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kXNX �iKQbT?2`B+ ∆14* UbQHB/V �M/ *Pk U/�b?2/V 7Q`+BM; 7Q` i?2 S�H2Q 2tT2`BK2MibX h?2 *Pk b+�H2
Bb ;Bp2M QM i?2 `B;?i �tBbX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RN

kXRyX a+?2K�iB+ pB2r Q7 i?2 SAa*1a@pk KQ/2H U};m`2 #v CQ`;2 J�`iBM2x@_2vVX X X X X X X X X X X X X X kR
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AMi`Q/m+iBQM

hPS Uh`�+2`b BM i?2 P+2�M S�`�/B;KV ?�M/H2b Q+2�MB+ T�bbBp2 i`�+2`b BM L1JPX �i T`2b2Mi- i?Bb +QKTQM2Mi
T`QpB/2b i?2 T?vbB+�H +QMbi`�BMib �M/ #QmM/�`B2b +QM/BiBQMb 7Q` Q+2�MB+ i`�+2`b i`�MbTQ`i �M/ `2T`2b2Mib �
;2M2`�HBx2/- ?�`/rB`2/ BMi2`7�+2 iQr�`/ #BQ;2Q+?2KB+�H KQ/2Hb iQ 2M�#H2 � b2�KH2bb +QmTHBM;X

Ai BM+Hm/2b i?`22 BM/2T2M/2Mi +QKTQM2Mib ,

Ç � i`�MbTQ`i +Q/2 h_S b?�`BM; i?2 b�K2 �/p2+iBQMf/BzmbBQM `QmiBM2b rBi? i?2 /vM�KB+b- rBi? bT2+B}+
i`2�iK2Mi Q7 bQK2 72�im`2b HBF2 i?2 bm`7�+2 #QmM/�`v +QM/BiBQMb Q` i?2 TQbBiBpBiv Q7 T�bbBp2 i`�+2`b +QM@
+2Mi`�iBQMb

Ç bQm`+2b �M/ bBMFb @ aJa @ KQ/2Hb i?�i +�M #2 ivTB+�HHv #BQ;2Q+?2KB+�H- #BQHQ;B+�H Q` `�/BQ�+iBp2

Ç �M Q|BM2 i`�MbTQ`i BMi2`7�+2- r?B+? Bb � bBKTHB}2/ p2`bBQM Q7 i?2 L1JP +Q`2 rQ`F~Qr i?�i `2�/ � b2i Q7
T?vbB+�H }2H/b T`2pBQmbHv biQ`2/ QM /BbF

h?2`2 �`2 irQ r�vb Q7 +QmTHBM; hPS iQ i?2 /vM�KB+b ,

Ç QMHBM2 +QmTHBM; , i?2 2pQHmiBQM Q7 T�bbBp2 i`�+2`b Bb +QKTmi2/ �HQM; rBi? i?2 Q+2�M T?vbB+�H /vM�KB+b

Ç Q|BM2 +QmTHBM; , i?2 T?vbB+�H p�`B�#H2 }2H/b �`2 `2�/ 7`QK }H2b �M/ BMi2`TQH�i2/ �i 2�+? KQ/2H iBK2 bi2T-
rBi? MQ +QMbi`�BMib QM i?2 i2KTQ`�H b�KTHBM; BM i?2 BMTmi }H2b

hPS Bb /2bB;M2/ iQ ?�M/H2 KmHiBTH2 Q+2�MB+ i`�+2`b i?`Qm;? � KQ/mH�` �TT`Q�+? �M/ BM+Hm/2b /Bz2`2Mi bm#@
KQ/mH2b ,

Ç i?2 Q+2�M r�i2` �;2 KQ/mH2 U�:1V i`�+Fb /QrM i?2 iBK2@/2T2M/2Mi bT`2�/ Q7 bm`7�+2 r�i2`b BMiQ i?2
Q+2�M BMi2`BQ`

Ç BMQ`;�MB+ Ue.g.- *6*b- a6eV �M/ `�/BQ+�`#QM U*R9V T�bbBp2 i`�+2`b +�M #2 KQ/2H2/ iQ �bb2bb Q+2�M �#@
bQ`TiBQM iBK2b+�H2b Q7 �Mi?`QTQ;2MB+ 2KBbbBQMb �M/ 7m`i?2` �//`2bb r�i2` K�bb2b p2MiBH�iBQM

Ç � #mBHi@BM #BQ;2Q+?2KB+�H KQ/2H USAa*1aV iQ bBKmH�i2 HQr2` i`QT?B+ H2p2Hb 2+Qbvbi2K /vM�KB+b BM i?2
;HQ#�H Q+2�M

Ç � T`QiQivT2 i`�+2` KQ/mH2 UJunh_*V iQ 2M�#H2 mb2`@/2}M2/ +�b2b Q` i?2 +QmTHBM; rBi? �Hi2`M�iBp2
#BQ;2Q+?2KB+�H KQ/2Hb Ue.g.- "6J- J1.la�- 1_a1J- 1*PjJV

R





1
hPS bi`m+im`2 �M/ rQ`F~Qr

hPS Bb i?2 L1JP ?�`/rB`2/ BMi2`7�+2 iQr�`/ #BQ;2Q+?2KB+�H KQ/2Hb- r?B+? T`QpB/2b i?2 T?vbB+�H +QM@
bi`�BMibf#QmM/�`B2b 7Q` Q+2�MB+ i`�+2`b U6B;X RXRVX

"�b2/ QM � KQ/mH�` bi`m+im`2- i?Bb +QKTQM2Mi �HHQrb QM2 iQ 2tTHQBi �p�BH�#H2 #mBHi@BM KQ/mH2b �M/ 7m`i?2`
/2p2HQT � `�M;2 Q7 �TTHB+�iBQMb- bT�MMBM; 7`QK i?2 BKTH2K2Mi�iBQM Q7 � /v2 T�bbBp2 i`�+2` iQ 2p�Hm�i2 /BbT2`bBQM
T`Q+2bb2b U#v K2�Mb Q7 Junh_*V- i`�+F r�i2` K�bb2b �;2 U�:1 KQ/mH2V- �bb2bb i?2 Q+2�M BMi2`BQ` T2M2i`�iBQM
Q7 T2`bBbi2Mi +?2KB+�H +QKTQmM/b U2X;X- ;�b2b HBF2 *6* Q` 2p2M S*"bV- mT iQ i?2 7mHH b2i Q7 2[m�iBQMb iQ bBKmH�i2
K�`BM2 #BQ;2Q+?2KB+�H +v+H2bX

hPS BMi2`7�+2 ?�b i?2 7QHHQrBM; HQ+�iBQM BM i?2 +Q/2 `2TQbBiQ`v , IM2KQ@`2TQbBiQ`v=fb`+fhPSf
�M/ i?2 7QHHQrBM; KQ/mH2b �`2 �p�BH�#H2,

Ç h_S , AMi2`7�+2 iQ L1JP T?vbB+�H +Q`2 7Q` +QKTmiBM; i`�+2`b i`�MbTQ`i

Ç *6* , AM2`i i`�+2`b U*6*RR-*6*Rk- a6eV

Ç *R9 , _�/BQ+�`#QM T�bbBp2 i`�+2`

Ç �:1 , q�i2` �;2 i`�+FBM;

Ç Junh_* , h2KTH�i2 7Q` +`2�iBQM Q7 M2r KQ/mH2b �M/ 2ti2`M�H ":* KQ/2Hb +QmTHBM;

Ç SAa*1a , "mBHi BM ":* KQ/2HX a22 �mKQMi 2i �HX UkyR8V 7Q` � +QKTH2i2 /2b+`BTiBQM

Tracers in the Ocean Paradigm

Biogeochemical 
Models

TRP (Transport) 
Advection/Diffusion

PISCES 
(p2z, p4z, p5z)

Tracer Age

CFCs(11/12), SF6

C14  
(Natural, Bomb)

MY_TRC 
(Medusa, BFM, ECO3M,ERSEM)

OCE/ICE/NST 
online

OFF 
offline

TOP
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Ocean  
Dynamics

6B;m`2 RXRX, a+?2K�iB+ pB2r Q7 i?2 hPS BMi2`7�+2 rBi?BM L1JP 7`�K2rQ`F



a2+iX RXy

h?2 rQ`F~Qr Q7 i?2 hPS BMi2`7�+2 rBi?BM i?2 L1JP 7`�K2rQ`F Bb Q`;�MBx2/ �`QmM/ irQ K�BM #HQ+Fb Q7 i?2
+Q/2- i?2 BMBiB�HBx�iBQM U};m`2 RXkV �M/ iBK2 K�`+?BM; Q` Ǵbi2TTBM;Ǵ U};m`2 RXjV T`Q+2/m`2bX

h?2 BMBiB�HBx�iBQM Ui`+nBMBiV Q7 T�bbBp2 i`�+2`b p�`B�#H2b �M/ T�`�K2i2`b BM+Hm/2 `2�/BM; M�K2HBbi- b2i BMBiB�H
i`�+2` }2H/b U2Bi?2` `2�/ `2bi�`i Q` `2�/ /�i�V- �M/ bT2+B}+ BMBiB�HBb�iBQM 7Q` 2�+? aJa KQ/mH2X

M2KQnBMBi
UM2KQ;+KX6NyV

L1JP :2M2`�H AMBiB�HBb�iBQMb

i`+nBMBi
Ui`+BMBX6NyV

hPS AMBiB�HBb�iBQM

i`+nM�K Ui`+M�KX6NyV
BMBiB�HBx2 hPS i`�+2`b �M/ `mM b2iiBM;

i`+nBMBnbKb
BMBiB�HBx2 2�+? aJa bm#@KQ/mH2

i`+nBMBni`T
BMBiB�HBx2 i`�MbTQ`i 7Q` i`�+2`b

i`+nB+2nBMB
BMBiB�HBx2 i`�+2`b BM b2�B+2

i`+nBMBnbi�i2
b2i BMBiB�H bi�i2 7`QK `2bi�`i Q` BMTmi/�i�

6B;m`2 RXkX, hPS BMi2`7�+2 BMBiB�HBx�iBQM rQ`F~Qr

AM i?2 iBK2@K�`+?BM; T`Q+2/m`2 Q7 i?2 KQ/2H Ui`+nbiTV- i`2M/b �`2 +QKTmi2/ 7Q` �HH i`�+2`b BM `2H�iBQM
iQ #BQ;2Q+?2KB+�H T`Q+2bb2b UbQm`+2 KBMmb bBMFb Q7 2�+? hPS bm#@KQ/mH2V- T?vbB+�H i`�MbTQ`i U�/p2+iBp2 �
/BzmbBp2- 7Q`+BM; �M/ #QmM/�`v +QM/BiBQMbV �M/ QmiTmi Bb K�M�;2/ mbBM; i?2 AfP HB#`�`v sAPaX

hPS _272`2M+2 J�Mm�H S�;2 9 Q7 BBB



*?�TX R hPS bi`m+im`2 �M/ rQ`F~Qr

i`+nbiT
Ui`+biTX6NyV

hPS iBK2 K�`+?BM;

i`+nr`B
Ui`+r`BX6NyV

+�HH sAPa 7Q` QmiTmi Q7 /�i�

i`+nbKb
Ui`+bKbX6NyV

":* i`2M/b Q7 2�+? bm#@KQ/mH2

i`+ni`T
Uh_Sfi`+i`TX6NyV

+QKTmi2 T?vbB+�H i`2M/b

i`+n#+ Ui`+#+X6NyV
bm`7�+2 �M/ +Q�bi�H "*b i`2M/b

i`+n/KT Uh_Sfi`+/KTX6NyV
i`�+2` /�KTBM;

i`+nH/7 Uh_Sfi`+H/7X6NyV
H�i2`�H /BzmbBQM

i`+nx/7 Uh_Sfi`+x/7X6NyV
p2`iB+�H KBtBM; �7i2` i`�+2`

i`+n�7i Uh_Sfi`+�i7X6NyV
iBK2 }Hi2`BM; Q7 ǶMQrǶ i`�+2` }2H/b

UG�i2`�H "QmM/�`v *QM/BiBQMb +�HH2/ ?2`2V

i`+n`�/ Uh_Sfi`+`�/X6NyV
*Q``2+i �`iB}+B�H M2;�iBp2 +QM+2Mi`�iBQMbi

i`+n`bi
Ui`+`biX6NyV

r`Bi2 `2bi�`i }H2b

6B;m`2 RXjX, hPS BMi2`7�+2 iBK2@K�`+?BM; rQ`F~Qr U+�HH2/ #v biT BM P*1fbi2TX6Ny

S�;2 8 Q7 BBB hPS _272`2M+2 J�Mm�H
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JQ/2H .2b+`BTiBQM

kXRX h?2 i`�MbTQ`i@`2�+iBQM 2[m�iBQM
h?2 iBK2 2pQHmiBQM Q7 �Mv T�bbBp2 i`�+2` C Bb ;Bp2M #v i?2 i`�MbTQ`i 2[m�iBQM- r?B+? Bb bBKBH�` iQ i?�i Q7 �+iBp2
i`�+2` @ i2KT2`�im`2 Q` b�HBMBiv ,

∂C

∂t
= S(C)− 1

bt

[
∂e2u e3u uC

∂i
+

∂e1v e3v uv,C

∂i

]
+

1

e3t

∂wC

∂k
+DlC +DvC UkXRV

r?2`2 2tT`2bbBQMb Q7 DlC �M/ DvC /2T2M/ QM i?2 +?QB+2 7Q` i?2 H�i2`�H �M/ p2`iB+�H bm#;`B/ b+�H2 T�`�K2i2`@
Bx�iBQMb Ub22 b2+iBQMb 9Xk �M/ 9Xj BM L1JP K�Mm�HVX

aU*V- i?2 }`bi i2`K QM i?2 `B;?i ?�M/ bB/2 Q7 2[m�iBQM kXR- Bb i?2 aJa @ aQm`+2b JBMmb aBMFb @ BM?2`2Mi iQ
i?2 i`�+2`X AM i?2 +�b2 Q7 � #BQHQ;B+�H i`�+2` bm+? �b T?viQTH�MFiQM- aU*V Bb i?2 #�H�M+2 #2ir22M T?viQTH�MFiQM
;`Qri? �M/ Bib HQbb i?`Qm;? KQ`i�HBiv �M/ ;`�xBM;X AM i?2 +�b2 Q7 � i`�+2` +QKT`BbBM; +�`#QM- aU*V �++QmMib 7Q`
;�b 2t+?�M;2- `Bp2` /Bb+?�`;2- ~mt iQ i?2 b2/BK2Mib- ;`�pBi�iBQM�H bBMFBM; �M/ Qi?2` #BQ;2Q+?2KB+�H T`Q+2bb2bX
AM i?2 +�b2 Q7 � `�/BQ�+iBp2 i`�+2`- aU*V Bb bBKTHv i?2 HQbb /m2 iQ `�/BQ�+iBp2 /2+�vX

h?2 b2+QM/ i2`K UrBi?BM #`�+F2ibV `2T`2b2Mib i?2 �/p2+iBQM Q7 i?2 i`�+2` BM i?`22 /BK2MbBQMbX Ai +�M #2
BMi2`T`2i2/ �b i?2 #m/;2i #2ir22M i?2 BM+QKBM; �M/ Qmi;QBM; i`�+2` ~mt2b BM � pQHmK2 T @+2HHb bt = e1t e2t e3t

h?2 i?B`/ i2`K `2T`2b2Mib i?2 +?�M;2 /m2 iQ H�i2`�H /BzmbBQMX
h?2 7Qm`i? i2`K /2MQi2b i?2 +?�M;2 /m2 iQ p2`iB+�H /BzmbBQM- T�`�K2i2`Bx2/ �b 2//v /BzmbBQM iQ `2T`2b2Mi

p2`iB+�H im`#mH2Mi ~mt2b ,

DvC =
1

e3t

∂

∂k

[
AvT ∂C

∂k

]
UkXkV

r?2`2 AvT Bb i?2 p2`iB+�H 2//v /BzmbBpBiv +Q2{+B2Mi Q7 �+iBp2 i`�+2`bX

kXkX S?vbB+�H i`�MbTQ`i +QKTQM2Mi Uh_SV
h?2 T�bbBp2 i`�+2` i`�MbTQ`i +QKTQM2Mi b?�`2b i?2 b�K2 �/p2+iBQMf/BzmbBQM `QmiBM2b rBi? i?2 /vM�KB+b- rBi?
bT2+B}+ i`2�iK2Mi Q7 bQK2 72�im`2b HBF2 i?2 /�KTBM; Q` i?2 TQbBiBpBiv Q7 T�bbBp2 i`�+2`b +QM+2Mi`�iBQMbX

kXkXRX �/p2+iBQM
h?2 �/p2+iBQM b+?2K2b mb2/ 7Q` i?2 T�bbBp2 i`�+2`b �`2 i?2 b�K2 �b i?Qb2 mb2/ 7Q` T �M/ SX h?2v �`2 /2b+`B#2/
BM b2+iBQM 9XR Q7 i?2 L1JP K�Mm�HX h?2 +?QB+2 Q7 �M �/p2+iBQM b+?2K2 +�M #2 b2H2+i2/ BM/2T2M/2MiHv �M/ +�M
/Bz2` 7`QK i?2 QM2b mb2/ 7Q` �+iBp2 i`�+2`bX h?Bb +?QB+2 Bb K�/2 BM M�K2HBbiniQT U`27 Q` +7;V BM i?2 M�K2HBbi
#HQ+F M�Ki`+n�/p- #v b2iiBM; iQ i`m2 QM2 �M/ QMHv QM2 Q7 i?2 HQ;B+�Hb HMni`+�/pnttt- �b Bi Bb /QM2 7Q` i?2
�+iBp2 i`�+2`b +QmMi2`T�`ibX

LQi2 i?�i *2Mi`2/ U+2MV- 6Hmt *Q``2+i2/ h`�MbTQ`i U7+iV- lTbi`2�K@"B�b2/ Um#bV- �M/ ZmB*E2bi U[+FV T�@
`�K2i2`Bx�iBQMb �`2 MQi TQbBiBp2 b+?2K2b K2�MBM; i?�i M2;�iBp2 p�Hm2b +�M �TT2�` BM �M BMBiB�HHv bi`B+iHv TQbBiBp2
i`�+2` }2H/ r?B+? Bb �/p2+i2/- BKTHvBM; i?�i �`iB}+B�H 2ti`2K� �`2 T2`KBii2/X h?2B` mb2 Bb MQi `2+QKK2M/2/
7Q` T�bbBp2 i`�+2`bX



*?�TX k JQ/2H .2b+`BTiBQM

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+n�/p 5 �/p2+iBQM b+?2K2 7Q` T�bbBp2 i`�+2` U/27�mHi, LP b2H2+iBQMV
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

HMni`+�/pnP66 4 X7�Hb2X 5 LQ T�bbBp2 i`�+2` �/p2+iBQM
HMni`+�/pn+2M 4 X7�Hb2X 5 kM/ Q`/2` +2Mi2`2/ b+?2K2

MMn+2Mn? 4 9 5 4kf9- ?Q`BxQMi�H kM/ Q`/2` *1L f 9i? Q`/2` *1L
MMn+2Mnp 4 9 5 4kf9- p2`iB+�H kM/ Q`/2` *1L f 9i? Q`/2` *PJS�*h

HMni`+�/pn7+i 4 X7�Hb2X 5 6*h b+?2K2
MMn7+in? 4 k 5 4kf9- ?Q`BxQMi�H kM/ f 9i? Q`/2`
MMn7+inp 4 k 5 4kf9- p2`iB+�H kM/ f *PJS�*h 9i? Q`/2`

HMni`+�/pnKmb 4 X7�Hb2X 5 Jla*G b+?2K2
HMnKmbnmTb 4 X7�Hb2X 5 mb2 mTbi`2�K b+?2K2 M2�` `Bp2` KQmi?b

HMni`+�/pnm#b 4 X7�Hb2X 5 l"a b+?2K2
MMnm#bnp 4 k 5 4k - p2`iB+�H kM/ Q`/2` 6*h

HMni`+�/pn[+F 4 X7�Hb2X 5 ZlA*E1ah b+?2K2
f

kXkXkX G�i2`�H /BzmbBQM
�7i2` L1JP p9Xy- i?2 H�i2`�H /BzmbBQM Q7 T�bbBp2 i`�+2`b mb2b 2t�+iHv i?2 b�K2 7Q`K Q7 �+iBp2 i`�+2`b- K2�MBM;
i?�i i?2 MmK2`B+�H b+?2K2 Bb BM?2`Bi2/ 7`QK i?2 T?vbB+�H b2imT �M/ 7Q`+2/ iQ #2 i?2 b�K2X >Qr2p2` i?2 T�bbBp2
i`�+2` KBtBM; +Q2{+B2Mi +�M #2 +?Qb2M �b � KmHiBTH2 Q7 i?2 �+iBp2 QM2b #v +?�M;BM; i?2 p�Hm2 Q7 `MnH/7nKmHiB
BM M�K2HBbi M�Ki`+nH/7X h?2 +?QB+2 Q7 i?2 MmK2`B+�H b+?2K2 Bb i?2M b2i BM i?2 �M�Ki`�nH/7 M�K2HBbi b2+iBQM
7Q` i?2 /vM�KB+ /2b+`B#2/ BM b2+iBQM 9Xk Q7 L1JP K�Mm�HX

`Mn7�+inH�T Bb � 7�+iQ` mb2/ iQ BM+`2�b2 xQM�H 2[m�iQ`B�H /BzmbBQM 7Q` /2Ti?b #2vQM/ kyy KX Ai +�M #2 mb27mH
iQ �+?B2p2 � #2ii2` `2T`2b2Mi�iBQM Q7 Ptv;2M JBMBKmK wQM2 UPJwV BM bQK2 #BQ;2Q+?2KB+�H KQ/2Hb- 2bT2+B�HHv
�i +Q�`b2 `2bQHmiBQM U:2ixH�z �M/ .B2ix2- kyRjVX

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+nH/7 5 H�i2`�H /BzmbBQM b+?2K2 7Q` T�bbBp2 i`�+2` U/27�mHi, LP b2H2+iBQMV
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
5 5 hvT2 Q7 i?2 QT2`�iQ`,

HMni`+H/7nP66 4 X7�Hb2X 5 LQ 2tTHB+Bi /BzmbBQM
HMni`+H/7ni`� 4 X7�Hb2X 5 mb2 �+iBp2 i`�+2` b2iiBM;
5 5 *Q2{+B2Mi U/2}M2/ rBi? M�Ki`�nH/7 +Q2{+B2MiV
`MnH/7nKmHiB 4 RX 5 KmHiBTHB2` Q7 �?i 7Q` h_* KBtBM; +Q2{+B2Mi
`Mn7�+inH�T 4 RX 5 1[m�iQ`B�H 2M?�M+2/ xQM�H 2//v /BzmbBpBiv UH�T QMHvV

f

kXkXjX o2`iB+�H bBMFBM; Q7 T�`iB+H2b
h?2 KQ/mH2 i`+nbBMF +QKTmi2b i?2 p2`iB+�H ~mt Q7 i`�+2`b i?�i mM/2`;Q iQ ;`�pBi�iBQM�H bBMFBM; U2X;X- T�`iB+@
mH�i2/ K�ii2`VX Ai �HbQ Qz2`b � i2KTQ`�`v bQHmiBQM 7Q` i?2 T`Q#H2K i?�i K�v �`Bb2 BM bT2+B}+ bBim�iBQM r?2`2
i?2 *6G +`Bi2`BQM Bb #`QF2M 7Q` p2`iB+�H b2/BK2Mi�iBQM Q7 T�`iB+H2bX hQ �pQB/ i?Bb- � iBK2 bTHBiiBM; �H;Q`Bi?K ?�b
#22M +Q/2/X h?2 MmK#2` Q7 Bi2`�iBQMb UMBi2`V M2+2bb�`v iQ `2bT2+i i?2 *6G +`Bi2`BQM Bb /vM�KB+�HHv +QKTmi2/X
� bT2+B}+ K�tBKmK MmK#2` Q7 Bi2`�iBQMb UMBi2`K�tV +�M #2 bT2+B}2/ BM i?2 M�K2HBbiX h?Bb �HHQrb iQ �pQB/
� p2`v H�`;2 MmK#2` Q7 Bi2`�iBQMb r?2M 2tTHB+Bi 7`22 bm`7�+2 Bb mb2/- 7Q` BMbi�M+2X A7 MBi2` Bb H�`;2` i?�M i?2
T`2b+`B#2/ MBi2`K�t- bBMFBM; bT22/b �`2 +HBTT2/ bQ i?�i i?2 *6G +`Bi2`BQM Bb `2bT2+i2/X h?2 MmK2`B+�H b+?2K2
mb2/ iQ +QKTmi2 b2/BK2Mi�iBQM Bb #�b2/ QM i?2 Jla*G �/p2+iBQM b+?2K2X

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+nbMF 5 a2/BK2Mi�iBQM Q7 T�`iB+H2b
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

MBi2`K�t 4 k 5 MmK#2` Q7 Bi2`�iBQMb 7Q` b2/BK2Mi�iBQM
f

kXkX9X h`�+2` /�KTBM;
h?2 mb2 Q7 M2riQMB�M /�KTBM; iQ +HBK�iQHQ;B+�H }2H/b Q` Q#b2`p�iBQMb Bb �HbQ +Q/2/- b?�`BM; i?2 b�K2 `QmiBM2 �b
i?�i Q7 �+iBp2 i`�+2`bX "QQH2�M p�`B�#H2b �`2 /2}M2/ BM M�K2HBbiniQTn`27 iQ bT2+B7v r?B+? i`�+2`b �`2 �z2+i2/ #v
i?2 `2biQ`BM; T`Q+2/m`2X PTiBQMb �`2 /2}M2/ i?`Qm;? i?2 �M�Ki`+n/KT M�K2HBbi p�`B�#H2bX h?2 `2biQ`BM; i2`K
Bb �//2/ r?2M i?2 M�K2HBbi T�`�K2i2` HMni`+/KT Bb b2i iQ i`m2X h?2 `2biQ`BM; +Q2{+B2Mi Bb � i?`22@/BK2MbBQM�H
�``�v `2�/ BM � }H2- r?Qb2 M�K2 Bb bT2+B}2/ #v i?2 M�K2HBbi p�`B�#H2 +Mn`2biQni`X h?Bb M2i+/7 }H2 +�M #2
;2M2`�i2/ mbBM; i?2 .JSnhPPGa iQQHX

S�;2 d Q7 BBB hPS _272`2M+2 J�Mm�H



a2+iX kXk S?vbB+�H i`�MbTQ`i +QKTQM2Mi Uh_SV

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+n/KT 5 T�bbBp2 i`�+2` M2riQMB�M /�KTBM; UHMni`+/KT4hV
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

MMnx/KTni` 4 R 5 p2`iB+�H b?�T2 4y /�KTBM; i?`Qm;?Qmi i?2 r�i2` +QHmKM
5 4R MQ /�KTBM; BM i?2 KBtBM; H�v2` UFx +`Bi2`B�V
5 4k MQ /�KTBM; BM i?2 KBt2/ H�v2` U`?Q +`B2`B�V

+Mn`2biQni` 4 ^`2biQni`XM+^ 5 +`2�i2 � /�KTBM;X+Q2z L2i*.6 }H2 U4RV Q` MQi U4yV
f

kXkX8X h`�+2` TQbBiBpBiv
aQK2 MmK2`B+�H b+?2K2b +�M ;2M2`�i2 M2;�iBp2 p�Hm2b Q7 T�bbBp2 i`�+2`b +QM+2Mi`�iBQM- i?mb H2�/BM; iQ mM`2�HBbiB+
72�im`2bX 6Q` 2t�KTH2- BbQTv+M�H /BzmbBQM +�M +`2�i2/ HQ+�H 2ti`2K�- K2�MBM; i?�i M2;�iBp2 +QM+2Mi`�iBQMb �`2
�HHQr2/ iQ ;2M2`�i2X

h?2 i`+`�/ `QmiBM2 �`iB}+B�HHv +Q``2+ib M2;�iBp2 +QM+2Mi`�iBQMb rBi? � p2`v +`m/2 bQHmiBQM i?�i 2Bi?2` b2ib
M2;�iBp2 +QM+2Mi`�iBQMb iQ x2`Q rBi?Qmi �/DmbiBM; i?2 i`�+2` #m/;2i U*6*b Q` *R9 +?2KB+�H +QmKTQmM/bV- Q`
#v `2KQpBM; M2;�iBp2 +QM+2Mi`�iBQMb r?BH2 +QKTmiBM; i?2 +Q``2bTQM/BM; i`�+2` +QMi2Mi i?�i Bb �//2/ �M/ i?2M-
�/DmbiBM; i?2 i`�+2` +QM+2Mi`�iBQM mbBM; � KmHiBTHB+�iBp2 7�+iQ` bQ i?�i i?2 iQi�H i`�+2` +QM+2Mi`�iBQM Bb T`2b2`p2/
U2X;X- BM SAa*1aVX h?2 i`2�iK2Mi Q7 M2;�iBp2 +QM+2Mi`�iBQMb Bb �M QTiBQM �M/ +�M #2 b2H2+i2/ BM i?2 M�K2HBbi
�M�Ki`+n`�/ #v b2iiBM; i?2 T�`�K2i2` HMni`+`�/ iQ i`m2X

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+n`�/ 5 i`2�iK2Mi Q7 M2;�iBp2 +QM+2Mi`�iBQMb
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

HMni`+`�/ 4 Xi`m2X 5 �`iB}+B�HHv +Q``2+i M2;�iBp2 +QM+2Mi`�iBQMb UhV Q` MQi U6V
f

kXkXeX P|BM2 i`�MbTQ`i KQ/2
*QmTHBM; T�bbBp2 i`�+2`b Q|BM2 rBi? L1JP `2[mB`2b � b2i Q7 T?vbB+�H }2H/b +QKTmi2/ BM � T`2pBQmb Q+2�M
bBKmH�iBQMX h?Qb2 }2H/b �`2 `2�/ BM }H2b �M/ BMi2`TQH�i2/ QM@i?2@~v �i 2�+? KQ/2H iBK2 bi2TX h?2`2 �`2 irQ
b2ib Q7 }2H/b iQ T2`7Q`K Q|BM2 bBKmH�iBQMbƘ,

Ç HBM2�` 7`22 bm`7�+2 U HMnHBMbb? 4 Xi`m2X VƘ r?2`2 i?2 p2`iB+�H b+�H2 7�+iQ` Bb +QMbi�Mi rBi? iBK2X �i H2�bi- i?2
7QHHQrBM; /vM�KB+�H T�`�K2i2`b b?QmH/ #2 �#bQHmi2Hv T�bb2/ iQ i`�MbTQ`i , i?2 2z2+iBp2 Q+2�M i`�MbTQ`i
p2HQ+BiB2b U2mH2`B�M THmb i?2 2//v BM/m+2/ THmb �HH Qi?2`b T�`�K2i2`Bx�iBQMbV- p2`iB+�H /BzmbBQM +Q2{+B2Mi
�M/ i?2 7`2b?r�i2` ~mt X

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�K/i�n/vM 5 Q|BM2 Q+2�M BMTmi }H2b UP66na_* QMHvV
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

+Mn/B` 4 ^Xf^ 5 `QQi /B`2+iQ`v 7Q` i?2 Q+2�M /�i� HQ+�iBQM

5 5 }H2 M�K2 5 7`2[m2M+v U?Qm`bV 5 p�`B�#H2 5 iBK2 BMi2`TX5 +HBK 5 ^v2�`Hv^f 5
5 5 5 UB7 Iy KQMi?bV 5 M�K2 5 UHQ;B+�HV 5 Uhf6V 5 ^KQMi?Hv^ 5
bMni2K 4 ^/vM�n;`B/nh^ - RkyX - ^pQi2KT2`^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnb�H 4 ^/vM�n;`B/nh^ - RkyX - ^pQb�HBM2^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnKH/ 4 ^/vM�n;`B/nh^ - RkyX - ^bQKBt?;i^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMn2KT 4 ^/vM�n;`B/nh^ - RkyX - ^bQr�~mT^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMn7K7 4 ^/vM�n;`B/nh^ - RkyX - ^BQr�~mT^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnB+2 4 ^/vM�n;`B/nh^ - RkyX - ^bQB+2+Qp^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMn[b` 4 ^/vM�n;`B/nh^ - RkyX - ^bQb?~/Q^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnrM/ 4 ^/vM�n;`B/nh^ - RkyX - ^bQrBM/bT^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnmr/ 4 ^/vM�n;`B/nl^ - RkyX - ^mQ+2i`n2z^- Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnpr/ 4 ^/vM�n;`B/no^ - RkyX - ^pQ+2i`n2z^- Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnrr/ 4 ^/vM�n;`B/nq^ - RkyX - ^rQ+2i`n2z^- Xi`m2X - Xi`m2X - ^v2�`Hv^
bMn�pi 4 ^/vM�n;`B/nq^ - RkyX - ^pQ//K�pb^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnm#H 4 ^/vM�n;`B/nl^ - RkyX - ^bQ##H+Qt^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnp#H 4 ^/vM�n;`B/no^ - RkyX - ^bQ##H+Qv^ - Xi`m2X - Xi`m2X - ^v2�`Hv^

f

Ç MQM HBM2�` 7`22 bm`7�+2 U HMnHBMbb? 4 X7�Hb2X Q` F2vn[+Q V, i?2 b�K2 }2H/b i?�M i?2 QM2b BM i?2 HBM2�` 7`22
bm`7�+2 +�b2X AM �//BiBQM- i?2 ?Q`BxQMi�H /Bp2`;2M+2 i`�MbTQ`i Bb M22/2/ iQ `2+QKTmi2 i?2 iBK2 2pQHmiBQM Q7
i?2 b2� bm`7�+2 ?2B;i? �M/ i?2 p2`iB+�H b+�H2 7�+iQ` �M/ /2Ti?- �M/ i?mb i?2 iBK2 2pQHmiBQM Q7 i?2 p2`iB+�H
i`�MbTQ`i p2HQ+BivX

hPS _272`2M+2 J�Mm�H S�;2 3 Q7 BBB



*?�TX k JQ/2H .2b+`BTiBQM

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�K/i�n/vM 5 Q|BM2 Q+2�M BMTmi }H2b UP66na_* QMHvV
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

HMn/vM`M7 4 Xi`m2X 5 `mMQzb QTiBQM 2M�#H2/ UhV Q` MQi U6V
HMn/vM`M7n/2Ti? 4 X7�Hb2X 5 `mMQzb Bb bT`2�/ BM p2`iB+�H UhV Q` MQi U6V
5
+Mn/B` 4 ^Xf^ 5 `QQi /B`2+iQ`v 7Q` i?2 Q+2�M /�i� HQ+�iBQM

5 5 }H2 M�K2 5 7`2[m2M+v U?Qm`bV 5 p�`B�#H2 5 iBK2 BMi2`TX5 +HBK 5 ^v2�`Hv^f 5
5 5 5 UB7 Iy KQMi?bV 5 M�K2 5 UHQ;B+�HV 5 Uhf6V 5 ^KQMi?Hv^ 5
bMni2K 4 ^/vM�n;`B/nh^ - RkyX - ^i?2i�Q^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnb�H 4 ^/vM�n;`B/nh^ - RkyX - ^bQ^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMn/Bp 4 ^/vM�n;`B/nh^ - RkyX - ^?/Bpi`^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnKH/ 4 ^/vM�n;`B/nh^ - RkyX - ^KH/`RynR^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMn2KT 4 ^/vM�n;`B/nh^ - RkyX - ^r7Q^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMn2KT# 4 ^/vM�n;`B/nh^ - RkyX - ^r7Q#^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMn7K7 4 ^/vM�n;`B/nh^ - RkyX - ^7KK~t^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMn`M7 4 ^/vM�n;`B/nh^ - RkyX - ^`mMQzb^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnB+2 4 ^/vM�n;`B/nh^ - RkyX - ^bB+QM+^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMn[b` 4 ^/vM�n;`B/nh^ - RkyX - ^`bMi/b^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnrM/ 4 ^/vM�n;`B/nh^ - RkyX - ^rBM/bT^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnmr/ 4 ^/vM�n;`B/nl^ - RkyX - ^mQ+2i`n2z^- Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnpr/ 4 ^/vM�n;`B/no^ - RkyX - ^pQ+2i`n2z^- Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnrr/ 4 ^/vM�n;`B/nq^ - RkyX - ^rQ+2i`n2z^- Xi`m2X - Xi`m2X - ^v2�`Hv^
bMn�pi 4 ^/vM�n;`B/nq^ - RkyX - ^/B7pbQHQ;^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnm#H 4 ^/vM�n;`B/nl^ - RkyX - ^�?mn##H^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnp#H 4 ^/vM�n;`B/no^ - RkyX - ^�?pn##H^ - Xi`m2X - Xi`m2X - ^v2�`Hv^

f

�//BiBQM�HHv- i2KT2`�im`2- b�HBMBiv- �M/ KBt2/ H�v2` /2Ti? �`2 M22/2/ iQ +QKTmi2 bHQT2b 7Q` BbQTv+M�H /BzmbBQMX
aQK2 2+Qbvbi2K KQ/2Hb HBF2 SAa*1a M22/ b2� B+2 +QM+2Mi`�iBQM- b?Q`i@r�p2 `�/B�iBQM �i i?2 Q+2�M bm`7�+2- �M/
rBM/ bT22/ UQ` �i H2�bi- rBM/ bi`2bbVX

h?2 bQ@+�HH2/ Q|BM2 KQ/2 Bb mb27mH bBM+2 Bi ?�b HQr2` +QKTmi�iBQM�H +Qbib 7Q` 2t�KTH2 iQ T2`7Q`K p2`v HQM;2`
bBKmH�iBQMb Ĝ �#Qmi jyyy v2�`b @ iQ `2�+? 2[mBHB#`BmK Q7 *P2 bBMFb 7Q` +HBK�i2@+�`#QM bim/B2bX

h?2 Q|BM2 BMi2`7�+2 Bb HQ+�i2/ BM i?2 +Q/2 `2TQbBiQ`v , I`2TQbBiQ`v=fb`+fP66fX Ai Bb �+iBp�i2/ #v �//BM;
i?2 F2vnQ|BM2 *SS F2v iQ i?2 *SS F2vb HBbiX h?2`2 �`2 irQ bT2+B}+b `QmiBM2b 7Q` i?2 Q|BM2 +Q/2Ƙ,

Ç /i�/vMX6NyƘ, i?Bb KQ/mH2 `2�/b �M/ +QKTmi2b i?2 /vM�KB+�H }2H/b �i 2�+? KQ/2H iBK2@bi2T

Ç M2KQ;+KX6Ny , � /2;`�/2/ p2`bBQM Q7 i?2 K�BM M2KQ;+KX6Ny +Q/2 Q7 L1JP iQ K�M�;2 i?2 iBK2@bi2TTBM;

kXjX 6Q`+BM; �M/ "QmM/�`v +QM/BiBQMb U"*V
kXjXRX h`�+2` #QmM/�`v +QM/BiBQMb
AM hPS- /Bz2`2Mi ivT2b Q7 #QmM/�`v +QM/BiBQMb +�M #2 bT2+B}2/ 7Q` #BQ;2Q+?2KB+�H i`�+2`bX 6Q` 2p2`v bBM;H2
p�`B�#H2- Bi Bb TQbbB#H2 iQ /2}M2 � }2H/ Q7 bm`7�+2 #QmM/�`v +QM/BiBQMb- bm+? �b /2TQbBiBQM Q7 /mbi Q` MBi`Q;2M-
r?B+? Bb i?2M BMi2`TQH�i2/ iQ i?2 ;`B/ �M/ iBK2bi2T mbBM; i?2 ~/n`2�/ 7mM+iBQM Ub22 �HbQ a2+X eXk Q7 L1JP
K�Mm�HVX h?`Qm;? i?2 b�K2 7�+BHBiv QM2 +�M �TTHv +Q�bi�H BMTmibfHQ�/b U+Q�bi�H #QmM/�`v +QM/BiBQMbV �M/ iQ
bT2+B7v i?2 i`2�iK2Mi Q7 H�i2`�H QT2M #QmM/�`v +QM/BiBQMbX 6Q` i?2 H�ii2`- i?2 bT�iB�H BMi2`TQH�iBQM 7mM+iBQM�HBiv
b?QmH/ MQi #2 �+iBp�i2/X

h?2 2MiB`2 b2i Q7 #QmM/�`v +QM/BiBQMb Bb �+iBp�i2/ rBi? i?2 T�`�Ki2` HMni`+#+ 4 Xi`m2X BM M�Ki`+n+7; UKQ`2
/2i�BHb BM JQ/2H a2imT b2+iBQMVX

am`7�+2 �M/ H�i2`�H #QmM/�`B2b
h?2 M�K2HBbi �M�Ki`+n#+ Bb BM }H2 M�K2HBbiniQTn+7; �M/ �HHQrb iQ bT2+B7v i?2 M�K2 Q7 i?2 }H2b- i?2 7`2[m2M+v
Q7 i?2 BMTmi �M/ i?2 iBK2 �M/ bT�+2 BMi2`TQH�iBQM �b /QM2 7Q` �Mv Qi?2` }2H/ mbBM; i?2 ~/n`2�/ BMi2`7�+2X

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+n#+ 5 /�i� 7Q` #QmM/�`v +QM/BiBQMb
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

+Mn/B`nb#+ 4 ^Xf^ 5 `QQi /B`2+iQ`v 7Q` i?2 HQ+�iBQM Q7 al_6�*1 /�i� }H2b
+Mn/B`n+#+ 4 ^Xf^ 5 `QQi /B`2+iQ`v 7Q` i?2 HQ+�iBQM Q7 *P�ah�G /�i� }H2b
+Mn/B`nQ#+ 4 ^Xf^ 5 `QQi /B`2+iQ`v 7Q` i?2 HQ+�iBQM Q7 PS1L /�i� }H2b
HMn`M7n+iH 4 X7�Hb2X 5 _2KQp2 `mMQz /BHmiBQM QM i`�+2`b rBi? �#b2Mi `Bp2` HQ�/
`Mnb#+niBK2 4 3e9yyX 5 hBK2 b+�HBM; 7�+iQ` 7Q` a"* /�i� Ub2+QM/b BM � /�vV
`Mn+#+niBK2 4 3e9yyX 5 hBK2 b+�HBM; 7�+iQ` 7Q` *"* /�i� Ub2+QM/b BM � /�vV

f

S�;2 N Q7 BBB hPS _272`2M+2 J�Mm�H



a2+iX kXj 6Q`+BM; �M/ "QmM/�`v +QM/BiBQMb U"*V

G�i2`�H QT2M #QmM/�`B2b
h?2 ".u 7Q` T�bbBp2 i`�+2` �`2 b2i iQ;2i?2` rBi? i?2 T?vbB+�H Q+2�MB+ p�`B�#H2b UHM\#/vƘ 4Xi`m2XVX "QmM/�`v
+QM/BiBQMb �`2 b2i BM i?2 bi`m+im`2 mb2/ iQ /2}M2 i?2 T�bbBp2 i`�+2` T`QT2`iB2b BM i?2 ĿƘQ#+Ƙŀ +QHmKMX h?2b2
#QmM/�`v +QM/BiBQMb �`2 �TTHB2/ QM i?2 b2;K2Mib /2}M2/ 7Q` i?2 T?vbB+�H bvbi2K- �b /2b+`B#2/ BM i?2 ".u
b2+iBQM Q7 L1JP K�Mm�HX

Ç +Mni`+n/~iƘ, i?2 ivT2 Q7 P"* �TTHB2/ iQ �HH i?2 i`�+2`b

Ç +Mni`+Ƙ, i?2 #QmM/�`v +QM/BiBQM mb2/ 7Q` i`�+2`b rBi? /�i� }H2

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+n#/v 5 a2imT Q7 i`�+2` #QmM/�`v +QM/BiBQMb
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

+Mni`+n/~i 4 ^M2mK�MM^ 5 P"* �TTHB2/ #v /27�mHi iQ �HH i`�+2`b
+Mni`+ 4 ^MQM2^ 5 "QmM/�`v +QM/BiBQMb mb2/ 7Q` i`�+2`b rBi? /�i� }H2b Ub2H2+i2/ BM M�Ki`+V

MMni`+/KTn#/v 4 y 5 lb2 /�KTBM; iBK2b+�H2b /2}M2/ BM M�K#/v Q7 M�K2HBbi
5 4 y LP /�KTBM; Q7 i`�+2`b �i QT2M #Qm/�`B2b
5 4 R PMHv 7Q` i`�+2`b 7Q`+2/ rBi? 2ti2`M�H /�i�
5 4 k .�KTBM; �TTHB2/ iQ �HH i`�+2`b

f

kXjXkX a2�@B+2 BMi2`7�+2
a2�@B+2 ;`Qri? �M/ K2Hi 2z2+i
L1JP T`QpB/2b i?`22 QTiBQMb 7Q` i?2 bT2+B}+�iBQM Q7 i`�+2` +QM+2Mi`�iBQMb BM b2� B+2, U@RV B/2MiB+�H i`�+2`
+QM+2Mi`�iBQMb BM b2� B+2 �M/ Q+2�M- r?B+? +Q``2bTQM/b iQ MQ +QM+2Mi`�iBQMf/BHmiBQM 2z2+i mTQM B+2 ;`Qri? �M/
K2Hic UyV x2`Q +QM+2Mi`�iBQMb BM b2� B+2- r?B+? ;Bp2b i?2 H�`;2bi +QM+2Mi`�iBQM@/BHmiBQM 2z2+i mTQM B+2 ;`Qri?
�M/ K2Hic URV bT2+B}2/ +QM+2Mi`�iBQMb BM b2� B+2- r?B+? ;Bp2b � TQbbB#Hv KQ`2 `2�HBbiB+ 2z2+i Q7 b2� B+2 QM i`�+2`bX
PTiBQM U@RV �M/ UyV rQ`F 7Q` �HH i`�+2`b- #mi URV Bb +m``2MiHv QMHv �p�BH�#H2 7Q` SAa*1aX

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+nB+2 5 _2T`2b2Mi�iBQM Q7 b2� B+2 ;`Qri? � K2Hi 2z2+ib
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

MMnB+2ni` 4 @R 5 i`�+2` +QM+2Mi`�iBQM BM b2� B+2
5 4@R UMQ ppH, B/2MiB+�H ++ BM B+2 �M/ Q+2�M f ppH, ++nB+2 4 yV
5 4 y UMQ ppH, ++nB+2 4 x2`Q f ppH, ++nB+2 4 V
5 4 R T`2b+`B#2/ iQ � M�K2HBbi p�Hm2 UBKTH2K2Mi2/ BM TBb+2b QMHvV

f

�Mi�`+iB+ A+2 a?22i i`�+2` bmTTHv
h?2 2ti2`M�H BMTmi Q7 #BQ;2Q+?2KB+�H i`�+2`b 7`QK i?2 �Mi�`+iB+ A+2 a?22i U�AaV Bb `2T`2b2Mi2/ #v �bbQ+B�iBM;
� i`�+2` +QMi2Mi rBi? i?2 7`2b?r�i2` ~mt 7`QK B+2#2`;b �M/ B+2 b?2Hp2b US2`bQM 2i �HX- kyRNVX h?Bb bmTTHv Bb
+m``2MiHv BKTH2K2Mi2/ QMHv 7Q` /BbbQHp2/ 62 U};m`2 kXRV �M/ Bb 2z2+iBp2 BM KQ/2H +QM};m`�iBQMb rBi? bQmi?@
2ti2M/2/ ;`B/b U2X;X- 2P_*�R �M/ 2P_*�yk8VX �b i?2 P_*�k ;`B/ /Q2b MQi 2ti2M/ bQmi? BMiQ �Mi�`+iB+�-
i?2 2ti2`M�H bQm`+2 Q7 i`�+2`b 7`QK i?2 �Aa +�MMQi #2 2M�#H2/ BM i?Bb +QM};m`�iBQMX

6Q` B+2#2`;b- � ?QKQ;2M2Qmb /Bbi`B#miBQM Q7 #BQ;2Q+?2KB+�H i`�+2`b Bb �TTHB2/ 7`QK i?2 bm`7�+2 iQ � /2Ti?
i?�i +�M #2 /2}M2/ BM �M�Ki`+n�Bb- rBi? � /27�mHi p�Hm2b Q7 Rky KX Ai b?QmH/ #2 MQi2/ i?�i i?2 7`2b?r�i2` ~mt
7`QK B+2#2`;b �z2+ib QMHv i?2 Q+2�M T`QT2`iB2b �i i?2 bm`7�+2X 6Q` B+2 b?2Hp2b- #BQ;2Q+?2KB+�H i`�+2`b 7QHHQr i?2
2tTHB+Bi Q` T�`�K2i2`Bx2/ `2T`2b2Mi�iBQM Q7 7`2b?r�i2` ~mt /Bbi`B#miBQM KQ/2H2/ #v i?2 L1JP T?vbB+�H +Q`2X
h?2 �Aa i`�+2` bmTTHv Bb �+iBp�i2/ #v b2iiBM; HMni`+�Bb iQ i`m2 BM i?2 �M�Ki`+ b2+iBQMX

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+n�Bb 5 _2T`2b2Mi�iBQM Q7 �Mi�`+iB+ A+2 a?22i i`�+2`b bmTTHv
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

MMn�Bbni` 4 R 5 i`�+2` +QM+2Mi`�iBQM BM B+2#2`; �M/ B+2 b?2H7
5 4 y UMmHH +QM+2Mi`�iBQMbV
5 4 R T`2b+`B#2/ +QM+2Mi`�iBQMb

`MnB+#/2T 4 RkyX 5 J2�M mM/2`r�i2` /2Ti? Q7 B+2#2`; UKV
f

hPS _272`2M+2 J�Mm�H S�;2 Ry Q7 BBB



*?�TX k JQ/2H .2b+`BTiBQM

6B;m`2 kXRX, �MMm�H 62 ~mt2b 7`QK B+2#2`;b �M/ B+2 b?2Hp2b BM i?2 aQmi?2`M P+2�MX

kXjXjX GB;?i p2`iB+�H �ii2Mm�iBQM
� /2/B+�i2/ KQ/mH2 Ui`+QTiV �HHQrb iQ +QKTmi2 7Q`K i?2 b2� bm`7�+2 bQH�` `�/B�iBQM i?2 �KQmMi Q7 HB;?i i?�i
T2M2i`�i2 BMiQ i?2 Q+2�M BMi2`BQ` /2T2M/BM; QM i?2 +?HQ`QT?vHH }2H/X h?2 pBbB#H2 T�`i Q7 bQH�` `�/B�iBQM Bb mb2/
iQ /2`Bp2 i?2 T?QiQbvMi?2iB+ �p�BH�#H2 `�/B�iBQM US�_V mbBM; � bBKTHB}2/ p2`bBQM Q7 i?2 KQ/2H #v JQ`2H URN33V-
�b /2b+`B#2/ BM G2M;�B;M2 2i �HX UkyydVX

AM � Mmib?2HH- pBbB#H2 HB;?i Bb bTHBi BMiQ i?`22 r�p2#�M/b U#Hm2, 9yyĜ8yy MK- ;`22M, 8yyĜeyy MK- `2/, eyyĜdyy
MKV �M/ 7Q` 2�+? QM2 i?2 +?HQ`QT?vHH@/2T2M/2Mi �ii2Mm�iBQM +Q2{+B2Mib �`2 }ii2/ iQ i?2 +Q2{+B2Mib +QKTmi2/
7`QK i?2 7mHH bT2+i`�H KQ/2H Q7 JQ`2H URN33V U�b KQ/B}2/ BM JQ`2H �M/ J�`BiQ`2M� UkyyRVV �bbmKBM; i?2 b�K2
TQr2`@H�r 2tT`2bbBQMX

h?2 �p�BH�#H2 HB;?i Bb i?2M +QMp2`i2/ iQ S�_ mbBM; � iBK2@bT�+2 +QMbi�Mi p�Hm2 UT�`HmtV Q` #v T`2b+`B#BM; �
bT�iB�HHv p�`B�#H2 /Bbi`B#miBQM Q7 i?2 7`�+iBQM Q7 i?2 /QrMr2HHBM; b?Q`ir�p2 `�/B�iBQM UbMnT�`V- �b bT2+B}2/ rBi?
i?2 HQ;B+�H T�`�K2i2` HMnp�`T�`X

h?2 HB;?inHQ+ T�`�K2i2` �HHQrb iQ b2H2+i i?2 r�v i?�i HB;?i Bb +QKTmi2/ rBi?BM i?2 ;`B/+2HH pQHmK2- M�K2Hv
�b i?2 K2�M p�Hm2 �i i?2 +2HH +2Mi2` U^+2Mi2`^V Q` BMi2;`�i2/ rBi?BM i?2 +2HH U^BMi2;`�H^VX

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+nQTi 5 HB;?i �p�BH�#BHBiv BM i?2 r�i2` +QHmKM
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
5 5 }H2 M�K2 5 7`2[m2M+v U?Qm`bV 5 p�`B�#H2 5 iBK2 BMi2`TX 5 +HBK 5 ^v2�`Hv^f 5 r2B;?ib 5 `Qi�iBQM 5 H�M/fb2� K�bF 5
5 5 5 UB7 Iy KQMi?bV 5 M�K2 5 UHQ;B+�HV 5 Uhf6V 5 ^KQMi?Hv^ 5 }H2M�K2 5 T�B`BM; 5 }H2M�K2 5

bMnT�` 4 ^T�`XQ`+�^ - k9 - ^7`nT�`^ - Xi`m2X - Xi`m2X - ^v2�`Hv^ - ^^ - ^^ - ^^
+Mn/B` 4 ^Xf^ 5 `QQi /B`2+iQ`v 7Q` i?2 HQ+�iBQM Q7 i?2 /vM�KB+�H }H2b
HMnp�`T�` 4 Xi`m2X 5 _2�/ S�_ 7`QK }H2
T�`Hmt 4 yX9j 5 6`�+iBQM Q7 b?Q`ir�p2 �b S�_
HB;?inHQ+ 4 ^+2Mi2`^ 5 GB;?i HQ+�iBQM BM i?2 r�i2` +2HH U^+2Mi2`^- ^BMi2;`�H^V

f

kX9X ǳaQm`+2 KBMmb aBMFbǴ KQ/mH2b UaJaV
kX9XRX A/2�H �;2

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�K�;2 5 �:1
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

`Mn�;2n/2Ti? 4 Ry 5 /2Ti? Qp2` r?B+? �;2 i`�+2` `2b2i iQ x2`Q
`Mn�;2nFBHHn`�i2 4 @yXyyyRj3333 5 4 @Rfdkyy `2+BT Q7 `2H�t�iBQM iBK2b+�H2 UbV 7Q` �;2 i`�+2` b?�HHQr2` i?�M �;2n/2Ti?

f

S�;2 RR Q7 BBB hPS _272`2M+2 J�Mm�H



a2+iX kX9 ǳaQm`+2 KBMmb aBMFbǴ KQ/mH2b UaJaV

�M ǵB/2�H �;2Ƕ i`�+2` Bb BMi2;`�i2/ QMHBM2 BM hPS r?2M HMn�;2 4 Xi`m2X BM M�K2HBbi M�Ki`+X h?Bb i`�+2` K�`Fb
i?2 /m`�iBQM BM mMBib Q7 v2�`b i?�i ~mB/ ?�b bT2Mi BM i?2 BMi2`BQ` Q7 i?2 Q+2�M- BMbmH�i2/ 7`QK 2tTQbm`2 iQ i?2
�iKQbT?2`2 U};m`2 kXk �M/ };m`2 kXjVX

6B;m`2 kXkX, o2`iB+�H /Bbi`B#miBQM Q7 i?2 �;2 i`�+2` BM i?2 �iH�MiB+ P+2�M �i j8êq 7`QK � ek@v2�` bBKmH�iBQMX

6B;m`2 kXjX, �;2 i`�+2` �i kyy K /2Ti? 7`QK � ek@v2�` bBKmH�iBQMX

h?mb- �r�v 7`QK i?2 bm`7�+2 7Q` z < −H�;2 r?2`2 H�;2 Bb bT2+B}2/ #v i?2 M�K�;2 M�K2HBbi p�`B�#H2
`Mn�;2n/2Ti?- r?Qb2 /27�mHi p�Hm2 Bb Ry K- i?2`2 Bb � bQm`+2 aJa�;2 Q7 i?2 �;2 i`�+2` A,

aJa�;2 = 1v` −1 = 1/Tv2�`, UkXjV
r?2`2 i?2 H2M;i? Q7 i?2 +m``2Mi v2�` Tv2�` = 86400 ∗ N/�vb BM +m``2Mi v2�` b- r?2`2 N/�vb BM +m``2Mi v2�` K�v #2

jee Q` je8 /2T2M/BM; QM r?2i?2` i?2 +m``2Mi v2�` Bb � H2�T v2�` Q` MQiX L2�` i?2 bm`7�+2- 7Q` z > −H�;2- B/2�H
�;2 Bb `2H�t2/ #�+F iQ x2`Q,

aJa�;2 = −λ�;2A, UkX9V
r?2`2 i?2 `2H�t�iBQM `�i2 λ�;2 UmMBib b −1V Bb bT2+B}2/ #v i?2 M�K�;2 M�K2HBbi p�`B�#H2 `Mn�;2nFBHHn`�i2 �M/

?�b � /27�mHi p�Hm2 Q7 Rfdkyy bX aBM+2 i?Bb `2H�t�iBQM Bb �TTHB2/ 2tTHB+BiHv- i?2 `2H�t�iBQM `�i2 b?QmH/ BM T`BM+BTH2

hPS _272`2M+2 J�Mm�H S�;2 Rk Q7 BBB



*?�TX k JQ/2H .2b+`BTiBQM

MQi 2t+22/ 1/∆t- r?2`2 ∆t Bb i?2 iBK2 bi2T mb2/ iQ bi2T 7Q`r�`/ T�bbBp2 i`�+2`b Uk  MMn/ii`+  `Mn`/i r?2M
i?2 /27�mHi H2�T7`Q; iBK2@bi2TTBM; b+?2K2 Bb 2KTHQv2/VX

*m``2MiHv i?2 R@/BK2MbBQM�H `272`2M+2 /2Ti? Q7 i?2 ;`B/ #Qt2b Bb mb2/ `�i?2` i?�M i?2 /vM�KB+�HHv 2pQHpBM;
/2Ti? iQ /2i2`KBM2 r?2i?2` i?2 �;2 i`�+2` Bb BM+`2K2Mi2/ Q` `2H�t2/ iQ x2`QX h?Bb K2�Mb i?�i i?2 �;2 i`�+2`
KQ/mH2 QMHv rQ`Fb +Q``2+iHv BM x@+QQ`/BM�i2bX hQ 2Mbm`2 i?�i i?2 7Q`+BM; Bb BM/2T2M/2Mi 7`QK i?2 H2p2H i?B+F@
M2bb2b- r?2`2 i?2 i`�+2` +2HH �i H2p2H k ?�b Bib mTT2` 7�+2 z = −depw(k) �#Qp2 i?2 /2Ti? −H�;2- #mi Bib HQr2`
7�+2 z = −depw(k + 1) #2HQr i?�i /2Ti?- i?2M i?2 �;2 bQm`+2 Bb +QKTmi2/ �b,

aJa�;2 = −fFBHHλ�;2A+ f�///Tv2�`, UkX8V
r?2`2

fFBHH = e3t−1
k (H�;2 − depw(k)), UkXeV

f�// = 1− fFBHH. UkXdV

h?Bb BKTH2K2Mi�iBQM r�b }`bi mb2/ BM i?2 *P_1@AA BMi2`+QKT�`BbQM `mMb /2b+`B#2/ BM .�M�#�bQ;Hm 2i �HX
UkyR9VX

kX9XkX AM2`i +�`#QMb i`�+2`

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�K+7+ 5 *6*
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

M/�i2n#2; 4 jyyRyR 5 /�i2/2#R
Mv2�`n`2b 4 RNjk 5 B�MM22R
5
5 6Q`K�ii2/ }H2 Q7 �MMm�H ?2KBbT2`B+ *6*b +QM+2Mi`�iBQM BM i?2 �iKQbT?2`2 UTTiV
+HM�K2 4 ^*6*bn*.A�*X/�i^

f

*?HQ`Q~mQ`Q+�`#QMb RR �M/ Rk U*6*@RR �M/ *6*@RkV �M/ bmH7m` ?2t�~mQ`B/2 Ua6eV �`2 bvMi?2iB+ +?2KB+�Hb
K�Mm7�+im`2/ 7Q` BM/mbi`B�H �M/ /QK2biB+ �TTHB+�iBQMb 7`QK i?2 2�`Hv kyi? +2Mim`v QMr�`/bX *6*@RR U**H36V Bb
� pQH�iBH2 HB[mB/ �i `QQK i2KT2`�im`2- �M/ r�b rB/2Hv mb2/ BM `27`B;2`�iBQMX *6*@Rk U**H262V Bb � ;�b �i `QQK
i2KT2`�im`2- �M/- HBF2 *6*@RR- r�b rB/2Hv mb2/ �b � `27`B;2`�Mi- �M/ �//BiBQM�HHv �b �M �2`QbQH T`QT2HH�MiX a6e
Ua66V Bb �HbQ � ;�b �i `QQK i2KT2`�im`2- rBi? � `�M;2 Q7 �TTHB+�iBQMb #�b2/ �`QmM/ Bib T`QT2`iv �b �M 2t+2HH2Mi
2H2+i`B+�H BMbmH�iQ` UQ7i2M `2TH�+BM; KQ`2 iQtB+ �Hi2`M�iBp2bVX �HH i?`22 ;�b2b �`2 `2H�iBp2Hv BM2`i +?2KB+�Hb i?�i
�`2 #Qi? MQM@iQtB+ �M/ MQM@~�KK�#H2- �M/ i?2B` rB/2 mb2 ?�b H2/ iQ i?2B` �++mKmH�iBQM BM i?2 �iKQbT?2`2X
G�`;2@b+�H2 T`Q/m+iBQM Q7 *6*@RR �M/ *6*@Rk #2;�M BM i?2 RNjyb- r?BH2 T`Q/m+iBQM Q7 a6e #2;�M BM i?2 RN8yb-
�M/ i?2 iBK2@?BbiQ`B2b Q7 i?2B` �iKQbT?2`B+ +QM+2Mi`�iBQMb �`2 b?QrM BM 6B;m`2 };m`2 kX9X �b +�M #2 b22M BM i?2
};m`2- r?BH2 i?2 +QM+2Mi`�iBQM Q7 a6e +QMiBMm2b iQ `Bb2 iQ i?2 T`2b2Mi /�v- +QM+2Mi`�iBQMb Q7 #Qi? *6*@RR �M/
*6*@Rk ?�p2 H2p2HH2/ Qz �M/ /2+HBM2/ bBM+2 �`QmM/ i?2 RNNybX h?2b2 /2+HBM2b ?�p2 #22M /`Bp2M #v i?2 JQMi`2�H
S`QiQ+QH U2z2+iBp2 bBM+2 �m;mbi RN3NV- r?B+? ?�b #�MM2/ i?2 T`Q/m+iBQM Q7 *6*@RR �M/ *6*@Rk U�b r2HH �b
Qi?2` *6*bV #2+�mb2 Q7 i?2B` `QH2 BM i?2 /2TH2iBQM Q7 bi`�iQbT?2`B+ QxQM2 UP3V- +`BiB+�H BM /2+`2�bBM; i?2 ~mt Q7
mHi`�pBQH2i `�/B�iBQM iQ i?2 1�`i?Ƕb bm`7�+2X �HH i?`22 +?2KB+�Hb �`2 �HbQ bB;MB}+�MiHv KQ`2 TQi2Mi ;`22M?Qmb2
;�b2b i?�M *P2 U2bT2+B�HHv a6eV- �Hi?Qm;? i?2B` `2H�iBp2Hv HQr �iKQbT?2`B+ +QM+2Mi`�iBQMb HBKBi i?2B` `QH2 BM
+HBK�i2 +?�M;2X

h?2 Q+2�M Bb � MQi�#H2 bBMF 7Q` �HH i?`22 ;�b2b- �M/ i?2B` `2H�iBp2Hv `2+2Mi Q++m``2M+2 BM i?2 �iKQbT?2`2-
+QmTH2/ iQ i?2 2�b2 Q7 K�FBM; ?B;? T`2+BbBQM K2�bm`2K2Mib Q7 i?2B` /BbbQHp2/ +QM+2Mi`�iBQMb- ?�b K�/2 i?2K
p�Hm�#H2 BM Q+2�MQ;`�T?vX "2+�mb2 i?2v QMHv 2Mi2` i?2 Q+2�M pB� bm`7�+2 �B`@b2� 2t+?�M;2- �M/ �`2 �HKQbi
+QKTH2i2Hv +?2KB+�HHv �M/ #BQHQ;B+�HHv BM2`i- i?2B` /Bbi`B#miBQM rBi?BM i?2 Q+2�M BMi2`BQ` `2p2�Hb p2MiBH�iBQM Q7
i?2 H�ii2` pB� i`�MbTQ`i �M/ KBtBM;X J2�bm`BM; i?2 /BbbQHp2/ +QM+2Mi`�iBQMb Q7 i?2b2 ;�b2b Ĝ �b r2HH �b i?2
KBtBM; `�iBQb #2ir22M i?2K Ĝ b?Qrb +B`+mH�iBQM T�i?r�vb rBi?BM i?2 Q+2�M �b r2HH �b r�i2` K�bb �;2b UBX2X
i?2 iBK2 bBM+2 ?�b #22M H�bi BM +QMi�+i rBi? i?2 �iKQbT?2`2VX h?Bb 72�im`2 ?�b K�/2 i?2K p�Hm�#H2 �+`Qbb �
rB/2 `�M;2 Q7 Q+2�MQ;`�T?B+ T`Q#H2KbX AM Q+2�M KQ/2HHBM;- i?2v +�M #2 mb2/ iQ 2p�Hm�i2 i?2 `2�HBbK Q7 i?2
bBKmH�i2/ +B`+mH�iBQM �M/ p2MiBH�iBQM T�ii2`Mb- r?B+? Bb F2v 7Q` mM/2`bi�M/BM; i?2 #2?�pBQm` Q7 KQ/2HH2/ K�`BM2
#BQ;2Q+?2KBbi`v U2X;X U.mi�v 2i �HX- kyykc S�HKBû`B 2i �HX- kyR8VVX

JQ/2HHBM; i?2b2 ;�b2b U?2M+27Q`i? *6*bV BM L1JP Bb /QM2 rBi?BM i?2 T�bbBp2 i`�+2` i`�MbTQ`i KQ/mH2- hPS-
mbBM; i?2 +QMb2`p�iBQM bi�i2 2[m�iBQM 2[m�iBQM kXR

�/p2+iBQM �M/ /BzmbBQM Q7 i?2 *6*b BM L1JP �`2 +�H+mH�i2/ #v i?2 T?vbB+�H KQ/mH2- h_S- r?2`2�b bQm`+2b
�M/ bBMFb �`2 /QM2 #v i?2 *6* KQ/mH2 rBi?BM hPSX h?2 QMHv bQm`+2 Q7 *6*b iQ i?2 Q+2�M Bb pB� �B`@b2� ;�b

S�;2 Rj Q7 BBB hPS _272`2M+2 J�Mm�H



a2+iX kX9 ǳaQm`+2 KBMmb aBMFbǴ KQ/mH2b UaJaV

2t+?�M;2 �i Bib bm`7�+2- �M/ bBM+2 *6*b �`2 ;2M2`�HHv bi�#H2 rBi?BM i?2 Q+2�M- r2 �bbmK2 i?�i i?2`2 �`2 MQ bBMFb
UBX2X MQ HQbb T`Q+2bb2bV rBi?BM i?2 Q+2�M BMi2`BQ`X *QMb2[m2MiHv- i?2 bBMFb@KBMmb@bQm`+2b i2`K 7Q` *6*b +QMbBbib
QMHv Q7 i?2B` �B`@b2� ~mt2b- Fcfc- �b /2b+`B#2/ BM i?2 P+2�M JQ/2H AMi2`@+QKT�`BbQM S`QD2+i UPJASV T`QiQ+QH
UP`` 2i �HX- kyRdV,

Fcfc = Kw · (Csat − Csurf ) · (1− fi) UkX3V

q?2`2 Kw Bb i?2 TBbiQM p2HQ+Biv UBM K b−1V- �b /2}M2/ BM 1[m�iBQM 2[m�iBQM kXRyc Csat Bb i?2 b�im`�iBQM
+QM+2Mi`�iBQM Q7 i?2 *6* i`�+2`- �b /2}M2/ BM 1[m�iBQM 2[m�iBQM kXNc Csurf Bb i?2 HQ+�H bm`7�+2 +QM+2Mi`�iBQM Q7
i?2 *6* i`�+2` rBi?BM i?2 KQ/2H UBM KQH K−3Vc �M/ fi Bb i?2 7`�+iBQM�H b2�@B+2 +Qp2` Q7 i?2 HQ+�H Q+2�M U`�M;BM;
#2ir22M yXy 7Q` B+2@7`22 Q+2�M- iQ RXy 7Q` +QKTH2i2Hv B+2@+Qp2`2/ Q+2�M rBi? MQ �B`@b2� 2t+?�M;2VX

h?2 b�im`�iBQM +QM+2Mi`�iBQM Q7 i?2 *6*- Csat- Bb +�H+mH�i2/ �b 7QHHQrb,

Csat = Sol · Pcfc UkXNV

q?2`2 Sol Bb i?2 ;�b bQHm#BHBiv BM KQH K−3 TTip−1- �b /2}M2/ BM 1[m�iBQM 2[m�iBQM kXRkc �M/ Pcfc Bb
i?2 �iKQbT?2`2 +QM+2Mi`�iBQM Q7 i?2 *6* UBM T�`ib T2` i`BHHBQM #v pQHmK2- TTipVX h?Bb H�ii2` +QM+2Mi`�iBQM
Bb T`QpB/2/ iQ i?2 KQ/2H #v i?2 ?BbiQ`B+�H iBK2@b2`B2b Q7 "mHHBbi2` UkyRdVX h?Bb BM+Hm/2b #mHF �iKQbT?2`B+
+QM+2Mi`�iBQMb Q7 i?2 *6*b 7Q` #Qi? ?2KBbT?2`2b Ĝ i?Bb Bb M2+2bb�`v #2+�mb2 Q7 i?2 ;2Q;`�T?B+�H �bvKK2i`v
BM i?2 T`Q/m+iBQM �M/ `2H2�b2 Q7 *6*b iQ i?2 �iKQbT?2`2X qBi?BM i?2 KQ/2H- ?2KBbT?2`B+ +QM+2Mi`�iBQMb �`2
mMB7Q`K- rBi? i?2 2t+2TiBQM Q7 i?2 `2;BQM #2ir22M Ry◦L �M/ Ry◦ BM r?B+? i?2v �`2 HBM2�`Hv BMi2`TQH�i2/X

h?2 TBbiQM p2HQ+Biv Kw Bb � 7mM+iBQM Q7 Ry K rBM/ bT22/ UBM K b−1V �M/ b2� bm`7�+2 i2KT2`�im`2- T UBM ◦*V-
�M/ Bb +�H+mH�i2/ ?2`2 7QHHQrBM; q�MMBMF?Q7 URNNkV,

Kw = Xconv · a · u2 ·
√

Sc(T )

660
UkXRyV

q?2`2 Xconv 4 0.01
3600 - � +QMp2`bBQM 7�+iQ` i?�i +?�M;2b i?2 TBbiQM p2HQ+Biv 7`QK +K ?−1 iQ K b−1c a Bb �

+QMbi�Mi `2@2biBK�i2/ #v q�MMBMF?Q7 UkyR9V iQ yXk8R UBM cm h−1

(m s−1)2 Vc �M/ u Bb i?2 Ry K rBM/ bT22/ BM K b−1 7`QK
2Bi?2` �M �iKQbT?2`2 KQ/2H Q` `2�M�HvbBb �iKQbT?2`B+ 7Q`+BM;X Sc Bb i?2 a+?KB/i MmK#2`- �M/ Bb +�H+mH�i2/ �b
7QHHQr- mbBM; +Q2{+B2Mib 7`QK q�MMBMF?Q7 UkyR9V Ub22 h�#H2 i�#H2 kXkVX

Sc = a0 + (a1 · T ) + (a2 · T 2) + (a3 · T 3) + (a4 · T 4) UkXRRV

h?2 bQHm#BHBiv- Sol- mb2/ BM 1[m�iBQM 2[m�iBQM kXN Bb +�H+mH�i2/ BM KQH H−1 �iK−1- �M/ Bb bT2+B}+ 7Q` 2�+? ;�bX
Ai ?�b #22M 2tT2`BK2Mi�HHv 2biBK�i2/ #v q�`M2` �M/ q2Bbb URN38V �b � 7mM+iBQM Q7 i2KT2`�im`2 �M/ b�HBMBiv,

HM (Sol) = a1 +
a2
TX

+ a3 · HMTX + a4 · T 2
X + S · (b1 + b2 · TX + b3 · T 2

X) UkXRkV

q?2`2 TX Bb T+273.16
100 - � 7mM+iBQM Q7 i2KT2`�im`2c �M/ i?2 ax �M/ bx +Q2{+B2Mib �`2 bT2+B}+ 7Q` 2�+? ;�b Ub22

h�#H2 i�#H2 kXRVX h?Bb Bb i?2M +QMp2`i2/ iQ KQH K−3 TTip−1 �bbmKBM; � +QMbi�Mi �iKQbT?2`B+ bm`7�+2 T`2bbm`2
Q7 R �iKX h?2 bQHm#BHBiv Q7 *6*b i?mb /2+`2�b2b rBi? `BbBM; T r?BH2 #2BM; `2H�iBp2Hv BMb2MbBiBp2 iQ b�HBMBiv
+?�M;2bX *QMb2[m2MiHv- i?Bb i`�MbH�i2b iQ � T�ii2`M Q7 bQHm#BHBiv r?2`2 Bi Bb ;`2�i2bi BM +QH/- TQH�` `2;BQMb Ub22
6B;m`2 };m`2 kX8VX

h?2 bi�M/�`/ QmiTmib Q7 i?2 *6* KQ/mH2 �`2 b2�r�i2` *6* +QM+2Mi`�iBQMb UBM KQH K−3V- i?2 M2i �B`@b2�
~mt UBM KQH K−2 /−1V �M/ i?2 +mKmH�iBp2 M2i �B`@b2� ~mt UBM KQH K−2VX lbBM; sAPa- Bi Bb TQbbB#H2 iQ Q#i�BM
QmiTmib bm+? �b i?2 p2`iB+�H BMi2;`�H Q7 *6* +QM+2Mi`�iBQMb UBM KQH K−2c b22 6B;m`2 };m`2 kXeVX h?Bb T`QT2`iv-
r?2M /BpB/2/ #v i?2 bm`7�+2 *6* +QM+2Mi`�iBQM- 2biBK�i2b i?2 HQ+�H T2M2i`�iBQM /2Ti? UBM KV Q7 i?2 *6*X

LQi2b
AM +QKT�`BbQM iQ i?2 PJAS T`QiQ+QH- i?2 *6* KQ/mH2 BM L1JP ?�b b2p2`�H /Bz2`2M+2b,

6Q` BMbi�M+2- *sat Bb +�H+mH�i2/ 7Q` � }t2/ bm`7�+2 T`2bbm`2 Q7 R�iKX h?Bb K�v #2 +Q``2+i2/ BM � 7mim`2 p2`bBQM
Q7 i?2 KQ/mH2X

kX9XjX _�/BQ+�`#QM

hPS _272`2M+2 J�Mm�H S�;2 R9 Q7 BBB



*?�TX k JQ/2H .2b+`BTiBQM

h�#H2 kXRX, *Q2{+B2Mib 7Q` }i Q7 i?2 *6*b bQHm#BHBiv U1[X 2[m�iBQM kXRkVX

:�b �R �k �j �9 #R #k #j
*6*@RR @kR3XyNdR kN3XNdyk RRjX3y9N @RXjNRe8 @yXR9j8ee yXyNRyR8 @yXyR8jNk9
*6*@Rk @kkNXNkeR jRNXe88k RRNX99dR @RXjNRe8 @yXR9kj3k yXyNR98N @yXyR8dkd9
a6e @3yXyj9j RRdXkjk kNX83Rd yXy yXyjj8R3j @yXyjdjN9k yXyydd93ek

h�#H2 kXkX, *Q2{+B2Mib 7Q` }i Q7 i?2 *6*b a+?KB/i MmK#2` U1[X 2[m�iBQM kXRRVX

:�b �y �R �k �j �9
*6*@RR j8dNXk @kkkXej dX8d9N @yXR98N8 yXyyRR3d9
*6*@Rk j3k3XR @k9NX3e 3Xdeyj @yXRdRe yXyyR9y3
a6e jRddX8 @kyyX8d eX33e8 @yXRjjj8 yXyyRy3dd

6B;m`2 kX9X, �iKQbT?2`B+ *6*RR- *6*Rk �M/ a6e T�`iB�H T`2bbm`2 2pQHmiBQM BM #Qi? ?2KBbT?2`2bX

6B;m`2 kX8X, *6*RR bQHm#BHBiv BM KQH K−3 TTip−1- +�H+mH�i2/ 7`QK i?2 qQ`H/ P+2�M �iH�b kyRj i2KT2`�im`2 �M/ b�HBMBiv �MMm�H
+HBK�iQHQ;vX

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�K+R9n7+; 5 }H2b � /�i2b
5 5 6Q` S�H2Q@?BbiQ`B+�H, bT2+B7v iv`+R9n#2; BM v` "S
5 5 6Q` "QK#, iv`+R9n#2;4y
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

+}H2+Qk 4 ^bTH+QkX/�i^ 5 �iKQbT?2`B+ +Qk @ "QK#
+}H2+R9 4 ^�iK+R9X/�i^ 5 �iKQbT?2`B+ +R9 @ "QK#
iv`+R9n#2; 4 yXyy 5 bi�`iBM; v2�` Q7 2tT2`BK2Mi @ "QK#

S�;2 R8 Q7 BBB hPS _272`2M+2 J�Mm�H



a2+iX kX9 ǳaQm`+2 KBMmb aBMFbǴ KQ/mH2b UaJaV

6B;m`2 kXeX, *6*RR p2`iB+�H BMp2MiQ`v BM µKQH K−2- 7`QK QM2 Q7 i?2 lE 1�`i? avbi2K JQ/2H R KQ/2H UlE1aJR @ r?B+? mb2b
L1JP �b Q+2�M +QKTQM2Mi- rBi? hPS 7Q` i?2 T�bbBp2 i`�+2`bV ?BbiQ`B+�H `mM �i v2�` kyyyX

5 +}H2+Qk 4 ^"v`/1/+*PkXiti^ 5 �iKQbT?2`B+ +Qk @ S�H2Q
5 +}H2+R9 4 ^BMi+�HRjXR9+^ 5 �iKQbT?2`B+ +R9 @ S�H2Q
5 iv`+R9n#2; 4 j8yyyXyy 5 bi�`iBM; v2�` Q7 2tT2`BK2Mi @ S�H2Q Uv` "SV
f

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�K+R9nivT 5 *R9 @ ivT2 Q7 *R9 i`�+2`- /27�mHi p�Hm2b Q7 *R9f* �M/ T+Qk
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

F+R9ivT 4 y 5 hvT2 Q7 *R9 i`�+2` Uy42[mBHB#`BmKc R4#QK# i`�MbB2Mic k4T�bi i`�MbB2MiV
`+R9�i 4 RXy 5 .27�mHi p�Hm2 7Q` �iKQbT?2`B+ *R9f* Umb2/ 7Q` 2[mBH `mMV
T+Qk�i 4 k3yXy 5 .27�mHi p�Hm2 7Q` �iKQbT?2`B+ T+Pk (�iK) Umb2/ 7Q` 2[mBH `mMV
`+R9BMBi 4 yX38 5 .27�mHi p�Hm2 7Q` BMBiB�HBx�iBQM Q7 Q+2�M *R9f* Ur?2M MQ `2bi�`iV

f

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�K+R9nb#+ 5 *R9 @ bm`7�+2 "*
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

HMn+?2K? 4 Xi`m2X 5 *?2KB+�H 2M?�M+2K2Mi BM TBbiQM p2HX, v2bfMQ
tFrBM/ 4 yXjey 5 *Q2{+B2Mi 7Q` ;�b 2t+?�M;2 p2HQ+Biv
t/B+bm` 4 kXy 5 _272`2M+2 .A* bm`7�+2 +QM+2Mi`�iBQM UKQHfKjV

f

h?2 *R9 T�+F�;2 ?�b #22M BKTH2K2Mi2/ BM L1JP #v �MM2 JQm+?2i ∆14*X Ai Qz2`b b2p2`�H TQbbB#BHBiB2b,
∆14* �b � T?vbB+�H i`�+2` Q7 i?2 Q+2�M p2MiBH�iBQM UM�im`�H R9*V- �bb2bbK2Mi Q7 #QK# `�/BQ+�`#QM mTi�F2- �b
r2HH �b i`�MbB2Mi bim/B2b Q7 T�H2Q@?BbiQ`B+�H Q+2�M `�/BQ+�`#QM /Bbi`B#miBQMbX

J2i?Q/
G2i R9_ `2T`2b2Mi i?2 `�iBQ Q7 R9* �iQKb iQ i?2 iQi�H MmK#2` Q7 +�`#QM �iQKb BM i?2 b�KTH2- BX2X R9*/*X h?2M-
`�/BQ+�`#QM �MQK�HB2b �`2 `2TQ`i2/ �b,

∆14* =

( R9_
R9_`27

− 1

)
103, UkXRjV

r?2`2 R9_`27 Bb � `272`2M+2 `�iBQX 6Q` i?2 Tm`TQb2 Q7 Q+2�M p2MiBH�iBQM bim/B2b- R9_`27 Bb b2i iQ QM2X
>2`2 r2 �/QTi i?2 �TT`Q�+? Q7 6B�/2B`Q URN3kV �M/ hQ;;r2BH2` 2i �HX URN3N�-#V BM r?B+? i?2 `�iBQ R9_ Bb i`�Mb@

TQ`i2/ `�i?2` i?�M i?2 BM/BpB/m�H +QM+2Mi`�iBQMb * �M/ R9*X h?Bb �TT`Q�+? +�HHb 7Q` � bi`QM; �bbmKTiBQM- BX2X-
i?�i Q7 � ?QKQ;2M2Qmb �M/ +QMbi�Mi /BbbQHp2/ BMQ`;�MB+ +�`#QM U.A*V }2H/ UhQ;;r2BH2` 2i �HX- RN3N�c JQm+?2i-
kyRjVX q?BH2 BM i2`Kb Q7 Q+2�MB+ ∆14*- Bi vB2H/b bBKBH�` `2bmHib iQ �TT`Q�+?2b BMpQHpBM; +�`#QM�i2 +?2KBbi`v-
Bi mM/2`2biBK�i2b i?2 #QK# `�/BQ+�`#QM BMp2MiQ`v #2+�mb2 Bi �bbmK2b � +QMbi�Mi �B`@b2� *Pk /Bb2[mBHB#`BmK
UJQm+?2i- kyRjVX u2i- }2H/ `2+QMbi`m+iBQMb Q7 i?2 Q+2�M #QK# R9* BMp2MiQ`v �`2 �HbQ #B�b2/ HQr UL�2;H2`-
kyyNV bBM+2 i?2v �bbmK2 i?�i i?2 �Mi?`QTQ;2MB+ T2`im`#�iBQM /B/ MQi �z2+i Q+2�M .A* bBM+2 i?2 T`2@#QK#

hPS _272`2M+2 J�Mm�H S�;2 Re Q7 BBB



*?�TX k JQ/2H .2b+`BTiBQM

2TQ+?X 6Q` i?2b2 `2�bQMb- #QK# R9* BMp2MiQ`B2b Q#i�BM2/ rBi? i?2 T`2b2Mi K2i?Q/ �`2 /B`2+iHv +QKT�`�#H2 iQ
`2+QMbi`m+iBQMb #�b2/ QM }2H/ K2�bm`2K2MibX

h?Bb bBKTHB}2/ �TT`Q�+? �HbQ M2;H2+ib i?2 2z2+ib Q7 7`�+iBQM�iBQM U2X;X- �B`@b2� 2t+?�M;2V �M/ Q7 #BQHQ;B+�H
T`Q+2bb2bX S`2pBQmb bim/B2b #v "�+�biQr �M/ J�B2`@_2BK2` URNNyV �M/ CQQb 2i �HX URNNdV `2bmHi2/ BM M2�`Hv
B/2MiB+�H ∆14* /Bbi`B#miBQMb �KQM; 2tT2`BK2Mib +QMbB/2`BM; #BQHQ;v Q` MQiX aBM+2 Q#b2`p2/ R9_ `�iBQb �`2
+Q``2+i2/ 7Q` i?2 BbQiQTB+ 7`�+iBQM�iBQM r?2M +QMp2`i2/ iQ i?2 bi�M/�`/ ∆14* MQi�iBQM UaimBp2` �M/ SQH�+?-
RNddV i?2 KQ/2H `2bmHib �`2 /B`2+iHv +QKT�`�#H2 iQ Q#b2`p�iBQMbX

h?2`27Q`2 i?2 bBKTHB}2/ �TT`Q�+? Bb DmbiB}2/ 7Q` i?2 Tm`TQb2 Q7 �bb2bbBM; i?2 +B`+mH�iBQM �M/ p2MiBH�iBQM Q7
P:*JbX

h?2 2[m�iBQM ;Qp2`MBM; i?2 i`�MbTQ`i Q7 R9_ BM i?2 Q+2�M Bb

∂

∂t
R9_ = −$ ·(mR9_−E ·$R9_)− λR9_, UkXR9V

r?2`2 λ Bb i?2 `�/BQ+�`#QM /2+�v `�i2- m i?2 j@. p2HQ+Biv }2H/- �M/ E i?2 /BzmbBpBiv i2MbQ`X
�i i?2 �B`@b2� BMi2`7�+2 � _Q#BM #QmM/�`v +QM/BiBQM U>�BM2- kyyeV Bb �TTHB2/ iQ 2[m�iBQM kXR9- BX2X- i?2 ~mt

i?`Qm;? i?2 BMi2`7�+2 Bb T`QTQ`iBQM�H iQ i?2 /Bz2`2M+2 BM i?2 `�iBQb #2ir22M i?2 Q+2�M �M/ i?2 �iKQbT?2`2

F = κR(
R9_− R9_a), UkXR8V

r?2`2F Bb i?2 ~mt Qmi Q7 i?2 Q+2�M- �M/ R9_a Bb i?2 �iKQbT?2`B+ R9*/* `�iBQX h?2 i`�Mb72` p2HQ+Biv κR 7Q`
i?2 `�/BQ+�`#QM `�iBQ BM 2[m�iBQM kXR8 Bb +QKTmi2/ �b

κR =
κ*PkK0

*h
T�*Pk UkXReV

rBi? κ*Pk i?2 +�`#QM /BQtB/2 i`�Mb72` Q` TBbiQM p2HQ+Biv- K0 i?2 *Pk bQHm#BHBiv BM b2�r�i2`- T�*Pk
i?2 �iKQ@

bT?2`B+ *Pk T`2bbm`2 �i b2� H2p2H- �M/ *h i?2 �p2`�;2 b2�@bm`7�+2 /BbbQHp2/ BMQ`;�MB+ +�`#QM +QM+2Mi`�iBQMX
h?2 *Pk i`�Mb72` p2HQ+Biv Bb #�b2/ QM i?2 2KTB`B+�H 7Q`KmH�iBQM Q7 q�MMBMF?Q7 URNNkV rBi? +?2KB+�H 2M@

?�M+2K2Mi Uq�MMBMF?Q7 �M/ EMQt- RNNec q�MMBMF?Q7- kyR9VX h?2 Q`B;BM�H 7Q`KmH�iBQM Bb KQ/B}2/ iQ �++QmMi
7Q` i?2 `2/m+iBQM Q7 i?2 �B`@b2� 2t+?�M;2 `�i2 BM i?2 T`2b2M+2 Q7 b2� B+2X >2M+2

κ*Pk =
(
KW r2 + b

)
(1− fB+2)

√
660/Sc, UkXRdV

rBi? r i?2 rBM/ K�;MBim/2- fB+2 i?2 7`�+iBQM�H B+2 +Qp2`- �M/ Sc i?2 a+?KB/i MmK#2`X KW BM 2[m�iBQM kXRd Bb
�M 2KTB`B+�H +Q2{+B2Mi rBi? /BK2MbBQM Q7 �M BMp2`b2 p2HQ+BivX h?2 +?2KB+�H 2M?�M+2K2Mi i2`K b Bb `2T`2b2Mi2/
�b � 7mM+iBQM Q7 i2KT2`�im`2 T Uq�MMBMF?Q7- RNNkV

b = 2.5(0.5246 + 0.016256T + 0.00049946 ∗ T 2). UkXR3V

JQ/2H b2imT

hQ �+iBp�i2 i?2 *R9 T�+F�;2- b2i i?2 T�`�K2i2` HMn+R9 4 Xi`m2X BM M�K2HBbi M�Ki`+X

S�`�K2i2`b �M/ 7Q`KmH�iBQMb h?2 `�/BQ+�`#QM /2+�v `�i2 U`H�KR9c BM i`+M�Kn+R9 KQ/mH2V Bb b2i iQ λ =
(1/8267) v`−1 UaimBp2` �M/ SQH�+?- RNddV- r?B+? +Q``2bTQM/b iQ � ?�H7@HB72 Q7 8djy v`X
h?2 a+?KB/i MmK#2` Sc- 1[X 2[m�iBQM kXRd- Bb +�H+mH�i2/ mbBM; i?2 7Q`KmH�iBQM Q7 q�MMBMF?Q7 UkyR9VX h?2
*Pk bQHm#BHBiv K0 BM 2[m�iBQM kXRe Bb i�F2M 7`QK q2Bbb URNd9VX K0 �M/ Sc �`2 +QKTmi2/ rBi? i?2 P:*J
i2KT2`�im`2 �M/ b�HBMBiv }2H/b Ui`+bKbn+R9 KQ/mH2VX
h?2 7QHHQrBM; T�`�K2i2`b BMi2`p2MBM; BM i?2 �B`@b2� 2t+?�M;2 `�i2 �`2 b2i BM M�K2HBbin+R9,

Ç h?2 `272`2M+2 .A* +QM+2Mi`�iBQM *h Ut/B+bm`V BMi2`p2MBM; BM 2[m�iBQM kXRe Bb +H�bbB+�HHv b2i iQ k KQH K−3

UhQ;;r2BH2` 2i �HX- RN3N�c P`` 2i �HX- kyyRc "lhwAL 2i �HX- kyy8VX

Ç h?2 p�Hm2 Q7 i?2 2KTB`B+�H +Q2{+B2Mi KW UtFrBM/V BM 2[m�iBQM kXRd /2T2M/b QM i?2 rBM/ }2H/ �M/ QM i?2
KQ/2H mTT2` Q+2�M KBtBM; `�i2 UhQ;;r2BH2` 2i �HX- RN3N�c q�MMBMF?Q7- RNNkc L�2;H2`- kyyNc q�MMBMF?Q7-
kyR9VX Ai b?QmH/ #2 �/Dmbi2/ bQ i?�i i?2 ;HQ#�HHv �p2`�;2/ *Pk TBbiQM p2HQ+Biv Bb κ*Pk = 16.5± 3.2 +Kf?
UL�2;H2`- kyyNVX

Ç *?2KB+�H 2M?�M+2K2Mi Ui2`K b BM 1[X 2[m�iBQM kXR3V K�v #2 b2i QMfQz #v K2�Mb Q7 i?2 HQ;B+�H p�`B�#H2
HMn+?2K?X

S�;2 Rd Q7 BBB hPS _272`2M+2 J�Mm�H



a2+iX kX9 ǳaQm`+2 KBMmb aBMFbǴ KQ/mH2b UaJaV

1tT2`BK2Mi ivT2 h?2 ivT2 Q7 2tT2`BK2Mi Bb /2i2`KBM2/ #v i?2 p�Hm2 ;Bp2M iQ F+R9ivT BM M�K2HBbin+R9X h?2`2
�`2 i?`22 TQbbB#BHBiB2b,

RX M�im`�H ∆14*, F+R9ivT4y

kX #QK# ∆14*, F+R9ivT4R

jX i`�MbB2Mi T�H2Q@?BbiQ`B+�H ∆14*, F+R9ivT4k

L�im`�H Q` 1[mBHB#`BmK `�/BQ+�`#QM F+R9ivT4y
lMH2bb Qi?2`rBb2 bT2+B}2/ BM M�K2HBbin+R9- i?2 �iKQbT?2`B+ R9_a U`+R9�iV Bb b2i iQ QM2- i?2 �iKQbT?2`B+

*Pk UT+Qk�iV iQ k3y TTK- �M/ i?2 Q+2�M R9_ Bb BMBiB�HBx2/ rBi? `+R9BMBi4yX38- BX2X- ∆14* =@R8yǨUivTB+�H 7Q`
/22T@Q+2�M- 6B; e BM E2v 2i �HX- kyy9VX

1[mBHB#`BmK 2tT2`BK2Mi b?QmH/ H�bi mMiBH N3W Q7 i?2 Q+2�M pQHmK2 2t?B#Bi � /`B7i Q7 H2bb i?�M yXyyRǨfv2�`
UP`` 2i �HX- kyyyVc i?Bb Bb mbm�HHv �+?B2p2/ �7i2` 72r Fv` U6B;X };m`2 kXdVX

6B;m`2 kXdX, hBK2 2pQHmiBQM Q7 R9_ BMp2MiQ`v �MQK�Hv 7Q` 2[mBHB#`BmK `mM rBi? ?QKQ;2M2Qmb Q+2�M BMBiB�H bi�i2X h?2 �MQK�Hv UQ`
/`B7iV Bb ;Bp2M BM W +?�M;2 BM iQi�H Q+2�M BMp2MiQ`v T2` 8y v2�`bX hBK2 QM t@�tBb Bb BM bBKmH�iBQM v2�`X

h`�MbB2Mi, "QK# F+R9ivT4R
S2`7Q`KBM; i?Bb ivT2 Q7 2tT2`BK2Mi `2[mB`2b i?�i � T`2@BM/mbi`B�H 2[mBHB#`BmK `mM ?�b #22M T2`7Q`K2/ #27Q`2@

?�M/ UHMn`bii` b?QmH/ #2 b2i iQ Xh_l1XVX
�M 2t+2TiBQM iQ i?Bb `mH2 Bb r?2M T2`7Q`KBM; � T2`im`#�iBQM #QK# 2tT2`BK2Mi �b r�b TQbbB#H2 rBi? i?2

T�+F�;2 *R9#X Ai Bb biBHH TQbbB#H2 iQ 2�bBHv b2i@mT i?�i ivT2 Q7 i`�MbB2Mi 2tT2`BK2Mi 7Q` r?B+? MQ T`2pBQmb `mM
Bb M22/2/X AM �//BiBQM iQ i?2 BMbi`m+iBQMb ;Bp2M BM i?Bb b2+iBQM- Bi Bb ?Qr2p2` M2+2bb�`v iQ �/�Ti i?2 �iK+R9X/�i
}H2 bQ i?�i Bi /Q2b MQ HQM;2` +QMi�BM �Mv M2;�iBp2 ∆14* p�Hm2b Uam2bb 2z2+i BM i?2 T`2@#QK# T2`BQ/VX

h?2 KQ/2H Bb BMi2;`�i2/ 7`QK � ;Bp2M BMBiB�H /�i2 7QHHQrBM; i?2 Q#b2`p2/ `2+Q`/b T`QpB/2/ 7`QK Rde8 �. QM U
6B;X };m`2 kX3VX h?2 }H2 �iK+R9X/�i U: 1MiBM; 2i �HX- RNN9- � AX G2pBM- T2`bQM�H +QKKXV T`QpB/2b �iKQbT?2`B+
∆14* 7Q` i?`22 H�iBim/BM�H #�M/b, Nya@kya- kya@kyL � kyL@NyLX �iKQbT?2`B+ *Pk BM i?2 }H2 bTH+QkX/�i Bb
Q#i�BM2/ 7`QK � bTHBM2 }i i?`Qm;? B+2 +Q`2 /�i� �M/ /B`2+i �iKQbT?2`B+ K2�bm`2K2Mib UP`` 2i �HX- kyyy- � CX
P``- T2`bQM�H +QKKXVX .�i2b BM i?2b2 7Q`+BM; }H2b �`2 2tT`2bb2/ �b v` �.X

hQ 2Mbm`2 i?�i i?2 �iKQbT?2`B+ 7Q`+BM; Bb �TTHB2/ T`QT2`Hv �b r2HH �b i?�i QmiTmi }H2b +QMi�BM +QMbBbi2Mi /�i2b
�M/ BMp2MiQ`B2b- i?2 2tT2`BK2Mi b?QmH/ #2 b2i mT +�`27mHHv,

Ç aT2+B7v i?2 bi�`iBM; /�i2 Q7 i?2 2tT2`BK2Mi, MMn/�i2y BM M�K2HBbiX MMn/�i2y Bb r`Bii2M �b u2�`yRyR
r?2`2 u2�` K�v i�F2 �Mv TQbBiBp2 p�Hm2 U�.VX

Ç h?2M i?2 T�`�K2i2`b MMn`bi+iH BM M�K2HBbi UQM@HBM2V �M/ MMn`bii` BM M�K2HBbiniQT UQz@HBM2V Kmbi #2 b2i
iQ y �i i?2 bi�`i Q7 i?2 2tT2`BK2Mi U7Q`+2 i?2 /�i2 iQ MMn/�i2y 7Q` i?2 }`bi 2tT2`BK2Mi v2�`VX

Ç h?2b2 irQ T�`�K2i2`b UMMn`bi+iH �M/ MMn`bii`V ?�p2 i?2M iQ #2 b2i iQ k 7Q` i?2 7QHHQrBM; v2�`b Ui?2 /�i2
Kmbi #2 `2�/ BM i?2 `2bi�`i }H2VX

hPS _272`2M+2 J�Mm�H S�;2 R3 Q7 BBB



*?�TX k JQ/2H .2b+`BTiBQM

6B;m`2 kX3X, �iKQbT?2`B+ ∆14* UbQHB/c H27i �tBbV �M/ *Pk U/�b?2/c `B;?i �tBbV 7Q`+BM; 7Q` i?2 R9*@#QK# 2tT2`BK2MibX h?2 ∆14*
Bb BHHmbi`�i2/ 7Q` i?2 i?`22 xQM�H #�M/b UmTT2`- KB//H2- �M/ HQr2` +m`p2b +Q``2bTQM/ iQ H�iBim/2b > 20L- ∈ [20a, 20L]-
�M/ < 20a- `2bT2+iBp2HvX

A7 i?2 2tT2`BK2Mi /�i2 Bb QmibB/2 i?2 /�i� iBK2 bT�M- i?2 }`bi Q` H�bi �iKQbT?2`B+ +QM+2Mi`�iBQMb �`2 i?2M
T`2b+`B#2/ /2T2M/BM; QM r?2i?2` i?2 /�i2 Bb 2�`HB2` Q` H�i2`X LQi2 i?�i iv`+R9n#2; UM�K2HBbin+R9V Bb MQi mb2/
BM i?Bb +QMi2tiX

h`�MbB2Mi, S�bi F+R9ivT4k

6B;m`2 kXNX, �iKQbT?2`B+ ∆14* UbQHB/V �M/ *Pk U/�b?2/V 7Q`+BM; 7Q` i?2 S�H2Q 2tT2`BK2MibX h?2 *Pk b+�H2 Bb ;Bp2M QM i?2 `B;?i
�tBbX

h?Bb 2tT2`BK2Mi ivT2 /Q2b MQi M22/ � T`2pBQmb 2[mBHB#`BmK `mMX Ai b?QmH/ bi�`i 8Ĝe Fv` 2�`HB2` i?�M i?2 T2`BQ/
iQ #2 �M�Hvx2/X �iKQbT?2`B+ R9_a �M/ *Pk �`2 T`2b+`B#2/ 7`QK 7Q`+BM; }H2bX h?2 Q+2�M R9_ Bb BMBiB�HBx2/ rBi?
i?2 p�Hm2 �ii`B#mi2/ iQ `+R9BMBi BM M�K2HBbin+R9X

h?2 }H2 BMi+�HRjXR9+ U_2BK2` 2i �HX- kyRjV +QMi�BMb �iKQbT?2`B+ ∆14* 7`QK y iQ 8y Fv` +�H "S»X h?2 *Pk

»+�H "S, MmK#2` Q7 v2�`b #27Q`2 RN8y �.

S�;2 RN Q7 BBB hPS _272`2M+2 J�Mm�H



a2+iX kX9 ǳaQm`+2 KBMmb aBMFbǴ KQ/mH2b UaJaV

7Q`+BM; Bb T`QpB/2/ BM }H2 "v`/1/+*PkXitiX h?2 +QMi2Mi Q7 i?Bb }H2 Bb #�b2/ QM i?2 ?B;? `2bQHmiBQM `2+Q`/ 7`QK
1SA*� .QK2 * UJQMMBM 2i �HX- kyy9V 7Q` i?2 >QHQ+2M2 �M/ i?2 h`�MbBiBQM- �M/ QM "v`/ A+2 *Q`2 *Pk .�i�
7Q` kyĜNy Fv` "S U�?M �M/ "`QQF- kyy3VX h?2b2 �iKQbT?2`B+ p�Hm2b �`2 `2T`Q/m+2/ BM 6B;X };m`2 kXNX .�i2b
BM i?2b2 }H2b �`2 2tT`2bb2/ �b v` "SX

hQ 2Mbm`2 i?�i i?2 �iKQbT?2`B+ 7Q`+BM; Bb �TTHB2/ T`QT2`Hv �b r2HH �b i?�i QmiTmi }H2b +QMi�BM +QMbBbi2Mi
/�i2b �M/ BMp2MiQ`B2b i?2 2tT2`BK2Mi b?QmH/ #2 b2i mT +�`27mHHvX h?2 i`m2 2tT2`BK2Mi bi�`iBM; /�i2 Bb ;Bp2M #v
iv`+R9n#2; UBM v` "SV BM M�K2HBbin+R9X AM +QMb2[m2M+2- MMn/�i2y BM M�K2HBbi Jlah #2 b2i iQ yyyRyRyRX
h?2M i?2 T�`�K2i2`b MMn`bi+iH BM M�K2HBbi UQM@HBM2V �M/ MMn`bii` BM M�K2HBbiniQT UQz@HBM2V Kmbi #2 b2i iQ y
�i i?2 bi�`i Q7 i?2 2tT2`BK2Mi U7Q`+2 i?2 /�i2 iQ MMn/�i2y 7Q` i?2 }`bi 2tT2`BK2Mi v2�`VX h?2b2 irQ T�`�K2i2`b
?�p2 i?2M iQ #2 b2i iQ k 7Q` i?2 7QHHQrBM; v2�`b U`2�/ i?2 /�i2 BM i?2 `2bi�`i }H2VX
A7 i?2 2tT2`BK2Mi /�i2 Bb QmibB/2 i?2 /�i� iBK2 bT�M i?2M i?2 }`bi Q` H�bi �iKQbT?2`B+ +QM+2Mi`�iBQMb �`2
T`2b+`B#2/ /2T2M/BM; QM r?2i?2` i?2 /�i2 Bb 2�`HB2` Q` H�i2`X

JQ/2H QmiTmi �HH QmiTmi }2H/b BM h�#H2 i�#H2 kXj �`2 `QmiBM2Hv +QKTmi2/X Ai /2T2M/b QM i?2 �+im�H b2iiBM;b
BM BQ/27XtKH r?2i?2` i?2v �`2 b�p2/ Q` MQiX

h�#H2 kXjX, ai�M/�`/ QmiTmi }2H/b 7Q` i?2 *R9 T�+F�;2 X

6B2H/ hvT2 .BK lMBib .2b+`BTiBQM
_*R9 Ti`+ j@. @ _�/BQ+�`#QM `�iBQ
.2Hi�*R9 /B�/ j@. Ǩ ∆14*
*R9�;2 /B�/ j@. v` _�/BQ+�`#QM �;2
_�;2 /B�/ k@. v` _2b2`pQB` �;2
[i`n+R9 /B�/ k@. K−2 v`−1 �B`@iQ@b2� M2i R9_ ~mt
[BMin+R9 /B�/ k@. K−2 *mKmH�iBp2 �B`@iQ@b2� R9_ ~mt
�iK*Pk b+�H�` y@. TTK :HQ#�H �iKQbT?2`B+ *Pk

�iK*R9 b+�H�` y@. Ǩ :HQ#�H �iKQbT?2`B+ ∆14*
En*Pk b+�H�` y@. +K ?−1 :HQ#�H *Pk TBbiQM p2HQ+Biv Uκ*PkV
En*R9 b+�H�` y@. K v`−1 :HQ#�H R9_ i`�Mb72` p2HQ+Biv UκRV
*R9AMp b+�H�` y@. 1026 �iQKb P+2�M `�/BQ+�`#QM BMp2MiQ`v

h?2 `�/BQ+�`#QM �;2 Bb +QKTmi2/ �b (−1/λ) HM
(R9_

)
- rBi? x2`Q �;2 +Q``2bTQM/BM; iQ R9_ = 1X

h?2 `2b2`pQB` �;2 Bb i?2 �;2 /Bz2`2M+2 #2ir22M i?2 Q+2�M mTT2`KQbi H�v2` �M/ i?2 �iKQbT?2`2X Ai Bb mbm�HHv
`2TQ`i2/ �b +QMp2MiBQM�H `�/BQ+�`#QM �;2c BX2X- +QKTmi2/ #v K2�Mb Q7 i?2 GB##v `�/BQ+�`#QM K2�M HB72 U3yjj
v`c aimBp2` �M/ SQH�+?- RNddV

14τ+ = −8033 HM
(
1 +

∆14*
103

)
, UkXRNV

r?2`2 14τ+ Bb 2tT`2bb2/ BM v2�`b "XSX >2`2 r2 /Q MQi mb2 i?�i +QMp2MiBQM �M/ +QKTmi2 `2b2`pQB` �;2b rBi? i?2
K2�M HB72iBK2 1/λX *QMp2`bBQM 7`QK QM2 b+�H2 iQ i?2 Qi?2` Bb `2�/BHv T2`7Q`K2/X h?2 +QMp2MiBQM�H `�/BQ+�`#QM
�;2 Bb HQr2` i?�M i?2 `�/BQ+�`#QM �;2 #v % 3WX

h?2 Q+2�M `�/BQ+�`#QM BMp2MiQ`v Bb +QKTmi2/ �b

NA
R9_Qt�*h

(∫

Ω

R9_dΩ
)
/1026, UkXkyV

r?2`2 NA Bb i?2 �pQ;�/`QǶb MmK#2` UNA = 6.022 × 1023 �ifKQHV- R9_Qt� Bb i?2 Qt�HB+ �+B/ `�/BQ+�`#QM
bi�M/�`/ UR9_Qt� = 1.176×10−12c aimBp2` �M/ SQH�+?- RNddV- �M/ Ω Bb i?2 Q+2�M pQHmK2X "QK# R9* BMp2MiQ`B2b
�`2 i`�/BiBQM�HHv `2TQ`i2/ BM mMBib Q7 1026 �iQKb- ?2M+2 i?2 /2MQKBM�iQ` BM 2[m�iBQM kXkyX

�HH i`�Mb7Q`K�iBQMb 7`QK b2+QM/ iQ v2�`- �M/ BMp2`b2Hv- �`2 T2`7Q`K2/ rBi? i?2 ?2HT Q7 i?2 T?vbB+�H +QMbi�Mi
`bBv2� i?2 bB/2`�H v2�` H2M;i? 2tT`2bb2/ BM b2+QM/bÞX

h?2 ;HQ#�H i`�Mb72` p2HQ+BiB2b `2T`2b2Mi iBK2@�p2`�;2/ß ;HQ#�H BMi2;`�Hb Q7 i?2 i`�Mb72` `�i2b,

κ*Pk =

∫

S
κ*PkdS �M/ κR =

∫

S
κRdS UkXkRV

Þh?2 p�`B�#H2 UMv2�`nH2MV r?B+? `2TQ`ib i?2 H2M;i? BM /�vb Q7 i?2 T`2pBQmbf+m``2Mif7mim`2 v2�` Ub22 Q+2ni`+X6NyV Bb MQi � +QMbi�MiX
ßi?2 �+im�H /m`�iBQM Bb b2i BM BQ/27XtKH

hPS _272`2M+2 J�Mm�H S�;2 ky Q7 BBB



*?�TX k JQ/2H .2b+`BTiBQM

kX9X9X SAa*1a #BQ;2Q+?2KB+�H KQ/2H
SAa*1a Bb � #BQ;2Q+?2KB+�H KQ/2H i?�i bBKmH�i2b i?2 HQr2` i`QT?B+ H2p2Hb Q7 K�`BM2 2+Qbvbi2K UT?viQTH�MFiQM-
KB+`QxQQTH�MFiQM- �M/ K2bQxQQTH�MFiQMV �M/ i?2 #BQ;2Q+?2KB+�H +v+H2b Q7 +�`#QM �M/ Q7 i?2 K�BM Mmi`B2Mib
US- L- aB- �M/ 62V U};m`2 kXRy �M/ };m`2 kXRRVX

6B;m`2 kXRyX, a+?2K�iB+ pB2r Q7 i?2 SAa*1a@pk KQ/2H U};m`2 #v CQ`;2 J�`iBM2x@_2vVX

6B;m`2 kXRRX, am`7�+2 +QM+2Mi`�iBQMb Q7 LP3- SP4- iQi�H +?HQ`QT?vHH- �M/ �B`@b2� *P2 ~mt 7`QK i?2 H�bi v2�` Q7 � ek@v2�` bBKmH�iBQMX

h?2 KQ/2H Bb BMi2M/2/ iQ #2 mb2/ 7Q` #Qi? `2;BQM�H �M/ ;HQ#�H +QM};m`�iBQMb �i ?B;? Q` HQr bT�iB�H `2bQHmiBQMb
�b r2HH �b 7Q` b?Q`i@i2`K Ub2�bQM�H- BMi2`�MMm�HV �M/ HQM;@i2`K U+HBK�i2 +?�M;2- T�H2Q+2�MQ;`�T?vV �M�Hvb2bX

hrQ p2`bBQMb Q7 SAa*1a �`2 �p�BH�#H2 BM L1JP p9Xy ,

Ç SAa*1a@pk- #v b2iiBM; HMnT9x 4 Xi`m2X BM M�K2HBbinTBb+2bn`27X h?Bb p2`bBQM +�M #2 b22M �b QM2 Q7
i?2 K�Mv JQMQ/ KQ/2Hb UJQMQ/- RN83VX Ai �bbmK2b � +QMbi�Mi _2/}2H/ `�iBQ �M/ T?viQTH�MFiQM ;`Qri?
/2T2M/b QM i?2 2ti2`M�H +QM+2Mi`�iBQM BM Mmi`B2MibX h?2`2 �`2 ir2Miv@7Qm` T`Q;MQbiB+ p�`B�#H2b Ui`�+2`bV BM@
+Hm/BM; irQ T?viQTH�MFiQM +QKT�`iK2Mib U/B�iQKb �M/ M�MQT?viQTH�MFiQMV- irQ xQQTH�MFiQM bBx2@+H�bb2b
UKB+`QxQQTH�MFiQM �M/ K2bQxQQTH�MFiQMV �M/ � /2b+`BTiBQM Q7 i?2 +�`#QM�i2 +?2KBbi`vX 6Q`KmH�iBQMb BM
SAa*1a@pk �`2 #�b2/ QM � KBt2/ JQMQ/fZmQi� 7Q`K�HBbK, PM QM2 ?�M/- biQB+?BQK2i`v Q7 *fLfS Bb

S�;2 kR Q7 BBB hPS _272`2M+2 J�Mm�H



a2+iX kX9 ǳaQm`+2 KBMmb aBMFbǴ KQ/mH2b UaJaV

}t2/ �M/ ;`Qri? `�i2 Q7 T?viQTH�MFiQM Bb HBKBi2/ #v i?2 2ti2`M�H �p�BH�#BHBiv BM L- S- �M/ aBX PM i?2
Qi?2` ?�M/- i?2 B`QM �M/ bBHB+BmK [mQi�b �`2 p�`B�#H2 �M/ ;`Qri? `�i2 Q7 T?viQTH�MFiQM Bb HBKBi2/ #v i?2
BMi2`M�H �p�BH�#BHBiv BM 62X o�`BQmb T�`�K2i2`Bx�iBQMb +�M #2 �+iBp�i2/ BM SAa*1a@pk- b2iiBM; 7Q` BMbi�M+2
i?2 +QKTH2tBiv Q7 B`QM +?2KBbi`v Q` i?2 /2b+`BTiBQM Q7 T�`iB+mH�i2 Q`;�MB+ K�i2`B�HbX

Ç SAa*1a@ZlPh�- #v b2iiBM; HMnT8x 4 Xi`m2X BM M�K2HBbinTBb+2bn`27X h?Bb p2`bBQM ?�b #22M #mBHi QM i?2
SAa*1a@pk KQ/2H /2b+`B#2/ BM �mKQMi 2i �HX UkyR8VX SAa*1a@ZlPh� ?�b i?B`iv@MBM2 T`Q;MQbiB+ +QK@
T�`iK2MibX S?viQTH�MFiQM ;`Qri? Bb +QMi`QHH2/ #v }p2 KQ/2H2/ HBKBiBM; Mmi`B2Mib, LBi`�i2 �M/ �KKQ@
MBmK- S?QbT?�i2- aBHB+�i2- �M/ A`QMX 6Bp2 HBpBM; +QKT�`iK2Mib �`2 `2T`2b2Mi2/, h?`22 T?viQTH�MFiQM bBx2
+H�bb2bf;`QmTb +Q``2bTQM/BM; iQ TB+QT?viQTH�MFiQM- M�MQT?viQTH�MFiQM- �M/ /B�iQKb- �M/ irQ xQQTH�MF@
iQM bBx2 +H�bb2b- r?B+? �`2 KB+`QxQQTH�MFiQM �M/ K2bQxQQTH�MFiQMX 6Q` T?viQTH�MFiQM- i?2 T`Q;MQbiB+
p�`B�#H2b �`2 i?2 +�`#QM- MBi`Q;2M- T?QbT?Q`mb- B`QM- +?HQ`QT?vHH �M/ bBHB+QM #BQK�bb2b Ui?2 H�ii2` QMHv 7Q`
/B�iQKbVX h?Bb K2�Mb i?�i i?2 Lf*- Sf*- 62f*- �M/ *?Hf* `�iBQb Q7 i?2 i?`22 T?viQTH�MFiQM ;`QmTb �b
r2HH �b i?2 aBf* `�iBQ Q7 /B�iQKb �`2 T`Q;MQbiB+�HHv T`2/B+i2/ #v i?2 KQ/2HX wQQTH�MFiQM �`2 �bbmK2/
iQ #2 bi`B+iHv ?QK2Qbi�iB+ U2X;X- ai2`M2` �M/ 1Hb2`- kyyjc qQQ/b �M/ qBHbQM- kyRjc J2mMB2` 2i �HX- kyR9VX
�b � +QMb2[m2M+2- i?2 *fLfSf62 `�iBQb Q7 i?2b2 ;`QmTb �`2 K�BMi�BM2/ +QMbi�Mi �M/ �`2 MQi �HHQr2/ iQ
p�`vX AM SAa*1a- i?2 _2/}2H/ `�iBQb *fLfS �`2 b2i iQ RkkfRefR Uh�F�?�b?B 2i �HX- RN38V �M/ i?2 @Pf*
`�iBQ Bb b2i iQ RXj9 UEƺ`ixBM;2` 2i �HX- kyyRVX LQ bBHB+B}2/ xQQTH�MFiQM Bb �bbmK2/X h?2 #�+i2`B�H TQQH Bb
MQi v2i 2tTHB+BiHv KQ/2H2/X

h?2`2 �`2 i?`22 MQM@HBpBM; +QKT�`iK2Mib, a2KB@H�#BH2 /BbbQHp2/ Q`;�MB+ K�ii2`- bK�HH bBMFBM; T�`iB+H2b- �M/
H�`;2 bBMFBM; T�`iB+H2bX �b � +QMb2[m2M+2 Q7 i?2 p�`B�#H2 biQB+?BQK2i`B+ `�iBQb Q7 T?viQTH�MFiQM �M/ Q7 i?2 biQB@
+?BQK2i`B+ `2;mH�iBQM Q7 xQQTH�MFiQM- 2H2K2Mi�H `�iBQb BM Q`;�MB+ K�ii2` +�MMQi #2 bmTTQb2/ +QMbi�Mi �MvKQ`2
�b i?�i r�b i?2 +�b2 BM SAa*1a@pkX AM/22/- i?2 MBi`Q;2M- T?QbT?Q`mb- B`QM- bBHB+QM- �M/ +�H+Bi2 TQQHb Q7 i?2
T�`iB+H2b �`2 MQr �HH 2tTHB+BiHv KQ/2H2/X h?2 bBMFBM; bT22/ Q7 i?2 T�`iB+H2b Bb MQi �Hi2`2/ #v i?2B` +QMi2Mi BM
+�H+Bi2 �M/ #BQ;2MB+ bBHB+�i2 UǴh?2 #�HH�bi 2z2+iǴ- U>QMDQ- RNNec �`Kbi`QM; 2i �HX- kyyRVVX h?2 H�ii2` T�`iB+H2b
�`2 �bbmK2/ iQ bBMF �i i?2 b�K2 bT22/ �b i?2 H�`;2 Q`;�MB+ K�ii2` T�`iB+H2bX �HH i?2 MQM@HBpBM; +QKT�`iK2Mib
2tT2`B2M+2 �;;`2;�iBQM /m2 iQ im`#mH2M+2 �M/ /Bz2`2MiB�H b2iiHBM; �b r2HH �b "`QrMB�M +Q�;mH�iBQM 7Q` .PJX

kX9X8X Junh_* BMi2`7�+2 7Q` +QmTHBM; 2ti2`M�H ":* KQ/2Hb
L1JP@hPS ?�b QM2 #mBHi@BM #BQ;2Q+?2KB+�H KQ/2H @ SAa*1a @ #mi i?2`2 �`2 b2p2`�H ":* KQ/2Hb @ J1.la�-
1_a1J- "6J Q` 1*PjJ @ r?B+? �`2 K2�Mi iQ #2 mb2/ rBi?BM i?2 L1JP TH�i27Q`KX h?2`27Q`2 Bi r�b M2+2bb�`v
iQ T`QpB/2 iQ i?2 mb2`b � 7`�K2rQ`F iQ 2�bBHv �// i?2B` QrM ":*J KQ/2HX h?2 ;2M2`�HBx2/ BMi2`7�+2 Bb TBpQi2/
QM Junh_* KQ/mH2 i?�i +QMi�BMb i2KTH�i2 }H2b iQ #mBH/ i?2 +QmTHBM; #2ir22M L1JP �M/ �Mv 2ti2`M�H ":*
KQ/2HX *�HH iQ Junh_* Bb �+iBp�i2/ #v b2iiBM; HMnKvni`+ 4 Xi`m2X BM M�K2HBbi M�Ki`+X

h?2 7QHHQrBM; e 7Q`i`�M }H2b �`2 �p�BH�#H2 BM Junh_* rBi? i?2 bT2+B}+ Tm`TQb2b ?2`2 /2b+`B#2/X

Ç T�`nKvni`+X6Ny , h?Bb KQ/mH2 �HHQrb iQ /2}M2 �//BiBQM�H �``�vb �M/ Tm#HB+ p�`B�#H2b iQ #2 mb2/ rBi?BM
i?2 Junh_* BMi2`7�+2

Ç i`+BMBnKvni`+X6Ny , >2`2 �`2 BMBiB�HBx2/ mb2` /2}M2/ M�K2HBbib �M/ i?2 +�HH iQ i?2 2ti2`M�H ":* KQ/2H
BMBiB�HBx�iBQM T`Q+2/m`2b iQ TQTmH�i2 ;2M2`�H i`�+2` �``�v Ui`M �M/ i`#VX >2`2 �`2 �HbQ HBF2Hv iQ #2 /2}M2/
bmTQ`i �``�vb `2H�i2/ iQ bvbi2K K2i`B+b i?�i +QmH/ #2 M22/2/ #v i?2 ":* KQ/2HX

Ç i`+M�KnKvni`+X6Ny , h?Bb `QmiBM2 Bb +�HH2/ �i i?2 #2;BMMBM; Q7 i`+BMBnKvni`+ �M/ b?QmH/ +QMi�BM i?2
BMBiB�HBx�iBQM Q7 �//BiBQM�H M�K2HBbib 7Q` i?2 ":* KQ/2H Q` mb2`@/2}M2/ +Q/2X

Ç i`+bKbnKvni`+X6Ny , h?2 `QmiBM2 T2`7Q`Kb i?2 +�HH iQ "QmM/�`v *QM/BiBQMb �M/ Bib K�BM Tm`TQb2 Bb iQ
+QMi�BM i?2 aQm`+2@JBMmb@aBMFb i2`Kb /m2 iQ i?2 #BQ;2Q+?2KB+�H T`Q+2bb2b Q7 i?2 2ti2`M�H KQ/2HX "2 �r�`2
i?�i H�i2`�H #QmM/�`v +QM/BiBQMb �`2 �TTHB2/ BM i`+Mti `QmiBM2X AJSP_h�Lh, i?2 `QmiBM2b iQ +QKTmi2
HB;?i T2M2i`�iBQM �HQM; i?2 r�i2` +QHmKM �M/ i?2 i`�+2` p2`iB+�H bBMFBM; b?QmH/ #2 /2}M2/f+�HH2/ BM ?2`2-
�b ;2M2`�HBx2/ KQ/mH2b �`2 biBHH KBbbBM; BM i?2 +Q/2X

Ç i`+B+2nKvni`+X6Ny , >2`2 Bi Bb TQbbB#H2 iQ T`2b+`B#2 i?2 i`�+2`b +QM+2Mi`�iBQMb BM b2� B+2 i?�i rBHH #2 mb2/
�b #QmM/�`v +QM/BiBQMb r?2M B+2 7Q`K�iBQM �M/ K2HiBM; Q++m`b UMMnB+2ni` 4R BM M�Ki`+nB+2VX a22 2X;X
i?2 +Q``2bTQM/2Mi SAa*1a bm#`QmiBM2X

Ç i`+r`BnKvni`+X6Ny , h?Bb `QmiBM2 T2`7Q`Kb i?2 QmiTmi Q7 i?2 KQ/2H i`�+2`b mbBM; APJ KQ/mH2 Ub22
L1JP K�Mm�H *?�Ti2` QM PmiTmi �M/ .B�;MQbiB+bVX Ai Bb TQbbB#H2 iQ TH�+2 ?2`2 i?2 QmiTmi Q7 �//BiBQM�H
p�`B�#H2b T`Q/m+2/ #v i?2 KQ/2H- B7 MQi /QM2 2Hb2r?2`2 BM i?2 +Q/2- mbBM; i?2 +�HH iQ BQKnTmiX

hPS _272`2M+2 J�Mm�H S�;2 kk Q7 BBB



3
JQ/2H a2imT

h?2 mb�;2 Q7 hPS Bb �+iBp�i2/ BV #v BM+Hm/BM; BM i?2 +QM};m`�iBQM /2}MBiBQM i?2 +QKTQM2Mi hPS �M/ BBV #v
�//BM; i?2 K�+`Q F2vniQT BM i?2 +QM};m`�iBQM *SS }H2 Ub22 7Q` KQ`2 /2i�BHb ǳG2�`M KQ`2 �#Qmi i?2 KQ/2HǴVX
�b �M 2t�KTH2- i?2 mb2` +�M `272` iQ �H`2�/v �p�BH�#H2 +QM};m`�iBQMb BM i?2 +Q/2- P_*�knA*1nSAa*1a #2BM;
i?2 L1JP #BQ;2Q+?2KB+�H /2KQMbi`�iQ` �M/ :u_1n"6J iQ b22 i?2 `2[mB`2/ +QM};m`�iBQM 2H2K2Mib iQ +QmTH2
rBi? �M 2ti2`M�H #BQ;2Q+?2KB+�H KQ/2H Ub22 �HbQ a2+iBQM 9VX
LQi2 i?�i- bBM+2 p2`bBQM 9Xy- hPS BMi2`7�+2 +Q`2 7mM+iBQM�HBiB2b �`2 �+iBp�i2/ #v K2�Mb Q7 HQ;B+�H F2vb �M/ �HH
bm#KQ/mH2b T`2T`Q+2bbBM; K�+`Qb 7`QK T`2pBQmb p2`bBQMb r2`2 `2KQp2/X

"2HQr Bb i?2 HBbi Q7 T`2T`Q+2bbBM; F2vb i?�i �TTHv iQ i?2 hPS BMi2`7�+2 U#2bB/2 F2vniQTV,

Ç F2vntBQb mb2 sAPa AfP

Ç F2vn�;`B7 2M�#H2b �:_A6 +QmTHBM;

Ç F2vni`/i`+ �M/ F2vni`/KtHni`+ i`2M/ +QKTmi�iBQM 7Q` i`�+2`b

h?2`2 �`2 QMHv irQ 2Mi`v TQBMib BM i?2 L1JP:*J KQ/2H 7Q` T�bbBp2 i`�+2`b ,

Ç BMBiB�HBx�iBQM Ui`+BMBV , ;2M2`�H BMBiB�HBx�iBQM Q7 ;HQ#�H p�`B�#H2b �M/ T�`�K2i2`b Q7 ":*J

Ç iBK2@bi2TTBM; Ui`+biTV , iBK2@2pQHmiBQM Q7 aJa }`bi- i?2M iBK2 2pQHmiBQM Q7 i`�+2`b #v i`�MbTQ`i

jXRX a2iiBM; mT � T�bbBp2 i`�+2` +QM};m`�iBQM

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+ 5 i`�+2`b /2}MBiBQM
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

DTn#;+ 4 y 5 LmK#2` Q7 T�bbBp2 i`�+2`b Q7 i?2 ":* KQ/2H
5
HMnTBb+2b 4 X7�Hb2X 5 _mM SAa*1a ":* KQ/2H
HMnKvni`+ 4 X7�Hb2X 5 _mM Junh_* ":* KQ/2H
HMn�;2 4 X7�Hb2X 5 _mM i?2 b2� r�i2` �;2 i`�+2`
HMn+7+RR 4 X7�Hb2X 5 _mM i?2 *6*RR T�bbBp2 i`�+2`
HMn+7+Rk 4 X7�Hb2X 5 _mM i?2 *6*Rk T�bbBp2 i`�+2`
HMnb7e 4 X7�Hb2X 5 _mM i?2 a6e T�bbBp2 i`�+2`
HMn+R9 4 X7�Hb2X 5 _mM i?2 _�/BQ+�`#QM T�bbBp2 i`�+2`
5
HMni`+/i� 4 X7�Hb2X 5 AMBiB�HBb�iBQM 7`QK /�i� BMTmi }H2 UhV Q` MQi U6V
HMni`+/KT 4 X7�Hb2X 5 �// � /�KTBM; i2`KM UhV Q` MQi U6V
HMni`+/KTn+HQ 4 X7�Hb2X 5 /�KTBM; i2`K UhV Q` MQi U6V QM +HQb2/ b2�b
HMni`+#+ 4 X7�Hb2X 5 am`7�+2- G�i2`�H Q` PT2M "QmM/�`B2b +QM/BiBQMb
HMni`+�Bb 4 X7�Hb2X 5 �Mi�`+iB+ A+2 a?22i Mmi`B2Mi bmTTHv
5
DTn/B�j/ 4 y 5 LmK#2` Q7 j. /B�;MQbiB+ p�`B�#H2b
DTn/B�k/ 4 y 5 LmK#2` Q7 k. /B�;MQbiB+ p�`B�#H2b

5 5 M�K2 5 iBiH2 Q7 i?2 }2H/ 5 mMBib 5 BMBi 7`QK }H2 5
5 bMni`�+2`URV 4 ^i`�+2` ^- ^h`�+2` *QM+2Mi`�iBQM ^- ^ @ ^ - X7�Hb2X
f

�b � `2KBM/2`- i?2 `2pBbBi2/ bi`m+im`2 Q7 hPS BMi2`7�+2 MQr +QmMib 7Q` }p2 /Bz2`2Mi KQ/mH2b ?�M/H2/ BM
M�K2HBbiniQT ,



a2+iX jXk hPS h`�+2` AMBiB�HBx�iBQM

Ç SAa*1a- /27�mHi ":* KQ/2H

Ç Junh_*- i2KTH�i2 7Q` +`2�iBQM Q7 M2r KQ/mH2b +QmTHBM;b Ub22 b2+iBQM jXkV Q` mb2` /2}M2/ T�bbBp2 i`�+2`
/vM�KB+b

Ç *6*- BM2`i i`�+2`b /vM�KB+b U*6*11-*6*12-a66V mT/�i2/ #�b2/ QM PJAS@":* ;mB/2HBM2b UP`` 2i �H-
kyReV

Ç *R9- `�/BQ+�`#QM T�bbBp2 i`�+2`

Ç �:1- r�i2` �;2 i`�+FBM;

6Q` BM2`i- *R9- �M/ �;2 i`�+2`b- �HH p�`B�#H2b b2iiBM;b UbMni`�+2` /2}MBiBQMbV �`2 ?�`/@+Q/2/ BM i`+nM�Kn 
`QmiBM2bX 6Q` BMbi�M+2- 7Q` �;2 i`�+2`,

5 o�`B�#H2 b2iiBM;
+i`+MK UDTn�;2V 4 ^�;2^
+i`+HM UDTn�;2V 4 ^a2� r�i2` �;2 bBM+2 bm`7�+2 +QMi�+i^
+i`+mM UDTn�;2V 4 ^v2�`^
HMni`+nBMBUDTn�;2V 4 X7�Hb2X
HMni`+nb#+UDTn�;2V 4 X7�Hb2X
HMni`+n+#+UDTn�;2V 4 X7�Hb2X
HMni`+nQ#+UDTn�;2V 4 X7�Hb2X

h?2 KQ/mH�` �TT`Q�+? r�b �HbQ BKTH2K2Mi2/ BM i?2 /2}MBiBQM Q7 i?2 iQi�H MmK#2` Q7 T�bbBp2 i`�+2`b UDTi`�V
r?B+? Bb bT2+B}2/ #v i?2 mb2` BM M�Ki`+X

jXkX hPS h`�+2` AMBiB�HBx�iBQM
hrQ K�BM ivT2b Q7 /�i� bi`m+im`2 �`2 mb2/ rBi?BM hPS BMi2`7�+2 iQ BMBiB�HBx2 i`�+2` T`QT2`iB2b �M/ iQ T`QpB/2
`2H�i2/ BMBiB�H �M/ #QmM/�`v +QM/BiBQMbX AM �//BiBQM iQ T`QpB/BM; M�K2 �M/ K2i�/�i� 7Q` i`�+2`b- i?2 mb2 Q7
BMBiB�H �M/ #QmM/�`v +QM/BiBQMb Bb �HbQ /2}M2/ ?2`2 UbMni`�+2`VX h?2 /�i� bi`m+im`2 Bb BMi2`M�HHv BMBiB�HBx2/
#v i?2 +Q/2 rBi? /mKKv M�K2b �M/ �HH BMBiB�HBx�iBQMf7Q`+BM; HQ;B+�H }2H/b �`2 b2i iQ 7�Hb2 X "2HQr �`2 HBbi2/
bQK2 72�im`2bfQTiBQMb Q7 i?2 hPS BMi2`7�+2 �++2bbB#H2 i?`Qm;? i?2 M�K2HBbiniQTn`27 �M/ KQ/B}�#H2 #v K2�Mb
Q7 M�K2HBbiniQTn+7; U�b 7Q` L1JP T?vbB+�H QM2bVX

h?2`2 �`2 i?`22 QTiBQMb iQ BMBiB�HBx2 hPS i`�+2`b BM i?2 M�K2HBbiniQT }H2, URV BMBiB�HBx�iBQM iQ ?�`/@+Q/2/
+QMbi�Mi p�Hm2b r?2M HMni`+/i� �i 7�Hb2- UkV BMBiB�HBx�iBQM 7`QK }H2b r?2M HMni`+/i� �i i`m2- �M/ UjV BMBiB�HBb�iBQM
7`QK `2bi�`i }H2b #v b2iiBM; HMn`bii` iQ i`m2 BM M�K2HBbiX

AM i?2 7QHHQrBM;- �M 2t�KTH2 Q7 i?2 7mHH bi`m+im`2 /2}MBiBQM Bb ;Bp2M 7Q` 7Qm` i`�+2`b U.A*- 62- LP3- S>uV
rBi? BMBiB�H +QM/BiBQMb �M/ /Bz2`2Mi bm`7�+2 #QmM/�`v �M/ +Q�bi�H 7Q`+BM;b 7Q` .A*- 62- �M/ LP3,

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+ 5 i`�+2`b /2}MBiBQM
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

DTn#;+ 4 k9
5

HMnTBb+2b 4 Xi`m2X
HMnKvni`+ 4 X7�Hb2X
HMn�;2 4 X7�Hb2X
HMn+7+RR 4 X7�Hb2X
HMn+7+Rk 4 X7�Hb2X
HMn+R9 4 X7�Hb2X

5
5
HMni`+/i� 4 Xi`m2X 5 AMBiB�HBb�iBQM 7`QK /�i� BMTmi }H2 UhV Q` MQi U6V
HMni`+/KT 4 X7�Hb2X 5 �// � /�KTBM; i2`KM UhV Q` MQi U6V
HMni`+/KTn+HQ 4 X7�Hb2X 5 /�KTBM; i2`K UhV Q` MQi U6V QM +HQb2/ b2�b
HMni`+#+ 4 Xi`m2X 5 am`7�+2- G�i2`�H Q` PT2M "QmM/�`B2b +QM/BiBQMb
HMni`+�Bb 4 Xi`m2X 5 �Mi�`+iB+ A+2 a?22i Mmi`B2Mi bmTTHv

5 5 5 5 5 5
5 5 M�K2 5 iBiH2 Q7 i?2 }2H/ 5 mMBib 5 BMBi 5 b#+ 5 +#+ 5 Q#+ 5 �Bb

bMni`�+2`URV 4 ^.A* ^ - ^.BbbQHp2/ BMQ`;�MB+ *QM+2Mi`�iBQM ^- ^KQH@*fG^ - Xi`m2X - X7�Hb2X- Xi`m2X - X7�Hb2X - X7�Hb2X
bMni`�+2`UkV 4 ^62` ^ - ^.BbbQHp2/ A`QM *QM+2Mi`�iBQM ^- ^KQH@*fG^ - Xi`m2X - Xi`m2X - Xi`m2X - X7�Hb2X - Xi`m2X
bMni`�+2`UjV 4 ^LPj ^ - ^LBi`�i2b *QM+2Mi`�iBQM ^- ^KQH@*fG^ - Xi`m2X - Xi`m2X - Xi`m2X - X7�Hb2X - X7�Hb2X
bMni`�+2`U9V 4 ^S>u ^ - ^L�MQT?viQTH�MFiQM *QM+2Mi`�iBQM ^- ^KQH@*fG^ - X7�Hb2X - X7�Hb2X- X7�Hb2X- X7�Hb2X - X7�Hb2X

uQm ?�p2 iQ �+iBp�i2 r?B+? i`�+2`b UbMni`�+2`V vQm r�Mi iQ BMBiB�HBx2 #v b2iiBM; i?2K iQ i`m2 BM i?2 +QHmKMX

hPS _272`2M+2 J�Mm�H S�;2 k9 Q7 BBB



*?�TX j JQ/2H a2imT

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+n/i� 5 AMBiB�HBb�iBQM 7`QK /�i� BMTmi }H2
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
5 5 }H2 M�K2 5 7`2[m2M+v U?Qm`bV 5 p�`B�#H2 5 iBK2 BMi2`TX 5 +HBK 5 ^v2�`Hv^f 5
5 5 5 UB7 Iy KQMi?bV 5 M�K2 5 UHQ;B+�HV 5 Uhf6V 5 ^KQMi?Hv^ 5

bMni`+/i�URV 4 ^/�i�n.A*nMQK�bFXM+^- @Rk - ^SB.A*^ - X7�Hb2X - Xi`m2X - ^v2�`Hv^ -
bMni`+/i�UkV 4 ^/�i�n61_nMQK�bFXM+^- @R - ^62`^ - Xi`m2X - Xi`m2X - ^v2�`Hv^ -
bMni`+/i�UjV 4 ^/�i�nLPjnMQK�bFXM+^- @R - ^LPj^ - Xi`m2X - Xi`m2X - ^v2�`Hv^ -

5
`Mni`7�+URV 4 RXyk32@ye 5 KmHiBTHB+�iBp2 7�+iQ`
`Mni`7�+UkV 4 RXy2@ye 5 @ @ @ @
`Mni`7�+UjV 4 dXe2@ye 5 @ @ @ @

AM M�Ki`+n/i�- vQm T`2b+`B#2 7`QK r?B+? }H2b i?2 i`�+2` �`2 BMBiB�HBx2/ UbMni`+/i�VX � KmHiBTHB+�iBp2 7�+iQ`
+�M �HbQ #2 b2i 7Q` 2�+? i`�+2` U`Mni`7�+VX

jXjX hPS "QmM/�`B2b *QM/BiBQMb
jXjXRX am`7�+2 �M/ H�i2`�H #QmM/�`B2b
G�i2`�H �M/ bm`7�+2 #QmM/�`v +QM/BiBQMb 7Q` T�bbBp2 i`�+2`b �`2 T`2b+`B#2/ BM M�Ki`+n#+ �b r2HH �b r?2i?2`
i2KTQ`�H BMi2`TQH�iBQM Q7 i?2b2 }H2b Bb 2M�#H2/X >2`2 r2 b?Qr i?2 +�b2b Q7 62 �M/ LP3 7`QK /mbi �M/ `Bp2`b
rBi? /Bz2`2Mi QmiTmi 7`2[m2M+B2bX

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+n#+ 5 /�i� 7Q` #QmM/�`v +QM/BiBQMb
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
5 5 }H2 M�K2 5 7`2[m2M+v U?Qm`bV 5 p�`B�#H2 5 iBK2 BMi2`TX 5 +HBK 5 ^v2�`Hv^f 5
5 5 5 UB7 Iy KQMi?bV 5 M�K2 5 UHQ;B+�HV 5 Uhf6V 5 ^KQMi?Hv^ 5

bMni`+b#+UkV 4 ^/mbiXQ`+�XM2r^ - @R - ^/mbi72`^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMni`+b#+UjV 4 ^M/2TQbBiBQMXQ`+�^- @Rk - ^M/2T^ - X7�Hb2X - Xi`m2X - ^v2�`Hv^
`Mni`b7�+UkV 4 eXkee2@y9 5 JmHiBTHB+�iBp2 7�+iQ`
`Mni`b7�+UjV 4 8X99e92@yR 5

5
bMni`++#+URV 4 ^`Bp2`XQ`+�^ - @Rk - ^`Bp2`/B+^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMni`++#+UkV 4 ^`Bp2`XQ`+�^ - @Rk - ^`Bp2`/72^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
bMni`++#+UjV 4 ^`Bp2`XQ`+�^ - @Rk - ^`Bp2`/BM^ - Xi`m2X - Xi`m2X - ^v2�`Hv^
`Mni`+7�+URV 4 RXy 5 JmHiBTHB+�iBp2 7�+iQ`
`Mni`+7�+UkV 4 RXy 5
`Mni`+7�+UjV 4 RXy 5
`Mn+#+niBK2 4 jXR8je2Yd 5 hBK2 b+�HBM; 7�+iQ` 7Q` *"* /�i� Ub2+QM/b BM � v2�`V

jXjXkX �Mi�`+iB+ A+2 a?22i i`�+2` bmTTHv
�b � `2KBM/2`- i?2 bmTTHv Q7 T�bbBp2 i`�+2`b 7`QK i?2 �Aa Bb +m``2MiHv BKTH2K2Mi2/ QMHv 7Q` /BbbQHp2/ 62X h?2
�+iBp�iBQM Q7 i?Bb 62 bQm`+2 Bb /QM2 #v b2iiBM; HMni`+�Bb iQ i`m2 �M/ #v �//BM; i?2 62 i`�+2` UbMni`�+2`UkV 4
Xi`m2XV BM i?2 Ƕ�BbǶ +QHmKM BM �M�Ki`+ Ub22 b2+iBQM kXkVX

�b i?2 2ti2`M�H bQm`+2 Q7 62 7`QK i?2 �Aa Bb `2T`2b2Mi2/ #v �bbQ+B�iBM; � b2/BK2Mi�`v 62 +QMi2Mi UrBi? �
bQHm#BHBiv 7`�+iBQMV iQ i?2 7`2b?r�i2` ~mt2b Q7 B+2#2`;b �M/ B+2 b?2Hp2b- i?2b2 ~mt2b ?�p2 iQ #2 �+iBp�i2/ BM
M�K2HBbin+7;X h?2 `2�/BM; Q7 i?2 7`2b?r�i2` ~mt }H2 7`QK B+2 b?2Hp2b Bb �+iBp�i2/ BM M�KBb7 rBi? i?2 M�K2HBbi
T�`�K2i2` HMnBb7 b2i iQ i`m2X

uQm ?�p2 iQ +?QQb2 #2ir22M irQ QTiBQMb /2T2M/BM; r?2i?2` i?2 +�pBiB2b mM/2` B+2 b?2Hp2b �`2 QT2M Q` MQi BM
vQm` ;`B/ +QM};m`�iBQM,

Ç HMnBb7+�pnKHi 4 X7�Hb2X U`2bQHp2/ +�pBiB2bV

Ç HMnBb7T�`nKHi 4 Xi`m2X UT�`�K2i2`Bx2/ /Bbi`B#miBQM 7Q` mMQT2M2/ +�pBiB2bV

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�KBb7 5 hQT #QmM/�`v H�v2` UAa6V U/27�mHi, P66V
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

5
5 @@@@@@@@@@@@@@@@ B+2 b?2H7 K2Hi 7Q`KmH�iBQM @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
5
HMnBb7 4 Xi`m2X 5 �+iBp�i2 B+2 b?2H7 KQ/mH2

5
5 @@@@@@@@@@@@@@@@ +�pBiB2b QT2M2/ @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
5
HMnBb7+�pnKHi 4 X7�Hb2X 5 B+2 b?2H7 K2HiBM; BMiQ i?2 +�pBiv UM22/ HMnBb7+�p 4 Xi`m2X BM /QK�BMn+7;XM+V

+MnBb7+�pnKHi 4 ^j2[^ 5 B+2 b?2H7 K2HiBM; 7Q`KmH�iBQM UbT2fk2[fj2[fQ�bBbV

S�;2 k8 Q7 BBB hPS _272`2M+2 J�Mm�H



a2+iX jX9 hPS "QmM/�`B2b *QM/BiBQMb

5 5 bT2 4 7r}b7 Bb `2�/ 7`QK � 7Q`+BM; }2H/
5 5 k2[ 4 AaPJAS HBF2, k 2[m�iBQMb 7Q`KmH�iBQM U>mMi2` 2i �HX- kyye 7Q` � b?Q`i /2b+`BTiBQMV
5 5 j2[ 4 AaPJASY HBF2, j 2[m�iBQMb 7Q`KmH�iBQM U�b�v@.�pBb 2i �HX- kyRe 7Q` � b?Q`i /2b+`BTiBQM
`Mn?i#H 4 jyX 5 i?B+FM2bb Q7 i?2 iQT #QmM/�`v H�v2` UGQb? 2i �HX kyy3V
5 5 y 4= i?B+FM2bb Q7 i?2 i#H 4 i?B+FM2bb Q7 i?2 }`bi r2i +2HH
5
5 ^bT2^ �M/ ^Q�bBb^ +�b2
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
5 5 }H2 M�K2 5 7`2[m2M+v U?Qm`bV 5 p�`B�#H2 5 iBK2 BMi2`TX5 +HBK 5 ^v2�`Hv^f 5
5 5 5 UB7 Iy KQMi?bV 5 M�K2 5 UHQ;B+�HV 5 Uhf6V 5 ^KQMi?Hv^ 5
bMnBb7+�pn7r7 4 ^Bb7KHin+�p^- @RkX - ^7r~Bb7^ - X7�Hb2X - Xi`m2X - ^v2�`Hv^

5
5 @@@@@@@@@@@@@@@@ +�pBiB2b T�`�K2i`Bb2/ @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
5
HMnBb7T�`nKHi 4 Xi`m2X 5 B+2 b?2H7 K2HiBM; T�`�K2i`Bb2/

+MnBb7T�`nKHi 4 ^bT2^ 5 B+2 b?2H7 K2HiBM; T�`�K2i`Bb�iBQM UbT2f#;yjfQ�bBbV
5 5 bT2 4 7r}b7 Bb `2�/ 7`QK � 7Q`+BM; }2H/
5
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
5 5 }H2 M�K2 5 7`2[m2M+v U?Qm`bV 5 p�`B�#H2 5 iBK2 BMi2`TX5 +HBK 5 ^v2�`Hv^f 5
5 5 5 UB7 Iy KQMi?bV 5 M�K2 5 UHQ;B+�HV 5 Uhf6V 5 ^KQMi?Hv^ 5
bMnBb7T�`nxK�t 4 ^`mMQz@B+#n.�Bh`2M#2`i?n.2TQQ`i2`n2P_*�RnC.XM+^ - @Rk -^bQ/2TK�tnBb7^ - X7�Hb2X - Xi`m2X - ^v2�`Hv^
bMnBb7T�`nxKBM 4 ^`mMQz@B+#n.�Bh`2M#2`i?n.2TQQ`i2`n2P_*�RnC.XM+^ - @Rk -^bQ/2TKBMnBb7^ - X7�Hb2X - Xi`m2X - ^v2�`Hv^
5 ^bT2^ �M/ ^Q�bBb^ +�b2
bMnBb7T�`n7r7 4 ^`mMQz@B+#n.�Bh`2M#2`i?n.2TQQ`i2`n2P_*�RnC.XM+^ - @Rk -^bQ`M}b7^- X7�Hb2X - Xi`m2X - ^v2�`Hv^

_mMQz 7`QK B+2#2`;b Bb �+iBp�i2/ #v b2iiBM; HMn`M7nB+# iQ i`m2 BM i?2 �M�Kb#+n`M7 b2+iBQM Q7 M�K2HBbin+7;X

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Kb#+n`M7 5 `mMQzb UHMn`M7 4hV
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

HMn`M7nKQmi? 4 X7�Hb2X 5 bT2+B}+ i`2�iK2Mi �i `Bp2`b KQmi?b
`Mn?`M7 4 R8X2y 5 /2Ti? Qp2` r?B+? 2M?�M+2/ p2`iB+�H KBtBM; Bb mb2/ UHMn`M7nKQmi?4hV
`Mn�pin`M7 4 RX2@j 5 p�Hm2 Q7 i?2 �//BiBQM�H p2`iB+�H KBtBM; +Q27X (Kkfb) UHMn`M7nKQmi?4hV

`Mn`7�+i 4 RX2y 5 KmHiBTHB+�iBp2 7�+iQ` 7Q` `mMQz
HMn`M7nB+# 4 Xi`m2X 5 `2�/ B+2#2`; ~mt

+Mn/B` 4 ^Xf^ 5 `QQi /B`2+iQ`v 7Q` i?2 HQ+�iBQM Q7 i?2 `mMQz }H2b
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
5 5 }H2 M�K2 5 7`2[m2M+v U?Qm`bV 5 p�`B�#H2 5 iBK2 BMi2`TX 5 +HBK 5 ^v2�`Hv^f 5
5 5 5 UB7 Iy KQMi?bV 5 M�K2 5 UHQ;B+�HV 5 Uhf6V 5 ^KQMi?Hv^ 5
bMn`M7 4 ^`mMQz@B+#n.�Bh`2M#2`i?n.2TQQ`i2`n2P_*�RnC.XM+^- @R - ^bQ`mMQz^- Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnBn`M7 4 ^`mMQz@B+#n.�Bh`2M#2`i?n.2TQQ`i2`n2P_*�RnC.XM+^- @R - ^A+#n~mt^- Xi`m2X - Xi`m2X - ^v2�`Hv^
bMn+M7 4 ^`mMQz@B+#n.�Bh`2M#2`i?n.2TQQ`i2`n2P_*�RnC.XM+^- y - ^bQ+Q27`^ - X7�Hb2X - Xi`m2X - ^v2�`Hv^
bMnbn`M7 4 ^`mMQzb^ - k9X - ^`Qb�HBM2^- Xi`m2X - Xi`m2X - ^v2�`Hv^
bMnin`M7 4 ^`mMQzb^ - k9X - ^`Qi2KT2`^- Xi`m2X - Xi`m2X - ^v2�`Hv^
bMn/2Tn`M7 4 ^`mMQzb^ - yX - ^`Q/2Ti?^ - X7�Hb2X - Xi`m2X - ^v2�`Hv^

h?2 7`2b?r�i2` ~mt 7`QK B+2 b?2Hp2b �M/ B+2#2`;b Bb #�b2/ QM Q#b2`p�iBQMb �M/ KQ/2H2/ +HBK�iQHQ;B2b �M/ Bb
�p�BH�#H2 7Q` 2P_*�R �M/ 2P_*�yk8 ;`B/b ,

Ç `mMQz@B+#n.�Bh`2M#2`i?n.2TQQ`i2`n2P_*�RnC.XM+

Ç `mMQz@B+#n.�Bh`2M#2`i?n.2TQQ`i2`n2P_*�yk8nC.XM+

5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
�M�Ki`+n�Bb 5 _2T`2b2Mi�iBQM Q7 �Mi�`+iB+ A+2 a?22i i`�+2`b bmTTHv
5@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

`Mni`�7�+UjV 4 9X9de2@yd 5 U yX82@j f 88X38  yXy8 V
5

MMn�Bbni` 4 R 5 i`�+2` +QM+2Mi`�iBQM BM B+2#2`; �M/ B+2 b?2H7
5 4 y UMmHH +QM+2Mi`�iBQMbV
5 4 R T`2b+`B#2/ +QM+2Mi`�iBQMb

`MnB+#/2T 4 RkyX 5 J2�M mM/2`r�i2` /2Ti? Q7 B+2#2`; UKV

hrQ QTiBQMb 7Q` i`�+2` +QM+2Mi`�iBQMb BM B+2#2`; �M/ B+2 b?2H7 +�M #2 b2i rBi? i?2 M�K2HBbi T�`�K2i2`
MMn�Bbni`,

Ç y , MmHH +QM+2Mi`�iBQMb +Q``2bTQM/BM; iQ /BHmiBQM Q7 ":* i`�+2`b /m2 iQ 7`2b?r�i2` ~mt2b 7`QK B+2#2`;b
�M/ B+2 b?2Hp2b

Ç R , T`2b+`B#2/ +QM+2Mi`�iBQMb b2i rBi? i?2 `Mni`�7�+ 7�+iQ`

h?2 /2Ti? mMiBH r?B+? 62 7`QK K2HiBM; B+2#2`; Bb /2HBp2`2/ +�M #2 b2i rBi? i?2 M�K2HBbi T�`�K2i2` `MnB+#/2TX
h?2 p�Hm2 Q7 Rky K Bb i?2 �p2`�;2 mM/2`r�i2` /2Ti? Q7 i?2 /Bz2`2Mi B+2#2`; bBx2 +H�bb2b KQ/2H2/ #v i?2 L1JP
B+2#2`; KQ/mH2- r?B+? r�b mb2/ iQ T`Q/m+2 i?2 7`2b?r�i2` ~mt +HBK�iQHQ;v Q7 B+2#2`;bX

hPS _272`2M+2 J�Mm�H S�;2 ke Q7 BBB



*?�TX j JQ/2H a2imT

jX9X *QmTHBM; �M 2ti2`M�H ":* KQ/2H mbBM; L1JP 7`�K2rQ`F
h?2 +QmTHBM; rBi? �M 2ti2`M�H ":* KQ/2H i?`Qm;? i?2 L1JP +QKTBH�iBQM 7`�K2rQ`F +�M #2 �+?B2p2/ BM /B7@
72`2Mi r�vb �++Q`/BM; iQ i?2 /2;`22 Q7 +Q/BM; +QKTH2tBiv Q7 i?2 "BQ;2Q+?2KB+�H KQ/2H- HBF2 2X;X- i?2 r?QH2 +Q/2
Bb K�/2 QMHv #v QM2 }H2 Q` Bi ?�b KmHiBTH2 KQ/mH2b �M/ BMi2`7�+2b bT`2�/ �+`Qbb b2p2`�H bm#7QH/2`bX

"2bB/2 i?2 e +Q`2 }H2b Q7 Junh_* KQ/mH2- b22 Ub22 - H2iǶb �bbmK2 �M 2ti2`M�H ":* KQ/2H M�K2/ ǴJu":*Ǵ
�M/ +QMbiBimi2/ #v � `�i?2` 2bb2MiB�H +Q/BM; bi`m+im`2- HBF2Hv 72r 6Q`i`�M }H2bX h?2 M2r +QmTH2/ +QM};m`�iBQM
M�K2 Bb L1JPnJu":*X

h?2 #2bi bQHmiBQM Bb iQ ?�p2 �HH }H2b Ui?2 KQ/B}2/ Junh_* `QmiBM2b �M/ i?2 ":* KQ/2H QM2bV TH�+2/ BM
� mMB[m2 7QH/2` rBi? `QQi IJu":*S�h>= �M/ iQ mb2 i?2 K�F2M2KQ 2ti2`M�H `2�//`2bbBM; Q7 Juna_*
7QH/2`X

"27Q`2 +QKTBHBM; i?2 +Q/2 Bi Bb M2+2bb�`v iQ +`2�i2 i?2 M2r +QM};m`�iBQM 7QH/2`

0(M2KQ@+Q/2@`QQi)= KF/B` +7;bfL1JPnJu":*

�M/ �// BM Bi i?2 +QM};m`�iBQM }H2 +TTnJu":*X7+K r?Qb2 +QMi2Mi rBHH #2

#H/,,iQQH,,7TTF2vb F2vntBQb F2vniQT

h?2 +QKTBH�iBQM rBi? K�F2M2KQ rBHH #2 2t2+mi2/ i?`Qm;? i?2 7QHHQrBM; bvMi�t- #v BM+Hm/BM; P*1 �M/ hPS
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S?vbB+�H mMBib �`2 JEaX h?2 QMHv 2t+2TiBQM iQ i?Bb Bb i?2 i2KT2`�im`2- r?B+? Bb 2tT`2bb2/ BM /2;`22b *2HbBmb-
2t+2Ti BM #mHF 7Q`KmH�2 �M/ T�`i Q7 aA3 b2�@B+2 KQ/2H r?2`2 Bi Bb BM E2HpBMX a22 Xb`+fP*1f.PJfT?v+biX6Ny
}H2b 7Q` +QMp2`bBQMbX

»l*�_ +QMp2MiBQMb

hPS _272`2M+2 J�Mm�H S�;2 jy Q7 BBB



�T/t � *Q/BM; _mH2b

�XjX �`+?Bi2+im`2
qBi?BM 2�+? /B`2+iQ`v- Q`;�MBb�iBQM Q7 }H2b Bb /`Bp2M #v Q`i?Q;QM�HBiv- i.e. QM2 7mM+iBQM�HBiv Q7 i?2 +Q/2 Bb
BMi2M/2/ iQ #2 BM QM2 �M/ QMHv QM2 /B`2+iQ`v- �M/ QM2 KQ/mH2 �M/ �HH Bib `2H�i2/ `QmiBM2b �`2 BM QM2 }H2X h?2
7mM+iBQM�H KQ/mH2b �`2,

Ç a"* bm`7�+2 KQ/mH2

Ç APJ K�M�;2K2Mi Q7 i?2 AfP

Ç Lah BMi2`7�+2 iQ �:_A6 UM2biBM; KQ/2HV 7Q` /vM�KB+b �M/ #BQ;2Q+?2KBbi`v

Ç P"*- ".u K�M�;2K2Mi Q7 bi`m+im`2/ �M/ mMbi`m+im`2/ QT2M #QmM/�`B2b

Ç *R. R. Up2`iB+�HV +QM};m`�iBQM 7Q` /vM�KB+b- b2�@B+2 �M/ #BQ;2Q+?2KBbi`v

Ç P66 Qz@HBM2 KQ/mH2, T�bbBp2 i`�+2` Q` #BQ;2Q+?2KBbi`v �HQM2

Ç XXX

6Q` 2t�KTH2- i?2 }H2 /QK�BMX6Ny +QMi�BMb i?2 KQ/mH2 /QK�BM �M/ �HH i?2 bm#`QmiBM2b `2H�i2/ iQ i?Bb KQ/mH2
U/QKnBMBi- /QKnM�K- /QKn+iHVX

�X9X aivH2 `mH2b
�X9XRX �`;mK2Mi HBbi 7Q`K�i
_QmiBM2 �`;mK2Mi HBbib rBHH +QMi�BM � K�tBKmK 8 p�`B�#H2b T2` HBM2- r?BHbi +QMiBMm�iBQM HBM2b +�M #2 mb2/X h?Bb
�TTHB2b #Qi? iQ i?2 +�HHBM; `QmiBM2 �M/ i?2 /mKKv �`;mK2Mi HBbi BM i?2 `QmiBM2 #2BM; +�HH2/X h?2 Tm`TQb2 Bb iQ
bBKTHB7v K�i+?BM; mT i?2 �`;mK2Mib #2ir22M +�HH2` �M/ +�HH22X

al"_PlhAL1 i`�n�/pn2BpU Fi- TmM- TpM- TrM V

*�GG i`�n�/pn2BpU Fi- xmM- xpM- xrM V

�X9XkX �``�v bvMi�t
1t+2Ti 7Q` HQM; HQQTb Ub22 #2HQrV- �``�v MQi�iBQM b?QmH/ #2 mb2/ B7 TQbbB#H2X hQ BKT`Qp2 `2�/�#BHBiv i?2 �``�v
b?�T2 Kmbi #2 b?QrM BM #`�+F2ib- e.g.,

QM2/�``�v�U,V 4 QM2/�``�v#U,V Y QM2/�``�v+U,V
irQ/�``�v U,-,V 4 b+�H�`  �MQi?2`irQ/�``�vU,-,V

q?2M �++2bbBM; b2+iBQMb Q7 �``�vb- 7Q` 2t�KTH2 BM }MBi2 /Bz2`2M+2 2[m�iBQMb- /Q bQ #v mbBM; i?2 i`BTH2i MQi�iBQM
QM i?2 7mHH �``�v- e.g.,

irQ/�``�vU,-k,H2MkV 4 b+�H�` �
�  U irQ/�``�vkU,-R,H2Mk@R V �
� @ irQ/�``�vkU,-k,H2Mk V V

6Q` HQM;- +QKTHB+�i2/ HQQTb- 2tTHB+BiHv BM/2t2/ HQQTb b?QmH/ #2 T`272``2/X AM ;2M2`�H r?2M mbBM; i?Bb bvMi�t-
i?2 Q`/2` Q7 i?2 HQQTb BM/B+2b b?QmH/ `2~2+i i?2 7QHHQrBM; b+?2K2 U7Q` #2bi mb�;2 Q7 /�i� HQ+�HBivV,

.P DF 4 R- DTF
.P DD 4 R- DTD

.P DB 4 R- DTB
i?`22/�``�vUDB-DD-DFV 4 XXX

1L. .P
1L. .P

1L. .P

�X9XjX *�b2
�HH 6P_h_�L F2vrQ`/b �`2 BM +�TBi�H, .AJ1LaAPL- q_Ah1- .P- 1L. .P- L�J1GAah- XXX �HH Qi?2` T�`ib
Q7 i?2 L1JP +Q/2 rBHH #2 r`Bii2M BM HQr2` +�b2X

S�;2 jR Q7 BBB hPS _272`2M+2 J�Mm�H



a2+iX �X9 aivH2 `mH2b

�X9X9X *QKK2Mib
*QKK2Mib BM i?2 +Q/2 �`2 mb27mH r?2M `2�/BM; i?2 +Q/2 �M/ +?�M;BM; Q` /2p2HQTBM; BiX
h?2 7mHH /Q+mK2Mi�iBQM �M/ /2i�BH2/ 2tTH�M�iBQMb �`2 iQ #2 �//2/ BM i?2 `272`2M+2 K�Mm�H Uh2s }H2b- �bB/2
7`QK i?2 +Q/2 Bib2H7VX
AM i?2 +Q/2- i?2 +QKK2Mib b?QmH/ 2tTH�BM p�`B�#H2 +QMi2Mi �M/ /2b+`B#2 2�+? +QKTmi�iBQM�H bi2TX
*QKK2Mib BM i?2 ?2�/2` bi�`i rBi? ǳ55ǴX 6Q` KQ`2 /2i�BHb QM i?2 +QMi2Mi Q7 i?2 ?2�/2`b- b22 *QMi2Mi `mH2bf>2�/2`b
BM i?Bb /Q+mK2MiX
*QKK2Mib BM i?2 +Q/2 bi�`i rBi? ǳ5ǴX
�HH +QKK2Mib �`2 BM/2Mi2/ Uj- e- Q` N #H�MF bT�+2bVX
a?Q`i +QKK2Mib K�v #2 BM+Hm/2/ QM i?2 b�K2 HBM2 �b 2t2+mi�#H2 +Q/2- �M/ �M �//BiBQM�H HBM2 +�M #2 mb2/ rBi?
T`QT2` �HB;MK2MiX 6Q` 2t�KTH2,

xt 4 xt  xxv 5 .2b+`B#2 r?�i Bb ;QBM; QM �M/ B7 Bi Bb
5 5 iQQ HQM; mb2 �MQi?2` 5 7Q` T`QT2`
5 5 �HB;MK2Mi rBi? �miQK�iB+ BM/2Mi�iBQM

JQ`2 BM@/2Ti? +QKK2Mib b?QmH/ #2 r`Bii2M BM i?2 7Q`K,

5 *?2+F Q7 bQK2 M�K2HBbi p�Hm2b

Q`

5
5 5IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
5 5 "QiiQK #QmM/�`v +QM/BiBQM QM iF2
5 5IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
5

E2v 72�im`2b Q7 i?Bb bivH2 �`2

RX Bi bi�`ib rBi? � Ǵ5Ǵ BM i?2 +QHmKM `2[mB`2/ 7Q` T`QT2` BM/2Mi�iBQM-

kX i?2 i2ti Bb Qzb2i �#Qp2 �M/ #2HQr #v � #H�MF HBM2 Q` � +QMi2Mi HBM2 #mBHi 7Q` mM/2`HvBM;X

�X9X8X *QMiBMm�iBQM HBM2b
*QMiBMm�iBQM HBM2b +�M #2 mb2/ rBi? T`2+Bb2 �HB;MK2Mi 7Q` `2�/�#BHBivX 6Q` 2t�KTH2,

�pKmUDB-DD-DFV 4 �pKmUDB-DD-DFV  U mMUDB-DD-DF@RV @ mMUDB-DD-DFV V �
�  U m#UDB-DD-DF@RV @ m#UDB-DD-DFV V �
� f U 7b2jmrnMUDB-DD-DFV �
�  7b2jmrn#UDB-DD-DFV V

*Q/2 HBM2b- r?B+? �`2 +QMiBMm�iBQM HBM2b Q7 �bbB;MK2Mi bi�i2K2Mib- Kmbi #2;BM iQ i?2 `B;?i Q7 i?2 +QHmKM Q7
i?2 �bbB;MK2Mi QT2`�iQ`X .m2 iQ i?2 TQbbB#BHBiv Q7 �miQK�iB+ BM/2Mi�iBQM BM bQK2 2/BiQ` U2K�+b 7Q` 2t�KTH2V-
mb2 � ǳ�Ǵ �b }`bi +?�`�+i2` Q7 i?2 +QMiBMmBM; HBM2b iQ K�BMi�BM i?2 �HB;MK2MiX

�X9XeX .2+H�`�iBQM Q7 �`;mK2Mib �M/ HQ+�H p�`B�#H2b
AM � `QmiBM2- BMTmi �`;mK2Mib �M/ HQ+�H p�`B�#H2b �`2 /2+H�`2/ R T2` HBM2- rBi? � +QKK2Mi }2H/ QM i?2 b�K2 HBM2
�b i?2 /2+H�`�iBQMX JmHiBTH2 +QKK2Mi HBM2b /2b+`B#BM; � bBM;H2 p�`B�#H2 �`2 �++2Ti�#H2 B7 M22/2/X 6Q` 2t�KTH2,

ALh1:1_ ,, FbiT 5 Q+2�M iBK2@bi2T BM/2t

�X9XdX 6Ny ai�M/�`/
L1JP bQ7ir�`2 �/?2`2b iQ i?2 6Q`i`�M NyH�M;m�;2 bi�M/�`/ UbT2+B}+�HHv- i?2 6Q`i`�M kyyj bi�M/�`/V �M/ /Q2b
MQi `2Hv QM �Mv bT2+B}+ H�M;m�;2 Q` p2M/Q` 2ti2MbBQMbX

�X9X3X 6`22@6Q`K aQm`+2
6`22@7Q`K bQm`+2 rBHH #2 mb2/X h?2 6NyfN8 bi�M/�`/ �HHQrb HBM2b Q7 mT iQ Rjk +?�`�+i2`b- #mi � b2H7@BKTQb2/
HBKBi Q7 3y b?QmH/ 2M?�M+2 `2�/�#BHBiv- Q` T`BMi bQm`+2 }H2b rBi? irQ +QHmKMb T2` T�;2X JmHiB@HBM2 +QKK2Mib
i?�i 2ti2M/ iQ +QHmKM Ryy �`2 mM�++2Ti�#H2X
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�T/t � *Q/BM; _mH2b

�X9XNX AM/2Mi�iBQM
*Q/2 �b r2HH �b +QKK2Mi HBM2b rBi?BM HQQTb- B7@#HQ+Fb- +QMiBMm�iBQM HBM2b- JP.lG1 Q` al"_PlhAL1 bi�i2@
K2Mib rBHH #2 BM/2Mi2/ j +?�`�+i2`b 7Q` `2�/�#BHBiv U2t+2Ti 7Q` *PLh�ALa i?�i `2K�BMb �i }`bi +QHmKMVX

JP.lG1 KQ/R
_1�GUrTV tt

*PLh�ALa
al"_PlhAL1 bm#deU Tt- Tv- Tx- Tr- T�- �

� T#- T+- T/- T2 V
IBMbi`m+iBQM=

1L. al"_PlhAL1 bm#de
1L. JP.lG1 KQ/R

�X9XRyX GQQTb
GQQTb- B7 2tTHB+Bi- b?QmH/ #2 bi`m+im`2/ rBi? i?2 /Q@2M/ /Q +QMbi`m+i �b QTTQb2/ iQ MmK#2`2/ HQQTbX L2p2`i?2H2bb
MQM@MmK2`B+ H�#2Hb +�M #2 mb2/ 7Q` � #B; Bi2`�iBp2 HQQT Q7 � `2+m`bBp2 �H;Q`Bi?KX AM i?2 +�b2 Q7 � HQM; HQQT- �
b2H7@/2b+`BTiBp2 H�#2H +�M #2 mb2/ Ui.e. MQi Dmbi � MmK#2`VX

�X9XRRX L�KBM; *QMp2MiBQMb, }H2b
� }H2 +QMi�BMBM; � KQ/mH2 rBHH ?�p2 i?2 b�K2 M�K2 �b i?2 KQ/mH2 Bi +QMi�BMb U#2+�mb2 /2T2M/2M+v `mH2b mb2/
#v ǴK�F2Ǵ T`Q;`�Kb �`2 #�b2/ QM }H2 M�K2bVX Þ

�X9XRkX L�KBM; *QMp2MiBQMb, KQ/mH2b
lb2 � K2�MBM;7mH 1M;HBb? M�K2 �M/ i?2 ǳj H2ii2`bǴ M�KBM; +QMp2MiBQM, }`bi j H2ii2`b 7Q` i?2 +Q/2 b2+iBQM- �M/
H�bi j iQ /2b+`B#2 i?2 KQ/mH2X 6Q` 2t�KTH2- x/7iF2- r?2`2 ǳx/7Ǵ bi�M/b 7Q` p2`iB+�H /BzmbBQM- �M/ ǳiF2Ǵ 7Q`
im`#mH2Mi FBM2iB+ 2M2`;vX
LQi2 i?�i #v BKTHB+�iBQM KmHiBTH2 KQ/mH2b �`2 MQi �HHQr2/ BM � bBM;H2 }H2X h?2 mb2 Q7 +QKKQM #HQ+Fb Bb
/2T`2+�i2/ BM 6Q`i`�MNy �M/ i?2B` mb2 BM L1JP Bb bi`QM;Hv /Bb+Qm`�;2/X JQ/mH2b �`2 � #2ii2` r�v iQ /2+H�`2
bi�iB+ /�i�X �KQM; i?2 �/p�Mi�;2b Q7 KQ/mH2b Bb i?2 �#BHBiv iQ 7`22Hv KBt /�i� Q7 p�`BQmb ivT2b- �M/ iQ HBKBi
�++2bb iQ +QMi�BM2/ p�`B�#H2b i?`Qm;? i?2 mb2 Q7 i?2 PLGu �M/ S_Ao�h1 �ii`B#mi2bX

�X9XRjX L�KBM; *QMp2MiBQMb, p�`B�#H2b
�HH p�`B�#H2 b?QmH/ #2 M�K2/ �b 2tTHB+BiHv �b TQbbB#H2 BM 1M;HBb?X h?2 M�KBM; +QMp2MiBQM +QM+2`Mb T`2}t H2ii2`b
Q7 i?2b2 M�K2- BM Q`/2` iQ B/2MiB7v i?2 p�`B�#H2 ivT2 �M/ bi�imbX
L2p2` mb2 � 6Q`i`�MF2vrQ`/ �b � `QmiBM2 Q` p�`B�#H2 M�K2X
h?2 i�#H2 #2HQr HBbib i?2 bi�`iBM; H2ii2`UbV iQ #2 mb2/ 7Q` p�`B�#H2 M�KBM;- /2T2M/BM; QM i?2B` ivT2 �M/ bi�imb,

�X9XR9X PT2`�iQ`b
lb2 Q7 i?2 QT2`�iQ`b I- =- I4- =4- 44- f4 Bb bi`QM;Hv `2+QKK2M/2/ BMbi2�/ Q7 i?2B` /2T`2+�i2/ +QmMi2`T�`ib
UXHiX- X;iX- XH2X- X;2X- X2[X- XM2XVX h?2 KQiBp�iBQM Bb `2�/�#BHBivX AM ;2M2`�H mb2 i?2 MQi�iBQM,
< Blank >< Operator >< Blank >

�X9XR8X S`2 T`Q+2bbQ`
q?2`2 i?2 mb2 Q7 � H�M;m�;2 T`2@T`Q+2bbQ` Bb `2[mB`2/- Bi rBHH #2 i?2 * T`2@T`Q+2bbQ` U+TTVX
h?2 +TT F2v Bb i?2 K�BM 72�im`2 mb2/- �HHQrBM; iQ B;MQ`2 bQK2 mb2H2bb T�`ib Q7 i?2 +Q/2 �i +QKTBH�iBQM bi2TX
h?2 �/p�Mi�;2 Bb iQ `2/m+2 i?2 K2KQ`v mb2c i?2 /`�r#�+F Bb i?�i +QKTBH�iBQM Q7 i?Bb T�`i Q7 i?2 +Q/2 BbMǶi
+?2+F2/X
h?2 +TT F2v 72�im`2 b?QmH/ QMHv #2 mb2/ 7Q` � 72r HBKBi2/ QTiBQMb- B7 Bi `2/m+2b i?2 K2KQ`v mb�;2X AM �HH
+�b2b- � HQ;B+�H p�`B�#H2 �M/ � 6P_h_�L A6 b?QmH/ #2 T`272``2/X q?2M mbBM; � +TT F2v F2vnQTiBQMM�K2- �
+Q``2bTQM/BM; HQ;B+�H p�`B�#H2 HFnQTiBQMM�K2 b?QmH/ #2 /2+H�`2/ iQ �HHQr 6P_h_�L A6 i2bib BM i?2 +Q/2 �M/
� 6P_h_�L KQ/mH2 rBi? i?2 b�K2 M�K2 Ui.e. QTiBQMM�K2X6NyV b?QmH/ #2 /2}M2/X h?Bb KQ/mH2 Bb i?2 QMHv
TH�+2 r?2`2 � ǵľOB7 /2}M2/Ǵ +QKK�M/ �TT2�`b- b2H2+iBM; 2Bi?2` i?2 r?QH2 6P_h_�L +Q/2 Q` � /mKKv KQ/mH2X

Þ6Q` 2t�KTH2- B7 `QmiBM2 � Ǵla1Ǵb KQ/mH2 "- i?2M ǴK�F2Ǵ Kmbi #2 iQH/ Q7 i?2 /2T2M/2M+v `2H�iBQM r?B+? `2[mB`2b " iQ #2
+QKTBH2/ #27Q`2 �X A7 QM2 +�M �bbmK2 i?�i KQ/mH2 " `2bB/2b BM }H2 "XQ- #mBH/BM; � iQQH iQ ;2M2`�i2 i?Bb /2T2M/2M+v `mH2 Ue.g.
�XQ, "XQV Bb [mBi2 bBKTH2X Smi �MQi?2` r�v- Bi Bb /B{+mHi UiQ b�v MQi?BM; Q7 *Sl@BMi2MbBp2V iQ b2�`+? �M 2MiB`2 bQm`+2 i`22 iQ
}M/ i?2 }H2 BM r?B+? KQ/mH2 " `2bB/2b 7Q` 2�+? `QmiBM2 Q` KQ/mH2 r?B+? Ǵla1Ǵb "X

S�;2 jj Q7 BBB hPS _272`2M+2 J�Mm�H



a2+iX �X8 .P GPPS K�+`Qb

hvT2
f ai�imb

BMi2;2` `2�H HQ;B+�H +?�`�+i2` /Qm#H2
T`2+BbBQM

+QKTH2t

Tm#HB+
Q`
KQ/mH2
p�`B�#H2

K M
#mi MQi
MMn

� # 2 7 ; ? Q
[ iQ t
#mi MQi
7b `Mn

H
#mi MQi
HT H/ HH HMn

+
#mi MQi
+T +/ +H
+Mn

/
#mi MQi
/T // /H
/Mn

v
#mi MQi
vT v/ vH

/mKKv
�`;mK2Mi

F
#mi MQi
F7

T
#mi MQi
TT T7

H/ +/ // v/

HQ+�H
p�`B�#H2

B x HH +H +/ vH

HQQT
+QMi`QH

D
#mi MQi
DT

T�`�K2i2` DT TT HT +T /T vT
M�K2HBbi MMn `Mn HMn +Mn /Mn
*SS
K�+`Q

F7 b7

6Q` 2t�KTH2- i?2 �bbBKBH�iBQM BM+`2K2Mib KQ/mH2 M�K2 Bb �bKBM+X6Ny- i?2 *SS F2v Bb F2vn�bKBM+ �M/ i?2
�bbQ+B�i2/ HQ;B+�H Bb HFn�bKBM+X

h?2 7QHHQrBM; bvMi�t,

OB7 /2}M2/ F2vnQTiBQMM�K2
55 S�`i Q7 +Q/2 +QM/BiBQM�HHv +QKTBH2/ B7 +TT F2v F2vnQTiBQMM�K2 Bb �+iBp2
O2M/B7

Ab iQ #2 mb2/ `�i?2` i?�M i?2 OB7/27 �##`2pB�i2 7Q`K bBM+2 Bi K�v ?�p2 +QM~B+ib rBi? bQK2 lMBt b+`BTibX
h2bib QM +TT F2vb BM+Hm/2/ BM L1JP �i +QKTBH�iBQM bi2T,

Ç h?2 *SS F2vb mb2/ �`2 +QKT�`2/ iQ i?2 T`2pBQmb HBbi Q7 +TT F2vb Ui?2 +QKTBH�iBQM rBHH biQT B7 i`vBM; iQ
bT2+B7v � MQM@2tBbiBM; F2vV

Ç A7 � +?�M;2 Q++m`b BM i?2 *SS F2vb mb2/ 7Q` � ;Bp2M 2tT2`BK2Mi- i?2 r?QH2 +QKTBH�iBQM T?�b2 Bb /QM2
�;�BMX

�X8X .P GPPS K�+`Qb
�MQi?2` �bT2+i Q7 i?2 T`2T`Q+2bbQ` Bb i?2 mb2 Q7 K�+`Qb iQ bm#biBimi2 +Q/2 2H2K2MibX AM bQK2 +�b2b i?2b2 �`2
mb2/ iQ `2/m+2 mMM2+2bb�`v �``�v /BK2MbBQMbX � ;QQ/ 2t�KTH2 �`2 i?2 bm#biBimiBQMb BMi`Q/m+2/ #v i?2 F2vn[+Q
F2v,

OB7 /2}M2/ F2vn[+Q
O /2}M2 2jiUB-D-F-iV U2jinyUB-D-FV URXnrTY`jiUB-D-iV iK�bFUB-D-FVVV
XXX
O2HB7 /2}M2/ F2vnHBMbb?
O /2}M2 2jiUB-D-F-iV 2jinyUB-D-FV
XXX
O2M/B7

r?B+? �`2 mb2/ iQ `2/m+2 9@/ �``�vb iQ � j@/ 7mM+iBQM�H 7Q`K Q` �M BMp�`B�Mi- j@/ �``�v /2T2M/BM; QM
Qi?2` QTiBQMbX am+? K�+`Qb b?QmH/ #2 HQ+�i2/ BM }H2b rBi? nbm#biBimi2X?Ny 2M/BM;b iQ i?2B` M�K2b U2X;X
/QKx;`nbm#biBimi2X?NyVX

6`QK 9Xk- � KQ`2 T2`p�bBp2 mb2 Q7 K�+`Qb ?�b #22M BMi`Q/m+2/ BM i?2 7Q`K Q7 .P GPPS K�+`QbX h?2b2
K�+`Qb ?�p2 `2TH�+2/ bi�M/�`/ M2bi2/- HQQTb Qp2` i?2 bT�iB�H /BK2MbBQMbX AM T�`iB+mH�`,

.P DF 4 XXXX
.P DD 4 XXXX .P DD 4 XXX
.P DB 4 XXXX .P DB 4 XXX
X P_ X
X X

1L. .P 1L. .P
1L. .P 1L. .P

1L. .P
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�T/t � *Q/BM; _mH2b

�M/ r?Bi2@bT�+2 p�`B�Mib i?2`2Q7X
h?2 K�+`Q M�KBM; +QMp2MiBQM i�F2b i?2 7Q`K, .Pnk.U G- _- "- hV r?2`2,

Ç G Bb i?2 G27i Qzb2i 7`QK i?2 S1Ƕb BMM2` /QK�BM

Ç _ Bb i?2 _B;?i Qzb2i 7`QK i?2 S1Ƕb BMM2` /QK�BM

Ç " Bb i?2 "QiiQK Qzb2i 7`QK i?2 S1Ƕb BMM2` /QK�BM

Ç h Bb i?2 hQT Qzb2i 7`QK i?2 S1Ƕb BMM2` /QK�BM

aQ- ;Bp2M �M BMM2` /QK�BM Q7 k-DTBKR �M/ k-DTDKR- � ivTB+�H 2t�KTH2 rQmH/ `2TH�+2,

.P DD 4 k- DTD
.P DB 4 R- DTBKR

X
X

1L. .P
1L. .P

rBi?,

.Pnk.U R- y- y- R V
X
X

1L.nk.

bBKBH�` +QMp2MiBQMb �TTHv iQ i?2 j. HQQTb K�+`QbX DF HQQT HBKBib �`2 `2i�BM2/ i?`Qm;? K�+`Q �`;mK2Mib �M/
�`2 MQi `2bi`B+i2/X h?Bb BM+Hm/2b i?2 TQbbB#BHBiv Q7 bi`B/2b 7Q` r?B+? �M 2ti`� b2i Q7 .Pnj.a K�+`Qb �`2 /2}M2/X

h?2 Tm`TQb2 Q7 i?2b2 K�+`Qb Bb iQ 2M�#H2 bmTTQ`i 7Q` 2ti`�@rB/i? ?�HQbX h?2 rB/i? Q7 i?2 ?�HQ Bb /2i2`KBM2/
#v i?2 p�Hm2 Q7 i?2 M�K2HBbi T�`�K2i2`,MMn?HbX o2`bBQM 9Xk rBHH rQ`F rBi? 2Bi?2` MMn?Hb4R Q` MMn?Hb4k
#mi i?2`2 Bb +m``2MiHv � T2`7Q`K�M+2 T2M�Hiv iQ mbBM; MMn?Hb4k bBM+2 KQ`2 /2p2HQTK2Mi Bb M22/2/ #27Q`2 �Mv
#2M2}ib �`2 `2�HBb2/X *Q/2 /2p2HQT2`b b?QmH/ +QMbB/2` r?2i?2` Q` MQi HQQTb M22/ iQ #2 Qp2`,

Ç h?2 BMM2` /QK�BM QMHv U2X;X .Pnk.U y- y- y- y VV

Ç h?2 2MiB`2 /QK�BM U2X;X .Pnk.U MMn?Hb- MMn?Hb- MMn?Hb- MMn?Hb VV

Ç �HH #mi i?2 Qmi2` ?�HQ U2X;X .Pnk.U MMn?Hb@R- MMn?Hb@R- MMn?Hb@R- MMn?Hb@R VV

Ç � KBtim`2 QM /Bz2`2Mi #QmM/�`B2b U2X;X .Pnk.U MMn?Hb- MMn?Hb@R- MMn?Hb- MMn?Hb@R VV

h?2 +Q``2+i mb2 Q7 i?2b2 K�+`Qb rBHH 2p2Mim�HHv H2�/ iQ T2`7Q`K�M+2 ;�BMb i?`Qm;? i?2 `2KQp�H Q7 mMM2+2bb�`v
+QKTmi�iBQM �M/ � `2/m+iBQM BM +QKKmMB+�iBQMbX

�XeX *QMi2Mi `mH2b
�XeXRX *QM};m`�iBQMb
h?2 +QM};m`�iBQM /2}M2b i?2 /QK�BM �M/ i?2 ;`B/ QM r?B+? L1JP Bb `mMMBM;X 6`QK 9Xk QMr�`/b- �HH
+QM};m`�iBQM@bT2+B}+ b2iiBM;b b?QmH/ #2 `2�/ 7`QK p�`B�#H2b BM- Q` �ii`B#mi2b Q7- i?2 /QK�BM +QM};m`�iBQM
}H2 UQ` b2i BM mb`/27 bmTTHB2/ bm#`QmiBM2bVX a22 \\ 7Q` KQ`2 /2i�BHbX

�XeXkX *QMbi�Mib
S?vbB+�H +QMbi�Mib Ue.g. π- ;�b +QMbi�MibV Kmbi M2p2` #2 ?�`/@rB`2/ BMiQ i?2 2t2+mi�#H2 TQ`iBQM Q7 � +Q/2X
AMbi2�/- � KM2KQMB+�HHv M�K2/ p�`B�#H2 Q` T�`�K2i2` b?QmH/ #2 b2i iQ i?2 �TT`QT`B�i2 p�Hm2- BM i?2 b2imT
`QmiBM2 7Q` i?2 T�+F�;2X q2 `2�HBx2 i?�M K�Mv T�`�K2i2`Bx�iBQMb `2Hv QM 2KTB`B+�HHv /2`Bp2/ +QMbi�Mib Q` 7m/;2
7�+iQ`b- r?B+? �`2 MQi 2�bv iQ M�K2X AM i?2b2 +�b2b Bi Bb MQi 7Q`#B//2M iQ H2�p2 bm+? 7�+iQ`b +Q/2/ �b ǴK�;B+
MmK#2`bǴ #m`B2/ BM 2t2+mi�#H2 +Q/2- #mi +QKK2Mib b?QmH/ #2 BM+Hm/2/ `272``BM; iQ i?2 bQm`+2 Q7 i?2 2KTB`B+�H
7Q`KmH�X >�`/@+Q/2/ MmK#2`b b?QmH/ M2p2` #2 T�bb2/ i?`Qm;? �`;mK2Mi HBbibX

S�;2 j8 Q7 BBB hPS _272`2M+2 J�Mm�H



a2+iX �Xe *QMi2Mi `mH2b

�XeXjX .2+H�`�iBQM 7Q` p�`B�#H2b �M/ +QMbi�Mib
_mH2b

o�`B�#H2b mb2/ �b +QMbi�Mib b?QmH/ #2 /2+H�`2/ rBi? �ii`B#mi2 S�_�J1h1_ �M/ mb2/ �Hr�vb rBi?Qmi +QTvBM;
iQ HQ+�H p�`B�#H2b- BM Q`/2` iQ T`2p2Mi 7`QK mbBM; /Bz2`2Mi p�Hm2b 7Q` i?2 b�K2 +QMbi�Mi Q` +?�M;BM; Bi �++B/2Mi�HHvX

Ç lb�;2 Q7 i?2 .AJ1LaAPL bi�i2K2Mi Q` �ii`B#mi2 Bb `2[mB`2/ BM /2+H�`�iBQM bi�i2K2Mib

Ç h?2 ǳ,,Ǵ MQi�iBQM Bb [mBi2 mb27mH iQ b?Qr i?�i i?Bb T`Q;`�K mMBi /2+H�`�iBQM T�`i Bb r`Bii2M BM bi�M/�`/
6P_h_�L bvMi�t- 2p2M B7 i?2`2 �`2 MQ �ii`B#mi2b iQ +H�`B7v i?2 /2+H�`�iBQM b2+iBQMX �Hr�vb mb2 i?2
MQi�iBQM <#H�MF>,,<i?`22 #H�MFb> iQ BKT`Qp2 `2�/�#BHBivX

Ç .2+H�`2 i?2 H2M;i? Q7 � +?�`�+i2` p�`B�#H2 mbBM; i?2 *>�_�*h1_ UH2M4tttV bvMi�t ß

Ç 6Q` �HH ;HQ#�H /�i� UBM +QMi`�bi iQ KQ/mH2 /�i�- i?�i Bb �HH /�i� i?�i +�M #2 �++2bb #v Qi?2` KQ/mH2V Kmbi
#2 �++QKT�MB2/ rBi? � +QKK2Mi }2H/ QM i?2 b�K2 HBM2 ȜX 6Q` 2t�KTH2,

_1�GUrTV- .AJ1LaAPLUDTB-DTD-DTFV ,, m� 5 B@?Q`BxQMi�H p2HQ+Biv UKfbV

AKTHB+Bi LQM2

�HH bm#`QmiBM2b �M/ 7mM+iBQMb rBHH BM+Hm/2 �M AJSGA*Ah LPL1 bi�i2K2MiX h?mb �HH p�`B�#H2b Kmbi #2 2tTHB+BiHv
ivT2/X Ai �HbQ �HHQrb i?2 +QKTBH2` iQ /2i2+i ivTQ;`�T?B+�H 2``Q`b BM p�`B�#H2 M�K2bX 6Q` KQ/mH2b- QM2 AJSGA*Ah
LPL1 bi�i2K2Mi BM i?2 KQ/mH2b /2}MBiBQM b2+iBQM Bb M22/2/X h?Bb �HbQ `2KQp2b i?2 M22/ iQ ?�p2 AJSGA*Ah
LPL1 bi�i2K2Mib BM �Mv `QmiBM2b i?�i �`2 *PLh�ALaǶ2/ BM i?2 KQ/mH2X AKT`QT2` /�i� BMBiB�HBb�iBQM Bb �MQi?2`
+QKKQM bQm`+2 Q7 2``Q`b ǥX hQ �pQB/ T`Q#H2Kb- BMBiB�HBb2 p�`B�#H2b �b +HQb2 �b TQbbB#H2 iQ r?2`2 i?2v �`2 }`bi
mb2/X

�ii`B#mi2b

S_Ao�h1 f Sl"GA*, �HH `2bQm`+2b Q7 � KQ/mH2 �`2 Sl"GA* #v /27�mHiX � `2�bQM iQ biQ`2 KmHiBTH2 `QmiBM2b
�M/ i?2B` /�i� BM � bBM;H2 KQ/mH2 Bb i?�i i?2 b+QT2 Q7 i?2 /�i� /2}M2/ BM i?2 KQ/mH2 +�M #2 HBKBi2/ iQ i?2
`QmiBM2b r?B+? �`2 BM i?2 b�K2 KQ/mH2X h?Bb Bb �++QKTHBb?2/ rBi? i?2 S_Ao�h1 �ii`B#mi2X
ALh1Lh, �HH /mKKv �`;mK2Mib Q7 � `QmiBM2 Kmbi BM+Hm/2 i?2 ALh1Lh +H�mb2 BM i?2B` /2+H�`�iBQM BM Q`/2` iQ
BKT`Qp2 +QMi`QH Q7 p�`B�#H2b BM `QmiBM2 +�HHbX

�XeX9X >2�/2`b
S`QHQ;m2b �`2 MQi mb2/ BM L1JP 7Q` MQr- �Hi?Qm;? Bi K�v #2+QK2 �M BMi2`2biBM; iQQH BM +QK#BM�iBQM rBi?
S`Qh2s �miQ /Q+mK2Mi�iBQM b+`BTi BM i?2 7mim`2X _mH2b iQ +Q/2 i?2 ?2�/2`b �M/ H�vQmi Q7 � KQ/mH2 Q` � `QmiBM2
�`2 BHHmbi`�i2/ BM i?2 2t�KTH2 KQ/mH2 �p�BH�#H2 rBi? i?2 +Q/2, Xfb`+fP*1fKQ/mH2n2t�KTH2

�XeX8X AMi2`7�+2 #HQ+Fb
1tTHB+Bi BMi2`7�+2 #HQ+Fb �`2 `2[mB`2/ #2ir22M `QmiBM2b B7 QTiBQM�H Q` F2vrQ`/ �`;mK2Mib �`2 iQ #2 mb2/X h?2v
�HbQ �HHQr i?2 +QKTBH2` iQ +?2+F i?�i i?2 ivT2- b?�T2 �M/ MmK#2` Q7 �`;mK2Mib bT2+B}2/ BM i?2 *�GG �`2 i?2
b�K2 �b i?Qb2 bT2+B}2/ BM i?2 bm#T`Q;`�K Bib2H7X 6P_h_�L N8 +QKTBH2`b +�M �miQK�iB+�HHv T`QpB/2 2tTHB+Bi
BMi2`7�+2 #HQ+Fb 7Q` `QmiBM2b +QMi�BM2/ BM � KQ/mH2X

�XeXeX AfP 1``Q` *QM/BiBQMb
AfP bi�i2K2Mib r?B+? M22/ iQ +?2+F �M 2``Q` +QM/BiBQM rBHH mb2 i?2 BQbi�i4IBMi2;2` p�`B�#H2= +QMbi`m+i BMbi2�/
Q7 i?2 QmiKQ/2/ 2M/4 �M/ 2``4X
LQi2 i?�i � y p�Hm2 K2�Mb bm++2bb- � TQbBiBp2 p�Hm2 K2�Mb �M 2``Q` ?�b Q++m``2/- �M/ � M2;�iBp2 p�Hm2 K2�Mb
i?2 2M/ Q7 `2+Q`/ Q` 2M/ Q7 }H2 r�b 2M+QmMi2`2/X

ßh?2 H2M bT2+B}2` Bb BKTQ`i�Mi #2+�mb2 Bi Bb TQbbB#H2 iQ ?�p2 b2p2`�H FBM/b 7Q` +?�`�+i2`b Ue.g. lMB+Q/2 mbBM; irQ #vi2b T2` +?�`�+i2`-
Q` i?2`2 KB;?i #2 � /Bz2`2Mi FBM/ 7Q` C�T�M2b2 e.g. L1*VX

Ȝh?Bb �HHQrb � 2�bv `2b2�`+? Q7 r?2`2 �M/ ?Qr � p�`B�#H2 Bb /2+H�`2/ mbBM; i?2 mMBt +QKK�M/, ǳ;`2T p�`  Ny % ;`2T 5,ǴX
ǥ� p�`B�#H2 +QmH/ +QMi�BM �M BMBiB�H p�Hm2 vQm /B/ MQi 2tT2+iX h?Bb +�M ?�TT2M 7Q` b2p2`�H `2�bQMb- e.g. i?2 p�`B�#H2 ?�b M2p2` #22M

�bbB;M2/ � p�Hm2- Bib p�Hm2 Bb Qmi/�i2/- K2KQ`v ?�b #22M �HHQ+�i2/ 7Q` � TQBMi2` #mi vQm ?�p2 7Q`;Qii2M iQ BMBiB�HBb2 i?2 p�`B�#H2
TQBMi2/ iQX
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�T/t � *Q/BM; _mH2b

�XeXdX S_ALh @ �a*AA QmiTmi }H2b
PmiTmi HBbiBM; �M/ 2``Q`b �`2 /B`2+i2/ iQ MmKQmi HQ;B+�H mMBi 4e �M/ T`Q/m+2b � }H2 +�HH2/ Q+2�MXQmiTmiX lbm�HHv-
i?Bb Bb T`Q/m+2/ #v QMHv i?2 }`bi `�MF2/ T`Q+2bb BM �M JSS 2MpB`QMK2MiX h?Bb T`Q+2bb rBHH ?�p2 i?2 HrT HQ;B+�H
p�`B�#H2 b2i �M/ i?Bb +�M #2 mb2/ iQ `2bi`B+i QmiTmiX 6Q` 2t�KTH2, iQ QmiTmi �M 2``Q` 7`QK � `QmiBM2- QM2 +�M
mb2 i?2 7QHHQrBM; i2KTH�i2,

A6U MbiQT f4 y X�L.X HrT V h>1L 5 2``Q` T`BMi
q_Ah1UMmKQmi-+7Q`Kn2``V
q_Ah1UMmKQmi- V MbiQT- ^ 2``Q` ?�p2 #22M 7QmM/^

1L.A6

�i `mM@iBK2- i?2 mb2` +�M mb2 bMn+7+iH QTiBQMb iQ ?�p2 QmiTmi 7`QK KQ`2 T`Q+2bb2b BM JSSX

�XeX3X S`2+BbBQM
S�`�K2i2`Bx�iBQMb b?QmH/ MQi `2Hv QM p2M/Q`@bmTTHB2/ ~�;b iQ bmTTHv � /27�mHi ~Q�iBM; TQBMi T`2+BbBQM Q` BMi2;2`
bBx2X h?2 6N8 EAL. 72�im`2 b?QmH/ #2 mb2/ BMbi2�/X AM Q`/2` iQ BKT`Qp2 TQ`i�#BHBiv #2ir22M jk �M/ e9 #Bi
TH�i7Q`Kb- Bi Bb M2+2bb�`v iQ K�F2 mb2 Q7 FBM/b #v mbBM; � bT2+B}+ KQ/mH2 Xfb`+fP*1fT�`nFBM/X6Ny /2+H�`BM;
i?2 ǴFBM/ /2}MBiBQMbǴ iQ Q#i�BM i?2 `2[mB`2/ MmK2`B+�H T`2+BbBQM �M/ `�M;2 �b r2HH �b i?2 bBx2 Q7 ALh1:1_X Ai
b?QmH/ #2 MQi2/ i?�i MmK2`B+�H +QMbi�Mib M22/ iQ ?�p2 � bm{t Q7 nFBM/p�Hm2 iQ ?�p2 i?2 +Q``2bTQM/BM; bBx2X
h?mb rT #2BM; i?2 ǴrQ`FBM; T`2+BbBQMǴ �b /2+H�`2/ BM Xfb`+fP*1fT�`nFBM/X6Ny- /2+H�`BM; `2�H �``�v xT+ rBHH
i�F2 i?2 7Q`K,

_1�GUrTV- .AJ1LaAPLUDTB-DTD-DTFV ,, xT+ 5 TQr2` +QMbmKTiBQM

�XeXNX ai`m+im`2b
h?2 huS1 bi`m+im`2 �HHQrBM; iQ /2+H�`2 bQK2 p�`B�#H2b Bb KQ`2 Q7i2M mb2/ BM L1JP- 2bT2+B�HHv BM i?2 KQ/mH2b
/2�HBM; rBi? `2�/BM; }2H/b- Q` BMi2`7�+2bX 6Q` 2t�KTH2,

5 .2}MBiBQM Q7 � i`�+2` �b � bi`m+im`2
huS1 Sh_�*1_

*>�_�*h1_UH2M 4 kyV ,, bM�K2 5 b?Q`i M�K2
*>�_�*h1_UH2M 4 3y V ,, HM�K2 5 HQM; M�K2
*>�_�*h1_UH2M 4 ky V ,, mMBi 5 mMBi
GP:A*�G ,, HBMB 5 `2�/ BM � }H2 Q` MQi
GP:A*�G ,, Hb�p 5 QmTmi i?2 i`�+2` Q` MQi

1L. huS1 Sh_�*1_

huS1USh_�*1_V - .AJ1LaAPLUDTi`�V ,, i`�+2`

JBbbBM; `mH2 QM bi`m+im`2 M�K2\\

�XdX S�+F�;2b +Q/BM; `mH2b
�XdXRX "QmM/b +?2+FBM;
L1JP Bb �#H2 iQ `mM r?2M �M �``�v #QmM/b +?2+FBM; QTiBQM Bb 2M�#H2/X
h?mb- +QMbi`m+ib Q7 i?2 7QHHQrBM; 7Q`K �`2 /Bb�HHQr2/,

_1�GUrTV ,, �``URV

r?2`2 Ǵ�``Ǵ Bb �M BMTmi �`;mK2Mi BMiQ r?B+? i?2 mb2` rBb?2b iQ BM/2t #2vQM/ RX lb2 Q7 i?2 U V +QMbi`m+i BM
�``�v /BK2MbBQMBM; Bb 7Q`#B//2M �HbQ #2+�mb2 Bi 2z2+iBp2Hv /Bb�#H2b �``�v #QmM/b +?2+FBM;X

�XdXkX *QKKmMB+�iBQM
� T�+F�;2 b?QmH/ `272` QMHv iQ Bib QrM KQ/mH2b �M/ bm#T`Q;`�Kb �M/ iQ i?Qb2 BMi`BMbB+ 7mM+iBQMb BM+Hm/2/ BM
i?2 6Q`i`�M bi�M/�`/X
�HH +QKKmMB+�iBQM rBi? i?2 T�+F�;2 rBHH #2 i?`Qm;? i?2 �`;mK2Mi HBbi Q` M�K2HBbi BMTmiX ã

ãh?2 TQBMi #2?BM/ i?Bb `mH2 Bb i?�i T�+F�;2b b?QmH/ MQi ?�p2 iQ FMQr /2i�BHb Q7 i?2 bm``QmM/BM; KQ/2H /�i� bi`m+im`2b- Q` i?2
M�K2b Q7 p�`B�#H2b QmibB/2 Q7 i?2 T�+F�;2X � MQi�#H2 2t+2TiBQM iQ i?Bb `mH2 Bb KQ/2H `2bQHmiBQM T�`�K2i2`bX h?2 `2�bQM 7Q` i?2
2t+2TiBQM Bb iQ �HHQr +QKTBH2@iBK2 �``�v bBxBM; BMbB/2 i?2 T�+F�;2X h?Bb Bb Q7i2M BKTQ`i�Mi 7Q` 2{+B2M+vX

S�;2 jd Q7 BBB hPS _272`2M+2 J�Mm�H



a2+iX �X3 S�+F�;2b +Q/BM; `mH2b

�XdXjX 1``Q` +QM/BiBQMb
q?2M �M 2``Q` +QM/BiBQM Q++m`b BMbB/2 � T�+F�;2- � K2bb�;2 /2b+`B#BM; r?�i r2Mi r`QM; rBHH #2 T`BMi2/ Ub22
S_ALh @ �a*AA QmiTmi }H2bVX h?2 M�K2 Q7 i?2 `QmiBM2 BM r?B+? i?2 2``Q` Q++m``2/ Kmbi #2 BM+Hm/2/X Ai Bb
�++2Ti�#H2 iQ i2`KBM�i2 2t2+miBQM rBi?BM � T�+F�;2- #mi i?2 /2p2HQT2` K�v BMbi2�/ rBb? iQ `2im`M �M 2``Q` ~�;
i?`Qm;? i?2 �`;mK2Mi HBbi- b22 biT+iHX6NyX

�XdX9X J2KQ`v K�M�;2K2Mi
h?2 K�BM �+iBQM Bb iQ B/2MiB7v �M/ /2+H�`2 r?B+? �``�vb �`2 Sl"GA* �M/ r?B+? �`2 S_Ao�h1X
�b Q7 p2`bBQM jXjXR Q7 L1JP- i?2 mb2 Q7 bi�iB+ �``�vb UbBx2 }t2/ �i +QKTBH2 iBK2V ?�b #22M /2T`2+�i2/X �HH
KQ/mH2 �``�vb �`2 MQr /2+H�`2/ �GGP*�h�"G1 �M/ �HHQ+�i2/ BM 2Bi?2` i?2 IKQ/mH2nM�K2=n�HHQ+UV Q`
IKQ/mH2nM�K2=nBMBiUV `QmiBM2bX h?2 bm++2bb Q` Qi?2`rBb2 Q7 2�+? �GGP*�h1 Kmbi #2 +?2+F2/ mbBM; i?2
bi�i4IBMi2;2` p�`B�#H2= QTiBQM�H �`;mK2MiX

AM �//BiBQM iQ �``�vb +QMi�BM2/ rBi?BM KQ/mH2b- K�Mv `QmiBM2b BM L1JP `2[mB`2 HQ+�H- ǳrQ`FbT�+2Ǵ �``�vb
iQ ?QH/ i?2 BMi2`K2/B�i2 `2bmHib Q7 +�H+mH�iBQMbX h?2b2 �``�vb �`2 KQbiHv /2+H�`2/ BM bm+? � r�v �b iQ #2
�miQK�iB+�HHv �HHQ+�i2/ QM i?2 bi�+F r?2M i?2 `QmiBM2 Bb +�HH2/X 1t�KTH2b Q7 �M �miQK�iB+ �``�vb �`2,

al"_PlhAL1 bm#UMV
_1�GUrTV ,, x�UMV
_1�GUrTV- .AJ1LaAPLUDTB-DTDV ,, x?/Bp 5 k. rQ`FbT�+2
XXX

1L. al"_PlhAL1 bm#

aQK2iBK2b i?2b2 HQ+�H �``�vb �`2 QMHv `2[mB`2/ 7Q` bT2+B}+ QTiBQMb b2H2+i2/ �i `mM@iBK2X �HHQ+�i�#H2 �``�vb
b?QmH/ #2 mb2/ iQ �pQB/ mMM2+2bb�`v mb2 Q7 bi�+F biQ`�;2 BM i?2b2 +�b2bX 6Q` 2t�KTH2,

al"_PlhAL1 rxpUXXXV
XXX
_1�GUrTV- �GGP*�h�"G1- .AJ1LaAPLU,-,-,V ,, x?/Bp 5 j. rQ`FbT�+2
XXX
A6U HMnppHnxiBH/2 XP_X HMnppHnH�v2` V h>1L

�GGP*�h1U x?/BpUDTB-DTD-DTFV V
XXX
.1�GGP*�h1U x?/Bp V

1Ga1A6
XXX

1L. al"_PlhAL1 bm#

�XdX8X PTiBKBb�iBQM
*QMbB/2`BM; i?2 M2r +QKTmi2` �`+?Bi2+im`2- QTiBKBb�iBQM +�MMQi #2 +QMbB/2`2/ BM/2T2M/2MiHv 7`QK i?2 +QKTmi2`
ivT2X AM L1JP- TQ`i�#BHBiv Bb � T`BQ`Biv- #27Q`2 �Mv iQQ bT2+B}+ QTiBKBb�iBQMX

�XdXeX S�+F�;2 �ii`B#mi2, S_Ao�h1- Sl"GA*- la1- PLGu
JQ/mH2 p�`B�#H2b �M/ `QmiBM2b b?QmH/ #2 2M+�TbmH�i2/ #v mbBM; i?2 S_Ao�h1 �ii`B#mi2X q?�i b?�HH #2 mb2/
QmibB/2 i?2 KQ/mH2 +�M #2 /2+H�`2/ Sl"GA* BMbi2�/X lb2 la1 rBi? i?2 PLGu �ii`B#mi2 iQ bT2+B7v r?B+? Q7
i?2 p�`B�#H2b- ivT2 /2}MBiBQMb 2i+XXX /2}M2/ BM � KQ/mH2 �`2 iQ #2 K�/2 �p�BH�#H2 iQ i?2 mbBM; `QmiBM2X

�XdXdX S�`�HH2HBbK mbBM; JSA
L1JP Bb r`Bii2M BM Q`/2` iQ #2 �#H2 iQ `mM QM QM2 T`Q+2bbQ`- Q` QM QM2 Q` KQ`2 mbBM; JSAX 6`QK 9Xk- i?Bb Bb
i?2 /27�mHi �bbmKTiBQM #mi � MQM@JSA- bBM;H2 T`Q+2bbQ` 2t2+mi�#H2 +�M #2 +QKTBH2/ #v �+iBp�iBM; i?2 +TT F2v,
F2vnKTBnQz X

h?2 /QK�BM /2+QKTQbBiBQM /BpB/2b i?2 ;HQ#�H /QK�BM BM +m#2b Ub22 L1JP `272`2M+2 K�Mm�HVX q?BHbi +Q/BM;
� M2r /2p2HQTK2Mi- i?2 JSA +QKT�iB#BHBiv ?�b iQ #2 i�F2M BM �++QmMi Ub22 Xfb`+fG"*fHB#nKTTX6NyV �M/ b?QmH/
#2 i2bi2/X "v /27�mHi- i?2 x@z T�`i Q7 i?2 /2+QKTQbBiBQM Bb +?Qb2M iQ #2 �b b[m�`2 �b TQbbB#H2X >Qr2p2`- i?Bb
K�v #2 Qp2``B/2M #v bT2+B7vBM; i?2 MmK#2` Q7 bm#@/QK�BMb BM H�iBim/2 �M/ HQM;Bim/2 BM i?2 M�KKTT b2+iBQM Q7
i?2 M�K2HBbi }H2X

hPS _272`2M+2 J�Mm�H S�;2 j3 Q7 BBB



�T/t � *Q/BM; _mH2b

�X3X 62�im`2b iQ #2 �pQB/2/
h?2 +Q/2 Kmbi 7QHHQr i?2 +m``2Mi bi�M/�`/b Q7 6P_h_�L �M/ �LaA *X AM T�`iB+mH�`- i?2 +Q/2 b?QmH/ MQi
T`Q/m+2 �Mv q�_LAL: �i +QKTBHBM; T?�b2- bQ i?�i mb2`b +�M #2 2�bBHv �H2`i2/ Q7 TQi2MiB�H #m;b r?2M bQK2
�TT2�` BM i?2B` M2r /2p2HQTK2MibX "2HQr Bb � HBbi Q7 72�im`2b iQ �pQB/,

Ç *PJJPL #HQ+F Umb2 i?2 /2+H�`�iBQM T�`i Q7 JP.lG1 BMbi2�/V

Ç 1ZlAo�G1L*1 Umb2 SPALh1_ Q` /2`Bp2/ /�i� ivT2 BMbi2�/ iQ 7Q`K /�i� bi`m+im`2V

Ç �bbB;M2/ �M/ +QKTmi2/ :PhP Umb2 i?2 *�a1 +QMbi`m+i BMbi2�/V

Ç �`Bi?K2iB+ A6 bi�i2K2Mi Umb2 i?2 #HQ+F A6- 1Ga1- 1Ga1A6- 1L.A6 Q` a1G1*h *�a1 +QMbi`m+i BMbi2�/V

Ç G�#2HH2/ .P +QMbi`m+i Umb2 mMH�#2HH2/ 1L. .P BMbi2�/V

Ç 6P_J�h bi�i2K2Mi Umb2 +?�`�+i2` T�`�K2i2`b Q` 2tTHB+Bi 7Q`K�i@ bT2+B}2`b BMbB/2 i?2 _1�. Q` q_Ah1
bi�i2K2Mi BMbi2�/V

Ç :PhP �M/ *PLhALl1 bi�i2K2Mib Umb2 A6- *�a1- .P q>AG1- 1sAh Q` *u*G1 bi�i2K2Mib Q` �
+QMi�BM2/ \V

Ç S�la1

Ç 1Lh_u bi�i2K2Mi, � bm#@T`Q;`�K Kmbi QMHv ?�p2 QM2 2Mi`v TQBMiX

Ç _1hl_L Bb Q#bQH2i2 �M/ bQ MQi M2+2bb�`v �i i?2 2M/ Q7 T`Q;`�K mMBib

Ç 6lL*hAPL bi�i2K2Mi

Ç �pQB/ 7mM+iBQMb rBi? bB/2 2z2+ibX »»

Ç .�h� �M/ "GP*E .�h� Umb2 BMBiB�HBb2`bV

»»6B`bi- i?2 +Q/2 Bb 2�bB2` iQ mM/2`bi�M/- B7 vQm +�M `2Hv QM i?2 `mH2 i?�i 7mM+iBQMb /QMǶi +?�M;2 i?2B` �`;mK2MibX a2+QM/- bQK2
+QKTBH2`b ;2M2`�i2 KQ`2 2{+B2Mi +Q/2 7Q` Sl_1 7mM+iBQMb UBM 6P_h_�L N8 i?2`2 �`2 i?2 �ii`B#mi2b Sl_1 �M/ 1G1J1Lh�GV-
#2+�mb2 i?2v +�M biQ`2 i?2 �`;mK2Mib BM /Bz2`2Mi TH�+2bX h?Bb Bb 2bT2+B�HHv BKTQ`i�Mi QM K�bbBp2 T�`�HH2H �M/ �b r2HH QM p2+iQ`
K�+?BM2bX

S�;2 jN Q7 BBB hPS _272`2M+2 J�Mm�H





"B#HBQ;`�T?v

�?M- CX �M/ 1X CX "`QQF- kyy3, �iKQbT?2`B+ +Qk �M/ +HB@
K�i2 QM KBHH2MMB�H iBK2 b+�H2b /m`BM; i?2 H�bi ;H�+B�H T2@
`BQ/X a+B2M+2- jkk U83N3V- 3jĜ38- '- l_GX

�`Kbi`QM;- _X �X- *X G22- CX AX >2/;2b- aX >QMDQ- �M/ aX :X
q�F2?�K- kyyR, � M2r- K2+?�MBbiB+ KQ/2H 7Q` Q`;�MB+
+�`#QM ~mt2b BM i?2 Q+2�M #�b2/ QM i?2 [m�MiBi�iBp2 �b@
bQ+B�iBQM Q7 TQ+ rBi? #�HH�bi KBM2`�HbX .22T a2� _2b2�`+?
S�`i AA, hQTB+�H aim/B2b BM P+2�MQ;`�T?v- 9N UR@jV- kRNĜ
kje- '- l_GX

�mKQMi- PX- *X 1i?û- �X h�;HB�#m2- GX "QTT- �M/
JX :2?H2M- kyR8, SBb+2b@pk, �M Q+2�M #BQ;2Q+?2KB+�H
KQ/2H 7Q` +�`#QM �M/ 2+Qbvbi2K bim/B2bX :2Qb+B2MiB}+
JQ/2H .2p2HQTK2Mi- 3 U3V- k9e8Ĝk8Rj- '- l_GX

"�+�biQr- _X �M/ 1X J�B2`@_2BK2`- RNNy, P+2�M@
+B`+mH�iBQM KQ/2H Q7 i?2 +�`#QM +v+H2X *HBK�i2 .vM�KB+b-
9 UkV- N8ĜRk8- '- l_GX

"mHHBbi2`- CX- kyRd, �iKQbT?2`B+ ?BbiQ`B2b URde8@kyR8V 7Q`
+7+@RR- +7+@Rk- +7+@RRj- ++H9- b7e �M/ MkQ UM+2B �++2bbBQM
yRe9839VX '- l_GX

"lhwAL- JX- JX S_�L:1- �M/ :X GP>J�LL- kyy8, _�@
/BQ+�`#QM bBKmH�iBQMb 7Q` i?2 ;H�+B�H Q+2�M, h?2 2z2+ib
Q7 rBM/ bi`2bb- bQmi?2`M Q+2�M b2� B+2 �M/ ?2BM`B+? 2p2MibX
1�`i? �M/ SH�M2i�`v a+B2M+2 G2ii2`b- kj8 UR@kV- 98ĜeR-
'- l_GX

.�M�#�bQ;Hm- :X- aX :X u2�;2`- .X "�BH2v- 1X "2?`2Mb-
JX "2Mib2M- .X "B- �X "B�biQ+?- *X "ƺMBM;- �X "Qx2+-
oX JX *�MmiQ- �M/ 2i �HX- kyR9, LQ`i? �iH�MiB+ bBK@
mH�iBQMb BM +QQ`/BM�i2/ Q+2�M@B+2 `272`2M+2 2tT2`BK2Mib
T?�b2 BB U+Q`2@BBVX T�`i B, J2�M bi�i2bX P+2�M JQ/2HHBM;-
dj- deĜRyd- '- l_GX

.mi�v- CX@*X- CX "mHHBbi2`- aX .QM2v- CX P``- _X L�DD�`-
EX *�H/2B`�- CX@JX *�KTBM- >X .`�M;2- JX 6QHHQrb-
uX :�Q- �M/ 2i �HX- kyyk, 1p�Hm�iBQM Q7 Q+2�M KQ/2H
p2MiBH�iBQM rBi? +7+@RR, +QKT�`BbQM Q7 Rj ;HQ#�H Q+2�M
KQ/2HbX P+2�M JQ/2HHBM;- 9 UkV- 3NĜRky- '- l_GX

6B�/2B`Q- JX- RN3k, h?`22@/BK2MbBQM�H KQ/2HBM; Q7 i`�+2`b
BM i?2 /22T T�+B}+ Q+2�M BBX `�/BQ+�`#QM �M/ i?2 +B`+mH�@
iBQMX CX J�`X _2bX- 9y- 8jdĜ88yX

: 1MiBM;- AX- hX J G qB;H2v- �M/ JX >2BK�MM- RNN9,
6mim`2 2KBbbBQMb �M/ +QM+2Mi`�iBQMb Q7 +�`#QM /BQtB/2,
E2v Q+2�Mf�iKQbT?2`2fH�M/ �M�Hvb2bX *aA_P .BpBbBQM
�iKQbT?2`B+ _2b2�`+? h2+?MB+�H S�T2`- jRX

:2ixH�z- CX �M/ >X .B2ix2- kyRj, 1z2+ib Q7 BM+`2�b2/ BbQTv@
+M�H /BzmbBpBiv KBKB+FBM; i?2 mM`2bQHp2/ 2[m�iQ`B�H BM@
i2`K2/B�i2 +m``2Mi bvbi2K BM �M 2�`i? bvbi2K +HBK�i2
KQ/2HX :2QT?vbB+�H _2b2�`+? G2ii2`b- 9y URyV- kReeĜ
kRdy- '- l_GX

:B#bQM- CX EX- RN3e, ai�M/�`/b 7Q` bQ7ir�`2 /2p2HQTK2Mi
�M/ K�BMi2M�M+2X h2+?X _2TX Rky- 1*Jq6 PT2`�iBQMb
.2T�`iK2Mic _2�/BM;- lMBi2/ EBM;/QK- 'X

>�BM2- hX qX LX- kyye, PM i`�+2` #QmM/�`v +QM/BiBQMb 7Q`
;2QT?vbB+�H `2b2`pQB`b, >Qr iQ }M/ i?2 #QmM/�`v +QM+2M@
i`�iBQM 7`QK � KBt2/ +QM/BiBQMX CQm`M�H Q7 :2QT?vbB+�H
_2b2�`+?- RRR U*8V- '- l_GX

>QMDQ- aX- RNNe, 6Hmt2b Q7 S�`iB+H2b iQ i?2 AMi2`BQ` Q7 i?2
PT2M P+2�MbX CQ?M qBH2v � aQMb- l_GX

CQQb- 6X- CX *X P``- �M/ lX aB2;2Mi?�H2`- RNNd, P+2�M +�`@
#QM i`�MbTQ`i BM � #Qt@/BzmbBQM p2`bmb � ;2M2`�H +B`+m@
H�iBQM KQ/2HX CQm`M�H Q7 :2QT?vbB+�H _2b2�`+?, P+2�Mb-
Ryk U*eV- Rk jedĜRk j33- '- l_GX

E2v- _X JX- �X EQxv`- *X GX a�#BM2- EX G22- _X q�MMBMF?Q7-
CX GX "mHHBbi2`- _X �X 622Hv- 6X CX JBHH2`Q- *X JQ`/v-
�M/ hX@>X S2M;- kyy9, � ;HQ#�H Q+2�M +�`#QM +HBK�iQH@
Q;v, _2bmHib 7`QK ;HQ#�H /�i� �M�HvbBb T`QD2+i U;HQ/�TVX
:HQ#�H "BQ;2Q+?2KB+�H *v+H2b- R3 U9V- Mf�ĜMf�-'- l_GX

Eƺ`ixBM;2`- �X- CX AX >2/;2b- �M/ SX .X Zm�v- kyyR, _2/@
}2H/ `�iBQb `2pBbBi2/, _2KQpBM; i?2 #B�bBM; 2z2+i Q7 �M@
i?`QTQ;2MB+ +QkX GBKMQHQ;v �M/ P+2�MQ;`�T?v- 9e U9V-
Ne9ĜNdy- '- l_GX

G2M;�B;M2- JX- *X J2MF2b- PX �mKQMi- hX :Q`;m2b-
GX "QTT- CX@JX �M/`û- �M/ :X J�/2+- kyyd, AM~m2M+2
Q7 i?2 Q+2�MB+ #BQHQ;v QM i?2 i`QTB+�H T�+B}+ +HBK�i2 BM
� +QmTH2/ ;2M2`�H +B`+mH�iBQM KQ/2HX *HBK�i2 .vM�KB+b-
k3 U8V- 8yjĜ8ReX

GQp�iQ- hX- JX oB+?B- �M/ JX "mi2Mb+?ƺM- kyky, *QmTHBM;
#7K rBi? Q+2�M KQ/2Hb, i?2 M2KQ KQ/2H pjXe UMm+H2mb
7Q` i?2 2m`QT2�M KQ/2HHBM; Q7 i?2 Q+2�MVX "6J _2TQ`i
b2`B2b- UkV- l_GX

J2mMB2`- *X GX- �X JX J�Hx�?M- �M/ JX "Q2`bK�- kyR9, �
M2r �TT`Q�+? iQ ?QK2Qbi�iB+ `2;mH�iBQM, hQr�`/b � mMB@
}2/ pB2r Q7 T?vbBQHQ;B+�H �M/ 2+QHQ;B+�H +QM+2TibX SGQa
PL1- N UNV- 2Ryd djd- '- l_GX



JQMMBM- 1X- 1X CX ai2B;- lX aB2;2Mi?�H2`- EX E�r�Km`�-
CX a+?r�M/2`- "X ai�mz2`- hX 6X aiQ+F2`- .X GX JQ`b2-
CX@JX "�`MQH�- "X "2HHB2`- �M/ 2i �HX- kyy9, 1pB/2M+2
7Q` bm#bi�MiB�H �++mKmH�iBQM `�i2 p�`B�#BHBiv BM �Mi�`+@
iB+� /m`BM; i?2 ?QHQ+2M2- i?`Qm;? bvM+?`QMBx�iBQM Q7 +Q
k BM i?2 i�vHQ` /QK2- /QK2 + �M/ /KH B+2 +Q`2bX 1�`i? �M/
SH�M2i�`v a+B2M+2 G2ii2`b- kk9 UR@kV- 98Ĝ89- '- l_GX

JQMQ/- CX- RN83, _2+?2`+?2b bm` H� +`QBbb�M+2 /2b +mH@
im`2b #�+iû`B2MM2bX �+im�HBiûb b+B2MiB}[m2b 2i BM/mb@
i`B2HH2b- >2`K�MM- l_GX

JQ`2H- �X- RN33, PTiB+�H KQ/2HBM; Q7 i?2 mTT2` Q+2�M BM
`2H�iBQM iQ Bib #BQ;2MQmb K�ii2` +QMi2Mi U+�b2 B r�i2`bVX
CQm`M�H Q7 ;2QT?vbB+�H `2b2�`+?, Q+2�Mb- Nj U*NV- Ry d9NĜ
Ry de3X

JQ`2H- �X �M/ aX J�`BiQ`2M�- kyyR, "BQ@QTiB+�H T`QT2`iB2b
Q7 Q+2�MB+ r�i2`b, � `2�TT`�Bb�HX CQm`M�H Q7 :2QT?vbB+�H
_2b2�`+?, P+2�Mb- Rye U*9V- dRejĜdR3yX

JQm+?2i- �X- kyRj, h?2 Q+2�M #QK# `�/BQ+�`#QM BMp2MiQ`v
`2pBbBi2/X _�/BQ+�`#QM- 88 UjĜ9V- '- l_GX

L�2;H2`- hX- kyyN, _2+QM+BHB�iBQM Q7 2t+2bbR9+@+QMbi`�BM2/
;HQ#�H +QkTBbiQM p2HQ+Biv 2biBK�i2bX h2HHmb ", *?2KB+�H
�M/ S?vbB+�H J2i2Q`QHQ;v- eR UkV- jdkĜj39- '- l_GX

P``- CX- _X L�DD�`- *X a�#BM2- �M/ 6X CQQb- kyyy,
�#BQiB+@?QriQX Q+2�M@+�`#QM +v+H2 KQ/2H BMi2`+QKT�`@
BbQM T`QD2+i UQ+KBTVX h2+?X `2TX- l_GX

P``- CX *X- 1X J�B2`@_2BK2`- lX JBFQH�D2rB+x- SX JQM@
7`�v- CX GX a�`KB2MiQ- CX _X hQ;;r2BH2`- LX EX h�vHQ`-
CX S�HK2`- LX :`m#2`- *X GX a�#BM2- �M/ 2i �HX- kyyR, 1b@
iBK�i2b Q7 �Mi?`QTQ;2MB+ +�`#QM mTi�F2 7`QK 7Qm` i?`22@
/BK2MbBQM�H ;HQ#�H Q+2�M KQ/2HbX :HQ#�H "BQ;2Q+?2KB+�H
*v+H2b- R8 URV- 9jĜey- '- l_GX

P``- CX *X- _X :X L�DD�`- PX �mKQMi- GX "QTT- CX GX "mHHBb@
i2`- :X .�M�#�bQ;Hm- aX *X .QM2v- CX SX .mMM2- CX@*X
.mi�v- >X :`�p2M- �M/ 2i �HX- kyRd, "BQ;2Q+?2KB+�H T`Q@
iQ+QHb �M/ /B�;MQbiB+b 7Q` i?2 +KBTe Q+2�M KQ/2H BMi2`@
+QKT�`BbQM T`QD2+i UQKBTVX :2Qb+B2MiB}+ JQ/2H .2p2H@
QTK2Mi- Ry UeV- kReNĜkRNN- '- l_GX

S�HKBû`B- CX- CX *X P``- CX@*X .mi�v- EX "û`�M;2`- �X a+?M2B@
/2`- CX "2mpB2`- �M/ aX aQKQi- kyR8, aBKmH�i2/ �M@
i?`QTQ;2MB+ +Q2 biQ`�;2 �M/ �+B/B}+�iBQM Q7 i?2 K2/Bi2`@
`�M2�M b2�X "BQ;2Qb+B2M+2b- Rk UjV- d3RĜ3yk- '- l_GX

S2`bQM- _X- PX �mKQMi- :X J�/2+- JX o�M+QTT2MQHH2-
GX "QTT- �M/ LX J2`BMQ- kyRN, a2MbBiBpBiv Q7 Q+2�M
#BQ;2Q+?2KBbi`v iQ i?2 B`QM bmTTHv 7`QK i?2 �Mi�`+iB+

A+2 a?22i 2tTHQ`2/ rBi? � #BQ;2Q+?2KB+�H KQ/2HX "BQ;2Q@
b+B2M+2b- Re UR3V- j83jĜjeyj- '- l_GX

_2BK2`- SX CX- 1X "�`/- �X "�vHBbb- CX qX "2+F- SX :X "H�+F@
r2HH- *X "X _�Kb2v- *X 1X "m+F- >X *?2M;- _X GX 1/@
r�`/b- JX 6`B2/`B+?- �M/ 2i �HX- kyRj, AMi+�HRj �M/ K�@
`BM2Rj `�/BQ+�`#QM �;2 +�HB#`�iBQM +m`p2b yĜ8y-yyy v2�`b
+�H #TX _�/BQ+�`#QM- 88 U9V- R3eNĜR33d- '- l_GX

ai2`M2`- _X qX �M/ CX CX 1Hb2`- kyyj, 1+QHQ;B+�H biQB+?BQK@
2i`vX '- l_GX

aimBp2`- JX �M/ >X �X SQH�+?- RNdd, .Bb+mbbBQM `2TQ`iBM;
Q7 R9+ /�i�X _�/BQ+�`#QM- RN UyjV- j88Ĝjej- '- l_GX

h�F�?�b?B- hX- qX aX "`Q2+F2`- �M/ aX G�M;2`- RN38, _2/@
}2H/ `�iBQ #�b2/ QM +?2KB+�H /�i� 7`QK BbQTv+M�H bm`@
7�+2bX CQm`M�H Q7 :2QT?vbB+�H _2b2�`+?- Ny U*9V- eNyd-
'- l_GX

hQ;;r2BH2`- CX _X- EX .BtQM- �M/ EX "`v�M- RN3N�, aBKm@
H�iBQMb Q7 `�/BQ+�`#QM BM � +Q�`b2@`2bQHmiBQM rQ`H/ Q+2�M
KQ/2H, RX bi2�/v bi�i2 T`2#QK# /Bbi`B#miBQMbX CQm`M�H Q7
:2QT?vbB+�H _2b2�`+?- N9 U*eV- 3kRd- '- l_GX

ěěě- RN3N#, aBKmH�iBQMb Q7 `�/BQ+�`#QM BM � +Q�`b2@
`2bQHmiBQM rQ`H/ Q+2�M KQ/2H, kX /Bbi`B#miBQMb Q7 #QK#@
T`Q/m+2/ +�`#QM R9X CQm`M�H Q7 :2QT?vbB+�H _2b2�`+?-
N9 U*eV- 3k9j- '- l_GX

q�MMBMF?Q7- _X- RNNk, _2H�iBQMb?BT #2ir22M rBM/ bT22/
�M/ ;�b 2t+?�M;2 Qp2` i?2 Q+2�MX CQm`M�H Q7 :2QT?vbB+�H
_2b2�`+?- Nd U*8V- djdj- '- l_GX

ěěě- kyR9, _2H�iBQMb?BT #2ir22M rBM/ bT22/ �M/ ;�b 2t@
+?�M;2 Qp2` i?2 Q+2�M `2pBbBi2/X GBKMQHQ;v �M/ P+2�MQ;@
`�T?v, J2i?Q/b- Rk UeV- j8RĜjek- '- l_GX

q�MMBMF?Q7- _X �M/ JX EMQt- RNNe, *?2KB+�H 2M?�M+2@
K2Mi Q7 +Qk2t+?�M;2 BM M�im`�H r�i2`bX GBKMQHQ;v �M/
P+2�MQ;`�T?v- 9R U9V- e3NĜeNd- '- l_GX

q�`M2`- JX �M/ _X q2Bbb- RN38, aQHm#BHBiB2b Q7 +?HQ`Q~mQ@
`Q+�`#QMb RR �M/ Rk BM r�i2` �M/ b2�r�i2`X .22T a2� _2@
b2�`+? S�`i �X P+2�MQ;`�T?B+ _2b2�`+? S�T2`b- jk URkV-
R938ĜR9Nd- '- l_GX

q2Bbb- _X- RNd9, *�`#QM /BQtB/2 BM r�i2` �M/ b2�r�i2`, i?2
bQHm#BHBiv Q7 � MQM@B/2�H ;�bX J�`BM2 *?2KBbi`v- k UjV-
kyjĜkR8- '- l_GX

qQQ/b- >X �X �M/ CX EX qBHbQM- kyRj, �M BM7Q`K�iBQM ?v@
TQi?2bBb 7Q` i?2 2pQHmiBQM Q7 ?QK2Qbi�bBbX h`2M/b BM 1+QH@
Q;v � 1pQHmiBQM- k3 U8V- k3jĜk3N- '- l_GX
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