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�$cja�,j
"v i?2 mb2 Q7 G�b2` .B`2+i ai`m+im`BM; �M/ TH�iBM; i2+?MB[m2b UG.aV- Bi Bb TQbbB#H2 iQ
i`�+2 2H2+i`B+�H +B`+mBib /B`2+iHv QM i?2 bmTTQ`iBp2 TH�biB+b- i?2`2#v +`2�iBM; JQmH/2/
AMi2`+QMM2+i2/ .2pB+2b UJA.VX h?2 mb2 Q7 G.a 7Q` �Mi2MM� �TTHB+�iBQMb- Bb � r2HH 2bi�#@
HBb?2/ i2+?MQHQ;v BM i?2 2H2+i`QMB+ BMi2;`�iBQM Q7 +QMbmK2` 2H2+i`QMB+bX G.a �Mi2MM�b
?�p2 i?Qm;? MQi v2i #22M BKTH2K2Mi2/ BM ?2�`BM; �B/ �TTHB+�iBQMb- r?B+? i?2`27Q`2 +�HHb
7Q` BMMQp�iBp2 /2bB;Mb �M/ `2HB�#BHBiv i2biBM;- T�pBM; i?2 r�v 7Q` i?Bb T`QD2+iX h?2 �BK
Bb iQ bim/v i?2 72�bB#BHBiv Q7 G.a �Mi2MM�b BM ?2�`BM; �B/ �TTHB+�iBQMbX

h?Bb T`QD2+i ?�b 7Q+mb2/ QM � `Q#mbi BKTH2K2Mi�iBQM Q7 i?2 G.a �Mi2MM� �M/ 2bT2+B�HHv
Bib +QMM2+iBpBiv iQ i?2 �/p�M+2/ +�``B2` S*"�X 6m`i?2`KQ`2- ?2�`BM; �B/b �`2 2tTQb2/ iQ
�;;`2bbBp2 2MpB`QMK2Mib- �M/ i?2`27Q`2 i?2 `2HB�#BHBiv Q7 i?2 bQHmiBQM ?�b #22M 2p�Hm�i2/
BM `2;�`/b iQ i?2b2 +`BiB+�H 7�+iQ`bX

h?2 `2bmHib Q7 i?2 T`QD2+i �`2 T`2b2Mi2/ i?`Qm;? � bvbi2K�iB+ T`Q/m+i /2p2HQTK2Mi
T`Q+2bb- � T?vbB+�H T`QiQivT2 �M/ i2bibX � }M�H +QM+2Ti /2bB;M Bb `2+QKK2M/2/- �M/
BMi2`2biBM; �`2�b 7Q` 7mim`2 rQ`F �`2 bm;;2bi2/X
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`3cnLā
o2/ #`m; �7 .B`2Fi2 G�b2` ai`mFim`2`BM; Q; TH2ii2`BM; UG.aV- 2` /2i KmHB;i �i TH�+2`2
H2/2M/2 #�M2` /B`2Fi2 T´ TH�biBFF2M- Q; 7Q`#mM/M2 biǠ#i2 2M?2/2` bF�#2bX "`m;2M �7
G.a iBH �Mi2MM2 7Q`K´H 2` 2M p2H2i�#H2`2i i2FMQHQ;B M´` 2H2Fi`QMBFF2M bF�H BMi2;`2`2b B
7Q`#`m;2` 2H2Fi`QMBFX G.a �Mi2MM2` ?�` /Q; BFF2 p¤`2i BKTH2K2Mi2`2i B ?Ǡ`2�TT�`�i2`-
iBH ?pBHF2i /2` 2` #`m; 7Q` BMMQp�iBp2 /2bB;Mb Q; T´HB/2HB;?2/b mM/2`bǠ;2Hb2`- ?pBHF2i 2`
;`mM/H�;2i 7Q` /2ii2 T`QD2FiX 6Q`K´H2i 2` �i bim/2`2 ;2MM2K7Ǡ`HB;?2/2M �7 G.a �Mi2MM2`
iBH ?Ǡ`2�TT�`�ib 7Q`K´HX

.2` 2` B T`QD2Fi2i 7QFmb2`2i T´ 2M `Q#mbi BKTH2K2Mi2`BM; �7 G.a �Mi2MM2M Q; b¤`HB;i
/2MM2b 7Q`#BM/2Hb2 iBH /2i �p�M+2`2/2 S*"�X .2`m/Qp2`- 2` ?Ǡ`2�TT�`�i2` 2FbTQM2`2i
Qp2`7Q` 2i �;;`2bbBpi KBHDǠ- b´ HǠbMBM;2Mb T´HB/2HB;?2/ 2` #H2p2i mM/2`bǠ;i B 7Q`?QH/ iBH
/Bbb2 F`BiBbF2 7�FiQ`2`X

S`QD2Fi2ib `2bmHi�i2` 2` T`¤b2Mi2`2i B;2MM2K 2M bvbi2K�iBbF T`Q/mFim/pBFHBM;bT`Q@
+2b- 2M 7vbBbF T`QiQivT2 Q; i2bibX 1i 2M/2HB;i FQM+2Ti /2bB;M 2` #H2p2i �M#27�H2i- Q;
BMi2`2bb�Mi2 QK`´/2` iBH pB/2`2 �`#2D/2 2` 7Q`2bH´2iX
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Ta38�,3
.m`BM; i?2 bmKK2` Q7 kyRd- A +QMi�+i2/ :L >2�`BM; �fa /m2 iQ Kv BMi2`2bi BM i?2B`
/2p2HQTK2Mi T`QD2+ib BM i?2 +QMM2+i2/ ?2�`BM; �B/ BM/mbi`vX �7i2` � Kmim�H �;`22K2Mi
QM i?2 T`QD2+i /2}MBiBQM- � i?Q`Qm;? HBi2`�im`2 bim/v r�b +�``B2/ �#Qmi ?2�`BM; BMbi`m@
K2Mib- KQmH/2/ BMi2`+QMM2+i2/ /2pB+2b �M/ �Mi2MM� i?2Q`vX
.m2 iQ i?2 rB/2 2ti2Mi Q7 i?2 T`QD2+i- 7Q+mb Bb QM i?2 /2bB;M Q7 i?2 BMi2`7�+2 +QMM2+iBM;
i?2 S*"� iQ i?2 �Mi2MM�- �M/ b2+QM/�`BHv- QM i?2 �+im�H mb2 Q7 G.a �Mi2MM�b BM ?2�`BM;
BMbi`mK2Mi �TTHB+�iBQMbX

h?2 i?2bBb Bb bmTTQb2/ iQ #2 �+FMQrH2/;2/ �b � jy 1*ha r2B;?i2/ rQ`FHQ�/ T`QD2+i-
�M/ �b T�`i Q7 i?2 +QMi2MiK2Mi Q7 i?2 J�bi2` Q7 a+B2M+2 /2;`22 BM 1M;BM22`BM; .2bB;M
�M/ �TTHB2/ J2+?�MB+b �i i?2 h2+?MB+�H lMBp2`bBiv Q7 .2MK�`F U.hlVX
h?2 rQ`F 7Q` i?Bb T`QD2+i ?�b #22M `2�HBx2/ 7`QK i?2 R9i?X Q7 a2Ti2K#2` kyRd mMiBH
i?2 9i? Q7 �T`BH kyR3- 2t+Hm/BM; T`2pBQmb +QMi�+i �#Qmi i?2 T`QD2+i /2}MBiBQM rBi? :L
_2bQmM/ �M/ .hlX
h?2 T`QD2+i r�b +�``B2/ Qmi �i i?2 a2+iBQM Q7 J�Mm7�+im`BM; 1M;BM22`BM; r?B+? Bb T�`i
Q7 i?2 .2T�`iK2Mi Q7 J2+?�MB+�H 1M;BM22`BM; UJ1EV �i .hl BM +QQT2`�iBQM rBi? :L
>2�`BM;X h?2 bim/v ?�b #22M bmT2`pBb2/ #v �KBMmH AbH�K UJ1EV �M/ �M/2`b JB+?�2Hb2M
>D2`KǠ U:L >2�`BM;VX

:`2�i2` *QT2M?�;2M- �T`BH Rd- kyR3

LB+QH�B .X LB2Hb2M UbRkjeReV
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6B`biHv- A rQmH/ HBF2 iQ 2tT`2bb Kv KQbi bBM+2`2 ;`�iBim/2 iQ Kv bmT2`pBbQ`b- S`Q72bbQ`
�KBMmH AbH�K �i .hl@J1E �M/ J2+?�MB+�H 1M;BM22` �M/2`b JB+?�2Hb2M >D2`KǠ �i
:L >2�`BM; 7Q` i?2B` +QMiBMmQmb bmTTQ`i- BMbB;?i7mH K22iBM;b �M/ /Bb+mbbBQMb /m`BM;
i?Bb T`QD2+iX h?2 +QMiBMmQmb bmTTQ`i Q7 �M/`2�b a+?Qmb#Q2 �M/ ?Bb ?2HT BMBiB�iBM; �M/
7mM/BM; i?Bb T`QD2+i Bb `2�HHv �TT`2+B�i2/X

A rQmH/ �HbQ HBF2 iQ i?�MF �HH Kv +QHH2�;m2b �i :L >2�`BM; 7Q` i?2B` BMi2`2bi �M/ KQiB@
p�iBQM 7Q` i?Bb T`QD2+iX � bT2+B�H i?�MFb iQ _�/BQ 6`2[m2M+v 2M;BM22`b "2MMv _�bKmbb2M-
aǠ`2M EpBbi- LBFQH�D E�KK2`b;��`/ �M/ C2Mb >2M`BF ai2z2Mb- 7Q` i?2B` ?2HT �M/ �bbBb@
i�M+2 `2;�`/BM; i?2 �Mi2MM� iQTB+b BMpQHp2/X hQ 2H2+i`QMB+ BMi2;`�iBQM 2M;BM22`b LBHb
EMm/b2M �M/ J�D� :`�p�/ 7Q` i?2B` BMTmib �M/ `2+QKK2M/�iBQMb 7Q` 2H2+i`QMB+ +QK@
TQM2Mi +QMM2+iBQMbX hQ G�m`B/b EB`+??Qz- G�`b "mmb C2Mb2M- h?Q`#Dƺ`M GBM/#2`; �M/
hBK2� J2`+� 7Q` b?�`BM; BMi2`2biBM; B/2�b �M/ 2tT2`B2M+2 i?`Qm;?Qmi i?2 +QM+2Ti T?�b2bX
A rQmH/ �HbQ HBF2 iQ i?�MF E2MM2i? oBH?2HKb2M- lH7 >�Mb2M �M/ i?2 `2bi Q7 i?2 T`QiQ@
ivTBM; iQQH b?QT 7Q` i?2B` ;`2�i �bbBbi�M+2 �M/ bmTTQ`i- 2p2M BM p2`v #mbv T2`BQ/b 7Q`
i?2B` QrM /2p2HQTK2Mi T`QD2+ibX � bT2+B�H i?�MFb ;Q2b �HbQ iQ .�MB2H .�KFB2`- �MD�
Ar�MQmr- >2M`BF a+?mHix@JBFF2Hb2M- *?`BbiBM2 aǠ;��`/- LB+F q�M; �M/ i?2 `2bi Q7 i?2
Zm�HB}+�iBQM �M/ S`QiQivTBM; H�#Q`�iQ`v 7Q` i?2B` BMbB;?i �M/ �bbBbi�M+2 i?`Qm;?Qmi i?2
r?QH2 T`QD2+iX h?�MFb iQ h?QK�b o�/ �M/ _�H7 SQ/2` 7Q` i?2B` BMbB;?ib QM 2�`HB2` G.a
2tT2`B2M+2 �M/ K�i2`B�Hb 7�BHm`2X A ?�p2 H2�`M2/ Km+? KQ`2 i?�M A +QmH/ ?�p2 i?Qm;?i
7Q`- BM i?2 KmHiB/Bb+BTHBM�`v }2H/ Q7 ?2�`BM; BMbi`mK2MibX

A rQmH/ �HbQ HBF2 iQ �+FMQrH2/;2 AbKQ hQHQM2M- J�`FFm a�`i�M2M- _�v *?2M �M/
i?2 `2bi Q7 i?2 i2�K 7`QK a?�M;?�B �KT?2MQH �B`r�p2 �M/ .B`F "�2+F2` 7`QK GSE6
7Q` i?2B` bmTTQ`i �M/ FMQrH2/;2 b?�`BM;- �M/ _QMM� uQm �M/ +QX 7`QK .aJ 7Q` i?2B`
�bbBbi�M+2 BM T`QpB/BM; K�i2`B�H 7Q` i?2 T`QiQivT2- r?B+? ?�b #22M `2�HHv �TT`2+B�i2/X
�HbQ A rQmH/ HBF2 iQ i?�MF 7Q` i?2 +QHH�#Q`�iBQM rBi? .2`2F >�M- JQ;2Mb J�`[m�`/-
_2M2 "2`;[pBbi �M/ E2MM2i? SBH;��`/ 7Q` BMi2`2biBM; /Bb+mbbBQMb �#Qmi i?2 T`Q/m+iBQM
�M/ 7Q` i?2B` b?�`BM; Q7 mb27mH BM7Q`K�iBQMX

6BM�HHv- A rQmH/ HBF2 i?�MF Kv 7�KBHv 7Q` i?2B` bmTTQ`i �M/ 2M+Qm`�;2K2Mi i?`Qm;?
i?Bb T`QD2+i �M/ /m`BM; Kv 2MiB`2 HB72X
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MRL3N,I�jna3
�##`2pB�iBQMb,

�"a �+`vHQMBi`BH2 #mi�/B2M2 biv`2M2
"h1 "2?BM/ h?2 1�`
*�JJ *2Mi`2 7Q` �+QmbiB+@J2+?�MB+�H JB+`Q avbi2Kb
.1*h .B;Bi�H 1M?�M+2/ *Q`/H2bb h2H2+QKKmMB+�iBQMb
.6� .2bB;M 7Q` �bb2K#Hv
.6J .2bB;M 7Q` J�Mm7�+im`BM;
.hl h2+?MB+�H lMBp2`bBiv Q7 .2MK�`F
1a. 1H2+i`Qai�iB+ .Bb+?�`;2
6S* 6H2tB#H2 S`BMi2/ *B`+mBi
>A >2�`BM; AMbi`mK2Mi
Ah1 AM h?2 1�`
G*S GB[mB/ *`vbi�H SQHvK2`b
G.a G�b2` .B`2+i ai`m+im`BM;
J1E .2T�`iK2Mi Q7 J2+?�MB+�H 1M;BM22`BM; �i .hl
JA. JQmH/2/ AMi2`+QMM2+i2/ .2pB+2
JASh1* JB+`Qb+QTB+ AMi2;`�i2/ S`Q+2bbBM; h2+?MQHQ;v
Ph� Pp2` h?2 �B`
S� SQHv�KB/
S* SQHv+�`#QM�i2b
S*" S`BMi2/ *B`+mBi "Q�`/
S*"� S`BMi2/ *B`+mBi "Q�`/ �bb2K#Hv
S*h SQHv+v+HQ?2tvH2M2/BK2i?vH2M2 h2`2T?i�H�i2
S11E SQHv2i?2`2i?2`F2iQM2
SS� SQHvT?i�H�KB/2
_6 _�/BQ 6`2[m2M+v
_> _2H�iBp2 >mKB/Biv
_A1 _2+2Bp2` BM i?2 2�`
aJ. am`7�+2 JQmMi2/ .2bB;M
aJh am`7�+2 JQmMi h2+?MQHQ;v
h_S hQi�H _�/B�i2/ SQr2`



u MRL3N,I�jna3

_QK�M bvK#QHb,

h "`B/;2 ?2B;?i [m]
c aT22/ Q7 HB;?i [m/s]
f 6`2[m2M+v (>x)

:`22F bvK#QHb,

λ q�p2 H2M;i? (K)

h2`KBMQHQ;v,

"2?BM/@h?2@1�` ?2�`BM; �B/, � ?2�`BM; �B/ TQbBiBQM2/ #2?BM/ i?2 2�`X
G�b2` /B`2+i bi`m+im`BM;, S`Q/m+iBQM J2i?Q/ 7Q` i`�+BM; 2H2+i`B+�H +B`+mBib QM TH�biB+bX



+RNj3Njc
�#bi`�+i B

_2bmKû BBB

S`27�+2 p

�+FMQrH2/;2K2Mib pBB

LQK2M+H�im`2 Bt

*QMi2Mib tB

R AMi`Q/m+iBQM � #�+F;`QmM/ R

k h?2Q`v � J2i?Q/b 8
kXR >A �i :L >2�`BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8
kXk �Mi2MM� X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e
kXj *m``2Mi �bb2K#Hv K2i?Q/b X X X X X X X X X X X X X X X X X X X X X X X X X X 3
kX9 JQmH/2/ AMi2`+QMM2+i2/ .2pB+2b UJA.V X X X X X X X X X X X X X X X X X X X Ry
kX8 G�b2` .B`2+i ai`m+im`BM; UG.aV X X X X X X X X X X X X X X X X X X X X X X X Rj

j _2[mB`2K2Mib kR
jXR JBbbBQM bi�i2K2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR
jXk A/2MiB7vBM; i?2 M22/b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR
jXj "�bB+ aT2+B}+�iBQM h�#H2 X X X X X X X X X X X X X X X X X X X X X X X X X X X kR

9 .2bB;M S`Q+2bb � *QM+2Ti :2M2`�iBQM kj
9XR ai�i2 Q7 i?2 �`i �M/ 2ti2`M�H 2tTHQ`�iBQM X X X X X X X X X X X X X X X X X X k8
9Xk *QM+2Tim�HBx�iBQM �M/ AMi2`M�H 1tTHQ`�iBQM X X X X X X X X X X X X X X X X j8
9Xj 6`�K2 KQ/B}+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8y

8 J�i2`B�H a2H2+iBQM 88

e S`QiQivTBM; 8N
eXR �Mi2MM� T�ii2`M X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR
eXk hQQH /2bB;M �M/ BMD2+iBQM KQmH/BM; X X X X X X X X X X X X X X X X X X X X X ek
eXj G.a �M/ �bb2K#Hv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ed

Nicolai Nielsen
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d h2biBM; � Zm�HBiv AMbT2+iBQM dj
dXR S#@7`22 bQH/2` DQBMi `2HB�#BHBiv X X X X X X X X X X X X X X X X X X X X X X X X dj
dXk 1MpB`QMK2Mi�H i2bi @ *Q``QbBQM X X X X X X X X X X X X X X X X X X X X X X X 3j
dXj _2bBbi�M+2 K2�bm`2K2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X 3d
dX9 *QM+HmbBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Nd

3 .2bB;M 7Q` p�Hm2 NN
3XR 6m`i?2` �TTHB+�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X NN
3Xk am`7�+2 JQmMi2/ h2+?MQHQ;v 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 Ryy
3Xj 1+QMQKB+ pB�#BHBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryj
3X9 �/p�Mi�;2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryd
3X8 GBKBi�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRy

N .Bb+mbbBQM � *QM+HmbBQM RRR
NXR 6m`i?2` rQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRR
NXk *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR9

"B#HBQ;`�T?v RRd

� wvi2Hȉ >hL89:j8>aG_ "EyjR S�@A:6j8 RkR

" 6Q`iBBȉ G.a38 Rk8

* G.a T`QiQivT2 �bb2K#Hv /2b+`BTiBQM Rjj

. k. G.a �Mi2MM� T�ii2`M /`�rBM; RjN

1 J2i�bm /�i�b?22i R9R

Nicolai Nielsen
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h?2 BM+`2�bBM; �KQmMi Q7 2H2+i`QMB+ 72�im`2b �M/ 7mM+iBQMb BM K2/B+�H /2pB+2b- +�HHb 7Q`
BMMQp�iBp2 K�Mm7�+im`BM; K2i?Q/b �M/ `Q#mbi /2bB;Mb iQ +QMb2`p2 bBKTHB+Biv- BM+`2�b2
T2`7Q`K�M+2 #mi biBHH `2/m+2 i?2 bBx2 �M/ r2B;?i Q7 i?2 /2pB+2bX am+? K�`F2i /2K�M/b
�`2 p2`v `2H2p�Mi 7Q` ?2�`BM; BMbi`mK2Mib U>AVX

_2;�`/BM; i?2 �Mi2MM� BM � :L >2�`BM; "2?BM/ h?2 1�` U"h1V ?2�`BM; �B/- �M 6S*
U6H2tB#H2 S`BMi2/ *B`+mBiV �Mi2MM� Bb mb2/ �b i?2 kX9 :>x �Mi2MM� r?B+? i�F2b TH�+2 BM
i?2 rB/2 T�`i Q7 i?2 ?2�`BM; �B/X Ai Bb � 7`22 +QKTQM2Mi- r?B+? Bb KQmMi2/ K�Mm�HHv-
rBi? Bib TH�+2K2Mi iQH2`�M+2b- r?B+? BM~m2M+2 QM i?2 T2`7Q`K�M+2 Q7 i?2 �Mi2MM�X h?2
G�b2` .B`2+i ai`m+im`BM; UG.aV i2+?MQHQ;v �HHQrb i?2 +`2�iBQM Q7 +QM/m+iBp2 +B`+mBib-
HBF2 �M �Mi2MM� T�ii2`M- /B`2+iHv bi`m+im`2/ QM i?2 TH�biB+X h?2 T`Q+2bb i�F2b TH�+2 QM
�M BMD2+iBQM@KQmH/2/ T�`i- �M/ i?2 H�b2` #2�K i`�Mb72`b i?2 +B`+mBi H�vQmi /B`2+iHv QM
i?2 T�`iX � bBKTH2` /2bB;M Bb Q#i�BM2/ �M/ i?2 MmK#2` Q7 +QKTQM2Mib /m`BM; �bb2K#Hv
Bb `2/m+2/X *QM/m+iBM; +?�MM2Hb +�M 7m`i?2`KQ`2 #2 TH�+2/ QM +m`p2/ bm`7�+2b �M/ #2
/B`2+i2/ i?`Qm;? r�HHbX h?2 G.a i2+?MQHQ;v Bb i?2`2#v BM+`2�bBM; i?2 /2bB;M 7`22/QK-
r?B+? BM i?2Q`v- b?QmH/ #2 �#H2 iQ /2+`2�b2 i?2 bBx2 Q7 i?2 ?2�`BM; �B/X q2B;?i- /BK2M@
bBQMb �M/ iQH2`�M+2 bi�+F mTb �`2 `2/m+2/- BKT`QpBM; K�Mm7�+im`�#BHBiv- #mi �HbQ i?2
2`;QMQKB+b �M/ �2bi?2iB+b 7Q` i?2 mb2`X

PM2 Q7 i?2 #B; +?�HH2M;2b rBi? i?2 BKTH2K2Mi�iBQM Q7 �M G.a �Mi2MM� Bb i?�i � `Q#mbi
BMi2`7�+2 #2ir22M i?2 �Mi2MM� �M/ i?2 �/p�M+2/ +�``B2` S`BMi2/ *B`+mBi "Q�`/ �bb2K#Hv
US*"�VBb M22/2/- �M/ 2bT2+B�HHv i?Bb /2bB;M- rBHH #2 i?2 7Q+mb Q7 i?2 i?2bBb- r?2`2 .2bB;M
7Q` J�Mm7�+im`BM; U.6JV �M/ .2bB;M 7Q` �bb2K#Hv U.6�V rBHH �HbQ #2 +QMbB/2`2/X >A
�`2 7m`i?2`KQ`2 2tTQb2/ iQ �M �;;`2bbBp2 2MpB`QMK2Mi- r?2`2 br2�i �M/ 2�` r�t +�M
/2;`�/2 `mbi T`QQ7 bi22H ivT2b �M/ ;QH/ �HHQvb B7 i?2 /2bB;M Bb MQi r2HH +QMbB/2`2/X >B;?
`2HB�#BHBiv Bb BKTQ`i�Mi r?2M i?2 BMi2`7�+2 iQ i?2 +�``B2` S*" Bb /2bB;M2/X

� j. KQ/2H Q7 � >A Bb b?QrM BM 6B;m`2 RXRX h?2 /2}MBiBQMb b?QrM ;`�T?B+�HHv ?2`2
rBHH #2 mb2/ i?`Qm;?Qmi i?2 T`QD2+iX



l S BNjaR0n,jCRN � $�,G<aRnN0

U�V 1tTHQ/2/ pB2rX U#V j. KQ/2HX

6B;m`2 RXR, "2`HBM eyX

S`QD2+i P#D2+iBp2bX h?2 �BK Q7 i?Bb i?2bBb Bb iQ +QM/m+i � 72�bB#BHBiv bim/v QM i?2
`Q#mbi BKTH2K2Mi�iBQM Q7 �M G.a �Mi2MM� BM � "h1 >A- BM +QHH�#Q`�iBQM rBi? :L
_2bQmM/ �M/ .hlX

h?2 Q#D2+iBp2b �M/ �+iBpBiB2b ?�p2 #22M /BpB/2/ BMiQ i?2 7QHHQrBM; b2+iBQMb,

Ĝ � i?Q`Qm;? HBi2`�im`2 bim/v r�b +QM/m+i2/ `2;�`/BM; JQmH/2/ AMi2`+QMM2+i2/ .2@
pB+2b UJA.V- i?2 G.a i2+?MQHQ;v- bmBi�#H2 K�i2`B�Hb- �M/ bi�i2@Q7@i?2@�`i G.a BK@
TH2K2Mi�iBQMbX

Ĝ �M B/2MiB}+�iBQM Q7 i?2 QTiBK�H �M/ TQbbB#H2 TH�+2K2Mib Q7 i?2 �Mi2MM�- #2BM; QM
i?2 7`�K2 Q` QM i?2 BMi2`BQ` f 2ti2`BQ` Q7 i?2 ?QmbBM;X AM +QHH�#Q`�iBQM rBi? _�/BQ
6`2[m2M+v U_6V2M;BM22`b �M/ �Mi2MM� /2bB;M2`b- � bmBi�#H2 �Mi2MM� T�ii2`M b?QmH/
#2 7QmM/ 7Q` i?2 +?Qb2M TH�+2K2Mi �M/ �p�BH�#H2 bm`7�+2 bT�+2X

Ĝ �M �M�HvbBb Q7 G.a@bmBi�#H2 K�i2`B�Hb �M/ � K�i2`B�H b2H2+iBQM rBHH #2 +�``B2/ Qmi
7Q` i?2 T�`i r?2`2 i?2 �Mi2MM� rBHH #2 TH�+2/X 1bT2+B�HHv #BQ+QKT�iB#BHBiv- +QHQm`
+QKT�iB#BHBiv- +Q``QbBQM `2bBbi�M+2- �M/ Qi?2` 7mM+iBQM�H `2[mB`2K2Mib rBHH #2 +QM@
bB/2`2/X

Ĝ .2p2HQTK2Mi Q7 i?2 BMi2`7�+2 #2ir22M �Mi2MM� �M/ +�``B2` S*"�- i?`Qm;? � bvb@
i2K�iB+ /2bB;M T`Q+2bbX 6m`i?2` �TTHB+�iBQMb �M/ /2bB;M `2+QKK2M/�iBQMb r2`2



S BNjaR0n,jCRN � $�,G<aRnN0 k

K�/2 iQQX

Ĝ 6Q` � p2`B}+�iBQM Q7 i?2 `Q#mbiM2bb �M/ i?2 `2HB�#BHBiv Q7 i?2 /2bB;M- � T`QiQivT2 r�b
K�/2 7Q` i2biBM; i?2 BMi2`7�+2- `2;�`/BM; `Q#mbiM2bb �M/ 2MpB`QMK2Mi�H +QM/BiBQMbX
6m`i?2`KQ`2- i?2 [m�HBiv Q7 i?2 G.a HBM2b �M/ i?2B` #2?�pBQm` BM >A �TTHB+�iBQMb
r�b 2p�Hm�i2/ �b r2HHX

h?2 T`QD2+i TH�M �M/ Bib �+iBpBiB2b �`2 bmKK�`Bx2/ BM i?2 /B�;`�K Q7 6B;m`2 RXkX

6B;m`2 RXk, S`QD2+i TH�MX



:



+?�Ti2` l
i@3Raw � K3j@R0c

lYS ?B �j ;M ?3�aCN<
.Bz2`2Mi ivT2b Q7 ?2�`BM; BMbi`mK2Mib 2tBbi- �M/ :L _2aQmM/ @ � :L >2�`BM; #`�M/ @
/2bB;Mb �M/ T`Q/m+2b i?2 7QHHQrBM; BM i?2B` H�i2bi T`Q/m+i 7�KBHv,

6B;m`2 kXR, :L _2aQmM/ GBMt j. T`Q/m+i 7�KBHvX

h?2 BMBiB�H BKTH2K2Mi�iBQM Q7 i?2 G.a �Mi2MM� rBHH #2 #�b2/ QM :L _2aQmM/Ƕb
"2`HBM dy- bBM+2 Bi Bb � ;QQ/ }i 7Q` �M G.a BKTH2K2Mi�iBQM /m2 iQ Bib bBx2 �M/ Bib +m``2Mi
�bb2K#Hv KQ/2H r?B+? rBHH #2 7m`i?2` /2b+`B#2/ BM a2+iBQM kXjX h?2 b�K2 /2bB;M +QM+2Tib
+�M H�i2` #2 �TTHB2/ 7Q` iQ Qi?2` >A ivT2b- �M/ �HbQ iQ i?2 M2ti ;2M2`�iBQM >AbX

� j. KQ/2H �M/ TB+im`2 Q7 i?2 "2`HBM dy >A Bb b?QrM BM 6B;m`2 kXk �M/ kXj�X



f l i@3Raw � K3j@R0c

6B;m`2 kXk, 1tTHQ/2/ pB2r j. KQ/2H Q7 "2`HBM dyX

�M BKTQ`i�Mi T�`i Q7 i?2 :L _2aQmM/ �Mi2MM� /2bB;Mb Bb i?2 #`B/;2 Q7 6B;m`2 kXj#
r?B+? +QMM2+ib #Qi? bB/2b Q7 i?2 �Mi2MM� i?`Qm;? � +QMiBMmQmb 6S*X Aib _6 7mM+iBQM
rBHH #2 /2b+`B#2/ BM a2+iBQM kXkX

U�V S?QiQ Q7 "2`HBM dy rBi?Qmi ?QmbBM;X U#V "`B/;2 j. KQ/2HX

6B;m`2 kXj, "2`HBM dyX

lYl �Nj3NN�
h?2 Tm`TQb2 Q7 i?2 �Mi2MM� Bb iQ +QMp2`i 2H2+i`B+�H TQr2` BMiQ `�/BQ r�p2b- �M/ i?2`2#v
`�/B�i2 �M/ i`�MbKBi 2H2+i`B+�H bB;M�Hb i?`Qm;? 2KTiv bT�+2 �M/ pB+2 p2`b� r?2M �+iBM;
�b � `2+2Bp2` (R)X

Nicolai Nielsen
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Q7 i?2 �Mi2MM� T�ii2`M- i?Bb rBHH MQ`K�HHv �HbQ #2 i?2 TH�+2 rBi? K�tBKmK +m``2Mi
BKT`QpBM; i?2 2�`@iQ@2�` +QMM2+iBQMX "2bi `2bmHib ?�p2 �HbQ #22M b?QrM r?2M i?2 #`B/;2
Bb bBim�i2/ QM i?2 iQT Q7 i?2 >A bBM+2 i?2 mTr�`/b /B`2+iBQM Q7 i?2 `�/B�iBQM T�ii2`M rBHH
#2 K�tBKBx2/- �HbQ BKT`QpBM; i?2 2�`@iQ@2�` +QMM2+iBQMX

Ai Bb BKTQ`i�Mi i?�i i?2 #`B/;2 K�BMi�BMb � }t2/ /Bbi�M+2 7`QK Qi?2` +QM/m+iBM; T�`ibX
AM 6B;m`2 kXj#- h `2T`2b2Mib i?2 /Bbi�M+2 iQ i?2 +HQb2bi +QM/m+iBM; T�`i �M/ 7`QK 2�`HB2`
bim/B2b- Bi ?�b #22M `2+QKK2M/2/ i?�i i?2 rQ`bi +�b2 /Bbi�M+2 h U/m2 iQ iQH2`�M+2b 2i+XV
b?QmH/ #2 ≥ 0.4 KK (e)X

q?2M /2bB;MBM; �M �Mi2MM�- �HH i?2 2H2+i`B+�H +QKTQM2Mib Kmbi ?�p2 �b HBiiH2 /2pB@
�iBQMb �b TQbbB#H2 BM i?2B` 2H2+i`B+�H T`QT2`iB2b- bBM+2 BKT2/�M+2@K�i+?BM; �M/ �Mi2MM�
2{+B2M+v ?B;?Hv `2HB2b QM i?2b2 BM~m2M+2bX h?Bb b2ib ?B;? /2K�M/b 7Q` i?2 +QMM2+iBQM
BMi2`7�+2b iQ #2 +?Qb2M �M/ iQ i?2 `Q#mbiM2bb Q7 i?2 G.a �Mi2MM� bvbi2KX

:2M2`2�HHv- i?2 bT�+2 r?2`2 i?2 �Mi2MM� +�M #2 TH�+2/- b?QmH/ #2 �b #B; �b TQbbB#H2-
7Q` K�tBKBxBM; Bib T2`7Q`K�M+2 (d) #v BM+`2�bBM; i?2 pQHmK2i`B+ /2bB;M 7`22/QKX

+RN,IncCRN
amKK�`BxBM; i?2 /2b+`B#2/- �M G.a �Mi2MM� BKTH2K2Mi�iBQM b?QmH/ #2 �#H2 iQ BM+Q`TQ@
`�i2 i?2 7QHHQrBM;,

Ç k@bB/2/ �M/ bvKK2i`B+ T�ii2`MX

Ç "`B/;2 TH�+2/ QM iQT �M/ �b 7�` �r�v �b TQbbB#H2 7`QK Qi?2` +QM/m+iBp2 +QKTQ@
M2MibX

Ç J�tBKBx2 TQbbB#H2 T�ii2`M H2M;i?X h?2 �Mi2MM� b?QmH/ #2 �#H2 iQ miBHBx2 �b #B; �M
�`2� �b TQbbB#H2X

lYk +naa3Nj �cc3L$Iw L3j@R0c
6Q` i?2 2tBbiBM; >Ab- i?2 �Mi2MM� Bb BM KQbi +�b2b �M 6S* �b b?QrM BM 6B;m`2 kX8#X �i
i?2 bQH/2`BM; bTQib- i?2 �Mi2MM� ?�b k bQH/2`BM; T�/b K�/2 Q7 2H2+i`QHviB+ iBM b?QrM BM
6B;m`2 kX8� 7Q` 2�bBM; i?2 bQH/2`BM; rBi? H2�/ 7`22 bQH/2` T�bi2X h?2 S*"�b mb2/ ?�p2
i?2 +QKTQbBiBQM /2b+`B#2/ BM h�#H2 kXR- r?2`2 i?2 1H2+i`QH2bb LB+F2H AKK2`bBQM :QH/
U1LA:V TH�iBM; Bb mb2/ QM i?2 bQH/2`BM; Qp�H ?QH2b BM Q`/2` iQ 7�+BHBi�i2 �/?2bBQM Q7 i?2
bQH/2`BM; T�bi2- �M/ i?2 ;QH/ H�v2` T`Qi2+ib 7`QK +Q``QbBQMX h?�i K2�Mb i?�i i?2 +m``2Mi
�bb2K#Hv +QMM2+ib i?2 2H2+i`QHviB+ iBM TH�iBM; Q7 i?2 6S* �Mi2MM� rBi? i?2 ;QH/ TH�iBM;
Q7 i?2 S*"�- i?`Qm;? H2�/@7`22 bQH/2`BM;X

Nicolai Nielsen




lYk +naa3Nj �cc3L$Iw L3j@R0c O

h�#H2 kXR, S*"� +QKTQbBiBQMX

�7i2` bQH/2`BM; i?2 j T�/b iQ i?2 S*"�- i?2 �Mi2MM� Bb ;Hm2/ �b � biB+F2` r`�TT2/
�`QmM/ i?2 7`�K2 �b b?QrM BM 6B;m`2 kX8+X �b Bi Bb � b?22i- i?2 7`�K2 Kmbi i?2M ?�p2
� Ǵ/B�KQM/Ǵ b?�T2- iQ i�F2 BMiQ �++QmMi i?�i i?2 ~2t �Mi2MM� +�M #2 +m`p2/ BM QM2
/BK2MbBQM QMHvX h?2`27Q`2 MQ /Qm#H2 +m`p2/ bm`7�+2b +�M #2 mb2/ QM i?2 7`�K2X h?Bb Bb
i?2 bi�M/�`/ T`Q+2/m`2 7Q` �bb2K#HBM; � ~2tB#H2 �Mi2MM�X

U�V JB+`Qb+QT2 BK�;2X U#V 6H2t �Mi2MM�X U+V 6BtBM; �Mi2MM� QM
7`�K2X

6B;m`2 kX8

h?2 �Mi2MM� �bb2K#Hv QM i?2 "2`HBM ey- Bb b?QrM BM 6B;m`2 kXeX �b Bi +�M #2 b22M-
i?2 }tBM; iQQH 7Q`K2/ #v k K2i�H rB`2b Bb M22/2/ iQ }t i?2 +QMM2+iBQM T�/b BM Q`/2` iQ
bQH/2` i?2 6S* �Mi2MM� ~�Tb QM i?2 bB/2 Q7 i?2 S*"�X h?Bb BMi2`7�+2 /2bB;M r�b K�/2
BM Q`/2` iQ Q++mTv KBMBK�H bT�+2 QM i?2 S*"�X �HbQ H2bb K�i2`B�H Bb iQ #2 r�`K2/ mT
�`QmM/ i?2 bQH/2`BM; bTQib- 7�+BHBi�iBM; i?2 bQH/2`BM; T`Q+2bbX "v i?Bb /2bB;M- Bi Bb �HbQ
2�bB2` iQ BMbT2+i i?2 [m�HBiv Q7 i?2 bQH/2`BM;X h?Qm;?- i?2 T`2+BbBQM `2[mB`2K2Mib �`2
BM+`2�b2/ �M/ i?2 �bb2K#Hv @ 2bT2+B�HHv i?2 bQH/2`BM; @ Bb `�i?2` +QKTH2tX



Sz l i@3Raw � K3j@R0c

U�V j. KQ/2HX U#V 6BtBM; iQQH �M/ ~�TbX U+V 6BtBM; iQQHX

6B;m`2 kXe, �Mi2MM� bQH/2`BM; 7Q` "2`HBM eyX

h?2 �Mi2MM� bQH/2`BM; Bb K�/2 /Bz2`2MiHv QM i?2 "2`HBM dy- �b b?QrM BM 6B;m`2 kXdX
h?2 ~2t �Mi2MM� Bb }t2/ mM/2` i?2 S*"�- �M/ Qp�H ?QH2b �`2 K�/2 QM i?2 S*"�-
i?`Qm;? r?B+? Bi Bb bQH/2`2/ iQ i?2 ~2t �Mi2MM�Ƕb bQH/2`BM; T�/bX h?2 Qp�H ?QH2b ?�p2
K2i�HHBx2/ +QMiQm`b 7Q` bQH/2`BM; �M/ +QMM2+iBM;X aQ Bi Bb i?`Qm;? i?2 ?QH2 i?�i Bi Bb
bQH/2`2/X *QKT�`2/ iQ "2`HBM ey- � #B;;2` �`2� ?�b iQ #2 r�`K2/ mT K�FBM; Bi � H2bb
/2bB`�#H2 QTiBQM 7Q` bQH/2`BM;- #mi i?Bb b2imT Bb 2�bB2` iQ bQH/2` #2+�mb2 Bi �pQB/b p2`iB+�H
~�TbX

U�V j. KQ/2HX U#V 6BtBM; iQQHX U+V aQH/2`BM; bTQibX

6B;m`2 kXd, �Mi2MM� bQH/2`BM; 7Q` "2`HBM dyX

lY: KRnI030 BNj3a,RNN3,j30 /3qC,3c VKB/W
�M JA. Bb � j. i?2`KQTH�biB+ /2pB+2 r?B+? i�F2b �/p�Mi�;2 Q7 Bib K2+?�MB+�H /2bB;M
iQ BM+Hm/2 +QM/m+iBp2 i`�+2b /B`2+iHv QM i?2 bmTTQ`iBp2 K�i2`B�HX Ai Bb �M mMB[m2 r�v Q7
+QK#BMBM; 2H2+i`B+�H �M/ K2+?�MB+�H T`QT2`iB2b BM � /2pB+2X JA.b T2`KBi �M BKT`Qp2/
pQHmK2i`B+ /2bB;M 7`22/QK- �M BKTQ`i�Mi bi2T iQr�`/b KBMB�im`Bx�iBQM Q7 2H2+i`QMB+ /2@
pB+2bX *�#H2b �M/ Qi?2` +QKTQM2Mib +�M #2 b�p2/ �r�v- 2�bBM; i?2 �bb2K#Hv T`Q+2bbX



lY: KRnI030 BNj3a,RNN3,j30 /3qC,3c VKB/W SS

U�V "BQMB+�Lh URjX8 +K H2M;i?V (3)X U#V JA. BM �miQKQiBp2 ?�M/H2 (N)X

6B;m`2 kX3

k 2t�KTH2b �`2 b?QrM BM 6B;m`2 kX3 r?2`2 K�Mv 2H2+i`QMB+ 72�im`2b �`2 +QMM2+i2/
i?`Qm;? JA. T�`ib- #Qi? 7Q` � bK�HH #BQMB+ `Q#Qi HBF2 i?2 "BQMB+�Lh �M/ 7Q` �miQKQiBp2
�TTHB+�iBQMbX h?2 i?2`KQTH�biB+ T�`i Bb +�HH2/ bm#bi`�i2- QM r?B+? i?2 K2i�HHBx�iBQM Bb
K�/2X � rB/2 p�`B2iv Q7 K�Mm7�+im`BM; i2+?MB[m2b 7Q` JA. 2tBbi r?B+? rBHH #2 #`B2~v
T`2b2Mi2/ BM h�#H2 kXk rBi? i?2B` bBKTHB}2/ bi2TbX



Sl l i@3Raw � K3j@R0c

h�#H2 kXk, .Bz2`2Mi JA. T`Q+2bb2b (Ry)X

RE KQmH/BM;X h?2 T`Q+2bb Bb +?�`�+i2`Bx2/ #v � +Qbi 2{+B2Mi ?B;?@pQHmK2 T`Q/m+@
iBQM �M/ b?Q`i +v+H2 iBK2bX h?2 TH�biB+ bm#bi`�i2 +�M #2 K�/2 rBi? QM2@b?Qi BMD2+iBQM
KQmH/BM;- r?2`2 i?2 K2Hi2/ i?2`KQTH�biB+ Bb Tmb?2/ #v � b+`2r 722/2` BMiQ i?2 BMD2+iBQM
KQmH/BM; iQQHX >2`2 Bi +QQHb �M/ `2K�BMb �b Bib }M�H b?�T2X h?2`2�7i2`- QM2 Q7 i?2b2 K�BM
j JA. T`Q+2bb ivT2b #2;BMb, AM R�- i?2 H�b2` �+iBp�i2b i?2 BKK2`b2/ K2i�HHB+ T�`iB+H2b
BM i?2 i?2`KQTH�biB+ BM i?2 /2bB`2/ T�ii2`MX h?Bb T�i? Bb i?2M TH�i2/ i?`Qm;? 2H2+i`QH2bb
/2TQbBiBQM Q7 i?2 K2i�H iQ #2 mb2/X h?2 T`Q+2bb Bb +QKKQMHv FMQrM �b G.aX R# i�F2b
i?2 QTTQbBi2 �TT`Q�+?X S?vbB+�H o�TQ` .2TQbBiBQM USo.V Bb mb2/ iQ +Q�i i?2 bm#bi`�i2
bm`7�+2 rBi? K2i�H- �M/ i?2M i?2 H�b2` 2HBKBM�i2b i?2 K2i�H 7`QK i?2 mMr�Mi2/ �`2�b-
H2�pBM; i?2 /2bB`2/ 2H2+i`B+�H T�i?X AM R+- 2H2+i`B+�H bi`m+im`2b �`2 /B`2+iHv ?Qi T`2bb2/
BMiQ i?2 bm`7�+2 Q7 i?2 j. bm#bi`�i2X

kE KQmH/BM;X k +QKTQM2Mi BMD2+iBQM KQmH/BM;- �b i?2 M�K2 BKTHB2b- BMpQHp2b k K�@
i2`B�Hb BM i?2 KQmH/BM; T`Q+2bbX AM k�- TH�i2�#H2 �M/ � MQM@TH�i2�#H2 i?2`KQTH�biB+b
�`2 BMD2+iBQM KQmH/2/ iQ;2i?2`- �M/ i?2 TH�i2�#H2 QM2 Bb i?2`2�7i2` K2i�HHBx2/ 7Q`KBM;
i?2 2H2+i`B+�H +B`+mBiX AM k#- � H�b2`@�+iBp�#H2 i?2`KQTH�biB+ bm#biBimi2b i?2 TH�i2�#H2
K�i2`B�H Q7 k�X h?Bb K�i2`B�H Bb kE BMD2+iBQM KQmH/2/ BM i?2 /2bB`2/ T�i?- i?2M H�b2`
�+iBp�i2/ �M/ }M�HHv 2H2+i`QH2bb TH�i2/X h?2 K2i?Q/ Bb bBKBH�` iQ G.a- #mi �i � `2/m+2/
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+Qbi- bBM+2 i?2 2tT2MbBp2 G.a ;`�/2 K�i2`B�H Bb QMHv mb2/ BM i?2 T`2/2}M2/ T�i?- �M/
i?2 `2bi Bb i?2 bi�M/�`/ i?2`KQTH�biB+X

AMb2`i KQmH/BM;X h?2 2H2+i`B+�H +B`+mBib �`2 /B`2+iHv BMb2`i2/ BM i?2 BMD2+iBQM KQmH/BM;
T`Q+2bbX � K2i�HHB+ bi`m+im`2 Bb i?2 BMb2`i BM j� �M/ � ~2tB#H2 TQHvK2` rBi? i?2 T`BMi2/
K2i�HHB+ +B`+mBi T�ii2`M Bb mb2/ �b i?2 BMb2`i BM j#X

G�b2` .B`2+i ai`m+im`BM; �M/ kE@KQmH/BM; UT`Q+2bb k�V �`2 i?2 irQ T`Q+2bb2b KQbi
bmBi�#H2 7Q` K�bb T`Q/m+iBQM kXk- �M/ i?2v ?�p2 �HbQ b?QrM ?B;? `2HB�#BHBiv �i KB+`Q/B@
K2MbBQM�H b+�H2X h?2 K�BM �/p�Mi�;2 Q7 G.a Bb i?�i i?2 T�ii2`M /2bB;M Bb Km+? KQ`2
+QMp2MB2Mi- �M/ MQi HBKBi2/ #v i?2 KQH/- �b BM kE@KQmH/BM;X 6Q` �M �Mi2MM� �TTHB+�iBQM-
i?Bb Bb � p�Hm�#H2 T`QT2`iv- #2+�mb2 i?2 T�ii2`M +�M #2 KQ/B}2/ 2�bB2` �M/ �i � p2`v HQr
+QbiX :L >2�`BM; ?�b 2�`HB2` 2tT2`BK2Mi2/ rBi? kE@KQmH/BM; 7Q` �Mi2MM� �TTHB+�iBQMb
rBi? i?2 K�i2`B�H a+?mH�i2+ hBM*Q 8y (RR) �M/ i?2 K�BM `2bmHib b?Qr2/ +QMbB/2`�#Hv
HQr2` _6 2{+B2M+v 7Q` � ?B;?2` 2H2+i`B+�H `2bBbiBpBivX 1bi�#HBb?2/ JA. T`Q+2bb2b 2tBbi
�i i?2 KQK2Mi- #Qi? rBi?BM RF- kF �M/ BMb2`i KQmH/BM;- �HH /Bz2`BM; BM i2`Kb Q7 T`Q+2bb
+?�BM- [m�HBiv- iBK2 7�+iQ` �M/ +QbiX h?2 b+QT2 Q7 i?Bb i?2bBb r�b T`2/2}M2/ iQ +QM+2`M
G.a /m2 iQ Bib T`2/QKBM�Mi TQbBiBQM rBi?BM �Mi2MM� K�Mm7�+im`BM; 7Q` JA.X

lY9 H�c3a /Ca3,j bjan,jnaCN< VH/bW
h?2 mb2 Q7 H�b2` i2+?QMQHQ;v 7Q` JA. ?�b ;�BM2/ i`�+iBQM /m2 iQ i?2 KQ/2`M /2p2HQT@
K2Mi �M/ �++m`�+v Q7 H�b2`b- �M/ #2+�mb2 Q7 i?2 p2`b�iBHBiv BM j. bT�+2X qBi?BM H�b2`
bi`m+im`BM;- j K�BM ivT2b 2tBbi �M/ r?B+? �`2 bmKK�`Bx2/ BM h�#H2 kXj,
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h�#H2 kXj, hvT2b Q7 G�b2` ai`m+im`BM; (Rk)X

Ç �//BiBp2, J2i�H H�v2`b �`2 QMHv /2TQbBi2/ QM i?2 /2bB`2/ T�ii2`M- r?B+? Bb H�b2`
bi`m+im`2/X

Ç a2KB�//BiBp2, � H�b2`@b2MbBiBp2 T?QiQ`2bBbi +Qp2`b � K2i�HHB+ #�b2 H�v2`X h?2 H�b2`
bi`m+im`BM; �HHQrb �MQi?2` +QTT2` H�v2` QM i?2 bi`m+im`2/ T�ii2`MX 6BM�HHv i?2
T?QiQ`2bBbi �M/ i?2 #�b2 K2i�H H�v2` Bb `2KQp2/ #v 2i+?BM;X

Ç am#i`�+iBp2, h?2 H�b2` Bb mb2/ iQ #2 �#H2 iQ 2i+? �`2�b Q7 +QTT2` �r�v- H2�pBM; QMHv
i?2 /2bB`2/ +QTT2` T�ii2`MX

h?2 KQbi TQTmH�` i2+?MB[m2b rBi?BM i?2 �//BiBp2 T`Q+2bb2b- �`2 GSE6@G.aȉ �M/ �.@
.AJA.X qBi?BM i?2 b2KB�//BiBp2- JB+`Qb+QTB+ AMi2;`�i2/ S`Q+2bbBM; h2+?MQHQ;v UJASh1*V
7`QK S�M�bQMB+ Bb i?2 KQbi mb2/ r?BH2 i?2 bm#i`�+iBp2 T`Q+2bb2b �`2 KQbiHv mb2/ BM +2@
`�KB+ K�i2`B�Hb (Rj)X

GSE6@G.aȉ Bb i?2 bBKTH2bi Q7 i?2 i?`22 ivT2b �M/ �+im�HHv �++QmMib 7Q` 8yW Q7 i?2
JA. K�`F2i (Rj)X Ai BM+Hm/2b � ?B;? p2`b�iBHBiv- K�bb T`Q/m+iBQM- T`QiQivTBM;- �M/ �
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rB/2 `�M;2 Q7 i?2`KQTH�biB+b �`2 #2+QKBM; �p�BH�#H2X Ai Bb � 7�bi �M/ 2+QMQKB+ T`Q+2bb
7Q` JA. �M/ i?2`27Q`2 � T`272``2/ G.a bmTTHB2` 7Q` K�Mv �TTHB+�iBQMbX

�..AJA. Bb p2`v bBKBH�` iQ GSE6@G.aȉ- �M/ BMpQHp2b � bBKBH�` T`Q+2bb +?�BM- #mi
i?2 i2+?MQHQ;v Bb biBHH mM/2` /2p2HQTK2MiX 1�`Hv `2bmHib ?�p2 b?QrM TQi2MiB�H BM/B+�iBQMb
7Q` i?2 7mim`2 Q7 JA.X

JASh1* +�M �+?B2p2 p2`v }M2 +QM/m+iQ` HBM2b /QrM iQ 8y ƒK �M/ ?B;? bm`7�+2 [m�HB@
iB2bX "mi QMHv SS� �M/ irQ ivT2b Q7 +2`�KB+b +�M #2 mb2/- HBKBiBM; i?2 K�i2`B�H QTiBQMb
bB;MB}+�MiHvX 6m`i?2`KQ`2- Bi ?�b � /2+`2�b2/ j. /2bB;M 7`22/QK /m2 iQ TQbBiBQMBM;
+QMbi`�BMib BM Bib T`Q+2bb +?�BM- r?B+? �HbQ `2[mB`2b KQ`2 bi2Tb i?�M �//BiBp2 i2+?MB[m2b-
HBF2 i?2 So. bi2TX h?2`2 Bb �HbQ KQ`2 r�bi2 BM i?Bb T`Q+2bb +QKT�`2/ iQ � iQi�H �//BiBp2
K2i?Q/X

.m2 iQ i?2 K2MiBQM2/ �#Qp2- rBi?BM i?2 G.a i2+?MQHQ;B2b- i?2 7Q+mb rBHH #2 QM GSE6@
G.aȉX Ai ?�b �H`2�/v #22M mb2/ BM � :L _2aQmM/ �++2bbQ`v /2pB+2- +�HH2/ JmHiBJB+-
r?B+? rBHH #2 /2b+`B#2/ BM a2+iBQM 9XkXRX

GSE6@G.aȉX "�b2/ QM i?2 �#Qp2- GSE6@G.a Bb � +H2�` +?QB+2 7Q` � >A �Mi2MM� �T@
THB+�iBQMX Ai +QMbBbib Q7 9 K�BM bi2Tb, BMD2+iBQM KQmH/BM;- H�b2` �+iBp�iBQM- K2i�HHBx�iBQM
�M/ bm`7�+2 }MBb?X h?2 BMD2+iBQM KQmH/2/ K�i2`B�Hb- r?B+? +�M #2 mb2/ 7Q` GSE6@G.aȉ-
Kmbi #2 � bQ+�HH2/ G.a ;`�/2- K2�MBM; Bi +QMi�BMb �M Q`;�MQ@K2i�HHB+ �//BiBp2 r?B+? Bb
H�b2`@b2MbBiBp2 �M/ ;2ib �+iBp�i2/ rBi? H�b2` B``�/B�iBQMX h?2 Q`;�MQK2i�HHB+ +QKTH2t2b
�`2 #�b2/ QM T�HH�/BmK UPd2+V �M/fQ` +QTT2` UCu2+V �M/ r?2M i?2b2 ;2i �+iBp�i2/- i?2v
rBHH �+i �b +�i�Hvbib 7Q` i?2 2H2+i`QH2bb TH�iBM; /2TQbBiBQM (Rj)X

�HH G.a ;`�/2b �`2 +QKT�iB#H2 rBi? BMD2+iBQM KQmH/BM;- #mi bQK2 K�v M22/ 2H2p�i2/
KQmH/BM; i2KT2`�im`2b iQ 2Mbm`2 � ?QKQ;2M2Qmb KBt Q7 i?2 �//BiBp2b BM i?2 K�i2`B�HX
q?2M i?2 BMD2+iBQM KQmH/BM; Q7 i?2 T�`i Bb /QM2- i?2 bm#bi`�i2 +�M #2 H�b2` bi`m+im`2/X

H�c3a cjan,jnaCN<
h?2 +QM+2Ti Bb iQ K�BMi�BM i?2 MQM@+QM/m+iBM; K�i`Bt Q7 i?2 TQHvK2` �M/ iQ `2H2�b2
7`22 Q`;�MQK2i�HHB+ b22/b iQ i?2 bm`7�+2 Q7 i?2 bm#bi`�i2 (R9)X h?Bb ?�TT2Mb r?2M i?2
H�b2` �#H�i2b R@k ƒK QM i?2 bm`7�+2- +`2�iBM; � `Qm;? bm`7�+2 �b b22M BM 6B;m`2 kXRRX
aBKmHi�M2QmbHv- i?2 �//BiBp2 ;2ib �+iBp�i2/ K�FBM; i?2 K2i�HHBx�iBQM TQbbB#H2X S`Q+2bb
`�i2b Q7 mT iQ 9yyy KKfb �`2 �+?B2p�#H2 /2T2M/BM; QM i?2 j. +QKTH2tBivX G.a i`�+F
rB/i?b /QrM iQ R8y ƒK �`2 +QKKQM- r?BH2 KBMBKmK � kyy ƒK i`�+F b2T�`�iBQM Bb
`2+QKK2M/2/ #v GSE6@G.aȉ- �Hi?Qm;? 2p2M bK�HH2` /2bB;Mb �`2 TQbbB#H2X

6Q` i?2 "2`HBM dy �TTHB+�iBQM- i?2 i`�+F rB/i? �M/ bT�+BM; Bb MQi �M Bbbm2 bBM+2 i?2
b2T�`�iBQM �i i?2 bQH/2`BM; TQBMib Bb KQ`2 i?�M 9yy ƒK �M/ MQ i`�+F rB/i?b bK�HH2` i?�M
jyy ƒK �`2 /2bB`2/X

6Q` i?2 j. T�`ib i?2`2 �`2 bQK2 /2bB;M `mH2b r?B+? Kmbi #2 Q#2v2/ BM Q`/2` iQ HQr2`
i?2 G.a +QbiX h?2 H�b2` +�M MQi �++2bb �HH +Q`M2`b Q7 � j. T�`i- #mi KQbi �M;H2b �`2
�+?B2p�#H2 B7 i?2 T�`i Bb KQp2/ �M/fQ` `Qi�i2/- i?Qm;? Bi Bb MQi /2bB`2/X hQ KBMBKBx2
i?2 +QKTH2tBiv Q7 i?2 b2imT- 7QHHQrBM; `mH2b Kmbi #2 i�F2M BMiQ +QMbB/2`�iBQM,
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SH�i2/ pB�bX �b b22M BM 6B;m`2 kXN�- p2`iB+�H +QMM2+iBQMb +�M #2 �+?B2p2/ i?`Qm;?
TH�i2/ pB� ?QH2bX h?Bb Bb p2`v mb27mH 7Q` b�pBM; bm`7�+2 �`2� bBM+2 i?2 G.a HBM2 +�M ;Q
i?`Qm;? i?2 K�i2`B�H BMbi2�/ Q7 ?�pBM; iQ +`Qbb �M 2/;2X h?2 `2T`2b2Mi2/ ;mB/2HBM2b �`2
p�HB/ 7Q` pB� ?QH2bX AM Q`/2` iQ K�F2 i?2 H�b2` `2�+? �HH bm`7�+2b BM i?2 ?QH2- i?2 /B�K2i2`
Kmbi #2 BM+`2�b2/ 7Q` BM+`2�bBM; r�HH i?B+FM2bbX

1/;2 `�/Bmb �M/ r�HH bT�+BM;X A7 bi`m+im`BM; Bb iQ #2 K�/2 QM �M 2/;2- R8y ƒK
`�/Bmb Bb `2+QKK2M/2/- �M/ � R8y ƒK bT�+BM; Bb `2+QKK2M/2/ iQ � 98ê r�HH �M/ k8y ƒK
iQ � dyê r�HH- �b b22M BM 6B;m`2 kXN#X h?Bb Bb /m2 iQ i?2 `BbF Q7 H�b2` /2#`Bb /2TQbBiBM;
+HQb2 iQ i?2 +Q`M2`b- r?B+? +�M T`QpQF2 /2TQbBiBM; Q7 mMr�Mi2/ K2i�HHBb�iBQM M2�` r�HHbX

U�V oB� ?QH2bX U#V 1/;2 `�/Bmb �M/ r�HH bT�+BM;X

6B;m`2 kXN, .2bB;M ;mB/2 (R8)X

�M;H2 Q7 BM+B/2M+2X h?2 �M;H2 Q7 BM+B/2M+2 Bb BKTQ`i�Mi bBM+2 i?2 2M2`;v i`�Mb72`
iQ i?2 bm`7�+2 rBHH /2+`2�b2 7Q` BM+`2�bBM; �M;H2bX h?2`27Q`2- � K�tBKmK dyê #2ir22M
i?2 Q`i?Q;QM�H iQ i?2 bm#bi`�i2 bm`7�+2 Bb `2+QKK2M/2/X h?Bb Bb b?QrM BM 6B;m`2 kXRy�X
h?Bb Bb � /2bB;M `2+QKK2M/�iBQM- i?�i rBHH `2/m+2 +Qbi BM T`Q/m+iBQMX j. G.a i`�+Fb
`2[mB`BM; �M �M;H2 #B;;2` i?�M dyê �`2 TQbbB#H2 #mi rBHH Dmbi M22/ 2Bi?2` i?2 H�b2` Q` i?2
T�`i iQ #2 }ii2/ #v KQpBM; f `Qi�iBM; �++Q`/BM;Hv- r?B+? BM+`2�b2b T`Q/m+iBQM iBK2 �M/
+QbiX

aKQQi? �M/ `QmM/2/ T�i?bX �b BM 6B;m`2 kXRy# i?2 +Q`M2`b b?QmH/ #2 `QmM/2/
BM Q`/2` iQ �pQB/ T22HBM;- 2bT2+B�HHv /m2 iQ i?2 i?2`K�H bi`2bb2b r?2M bQH/2`BM;X h?2
+QM/m+iBp2 i`�+Fb b?QmH/ ?�p2 bKQQi? rB/i? i`�MbBiBQMb �M/ b?�`T@2/;2/ im`Mb b?QmH/
#2 �pQB/2/X
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U�V G�b2` �M;H2 Q7 BM+B/2M+2X U#V *Q`M2` `QmM/BM;bX

6B;m`2 kXRy, .2bB;M ;mB/2 (R8)X

K3j�IICy�jCRN
�7i2` i?2 bi`m+im`BM;- i?2 bm`7�+2 Bb +H2�M2/ 7`QK H�b2` /2#`Bb- 2X;X rBi? r�i2` D2i- *P2

bMQr@D2i Q` r2i@+?2KB+�H f mHi`�bQMB+ +H2�MBM;- #mi +�`27mHHv �pQB/BM; i?2 bi`m+im`2/
bm`7�+2 Bb MQi /2�+iBp�i2/ �;�BMX h?2 `2�bQM iQ � +�`27mH +H2�MBM;- Bb i?�i Qi?2`rBb2 i?2`2
rBHH #2 � `BbF Q7 K2i�HHBxBM; mMr�Mi2/ �`2�b- r?B+? +�M +`2�i2 Bbbm2b �b b?Q`i +B`+mBib
�M/ bBKBH�`X q2i@+?2KB+�H f mHi`�bQMB+ Bb i?2 KQbi 2{+B2Mi K2i?Q/ 7Q` bK�HH /2pB+2b
�M/ K�bb T`Q/m+iBQM- r?BH2 r�i2`@D2i Bb MQi bmBi�#H2 7Q` j. ;2QK2i`B2b �M/ KBMB�im`Bx2/
+QKTQM2MibX *P2 bMQr@D2i Bb KQ`2 2{+B2Mi 7Q` H�`;2 bm`7�+2b (Re)X h?2M i?2 �+iBp�i2/
bm#bi`�i2b �`2 BKK2`b2/ BM �M 2H2+i`QH2bb #�i?- r?B+? +QMbBbib Q7 �M �[m2Qmb K2i�H b�Hi
bQHmiBQM- � `2/m+i�Mi UT`QpB/BM; i?2 2H2+i`QMbV �M/ bQK2 �//BiBp2b 7Q` bi�#BHBx�iBQMX h?Bb
#�i? Kmbi #2 QTiBKBx2/ bQ i?2 K2i�H /2TQbBiBQM QMHv Q++m`b QM i?2 �+iBp2 �`2�b �M/ bQ
i?2 �/?2bBQM Bb bi`QM; 2MQm;?X 6B`bi- � +QTT2` #�i? bi�`ib i?2 K2i�HHBx�iBQM- MQ`K�HHv
7QHHQr2/ #v � MB+F2H �M/ ;QH/ Qp2`TH�iBM;X LB+F2H #BM/b i?2 *m �M/ i?2 �m H�v2`- r?BH2
�m BM+`2�b2b +QM/m+iBpBiv- BKT`Qp2b ;�Hp�MB+ +QMi�+ib �M/ T`Qi2+ib 7`QK +Q``QbBQMX
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6B;m`2 kXRR, GSE6@G.aȉ T`Q+2bbX

1H2+i`QH2bb TH�iBM; BMpQHp2b � b2i Q7 `2�+iBQMb +�``B2/ Qmi BM �M �[m2Qmb bQHmiBQM rBi?@
Qmi i?2 M22/ Q7 2ti2`M�H 2H2+i`B+�H TQr2`- QTTQbBi2 iQ i?2 �HbQ +QKKQM 2H2+i`QTH�iBM;X
h?2 K2i?Q/ �+?B2p2b mMB7Q`K i?B+FM2bb QM i?2 TH�i2/ bm`7�+2- r?B+? Bb BKTQ`i�Mi 7Q`
�Mi2MM� �TTHB+�iBQMb r?2`2 � +QMbBbi2Mi �M/ ?QKQ;2M2Qmb +QM/m+iBpBiv Bb M22/2/X �7i2`
i?2 +QTT2` 2H2+i`QH2bb TH�iBM;- bQK2 Q7 i?2 KQbi +QKKQM }MBb? bm`7�+2b �`2(R8),

RX 1H2+i`QH2bb LB Y BKK2`bBQM �m U1L@A:V
kX 1H2+i`QH2bb LB Y 2H2+i`QH2bb S/ f BKK2`bBQM �m U1L@1S@A:V
jX 1H2+i`QH2bb LB Y BKK2`bBQM �m f 2H2+i`QH2bb �m U1L@A:@1:V
9X 1H2+i`QH2bb LB Y BKK2`bBQM S/ f BKK2`bBQM �m U1L@AS@A:V

LB+F2H@7`22 QTiBQMb �`2 �HbQ �p�BH�#H2 U�miQ@+�i�HviB+ �; f BKK2`bBQM �m U�aA:VV-
r?B+? K�v #2 `2H2p�Mi /2T2M/BM; QM i?2 mb2`@+�b2- BM `2;�`/b iQ Bbbm2b rBi? MB+F2H
�HH2`;B2bX
.Bz2`2Mi H�v2` i?B+FM2bb �`2 mb2/ 7Q` /Bz2`2Mi �TTHB+�iBQMbX � bi�M/�`/ Rk@R3 ƒK *m-
k@9 ƒK LB �M/ KBMX yXR ƒK �m Bb rB/2Hv mb2/X h?2b2 T`Q+2bb2b +�M #2 �miQK�iBx2/
�M/ /2bB;M2/ 7Q` ?B;?@pQHmK2 T`Q/m+iBQM- 2X;X #v /`mK K2i�HHBx�iBQM- r?2`2 i?2 T�`ib
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mMB7Q`KHv ;2i TH�i2/ BM � `Qi�iBM; /`mKX h?2 7QHHQrBM; +H2�MBM; b?QmH/ #2 � +QMiBMmQmb
T`Q+2bb- 7Q` BM+`2�b2/ ?QKQ;2M2Biv Q7 i?2 JA.bX

AM i?2 TH�iBM; T`Q+2bb- i?2`2 �`2 �HbQ bQK2 `2+QKK2M/�iBQMb iQ i�F2 BMiQ �++QmMi BM
i?2 j. /2bB;M (Rd) �M/ BM i?2 T`Q+2bb Bib2H7,

Ç �pQB/ K2i�HHBx�iBQM QM b?�`T 2/;2bX

Ç A7 /`mK K2i�HHBx�iBQM Bb mb2/- bM�;;BM; Q7 i?2 T�`ib QM 2�+? Qi?2` b?QmH/ #2 �pQB/2/
#v j. /2bB;Mb Q7 bQ7i2` b?�T2bX

Ç 1D2+iQ` TBMb b?QmH/ #2 TQbBiBQM2/ �r�v 7`QK i?2 G.a HBM2bX

Ç �pQB/ +�pBiB2b r?2`2 +?2KB+�Hb +�M #2 i`�TT2/ /m`BM; #�i?BM;X

Ç *QMi`QH i?2 bm`7�+2 +H2�MHBM2bb i?`Qm;?Qmi i?2 r?QH2 T`Q+2bbX



lz



+?�Ti2` k
`3\nCa3L3Njc

kYS KCccCRN cj�j3L3Nj
h?2 /2pB+2 b?QmH/ BKTH2K2Mi �M G.a �Mi2MM�- TQi2MiB�HHv `2/m+BM; i?2 bBx2 Q7 i?2 >A-
BM+`2�bBM; Bib /2bB;M 7`22/QK �M/ 7�+BHBi�i2 �M 2�bB2` �bb2K#Hv Q7 i?2 /2pB+2X h?2 2tBbiBM;
T`Q#H2K Bb 7�B`Hv QT2M- #mi i?2 7QHHQrBM; �bbmKTiBQM Bb K�/2,

G.a �Mi2MM�b ?�p2 #22M T`Qp2/ bm++2bb7mH BM � rB/2 `�M;2 Q7 �TTHB+�iBQMb- BM+Hm/BM;
+2HH T?QM2 �TTHB+�iBQMb- H�TiQTb- K2/B+�H /2pB+2b 2i+X h?2`27Q`2- i?2 T`QD2+i rBHH MQi
7Q+mb QM QTiBKBxBM; �Mi2MM� T2`7Q`K�M+2 #�b2/ QM Bib T�ii2`MX 6Q+mb Bb QM B/2MiB7vBM;
i?2 M2r QTTQ`imMBiB2b r?B+? �`Bb2 rBi? JA.- #Qi? BM `2;�`/b iQ _6 /2bB;M- K2+?�MB+�H
/2bB;M �M/ K�Mm7�+im`BM;X �HH Q7 i?Bb /2T2M/b QM i?2 TQbbB#BHBiv Q7 K�FBM; � `Q#mbi
BMi2`7�+2 #2ir22M i?2 S*"� �M/ i?2 G.a �Mi2MM�X

kYl B03NjC8wCN< j@3 N330c
h?2 BKTH2K2Mi�iBQM Q7 i?2 G.a �Mi2MM� b?QmH/ b�iBb7v i?2 7QHHQrBM; M22/b,

Ç AM+Q`TQ`�i2 � T`Qp2M BMi2`7�+2 7Q` +QMM2+iBM; i?2 S*"� iQ i?2 G.a �Mi2MM�X

Ç "2 �#H2 iQ rBi?bi�M/ i?2 ivTB+�H iQm;? 2MpB`QMK2Mib 7Q` >AbX

Ç J�BMi�BM Q` BM+`2�b2 +m``2Mi �Mi2MM� [m�HBiv- �M/ K�i2`B�Hb BMpQHp2/ 7Q` i?2 >A
�TTHB+�iBQMX

Ç "�b2/ QM /2bB;M 7Q` p�Hm2- i?2 G.a �Mi2MM� b?QmH/ BM+`2�b2 /2bB;M 7`22/QK- 2�b2
K�Mm7�+im`�#BHBiv �M/ `2bTQM/ iQ �M 2+QMQKB+�HHv pB�#H2 bQHmiBQMX

6m`i?2`KQ`2- i?2`2 �`2 K�Mv /Bz2`2Mi bi�F2?QH/2`b BMpQHp2/ BM /2p2HQTBM; bm+? �M
�Mi2MM� bQHmiBQM, �Mi2MM� f _6 /2bB;M2`b- K2+?�MB+�H /2bB;M f K�i2`B�H 2M;BM22`b- K�M@
m7�+im`BM;- K�i2`B�H bmTTHB2`b- GSE6@G.aȉ �M/ i?2B` HB+2Mb2bX 1K�BH +Q``2bTQM/2M+2b-
K22iBM;b- BMp2biB;�iBM; bi�i2 Q7 i?2 �`i �M/ G.a �TTHB+�iBQMb i?2Q`v- H2/ iQ i?2 7QHHQrBM;
#�bB+ bT2+B}+�iBQM i�#H2X

kYk #�cC, bU3,C~,�jCRN i�$I3
AM h�#H2 jXR i?2 #�bB+ bT2+B}+�iBQMb Q7 i?2 /2bB`2/ /2bB;M �`2 /2b+`B#2/ #�b2/ QM i?2Q`v
�M/ i?2 �#Qp2 `2b2�`+?X h?2b2 rBHH #2 T`BQ`BiBx2/ BM i?2 /2+BbBQMb K�/2 i?`Qm;?Qmi
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i?2 /2bB;M T`Q+2bbX h?2 /2bB;M `2[mB`2K2Mib `2;�`/BM; i?2 +QMM2+iBQM BMi2`7�+2 rBHH #2
?B;?Hv T`BQ`BiBx2/ i?Qm;?- bBM+2 i?Bb T`QD2+i 7Q+mb2b QM i?2 �Mi2MM�@S*"� +QMM2+iBQMX

h�#H2 jXR, "�bB+ bT2+B}+�iBQM i�#H2X

"BQ+QKT�iB#BHBivX h?2 mb2 Q7 H2�/ BM K2/B+�H /2pB+2b ?�b #22M T`Q?B#Bi2/ bBM+2 CmHv
kyRe (R3)- i?2`27Q`2 MQ QTiBQM BM+Hm/BM; H2�/ rBHH #2 +QMbB/2`2/X h?2 +?Qb2M G.a ;`�/2
K�i2`B�H b?QmH/ �b r2HH #2 #BQ+QKT�iB#H2 7Q` >A �TTHB+�iBQMbX



+?�Ti2` :
/3cC<N TaR,3cc � +RN,3Uj

;3N3a�jCRN
AM i?Bb T`QD2+i- 7Q+mb Bb TH�+2/ QM +`2�iBM; �M BMMQp�iBp2 �M/ `Q#mbi /2bB;M #v i?2 mb2 Q7
G.a K�Mm7�+im`BM; i2+?MQHQ;vX .2bB;M 7Q` K�Mm7�+im`BM; Bb � /`BpBM; 7Q`+2 Q7 i?2 BK@
TH2K2Mi�iBQMX AM i?2 7QHHQrBM;- b2p2`�H +QM+2Tib ?�p2 #22M T`2b2Mi2/ �M/ `�i2/ �;�BMbi
2�+? Qi?2`- BM Q`/2` iQ }M/ i?2 KQbi 72�bB#H2 bQHmiBQMX h?2 K2i?Q/QHQ;v mb2/ Bb i?2 QM2
/2b+`B#2/ #v 1TTBM;2` 2i �HX (RN) BM S`Q/m+i .2bB;M �M/ .2p2HQTK2MiX

h?Bb +?�Ti2` Bb bmTTQ`i2/ #v i?2 /2bB;M T�i? Q7 i?2 /B�;`�K BM 6B;m`2 9XR- r?2`2 i?2
bm#T`Q#H2Kb �`2 B/2MiB}2/- i?2 2ti2`M�H 2tTHQ`�iBQM �M/ i?2 BMi2`M�H B/2� ;2M2`�iBQM �`2
+QM/m+i2/- 7Q` � }M�H +QM+2Ti +QK#BM�iBQM- `�iBM; �M/ +QM+2Ti b2H2+iBQMX
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6B;m`2 9XR, .2bB;M S�i?X

6B`bi Q7 �HH i?2 bm#T`Q#H2Kb ?�p2 #22M B/2MiB}2/,

Ç �V G.a �Mi2MM� +QMi�+i BMi2`7�+2 iQ S*"�X
Ç "V �Mi2MM� TQbBiBQM BM i?2 >AX q?B+? T�`i b?QmH/ Bi #2 KQmMi2/ QMX
Ç *V "`B/;2 ivT2 �M/ TQbBiBQMX
Ç .V "`B/;2 +QMM2+iBQM, A7 i?2 #`B/;2 Bb MQi +QMiBMmQmb- Bi M22/b � +QMM2+iBQM BMi2`@

7�+2X
Ç 1V .2bB;M KQ/B}+�iBQMb, "�b2/ QM i?2 �#Qp2 K2MiBQM2/ bm#T`Q#H2Kb- /2bB;M KQ/@

B}+�iBQMb Q7 i?2 +?Qb2M G.a T�`i rBHH #2 M2+2bb�`vX _2H�i2/ +QM+2`Mb �#Qmi .6J
�M/ .6� rBHH #2 �M�Hvb2/X

h?2 T`2HBKBM�`v #`�BMbiQ`K Q7 TQbbB#BHBiB2b r�b bi`m+im`2/ BM i?2 7QHHQrBM; /B�;`�K
BM 6B;m`2 9Xk �M/ i?2 7QHHQrBM; `2b2�`+? �M/ +QM+2Tim�HBx�iBQM r�b i?2M M�``Qr2/ /QrM
iQ i?2 KQbi `2H2p�Mi bQHmiBQMbX
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6B;m`2 9Xk, A/2� /B�;`�KX

:YS bj�j3 R8 j@3 �aj �N0 3uj3aN�I 3uUIRa�jCRN
G.a ?�b #22M mb2/ BM MmK2`Qmb �TTHB+�iBQMb rBi?BM i?2 �miQKQiBp2- K2/B+�H �M/ bK�`i@
T?QM2 BM/mbi`B2b- i?Qm;? Bi ?�b MQi ;�BM2/ i`�+iBQM BM ?2�`BM; �B/b v2i- /m2 iQ i?2 ?B;?
`2HB�#BHBiv �M/ T`2+BbBQM `2[mB`2K2Mib BM i?2b2X aQ }`biHv- � `2b2�`+? bim/v r�b +QM/m+i2/
�#Qmi bi�i2 Q7 i?2 �`i JA. BKTH2K2Mi�iBQMb i?`Qm;? G.a- 7Q+mbBM; QM i?2 >A BM/mbi`vX

JA. 7`QMi`mMM2`b BM i?2 ?2�`BM; BM/mbi`vX

Ç aB2K2Mb �m/BQHQ;Bb+?2 h2+?MBF :K#> H�mM+?2/ i?2B` }`bi �M/ QMHv "h1 rBi? G.a
BM kyy8- b?QrM BM 6B;m`2 9Xj�X

Ç :L _2aQmM/ JmHiBJB+ aJk S`Q, >A �++2bbQ`v rBi? G.a �Mi2MM�X

Ç S?QM�F Bb T�`i Q7 i?2 j.@>BSJ�a T`QD2+i- 7mM/2/ #v 1l- rBi? � 8-j KBHHBQM 2m`Q
#m/;2iX � TBHQi 7�+iQ`v 7Q` j. >B;? T`2+BbBQM JA. �bb2K#HB2b r�b i?2 7Q+mb- �M/
i?2 T`QD2+i 2M/2/ BM kyR8X
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Ç aBp�MiQb b?QmH/ #2 rQ`FBM; QM �M G.a �Mi2MM� TH�+2/ QM i?2B` >A 7`�K2b- �M/
JQH2t b?QmH/ #2 i?2 G.a bmTTHB2`X

Ç JB+`QbQM Bb 2tTHQ`BM; G.a BM �M 2�`Hv T?�b2- �b b?QrM BM 6B;m`2 9Xj#X

U�V aB2K2Mb �+m`Bb SX

U#V JB+`QbQM (ky)X

6B;m`2 9Xj

h?2 /2bB;M #v aB2K2Mb �m/BQHQ;Bb+?2 h2+?MBF :K#> Bb i?2 QMHv 2t�KTH2 Q7 G.a BM
"h1 >Ab QM i?2 K�`F2iX h?2 Tm`TQb2 Bb iQ BMi2;`�i2 i?`22 KB+`QT?QM2b QMiQ i?2 JA.
�b b?QrM BM 6B;m`2 9Xj�X

h?2 b�K2 >A r�b /Bb�bb2K#H2/ �b b?QrM BM 6B;m`2 9X9 �M/ i?2 G.a KB+`QT?QM2
+�``B2` r�b 7QmM/ iQ ?�p2 � +Q�iBM; 7Q` T`Qi2+iBM; i?2 G.a HBM2b 7`QK i?2 2MpB`QMK2MiX
Ai Bb bmbT2+i2/ i?�i Bi Bb � aGRjed +Q�iBM; 7`QK S2i2`b- �HbQ mb2/ #v :L >2�`BM;X �i
:L >2�`BM;- /Bz2`2Mi +Q�iBM;b �`2 �H`2�/v mb2/- bQ Bi rQmH/ #2 � M�im`�H i`2�iK2Mi 7Q`
i?2 G.a TH�iBM; BM 7mim`2 T`Q/m+ibX
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U�V .Bb�bb2K#H2/ >AX U#V G.a JB+X +�``B2` bQH/2`2/ iQ i?2 S*"�X

6B;m`2 9X9, aB2K2Mb �+m`Bb S

h?2 KB+`QT?QM2 +�``B2` r�b K�/2 Q7 G*S o2+i`� 1 3kyB G.a- �M/ i?2 +QMM2+iBQM
iQ i?2 S*"� ?�b #22M K�Mm�HHv bQH/2`2/ rBi? i?2 rB`2b b22M BM 6B;m`2 9X9#- � TQbbB#H2
bQHmiBQM 7Q` i?2 bm#T`Q#H2K � BM i?Bb T`QD2+iX

:YSYS iwU3c R8 H/b ,RNj�,j CNj3a8�,3c jR T+#�
lT mMiBH MQr- i?2 �Mi2MM�@S*"� +QMM2+iBQM ?�b #22M /QM2 #v bQH/2`BM; �b Bi r�b b?QrM
BM 6B;m`2 kXdX LQr- rBi? i?2 BKTH2K2Mi�iBQM Q7 �M G.a �Mi2MM�- �Hi2`M�iBp2 r�vb Q7
+QMM2+iBM; i?2 �Mi2MM� ?�p2 #22M 2tTHQ`2/X 6B`bi Q7 �HH- HBKBi2/ ivT2b Q7 K�i2`B�Hb �`2
�p�BH�#H2 7Q` G.a- �M/ +QM+2`Mb �`Bb2 �#Qmi i?2 i2KT2`�im`2 `2bBbi�M+2 Q7 i?2b2 K�i2`B�Hb-
B7 bQH/2`BM; Bb iQ #2 +QMbB/2`2/X a2+QM/�`BHv- �M 2�bB2` �M/ KQ`2 +Qbi@2z2+iBp2 �bb2K#Hv
Q7 i?2 ?2�`BM; �B/ K�v #2 TQbbB#H2 #v BMi2;`�iBM; Qi?2` ivT2b Q7 +QMM2+iBQMb Q` Qi?2`
r�vb Q7 bQH/2`BM;X AM i?2 7QHHQrBM;- � b2H2+iBQM Q7 `2H2p�Mi +QMi�+i BMi2`7�+2b rBHH #2
/2b+`B#2/,

MRNA03j�,@�$I3 CNj3a8�,3c
h?2b2 �`2 i?2 +QMM2+iBQMb i?�i `2[mB`2 bQH/2`BM; Q` ;HmBM;- �M/ i?2 KQbi `2H2p�Mi bQHm@
iBQMb- �`2 i?2 QM2b #2HQr,

am`7�+2 JQmMiBM; h2+?MQHQ;v UaJhV rBi? `2~Qr bQH/2`BM;X .Bz2`2Mi ivT2b
Q7 bQH/2`BM; 2tBbi- #mi Bi Bb }`bi Q7 �HH BKTQ`i�Mi i?�i i?2 K2i?Q/ +QKTHB2b rBi? i?2
#�bB+ bT2+B}+�iBQMb Q7 h�#H2 jXR- r?2`2 � H2�/ 7`22 +QMM2+iBQM Bb 2KT?�bBx2/X aJh �M/
`2~Qr bQH/2`BM; Bb �M 2{+B2Mi �M/ ?B;?@pQHmK2 T`Q+2bb- r?B+? +�M #2 �miQK�iBx2/ BM
T`Q/m+iBQMX h?2 +QKTQM2Mib �`2 KQmMi2/ /B`2+iHv QM i?2 +QM/m+iBp2 bm`7�+2- MQ`K�HHv
#2BM; � T`BMi2/ +B`+mBi #Q�`/ US*"VX AM i?Bb +�b2- i?2 bm`7�+2 rQmH/ #2 i?2 QM2 Q7 i?2
G.a T�`i r?2`2 i?2 i`�+Fb �`2 iQ #2 +QMM2+i2/X h?2 T`Q+2bb Bb b?QrM BM i?2 /B�;`�K Q7
6B;m`2 9X8X
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6B;m`2 9X8, aJh (Rj)X

6B`bi- i?2 bQH/2` T�bi2 Bb TH�+2/ QM i?2 +QMM2+iBQM bTQi r?B+? BM i?Bb +�b2 rQmH/ #2
QM i?2 G.a i`�+2 Q` QM i?2 S*"�X h?2M- i?2 +QKTQM2Mib �`2 TH�+2/ QM i?2 bQH/2` T�bi2
bTQib �M/ Bi Bb �HH ?2�i2/ BM �M Qp2M- r?2`2 i?2 bQH/2` K2Hib �M/ }t2b i?2 +QKTQM2MibX
h?Bb Bb � ?B;?Hv 2z2+iBp2 �M/ �miQK�i2/ T`Q+2bb- `2/m+BM; H�#Qm` +Qbib `2H�i2/ iQ 2X;X
K�Mm�H bQH/2`BM;X

PM2 Q7 i?2 KQbi mb2/ ivT2b Q7 `2~Qr bQH/2`BM; Bb i?2 p�TQ` T?�b2X h?2 K�BM
�/p�Mi�;2 Q7 i?2 p�TQ` T?�b2 bQH/2`BM; Bb i?2 HQr i2KT2`�im`2b Q7 i?2 T`Q+2bb- 2X;X #2BM;
kjyê* 7Q` H2�/@7`22 aM�;*m bQH/2` T�bi2 (kR)X aBM+2 i?Bb K2i?Q/ Bb #�b2/ QM ?2�i i`�Mb72`
iQ i?2 +QKTQM2Mib- i?2 ;2QK2i`v Q7 i?2 +B`+mBi iQ #2 bQH/2`2/ Bb MQi � HBKBi�iBQM (kk)X
h?2`2 �`2 MQ #HBM/ �M;H2b- �b i?2`2 Bb r?2M ?�M/HBM; � bQH/2`BM; B`QM- #mi QMHv r?2M
/2TQbBiBM; i?2 bQH/2` T�bi2X h?Bb Bb �M �/p�Mi�;2 7Q` i?2 +m`p2/ �M/ `�i?2` +QKTH2t
;2QK2i`B2b Q7 i?2 TH�biB+ +QKTQM2Mib BM >AbX

�M 2t�KTH2 Q7 � am`7�+2 JQmMi2/ .2pB+2 UaJ.V rBi? `2~Qr2/ +QKTQM2Mib QM G.a-
+�M #2 b22M BM 6B;m`2 9Xe�X
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U�V aJ. QM G.a i`�+2b- E�oQ .2Mi�H :K#>(kj)X U#V qB`2 #QM/BM;- >a:@AJ�h
(k9)X

6B;m`2 9Xe

h?2 KQbi BKTQ`i�Mi 7�+iQ` iQ +QMbB/2` Bb i?2 �miQK�i2/ �bb2K#Hv `2[mB`2K2Mib �M/
i?2 +QKTH2tBiv Q7 i?2 j. JA.X h?2 +QKTQM2Mi Q7 6B;m`2 9Xd� ?�b iQ #2 TB+F2/ mT #v
� ;`BTTBM; iQQH �M/ TH�+2/ QM i?2 +Q``2+i bQH/2` bTQiX �i i?2 TQbBiBQMBM; KQK2Mi- i?2
bm`7�+2 Kmbi #2 T2`T2M/B+mH�` iQ i?2 +QKTQM2Mi- Qi?2`rBb2 i?2`2 Bb � `BbF Q7 KBbTH�+2@
K2Mi Q` iBHiBM; Q7 i?2 +QKTQM2MiX AM i?Bb +�b2- i?2 S*"� rQmH/ #2 i?2 +QKTQM2Mi
�M/ i?2 G.a �Mi2MM� Bb i?2 bm`7�+2- Q` pB+2p2`b�X *QMp2MiBQM�H TB+F � TH�+2 K2i?Q/b
�`2 i?2`27Q`2 MQi r2HH /2p2HQT2/ v2i 7Q` j. �TTHB+�iBQMb- �M/ j. JA. rQmH/ M22/ �
KmHiB@�tBb �bb2K#Hv K�+?BM2 7Q` MQM@TH�M�` �TTHB+�iBQMbX

�b b22M BM h�#H2 9Xd#- /Bz2`2Mi +�i2;Q`B2b 2tBbi /2T2M/BM; QM i?2 +QKTH2tBiv Q7 i?2
j. �``�M;2K2Mi Q7 +QKTQM2Mib- r?2`2 y Bb i?2 /2bB`2/ +QMbi2HH�iBQM �M/ j" Bb i?2 KQbi
+QKTH2tX q?2M /2bB;MBM; i?2 JA. �M/ i?2 G.a �Mi2MM� +QMM2+iBQM- i?Bb b?QmH/ #2
i�F2M BMiQ �++QmMiX h?2 b+�H2 �HbQ �TTHB2b iQ KQbi Qi?2` +QMM2+iBQM i2+?MB[m2b HBF2
K�Mm�H bQH/2`BM;- Q` /2i�+?�#H2 +QMM2+iBQMb i?�i K�v ?�p2 iQ #2 bQH/2`2/ QM i?2 T�`i
M2p2`i?2H2bbX

U�V *QKTQM2Mi TH�+2K2MiX U#V j. +�T�#BHBiB2bX

6B;m`2 9Xd, (Rj)X

q?2M i?2 +QKTQM2Mi Bb TH�+2/ QM i?2 bQH/2` T�bi2 Bi Bb T`QM2 iQ 7�HH Qz B7 i?2 bm`@
7�+2 Bb iBHi2/X h?2`2 Bb i?Qm;? bQK2 �/?2bBp2 bi`2M;i? BM i?2 bQH/2` T�bi2- #mi #B;;2`
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+QKTQM2Mib rBHH MQi #2 b2+m`2/X A7 � r?QH2 S*"� Bb iQ #2 bQH/2`2/ iQ i?2 G.a �M@
i2MM�- bBx2b �`2 iQQ #B; iQ `2Hv QM i?2 bQH/2`T�bi2 �HQM2X h?2`27Q`2 i?2`2 Bb � K2i?Q/
UBM bBim }t�iBQMV r?2`2 ;Hm2 Bb mb2/ iQ b2+m`2 i?2 +QKTQM2Mi r?BH2 Bi Bb biBHH ?QH/ #v i?2
;`�##BM; iQQH (Rj)X �M �Hi2`M�iBp2 Bb iQ mb2 +QM/m+iBp2 �/?2bBp2- r?B+? �HbQ 2bi�#HBb?2b
i?2 2H2+i`B+�H +QMM2+iBQM �i i?2 b�K2 iBK2X

J�Mm�H bQH/2`BM;X Ai Bb i?2 +m``2Mi K2i?Q/ mb2/ 7Q` bQH/2`BM; i?2 ~2t �Mi2MM� iQ
i?2 S*"�X PM2 Q7 i?2 `2�bQMb Bb i?2 +QKTH2tBiv `2H�i2/ iQ ?�M/HBM; i?2 ~2t S*"
�Mi2MM� �M/ i?2 DB; `2[mB`2/ BM Q`/2` iQ }t Bi T`2+Bb2Hv iQ i?2 7`�K2 �M/ S*"�X >B;?2`
i2KT2`�im`2b i?�M p�TQ` T?�b2 bQH/2`BM; �`2 M2+2bb�`vX lbm�HHv � bQH/2` iBT i2KT2`�im`2
Q7 j9yê* Bb mb2/X h?2 bQH/2` T�bi2 +QMbBbib Q7 �M �HHQv2/ K2i�H TQr/2` �M/ i?2 ~mt- r?B+?
`2KQp2b QtB/2 H�v2`b �M/ r2ib i?2 bQH/2` T�/b r?2M bQH/2`BM;X

U�V 6H2t S*" bQH/2`2/ iQ G.aX U#V *QMM2+iQ` +HBTb bQH/2`2/ iQ G.aX

6B;m`2 9X3, (k9)

*QM/m+iBp2 �M/ MQM@+QM/m+iBp2 �/?2bBp2bX .m2 iQ i?2 `2H�iBp2Hv ?B;? i2KT2`�@
im`2b M22/2/ 7Q` bQH/2`BM;- �/?2bBp2b +�M #2 �M �Hi2`M�iBp2 +�T�#H2 Q7 +QMM2+iBM; �i Km+?
HQr2` i2KT2`�im`2b U3y iQ R8yê* V (Rj)X *QKT�`2/ iQ bQH/2`BM;- i?2 ;Hm2 +QMM2+iBQM Bb
#2ii2` �i BKT�+i �#bQ`TiBQM /m2 iQ Bib MQM `B;B/ bi`m+im`2X aBKBH�` aJh K2i?Q/b +�M
#2 mb2/ iQ /2TQbBi i?2 ;Hm2 �M/ i?2 +QKTQM2MibX h?`22 /Bz2`2Mi ivT2b 2tBbi- �M/ i?2b2
�`2 `2T`2b2Mi2/ BM 6B;m`2 9XN

AbQi`QTB+ *QM/m+iBp2 S�bi2 UA*SV #QM/BM; }t2b i?2 +QKTQM2Mib rBi? 2H2+i`B+�H +QM@
/m+iBpBiv BM �HH /B`2+iBQMbX h?2 K2+?�MB+�H bi`2M;i? Q7 i?2 �/?2bBp2 F22Tb i?2 +QMM2tBQM
iQ;2i?2`- r?BH2 i?2 BKK2`b2/ K2i�HHB+ }HH2`b BM i?2 TQHvK2` 2bi�#HBb? i?2 2H2+i`B+�H +QM@
M2+iBQMX Ai Bb rB/2Hv mb2/ BM KBMB�im`Bx2/ /2pB+2bX

�MBbQi`QTB+ *QM/m+iBp2 S�bi2 U�*SV #QM/BM; }t2b i?2 +QKTQM2Mib rBi? 2H2+i`B+�H
+QM/m+iBpBiv- QMHv BM i?2 p2`iB+�H /B`2+iBQMb- BX2X i?2 /B`2+iBQM Q7 i?2 #QM/BM; 7Q`+2X h?2
K2i�H T�`iB+H2b Q7 i?2 TQHvK2` 2bi�#HBb? i?2 +QMM2+iBQM QMHv r?2M i?2v �`2 +QKT`2bb2/
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iQ;2i?2`X h?2`27Q`2 Bi Bb MQ`K�HHv �TTHB2/ �b }HKb �/Dmbi2/ iQ i?2 TQbBiBQM �M/ bBx2 Q7
i?2 �TTHB+�iBQM- �M/ i?2 }HH2`b rBHH �+i �b BMbmH�iQ`b BM i?2 ?Q`BxQMi�H /B`2+iBQMbX

LQM@+QM/m+iBp2 S�bi2 UL*SV #QM/BM; /Q2b KQbiHv `2Hv QM � bBKTH2 2H2+i`B+�H +QMM2+@
iBpBiv #v /B`2+i +QMi�+i Q7 i?2 +QM/m+iBM; bm`7�+2bX h?2 �/?2bBp2 Bb MQ`K�HHv ?2�i2/ �M/
Tmi QM i?2 2/;2b Q7 i?2 +QMM2+iBQMX AM bQK2 bBim�iBQMb- �M �//BiBQM�H +QMM2+iBQM bi2T
HBF2 rB`2 #QM/BM; Bb mb2/- 2bT2+B�HHv 7Q` +?BT KQmMiBM; �TTHB+�iBQMbX

6B;m`2 9XN, *QMM2+iBQM �/?2bBp2b (k8)X

qB`2 #QM/BM;X �M 2t�KTH2 Q7 rB`2 #QM/BM; QM G.a i`�+Fb Bb b?QrM BM 6B;m`2 9Xe#X
h?2 mHi`�bQMB+ pB#`�iBQM #QM/BM; Bb i?2 i2+?MB[m2 `2+QKK2M/2/ 7Q` JA. (Rj) /m2 iQ i?2
`2H�iBp2Hv `Qm;? bm`7�+2b QM JA.b �7i2` H�b2` bi`m+im`BM;X h?2 +QMM2+iBQM Bb K�/2 #v
r2H/BM; i?2 rB`2 iQ i?2 TQBMi Q7 +QMi�+i- �M/ i?2 2M2`;v Bb /2HBp2`2/ #v mHi`�bQMB+bX �b
bi�i2/ 2�`HB2`- Bi Bb MQ`K�HHv mb2/ BM +QKTH2t �M/ KB+`Qb+QTB+ bBHB+QM +?BT +QMM2+iBQMbX

>2�i bi�FBM;X 6B;m`2 9XRy b?Qrb i?2 T`BM+BTH2 Q7 ?2�i bi�FBM;- r?2`2 � TH�biB+ bim/
Bb ?2�i2/ �M/ i?2`2#v }tBM; i?2 T�`i r?B+? Bb mM/2` Bi- #v +QKT`2bbBQMX Ai Bb 2bT2+B�HHv
`2H2p�Mi 7Q` ~2t S*"b �b i?2 bQHmiBQM b?QrM BM 6B;m`2 9X3�X h?2 K2i?Q/ +QmH/ }t �M
2p2Mim�H ~2t S*" B7 Bi r�b iQ #2 +QK#BM2/ rBi? i?2 G.a i`�+2bX h?2 K2i?Q/ Bb MQ`K�HHv
+QK#BM2/ rBi? bQH/2`BM; 7Q` 2bi�#HBb?BM; i?2 2H2+i`B+�H +QMM2+iBQMX
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6B;m`2 9XRy, >2�i bi�FBM; (ke)X

/3j�,@�$I3 CNj3a8�,3c
�KQM;bi i?2 /2i�+?�#H2 BMi2`+QMM2+iBp2 BMi2`7�+2b- i?2b2 +QmH/ #2 `2H2p�Mi bQHmiBQMb,

S`2bb@BM +QMM2+iBQMX h?2b2 +QMM2+iBQMb /Q MQi `2[mB`2 i?2`K�H HQ�/BM; �M/ i?2 +QM@
i�+i Bb bBKTHv 2bi�#HBb?2/ #v T`2bbBM; � TBM BMiQ � TH�i2/ ?QH2X h?2 +QMi�+i Kmbi #2
iB;?i BM Q`/2` iQ ?�p2 � `2HB�#H2 +QMM2+iBQM- r?B+? rBHH i?2M ?�p2 �M BM+`2�b2/ b?Q+F
�M/ pB#`�iBQM `2bBbi�M+2X �M 2t�KTH2 +�M #2 b22M BM 6B;m`2 9XRR�- r?2`2 Bi Bb /2bB;M2/
Q`i?Q;QM�HHv 7Q` � iQT Tmb? r?2M 2Mi2`BM; i?2 ?QH2- �M/ i?2`2#v }iiBM; BM i?2 +�pBivX Ai
Bb BKTQ`i�Mi iQ ?�p2 2MQm;? +QTT2` H�v2` i?B+FM2bb BM i?2 ?QH2- �M/ QTiBKBx2 i?2 /2bB;M
7Q` i?2 2tT2+i2/ MmK#2` Q7 BMb2`iBQM f TmHH@Qmi +v+H2b �M/ i?2 +QMi�+i 7Q`+2b BMpQHp2/X

SQ;Q@TBMb T`QpB/2 `2HB�#H2 +QMM2+iBQMb 7Q` �TTHB+�iBQMb rBi? `BbF Q7 pB#`�iBQMb �M/
BKT�+ib- r?B+? Bb i?2 +�b2 BM >AbX h?2b2 BM+Hm/2 � bT`BM;- �+iBM; �b � /�KT2` 7Q`
pB#`�iBQMb �b r2HH �b �TTHvBM; � +QMiBMmQmb T`2bbm`2 iQr�`/b i?2 +QMM2+iBQM T�/- �b Bi
+�M #2 b22M BM 6B;m`2 9XRR#X h?2 bK�HH2bi 7QmM/ TQ;Q TBMb ?�p2 � ?2B;?i Q7 kXk KK-
r?B+? �`2 #B; /BK2MbBQMb 7Q` � >A +QMM2+iBQM- #mi rQ`i? +QMbB/2`BM;X h?2 K�BM +?�HH2M;2
Bb i?Qm;? iQ /2bB;M i?2 TQ;Q@TBM 7Q` � `2HB�#H2 K�i+?2/@BKT2/�M+2 +B`+mBi- r?B+? Bb p2`v
`2H2p�Mi 7Q` �Mi2MM� �TTHB+�iBQMbX



:YS bj�j3 R8 j@3 �aj �N0 3uj3aN�I 3uUIRa�jCRN kk

U�V S`2bb BM TBM
(kd)X

U#V SQ;Q TBM
/B�;`�K (k3)X

U+V aTB`�H bT`BM; +QM@
M2+iQ`X

U/V aT`BM; +HBTX

6B;m`2 9XRR

aTB`�H bT`BM; +QMM2+iQ`b �`2 bBKBH�` iQ i?2 TQ;Q@TBMb- #mi +�M #2 7QmM/ BM ?2B;?ib
/QrM iQ kXy KK- bQ i?2v i�F2 mT H2bb bT�+2 BM i?2 p2`iB+�H /B`2+iBQM- #mi i?2B` rB/i? Bb
MQ`K�HHv KBMBKmK 9 KKX �M 2t�KTH2 7`QK uQFQrQ *QX Gi/X Bb b?QrM BM 6B;m`2 9XRR+X
h?2 +?�HH2M;2 rBi? bT`BM; +QMM2+iQ`b �M/ TQ;Q TBMb- Bb i?2 M22/ Q7 ?�pBM; � Tmb?BM;
7Q`+2 BM Q`/2` iQ F22T i?2 +QMi�+iX aQ i?2 K2+?�MB+�H /2bB;M Kmbi i�F2 i?Bb BMiQ �++QmMi-
�M/ Tmi i?2 G.a �M/ S*"� +QMM2+iBQM BM +QMbi�Mi +QKT`2bbBQMX

U�V aHBK ai�+F #�HH�M+2/ bT`BM; +QMM2+iQ` (kN)X U#V .Bz2`2Mi HQ+FBM; K2+?�MBbKbX

6B;m`2 9XRk

aT`BM; +HBTbX �b i?2 QM2 BM 6B;m`2 9XRR/- i?Bb +QMM2+iBQM Qz2`b ?B;? `2HB�#BHBivX Ai
rQmH/ #2 bQH/2`2/ iQ i?2 S*"� Q` i?2 G.a HBM2 �M/ Bx2b /QrM iQ k KK 2tBbi- i?Qm;?
i�FBM; mT � HQi Q7 bT�+2 BM >A �TTHB+�iBQMbX
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"�H�M+2/ bT`BM; +QMM2+iQ`bX � R9@TBM aHBKai�+F 7`QK JQH2t Bb b?QrM BM 6B;m`2
9XRk� r?B+? �HHQrb KBMBK�H 7Q`+2b iQ HQ+F i?2 +QMM2+iBQM �M/ Bb `2HB�#H2 �;�BMbi b?Q+F
�M/ pB#`�iBQM �b b?QrM BM 6B;m`2 9XRk#X *QMM2+iQ` ?2B;?ib /QrM iQ yXe KK +�M #2 7QmM/
r?B+? rBHH b�p2 bT�+2X h?2b2 �`2 B/2�H 7Q` iB;?i T�+F�;BM; �TTHB+�iBQMb- #mi MQ`K�HHv
mb2/ 7Q` KmHiBTH2 +QMM2+iBQMb BM � `QrX

h?2 /`�r#�+F Q7 mbBM; � bT`BM; +QMM2+iBQM iQ G.a Bb i?�i � MQM+QM/m+iBp2 T`Qi2+iBp2
+Q�iBM; +�M MQi #2 mb2/ QM i?2 +QMM2+iBQM T�/b- �M/ i?2`27Q`2 +Q``QbBQM K�v Q++m` BM
i?Bb xQM2- 2bT2+B�HHv B7 � +QMbi�Mi ?B;? T`2bbm`2 7Q`+2 Bb MQi K�BMi�BM2/X

S`QtBKBiv 2H2+i`B+�H +QmTHBM;X LQ T?vbB+�H +QMi�+ib �`2 T`2b2Mi #2ir22M i?2 722/
HBM2 �M/ i?2 �Mi2MM�- r?B+? K�F2b Bi � bBKTH2 �M/ bT�+2 b�pBM; +QMM2+iBQMX 1�`HB2`
bim/B2b #v 6¤`+? 2i �HX (jy) ?�p2 b?QrM T`QiQivT2b Q7 mbBM; T`QtBKBiv 2H2+i`B+�H +QmTHBM;
iQ +QMM2+i � +QTT2` �Mi2MM� iQ i?2 _6 +?BT Q7 i?2 >A S*"�- �M/ ?�b b?QrM bm++2bb7mH
`2bmHibX h?2 i2+?MQHQ;v Bb i?Qm;? MQi K�im`2/ v2i #mi +QmH/ #2 +QMbB/2`2/ 7Q` 7mim`2
BKTH2K2Mi�iBQMbX

:YSYl 2uCcjCN< U�j3Njc
aQH/2`H2bb KQ/mH2 +QMM2+iQ` 7Q` � ?2�`BM; �bbBbi�M+2 /2pB+2 �bb2K#Hv U1S
kyRe yReedy9 @ ai�`F2v G�#Q`�iQ`B2b AM+V /2b+`B#2b � +QMM2+iBQM iQ G.a i`�+2b
#v /B`2+i +QKT`2bbBQM Q7 �M lMBp2`b�H *B`+mBi JQ/mH2 Ul*JV BMiQ i?2 G.a bi`m+im`2
rBi?Qmi i?2 mb2 Q7 rB`2b Q` bQH/2`X � `2T`2b2Mi�iBQM +�M #2 b22M BM 6B;m`2 9XRj� r?2`2
i?2 +mbiQK THm; Bb i?2 l*J 7Q` i?2 b?QrM �TTHB+�iBQM- r?B+? +QMM2+ib iQ G.a pB� ?QH2b
i?`Qm;? � T`2bb }i +QMM2+iBQMX

JQ#BH2 /2pB+2 rBi? G.a �Mi2MM� KQ/mH2 �M/ K2i?Q/ 7Q` K�FBM; G.a �M@
i2MM� KQ/mH2 Uyyy8jNk @ ��* h2+?MQHQ;B2bV /2b+`B#2b i?2 K2i?Q/ 7Q` K�FBM;
�M G.a �Mi2MM� KQ/mH2 QM i?2 #�+F +Qp2` Q7 � KQ#BH2 /2pB+2X 6B;m`2 9XRj# b?Qrb i?2
/B�;`�KX
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U�V lMBp2`b�H *B`+mBi
JQ/mH2X

U#V G.a �Mi2MM� 7Q` KQ#BH2 /2pB+2bX

6B;m`2 9XRj

h?2b2 r2`2 i�F2M BMiQ +QMbB/2`�iBQM BM i?2 /2bB;M T?�b2X

:Yl +RN,3Ujn�ICy�jCRN �N0 BNj3aN�I
2uUIRa�jCRN

"�b2/ QM i?2 2ti2`M�H 2tTHQ`�iBQM- i?2 7QHHQrBM; +QM+2Tim�HBx�iBQM Q7 bQHmiBQMb rBHH #2
+�``B2/ Qmi BM `2;�`/b iQ i?2 #�bB+ bT2+B}+�iBQMb Q7 h�#H2 jXRX 6B`bi- i?2 T`2pBQmb 2t@
T2`B2M+2 Q7 :L >2�`BM; rBHH #2 �M�Hvb2/ BM Q`/2` iQ /2bB;M M2r +QM+2Tib 7Q` i?2 G.a
�Mi2MM� BKTH2K2Mi�iBQMX

:YlYS ;M `3cRnN0ȕc H/b 3uU3aC3N,3
_2aQmM/ JmHiBJB+ aJk S`QX :L _2aQmM/ /Q2b ?�p2 � T`Q/m+i rBi? G.a QM i?2
K�`F2i- r?B+? Bb i?2 JmHiB JB+ �++2bbQ`v b?QrM BM 6B;m`2 9XR9 �M/ 9XR8X G.a r�b mb2/
iQ bi`m+im`2 i?2 �Mi2MM� �M/ Bib +QMM2+iBQM T�i? i?`Qm;? pB� ?QH2b- �M/ �b b22M- i?2
TH�iBM; Bb 7Q`K2/ #v � iQT H�v2` Q7 MB+F2H QMHv- bQ MQ ;QH/ r�b mb2/X

Nicolai Nielsen
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+RN,IncCRNc A H3ccRNc I3�aN30
h?2 T`2pBQmb G.a 2tT2`B2M+2 ?�b #22M +QHH2+i2/- �M/ #�b2/ QM i?2 `2bmHib- i?2 7QHHQrBM;
H2bbQMb H2�`M2/ +�M #2 mb2/ BM 7m`i?2` /2p2HQTK2Mi,

Ç *Q``QbBQM Q7 G.a +�M #2 �pQB/2/ rBi? aGRjed S2i2`b *Q�iBM;X h?2 /2bB;M +�M
i?2M QMHv ?�p2 bQH/2`2/ +QMM2+iBQMb bBM+2 i?2 S2i2`b +Q�iBM; Bb MQi +QM/m+iBp2X

Ç � /2i�+?�#H2 +QMM2+iBQM �b i?2 QM2 M22/2/ 7Q` i?2 /Q+FBM; +QMM2+iQ` �TTHB+�iBQM-
b?Qr2/ r2�` QM i?2 G.a HBM2- bQ � KBMBKmK +v+HB+ HQ�/ b?QmH/ #2 �TTHB2/ iQ i?2
bm`7�+2- B7 � /2i�+?�#H2 +QMM2+iBQM b?QmH/ #2 mb2/X

Ç J2+?�MB+�H /2bB;M Kmbi �pQB/ G.a #2M/BM;b �M/ mMBMi2M/2/ /B`2+i +QMi�+i rBi?
Qi?2` +QKTQM2MibX

:YlYl �Nj3NN� URcCjCRN
h?2 �Mi2MM� T�ii2`M M22/b �b H�`;2 �b TQbbB#H2 �M �`2� iQ #2 Tmi QM- bBM+2 i?2 H2M;i?
Q7 i?2 T�ii2`M /2i2`KBM2b i?2 T2`7Q`K�M+2 Q7 i?2 �Mi2MM� (d)X h?2 #B;;2bi TH�biB+ �`2�b
�`2 7QmM/ QM i?2 7QHHQrBM; j TQbBiBQMb- r?2`2 i?2 �Mi2MM� �HbQ Bb BbQH�i2/ 7`QK i?2 `2bi
Q7 i?2 2H2+i`QMB+b,

PM ?QmbBM; 2ti2`BQ`X "v TH�+BM; i?2 �Mi2MM� QM i?2 2ti2`BQ` Q7 i?2 ?QmbBM; �b
BM 6B;m`2 9Xkj�- i?2 #B;;2bi �+?B2p�#H2 �`2� +QmH/ #2 2tTHQBi2/ 7Q` �Mi2MM� T�ii2`M
QTiBKBx�iBQMX �HbQ- i?2 �Mi2MM� Bb KQp2/ �b 7�` �r�v �b TQbbB#H2 7`QK i?2 `2bi Q7 i?2
+QKTQM2Mib �M/ TQi2MiB�H BMi2`72`2M+2bX

h?Qm;?- i?2 T�ii2`M rBHH #2 BM /B`2+i pBbm�H �M/ bFBM +QMi�+i rBi? i?2 mb2`- bQ
� +Qp2`BM; BMbmH�iBM; T�BMi rQmH/ #2 M22/2/X aBM+2 i?2 ?QmbBM; T�`ib �`2 /2i�+?�#H2
+QKTQM2Mib- � /2i�+?�#H2 +QMM2+iBQM Bb M22/2/ 7Q` +QMM2+iBM; i?2 T�ii2`M QM i?2 iQT
?QmbBM; rBi? i?2 k bB/2 b?2HHb- �M/ 7`QK ?2`2- iQ i?2 S*"�- BM+`2�bBM; i?2 +QKTH2tBiv
�M/ p�`B�iBQM `BbFbX h?2 G.a /2bB;M `mH2b T`2b2Mi2/ 2�`HB2`- �`2 �HbQ � TQi2MiB�H Bbbm2X
J�`F2/ BM `2/ BM 6B;m`2 9Xk9 bQK2 Q7 i?2b2 �`2 b?QrM- r?2`2 i?2 H�b2` rQmH/ ?�p2
/B{+mHiB2b BM 7QHHQrBM; i?2 T�i? �M/ +QMM2+iBM; i?2 HBM2bX A7 b2H2+i2/ 7Q` i?2 G.a �Mi2MM�
TH�+2K2Mi- rQ`F�`QmM/b +QmH/ #2 7QmM/- r2`2 i?2 ?QmbBM; Bb `2/2bB;M2/ 7Q` i?2 Tm`TQb2-
2X;X �b BM 6B;m`2 9Xk8�- r?2`2 � irQ@b?2HH ?QmbBM; Bb b?QrM- BMbi2�/ Q7 � 9 b?2HH bQHmiBQM
�b Bi Bb BM "2`HBM dyX AM i?2 irQ@b?2HH- i?2 G.a HBM2b +QmH/ i`�p2H QM i?2 Q`�M;2 +QHQm`2/
�`2� �HH i?2 r�v 7`QK i?2 H27i iQ i?2 `B;?i bB/2 Q7 i?2 >AX

Nicolai Nielsen
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U�V G.a QM ?QmbBM; 2ti2`BQ`X U#V G.a QM ?QmbBM; BMi2`BQ`X

6B;m`2 9Xkj

PM ?QmbBM; BMi2`BQ`X "v bBim�iBM; i?2 T�ii2`M QM i?2 ?QmbBM; BMi2`BQ` �b BM 6B;m`2
9Xkj#- i?2 TH�iBM; rBHH MQi #2 BM /B`2+i pBbm�H Q` bFBM +QMi�+i rBi? i?2 mb2` �M/ i?2
T�BMiBM; Bb MQi M2+2bb�`vX h?Qm;?- b�K2 /2i�+?�#H2 +QMM2+iBQM Bbbm2b �`Bb2 �b BM i?2
2ti2`BQ` TH�iBM;- �M BKTQ`i�Mi /Bb�/p�Mi�;2X aBKBH�` G.a /2bB;M +QMbi`�BMib �`Bb2 iQQX

U�V a?2HH +`Qbb b2+iBQMX U#V A/2MiB}2/ ;2QK2i`v Bbbm2bX

6B;m`2 9Xk9

AM +Q``2bTQM/2M+2 iQ i?2 #�bB+ bT2+B}+�iBQM Q7 #2BM; �#H2 iQ T�BMi i?2 ?QmbBM; 2ti2`BQ`-
i?2 KQbi 2{+B2Mi K2i?Q/ Bb mbBM; � imK#H2 bT`�vBM; bvbi2K r?2`2 i?2 bK�HH TH�biB+ T�`ib
�`2 imK#H2/ BM �M 2HHBTiB+�H@b?�T2/ #�``2H r?BH2 � bT`�v MQxxH2 �//b i?2 T�BMiX 6Q` i?2
?QmbBM; T�`ib- #Qi? bB/2b rQmH/ #2 bT`�v2/- H2�pBM; MQ r�v 7Q` i?2 G.a TH�iBM; iQ #2
BMi2`+QMM2+i2/X aQ B7 i?2 G.a r�b iQ #2 /QM2 QM i?2 ?QmbBM; T�`ib- � +QMp2MiBQM�H
bT`�vBM; K2i?Q/ b?QmH/ #2 mb2/- r?B+? Bb H2bb 2{+B2MiX

PM 7`�K2 2ti2`BQ`X AM i?2 +m``2Mi /2bB;Mb- i?2 ~2t S*" �Mi2MM� Bb TH�+2/ �M/ ;Hm2/
iQ i?2 7`�K2X "v TH�+BM; i?2 G.a �Mi2MM� QM i?2 7`�K2- i?2 �KQmMi Q7 BMi2`+QMM2+iBQMb
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Bb `2/m+2/- /m2 iQ i?2 BKK2/B�i2 +QMi�+i Q7 i?2 7`�K2 iQ i?2 S*"� �b b?QrM BM 6B;m`2
9Xk8#- �M/ i?2`2 Bb �HbQ MQ /B`2+i mb2` +QMi�+i iQ i?�i T�`i- r?B+? Bb /2bB`�#H2X

U�V hrQ@b?2HH /2bB;MX U#V G.a QM 7`�K2X

6B;m`2 9Xk8

h?2 QM #Q/v T2`7Q`K�M+2 Q7 i?2 �Mi2MM� Bb ?B;?Hv �z2+i2/ #v i?2 TQbBiBQM Q7 i?2
�Mi2MM�- �M/ B7 TH�+2/ QM i?2 ?QmbBM; b?2HH- i?2 �Mi2MM� rBHH #2 +HQb2` iQ i?2 ?mK�M
?2�/- `2/m+BM; i?2 `2�+? Q7 i?2 �Mi2MM� #v 2�`Hv K22iBM; Q7 i?2b2 Q#bi�+H2b r?B+? ?�p2
HQr i`�MbKBbbBQM +Q2{+B2MibX h?Bb Bb /m2 iQ i?2 ?B;? r�i2` +QMi2Mi Q7 ?mK�M iBbbm2b
r?B+? T`QKQi2 ?B;? HQbb2b �i kX9 :>x (j8)X h?Bb Bb 2bT2+B�HHv �M Bbbm2 7Q` i?2 2�` iQ 2�`
+QMM2+iBpBivX

�M B/2MiB}2/ TQi2MiB�H Bbbm2 rBi? G.a Bb i?2 mb2 Q7 MB+F2H UBM bi�M/�`/ TH�iBM;bV
r?B+? +�M +�mb2 �HH2`;v #v /B`2+i �M/ T`QHQM;2/ +QMi�+i rBi? i?2 ?mK�M bFBM (je)X LQ
+�b2b Q7 MB+F2H KB;`�iBQM #v br2�i ?�p2 #22M B/2MiB}2/- B7 MB+F2H Bb MQi BM /B`2+i bFBM
+QMi�+iX >�pBM; G.a QM i?2 7`�K2 Bb #BQ+QKT�iB#H2 �M/ i?2`27Q`2 T`272``2/X

+RN,IncCRNc
� b+`22MBM; Q7 i?2 �#Qp2 +QM+2Tib Bb bmKK�`Bx2/ BM h�#H2 9XRX "�b2/ QM � r2B;?i2/
+QM+2Ti b+`22MBM; Q7 i?2 T`QT2`iB2b M�K2/ �M/ /2b+`B#2/ �#Qp2- Bi r�b /2+B/2/ iQ TH�+2
i?2 G.a �Mi2MM� QM i?2 7`�K2 2ti2`BQ`X



:Yl +RN,3Ujn�ICy�jCRN �N0 BNj3aN�I 2uUIRa�jCRN :9

h�#H2 9XR, *QM+2Ti b+`22MBM;X

LQr i?�i i?2 7`�K2 r�b +?Qb2M iQ #2 i?2 �Mi2MM� +�``vBM; T�`i- 7QHHQrBM; T`2HBKBM�`v
/2bB;M `2+QMbi`m+iBQM b?QrM BM 6B;m`2 9Xke r�b K�/2,

U�V P`B;BM�H 7`�K2X U#V G.a QTiBKBx2/ 7`�K2X

6B;m`2 9Xke

h?2 i�Tb ?�p2 #22M `2KQp2/ bBM+2 i?2B` K�BM 7mM+iBQM r�b iQ ;mB/2 i?2 6S* �Mi2MM�X
h?2 �Mi2MM� bm`7�+2 ?�b #22M +m`p2/ 7QHHQrBM; i?2 Q`B;BM�H b?2HH bF2H2iQM- #2+�mb2 rBi?
G.a i?2`2 Bb MQ M22/ Q7 ?�pBM; i?2 Ǵ/B�KQM/Ǵ b?�T2/ bm`7�+2b Q7 i?2 Q`B;BM�H 7`�K2X

:YlYk #aC0<3
�b bi�i2/ 2�`HB2`- i?2 #`B/;2 Kmbi #2 T2`T2M/B+mH�` iQ i?2 bm`7�+2 Q7 i?2 ?2�/ (9- 8)
�M/ QM i?2 iQT Q7 i?2 >AX LQr i?�i i?2 G.a �Mi2MM� Bb +?Qb2M iQ #2 TH�+2/ QM i?2
7`�K2- Bi Kmbi #2 TQbbB#H2 iQ `2/2bB;M i?2 7`�K2 bQ i?2 #`B/;2 Bb MQi M22/2/ iQ #2 �M
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2ti2`M�H T�`i �b � ~2t S*"- r?B+? rQmH/ BM+`2�b2 +QKTH2tBivX AM i?�i r�v i?2 #`B/;2
rBHH #2 �M BMi2;`�i2/ T�`i Q7 i?2 7`�K2X 6Q` BKTH2K2MiBM; i?Bb- i?2 irQ HB/b Q7 6B;m`2
9Xke� r2`2 K2`;2/ iQ;2i?2`X h?2 #`B/;2 r�b MQr +?Qb2M iQ #2 TQbBiBQM2/ �i i?2 iQT �M/
7`QMi T�`i Q7 i?2 7`�K2 �b b?QrM BM 6B;m`2 BM 9Xkd #2+�mb2 KQbi 2H2+i`B+�H +QKTQM2Mib
�`2 TQbBiBQM2/ BM i?2 KB//H2 �M/ BM i?2 #�+FX aQ i?2 7`QMi xQM2 r�b B/2MiB}2/ iQ #2
i?2 QM2 r?2`2 Bi rQmH/ #2 2�bB2bi iQ T�bb i?2 #`B/;2 �pQB/BM; TQi2MiB�H BMi2`72`2M+2bX
Pi?2` bQHmiBQMb +QmH/ BM+Hm/2 T�bbBM; i?2 #`B/;2 Qp2` i?2 S*"� #v 2ti2M/BM; i?2 G.a
bm#bi`�i2 7Q`KBM; � #`B/;2 7`QK bB/2 iQ bB/2- r?B+? rQmH/ i?Qm;? BM+`2�b2 +QKTH2tBivX

U�V U#V

6B;m`2 9Xkd, "`B/;2 /2KQMbi`�iBQMX

:YlY: H/bAT+#� +RNN3,jCRN BNj3a8�,3
"�b2/ QM i?2 +QMM2+iBQM 2tTHQ`�iBQM Q7 a2+iBQM 9XRXR � 72r K2i?Q/b r2`2 +QMbB/2`2/ 7Q`
7m`i?2` /2p2HQTK2MiX

:YlY:YS /3j�,@�$I3 ,RNN3,jCRNc
�b T`2b2Mi2/ QM T�;2 jj- /2i�+?�#H2 +QMM2+iBQM bQHmiBQMb �`2 �p�BH�#H2 7Q` G.aX 1t�K@
TH2b �`2 TQ;Q@TBMb- T`2bb@}i TBMb �M/ +@bT`BM;bX h?2 �/p�Mi�;2b �`2 i?�i i?2b2 +�M #2
/Bb�bb2K#H2/- 7�+BHBi�iBM; `2T�B`b �M/ `2TH�+2K2Mib Q7 T�`ib �M/ bBKBH�`X 6m`i?2`KQ`2-
i?2b2 �`2 MQ`K�HHv KQ`2 iQH2`�Mi rBi? BKT�+ib bBM+2 i?2 ~2tB#BHBiv Q7 i?2 +QMM2+iBQMb �`2
BM+`2�b2/- 2bT2+B�HHv 7Q` bT`BM; #�b2/ bQHmiBQMbX h?2 /QrMbB/2 Q7 i?2 /2i�+?�#H2 +QMM2+@
iBQMb Bb i?2B` ;2M2`�H #B; bBx2b- r?B+? Bb �M Bbbm2 BM i?2 HBKBi2/ bT�+2 Q7 >A �TTHB+�iBQMbX

TCN ,RNN3,jCRN
� +QM+2Ti r�b /2p2HQT2/ 7Q` � TBM +QMM2+iBQM �b b22M BM 6B;m`2 9Xk3X Ai Bb #�b2/ QM j
+QMM2+iBp2 TBMb- r?B+? +QmH/ #2 TQ;Q@TBMb Q` T`2bb@}i TBMbX h?2 TBMb �`2 BMb2`i2/ �M/
bQH/2`2/ iQ i?2 S*"�- �M/ i?2 +QMM2+iBQM Bb K�/2 i?`Qm;? i?2 +QMi�+i ?QH2b BM i?2 G.aX
*QM+2`Mb +�M �`Bb2 Q7 r2�`BM; Q7 i?2 TH�iBM; BM i?2 +QMi�+i ?QH2bX 6Q` i?Bb- i?2b2 +QmH/
#2 +Q�i2/ rBi? 2HQ+i`QHviB+ iBM Q` Qi?2` K�i2`B�H r?B+? rQmH/ T`Qi2+i �;�BMbi K2+?�MB+�H
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r2�`X �b b22M BM i?2 /BK2MbBQMb Q7 6B;m`2 9Xk3� Bi Bb ?�`/ iQ }M/ +QKK2`+B�HHv �p�BH�#H2
TBMb Q7 i?2b2 bBx2b- #mi i?2b2 +QmH/ TQbbB#Hv #2 K�Mm7�+im`2/ B7 �/QTi2/ �b � bQHmiBQMX

U�V U#V

6B;m`2 9Xk3, .2i�+?�#H2 +QMM2+iBQM +QM+2TiX

h?2 S*"� rBHH M�im`�HHv #2 #2M/2/ �`QmM/ i?2 7`�K2- +`2�iBM; bi`2bb �i i?2 +QMM2+@
iBQM BMi2`7�+2X h?2`27Q`2- � +QKT`2bbBQM 7Q`+2 Bb M22/2/ BM Q`/2` iQ K�BMi�BM i?2 +QMi�+i
#2ir22M i?2 TBM �M/ i?2 G.a HBM2bX � +QM+2Tim�H BHHmbi`�iBQM Bb b?QrM BM 6B;m`2 9Xk3#-
r?2`2 i?2 `2/ bT`BM; `2T`2b2Mib � r�v iQ K�BMi�BM � +QMbi�Mi 7Q`+2 iQr�`/b i?2 TH�iBM;X
h?2 /m`�#BHBiv �M/ 7�iB;m2 Q7 bT`BM;b- Bb i?2 Bbbm2 r?B+? b?QmH/ #2 2p�Hm�i2/ 7Q` i?2
�TTHB+�iBQM- #2+�mb2 +v+HB+ HQ�/BM; �M/ +QMbi�Mi +QKT`2bbBQM rBHH K�F2 i?2 bT`BM; HQQb2
7Q`+2 �M/ b?Q`i2M Qp2` iBK2X

bN�U ~j
Pi?2` +QM+2Tib BM+Hm/BM; 2HQM;�iBQM Q7 i?2 bm#bi`�i2 K�i2`B�H 7Q` G.a r2`2 +QMbB/2`2/
�b r2HHX .2bB;Mb BM+Hm/BM; bM�T@}i DQBMib �b i?2 +QM+2Ti Q7 6B;m`2 9XkN +QmH/ #2 /2bB;M2/
iQ K�BMi�BM i?2 +QMbi�Mi T`2bbm`2 QM i?2 +QMM2+iBQM bTQi- �M/ � bQH/2`@7`22 bQHmiBQM
+QmH/ T2`?�Tb #2 �+?B2p2/X h?2 pB�#BHBiv Q7 bm+? � +QMM2+iBQM rQmH/ `2[mB`2 � T`QT2`
bM�T@}i /2bB;M �#H2 iQ rBi?bi�M/ i?2 7Q`+2b BMpQHp2/- BM Q`/2` iQ ?�p2 � +QMiBMmQmb S*"�
+QMi�+i rBi?Qmi 2�`Hv 7�iB;m2X h?2 +QMM2+iBQM +QmH/ #2 �bbBbi2/ #v bQH/2`BM;- bBKBH�` iQ
i?2 G.a i�T@S*"� +QM+2Ti r?B+? rBHH #2 T`2b2Mi2/ QM T�;2 9NX
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U�V U#V

6B;m`2 9XkN, aM�T }i DQBMi +QM+2TiX

:YlY:Yl MRNA03j�,@�$I3 ,RNN3,jCRNc

bRI03aCN< ,RNN3,jCRN j@aRn<@ Rq�I @RI3c
h`�Mb72``BM; i?2 T`BM+BTH2 Q7 bQH/2`BM; i?2 "2`HBM dy Q7 6B;m`2 kXd iQ �M G.a �Mi2MM�-
i?2 bQH/2`BM; +QMM2+iBQM ?�b #22M /2bB;M2/ �b b?QrM BM 6B;m`2 9XjyX

U�V U#V

6B;m`2 9Xjy, G.a bQH/2`BM; i?`Qm;? ?QH2bX

h?2 K2i?Q/ Bb /B`2+iHv +QKT�`�#H2 iQ i?2 "2`HBM dy /2bB;MX Ai rQmH/ #2 M2+2bb�`v
iQ 2p�Hm�i2 i?2 2ti2`M�H 7Q`+2b �M/ 2MpB`QMK2Mi�H 7�+iQ`b r?B+? +QmH/ BM~m2M+2 i?2
bQH/2`BM;X h?2 G.a@S*"� bQH/2`BM; b?QmH/ #2 KQ`2 BM~m2M+2/ #v 2ti2`M�H 7Q`+2b �M/
2MpB`QMK2Mi�H 7�+iQ`b +QKT�`2/ iQ i?2 6S* �Mi2MM� r?2`2 i?2 ~2tB#H2 bQH/2`BM; ~�Tb
+�M bHB;?iHv KQp2 p2`iB+�HHv �M/ ?Q`BxQMi�HHvX h?2 G.a bQH/2`BM; T�/b rQmH/ #2 }t2/
iQ i?2 7`�K2 �HHQrBM; p2`v KBMBKmK i`�MbH�iBQMb Q7 i?2 S*"� QM iQTX h?Bb rQmH/ #2
bQK2i?BM; iQ #2 bBKmH�i2/ �M/ i2bi2/ B7 BKTH2K2Mi2/X h?2 +?�HH2M;2 Bb iQ /2bB;M i?2
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}t�iBQM Q7 i?2 S*"� bQ i`�MbH�iBQMb �`2 MQi �HHQr2/X 1ti`� i�Tb +QmH/ #2 TQbBiBQM2/
�`QmM/ i?2 bQH/2`BM;b 7Q` F22TBM; i?2 S*"� BM TH�+2X

+RNN3,jCRN j@aRn<@ T+#� ~uCN< j�U

6B;m`2 9XjR, "2`HBM dy 7`�K2 i�TbX

�MQi?2` /2bB;M bQHmiBQM b�iBb7vBM; i?2 /2bB`2
Q7 #2BM; �#H2 iQ +QMM2+i i?2 G.a �Mi2MM�
iQ i?2 S*"� QM Bib bB/2- rQmH/ #2 i�FBM;
�/p�Mi�;2 Q7 i?2 i�Tb b?QrM BM 6B;m`2 9XjRX
h?2 /2bB;M rQmH/ H2i i?2 G.a i`�+F 7QHHQr mM@
iBH i?2 iQT Q7 i?2 i�T- TH�iBM; i?2 r?QH2 i�T
�b b?QrM BM 6B;m`2 9XjkX h?2`2#v- i?2 K�tB@
KmK /QrMr�`/b 7Q`+2 Bb �HbQ �TTHB2/ `B;?i �i
i?2 +QMM2+iBQM- F22TBM; i?2 S*"� /QrM iQ
i?2 7`�K2X h?2M- i?2 i�T rQmH/ #2 bQH/2`2/
iQ i?2 S*"� �HHQrBM; i?2 �Mi2MM� +QMM2+iBQM 7`QK ?2`2- b�pBM; bT�+2 QM i?2 S*"�X
A7 i?2 i�T r�b /2bB;M2/ iQ K�BMi�BM � +QMbi�Mi T`2bbm`2 QM i?2 S*"�- i?2 +QMM2+iBQM
+QmH/ #2 K�/2 bQH/2`@7`22X

U�V SH�i2/ i�Tb U#V j. KQ/2H +QM+2Ti

6B;m`2 9Xjk

p3ajC,�I ,RNN3,jCRN RN j@3 T+#� cC03
AKTH2K2MiBM; � p2`iB+�H bQH/2`2/ +QMM2+iBQM- �b i?2 QM2 Q7 "2`HBM ey BM 6B;m`2 kXd- rQmH/
#2 � +QM+2Ti b�pBM; 2p2M KQ`2 bT�+2 QM i?2 S*"� i?�M i?2 QM2 �#Qp2X 6Q` �bbm`BM;
i?�i i?2 S*"� Bb ?2H/ /QrM- �//BiBQM�H }tBM; i�Tb rQmH/ #2 M22/2/- �b i?2 QM2b Q7
6B;m`2 9XjjX



9z : /3cC<N TaR,3cc � +RN,3Uj ;3N3a�jCRN

U�V U#V

6B;m`2 9Xjj, o2`iB+�H +QMM2+iBQM +QM+2TiX

h?2 i�T /2bB;M Kmbi i?Qm;? #2 +QMbB/2`2/ iQ �HHQr i?2 BMb2`iBQM Q7 i?2 S*"� QM
i?2 iQT Q7 i?2 7`�K2X

:YlY9 +RN,IncCRN
.m2 iQ i?2 HBKBi2/ bT�+2 BM >A �TTHB+�iBQMb- bQH/2`BM; ?�b #22M +?Qb2M �b i?2 +QMM2+iBp2
BMi2`7�+2 iQ i2bi BM i?Bb T`QD2+iX "v i2biBM; i?2 bQH/2`BM; +QMM2+iBQM Q7 i?2 G.a �Mi2MM�
iQ i?2 S*"� �b BM 6B;m`2 9Xjy Bi rBHH #2 p2`B}2/ B7 i?2 +QM+2Ti Bb `Q#mbiX A7 iBK2 rQmH/
?�p2 �HHQr2/- KQ`2 +QM+2Tib- 2bT2+B�HHv i?2 bM�T }i �M/ T`2bb }i TBM +QMM2+iBQMb rQmH/
?�p2 #22M i2bi2/- B/2MiB}2/ �b Qi?2` BMi2`2biBM; QTTQ`imMBiB2b 7Q` /2i�+?�#H2 +QMM2+iBpBivX

6Q` i2biBM; i?2 bQH/2`�#BHBiv Q7 i?2 G.a �M/ TH�i2/ HBM2b QM i?2 K�i2`B�H- K�Mm�H
bQH/2`BM;b rBHH #2 i2bi2/X J�Mm�H bQH/2`BM; Bb � KQ`2 �;;`2bbBp2 +QMM2+iBQM T`Q+2bb-
rBi? ?B;? i2KT2`�im`2b- �M/ H2bb +QMi`QHH�#H2 +QKT�`2/ iQ aJh i2+?MB[m2b �M/ `2~Qr
bQH/2`BM;X

A7 i?2 i2bi `2bmHib �`2 b�iBb7�+iQ`v Bi +QmH/ i?2`27Q`2 #2 +QM+Hm/2/ i?�i � H�i2` QM
�miQK�iBQM Q7 i?2 bQH/2`BM; T`Q+2bb +QmH/ #2 BKTH2K2Mi2/ i?`Qm;? `2~Qr bQH/2`BM;X

:Yk 7a�L3 LR0C~,�jCRNc
6Q` BKTH2K2MiBM; i?2 G.a �Mi2MM� rBi? � +QMiBMmQmb #`B/;2- i?2 7`�K2 M22/b � `2/2bB;M
bQ Bi +�M �++QKKQ/�i2 i?2 S*"� �M/ BMb2`i i?2 `2+2Bp2` �M/ i?2 i2H2+QBH- �M/ i?2B`
BMi2`+QMM2+iBQMbX h?2 K�BM Bbbm2 Bb iQ +`2�i2 i?2 +HQb2/ `2+2Bp2` +QKT�`iK2Mi- r?B+?
?�b iQ #2 �++2bbB#H2 7Q` +QMM2+iBM; i?2 `2+2Bp2` iQ i?2 ?v#`B/X 6B;m`2 9Xj9 b?Qrb i?2
+m``2Mi 7`�K2 �bb2K#HvX h?2 `2+2Bp2` Bb +QMM2+i2/ iQ i?2 ?v#`B/ #v rB`2b- �M/ bQ Bb i?2
i2H2+QBHX
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6B;m`2 9Xj9, *m``2Mi 7`�K2 �bb2K#HvX

6Q` BMb2`iBM; i?2 `2+2Bp2`- i?2 7`�K2 ?�b iQ #2 bTHBi BM irQ T�`ib 7Q` i?Bb iQ #2 TQbbB#H2X
h?2 `2+2Bp2` +QKT�`iK2Mi Bb /2bB`2/ iQ #2 +HQb2/- /m2 iQ �+QmbiB+ `2[mB`2K2MibX h?2
7Qm` KQbi `2�HBbiB+ +QM+2Tib �`2 `2T`2b2Mi2/ BM 6B;m`2 9Xj8- b?QrBM; i?2 `2H�iBQM #2ir22M
i?2 Qp2`T�`i U�V �M/ i?2 mM/2`T�`i U"VX

�b bi�i2/- i?2 +m``2Mi �bb2K#Hv Bb bTHBi BM irQ HB/b �b `2T`2b2Mi2/ #v BHHmbi`�iBQM R⃝
Q7 6B;m`2 9Xj8X *QM+2Ti k⃝ bm;;2bib iQ BMb2`i i?2 `2+2Bp2` i?`Qm;? i?2 iQT 7`QMi ?�pBM;
� bK�HH Qp2`T�`i U�VX .B{+mHiB2b rBHH i?Qm;? �`Bb2 QM ?Qr iQ +QMM2+i i?2 `2+2Bp2` iQ i?2
?v#`B/X h?2 i2H2+QBH rBHH #2 BMb2`i2/ 7`QK i?2 #QiiQK �b BM i?2 +m``2Mi /2bB;MX

6B;m`2 9Xj8, 6`�K2 /2bB;M +QM+2Ti /B�;`�KbX

*QM+2Ti j⃝ /BpB/2b i?2 7`�K2 7`QK #2HQr K�FBM; i?2 mM/2`T�`i U"V Q7 KBMBK�H bBx2X
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Ai H2�p2b �M QT2MBM; BM i?2 #QiiQK- �b b?QrM BM 6B;m`2 9XjeX h?Bb �HHQrb i?2 BMb2`iBQM Q7
i?2 `2+2Bp2` r?B+? i?2M +�M #2 bQH/2`2/ iQ i?2 ?v#`B/ T�bbBM; Bib +�#H2b i?`Qm;? � bK�HH
?QH2 BM i?2 Qp2`T�`i- Bi rBHH i?Qm;? #2 � ?B;? T`2+BbBQM i�bF /m2 iQ #HBM/ �M;H2b r?2M
�bb2K#HBM;X

U�V _2+2Bp2` bmbT2MbBQM BMb2`i BMiQ mM/2`@
T�`iX

U#V AMb2`iBQM Q7 `2+2Bp2` �M/ mM/2`T�`i rBi?
i2H2+QBHX

6B;m`2 9Xje, *QM+2Ti j⃝X

*QM+2Ti 9⃝ bm;;2bib � KQ`2 2p2M bTHBiX h?2 B/2� #2?BM/ Bb iQ KBMBKBx2 i?2 �KQmMi
Q7 K�i2`B�H iQ #2 mb2/ �b i?2 bm#bi`�i2 7Q` G.aX G.a@;`�/2 K�i2`B�H Bb KQ`2 2tT2MbBp2
i?�M `2;mH�` TQHvK2` `2bBM- i?2`27Q`2 i?2 /2bB;M b?QmH/ /BpB/2 i?2 T�`i bm+? i?�i KBMB@
KmK T�`i pQHmK2 Bb i�F2M mT #v i?2 G.a bm#bi`�i2X h?2 mM/2`T�`i /Q2b �HbQ BM+Hm/2
i?2 S*"� BMb2`iBQM T�`i- r?B+? ?�b i?2 KQbi +QKTH2t ;2QK2i`v �M/ bK�HH iQH2`�M+2b
#2+�mb2 #�ii2`v bT`BM;b �M/ Qi?2` +QKTQM2Mib Kmbi }i BM i?2 +�pBiB2bX aBM+2 HBKBi2/
ivT2b Q7 G.a@;`�/2 K�i2`B�Hb 2tBbi- Bi Bb �/p�Mi�;2Qmb i?�i +QKTH2t T�`ib- �b i?Bb QM2-
+�M #2 BMD2+iBQM KQmH/2/ rBi? `2;mH�` TQHvK2`bX h?2 �bb2K#Hv Q7 i?2 +QM+2Ti Bb b?QrM
BM 6B;m`2 9Xjd- �M/ BMb2`iBM; i?2 `2+2Bp2` BMiQ i?2 7`�K2 Bb �HbQ �HHQr2/ #v i?2 /2bB;MX
h?2 Qp2`T�`i rBHH #2 }ii2/ QM iQT Q7 i?2 Qp2`T�`i �M/ i?2`2�7i2`- i?2 S*"� b?QmH/ #2
#m+FH2/ Qp2` i?2 Qp2`T�`i- K�FBM; i?2 bQH/2`BM; Q7 i?2 �Mi2MM� TQbbB#H2X



:Yk 7a�L3 LR0C~,�jCRNc 9k

U�V U#V

6B;m`2 9Xjd, *QM+2Ti 9⃝ �bb2K#HvX

AM 6B;m`2 9Xj3 i?2 BMi2M/2/ r�v iQ +QMM2+i i?2 `2+2Bp2` iQ i?2 ?v#`B/ Bb b?QrMX �
bQH/2`2/ `2/ rB`2 +QMM2+ib i?2 ?v#`B/ iQ i?2 `2+2Bp2` i?`Qm;? � ?QH2 BM i?2 mM/2`T�`iX
h?2 b�K2 rQmH/ #2 /QM2 7Q` i?2 i2H2+QBHX J�FBM; i?2b2 +QMM2+iBQMb #27Q`2 KQmMiBM; i?2
Qp2`T�`i- rBHH 2�b2 i?2 �bb2K#HvX

U�V U#V

6B;m`2 9Xj3, _2+2Bp2` +QMM2+i2/ iQ ?v#`B/ rB`2 i?`Qm;? ?QH2 BM mM/2`T�`iX

.m2 iQ �#Qp2 K2MiBQM2/ �/p�Mi�;2b Q7 +QM+2Ti 9⃝- Bi r�b b2H2+i2/ 7Q` i?2 G.a
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�Mi2MM� �TTHB+�iBQM- �M/ rBHH #2 i?2 /2bB;M `2+QKK2M/2/ 7Q` BKTH2K2MiBM; �M G.a
�Mi2MM� BM � "h1 >AX h?2 }M�H +QM+2Ti Bb b22M BM 6B;m`2 9XjNX

6B;m`2 9XjN, 6BM�H +QM+2Ti KQ/2H BM 2tTHQ/2/ pB2rX

6B;m`2 9X9y b?Qrb � j.@T`BMi Q7 i?Bb +QM+2Ti- r?B+? r�b K�/2 7Q` i2biBM; i?2 �bb2K#Hv
TQbbB#BHBiB2bX

6B;m`2 9X9y, j. T`QiQivT2X
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>2�`BM; �B/b �`2 2tTQb2/ iQ �M �;;`2bbBp2 2MpB`QMK2Mi- r?2`2 br2�i �M/ 2�` r�t +�M
/2;`�/2 `mbi T`QQ7 K2i�H ivT2b �M/ ;QH/ �HHQvb B7 i?2 /2bB;M Bb MQi r2HH +QMbB/2`2/X h?2`2@
7Q`2- i?2 +?QB+2 Q7 K�i2`B�Hb Kmbi rBi?bi�M/ i?2b2 2MpB`QMK2Mi�H +QM/BiBQMb- T`2pBQmbHv
/2b+`B#2/ BM i?2 #�bB+ bT2+B}+�iBQM i�#H2 Q7 a2+iBQM jXjX

.m2 iQ i?2 BM+`2�b2/ mb2 Q7 G.a BM +QMbmK2` 2H2+i`QMB+b- � #B; p�`B2iv Q7 G.a ;`�/2
K�i2`B�Hb �`2 �p�BH�#H2 �b b?QrM BM 6B;m`2 8XRX "�b2/ QM i?2 7mM+iBQM�H `2[mB`2K2Mib
/2b+`B#2/ BM i?2 #�bB+ bT2+B}+�iBQM i�#H2- �M/ `2;�`/BM; i?2 K2+?�MB+�H �M/ i?2`K�H
T`QT2`iB2b `2H2p�Mi 7Q` � bQH/2`2/ G.a �Mi2MM� QM i?2 7`�K2- � K�i2`B�H b2H2+iBQM r�b
+�``B2/ QmiX

6B;m`2 8XR, GSE6@G.aȉ +QKT�iB#H2 K�i2`B�Hb (Rj)X

h?2 B/2MiB}2/ `2H2p�Mi K�BM T`QT2`iB2b �`2,

Ç h?2`K�H T`QT2`iB2b �b K2HiBM; �M/ /2~2+iBQM i2KT2`�im`2b, h?2 K�i2`B�H Kmbi
#2 �#H2 iQ �i H2�bi rBi?bi�M/ i?2 K2HiBM; i2KT2`�im`2 Q7 H2�/@7`22 bQH/2` T�bi2- 2X;X
aMNeX8 �;jXy *myX8 +QKTQmM/ r?B+? ?�b � kRd@kR3ê* K2HiBM; i2KT2`�im`2X

Ç q�i2` �#bQ`TiBQM, .m2 iQ i?2 >A 2tTQbm`2 iQ ?mKB/ 2MpB`QMK2Mib- i?Bb T`QT2`iv
Kmbi #2 F2Ti HQr- bBM+2 ?mKB/Biv +QmH/ TQi2MiB�HHv BM}Hi`�i2 mM/2` i?2 G.a HBM2b-
T`QpQFBM; +Q``QbBQM /2bTBi2 Q7 2p2Mim�H +Q�iBM;bX

Ç J2+?�MB+�H T`QT2`iB2b Ui2MbBH2 KQ/mHmbV, SQi2MiB�H }iiBM; ?QQFb �M/ bBKBH�`-
Kmbi #2 �#H2 iQ rBi?bi�M/ i?2 +QMi�+i 7Q`+2b �TTHB2/ /m`BM; �bb2K#HvX
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6m`i?2`KQ`2- i?2 +?Qb2M G.a ;`�/2 K�i2`B�H b?QmH/ ?�p2 bmT2`BQ` T`QT2`iB2b iQ i?2
K�i2`B�H Bi Bb `2TH�+BM;X 6Q` i?2 7`�K2- i?2 mb2/ K�i2`B�H Bb wvi2Hȉ >hL89:j8>aG_
"EyjR S�@A:6j8- r?B+? T`QT2`iB2b �`2 b?QrM BM i?2 }`bi +QHmKM Q7 h�#H2 8Xk �M/ Bib
/�i�b?22i BM �TT2M/Bt �X 6m`i?2`KQ`2- T`Q+2bbBM; +�T�#BHBiv UKB+`Q BMD2+iBQM KQmH/BM;V-
HQr /B2H2+i`B+ +QMbi�Mi- �p�BH�#BHBiv �M/ +Qbi �`2 BKTQ`i�Mi 7�+iQ`b �b r2HHX

h?`Qm;? *�K#`B/;2 1M;BM22`BM; a2H2+iQ` 1/mS�+F U*a1V- i?2 ;2M2`B+ TQHvK2` ivT2b
r2`2 M�``Qr2/ /QrM iQ i?2 QM2b Q7 6B;m`2 8Xk r?B+? �`2 TQbbB#BHBiB2b +QKTHvBM; rBi?
KBMBKmK `2[mB`2K2Mib /2b+`B#2/ �#Qp2X

6B;m`2 8Xk, *1a +?�`iX

h?2 SQHvT?i�H�KB/2b USS�bV rBi? � jy@9yW ;H�bb `2BM7Q`+2K2Mi �`2 TQHv�KB/b US�V
TQbBiBQM2/ BM �M �++2Ti�#H2 K2HiBM; TQBMi BMi2`p�HX h?2b2 /Q �HbQ ?�p2 ;QQ/ T`Q+2bb@
BM; +�T�#BHBiB2b �M/ i?2B` i2MbBH2 bi`2M;i?b /Q }i 7Q` i?2 �TTHB+�iBQMX h?2B` T`B+2b �`2
bB;MB}+�MiHv HQr2` i?�M SQHv2i?2`2i?2`F2iQM2 US11EVX SQHv+v+HQ?2tvH2M2/BK2i?vH2M2
h2`2T?i�H�i2 US*hV ?�b HQr2` K2HiBM; i2KT2`�im`2b �M/ bBKBH�` T`B+2 `�M;2b +QKT�`2/
iQ TQHv�KB/bX h?2 2�`HB2` K2MiBQM2/ TQHv+�`#QM�i2 US*V a�#B+ .sRRj88 mb2/ BM i?2
_2aQmM/ JmHiB JB+ r�b �HbQ +QMbB/2`2/ /m2 iQ 2�`HB2` G.a 2tT2`B2M+2- #mi /m2 iQ Bib
HQr K2HiBM; i2KT2`�im`2 Uk3yê* @ jyyê*V Bi r�b /Bb+�`/2/ 7Q` i?Bb �TTHB+�iBQMX GB[mB/
*`vbi�H SQHvK2`b UG*SV /Q �HbQ ?�p2 �++2Ti�#H2 T`QT2`iB2b- aB2K2Mb mb2b o2+i`� G*S
13kyB G.a 7Q` i?2B` �+m`Bb S >A- �M/ Bib i?2`K�H T`QT2`iB2b �`2 �HbQ b�iBb7vBM; 7Q` bQH@
/2`BM; i2KT2`�im`2bX G*S Bb �HbQ rB/2Hv mb2/ 7Q` +QMM2+iQ` �TTHB+�iBQMb- Bi Bb ;QQ/ 7Q`
i?BM r�HH i?B+FM2bb �M/ Bi +�M rBi?bi�M/ ?B;? i2KT2`�im`2b UbmBi�#H2 7Q` `2~Qr bQH/2`@
BM;VX h?Qm;?- Bib K2+?�MB+�H T`QT2`iB2b r2`2 `�i?2` +QKTH2t 7Q` BMD2+iBQM KQmH/BM;-
bQ TQHv�KB/b r2`2 BMp2biB;�i2/ 7m`i?2`X *QKT�`BM; i?2 K�i2`B�Hb i?`Qm;? h�#H2 8XR-
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b?Qrb i?�i S� ?QH/b � ;QQ/ TQbBiBQM BM `2;�`/b iQ bQH/2`�#BHBiv- +Qbi �M/ T22H bi`2M;i?X
S22H bi`2M;i? Bb BKTQ`i�Mi bBM+2 Bi 2p�Hm�i2b i?2 �M+?Q`BM; �M/ �/?2bBQM +�T�+Biv Q7 i?2
K2i�HHB+ HBM2b iQ i?2 bm#bi`�i2- �M/ 7Q` � bQH/2`2/ bQHmiBQM- 7Q`+2b K�v �TTHv BM �HH /B`2+@
iBQMbX S� Bb K�`F2/ ǴyǴ 7Q` MQ`K�H `2~Qr bQH/2`�#BHBiv- #mi 2M;BM22`2/ S� ;`�/2b rBi?
2t+2HH2Mi `2~Qr T`QT2`iB2b +�M 2�bBHv #2 7QmM/- bBM+2 i?2`2 Bb � +QMbi�Mi /2p2HQTK2Mi Q7
M2r K�i2`B�Hb 7Q` JA. �TTHB+�iBQMbX

h�#H2 8XR, hvTB+�H bm#bi`�i2 K�i2`B�Hb 7Q` JA. (jd)X

AM +QHH�#Q`�iBQM rBi? a?�M;?�B �KT?2MQH �B`r�p2 Ua��V �M/ .aJ- i?2 K�i2`B�H
6Q`iBBȉ G.a38 r�b 7QmM/ iQ BM+Hm/2 i?2 /2bB`2/ T`QT2`iB2bX Aib /�i�b?22i +�M #2 7QmM/ BM
�TT2M/Bt "X �b b22M BM h�#H2 8Xk- 6Q`iBBȉ G.a38 QmiT2`7Q`Kb "EyjR BM KQbi T�`�K2i2`b-
bQ Ry F; r2`2 Q`/2`2/ iQ #2 mb2/ 7Q` i?2 T`QiQivT2X
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h�#H2 8Xk, J�i2`B�H +QKT�`BbQMX

aQH/2`BM; QM i?2 TH�iBM; Q7 GSE6@G.aȉ QM � TQHv�KB/ bm#bi`�i2- /B/ �HbQ b?Qr
�++2Ti�#H2 `2bmHib BM i?2 2tT2`BK2Mi Q7 T�;2 9y- DmbiB7vBM; i?2 +?QB+2X
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AM Q`/2` iQ 2p�Hm�i2 i?2 G.a �Mi2MM� �M/ 2bT2+B�HHv i?2 S*"� @ G.a �Mi2MM� bQH/2`BM;
+QMM2+iBQM- � T`QiQivT2 ?�b #22M /2bB;M2/- T`Q/m+2/ �M/ �bb2K#H2/X

h?2 `2[mB`2K2Mib 7Q` i?2 T`QiQivT2 r2`2 #�b2/ QM i?2 i2bib iQ #2 K�/2,

Ç .2KQMbi`�iBQM Q7 i?2 S*"� @ G.a �Mi2MM� bQH/2`BM;,

Ĝ h2KT2`�im`2 b?Q+F i2bi, h?2 T`QiQivT2 b?QmH/ ?�p2 bBKBH�` ;2QK2i`B2b �M/
+QKTQM2Mib �b � `2�H >AX 1bT2+B�HHv #B; K2i�HHB+ +QKTQM2Mib �b i?2 #�ii2`v
�M/ i?2 `2+2Bp2`- �`2 BKTQ`i�Mi i?2`K�H K�bb2b r?B+? +�M �ii`�+i ?mKB/Biv
�M/ �Hi2` i?2 i?2`K�H /Bbi`B#miBQM BM i?2 >AX

Ç .2KQMbi`�iBQM Q7 � 7mM+iBQM�H G.a �Mi2MM�,

Ĝ Pi?2` i?�M pBbm�H BMbT2+iBQMb- i?2 T`QiQivT2 BM+Hm/2b � 7mM+iBQM�H �Mi2MM�
T�ii2`M �TT`QtBK�i2/ iQ kX9 :>x T2`7Q`K�M+2- K�FBM; Bi TQbbB#H2 iQ K2�bm`2
_6 p�`B�iBQMb �7i2` i2bibX

Ç .2KQMbi`�iBQM Q7 2MpB`QMK2Mi�H BM~m2M+2 QM i?2 G.a �Mi2MM�,

Ĝ a�Hi@KBbi- bvMi?2iB+ 2�`r�t �M/ br2�i i2bib r2`2 +QM/m+i2/, i?2 �Mi2MM�
T�ii2`M Bb bT`2�/ Qmi QM i?2 �p�BH�#H2 7`�K2 �`2� iQ BMbT2+i i?2 `2�+iBQM BM
/Bz2`2Mi �`2�b Q7 i?2 G.a T�ii2`MX

Ĝ h?2 G.a T�ii2`M p�`B2b BM rB/i?- iQ BMbT2+i i?2 [m�HBiv �M/ �++m`�+v Q7 i?BM
G.a HBM2bX

h?2 7`�K2 �M/ �bb2K#Hv r2`2 /2bB;M2/ �b b?QrM BM 6B;m`2 eXR- BM Q`/2` iQ }i BMiQ
� 7mHH >A rBi? �HH Q7 Bib +QKTQM2Mib 2t+2Ti i?2 i2H2+QBH /m2 iQ Bib B``2H2p�Mi 7mM+iBQM 7Q`
i?2 T`2T�`2/ i2bibX
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6B;m`2 eXR, j. /B�;`�K Q7 T`QiQivT2X

6B;m`2 eXk, S`QiQivT2 +`Qbb b2+iBQMX

h?2 bmTTQ`i HB/ �M/ i?2 }t2/ HB/ BM ai2T R⃝-
�`2 K�/2 #v �//BiBp2 K�Mm7�+im`BM; BM i?2 K�i2@
`B�H oBbBD2i Jj *`vbi�H �M/ i?2 7`�K2 UBM #Hm2V Bb
BMD2+iBQM KQmH/2/ BM i?2 K�i2`B�H 6Q`iBBȉ ai�MvH
G.a38X h?2`2�7i2`- i?2 G.a �M/ TH�iBM; i�F2b
TH�+2- +�``B2/ Qmi #v a��X AM ai2T k⃝- i?2 S*"�
Bb KQmMi2/ �M/ bQH/2`2/ iQ i?2 G.a �Mi2MM� bQH@
/2`BM; T�/b i?`Qm;? i?2 Qp�H ?QH2bX AM ai2T j⃝-
i?2 `2+2Bp2` Bb ;Hm2/ iQ i?2 BMbB/2 Q7 i?2 7`�K2 �M/
i?2 #�ii2`v Bb BMb2`i2/ �b i?2`K�H K�bb2b- �b �HbQ
b?QrM BM i?2 +`Qbb b2+iBQM pB2r BM 6B;m`2 eXkX AM
ai2T 9⃝- i?2 2�`?QQF Bb ;Hm2/ �M/ i?2 >A Bb +HQb2/-
bBKmH�iBM; � `2�H >A ;2QK2i`v 7Q` #2BM; �#H2 iQ
2p�Hm�i2 i?2 i?2`K�H /Bbi`B#miBQM �i i?2 b?Q+F i2bi
�M/ iQ +QM/m+i _6 K2�bm`2K2Mib QM i?2 2�`X h?2
}M�H T`QiQivT2 >A j. KQ/2Hb +�M #2 b22M BM 6B;@
m`2 eXjX



fYS �Nj3NN� U�jj3aN fS

U�V U#V

6B;m`2 eXj, j. `2M/2`b Q7 i?2 T`QiQivT2X

� 7mHH /2b+`BTiBQM Q7 i?2 T`QiQivT2 �bb2K#Hv +�M #2 b22M BM �TT2M/Bt *X

fYS �Nj3NN� U�jj3aN
6Q` #2BM; �#H2 iQ i2bi i?2 G.a �Mi2MM�- #27Q`2 �M/ �7i2` 2tTQbm`2- i?2 T�ii2`M r�b
/2bB;M2/ rBi? /BK2MbBQMb �b b22M BM 6B;m`2 eX9- r?2`2 i?2 Ny KK T�i? H2M;i? Bb mb2/ �b
T`QTQb2/ BM a2+iBQM kXkX



fl f TaRjRjwUCN<

6B;m`2 eX9, k. /`�rBM; Q7 T�ii2`MX

6B;m`2 eX8, aQH/2`BM; +QMM2+iBQMbX

h?2 T�ii2`M r�b +?Qb2M iQ #2 irQ bB/2/ �M/
bvKK2i`B+�H bBM+2 i?Bb ?�b b?QrM #2bi _6 T2`7Q`@
K�M+2b- �b 2tTH�BM2/ BM i?2 i?2Q`vX �b b22M BM 6B;@
m`2 eX8- i?2`2 �`2 j bQH/2`BM; bTQib- QM2 7Q` ;`QmM/-
�MQi?2` 7Q` 722/- �M/ i?2 i?B`/ Bb � +QmTHBM; 2H2@
K2Mi �+iBM; �b � imMBM; +QKTQM2Mi 7Q` i?2 �Mi2MM�X
h?2 H27i bB/2 Q7 i?2 T�ii2`M +QMb2`p2b � +QMbi�Mi
rB/i? �M/ i?2 `B;?i bB/2 ?�b p�`vBM; HBM2 rB/i?b
U7`QK yX3y KK iQ yXjy KKV- bBKTHv 7Q` BMbT2+iBM;
i?2 [m�HBiv Q7 i?BM G.a HBM2bX h?2 T�ii2`M Bb �HbQ
bT`2�/ �b Km+? �b TQbbB#H2 QM i?2 7`�K2 bm`7�+2 7Q`
/2i2+iBM; B7 +2`i�BM �`2�b �`2 KQ`2 Q` H2bb T`QM2 iQ
/2;`�/�iBQM �M/ +Q``QbBQMX

fYl iRRI 03cC<N �N0 CNE3,jCRN LRnI0CN<
6B`bi- a�� �bbBbi2/ rBi? � T`2HBKBM�`v bBKmH�iBQM 7Q` B/2MiB7vBM; TQi2MiB�H Bbbm2b rBi?
BMD2+iBQM KQmH/BM; BM bm+? � ;2QK2i`v- r?B+? +�M #2 b22M BM 6B;m`2 eXeX h?2`27Q`2- i?2



fYl iRRI 03cC<N �N0 CNE3,jCRN LRnI0CN< fk

T�`i r�b KQ/B}2/ iQ �pQB/ `BbFb Q7 +QMbB/2`�#H2 b?`BMFBM; Bbbm2b- 2bT2+B�HHv BM xQM2b rBi?
H�`;2 r�HH i?B+FM2bbX h?2 mTT2` r�HH �#Qp2 i?2 `2+2Bp2` r�b K�/2 i?BMM2` �M/ �M 2ti`�
?QH2 r�b K�/2 r?2`2 i?2 `2/ `2+i�M;H2 K�`Fb �M Bbbm2 BM 6B;m`2 eXeX

6B;m`2 eXe, JQmH/BM; bBKmH�iBQMX

h?2 /2bB;M2/ BMD2+iBQM KQmH/BM; iQQH +�M #2 b22M BM 6B;m`2 eXd �M/ 6B;m`2 eX3X h?2
`mMM2`b r2`2 /2bB;M2/ �M/ T`Q/m+2/ iQ }i i?2 T`QiQivT2 +�pBiB2b- rBi? FMQ#b 7Q` K�Mm�H
2ti`�+iBQMX �HH T�`ib r2`2 KBHH2/ Qmi Q7 �HmKBMBmKX G.a /2bB;M ;mB/2b `2+QKK2M/b �
bi�M/�`/ bm`7�+2 }MBb? Q7 _x 8 ƒK �M/ TQHBb?BM; i?2 bm`7�+2 Bb MQi M2+2bb�`vX 6Q` i?Bb
T`QiQivT2- � KBHH2/ �HmKBMBmK KQmH/ r�b bmBi�#H2- #2+�mb2 i?2 T�`i r�b bBKTHB}2/ �M/
�HmKBMBmK Bb 2�bB2` iQ KBHH r?B+? T`Q/m+2/ �++2Ti�#H2 bm`7�+2 }MBb?2b 7Q` i?2 T`QiQivT2X
q?2M mbBM; �M �HmKBMBmK iQQH- i?2`2 Bb � TQi2MiB�H Bbbm2 Q7 ?�pBM; 2ti`�M2Qmb TH�iBM;-
#2+�mb2 �HmKBMBmK T�`iB+H2b +�M BM}Hi`�i2 BM i?2 bm#bi`�i2 bm`7�+2- #mi Bi r�b MQi i?2
+�b2 BM i?Bb T`QiQivT2X

6Q` K�bb T`Q/m+iBQM- Bi Bb `2+QKK2M/2/ iQ mb2 i?`Qm;?@?�`/2M2/ bi22H ivT2b- �b
RXkj9j Q` RXkded (R8) �M/ +QTT2` 2H2+i`Q/2b BMbi2�/ Q7 KBHHBM;- b?QmH/ #2 mb2/ 7Q` +QKTH2t
;2QK2i`B2b BM i?2 T�`ibX
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U�V GQr2` KQH/ T�`iX U#V lTT2` KQH/ T�`iX U+V _mMM2` RX U/V _mMM2` kX

6B;m`2 eXd

� b?`BMF�;2 T2`+2Mi�;2 Q7 yX3W r�b mb2/ 7Q` i?2 T�`i- �M/ i?2 p2`iB+�H BMD2+iBQM
KQmH/BM; K�+?BM2 "Qv kk� oo rBi? �M R3 KK b+`2r T2`7Q`K2/ i?2 BMD2+iBQMbX h?2
`2+QKK2M/2/ T�`�K2i2`b #v i?2 bmTTHB2` U.aJV- +�M #2 b22M BM �TT2M/Bt "- �M/ i?2
QM2b mb2/- +�M #2 b22M BM h�#H2 eXR,

JQmH/ i2KT2`�im`2 LQxxH2 i2KT2`�im`2 J2Hi i2KT2`�im`2
N8ê* jjyê* jjyê*
AMD2+iBQM bT22/ AMD2+iBQM T`2bbm`2 >QH/BM; T`2bbm`2
yXk8 b N8y #�` 8yy #�` 7Q` R b

h�#H2 eXR, JQmH/BM; T�`�K2i2`bX

h?2 `2+QKK2M/2/ KQmH/ i2KT2`�im`2b Q7 Ryyê* @ R8yê* �`2 ?�`/ iQ �+?B2p2 BM +QM@
p2MiBQM�H b2imTb rBi?Qmi /2/B+�i2/ ?2�i2` #�M/b- i?2`27Q`2 N8ê* r�b mb2/ BMbi2�/ #�b2/
QM `2+QKK2M/�iBQMb #v �KT?2MQH 7`QK �TT2M/Bt " r?2`2 38ê7Q` i?2 b�K2 K�i2`B�H
?�b b?QrM b�iBb7�+iQ`v `2bmHibX

Ai Bb i?Qm;? `2+QKK2M/2/ 7Q` i?2 7mim`2- iQ F22T i?2 iQQH i2KT2`�im`2 �i i?2 `2+QK@
K2M/2/ i2KT2`�im`2b Qp2` iBK2 �M/ QM �HH bm`7�+2bX 6Q` G.a ;`�/2b- �M �//BiBp2 `B+?
bm`7�+2 Bb M22/2/ 7Q` i?2 H�b2` bi`m+im`BM; �M/ i?2 TH�iBM; T`Q+2bbX � HQr iQQH i2KT2`@
�im`2 +�M H2�/ iQ `Qm;? bm`7�+2- �M/ � H2bb ?QKQ;2M2Qmb bT`2�/ Q7 i?2 �//BiBp2 QM i?2
bm`7�+2X h?2b2 /272+ib +�M �ii`�+i +QTT2` BM i?2 TH�iBM; #�i?- �M/ H2�/ iQ TH�iBM; QM
mMBMi2M/2/ �`2�bX
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U�V j. KQ/2H Q7 KQH/X U#V SB+im`2 Q7 KQH/X

6B;m`2 eX3, AMD2+iBQM KQmH/BM; iQQHX

aT2+B}+�HHv 7Q` 6Q`iBB G.a38- Bi Bb `2+QKK2M/2/ iQ �+?B2p2 � iQQH i2KT2`�im`2 �#Qp2
Bib ;H�bb i`�MbBiBQM i2KT2`�im`2 UTg 4 Rk8ê*V 7Q` i?2 #2bi K2+?�MB+�H T`QT2`iB2b �M/
bi�#BHBivX 6Q` i?BM r�HH2/ T�`ib- r?B+? Bb Q7i2M i?2 +�b2 BM ?2�`BM; �B/ TH�biB+ +QKTQM2Mib-
� iQQH i2KT2`�im`2 +HQb2 iQ Tg b?QmH/ #2 �pQB/2/- bQ 2Bi?2` �`QmM/ Ryyê* Q` �#Qp2 R9yê*
Bb B/2�HX

6B;m`2 eXN b?Qrb � #�/;2 Q7 i?2 T`Q/m+2/ T�`ib,
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6B;m`2 eXN, AMD2+iBQM KQmH/2/ T�`ibX

"27Q`2 ?�pBM; i?2 T�`ib H�b2` bi`m+im`2/- i?2b2 r2`2 BMbT2+i2/ #v � j. b+�M Q7 i?2
;2QK2i`vX 6B;m`2 eXRy b?Qrb � bmT2`TQbBiBQM Q7 i?2 b+�MM2/ j. T�`i ;2QK2i`v QM iQT
Q7 i?2 j. *�. KQ/2H- iQ b22 i?2 /Bz2`2M+2b BM i?2 T`Q/m+2/ T�`iX h?2 �M�HvbBb r�b
+QM/m+i2/ BM i?2 bQ7ir�`2 :PJ AMbT2+i kyRdX h?2 BMD2+iBQM KQmH/BM; T�`�K2i2`b ?�p2
MQi #22M QTiBKBx2/ 7Q` i?Bb T`QiQivT2- i?2`27Q`2 i?2`2 Bb /Bb+`2T�M+B2b BM i?2 ;2QK2i`v-
2bT2+B�HHv xQM2b QM i?2 bB/2 Q7 i?2 7`�K2 r?B+? ?�/ i?B+F r�HHb r?B+? ?�p2 b?`mMFX 6Q`
7m`i?2` �TTHB+�iBQMb Bi Bb BKTQ`i�Mi iQ K�BMi�BM HQr iQH2`�M+2b �+`Qbb i?2 T�`i ;2QK2i`B2b
bBM+2 i?2 G.a }tim`2 rBHH #2 /2bB;M2/ #�b2/ QM i?2 ;2QK2i`v Q7 i?2 T�`iX 6Q` i?Bb T�`i-
i?2 �M+?Q`BM; TQBMi iQ K�F2 i?2 }tim`2- r�b i?2 7`QMi TBM ?QH2- r?B+? M22/2/ iQ ?�p2 �
TQbBiBQMBM; iQH2`�M+2 Q7 ± yXyR KK- r?B+? r�b �+?B2p2/ BM i?2 T`QiQivT2 KQmH/BM;bX



fYk H/b �N0 �cc3L$Iw fe

U�V U#V

6B;m`2 eXRy, j. b+�M +QKT�`BbQMX

6BM�HHv- i?2 �//BiBp2 K�Mm7�+im`2/ HB/b r2`2 T`Q/m+2/ BM i?2 S`QD2i j8yy >.J�t
j. T`BMi2`- BM i?2 K�i2`B�H oBbBD2i Jj *`vbi�HX �7i2` i�F2M Qmi Q7 i?2 j. T`BMi2` �b b22M
BM 6B;m`2 eXRR- i?2v r2`2 r�`K2/ mT �i 8yê*- �M/ i?2 bmTTQ`i r�t r�b `2KQp2/ BM �M
mHi`�bQMB+ #�i? �i dyê*X G�biHv- i?2v r2`2 +H2�M2/ rBi? #BQ2i?�MQHX

U�V U#V

6B;m`2 eXRR, j. T`BMibX

fYk H/b �N0 �cc3L$Iw
h?2 G.a T`Q+2bb �M/ 2H2+i`QH2bb TH�iBM; r�b +�``B2/ Qmi �i a��X 6B`bi- i?2 G.a }tim`2
Bb /2bB;M2/ �M/ T`2T�`2/- �b Bi +�M #2 b22M BM 6B;m`2 eXRk�X h?2M i?2 }tim`2 Bb KQmMi2/
BM i?2 GSE6 6mbBQMj. RRyy H�b2` bi`m+im`2` �b b?QrM BM 6B;m`2 eXR8� �M/ eXRk#X >2`2-
i?2 H�b2` �+iBp�iBQM i�F2b TH�+2 7QHHQrBM; i?2 bT2+B}2/ j. �Mi2MM� T�ii2`MX
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U�V G.a 6Btim`2X U#V 6mbBQMj. RRyyX

6B;m`2 eXRk

�7i2`r�`/b- i?2 TH�iBM; Q7 i?2 G.a i`�+Fb rBHH +QKK2M+2X 6B`bi- � H�v2` +QK#BM�iBQM
Q7 *m U9@eƒKV- LB Uj@9ƒKV �M/ �m UyXkƒKV r�b T`QTQb2/- #mi Bi b?Qr2/ i?�i Bi r�b
?�`/ iQ +QMi`QH i?2 H�v2` i?B+FM2bb- �M/ i?2 i?B+F �m H�v2` rQmH/ MQi #2 2+QMQKB+�HHv
pB�#H2X �b 2tTH�BM2/ 2�`HB2`- Bi Bb �HbQ MQi +QKKQM iQ T`QpB/2 �M �m H�v2` i?B+F2` i?�M
yXRƒKX

h?2 7QHHQrBM; TH�iBM; H�v2`b r2`2 i?2M bT2+B}2/ 7Q` i?Bb T`QiQivT2, Rk@R3 ƒK *m- k@9
ƒK LB �M/ KBMX yXR ƒK �m- `2T`2b2Mi2/ BM 6B;m`2 eXR9#X h?2 T`Q+2bb +?�BM 7QHHQrb
i?2 QM2 Q7 6B;m`2 eXRj �M/ � ;`�T?B+�H `2T`2b2Mi�iBQM Q7 i?2 T`Q+2bb Bb b?QrM BM 6B;m`2
eXR9�X



fYk H/b �N0 �cc3L$Iw fO

6B;m`2 eXRj, SH�iBM; T`Q+2bb +?�BMX

hQ 2Mbm`2 +H2�M T�`ib- i?2b2 �`2 BMi`Q/m+2/ BM �M �[m2Qmb mHi`�bQMB+ #�i? �i 9y F>x-
i`�Mb72``BM; i?2 mHi`�bQMB+ pB#`�iBQMb b2H2+iBp2Hv iQ i?2 bm`7�+2X "2ir22M �HH bi2Tb- i?2
T�`ib ?�p2 #22M i?Q`Qm;?Hv +H2�M2/ �M/ i?2 H�v2` i?B+FM2bb Bb i2bi2/ �7i2` 2�+? TH�iBM;
T`Q+2bbX h?2 2H2+i`QH2bb +QTT2` TH�iBM; bi�`ib ?2`2�7i2`- }`bi #v �M BMBiB�H +QTT2` bi`BF2-
�M/ i?2M i?2 7mHH +QTT2` #mBH/X h?2 T�`ib �`2 i?2M /BTT2/ BM �+B/ 7Q` � #2ii2` S�HH�/BmK
�+iBp�iBQMX h?2 2H2+i`QH2bb MB+F2H Bb i?2M bi�`i2/- 7QHHQr2/ #v i?2 ;QH/ TH�iBM;X �KKQMB�
r�b mb2/ 7Q` i?2 }M�H `BMb2 �M/ i?2 T�`ib r2`2 /`B2/ BM +B`+mH�iBM; �B` 7Q` � bTQiH2bb /`vBM;X
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U�V G.a T`Q+2bbX U#V G.a G�v2` i?B+FM2bbX

6B;m`2 eXR9

�HH i?2b2 T`Q+2bb2b r2`2 +�``B2/ Qmi BM i?2 TH�iBM; HBM2 b2imT Q7 6B;m`2 eXR8#- r?B+?
Bb bT2+B}+�HHv T`2T�`2/ 7Q` JA.X

U�V JQmMi2/ }tim`2X U#V SH�iBM; HBM2X

6B;m`2 eXR8

h?2 G.a T�`ib �`2 i?2M T�+F�;2/- �M/ BM i?Bb bi2T Bi Bb BKTQ`i�Mi iQ �pQB/ 2H2+i`Q@
bi�iB+ +?�`;BM; #v i?2 T�+F�;BM; K�i2`B�H- �b /QM2 #v i?2 i`�v T`Q/m+2/ BM 6B;m`2 eXReX
aQK2 �TTHB+�iBQMb K�v `2[mB`2 1H2+i`Qai�iB+ .Bb+?�`;2 U1a.V bT2+B}+ T�+F�;BM;- #mi Bi
/2T2M/b QM i?2 +B`+mBi i2+?MQHQ;v (R8)X



fYk H/b �N0 �cc3L$Iw eS

6B;m`2 eXRe, S`QiQivT2 1a. i`�vX

h?2 }M�H T`QiQivT2 r�b �bb2K#H2/ K�Mm�HHv rBi? �HH Bib +QKTQM2Mib 7Q` � 7mM+iBQM�H
_6 bvbi2K BM i?2 >AX h?2 T`QiQivT2 +�M #2 b22M BM 6B;m`2 eXRdX

U�V S`QiQivT2 7`�K2X U#V S`QiQivT2 �bb2K#HvX

6B;m`2 eXRd, S`QiQivT2X



el



+?�Ti2` 4
/3cC<N 8Ra q�In3

4YS 7naj@3a �UUIC,�jCRNc
q?2M i?2 G.a Bb /QM2 QM � T�`i- � H�b2` }tim`2 Bb bT2+B}+�HHv /2bB;M2/ �M/ K�Mm7�+im`2/
7Q` i?2 bT2+B}+ ;2QK2i`vX Ai Bb i?2`27Q`2 /2bB`�#H2 iQ BKTH2K2Mi �b K�Mv G.a +QMM2+@
iBQMb �b `2H2p�Mi �M/ �b TQbbB#H2- T`BK�`BHv- 7Q` 2+QMQKB+ pB�#BHBiv #mi �HbQ 7Q` � H2bb
+QKTH2t K�Mm7�+im`BM; �M/ �bb2K#Hv +?�BMX Pi?2` i?�M i?2 �Mi2MM�- i?2 +QMM2+iBQM
#2ir22M T2`BT?2`�H +QKTQM2Mib �M/ b?B2H/BM; +QKTQM2Mib +QmH/ #2 +QMM2+i2/ i?`Qm;?
G.a i`�+Fb iQQX aQK2 Q7 i?2b2 ?�p2 #22M B/2MiB}2/,

T3aCU@3a�I ,RLURN3Njc
PM2 +�b2 rQmH/ #2 i?2 brBi+? S*" Q7 i?2 "2`HBM dy �M/ bBKBH�` KQ/2HbX AM i?2 +m``2Mi
�bb2K#Hv- i?2 iQ;;H2 brBi+? S*" b?QrM BM 6B;m`2 3XR- Bb }`bi aJ. KQmMi2/ �M/ `2~Qr2/
QM � S*"- �M/ i?2M K�Mm�HHv bQH/2`2/ iQ i?2 S*"� �b BM 6B;m`2 3XR#X

U�V arBi+? S*"
�7i2` `2~Qr bQH/2`@
BM;X

U#V aQH/2`BM; brBi+? S*" iQ i?2
S*"�X

U+V �bb2K#H2/ S*"� rBi?
brBi+?2bX

6B;m`2 3XR, arBi+? S*"X

h?2 +QM+2Ti Q7 6B;m`2 3Xk b?Qrb ?Qr i?2 brBi+? +�M #2 aJ. KQmMi2/ QM i?2 G.a
+QMM2+iBM; HBM2b Q7 i?2 7`�K2X h?2`2 rQmH/ #2 MQ M22/ Q7 ?�pBM; � S*" mM/2` i?2 brBi+?X
h?Bb Bb �HbQ bT2+mH�i2/ iQ BM+`2�b2 bi�#BHBiv Q7 i?2 brBi+? �M/ 7m`i?2`KQ`2 2HBKBM�i2 �i
H2�bi QM2 K�Mm�H bQH/2`BM; B7 BKTH2K2Mi2/ #v `2~QrX h?2 brBi+?2b �`2 +QMM2+i2/ iQ i?2
S*"� #v � bB;M�H +QMM2+iBQM 2�+?- �M/ i?2v b?�`2 � ;`QmM/ +QMM2+iBQMX aQ i?2 bB;M�H
bQH/2`BM; 7`QK i?2 H27i brBi+?- +QmH/ #2 /QM2 #v `2~Qr r?BH2 i?2 `2bi +QmH/ TQi2MiB�HHv
�HbQ #2 `2~Qr2/ rBi? � 72r KQ/B}+�iBQMbX



Szz 4 /3cC<N 8Ra q�In3

U�V U#V

6B;m`2 3Xk, arBi+? QM G.aX

h?2 +QMM2+iBQM iQ i?2 i2H2+QBH +QmH/ �HbQ #2 /QM2 #v �M G.a i`�+2- �b r2HH �b i?2
+QMM2+iBQM iQ i?2 /Q+FBM; KQ/mH2- �H`2�/v T`2b2Mi2/ QM T�;2 9RX

b@C3I0CN<
�MQi?2` +�b2 Q7 G.a mb2 Bb i?2 b?B2H/BM; Q7 2H2+i`B+ +QKTQM2MibX a?B2H/BM; Bb rB/2Hv
mb2/ 7Q` `2/m+BM; i?2 2H2+i`QK�;M2iB+ }2H/ #v #HQ+FBM; Bi rBi? +QM/m+iBp2 +QKTQM2MibX
h?2b2 /Q MQ`K�HHv `2[mB`2 H�`;2 �`2�b �+iBM; �b b?2Hi2`b- r?2`2 G.a +QmH/ #2 /B`2+iHv
�TTHB2/ iQ i?2b2 bm`7�+2bX

4Yl bna8�,3 KRnNj30 i3,@NRIR<w
� TQi2MiB�H K�Mm7�+im`BM; #2M2}i Q7 mbBM; G.a 7Q` i?2 �Mi2MM� �M/ Qi?2` +QMM2+iBQMb-
Bb Bib }`K �/?2bBQM iQ i?2 bm#bi`�i2 K�i2`B�H- `2K�BMBM; BM �++m`�i2 TQbBiBQMb �i �HH
KQK2Mib- r?B+? Bb B/2�H 7Q` am`7�+2 JQmMi2/ h2+?MQHQ;v UaJhV �M/ `2~Qr bQH/2`BM;
b2imTb �b i?2 QM2 b?QrM BM i?2 2t�KTH2 Q7 6B;m`2 3XjX



4Yl bna8�,3 KRnNj30 i3,@NRIR<w SzS

6B;m`2 3Xj, aJ. �bb2K#Hv 2t�KTH2 (9R)X

6Q` i?2 bT2+B}+ +�b2 Q7 i?2 "2`HBM dy- 6B;m`2 3X9 ;Bp2b �M B/2� Q7 ?Qr i?2 bQH/2` T�bi2
/BbT2MbBM; �M/ i?2 bm`7�+2 KQmMiBM; Q7 i?2 brBi+?2b rQmH/ ?�TT2MX 6B`bi- bQH/2` T�bi2
Bb /BbT2Mb2/ QM i?2 bQH/2`BM; T�/bX h?2`2�7i2`- i?2 S*"� �M/ brBi+?2b +�M #2 KQmMi2/
QM iQTX Ai Bb T`272``2/ iQ ?�p2 � TH�M�` bm`7�+2 7Q` i?2 aJh T`Q+2bb- bQ j. /2bB;M Q7 i?2
T�`i b?QmH/ #2 +QMbB/2`2/ 7Q` i?2 �TTHB+�iBQMX h?2 K�`F2/ R9ê BM+HBM�iBQM Q7 i?2 "2`HBM
dy Bb � bK�HH BM+HBM�iBQM QM r?B+? +QKTQM2Mib rQmH/ MQ`K�HHv biBHH #2 }t2/- /m2 iQ i?2
�/?2bBp2 T`QT2`iB2b Q7 i?2 bQH/2` T�bi2 #27Q`2 `2~QrX



Szl 4 /3cC<N 8Ra q�In3

6B;m`2 3X9, aQH/2` T�bi2 /BbT2MbBM; �M/ bm`7�+2 KQmMiBM; T`Q+2bb +?�BMX

�b b?QrM BM 6B;m`2 3X8#- i?2 G.a 7`�K2 rBi? S*"� rQmH/ #2 TQbBiBQM2/ BM i?2 DB;
�M/ i?2 `2K�BMBM; +QKTQM2Mib U2X;X brBi+?2bV rQmH/ #2 bm`7�+2 KQmMi2/ QM i?2 G.a
HBM2b Q7 i?2 7`�K2- #2BM; biB+F2/ iQ i?2 G.a HBM2b #v i?2 bQH/2` T�bi2- /m2 iQ Bib pBb+QbBivX
"v BMi`Q/m+BM; � #�/;2 Q7 7`�K2b BMiQ i?2 bQH/2` Qp2M- i?2 bQH/2`BM;b rQmH/ #2 }t2/
2z2+iBp2Hv- T`2+Bb2Hv- �M/ BM ?B;? pQHmK2X



4Yk 2,RNRLC, qC�$CICjw Szk

U�V .BbT2Mb2` f TB+F �M/ TH�+2 iQQHX U#V _2~Qr `2�/v DB;X

6B;m`2 3X8, am`7�+2 JQmMi h2+?MQHQ;vX

h?2 K�i2`B�H b2H2+i2/ 7Q` i?2 T`QiQivT2b- 6Q`iBBȉ G.a38- Bb `2~Qr `2�/v �M/ +�M rBi?@
bi�M/ bm+? i2KT2`�im`2b Q7 kjyê* 7Q` i?2 +QKKQMHv mb2/ p�TQ` T?�b2 `2~Qr bQH/2`BM;X

4Yk 2,RNRLC, qC�$CICjw
qBi? /�i� 7`QK #Qi? i?2 :L >2�`BM; K�Mm7�+im`BM; 7�+BHBiv BM S`¤biǠ- i?2 �bb2K#Hv
/2T�`iK2Mi BM sB�K2M- *?BM�- �M/ [mQi�iBQMb 7`QK a��- � T`2HBKBM�`v +Qbi �M�HvbBb
r�b K�/2X 6B`bi Q7 �HH- i?2 �bb2K#Hv HBM2 +QKT�`BbQM #2ir22M ?�pBM; � ~2t �Mi2MM� �M/
�M G.a �Mi2MM� Bb bmKK�`Bx2/ BM 6B;m`2 3XeX

Nicolai Nielsen




4Y: �0q�Nj�<3c Sze

h�#H2 3Xj, *Qbi +�H+mH�iBQMX

h?2 +Qbi b�pBM;b Q7 ?�pBM; b?B2H/BM;b K�/2 #v G.a rQmH/ +QMi`B#mi2 iQ i?2 2+QMQKB+
pB�#BHBiv �M/ b?QmH/ #2 +QMbB/2`2/ BM i?2 7mim`2X Ai Bb �HbQ bT2+mH�i2/ B7 #�ii2`v bT`BM;b
+QmH/ #2 7Q`K2/ #v G.a QM bM�T }i TBMb /2bB;M2/ iQ +QMbi�MiHv +QMi�+i i?2 #�ii2`vX Ai
Bb i?Qm;? bT2+mH�i2/ i?�i i?2b2 rQmH/ 2�bBHv #2 rQ`M Qmi #v +QMi�+i �M/ 7`B+iBQM rBi?
i?2 #�ii2`v bm`7�+2X Ai Bb K2MiBQM2/ ?2`2- bBM+2 i?2b2 rQmH/ +QMi`B#mi2 bB;MB}+�MiHv iQ
i?2 +Qbi `2/m+iBQMb- bBM+2 i?2B` T`B+2 Bb #2ir22M yXj la. �M/ yXe la.X *QMM2+iBQMb iQ
i?2 i2H2+QBH- �M/ iQ i?2 T`Q;`�KKBM; /Q+FBM; KQ/mH2 +QmH/ bBKBH�`Hv `2/m+2 �bb2K#Hv
iBK2 �M/ +QbiX

4Y: �0q�Nj�<3c
AM i?2 7QHHQrBM;- i?2 K�BM �/p�Mi�;2b Q7 BKTH2K2MiBM; G.a 7Q` i?2 �Mi2MM� �`2 B/2MiB}2/
�M/ T`2b2Mi2/,

G�#Qm` T`Q+2bb2b �`2 `2/m+2/X �b b22M BM 6B;m`2 3Xe- i?2 iBK2 +QMbmKBM; T`2T�`�@
iBQM �M/ r`�TTBM; Q7 i?2 ~2t �Mi2MM� rBHH MQi #2 M22/2/X "v i?2 Hm+`�iBp2 +QK#BM�iBQM
Q7 G.a �M/ aJh i2+?MB[m2b- i?2 K�Mm7�+im`BM; Q7 >Ab rBHH ;Q QM2 bi2T 7m`i?2` BM i?2
�miQK�iBQM Q7 i?2 T`Q+2bb +?�BMX

J2+?�MB+�H /2bB;M 7`22/QK Bb BM+`2�b2/- bBM+2 i?2`2 Bb MQ M22/ iQ i�F2 �++QmMi 7Q`
i?2 ǳ/B�KQM/Ǵ b?�T2 Q7 i?2 7`�K2- `2[mB`2/ 7Q` i?2 ~2t �Mi2MM� #2M/bX h?Bb ?�b #22M
/2KQMbi`�i2/ BM 6B;m`2 9XkeX

Nicolai Nielsen




Sz4 4 /3cC<N 8Ra q�In3

�Mi2MM� /2bB;M 7`22/QKX h?2 �Mi2MM� /2bB;M +�M #2 i`�Mb72``2/ 7`QK *�. /�i�
/B`2+iHv QMiQ i?2 KQmH/2/ 7`�K2X L2r �Mi2MM� T�ii2`Mb +�M 2�bBHv #2 +?�M;2/ �M/ i2bi2/-
bBM+2 i?2 H�b2` bi`m+im`BM; T�ii2`M +�M BKK2/B�i2Hv #2 +?�M;2/ 7Q` i?2 b�K2 T�`i- r?B+?
Bb BM2tT2MbBp2 �M/ H2bb +QKTH2t +QKT�`2/ iQ T`Q/m+BM; M2r 6S*b 7Q` i2biBM;X

6B`K +QMM2+iBQMbX q?2M ?�pBM; +QMM2+iBQMb /B`2+iHv QM i?2 bmTTQ`iBp2 K�i2`B�H-
i?2b2 �`2 2tT2+i2/ iQ �+i `Q#mbi �M/ rBi? ?B;? T`2+BbBQMX Ai Bb bmbT2+i2/ i?�i B7 BKTH2@
K2Mi2/ 7Q` i?2 brBi+? +QMM2+iBQM iQQ- i?2 brBi+? T`2bb b2Mb�iBQM rBHH #2 BKT`Qp2/ bBM+2
MQ mM/2`HvBM; S*" rBHH #2 i?2`2X

6B;m`2 3X3, 6H2t �Mi2MM� +QKTQbB@
iBQMX

>A bBx2 `2/m+iBQMX G.a +�M TQi2MiB�HHv K�F2
i?2 >A bK�HH2` BM bBx2X h?2 +m``2Mi ~2t �Mi2MM�b-
2�`HB2` b?QrM BM 6B;m`2 kX8# �`2 7Q`K2/ #v i?2 H�v@
2`b Q7 h�#H2 3X3 ?�pBM; � iQi�H ?2B;?i Q7 RjyX8 ƒKX
h?2 ≃ R3 ƒK G.a ?2B;?i Bb �HKQbi M2;HB;B#H2 bBM+2
i?2 G.a HBM2b /Q �HbQ bHB;?iHv bBMF BMiQ i?2 TH�b@
iB+ K�i2`B�H K�FBM; Bib ?2B;?i KBMBK�HX aQ TQi2M@
iB�HHv- keRXy ƒK U�++QmMiBM; 7Q` #Qi? bB/2bV rQmH/
#2 ;�BM2/ QM i?2 rB/i? mbBM; G.a- i?2Q`2iB+�HHv
`2/m+BM; i?2 7`�K2 rB/i?X

6m`i?2`KQ`2- BM 6B;m`2 3XN� �M BHHmbi`�iBp2 /B�@
;`�K Bb b?QrM- r?B+? `2T`2b2Mib i?2 /2bB;M 7`22/QK
�+?B2p2/ rBi? G.a- r?2`2 Bi rBHH #2 TQbbB#H2 iQ ?�p2
+m`pBHBM2�` bm`7�+2b BM KQ`2 i?�M R /BK2MbBQM bBM+2
i?2`2 Bb MQ M22/ iQ BM+Hm/2 #2M/BM; 2/;2b 7Q` i?2
~2t �Mi2MM�- BM `2H�iBQM iQ i?2 K2+?�MB+�H /2bB;M 7`22/QK /2b+`B#2/ �#Qp2X .BK2MbBQMb
7`QK "2`HBM dy �`2 b?QrM BM 6B;m`2 3XN#X



4Y: �0q�Nj�<3c SzO

U�V AHHmbi`�iBQMX U#V "2`HBM dy rB/i? +QKT�`BbQMX

6B;m`2 3XN

�b b22M BM 6B;m`2 3XRy�- i?2 7mM+iBQM Q7 i?2 i�Tb Bb iQ ;mB/2 �M/ }t i?2 ~2t �Mi2MM�
r?2M �bb2K#HBM; Bi �M/ i?2`27Q`2 i?2b2 +QmH/ #2 /2H2i2/ B7 �M G.a �Mi2MM� r�b BMi`Q@
/m+2/X h?Qm;? i?2v +�``v � b2+QM/ 7mM+iBQM ;mB/BM; i?2 bB/2 ?QmbBM; BMiQ i?2 7`�K2-
#mi � M2r bQHmiBQM +QmH/ #2 mb2/ 7Q` i?Bb- 2X;X K�FBM; i?2 i�Tb BMr�`/b BMbi2�/X h?2
i�Tb �++QmMi 7Q` � `2H�iBp2Hv #B; /Bbi�M+2 QM i?2 rB/i? Q7 i?2 >A- #2BM; 9ey ƒKX

U�V "2`HBM dy i�TbX U#V "`B/;2 BM 7`QMiX

6B;m`2 3XRy

�++QmMiBM; 7Q` #Qi? bB/2b Q7 i?2 >A- � iQi�H >A rB/i? `2/m+iBQM Q7 ≃ Nky ƒK Bb
TQbbB#H2- bT2+B}+�HHv 7Q` "2`HBM dyX AM TQbBiBQMb r?2`2 i?2 i�T rB/i? Bb MQi i�F2M BMiQ
�++QmMi- i?2 >A +QmH/ #2 `2/m+2/ ≃ 9RjƒK BM+Hm/BM; QMHv i?2 �Mi2MM� rB/i? �M/ i?2 de
ƒK /m2 iQ i?2 /2bB;M 7`22/QK T`2b2Mi2/ BM 6B;m`2 3XN#X �b � +QMb2[m2M+2- i?2 �bb2K#Hv
r2B;?i rBHH #2 `2/m+2/ iQQX



SSz 4 /3cC<N 8Ra q�In3

SQi2MiB�H #2ii2` 2�`@iQ@2�` _6 T2`7Q`K�M+2X Ai +�M #2 bT2+mH�i2/ i?�i � #2ii2`
2�`@iQ@2�` _6 T2`7Q`K�M+2 +�M #2 �+?B2p2/ r?2M i?2 #`B/;2 Bb KQp2/ iQ i?2 7`QMi QM
i?2 iQT Q7 i?2 >A �b b?QrM BM 6B;m`2 3XRy#- bQ Bi rBHH #2 QM � b?Q`i2` T�i? �`QmM/ i?2
?2�/ iQ Bib T�B`BM; >AX

_2+v+HBM; T`QT2`iB2bX J2i�H �M/ 2H2+i`QMB+ +QKTQM2Mib Kmbi #2 b2T�`�i2/ 7`QK
TH�biB+ bm#bi`�i2b B7 i?2 +QKTQM2Mib �`2 iQ #2 `2+v+H2/X � K2i?Q/ 7Q` b2T�`�iBM; i?2
K2i�H 7`QK i?2 bm#bi`�i2 BM JA.b Bb �H`2�/v /2p2HQT2/- �M/ +QMbBbib Q7 � K2+?�MB+�H
b2T�`�iBQM T`Q+2bbX h?2 T�`ib �`2 bm#D2+i2/ iQ � ?B;? /2;`22 Q7 im`#mH2M+2 �M/ i?2 ?B;?
b?2�` 7Q`+2b �TTHB2/ rBHH b2T�`�i2 i?2 K2i�H 7`QK i?2 TH�biB+X h?2 b2T�`�i2/ TH�biB+ �M/
K2i�H T�`iB+H2b +�M i?2M #2 `2+v+H2/ #v bi�M/�`/ T`Q+2bb2b (9k)X

4Y9 HCLCj�jCRNc
PM2 +QM+2`M �#Qmi BKTH2K2MiBM; i?2 G.a �Mi2MM� Bb i?2 +Q``QbBQM T`QT2`iB2b- #mi i?2b2
b?QmH/ #2 2p�Hm�i2/ BM 7m`i?2` BMp2biB;�iBQM- �M/ �`2 2tT2+i2/ iQ #2 bQHp2/ rBi? +Q�iBM;X

�MQi?2` +QM+2`M Bb biBHH i?2 +QMM2+iBQM #2ir22M i?2 S*"� �M/ i?2 G.a �Mi2MM�-
r?B+? ?�b b?QrM b�iBb7�+iQ`v `2bmHib BM i?2 2tT2`BK2Mib K�/2- #mi BKT�+i i2bib biBHH
M22/ iQ #2 /QM2 BM � }M�H /2bB;M- �b Bi rBHH #2 /2b+`B#2/ BM a2+iBQM NXRX

6Q` 7m`i?2` �TTHB+�iBQMb- i?2 mb2 Q7 G.a ?�b � `2H�iBp2Hv HQr +B`+mBi /2MbBivX JA.b
MQ`K�HHv QMHv ?�p2 k H�v2`b Q7 +QMM2+iBQMb- QM2 7Q` 2�+? bB/2 Q7 i?2 bm#bi`�i2 T�`i- r?BH2
i`�/BiBQM�H S*"b +�M ?�p2 KQ`2 i?�M jk H�v2`b Q7 BMi2`+QMM2+iBQMb BM � p2`v bK�HH bT�+2X



+?�Ti2` O
/Cc,nccCRN � +RN,IncCRN

h?Bb }M�H +?�Ti2` T`2b2Mib i?2 `2+QKK2M/�iBQMb 7Q` 7mim`2 i2biBM; �M/ 7mim`2 /2p2H@
QTK2Mi #�b2/ QM i?2 bm#+QM+HmbBQMb 7QmM/ i?`Qm;?Qmi i?Bb T`QD2+iX 6m`i?2`KQ`2- i?2
`2bmHib �`2 bmKK�`Bx2/ +`2�iBM; �M Qp2`pB2r Q7 i?2 }M/BM;b /m`BM; i?2 /2p2HQTK2Mi Q7
i?2 G.a �Mi2MM� 7Q` >AbX

OYS 7naj@3a sRaG
qBi? JA. � G.a i2+?MQHQ;v- Bi Bb TQbbB#H2 iQ BMMQp�i2 �M/ +`2�i2 KQ/2`M `Q#mbi /2bB;Mb
BM i?2 2H2+i`Q@K2+?�MB+�H }2H/b- #mi Bi /Q2b �HbQ BMpQHp2 BKTQ`i�Mi /2p2HQTK2Mib BM
`2HB�#H2 T`Q/m+iBQM K2i?Q/b- 7Q` � 7mHH BMi2;`�iBQM Q7 JA.bX aQK2 Q7 i?2 B/2MiB}2/
mM+2`i�BMiB2b r?B+? b?QmH/ #2 BMp2biB;�i2/ BM 7mim`2 rQ`F- rBHH #2 T`2b2Mi2/ #2HQr,

*?2KB+�H `2bBbi�M+2 @ +Q�iBM;bX h?2 i2bib +QM/m+i2/ b?Qr2/ +Q``QbBQM QM i?2 G.a
HBM2bX h?2 7QHHQrBM; QTiBQMb +�M #2 i2bi2/ iQ BKT`Qp2 i?2 +?2KB+�H `2bBbi�M+2 Q7 i?2 G.a
i`�+Fb,

Ç h2bi i?BMM2` MB+F2H �M/ +QTT2` HBM2b- bBM+2 i?2 `Qm;?M2bb rBHH /2+`2�b2 �M/ BKT`Qp2
+Q``QbBQM `2bBbi�M+2 (j9)X

Ç h2bi r?B+? Q7 i?2 7QHHQrBM; +Q�iBM;b ;Bp2 #2bi `2bmHib QM �M >A �TTHB+�iBQM,
@ LQM@+QM/m+iBp2 BbQH�iBM; T�BMi UR8@jyƒKV, J�Mv �TTHB+�iBQMb i�F2 �/p�Mi�;2

Q7 bi`m+im`BM; i?2 G.a �Mi2MM� QM i?2 QmibB/2 Q7 i?2 /2pB+2 +�bBM;- 2X;X QM KQ@
#BH2 T?QM2b- �M/ i?2M +Qp2`2/ #v MQM@+QM/m+iBp2 T�BMiX h?Bb i`2�iK2Mi T`BK�`BHv
?�b �M �2bi?2iB+ Tm`TQb2 #mi /Q2b �HbQ T`Qi2+i i?2 HBM2b 7`QK i?2 2MpB`QMK2MiX
h?2`27Q`2 MQM@+QM/m+iBp2 T�BMi Bb � rB/2Hv mb2/ T`Qi2+iBQM K2i?Q/- �M/ i?2 QMHv
2tT2`B2M+2 aa� +QmH/ T`QpB/2X

@ aGRjed S2i2`bȉ �+`vHB+ +QM7Q`K�H +Q�iBM; r?B+? Bb rB/2Hv mb2/ �i :L >2�`@
BM; 7Q` KQbi T`Qi2+iBQM �TTHB+�iBQMbX

@ J2i�bmȉ >a@R8S b2�HBM;- T`2b2Mi2/ QM T�;2 9y- +QMb2`p2b i?2 �TT2�`�M+2 Q7
i?2 bm`7�+2- 2H2+i`B+�H T`QT2`iv- �M/ bQH/2`BM; +�T�#BHBiB2b- bQ QMHv i?2 +Q``QbBQM
`2bBbi�M+2 Bb BM+`2�b2/X h?2 HQM; i2`K #2?�pBQm` Q7 J2i�bm biBHH M22/b iQ #2 i2bi2/X
Aib /�i�b?22i +�M #2 b22M BM �TT2M/Bt 1X

P`;�MB+ bQH/2`�#BHBiv T`2b2`p�iBp2 UPaSV Bb � p2`v i?BM Q`;�MB+ bm`7�+2 }MBb?
ivTB+�HHv mb2/ 7Q` +QTT2` T�/b- bBM+2 Bi +�M #QM/ iQ +QTT2` r?B+? Bb T`Qi2+i2/ mMiBH
bQH/2`BM;X Ai �HHQrb bQH/2`BM; �M/ T`QpB/2b ~�i bm`7�+2b- bQ i?2 bQH/2`BM; /Q2b MQi
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#2+QK2 �M Bbbm2 #mi Bb p2`v b2MbBiBp2 iQ ?�M/HBM; (9j)X h2biBM; +QmH/ #2 /QM2 QM
2p�Hm�iBM; Bib T`Qi2+iBQM �#BHBiB2b- r?BH2 i?2 bQH/2`�#BHBiv `2K�BMb mM+?�M;2/X

.2T2M/BM; QM i?2 bQHmiBQM +?Qb2M- Bi b?QmH/ �HbQ #2 i2bi2/ r?2i?2` i?2 �Mi2MM�
T2`7Q`K�M+2 ;2ib �z2+i2/ #v i?2 mb2 Q7 i?2b2 T`Qi2+iBp2 H�v2`bX

LB+F2H �HH2`;vX _2;�`/BM; i?2 MB+F2H �HH2`;v +QM+2`M T`2b2Mi2/ 2�`HB2`- r?B+? `2HB2/
QM i?2 `2+QKK2M/�iBQMb Q7 i?2 1l MB+F2H /B`2+iBp2 (je) r?B+? bi�i2/ i?�i B7 MQ /B`2+i
bFBM +QMi�+i r�b T`2b2Mi- i?2M i?2 MB+F2H rQmH/ MQi #2 �M Bbbm2X AM bm#i`QTB+�H UJ2/Bi2`@
`�M2�MV +QmMi`B2b- i?2 1l MB+F2H /B`2+iBp2 ?�b MQi #22M 7mHHv i2bi2/- bQ i?2 2z2+i Q7
+HBK�i2 b?QmH/ #2 BMp2biB;�i2/ i?`Qm;? 2tT2`BK2Mi�H i2biBM; 7Q` >A �TTHB+�iBQMbX A7 i?2
MB+F2H �HH2`;v +QM+2`M Bb r�Mi2/ iQ #2 iQi�HHv �pQB/2/- i?2b2 TH�iBM; bQHmiBQMb +�M #2
mb2/,

Ç RV Rk@R3ƒK *m Y yX8ƒK �; Y R8@jyƒK MQM@+QM/m+iBp2 BbQH�iBM; T�BMi- J2i�bm
>a@R8S Q` aGRjed S2i2`bȉ +Q�iBM;X

Ç kV Rk@R3ƒK *m Y 9@3ƒK LB Y KBM yXRƒK �m Y MQM@+QM/m+iBp2 BbQH�iBM; T�BMi
R8@jyƒK- J2i�bm >a@R8S +Q�iBM; Q` aGRjed S2i2`bȉ +Q�iBM;X

@ h?2 BbQH�iBM; T`QT2`iB2b Q7 i?2b2 j T`2b2Mi2/ +Q�iBM;b b?QmH/ #2 2p�Hm�i2/-
bBM+2 MQ MB+F2H b?QmH/ /BbbBT�i2 Qmi Q7 i?2 >A �i �HHX

AMi2`7�+2 @ aQH/2` DQBMibX A7 i?2 bQH/2` DQBMi Bb F2Ti �b � bQHmiBQM- `�M/QK 7`22 7�HH
UimK#H2 i2biV b?QmH/ #2 K�/2X q?2M � }M�H /2bB;M Bb K�/2 Bi rBHH #2 BKTQ`i�Mi iQ
�M�Hvb2 i?2 7�BHm`2 KQ/2b- 2X;X /2H�KBM�iBQM Q` +`�+FBM; Q7 i?2 G.a �M/ bQH/2` DQBMi
+`�+FbX

�/?2bBQM i2bibX 6Q` �bbm`BM; i?2 �/?2bBQM Q7 i?2 G.a HBM2b iQ i?2 7`�K2- �ahJ .
jj8N ai�M/�`/ h2bi J2i?Q/b Q` i?2 AaP k9yN +`Qbb@+mi i2bi +QmH/ #2 mb2/- r?B+? Bb
b?QrM BM 6B;m`2 NXR#X J2i?Q/b MQ`K�HHv mb2/ 7Q` T�BMib �M/ p�`MBb?2b- #mi i?2b2 +QmH/
�HbQ #2 mb2/ iQ /2i2`KBM2 i?2 G.a `2bBbi�M+2 iQ b+`�i+?2b �M/ iQ i?2 mTr�`/b 7Q`+2
�TTHB2/ iQ i?2 bQH/2`BM; bTQiX h?2 S*"� rBHH #2 BM bi`2bb r?2M #2M/2/ �b b?QrM BM
6B;m`2 NXR� �M/ QMHv ?2H/ /QrM #v i�TbX h?2 bBx2 Q7 i?2b2 p2`iB+�H 7Q`+2b b?QmH/ #2
2p�Hm�i2/ 2Bi?2` #v bBKmH�iBQMb Q` 2tT2`BK2Mi�iBQMX
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U�V *`Qbb b2+iBQM /2KQMbi`�iBM;
p2`iB+�H S*"� 7Q`+2X

U#V AaP k9yN +`Qbb@+mi i2biX

6B;m`2 NXR, �/?2bBQM i2biX

6B;m`2 NXk, .QHHv /B�;`�KX

�MQi?2` K�im`2 K2i?Q/ 7Q` 2p�Hm�iBM; i?2 �/?2@
bBQM rQmH/ #2 mbBM; � /QHHv 7Q` � TmHH Qz i2bi- �b b?QrM
BM 6B;m`2 NXkX h?2 K2i?Q/ Bb mbm�HHv mb2/ 7Q` i2bi@
BM; i?2 �/?2bBQM T`QT2`iB2b Q7 +Q�iBM;b- #mi Bi +QmH/
�HbQ #2 mb2/ 7Q` i?2 G.a �/?2bBQM- /2bB;MBM; � /QHHv
BM � bK�HH2` bBx2 i?�M +QMp2MiBQM�H QM2bX h?2 /QHHv
Bb TH�+2/ �M/ ;Hm2/ QM i?2 G.a HBM2 �M/ �M mMB7Q`K
+QMbi�Mi mTr�`/b ?v/`�mHB+ T`2bbm`2 Bb �TTHB2/- r?B+?
Bb K2�bm`2/ mMiBH i?2 HBM2b �`2 HB7i2/ �r�v 7`QK i?2
bm`7�+2X h?Bb rBHH ;Bp2 � K2�bm`2 Q7 i?2 bi`2M;i? Q7
�/?2bBQM Q7 i?2 G.a HBM2bX

1H2+i`QM KB+`Qb+QTvX h?2 T`QiQivT2b K�/2 +�M
�HbQ #2 BMbT2+i2/ rBi? �M 2H2+i`QM KB+`Qb+QT2 7Q` ;2i@
iBM; +HQb2` iQ i?2 H�v2` BMi2`+QMM2+iBQMb �M/ 7Q` BM@
bT2+iBM; i?2 i?BM ;QH/ H�v2` r?B+? ?�b MQi `2�HHv #22M
K2�bm`2/ BM i?2 KB+`Qb2+iBQMBM; 2tT2`BK2MibX 6m`i?2`KQ`2- bK�HH K�`Fb BM i?2 bQH/2`@
BM; b2+iBQMb +QmH/ #2 +HQb2Hv �M�Hvb2/ iQ bim/v r?2i?2` �Mv Q7 i?2 bTQib 7QmM/ +�M #2
KB+`QTH�M�` pQB/b Q` +`�+Fb- r?B+? +QmH/ TQi2MiB�HHv #2 �M Bbbm2 7Q` i?2 bQH/2` DQBMi
`2HB�#BHBivX
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J�Mm7�+im`BM; #v GSE6@G.aȉ �M/ �bb2K#Hv Q7 i?2 kX9 :>x �Mi2MM� 7Q` >A �TTHB+�iBQMb
?�b b?QrM 72�bB#H2 #�b2/ QM i?2 /2bB;M �M/ i2bib T`2b2Mi2/ BM i?Bb T`QD2+iX h?2`27Q`2
Bi ?�b #22M B/2MiB}2/ iQ #2 � T`QKBbBM; �TT`Q�+?- r?B+? BM+Hm/2b MmK2`Qmb #2M2}ib 7Q`
KQ/2`M 2H2+i`QMB+ BMi2;`�iBQM Q7 >AbX

6B`bi- i?2 `2[mB`2K2Mib 7Q` i?2 BKTH2K2Mi�iBQM r2`2 /2i2`KBM2/ #�b2/ QM bi�F2?QH/2`
bT2+B}+�iBQMb- T`�+iB+�H 2tT2`B2M+2- bi�i2 Q7 i?2 �`i HBi2`�im`2 �M/ i?2Q`vX h?2 +QMi�+i
BMi2`7�+2 #2ir22M i?2 G.a �Mi2MM� �M/ i?2 S*"� ?�b #22M T`BQ`BiBx2/ �M/ /2+QKTQb2/
BMiQ `2H2p�Mi bm#T`Q#H2Kb +`2�iBM; �M Qp2`pB2r Q7 i?2 r?QH2 T`Q+2bb �M/ i?2 +`BiB+�H 7�+@
iQ`b BMpQHp2/X h?2 7QHHQrBM; }M/BM;b ?�p2 #22M K�/2,

@ aQH/2`BM; i?2 G.a �Mi2MM� iQ i?2 S*"� r�b /2i2`KBM2/ iQ #2 i?2 KQbi 72�bB#H2
bQHmiBQM mT iQ /�i2X S#@7`22 bQH/2`BM; i2bib �i /Bz2`2Mi i2KT2`�im`2b b?Qr2/ b�iBb7�+iQ`v
`2bmHib �i jyyê* �M/ mTX Ai ?�b i?Qm;? #22M `2+QKK2M/2/ i?�i � j9yê* Bb K�BMi�BM2/
7Q` K�Mm�H bQH/2`BM;X h?2 >Ab rBi? bQH/2`2/ G.a �Mi2MM� r2`2 bm#D2+i2/ iQ i?2`K�H
+v+HBM;- �M/ i?2 `2bmHib �7i2` i?2 i2biBM; r2`2 �HbQ 7QmM/ iQ #2 �++2Ti�#H2X h?2 bQH/2`BM;
+QMM2+iBQM �M/ i?2 G.a �Mi2MM� r2`2 2p�Hm�i2/ #�b2/ QM pBbm�H BMbT2+iBQMb �M/ _6
K2�bm`2K2MibX a2p2`�H Qi?2` /2i�+?�#H2 +QMM2+iBQM K2i?Q/b �`2 �HbQ T`2b2Mi2/- r?B+?
K�v #2 �M QTiBQM 7Q` 7mim`2 BKTH2K2Mi�iBQMbX h?2 T`QiQivT2 /2p2HQT2/ 7Q` i?2b2 i2bib
?�/ S�9h 6Q`iBBȉ G.a38 �b i?2 bm#bi`�i2 K�i2`B�H �M/ � TH�iBM; Q7 Rk@R3ƒK *m Y 9@
3ƒK LB Y KBM yXRƒK �mX

@ h?2 �Mi2MM� r�b /2+B/2/ iQ #2 irQ bB/2/- bvKK2i`B+�H �M/ TH�+2/ QM i?2 7`�K2
2ti2`BQ`X h?2b2 /2+BbBQMb r2`2 #�b2/ QM QTiBKBxBM; +QMM2+iBQM TQbbB#BHBiB2b- #BQ+QKT�iB@
#BHBiv �M/ _6 T2`7Q`K�M+2X

@ h?2 #`B/;2- M2+2bb�`v 7Q` 2M?�M+BM; 2�`@iQ@2�` +QKKmMB+�iBQM- r�b +?Qb2M iQ #2
+QMiBMmQmb �M/ TH�+2/ QM i?2 iQT 7`QMi Q7 i?2 >A #�b2/ QM bBKTHB+Biv �M/ 7Q` �pQB/BM;
BMi2`72`2M+2b rBi? M2�`#v 2H2+i`B+�H +QKTQM2MibX

@ J2+?�MB+�H /2bB;M 7`22/QK ?�b #22M B/2MiB}2/ �b � i`m2 #2M2}i Q7 JA.- �KQM;bi
Qi?2` T`QT2`iB2bX h?2 7`�K2 ?�b #22M `2/2bB;M2/- iQ b?Qr i?2 j@/BK2MbBQM�H TQbbB#BHBiB2b
T`2b2Mi rBi? G.a K�Mm7�+im`BM;X �b � +QMb2[m2M+2- Bi rBHH #2 TQbbB#H2 iQ `2/m+2 i?2
bBx2 Q7 i?2 >A r?BH2 BM+`2�bBM; K�Mm7�+im`BM; �++m`�+vX h?2 }M�H +QM+2Ti +�M #2 b22M
BM 6B;m`2 NXjX
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6B;m`2 NXj, 6BM�H +QM+2TiX

@ 1MpB`QMK2Mi�H i2bib #�b2/ QM �`iB}+B�H br2�i- 2�`@r�t- �M/ b�Hi@KBbi ?�p2 #22M
+QM/m+i2/ QM i?2 T`QiQivT2b- r?B+? b?Qr2/ bB;Mb Q7 +Q``QbBQM /m`BM; �HH i?`22 2tTQbm`2bX
h?2b2 }M/BM;b r2`2 +QM}`K2/ #v K2�bm`2K2Mib b?QrBM; BM+`2�b2/ 2H2+i`B+�H `2bBbi�M+2
BM i?2 G.a i`�+FbX SQbbB#H2 bQHmiBQMb 7Q` +?2KB+�H `2bBbi�M+2 ?�p2 i?2`27Q`2 #22M `2+QK@
K2M/2/X

@ h?2 [m�HBiv Q7 i?2 G.a HBM2b r2`2 2p�Hm�i2/ BM i2`Kb Q7 H�v2` ?2B;?ib- /BK2MbBQM�H
}/2HBiv- TQbBiBQMBM; �++m`�+v �M/ 2/;2 b?�`TM2bbX h?2b2 }M/BM;b b?Qr2/ �M �++2Ti�#H2
T`2+BbBQM +QKT�`2/ iQ i?2 iQH2`�M+2b Q7 i?2 Q`B;BM�H ~2t �Mi2MM�X PMHv i?2 TQbBiBQMBM;
�++m`�+v b?Qr2/ BKTQ`i�Mi /Bb+`2T�M+B2b Q7 mT iQ kyyƒK- #mi Bb 2tT2+i2/ iQ #2 BKT`Qp2/
7Q` QTiBKBx2/ BMD2+iBQM KQmH/BM;X

@ h?2 �miQK�iBQM Q7 i?2 K�Mm7�+im`BM; +�M #2 BKTH2K2Mi2/ #v aJh �M/ `2~Qr
bQH/2`BM; i2+?MB[m2b r?B+? ?�p2 #22M 2tTH�BM2/- �M/ i?2 +QM+2Ti r�b /2KQMbi`�i2/
bT2+B}+�HHv 7Q` i?2 "h1 >A �TTHB+�iBQM i?`Qm;? BHHmbi`�iBQMbX

@ 6BM�HHv- � +Qbi �M�HvbBb 7Q` i?2 bT2+B}+ +�b2 Q7 i?2 "2`HBM dy r�b +QM/m+i2/- b?QrBM;
� T`QbT2`Qmb 2+QMQKB+ pB�#BHBiv 7Q` i?2 G.a �Mi2MM�X

h?2 }M/BM;b K�/2- ?�p2 #22M mb2/ iQ ;Bp2 /2bB;M `2+QKK2M/�iBQMb �M/ T`QTQb�Hb
7Q` 7mim`2 rQ`F- #�b2/ QM i?2 +`BiB+�H 7�+iQ`b B/2MiB}2/X h?2 +Q`2 bm++2bb Q7 i?Bb JXa+X
i?2bBb Bb i?2 /Q+mK2Mi�iBQM- /2p2HQTK2Mi �M/ i2biBM; Q7 �M G.a �Mi2MM�- 7Q+mbBM; QM
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i?2 +QMM2+iBQM BMi2`7�+2 #2ir22M �Mi2MM� �M/ S*"�- �M/ i?2 `2HB�#BHBiv Q7 G.a BM >A
�TTHB+�iBQMbX



#C$ICR<a�U@w
(R) aimixK�M- qX GX �M/ h?B2H2- :X �X UkyRkVX �Mi2MM� h?2Q`v �M/ .2bB;MX j`/ 2/X

la�, CQ?M qBH2v � aQMbX Bb#M, Nd3@y@9dy@8dee9@NX
(k) *?2M- sX- *?�p�MM2b- LX- L;- :X- h�v- uX- �M/ JQbB;- CX UkyR8VX ǳ�M�HvbBb �M/

/2bB;M Q7 KQ#BH2 /2pB+2 �Mi2MM�ĜbT2�F2` BMi2;`�iBQM 7Q` QTiBKmK Qp2`i?2�B` T2`@
7Q`K�M+2ǴX AM, A111 �Mi2MM�b �M/ S`QT�;�iBQM J�;�xBM2- TTX NdĜRyNX

(j) EpBbi- aX U _X �X UkyR9VX ǳlMBi2/ ai�i2b S�i2Mi �TTHB+�iBQM Sm#HB+�iBQM kyR9fyyRyjNk
�RǴX AM,

(9) EpBbi- aX >X- h?�vb2M- CX- �M/ C�FQ#b2M- EX "X UkyRRVX ǳSQH�`Bx�iBQM Q7 lM#�H�M+2/
�Mi2MM�b 7Q` 1�`@iQ@1�` PM@"Q/v *QKKmMB+�iBQMb �i kX98 :>xǴX AM, GQm;?#Q`@
Qm;? �Mi2MM�b �M/ S`QT�;�iBQM *QM72`2M+2 UG�S*VX

(8) >�HH- SX aX- >�Q- uX- L2+?�v2p uX- AX- �M/ �HX- 2i UkyydVX ǳ�Mi2MM�b �M/ S`QT�;�@
iBQM 7Q` PM@"Q/v *QKKmMB+�iBQM avbi2KbǴX AM, A111 �Mi2MM�b S`QT�;X J�;X 9N-
TTX 9RĜ83X

(e) _�bKmbb2M- "X UkyReVX aBHp2`�/Q �Mi2MM� AMTmiX :L _2aQmM/X
(d) "2bi- aX _X �M/ >�MM�- .X GX UkyRyVX ǳ� S2`7Q`K�M+2 *QKT�`BbQM Q7 6mM/�K2Mi�H

aK�HH@�Mi2MM� .2bB;MbǴX AM, A111 �Mi2MM�b �M/ S`QT�;�iBQM J�;�xBM2- TTX 9dĜ
dyX

(3) 62biQ UkyR3VX "BQMB+�Lhb @ *QQT2`�iBp2 #2?�pBQm` #�b2/ QM M�im`�H KQ/2HX m`H,
?iiTb,ffrrrX72biQX+QKf;`QmTf2Mf+KbfRyR8dX?iK UpBbBi2/ QM yjfkkfkyR3VX

(N) UkyR9VX 1.LX m`H, ?iiTb,ffrrrX2/MX+QKf/2bB;MfT+@#Q�`/f99kd8yefq?�i@
�`2@KQH/2/@BMi2`+QMM2+i@/2pB+2b@ UpBbBi2/ QM yjfkkfkyR3VX

(Ry) AbH�K- �X- >�Mb2M >- LX- h�M; S- hX- �M/ amM amM- CX UkyyNVX ǳS`Q+2bb +?�BMb 7Q`
i?2 K�Mm7�+im`BM; Q7 KQH/2/ BMi2`+QMM2+i /2pB+2bǴX AM,

(RR) J2`+�- hX .X- GBM/#2`;- hX- �M/ AbH�K- �X UkyReVX ǳ62�bB#BHBiv bim/v Q7 BMD2+iBQM
KQmH/�#H2 +QM/m+iBp2 TH�biB+ 7Q` i?2 ?2�`BM; �B/ �TTHB+�iBQMbǴX AM, S`Q+22/BM;b Q7
i?2 RRi? AMi2`M�iBQM�H *QM72`2M+2 QM JmHiB@J�i2`B�H JB+`Q J�Mm7�+im`2 U9JkyReV
, +Q@Q`;�MBb2/ rBi? Ryi? AMi2`M�iBQM�H qQ`Fb?QT QM JB+`Q7�+iQ`B2b UAqJ6kyReV-
TX 9X

(Rk) o2`H�;- *X >X Ukyy9VX 6Q`b+?mM;bp2`2BMB;mM; _ mKHB+?2 1H2Fi`QMBb+?2 "�m;`mTT2M
j@. JA.X 8i? 2/X JmMB+?- :2`K�Mv, j.@JA. h2+?MQHQ;B2, _ mKHB+?2 2H2Fi`QM@

https://www.festo.com/group/en/cms/10157.htm
https://www.edn.com/design/pc-board/4427506/What-are-molded-interconnect-devices-
https://www.edn.com/design/pc-board/4427506/What-are-molded-interconnect-devices-
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Bb+?2 "�m;`mTT2M, >2`bi2HHmM;bp2`7�?`2M- :2#`�m+?b�M7Q`/2`mM;2M- J�i2`B�HF2M@
Mr2`i2X

(Rj) 6`�MF2- CX UkyR8VX h?`22@.BK2MbBQM�H JQH/2/ AMi2`+QMM2+i .2pB+2b Uj.@JA.VX Jm@
MB+?- :2`K�Mv, >�Mb2` Sm#HB+�iBQMbX Bb#M, Nd3@R@8eNNy@88R@dX

(R9) >ɃbF2- JX- EB+F2H?�BM- CX JX- �M/ 1Ľ2`- :X UkyyRVX ǳG�b2` amTTQ`i2/ �+iBp�iBQM
�M/ �//BiBp2 J2i�HHBx�iBQM Q7 h?2`KQTH�biB+b 7Q` j.@JA.bǴX AM, j`/ G�L1X

(R8) GSE6 G�b2` � 1H2+i`QMB+b �: UkyRyVX G.a JA. .2bB;M _mH2b .2bB;M `mH2b 7Q`
H�b2` /B`2+i bi`m+im`2/ JA. +QKTQM2MibX

(Re) j.@JA.@"�m;`mTT2M UkyRkVX ǳlMi2`bm+?mM;2M xmK mKr2Hi 7`2mM/HB+?2M mM/ rB`ib+?�~B+?2M
_2BMB;mM;bp2`7�?`2M 7Ƀ` H�b2`bi`mFim`B2`i2ǴX AM, 6BM�H `2TQ`i QM �B6 T`QD2+i Ree3j
LX

(Rd) 1#2`?�`/i- qX- EɃ+F- >X- �M/ q2b2`- aX UkyRRVX ǳoQM /2` .2FQ BM /B2 AM/mbi`B2XǴ
AM, 6BM�H `2TQ`i QM �B6 T`QD2+i Ree3j L- TTX k9ĜkdX

(R3) .B`2+iBp2- 1X UkyRRVX ǳ:mB/�M+2 iQ _Q>a .B`2+iBp2 kyRRfe8f1lǴX AM,
(RN) lH`B+?- EX hX �M/ 1TTBM;2`- aX .X UkyR8VX S`Q/m+i .2bB;M �M/ .2p2HQTK2MiX ei?X

J+@:`�r >BHH AMi2`M�iBQM�H 1/BiBQMX Bb#M, yyd3ykNyeeX
(ky) UkyR3VX JB+`QbQMX m`H, ?iiT,ffrrrXKB+`QbQMX2bfT`Q72bBQM�H2bfA.JB+`QbQMf

h2+MQHQ;B�JA.1L:X�bTt UpBbBi2/ QM yjfkkfkyR3VX
(kR) G2B+?i- >X �M/ h?mKK- �X Ukyy3VX ǳhQ/�vǶb o�TQ` S?�b2 aQH/2`BM;, �M QTiB@

KBx2/ `2~Qr i2+?MQHQ;v 7Q` H2�/ 7`22 bQH/2`BM;ǴX AM, aKi� AMi2`M�iBQM�H *QM72`2M+2-
TTX j8eĜjeyX

(kk) 62H/K�MM- EX �M/ :2`?�`/�- JX URNN8VX ǳ.B`2+i aQH/2`BM; Q7 1H2+i`QMB+ *QKTQ@
M2Mib QM JQH/2/ .2pB+2bǴX AM, *A_S �MM�Hb Ĝ J�Mm7�+im`BM; h2+?MQHQ;v 99URV,
TTX RNĜkkX

(kj) j@.BK2MbBQM�H *B`+mBi`v G�b2` .B`2+i ai`m+im`BM; h2+?MQHQ;v UGSE6@G.aV 7Q`
JQmH/2/ AMi2`+QMM2+i2/ .2pB+2b UMX/XVX GSE6 G�b2` � 1H2+i`QMB+b �:X

(k9) J22iBM; �M/ T`2b2Mi�iBQM UMX/XVX a?�M;?�B �KT?2MQH �B`r�p2X
(k8) j.@JA. h2+?MQHQ;B2, _ mKHB+?2 2H2Fi`QMBb+?2 "�m;`mTT2M, >2`bi2HHmM;bp2`7�?`2M

:2#`�m+?b�M7Q`/2`mM;2M- JX JX Ukyy9VX ǳ6Q`b+?mM;bp2`2BMB;mM; _ mKHB+?2 1H2F@
i`QMBb+?2 "�m;`mTT2M j@. JA.ǴX AM, *A_S �MM�Hb Ĝ J�Mm7�+im`BM; h2+?MQHQ;v
99URV,

(ke) 1m`QT2- �X JX UkyR3VX >1�h ah�EAL: 6lL.�J1Lh�GaX m`H, ?iiT , f f
rrrX�K�/�KBv�+?B2m`QT2X+QKf+K/�i�f/Q+mK2Mibf>2�i@ ai�F2@ h2+?MB+�H@
/Q+mK2Mi@Ry@kyR9XT/7 UpBbBi2/ QM yjfkRfkyR3VX

(kd) AMi2`i2+?X+QK UkyR3VX S`2bb }i TBMbX m`H, ?iiT,ff#HQ;X�bb2i@BMi2`i2+?X+QKf
X�fe�yRj93je8#j�eNdy+yRd+j8k/3+RyNdy#@TB UpBbBi2/ QM yjfk9fkyR3VX

http://www.microson.es/profesionales/IDMicroson/TecnologiaMIDENG.aspx
http://www.microson.es/profesionales/IDMicroson/TecnologiaMIDENG.aspx
http://www.amadamiyachieurope.com/cmdata/documents/Heat-Stake-Technical-document-10-2014.pdf
http://www.amadamiyachieurope.com/cmdata/documents/Heat-Stake-Technical-document-10-2014.pdf
http://www.amadamiyachieurope.com/cmdata/documents/Heat-Stake-Technical-document-10-2014.pdf
http://blog.asset-intertech.com/.a/6a01348365b3a6970c017c352d8c10970b-pi
http://blog.asset-intertech.com/.a/6a01348365b3a6970c017c352d8c10970b-pi
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(k3) *QKKQMb- qX UkyR3VX 62/2`FQMi�FibiB7iXbp;X m`H, ?iiTb,ffmTHQ�/XrBFBK2/B�X
Q`;frBFBT2/B�f+QKKQMbfRfRdf62/2`FQMi�FibiB7iXbp; UpBbBi2/ QM yjfk9fkyR3VX

(kN) 2H2+i`QMB+b- .X@FX UkyR3VX JQH2t aHBK ai�+F *QMM2+iQ`X m`H, ?iiTb,ffrrrX/B;BF2vX
+QKfT`Q/m+i@/2i�BHf2MfKQH2t@HH+f8yj88kRkkyfqJ9ee8*h@L.fk8djd39 UpBb@
Bi2/ QM yjfk9fkyR3VX

(jy) 6¤`+?- GX- EpBbi- aX- h?�vb2M- CX- �M/ C�FQ#b2M- EX UkyReVX ǳ1H2+i`B+ *QmTH2/
�Mi2MM� 7Q` >2�`BM; AMbi`mK2Mi �TTHB+�iBQMbXǴ AM,

(jR) a+?mHix@JBFF2Hb2M- >X UkyR8VX Zm�HB}+�iBQM i2bi QM aTQmb2 JB+ k S`QX _2pBbBQM "X
:L _2aQmM/X

(jk) q�M;- LX UkyyNVX 1p�Hm�iBQM _2TQ`i UkyyNRy@y8dV, G.a �M/ GAa� TH�iBM; QM TH�b@
iB+bX :L _2aQmM/ _�. .2T�`iK2MiX

(jj) AbH�K- �X- >�Mb2M- >X LX- _Bb�;2`- 6X- �M/ h�M;- SX UkyR9VX ǳ1tT2`BK2Mi�H BMp2b@
iB;�iBQM QM +Q``QbBQM T`QT2`iB2b Q7 G.a JA. 7Q` >2�`BM; �B/ �TTHB+�iBQMbǴX AM,
�Lh1* kyR9 *QM72`2M+2 S`Q+22/BM;b- TX 9X

(j9) AbH�K- �X- >�Mb2M- >X LX- �M/ :B�MM2F�b- LX UkyR8VX ǳZm�HBiv BMp2biB;�iBQM Q7
KBMB�im`Bx2/ JQmH/2/ AMi2`+QMM2+i .2pB+2b UJA.bV 7Q` ?2�`BM; �B/ �TTHB+�iBQMbǴX
AM, *A_S �MM�Hb @ J�Mm7�+im`BM; h2+?MQHQ;v e9- TTX 8jNĜ899X

(j8) C2Mb2M- JX �M/ _�?K�i@a�KBB- uX URNN8VX ǳ1J BMi2`�+iBQM Q7 ?�M/b2i �Mi2MM�b
�M/ � ?mK�M BM T2`bQM�H +QKKmMB+�iBQMbǴX AM, A111 �Mi2MM�b �M/ S`QT�;�iBQM
J�;�xBM2- TTX dĜRdX

(je) 62H/K�MM- EX �M/ :2`?�`/�- JX UkyReVX ǳ�M BMp2biB;�iBQM Q7 +�mb2b Q7 MB+F2H �H@
H2`;vǴX AM, 1MpB`QMK2Mi�H S`QD2+i LQX R3eN- kyRe- TTX jkĜjjX

(jd) a+?r2#2`- "X UkyRRVX SH�biB+bě/2i2`KBM�iBQM Q7 i?2 K2Hi K�bb@~Qr `�i2 UJ6_V
�M/ K2Hi pQHmK2@~Qr `�i2 UJo_V Q7 i?2`KQTH�biB+bX AMi2`M�iBQM�H Q`;�MBx�iBQM 7Q`
bi�M/�`/Bx�iBQMX

(j3) .mb2F- JX- LQii�v- CX- �M/ >mMi- *X UkyyyVX ǳ� h2bi J2i?Q/QHQ;v 7Q` �bb2bBM;
S#@7`22 aQH/2` CQBMi _2HB�#BHBivǴX AM, *A_S �MM�Hb Ĝ J�Mm7�+im`BM; h2+?MQHQ;v
99URV,

(jN) �bT�M/B�`- _X UkyyeVX oQB/b BM bQH/2` DQBMibX AMi2H *Q`TQ`�iBQMX
(9y) a+?r2#2`- "X UkyR9VX h?2 aKBi? *?�`i, �M ǵ�M+B2MiǶ :`�T?B+�H hQQH aiBHH oBi�H

BM _6 .2bB;MX .B;B@E2v 1H2+i`QMB+bX m`H, ?iiTb , f f rrr X /B;BF2v X +QK f 2M f
�`iB+H2bfi2+?xQM2fkyR9fK�`fi?2@bKBi?@+?�`i@ �M@�M+B2Mi@;`�T?B+�H@
iQQH@biBHH@pBi�H@BM@`7@/2bB;M UpBbBi2/ QM ykfk3fkyR3VX

(9R) >ASJ�a- jX UkyRkVX AMi`Q/m+iBQM iQ i?2 j.@>BSJ�a T`QD2+i SBHQi 6�+iQ`v 7Q` j.
>B;? S`2+BbBQM JA. �bb2K#HB2bX 1l @ 6�+iQ`B2b Q7 i?2 6mim`2 BMBiB�iBp2X

(9k) >Qmb/2M- �X �M/ :QmH/- CX UkyykVX ǳJQmH/2/ AMi2`+QMM2+i .2pB+2bǴX AM, S2`�
EMQrH2/;2X

https://upload.wikimedia.org/wikipedia/commons/1/17/Federkontaktstift.svg
https://upload.wikimedia.org/wikipedia/commons/1/17/Federkontaktstift.svg
https://www.digikey.com/product-detail/en/molex-llc/5035521220/WM4665CT-ND/2573784
https://www.digikey.com/product-detail/en/molex-llc/5035521220/WM4665CT-ND/2573784
https://www.digikey.com/en/articles/techzone/2014/mar/the-smith-chart-an-ancient-graphical-tool-still-vital-in-rf-design
https://www.digikey.com/en/articles/techzone/2014/mar/the-smith-chart-an-ancient-graphical-tool-still-vital-in-rf-design
https://www.digikey.com/en/articles/techzone/2014/mar/the-smith-chart-an-ancient-graphical-tool-still-vital-in-rf-design
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(9j) hQM; EX- >X- Em JX- hX- >bm EX- GX- h�M;- ZX- *?�M *X- uX- �M/ u22 EX- qX
UkyRjVX ǳh?2 2pQHmiBQM Q7 Q`;�MB+ bQH/2`�#BHBiv T`2b2`p�iBp2 UPaSV T`Q+2bb BM S*"
�TTHB+�iBQMǴX AM, A111X
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第（  1 ）次收集
1st

第（  ）次收集
2nd 

第（   ）次收集
3rd

位置mm
Position

速度%
Speed

压力%
Pressure

Setting test die 20 3 25

2017.6.23 40 3 25

700-00041 0 / 30

1 1
顶出模式
Ejection 

type
3

1
□ 开   □ 关

□ Open  
 □ Close

延迟sec
Delay

/

20
位置mm
Position

速度%
Speed

压力%
Pressure

(可)/Mov 85 ℃ 15 20
/

(固)/Fix 85 ℃ 170 40
/

(可)/Mov / ℃
250 35 /

(固)/Fix / ℃ / / /

50 ℃ 100 35
/

310 ℃ 50 25
/

310 ℃ 2.1
/ 23

315 ℃ 1.18 20 /

330 ℃ 0.3385

350 ℃ 1.2476

135mm/s

110 mm/s

/mm/s

170 KG/CM2

/KG/CM2

/KG/CM2

80KG/CM2

/ KG/CM2

0.5Sec

型
开
闭
设
定
 

1:产品拐角处有毛刺
   There is burr at the corner of the product

2:产品顶肿发白
  The product is swollen and whitish

3:产品应力痕明显
   The product stress mark is obvious

區段/Cylinder 1

區段/Cylinder 2

射出速度 V2
Shot speed

射出速度 V3
Shot speed

充填压力P1
Filling pressure

保压压力P2
Dwell pressure

充填压力P3
Filling pressure

區段/Cylinder 3

區段/Nozzle

充填压力P2
Filling pressure

射
出

·保
压

設
定

Sh
oo

t 
.H

ol
d 

se
tt

in
g

料口/Under Hopper

保压压力P1
Dwell pressure

合模2段
2nd phase/Close

单
重

(w
ei

gh
t)

产品单重
Product weight料头单重

Molding material 
weight

射出速度 V1
Shot speed

區段/Cylinder 4

低压闭模
Close mold @ low 

pressure

保压時間t1
Dwell time

4:设变取样20模
    Set change sampling 20 Modulus

设计穴数  Design Cavity

顶针保持开/关
Ejection pin 
open/close

实际穴数 Actual Cavity

试模&试换料记录表(Trail run record table)
 品名系列(Product Serires)：XXXX 模号(Molding number): 700-00041A  产品料号(P/N)：060-0001-277

頂
出
E
j
e
c
t
i
o
n

名称项目
Item

试制日期 Trial date

模座编号 mold base NO.

空模运行
测试
Trial 
running 

顶出系统是否有异响、松动、不回位现象；顶块螺丝是否松动或脱落。  □ 是  □ 否    异常叙述：
Checking noise, loosing, not returning for ejection system; Screw loosing or missing for ejector block  □ Yes  □ No    Abnormal Description：
滑块运行是否有阻滞、不牢固、不顺畅现象；是否与顶针有干涉。 □ 是    □否    异常叙述：
Checking blocking, no good fixing, not smooth for silder, interferance or not with ejection pin □ Yes  □ No    Abnormal Description：

模
具

温
度

To
ol

in
g 

te
m

p

试换料之材料外观确认
Material Comestic 

成型五大要素收集区(5 key molding parameters collection) 参考区域（Reference data) 
成形條件/Molding Condition 名称项目(Item）

开模2段
2nd phase /Open

回位（Back) 

                                

低压下合模是否有异响、阻滞；合模是否不顺畅、有干涉。   □ 是  □否   异常叙述：
Checking noise, blocking or interferance as closing molding     □ Yes  □ No   Abnormal Description
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Φ22
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LDS85

M09/5H

        ■ 是      □ 否 
      ■ Yes   □No

        ■ 是      □ 否 
      ■ Yes   □No

Haizhao.song

Huangdefei

表单编号：FMC0191

收集者
Collector

回轉数/Screw  rev

成型机规格/机号
Machine 

第三次试模&试换料问题描述
3rd trial runing issues

产品
Product
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Nozzle D

check 审    核
Approval
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Filling Position

保压速度v1
Hold speed

充填位置   S3
Filling Position

充填位置   S1
Filling Position

第二次试模&试换料问题描述
2nd trial runing issues

材料品名
Material Name

冷却時間
Cold time

背压/ Bace press

計量位置    S
Measure Position

螺杆直径mm
Screw D

保压時間t2
Dwell time
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