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C2 bQm?�Bi2 `2K2`+B2` K2bbB2m`b ai2p2 �K#H2` 2i GQmBb J�`iBM @ `2bT2+iBp2K2Mi T`Q@
72bb2m` /Ƕû+QMQKB2 2i T`Q72bb2m` /ǶBM7Q`K�iB[m2 ¨ HǶlZ�J @ TQm` �pQB` ;`�+B2mb2K2Mi
�++2Tiû /2 /B`B;2` +2 KûKQB`2 /2 K�ŗi`Bb2X a�Mb H2m`b Dm/B+B2mt +QMb2BHb- D2 MǶ�m`�Bb T�b
ûiû 2M K2bm`2 /2 i2`KBM2` +2 T`QD2iX
J2`+B ¨ .2HT?BM2 G�#`2+[m2@avMMQii TQm` bQM �KQm` 2i bQM bmTTQ`i +QMbi�MiX
J2`+B ¨ }M�H2K2Mi ¨ 陳昌倬 /QMi HǶ2t+2HH2Mi i?û p2`i KǶ� �TTQ`iû 7Q`+2- +QM+2Mi`�iBQM
2i pBi�HBiû iQmi �m HQM; /2 +2i 2t2`+B+2 �`/mX



.ú.A*�*1

*2 KûKQB`2 2bi /û/Bû ¨ .2#B�M- /QMi H� +QKKmM�miû pB#`�Mi2 2M 7�Bi mM2 /Bbi`B#miBQM
7Q`KB/�#H2- i�Mi �m TQBMi /2 pm2 i2+?MB[m2 [mǶ�m TQBMi /2 pm2 ?mK�BMX S`2mp2 BM/ûMB�#H2
[mǶmM2 +QKKmM�miû b�BM2 T2mi bǶ�miQ;û`2`- +`Qŗi`2 2i T2`/m`2`- .2#B�M �m`� iQmDQm`b
mM2 TH�+2 T�`iB+mHBĕ`2 /�Mb KQM +ƾm`X



h�"G1 .1a J�hAĔ_1a

_2K2`+B2K2Mib BB

.û/B+�+2 BBB

GBbi2 /2b i�#H2�mt pB

GBbi2 /2b �#`ûpB�iBQMb- bB;H2b 2i �+`QMvK2b pBB

�#`û;û pBBB

AMi`Q/m+iBQM R

R ZmǶ2bi@+2 [mǶmM HQ;B+B2H HB#`2 \ j
RXR JQmp2K2Mi ?�+F2`b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9
RXk AMbiBimiBQMM�HBb�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e
RXj _ûpQHmiBQM PT2M aQm`+2 X X X X X X X X X X X X X X X X X X X X X X X X X X X d
RX9 J�bbB}+�iBQM /2b HQ;B+B2Hb HB#`2b X X X X X X X X X X X X X X X X X X X X X X X 3

k GQ;B+B2Hb HB#`2b- mM T`Q#HĕK2 /ǶBM+Bi�iB7b û+QMQKB[m2b \ RR
kXR Ŀ h`�;û/B2 /2b +QKKmMb ŀ 2i T`Qi2+iBQM /2b +QKKmMb MmKû`B[m2b X X X RR
kXk AM+Bi�iB7b û+QMQKB[m2b 2i HQ;B+B2Hb HB#`2b X X X X X X X X X X X X X X X X X X Re

kXkXR G2`M2` 2i hB`QH2 , mM2 �z�B`2 /2 `ûTmi�iBQM X X X X X X X X X X X X Rd
kXkXk qm- :2`H�+? � uQmM; , BM+Bi�iB7b 2i û+QMQKB2 +QKTQ`i2K2Mi�H2 X R3
kXkXj "2MFH2` , /2 HǶBKTQ`i�M+2 /2b BM+Bi�iB7b bQ+B�mt X X X X X X X X X X RN
kXkX9 _QbbB � *QH2K�M , ?ûiû`Q;ûMûBiû /2b T`�iB[m2b X X X X X X X X X X ky

j �M�Hvb2 2KTB`B[m2 /2b BM+Bi�iB7b û+QMQKB[m2b HBûb �mt HQ;B+B2Hb HB#`2b kk
jXR .2b+`BTiBQM /2 H� #�b2 /2 /QMMû2b X X X X X X X X X X X X X X X X X X X X X X kj
jXk Jûi?Q/QHQ;B2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke

jXkXR ai�iBbiB[m2b /2b+`BTiBp2b X X X X X X X X X X X X X X X X X X X X X X X jR
jXkXk G2 b�H�B`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jR
jXkXj G2 TH�BbB` /Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2 X X X X X X X X X X X X X X j9
jXkX9 G2 b2MiBK2Mi /Ƕ�TT�`i2M�M+2 X X X X X X X X X X X X X X X X X X X X je
jXkX8 GǶ�Hi`mBbK2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X je
jXkXe G� b�iBb7�+iBQM �m i`�p�BH X X X X X X X X X X X X X X X X X X X X X X X jd
jXkXd *?QBt /2b mMBiûb /2 K2bm`2 X X X X X X X X X X X X X X X X X X X X X jd
jXkX3 h2bib bi�iBbiB[m2b X X X X X X X X X X X X X X X X X X X X X X X X X X X j3

jXj �M�Hvb2 /2b `ûbmHi�ib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9y



p

*QM+HmbBQM 99

�MM2t2 � , Zm2Hb KQ/ĕH2b /Ƕ�z�B`2b TQm` }M�M+2` H2b HQ;B+B2Hb HB#`2b \ 9e
6BM�M+2K2Mi �+�/ûKB[m2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9e
6BM�M+2K2Mi ;Qmp2`M2K2Mi�H X X X X X X X X X X X X X X X X X X X X X X X X X X X 9d
6QM/�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9N
aQ+BQ@}M�M+2K2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9N
GB+2M+2b KmHiBTH2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8y
o2Mi2 /2 bmTTQ`i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8y
GQ;B+B2H 2M i�Mi [m2 b2`pB+2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8R
h`�p�BH #ûMûpQH2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8k
*?�bb2m`b /2 T`BK2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8k
PT2M *Q`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8k
Jmim�HBb�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8j

�MM2t2 " , h�#H2�mt bi�iBbiB[m2b 89

"B#HBQ;`�T?B2 e8



GAah1 .1a h�"G1�ls

jXR .2b+`BTiBQM /2b p�`B�#H2b `2i2Mm2b /�Mb H� #�b2 /2 /QMMû2b X X X X X X X X k8
jXk .2b+`BTiBQM /2b p�`B�#H2b KQ/B}û2b /�Mb H� MQmp2HH2 #�b2 /2 /QMMû2b X X kd
jXj ai�iBbiB[m2b /2b+`BTiBp2b /2b p�`B�#H2b /B+?QiQKB[m2b �;`û;û2b X X X X X X 89
jX9 1biBK�iBQM /2 HǶBKT�+i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` H2 b�H�B`2 88
jX8 1biBK�iBQM /2 HǶBKT�+i /m /2;`û /2 T�`iB+BT�iBQM ¨ H� +QKKmM�miû HB#`2

bm` H2 b�H�B`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8e
jXe 1biBK�iBQM /2 HǶBKT�+i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` H2 TH�BbB`

/Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2 X X X X X X X X X X X X X X X X X X X X X X X X 8d
jXd 1biBK�iBQM /2 HǶBKT�+i /m /2;`û /2 T�`iB+BT�iBQM ¨ H� +QKKmM�miû HB#`2

bm` H2 TH�BbB` /Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2 X X X X X X X X X X X X X X X X X 83
jX3 1biBK�iBQM /2 HǶBKT�+i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` H2 b2MiBK2Mi

/Ƕ�TT�`i2M�M+2 ¨ H� +QKKmM�miû BM7Q`K�iB[m2 X X X X X X X X X X X X X X 8N
jXN 1biBK�iBQM /2 HǶBKT�+i /m /2;`û /2 T�`iB+BT�iBQM ¨ H� +QKKmM�miû HB#`2

bm` H2 b2MiBK2Mi /Ƕ�TT�`i2M�M+2 ¨ H� +QKKmM�miû BM7Q`K�iB[m2 X X X X X ey
jXRy 1biBK�iBQM /2 HǶBKT�+i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` HǶ�Hi`mBbK2 eR
jXRR 1biBK�iBQM /2 HǶBKT�+i /m /2;`û /2 T�`iB+BT�iBQM ¨ H� +QKKmM�miû HB#`2

bm` HǶ�Hi`mBbK2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ek
jXRk 1biBK�iBQM /2 HǶBKT�+i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` H� b�iBb7�+iBQM

�m i`�p�BH X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ej
jXRj 1biBK�iBQM /2 HǶBKT�+i /m /2 /2;`û /2 T�`iB+BT�iBQM ¨ H� +QKKmM�miû

HB#`2 bm` H� b�iBb7�+iBQM �m i`�p�BH X X X X X X X X X X X X X X X X X X X X X X e9
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�.lGG�*h , �bbQ+B�iBQM /2b /ûp2HQTT2m`b 2i miBHBb�i2m`b /2 HQ;B+B2Hb HB#`2b TQm` H2b
�/KBMBbi`�iBQMb 2i H2b +QHH2+iBpBiûb i2``BiQ`B�H2b
"a. , "2`F2H2v aQ7ir�`2 .Bbi`B#miBQM
*PLhl , *QKKBbbBQM QM L2r h2+?MQHQ;B+�H lb2b Q7 *QTv`B;?i2/ qQ`Fb
6Paa , 6`22 �M/ PT2M aQm`+2 aQ7ir�`2
6a6 , 6`22 aQ7ir�`2 6QmM/�iBQM
:Ll :SG , :Ll :2M2`�H Sm#HB+ GB+2Mb2
AL_A� , AMbiBimi M�iBQM�H /2 `2+?2`+?2 2M BM7Q`K�iB[m2 2i 2M �miQK�iB[m2
J*P , JQBM/`2b +�``ûb Q`/BM�B`2
JAh , J�bb�+?mb2iib AMbiBimi2 Q7 h2+?MQHQ;v
PaA , PT2M aQm`+2 AMBiB�iBp2
a��a , aQ7ir�`2 �b � a2`pB+2
lZ�J , lMBp2`bBiû /m Zmû#2+ ¨ JQMi`û�H
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*2 KûKQB`2 i`�Bi2 /2b BM+Bi�iB7b û+QMQKB[m2b [mB KQiBp2Mi mM BM/BpB/m /�Mb b� /û+BbBQM
/2 Tm#HB2` /m +Q/2 BM7Q`K�iB[m2 bQmb mM2 HB+2M+2 /2 T`QT`Bûiû BMi2HH2+im2HH2 HB#`2X *2
+Q/2 HB#`2 � T�`7QBb mM2 ;`�M/2 p�H2m` K�`+?�M/2 , TQm`[mQB H2 `2M/`2 �++2bbB#H2 ;`�@
imBi2K2Mi \ amD2i TQTmH�B`2 �mT`ĕb /2 +2`i�BM@2@b û+QMQKBbi2b /�Mb H2b �MMû2b kyyy- T2m
b2K#H2Mi /2 MQb DQm`b bǶBMiû`2bb2` ¨ +2ii2 [m2biBQM- 2i +2- K�H;`û H� +`QBbb�M+2 7mH;m`�Mi2
/2 +2ii2 #`�M+?2 /2 HǶBM7Q`K�iB[m2 /�Mb H� /2`MBĕ`2 /û+2MMB2X

SQm` v pQB` THmb +H�B`- MQmb `2pBbBiQMb +2`i�BMb KQ/ĕH2b û+QMQKB[m2b i`�Bi�Mi /2 +2
bmD2i ¨ HǶ�B/2 /ǶmM2 #�b2 /2 /QMMû2b `û+2Mi2 2i i`ĕb TQTmH2mb2- iB`û2 /m bQM/�;2 ai�+F
Pp2`~Qr .2p2HQT2`b am`p2v kyR3X aB QM +QMbi�i2 [mǶBH 2bi 7Q`i T`Q#�#H2 [m2 HǶ�ii`�Bi /2
H� `û+QKT2Mb2 KQMûi�B`2 bQBi mM BM+Bi�iB7 K�D2m` ¨ û+`B`2 /m HB#`2- /Ƕ�mi`2b BM+Bi�iB7b
/ǶQ`/`2 bQ+B�H b2K#H2Mi û;�H2K2Mi �pQB` mM 2z2i bB;MB}+�iB7X

JQib@+H27b , HQ;B+B2Hb HB#`2b- û+QMQKB2- BM+Bi�iB7b- KQ/ĕH2b /Ƕ�z�B`2b- BM7Q`K�iB[m2-
+QKKmMb MmKû`B[m2b- QT2M bQm`+2



ALh_P.l*hAPL

GǶBM7Q`K�iB[m2 T`2M/ mM2 TH�+2 2tTQM2MiB2HH2 /�Mb MQb pB2bX �mT�`�p�Mi `ûb2`pûb �m
i`�p�BH 2i ¨ H� bT?ĕ`2 +QKK2`+B�H2- H2b Q`/BM�i2m`b 2i �mi`2b �TT�`2BHb ûH2+i`QMB[m2b bQMi
/Q`ûM�p�Mi T�`iQmi- ¨ mM TQBMi i2H [m2 #2�m+QmT M2 TQm``�B2Mi THmb 2MpBb�;2` pBp`2 b�Mb
2mtX

6�+2 �mt KmHiBTH2b /û}b i2+?MQHQ;B[m2b �mt[m2Hb MQb bQ+Bûiûb bQMi +QM7`QMiû2b- HǶBM7Q`@
K�iB[m2 HB#`2 2bi /2 THmb 2M THmb T`BpBHû;Bû2 +QKK2 KQv2M /Ƕ�bbm`2` ¨ H� 7QBb H2 `2bT2+i
/2 H� pB2 T`Bpû2- H� bû+m`Biû BM7Q`K�iB[m2 �BMbB [m2 HǶ2t+2HH2M+2 i2+?MB[m2 /ǶmM T`QD2iX

SHmb [mǶmM bBKTH2 KQmp2K2Mi K�`;BM�H- H2b HQ;B+B2Hb HB#`2b bQMi K�BMi2M�Mi �/QTiûb T�`
/2b 2MiBiûb ;Qmp2`M2K2Mi�H2b T�`iQmi ¨ i`�p2`b H2 KQM/2 2i T�` /2b ;û�Mib /2 HǶBM7Q`@
K�iB[m2 i2Hb [m2 :QQ;H2- �TTH2- 6�+2#QQF 2i �K�xQMX *?Qb2 /B{+BH2 ¨ 2MpBb�;2` BH v �
[m2H[m2b �MMû2b 2i [mB BHHmbi`2 #B2M +2 +?�M;2K2Mi /2 T�`�/B;K2- JB+`QbQ7i 2bi /2TmBb
T2m HǶ2Mi`2T`Bb2 +QMi`B#m�Mi H2 THmb �mt HQ;B+B2Hb HB#`2b /�Mb H2 KQM/2 2M i2`K2 /2 HB;M2b
/2 +Q/2 U�b�v- kyR3VX

6�+2 ¨ +2ii2 2z2`p2b+2M+2- iQmi TQ`i2`�Bi ¨ +`QB`2 [m2 H2b HQ;B+B2Hb HB#`2b b2 TQ`i2Mi
THmiƬi #B2MX G2m` TQTmH�`Biû MǶ2bi +2T2M/�Mi T�b 7Q`+ûK2Mi mM bB;M2 /2 b�MiûX 1M 2z2i-
/�Mb H2b /2`MBĕ`2b �MMû2b- /2b T`QD2ib 2ti`āK2K2Mi BKTQ`i�Mib 2i miBHBbûb T�` HǶû+`�b�Mi2
K�DQ`Biû /2 HǶBM7`�bi`m+im`2 /m r2# +QKK2 PT2MaaG Qm :Ll S`Bp�+v :m�`/ QMi /ûpQBHû
/2b #Q;m2b bûpĕ`2b /û+QmH�Mi /ǶmM K�M[m2 /2 }M�M+2K2Mi U1;?#�H- kyRe�- TX Rj c 1/;2-
kyRdVX

G� /B{+mHiû /2 i`Qmp2` mM2 bi`m+im`2 Tû`2MM2 TQm` }M�M+2` �/û[m�i2K2Mi HǶû+`Bim`2 2i
H� K�BMi2M�M+2 /m +Q/2 HB#`2 2bi #B2M `û2HH2 2i b2K#H2 ¨ T`2KBĕ`2 pm2 �HBK2Miû2 T�`
H� bi`m+im`2 /ǶBM+Bi�iB7b û+QMQKB[m2b T�`iB+mHBĕ`2 �mt HQ;B+B2Hb HB#`2bX 1M 2z2i- +QKK2
H2 +Q/2 HB#`2 2bi H� THmT�`i /m i2KTb �++2bbB#H2 ;`�imBi2K2Mi- H2b KQ/ĕH2b /Ƕ�z�B`2b
i`�/BiBQMM2HH2K2Mi miBHBbûb 2M BM7Q`K�iB[m2- +QKK2 H� p2Mi2 /2 HB+2M+2b- M2 bQMi T�b
�TTHB+�#H2bX



k

Zm2Hb bQMi H2b BM+Bi�iB7b û+QMQKB[m2b 2i bQ+B�mt [mB TQmbb2Mi H2b /ûp2HQTT2mb2b 2i H2b
/ûp2HQTT2m`b R ¨ û+`B`2 /m +Q/2 HB#`2 \

�p�Mi /2 `ûTQM/`2 2M /ûi�BHb ¨ +2ii2 [m2biBQM- MQmb +QMb�+`2`QMb H2 T`2KB2` +?�TBi`2 /2 +2
KûKQB`2 ¨ mM #`ĕp2 BMi`Q/m+iBQM ?BbiQ`B[m2 2i i2`KBMQHQ;B[m2 /2b HQ;B+B2Hb HB#`2bX JQM/2
+QKTH2t2 2i T�`7QBb �`+�M2- +2ii2 BMi`Q/m+iBQM 2bi ¨ MQi`2 �pBb Mû+2bb�B`2 TQm` b�BbB` H�
M�im`2 /2b /û#�ib û+QMQKB[m2b 2MiQm`�Mi H2b KQ/ĕH2b /ǶBM+Bi�iB7b HBûb �mt HQ;B+B2Hb HB#`2bX
*2i 2t2`+B+2 MQmb T2`K2ii`� û;�H2K2Mi /2 /QMM2` mM b2Mb �mt /û#�ib TQ`i�Mib bm` H2b
�bT2+ib ûi?B[m2b /2 +2`i�BMb KQ/ĕH2b /Ƕ�z�B`2b [mB- 2M+Q`2 /2 MQb DQm`b- �MBK2Mi H�
+QKKmM�miû HB#`2X

SHQM;2�Mi /�Mb H2 pB7 /m bmD2i- H2 b2+QM/ +?�TBi`2 /2 +2 KûKQB`2 TQ`i2`� bm` HǶ�M�Hvb2
/2 H� bi`m+im`2 /ǶBM+Bi�iB7b û+QMQKB[m2b T�`iB+mHBĕ`2 �mt HQ;B+B2Hb HB#`2bX LQmb i2Mi2`QMb
�BMbB /2 +QKT`2M/`2 H2b `�BbQMb [mB TQmbb2Mi +2`i�BM2b T2`bQMM2b ¨ Qz`B` ;`�imBi2K2Mi
/m +Q/2 �v�Mi mM2 ;`�M/2 p�H2m` û+QMQKB[m2X

aB THmbB2m`b T2`bQMM2b b2 bQMi /ûD¨ �ii�`/û2b ¨ HǶ�M�Hvb2 i?ûQ`B[m2 /2b BM+Bi�iB7b HBûb �mt
HQ;B+B2Hb HB#`2b- T2m /Ƕûim/2b +?Bz`û2b bm` H2 bmD2i 2tBbi2MiX G2 i`QBbBĕK2 +?�TBi`2 /2 +2
KûKQB`2 b2`� /QM+ /û/Bû ¨ mM2 �M�Hvb2 2KTB`B[m2 /2b KQ/ĕH2b /ǶBM+Bi�iB7b û+QMQKB[m2b
T`ûb2Miûb �m T`2KB2` +?�TBi`2X LQmb 2z2+im2`QMb +2ii2 �M�Hvb2 ¨ HǶ�B/2 /2 H� #�b2 /2
/QMMû2b T`Qp2M�Mi /m ai�+F Pp2`~Qr .2p2HQT2`b am`p2v kyR3X *2 bQM/�;2 /QMM2 mM
TQ`i`�Bi /2 HǶQTBMBQM /2 T`ĕb /2 Ryy yyy /ûp2HQTT2mb2b 2i /ûp2HQTT2m`b bm` /Bzû`2Mib
bmD2ib BM7Q`K�iB[m2b 2M kyR3X LQmb i2Mi2`QMb �BMbB /Ƕûi�#HB` H� p�HB/Biû 2KTB`B[m2 /2 +2b
KQ/ĕH2b �p2+ /2b /QMMû2b `û+2Mi2bX

6BM�H2K2Mi- +QKK2 +QKTHûK2Mi /2 `2+?2`+?2- MQmb T`ûb2Mi2`QMb bm++BM+i2K2Mi 2M �M@
M2t2 � H2b T`BM+BT�mt KQ/ĕH2b /Ƕ�z�B`2b miBHBbûb TQm` }M�M+2` H2b HQ;B+B2Hb HB#`2bX G2
}M�M+2K2Mi /2 HǶBM7Q`K�iB[m2 HB#`2 2i H2b KQ/ĕH2b /Ƕ�z�B`2b [mB 2M /û+QmH2Mi QMi 2M 27@
72i mM BKT�+i BKTQ`i�Mi bm` H2b TQbbB#BHBiûb /2 /ûp2HQTT2` /m +Q/2 HB#`2 iQmi 2M ûi�Mi
`ûKmMû`ûX SHmb [mǶmM2 bBKTH2 [m2biBQM /Ƕ�/KBMBbi`�iBQM /2b �z�B`2b 2i /2 TH�Mb bi`�@
iû;B[m2b- H2 +?QBt /ǶmM KQ/ĕH2 /Ƕ�z�B`2b 2bi `2M/m +QKTH2t2 T�` HǶ�bT2+i ûi?B[m2 2i
TQHBiB[m2 /m KQmp2K2Mi HB#`2X

RX LQi`2 i`�/m+iBQM /m i2`K2 �M;H�Bb /2p2HQT2`b +Qm`�KK2Mi miBHBbû /�Mb H2 KBHB2m BM7Q`K�iB[m2 TQm`
`2;`QmT2` H2b /Bzû`2Mi2b +�iû;Q`B2b /2 T`Q72bbBQMM2H@H2@b [mB i`�p�BHH2Mi /B`2+i2K2Mi �p2+ /m +Q/2 BM7Q`@
K�iB[m2 U�/KBMBbi`�iBQM bvbiĕK2- T`Q;`�KK�iBQM- ;ûMB2 HQ;B+B2H- /ûp2HQTT2K2Mi r2#- �/KBMBbi`�iBQM /2
`ûb2�mt- 2i+XV



*>�SAh_1 R

ZlǶ1ah@*1 ZlǶlL GP:A*A1G GA"_1 \

aǶBH 2tBbi2 THmbB2m`b /û}MBiBQMb /2 +2 [mB +QMbiBim2 mM HQ;B+B2H HB#`2- H� /û}MBiBQM H�
THmb +Qm`�KK2Mi �++2Tiû2 2bi +2HH2 ûi�#HB2 T�` _B+?�`/ ai�HHK�M 2i H� 6`22 aQ7ir�`2
6QmM/�iBQM U6a6V UkyyRV �m iQm`M�Mi /2b �MMû2b kyyyX

�BMbB- mM HQ;B+B2H 2bi +QMbB/û`û HB#`2 bǶBH BMiĕ;`2 ¨ b� HB+2M+2 /2 T`QT`Bûiû BMi2HH2+im2HH2 H2b
[m�i`2 HB#2`iûb bmBp�Mi2b , R

yX G� HB#2`iû /Ƕ2tû+mi2` H2 T`Q;`�KK2- TQm` iQmb H2b mb�;2bX
RX G� HB#2`iû /Ƕûim/B2` H2 7QM+iBQMM2K2Mi /m T`Q;`�KK2 2i /2 HǶ�/�Ti2` ¨ b2b #2bQBMbX
kX G� HB#2`iû /2 `2/Bbi`B#m2` /2b +QTB2b /m T`Q;`�KK2 U+2 [mB BKTHB[m2 H� TQbbB#BHBiû

�mbbB #B2M /2 /QMM2` [m2 /2 p2M/`2 /2b +QTB2bVX
jX G� HB#2`iû /Ƕ�KûHBQ`2` H2 T`Q;`�KK2 2i /2 /Bbi`B#m2` +2b �KûHBQ`�iBQMb �m Tm#HB+-

TQm` 2M 7�B`2 T`Q}i2` iQmi2 H� +QKKmM�miûX

*2b [m�i`2 HB#2`iûb bQMi 2M+�bi`û2b /�Mb /2b HB+2M+2b /2 T`QT`Bûiû BMi2HH2+im2HH2 [mB /û@
+`Bp2Mi 2M /ûi�BH H2b +QM/BiBQMb /ǶmiBHBb�iBQM- /2 KQ/B}+�iBQM 2i /2 `2/Bbi`B#miBQM /2b
T`Q;`�KK2b HB#`2bX SHmbB2m`b +2Mi�BM2b /2 HB+2M+2b HB#`2b 2tBbi2Mi- K�Bb H� ;`�M/2 K�@
DQ`Biû /2b T`Q;`�KK2b miBHBb2Mi /2b HB+2M+2b TQTmH�B`2b +QKK2 H� :Ll :SG- H� HB+2M+2
JAh Qm 2M+Q`2 H� HB+2M+2 "a.X

G� /û}MBiBQM /2 H� 6a6 ě [mB 2bi 2M T`�iB[m2 HǶQ`;�MBbK2 2M +?�`;2 /2 /û+B/2` bB mM2
HB+2M+2 2bi HB#`2 Qm MQM ě /Bzĕ`2 Hû;ĕ`2K2Mi /2 +2HH2 miBHBbû2 T�` mM �mi`2 Q`;�MBbK2
BKTQ`i�Mi- HǶPT2M aQm`+2 AMBiB�iBp2 UPaAVX �BMbB- BH 2bi TQbbB#H2 [mǶmM2 HB+2M+2 bQBi �T@
T`Qmpû2 T�` HǶPaA U2i bQBi /QM+ /Bi2 QT2M bQm`+2V- K�Bb M2 bQBi T�b HB#`2X 1M ;ûMû`�H H2b
HB+2M+2b �TT`Qmpû2b T�` H� 6a6 H2 bQMi û;�H2K2Mi T�` HǶPaAX

RX *2b [m�i`2 HB#2`iûb bQMi MmKû`Qiû2b /2 y ¨ j TQm` /2b `�BbQMb ?BbiQ`B[m2b c Dmb[mǶ2M RNNy- BH MǶv
�p�Bi [m2 H2b HB#2`iûb R ¨ jX �T`ĕb `û~2tBQM- H� 6a6 /û+B/2 /Ƕ�DQmi2` H� HB#2`iû y �p�Mi iQmi2b H2b �mi`2b
TQm` K�`[m2` H2 7�Bi [m2 b�Mb 2HH2- H2b �mi`2b HB#2`iûb M2 T2mp2Mi bǶ�TTHB[m2`X



9

aB H2 i2`K2 QT2M bQm`+2 2bi THmb +QMMm /m Tm#HB+- MQmb 7�BbQMb THmiƬi B+B H2 +?QBt /ǶmiBHB@
b2` H2 i2`K2 Ŀ HQ;B+B2H HB#`2 ŀX *2 i2`K2 � 2M 2z2i mM2 +QMMQi�iBQM 7Q`i2 2i K2i HǶ�++2Mi
bm` HǶ�bT2+i TQHBiB[m2 2i ûi?B[m2 /2 +2 KQmp2K2Mi THmiƬi [m2 bm` H2b KQ/�HBiûb i2+?@
MB[m2b /m +Q/2 BM7Q`K�iB[m2 T`Q/mBiX G2b HQ;B+B2Hb HB#`2b H2b THmb +QMMmb ¨ HǶ2tiû`B2m` /2b
+QKKmM�miûb BM7Q`K�iB[m2b bQMi H2 M�pB;�i2m` r2# 6B`27Qt- H� TH�i27Q`K2 /2 ;2biBQM /2
+QMi2Mm 2M HB;M2 qQ`/T`2bb- H� bmBi2 /2 #m`2�miB[m2 GB#`2P{+2 2i H2 H2+i2m` KmHiBKû/B�
oG*X

*QKK2 MQmb H2 p2``QMb /�Mb H2 b2+QM/ +?�TBi`2- H� bi`m+im`2 /ǶBM+Bi�iB7b û+QMQKB[m2b HBûb
¨ H� T`Q/m+iBQM /2 HQ;B+B2Hb HB#`2b 2bi +QKTH2t2 2i 2bi 7Q`i2K2Mi BM~m2M+û2 T�` HǶ?BbiQB`2
/2 HǶBM7Q`K�iB[m2 HB#`2 2i /m KBHBi�MiBbK2 TQHBiB[m2 [mB HǶ2MiQm`2X �p�Mi /2 T`Q+û/2`
¨ mM2 �M�Hvb2 û+QMQKB[m2 /ûi�BHHû2 /2b T�`iB+mH�`Biûb /2b HQ;B+B2Hb HB#`2b- BH 2bi �BMbB
BKTQ`i�Mi /Ƕ2z2+im2` mM `�TT2H ?BbiQ`B[m2 /2b `�+BM2b /2 +2 KQmp2K2MiX

RXR JQmp2K2Mi ?�+F2`b

�p2+ HǶûK2`;2M+2 /2 HǶBM7Q`K�iB[m2 +QKK2 /Bb+BTHBM2 mMBp2`bBi�B`2 /�Mb H2b �MMû2b RNey
�TT�`�ŗi mM2 MQmp2HH2 ;ûMû`�iBQM /Ƕûim/B�Mi@2@b ¨ [mB QM /QMM2 �++ĕb �mt Q`/BM�i2m`b
/2 HǶmMBp2`bBiûX *2ii2 ;ûMû`�iBQM 7Q`K2 H� T`2KBĕ`2 p�;m2 /2 ?�+F2`b- mM2 +QKKmM�miû
/Qiû2 /ǶmM 2i?Qb T`QKQmp�Mi H2 T�`i�;2 2i H� +m`BQbBiû ě T�`7QBb �m KûT`Bb /2 H� HQBX

G2 +�/`2 Dm`B/B[m2 ~Qm UpQB`2 BM2tBbi�MiV 2M+�/`�Mi H� T`QT`Bûiû BMi2HH2+im2HH2 /m +Q/2
BM7Q`K�iB[m2 7�Bb�Mi 7QM+iBQMM2` H2b Q`/BM�i2m`b �BMbB [m2 H2b T`�iB[m2b /m KBHB2m BM7Q`@
K�iB[m2 /2 HǶûTQ[m2 `2M/2Mi TQbbB#H2 H� +`QBbb�M+2 /2 +2ii2 +QKKmM�miû [mB K2i /2
HǶ�p�Mi H� +QQTû`�iBQM +QKK2 KQv2M /2 T`Q/m+iBQM û+QMQKB[m2X

G2b +QKKmM�miûb ?�+F2`b bQMi �BMbB TQ`iû2b T�` mM +Q/2 /Ƕûi?B[m2 i`ĕb 7Q`i [mB H2m`
T2`K2i /2 K�BMi2MB` mM2 +Q?ûbBQM bQ+B�H2 BKTQ`i�Mi2X ai2p2M G2pv URN39#- TX keějeV-
DQm`M�HBbi2 �v�Mi /Q+mK2Miû H2b +QKKmM�miûb ?�+F2`b /2b �MMû2b dy 2i 3y- `ûbmK2
HǶ2i?Qb ?�+F2` 2M bBt TQBMib ,



8

RX �++2bb iQ +QKTmi2`bě�M/ �Mvi?BM; r?B+? KB;?i i2�+? vQm bQK2i?BM;
�#Qmi i?2 r�v i?2 rQ`H/ rQ`Fběb?QmH/ #2 mMHBKBi2/ �M/ iQi�HX �Hr�vb
vB2H/ iQ i?2 >�M/b@PM AKT2`�iBp2 5

kX �HH BM7Q`K�iBQM b?QmH/ #2 7`22X
jX JBbi`mbi �mi?Q`BivěS`QKQi2 .2+2Mi`�HBx�iBQMX
9X >�+F2`b b?QmH/ #2 Dm/;2/ #v i?2B` ?�+FBM;- MQi #Q;mb +`Bi2`B� bm+? �b

/2;`22b- �;2- `�+2 Q` TQbBiBQMX
8X uQm +�M +`2�i2 �`i �M/ #2�miv QM � +QKTmi2`X
eX *QKTmi2`b +�M +?�M;2 vQm` HB72 7Q` i?2 #2ii2`X

SHmb [mǶmM bBKTH2 +Q/2 /Ƕ?QMM2m` #B/QM- +2i 2i?Qb 2M+�/`2 H� K�MBĕ`2 /QMi H2b ?�+F2`b
2tBbi2Mi 2i `2bTB`2MiX P#bû/ûb T�` H2b T`QK2bb2b /ǶmM 7mim` BM7Q`K�iBbû Qɍ H2b Q`/BM�i2m`b
bQMi �++2bbB#H2b �m +QKKmM /2b KQ`i2Hb- +2b /2`MB2`b i`�p�BHH2Mi DQm` 2i MmBi bm` H2b `�`2b
K�+?BM2b [mB H2m` bQMi /BbTQMB#H2b- �HH�Mi KāK2 Dmb[mǶ¨ `2KTH�+2` H2 +v+H2 /2 pB2 /2 k9?
ivTB[m2 T�` mM +v+H2 /2 jy? TQm` ;�;M2` 2M 2{+�+BiûX *2b ?�+F2`b ě pû`Bi�#H2b TBQMMB2`b
/2 HǶBM7Q`K�iB[m2 KQ/2`M2 ě M2 bQMi T�b KQiBpûb T�` H2 T`Q}i Qm H� ;HQB`2 T2`bQMM2HH2-
K�Bb #B2M T�` H2 Tm` TH�BbB` /Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2 2i /2 `û�HBb2` H2 TH2BM TQi2MiB2H
/2 H2m`b i2`KBM�mt `m/BK2Mi�B`2bX

G2pv /û+`Bi �BMbB H2b KQiBp�iBQMb [mB TQmbb2Mi S2i2` a�KbQM- ?�+F2` �m JAh �`iB+B}�H
AMi2HHB;2M+2 H�# /�Mb H2b �MMû2b dy- ¨ û+`B`2 H2 iQmi T`2KB2` +QKTBH�i2m` k /2 KmbB[m2 ,

h?2 [m2biBQM Q7 `Qv�HiB2b M2p2` +�K2 mTX hQ a�KbQM �M/ i?2 Qi?2`b- mbBM;
i?2 +QKTmi2` r�b bm+? � DQv i?�i i?2v rQmH/ ?�p2 T�B/ iQ /Q BiX h?2 7�+i
i?�i i?2v r2`2 ;2iiBM; T�B/ i?2 T`BM+2Hv bmK Q7 0RXey �M ?Qm` iQ rQ`F QM
i?2 +QKTmi2` r�b � #QMmbX �b 7Q` `Qv�HiB2b- r�bMǶi bQ7ir�`2 KQ`2 HBF2 � ;B7i
iQ i?2 rQ`H/- bQK2i?BM; i?�i r�b `2r�`/ BM Bib2H7 \ h?2 B/2� r�b iQ K�F2 �
+QKTmi2` KQ`2 mb�#H2- iQ K�F2 Bi KQ`2 2t+BiBM; iQ mb2`b- iQ K�F2 +QKTmi2`b
bQ BMi2`2biBM; i?�i T2QTH2 rQmH/ #2 i2KTi2/ iQ TH�v rBi? i?2K- 2tTHQ`2 i?2K-
�M/ 2p2Mim�HHv ?�+F QM i?2KX q?2M vQm r`Qi2 � }M2 T`Q;`�K- vQm r2`2
#mBH/BM; � +QKKmMBiv- MQi +?m`MBM; Qmi � T`Q/m+iX
�Mvr�v- T2QTH2 b?QmH/MǶi ?�p2 iQ T�v 7Q` bQ7ir�`2 ě BM7Q`K�iBQM b?QmH/ #2
7`22 5 UA#B/X- TX 9jě99VX

kX lM +QKTBH�i2m` 2bi mM T`Q;`�KK2 BM7Q`K�iB[m2 [mB i`�Mb7Q`K2 /m +Q/2 bQm`+2 ě /2biBMû ¨ āi`2
Hm T�` mM āi`2 ?mK�BM ě 2M +Q/2 #BM�B`2- /2biBMû ¨ āi`2 BMi2`T`ûiû T�` mM2 K�+?BM2X
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RXk AMbiBimiBQMM�HBb�iBQM

1M T�`�HHĕH2 �p2+ HǶûK2`;2M+2 /m KQmp2K2Mi ?�+F2`b- H� +H�bb2 TQHBiB[m2 �Kû`B+�BM2 T`Q@
}i2 /ĕb RNed /2b `û~2tBQMb 2MiQm`�Mi H� KBb2 ¨ DQm` *QTv`B;?i �+i TQm` �#Q`/2` H2b [m2b@
iBQMb 2MiQm`�Mi H� T`QT`Bûiû BMi2HH2+im2HH2 /m +Q/2 BM7Q`K�iB[m2X �T`ĕb mM `2M/2x@pQmb
K�M[mû �p2+ HǶ?BbiQB`2 2M RNde- H2 aûM�i �Kû`B+�BM �/QTi2 2M RN3y H2b `2+QKK�M/�@
iBQMb /2 H� *QKKBbbBQM QM L2r h2+?MQHQ;B+�H lb2b Q7 *QTv`B;?i2/ qQ`Fb U*PLhlV 2i
2M+�bi`2 H2 +Q/2 BM7Q`K�iB[m2 /�Mb H2 *QTv`B;?i �+iX

lM2 /û+2MMB2 �T`ĕb H2 /û#mi /2b i`�p�mt /2 H� *PLhl- H2b i`B#mM�mt �Kû`B+�BMb ûi�@
#HBbb2Mi mM2 Dm`BbT`m/2M+2 7Q`i2 bm` +2ii2 [m2biBQM �p2+ H� +�mb2 �TTH2 pX 6`�MFHBM /2
RN3j- �{`K�Mi [m2 iQmi2b H2b 7Q`K2b /2 +Q/2 U+Q/2 bQm`+2- +Q/2 #BM�B`2- +Q/2 T?vbB[m2@
K2Mi ;`�pû /�Mb /2b Tm+2b 2M bBHB+QM2 U_2�/@QMHv K2KQ`vVV bQMi bmD2ii2b �m *QTv`B;?i
�+i �Kû`B+�BMX *2b +?�M;2K2Mib Hû;BbH�iB7b QMi mM BKT�+i K�D2m` bm` H2b +QKKmM�miûb
?�+F2`b- [mB pQB2Mi H2m` KQ/ĕH2 /2 T`Q/m+iBQM û+QMQKB[m2 ;`�p2K2Mi �ii�[mû Uoû`QM@
M2�m- kyR3VX

_�`2 r�b i?2 T`Q;`�K i?�i /B/MǶi #Q``Qr bQm`+2 +Q/2 7`QK T�bi T`Q;`�Kb-
�M/ v2i- rBi? � bBM;H2 bi`QF2 Q7 i?2 T`2bB/2MiǶb T2M- i?2 lXaX ;Qp2`MK2Mi
?�/ ;Bp2M T`Q;`�KK2`b �M/ +QKT�MB2b i?2 H2;�H TQr2` iQ 7Q`#B/ bm+? `2mb2X
*QTv`B;?i �HbQ BMD2+i2/ � /Qb2 Q7 7Q`K�HBiv BMiQ r?�i ?�/ Qi?2`rBb2 #22M �M
BM7Q`K�H bvbi2KX UqBHHB�Kb- kyyk- TX Rk9VX

*2b +?�M;2K2Mib Hû;BbH�iB7b �z2+i2Mi /m`2K2Mi H2b +QKKmM�miûb ?�+F2`b- [mB pQB2Mi H2m`
�++ĕb �m +Q/2 bQm`+2 /2b HQ;B+B2Hb û+`Bib T�` H2b 2Mi`2T`Bb2b T`Bpû2b b2 `û/mB`2 +QKK2 mM2
T2�m /2 +?�;`BMX G� H2Mi2 KQ`i /m KQ/ĕH2 /2 +`û�iBQM /2 +Q/2 BM7Q`K�iB[m2 T`QT`2
�mt �MMû2b ey 2i dy #�bû bm` H2 T�`i�;2 2i H� +QHH�#Q`�iBQM /BpBb2 +2b +QKKmM�miûb
?QHBbiB[m2bX S�`iQmi ¨ i`�p2`b H2b úi�ib@lMBb- H2b +Hm#b /2 ?�+F2`b b2 7`�+iBQMM2Mi 2M
7�+iBQMb `Bp�H2b 2i b2 7QMi +QKTûiBiBQM TQm` H2b bQKK2b 7�`�KBM2mb2b T`Qp2M�Mi /2 H�
KQMiû2 2M TQTmH�`Biû /2b Q`/BM�i2m`b T2`bQMM2Hb 2i /2b +QMbQH2b /2 D2mt pB/ûQb UG2pv-
RN39#- TX jN8ě9j9VX
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*Ƕ2bi /�Mb +2 +QMi2ti2 K�mbb�/2 [m2 _B+?�`/ ai�HHK�M- ?�+F2` �m JAh �A H�#- +`û2 2M
RN38 H� iQmi2 T`2KBĕ`2 HB+2M+2 /2 T`QT`Bûiû BMi2HH2+im2HH2 HB#`2- H� :Ll 1K�+b :2M2`�H
Sm#HB+ GB+2M+2X oû`Bi�#H2 T2`p2`bBQM /m +QTv`B;?i- +2ii2 HB+2M+2 2bi H� T`2KBĕ`2 Biû`�iBQM
7Q`K2HH2 /2 +2 [mB /2pB2M/`� H2b 9 HB#2`iûb 7QM/�K2Mi�H2b /2b HQ;B+B2Hb HB#`2bX .2 THmb- 2HH2
Q#HB;2 H� `2/Bbi`B#miBQM bQmb +2ii2 KāK2 HB+2M+2 /2 iQmi2b KQ/B}+�iBQMb �m T`Q;`�KK2-
+`û�Mi �BMbB mM 2z2i pB`�HX .�Mb H2b 7�Bib- +2ii2 HB+2M+2 2M+�bi`2 HǶB/û�H ?�+F2`- H2b T`�@
iB[m2b BM7Q`K2HH2b /2 b� +QKKmM�miû 2i bQM 2i?Qb /�Mb mM i2ti2 Hû;�H T`Qiû;û T�` H2
bvbiĕK2 Dm`B/B[m2 �Kû`B+�BM UqBHHB�Kb- kyyk- TX Rk9ěRjkVX

ai�HHK�M 7QM/2 H� 6a6 H� KāK2 �MMû2- /QMM�Mi M�Bbb�M+2 �m KQmp2K2Mi /2b HQ;B+B2Hb
HB#`2bX

RXj _ûpQHmiBQM PT2M aQm`+2

"H�K�Mi _B+?�`/ ai�HHK�M 2i H� 6a6 TQm` H2m` �TT`Q+?2 /Q;K�iB[m2 2i H2m` 7�B#H2 Qm@
p2`im`2 pBb@¨@pBb H2 KQM/2 +QKK2`+B�H- 1`B+ aX _�vKQM/- hBK PǶ_2BHHv- "`m+2 S2`2Mb
2i mM2 TQB;Mû2 /Ƕ�mi`2b };m`2b KQMi�Mi2b /2 HǶBM7Q`K�iB[m2 HB#`2 /û+B/2Mi /2 b2 `2;`Qm@
T2` 2M RNN3 TQm` i2Mi2` /2 +?�M;2` HǶBK�;2 /2 K�`[m2 /2b HQ;B+B2Hb HB#`2bX *2b /2`MB2`b
/ûbB`2Mi +QMb2`p2` H2 KQ/ĕH2 /2 +`û�iBQM T�`iB+mHB2` /2b HQ;B+B2Hb HB#`2b #�bû bm` H� +QH@
H�#Q`�iBQM 2i H� /û+2Mi`�HBb�iBQM- iQmi 2M H�Bbb�Mi /2 +Ƭiû HǶ�bT2+i ûi?B[m2 2i TQHBiB[m2
?û`Biû /m KQmp2K2Mi ?�+F2`X *Ƕ2bi HǶ�+i2 /2 7QM/�iBQM /2 HǶPaA U.B"QM� 2i �HX- kyy3VX

*Ƕ2bi /�Mb +2ii2 QTiB[m2 [m2 +2 `2;`QmT2K2Mi /û+B/2 /ǶmiBHBb2` H2 i2`K2 QT2M bQm`+2
THmiƬi [m2 Ŀ HQ;B+B2Hb HB#`2b ŀX 1M THmb /2 #`Bb2` H� TmBbb�Mi2 BK�;2 /2 K�`[m2 ûi�#HB2
T�` H� 6a6 �miQm` /2b HQ;B+B2Hb HB#`2b- H2 i2`K2 QT2M bQm`+2 � ¨ H2m` �pBb HǶ�p�Mi�;2
/ǶûpBi2` HǶ�K#B;mśiû �TTQ`iû2 T�` H2 /Qm#H2 b2Mb /m i2`K2 7`22 bQ7ir�`2 2M �M;H�BbX j 1M
7Q`;2�Mi H2 i2`K2 QT2M bQm`+2- HǶPaA bQm?�Bi2 2M /û}MBiBp2 +`û2` mM i2`K2 �M?BbiQ`B[m2
2i TQHBiB[m2K2Mi M2mi`2 ,

h?2 `2�H +QM+2Tim�H #`2�Fi?`Qm;?- i?Qm;?- r�b �/KBiiBM; iQ Qm`b2Hp2b i?�i
r?�i r2 M22/2/ iQ KQmMi r�b BM 2z2+i � K�`F2iBM; +�KT�B;Mě�M/ i?�i Bi
rQmH/ `2[mB`2 K�`F2iBM; i2+?MB[m2b UbTBM- BK�;2@#mBH/BM;- �M/ `2#`�M/BM;V
iQ K�F2 Bi rQ`FX
(Ę)

jX AH MǶ2bi T�b `�`2 [m2 H� /Bzû`2M+2 2Mi`2 H2b /2mt bB;MB}+�iBQMb /2 7`22 bQ7ir�`2 2M �M;H�Bb bQBi
2tTHB[mû2 2M /û+H�`�Mi , ǳh?BMF 7`22 �b BM 7`22 bT22+?- MQi 7`22 #22`ǴX



3

Ai b22K2/ +H2�` BM `2i`QbT2+i i?�i i?2 i2`K ǵ7`22 bQ7ir�`2Ƕ ?�/ /QM2 Qm` KQ@
p2K2Mi i`2K2M/Qmb /�K�;2 Qp2` i?2 v2�`bX (Ę) JQbi Q7 i?2 /�K�;2- i?Qm;?-
+�K2 7`QK bQK2i?BM; rQ`b2ěi?2 bi`QM; �bbQ+B�iBQM Q7 i?2 i2`K ǵ7`22 bQ7ir�@
`2Ƕ rBi? ?QbiBHBiv iQ BMi2HH2+im�H T`QT2`iv `B;?ib- +QKKmMBbK- �M/ Qi?2` B/2�b
?�`/Hv HBF2Hv iQ 2M/2�` Bi iQ �M JAa K�M�;2`X U_�vKQM/- RNNN/- TX Rd8ěRdeV

G2b 2zQ`ib /2 HǶPaA TQm` T`QKQmpQB` H2b HQ;B+B2Hb HB#`2b /�Mb H2b ;`�M/2b 2Mi`2T`Bb2b
2i /�Mb H2 KQM/2 +QKK2`+B�H �``Bp2Mi ¨ TQBMi MQKKûX 1M 2z2i- �p2+ H� KQMiû2 /2
HǶBM7Q`K�iB[m2 /�Mb H� bT?ĕ`2 +QKK2`+B�H2- +2`i�BMb HQ;B+B2Hb HB#`2b +QKK2 H2 b2`p2m` r2#
�T�+?2 T`2MM2Mi HBiiû`�H2K2Mi H2m` 2MpQHX 1Mi`2 H� T`2KBĕ`2 p2`bBQM Tm#HB[m2 /Ƕ�T�+?2
2M RNN8 2i HǶBM+Q`TQ`�iBQM /2 H� �T�+?2 aQ7ir�`2 6QmM/�iBQM 2M RNNN- H2 T`QD2i �+[mB2`i
eR W /2b T�`ib /m K�`+?û /2b b2`p2m`b r2#bX G2 bm++ĕb BMbi�Mi�Mû /2 +2 HQ;B+B2H 2bi 2M
;`�M/2 T�`iB2 /ȿ ¨ bQM KQ/ĕH2 /2 /ûp2HQTT2K2Mi Qmp2`i 2i ¨ b� bmTû`BQ`Biû i2+?MB[m2
UA#B/X- TX ReyVX

�T�+?2 2bi +2T2M/�Mi HQBM /Ƕāi`2 mM2 2t+2TiBQM c H2b �MMû2b kyyy bQMi H2 +�/`2 /ǶmM2
pû`Bi�#H2 ǳ`ûpQHmiBQM QT2M bQm`+2Ǵ �p2+ H� KQMiû2 2M 7Q`+2 /Ƕ2Mi`2T`Bb2b bTû+B�HBbû2b
/�Mb HǶQz`2 +QKK2`+B�H2 /2 HQ;B+B2Hb HB#`2b +QKK2 _2/ >�i- Qm 2M+Q`2 H� +QMbû+`�iBQM
/2 S2`H- 7Q`i2K2Mi �M+`û /�Mb HǶû+QbvbiĕK2 HB#`2- +QKK2 H�M;�;2 /2 T`Q;`�KK�iBQM /m
r2#X

RX9 J�bbB}+�iBQM /2b HQ;B+B2Hb HB#`2b

.�Mb mM /QK�BM2 �mbbB +?�M;2�Mi [m2 HǶBM7Q`K�iB[m2- pBM;i �Mb T2mp2Mi T�`�ŗi`2 mM2
ûi2`MBiûX *?Qb2 +2`i�BM2- /2TmBb H2b �MMû2b kyyy- MQi`2 miBHBb�iBQM /2 HǶBMi2`M2i 2i /2b
Q`/BM�i2m`b � #2�m+QmT +?�M;ûX aB b2mH2K2Mi 9R W /2b KûM�;2b �Kû`B+�BMb �p�B2Mi
�++ĕb ¨ HǶBMi2`M2i +?2x 2mt 2M kyyy- +2ii2 T`QTQ`iBQM bǶûH2p�Bi ¨ eN W 2M kyyN 2i ¨ 3k W
2M kyRe- T`2mp2 +2`i�BM2 /2 H� Mû+2bbBiû ;`�M/Bbb�Mi2 /Ƕāi`2 Ŀ +QMM2+iû ŀ /2 MQb DQm`b
UlXaX *2Mbmb "m`2�m- kyRy c _v�M- kyR3- TX 8VX

GQBM /Ƕāi`2 H2 b2mH KQmp2K2Mi /2 7QM/ �v�Mi T`Q7QM/ûK2Mi K�`[mû H2 KQmp2K2Mi HB#`2
+2b pBM;i /2`MBĕ`2b �MMû2b- HǶ�m;K2Mi�iBQM `�TB/2 /2 H� TQTmH�`Biû /2b HQ;B+B2Hb HB#`2b
�BMbB [m2 /2 H� [m�MiBiû /2 +Q/2 HB#`2 Tm#HBû 2M HB;M2 ě T?ûMQKĕM2 [m2 MQmb �TT2HH2`QMb
K�bbB}+�iBQM /2b HQ;B+B2Hb HB#`2b ě � i`ĕb +2`i�BM2K2Mi 2m mM BKT�+i BKTQ`i�Mi bm`
HǶû+QbvbiĕK2 HB#`2 /�Mb bQM 2Mb2K#H2X
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.Ƕ�m+mMb `2+QMM�Bbb2Mi �BMbB [m2- K�H;`û H2b +Ƭiûb TQbBiB7b �bbQ+Bûb ¨ H� TQTmH�`Biû +`QBb@
b�Mi2 /2b HQ;B+B2Hb HB#`2b- H2m` K�bbB}+�iBQM bǶ2bi 7�Bi2 ¨ mM +2`i�BM T`BtX 1M 2z2i- HǶBMiû`āi
/2b ;`�M/2b 2Mi`2T`Bb2b TQm` H2 HB#`2 bǶ2bi �++QKT�;Mû /ǶmM T?ûMQKĕM2 /2 +QQTi�iBQM
+QMi`�B`2 ¨ HǶ2i?Qb bB BKTQ`i�Mi /2 +2ii2 +QKKmM�miûX

"`�/H2v JX Em?M- SQHB+v 62HHQr �m aQ7ir�`2 6`22/QK *QMb2`p�M+v- mM Q`;�MBbK2 /2
T`QKQiBQM /2b HQ;B+B2Hb HB#`2b- �{`K�Bi �BMbB HQ`b /ǶmM2 +QM7û`2M+2 /ǶBM7Q`K�iB[m2 HB#`2
2M 7ûp`B2` kyky ,

1p2`v/�v- KQ`2 6Paa Bb #2BM; r`Bii2M i?�i ?�b 2p2` 2tBbi2/ BM >BbiQ`vX
>Qr2p2`- A 722H i?�i KQbi 7Q`@T`Q}i +QKT�MB2b- 7`QK Kv TQBMi Q7 pB2r- �`2
#�bB+�HHv r`BiBM; i?2 r`QM; 7`22 bQ7ir�`2X (Ę) h?2v �`2 7Q+mb2/ QM bQ7ir�`2
i?�i Bb ;QBM; iQ BM+`2�b2 i?2B` �#BHBiv iQ KQp2 7Q`r�`/ BM i?2B` #mbBM2bb2bX
h?2v �`2 7Q+mb2/ QM bQ7ir�`2 i?�i i?2v +�M mb2 �b � +QKTQM2Mi Q` �b � #�b2
bvbi2K- QT2M@+Q`2 bivH2- 7Q` bQK2 H�`;2` T`QT`B2i�`v bvbi2K i?�i i?2v �`2
+`2�iBM;X (Ę) AM bQK2 r2B`/ b2Mb2- #2+�mb2 Q7 i?2 +Q`TQ`�i2 BMi2`2bi BM 6Paa-
+QKT�MB2b ?�p2 � HQi KQ`2 bQ7ir�`2 7`22/QK i?�M BM/BpB/m�Hb /Q 2�+? /�vX
Ua�M/H2`- Em?M- kykyV

lM 2t+2HH2Mi 2t2KTH2 BHHmbi`�Mi +2ii2 T`Q#HûK�iB[m2 2bi H2 bvbiĕK2 /Ƕ2tTHQBi�iBQM TQm`
iûHûT?QM2b BMi2HHB;2Mib �M/`QB/- #�bû bm` H2 MQv�m GBMmtX G� TQTmH�`Biû /Ƕ�M/`QB/ ě
THmb /2 kX8 KBHHB�`/ /Ƕ�TT�`2BHb ûi�B2Mi 2M b2`pB+2 2M kyky U�K�/2Q- kykyV ě 7�Bi �BMbB
/2 GBMmt H2 bvbiĕK2 /Ƕ2tTHQBi�iBQM H2 THmb TQTmH�B`2 �m KQM/2- /m KQBMb bm` T�TB2`X

1M 2z2i- bB �M/`QB/ HmB@KāK2 2bi HB#`2- H2b iûHûT?QM2b BMi2HHB;2Mib Mû+2bbBi2Mi bQmp2Mi
mM2 Kv`B�/2 /2 HQ;B+B2Hb T`QT`Bûi�B`2b TQm` 7QM+iBQMM2`X 9 a�Mb /2b �TTHB+�iBQMb T`Q@
T`Bûi�B`2b +QKK2 :QQ;H2 SH�v- T2`K2ii�Mi /ǶBMbi�HH2` /Ƕ�mi`2b �TTHB+�iBQMb- Qm 2M+Q`2
:QQ;H2 J�Tb- mM b2`pB+2 /2 +�`i2b 2i /2 TQbBiBQMM2K2Mi 2M i2KTb `û2H- +2b iûHûT?QM2b
QMi 2M /û}MBiBp2 T2m /2 p�H2m`X § [mQB #QM �pQB` mM iûHûT?QM2 BMi2HHB;2Mi bB QM M2 T2mi
T�b v BMbi�HH2` /2 MQmp2HH2b �TTHB+�iBQMb Qm miBHBb2` H2 :Sa TQm` b2 `2Tû`2` \

*QKK2 :QQ;H2 �p2+ �M/`QB/- #2�m+QmT /Ƕ2Mi`2T`Bb2b miBHBb2Mi /Q`ûM�p�Mi /2b HQ;B+B2Hb
HB#`2b +QKK2 #�b2 /2 H2m`b bvbiĕK2b- K�Bb b2 /Bzû`2M+B2Mi T�` /2b BMi2`7�+2b Qm /2b
�TTHB+�iBQMb T`QT`Bûi�B`2bX G2 `ûbmHi�i 2bi mM bvbiĕK2 ?v#`B/2 [mB M2 `2bT2+i2 T�b H2b
[m�i`2 HB#2`iûb 7QM/�K2Mi�H2b /2b HQ;B+B2Hb HB#`2b- KāK2 bB +2b bvbiĕK2b M2 TQm``�B2Mi
7QM+iBQMM2` b�Mb 2mtX

9X *2H� MǶ2bi ;ûMû`�H2K2Mi T�b H2 +�b TQm` H2b �mi`2b /Bbi`B#miBQMb GBMmtX
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GQBM /Ƕāi`2 mM2 T�M�+û2- H� K�bbB}+�iBQM /2b HQ;B+B2Hb HB#`2b Q#b2`pû2 /2TmBb /2mt /û@
+2MMB2b MǶ� /QM+ T�b iQmDQm`b ûiû mM T?ûMQKĕM2 TQbBiB7- T�`iB+mHBĕ`2K2Mi �m MBp2�m /m
`2bT2+i /2 HǶ2i?Qb HB#`2 2M HB;M2X
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kXR Ŀ h`�;û/B2 /2b +QKKmMb ŀ 2i T`Qi2+iBQM /2b +QKKmMb MmKû`B[m2b

.�Mb H2 +ûHĕ#`2 T�TB2` /2 :�``2i? >�`/BM BMiBimHû h?2 h`�;2/v Q7 i?2 *QKKQMb URNe3V-
+2 /2`MB2` �p�M+2 [m2 7�+2 ¨ mM #B2M Tm#HB+- H2 ;�BM K�`;BM�H /ǶmM BM/BpB/m ¨ H� bm@
`miBHBb�iBQM 2bi TQbBiB7- H2b T`Q}ib ûi�Mi BM/BpB/m2Hb �HQ`b [m2 H2b +Qȿib bQMi T�`i�;ûbX
úp2Mim2HH2K2Mi- H2 #B2M Tm#HB+ 2bi /ûi`mBi ¨ 7Q`+2 /2 H2 bm`miBHBb2`X

SQm` >�`/BM- +2 [mB `2M/ +2 +�/`2 +QM+2Tim2H �mbbB BMiû`2bb�Mi 2bi bQM +�`�+iĕ`2 bvb@
iûKB[m2X G2 i2`K2 Ŀ i`�;û/B2 ŀ /2b +QKKmMb 2bi �BMbB miBHBbû TQm` BHHmbi`2` HǶ�bT2+i
BMûpBi�#H2 /2 +2 T?ûMQKĕM2X § HǶBMbi�` /ǶmM2 i`�;û/B2 ;`2+[m2- iQmi2b H2b T�`iB2b +QM+2`@
Mû2b bQMi +QMb+B2Mi2b [mǶmM T`Q#HĕK2 2tBbi2- K�Bb M2 bQMi Mû�MKQBMb T�b 2M K2bm`2 /2
HǶ2KTā+?2`X

G2 /ûp2HQTT2K2Mi /2 HQ;B+B2Hb HB#`2b b2K#H2 āi`2 ¨ T`2KBĕ`2 pm2 mM +�b +H�bbB[m2 /2
i`�;û/B2 /2b +QKKmMbX .2 T�` H2m` M�im`2 Qmp2`i2- H2b HQ;B+B2Hb HB#`2b T2mp2Mi āi`2 +H�bbûb
+QKK2 /2b #B2Mb Tm#HB+b , MǶBKTQ`i2 [mB T2mi ě b�Mb /2pQB` T�v2` mM bQm ě iûHû+?�`;2`
2i miBHBb2` mM HQ;B+B2H HB#`2X G2b +Qȿib �bbQ+Bûb ¨ H� +QM+2TiBQM 2i H� K�BMi2M�M+2 /ǶmM
T`QD2i HB#`2 bQMi +2T2M/�Mi #B2M `û2Hb 5 SHmb /2 R8 eyy T2`bQMM2b /Bzû`2Mi2b QMi i`�p�BHHû
bm` H2 MQv�m GBMmt R 2Mi`2 kyy8 2i kyRe U*Q`#2i- E`Q�?@>�`iK�M- kyRd- TX jV- TQm` mM
+Qȿi iQi�H 2biBKû ¨ THmbB2m`b KBHHB�`/b /2 /QHH�`b UJ+S?2`bQM 2i �HX- kyy3VX

RX G2 MQv�m GBMmt 2bi H2 +ƾm` /2b bvbiĕK2b GBMmt 2i 7Qm`MBi mM2 BMi2`7�+2 2Mi`2 H2b +QKTQb�Mi2b
T?vbB[m2b /ǶmM Q`/BM�i2m` 2i H2b T`Q;`�KK2b BM7Q`K�iB[m2b [mB bQm?�Bi2Mi miBHBb2` +2b `2bbQm`+2bX
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.�Mb mM `�TTQ`i T`Q/mBi TQm` H� 6Q`/ 6QmM/�iBQM bm` H2b +QKKmMb MmKû`B[m2b- L�/B�
1;?#�H UkyRe�V 2M �``Bp2 ¨ H� +QM+HmbBQM [m2 H2 +Q/2 HB#`2 7Q`K2 K�BMi2M�Mi H2 +ƾm`
/2 HǶBM7`�bi`m+im`2 MmKû`B[m2 +QMi2KTQ`�BM2X *2b +QKKmMb MmKû`B[m2b ě iQmi +QKK2
H2b `Qmi2b 2i H2b TQMib [m2 MQmb 2KT`mMiQMb [mQiB/B2MM2K2Mi ě bQMi /2b #B2Mb Tm#HB+b
2bb2MiB2Hb bm` H2b[m2Hb MQb bQ+Bûiûb KQ/2`M2b bQMi #�iB2bX *QMi`�B`2K2Mi �mt BM7`�bi`m+@
im`2b `QmiBĕ`2b- 2M i`ĕb ;`�M/2 K�DQ`Biû ;û`û2b 2i }M�M+û2b T�` H2b ;Qmp2`M2K2Mib- +2b
+QKKmMb MmKû`B[m2b MǶQMi T�b 7Q`+ûK2Mi /2 KQ/ĕH2b /2 }M�M+2K2Mi Tû`2MM2bX h`�@
;û/B2 /2b +QKKmMb Q#HB;2- BHb bQMi /QM+ T�`7QBb H�Bbbûb ¨ HǶ�#�M/QM UA#B/X- TX 3VX *2
K�M[m2 /2 `2bbQm`+2b }M�M+Bĕ`2b T2mi �pQB` /2b BKT�+ib #B2M `û2Hb , mM2 7�BHH2 /2 bû+m@
`Biû /�Mb mM T`Q;`�KK2 HB#`2 i`ĕb miBHBbû T2mi T2`K2ii`2 ¨ +2`i�BMb �+i2m`b K�Hp2BHH�Mib
/2 bǶBMi`Q/mB`2 /�Mb /2b bvbiĕK2b +`BiB[m2b 2i +�mb2` /ǶBKTQ`i�Mib /û;�ibX

S�` 2t2KTH2- 2M kyR9 mM2 7�BHH2 2bi i`Qmpû2 /�Mb H2 HQ;B+B2H HB#`2 PT2MaaG- miBHBbû T�`
HǶû+`�b�Mi2 K�DQ`Biû /2b bBi2b 2M HB;M2X am`MQKKû2 >2�`i#H22/- +2ii2 7�BHH2 /2 bû+m`Biû
� T2`KBb ¨ /2b �+i2m`b K�Hp2BHH�Mib /2 pQH2` H2b +H27b /2 +?Bz`2K2Mi /2b bBi2b miBHBb�Mi
PT2MaaG 2i /ǶBMi2`+2Ti2` H2b +QKKmMB+�iBQMb 2M HB;M2 /2 +2Mi�BM2b /2 KBHHB2`b /2 T2`@
bQMM2bX �m *�M�/�- >2�`i#H22/ � `2M/m TQbbB#H2 H2 pQH /2 Nyy MmKû`Qb /Ƕ�bbm`�M+2 bQ+B�H2
2i � 7Q`+û HǶ�;2M+2 /m `2p2Mm /m *�M�/� ¨ 72`K2` bQM bBi2 THmbB2m`b DQm`b T2M/�Mi H� Tû@
`BQ/2 /2b BKTƬib U*"* L2rb- kyR9VX G2b T`Q#HĕK2b /ǶPT2MaaG QMi p`�Bb2K#H�#H2K2Mi
ûiû +�mbûb T�` mM K�M[m2 /2 `2bbQm`+2b }M�M+Bĕ`2b U1;?#�H- kyRe�- TX RjVX

.�Mb /2b +�b 2ti`āK2b- +2b #Q;m2b T2mp2Mi T�`7QBb KāK2 +Qȿi2` /2b pB2bX 1M 2z2i-
�p2+ H� KQMiû2 2M TmBbb�M+2 /2 HǶBM7Q`K�iB[m2 /�Mb H2 /QK�BM2 Kû/B+�H- /2 THmb 2M THmb
/ǶBKTH�Mib- biBKmH�i2m`b +�`/B�[m2b 2i �mi`2b �TT�`2BHb Kû/B+�mt miBHBb2Mi /m +Q/2 HB#`2X
G2 /QK�BM2 �û`QM�miB[m2 2i HǶBM/mbi`B2 HQm`/2 bQMi û;�H2K2Mi `û;mHBĕ`2K2Mi �z2+iûb T�`
+2 ;2M`2 /2 T`Q#HûK�iB[m2X

SQm` i2Mi2` /2 KBiB;2` H2b T`Q#HĕK2b +`ûûb T�` mM T?ûMQKĕM2 /2 i`�;û/B2 /2b +QKKmMb-
H2b û+QMQKBbi2b T`QTQb2Mi i`�/BiBQMM2HH2K2Mi /Ƕûi�#HB` /2b /`QBib /2 T`QT`Bûiûb +H�B`b bm`
H� `2bbQm`+2 bm`2tTHQBiû2 UPbi`QK- RNNy+- TX RkVX G2b [mQi�b /2 T`Q/m+iBQM /2 ;�x ¨ 2z2i
/2 b2``2 2i H� #Qm`b2 /m +�`#QM2 bQMi T�` 2t2KTH2 /2b bQHmiBQMb i`ĕb 2M pm2 TQm` i2Mi2`
/2 +QMi`2` H2b T`Q#HĕK2b /2 `û+?�mz2K2Mi +HBK�iB[m2X *2H� MǶ2bi +2T2M/�Mi T�b mM2
bQHmiBQM pB�#H2 TQm` H2b HQ;B+B2Hb HB#`2b , +2mt@+B bQMi T�` /û}MBiBQM /2b #B2Mb Tm#HB+b 2i
BH MǶ2bi T�b TQbbB#H2 /Ƕ2M `2bi`2BM/`2 HǶ�++ĕb b�Mb 2M 7�B`2 /2b HQ;B+B2Hb T`QT`Bûi�B`2bX k

kX _û+2KK2Mi- +2`i�BMb T`QD2ib +QKK2 JQM;Q." Qm 2M+Q`2 _2/Bb QMi KQ/B}û H2m`b HB+2M+2b TQm`
i2Mi2` /Ƕ�DQmi2` /2b `2bi`B+iBQMb �//BiBQMM2HH2b bm` HǶmiBHBb�iBQM +QKK2`+B�H2 /2 H2m`b T`QD2ibX h`ĕb K�H
pmb T�` H� +QKKmM�miû HB#`2- +2b 2zQ`ib MǶQMi ;ûMû`�H2K2Mi T�b 2m HǶ2z2i 2b+QKTiûX
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*QMi`�B`2K2Mi ¨ /Ƕ�mi`2b `2bbQm`+2b pB+iBK2b /2 i`�;û/B2 /2b +QKKmMb- +QKK2 H2b �[mB@
7ĕ`2b miBHBbûb TQm` B``B;m2` H2b +mHim`2b Qm 2M+Q`2 H2b T�im`�;2b /2biBMûb �m #ûi�BH- H2b
HQ;B+B2Hb HB#`2b QMi HǶ�p�Mi�;2 /Ƕāi`2 /2b `2bbQm`+2b pB`im2HH2bX G2 +Qȿi K�`;BM�H /ǶmiBHBb�@
iBQM /ǶmM2 `2bbQm`+2 bmTTHûK2Mi�B`2 /ǶmM HQ;B+B2H HB#`2 2bi /QM+ MmHX AH M2 b2`�Bi �BMbB T�b
¨ T`QT`2K2Mi /Bi TQbbB#H2 /2 Ŀ bm`miBHBb2` ŀ mM HQ;B+B2H HB#`2X ZmB THmb 2bi- H2b +Qȿib /2
K�BMi2M�M+2 /ǶmM HQ;B+B2H bQMi ;ûMû`�H2K2Mi H2b KāK2b- [mǶBH bQBi miBHBbû T�` mM2 b2mH2
T2`bQMM2 Qm T�` /Bt KBHH2 BM/BpB/mbX G� T�`iB+mH�`Biû /2b T`QD2ib HB#`2b 2bi /QM+ [mǶBHb
7QMi 7�+2 ¨ /2b +Qȿib /2 K�BMi2M�M+2 }t2b 2i QMi /2b +Qȿib p�`B�#H2b bQBi 2ti`āK2K2Mi
7�B#H2b- bQBi BM2tBbi�MibX

aB mM }M�M+2K2Mi �/û[m�i 2bi mM2 +QM/BiBQM 2bb2MiB2HH2 ¨ H� `ûmbbBi2 /2b HQ;B+B2Hb HB#`2b-
BH b2`�Bi 2``QMû /2 `û/mB`2 H� i`�;û/B2 /2b +QKKmMb ¨ mM2 bBKTH2 [m2biBQM /Ƕ�`;2MiX 1M
2z2i- +QKK2 H2 7�Bi `2K�`[m2` 1HBMQ` Pbi`QK /�Mb :Qp2`MBM; i?2 *QKKQMb URNNy+V ě
mM Qmp`�;2 [mB HmB � p�Hm 2M kyyN H2 T`Bt /2 H� "�M[m2 /2 amĕ/2 2M b+B2M+2b û+QMQKB[m2b
2M KûKQB`2 /Ƕ�H7`2/ LQ#2H ě H� i`�;û/B2 /2b +QKKmMb 2bi /Ƕ�#Q`/ 2i �p�Mi iQmi mM2
[m2biBQM /ǶQ`;�MBb�iBQM bQ+B�H2X

_2D2i�Mi H2 i2`K2 Ŀ i`�;û/B2 /2b +QKKmMb ŀ TQm` b� +QMMQi�iBQM 7�i�HBbi2- Pbi`QK
bǶ�M+`2 THmiƬi /�Mb mM +Qm`�Mi Bbbm /2 HǶû+QMQKB2 BMbiBimiBQMM2HH2 TQm` �M�Hvb2` H2b
`ûmbbBi2b 2i H2b û+?2+b /2 H� ;2biBQM +QHH2+iBp2 /2b +QKKmMb- /ûKQMi`�Mi �BMbB [m2 H�
T`Bp�iBb�iBQM /2b +QKKmMb MǶ2bi T�b iQmDQm`b mM2 bQHmiBQM bQm?�Bi�#H2X a2HQM Pbi`QK-
HǶQ`;�MBb�iBQM +QHH2+iBp2 `ûmbbBi bQmp2Mi H¨ Qɍ H2b T`Q#HûK�iB[m2b /2 ;2biBQM bQMi �#Q`@
/û2b /2 K�MBĕ`2 ?QHBbiB[m2 UA#B/X- TX eRVX
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Pbi`QK 2M �``Bp2 �BMbB ¨ B/2MiB}2` ?mBi ;`�M/b T`BM+BT2b [mB T2`K2ii2Mi �mt +QHH2+iBpBiûb
/2 bǶQ`;�MBb2` TQm` ;û`2` �/û[m�i2K2Mi H2b +QKKmMb [mB H2b 2MiQm`2Mi UA#B/X- TX NyV ,

RX AH 2bi Mû+2bb�B`2 /Ƕûi�#HB` +H�B`2K2Mi H2b HBKBi2b /ǶmM T`QD2i- i�Mi 2M i2`K2b /2
#mi }M�H [m2 /2 K2K#`2bX

kX G� +QHH2+iBpBiû /QBi �pQB` /2b `ĕ;H2b #B2M �/�Tiû2b �mt #2bQBMb 2i �mt +QM/BiBQMb
HQ+�H2bX

jX AH 7�mi ûi�#HB` mM2 bi`m+im`2 /2 /û+BbBQM +QHH2+iBp2 +H�B`2X
9X AH 2bi Mû+2bb�B`2 /2 K2ii`2 2M TH�+2 mM bvbiĕK2 /2 bm`p2BHH�M+2- T`û7û`�#H2K2Mi

+QHH2+iB7X
8X G� +QHH2+iBpBiû /QBi �pQB` mM bvbiĕK2 /2 b�M+iBQMb û+?2HQMMû2b 2i T`Q;`2bbBp2bX
eX G2b Kû+�MBbK2b /2 `ûbQHmiBQM /2 +QM~Bib /QBp2Mi āi`2 7QM+iBQMM2HbX
dX G2b +QKKmMb M2 T2mp2Mi 7QM+iBQMM2` b�Mb H� `2+QMM�Bbb�M+2 ûi�iB[m2 /m /`QBi ¨

HǶQ`;�MBb�iBQM �miQMQK2X
3X lM2 Q`;�MBb�iBQM ¨ THmbB2m`b T�HB2`b 2bi T`û7û`�#H2 ¨ mM2 Q`;�MBb�iBQM 2MiBĕ`2K2Mi

+2Mi`�HBbû2X

G� ;Qmp2`M�M+2 �/û[m�i2 /ǶmM T`QD2i b2K#H2 /QM+ āi`2 iQmi �mbbB BKTQ`i�Mi2 [m2 H2 +?QBt
/ǶmM KQ/ĕH2 /Ƕ�z�B`2b pB�#H2 TQm` +`û2` /2b û+QbvbiĕK2b HB#`2b b�BMb 2i Tû`2MM2bX

J�H;`û H� T2`iBM2M+2 /m bmD2i- MQmb MǶ�#Q`/2`QMb B+B [m2 H2 [m�i`BĕK2 T`BM+BT2 TQm`
/2b `�BbQMb /2 #`Bĕp2iûX lM i`�p�BH /Ƕ�M�Hvb2 THmb +QKTH2i TQm``�Bi 2M 2z2i +QMbiBim2` ¨
HmB b2mH mM KûKQB`2 /2 K�ŗi`Bb2 /2b THmb BMiû`2bb�MibX LQiQMb +2T2M/�Mi [mǶ¨ T`2KBĕ`2
pm2- +QKK2 H2 MQi2 �p2+ #`BQ a?�mM� :Q`/QM@J+E2QM /�Mb mM2 +QM7û`2M+2 BMiBimHû2
:Qp2`MBM; i?2 aQ7ir�`2 *QKKQMb UkyRNV- H2b T`QD2ib HB#`2b #B2M ûi�#HBb b2K#H2Mi K2ii`2
2M �TTHB+�iBQM mM2 K�D2m`2 T�`iB2 /2 +2b T`BM+BT2bX j

a2HQM H2 [m�i`BĕK2 T`BM+BT2 /ǶPbi`QK- BH 2bi Mû+2bb�B`2 /2 K2ii`2 2M TH�+2 mM bvbiĕK2 /2
bm`p2BHH�M+2 TQm` �bbm`2` H2 `2bT2+i /2b `ĕ;H2b ûi�#HB2b +QHH2+iBp2K2MiX hvTB[m2K2Mi- +2b
Kû+�MBbK2b QMi +QKK2 #mi /Ƕ2KTā+?2` H� bm`2tTHQBi�iBQM /m +QKKmM TQm` 2KTā+?2`
b� /BH�TB/�iBQMX

jX S�` 2t2KTH2- H2 T`QD2i .2#B�M ě pû`Bi�#H2 TBHB2` /2 HǶBM7Q`K�iB[m2 HB#`2 /2TmBb b� 7QM/�iBQM 2M
RNNj ě �#Q`/2 /2 K�MBĕ`2 2tTHB+Bi2 H2b TQBMib R ¨ e ¨ i`�p2`b b2b /Q+mK2Mib Q{+B2Hb- +QKK2 H2 .2#B�M
SQHB+v J�Mm�H UkyRNVX
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*QKK2 MQmb HǶ�pQMb pm T`û+û/2KK2Mi- H2b T`QD2ib HB#`2b M2 bQMi T�b bmD2ib ¨ H� bm`2t@
THQBi�iBQMX G2b bi`�iû;B2b /2 bm`p2BHH�M+2 DQm2Mi +2T2M/�Mi mM `ƬH2 i`ĕb BKTQ`i�Mi /�Mb
H2b +QKKmM�miûb HB#`2bX 1M 2z2i- /2 T�` H� M�im`2 Qmp2`i2 2i +QHH�#Q`�iBp2 /2b HQ;B+B2Hb
HB#`2b- BH MǶ2bi T�b `�`2 [m2 /2 T�`7�Bib BM+QMMmb +QHH�#Q`2Mi bm` mM T`QD2i +QKKmMX AH 2bi
�HQ`b BKTQ`i�Mi /Ƕ�pQB` /2b Kû+�MBbK2b BMbiBimiBQMM2Hb TQm` T`ûb2`p2` H� [m�HBiû /m +Q/2
BM7Q`K�iB[m2X *2b T`Q+û/ûb bQMi û;�H2K2Mi miBH2b TQm` ûpBi2` HǶ�DQmi /2 +Q/2 K�Hp2BHH�Mi
T�` /2b �+i2m`b ?QbiBH2b- Qm 2M+Q`2 /2 +Q/2 /2 K�mp�Bb2 [m�HBiû TQmp�Mi 2Mi`�ŗM2` /2b
7�BHH2b /2 bû+m`Biû 2i /2b #Q;m2bX

S�`i 2MiBĕ`2 /m T`Q+2bbmb /2 K�BMi2M�M+2 /m +Q/2 BM7Q`K�iB[m2- H2b Kû+�MBbK2b /2
bm`p2BHH�M+2 /2b HQ;B+B2Hb bQMi i`ĕb +Qȿi2mt- MQM b2mH2K2Mi TQm` H2b T2`bQMM2b [mB H2b
/ûp2HQTT2Mi K�Bb û;�H2K2Mi TQm` H2b T2`bQMM2b [mB H2b miBHBb2MiX �BMbB- BH MǶ2bi T�b TQb@
bB#H2 /2 b�pQB` bB H� MQmp2HH2 p2`bBQM /ǶmM HQ;B+B2H 2bi `û2HH2K2Mi /B;M2 /2 +QM}�M+2 b�Mb
bQmK2ii`2 ¨ mM �m/Bi H2b KQ/B}+�iBQMb �m +Q/2X aǶBH 2bi TQbbB#H2 /2 `û/mB`2 +2b +Qȿib
T�` /2b T`Q+2bbmb �miQK�iBbûb UBMiû;`�iBQM +QMiBMm2- i2bib mMBi�B`2b- 2i+XV- H� 7Q`+2 /2 H�
+QKKmM�miû HB#`2 T�bb2 MQi�KK2Mi T�` H� +QHH2+iBpBb�iBQM /2b T`Q+û/ûb /2 bm`p2BHH�M+2
/m +Q/2 7Q`K�Mi H2b +QKKmMb HB#`2bX

�BMbB- +2`i�BM2b +QKKmM�miûb +QKK2 H2 T`QD2i .2#B�M QMi 2Mi`2b �mi`2b ûiû #�iB2b /�Mb
H2 #mi /2 Kmim�HBb2` H2 i`�p�BH /2 bm`p2BHH�M+2 /2b HQ;B+B2Hb HB#`2bX .2p2MB` K2K#`2 ¨ T�`i
2MiBĕ`2 /m T`QD2i .2#B�M 2bi mM T`Q+2bbmb �`/m 2i Mû+2bbBi2 /2 `ûmbbB` mM2 bû`B2 /2 i2bib
i2+?MB[m2b 2i ûi?B[m2b TQBMimbX AH MǶ2bi T�b `�`2 [m2 +2 T`Q+2bbmb T`2MM2 THmb /ǶmM �M ¨
+QKTHûi2`X G2b K2K#`2b /m T`QD2i .2#B�M DQmBbb2Mi /QM+ /ǶmM2 2t+2HH2Mi2 `ûTmi�iBQM 2i
bQMi ;ûMû`�H2K2Mi +QMbB/û`ûb +QKK2 /B;M2 /2 +QM}�M+2 T�` H� +QKKmM�miû HB#`2X

SHmiƬi [m2 /Ƕ2z2+im2` mM �m/Bi +QMbi�Mi /2b HQ;B+B2Hb [mǶ2HH2 miBHBb2- mM2 2Mi`2T`Bb2 T2mi
�BMbB b2 }2` bm` H� [m�HBiû 2i H� bû+m`Biû /2b HQ;B+B2Hb `2/Bbi`B#mûb T�` .2#B�MX 1M `2iQm`-
BH 2bi ¨ bQM �p�Mi�;2 /2 T�`iB+BT2` ¨ +2 T`Q+2bbmb /Ƕ�m/Bi +QHH�#Q`�iB7 , 2M bǶ�bbm`�Mi 2HH2@
KāK2 [m2 +2`i�BMb HQ;B+B2Hb bQMi }�#H2b /�Mb H2 +�/`2 /m T`QD2i .2#B�M- mM2 2Mi`2T`Bb2
`2/QMM2 ¨ H� +QKKmM�miû 2i +QMi`B#m2 ¨ H� Tû`2MMBiû /m T`QD2iX SHmbB2m`b T2`bQMM2b
bQMi �BMbB 2KTHQvû2b TQm` i`�p�BHH2` bm` .2#B�M T�` /2b 2Mi`2T`Bb2b miBHBb�Mi +2ii2 /Bb@
i`B#miBQMX



Re

1M /û}MBiBp2- H� TQTmH�`Biû ;`�M/Bbb�Mi2 /2b HQ;B+B2Hb HB#`2b /2TmBb H2b �MMû2b Ny iû@
KQB;M2 /2 HǶ2{+�+Biû /2b Kû+�MBbK2b BMbiBimiBQMM2Hb KBb 2M TH�+2 T�` H� +QKKmM�miû
HB#`2 �p2+ H2 i2KTbX *QMb+B2Mi2 /2 H� Mû+2bbBiû /ǶmM2 b�BM2 ;2biBQM /2b +QKKmMb HB#`2b-
+2ii2 /2`MBĕ`2 � bm +QMi`2` H� Ŀ i`�;û/B2 ŀ /2b +QKKmMb ;`�+2 ¨ HǶ�TTHB+�iBQM /2b ?mBi
T`BM+BT2b /2 ;2biBQM /ǶPbi`QKX *2`i2b BKT�`7�Bi2- H� ;2biBQM +QHH2+iBp2 2i /ûKQ+`�iB[m2
/2b +QKKmMb HB#`2b � ûiû ;�;2 /2 H2m` bm++ĕb ¨ ;`�M/2 û+?2HH2- 2i +2- K�H;`û HǶBM~m2M+2
/ǶmM +�/`2 û+QMQKB[m2 T`BQ`Bb�Mi i`QT bQmp2Mi H� +QKTûiBiBQM ¨ H� +QHH�#Q`�iBQMX

kXk AM+Bi�iB7b û+QMQKB[m2b 2i HQ;B+B2Hb HB#`2b

aB /�Mb H� b2+iBQM T`û+û/2Mi2 MQmb �pQMb �#Q`/û H� Tû`2MMBiû /ǶmM KQ/ĕH2 /2 /ûp2HQT@
T2K2Mi /2b HQ;B+B2Hb HB#`2b /û+2Mi`�HBbû 2i /ûKQ+`�iB[m2- mM2 [m2biBQM `2bi2 , TQm`[mQB
mM2 [m�MiBiû MQM Mû;HB;2�#H2 /ǶBM/BpB/mb i`�p�BHH2Mi@BHb #ûMûpQH2K2Mi bm` /2b T`QD2ib
HB#`2b \

1M 2z2i- bB +2`i�BM2b T2`bQMM2b bQMi T�vû2b TQm` /ûp2HQTT2` 2i K�BMi2MB` /2b HQ;B+B2Hb
HB#`2b bm` mM2 #�b2 +QMi`�+im2HH2 Qm b�H�`Bû2- mM2 K�D2m`2 T�`iB2 /2 HǶû+QbvbiĕK2 HB#`2
`2TQb2 bm` /m i`�p�BH #ûMûpQH2X lM bQM/�;2 �mT`ĕb /2b K2K#`2b /m T`QD2i .2#B�M 2M
kyRe U/2 "H�M+ 2i �HX- kyRdV /ûKQMi`2 �BMbB [m2 b2mH ky W /2b `ûTQM/�Mi2b 2i /2b
`ûTQM/�Mib bQMi T�vû@2@b TQm` i`�p�BHH2` bm` H2 T`QD2i- 2i [mǶ2M KQv2MM2- b2mH je W /2
H2m` i`�p�BH bm` +2ii2 /Bbi`B#miBQM 2bi `û2HH2K2Mi `ûKmMû`ûX *2b +?Bz`2b bQMi 2M ;ûMû`�H
�bb2x `2T`ûb2Mi�iB7b /2 H� bBim�iBQM ;ûMû`�H2 /�Mb H� +QKKmM�miû HB#`2X

1i TQm`i�Mi- +QKK2 H2 K2MiBQMM2 �p2+ i�Mi /ǶûHQ[m2M+2 1;?#�H UkyRe�V- HǶBKTQ`i�M+2
/2b HQ;B+B2Hb HB#`2b /�Mb HǶû+QMQKB2 +QMi2KTQ`�BM2 MǶ2bi THmb ¨ /ûKQMi`2`X PM b2 `2@
i`Qmp2 /QM+ /�Mb mM2 bBim�iBQM Qɍ mM MQK#`2 i`ĕb BKTQ`i�Mi /2 i`�p�BHH2mb2b 2i /2
i`�p�BHH2m`b [m�HB}û@2@b T`Q/mBb2Mi +QHH2+iBp2K2Mi mM 2Mb2K#H2 /2 +QKKmMb HB#`2b �v�Mi
mM2 p�H2m` K�`+?�M/2 +QMbB/û`�#H2 /2 K�MBĕ`2 iQmi ¨ 7�Bi #ûMûpQH2X § T`2KBĕ`2 pm2-
+2H� b2K#H2 +QMi`�B`2 ¨ H� i?ûQ`B2 û+QMQKB[m2 bi�M/�`/ 2i THmb T`û+BbûK2Mi �mt KQ/ĕH2b
/2 K�tBKBb�iBQM /ǶmiBHBiû T�` mM@2 �;2Mi@2 û+QMQKB[m2 `�iBQMM2H@H2X 1M 2z2i- +2b T2`@
bQMM2b TQm``�B2Mi i`ĕb #B2M /û+B/2` /ǶBMp2biB` H2m` i2KTb /�Mb mM T`QD2i BM7Q`K�iB[m2
`ûKmMû`û- H2 K�`+?û /m i`�p�BH 2M BM7Q`K�iB[m2 ûi�Mi MQiQB`2 TQm` b� +QKTûiBiBpBiûX

6Q`+2 2bi /QM+ /2 +QMbi�i2` [mǶBH 2tBbi2 mM2 bi`m+im`2 /ǶBM+Bi�iB7b û+QMQKB[m2b T�`iB+m@
HBĕ`2 �mt HQ;B+B2Hb HB#`2bX �p2+ H2b �MMû2b- THmbB2m`b TBbi2b /2 bQHmiBQMb TQm` i2Mi2` /2
+QKT`2M/`2 +2 T?ûMQKĕM2 QMi ûiû T`QTQbû2b T�` /2b û+QMQKBbi2bX .�Mb +2ii2 b2+iBQM-
MQmb bQm?�BiQMb T`ûb2Mi2` +2b /Bzû`2Mib KQ/ĕH2bX
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kXkXR G2`M2` 2i hB`QH2 , mM2 �z�B`2 /2 `ûTmi�iBQM

lM2 /2b 2tTHB+�iBQMb H2b THmb +Qm`�Mi2b /m T?ûMQKĕM2 T�`iB+mHB2` /ǶBM+Bi�iB7b û+QMQ@
KB[m2b T`QT`2b �mt HQ;B+B2Hb HB#`2b 2bi +2HmB /2 H� `ûTmi�iBQMX _2T`Bb2 2M kyyR T�` JJX
G2`M2` 2i hB`QH2 /�Mb mM T�TB2` i`ĕb TQTmH�B`2- +2ii2 i?ûQ`B2 bQmiB2Mi [m2 H� T�`iB+BT�iBQM
¨ mM T`QD2i HB#`2 �;Bi 2M [m2H[m2 bQ`i2 +QKK2 mM2 +�`i2 /2 pBbBi2 TQm` H2b /ûp2HQTT2mb2b
2i H2b /ûp2HQTT2m`bX

h`ĕb pBbB#H2- #2�m+QmT miBHBbû T�` H� +QKKmM�miû 2i 7�+BH2K2Mi +QMbmHi�#H2- H2 +Q/2 HB#`2
T`Q/mBi T�` mM BM/BpB/m /2pB2Mi �BMbB mM2 #QMM2 K�MBĕ`2 /2 b2 /BbiBM;m2` TQm` Q#i2MB`
mM2 T`QKQiBQM- Qm 2M+Q`2 /2 /ûKQMi`2` /2 K�MBĕ`2 i`ĕb +QM+`ĕi2 b2b +�T�+Biûb ¨ mM
7mim` 2KTHQv2m`X 1M 2z2i- H2b [m2biBQMb /2 HB+2M+2b 2i /2 b2+`2i +QKK2`+B�H 2KTā+?2Mi
#B2M bQmp2Mi mM2 T2`bQMM2 ¨ H� `2+?2`+?2 /ǶmM 2KTHQB /2 T�`i�;2` H2 i`�p�BH [mǶ2HH2 �
2z2+imû bm` /2b HQ;B+B2Hb T`QT`Bûi�B`2b TQm` /ûKQMi`2` bQM Kû`Bi2X

G2`M2` 2i hB`QH2 �`;mK2Mi2Mi +2T2M/�Mi [m2 K�H;`û bQM BKTQ`i�M+2- HǶ�ii`�Bi /2 H�
`ûTmi�iBQM 2bi i`QT 7�B#H2 TQm` 2tTHB[m2` H2 bm++ĕb /2b HQ;B+B2Hb HB#`2b 2i `2+QMM�Bbb2Mi
�BMbB mM `ƬH2 UKBM2m`V ¨ HǶ�Hi`mBbK2 /�Mb H2 /ûp2HQTT2K2Mi /2b HQ;B+B2Hb HB#`2bX

*2b /2`MB2`b K2MiBQMM2Mi }M�H2K2Mi [m2 #2�m+QmT /Ƕ2Mi`2T`Bb2b- b�Mb �pQB` /2 TQHB@
iB[m2b +H�B`2b bm` HǶmiBHBb�iBQM /2 T`QD2ib HB#`2b- }MBbb2Mi 2M ;ûMû`�H T�` miBHBb2` mM2 T�`i
MQM Mû;HB;2�#H2 /2 HQ;B+B2Hb HB#`2b ¨ HǶBMi2`M2X *2H� b2 7�Bi bQmp2Mi ¨ HǶBMbm /2b +�/`2b bm@
Tû`B2m`b- K�Bb �p2+ H� #ûMû/B+iBQM /2b /B`2+iBQMb BMi2`Kû/B�B`2bX S�` H� 7Q`+2 /2b +?Qb2b-
mM2 T�`iB2 /2b 2KTHQvû@2@b miBHBb�Mi +2b T`QD2ib }MB`�Bi T�` +QMi`B#m2` 2M `2iQm`X G2`M2`
2i hB`QH2 T�`H2Mi /2 +2 T?ûMQKĕM2 +QKK2 /ǶmM2 Ŀ bm#p2MiBQM BMpQHQMi�B`2 ŀ �mt T`QD2ib
HB#`2b- K�Bb T2BM2Mi ¨ +QKT`2M/`2 [m2 +2b +QKT�;MB2b ;�;M2Mi #2�m+QmT ¨ miBHBb2` +2b
T`QD2ib HB#`2b THmiƬi [m2 /2b HQ;B+B2Hb T`QT`Bûi�B`2bX § MQi`2 �pBb- H2 KQi Ŀ bm#p2MiBQM ŀ
MǶ2bi /QM+ T�b �/û[m�i 2i BH p�m/`�Bi KB2mt T�`H2` /2 Ŀ T�`iB+BT�iBQM BMpQHQMi�B`2 ŀX

J�H;`û H2 bm++ĕb /2 H2m` T�TB2`- +2b /2`MB2`b M2 T`ûb2Mi2Mi T�b /2 KQ/ĕH2 û+QMQKB[m2
+QM+`2i TQm` ûi�v2` H2m`b `û~2tBQMbX LQmb `2i2MQMb +2T2M/�Mi [m2 bB H2m`b ?vTQi?ĕb2b
bm` H� `ûTmi�iBQM bQMi p`�B2b- BH /2p`�Bi 2tBbi2` mM2 +Q``ûH�iBQM TQbBiBp2 2Mi`2 H2 b�H�B`2
2i H� T�`iB+BT�iBQM ¨ /2b T`QD2ib HB#`2bX



R3

kXkXk qm- :2`H�+? � uQmM; , BM+Bi�iB7b 2i û+QMQKB2 +QKTQ`i2K2Mi�H2

.�Mb mM T�TB2` Tm#HBû 2M kyyd- qm- :2`H�+? � uQmM; +?2`+?2Mi ¨ 2M b�pQB` THmb bm` +2
[mB KQiBp2 H2b T2`bQMM2b [mB /ûp2HQTT2Mi /2b HQ;B+B2Hb HB#`2bX

1M b2 #�b�Mi bm` H2b i`�p�mt /2 G2`M2` 2i hB`QH2 T`û+û/2KK2Mi K2MiBQMMûb- +2b /2`@
MB2`b /ûp2HQTT2Mi mM KQ/ĕH2 i?ûQ`B[m2 /ǶBM+Bi�iB7b BMbTB`û /2 HǶ1tT2+i�M+v@o�Hm2 h?2Q`v-
mM2 p�`B�Mi2 /2 H� i?ûQ`B2 /m +?QBt `�iBQMM2H miBHBbû2 2M û+QMQKB2 +QKTQ`i2K2Mi�H2- 2i
bQM/2Mi R93 T2`bQMM2b TQm` H2 K2ii`2 ¨ HǶûT`2mp2X

AHb �p�M+2Mi �BMbB [m2 H2b BM+Bi�iB7b T`BM+BT�mt TQmbb�Mi H2b BM/BpB/mb ¨ bǶ�/QMM2` �mt
T`QD2ib HB#`2b bQMi ,

RX H� KQiBp�iBQM BMi`BMbĕ[m2 /Ƕ�B/2`
kX H2 /ûbB` /Ƕ�KûHBQ`2` bQM +�TBi�H ?mK�BM
jX H� T2`bT2+iBp2 /ǶQ#i2MB` mM K2BHH2m` 2KTHQB
9X H2b #2bQBMb T2`bQMM2Hb 9

.2 bm`+`Qŗi- H2b �mi2m`b /BpBb2Mi +2b BM+Bi�iB7b 2Mi`2 BM+Bi�iB7b BMi`BMbĕ[m2b URV BM+Bi�iB7b
2ti`BMbĕ[m2b Uk- j 2i 9VX

G2b `ûbmHi�ib /2 H2m` bQM/�;2 /ûKQMi`2 �BMbB [m2 ,

1 ≻ 2 ∼ 3 ≻ 4 UkXRV

1M H�M;�;2 +Qm`�Mi- HǶû[m�iBQM kXR BM/B[m2 �BMbB [m2 H� KQiBp�iBQM BMi`BMbĕ[m2 /Ƕ�B/2`
i2M/ ¨ āi`2 H� `�BbQM H� THmb bQmp2Mi +Biû2- bmBpB2 2t ¤[mQ T�` H2 /ûbB` /Ƕ�KûHBQ`2` bQM
+�TBi�H ?mK�BM 2i H� T2`bT2+iBp2 /ǶQ#i2MB` mM K2BHH2m` 2KTHQBX 6BM�H2K2Mi- +QK#H2` mM
#2bQBM T2`bQMM2H b2`�Bi H� `�BbQM H� KQBMb TQTmH�B`2 TQm` û+`B`2 /m +Q/2 HB#`2X

G2 7�B#H2 MQK#`2 /2 `ûTQM/�Mi@2@b �m bQM/�;2 2z2+imû M2 T2`K2i T�b ¨ MQi`2 �pBb /2
iB`2` /2 +QM+HmbBQMb +H�B`2b /2 +2ii2 ûim/2- H2 `Bb[m2 /2 #B�Bb /2 bûH2+iBQM /2b T�`iB+BT�Mi@
2@b ûi�Mi `2H�iBp2K2Mi ûH2pûX G� /BbiBM+iBQM 2Mi`2 BM+Bi�iB7b BMi`BMbĕ[m2b 2i 2ti`BMbĕ[m2b
MQmb b2K#H2 iQmi27QBb BMiû`2bb�Mi2X

9X GǶ�mi2m` /2 +2 KûKQB`2 2bi T�` 2t2KTH2 H2 }2` +`û�i2m` /2 `2M�K2@7H�+- mM T`Q;`�KK2 HB#`2
i`ĕb bBKTH2 HmB T2`K2ii�Mi /ǶQ`/QMM2` �miQK�iB[m2K2Mi b� +QHH2+iBQM /2 KmbB[m2 MmKû`B[m2- mM2 i�+?2
K�Mm2HH2 �mT�`�p�Mi #B2M TûMB#H2X



RN

kXkXj "2MFH2` , /2 HǶBKTQ`i�M+2 /2b BM+Bi�iB7b bQ+B�mt

uQ+?�B "2MFH2` ě bTû+B�HBbi2 /2 HǶû+QMQKB2 /2b `ûb2�mt 2i T`Q72bb2m` ¨ HǶmMBp2`bBiû
>�`p�`/ ě b2 T2M+?2 bm` H2b [m2biBQMb `2HBû2b �mt BM+Bi�iB7b û+QMQKB[m2b /�Mb mM T�TB2`
BMiBimHû *Q�b2bǶb S2M;mBM- Q`- GBMmt �M/ i?2 L�im`2 Q7 i?2 6B`K- T�`m 2M kyykX

S�`i�Mi /2 HǶ�M�Hvb2 /2 _QM�H/ *Q�b2 bm` H� TH�+2 /2b 2Mi`2T`Bb2b /�Mb HǶû+QMQKB2 URNjdV-
"2MFH2` �`;mK2Mi2 [m2 H2 i`�p�BH +QHH�#Q`�iB7 UT22`@T`Q/m+iBQMV ě mM2 7Q`K2 /2 i`�p�BH
2M/ûKB[m2 �mt HQ;B+B2Hb HB#`2b ě 2bi mM MQmp2�m KQ/ĕH2 /2 T`Q/m+iBQM û+QMQKB[m2
/BbiBM+i /2b KQ/ĕH2b i`�/BiBQMM2HbX

*2 /2`MB2` bQmiB2Mi /2 +2 7�Bi [m2 H2 i`�p�BH +QQTû`�iB7 2M BM7Q`K�iB[m2 HB#`2- +QMi`�B`2@
K2Mi �m KBHB2m �+�/ûKB[m2- � H� T�`iB+mH�`Biû /2 K2ii`2 2M +QKKmM /2b +QMi`B#miBQMb
T`Qp2M�Mi /Ƕ?Q`BxQMb i`ĕb /Bzû`2MibX �BMbB- BH MǶ2bi T�b `�`2 [m2 b2 +ƬiQB2Mi /�Mb mM KāK2
T`QD2i HB#`2 /2b 2KTHQvû@2@b /2 ;`�M/2b KmHiBM�iBQM�H2b 2M BM7Q`K�iB[m2- /2b T2`bQMM2b
i`�p�BHH�Mi TQm` /2b Q`;�MBbK2b ¨ #mi MQM Hm+`�iB7b 2i /2b BM/BpB/mb MQM `ûKmMû`ûb i`�@
p�BHH�Mi bm` H2 T`QD2i /2 K�MBĕ`2 #ûMûpQH2X *QKK2 #2�m+QmT UJmbiQM2M- kyyj c G2`M2`-
hB`QH2- kyyR c "`Q+�- kyRjV- "2MFH2` �{`K2 [m2 +Ƕ2bi HǶ�bT2+i /û+2Mi`�HBbû 2i Qmp2`i /2b
T`QD2ib HB#`2b [mB `û/mBi H2 +Qȿi /ǶQTTQ`imMBiû /2 T�`iB+BT2` ¨ mM T`QD2i HB#`2 2i [mB
T2`K2i HǶ2tBbi2M+2 /2 +2ii2 bi`m+im`2 T�`iB+mHBĕ`2X

a2 T2M+?�Mi bm` H� [m2biBQM /2b BM+Bi�iB7b û+QMQKB[m2b HBûb ¨ H� T`Q/m+iBQM /2 HQ;B+B2Hb
HB#`2b- "2MFH2` �{`K2 [m2 H2 KQ/ĕH2 û+QMQKB[m2 MûQ+H�bbB[m2- Qɍ HǶmiBHBiû 2bi `û/mBi2 ¨
mM û[mBp�H2Mi KQMûi�B`2- M2 T2`K2i T�b /Ƕ2tTHB[m2` +2 T?ûMQKĕM2 +QMp2M�#H2K2MiX AH
T`QTQb2 �BMbB mM KQ/ĕH2 T`2M�Mi 2M +QKTi2 H2b i`QBb �bT2+i bmBp�Mib ,

RX HǶmiBHBiû /2 H� `û+QKT2Mb2 KQMûi�B`2
kX HǶmiBHBiû /2 H� `û+QKT2Mb2 ?û/QMBbi2 BMi`BMbĕ[m2
jX HǶmiBHBiû /2 H� `û+QKT2Mb2 bQ+BQ@Tbv+?QHQ;B[m2

1M `2T`2M�Mi H� +H�bbB}+�iBQM /2 qm- :2`H�+? � uQmM;- QM T2mi �BMbB +H�bb2` H2b `û@
+QKT2Mb2b KQMûi�B`2b 2i bQ+BQ@Tbv+?QHQ;B[m2b +QKK2 /2b BM+Bi�iB7b 2ti`BMbĕ[m2b 2i H�
`û+QKT2Mb2 ?û/QMBbi2 BMi`BMbĕ[m2 +QKK2 mM BM+Bi�iB7 BMi`BMbĕ[m2 �m /ûp2HQTT2K2Mi /2
HQ;B+B2Hb HB#`2bX *2 KQ/ĕH2 2bi ¨ MQi`2 �pBb #B2M THmb +QKTH2i [m2 +2HmB �p�M+û T�` G2`M2`
2i hB`QH2- [mB M2 +QMbB/ĕ`2 [m2 H� `ûTmi�iBQM +QKK2 mM ;�BM KQMûi�B`2 /Bzû`ûX



ky

.2 K�MBĕ`2 THmb 7Q`K2HH2- QM T2mi `2T`ûb2Mi2` H� T`QTQbBiBQM /2 "2MFH2` bQmb H� 7Q`K2
/ǶmM2 7QM+iBQM /ǶmiBHBiû 2bTû`û2 /2 ivT2 "2`MQmHHB- Qɍ U 2bi HǶmiBHBiû- M H� `û+QKT2Mb2 KQ@
Mûi�B`2- H H� `û+QKT2Mb2 ?û/QMBbi2 BMi`BMbĕ[m2 2i S H� `û+QKT2Mb2 bQ+BQ@Tbv+?QHQ;B[m2X
PM Q#iB2Mi �BMbB HǶû[m�iBQM kXkX

U ∼ f(M,H, S) UkXkV

kXkX9 _QbbB � *QH2K�M , ?ûiû`Q;ûMûBiû /2b T`�iB[m2b

.�Mb H2 +�/`2 /ǶmM2 `2pm2 ûiQzû2 /2b ûim/2b �#Q`/�Mi H2b T`Q#HĕK2b û+QMQKB[m2b 2M@
iQm`�Mi HǶBM7Q`K�iB[m2 HB#`2- J�`B� �H2t�M/`� _QbbB Ukyy9V +QM+Hmi [m2 H2b BM+Bi�iB7b
û+QMQKB[m2b HBûb �mt HQ;B+B2Hb HB#`2b bQMi i`ĕb ?ûiû`Q;ĕM2bX _2T`2M�Mi 2HH2 �mbbB H� /Bb@
iBM+iBQM 2Mi`2 7�+i2m`b 2ti`BMbĕ[m2b 2i BMi`BMbĕ[m2b- 2HH2 �{`K2 [m2 /2 T�` H2m` M�im`2
/û+2Mi`�HBbû2 2i Qmp2`i2- H2b T`QD2ib HB#`2b bQMi 2mt@KāK2b i`ĕb ?ûiû`Q;ĕM2bX

§ bQM �pBb- +2ii2 ?ûiû`Q;ûMûBiû `2M/ T�`7QBb /B{+BH2 H� +QKT�`�BbQM /2b HQ;B+B2Hb HB#`2b
�v�Mi mM2 #�b2 BMbiBimiBQMM2HH2 7Q`i2 UH2 MQv�m GBMmt- H2b T`QD2ib /2 H� 7QM/�iBQM �T�+?2-
2i+XV �p2+ +2mt /ûp2HQTTûb bm` mM2 #�b2 KQBMb 7Q`K2HH2 UT`QD2ib BM/BpB/m2Hb- b+`BTib
Qmp2`ib- 2i+XVX

G2b +QM+HmbBQMb /2 _QbbB `2DQB;M2Mi H2b T`QTQb /2 :�#`B2HH� *QH2K�M- �Mi?`QTQHQ;m2 bTû@
+B�HBbi2 /2b `2H�iBQMb bQ+B�H2b /�Mb H2 KBHB2m /2b HQ;B+B2Hb HB#`2b 2i T`Q72bb2m`2 ¨ HǶmMBp2`bBiû
J+:BHHX .Ƕ�pBb [m2 H� ;`�M/2 ?ûiû`Q;ûMûBiû /2b HQ;B+B2Hb HB#`2b 2bi `�`2K2Mi +QKT`Bb2 T�`
H2b û+QMQKBbi2b- *QH2K�M �`;m2 [m2 i2Mi2` /2 `2bi`2BM/`2 mM T?ûMQKĕM2 ûKBM2KK2Mi
bQ+B�H ¨ b� b2mH2 K�MB72bi�iBQM û+QMQKB[m2 2bi mM2 2``2m` ,

�Hi?Qm;? � MmK#2` Q7 i?2b2 bim/B2b i�M;2MiB�HHv /Bb+mbb 2i?B+�H [m2biBQMb
U2X;X +QM~B+i `2bQHmiBQM rBi?BM 6fPaa T`QD2+ibV- i?2v `�`2Hv �//`2bb ?Qr /2@
p2HQT2`b +QKKBi i?2Kb2Hp2b iQ �M 2i?B+�H pBbBQM i?`Qm;?- `�i?2` i?�M T`BQ`
iQ- i?2B` T�`iB+BT�iBQM BM � 6fPaa T`QD2+iX Jm+? Q7 i?2 6fPaa HBi2`�im`2- BM
Qi?2` rQ`/b- Bb ?2�pBHv 7Q+mb2/ QM i?2 [m2biBQM Q7 KQiBp�iBQM Q` BM+2MiBp2 K2@
+?�MBbKb- �M/ Q7i2M 7�BHb iQ �++QmMi 7Q` i?2 TH�biB+Biv Q7 ?mK�M KQiBp�iBQMb
�M/ 2i?B+�H T2`+2TiBQMbX ě U*QH2K�M- kyRj- TX RkjV
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S`Bb 2Mb2K#H2- +2b [m�i`2 pBbBQMb /2b BM+Bi�iB7b û+QMQKB[m2b HBûb �mt HQ;B+B2Hb HB#`2b DQm2Mi
¨ MQi`2 �pBb mM `ƬH2 +QKTHûK2Mi�B`2 2i b2 `2M7Q`+2Mi Kmim2HH2K2MiX S?ûMQKĕM2 ?ûiû`Q@
;ĕM2 �M+`û /�Mb H� /Bp2`bBiû /2b BM/BpB/mb 2i /2b +QKKmM�miûb [mB H� +QKTQb2- H2 KQM/2
/2b HQ;B+B2Hb HB#`2b � i`ĕb +H�B`2K2Mi ¨ H� 7QBb mM �bT2+i û+QMQKB[m2 2i mM �bT2+i bQ+B�HX

.2 THmb- H� /BbiBM+iBQM 2Mi`2 BM+Bi�iB7b BMi`BMbĕ[m2b 2i 2ti`BMbĕ[m2b MQmb b2K#H2 i`ĕb
�TT`QT`Bû2- �TTQ`i�Mi ¨ H� 7QBb bi`m+im`2 2i +H�`iû ¨ mM 7�Bi bQ+B�H T�`7QBb /B{+BH2 ¨ +QK@
T`2M/`2 /2 T�` b2b 7`QMiBĕ`2b ~Qm2bX :`�+2 �mt ûim/2b �#Q`/û2b /�Mb +2ii2 b2+iBQM- MQmb
�pQMb B/2MiB}û /2mt BM+Bi�iB7b 2ti`BMbĕ[m2b 2i /2mt BM+Bi�iB7b BMi`BMbĕ[m2b MQmb b2K#H�Mi
DQm2` mM `ƬH2 +2Mi`�H /�Mb H� T`Q/m+iBQM /2 +Q/2 BM7Q`K�iB[m2 HB#`2X _2bT2+iBp2K2Mi-
+2b /2`MB2`b bQMi H2 ;�BM KQMûi�B`2 2bTû`û T�` HǶû+`Bim`2 /2 +Q/2 HB#`2- H2 b2MiBK2Mi /Ƕ�T@
T�`i2M�M+2 ¨ H� +QKKmM�miû HB#`2- H2 TH�BbB` /Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2 HB#`2 2i H�
;`�iB}+�iBQM �Hi`mBbi2 /ǶQz`B` /m +Q/2 HB#`2X

LQmb `2pB2M/`QMb ¨ +2b BM+Bi�iB7b /�Mb H2 i`QBbBĕK2 +?�TBi`2 /2 +2 KûKQB`2- Qɍ MQmb
i2Mi2`QMb /2 p�HB/2` 2KTB`B[m2K2Mi H2m` 2tBbi2M+2X



*>�SAh_1 j
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.�Mb H2 b2+QM/ +?�TBi`2 /2 +2 KûKQB`2- MQmb �pQMb 2z2+imû mM2 �M�Hvb2 /2b /Bzû`2Mi2b
ûim/2b TQ`i�Mi bm` H2b BM+Bi�iB7b û+QMQKB[m2b HBûb �mt HQ;B+B2Hb HB#`2bX LQmb �pQMb �BMbB Tm
pQB` [m2 K�H;`û H� ;`�M/2 ?ûiû`Q;ûMûBiû /2b 7�+i2m`b TQmbb�Mi H2b BM/BpB/mb ¨ i`�p�BHH2`
bm` /2b T`QD2ib HB#`2b- BH 2bi TQbbB#H2 /2 +�iû;Q`Bb2` H2b BM+Bi�iB7b û+QMQKB[m2b �v�Mi mM2
BM~m2M+2 MQi�#H2 2Mi`2 BMi`BMbĕ[m2b 2i 2ti`BMbĕ[m2bX

aB THmbB2m`b ûim/2b T`û+û/2KK2Mi K2MiBQMMû2b BM+Hm2Mi /2b �M�Hvb2b 2KTB`B[m2b TQm`
�TTmv2` H2b KQ/ĕH2b /ûp2HQTTûb- H2b /QMMû2b miBHBbû2b bQMi bQmp2Mi �bb2x �M+B2MM2b 2i QMi
mM û+?�MiBHHQMM�;2 `2H�iBp2K2Mi 7�B#H2X .�Mb +2 +?�TBi`2- MQmb T`QTQbQMb /QM+ /Ƕ�M�Hvb2`
+2b KQ/ĕH2b �p2+ mM2 #�b2 /2 /QMMû2b `û+2Mi2 2i �v�Mi mM H�`;2 û+?�MiBHHQMM�;2- /�Mb
H2 #mi /2 H2b p�HB/2` Qm H2b BMp�HB/2` 2KTB`B[m2K2MiX

SHmb T`û+BbûK2Mi- MQmb +QKK2M+2`QMb T�` `2;�`/2` bB H� T�`iB+BT�iBQM ¨ /2b T`QD2ib
HB#`2b � mM 2z2i bm` H2 b�H�B`2 �MMm2H /2b /ûp2HQTT2mb2b 2i /2b /ûp2HQTT2m`b- +QKK2
HǶ�{`K2Mi G2`M2`- hB`QH2 UkyyRV- JmbiQM2M UkyyjV 2i #B2M /Ƕ�mi`2bX LQmb `2;�`/2`QMb
T�` H� bmBi2 HǶ2z2i /2 H� T�`iB+BT�iBQM ¨ /2b T`QD2ib HB#`2b bm` H2 TH�BbB` T2`bQMM2H `ûbmHi�Mi
/2 HǶû+`Bim`2 /2 +Q/2 BM7Q`K�iB[m2X

LQmb T`Q+û/2`QMb }M�H2K2Mi ¨ HǶ�M�Hvb2 /2 /Bp2`b 7�+i2m`b +QKK2 H2 b2MiBK2Mi /Ƕ�T@
T�`i2M�M+2 ¨ H� +QKKmM�miû BM7Q`K�iB[m2- H2 /ûbB` /Ƕû+`B`2 /m +Q/2 TQm` /2b `�BbQMb
�Hi`mBbi2b 2i H� b�iBb7�+iBQM �m i`�p�BHX
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jXR .2b+`BTiBQM /2 H� #�b2 /2 /QMMû2b

ai�+F Pp2`~Qr 2bi mM bBi2 r2# i`ĕb TQTmH�B`2 +?2x H2b /ûp2HQTT2m`b 2i H2b /ûp2HQTT2mb2b
[mB T2`K2i /2 TQb2` /2b [m2biBQMb 2M HB2M �p2+ H� T`Q;`�KK�iBQM BM7Q`K�iB[m2 2i /2
`2+2pQB` /2b `ûTQMb2b 2i /2b +QMb2BHb /2 H� T�`i /2b �mi`2b K2K#`2b /2 H� +QKKmM�miûX
G2b T2`bQMM2b miBHBb�Mi H2 bBi2 T2mp2Mi pQi2` TQm` H2b K2BHH2m`2b `ûTQMb2b- +2 [mB +`û2 mM
+H�bb2K2Mi i`ĕb 2{+�+2X 1M DmBM kyRN- H2 bBi2 b2 +H�bb�Bi �m 9d2 `�M; /2b bBi2b H2b THmb
+QMbmHiûb 2M HB;M2 b2HQM H� +QKT�;MB2 �H2t� AMi2`M2i- AM+X UkyRNV- [mB b2 bTû+B�HBb2 /�Mb
+2 ;2M`2 /2 T�HK�`ĕbX

§ iQmi2b H2b �MMû2b /2TmBb kyRR- ai�+F Pp2`~Qr /2K�M/2 �mt K2K#`2b /2 b� +QK@
KmM�miû /2 `2KTHB` mM bQM/�;2 2M HB;M2 +QKTQ`i�Mi THmb /ǶmM2 +2Mi�BM2 /2 [m2biBQMb
TQ`i�Mi bm` /Bp2`b �bT2+ib /2 H� T`Q72bbBQM BM7Q`K�iB[m2X S�` 2t2KTH2- H2b `ûTQM/�Mi@2@b
bQMi bQM/û@2@b bm` H2m` T�`iB+BT�iBQM ¨ /2b T`QD2ib HB#`2b- bm` H2b i2+?MQHQ;B2b miBHBbû2b
/�Mb H2 +�/`2 /2 H2m` i`�p�BH- bm` H2m` b�H�B`2- bm` H2m`b T2`bT2+iBp2b /2 +�``Bĕ`2 Qm 2M+Q`2
bm` H2 MQK#`2 2i H� i�BHH2 /2 H2m`b û+`�Mb �m i`�p�BHX

ai�+F Pp2`~Qr 2z2+im2 +2 bQM/�;2 �MMm2H TQm` T`QKQmpQB` bQM BK�;2 /2 K�`[m2 2i
+QKK2 KQv2M /2 +QHH2+i2` mM2 T�MQTHB2 /2 /QMMû2b bm` b2b miBHBb�i`B+2b 2i miBHBb�i2m`bX
*2b /QMMû2b T2mp2Mi T�` H� bmBi2 āi`2 miBHBbû2b ¨ HǶBMi2`M2 TQm` �KûHBQ`2` H2m`b b2`pB+2b
+QKK2`+B�mt- MQi�KK2Mi H2m` b2`pB+2 /2 `2+`mi2K2Mi T`Q72bbBQMM2HX

AH 2bi BMiû`2bb�Mi /2 MQi2` [mǶ�p2+ H2 i2KTb- ¨ HǶBMbi�` /m *1P *QM}/2M+2 am`p2v T`Q/mBi
T�` H2 *QM72`2M+2 "Q�`/ �Kû`B+�BM- +2 bQM/�;2 2bi /2p2Mm mM2 pû`Bi�#H2 BMbiBimiBQM /2 H�
+QKKmM�miû BM7Q`K�iB[m2X *2b /QMMû2b bQMi �BMbB 7`û[m2KK2Mi `2T`Bb2b T�` /2b Kû/B�b
bTû+B�HBbûb TQm` �M�Hvb2` HǶûpQHmiBQM /2b i2M/�M+2b HQm`/2b /�Mb HǶBM/mbi`B2 U"`B;?i- kyR3-
kyRNVX

G2b `ûTQMb2b ¨ +2 bQM/�;2 bQMi KBb2b 2M HB;M2 2i �++2bbB#H2b bQmb H� HB+2M+2 HB#`2 PT2M
.�i�#�b2 GB+2Mb2X LQmb �pQMb +?QBbB /2 i`�p�BHH2` �p2+ H2b /QMMû2b Bbbm2b /m bQM/�;2
2z2+imû 2M kyR3 Uai�+F Pp2`~Qr- kyR3V +�` H2b [m2biBQMb TQbû2b �#Q`/2Mi /2b bmD2ib
+QMM2t2b ¨ MQi`2 bmD2i /Ƕûim/2X

G2 bQM/�;2 � ûiû 2z2+imû 2Mi`2 H2 3 2i H2 k3 D�MpB2` kyR3- bQBi bm` mM2 Tû`BQ/2 /2 ky DQm`bX
*QKK2 H� #�b2 /2 /QMMû2 T`QpB2Mi /2 +2 bQM/�;2 TQM+im2H 2i MǶ2bi T�b H2 `ûbmHi�i /ǶmM2
ûim/2 HQM;Bim/BM�H2- H2b `ûTQMb2b bQMi /QM+ mM TQ`i`�Bi /2 HǶQTBMBQM /2b `ûTQM/�Mi@2@b ¨
+2ii2 /�i2X *QMbû[m2KK2Mi- BH M2 MQmb 2bi T�b MQM THmb TQbbB#H2 /ǶmiBHBb2` H2b /QMMû2b
/2 THmbB2m`b bQM/�;2b TQm` �M�Hvb2` HǶûpQHmiBQM /2b `ûTQMb2b /�Mb H2 i2KTbX
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SHmb /2 +2Mi KBHH2 /ûp2HQTT2mb2b 2i /ûp2HQTT2m`b BM7Q`K�iB[m2b T`Qp2M�Mi /2 R3j T�vb
/Bzû`2Mib QMi `ûTQM/m ¨ +2 bQM/�;2X G2b `ûTQMb2b /2 ky yyy �mi`2b `ûTQM/�Mi@2@b MǶQMi
T�b ûiû +QMb2`pû2b T�` H2 b2`pB+2 bi�iBbiB[m2 /2 ai�+F Pp2`~Qr- +�` 2HH2b 2i BHb MǶQMi
T�b `ûTQM/m ¨ �bb2x /2 [m2biBQMb TQm` [m2 H2m` [m2biBQMM�B`2 bQBi +QMbB/û`û p�HB/2X G�
p�HB/Biû /ǶmM [m2biBQMM�B`2 � ûiû ûi�#HB2 ¨ T�`iB` /m `�iBQ 2Mi`2 H2 i2KTb /2 `ûTQMb2 2i
H2 MQK#`2 /2 [m2biBQMb `2KTHB2bX G� THmT�`i /2b [m2biBQMM�B`2b `2KTHBb 2M KQBMb /2
8 KBMmi2b MǶQMi T�b ûiû +QMb2`pûbX AH MǶûi�Bi T�b TQbbB#H2 TQm` mM2 KāK2 T2`bQMM2 /2
`ûTQM/`2 �m bQM/�;2 THmbB2m`b 7QBbX

am` H2b RyR 8Nk T2`bQMM2b �v�Mi /2b [m2biBQMM�B`2b +QMbB/û`ûb +QKK2 p�HB/2b- ed 99R
Uee-9 WV QMi +QKTHûiû H2 bQM/�;2 /�Mb bQM 2MiBĕ`2iûX

G2b `ûTQM/�Mi@2@b QMi ûiû `2+`miû@2@b 2M HB;M2X G2b +BM[ KQv2Mb H2b THmb 2{+�+2b TQm`
`2+`mi2` /2b `ûTQM/�Mi@2@b b2 bQMi �pû`ûb āi`2 ,

RX GǶ�+?�i /2 #�MMBĕ`2b Tm#HB+Bi�B`2b bm` H2 r2#
kX G� Tm#HB+�iBQM /2 K2bb�;2b bm` /2b HBbi2b +Qm``B2Hb
jX GǶ�{+?�;2 /2 Tm#HB+Biûb bm` H2 bBi2 bi�+FQp2`~QrX+QK
9X G� Tm#HB+�iBQM /Ƕ2Mi`û2b /2 #HQ;m2 bm` H2 bBi2 bi�+FQp2`~QrX#HQ;
8X G� Tm#HB+�iBQM /2 K2bb�;2b bm` hrBii2`

ai�+F Pp2`~Qr `2+QMM�ŗi [m2 b2b Kûi?Q/2b /2 `2+`mi2K2Mi /2b `ûTQM/�Mi@2@b QMi 7�pQ@
`Bbû H� T�`iB+BT�iBQM /2b K2K#`2b H2b THmb �+iB7b /2 b� +QKKmM�miû- �m /ûi`BK2Mi /2b
T2`bQMM2b MǶmiBHBb�Mi [m2 `�`2K2Mi H2 bBi2X .2 THmb- H2b `ûTQM/�Mi@2@b [mB QMi i2`KBMû H2
bQM/�;2 b2 bQMi pm �ii`B#m2` mM #�/;2 bTû+B�H /�Mb H2m` T`Q}H ai�+F Pp2`~Qr 7�Bb�Mi
K2MiBQM /m/Bi bQM/�;2X

AH 2bi �BMbB T`Q#�#H2 [mǶBH 2tBbi2 mM #B�Bb /2 bûH2+iBQM /�Mb H2b /QMMû2b }M�H2b- +�mbû T�`
mM2 /Bzû`2M+2 2Mi`2 H� TQTmH�iBQM ûi�Mi TQ`iû2 ¨ `ûTQM/`2 �m bQM/�;2 �MMm2H /2 ai�+F
Pp2`~Qr 2i H� TQTmH�iBQM `2;`QmT�Mi HǶ2Mb2K#H2 /2b /ûp2HQTT2mb2b 2i /2b /ûp2HQTT2m`bX
§ MQi`2 �pBb- H2 MQK#`2 BKTQ`i�Mi /2 `ûTQM/�Mi@2@b i2M/ iQmi27QBb ¨ KBMBKBb2` H2 `Bb[m2
/ǶmM #B�Bb K�`[mûX

§ MQi`2 +QMM�Bbb�M+2- �m+mM i`�p�BH �+�/ûKB[m2 2M û+QMQKB2 MǶ� ûiû `û�HBbû ¨ T�`iB` /m
bQM/�;2 /2 kyR3X .2b ûim/2b TQ`i�Mi bm` H� T�`iB+BT�iBQM /2b 72KK2b 2M BM7Q`K�iB[m2
QMi iQmi27QBb miBHBbû H2b /QMMû2b /2 bQM/�;2b T`û+û/2Mib U6Q`/ 2i �HX- kyRe- kyRdVX

ai�+F Pp2`~Qr K2i ¨ MQi`2 /BbTQbBiBQM mM iQi�H /2 RkN p�`B�#H2b /Bzû`2Mi2b �T`ĕb �pQB`
`2iB`û +2HH2b +QKTQ`i�Mi /2b BM7Q`K�iBQMb T2`K2ii�Mi /ǶB/2MiB}2` mM BM/BpB/mX am` +2b
RkN p�`B�#H2b- b2mH2b H2b p�`B�#H2b T`ûb2Miû2b ¨ H� i�#H2 jXR QMi ûiû `2i2Mm2bX
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LQmb �pQMb `2i2Mm +2b p�`B�#H2b TQm` H2m` HB2M bTû+B}[m2 �p2+ MQi`2 bmD2i /Ƕûim/2X G�
HBbi2 +QKTHĕi2 /2b p�`B�#H2b /2 H� #�b2 /2 /QMMû2b Q`B;BM2HH2 �BMbB [m2 H2m` /2b+`BTiBQM
2bi /BbTQMB#H2 2M HB;M2 bm` H2 bBi2 /2 T`ûb2Mi�iBQM /2 H� #�b2 /2 /QMMû2b Uai�+F Pp2`~Qr-
kyR3VX

h�#H2�m jXR Ĝ .2b+`BTiBQM /2b p�`B�#H2b `2i2Mm2b /�Mb H� #�b2 /2 /QMMû2b

LQK /2 H� p�`B�#H2 .2b+`BTiBQM

�;2 GǶ�;2

:2M/2` G2 ;2M`2

_�+21i?MB+Biv GǶB/2MiB}+�iBQM ¨ mM ;`QmT2 2i?MB[m2

*QmMi`v G2 T�vb /2 `ûbB/2M+2

6Q`K�H1/m+�iBQM G2 MBp2�m /Ƕû/m+�iBQM 7Q`K2HH2

1/m+�iBQMS�`2Mib G2 MBp2�m /Ƕû/m+�iBQM H2 THmb ûH2pû /2b T�`2Mib

1KTHQvK2Mi G2 bi�imi /Ƕ2KTHQB

*QMp2`i2/a�H�`vƘ G2 b�H�B`2 �MMm2H 2M la. #�bû bm` H2 i�mt /2 +?�M;2 2M
pB;m2m` H2 kyR3@yR@R3- 2M T`2M�Mi TQm` �+[mBb 8y b2K�BM2b
i`�p�BHHû2b T�` �M

>Q##v aB H2b `ûTQM/�Mi@2@b û+`Bp2Mi /m +Q/2 BM7Q`K�iB[m2 +QKK2
HQBbB`

PT2MaQm`+2 aB H2b `ûTQM/�Mi@2@b T�`iB+BT2Mi ¨ /2b T`QD2ib HB#`2b

u2�`b*Q/BM; G2 MQK#`2 /Ƕ�MMû2b /Ƕ2tTû`B2M+2 /Ƕû+`Bim`2 /2 +Q/2 BM7Q`@
K�iB[m2

CQ#a�iBb7�+iBQM G� b�iBb7�+iBQM �m i`�p�BH

*�`22`a�iBb7�+iBQM G� b�iBb7�+iBQM /m +?QBt /2 +�``Bĕ`2

1/m+�iBQMhvT2b GǶ2tTû`B2M+2 MQM �+�/ûKB[m2

bmBi2 ¨ H� T�;2 bmBp�Mi2
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h�#H2�m jXR Ĝ .2b+`BTiBQM /2b p�`B�#H2b `2i2Mm2b /�Mb H� #�b2 /2 /QMMû2

�;`22.Bb�;`22R aB H2b `ûTQM/�Mi@2@b ûT`Qmp2Mi mM HB2M /Ƕ�TT�`i2M�M+2 �p2+
H� +QKKmM�miû BM7Q`K�iB[m2

1i?B+b*?QB+2 aB H2b `ûTQM/�Mi@2@b û+`B`�B2Mi /m +Q/2 BM7Q`K�iB[m2 ¨ /2b
}Mb Dm;û2b T`Q7QM/ûK2Mi BKKQ`�H2b

1i?B+b_2TQ`i aB H2b `ûTQM/�Mi@2@b /ûMQM+2`�B2Mi /m +Q/2 BM7Q`K�iB[m2
Dm;û T`Q7QM/ûK2Mi BKKQ`�H

1i?B+�HAKTHB+�iBQMb aB H2b `ûTQM/�Mi@2@b T2Mb2Mi �pQB` mM2 Q#HB;�iBQM KQ`�H2
/Ƕ�M�Hvb2` H2b +QMbû[m2M+2 /2 HǶû+`Bim`2 /2 +Q/2 BM7Q`K�@
iB[m2

G�M;m�;2qQ`F2/qBi? G2b H�M;�;2b /2 T`Q;`�KK�iBQM 7`û[m2KK2Mi miBHBbûb

.�i�#�b2qQ`F2/qBi? G2b HQ;B+B2Hb /2 ;2biBQM /2 #�b2b /2 /QMMû2b 7`û[m2KK2Mi
miBHBbûb

SH�i7Q`KqQ`F2/qBi? G2b TH�i27Q`K2b BM7Q`K�iB[m2b 7`û[m2KK2Mi miBHBbû2b

A.1 G2b 2MpB`QMM2K2Mib /2 T`Q;`�KK�iBQM 7`û[m2KK2Mi miBHBbûb

PT2`�iBM;avbi2K G2b bvbiĕK2b /Ƕ2tTHQBi�iBQM 7`û[m2KK2Mi miBHBbûb

jXk Jûi?Q/QHQ;B2

§ HǶ�B/2 /2 #�b2 /2 /QMMû2b- MQmb 2z2+imQMb mM2 bû`B2 /2 `û;`2bbBQMb ¨ HǶ�B/2 /ǶmM 2biBK�@
i2m` /2 ivT2 Ŀ JQBM/`2b +�``ûb Q`/BM�B`2 ŀ UJ*PVX SHmb T`û+BbûK2Mi- MQmb bQm?�BiQMb
2biBK2` HǶ2z2i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` ,

RX H2 b�H�B`2
kX H2 TH�BbB` `2bb2MiB ¨ û+`B`2 /m +Q/2 BM7Q`K�iB[m2
jX H2 b2MiBK2Mi /Ƕ�TT�`i2M�M+2 ¨ H� +QKKmM�miû BM7Q`K�iB[m2
9X HǶ�Hi`mBbK2
8X H� b�iBb7�+iBQM �m i`�p�BH
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SQm` /2b `�BbQMb i2+?MB[m2b- MQmb KQ/B}QMb +2`i�BM2b p�`B�#H2b T`Qp2M�Mi /2 H� #�b2
/2 /QMMû2b Q`B;BM2HH2X 1M 2z2i- THmbB2m`b /Ƕ2Mi`2 2HH2b bQMi /2b p�`B�#H2b +�iû;Q`B[m2b
[m2 MQmb i`�Bi2`QMb THmiƬi +QKK2 /2b p�`B�#H2b /B+?QiQKB[m2bX *2b KQ/B}+�iBQMb bQMi
T`ûb2Miû2b ¨ H� i�#H2 jXkX

h�#H2�m jXk Ĝ .2b+`BTiBQM /2b p�`B�#H2b KQ/B}û2b /�Mb H� MQmp2HH2 #�b2 /2 /QMMû2b

LQK /2 H� p�`B�#H2 .2b+`BTiBQM

�;2yyRd aB HǶBM/BpB/m � 2Mi`2 y 2i Rd �Mb

�;2R3k9 aB HǶBM/BpB/m � 2Mi`2 R3 2i k9 �Mb

�;2k8j9 aB HǶBM/BpB/m � 2Mi`2 k8 2i j9 �Mb

�;2j899 aB HǶBM/BpB/m � 2Mi`2 j8 2i 99 �Mb

�;29989 aB HǶBM/BpB/m � 2Mi`2 98 2i 89 �Mb

�;288e9 aB HǶBM/BpB/m � 2Mi`2 88 2i e9 �Mb

�;2e8JQ`2 aB HǶBM/BpB/m � e8 �Mb Qm THmb

:2M/2`.mKKv aB HǶBM/BpB/m 2bi mM ?QKK2

_�+21i?MB+Biv.mKKv aB HǶBM/BpB/m 2bi /2 /2b+2M/�M+2 2m`QTû2MM2

*QmMi`v>.A GǶBM/B+2 /2 /ûp2HQTT2K2Mi ?mK�BM /m T�vb

6Q`K�H1/m+�iBQM.mKKv aB HǶBM/BpB/m /ûiB2Mi mM /BTHƬK2 mMBp2`bBi�B`2

1/m+�iBQMS�`2Mib.mKKv aB mM T�`2Mi /2 HǶBM/BpB/m /ûiB2Mi mM /BTHƬK2 mMBp2`bB@
i�B`2

1KTHQvK2Mi6mHH aB HǶBM/BpB/m i`�p�BHH2 ¨ i2KTb TH2BM

1KTHQvK2MiS�`ia2H7 aB HǶBM/BpB/m i`�p�BHH2 ¨ i2KTb T�`iB2H Qm i`�p�BHH2 ¨ bQM
+QKTi2

1KTHQvK2MiPi?2` aB HǶBM/BpB/m 2bi ¨ H� `2i`�Bi2- M2 i`�p�BHH2 T�b Qm � mM
bi�imi /Ƕ2KTHQB �mi`2

bmBi2 ¨ H� T�;2 bmBp�Mi2
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h�#H2�m jXk Ĝ .2b+`BTiBQM /2b p�`B�#H2b KQ/B}û2b /�Mb H� MQmp2HH2 #�b2 /2 /QMMû2b

JQ`23u2�`b*Q/BM; aB HǶBM/BpB/m û+`Bi /m +Q/2 BM7Q`K�iB[m2 /2TmBb THmb /2 3
�Mb

PT2MaQm`+21/m+�iBQM aB HǶBM/Bpm � /ûD¨ T�`iB+BTû ¨ mM T`QD2i HB#`2 ¨ /2b }Mb
û/m+�iBp2b

G�M;m�;2S`QT`B2i�`v aB HǶBM/BpB/m i`�p�BHH2 �p2+ /2b H�M;m�;2b /2 T`Q;`�KK�@
iBQM T`QT`Bûi�B`2b

.�i�#�b2S`QT`B2i�`v aB HǶBM/BpB/m i`�p�BHH2 �p2+ /2b HQ;B+B2Hb /2 ;2biBQM /2 #�b2
/2 /QMMû2b T`QT`Bûi�B`2b

SH�i7Q`KS`QT`B2i�`v aB HǶBM/BpB/m i`�p�BHH2 �p2+ /2b TH�i27Q`K2b BM7Q`K�iB[m2b
T`QT`Bûi�B`2b

A.1S`QT`B2i�`v aB HǶBM/BpB/m miBHBb2 mM 2MpB`QMM2K2Mi /2 T`Q;`�KK�iBQM
T`QT`Bûi�B`2

PaS`QT`B2i�`v aB HǶBM/BpB/m miBHBb2 mM bvbiĕK2 /Ƕ2tTHQBi�iBQM T`QT`Bû@
i�B`2

�Hi`mBbK G2 /2;`û /Ƕ�Hi`mBbK2

a�iBb7�+iBQM G2 /2;`û /2 b�iBb7�+iBQM �m i`�p�BH

PT2MaQm`+2*QKTQbBi2 G2 /2;`û /2 T�`iB+BT�iBQM ¨ H� +QKKmM�miû HB#`2

G� p�`B�#H2 *QmMi`v>.A 2bi Q#i2Mm2 2M +`QBb�Mi H� p�`B�#H2 *QmMi`v �p2+ HǶBM/B+2 /2
/ûp2HQTT2K2Mi ?mK�BM /m T�vb 2M kyR3 UlL.S- kyRNVX *2H� MQmb T2`K2i 2M 2z2i /ǶQ#@
i2MB` /2 HǶBM7Q`K�iBQM bm` H2 MBp2�m /2 /ûp2HQTT2K2Mi /m T�vb /2 `ûbB/2M+2 /m `ûTQM/�Mi
Qm /2 H� `ûTQM/�Mi2 HQ`b /2 HǶ�MMû2 /m bQM/�;2X

SQm` ûim/B2` HǶ�TT�`i2M�M+2 ¨ H� +QKKmM�miû BM7Q`K�iB[m2- MQmb `2MQKKQMb H� p�`B�#H2
�;`22.Bb�;`22R T�` "2HQM;BM; 2i H� i`�Mb7Q`KQMb 2M p�`B�#H2 +QMiBMm2 �HH�Mi /2 y ¨ RX
�BMbB- THmb H2b `ûTQM/�Mi@2@b ûT`Qmp2Mi mM HB2M /Ƕ�TT�`i2M�M+2 7Q`i ¨ H� +QKKmM�miû-
THmb H� p�`B�#H2 "2HQM;BM; bǶ�TT`Q+?2 /2 RX



kN

GǶ�Hi`mBbK2- /2 T�` b� M�im`2 KQ`�H2 2i T?BHQbQT?B[m2- 2bi mM2 +?Qb2 +QKTH2t2 ¨ [m�M@
iB}2`X *QKK2 BH M2 MQmb 2bi K�H?2m`2mb2K2Mi T�b TQbbB#H2 /2 K2bm`2` +2ii2 p�`B�#H2
/B`2+i2K2Mi ¨ T�`iB` /2 MQi`2 #�b2 /2 /QMMû2b- MQmb �pQMb +?QBbB /2 `2i2MB` H2b p�@
`B�#H2b 1i?B+b*?QB+2- 1i?B+b_2TQ`i 2i 1i?B+�HAKTHB+�iBQMb +QKK2 BM/B+�i2m`b /Ƕ�H@
i`mBbK2X

1M 2z2i- BH v � ¨ MQi`2 �pBb mM HB2M 7Q`i 2Mi`2 H2 `27mb /Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2 TQm`
/2b `�BbQMb KQ`�H2b 2i H2 MBp2�m /Ƕ�Hi`mBbK2 +?2x mM2 T2`bQMM2X 1M ;ûMû`�H- HQ`b[mǶmM2
T2`bQMM2 `27mb2 /Ƕû+`B`2 /m +Q/2 [mǶ2HH2 Dm;2 BKKQ`�H- +Ƕ2bi T�`+2 [mǶ2HH2 b2 T`ûQ++mT2
/2b `ûT2`+miBQMb TQbbB#H2b bm` b2b T�B`b 2i bm` H� bQ+Bûiû 2M ;ûMû`�HX

PM 7Q`K2 /QM+ H� p�`B�#H2 �Hi`mBbK- �HH�Mi /2 y ¨ R- TQm` ûim/B2` H2 MBp2�m /Ƕ�Hi`mBbK2
/2b BM/BpB/mb bQM/ûb- Qɍ H� p�H2m` /2 H� p�`B�#H2 2bi /QMMû2 T�` HǶû[m�iBQM jXRX

Altruism =
EthicsChoice+ EthicsReport+ EthicalImplications

3
UjXRV

�BMbB- bB mM2 T2`bQMM2 `27mb2`�Bi /Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2 ¨ /2b }Mb Dm;û2b T`Q@
7QM/ûK2Mi BKKQ`�H2b- bB 2HH2 /ûMQM+2`�Bi Tm#HB[m2K2Mi H2 7�Bi /2 b2 7�B`2 /2K�M/2` mM2
i2HH2 +?Qb2 2i [mǶ2HH2 T2Mb2 �pQB` HǶQ#HB;�iBQM /Ƕ�M�Hvb2` H2b +QMbû[m2M+2b KQ`�H2b /Ƕû+`B`2
/m +Q/2 BM7Q`K�iB[m2- b� p�`B�#H2 �Hi`mBbK b2`�Bi /2 RX

*QMi`�B`2K2Mi ¨ HǶ�Hi`mBbK2- H� b�iBb7�+iBQM �m i`�p�BH 2bi M2ii2K2Mi THmb bBKTH2 ¨ ûp�@
Hm2` c QM /BbTQb2 2M 2z2i /2 /2mt p�`B�#H2b �TT`QT`Bû2b- CQ#a�iBb7�+iBQM 2i *�`22`a�iBb7�+iBQMX
PM �;`ĕ;2 /2 7�Bi +2b /2mt p�`B�#H2b pB� HǶû[m�iBQM jXkX G� p�`B�#H2 `ûbmHi�Mi2- a�iBb7�+iBQM-
p� /2 y ¨ R , THmb mM2 T2`bQMM2 2bi b�iBb7�Bi2 �m i`�p�BH THmb bQM b+Q`2 b2 `�TT`Q+?2 /2
RX

Satisfaction =
JobSatisfaction+ CareerSatisfaction

2
UjXkV



jy

6BM�H2K2Mi- QM +`û2 H� p�`B�#H2 PT2MaQm`+2*QKTQbBi2 TQm` i2Mi2` /2 [m�MiB}2` H2 /2;`û
/2 T�`iB+BT�iBQM ¨ H� +QKKmM�miû HB#`2 /ǶmM `ûTQM/�Mi Qm /ǶmM2 `ûTQM/�Mi2X *2ii2
p�`B�#H2 +QKTQbBi2 2bi +QMiBMm2 �HH�Mi /2 y ¨ R 2i 2bi /û}MB2 T�` HǶû[m�iBQM jXj- Qɍ ,

ě PT2MaQm`+2*QKTQbBi2 = OSC

ě PT2MaQm`+2 = OS

ě PT2MaQm`+21/m+�iBQM = OSE

ě G�M;m�;2S`QT`B2i�`v = LP

ě .�i�#�b2S`QT`B2i�`v = DP

ě SH�i7Q`KS`QT`B2i�`v = PP

ě A.1S`QT`B2i�`v = IP

ě PaS`QT`B2i�`v = OP

OSC =
1

3
·OS +

1

9
· (OSE + ¬LP + ¬DP + ¬PP + ¬IP + ¬OP )

=
1

3
·OS +

1

9
· (OSE + 1− LP + 1−DP + 1− PP + 1− IP + 1−OP )

=
1

3
·OS +

1

9
·OSE − 1

9
· (LP +DP + PP + IP +OP ) +

5

9
UjXjV

S�` 2t2KTH2- bB mM2 T2`bQMM2 T�`iB+BT2 ¨ /2b T`QD2ib HB#`2b- � /ûD¨ T�`iB+BTû ¨ mM T`QD2i
HB#`2 ¨ /2b }Mb û/m+�iBp2b- T`Q;`�KK2 �p2+ mM H�M;�;2 /QMi H2 +QKTBH�i2m` 2bi HB#`2-
i`�p�BHH2 �p2+ /2b #�b2b /2 /QMMû2b HB#`2b- miBHBb2 mM 2MpB`QMM2K2Mi /2 T`Q;`�KK�iBQM
HB#`2 �BMbB [m2 GBMmt- b� p�`B�#H2 PT2MaQm`+2*QKTQbBi2 b2`�Bi /2 RX § HǶBMp2`b2- mM2
T2`bQMM2 �{`K�Mi M2 T�b T�`iB+BT2` ¨ H� +QKKmM�miû HB#`2 2i miBHBb�Mi 2t+HmbBp2K2Mi
/2b i2+?MQHQ;B2b T`QT`Bûi�B`2b �m`�Bi mM b+Q`2 /2 yX

.�Mb HǶû[m�iBQM jXj- MQmb �ii`B#mQMb /2b TQB/b /Bzû`2Mib �mt p�`B�#H2b [mB +QKTQb2Mi
PT2MaQm`+2*QKTQbBi2X aB H2 `�TTQ`i 2Mi`2 H� p�`B�#H2 PT2MaQm`+2 U1/3V 2i H2b �mi`2b p�@
`B�#H2b miBHBbû2b U1/9V 2bi 2M /û}MBiBp2 �`#Bi`�B`2- BH 2bi ¨ MQi`2 �pBb BKTQ`i�Mi /Ƕ�ii`B#m2`
THmb /2 TQB/b ¨ PT2MaQm`+2 TQm` K2ii`2 HǶ�++2Mi bm` bQM BKTQ`i�M+2X 1M /û}MBiBp2- mM2
/ûp2HQTT2mb2 Qm mM /ûp2HQTT2m` [mB miBHBb2 /2b HQ;B+B2Hb HB#`2b K�Bb [mB �{`K2 M2 T�b
+QMi`B#m2` ¨ +2b /2`MB2`b M2 T�`iB+BT2 T�b `û2HH2K2Mi ¨ +2ii2 +QKKmM�miûX R

RX *QMi`�B`2K2Mi ¨ +2 [mǶmM2 T2`bQMM2 MǶûpQHm�Mi T�b /�Mb H� +QKKmM�miû HB#`2 TQm``�Bi āi`2 TQ`iû2
¨ +`QB`2- BH MǶ2bi T�b Mû+2bb�B`2 /Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2 Qm KāK2 /2 b�pQB` +Q/2` TQm` +QMi`B#m2`
�mt HQ;B+B2Hb HB#`2bX 1M 2z2i- /2 MQK#`2mb2b 7Q`K2b /2 +QMi`B#miBQMb MQM i2+?MB[m2b bQMi Mû+2bb�B`2b ¨
H� Tû`2MMBiû /ǶmM T`QD2iX S�` 2t2KTH2- mM2 T2`bQMM2 T2mi bQmK2ii`2 mM `�TTQ`i /2 #Q;m2 2M +�b /2
T`Q#HĕK2b- T�`iB+BT2` ¨ H� i`�/m+iBQM /2 H� /Q+mK2Mi�iBQM Qm /2 HǶBMi2`7�+2 ;`�T?B[m2 /ǶmM T`Q;`�KK2
Qm 2M+Q`2 T�`iB+BT2` ¨ H� ;2biBQM /2b �z�B`2b �/KBMBbi`�iBp2b /ǶmM T`QD2iX



jR

jXkXR ai�iBbiB[m2b /2b+`BTiBp2b

§ iQmb H2b �Mb- ai�+F Pp2`~Qr UkyR3V `2M/ /BbTQMB#H2 2M HB;M2 mM `�TTQ`i bi�iBbiB[m2
/ûi�BHHû T`ûT�`û T�` bQM û[mBT2 /2 bi�iBbiB+B2M@M2@b TQm` �++QKT�;M2` H� Tm#HB+�iBQM /2b
/QMMû2b /2 bQM bQM/�;2 �MMm2HX

LQmb 2M+Qm`�;2QMb H2 H2+i2m` Qm H� H2+i`B+2 BMiû`2bbû@2 T�` H� /Bbi`B#miBQM bi�iBbiB[m2
/2b p�`B�#H2b miBHBbû2b /�Mb +2 i`�p�BH ¨ +QMbmHi2` +2 `�TTQ`i c BMi2`�+iB7 2i i`ĕb /ûi�BHHû-
BH b�m`� K2ii`2 2M p�H2m` MQi`2 #�b2 /2 /QMMû2b #B2M KB2mt [m2 +2 MQmb �m`BQMb Tm
T`ûb2Mi2` B+BX

*QKK2 H2b p�`B�#H2b /B+?QiQKB[m2b �;`û;û2b T`ûb2Miû2b T`û+û/2KK2Mi M2 7QMi #B2M ûpB@
/2KK2Mi T�b T�`iB2 /2b bi�iB[m2b /2b+`BTiBp2b Tm#HBû2b T�` ai�+F Pp2`~Qr- MQmb T`û@
b2MiQMb +2b /QMMû2b ¨ H� i�#H2 jXjX

jXkXk G2 b�H�B`2

PM bQm?�Bi2 pû`B}2` HǶ2z2i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` H2 b�H�B`2 /2 HǶBM/BpB/mX
PM TQb2 �BMbB HǶû[m�iBQM jX9X

ConvertedSalary = β0 + βX1 + δD1 + ϵ UjX9V

ϵ 2bi mM p2+i2m` /2 i2`K2b /Ƕ2``2m`X G2b K�i`B+2b HB;M2b β 2i δ +QMiB2MM2Mi `2bT2+iBp2K2Mi
H2b p2+i2m`b /2 +Q2{+B2Mi /2 `û;`2bbBQM /2b p2+i2m`b +QHQMM2b X1 2i D1X PM /û}MBi +2b
/2`MB2`b �BMbB ,



jk

X1 =

[
CountryHDI

]
UjX8V

D1 =

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

OpenSource

Age0017

Age1824

Age3544

Age4554

Age5564

Age65More

GenderDummy

RaceEthnicityDummy

FormalEducationDummy

EducationParentsDummy

EmploymentPartSelf

EmploymentOther

More8Y earsCoding

Hobby

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

G2b i2`K2b /2 H� K�i`B+2 X1 bQMi /2b p�`B�#H2b +QMiBMm2b- �HQ`b [m2 +2mt /2 H� K�i`B+2
D1 bQMi /2b p�`B�#H2b /B+?QiQKB[m2bX

.2 K�MBĕ`2 bBKBH�B`2- QM +�H+mH2 HǶ2z2i /2 H� p�`B�#H2 +QMiBMm2 PT2MaQm`+2*QKTQbBi2
bm` H2 b�H�B`2 T�` HǶû[m�iBQM jXeX

ConvertedSalaryc = β0 + βX2 + δD2 + ϵ UjXeV



jj

X2 =

⎡

⎢⎣
OpenSourceComposite

CountryHDI

⎤

⎥⎦ UjXdV

D2 =

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

Age0017

Age1824

Age3544

Age4554

Age5564

Age65More

GenderDummy

RaceEthnicityDummy

FormalEducationDummy

EducationParentsDummy

EmploymentPartSelf

EmploymentOther

More8Y earsCoding

Hobby

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

G2b `ûbmHi�ib /2b û[m�iBQMb jX9 2i jXe bQMi `2bT2+iBp2K2Mi T`ûb2Miûb �mt i�#H2�mt jX9 2i
jX8X



j9

jXkXj G2 TH�BbB` /Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2

.2 K�MBĕ`2 bBKBH�B`2- QM +?2`+?2 ¨ ûi�#HB` HǶ2z2i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2
bm` H2 TH�BbB` /Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2- `2T`ûb2Miû T�` H� p�`B�#H2 >Q##vX PM T`2M/
�BMbB TQm` �+[mBb [m2 bB mM2 T2`bQMM2 û+`Bi /m +Q/2 BM7Q`K�iB[m2 +QKK2 ?Q##v- 2HH2 iB`2
/2 +2ii2 �+iBpBiû mM +2`i�BM TH�BbB`X PM TQb2 �BMbB HǶû[m�iBQM jX3X

Hobby = β0 + βX3 + δD3 + ϵ UjX3V

X3 =

⎡

⎢⎣
CountryHDI

ConvertedSalary

⎤

⎥⎦ UjXNV

D3 =

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

OpenSource

Age0017

Age1824

Age3544

Age4554

Age5564

Age65More

GenderDummy

RaceEthnicityDummy

FormalEducationDummy

EducationParentsDummy

EmploymentPartSelf

EmploymentOther

More8Y earsCoding

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦



j8

.2 K�MBĕ`2 bBKBH�B`2- QM +�H+mH2 HǶ2z2i /2 H� p�`B�#H2 +QMiBMm2 PT2MaQm`+2*QKTQbBi2
bm` H2 TH�BbB` /Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2 T�` HǶû[m�iBQM jXRyX

Hobbyc = β0 + βX4 + δD4 + ϵ UjXRyV

X4 =

⎡

⎢⎢⎢⎢⎢⎣

OpenSourceComposite

CountryHDI

ConvertedSalary

⎤

⎥⎥⎥⎥⎥⎦
UjXRRV

D4 =

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

Age0017

Age1824

Age3544

Age4554

Age5564

Age65More

GenderDummy

RaceEthnicityDummy

FormalEducationDummy

EducationParentsDummy

EmploymentPartSelf

EmploymentOther

More8Y earsCoding

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

G2b `ûbmHi�ib /2b û[m�iBQMb jX3 2i jXRy bQMi `2bT2+iBp2K2Mi T`ûb2Miûb �mt i�#H2�mt jXe
2i jXdX



je

jXkX9 G2 b2MiBK2Mi /Ƕ�TT�`i2M�M+2

PM bQm?�Bi2 K�BMi2M�Mi ûi�#HB` HǶ2z2i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` H2 b2MiB@
K2Mi /Ƕ�TT�`i2M�M+2 ¨ H� +QKKmM�miû BM7Q`K�iB[m2X PM TQb2 �BMbB HǶû[m�iBQM jXRkX

Belonging = β0 + βX3 + δD1 + ϵ UjXRkV

.2 K�MBĕ`2 bBKBH�B`2- QM +�H+mH2 HǶ2z2i /2 H� p�`B�#H2 +QMiBMm2 PT2MaQm`+2*QKTQbBi2
bm` +2 KāK2 b2MiBK2Mi /Ƕ�TT�`i2M�M+2 T�` HǶû[m�iBQM jXRjX

Belongingc = β0 + βX4 + δD2 + ϵ UjXRjV

G2b `ûbmHi�ib /2b û[m�iBQMb jXRk 2i jXRj bQMi `2bT2+iBp2K2Mi T`ûb2Miûb �mt i�#H2�mt jX3
2i jXNX

jXkX8 GǶ�Hi`mBbK2

PM bQm?�Bi2 ûi�#HB` HǶ2z2i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` HǶ�Hi`mBbK2 /2b T2`@
bQMM2b bQM/û2bX PM TQb2 �BMbB HǶû[m�iBQM jXR9X

Altruism = β0 + βX3 + δD1 + ϵ UjXR9V

.2 K�MBĕ`2 bBKBH�B`2- QM +�H+mH2 HǶ2z2i /2 H� p�`B�#H2 +QMiBMm2 PT2MaQm`+2*QKTQbBi2
bm` HǶ�Hi`mBbK2 ;`�+2 ¨ HǶû[m�iBQM jXR8X

Altruismc = β0 + βX4 + δD2 + ϵ UjXR8V

G2b `ûbmHi�ib /2b û[m�iBQMb jXR9 2i jXR8 bQMi `2bT2+iBp2K2Mi T`ûb2Miûb �mt i�#H2�mt jXRy
2i jXRRX



jd

jXkXe G� b�iBb7�+iBQM �m i`�p�BH

PM bQm?�Bi2 ûi�#HB` HǶ2z2i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` H� b�iBb7�+iBQM �m
i`�p�BH /2b T2`bQMM2b bQM/û2bX PM TQb2 �BMbB HǶû[m�iBQM jXReX

Satisfaction = β0 + βX3 + δD1 + ϵ UjXReV

.2 K�MBĕ`2 bBKBH�B`2- QM +�H+mH2 HǶ2z2i /2 H� p�`B�#H2 +QMiBMm2 PT2MaQm`+2*QKTQbBi2
bm` H� b�iBb7�+iBQM �m i`�p�BH ;`�+2 ¨ HǶû[m�iBQM jXRdX

Satisfactionc = β0 + βX4 + δD2 + ϵ UjXRdV

G2b `ûbmHi�ib /2b û[m�iBQMb jXRe 2i jXRd bQMi `2bT2+iBp2K2Mi T`ûb2Miûb �mt i�#H2�mt jXRk
2i jXRjX

jXkXd *?QBt /2b mMBiûb /2 K2bm`2

.�Mb H2 +�/`2 /2 +2 i`�p�BH- MQmb �pQMb +?QBbB /Ƕ2z2+im2` /2b `û;`2bbBQMb 2M MBp2�m THmiƬi
[m2 /2 T`Q+û/2` ¨ mM2 i`�Mb7Q`K�iBQM HQ;�`Bi?KB[m2X aB QM �m`�Bi Tm bǶ�ii2M/`2 ¨ +2 [m2
+2 ;2M`2 /2 i`�Mb7Q`K�iBQM bQBi 2z2+imû2 ě T�`iB+mHBĕ`2K2Mi TQm` H2b û[m�iBQMb jX9 2i
jXe k ě H� T�`iB+mH�`Biû /2 MQi`2 #�b2 /2 /QMMû2b MQmb � TQmbbû ¨ 7�B`2 �mi`2K2MiX

1M 2z2i- H� K�DQ`Biû /2 MQb p�`B�#H2b bQMi /B+?QiQKB[m2b c bǶBH 2bi TQbbB#H2 /2 H2b i`�Bi2`
TQm` H2b BM+Hm`2 /�Mb mM2 7QM+iBQM HQ;�`Bi?KB[m2- +2H� �m`�Bi Mû+2bbBiû mM i`�Bi2K2Mi
bi�iBbiB[m2 bmTTHûK2Mi�B`2 2i �m`�Bi +QKTH2tB}û HǶBMi2`T`ûi�iBQM /2b `ûbmHi�ibX

.2 THmb- /Ƕ�m+mMb �TT`û+B2Mi miBHBb2` /2b 7QM+iBQMb HQ;�`Bi?KB[m2b +�` 2HH2b T2`K2ii2Mi
/ǶBMi2`T`ûi2` H2b +Q2{+B2Mib /2 `û;`2bbBQM 2M i2`K2b /2 TQm`+2Mi�;2bX .�Mb H2 +�b /2b
û[m�iBQMb jX3- jXRy- jXRk- jXRj- jXR9- jXR8- jXRe 2i jXRd- H� p�H2m` /2 H� p�`B�#H2 /ûT2M/�Mi2
�M�Hvbû2 2bi T�` +QMbi`m+iBQM 2Mi`2 y 2i RX PM Q#iB2Mi �BMbB H2 KāK2 `ûbmHi�iX

kX AH 2bi +Qm`�Mi /2 pQB` /2b p�`B�#H2b +QKK2 H2 b�H�B`2 `2T`ûb2Miû2b bQmb H� 7Q`K2 /ǶmM2 7QM+iBQM
HQ;�`Bi?KB[m2 /m MBp2�m /Ƕû/m+�iBQM 2i /2 HǶ2tTû`B2M+2 bm` H2 K�`+?û /m i`�p�BH Uû[m�iBQM /2 JBM+2`V
U>2+FK�M 2i �HX- kyyjVX
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jXkX3 h2bib bi�iBbiB[m2b

*QHBMû�`Biû T�`7�Bi2

SQm` ûpBi2` /2b T`Q#HĕK2b /2 +QHBMû�`Biû T�`7�Bi2- QM 2t+Hmi /2b K�i`B+2b D1 D2- D3-
D4- D5- D6- D7- D8- D9 2i D10 H2b p�`B�#H2b �;2k8j9 2i 1KTHQvK2Mi6mHH- [m2 HǶQM T2mi
�BMbB +QMbB/û`2` +QKK2 /2b bBim�iBQMb /2 `û7û`2M+2X G� p�H2m` /m +Q2{+B2Mi /2 `û;`2bbBQM
/2 +2b p�`B�#H2b T2mi āi`2 Q#i2Mm2 T�` H2 i?ûQ`ĕK2 /2 6`Bb+?@q�m;?X

1M/Q;ûMûBiû

*QKK2 MQmb HǶ2tTHB[mQMb 2M /ûi�BH ¨ H� b2+iBQM kXj- H2b `ûbmHi�ib [m2 MQmb Q#i2MQMb
/ûKQMi`2Mi mM2 +Q``ûH�iBQM 2Mi`2 H2b p�`B�#H2b /ûT2M/�Mi2b ûim/Bû2b 2i H2b /2mt p�`B�#H2b
BM/ûT2M/�Mi2b [mB MQmb BMiû`2bb2Mi UPT2MaQm`+2 2i PT2MaQm`+2*QKTQbBi2VX AH M2 MQmb
2bi +2T2M/�Mi T�b TQbbB#H2 /2 T�`H2` /2 `2H�iBQMb +�mb�H2b- MQi�KK2Mi TQm` /2b [m2biBQMb
/Ƕ2M/Q;ûMûBiûX

.�Mb � :mB/2 iQ JQ/2`M 1+QMQK2i`B+b- J�`MQ o2`#22F �{`K2 2M 2z2i ,

(h?2 T`Q#H2K Q7 2M/Q;2M2Biv) �HbQ �`Bb2b B7 i?2`2 �`2 mMQ#b2`p�#H2 QKBii2/
7�+iQ`b BM i?2 KQ/2H i?�i ?�TT2M iQ #2 +Q``2H�i2/ rBi? QM2 Q` KQ`2 Q7 i?2
2tTH�M�iQ`v p�`B�#H2bX h?Bb #B�b Bb Q7 T�`iB+mH�` +QM+2`M r?2M r2 rBb? iQ
�ii�+? � +�mb�H BMi2`T`2i�iBQM iQ Qm` KQ/2H +Q2{+B2Mib- BM r?B+? +�b2 i?2
+2i2`Bb T�`B#mb +QM/BiBQM BM+Hm/2b �HH Qi?2` 7�+iQ`b i?�i ?�p2 �M BKT�+i QM
i?2 Qmi+QK2 p�`B�#H2 yi- r?2i?2` Q#b2`p2/ Q` mMQ#b2`p2/X ě Uo2`#22F- kyRd-
TX R9eV

AH 2bi �BMbB T2`iBM2Mi /2 b2 /2K�M/2` bB MQb /2mt p�`B�#H2b /ǶBMiû`āib bQMi 2tQ;ĕM2b- mM2
+QM/BiBQM Mû+2bb�B`2 TQm` +QM+Hm`2 HǶ2tBbi2M+2 /ǶmM2 `2H�iBQM +�mb�H2X a�Mb MQmb �p�M+2`
/�Mb HǶûH�#Q`�iBQM /ǶmM KQ/ĕH2 +QKTH2t2 TQm` 2tTHB[m2` H� p�`B�#H2 PT2MaQm`+2- QM T2mi
`�BbQMM�#H2K2Mi +QM+Hm`2 [m2 +2ii2 /2`MBĕ`2 2bi H2 `ûbmHi�i /ǶBMi2`�+iBQMb +QKTH2t2b 2i
p�`Bû2b 2i [m2 MQmb �pQMb mM T`Q#HĕK2 /2 p�`B�#H2b QKBb2bX AH M2 b2`�Bi T�b MQM THmb
bm`T`2M�Mi [mǶmM T?ûMQKĕM2 /2 +�mb�HBiû BMp2`b2 U`2p2`b2 +�mb�HBivV 2tBbi2 2Mi`2 H2b
p�`B�#H2b PT2MaQm`+2 2i *QMp2`i2/a�H�`v- i2H [mǶ�p�M+û /�Mb H� b2+iBQM /Ƕ�M�Hvb2 /2b
`ûbmHi�ibX
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S�` +QMbi`m+iBQM- H� T`ûb2M+2 /Ƕ2M/Q;ûMûBiû /�Mb H� p�`B�#H2 PT2MaQm`+2 BKTHB[m2 H�
T`ûb2M+2 /Ƕ2M/Q;ûMûBiû /�Mb H� p�`B�#H2 PT2MaQm`+2*QKTQbBi2X LQiQMb iQmi27QBb [m2
THmbB2m`b p�`B�#H2b 2tTHB+�iBp2b /�Mb MQb û[m�iBQMb miBHBbû2b ¨ }M /2 +QMi`ƬH2- +QKK2
�;2- :2M/2`.mKKv 2i _�+21i?MB+Biv.mKKv- bQMi 2z2+iBp2K2Mi 2tQ;ĕM2bX

SHmbB2m`b i2+?MB[m2b 2tBbi2Mi TQm` T`2M/`2 2M +QKTi2 /2 H� T`ûb2M+2 /Ƕ2M/Q;ûMûBiû /�Mb
MQb /QMMû2b- H� THmb +Qm`�Mi2 ûi�Mi HǶûH�#Q`�iBQM /ǶmM KQ/ĕH2 ¨ p�`B�#H2b BMbi`mK2Mi�H2bX
*2 ;2M`2 /2 KQ/ĕH2 T2`K2i /Ƕ2z2+im2` mM i2bi /2 .m`#BM@qm@>�mbK�M TQm` pû`B}2` H�
T`ûb2M+2 /Ƕ2M/Q;ûMûBiûX J�H?2m`2mb2K2Mi- BH MQmb b2K#H2 i`ĕb /B{+BH2- pQB`2 BKTQbbB#H2
/2 T`Q+û/2` /2 H� bQ`i2 , H� #�b2 /2 /QMMû2b �p2+ H�[m2HH2 MQmb i`�p�BHHQMb M2 7Qm`MBi T�b
H2b BMbi`mK2Mib Mû+2bb�B`2b TQm` `û�HBb2` mM i2H 2t2`+B+2X

G2 H2+i2m` Qm H� H2+i`B+2 /2p`�Bi /QM+ āi`2 +QMb+B2Mi@2 /2 +2ii2 T`Q#HûK�iB[m2 T`Q#�#H2
HQ`b /2 H� H2+im`2 /2 +2 i`�p�BH 2i �M�Hvb2` H2b `ûbmHi�ib 7Qm`MBb 2M iQmi2 +QMM�Bbb�M+2 /2
+�mb2X

aB MQmb �pBQMb Tm T�`iB+BT2` ¨ H� +QHH2+i2 /2 /QMMû2b- BH �m`�Bi ûiû BMiû`2bb�Mi /2 TQb2`
/2b [m2biBQMb bmTTHûK2Mi�B`2b �mt `ûTQM/�Mi@2@b 2i /ǶQ#i2MB` /2b p�`B�#H2b T2`K2ii�Mi
/Ƕ2z2+im2` H2b i2bib T`û+û/2KK2Mi K2MiBQMMûbX

SQm` Q#i2MB` mM BMbi`mK2Mi +Q``ûHû �p2+ H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 b�Mb HǶāi`2
�p2+ H2 b�H�B`2 Qm H� b�iBb7�+iBQM �m i`�p�BH- QM �m`�Bi �BMbB Tm H2m` /2K�M/2` , Ŀ .�Mb
H� /2`MBĕ`2 �MMû2- �p2x@pQmb `2+QKK�M/û ¨ pQb �KB@2@b Qm ¨ pQb T`Q+?2b HǶmiBHBb�iBQM /2
HQ;B+B2Hb HB#`2b +QKK2 �Hi2`M�iBp2b ¨ /2b HQ;B+B2Hb T`QT`Bûi�B`2b \ ŀX

GǶBMimBiBQM /2``Bĕ`2 +2ii2 [m2biBQM 2bi [m2 `2+QKK�M/2` mM HQ;B+B2H HB#`2 ¨ bQM 2MiQm`�;2
2bi mM #QM BM/B+�i2m` [m2 HǶQM T�`iB+BT2 ¨ mM T`QD2i HB#`2 Qm [m2 HǶQM 7�Bi T�`iB /2 H�
+QKKmM�miû HB#`2X PM T2mi /2 THmb `�BbQMM�#H2K2Mi bmTTQb2` [m2 +2 +QKTQ`i2K2Mi 2bi
BM/ûT2M/�Mi /m b�H�B`2- /2 H� b�iBb7�+iBQM �m i`�p�BH 2i /2b �mi`2b p�`B�#H2b 2tTHB+�iBp2b
miBHBbû2b �mt û[m�iBQMb jX9 2i jXReX

SQm` H2 KQ/ĕH2 T`ûb2Miû ¨ HǶû[m�iBQM jXRk- i2Mi�Mi /Ƕûp�Hm2` H2 HB2M 2Mi`2 H� T�`iB+BT�iBQM
¨ mM T`QD2i HB#`2 2i H2 b2MiBK2Mi /Ƕ�TT�`i2M�M+2 ¨ H� +QKKmM�miû BM7Q`K�iB[m2- Qm
2M+Q`2 +2HmB ¨ HǶû[m�iBQM jXR9- i`�Bi�Mi /2 H� T`QT2MbBQM ¨ HǶ�Hi`mBbK2- QM �m`�Bi Tm
bmBp`2 mM `�BbQMM2K2Mi bBKBH�B`2 2i TQb2` H� [m2biBQM bmBp�Mi2 , Ŀ �p2x@pQmb /ûD¨ miBHBbû
pQb +QMi`B#miBQMb ¨ mM Qm /2b T`QD2ib HB#`2b UT�` 2t2KTH2 bm` :BiH�# Qm :Bi?m#V +QKK2
�`;mK2Mi 2M pQi`2 7�p2m` HQ`b /ǶmM T`Q+2bbmb /Ƕ2K#�m+?2 \ ŀX
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6BM�H2K2Mi- +QKK2 BMbi`mK2Mi T2`K2ii�Mi /ǶmiBHBb2` mM KQ/ĕH2 ¨ p�`B�#H2b BMbi`mK2M@
i�H2b TQm` i`�Bi2` H� TQbbB#BHBiû /Ƕ2M/Q;ûMûBiû /�Mb H� `2H�iBQM 2Mi`2 H� T�`iB+BT�iBQM ¨ mM
T`QD2i HB#`2 2i H2 7�Bi /Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2 +QKK2 ?Q##v Uû[m�iBQM jX3V- MQmb
�m`BQMb Tm /2K�M/2` �mt `ûTQM/�Mi@2@b , Ŀ ú+`Bp2x@pQmb /m +Q/2 HB#`2 /�Mb H2 +�/`2 /2
pQi`2 i`�p�BH ¨ H� /2K�M/2 /2 pQi`2 2KTHQv2m` \ ŀX

>ûiû`Qb+û/�biB+Biû

SQm` +?�+mM2 /2b `û;`2bbBQMb /û+`Bi2b /�Mb H� b2+iBQM kXk- MQmb �pQMb 2z2+imû mM i2bi
/2 "`2mb+?@S�;�M TQm` pû`B}2` [m2 H� p�`B�M+2 /2b i2`K2b /Ƕ2``2m`b 2bi +QMbi�Mi2X LQmb
+QMbi�iQMb �BMbB H� T`ûb2M+2 /Ƕ?ûiû`Qb+û/�biB+Biû /�Mb MQb /QMMû2bX

SQm` T�HHB2` ¨ +2 T`Q#HĕK2- H2b û+�`ib ivT2b T`ûb2Miûb ¨ HǶ�MM2t2 " QMi ûiû ;ûMû`ûb ¨
HǶ�B/2 /ǶmM 2biBK�i2m` /2 q?Bi2 URN3yV- Qɍ H� K�i`B+2 /2 p�`B�M+2@+Qp�`B�M+2 T`2M/ H�
7Q`K2 bmBp�Mi2 ,

(X ′X)−1X ′ΩX(X ′X)−1

jXj �M�Hvb2 /2b `ûbmHi�ib

.�Mb +2 +?�TBi`2- MQmb �pBQMb +QKK2 #mi /2 i2bi2` H2b /Bzû`2Mi2b ?vTQi?ĕb2b �p�M+û2b
T�` H2 T�M2H /Ƕ2tT2`i@2@b T`ûb2Miû �m b2+QM/ +?�TBi`2X SHmb T`û+BbûK2Mi- MQmb bQm?�B@
iBQMb pû`B}2` H2 HB2M 2Mi`2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 2i H2 b�H�B`2- H2 TH�BbB` `2bb2MiB
¨ û+`B`2 /m +Q/2 BM7Q`K�iB[m2- H2 b2MiBK2Mi /Ƕ�TT�`i2M�M+2 ¨ H� +QKKmM�miû BM7Q`K�@
iB[m2- HǶ�Hi`mBbK2 2i H� b�iBb7�+iBQM �m i`�p�BHX S2mi@QM +QMbB/û`2` +2b 7�+i2m`b +QKK2
/2b BM+Bi�iB7b �m HB#`2 \

1M �M�Hvb�Mi H2b `ûbmHi�ib Q#i2Mmb �m i�#H2�m jX9- BH b2K#H2 [mǶBH 2tBbi2 #2H 2i #B2M mM
HB2M 2Mi`2 H2 b�H�B`2 /ǶmM2 T2`bQMM2 i`�p�BHH�Mi 2M BM7Q`K�iB[m2 2i b� T`û7û`2M+2 TQm` H2b
HQ;B+B2Hb HB#`2bX 1M 2z2i- H2 +Q2{+B2Mi /2 `û;`2bbBQM 2biBKû TQm` H� p�`B�#H2 PT2MaQm`+2
¨ HǶû[m�iBQM jX9 2bi /2 N RyR la.- +2 [mB `2T`ûb2Mi2 2MpB`QM Rd W /m b�H�B`2 �MMm2H
Kû/B�M ;�;Mû T�` H2b BM/BpB/mb �v�Mi `ûTQM/m �m bQM/�;2X ZmB THmb 2bi- +2ii2 `2H�iBQM
� mM2 p�H2m`@T [m�bB@MmHH2 2i 2bi /QM+ i`ĕb bB;MB}+�iBp2X
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PM M2 T2mi +2T2M/�Mi T�b 2M /B`2 �mi�Mi TQm` H2 +Q2{+B2Mi /2 `û;`2bbBQM 2biBKû TQm` H�
p�`B�#H2 PT2MaQm`+2*QKTQbBi2 ¨ HǶû[m�iBQM jXe- T`ûb2Miû /�Mb H2 i�#H2�m jX8- +2 /2`MB2`
�v�Mi mM2 p�H2m`@T bmTû`B2m`2 ¨ yXy8- b2mBH KBMBK�H [m2 MQmb bQKK2b T`āib ¨ �++2Ti2`
/�Mb H2 +�/`2 /2 +2 KûKQB`2X

S2mi@QM /QM+ +QM+Hm`2- ¨ HǶBMbi�` /2 G2`M2` 2i hB`QH2- [mǶ2M /û}MBiBp2- H2b /ûp2HQTT2mb2b
2i H2b /ûp2HQTT2m`b û+`Bp2Mi /2b HQ;B+B2Hb HB#`2b TQm` ;�;M2` mM THmb ;`Qb b�H�B`2 \ *2H�
b2`�Bi ¨ MQi`2 �pBb T`ûbQKTim2mtX

1M 2z2i- bB MQmb �pQMb T`Qmpû [mǶBH 2tBbi2 mM2 +Q``ûH�iBQM 7Q`i2 2i bB;MB}+�iBp2 2Mi`2 H2
b�H�B`2 2i H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2- BH M2 MQmb 2bi T�b TQbbB#H2 /2 MQmb T`QMQM+2`
bm` H� +�mb�HBiû /2 +2 HB2MX h2H [mǶ�`;mK2Miû T�` �M;`Bbi 2i E`m2;2` URNNNV- mM2 �M�Hvb2
bi�iBbiB[m2 THmb TQmbbû2 MQmb T2`K2ii`�Bi bȿ`2K2Mi /Ƕ�HH2` THmb HQBM 2i /2 bǶ�p2Mim`2`
bm` H2 i2``�BM /2b `2H�iBQMb +�mb�H2b c +2H� /ûT�bb2 +2T2M/�Mi H2 +�/`2 /2 +2 KûKQB`2X
G2`M2` 2i hB`QH2 QMi bȿ`2K2Mi T�`iB2HH2K2Mi `�BbQM- K�Bb BH b2 TQm``�Bi T�` 2t2KTH2 [m2
H� `2H�iBQM bQBi BMp2`b2X

G2b ;2Mb [mB ;�;M2Mi mM b�H�B`2 THmb ûH2pû QMi ;ûMû`�H2K2Mi THmb /2 H�iBim/2 }M�M+Bĕ`2
2i bQMi THmb ¨ KāK2 /2 Mû;Q+B2` /2b +H�mb2b /�Mb H2m` +QMi`�i /Ƕ2K#�m+?2 [m�Mi ¨ H�
T`QT`Bûiû BMi2HH2+im2HH2 /m +Q/2 [mǶ2HH2b 2i BHb û+`Bp2Mi Qm 2M+Q`2 /2 T`2M/`2 H2 i2KTb
/2 +?QBbB` mM 2KTHQB [mB H2m` T2`K2i /Ƕû+`B`2 /m HB#`2 �m i`�p�BHX *?Qb2 +2`i�BM2- MQb
`ûbmHi�ib MǶBM}`K2Mi T�b H2m`b ?vTQi?ĕb2bX

ZmǶ2M 2bi@BH /2b ?vTQi?ĕb2b /2 qm- :2`H�`+? � uQmM;- `ûbmKû2b T�` HǶû[m�iBQM kXR \
J�H?2m`2mb2K2Mi TQm` MQmb- BH b2K#H2 [m2 MQi`2 #�b2 /2 /QMMû2b bQBi T2m �/�Tiû2 ¨
p�HB/2` Qm BMp�HB/2` H2m` KQ/ĕH2X

1M 2z2i- bǶBH 2bi TQbbB#H2 /Ƕ�{`K2` [m2 Ŀ H2 /ûbB` /Ƕ�KûHBQ`2` bQM +�TBi�H ?mK�BM ŀ 2i
Ŀ H� T2`bT2+iBp2 /ǶQ#i2MB` mM K2BHH2m` 2KTHQB ŀ T2mp2Mi āi`2 `2T`ûb2Miûb T�` HǶBMbi`m@
K2Mi *QMp2`i2/a�H�`v- QM +QKK2M+2 ¨ iB`2` HǶûH�biB[m2 2M i2Mi�Mi /2 `2T`ûb2Mi2` Ŀ H�
KQiBp�iBQM BMi`BMbĕ[m2 /Ƕ�B/2` ŀ T�` MQi`2 p�`B�#H2 �Hi`mBbKX ZmB THmb 2bi- MQmb MǶ�pQMb
T�b /2 /QMMû2b TQmp�Mi T`ûi2M/`2 K2bm`2` H2 MQK#`2 /2 `ûTQM/�Mi@2@b [mB û+`Bp2Mi /m
+Q/2 HB#`2 TQm` +QK#H2` H2m`b Ŀ #2bQBMb T2`bQMM2Hb ŀX

�ii�`/QMb@MQmb iQmi /2 KāK2 �mt `ûbmHi�ib /2b i�#H2�mt jXRy 2i jXRR- [mB T`ûb2Mi2Mi `2b@
T2+iBp2K2Mi HǶ2z2i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 2i HǶ2z2i /m /2;`û /2 T�`iB+BT�iBQM
¨ H� +QKKmM�miû HB#`2 bm` HǶ�Hi`mBbK2X PM +QMbi�i2 /2 7�Bi [m2 H2b +Q2{+B2Mib /2 `û;`2b@
bBQM 2biBKûb TQm` H2b p�`B�#H2b PT2MaQm`+2 Uû[m�iBQM jXR9V 2i PT2MaQm`+2*QKTQbBi2
Uû[m�iBQM jXR8V bQMi 7Q`i2K2Mi bB;MB}+�iB7bX
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*2b +Q2{+B2Mib bQMi iQmi27QBb �bb2x 7�B#H2b- K�`[m�Mi mM2 /Bzû`2M+2 /Ƕ2MpB`QM k TQBMib
/2 TQm`+2Mi�;2 +?2x H2b BM/BpB/mb �{`K�Mi û+`B`2 /m +Q/2 HB#`2 2i /2 9 TQBMib /2 TQm`@
+2Mi�;2 TQm` mM2 T2`bQMM2 ûi�Mi i`ĕb BKTHB[mû2 /�Mb H� +QKKmM�miû HB#`2X SHmiƬi [m2
/Ƕ2M +QM+Hm`2 [m2 HǶ�Hi`mBbK2 MǶ2bi T�b mM BM+Bi�iB7 BKTQ`i�Mi ¨ HǶû+`Bim`2 /2 +Q/2 HB#`2-
MQmb T`û7û`QMb THmiƬi `2i2MB` [m2 H� +QMbi`m+iBQM /2 H� p�`B�#H2 �Hi`mBbK ¨ HǶû[m�iBQM
jXR b2K#H2 T`Q#HûK�iB[m2X

1M 2z2i- +QKK2 �#Q`/û /�Mb H� b2+iBQM /û/Bû2 ¨ H� +QMbi`m+iBQM /2 +2ii2 p�`B�#H2- HǶ�H@
i`mBbK2 2bi mM2 +?Qb2 /B{+BH2 ¨ [m�MiB}2` 2KTB`B[m2K2MiX aB H� `2H�iBQM KBb2 /2 HǶ�p�Mi
T�` +2b /2mt û[m�iBQMb 2bi +2`i�BM2K2Mi `û2HH2- MQmb M2 bQKK2b iQmi27QBb T�b T`āib ¨ �7@
}`K2` [m2 H� +Q``ûH�iBQM K2bm`û2 `2T`ûb2Mi2 HǶ�Hi`mBbK2 +QKK2 T?ûMQKĕM2 bQ+B�H /�Mb
iQmi2 b� +QKTH2tBiûX SQm``�Bi@QM THmiƬi T�`H2` /ǶmM2 T`QT2MbBQM ûi?B[m2 K�`;BM�H2K2Mi
bmTû`B2m`2 +?2x H2b ;2Mb [mB bǶBKTHB[m2Mi �+iBp2K2Mi /�Mb H2b +QKKmM�miûb HB#`2b \

§ HǶBMbi�` /2 HǶ�Hi`mBbK2- H2b +Q2{+B2Mib /2 `û;`2bbBQM 2biBKûb 2tT`BK�Mi H� `2H�iBQM
2Mi`2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 2i H2 b2MiBK2Mi /Ƕ�TT�`i2M�M+2 ¨ H� +QKKmM�miû
BM7Q`K�iB[m2 Ui�#H2�mt jX3 2i jXNV bQMi 7�B#H2b 2i i`ĕb bB;MB}+�iB7bX �BMbB- H2 +Q2{+B2Mi
2biBKû TQm` H� p�`B�#H2 PT2MaQm`+2 Uû[m�iBQM jXRkV 2bi /2 yXyj 2i +2HmB TQm` H� p�`B�#H2
PT2MaQm`+2*QKTQbBi2 Uû[m�iBQM jXRjV 2bi /2 yXy9X

*2b `ûbmHi�ib bQMi bm`T`2M�MibX § T`2KBĕ`2 pm2- QM �m`�Bi Tm bǶ�ii2M/`2 ¨ +2 [m2 H� `ûTm@
i�iBQM /2 H� +QKKmM�miû HB#`2 TQm` bQM 7Q`i 2bT`Bi /2 +Q`Tb- �BMbB [m2 bQM �ii�+?2K2Mi
¨ mM 2i?Qb bQmp2Mi +QMi`�B;M�Mi- b2 i`�/mBb2 T�` mM b2MiBK2Mi /Ƕ�TT�`i2M�M+2 ûH2pûX
1M TQmbb�Mi HǶ�M�Hvb2 THmb HQBM- QM +QMbi�i2 iQmi27QBb [m2 b2mH 3 W /2b `ûTQM/�Mi@2@b
�{`K�B2Mi M2 T�b `2bb2MiB` /2 i2H b2MiBK2MiX § MQi`2 �pBb- H� 7�B#H2bb2 /2b +Q2{+B2Mib 2b@
iBKûb T2mi āi`2 2tTHB[mû2 T�` H2 7Q`i b2MiBK2Mi /Ƕ�TT�`i2M�M+2 T`ûb2Mi /�Mb HǶ2Mb2K#H2
/2 H� T`Q72bbBQM BM7Q`K�iB[m2- HB#`2 Qm MQMX

G2 i`QBbBĕK2 KQ/ĕH2 [m2 MQmb �pQMb �M�Hvbû �m +?�TBi`2 /2mt 2bi +2HmB /2 uQ+?�B
"2MFH2`- [m2 MQmb �pQMb `ûbmKû ¨ HǶû[m�iBQM kXkX 1M `2T`2M�Mi H2b i2`K2b miBHBbûb T�`
"2MFH2`- QM T2mi �BMbB �bbQ+B2` Ŀ HǶmiBHBiû /2 H� `û+QKT2Mb2 KQMûi�B`2 ŀ ¨ H� p�`B�#H2
*QMp2`i2/a�H�`v- Ŀ HǶmiBHBiû /2 H� `û+QKT2Mb2 ?û/QMBbi2 BMi`BMbĕ[m2 ŀ �mt p�`B�#H2b
>Q##v 2i �Hi`mBbK- 2i }M�H2K2Mi- Ŀ HǶmiBHBiû /2 H� `û+QKT2Mb2 bQ+BQ@Tbv+?QHQ;B[m2 ŀ ¨
H� p�`B�#H2 "2HQM;BM;X a2mHb H2b `ûbmHi�ib +QM+2`M�Mi H� p�`B�#H2 >Q##v MǶQMi T�b /ûD¨
ûiû �M�Hvbûb THmb ?�miX
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*QKK2 QM T2mi HǶQ#b2`p2` �mt i�#H2�mt jXe 2i jXd- H2b +Q2{+B2Mib /2 `û;`2bbBQM 2biBKûb
/û+`Bp�Mi H� `2H�iBQM 2Mi`2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 2i H2 TH�BbB` /Ƕû+`B`2 /m +Q/2
BM7Q`K�iB[m2 bQMi i`ĕb bB;MB}+�iB7bX AH b2K#H2 �BMbB [mǶmM2 T2`bQMM2 [mB T�`iB+BT2 ¨ mM
T`QD2i HB#`2 Up�`B�#H2 PT2MaQm`+2 /�Mb HǶû[m�iBQM jX3V pQBi b2b +?�M+2b /Ƕû+`B`2 /m +Q/2
BM7Q`K�iB[m2 +QKK2 ?Q##v �m;K2Mi2` /2 Rd TQBMib /2 TQm`+2Mi�;2X SQm` mM2 T2`bQMM2
i`ĕb 7Q`i2K2Mi BKTHB[mû2 /�Mb H� +QKKmM�miû HB#`2 Up�`B�#H2 PT2MaQm`+2*QKTQbBi2
/�Mb HǶû[m�iBQM jXRyV- +2ii2 �m;K2Mi�iBQM b2 +?Bz`2 ¨ kj TQBMib /2 TQm`+2Mi�;2X

LQb `ûbmHi�ib 2KTB`B[m2b b2K#H2Mi /QM+ bmTTQ`i2` H� `2H�iBQM /û+`Bi2 ¨ HǶû[m�iBQM kXkX
SQm` 2M /B`2 THmb- BH b2`�Bi ¨ MQi`2 �pBb Mû+2bb�B`2 /Ƕ2z2+im2` mM2 �M�Hvb2 THmb T`Q7QM/2
/2b BKTHB+�iBQMb /2 +2 KQ/ĕH2X AH b2`�Bi �BMbB BMiû`2bb�Mi /2 #�iB` /�Mb mM i`�p�BH bm#bû@
[m2Mi mM p`�B KQ/ĕH2 2tTû`BK2Mi�H 2M i2Mi�Mi /ǶB/2MiB}2` H2b p�`B�#H2b +QKTQb�Mi M -
H 2i S 2i /2 i2bi2` bQM TQmpQB` /2 T`û/B+iBQMX

G� b2mH2 `2H�iBQM [m2 MQmb MǶ�pQMb T�b 2M+Q`2 �M�Hvbû2 2bi +2HH2 `2HB�Mi H� T�`iB+BT�iBQM
¨ H� +QKKmM�miû HB#`2 2i H� b�iBb7�+iBQM �m i`�p�BHX S`ûb2Miûb �mt i�#H2�mt jXRk 2i jXRj-
H2b `ûbmHi�ib Q#i2Mmb bQMi `2H�iBp2K2Mi /û+2p�MibX 1M 2z2i- bB H2b +Q2{+B2Mib /2 `û;`2b@
bBQM 2biBKûb TQm` H2b p�`B�#H2b PT2MaQm`+2 Uû[m�iBQM jXReV 2i PT2MaQm`+2*QKTQbBi2
Uû[m�iBQM jXRdV bQMi 7Q`i2K2Mi bB;MB}+�iB7b- H2b p�H2m`b Q#i2Mm2b bQMi i`ĕb 7�B#H2bX

�p2+ mM T2m /2 `2+mH- +2b `ûbmHi�ib QMi /m b2MbX 1M 2z2i- bB MQmb +QMM�BbbQMb H2 /2;`û
/2 b�iBb7�+iBQM �m i`�p�BH /2b `ûTQM/�Mi@2@b- MQmb M2 b�pQMb T�b bB 2HH2b 2i BHb û+`Bp2Mi
/m +Q/2 HB#`2 �m i`�p�BHX AH 2bi �BMbB T2m T`Q#�#H2 [mǶmM2 T2`bQMM2 7Q`i2K2Mi BKTHB[mû2
/�Mb H� +QKKmM�miû HB#`2 K�Bb 7Q`+û2 /Ƕû+`B`2 /m +Q/2 T`QT`Bûi�B`2 TQm` ;�;M2` b� pB2
bQBi i`ĕb b�iBb7�Bi2 /2 bQM 2KTHQBX § HǶBMp2`b2- QMi T2mi 7�+BH2K2Mi BK�;BM2` H� 7`mbi`�iBQM
/ǶmM2 T2`bQMM2 [mB- Q#HB;û2 T�` bQM 2KTHQv2m` ¨ û+`B`2 /m HB#`2- MǶ2M pQBi T�b HǶBMiû`āiX
AH MQmb �m`�Bi K�H?2m`2mb2K2Mi 7�HHm mM2 p�`B�#H2 bmTTHûK2Mi�B`2 TQm` āi`2 2M K2bm`2
/2 iB`2` /2b +QM+HmbBQMb BMiû`2bb�Mi2b /2 +2ii2 `2H�iBQMX



*PL*GlaAPL

�m +Qm`b /2 +2 i`�p�BH- MQmb �pQMb �#Q`/û THmbB2m`b [m2biBQMb BKTQ`i�Mi2b [m�Mi ¨
H� bi`m+im`2 /ǶBM+Bi�iB7b û+QMQKB[m2b HBûb �mt HQ;B+B2Hb HB#`2bX aB �m T`2KB2` �#Q`/ H�
K�BMi2M�M+2 +QHH2+iBp2 /2 +QKKmMb MmKû`B[m2b HB#`2b T2mi b2K#H2` Ĝ /m TQBMi /2 pm2 /2
HǶû+QMQKB2 MûQ+H�bbB[m2 Ĝ pQmû2 ¨ HǶû+?2+- MQmb �pQMb /ûKQMi`û [m2 /Ƕ�mi`2b �TT`Q+?2b
bQMi ¨ KāK2 /Ƕ2tTHB[m2` +2 T?ûMQKĕM2X �BMbB- H2b i`�p�mt /Ƕ1HBMQ` Pbi`QK bm` H� ;2biBQM
+QHH2+iBp2 /2b +QKKmMb b2K#H2Mi ¨ MQi`2 �pBb /û+`B`2 H2 KQ/ĕH2 /2 /ûp2HQTT2K2Mi T`QT`2
�mt HQ;B+B2Hb HB#`2b �p2+ #2�m+QmT /Ƕ�+mBiûX

LQmb MQmb bQKK2b T�` H� bmBi2 �ii�`/ûb ¨ HǶûim/2 /2 i`�p�mt û+QMQKB[m2b i2Mi�Mi /2
KQ/ûHBb2` H2b BM+Bi�iB7b ¨ HǶû+`Bim`2 /2 +Q/2 HB#`2X LQmb �pQMb �BMbB Tm +QMbi�i2` [m2 +2b
/2`MB2`b bQMi ;ûMû`�H2K2Mi T2m +QKTH2t2b 2i QMi `�`2K2Mi ûiû pû`B}ûb ¨ HǶ�B/2 /2 /QMMû2b
2KTB`B[m2b p�HB/2bX aB +2`i�BMb KQ/ĕH2b- +QKK2 +2HmB T`ûb2Miû T�` G2`M2` 2i hB`QH2-
K2ii2Mi HǶ�++2Mi bm` HǶ2bTû`�M+2 /2 ;�BM KQMûi�B`2 +QKK2 BM+Bi�iB7 T`BM+BT�H- MQmb H2m`
�pQMb T`û7û`û /2b KQ/ĕH2b THmb +QKTH2t2b- T`2M�Mi û;�H2K2Mi 2M +QKTi2 /2b 7�+i2m`b
bQ+BQ@Tbv+?QHQ;B[m2b 2i 7�Bb�Mi H� /BbiBM+iBQM 2Mi`2 BM+Bi�iB7b BMi`BMbĕ[m2b 2i 2ti`BMbĕ[m2bX
1M /û}MBiBp2- H� M�im`2 i`ĕb ?ûiû`Q;ĕM2 /2b T`QD2ib HB#`2b +QKTH2tB}2 HǶûH�#Q`�iBQM /ǶmM
KQ/ĕH2 mMB[m2 2i /ûi�BHHûX

SQm` i2Mi2` /Ƕv pQB` THmb +H�B`- MQmb �pQMb }M�H2K2Mi �M�Hvbû /2 K�MBĕ`2 2KTB`B[m2 H2b
?vTQi?ĕb2b ¨ H� #�b2 /2 +2b KQ/ĕH2b ;`�+2 �mt /QMMû2b /m ai�+F Pp2`~Qr .2p2HQT2`b
am`p2v kyR3- mM bQM/�;2 2t?�mbiB7 �v�Mi ûiû `2KTHB T�` THmb /2 Ryy yyy /ûp2HQTT2mb2b
2i /ûp2HQTT2m`bX LQmb �pQMb /2 7�Bi /û+Qmp2`i mM2 +Q``ûH�iBQM 7Q`i2 2i bB;MB}+�iBp2 2Mi`2
H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 2i mM b�H�B`2 THmb ûH2pûX .2 KāK2- BH b2K#H2 2tBbi2`
mM2 +Q``ûH�iBQM 7Q`i2 2i bB;MB}+�iBp2 2Mi`2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 2i H2 TH�BbB`
/Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2X LQmb �pQMb û;�H2K2Mi i`Qmpû [mǶ¨ mM THmb 7�B#H2 /2;`û- H�
T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 2bi +Q``ûHû2 TQbBiBp2K2Mi �p2+ H2 b2MiBK2Mi /Ƕ�TT�`i2M�M+2
¨ H� +QKKmM�miû BM7Q`K�iB[m2- HǶ�Hi`mBbK2 2i H� b�iBb7�+iBQM �m i`�p�BHX *2b `ûbmHi�ib
/QBp2Mi +2T2M/�Mi āi`2 �M�Hvbûb 2M T`2M�Mi 2M +QKTi2 H� T`ûb2M+2 TQbbB#H2 /Ƕ2M/Q;ûMûBiû
/�Mb MQb û[m�iBQMbX
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*QKK2 MQmb HǶ�pQMb T`ûb2Miû /�Mb H2 b2+QM/ +?�TBi`2- H� [m2biBQM /2b BM+Bi�iB7b û+QMQ@
KB[m2b �m HB#`2 2bi i`ĕb bQmp2Mi �bbQ+Bû2 ¨ H� Mû+2bbBiû /2 i`Qmp2` /2b bQm`+2b /2 }M�M@
+2K2Mi Tû`2MM2b TQm` /ûp2HQTT2` H2b +QKKmMb MmKû`B[m2bX LQmb �pQMb /QM+ +?QBbB /2
T`ûb2Mi2` /Bzû`2Mib KQ/ĕH2b /Ƕ�z�B`2b TQTmH�B`2b /�Mb HǶû+QbvbiĕK2 HB#`2 ¨ HǶ�MM2t2 �
2M ;mBb2 /2 +QKTHûK2MiX

a�Mb āi`2 `ûpQHmiBQMM�B`2- MQmb bQKK2b /Ƕ�pBb [m2 +2 i`�p�BH �TTQ`i2 +2`i�BM2b `ûTQMb2b
¨ H� [m2biBQM Ŀ ZmǶ2bi@+2 [mB KQiBp2 mM2 T2`bQMM2 ¨ û+`B`2 /2b HQ;B+B2Hb HB#`2b \ ŀX *QKK2
�#Q`/û ¨ H� b2+iBQM kXj- H� T`Q+?�BM2 ûi�T2 b2`�Bi /2 #�iB` mM p`�B KQ/ĕH2 /ûi�BHHû /ǶBM@
+Bi�iB7b û+QMQKB[m2b 2i bQ+B�mtX

J�H?2m`2mb2K2Mi- H2 /ûbBMiû`āi /2b û+QMQKBbi2b TQm` H2b `Qm�;2b /2 HǶû+QbvbiĕK2 HB#`2
/2TmBb H� }M /2b �MMû2b kyyy 2bi K�`[mûX *2H� 2bi `2;`2ii�#H2- +�` +QKK2 MQmb �pQMb bm
H2 T`Qmp2` /�Mb +2 i`�p�BH- H2b /QMMû2b TQm` i`�Bi2` /2 +2ii2 [m2biBQM 2tBbi2Mi 2i bQMi /2
[m�HBiû �++2Ti�#H2X aB H2 bQM/�;2 �MMm2H /2 ai�+F Pp2`~Qr MǶ� T�b H� T`ûi2MiBQM /Ƕāi`2
mM2 ûim/2 HQM;Bim/BM�H2- H2b [m2biBQMb [mB MQmb BMiû`2bb2Mi H2 THmb +QKK2 H2 b�H�B`2 �MMm2H
2i H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 `2pB2MM2Mi �MMû2b �T`ĕb �MMû2bX lM@2 û+QMQKBbi2
bǶBMiû`2bb�Mi �m HB#`2 i`Qmp2`�Bi B+B /2 [mQB bǶQ++mT2` TQm` MQK#`2mb2b �MMû2b ¨ p2MB`X
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*QKK2 MQmb HǶ�pQMb �#Q`/û /�Mb H2 T`2KB2` +?�TBi`2 /2 +2 KûKQB`2- HǶBM7Q`K�iB[m2
HB#`2 2bi i`ĕb ?ûiû`Q;ĕM2 2i `ûTQM/ ¨ /2b #2bQBMb p�bi2b 2i p�`BûbX �BMbB- mM HQ;B+B2H
+QKK2 H2 b2`p2m` r2# �T�+?2 ě /QMi /ûT2M/ mM2 #QMM2 T�`iB2 /m i`�}+ 2M HB;M2
ě MǶ� T�b H� KāK2 bi`m+im`2 /2 /ûp2HQTT2K2Mi [mǶmM2 �TTHB+�iBQM HB#`2 /2biBMû2 �mt
iûHûT?QM2b BMi2HHB;2Mib- Qm 2M+Q`2 [mǶmM b+`BTi HB#`2 miBHBbû T�` mM2 T2`bQMM2 7�Bb�Mi /2
HǶ�/KBMBbi`�iBQM bvbiĕK2X

AH 2tBbi2 +QMbû[m2KK2Mi /2 MQK#`2mt KQ/ĕH2b /Ƕ�z�B`2b [mB T2`K2ii2Mi /2 }M�M+2` H2
/ûp2HQTT2K2Mi /2 HQ;B+B2Hb HB#`2bX .�Mb +2ii2 �MM2t2- MQmb bQm?�BiQMb `2+2Mb2` H2b THmb
+QKKmMb 2i /QMM2` [m2H[m2b 2t2KTH2b T2`iBM2Mib /2 `ûmbbBi2b U2i T�`7QBb /Ƕû+?2+bV /2
+2b KQ/ĕH2bX

6BM�M+2K2Mi �+�/ûKB[m2

�p�Mi HǶ�TT�`BiBQM /2b T`2KBĕ`2b HB+2M+2b HB#`2b- mM2 T�`iB2 BKTQ`i�Mi2 /2b HQ;B+B2Hb /Bb@
i`B#mûb HB#`2K2Mi HǶûi�B2Mi T�` H2b +QKKmM�miûb ?�+F2`b- HBû2b /2 T`ĕb Qm /2 HQBM �m
KBHB2m �+�/ûKB[m2X G2b HQ;B+B2Hb û+`Bib T�` +2b +QKKmM�miûb bQMi H2b T`û+m`b2m`b /2b
HQ;B+B2Hb HB#`2b [m2 HǶQM +QMM�Bi /2 MQb DQm`bX

G2 }M�M+2K2Mi �+�/ûKB[m2 DQm2 2M+Q`2 mM `ƬH2 BKTQ`i�Mi /�Mb H2b +QKKmM�miûb HB#`2bX
aB THmbB2m`b mMBp2`bBiûb bmTTQ`i2Mi �+iBp2K2Mi H2 /ûp2HQTT2K2Mi /2 +2`i�BMb HQ;B+B2Hb
�m MBp2�m BMbiBimiBQMM2H U/QMb- +QMi`�ib /2 bmTTQ`i- +QMi`B#miBQMb 2tTHB+Bi2b T�` /2b
2KTHQvû@2@bV- mM2 T�`iB2 MQM Mû;HB;2�#H2 /2 HǶ�TTQ`i /m KBHB2m �+�/ûKB[m2 �mt HQ;B+B2Hb
HB#`2b T`QpB2Mi /m i`�p�BH 2z2+imû T�` /2b +?2`+?2mb2b- /2b +?2`+?2m`b 2i /2b T`Q72bb2m`@
2@bX
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1M 2z2i- HǶBM/ûT2M/�M+2 �+�/ûKB[m2 2i H� bi`m+im`2 b�H�`B�H2 i`ĕb bi�#H2 /2b T`Q72bb2m`@
2@b H2m` T2`K2i /2 +QMi`B#m2` THmb 7�+BH2K2Mi �mt +QKKmMb HB#`2b [m2 /Ƕ�mi`2b +Q`Tb
/2 KûiB2`bX AH 2tBbi2 /2 bm`+`Qŗi /ǶBKTQ`i�Mib `�TT`Q+?2K2Mib 2Mi`2 HǶ2i?Qb b+B2MiB}[m2
UJ2`iQM- RNdjV 2i HǶ2i?Qb /m KQmp2K2Mi HB#`2X *2H� bǶ2tT`BK2 2Mi`2 �mi`2 T�` H� bvM2`;B2
/2 +2b /2mt KQmp2K2Mib /�Mb H� a+B2M+2 Qmp2`i2 U"2MFH2`- kyyk- TX j3RVX

*2`i�BMb H�M;�;2b /2 T`Q;`�KK�iBQM +QKK2 P*�KH bQMi KāK2 `ûTmiûb TQm` āi`2 i`ĕb
Ŀ �+�/ûKB[m2b ŀ 2i M2 bQMi [m2 7�B#H2K2Mi miBHBbûb 2M /2?Q`b /2b H�#Q`�iQB`2b 2i +2Mi`2b
/2 `2+?2`+?2 mMBp2`bBi�B`2bX a�Mb H2 }M�M+2K2Mi 2i H2 bmTTQ`i /m KBHB2m �+�/ûKB[m2- H�
pB�#BHBiû û+QMQKB[m2 /ǶBKTQ`i�Mib T`QD2ib ¨ 7�B#H2 p�H2m` +QKK2`+B�H2 +QKK2 H2 aQ7ir�`2
>2`Bi�;2 /2 HǶAL_A� U.B *QbKQ- w�++?B`QHB- kyRdV ě mM T`QD2i /Ƕ�`+?Bp2 mMBp2`b2HH2 /2b
HQ;B+B2Hb HB#`2b ě b2`�Bi +�``ûK2Mi BKTQbbB#H2X

G� TQTmH�`Biû /2 +2`i�BMb QmiBHb HB#`2b /�Mb H� +QKKmM�miû �+�/ûKB[m2 MǶ2bi iQmi27QBb
T�b 7Q`+ûK2Mi ;�;2 /2 H2m` bQmi2M�#BHBiûX 1M 2z2i- THmbB2m`b T`Q;`�KK2b 2i #B#HBQi?ĕ[m2b
UHB#`�`B2bV ¨ +�`�+iĕ`2 b+B2MiB}[m2 i`ĕb miBHBbû2b +QKK2 J�iTHQiHB# QMi /ǶBKTQ`i�Mi2b
/B{+mHiûb ¨ H2p2` /2b 7QM/b �+�/ûKB[m2b TQm` �bbm`2` H2m` �p2MB` ,

PM Ry �T`BH (kyRN)- �bi`QT?vbB+Bbib �MMQmM+2/ i?�i i?2v ?�/ +�Tim`2/ i?2 }`bi
2p2` BK�;2 Q7 � #H�+F ?QH2X h?Bb r�b 2t?BH�`�iBM; M2rb- #mi MQM2 Q7 i?2 ;B//v
?2�/HBM2b K2MiBQM2/ i?�i i?2 BK�;2 rQmH/ ?�p2 #22M BKTQbbB#H2 rBi?Qmi QT2M@
bQm`+2 bQ7ir�`2X h?2 BK�;2 r�b +`2�i2/ mbBM; J�iTHQiHB#- � Svi?QM HB#`�`v
7Q` ;`�T?BM; /�i�- �b r2HH �b Qi?2` +QKTQM2Mib Q7 i?2 QT2M@bQm`+2 Svi?QM
2+Qbvbi2KX Cmbi }p2 /�vb H�i2`- i?2 la L�iBQM�H a+B2M+2 6QmM/�iBQM ULa6V
`2D2+i2/ � ;`�Mi T`QTQb�H iQ bmTTQ`i i?�i 2+Qbvbi2K- b�vBM; i?�i i?2 bQ7ir�`2
H�+F2/ bm{+B2Mi BKT�+iX ě ULQrQ;`Q/xFB- kyRNV

6BM�M+2K2Mi ;Qmp2`M2K2Mi�H

*QKK2 iQmi2b H2b ;`�M/2b Q`;�MBb�iBQMb- H2b ;Qmp2`M2K2Mib QMi /2b #2bQBMb i2+?MQHQ@
;B[m2b [mB T2mp2Mi T�`7QBb āi`2 +QKTH2t2bX .2 THmb ě +QMi`�B`2K2Mi ¨ +2`i�BM2b 2Mi`2@
T`Bb2b ě H2b úi�ib /QBp2Mi ivTB[m2K2Mi `2bT2+i2` /2b T`QiQ+QH2b /2 bû+m`Biû i`ĕb +QMi`�B@
;M�Mib iQmi 2M ûpBi�Mi /2 b2 TH�+2` ¨ H� K2`+B /Ƕ2Mi`2T`Bb2b T`Bpû2bX *2H� 2bi T�`iB+mHBĕ@
`2K2Mi p`�B /�Mb HǶ�`Kû2X
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"2�m+QmT /2 ;Qmp2`M2K2Mib b2 iQm`M2Mi /QM+ p2`b /2b bQHmiBQMb HB#`2b- +�` +2b /2`MBĕ`2b
QMi HǶ�p�Mi�;2 /2 M2 T�b āi`2b bmb+2TiB#H2b ¨ HǶ2M72`K2K2Mi T`QT`Bûi�B`2 Uo2M/Q` GQ+F@
BMV- /2 T2`K2ii`2 H� Kmim�HBb�iBQM /2b +Qȿib /2 /ûp2HQTT2K2Mi �p2+ /Ƕ�mi`2b Q`;�MBbK2b
Tm#HB+b 2i /2 7�+BHBi2` H2b �m/Bib /2 bû+m`Biû BM/ûT2M/�MibX *Ƕ2bi T�` 2t2KTH2 H2 +?QBt [mǶ¨
7�Bi H� 6`�M+2- Qɍ H� :2M/�`K2`B2 M�iBQM�H2 � /û+B/û 2M kyRj /2 KB;`2` THmb /2 jy yyy
TQbi2b BM7Q`K�iB[m2b ¨ GBMmt U1HB2- kyRNVX .2 K�MBĕ`2 bBKBH�B`2- H2 ;Qmp2`M2K2Mi /2
h�śr�M � /û+B/û /2 b2 iQm`M2` p2`b H2b HQ;B+B2Hb HB#`2b TQm` �TTmv2` b2b /ûK�`+?2b /2
`2MQmp2�m /ûKQ+`�iB[m2 UPǶ6H�?2`iv- kyR3 c h�M;- kyR3VX

.2b HQ;B+B2Hb HB#`2b +QKK2 H2 T`QD2i hQ`- T2`K2ii�Mi /2 bǶ�MQMvKBb2` 2M HB;M2- Qm 2M@
+Q`2 GB#`2P{+2- mM2 bmBi2 /2 HQ;B+B2Hb /2 #m`2�miB[m2 HB#`2 `Bp�HBb�Mi JB+`QbQ7i P{+2-
bQMi �BMbB T�`iB2HH2K2Mi }M�M+ûb T�` /Bzû`2Mib Q`;�MBbK2b ;Qmp2`M2K2Mi�mt ¨ i`�p2`b H2
KQM/2 UPT2M h2+?MQHQ;v 6mM/- kyRdVX *2`i�BMb T�vb }M�M+2Mi KāK2 /B`2+i2K2Mi /2b
T`QD2ib HB#`2b ¨ T�`iB` /2 7QM/b bTû+B�mt- +QKK2 H2 7�Bi HǶ�HH2K�;M2 �p2+ bQM S`QiQivT2
6mM/X

GǶ�/QTiBQM /2b HQ;B+B2Hb HB#`2b /�Mb H� 7QM+iBQM Tm#HB[m2 ě 2i /QM+ H2m` }M�M+2K2Mi T�`
+2b Q`;�MBbK2b ě 2bi +2T2M/�Mi HBû2 /2 i`ĕb T`ĕb ¨ H� pQHQMiû /2b ;Qmp2`M2K2Mib ûHmbX lM
+?�M;2K2Mi /2 ;Qmp2`M2K2Mi KmMB+BT�H 2M kyRd /�Mb H� pBHH2 /2 JmMB+? � �BMbB 2M;2M/`û
H� /û+QKKBbbBQM /2b Rj yyy TQbi2b /2 i`�p�BH GBMmt �m T`Q}i /2 K�+?BM2b qBM/Qrb
UhQK�x2HB- kyRNVX JmMB+? ûi�Bi TQm`i�Mi +QMbB/û`û2 /2TmBb kyy9 +QKK2 mM2 TBQMMBĕ`2
/2b HQ;B+B2Hb HB#`2b /�Mb H� 7QM+iBQM Tm#HB[m2 2i +QMi`B#m�Bi �+iBp2K2Mi ¨ +2`i�BMb T`QD2ib
HB#`2bX

6�+2 ¨ +2b /û}b- THmbB2m`b ;`QmT2b /2 T`2bbBQM Q`;�MBb2Mi /2b +�KT�;M2b /2 KQ#BHBb�iBQM
TQm` /û72M/`2 H� TH�+2 /2b HQ;B+B2Hb HB#`2b /�Mb H2b Q`;�MBbK2b Tm#HB+bX �BMbB- H� +�KT�;M2
2m`QTû2MM2 Sm#HB+ JQM2v- Sm#HB+ *Q/2- pBb�Mi ¨ bǶ�bbm`2` [m2 H2b HQ;B+B2Hb /ûp2HQTTûb
�p2+ /2 HǶ�`;2Mi Tm#HB+ bQB2Mi bvbiûK�iB[m2K2Mi Tm#HBûb bQmb /2b HB+2M+2b HB#`2b- DQm2
�+im2HH2K2Mi mM `ƬH2 BKTQ`i�Mi /�Mb H� T`QKQiBQM /m HB#`2 2M 1m`QT2 UJQQ/v- kyRNVX
6�Bi bm`T`2M�Mi- /2TmBb R3N8 H2 i`�p�BH T`Q/mBi T�` H2b �;2M+2b ;Qmp2`M2K2Mi�H2b 7û/û@
`�H2b �mt úi�ib@lMBb U+Q/2 BM7Q`K�iB[m2- T?QiQb- ƾmp`2b HBiiû`�B`2b- 2i+XV M2 bQMi T�b
T`Qiû;û2b T�` H2 +QTv`B;?i 2i �TT�`iB2MM2Mi �m /QK�BM2 Tm#HB+ UlMBi2/ ai�i2b a2M�i2-
RNeR c AMbiBimi2 Q7 1H2+i`B+�H �M/ 1H2+i`QMB+b 1M;BM22`b- RNddVX
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6QM/�iBQMb

S�`7QBb- +2`i�BMb T`QD2ib MǶ�v�Mi T�b /2 pBbû2b +QKK2`+B�H2b /2pB2MM2Mi i2HH2K2Mi BKTQ`@
i�Mib [mǶBH H2m` 2bi Mû+2bb�B`2 /Ƕ2M;�;2` /m T2`bQMM2H TQm` 7�B`2 /m i`�p�BH �/KBMBbi`�iB7X
1M ;ûMû`�H- +2b T`QD2ib ûi�#HBbb2Mi mM2 7QM/�iBQM [mB bǶBM+Q`TQ`2 +QKK2 Q`;�MBbK2 /2
#B2M7�Bb�M+2- HmB T2`K2ii�Mi �BMbB /2 `û+QHi2` /2b /QMb 2i /ǶûK2ii`2 /2b `2Ïmb /û/m+iB#H2b
/ǶBKTƬiX *Ƕ2bi T�` 2t2KTH2 H2 +�b /2 H� .Q+mK2Mi 6QmM/�iBQM- [mB K�BMiB2Mi H� bmBi2
GB#`2P{+2- H� 7QM/�iBQM �T�+?2- [mB K�BMiB2Mi 2Mi`2 �mi`2b H2 b2`p2m` r2# �T�+?2- 2i
H� 7QM/�iBQM GBMmt- [mB i`�p�BHH2 2Mi`2 �mi`2b bm` H2 MQv�m GBMmtX

G� THmT�`i /m i2KTb- H2b /û+BbBQMb i2+?MB[m2b /m T`QD2i 2i H2b /û+BbBQMb }M�M+Bĕ`2b /2
H� 7QM/�iBQM bQMi BM/ûT2M/�Mi2bX �BMbB- mM T`QD2i bǶ�bbm`2 /2 b� Tû`2MMBiû }M�M+Bĕ`2
iQmi 2M +QMb2`p�Mi b� HB#2`iû i2+?MB[m2X G� 7QM/�iBQM 2bi �HQ`b `2bTQMb�#H2 /Ƕ2M;�;2`
/2b +QMi`B#mi`B+2b 2i /2b +QMi`B#mi2m`b ¨ +QMi`�i TQm` i`�p�BHH2` bm` H2 T`QD2iX

*2 KQ/ĕH2 /Ƕ�z�B`2b `2TQb2 2M i`ĕb ;`�M/2 T�`iB2 bm` /2b /QMb 2z2+imûb T�` /2b 2M@
i`2T`Bb2b- /2b ;Qmp2`M2K2Mib 2i /2b T�`iB+mHB2`bX aB +2b ;`QmT2b QMi bQmp2Mi ¨ +ƾm` H2
/ûp2HQTT2K2Mi /2b T`Q;`�KK2b +?�T2�miûb T�` +2b 7QM/�iBQMb- H2b 2Mi`2T`Bb2b pQB2Mi
û;�H2K2Mi 2M +2b /QMb mM2 K�MBĕ`2 /Ƕ�KûHBQ`2` H2m` BK�;2 /2 K�`[m2 2i /2 T�v2` KQBMb
/ǶBKTƬiX

SHmbB2m`b ;`�M/2b 2Mi`2T`Bb2b /BbTQb2Mi û;�H2K2Mi /2 7QM/�iBQMb T`Bpû2b [mB }M�M+2Mi
T�`7QBb /2b T`QD2ib HB#`2bX GǶBKT�+i /2 +2b 7QM/�iBQMb 2bi +2T2M/�Mi `2H�iBp2K2Mi HBKBiû
2i M2 TQm``�Bi T�b `û2HH2K2Mi āi`2 +QMbB/û`û +QKK2 mM KQ/ĕH2 /Ƕ�z�B`2b ¨ T`QT`2K2Mi
T�`H2`X

aQ+BQ@}M�M+2K2Mi

S?ûMQKĕM2 `2H�iBp2K2Mi `û+2Mi ě T�`iB+mHBĕ`2K2Mi /�Mb H2 KQM/2 /m HB#`2 ě H2 bQ+BQ@
}M�M+2K2Mi b2 /BbiBM;m2 /Ƕ�mi`2b KQ/ĕH2b /Ƕ�z�B`2b T�` b� pQHQMiû /2 7�B`2 `2TQb2` H2b
+Qȿib /m /ûp2HQTT2K2Mi /ǶmM HQ;B+B2H bm` H2b BM/BpB/mb [mB HǶmiBHBb2MiX

G2b +�KT�;M2b /2 bQ+BQ@}M�M+2K2Mi 7`m+im2mb2b pBb2Mi bQmp2Mi ¨ bQmi2MB` mM2 T2`bQMM2
i`�p�BHH�Mi bm` /2 KmHiBTH2b T`QD2ib HB#`2b THmiƬi [mǶmM T`QD2i 2M T�`iB+mHB2`X G2b `2p2@
Mmb iB`ûb /m bQ+BQ@}M�M+2K2Mi bQMi ivTB[m2K2Mi 7�B#H2b 2i QMi ?�#Bim2HH2K2Mi +QKK2
#mi T`2KB2` H� /Bp2`bB}+�iBQM /2b bQm`+2b /2 `2p2Mm /ǶmM /ûp2HQTT2m` Qm /ǶmM2 /ûp2HQT@
T2mb2X
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aB [m2H[m2b BM/BpB/mb �v�Mi mM2 +2`i�BM2 +`û/B#BHBiû /�Mb H2m`b +QKKmM�miûb `2bT2+iBp2b
+QKK2 CQ2v >2bb UkyR3V Qm 2M+Q`2 .`2r .2o�mHi UkyRNV bǶ2M iB`2Mi bQKK2 iQmi2 `2H�@
iBp2K2Mi #B2M- +2b +�b 7QMi };m`2b /Ƕ2t+2TiBQMX SHmbB2m`b- +QKK2 6`�MÏQBb úHB2 UkyRNV-
+QMbB/ĕ`2Mi +2T2M/�Mi H2 bQ+BQ@}M�M+2K2Mi +QKK2 mM2 bQm`+2 /2 }M�M+2K2Mi T2m 27@
}+�+2 2i T�`7QBb KāK2 /QKK�;2�#H2- T`û7û`�Mi THmiƬi [m2 H2b +Qȿib /2 /ûp2HQTT2K2Mi
/2b HQ;B+B2Hb HB#`2b `2TQb2Mi bm` /2b BMbiBimiBQMb 2i MQM bm` /2b BM/BpB/mbX

GB+2M+2b KmHiBTH2b

*QKK2 MQmb HǶ�pQMb pm /�Mb HǶBMi`Q/m+iBQM /2 +2 KûKQB`2- +2 [mB /Bzû`2M+B2 H2 +Q/2 HB#`2
/m +Q/2 T`QT`Bûi�B`2 2bi b� HB+2M+2 /2 T`QT`Bûiû BMi2HH2+im2HH2X AH �``Bp2 +2T2M/�Mi [mǶmM
T`Q;`�KK2 bQBi bBKmHi�MûK2Mi Tm#HBû bQmb mM2 HB+2M+2 HB#`2 2i mM2 HB+2M+2 T`QT`Bûi�B`2X
PM T�`H2 �HQ`b /2 T`QD2i ¨ HB+2M+2b KmHiBTH2b UJmHiB@HB+2MbBM;VX

G� HB+2M+2 /ǶmM T`QD2i HB#`2 T2mi T�`7QBb āi`2 +QMbB/û`û2 +QKK2 mM 7`2BM ¨ bQM �/QT@
iBQM T�` mM2 ;`�M/2 2Mi`2T`Bb2 TQm` /2b KQiB7b Hû;�mt- H2b b2`pB+2b /2 +QMb2BHb Dm`B/B[m2b
ûi�Mi `2+QMMmb TQm` H2m` 7�B#H2 2Mi?QmbB�bK2 2Mp2`b H2b HQ;B+B2Hb HB#`2bX .Ƕ�m+mMb bQm@
?�Bi2`�B2Mi û;�H2K2Mi BMiû;`2` ¨ /2b T`QD2ib T`QT`Bûi�B`2b /m +Q/2 HB#`2 MQ`K�H2K2Mi
Tm#HBû bQmb mM2 HB+2M+2 `2bi`B+iBp2 +QKK2 H� :Ll :SGX

liBHBb2` /2 KmHiBTH2b HB+2M+2b T2`K2i /QM+ ¨ +2b T`QD2ib /2 p2M/`2 /2b HB+2M+2b T`QT`Bû@
i�B`2b ¨ /2b T`Bt H2m` T2`K2ii�Mi /2 }M�M+2` H2m`b �+iBpBiûbX 1M ;ûMû`�H- H2b T`QD2ib �v�Mi
/2b HB+2M+2b KmHiBTH2b QMi /2b HB+2M+2b T`BM+BT�H2b i`ĕb `2bi`B+iBp2b TQm` BM+Bi2` H2b 2Mi`2@
T`Bb2b ¨ �+?2i2` mM2 HB+2M+2 T`QT`Bûi�B`2X *Ƕ2bi T�` 2t2KTH2 H2 +�b TQm` HǶBM7`�bi`m+im`2
/2 /ûp2HQTT2K2Mi Zi Qm 2M+Q`2 TQm` H2 b2`p2m` /2 iûHûT?QMB2 MmKû`B[m2 �bi2`BbFX

o2Mi2 /2 bmTTQ`i

G� p2Mi2 /2 bmTTQ`i +QKK2`+B�H TQm` }M�M+2` mM T`QD2i HB#`2 2bi mM KQ/ĕH2 TQTm@
H�B`2 2i �v�Mi 7�Bi b2b T`2mp2b- +QKK2 T2mi 2M iûKQB;M2` HǶûMQ`K2 bm++ĕb /2 _2/ >�i
UG2pBM2- kyR9VX *2`i�BM2b 2Mi`2T`Bb2b bQMi �iiB`û2b T�` H2b /Bzû`2Mi2b p2`imb /2b HQ;B@
+B2Hb HB#`2b U/QMi H2 7�Bi /ǶûpBi2` HǶ2M72`K2K2Mi T`QT`Bûi�B`2V- K�Bb MǶQMi T�b 7Q`+ûK2Mi
H2b `2bbQm`+2b ¨ HǶBMi2`M2 TQm` bǶ�bbm`2` /m #QM 7QM+iBQMM2K2Mi /m HQ;B+B2H 2M [m2biBQMX
.Ƕ�mi`2b T`û7ĕ`2Mi iQmi bBKTH2K2Mi +QMi`�+i2` /2 HǶ�B/2 2tiû`B2m`2 2i b2 +QM+2Mi`2` bm`
H2m` KBbbBQM T`BM+BT�H2X
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*2b 2Mi`2T`Bb2b 7QMi /QM+ �z�B`2 �p2+ mM T�`i2M�B`2 2ti2`M2 Qz`�Mi /m bmTTQ`i +QK@
K2`+B�H TQm` H2 HQ;B+B2H [mǶ2HH2b /û+B/2Mi /ǶmiBHBb2`X aQmp2Mi- +2 T�`i2M�B`2 2bi HǶ2MiBiû
T`BM+BT�H2 [mB /ûp2HQTT2 H2 HQ;B+B2HX Lû�MKQBMb- H� M�im`2 Qmp2`i2 /2b HQ;B+B2Hb HB#`2b 7�Bi
2M bQ`i2 [mǶBH 2tBbi2 T�`7QBb THmbB2m`b 2MiBiûb +QKK2`+B�H2b +QHH�#Q`�Mi �m /ûp2HQTT2K2Mi
/m KāK2 HQ;B+B2HX

*2 ivT2 /2 KQ/ĕH2 7QM+iBQMM2 `2H�iBp2K2Mi #B2M +�` BH +QMbiBim2 mM KQ/ĕH2 /Ƕ�z�B`2b
+H�B`- [mB T2`K2i /2 KQMi2` mM TH�M /Ƕ�z�B`2b i`�/BiBQMM2HX .2 THmb- +QKK2 +2 ivT2
/ǶQz`2 2tBbi2 /ûD¨ TQm` /2 MQK#`2mt HQ;B+B2Hb T`QT`Bûi�B`2b- H2b 2Mi`2T`Bb2b bQMi ;ûMû`�@
H2K2Mi ¨ HǶ�Bb2 �p2+ +2 ;2M`2 /2 /ûT2Mb2bX

*2`i�BMb �{`K2Mi iQmi27QBb [mǶBH T2mi āi`2 /B{+BH2 /2 +QMp�BM+`2 /2b 2Mi`2T`Bb2b /2 T�v2`
TQm` /m bmTTQ`i HQ`b[mǶmM HQ;B+B2H H2m` 2bi Qz2`i ¨ mM +Qȿi KQMûi�B`2 MmH UC�MF2- kyRy�-
kyRy#- kyRy+ c �F?K2+?2i- kyRdVX

GQ;B+B2H 2M i�Mi [m2 b2`pB+2

:`�+2 ¨ HǶûK2`;2M+2 /2 TH�i27Q`K2b /ǶBM7QMm�;B[m2 U*HQm/ *QKTmiBM;V +QKTûiBiBp2b-
`Q#mbi2b 2i T2m QMû`2mb2b- H� p2Mi2 /2 HQ;B+B2Hb 2M i�Mi [m2 b2`pB+2 UaQ7ir�`2 �b � a2`pB+2
ě a��aV 2bi mM KQ/ĕH2 /Ƕ�z�B`2b /2 THmb 2M THmb TQTmH�B`2X SQmbb�Mi H2 +QM+2Ti /2 p2Mi2
/2 bmTTQ`i mM +`�M THmb HQBM- +2 KQ/ĕH2 /Ƕ�z�B`2b T`QTQb2 �mt 2Mi`2T`Bb2b /Ƕ?û#2`;2` 2i
/2 ;û`2` mM HQ;B+B2H HB#`2 TQm` 2HH2b- 2M û+?�M;2 /ǶmM KQMi�Mi K2Mbm2H Qm �MMm2HX

>BbiQ`B[m2K2Mi- +2 KQ/ĕH2 ûi�Bi `ûb2`pû �mt ;`�M/b T`QD2ib HB#`2b #B2M ûi�#HBb , TQm`
āi`2 2M K2bm`2 /ǶQz`B` mM T`Q/mBi 2M a��a +QKTûiBiB7 /�Mb H2b �MMû2b kyyy- BH ûi�Bi
Mû+2bb�B`2 /Ƕ�+?2i2` 2i /2 K�BMi2MB` /2b b2`p2m` T?vbB[m2b /�Mb mM +2Mi`2 /2 /QMMû2b
ě mM2 2Mi`2T`Bb2 +QKTH2t2- +Qȿi2mb2 2i `Bb[mû2X

�p2+ HǶ�``Bpû2 /ǶQz`2b /2 HQ+�iBQM /2 `2bbQm`+2b 2M +2Mi`2 /2 /QMMû2b i`ĕb +QKTûiBiBp2b
U�K�xQM q2# a2`pB+2b- JB+`QbQ7i �xm`2- :QQ;H2 *HQm/ SH�i7Q`K- 2i+XV- H2b 2Mi`2T`Bb2b
bQm?�Bi�Mi Qz`B` /m a��a MǶQMi THmb #2bQBM /2 7�B`2 /2b BMp2biBbb2K2Mib 2M +�TBi�mt
BKTQ`i�Mib 2i T2mp2Mi KQ/mH2` H2m`b +Qȿib }t2b 2M 7QM+iBQM /2 H� /2K�M/2- T�`7QBb /2
K�MBĕ`2 i`ĕb �;`2bbBp2X

*QKK2 TQm` H� p2Mi2 /2 bmTTQ`i- H2 a��a MǶ2bi T�b mM KQ/ĕH2 /Ƕ�z�B`2b mMB[m2 �mt
HQ;B+B2Hb HB#`2b 2i 2bi û;�H2K2Mi i`ĕb TQTmH�B`2 /�Mb H2 KQM/2 /2b HQ;B+B2Hb T`QT`Bûi�B`2b-
+`û�Mi �BMbB mM b2MiBK2Mi /2 7�KBHB�`Biû TQm` H2b 2Mi`2T`Bb2b [mB /û+B/2Mi /2 `2i2MB` +2
;2M`2 /2 b2`pB+2X
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SHmbB2m`b T`QD2ib /2 i2+?MQHQ;B2b r2# HB#`2b +QKK2 qQ`/T`2bb UJmHH2Mr2;- kyR9V iB`2Mi
mM2 K�DQ`Biû /2 H2m`b `2p2Mmb /m a��aX

h`�p�BH #ûMûpQH2

G2 i`�p�BH #ûMûpQH2 2bi /2 HQBM H2 Ŀ KQ/ĕH2 /Ƕ�z�B`2b ŀ H2 THmb TQTmH�B`2 TQm` H2 /ûp2HQT@
T2K2Mi /2 HQ;B+B2Hb HB#`2bX GǶû+`�b�Mi2 K�DQ`Biû /2b T`QD2ib HB#`2b `2TQb2Mi /ǶmM2 K�MBĕ`2
Qm /ǶmM2 �mi`2 bm` mM2 +2`i�BM2 T`QTQ`iBQM /2 i`�p�BH MQM `ûKmMû`û- [m2 +2 bQBi T�` H�
+QMi`B#miBQM /B`2+i2 /2 +Q/2 Qm 2M+Q`2 T�` HǶû+`Bim`2 /2 `�TTQ`ib /2 #Q;m2bX

*?�bb2m`b /2 T`BK2

SQTmH�B`2 bm`iQmi /�Mb H2 KBHB2m /2 H� bû+m`Biû BM7Q`K�iB[m2- +2`i�BM2b ;`�M/2b Q`;�@
MBb�iBQMb Qz`2Mi /2b T`BK2b UT�`7QBb BKTQ`i�Mi2bV TQm` H� /û+Qmp2`i2 /2 T`Q#HĕK2b /2
bû+m`Biû K�D2m`b TQm` +2`i�BMb HQ;B+B2Hb HB#`2b Dm;ûb +`BiB[m2b U_2/�- kyRNVX

AH 2bi `�`2 [mǶmM T`QD2i M2 bm`pBp2 [m2 T�` H2b ;�BMb 7�Bib ¨ i`�p2`b /2b T`BK2b /2 +2
;2M`2- K�Bb +2`i�BM2b T2`bQMM2b bQMi 2M K2bm`2 /2 }M�M+2` H2m` i`�p�BH bm` /2b T`QD2ib
HB#`2b 2M `û+QHi�Mi +2b T`BK2bX

PT2M *Q`2

G2 KQ/ĕH2 PT2M *Q`2 +QMbBbi2 ¨ }M�M+2` H2 /ûp2HQTT2K2Mi /ǶmM HQ;B+B2H HB#`2 UH2 +Q`2V 2M
p2M/�Mi /2b 7QM+iBQMM�HBiûb T`QT`Bûi�B`2b �//BiBQMM2HH2bX aQmp2Mi +2b 7QM+iBQMM�HBiûb bQMi
Mû+2bb�B`2b TQm` /ûTHQv2` H2 HQ;B+B2H 2M 2Mi`2T`Bb2X >BbiQ`B[m2K2Mi i`ĕb `ûT�M/m /�Mb H�
+QKKmM�miû HB#`2- +2 KQ/ĕH2 � T2`/m 2M TQTmH�`Biû �m }H /2b �MMû2b �m T`Q}i /2 KQ/ĕH2b
Dm;ûb Ŀ THmb KQ/2`M2b ŀ U.Bt- kyRdV- +QKK2 H2 a��aX J�H;`û iQmi- /2 MQK#`2mt ;û�Mib
/m HB#`2- +QKK2 :BiH�#- SmTT2i Qm 2M+Q`2 1H�biB+a2�`+?- miBHBb2Mi +2 KQ/ĕH2 /Ƕ�z�B`2b
�p2+ #2�m+QmT /2 bm++ĕbX

.2 MQK#`2mb2b T2`bQMM2b bQmiB2MM2Mi +2T2M/�Mi [m2 H2 KQ/ĕH2 PT2M *Q`2 2bi +QMi`�B`2
¨ HǶ2i?Qb /2b HQ;B+B2Hb HB#`2b US`2MiB+2- kyRy c Em?M- kyyN c S?BTTb- kyRyVX *2b T2`bQMM2b
�{`K2Mi 2M 2z2i [m2 }M�M+2` H2 /ûp2HQTT2K2Mi /2 +2b HQ;B+B2Hb ;`�+2 ¨ HǶû`2+iBQM /2
#�``Bĕ`2b �`iB}+B2HH2b pBb�Mi ¨ `2bi`2BM/`2 HǶ�++ĕb ¨ +2`i�BM2b T�`iB2b /m +Q/2 BM7Q`K�iB[m2
MǶ2bi T�b +QMbû[m2Mi �p2+ H2b p�H2m`b ¨ H� #�b2 /m KQmp2K2Mi HB#`2X
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Jmim�HBb�iBQM

JQ/ĕH2 THmb H�`;2 2M;HQ#�Mi bQmp2Mi /2 MQK#`2mb2b bQm`+2b /2 }M�M+2K2Mi /Bp2`b2b-
H� Kmim�HBb�iBQM T2`K2i ¨ /Bzû`2Mi2b 2MiBiûb /2 b2 `2;`QmT2` 2i /2 /BpBb2` H2b +Qȿib /2
K�BMi2M�M+2 2i /2 /ûp2HQTT2K2Mi /ǶmM T`QD2iX

SHmbB2m`b ivT2b /Ƕ2MiBiûb miBHBb2Mi H� Kmim�HBb�iBQM +QKK2 KQv2M /2 }M�M+2` /2b T`QD2ib
+QKTH2t2bX S�` 2t2KTH2- H2 T`QD2i *BpBH AM7`�bi`m+im`2 SH�i7Q`K `2;`QmT2 /2b T�`i2M�B`2b
+QKK2 aB2K2Mb- hQb?B#� 2i _2M2b�b 1H2+i`QMB+b /�Mb H2 #mi /2 bmTTQ`i2` H� K�BMi2M�M+2
/2 p2`bBQMb bTû+B}[m2b /m MQv�m GBMmt bm` H2 i`ĕb HQM; i2`K2 j TQm` �bbm`2` H� Tû`2M@
MBiû /ǶBM7`�bi`m+im`2b +BpBH2b +`BiB[m2b /�Mb H2 b2+i2m` /m i`�MbTQ`i 2i /2 H� T`Q/m+iBQM
/ǶûM2`;B2 UEQ#�v�b?B- kyRdVX

1M 6`�M+2- H� Kmim�HBb�iBQM T2`K2i ¨ /2 MQK#`2mb2b KmMB+BT�HBiûb /2 T2iBi2 i�BHH2 /2
bǶ�bbQ+B2` TQm` /ûp2HQTT2` /2b HQ;B+B2Hb �/�Tiûb ¨ H2m`b `û�HBiûbX 6QM/û2 2M kyyk- HǶ�b@
bQ+B�iBQM /2b /ûp2HQTT2m`b 2i miBHBb�i2m`b /2 HQ;B+B2Hb HB#`2b TQm` H2b �/KBMBbi`�iBQMb 2i
H2b +QHH2+iBpBiûb i2``BiQ`B�H2b U�.lG�*hV Qz`2 �BMbB ¨ b2b K2K#`2b mM K�`+?û +QKKmM
�BMbB [mǶmM2 7Q`;2 HQ;B+B2HH2 U1HB2- kyRNVX

�m *�M�/� H� b2mH2 BMBiB�iBp2 K�D2m`2 /2 Kmim�HBb�iBQM /2b BM7`�bi`m+im`2b BM7Q`K�@
iB[m2b HB#`2b 2bi H2 T`QD2i PT2M _2bbQm`+2 1t+?�M;2 ě ;û`û T�` H2 ;Qmp2`M2K2Mi 7û/û`�H
ě 2i [mB pBb2 ¨ K2ii`2 2M HB2M /Bzû`2Mib �+i2m`b ;Qmp2`M2K2Mi�mt U�;2M+2b 7û/û`�H2b-
T`QpBM+2b 2i KmMB+BT�HBiûbV ¨ i`�p2`b H2 T�vb TQm` /ûp2HQTT2` 2i K�BMi2MB` +QHH2+iBp2K2Mi
/2b bQHmiBQMb BM7Q`K�iB[m2b T�`i�;û2b UhQK�x2HB- kyRNVX

jX G2b T`QD2ib /ǶBM;ûMB2`B2 +BpBH2 /QMi H2b K2K#`2b /2 H� *BpBH AM7`�bi`m+im`2 SH�i7Q`K QMi H� +?�`;2
QMi mM2 /m`û2 /2 pB2 ivTB[m2 �HH�Mi /2 k8 ¨ 8y �Mb ě mM2 pû`Bi�#H2 ûi2`MBiû 2M BM7Q`K�iB[m2X



�LL1s1 " , h�"G1�ls ah�hAahAZl1a

h�#H2�m jXj Ĝ ai�iBbiB[m2b /2b+`BTiBp2b /2b p�`B�#H2b /B+?QiQKB[m2b �;`û;û2b
ZR Jû/B�MM2 Zj JQv2MM2 ú+�`i ivT2

"2HQM;BM; yX8y yXd8 yXd8 yXeN yXkk

�Hi`mBbK yXeR yXd3 yX3N yXdk yXRN

a�iBb7�+iBQM yX8y yXd8 yX3j yXeN yXk8

PT2MaQm`+2*QKTQbBi2 yXRR yX99 yX8e yXjN yXke



88

h�#H2�m jX9 Ĝ 1biBK�iBQM /2 HǶBKT�+i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` H2 b�H�B`2
*Q27X 2biBKû ú+�`i ivT2 ai�iBbiB[m2 i p�H2m`@T

UAMi2`+2TiV @k8NƘeRRXjy RRƘd3eXRj @kkXyj yXyy

PT2MaQm`+2 NƘRyRX9e kƘRReXN3 9Xjy yXyy

*QmMi`v>.A jddƘ38dXR8 RkƘy3eXk9 jRXke yXyy

�;2yyRd @jdƘeeNX8y 3Ƙy8kXd8 @9Xe3 yXyy

�;2R3k9 @R3ƘyNRXd8 kƘdRkX98 @eXed yXyy

�;2j899 kyƘ3N9Xj8 kƘ39dXed dXj9 yXyy

�;29889 9eƘ883X9e 8ƘdR8Xy9 3XR8 yXyy

�;288e9 d3Ƙ9NRXj3 RjƘ338X8k 8Xe8 yXyy

�;2e8JQ`2 kNƘkN8XRe j8Ƙ88eXkk yX3k yX9R

:2M/2`.mKKv dƘ8RRXey jƘd9dXRd kXyy yXy8

_�+21i?MB+Biv.mKKv ReƘjykXyN jƘyNRX93 8Xkd yXyy

6Q`K�H1/m+�iBQM.mKKv NƘ9eyXkk kƘ98jXN8 jX3e yXyy

1/m+�iBQMS�`2Mib.mKKv jƘ9RkXj9 kƘye8XNj RXe8 yXRy

1KTHQvK2MiS�`ia2H7 @R8ƘyNRX88 kƘdekXdy @8X9e yXyy

1KTHQvK2MiPi?2` @j3ƘR39Xd9 jƘNdNX89 @NXey yXyy

JQ`23u2�`b*Q/BM; NƘeRjXNd kƘjNdX8e 9XyR yXyy

>Q##v @3eeXk3 kƘdjRX3N @yXjk yXd8

LQK#`2 /ǶQ#b2`p�iBQMb , jNƘR9N



8e

h�#H2�m jX8 Ĝ 1biBK�iBQM /2 HǶBKT�+i /m /2;`û /2 T�`iB+BT�iBQM ¨ H� +QKKmM�miû HB#`2
bm` H2 b�H�B`2

*Q27X 2biBKû ú+�`i ivT2 ai�iBbiB[m2 i p�H2m`@T

UAMi2`+2TiV @ke9ƘN8yXNd R9Ƙj83Xee @R3X98 yXyy

PT2MaQm`+2*QKTQbBi2 dƘ3ekX8y 9Ƙ98jXNj RXdd yXy3

*QmMi`v>.A jd3ƘyNdXN9 R9Ƙ9ddXNj keXRk yXyy

�;2yyRd @9NƘRdRX3d dƘR8NX33 @eX3d yXyy

�;2R3k9 @RNƘ8e8X83 jƘRkjXdd @eXke yXyy

�;2j899 kRƘ9jdXy9 jƘjyRXdd eX9N yXyy

�;29889 9yƘ98dX9k eƘR83X9N eX8d yXyy

�;288e9 NdƘje3Xe3 R3Ƙ33jXNj 8XRe yXyy

�;2e8JQ`2 9jƘkdNX8k 8RƘN9RXey yX3j yX9y

:2M/2`.mKKv 3Ƙ3ekXNe 9Ƙ9d3X8y RXN3 yXy8

_�+21i?MB+Biv.mKKv ReƘkj9XkN jƘeedXyk 9X9j yXyy

6Q`K�H1/m+�iBQM.mKKv RRƘN8yXjy kƘd8kX93 9Xj9 yXyy

1/m+�iBQMS�`2Mib.mKKv 9ƘRNdX8k kƘjN3Xk8 RXd8 yXy3

1KTHQvK2MiS�`ia2H7 @RkƘ3eeX8N jƘyNeX9d @9XRe yXyy

1KTHQvK2MiPi?2` @j8Ƙ9d9X99 8Ƙy9kXde @dXyj yXyy

JQ`23u2�`b*Q/BM; NƘdd8XN3 kƘd8dXjy jX88 yXyy

>Q##v jƘej8Xj8 jƘR8dX3j RXR8 yXk8

LQK#`2 /ǶQ#b2`p�iBQMb , kNƘRdN



8d

h�#H2�m jXe Ĝ 1biBK�iBQM /2 HǶBKT�+i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` H2 TH�BbB`
/Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2

*Q27X 2biBKû ú+�`i ivT2 ai�iBbiB[m2 i p�H2m`@T

UAMi2`+2TiV yX89 yXyj kyX8k yXyy

PT2MaQm`+2 yXRd yXyy 9eXj9 yXyy

*QmMi`v>.A yXR9 yXyj 8Xkd yXyy

�;2yyRd yXRy yXyR dXk8 yXyy

�;2R3k9 yXy9 yXyR dXNN yXyy

�;2j899 @yXy8 yXyR @3Xj9 yXyy

�;29889 @yXy3 yXyR @dXNk yXyy

�;288e9 @yXR8 yXyk @dXke yXyy

�;2e8JQ`2 @yXRR yXye @RXNy yXye

:2M/2`.mKKv yXRk yXyR R9Xy9 yXyy

_�+21i?MB+Biv.mKKv @yXyk yXyR @jX9e yXyy

6Q`K�H1/m+�iBQM.mKKv @yXy9 yXyy @3Xj3 yXyy

1/m+�iBQMS�`2Mib.mKKv @yXyy yXyy @yXjR yXd8

1KTHQvK2MiS�`ia2H7 @yXyy yXyR @yX93 yXej

1KTHQvK2MiPi?2` yXyj yXyR kX3k yXyy

JQ`23u2�`b*Q/BM; yXyR yXyy kXRj yXyj

*QMp2`i2/a�H�`v @yXyy yXyy @yXjk yXd8

LQK#`2 /ǶQ#b2`p�iBQMb , jNƘR9N
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h�#H2�m jXd Ĝ 1biBK�iBQM /2 HǶBKT�+i /m /2;`û /2 T�`iB+BT�iBQM ¨ H� +QKKmM�miû HB#`2
bm` H2 TH�BbB` /Ƕû+`B`2 /m +Q/2 BM7Q`K�iB[m2

*Q27X 2biBKû ú+�`i ivT2 ai�iBbiB[m2 i p�H2m`@T

UAMi2`+2TiV yX8R yXyj RdXy9 yXyy

PT2MaQm`+2*QKTQbBi2 yXkj yXyR kNXNd yXyy

*QmMi`v>.A yXRN yXyj eX9j yXyy

�;2yyRd yXy3 yXyk 9Xdd yXyy

�;2R3k9 yXy9 yXyR eX8y yXyy

�;2j899 @yXy9 yXyR @dXjk yXyy

�;29889 @yXy3 yXyR @dXyk yXyy

�;288e9 @yXRe yXyk @eX9j yXyy

�;2e8JQ`2 @yXyd yXyd @RXyN yXk3

:2M/2`.mKKv yXRR yXyR RyX8d yXyy

_�+21i?MB+Biv.mKKv @yXyk yXyR @kX88 yXyR

6Q`K�H1/m+�iBQM.mKKv @yXyj yXyy @eX89 yXyy

1/m+�iBQMS�`2Mib.mKKv @yXyy yXyy @yXkk yX3k

1KTHQvK2MiS�`ia2H7 @yXyR yXyR @RXjj yXR3

1KTHQvK2MiPi?2` yXyR yXyR yXdN yX9j

JQ`23u2�`b*Q/BM; yXyR yXyR RXd9 yXy3

*QMp2`i2/a�H�`v yXyy yXyy RXR8 yXk8

LQK#`2 /ǶQ#b2`p�iBQMb , kNƘRdN



8N

h�#H2�m jX3 Ĝ 1biBK�iBQM /2 HǶBKT�+i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` H2 b2M@
iBK2Mi /Ƕ�TT�`i2M�M+2 ¨ H� +QKKmM�miû BM7Q`K�iB[m2

*Q27X 2biBKû ú+�`i ivT2 ai�iBbiB[m2 i p�H2m`@T

UAMi2`+2TiV yXek yXyR 9kXRk yXyy

PT2MaQm`+2 yXyj yXyy RjX8y yXyy

*QmMi`v>.A yXyk yXyR RXj3 yXRd

�;2yyRd yXy9 yXyR kXe8 yXyR

�;2R3k9 yXyy yXyy RX9N yXR9

�;2j899 yXyy yXyy yXjN yXdy

�;29889 yXyk yXyy jXee yXyy

�;288e9 yXyj yXyR jXy8 yXyy

�;2e8JQ`2 yXyj yXyj RXkk yXkk

:2M/2`.mKKv yXyR yXyy kX9y yXyk

_�+21i?MB+Biv.mKKv yXyy yXyy RXy3 yXk3

6Q`K�H1/m+�iBQM.mKKv yXyy yXyy RX39 yXyd

1/m+�iBQMS�`2Mib.mKKv yXyR yXyy 9X8d yXyy

1KTHQvK2MiS�`ia2H7 @yXyR yXyy @jX9N yXyy

1KTHQvK2MiPi?2` @yXyj yXyR @9XNy yXyy

JQ`23u2�`b*Q/BM; yXyy yXyy RX8j yXRj

*QMp2`i2/a�H�`v yXyy yXyy RXky yXkj

>Q##v yXy9 yXyy R8X9y yXyy

LQK#`2 /ǶQ#b2`p�iBQMb , j3ƘNd3
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h�#H2�m jXN Ĝ 1biBK�iBQM /2 HǶBKT�+i /m /2;`û /2 T�`iB+BT�iBQM ¨ H� +QKKmM�miû HB#`2
bm` H2 b2MiBK2Mi /Ƕ�TT�`i2M�M+2 ¨ H� +QKKmM�miû BM7Q`K�iB[m2

*Q27X 2biBKû ú+�`i ivT2 ai�iBbiB[m2 i p�H2m`@T

UAMi2`+2TiV yXek yXyk jeXd9 yXyy

PT2MaQm`+2*QKTQbBi2 yXy9 yXyy 3XRy yXyy

*QmMi`v>.A yXyk yXyk RXj9 yXR3

�;2yyRd yXyj yXyk RX3y yXyd

�;2R3k9 yXyy yXyy RXj8 yXR3

�;2j899 yXyy yXyy yXRj yXNy

�;29889 yXyk yXyR kXNe yXyy

�;288e9 yXy9 yXyR 9Xyy yXyy

�;2e8JQ`2 yXyk yXy9 yXeR yX89

:2M/2`.mKKv yXyR yXyR kXyy yXy8

_�+21i?MB+Biv.mKKv yXyy yXyy yX3j yX9R

6Q`K�H1/m+�iBQM.mKKv yXyR yXyy kXje yXyk

1/m+�iBQMS�`2Mib.mKKv yXyR yXyy jXN9 yXyy

1KTHQvK2MiS�`ia2H7 @yXyR yXyy @jXj8 yXyy

1KTHQvK2MiPi?2` @yXyj yXyR @jX9k yXyy

JQ`23u2�`b*Q/BM; yXyy yXyy RXyN yXk3

*QMp2`i2/a�H�`v yXyy yXyy RXe8 yXRy

>Q##v yXy8 yXyy RjXee yXyy

LQK#`2 /ǶQ#b2`p�iBQMb , kNƘy83



eR

h�#H2�m jXRy Ĝ 1biBK�iBQM /2 HǶBKT�+i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` HǶ�H@
i`mBbK2

*Q27X 2biBKû ú+�`i ivT2 ai�iBbiB[m2 i p�H2m`@T

UAMi2`+2TiV yX8j yXyR 9RX3e yXyy

PT2MaQm`+2 yXyk yXyy RkXje yXyy

*QmMi`v>.A yXkk yXyR RdXy8 yXyy

�;2yyRd @yXyj yXyR @kXkR yXyj

�;2R3k9 @yXyk yXyy @dXN8 yXyy

�;2j899 yXyk yXyy RyXye yXyy

�;29889 yXy8 yXyy RkXj8 yXyy

�;288e9 yXye yXyR dX93 yXyy

�;2e8JQ`2 yXyd yXyj kX8k yXyR

:2M/2`.mKKv @yXy9 yXyy @RkX8j yXyy

_�+21i?MB+Biv.mKKv yXyR yXyy 9X9d yXyy

6Q`K�H1/m+�iBQM.mKKv yXyR yXyy 8Xj3 yXyy

1/m+�iBQMS�`2Mib.mKKv yXyR yXyy 8X9R yXyy

1KTHQvK2MiS�`ia2H7 @yXyy yXyy @yXd3 yX99

1KTHQvK2MiPi?2` yXyy yXyR yXRR yXNk

JQ`23u2�`b*Q/BM; yXyR yXyy 8Xk9 yXyy

*QMp2`i2/a�H�`v yXyy yXyy kXRN yXyj

>Q##v yXyR yXyy 9X9y yXyy

LQK#`2 /ǶQ#b2`p�iBQMb , j3Ƙ33y



ek

h�#H2�m jXRR Ĝ 1biBK�iBQM /2 HǶBKT�+i /m /2;`û /2 T�`iB+BT�iBQM ¨ H� +QKKmM�miû
HB#`2 bm` HǶ�Hi`mBbK2

*Q27X 2biBKû ú+�`i ivT2 ai�iBbiB[m2 i p�H2m`@T

UAMi2`+2TiV yX8j yXyR jeXkR yXyy

PT2MaQm`+2*QKTQbBi2 yXy9 yXyy RyX3N yXyy

*QmMi`v>.A yXkR yXyR R9Xkk yXyy

�;2yyRd @yXyk yXyk @RXyd yXkN

�;2R3k9 @yXyk yXyy @eXkR yXyy

�;2j899 yXyk yXyy 3X3R yXyy

�;29889 yXy8 yXyy RRX9e yXyy

�;288e9 yXye yXyR dXRy yXyy

�;2e8JQ`2 yXye yXy9 RXey yXRR

:2M/2`.mKKv @yXy9 yXyy @NXjN yXyy

_�+21i?MB+Biv.mKKv yXyR yXyy 9XjN yXyy

6Q`K�H1/m+�iBQM.mKKv yXyR yXyy 9XeR yXyy

1/m+�iBQMS�`2Mib.mKKv yXyR yXyy 9X8e yXyy

1KTHQvK2MiS�`ia2H7 @yXyy yXyy @yXyR yXNN

1KTHQvK2MiPi?2` @yXyy yXyR @yXjj yXd9

JQ`23u2�`b*Q/BM; yXyR yXyy 9Xe9 yXyy

*QMp2`i2/a�H�`v yXyy yXyy RX3y yXyd

>Q##v yXyR yXyy jXy9 yXyy

LQK#`2 /ǶQ#b2`p�iBQMb , kNƘyRk



ej

h�#H2�m jXRk Ĝ 1biBK�iBQM /2 HǶBKT�+i /2 H� T�`iB+BT�iBQM ¨ mM T`QD2i HB#`2 bm` H�
b�iBb7�+iBQM �m i`�p�BH

*Q27X 2biBKû ú+�`i ivT2 ai�iBbiB[m2 i p�H2m`@T

UAMi2`+2TiV yX93 yXyk kdXNd yXyy

PT2MaQm`+2 yXyj yXyy RyXNy yXyy

*QmMi`v>.A yXkR yXyk RkXkk yXyy

�;2yyRd yXy8 yXyj RXNk yXye

�;2R3k9 yXyk yXyy 8Xj9 yXyy

�;2j899 @yXyR yXyy @RXdj yXy3

�;29889 @yXyk yXyR @jX99 yXyy

�;288e9 yXyy yXyR yXkR yX3j

�;2e8JQ`2 yXye yXyj RXN3 yXy8

:2M/2`.mKKv @yXyy yXyy @yX8N yX8e

_�+21i?MB+Biv.mKKv @yXyj yXyy @NXRd yXyy

6Q`K�H1/m+�iBQM.mKKv yXyR yXyy kX98 yXyR

1/m+�iBQMS�`2Mib.mKKv yXyk yXyy eX8R yXyy

1KTHQvK2MiS�`ia2H7 yXyy yXyy RXyj yXjy

JQ`23u2�`b*Q/BM; yXyR yXyy kX38 yXyy

*QMp2`i2/a�H�`v yXyy yXyy kXRy yXy9

>Q##v yXyR yXyy jX3k yXyy

LQK#`2 /ǶQ#b2`p�iBQMb , jdƘ9yy



e9

h�#H2�m jXRj Ĝ 1biBK�iBQM /2 HǶBKT�+i /m /2 /2;`û /2 T�`iB+BT�iBQM ¨ H� +QKKmM�miû
HB#`2 bm` H� b�iBb7�+iBQM �m i`�p�BH

*Q27X 2biBKû ú+�`i ivT2 ai�iBbiB[m2 i p�H2m`@T

UAMi2`+2TiV yX9d yXyk k9Xyj yXyy

PT2MaQm`+2*QKTQbBi2 yXyj yXyR eXRN yXyy

*QmMi`v>.A yXkR yXyk RyX83 yXyy

�;2yyRd yXy8 yXyj RX9j yXR8

�;2R3k9 yXyk yXyy 9X8y yXyy

�;2j899 @yXyy yXyy @yXjy yXde

�;29889 @yXyk yXyR @kX38 yXyy

�;288e9 yXyy yXyR yXyN yXNj

�;2e8JQ`2 yXRy yXy9 kXd8 yXyR

:2M/2`.mKKv yXyy yXyR yXed yX8R

_�+21i?MB+Biv.mKKv @yXyj yXyy @dXkR yXyy

6Q`K�H1/m+�iBQM.mKKv yXyR yXyy RXNk yXy8

1/m+�iBQMS�`2Mib.mKKv yXyk yXyy 8X8N yXyy

1KTHQvK2MiS�`ia2H7 yXyR yXyy RXkd yXkR

JQ`23u2�`b*Q/BM; yXyR yXyy jXy8 yXyy

*QMp2`i2/a�H�`v yXyy yXyy kXke yXyk

>Q##v yXyk yXyy 9XdR yXyy

LQK#`2 /ǶQ#b2`p�iBQMb , k3ƘRje



"A"GAP:_�S>A1

�F?K2+?2i- aH�p�- kyRdX _2i?BMF." , r?v r2 7�BH2/ (2M HB;M2)X D�MpB2` kyRdX .Bb@
TQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffr2#X�`+?Bp2XQ`;fr2#fkyRdydkRRdjjRNf?iiT,ffrrrX
/27K�+`QXQ`;fkyRdfyRfR3fr?v@`2i?BMF/#@7�BH2/X?iKHX

�H2t� AMi2`M2i- AM+X- kyRNX bi�+FQp2`~QrX+QK *QKT2iBiBp2 �M�HvbBb- J�`F2iBM; JBt
�M/ h`�{+ (2M HB;M2)X DmBM kyRNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX�H2t�X+QKf
bBi2BM7Qfbi�+FQp2`7HQrX+QKX

�HH#2`v- _mbb 2i q?BiiQM- a2�M- kyRNX .2#B�M SQHB+v J�Mm�H p2`bBQM 9X9XRXR (2M HB;M2)X
Q+iQ#`2 kyRNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX/2#B�MXQ`;f/Q+f/2#B�M@TQHB+vfX

�K�/2Q- _QM- kykyX �M/`QB/ Ry ?�b i?2 7�bi2bi mT/�i2 `�i2 2p2`- ?Bib ReW Q7 mb2`b
BM Ry KQMi?bX AM , �`b h2+?MB+� (2M HB;M2)X DmBHH2i kykyX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff
�`bi2+?MB+�X+QKf;�/;2ibfkykyfydf�M/`QB/@Ry@?�b@i?2@7�bi2bi@mT/�i2@`�i2@2p2`@
?Bib@Re@Q7@mb2`b@BM@Ry@KQMi?bfX

�M;`Bbi- CQb?m� 2i E`m2;2`- �H�M- RNNNX 1KTB`B+�H ai`�i2;B2b BM G�#Q` 1+QMQKB+bX
AM , >�M/#QQF Q7 G�#Q` 1+QMQKB+b- oQHmK2 j (2M HB;M2)X 1Hb2pB2` a+B2M+2X RNNNX TX Rkddě
Rje9X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffm?X2/mf��/Fm;H2`f�M;`Bbif�E`m2;2`n>G1X
T/7X

�T`BH- kyydX G2b KQ/ĕH2b û+QMQKB[m2b /m GQ;B+B2H GB#`2 (2M HB;M2)X �T`BHX .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiTb,ffrrrX�T`BHXQ`;f7BH2bf/Q+mK2MibfkyydRk@KQ/2H2b@2+QMQKB[m2bX
T/7X

�b�v- J�ii- kyRdX PT2M bQm`+2 BMMQp�iBQM Bb MQr �HH �#Qmi p2M/Q` QM@`�KTbX AM , AM7Q@
qQ`H/ (2M HB;M2)X MQp2K#`2 kyRdX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXBM7QrQ`H/X+QKf
�`iB+H2fjkj39NRfQT2M@bQm`+2@iQQHbfQT2M@bQm`+2@BMMQp�iBQM@Bb@MQr@�HH@�#Qmi@
p2M/Q`@QM@`�KTbX?iKHX

�b�v- J�ii- kyR3X JB+`QbQ7i K�v #2 i?2 rQ`H/Ƕb H�`;2bi QT2M bQm`+2 +QMi`B#miQ`- #mi
/2p2HQT2`b /QMǶi +�`2- v2iX AM , h2+?_2Tm#HB+ (2M HB;M2)X MQp2K#`2 kyR3X .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiTb,ffrrrXi2+?`2Tm#HB+X+QKf�`iB+H2fKB+`QbQ7i@K�v@#2@i?2@rQ`H/b@
H�`;2bi@QT2M@bQm`+2@+QMi`B#miQ`@#mi@/2p2HQT2`b@/QMi@v2i@+�`2fX



ee

"2�mT`ö- �MiQBM2- kyRe�X .D�M;Q /2#�i2b mb2` i`�+FBM;X AM , GqLXM2i (2M HB;M2)X MQ@
p2K#`2 kyReX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffHrMXM2if�`iB+H2bfdyd99jfX

"2�mT`ö- �MiQBM2- kyRe#X Jv 7`22 bQ7ir�`2 �+iBpBiB2b- P+iQ#2` kyRe (2M HB;M2)X Q+iQ#`2
kyReX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff�M�`+X�if#HQ;fkyRe@Ry@jR@7`22@bQ7ir�`2@
�+iBpBiB2b@Q+iQ#2`@kyRefX

"2MFH2`- uQ+?�B- kyykX *Q�b2Ƕb S2M;mBM- Q`- GBMmt �M/ h?2 L�im`2 Q7 i?2 6B`KX AM ,
h?2 u�H2 G�r CQm`M�H (2M HB;M2)X kyykX oQHX RRk- Mê j- TX jdRějNNX .BbTQMB#H2 ¨ HǶ�/`2bb2 ,
?iiTb,ffrrrXv�H2H�rDQm`M�HXQ`;fT/7fj89ni8�B?8BRXT/7X

"QiiQKH2v- C�K2b- kyR3X :SG �b i?2 #2bi HB+2M+2 Ĝ *QKKmMBiv- *Q/2 �M/ GB+2MbBM;
(2M HB;M2)X D�MpB2` kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff#HQ;X?�Mb2MT�`iM2`b?BTX
+QKf;TH@�b@i?2@#2bi@HB+2M+2@+QKKmMBiv@+Q/2@�M/@HB+2MbBM;fX

"Qv2`- J�`+2H 2i _Q#2`i- C�+[m2b- kyyeX h?2 1+QMQKB+b Q7 6`22 �M/ PT2M aQm`+2
aQ7ir�`2 , *QMi`B#miBQMb iQ � :Qp2`MK2Mi SQHB+v QM PT2M aQm`+2 aQ7ir�`2 (2M HB;M2)X *A@
_�LPX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiT,ffrrrX+B`�MQX[+X+�fT/7fTm#HB+�iBQMfkyye_S@
yjXT/7X

"`2bb2`b- CQb?- kyRNX JBb;mB/2/ KBb;mB/BM;b Qp2` i?2 1l #m; #QmMiv (2M HB;M2)X D�MpB2`
kyRNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffQT2MbQm`+2b2+m`BivXBQfkyR3fRkfjyfKBb;mB/2/@
KBb;mB/BM;b@Qp2`@i?2@2m@#m;@#QmMivfX

"`B;?i- S2i2`- kyR3X .2p2HQT2`b HQp2 i`2M/v M2r H�M;m�;2b #mi 2�`M KQ`2 rBi? 7mM+iBQ@
M�H T`Q;`�KKBM;X AM , �`b h2+?MB+� (2M HB;M2)X K�`b kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,
ff�`bi2+?MB+�X+QKf;�/;2ibfkyR3fyjf/2p2HQT2`b@HQp2@i`2M/v@M2r@H�M;m�;2b@#mi@
2�`M@KQ`2@rBi?@7mM+iBQM�H@T`Q;`�KKBM;fX

"`B;?i- S2i2`- kyRNX .2p2HQT2`b HQp2 Svi?QM �M/ hvT2a+`BTi- ;2i T�B/ 7Q` *HQDm`2-
�M/ �`2MǶi mbBM; #HQ+F+?�BMX AM , �`b h2+?MB+� (2M HB;M2)X �p`BH kyRNX .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiTb,ff�`bi2+?MB+�X+QKf;�/;2ibfkyRNfy9f/2p2HQT2`b@HQp2@Tvi?QM@
�M/@ivT2b+`BTi@;2i@T�B/@7Q`@+HQDm`2@�M/@�`2Mi@mbBM;@#HQ+F+?�BMfX

"`Q+�- aû#�biB2M- kyRjX liQTB2 /m HQ;B+B2H HB#`2- /m #`B+QH�;2 BM7Q`K�iB[m2 ¨ H� `ûBM@
p2MiBQM bQ+B�H2X L2mpv@2M@*?�KT�;M2 , G2 S�bb�;2` +H�M/2biBMX

*�MMQM- "`2ii- kyReX q?v A iQQF P+iQ#2` Qz 7`QK Paa pQHmMi22`BM; (2M HB;M2)X MQ@
p2K#`2 kyReX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffbM�`FvX+�fr?v@B@iQQF@Q+iQ#2`@Q77@
7`QK@Qbb@pQHmMi22`BM;fX



ed

*"* L2rb- kyR9X ai2T?2M �`i?m`Q aQHBb@_2v2b +?�`;2/ BM >2�`i#H22/@`2H�i2/ aAL
i?27iX AM , *"* L2rb (2M HB;M2)X �p`BH kyR9X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX+#+X
+�fM2rbfTQHBiB+bfbi2T?2M@�`i?m`Q@bQHBb@`2v2b@+?�`;2/@BM@?2�`i#H22/@`2H�i2/@
bBM@i?27i@RXkeRk8keX

*B;`27- kyy3X GǶPT2M bQm`+2 2M 2Mi`2T`Bb2 (2M HB;M2)X *B;`27X .BbTQMB#H2 ¨ HǶ�/`2bb2 ,
?iiTb,ffrrrX+B;`27X7`fHQT2M@bQm`+2@2M@2Mi`2T`Bb2X

*B;`27- kyRRX J�im`Biû 2i ;Qmp2`M�M+2 /2 HǶPT2M aQm`+2 , H� pBbBQM /2b ;`�M/2b 2Mi`2@
T`Bb2b (2M HB;M2)X *B;`27X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX+B;`27X7`fK�im`Bi2@
2i@;Qmp2`M�M+2@/2@HQT2M@bQm`+2@H�@pBbBQM@/2b@;`�M/2b@2Mi`2T`Bb2bX

*B;`27- kyRdX GǶQT2M BMMQp�iBQM- mM2 `ûTQMb2 �mt +?�HH2M;2b /2 HǶ2Mi`2T`Bb2 (2M HB;M2)X
*B;`27X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX+B;`27X7`f2im/2@BMMQp�iBQM@+B;`27@
kyRd@H@QT2M@BMMQp�iBQMX

*B;`27- kyR3�X PT2M bQm`+2 , mM2 �Hi2`M�iBp2 �mt ;`�M/b 7Qm`MBbb2m`b /m MmKû`B[m2
(2M HB;M2)X *B;`27X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX+B;`27X7`fTm#HB+�iBQM@QT2M@
bQm`+2@mM2@�Hi2`M�iBp2@�mt@;`�M/b@7Qm`MBbb2m`b@/m@MmK2`B[m2X

*B;`27- kyR3#X lM KQ/ĕH2 /Ƕ�M�Hvb2 2i /2 #2M+?K�`FBM; /2b +Qȿib BM7Q`K�iB[m2b TQm`
TBHQi2` b� T2`7Q`K�M+2 û+QMQKB[m2 (2M HB;M2)X *B;`27X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff
rrrX+B;`27X7`f#2M+?K�`FBM;@�M�Hvb2@+Qmib@BM7Q`K�iB[m2b@KQ/2H2@TBHQi2`@T2`7Q`K�M+2@
2+QMQKB[m2@Bi@KBb2@�@DQm`@kyR3X

*H�#m`M- h?QK�b- kyR3�X 62/ mT rBi? +HQm/ ;B�Mib `BTTBM; Qz Bib /�i�#�b2- JQM;Q."
7Q`Fb M2r ǶQT2M@bQm`+2 HB+2Mb2ǶX AM , h?2 _2;Bbi2` (2M HB;M2)X Q+iQ#`2 kyR3X .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiTb,ffrrrXi?2`2;Bbi2`X+QXmFfkyR3fRyfRefKQM;Q/#nHB+2MbMBM;n+?�M;2fX

*H�#m`M- h?QK�b- kyR3#X _2/Bb ?�b � HB+2Mb2 iQ FBHH , PT2M@bQm`+2 /�i�#�b2 K�F2`
i�F2b bQK2 +Q/2 T`QT`B2i�`vX AM , h?2 _2;Bbi2` (2M HB;M2)X �Qȿi kyR3X .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiTb,ffrrrXi?2`2;Bbi2`X+QXmFfkyR3fy3fkjf`2/Bbn/�i�#�b2nHB+2Mb2n
+?�M;2fX

*Q�b2- _QM�H/ >X- RNjdX h?2 L�im`2 Q7 i?2 6B`KX AM , 1+QMQKB+� (2M HB;M2)X RNjdX oQHX 9-
Mê Re- TX j3eě9y8X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiT,ffrrrXDbiQ`XQ`;fbi�#H2fkeke3deX

*QH2K�M- 1X :�#`B2HH�- kyRjX *Q/BM; 6`22/QK , h?2 1i?B+b �M/ �2bi?2iB+b Q7 >�+FBM;X
S`BM+2iQM , S`BM+2iQM lMBp2`bBiv S`2bbX



e3

*QH2K�M- :�#`B2HH�- kyRdX 6`QK AMi2`M2i 6�`KBM; iQ q2�TQMb Q7 i?2 :22FX AM ,
*m``2Mi �Mi?`QTQHQ;v (2M HB;M2)X kyRdX oQHX 83- Mê aR8- TX aNRěaRykX .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiTb,ffrrrXDQm`M�HbXm+?B+�;QX2/mf�+iBQMfb?Qr*Bi6Q`K�ib\/QB4RyX
Ry3efe33eNdX

*Q`#2i- CQM�i?�M- kyReX 6mM/BM; Zm#2b PaX AM , GqLXM2i (2M HB;M2)X MQp2K#`2 kyReX
.BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffHrMXM2if�`iB+H2bfdyddRjfX

*Q`#2i- CQM�i?�M- kyR3X S`Qi2+iBM; i?2 QT2M@bQm`+2 HB+2Mb2 +QKKQMbX AM , GqLXM2i
(2M HB;M2)X MQp2K#`2 kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffHrMXM2if�`iB+H2bfdeNN3kfX

*Q`#2i- CQM�i?�M 2i E`Q�?@>�`iK�M- :`2;- kyRdX kyRd GBMmt E2`M2H .2p2HQT2@
K2Mi _2TQ`i (2M HB;M2)X h?2 GBMmt 6QmM/�iBQMX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX
HBMmt7QmM/�iBQMXQ`;fkyRd@HBMmt@F2`M2H@`2TQ`i@H�M/BM;@T�;2fX

.�77�`�- *�`HQ- kyydX "mbBM2bb KQ/2Hb BM 6GPaa@#�b2/ +QKT�;MB2b (2M HB;M2)X .Bb@
TQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff7HQbb?m#XQ`;fbBi2bf7HQbb?m#XQ`;f7BH2bfPaa1JSyd@
/�77�`�XT/7X

.�`+?2- J�`+@�m`ĕH2 2i Qi?2`b- kyRjX JQ/ĕH2b û+QMQKB[m2b HBûb �mt HQ;B+B2Hb HB#`2b
(2M HB;M2)X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff�7mHXQ`;fK2/B�f/Q+mK2MifKQ/2H2b@2+QMQKB[m2bX
T/7X

.�`p2HH- C�K2b- kyReX PT2M@aQm`+2 S`QD2+i a2+`2iHv 6mM/2/ #v *A�X AM , GBMmt CQm`@
M�H (2M HB;M2)X �p`BH kyReX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXHBMmtDQm`M�HX+QKf
+QMi2MifQT2M@bQm`+2@T`QD2+i@b2+`2iHv@7mM/2/@+B�X

/2 "H�M+- JQHHv- PL2BH- J�i?B2m- _�BbbB- J�?BM 2i w�++?B`QHB- ai27�MQ- kyRdX
.2#B�M *QMi`B#miQ`b am`p2`v kyRe ě S`2HBKBM�`v �M�HvbBb (2M HB;M2)X .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiTb,ffmTbBHQMX++f/2#B�M@bm`p2v@kyRefT`2HBKBM�`v@�M�HvbBbX?iKHX

.2o�mHi- .`2r- kyRNX AǶK ;QBM; iQ rQ`F 7mHH@iBK2 QM 7`22 bQ7ir�`2 (2M HB;M2)X D�M@
pB2` kyRNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff/`2r/2p�mHiX+QKfkyRNfyRfR8fAK@/QBM;@
6Paa@7mHH@iBK2X?iKHX

.B"QM�- *?`Bb- P+FK�M- a�K 2i aiQM2- J�`F- kyy3X AMi`Q/m+iBQMX AM , PT2M aQm`+2b ,
oQB+2b 7`QK i?2 PT2M aQm`+2 _2pQHmiBQMX a2#�biQTQH , PǶ_2BHHv J2/B�X

.B *QbKQ- _Q#2`iQ 2i w�++?B`QHB- ai27�MQ- kyRdX aQ7ir�`2 >2`Bi�;2 , q?v �M/ >Qr
iQ S`2b2`p2 aQ7ir�`2 aQm`+2 *Q/2X AM , S`Q+22/BM;b Q7 i?2 R9i? AMi2`M�iBQM�H *QM72`2M+2
QM .B;Bi�H S`2b2`p�iBQM (2M HB;M2)X L2r uQ`F , �*JX kyRdX .BbTQMB#H2 ¨ HǶ�/`2bb2 ,
?iiTb,ffBT`2bkyRdXDTfrT@+QMi2MifmTHQ�/bfRN_Q#2`iQ@.B@*QbKQXT/7X



eN

.BM;H2/BM2- _Q;2`- kyR3X h`�MbT�`2M+v- PT2MM2bb- �M/ Pm` kyRe �M/ kyRd 6BM�M+B�Hb
(2M HB;M2)X /û+2K#`2 kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff#HQ;XiQ`T`QD2+iXQ`;f
i`�MbT�`2M+v@QT2MM2bb@�M/@Qm`@kyRe@�M/@kyRd@7BM�M+B�HbX

.Bt- S�mH- kyRdX h?2 PT2M aQm`+2 "mbBM2bb JQ/2H Bb lM/2` aB2;2 (2M HB;M2)X K�B
kyRdX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXBM7Hmt/�i�X+QKf#HQ;fi?2@QT2M@bQm`+2@
/�i�#�b2@#mbBM2bb@KQ/2H@Bb@mM/2`@bB2;2fX

.Bt- S�mH- kyR3X AiǶb hBK2 7Q` i?2 PT2M aQm`+2 *QKKmMBiv iQ :2i _2�H (2M HB;M2)X
�Qȿi kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXBM7Hmt/�i�X+QKf#HQ;fBib@iBK2@
7Q`@i?2@QT2M@bQm`+2@+QKKmMBiv@iQ@;2i@`2�HfX

.`v/2M- �b?2- kyRjX h?2 1i?B+b Q7 lMT�B/ G�#Q` �M/ i?2 Paa *QKKmMBiv (2M HB;M2)X MQ@
p2K#`2 kyRjX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX�b?2/`v/2MX+QKf#HQ;fi?2@2i?B+b@
Q7@mMT�B/@H�#Q`@�M/@i?2@Qbb@+QKKmMBivX

1/;2- C�F2- kyRdX "`2�FBM; GB#;+`vTi _a� pB� � bB/2 +?�MM2HX AM , GqLXM2i (2M HB;M2)X
DmBHH2i kyRdX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffHrMXM2if�`iB+H2bfdkdRdNfX

1/;2- C�F2- kyRN�X .2}MBM; Ƕbmbi�BM�#H2Ƕ 7Q` �M QT2M@bQm`+2 T`QD2+iX AM , GqLXM2i
(2M HB;M2)X K�`b kyRNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffHrMXM2ifam#b+`B#2`GBMFf
d3jReNfNRy#//8d8dNN2/ejfX

1/;2- C�F2- kyRN#X h?2 bi�i2 Q7 i?2 Pal PT2M aQm`+2 G�#X AM , GqLXM2i (2M HB;M2)X
K�`b kyRNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffHrMXM2ifam#b+`B#2`GBMFfd3j83yf#RN�7kN2kRy7+yR+fX

1;?#�H- L�/B�- kyRe�X _Q�/b �M/ "`B/;2b , h?2 lMb22M G�#Q` "2?BM/ Pm` .B;Bi�H AM7`�@
bi`m+im`2 (2M HB;M2)X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX7Q`/7QmM/�iBQMXQ`;f�#Qmif
HB#`�`vf`2TQ`ib@�M/@bim/B2bf`Q�/b@�M/@#`B/;2b@i?2@mMb22M@H�#Q`@#2?BM/@Qm`@
/B;Bi�H@BM7`�bi`m+im`2fX

1;?#�H- L�/B�- kyRdX *QMbB/2` i?2 K�BMi�BM2` @ G*� kyRd F2vMQi2 (2M HB;M2)X .BbTQ@
MB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXvQmim#2X+QKfr�i+?\p4qk�_RQr;y�QX

1HB2- 6`�MÏQBb- kyyNX ú+QMQKB2 /m HQ;B+B2H HB#`2X S�`Bb , 1v`QHH2bX

1HB2- 6`�MÏQBb- kyRNX GQ;B+B2H HB#`2 2i H2 b2+i2m` Tm#HB+ (2M HB;M2)X .BbTQMB#H2 ¨ HǶ�/`2bb2 ,
?iiTb,ff�;2M/�/mHB#`2X[+X+�f2p2MibfkyRdX

1p�F�HHBQ- C�MB- kyRNX S�vBM; *QH/- >�`/ *�b? 7Q` PT2M aQm`+2 *QMi`B#miBQMb (2M HB;M2)X
K�B kyRNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff7Q`KB/�#H2X+QKf#HQ;fkyRNfb�m+2@T`Q;`�KfX
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6BMF- J�`iBM- kyR8X J�`iBM 6BMF QM PT2M aQm`+2 *QKKmMBiv *QHH�#Q`�iBQM �i GBMmt@
*QM 1m`QT2 kyR8 (2M HB;M2)X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXvQmim#2X+QKfr�i+?\
p4xtA1.LvwPF�X

6Q`/- .�M2�- >�`FBMb- �HBbb2 2i S�`MBM- *?`Bb- kyRdX aQK2QM2 HBF2 K2 , >Qr /Q2b
T22` T�`Biv BM~m2M+2 T�`iB+BT�iBQM Q7 rQK2M QM bi�+F Qp2`~Qr \ AM , kyRd A111 avK@
TQbBmK QM oBbm�H G�M;m�;2b �M/ >mK�M@*2Mi`B+ *QKTmiBM; UoGf>**V (2M HB;M2)X
SBb+�i�r�v , A111X kyRdX TX kjNěk9jX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffB222tTHQ`2X
B222XQ`;f�#bi`�+if/Q+mK2Mif3Ryj9djX

6Q`/- .2M�2- aKBi?- CmbiBM- :mQ- S?BHBT CX 2i S�`MBM- *?`Bb- kyReX S�`�/Bb2 lMTHm;@
;2/ , A/2MiB7vBM; "�``B2`b 7Q` 62K�H2 S�`iB+BT�iBQM QM ai�+F Pp2`~QrX AM , S`Q+22/BM;b
Q7 i?2 kyRe k9i? �*J aA:aP6h AMi2`M�iBQM�H avKTQbBmK QM 6QmM/�iBQMb Q7 aQ7ir�`2
1M;BM22`BM; (2M HB;M2)X L2r uQ`F , �*JX kyReX TX 39eě38dX .BbTQMB#H2 ¨ HǶ�/`2bb2 ,
?iiTb,ff/HX�+KXQ`;f+Bi�iBQMX+7K\B/4kN8yjjRX

6`22 aQ7ir�`2 6QmM/�iBQM- kyyRX q?�i Bb 7`22 bQ7ir�`2 \ (2M HB;M2)X 7ûp`B2` kyyRX
.BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX;MmXQ`;fT?BHQbQT?vf7`22@brX?iKHX

:�``2ii- J�ii?2r- kyR3X h?2 *QKKQMb *H�mb2 /Q2bMǶi ?2HT i?2 +QKKQMb (2M HB;M2)X
b2Ti2K#`2 kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffKD;8NX/`2�KrB/i?XQ`;f8RRddX?iKHX

:QQ/BM- .�M- kyR3X qB/2Hv mb2/ QT2M bQm`+2 bQ7ir�`2 +QMi�BM2/ #Bi+QBM@bi2�HBM; #�@
+F/QQ`X AM , �`b h2+?MB+� (2M HB;M2)X MQp2K#`2 kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff
�`bi2+?MB+�X+QKfBM7Q`K�iBQM@i2+?MQHQ;vfkyR3fRRf?�+F2`@#�+F/QQ`b@rB/2Hv@mb2/@
QT2M@bQm`+2@bQ7ir�`2@iQ@bi2�H@#Bi+QBMfX

:Q`/QM@J+E2QM- a?�mM�- kyRNX :Qp2`MBM; i?2 bQ7ir�`2 +QKKQMbX

>�`/BM- :�``2ii- RNe3X h?2 h`�;2/v Q7 i?2 *QKKQMbX AM , a+B2M+2 (2M HB;M2)X /û+2K#`2
RNe3X oQHX Rek- Mê j38N- TX Rk9jěRk93X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffT�;2bXKimX
2/mf��bK�v2`f`m`�Hnbmbi�BMf;Qp2`M�M+2f>�`/BMWkyRNe3XT/7X

>2+FK�M- C�K2b- GQ+?M2`- G�M+2 2i hQ//- S2i`�- kyyjX 6B7iv u2�`b Q7 JBM+2` 1�`@
MBM;b _2;`2bbBQMbX AM , L"1_ qQ`FBM; S�T2` (2M HB;M2)X kyyjX Mê NdjkX .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiTb,ff/QBXQ`;fRyXjj3efrNdjkX

>2bb- CQ2v- kyReX S�i`2QM (2M HB;M2)X �Qȿi kyReX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffDQ2v?X
M�K2f#HQ;f2Mi`vfS�i`2QMfX

>2bb- CQ2v- kyR3X ;Bi@�MM2t �M/ 7mM/BM; mT/�i2 (2M HB;M2)X /û+2K#`2 kyR3X .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiTb,ffDQ2v?XM�K2f#HQ;f2Mi`vf;Bi@�MM2tn�M/n7mM/BM;nmT/�i2fX



dR

>BHH- "2MD�KBM J�FQ- kyR3X >Qr K�`F2ib +QQTi2/ 7`22 bQ7ir�`2Ƕb KQbi TQr2`7mH r2�TQM
(2M HB;M2)X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffK�FQX++f+QTv`B;?i2QmbfHB#`2TH�M2i@
kyR3@F2vMQi2X

AMbiBimi2 Q7 1H2+i`B+�H �M/ 1H2+i`QMB+b 1M;BM22`b- RNddX qQ`Fb Q7 i?2 lXaX
;Qp2`MK2MiX AM , A111 h`�Mb�+iBQMb QM S`Q72bbBQM�H *QKKmMB+�iBQM (2M HB;M2)X MQ@
p2K#`2 RNddX oQHX S*@ky- Mê j- TX R33ěR3NX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffB222tTHQ`2X
B222XQ`;f/Q+mK2Mife8NReReX

A`pBM;- �H�MM�- kyRdX S`2�+i , a?�ii2`BM; i?2 S2`+2TiBQM i?�i PT2M aQm`+2 Jmbi #2 6`22
(2M HB;M2)X K�`b kyRdX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffK2/BmKX+QKfQT2M@+QHH2+iBp2f
r?v@�M/@?Qr@iQ@7mM/@i?2@QT2M@bQm`+2@T`QD2+ib@vQm@/2T2M/@QM@/�ek�83kjydX

C�MF2- CQ`;- kyRy�X *QKTB2`2 PT2M aQm`+2 7�BH2/ \ (2M HB;M2)X DmBM kyRyX .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiTb,ffrrrX+QKTB2`2bQm`+2X+QKfkyRyfyef+QKTB2`2@QT2M@bQm`+2@7�BH2/X
?iKHX

C�MF2- CQ`;- kyRy#X PT2M aQm`+2 "mbBM2bb JQ/2Hb U7Q` *QKTB2`2V U*QKTB2`2 7`QK i?2
aQm`+2V (2M HB;M2)X DmBHH2i kyRyX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX+QKTB2`2bQm`+2X
+QKfkyRyfydfQT2M@bQm`+2@#mbBM2bb@KQ/2HbX?iKHX

C�MF2- CQ`;- kyRy+X PT2M aQm`+2 *QMi`B#miBQMb U*QKTB2`2 1_SV U*QKTB2`2 7`QK i?2
aQm`+2V (2M HB;M2)X DmBHH2i kyRyX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX+QKTB2`2bQm`+2X
+QKfkyRyfydfQT2M@bQm`+2@+QMi`B#miBQMbX?iKHX

CmHHB2M- LB+QH�b 2i wBKK2`K�MM- C2�M@"2MQŗi- kyRRX 6GPaa BM �M AM/mbi`B�H 1+QMQ@
KB+b S2`bT2+iBp2X AM , _2pm2 /Ƕû+QMQKB2 BM/mbi`B2HH2 (2M HB;M2)X /û+2K#`2 kyRRX Mê Rje-
TX jNěe9X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffDQm`M�HbXQT2M2/BiBQMXQ`;f`2BfT/7f
8RddX

EQ#�v�b?B- uQb?Bi�F2- kyRdX .2#B�M QM *BpBH AM7`�bi`m+im`2 avbi2Kb (2M HB;M2)X �Qȿi
kyRdX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff/2#+QM7RdX/2#+QM7XQ`;fi�HFbfRyRfX

Em?M- "`�/H2v JX- kyyNX Ŀ PT2M *Q`2 ŀ Ab i?2 L2r a?�`2r�`2 (2M HB;M2)X Q+iQ#`2
kyyNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiT,ff2##XQ`;f#Fm?Mf#HQ;fkyyNfRyfRefQT2M@+Q`2@
b?�`2r�`2X?iKHX

Em?M- "`�/H2v JX- kyReX o2`v HQM; r�Bi 7Q` 7mM/b i`�Mb72` (2M HB;M2)X /û+2K#`2 kyReX
.BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiT,ffHBbibXbTB@BM+XQ`;fTBT2`K�BHfbTB@;2M2`�HfkyRe@
.2+2K#2`fyyje8NX?iKHX



dk

G�`/BMQBb- 6`2/2`B+- kyRNX �qa ;Bp2b QT2M bQm`+2 i?2 KB//H2 }M;2`X AM , h2+?*`mM+?
(2M HB;M2)X D�MpB2` kyRNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffi2+?+`mM+?X+QKfkyRNfyRf
yNf�rb@;Bp2b@QT2M@bQm`+2@i?2@KB//H2@7BM;2`fX

G�mi2`- E`BbiBM- kyR3X h?2 JB+`QbQ7i aBKTH2 1M+`vTi2/ �`Bi?K2iB+ GB#`�`v ;Q2b QT2M
bQm`+2 (2M HB;M2)X /û+2K#`2 kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXKB+`QbQ7iX+QKf
2M@mbf`2b2�`+?f#HQ;fi?2@KB+`QbQ7i@bBKTH2@2M+`vTi2/@�`Bi?K2iB+@HB#`�`v@;Q2b@
QT2M@bQm`+2fX

G22+?- .�pB/ SX- 62``Bb- ai�+2v 2i a+Qii- CQ?M hX- kyR3X h?2 1+QMQMKB+ AKT�+ib
Q7 i?2 �/p�M+2/ 1M+`vTiBQM ai�M/�`/b- RNNe@kyRd (2M HB;M2)X .BbTQMB#H2 ¨ HǶ�/`2bb2 ,
?iiTb,ffMpHTm#bXMBbiX;QpfMBbiTm#bf;+`fkyR3fLAahX:*_XR3@yRdXT/7X

G2`M2`- CQb? 2i hB`QH2- C2�M- kyyRX h?2 QT2M bQm`+2 KQp2K2Mi , E2v `2b2�`+? [m2b@
iBQMbX AM , 1m`QT2�M 1+QMQKB+ _2pB2r (2M HB;M2)X K�B kyyRX oQHX 98- Mê 9ěe- TX 3RNě3keX
.BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayyR9kNkRyRyyRk9eX

G2`M2`- CQb? 2i hB`QH2- C2�M- kyykX aQK2 aBKTH2 1+QMQKB+b Q7 PT2M aQm`+2X AM ,
h?2 CQm`M�H Q7 AM/mbi`B�H 1+QMQKB+b (2M HB;M2)X kyykX oQHX 8y- Mê k- TX RNděkj9X
.BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffQMHBM2HB#`�`vXrBH2vX+QKf/QBf�#bfRyXRRRRfR9ed@
e98RXyyRd9X

G2pBM2- S2i2`- kyR9X q?v h?2`2 qBHH L2p2` "2 �MQi?2` _2/>�i , h?2 1+QMQKB+b P7
PT2M aQm`+2X AM , h2+?*`mM+? (2M HB;M2)X 7ûp`B2` kyR9X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff
i2+?+`mM+?X+QKfkyR9fykfRjfTH2�b2@/QMi@i2HH@K2@vQm@r�Mi@iQ@#2@i?2@M2ti@`2/@
?�ifX

G2pv- ai2p2M- RN39#X >�+F2`b , >2`Q2b Q7 i?2 *QKTmi2` _2pQHmiBQMX L2r uQ`F , �M+?Q`
S`2bbX

GB+[mB�- C2z 2i J+S?2`bQM- �K�M/�- kyR8X � 08 "BHHBQM o�Hm2 , 1biBK�iBM; i?2 hQi�H
.2p2HQTK2Mi *Qbi Q7 GBMmt 6QmM/�iBQMǶb *QHH�#Q`�iBp2 S`QD2+ib (2M HB;M2)X GBMmt 6QmM@
/�iBQMX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXbi�iB+XHBMmt7QmM/XQ`;fbBi2bfK�BMf
7BH2bfH7Tm#n+Tn+Qbin2biBK�i2kyR8XT/7X

J�iiBb- S2i2`- .�`M2HH- "2M 2i EBK#�HH- aT2M+2`- kyRNX q?v q2Ƕ`2 _2HB+2MbBM; *Q@
+F`Q�+?."X AM , (2M HB;M2)X DmBM kyRNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX+Q+F`Q�+?H�#bX
+QKf#HQ;fQbb@`2HB+2MbBM;@+Q+F`Q�+?/#fX



dj

J+S?2`bQM- �K�M/�- S`Q77Bii- "`B�M 2i >�H2@1p�Mb- _QM- kyy3X 1biBK�iBM; i?2
hQi�H *Qbi Q7 � GBMmt .Bbi`B#miBQM (2M HB;M2)X h?2 GBMmt 6QmM/�iBQMX .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiTb,ffrrrXHBMmtX+QKfTm#HB+�iBQMbf2biBK�iBM;@iQi�H@+Qbi@HBMmt@
/Bbi`B#miBQMX

J2B2`- h`2pQ`- kyReX � L2r 1+QMQKv (2M HB;M2)X kyReX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiT,
ffrrrX�M2r2+QMQKvX+�fX

J2`iQM- _Q#2`i EX- RNdjX h?2 LQ`K�iBp2 ai`m+im`2 Q7 a+B2M+2X AM , h?2 aQ+BQHQ;v
Q7 a+B2M+2 , h?2Q`2iB+�H �M/ 1KTB`B+�H AMp2biB;�iBQMbX *?B+�;Q , *?B+�;Q lMBp2`bBiv
S`2bbX

JBi+?2HH- EvH2 1X- kyRdX h?2 GB+2Mb2 w2`Q J�MB72biQ , ambi�BM�#H2 aQ7ir�`2 BM i?2
PT2M (2M HB;M2)X b2Ti2K#`2 kyRdX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffr`BiBM;XF2KBi+?2HHX
+QKfkyRdfyNfRkfh?2@GB+2Mb2@w2`Q@J�MB72biQX?iKHX

JQQ/v- :HvM- kyRNX A7 aQ7ir�`2 Ab 6mM/2/ 7`QK � Sm#HB+ aQm`+2- Aib *Q/2 a?QmH/ "2
PT2M aQm`+2X AM , GBMmt CQm`M�H (2M HB;M2)X 7ûp`B2` kyRNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,
ffrrrXHBMmtDQm`M�HX+QKf+QMi2MifB7@bQ7ir�`2@7mM/2/@Tm#HB+@bQm`+2@Bib@+Q/2@
b?QmH/@#2@QT2M@bQm`+2X

JmHH2Mr2;- J�ii- kyR9X 6Bp2 7Q` i?2 6mim`2 (2M HB;M2)X b2Ti2K#`2 kyR9X .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiTb,ffK�XiifkyR9fyNf7Bp2@7Q`@i?2@7mim`2fX

JmbiQM2M- JBFFQ- kyyjX *QTvH27iěi?2 2+QMQKB+b Q7 GBMmt �M/ Qi?2` QT2M bQm`+2
bQ7ir�`2X AM , AM7Q`K�iBQM 1+QMQKB+b �M/ SQHB+v (2M HB;M2)X kyyjX oQHX R8- Mê R- TX NNě
RkRX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiT,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBf
ayRedek98ykyyyNykX

JmbiQM2M- JBFFQ- kyy8X q?2M .Q2b � 6B`K amTTQ`i am#biBimi2 PT2M aQm`+2 S`Q@
;`�KKBM; \ AM , CQm`M�H Q7 1+QMQKB+b � J�M�;2K2Mi ai`�i2;v (2M HB;M2)X kyy8X oQHX R9-
Mê R- TX RkRěRjNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffQMHBM2HB#`�`vXrBH2vX+QKf/QBf
�#bfRyXRRRRfDXR9jy@NRj9Xkyy8XyyyjeXtX

LB+?QHbQM- .2#- kyR3X J�ii?2r :�``2ii , aQ7ir�`2 6`22/QK �+iBpBbi (2M HB;M2)X /û@
+2K#`2 kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffb7+QMb2`p�M+vXQ`;f#HQ;fkyR3f/2+f
RjfKD;AMi2`pB2rfX

LQrQ;`Q/xFB- �MM�- kyRNX hBTb 7Q` PT2M@aQm`+2 aQ7ir�`2 amTTQ`iX AM , L�im`2
(2M HB;M2)X DmBHH2i kyRNX oQHX 8dR- TX RjjěRj9X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX
M�im`2X+QKfK�;�xBM2@�bb2ibf/9R83e@yRN@yky9e@yf/9R83e@yRN@yky9e@yXT/7X
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Pǰ6H�?2`iv- E�i2- kyR3X h�Br�MǶb `2pQHmiBQM�`v ?�+F2`b �`2 7Q`FBM; i?2 ;Qp2`MK2MiX
AM , qB`2/ (2M HB;M2)X �p`BH kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXrB`2/X+QXmFf
�`iB+H2fi�Br�M@bmM7HQr2`@`2pQHmiBQM@�m/`2v@i�M;@;ypX

Pǰ:`�/v- ai2T?2M- kyR8X h?2 aQ7ir�`2 S�`�/Qt , h?2 _Bb2 �M/ 6�HH Q7 i?2 *QKK2`+B�H
aQ7ir�`2 J�`F2iX a2#�biQTQH , PǶ_2BHHv J2/B�X

PT2M h2+?MQHQ;v 6mM/- kyRdX 6u kyRd �MMm�H _2TQ`i (2M HB;M2)X PT2M h2+?MQHQ;v
6mM/X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXQT2Mi2+?X7mM/f/Q+mK2Mibf3f6ukyRdn
Ph6n�MMm�Hn_2TQ`iXT/7X

P`�K- �M/v- kyR3X J�FBM; BMbiBimiBQM�H 7`22 bQ7ir�`2 bm++2bb7mHX AM , GqLXM2i (2M HB;M2)X
�p`BH kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffHrMXM2if�`iB+H2bfd8yd3RfX

P`H�M/- EvH2- kyR3X aQMv mbBM; QT2M bQm`+2 2KmH�iQ` 7Q` SH�vai�iBQM *H�bbB+ THm;@
�M/@TH�vX AM , �`b h2+?MB+� (2M HB;M2)X MQp2K#`2 kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff
�`bi2+?MB+�X+QKf;�KBM;fkyR3fRRfbQMv@mbBM;@QT2M@bQm`+2@2KmH�iQ`@7Q`@TH�vbi�iBQM@
+H�bbB+@THm;@�M/@TH�vfX

Pbi`QK- 1HBMQ`- RNNy+X :Qp2`MBM; i?2 +QKKQMb , h?2 2pQHmiBQM Q7 BMbiBimiBQMb 7Q`
+QHH2+iBp2 �+iBQMX *�K#`B/;2 , *�K#`B/;2 lMBp2`bBiv S`2bbX

S2``2i- 6HQ`B�M 2i LB2//m- J�`iBMQ- kyydX lM2 `û;mH�iBQM /2 HǶ?v#`B/�iBQM 2Mi`2 K�`@
+?�M/ 2i MQM@K�`+?�M/X G2b +�b /2b 7Q`K2b /2 T`Q/m+iBQM /2 HQ;B+B2Hb HB#`2bX AM , _2pm2
BMi2`M�iBQM�H2 /2 HǶû+QMQKB2 bQ+B�H2 (2M HB;M2)X K�B kyydX Mê jy9- TX ejěd8X .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiTb,ffrrrX2`m/BiXQ`;f7`f`2pm2bf`2+K�fkyyd@Mjy9@`2+K�yRyNyfRykR8jk�`fX

S?BTTb- aBKQM- kyRyX PT2M *Q`2 Ab "�/ 6Q` uQmX AM , *QKTmi2` qQ`H/ lE (2M HB;M2)X
DmBM kyRyX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffr2#X�`+?Bp2XQ`;fr2#fkyRRyRk3yR99Ryf
?iiT,ff#HQ;bX+QKTmi2`rQ`H/mFX+QKfbBKQM@b�vbfkyRyfyefQT2M@+Q`2@Bb@#�/@7Q`@
vQmX

S`2MiB+2- "`B�M- kyRyX PT2M@*Q`2 , h?2 1KT2`Q`Ƕb L2r *HQi?2b (2M HB;M2)X K�`b kyRyX
.BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiT,ff#HQ;bX;�`iM2`X+QKf#`B�MnT`2MiB+2fkyRyfyjfjRf
QT2M@+Q`2@i?2@2KT2`Q`b@M2r@+HQi?2bfX

ZmQb?B- 1HBQ- kyR8X m`� Ĝ .2bB;M 7Q` 6`22 � PT2M aQm`+2 T`QD2+ib (2M HB;M2)X K�B kyR8X
.BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff2HBQ[Qb?BXK2fkyRefy8fm`�fX

_�b?B/- 6�?KB/� uX- kyReX hBK2 Bb `mMMBM; Qmi 7Q` LhSX AM , AM7QqQ`H/ (2M HB;M2)X MQ@
p2K#`2 kyReX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXBM7QrQ`H/X+QKf�`iB+H2fjR9989ef
b2+m`BivfiBK2@Bb@`mMMBM;@Qmi@7Q`@MiTX?iKHX
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_�vKQM/- 1`B+ aX- RNNN/X h?2 *�i?2/`�H �M/ i?2 "�x��` , JmbBM;b QM GBMmt �M/ PT2M
aQm`+2 #v �M �++B/2Mi�H _2pQHmiBQM�`vX a2#�biQTQH , PǶ_2BHHv J2/B�X

_2/�- CmHB�- kyRNX AM C�Mm�`v- i?2 1l bi�`ib `mMMBM; "m; "QmMiB2b QM 6`22 �M/ PT2M
aQm`+2 aQ7ir�`2 (2M HB;M2)X D�MpB2` kyRNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffDmHB�`2/�X
2mfkyR3fRkf2m@7Qbb�@#m;@#QmMiB2bfX

_2/ >�i AM+X- kyR3X (2M HB;M2)X Q+iQ#`2 kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX
`2/?�iX+QKf2Mf�#QmifT`2bb@`2H2�b2bfB#K@�+[mB`2@`2/@?�i@+QKTH2i2Hv@+?�M;BM;@
+HQm/@H�M/b+�T2@�M/@#2+QKBM;@rQ`H/b@R@?v#`B/@+HQm/@T`QpB/2`X

_B2?H2- .B`F- kyRkX h?2 aBM;H2@o2M/Q` *QKK2`+B�H PT2M aQm`+2 "mbBM2bb JQ/2HX AM ,
AM7Q`K�iBQM avbi2Kb �M/ 2@"mbBM2bb J�M�;2K2Mi (2M HB;M2)X kyRkX oQHX Ry- Mê R- TX 8ě
RdX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff/B`F`B2?H2X+QKfrT@+QMi2MifmTHQ�/bfkyRyfRRf
bp+Qb@Bb2#K@py8@7BM�H@7BM�HXT/7X

_QbbB- J�`B� �H2t�M/`�- kyy9X .2+Q/BM; i?2 Ƕ6`22fPT2M aQm`+2 U6fPaaV aQ7ir�`2
SmxxH2Ƕ , � bm`p2v Q7 i?2Q`2iB+�H �M/ 2KTB`B+�H +QMi`B#miBQMbX AM , h?2 1+QMQKB+b Q7
PT2M aQm`+2 aQ7ir�`2 .2p2HQTK2Mi , �M�HvxBM; JQiBp�iBQM- P`;�MBx�iBQM- AMMQp�iBQM
�M/ *QKT2iBiBQM BM i?2 PT2M aQm`+2 aQ7ir�`2 _2pQHmiBQMX �Kbi2`/�K , 1Hb2pB2` S`2bbX
TX R8ě88X

_v�M- *�KBHH2- kyR3X *QKTmi2` �M/ AMi2`M2i lb2 BM i?2 lMBi2/ ai�i2b , kyRe (2M HB;M2)X
lXaX *2Mbmb "m`2�mX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX+2MbmbX;QpfHB#`�`vfTm#HB+�iBQMbf
kyR3f�+bf�+b@jNX?iKHX

a�M/H2`- E�`2M 2i Em?M- "`�/H2v JX- kykyX PT2M aQm`+2 qQM- #mi aQ7ir�`2 6`22/QK
>�bMǶi u2i (2M HB;M2)X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff7Qb/2KXQ`;fkykyfb+?2/mH2f
2p2MifQT2MnbQm`+2nrQMX

a+?QHx- h`2#Q`- kyRdX >Qr SH�i7Q`K *QQT2`�iBpBbK *�M lMH2�b? h?2 L2irQ`F (2M HB;M2)X
7ûp`B2` kyRdX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffMQp�`�K2/B�X+QKfkyRdfykfRNf?Qr@
TH�i7Q`K@+QQT2`�iBpBbK@+�M@mMH2�b?@i?2@M2irQ`FfX

a+?QHx- h`2#Q` 2i a+?M2B/2`- L�i?�M- kyReX Pm`b iQ >�+F �M/ iQ PrMX h?2 _Bb2 Q7
i?2 SH�i7Q`K *QQT2`�iBpBbK- � L2r oBbBQM 7Q` i?2 6mim`2 Q7 qQ`F �M/ � 6�B`2` AMi2`M2iX
L2r uQ`F , P_ "QQFbX

aQ7ir�`2 6`22/QK *QM+2`p�M+v AM+X- kyR8X h?2 S`BM+BTH2b Q7 *QKKmMBiv@P`B2Mi2/
:SG 1M7Q`+2K2Mi (2M HB;M2)X kyR8X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffb7+QMb2`p�M+vX
Q`;f+QTvH27i@+QKTHB�M+2fT`BM+BTH2bX?iKHX



de

ai�+F Pp2`7HQr- kyR3X ai�+F Pp2`~Qr �MMm�H .2p2HQT2` am`p2v kyR3 (2M HB;M2)X
K�B kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffBMbB;?ibXbi�+FQp2`7HQrX+QKfbm`p2vf
kyR3fX

ai2p2MbQM- a�`�?- kyRNX ai`2M;i? BM LmK#2`b , h?2 6BM�H *QmMi Ab AM (2M HB;M2)X D�MpB2`
kyRNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff#HQ;XiQ`T`QD2+iXQ`;fbi`2M;i?@MmK#2`b@7BM�H@
+QmMiX

amHHBp�M- CQ?M- kyR3X 6`22 aQ7ir�`2 6QmM/�iBQM `2+2Bp2b 0R KBHHBQM 7`QK >�M/b?�F2
(2M HB;M2)X /û+2K#`2 kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX7b7XQ`;fM2rbf7`22@
bQ7ir�`2@7QmM/�iBQM@`2+2Bp2b@R@KBHHBQM@7`QK@?�M/b?�F2X

h�M;- �m/`2v- kyR3X Z�� a2bbBQM rBi? JBMBbi2` h�M; (2M HB;M2)X .BbTQMB#H2 ¨ HǶ�/`2bb2 ,
?iiTb,ffb�BK2BX7iTX�++XmKmXb2fTm#f/2#B�M@K22iBM;bfkyR3f.2#*QM7R3fkyR3@yd@
k3f[@�@b2bbBQM@rBi?@KBMBbi2`@i�M;Xr2#KX

h2``2H- �M/v- kyRdX q?v Ab LmKSv PMHv LQr :2iiBM; 6mM/2/ \ (2M HB;M2)X DmBM
kyRdX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffMmK7Q+mbXQ`;f#HQ;fr?v@Bb@MmKTv@QMHv@MQr@
;2iiBM;@7mM/2/X

h?2 h`2�bm`v "Q�`/ Q7 *�M�/� a2+`2i�`B�i 2i h?2 .2T�`iK2Mi Q7 .B;B@
i�H- *mHim`2- J2/B� �M/ aTQ`i Q7 i?2 lMBi2/ EBM;/QK Q7 :`2�i "`Bi�BM
�M/ LQ`i?2`M A`2H�M/- kyRdX J2KQ`�M/mK Q7 lM/2`bi�M/BM; #2ir22M i?2 h`2�bm`v
"Q�`/ Q7 *�M�/� a2+`2i�`B�i �M/ i?2 .2T�`iK2Mi Q7 .B;Bi�H- *mHim`2- J2/B� �M/ aTQ`i-
Q7 i?2 lMBi2/ EBM;/QK Q7 :`2�i "`Bi�BM �M/ LQ`i?2`M A`2H�M/ *QM+2`MBM; .B;Bi�H :Q@
p2`MK2Mi (2M HB;M2)X Q+iQ#`2 kyRdX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX+�M�/�X+�f2Mf
i`2�bm`v@#Q�`/@b2+`2i�`B�ifb2`pB+2bfBMMQp�iBQMfK2KQ`�M/mK@mM/2`bi�M/BM;@
+QM+2`MBM;@/B;Bi�H@;Qp2`MK2MiX?iKHX

h?QKTbQM- "2M- kyRNX �qa- JQM;Q."- �M/ i?2 1+QMQKB+ _2�HBiB2b Q7 PT2M aQm`+2X
AM , (2M HB;M2)X D�MpB2` kyRNX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffbi`�i2+?2`vX+QKfkyRNf
�rb@KQM;Q/#@�M/@i?2@2+QMQKB+@`2�HBiB2b@Q7@QT2M@bQm`+2fX

hQK�x2HB- "B�M+�- kyRNX *QKK2Mi miBHBb2` H2b HQ;B+B2Hb HB#`2b TQm` 7�+BHBi2` HǶBMMQ@
p�iBQM /B;Bi�H2 TQm` H2b KmMB+BT�HBiûb (2M HB;M2)X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff
�;2M/�/mHB#`2X[+X+�f2p2MibfkyRdX

lL.S- kyRNX >mK�M .2p2HQTK2Mi _2TQ`i kyRN , "2vQM/ AM+QK2- "2vQM/ �p2`�;2b-
"2vQM/ hQ/�v @ AM2[m�HBiB2b BM >mK�M .2p2HQTK2Mi BM i?2 kRbi *2Mim`v (2M HB;M2)X
lMBi2/ L�iBQMbX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiT,ff?/`XmM/TXQ`;f2Mf+QMi2Mif?mK�M@
/2p2HQTK2Mi@`2TQ`i@kyRNX



dd

lMBi2/ ai�i2b a2M�i2- RNeRX *QTv`B;?i BM :Qp2`MK2Mi Sm#HB+�iBQMbX AM , *QTv`B;?i
G�r _2pBbBQM , aim/B2b S`2T�`2/ 7Q` i?2 am#+QKKX QM S�i2Mib- h`�/2K�`Fb- �M/ *QTv@
`B;?ib Q7 i?2 a2M�i2 *QKKX QM i?2 Cm/B+B�`v (2M HB;M2)X RNeRX TX kjě9kX .BbTQMB#H2 ¨
HǶ�/`2bb2 , ?iiT,ffrrrX+QTv`B;?iX;Qpf?BbiQ`vfbim/B2bfbim/vjjXT/7X

lXaX *2Mbmb "m`2�m- kyRyX *QKTmi2` �M/ AMi2`M2i lb2 BM i?2 lMBi2/ ai�i2b , RN39 iQ
kyyN (2M HB;M2)X lXaX *2Mbmb "m`2�mX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX+2MbmbX;Qpf
/�i�fi�#H2bfiBK2@b2`B2bf/2KQf+QKTmi2`@BMi2`M2if+QKTmi2`@mb2@RN39@kyyNX?iKHX

o�`/�- E2MiQM- kyRdX AMi`Q/m+BM; *HQm/~�`2 qQ`F2`b , _mM C�p�a+`BTi a2`pB+2 qQ`@
F2`b �i i?2 1/;2 (2M HB;M2)X b2Ti2K#`2 kyRdX .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff#HQ;X
+HQm/7H�`2X+QKfBMi`Q/m+BM;@+HQm/7H�`2@rQ`F2`bfX

o�m;?�M@LB+QHb- ai2p2M CX- kyR3X JB+`QbQ7i QT2M@bQm`+2b Bib T�i2Mi TQ`i7QHBQX AM , w.@
L2i (2M HB;M2)X Q+iQ#`2 kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrXx/M2iX+QKf�`iB+H2f
KB+`QbQ7i@QT2M@bQm`+2b@Bib@2MiB`2@T�i2Mi@TQ`i7QHBQfX

o2`#22F- J�`MQ- kyRdX � :mB/2 iQ JQ/2`M 1+QMQK2i`B+bX >Q#QF2M , CQ?M qBH2v �
aQMbX

oö`QMM2�m- GQmBb@S?BHBTT2- kyR3X .2 H� +QKTûiBiBQM ¨ H� +QQTû`�iBQM Qm *QKK2Mi
H2 +Q/2 BM7Q`K�iB[m2 2bi /2p2Mm T`QT`Bûi�B`2 (2M HB;M2)X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,
ffp2`QMM2�mXQ`;fK2/B�f#HQ;fkyR3@Rk@kNfT�T2`XT/7X

q2#2`- ai2p2M- kyyyX h?2 SQHBiB+�H 1+QMQKv Q7 PT2M aQm`+2 aQ7ir�`2 (2M HB;M2)X .BbTQ@
MB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff2+QMT�T2`bX`2T2+XQ`;fT�T2`f+/Hm+#`B2f[ij?[NRe/+X
?iKX

q?Bi2- >�H#2`i- RN3yX � >2i2`QbF2/�biB+Biv@*QMbBbi2Mi *Qp�`B�M+2 J�i`Bt 1biBK�iQ`
�M/ � .B`2+i h2bi 7Q` >2i2`QbF2/�biB+BivX AM , 1+QMQK2i`B+� (2M HB;M2)X K�B RN3yX oQHX 93-
Mê 9- TX 3Rdě3j3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiT,ffrrrXDbiQ`XQ`;fbi�#H2fRNRkNj9X

qBHHB�Kb- a�K- kyykX 6`22 �b BM 6`22/QK , _B+?�`/ ai�HHK�M �M/ i?2 6`22 aQ7ir�`2
_2pQHmiBQMX a2#�biQTQH , PǶ_2BHHv J2/B�X

qm- *?Q`M;@:m�M;- :2`H�+?- C�K2b >X 2i uQmM;- *HBzQ`/ 1- kyydX �M 2KTB`B+�H
�M�HvbBb Q7 QT2M bQm`+2 bQ7ir�`2 /2p2HQT2`bǶ KQiBp�iBQMb �M/ +QMiBMm�M+2 BMi2MiBQMbX
AM , AM7Q`K�iBQM � J�M�;2K2MiX D�MpB2` kyydX oQHX 99- TX k8jěkekX

uQb?B/�- CmMFQ- kyR3X JASa :Q2b PT2M aQm`+2X AM , 11 hBK2b (2M HB;M2)X /û+2K#`2
kyR3X .BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ffrrrX22iBK2bX+QKf/Q+mK2MiX�bT\/Q+nB/4Rjj9y3dX
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wm2;2H- .2pQM- kyRNX G2iǶb i�HF �#Qmi QT2M bQm`+2 bmbi�BM�#BHBiv (2M HB;M2)X D�MpB2` kyRNX
.BbTQMB#H2 ¨ HǶ�/`2bb2 , ?iiTb,ff;Bi?m#X#HQ;fkyRN@yR@Rd@H2ib@i�HF@�#Qmi@QT2M@
bQm`+2@bmbi�BM�#BHBivfX

wmFBM- a?�`QM 2i S�T�/�MiQM�FBb- J�t- kyRdX >�+F�i?QMb �b *Q@QTi�iBQM _Bim�H ,
aQ+B�HBxBM; qQ`F2`b �M/ AMbiBimiBQM�HBxBM; AMMQp�iBQM BM i?2 ǶL2rǶ 1+QMQKvX AM , _2@
b2�`+? BM i?2 aQ+BQHQ;v Q7 qQ`FX kyRdX oQHX jR- TX R8dɣR3RX


