH Q7 i?2b2 `2T`2b2Mi�iBQMb �b
r2HH �b i?2B` `2H�iBQMb?BTb 7Q`K mT i?2 +QM+2Tim�H K�T iQ mM/2`bi�M/
r?�i i`�MbTB`2b BM i?2 /�i�X �M�Hvbib ?QT2 7Q` #2ii2` r�vb iQ +QKT�`2-
HBMF- �M/ M�pB;�i2 �KQM; i?2b2 �Hi2`M�iBp2bX

AM �HH- �b b?QrM BM };m`2 9Xk- i?2 2Mb2K#H2 Q7 i?2b2 i?`22 /BK2MbBQMb
@ i?2 /Bz2`2Mi �M�HviB+ T?�b2b- p�`BQmb +QM+2Tim�H K2i?Q/b- �M/ KmH@
iBTH2 �M�HviB+ H2Mb @ �`2 BMi2;`�H T�`ib Q7 i?2 r?QH2 �M�HvbBbX �M�Hvbib
Bi2`�iBp2Hv ~Qr #2ir22M /Bz2`2Mi �M�HviB+ T?�b2b- +?QQb2 Q` +QK#BM2
�Hi2`M�iBp2 K2i?Q/b �+`Qbb i?2b2 T?�b2b- �M/ ;2M2`�i2- `2�bQM- K�M@
�;2 KmHiBTH2 �M�HviB+ `2T`2b2Mi�iBQMb �M/ �`iB7�+ib �HQM; i?2 Qp2`�HH
T`Q+2bb2bX

������� 	%
 .PEFT PG $PMMBCPSBUJPO � 	&
 %FWJDF
5ZQFT

�M �M�HvbBb +�M BMpQHp2 � /vM�KB+ MmK#2` Q7 +QHH�#Q`�iQ`b �i /B7@
72`2Mi �M�HviB+ T?�b2bX h?2v +QmH/ +QM/m+i i?2 �M�HviB+ �+iBpBiB2b
bvM+?`QMQmbHv Q` �bvM+?`QMQmbHv- +Q@HQ+�i2/ Q` 7`QK /Bbi`B#mi2/ rQ`F
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bBi2bX h?2v K�v 2M;�;2 BM i?2 b�K2 Q` /Bz2`2Mi T?�b2b Q` �+iBpBiB2b-
mbBM; i?2 b�K2 Q` /Bz2`2Mi +QM+2Tim�H K2i?Q/bX o�`BQmb +QQ`/BM�iBQM
bi`�i2;B2b +QmH/ #2 �/�Ti2/ iQ i?2B` KQ/2 Q7 +QHH�#Q`�iBQMX 6Q` 2t@
�KTH2- #�b2/ QM Qm` BMi2`pB2rb �M/ 2tT2`B2M+2- bQK2 �M�Hvbib KB;?i
T�`iBiBQM i?2 /�i� iQ rQ`F QM /BbiBM+i bm#b2ib �i � ;Bp2M iBK2c Qi?2`b
K�v rQ`F QM � }`bi H2p2H /B�;`�K r?BH2 � +QHH2�;m2 bBKmHi�M2QmbHv
rQ`Fb QM � ?B;?2` H2p2H /B�;`�Kc bQK2 mb2 +Q/BM; r?BH2 Qi?2`b mb2 /B@
�;`�KKBM;X q?BH2 �Hi?Qm;? [m�HBi�iBp2 /�i� b2Mb2K�FBM; i2M/ iQ #2
+QHH�#Q`�iBp2- bQK2iBK2b i?2 �M�HvbBb +QmH/ �HbQ #22M /QM2 �HH �HQM2-
bm+? �b i?2 2t�KTH2 b?QrM BM i?2 BMi`Q/m+iBQM BM i?Bb +?�Ti2`dX

AM Qm` bim/v- r2 Q#b2`p2/ p�`BQmb FBM/b Q7 ?2i2`Q;2M2Qmb /2pB+2b
i?�i +QmH/ T�`iB+BT�Mi BM i?2 Qp2`�HH �M�HvbBb 2MpB`QMK2Mi- BM+Hm/BM;
H�TiQTb- i�#H2ib- KQ#BH2 T?QM2b- i�#H2iQTb- �M/ r�HH@bBx2/ /BbTH�vbX
JQ/2`M i2+?MQHQ;v ?�b `2/m+2/ i?2 +Qbi Q7 BMi2`�+iBp2 /BbTH�vbX Ai
Bb +QKKQM 7Q` #Qi? BM/BpB/m�Hb �M/ Q`;�MBx�iBQMb iQ QrM KmHiBTH2 /2@
pB+2b- 7`QK /2bFiQTb Q` H�TiQTb iQ i�#H2ib- T?QM2b- �M/ bK�`i r�i+?2bX
q�HH �M/ i�#H2 /BbTH�vb �`2 �HbQ #2+QKBM; KQ`2 �zQ`/�#H2X h?2b2
�Hi2`M�iBp2 /2pB+2b b?�`2 bQK2 Qp2`H�TTBM; +?�`�+i2`BbiB+b �M/ biBHH /B7@
72` BM i2`Kb Q7 i?2B` T?vbB+�H �zQ`/�M+2b �M/ +QKTmi�iBQM�H T`QT2`iB2b-
bm+? �b i?2 bBx2- 7Q`K- BMTmi KQ/�HBiv- BMTmi �++m`�+v- 2i+X

h?2 +?�`�+i2`BbiB+b Q7 �Hi2`M�i2 /2pB+2b K�F2 � b2i Q7 iQQHb �HB;M
r2HH rBi? bQK2 bT2+B}+ i�bFbX 6Q` 2t�KTH2- +Q/BM; BMi2`pB2r i`�M@
b+`BTib KB;?i K�F2 KQbi b2Mb2 r?2M mbBM; � F2v#Q�`/ �M/ KQmb2 Q`
rBi? � /B;Bi�H T2M �M/ � i�#H2i- r?2`2�b �{MBiv /B�;`�KKBM; K�v #2
KQ`2 M�im`�H r?2M mbBM; � iQm+? /BbTH�v �M/ QM � `2H�iBp2Hv H�`;2`
b+`22MX q?BH2 Bi /Q2b MQi K2�M i?�i � iQQH b?QmH/ #2 #QM/2/ rBi?
+2`i�BM ivT2 Q7 i�bFb- � mb2` b?QmH/ #2 �#H2 iQ +?QQb2 Q` +QK#BM2 i?2
�p�BH�#H2 i2+?MQHQ;B+�H /2pB+2b #2bi bmBi2/ iQ i?2 i�bF �i ?�M/- Dmbi �b
� rQQ/ rQ`F2` rQmH/ mb2 � +?Bb2H iQ b+mHTi rQQ/ �M/ � b+`2r/`Bp2` iQ

d?iiTb,ffi?2�`ibDQm`M�HXM2ifkyRNfyjfk3fi?2@+Q/BM;@+�p2f- �++2bb2/ QM
RefyNfkykyX

https://theartsjournal.net/2019/03/28/the-coding-cave/
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DQBM TB2+2bX
qBi? T�T2` iQQHb- Bi Bb +QKKQM iQ 2tT�M/ iQ KmHiBTH2 r�HHb �M/

bm`7�+2b r?2M `2[mB`BM; ǳbT�+2 iQ i?BMFǴXq2 b22 2t�KTH2b r?2`2 �M�@
Hvbib i�F2 �/p�Mi�;2 Q7 2KTiv r�HHb- i�#H2b- �M/ rBM/Qrb BM i?2 `QQKX
h?Qm;? /B;Bi�H /BbTH�vb ?�p2 bBx2 HBKBi�iBQMb- i?2 �M�HvbBb pB2r +QmH/
#2 2ti2M/2/ #v +QK#BMBM; KmHiBTH2 Q7 i?2KX .2T2M/BM; QM i?2 +QM@
i2ti- mb2`b b?QmH/ #2 �#H2 iQ �/QTi �Mv �TT`QT`B�i2 �M/ �p�BH�#H2 /2@
pB+2 7Q` i?2 i�bF �i ?�M/X

����� 1BJOQPJOUT� XIFSF DVSSFOU UPPMT CSFBL
EPXO

AM Qm` bim/v- T`�+iBiBQM2`b �HbQ `2p2�H p�`BQmb FBM/b Q7 /B{+mHiB2b �M/
+?�HH2M;2b i?�i i?2v 2M+QmMi2`X h?2 /2bB;M bT�+2 bi�i2/ �#Qp2 ?2HTb mb
iQ mM/2`bi�M/ i?2b2 T�BMTQBMib �M/ r?2`2 +m``2Mi iQQHb H�+F bmTTQ`i,

.Bz2`2Mi �M�HviB+ T?�b2b �M/ K2i?Q/b �`2 Q7i2M i`2�i2/ �b
T�`iB+mH�` bBHQbX *m``2Mi iQQHb i2M/ iQ BKTQb2 i?�i mb2`b +?QQb2 �
+2`i�BM +QM+2Tim�H K2i?Q/ Q` 7QHHQr +2`i�BM �M�HviB+�H b2[m2M+2bX 6Q`
2t�KTH2- /B;Bi�H �{MBiv /B�;`�KKBM; iQQHb bm+? �b �{MBivY- JB`Q-
i2M/ iQ 7Q+mb QM +Hmbi2`BM; i2+?MB[m2b rBi?Qmi +QMbB/2`BM; r?2`2 i?2
MQi2b +QK2 7`QK Q` bmTTQ`iBM; +Q/BM; BM /Q+mK2MibX lb2`b Kmbi +QK@
#BM2 rBi? Qi?2` i2ti 2/BiQ`b bm+? �b JB+`QbQ7i .Q+mK2MibX >Qr2p2`-
i`�MbBiBQMBM; BM7Q`K�iBQM #2ir22M i?2b2 iQQHb `2[mB`2b � +mK#2`bQK2
2tTQ`i@BKTQ`i �M/ TQi2MiB�H /�i� i`�Mb7Q`K�iBQMX Zm�HBi�iBp2 /�i�
�M�HvbBb iQQHb bm+? �b J�tZ.� b22K iQ �bbmK2 i?�i mb2`b T2`7Q`K +Q/@
BM; #27Q`2 /B�;`�KKBM;X _2@+Q/BM; 2M/b mT #`2�FBM; 2tBbiBM; �{MBiv
/B�;`�Kb- bm+? �b +?�M;BM; i?2 T`2pBQmbHv �bbB;M2/ HQ+�iBQMb Q7 MQi2bX
� bvbi2K #`BM;b #�``B2`b r?2M mb2`b r�Mi iQ KBt i?2b2 +QM+2Tim�H
K2i?Q/b- Q` +QmH/ 2p2M T`2p2Mi i?2K 7`QK mbBM; �MQi?2`X
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h?Qm;? BM `2�H �M�HvbBb T`Q+2bb2b- /�i� rQ`F2`b 7`2[m2MiHv Bi2`�i2
#2ir22M /Bz2`2Mi �M�HviB+ T?�b2b- KBt +Q/BM; �M/ /B�;`�KKBM; �+`Qbb
i?2b2 bi�;2b- r2 ?�p2 }M/ MQ iQQHb i?�i T`QpB/2 bm{+B2Mi bmTTQ`i 7Q`
i?2 Qp2`�HH b2Mb2K�FBM; T`Q+2bb �b � r?QH2X

.Bz2`2Mi �M�HviB+ �`iB7�+ib �`2 7`2[m2MiHv /Bb+QMM2+i2/X �b
B/2MiB}2/ BM i?2 /2bB;M bT�+2- [m�HBi�iBp2 /�i� b2Mb2K�FBM; BMpQHp2b
� p�`B2iv Q7 �M�HviB+ �`iB7�+ibX h?2b2 �`iB7�+ib +QmH/ #2 `2H�i2/ iQ
i?2 irQ �Hi2`M�iBp2 +QM+2Tim�H K2i?Q/b, i?2 T�B`b Q7 ?B;?HB;?ib �M/
MQi2b- +Q/2b �M/ i?2K2 MQi2bX h?2v +�M �HbQ #2 BMi`Q/m+2/ #v i?2
KmHiBTH2 �M�HviB+ H2Mb- bm+? �b KmHiBTH2 /B�;`�Kb 7Q+mbBM; QM /Bz2`2Mi
�M�HviB+ T2`bT2+iBp2b- Q` �Hi2`M�iBp2 /B�;`�Kb /2p2HQT2/ #v /Bz2`2Mi
+QHH�#Q`�iQ`bX

AM +m``2Mi iQQHb- i?2b2 �`iB7�+ib �`2 Q7i2M /Bb+QMM2+i2/ 7`QK 2�+?
Qi?2`- H2�pBM; mb2`b �TTHv �/@?Q+ bi`�i2;B2b iQ K�M�;2 i?Bb K�bb Q7
BMi2`irBM2/ BM7Q`K�iBQM- ?B//2M BM /Bz2`2Mi HQ+�iBQMb �M/ mT/�i2/ �i
/Bz2`2Mi `�i2bX 6Q` 2t�KTH2- �M 2t+2`Ti 7`QK �M BMi2`pB2r i`�Mb+`BTi
K�v MQ HQM;2` K�F2 b2Mb2 Q` K�v i�F2 QM � /Bz2`2Mi K2�MBM; r?2M
2ti`�+i2/ 7`QK Bib bm``QmM/BM; +QMi2tiX Cm/;2 2i �HX Q#b2`p2/ i?�i-
rBi? T�T2` iQQHb- ǳ1p2M B7 BMi2`pB2r i`�Mb+`BTib �`2 �p�BH�#H2 iQ mb2`b-
�b i?2 MmK#2` Q7 MQi2b BM+`2�b2b- Bi #2+QK2b BKT`�+iB+�H iQ HQQF mT
i?2 K2�MBM; �M/ +QMi2ti Q7 MQi2bXǴ (Ry3)X aQK2 mb2`b K�Mm�HHv r`Bi2
/QrM T�`iB+BT�Mi MmK#2` �M/ T�;2 MmK#2` BM 2p2`v MQi2b iQ 7�+BHBi�i2
i`�+FBM; #�+F BM i?2 /Q+mK2MibX

�MQi?2` 2t�KTH2 +QMbB/2`b KBtBM; +Q/BM; �M/ /B�;`�KKBM;X h?2
�bvM+?`QMBx�iBQM #2ir22M i?2 `2H�i2/ �`iB7�+ib +QmH/ +QM7mb2 /�i� rQ`F@
2`b QM i?2B` T`Q+2bb Q` TQi2MiB�HHv +�mb2 KBbi�F2bX lb2`b M22/ iQ
K�BMi�BM � bi`QM; K2Mi�H KQ/2H iQ M�pB;�i2 #2ir22M i?2K �M/ K�F2
b2Mb2 Q7 i?2b2 �`iB7�+ib /Bbi`B#mi2/ �+`Qbb KmHiBTH2 +QMi2tib �M/ �M@
�HviB+ bi�;2bX 1p2M i?Qm;? i?2 +QKTmi�iBQM�H TQr2` Q7 /B;Bi�H iQQHb
b22Kb T`QKBbBM; iQ K�BMi�BM i?2 p�`BQmb FBM/b Q7 +QMM2+iBQMb- 2ti`�
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+?�HH2M;2b +QmH/ #2 BMi`Q/m+2/ /m2 iQ i?2 K2bbv Bi2`�iBQMb �M/ i?2
/Bz2`2Mi +?�`�+i2`BbiB+b Q7 +Q/BM; �M/ /B�;`�KKBM;X

*m``2Mi bvbi2Kb �`2 Q7i2M /2bB;M2/ iQ bmBi 7Q` bQK2 bT2@
+B}+ /BbTH�vb Q` +QHH�#Q`�iBQM KQ/2bX �b B/2MiB}2/ BM i?2 /2@
bB;M bT�+2- �M �M�HvbBb 2MpB`QMK2Mi BM `2�H rQ`H/ Bb ?B;?Hv /vM�KB+-
BM i2`Kb Q7 i?2 MmK#2` Q7 +QHH�#Q`�iQ`b- i?2B` +QHH�#Q`�iBQM KQ/2b-
�M/ i?2 MmK#2` �M/ ivT2b Q7 /B;Bi�H /2pB+2b BMpQHp2/X lb2`b �`#B@
i`�`BHv DQBM BM �Mv �M�HviB+ i�bF �KQM; � r2# Q7 �+iBpBiB2b- i?2v K�v
#`BM; BM M2r /2pB+2b- `2KQp2 /2pB+2b MQ HQM;2` `2[mB`2/ �M/ i`�MbBiBQM
#2ir22M /Bz2`2Mi /2pB+2b 7Q` bBim�i2/ i�bFbX

>Qr2p2`- +m``2Mi iQQHb �`2 Q7i2M /2bB;M2/ 7Q` bQK2 bT2+B}+ /BbTH�vb
Q` +QHH�#Q`�iBQM KQ/2bX 6Q` 2t�KTH2- #Qi? J�tZ.� �M/ LoBpQ �`2
/2bB;M2/ 7Q` H�TiQT@#�b2/ 2MpB`QMK2Mib- �M/ �`2 BHH@bmBi2/ 7Q` mb2 QM
� r�HH@bBx2/ /BbTH�vX S�T2` iQQHb K�F2 Bi ?�`/ iQ +QHH�#Q`�i2 `2KQi2HvX
�b QM2 T�`iB+BT�Mi Tmi Bi- ǳQM2 Q7 i?2 #B;;2bi T�BMTQBMib Bb i?�i Bi M22/b
T2QTH2 iQ �TT2�` BM QM2 TH�+2X "mi r2 ?�p2 i2�Kb BM Qi?2` +BiB2b- BiǶb
Dmbi BKTQbbB#H2 iQ +QHH2+i �HH iQ i?Bb `QQK 7Q` 2t�KTH2- bi�M/BM; BM
7`QMi Q7 i?2 r�HH iQ rQ`F iQ;2i?2`XǴ �HH T�`iB+BT�Mib /2b+`B#2/ +?�H@
H2M;2b �`BbBM; 7`QK i?2 HQ+�HBiv Q7 i?2 �{MBiv /B�;`�KX 6Q` 2t�KTH2-
i?2 bQ+BQHQ;Bbi b?�`2/ rBi? mb �{MBiv /B�;`�K T?QiQb i�F2M iQ bmTTQ`i
rQ`FBM; 7`QK i?2 Q{+2- BM � /Bz2`2Mi `QQKX JQ`2Qp2`- r?2M +QHH�#Q@
`�iQ`b r2`2 i`�p2HHBM; Q` Qi?2`rBb2 rQ`FBM; `2KQi2Hv- Bi r�b /B{+mHi
iQ +QHH�#Q`�i2 �`QmM/ i?2 b�K2 �{MBiv /B�;`�KX
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��� "%2%" � " 1SPPG�PG�$PODFQU
4FOTFNBLJOH 5PPM

.`�rBM; mTQM i?2 /2bB;M bT�+2 �M/ �M�HvbBb Q7 T�BMTQBMib- BM i?Bb
b2+iBQM- r2 T`2b2Mi Qm` pBbBQM QM [m�HBi�iBp2 b2Mb2K�FBM; iQQHb- �M/
/2KQMbi`�i2 � T`QQ7@Q7@+QM+2Ti T`QiQivT2- �.Z.� U�{MBiv .B�;`�K@
KBM; 7Q` Zm�HBi�iBp2 .�i� �M�HvbBbV- r?2`2 mb2`b +�M �TT`QT`B�i2 �p�BH@
�#H2 /2pB+2b iQ ~Qr #2ir22M /Bz2`2Mi �M�HviB+ T?�b2b- K2i?Q/b- `2T@
`2b2Mi�iBQMb- �HH r?BH2 T`2b2`pBM; +QMbBbi2Mi �M�HvbBb �`iB7�+ibX

����� %FTJHO WJTJPO � EFTJHO HPBMT
_�i?2` i?�M bTHBi i?2 mb2`Ƕb �M�HviB+ rQ`F~Qr BMiQ /Bb+`2i2 T`Q+2bb2b
T2`7Q`K2/ �+`Qbb BM/2T2M/2Mi iQQHb- r2 2MpBbBQM [m�HBi�iBp2 /�i� �M�H@
vbBb �b � ?QHBbiB+ T`Q+2bb- rBi? +QMbBbiBM; Q7 ~mB/ �M�HviB+ T?�b2b- +QM@
+2Tim�H iQQHb- BMi2`�+iBp2 /2pB+2b- �M/ KQ/2b Q7 +QHH�#Q`�iBQMX

lb2`b b?QmH/ #2 �#H2 iQ b2�KH2bbHv KB;`�i2 #2ir22M /Bz2`2Mi �`@
iB7�+ib- /�i� `2T`2b2Mi�iBQMb- �M/ �M�HvbBb K2i?Q/b- �M/ +�``v �+`Qbb
i?Qb2 �M�Hvb2b �b i?2v /Q bQX h?2v b?QmH/ #2 �#H2 iQ +QK#BM2 r?�i2p2`
/B;Bi�H /2pB+2b i?2v ?�p2 �b i?2v �`2 bmBi2/ iQ i?2 �M�HvbBb �i ?�M/X
lb2`b b?QmH/ #2 �#H2 iQ �/QTi i?2 +QHH�#Q`�iBQM bivH2 i?�i bmBib i?2B`
+QMi2ti- r?2i?2` i?2v #2 +QHQ+�i2/ Q` �+`Qbb /Bz2`2Mi iBK2 xQM2bX

q2 bmKK�`Bx2 i?Bb pBbBQM rBi? i?2 7QHHQrBM; /2bB;M ;Q�Hb,

(:R) amTTQ`i /Bz2`2Mi �M�HviB+ T?�b2b �M/ i?2 Bi2`�iBp2 i`�MbBiBQMb
#2ir22M i?2KX

(:k) amTTQ`i i?2 ?2i2`Q;2M2Biv Q7 �M�HviB+ K2i?Q/b �M/ i?2 ~2tB#H2
KBt #2ir22M i?2KX
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(:j) GBMF `2H�i2/ �M�HviB+ �`iB7�+ib BM /Bz2`2Mi T?�b2b- K2i?Q/b �M/
`2T`2b2Mi�iBQMbX

(:9) �HHQr mb2`b iQ �TT`QT`B�i2 �p�BH�#H2 /B;Bi�H `2bQm`+2b #�b2/ QM
bBim�i2/ i�bFbX

(:8) �HHQr mb2`b iQ �TTHv ~2tB#H2 +QHH�#Q`�iBQM KQ/2bX

����� "%2%" %FTJHO
"�b2/ QM i?2b2 B/2MiB}2/ ;Q�Hb- r2 /2bB;M �M/ BKTH2K2Mi i?2 �.Z.�
U�{MBiv .B�;`�KKBM; 7Q` Zm�HBi�iBp2 .�i� �M�HvbBbV bvbi2KX q2 2t@
TH�BM �.Z.� BM /2i�BHb �M/ 2tTH�BM ?Qr i?2 /2bB;M ;Q�Hb �`2 �+?B2p2/
BM �.Z.�X

������� 4ZTUFN NBJO DPNQPOFOUT

�.Z.� i`2�ib i?2 i?`22 �M�HviB+ T?�b2b �b r2HH �b irQ +QM+2Tim�H
iQQHb �b }`bi@+H�bb +BiBx2Mb U(:R-:j)VX h?2 bvbi2K +QMbBbib Q7 i?`22
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'JHVSF ���� h?2 K�BM +QKTQM2Mib Q7 Qm` bvbi2K �M/ i?2 HBMFb #2ir22M
i?2K, URV +Q/BM; pB2r- UkV �{MBiv /B�;`�K pB2r- UjV K2i� �{MBiv
/B�;`�K pB2rX
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K�BM +QKTQM2Mib, URV � +Q/BM; pB2r- UkV �M �{MBiv /B�;`�K pB2r �M/
UjV K2i�@/B�;`�K pB2r- �b b?QrM BM };X 9XjX

h?2 +Q/BM; pB2r +QMi�BMb i?2 bQm`+2 /Q+mK2Mi 7Q` �M�HvbBb U};X 9Xj�V
�M/ � ǳMQi2b T�M2HǴ 7Q` B/2MiB}2/ /�i� Bi2Kb U};X 9Xj"VX L2r /Q+m@
K2Mib +�M #2 �//2/ �M/ i?2 QM2 BM +m``2Mi pB2r +�M #2 brBi+?2/X
lb2`b `2�/ i?`Qm;? i?2 /Q+mK2Mib �M/ ?B;?HB;?i +QMi2Mi r?BH2 `2�/@
BM;X PM+2 � i2ti 2t+2`Ti ;2i ?B;?HB;?i2/- � +Q``2bTQM/BM; MQi2 Bb �miQ@
K�iB+�HHv ;2M2`�i2/ BM i?2 ǳMQi2b T�M2HǴX lb2`b +�M /B`2+iHv i�; i?2b2
2t+2`Tib BM i?2 MQi2b T�M2HX GQM; +HB+FBM; � ?B;?HB;?i rBHH M�pB;�i2 iQ
i?2 +Q``2bTQM/BM; MQi2 BM i?2 MQi2b T�M2H �M/ pB+2 p2`b� U};X 9Xj*VX
.Q+mK2Mib +�M �HbQ #2 �++2bb2/ QM i?2B` QrM iQ 7�+BHBi�i2 `2�/@QMHv
+�b2b- bm+? �b r?2M +?2+FBM; i?2 +QMi2ti Q7 � MQi2 QM � KQ#BH2 T?QM2X

lb2`b +�M brBi+? i?2 +m``2Mi pB2r iQ �M �{MBiv /B�;`�K Q` +`2�i2
� M2r /B�;`�K mbBM; i?2 M�pB;�iBQM K2Mm �i i?2 #QiiQKX �{MBiv
/B�;`�Kb +QMi�BM irQ ivT2b Q7 MQi2b, bi�M/�`/ MQi2b U+QHQ`2/ BM v2HHQrV
+QMi�BM /�i� 2ti`�+i2/ 7`QK `�r K�i2`B�Hbc �M/ i?2K2@MQi2b U+QHQ`2/
BM #Hm2V +QMi�BM mb2`@�bbB;M2/ K2bb�;2b- Q7i2M F2vrQ`/b i?�i /2b+`B#2
� ;Bp2M +Hmbi2` BM i?2 /B�;`�K- �b b?QrM BM };X 9XjUkVX h?2 H27i ǳK2bbv
TBH2Ǵ `2;BQM U};X 9Xj.V BM �M /B�;`�K +QMi�BMb MQi2b i?�i ?�p2 MQi
#22M �M�Hvx2/X

lb2`b +`2�i2 i?2K2 MQi2b #v /Qm#H2 +HB+FBM;fi�TTBM; QM i?2 /B�@
;`�K #�+F;`QmM/X h?2 i?2K2@MQi2b iQ;2i?2` rBi? i?2 MQi2b ;`QmT2/
�`QmM/ Bi +QMbi`m+i +Hmbi2`bU};X 9Xj1VX �HH MQi2b +�M #2 /`�;;2/ �`QmM/
BM bT�+2 �b BM T?vbB+�H �{MBiv /B�;`�KbX 1p2`v +Hmbi2` +�M #2 KQp2/
�b � mMBi �b r2HHX hQ ;`QmT � MQi2 BM � +Hmbi2` Q` `2KQp2 7`QK Bi- mb2`b
KQp2 i?2 MQi2 M2�` Q` 7�` �r�v 7`QK i?2 +Hmbi2`- � i�; rBHH �TT2�` Q`
/Bb�TT2�` QM i?2 MQi2 �b � pBbm�H 722/#�+FX �HH i�;b rBi?BM � +Hmbi2`
�`2 bvM+?`QMBx2/, r?2M i?2 +QMi2Mi Q7 � i?2K2 MQi2 ;2ib mT/�i2/- �HH
`2H�i2/ i�;b �`2 bvM+?`QMBx2/ iQ i?2 mT/�i2b �b r2HHX

J2i�@/B�;`�K Bb mb2/ iQ 7Q`K mT ?B;?2`@H2p2H �M�HvbBb 7`QK i?2
#�bB+ /B�;`�KX AM i?2 K2i�@/B�;`�K pB2r- bi�M/�`/ MQi2b Ui?2 v2HHQr
QM2b BM 9Xj"V �`2 ?B//2M #v /27�mHi- �M/ i?2K2@MQi2b �`2 im`M2/
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iQ bi�M/�`/ MQi2b �M/ +�M #2 +Hmbi2`2/ mM/2` ǳ?B;?2`@H2p2H i?2K2@
MQi2bǴ U};X 9Xj6VX

������� *UFSBUJOH CFUXFFO QIBTFT

�.Z.� �BKb iQ bmTTQ`i MQM@b2[m2MiB�H b2Mb2K�FBM; #v H2iiBM; mb2`b
~mB/Hv Bi2`�i2 #2ir22M i?2 i?`22 �M�HviB+ T?�b2b U(:R)(:j)V @ RV 2t@
i`�+i `2H�i2/ /�i� Bi2Kb 7`QK `�r K�i2`B�Hb- kV �bbB;M /�i� Bi2Kb BMiQ
+�i2;Q`B2b UQ7i2M +�HH2/ +Q/2bV- �M/ jV /`�r +QMM2+iBQMb #2ir22M +�i@
2;Q`B2b iQ 7Q`K ?B;?2`@H2p2H +QM+2TibX

Ai2`�iBM; #2ir22M S?�b2 R �M/ k, q?2M /QBM; �{MBiv /B�;`�K@
KBM;- mb2`b Q7i2M bT2M/ bB;MB}+�Mi 2zQ`i iQ +QQ`/BM�i2 /Q+mK2Mib �M/
MQi2b (Ry3)X �.Z.� 7�+BHBi�i2b i?Bb i`�MbBiBQM #v �miQK�iB+�HHv ;2M2`@
�iBM; � MQi2 BM 2tBbiBM; �{MBiv /B�;`�Kb 7Q` 2�+? ?B;?HB;?i BM `2�H iBK2X
lb2`b +�M 7m`i?2` M�pB;�i2 #2ir22M i?2b2 +QMi2tib, MQi2b �`2 HBMF2/
iQ i?2B` bQm`+2 /Q+mK2Mib �M/ pB+2@p2`b�X AM � /B�;`�K- i?2 mb2`b +�M-
7Q` 2t�KTH2- +HB+F i?2 ǳb?Qr K2 KQ`2Ǵ K2Mm QM � MQi2 iQ QT2M Bi
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'JHVSF ���� *Hmbi2` BM7Q`K�iBQM ;2M2`�i2/ BM 2�+? ?B2`�`+?v H2p2H Bb ?B/@
/2M BM �MQi?2` #v /27�mHiX "mi Bi +�M #2 �+[mB`2/ QM /2K�M/, AM[mB`@
BM; K2i�@+Hmbi2` BM7Q`K�iBQM BM � #�bB+ /B�;`�K UH27i ;`�T?VX AM[mB`@
BM; ?B//2M MQi2b 7`QK HQr2`@H2p2H /B�;`�K BM i?2 K2i�@/B�;`�K U`B;?i
;`�T?VX
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BM i?2 +Q``2bTQM/BM; i`�Mb+`BTi QM � T`2@`2;Bbi2`2/ /2pB+2- bm+? �b �
T?QM2 Q` i�#H2iX �//BiBQM�H /2pB+2b +�M #2 `2;Bbi2`2/ #v M�pB;�iBM; iQ
i?2 b2bbBQMǶb l_G QM i?2 M2r /2pB+2X aBKBH�`Hv- HQM;@T`2bbBM; QM MQi2
BM i?2 +Q/BM; pB2r ?B;?HB;?ib Bi BM Bib /B�;`�KbX

Ai2`�i2 #2ir22M S?�b2 k �M/ j, AM �.Z.�- mb2`b +�M 7m`i?2`
;2M2`�i2 K2i�@/B�;`�Kb 7Q` ?B;?2` H2p2H �M�Hvb2bX h?2 MQi2b iQ #2
�M�Hvx2/ BM � K2i�@/B�;`�K +QK2 7`QK i?2 i?2K2@MQi2b BM i?2 #�bB+
/B�;`�KUbVX Ai +�M +QK2 2Bi?2` 7`QK � bBM;H2 /B�;`�K Q` 7`QK i?2
i?2K2@MQi2b BM � +QK#BM�iBQM Q7 /B�;`�KbX hQ ?2HT mb2`b +QM+2Mi`�i2
QM +m``2Mi �M�HvbBb- +Hmbi2` BM7Q`K�iBQM ;2M2`�i2/ BM QM2 ?B2`�`+?v
H2p2H Bb ?B//2M BM �MQi?2` H2p2H #v /27�mHiX "mi Bi +�M #2 �+[mB`2/
QM /2K�M/, AM i?2 #�bB+ /B�;`�K- mb2`b +�M im`M QM ǳb22BM; K2i�
BM7QǴ KQ/2 iQ 2t�KBM2 +Q``2bTQM/BM; K2i� +Hmbi2` BM7Q`K�iBQM- �b
b?QrM BM };X 9X9c BM i?2 K2i�@/B�;`�K- mb2`b +�M 2tT�M/ MQi2b iQ
`2p2�H i?2 BM/BpB/m�H MQi2b i?2v +QHH2+i �i i?2 HQr2` H2p2HX hQ K�BMi�BM
bT�iB�H +Q;MBiBQM (Ry3) U};X9X9:V- i?Bb 2tT�MbBQM T`2b2`p2b i?2 bT�iB�H
�``�M;2K2Mi Q7 i?2 MQi2b mM/2`M2�i? �b BM i?2 HQr2` H2p2H /B�;`�KX

Ai2`�i2 #2ir22M T?�b2 R �M/ j, .m`BM; i?2 �M�HvbBb- mb2`b +QmH/
�HbQ ;Q /B`2+iHv 7`QK K2i� �M�HvbBb iQ Q`B;BM�H /Q+mK2Mib- bm+? �b iQ
BM+Hm/2 �//BiBQM�H T�`iB+BT�Mib /�i�c Q` 7`QK T?�b2 R iQ j- bm+? �b
r?2M M2r �`;mK2Mib }M/ BM /Q+mK2Mib `2D2+i � +m``2Mi ?vTQi?2bBbX
AM �.Z.�- i?Qm;? mb2`b +�M pB2r i?2 #�bB+ MQi2b Ui?Qb2 2ti`�+i2/
7`QK /Q+mK2MibV BM � K2i� /B�;`�K- i?2v �`2 MQi �HHQr2/ iQ /B`2+iHv
KQpBM; i?2b2 MQi2b 7`QK i?2 K2i� /B�;`�KX lb2`b �`2 MQi �HHQr2/ iQ
/B`2+iHv �bbB;MBM; � K2i� i�; iQ � MQi2 BM i?2 /Q+mK2Mi pB2r �b r2HHX
h?mb i?2 Bi2`�iBQMb #2ir22M T?�b2 R �M/ j ?�TT2M KQ`2 BKTHB+BiHv
i?`Qm;? i?2 K�MBTmH�iBQM QM i?2 #�bB+ �{MBiv /B�;`�KbX

lbBM; i?2 M�pB;�iBQM #�` �i i?2 #QiiQK Q7 2�+? pB2r- mb2`b +�M 2�b@
BHv brBi+? i?2B` +m``2Mi pB2r iQ �Mv Qi?2` pB2rbX JQ`2Qp2`- i?2 /Q+m@
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K2Mi pB2r- i?2 KmHiBTH2 /B�;`�Kb �M/ K2i�@/B�;`�Kb +�M #2 �++2bb2/
bBKmHi�M2QmbHv QM /Bz2`2Mi /2pB+2b- �HHQrBM; mb2`b iQ K�F2 +QKT�`@
BbQMb �M/ Bi2`�i2 i?2B` +m``2Mi �M�HvbBb 7Q+mb #v bBKTHv brBi+?BM; i?2B`
�ii2MiBQM 7`QK QM2 /BbTH�v iQ �MQi?2`X

������� .JYJOH DPEJOH BOE EJBHSBNNJOH

AM �.Z.�- i?2 i?`22 T�B`b Q7 �`iB7�+ib, MQi2b �M/ ?B;?HB;?ib- i�;b
�M/ i?2K2 MQi2b- ?B2`�`+?B+�H +Q/2b �M/ K2i�@/B�;`�Kb- �`2 i`2�i2/ �b
�Hi2`M�iBp2 7Q`Kb Q7 i?2 b�K2 2MiBivX �.Z.� �miQK�iB+�HHv K�BMi�BMb
� #BD2+iBQM Q` � bvM+?`QMBx�iBQM@K�TTBM; #2ir22M +Q/BM; +QM+2Tib �M/
i?2B` 2[mBp�H2Mi /B�;`�KKBM; +QM+2Tib U(:k)(:j)VX

J�TTBM; .B�;`�KKBM; �+iBpBiB2b iQ *Q/BM;, h?2K2 MQi2b �`2
i`2�i2/ �b i�;b U+Q/2bVX �//BM; � MQi2 iQ � ;Bp2M +Hmbi2` i?mb i�;b
i?�i MQi2 rBi? Bib i?2K2- �M/ `2KQpBM; Bi 7`QK i?2 +Hmbi2` mMi�;b
BiX AM i?2 +Q/BM; pB2r- � ?B;?HB;?i i?mb b?Qrb Bib �bbQ+B�i2/ i?2K2b
�b i�;bX A7 Bi ?�b #22M +Hmbi2`2/ BM /Bz2`2Mi /B�;`�Kb- Bi i?mb ?�b
KmHiBTH2 i�;bX q?2M pB2r2/ BM � /B�;`�K- i?2 MQi2 QMHv �TT2�`b BM Bib
QrM +Hmbi2`UbVc i�;b 7`QK Qi?2` /B�;`�Kb �`2 i?mb MQi b?QrM iQ �pQB/
/Bbi`�+iBQMX .2H2iBM; � MQi2 7`QK � /B�;`�K `2KQp2b Bi 7`QK i?�i pB2r-
#mi /Q2b MQi `2KQp2 Bi 7`QK Qi?2` pB2rbX

J�TTBM; *Q/BM; �+iBpBiB2b iQ .B�;`�KKBM;, q?2M +Q/BM;-
mb2`b i�; ?B;?HB;?ib BM i?2 /Q+mK2MiX hQ +`2�i2 � i�;- mb2`b 2Bi?2` /Qm@
#H2 +HB+F i?2 ?B;?HB;?i Q` Bib +Q``2bTQM/BM; MQi2 BM i?2 ǳMQi2b T�M2HǴ #v
bB/2 U};X 9Xj"VX h?2v +�M +?QQb2 7`QK � HBbi +QMi�BMBM; �HH mT@iQ@/�i2
+Hmbi2` BM7Q`K�iBQM Q` 2/Bi M2r QM2bX � ?B;?HB;?i Q` � MQi2 +�M #2
�bbB;M2/ rBi? KmHiBTH2 i�;bX h?2 ~Qr+?�`i BM };m`2 9X8 /2KQMbi`�i2b
?Qr i?Bb +Q/BM; �+iBQM Bb K�TT2/ iQ +Q``2bTQM/BM; /B�;`�KKBM; �+@
iBQMb, A7 i?2 i�; /Q2b MQi v2i 2tBbi- i?2 bvbi2K T`QKTib i?2 mb2` iQ
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'JHVSF ���� 6HQr+?�`i /2KQMbi`�i2b ?Qr � +Q/BM; �+iBQM Bb K�TT2/ iQ
+Q``2bTQM/BM; /B�;`�KKBM; �+iBQMbX "Hm2 `2T`2b2Mib /Bz2`2Mi FBM/b
Q7 BMTmi 2tT2+i2/ 7`QK mb2`c ;`22M `2T`2b2Mib bvbi2K `2�+iBQMb �M/
QmiTmibc Q`�M;2 `2T`2b2Mib i?2 rQ`FBM; HQ;B+X

BM/B+�i2 r?B+?- B7 �Mv- /B�;`�K i?2 i�; b?QmH/ �TTHv �M/ +`2�i2b �
M2r i?2K2 MQi2 BM i?�i /B�;`�KX A7 i?2 i�; 2tBbib- i?2 ?B;?HB;?iǶb
MQi2 Bb �//2/ iQ i?2 +Q``2bTQM/BM; /B�;`�KǶb +Hmbi2`X A7 � MQi2 Bb
i�;;2/ iQ KmHiBTH2 +Hmbi2`b BM i?2 b�K2 /B�;`�K- i?2 mb2` K�v +?QQb2
#2ir22M /mTHB+�iBM; i?2 MQi2 Q` KQpBM; BiX lMi�;;2/ MQi2b �b r2HH �b
�miQ@;2M2`�i2/ i?2K2 MQi2b BM � /B�;`�K �`2 �//2/ iQ � ǳK2bbv TBH2Ǵ
U};X 9Xj.V mMiBH i?2 mb2` �``�M;2b i?2K BM i?2 /B�;`�KX

lb2`b +�M �HbQ KQ/B7v �M 2tBbiBM; i�; /B`2+iHv 7`QK i?2 +Q/BM;
pB2rX h?Bb K�v H2�/ iQ i?2 7QHHQrBM; i?`22 bBim�iBQMb, RV +?�M;2 iQ
� M2r i?2K2 r?B+? /Q2b MQi 2tBbi #27Q`2X aBKBH�`Hv- �.Z.� rBHH
+QM}`K rBi? mb2` #27Q`2 +`2�iBM; � M2r i?2K2 MQi2 BM i?2 b�K2 �{MBiv
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/B�;`�KX kV +?�M;2 iQ � i?2K2 r?B+? #2HQM;b iQ i?2 b�K2 /B�;`�K-
i?Bb rBHH KQp2 i?2 MQi2 7`QK Bib T`2pBQmb +Hmbi2` iQ i?2 QM2 Dmbi �bbB;M2/
iQX jV +?�M;2 iQ � i?2K2 r?B+? #2HQM;b iQ �MQi?2` /B�;`�KX aBM+2 Qm`
bvbi2K �bbmK2 i?�i 2�+? �{MBiv /B�;`�K `2T`2b2Mib � /Bz2`2Mi H2Mb
iQ �M�Hvx2 /�i�- Q` � /Bz2`2Mi 7`�K2rQ`F- i?mb r2 /QMǶi �HHQr mb2`b
iQ +?�M;2 � i�; i?�i BMBiB�HHv #2HQM;b iQ QM2 /B�;`�K iQ �MQi?2`X

������� .BOBHJOH NVMUJQMF BOBMZUJD MFOT

�.Z.� �HHQrb mb2`b iQ +`2�i2 KmHiBTH2 /B�;`�Kb r?2`2 2�+? ?�b �
mMB[m2 M�K2- Q` �bbB;M KmHiBTH2 i�;b iQ QM2 MQi2 Q` ?B;?HB;?iX u2i
KmHiBTH2 /B�;`�Kb �M/ KmHiBTH2 +Q/2b ?�p2 /Bz2`2M+2b, �.Z.� ?B/2b
+Hmbi2` BM7Q`K�iBQM ;2M2`�i2/ BM QM2 �{MBiv /B�;`�K 7`QK �MQi?2` iQ
`2/m+2 /Bbi`�+iBQMX qBi? #�bB+ �{MBiv /B�;`�K pB2r- r2 ?�p2 722/@
#�+Fb �M/ BMimBiBQMb i?�i mb2`b T`272` #2BM; �#H2 iQ +QM+2Mi`�i2 QM
� T�`iB+mH�` �M�HviB+ H2Mb- �M/ iQ 7Q`K mT i?2 �M�HvbBb rBi? Qi?2` /B@
�;`�Kb BM � /Bz2`2Mi bi�;2X q?2`2�b i?2 +Q/BM; pB2r T`QpB/2b �M
Qp2`pB2r QM i?2 +Hmbi2` BM7Q`K�iBQM- i?�i K2�Mb �HH i�;b �`2 b?QrM QM
i?2 MQi2b Q` ?B;?HB;?ib 7`QK i?2 +Q/BM; pB2rX

'JHVSF ���� hrQ /Bz2`2Mi �{MBiv /B�;`�Kb QM irQ H�`;2 /BbTH�vb- �M/
� +Q/BM; pB2r QT2M2/ BM � H�TiQTX GQM; T`2bb � MQi2 BM �Mv Q7 i?2K
?B;?HB;?ib MQi2b rBi? b�K2 +QMi2Mi BM i?2 Qi?2`bX
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*`Qbb@HBMFBM; �KQM; JmHiBTH2 oB2rb, .m2 iQ i?2 KmHiBTH2 �M@
�HviB+ H2Mb �M/ i?2 KBt #2ir22M +Q/BM; �M/ /B�;`�KKBM;- i?2 b�K2
+QMi2Mi +�M i?mb �TT2�`b �+`Qbb /Bz2`2Mi +QMi2tib �M/ `2T`2b2Mi�iBQMbX
�.Z.� bmTTQ`ib ǳ+`Qbb@HBMFBM;Ǵ U(:j)V iQ 7�+BHBi�i2 i`�+FBM; �M/
+QKT�`BM; MQi2b BM /Bz2`2Mi pB2rbX �b b?QrM BM };X9Xe- r?2M HQM;
T`2bbBM; � MQi2- 2Bi?2` BM /B�;`�K pB2r Q` +Q/BM; pB2r- Bi rBHH ?B;?@
HB;?i BM �HH pB2rb iQ ?2HT mb2`b HQ+�i2 � bT2+B}+ MQi2 BM KmHiBTH2 TH�+2bX
�.Z.� �HbQ T`QpB/2b b2�`+? 7mM+iBQM�HBiv iQ ?2HT mb2`b }M/ +2`i�BM
�`iB7�+ib r?2M i?2v ?�p2 bQK2 F2vrQ`/b BM KBM/X h?2v +�M T2`7Q`K
� #�bB+ b2�`+? BM � bBM;H2 pB2r Q` +`Qbb b2�`+? BM KmHiBTH2 pB2rbX

������� %JTUSJCVUF WJFXT BDSPTT VTFST � EFWJDFT

aQ 7�`- r2 ?�p2 /Bb+mbb2/ ?Qr �.Z.� +�M �+?B2p2 i?2 }`bi i?`22
/2bB;M ;Q�Hb U(:R)(:k)(:j)V iQ bmTTQ`i ~2tB#H2 Bi2`�iBQMb �KQM; i?2
p�`BQmb �M�HviB+ T?�b2b- +QM+2Tim�H K2i?Q/b �M/ KmHiBTH2 `2T`2b2Mi�@
iBQMbX �b 7Q` /2bB;M ;Q�Hb (:9)(:8)- �.Z.� �HHQrb 2�+? pB2r ?�p@
BM; KmHiBTH2 bvM+?`QMBx2/ BMbi�M+2bX h?2b2 KmHiBTH2 BMbi�M+2b +�M
#2 QT2M2/ BM ?2i2`Q;2M2Qmb /BbTH�vb �M/ #2 K�MBTmH�i2/ #v KmHiBTH2
mb2`b #Qi? bvM+?`QMQmbHv Q` �bvM+?`QMQmbHvX h?2 /Bz2`2Mi pB2rb �M/

'JHVSF ���� �M�Hvbib rQ`F BM /Bz2`2Mi +QMi2tib �+`Qbb i?2 �M�HvbBb T`Q@
+2bb2b- 2X;X- U�V +Q/BM; BM � H�TiQT U#V +QHH�#Q`�iBp2 /B�;`�KKBM; BM
� r�HH@bBx2/ /BbTH�v U+V /2p2HQTBM; KmHiBTH2 /B�;`�Kb 7`QK /Bz2`2Mi
�M�HviB+ H2Mb- rBi? � KQ#BH2 T?QM2 iQ +?2+F MQi2bǶ +QMi2tibX
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i?2B` BMbi�M+2b +QMbiBimi2 �M BMi2;`�i2/- ?QHBbiB+ �M�HvbBb bvbi2K �M/
+�M #2 2ti2M/2/ #�b2/ QM mb2`b +QMi2tim�H M22/bX

.2p2HQT2/ �b � r2# �TTHB+�iBQM- mb2`b +�M �++2bb �.Z.� i?`Qm;?
� bBM;H2 l_G HBMF- �M/ +?QQb2 � /2bB`2/ pB2r Q` +`2�i2 M2r QM2b mbBM;
i?2 M�pB;�iBQM K2MmX JmHiBTH2 BMbi�M+2b Q7 i?2 b�K2 pB2r �`2 bvM+?`Q@
MBx2/X 6Q` 2t�KTH2- KQpBM; � MQi2 BM QM2 pB2r +�mb2b i?�i MQi2 iQ
KQp2 QM i?2 BMbi�M+2b QT2M2/ BM Qi?2` /2pB+2bX hrQ mb2`b r?Q �++2bb
iQ i?2 b�K2 /B�;`�K +�M i?mb 7QHHQr KQp2K2Mib BM `2�H iBK2X � M�K2
i�; �TT2�`b #2HQr i?2 MQi2 iQ BM/B+�i2 r?Q Bb +m``2MiHv KQpBM; BiX

�.Z.� +�M #2 �/QTi2/ 7Q` � p�`B2iv Q7 +QHH�#Q`�iBQM KQ/2bX q2
HBbi � 72r 2t�KTH2b iQ /2KQMbi`�i2 ?Qr �.Z.� +QmH/ #2 �TT`QT`B�i2/
mM/2` /Bz2`2Mi bBim�iBQMb, � bBM;H2 mb2` +�M +Q/2 i?2 /�i� rBi? ?2`
H�TiQT �M/ �``�M;2 i?2 MQi2b QM � H�`;2` b+`22M U};m`2 9Xd�Vc KmHiBTH2
mb2`b +�M +QHH�#Q`�i2 QM � b�K2 �{MBiv /B�;`�K mbBM; � r�HH@bBx2 /Bb@
TH�v U};m`2 9Xd#Vc KmHiBTH2 mb2`b rQ`F QM BM/BpB/m�H �{MBiv /B�;`�Kb
#v �/QTiBM; KmHiBTH2 /BbTH�vb �i ?�M/ �M/ i?2M Tmi i?2K bB/2@#v@bB/2
iQ +QKT�`2 U};m`2 9Xd+VX q2 /2p2HQT i?2 �TTHB+�iBQM b+2M�`BQb BM KQ`2
/2i�BHb BM b2+iBQM 9X8X

������� s*OCPYFT � 0VUCPYFTt GPS BXBSFOFTT

h?2 bvM+?`QMBx�iBQM@K�TTBM; �M/ +`Qbb@HBMFBM; K2+?�MBbKb BM �.Z.�
b�p2 mb2`b i?2 2zQ`ib iQ K�BMi�BM � +QMbBbi2Mi �M�HviB+ T`Q;`2bb �KQM;
KmHiBTH2 `2T`2b2Mi�iBQMb- �M/ 7�+BHBi�i2 i?2 Bi2`�iBp2 i`�MbBiBQMb #2@
ir22M i?2KX >Qr2p2`- i?2v �HbQ #`BM; +?�HH2M;2b,

�r�`2M2bb Abbm2b �+`Qbb JmHiBTH2 GBMF2/ oB2rb, AM �M �{MBiv
/B�;`�K- +?�M;2b +�M #2 i`B;;2`2/ #v Qi?2` pB2rb- 2p2M BM i?2 �#b2M+2
Q7 +QHH�#Q`�iBQMX � mb2` KB;?i `2i�; � bMBTT2i BM i?2 +Q/BM; pB2r #mi
MQi `2�HBx2 i?�i rBHH �Hi2` Bib �bbQ+B�i2/ /B�;`�Kb Ui?2 MQi2 +?�M;2b
7`QK QM2 +Hmbi2` iQ �MQi?2` �miQK�iB+�HHvVX P` � mb2` KB;?i K�F2
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'JHVSF ���� h?2 ǳBM#Qt- Qmi#QtǴ Q7 � i?2K2 MQi2X lb2`b +�M i`�+F i?2
mT/�i2b +�mb2/ #v +Q/BM;X h?2v +�M 2tT�M/ � i?mK#M�BH iQ +?2+F i?2
MQi2- �M/ K�Mm�HHv /`�; Bi iQ i?2 +Hmbi2` Q` +?QQb2 Ǵ/`QT BMǴ iQ H2i
i?2 bvbi2K �miQK�iB+�HHv �bbB;M i?2 TQbBiBQMX

+?�M;2b BM �MQi?2` /B�;`�K ?B2`�`+?vX q?2M +QHH�#Q`�iBM;- Bi Bb KQ`2
/B{+mHi 7Q` /Bz2`2Mi +QHH�#Q`�iQ`b iQ mM/2`bi�M/ r?�i ?�TT2M2/X h?2
T`QT�;�i2/ +?�M;2b +�M BMi`Q/m+2 +QM~B+ib- bm+? �b r?2M irQ mb2`b
KQ/B7v i?2 +Hmbi2` BM7Q`K�iBQM Q7 � b�K2 MQi2 BM i?2 b�K2 iBK2- QM2 mb@
BM; +Q/BM; �M/ QM2 /B�;`�KKBM;X AM �Mv +�b2- mb2`b +QmH/ TQi2MiB�HHv
HQb2 i`�+F Q7 +?�M;2b �+`Qbb pB2rb �M/ +QHH�#Q`�iBQMX

�bvKK2i`B+ J�TTBM; #2ir22M *Q/BM; �M/ .B�;`�KKBM;,
h?Qm;? MQi2b �M/ ?B;?HB;?ib- �M/ i?2K2 MQi2b �M/ +Q/2b �`2 +QM+2Tim@
�HHv 2[mBp�H2Mi- i?2 �`2 MQi B/2MiB+�HX �{MBiv /B�;`�Kb �`2 BM?2`2MiHv
bT�iB�H- r?2`2�b i�;bf+Q/2b �`2 MQiX *Q/BM; �M 2t+2`Ti /Q2b MQi T`Q@
pB/2 bT�iB�H BM7Q`K�iBQM M2+2bb�`v iQ /2i2`KBM2 Bib MQi2bǶ TQbBiBQM BM �
/B�;`�KX Ai Bb TQbbB#H2 iQ �H;Q`Bi?KB+�HHv TQbBiBQM bm+? MQi2b- #mi i?Bb
bT�iB�H �``�M;2K2Mi �HbQ TH�vb � T�`i BM i?2 mb2`Ƕb K2Mi�H KQ/2HX h?2
ǳK2bbv TBH2Ǵ QM i?2 H27i Q7 � /B�;`�K rQ`Fb r?2M M2r MQi2b �M/ i?2K2
MQi2b +QK2- v2i Bi +�M MQi ?�M/H2 i?2 i�;;BM; Q` `2@i�;;BM; +�b2bX
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ǳAM#Qt2b � Pmi#Qt2bǴ �b aQHmiBQM, AM �.Z.�- 2�+? i?2K2@
MQi2 ?�b �M ǳBM#QtǴ �M/ �M ǳQmi#QtǴ- �b b?QrM BM };X 9X3X A7 � MQi2
Bb i�;;2/ iQ � i?2K2 7`QK i?2 +Q/BM; pB2r- BMbi2�/ Q7 /B`2+iHv KQpBM;
i?2 MQi2 7`QK QM2 +Hmbi2` iQ �MQi?2`- Bi rBHH #2 Tmi BM i?2 i?2K2@MQi2Ƕb
ǳBM#QtǴ BM � i?mK#M�BH 7Q`K�i- rBi? i?2 iBK2 Q7 KQ/B}+�iBQM �M/ i?2
mb2` M�K2 iQ BM/B+�i2 r?Q /B/ BiX aBKBH�`Hv- B7 � MQi2 Bb `2KQp2/
7`QK i?�i i?2K2 7`QK +Q/BM; pB2r- Bi rBHH #2 Tmi BM i?2 i?2K2@MQi2Ƕb
ǳQmi#QtǴX lb2`b +�M 2tT�M/ � i?mK#M�BH �M/ 7m`i?2` /`�; Bi BMiQ �
bT2+B}+ TQbBiBQM BM i?2 +Hmbi2`- Q` Dmbi +?QQb2 ǳ/`QT BMǴ QTiBQM iQ H2i
i?2 bvbi2K �miQK�iB+�HHv Tmi i?2 MQi2 BM i?2 +Hmbi2`X h?2v +�M �HbQ
T2`7Q`K ǳ/`QT BMǴ QM � ;`QmT Q7 i?mK#M�BHb BM ǳBM#QtǴX

� bi�#H2 bT�iB�H �HHQ+�iBQM Bb �HbQ ?2HT7mH 7Q` mb2`b iQ K�BMi�BM Q`
`2+Qp2` i?2B` K2Mi�H bi�i2X 6m`i?2`KQ`2- r2 /QMǶi r�Mi iQ BKTQb2 �
+2`i�BM `mH2 QM i?2 H�vQmi Q7 MQi2b- bm+? �b HBM2�`Hv bT`2�/ Qmi #2HQr
� i?2K2 MQi2X .Bz2`2Mi T2QTH2 KB;?i T`272` /Bz2`2Mi H�vQmi bivH2b
�M/ ;Bp2 /Bz2`2Mi +QM+2Tim�H K2�MBM;b iQ i?2KX qBi? ǳAM#Qt2b �
Pmi#Qt2bǴ K2+?�MBbK- mb2`b +�M /BbiBM;mBb? i?2 mT/�i2b +�mb2/ #v
+Q/BM;- �M/ +�M ~2tB#Hv +?QQb2 #2ir22M �miQK�iBQM �M/ K�Mm�H �HHQ@
+�iBQM Q7 MQi2bǶ TQbBiBQMbX

h?Bb ǳBM#Qt- Qmi#QtǴ +QM+2Ti MQi QMHv �//`2bb2b i?2 �bvKK2i`B+
K�TTBM; T`Q#H2K- #mi �HbQ ?2HTb i?2 mb2` F22T i`�+F Q7 +?�M;2b BM
Qi?2` pB2rb Q` #v Qi?2` +QHH�#Q`�iQ`bX

����� "%2%" *NQMFNFOUBUJPO
q2 #mBH/ �.Z.� QM iQT Q7 q2#bi`�i2b (R9) mbBM; bi�M/�`/ r2# i2+?@
MQHQ;B2b U>hJG- C�p�a+`BTi- *aaVX

AM �M >hJG /Q+mK2Mi- 2H2K2Mib QM i?2 BMi2`7�+2 �`2 `2T`2b2Mi2/
�b MQ/2 Q#D2+ib BM � i`22 bi`m+im`2- +�HH2/ i?2 .Q+mK2Mi P#D2+i JQ/2H
U.PJVX AM r2#bi`�i2b- �HH +?�M;2b K�/2 iQ i?2 .PJ ;2i T2`bBbi2/ QM
i?2 b2`p2` �M/ bvM+?`QMBx2/ iQ �HH +QMM2+i2/ +HB2Mib #v /27�mHiX Ai
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'JHVSF ���� i`�Mb+HmbBQM bi`m+im`2 BM �.Z.�X

i?mb �HHQrb KmHiBTH2 mb2`b iQ +QHH�#Q`�iBp2Hv 2/Bi � /Q+mK2Mi BM `2�H@
iBK2X q2 +�M HQ+�HHv +QMi`QH i?2 HQQF �M/ #2?�pBQ` Q7 � /Q+mK2Mi #v
mbBM; b+`BTib Q` bivH2 `mH2b i?�i /Q MQi �z2+i 2H2K2Mib BM i?2 .PJX
6Q` 2t�KTH2- r2 +�M ?B/2 � MQi2 Q` � i�; #v BMb2`iBM; � ǳ/BbTH�v,
MQM2Ǵ `mH2 QM i?�i Q#D2+i iQ K�MBTmH�i2 �++Q`/BM;Hv Bib �TT2�`�M+2 BM
KmHiBTH2 /B�;`�KbX

JQ`2 BKTQ`i�MiHv- r2 +�M +QKTQb2 /Q+mK2Mib mbBM; i`�Mb+HmbBQM
U� i2+?MB[m2 Q7 /vM�KB+ 2K#2//BM; /Q+mK2Mib rBi?BM �MQi?2`- r?2`2
+?�M;2b iQ i?2 2K#2//2/ /Q+mK2Mi �`2 `2~2+i2/ BM i?2 2K#2//BM; /Q+@
mK2MiX h?2 2K#2//BM; /Q+mK2Mi +�M �++2bb �M/ K�MBTmH�i2 Q#D2+ib
BM i?2 2K#2//2/ �M/ pB+2 p2`b�VX h?2b2 +QM+2Tib �M/ K2+?�MBbKb
+?�HH2M;2 i?2 QH/ �TTHB+�iBQM KQ/2Hb �M/ QT2M mT M2r QTTQ`imMBiB2b
iQ /2bB;M iQQHb iQ bmTTQ`i KQ`2 ~2tB#H2 �M/ +QHH�#Q`�iBp2 T`�+iB+2bX

q2 �/QTi i?2b2 i2+?MB[m2b �M/ ;2M2`�i2 �.Z.� bvbi2K #�b2/
QM � i`�Mb+HmbBQM �`+?Bi2+im`2- �b b?QrM BM };X 9XNX h?2`2 �`2 irQ
FBM/b Q7 r2#bi`�i2bU/Q+mK2MibV BM ;2M2`�H- i?Qb2 BKTH2K2Mi i?2 �TTHB@
+�iBQM HQ;B+- bm+? �b +Q/BM; �M/ +Hmbi2`BM;- �M/ +QMi`QH i?2 /Q+mK2MiǶb
�TT2�`�M+2- bm+? �b i?2 +QHQ` �M/ TQbBiBQM Q7 � MQi2 UbBKBH�` iQ i?2



��� "%2%" � " 1SPPG�PG�$PODFQU 4FOTFNBLJOH 5PPM ���

pB2r �M/ +QMi`QHH2` +QM+2Tib BM Jo* KQ/2HVc �M/ i?Qb2 i?�i biQ`2 i?2
�M�HvbBb �`iB7�+ib- bm+? �b MQi2b- ?B;?HB;?ib- i?2K2b- BM Bib .PJ i`22
iQ 2Mbm`2 � `2�H@iBK2 bvM+?`QMBx�iBQM UbBKBH�` �b i?2 KQ/2H +QM+2Ti BM
Jo* KQ/2HVX

hQ #2 KQ`2 bT2+B}+- i?2`2 �`2 bBt /Bz2`2Mi ivT2b Q7 #�bB+ r2#bi`�i2b,
URV ǳlb2` AMi2`7�+2Ǵ r2#bi`�i2 i?�i /vM�KB+�HHv HQ�/b Qi?2` r2#bi`�i2
BMbi�M+2b BM Bib BMi2`7�+2 #�b2/ QM mb2`Ƕb +?QB+2 Q7 pB2r i?`Qm;? i?2
M�pB;�iBQM K2Mmc UkV ǳ*Q/BM; oB2rǴ r2#bi`�i2 r?B+? +QMi�BMb i?2
+Q/BM; HQ;B+- +QMi`QHb i?2 �TT2�`�M+2 7Q` /Q+mK2Mib �M/ MQi2b T�M2HX
Ai 7m`i?2` 2K#2/b i?2 ǳ_�r J�i2`B�HǴ r2#bi`�i2 �M/ i?2 ǳ�.Z.�
.�i�#�b2Ǵ r2#bi`�i2 iQ biQ`2 �M/ mT/�i2 MQi2b �M/ i�;b BM7Q`K�iBQMc
UjV ǳ.B�;`�K oB2rǴ r2#bi`�i2 BKTH2K2Mib /B�;`�KKBM; HQ;B+- bm+?
�b KQpBM;- +Hmbi2`BM;- �M/ BMD2+ib bivH2 `mH2b iQ +QMi`QH i?2 TQbBiBQMb
Q7 MQi2b BM 2�+? /B�;`�KX Ai 2K#2/b i?2 �.Z.� /�i�#�b2 r2#bi`�i2-
�M/ � /B�;`�K /�i�#�b2 r2#bi`�i2 r?B+? biQ`2b i?2 TQbBiBQMb Q7 MQi2b
BM � T�`iB+mH�` /B�;`�Kc U9V ǳJ2i� .B�;`�K oB2rǴ r2#bi`�i2 2K#2/b
Bib HQr2`@H2p2H /B�;`�K- �M/ biQ`2b �//BiBQM�H TQbBiBQM BM7Q`K�iBQM BM
i?2 K2i� /B�;`�KǶb .PJX U8V ǳ_�r J�i2`B�HǴ `2T`2b2Mib � HBbi Q7
/Q+mK2Mib iQ #2 �M�Hvx2/c UeV ǳ�.Z.� .�i�#�b2Ǵ biQ`2b �HH �M�HviB+
BM7Q`K�iBQM- BM+Hm/BM; MQi2b- i?2K2 MQi2b- i�;b- �b r2HH �b i?2 /Bz2`2Mi
FBM/ Q7 `2H�iBQMb?BTb �KQM; i?2K BM Bib .PJ i`22X

JQ`2 r2#bi`�i2b +�M #2 ;2M2`�i2/ #v T`QiQivTBM; QM2 Q7 i?2b2
#�bB+ r2#bi`�i2bX 6Q` 2t�KTH2- KmHiBTH2 /B�;`�Kb +�M #2 +`2�i2/ #v
T`QiQivTBM; i?2 #�bB+ /B�;`�K /�i�#�b2 r2#bi`�i2- r?2`2 2�+? biQ`2b
/Bz2`2Mi TQbBiBQMb �M/ +Hmbi2`b BM7Q`K�iBQM r?BH2 b?�`BM; i?2 b�K2
T`Q;`�KKBM; HQ;B+X

h?Bb i`�Mb+HmbBQM �`+?Bi2+im`2 2Mbm`2b i?2 HBMFBM; �M/ K�TTBM;
K2+?�MBbKb Q7 �.Z.�X �M�HviB+ �`iB7�+ib- bm+? �b ?B;?HB;?ib- MQi2b-
i?2K2 MQi2b �HH ?�p2 i?2B` mMB[m2 B/ �M/ �ii`B#mi2bǶ p�Hm2bX "v /27�mHi-
B7 � pB2r 2K#2/b i?2 .�i�#�b2- �HH BM7Q`K�iBQM BM i?2 /�i�#�b2 rBHH
#2 b?QrMX q2 /vM�KB+�HHv BMD2+i /Bz2`2Mi *aa bivH2 `mH2b iQ b2H2+@
iBp2Hv b?Qr BM7Q`K�iBQM /2T2M/BM; QM i?2 +QMi2tiX 6Q` 2t�KTH2- BM
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i?2 +Q/BM; pB2r- �HH MQi2b �`2 HBM2�`Hv T`2b2Mi2/- r?BH2 BM 2�+? �{MBiv
/B�;`�K- i?2 MQi2bǶ TQbBiBQMb �`2 +?�M;2/ #�b2/ QM i?2 TQbBiBQM BM7Q`@
K�iBQM biQ`2/ BM 2�+? /B�;`�KǶb .PJX 1�+? i?2K2 MQi2 ?�b � +`2�iQ`
�ii`B#mi2 �M/ � ǳi?2K2H2p2HǴ �ii`B#mi2 iQ BM/B+�i2 r?B+? /B�;`�K Bi #2@
HQM;b iQ- i?mb Bi +�M #2 T`QT2`Hv ?B//2M Q` b?Qr2/ BM KmHiBTH2 /B�;`�K
pB2rbX

6m`i?2`KQ`2- #v mbBM; /Bz2`2Mi FBM/b Q7 Kmi�iBQM Q#b2`p2`b Ur?B+?
T`QpB/2b i?2 �#BHBiv iQ r�i+? 7Q` +?�M;2b #2BM; K�/2 iQ i?2 .PJ i`22V-
2p2`v +?�M;2 BM �HH pB2rb Bb `2+Q`/2/X 1�+? pB2r +�M K�F2 T`QT2`
`2�+iBQMb iQ � +?�M;2 /2T2M/BM; QM /Bz2`2Mi bBim�iBQMbX 6Q` mb2` B/2M@
iB}+�iBQM- r2 mb2 i?2 2K#2//2/ +HB2Mi K�M�;2K2Mi BM r2#bi`�i2b iQ
KQMBiQ` mb2`b +QMM2+i2/ iQ �Mv r2#bi`�i2X

*QMbB/2`BM; i?2 7QHHQrBM; mb2 +�b2, �b b?QrM BM };X 9XRy- � mb2`
+?�M;2b i?2 +m``2Mi /B�;`�K M�K2/ ǳi`B;;2`Ǵ iQ �MQi?2` /B�;`�K
M�K2/ ǳ#�``B2`Ǵ #v +HB+FBM; QM i?2 M�K2 HBbi BM i?2 M�pB;�iBQM K2MmX
h?2 �.Z.� BMi2`7�+2 Q`B;BM�HHv i`�Mb+Hm/2b i?2 /B�;`�K pB2r r?B+?
2K#2/b i?2 �.Z.� /�i�#�b2 �M/ i?2 ǳi`B;;2`Ǵ /B�;`�K /�i�#�b2X

'JHVSF ����� q?2M � mb2` brBi+?2b i?2 +m``2Mi /B�;`�K M�K2/ ǳi`B;@
;2`Ǵ iQ �MQi?2` /B�;`�K ǳ#�``B2`Ǵ- �.Z.� /vM�KB+�HHv i`�Mb+Hm/2b
+Q``2bTQM/BM; /B�;`�K /�i�#�b2 iQ 2Mbm`2 T`QT2` `2T`2b2Mi�iBQMb Q7
MQi2bX
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h?2 BMi2`7�+2 /2i2+ib i?2 +HB+FBM; BMTmi rBi? i?2 /2bB`2/ /B�;`�K M�K2
@ #�``B2`X Ai i?2M +?�M;2b i?2 i`�MbHmbBQM bQm`+2 BM /B�;`�K pB2r iQ
i?2 /2bB`2/ QM2- #v mT/�iBM; i?2 ǳb`+Ǵ �ii`B#mi2 Q7 i?2 +Q``2bTQM/@
BM; IB7`�K2= 2H2K2MiX PM+2 }MBb? i`�Mb+Hm/BM;fHQ�/BM;- i?2 /B�;`�K
pB2r }Hi2`b MQi2b �M/ i?2K2 MQi2b i?�i #2HQM; iQ i?2 ǳ#�``B2`Ǵ /B�@
;`�K rBi? i?2 �B/ Q7 +`2�iQ` �ii`B#mi2 Q7 2�+? MQi2X Ai i?2M ;2ib i?2
+Q``2bTQM/BM; Ut-vV TQbBiBQMb Q7 }Hi2`2/ MQi2b 7`QK i?2 ǳ#�``B2`Ǵ /B�@
;`�K /�i�#�b2X 6BM�HHv- /B�;`�K pB2r BMD2+ib T`QT2` bivH2 b?22i `mH2b
iQ b?Qr MQi2b BM i?2B` +Q``2+i HQ+�iBQMb �M/ ?B/2 B``2H2p�Mi BM7Q`K�@
iBQMX h?mb i?2 irQ /B�;`�Kb b?�`2 b�K2 T`Q;`�KKBM; HQ;B+ #mi b?Qr
Bib T`QT2` �M�HvbBb `2T`2b2Mi�iBQMX

�MQi?2` 2t�KTH2 /2KQMbi`�i2b ?Qr irQ mb2`b +�M rQ`F QM � b�K2
/B�;`�K rBi? /Bz2`2Mi /2pB+2b- �b BM };m`2 9XRRX lb2` � �M/ " #Qi?
?�p2 i?2 b�K2 /B�;`�K QT2M2/ BM i?2B` BM/BpB/m�H /2pB+2bX q?2M mb2`
� /`�;b � MQi2- /B�;`�K pB2r /2i2+ib i?2 �+iBQM �M/ mT/�i2b i?2 bivH2
b?22i `mH2 QM i?2 TQbBiBQM Q7 i?�i MQi2X Ai 7m`i?2` mT/�i2b i?2 Ut-vV
2H2K2Mi biQ`2/ BM i?2 mM/2`M2�i? /B�;`�K /�i�#�b2X aBM+2 +?�M;2b iQ
i?2 /�i�#�b2Ƕb .PJ i`22 ;2i T2`bBbi2/ QM i?2 b2`p2` �M/ bvM+?`QMBx2/
iQ �HH +QMM2+i2/ +HB2Mib- i?2 /B�;`�K pB2r QM i?2 bB/2 Q7 lb2` " HBbi2Mb
i?Bb +?�M;2 �b r2HHX h?2 /B�;`�K pB2r ;2i i?2 M2r Ut-vV �M/ mT/�i2
i?2 HQ+�iBQM Q7 MQi2 QM "Ƕb bB/2 �++Q`/BM;HvX h?mb � �M/ " b22 i?2

'JHVSF ����� h?2 /Bz2`2Mi BMbi�M+2b Q7 b�K2 /B�;`�K /�i�#�b2 ;2i bvM@
+?`QMBx2/ iQ 2Mbm`2 irQ mb2`b +QHH�#Q`�i2 QM i?2 b�K2 /B�;`�K rBi?
/Bz2`2Mi /BbTH�vbX
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b�K2 KQp2K2Mib Q7 MQi2 BM `2�H iBK2X

��� "QQMJDBUJPO 4DFOBSJPT
�.Z.� T`2b2Mib � pBbBQM �M/ T`QQ7@Q7@+QM+2Ti BKTH2K2Mi�iBQM 7Q`
�{MBiv /B�;`�KKBM; �+`Qbb i?2 p�`BQmb �M�HviB+ bi�;2b- +QM+2Tim�H
K2i?Q/b- /2pB+2b �M/ +QHH�#Q`�iBQM KQ/2bX AM i?Bb b2+iBQM- r2 mb2
� b2i Q7 �TTHB+�iBQM b+2M�`BQb iQ T`Q#2 i?2 miBHBiv �M/ MQp2Hiv Q7 i?2
�.Z.� T`QiQivT2X

�b /Bb+mbb2/ BM b2+iBQM 9Xk- i?2`2 2tBbi K�Mv `2H�i2/ bvbi2Kbc r2
TB+F 7Qm` `2T`2b2Mi�iBp2 bvbi2Kb Q7 i?2B` ivT2b, �{MBivY (RR9)- � `2@
b2�`+? T`QiQivT2 7Q` /B;Bi�H �{MBiv /B�;`�KKBM;c .Bbi`B#mi2/@.2bB;M2`Ƕb
PmiTQbi (Rky)- � /B;Bi�H r?Bi2#Q�`/ bmTTQ`ib `2KQi2Hv Q`;�MBbBM; MQi2b
BM bT�+2c JB`Qk- � +QKK2`+B�H QMHBM2 +QHH�#Q`�iBp2 r?Bi2#Q�`/ TH�i@
7Q`Kc �M/ J�tZ.�9- � +QKK2`+B�H +QKTmi2`@�bbBbi2/ [m�HBi�iBp2 /�i�
�M�HvbBb bQ7ir�`2X q2 +QKT�`2 �.Z.� rBi? i?2b2 +m``2Mi iQQHb
�`QmM/ i?2 �TTHB+�iBQM b+2M�`BQb �M/ i?2 /2bB;M bT�+2 iQ b?Qr �.Z.�
Bb �#H2 iQ bQHp2 T`2pBQmbHv mMbQHp2/ T`Q#H2Kb- �M/ `2/m+2 BMi2`�+iBQM
pBb+QbBiv /m`BM; �M�HvbBb (Rj8)X

a+2M�`BQ RX �HB+2 �M/ "Q# K22i BM � H�# `QQK iQ �M�Hvx2 BMi2`pB2r
i`�Mb+`BTibX h?2 `QQK ?�b � r�HH@bBx2/ BMi2`�+iBp2 /BbTH�v- �M BMi2`�+@
iBp2 i�#H2- �M/ �HB+2 �M/ "Q#Ƕb QrM H�TiQTb- T?QM2b- �M/ i�#H2ibX h?2v
2�+? QT2M i?2 i`�Mb+`BTib QM i?2B` H�TiQTb �M/ #2;BM +Q/BM; i?2K BM
�.Z.�X h?2v ?B;?HB;?i T2`iBM2Mi bMBTT2ib Q7 i?2 i`�Mb+`BTib r?BH2
i?2v `2�/X �7i2` ;QBM; i?`Qm;? � 72r T�`iB+BT�Mib- �HB+2 KQp2b iQ i?2
r�HH r?BH2 "Q# +QMiBMm2b iQ +Q/2 i`�Mb+`BTibX a?2 HQ�/b i?2 l_G 7Q`
i?2B` �M�HvbBb b2bbBQM �M/ +`2�i2b � M2r �{MBiv /B�;`�K- r?B+? �m@
iQK�iB+�HHv +QMi�BMb i?2 2ti`�+i2/ bMBTT2ib BM � TBH2 BM i?2 +Q`M2` Q7
i?2 /BbTH�vX q?BH2 b?2 Q`;�MBx2b i?2b2 bMBTT2ib- "Q#Ƕb M2r bMBTT2ib
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+QMiBMm2 iQ #2 �//2/ iQ TBH2X J2�Mr?BH2- *?�`H2b- rQ`FBM; 7`QK ?Bb
Q{+2 BM �MQi?2` +Biv- DQBMb i?2 �M�HvbBb #v QT2MBM; �HB+2Ƕb /B�;`�K QM
?Bb H�TiQTX h?2v rQ`F +QHH�#Q`�iBp2Hv- 7QHHQrBM; 2�+? Qi?2`Ƕb MQi2b �b
i?2v KQp2 �`QmM/ BM `2�H iBK2 QM i?2 b?�`2/ /B�;`�K- �HB+2 mbBM; ?2`
}M;2`b �M/ *?�`H2b ?Bb KQmb2X *?�`H2b /2+B/2b ?2 rQmH/ `�i?2` MQi
T�M �`QmM/ BM i?2 /B�;`�K- bQ ?2 r�HFb /QrM i?2 ?�HH iQ ?Bb bim/BQ
�M/ QT2Mb i?2 /B�;`�K QM Bib BMi2`�+iBp2 #Q�`/X

.Bb+mbbBQM, h?Bb b+2M�`BQ BHHmbi`�i2b KmHiBTH2 mb2`b rQ`FBM; BM /B7@
72`2Mi TH�+2b �M/ rBi? /Bz2`2Mi ivT2b Q7 /2pB+2bX JQ`2Qp2`- i?2 mb2`b
�`2 �#H2 iQ +?QQb2 i?2 �p�BH�#H2 /2pB+2b #2bi bmBi2/ iQ i?2B` i�bF �i
?�M/- 2ti2M/BM; i?2 2MpB`QMK2Mi Q` brBi+?BM; /2pB+2b #v K2`2Hv QT2M@
BM; i?2 b?�`2/ b2bbBQM l_G �M/ +?QQbBM; i?2 b?�`2/ �`iB7�+i Ui`�M@
b+`BTib Q` /B�;`�KbV iQ rQ`F QMX

*QKT�`BbQM iQ Pi?2` hQQHb, JQbi iQQHb- bm+? �b �{MBivY- JB`Q-
�M/ .Bbi`B#mi2/@.2bB;M2`Ƕb PmiTQbi 7Q+mb QM QMHv QM2 ivT2 Q7 �M�Hv@
bBb Q` �`iB7�+i U+Q/BM; Q` �{MBiv /B�;`�KKBM;VX h?2v K�v T`QpB/2
KQ`2 `2}M2/ BMi2`�+iBQMb 7Q` i?2b2 bT2+B}+ �+iBpBiB2b- #mi i`�MbBiBQMBM;
#2ir22M i?2b2 �+iBpBiB2b `2[mB`2b � +mK#2`bQK2 2tTQ`i@BKTQ`i �M/ TQ@
i2MiB�H /�i� i`�Mb7Q`K�iBQMX J�tZ.� /Q2b bmTTQ`i #Qi? �+iBpBiB2b
BM i?2 b�K2 iQQH- #mi Bi Bb M2Bi?2` +QHH�#Q`�iBp2 MQ` /Q2b Bi bmTTQ`i
KmHiBTH2 /2pB+2 ivT2b Q` BMi2`�+iBQMb #2vQM/ � bBM;H2 mb2` QM � bBM;H2
/2bFiQT bvbi2KX

aBKBH�`Hv- 72r iQQHb �HHQr 7Q` mb2`b iQ #`BM; /Bz2`2Mi /2pB+2b BMiQ
�M �M�HvbBbX �{MBivY /Q2b H2i mb2`b �// BM KmHiBTH2 T?QM2b �M/
i�#H2ib �b T2`bQM�H BMTmi /2pB+2b- #mi i?2 K�BM �M�HvbBb pB2rě�{MBiv
/B�;`�Kbě+�M MQi #2 2ti2M/2/X JB`Q +�M #2 mb2/ QM #Qi? KQ#BH2
/2pB+2b �M/ H�`;2` /BbTH�vb- i`2�ib i?2K �b pB2rb Q7 � bBM;H2 `2T`2@
b2Mi�iBQMX q2 �`2 MQi �r�`2 Q7 �Mv Qi?2` iQQHb #2bB/2b T�T2` i?�i
bmTTQ`ib i?2 `2�/v �//BiBQM Q7 2ti`� �p�BH�#H2 /BbTH�vb iQ 2ti2M/ i?2
�M�HvbBb �+`Qbb T?�b2b �M/ `2T`2b2Mi�iBQMbX
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a+2M�`BQ kX CQBMBM; �HB+2 QM i?2 r�HH- "Q# `2�HBx2b ?2 Bb MQi bm`2 Q7
i?2 K2�MBM; Q7 QM2 Q7 i?2 MQi2bX >2 mb2b i?2 K2Mm QM i?2 MQi2 iQ b2M/
Bi iQ ?Bb T?QM2- r?B+? ?2 ?�/ T`2pBQmbHv `2;Bbi2`2/ rBi? i?2 b2bbBQM #v
QT2MBM; Bib l_GX >Bb T?QM2 /BbTH�vb i?2 T2`iBM2Mi i`�Mb+`BTi 7Q+mb2/
QM i?2 b2H2+i2/ bMBTT2iX J2�Mr?BH2- �HB+2 Bb MQi bm`2 i?�i � MQi2 Bb BM
i?2 `B;?i +�i2;Q`vX a?2 b2M/b Bi iQ ?2` i�#H2i- }M/BM; BM i?2 i`�Mb+`BTi
i?�i i?2 mM/2`HvBM; K2�MBM; r�b KBbBMi2`T`2i2/ rBi?Qmi Bib bm``QmM/@
BM; +QMi2tiX a?2 +QMiBMm2b iQ `2�/ i?2 `2bi Q7 i?2 i`�Mb+`BTi iQ K�F2
bm`2 i?�i i?2 Qi?2` bMBTT2ib ?�p2 MQi #22M bBKBH�`Hv KBb+QMbi`m2/X AM
i?2 i`�Mb+`BTi- i?2 /B�;`�KbǶ +Hmbi2` BM7Q`K�iBQM �TT2�` �b i�;b QM
2�+? bMBTT2i- bQ b?2 +�M K�F2 bm`2 i?�i 2�+? i�; K�F2b b2Mb2X a?2
`2@i�;b b2p2`�H KBbB/2MiB}2/ bMBTT2ib �M/ �//b � 72r KQ`2 bMBTT2ib �b
b?2 B/2MiB}2b M2r i?2K2b i?�i ?�/ MQi 2K2`;2/ #27Q`2X

J2�Mr?BH2- "Q# �M/ *?�`H2b +QMiBMm2 rQ`FBM; QM i?2B` b?�`2/ /B@
�;`�KX �HB+2Ƕb M2r MQi2b MQr �TT2�` BM i?2 mM+�i2;Q`Bx2/ TBH2 QM i?2
/B�;`�K- r?BH2 2�+? Q7 i?2 MQi2b b?2 ?�b `2@i�;;2/ BM i?2 i`�Mb+`BTib
MQr �TT2�`b BM Bib M2r i?2K2Ƕb ǳBM#QtǴ �M/ Bib QH/ i?2K2Ƕb ǳQmi#QtǴX
*QHH2+iBp2Hv- i?2v r�HF i?`Qm;? 2�+? Q7 i?2 Bi2Kb BM BM#Qt iQ K�F2
bm`2 i?�i i?2v �;`22 rBi? i?Bb M2r +�i2;Q`Bx�iBQM #27Q`2 2Bi?2` /`�;@
;BM; i?2 MQi2 BMiQ TH�+2 BM Bib M2r +Hmbi2`- H2iiBM; i?2 bvbi2K /Q bQ
�miQK�iB+�HHv- Q` b2M/BM; Bi #�+F iQ Bib QH/ +Hmbi2`X

.Bb+mbbBQM, h?Bb b+2M�`BQ b?Qrb ?Qr �M�Hvbib +�M bKQQi?Hv KBt
/Bz2`2Mi +QM+2Tim�H K2i?Q/b �M/ Bi2`�i2 #2ir22M /Bz2`2Mi T?�b2b Q7
�M�HvbBb- 7`QK +Q/BM; iQ /B�;`�KKBM; �M/ #�+F �;�BM- i?`Qm;?Qmi �
;Bp2M �M�HvbBb b2bbBQMX 1�+? �M�HviB+ �`iB7�+i `2p2�Hb /Bz2`2Mi +QMi2t@
im�H BM7Q`K�iBQM i?`Qm;? Bib bT�iB�H +QMbi`m+i i?�i i?2 �M�Hvbi M22/b iQ
#2 �#H2 iQ ~mB/Hv M�pB;�i2 �b i?2 �M�HvbBb 2pQHp2bX aBKBH�`Hv- /Bz2`2Mi
�M�Hvb2b K�v #2 #2ii2` bmBi2/ iQ /Bz2`2Mi /2pB+2b- r?2i?2` 2T?2K2`�H
BM M�im`2 Q` KQ`2 7Q+mb2/X

*QKT�`BbQM iQ Pi?2` hQQHb, hQQHb i?�i 7Q+mb QM � bBM;H2 ivT2 Q7
�M�HvbBb +�MMQi T`QpB/2 bmTTQ`i 7Q` bm+? Bi2`�iBp2 �M�Hvb2bX h?2v K�v
#2 �#H2 iQ T`QpB/2 HBMFb #�+F iQ i`�Mb+`BTi +QMi2ti- �b BM J�tZ.�-
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#mi bm+? `272`2M+2b �`2 2z2+iBp2Hv `2�/@QMHvX J�tZ.� /Q2b bmTTQ`i
KmHiBTH2 �M�HviB+ �`iB7�+ib- #mi i?2 �M�HvbBb Bb 2z2+iBp2Hv HBM2�`- rBi?
+Q/BM; T`2+2/BM; �{MBiv /B�;`�KKBM;, +?�M;2b K�/2 BM +Q/BM; �H@
i2` i?2 bT�iB�H TQbBiBQMb Q7 �{MBiv /B�;`�KbX �b QM2 mb2` BM QM2 Q7
J�tZ.�Ƕb QrM imiQ`B�H pB/2Qb +QKK2Mib- ǳr?2M J�tZ.� #`Qm;?i
i?2 M2r +Q/BM; `2bmHib BMiQ i?2 T`QD2+i- Bi `2@bQ`i2/ �HH i?2 ;`QmTb BMiQ
�HT?�#2iB+�H Q`/2` 7Q` `2�bQMb A /QMǶi 2MiB`2Hv mM/2`bi�M/XǴ

a+2M�`BQ jX aQK2 /�vb H�i2`- �HB+2- "Q#- �M/ *?�`H2b /2+B/2 iQ
`2@�M�Hvx2 i?2 /�i�- 7Q+mbBM; QM ?Qr T�`iB+BT�Mib mb2 i?2B` �`iB7�+ib
`�i?2` i?�M Dmbi QM i?2 ivT2b Q7 �`iB7�+ib mM/2` bim/vX �HB+2 +`2�i2b �
M2r �{MBiv /B�;`�K 7`QK i?2 b�K2 b2i Q7 i`�Mb+`BTib- r?B+? HQ�/b �HH Q7
i?2 MQi2b BMiQ i?2 BMBiB�H TBH2X h?2 i?`22 Q7 i?2K +QHH2+iBp2Hv #mBH/ i?2B`
M2r /B�;`�K- �HB+2 �M/ "Q# BM i?2B` H�# �M/ *?�`H2b BM ?Bb ?QK2 Q{+2X
PM+2 i?2 /B�;`�K ?�b i�F2M b?�T2- �HB+2 �M/ "Q# ;�i?2` �`QmM/ i?2
i�#H2 BM i?2B` H�# �M/ HQ�/ i?2 BMBiB�H /B�;`�KX �b i?2v b2H2+i MQi2b
BM i?2 M2r /B�;`�K- i?2v ?B;?HB;?i BM i?2 BMBiB�H QM2- ?2HTBM; i?2K iQ
+QKT�`2 i?2 `2H�iBQMb?BT #2ir22M i?2 /Bz2`2Mi �M�Hvb2bX *?�`H2b /Q2b
MQi ?�p2 � #Q�`/ BM ?Bb ?QK2 Q{+2- bQ 7QHHQrb �HQM; BM i?2 i`�Mb+`BTib
pB2r QM ?Bb i�#H2iX �b �HB+2 �M/ "Q# ?B;?HB;?i MQi2b BM i?2B` /B�;`�K-
i?2 +Q``2bTQM/BM; bMBTT2i ?B;?HB;?ib BM *?�`H2bǶ pB2r- b?QrBM; �Mv
�Hi2`M�iBp2 i�;b Bi K�v ?�p2 7`QK i?2 Qi?2` /B�;`�KbX

.Bb+mbbBQM, h?Bb b+2M�`BQ b?Qrb ?Qr �M�Hvbib +�M +�``v Qmi T�`�H@
H2H �M�Hvb2b Q7 i?2B` /�i� 7`QK /Bz2`2Mi �M�HviB+ H2Mb2b- #mi biBHH K�BM@
i�BM � HBMF #2ir22M i?2KX h?2 �M�Hvbib +�M i`2�i i?2b2 �M�Hvb2b �b
BM/2T2M/2Mi- 7Q+mbBM; QM Dmbi i?2 QM2- �b r2 b22 BM i?2 }`bi T�`i Q7
i?2 b+2M�`BQ- Q` i?2v +�M +QKT�`2 �+`Qbb i?2K- �b BM i?2 b2+QM/ T�`iX
hQ ?2HT 7�+BHBi�i2 bm+? +QKT�`BbQM- i?2 /Bz2`2Mi mb2`b +�M #`BM; BM
i?2 /Bz2`2Mi �p�BH�#H2 /2pB+2b iQ 2ti2M/ i?2 bT�+2 7Q` i?2B` �M�HvbBbX
aBKBH�`Hv- i?2v +�M +QHH�#Q`�i2 �bvKK2i`B+�HHv- �b r?2M *?�`H2b rQ`Fb
�HQM; 7`QK i?2 i`�Mb+`BTi pB2rX
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*QKT�`BbQM iQ Pi?2` hQQHb, q?BH2 KQbi- B7 MQi �HH- iQQHb �HHQr i?2
+`2�iBQM Q7 KmHiBTH2 /B�;`�Kb 7`QK i?2 b�K2 /�i�- i?2v �`2 ivTB+�HHv
i`2�i2/ �b BM/2T2M/2Mi /B�;`�KbX �b bm+?- Bi2`�iBp2Hv ;QBM; #�+F iQ �
/Bz2`2Mi T?�b2 Q7 �M�HvbBb- bm+? �b `2@+Q/BM; i?2 /�i�- rQmH/ `2[mB`2
K�Mm�HHv mT/�iBM; i?2 /B�;`�Kb �++Q`/BM;HvX J�tZ.� /Q2b bmTTQ`i
�bbQ+B�iBM; KmHiBTH2 /B�;`�Kb iQ i?2 b�K2 /�i�- #mi- BM �//BiBQM iQ
i?2 HBKBi�iBQMb b?QrM BM a+2M�`BQb R � k- +�M QMHv b?Qr QM2 /B�;`�K
�i � iBK2X

a+2M�`BQ 9X �HB+2- "Q#- �M/ *?�`H2b �;`22 i?�i #Qi? /B�;`�Kb `2@
p2�H 2bb2MiB�H 7�+2ib Q7 i?2 +QHH2+i2/ /�i�X �HB+2 �M/ "Q# #2;BM �
K2i�@�M�HvbBb Q7 i?2 }`bi /B�;`�K- HQQFBM; 7Q` ?B;?2` H2p2H +QM+2TibX
h?2v +`2�i2 � M2r K2i�@/B�;`�K- r?B+? i`�Mb7Q`Kb i?2K2 MQi2b 7`QK
i?2 }`bi /B�;`�K BMiQ `2;mH�` MQi2b BM i?2 M2r /B�;`�KX h?2v 7m`i?2`
BKTQ`i i?2 i?2K2 MQi2b 7`QK i?2 b2+QM/ /B�;`�K- �HHQrBM; i?2K iQ
+QK#BM2 i?2 i?2K2b 7`QK #Qi? �M�Hvb2b BMiQ � bBM;H2 ?B;?2`@Q`/2` �M�H@
vbBbX �b �HB+2 Bb +QK#BMBM; irQ MQi2b BMiQ � +QKKQM i?2K2- b?2 r�Mib
iQ K�F2 bm`2 b?2 Bb +Q``2+iHv BMi2`T`2iBM; i?2 i?2K2Ƕb H�#2HX a?2 }`bi
2tT�M/b i?2 MQi2 iQ `2p2�H Bib �bbQ+B�i2/ bMBTT2ib iQ +QM}`K #27Q`2
i?2K ;`QmTBM; i?2 irQ i?2K2b iQ;2i?2`X J2�Mr?BH2- *?�`H2b +QMiBM@
m2b `2}MBM; i?2 b2+QM/ /B�;`�K QM i?2 #Q�`/ BM ?Bb bim/BQX hQ 2Mbm`2
� b?�`2/ mM/2`bi�M/BM; Q7 #Qi? /B�;`�Kb �M/ iQ 7QHHQr �HQM; �b ?Bb
i?2K2b �`2 Q`;�MBx2/ BMiQ M2r ?B;?2`@H2p2H +QM+2Tib- *?�`H2b im`Mb QM
i?2 ǳb?Qr K2i� BM7QǴ KQ/2X

.Bb+mbbBQM, h?2 }`bi T�`i Q7 i?Bb b+2M�`BQ BHHmbi`�i2b ?Qr mb2`b
+�M i`�MbBiBQM #2ir22M �M�HviB+ T?�b2b- r?BH2 biBHH K�BMi�BMBM; HBMFb
iQ ?B;?2` Q` HQr2` H2p2Hb Q7 �#bi`�+iBQMX h?2 b2+QM/ T�`i Q7 i?2 b+2M�`BQ
BHHmbi`�i2b ?Qr KmHiBTH2 mb2`b +�M bBKmHi�M2QmbHv Bi2`�i2 QM /Bz2`2Mi
�M�Hvb2b �i /Bz2`2Mi H2p2Hb Q7 �#bi`�+iBQMX

*QKT�`BbQM iQ Pi?2` hQQHb, q2 �`2 MQi �r�`2 Q7 �Mv Qi?2` iQQH
i?�i T`QpB/2b 2tTHB+Bi bmTTQ`i 7Q` K2i�@/B�;`�KKBM; �+iBpBiB2b �+`Qbb
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�M�HviB+ T?�b2bX J�tZ.� /Q2b bmTTQ`i K2i�@/B�;`�KKBM;- #mi 7Q`
QM2 /2pB+2 �M/ QM2 �M�HvbBb �i � iBK2X Pi?2` iQQHb bmTTQ`i bm+? �M�H@
vbBb #v 2ti`�+iBM; i?2K2b �M/ +`2�iBM; � M2r /B�;`�Kc �b bm+? i?2v
rQmH/ #2 i`2�i2/ �b BM/2T2M/2Mi �`iB7�+ibX

��� "%2%" UISPVHI UIF -FOT PG
"MUFSOBUJWFT 'SBNFXPSL

Zm�HBi�iBp2 b2Mb2K�FBM; BMpQHp2b � ~2tB#H2 KBt Q7 �Hi2`M�iBp2 K2i?@
Q/b- KmHiBTH2 `2T`2b2Mi�iBQMb- �M/ i?2 �//BM; Q` `2KQpBM; Q7 KmHiBTH2
/Bp2`b2 /2pB+2b �+`Qbb i?`22 K�BM �M�HviB+ T?�b2bX

�.Z.� +QMbB/2`b �Hi2`M�iBp2b �i �HH i?`22 �#bi`�+i H2p2Hb @ i?2
+Q;MBiBp2- �`iB7�+i- �M/ 2t2+miBQM �Hi2`M�iBp2bX *Q;MBiBp2 �Hi2`M�iBp2b
�`2 BM/B`2+iHv bmTTQ`i2/, i?2v �`2 Q7i2M Qz@HQ�/2/ �M/ 2ti2`M�HBx2/
i?`Qm;? i?2 p�`BQmb `2T`2b2Mi�iBQMbX �.Z.� H�+Fb /B`2+i bmTTQ`i 7Q`
+Q;MBiBp2 �Hi2`M�iBp2b- bm+? �b K2KQb Q` �MMQi�iBQMb iQ `2+Q`/ i?2 `2�@
bQMBM; T`Q+2bbX u2i mb2`b +QmH/ TQi2MiB�HHv �TT`QT`B�i2 i?2K2 MQi2b
7Q` i?2 b�K2 FBM/b Q7 7mM+iBQM�HBiB2bX �.Z.� T`QpB/2b bmTTQ`i 7Q`
� p�`B2iv Q7 �`iB7�+i �Hi2`M�iBp2b- BM+Hm/BM; ?B;?HB;?ib �M/ MQi2b- i�;b
�M/ i?2K2 MQi2b- i?2 /Bz2`2Mi `2T`2b2Mi�iBQMb Q7 i?2K- �b r2HH �b i?2
?2i2`Q;2M2Qmb /BbTH�vbX aQK2 Q7 i?2b2 �`iB7�+i �Hi2`M�iBp2b �`2 BMi`Q@
/m+2/ #v �Hi2`M�iBp2 2t2+miBQM K2i?Q/b- +Q/BM;- �M/ /B�;`�KKBM;X

AM i2`Kb Q7 i?2 ǳ/2;`22 Q7 �ii2MiBQMǴ- r2 +�M pB2r i?2 �M�HvbBb BM
i2`Kb Q7 /Bz2`2Mi ;`�MmH�`Biv H2p2Hb, mM/2` /Bz2`2Mi 7`�K2b Q7 `272`2M+2-
i?2 �+iBp2 �M�HvbBb 7Q+mb +�M p�`v 7`QK � bBM;H2 �`iB7�+i- bm+? �b �
?B;?HB;?i- � MQi2- iQ � ;`QmT Q7 �`iB7�+ib- bm+? �b � +Hmbi2` BM � /B�;`�K-
�M/ iQ i?2 2MiB`2 /B�;`�K Q` 2p2M � +QK#BM�iBQM Q7 i?2KX q?2M �
mb2` 7Q+mbBM; QM +�i2;Q`BxBM; � bBM;H2 MQi2 Q` ?B;?HB;?i- Bi �+ib �b �
+?QB+2X h?2 /Bz2`2Mi +Hmbi2`b �`2 KmHiBTH2b- r?BH2 b2p2`�H �`2 QTiBQMb
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BM +�b2 i?2 mb2` +QMbB/2`b �KQM; r?B+? i?Bb MQi2 b?QmH/ #2HQM;X PM+2
+?QQbBM; � +Hmbi2`- i?Bb +Hmbi2` #2+QK2b � +?QB+2X �7i2` #2BM; �``�M;2/
BMiQ � T`QT2` TQbBiBQM BMbB/2 i?2 +Hmbi2`- i?2 MQi2 im`Mb iQ � KmHiBTH2
�b i?2 mb2` +QMiBMm2b iQ TB+F �MQi?2` MQi2X

h?2 mb2` KB;?i �HbQ 7Q+mb QM � T�`iB+mH�` +Hmbi2` Q` i?2K2- �M/ ;Q2b
i?`Qm;? KmHiBTH2 MQi2b- ?B;?HB;?ib- Q` 2p2M i?2 `�r K�i2`B�Hb iQ +?2+F
r?B+? /�i� Bi2K Bb Q7 `2H2p�M+2X AM i?Bb +�b2- i?2 +Hmbi2` Bb � +?QB+2
�M/ i?2 /Bz2`2Mi FBM/b Q7 /�i� Bi2Kb ~Qr #2ir22M KmHiBTH2b- QTiBQMb
�M/ TQi2MiB�HHv #2+QK2 � +?QB+2X JQ`2Qp2`- i?2 mb2` +QmH/ �HbQ 7Q+mb
QM i?2 2MiB`2 /B�;`�K Q` � +QK#BM�iBQM Q7 i?2K �b � r?QH2- bm+? �b
r?2M +QMbB/2`BM; /Bz2`2Mi K2Mi�H KQ/2Hb Q` +QMbi`m+iBM; ?B;?2`@H2p2H
+QM+2TibX >2`2 2�+? bBM;2` �`iB7�+i Bb � KmHiBTH2 bBM+2 MQ bT2+B�H �ii2M@
iBQM Bb T�B/ iQ i?2KX h?2 /Bz2`2Mi /B�;`�Kb ~Qr #2ir22M KmHiBTH2b-
QTiBQMb- �M/ +?QB+2b �b i?2 mb2` +?�M;BM; i?2 �+iBp2 pB2r Q` brBi+?BM;
�ii2MiBQM 7`QK QM2 /BbTH�v iQ �MQi?2`X

AM i?2 T`QTQb2/ �Hi2`M�iBp2b 7`�K2rQ`F- }p2 ?B;?@H2p2H T`Q+2bb2b
�`QmM/ �Hi2`M�iBp2b �`2 B/2MiB}2/, ;2M2`�iBM;- mT/�iBM;- `2�bQMBM;- `2@
/m+BM;- �M/ K�M�;BM;X AM �.Z.�- i?2 +`2�iBQM Q7 �Hi2`M�iBp2b Bb
�+?B2p2/ #v #Qi? mb2`b �M/ i?2 bvbi2K Bib2H7X lb2`b K�Mm�HHv ;2M2`@
�i2 KmHiBTH2 /B�;`�Kb �M/ �TT`QT`B�i2 /Bz2`2Mi /2pB+2bX q?BH2 i?2
bvbi2K �miQK�iB+�HHv T`Q/m+2b T�B`b Q7 B/2MiB+�H �M�HvbBb �`iB7�+ib 7Q`
i?2 �Hi2`M�i2 K2i?Q/b @ +Q/BM; �M/ /B�;`�KKBM;X aBKBH�`Hv- lT/�i@
BM; � /B�;`�K `2[mB`2b mb2`b iQ K�Mm�HHv KQpBM; MQi2b �`QmM/- r?BH2
�M�HvbBb �`iB7�+ib `2H�i2/ iQ +Q/BM; �M/ /B�;`�KKBM; ;2i mT/�i2/ �m@
iQK�iB+�HHv 7Q` K�TTBM; bvM+?`QMBx�iBQMX

h?2 �bvKK2i`B+ pB2rb- i?2 +`Qbb@HBMFBM; K2+?�MBbK #2ir22M pB2rb-
�M/ i?2 7�+i i?�i �.Z.� +�M #2 2�bBHv /2THQv2/ iQ +QK#BM�iBQMb Q7
/2pB+2b 7�+BHBi�i2 `2�bQMBM; �Hi2`M�iBp2b- bm+? �b iQ +QKT�`2 irQ /B@
�;`�KbX �Hi2`M�iBp2b ;2i `2/m+2/ �b mb2`b `2KQp2 +2`i�BM /B�;`�Kb
Q` +Hmbi2`b- Q` K2`;2 KmHiBTH2 /B�;`�Kb BMiQ QM2X �b �{MBiv /B�;`�K@
KBM; Bb ?B;?Hv bm#D2+iBp2- �.Z.� /Q2b MQi BKTH2K2Mi �Mv �H;Q`Bi?Kb
iQ `2/m+2 i?2 MmK#2` Q7 �Hi2`M�iBp2b �miQK�iB+�HHvX *QMbB/2`BM; K�M@



��� %JTDVTTJPO ���

�;BM; �Hi2`M�iBp2b- �.Z.� �+ib �b � `2TQbBiQ`v 7Q` �HH �M�HvbBb �`iB@
7�+ib �M/ `2T`2b2Mi�iBQMb- �M/ 7m`i?2` T`QpB/2b HBMFBM; �M/ K�TTBM;
K2+?�MBbKb iQ K�BMi�BM i?2 BMi2`/2T2M/2M+v �KQM; /Bz2`2Mi FBM/b
Q7 �Hi2`M�iBp2bX

��� %JTDVTTJPO
AM i?Bb b2+iBQM- r2 T`2b2Mi Qi?2` /2bB;M �Hi2`M�iBp2b +QMbB/2`2/X q2
/Bb+mbb i?2 HBKBi�iBQMb Q7 Qm` rQ`F BM i2`Kb Q7 i?2 T`QiQivT2 Bib2H7 �M/
+QM+2Tim�H HBKBi�iBQMbX

����� %FTJHO 0QUJPOT $POTJEFSFE
q?BH2 /2bB;MBM; �.Z.�- b2p2`�H �Hi2`M�iBp2 bQHmiBQMb ?�p2 #22M +QM@
bB/2`2/,

AMi2;`�iBM; Q` a2T�`�iBM; >B2`�`+?B+�H .B�;`�Kb, AMbi2�/ Q7
b2T�`�iBM; T?�b2 k �M/ j BMiQ �{MBiv /B�;`�K pB2r �M/ K2i�@/B�;`�K
pB2r- r2 +QmH/ �HbQ Tmi i?2K BM QM2 `2T`2b2Mi�iBQM- bm+? �b mbBM; � i`22@
HBF2 bi`m+im`2 �b BM EH2KK2` 2i �HXǶb /2bB;M2`bǶ QmiTQbi bvbi2K (RRd)-
Q` Qi?2` 7`22 bi`m+im`2/ /B�;`�Kb r?2`2 mb2`b +�M /`�r HBMFb #2ir22M
MQi2bX

h?`Qm;? Qm` BMi2`pB2rb �M/ 2tT2`B2M+2- r2 }M/ b2p2`�H `2�bQMb
i?�i T`�+iBiBQM2`b T`272` i?2 b2T�`�i2/ `2T`2b2Mi�iBQM- 2bT2+B�HHv rBi?
`2H�iBp2Hv H�`;2 �KQmMib Q7 MQi2bX 6B`biHv- Bi Bb ?�`/ iQ }M/ � r�HH
bT�+2 iQ T`2b2Mi i?2b2 H2p2Hb iQ;2i?2`X a2+QM/Hv- BM � i`22 bi`m+im`2-
i?2 QT2`�iBQMb �`2 +mK#2`bQK2 r?2M KQpBM; � MQi2 rBi? �HH Bib bm#@
i`22bX h?B`/Hv- mb2`b KB;?i r�Mi iQ F22T 7Q+mb2/ BM 2�+? �M�HviB+
bi�;2- iQQ Km+? BM7Q`K�iBQM Bb Qp2`r?2HKBM; �M/ K�v /Bbi`�+i i?2B`
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�ii2MiBQMX G�bi #mi MQi H2�bi- r2 KB;?i ?�p2 mb2`b rQ`F QM /Bz2`2Mi
T?�b2b �i i?2 b�K2 iBK2- i?Bb b2T�`�iBQM +�M 7�+BHBi�i2 i?Bb ivT2 Q7
rQ`F /BpBbBQMX "�b2/ QM i?2b2 Q#b2`p�iBQMb- r2 /2+B/2 iQ /2bB;M i?2
#�bB+ /B�;`�Kb �M/ i?2B` K2i� /B�;`�Kb �b irQ /Bz2`2Mi pB2rbX

AM 7�+i- 2�+? QTiBQM Bb �TT`QT`B�i2 7Q` +2`i�BM �M�HvbBb b+2M�`BQbX
h?Bb b2T�`�iBQM Q7 pB2rb K�v MQi K�F2 b2Mb2 rBi? � bK�HH2` �KQmMi
Q7 MQi2bX h?2 �HH@BM@QM2 pB2r +�M #2ii2` T`QpB/2 �M Qp2`pB2r Q7 i?2
�M�HvbBb- �M/ � KQ`2 ~2tB#H2 H2p2H �bbB;MK2MiX AM i?2 +m``2Mi bvbi2K-
r2 ?�p2 MQi v2i BKTH2K2Mi2/ Qi?2` ivT2b Q7 pB2rb- #mi �.Z.� +QmH/
#2 2ti2M/2/ iQ +QKTHBK2Mi�`v pB2rb BM 7mim`2 rQ`F- bm+? �b i?`Qm;?
� THm;BMX lb2`b b?QmH/ ~2tB#Hv +?QQb2 i?2 �M�HviB+ �`iB7�+ib �M/ `2T`2@
b2Mi�iBQMb �b i?2v b22 }i 7Q` i?2B` bBim�i2/ i�bF Q` �M�HviB+ ;Q�HX h?2b2
�`iB7�+ib b?QmH/ #2 � HBMF2/ T�`i Q7 i?2 2MiB`2 �M�HviB+�H 2MpB`QMK2MiX

h`�+FBM; i?2 *QMi2ti Q7 � LQi2, hQ i`�+2 i?2 Q`B;BM�H +QMi2ti
Q7 � MQi2 r?2M /B�;`�KKBM;- �.Z.� b?Qrb i?2 bQm`+2 /Q+mK2Mi QM
�M 2ti`� /BbTH�v- bm+? �b � KQ#BH2 T?QM2 Q` � i�#H2iX hQ 7�+BHBi�i2
+QHH�#Q`�iBQM- mb2`b +�M 7m`i?2` +?QQb2 iQ b2M/ i?2 +QMi2Mi iQ Qi?2`
+QHH�#Q`�iQ`bǶ /2pB+2b- 2Bi?2` BM i?2 b�K2 TH�+2 Q` �i /Bbi�M+2X

AMbi2�/ Q7 BMi`Q/m+BM; 2ti`� /2pB+2b- r2 BMBiB�HHv /2bB;M2/ Bi �b �
TQT@mT rBM/Qr M2�`#v i?2 MQi2X lb2`b +�M 7m`i?2` +?QQb2 r?2i?2` iQ
bvM+?`QMBx2 i?2 rBM/Qr rBi? Qi?2` `2KQi2 BMbi�M+2bX q2 }M/ 2�+?
Q7 i?2b2 irQ QTiBQMb ?�b Bib i`�/2@QzbX h?2 TQT@mT rBM/Qr b�p2b
mb2`b i?2 2zQ`ib iQ `2�+? � M2r /2pB+2 i?�i M22/b iQ #2 T`2pBQmbHv
`2;Bbi2`2/X >Qr2p2`- /B�;`�KKBM; rBi? � H�`;2 �KQmMi Q7 /�i� Bi2Kb
Bb ?B;?Hv BM7Q`K�iBQM@BMi2MbBp2- r?2`2 mb2`b Q7i2M bi`m;;H2 rBi? � H�+F
Q7 bT�+2X SQT@mT rBM/Qrb +QmH/ TQi2MiB�HHv Q#b+m`2 Qi?2` MQi2b M2�`#vX
"v �//BM; 2ti`� /BbTH�vb- i?2 /B�;`�K bi�vb i?2 b�K2 �M/ mb2`b +�M
�++2bb #Qi? BM7Q`K�iBQM #v Dmbi brBi+?BM; i?2B` �ii2MiBQMX Ai �HbQ b22Kb
bBKBH�` iQ i?2 M�im`�H T`�+iB+2b rBi? T�T2` �`iB7�+ib- r?2`2 mb2`b ;`�#
`2H�i2/ /Q+mK2Mib r?2M M22/2/ �M/ H2�p2 i?2K #v bB/2 r?BH2 MQi BM



��� %JTDVTTJPO ���

mb2X �.Z.� +QmH/ #2 BKTH2K2Mi2/ iQ bmTTQ`i #Qi? QTiBQMb �M/ H2i
mb2`b +?QQb2 i?2 r�v i?2v r�Mi #�b2/ QM i?2B` +QMi2tibX

����� 1SPUPUZQF -JNJUBUJPOT
h?2 T`BK�`v 7Q+mb Q7 i?2 �.Z.� T`QiQivT2 Bb iQ bmTTQ`i [m�HBi�@
iBp2 /�i� �M�HvbBb i?`Qm;? �{MBiv /B�;`�KKBM; #v URV �TT`QT`B�iBM;
�p�BH�#H2 BMi2`�+iBp2 /2pB+2b iQ +`2�i2 �/@?Q+ +`Qbb@/2pB+2 �M�HvbBb 2MpB@
`QMK2Mib- �M/ UkV T`QpB/BM; p�`BQmb HBMFBM; K2+?�MBbKb iQ ?2HT i`�+F
�M/ +QQ`/BM�i2 �Hi2`M�iBp2 �`iB7�+ib �+`Qbb /Bz2`2Mi �M�HviB+ T?�b2b
�M/ `2T`2b2Mi�iBQMbX �b bm+?- bmTTQ`i 7Q` +Q/BM; �M/ �{MBiv /B�@
;`�KKBM; +QmH/ #2 +QMbB/2`2/ � KBMBKmK pB�#H2 T`Q/m+i, Bi T`QpB/2b
#�bB+ bmTTQ`i 7Q` +Q/BM; i2tim�H i`�Mb+`BTib �M/ 7Q` `2�``�M;BM; bMBT@
T2ib �M/ ;`QmTb Q7 bMBTT2ib- +Hmbi2`BM;- �M/ �MMQi�iBM; bMBTT2ib BM
�{MBiv /B�;`�KbX

_B+?2` BMi2`�+iBQMb 7Q` KmHiB@iQm+? ;2bim`2b (Rje)- T`Qp2M�M+2 �M/
?BbiQ`v i`�+FBM; (RR9)- Q` H�`;2@b+�H2 BMi2`�+iBQM i2+?MB[m2b bm+? �b
"`BM; �M/ :Q (Rjd) Q` TQ`i�Hb (Rj3)- 2i+X �`2 MQi +m``2MiHv BKTH2K2Mi2/X
h?2`2 �`2 +m``2MiHv MQ �//BiBQM�H pBbm�HBx�iBQMb Q` +QHQ` +Q/BM; iQ +QM@
p2v- 7Q` 2t�KTH2- i?2 bi�#BHBiv Q7 +Hmbi2`b Q` iQ `2BM7Q`+2 T�`iB+BT�Mi
MmK#2`b Q` T�`iB+BT�Mi `QH2b U2X ;X- K�M�;2`b pbX 2t2+miBp2b pbX rQ`F@
2`bVX

q?BH2 i?2 BKTH2K2Mi�iBQM Bb /2bB;M2/ rBi? +QHH�#Q`�iBQM �b �M 2t@
THB+Bi /2bB;M ;Q�H- i?2`2 Bb HBiiH2 bmTTQ`i 7Q` BM@bvbi2K +QQ`/BM�iBQMX �HH
bm+? +QQ`/BM�iBQM Kmbi +m``2MiHv #2 /QM2 Qmi@Q7@#�M/ mbBM; i2H2+QM@
72`2M+BM; Q` mbBM; �/@?Q+ bQ+B�H +QMp2MiBQMb Ubm+? �b DB;;HBM; � MQi2
iQ +QMp2v � b?�`2/ 7Q+mbVX

6BM�HHv- �.Z.� Bb BKTH2K2Mi2/ mbBM; q2#bi`�i2b (R9)- � `2b2�`+?
T`QiQivT2 2MpB`QMK2MiX Ai +�M ?�M/H2 �`QmM/ � ?mM/`2/ bBKmHi�M2Qmb
+QMM2+iBQMb �M/ i2Mb Q7 bBKmHi�M2Qmb 2/Bib iQ i?2 b�K2 b?�`2/ /Q+m@
K2MiX Ai Bb #mBHi QM r2# i2+?MQHQ;B2b rBi? i?2B` �bbQ+B�i2/ +QMbi`�BMibX
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"2vQM/ i?2 i2+?MB+�H HBKBi�iBQMb Q7 i?2 +m``2Mi T`QiQivT2- i?2`2 �`2
�HbQ +QM+2Tim�H HBKBi�iBQMb BM i?2 +m``2Mi �TT`Q�+? �M/ /2bB;M- 2bT2@
+B�HHv `2H�i2/ iQ +QHH�#Q`�iBQM- /2pB+2 ?2i2`Q;2M2Biv- �M/ +QM+2Tim�H
+QKT�iB#BHBiv #2ir22M /Bz2`2Mi pB2rbX

Pm` bvbi2K bmTTQ`ib p�`BQmb +QHH�#Q`�iBQM KQ/2b- KmHiBTH2 mb2`b
+�M #2 +QHQ+�i2/ Q` `2KQi2- QM i?2 b�K2 /2pB+2 Q` /Bz2`2Mi /2pB+2b-
bBKmHi�M2QmbHv Q` �bvM+?`QMQmbHvX *QM+2Tim�HHv- ?Qr2p2`- /Bz2`2Mi
BMi2`�+iBQMb �`2 #2ii2` bmBi2/ iQ 2�+? Q7 i?2b2 b+2M�`BQbX 6Q` 2t�KTH2-
� i2+?MB[m2 i?�i rQ`Fb r2HH iQ ?B;?HB;?i � ;Bp2M MQi2 �+`Qbb KmHiBTH2
pB2rb 7Q` � bBM;H2 mb2` �+`Qbb KmHiBTH2 /2pB+2b KB;?i /Bbi`�+i Q` +QM7mb2
Qi?2` mb2`bX aBKBH�`Hv- /Bz2`2Mi BM+QKT�iB#H2 BMi2`�+iBQM i2+?MB[m2b
KB;?i #2 #2ii2` bmBi2/ iQ KmHiBTH2 mb2`b rQ`FBM; QM i?2 b�K2 r�HH pbX
KmHiBTH2 mb2`b +QHH�#Q`�iBM; �+`Qbb /Bbi�Mi r�HHbX 6m`i?2`KQ`2- i?2
p�`BQmb +QHH�#Q`�iBQM b+2M�`BQb KB;?i �HbQ `2Hv QM /Bz2`2Mi FBM/b Q7
�r�`2M2bb K2+?�MBbKb (RjN- R9y)X

aBKBH�`Hv- i?2 /Bz2`2Mi pB2rb �`2 +m``2MiHv QMHv KBMBK�HHv �/�Ti2/
iQ i?2 +QMbi`�BMib Q7 i?2 /2pB+2X 6Q` 2t�KTH2- /BbTH�vBM; � r�HH@bBx2/
/B�;`�K QM � bK�HH2` /BbTH�v bm+? �b � H�TiQT Q` � bK�`iT?QM2 +m`@
`2MiHv mb2b � KBt Q7 T�MMBM; �M/ xQQKBM;X Ai Bb #Qi? mb27mH �M/
TQbbB#H2- #mi �rFr�`/X JQ`2Qp2`- Bi �bbmK2b i?�i i?2 `2H�iBp2 /BK2M@
bBQMb Q7 i?2 +�Mp�b rBHH MQi p�`v �+`Qbb /2pB+2bX 6Q` BMTmi- iQm+? �M/
+HB+F 2p2Mib �`2 +m``2MiHv i`2�i2/ �b 2[mBp�H2Mi- #mi HBiiH2 �//BiBQM�H
bmTTQ`i Bb +m``2MiHv K�/2 iQ ?�M/H2 i?2 /Bz2`2Mi BMTmi KQ/�HBiB2b Q7
/Bz2`2Mi /2pB+2bX

6BM�HHv- i?2 mM/2`HvBM; /2bB;M Q7 i?2 �TT`Q�+? �bbmK2b i?�i Bi Bb
TQbbB#H2 iQ /2}M2 � +QMbBbi2Mi K�TTBM; iQ K�BMi�BM /vM�KB+ HBMFb #2@
ir22M �HH `2H�i2/ �M�HvbBb �`iB7�+ibX 6Q` 2t�KTH2- � MQi2 BM � i`�Mb+`BTi
Kmbi K�BMi�BM � HBMF iQ Bib bMBTT2i BM �M �{MBiv /B�;`�K- #mi mM/2`
+2`i�BM b+2M�`BQb bm+? � #BD2+iBQM K�v #2 mMi2M�#H2 Q` BKTQbbB#H2 iQ
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K�BMi�BM �+`Qbb /Bz2`2Mi H�v2`b Q7 �#bi`�+iBQMX

��� 'VUVSF 8PSL
AM i?Bb +?�Ti2`- r2 B/2MiB7v i?2 FBM/b Q7 �Hi2`M�iBp2b rBi?BM i?2 bT2@
+B}+ +QMi2ti Q7 [m�HBi�iBp2 /�i� �M�HvbBb i?`Qm;? �{MBiv /B�;`�KKBM;X
q2 T`2b2Mi Qm` pBbBQM �M/ � T`QQ7@Q7@+QM+2Ti T`QiQivT2- �.Z.�- iQ
2tTHQ`2 ?Qr �M�Hvbib +�M �TT`QT`B�i2 �p�BH�#H2 /B;Bi�H /2pB+2b �b i?2v
~mB/Hv KB;`�i2 #2ir22M �M�HviB+ T?�b2b Q` �/QTi /Bz2`2Mi K2i?Q/b
�M/ `2T`2b2Mi�iBQMb- �HH r?BH2 T`2b2`pBM; +QMbBbi2Mi �M�HvbBb �`iB7�+ibX

q2 ?�p2 T`2pBQmbHv /Bb+mbb2/ �.Z.� BM i2`Kb Q7 Bib bmTTQ`i 7Q`
�Hi2`M�iBp2b- i?2 T`QiQivT2 HBKBi�iBQMb- �b r2HH �b i?2 +QM+2Tim�H HBKB@
i�iBQMbX AM i?Bb b2+iBQM- r2 /Bb+mbb b2p2`�H /B`2+iBQMb 7Q` 7mim`2 rQ`FX

*QM/m+iBM; 1KTB`B+�H 1p�Hm�iBQM AM b2+iBQM 9X8- r2 p�HB/�i2
�.Z.� i?`Qm;? � b2i Q7 �TTHB+�iBQM b+2M�`BQbX q2 b?Qr i?2 /Bz2`@
2Mi FBM/b Q7 �Hi2`M�iBp2b bmTTQ`i2/ BM �.Z.� �M/ ?Qr i?Bb bmTTQ`i
H2�/b iQ KQ`2 ~2tB#H2 b2Mb2K�FBM; T`�+iB+2bX h?Bb rQ`F +QmH/ #2 7m`@
i?2` 2p�Hm�i2/ i?`Qm;? p�`BQmb 2KTB`B+�H bim/B2b iQ ;�i?2` `2�H mb2`
722/#�+F QM i?2 /2bB;M +QM+2TibX

6Q` �.Z.�- Bi Bb BMbm{+B2Mi iQ +QMbB/2` i?2 MQp2Hiv Q7 BM/BpB/m�H
T`Q#H2Kb Q` BM/BpB/m�H i2+?MQHQ;B+�H bQHmiBQMb- MQ` �`2 r2 �BKBM; iQ
T`QpB/2 2KTB`B+�H 2pB/2M+2 i?�i i?2 bT2+B}+ /2bB;M /2+BbBQMb Q` 72�@
im`2b BM i?2 T`QiQivT2 �`2 i?2 `B;?i bQHmiBQMbX _�i?2` Bi Bb i?2 pBbBQM
r?2`2 mb2`b ~2tB#Hv ~Qr #2ir22M i?2 BMi2;`�iBQM Q7 �Hi2`M�iBp2 iQQHb-
�`iB7�+ib- `2T`2b2Mi�iBQMb- �M/ /BbTH�vb i?�i +?�HH2M;2b i?2 i`�/BiBQM�H
�TTHB+�iBQM KQ/2H 7Q` ?�M/HBM; /�i� �M�HvbBb i�bFbX

G2iiBM; T`�+iBiBQM2`b mbBM; �.Z.� BM i?2B` `2�H �M�HvbBb T`QD2+ib
+QmH/ #`BM; BMbTB`BM; Q#b2`p�iBQMb �M/ p�Hm�#H2 722/#�+FbX 1bT2+B�HHv-
r2 �`2 BMi2`2bi2/ iQ b22 ?Qr i?2v �TT`QT`B�i2 �.Z.� iQ +`2�i2 i?2B`
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QrM �M�HvbBb 2MpB`QMK2Mib �M/ rQ`F~QrbX 1p2M rBi? � bK�HH MmK@
#2` Q7 T�`iB+BT�Mib- r2 +QmH/ TQi2MiB�HHv b22 i?2 mb2 Q7 �.Z.� BM �
p�`B2iv Q7 r�vbX q2 +�M �HbQ +QM/m+i H�#Q`�iQ`v bim/B2b iQ +QKT�`2
�.Z.� rBi? Qi?2` 2tBbiBM; �M�HvbBb iQQHb- bm+? �b J�tZ.� Q` Jm@
`�H- 7Q` ;Bp2M �M�HvbBb i�bFb Q` ;Q�HbX AMbi2�/ Q7 ;�i?2`BM; [m�MiBi�iBp2
K2�bm`2K2Mib- r2 �`2 KQ`2 BMi2`2bi2/ BM [m�HBi�iBp2 722/#�+F bm+? �b
r?�i 72�im`2b Q` 7mM+iBQM�HBiB2b Q7 �.Z.� i?2v +QMbB/2` ?2HT7mH Q`
MQi ?2HT7mH BM i?2 b2Mb2K�FBM; T`Q+2bbX

1M?�M+BM; bmTTQ`i 7Q` �Hi2`M�iBp2b h?Qm;? �.Z.� T`QpB/2b
;QQ/ bmTTQ`i 7Q` �Hi2`M�iBp2b �i /Bz2`2Mi �#bi`�+iBQM H2p2Hb �M/ i?2
?B;?@H2p2H T`Q+2bb2b �`QmM/ i?2K- Bi +QmH/ #2 7m`i?2` BKT`Qp2/ BM /B7@
72`2Mi �bT2+ibX

6B`bi- BMbi2�/ Q7 +`2�iBM; � M2r /B�;`�K 2�+? iBK2- ;2M2`�iBM; �Hi2`@
M�iBp2 /B�;`�Kb #v 7Q`FBM; Q` #`�M+?BM; �M 2tBbiBM; /B�;`�K KB;?i #2
?2HT7mHX "2ii2` �Hi2`M�iBp2b K�M�;2K2Mi KB;?i #2 �+?B2p2/ i?`Qm;?
p�`BQmb FBM/b Q7 p2`bBQMBM; i2+?MB[m2bX hQ 7�+BHBi�i2 i?2 T`�+iB+2b
�`QmM/ `2�bQMBM; �Hi2`M�iBp2b- i?2 +m``2Mi p2`bBQM QMHv bmTTQ`ib i`�+F@
BM; MQi2b QM2 #v QM2 �+`Qbb /B�;`�Kb- 7m`i?2` p2`bBQMb +QmH/ �// KQ`2
72�im`2b iQ ?2HT iQ +QKT�`2- bm+? �b iQ b?Qr �HH BMi2`b2+iBQMb Q7 irQ /B�@
;`�KbX "2bB/2b- i?2 +m``2Mi HBMFBM; K2+?�MBbK 7QHHQrb � bi`B+i K�i+?X
u2i 7mxxv K�i+? KB;?i #2 ?2HT7mH iQ +QKT�`2 /�i� Bi2Kb rBi? ?B;?
bBKBH�`BivX

�T�`i 7`QK i?2 +m``2Mi +Q/BM; �M/ /B�;`�KKBM; pB2rb- �.Z.�
b?QmH/ �HHQr 2ti2MbBQMb Q7 Qi?2` FBM/b Q7 pB2rbX 6Q` 2t�KTH2- iQ T`Q@
pB/2 KQ`2 2tTHB+Bi bmTTQ`i 7Q` +Q;MBiBp2 �Hi2`M�iBp2b- pB2rb rBi? 7`22@
7Q`K /`�rBM;b- �MMQi�iBQMb- �M/ K2KQb +QmH/ #2 �//2/ iQ T`2b2`p2
i?Qm;?ib �M/ B/2�bX

1M?�M+BM; *QHH�#Q`�iBp2 a2Mb2K�FBM; �.Z.� QMHv T`QpB/2b
� `m/BK2Mi�`v BKTH2K2Mi�iBQM 7Q` +QHH�#Q`�iBp2 b2Mb2K�FBM;X 6Q` 2t@



��� 'VUVSF 8PSL ���

�KTH2- i?2 bvM+?`QMBx�iBQM �KQM; KmHiBTH2 BMbi�M+2b Q7 i?2 b�K2 pB2r
T`QpB/2b #�bB+b 7Q` `2KQi2 +QHH�#Q`�iBQMX u2i �.Z.� ?�b MQi Tmi bT2@
+B�H �ii2MiBQM iQ �Mv T�`iB+mH�` +QHH�#Q`�iBp2 b+2M�`BQ �M/ /2bB;M BM@
i2`�+iBQMb �M/ 72�im`2b iQ bmTTQ`i i?2KX �b b�B/- i?2 ǳ+`Qbb@HBMFBM;Ǵ
72�im`2 iQ i`�+F MQi2b �+`Qbb KmHiBTH2 pB2rb 7Q` � bBM;H2 mb2` KB;?i
/Bbi`�+i Q` +QM7mb2 Qi?2` mb2`bX >Qr iQ #�H�M+2 i?2 72�im`2b i?�i 7�+BH@
Bi�i2 b2Mb2K�FBM; 7Q` � bBM;H2 mb2` �M/ i?Qb2 7Q` KmHiBTH2 +QHH�#Q`�iQ`b
`2K�BMb �M QT2M Bbbm2X

q?2M +QHH�#Q`�iBM;- i?2 /BbiBM+iBQM #2ir22M T2`bQM�H �M/ +QHH�#@
Q`�iBp2 bT�+2 Bb T`Qp2/ BKTQ`i�Mi (Ry3)X AM �.Z.�- 2t+2Ti 7Q` i?2
/Q+mK2Mi pB2r- �HH Qi?2` pB2rb �`2 i`2�i2/ �b b?�`2/ bT�+2 r?2`2 mT@
/�i2b #v �HH mb2`b ;2i bvM+?`QMBx2/ BKK2/B�i2HvX Ai +QmH/ #2 7m`i?2`
/2p2HQT2/ iQ T`QpB/2 i?Bb b2T�`�iBQM r?2M M22/2/- bm+? �b H2iiBM; irQ
mb2`b BM/BpB/m�HHv ?B;?HB;?i i`�Mb+`BTib #27Q`2 T`2b2MiBM; i?2b2 ?B;?@
HB;?ib 7Q` +`Qbb@p�HB/�iBQMX
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h?Bb +?�Ti2` 2tTHQ`2b ?Qr iQ /2bB;M iQQHb iQ K�M�;2 �Hi2`M�iBp2b BM i?2
+QMi2ti Q7 `2mb2X �M�Hvbib Q7i2M `2mb2 +QMi2Mib ;2M2`�i2/ BM +QKTmi�@
iBQM�H MQi2#QQFb iQ Qi?2` TH�+2b HBF2 T`2b2Mi�iBQM bHB/2bX q2 +QMbB/2`
i?2 Q`B;BM�H +QMi2Mi �M/ Bib /2`Bp�iBp2 �b ǳ�Hi2`M�iBp2bǴ i?�i /Bp2`;2
7`QK i?2 KQK2Mi Q7 `2mb2X "�b2/ QM p�`BQmb M22/b /m`BM; b2Mb2K�F@
BM;- i?2b2 �Hi2`M�iBp2b KB;?i #2 �TTHB2/ rBi? i?2 b�K2 mT/�i2b Q` #2
KQ/B}2/ /Bz2`2MiHvX q2 BMi`Q/m+2 ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ �b �
MQp2H `2mb2 �TT`Q�+? i?�i K�BMi�BMb i?2 HBMFb #2ir22M T�B`b Q7 �Hi2`@
M�iBp2b iQ 7�+BHBi�i2 i`�+FBM; �M/ +QQ`/BM�iBM; +?�M;2bX q2 7m`i?2`
2tTHQ`2 ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ BM i?2 +QMi2ti Q7 i`�Mb+Hm/BM;
/�i� pBbm�HBx�iBQMbX

a2+iBQM 8XR BMi`Q/m+2b Qm` KQiBp�iBQM 7Q` 2MpBbBQMBM; ǳ+QKTmi�@
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iBQM�H i`�Mb+HmbBQMǴX a2+iBQM 8Xk `2pB2rb `2H�i2/ `2b2�`+?- BM+Hm/BM;
+QMi2Mi `2mb2 T`�+iB+2b /m`BM; b2Mb2K�FBM; T`Q+2bb2bc i?2 Q`B;BM�H +QM@
+2Ti Q7 i`�Mb+HmbBQMc �M/ Qi?2` 2tBbiBM; `2mb2 i2+?MB[m2bX a2+iBQM 8Xj
2tTHQ`2b i`�Mb+Hm/BM; /�i� pBbm�HBx�iBQMb #v 2t�KBMBM; p�`BQmb `2mb2
b+2M�`BQb mbBM; � b�M/#Qt bvbi2KX a2+iBQM 8X9 /Bb+mbb2b i?2 B/2MiB}2/
i`�Mb+HmbBQM T`QT2`iB2b �M/ ?Qr iQ `2B7v i?2K BM i?2 mb2` BMi2`7�+2 iQ
2M�#H2 ~2tB#H2 U`2@V+QM};m`�iBQMb Q7 i`�Mb+HmbBQMX 6BM�HHv- b2+iBQM 8X8
� 8Xe /Bb+mbb i?2 HBKBi�iBQMb Q7 Qm` rQ`F �b r2HH �b r?�i +�M #2 /QM2
BM i?2 7mim`2X

��� *OUSPEVDUJPO
*QKTmi�iBQM�H MQi2#QQFb ?�p2 #22M rB/2Hv �/QTi2/ #v T2QTH2 7`QK
p�`BQmb /QK�BMb- bm+? �b b+B2M+2- }M�M+2- �M/ 2/m+�iBQM- iQ T2`7Q`K
/�i� 2tTHQ`�iBQM i�bFb (R9RĜR99)X "v BMi2;`�iBM; M�``�iBp2 i2tib- +Q/2
TB2+2b- /�i� 7`�K2b- �M/ BMi2`�+iBp2 pBbm�HBx�iBQMb BM QM2 bBM;H2 /Q+@
mK2Mi- +QKTmi�iBQM�H MQi2#QQFb bmTTQ`i #Qi? 2tT2`BK2MiBM; rBi?
B/2�b �M/ T`2b2MiBM; �M�HvbBb `2bmHibX

_mH2 2i �HX (ke) TQBMi Qmi i?�i � bBM;H2 MQi2#QQF +�M ?�`/Hv bmTTQ`i
i?2 Qp2`�HH b2Mb2K�FBM; T`Q+2bb, � MQi2#QQF 7Q` 2tTHQ`BM; B/2�b Q7i2M
+QMi�BMb ǳK2bbvǴ +Q/2 i?�i Bb ?�`/ iQ mM/2`bi�M/c r?BH2 � MQi2#QQF
7Q` T`2b2MiBM; `2bmHib Q7i2M H�+Fb Q7 i?2 /2i�BHb Q7 i?2 �M�HviB+ T`Q@
+2bbX �M�Hvbib i?mb Q7i2M �TTHv KmHiBTH2 MQi2#QQFb BM � bBM;H2 �M�HvbBb
T`QD2+i iQ bmTTQ`i p�`BQmb �M�HviB+ i�bFbc Qi?2` 2MpB`QMK2Mib- bm+? �b
T`2b2Mi�iBQM bHB/2b Q` MQi2@i�FBM; bQ7ir�`2- +QmH/ �HbQ #2 �/QTi2/ iQ
+QKT2Mb�i2 7Q` i?2 BM�/2[m�+v Q7 MQi2#QQFbX

*QMi2Mib i?�i �`2 BMBiB�HHv ;2M2`�i2/ BM QM2 MQi2#QQF +QmH/ #2
`2mb2/ iQ i?2b2 Qi?2` TH�+2b 7Q` /Bz2`2Mi Tm`TQb2bX 6Q` 2t�KTH2- �
pBbm�HBx�iBQM +QmH/ #2 KQp2/ 7`QK � ǳK2bbvǴ MQi2#QQF iQ � +H2�M@mT
p2`bBQM iQ T`2b2Mi �M�HvbBb `2bmHibX q2 +QMbB/2` i?2 Q`B;BM�H +QMi2Mi
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�M/ i?2 /2`Bp�iBp2 UQ` `2mb2/ +QMi2MiV �b ǳ�Hi2`M�iBp2bǴ i?�i /Bp2`;2
7`QK i?2 KQK2Mi Q7 `2mb2X AMbi2�/ Q7 2�+? #2BM; �M BM/2T2M/2Mi 2M@
iBiv- i?2 �Hi2`M�iBp2b Q7i2M ?QH/ +QKTHB+�i2/ HBMFb #�b2/ QM mb2`bǶ K2M@
i�H KQ/2Hb /m`BM; i?2 b2Mb2K�FBM; T`Q+2bbX 6Q` BMbi�M+2- +QMbB/2`BM;
`2mbBM; � pBbm�HBx�iBQM- �M�Hvbib KB;?i +mbiQKBx2 i?2 bivH2b 7Q` 2�+?
pBbm�HBx�iBQM iQ bmBi /Bz2`2Mi +QHQ` i?2K2b #mi bvM+?`QMBx2 i?2 /�i�@
#BM/BM; HQ;B+ iQ BMpQHp2 M2rHv@+QHH2+i2/ /�i� BM #Qi? pBbm�HBx�iBQMbX
a2Mb2K�FBM; Bb Q7i2M K2bbv �M/ Bi2`�iBp2- �M�Hvbib Q7i2M M22/ iQ ;Q
#�+F �M/ 7Q`i? #2ir22M i?2b2 TH�+2b iQ mT/�i2 i?2K Q` iQ +QQ`/BM�i2
+?�M;2bX

1tBbiBM; i2+?MQHQ;B2b T`QpB/2 � p�`B2iv Q7 r�vb 7Q` +QMi2Mi `2mb2X
6Q` 2t�KTH2- mb2`b +QmH/ bBKTHv T2`7Q`K ǳ+QTv � T�bi2Ǵ +QKK�M/b
Q` ǳ2tTQ`i � BKTQ`iǴ iQ KQp2 �M �`iB7�+i �+`Qbb /Bz2`2Mi TH�+2bX >Qr@
2p2`- i?2b2 i2+?MB[m2b i2M/ iQ i`2�i i?2 �Hi2`M�iBp2b �b BM/BpB/m�H
+QTB2b- H2�pBM; mb2`b iQ �TTHv �/ ?Q+ bi`�i2;B2b iQ i`�+F �M/ +QQ`@
/BM�i2 +?�M;2b i?�i KB;?i �TT2�` QM #Qi? bB/2bX L2r i2+?MB[m2b ?�p2
�HbQ #22M BMp2Mi2/ iQ 7�+BHBi�i2 `2mbBM; TQ`iBQMb Q7 +QMi2Mi 7`QK +QK@
Tmi�iBQM�H MQi2#QQFbX 6Q` BMbi�M+2- i?2 ǳ2K#2/ +2HHǴ i2+?MB[m2 BM
P#b2`p�#H2R �HHQrb mb2`b iQ Tmi rQ`FBM; +QMi2Mib Q7 MQi2#QQFb- HBF2
pBbm�HBx�iBQMb- BMbB/2 �MQi?2` r2#bBi2X .2bTBi2 i?�i ǳ2K#2/ +2HHǴ +�M
F22T i?2 `2mb2/ +QMi2Mib �b mT/�i2/ �b i?2 Q`B;BM�H QM2- Bi Bb /B{+mHi
7Q` mb2`b iQ K�F2 +?�M;2b 7`QK i?2 `2mb2/ bB/2 Q` iQ �Hi2` i?2 `2H�iBQM@
b?BT #2ir22M i?2 irQ �Hi2`M�iBp2b #�b2/ QM i?2B` bBim�i2/ M22/bX

"�+F BM i?2 RNeyb- h2/ L2HbQM TB+im`2/ � /B;Bi�H rQ`H/ r?2`2 KmH@
iBTH2 BMbi�M+2b Q7 i?2 b�K2 +QMi2Mi /vM�KB+�HHv +QMM2+i �b i?2 r�v r2
i?BMF �M/ mb2 i?2K (de)X AMbi2�/ Q7 2�+? � b2T�`�i2 +QTv- i?2 BMbi�M+2b
�+`Qbb /Bz2`2Mi TH�+2b +�M #2 i`�+F2/ �M/ bvM+?`QMBx2/ rBi? QM2 �M/
�MQi?2`X >2 +QBM2/ i?2 i2`K i`�Mb+HmbBQM iQ /2b+`B#2 ǳ`2mb2 rBi? Q`B;B@
M�H +QMi2ti �p�BH�#H2- i?`Qm;? 2K#2//2/ b?�`2/ BMbi�M+BM;Ǵ (dd)X "mBHi

R?iiTb,ffQ#b2`p�#H2?[X+QKf!Q#b2`p�#H2?[fBMi`Q/m+iBQM@iQ@2K#2//BM;-
�++2bb2/ QM kR@y9@kykRX

https://observablehq.com/@observablehq/introduction-to-embedding
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mTQM ?Bb B/2�- r2 #2HB2p2 i?�i i?2 Q`B;BM�H +QMi2Mi 7`QK +QKTmi�iBQM�H
MQi2#QQFb �M/ Bib /2`Bp�iBp2 BM �MQi?2` TH�+2 b?QmH/ bi�v +QMM2+i2/ �b
i?2 r�v mb2`b 2tT2+iX q?BH2 /Bz2`2Mi 7`QK i?2 Q`B;BM�H ǳi`�Mb+HmbBQMǴ
i?�i F22Tb i?2 b�K2 +QMi2Mi- r2 2tTHQ`2 i?2 �bvKK2i`B+ `2mb2 r?2`2
#Qi? i?2 Q`B;BM�H �M/ i?2 `2mb2/ +QMi2Mi +QmH/ 2pQHp2 BM/2T2M/2MiHv
�b i?2 �M�HvbBb +QMiBMm2bX

q2 2MpBbBQM ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ �b � MQp2H `2mb2 �T@
T`Q�+? i?�i K�BMi�BMb p�`BQmb FBM/b Q7 HBMFb #2ir22M T�B`b Q7 Q`B;BM�H
�M/ `2mb2/ +QMi2Mib iQ 7�+BHBi�i2 i`�+FBM; �M/ +QQ`/BM�iBM; +?�M;2b BM
�bvKK2i`B+ `2mb2 +�b2bX qBi? ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ- �M�Hvbib
+�M +�``v QM i?2b2 �Hi2`M�iBp2b �b i?2v KQp2 #�+F �M/ 7Q`i? #2ir22M
KmHiBTH2 b2Mb2K�FBM; bi�;2b �M/ /Bz2`2Mi �M�HvbBb TH�+2bX lb2`b +�M
�HbQ ~2tB#Hv �Hi2` i?2 r�v i?2 �Hi2`M�iBp2b �`2 HBMF2/ #�b2/ QM i?2B`
+QMi2tim�H M22/b /m`BM; i?2 b2Mb2K�FBM; T`Q+2bbX

AM Qm` +m``2Mi rQ`F- r2 2tTHQ`2 ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ BM
i?2 +QMi2ti Q7 i`�Mb+Hm/BM; /�i� pBbm�HBx�iBQMbX �M�Hvbib Q7i2M 2t@
THQ`2 p�`BQmb FBM/b Q7 /�i� pBbm�HBx�iBQMb �M/ BMi2`�+i rBi? i?2K iQ
;�BM BMbB;?ib (R98ĜR9d)X oBbm�HBx�iBQMb +�M �HbQ ?2HT b?�`2 BMbB;?ib-
+QKKmMB+�i2 }M/BM;b- �M/ T`2b2Mi �M�HvbBb `2bmHib (ke)X AM i?2 i`�M@
b+HmbBQM +QMi2ti- r2 `272` i?2 Q`B;BM�H +QMi2Mi �b #2BM; i`�Mb+Hm/2/ �M/
i?2 `2mb2/ Q` /2`Bp2/ +QMi2Mi �b i`�Mb+Hm/BM;X Pm` `2b2�`+? [m2biBQMb
�`2, URV q?�i �`2 i?2 +QKTQM2Mib Q7 +QKTmi�iBQM�H i`�Mb+HmbBQM Q7
pBbm�HBx�iBQMb\ UkV q?�i �`2 i?2 p�`BQmb FBM/b Q7 HBMFb mb2`b KB;?i
r�Mi #2ir22M i?2 i`�Mb+Hm/BM; �M/ i?2 i`�Mb+Hm/2/\ �M/ UjV >Qr iQ
`2B7v i?2b2 HBMFb BM i?2 mb2` BMi2`7�+2 iQ 2M�#H2 ~2tB#H2 K�MBTmH�iBQMb
Q7 i`�Mb+HmbBQM\

hQ �Mbr2` i?2b2 [m2biBQMb- r2 2tTHQ`2 p�`BQmb `2mb2 b+2M�`BQb mbBM;
� b�M/#Qt bvbi2K #mBHi mTQM i?2 q2#bi`�i2b TH�i7Q`K (R9) Ub2+iBQM 8XjVX
h?`Qm;? Qm` 2tTHQ`�iBQMb- r2 2tTHQ`2 i?2 /2T2M/2M+B2b #2ir22M /B7@
72`2Mi +QKTQM2Mib Q7 pBbm�HBx�iBQMb �M/ ?Qr i?2 �Hi2`M�iBp2 +QMi2Mib
KB;?i #2 HBMF2/X q2 T`QTQb2 bBt T`QT2`iB2b Q7 i`�Mb+HmbBQM ě HBMFBM;-
`QH2 Q7 �`iB7�+i- �TTHB+�iBQM Q7 +?�M;2b- /B`2+iBQM Q7 T`QT�;�iBQM- HBMFBM;
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;`�MmH�`Biv- �M/ HBMFBM; /2Ti? ě iQ ?2HT +H�`B7v /Bz2`2Mi FBM/b Q7 HBMFb
#2ir22M i?2 i`�Mb+Hm/BM; �M/ i?2 i`�Mb+Hm/2/ Ub2+iBQM 8X9XRVX q2 �HbQ
2tTHQ`2 ?Qr iQ `2B7v i?2 B/2MiB}2/ +QM+2Tib BM i?2 mb2` BMi2`7�+2 iQ 2M@
�#H2 ~2tB#H2 �M/ }M2@;`�BM2/ +QMi`QH Qp2` i`�Mb+HmbBQM Ub2+iBQM 8X9XkVX
6BM�HHv- r2 /Bb+mbb i?2 HBKBi�iBQMb Q7 Qm` rQ`F �b r2HH �b r?�i +�M #2
/QM2 BM i?2 7mim`2 Ub2+iBQM 8X8 � 8XeVX

��� 3FMBUFE 8PSL
Pm` rQ`F #mBH/b mTQM T`2pBQmb `2b2�`+? QM T`�+iB+2b �`QmM/ �`iB7�+i
`2mb2 BM +QKTmi�iBQM�H MQi2#QQFbc T�BMTQBMib Q7 2tBbiBM; `2mb2 i2+?@
MB[m2bc �M/ MQp2H `2mb2 +QM+2Tib �M/ i2+?MB[m2bX

AM i?Bb b2+iBQM- r2 }`bi BMi`Q/m+2 +QKTmi�iBQM�H MQi2#QQFb �b �
K2/BmK 7Q` /�i� rQ`F2`b iQ +QM/m+i b2Mb2K�FBM; �+iBpBiB2bX q2 `2@
pB2r i?2 `2mb2 T`�+iB+2b +QM/m+i2/ �`QmM/ +QKTmi�iBQM�H MQi2#QQFbX
q2 i?2M /Bb+mbb 2tBbiBM; `2mb2 +QM+2Tib �M/ i2+?MB[m2b �`QmM/ i?`22
;`QmTb Q7 rQ`F, URV i?2 Q`B;BM�H +QM+2Ti Q7 ǳi`�Mb+HmbBQMǴc UkV i2+?@
MB[m2b HBF2 ǳBMi2HHB;2Mi +QTv � T�bi2Ǵ Q` ǳHBMFBM; � 2K#2//BM;Ǵ r?B+?
+QMbB/2`b i?2 HBMFb #2ir22M i?2 Q`B;BM�H �M/ i?2 `2mb2/ +QMi2Mic �M/
UjV +QQ`/BM�iBQM Q7 KmHiBTH2 BMbi�M+2b Q7 pBbm�HBx�iBQMb �b /Bbi`B#mi2/
BM /Bz2`2Mi /2pB+2bX

����� 4FOTFNBLJOH JO DPNQVUBUJPOBM
OPUFCPPLT

*QKTmi�iBQM�H LQi2#QQFb .�iBM; #�+F iQ EMmi?Ƕb B/2� Q7 ǳHBi@
2`�i2 T`Q;`�KKBM;Ǵ BM RN39 (e9)- +QKTmi�iBQM�H MQi2#QQFb +QMbB/2`
M�``�iBp2b �b }`bi@+H�bb +BiBx2Mb �b i?2 +Q/2 iQ T`QKTi i?2 +�Tim`2 Q7
i?2 `2�bQMBM; #2?BM/ i?2 �M�HvbBb T`Q+2bb2bX
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'JHVSF ���� � +QKTmi�iBQM�H MQi2#QQF +QK#BMBM; M�``�iBp2 i2ti- +Q/2
TB2+2b- �M/ i?2 pBbm�HBx�iBQM `2bmHi (ke)X

*QKTmi�iBQM�H MQi2#QQFb BMi2;`�i2 +Q/2- i2ti M�``�iBp2b- �b r2HH
�b �M�HvbBb QmiTmib bm+? �b /�i� 7`�K2b �M/ pBbm�HBx�iBQMb BM � bBM;H2
/Q+mK2MiX �b b?QrM BM };m`2 8XR- � MQi2#QQF Bb #�b2/ QM � HBM2�`
+QHH2+iBQM Q7 mMBib +�HH2/ ǳ+2HHbǴ- 2�+? Q7 r?B+? +QMi�BMb i2ti Q` +Q/2
i?�i +�M #2 2t2+mi2/ iQ +QKTmi2 `2bmHib Q` ;2M2`�i2 pBbm�HBx�iBQMbX

h?2`2 �`2 K�Mv 2t�KTH2b Q7 iQ/�vǶb +QKTmi�iBQM�H MQi2#QQFb-
2Bi?2` �b `2b2�`+? T`QiQivT2b Q` +QKK2`+B�H T`Q/m+ibX 6Q` 2t�K@
TH2- CmTvi2` LQi2#QQFk- �b �M QT2M@bQm`+2 r2# �TTHB+�iBQM- ?�b #22M
�/QTi2/ #v KBHHBQMb Q7 mb2`bX :QQ;H2 *QH�#j 2M�#H2b bvM+?`QMQmb 2/Bi@
BM; Q7 � MQi2#QQF iQ 7�+BHBi�i2 +QHH�#Q`�iBQMX P#b2`p�#H29 i`�+Fb i?2

k?iiTb,ffDmTvi2`XQ`;f- �++2bb2/ QM kNfy9fkykR
j?iiTb,ff+QH�#X`2b2�`+?X;QQ;H2X+QK- �++2bb2/ QM kNfy9fkykR
9?iiTb,ffQ#b2`p�#H2?[X+QKf- �++2bb2/ QM kNfy9fkykR

https://jupyter.org/
https://colab.research.google.com
https://observablehq.com/
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/2T2M/2M+B2b #2ir22M +2HHb iQ 7�+BHBi�i2 +Q/2 2tTHQ`�iBQM �M/ K�M�;2@
K2MiX *Q/2bi`�i2b (33) K�F2b Bi TQbbB#H2 iQ +?�M;2 i?2 MQi#QQF 2MpB@
`QMK2Mi 7`QK rBi?BMX �7i2` �M�HvxBM; ey MQi2#QQF bvbi2Kb BM #Qi?
�+�/2KB� �M/ BM/mbi`v- G�m 2i �HX (R9R) +?�`�+i2`Bx2 i?2b2 MQi2#QQFb
�+`Qbb 7Qm` K�DQ` bi�;2b Q7 b2Mb2K�FBM;, BKTQ`iBM; /�i�- 2/BiBM; +Q/2
�M/ T`Qb2- `mMMBM; +Q/2 iQ ;2M2`�i2 QmiTmib- �M/ Tm#HBb?BM; MQi2#QQF
QmiTmibX

�`iB7�+ib _2mb2 �`QmM/ LQi2#QQFb aim/B2b �`QmM/ +QKTmi�@
iBQM�H MQi2#QQFb b?Qr i?2 ;2M2`�H T?2MQK2MQM Q7 �`iB7�+ib `2mb2X _mH2
2i �HX (ke) }M/ i?�i �M�Hvbib Q7i2M ǳ`2mb2 bMBTT2ib Q7 +Q/2 7`QK T`BQ`
Q` Qi?2`bǶ MQi2#QQFbXǴ h?2v �HbQ ǳ+QTv �M�HviB+ `2bmHib iQ Qi?2` K2@
/B� 7Q` b?�`BM; �M/ T`2b2MiBM;XǴ E2`v 2i �HX (3- 9e) Q#b2`p2 i?�i i?2B`
T�`iB+BT�Mib mb2 +QTv � T�bi2 iQ +`2�i2 +Q/2 p�`B�iBQMb Q` i`�Mb72`
ǳKQbi bm++2bb7mH T�`ibǴ iQ � M2r MQi2#QQFX *?�iiQT�/?v�v 2i �HX (R93)
}M/ �M�Hvbib +QMiBMmQmbHv +QTv@T�bi2 +Q/2 iQ +mbiQKBx2 pBbm�HBx�iBQMbX
am#`�K�MB�M 2i �HX (R9N) }M/ i?�i /�i� rQ`F2`b i2M/ iQ KQp2 +Q/2 b2;@
K2Mib �+`Qbb KmHiBTH2 �TTHB+�iBQMbX

>Qr2p2`- i?2 +QMbi�Mi +QTv@T�biBM; Bb +QMbB/2`2/ 7`mbi`�iBM;X �M�@
Hvbib KB;?i ǳHQb2 i?2B` K2Mi�H KQ/2H Q7 i?2 i�bFǴ �b � `2bmHi Q7 2t+2bbBp2
brBi+?BM; #2ir22M +HQM2b (R9N)X h?2 2t+2bbBp2 +HQMBM; �HbQ K�F2b Bi
KQ`2 /B{+mHi iQ K�BMi�BM i?2 +Q/2X *?�iiQT�/?v�v 2i �HX (R93) 7m`i?2`
TQBMi Qmi i?�i `2mbBM; bK�HH TQ`iBQMb Q7 � MQi2#QQF Qmi Q7 i?2 #Qt Bb
+?�HH2M;BM; #2+�mb2 Q7 i?2 BMi2`irBM2/ /2T2M/2M+B2b �KQM; +2HHbX 6Q@
+mbBM; QM i?2 /2T2M/2M+v Bbbm2- >2�/ 2i �HX (kd) +QMi`B#mi2 i?2 *Q/2
:�i?2`BM; iQQHb- �b 2ti2MbBQMb iQ +QKTmi�iBQM�H MQi2#QQFb- iQ ?2HT
�M�Hvbib B/2MiB7v � KBMBK�H b2i Q7 +QMi2Mi /2T2M/2M+B2b i?�i ;2M2`�i2
� bT2+B}+ `2bmHiX

JQ`2 ;2M2`�HHv- bim/B2b �`QmM/ H�#Q`�iQ`v MQi2#QQFb b?Qr �M�@
HvbibǶ rQ`F �b � +QKTH2t r2# Q7 BMi2``2H�i2/ `2T2�i2/ +QMi2MiX h�#�`/ 2i
�HX (R8y) B/2MiB7v i?�i #BQHQ;BbibǶ MQi2#QQF +QMi2Mi Bb ǳ`2T2�i2/ 2Bi?2`
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Qp2` iBK2 Q` `2H�i2/ 7`QK QM2 bi`2�K iQ �MQi?2`XǴ EHQFKQb2 �M/ w�M@
/2` (R8R) `2TQ`i T?vbB+BbibǶ pBbBQM QM 7mim`2 H�# MQi2#QQFb ě ~2tB#H2
K2/B� i?�i +�M #2 #`QF2M BMiQ TB2+2b �M/ #2 #`Qm;?i iQ Qi?2` TH�+2bX
h?2v ;Bp2 i?2 2t�KTH2 Q7 `2mbBM; +QMi`QH BMbi`mK2Mib 7`QK � MQi2#QQF
iQ � KQ#BH2 T?QM2- r?2`2 +?�M;2b QM i?2 KQ#BH2 bB/2 +�M #2 `2p2`i2/
iQ i?2 Q`B;BM�H MQi2#QQFX

Pm` rQ`F #mBH/b QM i?2b2 Q#b2`p�iBQMb Q7 +QMi2Mi `2mb2 �`QmM/
MQi2#QQFbX q2 7Q+mb QM �bvKK2i`B+ `2mb2 +�b2b r?2`2 i?2 Q`B;BM�H �M/
`2mb2/ +QMi2Mi +QmH/ #2 KQ/B}2/ �Hi2`M�iBp2Hv 7Q` /Bz2`2Mi �M�HviB+
;Q�HbX "�b2/ QM 2tTHQ`�iBQMb Q7 p�`BQmb b+2M�`BQb- r2 `2pB2r /Bz2`2Mi
FBM/b Q7 K2Mi�H KQ/2Hb i?�i mb2`b KB;?i ?QH/ QM i?2 `2H�iBQMb?BTb
#2ir22M i?2 Q`B;BM�H �M/ `2mb2/ +QMi2MiX

����� 5IF PSJHJOBM DPODFQU PG USBOTDMVTJPO
h?2 M2irQ`F Q7 `2T2�i2/ BM7Q`K�iBQM +QMi2Mib r�b 2t�KBM2/ #v h2/
L2HbQM bBM+2 i?2 2�`Hv RNeybX >2 �`;m2/ i?�i BMbi2�/ Q7 2KmH�iBM;
T?vbB+�H T�T2` iQ ?�M/H2 BM7Q`K�iBQM BM � /B;Bi�H rQ`H/- r2 b?QmH/
`�i?2` i�F2 �/p�Mi�;2 Q7 +QKTmiBM; �M/ `2i?BMF i?2 bi`m+im`2 �M/
KQ/2H Q7 i2tib BM � /B;Bi�H +QMi2tiX >2 2MpBbBQM2/ +QKTmiBM; bvbi2Kb
+�M ?2HT +`2�i2- K�M�;2- �M/ b?�`2 BM7Q`K�iBQM +QMi2Mib i?�i �HB;M
M�im`�HHv rBi? ?mK�M i?Qm;?i �M/ +`2�iBpBivX

h2/ L2HbQM +QBM2/ i?2 i2`K ǳi`�Mb+HmbBQMǴ iQ /2b+`B#2 ǳi?2 b�K2
+QMi2Mi FMQr�#Hv BM KQ`2 i?�M QM2 TH�+2Ǵ (de)- Q` ǳ`2mb2 rBi? Q`B;BM�H
+QMi2ti �p�BH�#H2- i?`Qm;? 2K#2//2/ b?�`2/ BMbi�M+BM;Ǵ (dd)X _�i?2`
i?�M b2T�`�i2/ BM/BpB/m�H +QTB2b- i`�Mb+HmbBQM i`2�ib b�K2 +QMi2Mib
Qp2` TH�+2b �b b?�`2/ BMbi�M+2bX Ai 2bi�#HBb?2b � T2`K�M2MiHv HBp2 +QM@
M2+iBQM #2ir22M 7`�;K2MibX �b � `2bmHi- i?2b2 +QMi2Mib +�M #2 `2i`B2p2/
�M/ +?�M;2b K�/2 BM QM2 TH�+2 �`2 `2~2+i2/ BM Qi?2`b �b r2HHX

h2/ L2HbQM �HbQ /Bb+mbb2/ BMi2`2biBM; �TTHB+�iBQM b+2M�`BQb 7Q` i`�M@
b+HmbBQM- BM+Hm/BM; +`2�iBM; �Hi2`M�iBp2 p2`bBQMb Q` �Hi2`M�iBp2 Q`;�MB@
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x�iBQMb Q7 /Q+mK2Mibc i`�Mb+Hm/BM; �Hi2`M�iBp2b bB/2@#v@bB/2 iQ +QK@
T�`2 i?2Kc Q` +`2�iBM; +QKTQbBi2 /Q+mK2Mib (3d- R8k)X JQ`2 `2+2MiHv-
E`QiiK�B2` �M/ >2HB+ (R8j) /2KQMbi`�i2 i?`22 �TTHB+�iBQM +QMi2tib Q7
i`�Mb+HmbBQM, BM 2H2+i`QMB+ Tm#HBb?BM;- bBM+2 b+?QH�` T�T2`b Q7i2M [mQi2
+QMi2Mib 7`QK Tm#HBb?2/ QM2bc BM /Bb+mbbBQM 7Q`mKb iQ �+?B2p2 KQ`2 27@
}+B2Mi +QKKmMB+�iBQMc �M/ BM Q`;�MBxBM; +Qm`b2b K�i2`B�Hb- r?B+? �`2
BM?2`2MiHv `2H�i2/X h?2v 7m`i?2` /Bb+mbb Bbbm2b Q7 i`�Mb+HmbBQMb- bm+?
�b BMi2HH2+im�H T`QT2`iv ě ?Qr iQ K�F2 i?2 i`�Mb+Hm/2/ T�`i pBbB#H2 �b
� ǳ`2mb2Ǵ MQi � ǳbiQH2MǴ �`iB7�+ic �M/ ?Qr iQ ?�M/H2 i?2 +?�M;2b K�/2
BM i?2 i`�Mb+Hm/2/X "2`Mbi2BM (R89) T`QTQb2b i?`22 /Bz2`2Mi ivT2b Q7
HBMFBM; 7Q` i`�Mb+HmbBQM, KQMi�;2- i`�Mb7Q`K�iBQM- �M/ +QHH�;2X .B
�M/ GmKH2v (R88) 7Q+mb QM i?2 i`�MbT�`2M+v Q7 � i`�Mb+HmbBQM iQ #Qi?
mb2`b �M/ �TTHB+�iBQMb- �b r2HH �b i?2 QT2`�iBQMb mb2`b �`2 �HHQr2/ iQ
T2`7Q`KX

h`�Mb+HmbBQM +?�HH2M;2b ?Qr /B;Bi�H +QMi2Mib �`2 Q`;�MBx2/ �M/ `2T@
`2b2Mi2/- �b r2HH �b i?2 r�v r2 K�MBTmH�i2 �M/ BMi2`�+i rBi? i?2KX
EHQFKQb2 2i �HX (R9-R8e) 7m`i?2` �TTHv i`�Mb+HmbBQM BM r2# i2+?MQHQ;B2b
iQ ;2M2`�i2 ǳK�HH2�#H2- b?�`2�#H2- �M/ /Bbi`B#mi�#H2Ǵ bQ7ir�`2 bvbi2KbX
h?2v +`2�i2 i?2 q2#bi`�i2b TH�i7Q`K- r?2`2 /Bz2`2Mi r2# /Q+mK2Mib-
`2T`2b2MiBM; /�i� Q` BMi2`�+iBQM HQ;B+- +�M #2 ~2tB#Hv +QKTQb2/ iQ
?�M/H2 /Bz2`2Mi FBM/b Q7 i�bFbX q2#bi`�i2b /BbbQHp2b i?2 BbQH�iBQM #2@
ir22M BM/BpB/m�H �TTHB+�iBQMbX h+?2`M�pbFBD (d3) /2}M2b i?Bb �b ǳbQ7i@
r�`2 i`�Mb+HmbBQMǴ ě ǳbQ7ir�`2 bvbi2Kb �b M2irQ`Fb Q7 BM7Q`K�iBQM
bm#bi`�i2b �TTHvBM; i`�Mb+HmbBQM �b � 7mM/�K2Mi�H +QKTQbBiBQM K2+?@
�MBbK �M/ mb2` BMi2`�+iBQMXǴ h+?2`M�pbFBD 7m`i?2` /Bb+mbb2b i?2 TQi2M@
iB�Hb �M/ +?�HH2M;2b Q7 i?Bb �TT`Q�+? �`QmM/ i?`22 i?2K2b- `2+QM};@
m`�#H2 bQ7ir�`2- �bvKK2i`B+�H +QHH�#Q`�iBQM- �M/ 2+QHQ;v Q7 bQ7ir�`2
�`iB7�+ibX

h?2 +QM+2Ti �M/ pBbBQM Q7 i`�Mb+HmbBQM BMbTB`2b mb iQ 2tTHQ`2 i?2
BMi2`+QMM2+iBQMb #2ir22M �Hi2`M�iBp2b BM i?2 +QMi2ti Q7 `2mb2X q2
T`QTQb2 ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ �b � MQp2H `2mb2 �TT`Q�+? i?�i
HBMFb +QMi2Mib Q`B;BM�HHv 7`QK +QKTmi�iBQM�H MQi2#QQFb iQ Qi?2` `2mb2/
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TH�+2b HBF2 T`2b2Mi�iBQM bHB/2bX ǳ*QKTmi�iBQM�H i`�Mb+HmbBQMǴ +�M ?2HT
mb2`b iQ i`�+F �M/ +QQ`/BM�i2 +?�M;2b #2ir22M i?2 �Hi2`M�iBp2b BM �
~2tB#H2 �M/ }M2@;`�BM2/ K�MM2`X

����� s*OUFMMJHFOUt DPQZ�QBTUF
 MJOLJOH �
FNCFEEJOH UFDIOJRVFT

h`�Mb+HmbBQM 2KT?�bBx2b T2`K�M2MiHv HBp2 +QMM2+iBQMb �KQM; i?2 b�K2
+QMi2MibX u2i BM Qi?2` `2mb2 +�b2b- i?2 Q`B;BM�H �M/ i?2 `2mb2/ +QMi2Mib
+QmH/ #2 KQ/B}2/ iQ /Bz2`2Mi �Hi2`M�iBp2b �M/ KB;?i M22/ /Bz2`2Mi
ivT2b Q7 bvM+?`QMBx�iBQM K2+?�MBbKbX

AM i?Bb b2+iBQM- r2 /Bb+mbb `2mb2 i2+?MB[m2b �`QmM/ ǳBMi2HHB;2MiǴ+QTv@
T�bi2 �M/ ǳHBMFBM; � 2K#2//BM;Ǵ r?B+? T`QpB/2 p�`BQmb FBM/b Q7 HBMF@
BM; K2+?�MBbKb #2ir22M i?2 Q`B;BM�H �M/ i?2 `2mb2/ +QMi2MiX

'JHVSF ���� �M 2t�KTH2 Q7 ǳK�M�;2/ +QTv �M/ T�bi2Ǵ (R8d), ǳ+?�M;2@
HB;?i@7�biǴ Bb +QTB2/ 7`QK i?2 ǳ+?�M;2@HB;?iǴ �M/ KQ/B}2/ iQ � p�`B�MiX
h?2 bvbi2K �miQK�iB+�HHv HBMFb i?Bb +QTv iQ Bib Q`B;BMX lbBM; i?2 T�B`
Q7 �``Qrb BM i?2 BMi2`7�+2- mb2`b +�M TmHH /Bz2`2M+2b 7`QK i?2 Q`B;BM iQ
i?2 +QTv �M/ pB+2 p2`b�X
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�+FMQrH2/;BM; i?2 +�``vBM; +Qbi Q7 K�BMi�BMBM; +Q/2 +QTB2b BM T`Q@
;`�KKBM; T`�+iB+2b- 1/r�`/b BMi`Q/m+2b ǳK�M�;2/ +QTv �M/ T�bi2Ǵ (R8d)X
�b b?QrM BM };m`2 8Xk- i?2 bvbi2K �miQK�iB+�HHv i`�+Fb +Q/2 +QTB2b
�M/ HBMFb i?2K iQ i?2 Q`B;BMX 6Q` 2t�KTH2- i?2 7mM+iBQM ǳ+?�M;2@HB;?i@
7�biǴ Bb +QTB2/ 7`QK i?2 ǳ+?�M;2@HB;?iǴ 7mM+iBQM �M/ KQ/B}2/ iQ �
p�`B�MiX 1/r�`/b `2B}2b i?2 HBMFb BM i?2 bvbi2KǶb BMi2`7�+2 �b � T�B`
Q7 �``QrbX h?2 +QHQ`b Q7 �``Qrb BM/B+�i2 r?2i?2` i?2`2 �`2 M2r mT@
/�i2b BM 2�+? bB/2X "v +HB+FBM; i?2b2 �``Qrb- mb2`b +�M TmHH /Bz2`2M+2b
7`QK i?2 Q`B;BM iQ i?2 +QTv �M/ pB+2 p2`b�X h?Bb /2bB;M b�p2b mb2`b
7`QK ǳbm#b2[m2MiHv i`�+FBM; /QrM �HH +QTB2b �M/ }tBM; i?2KǴ /m`BM;
i?2B` +Q/BM; T`�+iB+2bX Pm` `2B}+�iBQM Q7 i`�Mb+HmbBQM �b /Bb+mbb2/ BM
8X9Xk �TTHB2b bBKBH�` /2bB;M- #mi 7Q+mb2b QM i?2 ;`�MmH�`Biv Q7 +2HHb �M/
T`QpB/2b /Bz2`2Mi KQ/2Hb Q7 bvM+?`QMBx�iBQMX

:QQ;H2 *QH�#8 T`QpB/2b � ǳ+Q/2 bMBTT2ibǴ HB#`�`v r?2`2 mb2`b +�M
b2�`+? �M/ `2mb2 r2HH@2bi�#HBb?2/ 7mM+iBQMb 7`QK Qi?2` MQi2#QQFbX lb2`b
+�M BMb2`i � +Q/2 bMBTT2i /B`2+iHv BMiQ i?2B` QrM MQi2#QQFb �M/ i`�+F
#�+F iQ i?2 bQm`+2 MQi2#QQF BM �Mv iBK2X lb2`b +�M �// i?2B` QrM
+Q/2 TB2+2b iQ i?2 :QQ;H2 *QH�# HB#`�`v �b r2HH eX *Q/2bi`�i2b S�+F@
�;2b �HHQrb mb2`b `2mbBM; #Qi? +Q/2 7mM+iBQM�HBiB2b �M/ BMi2`7�+2 i2K@
TH�i2b (R83)X

P#b2`p�#H2 /2p2HQTb p�`BQmb +2HH `2mb2 i2+?MB[m2bX h?2 ǳBKTQ`i
+2HHǴ �HHQrb mb2`b BKTQ`iBM; �Mv M�K2/ +2HHb 7`QK Qi?2` MQi2#QQFbdX
*QKT�`2/ iQ +QTv@T�bi2- ǳBKTQ`i +2HHǴ �miQK�iB+�HHv HQ�/b i?2 /2T2M@
/2M+B2b Q7 i?2 +2HH iQ 2Mbm`2 Bib 7mM+iBQM�HBiv BM i?2 M2r 2MpB`QMK2MiX
"v /27�mHi- mb2`b ;2i i?2 KQbi mT@iQ@/�i2 p2`bBQM- i?2v +�M +?QQb2 iQ
BKTQ`i � +2`i�BM p2`bBQM Q7 i?2 +2HH �b r2HHX

ǳAKTQ`i +2HHǴ Bb HBKBi2/ iQ `2mbBM; +2HHb rBi?BM i?2 MQi2#QQFb 2M@
pB`QMK2MiX .m2 iQ i?2 H�`;2 /2K�M/b QM `2mbBM; +QMi2Mib 7`QK MQi2@
8?iiTb,ff+QH�#X`2b2�`+?X;QQ;H2X+QK- �++2bb2/ QM kNfy9fkykR
em`H?iiTb,ffrrrXvQmim#2X+QKfr�i+?\p4`+s`>32mEL�- �++2bb2/ QM kNfy9fkykRX
d?iiTb,ffQ#b2`p�#H2?[X+QKf!Q#b2`p�#H2?[fBMi`Q/m+iBQM@iQ@BKTQ`ib- �+@
+2bb2/ QM kNfy9fkykRX

https://colab.research.google.com
https://observablehq.com/@observablehq/introduction-to-imports
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'JHVSF ���� �M 2t�KTH2 Q7 ǳ2K#2/ +2HHbǴ 72�im`2 BM Q#b2`p�#H2X lb2`b
+�M +?QQb2 � +QK#BM�iBQM Q7 +2HHb BM QM2 MQi2#QQF iQ `2mb2 BM Qi?2`
r2#bBi2bX h�F2M 7`QK � Tm#HBb?2/ MQi2#QQF NX

#QQFb iQ Qi?2` TH�+2b- i?2 ǳ2K#2/ +2HHǴ Bb BMp2Mi2/3X �b b?QrM BM
};m`2 8Xj- 2p2`v MQi2#QQF ?�b �M ǳ2K#2/ +2HHbǴ QTiBQM i?�i H2ib mb2`b
+?QQb2 r?B+? +QMi2Mib iQ 2K#2/ �M/ r?B+? 2K#2//BM; K2i?Q/b iQ
�TTHvNX

h?2b2 i2+?MB[m2b- BKTH2K2Mi2/ BM /Bz2`2Mi MQi2#QQF bvbi2Kb- 7�@
+BHBi�i2 `2mbBM; TQ`iBQMb Q7 +QMi2Mib rBi?BM Q` QmibB/2 i?2 MQi2#QQF
2MpB`QMK2MibX u2i- i?2v QMHv T`QpB/2 #�bB+ i`�+FBM; 7mM+iBQM�HBiv i?�i
2M�#H2b mb2`b iQ i`�+F #�+F iQ i?2 Q`B;BM 7`QK i?2 `2mb2/ bB/2X LQ 7m`@
i?2` 7mM+iBQM�HBiB2b �`2 T`QpB/2/ iQ ?2HT mb2`b #2 �r�`2 Q7 �M/ K�M�;2
i?2 +?�M;2b �b K�/2 QM #Qi? bB/2bX

"2bB/2b i?2 MQi2#QQF 2MpB`QMK2Mib- /Bz2`2Mi `2mb2 i2+?MB[m2b �`2

3?iiTb,ffQ#b2`p�#H2?[X+QKf!Q#b2`p�#H2?[fBMi`Q/m+iBQM@iQ@
2K#2//BM;- �++2bb2/ QM kNfy9fkykRX

N?iiTb,ffQ#b2`p�#H2?[X+QKf!�#Qmi��`QMfbK�HH@KmHiBTH2@+?�`i@
+�`iQ;`�K- �++2bb2/ QM kNfy9fkykRX

https://observablehq.com/@observablehq/introduction-to-embedding
https://observablehq.com/@observablehq/introduction-to-embedding
https://observablehq.com/@aboutaaron/small-multiple-chart-cartogram
https://observablehq.com/@aboutaaron/small-multiple-chart-cartogram
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�HbQ BMp2Mi2/ iQ 7�+BHBi�i2 `2mbBM; �M/ +QQ`/BM�iBM; +QMi2Mib �+`Qbb
�TTHB+�iBQMbX JB+`QbQ7i BMp2Mib i?2 ǳP#D2+i GBMFBM; �M/ 1K#2//BM;Ǵ
UPG1V K2+?�MBbK iQ �HHQr Q#D2+ib +`2�i2/ BM QM2 JB+`QbQ7i �TTHB+�iBQM
iQ #2 `2mb2/ BM �MQi?2`X *QMbB/2`BM; `2mbBM; � i�#H2 ;2M2`�i2/ BM �
1t+2H rQ`Fb?22i iQ � qQ`/ /Q+mK2Mi- i?2 mb2` +�M 2Bi?2` T�bi2 i?Bb
i�#H2 �b �M BM/BpB/m�H Q#D2+i Q` ǳT�bi2 HBMFǴX 6Q` i?2 7Q`K2` QTiBQM-
i?2 `2mb2/ i�#H2 +�M #2 KQ/B}2/ �M/ i?2 +?�M;2b rQMǶi BM~m2M+2 i?2
Q`B;BM�H +QMi2MiX q?2`2�b i?2 ǳT�bi2 HBMFǴ QTiBQM BMb2`ib �M BK�;2
Q7 i?2 Q#D2+i �M/ HBMFb iQ Bib Q`B;BMX lb2`b +�MMQi KQ/B7v i?2 i�#H2
/B`2+iHv QM i?2 `2mb2/ bB/2 RyX PM+2 }MBb?BM; mT/�iBM; i?2 +QMi2Mib
BM i?2 Q`B;BM�H bB/2- i?2 +?�M;2b rBHH #2 �miQK�iB+�HHv bvM+?`QMBx2/ BM
i?2 +QTvX

:QQ;H2 /2THQvb �MQi?2` HBMF2/@+QTv K2+?�MBbK �+`Qbb Bib �TTHB+�@
iBQMbX �b b?Qr BM };m`2 8X9- i?2 i�#H2 �M/ i?2 ;`�T? �`2 BMBiB�HHv
+`2�i2/ BM � :QQ;H2 bT`2�/b?22i �M/ �`2 HBMF2/@+QTB2/ iQ i?Bb bHB/2X
q?2M i?2 Q#D2+ib ;2i mT/�i2/ BM i?2 bQm`+2 /Q+mK2Mi- mT/�i2 B+QMb
Ry?iiTb,ffrrrXvQmim#2X+QKfr�i+?\p47.*6k2H?JP1- �++2bb2/ QM kNfy9fkykRX

'JHVSF ���� �M 2t�KTH2 Q7 HBMF2/ Q#D2+ib BM :QQ;H2 aHB/2X h?2 i�#H2 �M/
i?2 ;`�T? �`2 BMBiB�HHv +`2�i2/ BM � :QQ;H2 bT`2�/b?22i �M/ �`2 HBMF2/@
+QTB2/ iQ i?Bb bHB/2X q?2M i?2 Q`B;BM�H Q#D2+ib ;2i mT/�i2/- mT/�i2
B+QMb �TT2�` BM i?2 +QTv �b � `2KBM/2` 7Q` bvM+?`QMBx�iBQMX

https://www.youtube.com/watch?v=fDCF2elhMOE
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�TT2�` BM i?2 +QTB2b iQ BM/B+�i2 i?2 +?�M;2bX lb2`b +�M +?QQb2 iQ
bvM+?`QMBx2 i?2 HQ+�H Q#D2+i rBi? i?2 Q`B;BM Q` B;MQ`2 i?2b2 +?�M;2b
iQ F22T Bib QrM p2`bBQMX lb2`b +�M K�F2 +?�M;2b BM i?2 `2mb2/ +QM@
i2Mib- ?Qr2p2`- i?2b2 +?�M;2b �`2 �i `BbF Q7 #2BM; Qp2`r`Bii2M r?2M
bvM+?`QMBxBM; iQ i?2 Q`B;BMX

h?2b2 ǳHBMFBM; � 2K#2//BM;Ǵ K2+?�MBbKb BM JB+`QbQ7i �M/ :QQ;H2
�TTHB+�iBQMb +QMbB/2` MQi QMHv i`�+F #2ir22M i?2 Q`B;BM�H �M/ `2mb2/
+QMi2Mi- #mi �HbQ bvM+?`QMBxBM; +?�M;2b #2ir22M i?2KX >Qr2p2`- mM@
HBF2 ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ r?B+? �HHQrb mb2`b iQ ~2tB#Hv /2}M2
i?2 ivT2 Q7 bvM+?`QMBx�iBQM i?2v M22/- JB+`QbQ7i �M/ :QQ;H2 BKTQb2
+2`i�BM K2+?�MBbKb r?B+? +�MMQi #2 +?�M;2/ #v 2M/@mb2`bX

Pm` rQ`F �HbQ T`QTQb2b bBt T`QT2`iB2b Q7 i`�Mb+HmbBQM i?�i ?2HT
iQ mMi�M;H2 i?2 +QM+2Tib BMpQHp2/ BM i?2b2 /Bz2`2Mi HBMFBM; KQ/2HbX
JQ`2 /2i�BH2/ /Bb+mbbBQM QM i?2 /Bz2`2M+2b #2ir22M +QKTmi�iBQM�H
i`�Mb+HmbBQM �M/ i?2 `2pB2r2/ `2mb2 i2+?MB[m2b +�M #2 7QmM/ BM 8X8X

����� %JTUSJCVUFE WJTVBMJ[BUJPO �
WJTVBMJ[BUJPO TIBSJOH

.Bbi`B#mi2/ Q` a?�`2/ pBbm�HBx�iBQMb �HbQ 2M+QmMi2` i?2 T`Q#H2K Q7
K�M�;BM; �M/ bvM+?`QMBxBM; +?�M;2b �+`Qbb KmHiBTH2 BMbi�M+2b Q7 �
pBbm�HBx�iBQMX

"�/�K �M/ 1HK[pBbi (R8N) T`QTQb2 � r2# �TTHB+�iBQM 7`�K2rQ`F
+�HH2/ SQHv*?`QK2 iQ b?�`2 �M/ bvM+?`QMBx2 r2# pBbm�HBx�iBQM BM +QH@
H�#Q`�iBp2 b2iiBM;bX SQHv*?`QK2 2tTHQ`2b /Bz2`2Mi BMi2`�+iBQM /Bbi`B@
#miBQM K2+?�MBbKbX �b b?QrM BM };m`2 8X8- QT2`�iBQMb QM pBbm�HBx�@
iBQM +�M #2 b?�`2/, URV 2tTHB+BiHv- r?2`2 mb2`b /2+B/2 r?2M iQ b?�`2-
r?B+? QT2`�iBQM iQ b?�`2- �M/ b?�`2 iQ r?QKc UkV BKTHB+BiHv- r?2`2
�HH QT2`�iBQMb �`2 b?�`2/ �miQK�iB+�HHv rBi? +QMM2+i2/ /2pB+2bc Q` UjV
mMBH�i2`�HHv- r?2`2 � H2�/2` b?�`2b Bib QT2`�iBQMb iQ Qi?2` /2pB+2bX



��� 3FMBUFE 8PSL ���

'JHVSF ���� >vTQi?2iB+�H QT2`�iBQM b?�`BM; KQ/2Hb BM SQHv*?`QK2 (R8N)X
1tTHB+Bi KQ/2H �HHQrb mb2`b iQ /2}M2 �TTHB+�iBQM HQ;B+ 7Q` b?�`BM; BMi2`@
�+iBQM Ur?2M- r?B+?- �M/ iQ r?QKVc BKTHB+Bi KQ/2H b?�`2b QT2`�iBQMb
�miQK�iB+�HHv iQ �HH i?2 Qi?2`bc mMBH�i2`�H KQ/2H /2+H�`2b � H2�/2` �M/
b?�`2 �miQK�iB+�HHv i?2 QT2`�iBQMb QM i?2 H2�/2` iQ i?2 Qi?2`bX

'JHVSF ���� h?`22 H2p2Hb Q7 pBbm�HBx�iBQM +QMi2Mi i`�Mb72` BM oBb72` (Rey)X
6`QK H27i iQ `B;?i, i`�Mb72``BM; /�i�- pBbm�HBx�iBQM TBT2HBM2- �M/ /v@
M�KB+ bi�i2 Q7 i?2 pBbm�HBx�iBQMX
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AM �MQi?2` bim/v #v "�/�K �M/ 1HK[pBbi (Rey)- i?2v +`2�i2 oBb72`
7`�K2rQ`F iQ ?2HT i`�Mb72` � pBbm�HBx�iBQM 7`QK QM2 /2pB+2 iQ �MQi?2`
#v b+�MMBM; i?2 Z_ +Q/2 2K#2//2/ BM i?2 pBbm�HBx�iBQMX h?Bb i2+?@
MB[m2 +�M #2 �TTHB2/ BM p�`BQmb `2mb2 b+2M�`BQb- HBF2 ǳ�HHQrBM; bim/2Mib
iQ 2ti`�+i � pBbm�HBx�iBQM 7`QK i?2 T`2b2Mi�iBQM �M/ 2tTHQ`2 Bi QM i?2B`
T2`bQM�H /2pB+2XǴ �b b?QrM BM };m`2X 8Xe- i?2v +QMbB/2` i?`22 H2p2Hb Q7
+QMi2Mi i`�Mb72`, /�i�- pBbm�HBx�iBQM TBT2HBM2- �M/ /vM�KB+ bi�i2X �i
i?2 #�bB+ H2p2H- i?2 Z_ +Q/2b HBMF iQ i?2 /�i� /`BpBM; i?2 pBbm�HBx�iBQMc
i?2 b2+QM/ H2p2H Bb i?2 pBbm�H `2T`2b2Mi�iBQM- Q` `�i?2` i?2 TBT2HBM2 i?�i
;2M2`�i2b Bic i?2 i?B`/ H2p2H +QMbB/2`b i?2 pBbm�H `2T`2b2Mi�iBQM �b r2HH
�b Bib /vM�KB+ bi�i2X

J+:`�i? 2i �HX (ReR) T`QTQb2 � "`�M+?@1tTHQ`2@J2`;2 T`QiQ+QH iQ
?2HT mb2`b i`�MbBiBQM #�+F �M/ 7Q`i? #2ir22M +QHH�#Q`�iBp2Hv rQ`FBM;
QM � b?�`2/ pBbm�HBx�iBQM �M/ BM/BpB/m�HHv 2tTHQ`BM; �Hi2`M�iBp2 T�i?bX
"`�M+?@1tTHQ`2@J2`;2 �HHQrb mb2`b /Bp2`;BM; 7`QK � b?�`2/ pBbm�HBx�@
iBQM U#`�M+?V iQ 2tTHQ`2 /�i� BM/2T2M/2MiHv QM i?2B` QrM /2pB+2b U2t@
THQ`2V- �M/ i?2M T`QT�;�i2 #�+F i?2B` }M/BM;b BMiQ i?2 Q`B;BM�H /BbTH�v
UK2`;2VX hQ `2bQHp2 TQi2MiB�H +QM~B+ib /m`BM; i?2 bi�;2 Q7 K2`;2- i?2v
�TTHv /Bz2`2Mi pQiBM; TQHB+B2bX

hQ 7�+BHBi�i2 `2KQi2 +QHH�#Q`�iBQM QM pBbm�H /�i� 2tTHQ`�iBQM- a+?r�#
2i �HX BMp2Mi oBb*QMM2+i- � r2#@#�b2/ bvM+?`QMQmb /Bbi`B#mi2/ +QHH�#Q@
`�iBp2 pBbm�HBx�iBQM bvbi2K (Rek)X "�b2/ QM i?2 ivTB+�H mT/�i2 +v+H2 Q7

'JHVSF ���� h?2 ivTB+�H mT/�i2 +v+H2 Q7 /�i� pBbm�HBx�iBQMb (Rey)X q?2M
� mb2` BMi2`�+ib rBi? pBbm�HBx�iBQMb- i?2 BMi2`�+iBp2 2p2Mib ;2i /2i2+i2/
#v HBbi2M2`bX "�b2/ QM i?2 2p2Mib- i?2 �TTHB+�iBQM HQ;B+ �TTHB2b +Q``2@
bTQM/BM; mT/�i2b iQ i?2 /�i� �M/ i?2 pBbm�H `2M/2`BM;X
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/�i� pBbm�HBx�iBQMb UBM };m`2 8XdV- a+?r�# 2i �HX +QMbB/2` pBbm�HBx�iBQM
bvM+?`QMBx�iBQM BM i2`Kb Q7 i?`22 H�v2`b, URV pBbm�HBx�iBQM bvM+?`QMBx�@
iBQM r?B+? bvM+?`QMBx2b i?2 pBbm�HBx�iBQM Bib2H7X aBM+2 r2# pBbm�HBx�@
iBQMb Q7i2M /B`2+iHv /2�H rBi? i?2 /Q+mK2Mi Q#D2+i KQ/2H U.PJV- i?Bb
+�M #2 �+?B2p2/ #v bvM+?`QMBxBM; i?2 .PJ 2H2K2Mibc UkV �TTHB+�iBQM
HQ;B+ bvM+?`QMBx�iBQM- bvM+?`QMBxBM; �M/ 2t2+miBM; i?2 mT/�i2/ �TTHB@
+�iBQM HQ;B+ rQmH/ H2�/ iQ i?2 b�K2 mT/�i2/ /�i� �M/ .PJc �M/ UjV
BMi2`�+iBQM bvM+?`QMBx�iBQM- r?B+? bvM+?`QMBx2b i?2 2t2+miBQM Q7 HQr
H2p2H .PJ 2p2MibX oBb*QMM2+i �TTHB2b BMi2`�+iBQM bvM+?`QMBx�iBQM
bBM+2 Bi Bb +QMbB/2`2/ i?2 KQbi bmBi�#H2 �TT`Q�+? BM i2`Kb Q7 ;2M2`�H@
Bx�iBQM �M/ +QKT�iB#BHBiv rBi? /�i� #BM/BM;X

q2 2tTHQ`2 +QKTmi�iBQM�H i`�Mb+HmbBQM BM i?2 +QMi2ti Q7 i`�Mb+Hm@
bBQM pBbm�HBx�iBQMX h?Qm;? Qm` rQ`F /Q2b MQi bT2+B}+�HHv +QMbB/2` +QH@
H�#Q`�iBQM Q` +`Qbb@/2pB+2 pBbm�HBx�iBQM- r2 /`�r QM i?2 �#Qp2 `2b2�`+?
iQ B/2MiB7v pBbm�HBx�iBQM ;2M2`�iBQM TBT2HBM2b �b r2HH �b i?2 /Bz2`2Mi
�TT`Q�+?2b iQ bvM+?`QMBx2 KmHiBTH2 BMbi�M+2b Q7 � pBbm�HBx�iBQMX h?2b2
bim/B2b i2M/ iQ 7Q+mb QM `2THB+�iBM; pBbm�H `2T`2b2Mi�iBQMb �M/ bvM+?`Q@
MBxBM; BMi2`�+iBQMbX Pm` rQ`F 2tTHQ`2b i`�Mb+Hm/BM; ǳ+QKTmi�iBQM�H
#mM/H2bǴ ě #Qi? i?2 pBbm�H `2T`2b2Mi�iBQM �M/ Bib ;2M2`�iBQM TBT2HBM2
Q` /2T2M/2M+B2bX q2 7Q+mb QM HBMFBM; �M/ bvM+?`QMBxBM; i?2b2 /Bz2`2Mi
pBbm�HBx�iBQM +QKTQM2Mib BM ~2tB#H2 r�vbX

��� &YQMPSJOH $PNQVUBUJPOBM
5SBOTDMVTJPO

AMbi2�/ Q7 b2T�`�i2 +QTB2b- i?2 Q`B;BM�H �M/ i?2 `2mb2/ +QMi2Mi UQ` i?2
�Hi2`M�iBp2bV +QmH/ #2 BMi2`+QMM2+i2/ r?2`2 +?�M;2b QM QM2 bB/2 KB;?i
?�p2 BKT�+ib QM i?2 Qi?2`X �b b?QrM BM 8Xk- � MmK#2` Q7 i2+?MB[m2b
i`v iQ `2@2bi�#HBb? i?2 KBbbBM; HBMFb- ?Qr2p2`- i?2v i2M/ iQ BKTQb2 �
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+2`i�BM r�v Q7 HBMFBM; �M/ ?B/2 i?2 HBMFb 7`QK 2M/@mb2`bX Ai Bb i?mb /B{@
+mHi 7Q` �M�Hvbib iQ �++2bb i?2K �M/ K�MBTmH�i2 ?Qr i?2B` �Hi2`M�iBp2b
�`2 HBMF2/ iQ bmBi 7Q` i?2B` +QMi2tim�H M22/bX

q2 2MpBbBQM ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ �b � MQp2H `2mb2 �T@
T`Q�+? i?�i K�BMi�BMb p�`BQmb ivT2b Q7 HBMFb #2ir22M i?2 Q`B;BM�H �M/
i?2 `2mb2/ +QMi2Mib iQ 7�+BHBi�i2 i`�+FBM; �M/ +QQ`/BM�iBM; +?�M;2b /m`@
BM; i?2 Bi2`�iBp2 b2Mb2K�FBM; T`Q+2bbX q2 `272` i?2 Q`B;BM�H +QMi2Mi �b
i?2 i`�Mb+Hm/2/ �M/ i?2 `2mb2/ Q` /2`Bp2/ +QMi2Mi �b i?2 i`�Mb+Hm/BM;X

ǳ*QKTmi�iBQM�H i`�Mb+HmbBQMǴ +QmH/ #2 � #`Q�/ +QM+2Ti i?�i BM@
pQHp2b K�Mv /Bz2`2Mi +QMi2tibX AM i?Bb rQ`F- r2 +QMbB/2` bT2+B}+�HHv
`2mbBM; pBbm�HBx�iBQMb 7`QK � +QKTmi�iBQM�H MQi2#QQF iQ Qi?2` TH�+2b-
bm+? �b �MQi?2` MQi2#QQF- Q` � T`2b2Mi�iBQM bHB/2X hQ mMi�M;H2 i?2 BM@
i2`irBM2/ MQiBQMb �`QmM/ i`�Mb+HmbBQM- r2 �bF i?2 7QHHQrBM; [m2biBQMb,

Ç q?�i �`2 i?2 +QKTQM2Mib Q7 +QKTmi�iBQM�H i`�Mb+HmbBQM Q7 pBbm@
�HBx�iBQMb\

Ç q?�i �`2 i?2 p�`BQmb FBM/b Q7 HBMFb mb2`b KB;?i r�Mi #2ir22M
i?2 i`�Mb+Hm/BM; �M/ i?2 i`�Mb+Hm/2/\

Ç >Qr iQ `2B7v i?2b2 HBMFb BM i?2 mb2` BMi2`7�+2 iQ 2M�#H2 ~2tB#H2
K�MBTmH�iBQMb Q7 i`�Mb+HmbBQM\

S`2HBKBM�`v bim/v �TT`Q�+? hQ bim/v i`�Mb+Hm/BM; pBbm�HBx�iBQMb-
r2 #mBHi � b�M/#Qt QM iQT Q7 q2#bi`�i2b (R9) ě � r2#@#�b2/ `2b2�`+?
TH�i7Q`K i?�i T`QpB/2b K�Mv T`QiQivT2 iQQHb HBF2 r?Bi2#Q�`/b �M/
+QKTmi�iBQM�H MQi2#QQFb �M/ 2M�#H2b mb2`b iQ +?�M;2 i?2 2MpB`QM@
K2Mi 7`QK rBi?BMX h?2b2 72�im`2b Q7 q2#bi`�i2b K�F2 Bi TQbbB#H2 7Q`
mb iQ [mB+FHv i2bi /Bz2`2Mi B/2�b QM i`�Mb+HmbBQMX

Pm` b�M/#Qt bvbi2K Bb � r2#@#�b2/ +QHH2+iBQM Q7 MQi2#QQF �M/
T`2b2Mi�iBQM BMi2`7�+2b i?�i 2M�#H2 mb iQ T`Q#2 BMiQ � p�`B2iv Q7 pBbm�H@
Bx�iBQM `2mb2 b+2M�`BQbX lbBM; i?Bb b�M/#Qt �b � iQQH- r2 �BK iQ #2ii2`
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mM/2`bi�M/ i?2 p�`BQmb FBM/b Q7 K2Mi�H KQ/2Hb mb2`b KB;?i ?QH/ r?2M
mbBM; i`�Mb+HmbBQM- i?2 MQiBQMb �M/ +QM+2Tib BMpQHp2/- �M/ ?Qr i?2b2
KQ/2Hb KB;?i #`2�F /QrM rBi? +m``2Mi i2+?MQHQ;B2bX

����� $PNQPOFOUT PG WJTVBMJ[BUJPO
USBOTDMVTJPO

"27Q`2 2tTHQ`BM; i?2 TQbbB#H2 `2H�iBQMb?BTb #2ir22M i?2 i`�Mb+Hm/BM;
�M/ i?2 i`�Mb+Hm/2/- r2 }`bi M22/ iQ mM/2`bi�M/ i?2 ivT2b Q7 +QM@
i2Mib i?�i KB;?i #2 `2mb2/ r?2M i`�Mb+Hm/BM; pBbm�HBx�iBQMb- BX2X- i?2
+QKTQM2Mib Q7 pBbm�HBx�iBQM i`�Mb+HmbBQMX

AM i?Bb b2+iBQM- r2 bmKK�`Bx2 p�`BQmb +QKTQM2Mib i?�i +QmH/ BM@
~m2M+2 i?2 ;2M2`�iBQM �M/ i?2 bi�i2 Q7 pBbm�HBx�iBQMbX q2 BMi`Q/m+2
ǳ+QKTmi�iBQM�H #mM/H2Ǵ �b � i`�Mb+HmbBQM mMBi 7Q` pBbm�HBx�iBQMb ě
r?2`2 �HH M2+2bb�`v /2T2M/2M+B2b iQ ;2M2`�i2 � pBbm�HBx�iBQM ;2i i`�Mb@
72``2/ iQ i?2 i`�Mb+Hm/BM; 2MpB`QMK2Mi- �M/ 2tTQb2/ iQ mb2`b bQ i?�i
i?2v +�M KQ/B7v i?2KX

oBbm�HBx�iBQM *QKTQM2Mib hQ ;2M2`�i2 � pBbm�HBx�iBQM- �M�Hvbib
Q7i2M M22/ ;Q i?`Qm;? � TBT2HBM2X h�FBM; i?2 #�` +?�`i BM };m`2 8X3 �b
�M 2t�KTH2- Bi Bb i?2 QmiTmi Q7 � +QK#BM�iBQM Q7 +2HHb, URV � +Q/2 +2HH
i?�i HQ�/b i?2 /�i� b2i iQ #2 �M�Hvx2/ BMiQ i?2 rQ`FBM; 2MpB`QMK2Mi-
�M/ TQi2MiB�HHv +H2�Mb Q` i`�Mb7Q`Kb i?2 /�i� BMiQ � /2bB`2/ 7Q`KX UkV
�MQi?2` +Q/2 +2HH i?�i ;2M2`�i2b i?2 #�` +?�`i- Q7i2M rBi? i?2 �B/ Q7
bQK2 pBbm�HBx�iBQM HB#`�`B2b Q` T�+F�;2bX �M�Hvbib r`Bi2 +Q/2 iQ /2}M2
i?2B` �TTHB+�iBQM HQ;B+- BM+Hm/BM; ?Qr /�i� Bi2Kb �`2 K�TT2/ iQ pBbm�H
2H2K2Mib- �b r2HH �b i?2 `2H�i2/ BMi2`�+iBQM HQ;B+X UjV 6BM�HHv- i?2`2 Bb �
*aa bivH2 +2HH i?�i +mbiQKBx2b i?2 pBbm�H �TT2�`�M+2 Q7 i?2 #�` +?�`i-
bm+? �b i?2 bBx2 �M/ +QHQ` Q7 i?2 pBbm�HBx�iBQMX



��� � $PNQVUBUJPOBM 5SBOTDMVTJPO � .BOBHJOH BMUFSOBUJWFT JO UIF DPOUFYU PG SFVTF

'JHVSF ���� �M 2t�KTH2 Q7 � #�` +?�`i ;2M2`�i2/ BM Qm` b�M/#Qt MQi2@
#QQFX h?2 ;2M2`�iBQM Q7 i?2 #�` +?�`i `2HB2b QM, � +Q/2 +2HH iQ HQ�/
�M/ i`�Mb7Q`K i?2 /�i� iQ #2 �M�Hvx2/c �MQi?2` +Q/2 +2HH iQ ;2M2`�i2
i?2 pBbm�HBx�iBQM- BM+Hm/BM; /2}MBM; i?2 �TTHB+�iBQM HQ;B+ �b r2HH �b
i?2 `2H�i2/ BMi2`�+iBQMbc �M/ � bivH2 +2HH iQ +mbiQKBx2 i?2 �TT2�`�M+2
i?2 #�` +?�`iX
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AM H�+F Q7 �Mv Q7 i?2b2 +2HHb- i?2 #�` +?�`i +�MMQi #2 +QKTH2i2Hv
`2THB+�i2/ BM �MQi?2` TH�+2X �Mv +?�M;2b BM i?2b2 +2HHb +QmH/ BM~m2M+2
i?2 pBbm�HBx�iBQM `2bmHiX q2 `272` i?2b2 +2HHb 2M;�;2/ BM ;2M2`�iBM; �
pBbm�HBx�iBQM �b i?2 pBbm�HBx�iBQM /2T2M/2M+B2b Q` TBT2HBM2bX

6m`i?2`KQ`2- i?2 bi�i2 Q7 � /�i� pBbm�HBx�iBQM +QmH/ #2 BM~m2M+2/
#v i?2 BMi2`�+iBQMb T2`7Q`K2/ QM Bi- �b r2HH �b i?2 p�Hm2 +?�M;2b Q7 `mM@
iBK2 p�`B�#H2bX 6Q` 2t�KTH2- BMi2`�+iBM; rBi? i?2 #miiQMb BM };m`2 8X3
+?�M;2b i?2 /�i� �ii`B#mi2b #QmM/ iQ i?2 #�` +?�`iX *QMbB/2`BM; i?2
+�b2 Q7 `mMMBM; � bBKmH�iBQM KQ/2H HBF2 pB`mb bT`2�/BM;X PM+2 i?2 bBK@
mH�iBQM bi�`ib- Bi +QMiBMmQmbHv mT/�i2b i?2 pBbm�HBx�iBQM iQ `2~2+i i?2
bBKmH�iBQM `2bmHi BM `2�H@iBK2X h?mb i?2 pBbm�HBx�iBQM bi�i2 �HbQ `2HB2b
QM i?2 p�Hm2b Q7 `2H�i2/ `mMiBK2 p�`B�#H2bX

�b b?QrM BM };m`2 8XN- r2 bmKK2`Bx2 i?2 TBT2HBM2b iQ +`2�i2 �
pBbm�HBx�iBQM �M/ i?2 7�+iQ`b i?�i +QmH/ BM~m2M+2 Bib bi�i2 �b � b2i Q7
+QKTQM2Mib- BM+Hm/BM;, pBbm�HBx�iBQM T�+F�;2b- /�i� b2ib- +Q/2- bivH2b-
lA rB/;2ib UB7 i?2`2 Bb �MvV- �M/ `mMiBK2 Q7 i?2 �TTHB+�iBQMX h?Qm;?
i?2 +QM+`2i2 �`iB7�+ib �M/ bi2Tb 2M;�;2/ iQ ;2M2`�i2 pBbm�HBx�iBQMb `2Hv
QM 2�+? bBM;H2 +�b2- KQbi pBbm�HBx�iBQMb BMpQHp2 bQK2 +QK#BM�iBQMb Q7
i?2b2 FBM/b Q7 +QKTQM2MibX

*QKTmi�iBQM�H "mM/H2 q2 /2}M2 ǳ+QKTmi�iBQM�H #mM/H2Ǵ �b �
mMBi 7Q` i`�Mb+Hm/BM; pBbm�HBx�iBQMb ě r?2`2 �HH M2+2bb�`v /2T2M/2M@
+B2b 7Q` � ;Bp2M pBbm�HBx�iBQM BM i?2 +QKTmi�iBQM�H MQi2#QQF �`2 i`�M@
b+Hm/2/ iQ i?2 M2r 2MpB`QMK2MiX JQ`2Qp2`- i?2b2 /2T2M/2M+v +QM@
i2Mib �`2 �HbQ 2tTQb2/ iQ mb2`b bQ i?�i i?2v +�M 7`22Hv KQ/B7v i?2KX
�b bm+?- i?2 i`�Mb+Hm/BM; pBbm�HBx�iBQM BM?2`Bib i?2 /�i�- �TTHB+�iBQM
HQ;B+- bivH2b- �M/ BMi2`�+iBpBiv Q7 i?2 i`�Mb+Hm/2/ pBbm�HBx�iBQMX �HH
+QKTQM2Mib BM #Qi? bB/2b +�M �HbQ #2 7m`i?2` KQ/B}2/ 7Q` �Hi2`M�iBp2
;Q�HbX

AM Qm` 7QHHQrBM; 2tTHQ`�iBQMb- r2 H2�p2 �bB/2 i?2 i2+?MB+�H +?�H@
H2M;2b BM B/2MiB7vBM; bm+? pBbm�HBx�iBQM /2T2M/2M+B2bX q2 �bbmK2 i?�i
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'JHVSF ���� *QKTQM2Mib Q7 i`�Mb+HmbBQM Q7 pBbm�HBx�iBQMb, � pBbm�HBx�@
iBQM Bb i?2 pBbm�H `2T`2b2Mi�iBQM Q7 i?2 mM/2`M2�i? /�i�X hQ ;2M2`�i2
� pBbm�HBx�iBQM- /Bz2`2Mi FBM/b Q7 /2T2M/2M+B2b �`2 2M;�;2/c � pBbm�H@
Bx�iBQMǶb bi�i2 7m`i?2` `2HB2b QM Qi?2` 7�+iQ`b HBF2 mb2` BMi2`�+iBQMbX

mb2`b +�M B/2MiB7v �M/ i`�Mb72` i?2 M2+2bb�`v /2T2M/2M+B2b 7Q` � ;Bp2M
pBbm�HBx�iBQM- 2Bi?2` K�Mm�HHv Q` �miQK�iB+�HHv RRX

.2T2M/BM; QM i?2 +QMi2ti- mb2`b KB;?i T`272` /Bz2`2Mi FBM/b Q7
`2mb2 7Q`K�ibX aQK2iBK2b- i?2v KB;?i Dmbi r�Mi iQ 2tTQ`i �M/ BKTQ`i
i?2 #�` +?�`i �b � bi�iB+ BK�;2- HBF2 SL: Q` CS1: }H2X AM i?2 +QMi2ti
Q7 r2# pBbm�HBx�iBQM- i?2 pBbm�H Q#D2+ib �`2 biQ`2/ �b ao: 2H2K2Mib BM
� r2#bBi2Ƕb .PJ U.Q+mK2Mi P#D2+i JQ/2H ě �HH 2H2K2Mib BM � r2#
/Q+mK2Mi �`2 `2T`2b2Mi2/ �b MQ/2b BM � i`22 bi`m+im`2VX 6Q` 2t�KTH2-
i?2 #�` +?�`i Bb K�/2 mT Q7 I`2+i= 2H2K2Mib BMbB/2 � ao: 2H2K2MiX hQ
`2mb2 i?2 pBbm�HBx�iBQM- mb2`b +�M �HbQ +QTv i?2b2 2H2K2Mib BM �MQi?2`

RR6Q` 2t�KTH2- i?2 *Q/2 :�i?2` iQQHb (kd) �miQK�iB+�HHv B/2MiB}2b �HH /2T2M/2Mi
+2HHb 7Q` � ;Bp2M pBbm�HBx�iBQM �M/ /mTHB+�i2b i?2K BM � M2r MQi2#QQFX
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TH�+2X u2i r2 /Q MQi +QMbB/2` i?2 bi�iB+ BK�;2b Q` i?2 +QHH2+iBQM Q7 2H@
2K2Mib �b +QKTmi�iBQM�H �`iB7�+ibX aBM+2 i?2v HQb2 i?2 mM/2`HBM; /�i�-
i?2 �TTHB+�iBQM HQ;B+- �M/ i?2 BMi2`�+iBpBiv Q7 i?2 pBbm�HBx�iBQMX Pi?2`
`2mb2 i2+?MB[m2b- bm+? �b i?2 ǳ2K#2/ +2HHǴ BM Q#b2`p�#H2Rk �miQK�iB@
+�HHv HQ�/b i?2 /2T2M/2M+B2b 7Q` � pBbm�HBx�iBQM BM i?2 M2r 2MpB`QMK2MiX
>Qr2p2`- Bi ?B/2b i?2 /2T2M/2M+v +QMi2Mib 7`QK 2M/@mb2`b- K�FBM; Bi
/B{+mHi iQ �++2bb �M/ KQ/B7v i?2KX

Pm` 1tTHQ`�iBQM a+QT2 qBi? i?2 /Bb+mbb2/ +QM+2Tib- r2 +H�`B7v
i?2 b+QT2 7Q` Qm` 7QHHQrBM; 2tTHQ`�iBQMb QM +QKTmi�iBQM�H i`�Mb+Hm@
bBQM, r2 2tTHQ`2 i`�Mb+Hm/BM; /vM�KB+ r2# pBbm�HBx�iBQMb �b ǳ+QKTm@
i�iBQM�H #mM/H2bǴX q2 +QMbB/2` b+2M�`BQb r?2`2 �HH +QKTQM2Mib BM #Qi?
i?2 i`�Mb+Hm/BM; �M/ i?2 i`�Mb+Hm/2/ 2MpB`QMK2Mi +QmH/ #2 KQ/B}2/
�Hi2`M�iBp2Hv #�b2/ QM �M�HvbibǶ +QMi2tim�H M22/bX

����� &YQMPSJOH WBSJPVT USBOTDMVTJPO
TDFOBSJPT

AM i?Bb b2+iBQM- r2 TB+F mT 7Qm` +QM+`2i2 b+2M�`BQb iQ /2KQMbi`�i2
/Bz2`2Mi FBM/b Q7 pBbm�HBx�iBQM `2mb2 +�b2b �M/ i?2 +?�HH2M;2b BMpQHp2/X
q2 i?2M /Bb+mbb i?2 /2bB;M BMbB;?ib r2 H2�`M2/ 7`QK i?2b2 2tTHQ`�iBQMbX

������� 5SBOTDMVTJPO TDFOBSJPT

a+2M�`BQb R- k �M/ j /2KQMbi`�i2 i?2 `2mb2 Q7 �M BMi2`�+iBp2 #�` +?�`i-
7`QK QM2 MQi2#QQF iQ �MQi?2` MQi2#QQF- �b b?QrM BM };m`2 8XRyX q2
mb2 i?2 +QMp2MiBQM i?�i i?2 BMi2`�+iBp2 #�` +?�`i Bb BMBiB�HHv ;2M2`�i2/
Rk?iiTb,ffQ#b2`p�#H2?[X+QKf!Q#b2`p�#H2?[fBMi`Q/m+iBQM@iQ@2K#2//BM;-

�++2bb2/ QM kR@y9@kykRX

https://observablehq.com/@observablehq/introduction-to-embedding
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BM i?2 HB;?i MQi2#QQF �M/ #2BM; i`�Mb+Hm/2/ iQ i?2 MQi2#QQF BM /�`F
i?2K2X a+2M�`BQ 9 /2KQMbi`�i2b i?2 `2mb2 Q7 � bBKmH�iBQM KQ/2H 7`QK
� MQi2#QQF iQ � T`2b2Mi�iBQM bHB/2- �b b?QrM BM };m`2 8XRRX

q2 `272` i?2 BMBiB�H +QMi2Mib �b i?2 i`�Mb+Hm/2/- �M/ i?2 `2mb2/ Q`
i?2 /2`Bp�iBp2 �b i?2 i`�Mb+Hm/BM;X

a+2M�`BQ R �b b?QrM BM };m`2 8XRy- �7i2` i`�Mb+Hm/BM; i?2 BMi2`@
�+iBp2 #�` +?�`i 7`QK i?2 HB;?i MQi2#QQF iQ i?2 /�`F MQi2#QQF- r2
}`bi MQiB+2 i?�i i?2 �t2b Q7 i?2 +?�`i /Bb�TT2�` bBM+2 i?2v �`2 BM bBK@
BH�` +QHQ` �b i?2 #�+F;`QmM/ Q7 i?2 i`�Mb+Hm/BM; MQi2#QQFX q2 i?mb
2/Bi i?2 bivH2 +2HH �M/ +?�M;2 i?2 �t2bǶ +QHQ` iQ r?Bi2X q2 BMi2M/ iQ
F22T i?Bb +?�M;2 HQ+�HHv bQ i?�i 2�+? pBbm�HBx�iBQM +�M bmBi Bib T`QT2`
#�+F;`QmM/X

q2 �HbQ }M/ i?�i i?2 H�#2Hb Q7 i?2b2 �t2b �`2 iQQ bK�HH- K�FBM; Bi
?�`/ iQ `2�/ i?2KX q2 i?mb +QMiBMm2 iQ 2/Bi i?2 bivH2 7`QK i?2 i`�M@
b+Hm/BM; bB/2- 2MH�`;BM; i?2 H�#2HbǶ 7QMi #v BM+`2�bBM; Bib bBx2X AM i?Bb
+�b2- r2 r�Mi iQ bvM+?`QMBx2 i?Bb mT/�i2 iQ i?2 i`�Mb+Hm/2/ MQi2#QQF
iQ 2Mbm`2 � T`QT2` bBx2 Q7 �t2b BM #Qi? pBbm�HBx�iBQMbX

qBi?Qmi �Mv HBMFBM; bmTTQ`i- r2 Kmbi i`�+F #�+F iQ i?2 i`�M@
b+Hm/2/ MQi2#QQF �M/ K�Mm�HHv }t i?2 +?�M;2bX q2 i?mb bi�`i iQ
BKTH2K2Mi � HBMFBM; K2+?�MBbK iQ 7�+BHBi�i2 i?Bb T`�+iB+2X q?BH2- r2
};m`2 Qmi i?�i B7 r2 bvM+?`QMBx2 i?2 2MiB`2 i`�Mb+HmbBQM +QMi2Mi �b
� r?QH2- i?2 bivH2 7Q` i?2 i`�Mb+Hm/2/ pBbm�HBx�iBQM KB;?i `BbF #2BM;
Qp2`r`Bii2M- K2�MBM; i?2 +QHQ` Q7 Bib �t2b im`Mb iQ r?Bi2X q2 M22/ �
KQ`2 }M2@;`�BM2/ bvM+?`QMBx�iBQM QM i?2 `�M;2 i?�i QMHv �z2+ib i?2
H�#2HbǶ 7QMi bBx2- bQ i?�i r2 +�M F22T i?2 #H�+F �t2b #mi ?�p2 H�`;2`
H�#2Hb BM i?2 i`�Mb+Hm/2/ pBbm�HBx�iBQMX

a+2M�`BQ k .m`BM; i?2 �M�HvbBb- r2 M22/ iQ mT/�i2 i?2 #�` +?�`i
iQ BM+Hm/2 �//BiBQM�H /�i� Bi2Kb Q` +QMbB/2` /Bz2`2Mi /�i� �ii`B#mi2bX
h?Bb FBM/ Q7 mT/�i2 Q7i2M `2[mB`2b +?�M;BM; i?2 +Q``2bTQM/BM; +Q/2
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'JHVSF ����� h`�Mb+Hm/BM; �M BMi2`�+iBp2 #�`+?�`i 7`QK QM2 MQi2#QQF
UH27iV iQ �MQi?2` BM � /Bz2`2Mi i?2K2 U`B;?iVX

TB2+2b- BM+Hm/BM; /�i� HQ�/BM;- +H2�MBM;- Q` #BM/BM;X hQ K�BMi�BM �M�H@
vbBb +QMbBbi2M+v- r2 2tT2+i iQ ?�p2 i?2 b�K2 mT/�i2/ pBbm�HBx�iBQMb
QM #Qi? i?2 i`�Mb+Hm/BM; �M/ i`�Mb+Hm/2/ MQi2#QQFbX

h?2`2 2tBbi irQ �TT`Q�+?2b iQ bvM+?`QMBx2 i?2 pBbm�HBx�iBQMbX �b
QM2 QTiBQM- r2 +QmH/ bvM+?`QMBx2 i?2 pBbm�H `2T`2b2Mi�iBQM Bib2H7 rBi?@
Qmi mT/�iBM; i?2 mM/2`HBM; /�i� �M/ +Q/2 HQ;B+X 6`QK i?2 bvbi2KǶb
TQBMi Q7 pB2r- i?2 +?�M;2 Q7 i?2 pBbm�HBx�iBQM Bb `2T`2b2Mi2/ �b i?2
+?�M;2 Q7 2H2K2Mib BM i?2 .PJX �bbmKBM; i?�i r2 mT/�i2 i?2 pBbm�H@
Bx�iBQM QM i?2 i`�Mb+Hm/BM; bB/2- iQ bvM+?`QMBx2 i?2 mT/�i2- i?2 i`�M@
b+Hm/BM; bB/2 +QmH/ b2M/ i?2 +Q``2bTQM/BM; +?�M;2b iQ i?2 i`�Mb+Hm/2/c
Q` QM i?2 Qi?2` ?�M/- i?2 i`�Mb+Hm/2/ bB/2 +QmH/ �+iBp2Hv 72i+? i?2b2
+?�M;2b �M/ �TTHv i?2K iQ Bib HQ+�H pBbm�HBx�iBQMX

>Qr2p2`- i?Bb bvM+?`QMBx�iBQM �TT`Q�+? #`2�Fb i?2 /�i� #BM/BM; QM
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i?2 i`�Mb+Hm/2/ /Q+mK2MiX h?2 /�i� b2ib HQ�/2/ BM i?2 i`�Mb+Hm/2/
MQi2#QQF /B/MǶi ;2i mT/�i2/ iQ `2pB2r i?2 �+im�H /�i� +?�M;2b- M2Bi?2`
/Q2b i?2 +Q/2 HQ;B+X h?2 mT/�i2/ pBbm�HBx�iBQM i?mb /Bb+QMM2+ib 7`QK
i?2 /�i� BM i?2 i`�Mb+Hm/2/ 2MpB`QMK2MiX _2@`mMMBM; i?2 MQi2#QQF
rBHH im`M i?Bb pBbm�HBx�iBQM #�+F iQ Bib T`2pBQmb bi�i2X h?2 +Q/2 KB;?i
2p2M #`2�F �M/ 7�BH iQ ;2M2`�i2 i?2 pBbm�HBx�iBQMX

�b �MQi?2` QTiBQM- r2 +QmH/ BMbi2�/ bvM+?`QMBx2 �HH +Q``2bTQM/BM;
TBT2HBM2bX AM i?Bb +�b2- #Qi? i?2 i`�Mb+Hm/BM; �M/ i`�Mb+Hm/2/ MQi2@
#QQFb rBHH ?QH/ i?2 b�K2 /�i� �M/ �TTHv i?2 b�K2 �TTHB+�iBQM HQ;B+X
u2i Bi +QmH/ #2 i`B+Fv bBM+2 r2 rQMǶi Q#b2`p2 � BKK2/B�i2 +?�M;2
QM i?2 pBbm�HBx�iBQM mMiBH r2 `2@`mM i?2 +Q/2X LQi2 i?�i r2 +QMbB/2`
KQbi +QKTmi�iBQM�H MQi2#QQF 2MpB`QMK2Mib i?�i `mM +Q/2 +2HHb HBM@
2�`Hv 7`QK iQT iQ #QiiQKX h?2`2 �`2 Qi?2` MQi2#QQFb HBF2 P#b2`p�#H2
r?B+? �miQK�iB+�HHv i`�+Fb /2T2M/2M+B2b Q7 +2HHb iQ 2Mbm`2 BMbi�Mi 722/@
#�+F RjX

a+2M�`BQ j hQ 2tTHQ`2 i?2 /�i�- �M�Hvbib Q7i2M M22/ iQ BMi2`�+i rBi?
pBbm�HBx�iBQMbX 6Q` 2t�KTH2- r2 +�M 2t�KBM2 /Bz2`2Mi /�i� bm#b2ib Q`
�ii`B#mi2b #v +HB+FBM; i?2 #miiQMb BM };m`2 8XRyX h?2`2 2tBbi K�Mv
FBM/b Q7 BMi2`�+iBQMb- bQK2 QMHv �z2+ib i?2 pBbm�H `2T`2b2Mi�iBQMb- HBF2
KQmb2Qp2`BM; QM � #�` ?B;?HB;?ib Bic bQK2 KB;?i QT2`�i2 QM i?2 mM@
/2`HBMBM; /�i� bi`m+im`2b- HBF2 }Hi2`BM; i?2 /�i� iQ 7Q+mb QM � bm#b2iX
"�b2/ QM /Bz2`2Mi bBim�iBQMb- �M�Hvbib K�v r�Mi iQ b2H2+iBp2Hv bvM@
+?`QMBx2 Q` /2bvM+?`QMBx2 i?2b2 BMi2`�+iBQMb #2ir22M i?2 i`�Mb+Hm/BM;
�M/ i?2 i`�Mb+Hm/2/ bB/2X

q2 2tTHQ`2/ /Bz2`2Mi r�vb iQ bvM+?`QMBx2 BMi2`�+iBQMbX �b QM2
QTiBQM- r2 +QmH/ bvM+?`QMBx2 i?2 2t2+miBQM Q7 HQr@H2p2H BMi2`�+iBQM
2p2Mib- bm+? �b QM+HB+F- KQmb2KQp2- KQmb2Qp2`- 2i+X >Qr2p2`- bBM+2
i?2 i`�Mb+Hm/BM; �M/ i`�Mb+Hm/2/ +QMi2Mi KB;?i 2pQHp2 �Hi2`M�iBp2Hv-
Rj?iiTb,ffQ#b2`p�#H2?[X+QKf!Q#b2`p�#H2?[f`2�+iBp2@/�i�7HQr- �++2bb2/

QM yjfy8fkykRX

https://observablehq.com/@observablehq/reactive-dataflow
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i?2 mM/2`HBMBM; HQ;B+ `2H�i2/ iQ i?2b2 2p2Mib KB;?i MQi bi�v i?2 b�K2X
6Q` BMbi�M+2- i?2 b�K2 `2bQ`i #miiQM +�M #2 BKTH2K2Mi2/ /Bz2`2MiHv-
QM2 #�b2/ QM iBK2 b2[m2M+2- �MQi?2` QM `2bmHi p�Hm2bX AM i?Bb +�b2-
bvM+?`QMBxBM; i?2 +HB+FBM; 2p2Mi rBHH H2�/ iQ /Bz2`2Mi pBbm�HBx�iBQM mT@
/�i2bX

�b �MQi?2` QTiBQM- r2 +QmH/ /B`2+iHv bvM+?`QMBx2 i?2 pBbm�HBx�iBQM
Bib2H7- i?�i Bb bvM+?`QMBxBM; i?2 .PJ 2H2K2Mib- iQ BKBi�i2 b�K2 BMi2`@
�+iBp2 `2�+iBQMbX AM i?Bb +�b2- i?2 irQ pBbm�HBx�iBQMb rBHH bi�v i?2 b�K2X
q?BH2 bBKBH�` iQ i?�i /Bb+mbb2/ BM b+2M�`BQ k- i?Bb bvM+?`QMBx�iBQM �T@
T`Q�+? KB;?i H2�/ iQ /Bb+QMM2+iBQM #2ir22M i?2 pBbm�HBx�iBQM �M/ i?2
mM/2`HBMBM; �TTHB+�iBQM HQ;B+X qBi?Qmi T`QT2` /2bB;Mb- #Qi? QTiBQMb
+QmH/ BMi`Q/m+2 +QM7mbBQMb Q` +QM~B+ib rBi? mb2`bǶ K2Mi�H KQ/2HbX

a+2M�`BQ 9 *QMbB/2`BM; i?2 b2+QM/ 2t�KTH2 Q7 `2mbBM; i?2 bBKmH�@
iBQM Q7 pB`mb bT`2�/BM; ;2M2`�i2/ BM � MQi2#QQF iQ � T`2b2Mi�iBQM bHB/2X
�b b?QrM BM };m`2 8XRR- i?2 TQTmH�iBQM Bb `2T`2b2Mi2/ �b +B`+H2bX h?2 t
�M/ v �ii`B#mi2b Q7 � +B`+H2 bBKmH�i2 � T2`bQMǶb KQ#BHBiv- �M/ i?2 +QHQ`

In the notebook In the presentation slide

'JHVSF ����� h`�Mb+Hm/BM; � bBKmH�iBQM KQ/2H 7`QK � MQi2#QQF UH27iV iQ
� T`2b2Mi�iBQM bHB/2 U`B;?iVX
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�ii`B#mi2 BM/B+�i2b r?2i?2` � T2`bQM Bb BM72+i2/X *HB+FBM; i?2 #mi@
iQM ǳBM72+i � T2`bQMǴ bi�`ib i?2 bBKmH�iBQMX lb2`b +�M 7m`i?2` mb2 i?2
bHB/2`b iQ �Hi2` /Bz2`2Mi T�`�K2i2`bǶ p�Hm2bX .m`BM; i?2 T`Q+2bb- i?2
pBbm�HBx�iBQM +QMbi�MiHv ;2ib mT/�i2/ iQ `2p2�H i?2 bBKmH�iBQM `2bmHibX

q2 +QmH/ �TTHv /Bz2`2Mi HBMFBM; bi`�i2;B2b 7Q` /Bz2`2Mi FBM/b Q7
�M�HviB+ M22/bX 6Q` 2t�KTH2- bvM+?`QMBxBM; i?2 +HB+FBM; #miiQM 2p2Mib
#mi b2T�`�iBM; i?2 +?�M;2b QM bHB/2`bǶ p�Hm2b �HHQrb �M�Hvbib iQ +QK@
T�`2 /Bz2`2Mi bBKmH�iBQM +�b2b bBKmHi�M2QmbHvX q2 +QmH/ �HbQ HBMF irQ
T�B`b Q7 bHB/2`b �M/ mMHBMF QM2 iQ +QKT�`2 i?2 BM~m2M+2 Q7 QM2 bT2+B}+
7�+iQ` BM i?2 bBKmH�iBQMX

q?BH2 2p2M rBi? 2t�+iHv b�K2 T�`�K2i2` +QM};m`�iBQMb- i?2b2 irQ
pBbm�HBx�iBQMb +QmH/ 2pQHp2 /Bz2`2MiHvX aBM+2 Bi Bb � MQM@/2i2`KBMBbiB+
KQ/2H- i?2 `�M/QKM2bb BM +QKTmiBM; H2�/b iQ irQ /Bz2`2Mi `2bmHib-
i?mb irQ /Bz2`2Mi pBbm�HBx�iBQMbX aQK2iBK2b- r2 KB;?i r�Mi iQ F22T
i?2 irQ pBbm�HBx�iBQMb 2t�+iHv i?2 b�K2X

hQ �+?B2p2 i?Bb- r2 +QmH/ bvM+?`QMBx2 i?2 .PJ 2H2K2MibX �b T`2@
pBQmbHv /Bb+mbb2/- i?Bb .PJ bvM+?`QMBx�iBQM +QmH/ #`2�F i?2 /�i�@
#BM/BM;X 6Q` 2t�KTH2- � +B`+H2 BM `2/ `2T`2b2Mib i?�i � +Q``2bTQM/BM;
T2`bQM Bb BM72+i2/- v2i i?2 mM/2`HvBM; /�i� /B/MǶi ;2i mT/�i2/ iQ b?Qr
i?Bb BM72+iBQMX .2T2M/BM; QM i?2 +QMi2ti- i?Bb /Bb+QMM2+iBQM KB;?i #2
B;MQ`2/ Q` M22/ iQ #2 7m`i?2` bQHp2/X

q2 +QmH/ r`Bi2 2ti`� +Q/2 iQ #mBH/ � #B@/B`2+iBQM�H #BM/BM; Q7 /�i�
�M/ pBbm�H Q#D2+ib- bQ i?�i i?2 mT/�i2b Q7 pBbm�H 2H2K2Mib rBHH i`B;;2`
+Q``2bTQM/BM; /�i� mT/�i2bX �b �MQi?2` QTiBQM- r2 +QmH/ 2t2+mi2
i?2 +Q/2 QM � bBM;H2 bB/2 �M/ b?�`2 i?2 QmiTmi �M/ p�Hm2b Q7 `mMiBK2
p�`B�#H2b iQ �MQi?2`X

������� %FTJHO JOTJHIUT

h?Qm;? i?2b2 7Qm` `2mb2 b+2M�`BQb �`2 `2H�iBp2Hv `Qm;? �M/ M�Bp2 +QK@
T�`2/ iQ `2�H@HB72 b2Mb2K�FBM; +�b2b- i?2v biBHH b?Qr+�b2 i?2 Mm�M+2b
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BM ?Qr pBbm�HBx�iBQMb �M/ `2H�i2/ +QKTQM2Mib +QmH/ #2 `2mb2/ �bvK@
K2i`B+�HHv /m`BM; b2Mb2K�FBM; T`Q+2bb2bX

"�b2/ QM i?2b2 2tTHQ`�iBQMb- r2 }M/ i?�i ǳ+QKTmi�iBQM�H i`�Mb+Hm@
bBQMǴ b?QmH/ Qz2` p�`BQmb ivT2b Q7 HBMFb iQ K�T /Bp2`b2 `2mb2 KQ/2Hb
i?�i mb2`b KB;?i `2[mB`2X 6B`bi Q7 �HH- i?2 irQ �Hi2`M�iBp2 +QMi2Mib
b?QmH/ #2 HBMF2/ iQ 2M�#H2 mb2`b iQ ;Q #�+F �M/ 7Q`i? #2ir22M i?2KX
a2Mb2K�FBM; Bb � K2bbv �M/ Bi2`�iBp2 T`Q+2bb- i?Bb HBMFBM; +�M b�p2
i?2K i?2 2zQ`ib iQ }M/ �M/ HQ+�i2 i?2 �Hi2`M�iBp2 QM2 BM i?2 i`�Mb+Hm@
bBQM T�B`X

a2+QM/Hv- i?Qm;? i?2 2MiB`2 pBbm�HBx�iBQM #mM/H2 Bb i`�Mb+Hm/2/ �b
� r?QH2- mb2`b KB;?i M22/ KQ`2 ~2tB#H2 �M/ }M2@;`�BM2/ +QMi`QH Q7 i?2
+QMi2Mib BMbB/2 � #mM/H2X *QMbB/2`BM; bvM+?`QMBxBM; +?�M;2b- HBMFBM;
i2ti@#�b2/ +QMi2Mib HBF2 +Q/2 TB2+2b +QmH/ ?�TT2M BM � +2HH H2p2H Q` BM
�Mv �`#Bi`�`v bBx2X q?BH2 HBMFBM; i?2 pBbm�H `2T`2b2Mi�iBQMb +QmH/ #2
KQ`2 +QKTHB+�i2/ /m2 iQ i?2 KmHiB@BMi2`T`2i�iBQMb �M/ BKTH2K2Mi�@
iBQMbX Ai +QmH/ #2 HBMF2/ QM i?2 pBbm�H `2T`2b2Mi�iBQM H2p2H- Q` QM i?2
/�i� �M/ �TTHB+�iBQM TBT2HBM2b- Q` 2p2M QM i?2 `mMiBK2 2MpB`QMK2MibX

h?B`/Hv- BMbi2�/ Q7 F22TBM; � T2`K�M2MiHv HBp2 bvM+?`QMBx�iBQM-
mb2`b KB;?i r�Mi iQ b2H2+iBp2Hv bvM+?`QMBx2 Q` /2bvM+?`QMBx2 i?2 +QM@
i2Mib �b i?2v KQp2 #2ir22M /Bz2`2Mi b2Mb2K�FBM; i�bFbX h?2v KB;?i
r�Mi iQ B;MQ`2 i?2 +?�M;2b 7`QK i?2 Qi?2` bB/2- Q` #2 �r�`2 Q7 i?2K
iQ K�F2 T`QT2` `2�+iBQMb- Q` H2i i?2 bvbi2K �miQK�iB+�HHv bvM+?`QMBx2
i?2 mT/�i2bX LQ K�ii2` i?2 +�b2- i?2v b?QmH/ #2 �#H2 iQ };m`2 Qmi i?2
+m``2Mi KQ/2H i?�i Bb �TTHB2/ �M/ #2 �#H2 iQ brBi+? iQ Qi?2` KQ/2Hb
r?2M M22/2/X
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��� 5SBOTDMVTJPO 1SPQFSUJFT �
3FJaDBUJPOT

AM i?Bb b2+iBQM- r2 }`bi BMi`Q/m+2 bBt B/2MiB}2/ T`QT2`iB2b Q7 i`�Mb+Hm@
bBQM iQ ?2HT mMi�M;H2 i?2 BMi2`irBM2/ MQiBQMb BMpQHp2/ BM i`�Mb+Hm/BM;
pBbm�HBx�iBQMbX q2 i?2M 2tTHQ`2 ?Qr iQ `2B7v i?2b2 MQiBQMb BM i?2 mb2`
BMi2`7�+2 iQ 7�+BHBi�i2 ~2tB#H2 U`2@V+QM};m`�iBQMb Q7 i`�Mb+HmbBQMbX

����� 5SBOTDMVTJPO 1SPQFSUJFT
hQ +H�`B7v i?2 /Bz2`2Mi `QH2b Q7 i?2 i`�Mb+Hm/BM; �M/ i?2 i`�Mb+Hm/2/
+QMi2Mib �b r2HH �b i?2B` `2H�iBQMb?BTb- r2 T`QTQb2 bBt T`QT2`iB2b Q7
i`�Mb+HmbBQM,

Ç HBMFBM;

Ç `QH2 Q7 �`iB7�+i

Ç �TTHB+�iBQM Q7 +?�M;2b

Ç /B`2+iBQM Q7 T`QT�;�iBQM

Ç HBMFBM; ;`�MmH�`Biv

Ç HBMFBM; /2Ti?

GBMFBM; h?2 7mM/�K2Mi�H B/2� Q7 i`�Mb+HmbBQM Bb i?�i i?2 �Hi2`M�iBp2
+QMi2Mib BM KmHiBTH2 TH�+2b bi�v +QMM2+i2/X h?Bb +QMM2+iBQM +�M #2
}`bi `2~2+i2/ BM r?2i?2` Bi 2M�#H2b mb2`b iQ M�pB;�i2 #�+F �M/ 7Q`i?
#2ir22M i?2 i`�Mb+Hm/2/ �M/ i?2 i`�Mb+Hm/BM; +QMi2MibX q2 +�HH i?Bb
+QMM2+iBQM �b i?2 HBMFBM; T`QT2`ivX
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GBMFBM; +�M 7m`i?2` ?�p2 /B`2+iBQMb- r2 `272` iQ KQpBM; 7`QK i`�M@
b+Hm/BM; iQ i`�Mb+Hm/2/ �b i`�+2@#�+F �M/ 7`QK i`�Mb+Hm/2/ iQ i`�M@
b+Hm/BM; �b i`�+2@7Q`r�`/X J�Mv `2mbBM; i2+?MB[m2b /Bb+mbb2/ BM `2@
H�i2/ rQ`F b2+iBQM 2M�#H2 i`�+2@#�+F #mi MQi i`�+2@7Q`r�`/X

_QH2 Q7 �`iB7�+i lMHBF2 h2/ L2HbQMǶb i`�Mb+HmbBQM r?B+? 2bi�#HBb?2b
� T2`K�M2MiHv HBp2 +QMM2+iBQM �KQM; b�K2 +QMi2Mi BM KmHiBTH2 TH�+2b-
r2 +QMbB/2` �bvKK2i`B+ `2mbBM; +�b2b ě r?2`2 #Qi? i?2 i`�Mb+Hm/BM;
�M/ i?2 i`�Mb+Hm/2/ +QMi2Mi +QmH/ #2 KQ/B}2/ �Hi2`M�iBp2HvX

*QMbB/2`BM; BM7Q`KBM; +QMi2Mi mT/�i2b- i?2 i`�Mb+Hm/BM; �M/ i?2
i`�Mb+Hm/2/ +�M #Qi? #2 � b2M/2` i?�i b2M/b i?2B` HQ+�H +?�M;2b iQ i?2
Qi?2` bB/2 �M/ � `2+2Bp2` i?�i ;2ib `2KQi2 +?�M;2b 7`QK i?2 Qi?2` bB/2X
AM +�b2 i?2 i`�Mb+Hm/BM; Bb MQi �HHQr2/ iQ #2 7m`i?2` KQ/B}2/- Bi +�M
QMHv �+i �b � `2+2Bp2`X

�TTHB+�iBQM Q7 *?�M;2b q2 +QMbB/2` i?`22 /Bz2`2Mi KQ/2Hb ě MQ
�TTHB+�iBQM- K�Mm�H �TTHB+�iBQM �M/ �miQ �TTHB+�iBQM ě 7Q` �TTHvBM;
+?�M;2b 7`QK i?2 pB2r Q7 #Qi? b2M/2` �M/ `2+2Bp2`X

6Q` � b2M/2`- i?2 �TTHB+�iBQM KQ/2Hb `2H�i2 iQ ?Qr +?�M;2b QM i?2
b2M/2`Ƕb bB/2 �`2 b2Mi iQ i?2 `2+2Bp2`X AM MQ �TTHB+�iBQM KQ/2- +?�M;2b
QM i?2 b2M/2`Ƕb bB/2 rBHH MQi #2 T`QT�;�i2/X AM K�Mm�H �TTHB+�iBQM
KQ/2- mb2`b +?QQb2 r?2M �M/ r?�i iQ T`QT�;�i2X AM �miQ �TTHB+�iBQM
KQ/2- +?�M;2b �`2 T`QT�;�i2/ �miQK�iB+�HHv BM `2�H iBK2X

6Q` � `2+2Bp2`- i?2 �TTHB+�iBQM KQ/2Hb `2H�i2 iQ ?Qr i?2 `2+2Bp2/
+?�M;2b �`2 �TTHB2/ HQ+�HHvX AM MQ �TTHB+�iBQM KQ/2- i?2 `2+2Bp2/
+?�M;2b rBHH #2 B;MQ`2/X AM K�Mm�H �TTHB+�iBQM KQ/2- mb2`b `2+2Bp2 i?2
+?�M;2b BKK2/B�i2Hv �b i?2 b2M/2` b2M/b Bi- #mi i?2 `2+2Bp2` +�M `2�+ib
iQ i?2K BM � H�i2` iBK2X h?2 `2+2Bp2` +�M 2Bi?2` �++2Ti i?2 +?�M;2b
iQ �TTHv i?2K HQ+�HHv Q` `2D2+i i?2K iQ bi�v QM Bib QrM p2`bBQMX AM
�miQ �TTHB+�iBQM KQ/2- `2+2Bp2/ +?�M;2b rBHH �Hr�vb #2 �miQK�iB+�HHv
�TTHB2/X
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.B`2+iBQM Q7 S`QT�;�iBQM AM i?2 �#Qp2 +�b2b- � `2+2Bp2` �+ib T�b@
bBp2Hv ě Bi }`bi r�Bib 7Q` i?2 b2M/2` iQ b2M/ i?2 +?�M;2b �M/ i?2M
T2`7Q`K T`QT2` `2�+iBQMb #�b2/ QM i?2 /Bz2`2Mi KQ/2Hb �TTHB2/X q2
+�HH i?Bb KQ/2H i?2 ǳb2M/2`@Tmb?ǴX h?2`2 Bb biBHH i?2 ǳ`2+2Bp2`@TmHHǴ
KQ/2HX AMbi2�/ Q7 T�bbBp2 �M/ `2+2TiBp2- i?2 `2+2Bp2` bB/2 /2HB#2`�i2Hv
`2[m2bib i?2 +?�M;2b 7`QK i?2 b2M/2`X

h?2 ǳb2M/2`@Tmb?Ǵ KQ/2H �M/ ǳ`2+2Bp2`@TmHHǴ KQ/2H �`2 MQi BM +QM@
~B+ibX �b � `2+2Bp2`- i?2 b2iiBM; 7Q` �TTHB+�iBQMb Q7 +?�M;2b /2}M2
Bib `2�+iBQMb iQr�`/b `2+2Bp2/ +?�M;2b- BM i?2 K2�Mr?BH2- Bi +�M �HbQ
�+iBp2Hv `2[m2bi +?�M;2bX 6Q` 2t�KTH2- iQ +QM+2Mi`�i2 QM KQ/B7vBM;
i?2 i`�Mb+Hm/2/ +QMi2Mi- � mb2` b2ib i?2 ǳ`2+2Bp2Ǵ �b MQ �TTHB+�iBQM iQ
B;MQ`2 �HH +?�M;2b b2Mi 7`QK i?2 i`�Mb+Hm/BM;X �7i2`r�`/b- i?2 i`�M@
b+Hm/2/ +�M `2[m2bi �M/ TmHH i?2 +?�M;2b 7`QK i`�Mb+Hm/BM; iQ 2t�KBM2
Bib mT/�i2bX

GBMFBM; :`�MmH�`Biv q?2M r2 i`�Mb+Hm/2 � pBbm�HBx�iBQM �b � +QK@
Tmi�iBQM�H #mM/H2- Bi +QMi�BMb K�Mv +QKTQM2MibX h?2 HBMFBM; �M/
bvM+?`QMBx�iBQM +�M #2 �+?B2p2/ BM /Bz2`2Mi ;`�MmH�`BivX

6B`bi- r2 +�M +QMbB/2` i?2 #mM/H2 �b � r?QH2 TB2+2- r?2`2 �Mv
+?�M;2b BMbB/2 i?2 #mM/H2 +QmH/ i`B;;2` i?2 bvM+?`QMBx�iBQM Q7 i?2 2M@
iB`2 #mM/H2X >Qr2p2`- �b b?QrM BM Qm` b+2M�`BQb- mb2`b Q7i2M M22/
KQ`2 }M2@;`�BM2/ +QMi`QHbX q2 +�M +QMbB/2` HBMFBM; BM i?2 H2p2H Q7
+2HHbX aBM+2 +2HHb �`2 /2bB;M2/ �b i?2 #�bB+ +QMbi`m+iBM; mMBib 7Q` +QK@
Tmi�iBQM�H MQi2#QQFb- Bi b22Kb M�im`�H iQ i`2�i i?2K �b i?2 HBMFBM;
mMBib �b r2HHX

�b /Bb+mbb2/ BM b+2M�`BQ R- 2p2M rBi?BM � bivH2 +2HH- mb2`b KB;?i QMHv
r�Mi iQ bvM+?`QMBx2 � bT2+B}+ `�M;2 HBF2 i?2 7QMi bBx2X h?2v +�M �+?B2p2
i?Bb #v bTHBiiBM; i?2 Q`B;BM�H bivH2 +2HH BMiQ KmHiBTH2 bK�HH2` QM2bX PM
i?2 Qi?2` ?�M/- r2 +QmH/ /2bB;M KQ`2 ~2tB#H2 �M/ }M2@;`�BM2/ HBMFBM;
mMBib- bm+? �b H2iiBM; mb2`b /2}M2 �`#Bi`�`v `�M;2bX
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GBMFBM; .2Ti? �b /Bb+mbb2/ BM Qm` b+2M�`BQb- i?2`2 2tBbi KmHiBTH2
BMi2`T`2i�iBQMb BM bvM+?`QMBxBM; pBbm�HBx�iBQMbX q2 mb2 ǳHBMFBM; /2Ti?Ǵ
iQ /2b+`B#2 ?Qr Q` iQ r?�i /2;`22 i?2 i`�Mb+Hm/BM; �M/ i?2 i`�Mb+Hm/2/
pBbm�HBx�iBQMb �`2 HBMF2/X q2 B/2MiB7v i?`22 bvM+?`QMBx�iBQM H2p2Hb ě
BMi2`�+iBQM H2p2H- /Q+mK2Mi H2p2H- �M/ `mMiBK2 H2p2HX

AM BMi2`�+iBQM H2p2H- i?2 +Q``2bTQM/BM; BMi2`�+iBQM 2p2Mib ;2i bvM@
+?`QMBx2/X 6Q` 2t�KTH2- +HB+FBM; #miiQMb QM QM2 bB/2 rBHH i`B;;2` b�K2
#miiQM +HB+F 2p2Mib QM i?2 Qi?2` bB/2X q2 7m`i?2` +QMbB/2` BMi2`�+iBQMb
�b irQ ivT2b- i?Qb2 QMHv �z2+ib i?2 pBbm�H `2T`2b2Mi�iBQMb �M/ i?Qb2
QT2`�i2 QM i?2 /�i� bi`m+im`2b i?�i ;mBH/ i?2 pBbm�HBx�iBQMbX 6Q` i?2
H�ii2` +�b2- mb2`b KB;?i M22/ iQ 7m`i?2` bvM+?`QMBx2 +?�M;2b QM i?2
mM/2`HvBM; /�i� �M/ �TTHB+�iBQM HQ;B+X

AM /Q+mK2Mi H2p2H- Bi Bb i?2 +?�M;2b BM i?2 .PJ i?�i ;2i bvM+?`Q@
MBx2/X 6Q` 2t�KTH2- i?2 �//BM;- /2H2iBM; Q7 pBbm�H 2H2K2Mib Q` i?2
+?�M;BM; Q7 2H2K2MibǶ �ii`B#mi2bX q2 M22/ iQ T�v �ii2MiBQM i?�i i?Bb
.PJ bvM+?`QMBx�iBQM Q7i2M #`2�Fb i?2 /�i�@#BM/BM; QM i?2 bB/2 iQ
#2 bvM+?`QMBx2/X 1ti`� QT2`�iBQMb �`2 M22/2/ 7`QK mb2`b iQ bQHp2 i?2
#`2�FbX �b iQQH /2bB;M2`b- r2 b?QmH/ �i H2�bi i?BMF K2+?�MBbKb iQ
BM/B+�i2 mb2`b �#Qmi i?2 TQi2MiB�H /Bb+QMM2+iBQMbX

AM `mMiBK2 H2p2H- i?2 +Q/2 Bb 2t2+mi2/ QM � bBM;H2 bB/2 �M/ i?2
QmiTmi �M/ i?2 p�Hm2b Q7 `mMiBK2 p�`B�#H2b �`2 b?�`2/ iQ �MQi?2` BM
`2�H iBK2X h?mb Bi mT/�i2b i?2 mM/2`M2�i? /�i� b2ib �b r2HH �b Bib
pBbm�H `2T`2b2Mi�iBQMbX

*QM+HmbBQM q2 2ti`�+i i?2b2 bBt T`QT2`iB2b Q7 i`�Mb+HmbBQM ě HBMF@
BM;- `QH2 Q7 �`iB7�+i- �TTHB+�iBQM Q7 +?�M;2b- /B`2+iBQM Q7 T`QT�;�iBQM-
HBMFBM; ;`�MmH�`Biv- �M/ HBMFBM; /2Ti? ě 7`QK Qm` QrM 2tTHQ`�iBQMb
QM �bvKK2i`B+ pBbm�HBx�iBQM `2mb2 7`QK +QKTmi�iBQM�H MQi2#QQFb iQ
Qi?2` TH�+2bX h?2v +QMbiBimi2 i?2 #�bB+ bT�+2 7Q` /2bB;MBM; i`�Mb+Hm@
bBQMbX q2 #2HB2p2 #v �TTHvBM; /Bz2`2Mi +QK#BM�iBQMb �M/ b2iiBM;b Q7
i?2b2 T`QT2`iB2b- r2 +�M 7mH}HH p�`BQmb FBM/b Q7 i`�Mb+HmbBQM +�b2b #�b2/
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QM mb2`bǶ bBim�i2/ M22/b /m`BM; i?2B` b2Mb2K�FBM; T`Q+2bb2bX
aQK2 Q7 i?2b2 T`QT2`iB2b KB;?i #2 KQ`2 Q`B2Mi2/ 7Q` +2`i�BM +QKTQ@

M2Mib BMbB/2 i?2 pBbm�HBx�iBQM #mM/H2X 6Q` 2t�KTH2- i?2 �TTHB+�iBQM Q7
+?�M;2b T`QT2`iv +QmH/ #2 KQ`2 bmBi2/ 7Q` i2tim�H@#�b2/ +QKTQM2Mib
bm+? �b +Q/2 TB2+2b Q` bivH2 b?22ibX aBM+2 i?2 i2ti +QMi2Mib KB;?i M22/
iQ #2 mT/�i2/ #Qi? bvM+?`QMQmbHv Q` �bvM+?`QMQmbHvX "mi 7Q` BMi2`�+@
iBQMb- Bi KB;?i K�F2 KQ`2 b2Mb2 iQ bvM+?`QMBx2 i?2 �+iBQMb BM `2�H iBK2X
h?2 HBMFBM; ;`�MmH�`Biv T`QT2`iv Bb �HbQ Q`B2Mi2/ 7Q` i2tim�H@#�b2/ +QK@
TQM2MibX q?BH2 Bi +QmH/ #2 �TTHB2/ iQ pBbm�H `2T`2b2Mi�iBQM Bib2H7- bm+?
�b r?2M QMHv T�`i Q7 i?2 pBbm�H Q#D2+ib M22/ iQ #2 HBMF2/X q?2`2�b
i?2 HBMFBM; /2Ti? T`QT2`iv 7Q+mb2b QM i?2 pBbm�H `2T`2b2Mi�iBQMX

h?2`2 KB;?i �HbQ 2tBbi K�Mv mM2tTHQ`2/ MQiBQMb �M/ +?�HH2M;2b
�`QmM/ i`�Mb+HmbBQMX LQi2 i?�i i?Bb Bb Qm` T`2HBKBM�`v 2tTHQ`�iBQMb
�M/ }M/BM;b QM +QKTmi�iBQM�H i`�Mb+HmbBQM- BMbi2�/ Q7 T`QpB/BM; +H2�`@
+mi bQHmiBQMb- r2 ?QT2 Qm` rQ`F +�M #2 � bi�`iBM; TQBMi 7Q` 2tTHQ`�iBQMb
�M/ /Bb+mbbBQMb iQ �//`2bb i?2 Bbbm2b BM K�M�;BM; �Hi2`M�iBp2b BM i?2
+QMi2ti Q7 `2mb2X q2 /Bb+mbb i?2 HBKBi�iBQMb Q7 Qm` rQ`F �M/ i?2 7mim`2
/B`2+iBQMb BM b2+iBQM 8X8 � 8XeX

����� 3FJGZ USBOTDMVTJPO

qBi? i?2 B/2MiB}2/ +QM+2Tib- r2 i?2M 2tTHQ`2 ?Qr iQ `2B7v i?2K BM i?2
mb2` BMi2`7�+2 iQ 2M�#H2 �M�Hvbib iQ ~2tB#Hv U`2@V+QM};m`2 i`�Mb+HmbBQMb
#�b2/ QM i?2B` bBim�i2/ M22/bX

6B;m`2 8XRk /2KQMbi`�i2b i?2 T`Q+2bb iQ i`�Mb+Hm/2 � #�` +?�`i
7`QK QM2 MQi2#QQF iQ �MQi?2` BM Qm` `2B}+�iBQM T`QiQivT2X q?2M �
pBbm�HBx�iBQM ;2ib b2H2+i2/- i?2 `2H�i2/ /2T2M/2M+v +QKTQM2Mib rBHH #2
?B;?HB;?i2/X AM +�b2 Q7 ǳ[mB+F i`�Mb+HmbBQMǴ- �HH i?2b2 /2T2M/2M+B2b ;2i
i`�Mb+Hm/2/ iQ i?2 M2r 2MpB`QMK2MiX lb2`b +�M �HbQ K�Mm�HHv �bbB;M �
+QK#BM�iBQM Q7 i?2K iQ i`�Mb+Hm/2X h?2 /2T2M/2M+v +QKTQM2Mib +�M
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'JHVSF ����� h`�Mb+Hm/BM; �M BMi2`�+iBp2 #�` +?�`i 7`QK MQi2#QQF �
iQ MQi2#QQF "X *HB+FBM; QM i?2 #�` +?�`i ?B;?HB;?ib �HH /2T2M/2M+v
+2HHbX h?2 mb2` +�M 2Bi?2` b2H2+i ǳ[mB+F i`�Mb+Hm/2Ǵ iQ KQp2 i?2 2M@
iB`2 pBbm�HBx�iBQM #mM/H2 Q` K�Mm�HHv +?QQb2 � +QK#BM�iBQM Q7 +2HHb iQ
i`�Mb+Hm/2X

#2 7QH/2/ �b � #HQ+F Q` #2 ?B/2/ r?2M MQi BM mb2 R9X
PM+2 }MBb? i`�Mb+Hm/BM; i?2 +QMi2Mi iQ i?2 /2bB`2/ TH�+2- mb2`b +�M

7m`i?2` +QM};m`2 ?Qr i?2v r�Mi iQ bvM+?`QMBx2 i?2 +?�M;2b K�/2 BM
#Qi? i?2 i`�Mb+Hm/2/ �M/ i?2 i`�Mb+Hm/BM; +QMi2MiX "�b2/ QM i?2 HBMF@
BM; ;`�MmH�`Biv +QM+2Ti- r2 �TTHv � +2HH H2p2H HBMFBM; BM Qm` T`QiQivT2X

R9�b � bBKTHB}2/ T`QiQivT2- r2 K�Mm�HHv T`2/2}M2/ `2H2p�Mi +2HHb �b /Bz2`2Mi
ivT2b Q7 /2T2M/2M+v +QKTQM2MibX 6Q` 2t�KTH2 i?2 /�i� +2HH ?�b �M �ii`B#mi2
M�K2/ ǳ/�i� Y UpBbm�HBx�iBQMA/VǴ iQ BM/B+�i2 i?Bb /�i� Bb mb2/ iQ ;2M2`�i2 �
T�`iB+mH�` pBbm�HBx�iBQMX h?2 B/2MiB}+�iBQM Q7 /2T2M/2M+B2b �M/ i?2B` ivT2b +QmH/
#2 BKTH2K2Mi2/ BM � KQ`2 BMi2HHB;2Mi r�v BM i?2 7mim`2 BKTH2K2Mi�iBQMX
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lb2`b +�M i?mb �TTHv /Bz2`2Mi HBMFBM; KQ/2Hb 7Q` 2�+? +2HHX h?2v +�M
/2+B/2 ?Qr i?2v r�Mi i?2 +?�M;2b BM � +2HH iQ #2 T`QT�;�i2/ iQ i?2
Qi?2` bB/2- �M/ ?Qr i?2 `2+2Bp2/ +?�M;2b iQ #2 �TTHB2/ HQ+�HHvX

aBM+2 2�+? +2HH +�M ?�p2 Bib +QM};m`�iBQMb- Bi +�M [mB+FHv #2+QK2
+QM7mbBM; iQ };m`2 Qmi i?2 2t�+i b2iiBM;b 7Q` 2�+? +2HHX q2 M22/ iQ `2B7v
i?2 �TTHB+�iBQM Q7 +?�M;2b T`QT2`iv iQ MQi QMHv 7�+BHBi�i2 +QM};m`BM;
mb2`bǶ K2Mi�H KQ/2Hb #mi �HbQ ?2HT i?2K iQ K�BMi�BM �r�`2M2bb Q7
r?�i KQ/2Hb ?�p2 #22M �TTHB2/X

6B;m`2 8XRj /2KQMbi`�i2b � TQbbB#H2 `2B}+�iBQM i?�i r2 2tTHQ`2/X
AM Qm` T`QiQivT2- 2�+? +2HH ?�b � b2i Q7 +QM};m`�iBQM rB/;2ib, RV 6B`bi-
� HBMFBM; B+QM iQ ?2HT mb2`b T2`7Q`K #�+F i`�+BM; Q` 7Q`r�`/ i`�+BM; #2@
ir22M i?2 i`�Mb+Hm/BM; �M/ i?2 i`�Mb+Hm/2/ +QMi2MiX *HB+FBM; i?2 B+QM
+�M i?mb QT2M i?2 +Q``2bTQM/BM; /Q+mK2Mi �M/ DmKT iQ i?2 T`QT2`
HQ+�iBQMX kV h?2 irQ �``Qr #miiQMb `2T`2b2Mi � +2HHǶb `QH2 �b #Qi? �
b2M/2` �M/ � `2+2Bp2`X "v /27�mHi- i?2 H27i �``Qr 7Q` b2M/BM; �M/ i?2
`B;?i �``Qr 7Q` `2+2BpBM;X lb2`b +�M K�MBTmH�i2 i?2K iQ +QM};m`2 i?2
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'JHVSF ����� � TQbbB#H2 `2B}+�iBQM QM �TTHB+�iBQM Q7 +?�M;2b T`QT2`iv Q7
i`�Mb+HmbBQMX
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KQ/2Hb Q7 +?�M;2b �TTHB+�iBQMX

GQM; +HB+FBM; i?2 H27i �``Qr #miiQM �+iBp�i2b i?2 �miQ KQ/2H 7Q`
b2M/BM; HQ+�H +?�M;2b iQ i?2 Qi?2` bB/2X h?2 #miiQMǶb #�+F;`QmM/
im`Mb iQ Q`�M;2 iQ BM/B+�i2 i?Bb �+iBp�iBQMX GQM; +HB+FBM; i?2 �+iBp�i2/
#miiQM rBHH /2�+iBp�i2 Bi �M/ +?�M;2 i?2 b2M/2` iQ MQ �TTHB+�iBQM KQ/2HX
aBKBH�`Hv- �+iBp�iBM; i?2 `B;?i �``Qr #miiQM �HHQrb `2+2Bp2/ +?�M;2b
iQ #2 �miQK�iB+�HHv �TTHB2/ BM i?2 +2HHX .2�+iBp�iBM; Bi B;MQ`2b �HH
`2+2Bp2/ +?�M;2bX lb2`b +�M �HbQ +?QQb2 iQ K�Mm�HHv b2M/ � +?�M;2 Q`
�TTHv � +?�M;2 #v � bBKTH2 +HB+F QM i?2 +Q``2bTQM/BM; �``QrbX h?2
+QHQ` Q7 i?2 `B;?i �``Qr BM/B+�i2b r?2i?2` i?2`2 �`2 mT+QKBM; +?�M;2b
7`QK i?2 Qi?2` bB/2c i?2 +QHQ` Q7 i?2 H27i �``Qr BM/B+�i2b r?2i?2` i?2`2
�`2 HQ+�H +?�M;2b i?�i M22/ iQ #2 T`QT�;�i2/ iQ i?2 Qi?2` bB/2X

AM i2`Kb Q7 /B`2+iBQM Q7 T`QT�;�iBQM T`QT2`iv- i?Bb `2B}+�iBQM +QM@
bB/2`b i?2 ǳb2M/2`@Tmb?Ǵ KQ/2HX Ai T`QpB/2b MQ /B`2+i bmTTQ`i 7Q`
ǳ`2+2Bp2`@TmHHǴX u2i mb2`b +�M �+?B2p2 �M �+iBp2 `2[m2bi #v i`�+BM; iQ
i?2 Qi?2` bB/2 iQ p2`B7v Bib mT/�i2b UmbBM; i?2 HBMFBM; B+QMVX

AM i2`Kb Q7 HBMFBM; /2Ti? T`QT2`iv- B7 i?2 mb2` K�MBTmH�i2b i?2 B+QMb
7Q` i?2 pBbm�HBx�iBQM +2HH- i?2 bvM+?`QMBx�iBQM ?�TT2Mb BM /Q+mK2Mi
H2p2H r?2`2 i?2 +?�M;2b Q7 i?2 .PJ 2H2K2Mib ;2i bvM+?`QMBx2/X q2
�HbQ 2ti`�+i �HH bmTTQ`i2/ BMi2`�+iBQMb �b /Bz2`2Mi +QKTQM2Mib i?�i
+�M #2 K�MBTmH�i2/- bm+? �b #miiQM +HB+F �M/ KQmb2 ?Qp2` �`2 i`2�i2/
�b irQ b2T�`�i2 +QKTQM2Mib BM };m`2 8XRyX lb2`b +�M +QM};m`2 i?2
HBMFb b2T�`�i2Hv 7Q` 2�+? ivT2 Q7 BMi2`�+iBQMbX

AM i?Bb `2B}+�iBQM 2t�KTH2- mb2`b +�M QMHv b22 i?2 HQ+�H +QM};m`�@
iBQMb #mi MQi i?Qb2 QM i?2 Qi?2` bB/2X aBM+2 i?Bb rQ`F +QMbB/2`b i?2
bBM;H2@mb2` +�b2- r?2`2 i?2 b�K2 T2`bQM mT/�i2b i?2 i`�Mb+Hm/BM; �M/
i`�Mb+Hm/2/ +QMi2Mi �M/ K�M�;2b i?2K QM #Qi? bB/2b- r2 #2HB2p2 i?Bb
/2bB;M KB;?i #2 72�bB#H2 7Q` i?2K iQ mM/2`bi�M/ �M/ +QQ`/BM�i2 i?2
+QM};m`�iBQMb QM irQ bB/2bX
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��� %JTDVTTJPO

AM i?Bb +?�Ti2`- r2 T`2b2Mi ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ �b � MQp2H
`2mb2 �TT`Q�+? i?�i K�BMi�BMb i?2 HBMFb #2ir22M i?2 Q`B;BM�H �M/ i?2
`2mb2/ +QMi2Mib iQ 7�+BHBi�i2 i`�+FBM; �M/ +QQ`/BM�iBM; +?�M;2bX q2
/2KQMbi`�i2 p�`BQmb `2mb2 b+2M�`BQb �M/ /Bb+mbb i?2 K2Mi�H KQ/2Hb
i?�i mb2`b KB;?i ?QH/ �M/ i?2 +?�HH2M;2b BMpQHp2/X "�b2/ QM Qm` 2tTHQ@
`�iBQMb- r2 T`QTQb2 bBt T2`iBM2Mi T`QT2`iB2b Q7 i`�MbH+mbBQM iQ +H�`B7v
i?2 FBM/b Q7 HBMFb #2ir22M i?2 i`�Mb+Hm/BM; �M/ i?2 i`�Mb+Hm/2/ +QM@
i2MiX 6BM�HHv- r2 2tTHQ`2 ?Qr iQ `2B7v i?2 B/2MiB}2/ +QM+2Tib QM i?2
mb2` BMi2`7�+2 iQ T`QpB/2 mb2`b ~2tB#H2 �M/ }M2@;`�BM2/ +QMi`QH Qp2`
i`�Mb+HmbBQMX

AM i?Bb b2+iBQM- r2 /Bb+mbb ?Qr i?2 T`QTQb2/ ǳ+QKTmi�iBQM�H i`�M@
b+HmbBQMǴ +QM+2Ti Bb /Bz2`2Mi 7`QK 2tBbiBM; `2mbBM; i2+?MB[m2bX h?Bb Bb
biBHH � T`2HBKBM�`v rQ`F #�b2/ QM Qm` QrM Q#b2`p�iBQMb �M/ BMimBiBQMb-
r2 /Bb+mbb #Qi? Bib +QM+2Tim�H �M/ K2i?Q/ HBKBi�iBQMbX

����� $PNQVUBUJPOBM USBOTDMVTJPO WT� PUIFS
SFVTF UFDIOJRVFT

ǳ*QKTmi�iBQM�H i`�Mb+HmbBQMǴ }HH BM i?2 ;�Tb #2ir22M mb2`bǶ M22/b Q7
K�BMi�BMBM; �Hi2`M�iBp2b BM i?2 +QMi2ti Q7 `2mb2 �M/ i?2 KBbbBM; HBMFb
BM 2tBbiBM; i2+?MB[m2bX hQ +H�`B7v ?Qr ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ
Bb /Bz2`2Mi 7`QK Qi?2` `2mb2 i2+?MB[m2b- r2 +QKT�`2 Bi rBi? i?`22
+�i2;Q`B2b Q7 i2+?MB[m2b /Bb+mbb2/ BM b2+iBQM 8Xk, i?2 Q`B;BM�H +QM+2Ti
Q7 i`�Mb+HmbBQM #v h2/ L2HbQMc i?2 ǳHBMFBM; � 2K#2//BM;Ǵ i2+?MB[m2bc
�M/ i?2 bvM+?`QMBx�iBQM BM /Bbi`B#mi2/ pBbm�HBx�iBQMX



��� %JTDVTTJPO ���

h2/ L2HbQMǶb i`�Mb+HmbBQM h2/ L2HbQMǶb i`�Mb+HmbBQM 7Q+mb2b QM
i?2 b�K2 +QMi2Mi BM KmHiBTH2 TH�+2bX >2 +QMbB/2`b i?2b2 +QMi2Mib �b �
HBMF2/ M2irQ`F r?2`2 mb2`b +�M i`�+2 #2ir22M KmHiBTH2 BMbi�M+2b �M/
+?�M;2b BM QM2 TH�+2 +�M #2 �miQK�iB+�HHv bvM+?`QMBx2/ iQ i?2 Qi?2`b
BM `2�H@iBK2X q?2`2�b- i?2 i`�Mb+HmbBQM i?�i r2 T`QTQb2 ?�M/H2b T�B`b
Q7 �Hi2`M�iBp2b BM �bvKK2i`B+ `2mb2 ě r?2`2 i?2 i`�Mb+Hm/BM; �M/ i?2
i`�Mb+Hm/2/ +QMi2Mi +�M #2 KQ/B}2/ �Hi2`M�iBp2HvX

lMHBF2 h2/ L2HbQMǶb i`�Mb+HmbBQM r?B+? /2b+`B#2b i?2 M2irQ`F Q7
BM7Q`K�iBQM BM KmHiBTH2 TH�+2b- Qm` i`�Mb+HmbBQM QMHv +QMbB/2`b irQ
TH�+2b- i?2 +QKTmi�iBQM�H MQi2#QQF r?2`2 i?2 +QMi2Mi Bb ;2M2`�i2/c
�M/ i?2 i`�Mb+Hm/2/ 2MpB`QMK2Mi r?2`2 Bi Bb `2mb2/X

.m`BM; b2Mb2K�FBM; T`Q+2bb2b- �M�Hvbib Bi2`�iBp2Hv ;Q #�+F �M/
7Q`i? iQ mT/�i2- +QKT�`2- �M/ K�M�;2 i?2 i`�Mb+Hm/BM; �M/ i?2 i`�M@
b+Hm/2/ +QMi2Mi 7Q` /Bz2`2Mi FBM/b Q7 �M�HviB+ i�bFbX AMbi2�/ Q7 F22TBM;
� T2`K�M2MiHv HBp2 bvM+?`QMBx�iBQM �KQM; KmHiBTH2 BMbi�M+2b- +QKTm@
i�iBQM�H i`�Mb+HmbBQM 2M�#H2b T�B`b Q7 �Hi2`M�iBp2b iQ #2 HBMF2/ Q` bvM@
+?`QMBx2/ BM � }M2@;`�BM2/ K�MM2` i?�i +�M #2 ~2tB#Hv K�MBTmH�i2/
#�b2/ QM mb2`b bBim�i2/ M22/bX

*QKTmi�iBQM�H i`�Mb+HmbBQM �HbQ /Bz2`b 7`QK h2/ L2HbQMǶb +QM+2Ti
BM i2`Kb Q7 i?2 ivT2 Q7 +QMi2MiX h2/ L2HbQM #�bB+�HHv +QMbB/2`b i2tib
Q` BK�;2bX q?BH2 +QKTmi�iBQM�H MQi2#QQFb BMi2;`�i2 M�``�iBp2 i2tib-
/�i� b2ib- +Q/2 TB2+2b- �b r2HH �b BMi2`�+iBp2 rB/;2ib �M/ pBbm�HBx�iBQM
`2bmHibX h?2b2 +QMi2Mib Q7i2M ?QH/ +QKTHB+�i2/ /2T2M/2M+B2b- +?�M;2b
BM QM2 TH�+2 +QmH/ BM~m2M+2 i?2 Qi?2`bX

q2 2tTHQ`2 i`�Mb+Hm/BM; /�i� pBbm�HBx�iBQMb- r?B+? �`2 i?2 QmiTmib
Q7 � +QK#BM�iBQM Q7 Qi?2` +QMi2Mib �M/ +�M #2 BMi2`�+i2/ rBi? /m`BM;
`mMiBK2X h?2b2 TBT2HBM2b �M/ BMi2`�+iBQMb BMi`Q/m+2 #Qi? +QM+2Tim�H
�M/ i2+?MB+�H +?�HH2M;2b r?BH2 i`�Mb+Hm/BM;X Pm` bim/v T`BK�`BHv 7Q@
+mb2b QM +QM+2Tim�H +?�HH2M;2bX q2 #`2�F /QrM i?2 /Bz2`2Mi +QKTQ@
M2Mib Q7 pBbm�HBx�iBQM i`�Mb+HmbBQM �M/ 2tTHQ`2 p�`BQmb ivT2b Q7 HBMFb
#2ir22M i?2b2 +QKTQM2MibX
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GBMFBM; � 2K#2//BM; ǳGBMFBM; � 2K#2//BM;Ǵ i2+?MB[m2b �HbQ
7Q+mb QM i?2 `2mb2 Q7 +QMi2Mi 7`QK QM2 TH�+2 iQ �MQi?2` r?BH2 biBHH
T`2b2`pBM; i?2B` HBMFbX lMHBF2 ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ r?B+? H2ib
mb2`b /2}M2 i?2 ivT2b Q7 HBMFb- 2tBbiBM; ǳHBMFBM; � 2K#2//BM;Ǵ i2+?@
MB[m2b i2M/ iQ BKTQb2 +2`i�BM ivT2b Q7 HBMFBM; K2+?�MBbKbX lb2`b �`2
Q7i2M MQi �mi?Q`Bx2/ iQ KQ/B7v i?2KX

AM JB+`QbQ7i P{+2 �TTHB+�iBQMb- i?2 i`�Mb+Hm/BM; +QMi2Mib +�M MQi
#2 KQ/B}2/X lb2`b +�M QMHv mT/�i2 i?2K BM i?2 i`�Mb+Hm/2/ 2MpB`QM@
K2MiX q?2M i?2 i`�Mb+Hm/BM; /Q+mK2Mi Bb QT2M- i?2 +?�M;2b BM i?2
i`�Mb+Hm/2/ rBHH #2 �miQK�iB+�HHv bvM+?`QMBx2/ iQ i?2 i`�Mb+Hm/BM;
BM `2�H@iBK2c BM +�b2 i?2 i`�Mb+Hm/BM; /Q+mK2Mi Bb +HQb2/- �M mT/�i2
K2bb�;2 rBHH b?Qr mT i?2 M2ti iBK2 mb2`b QT2M BiX

lbBM; i?2 T`QTQb2/ T`QT2`iB2b Q7 i`�Mb+HmbBQM- r2 /2b+`B#2 JB@
+`QbQ7i P{+2 �TTHB+�iBQMb QMHv �HHQr i?2 i`�Mb+Hm/BM; �b � `2+2Bp2`X
"Qi? i`�Mb+Hm/BM; �M/ i`�Mb+Hm/2/ �TTHv �miQ T`QT�;�iBQM KQ/2X AM
Qi?2` rQ`/b- Bi Bb � bBM;H2 /B`2+iBQM- `2�H@iBK2 bvM+?`QMBx�iBQM 7`QK i?2
i`�Mb+Hm/2/ iQ i?2 i`�Mb+Hm/BM;X

AM :QQ;H2 �TTHB+�iBQMb- +?�M;2b BM i?2 i`�Mb+Hm/2/ bB/2 �`2 �miQ@
K�iB+�HHv T`QT�;�i2/ iQ i?2 i`�Mb+Hm/BM; TH�+2X h?2 i`�Mb+Hm/BM; bB/2
`2+2Bp2b `2KBM/2`b Q7 mT/�i2b �M/ H2�p2b mb2`b iQ /2+B/2 ?Qr iQ ?�M@
/H2 i?2 +?�M;2bX lbBM; i?2 T`QTQb2/ T`QT2`iB2b Q7 i`�Mb+HmbBQM- r2
/2b+`B#2 i?2 i`�Mb+Hm/2/ bB/2 �b � b2M/2` r?B+? �TTHB2b �miQ T`QT�@
;�iBQM KQ/2- �M/ i?2 i`�Mb+Hm/BM; bB/2 �b � `2+2Bp2` r?B+? �TTHB2b
K�Mm�H T`QT�;�iBQM KQ/2X

lMHBF2 :QQ;H2 �M/ JB+`QbQ7i r?B+? 2M+�TbmH�i2 i?2 +Q/2 iQ ;2M2`@
�i2 pBbm�HBx�iBQMb- +QKTmi�iBQM�H i`�Mb+HmbBQM +QMbB/2`b #Qi? i?2 i`�M@
b+HmbBM; �M/ i?2 i`�Mb+Hm/2/ pBbm�HBx�iBQM +QMi2Mi +�M #2 KQ/B}2/X
*QKTmi�iBQM�H i`�Mb+HmbBQM �HHQrb mb2`b iQ ~2tB#Hv K�MBTmH�i2 ?Qr
i?2 T�B` Q7 i`�Mb+Hm/BM; �M/ i`�Mb+Hm/2/ Bb HBMF2/ #�b2/ QM KmHiBTH2
;`�MmH�`BiB2bX
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.Bbi`B#mi2/ pBbm�HBx�iBQM �b /Bb+mbb2/ BM i?2 `2H�i2/ rQ`F Ub2+@
iBQM 8XkV- `2b2�`+? QM /Bbi`B#mi2/ pBbm�HBx�iBQM �HbQ bim/B2b i?2 i`�Mb72`
�M/ bvM+?`QMBx�iBQM #2ir22M KmHiBTH2 BMbi�M+2b Q7 � pBbm�HBx�iBQMX

PM2 ;`QmT Q7 rQ`F Bb QM +QHH�#Q`�iBp2 pBbm�H 2tTHQ`�iBQMX Ai 7Q+mb2b
QM bvM+?`QMBxBM; i?2 2tTHQ`�iBp2 BMi2`�+iBQMb T2`7Q`K2/ #v KmHiBTH2
mb2`b QM /Bbi`B#mi2/ /2pB+2b (R8N-ReRĜRej)X avM+?`QMBxBM; BMi2`�+iBQMb
�KQM; KmHiBTH2 pBbm�HBx�iBQM BMbi�M+2b Bb �HbQ QM2 Q7 i?2 T`Q#H2Kb
i?�i r2 i�+FH2 BM i`�Mb+HmbBQMX u2i r2 2tTHQ`2 Bi 7`QK � bBM;H2 mb2`
T2`bT2+iBp2 BM i?2 �bvKK2i`B+ `2mb2 +QMi2tiX �b � `2bmHi- r2 /Q MQi
?�M/H2 Bbbm2b bm+? �b +QM+m``2M+v +QMi`QH Q` ;`QmT �r�`2M2bbX

aBKBH�` iQ a+?r�# 2i �HXǶb oBb*QMM2+i (Rek)- r2 +QMbB/2` bvM+?`QMBx@
BM; � pBbm�HBx�iBQM BM i2`Kb Q7 i?`22 H2p2Hb, pBbm�H `2T`2b2Mi�iBQM bvM@
+?`QMBx�iBQM- �TTHB+�iBQM HQ;B+ bvM+?`QMBx�iBQM- �M/ BMi2`�+iBQM bvM@
+?`QMBx�iBQMX oBb*QMM2+i i�F2b i?2 �TT`Q�+? Q7 bvM+?`QMBxBM; BMi2`@
�+iBQM 2p2Mib /m2 iQ i?2 +QMbB/2`�iBQMb QM +QKT�iB#BHBiv rBi? /�i�
#BM/BM; �M/ 2�bBM2bb iQ /2p2HQT rBi?X Pm` rQ`F- BMbi2�/- `2B7vBM;
i?2b2 /Bz2`2Mi H�v2`b Q7 bvM+?`QMBx�iBQM �M/ H2i mb2`b /2}M2 i?2 r�v
i?2v r�Mi #�b2/ QM i?2B` +QMi2tim�H M22/bX

�MQi?2` ;`QmT Q7 rQ`F QM /Bbi`B#mi2/ pBbm�HBx�iBQM 7Q+mb2b QM H2p2`@
�;BM; p�`BQmb /BbTH�vb 7Q` pBbm�H b2Mb2K�FBM;X h?2v bim/v ?Qr � pB@
bm�HBx�iBQM +�M #2 2�bBHv i`�Mb72``2/ 7`QK QM2 /2pB+2 iQ �MQi?2` (Rey)-
Q` ?Qr iQ +QK#BM2 KmHiBTH2 /2pB+2b iQ bmTTQ`i p�`BQmb �M�HviB+ M22/b-
bm+? �b iQ 2ti2M/ /BbTH�v bT�+2- }Hi2` /�i� Bi2Kb- Q` K�MBTmH�i2 Qp2`pB2r
� /2i�BH pB2rb (Re9)X h?2v 7Q+mb QM i?2 mb�;2 bB/2 Q7 pBb�mHBx�iBQMb-
#mi MQi i?2 ;2M2`�iBQMX AM +QKTmi�iBQM�H i`�Mb+HmbBQM- r2 7Q+mb #Qi?
QM i?2 BMi2`�+iBQMb rBi? pBbm�HBx�iBQMb �b r2HH �b i?2 pBbm�HBx�iBQM ;2M@
2`�iBQM TBT2HBM2X q2 B/2MiB7v p�`BQmb +QKTQM2Mib Q7 pBbm�HBx�iBQM �M/
�HHQr mb2`b iQ KQ/B7v i?2K BM #Qi? i?2 i`�Mb+Hm/BM; �M/ i?2 i`�M@
b+Hm/2/ TH�+2 U+QmH/ #2 QM i?2 b�K2 /2pB+2- Q` /Bz2`2Mi /2pB+2bVX
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����� -JNJUBUJPOT
h?Bb +?�Ti2` T`2b2Mib Qm` T`2HBKBM�`v rQ`F QM +QKTmi�iBQM�H i`�M@
b+HmbBQMX AM i?Bb b2+iBQM- r2 /Bb+mbb #Qi? i?2 +QM+2Tim�H �M/ K2i?Q/
HBKBi�iBQMb Q7 Qm` rQ`FX

*QM+2Tim�H HBKBi�iBQM h?Qm;? +QKTmi�iBQM�H i`�Mb+HmbBQM +QmH/
#2 �TTHB2/ �+`Qbb /Bz2`2Mi mb2`b- BM Qm` bim/v- r2 2tTHQ`2 i`�Mb+Hm@
bBQM 7`QK � bBM;H2 mb2` T2`bT2+iBp2 �b � }`bi bi2TX h?2`27Q`2- i?2 bBt
T`QTQb2/ T`QT2`iB2b Q7 i`�Mb+HmbBQM QMHv +QMbB/2` i?2 BMpQHp2K2Mi Q7
� bBM;H2 mb2`X

AMi`Q/m+BM; +QHH�#Q`�iBQM BM i`�Mb+HmbBQM +QmH/ TQi2MiB�HHv #`BM;
K�Mv 2ti`� T`Q#H2KbX 6Q` 2t�KTH2- BM i2`Kb Q7 i?2 T`QT2`iv Q7 �TTHB@
+�iBQM Q7 +?�M;2b- � bBM;H2 mb2` +�M QMHv rQ`F QM QM2 i`�Mb+HmbBQM bB/2
�i � iBK2- i?mb r2 /Q MQi M22/ iQ ?�M/H2 +QM+m``2M+v Bbbm2bX AM i?2
T`QTQb2/ +QM+2Tib- r2 �bbmK2 �+iBQMb bm+? �b i`�+BM; Q` `2[m2biBM; 7Q`
+?�M;2b �`2 �Hr�vb �TT`Qp2/X q?2`2�b B7 KmHiBTH2 mb2`b �`2 2M;�;2/-
i?2b2 �+iBQMb KB;?i M22/ 2ti`� �mi?Q`Bx�iBQM 7Q` +QQ`/BM�iBQM Q` b2+m@
`Biv +QM+2`MbX 6Q` BMbi�M+2- r?2M � `2�/2` 2tTHQ`2b i?2 pBbm�HBx�iBQM
`2bmHib QM � #HQ;- ?2 KB;?i �bF i?2 Q`B;BM�H �mi?Q` r?2i?2` ?2 +�M
�++2bb iQ i?2 Q`B;BM�H MQi2#QQF 7Q` /2i�BHbX

AM Qm` `2B}+�iBQMb- r2 /Q MQi T`QpB/2 �r�`2M2bb K2+?�MBbKb 7Q`
i`�Mb+HmbBQM +QM};m`�iBQMb QM i?2 Qi?2` bB/2X q2 �bbmK2 i?�i � bBM;H2
mb2` +QmH/ K�BMi�BM � +QMbBbi2Mi K2Mi�H KQ/2H QM #Qi? i`�Mb+HmbBQM
bB/2bX Ai i�F2b `2H�iBp2Hv H2bb 2zQ`ib 7Q` i?2K iQ +?2+F i?2 +QM};m`�@
iBQMb 7Q` i?2 Qi?2` bB/2X u2i 7Q` KmHiBTH2 mb2`b- i?2v KB;?i M22/ KQ`2
2tTHB+Bi BM/B+�iBQMbX

JQ`2Qp2`- Qm` +m``2Mi `2B}+�iBQM Q7 i`�Mb+HmbBQM Bb +QMbi`�BM2/ #v
i?2 +2HH bi`m+im`2 �b BKTH2K2Mi2/ BM KQbi +m``2Mi +QKTmi�iBQM�H MQi2@
#QQFbX >Qr2p2`- i?2 +QKTmi�iBQM�H K2/B� +QmH/ �HbQ #2 KQ`2 ~2tB#H2
�M/ `2+QMbi`m+iB#H2X 6Q` 2t�KTH2- BMbi2�/ Q7 7QHHQrBM; � HBM2�` +2HH
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`2T`2b2Mi�iBQM- "Qt2` (Re8) `2T`2b2Mib +QKTmi�iBQM�H Q#D2+ib �b #Qt2b
i?�i +�M #2 7`22Hv KQp2/ BM bT�+2 �M/ #2 +QKTQb2/ rBi?BM Qi?2` #Qt2bX
h?2b2 /Bz2`2M+2b BM ?Qr +QKTmi�iBQM�H Q#D2+ib �`2 `2T`2b2Mi2/ �M/
bi`m+im`2/ +QmH/ H2�/ iQ /Bz2`2Mi `2B}+�iBQM Q7 i`�Mb+HmbBQMX

LQi2 i?�i i`�Mb+HmbBQM +�M #2+QK2 2ti`2K2Hv +QKTHB+�i2/ r?2M
+QMbB/2`BM; i?2 2MiB`2 M2irQ`F Q7 `2mb2/ �`iB7�+ib Q` � +?�BM Q7 i`�M@
b+HmbBQM ě i`�Mb+Hm/BM; � +QMi2Mi i?�i Bb Q`B;BM�HHv i`�Mb+Hm/2/ 7`QK
�MQi?2` TH�+2X AM Qm` rQ`F- r2 QMHv 2tTHQ`2 � T�B` `2H�iBQMb?BT- r?2`2
� pBbm�HBx�iBQM ;2i i`�Mb+Hm/2/ 7`QK � +QKTmi�iBQM�H MQi2#QQF iQ �M@
Qi?2` TH�+2- �M/ bim/v i?2 BMi2`TH�v #2ir22M i?2KX

J2i?Q/ HBKBi�iBQM AM Qm` +m``2Mi rQ`F- r2 2tTHQ`2 p�`BQmb MQiBQMb
�M/ Bbbm2b �`QmM/ i`�Mb+HmbBQM #v bBKmH�iBM; `2mb2 +�b2b #�b2/ QM Qm`
QrM 2tT2`B2M+2 �M/ Q#b2`p�iBQMbX h?2b2 2tTHQ`�iBQMb �HH ?�TT2M2/ BM
i?2 b�M/#Qt bvbi2K i?�i r2 #mBHi QM iQT Q7 i?2 q2#bi`�i2b (R9)X

�b � T`2HBKBM�`v bi�;2- i?2 b�M/#Qt 2tTHQ`�iBQMb T`QpB/2 mb p�`B@
Qmb BMbB;?ib QM ?Qr pBbm�HBx�iBQM �M/ Bib /2T2M/2M+B2b KB;?i #2 `2mb2/X
o�`BQmb Bbbm2b �`2 2tTQb2/ r?2M r2 i`v iQ +QQ`/BM�i2 i?2 +?�M;2b K�/2
BM #Qi? i`�Mb+HmbBQM bB/2bX u2i- i?2b2 /Bb+Qp2`B2b M22/ iQ #2 bi`2M;i?@
2M2/ i?`Qm;? i?2 BMpQHp2K2Mi Q7 2M/@mb2`b ě i?2 T`�+iBiBQM2`b r?Q
mb2 +QKTmi�iBQM�H MQi2#QQFb 7Q` pBbm�H b2Mb2K�FBM;X 6Q` 2t�KTH2-
r2 +QmH/ �TTHv p�`BQmb [m�HBi�iBp2 K2i?Q/b iQ +QHH2+i i?2B` T�BMTQBMib
QM pBbm�HBx�iBQM `2mb2X q2 rBHH /Bb+mbb i?2 7mim`2 bi2Tb BM i?2 M2ti
b2+iBQMX

AM Qm` b�M/#Qt T`QiQivT2- r2 H2�p2 �bB/2 bQK2 i2+?MB+�H #�``B2`b
r?B+? +QmH/ #2 +?�HH2M;BM; iQ bQHp2, 6B`biHv- ?Qr iQ B/2MiB7v �HH /2@
T2M/2Mi +QKTQM2Mib 7Q` � ;Bp2M pBbm�HBx�iBQM `2bmHiX a2+QM/Hv- r?2M
HQ�/BM; i?2 ǳ+QKTmi�iBQM�H #mM/H2Ǵ iQ � M2r 2MpB`QMK2Mi- 2Bi?2` �miQ@
K�iB+�HHv Q` K�Mm�HHv- ?Qr iQ K�F2 bm`2 i?2 i`�Mb+Hm/2/ +QMi2Mib �`2
+QKT�iB#H2 rBi? i?2 Q`B;BM�H +QMi2Mi BM i?2 M2r 2MpB`QMK2MiX �7i2`
#2BM; i`�Mb+Hm/2/- r?2i?2` i?2 bvbi2K BKK2/B�i2Hv 2p�Hm�i2b U`mMbV
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i?2 i`�Mb+Hm/2/ +Q/2 7mM+iBQMb Q` H2ib mb2`b K�Mm�HHv `mM 2�+? +2HHX
G�bi #mi MQi H2�bi- ?Qr iQ B/2MiB7v �M/ BM7Q`K i?2 TQi2MiB�H BM+QMbBb@
i2M+v #2ir22M /�i�- +Q/2 HQ;B+- �M/ pBbm�H `2T`2b2Mi�iBQMbX

h?2b2 i2+?MB+�H Bbbm2b �`2 �HH T2`iBM2Mi 7Q` i`�Mb+Hm/BM;X AM Qm`
rQ`F- r2 7Q+mb QM i?2 +QM+2Tim�H MQiBQMb �`QmM/ i`�Mb+HmbBQM `�i?2`
i?�M i?2 �+im�H BKTH2K2Mi�iBQMbX

��� 'VUVSF 8PSL
AM i?2 7mim`2- r2 +�M bi`2M;i?2M Qm` +QMi`B#miBQMb i?`Qm;? i?2 7QHHQr@
BM; �bT2+ibX

6B`bi- r2 +QmH/ +QM/m+i p�`BQmb bim/B2b iQ +QHH2+i �M/ p2`B7v i?2
T�BMTQBMib QM pBbm�HBx�iBQM `2mb2 7`QK +QKTmi�iBQM�H MQi2#QQFb iQ
Qi?2` TH�+2bX 6Q` 2t�KTH2- r2 +QmH/ +QM/m+i BMi2`pB2rb rBi? �M�Hvbib
iQ ;�i?2` i?2B` `2[mB`2K2Mib QM `2mbBM; pBbm�HBx�iBQMb- i?2 T`Q#H2Kb
i?2v 2M+QmMi2`- �M/ i?2B` +QTBM; bi`�i2;B2bX q2 +QmH/ �HbQ /2bB;M
[m2biBQMM�B`2b iQ ;2i #Qi? [m�MiBi�iBp2 �M/ [m�HBi�iBp2 722/#�+F QM
`2H�i2/ T�BMTQBMibX q2 +�M +?2+F r?2i?2` i?2v �HB;M r2HH rBi? i?Qb2
B/2MiB}2/ BM Qm` 2tTHQ`�iBQMb �M/ BMimBiBQMbX

a2+QM/- iQ #2ii2` `2B7v p�`BQmb +QM+2Tib �`QmM/ i`�Mb+HmbBQM- r2
+QmH/ 7m`i?2` +QM/m+i T�`iB+BT�iQ`v /2bB;M rQ`Fb?QTb rBi? �M�Hvbib
Q` +QKTmi�iBQM�H MQi2#QQF T`�+iBiBQM2`bX h?Bb �TT`Q�+? ?2HTb mb iQ
2HB+Bi BMbB;?ib 7`QK T�`iB+BT�MibX AM i?2 rQ`Fb?QTb- r2 +�M bi�`i #v
T`2b2MiBM; b2p2`�H +QM+`2i2 `2mb2 +�b2b iQ /2KQMbi`�i2 i?2 +QM+2Ti
Q7 i`�Mb+HmbBQMX h?`Qm;? i?2b2 +�b2b- r2 +QmH/ 2Bi?2` 2tTHB+BiHv Q`
BKTHB+BiHv 2tTH�BM i?2 B/2MiB}2/ T`QT2`iB2b Q7 i`�Mb+HmbBQMX h?2M r2
+�M �bF T�`iB+BT�Mib iQ #`�BMbiQ`K �M/ ;2M2`�i2 /Bp2`b2 /2bB;Mb iQ
`2B7v i`�Mb+HmbBQMX

6BM�HHv- iQ p�HB/�i2 i?2 T`QTQb2/ +QM+2Tib �M/ `2B}+�iBQM /2bB;Mb-
r2 +QmH/ 7m`i?2` BKTH2K2Mi i?2 `2B}+�iBQM �b 2ti2MbBQMb iQ +m``2Mi
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MQi2#QQF bvbi2Kb �M/ Q#b2`p2 ?Qr �M�Hvbib �/�Ti i?2K iQ i?2B` `2�H
�M�HviB+ i�bFbX



���
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h?Bb /Bbb2`i�iBQM 2tTHQ`2b b2Mb2K�FBM; i?`Qm;? i?2 H2Mb Q7 ǳ�Hi2`M�@
iBp2bǴ �M/ �//`2bb2b #Qi? #2ii2` mM/2`bi�M/BM; �M/ bmTTQ`iBM; �Hi2`@
M�iBp2b BM /�i� rQ`F2`bǶ b2Mb2K�FBM; T`Q+2bb2bX

hQ K�F2 b2Mb2 Q7 /�i�- /�i� rQ`F2`b Q7i2M 2tTHQ`2 /Bz2`2Mi FBM/b
Q7 �Hi2`M�iBp2b, i?2v KB;?i 2t�KBM2 KmHiBTH2 /�i� bQm`+2b- 2tTHQ`2
/Bp2`b2 b2ib Q7 ?vTQi?2b2b- i`v Qmi /Bz2`2Mi ivT2b Q7 K2i?Q/b- 2tT2`B@
K2Mi rBi? � #`Q�/ bT�+2 Q7 TQbbB#H2 bQHmiBQMb- �M/ +QK#BM2 � p�`B2iv
Q7 iQQHbX h?2b2 �Hi2`M�iBp2b BM~m2M+2 2�+? Qi?2` rBi?BM � /vM�KB+ �M/
+QKTH2t b2Mb2K�FBM; T`Q+2bbX

>Qr2p2`- +m``2Mi b2Mb2K�FBM; iQQHb TQQ`Hv bmTTQ`i i?2 2tTHQ`�iBQM
�M/ K�M�;2K2Mi Q7 �Hi2`M�iBp2b BM b2Mb2K�FBM;X 6B`bi- i?2v i2M/ iQ
b2`p2 � bT2+B}+ Tm`TQb2 rBi? bQK2 T`2/2}M2/ 7mM+iBQM�HBiB2b �M/ rQ`F@
~QrbX Ai Bb ?�`/ 7Q` mb2`b iQ �TT`QT`B�i2 i?2K iQ 2tTHQ`2 Q` +QK#BM2
�Hi2`M�iBp2b �b i?2v �`Bb2 BM i?2 b2Mb2K�FBM; T`Q+2bbX a2+QM/- i?2v
i2M/ iQ i`2�i i?2 2tTHQ`2/ �Hi2`M�iBp2b �b /Bb+QMM2+i2/ TB2+2bX �M�@
Hvbib i?mb r�bi2 � bB;MB}+�Mi �KQmMi Q7 iBK2 �M/ K2Mi�H `2bQm`+2b BM
i`vBM; iQ `2+QMM2+i i?2K �M/ +QQ`/BM�i2 i?2K �b i?2v ;Q #�+F �M/
7Q`i? #2ir22M /Bz2`2Mi �M�HviB+ +QMi2tib �M/ bi�;2bX

AM i?2 T`2+2/BM; +?�Ti2`b- r2 T`2b2Mi2/ i?2 `2bmHib Q7 i?2 [m�HB@
i�iBp2 bim/B2b +QM/m+i2/ iQ #2ii2` mM/2`bi�M/ i?2 `QH2 �Hi2`M�iBp2b BM
b2Mb2K�FBM;c �M/ i?2 2tTHQ`�iBQMb QM /2bB;MBM; KQ`2 ~2tB#H2 iQQHb iQ
bmTTQ`i i?2KX h?Bb +?�Ti2` `2pBbBib i?2 +QMi`B#miBQMb Q7 i?Bb /Bbb2`i�@
iBQM �M/ ?B;?HB;?ib /B`2+iBQMb 7Q` 7mim`2 `2b2�`+?X
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��� $POUSJCVUJPOT
AM i?Bb /Bbb2`i�iBQM- r2 7Q+mb QM b2Mb2K�FBM; �b i?2 BMi2`b2+iBQM Q7
?mK�M +Q;MBiBp2 T`Q+2bb2b �M/ i?2 iQQHb i?�i 2M�#H2 i?2KX h?2 F2v
`2b2�`+? [m2biBQMb- �b BMi`Q/m+2/ BM *?�Ti2` R- �`2, URV >Qr /Q �Hi2`@
M�iBp2b }i rBi?BM i?2 b2Mb2K�FBM; T`Q+2bb\ UkV ?Qr +�M iQQHb #2ii2`
bmTTQ`i i?2 2tTHQ`�iBQM �M/ K�M�;2K2Mi Q7 �Hi2`M�iBp2b\

*?�Ti2` j �//`2bb2b _ZR #v 2tTHQ`BM; i?2 FBM/b Q7 �Hi2`M�iBp2b
i?�i �`Bb2 BM b2Mb2K�FBM; �M/ ?Qr /�i� rQ`F2`b +QT2 rBi? i?2KX *?�T@
i2` 9 � 8 �//`2bb _Zk #v 2tTHQ`BM; ?Qr iQ /2bB;M iQQHb iQ bmTTQ`i
�Hi2`M�iBp2b BM irQ bT2+B}+ b2Mb2K�FBM; +QMi2tibX *?�Ti2` 9 2tTHQ`2b
?Qr iQQHb +�M HBMF `2H�i2/ �Hi2`M�iBp2b �M/ #2 �TT`QT`B�i2/ iQ bmBi /B7@
72`2Mi +QMi2tim�H M22/b BM [m�HBi�iBp2 b2Mb2K�FBM; T`Q+2bb2bX *?�Ti2`
8 T`Q#2b /Bz2`2Mi ivT2b Q7 HBMFBM; K2+?�MBbKb rBi?BM i?2 +QMi2ti Q7
`2mb2 iQ 7�+BHBi�i2 i`�+FBM; �M/ +QQ`/BM�iBM; +?�M;2b BM �Hi2`M�iBp2bX

q2 +QM+Hm/2 i?�i /B;Bi�H iQQHb +�M 7�+BHBi�i2 b2Mb2K�FBM; #v URV
�TTHvBM; p�`BQmb HBMFBM; K2+?�MBbKb iQ ?2HT i`�+F �M/ K�M�;2 �bbQ@
+B�i2/ �Hi2`M�iBp2bc �M/ UkV #2BM; `2@+QM};m`�#H2 BM i2`Kb Q7 /2pB+2b
�M/ 72�im`2b iQ H2i i?2 mb2` �/�Ti i?2b2 iQQHb iQ i?2B` +QMi2tim�H M22/b
/m`BM; i?2 Qp2`�HH b2Mb2K�FBM; T`Q+2bbX

q2 +QMbB/2` i?Bb /Bbb2`i�iBQM #`BM;b i?2 7QHHQrBM; T`BK�`v +QMi`B@
#miBQMb,

*?�`�+i2`Bx�iBQM Q7 �Hi2`M�iBp2b "27Q`2 Qm` BMp2biB;�iBQM- i?2
>*A BM pBbm�H �M�HviB+b HBi2`�im`2 H�+F2/ � /22T- bvbi2K�iB+ mM/2`@
bi�M/BM; Q7 i?2 FBM/b Q7 �Hi2`M�iBp2b /�i� rQ`F2`b +QMbB/2` �M/ ?Qr
i?2v }i BMiQ i?2B` ;2M2`�H b2Mb2K�FBM; T`Q+2bb2bX JQbi `2b2�`+? rQ`F
bim/B2b +2`i�BM ivT2b Q7 �Hi2`M�iBp2b BM � bT2+B}+ b2Mb2K�FBM; +QMi2tic
Q` +?�`�+i2`Bx2 b2Mb2K�FBM; 7`QK 7`QK /Bz2`2Mi �M;H2b- h?2v /Q MQi
+QMbB/2` i?2 2Mb2K#H2 ivT2b Q7 �Hi2`M�iBp2b �M/ ?Qr i?2v }i rBi?BM
i?2 Qp2`�HH b2Mb2K�FBM; T`Q+2bbX
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Pm` }`bi F2v +QMi`B#miBQM Bb � `B+? +?�`�+i2`Bx�iBQM Q7 i?2 `QH2 Q7
�Hi2`M�iBp2b �b i?2v }i rBi?BM i?2 b2Mb2K�FBM; T`Q+2bbX AM +?�Ti2`
j- r2 T`2b2Mi2/ Qm` b2KB@bi`m+im`2/ BMi2`pB2rb rBi? Rk /�i� rQ`F2`b-
r2 b?Qr i?2 FBM/b Q7 �Hi2`M�iBp2b i?2v +QMbB/2`c r?v i?2v +QMbB/2`
i?2Kc i?2 i`B;;2`b �M/ #�``B2`b iQ /2�HBM; rBi? �Hi2`M�iBp2bc �M/ i?2
bi`�i2;B2b �TTHB2/ #v Qm` T�`iB+BT�MibX

.`�rBM; mTQM Qm` �M�Hvb2b �M/ }M/BM;b- r2 +?�`�+i2`Bx2/ �Hi2`M�@
iBp2b mbBM; � i?2Q`2iB+�H 7`�K2rQ`F #�b2/ QM T�`iB+BT�MibǶ RV /2;`22 Q7
�ii2MiBQM- kV �#bi`�+iBQM H2p2H- �M/ jV �M�HviB+ T`Q+2bb2bX h?Bb 7`�K2@
rQ`F +�M ?2HT /2b+`B#2 �M/ `2�bQM i?2 FBM/b Q7 �Hi2`M�iBp2b +QMbB/2`2/
BM b2Mb2K�FBM;- i?2 `2H�i2/ T`Q+2bb2b- �M/ ?Qr iQQH /2bB;M2`b KB;?i
+`2�i2 KQ`2 ~2tB#H2 iQQHb iQ #2ii2` bmTTQ`i i?2KX

.2bB;M aT�+2 7Q` Zm�HBi�iBp2 �M�HvbBb hQQHb AM +?�Ti2` 9- r2
T`2b2Mi � /2bB;M bT�+2 7Q` [m�HBi�iBp2 �M�HvbBb iQQHb- /`�rM 7`QK i?2
HBi2`�im`2- Qm` QrM 2tT2`B2M+2- �M/ i?�i Q7 Qm` BM7Q`K�H BMi2`pB2r T�`@
iB+BT�MibX AM [m�HBi�iBp2 /�i� �M�HvbBb UrBi? �{MBiv /B�;`�KKBM; i2+?@
MB[m2V- i?2`2 �`2 }p2 K�BM /BK2MbBQMb iQ #2 +QMbB/2`2/, U�V �M�HvbBb
T?�b2b- U"V +QM+2Tim�H K2i?Q/b- U*V �M�HviB+ H2Mb- U.V KQ/2b Q7 +QH@
H�#Q`�iBQM- �M/ U1V ivT2b Q7 /2pB+2b mb2/X

o�`BQmb FBM/b Q7 �Hi2`M�iBp2b 2tBbi �HQM; i?2b2 B/2MiB}2/ /BK2M@
bBQMb- BM+Hm/BM; irQ �Hi2`M�iBp2 +QM+2Tim�H K2i?Q/b ě +Q/BM; �M/
/B�;`�KKBM;- KmHiBTH2 �Hi2`M�iBp2 �M�HviB+ H2Mb2b- �b r2HH �b /Bp2`b2
/2pB+2b 2M;�;2/X q2 }M/ i?�i, }`bi- i?2b2 �Hi2`M�iBp2b �`2 7`2[m2MiHv
/Bb+QMM2+i2/ BM 2tBbiBM; iQQHb- H2�pBM; mb2`b iQ �TTHv �/@?Q+ bi`�i2;B2b
iQ K�M�;2 i?2 K�bb Q7 BMi2`irBM2/ BM7Q`K�iBQMc b2+QM/- +m``2Mi bvb@
i2Kb �`2 Q7i2M /2bB;M2/ iQ bmBi bQK2 bT2+B}+ �M�HviB+ bi�;2b- K2i?Q/b-
/BbTH�vb- Q` +QHH�#Q`�iBQM KQ/2b- K�FBM; Bi ?�`/ 7Q` mb2`b iQ �TT`QT`B@
�i2 i?2K 7Q` /Bz2`2Mi +QMi2tim�H M22/bX

h?2b2 /BK2MbBQMb 2M`B+? Qm` mM/2`bi�M/BM; Q7 [m�HBi�iBp2 b2Mb2@
K�FBM; T`Q+2bb2b- i?2 FBM/b Q7 �Hi2`M�iBp2b BMpQHp2/- �b r2HH �b r?2`2
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+m``2Mi iQQHb #`2�F /QrMX

oBbBQM � S`QQ7@Q7@*QM+2Ti S`QiQivT2 7Q` Z.� hQQHb AM +?�T@
i2` 9- r2 T`2b2Mi2/ � pBbBQM �M/ T`QQ7@Q7@+QM+2Ti T`QiQivT2- �.Z.�-
7Q` [m�HBi�iBp2 �M�HvbBb iQQHb #�b2/ QM i?2 B/2MiB}2/ /2bB;M /BK2MbBQMb
�M/ T�BM TQBMib QM 2tBbiBM; iQQHbX

hQ #2ii2` bmTTQ`i i?2 2tTHQ`�iBQM Q7 �Hi2`M�iBp2b BM b2Mb2K�FBM;-
�.Z.� 2K#2/b /Bz2`2Mi ivT2b Q7 HBMFb, RV � bvM+?`QMBx�iBQM@HBMF
i?�i 2M�#H2b � ~2tB#H2 KBt Q7 �Hi2`M�iBp2 �M�HvbBb K2i?Q/bc �M/ kV �
+`Qbb@HBMFBM; K2+?�MBbK iQ 7�+BHBi�i2 b2�`+? �M/ +QKT�`2 �Hi2`M�iBp2b
�+`Qbb KmHiBTH2 pB2rb �M/ /BbTH�vbX �.Z.� 7m`i?2` 2M�#H2b mb2`b iQ
�TT`QT`B�i2 KmHiBTH2 T2`iBM2Mi /BbTH�vb iQ +mbiQKBx2 �M/ 2ti2M/ i?2B`
�M�HvbBb 2MpB`QMK2Mi #�b2/ QM i?2B` �M�HviB+ i�bFb �i ?�M/X

lbBM; i?2 �.Z.� T`QiQivT2- r2 2tTHQ`2/ ?Qr �M�Hvbib +�M �TT`Q@
T`B�i2 �p�BH�#H2 /B;Bi�H /2pB+2b �b i?2v ~mB/Hv KB;`�i2 #2ir22M �M�HviB+
T?�b2b Q` �/QTi /Bz2`2Mi K2i?Q/b �M/ `2T`2b2Mi�iBQMb- �HH r?BH2 T`2@
b2`pBM; +QMbBbi2Mi �M�HvbBb �`iB7�+ibX

q2 �`2 MQi �r�`2 Q7 Qi?2` rQ`F i?�i ?�b �`iB+mH�i2/ i?2 M22/ 7Q`
bm+? [m�HBi�iBp2 /�i� �M�HvbBb iQQHb Q` /2KQMbi`�i2/ ?Qr M2r@Bb? i2+?@
MQHQ;B2b +�M #2 +QK#BM2/ BM � r�v iQ `2�HBx2 i?�i M22/X

a2`B2b Q7 .2KQMbi`�iBp2 a+2M�`BQb AM +?�Ti2` 9- r2 T`2b2Mi2/
� b2`B2b Q7 �TTHB+�iBQM b+2M�`BQb i?�i b?Qr ?Qr �.Z.� `2�HBx2b Qm`
pBbBQM �M/ +�M TQi2MiB�HHv 7�+BHBi�i2 `B+?2`- /22T2` [m�HBi�iBp2 /�i�
�M�Hvb2bX q2 p�HB/�i2/ �.Z.� #v +QKT�`BM; Bi rBi? Qi?2` `2H�i2/
bvbi2Kb mbBM; i?2b2 b+2M�`BQb �b � H2Mb �M/ /`�rBM; mTQM PHb2MǶb +`Bi2@
`B� (Rj8) ě 7Q+mbBM; QM r?2i?2` i?2 T`Q#H2K Bb T`2pBQmbHv bQHp2/ �M/
BMi2`�+iBQM pBb+QbBivX

:`22M#2`; �M/ "mtiQM (Ree) �`;m2 i?�i mb�#BHBiv i2biBM; Bb MQi �H@
r�vb �TT`QT`B�i2 7Q` 2p�Hm�iBM; +QKTH2t bvbi2Kb- �M/ +�M #2 2p2M
?�`K7mH 7Q` MQp2H bvbi2Kb Q` BMi2`�+iBQM i2+?MB[m2bX a�HQp��`� 2i
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�HX (Red) TQBMi Qmi i?2 T`2b2Mi@7mim`2 ;�T BM >*AǶb 2p�Hm�iBQM K2i?Q/@
QHQ;v ě i?2 r�v r2 /2bB;M Qm` 2p�Hm�iBp2 bim/B2b ?�b MQi i�F2M i?2
7mim`2@Q`B2Mi2/M2bb Q7 T`QiQivT2b BMiQ �++QmMiX

q2 i?mb T`2b2Mi2/ ǳ/2bB;M `�iBQM�H2- � pBbBQM Q7 r?�i +QmH/ #2- 2t@
T2+i2/ b+2M�`BQb Q7 mb2- `2~2+iBQMb- (�M/) +�b2 bim/B2bǴ �b KQ`2 �TT`Q@
T`B�i2 7Q`Kb Q7 p�HB/�iBQM (Ree)X h?Bb �TT`Q�+? +�M b2`p2 �b BMbTB`�iBQM
Q` QT2M mT Bbbm2b 7Q` `2~2+iBQM �M/ 7mim`2 `2b2�`+? i?�i 2tTHQ`2 ?Qr
iQ 2p�Hm�i2 +QKTH2t bvbi2Kb 7Q` 7mim`2 +QMi2tiX

oBbBQM � S`QiQivT2 7Q` _2mb2 h2+?MB[m2b AM +?�Ti2` 8- r2
2MpBbBQM2/ ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ �b � MQp2H `2mb2 i2+?MB[m2X
ǳ*QKTmi�iBQM�H i`�Mb+HmbBQMǴ T`QpB/2b KQ`2 2tTHB+Bi HBMFb #2ir22M i?2
Q`B;BM�H �M/ i?2 `2mb2/ �Hi2`M�iBp2b iQ 7�+BHBi�i2 i`�+FBM; �M/ +QQ`/B@
M�iBM; +?�M;2bX q2 BKTH2K2Mi2/ � b�M/#Qt T`QiQivT2 iQ ?2HT mb
2tTHQ`2 i?2 ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ +QM+2Ti BM i?2 +QMi2ti Q7
i`�Mb+Hm/BM; /�i� pBbm�HBx�iBQMbX

AMbi2�/ Q7 Qz2`BM; +H2�`@+mi bQHmiBQMb- Qm` rQ`F QT2Mb mT Bbbm2b
7Q` `2~2+iBQM �M/ 7m`i?2` `2b2�`+?X h?2 T`QiQivT2 Bb BMi2M/2/ �b �
+QM+`2i2 `2B}+�iBQM Q7 i?Bb +QM+2Ti iQ T2`KBi 7m`i?2` 2tTHQ`�iBQMbX q2
?QT2 i?�i Qm` pBbBQM �M/ T`QiQivT2 +�M #2 � bi�`iBM; TQBMi 7Q` KQ`2
+QKT`2?2MbBp2 �M/ i?Q`Qm;? 2tTHQ`�iBQMb rBi?BM i?2 +QMi2ti Q7 �Hi2`@
M�iBp2b BM `2mb2X
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AM b2+iBQM jXd- 9X3 �M/ 8Xe- r2 ?�p2 /Bb+mbb2/ b2T�`�i2Hv i?2 7mim`2
rQ`F 7Q` 2�+? Q7 Qm` `2b2�`+? T`QD2+ibX AM i?Bb b2+iBQM- r2 T`QTQb2
7mim`2 `2b2�`+? /B`2+iBQMb #�b2/ QM i?2 BMbB;?ib �M/ BKTHB+�iBQMb i?�i
r2 ;�BM2/ i?`Qm;?Qmi Qm` rQ`FX
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1tTHQ`BM; .Bz2`2Mi hvT2b Q7 GBMFBM; 7Q` �Hi2`M�iBp2b �b T`2@
pBQmbHv /Bb+mbb2/- r2 }M/ i?�i i?2 /Bb+QMM2+iBQM #2ir22M �Hi2`M�iBp2b
BM b2Mb2K�FBM; Bb QM2 Q7 i?2 K�DQ` T�BM TQBMib 7�+BM; #v /�i� rQ`F2`bX

*?�Ti2` j +?�`�+i2`Bx2/ /Bz2`2Mi FBM/b �M/ H2p2Hb Q7 �Hi2`M�iBp2b-
�M/ /Bb+mbb2/ i?2 BMi2`irBM2/ `2H�iBQMb?BTb i?2v KB;?i ?QH/ QM 2�+?
Qi?2`X *?�Ti2` 9 2tTHQ`2/ ?Qr b2Mb2K�FBM; iQQHb +�M BKTHB+BiHv HBMF
`2H�i2/ �Hi2`M�iBp2b iQ T`2b2`p2 +QMbBbi2Mi �M�HvbBb �`iB7�+ib r?BH2 �M�@
Hvbib ~mB/Hv KB;`�iBM; #2ir22M KmHiBTH2 �M�HviB+ T?�b2b Q` �/QTi /B7@
72`2Mi K2i?Q/b �M/ `2T`2b2Mi�iBQMbX *?�Ti2` 8 2tTHQ`2/ ?Qr /Bz2`2Mi
FBM/b Q7 2tTHB+Bi HBMFb +�M #2 �TTHB2/ iQ 7�+BHBi�i2 +QQ`/BM�iBM; +?�M;2b
BM �Hi2`M�iBp2b BM i?2 +QMi2ti Q7 `2mb2X

"2bB/2b i?2 irQ bT2+B}+ +QMi2tib- r2 2M+Qm`�;2 7mim`2 `2b2�`+? iQ
bim/v �Hi2`M�iBp2b mM/2` /Bz2`2Mi +QM+`2i2 �M�HvbBb +QMi2tib �M/ 2t@
THQ`2 ?Qr p�`BQmb HBMFBM; +QM+2Tib �M/ K2+?�MBbKb +�M ?2HT iQ K�M@
�;2 �Hi2`M�iBp2bX �M �miQ- #B@/B`2+iBQM�H bvM+?`QMBx�iBQM HBMF �b BK@
TH2K2Mi2/ BM �.Z.� Bb 2z2+iBp2 iQ ?�M/H2 i?2 �Hi2`M�iBp2 �`iB7�+ib
r?B+? �`2 +QM+2Tim�HHv B/2MiB+�HX u2i- i?Bb #B@/B`2+iBQM�H bvM+?`QMBx�@
iBQM Bb MQi �Hr�vb bmBi�#H2 BM �bvKK2i`B+ `2mb2 +�b2b BM ǳ+QKTmi�iBQM�H
i`�Mb+HmbBQMǴX *?�Ti2` 8 T`QpB/2b � bi�`iBM; TQBMi iQ /Bb+mbb p�`BQmb
FBM/b Q7 HBMFb BM i?2 +QMi2ti Q7 �bvKK2i`B+ `2mb2X 6mim`2 `2b2�`+?
+�M B/2MiB7v KQ`2 +QKT`2?2MbB#H2 /2bB;M bT�+2 7Q` iQQH /2bB;M2`b #v
bim/vBM; /Bz2`2Mi HBMFBM; +QM+2Tib �M/ K2+?�MBbKbX

6m`i?2`KQ`2- �b /Bb+mbb2/ BM +?�Ti2` j- �Hi2`M�iBp2b �i /Bz2`2Mi
�#bi`�+iBQM H2p2Hb +�M �HbQ BM~m2M+2 2�+? Qi?2`X q2 2M+Qm`�;2 7m@
im`2 `2b2�`+? iQ 2tTHQ`2 i?2b2 +`Qbb@�#bi`�+iBQM@H2p2H HBMFb iQ 7�+BHBi�i2
b2Mb2K�FBM;X 6Q` 2t�KTH2- r�M; 2i �HX }M/ i?�i i?2 /Bb+mbbBQMb #2@
ir22M +QHH�#Q`�iQ`b Q7i2M +QMi�BM p�Hm�#H2 BMbB;?i Q7 �Hi2`M�iBp2 T�i?b
2tTHQ`2/ BM +QKTmi�iBQM�H MQi2#QQFb (Ryy)X >Qr2p2`- i?2b2 /Bb+mb@
bBQMb �`2 /Bb+QMM2+i2/ 7`QK i?2 MQi2#QQFbX h?2v T`QTQb2 *�HHBbiQ-
�M 2ti2MbBQM iQ +QKTmi�iBQM�H MQi2#QQFb- i?�i K�BMi�BMb +QMi2tim�H
HBMFb #2ir22M /Bb+mbbBQM K2bb�;2b �M/ MQi2#QQF 2H2K2Mib (Ryy)X
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*QMbB/2`BM; �Hi2`M�iBp2b BM *QHH�#Q`�iBp2 a2Mb2K�FBM; AM
+?�Ti2` j- r2 +?�`�+i2`Bx2/ �Hi2`M�iBp2b #v Q#b2`pBM; �M/ bim/vBM;
BM/BpB/m�H b2Mb2K�FBM; T`Q+2bbX >Qr2p2`- /�i� �M�HvbBb Bb Q7i2M MQi
T2`7Q`K2/ �HQM2X q2 2M+Qm`�;2 7mim`2 `2b2�`+? iQ +?�`�+i2`Bx2 �Hi2`@
M�iBp2b BM � +QHH�#Q`�iBp2 +QMi2tiX

h?Qm;? Qm` �.Z.� T`QiQivT2 BM +?�Ti2` 9 +�M bmTTQ`i p�`BQmb
+QHH�#Q`�iBQM KQ/2b- Qm` T`BK�`v 7Q+mb Bb QM i?2 Qi?2` 7Qm` /BK2M@
bBQMb- BM+Hm/BM; KmHiBTH2 �M�HviB+ T?�b2b- +QM+2Tim�H K2i?Q/b- �M�@
HviB+ H2Mb2b- �M/ ivT2b Q7 /2pB+2bX �.Z.� i?mb QMHv T`QpB/2b `m/B@
K2Mi�`v bmTTQ`i 7Q` +QHH�#Q`�iBQMX h?2 +m``2Mi HBMFBM; K2+?�MBbKb
KB;?i #`2�F /QrM Q` ?BM/2` i?2 �M�HvbBb r?2M KmHiBTH2 mb2`b �`2 2M@
;�;2/X 6Q` 2t�KTH2- i?2 ǵ+`Qbb@HBMFBM;Ǵ i2+?MB[m2 i?�i rQ`Fb r2HH iQ
?B;?HB;?i � ;Bp2M MQi2 �+`Qbb KmHiBTH2 pB2rb 7Q` � bBM;H2 mb2` �+`Qbb KmH@
iBTH2 /2pB+2b KB;?i /Bbi`�+i Q` +QM7mb2 Qi?2` mb2`bX 6mim`2 `2b2�`+? Bb
`2[mB`2/ iQ 2t�KBM2 /Bz2`2Mi b2Mb2K�FBM; b+2M�`BQb �M/ T`QTQb2 BM@
i2`�+iBQM i2+?MB[m2b �M/ �r�`2M2bb K2+?�MBbKb �`2 #2ii2` bmBi2/ iQ
2�+? Q7 i?2b2 b+2M�`BQbX

aBKBH�`Hv- BM +?�Ti2` 8- i?2 B/2MiB}2/ T`QT2`iB2b Q7 i`�Mb+HmbBQM �b
r2HH �b i?2B` `2B}+�iBQM +QMbB/2` bBM;H2 mb2` +�b2bX 6mim`2 `2b2�`+? Bb
`2[mB`2/ iQ 2tTHQ`2 ǳ+QKTmi�iBQM�H i`�M+HmbBQMǴ BM i?2 +QHH�#Q`�iBp2
b2Mb2K�FBM; +QMi2tiX

1tTHQ`BM; 1p�Hm�iBQM J2i?Q/b 7Q` >*A S`QiQivT2b .m`BM;
Qm` rQ`F- QM2 Q7 i?2 #B;;2bi +?�HH2M;2b Bb iQ mM/2`bi�M/ ?Qr iQ T`QT@
2`Hv 2p�Hm�i2 Qm` `2b2�`+? T`QiQivT2bX _2�H@rQ`H/ b2Mb2K�FBM; Bb Q7i2M
+QKTH2t �M/ K2bbvX Ai +�M #2 +QM/m+i2/ i?`Qm;?Qmi � HQM; T2`BQ/ Q7
iBK2 �M/ �+`Qbb KmHiBTH2 �+iBpBiB2b �M/ +QMi2tibX "Qi? �.Z.� �M/
ǳ+QKTmi�iBQM�H i`�Mb+HmbBQMǴ �`2 2MpBbBQM2/ iQ 7�+BHBi�i2 bm+? b2Mb2@
K�FBM; T`Q+2bbX

h?2 p�Hm2 Q7 �.Z.� b?QmH/ #2 +QMbB/2`2/ ?QHBbiB+�HHv, Bi Bb BM@
bm{+B2Mi iQ +QMbB/2` i?2 MQp2Hiv Q7 BM/BpB/m�H T`Q#H2Kb Q` BM/BpB/m�H
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i2+?MQHQ;B+�H bQHmiBQMbX _�i?2`- r2 +QK#BM2/ KmHiBTH2 bQHmiBQMb i?�i
KB;?i �H`2�/v 2tBbi BM � M2r �M/ BMi2`2biBM; r�v iQ bmTTQ`i [m�HBi�iBp2
b2Mb2K�FBM; �M/ i?2 �Hi2`M�iBp2b 2M;�;2/X h`�/BiBQM�H K2�bm`2K2Mib
HBF2 i�bF +QKTH2iBQM iBK2 Q` MmK#2` Q7 BMbB;?ib ;�BM2/ rBi?BM � +2`i�BM
�KQmMi Q7 iBK2 �`2 MQi Qm` T`BK�`v +QM+2`MbX

A/2�HHv- r2 +QmH/ +QM/m+i }2H/ i`�BHb r?2`2 r2 BMi`Q/m+2 Qm` T`QiQ@
ivT2 iQ T�`iB+BT�MibǶ /�v@iQ@/�v HB72 �M/ +QHH2+i /�i� QM Bib �TT`QT`B�@
iBQM (Re3- ReN)X u2i- Qm` pBbBQM 7Q` � /2pB+2 `B+? �M�HvbBb 2MpB`QMK2Mi-
BM+Hm/BM; KmHiBTH2 BMi2`�+iBp2 /BbTH�vb 7`QK i?2 bBx2 Q7 KQ#BH2 T?QM2
iQ i?2 bBx2 Q7 r�HH- Bb biBHH MQi T2`p�bBp2 7Q` T�`iB+BT�Mib BM i?2 +m``2Mi
rQ`H/X JQ`2Qp2`- +QMbB/2`BM; i?2 +QMi2ti Q7 i?2 *PoA. T�M/2KB+- Bi
Bb �HbQ MQi 72�bB#H2 iQ #`BM; T�`iB+BT�Mib BMiQ Qm` QrM 7�+BHBiB2bX

�b a�HQp��`� 2i �HX TQBMi Qmi- ǳr?BH2 i?2`2 �`2 K�Mv K2i?Q/b 7Q`
2MpBbBQMBM; i2+?MQHQ;B2b- �M/ bF2i+?BM; �M/ T`QiQivTBM; i?2K- i?2 r�v
r2 /2bB;M Qm` 2p�Hm�iBp2 bim/B2b ?�b MQi i�F2M i?2B` 7mim`2@Q`B2Mi2/M2bb
BMiQ �++QmMiǴ (Red)X q2 ?QT2 7mim`2 `2b2�`+? +�M 2M`B+? i?2 K2i?Q/b
iQ 2p�Hm�i2 +QKTH2t bvbi2Kb �M/ #2ii2` bQHp2 i?Bb T`2b2MiĜ7mim`2 ;�TX



#JCMJPHSBQIZ
(R) SX SB`QHHB �M/ aX *�`/- ǳh?2 b2Mb2K�FBM; T`Q+2bb �M/ H2p2`�;2

TQBMib 7Q` �M�Hvbi i2+?MQHQ;v �b B/2MiB}2/ i?`Qm;? +Q;MBiBp2 i�bF
�M�HvbBb-Ǵ BM S`Q+22/BM;b Q7 BMi2`M�iBQM�H +QM72`2M+2 QM BMi2HHB@
;2M+2 �M�HvbBb- pQHX 8- TTX kĜ9- J+G2�M- o�- la�- kyy8X

(k) .X JX _mbb2HH- SX SB`QHHB- :X 6m`M�b- aX EX *�`/- �M/ JX ai2@
}F- ǳa2Mb2K�FBM; rQ`Fb?QT +?B kyyN-Ǵ BM *>A ǶyN 1ti2M/2/ �#@
bi`�+ib QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb- *>A 1� ǶyN-
UL2r uQ`F- Lu- la�V- TTX 9d8RĜ9d89- �*J- kyyNX

(j) "X >�`iK�MM- GX um- �X �HHBbQM- uX u�M;- �M/ aX _X EH2KK2`-
ǳ.2bB;M �b 2tTHQ`�iBQM, +`2�iBM; BMi2`7�+2 �Hi2`M�iBp2b i?`Qm;?
T�`�HH2H �mi?Q`BM; �M/ `mMiBK2 imMBM;-Ǵ BM S`Q+22/BM;b Q7 i?2
kRbi �MMm�H �*J bvKTQbBmK QM lb2` BMi2`7�+2 bQ7ir�`2 �M/
i2+?MQHQ;v- TTX NRĜRyy- kyy3X

(9) aX E�M/2H- �X S�2T+F2- CX JX >2HH2`bi2BM- �M/ CX >22`- ǳ1Mi2`@
T`Bb2 /�i� �M�HvbBb �M/ pBbm�HBx�iBQM, �M BMi2`pB2r bim/v-Ǵ A111
h`�Mb�+iBQMb QM oBbm�HBx�iBQM �M/ *QKTmi2` :`�T?B+b- pQHX R3-
TTX kNRdĜkNke- .2+X kyRkX

(8) CX GBm- LX "QmF?2HB7�- �M/ CX _X 1�;�M- ǳlM/2`bi�M/BM; i?2 `QH2
Q7 �Hi2`M�iBp2b BM /�i� �M�HvbBb T`�+iB+2b-Ǵ A111 i`�Mb�+iBQMb QM
pBbm�HBx�iBQM �M/ +QKTmi2` ;`�T?B+b- pQHX ke- MQX R- TTX eeĜde-
kyRNX
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(e) CX qX hmF2v �M/ JX "X qBHF- ǳ.�i� �M�HvbBb �M/ bi�iBbiB+b, �M
2tTQbBiQ`v Qp2`pB2r-Ǵ BM S`Q+22/BM;b Q7 i?2 LQp2K#2` d@Ry- RNee-
6�HH CQBMi *QKTmi2` *QM72`2M+2- �6ASa Ƕee U6�HHV- UL2r uQ`F-
Lu- la�V- TTX eN8ĜdyN- �*J- RNeeX

(d) aX p�M /2M 1Hx2M �M/ CX CX p�M qBDF- ǳaK�HH KmHiBTH2b- H�`;2 bBM@
;H2b, � M2r �TT`Q�+? 7Q` pBbm�H /�i� 2tTHQ`�iBQM-Ǵ BM *QKTmi2`
:`�T?B+b 6Q`mK- pQHX jk- TTX RNRĜkyy- qBH2v PMHBM2 GB#`�`v-
kyRjX

(3) JX "X E2`v- �X >Q`p�i?- �M/ "X Jv2`b- ǳo�`BQHBi2, amTTQ`i@
BM; 2tTHQ`�iQ`v T`Q;`�KKBM; #v /�i� b+B2MiBbib-Ǵ BM S`Q+22/BM;b
Q7 i?2 kyRd *>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM;
avbi2Kb- *>A ǶRd- UL2r uQ`F- Lu- la�V- TTX Rke8ĜRkde- �bbQ@
+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- kyRdX

(N) JX "X E2`v �M/ "X �X Jv2`b- ǳAMi2`�+iBQMb 7Q` mMi�M;HBM;
K2bbv ?BbiQ`v BM � +QKTmi�iBQM�H MQi2#QQF-Ǵ BM kyR3 A111 avK@
TQbBmK QM oBbm�H G�M;m�;2b �M/ >mK�M@*2Mi`B+ *QKTmiBM;
UoGf>**V- TTX R9dĜR88- A111- kyR3X

(Ry) qX J�+F�v- ǳlb2`b �M/ +mbiQKBx�#H2 bQ7ir�`2 , � +Q@�/�TiBp2
T?2MQK2MQM-Ǵ RNNyX

(RR) LX "QmF?2HB7�- �X "2x2`B�MQb- AX *X h`2H2�- LX JX S2``Qi- �M/
1X GmiiQM- ǳ�M 2tTHQ`�iQ`v bim/v QM pBbm�H 2tTHQ`�iBQM Q7 KQ/2H
bBKmH�iBQMb #v KmHiBTH2 ivT2b Q7 2tT2`ib-Ǵ BM S`Q+22/BM;b Q7 i?2
kyRN *>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb-
*>A ǶRN- UL2r uQ`F- Lu- la�V- TTX RĜR9- �bbQ+B�iBQM 7Q` *QK@
TmiBM; J�+?BM2`v- kyRNX

(Rk) JX "2i? E2`v �M/ "X �X Jv2`b- ǳ1tTHQ`BM; 2tTHQ`�iQ`v T`Q@
;`�KKBM;-Ǵ BM kyRd A111 avKTQbBmK QM oBbm�H G�M;m�;2b �M/
>mK�M@*2Mi`B+ *QKTmiBM; UoGf>**V- TTX k8ĜkN- kyRdX
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(Rj) .X aX J+G2HH�M- ǳS`2bB/2MiB�H /2+BbBQMK�FBM; BM 7Q`2B;M TQH@
B+v, h?2 2z2+iBp2 mb2 Q7 BM7Q`K�iBQM �M/ �/pB+2X #v �H2t�M/2`
HX ;2Q`;2X U#QmH/2`- +QHQX, q2bipB2r T`2bb- RN3yX TTX tpBBB kedX
24.00, cloth;RyXyy- T�T2`XV-Ǵ �K2`B+�M SQHBiB+�H a+B2M+2 _2pB2r-
pQHX d9- MQX 9- TTX Ry3kĜRy3j- RN3yX

(R9) *X LX EHQFKQb2- CX _X 1�;�M- aX "��/2`- qX J�+F�v- �M/
JX "2�m/QmBM@G�7QM- ǳq2#bi`�i2b, a?�`2�#H2 /vM�KB+ K2/B�-Ǵ
BM S`Q+22/BM;b Q7 i?2 k3i? �MMm�H �*J avKTQbBmK QM lb2` AM@
i2`7�+2 aQ7ir�`2 h2+?MQHQ;v- lAah ǶR8- UL2r uQ`F- Lu- la�V-
TTX k3yĜkNy- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- kyR8X

(R8) aX "Ǡ/F2` �M/ *X LX EHQFKQb2- ǳh?2 ?mK�MĜ�`iB7�+i KQ/2H,
�M �+iBpBiv i?2Q`2iB+�H �TT`Q�+? iQ �`iB7�+i 2+QHQ;B2b-Ǵ >mK�MĜ
*QKTmi2` AMi2`�+iBQM- pQHX ke- MQX 9- TTX jR8ĜjdR- kyRRX

(Re) aX "Ǡ/F2` �M/ *X LX EHQFKQb2- ǳ.vM�KB+b BM �`iB7�+i 2+QHQ@
;B2b-Ǵ BM S`Q+22/BM;b Q7 i?2 di? LQ`/B+ *QM72`2M+2 QM >mK�M@
*QKTmi2` AMi2`�+iBQM, J�FBM; a2Mb2 h?`Qm;? .2bB;M- TTX 993Ĝ
98d- �*J- kyRkX

(Rd) CX PX qQ##`Q+F �M/ CX �X EB2Mix- ǳ_2b2�`+? +QMi`B#miBQMb BM
?mK�M@+QKTmi2` BMi2`�+iBQM-Ǵ AMi2`�+iBQMb- pQHX kj- TTX j3Ĝ99-
�T`X kyReX

(R3) .X JX _mbb2HH- JX CX ai2}F- SX SB`QHHB- �M/ aX EX *�`/- ǳh?2 +Qbi
bi`m+im`2 Q7 b2Mb2K�FBM;-Ǵ BM S`Q+22/BM;b Q7 i?2 ALh1_�*h
ǶNj �M/ *>A ǶNj *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM;
avbi2Kb- *>A ǶNj- UL2r uQ`F- Lu- la�V- TTX keNĜkde- �*J-
RNNjX

(RN) :X EH2BM- "X JQQM- �M/ _X _X >QzK�M- ǳJ�FBM; b2Mb2 Q7 b2Mb2@
K�FBM; R, �Hi2`M�iBp2 T2`bT2+iBp2b-Ǵ A111 AMi2HHB;2Mi avbi2Kb-
pQHX kR- TTX dyĜdj- CmHv kyyeX
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(ky) :X EH2BM- "X JQQM- �M/ _X _X >QzK�M- ǳJ�FBM; b2Mb2 Q7 b2Mb2@
K�FBM; k, � K�+`Q+Q;MBiBp2 KQ/2H-Ǵ A111 AMi2HHB;2Mi avbi2Kb-
pQHX kR- TTX 33ĜNk- a2TiX kyyeX

(kR) "X .2`pBM- GX 6Q`2K�M@q2`M2i- �M/ 1X G�mi2`#�+?- a2Mb2@
K�FBM; K2i?Q/QHQ;v `2�/2`, a2H2+i2/ r`BiBM;b Q7 "`2M/� .2`pBMX
>�KTiQM S`- kyyjX

(kk) EX 1X q2B+F- a2Mb2K�FBM; BM Q`;�MBx�iBQMb- pQHX jX a�;2- RNN8X

(kj) SX w?�M; �M/ .X aQ2`;2H- ǳhQr�`/b � +QKT`2?2MbBp2 KQ/2H Q7 i?2
+Q;MBiBp2 T`Q+2bb �M/ K2+?�MBbKb Q7 BM/BpB/m�H b2Mb2K�FBM;-Ǵ CX
�bbQ+X AM7X a+BX h2+?MQHX- pQHX e8- TTX RdjjĜRd8e- a2TiX kyR9X

(k9) :X :`QH2KmM/ �M/ >X qB+F?�K- ǳ� +Q;MBiBp2 BMi2`T`2i�iBQM Q7
/�i� �M�HvbBb-Ǵ AMi2`M�iBQM�H CQm`M�H Q7 ai�iBbiB+b- pQHX 3k- MQX k-
TTX R39Ĝky9- kyRkX

(k8) ǳJ2``B�K@r2#bi2`Ƕb /B+iBQM�`v-Ǵ kyRNX ?iiTb,ffrrrXK2``B�K@
r2#bi2`X+QKf/B+iBQM�`vf�Hi2`M�iBp2X

(ke) �X _mH2- �X h�#�`/- �M/ CX .X >QHH�M- ǳ1tTHQ`�iBQM �M/ 2tTH�@
M�iBQM BM +QKTmi�iBQM�H MQi2#QQFb-Ǵ BM S`Q+22/BM;b Q7 i?2 kyR3
*>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb- *>A
ǶR3- UL2r uQ`F- Lu- la�V- TTX RĜRk- �bbQ+B�iBQM 7Q` *QKTmiBM;
J�+?BM2`v- kyR3X

(kd) �X >2�/- 6X >Q?K�M- hX "�`BF- aX JX .`m+F2`- �M/ _X .2GBM2-
ǳJ�M�;BM; K2bb2b BM +QKTmi�iBQM�H MQi2#QQFb-Ǵ BM S`Q+22/BM;b
Q7 i?2 kyRN *>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM;
avbi2Kb- TTX RĜRk- kyRNX

(k3) >X 1`?�M- AX uX q�M;- �M/ LX a?B`22M- ǳ>�`M2bbBM; /2bB;M bT�+2,
� bBKBH�`Biv@#�b2/ 2tTHQ`�iBQM K2i?Q/ 7Q` ;2M2`�iBp2 /2bB;M-Ǵ AM@
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i2`M�iBQM�H CQm`M�H Q7 �`+?Bi2+im`�H *QKTmiBM;- pQHX Rj- MQX k-
TTX kRdĜkje- kyR8X

(kN) _X qQQ/#m`v 2i �HX- ǳ1H2K2Mib Q7 T�`�K2i`B+ /2bB;M-Ǵ kyRyX

(jy) JX hQ?B/B- qX "mtiQM- _X "�2+F2`- �M/ �X a2HH2M- ǳ:2iiBM; i?2
`B;?i /2bB;M �M/ i?2 /2bB;M `B;?i-Ǵ BM S`Q+22/BM;b Q7 i?2 aA:*>A
+QM72`2M+2 QM >mK�M 6�+iQ`b BM +QKTmiBM; bvbi2Kb- TTX Rk9jĜ
Rk8k- kyyeX

(jR) JX h2``v �M/ 1X .X JvM�ii- ǳaB/2 pB2rb, T2`bBbi2Mi- QM@/2K�M/
T`2pB2rb 7Q` QT2M@2M/2/ i�bFb-Ǵ BM S`Q+22/BM;b Q7 i?2 R8i? �M@
Mm�H �*J bvKTQbBmK QM lb2` BMi2`7�+2 bQ7ir�`2 �M/ i2+?MQHQ;v-
TTX dRĜ3y- kyykX

(jk) GX w�K�M- qX aim2`xHBM;2`- *X L2m;2#�m2`- _X qQQ/#m`v-
JX 1HF?�H/B- LX a?B`22M- �M/ JX h2``v- ǳ:2K@MB, � bvbi2K 7Q`
+`2�iBM; �M/ K�M�;BM; �Hi2`M�iBp2b BM ;2M2`�iBp2 /2bB;M-Ǵ BM S`Q@
+22/BM;b Q7 i?2 jj`/ �MMm�H �*J *QM72`2M+2 QM >mK�M 6�+iQ`b
BM *QKTmiBM; avbi2Kb- TTX RkyRĜRkRy- kyR8X

(jj) CX _X :m2Mi?2`- a?B`Q@� H�M;m�;2 iQ `2T`2b2Mi �Hi2`M�iBp2bX S?.
i?2bBb- *QKKmMB+�iBQM- �`i � h2+?MQHQ;v, a+?QQH Q7 AMi2`�+iBp2
�`ib �M/ h2+?MQHQ;v- kyReX

(j9) uX oX *?2M- �Hi2`M�iBp2b BM pBbm�H �M�HviB+b �M/ +QKTmi�iBQM�H
/2bB;MX S?. i?2bBb- *QKKmMB+�iBQM- �`i � h2+?MQHQ;v, a+?QQH
Q7 AMi2`�+iBp2 �`ib �M/ h2+?MQHQ;v- kyRRX

(j8) LX a?B`22M- ǳS�`�tTHQ`2, .2KvbiB7vBM; i?2 2tTHQ`�iBQM Q7 H�`;2
/2bB;M bT�+2b-Ǵ BM 1ti2M/2/ �#bi`�+ib Q7 i?2 kyRN *>A *QM72`@
2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb- TTX RĜe- kyRNX

(je) GX w�K�M- ǳlb2` BMi2`7�+2b �M/ /Bz2`2M+2 pBbm�HBx�iBQMb 7Q` �H@
i2`M�iBp2b-Ǵ kyR8X
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(jd) _X CX >2m2`- Sbv+?QHQ;v Q7 BMi2HHB;2M+2 �M�HvbBbX *2Mi2` 7Q` i?2
aim/v Q7 AMi2HHB;2M+2- RNNNX

(j3) uX@�X E�M; �M/ CX ai�bFQ- ǳ*?�`�+i2`BxBM; i?2 BMi2HHB;2M+2 �M�Hv@
bBb T`Q+2bb, AM7Q`KBM; pBbm�H �M�HviB+b /2bB;M i?`Qm;? � HQM;Bim@
/BM�H }2H/ bim/v-Ǵ BM kyRR A111 +QM72`2M+2 QM pBbm�H �M�HviB+b
b+B2M+2 �M/ i2+?MQHQ;v Uo�ahV- TTX kRĜjy- A111- kyRRX

(jN) 1X *X "�``2ii- h?2 BMi2`T`2i�iBQM �M/ 2tTHQBi�iBQM Q7 BM7Q`K�@
iBQM BM +`BKBM�H BMp2biB;�iBQMbX S?. i?2bBb- lMBp2`bBiv Q7 "B`K@
BM;?�K- kyyNX

(9y) JX EX .?�KB- AX EX "2HiQM- �M/ .X _X J�M/2H- ǳh?2 ǳ�M�Hv@
bBb Q7 +QKT2iBM; ?vTQi?2b2bǴ BM BMi2HHB;2M+2 �M�HvbBb-Ǵ �TTHB2/
*Q;MBiBp2 Sbv+?QHQ;v- pQHX jj- MQX e- TTX Ry3yĜRyNy- kyRNX

(9R) JX :QH7�`2HHB- aX _BxxB- �M/ �X S`QHB- ǳ.2bB;MBM; r?�i@B7 �M�HvbBb,
iQr�`/b � K2i?Q/QHQ;v-Ǵ BM S`Q+22/BM;b Q7 i?2 Ni? �*J BMi2`@
M�iBQM�H rQ`Fb?QT QM .�i� r�`2?QmbBM; �M/ PG�S- TTX 8RĜ83-
kyyeX

(9k) aX :mQ- 6X .m- aX J�HBF- 1X EQ?- aX EBK- wX GBm- .X EBK- >X w?�-
�M/ LX *�Q- ǳoBbm�HBxBM; mM+2`i�BMiv �M/ �Hi2`M�iBp2b BM 2p2Mi
b2[m2M+2 T`2/B+iBQMb-Ǵ BM S`Q+22/BM;b Q7 i?2 kyRN *>A *QM72`@
2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb- TTX RĜRk- kyRNX

(9j) *X >BHH- _X "2HH�Kv- hX 1`B+FbQM- �M/ JX "m`M2ii- ǳh`B�Hb �M/
i`B#mH�iBQMb Q7 /2p2HQT2`b Q7 BMi2HHB;2Mi bvbi2Kb, � }2H/ bim/v-Ǵ
BM kyRe A111 avKTQbBmK QM oBbm�H G�M;m�;2b �M/ >mK�M@
*2Mi`B+ *QKTmiBM; UoGf>**V- TTX RekĜRdy- A111- kyReX

(99) CX q2tH2`- JX Smb?F�`M�- hX "QHmF#�bB- JX q�ii2M#2`;- 6X oBû@
;�b- �M/ CX qBHbQM- ǳh?2 r?�i@B7 iQQH, AMi2`�+iBp2 T`Q#BM; Q7
K�+?BM2 H2�`MBM; KQ/2Hb-Ǵ A111 i`�Mb�+iBQMb QM pBbm�HBx�iBQM
�M/ +QKTmi2` ;`�T?B+b- pQHX ke- MQX R- TTX 8eĜe8- kyRNX
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(98) >X ai`Q#2Hi- aX :2?`K�MM- JX "2?`Bb+?- �X S2`2`- >X S}bi2`- �M/
�X JX _mb?- ǳa2[kb2[@pBb, � pBbm�H /2#m;;BM; iQQH 7Q` b2[m2M+2@
iQ@b2[m2M+2 KQ/2Hb-Ǵ A111 i`�Mb�+iBQMb QM pBbm�HBx�iBQM �M/
+QKTmi2` ;`�T?B+b- pQHX k8- MQX R- TTX j8jĜjej- kyR3X

(9e) JX "X E2`v- JX _�/2MbFv- JX �`v�- "X 1X CQ?M- �M/ "X �X Jv@
2`b- ǳh?2 biQ`v BM i?2 MQi2#QQF, 1tTHQ`�iQ`v /�i� b+B2M+2 mbBM;
� HBi2`�i2 T`Q;`�KKBM; iQQH-Ǵ BM S`Q+22/BM;b Q7 i?2 kyR3 *>A
*QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb- *>A ǶR3-
UL2r uQ`F- Lu- la�V- TTX RĜRR- �bbQ+B�iBQM 7Q` *QKTmiBM;
J�+?BM2`v- kyR3X

(9d) CX ai�bFQ- *X :ƺ`;- �M/ wX GBm- ǳCB;b�r, bmTTQ`iBM; BMp2biB;�@
iBp2 �M�HvbBb i?`Qm;? BMi2`�+iBp2 pBbm�HBx�iBQM-Ǵ AM7Q`K�iBQM pB@
bm�HBx�iBQM- pQHX d- MQX k- TTX RR3ĜRjk- kyy3X

(93) GX "�pQBH- aX SX *�HH�?�M- SX CX *`QbbMQ- CX 6`2B`2- *X 1X a+?2B@
/2;;2`- *X hX aBHp�- �M/ >X hX oQ- ǳoBbi`�BHb, 1M�#HBM; BMi2`@
�+iBp2 KmHiBTH2@pB2r pBbm�HBx�iBQMb-Ǵ BM oAa y8X A111 oBbm�HBx�@
iBQM- kyy8X- TTX Rj8ĜR9k- A111- kyy8X

(9N) CX qQQ/- �X E�+?F�2p- �M/ CX .vF2b- ǳ.2bB;M 2tTQbBiBQM rBi?
HBi2`�i2 pBbm�HBx�iBQM-Ǵ A111 h`�Mb�+iBQMb QM oBbm�HBx�iBQM �M/
*QKTmi2` :`�T?B+b- pQHX k8- MQX R- TTX d8NĜde3- kyRNX

(8y) �X E�H2- JX E�v- �M/ CX >mHHK�M- ǳ.2+BbBQM@K�FBM; mM/2` mM@
+2`i�BMiv BM `2b2�`+? bvMi?2bBb, .2bB;MBM; 7Q` i?2 ;�`/2M Q7 7Q`F@
BM; T�i?b-Ǵ BM S`Q+22/BM;b Q7 i?2 kyRN *>A *QM72`2M+2 QM >m@
K�M 6�+iQ`b BM *QKTmiBM; avbi2Kb- *>A ǶRN- UL2r uQ`F- Lu-
la�V- TTX RĜR9- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- kyRNX

(8R) >X :mQ �M/ .X >X G�B/H�r- ǳhQTB+@#�b2/ 2tTHQ`�iBQM �M/ 2K@
#2//2/ pBbm�HBx�iBQMb 7Q` `2b2�`+? B/2� ;2M2`�iBQM-Ǵ A111 i`�Mb@
�+iBQMb QM pBbm�HBx�iBQM �M/ +QKTmi2` ;`�T?B+b- kyR3X
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(8k) SX CX :mQ- aQ7ir�`2 iQQHb iQ 7�+BHBi�i2 `2b2�`+? T`Q;`�KKBM;X
ai�M7Q`/ lMBp2`bBiv- kyRkX

(8j) SX CX >m#2`- .�i� �M�HvbBb, r?�i +�M #2 H2�`M2/ 7`QK i?2 T�bi
8y v2�`b- pQHX 3d9X CQ?M qBH2v � aQMb- kyRkX

(89) uX aX uQQM �M/ "X �X Jv2`b- ǳ� HQM;Bim/BM�H bim/v Q7 T`Q;`�K@
K2`bǶ #�+Fi`�+FBM;-Ǵ BM kyR9 A111 avKTQbBmK QM oBbm�H G�M@
;m�;2b �M/ >mK�M@*2Mi`B+ *QKTmiBM; UoGf>**V- TTX RyRĜRy3-
A111- kyR9X

(88) JX SX _Q#BHH�`/- ǳq?�i K�F2b �TBb ?�`/ iQ H2�`M\ �Mbr2`b 7`QK
/2p2HQT2`b-Ǵ A111 bQ7ir�`2- pQHX ke- MQX e- TTX kdĜj9- kyyNX

(8e) �X GmMx2` �M/ EX >Q`M#¤F- ǳam#DmM+iBp2 BMi2`7�+2b, 1ti2M/BM;
�TTHB+�iBQMb iQ bmTTQ`i T�`�HH2H b2imT- pB2rBM; �M/ +QMi`QH Q7
�Hi2`M�iBp2 b+2M�`BQb-Ǵ �*J h`�Mb�+iBQMb QM *QKTmi2`@>mK�M
AMi2`�+iBQM UhP*>AV- pQHX R9- MQX 9- TTX RĜ99- kyy3X

(8d) JX hQQKBK- �X "2;2H- �M/ aX GX :`�?�K- ǳJ�M�;BM; /mTHB@
+�i2/ +Q/2 rBi? HBMF2/ 2/BiBM;-Ǵ BM kyy9 A111 avKTQbBmK QM oB@
bm�H G�M;m�;2b@>mK�M *2Mi`B+ *QKTmiBM;- TTX RdjĜR3y- A111-
kyy9X

(83) JX h2``v- 1X .X JvM�ii- EX L�F�FQDB- �M/ uX u�K�KQiQ- ǳo�`B@
�iBQM BM 2H2K2Mi �M/ �+iBQM, bmTTQ`iBM; bBKmHi�M2Qmb /2p2HQT@
K2Mi Q7 �Hi2`M�iBp2 bQHmiBQMb-Ǵ BM S`Q+22/BM;b Q7 i?2 aA:*>A
+QM72`2M+2 QM >mK�M 7�+iQ`b BM +QKTmiBM; bvbi2Kb- TTX dRRĜ
dR3- kyy9X

(8N) aX EQH�`BÉ- _X qQQ/#m`v- �M/ >X 1`?�M- ǳ*�K#`B�, � iQQH 7Q`
K�M�;BM; KmHiBTH2 /2bB;M �Hi2`M�iBp2b-Ǵ BM S`Q+22/BM;b Q7 i?2
kyR9 +QKT�MBQM Tm#HB+�iBQM QM .2bB;MBM; BMi2`�+iBp2 bvbi2Kb-
TTX 3RĜ39- kyR9X
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(ey) JX >Q7K�MM �M/ _X EHBMF2M#2`;- _�TB/JBM2`, .�i� KBMBM; mb2
+�b2b �M/ #mbBM2bb �M�HviB+b �TTHB+�iBQMbX *_* S`2bb- kyReX

(eR) EX S�i2H- LX "�M+`Q7i- aX JX .`m+F2`- CX 6Q;�`iv- �X CX EQ-
�M/ CX G�M/�v- ǳ:2bi�Hi, BMi2;`�i2/ bmTTQ`i 7Q` BKTH2K2Mi�@
iBQM �M/ �M�HvbBb BM K�+?BM2 H2�`MBM;-Ǵ BM S`Q+22/BM;b Q7 i?2
kjM/ �MMm�H �*J bvKTQbBmK QM lb2` BMi2`7�+2 bQ7ir�`2 �M/
i2+?MQHQ;v- TTX jdĜ9e- kyRyX

(ek) _X 6B2#`BMF- SX _X *QQF- �M/ .X h`m2K�M- ǳ>mK�M KQ/2H 2p�H@
m�iBQM BM BMi2`�+iBp2 bmT2`pBb2/ H2�`MBM;-Ǵ BM S`Q+22/BM;b Q7 i?2
aA:*>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb-
TTX R9dĜR8e- kyRRX

(ej) qX *�M+BMQ- LX "QmF?2HB7�- �M/ 1X GmiiQM- ǳ1pQ;`�T?/B+2, AM@
i2`�+iBp2 2pQHmiBQM 7Q` pBbm�H �M�HviB+b-Ǵ BM kyRk A111 *QM;`2bb
QM 1pQHmiBQM�`v *QKTmi�iBQM- TTX RĜ3- A111- kyRkX

(e9) .X 1X EMmi?- ǳGBi2`�i2 T`Q;`�KKBM;-Ǵ h?2 *QKTmi2` CQm`M�H-
pQHX kd- MQX k- TTX NdĜRRR- RN39X

(e8) JX "X E2`v- "X 1X CQ?M- SX PǶ6H�?2`iv- �X >Q`p�i?- �M/ "X �X
Jv2`b- ǳhQr�`/b 2z2+iBp2 7Q`�;BM; #v /�i� b+B2MiBbib iQ }M/ T�bi
�M�HvbBb +?QB+2b-Ǵ BM S`Q+22/BM;b Q7 i?2 kyRN *>A *QM72`2M+2 QM
>mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb- *>A ǶRN- UL2r uQ`F- Lu-
la�V- TTX RĜRj- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- kyRNX

(ee) �X J�i?Bb2M- hX >Q`�F- *X LX EHQFKQb2- EX :`ǠM#¤F- �M/
LX 1HK[pBbi- ǳAMbB/2BMbB;?ib, AMi2;`�iBM; /�i�@/`Bp2M `2TQ`iBM;
BM +QHH�#Q`�iBp2 pBbm�H �M�HviB+b-Ǵ BM *QKTmi2` :`�T?B+b 6Q`mK-
pQHX j3- TTX e9NĜeeR- qBH2v PMHBM2 GB#`�`v- kyRNX

(ed) uX@�X E�M;- *X :Q`;- �M/ CX ai�bFQ- ǳ1p�Hm�iBM; pBbm�H �M�Hvi@
B+b bvbi2Kb 7Q` BMp2biB;�iBp2 �M�HvbBb, .2`BpBM; /2bB;M T`BM+BTH2b
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7`QK � +�b2 bim/v-Ǵ BM kyyN A111 avKTQbBmK QM oBbm�H �M�Hvi@
B+b a+B2M+2 �M/ h2+?MQHQ;v- TTX RjNĜR9e- A111- kyyNX

(e3) uX@�X E�M;- *X :Q`;- �M/ CX ai�bFQ- ǳ>Qr +�M pBbm�H �M�Hvi@
B+b �bbBbi BMp2biB;�iBp2 �M�HvbBb\ /2bB;M BKTHB+�iBQMb 7`QK �M
2p�Hm�iBQM-Ǵ A111 h`�Mb�+iBQMb QM oBbm�HBx�iBQM �M/ *QKTmi2`
:`�T?B+b- pQHX Rd- MQX 8- TTX 8dyĜ83j- kyRyX

(eN) uX@�X E�M; �M/ CX ai�bFQ- ǳ1t�KBMBM; i?2 mb2 Q7 � pBbm�H �M�@
HviB+b bvbi2K 7Q` b2Mb2K�FBM; i�bFb, *�b2 bim/B2b rBi? /QK�BM
2tT2`ib-Ǵ A111 h`�Mb�+iBQMb QM oBbm�HBx�iBQM �M/ *QKTmi2`
:`�T?B+b- pQHX R3- MQX Rk- TTX k3eNĜk3d3- kyRkX

(dy) uX "X a?`BMBp�b�M �M/ CX CX p�M qBDF- ǳamTTQ`iBM; i?2 �M�HviB+�H
`2�bQMBM; T`Q+2bb BM BM7Q`K�iBQM pBbm�HBx�iBQM-Ǵ BM S`Q+22/BM;b Q7
i?2 aA:*>A +QM72`2M+2 QM ?mK�M 7�+iQ`b BM +QKTmiBM; bvbi2Kb-
TTX RkjdĜRk9e- kyy3X

(dR) *X �M/`2rb- �X 1M/2`i- �M/ *X LQ`i?- ǳaT�+2 iQ i?BMF, H�`;2
?B;?@`2bQHmiBQM /BbTH�vb 7Q` b2Mb2K�FBM;-Ǵ BM S`Q+22/BM;b Q7 i?2
aA:*>A +QM72`2M+2 QM ?mK�M 7�+iQ`b BM +QKTmiBM; bvbi2Kb-
TTX 88Ĝe9- �*J- kyRyX

(dk) JX "2�m/QmBM@G�7QM- aX >mQi- JX L�M+2H- qX J�+F�v-
1X SB2i`B;�- _X S`BK2i- CX q�;M2`- PX *?�TmBb- *X SBHHB�b- CX 1�@
;�M- 2i �HX- ǳJmHiBbm`7�+2 BMi2`�+iBQM BM i?2 rBH/ `QQK-Ǵ *QK@
Tmi2`- pQHX 98- MQX 9- TTX 93Ĝ8e- kyRkX

(dj) >X *?mM;- *X LQ`i?- aX CQb?B- �M/ CX *?2M- ǳ6Qm` +QMbB/2`�iBQMb
7Q` bmTTQ`iBM; pBbm�H �M�HvbBb BM /BbTH�v 2+QHQ;B2b-Ǵ BM kyR8 A111
+QM72`2M+2 QM pBbm�H �M�HviB+b b+B2M+2 �M/ i2+?MQHQ;v Uo�ahV-
TTX jjĜ9y- A111- kyR8X
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(d9) >X *?mM; �M/ *X LQ`i?- ǳa�pBH, +`Qbb@/BbTH�v pBbm�H HBMFb 7Q`
b2Mb2K�FBM; BM /BbTH�v 2+QHQ;B2b-Ǵ S2`bQM�H �M/ l#B[mBiQmb *QK@
TmiBM;- pQHX kk- MQX k- TTX 9yNĜ9jR- kyR3X

(d8) oX "mb? 2i �HX- ǳ�b r2 K�v i?BMF-Ǵ h?2 �iH�MiB+ KQMi?Hv- pQHX Rde-
MQX R- TTX RyRĜRy3- RN98X

(de) hX >X L2HbQM- ǳ*QKTH2t BM7Q`K�iBQM T`Q+2bbBM;, � }H2 bi`m+im`2
7Q` i?2 +QKTH2t- i?2 +?�M;BM; �M/ i?2 BM/2i2`KBM�i2-Ǵ BM S`Q@
+22/BM;b Q7 i?2 RNe8 kyi? M�iBQM�H +QM72`2M+2- TTX 39ĜRyy- RNe8X

(dd) hX >X L2HbQM- ǳh?2 ?2�`i Q7 +QMM2+iBQM, ?vT2`K2/B� mMB}2/
#v i`�Mb+HmbBQM-Ǵ *QKKmMB+�iBQMb Q7 i?2 �*J- pQHX j3- MQX 3-
TTX jRĜjj- RNN8X

(d3) SX h+?2`M�pbFBD- h`�Mb+HmbBQM BM aQ7ir�`2 7Q` i?2 *QKTH2t- i?2
*?�M;BM;- �M/ i?2 AM/2i2`KBM�i2X S?. i?2bBb- ��`?mb lMBp2`@
bBi2i- .�i�HQ;BbF AMbiBimi- kyReX

(dN) *X *?`QMB+H2b- ǳ>vT2`+�`/-Ǵ RNNyX

(3y) *X *?`QMB+H2b- ǳ>vT2`+�`/-Ǵ kyy9X

(3R) "X Jv2`b- aX 1X >m/bQM- �M/ _X S�mb+?- ǳS�bi- T`2b2Mi- �M/ 7m@
im`2 Q7 mb2` BMi2`7�+2 bQ7ir�`2 iQQHb-Ǵ h`�Mb�+iBQMb QM *QKTmi2`@
>mK�M AMi2`�+iBQM- pQHX d- MQX R- TTX jĜk3- kyyyX

(3k) JX "2�m/QmBM@G�7QM- ǳAMbi`mK2Mi�H BMi2`�+iBQM, �M BMi2`�+iBQM
KQ/2H 7Q` /2bB;MBM; TQbi@rBKT mb2` BMi2`7�+2b-Ǵ BM S`Q+22/BM;b
Q7 i?2 aA:*>A +QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avb@
i2Kb- TTX 99eĜ98j- kyyyX

(3j) "X a?M2B/2`K�M- ǳRXR /B`2+i K�MBTmH�iBQM, � bi2T #2vQM/ T`Q@
;`�KKBM; H�M;m�;2b-Ǵ aT�`Fb Q7 BMMQp�iBQM BM ?mK�M@+QKTmi2`
BMi2`�+iBQM- pQHX Rd- TX RNNj- RNNjX
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(39) JX "2�m/QmBM@G�7QM �M/ qX 1X J�+F�v- ǳ_2B}+�iBQM- TQHvKQ`@
T?BbK �M/ `2mb2, i?`22 T`BM+BTH2b 7Q` /2bB;MBM; pBbm�H BMi2`7�+2b-Ǵ
BM S`Q+22/BM;b Q7 i?2 rQ`FBM; +QM72`2M+2 QM �/p�M+2/ pBbm�H BM@
i2`7�+2b- TTX RykĜRyN- kyyyX

(38) :X G2Bp�- LX J�m/2i- qX J�+F�v- �M/ JX "2�m/QmBM@G�7QM-
ǳ1M�+i, _2/m+BM; /2bB;M2`Ĝ/2p2HQT2` #`2�F/QrMb r?2M T`QiQ@
ivTBM; +mbiQK BMi2`�+iBQMb-Ǵ �*J h`�Mb�+iBQMb QM *QKTmi2`@
>mK�M AMi2`�+iBQM UhP*>AV- pQHX ke- MQX j- TTX RĜ93- kyRNX

(3e) JX *BQH} 62HB+2- LX J�m/2i- qX 1X J�+F�v- �M/ JX "2�m/QmBM@
G�7QM- ǳ"2vQM/ bM�TTBM;, S2`bBbi2Mi- ir2�F�#H2 �HB;MK2Mi �M/
/Bbi`B#miBQM rBi? biB+FvHBM2b-Ǵ BM S`Q+22/BM;b Q7 i?2 kNi? �MMm�H
avKTQbBmK QM lb2` AMi2`7�+2 aQ7ir�`2 �M/ h2+?MQHQ;v- TTX RjjĜ
R99- kyReX

(3d) SX h+?2`M�pbFBD- *X LX EHQFKQb2- �M/ JX "2�m/QmBM@G�7QM-
ǳq?�i +�M bQ7ir�`2 H2�`M 7`QK ?vT2`K2/B�\-Ǵ BM *QKT�MBQM iQ
i?2 6B`bi AMi2`M�iBQM�H *QM72`2M+2 QM i?2 �`i- a+B2M+2 �M/ 1M@
;BM22`BM; Q7 S`Q;`�KKBM;- S`Q;`�KKBM; ǶRd- UL2r uQ`F- Lu-
la�V- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- kyRdX

(33) _X _ /H2- JX LQmr2Mb- EX �MiQMb2M- CX _X 1�;�M- �M/ *X LX
EHQFKQb2- ǳ*Q/2bi`�i2b, GBi2`�i2 +QKTmiBM; rBi? r2#bi`�i2b-Ǵ
BM S`Q+22/BM;b Q7 i?2 jyi? �MMm�H �*J avKTQbBmK QM lb2`
AMi2`7�+2 aQ7ir�`2 �M/ h2+?MQHQ;v- lAah ǶRd- UL2r uQ`F- Lu-
la�V- TTX dR8Ĝdk8- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- kyRdX

(3N) *X LX EHQFKQb2- *X _2Kv- CX "X E`Bbi2Mb2M- _X "�;;2-
JX "2�m/QmBM@G�7QM- �M/ qX J�+F�v- ǳoB/2Qbi`�i2b, *QHH�#@
Q`�iBp2- /Bbi`B#mi2/ �M/ T`Q;`�KK�#H2 pB/2Q K�MBTmH�iBQM-Ǵ BM
S`Q+22/BM;b Q7 i?2 jkM/ �MMm�H �*J avKTQbBmK QM lb2` AMi2`@
7�+2 aQ7ir�`2 �M/ h2+?MQHQ;v- lAah ǶRN- UL2r uQ`F- Lu- la�V-
TTX kjjĜk9d- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- kyRNX
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(Ny) aX EX "�/�K- �X J�i?Bb2M- _X _ /H2- *X LX EHQFKQb2- �M/
LX 1HK[pBbi- ǳoBbi`�i2b, � +QKTQM2Mi KQ/2H 7Q` m#B[mBiQmb �M@
�HviB+b-Ǵ A111 i`�Mb�+iBQMb QM pBbm�HBx�iBQM �M/ +QKTmi2` ;`�T?@
B+b- pQHX k8- MQX R- TTX 83eĜ8Ne- kyR3X

(NR) aX "Ǡ/F2`- ǳh?`Qm;? i?2 BMi2`7�+2@� ?mK�M �+iBpBiv �TT`Q�+? iQ
mb2` BMi2`7�+2 /2bB;M-Ǵ .�AJA _2TQ`i a2`B2b- MQX kk9- RNNRX

(Nk) oX E�Ti2HBMBM �M/ "X �X L�`/B- �+iBM; rBi? i2+?MQHQ;v, �+iBpBiv
i?2Q`v �M/ BMi2`�+iBQM /2bB;MX JAh T`2bb- kyyeX

(Nj) hX >Q`�F- aX EX "�/�K- LX 1HK[pBbi- �M/ _X .�+?b2Hi- ǳq?2M
/�pB/ K22ib ;QHB�i?, *QK#BMBM; bK�`ir�i+?2b rBi? � H�`;2 p2`@
iB+�H /BbTH�v 7Q` pBbm�H /�i� 2tTHQ`�iBQM-Ǵ BM S`Q+22/BM;b Q7 i?2
kyR3 *>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb-
TX RN- �*J- kyR3X

(N9) 6X "`m/v- aX >Qm#2M- LX J�`[m�`/i- �M/ uX _Q;2`b- ǳ*m`�@
iBQMbT�+2, *`Qbb@/2pB+2 +QMi2Mi +m`�iBQM mbBM; BMbi`mK2Mi�H BM@
i2`�+iBQM-Ǵ BM S`Q+22/BM;b Q7 i?2 kyRe �*J AMi2`M�iBQM�H *QM@
72`2M+2 QM AMi2`�+iBp2 am`7�+2b �M/ aT�+2b- TTX R8NĜRe3- �*J-
kyReX

(N8) EX *?�`K�x- *QMbi`m+iBM; ;`QmM/2/ i?2Q`v, � T`�+iB+�H ;mB/2
i?`Qm;? [m�HBi�iBp2 �M�HvbBbX a�;2- kyyeX

(Ne) CX G�p2- *Q;MBiBQM BM T`�+iB+2, JBM/- K�i?2K�iB+b �M/ +mHim`2
BM 2p2`v/�v HB72X *�K#`B/;2 lMBp2`bBiv S`2bb- RN33X

(Nd) _X S2M;- ǳ.Bp2`;2Mi �M/ +QMp2`;2Mi T?�b2b Q7 /�i� �M�HvbBb-Ǵ
kyR3X

(N3) >X 6�M;Q?`- ǳ� ;�HH2`v Q7 BMi2`2biBM; DmTvi2` MQi2#QQFb-Ǵ
kyR3X ?iiTb,ff;Bi?m#X+QKfDmTvi2`fDmTvi2`frBFBf�@;�HH2`v@Q7@
BMi2`2biBM;@CmTvi2`@LQi2#QQFbX
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(NN) �X aBM;? �M/ aX J�H?Qi`�- ǳ� `2b2�`+?2`Ƕb ;mB/2 iQ `mMMBM; /B@
�`v bim/B2b-Ǵ BM S`Q+22/BM;b Q7 i?2 RRi? �bB� S�+B}+ *QM72`2M+2
QM *QKTmi2` >mK�M AMi2`�+iBQM- �S*>A ǶRj- UL2r uQ`F- Lu-
la�V- TTX kNeĜjyy- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- kyRjX

(Ryy) �X uX q�M;- wX qm- *X "`QQFb- �M/ aX PM2v- ǳ*�HHBbiQ, *�Tim`@
BM; i?2 Ǵr?vǴ #v +QMM2+iBM; +QMp2`b�iBQMb rBi? +QKTmi�iBQM�H
M�``�iBp2b-Ǵ BM S`Q+22/BM;b Q7 i?2 kyky *>A *QM72`2M+2 QM >m@
K�M 6�+iQ`b BM *QKTmiBM; avbi2Kb- *>A Ƕky- UL2r uQ`F- Lu-
la�V- TTX RĜRj- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- kykyX

(RyR) >X "2v2` �M/ EX >QHix#H�ii- *QMi2tim�H /2bB;M, /2}MBM;
+mbiQK2`@+2Mi2`2/ bvbi2Kb- pQHX RX JQ`;�M F�m7K�MM- RNN3X

(Ryk) _X a+mTBM- ǳh?2 FD K2i?Q/, � i2+?MB[m2 7Q` �M�HvxBM; /�i�
/2`Bp2/ 7`QK D�T�M2b2 2i?MQHQ;v-Ǵ >mK�M Q`;�MBx�iBQM- TTX kjjĜ
kjd- RNNdX

(Ryj) aX JX qBM+?BT- ǳ�{MBiv �M/ BMi2``2H�iBQMb?BT /B;`�T?, � [m�HB@
i�iBp2 �TT`Q�+? iQ B/2MiB7vBM; Q`;�MBx�iBQM�H Bbbm2b BM � ;`�/m�i2
T`Q;`�K-Ǵ *QHH2;2 aim/2Mi CQm`M�H- pQHX j8- MQX k- TTX k8yĜk8y-
kyyRX

(Ry9) :X >�`#Q2 �M/ 1X JX >m�M;- ǳ_2�H@rQ`H/ �{MBiv /B�;`�KKBM;
T`�+iB+2b, "`B/;BM; i?2 T�T2`@/B;Bi�H ;�T-Ǵ BM S`Q+22/BM;b Q7 i?2
jj`/ �MMm�H �*J +QM72`2M+2 QM ?mK�M 7�+iQ`b BM +QKTmiBM;
bvbi2Kb- TTX N8ĜRy9- �*J- kyR8X

(Ry8) AX G�`b2M@G2/2i- >X EQ`b;��`/- �M/ aX "Ǡ/F2`- ǳ*QHH�#Q`�iBp2
r`BiBM; �+`Qbb KmHiBTH2 �`iB7�+i 2+QHQ;B2b-Ǵ BM S`Q+22/BM;b Q7 i?2
kyky *>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb-
TTX RĜR9- kykyX

(Rye) hX qvMM- ǳG�v2`b Q7 i?BMFBM; BM iQQH #2?�pBQ`X BM UF` ;B#bQM �M/
iX BM;QH/ 2/bXV iQQHb �M/ +Q;MBiBQM BM ?mK�M 2pQHmiBQM-Ǵ RNNjX
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(Ryd) �X Gm+2`Q- ǳlbBM; �{MBiv /B�;`�Kb iQ 2p�Hm�i2 BMi2`�+iBp2 T`Q@
iQivT2b-Ǵ BM A6AS *QM72`2M+2 QM >mK�M@*QKTmi2` AMi2`�+iBQM-
TTX kjRĜk93- aT`BM;2`- kyR8X

(Ry3) hX EX Cm/;2- SX aX SvH�- .X aX J+*`B+F�`/- aX >�``BbQM- �M/ >X _X
>�`ibQM- ǳaim/vBM; ;`QmT /2+BbBQM K�FBM; BM �{MBiv /B�;`�K@
KBM;-Ǵ i2+?X `2TX- .2T�`iK2Mi Q7 *QKTmi2` a+B2M+2- oB`;BMB�
SQHvi2+?MB+ AMbiBimi2 � ai�i2 lMBp2`bBiv- kyy3X

(RyN) 1X "`�/v- JX _X JQ``Bb- uX w?QM;- aX q?Bi2- �M/ CX SX "B;?�K-
ǳoBbm�H +?�HH2M;2b BM i?2 2p2`v/�v HBp2b Q7 #HBM/ T2QTH2-Ǵ BM S`Q@
+22/BM;b Q7 i?2 aA:*>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QK@
TmiBM; avbi2Kb- TTX kRRdĜkRke- �*J- kyRjX

(RRy) *X >�``BbQM- CX >Q`biK�M- :X >bB2?- �M/ aX >m/bQM- ǳlMHQ+FBM;
i?2 2tT`2bbBpBiv Q7 TQBMi HB;?ib-Ǵ BM S`Q+22/BM;b Q7 i?2 aA:*>A
*QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb- TTX Re3jĜ
ReNk- �*J- kyRkX

(RRR) hX PHbbQM- 1X G�;2`bi�K- hX E `FF BM2M- �M/ EX o  M M2M@
o�BMBQ@J�iiBH�- ǳ1tT2+i2/ mb2` 2tT2`B2M+2 Q7 KQ#BH2 �m;K2Mi2/
`2�HBiv b2`pB+2b, � mb2` bim/v BM i?2 +QMi2ti Q7 b?QTTBM; +2Mi`2b-Ǵ
S2`bQM�H �M/ m#B[mBiQmb +QKTmiBM;- pQHX Rd- MQX k- TTX k3dĜjy9-
kyRjX

(RRk) �X aTB`B/QMB/Qm- AX E�KTB- �M/ EX *?Q`B�MQTQmHQb- ǳ1tTHQ`BM;
2p2`v/�v HB72 BM `2KQi2 b+?QQHb, � H�`;2@b+�H2 bim/v rBi? +mHim`�H
T`Q#2b �M/ �{MBiv /B�;`�Kb-Ǵ BM A.* kyRy .B;Bi�H h2+?MQHQ;B2b
�M/ J�`;BM�HBx2/ uQmi? qQ`Fb?QT- *Bi2b22`- kyRyX

(RRj) LX "QmF?2HB7�- JX@1X S2``BM- aX >m`QM- �M/ CX 1�;�M- ǳ>Qr /�i�
rQ`F2`b +QT2 rBi? mM+2`i�BMiv, � i�bF +?�`�+i2`Bb�iBQM bim/v-Ǵ
BM S`Q+22/BM;b Q7 i?2 kyRd *>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM
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*QKTmiBM; avbi2Kb- *>A ǶRd- UL2r uQ`F- Lu- la�V- TTX je98Ĝ
je8e- �*J- kyRdX

(RR9) 1X _X "m`iM2`- _X �X J�v- _X 1X a+�`#2``v- _X _X G�JQi?2-
�M/ �X 1M/2`i- ǳ�{MBivY, a2KB@bi`m+im`2/ #`�BMbiQ`KBM; QM
H�`;2 /BbTH�vb-Ǵ BM SQr2`r�HH BMi2`M�iBQM�H rQ`Fb?QT QM mHi`�@
?B;?@`2bQHmiBQM /BbTH�vb- *>A ǶRj 1ti2M/2/ �#bi`�+ib- TX e- �*J-
kyRjX

(RR8) 6X :2v2`- lX S72BH- �X >ƺ+?iH- CX "m/xBMbFB- �M/ >X _2Bi2`2`-
ǳ.2bB;MBM; `2�HBiv@#�b2/ BMi2`7�+2b 7Q` +`2�iBp2 ;`QmT rQ`F-Ǵ BM
S`Q+22/BM;b Q7 i?2 3i? �*J +QM72`2M+2 QM *`2�iBpBiv �M/ +Q;MB@
iBQM- TTX Re8ĜRd9- �*J- kyRRX

(RRe) aX EH2KK2`- JX L2rK�M- _X 6�``2HH- _X J2x�- �M/ CX �X G�M/�v-
ǳ� i�M;B#H2 2pQHmiBQM, avbi2K �`+?Bi2+im`2 �M/ T�`iB+BT�iQ`v
/2bB;M bim/B2b Q7 i?2 /2bB;M2`b ǵQmiTQbi-Ǵ L*ah_GX l*"f*a.@
yy- pQHX RRRd- kyyyX

(RRd) aX _X EH2KK2`- JX qX L2rK�M- _X 6�``2HH- JX "BH2xBFDB�M- �M/
CX �X G�M/�v- ǳh?2 /2bB;M2`bǶ QmiTQbi, � i�M;B#H2 BMi2`7�+2 7Q`
+QHH�#Q`�iBp2 r2# bBi2-Ǵ BM S`Q+22/BM;b Q7 i?2 R9i? �MMm�H �*J
avKTQbBmK QM lb2` AMi2`7�+2 aQ7ir�`2 �M/ h2+?MQHQ;v- lAah
ǶyR- UL2r uQ`F- Lu- la�V- TTX RĜRy- �bbQ+B�iBQM 7Q` *QKTmiBM;
J�+?BM2`v- kyyRX

(RR3) 6X :2v2`- lX S72BH- CX "m/xBMbFB- �X >ƺ+?iH- �M/ >X _2Bi2`2`-
ǳ�{MBivi�#H2@� ?v#`B/ bm`7�+2 7Q` bmTTQ`iBM; �{MBiv /B�;`�K@
KBM;-Ǵ BM A6AS *QM72`2M+2 QM >mK�M@*QKTmi2` AMi2`�+iBQM-
TTX 9ddĜ939- aT`BM;2`- kyRRX

(RRN) SX SB`QHHB �M/ aX *�`/- ǳh?2 b2Mb2K�FBM; T`Q+2bb �M/ H2p2`�;2
TQBMib 7Q` �M�Hvbi i2+?MQHQ;v �b B/2MiB}2/ i?`Qm;? +Q;MBiBp2 i�bF
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�M�HvbBb-Ǵ BM S`Q+22/BM;b Q7 BMi2`M�iBQM�H +QM72`2M+2 QM BMi2HHB@
;2M+2 �M�HvbBb- pQHX 8- TTX kĜ9- J+G2�M- o�- la�- kyy8X

(Rky) EX JX 1p2`Bii- aX _X EH2KK2`- _X G22- �M/ CX �X G�M/�v- ǳhrQ
rQ`H/b �T�`i, "`B/;BM; i?2 ;�T #2ir22M T?vbB+�H �M/ pB`im�H
K2/B� 7Q` /Bbi`B#mi2/ /2bB;M +QHH�#Q`�iBQM-Ǵ BM S`Q+22/BM;b Q7 i?2
aA:*>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb-
*>A Ƕyj- UL2r uQ`F- Lu- la�V- TTX 88jĜ8ey- �bbQ+B�iBQM 7Q`
*QKTmiBM; J�+?BM2`v- kyyjX

(RkR) aX *�`T2M/�H2- aX EMm/b2M- �X h?m/i- �M/ lX >BM`B+?b- ǳ�M�Hvx@
BM; [m�HBi�iBp2 /�i�-Ǵ BM S`Q+22/BM;b Q7 i?2 kyRd �*J AMi2`M�@
iBQM�H *QM72`2M+2 QM AMi2`�+iBp2 am`7�+2b �M/ aT�+2b- TTX 9ddĜ
93R- �*J- kyRdX

(Rkk) CX a�H/�Ƣ�- h?2 +Q/BM; K�Mm�H 7Q` [m�HBi�iBp2 `2b2�`+?2`bX a�;2-
kyR8X

(Rkj) CX *Q`#BM �M/ �X ai`�mbb- "�bB+b Q7 [m�HBi�iBp2 `2b2�`+?, h2+?@
MB[m2b �M/ T`Q+2/m`2b 7Q` /2p2HQTBM; ;`QmM/2/ i?2Q`vX a�;2 Tm#@
HB+�iBQMb- kyR9X

(Rk9) "X 6X *`�#i`22 �M/ qX 6X JBHH2`- ǳ� i2KTH�i2 �TT`Q�+? iQ i2ti
�M�HvbBb, /2p2HQTBM; �M/ mbBM; +Q/2#QQFbX-Ǵ RNNkX

(Rk8) hX CX a+?KB/H2M- GX q�r�F- _X E�bT2`- CX 6X :�`+ő�@1bT�Ƣ�-
JX 6X *?`BbiK�M- �M/ 1X aX :Q`/QM- ǳS2`bQM�HBx2/ ;2MQKB+ `2@
bmHib, �M�HvbBb Q7 BM7Q`K�iBQM�H M22/b-Ǵ CQm`M�H Q7 ;2M2iB+ +QmM@
b2HBM;- pQHX kj- MQX 9- TTX 8d3Ĝ83d- kyR9X

(Rke) �X _�7�HQpB+?- ǳ"`QF2M �M/ #2+QKBM; ;Q/@bBx2/, *QMi2KTQ`�`v
K2i�H KmbB+ �M/ K�b+mHBM2 BM/BpB/m�HBbK-Ǵ avK#QHB+ AMi2`�+iBQM-
pQHX kN- MQX R- TTX RNĜjk- kyyeX
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(Rkd) oX 1HHBQii- ǳh?BMFBM; �#Qmi i?2 +Q/BM; T`Q+2bb BM [m�HBi�iBp2
/�i� �M�HvbBb-Ǵ Zm�HBi�iBp2 _2TQ`i- pQHX kj- MQX RR- kyR3X

(Rk3) 1X "H�B`- ǳ� `2~2tBp2 2tTHQ`�iBQM Q7 irQ [m�HBi�iBp2 /�i� +Q/BM;
i2+?MB[m2b-Ǵ CQm`M�H Q7 J2i?Q/b �M/ J2�bm`2K2Mi BM i?2 aQ+B�H
a+B2M+2b- pQHX e- MQX R- TTX R9ĜkN- kyR8X

(RkN) aX *?�M/`�b2;�`�M- aX EX "�/�K- GX EBbb2H#m`;?- EX _�K�MB-
�M/ LX 1HK[pBbi- ǳAMi2;`�iBM; pBbm�H �M�HviB+b bmTTQ`i 7Q`
;`QmM/2/ i?2Q`v T`�+iB+2 BM [m�HBi�iBp2 i2ti �M�HvbBb-Ǵ BM *QK@
Tmi2` :`�T?B+b 6Q`mK- pQHX je- TTX kyRĜkRk- qBH2v PMHBM2 GB@
#`�`v- kyRdX

(Rjy) CX JX *Q`#BM �M/ �X ai`�mbb- ǳ:`QmM/2/ i?2Q`v `2b2�`+?, S`Q@
+2/m`2b- +�MQMb- �M/ 2p�Hm�iBp2 +`Bi2`B�-Ǵ Zm�HBi�iBp2 bQ+BQHQ;v-
pQHX Rj- MQX R- TTX jĜkR- RNNyX

(RjR) 6X a+?�`7- *X qQHi2`b- JX >2`+x2;- �M/ CX *�bb2Mb- ǳ*`Qbb@/2pB+2
BMi2`�+iBQM /2}MBiBQM- i�tQMQKv �M/ �TTHB+�iBQMb-Ǵ kyRjX

(Rjk) CX :`m#2`i- JX E`�Mx- �M/ �X ZmB;H2v- ǳ*?�HH2M;2b BM KQ#BH2
KmHiB@/2pB+2 2+Qbvbi2Kb-Ǵ Kls, h?2 CQm`M�H Q7 JQ#BH2 lb2`
1tT2`B2M+2- pQHX 8- MQX R- TX 8- kyReX

(Rjj) hX Cm/;2- _X EQTT2`- aX SQM+2- JX aBHp�- �M/ *X LQ`i?- ǳ"�#2b,
"`mb?BM;YHBMFBM;- �ii`B#mi2b- �M/ #HQ#b 2ti2MbBQM iQ biQ`v@
#Q�`/-Ǵ i2+?X `2TX- .2T�`iK2Mi Q7 *QKTmi2` a+B2M+2- oB`;BMB�
SQHvi2+?MB+ AMbiBimi2 � ai�i2 lMBp2`bBiv- C�M kyy3X

(Rj9) JX J�i22b+m- *X SBKK2`- *X w�?M- .X EHBMF?�KK2`- �M/ >X _2@
Bi2`2`- ǳ*QHH�#Q`�iBQM QM H�`;2 BMi2`�+iBp2 /BbTH�vb, � bvbi2K�iB+
`2pB2r-Ǵ >mK�MĜ*QKTmi2` AMi2`�+iBQM- pQHX je- MQX j- TTX k9jĜ
kdd- kykRX
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(Rj8) .X _X PHb2M C`- ǳ1p�Hm�iBM; mb2` BMi2`7�+2 bvbi2Kb `2b2�`+?-Ǵ BM
S`Q+22/BM;b Q7 i?2 kyi? �MMm�H �*J bvKTQbBmK QM lb2` BMi2`@
7�+2 bQ7ir�`2 �M/ i2+?MQHQ;v- TTX k8RĜk83- kyydX

(Rje) 1X hb2- aX :`22M#2`;- *X a?2M- *X 6Q`HBM2b- �M/ _X EQ/�K�-
ǳ1tTHQ`BM; i`m2 KmHiB@mb2` KmHiBKQ/�H BMi2`�+iBQM Qp2` � /B;Bi�H
i�#H2-Ǵ BM S`Q+22/BM;b Q7 i?2 di? �*J +QM72`2M+2 QM .2bB;MBM;
BMi2`�+iBp2 bvbi2Kb- TTX RyNĜRR3- kyy3X

(Rjd) hX JQb+QpB+?- 6X *?2p�HB2`- LX >2M`v- 1X SB2i`B;�- �M/ CX@.X
62F2i2- ǳhQTQHQ;v@�r�`2 M�pB;�iBQM BM H�`;2 M2irQ`Fb-Ǵ BM S`Q@
+22/BM;b Q7 i?2 aA:*>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QK@
TmiBM; avbi2Kb- TTX kjRNĜkjk3- kyyNX

(Rj3) �X "2x2`B�MQb �M/ _X "�H�F`Bb?M�M- ǳoB2r �M/ bT�+2 K�M�;2@
K2Mi QM H�`;2 /BbTH�vb-Ǵ A111 *QKTmi2` :`�T?B+b �M/ �TTHB+�@
iBQMb- pQHX k8- MQX 9- TTX j9Ĝ9j- kyy8X

(RjN) �X S`Qmx2�m- �X "2x2`B�MQb- �M/ PX *?�TmBb- ǳ�r�`2M2bb
i2+?MB[m2b iQ �B/ i`�MbBiBQMb #2ir22M T2`bQM�H �M/ b?�`2/
rQ`FbT�+2b BM KmHiB@/BbTH�v 2MpB`QMK2Mib-Ǵ BM S`Q+22/BM;b Q7 i?2
kyR3 �*J AMi2`M�iBQM�H *QM72`2M+2 QM AMi2`�+iBp2 am`7�+2b �M/
aT�+2b- TTX kNRĜjy9- kyR3X

(R9y) SX .Qm`Bb? �M/ oX "2HHQiiB- ǳ�r�`2M2bb �M/ +QQ`/BM�iBQM BM
b?�`2/ rQ`FbT�+2b-Ǵ BM S`Q+22/BM;b Q7 i?2 RNNk �*J +QM72`2M+2
QM *QKTmi2`@bmTTQ`i2/ +QQT2`�iBp2 rQ`F- TTX RydĜRR9- RNNkX

(R9R) aX G�m- AX .`QbQb- CX JX J�`F2H- �M/ SX CX :mQ- ǳh?2 /2bB;M
bT�+2 Q7 +QKTmi�iBQM�H MQi2#QQFb, �M �M�HvbBb Q7 ey bvbi2Kb
BM �+�/2KB� �M/ BM/mbi`v-Ǵ BM kyky A111 avKTQbBmK QM oBbm�H
G�M;m�;2b �M/ >mK�M@*2Mi`B+ *QKTmiBM; UoGf>**V- TTX RĜRR-
A111- kykyX
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(R9k) �X uX q�M;- �X JBii�H- *X "`QQFb- �M/ aX PM2v- ǳ>Qr /�i� b+B@
2MiBbib mb2 +QKTmi�iBQM�H MQi2#QQFb 7Q` `2�H@iBK2 +QHH�#Q`�iBQM-Ǵ
S`Q+X �*J >mKX@*QKTmiX AMi2`�+iX- pQHX j- LQpX kyRNX

(R9j) hX EHmvp2`- "X _�;�M@E2HH2v- 6X Sû`2x- "X 1X :`�M;2`- JX "mb@
bQMMB2`- CX 6`2/2`B+- EX E2HH2v- CX "X >�K`B+F- CX :`Qmi- aX *Q`@
H�v- 2i �HX- ǳCmTvi2` MQi2#QQFb@� Tm#HBb?BM; 7Q`K�i 7Q` `2T`Q@
/m+B#H2 +QKTmi�iBQM�H rQ`F~QrbX-Ǵ BM 1GSl"- TTX 3dĜNy- kyReX

(R99) AX _X "`B�M :`�M;2`- *?`Bb *QH#2`i- ǳCmTvi2`H�#,i?2 M2ti ;2M2`@
�iBQM DmTvi2` 7`QMi2M/-Ǵ CmTvi2`*QM- kyRdX

(R98) CX CX h?QK�b- AHHmKBM�iBM; i?2 T�i?,(i?2 `2b2�`+? �M/ /2p2HQT@
K2Mi �;2M/� 7Q` pBbm�H �M�HviB+b)X A111 *QKTmi2` aQ+B2iv- kyy8X

(R9e) hX JmMxM2`- oBbm�HBx�iBQM �M�HvbBb �M/ /2bB;MX *_* T`2bb- kyR9X

(R9d) LX 1HK[pBbi- �X oX JQ2`2- >X@*X C2ii2`- .X *2`M2�- >X _2Bi2`2`-
�M/ hX C�MFmM@E2HHv- ǳ6HmB/ BMi2`�+iBQM 7Q` BM7Q`K�iBQM pBbm�H@
Bx�iBQM-Ǵ AM7Q`K�iBQM oBbm�HBx�iBQM- pQHX Ry- MQX 9- TTX jkdĜj9y-
kyRRX

(R93) aX *?�iiQT�/?v�v- AX S`�b�/- �X wX >2MH2v- �X a�`K�- �M/
hX "�`BF- ǳq?�iǶb r`QM; rBi? +QKTmi�iBQM�H MQi2#QQFb\ T�BM
TQBMib- M22/b- �M/ /2bB;M QTTQ`imMBiB2b-Ǵ BM S`Q+22/BM;b Q7 i?2
kyky *>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb-
*>A Ƕky- UL2r uQ`F- Lu- la�V- TTX RĜRk- �bbQ+B�iBQM 7Q` *QK@
TmiBM; J�+?BM2`v- kykyX

(R9N) EX am#`�K�MB�M- AX wm#�`2p- aX oƺHF2`- �M/ CX "Q`+?2`b- ǳamT@
TQ`iBM; /�i� rQ`F2`b iQ T2`7Q`K 2tTHQ`�iQ`v T`Q;`�KKBM;-Ǵ BM
1ti2M/2/ �#bi`�+ib Q7 i?2 kyRN *>A *QM72`2M+2 QM >mK�M 6�+@
iQ`b BM *QKTmiBM; avbi2Kb- TTX RĜe- kyRNX
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(R8y) �X h�#�`/- qX 1X J�+F�v- �M/ 1X 1�biKQM/- ǳ6`QK BM/BpB/@
m�H iQ +QHH�#Q`�iBp2, h?2 2pQHmiBQM Q7 T`BbK- � ?v#`B/ H�#Q`�@
iQ`v MQi2#QQF-Ǵ BM S`Q+22/BM;b Q7 i?2 kyy3 �*J *QM72`2M+2 QM
*QKTmi2` amTTQ`i2/ *QQT2`�iBp2 qQ`F- *a*q Ƕy3- UL2r uQ`F-
Lu- la�V- TTX 8eNĜ8d3- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v-
kyy3X

(R8R) *X LX EHQFKQb2 �M/ SX@PX w�M/2`- ǳ_2i?BMFBM; H�#Q`�iQ`v MQi2@
#QQFb-Ǵ BM S`Q+22/BM;b Q7 *PPS kyRy UJX G2rFQrB+x- SX >�b@
b�M�Hv- oX qmH7- �M/ JX _Q?/2- 2/bXV- UGQM/QMV- TTX RRNĜRjN-
aT`BM;2` GQM/QM- kyRyX

(R8k) hX >X L2HbQM 2i �HX- ǳGBi2`�`v K�+?BM2b, h?2 `2TQ`i QM- �M/
Q7- T`QD2+i t�M�/m- +QM+2`MBM; rQ`/ T`Q+2bbBM;- 2H2+i`QMB+ Tm#@
HBb?BM;- ?vT2`i2ti- i?BMF2`iQvb- iQKQ``QrǶb BMi2HH2+im�H `2pQHm@
iBQM- �M/ +2`i�BM Qi?2` iQTB+b BM+Hm/BM; FMQrH2/;2- 2/m+�iBQM
�M/ 7`22/QK-Ǵ RN3RX

(R8j) >X E`QiiK�B2` �M/ .X >2HB+- ǳAbbm2b Q7 i`�Mb+HmbBQMb-Ǵ BM 1@
G2�`M, qQ`H/ *QM72`2M+2 QM 1@G2�`MBM; BM *Q`TQ`�i2- :Qp2`M@
K2Mi- >2�Hi?+�`2- �M/ >B;?2` 1/m+�iBQM- TTX RdjyĜRdjj- �bbQ+B@
�iBQM 7Q` i?2 �/p�M+2K2Mi Q7 *QKTmiBM; BM 1/m+�iBQM U��*1V-
kyykX

(R89) JX "2`Mbi2BM- ǳ*QHH�;2- +QKTQbBi2b- +QMbi`m+iBQM-Ǵ BM S`Q+22/@
BM;b Q7 i?2 7Qm`i22Mi? �*J +QM72`2M+2 QM >vT2`i2ti �M/ ?vT2`@
K2/B�- TTX RkkĜRkj- kyyjX

(R88) �X .B AQ`BQ �M/ CX GmKH2v- ǳ6`QK tKH BM+HmbBQMb iQ tKH i`�Mb+Hm@
bBQMb-Ǵ BM S`Q+22/BM;b Q7 i?2 kyi? �*J +QM72`2M+2 QM >vT2`i2ti
�M/ ?vT2`K2/B�- TTX R9dĜR8e- kyyNX

(R8e) *X LX EHQFKQb2- CX 1�;�M- aX "��/2`- qX J�+F�v- �M/
JX "2�m/QmBM@G�7QM- ǳq2#bi`�i2b, .2KQMbi`�iBM; i?2 TQi2MiB�H



��� #JCMJPHSBQIZ

Q7 b?�`2�#H2 /vM�KB+ K2/B�-Ǵ BM S`Q+22/BM;b Q7 i?2 RNi? �*J
*QM72`2M+2 QM *QKTmi2` amTTQ`i2/ *QQT2`�iBp2 qQ`F �M/ aQ@
+B�H *QKTmiBM; *QKT�MBQM- *a*q ǶRe *QKT�MBQM- UL2r uQ`F-
Lu- la�V- TTX eRĜe9- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v-
kyReX

(R8d) CX 1/r�`/b- ǳJ�M�;2/ +QTv � T�bi2-Ǵ kyR3X
?iiTb,ffpBK2QX+QKfk3dkdy898X

(R83) JX "Q`QrbFB- _X _ /H2- �M/ *X LX EHQFKQb2- ǳ*Q/2bi`�i2 T�+F@
�;2b, �M �Hi2`M�iBp2 iQ ǴQM2@bBx2@}ib@�HHǴ bQ7ir�`2-Ǵ BM 1ti2M/2/
�#bi`�+ib Q7 i?2 kyR3 *>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM
*QKTmiBM; avbi2Kb- *>A 1� ǶR3- UL2r uQ`F- Lu- la�V- TTX RĜ
e- �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- kyR3X

(R8N) aX EX "�/�K �M/ LX 1HK[pBbi- ǳSQHv+?`QK2, � +`Qbb@/2pB+2
7`�K2rQ`F 7Q` +QHH�#Q`�iBp2 r2# pBbm�HBx�iBQM-Ǵ BM S`Q+22/BM;b Q7
i?2 LBMi? �*J AMi2`M�iBQM�H *QM72`2M+2 QM AMi2`�+iBp2 h�#H2@
iQTb �M/ am`7�+2b- Aha ǶR9- UL2r uQ`F- Lu- la�V- TTX RyNĜRR3-
�bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v- kyR9X

(Rey) aX EX "�/�K �M/ LX 1HK[pBbi- ǳoBb72`, *�K2`�@#�b2/ pBbm�H
/�i� i`�Mb72` 7Q` +`Qbb@/2pB+2 pBbm�HBx�iBQM-Ǵ AM7Q`K�iBQM oBbm�H@
Bx�iBQM- pQHX R3- MQX R- TTX e3ĜNj- kyRNX

(ReR) qX J+:`�i?- "X "QrK�M- .X J+*�HHmK- CX .X >BM+�TBû@_�KQb-
LX 1HK[pBbi- �M/ SX A`�MB- ǳ"`�M+?@2tTHQ`2@K2`;2, 7�+BHBi�iBM;
`2�H@iBK2 `2pBbBQM +QMi`QH BM +QHH�#Q`�iBp2 pBbm�H 2tTHQ`�iBQM-Ǵ
BM S`Q+22/BM;b Q7 i?2 kyRk �*J BMi2`M�iBQM�H +QM72`2M+2 QM
AMi2`�+iBp2 i�#H2iQTb �M/ bm`7�+2b- TTX kj8Ĝk99- kyRkX

(Rek) JX a+?r�#- .X a�zQ- uX w?�M;- aX aBM?�- *X LBi�@_Qi�`m-
CX hQKTFBM- *X .mMM2- �M/ JX �X "Q`FBM- ǳoBb+QMM2+i, .Bb@
i`B#mi2/ 2p2Mi bvM+?`QMBx�iBQM 7Q` +QHH�#Q`�iBp2 pBbm�HBx�iBQM-Ǵ
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A111 h`�Mb�+iBQMb QM oBbm�HBx�iBQM �M/ *QKTmi2` :`�T?B+b-
kykyX

(Rej) _X L2Q;v- CX wQM;- �M/ �X a�iv�M�`�v�M- ǳ_2T`2b2MiBM; `2�H@
iBK2 KmHiB@mb2` +QHH�#Q`�iBQM BM pBbm�HBx�iBQMb-Ǵ �`sBp T`2T`BMi
�`sBp,kyyNXyk83d- kykyX

(Re9) _X G�M;M2`- hX >Q`�F- �M/ _X .�+?b2Hi- ǳo Bb i BH2b, *QQ`/B@
M�iBM; �M/ +QK#BMBM; +Q@HQ+�i2/ KQ#BH2 /2pB+2b 7Q` pBbm�H /�i�
2tTHQ`�iBQM-Ǵ A111 i`�Mb�+iBQMb QM pBbm�HBx�iBQM �M/ +QKTmi2`
;`�T?B+b- pQHX k9- MQX R- TTX ekeĜeje- kyRdX

(Re8) �X �X /Ba2bb� �M/ >X �#2HbQM- ǳ"Qt2`, � `2+QMbi`m+iB#H2 +QKTm@
i�iBQM�H K2/BmK-Ǵ *QKKmMB+�iBQMb Q7 i?2 �*J- pQHX kN- MQX N-
TTX 38NĜ3e3- RN3eX

(Ree) aX :`22M#2`; �M/ "X "mtiQM- ǳlb�#BHBiv 2p�Hm�iBQM +QMbB/2`2/
?�`K7mH UbQK2 Q7 i?2 iBK2V-Ǵ BM S`Q+22/BM;b Q7 i?2 aA:*>A +QM@
72`2M+2 QM >mK�M 7�+iQ`b BM +QKTmiBM; bvbi2Kb- TTX RRRĜRky-
kyy3X

(Red) �X a�HQp��`�- �X PmH�bpB`i�- �M/ :X C�+m++B- ǳ1p�Hm�iBQM Q7 T`Q@
iQivT2b �M/ i?2 T`Q#H2K Q7 TQbbB#H2 7mim`2b-Ǵ BM S`Q+22/BM;b Q7
i?2 kyRd *>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avb@
i2Kb- TTX kye9Ĝkydd- kyRdX

(Re3) "X "`QrM- aX _22p2b- �M/ aX a?2`rQQ/- ǳAMiQ i?2 rBH/, +?�H@
H2M;2b �M/ QTTQ`imMBiB2b 7Q` }2H/ i`B�H K2i?Q/b-Ǵ BM S`Q+22/BM;b
Q7 i?2 aA:*>A +QM72`2M+2 QM ?mK�M 7�+iQ`b BM +QKTmiBM; bvb@
i2Kb- TTX Re8dĜReee- kyRRX

(ReN) >X >mi+?BMbQM- qX J�+F�v- "X q2bi2`HmM/- "X "X "2/2`@
bQM- �X .`mBM- *X SH�Bb�Mi- JX "2�m/QmBM@G�7QM- aX *QMp2`bv-
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>X 1p�Mb- >X >�Mb2M- 2i �HX- ǳh2+?MQHQ;v T`Q#2b, BMbTB`BM; /2@
bB;M 7Q` �M/ rBi? 7�KBHB2b-Ǵ BM S`Q+22/BM;b Q7 i?2 aA:*>A +QM72`@
2M+2 QM >mK�M 7�+iQ`b BM +QKTmiBM; bvbi2Kb- TTX RdĜk9- kyyjX



Titre : Data Expression: Comprendre et soutenir les alternatives dans les processus d’analyse des données
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Résumé : Pour bien comprendre les données, les
analystes considèrent différents types d’ alternatives:
Ils explorent diverses hypothèses, essayent différents
types de méthodes et expérimentent un large éventail
de solutions possibles. Ces alternatives s’influencent
mutuellement dans un processus dynamique et com-
plexe de “sensemaking”. Pourtant, les outils d’analyse
actuels considèrent rarement ces alternatives comme
une partie intégrante de l’analyse, ce qui rend le pro-
cessus lourds et cognitif exigeants. En appliquant di-
verses méthodes empiriques et conceptions d’outils,
nous répondons aux questions : (1) Quelles sont les
alternatives et comment s’intègrent-elles dans le pro-
cessus de création de sens ? et (2) comment les outils
peuvent-ils mieux soutenir l’exploration et la gestion
des alternatives ?
Cette thèse comprend trois parties : La partie I ex-
plore le rôle des alternatives à travers des entre-
tiens et des observations avec des analystes. Sur
la base des résultats et de notre analyse, nous ap-
portons des caractérisations des alternatives et un
cadre pour aider à les décrire et à les raisonner. La
partie II se concentre sur le soutien des alternatives

dans le contexte du ”affinity diagramming” pour l’ana-
lyse des données qualitatives. Sur la base des entre-
tiens avec des praticiens et à notre propre expérience,
nous proposons un design space pour caractériser
les différents types d’alternatives engagées dans un
tel processus de sensemaking. Nous fournissons une
vision et un système de preuve de concept, AD-
QDA, pour montrer comment les analystes peuvent
effectuer des transitions fluide entre des phases
d’analyse, des méthodes et des représentations al-
ternatives, et comment ils peuvent s’approprier de
manière flexible divers dispositifs pour s’adapter aux
tâches à accomplir ou pour étendre l’espace d’ana-
lyse. La troisième partie traite des alternatives dans
le contexte de la réutilisation. Nous envisageons une
nouvelle technique de réutilisation, la “computational
transclusion”, qui maintient divers liens dynamiques
entre le contenu original et le contenu réutilisé (les al-
ternatives) pour faciliter le suivi et la coordination des
changements. Nous avons construit un système pour
sonder différents scénarios de réutilisation et explo-
rer les différents ”links” entre les alternatives et leurs
réifications possibles dans les interfaces utilisateurs.

Title : Data Expression: Understanding and Supporting Alternatives in Data Analysis Processes

Keywords : Data Analysis, sensemaking, alternatives, visualization, multi-surface interaction

Abstract : To make sense of data, analysts consi-
der different kinds of alternatives: they explore diverse
sets of hypotheses, try out different types of methods,
and experiment with a broad space of possible solu-
tions. These alternatives influence each other within
a dynamic and complex sensemaking process. Cur-
rent analytic tools, however, rarely consider such al-
ternatives as an integral part of the analysis, making
the process cumbersome and cognitively demanding.
Applying various empirical methods and tool designs,
we address the following questions: (1) What are al-
ternatives and how do they fit within the sensemaking
process?And (2) how can tools better support the ex-
ploration and management of alternatives?
This dissertation contains three parts: Part I explores
the role of alternatives through interviews and obser-
vations with analysts. Based on the results and our
analysis, we contribute characterisations of alterna-
tives and a framework to help describe and reason
about them. Part II focuses on supporting alternatives

in the context of affinity diagramming for qualitative
data analysis. Through interviews with practitioners
and combined with our own experience, we propose
a design space to characterise the various kinds of al-
ternatives engaged in such sensemaking process. We
further provide a vision and proof-of-concept system,
ADQDA, to show how analysts can fluidly transition
between alternative analysis phases, methods, repre-
sentations, and how they can flexibly appropriate va-
rious devices to suit for the tasks at hand or to extend
the analysis space. Part III discusses alternatives in
the context of reuse. We envision a novel reuse tech-
nique, ”computational transclusion”, which maintains
various dynamic links between the original and the
reused contents (the alternatives) to facilitate tracking
and coordinating changes. We built a sandbox system
to probe into different reuse scenarios and explore the
various links between alternatives and their possible
reifications in notebook-ish user interface.
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