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h2FQ HvM T2`mbi2Bi� D� bQp2HHmFbB�

1bBTm?2
h K  FB`D� TQ?D�mimm Cvp bFvH M vHBQTBbiQM Ah@iB2/2FmMM�bb� HmFmpmQMM� kyR3@kyRN TB@
/2iivvM Fm`bbBBM h2FQ HvM T2`mbi2Bi� D� bQp2HHmFbB�X EB`D�bb� F2``Qi��M i2FQ HvM T2`mbi2Bb@
i� D� FvKK2MB  F vi MMƺM 2bBK2`FF2D - DQBbb� F vi2i  M i2FQ Hv X h2FQ HvbQp2HHmFbBbi�
F2``Qi��M b2F  vH2Bb2biB- Ah@iB2/2FmMM�M imiFBKmFb2M M FƺFmHK�bi� b2F  i�`F�bi2H2K�HH�
Fm`bbBM QTBbF2HBDQB/2M p�bi�mFbB� i2FQ HvbQp2HHmFbB� FQbF2pBBM FvbvKvFbBBMX GBb FbB imimb@
imi��M M2m`Qp2`FFQD2M K�i2K��iiBb22M i�mbi��MX
EB`DQBii�DBM� 2`B HmpmBbb� Qp�i QHH22i J�`iiB G2?iQ- S2FF� L2Bii��MK FB- 1bFQ LBBMBK FB-
_BFm Lv`?BM2M- �MMBBM� PD�H�BM2M- AHFF� SƺHƺM2M- AHFF� _�miB�BM2M- hQMB _mQ?QM2M- >2HB
hmQKBM2M- S2i`B o ? F�BMm- a�KB �v` Kƺ D� a�MM�@J�`B �v` KƺX
EBBiQb �pmbi� �Mi?QMv P;#2+?B2 D� J�iiB a�pQM2MX
Cvp bFvH bb  kNX8XkyRN-
>2HB hmQKBM2M D� S2FF� L2Bii��MK FB

R CQ?/�MiQ

h2FQ Hv 2bBBMivv H ?2b T BpBii BM mmiBbQibBFQBbb� D� KB2HBTB/2FB`DQBimFbBbb�X aBi  B?�bi2HH��M-
imiFBi��M- KvbiB}QB/��M D� T2H i  MFBMX h2FQ HvHH  2B QH2 i�`FF�� vH2Bbi  K  `Bi2HK  -
p��M K  `Bi2HK  `BBTTmm �bB�v?i2v/2bi X h2FQ HvM F bBi2 pBBii�� Q?D2HKBBM D� H�Bii2BbBBM-
DQiF� FvF2M2p i QTTBK��M D� DQiF� �mii�p�i B?KBbi  MBBbb  iQBKBMMQBbb�- DQBi� p�`i2M M2 QM
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bmmMMBi2HimX �pmbi�p�� TmQHi� FQ`Qbi2ii�2bb� F vi2i  M KQM2biB Kvƺb i2`KB  H��D2MM2iim
 HvFFvvb U�m;K2Mi2/ BMi2HHB;2M+2VX

G��D2MM2iim  HvFFvvbX A?KBb2HH  D� i2FQ HvHH  QM QK�i p�?pmmi2Mb�- DQiF� v?/Bbi K HH 
KQM2i iQBKBMMQi ?2HTQiimp�iX

h2FQ Hv QM i�mbi�HH� 2bBK2`FBFbB ?�FmFQM2Bbb�- Tvb FƺBMiB?�HHB2M `2FBbi2`BMimMMBbiBKBbb�-
F�K2`QB/2M F�bpQD2MimMMBbimFb2bb�-  HvTm?2HBMi2M   MBQ?D�mFb2bb� D� FQ?/2MM2imbb� K�B@
MQMM�bb�X L B/2M iQBKBMiQD2M `�F2Mi�KBb22M F vi2i  M 2`BH�BbB� QTTBKBbK2M2i2HKB  D�
�H;Q`BiK2D�- DQB/2M F�BFFB2M i�F�M� QM K�i2K�iBBFF�X h2FQ HvM i�mbi�HH� QH2p�M K�i2@
K�iBBF�M vKK `i KBM2M QM i `F2  - bBHH  bQTBpB2M 7mMFiBQB/2M- �H;Q`BiKB2M D� KBMBKQBM@
iBK2M2i2HKB2M p�HBMi� p�BFmii�� imHQbi2M i�`FFmmi22M- i2FQ HvK2M2i2HK M FQmHmimb�D�M
TBimmi22M- K�HHBM KQMBKmiF�Bbmmi22M D� vH2Bbi2ii pvvi22M b2F  i�`pBii�pB2M T�`�K2i`B2M
D� KmB/2M FQKTQM2MiiB2M HmFmK  `  MX
A?KBb2M �BpQD2M iQBKBMi�� D HDBii2H2p i F2BMQi2FQBb2i M2m`Qp2`FQi F2FbBiiBBM DQ RN9y@HmpmHH�X
EBBMMQbimb MBBi  FQ?i�� ?2` bB mm/2HH22M RNNy@HmpmHH�- Kmii� F viiƺBMiQ ?BBTmB MQT2�b@
iBX L2m`Qp2`FQi 2Bp i QHH22i KmBi� K2M2i2HKB  T�`2KTB� D� bBHHQBbBHH� iB2iQFQM2BHH� 2B QH@
Hmi K�?/QHHBbmmii� F bBi2HH  M2m`Qp2`FFQD2M FQmHmimFb2bb� i�`pBii�pB� bmm`B� /�i�K  `B X
kyRy@HmpmHH� FQM2B/2M MQT2mimKBM2M D� /�i�M K  ` M p�Hi�p� F�bp�KBM2M Qp�i HBb MM22i
BMMQbimbi� im?�MbB� M2m`QM2D� bBb Hi pBBM bvpBBM M2m`Qp2`FFQB?BMX L2m`Qp2`FFQD� F vi2@
i  M 2bBK2`FBFbB Fmp�MimMMBbimFb2bb�- FQM2M ƺbb - Tm?22MimMMBbimFb2bb�- FB2Hi2MF  Mi @
DBbb - T2H2Bbb  D� H  F2iB2i22HHBbBbb  /B�;MQQb2Bbb�X
JQ/2`MBi i2FQ HvbQp2HHmFb2i T2`mbimp�i T  QbBM /�i�bi� QTTBKBb22MX hB2iQFQM22i FvF2M2@
p i `�iF�Bb2K��M KQMBKmiF�BbB� HQ;BBF�M T  ii2HvBi  D� H�bFmi2?i pB  Kmii� iQbB2H K M
i�T�mbi2M K�HHBMi�KBb22M i�`pBii�p�M BM7Q`K��iBQM F2`  KBM2M QM KQM2biB p�BF2��X A?KB@
b2HH2 ?2HTTQD2M Kmii� p�BF2�biB 7Q`K��HBbb� KmQ/Qbb� 2bBi2ii pB2M i2?i pB2M `�iFQKBM2M
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QM i2FQ HvHH2 ?��bi�p��X CQii� i2FQ Hv FvF2MBbB B?KBbK Bb22M iQBKBMi��M- b2M TBi BbB Tvb@
iv  QTTBK��M �bBQBi� 2bBK2`FBFbB FmpBbi�- Tm?22bi�- KmBbi�   MBbi - i2Fbi2Bbi  D� i�T�?im@
K�F2iDmBbi�X LvFvBb2i i2FQ Hv�H;Q`BiKBi 2Bp i Tvbiv HBb  K  M i�B HmQK��M QTTBK��Mb�
K�HHBBM b2HH�Bbi� iB2iQ�- DQi� MBB/2M QT2ii�KBb22M F vi2ii p bb  /�i�bb� 2B QH2X h2FQ HvM
H��im D� F�ii�pmmb QM bBBb p�`bBM TBiF HH2 /�i�bi� `BBTTmp�Bbi�X
h2FQ HvM QT2ii�KBb2bb� F vi2ii p M /�i�M F bBii2HvvM i�`pBi��M D� F vi2i  M KQM2MH�BbB�
i2FMBBFQBi�- DQBi� 2bBi2HH  M i bb  FB`D�bb�X .�i�M F bBii2HvM HBb FbB imimbimi��M M2m`Qp2`F@
FQD2M i�mbi�HH� QH2p��M K�i2K�iBBFF��M- Fv#2`im`p�HHBbmmi22M D� i2FQ HvM F viiƺƺM 2`B
v?i2vFbBbb X h2FQ HvHH  QM b�iQD� bQp2HHmimFbB�X aQp2HHmimFb2i F�ii�p�i T2`BMi2Bbi2M FQ@
M2QTTBKBb2M- Fmp�@�M�HvvbBM- T  iƺFb2Mi2QM imFBD `D2bi2HKB2M HBb FbB Tm?22M@ D� i2FbiBM@
imMMBbimFb2MX L K  Qp�i MQT2�biB F2?BiivpB  i2FQ HvM bQp2HHmimb�HQD�X h2FQ Hv pQB iQBKB�
QM;2HK�M`�iF�BbBD�M �b2K�bb� Fv#2`m?FB2M ?�p�Bib2KBb2bb�- `�iF�Bb2KBb2bb� D� iQ`DmMM�b@
b�X lmbBKK�i `�iF�Bbmi �miQK�iBbQBp�i Fv#2`im`p�HHBbmmbiQBK2MTBi2Bi  D� bBi2M ?2HTQii�@
p�i B?KBb2M iQBKBMi��X
Gmpmbb� k imimbimi��M i2FQ HvM F2bF2BbBBM F bBii2BbBBM D� i2`K2B?BMX
GmpmM j i22K�M� Qp�i Q?D�imM QTTBKBb2M HmQFBii2Hm�H;Q`BiKBi D� 2MMmbi2K2M2i2HK iX h2@
FQ HvM �pmHH� bmQ`Bi2ii�p�i i2?i p i Qp�i H ?2b �BM� imHFBii�pBbb� 2MMmbimbi2?i pBFbBX S2@
`BMi2Bb2bb  b2HBii p bb  K�HHBMi�KBb2bb� Tv`Bi  M b2HpBii K  M b2HBii pB2M D� b2HBi2ii pB2M
KmmiimDB2M p HBb2i `BBTTmpmm/2i D� bvv@b2m`�mbbm?i22i FmM i��b 2MMmbi�p�bb� K�HHBMi�KB@
b2bb� Tv`Bi  M K�?/QHHBbBKK�M i�`FF��M 2MMmbimbimHQFb22M v?i2vFbB2M D  /2bb  mb2BKKB@
i2M Kmbi�H��iBFFQ @ivvTTBb2M K�HHBM i��Fb2X
GmpmM �Hmbb� F v/  M H TB FQM2QTTBKBb2M QTTBKBbivvH2D , Q?D�iim QTTBKBM2M- Q?D��K�@
iQM QTTBKBM2M D� p�?pBbi2iim QTTBKBM2MX Gmpmbb� F bBi2HH  M KmmiimD�ivvTT2D - �BM2BbiQM
2bBF bBii2Hv  D� p�HB/QBMiB�X o�HB/QBMiB F2`iQQ- FmBMF� ?vpBM QT2imb/�i�HH� QT2i2iim K�HHB
iQBKBB `BBTTmK�iiQKBHH� �BM2BbiQBHH�X GmpmM HQTmbb� imimbimi��M Hv?v2biB 2`BH�BbBBM HmQFBi@
i2HmK2M2i2HKBBMX
Gmpmbb� 9 imimbimi��M M2m`Qp2`FFQD2M `�F2Mi22b22M- iQBKBMi��M D� MBB/2M i�mbi�HH� QH2@
p��M K�i2K�iBBFF��MX Gmpmbb� F bBi2HH  M 2i22MT BM bvƺii pB  M2m`Qp2`FFQD� D� MBB/2M
QT2ii�KBbi� ;`�/B2MiiBK2M2i2HK HH X
GmpmM 8 �B?22M� QM T`Qb2bbBMHQm?BMi�- bBKmHQBMiBK�HHBi D� i2FQ Hvim2iim T  iƺFb2Mi2FQX
�B?2ii� F bBi2HH  M bQbB��HB@ D� i2`p2v/2M?mQHHQM F2?Bii KBb2M M FƺFmHK�bi�X
GmFm e F bBii2H22 iB2iQFQM2Bbi2iim� FB2H2MF bBii2Hv X aBBM  F2``Qi��M- KBi  F�BFF2� i2FbiBHH2
i2?/  M D� KBi  bBBi  pQB/��M b��/� b2HpBHH2 i2FbiB�M�HviBBF�M F2BMQBMX
Gmpmbb� d F bBi2HH  M i2FQ Hv  D� Fv#2`im`p�HHBbmmii�X �B?22bi� F2``Qi��M b2F  vH2Bb2biB
2ii  2bBi2HH  M mb2Bi� i2FQ Hv  ?vƺ/vMi pB  Fv#2`im`p�HHBbmmb`�iF�BbmD�X
Gmpmbb� 3 F2``Qi��M 2MbBM Cvp bFvH M vHBQTBbiQbb� i2?i p bi - i2FQ HvvM HBBiivp bi  imiFB@
KmFb2bi� D� bBii2M Hv?v2biB amQK2M KmB/2M vHBQTBbiQD2M D� imiFBKmbH�BiQbi2M i2FQ Hvimi@
FBKmFb2bi�X
Gmpmbb� N 2bBi2HH  M i2FQ HvM bQp2HHmbFQ?i2Bi�X GmpmM �Hmbb� F2``Qi��M bQp2HHmFbBbi� Hv@
?v2KKBM i2`p2v/2M?mQHHQM- H  F2?mQHHQM- T�Hp2Hm`Q#QiBBF�M D� `�F2MMmb@ D� FBBMi2Bbiƺ�H�M
M FƺFmHK�bi�- HmpmM HQTTmQb� �Mi�� H��D�M F�ib�mFb2M bQp2HHmFbBBM 2`B �Hm2BHH�X
Gmpmbb� Ry i�`F�bi2HH��M Cvp bFvH M vHBQTBbiQM Ah@iB2/2FmMM�M Fm`bbBM h2FQ HvM T2`mb@
i2Bi� D� bQp2HHmFbB� kyRN bmQ`Bii�M2B/2M p�bi�mFbB� Fm`bbBM i2?i pBBMX
GmFm RR 2bBii2H22 i2FQ HvM iQBKBDQBi� amQK2bb� imiFBKmb@ D� v`BivbK��BHK�bb�X
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�TT2M/Bt � F2bFBiivv Hmpmbb� 9 i�`pBii�p��M K�i2K�iBBFF��M, �M�HvvbBBM-   `B�`pQi2?i @
pBBM D� HBM2��`B�H;2#`�M T2`mbi2BbBBMX

k S2`mbF bBii22i D� i2`KBi

h bb  Hmpmbb� b2HBi2i  M Hv?v2biB DQBi�FBM F2bF2BbB  i2FQ HvvM HBBiivpB  F bBii2Bi X Pb��M
MBBbi  T�H�i��M KmBbb� HmpmBbb� bvp HHBb2KKBMX

kXR hB2i22HHBM2M H�bF2Mi�

hB2i22HHBM2M H�bF2Mi�fH�bF2MM�HHBM2M iB2/2 U+QKTmi�iBQM�H b+B2M+2fb+B2MiB}+ +QKTmiBM;V
2/mbi�� FQHK�ii� iB2i22M T�`�/B;K��X aBBM  bBKmHQB/��M iB2iQFQM22M �pmHH� `2��HBK��@
BHK�M BHKBƺBi  i�B iBH�Mi2Bi�- DQBi� `2��HBK��BHK�bb� 2B p Hii K ii  pB2H  QH2X hB2i22HHBM2M
H�bF2Mi� QM H2BFF�mb K�i2K�iBBF�bi�- iBH�biQiB2i22bi - iB2iQD2MF bBii2HviB2i22bi  D� T2`mb@
iB2i2B/2M U7vbBBFF�- F2KB�- #BQHQ;B�- i�HQmbiB2/2- v?i2BbFmMi�iB2/2- BMbBMƺƺ`BiB2/2 DM2XV v/BM@
�Hm2Bbi�X h K  v?/Bbi2HK  KmQ/Qbi�� mm/2M QK�MH�Bb2M imiFBKmb�Hm22Mb� DQF� TQBFF2��
Qb�bBbi��MX hB2i22HHBb2M H�bF2MM�M F�ii�p� i�pQBi2 b��pmii�� i vbBM 2MMmbi2ii�pB� iB2i22HHB@
bB  K�HH2D� QM b2M QKBM�BbTBB``2X h ? M i�pQBii22b22M Tv`Bi  M F2?BivFb2HH - DQF� v?/Bbi  
K�HHBMi�KBb2M- MmK22`Bb2M �M�HvvbBM- �H;Q`BiKBi- bBKmH��iBQK2M2i2HK i- /�i�@�M�HviBBF�M-
bmm`i2?QH�bF2MM�M D� iB2i22HHBbi2M Q?D2HKBbiQD2M F2?Bii KBb2MX

hB2i22HHBM2M H�bF2Mi� QM H2BFF�mb K�i2K�iBBF�bi�- iB2iQi2FMBBF�bi� D� HmQMMQMiB2i2Bbi X
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kXk "B; /�i� @ K�bb�/�i�

"B; /�i�HH� U"B; .�i�V i�`FQBi2i��M K�bbBBpBbi2M- D�iFmp�biB F�bp�pB2M- bi`mFim`QBim� D�
2B@bi`mFim`QBim� iB2iQ�- FmpB�-   MBii2Bi  D� pB/2QBi� bBb Hi pB2M iB2iQDQmFFQD2M F2`  KBbi -
b BHvii KBbi  D� iB2/QM F vii KBbi X h HH�Bbi2M /�i�K  `B2M ?�HHBib2KBM2M D� iB2/QM �M�@
HvbQBKBM2M Qp�i T2`BMi2BbBHH  iB2iQF�Mi�ivƺF�HmBHH� DQFQ K�?/QiQMi� i�B 2`Bii BM p�BF2��X
"B; /�i�HH2 ivvTBHHBbB  imMMmbK2`FF2D  Qp�i 8 o,i ,

RX J  `  UpQHmK2V @ HmQ/mM D� p�`�biQB/mM /�i�M K  `  QM MBBM bmm`i�- 2ii  bBi  QM
K�?/QiQMi� F bBi2HH  T2`BMi2BbBM K2M2i2HKBMX

kX o�HBFQBK� Up�`B2ivV Ĝ /�i�M ivvTTB- H��im D� �HFmT2`  p�B?i2H22 bmm`2biBX .�i�� imH22
KQMBbi� H ?i2Bbi - b2 FQQbimm 2`BH�BbBbi� QbBbi� 2BF  QH2 D b2MM2Hiv X

jX LQT2mb Up2HQ+BivV Ĝ /�i�M imQiiQMQT2mb- �M�HvbQBMiB D� F bBii2Hv QM MQT2��X
9X �`pQ Up�Hm2V Ĝ /�i� D� bBBi  b��i�p� iB2iQ QM v`BivFbBHH2 ?vƺ/vHHBbi X
8X hQ/2MKmF�Bbmmb Up2`�+BivV Ĝ /�i�M H��im D� HmQi2ii�pmmb Qp�i i `F2Bi  �bBQBi�X

J�bb�/�i�� bvMivv MvFvBbBM KQM2bi� H ?i22bi  Fmi2M BMi2`M2ibBpmD2M D� bQbB��HBb2M K2@
/B�M F viiƺiB2/QBbi�- b  @ D� M�pB;QBMiB/�i�bi�- i2`p2v/2M?mQHHQM iB2/QBbi� D� 2`BH�Bbi2M
H�Bii2B/2M iQBKBMi�iB2/QBbi�X

"B; /�i�M pBBbB imMMmbK2`FFB  Qp�i K  ` - p�HBFQBK�- MQT2mb- �`pQ D� iQ/2MKmF�BbmmbX
1M;H�MMBMFB2HBbi2M i2`KB2M KmF��M QKBM�BbmmbDQmFFQ� Fmibmi��M Hv?v2biB 8oX
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kXj hB2/QMHQm?BMi�

hB2/QMHQm?BMi� U/�i� KBMBM;V i�`FQBii�� DQmFFQ� K2M2i2HKB - DQBHH� Tv`Bi  M QH22HHBb2M
iB2/QM Hƺvi KBb22M bmm`Bbi� iB2iQK�bbQBbi�X hQBKBMi��M HBBiivv iB2iQK�bbQD2M F2`  KBbi -
b BHvii KBbi - D�F�KBbi�- 2ibBKBbi - �M�HvbQBMiB� b2F  2bBii KBbi  iBH�biQiB2/2ii - iB2iQi2F@
MBBFF�� D� FQM2QTTBKBb2M K2M2i2HKB  ?vƺ/vMi 2MX

hB2/QMHQm?BMM�bb� F bBi2HH  M bmm`B� iB2iQK�bbQD� F vii 2M iBH�biQiB2i22M- iB2iQi2FMBBF�M
D� FQM2QTTBKBb2M F2BMQD�X

kX9 EQM2QTTBKBM2M

EQM2QTTBKBM2M UK�+?BM2 H2�`MBM;V QM i2FQ HvM Qb�@�Hm2- DQMF� i�`FQBimFb2M� QM b��/�
Q?D2HKBbiQ iQBKBK��M 2MiBbi  T�`2KKBM TQ?D�iB2/QM D� K�?/QHHBb2M F vii D M iQBKBM@
M�M T2`mbi22HH�X EQM2QTTBKBb2bb� FQM2 QTTBB iQBbimpBbi� i�T�?imKBbi� BHK�M- 2ii  B?KB@
M2M 2`BFb22M QT2ii�� bBi X EQM2QTTBKBb2HH� Tv`Bi  M �miQK�iBbQBK��M iB2/QM imHFBMi�� D�
H��D2Mi�K��M FQM22M ?�p�BMMQBMiBFvFv  KQMBKmiF�Bbi2M �H;Q`BiKB2M �pmHH� T2`BMi2Bb2M
`�D�@�`pQB?BM imF2mimp�M K�HHBM bBD�bi�X EQM2QTTBKBM2M pQB/��M D�F�� FQHK22M 2`B F�i2@
;Q`B��M- Q?D�iimmM QTTBKBb22M- Q?D��K�iiQK��M QTTBKBb22M D� p�?pBbi2iimmM QTTBKBb22M-
DQBi� F bBi2HH  M i�`F2KKBM Hmpmbb�X

kX8 L2m`Qp2`FFQ

L2m`Qp2`FQi U�`iB}+B�H M2m`�H M2irQ`FV Qp�i BM7Q`K��iBQM F bBii2HvM- K�i2K�iBBF�M i�B
H�bF2MM�M K�HH2D�- DQiF� T2`mbimp�i v?/Bbi p  M H�bF2Mi��MX A?KBb2M �BpQD2M iQBKBMi��
D HDBii2H2p i F2BMQi2FQBb2i M2m`Qp2`FQi F2FbBiiBBM DQ RN9y@HmpmHH�X L2m`Qp2`FFQD2M mmbB ��HiQ
�HFQB RNNy@HmpmHH� Kmii� MBB/2M F viiƺBMiQ ?BBTmB MQT2�biB bBB?2M- 2ii  M2 2Bp i QHH22i KmBi�

e



K2M2i2HKB  T�`2KTB� D� bBHHQBbBHH� iB2iQFQM2BHH� 2B QHHmi K�?/QHHBbmmii� F bBi2HH  M2m`Qp2`F@
FQD2M FQmHmimFb2bb� i�`pBii�pB� bmm`B� /�i�K  `B X kyRy@HmpmHH� FQM2B/2M MQT2mimKBM2M
D� /�i�M K  ` M p�Hi�p� F�bp�KBM2M Qp�i F�bp�ii�M22i BMMQbimbi� bvp QTTBKBb22MX
L2m`Qp2`FFQD� F vi2i  M 2bBK2`FBFbB Fmp�MimMMBbimFb2bb�- FQM2M ƺbb - Tm?22MimMMBbimF@
b2bb�- FB2Hi2MF  Mi DBbb - T2H2Bbb  D� H  F2iB2i22HHBbBbb  /B�;MQQb2Bbb�X L2m`Qp2`FFQ FQQbimm
bvƺi2@ D� mHQbimHQF2``QFb2bi� D� MBB/2M p HBbb  QH2pBbi� TBBHQF2``QFbBbi�- DQiF� FQQbimp�i M2m@
`QM2Bbi�X L2m`Qp2`FFQD� F bBi2HH  M i�`F2KKBM Hmpmbb�X

L2m`Qp2`FFQ FQQbimm bvƺi2F2``QFb2bi� D� mHQbimHQF2``QFb2bi�- DQB/2M p HBbb  pQB QHH� vFbB i�B
mb2�KTB� TBBHQF2``QFbB�X E2``QFb2i FQQbimp�i M2m`QM2Bbi�- DQBbb� bmQ`Bi2i��M M2m`Qp2`FQM
H�bFmiQBKBimFb2iX

kXe h2FQ HvM K�i2K�iBBFF�

h2FQ HvM p�`?�Bb2i p2`bBQi- DQBi� pQB/��M F vii   2bBK2`FBFbB �miQK��iiBb22M iQ/Bbi�KB@
b22M D� 2`BH�Bbi2M HQQ;Bbi2M QM;2HKB2M `�iF�Bb2KBb22M- TQ?D�mimp�i HQ;BBFF��MX JQMBbb�
FQM2QTTBKBb2M K2M2i2HKBbb  i�`pBi��M iQ/2MM FƺBbvvbH�bF2MM�M D� ;`��}2M i2Q`B��X
L2m`Qp2`FFQD2M F bBii2Hvbb  i `F2Bi  K�i2K�iBBF�M �HQD� Qp�i KQMBmHQii2BM2M �M�HvvbB-
HBM2��`B�H;2#`� D� iQ/2MM FƺBbvvbH�bF2Mi�X o2`FFQ� QT2i2ii�2bb� v`Bi2i  M KBMBKQB/� pB`@
?27mMFiBQBi� D� TBBHQF2``QFb2M T�BMQD� D� p�FBQi2`K2D  Kmmi2i��M p�HBimM �H;Q`BiKBM �pmHH�X
oB`?27mMFiBQ `BBTTmm bmm`2bi� K  ` bi  T�`�K2i`2D�- DQi2M b2M KBMBKQBMiB QM ?��bi�p�
QM;2HK�X JQM2biB KBMBKQBMMBbb� F vi2i  M ;`�/B2Mii2B?BM T2`mbimpB� K2M2i2HKB - DQBb@
b� i�`pBi��M pB`?27mMFiBQM /2`Bp��iiQD� p2`FQM T�`�K2i`B2M bm?i22MX avƺi2 D� p2`FQM T�@
`�K2i`Bi Kmmi2i��M p2`FQM H�bFmiQBKBimFbBbb� vH22Mb  p2FiQ`B@ D� K�i`BBbBKmQiQB?BM D�
H�bFmBbb� F vi2i  M HBM2��`B�H;2#`��X h�mbi�HH� QH2p�M K�i2K�iBBF�M vKK `i KBM2M QM
i `F2  - bBHH  M2m`Qp2`FQBbb� bQTBpB2M 7mMFiBQB/2M- �H;Q`BiKB2M D� KBMBKQBMiBK2M2i2HKB2M
p�HBMi� p�BFmii�� imHQbi2M i�`FFmmi22M- p2`FQM FQmHmimb�D�M TBimmi22M- K�HHBM KQMBKmi@
F�Bbmmi22M b2F  i�`pBii�pB2M T�`�K2i`B2M D� KmB/2M FQKTQM2MiiB2M HmFmK  `  MX L2m`Q@
p2`FFQD2M i�mbi�HH� QH2p�� K�i2K�iBBFF�� F bBi2HH  M Hmpmbb�X

d



kXd avp QTTBKBM2M

avp QTTBb@i2`KB U/22T H2�`MBM;V QM b��Mmi MBK2Mb  bBBi - 2ii  M2m`Qp2`FQBbb� F vi2i  M
KQMB� TBBHQF2``QFbB�- DQBHH� QM FmHH�FBM QK� i2?i p Mb X avp i M2m`Qp2`FQi Qp�i TBB`i22M@
KmQ/QbimFb22M FvF2M2pB  KQMBF2``QFbBbB� M2m`Qp2`FFQD�X avp QTTBKBb2M ?��bi22M� QM
QT2ii�KBb22M i�`pBii�p�M /�i�M K  ` X EQbF� bvpBbb  M2m`Qp2`FQBbb� pQB QHH� KBHDQQMB�
M2m`QM2Bi� D� bBi2M KBHDQQMB� Kmmi2ii�pB� T�`�K2i`2D�- MBBM QT2imb/�i�� i�`pBi��M p�H@
i�p�biBX CQb /�i�� QM HBB�M p ? M- MBBM p2`FQi vHBQTTBp�i ?2HTQbiB 2Bp iF  imHQFb2i vH2Bbiv
mmbBBM 2MM�Hi� imMi2K�iiQKBBM ?�p�BMiQB?BMX

EQM2QTTBKBM2M QM i2FQ HvM Qb�@�Hm2- DQbb� FQM2 f Q?D2HK� QTTBB TQ?D�iB2/QM D� F vii D M
iQBKBMM�M T2`mbi22HH� imMMBbi�K��M- HmQFBii2H2K��M D� 2MMmbi�K��M �bBQBi�X

kX3 o�?p� D� ?2BFFQ i2FQ Hv

h2FQ Hv pQB/��M D�F�� ?2BFFQQM D� p�?p��M i2FQ HvvM U�`iB}+B�H bmT2`BMi2HHB;2M+2VX >2B@
FQHH� i2FQ HvHH  i�`FQBi2i��M vFbBii BbBbb  i2?i pBbb  i�Bi�pBBM bmQ`BimFbBBM FvF2M2pB  �H;Q@
`BiK2D�- Fmi2M ?�FmFQM2Bi�- `QbF�TQbiBbmQ/�iiBKB� i�B p�BFF�T� `Q#QiiB@BKm`2Bi�X h bb 
F�i2;Q`B�bb� Tvbivi  M i2F2K  M DQ T�HDQM 2/BbivM22KTB FBM iQBKBMiQD�- Fmi2M F�bpQD2M@
D� Tm?22MimMMBbimbi�- ?�?KQMimMMBbimbi� i�B �pmbi�p�� imiFBKmbivƺi X o�?p�HH� i2FQ HvH@
H  TmQH2bi��M i�`FQBi2i��M imH2p�Bbmmi22M 2MMmbi2ii�p�� i2FQ Hv - DQF� imH22 iQBKBK��M
i vbBM B``�HH��M B?KBb Hvbi X o�?p�� i2FQ Hv QM imiFBKmFb2M FQ?i22M� D� bBB?2M HBBiivv
pQBK�F�bi� 22iiBbi  F`BiBBFFB X
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A?KBb2M  HvFFvv/2M vHBii p   i2FQ Hv  Fmibmi��M p�?p�FbB i2FQ HvFbBX CQB/2MFBM KB2H2bi 
D�Qii2Hm� p�?p�f?2BFFQ i2FQ Hv 2B TBi BbB F vii  X

kXN EQM2M Fƺ

EQM2M ƺHH  UK�+?BM2 pBbBQMV Tv`Bi  M vH22Mb  K�iFBK��M B?KBbM Fƺ  i�B H��D2Mi�K��M
b2M K�?/QHHBbmmFbB�X EQM2M FƺD `D2bi2HK  FQQbimm p�HQMH ?i22bi - FQ?i22bi�- F�K2`�bi�-
iB2iQFQM22bi� D� bBBM  iQBKBp�bb� Fmp�MF bBii2HvQ?D2HK�bi�- DQF� imHFBib22 Fmp�M �miQK��i@
iBb2biBX
EQM2M ƺM D� ?�?KQMimMMBbimFb2M i�pQBii22M� QM ?vƺ/vHHBbi2M D� K2`FBii p   HBb @
�`pQ� imQii�pB2M bQp2HHmbi2M imQii�KBM2M 2`BivBb2biB /B;Bi��HBbi� Fmp�MF bBii2Hv  D�
Fmp�@�M�HvvbB  ?vƺ/vMi 2MX EQM2M Fƺ QM i�`FF�- MQT2� D� p bvK iƺM `miBBMBi2?i pB2M
bmQ`Bii�D�- DQHH� pQB/��M T�`�Mi�� T`Qb2bbBi2QHHBbmm/2M i2?QFFmmii�X aBi  F vi2i  M 2bB@
K2`FBFbB HBmFm?B?M�HH� i�T�?impBbb� imQi2i�`F�bimFbBbb� D� TmHHQMT�H�mimb�miQK��i2Bbb�X
h2`K2D  FQM2M Fƺ D� iB2iQFQM2M Fƺ U+QKTmi2` pBbBQMV F vi2i  M KQM2biB ?B2K�M `BbiBBMX
C HFBKK Bb2HH  i�`FQBi2i��M iB2iQFQM2B/2M FQ`F2�i�bQBbi� /B;Bi��HBbi2M FmpB2M D� pB/2QB/2M
vKK ``vbi X a2 HmQFBi2HH��M mb2BM i2FQ HvM Qb�FbB D� bBi  F vi2i  M 2bBK2`FBFbB H  F2iB2@
i22HHBbBbb  Fmp�@�M�Hvvb2Bbb X

kXRy >�?KQMimMMBbimb

>�?KQMimMMBbimb UT�ii2`M `2+Q;MBiBQMV QM FQM2QTTBKBb2M Qb�@�Hm2- DQMF� i�pQBii22M� QM
F2?Bii   /�i�bi� K�HH2D� i�B F��pQD� imMMBbi�pB� D `D2bi2HKB X E vi MMƺM 2bBK2`FF2D  ?�?@
KQMimMMBbimFb2M bQp2HHmFbBbi� Qp�i 2bBK2`FBFbB Tm?22M �miQK��iiBM2M i�HH2Mi�KBM2M i2Fb@
iBFbB- FB`D�bi� bF�MM�imM i2FbiBM bBB`i KBM2M i2FbiBMF bBii2HvQ?D2HK��M- B?KBbi2M F�bpQD2M
imMMBbi�KBM2M i�B `QbF�TQbiB2M imMMBbi�KBM2M b��TmM2B/2M b ?FƺTQbiB2M DQmFQbi�X
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>�?KQMimMMBbimbK2M2i2HK i pQB/��M D�F�� FQHK22M HmQFF��M, iBH�biQHHBM2M ?�?KQMimM@
MBbimb- bvMi�FiBM2M ?�?KQMimMMBbimb D� M2m`��HBM2M ?�?KQMimMMBbimbX L Bbi  iBH�biQHHBb2b@
b� ?�?KQMimMMBbimFb2bb� QH2i2i��M- 2ii  2ibBii p HH  ?�?KQHH� QM iBH�biQHHBM2M D�F�mK�
Fmbb�FBM HmQF�bb�- DQB?BM Fvb2Bb2M TBB`i22M �pmHH� ?�Hmi��M HmQFBi2HH�X avMi�FiBM2M ?�?KQM@
imMMBbimb QH2ii�� p�bi��p�biB- 2ii  QM QH2K�bb� DQFBM `�F2MM2- DQMF� T2`mbi22HH� HmQFBii2Hm
pQB/��M i2?/ X L2m`��HBM2M ?�?KQMimMMBbimb QM 2T HBM2��`BM2M `2;`2bbBQK�HHB- DQF� Qb��
Bib2M Bb2biB F�Bp�� /�i�bi� QH2MM�Bb2i TBB`i22i D� KmQ/Qbi�� M B/2M p HBHH2 KQMBKmiF�BbB�
`BBTTmpmmbbm?i2Bi�X

>�?KQMimMMBbimFb2bb� /�i�bi� 2ibBi  M QKBM�BbmmFbB�- DQB/2M T2`mbi22HH� b2 2bBK2`FBFbB
D�2i��M 2`B HmQFFBBMX h bb  FmpBQi QM D�2iim F�?i22M HmQFF��M KmQ/QM- FQQM D� p `BM
T2`mbi22HH�X

kXRR Emp�MimMMBbimb

Emp�MimMMBbimFb2HH� UBK�;2 `2+Q;MBiBQMV FQM2M ƺM v?i2v/2bb  QM FvFv imMMBbi�� 2bBM2B@
i - T�BFFQD�- B?KBbB - FB`DQBimbi� D� iQBKBMi�� FmpBbb�X Emp�MimMMBbimFb2bb� F vi2i  M
F�K2`QBi�- FQM2M Fƺi2FMBBFQBi� D� FQM2QTTBKBb2M K2M2i2HKB X EQMpQHmmiBQM2m`Qp2`FFQ@
D2M �pmHH� QMMBbimi��M MvFvBbBM i2F2K  M ?��bi�pB�FBM imMMBbimbi2?i pB X
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Emp�MimMMBbimFb2bb� Tv`Bi  M imMMBbi�K��M FmpBbi� 2`BH�BbB� �bBQBi� F�K2`QB/2M- FQM2M @
Fƺi2FMBBFQB/2M D� FQM2QTTBKBb2M �pmHH�X

kXRk Sm?22MimMMBbimb

Sm?22MimMMBbimb UbT22+? `2+Q;MBiBQMV QM DQmFFQ FB2HB@ D� Tm?2i2FMQHQ;B�M �H��M FmmHmpB�
?�?KQMimMMBbimbK2M2i2HKB - DQB/2M �pmHH� iB2iQFQM2 pQB imMMBbi�� B?KBbi2M Tm?2ii�X Sm@
?22MimMMBbimbK2M2i2HKB2M �pmHH� pQB/��M 2bBK2`FBFbB p�HKBbi�� Tm?2Q?D�ii�pB� H�Bii2Bi�
i�B i�HiBQB/� Tm?2ii� i2FbiBKmQiQBb2FbBX

j GmQFBii2Hm@ D� 2MMmbi2K2M2i2HK i U1bFQ LBBMBK @
FB- AHFF� SƺHƺM2M- AHFF� _�miB�BM2M- >2HB hmQKB@
M2M- a�KB �v` KƺV

U1bFQ LBBMBK FB- AHFF� SƺHƺM2M- AHFF� _�miB�BM2M- >2HB hmQKBM2M- a�KB �v` KƺV
JQ/2`MBi i2FQ HvbQp2HHmFb2i T2`mbimp�i T  QbBM /�i�bi� QTTBKBb22MX hQbB2H K M i�T�mb@
i2M K�HHBMi�KBb22M p��/Bii�p�M FQFQM�Bbp�Hi�Bb2M BM7Q`K��iBQM F2`  KBM2M pQB QHH�   `BK@
K Bb2M p�BF2��X o�BFF� KQMBKmiF�Bbi2M K�i2K��iiBbi2M i2?i pB2M `�iF�Bb2KBM2M iB2iQFQ@
M22M �pmHH� QM MQT2mii�Mmi K��BHK�M F2?BiivKBbi  KQMBM i�pQBM- B?KBb2HH2 BMimBiBBpBb2M
QHQBbi2M Kmii� p�BF2�biB 7Q`K��HBbb� KmQ/Qbb� 2bBi2ii pB2M i2?i pB2M `�iFQKBM2M QM i2FQ@
 HvHH2 bmm`B ?��bi2X PHH�Fb22M  HvF b D� pmQ`Qp�BFmimbFvFvBM2M iB2iQFQM22M i vivv Tvbiv 
QTTBK��M �bBQBi� 2bBK2`FBFbB FmpBbi�-   MBbi - i2Fbi2Bbi - b ?FƺbB;M��H2Bbi� D� i�T�?imK�@
b2Fp2Mbb2Bbi  2HB bmm`Bbi� K�i�H�M �#bi`�FiBQi�bQM iB2iQK�bbQBbi�X J2M2i2HKB2M  HvFFvv@
/2bi  D� QTTBKBbFvpvbi  ?mQHBK�ii� p�`bBM�BM2M bQp2HHmb�H�FQ?i�BM2M iB2iQ QM FmBi2MFBM
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/�i�bb�X h2FQ HvH;Q`BiKBi 2Bp i Tvbiv HBb  K  M i�B HmQK��M QTTBK��Mb� K�HHBBM b2HH�Bbi�
iB2iQ�- DQi� MBB/2M QT2ii�KBb22M F vi2ii p  /�i� 2B bBb HH X h2FQ HvM H��im D� F�ii�pmmb
QM bBBb p�`bBM TBiF HH2 /�i�bi� `BBTTmp�Bbi�X hQBb��Hi� BHK�M /�i�@ D� FQM2QTTBKBb�H�M �K@
K�iiBi�BiQ� bmm`i2M /�i�K�bbQD2M p�Hi�p� TQi2MiB��HB QM K�?/QiQMi� ?vƺ/vMi  X

jXR EQM2QTTBKBM2M

EQM2QTTBKBM2M UJ�+?BM2 H2�`MBM;V QM i2FQ HvM Qb�@�Hm2- DQbb� FQM2fQ?D2HK� QTTBB TQ?D�@
iB2/QM D� F vii D M iQBKBMM�M T2`mbi22HH� imMMBbi�K��M- HmQFBii2H2K��M D� 2MMmbi�K��M
�bBQBi�X E�BFFB� 2`B iBH�Mi2Bi� p�`i2M 2B QH2 2`BHHBbi  Q?D2ii� p��M QTTBKBM2M i�T�?imm FQ@
F2KmFb2M �pmHH�X
JBi+?2HH RNNd, U� +QKTmi2` T`Q;`�K Bb b�B/ iQ H2�`M 7`QK 2tT2`B2M+2 1 rBi? `2bT2+i iQ
bQK2 +H�bb Q7 i�bFb h �M/ T2`7Q`K�M+2 K2�bm`2 S B7 Bib T2`7Q`K�M+2 �i i�bFb BM h- �b
K2�bm`2/ #v S- BKT`Qp2b rBi? 2tT2`B2M+2 1XV
JBi2M /�i�bi� QTTBKBM2M 2`Q�� T2`BMi2Bb2bi  /�i�� b2HBii p bi  �M�HviBBF�bi�\
h2FQ Hvi2?i p i Qp�i T  �bB�bb� i�p�HH� i�B iQBb2HH� 2MMmbimbi2?i pB X a2HBii p M K�HHBMi�@
KBb2M U2tTH�M�iQ`v KQ/2HBM;V �pmHH� Tv`Bi  M vKK `i K  M b2HBii pB2M D� b2HBi2ii pB2M
KmmiimDB2M p HBb2i `BBTTmpmm/2i D� F�mb�HBi22iBiX 1MMmbi�p�bb� K�HHBMi�KBb2bb� UT`2/B+iBp2
KQ/2HBM;V i��b Tv`Bi  M K�?/QHHBbBKK�M i�`FF��M 2MMmbimbimHQFb22M bvƺii2B/2M D� p�b@
i2B/2M p HBbi2M v?i2vFbB2M HmQMi22M D  /2bb  mb2BKKBi2M Kmbi�H��iBFFQ @ivvTTBb2M K�HHBM
i��Fb2X h K M pmQFbB 2MMmbi�p�bb� K�HHBMi�KBb2bb�- D� bBi2M FQM2QTTBKBb22M T2`mbimp�b@
b� i2FQ Hvbb FBM- /�i�bi� QT2i2iimD2M K�HHB2M p�HB/QBMiB `BBTTmK�iiQKBHH� �BM2BbiQBHH� QM
  `BKK Bb2M i `F2   2MM2M MBB/2M F vi MiƺƺM pB2KBbi X
EQM2QTTBKBM2M pQB/��M D�F�� FQHK22M HmQFF��M QTTBKBb2M ivvHBM T2`mbi22HH�X

EQM2QTTBKBM2M pQB/��M D�F�� QTTBKBb2M ivvHBM T2`mbi22HH� FQHK22M HmQFF��M UQ?D�iim
QTTBKBM2M- Q?D��K�iQM QTTBKBM2M D� p�?pBbimbQTTBKBM2MVX P?D�iim QTTBKBM2M D�2i��M
/�i�M ivvTBM KmF��M HmQFBii2HmFbB D� `2;`2bbBQFbBX P?D��K�iiQK�bb� QTTBKBb2bb� /�i� i��b
`v?KBi2HH  M QKBM�BbmmFbB2M T2`mbi22HH�X
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P?D�iim QTTBKBM2M
P?D�imbb� QTTBKBb2bb� UbmT2`pBb2/ H2�`MBM;V FQM2ii� QT2i2i��M bvƺi2@i�pQBi2@T�`2Bbi�	ԧ Ԩ
 FQQbimp�M �BM2BbiQM �pmHH�X h�pQBii22M� QM- 2ii  FQM2 Qb�� i2?/  D�Qii2HmM
b�K�MF�Hi�Bb2HH2 �BM2BbiQHH2X P?D�iim QTTBKBM2M pQB/��M D�F�� i�pQBi2/�i�M HmQMi22M
T2`mbi22HH� F�?i22M HmQFF��M- HmQFBii2HmmM D� `2;`2bbBQQMX CQb /�i� QM /BbF`22iiB  2HB b2
pQB/��M D�F�� 2`BHHBbBBM `v?KBBM- MBBM Fvb2 QM HmQFBii2Hmbi�X CQb /�i�M QM D�iFmp��- MBBM
D�Qii2Hm QM `2;`2bbBQi�X 1bBK2`FF2D  HmQFBii2Hmbi� Qp�i F bBMFB`DQBi2iimD2M MmK2`QB/2M
imMMBbimb D� b ?FƺTQbiBM D�Qii2Hm `QbF�TQbiBBM D� i `F2  M TQbiBBMX _2;`2bbBQi� Qp�i
2bBK2`FBFbB H KTƺiBH�M i�B DQMFBM imQii22M ?BMM�M K  `Bii KBM2MX

P?D�iim QTTBKBM2M

P?D��K�iQM QTTBKBM2M
P?D��K�iQM QTTBKBM2M UmMbmT2`pBb2/ H2�`MBM;V D HDBii2H22 B?KBb2M QTTBKBbi�X PT2ii�KB@
b22M F vi2ii p bi  /�i�bi� v`Bi2i  M imMMBbi�� 2`B bvƺii2B/2M p HBHH  QH2pB� `BBTTmpmmFbB�-
bm?i2Bi� D� b�K�MF�Hi�BbmmFbB�X avƺii22i Tv`Bi  M `v?KBii2H2K  M MBBM- 2ii  vFbBii Bb2HH 
bvƺii22HH  QM 2M2KK M b�K�MH�BbB� QKBM�BbmmFbB� b�K��M `v?K  M FmmHmpB2M bvƺii2B/2M
FmBM KmB?BM `v?KBBM FmmHmpB2M bvƺii2B/2M F�Mbb�X 1bBK2`FFB Q?D��K�iiQK�bi� QTTBKBb2b@
i� QM �F�i22KBFFQ h2mpQ EQ?Qb2M URNj9V RN3y@HmpmHH� F2?Bii K  Bib2Q`;�MBbQBimp� F�`ii�X
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P?D��K�iQM QTTBKBM2M

o�?pBbi2iim QTTBKBM2M
o�?pBbi2imbb� QTTBKBb2bb� U`2BM7Q`+2K2Mi H2�`MBM;V FQM2- ǳ HvF b �;2MiiBǴ- QTTBB vKT `Bb@
iƺM �Mi�K�M T�H�mii22M T2`mbi22HH�X EQM2 b�� iQBKBMM�bi��M /vM��KBb2bb� vKT `Bbiƺbb 
TQbBiBBpBbi� D� M2;�iBBpBbi� T�H�mi2ii�X
a2 i2F22 p�HBMiQD� �B2KKBM FQ2iimD2M T�HFBiimD2M p�B?iQ2?iQD2M D� imMi2K�iiQKB2M p�B?@
iQ2?iQD2M p HBHH  D� QTTBB iQBKBK��M MBBM- TQbBiBBpBb2M T�H�mii22M K  `  F�bp�� D� M2;�iBB@
pBb2M p ?2M22X o�?pBbi2imbi� QTTBKBbBbi� F vi2i  M 2bBK2`FBFbB Bib2Q?D�mimpBbb� �miQBbb�
D� `Q#QiBBF�bb�X

o�?pBbi2iim QTTBKBM2M

Em?mMFBM QTTBKBbivvHBBM bQTBpB� �H;Q`BiK2D� QM mb2Bi�X _�iF�Bbi�p�M� QH2p��M QM;2HK��M
bQTBp�M �H;Q`BiKBM p�HBMi� `BBTTmm QTTBKBbivvHBM HBb FbB 2bBK2`FBFbB /�i�M K  ` bi - FQQb@
i� D� ivvTBbi - �H;Q`BiKBM QTTBKBbMQT2m/2bi�- QT2imFb2bb� i�`pBii�p�bi� i�HH2MMmbiBH�bi�
D� bBBi - FmBMF� i2?QF�bi� i�B vH2Bbi2ii p   `�iF�Bbm� QHH��M 2ibBK bb X CQb /�i�� QM p ? M-
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MBBM vFbBMF2`i�Bb2i �H;Q`BiKBi p ?2Mi p i vHBQTTBKBb2M `BbFB X S�`�b �H;Q`BiKB 2B p Hii K i@
i  Hƺv/v 2MbBKK Bb2HH  FQF2BHmHH�X

jXk JmmiimD�ivvTBi

�BM2BbiQM F bBii2Hv 2/2HHvii   vH22Mb  KmmiimDB2M ivvTTB2M imMMBbi�KBbi�- bBHH  F bBii2Hvbb 
b�HHBimi iQBK2MTBi22i `BBTTmp�i KmmiimD�M HmQMi22bi�X JmmiimD�i pQB/��M D�F�� /BbF`22i@
i2B?BM D� D�iFmpBBMX

.BbF`22iiB KmmiimD�

.BbF`22iBM KmmiimD�M U/Bb+`2i2 p�`B�#H2V �`pQi pQB/��M BHK�Bbi� DQFQ i2FbiBM  i�B MmK22@
`Bb2biBX .BbF`22iiB KmmiimD� b�� �`pQMb� DQHH�BM i�p�HH� `�D�imbi� DQmFQbi�X JmmiimD� pQB
QHH� DQFQ MQKBM��HBM2M i�B Q`/BM��HBM2MX LQKBM��HBbi2M �`pQD2M p HBHH2 2B pQB KmQ/Qbi��
KB2H2F bi  D `D2bivbi X 1bBK2`FBFbB T�Bi�i2?i��HH� pQB/��M K  `Bi2HH  T�B/�HH2 K�?/QHHB@
M2M p `B DQmFQbi� &bBMBM2M- p�HFQBM2M- TmM�BM2M- Kmbi�'X P`/BM��HBb2M KmmiimD�M �`pQi
pQB/��M b2M bBD��M D `D2bi  X 1bBK2`FBFbB DQmFFQ &p Hii p - ivv/vii p - ?vp - FBBi2ii p -
2`BMQK�BM2M' QM D `D2bi2iiv K2`FBivFb2HHBb2HH  i�p�HH�X

C�iFmp� KmmiimD�
C�iFmp�@�`pQBb2i KmmiimD�i U+QMiBMmQmb p�`B�#H2V BHK�Bbi��M ivvTBHHBb2biB `2��HBHmFmD�
F vii 2MX 1bBK2`FFB D�iFmp�@�`pQBb2bi� KmmiimD�bi� QM DQFBM �miQK��iiBb2M KBii�mbp HB@
M22M imQii�K� HmF2K�- p�BFF�T� H KTƺiBH�X

jXj �BM2BbiQM 2bBF bBii2Hv

�BM2BbiQM 2bBF bBii2Hv U/�i� T`2T`Q+2bbBM;V bBb Hi   F�BFFB M2 iQBK2i- DQBHH� �BM2BbiQ b��@
i2i��M p�HKBBFbB �M�HvvbB  p�`i2MX o��/Bii�p�i iQBK2MTBi22i `BBTTmp�i �M�HvbQBi�p�bi� �B@
M2BbiQbi�X 1MbBKK BbB  �BM2BbiQM 2bBF bBii2HvM p�B?2Bi� Qp�i bBBpQmb D� v?/Bbi KBM2MX

aBBpQmb
S�HDQM F bBMbvƺi2iiv  iB2iQ� bBb Hi p bb  T2`BMi2Bb2bb  iB2iQF�MM�bb� QM ?vpBM iQ/2MM @
FƺBb2biB pB`?22HHBb2biB i�B KQM22M F2`i��M bvƺi2iiv  iB2iQ� D� Qb� iB2/Qbi� QM p Bbi K ii 
Tmmii22HHBbi�X L Bi  Tmmii2Bi� D� pB`?2Bi  FQ`D��pB� iQBK2MTBi2Bi  Fmibmi��M /�i�M bBBpQmF@
b2FbB U/�i� +H2�MBM;V X

u?/Bbi KBM2M
E bBi2Hi p  �BM2BbiQ pQB Kvƺb QHH� D�F�mimM22M� mb2�KK�bb� 2`B H ?i22bb X h HHƺBM 2`B H ?@
i2Bbb  QH2p�i �BM2BbiQi QM v?/Bbi2ii p  b�K�bb� KmQ/Qbb� QH2p�FbB FQFQM�Bbmm/2FbBX h i 
iQBK2MTB/2ii  Fmibmi��M �BM2BbiQM v?/Bbi KBb2FbB U/�i� BMi2;`�iBQMVX
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�BM2BbiQM p ?2Mi KBM2M
�BM2BbiQM p ?2Mi KBb2HH  i�`FQBi2i��M MBBi  iQBKB�- DQBHH� �M�HvbQBi�p�M �BM2BbiQM K  `  
Tv`Bi  M p ?2Mi K  M �M�HvbQBMMBM MQT2mii�KBb2FbB D� b2HF2vii KBb2FbBX o ?2Mi KBM2M
Tv`Bi  M i2F2K  M MBBM- 2ii  K�?/QHHBbBKK�M bmm`B Qb� �HFmT2` Bb2M �BM2BbiQM QH2MM�Bb2b@
i� BM7Q`K��iBQbi� b BHvvX �BM2BbiQM p ?2Mi KBb2M K2M2i2HKB  Qp�i QKBM�BbmmFbB2M p�HBMi�-
TBB``2B``Qimb b2F  M vii22MQiiQX

PKBM�BbmmFbB2M p�HBMi�
PKBM�BbmmFbB2M p�HBMM�M U72�im`2 b2H2+iBQMV �BF�M� F�`bBi��M /�i�DQmFQbi� p�`bBM�Bb2M
�M�HvvbBM F�MM�Hi� 2T QH2MM�Bb2i D� iQBbi2Bb2i QKBM�Bbmm/2iX a�K�HH� �BM2BbiQM vKK ``2i@
i pvvb D� 2bBi2ii pvvb vH22Mb  T�`�M22 iB2/QM F�`bBKBb2M �MbBQbi�X PKBM�BbmmFbB2M p�HBMi�
pQB QHH� DQFQ FBBMi2 M  Qb�M� 2MMmbi�KBbi2?i p M bmQ`Bii�p�� �H;Q`BiKB� i�B b2 pQB/��M
bmQ`Bii�� 2`BHHBb2M  i2?i p M X

SBB``2B``Qimb
SBB``2B``QimFb2bb� U72�im`2 2ti`�+iBQMV Tv`Bi  M Fmp��K��M �HFmT2` BM2M KmmiimD�DQmFFQ
TB2M2KK HH  K  ` HH  mHQiimpmmFbB�X 1` b F vi2ivBKKBbi  TBB``2B``QimFb2M K2M2i2HKBbi 
QM T  FQKTQM2MiiB�M�HvvbB UT`BM+BT�H +QKTQM2Mi �M�HvbBbVX S  FQKTQM2MiiB�M�HvvbB HmQ
FQFQM��M mm/2M DQmFQM KmmiimDB�- DQB?BM b2 Tv`FBB T`QDBbQBK��M �HFmT2` Bb2M �BM2BbiQM
QH2MM�Bb2i QKBM�Bbmm/2iX lmbB KmmiimD�DQmFFQ QM vH22Mb  �HFmT2` Bbi  �BM2BbiQ� TB2M2K@
TBX

L vii22MQiiQ
L vii22MQiiQ Ub�KTHBM;V QM /�i�M p ?2Mi KBb2M K2M2i2HK - DQHH� �BM2BbiQbi� p�HBi��M
Qb�DQmFFQ �M�HvvbB  p�`i2MX

�BM2BbiQM KmmMMQFb2i
�BM2BbiQM KmmMMQFbBHH� KmmiimD�i p�HKBbi2HH��M bQTBp��M KmQiQQM �M�HvvbB  p�`i2MX
JmmMMQbi2M K2M2i2HKB  Qp�i MQ`K�HBbQBMiB- /BbF`2iBbQBMiB b2F  QKBM�BbmmFbB2M HmQMiBX

LQ`K�HBbQBMiB
LQ`K�HBbQBMMBHH� UMQ`K�HBb�iBQMV bF��H�i��M 2`B KmmiimDB2M �`pQi F2bF2M  M p2`i�BHmF2H@
TQBb2HH2 p�B?i2Hmp HBHH2X

.BbF`2iBbQBMiB

.BbF`2iBbQBMMBHH� U/Bb+`2iBb�iBQMV KmmMM2i��M D�iFmp�i KmmiimDB2M �`pQi /BbF`22i2BFbBX
JmmMMQbi� pQB/��M i�`pBi� 2`B bvBbi - 2bBK2`FBFbB bBFbB- 2ii  KQM2i HmQFBii2HmmM T2@
`mbimp�i 2MMmbimbK2M2i2HK i Qb��p�i ?vƺ/vMi   �BMQ�bi��M /BbF`22ii2D  KmmiimDB�X
JmmMMQFb2bb� �BM2BbiQ b��/��M Kvƺb mb2BM ?2HTQKKBM 2bBi2ii p  M D� vKK ``2ii p  M
KmQiQQMX

Re



PKBM�BbmmFbB2M HmQMiB
PKBM�BbmmFbB2M HmQMMBbb� U72�im`2 +QMbi`m+iBQMf72�im`2 ;2M2`�iBQMV �BM2BbiQQM HmQ/��M
FQFQM��M mmbB� QKBM�BbmmFbB� F vii K HH  ?vp FbB �BM2BbiQbb� DQ QH2K�bb� QH2pB� Kmmi@
imDB�X

jX9 o�HB/QBMiB

o�HB/QBMMBM 2HB p�?pBbi�KBb2M Up�HB/�iBQMV T2`mb�D�imFb2M� QM b2HpBii  - FmBMF� ?vpBM QT2@
imb�BM2BbiQM TQ?D�Hi� KmQ/Qbi2iim K�HHB iQBKBB �BM2BbiQHH�- DQi� K�HHB 2B QH2 2MM2M M ?MviX
o�HB/QBMiB@ 2HB p�?pBbimb�BM2BbiQHH� i�`FQBi2i��M QT2imb�BM2BbiQbi� B``Qi2iim� Qb�DQmFFQ�-
DQi� 2B F vi2i  K�HHBM QT2imbp�B?22bb�X �BM2BbiQbi� pQB/��M Kvƺb �Hmbb� D ii   FQFQM��M
bBpmmM Qb�DQmFFQ- DQ?QM 2B FQbF2i� 2MM2M K�HHBM HQTmHHBbi� �`pBQBMiB�X h HH�Bbi� �BM2BbiQ�
Fmibmi��M i2biB�BM2BbiQFbB Ui2bi 2t�KTH2bVX

.�i� D�2i��M QT2imb@- p�HB/QBMiB@ D� i2biB/�i��MX

uH2BbB  p�HB/QBMiBK2M2i2HKB  Qp�i

>QH/Qmi
>QH/Qmi@p�HB/QBMMBbb� /�i�DQmFFQ D�2i��M F�?i22M Qb��MX hvvTBHHBb2biB QT2imb�BM2BbiQM�
pQB/��M F vii   2bBK2`FBFbB F�?i� FQHK�bQb�� �BM2BbiQbi� D� p�HB/QBMiB�BM2BbiQM� HQTTm�B@
M2BbiQ�X

F@F2`i�BM2M `BbiBBMp�HB/QBMiBԚ@F2`i�Bb2bbb� `BbiBBMp�HB/QBMMBbb� UԚ@7QH/ +`Qbb@p�HB/�iBQMV �BM2BbiQ D�2i��M Ԛ,?QM HBFBK�BM
v?i  bmm`22M Qb��MX u?i  M Bbi  QbBbi� F vi2i  M p�HB/QBMiB�BM2BbiQM� D� HQTTmD� QT2imb�B@
M2BbiQM�X o�HB/QBMiB bmQ`Bi2i��M Ԛ F2`i�� D� DQF�Bbi� Qb�� F vi2i  M pmQ`QHH��M F2``�M
p�HB/QBMiB�BM2BbiQM�X GQTmFbB K�HHBM iQBKBpmmii� pQB/��M �`pBQB/� H�bF2K�HH� F�BFFB2M p�@
HB/QBMiBF2`iQD2M F2bFB�`pQX
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Ԛ@F2`i�BM2M `BbiBBMp�HB/QBMiB

G2�p2@QM2@Qmi@`BbiBBMp�HB/QBMiB
G2�p2@QM2@Qmi@`BbiBBMp�HB/QBMiB UG2�p2@QM2@QmiV QM Ԛ@7QH/@`BbiBBMp�HB/QBMMBM 2`BFQBbi�T�mb-
DQbb� Ԛ,M �`pQFbB K  `Bi2HH  M QT2imb�BM2BbiQM ?�p�BMiQD2M HmFmK  ` X h HHƺBM DQF�BM2M
?�p�BMiQ KmQ/Qbi�� QK�M DQmFFQMb� D� DQF�Bbi� ?�p�BMiQ� F vi2i  M pmQ`QHH��M p�HB/QBM@
iB�BM2BbiQM�X

G2�p2@QM2@Qmi@`BbiBBMp�HB/QBMiB

jX8 GmQFBii2HmK2M2i2HKB 

P?D�imM QTTBKBb2M HmQFBii2Hm pQB QHH� #BM  `Bbi  HmQFBii2Hm� i�B HmQFBii2Hm� mb2�KT��M
HmQFF��MX "BM  `Bb2bb  HmQFBii2Hmbb� U#BM�`v +H�bbB}+�iBQMV K�?/QHHBbB� HmQFFB�- DQB?BM vF@
bBii BM2M /�i�M �HFBQ pQB FmmHm�- QM F�FbBX 1bBK2`FBFbB b ?FƺTQbiB QM `QbF�TQbiB� i�B QBF2��
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TQbiB� D� p�BM FBbbQD2M D� FQB`B2M FmpB� bBb Hi p bb  DQmFQbb� DQF�BM2M Fmp� QM DQFQ FBbb�M
i�B FQB`�M Fmp�- 2B KQH2KTB�X CQiFmi �H;Q`BiKBi- Fmi2M HQ;BbiBM2M `2;`2bbBQ- QM bmmMMBi2Him
2`BivBb2biB #BM  `Bb22M HmQFBii2HmmM D� M2 Qp�i i2?i p bb  M i2?QFF�Bi�X lb2�KT��M HmQF@
F��M HmQFBii2Hm p��iBB KQMBKmiF�Bb2KK�M �H;Q`BiKBMX a2m`��p�bb� QM 2bBi2Hiv Hv?v2biB
vH2BbB  b2HBii p  M D� 2MMmbi�p��M K�HHBMi�KBb22M FmmHmpB� �H;Q`BiK2D�X

GQ;BbiBM2M `2;`2bbBQ
GQ;BbiBM2M `2;`2bbBQ UGQ;BbiB+ `2;`2bbBQMV bQTBB #BM  `Bb22M HmQFBii2HmmMX J�HHB F2`iQQ- KBH@
H  iQ/2MM FƺBbvv/2HH  /�i�TBbi2 FmmHmm QM;2HK�bb� QH2pBBM HmQFFBBMX a2 bQTBBB T�`?�Bi2M
iBH�Mi2BbBBM- DQbb� /�i� pQB/��M 2`Qii�� HBM2��`Bb2biB UbmQ`�HH�- ?vT2`i�bQHH�VX

F,M H ?BKK M M��Tm`BM K2M2i2HK Ԛ,M H ?BKK M M��Tm`BM K2M2i2HK bb  UԚ@L2�`2bi L2B;?#Q`- ԚLLV /�i�TBbi22i UQT2imb2@
bBK2`FBiV Qp�i TBbi2Bi  ԝ@mHQii2Bb2bb� �p�`mm/2bb�X CQF�Bb2HH2 /�i�TBbi22HH2 2ibBi  M 2mFHB@
/Bb2M Ui�B KmmMV 2i Bbvv/2M KB2H2bb  Ԛ H ?BMi  TBbi2ii  D� /�i�TBbi2 HmQFBi2HH��M M��Tm@
`2B/2M HmQFFB2M �pmHH� F vii 2M 2bBK2`FBFbB F2bFB�`pQ� `2;`2bbBQM D� KQQ/B� HmQFBii2HmM
i�T�mFb2bb�X EQFQ /�i� QM F2``�HH� KmBbiBbb�X

Ԛ,M H ?BKK M M��Tm`BM K2M2i2HK 

hmFBp2FiQ`BFQM2
hmFBp2FiQ`BFQM22M UamTTQ`i p2+iQ` K�+?BM2V T2`mbp2`bBQi� F vi2i  M #BM  `Bb22M HmQFBi@
i2HmmMX a2 HmQFBii2H22 /�i�� 2ibBK HH  HBM2��`Bbi� T  iƺbTBMi�� U?vT2`i�bQ�V- DQF� 2`Qii��
F�?i22M 2`B HmQFF��M FmmHmp�i /�i�TBbi22i iQBbBbi��MX CQb /�i� QM HBM2��`Bb2biB 2`Qi2ii�p�-
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MBBM T�`�b 2`Qii2H2p� ?vT2`i�bQ QM b2- DQF� 2`Qii2H22 HmQF�i iQBbBbi��M bmm`BKK�HH� K�`;B@
M��HBHH�X CQb /�i� 2B QH2 HBM2��`Bb2biB 2`Qi2ii�p�- MBBM p  ` HH  TmQH2HH� ?vT2`i�bQ� QH2pBHH2
TBbi2BHH2 F vi2i  M pB`?27mMFiBQi�X

hmFBp2FiQ`BFQM2

L�BBpB "�v2b@HmQFBii2HBD�
L�BBpB "�v2b@HmQFBii2HBD� UM�Bp2 "�v2b +H�bbB}2`V QM vFbBMF2`i�BM2M HmQFBii2HBD�- DQF� F @
bBii2H22 �HFBQB/2M QKBM�BbmmFbB� iQBbBbi��M `BBTTmK�iiQKBM�X GmQFBii2Hm i2?/  M iQ/2M@
M FƺBbvvFbB2M �pmHH� D� bBBM  F vi2i  M 2?/QHHBb22M iQ/2MM FƺBbvvi22M HBBiivp   "�v2bBM
F��p��X a2 QM ?2HTTQ iQi2mii�� D� ?vp  K2M2i2HK  TB2M2?FƺHH2 /�i�HH2- DQbb� QM mb2Bi�
T�`�K2i`2D�X
EH�bbBM2M 2bBK2`FFB M�BBpBbi� "�v2b@HmQFBii2HBD�bi� QM `QbF�TQbiBbmQ/�iBM- DQF� imiFBB b ?@
FƺTQbi2Bbb� 2bBBMivpB  b�MQD�X amQ/�ii�KBM2M QT2ii�KBb2M D HF22M HmQFBii2HBD� F2`iQQ- KBHH 
iQ/2MM FƺBbvv/2HH  iB2ivi b�M�i bBb Hi p  pB2biB QM `QbF��X

ky



L�BBpB "�v2b@HmQFBii2HBD�X EmpBbb� M ?/  M KBHH�Bb2i T  iƺb`�D�i HmQFBii2HBD� i2F22 2`BH�BbBHH�
H ?iƺ/�iQBHH�X a��im HmQFBii2Hmi�`FFmmb BHKQBi2i��M QBF2�bb� �H�FmHK�bb�X

.BbF`BKBM�MiiB�M�HvvbB

.BbF`BKBM�iiB�M�HvvbB U/Bb+`BKBM�Mi �M�HvbBbV HmQFBii2H22 /�i�� 2ibBK HH  b2HH�BbB� QKBM�B@
bmmFbB2M HBM2��`BFQK#BM��iBQBi�- DQiF� DQFQ F�`�Fi2`BbQBp�i i�B 2`Qii�p�i 2`B HmQFFBBM FmmHm@
pB� /�i�TBbi2Bi X .BbF`BKBM�MiB�M�HvvbBbb  QH2i2i��M- 2ii  2`B HmQF�i MQm/�ii�p�i MQ`K��@
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HBD�F�mK��X PT2i2ii�2bb� 2ibBi  M MQ`K��HBD�F�mK�M T�`�K2i`2D� 2`B HmQFBHH2 D� MBB/2M
�pmHH� 2ibBi  M HmQFFB� 2`Qii�p�i HBM2��`Bb2i i�B Fp�/`��iiBb2i 7mMFiBQiX

S  iƺbTmm
S  iƺbTmm U/2+BbBQM i`22V QM ?2HTQbiB iQi2mi2ii�p� D� p ? M KmBbiB� F vii p  HmQFBii2Hm�H@
;Q`BiKBX GmQFBii2Hm i2?/  M p�HBib2K�HH� HmQFBi2Hi�p�M /�i�@�HFBQM QKBM�BbmmFbB2M T2`mb@
i22HH� #BM  `BTmmM bQHKmBbb� p�b2M i�B QBF2� ?��`�X .�i�TBbi2 pB2/  M 2MbBM Dmm`BbQHKmmM-
DQbi� b2 HQTmHi� T  ivv H2?i22M- DQF� F2`iQQ HmQF�MX

S  iƺbTmm

L2m`Qp2`FFQ
L2m`Qp2`FFQD� UM2m`�H M2irQ`FV 2HB B?KBb2M �BpQD2M iQBKBMi�� D HDBii2H2pB  QTTBpB� p2`FFQD�
F bBi2HH  M b2m`��pBbb� HmpmBbb� i�`F2KKBMX

kk



L2m`Qp2`FFQ

GBb iB2iQ� FQM2QTTBKBb2bi�
RX hXEQ?QM2M, J�hG�" AKTH2K2Mi�iBQMb �M/ �TTHB+�iBQMb Q7 i?2 a2H7@P`;�MBxBM;

J�T
kX _XaX amiiQM D� �X:X "�`iQ, _2BM7Q`+2K2Mi G2�`MBM;- �M AMi`Q/m+iBQM
jX uX w?�M;, L2r �/p�M+2b BM J�+?BM2 G2�`MBM;
9X >X .�mKû, � *Qm`b2 BM J�+?BM2 G2�`MBM; UlMBp2`bBiv QM J�`vH�M/V
8X J�+?BM2 G2�`MBM; J�bi2`v, uQm` 6B`bi J�+?BM2 G2�`MBM; S`QD2+i BM Svi?QM ai2T@

"v@ai2T
eX J�+?BM2 G2�`MBM; J�bi2`v, J�+?BM2 G2�`MBM; �H;Q`Bi?Kb
dX J�+?BM2 G2�`MBM; J�bi2`v, >Qr hQ AKTH2K2Mi h?2 .2+BbBQM h`22 �H;Q`Bi?K 6`QK

a+`�i+? AM Svi?QM
3X � *QKTH2i2 hmiQ`B�H QM h`22 "�b2/ JQ/2HBM; 7`QK a+`�i+? BM _ �M/ Svi?QM
NX .2+BbBQM h`22b Ua+BFBi H2�`MV

RyX Svi?QM �M/ J�+?BM2 G2�`MBM;

9 L2m`Qp2`FFQD2M K�i2K��iiBb2i T2`mbi22i U>2HB
hmQKBM2MV

U>2HB hmQKBM2MV
h bb  Hmpmbb� imimbimi��M M2m`Qp2`FFQD2M `�F2Mi22b22M- iQBKBMi��M D� K�i2K��iiBbBBM T2@
`mbi2BbBBMX JQ/2`MB2M i2FQ HvbQp2HHmbi2M i�mbi�HH� QM KQM2MH�BbB� M2m`Qp2`FFQD�- 2bBK2`@
FBFbB Fmp�MimMMBbimFb22M ?vpBM bQp2HimpB� FQMpQHmmiBQM2m`Qp2`FFQD�X uFbBMF2`i�Bbmm/2M
pmQFbB i bb  Hmpmbb� F bBi2HH  M p�BM 2i22MT BMbvƺii pB  ǳi�p�HHBbB�Ǵ M2m`Qp2`FFQD�X

kj

http://docs.unigrafia.fi/publications/kohonen_teuvo/MATLAB_implementations_and_applications_of_the_self_organizing_map.pdf
http://docs.unigrafia.fi/publications/kohonen_teuvo/MATLAB_implementations_and_applications_of_the_self_organizing_map.pdf
http://www.incompleteideas.net/book/bookdraft2017nov5.pdf
https://www.intechopen.com/books/new-advances-in-machine-learning
http://ciml.info/dl/v0_99/ciml-v0_99-all.pdf
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9XR E2BMQi2FQBb2i M2m`Qp2`FQi

E2BMQi2FQBM2M M2m`Qp2`FFQ U�`iB}+B�H M2m`�H M2irQ`FV D HDBii2H22 B?KBb2M �BpQD�X L2m`Q@
p2`FFQ FQQbimm bvƺi2@ D� mHQbimHQF2``QFb2bi� UBMTmi H�v2`- QmiTmi H�v2`V D� MBB/2M p HBb@
b  QH2pBbi� TBBHQF2``QFbBbi� U?B//2M H�v2`VX E2``QFb2i TmQH2bi��M `�F2Mimp�i M2m`QM2Bbi�
UM2m`QMV- DQB?BM HBBiivv p2`FQM QT2imFb2bb� Kmmi2ii�pB� T�`�K2i`2D�X

L2m`Qp2`FFQ FQQbimm bvƺi2F2``QFb2bi�- mHQbimHQF2``QFb2bi� D� MBB/2M p HBbb  QH2pBbi� TBBHQ@
F2``QFbBbi�X

.�i� �MM2i��M M2m`Qp2`FQM F bBi2Hi p FbB bvƺi2F2``QFb2bb�X avƺi2F2``QFb2M M2m`QM2B/2M
K  `  `BBTTmm 2bBK2`FBFbB bBBi - KQMi��FQ QKBM�Bbmmii� bvƺii22bi  imiFBi��MX SBBHQF2`@
`QFbB2M D� mHQbimHQF2``QFb2M F�BFBbb� M2m`QMBbb� H�bF2i��M bvƺi2F2``QFb2bi� i�B TBBHQF2`@
`QFb2bi� imHH2B/2M bvƺii2B/2M T�BMQi2iim bmKK� D� bBB?2M HBb i  M M2m`QMBM p�FBQi2`KBX
1MM2M M2m`QMBM imHQFb2M H ?2ii KBbi  b2m`��p�HH2 M2m`QMBHH2 bmKK� pB2/  M �FiBpQBMiB@
7mMFiBQQM- DQF� Kmmii�� HBM2��`Bb2M U�{BMBM 2HB 2MbBKK Bb2M �bi22M TQHvMQKBMV bvƺii22M
2T HBM2��`Bb2FbBX
lb2�M TBBHQF2``QFb2M M2m`Qp2`FFQD� b�MQi��M bvpBFbB M2m`Qp2`FQBFbB U/22T M2m`�H M2irQ`FVX
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avp bb  M2m`Qp2`FQbb� QM mb2Bi� UDQT� im?�MbB�V TBBHQF2``QFbB�X

L2m`Qp2`FQM iQBKBMi��M HBBiivpB  F��pQD� i�`F�bi2HH��M 2MbBM 2bBK2`FBM �pmHH� D� bBii2M
vH2Bb2KKBM Hmpmbb�X

1bBK2`FFB
o2`FQbb� QM vFbB TBBHQF2``Qb- DQbb� QM M2HD  M2m`QMB�X avƺi2 QM p2FiQ`B ԧ � 	ԧφ ԧϵ
 ୮ RϵX
lHQbimHQF2``QFb2bb� QM vFbB M2m`QMB- DQHi� b��/��M bvƺi2ii  ԧ p�bi��p� imHQb ԣX
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u?/2M TBBHQF2``QFb2M M2m`Qp2`FFQX

avƺi2p2FiQ`BM FQKTQM2MiBi F2``Qi��M TBBHQF2``QFb2M M2m`QM2B/2M T�BMQBHH� Ԧφքօ- imHQi H�b@
F2i��M v?i22M D� bmKK��M HBb i  M TBBHQF2``QFb2M M2m`QMBM Ԙ p�FBQi2`KB ԑք,ԩφφ � Ԧφφφԧφ � Ԧφϵφԧϵ � ԑφ � ϵంք�φ Ԧφքφԧք � ԑφ

ԩφϵ � Ԧφφϵԧφ � Ԧφϵϵԧϵ � ԑϵ � ϵంք�φ Ԧφքϵԧք � ԑϵ
ԩφϯ � Ԧφφϯԧφ � Ԧφϵϯԧϵ � ԑϯ � ϵంք�φ Ԧφքϯԧք � ԑϯ D�

ԩφΚ � ԦφφΚԧφ � ԦφϵΚԧϵ � ԑΚ � ϵంք�φ ԦφքΚԧք � ԑΚ�
L K  bmKK�i pB2/  M TBBHQF2``QFb2M �FiBpQBMiB7mMFiBQHH2- DQHHQBM TBBHQF2``QFb2M M2m`QMB2M
�Mi�K�i bvƺii22i mHQbimHQF2``QFb2HH2 Qp�iԐφ � ᆈ	ԩφ
 Ԑϵ � ᆈ	ԩϵ
 Ԑϯ � ᆈ	ԩϯ
 D� ԐΚ � ᆈ	ԩΚ
�
o2`FQM �Mi�K� imHQb b��/��M F vii K HH  TBBHQF2``QFb2M D� mHQbimHQF2``QFb2M p HBbB  T�B@
MQD� D� �FiBpQBMiB7mMFiBQi�, ԣ � ᆈ	ԩϵφ
 � ᆈঁ ϯంք�φ ԦϵքφԐքং�

ke



9XRXR L2m`Qp2`FFQB?BM HBBiivpB  F bBii2Bi  D� K2`FBMiƺD 

L2m`QMB
L2m`Qp2`FQM F2``QFb2i FQQbimp�i M2m`QM2Bbi� UM2m`QMVX CQF�Bb22M TBBHQF2``Qbi2M D� mHQbim@
HQF2``QFb2M M2m`QMBBM HBBiivv F�?/2MH�BbB� T�`�K2i`2D�- M2m`QM2B/2M p HBHH  QH2p�i T�BMQi
Ur2B;?iV D� M2m`QMBFQ?i�BM2M FvMMvb�`pQMfp�FBQi2`KB U#B�bVX
S�`�K2i`2Bbi  F vi2i  M b2m`��pB� K2`FBMiƺD X E2``QbBM/2FbB  K2`FBi  M FB`D�BK2HH� ԛX
AM/2FbB ԛ � � pBBii�� bvƺi2F2``QFb22M D� BM/2FbB ԛ � ԁ mHQbimHQF2``QFb22MX

Ç ԃև � F2``QFb2M ԛ M2m`QMB2M HmFmK  ` -
Ç ԧφ w  ԧկɱ bvƺii22M ԧ FQKTQM2MiBi UԃЈ F�TT�H2ii�V-
Ç Ԧևքօ � F2``QFb2M ԛ  � M2m`QMBM Ԙ D� F2``QFb2M ԛ M2m`QMBM ԙ p HBHH  QH2p� T�BMQ-
Ç ԑևօ � F2``QFb2M ԛ M2m`QMBM ԙ p�FBQi2`KB-
Ç ԩևօ � F2``QFb2M ԛ M2m`QMB� ԙ p�bi��p� T�BMQi2iim bmKK�

ԩևօ � կՑȯంք�φ ԦևքօԐևφք � ԑևօ
Ç Ԑևօ � F2``QFb2M ԛ M2m`QMBM ԙ imHQb 2HB bvƺi2 b2m`��p��M F2``QFb22M

Ԑևօ � ᆈ	ԩևօ
 � ᆈঁ կՑȯంք�φ ԦևքօԐևφք � ԑևօং
KBbb  ᆈ QM �FiBpQBMiB7mMFiBQ UDQF� pQB p�B?/2HH� F2``QFb2bi� iQBb22MVX

>mQK��- 2ii  ԧօ � ԐЈօ F�BFBHH� ԙ � � w  ԃЈX
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E2``QFb2M ӯ iQBb22M M2m`QMBBM HBBiivpB  F��pQD�X

E��p�i p2FiQ`BKmQ/Qbb�
J2`FBMiƺD2M vFbBMF2`i�Bbi�KBb2FbB M2m`Qp2`FQM F��p�i FB`DQBi2i��M KQM2biB p2FiQ`B@ D�
K�i`BBbBKmQ/Qbb�X
E2``QFb2M ԛ FvMMvb�`pQD�fp�FBQi2`K2D  p�bi�� p2FiQ`Bԑև � 	ԑևφ w  ԑևկՑ

F2``QFb2M ԛ M2m`QMB2M T�BMQi2iimD� bmKKB� p2FiQ`Bԩև � 	ԩևφ w  ԩևկՑ

D� F2``QFb2M ԛ M2m`QMB2M imHQFbB� p2FiQ`BԐև � 	Ԑևφ w  ԐևկՑ
�
E2``QFb2M ԛ T�BMQD� p�bi�� ԃևφ  ԃև@K�i`BBbB

Ԍ և � ৈৈৈৈে
Ԧևφφ Ԧևφϵ w ԦևφկՑԦևϵφ Ԧևϵϵ w ԦևϵկՑwԦևկՑȯφ ԦևկՑȯϵ w ԦևկՑȯկՑ�

ৌোোোো
S�BMQi2iimD2M bmKKB2M D� M2m`QMB2M imHQFbB2M p2FiQ`Bi b��/��M 2bBi2iiv  Hv?v2biB KmQ/Qb@
b� ԩև � ԐևφԌ և � ԑև D� Ԑև � ᆈ	ԩև
 � 	ᆈ	ԩևφ
 w  ᆈ	ԩևկՑ

�

k3



>mQK��- 2ii  DQb 2/2HH  p2FiQ`Bi Ԑ- ԑ D� ԩ K  `Bi2Hi BbBBM Tvbivp2FiQ`2BM�- MBBM QHBbBԩև � 	Ԍ և
յ Ԑևφ � ԑև�
CQBbb�BM H ?i2Bbb  T�BMQD2M Ԧևքօ M2m`QMB@BM/2FbBi Ԙ D� ԙ Qp�i T BMp�bi�Bb2bb� D `D2bivFb2bb X
h HHƺBM p�bi��p� K�i`BBbB Ԍ և QM ԃև  ԃևφ@K�i`BBbB D�	ԩև
յ � Ԍ և	Ԑևφ
յ � 	ԑև
յ 
KBbb  ԥյ QM p2FiQ`BM ԥ i`�MbTQQbBX
J�i`BBbB2M D� p2FiQ`2B/2M QKBM�BbmmFbB� F2``�i��M HBBii22bb  �TT2M/Bt �X

L2m`QMB D� M2m`Qp2`FFQ 7mMFiBQBM�
L2m`Qp2`FFQ� pQB �D�i2HH� 7mMFiBQM� ԕ  R։ ݂ Rֈc bvƺi2 QM ԝ@mHQii2BM2M p2F@
iQ`B ԧ � 	ԧφ ԧϵ w  ԧ։
- TBBHQF2``QFb2i ?QBi�p�i H�bFmi2?i p M D� 7mMFiBQM �`pQԕ	ԧ
 � ԣ � 	ԣφ ԣϵ w  ԣֈ
 ୮ Rֈ b��/��M mHQbimHQF2``QFb2bi�X o2`FQM F viiƺi�`FQBimb
K  `  - KBi2M 7mMFiBQM �`pQ ԣ imHFBi��MX
SBBHQF2``QFb2M M2m`QMBi pQB/��M imHFBi� 7mMFiBQBFbB ԕևօ  RկՑȯ ݂ RկՑ�ȯ -ԕևօ	ԥ
 � 	ᆈև	Ԗևօ	ԥ

 w  ᆈև	Ԗևօ	ԥ


ԙ ୮ \� � w  ԃև^- KBbb  Ԗևօ QM vH22Mb  2/2HHBb2M F2``QFb2M T�BMQi2iim bmKK� HBb iivM 
p�FBQi2`KBHH  2HB Ԗևօ	ԥ
 � կՑȯంք�φ Ԧևքօԥք � ԑևօ
D� ᆈև QM F2``QFb2M ԛ �FiBpQBMiB7mMFiBQX lHQbimHQF2``QFb2M 7mMFiBQBHH2 ԕխօ �`pQDQmFFQ QM RX

9XRXk >�`DQBimb

h�`F�bi2HH��M M2m`Qp2`FFQ�- DQMF� bvƺi2 QM ԧ � 	ԧφ ԧϵ
 ୮ Rϵ- DQbb� QM vFbB M2HD M M2m@
`QMBM TBBHQF2``Qb- DQMF� mHQbimHQF2``QFb2bb� QM F�FbB M2m`QMB� D� DQMF� �FiBpQBMiB7mMFiBQ
b2F  TBBHQ@ 2ii  mHQbimHQF2``QFb2bb� QM ᆈ R ݂ RX UEmp�bb� p�BM Qb� T�BMQBbi� K2`FBiivXV

u?/2M TBBHQF2``QFb2M M2m`Qp2`FFQX
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EB`DQBi� p2`FFQQM HBBiivp i M2m`QMB2M T�BMQi2imi bmKK�i ԩևք D� M2m`QMB2M imHQFb2i Ԑևք p2F@
iQ`2B/2M D� T�BMQK�i`BBbB2M �pmHH�X

9XRXj S2`b2Ti`QMB

S2`b2Ti`QMB UT2`+2Ti`QMV QM bvƺi2F2``QFb2M D� v?/2M M2m`QMBM KmQ/Qbi�K� KBMBK��HBM2M
M2m`Qp2`FFQ- DQMF� bvƺi2 QM ԧ � 	ԧφ ԧϵ w  ԧ։
 ୮ R։ D� imHQb QM ԣ ୮ \� �^X

S2`b2Ti`QMB QM vFbBMF2`i�BbBM M2m`Qp2`FFQX

S2`b2TiQMB�- DQMF� T�BMQD2M KmQ/Qbi�K� p2FiQ`B QM Ԧ � 	Ԧφ Ԧϵ w Ԧ։
 ୮ R։- p�FBQi2`KB
QM ԑ D� �FiBpQBMiB7mMFiBQ QM vFbBFFƺTQ``�b7mMFiBQ U>2�pBbB/2M 7mMFiBQV ԗ R ݂ \� �^-ԗ	Ԣ
 � � DQb Ԣ � �� DQb Ԣ ମ �
p�bi�� 7mMFiBQ ԅ  R։ ݂ \� �^-ԅ	ԧ
 � � DQb Ԧ ੁ ԧ � ԑ � �� DQb Ԧ ੁ ԧ � ԑ ମ �
KBbb  Ԧ ੁ ԧ QM p2FiQ`2B/2M Ԧ D� ԧ bBb imHQX
EvbvKvFb22M- KBHH�Bb2i 7mMFiBQi pQB/��M 2bBii   T2`b2Ti`QMBHH�- QM vFbBMF2`i�BM2M p�bi�mb
MQHH�M D� vFFƺb2M �HFmFmpB2M HBM2��`Bb2M 2`Qi2ii�pmm/2M �pmHH�X
CQmFQi Ӷ ୢ R։ D� ӷ ୢ R։ Qp�i HBM2��`Bb2biB 2`Qi2ii�p�i UHBM2�`Hv b2T�`�#H2V- DQb QM p�FBQiԒφ Ԓϵ w  Ԓ։ ୮ R D� ԑ ୮ R- DQBHH2։ంք�φ Ԓքԧք � ԑ F�BFBHH� ԧ ୮ Ӷ
D� ։ంք�φ Ԓքԧք ମ ԑ F�BFBHH� ԧ ୮ ӷ�
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h�bQbb� Rϵ i K  i�`FQBii�� bBi - 2ii  DQmFFQD� Ӷ D� ӷ p�bi��p�i TBbi22i pQB/��M 2`Qii��
bmQ`�HH� D� Rϯ,bb� bBi - 2ii  TBbi2DQmFQi pQB/��M 2`Qii�� i�bQHH�X

G�mb2
6mMFiBQ ԕ  R։ ݂ \� �^ pQB/��M 2bBii   T2`b2Ti`QMBHH� DQb D� p�BM DQb �HFmFmp�i ԕφ	\�^

D� ԕφ	\�^
 Qp�i HBM2��`Bb2biB 2`Qi2ii�p�iX

1bBK2`FFB
1MbBKK Bb2M Fmp�M TBbi2DQmFFQ 2B QH2 HBM2��`Bb2biB 2`Qi2ii�p�- iQBb2M Fmp�M QMX
6mMFiBQ- DQMF� �`pQi pB?`2Bi  T�HHQD� p�bi��pBbb� i�bQM TBbi2Bbb  QM � D� bBMBbB  T�HHQD�
p�bi��pBbb� TBbi2Bbb  QM �- pQB/��M bBBb iQBb2bb� i�T�mFb2bb� 2bBii   T2`b2Ti`QMBHH�- 2MbBK@
K Bb2bb  2BX

1B pQB/� 2bBii   T2`b2Ti`QMBHH�X
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oQB/��M 2bBii   T2`b2Ti`QMBHH�X

1bBK2`FFB
GQQ;BM2M FQMM2FiBBpB �L. UC�V pQB/��M 2bBii   v?/2HH  T2`b2Ti`QMBHH� Kmii� FQMM2FiBBpB�
sP_ UTQBbbmHF2p� h�AV 2B pQBX EQMM2FiBBp2D� p�bi��p�i 7mMFiBQi Qp�i Ӷԃӹ \� �^ \� �^ ݂ \� �^ D� ԍԄԇ \� �^  \� �^ ݂ \� �^Ӷԃӹ	� �
 � Ӷԃӹ	� �
 � Ӷԃӹ	� �
 � �Ӷԃӹ	� �
 � �
D� ԍԄԇ	� �
 � ԍԄԇ	� �
 � �ԍԄԇ	� �
 � ԍԄԇ	� �
 � ��
LQHH�M D� vFFƺb2M �HFmFmp�i Qp�i bBBbӶԃӹφ	\�^
 � \	� �
 	� �
 	� �
^ Ӷԃӹφ	\�^
 � \	� �
^
D� ԍԄԇφ	\�^
 � \	� �
 	� �
^ ԍԄԇφ	\�^
 � \	� �
 	� �
^�

jk



GQQ;BM2M FQMM2FiBBpB �L.X

GQQ;BM2M FQMM2FiBBpB sP_X

1/2HHBb2M 2bBK2`FBM HQQ;BM2M FQMM2FiBBpB �L. b2m`��p�M Fmp�M T2`b2Ti`QMBHH�X

jj



GQQ;Bbi� FQMM2FiBBpB� �L. p�bi��p� T2`b2Ti`QMBX

Jmmii�K�HH� T�BMQBFbB Ԧφ � Ԧϵ � � D� p�FBQi2`KBFbB ԑ � �- b��/��M �L.@FQMM2FiBBpBM
M2;��iBQ- L�L.- DQMF� �`pQ T�`BHH2 	� �
 QM � D� KmBHH2 HmFmT�`2BHH2 �X L�L. FQMM2FiBBpBM
2bBivFb2M QH2K�bb�QHQbi� b2m`��- 2ii  T2`b2Ti`QMB2M �pmHH� pQB/��M `�F2Mi�� p2`FFQ- DQF�
i2F22 KBMF  i�?�Mb� ?�HmimM HQQ;Bb2M T  ii2HvMX
S2`b2Ti`QMBM QM;2HK� QM b2- 2ii  TB2M2i KmmiQFb2i T�BMQBbb� i�B bvƺii2Bbb  �B?2mii�p�i BbQM
KmmiQFb2M imHQFb2bb� 	���
X h K  QM ?mQMQ �bB� p2`FQM QT2ii�KBb2M F�MM�Hi�X S2`b2Ti@
`QMBM vFbBFFƺTQ``�b7mMFiBQM bBD��M F vi2i  MFBM vH22Mb  p2`FQM QT2ii�KBb22M T�`2KKBM
bQp2HimpB� �FiBpQBMiB7mMFiBQBi�X

9XRX9 >�`DQBimb

GQQ;Bbi� FQMM2FiBBpB� P_ Uh�AV p�bi��p� 7mMFiBQ QMԄԇ \� �^  \� �^ ݂ \� �^-Ԅԇ	� �
 � Ԅԇ	� �
 � Ԅԇ	� �
 � � D� Ԅԇ	� �
 � ��
RX J  `Bi  �HFmFmp�i Ԅԇφ	\�^
 D� Ԅԇφ	\�^
X
kX oQB/��MFQ P_ 2bBii   T2`b2Ti`QMBHH�\ CQb pQB/��M- MBBM 2ibB F2`iQBK2i Ԧφ D� Ԧϵ D�

T2`b2Ti`QMBM p�FBQi2`KB ԑX

oQB/��MFQ P_ 2bBii   T2`b2Ti`QMBHH�\
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9XRX8 �FiBpQBMiB7mMFiBQi

L2m`Qp2`FQM TBBHQ@ D� mHQbimHQF2``QFbBbb� F vi2i  M �FiBpQBMiB7mMFiBQBi� U�+iBp�iBQM 7mM+@
iBQMVX
1MM2M M2m`QMBM imHQFb2M H ?2ii KBbi  b2m`��p�HH2 M2m`QMBHH2 i�B mHQbimHQF2``QFb2bi�
mHQb- 2/2HHBb2M F2``QFb2M bvƺii2Bbi  H�bF2iim T�BMQi2iim bmKK� pB2/  M �FiBpQBMiB7mMF@
iBQQM ᆈ R ݂ RX �FiBpQBMiB7mMFiBQi Kmmii�p�i HBM2��`Bb2M U�{BMBM 2HB 2MbBKK Bb2M
�bi22M TQHvMQKBMV bvƺii22M 2T HBM2��`Bb2FbB D� MBBHH  QHBbB iQBpQii�p�� QHH� b2m`��pB�
QKBM�BbmmFbB�,

Ç 2T HBM2��`Bbmmb, EQbF� bmKK� D� v?/Bbi2iiv 7mMFiBQ HBM2��`BbBbi� 7mMFiBQBbi� QM
HBM2��`BM2M D� �{BM2Bbi� �{BMB D� M2m`QM2B/2M bmKK�H�mb2FF22i Ԑ ޘ ԦԐ � ԑ Qp�i
�{BM2D�- MBBM HBM2��`BbBHH� Ui�B �{BM2BHH�V �FiBpQBMiB7mMFiBQBHH� b��/��M �{BMB Fmp�mbX

Ç UD�iFmp�biBV /2`BpQBimpmmb, o�bi�pB`i�@�H;Q`BiKBbb� D� KmBbb� pB`?27mMFiBQM KBMB@
KQBMiBi�pQBbb� i�`pBi��M �FiBpQBMiBpQBMiB7mMFiBQM /2`Bp��ii��X CQb �FiBpQBMiB7mMFiBQ
2B QH2 /2`BpQBimp�- MBBM pB`?27mMFiBQM KBMBKQBMMBbb� TBi   F vii   KmBi� FmBM ;`�@
/B2MiiBBM T2`mbimpB� F2BMQD�X

Ç B/2MiiBb2M 7mMFiBQM �TT`QFbBKQBMiB, CQb �FiBpQBMiB7mMFiBQ QM MQHH�M H ?2HH  H @
?2HH  B/2MiiBbi  7mMFiBQi� Ԙ  R ݂ R- Ԙ	ԧ
 � ԧ F�BFBHH� ԧ- MBBM M2m`Qp2`FFQ QTTBB
i2?QFF��biB FmM T�BMQi �Hmbi2i��M b�imMM�BbHmpmBHH�X Jmmbb� i�T�mFb2bb� T�BMQi
TBi   �Hmbi�� ?mQH2HHBb2biBX

a2- QMFQ �FiBpQBMiB7mMFiBQ `�DQBi2iim p�B 2B- p�BFmii�� p2`FQM QTTBKBbMQT2mi22M D� QTTB@
KBb2M p�F�mi22MX _�DQBi2imBHH� �FiBpQBMiB7mMFiBQBHH� QTTBKBM2M QM vH22Mb  p�F��i� D� `�@
DQBii�K�iiQKBHH� KQM2biB i2?QF�bi�X _�DQBii�K�iiQKB� �FiBpQBMiB7mMFiBQBi� F vi2ii 2bb 
F�MM�ii�� F vii   TB2MB  QTTBKBbMQT2mFbB�X

L2m`QMBM T�BMQi2iim bmKK� pB2/  M �FiBpQBMiB7mMFiBQQM ᆈX

1bBK2`FF2D  �FiBpQBMiB7mMFiBQBbi� Qp�i bB;KQB/@7mMFiBQ- ?vT2`#QHBM2M i�M;2MiiB D� _2Gm@
7mMFiBQX hmimbimi��M M B?BM Hv?v2biBX

aB;KQB/@7mMFiBQ UHQ;BbiBM2M 7mMFiBQV
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aB;KQB/@7mMFiBQHH� ᅼ  R ݂>� �<- ᅼ	ԧ
 � �� � Ԕ֓

aB;KQB/@7mMFiBQ

QM b2m`��p�i QKBM�Bbmm/2i,
Ç `�DQBi2iim- �B/QbiB F�bp�p� D� D�iFmp�
Ç HBK݂֓� ᅼ	ԧ
 � �- HBK݂֓� ᅼ	ԧ
 � �
Ç ᅼ ୮ Ӹ�	R
 2HB 7mMFiBQHH� ᅼ QM F�BFFB2M F2`i�HmFmD2M D�iFmp�i /2`Bp��i�i D�ᅼ	ԧ
 � Ԕ֓	� � Ԕ֓
ϵ � ᅼ	ԧ
	�  ᅼ	ԧ

�

aB;KQB/@7mMFiBQ ᅼ QM vFbBFFƺTQ``�b7mMFiBQM ԗ R ݂ <� �>-ԗ	ԧ
 � � FmM ԧ ମ �� FmM ԧ � �
bBHQi2iim p2`bBQX aB;KQB/@7mMFiBQM ?mQMQBM QKBM�Bbmmb DQ?imm bBBi - 2ii  b2 F�bp�� ?vpBM
?Bi��biB FmM ԧ F�bp�� D� p ?2M22 ?vpBM ?Bi��biB FmM ԧ p ?2M22X a2M /2`Bp��ii� QM ?vpBM
H ?2HH  MQHH�� FmM ԧ QM bmm`B i�B TB2MBX h bi  b2m`�� QM;2HKB� bBHHQBM FmM p2`FFQ� QT2i2i��M
/2`Bp��iiQB?BM T2`mbimpBHH� K2M2i2HKBHH X
o�bi�pB`i�@�H;Q`BiKBM F��pQBbi� M ?/  M- 2ii  pB`?27mMFiBQM QbBii�Bb/2`Bp��i�i M2m`QMBM
T�BMQD2M D� p�FBQi2`KB2M bm?i22M `BBTTmp�i �FiBpQBMiB7mMFiBQM /2`Bp��i�bi� D� 2ii  T�BMQ@
D2M D� p�FBQB/2M KmmiQFb2M FQmHmi2ii�2bb� Qp�i TB2MB  DQb QbBii�Bb/2`Bp��i�i Qp�i TB2MB X
h HHƺBM p2`FFQ QTTBB ?Bi��biBX

je



hQBM2M bB;KQB/@7mMFiBQM ?mQMQ TmQHB QM b2- 2ii  b2 2B QH2 bvKK2i`BM2M MQHH�M bm?i22MX
LvFvBbBM bBi  F vi2i  M H ?BMM  mHQbimHQF2``QFb2bb� p�`bBMFBM DQb p2`FQM imHQFb2i Qp�i
p HBHH  <� �>X
>vT2`#QHBM2M i�M;2MiiB Ui�M?V
>vT2`#QHBb2HH� i�M;2MiiBHH� i�M?  R ݂>  � �<-

i�M?	ԧ
 � �  Ԕϵ֓� � Ԕϵ֓

i�M?

QM KQMB� b�KQD� QKBM�BbmmFbB� FmBM bB;KQB/@7mMFiBQHH� Kmii� b2 QM bvKK2i`BM2M MQHH�M
bm?i22M D� b2 F�bp�� MQT2�KKBM MQHH�M H ?2HH - DQHHQBM b2M /2`Bp��ii� QM bmm`2KTBX
>vT2`#QHBM2M i�M;2MiiB QM

Ç `�DQBi2iim- �B/QbiB F�bp�p� D� D�iFmp�
Ç HBK݂֓� i�M?	ԧ
 � �- HBK݂֓� i�M?	ԧ
 � �
Ç i�M? ୮ Ӹ�	R
 D� i�M?	ԧ
 � �  i�M?ϵ	ԧ
X

:`�/B2MiBM TB2Mmmb BbQBHH� D� TB2MBHH  �`pQBHH� QM Kvƺb ?vT2`#QHBb2M i�M;2MiBM QKBM�Bbmmb-
DQi2M b2M F viiƺ �FiBpQBMiB7mMFiBQM� b��ii�� �B?2mii�� p2`FQM QTTBKBb2M ?Bi�mii�X

jd



_2Gm
L2m`Qp2`FFQD2M TBBHQF2``QFbBbb� T�HDQM F vi2iiv �FiBpQBMiB7mMFiB7mMFiBQ QM _2Gm@7mMFiBQ
U_2+iB}2/ GBM2�` lMBiV ԕ  R ݂ <� �<-ԕ	ԧ
 � K�t\� ԧ^�

_2Gm

CQii� p2`FQM iQBKBMi��M b��/��M 2T HBM2��`Bbmmii�- MBBM mHQbimHQF2``QFb2bb� F vi2i  M
2T HBM2��`Bbi� �FiBpQBMiB7mMFiBQi�X _2Gm@7mMFiBQ 2B QH2 /2`BpQBimp� MQHH�bb�X a2M iQBM2M
?mQMQ QKBM�Bbmmb QM b2- 2ii  b2 QM MQHH� D� b2M /2`Bp��ii� QM MQHH� M2;�iBBpBbBHH� �`pQBHH�X
h bi  bvvbi  DQB/2MFBM M2m`QMB2M T�BMQi b��ii�p�i T BpBiiv  QTTBKBb2M �BF�M� MQHH�FbB
DQHHQBM M2m`QMBi ǳFmQH2p�iǴX L2m`QMB2M FmQH22MimKBbQM;2HK�� Tv`Bi  M p Hii K  M Kmmi@
i�K�HH� �FiBpQBMiB7mMFiBQi� ?B2K�MX
uFbB _2GmM p�`B�MiiB QM ǳG2�Fv _2GmǴ- ԕ  R ݂ R-ԕ	ԧ
 � K�t\Ԑԧ ԧ^ � � Ԑ � ��
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G2�Fv _2Gm

hQBKBpBKTB2M �FiBpQBMiB7mMFiBQB/2M p�HBMi� `BBTTmm bBBi - KBi  p2`FQHH� QHH��M i2F2K bb 
2HB KBi  7mMFiBQi� bBHH  �TT`QFbBKQB/��MX CQb p2`FFQ� p�bi��p�HH� 7mMFiBQHH� QM b�KQD� QKB@
M�BbmmFbB� FmBM �FiBpQBMiB7mMFiBQHH�- MBBM QTTBKBM2M QM MQT2�KT��X 1bBK2`FBFbB bB;KQB/@
7mMFiBQi� F�MM�ii�� F vii   mHQbimHQF2``QFb2bb� DQb p2`FFQ� F vi2i  M HmQFBii2HmmM ���X

9XRXe lMBp2`b��HB �TT`QFbBKQBMiBH�mb2

6mMFiBQM��HB�M�HvvbBM F2BMQBM pQB/��M iQ/Bbi�� M2m`Qp2`FFQD2M mMBp2`b��HB �TT`QFbBKQBM@
iBH�mb2- DQF� b�MQQ- 2ii  DQb �FiBpQBMiB7mMFiBQ QM `�DQBi2iim- F�bp�p� D� D�iFmp�- MBBM KBHH2
i�?�Mb� R։,M FQKT�FiBM DQmFQM D�iFmp�HH2 7mMFiBQHH2 QM i i  �FiBpQBMiB7mMFiBQi� F vii p 
M2m`Qp2`FFQ- DQF� �TT`QFbBKQB ?�Hmiim� 7mMFiBQi� ?vpBMX UCQmFFQ QM FQKT�FiB- DQb b2 QM
bmHD2iim D� `�DQBi2iimXV

lMBp2`b��HB �TT`QFbBKQBMiBH�mb2
PHFQQM ᆈ `�DQBi2iim- F�bp�p� D� D�iFmp� 7mMFiBQX PHFQQM Ԁ ୢ R։ FQKT�FiB DQmFFQX PHFQQMᆃ � � D� QHFQQM ԕ  Ԁ ݂ R D�iFmp� 7mMFiBQX h HHƺBM QM ԃ ୮ N- ԥք ԑք ୮ R- D� Ԧք ୮ R։-Ԙ � � w  ԃ - bBi2M- 2ii  ]ӻ 	ԧ
  ԕ	ԧ
] � ᆃ
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F�BFBHH� ԧ ୮ Ԁ 7mMFiBQHH2 ӻ	ԧ
 � կంք�φ ԥքᆈिԦյք ԧ � ԑքी�
9XRXd >�`DQBimb

RX L vi - 2ii  DQb �FiBpQBMiB7mMFiBQM� F vi2i  M �{BMB� 7mMFiBQi� ᆈ R ݂ R-ᆈ	ԩ
 � Ԑԩ � ԑ Ԑ ԑ ୮ R
MBBM M2m`Qp2`FFQ� p�bi��p� Fmp�mb QM �{BMBX >mQK��- 2ii  `BBii   iQ/2i�- 2ii  �7@
}BMB2M Fmp�mbi2M bmKK� D� v?/Bbi2iiv Fmp�mb Qp�i �{BM2D�X

kX G�bF2 bB;KQB/@7mMFiBQM D� ?vT2`#QHBb2M i�M;2MiBM /2`Bp��i�i Qb�K  ` M /2`BpQBMiB@
b  MMƺM D� F2iDmb  MMƺM �pmHH�X JmBbi�- 2ii  2FbTQM2MiiB7mMFiBQHH2 ԕ  R ݂>� �<-ԕ	ԧ
 � Ԕ֓ QM ԕ	ԧ
 � ԕ	ԧ
 � Ԕ֓ F�BFBHH� ԧ ୮ RX

GBb iB2iQ� �FiBpQBMiB7mMFiBQBbi�
Ç h�mHmFFQ �FiBpQBMiB7mMFiBQB/2M QKBM�BbmmFbBbi� UqBFBT2/B�V
Ç �+iBp�iBQM 7mM+iBQMb �M/ BiǶb ivT2b@q?B+? Bb #2ii2`\
Ç � pBbm�H T`QQ7 i?�i M2m`�H M2ib +�M +QKTmi2 �Mv 7mM+iBQM
Ç lM/2`bi�M/BM; �+iBp�iBQM 6mM+iBQMb BM L2m`�H L2irQ`Fb

9XRX3 L2m`Qp2`FQM QT2ii�KBM2M

P?D�iim� QTTBKBbi� F vi2ii 2bb  M2m`Qp2`FFQ� QT2i2i��M bvƺi2@i�pQBi2@T�`2BHH� 	ԧ Ԩ
 2HB
QT2imb2bBK2`F2BHH  Ui`�BMBM; 2t�KTH2bVX o2`FQM bvƺii22HH2 ԧ �Mi�K�� imHQbi� ԣ p2``�i��M
p�HBimHH� pB`?27mMFiBQHH� i�pQBii22b22M ԨX PT2ii�KBb2M �BF�M� v`Bi2i  M KBMBKQB/� pB`?2@
7mMFiBQBi� D� TBBHQF2``QFb2M T�`�K2i`2D� Kmmi2i��M 2bBK2`FBFbB p�bi�pB`i�@�H;Q`BiKBM �pmH@
H�X
o2`FQM iQBKBMi� p�`KBbi2i��M D� QTTBKBbMQT2mb@ D� KmBi� ?vT2`T�`�K2i`2D� b  /2i  M
p�?pBbimb@ 2HB p�HB/QBMiB2bBK2`FFBDQmFQM Up�HB/�iBQM 2t�KTH2bV �pmHH�X
EmM p2`FFQ iQBKBB ?�HmimHH� i�p�HH� QT2imb2bBK2`F2BHH2- b2M iQBKBMi�� i�`F�bi2i��M i2biB2@
bBK2`F2BHH  Ui2bi 2t�KTH2bVX

9XRXN o�bi�pB`i�@�H;Q`BiKB

1i22MT BM FviF2ivbb  M2m`Qp2`FQbb� bvƺi2F2``QFb2M bvƺii22M FQKTQM2MiBi pB2/  M 2MbBK@
K Bb2M TBBHQF2``QFb2M M2m`QM2BHH2X CQF�Bbi� bvƺi2F2``QFb2M M2m`QMB� p�bi�� i bK HH22M vFbB
bvƺii22M FQKTQM2iiBX CQF�Bb2bb� 2MbBKK Bb2M TBBHQF2``QFb2M M2m`QMBbb� FQKTQM2MiBi F2`@
`Qi��M TBBHQF2``QFb2M M2m`QM2Bi� p�bi��pBHH� T�BMQBHH�- imHQi H�bF2i��M v?i22M D� bmKK��M
HBb i  M M2m`QMBM p�FBQi2`KBX h K  bmKK� bvƺi2i  M �FiBpQBMiB7mMFiBQQM- DQF� �Mi�� Fv@
b2Bb2M M2m`QMBM bvƺii22M b2m`��p�HH2 F2``QFb2HH2X a2m`��p� F2``Qb F vii   QKB� T�BMQD��M-
p�FBQi2`K2D  M D� �FiBpQBMiB7mMFiBQBi��MX L BM D�iF2i��M F�BFFB2M F2``Qbi2M H TBX
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https://en.wikipedia.org/wiki/Activation_function
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L2m`QM2Bbb� H�bF2i��M T�BMQi2imi bmKK�i 2/2HHBb2M F2``QFb2M bvƺii2Bbi X

1bBK2`FBFbB Fmp�M �BMQ�M TBBHQF2``QFb2M iQBb22M UbBMBb22MV M2m`QMBBM imH22 bvƺii22M F�FbB
FQKTQM2MiiB�- ԧφ D� ԧϵX EQKTQM2MiBi F2``Qi��M p�bi��MQii�p�M M2m`QMBM T�BMQBHH� Ԧφφϵ D�Ԧφϵϵ- KBbb  �H�BM/2FbBi F2`iQp�i bvƺi2F2``QFb2M D� TBBHQF2``QFb2M M2m`QMBM D `D2bivbHmpmM D�
vH BM/2FbB � F2`iQQ TBBHQF2``QFb2M D `D2bivbHmpmM U�X TBBHQF2``QbVX S�BMQi2iimmM bmKK��M
HBb i  M TBBHQF2``QFb2M iQBb2M M2m`QMBM p�FBQi2`KB ԑϵ D� b��im bmKK�ԩφϵ � ϵంք�φ Ԧφքϵԧք � ԑϵ � Ԧφφϵԧφ � Ԧφϵϵ � ԑϵ
pB2/  M 2MbBM �FiBpQBMiB7mMFiBQHH2 ᆈ D� bBii2M HmFm Ԑφϵ � ᆈ	ԩφϵ
 H ?2i2i  M mHQbimHQF2``QF@
b22MX
EmM M2m`Qp2`FQM H�bFmiQBKBimFb2i QM i2?iv- MBBM bvƺii22M Ui�B bvƺi2DQmFQMV �Mi�K�� im@
HQbi� p2``�i��M i�pQBii22b22M D� H�bF2i��M pB`?27mMFiBQM �`pQX h�pQBii22M� QM KBMBKQB/�
QT2imb2bBK2`FFBDQmFFQ� p�bi��p� pB`?27mMFiBQ D� Hƺvi   KBMBKQBMiB� p�bi��p�i T�BMQi M2m@
`QM2BHH2X
lb2Bbb� pB`?27mMFiBQM KBMBKQBMiBF2BMQBbb� Fmi2M ;`�/B2MiiBK2M2i2HK bb  U;`�/B2Mi
/2b+2MiV i�`pBi��M pB`?27mMFiBQM Ӻ QbBii�Bb/2`Bp��i�i ᇝզᇝ֒ D� ᇝզᇝս p2`FQM F�BFFB2M T�BMQD2MԦ D� p�FBQi2`KB2M ԑ bm?i22MX PbBii�Bb/2`Bp��i�i D� DQF�Bb2M M2m`QMBM p�BFmimb pB`?22@
b22M H�bF2i��M mb2BM p�bi�pB`i�@�H;Q`BiKBHH� U#�+FT`QT�;�iBQMVX :`�/B2MiiBK2M2i2HK bb 
M2m`QM2BHH2 b��/��M mm/2i T�BMQi D� p�FBQi2`KBi Kmmii�K�HH� 2/2HHBbB  �`pQD� M2m`QMB2M
T�`�K2i`B2M QbBii�Bb/2`Bp��iQBbi� FQQbimp�M ;`�/B2MiBM p�bi�p2FiQ`BM bmmMi��M U2HB
pB`?27mMFiBQM MQT2BKK�M TB2M2M2KBb2M bmmMi��MVX
JQM2biB vFbBii Bbi  bvƺi2ii  ԧ p�bi��p�M i�pQBii22M Ԩ ୮ Rֈ D� p2`FQM �Mi�K�M imHQFb2M
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ԣ ୮ Rֈ pB`?27mMFiBQM� F vi2i  M 2`QimFb2M 2mFHB/Bb2M MQ`KBM M2HBƺi Ӻ � ��ધԣ  Ԩધϵ � �� ֈంֆ�φ	ԣֆ  Ԩֆ
ϵ
D� QT2imb2bBK2`FFBDQmFQM � pB`?27mMFiBQM� F2bFBM2HBƺbmKK�� UK2�M b[m�`2/ 2``Q`VӺբ � ��ԃ ం֓୮բ ધ	ԣ	ԧ
  Ԩ	ԧ
ધϵ
KBbb  ԃ QM DQmFQM Ӷ QT2imb2bBK2`FFB2M HmFmK  ` X
a2m`��p�FbB H�bF2i��M pB`?27mMFiBQM 1 QbBii�Bb/2`Bp��i�i ᇝզᇝ֒ D� ᇝզᇝս p2`FQM F�BFFB2M T�BMQ@
D2M Ԧ D� p�FBQi2`KB2M ԑ bm?i22M p�bi�pB`i�@�H;Q`BiKBHH�X .2`Bp��i�M D� QbBii�Bb/2`Bp��iiQD2M
K  `Bi2HK i 2bBK2`FF2BM22M Hƺvivp i Hmpmbi�X

lHQbimHQF2``QFb2M QbBii�Bb/2`Bp��i�i
lHQbimHQF2``QFb2M T�`�K2i`2B?BM HBBiivp i QbBii�Bb/2`Bp��i�i QM ?2HTTQ H�bF2�X �HQBi2i��M
2bBK2`FBHH X

1bBK2`FFB
lHQbimHQF2``QFb2bb� UԁX F2``QbV QM F�FbB D� pBBK2Bb2bb  TBBHQF2``QFb2bb� U	ԁ  �
� F2``QbV
FQHK2 M2m`QMB�X oB`?27mMFiBQ QMӺ � ��ঁ	ԣφ  Ԩφ
ϵ � 	ԣϵ  Ԩϵ
ϵং
D� mHQbimHQF2``QFb2M M2m`QMB2M imHQFb2i Qp�iԩօ � ϯంֆ�φ ԦխֆօԐխφֆ � ԑխօ D� ԣօ � ᆈ	ԩօ
 ԙ � � ��

lHQbimHQF2``QFb2M D� pBBK2Bb2M TBBHQF2``QFb2M p HBb2i T�BMQiX
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PH2i2i��M- 2ii  �FiBpQBMiB7mMFiBQ QM B/2MiiBM2M 7mMFiBQ ᆈ	ԧ
 � ԧ D� 2ii  mHQbimHQF2``QFb2M
p�FBQi2`KBi Qp�i MQHHB�X h HHƺBM ԣφ � ԩφ D� ԣϵ � ԩϵX
G�bF2i��M pB`?27mMFiBQM Ӻ QbBii�Bb/2`Bp��i�i T�BMQD2M Ԧքօ � Ԧխքօ bm?i22MX EQbF� F��p�M
T2`mbi22HH� T�BMQi Ԧφφ- Ԧϵφ D� Ԧϯφ 2Bp i p�BFmi� mHQbimHQQM ԣϵ- MBBM pB`?27mMFiBQM i2`KB	ԣϵ  Ԩϵ
ϵ QM p�FBQ QbBii�Bb/2`BpQBMM2bb� T�BMQD2M Ԧφφ- Ԧϵφ D� Ԧϯφ bm?i22MX aBi2M /2`BpQBM@
MBM F2iDmb  MMƺM �pmHH� M ?/  M- 2ii  F�BFBHH� Ԙ � � � � QMᆉӺᆉԦխքφ � ᆉᆉԦխքφ ��	ԣφ  Ԩφ
ϵ � 	ԣφ  Ԩφ
 ᆉᆉԦխքφ 	ԣφ  Ԩφ
�
EQbF� bmKK�M i2`KBi- DQBbb� QM F2`iQBK2M� Ԧխֆφ- Ԛ ଈ Ԙ- Qp�i KmmiimD�M Ԧքφ bm?i22M
p�FBQi�- MBBM F�BFBHH� Ԙ � � � � QMᆉᆉԦխքφ 	ԣφ  Ԩφ
 � ᆉᆉԦխքφ ϯంֆ�φ ԦխֆφԐխφֆ � Ԑխφք �
o�bi��p�biB b��/��M- 2ii ᆉӺᆉԦխքϵ � ᆉᆉԦխքϵ ��	ԣϵ  Ԩϵ
ϵ � 	ԣϵ  Ԩϵ
 ᆉᆉԦխքϵ 	ԣϵ  Ԩϵ
 � ᆉᆉԦխքϵ ϯంֆ�φ ԦխֆϵԐխφֆ
D� ᆉᆉԦխքϵ 	ԣϵ  Ԩϵ
 � ᆉᆉԦխքϵ ϯంֆ�φ ԦխֆϵԐխφֆ � Ԑխφք �
S�H�i��M Mvi vH2Bb22M iBH�Mi22b22MX PHFQQM mHQbimHQF2``Qb p2`FQM ԁX F2``Qb D� QHFQQM bBBM Ԝ M2m`QMB�X

PbBii�Bb/2`Bp��i�i T�BMQD2M Ԧխքօ bm?i22M
EQbF� pB`?27mMFiBQbb� i2`KBi	ԣֆ  Ԩֆ
ϵ � ঁᆈঁ կԷȯంք�φ ԦխքֆԐխφք � ԑխօ ং  Ԩֆংϵ
Qp�i p�FBQBi� T�BMQM Ԧխքօ bm?i22M FmM ԙ ଈ Ԛ- MBBM /2`BpQBMMBM F2iDmb  Miƺ  F vii K HH 
b��/��M ᆉӺᆉԦխքօ � ᆉᆉԦխքօ �� ֈంֆ�φ	ԣֆ  Ԩֆ
ϵ � 	ԣօ  Ԩօ
 ᆉᆉԦխքօ 	ԣօ  Ԩօ
�
>mQK��- 2ii  bvƺii2B/2M imHQFb2i Ԩֆ Qp�i p�FBQBi� F�BFFB2M T�BMQD2M Ԧխքօ bm?i22M D� bBi2M
MBB/2M QbBii�Bb/2`Bp��i�i Qp�i MQHHB�X aBi2M F�BFBHH� ԙ � � w Ԝ b��/��M F2iDmb  MMƺM �pmHH�ᆉᆉԦխքօ 	ԣօ  Ԩօ
 � ᆉᆉԦխքօ ԣօ � ᆉᆉԦխքօ Ԑխօ � ᆉᆉԦխքօ ᆈ	ԩխօ 
 � ᆈ	ԩօ
 ᆉᆉԦխքօ ԩխօ �
EQbF� ԩխօ � ௴կՑȯֆ�φ ԦևֆօԐխφֆ � ԑևօ D� Kmmi i2`KBi bmKK�bb� T�BibB ԦխքօԐխφք Qp�i p�FBQBi�
T�BMQM Ԧխքօ bm?i22M- MBBMᆉᆉԦխքօ ԩխօ � ᆉᆉԦխքօ ঁ կԷȯంֆ�φ ԦխֆօԐխφֆ � ԑխօ ং � ᆉᆉԦխքօ िԦխքօԐխφք ी � Ԑխφք
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u?/Bbi K HH  M K  H�bFmi b��/��MᆉӺᆉԦխքօ � 	ԣօ  Ԩօ
ᆈ	ԩօ
Ԑխφք �
h K M F��p�M BM/2FbBbi  ԙ `BBTTmp�� Qb�� K2`FBi  M mb2BMᅮխօ � 	ԣօ  Ԩօ
ᆈ	ԩօ
�
G�bF2K�HH� ?mQK�i��M- 2ii ᅮխօ � ᆉӺᆉԩխօ � ᆉӺᆉԐխօ ᆉԐխօᆉԩխօ � ᆉӺᆉԐխօ ᆈ	ԩխօ 
�
aBi2M QM ᆉӺᆉԦխքօ � ᅮխօ Ԑխφք �

oB`?27mMFiBQM QbBii�Bb/2`Bp��ii� pBBK2Bb2M TBBHQF2``QFb2M T�BMQM bm?i22MX

PbBii�Bb/2`Bp��i�i p�FBQi2`KB2M ԑխօ bm?i22M
lHQbimHQF2``QFb2M QbBii�Bb/2`Bp��i�i p�FBQi2`KB2M bm?i22M b��/��M H�bF2iim� b�K��M i�@
T��M FmBM T�BMQD2M bm?i22MX oB`?27mMFiBQbb� i2`KBi

	ԣֆ  Ԩֆ
ϵ � ঁᆈঁ կԷȯంք�φ ԦխքֆԐխφք � ԑխօ ং  Ԩֆংϵ
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Qp�i p�FBQBi� i2`KBM ԑխօ bm?i22M FmM ԙ ଈ Ԛ- DQi2M F2iDmb  Miƺ  F vii K HH  b��/��MᆉӺᆉԑխօ � ᆉᆉԑխօ �� ֈంֆ�φ	ԣֆ  Ԩֆ
ϵ � 	ԣօ  Ԩօ
 ᆉᆉԑխօ 	ԣօ  Ԩօ
� 	ԣօ  Ԩօ
 ᆉᆉԑխօ ᆈ	ԩխօ 
 � 	ԣօ  Ԩօ
ᆈ	ԩօ
 ᆉᆉԑխօ ԩխօ� 	ԣօ  Ԩօ
ᆈ	ԩօ

bBHH  pBBK2Bb2bb  QbBii�Bb/2`BpQBMMBbb� �BMQ�bi��M bmKK�M i2`KB ԑխօ p�BFmii�� /2`BpQBMiBBM
D� b2M QbBii�Bb/2`Bp��ii� ԑխօ ,M bm?i22M QM �X aBi2M b��/��MᆉӺᆉԑխօ � 	ԣօ  Ԩօ
ᆈ	ԩօ
 � ᅮխօ �
>mQK�mimb
lHQbimHQF2``QFb2M ԙX M2m`QMBBM HBBiivp   pB`?2ii  ᅮխօ � ᇝզᇝ֕ԷՏ - F2iDmb  Miƺ  D� ԩխօ ,M H�bFm@
F��p�� F vii 2M b��/��M p�bi��p�i F��p�i Kvƺb KmBHH2 pB`?27mMFiBQBHH2- DQBi� K2`FBi  M
i bb  Kvƺb Ӻ,HH -ᆉӺᆉԦխքօ � ᆉӺᆉԩխօ ᆉԩխօᆉԦխքօ � ᅮխօ Ԑխφք D� ᆉӺᆉԑխօ � ᆉӺᆉԩխօ ᆉԩխօᆉԑխօ � ᅮխօ �
a2m`��p�FbB H�bF2i��M pB`?27mMFiBQM QbBii�Bb/2`Bp��i�i TBBHQF2``QFbB2M T�BMQD2M D� p�FBQi2`@
KB2M bm?i22MX G�bFmM �pmHH� M ?/  M- 2ii  QbBii�Bb/2`Bp��i�i F2``QFb2M ԛ bm?i22M b��/��M
H�bF2iim� `2Fm`bBBpBb2biB FmM iB2/2i  M v?i  vH2KK M F2``QFb2M QbBii�Bb/2`Bp��i�iX PbBi@
i�Bb/2`Bp��iiQD� H�bF2ii�2bb� H ?/2i  M bBBb HBBFF22HH2 mHQbimHQF2``QFb2M QbBii�Bb/2`Bp��iQBb@
i� D� MBBi  F vi2i  M 2MbBKK Bb2M TBBHQF2``QFb2M /2`Bp��iiQD2M H�bF2KBb22MX PbBii�Bb/2`B@
p��i�i pBBK2Bb2M TBBHQF2``QFb2M T�BMQD2M D� p�FBQB/2M bm?i22M �Mi�p�i p�bi��p�i QbBii�Bb/2@
`Bp��i�i pBBK2Bbi  2/2HHBb2HH2 TBBHQF2``QFb2HH2X L BM D�iF2i��M FmMM2b pB`?27mMFiBQM F�BFFB
QbBii�Bb/2`Bp��i�i b��/��M H�bF2iim�X LBKB p�bi�pB`i�@�H;Q`BiKB imH22 bBBi - 2ii  QbBii�Bb/2@
`Bp��iiQD� H�bF2i��M i�F�T2`QBb2biB mHQbimHQbF2``QFb2bi� bvƺi2F2``Qbi� FQ?iB p�bi�pB`i��MX

PbBii�Bb/2`Bp��i�i TBBHQF2``QFb2M T�BMQD2M Ԧևքօ bm?i22M
G�bF2i��M pB`?27mMiBQM QbBii�Bb/2`Bp��i�i TBBHQF2``QFb2M T�BMQD2M bm?i22M >mQK�imFb2M
ivvHBHH X G�bFm QM i2FMBb2biB ?B2K�M ?��bi�p�KTB bBHH  T�BMQ- DQMF� bm?i22M QbBii�Bb/2`B@
pQB/��M- p�BFmii�� pB`?22b22M v?/2M i�B mb2�KK�M TBBHQF2``QFb2M F�mii�X aBFbB H�bFmbb�
i�`pBi��M i�p�HHBb2M F2iDmb  MMƺM HBb FbB QbBii�Bb/2`Bp��iiQD2M F2iDmb  Miƺ X
E vi2i  M i bb FBM K2`FBMi   ᅮևօ � ᆉӺᆉԩևօ
F2``QFb2M ԛ M2m`QMBBM ԙ HBBiivp HH2 pB`?22HH2X

E2iDmb  Miƺ  D� F��p�� ԩևօ � ௴կՑȯ։�φ Ԧև։օԐևφ։ � ԑևօ F vii 2M b��/��MᆉӺᆉԦևքօ � ᆉӺᆉԩևօ ᆉԩևօᆉԦևքօ � ᅮևօԐևφք
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PbBii�Bb/2`Bp��iiQD2M F2iDmb  MMƺM- F2iDmb  MMƺM D� F��pQD2M

ԩև�φֆ � կՑం։�φ Ԧև�φ։օ Ԑև։ � ԑև�φօ D� Ԑևօ � ᆈ	ԩևօ

T2`mbi22HH� QM

ᅮևօ � ᆉӺᆉԩևօ � կՑ�ȯంֆ�φ ᆉӺᆉԩև�φֆ ᆉԩև�φֆᆉԩևօ � կՑ�ȯంֆ�φ ᅮև�φֆ ᆉԩև�φֆᆉԐևօ ᆉԐևօᆉԩևֆ� կՑ�ȯంֆ�φ ᅮև�φֆ Ԧև�φօֆ ᆈ	ԩևօ

D� bBi2M ᆉӺᆉԦևքօ � Ԑևφք ᆈ	ԩևօ
 կՑ�ȯంֆ�φ ᅮև�φֆ Ԧև�φօֆ �

oB`?27mMFiBQM QbBii�Bb/2`Bp��ii� F2``QFb2M ӯ T�BMQM bm?i22MX

PbBii�Bb/2`Bp��i�i TBBHQF2``QFb2M p�FBQF2`iQBKB2M ԑևօ bm?i22M
a�K��M i�T��M FmBM T�BMQD2M i�T�mFb2bb� b��/��MᆉӺᆉԑևօ � ᆉӺᆉԩևօ ᆉԩևօᆉԑևօ � ᅮևօ ੁ �
D� ᆉӺᆉԑևօ � ᆈ	ԩևօ
 կՑ�ȯంֆ�φ ᅮև�φֆ Ԧև�φօֆ �
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>mQKBQBi� QbBii�Bb/2`Bp��iiQD2M F��pQBbi�
E��p�bi� M ?/  M- 2ii  DQb 2/2HHBb2M F2``QFb2M ԛ  � bvƺi2 Ԑևφք QM TB2MB- MBBM F2``QFb2Mԛ T�BMQ� p�bi��p� pB`?22M QbBii�Bb/2`Bp��ii� ᇝզᇝ֒ՑՎՏ QM TB2MBX h HH�Bb2i T�BMQi Kmmiimp�i
p�bi�pB`i�@�H;Q`BiKBM �BF�M� p ? M- KQM2biB b�MQi��M- 2ii  M2 QTTBp�i ?Bi��biBX
E��pQBbi� M ?/  M Kvƺb- 2ii  �FiBpQBMiB7mMFiBQM /2`Bp��i�i p�BFmii�p�i pB`?22M QbBii�Bb@
/2`Bp��iiQB?BM D� bBi2M M2m`QM2B/2M T�`�K2i`B2M KmmiQFb22MX CQb /2`Bp��ii� QM ?vpBM
TB2MB- MBBM T�`�K2i`Bi Kmmiimp�i p ? M D� M2m`QMBi QTTBp�i ?Bi��biBX h bi  bvvbi  p2`FQM
F viiƺi�`FQBimF@b22M bQTBp�M pB`?27mMFiBQM p�HBMi� QM i `F2  X
o2`FQM 2`B F2``QFbBbb� pQB/��M F vii   2`B �FiBpQBMiB7mMFiBQBi�X CQb M BM QM- MBBM  bF2BbBbb 
H�bFmBbb� D� F��pQBbb� �FiBpQBMiB7mMFiBQQM ᆈ HBb i  M p2`FQM F2``Qbi� p�bi��p�i �H�BM/2FbBiԛX
9XRXRy >�`DQBimb

RX G�bF2 pB`?27mMFiBQM QbBii�Bb/2`Bp��i�i TBBHQF2``QFb2M ԁ  � T�BMQD2M Ԧխφքօ bm?i22M
pB`?27mMFiBQHH2 Ӻ b�K��M i�T��M FmBM mHQbimHQF2``QFb2M QbBii�Bb/2`Bp��i�iX JB2iB-
KBiF  T�BMQBbi� Ԧխφքօ p�BFmii�p�i mHQbimHQQM ԣφX

oB`?27mMFiBQM QbBii�Bb/2`Bp��ii� pBBK2Bb2M TBBHQF2``QFb2M T�BMQD2M bm?i22MX

kX EQQ/Bbb� QM F i2p   D� MQT2�� F vii   p�bi�pB`i�@�H;Q`BiKBM F��pQD2M p2FiQ`B@ D�
K�i`BBbBp2`bBQBi�X Gm2 M Bbi  2bBK2`FBFbB HBMFFBHBbi�M H ?i22bi X G ?i22bb  TQ?/Bi��M
Kvƺb bBi - KBFbB p�bi�pB`i�@�H;Q`BiKB QM T�HDQM MQT2�KTB i�T� H�bF2� i�`pBii�p�i QbBi@
i�Bb/2`Bp��i�i FmBM QbBii�Bb/2`Bp��iiQD2M 2`QimbQb�K  `B2M `�D�@�`pQK  `Bi2HK  M
TQ?D�mimp� i�T�X

jX h�`F�bi2HH��M M2m`Qp2`FFQ�- DQMF� bvƺi2 QM ԧ � 	ԧφ ԧϵ ԧϯ
 ୮ Rϯ- DQbb� 2B QH2
TBBHQF2``QFbB�- DQMF� mHQbimHQF2``QFb2bb� QM vFbB M2m`QMB D� DQMF� mHQbimHQF2``QFb2M
�FiBpQBMiB7mMFiBQ QM /2`BpQBimp� 7mMFiBQ ᆈ R ݂ RX E vi2i  M bvƺi2@i�pQBi2T�`BMԧ Ԩ D� p2`FQM �Mi�K�M imHQFb2M ԣ � ᆈ	௴ϯք�φ ԧքԦք � ԑ
 p2`i�BHmmM pB`?27mMFiBQi�

Ӻ � ��ધԣ  Ԩધϵ � ��	ԣ  Ԩ
ϵ � ��ঁᆈि ϯంք�φ ԧքԦք � ԑी  Ԩংϵ�
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G�bF2 pB`?27mMFiBQM QbBii�Bb/2`Bp��i�i T�BMQD2M Ԧφ- Ԧϵ D� Ԧϯ bm?i22MX

oB`?27mMFiBQM QbBii�Bb/2`Bp��ii� T2`b2Ti`QMBHH2X

GBb iB2iQ� p�bi�pB`i�@�H;Q`BiKBbi�
o�bi�pB`i�@�H;Q`BiKBbi� Hƺvivv T�HDQM KQM2Mi�bQBbi� Hm2ii�p��- 2bBK2`FF2D  D� FQQ/B�X
Pb�bb� b2HBi2i  M K�i2K��iiBM2M i�mbi� D� T�BMQD2M KmmiQFb2M p�BFmimb p2`FQM iQB@
KBMi��M ?vpBM- Qb�M b2HBivb QM im`?�M KQMBKmiF�Bbi�X E��pQBbb� BM/2FbB2M F viiƺ QM
KQM2biB 2T K�i2K��iiBbi� UQbBii�Bb/2`Bp��i�M BM/2FbBi D� bmKK�mbBM/2FbBi b�KQD�VX

Ç JX LB2Hb2M, L2m`�H L2irQ`Fb �M/ .22T G2�`MBM;- *?�Ti2` k
Ç "X _Q?`2`, >Qr /22T M2m`�H M2irQ`Fb rQ`F
Ç JX w�#�`�mbF�b, "�+FT`QT�;�iBQM hmiQ`B�H
Ç �M/`2D E�`T�i?v, >�+F2`Ƕb ;mB/2 iQ L2m`�H L2irQ`Fb
Ç *QMpQHmiBQM�H L2m`�H L2irQ`Fb 7Q` oBbm�H _2+Q;MBiBQM Uai�M7Q`/BM vHBQTBbiQV
Ç *�H+mHmb QM *QKTmi�iBQM�H :`�T?b
Ç PMHBM2 /2KQ

9XRXRR :`�/B2MiiBK2M2i2HK 

h�pQBii22M� QM KBMBKQB/� p2`FQM T�`�K2i`2Bbi� `BBTTmp�� pB`?27mMFiBQi� 2HB bvƺii2B/2M D�
p2`FQM �Mi�KB2M imHQbi2M p HBbi  pB`?2ii X oB`?27mMFiBQ QM KQM2M KmmiimD�M UF�BFFB2M
M2m`QMB2M T�BMQD2M D� p�FBQi2`KB2MV 7mMFiBQ- DQHH2 2ibBi  M TB2MBMi  �`pQ�X
J�i2K��iiBb2M �M�HvvbBM F2BMQBM KQM2M KmmiimD�M 7mMFiBQM   `B�`pQD� 2ibBi  M `BBii @
p M bBBbiBHH2 7mMFiBQHH2 ;`�/B2MiBM MQHH�FQ?/Bbi� D� MBBbi  TBbi2Bbi - DQBbb� 7mMFiBQHH� 2B QH2
QbBii�Bb/2`Bp��ii��X :`�/B2MiBM MQHH�FQ?iB2M 2ibBKBb2M bBD��M pB`?27mMFiBQM KBMBKQBMMBbb�
F vi2i  M 2`BH�BbB� �H;Q`BiK2D� Fmi2M ;`�/B2MiiBK2M2i2HK   U;`�/B2Mi /2b+2MiVX aBBM  KB@
MBKBM 2ibBKBM2M �HQBi2i��M H�bF2K�HH� i�`F�bi2Hi�p�M 7mMFiBQM �`pQ �HQBimbT�`�K2i`2BHH�X
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6mMFiBQM ;`�/B2MiiB F2`iQQ MQT2BKK�M F�bpmM D� bBi2M ;`�/B2MiBM p�bi�p2FiQ`B MQT2BK@
K�M p ?2M2KBb2M bmmMM�MX aQTBpBHH� �bF2HBHH� MQT2BKK�M p ?2M2KBb2M bmmMi��M bBB`iv@
K HH  Hƺv/2i  M UK2M2i2HK  M bQTBpBHH2 7mMFiBQBHH2V HQF��HB KBMBKBX
JBMBKBM 2ibBKBbi  ;`�/B2MiiBK2M2i2HK HH  ?�p�BMMQHHBbi2i��M mb2BM v?/2M i�B F�?/2M
KmmiimD�M 7mMFiBQHH�X E�?/2M KmmiimD�M iBH�Mi22bb� 7mMFiBQM Fmp��D�M pQB �D�i2HH�
FmKTmBH2p�FbB K��biQFbB- KBbb  `BMi22HH  b2BbQp� B?KBM2M ?�Hm�� K2MM  H��FbQM TQ?D�HH2
Dv`FFvv/2bi  p HBii K ii X :`�/B2MiiBK2M2i2HK M F2BMQHH� �H�b K2MM  M p ? M K�iF��
Dv`FBMi  `BMM2ii  U;`�/B2MiBM p�bi�p2FiQ`BM bmmMi��MV- Tvb ?/vi  M D� p�HBi��M i��b
Dv`FBM bmmMi�X L BM D�iF2i��M- FmMM2b T  bi  M H��FbQM TQ?D�HH2X >mQK��- 2ii  DQb
K��biQbb� QM mb2Bi� H��FbQD�- MBBM HBB�M TBiF  bBB`ivK  v?i22M bmmMi��M pQB DQ?i�� p  ` M
H��FbQM TQ?D�HH2X

:`�/B2MiiBK2M2i2HK HH  H��FbQM TQ?D�� 2HB KBMBKB  2ibBi  M 2i2M2K HH  �bF2HBii�BM Dv`FBK@
K M �H�K 2M bmmMi��MX

L2m`Qp2`FQM QT2ii�KBM2M p�bi�pB`i�@�H;Q`BiKBHH� D� ;`�/B2MiiBK2M2i2HK HH 
o�bi�pB`i�@�H;Q`BiKB� D� ;`�/B2MiiBK2M2i2HK   F vi2ii 2bb  bmQ`Bi2i��M b2m`��p�i i2?i @
p i,

RX avƺi2i  M QT2imb2bBK2`FFBDQmFQM Ӷ F�BFFB QT2imb2bBK2`FBi ԧ M2m`Qp2`FQHH2X
kX E�BFBHH2 QT2imb2bBK2`F2BHH2 ԧ ୮ Ӷ,

UBV G�bF2i��M p�bi�pB`i�@�H;Q`B� p�`i2M M2m`QMBFQ?i�Bb2i bmKK�i ԩևօ D� mHQbimHQiԐևօX
UBBV G�bF2i��M bvƺi2ii  p�bi��p�M pB`?27mMFiBQM QbBii�Bb/2`Bp��i�i p�bi�pB`i�@

�H;Q`BiKBM �pmHHH� U2MbBM mHQbimHQF2``QFb2M T�BMQD2M D� p�FBQi2`KB2M bm?i22M-
bBii2M F2``Qb F2``�HH��M �H�bT BMVX

jX EQ`D�i��M M2m`QMB2M T�`�K2i`Bi ;`�/B2MiiBK2M2i2HK M �pmHH�X J�i`BBbB@ D� p2FiQ`B@
KmQ/Qbb� BHKQBi2iimM� T�`�K2i`B2M KmmiQFb2i Qp�iԦև ࡿ Ԧև  ᅫԃ ం֓୮բ ᅮև֓ 	Ԑևφ֓ 
յ D� ԑև ࡿ ԑև  ᅫԃ ం֓୮բ ᅮև֓ 

9N



KBbb  ᅫ QM p2`FQM QTTBKBbMQT2mb D� ԃ QT2imb2bBK2`FFBDQmFQM Ӷ �HFBQB/2M HmFm@
K  ` X

>mQK��- 2ii  DQb QT2imb2bBK2`FFBDQmFFQ FQQbimm v?/2bi  bvƺii22bi - MBBM vFbBii Bi2M M2m@
`QMB2M mm/2i T�BMQi p�bi�pB`i�@�H;Q`BiKBM D HF22M Qp�iԦևքօ ࡿ Ԧևքօ  ᅫ ᆉӺᆉԦևքօ D� ԑևօ ࡿ ԑևօ  ᅫᆉӺᆉԑևօ 
:`�/B2MiiBK2M2i2HK M 2`B p2`bBQBi�

Ua�ibBV;`�/B2MiiBK2M2i2HK  UU"�i+?fo�MBHH�V :`�/B2Mi /2b+2MiV
S2`BMi2Bb2bb  ;`�/B2MiiBK2M2i2HK bb  vFbBii Bbi  QT2imb2bBK2`FFB  ԧք p�bi��p� pB`?2

Eք	ԧք

H�bF2i��M DQF�Bb2M QT2imb2bBK2`FBM D HF22M D� KBMBKQBi�p�M� pB`?27mMFiBQM� F vi2i  M
QT2imb2bBK2`FFB2M pB`?2B/2M bmKK��

E � �ԃ կంք�φ Eք
KBbb  ԃ QM QT2imb2bBK2`FFBDQmFQM �HFBQB/2M HmFmK  ` X o2`FQM T�`�K2i`Bi T BpBi2i  M
p�bi�- FmM FQFQ QT2imb2bBK2`FFBDQmFFQ QM F viv H TBX
CQb T�`�K2i`Bi H�Bi2i��M DQMQQM D� MBBbi  KmQ/Qbi2i��M p2FiQ`B Ԧ- MBBM T�`�K2i`B2M T BpB@
ivbF��p� QM Ԧ ࡿ Ԧ  ᅫခE	Ԧ

KBbb  ᅫ QM p2`FQM QTTBKBbMQT2mb D� pB`?27mMFiBQM QbBii�Bb/2`Bp��i�i T�`�K2i`B2M bm?i22M
Qp�i ;`�/B2MiBbb� b�K�bb� D `D2bivFb2bb  FmBM T�`�K2i`Bi p2FiQ`Bbb� ԦX
:`�/B2MiiBK2M2i2HK bb  FQFQ QT2imb2bBK2`FFBDQmFQM iB2/Qi Qp�i F2``�HH� KmBbiBbb� D� p2`F@
FQ b��ii�� QTTB� ?Bi��biB BbQBHH� QT2imb2bBK2`FFBDQmFQBHH�X S BpBivFbB  QM p ? M- DQi2M K2@
M2i2HK  QM pB`?22M TB2M2M2KBb2M bm?i22M p�F�� Kmii� b2 b��ii�� bmT2i� HBB�M �BF�BbBM
D� ?mQMQKKBHH� T�`�K2i`2BHH� FmBM biQF�biBM2M p2`bBQX :`�/B2MiiBK2M2i2HK HH  Hƺv/2i  M
;HQ#��HB KBMBKB FQMp2Fb2BHH2 pB`?27mMFiBQBHH2 U?�`pBM�BM2M iBH�MM2V D� HQF��HB KBMBKB 2B@
FQMp2Fb2BHH2 pB`?27mMFiBQBHH2X

aiQF�biBM2M ;`�/B2MiiBK2M2i2HK  UaiQ+?�biB+ ;`�/B2Mi /2b+2MiV
aiQF�biBb2bb� ;`�/B2MiiBK2M2i2HK bb  pB`?2 H�bF2i��M D� M2m`QMB2M T�`�K2i`Bi T BpBi2i  M
QT2imb2bBK2`FFBDQmFQM DQF�Bb2M bvƺii22M D HF22MX h HH  K2M2i2HK HH  b��/��M MQT2� iB2@
iQ p2`FQM QTTBKBb2bi�- bBHH  p2`FFQ QTTBB FQFQ �D�MX J2M2i2HK  QM ?2HTTQ vKK `i   D�
iQi2mii��X hB?2  T BpBii KBM2M QM FmBi2MFBM ?B/�bi�- T�`�K2i`B2M �`pQi b��ii�p�i ?2BHm�
T�HDQM T BpBii KBb2M �BF�M� D� ? B`Bƺ?2`FFvvb pQB ?B/�bi�� pB`?27mMFiBQM HQF��HBM KBMB@
KBM HƺvivKBbi X CQBbb�BM iBH�Mi2Bbb� ?2BHmKBM2M QM 2im i�p�HHBb22M ;`�/B2MiiBK2M2i2HK  M
p2``�iimM� @ biQF�biBM2M p2`bBQ b��ii�� T  iv  TB2M2KT  M HQF��HBBM KBMBKBBMX

8y



JBMBb�ibB ;`�/B2MiiBK2M2i2HK  UJBMB #�i+? ;`�/B2Mi /2b+2MiV
JBMBb�ibB;`�/B2MiiBK2M2i2HK  QM T2`BMi2Bb2M D� biQF�biBb2M ;`�/B2MiiBK2M2i2HK M p HB@
KmQiQX aBBM  QT2imb2bBK2`FFBDQmFFQ D�2i��M Qb�DQmFFQB?BM- DQiF� bvƺi2i  M p2`FQHH2- H�bF2@
i��M pB`?27mMFiBQ D� T BpBi2i  M T�`�K2i`BiX h K  p ?2Mi   T�`�K2i`B2M ?2BHmMi�� T BpB@
ivFbBbb  D� K�?/QHHBbi�� T�`2KK�M D� p�F��KK�M bmTT2M2KBb2M HQF��HBBM KBMBKBBM FmBM
iQBbBHH� p2`bBQBHH�X J2M2i2HK bb  pQB/��M F vii   Q?D2HK�FB`D�biQD2M i2?QFF�Bi� HBM2��`B�H@
;2#`�M H�bFm`miBBM2D�X

GBb iB2iQ� ;`�/B2MiiBK2M2i2HK bi 
Ç hvT2b Q7 PTiBKBx�iBQM �H;Q`Bi?Kb mb2/ BM L2m`�H L2irQ`Fb �M/ q�vb iQ PTiBKBx2

:`�/B2Mi .2b+2Mi
Ç �M AMi`Q/m+iBQM iQ :`�/B2Mi .2b+2Mi �M/ GBM2�` _2;`2bbBQM
Ç _m/2`, �M Qp2`pB2r Q7 ;`�/B2Mi /2b+2Mi QTiBKBx�iBQM �H;Q`Bi?Kb
Ç � :2MiH2 AMi`Q/m+iBQM iQ JBMB@"�i+? :`�/B2Mi .2b+2Mi �M/ >Qr iQ *QM};m`2 "�i+?

aBx2
Ç _�b+?F�, aBM;H2@G�v2` L2m`�H L2irQ`Fb �M/ :`�/B2Mi .2b+2Mi
Ç j"Hm2R"`QrM, :`�/B2Mi /2b+2Mi- ?Qr M2m`�H M2irQ`Fb H2�`M % .22T H2�`MBM;- +?�Ti2`

k

9XRXRk oB`?27mMFiBQi

o2`FQM QTTBKBb2M F�MM�Hi� QM i `F2  - 2ii  TB2MB KmmiQb M2m`QMBM T�BMQbb� �B?2mii��
p�BM TB2M2M KmmiQFb2M mHQbimHQbb�X o�bi�pB`i�@�H;Q`BiKBM p�B?2Bi� imiFB2bb� ?mQK�i��M-
2ii  DQb QT2imb2bBK2`FFBDQmFQM pB`?2 b��/��M F2bFB�`pQM� vFbBii Bbi2M QT2imb2bBK2`FFB2M
pB`?2Bbi - MBBM QT2imb2bBK2`FFBDQmFQM pB`?22M QbBii�Bb/2`Bp��i�i b��/��M H�bF2iim� QT2@
imb2bBK2`FFB2M pB`?2B/2M �pmHH�X
o�bi�pB`i�@�H;Q`BiKBM v?i2v/2bb  F vi2iiBBM vFbBii Bb2M bvƺii22M ԧ i�pQBii22M Ԩ ୮ Rֈ D�
p2`FQM �Mi�K�M imHQFb2M ԣ ୮ Rֈ p HBb2M  pB`?22M  2`QimFb2M 2mFHB/Bb2M MQ`KBM M2HBƺi Ӻ � ��ધԣ  Ԩધϵ � �� ֈంֆ�φ	ԣֆ  Ԩֆ
ϵ
D� ԃ ,M �HFBQM QT2imb2bBK2`FFBDQmFQM Ӷ pB`?27mMFiBQM� F2bFBM2HBƺbmKK��Ӻբ � ��ԃ ం֓୮բ ધԣ  Ԩધϵ�
GQ;BbiBb2M `2;`2bbBQM pB`?27mMFiBQ
CQb mHQbimHQF2``QFb2M �`pQi FmmHmp�i p HBHH2 <� �>- MBBM pQB/��M F vii   Kvƺb HQ;BbiBb2M
`2;`2bbBQM pB`?27mMFiBQi� U`BbiB2Mi`QTB�M pB`?27mMFiBQV- U+`Qbb@2Mi`QTv +Qbi 7mM+iBQMV-Ӻ �  �ԃ ం֓ ֈంֆ�φ ঁԨֆ HQ; ԣֆ � 	�  Ԩֆ
 HQ;	�  ԣֆ
ং
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https://machinelearningmastery.com/gentle-introduction-mini-batch-gradient-descent-configure-batch-size/
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https://youtu.be/IHZwWFHWa-w
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KBbb  p2FiQ`Bi Ԩ � 	Ԩφ w  Ԩֈ
 Qp�i bvƺii2B/2M ԧ i�pQBii2Bi�- p2FiQ`Bi ԣ � 	ԣφ w  ԣֈ

M2m`Qp2`FQM bvƺii2BHH2 ԧ �Mi�KB� imHQFbB� D� ԃ QM QT2imb2bBK2`FFBDQmFQM FQFQX
G�bF2K�HH� M ?/  M- 2ii  bB;KQB/@�FiBpQBMiB7mMFiBQi� F vi2ii 2bb  i K M pB`?27mMFiBQM
QbBii�Bb/2`Bp��i�i M2m`QM2B/2M T�BMQD2M D� p�FBQi2`KB2M bm?i22M 2Bp i `BBTm �FiBpQBMiB7mMF@
iBQM /2`Bp��iQBbi� p��M T2HF bi  M i�pQBii2B/2M D� imHQbi2M 2`QimFbBbi�-ᆉӺᆉԦխքօ � �ԃ ం֓ Ԑխφք 	Ԑխօ  Ԩօ

D� ᆉӺᆉԑխք � �ԃ ం֓	Ԑխօ  Ԩօ
�
UJmBbi�- 2ii  mHQbimHQF2``QFb2M imHQb Ԑխ � 	Ԑխφ  w  Ԑևֈ
 QM bvƺi2ii  ԧ p�bi��p� imHQbԣ � 	ԣφ w  ԣֈ
XV aBFbB bB;KQB/@7mMFiBQM /2`Bp��i�M TB2Mmmb bmm`BHH� D� TB2MBHH  �`pQBHH� 2B
?B/�bi� p2`FQM QTTBKBbi� MBBbb  i�T�mFbBbb�- DQBbb� i�pQBii22i 2`Qp�i T�HDQM bvƺii2Bbi X
CQBbb�BM H ?i2Bbb  bvƺi2@i�pQBi2@T�`BM p HBbBbi  pB`?27mMFiBQBbi� F vi2i  M MBK2  i�TTBQ@
7mMFiBQ UHQbb 7mM+iBQMV D� QT2imb2bBK2`FFBDQmFQM pB`?27mMFiBQbi� pB`?2@fK�Fbm7mMFiBQ
U+Qbi 7mM+iBQMVX

GBb iB2iQ� pB`?27mMFiBQBbi�
Ç JX LB2Hb2M, L2m`�H L2irQ`Fb �M/ .22T H2�`MBM;- *?�Ti2` j
Ç �X L;, J�+?BM2 G2�`MBM;- *Qbi 7mM+iBQM U*Qm`b2`�V

9XRXRj uHB@ D� �HBbQpBii�KBM2M

L2m`Qp2`FQM D� vH2Bb2KKBM FQM2QTTBKBb2M QT2ii�KBM2M bmQ`Bi2i��M QT2imb2bBK2`FFB2M
�pmHH�- QTTBKBM2M p�`KBbi2i��M D� QTTBKBbMQT2mb@ D� KmBi� ?vT2`T�`�K2i`2D� b  /2i  M
p�?pBbimb2bBK2`FFBDQmFQM �pmHH� D� HQTmFbB iQBKBMi� i2bi�i��M i2biB2bBK2`FFBDQmFQHH�X h�`@
FQBimb QM- 2ii  p2`FFQ Qb�� vH2Bbi   QTTBK�Mb� D� iQBKBB HQTmHi� `BBii p M i�`F�biB imMi2@
K�iiQK�HH2 /�i�HH2X CQbFmb F v MBBM- 2ii  p2`FFQ imMimm QTTBp�M ?vpBM Kmii� bBii2M imH22
QM;2HKB�,

Ç PT2ii�KBb2M 2/2i2bb  pB`?27mMFiBQM TB2M2M2KBM2M ?B/�bimm i�B i�`FFmmb ?mQMQM22X
Ç o2`FFQ iQBKBB ?vpBM QT2imb2bBK2`F2BHH2 Kmii� 2B UQT2imb2bBK2`FFB2M F�Hi�BbBHH2V

p�?pBbimb@ i�B i2biB2bBK2`F2BHH2X
h i  BHKBƺi  b�MQi��M vHBbQpBii�KBb2FbB UQp2`}iiBM;VX aBBM  p2`FFQ QM QTTBMmi QT2imb2bB@
K2`FFBDQmFQM HBB�M ?vpBM D� b  i Mvi T�`�K2i`BMb� b2M 2`BivBbQKBM�BbmmFbB2M D� ? B`BƺB/2M
KmF��MX uHBbQpBii�KBM2M QM vH2BM2M QM;2HK� bmm`Bbb� im?�MbB2M T�`�K2i`B2M M2m`Qp2`@
FQBbb� DQBbb� QT2imb2bBK2`FFBDQmFFQ 2B QH2 QH2 `BBii p M bmm`B bm?i22bb� p2`FQM FQFQQMX
uHBbQpBii�KBbi� pQB/��M 2bi   b2m`��pBHH� i�pQBHH�,

Ç QT2imb2bBK2`FFBDQmFQM F�bp�ii�KBM2M
Ç Up2`FQM FQQM TB2M2Mi KBM2MV
Ç QT2ii�KBb2M HQT2ii�KBM2M `BBii p M �BF�BbBM U2�`Hv biQTTBM;V
Ç M2m`QM2B/2M QbBii�BM2M TQBbi�KBM2M p2`FQbi� U/`QTQmi H�v2`V
Ç T�BMQD2M TB2M2Mi KB2M ԁϵ@ D� ԁφ@ b  MMƺbi2HvHH  U`2;mH�`Bx�iBQMV
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http://neuralnetworksanddeeplearning.com/chap3.html
https://www.coursera.org/learn/machine-learning/lecture/na28E/cost-function


PT2imb2bBK2`FFBDQmFQM F�bp�ii�KBM2M
PT2imb2bBK2`FFBDQmFQM FQQM F�bp�ii�KBM2M b��ii�� QHH� p�BF2�� Kmii� DQBbb�BM iBH�Mi2Bbb�
bBi  pQB F�bp�ii�� QH2K�bb�QH2p�M /�i�M �pmHH�X 1bBK2`FBFbB mmbB� imMMBbi2ii�pB� FmpB�
b��/��M ?2HTQbiB FB2`iQD2M- bBB`iQD2M D� bF��H�mFb2M �pmHH�X

�BF�BM2M HQT2ii�KBM2M
o2`FQM iQBKBMi�� i2bi�ii�2bb� p�?pBbimb2bBK2`FFBDQmFQHH� QT2imb2bBK2`FFBDQmFQM D HF22M
i�`F�bi2i��M imHQbi2M i�`FFmmb DQF�Bb2M Qb�DQmFQM D HF22MX EmM i�`FFmmb TB2M2M22- HQT2@
i2i��MX

PbBii�BM2M TQBbi�KBM2M
uFbB i�T� TB2M2Mi   vHBbQpBii�KBbi� QM M2m`QM2B/2M ?2iF2HHBM2M TQBbi�KBM2M p2`FQbi�X h b@
b  i2FMBBF�bb� Qb� TBBHQF2``Qbi2M M2m`QM2Bbi� TQBbi2i��M p HB�BF�Bb2biBX o�D��b22M p2`FFQQM
bvƺi2i  M QT2imb2bBK2`FF2D - F vi2i  M p�bi�pB`i�@�H;Q`BiKB� D� T BpBi2i  M p2`FQM T�@
`�K2i`BiX h K M D HF22M TQBbi2imi M2m`QMBi T�H�mi2i��M- TQBbi2i��M mmbB M2m`QMBDQmFFQ
D� D�iF2i��M QT2ii�KBbi�X J2M2i2HK bb  D HF22M p2`FFQ QM i�p�HH��M F2bFB�`pQ KQM2bi�
b�K�� i2?i p   i2F2p bi  p2`FQbi�X EQbF� M2m`QM2B/2M H ?2HH  QH2p�i M2m`QMBi 2Bp i p Hi@
i K ii  QH2 KmF�M� DQF�Bb2HH� QT2imbFB2``QFb2HH� MBBM M2m`QM2Bbi� imH22 Bib2M Bb2KTB  D�
p2`FQbi� `Q#mbiBKTBX

L2m`QMBi TQBbi2i��M ?2iF2HHBb2biB p2`FQbi�- T BpBi2i  M T�`�K2i`Bi D� T�H�mi2i��M M2m`QMBiX

a  MMƺbi2Hv
oB`?27mMFiBQM Kmmii�KBM2M MBBM- 2ii  KBMBKB Hƺvivv TB2MBHH  T�BMQBHH� T2`mbimm bBB?2M-
2ii  KQM2biB p2`FQi iQBKBp�i Bib2Bb�`pQBHi��M TB2MBHH  T�BMQBHH� T�`2KKBM FmBM bmm`BHH�X
a  MMƺbi2Hvbb  pB`?27mMFiBQi� Kmmi2i��M MBBM- 2ii  KBMBKB Hƺvivv TB2M2KKBHH  T�BMQBHH�X
CQb p2`FQbb� QM F viƺbb  pB`?27mMFiBQ E - MBBM ԁϵ@b  MMƺbi2HvM pB`?27mMFiBQ QM

F � E � ᅶ�ԃ ంքӴօ Ԧϵքօ
KBbb  ԃ QM QT2imb2bBK2`FFBDQmFQM FQFQ- Ԧքօ Qp�i M2m`QM2B/2M T�BMQi D� ᅶ � � QM b  M@
Mƺbi2HvT�`�K2i`BX L2m`QM2B/2M p�FBQi2`K2D  2B Qi2i� KmF��M b  MMƺbi2HvQb��MX
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oB`?27mMFiBQM F D HFBKK BM2M Qb� QM TB2MB FmM T�BMQi Qp�i Bib2Bb�`pQHi��M TB2MB X JBMB@
KQBMMBbb� bmm`2i T�BMQi Qp�i ?vpB  p�BM DQb MBBHH  b��/��M �HFmT2` BM2M pB`?27mMFiBQ E
?vpBM TB2M2FbBX
oB`?27mMFiBQM F QbBii�Bb/2`Bp��i�i T�BMQD2M Ԧքօ bm?i22M Qp�iᆉFᆉԦքօ � ᆉEᆉԦքօ � ᅶԃ Ԧքօ
D� p�FBQi2`KB2M bm?i22M b�K�i FmBM �HFmT2` Bb2HH  pB`?27mMFiBQHH� E X aBi2M ;`�/B2MiiBK2@
M2i2HK M �Mi�K�i mm/2i T�BMQi b��/��M F��p�HH�Ԧ ࡿ ঁ�  ᅫᅶԃ ংԦ  ᅫ ᆉEᆉԦ
KBbb  ᅫ QM p2`FQM QTTBKBbMQT2mbX
a  MMƺbi2Hvbb  v`Bi2i  M bBBb b�K�M�BF�Bb2biB F vii   K�?/QHHBbBKK�M TB2MB  T�BMQD� D�
b��/� pB`?27mMFiBQ TB2M2FbBXԁφ@b  MMƺbi2Hvbb  F vi2i  M T�BMQD2M M2HBƺB/2M bBD��M Bib2Bb�`pQD�X oB`?27mMFiBQ QM

Eφ � E � ᅶԃ ంքӴօ ]Ԧքօ]
KBbb  E QM �HFmT2` BM2M pB`?27mMFiBQM- ԃ QM QT2imb2bBK2`FFBDQmFQM FQFQ- Ԧքօ Qp�i M2m@
`QM2B/2M T�BMQi D� ᅶ � � QM b  MMƺbi2HvT�`�K2i`BX
oB`?27mMFiBQM Eφ QbBii�Bb/2`Bp��i�i T�BMQD2M Ԧքօ bm?i22M Qp�iᆉEφᆉԦքօ � ᆉEᆉԦքօ � bB;M	Ԧքօ

KBbb  bB;M	Ԧքօ
 � �- FmM Ԧքօ � �- bB;M	Ԧքօ
 � �- FmM Ԧքօ � � D� MQHH� FmM T�BMQ QM MQHH�X
o�FBQi2`KB2M bm?i22M QbBii�Bb/2`Bp��i�i Qp�i b�K�i FmBM �HFmT2` Bb2HH  pB`?27mMFiBQHH� E X
:`�/B2MiiBK2M2i2HK M �Mi�K�i mm/2i T�BMQi b��/��M F��p�HH�Ԧ ࡿ Ԧ  ᅫᅶԃ bB;M	Ԧ
  ᅫ ᆉEᆉԦ
KBbb  ᅫ QM p2`FQM QTTBKBbMQT2mbXԁφ@b  MMƺbi2Hvbb  T�BMQi TB2M2M2p i �bF2HBHH�- DQB/2M TBimmb 2B `BBTm T�BMQM FQQbi�X ԁϵ@
b  MMƺbi2Hvbb  �bF2H22M FQFQ QM T�BMQ F2``QiimM� p�FBQHH�X
�HBbQpBii�KBb2bb� UmM/2`}iiBM;V p2`FQM T�`�K2i`Bi T BpBiivp i ?vpBM ?Bi��biB D� p2`FFQ
QTTBB ?mQMQbiBX

GBb iB2iQ� vHB@ D� �HBbQpBii�KBb2bi�
Ç �X L;, J�+?BM2 G2�`MBM;- h?2 S`Q#H2K Q7 Pp2`}iiBM; U*Qm`b2`�V
Ç �X L;, AKT`QpBM; .22T L2m`�H L2irQ`Fb, >vT2`T�`�K2i2` imMBM;- _2;mH�`Bx�iBQM

�M/ PTiBKBx�iBQM- _2;mH�`Bx�iBQM U*Qm`b2`�V
Ç �X L;, AKT`QpBM; .22T L2m`�H L2irQ`Fb, >vT2`T�`�K2i2` imMBM;- _2;mH�`Bx�iBQM

�M/ PTiBKBx�iBQM- q?v `2;mH�`Bx�iBQM `2/m+2b Qp2`}iiBM;\ U*Qm`b2`�V
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https://www.coursera.org/learn/machine-learning/lecture/ACpTQ/the-problem-of-overfitting
https://www.coursera.org/learn/deep-neural-network/lecture/T6OJj/why-regularization-reduces-overfitting
https://www.coursera.org/learn/deep-neural-network/lecture/T6OJj/why-regularization-reduces-overfitting
https://www.coursera.org/learn/deep-neural-network/lecture/T6OJj/why-regularization-reduces-overfitting
https://www.coursera.org/learn/deep-neural-network/lecture/T6OJj/why-regularization-reduces-overfitting


Ç �X L;, AKT`QpBM; .22T L2m`�H L2irQ`Fb, >vT2`T�`�K2i2` imMBM;- _2;mH�`Bx�iBQM
�M/ PTiBKBx�iBQM- .`QTQmi _2;mH�`Bx�iBQM U*Qm`b2`�V

Ç �X L;, AKT`QpBM; .22T L2m`�H L2irQ`Fb, >vT2`T�`�K2i2` imMBM;- _2;mH�`Bx�iBQM
�M/ PTiBKBx�iBQM- lM/2`bi�M/BM; .`QTQmi U*Qm`b2`�V

Ç �X L;, AKT`QpBM; .22T L2m`�H L2irQ`Fb, >vT2`T�`�K2i2` imMBM;- _2;mH�`Bx�iBQM
�M/ PTiBKBx�iBQM- Pi?2` `2;mH�`Bx�iBQM K2i?Q/bU*Qm`b2`�V

Ç *?�i#QiǶb GB72, _2;mH�`Bx�iBQM BM /22T H2�`MBM;
Ç CX .X J+*�z`2v, AKTH2K2MiBM; L2m`�H L2irQ`F Gk _2;mH�`Bx�iBQM
Ç CX .X J+*�z`2v, L2m`�H L2irQ`F Gk _2;mH�`Bx�iBQM mbBM; Svi?QM- oBbm�H aim/BQ

J�;�xBM2 yNfkyRd
Ç JX LB2Hb2M, L2m`�H L2irQ`Fb �M/ .22T H2�`MBM;- *?�Ti2` j

9XRXR9 JmBi� pB`?27mMFiBQM KBMBKQBMiBF2BMQD�

o�bi�pB`i�@�H;Q`BiKB D� Kmmi QbBii�Bb/2`Bp��iiQB?BM U;`�/B2Mii2B?BMV T2`mbimp�i K2M2i2H@
K i Qp�i KQM2biB ?Bi�Bi�X o�bi�pB`i�@�H;Q`BiKBM i�T�mFb2bb� ?Bi�mb DQ?imm T�HDQbi� H�b@
F2KBb2bi�, M2m`QMB2M T�`�K2i`B2M KmmiQFb2bb� i�`pBii�pB� QbBii�Bb/2`Bp��iiQD� H�bF2i��M
FQFQ �D�M Bi2`�iBBpBb2biBX o�bi�pB`i�@�H;Q`BiKBM 2`BH�BbBHH� KmmMMQFbBHH� D� KmBHH� p2`FQM
QT2imbK2M2i2HKBHH  ?�2i��M HBb   MQT2mii�X Pb�bb� K2M2i2HKB  F vi2ii  M 2MbBKK Bb2M
F2`i�HmpmM QbBii�Bb/2`Bp��iiQD2M HBb FbB iQBb2M F2`i�HmpmM /2`Bp��iiQD�- DQB/2M �pmHH� b��@
/��M iB2iQ� 2MbBKK Bb2M F2`i�HmpmM QbBii�Bb/2`Bp��iiQD2M F�bpmbi�X

GBb iB2iQ� p2`FQM QT2ii�KBb2bi�
Ç 8 �H;Q`Bi?Kb iQ i`�BM � M2m`�H M2irQ`F
Ç >X .�mKû, � *Qm`b2 BM J�+?BM2 G2�`MBM;- *?�Ti2` k UlMBp2`bBiv QM J�`vH�M/V
Ç JX LB2Hb2M, L2m`�H L2irQ`Fb �M/ .22T H2�`MBM;- *?�Ti2` j

8 S`Qb2bbB2MHQm?BMi� UhQMB _mQ?QM2MV

UhQMB _mQ?QM2MV
h bb  Hmpmbb� imimbimi��M T`Qb2bbBMHQm?BMi��M D� bBKmHQBMiBK�HH2B?BM bQbB��HB@ D� i2`p2v@
/2M?mQHHQM F2?Bii KBb2M K2M2i2HKBM X
S`Qb2bbB2MHQm?BMi� QM K2M2i2HK - DQF� K�?/QHHBbi�� T`Qb2bbB2M �miQK��iiBb2M Fmp��KBb2M
pBbm��HBb2bb� D� iBH�biQHHBb2bb� KmQ/Qbb�X S  i�pQBii22M� T`Qb2bbB2MHQm?BMM�HH� QM B/2MiB@
}QB/�- KQMBiQ`QB/� b2F  F2?Bii   FB`D�iimmM iB2iQQM T2`mbimpB� 7�Fi�TQ?D�BbB� T`Qb2bb2D�
U2B QH2i2iimD� T`Qb2bb2D�V HQm?BK�HH� i�T�?imK�HQF2D� i�B iB2iQ`2FBbi2`2D X S`Qb2bbB2MHQm@
?BMi�� QM FQHK2� 2`B ivvTTB X L K  2`B HQm?BMi�ivvTBi Qp�i,

RX �miQK��iiBb2M T`Qb2bbB2M imMMBbi�KBM2M U�miQK�i2/ S`Q+2bb .Bb+Qp2`vV
kX J�HHB2M p2`i�BHm U*QM7Q`K�M+2 *?2+FBM;V
jX J�HHB2M H��D2Mi�KBM2M U1M?�M+2K2MiVX

�miQK��iiBb2HH� T`Qb2bbB2M imMMBbi�KBb2HH� i�`FQBi2i��M K�HHB2M HQm?BKBbi� HQF2Bbi� i�B `2@
FBbi2`2Bbi  BHK�M i�`F2KTB� 2MM�FFQK  `Bii2Bi X J�HHB2M p2`i�BHmbb� QH2K�bb� QH2p�� T`Q@
b2bbB� p2``�i��M HQF2Bbi� HQm?BiimmM T`Qb2bbBBM D� F�ibQi��M MQm/�ii��FQ HQF2Bbi� HQm?Biim
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https://www.coursera.org/learn/deep-neural-network/lecture/eM33A/dropout-regularization
https://www.coursera.org/learn/deep-neural-network/lecture/eM33A/dropout-regularization
https://www.coursera.org/learn/deep-neural-network/lecture/YaGbR/understanding-dropout
https://www.coursera.org/learn/deep-neural-network/lecture/YaGbR/understanding-dropout
https://www.coursera.org/learn/deep-neural-network/lecture/Pa53F/other-regularization-methods
https://www.coursera.org/learn/deep-neural-network/lecture/Pa53F/other-regularization-methods
https://chatbotslife.com/regularization-in-deep-learning-f649a45d6e0
https://jamesmccaffrey.wordpress.com/2017/06/29/implementing-neural-network-l2-regularization/
https://visualstudiomagazine.com/articles/2017/09/01/neural-network-l2.aspx
https://visualstudiomagazine.com/articles/2017/09/01/neural-network-l2.aspx
http://neuralnetworksanddeeplearning.com/chap3.html
https://www.neuraldesigner.com/blog/5_algorithms_to_train_a_neural_network
http://ciml.info/dl/v0_99/ciml-v0_99-ch02.pdf
http://neuralnetworksanddeeplearning.com/chap3.html


T`Qb2bbB QH2K�bb� QH2p�� T`Qb2bbB� D� T BMp�biQBMX J�HHB2M F2?Bii KBb2HH  i�`FQBi2i��M QH2@
K�bb� QH2p�M K�HHBM F2?Bii KBbi  i�B H��D2Mi�KBbi� T2`mbim2M HQF2B?BM i�HH2MM2iimmM /�@
i��MX h bb  T`Qb2bbB2MHQm?BMM�M Hmpmbb� F2bFBivi  M 2`BivBb2biB �miQK��iiBb22M T`Qb2bbB2M
imMMBbi�KBb22MX
S`Qb2bbB2MHQm?BMi� FQQbimm b2m`��pBbi� 2H2K2Mi2Bbi ,

Ç h�T�mbf*�b2, vFbB T`Qb2bbB@BMbi�MbbB
Ç �FiBpBi22iiB, T`Qb2bbBM vFbBii BM2M- ?vpBM K  `Bi2Hiv p�B?2
Ç h�T�?imK�, T`Qb2bbBM vFbBii Bb2M p�B?22M bmQ`Bii�KBM2M- v?/Bbi   i�T�mFb2M Y �F@

iBpBi22iBM UY i�T�?imKBb�D�MFQ?/�MV
Ç o�`B�MiiB, T`Qb2bbBM bBb HH  iB2iiv p�B?2B/2M bmQ`Bii�KBbD `D2bivb
Ç �ii`B#mmiiB, i�T�?imK��M i�B i�T�mFb22M HBBiivp  HBb iB2iQ- Fmi2M BF - `2bm`bbB- /B�;@

MQQbB- Fmbi�MMmb
S`Qb2bbB2MHQm?BMM�M H ?iƺFQ?i�M� QM F viƺbb  QH2p� iB2iQH ?/2- DQF� QM MQ`K��HBbiB DQFQ
i�T�?imK�HQFB i�B iB2iQ`2FBbi2`BX GQm?BMM�M K�?/QHHBbi�KBb2FbB iB2iQH ?i22bi  TBi   QHH�
B/2MiB}QBi�pBbb� b2m`��p�i FQHK2 T2`mbiB2iQ2H2K2MiiB ,

Ç hmMMBbi2 UvFbBHƺBp  imMMBbi2- DQHH� pQB/��M B/2MiB}QB/� 2bBK2`FBFbB ?2MFBHƺ i�B imQi2V
Ç hmMMBbi22b22M HBBiivp UiV i�T�?imK�UiV U2bBK2`FBFbB ?2MFBHƺM �bBQBMiBBM i�B imQii22M

p�HKBbimFb22MfFmHFmmM HBBiivp i i�T�?imK�iV
Ç �D�HHBM2M iB2iQ i�T�?imK�M �D�MFQ?/�bi� Up ?BMi  M T Bp i�bQHH�- KBi  i�`F2KK�HH�

i�bQHH� �D�HHBM2M BM7Q`K��iBQ QM b��i�pBHH�- bBi  i�`F2KKBM �bB�F�bpB``�ifT`Qb2bbBi
Tvbivi  M Fmp��K��MV

1/2HH  K�BMBiimD2M FQHK2 T2`mbiB2iQ2H2K2MiBM T2`mbi22HH� 2`B �bBQBMiBi�T�?imKBHH2 pQB/��M
K  `Bii   �D�HHBM2M D `D2bivb- Fmp�i2M DQF�Bbi� i�T�?imK�� 2/2Hi M22i b2F  MBBi  b2m`�M@
M22i i�T�?imK�iX Jmmi imMMBbi22b22M D� �bBQBMiBi�T�?imK��M HBBiivp i iB2/Qi iQBKBp�i
HmQFBii2H2pBM� KmmiimDBM�- DQB/2M �pmHH� F viƺbb  QH2p�� /�i�� pQB/��M HmQFBi2HH� D� `v?@
KBi2HH  i�`F2KKBM U2bBK2`FBFbB iB2ivM �bB�F�bfimQi2`v?K M i�`F2KTB i�`F�bi2HmVX
S`Qb2bbB2MHQm?BMi�� QM K�?/QHHBbmmb ?vƺ/vMi   ?vpBM KQMBHH� 2`B bQp2HHmb�Hm2BHH�X E v@
i MMƺbb  F�BFFB iQBKBMi�FQFQM�Bbmm/2i- DQBbb� i�`F�bi2Hi�p��M FQ?i22b22M QM K�?/QHHBbi�
HBBii   imMMBbi2- 2`B imMMBbi2BbBBM i�T�?imK�UiV b2F  �D�HHBM2M iB2iQ- Qp�i �M�HvbQBi�pBb@
b� T`Qb2bbB2MHQm?BMM�HH�X 1MBi2M T`Qb2bbB2MHQm?BMi�� QM bQp2HH2iim T�Hp2Hm@- imQi�MiQ@ D�
iQBKBimbT`Qb2bbB2M �M�HvbQBMMBbb� D� F2?Bii KBb2bb X h bb  Hmpmbb� T`Qb2bbB2MHQm?BMM�M
bQp2Hi�KBbi� i�`F�bi2HH��M 2`BivBb2biB T�Hp2HmT`Qb2bbB2M M FƺFmHK�bi�- F vii 2M bQp2Hi�@
KBb�H�M� bQbB��HB@ D� i2`p2v/2M?mQHiQ�X

8XR S`Qb2bbB2MHQm?BMi� bQbB��HB@ D� i2`p2v/2M?mQHHQM T�Hp2HmT`Q@
b2bbB2M F2?Bii KBb2bb 

aQbB��HB@ D� i2`p2v/2M?mQHHQM b2FiQ`BHH� i�`F�bi2Hm� pQB/��M i2?/  KQMBbi� 2`B M FƺFmH@
KBbi�X h�`F�bi2Hi�p�FbB M FƺFmHK�FbB pQB/��M Qii�� 2bBK2`FBFbB �bB�F�b`v?K - ?QBiQFQ@
FQM�Bbmmb i�B ?QBiQF2iDm 2`B p�B?2BM22M- 2`B �KK�iiB`v?KBHH  �bBQBMiB D� Q?D�mimpmmb 2`B
�KK�iiBH�Bbi2M p HBHH  i�B p�BFF� �bB�FF�B/2M �bBQBMiB D� FmHFm 2`B iQBKB@ D� T�Hp2HmTBbi2Bb@
b X L FƺFmHK� QM p�T��biB p�HBii�pBbb� F vi2ii pBbb  QH2p�M /�i�M TmBii2Bbb�X �bB�FF�B/2M
�bBQBMiB�- T�Hp2HmD2M F viiƺ  D� i�`p2ii� b2F  FmHFm� pQB/��M i�`F�bi2HH� HBb FbB KQMBHH� 2`B
i�bQBHH�X h�`F�bi2Hi�p�FbB pQB/��M Qii�� vFbBii Bb2M �bB�FF��M T`Qb2bbB- 2`B �bB�F�b`v?KB2M
T�Hp2Hm@ D� ?QBiQF2iDmi i�B p�B?iQ2?iQBb2biB pQB/��M i�`F�bi2HH� iQBKBMi�� FQFQ T�Hp2Hmp2`@
FQbiQM i�bQHH� UK��FmMi� D� F�Mb�HHBM2M i�bQVX
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S2`BMi2Bb2bb  T`Qb2bbB2MHQm?BMM�bb� DQF�Bb2M �bBQBMiBi�T�?imK�MfT`Qb2bbBp�B?22M Qb�Hi�
Fmp�i��M- FmBMF� KQMi� �bB�F�bi� Fvb2Bb2bb  p�B?22bb� QM �bBQBMmi- FmBMF� KQMi� F2`@
i�� �bBQBMiBi�T�?imK� QM i�T�?imMmi D� `BBTTm2M H ?iƺiB2/Qbi� UQMFQ b��i�pBHH� p�B 2BV
Kvƺb p�B?2@f�bBQBMiBi�T�?imK�FQ?i�Bb2biB bvMivM22i Fmbi�MMmFb2iX h�T�?imK�FQ?i�Bb2M
iB2/QM HBb FbB pBbm��HBb2bb� ;`��}bb� 2bBi2i  M Kvƺb v?i2v/2i p HBiiƺK biB 2/2Hi pBBM D�
b2m`��pBBM i�T�?imKBBM �bB�F�bK  `BM22M D� bBB`ivK F2`iQBM22MX

S`Qb2bbB2MHQm?BMM�M 2bBK2`FFBpBbm�HBbQBMiB UKB2H2Mi2`p2vb@ D� T B?/2�bB�FF�B/2M �bBQBMiB
2`B �KK�iiBH�BbBHH�V

lb2Bbb� T`Qb2bbB2MHQm?BMM�M bQp2HHmFbBbb� ;`��} QM BMi2`�FiBBpBM2M D� DQF�Bb22M �bBQBMiBp�B@
?22b22M b2F  bBB`ivK  M T  b22 Tm`2mimK��M i�`F2KKBMX h K  K�?/QHHBbi�� �bB�FF�B/2M
i�mbi�KmmiimDB2M �M�HvbQBMMBM D� T`Q}HQBMMBM b2F  Kvƺb �D�HHBb2M i�`F�bi2HmM 2`B �bBQBMiB@
i�T�?imKB2M p HBHH  p�BM Kmmi�K�HH� FHBFF�mFb2HH�X
S`Qb2bbB2MHQm?BMM�bb� F vi2i  M 2`BH�BbB� �H;Q`BiK2D� ?vƺ/vMi K  M 2/2HH  Fmp�iim� i�@
T�?imK�i�bQM /�i��X uH2BbBKKBM F vi2ivi �H;Q`BiKBi Qp�i,

RX �TH?� KBM2`
kX >2m`BbiB+ KBM2`
jX 6mxxv KBM2`

PM;2HK�M� i bb  H ?2bivKBbi�p�bb� QM- 2`BivBb2biB bQbB��HB@ D� i2`p2v/2M?mQHHQM biQF�b@
iBb2bb� F2Mi bb - 2ii  Dmm`B iB2iivvM ?QBiQFQFQM�Bbmmi22M HBBiivpB2M �bBQBMiBi�T�?imKB2M
K  `Bii2Hv QM ?�MF�H�� D� i�mbi�KmmiimDBBM T2`mbimp�i HmQFBii2Hmi U2bBK2`FBFbB iB2iiv �bB�@
F�b`v?K V Qii�p�i KmF��M FQX �bB�F�b`v?K M F�BFFB i�T�?imK�iX o�HBi2bb� i�`F�bi2HmmM
2bBK2`FBFbB /B�#2i2bTQiBH��i- imH2p�i KmF��M /B�#2i2Fb2M ?QBiQi�T�?imKB2M HBb FbB Kvƺb
F�BFFB FQX ?QBiQFQFQM�Bbmmi22M HBBiivK iiƺK i �bBQBMiBi�T�?imK�iX
E2?BiivM2BKKBbb  T`Qb2bbB2MHQm?BMM�M bQp2HHmFbBbb� i i  p�`i2M QM F2?Bi2iiv 2`BHHBbB  MbX
2TBbQ/BK  `Bi2�H;Q`BiK2D�- DQiF� K�?/QHHBbi�p�i ?vpBM i�`F�M K  `BivFb2M i�`F�bi2Hi�p�H@
H2 �bB�FQFQM�Bbmm/2HH2 2?iQBM22M D� `�DQBii2BM22MX L B?BM �H;Q`BiK2B?BM T2`mbimpBBM bQp2H@
Hmbi2M iQBKBMM�HHBbmmFbB2M �pmHH� HQTTmimHQFb22M bvMivp  M pBbm��HBb22M T`Qb2bbBFmp�mF@
b22M pQB/��M bBb HHvii   bmm`2bi� �BM2BbiQbi� p�BM ?�2ii�p��M T`Qb2bbBBM HBBiivp i i�T�?@
imK�iX EBBMMQbi�K�iiQK�i Kmmi i�T�?imK�i pQB/��M bmQ/�ii�� TQBbX h�`F�bi2Hi�p�HH2
T`Qb2bbBHH2f?QBiQFQFQM�Bbmm/2HH2 pQB/��M ?vpBM i�`FF��M K  `Bii   KBi  �bBQBMiBi�T�?im@
KB� Qi2i��M KmF��M- KBbb  D `D2bivFb2bb  D� �BF�BFFmM�bb� MBB/2M QM TBi Mvi i�T�?im�X
h K M HBb FbB pQB/��M pB2H  ?vpBM i�`FF��M K  `Bii   KBHH  i�mbi�KmmiimDBM �bB�FF��i
Qp�i pQBM22i D� b��M22i 2`B �bBQBMiBi�T�?imKBBM Q?D�mim�X
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a2m`��p�bb� Fmp�bb� QM 2bBK2`FFB K  `BivFb2bi  FQiB?QB/QM T`Qb2bbBM Qb�Hi�X 1bBK2`FBbb 
QM ?�2iim FQHK2 p�B?2ii� bBb Hi p   T`Qb2bbB�- DQbb� T`Qb2bbB �HF�� u?i2v/2MQiiQ@
i�T�?imK�HH�X a2m`��p�bb� p�B?22bb� i�T�?imK� QM FQiB?QB/QM i�`T22M �`pBQBMiBF vMiB
MBBM- 2ii  i�T�?imKB2M p HBHH  QM FmHmMmi vHB d pmQ`QF�mii�X EQHK�b p�B?2 QM K  `Bi2Hiv
S  iƺb@i�T�?imK�FbB- DQMF� HBb iB2iQF2Mi M hmHQb �`pQM QM QHi�p� EvHH X L B/2M i�T�?im@
KB2M p HBbb  QH2p�i K�?/QHHBb2i Kmmi K  `Bi2HivvM T`Qb2bbBBM HBBiivK iiƺK i i�T�?imK�i
bmQ/�i2i��M TQBb i ?iBp�B?2QT2`��iiQ`BHH�X L BM 2bBK2`FFB?�mbb� QM Hƺv/2iiv H ?2KT  M
i�`F�bi2HmmM bmm`2bi� �BM2BbiQbi� Dmm`B M2 �bB�FF��i- DQB/2M i�T�mFb2bb� FQiB?QB/QM i�`@
T22M �`pBQBMiBF vMMBM iQi2mimKBb2M D� bBB?2M HBBiivpB2M v?i2v/2MQiiQD2M p HBHH  QM FmHmMmi
TB/2KTB �BF� FmBM d pmQ`QF�mii� D� DQiF� QM �`pBQBMiBF vMMBM F vMMBM D HF22M Qi2iim
FQiB?QB/QM �bB�FF��FbBX h�`F2KK�i �M�HvvbBi pQB/��M M BM FQ?/Bbi�� T`Qb2bbB?�Fm2?/Qi
i vii pB2M �bB�FF�B/2M i�`F2KTBBM Q?2BbiB2iQB?BM U2bBK2`FBFbB i2`p2v/2MiBH��M D� ?QB/QM
i�`T22b22M HBBiivp i iB2/Qi- KBF HB �BM2BbiQ bBb Hi   MBBi VX
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EQiB?QB/QM T`Qb2bbBX

8Xk S`Qb2bbB2MHQm?BMM�M p�B?22i

S`Qb2bbB2MHQm?BMM�M bmQ`Bii�KBM2M �HF�� F vi2ii pB2M /�i�H ?i2B/2M K  `BivFb2bi X 1`B
T`Qb2bbB2MHQm?BMM�M ivƺF�Hmi F bBii2H2p i bBb  M bvƺi2ii p   /�i�� ?B2K�M 2`B i�pQBM D�
2`B 7Q`K��i2Bbb� Kmii� T  b  MiƺBb2biB /�i�HH2 i2?/  M �HmFbB iB2iQbBb HHƺM K  `BivFb2i UibX

8N



K  `Bi2i  M KBbi  Hƺvivv imMMBbi2- pBbm�HBbQBi�p�i �FiBpBi22iBi- �D�HHBM2M BM7Q`K��iBQ b2F 
QTiBQM� HmQFBii2H2p�i MmK22`Bb2i D� 2B@MmK22`Bb2i i�mbi�KmmiimD�iVX �HFmK  `Bivbi2M D�
/�i�M bBb  M imQMMBM D HF22M pQB/��M 2/2i  bmQ`��M HQm?BMi��M i�B i2?/  HBb HmQFBii2HmD�-
`�D�i2M �BM2BbiQ� 2bBK2`FBFbB FQbF2K��M iB2iiv  �bB�F�bDQmFFQ� i�B �D�MFQ?i��X 1TBbQ/B@
T2`mbi2BbBbb� T`Qb2bbB2MHQm?BMM�M ivƺF�HmBbb� b2m`��p� p�B?2 QM i�`F2KTB i�`F�bi2Hi�p�M
T`Qb2bbBM K  `Bivb- DQF� TBi   bBb HH  M 2`B T`Qb2bbBp�B?2B/2M- MBB/2M D `D2bivFb2M- p�B?2B@
/2M p HBbi2M �BF�BFFmMQB/2M b2F  p�B?2FQ?i�Bbi2M 2`BivBb2?iQD2M K  `Bii KBbi  UKBi2M D�
KBHH  2?/QBHH� T`Qb2bbB 2i2M22VX h K M D HF22M i�`F�bi2Hi�p� FQFQM�Bbmmb QM p�HKBb pBbm�@
HBbQBi�p�FbB D� iBH�biQHHBb2biB Fmp�ii�p�FbB UibX bmQ`Bi2i��M HQm?BMi�VX

8Xj S`Qb2bbB2MHQm?BMi� D� i2FQ Hv

Sm?mii�2bb� i2FQ Hvbi  T`Qb2bbB2MHQm?BMM�M v?i2v/2bb  i�`FQBi2i��M bBHH 
RX T`Qb2bbB2MfU?QBiQV2TBbQ/B2M �miQK��iiBbi� imMMBbi�KBbi� HQFB@ D� `2FBbi2`BiB2/QBbi�

i�`F�M K�Mm��HBb2M K  `BivFb2M bBD��M-
kX QM;2HKB2M D� MBB/2M Dmm`BbvB/2M �miQK��iiBbi� imMMBbi�KBbi�-
jX F2?Bii KBb@ D� `�iF�Bbm2?iQD2M �miQK��iiBbi� K  `Bivbi  b2F 
9X 2`BH�Bbi2M 2MMmbi2K�HHB2M i2F2KBbi  UTQHFm@fT`Qb2bbB2MMmbi22iVX

h HH  ?2iF2HH  2`B �FiBpBi22iiB2M p HBbi  v?i2vii  D� b2M p�?pmmii� Tvbivi  M �M�HvbQBK��M
KQMBM 2`B �H;Q`BiK2BM Kmii� p�`bBM�Bbi2M iB2iivvM ?QBiQ2TBbQ/BBM HBBiivpB2M i�T�?imKB2M
HBMFBii KBM2M iQBbBBMb� QM pB2H  QbBM 2`BHHBbBM �H;Q`BiK2BM D� K�Mm��HBb2biB i2?i p   K  @
`Bivbivƺi X hmH2p�Bbmm/2bb� i K M pQB �miQK�iBbQB/� �M�HvbQBK�HH� 2bBK2`FBFbB 2`B �bBQBM@
iBi�T�?imKB2M bBb Hiƺ - DQMF� D HF22M b�K�MbBb HiƺBb2i i�B iB2iivvM ?QBiQFQFQM�Bbmmi22M
K  `Bi2ivi F vMiBbBb HHƺi pQB/��M �miQK��iiBb2biB imMMBbi�� D� v?/Bbi   iQBbBBMb�X
S`Qb2bbBbb� BHK2M2p i pBBp22i D� TQBFF2�K�i b2F  BHKBƺi Tvbivi  M DQ i HH  ?2iF2HH  imQ@
K��M M FvpBFbB pBbm��HBbBFbB D� iBH�biQHHBbBFbB Fmp�mFbBFbBX h K  K�?/QHHBbi�� F2?Bii KBb@
FQ?i2B/2M D� MbX TmHHQMF�mHQD2M KQMBTmQHBb2M imMMBbi�KBb2MX h K M HBb FbB F viƺbb  QM

ey



2`BH�BbB� BM~m2M+2 D� `QQi +�mb2 �M�HvbBb �H;Q`BiK2D�- DQBHH� pQB/��M pB2H  i�`F2KKBM �M�@
HvbQB/� D� vKK `i   TQBFF2�pB2M i�T�?imKB2M D� BHKBƺB/2M i�mbi�HH� QH2p�i bvviX
a2m`��p�M pBB/2M pmQ/2M �BF�M� QM;2HKB2M Dmm`Bbvvi Tvbivi  M imMMBbi�K��M pB2H  KQ@
MBTmQHBb2KKBM D� �miQK�iBbQB/mKKBM U2bBK2`FBFbB FHBF�ii�2bb� KBi  i�?�Mb� T`Qb2bbB?�@
p�BMiQ�- i2FQ Hv i�`DQ�� i `F2vbD `D2bivFb2bb  QH2p�M HBbi�M i�mbi�HH� QH2pBbi� bvBbi  b2F 
2/2HH22M MBB/2M i�mbi�HH� QH2pBbi� bvBbi - DM2XVX a2m`��p�M Ry pmQ/2M �BF�M� T  bi  M K�?@
/QHHBb2biB DQ iBH�Mi22b22M- DQHHQBM i2FQ Hv Tvbivv Hƺvi K  M `�iF�BbmM DQ p�HKBBFbB K  @
`Bi2iivD2M iB2iQH ?i2B/2M HBb FbB mHFQBbBbi� i�`DQHH� QH2pBbi� iB2iQH ?i2Bbi  U�miQK�iBbQBim
BMi2`M2i?�FmVX
EmM QM;2HK�i QM imMMBbi2iim D� Dmm`Bbvvi QM b��im b2HpBi2iiv - QM b2m`��p�bb� p�B?22bb�
i�pQBii22M� Hƺvi   T�`?��i `�iF�Bbmi QM;2HKB2M `�iF�Bb2KBb2FbBX h HH  ?2iF2HH  T`Qb2bbB2M@
HQm?BMM�M K�HHBi QM K�?/QHHBbi� pB2/  �miQK�iBbQB/mbiB /BbF`22i2BFbB bBKmHQBMiBK�HH2BFbB-
DQiF� K�?/QHHBbi�p�i 2`BH�Bbi2M iQBKBMi�2?/Qimbi2M �`pBQBMMBMX E2?Bii KBb2?/QimFb2i iQ@
bBM imQi2i��M pB2H  �bB�MimMiBDQB/2M iQBK2bi� Kmii� b2m`��p�M Ry pmQ/2M �BF�M� T  bi  M
DQ iBH�Mi22b22M- DQHHQBM i2FQ Hv D� QTTBp�i �H;Q`BiKBi Qb��p�i �miQK�iBbQB/mbiB bmQbBi2HH�
2`BH�BbB� F2?Bii KBbiQBK2MTBi2Bi  D� imQii�� MBBbi  T`BQ`BbQB/mM HBbi�M F2?Bii DBHH2 ?vƺ/vM@
M2ii pBFbBX h K  MQbi�� T`Qb2bbB�M�HviBBF�M D� F2?Bii KBb2M �Bp�M mm/2HH2 i�bQHH2- DQbb�
i2FQ Hv iQBKBB F2?Bii D M  HvFF  M  �TmH�Bb2M�X

8X9 hmiFBKmFb2i

S`Qb2bbB2MHQm?BMi�� D� i�T�?imK�TQ?D�Bbi� bBKmHQBMiB� QM ?vƺ/vMM2iiv mb2Bbb� BbQBbb� ?�M@
F2FQFQM�BbmmFbBbb� v?/2bb  aBi`�M- E2H�M- ahJ,M- FmMiB2M- b�B`��M?QBiQTBB`B2M D� v`Bivb@
i2M F�Mbb�X h HH�BbB� ?�MFF2Bi� Qp�i QHH22i KmmM Km�bb�

RX JQMBF�M�p�`�?QBimb?�MF2
kX S�HDQM T�Hp2HmD� i�`pBib2pB2M �bB�FF�B/2M @?�MF2
jX �bB�F�b QMHBM2 @?�MF2

8X9XR JQMBF�M�p�`�?QBimb @?�MF2

>�MFF22bb� b2HpBi2iiBBM KQMBF�M�p�Bb2M `�?QBimFb2M M FvKBbi  �Hm2B/2M /B�#2i2b@- bBHK @
D� HQMFF�T`Qi22bB�bB�FF�B/2M T�Hp2HmT`Qb2bb2Bbb�X hmiFBKmb?�MFF22M `�?QBimb FQQbimB amQ@
K2M Bib2M Bbvv/2M Dm?H�`�?�biQM UaBi`�V- E�BMmmM bQbB��HB@ D� i2`p2v/2M?mQHHQM FmMi�v?@
ivK M- Cvp bFvH M F�mTmM;BM T2`mbT�Hp2HmD2M- E2bFB@amQK2M b�B`��M?QBiQTBB`BM b2F  Cv@
p bFvH M vHBQTBbiQM `�?QBimbQbmmFbBbi�X
hmiFBKmb iQi2mi2iiBBM ?vƺ/vMi K HH  T`Qb2bbB2MHQm?BMi�� b2F  i�T�?imK�TQ?D�Bbi� bBKm@
HQBMiB�X hmiFBKmFb2M �BM2BbiQbb� v?/Bbi2iiBBM �BF�H2BK�HHBbB� `2FBbi2`BiB2iQD� KQH2KTB2M
i�`F�bi2Hm�Hm2B/2M T2`mbi2`p2v/2M?mQHHQM- 2`BFQBbb�B`��M?QB/QM b2F  E2H�M iB2/QBbi�X 1`B
iB2iQH ?i2Bi  v?/Bbi K HH  b��iBBM H��D� �BM2BbiQ- DQbi� TvbiviiBBM b2HpBii K  M 2`B ?QBiQ@
iQBK2MTBi2B/2M �D�HHBM2M bBDQBiimKBM2M D� 2MM2M F�BFF2� 2`B K�Fb�DB2M Qbmm/2i FmMFBM
i�T�?imK�M FQ?/�HH�X
o�HBiimD2M �bB�F�b`v?KB2M Qb�Hi� `�?QBimFb2M KQMBF�M�p�Bbmm/2M T`Q#H2K�iBBFF� imHB ?v@
pBM BHKBX hmFB@ D� HBBFmMi�2HBMi2M b�B`�m/2i- /B�#2i2b D� F�B?B Qp�i F�BFFB K2`FBii pB  F�M@
b�Mb�B`�mFbB�- DQBbi� F `bBpBHH  ?QB/QM i�`p2 QM mb2BKKBi2M D�iFmp�� D� T�Hp2Hmi�`T22i
pQBp�i KmmiQBMFBM QHH� KQMBM�BbB�X h bi  bvvbi  Kvƺb K�Fb�D�i�?Q 2?iB p�B?im� i�`F�bi2@
HmD�FbQM �BF�M� iB?2  M imiFBii�pB2M `v?KB2M ?QBiQT`Qb2bbB2M �BF�M�X
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1bBK2`FFBpBbm�HBbQBMiB HQMFF�T`Qi2iBbQBimD2M �bB�FF�B/2M FmHmbi�X

h�`F�bi2Hi�2bb� `�?QBii�DB2M p�B?imKBbi� 2`B ?QBiQTQHmBbb� ?�p�BiiBBM- 2ii  `�?QBii�D� p�B?@
imB F�?/2M pmQ/2M i�`F�bi2HmD�FbQM �BF�M� E2bFB@amQK2bb� 2MBKKBHH  M dRR F2`i�� UF�B@
?B�bB�F�bV D� E�BMmmbb� 88N U�BFmBbivvTBM /B�#22iBFFQVX E2bFBK  `BM 2MBi2M `�?QBii�D�M
p�B?imKBbi� QHB b2F  E2bFB@amQK2bb� 2ii  E�BMmmbb� �BFmBbB M /B�#22iBFQB/2M ?QBiQT`Qb2b@
bBbb�- DQbb� F�?/2M pmQ/2M �BF�M� `�?QBii�D� p�B?imB E2bFB@amQK2bb� F2bFBK  `BM j3 D�
E�BMmmbb� F2bFBK  `BM 9j F2`i��X JQMBF�M�p�BM2M `�?QBimb 2B p Hii K ii  F�MMmbi�F��M
?QBiQT`Qb2bbB2M i2?Qbi�KBb22M D� 2bBK2`FBFbB ivƺFvpviiƺKvvb�D�M Hv?2Mi KBb22M- FQbF�
Q/Qimb�D�M D� b�B`�mbHQK�@�D�M Fmbi�MMmFbBbi� p�bi�� �bB�F�b- ivƺM�Mi�D� D� E2H� D� M BM
QHH2M FmMM�i D� b�B`��M?QBiQTBB`Bi 2Bp i ?�?KQi� TBiFB2M Q/Qimb�BFQD2M iQ/2HHBbB� Fmbi�M@
MmFbB�X
a�B`�mbHQKB2M D� Q/Qii�KBb2M v?i2BbFmMM�HHBbB� Fmbi�MMmFbB� �`pBQBiBBM ?�MFF22bb� HQMFF�@
T`Qi2iBbQBimD2M �bB�FF�B/2M ?QBiQT`Qb2bbBbb�- DQbb� H2BFF�mbi� 2/2Hi p i ?QBiQi�T�?imK�i-
Bib2 H2BFF�mb D� H2BFF�mFb2M D HF2Bb2i FQMi`QHHBF vMMBi Qp�i FmMM�M D� �bB�FF��M Fmbi�Mi�@
KB� T�Hp2HmBi�X a2M bBD��M H2BFF�mFb22M i�B FQMi`QHHBF vMi2B?BM DQMQii�KBb�D�M FmBM Kvƺb
FmMiQmimFb2M Fmbi�Mi�� T  �bB�bb� E2H� D� �bB�F�bX h K  i�`F�bi2Hm iQi2mi2iiBBM i�T�?@
imK�TQ?D�Bb2M bBKmHQBMMBM �pmHH�X
E�`F2�biB �`pBQBimM� E�BMmmbb� v?i2BbFmMM�HHBb2i Fmbi�MMmFb2i H2BFF�mFb22M Q/Qii�KB@
b2bi� QHBp�i p�D��i k KBHDQQM�� 2m`Q� F�?/2Hi� pmQ/2Hi� D� E2bFB@amQK2bb� p�bi��p�biB
p�D��i 9 KBHDQQM�� 2m`Q� b�K�Hi� i�`F�bi2HmD�FbQHi�X G2BFF�mFb2M D HF2Bb2M FmMiQmimFb2M
v?i2BbFmMM�HHBb2i Fmbi�MMmFb2i QHBp�i b2M HBb FbB F�?/2Hi� pmQ/2Hi� b2F  E�BMmmbb� 2ii 
E2bFB@amQK2bb� MX 9-8 KBHDQQM�� 2m`Q�X L B/2M Fmbi�MMmbi2M Q?2HH� QM bvvi  ?mQKBQB/�-
2ii  ivƺM�Mi�DBHH2 FQBimp�i Fmbi�MMmFb2i b2F  TQHp2M 2ii  HQMF�M i2FQMBp2HH2BFF�mFbBbi�
MQmbBp�i E�BMmmbb� vHB 9yyyy 2m`QQM �bB�F�bi� FQ?/2M D� E2bFB@amQK2bb� vHB 8yyyy 2m@
`QQM �bB�F�bi� FQ?/2MX
u?i22Mb  pQB/��M bBBb �D�i2HH�- 2ii  T2HF bi  M DQMQii�KBbi� D� Q/Qii�KBbi� Hv?2Mi K HH 
QM b��i�pBHH� KBHDQQMB2M 2m`QD2M b  biƺi E2bFB@amQK2M D� E�BMmmM �Hm22HH�X
>�MFF22bb� b��imD2M imHQbi2M �pmHH� pQB/��M ?2HTQbiB QbQBii�� FmBMF� ?��bi�p�� 2`B T�Hp2@
HmMi�`DQ�DB2M D� K�Fb�D�i�?QD2M M FƺFmHK�bi� QM 2`B ?QBiQTQHFmD2M FQFQM�BbFmbi�MMmbi2M
?�?KQii�KBM2MX _�?QBimFb2M b2HFBvii KBM2M 2i2MFBM T�HDQM D� TBiF F2biQBbB� ?QBiQ� i�`@
pBib2pB2M `v?KB2M FQ?/�HH� QHBbB 2MbB�`pQBb2M i `F2   D� `�?QBimFb2M b2HFBvii KBb2HH  QHBbB@
FBM iQ/2MM FƺBb2biB bmQ`� p�BFmimb FQFQM�BbFmbi�MMmbi2M H TBM Fvpvv/2M HBb  MivKBb22M
D� bBi  F�mii� T�Hp2HmF2iDmD2M Fmbi�MMmbi2?QFFmm/2M T�`�MimKBb22MX
?iiTb,ff?QBp�D�i2`p2vbX7BfbQiFmBM2M@?QBiQTQHFm@HmQ@bQiFmBb2i@Fmbi�MMmFb2if
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8X9Xk S�HDQM T�Hp2HmD� i�`pBib2p�i �bB�FF��i

hmiFBKmFb2i Qp�i QbQBii�M22i- 2ii  TB2MB DQmFFQ �bB�FF�Bbi� �B?2mii�� bmm`BKK�M Qb�M
bQbB��HB@ D� i2`p2v/2M?mQHHQM Fmbi�MMmFbBbi�X h K M imiFBKmFb2M i2?i p M  QHB b2HpBi@
i   E�BMmmM bQbB��HB@ D� i2`p2v/2M?mQHHQM FmMi�v?ivK M UE�BMmmM bQi2V D� Cvp bFvH M
v?i2BbiQBKBMi�@�Hm22M i2`p2vbF2bFmb UCuh1V @FmMiB2M �Hm22HH� T�HDQM T�Hp2HmD� F vii p i
�bB�F�b`v?K i- b2F  B/2MiB}QB/� D� p�HB/QB/� T�`?��i K�?/QHHBb2i- FQFQM�Bb2/mHHBbBKK�i
F2?BivbK�HHBi T�Hp2HmB/2M imQii�KBb2FbB imH2p�Bbmm/2bb�X >�MFF22bb� b2HpBi2iiBBM- KBMF H�B@
bB� T�Hp2Hmi�`T2Bi� T�HDQM T�Hp2HmD� F vii pBHH  �bB�FF�BHH� QM D� KBi2M ?2B/ M ?QBiQiQBKBM@
i��Mb� pQBi�BbBBM Q`;�MBbQB/� i2?QFF��KKBM D� T�`2KKBMX GBb FbB Fmp�iiBBM- KBMF H�BbB�
p�BFmimFbB� KmmiQFbBHH� QHBbB K�?/QHHBbi� b��/� �BF��MX hmiFBKmFb2M �BM2BbiQ FQQiiBBM E�B@
MmmM bQbB��HB@ D� i2`p2v/2M?mQHHQM FmMi�v?ivK M UE�BMmmM bQi2V D� E2bFB@amQK2M Cvp b@
FvH M v?i2BbiQBKBMi�@�Hm22M i2`p2vbF2bFmFb2M UCuh1V FmMiB2M �Hm2BHi� pmQbBHi� kyRjĜkyR9X
�BM2BbiQQM FQQiiBBM 2`BFQBbb�B`��M?QB/QM- T2`mbi2`p2v/2M?mQHHQM- ivƺi2`p2vb?mQHHQM D� bQ@
bB��HB?mQHHQM �bB�F�b/�i��X �BM2BbiQ� i v/2MM2iiBBM E2H�M b�B`�mbp�FmmimbH�BM KmF�Bbi2M
FQ`p�mbi2M D� imHQMbBB`iQD2M �bB�F�b/�i�HH�X
.�i�@�M�HviBBF�M- T`Qb2bbB2MHQm?BMM�M b2F  �bB�MimMiBD�ivƺT�DQD2M �pmHH� pBbBQBimD2M mm@
/Bbimbi2M �`pQ b��iBBM KBi�iim� bBKmHQBMiBK�HHBMMmFb2M K2M2i2HKBHH  Kvƺb `�?�bb�X h�`@
F�bi2HmmM Qi2iiBBM T2`mbi2`p2v/2M?mQHHQM D� 2`BFQBbb�B`��M?QB/QM b�mK�iQM v?i2Bbivƺ- 2`B@
FQBb�H�i vHBii p  v?i2Bbivƺ- T BpvbivbF vMMBi D� MBB/2M i�`T22HHBbmmb b2F  K�iF�D `D2bi2Hvi
FQ/BM D� T�Hp2HmD2M p HBHH X hmHQb QM K2`FBii p , F�?/2M pmQ/2M �BF�M� QM K�?/QHHBbi�
b��pmii�� KBHDQQMB2M 2m`QD2M b  biƺiX E2bFB@amQK2bb� Cuh1@�Hm22M b  biƺTQi2MiB��HB QM
RyĜRj KBHDQQM�� 2m`Q� UeĜ3 T`Qb2MiiB�V D� E�BMmmM bQi2M �Hm22HH� p�bi��p� b  biƺTQi2MiB@
��HB QM 8Ĝe-8 KBHDQQM�� 2m`Q� UdĜN T`Qb2MiiB�VX

1bBK2`FFBpBbm�HBbQBMiB T�HDQM T�Hp2HmD� F vii pB2M �bBQBMMBbi� URyW 2MBi2M T�Hp2HmD� F vi@
i M22iVX

aF��H�ii�2bb� i K  FQFQ K��M p 2biƺTQ?D�HH2 b2 i�`FQBii�� MQBM 8yy KBHDQQM�M 2m`QM b  b@
iƺD X G�bF2MM�bb� F vi2ivM bBKmHQBMiBK�HHBM pB2KBM2M F vi MiƺƺM p��iBbB FQFQM�Bbp�Hi�B@
b2M ?QBiQbmmMMBi2HK�M i2F2KBbi  D� 2`B �KK�iiB`v?KB2M p HBbi  b�mK�iQMi� v?i2Bbivƺi X
h�`F�bi2Hmbb� b��/mi Fmbi�MMmb?vƺ/vi FQbF2p�i TB/2KK M �BF�� T�HDQM T�Hp2HmD� i�`pBi@
b2pB2M `v?K   2HB �HH2 FvKK2Mi  T`Qb2MiiB� �Hm2B/2M p 2biƺbi X G��D2Mi�K�HH� p�bi��pB�
i�`F�bi2HmD� Kvƺb KmB?BM �bB�F�b`v?KBBM imHQFb2i Qp�i �Bp�M 2`B bmm`mmbHmQFF��X h2?QF@

ej



F��KK�M iQBKBMM�M HBb FbB Kvƺb �bB�F�bivvivp Bbvvb pQB F�bp��, T�`2KTB� ?QBiQimHQFbB�-
p ?2KK M K�iFmbi�KBbi� D� bBi2M p ?2KK M �bB�FF�BHH2 FQBimpB� Fmbi�MMmFbB�X
GQTTm`�TQ`iiB

8X9Xj �bB�F�b QMHBM2@ ?�MF2

�bB�F�b QM@HBM2 @?�MF2 iQi2mi2iiBBM Cvp bFvH M vHBQTBbiQbb� RXRXkyRe@jRXRkXkyRdX E2bF2Bb2@
M  i�pQBii22M� QHB KmQ/Qbi�� FQFQM�BbFmp� i�`F�bi2HmmM p�HBiimD2M �bB�F�b`v?KB2M FQiQ�@
FQiBBM @T�Hp2HmF2iDmD2M MvFviBH�bi� b2F  /B;Bi��HBbi2M `�iF�BbmB/2M ?vƺ/vMi KBb2bi  Qb�@
M� MvFvBbi  i�B imH2p�Bbmm/2M T�Hp2HmF2iDm�X >�MFF22bb� ?vƺ/vMM2iiBBM /Qb2MiiB- 6h hQ@
MB _mQ?Qb2M imiFBKmb`v?K M FQFQ�K�� bQbB��HB@ D� i2`p2vbT�Hp2HmB/2M b2F  E2H�M `2@
FBbi2`B�BM2BbiQ� pmQbBHi� kyRk@kyR9X �M�Hvvb2Bbb� F2bFBiviiBBM E2bFB@amQK2M Cvp bFvH M
v?i2BbiQBKBMi�@�Hm22M i2`p2vbF2bFmb UCuh1V ĜFmMiBBMX _2FBbi2`B�BM2BbiQ�M�HvvbBi iQi2mi2i@
iBBM T`Qb2bbB2MHQm?BMM�M D� /�i�@�M�HviBBF�M �pmHH�X h K M HBb FbB i2?iBBM ?��bi�ii2Hmimi@
FBKmbi� b2HBii K  M �M�HvvbB2M imHQFbB�X EB`D�HHBbmm/2bi� ?�2iiBBM b2F  FQiBK�BbB� 2ii 
F�Mb�BMp HBbB  H ?i2Bi - DQii� b��iBBM K�?/QHHBbBKK�M ?vp  Fmp� /B;Bi��HBbi2M `�iF�BbmB@
/2M QH2K�bb�QHQbi�- F viƺbi  D� FQF2KmFbBbi�X >�MFF22M pBBK2Bb2bb  p�B?22bb� KmQiQBHiBBM
/B;Bi��HBbB� T�Hp2HmK�HH2D� b2F  FQQiiBBM 2`B �bB�F�b`v?KB2M F viiƺƺM bQp2HimpB� /B;Bi��HB@
bB� `�iF�BbmB/2QBi�X .B;Bi��HBb2M T�Hp2HmK�HHBM iQi2mi2ii�pmm/2M �`pBQBKBb2M im2FbB i2?iBBM
�bB�F�bFvb2HvX GBb FbB ?vƺivD  �`pBQBiBBM H�bF2MM�HHBb2M bBKmHQBMMBM �pmHH�X
GQTTm`�TQ`iiB

e h2FbiB�M�HviBBFF� U_BFm Lv`?BM2MV

U_BFm Lv`?BM2MV
hB2iQFQM2Bbi2iim FB2H2MF bBii2Hv QM �H�iB F�bp�p� D� MQT2�biB F2?Biivp  iB2i22M�H�X EB2HB QM
B?KBb2HH2 i `F2  FQKKmMBF��iBQivƺF�HmX CQii� B?KBM2M pQBbB DQbFmb HmQMi2p�biB FQKKmMB@
FQB/� iB2iQFQM2B/2M F�Mbb�- QM iB2iQFQM22i b��i�p� vKK `i K  M B?KBbFB2Hi2M KQMBKmQ@
iQBbmmii�X Jvƺb /B;Bi��HBb2i /�i�K�bb�i F�bp�p�i b2HH�Bb2HH� i�?/BHH�- 2ii2B QH2 D `F2p  
F vii   B?KBb`2bm`bb2D� BM7Q`K��iBQM mmii�KBb22M D� F bBii2H2KBb22M- KBF  HBb   HmQMMQH@
HBbi2M FB2Hi2M F bBii2HvM i `F2vii  Kvƺb bmQ`�M pB2biBMM M mHFQTmQH2HH�X hB2iQFQM2T�BMQi@
i2Bbmm/2bi��M ?mQHBK�ii� HmQMMQHHBbi2M FB2Hi2M F bBii2Hv FQbF22 BM7Q`K��iBQi2FMQHQ;B�M
HBb FbB Kvƺb KQMBiB2i22HHBbB  �HQD� @ i�B QBF2�bi��M F�BFF2�- KBbb  pQB/��M F vii   FB2Hi 
pB2biBKBb22M b2F  iB2/QM Fmp��KBb22M D� i�HH2ii�KBb22M UEB##H2 kyRjVX
GmQMMQHHBbi2M FB2Hi2M F bBii2HvM i2`KBbiƺ QM KQMBimHFBMi�BM2M- 2B FQpBM p�FBBMimMmi D� p�B?@
i2H22 i2QFb2bi� iQBb22MX h bb  i2FbiBbb  HmQMMQHHBbi2M FB2Hi2M F bBii2Hv QM b�i22Mp�`DQi2`KB
F�BF2HH2 FB2Hi  FQbF2p�HH2 iB2iQFQM2Bbi2imHH2 �M�HvvbBHH2, Tm?22M KmmMi�KBM2M i2FbiBFbB- Tm@
?mimM FB2H2M �M�HvbQBMiB- i2FbiBM Kmmii�KBM2M Tm?22FbB- DM2X h2FbiB�M�HvvbBHH  i�B i2FbiBM
HQm?BKBb2HH� pBBi�i��M HmQMMQHHBbi2M FB2Hi2M F bBii2HvM �H�F�i2;Q`B��M- DQ?QM FmmHmm p�BM
FB`DQBi2imM @ mb2BKKBi2M /B;Bi��HBb2M @ i2FbiBM F bBii2H2KBM2MX
h2FbiB�M�HvvbBHH2 bmQimBb�� �BM2BbiQ� Hƺvivv HmFmBbBbi� H ?i2Bbi - Kmii� i bb  i2FbiBbb  2B
imimbimi� i2FbiBM HQm?BKBb2M i2FMBb22M TmQH22MX EmM i2FbiB QM FmBi2MFBM b��im TQBKBiim�
H ?i22bi - bBi  pQB/��M 2bBF bBi2HH  ?�HmimHH� i�p�HH� i�B D ii   b2 b2HH�Bb2FbBX 1bBF bBii2Hv QM
vFbBMF2`i�BbBKKBHH��M i�pQBii22M F�MM�Hi� im`?B2M K2`FFB2M i�B b�MQD2M TQBbi�KBbi�X E @
bBi2Hi p  i2FbiB 2bBBMivv ivvTBHHBb2biB F�?/2bb� KmQ/Qbb�, `��F�M� U�MMQiQBK�iiQK�M�V i�B
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b2HBivFbBM p�`mbi2iimM� U�MMQiQBimM�VX _��F�i2FbiB FQQbimm K2`F2Bbi - DQiF� KmQ/Qbi�p�i
b�MQD�- DQiF� KmQ/Qbi�p�i H�mb2Bi�- DQiF� KmQ/Qbi�p�i pB`FF2Bi - DQiF� HQTmHi� KmQ/Qbi�@
p�i i2FbiBFQFQM�BbmmFbB�X _��F�i2FbiBbb  M Bi  i�bQD� 2B QH2 FmBi2MF��M b2Hp biB 2`Qi2Him
p��M b2 D   F bBii2HBD M i2?i p FbBX _��F�i2FbiBbb  2B KvƺbF  M QH2 2`Qi2HimM� FB2HBFQ?@
i�BbB�- b2K�MiiBbB� i�B `�F2Mi22HHBbB� i�bQD�- Fmi2M H�mb22MD b2MB  i�B i�BpmimbKmQiQD�X �M@
MQiQB/mbb� i2FbiBbb  b2M bBD��M pQB `��F�i2FbiBM Q?2HH� QHH� Kvƺb K2`FBiivM  2bBK2`FBFbB
b�MQD2M p HBM2M b2K�MiiBM2M v?i2vb i�B 2`BbMBK2i i�B KBi  i�?�Mb� KB2H2FF  FbB FQ2iim�
BM7Q`K��iBQi�- DQF� QM TQBKBii�pBbb� i2FbiBbi  ivƺF�HmBHH�- �H;Q`BiK2BHH� i�B F bBpQBKBMX
amQK2M FB2H2M F bBii2HvvM QM F2?Bi2iiv HmFmBbB� p�HKBBi� ivƺF�HmD� D� iB2iQF�MiQD�- DQBbi�
b2m`��p�FbB 2bBi2HH  M FQHK2, hm`mM vHBQTBbiQM LGS@`v?K M 6BMMBb?@/2T2M/2M+v@T�`b2`
@ b2F  hm`Fm L2m`�H S�`b2` @�MMQiQBMiBivƺF�Hmic D� >2HbBM;BM vHBQTBbiQM vHH TBi K 
bvMQMvKB�@ D� ?vT2`QMvKB�iB2iQF�Mi� 6BMMqQ`/L2iX

6BMMBb?@/2T2M/2M+v@T�`b2` @ b2F  hm`Fm L2m`�H S�`b2`
6BMMBb?@/2T@T�`b2`- 6.S- QM hm`mM vHBQTBbiQM "BQLGS :`QmTǶBM 2MbBKK BM2M ivƺF�Hm
bmQK2M FB2H2M ?B2MQbimM22KTB2M `�F2Mi2B/2M Hƺvi KBb22M i2FbiBbi X hm`Fm L2m`�H S�`@
b2` �D�� b�K�� �bB��- Kmii� F2?BiivM22KKBMX JQH2KK�i ivƺF�Hmi T2`mbimp�i F�ii�p��M
TQ?D�iB2iQQM- DQF� QM HBbi�iimM� hm`FmLGS,M bBpmBHH�X hvƺF�Hmi imQii�p�i `��F�i2FbiBbi 
F bBi2HHvM imHQbi22M- DQF� MQm/�ii�� vH2Bb2biB ?vp Fbviiv  *QMGG@l@bi�M/�`/B�- DQbb� M @
Fvp i b�MQD2M H2KKQD2M HBb FbB KKX MBB/2M i�BpmimFb2i b2F  b2K�MiiBb2i v?i2v/2i iQBbBBM
b�MQB?BMX hvƺF�Hmi Qp�i Dmm`B MBBM i v/2HHBbB  FmBM MBB/2M FQmHmimb�BM2BbiQ 2HB 2Bp i �Bp�M,
2i2MFBM 2`BbMBKB  Fmp�bi�pB2M b�MQD2M FB2H2HHBbi2M QKBM�BbmmFbB2M b2HpBii KBM2M imQii��
pB`?22HHBbB  imHQFbB�X hvƺF�Hmi Qp�i FmBi2MFBM i�`T22FbB i�`FFQD� QHH�Fb22M T i2pB  D� bQp2H@
H2ii�pBbb� QH2pB� @ i2FbiB�M�HviBBFF�T`QD2FiB imbFBM F `bBB ivƺF�HmD2M ?�`pQBM imQii�KBbi�
pB`?2Bbi X hm`Fm L2m`�H S�`b2` QM ivƺF�HmBbi� mm/2KTB D� bBi2M Kvƺb i�`F2KTB D� KQMBTmQ@
HBb2KTBX avp HmQi��p�� ivƺF�HmD� p2`i�BH2p�� `�TQ`iiB� 2B QH2 pB2H  DmHF�Bbim Uhm`FmLGS-
kyR3VX

6BMMBb?@/2T@T�`b2`@ivƺF�HmHH� imQi2iim pBbm�HBbQBMiB pB`FF22MbBb BbBbi  b2K�MiiBbBbi� `BBTTm@
pmmFbBbi�X

6BMMqQ`/L2i
6BMMqQ`/L2i QM FQFQ2HK� bmQK2M FB2H2M b�MQD�- DQiF� QM `v?KBi2Hiv K2`FBivFb2M Km@
F��M MBB/2M F bBii2Bi  2/mbi�pBFbB bvMQMvvKBDQmFQBFbBX CQmFQi QM v?/Bbi2iiv iQBbBBMb� 2`B@
H�BbBHH� bm?i2BHH�- 2bBK2`FBFbB �MiQMvKB�M- bvMQMvKB�M i�B ?vT2`MvKB�M KmF��M- DQHHQBM
b�M�i KmQ/Qbi�p�i b2K�MiiBb2M 2HB K2`FBivbQTBHHBb2M p2`FQMX 6BMMqQ`/L2iǶB  F vii K HH 
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i2FbiBbi  TQBKBimBHH2 b�MQBHH2 pQB HmQ/� HBb K2`FBivFbB  D� i i2M b��/� ?B2MQbimM22KT��
BM7Q`K��iBQi� 2bBHH2 U6AL@*G�_AL- kyR3VX 1bBK2`FF2D  KmBbi� iB2iQF�MMQBbi� Qp�i KmmM
Km�bb� TQBbiQb�M�HBbi�i UbiQT rQ`/bV- DQiF� bBb Hi p i b�MQD�- DQB/2M KB2HH2i  M F�Mi�p�M
?vpBM p ? M BM7Q`K��iBQi� i�pQBii22M F�MM�Hi� D� DQiF� pQB/��M F bBii2HvM MQT2mii�KB@
b2FbB i�B iBH�M b  bi KBb2FbB H2BF�i� i2FbiBbi  TQBb K2M2ii K ii  KBi  M i `F2  X

hBH�biQHHBM2M D� HBM;pBMbiBM2M i2FbiB�M�HvvbB
AM7Q`K��iBQi� pQB HQB?iB� 2bBBM i2FbiBbi  HmFmBbBHH� K2M2i2HKBHH - DQiF� D�2i��M T2`BMi2Bb2biB
F�?i22M F�i2;Q`B��M, iBH�biQHHBb22M D� HBM;pBbiBb22MX hBH�biQHHBM2M i2FbiB�M�HvvbB 2B 2/2HHvi 
2bBiB2iQD� F bBi2Hi p bi  FB2H2bi  i�B 2/2b FB2H2M `�F2Mi22bi�X GBM;pBbiBM2M H ?2bivKBbi�T�-
DQi� mb2BM Fmibmi��M ǳb2K�MiiBb2FbB i2FbiB�M�HvvbBFbBǴ- TQ?D�mimm H ?2b Tm?i��biB 2bBiB2@
iQQM F bBi2Hi p bi  FB2H2bi X amQK2M FB2H2M FQ?/�HH� b2 pQB i�`FQBii�� 2bBK2`FBFbB �;;HmiB@
M��iBQbb� b�M�M p�`i�HQQM HBBi2ii pB2M T  ii2B/2M D� �{FbB2M imMMBbi�KBbi� D� bBi - KBi2M
M K  i�BpmimbKmQ/Qi HBBii p i b�MQD� pB`FF22M i�B H�mb22M bBb HH  iQBbBBMb�X
hBH�biQHHBM2M i2FbiB�M�HvvbB F2bFBiivv ivvTBHHBb2biB i2FbiBM KBi�ii�pBBM bmm`2BbBBM- Fmi2M b�@
MQD2M K  `  M- b�MQD2M F2bFBTBimmi22M- 2bBBMivpvvi22M i�B b�M�biQHHBb22M KQMBTmQHBbmm@
i22MX hBH�biQHHBbBM K2M2i2HKBM pQB/��M imMMBbi�� 2bBK2`FBFbB iB2iivD  �B?2TBB`2D  FQbF2p�i
i2FbiBi b2HpBii K HH - KBHH�BbB� b�MQD� 2`B �B?2TBB`Bi bBb Hi p i D� KBi2M b�M�i Qp�i D�F�m@
imM22i i2FbiBBMX EmM �B?2TBB`BM /QFmK2Mi2BHH2 QM KmQ/Qbi2iim Fmp��p� T`Q}BHB- DQF� F2`@
iQQ- KBHH�BbB� i2FbiBi Qp�i- pQB/��M mmbB� i2Fbi2D  p2``�i� i ? M T`Q}BHBBM D� T  i2HH - FQb@
F22FQ i2FbiB DQ 2Mimm/2bi��M imMM2iim� D� T`Q}HQBim� �B?2ii�X 1bBK2`FBFbB b�MQK�H2?/2M
mHFQK��i@QbBQbb� i2FbiBbb  2bBBMivM22 mb2�KKBM pB2`�B/2M K�B/2M MBKB  FmBM FQiBK��@
QbBQbb�X

SvHp bF��pBQ Fmp�bi�� b�MQD2M 2bBBMivpvvii  i2FbiB�BM2BbiQbb�X E��pBQbb� ԧ@�Fb2HBHH� Qp�i
b�M�i D� Ԩ@�Fb2HBHH� MBB/2M K  `  i2FbiBbb X

hBH�biQHHBM2M K2M2i2HK  bBb Hi   FmBi2MFBM QK�i ?��bi22Mb�X 6`2Fp2MbbBD�F�mK� QM QBp�
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i�T� /QFmK2MiiB2M imMMBbi�KBb22M MBB/2M H2FbBFQM 2HB b�M�biQM F�mii�- Kmii� bmQK2M
FB2H2M D� KQMB2M KmB/2M FB2Hi2M i�T�mFb2bb� bmm`BM Qb� b�MQBbi� iQBbimm H TB �B?2TBB`B2MX
a�M�i- Fmi2M ǳQHH�Ǵ- ǳFmBMǴ- ǳD�Ǵ- ǳ2ii Ǵ- Qp�i   `BKK Bb2M vH2BbB  D� BHK��Mimp�i H ?2b
TQBFF2mFb2ii� 7`2Fp2MbbBHBbiQD2M F `F22MX h ? M pQB p�BFmii�� bBBpBHƺBK HH  b�MQD� MBB/2M
MmK22`Bbi2M QKBM�BbmmFbB2M KmF��MX oQB/��M 2bBK2`FBFbB D ii   TQBb b�M�i- DQB/2M TBimmb
QM �HH2 FmmbB K2`FFB X oQB/��M D ii   TQBb b�M�i- DQiF� 2Bp i bBb HH  BbQ� FB`D�BMi�X oQB/��M
D ii   TQBb b�M�i- DQiF� Hƺvivp i 2/2HH  K�BMBimbi� TQBbiQb�M�iB2iQF�MM�bi�-অԦ  Ԧ ୮ ԋ � ԅ	Ԧ
আ KBbb  Ԧ QM b�M� ԋ /QFmK2MiiB D� ԅ	Ԧ
 2?iQ�
G ?2bivKBbi�T� 2B QH2 FB2H22M p��M KB2HBFmpBimFb22M bB/Qiim U"B`/- EH2BM D� 1/r�`/ GQT2`-
kyR3VX
EB2HBFQ?i�BM2M i�B b2K�MiiBM2M H ?2bivKBbi�T� p��iBB ?B2MQbimM22KTB2M `�F2Mi2B/2M FQ@
FQ�KBbi� H ?/2i2FbiBM TQ?D�Hi�X a2 F2bFBiivv FB2H2M `�F2MMmbT�H�bi2M F2bFBM BbBBM bm?i2B@
bBBM b2F  K2`FBivFb22MX h HH  i�p�HH� pQB/��M 2bBK2`FBFbB v`Bii   b2HpBii  - KBi  vFbBii B@
M2M b�M� i�`FQBii�� i�B KBi  FQFQM�BM2M pB`F2 i�`FQBii��c KBi  M2 pB2biBp iX EQbF� `��F�@
i2FbiB 2B F2``Q- KBi  b2M Qb�b2i i�`FQBii�p�i p�`bBMF��M FQ`F2�KK�HH�- B?KBbi2M vKK `i @
K HH  i�bQHH�- QM b2K�MiiBbB� K2M2i2HKB  TQ?Dmbi2ii�p� 2bBiB2/QBHH� i�B FB2H2M FQMp2MiBQBHH�-
DQBi� pQB ?vƺ/vMi   H�bF2MM�HHBb2biBX
1bBK2`FFB 2MbBKK Bb2bi  i�T�mFb2bi� QM DQ 2/2HH  K�BMBiim 6BMMqQ`/L2i- DQF� bBb Hi  
HBbiQD� 2`B b�MQBbi� D� MBB/2M b2K�MiiBbBbi� p2`FQBbi�X 6.S,M D� hLS,M F�Hi�Bb2i ivƺF�@
Hmi Qb��p�i 2bBiB2iQD2Mb� TQ?D�Hi� v?/Bbi   H ?/2i2FbiBM b�M�i iQBbBBMb� H�mb22MbBb Bbi2M
`BBTTmpmmFbB2M F�mii�, KBF  QM T`2/BF��iiB- KBF  QM i2FBD - KB?BM i2F2KBM2M FQ?/Bbimm\
1bBK2`FFB D HFBKK Bb2bi  QM CQ?M _mT2`i 6B`i?ǶBM FmmHmBb� iQi2�Kmb- DQMF� KmF��M b�@
M�M imMMBbi�� b2M b2m`�H�BbBbi�X hQBbBM b�MQiimM� 6B`i?ǶBM B/2� v?/Bbi   b�K�HH� i�p�HH�
F vii vivp i D� b�KQBbb� FQMi2Fbi2Bbb� 2bBBMivp i b�M�i K2`FBivbQTBHHBb2biB iQBbBBMb� USQiib-
kyRjVX 1bBK2`FBFbB b�M�i ǳ�miQǴ D� ǳDmM�Ǵ 2bBBMivp i b�K�MF�Hi�Bbi2M p2`#B2M Uǳ�D��Ǵ-
ǳK�iFmbi��Ǵ- ǳFmHF2�Ǵ- ǳMQmbi� (FvviBBM)ǴV D� �B?2TBB`B2M H ?2Bbvv/2bb - DQi2M MBB/2M pQB@
/��M QH2ii�� QH2p�M K2`FBivFb2Hi  M H ?2HH  iQBbB��MX J2`FBivFb2M 2bBii KBM2M i HH  i�p�HH�
MmK22`Bb2biB QM pQBK�F�b ivƺF�Hm- DQMF� iQi2mii�KBb22M QM F2?Bi2iiv `mMb��biB 2`BH�BbB�
K2M2i2HKB c FmmHmBbBKT�M� qQ`/ko2+ UJ�M/2H#�mK- a?�H2p- kyReVX

S�BMQii�KBM2M 7`2Fp2MbbBM bm?i22M
h2FbiB  pQB ?�?KQi2HH� b2M QKBM�BbmmFbB2M TQ?D�Hi� F vii K HH  iBH�biQHHBbB� K2M2i2HKB -
DQiF� F2`  p i i2FbiBbi  /�i��- DQF� pQB/��M 2bBii   MmK22`Bb2biBX h HH�BbB� K2M2i2HKB 
Qp�i KmmM Km�bb� T�BMQii�KBb2i 7`2Fp2MbbB2M bm?i22MX S�BMQimbi�p�M p�HBib2KBM2M `BBT@
Tmm b2M bQTBpmm/2bi� i2?i p  MX h2FbiBM pQB T�BMQii�� vFbBMF2`i�Bb2biB H�bF2K�HH� b2M
mMBBFFB2M 2HB p�BM F2``�M 2bBBMivpB2M b�MQD2M 2bBBMivKBbK  ` iX h i  Fmibmi��M `��F�@
7`2Fp2MbbBFbBX >B2MQbimM22KTB D� ?vpBM vH2BM2M i2FMBBFF� QM h6@A.6 Uh2`K 6`2[m2M+v @
AMp2`b2 .Q+mK2Mi 6`2[m2M+vV- DQbb� b�MQD2M 7`2Fp2MbbBi T�BMQi2i��M bm?i22bb� KmB?BM /Q@
FmK2Mii2B?BM 2bBK2`FBFbB p2`i��K�HH� b�M�M 2bBBMivpvvii  vFbBii Bb2bb  /QFmK2MiBbb� b2M
2bBBMivpvvi22M F�BFBbb� FQFQ2HK�M /QFmK2Mi2Bbb�X h HHƺBM b��/��M FQFQ2HK�F2bF2Bb2KTB
MmK22`BM2M �`pQ FmHH2FBM b�M�HH2 D� i K M �pmHH� pQB/��M HmQ/� �B?2TBB`BM /QFmK2Mi2BHH2
MmK22`BM2M 7`2Fp2MbbBT`Q}BHB UJ�MMBM;- _�;?�p�M D� >BM`B+? a+?Ƀix2- kyR3VX
6`2Fp2MbbBi Qp�i ?vpBM `�F2MM2F2bF2BM2M H ?2bivKBbi�T�- DQF� 2B ?mQKBQB FB2H2M `�F2MM2Q@
bB2M p HBbB  bm?i2Bi�X CQb 7`2Fp2MbbB2M p2`i�BH2KBM2M 2B imQi� ?�Hmiim� imHQbi�- pQB/��M
bBi  T�`�Mi�� KmmMi�K�HH� bm?i22i i�`F�bi2Hi�pBFbB bmm`2BFbB F vii K HH  2bBK2`FBFbB FB2@
HBK�HH2D�- DQiF� F2`iQp�i- FmBMF� iQ/2MM FƺBbi  QM- 2ii  iB2ivi `�F2MM2Qb�b2i UFmi2M b�M�i
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i�B H�mb22iV 2bBBMivp i T2` FF BM- i�B KBHH�Bb2i H�mb22MQb�b2i `�F2Mi�p�i vH2BbB  BbQKTB�
FQFQM�BbmmFbB� FB2H2M bBb HH X EB2HBK�HHB K  `Bii   /QFmK2MiBHH2 iQ/2MM FƺBbvvi22M T2`mb@
imp�M ?�`pBM�Bbmm/2M i�B vH2Bbvv/2MX .QFmK2MiiB QM ?�`pBM�BM2M- DQb b2 K2M22 FB2HBK�HHB�
p�bi��Mc vH2BM2M- DQb b2 MQm/�ii�� FB2H2Hi  Q/Qi2iim� `�F2MM2ii�X

a2K�MiiBM2M K2M2i2HK 
a2K�MiiBM2M 2HB K2`FBivbQTBHHBM2M H ?2bivKBbi�T� p��iBB FB2H2M imMi2KBbi�X a2K�MiiBb2b@
b� K2M2i2HK bb  FB2H2M `�F2MM2Qb�bi2M p HBb2i bm?i22i Tv`Bi  M b2HBii K  M HBM;pBbiBb2bi 
M FƺFmHK�bi�X JBHH�BbB� T`2/BF��iiBp2`#2D  i2FbiBbb  2bBBMivv\ JBHH�BbB� K2`FBivbF2iDmD�
Ui2FBD @i2F2KBM2M@Q#D2FiBc �/D2FiBBpB@MQKBMBc MQKBMB`vT bV i2FbiBbb  2bBBMivv\ JBi2M FQFQ@
M�Bb2i pB`FF22i HBBiivp i iQBbBBMb�\ hm`Fm L2m`�H S�`b2`ǶM F�Hi�Bb2i ivƺF�Hmi F2`iQp�i F vi@
i D HH22M b2K�MiiBb2i `BBTTmpmm/2i- H�mb22MD b2M2i D� i�BpmimFb2i p�HKBBFbB- KBMF  D HF22M
MBBi  pQB F vii   ?2HTQbiBX o�bi��p�� iB2iQ� 2B pQB F2``vii   i2FbiBbi  BHK�M 2bBiB2iQD� FB2@
H2bi  USQiib- kyRjVX

o2`i�BHm
EmM /QFmK2Mi2BHH2 QM b��im HmQim� FB2HBT`Q}BHB- pQB/��M MBBi  �HF�� p2`i�BHH� iQBbBBM /QFm@
K2Mii2B?BMX o2`i�BHmmMFBM QM `mMb��biB 2`BH�BbB� K2M2i2HKB - DQiF� p�B?i2H2p�i i�pQBii22M
D� ?B2MQbimM2Bbmmi2Mb� KmF��MX �p�BMb�MQD2M 2bBBMivpvvb D� 7`2Fp2MbbBHBbiQD2M p2`i�BHm QM
i`BpB��HB�X a2M bBD��M /QFmK2Mi2Bbi� FQQimBHH2 QKBM�Bbmmbp2FiQ`2BHH2 QM F2?Bi2iiv K�i2@
K��iiBbB� p2`i�BHmK2M2i2HKB - DQiF� vH22Mb  T2`mbimp�i HBM2��`B�H;2#`��MX h HH�BbB� Qp�i
KmmM Km�bb� FQbBMBbBKBH��`Bbmmb 2HB F�?/2M QKBM�Bbmmbp2FiQ`BM p HBb2M FmHK�M H�bF2KB@
M2M F vii 2M FQbBMBbBKBH��`Bbmm/2M v?i Hƺ - DQbb� F�?/2M p2FiQ`BM TBbi2imHQ D�2i��M MBB/2M
TBimmFbB2M bmKK�HH�- i�B p2FiQ`B2M 2i Bbvv/2M H�bF2KBM2M 2mFHB/Bb2bb� �p�`mm/2bb� KmF�B@
H2K�HH� imiim� Svi?�;Q`��M H�mb2ii�X C�++�`/ǶBM 2i Bbvvb QM DQmFFQ@QTBM K2M2i2HK - DQbb�
F�?/2M /QFmK2Mi2Bbi� KmQ/Qbi2imM QKBM�BbmmbDQmFQM H2BFF�mb D�2i��M MBB/2M mMBQMBHH�X
hmHQb bBD�Bib22 p HBHH  <� �>X JBi  H ?2KT M  vFFƺbi  imHQb QM- bBi  H ?2KT M  /QFmK2MiBi
Qp�i iQBbB��M Uh�M- ai2BM#�+?- EmK�` oBTBM- kyy8VX

E�i2;Q`BbQBMiB
h2FbiB�M�HvvbBM K2M2i2HKB2M bQp2Hi�KBM2M `BBTTmm i�pQBii2Bbi�X .QFmK2MiiB2M F�i2;Q`B@
bQBMiB MBB/2M QKBM�BbmmFbB2M bm?i22M D� K2`FBivFb2M ǳQT2ii�KBM2MǴ iB2iQFQM22HH2 Qp�i vH2B@
bB  Tv`FBKvFbB  i2FbiB�M�HvvbBM F2Mi HH X .QFmK2MiiB2M F�i2;Q`BbQBMiB QM HmQFBii2HmQM;2H@
K�- DQMF� i�pQBii22M� QM D�F�� /QFmK2MiBi F�?i22M i�B mb2�KT��M F�i2;Q`B��M MBB/2M vF@
bBHƺHHBbi2M QKBM�BbmmFbB2M KmF��M- Fmi2M �BF�Bb2KKBM K�BMBimbb� mmiBbi2FbiB2bBK2`FBbb X
hB2iQFQM2Bbi2imbb� FB2H2MF bBii2Hvbb  QH2i2i��M- 2ii  2`B F�i2;Q`BQB?BM FmmHmp�i i2FbiBK�b@
b�i QK��p�i 2`BH�BbB�- Kmii� FmBi2MFBM F�i2;Q`B�HH2 mbFQHHBbB�- TBB`i2Bi - DQiF� QT2ii�K�HH�
b��/��M �H;Q`BiKB i�B Q?D2HK� D�Qii2H2K��M bBHH2 bvƺi2ivi mm/2i i2FbiBK�bb�i QBF2BbBBM F�@
i2;Q`BQB?BMX
E�i2;Q`BbQBMiB D�2i��M ivvTBHHBb2biB F�?i22M F�i2;Q`B��M, Bib2QTTBp��M D� F bBM QT2i2iimmMX
E bBM QT2i2iim HmQFBii2HBD� F2``vii   p�HKBBFbB �MMQiQBim� 2bBiB2iQ�- DQbb� pQB/��M 2bBK2`@
FBFbB HBbi�i� M2;�iBBpBb2FbB D� TQbBiBBpBb2FbB KB2HH2iivD  b�MQD�- DQHHQBM �H;Q`BiKB QTTBB 2`Qii2@
H2K��M i2FbiBK�bbQD2M b�M�i MBB/2M b pvM KmF��MX 1bBiB2iQ pQB Kvƺb FQQbim� i2FbiBT`Q}B@
H2Bbi� D� T`Q}BHBi KmQ/Qbi�pBbi� QKBM�BbmmFbBbi�- DQHHQBM �H;Q`BiKB QTTBB v?/Bbi K  M b2M
Hƺvi K i QKBM�Bbmm/2i iB2iivB?BM F�i2;Q`BQB?BMX Aib2QTTBp�i K2M2i2HK i i2F2p i i K M BH@
K�M 2bBiB2iQ� imiFBK�HH� �MMQiQBK�iQMi� ?�`DQBimb/�i�� vH22Mb  M2m`Qp2`FFQD2M �pmbimF@
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b2HH�X GQTmHi� F�i2;Q`BbQBMiB i�T�?imm F vii 2M 2bBK2`FBFbB ǳL�Bp2 "�v2bǴ @HmQFBii2HBD��
UJ�MMBM;- _�;?�p�M D� >BM`B+? a+?Ƀix2- kyR3V- DQF� T2`mbimm #�v2bBH�Bb22M i2Q`22K��M-
ǳamTTQ`i o2+iQ`Ǵ @FQD2BbBBM U.h_1: AM+X- kyR3V- DQiF� Qp�i 2`  MH�BM2M M2m`Qp2`FFQ`�i@
F�Bbm- i�B QKBM�Bbmmbp2FiQ`2Bi� p2`i�BH2K�HH� 2/2HH  K�BMBimBHH� i�pQBHH�X

a2K�MiiBM2M �M�HvvbB
�BF�Bb2KK�M F�TT�H22M b2K�MiiBM2M H ?2bivKBbi�T� p�HQii�� i2FbiBM p Bii K   K2`FB@
ivbi X h2FbiBbi  pQB/��M 2bBK2`FBFbB TQBKB� bm#D2FiB@T`2/BF��iiB@Q#D2FiB@F2iDmD�- DQiF�
B?KBb2M QM ?2HTTQ imHFBi�X >�Fm�H;Q`BiKBi K�?/QHHBbi�p�i BM7Q`K��iBQM ǳFvb2H2KBb2MǴ
i2FbiBHi X amm`2Hi� �BM2BbiQHi� pQB/��M 2bBK2`FBFbB Fvbv - KBF  QM amQK2M T  F�mTmMFB\
CQb i2FbiBbb  HmF22 ǳamQK2M T  F�mTmMFB QM >2HbBMFBǴ- ǳamQKBǴ@ D� ǳT  F�mTmMFBǴ@
�p�BMb�M�i Q?D��p�i �H;Q`BiKBM QBF2BHH2 TQHmBHH2- DQMF� D HF22M b2K�MiiBM2M i�`F�bi2Hm
Qb�� v?/Bbi   ǳQMǴ@p2`#BM F�mii� ǳ>2HbBMFBǴ@b�M�M ǳamQK2MǴ ǳT  F�mTmMFBBMǴX
a2K�MiiBbi2M F2iDmD2M KmQ/Qbi�KBM2M b�MQBHH2 F vii 2M b�M�mTQii2Bi� QM bm?i22HHBb2M mmbB
D� FBBMMQbi�p� i�T� H ?2biv  b2K�MiiBbi� �M�HvvbB X h2FMBBF�i- Fmi2M qQ`/ko2+- Ga�- "G@
a�- G.� D� S*� imiFBp�i i2FbiBbb  2bBBMivpB  QKBM�BbmmFbB� D� v`Bii p i Hƺvi   b�MQBHH2
b2K�MiiBbB� v?i2vFbB - DQBi� Qp�i KmmM Km�bb� bvMQMvvKBi- ?vT2`QMvvKBi b2F  �B?2TBB`B@
b�M�i- Fmi2M �BF�Bb2KKBMFBM 2bBi2HHvi ǳDmM�Ǵ D� ǳ�miQǴX ai�M7Q`/ǶM vHBQTBbiQM bmQbBii2H2K�
ivƺMFmHFm b2K�MiiBb22M �M�HvvbBBM HmF22 2MbBM i2FbiBM D� D�F�� b2M `�F2MM2vFbBFƺBFbB U2bB@
K2`FBFbB b�MQBFbBVX a�M�i �MMQiQB/��M HBM;pBbiBbBM T2`mbi2BM D� ?�Hmimi QKBM�Bbmm/2i TQB@
KBi��M i�Hi22MX h2FbiBi `v?KBi2HH  M T2`mbi22M KmF��M- KBMF  D HF22M /QFmK2MiBi KmmM@
M2i��M K�i`BBb2BFbB- DQB/2M `BpBi D� b�`�FF22i pQBp�i Fmp�i� 2bBK2`FBFbB b�MQD� D� /QFmK2Mi@
i2D�- b�MQD� D� b�MQD�- p2`#2D  D� �`;mK2Mii2D� i�B b�MQD� D� MBB/2M p HBbB  H�mb22MbBb BbB 
`BBTTmpmmbbm?i2Bi�X J�i`BBbBi T�BMQi2i��M 2bBK2`FBFbB h6@A.6,HH  i�B FB2HBK�HHBHH�- KBMF 
D HF22M MBB?BM bQp2HH2i��M �BF�Bb2KKBM K�BMBiimD� b�M�mTQi2i2FMBBFQBi� USQiib- kyRjVX

hvvTBHHBM2M i2FbiBMHmQFBii2HmM ivƺMFmHFm�X U:QQ;H2M J�+?BM2 G2�`MBM; @?m#V

G ?i22i
Ç 6BMMBb?@/2T@T�`b2`- hm`mM vHBQTBbiQM "BQLGS :`QmT
Ç hm`Fm@M2m`�H@T�`b2`@TBT2HBM2- hm`mM vHBQTBbiQM "BQLGS :`QmT

d h2FQ Hv D� Fv#2`im`p�HHBbmmb UJ�`iiB G2?iQ D� S2i`B
o ? F�BMmV

UJ�`iiB G2?iQ D� S2i`B o ? F�BMmV
h2FQ HvM F2?Bivb Qii�� ?mBKB� ?�`TT�mFbB�X a2 imH22 K�?/QHHBbi�K��M �BF�Bb2KKBM B?KB@
b2M Qb��KBbi� p��iBM2B/2M i2?i pB2M �miQK�iBbQBMMBMX E2?Bivb �p�� T�HDQM mmbB� K�?/QH@

eN

https://developers.google.com/machine-learning/guides/text-classification/
https://turkunlp.github.io/Finnish-dep-parser/
https://turkunlp.github.io/Turku-neural-parser-pipeline/


HBbmmFbB� D� mm/Bbi�� KQMB� iQBKB�HQD� b�K�HH� p�BFmii�2M ivƺM i2F2KBb22M D� F�Mb�H�Bbi2M
�`F22MX h2FQ Hv pB2 v?i2BbFmMM�M /B;Bi�HBb��iBQF2?BivFb2M �Bp�M mm/2HH2 i�bQHH2X h2FQ HvM
�pmHH� FQM22i- H�Bii22i- Q?D2HK�i- D `D2bi2HK i D� T�Hp2Hmi pQBp�i iQBKB� i2?i p M D� iBH�M@
i22M KmF�Bb2biB D `F2p HH  i�p�HH�X
h2FQ Hv FvF2M22 i2F2K  M T  i2HKB  QH2K�bb� QH2p�M iB2/QM T2`mbi22HH� D� �pmbi�K��M
B?KBbi  �`D2bb� D� ivƺbb X
h2FQ HvHH  QM p�?p� bm?/2 Fv#2`im`p�HHBbmmi22MX amQK2M Fv#2`im`p�HHBbmmbbi`�i2;B� UkyRjV
K  `Bii2H22 Fv#2`im`p�HHBbmm/2M im`p�HHBb2FbB D� HmQi2ii�p�FbB iQBKBMi�vKT `BbiƺFbB b2F 
F`BBiiBb2M BM7`�bi`mFimm`BM `2bBHB2MbbBFbBX Ev#2`im`p�HHBbmmb `�F2Mimm B?KBbi2M iQBKBMM�bi�-
Q`;�MBb��iBQB/2M iQBKBMi�T`Qb2bb2Bbi� D� BM7Q`K��iBQi2FMQHQ;B�bi�X h2FQ HvM H��D2Mim2bb�
B?KBbi2M �`F22M D� v?i2BbFmMM�M 2`B iQBKBMiQD2M �Hm22HH2 i2FQ HvM im`p�HHBbmm/2bi� imH22
F2bF2BM2M F�Mb�HHBb22M FQFQM�Bbim`p�HHBbmmi22M p�BFmii�p� i2FBD X
h2FQ Hv K�?/QHHBbi�� bmm`i2M /�i�K  `B2M p�`�biQBMMBM b2F  T`Qb2bbQBMMBM  HvFF  HH  i�@
p�HH� D� KmmMi�� `2H2p�MiiB� BM7Q`K��iBQi� 7mMFiBQM��HBbBFbB ivƺF�HmBFbBX h2FQ Hv  QM F v@
i2iiv ?vpBM KQM2HH� bQp2HHmb�Hm22HH�- DQBbi� imMM2imBKTB� Qp�i Fv#2`im`p�HHBbmm/2M D� �p�@
`mmbimiFBKmFb2M �Hm22i- DQBbb� K2M2bivb QM;2HKB2M `�iF�Bb2KBb2bb� iB2ivBHH  Qb�@�Hm2BHH�
QM QHHmi K2M2bivFb2F bi X h2FQ HvM bQp2HHmb�Hm2 QM bBii2KKBM H��D2MimMmi i2`p2v/2M?mQH@
iQQM- DQbb� bBi  ?vƺ/vMM2i  M KmmM Km�bb� /B�;MQbQBMMBbb�- ?QBiQbmQbBimFbB2M i2F2KBb2b@
b  D� H2BFF�mb?QB/Qbb�X
h2FQ Hv 2B FmBi2MF��M QH2 KBi2MF  M mmbB F bBi2- p��M b2 QM FmHF2Mmi TBiF M iB2M �BM�
�H�M hm`BM;BM FQM22bi� MvFvT Bp M FQ;MBiBBpBbBBM i2FQ Hv  ?vƺ/vMi pBBM BMMQp��iBQB?BM
b��FF�X hQBb2M K��BHK�MbQ/�M �BFQB?BM �H�M hm`BM; �HFQB F2?Bii   i2FMQHQ;BQBi�- Fmi2M
M2m`Qp2`FQi- DQiF� K�?/QHHBbi�p�i i2FQ HvM b2HH�Bb2M� FmBM K2 b2M MvFvT Bp M  imMM2KK2X
h2FQ Hv pQB/��M F bBii   2`  MH�Bb2M� b�i22MF��`Bi2`KBM - DQMF� i�`FQBimFb2M� QM b��/�
iB2iQFQM22i �D�ii2H2K��M B?KBbi2M F�Hi�Bb2biB D� bBKmHQBK��M B?KBbi2M i2F2KB  �bBQBi� b2@
F  `�iF�Bb2K��M QM;2HKB� MQT2�KKBM D� T�`2KKBM FmBM B?KBb2i MBBi  FvF2M2p i `�iF�B@
b2K��MX h2FQ Hv  ?vƺ/vMi 2M pQB/��M bmQ`Bii�� 2`BH�BbB� i2?i p ivvTT2D - Fmi2M HmQpB�
i2?i pB - bmmMMBii2Hm�- HBBFFmKBbi�- Tm?mKBbi�- Q#D2FiB2M D�   MB2M imMMBbi�KBbi�- bQbB@
��HBbi2M D� HBBF2iQBKBMM�HHBbi2M i`�Mb�FiBQB/2M bmQ`Bii�KBbi�X h2?i p ivvTTB2M bmQ`Bii�KB@
b2FbB QM K�?/QHHBbi� ?vƺ/vMi   2`BH�BbB� K2M2i2HKB - Fmi2M 2pB/2MbbBTQ?D�BbB� K2M2i2HKB -
HmQMMQHHBb2M FB2H2M T`Qb2bbQBMiB�- i2FbiBM HQm?BMi��- T`2/BFiBBpBbi� D� T`2bF`BTiBBpBbi� �M�@
HviBBFF��- bmQbBii2HmD `D2bi2HKB  b2F  FQM2@ D� bvp QTTBKBbi�X 1/2HH  K�BMBiimD� i2FQ Hv 
?vƺ/vMi pB  K2M2i2HKB  pQB/��M bQp2Hi�2M F vii   Kvƺb Fv#2`im`p�HHBbmm/2M QM;2HKB2M
`�iF�Bb2KBb22MX

dXR Ev#2` D� Fv#2`im`p�HHBbmmb

P`;�MBb��iBQi Qp�i �HQBii�K�bb� i2FQ HvM ?vƺ/vMi KBbi  Fv#2`im`p�HHBbmm/2M b�`�HH� i�`@
DQi2M �B2KT�� T�`2KT�� iB2iQim`p�� v?  i�Bi�p�KTB� ?vƺFF  DB  p�bi��MX h2FQ Hv �mii��
�miQK�iBbQBK��M KQMBKmiF�BbB� T`Qb2bb2D� ?vƺFF vbi2M imMMBbi�KBb2FbB D� `2�;QBK�HH�
iB2iQKm`iQB?BMX h K MF�Hi�Bb2i bQp2HHmFb2i Qp�i F2?BiivK bb  2MiBbi  T�`2KKBFbB i2FQ @
HvM ?vƺ/vMi KBb2M Kvƺi X h2FQ HvM vFbB Qb�@�Hm2- FQM2QTTBKBM2M- pBBii�� i2FMQHQ;BQB?BM-
DQB/2M �pmHH� iB2iQFQM22i pQB/��M b��/� QTTBK��M D� KmF�mimK��M FQF2KmFbB2M F�mii�X
a2 bBKmHQB B?KBbFQ;MBiBQi�- Fmi2M FQF2KmFbBbi� D� K�HH2Bbi� QTTBKBbi� T  ii2HvM bBD�bi�
Ubvv D� b2m`�mbVX LvFv  M bvp QTTBKBb2M F2?Bivb�bF2H22i FQM2QTTBKBb2M Qb�@�Hm22HH� i�`@
DQ�p�i FQM2BHH2 K�?/QHHBbmm/2M QTTB� `�F2Mi�K��M ?�?KQMimMMBbimFb2M K�HH2D� BHK�M
B?KBb2M TmmiimKBbi� �bB��MX SQi2MiB��HBbi� ?�Bi�HHBbmmbi�bQ� ?�?KQi2ii�2bb� mm/2M K�H@
HBM imMMBbimbi� pQB/��M p2``�i� DQ imMM2iimB?BM K�HH2B?BMX hmMMBbimbT`Qb2bbBM MQT2mb D�

dy



i�`FFmmb 2Bp i QH2 K�?/QHHBbB� B?KBb�bB�MimMiBDQBHH2 KB2H2FF  bb  �D�bb�X
Ev#2`im`p�HHBbmmb vH2Bb2biB pBBii�� FvFvvM FQMi`QHHQB/� T  bv  p2`FQbb� bBD�Bib2pBBM D `@
D2bi2HKBBM D� MBB/2M bBb Hi K  M BM7Q`K��iBQQMX Ev#2`im`p�HHBbmm/2M FQMi`QHHB2M QHH2bb�
i2?QFF�Bi�- Kvƺb Fv#2`�p�`mmii� pQB/��M TBi   p�`K�M�- DQmbi�p�M� D� HmQi2ii�p�M� /B;B@
i��HBb2M� BM7`�bi`mFimm`BM�X JBF HB Fv#2`im`p�HHBbmm/2M FQMi`QHHBi Qp�i Tmmii22HHBb2i- 2T @
i v/2HHBb2i i�B ?2BFQbiB bmmMMBi2HHmi- Fv#2`�p�`mmii� pQB/��M TBi   /B;Bi��HBb2M �D�M MBBM
b�MQiimM� pBHHBM  H Mi2M X Ev#2`im`p�HHBbmmb D ii   imHFBMM�M p�`��- bBHH  DQT� ?2BHH - DQiF�
ivƺbF2Mi2H2p i Fv#2`im`p�HHBbmm/2M T�`Bbb�- QM iQBbBBMb� p2``�iimM� M F2Kvb2`QD� Fv#2`�@
p�`mm/2bi�- DQMF� F�Mbb� ?2 ?2MFBHƺFQ?i�Bb2biB Qp�i i2F2KBbBbb X PHFQQM bvbi22KB 7vvbBM2M
T�Hp2Hm i�B FQFQ2HK� Fv#2`�p�`mm/2M FQKTQM2Mii2D�- im`p�HHBbmmb�KK�iiBH�Bb2M `QQHB Fv@
b2Bb2M D `D2bi2HK M bm?i22M QM i2?/  bmmMMBi2HKB� TQi2MiB��HBbi2M ?vƺFF vbi2M D� MBBbi 
�B?2mimpB2M b2m`�mFbB2M 2bi KBb2FbBX

dXk h2FQ Hv  ?vƺ/vMi pB  Fv#2`im`p�HHBbmmb`�iF�BbmD�

h2FQ Hv pQB iQBKB� QM;2HK�M`�iF�BbBD�M�X h2FQ Hv`�iF�BbmD� D� FQ;MBiBBpBbi� iB2iQD2MF bBi@
i2Hv  bQp2HH2i��M Fv#2`?vƺFF vbi2M ?�p�Bib2KBb22M- iQ`DmMi��M D� b2HpBii KBb22MX
�M�HviBBFF�TQ?D�Bb2i `�iF�Bbmi TQ?D�mimp�i b  MiƺB?BM- DQBi� Fv#2`im`p�HHBbmmb�bB�MimMiB@
D�i Qp�i HmQM22iX L2 D ii p i ?mQKBQBK�ii� Fv#2`?vƺFF vFb2i- DQiF� 2Bp i i bK   H��/Bi@
imD2M b  MiƺD2M F�Mbb�X S2`BMi2Bb2i ?�Bii�Q?D2HKB2M imMMBbimbQ?D2HK�i Qp�i vHi M22i 3yW
imMMBbimb�bi22b22M- DQF� D   H ?2b ky T`Qb2MiiB� bvp QTTBKBb2M �H;Q`BiK2D� ?vƺ/vMi pBb@
i  bQp2HHmFbBbi�X >�Bii�Q?D2HKB2M imMMBbi�KBbi� p�`i2M iQi2mi2imi bQp2HHmFb2i Qp�i F2?Bi@
ivM22i D HFBBM UbB;M�im`2V- ?2m`2biBBFFQB?BM D� F vii vivKBb22M T2`mbimpB2M imMMBbimbK2@
M2i2HKB2M �D�bi� b�M/#Qt@K2M2i2HKB2M U?B2FF�H��iBFFQ- DQF� HmQ p HB�BF�Bb2M `�DQBi2imM
�Hm22M D `D2bi2HK M bBb  M D� DQi� pQB/��M F vii   KKX ?�Bii�Q?D2HKBHi� bmQD�mimKBb22MV
F�mii� FQM2@ D� bvp QTTBKBb22M T2`mbimpB� K2M2i2HKB  ?vƺ/vMi pBBM Q?D2HKBBMX

>�Bii�Q?D2HKB2M imMMBbimbK2M2i2HKB2M 2pQHmmiBQX

dR



dXkXR S�ii2`M1t �Ak

J�bb�+?mb2iib AMbiBimi2 Q7 h2+?MQHQ;vM UJAhV *QKTmi2` a+B2M+2 �M/ �`iB}+B�H AMi2HHB@
;2M+2 G�#Q`�iQ`v U*a�AGV D� FQM2QTTBKBb22M 2`BFQBbimMmi bi�`imT S�ii2`M1t F2?BiiBp i
i2FQ Hv�Hmbi�M �Ak- DQF� 2MMmbi�� iB2iQp2`FFQ?vƺFF vFbB  i2?QFF��KKBM FmBM MvFvBb2i
D `D2bi2HK iX hmiFBKmFbBbb� �Ak@�Hmbi�M �pmHH� T  biBBM 38W ?vƺFF vbi2M imMMBbi�KBb@
i�`FFmmi22MX h2biBi iQi2mi2iiBBM j-e KBHD�`/BHH� HQFBiB2iQ`BpBHH  UHQ; HBM2bV- DQBi� ;2M2`QBp�i
KBHDQQM�i F vii D i FQHK2M FmmF�m/2M i�`F�bi2Hm�D�MD�FbQM �BF�M�X 1bi  Fb22M ?vƺF@
F vFbB  �Ak F v /�i�� H pBib2 D� imMMBbi�� 2T BHvii p M iQBKBMM�M FHmbi2`QBK�HH� /�i�M
K2`FBivFb2HHBbBFbB K�HH2BFbB Q?D��K�iQMi� FQM2QTTBKBbi� ?vƺ/vMi 2MX h K M D HF22M HQT@
TmimHQFb2i 2bBi2i  M �M�HvviBFQBHH2- DQiF� p�`KBbi�p�i- KBiF  i�T�?imK�i Qp�i iQ/2HHBbB�
?vƺFF vFbB X �M�HvviBFQi Kvƺb bBb HHvii p i HQTTmimHQFb2M �Hmbi�M K�HH2B?BM UQ?D�iim QT@
TBKBM2MV b2m`��p�� �M�HvbQBi�p�� iB2iQDQmFFQ� p�`i2M- DQHHQBM D `D2bi2HK  QTTBB HBb  X C `@
D2bi2HK  FvF2M22 Kvƺb D�iFmp�biB ;2M2`QBK��M mmbB� K�HH2D� DQT� imMM2Bbb�- DQHHQBM b2M
?vƺFF vbi2M imMMBbi�KBbi2M MQT2mb pQB K2`FBii p biB D� MQT2�biB T�`�Mim�X
�HH� QH2p�bb� Fmp�bb� p2``�i��M Q?D��K�iiQK�M FQM2QTTBKBb2M D� �Ak@�Hmbi�M Fmbi�M@
MmFbB�X �Ak,M �H;Q`BiKBM �pmHH� 3eW ?vƺFF vbi2M imMMBbimb�bi22b22M pQB/��M T  bi  DQԀ,M QHH2bb� kyy- DQHHQBM b2 QM pB2H  �HH2 NW FQM2QTTBKBbi� ?vƺ/vMM2ii 2bb X Ԁ,M imH22
QHH� ?vpBM bmm`B UvHB RyyyV- DQHHQBM F v` i pQBp�i H2BF�i� 2HB #m/D2iBi Qp�i v?i  bmm`2iX
�k iQBKBB bBBb ?mQK�ii�p�biB TB2M2KKBHH  BMp2biQBMM2BHH� FmBM Q?D��K�iQM FQM2QTTBKBM2M
vFbBM  MX Emp�bi� pQB/��M Kvƺb ?�p�Bi�- 2ii  Q?D��K�iQMi� FQM2QTTBKBbi� ?vƺ/vMi 2M
pQB/��M b��pmii�� dj-8W ?vƺFF vFbB2M imMMBbimb�bi2 p  `B2M ? Hvivbi2M QHH2bb� vHB kkW
2T BHvii pBbi  i�T�?imKBbi�X �Ak@D `D2bi2HK   ?vƺ/vMi 2M pQBiBBM T  bi  3eW imMMBbimb@
i�`FFmmi22M p  `B2M TQbBiBBpBbi2M QHH2bb� 9X9W HmQFF��X

�Ak@�Hmbi�M D� Q?D��K�iiQK�M FQM2QTTBKBb2M p2`i�BHm� Uo22`�K�+?�M2MB vKX- kyReVX

dXkXk �K�xQM J�+B2

�K�xQM J�+B2 QM FQM2QTTBKBbi� ?vƺ/vMi p  iB2iQim`p�T�Hp2HmX h2FQ HvM �pmHH� J�+B2
FvF2M22 Hƺvi K  M- HmQFBii2H2K��M D� bmQD2H2K��M b2MbBiBBpBbi  /�i�� �K�xQMBM q2#@
T�Hp2HmBbb� U�K�xQM q2# a2`pB+2b- �qaVX J�+B2 imMMBbi�� b2MbBiBBpBb2M /�i�M- Fmi2M ?2M@
FBHƺiB2/Qi i�B i2FBD MQBF2m/2iX GBb FbB b2 FvF2M22 KQMBiQ`QBK��M- KBi2M i2FBD MQBF2mbbmQ@
D�iim� K�i2`B��HB�- Fmi2M /QFmK2Mii2D�- FQTBQB/��M- bBB``2i  M i�B i�`F�bi2HH��MX S�Hp2Hm
KQMBiQ`QB D�iFmp�biB /�i�M F viiƺ  D� 2T b  MMƺHHBbvvFbB  b2F  imQii�� vFbBivBbFQ?i�BbB�

dk



? HvivFbB - KBF HB /�i��M FQ?/Bbimm Hmp�iQMi� F viiƺ  i�B Fvb22bb  QM KmmiQBM i�?�iQM
/�i�pmQiQX J�+B2 FvF2M22 Kvƺb �miQK��iiBb2biB imMMBbi�K��M 2bBK2`FBFbB HBBF2iQBKBMM�H@
HBb22M /�i��M FQ?/Bbimp�M `BbFBM- KBF HB bBi  QM Hmp�ii� D�2iim Q`;�MBb��iBQM mHFQTmQH2HH2
i�B bBB?2M QM KmmHH� i�pQBM i�?�iiQK�biB T  biv F bBFbBX

dXkXj *v#2`HviB+

*v#2`HviB+ T`Q}H2` QM qqq@m?FB2M imMMBbi�KBb22M F2?Bi2iiv ivƺF�Hm- DQF� imMMBb@
i�� D� T`BQ`BbQB ?vƺFF vFbB  /�i��M FQ?/BbimpB2M `BbFB2M bmm`mm/2M KmF��MX S`Q}H2`
�M�HvbQB F�BFF2� >hhS@T`QiQFQHH��M TQ?D�mimp�� q2#@HBBF2MM2ii  �M�HvbQBK�HH�
q2#@T�Hp2HBMTvvMiƺD  D� p�bi�mFbB� b2F  imQii�K�HH� `2��HB�D�bb� F�ii�p�M `BbFB�`@
pBQM- DQi� pQB/��M i�`F�bi2HH� F viiƺHBBiivK M U/�b?#Q�`/V F�mii�X S`Q}H2` F vii  
i2FQ Hv  imMMBbi�K��M F2?BiivM2Bi  ?vƺFF vFbB - DQBi� mb2BKK�i i�p�MQK�Bb2i q2#@
bQp2HHmbTQ?D�Bb2i b ?FƺBbi  �HH2FB`DQBimbi2FMQHQ;B�� ?vƺ/vMi p i T�HQKmm`B`�iF�Bbmi
2Bp i FvF2M2 imMMBbi�K��MX S`Q}H2` F vii   q2#@bQp2HHmbi� D� Q?D��K�iQMi� FQM2QT@
TBKBbi� �M�HvbQBK��M /�i�pB`iQD�X Aib2M Bb2biB QTTBp�i �H;Q`BiKBi T`Q}HQBp�i MQ`K��HB�
q2#@HBBF2MM2F vii vivKBbi  i2F2K HH  Bib2 T  iƺFbB X S`Q}H2` F vii   T�i2MiQBim�
HmQFBii2HBD�H ?2bivKBbi�T�� K  `Bii K  M ?vƺFF vFb2M QKBM�BbmmFbB� b2m`��pBHH2
?vƺFF vbivvT2BHH2, aZG AMD2+iBQM- *`Qbb@bBi2 a+`BTiBM; UsaaV D� "�b?X

dXkX9 *vH�M+2S`Qi2+i

*vH�M+2S`Qi2+i QM BMi2;`QBim iB2iQim`p�m?FB2M 2bi KBb22M F2?Bi2iiv ivƺF�Hm- DQF� v?/Bb@
i   i2FQ HvM i�`DQ�K�i ?vƺ/vi iB2iQim`p�FQMi`QHHB2M F�Mbb� ?�Bii�Q?D2HK�BM72FiBQB/2M 2b@
i KBb2FbBX hB2iQim`p�FQMi`QHH2D� ?vƺ/vMM2i  M bmQD�mimKBb2bb� bF`BTiBTQ?D�BbB�- KmBbiBBM
FQ?/BbimpB� D� mHFQBbB� H�Bii2Bi� ?vƺ/vMi pB  ?vƺFF vFbB  p�bi��MX *vH�M+2S`QD2+i

Ç >vƺ/vMi   i2FQ Hv  U2B �HH2FB`DQBimFbB�V B/2MiB}QB/�Fb22M D� 2bi  Fb22M imMM2iimD2M
D� imMi2K�iiQKB2M ?�Bii�Q?D2HKB2M bmQ`BimFb2M T  i2H�Bii2Bbb�X

Ç 1MM�Hi�2?F Bb22 imMM2iimD� D� imMi2K�iiQKB� MQHH�T Bp @?vƺFF vFbB X
Ç amQD2H22 T  i2H�Bii2Bi� ? B`Bib2K ii  HQTTmF vii D  X

dXkX8 .�`Fi`�+2

.�`Fi`�+2 bQp2Hi�� B?KBbi2M BKKmmMBD `D2bi2HK  M HBBiivpB  #BQHQ;BbB� T2`B��ii2Bi� bmQD2H@
H�Fb22M v`BivFbB  F2?BiivM2BHi  Fv#2`m?BHi�X .�`Fi`�+2M i2FMQHQ;B� �mii�� v`BivFbB  `2��@
HB�D�bb� imMMBbi�K��M iB2iQp2`FQBbb� i�T�?impB� 2T MQ`K��H2D� i�T�?imKB� DQ 2MM2M FmBM
M2 F2?Biivp i ?�Bii�� �B?2mimpBFbB Fv#2`?vƺFF vFbBFbBX
.�`Fi`�+2M �pmHH� pQB/��M ?�p�Bi� D� imMMBbi�� F2?BiivpB  Fv#2`m?FB�- DQiF� FvF2M2p i
FB2`i K  M T2`BMi2Bb2i iB2iQim`p�HHBbmmb`�iF�BbmiX .�`Fi`�+2 F vii   �HH� QH2p�bb� Fmp�bb�
2bBi2ii p   1Mi2`TBb2 AKKmM2 avbi2K@i2FMQHQ;B�� U1AaV X a2 ?vƺ/vMi   FQM2QTTBKBbi� D�
"�v2bBM i2Q`22K�� UKvƺb "�v2bBM b  Miƺ i�B "�v2bBM H�FB- DQF� QM 2?/QHHBb22M iQ/2MM FƺB@
bvvi22M HBBiivp  K�i2K��iiBM2M i2Q`22K�V- b2m`�i�Fb22M F vii vivKBbi  D� ?�p�Bi�Fb22M
TQBFF2�pmmFbB� Q`;�MBb��iBQM iB2iQp2`FQbb�X EQbF� 1Aa ?vƺ/vMi   K�i2K��iiBbB� H ?2b@
ivKBbi�TQD�- b2 2B i�`pBib2 �HH2FB`DQBimFbB� i�B b  MiƺD - p��M b2 FvF2M22 imMMBbi�K��M
imMi2K�iiQKB�FBM ?vƺFF vFbB - DQHH�BbB� 2B QHH� �B2KKBM M ?ivX 1Aa FvF2M22 imMMBbi�@
K��M bmm`BKK�M Qb�M p2`FQbb� TBBH2pBbi  Fv#2`m?Bbi�- KmF��M HmFB2M bBb TBB`Bbi  BHK2M2@
p i m?�i- D� `2�;QBK��M MBB?BMX EQM2QTTBKBbi� D� K�i2K�iBBFF�� ?vƺ/vMi 2M 1Aa Tvbivv

dj



�miQK��iiBb2biB D� KmF�mim2M QTTBK��M DQF�Bb2M F vii D M- H�Bii22M D� p2`FQM i�p�M iQB@
KB� imMMBbi��Fb22M F vii vivKBbK�HH2D�- DQiF� BHK2Mi p i iQ/2HHBbB� Fv#2`m?FB�X .�`Fi@
`�+2M Bib2QTTBp� i2FMQHQ;B� i�`DQ�� v`BivFbBHH2 F�ii�p�M M Fvpvv/2M p2`FQM iQBKBMi��M D�
b�HHBB MBB/2M p�bi�i� 2MM�FQBp�biB m?FBBM D� p ?2Mi   `BbFB X

.�`Fi`�+2 1Mi2`T`Bb2 AKKmM2 avbi2K

.�`Fi`�+2M viBK2bb  QM M2HD  K�i2K��iiBbi� iQBKBMi�HQ;BBFF��- DQiF� ?vƺ/vMi p i mb2B@
i� K�i2K��iiBbB� H ?2bivKBbi�TQD�- Fmi2M `2Fm`bBBpBM2M #�v2bBH�BM2M 2biBKQBMiBX 1MbBK@
K Bb2i FQHK2 iQBKBMM�HHBbmmii� imQii�p�i F vii vivKBbK�HH2D� vFbBii BbBHH2 B?KBbBHH2 D�
H�Bii2BHH2- b2F  v`BivFbBHH2 FQFQM�Bbmm/2bb��MX >�p�Bii�2bb� 2T i�p�HHBbi� F vii vivKBbi 
vFbB i�B mb2�KTB M Bbi  iQBKBMMQBbi� H ?2ii   pB2biBM m?FB2M HmQFBii2HBD�HH2 Ui?`2�i +H�bbB@
}2`V- DQMF� i2?i p M  QM HmQFBi2HH� p  ` i TQbBiBBpBb2i i�T�mFb2i D� `�TQ`iQB/� �B/QBbi�
TQBFF2�KBbi�- DQB/2M i�`F2KTB i�`F�bi2Hm QM `2H2p�MiiB�X "�v2bBH�Bb2M H ?2bivKBbi�TQD2M
FQK#BM��iBQ- DQi� m?FB2M HmQFBii2HBD� FQ``2HQB D� KBii��- K�?/QHHBbi�� i�`F�M TQBFF2�KB2M
imMMBbi�KBb2M v`BivFb2M KBii�F��p�bb�X .�`Fi`�+2 ?vƺ/vMi   Kvƺb BMi2;`QBim� KQ/mmHB�
UKQ/2H 2/BiQ`V- DQHH� pQB/��M b2m`�i� D� p�HpQ� iQBKBMi�T2`B��ii2Bi�X h K  imF22 KmB/2M
b  MMƺMKmF�BbmmbF vi MiƺD2M@ D� K�HHB2M K  `Bii2Hv - DQiF� pQB/��M v?/Bbi   ?�HmiimB?BM
imMMBbi�KBbp��iBKmFbBBMX

dXkXe .22T AMbiBM+i

.22T AMbiBM+iBM Q?D2HKBbiQ QM bmmMMBi2Him bmQD2H2K��M Q`;�MBb��iBQi�- KQ#BBHBH�Bii2Bi� D�
T�Hp2HBKB� imMM2iimD� D� imMi2K�iiQKB� ?�Bii�Q?D2HK�?vƺFF vFbB  p�bi��M `2��HB�D�bb�X
P?D2HKBbiQ T2`mbimm M2m`Qp2`FFQD2M ?vƺ/vMi KBb22MX h2FQ HvM �pmHH� .22T AMbiBM+i FvF2@
M22 imMMBbi�K��M ?�Bi�HHBbB� Q?D2HKB� KQ#BBHBH�Bii2Bbb�- T�Hp2HBKBbb� D� ivƺ�b2KBbb�X E vi@
i K HH  bQp2HimpB� bvp QTTBKBb2M �H;Q`BiK2D� Q?D2HKBbiQ FvF2M22 2MM�FQBK��M 2MM�Hi�
imMi2K�iiQKB� Fv#2`?vƺFF vFbB X
.22T AMbiBM+i QM QMMBbimMmi ?vƺ/vMi K Mb  M2m`Qp2`FFQi2FMQHQ;B�M �pmHH� iQ`DmK��M
?vƺFF vFbB - Fmi2M aTQ`�- q�MM�*`v- LQiS2iv� D� "�/`�##Bi BHK�M aP*,M Ua2+m`Biv
PT2`�iBQMb *2Mi2`V �Tm� D� 2MM2M FmBM ?�Bii�Q?D2HKBHH� QM QHHmi KBMF  MH�Bbi� p�BFmimb@
i� Q`;�MBb��iBQM Ah@`�iF�BbmB?BMX .22T AMbiBM+iBM F2?Bii D i ?vƺ/vMi p i bvp QTTBKBb2M
�H;Q`BiK2D�- DQB/2M �pmHH� QM K�?/QHHBbi� imMMBbi�� ?�Bii�Q?D2HKBBM pBBii��pB� `�F2Mi2Bi�X
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dXkXd aT�`F*Q;MBiBQM .22T�`KQ`

lm/2MH�Bb2i m?F�i p��iBp�i F2?BiivM2Bi  MvFv�BF�BbB� `�iF�BbmD� v?  F2?Biivp HH  Fv#2`@
im`p�HHBbmm/2M b2FiQ`BHH�X h ? M b��FF� ?vƺFF  D i Qp�i ?2HTQbiB pQBM22i p Hii   �HH2FB`DQB@
imFbBBM T2`mbimpB� pB`mbiQ`DmMi�`�iF�BbmD�- KBbi  DQ?im2M N8W Fv#2`Km``QBbi� i�T�?imm
HQTTmF vii DB2M T  bb X aT�`F*Q;MBiBQM .22T�`KQ` FvF2M22 imMMBbi�K��M D� 2bi K  M
?�Bii�Q?D2HKB2M- pB`mbi2M- K�iQD2M- i`QBD�H�Bbi2M D� FB`BbivbQ?D2HKB2M m?F�M ?vƺ/vMi 2M
K�i2K��iiBbB� K2M2i2HKB - Fmi2M FQM2QTTBKBb2M K2iQ/2D� D� HmQMMQHHBb2M FB2H2M T`Qb2b@
bQBMiB�X
.22T�`KQ`@�`FFBi2?imm`B FQQbimm TB2M2bi  T  i2H�Bi2;2MiBbi� U2M/TQBMi �;2MiV- DQF� QM
BMi2;`QBim TBHpBTQ?D�Bb2M FQ;MBiBBpBb22M KQQiiQ`BBM D� m?FB� i�`F�bi2H2p�M �Hmbi�M F�Mbb�X
S  i2H�Bi2�;2MiiB imMMBbi�� D� 2bi   ?�Bii�Q?D2HKB� D� KmBi� F2?BiivM22KTB  m?FB� �HH2FB`@
DQBimFbBbi� `BBTTmK�ii�X �;2MiiB QM bmmMMBi2Him bmQD2H2K��M �bB�F�bi�- T�Hp2HBMi�- KQ#BBHB@
D� AQh@H�Bii2Bi� b2F  i�`DQ�K��M v?/Bbi2ivM Fv#2`im`p�HHBbmm/2M FQFQ v`BivFb22MX �;2MiiB
pQB/��M Kvƺb FQM};m`QB/� iQBKBK��M �miQMQKBb2biB BHK�M F viiƺHBBiivK   D� i�`DQ�K��M
iB2iQim`p�`�iF�BbmM AQh@H�Bii2BHH2X

lb2�M F2``QFb2M H ?2bivKBbi�T� ?�Bii�Q?D2HKB2M 2bi KBb22M U.22T�`KQ`VX

.22T�`KQ`@`�iF�BbmM TBHpBTQ?D�BM2M FQ;MBiBBpBM2M KQQiiQ`B F vii   mb2�KTBF2``QFbBbi�
bmQ/�imbT`Qb2bbB� m?FB2M imMMBbi�KBb2bb�X 1MbBKK Bb2bb  bmQD�mbF2``QFb2bb� iQi2mi2i��M
iB2/QbiQ�M�HvvbB b2F  bQp2HHmFb2M@ D� `BbFB2M FQMi`QHHQBMiB- DQHHQBM pQB/��M MQT2�biB imMMBb@
i�� imMM2imi ?�Bi�HHBb2i D� TQBFF2�p�i iB2/QbiQiX hmMMBbi2iimD2M iB2/QbiQD2M bmQ/�ii�KB@
b2M D HF22M .22T�`KQ` F vii   FQ;MBiBBpBbB� �H;Q`BiK2D�- DQiF� imiFBp�i imMi2K�iiQKB2M
iB2/QbiQD2M .L�,M D� KmQ/Qbi�p�i m?F�TBbi2vivFb2M DQF�Bb2HH2 iB2/QbiQHH2X l?F�M imMMBb@
i�KBb2M D HF22M TBHpBTQ?D�BM2M ?�HHBMi�FQMbQHB i�`DQ�� HmQMMQHHBb2M FB2H2M T`Qb2bbQBMiBivƺ@
F�HmM UL�im`�H G�M;m�;2 S`Q+2bbBM;- LGSVX .22TLGS 2B p�BM 2ibB AMi2`M2iBbi  2pB/2MbbB 
m?FBbi�- p��M Kvƺb vKK `i   m?FB2M vKT `BHH  QH2p�M FQMi2FbiBMX L BM K2M2ii2H2K H@
H  .22T�`KQ` FvF2M22 2`Qii�K��M iQ/2HH� ?�Bi�HHBb2i i�T�mFb2i T2HF bi  M TQBFF2�pBbi�
i�T�mFbBbi�X

dXkX3 o2+i`� L2irQ`Fb *Q;MBiQ

*Q;MBiQ ?vƺ/vMi   i2FQ Hv  `2��HB�BF�Bb2M Fmp�M KmQ/Qbi�KBb22M K2M2BHH  M QH2pBbi� Fv@
#2`?vƺFF vFbBbi  vFbBivBbFQ?iBM22M- KBF  K�?/QHHBbi�� p HBiiƺK M `2�;QBMMBMX *Q;MBiQ
v?/Bbi   F2?BiivM2Bi  FQM2QTTBKBb2M i2FMQHQ;BQBi� D�iFmp�biB QTTBpB2M F bBi2K�HHB2M F�Mb@
b� Hƺvi  Fb22M MQT2�biB D� i2?QFF��biB TBBHQbb� QH2p�i D� imMi2K�iiQK�i ?vƺFF  D i 2MM2M
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FmBM M2 �B?2mii�p�i p�?BMFQ�X *Q;MBiQ 2HBKBMQB Kvƺb MBBM b�MQimi ǳbQF2�i TBbi22iǴ �M�Hv@
bQBK�HH� F�BFF2� iB2iQim`p�@ D� �mi2MiBFQBMiBD `D2bi2HKB2M b2F  a��a@bQp2HHmbi2M p2`FFQHBB@
F2MM2ii  D� HQFBiB2/QbiQD�X
o2+i`� *Q;MBiQ ?vƺ/vMi   Fv#2`?vƺFF vbi2M iQ`DmMM�bb� D� imMMBbi�KBb2bb� F2?BiivM2B@
i  Q?D�imM D� Q?D��K�iiQK�M FQM2QTTBKBb2M i2FMBBFQBi�- Fmi2M bvp QTTBKBbi� D� M2m`Q@
p2`FFQD�X S2`BMi2Bb2i iB2iQim`p�D `D2bi2HK i FQ2ii�p�i Hƺvi   ?vƺFF vFbB  2ibBK HH  D `D2b@
i2HK  M FQ?/BbimpBbi� ?vƺFF vFbBbi  imMM2iimD� �HH2FB`DQBimFbB� UbB;M�im`2V D� ?vp FbB@
F viƺM K�?/QHHBbi�pB� �mFFQD� U2tTHQBiVX *Q;MBiQ QTTBB FQFQ p2`FQbb� i�T�?imp�bi� iQB@
KBMM�bi� TBiF HH  �BF�p HBHH  T BpB2M- pBBFFQD2M i�B FmmF�mbB2M �BF�M�X *Q;MBiQ imMMBbi��
?vƺFF  D M p2`FFQF vii vivKBb2M Fv#2`?vƺFF vbF2iDmM DQF�Bb2bb� p�B?22bb�X hmMMBbi2iim
?vƺFF  D M F vii vivKBM2M F�i2;Q`BbQB/��M D� p2``�i��M MQ`K��HBBM T�Hp2HBKB2M F�Mbb�
i�T�?imp��M p2`FFQF vii vivKBb22M- DQiF� QM TBbi2vi2iiv `BbFBi�bQD2M D� MBB/2M K  `Bii @
KBb2M bm?i22MX >vƺFF vbF vii vivKBb2bi  imMMBbi2i��M 2`BivBb2biB b2HH�Bb2i- DQiF� Qp�i Qb�
vFbBii Bbi  FQQ`/BMQBim� ?vƺFF vbF�KT�MD��X h HHƺBM vHH TBi D i pQBp�i F2bFBiiv  bmmMi��@
K��M pQBK�p�`�Mb� ?vƺFF vFbBBM- DQiF� �B?2mii�p�i F�BFF2BM bmm`BKK�M HBBF2iQBKBMM�HHB@
b2M `BbFBMX

dXkXN A"J a2+m`Biv@iB2iQim`p�`�iF�Bbm

A"J,M Fv#2`im`p�HHBbmmb`�iF�Bbm UA"J a2+m`BivV QM BMi2;`QBim `�iF�Bbm- DQF� �mii�� Q`;�@
MBb��iBQBi� imMMBbi�K��M- FQ?/Bbi�K��M D� 2bi K  M iB2iQim`p�m?FB�X A"J a2+m`Biv QM
FQMb2TiB BMi2;`QB/mbi� Fv#2`im`p�HHBbmmb`�iF�Bbmbi�- DQbb� �M�HviBBFF�FvpvFFvvb QM �b2@
i2iim `�iF�BbmM F2bFBƺƺMX
A"J a2+m`Biv FQQbimm F�?/2Fb�bi� Qb�bi�, mHFQBM2M iB2/mbi2HmiB2iQ Ui?`2�i BMi2HHB;2M+2V-
iB2iQp2`FFQ UM2irQ`FV- 2/BbivM22i ?mBD�mFb2i U�/p�M+2/ 7`�m/V- B/2MiBi22iiB D� T  bvM?�H@
HBMi� UB/2MiBiv � �++2bbV- /�i�- bQp2HHmFb2i U�TTbV- KQ#BBHB UKQ#BH2V D� HQTTmF vii D  U2M/@
TQBMiVX hB2iQim`p�`�iF�BbmM i�`FQBimFb2M� QM QHH� FQFQM�Bbp�Hi�BM2M `�iF�Bbm- DQMF� �pmHH�
FQFQ Q`;�MBb��iBQM Fv#2`im`p�HHBbmmb pQB/��M D `D2bi   �BM� iB2iQp2`FQM im`p��KBb2bi� KQ@
#BBHBH�Bii2BbBBM- bQp2HHmFbBBM D� HQTTmF vii DBBM b��FF�X
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A"J a2+m`Biv @ AMi2;`QBim Fv#2`im`p�HHBbmmbFQMb2TiB UA"JV

�HH� QH2p�bb� Fmp�bb� 2bBi2HH  M A"J a2+m`Biv @`�iF�BbmmM HBBiivp i bQp2HHmFb2iX �Hmbi�M
F2bF2Bb2M  bQp2HHmFb2M� QM A"J Z_�/�` q�ibQM �/pBbQ`- DQF� ?vƺ/vMi   q�ibQMBM QT2i@
i�KBb2FbB F2` iiv  iB2iQ� Fv#2`im`p�HHBbmmbFQ`Tmbi�X A"J Z_�/�` q�ibQM �/pBbQ` D� b2M
bBb Hi K i FQ;MBiBBpBb2i FvpvFFvv/2i Qp�i ?vƺ/vMM2ii pBbb  A"J Z_�/�` a2+m`Biv AM@
i2HHB;2M+2 SH�i7Q`KBM F�mii�X SQi2MiB��HBbi2M m?FB2M imMMBbi�KBb2FbB pQB/��M ?vƺ/vMi  
q�ibQMBM HmQMMQHHBb2M FB2H2M vKK `i KBb2M FvpvFFvvFbB - DQHHQBM KmmM Km�bb� #HQ;B2M-
p2`FFQbBpmD2M- imiFBKmb`�TQ`iiB2M D� Z_�/�`BM i�`DQ�K�M /�i�M H TBF vMiB ?2HTQiimm
D� MQT2mimmX S`Qb2bbB pQB MQT2mii�� iB2iQim`p�m?�M b2HpBivFb22M FmHmp�� �BF�� pBBFQBb@
i� D� T BpBbi  KBMmmii2B?BMX A"J aP* @�Hmbi� FvF2M22 HBb FbB ?vƺ/vMi K  M A"J,M Bk@
�M�HviBBFF�ivƺF�Hm� D� A"J s@6Q`+2 1t+?�M;2@iB2iQF�Mi��X hmH2p�Bbmm/2bb� �bB�MimMiBDQB@
/2M �pmFbB QM aP*,?BM i�`FQBimb F2?Bii   Tm?mp� �bbBbi2MiiB- DQF� FvF2M22 pmQ`Qp�BFmi@
i2Bb22M iQBKBMi��M D� �pmbi�K��M iB2iQim`p�@�M�HvviBFQBi� KmmM Km�bb� `2��HB�BF�BbBbb�
iB2iQim`p�m?F�T BpBivFbBbb  D� bmQbBimFbB2M �Mi�KBb2bb� m?F�iBH�Mi2B/2M FQ`D��KBb2FbBX
lHFQBb2M iB2/mbi2HmiB2/QM ?�HHBMi��M QM i�`DQHH� s@6Q`+2 1t+?�M;2@�Hmbi�X a2 QM v?i2Bbivƺ@
�Hmbi�- DQF� imQ m?FB2M �M�HviBBFF�T�Hp2HmBi� D� i2FMQHQ;BQBi� TBHpBT�Hp2HmmM a��a UaQ7ir�@
`2 �b � a2`pB+2V T�Hp2HmM�- DQF� MQT2mii�� v`Bivbi2M p�HKBmFbB� T`BQ`BbQB/� m?FB� b2F  HBb  
DQmbi�pmmii� D� �KK�iiBQb��KBbi�X A"J 1t+?�M;2M F vii D i pQBp�i ?vƺ/vMi   A"J,M
Fv#2`im`p�HHBbmmb�BM2BbiQ� D� FQFQ p2`FQbiQM �bB�MimMiBDQB/2M iB2iQi�BiQ�X Ev#2`im`p�HHB@
bmmbm?FB2M imiFBKBb2FbB D� 2bi KBb2FbB A"J QM HBb FbB T2`mbi�Mmi iB2iQim`p�@�H�M �KK�i@
iBH�BbBbi� FQQbimp�M s@6Q`+2 A_Aa UAM+B/2Mi _2bTQMb2 �M/ AMi2HHB;2M+2 a2`pB+2bV @`v?K M-
DQMF� i�`FQBimFb2M� QM p�?pBbi�� �bB�F�bQ`;�MBb��iBQi� v?  F2?BiivpB  ;HQ#��H2D� iB2iQim`@
p�m?FB� p�bi��MX
A"J a2+m`Biv@`�iF�BbmM iB2iQp2`FFQ@Qb�@�Hm22b22M FmmHmp�i Z_�/�` AM+B/2Mi 6Q`2MbB+b D�
Z_�/�` L2irQ`F AMbB;?ib b2F  J�M�;2K2Mi L2irQ`F a2+m`Biv a2+m`2 D� a2+m`2 a.@q�M@
T�Hp2HmiX Z_�/�` AM+B/2Mi 6Q`2MbB+b i�`DQ�� Fv#2`im`p�HHBbmmb�bB�MimMiBDQBHH2 K�?/QHHB@
bmm/2M D HDBii   �bF2H �bF2H22Hi� TQi2MiB��HBb2M ?vƺFF  D M iQBKB� D� iQi2mii�� MQT2�biB
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imiFBKmFbB� 2T BHvii pBbi  D� K�?/QHHBb2biB ?�Bi�HHBbBbi� iB2iQp2`FFQB?BM FQ?/BbimpBbi� i�@
T�?imKBbi�X Z_�/�` AM+B/2Mi 6Q`2MbB+b Kvƺb MQT2mii�� Z_�/�`BM F2`  K M BM7Q`K��@
iBQM imiFBKBbi� D� T`Qb2bbB pQB MQT2mim� T BpBbi  imMi2B?BM i�B DQT� KBMmmii2B?BMX Z_�/�`
L2irQ`F AMbB;?ib �M�HvbQB iB2iQp2`FQbb� HBBFFmp�� /�i�� `2��HB�D�bb� D� Tv`FBB T�HD�bi�@
K��M ?vƺFF  D M ǳD�H�MD HD2iǴ D� TBBHQbb� QH2p�i iB2iQim`p�m?�i- 2bBK2`FBFbB ?�Bii�Q?D2H@
K�i- 2MM2M FmBM M2 p�?BM;QBii�p�i Q`;�MBb��iBQi�X J�M�;2/ L2irQ`F a2+m`Biv a2`pB+2b i�`@
DQ�� KQMBiQ`QBMiB@- ? Hvivb@ D� p2`FQM iB2iQim`p�i2FMQHQ;B�T�Hp2HmBi� Qb�M� A"J a2+m`Biv@
`�iF�Bbm�X

A"J a2+m`Biv bQp2HHmbi�bQHH� UA"JVX

A"J Ak 1Mi2`T`Bb2 AMbB;?i �M�HvbBb U1A�V
AM7`�bi`mFimm`BM- �bB�F�bv?i2v/2M D� /�i�M im`p��KBM2M Qp�i F`BBiiBbB  �bBQBi� HBBF2iQBKBM@
M�bb� D� MBBM v`Bivbi2M FmBM ivƺMi2FBDƺB/2MFBM K�BM22M b BHvii KBb2bb X Ev#2`?vƺFF vFb2i
pQBp�i Tvbv  b�H�bb� DQT� F�?/2Fb�M FmmF�mii�X LvFv�D�M Fv#2`?vƺFF vFbBbi  QM imHQb@
b� v?  F2?BiivM22KTB - F2ii2` KTB  D� FvF2M2p KTB  H T Bb2K  M H ?2b KBMF  i�?�Mb�
iB2iQp2`FQM im`p�HHBbmmb`�iF�BbmM- DQi2M v`Bivbi2M imH22 FQ`p�i� T2`BMi2BbB  Fv#2`im`p�HHB@
bmmbbi`�i2;BQBi� T`Q�FiBBpBb2HH� iB2iQTQ?D�Bb2HH� `�iF�BbmHH�X
A"J Bk 1Mi2`T`Bb2 AMbB;?i �M�HvbBb@iB2iQim`p�`�iF�BbmM �pmHH� Q`;�MBb��iBQi pQBp�i T`Q�F@
iBBpBb2biB b��pmii�� F�ii�p�M vKK ``vFb2M Q`;�MBb��iBQM ?��pQBiimpmmFbBbi� D� F2?Bii  
Fv#2`?vƺFF vbbF2M��`BQBi�- DQiF� MQT2mii�p�i ?vƺFF vFbB  FQbF2pB2M b2HpBivFbB2M D� FQ`@
D�mFbB2M i2F2KBbi X hmH2p�Bbmm/2bb� i�T�?impB2M ?vƺFF vFbB2M 2?F Bb2KBb2FbB Q`;�MBb��@
iBQi pQBp�i FQ2ii�� imMMBbi�� D� imiFB� Fv#2`?vƺFF  DB2M iQBKB� ?vƺFF vbi�T�?imKB2M
D HF22M b2F  T BpBii   b��/mM BM7Q`K��iBQM T2`mbi22HH� Fv#2`im`p�HHBbmmbbi`�i2;B��Mb� D�
i�FiBBFF��Mb�X S2`BMi2Bbi2M iB2iQim`p�HHBbmmi22M HBBiivpB2M QT2`��iBQB/2M QHH2bb� `�DQBiimM2B@
i� Ah@TQ?D�Bb22M /�i��M D� K2i`BBFQB?BM- T`Q�FiBBpBM2M Fv#2`iB2/mbi2Hm i�`DQ�� K�?/QHHB@
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bmm/2M v?/Bbi   /�i�� Kmm?mM bBb Bb22M /�i��M- Fmi2M >_@iB2iQF�MiQB?BM b2F  Fv#2`iQB@
KBDQB/2M D� `v?KB2M �M�HvbQBMiBBMX
A"J Bk 1Mi2`T`Bb2 AMbB;?i �M�HvbBb F vii   DQ QH2K�bb� QH2p�� iB2iQim`p�BM7`�bi`mFimm@
`B�- Kmmi� BM7`�bi`mFimm`B/�i�� D� �pQBMi� H ?/2FQQ/B� ?vƺ/vMi pB2M D `D2bi2HKB2M i�`@
DQ�K�� /�i��X hB2iQKm``QM- b2M K2iQ/B2M D� iB2iQKm``QM i2FBD M iB2iQKm`iQQM HBBiivpB2M
?2MFBHƺFQ?i�Bbi2M i�T�?imKB2M imMMBbi�KBM2M D� imiFBKBM2M T2`mbimp�i M B/2M mb2B/2M
iB2iQH ?i2B/2M ?vƺ/vMi KBb22MX _�iF�Bbm F vii   Kvƺb bQbB��HBb2bi� K2/B�bi� b��im� F2`@
`QFbBii�Bbi� /�i��- DQii� QM K�?/QHHBbi� b2HpBii   Q`;�MBb��iBQQM ?vƺFF  p  i�?Q- ? M2Mf@
?2B/ M bBD�BMiBMb�- FQ?i22Mb� D� FmKTT�MBMb�X L B?BM iB2iQB?BM T2`mbim2M Q`;�MBb��iBQ pQB
QK�Fbm� mmbB� iQBKBMi�i�TQD� D� TmQHmbimbi� FQbF2pB� bi`�i2;B�KmmiQFbB�X
A"J Bk 1A� FvF2M22 H��D2Mi�K��M DQ QH2K�bb� QH2p�� Fv#2`im`p�HHBbmmb`�iF�Bbm� HBb QKB@
M�BbmmFbBHH�- Fmi2M KQMBmHQii2Bb2HH� pBbm��HBb2HH� �M�HviBBF�HH�X a2M �pmHH� imiFBD�i pQBp�i
b��/� T�`2KK�M Fmp�M ?vƺFF vFb2bi  pBbm�HBbQBK�HH� F�ii�p�M iBH�MM2Fmp�M F�BFBbi� iB@
H�Mi22b22M HBBiivpBbi  2H2K2Mi2Bbi X 1A�,M �pQBM D� KQ/mH��`BM2M �`FFBi2?imm`B QM bF��H�m@
imp� D� HBb FbB i vbBM `  i HƺBi pBbb  FQHK�MM2M Qb�TmQH2M bQp2HHmFbB2M D� MBB/2M i�`DQ�@
KB2M QKBM�BbmmFbB2M F�Mbb�X L Bi  QKBM�BbmmFbB� Qp�i 2bBK2`FBFbB HmQMMQHHBb2M FB2H2M T`Q@
b2bbQBMiB b2F  �M�HviBBFF� i�FiBb2HH�- QT2`�iBQM��HBb2HH� D� bi`�i2;Bb2HH� i�bQHH�X 1A� i�`DQ��
Kvƺb v?i22MbQTBpmm/2M Q`;�MBb��iBQM bBb HH  D� mHFQTmQH2HH�X �pQBM K�HHB 2B T2HF bi  M
BMi2;`QB DQ QH2K�bb� QH2p��M �`FFBi2?imm`BBM D� KmB?BM bQp2HHmFbBBM- p��M �Mi�� F vii DBHH2
K�?/QHHBbmm/2M D�F�� ?2HTQbiB BM7Q`K��iBQi� iB2iQim`p�m?FBbi� Q`;�MBb��iBQM H��DmBb2biB
b2F  FmKTT�M2B/2M- �bB�FF�B/2M D� KmB/2M Q`;�MBb��iBQB/2M F�Mbb�X
S2`BMi2BM2M T�HQKmm`B FvF2M22 Fmp�bb� 2bBi2ivM F v` M KmF�Bb2biB 2?F Bb2K  M K�FbBKBb@
b��M 3yW Fv#2`?vƺFF vFbBbi X A"J,M Z_�/�`BM imQK� HBb �`pQ i`�/BiBQM��HBb2M T�HQKmm@
`BM F viiƺƺM QM y@RyW vFbBFFƺ - DQHHQBM QM K�?/QHHBbi� b��pmii�� NyW i�bQX Ev#2`�M�@
HvvbB� ?vƺ/vMi p  D� 2MBi2M F vi MMƺM ivƺi  p��iBp�M A"J,M 1A�,M �pmHH� im`p�HHBbmmii�
pQB/��M 2/2HH22M HBb i  D� b��pmii�� DQT� NNXNW i�bQX

h`�/BiBQM��HBM2M BM7Q`K��iBQim`p�HHBbmmb D� Fv#2`�M�HviBBFF� UA"JVX

A"J J��ajey rBi? q�ibQM
A"J J��ajey QM A"J,M F2?Bii K  KQ#BBHBH�Bii2B/2M ?�HHBMi�bQp2HHmb- DQF� K�?/QHHBbi��
F�BFFB2M Q`;�MBb��iBQM KQ#BBHB2M ?2MFBHƺFQ?i�Bbi2M H�Bii2B/2M- bQp2HHmFbB2M D� bBb HHƺM ?�H@
HBMM�M D� iB2iQim`p�M BHK�M- 2ii  b2 `�bBii�� Ah@im2M `2bm`bb2D�X J��ajey i�`DQ�� iB2iQim`@
p�HHBb2M vKT `BbiƺM- DQF� TBi   v`BivFb2M K�?/QHHBbB� HBBF2b�H�BbmmFbB� bBb Hi p i iB2/QbiQi
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2`Qbb� KQ#BBHBH�Bii22b22M �b2MM2imBbi�� bQp2HHmFbBbi�X h K  K�?/QHHBbi�� b2M- 2ii  Q`;�MB@
b��iBQB/2M ivƺMi2FBD i pQBp�i ivƺbF2MM2HH  p��`�Mi�K�ii� /�i��M D� H�Bii22b22M HBBiivp  
iB2iQim`p��X _�iF�Bbm vFbBMF2`i�Bbi�� Ah,M ?�HHBMi��- bBHH  `BBii   KQMBiQ`QB/� FQFQ H�Bii22M
bBD��M �BMQ�bi��M vKT `Bbiƺ  FQMi`QHHQBp�� bQp2HHmbi�X

J��ajey

aQp2HHmFb2M �pmHH� F�BFFB� H�Bii2Bi� pQB/��M KQMBiQ`QB/� v?/2bi  T�BF�bi� D� p�HpQ� H�M@
;�iiQK�biBX J��ajey,M i�`DQ�K�M KQ#BBHBH�Bii2B/2M ?�HHBMi�FvpvM �pmHH� v`BivFb2i pQBp�i
�Mi�� ivƺMi2FBDƺBHH2 K�?/QHHBbmm/2M F vii   ivƺi2?i pB2Mb  iQi2mimFb2bb� QKB� KQ#BBHB@
H�Bii2Bi��MX
J��ajey,M �pmHH� Q`;�MBb��iBQi pQBp�i ?�HHBi� bQp2HHmFbB� BMi2`�FiBBpBb2M Hm2ii2HQM p HB@
ivFb2HH X Gm2ii2HQM F�mii� M2 pQBp�i Q?D�i� F vii K  M p�HBiimD� bQp2HHmFbB�- D�F�� MBBi 
F vii DBHH2 D� T BpBii   MBBi  i�`T22M p��iB2bb�X GBb FbB J��ajey p�`KBbi��- 2ii  v`BivFb2M
/�i� QM b�H�iimM� D� 2ii  b2 TB/2i  M 2`BHH  M KmBbi� KQ#BBHBH�Bii2BbBBM �b2MM2imBbi� bQ@
p2HHmFbBbi�- DQii� M2 2Bp i T  b2 /�i��M F bBFbBX J��a,M �pmHH� Q`;�MBb��iBQi pQBp�i Kvƺb
`�DQBii�� ivƺMi2FBDƺB/2M QBF2mFbB� /�i��M D� b�HHB� ?2BHH2 FQMi`QHHQB/mbiB QBF2mFbB�- DQBi� ?2
i�`pBib2p�i ivƺi2?i pB2Mb  ?QBi�KBb2FbBX
uFbB i `F2BKKBbi  J��ajey,M QKBM�BbmmFbBbi� QM A"J q�ibQMBM i�`DQ�K� FQ;MBiBBpBM2M
�M�HviBBFF�- DQHHQBM ?BbiQ`B�iB2iQD�- MvFvBbvvii  D� imH2p�Bbmm/2M 2MMmbi2Bi� ?vƺ/vMi 2M
pQB/��M T�`�Mi�� T  iƺFb2Mi2FQT`Qb2bbB� D� �mii�� Ah@ b2F  iB2iQim`p�HHBbmmbDQ?i�DB� 1l,M
iB2iQim`p�@�b2imFb2M :.S_,M U:2M2`�H .�i� S`Qi2+iBQM _2;mH�iBQMV ?mQKBQBMMBbb�X

A"J Z_�/�` �/pBbQ` rBi? q�ibQM
q�ibQM 7Q` *v#2` a2+m`Biv H��D2Mi�� Fv#2`im`p�HHBbmmb�M�HvviBFQM FvpvFFvvFbB  F2?Bi@
ivM2B/2M m?FB2M imMMBbi�KBb2bb� D� vKK `i KBb2bb  Tm`2mim2M `�F2Mi22iiQK��M /�i��M
U#HQ;Bi- qqq@bBpmi- imiFBKmbT�T2`BiV D� FQ``2HQB/2M bBi  T�BF�HHBbi2M Fv#2`im`p�HHBbmmb@
?vƺFF vFbB2M F�Mbb�X Z_�/�` imHFBib22 `�F2Mi22iQMi� /�i��- DQF� QM HmQim p HBii K  M
BM7Q`K��iBQi� B?KBb2Hi  B?KBb2HH2 D� FQ``2HQB bBi  `�F2Mi22HHBb2M /�i�M F�Mbb� T�HD�bi�2M
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mmii� `2H2p�MiiB� BM7Q`K��iBQi� Fv#2`im`p�HHBbmmb?vƺFF vFbBbi X Z_�/�` �/pBbQ` 2ibBB TB@
K2MMQbb� QH2pB� /�i�TBbi2Bi - DQBi� Kmmi bQp2HHmFb2i i�B T�Hp2Hmi 2Bp i Hƺv/  D� bBi2M FvF2@
M22 i�`F2KKBM imMMBbi�K��M m?FB�X h�pQBii22M� QM KmQ/Qbi�� bi`�i2;B� iB2iQim`p�m?FB2M
iQ`DmKBb2FbBX
A"J Z_�/�` �/pBbQ` rBi? q�ibQM ?vƺ/vMi   A"J q�ibQMBM FQ;MBiBBpBbB� FvpvFFvvF@
bB  Ui2FQ Hv V D� Z_�/�` a2+m`Biv SH�i7Q`KBM Fv#2`im`p�HHBbmmb�M�HvvbBBM F2?Bi2iiv  �Hmb@
i�� T�HD�bi�2bb��M TBBHQbb� QH2pB� m?FB� D� �miQK�iBbQB/2bb��M MBB/2M imMMBbimbT`Qb2bbB�X
C `D2bi2HK  imiFBB �miQK��iiBb2biB p��`�HHBbB� BM/BF��iiQ`2Bi�- ?vƺ/vMi   FQ;MBiBBpBbB� Fv@
pvFFvvFbB  i�`DQi2M F`BBiiBbB  M F2KvFbB  D� HQTmFbB MQT2mii�� Fv#2`im`p�HHBbmmbm?FB2M
`2�FiBQbvFHB X
Z_�/�` �/pBbQ` rBi? q�ibQM iQBKBB b2m`��pB2M Fmp�bb� M FvpB2M p�B?2B/2M F�mii�,

Ç Z_�/�` a2+m`Biv AMi2HHB;2M+2@�Hmbi�M imMMBbi�2bb� Fv#2`im`p�HHBbmmbm?�M- �M�HvviBF@
FQ pQB bBB`i   b2M @Z_�/�` �/pBbQ` rBi? q�ibQMBHH2 i�`F2KT�� imiFBKmbi� p�`i2MX
�/pBbQ` i2F22 2MbBM m?F�� FQbF2p�M H��D2KK�M F�`iQBimFb2M HQm?BK�HH� HQF��HBbi�
Z_�/�`@Q?D2HKBbiQbi� b��i�p�� /�i��X h K M D HF22M Q?D2HKBbiQ ?vƺ/vMi   q�ibQM
7Q` *v#2` a2+m`Biv@Q?D2HKBbiQ� i�`F2KK�M �M�HvvbBM bmQ`Bii�KBb2FbB m?�bi�X

Ç q�ibQM 7Q` *v#2` a2+m`Biv imiFBB iB2iQF�Mi��- DQF� FQQbimm b�/QBbi� im?�MbBbi� H ?@
i2Bbi - DQiF� QM F2` iiv 2bBK2`FBFbB qqq@bBpmBHi�- Fv#2`im`p�HHBbmmb7QQ`mK2BHi� D�
mmiBbFQQbi2Bbi�- D� FQQbi�� M Bbi  vKK ``2ii p M FQFQM�Bbmm/2MX h K M D HF22M Q?@
D2HKBbiQ 2ibBB Fv#2`im`p�HHBbmmbm?F��M HBBiivp   HBb BM7Q`K��iBQi� FQbFB2M ?�Bi�HHBbB�
iB2/QbiQD� D� 2T BHvii pB  AS@QbQBii2Bi�X

Ç GQTmFbB Z_�/�` �/pBbQ` rBi? q�ibQM T`Qb2bbQB BM7Q`K��iBQi�- DQi� b2 b�� q�ibQM
7Q` *v#2` a2+m`Biv@Q?D2HKBbiQHi� 2ibB2M Fv#2`im`p�HHBbmmbm?F��M HBBiivpB  �p�BMi2FB@
DƺBi X

A"J Z_�/�` �/pBbQ` rBi? q�ibQM iQBKBMi�T2`B��i2 UA"JVX

A"J Z_�/�` rBi? q�ibQMBM �p�BMQKBM�BbmmFbB� Qp�i �miQK��iiBM2M m?F�i�T�mbi2M imi@
FBKBM2M- i2FQ HvM ?vƺ/vMi KBM2M D� FQ`F2�M i�bQM `BbFB2M ?�p�Bib2KBM2MX Z_�/�` iQi2mi@
i�� T�BF�HHBbi� iB2/QM HQm?BMi�� Fv#2`im`p�HHBbmmb?vƺFF vFbBbi  F2` i2M �BM2BbiQ�X h K M
D HF22M bQp2HHmb i�`F�bi��- QMFQ DQFBM i�B DQiFBM m?Bbi� H T Bbb22i F2``QFbBii�Bb2i bmQD�mFb2i
p�B Qp�iFQ M2 2bi2iivX Gm2ii2HQB/2M D� iB2iivD2M bQTBpB2M BM/BF��iiQ`2B/2M �pmHH� i�`F�bimbi�
pQB/��M �miQK�iBbQB/�X EQ;MBiBBpBb2M T  ii2HvM �pmHH� pQB/��M imMMBbi�� iQ/2MM FƺBbBK@
K i m?�i D� v?/Bbi   M2 �HFmT2` BbBBM i�T�?imKBBM- 2bBK2`FBFbB ?�Bi�HHBb2i iB2/QbiQi D�
2T BHvii p i AS@QbQBii22i- v?i2vFbB2M TBB`i KBb2FbB m?FB2M D� i�T�?imKB2M p HBHH2X GBb FbB
Z_�/�` F vii   �miQK��iiBb2biB q�ibQM 7Q` *v#2` a2+m`Biv� mHFQBb2M `�F2Mi22iiQK�M /�@
i�M- Fmi2M qqq@bBpmD2M- 7QQ`mKB2M D� m?F�@�M�HvvbBM ?vƺ/vMi KBb2FbBX A"J Z_�/�`
Kvƺb T�HD�bi�� i�T�?imKB2M F`BBiiBbvv/2M- 2HB QMFQ ?�Bii�Q?D2HK� �FiBpQBimMmi p�B 2BX
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A"J Z_�/�` AM7Q`K�iBQM a2+m`Biv �M/ 1p2Mi J;Ki UaA1JV
aA1J@Q?D2HKBbiQi v?/Bbi p i mb2Bi� 2`BH�BbB� Fv#2`im`p�HHBbmmbQ?D2HKBbiQFQKTQM2Mii2D�
v?/2FbB �Hmbi�FbBX u`BivFb2i ?vƺ/vMi p i aA1J@Q?D2HKBbiQD� F2bFBii  Fb22M Fv#2`im`p�H@
HBbmmbQT2`��iBQi v?i22M bBD�BMiBBMX �bB�MimMiBD�`v?K i- DQiF� ?QBi�p�i Ah@ D� Fv#2`im`@
p�HHBbmmbQT2`��iBQBi�- pQBp�i T  bi  F bBFbB b�K��M BM7Q`K��iBQQM D� ? HvivFbBBM i2?QF@
F��KK�M FQKKmMBF��iBQM D� bmmMMBii2HmM K�?/QHHBbi�KBb2FbBX h K MF�Hi�Bb2i imQii22i
i�`DQ�p�i FvpvFFvvFbB - DQB/2M �pmHH� Fv#2`im`p�HHBbmmb�bB�MimMiBD�i pQBp�i imMMBbi�� D�
b��/� ? HvivFbB  Ah@D `D2bi2HKBbb  ?�p�BimBbi� �MQK�HBQBbi�X �MQK�HB�i pQBp�i QHH� mmbB�
?�Bii�Q?D2HKB�- ?vp FbvK iiƺKB  D `D2bi2HK  M FB`D�mimKBbB� i�B mmbB� ?�p�BiimD� ?��@
pQBiimpmmFbB�X
A"J Z_�/�` aA1J,M �pmHH� pQB/��M F2` i - MQ`K�HBbQB/� D� FQ``2HQB/� iB2iQp2`FQBbb�
HBBFFmp�� /�i�� ?vƺ/vMi K HH  pmQbB2M �BF�M� F2`ivMvii  FQF2Kmbi�X Z_�/�` aA1J BM@
i2;`QBimm b�iQB?BM A"J,M D� KmB/2M p�HKBbi�DB2M imQii2BbBBMX GBb FbB Z_�/�` i�`DQ�� F�i@
i�p�M M FvK M Fv#2`im`p�HHBbmmbi�T�?imKBBM- DQiF� pQBp�i HBBiiv  Q`;�MBb��iBQM iBHQBbb�-
?v#`B/B@ i�B TBHpBvKT `BbiƺBbb  i�T�?impBBM i�T�?imKBBMX aA1J@`�iF�BbmM F2bFBƺbb  QM F2@
?BiivMvi �M�HviBBFF�KQQiiQ`B- DQF� QM bmmMMBi2Him F2`  K  M `2��HB�BF�Bbi� HQFBiB2iQ� D�
iB2iQp2`FQM pB`i�mbBM7Q`K��iBQi� b2F  ?vƺ/vMi K  M F2?BiivMvii  �M�HviBBFF�� K�?/QH@
HBbi2M ?vƺFF  DB2M imMMBbi�KBb2FbBX
Z_�/�` aA1J QM bF��H�mimp� `�iF�Bbm- DQF� F2`   D� ?vƺ/vMi   im?�MbB2M ?�D�mi2iimD2M
iB2iQp2`FQM H�Bii2B/2M H ?2ii K   /�i�� i�HH2Mi�2M F�BF2M iQBKBMM�M D� iB2iQim`p�i�T�?@
imK�i iB2iQF�Mi��M b2F  F vii   �M�HviBBFF�FvpvFFvvFbB  2`Qii�K��M QBF2�i m?�i p  @
`Bbi  TQbBiBBpBbBbi�X GBb FbB `�iF�Bbm F��TT�� h*S@AS@F2``QFb2M 9 p2`FQM pB`i�mb/�i�� D�
F2``QFb2M d bQp2HHmFbB2M ?vƺivFmQ`KB� ?vƺ/vMi K HH  AS@T�F2iiB2M i�`F�bimbi2FMQHQ;B��X
Z_�/�`BM BMimBiBBpBM2M F viiƺHBBiivK  �mii�� Ah@�bB�MimMiBDQBi� MQT2�biB imMMBbi�K��M
D� TmmiimK��M Fv#2`?vƺFF vFbBBM QBF2�HH� T`BQ`Bi22iBHH�X _�iF�Bbm F�`bBB b�iQD2M ? HvivF@
bB2M D� TQBFF2�pB2M i�T�?imKB2M DQmFQbi� ?mQK�ii�p�biB TB2M2KK M v/BMDQmFQM- DQi�
pQB/��M i�`F�bi2HH� H ?2KKBMX L K  TQBFF2�p�i i�T�?imK�i pQBp�i bBb Hi   bQp2HHmFbB2M
bQTBK�iQMi� F viiƺ  i�B ?vƺ/vMi KBbi  H�BiiQKBBM i�`FQBimFbBBM- Q`;�MBb��iBQM bBb BbB 
?mBD�mbv`BivFbB  D� p�`F�mFbB� b2F  m?FB�- DQiF� mb2BKKBi2M ?mFFmp�i KBHDQQMB2M iB2iQ@
im`p�i�T�?imKB2M DQmFFQQMX
Z_�/�` FvF2M22 imMMBbi�K��M 2`B i�pQBHH� �MQK�HBQBi�- DQiF� pQBp�i QHH� BM/BF��iBQBi�
Q`;�MBb��iBQM bBb BbBbi  m?Bbi�X a2 ?�p�Bib22 iBH�Mi22i- DQbb� bQp2HHmFbB� i�B TBHpBT�Hp2HmB@
i� F vi2i  M ?mQK�ii�p�biB i�B M2 2Bp i QH2 F viƺbb  QHH2MF��MX GBb FbB Z_�/�` Qb��
imMMBbi��- KBF HB iB2iQp2`FQM �FiBBpBbmmbiBH� 2`Q�� ?mQK�ii�p�biB ?BbiQ`B�HHBb2bi� i�B F2b@
FBK  ` Bb2bi  �FiBBpBbmm/2bi� D� QTTBB imMMBbi�K��M M K  T BpBii Bb2i i�B pBBFQBii�Bb2i
F viiƺT`Q}BHBiX h K  �mii�� Fv#2`im`p�HHBbmmb�bB�MimMiBDQBi� MQT2�biB imMMBbi�K��M K2`@
FBii pB  �MQK�HBQBi�X
Z_�/�` aA1J FvF2M22 KQMBiQ`QBK��M bQp2HHmFbB� b2F  D `D2bi2HKB - Fmi2M 1_S- iB2iQF�M@
M�i- aFvT2- oQAS D� bQbB��HBM2M K2/B�X JQMBiQ`QBMiB bBb Hi   BM7Q`K��iBQM- FmF� F vii  
D� KBi - �M�HvvbBi b2F  ? HvivFb2i FQbFB2M bBb HHƺM bBB`iQ� D� FQ``2HQBMMBM KmmM iB2iQp2`@
FQbb� i�T�?imp�M �FiBpBi22iBM F�Mbb�- DQii� Hmp�iiQK�i iB2/QMbBB``Qi D� TQBFF2�p�i F vi@
i vivKBbK�HHBi pQBp�i T�HD�bim�X Z_�/�` aA1J bBb Hi   mb2Bi� 2`BH�BbB� �MQK�HBQB/2M D�
F vii vivKBb2M imMMBbimFb2M b  MMƺbiƺD  D� HBb FbB Fv#2`im`p�HHBbmmb�bB�MimMiBD�i pQBp�i
HmQ/� QKB� b  MiƺD  MX

A"J Z_�/�` lb2` "2?�pBQ` �M�HviB+b
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GQTTmF vii DB2M F vii vivKBb�M�HvvbB Ulb2` "2?�pBQ` �M�HviB+b l"�V QM QHHmi DQ pBBK2
�BFQBM� T�HDQM ?mQKBQi� b��Mmi F2bFmbi2HmM�B?2X P`;�MBb��iBQM mHFQBbB� m?FB� p�bi��M
`�F2MM2iim� bmQD�mbi� F2?Bi2ii 2bb  QM Kvƺb ?mQH2?/Bii�p� bBb Hi T BM imH2pBbi� m?FBbi�X
l?FB� pQBp�i �B?2mii�� KmmM Km�bb� i�?�HHBbi� ?�Bii�� �B?2mii�p� ivƺMi2FBD - ?mQHBK�@
iQM HBBF2imii�pmmb i�B mHFQBM2M iQBKBD�X h K MF�Hi�Bb2i m?�i Qp�i p�BF2Bi� imMMBbi�� D� M2
pQBp�i �B?2mii�� ?mQK�ii�p�� im?Q� v`BivFb2M QK�Bbmm/2HH2 ?2BF2Mi 2M v`BivFb2M �BM22@
iQMi� QK�Bbmmii� D� FmHmii�DB2M HmQii�Kmbi� b2F  p�?BM;QBii�� Q`;�MBb��iBQM #` M/B  D�
K�BM2ii�X
1bBK2`FBFbB pmQMM� kyRe i�T�?imMmi ?vƺFF vb b ?Fƺp2`FFQ� FQ?i��M lF`�BM�bb� �B?2miiB
b ?FƺF�iFQFb2M kyy yyy �bB�FF��HH2X >vƺFF vb b�B �HFmMb� ivƺMi2FBD M �p�i2bb� BM72FiQBim@
M22M qQ`/@/QFmK2MiBM- DQMF� F�mii� ?vƺFF  D i QMMBbimBp�i H ?2ii K  M ?�Bii�Q?D2HK�M
b ?FƺH�BiQFb2M ivƺMi2FBDƺBHH2 D� FvF2MBp i b2M �pmHH� p�`�bi�K��M F`BBiiBbi  BM7Q`K��iBQi�
D� bmHF2K��M b ?FƺH�BiQFb2M D `D2bi2HKB X
1/2HH  K�BMBimM F�Hi�BbB� ?vƺFF vFbB  p�bi��M QM F2?Bi2iiv F vii vivKBb�M�HvvbBBM T2@
`mbimpB� `�iF�BbmD� Fmi2M A"J Z_�/�` l"�@bQp2HHmbX a2 QM imMMBbi�Mmi KmmM Km�bb�
b2m`��p�MH�BbB� F vii vivKBbK�HH2D�,

Ç C `D2bi2HKB2M vHH TBi D i Qp�i Kmmii�M22i HQTTmF vii DB2M �ii`B#mmii2D� BHK�M Hm@
T��X

Ç E vii D i Qp�i D�F�M22i oSL@p2`FQM T  bviB2iQD�X
Ç G�Bii2Bi� QM pB2iv TQBb K��bi� F vii DB2M QHH2bb� HQK�HH�X
Ç E vii D i 2bBK2`FBFbB SQ?DQBb@�K2`BF�bb� Qp�i HmF2M22i b ?FƺTQbiBpB2bi2D  TBHpBT�H@

p2Hmbb� D� Kmmi�KB2M KBMmmiiB2M T  bi  iBH2BHH2 QM FQ2i2iim FB`D�mim� mHFQK�BHi�X
Ç aP*,M �bB�MimMiBDQB/2M iBHBi Qp�i BM72FiQBimM22i ?�Bii�Q?D2HKB2M pmQFbBX
Ç hB2iQim`p�ivƺF�HmD2M ?�p�Bimi p  `BMF viƺFb2iX
Ç E vii D i Qp�i �p�MM22i ?2MFBHƺFQ?i�BbB� iBH2D  T�Hp2HBKBHH�X
Ç 1M2KK M FmBM QH2i2iim K  `  bBb  MFB`D�mimKBbB�X

EQM2QTTBKBb2M �H;Q`BiK2D� pQB/��M ?vƺ/vMi   HQTTmF vii D M i�p�MQK�Bb2M F vii viv@
KBb2M vKK `i KBb2bb  D� K2`FBivFb2HHBbi2M TQBFF2�KB2M ?�p�Bib2KBb2bb�X EQM2QTTBKBb2M
�H;Q`BiK2D� QM bBb HHvi2iiv A"J,M Z_�/�` l"�@bQp2HHmFb22M- DQii� HQTTmF vii DB2M 2T B@
Hvii p  F viƺb D� TQBFF2�p� iQBKBMi� pQB/��M ?�p�Bi�X L K  FQM2QTTBKBb2M �H;Q`BiKBi
FvF2M2p i imMMBbi�K��M �D�HHBbB� D� �BF�b�`D�M TQBFF2�pmmFbB�X SQBFF2�pmmFbB2M imMMBb@
i�KBb2FbB F vii DB2M iQBKBMi�� KQMBiQ`QB/��M D� KQMBiQ`QBMMBM T2`mbi22HH� HmQ/��M MQ`@
K��HBM F vii vivKBb2M- `2bm`bbB2M D� p2`FFQpB2biBMM M ?vƺ/vMi KBb2M iQBKBMi�K�HHBiX L B@
i  K�HH2D� pQB/��M ?vƺ/vMi   ?�Hmii�2bb� K  `Bii  - KBHHQBM HQTTmF vii D  �HF�� i2?/ 
DQi�BM mmii�X �H;Q`BiKBi FvF2M2p i imMMBbi�K��M D� BHKQBii�K��M TQBFF2�p�bi� F vii viv@
KBb2bi  b2F  F vMMBbi p i l"�@bQp2HHmFb2M- DQMF� F vii DB2M `BbFBTBbi2Bi  MQbi2i��M �BM�
i�`T22M p��iB2bb�X
JQMBiQ`QBK�HH� DQF�Bb2M Q`;�MBb��iBQM iB2iQD `D2bi2HK M HQTTmF vii D M �FiBpBi22iiB�- ivƺ@
F�Hm FvF2M22 imMMBbi�K��M F vii D HH  Q`;�MBb��iBQbb� QH2pB� `QQH2D�X h HHƺBM F vii D i
pQB/��M D�F�� `QQHBTQ?D�BbBBM p2`i�Bb`v?KBBMX L Bbi  `QQH2Bbi� TQBFF2�p� mm/2MH�BM2M F vi@
i vivKBM2M pQB/��M imMMBbi�� D� b2 pQB QHH� �HFmp�B?22M BM/BF��iiQ`B ?�Bi�HHBbBbi� i�`FQBimb@
T2`Bbi X �H;Q`BiKBi iQBKBp�i Bib2M Bb2biB D� i�`FF�BH2p�i F vii D M �FiBpBi22ii2D� mb2Bbi� 2`B
M FƺFmHKBbi�- DQii� p  `B2M TQbBiBBpBbi2M imHQbi2M K  `  pQB p ?2Miv X Evb2Bb2i �H;Q`BiKBi
KQMBiQ`QBp�i H��D�� F viiƺi�T�mbi2M �Hm2ii�- Fmi2M,

Ç GQTTmF vii DB2M �FiBpBi22iiB2M KmmiQFb2i BHK�M KmmiQbi� MBB/2M iQBbimpmm/2bb�X
Ç JmmiQFb2i �FiBpBi22iBM iQBbimpmm/2bb� BHK�M �FiBpBi22iiBBM FQ?/BbimpB� KmmiQFbB�X
Ç JmmiQFb2i HQTTmF vii DB2M �FiBpBi22iBM �BF�BFFmM��MX
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Ç .�i�M bmQ/�ii�KBM2M H�Bii22bi� i�B p2`FQM F�mii�X
l"�@bQp2HHmb iQBKBB Z_�/�`@D `D2bi2HK M F�Mbb� F2` i2M /�i�� Q`;�MBb��iBQM p2`FQbb�
QH2pBbi� F vii DBbi X l"�@bQp2HHmFb2M ;`��}b22M F viiƺHBBiivK  M F2` i  M iB2iQD� .Q+F2`@
b BHBƺbi  UaZGBi2@iB2iQF�Mi�VX E2` ii pB  iB2iQD� Qp�i KmmM Km�bb� F vii D MBK2i- pBB@
K2Bb2i `BbFBTBbi22i- D `D2bi2HK M TBbi22i- ? HvivFb2i D� i`2M/BiX E viiƺHBBiivK  M T BpBiivv
BM7Q`K��iBQi� Kvƺb Z_�/�`@D `D2bi2HK M TmQH2Hi�X Z_�/�`@D `D2bi2HK M iQBKBii�K�� iB2@
iQ� Qp�i ?vƺFF vFb22M HBBiivp  BM7Q`K��iBQ- iBH� D� H ?i22iX GBb FbB Z_�/�`@D `D2bi2HK M
�_A1G@iB2iQF�MM�bi� b��/��M KmmM Km�bb� vH2BbH��imBbi� /�i�� D� F vii DB2M �FiBpBi22iBM
FB`D�mbiB2iQD�- DQiF� p�bi��p�i F vii D MBKBHH  iQi2mi2iimD� �FiBpBi22ii2D�X l"�@bQp2HHmb H @
?2ii   Z_�/�`@D `D2bi2HK HH2 BM7Q`K��iBQi� K2M2BHH  M QH2pBbi� ?vƺFF vFbBbi  i�`F2KTB�
imiFBKmFbB� p�`i2MX

A"J _2bBHB2Mi AM+B/2Mi _2bTQMb2 SH�i7Q`K UA_SV
A"J _2bBHB2Mi AM+B/2Mi _2bTQMb2 SH�i7Q`K UA_SV QM �Hmbi� i�T�?imK�T`Qb2bbB2M
�miQK�iBbQBKBb2FbBX A_S BMi2;`QBimm Q`;�MBb��iBQM DQ QH2K�bb� QH2pBBM Fv#2`im`p�@ D�
Ah@`�iF�BbmB?BM D� i�`DQ�� F2bFBi2ivM �Hmbi�M Fv#2`?vƺFF vbi2M imiFBMi��M D� MBB/2M
2bi KBb22MX A_S �Mi�� Fv#2`im`p�HHBbmmb�bB�MimMiBDQBHH2 K�?/QHHBbmm/2M �M�HvbQB/� D�
`2�;QB/� Fv#2`?vƺFF vFbBBM MQT2�KKBM-  HvFF  KKBM D� i2?QFF��KKBMX

A"J _2bBHB2Mi AM+B/2Mi _2bTQMb2 SH�i7Q`K@T�Hp2Hmi UA"JVX

A"J _2bBHB2Mi AM+B/2Mi _2bTQMb2@�Hmbi� D�F��Mimm Fmp�bb� 2bBi2ii pBBM FQHK22M Qb�@
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�Hm22b22M, B?KBb2i- i2FMQHQ;B� D� T`Qb2bbBiX Pb�@�Hmb22b22M B?KBb2i FmmHmm Q`;�MBb��iBQB/2M
p HBM2M FQQ`/BM��iBQ >_@- Ah@Qb�biQD2M- DQ?/QM D� aP*,M p HBHH X h2FMQHQ;B�@Qb�@�Hm2
F bBii   A"J _2bBHB2Mi AM+B/2Mi _2bTQMb2@�Hmbi�M i�`DQ�K�M �pQBK2M �Hmbi�M- DQF�
BMi2;`QBimm Q`;�MBb��iBQM Fv#2`im`p�BM7`�bi`mFimm`BBM KmQ/Qbi�2M viBK2M Fv#2`im`p�H@
HBbmmbi�T�?imKB2M F bBii2H2KBb2FbBX Pb�@�Hm2 T`Qb2bbBi i�`DQ�� /vM��KBb2M Q?D2BbimFb2M
Q`;�MBb��iBQM D b2MBHH2- DQii� ?2 vKK `i p i `QQHBMb� D� p�bimmMb� Fv#2`im`p�HHBbmmbi�@
T�?imK�M UFmi2M ?vƺFF vbV bm?i22M- bBi  2MM2M- b2M �BF�M� D� D HF22MX
a2m`��p�bb� Fmp�bb� QM ?�p�BMMQHHBbi2iim Z_�`�/�`@ D� _2bBHB2Mi AM+B/2Mi _2bTQMb2 �Hmb@
i�M BMi2;`��iBQi�- DQMF� K�HHB QM ?vƺ/vMM2ii pBbb  KBMF  i�?�Mb� aA1J@`�iF�BbmM F�Mb@
b�X aA1J@`�iF�Bbm i�`FF�BH2 Q`;�MBb��iBQM iB2iQD `D2bi2HKB  D� @p2`FFQD� b2F  ? Hvii   ?�@
p�Bi2bb��M MQ`K��HBbi� TQBFF2�p�� iQBKBMi��X JBF HB Fv#2`im`p�m?�i ?�p�Bi��M �BF�Bb2b@
b� p�B?22bb�- MQT2� `2�;QBMiB MBB?BM K�?/QHHBbimm p�?BM;Qi KBMBKQB/2MX aA1J@`�iF�BbmM
i�mbi�HH� QM �D�imb- 2ii  i2FMBb2i `�iF�Bbmi- Fmi2M T�HQKmm`Bi D� A.afASa@imQii22i 2Bp i
�mFQiiQK�biB FvF2M2 iQ`DmK��M F�BFFB� m?FB�X lHFQBbi2M m?FB2M HBb FbB Kvƺb Q`;�MBb��@
iBQB/2M bBb Bb2i Fv#2`im`p�HHBbmmbm?�i D� iB2iQp�`F�m/2i b��ii�p�i QHH� mHFQBbB� ?vƺFF vF@
bB  p�BF2�KKBM iQ`Dmii�pB�X aA1J,M i�`FQBimb QM �mii�� ?�p�Bib2K��M bmQD�mb`�iF�Bbmi
H T Bb2p i ?vƺFF vFb2i D� `2�;QBK��M MBB?BM K�?/QHHBbBKK�M MQT2�biBX P`;�MBb��iBQM DQ
QH2K�bb� QH2p��M aA1J@`�iF�BbmmM v?/Bbi2iiv Z_�/�`@ D� _2HBbB2Mi AM+B/2Mi _2bTQMb2
SH�i7Q`K@`�iF�Bbmi i2?Qbi�p�i Q`;�MBb��iBQM DQ ?vƺ/vMi p   aA1J@`�iF�BbmM iQBKBpmmii�
i�`DQi2M ivƺF�HmD� ?�Bii�Q?D2HKB2M imMMBbi�KBb22M D� Fv#2`im`p�HHBbmmbm?FBBM `2�;QBKB@
b22MX

A"J _2bBHB2Mi AM+B/2Mi _2bTQMb2 SH�i7Q`K@T�Hp2Hmi UA"JVX

A"J s@6Q`+2 1t+?�M;2
lb2�i v`BivFb2i ?vƺ/vMi p i Fv#2`im`p�HHBbmmbm?FBBM F2bFBiivpB  �M�HvvbBK2M2i2HKB  D�
iB2i Kvbi  2`B m?FBbi� Uh?`2�i AMi2HHB;2M+2V- DQB/2M �M�HvvbB T2`mbimm `2H2p�MiBM /�i�M
D� BM7Q`K��iBQM imMMBbi�KBb22M- F2`  KBb22M D� `BF�bi�KBb22MX P`;�MBb��iBQi ?vƺ/vMi @
p i mb2BM mb2Bi� K2M2i2HKB  b2F  iB2iQH ?i2Bi  Fv#2`im`p�HHBbmmbm?FB2M imMMBbi�KBb22MX
a2 pQB QHH� �BF�� pB2p  - 2Bp iF  iB2iQH ?i22i QH2 �BM� HmQi2ii�pB�X GBb FbB Q`;�MBb��iBQ pQB
FQ?/�i� iBH�Mi2Bi�- DQBbb� BM7Q`K��iBQi� 2B pQB/� T`Qb2bbQB/� `BBii p M MQT2�biB- DQHHQBM b2M
?vƺ/vMi KBM2M F vi MMƺM iBH�Mi2Bbb� imQii�� p�BM p ? M ?vƺiv  D� bmQD��X
A"J s@6Q`+2 1t+?�M;2 QM TBHpBTQ?D�BM2M Fv#2`im`p�HHBbmmbm?FB� FQbF2p�M BM7Q`K��iBQM
D�F�KBb22M F2bFBiivMvi �Hmbi�- DQF� K�?/QHHBbi�� MQT2�M ;HQ#��H2B?BM Fv#2`im`p�HHBbmmbm?@
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FBBM F2bFBiivpB2M imiFBKmFbB2M i�`F�bi2H2KBb2M- Fv#2`im`p�HHBbmmbm?FB� FQbF2p�M iB2i @
KvFb2M FQFQ�KBb2M v?i22M T�BFF��M- �bB�MimMiBD�FQMbmHi��iBQi D� v?i2BbivƺM KmB/2M Fv@
#2`im`p�HHBbmmi22M F2bFBiivpB2M i�?QD2M F�Mbb�X �Hmbi� bBb Hi   i HH  ?2iF2HH  vHB dyy i2`�i�@
pm� `��F�/�i�� b2F  `2��HB�BF�Bbi� iB2iQ� Fv#2`?vƺFF vFbBbi  FQQiimM� v?i22M T�BFF��MX
�Hmbi�M �pmHH� Q`;�MBb��iBQi pQBp�i i2?/  v?i2Bbivƺi  D� D�F�� iB2iQ� F2bF2M  MX GBb FbB
1t+?�M;2M F vii D i pQBp�i ?vƺ/vMi   A"J,M Fv#2`im`p�HHBbmmb�BM2BbiQ� b2F  v?i2BbƺM
D b2Mi2M D� A"J,M �bB�MimMiBDQB/2M iB2i Kvbi X
s@6Q`+2 1t+?�M;2 i�`DQ�� �D�M i�b�HH� QH2p�M iB2iQim`p�m?FB2M �M�HvvbBK2M2i2HKBBM
F2bFBiivp M �Hmbi�M F vii 2M TQ?D�M� KKX ?mM�D�Tm`F2Bbi� U?QM2vTQiV- .�`FM2i,bi� D�
aT�Ki`�TBbi�- b��im� /�i��X �Hmbi� QM vFbB H��DBKKBbi� D� F�ii�pBKKBbi� ?��pQBiim@
pmmbT�MF2Bbi� D� b2 FvF2M22 �M�HvbQBK��M T BpBii BM im?�MbB� ?�Bi�HHBbB� BM/BF��iiQ`2Bi�
imMMBbb�- �Hmbi�HH� QH2p�� h?`2�i AMi2HHB;2M+2@iB2i Kvbi  T BpBii 2MX �Hmbi�bb� QM m?F�iB2@
iQT�MFFB- DQF� F2`   iB2iQ� vHB R8 KBHD�`/Bbi� iB2iQim`p�i�T�?imK�bi� T BpBii BMX GBb FbB
b2 i�`DQ�� T  bvM vHB kdy KBHDQQM�bi� T  i2H�Bii22bi� F2` iivB?BM ?�Bii�Q?D2HK�iB2iQB?BMX
l?F�iB2iQD� �Hmbi��M QM F2` iiv vHB k8 KBHD�`/BHi� bBpmbiQHi� D� b2 F�ii�� BM7Q`K��iBQi�
vHB F�?/2Fb�bi� KBHDQQM�bi� ?�Bii�@ D� F�H�bi2Hm?vƺFF vFb2bi  b2F  vHB KBHDQQM�bi�
?�Bi�HHBb2bi� AS@QbQBii22bi�- DQiF� Qp�i F�i2;Q`BbQBimD� K��MiB2i22HHBb2M bBD�BMMBM D�
p��`�HHBbmm/2M KmF��MX
1t+?�M;2@�Hmbi� QM BM7Q`K��iBQM D�F�KBbi� p�`i2M iQi2mi2iim bBpmbiQ- DQbb� F vii D i pQB@
p�i 2ibB - FQKK2MiQB/�- F2` i  D� D�F�� BM7Q`K��iBQi� D� Kmmi F vii D i pQBp�i i�`F�bi2HH�
D� 2ibB  `�TQ`ii2D�X �Hmbi�M ǳ�FiBpBi22iiBǴ@�Hm22HH� F vii D i pQBp�i i�`F�bi2HH� pBBK2BbBK@
TB  ?��pQBiimpmmFbB�- 2ibB  HBMFF2D  Fv#2`im`p�HHBbmmb�B?2BbBBM #HQ;2B?BM i�B i�`F�bi2HH�
i`2M/BFB`DQBimFbB� b2F  FQFQ v?i2BbƺM pBBK2�BF�BbB� ?BbiQ`B�iB2iQD�X >2MFBHƺFQ?i�Bb2HH� p @
HBH2?/2HH  F vii D i pQBp�i HBb i  `�TQ`ii2D� i�B H�/�i� 2pB/2MbbB  mHFQBbBbi� iB2iQH ?i2Bbi 
D� �b2ii�� M2 DmHFBb2FbB i�B vFbBivBb2FbBX

A"J s@6Q`+2 A_Aa
LvFv  M Fv#2`?vƺFF vFb2i D� @im`p�HHBbmmbm?F�i FQ?/Bbimp�i pQBK�FF��biB mb2BbBBM Q`;�@
MBb��iBQB?BM- 2BF  vFbBF  M Q`;�MBb��iBQ QH2 i vbBM BKKmmMB i K MF�Hi�BbBHH2 ?vƺFF vFbBHH2
Q`;�MBb��iBQM Fv#2`im`p�HHBbmmbT�MQbimFbBbi� ?mQHBK�ii�X >��bi22M� QM- 2ii  Q`;�MBb��@
iBQi DQmimp�i mb2BM bmmMi��K��M T�HDQM `2bm`bb2D� Fv#2`im`p�HHBbmmb?vƺFF vFbBbi  b2HpBv@
ivKBb22M D� iQBTmKBb22M- p�BFF� Q`;�MBb��iBQB/2M imHBbB p�`�mim� ?vƺFF vFbBBM DQ 2MM�Hi�X
omQ/2M kyRd q�MM�*`v D� LQMS2iv� Fv#2`?vƺFF vbi2M D HF2BbBBM FQ`D�mbFmbi�MMmFbBBM
QM F vi2iiv DQ vHB e KBHD�`/B� /QHH�`B�X
A"J s@6Q`+2 AM+B/2Mi _2bTQMb2 �M/ AMi2HHB;2M+2 a2`pB+2b UA_AaV iQi2mii�� 2MM�FQBp�� Fv@
#2`im`p�HHBbmmbm?FB2M iQ`DmMi�� A"J s@6Q`+2M �bB�MimMi2Kmbi� ?vƺ/vMi 2MX A_Aa i�`DQ��
iBH�MM2Fmp�� Fv#2`im`p�HHBbmmbi�T�?imKBbi� D� bi`�i2;BbBbi� FQ`D�mbiQBK2MTBi2Bbi - DQB/2M
�pmHH� Q`;�MBb��iBQ pQB T�`2KKBM FQMi`QHHQB/� Fv#2`im`p�HHBbmmbi�T�?imKB� D� @Km`iQD�X
A"J,M s@6Q`+2 A_Aa,M Fv#2`im`p�HHBbmmb�bB�MimMiBDQBbi� FQQbimp� `v?K  i�`DQ�� FQFQ@
M�Bbp�Hi�Bb2M H ?2bivKBbi�p�M ?�Bi�HHBbi2M Fv#2`im`p�HHBbmmbi�T�?imKB2M imMMBbi�KBb22M-
MBB?BM p�bi��KBb22M D� MBB/2M 2bi KBb22M �B2KT�� i2?QFF��KKBMX

dXj �HvFF Bi  Fv#2`im`p�HHBbmmb`�iF�BbmD� i�`pBi��M

Ev#2`im`p�HHBbmmb?vƺFF vFbBBM D� @i�T�?imKBBM p�bi��KBM2M QM QH22HHBbi�- Kmii� MBB?BM
p�`�mimKBM2M QM ?mQK�ii�p�biB i2?QFF��KT�� D� Kvƺb Fmbi�MMmbi2?QFF��KTB i�T� ?�H@
HBi� Fv#2`im`p�HHBbmmb`BbF2D X PBF2�MH�Bbi2M T�Hp2HmB/2M D� `�iF�BbmD2M ?vƺ/vMi KBM2M �mi@
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i�� Q`;�MBb��iBQi� imMMBbi�K��M TQi2MiB��HBbB� `BbF2D  DQ 2MM2M FmBM M2 i�T�?imp�i D� �B@
?2mii�p�i im?Q� b2F  KmQ/Qbi�K��M 2MM�FQBp�M iBH�MM2Fmp�M T�?BKK�bi� K�?/QHHBb2b@
i� bF2M��`BQbi� 2MM2M FmBM ?�Bi�HHBb2i Fv#2`im`p�HHBbmmbi�T�?imK�i `2�HBbQBimp�iX Ev#2`@
im`p�HHBbmmbbmmMMBi2HK��M imH22 bBb HHvii   p�`�mimKBM2M- iBH�MM2Fmp�M D� @vKK ``vFb2M
KmQ/Qbi�KBM2M- iQBK2MTBi22i Fv#2`?vƺFF vbiBH�Mi22bb� D� T�H�mimKBbbmmMMBi2HK�X L BM
pQB/��M KmQ/Qbi�� FQFQM�Bbp�Hi�BM2M Fv#2`im`p�HHBbmmbbmmMMBi2HK�- DQF� b  bi   Fmbi�M@
MmFbB� D� p ?2Mi   FQ`D��pB2M iQBK2MTBi2B/2M i�`p2ii�X >2BFFQ p�`�mimKBM2M Fv#2`im`p�H@
HBbmmbm?FBBM pQB DQ?i�� K2`FBii pBBM Fmbi�MMmFbBBM D� p��iB� ?mQK�ii�pB� FQ`D�mbiQBK2M@
TBi2Bi  Fv#2`?vƺFF vFb2M D HF22MX
GmQK�HH� i2?QFF��M Fv#2`im`p�HHBbmmbbmmMMBi2HK�M b2F  b2m`��K�HH� T�`?�Bi� F vi Mi2B@
i  D� `2�;QBK�HH� ?�Bi�HHBbBBM iB2iQim`p�i�T�?imKBBM- Fmi2M ?vƺFF vFbBBM Q`;�MBb��iBQB/2M
iB2iQD `D2bi2HKBBM- DQ 2MM2M MBB/2M i�T�?imKBbi�- ?vƺFF vFb2M �BF�M� i�B ?vƺFF vFb2M D H@
F22M- Q`;�MBb��iBQ pQB ?mQK�ii�p�biB p ?2Mi   Q`;�MBb��iBQHH2 �B?2mimpB� K2M2ivFbB - DQi@
F� FQ?/Bbimp�i BKK�i2`B��HBQBF2mFbBBM UAMi2HH2+im�H S`QT2`iv _B;?ib- AS_V- HBBF2p�B?iQQM-
�bB�F�b/�i��M U:.S_ b�MFBQiV i�B Q`;�MBb��iBQM K�BM22b22M HBBF2iQBKBMM�bb�X Pb��KB@
b2M ?�HHBMi� D� 2MM�FQBp�i BMp2biQBMMBi Fv#2`im`p�HHBbmmi22M- pQBp�i �mii�� Q`;�MBb��iBQi�
bmQD��K��M iQBKBMiQD��M D� HBBF2iQBKBMi��Mb� Fv#2`?vƺFF vFbB  p�bi��MX
h HH  ?2iF2HH  QM i�`DQHH� mb2Bi� Fv#2`im`p�HHBbmmb`�iF�BbmD� D� @ivƺF�HmD� Q`;�MBb��iBQB@
/2M i�`T2BbBBMX >��bi22M� Qp�i `�iF�BbmD2M D� ivƺF�HmD2M 7`�;K2Mi��`Bbmmb b2F  mmbB2M
bvbi22KB2M BKTH2K2Mi��iBQM D� vHH TB/QM QM;2HK�i- KBiF  �B?2mii�p�i FQFQ D `D2bi2HK M
FQKTH2FbBbmm/2M F�bpmM D� ?�HHBMM�M p�BF2m/2iX avbi22KB2M FQKTH2FbBbmm/2M i�FB� TBi  
F2?Bii   BMi2;`QBimD� D `D2bi2HKB - DQBbb� QM imMMBbi2iim b2F  mHFQBb2i 2ii  bBb Bb2i m?�i D�
`�F2MM2iim FQFQM�Bbp�Hi�BM2M Fv#2`im`p�HHBbmmbD `D2bi2HK X
Ev#2`im`p�HHBbmmbD `D2bi2HK M imH22 bBb Hi    HvFF Bi  �M�HvvbB`�iF�BbmD� Q`;�MBb��iBQM FQ@
FQ Ah@BM7`�bi`mFimm`BM �Hm22HH�X C `D2bi2HK HH  imH22 QHH� FvpvFFvvb M ?/  b2F  Q`;�MBb��@
iBQM bBb HH2- 2ii  mHFQTmQHBb22M K��BHK��M- DQBbi� m?�i imH2p�iX Ah@BM7`�bi`mFimm`BM imH22
bBb Hi   Bib2bb  M i�`pBii�p�i im`p�HHBbmmbFvpvFFvv/2iX C `D2bi2HK M imH22 ?�p�Bi� QB`22i
p2`FFQ?vƺFF vFb2bi - DQBi� pQBp�i QHH� 2bBK2`FBFbB 2T MQ`K��HB FB`D�mimKBM2M i `F2   iB2@
iQ� bBb Hi p HH2 T�Hp2HBK2HH2 i�B 2T K  ` Bbi2M TBHpBT�Hp2HmbQp2HHmbi2M F viiƺ D� `2�;QB/�
bBB?2M MQT2�biBX lmbB� F2BMQD� m?FB2M T�HD�bi�KBb22M i�`pBi��M- bBHH  Q`;�MBb��iBQ b��ii��
FQ?/�i� kyyyyy iB2iQim`p�i�T�?imK�� T Bp bb X h�T�?imKB2M i�`FBbi�KBM2M B?KBbivƺM 
QM �Bp�M HBB�M ?B/�bi� D� F�HHBbi�X
AMi2;`QB/mBHH� `�iF�BbmBHH� b��/��M i�`pBii�p� M Fvpvvb A*h@D `D2bi2HK M F�BFBHH2 i�bQBHH2-
DQHHQBM bmQD�mimKBM2M D� iQ`DmMi� pQB/��M iQi2mii�� FQFQM�Bbmmi2M� 2BF  vFbBii BbBM  iQB@
K2MTBi2BM X h2FQ HvM FvpvFFvvb imH22 2bBHH2 2`BivBb2biB �HFmp�B?22M �M�Hvvb2Bbb  D� ?�p�BM@
iQD2M H TBF vMMBbb X h2FQ Hv FvF2M22 F bBii2H2K  M ?2iF2bb  b�iQD� im?�MbB� �bB�FB`DQD�
D� iB2iQH ?i2Bi X h HH  ?2iF2HH  DmHF�Bbi��M T BpBii BM bmm`B K  `  iB2iQim`p�� F bBii2H2p  
�`iBFF2HB�- DQB/2M F bBii2HvvM D� ?vƺ/vMi KBb22M i�`pBi��M  HvF bi  FQM2ii�X
>vƺFF  D  F vii   ?vp Fb22M Q`;�MBb��iBQB/2M bBBHQmimM2Bi� `�iF�BbmD�- DQBHH� FmBi2MFBM
QM p�BFmii�pmmii� Q`;�MBb��iBQM FQFQ A*h@D `D2bi2HK  MX 1`BivBb2biB T2`BMi2Bb2i bmQD�mb@
F2?BBM T2`mbimp�i im`p�HHBbmmb`�iF�Bbmi 2Bp i p�bi�� i K M T Bp M bQ}biBFQBimM2BbBBM m?@
FBBM Q`;�MBb��iBQM mHFQ@ D� bBb TmQH2HH�X AMi2;`QB/mbb� im`p�HHBbmmbD `D2bi2HK bb  HmQ/��M
p�?p� iB2iQp2`FQM bmQD�mb- T  i2H�Bii2B/2M ?�HHBMi� D� im`p�HHBbmmb- /�i�pB`iQD2M �FiBBpB@
M2M KQMBiQ`QBMiB- ?�p�BMiQFvpvFFvv/2M HmQKBM2M D� 2`BH�Bbi2M ?vƺFF vbp2FiQ`2B/2M iQ`@
DmMi�X C `D2bi2HK  2/2HHvii   FvpvFFvvii  vKK `i   �H�iB Kmmiimp�� ?vƺFF vb�H�� D�
mmbB� ?vƺFF vbp2FiQ`2Bi�X �HvFF  bi  Fv#2`im`p�HHBbmm/2bi� KmQ/Qbimm �Hmbi�- DQF� i�`@
DQ�� H��D�M 2FQbvbi22KBM BMi2;`QBimD� im`p�HHBbmmb`�iF�BbmD�X �Hmbi�`�iF�Bbm K�?/QHHBbi��
i2?QFF��M Fv#2`im`p�HHBbmmb�bB�MimMiBD�M D� i2FQ HvbQp2HHmFb2M v?i2BbivƺM- DQbb� i2FQ Hv
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iQBKBB �pmbi�p�M �bB�MimMiBD�M `QQHBbb� iQi2mii�K�HH� i�`pBii�pB� iQBK2MTBi2Bi  D� b�K�HH�
imQii�K�HH� D�HQbi2iim� BM7Q`K��iBQi� T  iƺFb2Mi2QM TQ?D�FbBX

G ?i22i
RX "�vmF- CX- GX- >2�H2v- CX- _Q?K2v2`- SX- a�+?b- JX- >X- a+?KB/i- CX D� q2Bbb- CX kyRkX

*v#2` a2+m`Biv SQHB+v :mB/2#QQFX la�, � CQ?M qBH2v � aQMb- AM+X
kX "2HH- CX kyR9X J�+?BM2 G2�`MBM;, >�M/b@PM 7Q` .2p2HQT2`b �M/ h2+?MB+�H S`Q72bbBQ@

M�HbX qBH2v
jX "Q`�M�- CX kyReX �TTHB+�iBQMb Q7 �`iB}+B�H AMi2HHB;2M+2 � �bbQ+B�i2/ h2+?MQHQ;B2bX

.2T�`iK2Mi Q7 1H2+i`B+�H 1M;BM22`BM;- CQ/?Tm` L�iBQM�H lMBp2`bBivX S`Q+22/BM; Q7
AMi2`M�iBQM�H *QM72`2M+2 QM 1K2`;BM; h2+?MQHQ;B2b BM 1M;BM22`BM;- "BQK2/B+�H-
J�M�;2K2Mi �M/ a+B2M+2X

9X "`2MM2`- qX kyRyX *v#2`+`BK2 @ *`BKBM�H h?`2�ib 7`QK *v#2`bT�+2X a�Mi� "�`#�`�-
*�HB7Q`MB�- la�, �"*@*GAP GG*X

8X :QQ/72HHQr- AX- "2M;BQ- uX D� *Qm`pBHH2- �X kyReX .22T G2�`MBM;X la�, JAh S`2bb-
d88X

eX G2?iQ- JX kyR9X Ev#2`i�Bbi2HmM iQBKBMi�vKT `BbiƺM i2Q`22iiBM2M i�`F�bi2Hm FB`D�bb�
Ev#2`i�Bbi2Hm kykyX UhmBD� EmmbBbiQ 1/BiXV J��MTmQHmbimbFQ`F2�FQmHm- h�FiBBF�M
H�BiQb- CmHF�Bbmb�`D� k- M,Q RX ed@3N

dX G2?iQ- JX kyRdX h2FQ Hv D� im`p�HHBbmmbX 6mim`� kfkyRdX e@R9
3X G2?iQ- JX kyRNX PMFQ i2FQ Hv im`p�HHBM2M\ EB`D�bb� aBmFQM2M hX D� L2Bii��MK FB SX

JBi  imHBbB iB2i   i2FQ Hvbi - .Q+2M/Q Pv- kyRN
NX G2?iQ- JX D� GBKMûHH- CX kyRdX Ev#2`bQ/�MF vMMBM F2?BivFb2bi  D� imH2p�Bbmm/2bi�X-

FB`D�bb� JX aBHp�biB U1/BiXV hB2/2@ D� �b2 kyRd- RdN@kRk
RyX G2?iQ JBBF�2H D� G2?iQ J�`iiBX kyRdX Ev#2`im`p�HHBbmmb b�B`��H�D `D2bi2HKBbb X- Qb�

R- Cvp bFvH M vHBQTBbiQ- Ah@iB2/2FmMi�- imiFBKmb`�TQ`iiB- 3fkyRd
RRX G2?iQ- JX D� L2Bii��MK FB- SX kyR8X U1/BiXV *v#2` a2+m`Biv, �M�HviB+b- h2+?MQHQ;v

�M/ �miQK�iBQMX "2`HBM- aT`BM;2` AMi2`M�iBQM�H Sm#HBb?BM;
RkX G2?iQ JX D� L2Bii��MK FB SX kyR3 U1/BiXV *v#2` a2+m`Biv, *v#2` TQr2` �M/ i2+?MQ@

HQ;vX "2`HBM- aT`BM;2` AMi2`M�iBQM�H Sm#HBb?BM;
RjX GBKMûHH- CX- J�D2rbFB- EX D� a�HKBM2M- JX kyR9X Ev#2`im`p�HHBbmmbX a��`BD `pB, .Q+2M@

/Q
R9X L2Bii��MK FB SX D� G2?iQ JX kyR3X h2FQ Hv Kmmii�� bmQK�H�Bbi� v?i2BbFmMi��X hB2@

/2TQHBiBBFF� RfkyR3- 98@89
R8X PiiBb _X kyy3X �M�HvbBb Q7 i?2 kyyd *v#2` �ii�+Fb �;�BMbi 1biQMB� 7`QK i?2 AM@

7Q`K�iBQM q�`7�`2 S2`bT2+iBp2X S`Q+22/BM;b Q7 i?2 di? 1m`QT2�M *QM72`2M+2 QM
AM7Q`K�iBQM q�`7�`2 �M/ a2+m`Biv lMBp2`bBiv Q7 SHvKQmi?- lE- jy CmM2 @ R CmHv
kyy3X Rej@Red

ReX Sƺv?ƺM2M CX- G2?iQ JX D� G2?iQ JX kyRN Ev#2`im`p�HHBbmmb b�B`��H�D `D2bi2HKBbb -
iQBKBMM�M F2?Bii KBM2MX lMBp2`bBiv Q7 Cvp bFvH - 6�+mHiv Q7 AM7Q`K�iBQM h2+?MQHQ;v-
`2b2�`+? T�T2`- d8fkyRN

RdX o22`�K�+?�M2MB- EX- �`M�H/Q- AX- *m2bi�@AM7�Mi2- �X- EQ``�T�iB- oX- "�bbB�b- *X D�
GB- EX kyReX �Bk, h`�BMBM; � "B; .�i� J�+?BM2 iQ .272M/X "B; .�i� a2+m`Biv QM
*HQm/X A111 AMi2`M�iBQM�H *QM72`2M+2 QM >B;? S2`7Q`K�M+2 �M/ aK�`i *QKTmiBM;
U>Sa*V- A111 AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi .�i� �M/ a2+m`Biv UA.aV-
A111 kM/ AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi .�i� �M/ a2+m`Biv UA.aVX L2r
uQ`F, la�X

R3X o ? F�BMm SX- G2?iQ JX D� L2Bii��MK FB SX kyRNX h2FQ Hv D� Fv#2`im`p�HHBbmmbX Cv@
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p bFvH M vHBQTBbiQ- Ah@iB2/2FmMi�- imiFBKmb`�TQ`iiB- ttfkyRN Up�HKBbi2BHH�V
RNX o ? F�BMm SX D� G2?iQ JX kyRNX �`iB}+B�H BMi2HHB;2M+2 BM i?2 +v#2` b2+m`Biv 2MpB`QM@

K2MiX *QM72`2M+2 T`Qb22/BM;b- i?2 R9i? AMi2`M�iBQM�H *QM72`2M+2 QM *v#2` q�`7�`2
�M/ a2+m`Biv- k3 62#`m�`v @ R J�`+? kyRN- ai2HH2M#Qb+? lMBp2`bBiv- aQmi? �7`B+�

kyX w?�Q- _X- aQM;- qX- w?�M;- qX- sBM;- hX- GBM- CX- a`Bp�bi�p�- JX- :mTi�- _X
D� w?�M;- wX kyRdX �++2H2`�iBM; "BM�`Bx2/ *QMpQHmiBQM�H L2m`�H L2irQ`Fb rBi?
aQ7ir�`2@S`Q;`�KK�#H2 6S:�bX S`Q+22/BM;b Q7 i?2 kyRd �*JfaA:.� AMi2`M�iBQ@
M�H avKTQbBmK QM 6B2H/@S`Q;`�KK�#H2 :�i2 �``�vb- R8 @ k9- JQMi2`2v- *�HB7Q`MB�-
la�X

3 h2FQ Hv amQK2M vHBQTBbiQBbb� US2FF� L2Bii��MK @
FB- >2HB hmQKBM2MV

US2FF� L2Bii��MK FB- >2HB hmQKBM2MV

3XR h2FQ HvM imiFBKmb Cvp bFvH M vHBQTBbiQbb�

Cvp bFvH M vHBQTBbiQM Ah@iB2/2FmMM�M KQMBTmQHBb2bb� iQBKBMi�vKT `Bbiƺbb  i2?/  M i2FQ@
 HvvM HBBiivp   i2Q`22iiBbi� K2M2i2HK imiFBKmbi� v?i2Bbivƺbb  mb2B/2M i2FQ Hvi2FMBFQB/2M
F vii DB2M F�Mbb�X hB2/2FmMM�M i2FQ HvimiFBKmFb2M i `F2Bi  i22KQD� Qp�i

Ç mmbB2M K2iQ/B2M D� bQp2HHmbi2M F2?Bii KBM2M
Ç /�i�M 2bBF bBii2Hv UFQ?BM�MTQBbiQ- TmmiimpB2M TBB`i2B/2M F bBii2HvV
Ç MmK22`Bbi2M D� K�i2K��iiBbi2M K2M2i2HKB2M imMi2Kmb
Ç `BbFB�M�HvvbBX

h2FQ Hv Cvp bFvH M vHBQTBbiQbb�

Ah@iB2/2FmMM�M imiFBKmb`v?K i i2F2p i �FiBBpBbi� v?i2Bbivƺi  b2F  FQiBK�Bbi2M 2ii  mH@
FQK�Bbi2M v?i2BbivƺFmKTT�M2B/2M F�Mbb�X a2m`��p�bb� Fmp�i��M Hv?v2biB `v?KB2M imiFB@
Kmbi�X
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PTiBKQBMiB`v?K 
S`Q72bbQ`B E�Bb� JB2iiBb2M DQ?i�K� `v?K  imiFBB QTiBKQBMiB� D� T  iƺFb2Mi2QM imF2KBbi�X
_v?K  F2?Bii   K2M2i2HKB - i2Q`B�� D� Q?D2HKBbiQD� T  iƺFb2Mi2QM imF2KBb22M iBH�Mi2Bbb�-
DQBbb� mb2�M `BbiB`BBi�Bb2M i�pQBii22M F2bF2M imH22 Hƺvi   T�`�b i�b�T�BMQX
_v?K  bQp2Hi�� T  iƺFb2Mi2FBD   Qb�HHBbi�pB� BMi2`�FiBBpBbB� K2M2i2HKB  D� HmQMMQM BMb@
TB`QBKB� 2pQHmmiBQTQ?D�BbB� K2M2i2HKB  2`B �HQD2M QM;2HKBBM T`Qb2bbB2M Q?D��KBb2bi� K2i@
b M?QB/QM bmmMMBii2HmmM D� bvƺp M b /2?QB/Qbi� BMp2Mi��`BQ?�HHBMi��MX GBb FbB `v?K bb 
i2?/  M BMi2`�FiBBpBbi2M K2M2i2HKB2M Q?D2HKBbiQF2?Bivbi X E2?BivFb2M H ?iƺFQ?i�M� Qp�i
DQFQ bBKmHQBMiBK�HHBi i�B /�i�X hmiFBKmFb2bb� ?vƺ/vMM2i  M i2FQ HvM D� FQM2QTTBKBb2M
F2BMQD� 2bBK2`FBFbB K2M2i2HKB2M bBb HH  D� K�HHB2M HmQKBb2bb� D� KmQFF��KBb2bb�X

G�bF2MM�HHBbi2M iB2i2B/2M D� FQmHmimbi2FMQHQ;B�M imiFBKmb`v?K 
S`Q72bbQ`B hQKKB E `FF Bb2M DQ?i�K� `v?K  imiFBB- F2?Bii   D� bQp2Hi�� iB2/QMHQm?BMM�M-
M2m`QH�bF2MM�M b2F  FQM2QTTBKBb2M K2M2i2HKB X _v?K HH2 i `F2Bi  bQp2HHmb�Hm2Bi� Qp�i
QTTBKBbi� D� FQmHmimbi� Fmp��pB2M �BM2BbiQD2M �M�HvbQBMiB- M�MQ`�F2Mi22i b2F  Kmmi H��D�i-
2T i v/2HHBb2i D� ?��bi�p�i �BM2BbiQiX EQmHmimbi2FMQHQ;B�M �H�HH� `v?K  imiFBB D� F2?Bii  
2i @ D� T`QD2FiBQTTBKBbi� b2F  i2?QFF�Bi� imiFBKmbK2M2i2HKB X

hB2iQHBBF2Mi22M imiFBKmb`v?K 
S`Q72bbQ`B hBKQ > K H Bb2M DQ?i�K� `v?K  iQBKBB iB2iQp2`FFQD2M UH�M;�iiQK�i- FBBMi2 i-
AQhV T�`Bbb� D� F2?Bii    HvFF Bi  K2M2i2HKB  `2bm`bbB2M D� T�Hp2HmB/2M ?�HHBMi��MX CQii�
p2`FFQD2M iQBKBMi� pQB/��M i��i� Kvƺb p2`FFQQM FQ?/BbimpB2M ?vƺFF vbi2M �BF�M�- p2`F@
FQHBBF2Mi22M K�bb�/�i�M �M�HvvbBBM i�`pBi��M i2?QFF�Bi� D� MQT2Bi� ivƺF�HmD�X h i  p�`i2M
`v?K  F2?Bii   i2FQ HvvM imF2mimpB� p2`FFQHBBF2Mi22M TQBFF2�pmmFbB2M ?�p�BMMQBMiBQ?D2H@
KBbiQD� U�MQK�Hv /2i2+iBQMVX

Ev#2`im`p�HHBbmmbi2FMQHQ;B�M imiFBKmb`v?K 
S`Q72bbQ`B S2FF� L2Bii��MK 2M D� T`Q72bbQ`B J�`iiB G2?/QM DQ?i�K� `v?K  F vii   D�
�M�HvbQB i2FQ Hv  Fv#2`iQBKBMi�vKT `Bbiƺbb X _v?K  bQp2Hi�� i2FQ Hv`�iF�BbmD� D� FQ;MB@
iBBpBbi� iB2iQD2MF bBii2Hv  Fv#2`?vƺFF vbi2M ?�p�Bib2KBb22M- iQ`DmMi��M D� b2HpBii KBb22MX
_v?K  imiFBB F`BBiiBb2M BM7`�bi`mFimm`BM bmQD��KBbi� D� Fv#2`TmQHmbimbi�X E`BBiiBb2M BM@
7`�bi`mFimm`BM bmQD��KBb2bb� F2bF2BbB  imiFBKmb�Hm2Bi� Qp�i 2M2`;B�D `D2bi2HK i- mm/2M bm@
FmTQHp2M iB2iQHBBF2MM2p2`FQi- Fv#2`im`p�HHBbmm/2M iBH�MM2Fmp�D `D2bi2HK i- i2`p2v/2M?mQH@
HQM A*h@D `D2bi2HK  D� H  FBMM HHBb2i H�Bii22i- �DQM2mpQD2M *�L@p vH  b2F  bBpBBHB@BHK�BHmX
Ev#2`TmQHmbimFb2M �H�HH� `v?K  imiFBB Fv#2`@ D� BM7Q`K��iBQbQ/�MF vMMBM 2`B KmQiQD�X

EQ;MBiBQiB2i22M imiFBKmb`v?K 
S`Q72bbQ`B S2`iiB a��`BHmQK�M DQ?i�K�M `v?K M F2bF2BbB  imiFBKmbFvbvKvFbB  Qp�i HmQM@
MQHHBb2M  HvFFvv/2M UFQ;MBiBQV D� i2FQ HvM bm?/2 b2F   HvFF  M i2FMQHQ;B�M bmmMMBii2Hm
FQ;MBiBBpBb2M KBK2iBBF�M U+Q;MBiBp2 KBK2iB+bV F2BMQBMX
_v?K bb  imiFBi��M B?KBb2M D� A*h@D `D2bi2HKB2M pmQ`Qp�BFmimbi� D� bBB?2M p�?p�biB HBBi@
ivp   i2FQ HvM 2iBBFF��X 1`BivBM2M imiFBKmb�H� QM FQ;MBiBBpBM2M KBK2iBBFF�- DQbb� BM7Q`@
K��iBQT`Qb2bbB2M TQ?D�Hi� B/2QB/��M i2FMQHQ;BbB� `�iF�BbmD�X
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�BpQbB;M��HBMF bBii2HvM `v?K 
S`Q72bbQ`B h�T�MB _Bbi�MB2K2M DQ?i�K�M `v?K M i�pQBii22M� QM Hƺvi   p�bi��pmmFbB�
KBi�imM �BpQp�bi22M UJ1:- 11:- 6J_AV D� KBii�mbiBH�Mi22bb� F vi2ivM FmmHQ@ i�B M @
Fƺ `bvFF22M p HBHH X
_v?K  QM imiFBMmi 2bBK2`FBFbB HmQMMQHHBb2M KmbBBFBM p�BFmimFbB� �BpQBbb�- 2TBH2TiBFQM FQ?@
i�mbi2M p�`?�Bbi� 2MMmbi�KBbi�- B?KBb2M p�Hp2iBH�M KQMBiQ`QBMiB� D� H�bi2M HmFB? B`BƺB/2M
imMMBbi�KBbi�X hmiFBKmb�BM2BbiQM KmHiBKQ/��HBbmm/2bi� DQ?im2M ivƺbb  i�`pBi��M KKX FQ@
M2QTTBKBbK2M2i2HKB  D� i2MbQ`BH�bF2Mi�� mb2�M 2`B KmmiimD�M p HBb2M pmQ`Qp�BFmimFb2M
b2HpBii KBb22MX

uFbBHƺi�bQM i2`p2v/2M D� ?vpBMpQBMMBM FQM2QTTBKBbTQ?D�Bb2i i2FMQHQ;B�i @`v?@
K 
.Qb2MiiB a�KB �v` KƺM DQ?i�K� `v?K  F2?Bii   D� bQp2Hi�� FQM2QTTBKBbK2M2i2HKB  vFbB@
HƺHHBb2M ?�`DQBii2HmM- 2MM�Hi�2?F Bb2p M i2`p2v/2M?mQHHQM- vFbBHƺHHBb2M H  F2iB2i22M D� FHBB@
MBb2M /B�;MQbiBBF�M imiFBKmbQM;2HKBBMX 1ibBK HH  /�i�K�bbQBbi� 2MMmbi�pB� KmmiimDB� D�
QT2ii�K�HH� K�HH2D� K�?/QHHBbi2i��M b�B`�mFbB2M p�`?�Bb2KTB /B�;MQbQBMiB- i�`F2KK�i 2M@
Mmbi22i D� vFbBHƺHHBb2biB QTiBKQB/mi HBBFmMi�`2b2TiBiX _v?K  i2F22 v?i2Bbivƺi  /�i�� imQii�@
pB2M FmKTT�MB2M F�Mbb�- F vii   K�HHB2M QT2ii�KBb2bb� K�?/QHHBbmmFbB2M KmF��M Kvƺb
�pQBKB� �BM2BbiQD� D� FQM2QTTBKBbK�HHB2M F2?Bii KBb2bb  �pQBKB� FB`D�biQD�X _v?K  i2F22
FQM2QTTBKBbK2M2i2HK F2?BivFb2bb  bQp2Hi�p�� v?i2Bbivƺi  Cvp bFvH M vHBQTBbiQbb� HBBFmM@
i�#BQHQ;B�M D� i2`p2vbiB2i22M imiFBDQB/2M F�Mbb�X

aT2Fi`BMFmp�Mi�KBbH�#Q`�iQ`BQ
.Qb2MiiB AHFF� SƺHƺb2M DQ?i�K� `v?K  ivƺbF2Mi2H22 KQMBF�M�p�FmpBbb� 2bBBMivpB2M BHKBƺB@
/2M K�HHBMi�KBb2M- bBKmHQBKBb2M D� imMMBbi�KBb2M T�`Bbb�X _v?K  F vii   D� F2?Bii   bQ@
p2HH2imM K�i2K�iBBF�M F2BMQD�, 2bBK2`FBFbB r�p2H2i@TQ?D�BbBHH� K2M2i2HKBHH  iQi2mi2i��M
bB;M��HBM F�`�Fi2`BbQBMiB� D� FQ?BM�M TQBbiQ� D� bvpBHH  M2m`Qp2`FQBHH� ?�?KQMimMMBbimb@
i�X _v?K  i2F22 iBBpBbi  v?i2Bbivƺi  b2F  FQiB@ 2ii  mHFQK�Bbi2M imiFBKmbH�BiQbi2M 2ii 
i2QHHBbmm/2M F�Mbb�X

EQHH2FiBBpBb2M  HvFFvv/2M `v?K 
_v?K   DQ?i�� T`Q72bbQ`B o�;�M h2`xBv�MX _v?K M bmmMMBii2H22 K�bb�/�i�M F bBii2HvvM
D� �M�HvbQBMiBBM bQp2HimpB� i2FQ HvvM TQ?D�mimpB� K2iQ/2D� D� �H;Q`BiK2D� FQ;MBiBBpBb2M
iB2iQD2MF bBii2HvM U+Q;MBiBp2 +QKTmiBM;V- bvp QTTBKBb2M- v?/Bbi2ivM iB2/QM UHBMF2/ /�i�V-
FQHH2FiBBpBb2M  HvFFvv/2M U+QHH2+iBp2 BMi2HHB;2M+2V D� Fv#2`im`p�HHBbmm/2M F2BMQBMX _v?K b@
b  QM F2?Bi2iiv Bib2  M ?�HHBib2pB� Q?D2HKB�  HvFF BHH2 D� im`p�HHBbBHH2 Fv#2`7vvbBbBHH2 bvbi22@
K2BHH2X

aQbB��HBb2M K2/B�M �M�HvvbBM `v?K 
_v?K   DQ?i�� T`Q72bbQ`B C�`B o2BD�H�BM2MX _v?K  imiFBB D� �M�HvbQB bQbB��HBb2bi� K2/B�bi�
Fmi2M hrBii2`Bbi - uQmim#2bi�- 6�+#QQFBbi� D� GBp2DQm`M�HBbi� F2` iiv  /�i�� D� bB2HH  i�@
T�?imp�� pB2biBMi  X E2` iiv  /�i�� �M�HvbQB/��M KQMBiB2i22HHBbBM F2BMQBM F vii 2M K�i2@
K��iiBbi� K�HHBMMmbi�- iB2iQi2FMBBFF�� b2F  TbvFQHQ;B�M- bQbBQHQ;B�M D� FB2HBiB2i22M F2BMQD�X
_v?K  QM F2?Bii Mvi �H;Q`BiK2D� p�H2iBHB2M D� B/2MiBi22iiBp�`F�mFbB2M T�HD�bi�KBb2FbB D�
`�F2Mi�Mmi F vii DB2M T`Q}BHBiB2iQD2M T2`mbi22HH� 2`BH�BbB� p2`FQbiQK�HH2D�X
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ai�`imT@H�#Q`�iQ`BQ
S`Q72bbQ`B S2FF� �#`�?�KbbQMBM DQ?i�K�bb� H�#Q`�iQ`BQbb� imiFBi��M i2FQ HvM 2iBBFF��
D� bBi - KBi2M i2FQ HvD `D2bi2HK i pQB/��M BMbBMƺƺ`BH ?iƺBb2biB iQi2mii�� 22iiBb2biB F2bi pBM
T2`B��ii2BMX G�#Q`�iQ`BQbb� F2bFBivi  M �miQMQKBbi2M D�  HvFF B/2M D `D2bi2HKB2M bmmM@
MBii2HmmM HBBiivpBBM 22iiBbBBM mHQiimpmmFbBBM- i2FQ HvD `D2bi2HKB2M 22iiBbi2M p�BFmimbi2M �`@
pBQBKBb22M b2F  b  Mi2HvM D� K2iQ/B2M F2?Bii2HvvM D `D2bi2HKB2M bmH�mim2bb� Qb�FbB v?i2Bb@
FmMM�M `�F2Mi2Bi�X GBb FbB H�#Q`�iQ`BQbb� F�`iQBi2i��M 1m`QQT�M H��DmBb2biB iB2iQ� bi�i2@
Q7@T`�+iB+2 Fvb2Hvbb  22iiBbi2M T2`B��ii2B/2M MQm/�ii�KBb2bb� Qb�M� i2FQ HvbmmMMBii2Hm�
b2F  bQp2HH2i��M Qb��KBbi� 2m`QQTT�H�BbBbb� imiFBKmb?�MFF2Bbbb�X

h2FQ Hvim2imi /B;Bi��HBb2i T�Hp2Hm�Hmbi�i @?�MF2
S`Q72bbQ`B *?B?B`Q q�i�M�#2M D� T`Q72bbQ`B S2FF� L2Bii��MK 2M DQ?i�K�bb� imiFBKmb@
`v?K bb  imiFBi��M /B;Bi�HBb��iBQM D� /B;Bi��HBbi2M T�Hp2HmD2M p�BFmimbi� ;HQ#��H2B?BM HBB@
F2iQBKBMiQB?BMX hmiFBKmb�B?2Bi� Qp�i 2bBK2`FBFbB /B;Bi�HBb��iBQM F2?Bivivb 2`B K�Bbb� D�
mmbB2M /B;Bi��HBbi2M T�Hp2Hm�HmbiQD2M p�BFmimb "hE,M F2?BivFb22MX GBb FbB `v?K bb  imi@
FBi��M DQ?i�pB2M i2FQ Hv  bQp2Hi�pB2M UKQ#BBHBH�Bii2B/2M- F�mT�M- HBBF2Mi22M- T�MFFB�H�M-
KmbBBFBM- ?Qi2HHBiQBKBMM�MV v`Bivbi2M F2?Bivbi X

h2FQ Hvim2iim i2FbiB�M�HviBBFF� bQbB��HB@ D� i2`p2v/2M?mQHHQbb�
_v?K M p�bimm?2MFBHƺi Qp�i T`Q72bbQ`B S2FF� L2Bii��MK FB D� imiFBKmb�pmbi�D�i _BFm
Lv`?BM2M D� CQQM�b E2TTQX _v?K  ?vƺ/vMi   i2FbiB�M�HviBBFF�� bv`D vivKBb2M p�`?�B@
b2M p�B?22M ?�p�Bib2KBb2bb� D� 2MM�Hi�2?F Bb2pB2M T�Hp2HmB/2M i2?Qbi�KBb2bb�X 1`BivBb2M 
FBBMMQbimFb2M FQ?i22M� QM imMM2BHK�BbmM M FvKBM2M i2FbiBbi X �B?2ii� 2B bmQK2M FB2H2M
FQ?/�HH� QH2 Kmm�HH� H��D2KKBM imiFBiim b2M bmm`2bi� ?vƺ/vbi  ?mQHBK�ii�X _v?K  i2F22
v?i2Bbivƺi  TbvFQHQ;B�M H�BiQFb2M F�Mbb�X

JmbBBFBM FQ;MBiBQM /vM�KBBFF�
JmbBBFFBiB2i22M T`Q72bbQ`BM S2i`B hQBpB�Bb2M DQ?i�K� `v?K  F vii   FQM2QTTBKBbi�
�BpQFmp�Mi�KBb@ D� HBBF2F��TT�mb/�i�M �M�HvvbBbb X �BpQFmp�Mi�KBb/�i�bi� 2MMmbi2i��M
2bBK2`FBFbB- KBi  KmbBBFFB� FQ2?2MFBHƺ FmmMi2HB Fmp�Mi�KBb2M �BF�M� i�B KBF  QM FQ2?2M@
FBHƺM KmbBBFBHHBM2M FQmHmimbX h�MbbBKBb2bi� F2` ivbi  HBBF2F��TT�mb/�i�bi� imMMBbi2i��M
FQM2QTTBKBb2M �pmHH� i�MbbBM FBM2K��iiBbBbi� TBB`i2Bi - 2bBK2`FBFbB i�MbbBii�p�M KmbBBFBM
ivvHBH�DB� D� i�MbbBD�M ?2MFBHƺHHBbvvii X

aQbB��HB@ D� i2`p2v/2M?mQHHQM T�Hp2HmT`Qb2bbBi
.Qb2MiiB hQMB _mQ?Qb2M DQ?i�K� `v?K  F2?Bii   D� bQp2Hi�� T`Qb2bbB2MHQm?BMM�M- i�T�?@
imK�TQ?D�Bb2M bBKmHQBMMBM b2F  T`2/BFiBBpBb2M �M�HviBBF�M K2M2i2HKB  bQbB��HB@ D� i2`p2v@
/2M?mQHHQM imiFBKBb22MX GQFBiB2/QbiQBbi�- `2FBbi2`B�BM2BbiQbi� D� iB2iQF�MMQBbi� b��imD2M
�bB�F�bpB`i�@- T�Hp2HmTQHFm@ b2F  ?QBiQT`Qb2bbBFmp�mFbB2M �pmHH� b��/��M iB2iQ� �bB�FF�B@
/2M T�Hp2HmD2M F viƺbi  D� i�`T2Bbi�- Q?D�mimpmm/2bi� 2`B T�Hp2HmFQFQM�BbmmFbBbb�- bvv@
D� b2m`�mbbm?i2Bbi� 2`B T�Hp2HmFQFQM�BbmmFbB2M D� �bBQBMiBi�T�?imKB2M p HBHH  b2F  QM;2H@
KBbi�X S`Qb2bbB2MHQm?BMM�M �pmHH� KmQ/Qbi2imi �bB�F�bpB`i�@ D� T�Hp2HmT`Qb2bbBFmp�mFb2i
pQB/��M FQMp2`bBQ�H;Q`BiK2BHH� F  Mi   /BbF`22i2BFbB bBKmHQBMiBK�HH2BFbBX _v?K  i2F22 v?@
i2Bbivƺi  2`B b�B`��M?QBiQTBB`B2M- FmMiB2M- E2H�M- ahJ,M- oJ,M- aBi`�M- KmB/2M imiFBKmb@
H�BiQbi2M b2F  vHBQTBbiQD2M D� v`Bivbi2M F�Mbb�X
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AMi2`p2MiBQi D� MBB/2M p�BFmii�pmmb
_v?K M p�bimm?2MFBHƺi Qp�i /Qb2MiiB hQMB _mQ?QM2M D� i2`p2vbiB2i2B/2M iQ?iQ`B E�`QHBBM�
E��b�H�BM2MX _v?K  imiFBB- F2?Bii   D� bQp2Hi�� /�i�@�M�HviBBF�M K2M2i2HKB  `BbFB`v?KBb@
b  QH2pB2M �bB�FF�B/2M imMMBbi�KBb22M D� BMi2`p2MiBQB/2M �`pBQBMiBBMX o 2biƺM ?vpBMpQBM@
iB� pQB/��M 2/Bbi   D� Fmbi�MMmFbB� �H2Mi�� imMMBbi�K�HH� `BbFB�bB�FF��i �DQBbb�- i�`DQ�@
K�HH� ?2BHH2 iQBKBp� BMi2`p2MiBQ QBF2��M �BF��M b2F  HmQK�HH� i�`pBii�p�i F�MMmbiBK2iX
h ? M i�`pBi��M mm/2MH�BbB� iQBKBMi�K�HH2D�- DQ?QM Qb�HHBbimp�i ?QBi�DB2M D� H  F `B2M HB@
b FbB Kvƺb FQHK�b b2FiQ`B b2F  ?vpBMpQBMiBiQBKBD�iX _v?K  i2F22 v?i2Bbivƺi  FmMiB2M-
b�B`��M?QBiQTBB`B2M- FQHK�MM2M b2FiQ`BM- ?vpBMpQBMiBiQBKBDQB/2M- KBMBbi2`BƺB/2M- v`Bivbi2M
D� imiFBKmbH�BiQbi2M F�Mbb�X

h2FQ Hvim2iim MmK22`BM2M bBKmHQBMiB
h2FQ HvM K�i2K�iBBFF��M F2bFBiivp  M `v?K  M FmmHmp�i T`Q72bbQ`Bi a2`;2v _2TBM D� S2F@
F� L2Bii��MK FB D� /Qb2MiiB >2HB hmQKBM2MX _v?K  imiFBB M2m`Qp2`FFQD2M ?vƺ/vMi KBbi 
QbBii�Bb/Bz2`2MiB��HBv?i HƺB/2M MmK22`Bb2bb� `�iF�Bb2KBb2bb�X h�pQBii22M� QM K�i2K��iiBb@
i2M K�HHB2M MmK22`Bb2M bBKmHQBMMBM MQT2mii�KBM2M D� i�`FFmm/2M T�`�Mi�KBM2M 2`BH�BbB�
i2FQ HvK2M2i2HKB  ?vƺ/vMi 2MX PTBbF2HBDQBHH2 QM i�`DQHH� Fm`bbB M2m`Qp2`FFQD2M i�mbi�HH�
QH2p�bi� K�i2K�iBBF�bi�X _v?K M imiFBKmb�H��M HBBiivp  1++QK�b FQM72`2MbbB *QKTmi�@
iBQM�H a+B2M+2b �M/ �A BM AM/mbi`v U*a�AV, Ǵh?2 M2r /B;Bi�H i2+?MQHQ;B2b 7Q` bQHpBM; 7mim`2
bQ+B2i�H �M/ 2+QMQKB+�H +?�HH2M;2bǴ D `D2bi2i  M F2b Fmmbb� kyRN Cvp bFvH bb X

J�i2K�iBBF�M D� iBH�biQiB2i22M H�BiQb
hBH�biQiB2i22M T`Q72bbQ`B Cm?� E�`p�b2M DQ?i�K� `v?K  i2F22 H��D�@�H�Bbi� imiFBKmbi� H�b@
F2MM�HHBbi2M iB2i2B/2M �Hm22HH�- 2`BivBb2biB "�v2b@�M�HvvbBM T�`Bbb�X S`Q72bbQ`B E�`p�M2M QM
.1JP@T`Q}HQBMiB�H�M UT  iƺb�M�HviBBFF� ?vƺ/vMi 2M F�mb��HBK�HH2D� D� KQMBi�pQBi2QT@
iBKQBMiB�V vFbB FQHK2bi� p�bimm?2MFBHƺbi - Kmmi Qp�i Ah@iB2/2FmMM�M T`Q72bbQ`Bi E�Bb�
JB2iiBM2M D� hQKKB E `FF BM2MX

3Xk h2FQ Hv D� bQi2@D `D2bi2HK i

>m?iBFmmbb� kyRN BHK2bivM22bb  Cvp bFvH M vHBQTBbiQM Ah@iB2/2FmMM�M M2HD M FB`D�M b�`D�b@
b� `�TQ`iQB/��M h2FQ Hv D� i2`p2v/2M?mQHiQ amQK2bb� @?�MF2FQFQM�Bbmm/2bi� D� 2bBi2HH  M
Ah@iB2/2FmMM�M imiFBDQB/2M Ry iQBK2MTB/2@2?/Qimbi� mm/2M bmFmTQHp2M iB2iQD `D2bi2HKB2M
F viiƺƺM D� i2FQ HvM ?vƺ/vMi KBb22M bQi2@D `D2bi2HKBbb X
>�MF2 FQQbimB F�?/2bi� Qb�?�MFF22bi� pmQbBM� kyRe@kyRN, o�Hm2 7`QK Sm#HB+ >2�Hi? .�@
i� rBi? *Q;MBiBp2 *QKTmiBM; D� q�ibQM >2�Hi? *HQm/ 6BMH�M/X >�MF2FQFQM�Bbmmb QM
iQi2mi2iim b�K��M �BF��M- FmM amQK2M bQbB��HB@ D� i2`p2vb�H�M iB2iQD `D2bi2HKB  D� H�BM@
b  / Miƺ  QM mm/Bbi2iimX
EB`DQBbb� 2bBi2HH  M iQBK2MTB/2Q?D2HK�- DQF� F bBii2H22 iB2iQD `D2bi2HKB2M HBb FbB 2bBK2`FBF@
bB i2FQ HvM F viiƺ  DQ?i�KBb2bb�- /B�;MQbiBBF�bb�- ?QBiQT`Qb2bb2Bbb� D� BMi2`p2MiBQBbb� b2F 
Fv#2`im`p�HHBbmm/2bb�X EB`D�b�`D�M 2MbBKK Bb2bb  Qb�bb� 2bBi2HH  M i2FQ HvM T2`mbi2Bi� D�
bmQK�H�Bbi� i2FQ HvimiFBKmbi�X
EB`D�i Qp�i H�/�ii�pBbb� Cus@�`FBbiQbi�X

RX h2FQ Hv D� i2`p2v/2M?QBiQ amQK2bb�
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kX Ev#2`im`p�HHBbmmb bQbB��HB@ D� i2`p2v/2M?mQHHQbb�
jX AMi2`p2MiBQi D� i2FQ Hv i2`p2v/2M?mQHHQbb�
9X amQK2M i2`p2vb/�i� D� b2M ?vƺ/vMi KBM2M

3Xj h2FQ HvM imiFBKmb Kmm�HH� amQK2bb�

amQK2M mb2Bbb� vHBQTBbiQBbb�- FQ`F2�FQmHmBbb�- imiFBKmbH�BiQFbBbb� D� v`BivFbBbb  i2?i p  
i2FQ HvimiFBKmbi� F bBi2HH   M 2/2HHBb2bb  Hmpmbb� K�BMBimM FB`D�b�`D�M RX FB`D�M h2FQ @
Hv D� i2`p2v/2M?QBiQ amQK2bb� Qb�M RX Hmpmbb� kX h2FQ HvimiFBKmb amQK2M vHBQTBbiQBbb�X
hB2/Qi QM FQQiim i�KKBĜK��HBbFmmbb� kyRN vHBQTBbiQD2M D� imiFBKmbH�BiQbi2M pB2biBMi vF@
bBFƺB/2M D� BMi2`M2ibBpmD2M F�mii�X
h bb  Hmpmbb� F2``Qi��M Hv?v2biB Kmm�HH� FmBM Cvp bFvH M vHBQTBbiQbb� i2?i p bi  imi@
FBKmFb2bi�X h�`F2KTB� iB2iQD� Hƺvivv vHH  K�BMBimM FB`D�M HBb FbB imiFBKmbi� i2F2pB2M
H�BiQbi2M BMi2`M2ibBpmBHi�X

amQK2M i2FQ HvF2bFmb U6BMMBb? *2Mi2` 7Q` �`iB}+B�H AMi2HHB;2M+2 6*�AV
amQK2M i2FQ HvF2bFmb QM ��HiQ@vHBQTBbiQM- >2HbBM;BM vHBQTBbiQM D� ohh,M T2`mbi�K� Qb��@
KBbF2bFmbX ��HiQ@vHBQTBbiQM iB2iQD2MF bBii2HviB2i22M T`Q72bbQ`BM a�Km2H E�bF2M DQ?i�K�b@
b� 6*�A,bb� i2?/  M i2FQ HvM T2`mbimiFBKmbi� v?i2Bbivƺbb  v`Bivbi2M D� DmHFBb2M �H�M
iQBKBDQB/2M F�Mbb� D� F2?Bi2i  M F vi MMƺM i2FQ HvbQp2HHmFbB�X
6*�A b�B i�KKBFmmbb� kyRN amQK2M �F�i2KB�M HBTTmH�Bp�Q?D2HK�bi� vHB 3 KBHDQQM�M
2m`QM `�?QBimFb2MX >�MFF22M imiFBKmbiQBKBMi� F�ii�� H��D�M DQmFQM imiFBKmb�HQD� D�
KQMBTmQHBbi� FQmHmimbi� b2F  v?i2Bbivƺi  i2QHHBbmm/2M F�Mbb�X
amQK2M i2FQ HvF2bFmFb2M pBbBQ QM F2?Bii   �B/QbiB  HvFF Bi - B?KBbi2M F�Mbb� v?i2Bbivƺbb 
iQBKBpB� i2FQ HvbQp2HHmFbB�X hmiFBKmFb2M p�?pmmFbB� Qp�i �bB�MimMi2Kmb FQM2QTTBKBb2b@
b�- 2`BivBb2biB T`Q#�#BHBbiBb2bb� K�HHBMi�KBb2bb� D� bvp QTTBKBb2bb� b2F  KQMBiB2i22HHBM2M
v?i2Bbivƺ KmB/2M �HQD2M �bB�MimMiBDQB/2M F�Mbb�X h `F2Bi  �bBQBi� Qp�i /�i�i2?QFFmmb-
vKK ``vb- HmQii�Kmb- i2FQ HvM 2iBBFF� D� v?i2BbFmMM�HHBb2i p�BFmimFb2iX 6*�A Qb�HHBbimm
amQK2M i2FQ HvQ?D2HK��M i�pQBii2B/2M iQi2mii�KBb22M i2QHHBbmm/2M- i2`p2v/2M?mQHHQM D�
ivƺ2H K M mm/Bbi�KBb2bb� b2F  imiFBKmFb22M T2`mbimpB2M BMMQp��iBQB/2M F viiƺƺMQiQbb�X
6*�A,bb� QM i HH  ?2iF2HH  pBBbB imiFBKmbQ?D2HK��- DQB/2M iQBKBMi��M Qb�HHBbimm mb2Bi�
imiFBKmb`v?KB  2`B iB2i22M�HQBHi�X

hB2iQi2FMBBF�M imiFBKmbH�BiQb U>2HbBMFB AMbiBimi2 7Q` AM7Q`K�iBQM h2+?MQHQ;v
>AAhV
>AAh QM pmQMM� RNNN T2`mbi2iim ��HiQ@vHBQTBbiQM D� >2HbBM;BM vHBQTBbiQM v?i2BM2M hB2iQ@
i2FMBBF�M imiFBKmbH�BiQb- DQ?QM FmmHmm MQBM R8y imiFBD��X hmiFBKmbH�BiQFb2bb� i2?/  M
b2F  T2`mbimiFBKmbi� 2ii  bQp2Hi�p�� imiFBKmbi�X aQp2Hi�p�HH� TmQH2HH� F2?Bi2i  M iB2@
iQD2MF bBii2HviB2i22M mmbB� bQp2HHmFbB� D� imiFBi��M iB2iQi2FMBBF�M p�BFmimbi� B?KBbBBM D�
v?i2BbFmMi��MX h HH  ?2iF2HH  imiFBKmFb2M F2bF2Bb2i �Hm22i imiFBKmbQ?D2HKBM22M Qp�i H�b@
F2MM�HHBM2M K�HHBMMmb D� bmm`i2M iB2iQK�bbQD2M �M�HvbQBMiB b2F  ?�D�mi2iim D� H bM QH2p�
iB2iQD2MF bBii2Hv MvFvT Bp M p2`FQiimM22bb� K��BHK�bb�X 6*�A FmmHmm >AAh,M Q`;�MBb��@
iBQQMX
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��HiQ@vHBQTBbiQ
��HiQ@vHBQTBbiQ QM KmF�M� amQK2M i2FQ HvF2bFmFb2bb�X h2FQ HvvM HBBiivp   imiFBKmbi�
i2?/  M mb2BHH� H�BiQFbBHH�X hB2iQi2FMBBF�M H�BiQFb2HH� QM TBiF i T2`BMi22i FQM2QTTBKBb2M
D� M2m`Qp2`FFQD2M imiFBKBb2bb� D� F2?Bii KBb2bb X hmiFBKmFb2M TBQM22`2D� Qp�i h2mpQ EQ@
?QM2M �M/ 1`FFB PD�X aB;M��HBMF bBii2HvM@ D� �FmbiBBF�M H�BiQFb2HH� i2?/  M KQMBTmQHBbi�
bB;M��HBMF bBii2HvM imiFBKmbi� v?i2Bbivƺbb  v`BivbK��BHK�M F�Mbb�X a ?Fƺi2FMBBF�M D� �m@
iQK��iBQM H�BiQFb2HH� imiFBi��M i2FQ Hv  �miQK��iBQbb�X

>2HbBM;BM vHBQTBbiQ
>2HbBM;BM vHBQTBbiQ QM KmF�M� amQK2M i2FQ HvF2bFmFb2bb�X uHBQTBbiQM i2FQ HvimiFBKmF@
b2bb� F2?Bi2i  M mmbB� i2FQ HvM- FQM2QTTBKBb2M D� iB2/QMHQm?BMM�M K2M2i2HKB X hmiFB@
KmFb2M i�pQBii22M� QM HmQ/� H�bF2MM�HHBb2biB i2?QFF�Bi�- i2Q`22iiBb2biB T2`mbi2HimD� D� HmQ@
i2ii�pB� K2M2i2HKB X
hmiFBKmb`v?KBbb  i2?/  M b2F  T2`mbimiFBKmbi� 2ii  bQp2Hi�p�� imiFBKmbi�X LBBbb  imiFB@
i��M 2bBK2`FBFbB iB2iQFQM22HHBbi� K�HHBMi�KBbi� FQKTH2FbBbBbb� bvbi22K2Bbb - HmQMMQHHBb2M
FB2H2M T`Qb2bbQBMiB�- H�bF2MM�HHBbi� FB2HBiB2/2ii - K�bb�/�i�M BMi2`�FiBBpBbi� F bBii2Hv - vF@
bBivBbvv/2M b BHvii p   FQM2QTTBKBbi� D� H�bF2MM�HHBbi� bvbi22KB#BQHQ;B�� ;22MBimiFBKmF@
b2M i�`T2BbBBM- iBH�biQHHBbi� FQM2QTTBKBbi�- M2m`QBM7Q`K�iBBFF�� FQM2QTTBKBb22M �pmHH�- H�b@
F2MM�HHBbB� �H;Q`BiK2D� D� i2Q`BQBi� 2pQHmmiBQM vKK `i KBb2FbB D� K�bb�/�i�M F bBii2HvvM
#BQH  F2iB2i22HHBbBbb  bQp2HHmFbBbb� b2F  T  iƺFb2Mi2FQ@- ?�Fm@ D� QTiBKQBMiBK2M2i2HKB X

Ai @amQK2M vHBQTBbiQ
Ai @amQK2M vHBQTBbiQbb� imiFBi��M i2FQ HvM F viiƺ  H  F2iB2i22bb - i2`p2v/2M?QB/Qbb� D�
#BQHQ;B�bb� b2F  Tm?22MimMMBbimbi� D� i2FQ Hvi2FMBBFQBi�X
_v?KBbb  imiFBi��M 2bBK2`FBFbB i2FQ HvM F viiƺ  ?QB/QM i2?QM 2MMmbi�KBb2bb� D� H  F2@
F2?BivFb2bb  D� H�bF2MM�HHBbi� Tm?22MF bBii2Hv X h2FQ HvM K2M2i2HKBbi  imiFBi��M 2bBK2`@
FBFbB �H;Q`BiKBbi� /�i�@�M�HvvbB�- FQM2QTTBKBbi�- D� Bib2Q`;�MBbQBimpB� M2m`Qp2`FFQD�X

G�TBM vHBQTBbiQ
G�TBM vHBQTBbiQbb� imiFBi��M DQ?i�KBb2M i2FQ Hv - BM7Q`K��iBQi2FMQHQ;B�M }HQbQ}�� D� im@
H2p�Bbmm/2MimiFBKmbi�- i2FQ HvM Dm`B/BbB� QBF2mFbB� D�  HvFF B/2M vKT `BbiƺD2M F viiƺFQ@
F2KmFbB�X

G�TT22M`�MM�MĜG�?/2M i2FMBHHBM2M vHBQTBbiQ Glh
G�TT22M`�MM�MĜG�?/2M i2FMBHHBb2bb  vHBQTBbiQbb� imiFBi��M 2bBK2`FBFbB FQM2M Fƺ  D� ?�?@
KQMimMMBbimbi�- `Q#QiBBF�M D� i2FQ HvM F viiƺ  ?vpBMpQMiBT�Hp2HmBbb�- i2FQ HvQ?D�iim�
T  iƺFb2Mi2FQ�- BMp2biQBMiB�M�HviBBFF�� b2F  i2FQ HvM F viiƺ  2`BH�Bbi2M bF2M��`BQB/2M imi@
FBKmFb2bb� D� i2QHHBbmmbiQBKBMiQD2M KQMBiQ`QBMMBbb� D� F2?Bii KBb2bb X

PmHmM vHBQTBbiQ
PmHmM vHBQTBbiQbb� i2FQ HvimiFBKmbi� i2?/  M mb2�bb� imiFBKmb`v?K bb  D� @F2bFmFb2bb�X
uHBQTBbiQ b�B pmQMM� kyR3 amQK2M �F�i2KB�M HBTTmH�Bp�?�MFF22M e:2M2bBb- DQMF� Qb�M�
F2?Bi2i  M `2mM�H�bF2MM�M ?�D�mi2iim� i2FQ Hv X
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EQM2M ƺM D� bB;M��HB�M�HvvbBM imiFBKmbF2bFmFb2bb� QM mb2Bi� imiFBKmb`v?KB X aB2HH  imi@
FBi��M 2bBK2`FBFbB F�bpQD2M@- BHK2B/2M@ D� imMi2B/2MimMMBbimbi�- HBb iiv  iQ/2HHBbmmii�- imM@
M2i2FQ Hv - H  F2iB2i22HHBbi2M bB;M��HB2M D� FmpB2M �M�HvbQBMiB� D� FQM2M Fƺ X

h�KT2`22M vHBQTBbiQ
h�KT2`22M vHBQTBbiQbb� imiFBi��M 2`BivBb2biB i2FQ HvM i2QHHBbB� bQp2HHmFbB� D�  HvFF Bi  FQ@
M2Bi�X
_v?KB2M imiFBKmb�B?2Bi� D� bQp2HHmbFQ?i2Bi� Qp�i FQM2QTTBKBb2M- i2FQ HvM D� /�i�@
�M�HvvbBM bQp2HHmFb2i i2QHHBbmm/2bb� D� `Q#QiBBF�bb�- i2?/�b�miQK��iBQ- i2QHHBbmm/2M
BM7Q`K�iBBFF�- i2`p2v/2M?mQHHQM �miQK��iBQ-  HvF b HBBFFmKBM2M- i2FQ Hv Tm?22M- KmbBB@
FBM D� �m/BQbB;M��HB2M imHFBMM�bb�- i2FQ Hv D� KmHiBK2/B�- Fmp�Mi�KBM2M D� KQ/2`MB
FQM2M FƺX

hm`mM vHBQTBbiQ
hm`mM vHBQTBbiQbb� i2?/  M i2FQ HvimiFBKmbi� mb2Bbb� iB2/2FmMMBbb�X uHBQTBbiQM i2FQ Hv@
FQmHmimbi� D� @imiFBKmbi� FQQ`/BMQB D� F2?Bii   h2FQ Hv�F�i2KB�X
hmiFBKmFb2M T  bmmMM�i Qp�i KQMB�H�BM2M vH2BbbBpBbi p  i2FQ Hvc bvp2Mi p  i2FMQHQ;BM2M
i2FQ HvQb��KBM2M b2F  i2FQ Hv i2`p2v/2M?mQHHQbb�X hmiFBKmFb2bb� FQ`Qbi2i��M iB2i2B/2M@
p HBbB  �B?2Bi�, i2FQ HvM 2iBBFF� D� p�bimmHHBbmmb- �Hmbi�i�HQmb- iB2iQim`p�- B?KBb2M D� FQM22M
v?i2Bbivƺ- QTTBKBb�M�HviBBFF�- T2HBHHBbvvb D� HBb iiv iQ/2HHBbmmbX hmH2p�Bbmm/2M i2FMQHQ;BQB@
/2M H�BiQFb2HH� i2?/  M Kvƺb T2`mbimiFBKmbi� FQM2QTTBKBb2M D� FB2HBi2FMQHQ;B�M �Hm2BHH�X

o��b�M vHBQTBbiQ
o��b�M vHBQTBbiQM .B;Bi�H 1+QMQKv @`v?K bb  imiFBi��M mmbB� i2FMQHQ;BQBi� D� MBB/2M
p�BFmimFbB� 2`B iB2i22M�HQD2M M FƺFmHKBbi�X h2FQ Hv D� FQM2QTTBKBM2M FmmHmp�i `v?K M
imiFBKmb�B?2BbBBMX

JmBi� i2FQ HvM imiFBKmbH�BiQFbB�
uHBQTBbiQD2M HBb FbB i2FQ HvimiFBKmbi� i2?/  M v`BivFbBbb  D� �KK�iiBFQ`F2�FQmHmBbb�X
L Bbi  i `F2Bi  2bBK2`FF2D  Qp�i h2FMQHQ;B�M imiFBKmbF2bFmb ohh- hB2i22M iB2iQi2FMBBF�M
F2bFmb *a* b2F  Cvp bFvH M D� E�D��MBM �KK�iiBFQ`F2�FQmHmiX

N 1bBK2`FF2D  i2FQ HvM bQp2Hi�KBb2bi� US2FF� L2Bi@
i��MK FB- �MMBBM� PD�H�BM2M- >2HB hmQKBM2M-
S2i`B o ? F�BMm- a�MM�@J�`B �v` KƺV

US2FF� L2Bii��MK FB- �MMBBM� PD�H�BM2M- >2HB hmQKBM2M- S2i`B o ? F�BMm- a�MM�@J�`B
�v` KƺV
h bb  Hmpmbb� 2bBi2HH  M i2FQ HvM 2`B bQp2HHmbFQ?i2Bi� D� FQMF`22iiBbB� 2bBK2`FF2D X GmpmM
�Hmbb� i2?/  M iBBpBbi2iiv F�ib�mb bQp2Hi�KBb�HQBM� i2`p2v/2M?mQHiQ amQK2bb� D� mHFQK�BH@
H�- H  F2?mQHiQ- T�Hp2Hm`Q#QiBBFF� b2F  `�F2MMmb@ D� FBBMi2Bbiƺ�H�X GmpmM HQTTmQb�bb� QM
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H��D2KTB F�ib�mb i2FQ HvM bQp2HHmFbBBM FQmHmimFb2M- i2QHHBbmm/2M- #BbM2bK��BHK�M- i2`p2v@
/2M?QB/QM D� H�FBT�Hp2HmB/2M M FƺFmHK�bi�X

h2FQ Hv i2`p2v/2M?mQHHQbb�
.B;Bi��HBb2M i2`p2v/2M D�  HvFF  M i2`p2v/2M?mQHHQM i�`FQBimFb2M� QM ?2HTQii�� /B�;MQ@
bQBMiB� D� ?QBiQT`Qb2bb2D�- b  bi   Fmbi�MMmFbBbb�- b2F  T�`�Mi�� ivƺ@ D� �bB�F�bivvivp B@
bvvii  ?QBiQH�BiQFbBbb�X h2FQ Hv QM Fv2MMvi DQ �mii�K��M H  F `2Bi  /B�;MQbQBMMBbb� D�
H  F2F2?BivFb2M 2/Bbi KBb2bb X h2FQ HvM �pmHH� /B�;MQQb2Bbi� imH22 i�`F2KTB� D� MQT2�K@
TB�X a2 Kvƺb imH22 H��D2Mi�K��M ?QBiQ?2MFBHƺFmMM�M F bBii2HvFvFv  D� i�`DQ�K��M K�?@
/QHHBbmmFbB� H��D�KBii�Bb2HH2 v?i2BbivƺHH2 2`B BMbiBimmiiB2M p HBHH X h2FQ Hv  QM ?vƺ/vMM2iiv
2bBK2`FBFbB mMB? B`BƺB/2M ?QB/Qbb�- QMFQHQ;B�bb�- F�`/BQHQ;B�bb� b2F  F2m?FQb�B`�mFbB2M
imiFBKmFb2bb� D� ?QB/Qbb�X
h2FQ HvM HBb FbB i2`p2v/2M?QBiQ� KmHHBbi�p�i Tm2ii�p�i H�Bii22i D� b2MbQ`Bi- DQB/2M �pmH@
H� 2i ?QBiQ D� i2H2H  F2iB2/2 K�?/QHHBbimp�iX J�?/QHHBbmm/2i 2HBMi `F2B/2M 2HBMiQBKBMiQD2M
KQMBiQ`QBMiBBM Qp�i p�Hi�Bb�i D� imH2p�Bbmm/2bb� QM K�?/QHHBbi�- 2ii  TQiBH�b H ?2ii   /�i��
`2��HB�BF�Bb2biB b�B`��H��M- KBbb  /�i�M �pmHH� i2?/  M mmbB� ?QBiQbmQbBimFbB�X h2FQ Hv im@
F22 ?QBiQ?2MFBHƺFmMi�� /�i�M F bBii2Hvbb  i bb FBM bF2M��`BQbb�X h2FQ HvM ?vƺ/vMi KBM2M
i2`p2v/2M?mQHHQbb� QM D�iFmp�biB F�bp�p� �H�- bBHH  2MMmbi2B/2M KmF��M i2`p2v/2M?mQHHQM
i2FQ HvK�`FFBM�i vHBii p i Fmm/2M KBHD�`/BM /QHH�`BM `�D�M pmQi22M kykR K2MM2bb X

h2FQ Hv i2`p2v/2M?mQHHQbb� mHFQK�BHH�
h2FQ Hv  QM F2?Bi2iiv i2`p2v/2M?mQHHQM i�`T2BbBBM vKT `B K��BHK��X E2?BivbFBHT�BHm� DQ?@
i�p�i KQMB2M �`pBQB/2M KmF��M EBBM� D� u?/vbp�HH�iX JmBi� i2`p2v/2M?mQHHQM i2FQ HvvM
b�ib�MM2Bi� K�Bi� Qp�i 2bBK2`FBFbB a�Fb�- AbQ@"`Bi�MMB�- C�T�MB- aBM;�TQ`2 D� 1i2H @EQ`2�X
��bB� pQB/��M M ?/  v?i2M  iB2MM vii D M  i2`p2v/2M?mQHHQM i2FQ HvF2?BivFb2bb X 1bB@
K2`FBFbB K��BHK�M DQ?i�p� i2FQ Hvp�HiBQ EBBM� F2?Bii   D�iFmp�biB mmbB� i2FQ HvM bQp2HHmF@
bB� i2`p2v/2M?QBiQ�HH2 D� K��bb� QM Qi2iim F viiƺƺM 2MbBKK BM2M  Hvb�B`��H�X C�T�MBbb�-
aBM;�TQ`2bb� D� 1i2H @EQ`2�bb� QM F2?Bi2iiv 2bBK2`FBFbB b�B`�mFbB2M imMMBbimFb22M F v@
i2ii pB  i2FQ HvbQp2HHmFbB�- i2FQ HvHHBbB  ?QBiQ�H�M `Q#Qii2D� D� bBHK b�B`�mFbB� H  F `2Bi 
T�`2KKBM ?�p�Bib2p� i2FQ HvD `D2bi2HK X C�T�MBbb� i2FQ HvHHBb2i `Q#QiBi Qp�i F viƺbb  DQ
p�M?�BMFQ/2Bbb� vKT `B K��MX
h2`p2v/2M?mQHHQM i2FQ Hv  QM F2?Bi2iiv HBb FbB bi`2bbBM b2m`�Mi��M- H  F `BM /QFmK2Mi��@
iBQivƺM ?2HTQii�KBb22M- �BpQD2M Fmp�Mi�KBb2M D� FmpB2M `2FQMbi`mQBMMBM F2?Bii KBb22M-
i2`p2vbiB2/QM HQm?BMi��M D� vFbBHƺM Bib2M Bb22M i2`p2v/2M b2m`�Mi��M b2F  ?�HHBMi��MX

h2FQ HvM ?vƺ/vMi KBM2M H  F2?mQHHQbb�
amQK2M bQbB��HB@ D� i2`p2vb�H�HH� QM F viƺbb  mb2Bi� 2`BH�BbB� `2FBbi2`2Bi  D� iB2iQF�MiQD�X
h HH  ?2iF2HH  iB2iQ QM ?vpBM ?�D�M�Bbi� D� b2M i�FB� iB2iQ� QM ?��bi22HHBbi� ?vƺ/vMi   2bB@
K2`FBFbB H  FF2Bi  imiFBii�2bb�- mmbB� H  F2�BM2Bi� 2ibBii 2bb  D� H  F2`2b2Ti2D  K  ` i2bb X
6�`K�bB�bb� H�bF2MM�HHBb2i K�HHBi D� FQM2QTTBKBM2M ?2HTQii�p�i H  F2�BM2B/2M 2ibBMi T`Q@
b2bbB� 2`B H  F2�BM2v?/Bbi2B/2M Hƺvi KBb2FbBX J�HHB2M �pmHH� H  F2�BM2B/2M �B?2mii�KBbi�
bBpmp�BFmimFbBbi� pQB/��M b��/� QH22HHBbi� BM7Q`K��iBQi� DQ bBHHQBM FmM H  F2�BM2v?/Bbi2i@
i  QHH��M p�bi� 2ibBK bb X G  F2?mQHiQ� ?�Hmi��M D�iFmp�biB F2?Bii  - DQii� H  FF2B/2M
im`?� T  HH2FF BM2M F viiƺ D� ?�Bii�p�BFmimFb2i p ?2MBbBp iX a�K�HH� b2F  vFbBHƺM 2ii 
v?i2BbFmMM�M FmHmi H�bFBbBp�iX
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amQK2bb� QM DQ F viƺbb  mb2�KTB ?QBiQ?2MFBHƺFmMi�� QT�bi�p� H  F2iB2iQF�Mi� D� H  F2@
ivƺF�HmX LBB/2M �pmHH� pQB/��M i ?/ i  T�`2KT��M H  FBivFb2M FQFQM�Bb�`pBQBMiBBMX h2@
FQ Hv pQB Kvƺb imF2� H  FF22M K  `  KBbT`Qb2bbB� 2bBK2`FBFbB F vK HH  H TB K�?/QHHBbB�
H  FF2B/2M ?�Bii�p�BFmimFbB� p�Hi�pBbi� iB2iQK�bbQBbi�- b2HpBii K HH  TQiBH��M H  FF2B/2M
T  HH2FF BbvvFbB  b2F  TQiBH��HH2 bQTBp�� H  F2�MMQFb2M K  `  X h2FQ HvM �pmHH� QM DQ
2bBK2`FBFbB b2HpBi2iiv mm/2M H  FF22M ?�Bii�p�BFmimFbB� bQbB��HBb2M K2/B�M /�i�K�bbQD�
imiFBK�HH�X h2FQ HvM D� H  F2?mQHHQM v?/Bbi2HK HH  pQB/��M Kvƺb HmQ/� FQMF`22iiBbB� `�i@
F�BbmD� b�B`��HQB?BMX h bi  ?vp M  2bBK2`FFBM  Qp�i  HvFF  i H  F2F��TBi- DQiF� pQB/��M
BMi2;`QB/� TQiBH�biB2iQD `D2bi2HKBBM- DQbi� b2HpB   H  FBivFb2M FQ?i22M� QH2p�M TQiBH��M ?2M@
FBHƺiB2/Qi- T�BFF�iB2/Qi D� H  FBivFb2M i�`F�i iB2/QiX

S�Hp2Hm`Q#QiBBFF�
omQMM� kyRk T BpBi2iiv AaP@3jdj @bi�M/�`/B UAaP- kyRkV K  `Bii   `Q#QiBM b2m`��p�biB,
�+im�i2/ K2+?�MBbK T`Q;`�KK�#H2 BM irQ Q` KQ`2 �t2b rBi? � /2;`22 Q7 �miQMQKv- KQpBM;
rBi?BM Bib 2MpB`QMK2Mi- iQ T2`7Q`K BMi2M/2/ i�bFb
_Q#QiBi Qp�i bBBb AaP@bi�M/�`/BM KmF��M Q?D2HKQBi�pB�- �BM�FBM QbBii�BM �miQMQKBbB� b2F 
i2?i pB2M bmQ`Bii�KBb22M FvF2M2pB X _Q#QiBBFF�� ?vƺ/vMM2i  M bQbB��HB@ D� i2`p2vb�H�HH�
pB2H  p ? Bb2biB b2M K�?/QHHBbBBM ?vƺivB?BM M ?/2MX uH2BbBKTB  `Q#QiBBF�M bQp2HHmimFbB�
MvFv?2iF2HH  Qp�i p ? Bb2M �miQMQKB�M `Q#QiBi- Fmi2M H2BFF�mb`Q#QiBi- D� Q?D2HKBbiQ`Q#Q@
iBBFF�X >��bi2Bi� H��D2KK�HH2 T�Hp2Hm`Q#QiiB2M F viƺHH2 Qp�i F2?Bivbi  p��iBp� i2FMQHQ;B�-
22iiBb2i FvbvKvFb2i- H�BMb  / Miƺ D� KmmiQbp�bi�`BMi�X hQBb��Hi� 2bBK2`FBFbB C�T�MBbb�
`Q#QiBi Qp�i vH2Bb2biB ?vp FbviivD  D� H��D�HiB F vi2iivD - DQT� i2`p2v/2M?QBiQ�H�HH�X
_Q#QiBBF�M K�?/QHHBbmmFbB2M ?vƺ/vMi KBM2M imH22 QH2K��M 2/2HHvivb bQbB��HB@ D� i2`p2vb�@
H�M iQBKBMiQD2M i2?QFFmm/2M i�F��KBb2FbB imH2p�Bbmm/2bb�X S�Hp2Hm`Q#QiBBFF� imH22 i�F��@
K��M T�Hp2HmM H��/mM D� F�BF2M HBb FbB T�`�Mi�K��M bBi - bBHH  `Q#QiBBF�M �pmHH� pQB/��M
bBB`i   ?QBiQ?2MFBHƺFmMM�M ivƺT�MQbi� p HBHHBb2bi  ?QBiQivƺbi  p HBiiƺK  M ?QBiQivƺ?ƺMX
_Q#QiBBF�M MQT2�M F2?BivFb2M D� imMMBbi2imM i�`T22M Kvƺi  pQB/��M Q/Qii��- 2ii  T�Hp2@
Hm`Q#QiBi imH2p�i QH2K��M Qb�M� bQbB��HB@ D� i2`p2vb�H�M iQBKBMiQD� Kvƺb amQK2bb�X

EBBMi2Bbiƺ@ D� `�F2MMmb�H�
EBBMi2Bbiƺ@ D� `�F2MMmb�H� QM FQKT2FbBM2M FQFQM�Bbmmb- DQbb� /B;Bi�HBb�iBQM Kvƺi  i2FQ @
Hv  pQB/��M bQp2Hi�� KQMBTmQHBb2biB FQFQ `�F2MMmFb2M 2HBMF��`2M �D�MX h2FQ Hv  pQB/��M
F vii   �TmM� `�F2MMmFb2M bmmMMBii2Hmbb� D� `�F2Mi�KBbT`Qb2bbBbb� 2bBK2`FBFbB 2`B p�B?@
iQ2?iQD2M p�HBMM�bb�X o�HKBBbb� FBBMi2BbiƺBbb  i2FQ Hv  pQB/��M F vii   FmHmM@ D� FmMMQM@
p�HpQMM�bb� b2F  Qb�M� `�F2MMmFb2M iQBKBMiQD� Q?D��pB� �miQK��iBQD `D2bi2HKB X
h2FQ Hv  pQB/��M F vii    HvFF B/2M `�F2MMmFbB2M FmMMQbb�TB/Qbb�X �HvF b `�F2MMmb
QM D `D2bi2HK FQFQM�Bbmmb- DQbb� `�F2MMmFb2M b2MbQ`Bi KBii��p�i `�F2MMmFb2M F viiƺ -
iQBKBMi�� D� iBH�� Fmp��pB� HmFmD�X JBii�mFbB2M T2`mbi22HH� pQB/��M b2m`�i� D� b  /2HH 
2bBK2`FBFbB 2M2`;B�MFmHmimbi�- bBb H KTƺiBH��- p2/2MF viiƺ  D� KmBi� `�F2MMmFb2M 7vvbB@
bB  QKBM�BbmmFbB� TBMiQD2M FQbi2m/2bi� #2iQMBbb� ?�p�Bii�pBBM TQBFF2mFbBBMX u?/Bbi K HH 
M2m`Qp2`FQi D� FQM2QTTBKBM2M i ? M T`Qb2bbBBM- b��/��M `�F2MMmFbB2M 2MM�FQBp� FmMMQb@
b�TBiQ �miQK�iBbQBim�X

JmBi� bQp2HHmb�Hm2Bi�

N3



1bBK2`FF2D  KmBbi� bQp2HHmbFQ?i2Bbi� Qp�i }M�MbbB�H�- 2M2`;B�i2QHHBbmmb D� im`p�HHBbmmb�H�X
h2FQ Hv  QM F2?Bi2iiv T�HDQM im`p�HHBbmmb�H�HH� Fv#2`im`p�HHBbmm/2M T�`�Mi�KBb2FbBX h2FQ@
 Hv`�iF�BbmD� D� FQ;MBiBBpBbi� iB2iQD2MF bBii2Hv  bQp2HH2i��M Fv#2`?vƺFF vbi2M ?�p�Bib2KB@
b22M- iQ`DmMi��M D� b2HpBii KBb22MX h2FQ Hv  ?vƺ/vMi pB  Fv#2`im`p�HHBbmm/2M `�iF�BbmD�
Qp�i F2?Bii M22i KQM2i 2`BFQFQBb2i v`BivFb2iX hmMM2iimD� `�iF�BbmD2M F2?Bii DB  Qp�i KmmM
Km�bb� i2FMQHQ;B�D iBi �K�xQM U�K�xQM J�+B2V- :QQ;H2 U.22T AMbiBM+iV D� A"J UZ_�/�i
D� s@6Q`+2VX

G��D2KTB F�ib�mb i2FQ HvM bQp2HHmFbBBM

h K M HmpmM HQTTmQb�M i�pQBii22M� QM ?�?KQi2HH� vH2BbFmp�� i2FQ HvM i K M?2iFBbBbi 
F viiƺi�pQBbi� 2`BH�BbB� iQBKB�HQD� i�`F�bi2HH2MX �B?2ii� F�`iQBi2iiBBM 2`BH�Bbi2M p2`FFQ�B@
M2BbiQD2M D� i2FQ Hv  vH2Bbi�DmBb2biB F bBii2H2p M- pBBK2 pmQbBM� DmHF�BbimM FB`D�HHBbmm/2M
�pmHH�X E vi2ivi p2`FFQH ?i22i bBb Hi p i i2FQ HvM F viiƺ  iB2ivBHH  iQBKB�HQBHH� i�`F�bi2@
H2pB� vH2BbFmp�mFbB�- 2`B �HQB?BM HBBiivpB  i2FQ HvmmiBbB�- iB2i22HHBbB  �`iBFF2H2Bi� D� Kvƺb
i2FQ HvF2?BivFb2bb  iQBKBpB2M v`Bivbi2M QKB� �`iBFF2H2Bi�- DQiF� Fmp�BH2p�i imQii2Bi� D�
MBB/2M �pmHH� i�pQBi2iimD� p�BFmimFbB�X a2HpBivFb2M T�BMQTBbi2 QM DQ F viƺbb  QH2pBbb� i2FQ@
 HvbQp2HHmFbBbb�X h2FQ Hv`�iF�BbmD2M F2?Bii KBbivƺ QM pQBK�F�bi� D� i K  i`2M/B p�BFmii��
HmQMMQHHBb2biB Kvƺb bBB?2M- KBHH�BbBbi� bQp2HHmFbBbi� iB2iQ� QM 2`BivBb2biB b��i�pBHH�X lb2BM
QMFBM bmQ`�bi��M K�?/QiQMi� p Hiiv  i�`F�bi2H2K�bi� Kvƺb bBi - KBHH�Bb22M i2FQ HvM ?vƺ@
/vMi KBb22M QHH��M T�`?�BHH��M bBB`ivK bb - iQBbBM b�MQ2M KBHH�Bbi2M bQp2HHmbi2M F viiƺ 
p�bi� i2bi�i��MX LBBMT  i bb FBM b2HpBivFb2bb  T�BMQiimp�i 2`BivBb2biB pBBK2 pmQbB2M mm/Bb@
imFb2i- 2Bp i MBBMF  M i2FQ HvbQp2HHmFb2i- DQB/2M F viiƺ QM DQ p�?p�biB �`FBT Bp BbivMviX
h2FQ HvM i K M?2iFBbi  ?vƺ/vMi KBbi  2`BH�BbBHH� iQBKB�HQBHH� Fmp�i��M 2`Bii2H2K HH  MBB@
i  �HQB?BM HBBiivpB  i2?i pB  D� ivƺp�B?2Bi�- DQBi� i2FQ Hv pQB Qii�� ?QBi��Fb22MX GBb FbB
Fm?mMFBM iQBKB�H��M HBBiiv2M Fmp�BHH��M 2bBK2`FF2D  i�`DQHH� QH2pBbi� i2FQ HvbQp2HHmFbBbi�
D� MBB/2M F viƺbi X 1bBK2`FFBbQp2HHmbi2M i�`F�bi2Hm iQi2mi2iiBBM b��i�pBHH� QH2p�M iB2/QM
2?/QBHH� p ?BMi  M b2m`��pBBM FvbvKvFbBBM iBBpBBbiB p�bi�i2M,

Ç JBMF  MBKBM2M bQp2HHmb QM Fvb22bb \
Ç JBHH�Bb2M QM;2HK�M `�iF�Bb2KBb2FbB i�B KBMF  i2?i p M bmQ`Bii�KBb2FbB bQp2HHmb QM

F2?Bi2iiv\
Ç JBi  bQp2HHmb i2F22\
Ç JBHH�BbB� ?vƺivD  bQp2HHmFb2M �pmHH� QM b��pmi2iim\ f JBi2M bQp2HHmFb2M F viiƺ Kmmi@

i�� �H�M ivƺMi2FBD M iQBK2MFmp��\
h�`F�bi2HH��M b2m`��p�FbB- KBHH  i�pQBM i2FQ Hv  i HH  ?2iF2HH  ?vƺ/vMM2i  M FQmHmimF@
b2M- m`�Q?D�mFb2M D� `2F`viQBMMBM �Hm22HH�- i2QHHBbmm/2bb�- p�`�biQBMMBbb� D� FmHD2imFb2bb�-
`�?QBimb@ D� #BbM2b�HQBHH�- i2`p2vb@ D� bQbB��HBT�Hp2HmB/2M b2F  H  F2i2QHHBbmm/2M �HQBHH� D�
H�FBT�Hp2HmBbb�X

NXR EQmHmimb- m`�Q?D�mb D� `2F`viQBMiB

NXRXR EQmHmimb

1MbBKK Bb2i /B;Bi��HBb2i vHBQTBbiQi Qp�i DQ �HQBii�M22i iQBKBMi�Mb�X amm`v`BivFbBbi  2bBK2`@
FBFbB :QQ;H2 D� JB+`QbQ7i i�`DQ�p�i T�Hp2HmBi� QT2ii�DB2M D� FQmHmH�Bbi2M i�`T2BbBBMX PMT� DQ
?mQK�mi2iim Kvƺb K�?/QHHBbmm/2bi� `�F2Mi�� /B;Bi�HBM2M ;HQ#��HB FQmHm i�B vHBQTBbiQFBM-
KBF  �BM�FBM i2FMBb2biB QHBbB DQ K�?/QHHBbi� UL2Bii��MK FB kyRdVX
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PT2ii�KBbi� QM F2?Bi2iiv 2`B �BFQBM� 2`BH�Bbi2M QTTBKBbF bBivbi2M M FƺFmHKBbi�- Kmii�
i K M T Bp M FQmHmimbK��BHK� FQ?i�� Kvƺb ivƺ2H K M KmmiQFbBbi� DQ?impB� ?��bi2Bi�,
DQiFmi T2`BMi2Bb2i �KK�iBi F�iQ�p�i D� mmbB� �HQD� bvMivv F�BF2M �BF��X h K  F2?Bivb
QM MQT2�� D� ?vpBM p�BF2�biB 2MMmbi2ii�p��X l`�Q?D�mFb2M �H�HH� QM T  /viiv ?�p�BMiQQM-
DQMF� KmF�Bb2biB H ?iƺFQ?i�- DQbb� �bB�F�b p�HBib22 QKB2M QKBM�BbmmFbB2Mb� T2`mbi22HH�
iB2iivvM �KK�iiBBM DQ?i�p�M FBBMi2  m`�TQHmM UD� i ? M HBBiivp i QTBMMQiV- 2B 2M   p�bi��
MvFvBb2M i�B imH2p�Bbmm/2M ivƺ2H K M iQ/2HHBbmmii� Ua�pB+F�b kyRkVX LBBMT  m`�M D� 2H @
K M bmmMMBii2HmM i vivv MQD�mim� F bBivFb22M- DQbb� DQF�Bbi� p�`i2M QM 2M2KK M FmBM vF@
bB QBF2� �KK�iiB Ua�pB+F�b kyRkVX h K M pmQFbB Kvƺb 2H K MKBii�Bb2M QTTBKBb2M B/2�M
?vp FbvKBM2M Qb�FbB �`FBT Bp   QM p Hii K iƺMi  @ DQF�Bb2M QM QHi�p� �DQBii�BM p�HKBb
T BpBii K  M Qb��KBbi��MX
.B;Bi��HBb2M FQmHmimFb2M �pmHH� 2`B �HQB?BM HBBiivpB  QTTBbBb HiƺD  pQB/��M imQ/� QTBbF2HB@
DQB/2M F�MM�Hi� b2Hp biB �BF�Bb2KT�� ?2HTQKKBM b��i�pBHH2X GBb FbB /B;Bi��HBbB� F�M�pB�
TBiFBM pQB/��M Kvƺb i�`DQi� QT2imbi� MBBM FmibmiimD2M imH2p�Bbmmbi�BiQD2M �H�HH�X .B;B@
i��HBb2M QT2imFb2M vH2Bbiv2bb  v?  pQBK�FF��KKBM pQBi�M22M i K M F2?BivFb2M QH2ii��
p�BFmii�p�M Kvƺb T2`BMi2BbBBM FQmHm@ D� vHBQTBbiQ`�F2MMmFbBBM- DQiF� b��p�i mm/2M KmQ/QM
D� QbBii�BM 2?F  Kvƺb F�iQ�p�iX
EQmHmQT2imFb2bi�- /B;Bi��HBbBbi� �Tmp HBM2Bbi  D� i2FQ Hvbi  Tm?mii�2bb� pQB iƺ`K i  iQ@
i2�KmFb22M- DQMF� KmF��M i2FQ Hv 2B FQ`p�� QT2ii�D��- Kmii� pQB Kmmii�� i�T��- DQH@
H� QT2ii�D�i QT2ii�p�i D� QTTBH��i QTTBp�iX Jmii� KBi  i HH  F vi MMƺbb  i�`FQBi2i��M\
JBHH�BbBbi� KmmiQFbBbi� QM Fvb2\ PT2ii�D�M M FƺFmHK�bi� i2FQ HvHH  pQB/��M 2bBK2`FBFbB
�miQK�iBbQB/� QT2imFb2M �`pBQBMiB�X hQBbi�Bb2FbB i K  QM K�?/QHHBbi� H ?BMM  KQMBp�HBM@
i�i2?i pBBM T2`mbimpB2M i2biB2M v?i2v/2bb X GmQFF�iBH�Mi2Bbb� QT2ii�D�i pQBp�i Kvƺb b��/�
bQp2HHmFbBHi� T�H�mi2ii� i2?i p M�MiQD2M D� QT2imbK�i2`B��HB2M iQBKBpmm/2bi�X h HH�BM2M
T�H�mi2 pQB 2/Bbi   T�`?�B/2M QT2imbF vi Mi2B/2M H2pB KBbi  D� p�?pBbi�� QT2ii�DB2M p�b@
immi� QK�bi� QT2imFb2bi��MX UGvM+? kyR3XV
GBb FbB i2FQ HvbQp2HHmFb2i pQBp�i ?QBi�� DQBi�FBM QT2ii�DB2M `miBBMBi2?i pB  D� �pmbi�� QT@
TBH�B/2M F�Mbb� FQKKmMBFQBMMBbb�X :2Q`;B� AMbiBimi2 Q7 h2+?MQHQ;vbb� iQi2mi2iim FQF2BHm
�MiQB pBBii2Bi  bBBi - KBi2M i2FQ Hv�pmbi�D� b��iiQB p�bi�BHH� b2HH�BbBBM QTTBH�B/2M b ?FƺTQb@
iBib2 2bBii KBBM `miBBMBFvbvKvFbBBM- DQB/2M p�bi�mFbBBM b2 �`pBQB p�bi��p�Mb� QBF2BM NdW
iQ/2MM FƺBbvv/2HH - BHK�M 2ii  QTTBH�Bbi� Dmm`B FmF��M ?�p�BibB pB2biBp Mb  iB2iQFQM22M
F�Mbb� U6m`M2bb kyReVX
h2FQ HvM �pmHH� QTTBKBbi� imF2pBHH� bQp2HHmFbBHH� Tv`Bi  M Kvƺb imQii�K��M TBiF �BF�Bb@
i� ?vƺiv X A?�MM2iBH�Mi22bb� QTTBH�B/2M `BMM�HH2 QMMBbimii�BbBBM F2?Bii K  M FQFQ 2H K M
KBii�BM2M i2FQ HvFmKTT�MB- DQF� imMi22 QTTBH��M QTTBKBb?BbiQ`B�M D� Tvbivv bBi2M imMMBb@
i�K��M ?2B/ M p�?pmmi2Mb� D� ?2BFFQmi2Mb�X h HH�BM2M �A@FmKTT�MB FvF2M22 ?mQKBQB@
K��M QTTBH��M 2`BivBbi�`T22i 2bBK2`FBFbB QT2imb�BM2BbiQD� KmF�mii�K�HH�X GBb FbB i2FQ@
 HvFmKTT�MB pQB i�`DQi� T2`bQMQBim� imF2� Kvƺb HmQFF�?mQM22M mHFQTmQH2HH� F2?Bii 2M
?2MFBHƺM Qb��KBbi� FmHHQBbB�FBM i�pQBi2Bi� p�bi��p�HH2 i�bQHH2 ?�`DQBii�K�HH� QTTBH��M Tmmi@
i22HHBb2biB ?�HHBib2KB� i�BiQD� i�B �mii�K�HH� ? Mi  vKK `i K  M mmbB� B/2QBi�X U>QHx kyRdc
GvM+? kyR3XV

NXRXk 1bBK2`FFB i2FQ HvD `D2bi2HK M F2?Bii KBb2M ?��bi2Bbi�, KmF�mimp�i
FQmHmimbD `D2bi2HK i

EQmHmimFb2M �H�HH� i2FQ HvvM QM FQ?/Bbi2iim bmm`B� Q/QimFbB� 2`BivBb2biB KmF�mimpB2M
FQmHmimbD `D2bi2HKB2M U�/�TiBp2 2/m+�iBQM�H bvbi2KbV F2?BivFb2bb X h HH�Bb2i D `D2bi2HK i
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T2`mbimp�i �/�TiBBpBb2M QTTBKBb2M B/2�HH2X JmF�mimpB2M FQmHmimbD `D2bi2HKB2M v?i2v/2b@
b  FQ`Qbi2i��M vFbBHƺB/2M 2`BH�Bbmmii� D� QTTBKBbvKT `BbiƺM FvFv  `2�;QB/� i ? M 2`BH�B@
bmmi22MX LBBMT  K2M2bivFb2FF  M F2?BivbivƺM F�MM�Hi� 2MbB�`pQBb2M i `F2   QM QMMBbim�
F2`  K  M QTTBDQBbi� Dmm`B QBF2�MH�Bbi� /�i��- DQi� bBii2M pQB/��M ?vƺ/vMi   �bB�MimMiB@
DQB/2M D� bmmMMBii2HBDQB/2M ivƺbb  b2F  iB2iQi2FMBb2M bvbi22KBM /vM��KBb2M Bib2QTTBKBb@
F�T�bBi22iBM F2?Bii KBb2bb X LBBMT  KmF�mimpB2M QT2imbbvbi22KB2M F2?BivbivƺM F�MM�Hi�
K2`FBii p  M `QQHBBM MQmb2p�i ivƺM i�mbi�HH� F vi2ivi iB2/QMF2`mm@ D� �M�HvbQBMiBK2iQ/BiX
U*QH+?2bi2`- >�;`�b- �H;?�xx�rB- �H/�##�;? kyRdV
uFbB K2`FBii p  QTTBKBb/�i�M H ?/2 @ D� b�K�HH� F2bF2BM2M i2FQ HvM F viiƺ�Hm2 @ Qp�i K�b@
bBBpBb2i �pQBK2i p2`FFQFm`bbBi 2HB JPP*,Bi UJ�bbBp2 QT2M QMHBM2 +Qm`b2VX JPP*,Bi Qp�i
BMi2`M2iBM F�mii� D `D2bi2iivD  K�FbmiiQKB� D� F�BFBHH2 �pQBKB� Fm`bb2D�- DQBi� D `D2bi p i
p2`FFQFm`bbBvKT `Bbiƺi Qp�i MBBM FmibmiimD� �pQBKB� QTTBKBbbvbi22K2D X JPP*,2D� i�`@
DQ�p�i 2bBK2`FBFbB F�mT�HHBb2i *Qm`b2`� D� l/�+Biv b2F  2B@F�mT�HHBb2i 2/s D� >�`p�`/s
U>�`p�`/BM vHBQTBbiQVX amQK�H�BbF2?Bii2BbB  2bBK2`FF2D  Qp�i KQQ+X?2HbBMFBX} U>2HbBM;BM
vHBQTBbiQV b2F  1HB�/2Kv U��HiQ@vHBQTBbiQVX L B/2M vKT `BbiƺD2M �pmHH� FmF� i�?�Mb� pQB
FQmHmii�� Bib2  M p�Hi�p�� Fm`bbBi�`DQMM�M FB`DQ� ?vƺ/vMi 2MX
CQii� JPP*,B2M Qbmmb FQmHmimFb2M F2Mi HH  F�bp�BbB- MBBi  i vivv FmBi2MFBM pB2H  F2?Bi@
i  X PM ?�p�Biim- 2ii  p�BFF� JPP*@vKT `BbiƺB?BM BHKQBii�mimm bmm`B K  `  Qb�HHBbimDB�-
Fm`bbBM H TBbmQ`Bii�pB2M QTBbF2HBDQB/2M T`Qb2Mim��HBM2M K  `  D   �HH2 RjW,MX PM;2HK�M
`�iF�Bb2KBb2FbB QM 2?/Qi2iim 2bBK2`FBFbB QTTBD�M F viƺb�M�HvvbBM T2`mbi22HH� iQi2mi2ii�@
p�� KmF�mimp�� QTTBKBbi� U*QH+?2bi2` 2i �HX kyRdVX PBF2�MH�Bb2M �M�HviBBF�M F2BMQBM D `@
D2bi2HK  pQBbB F�`iQBii�� 2bBK2`FBFbB QTTBD�M H ?iƺi�bQ�- KQiBp��iBQi�bQ� D� QTTBKBbivv@
H2B?BM HBBiivpB  TBB`i2Bi - Q?D�i� QTBbF2Hm� M Bi  b2BFFQD� ?mQKBQB/2M D� i�`DQi� QTBbF2HmM
2i2M2KBb2M KBii��M Dmm`B QBF2�MH�Bbi� K�i2`B��HB� QTBbF2HBD�M b��i�pBHH2X o�BFF� i2FQ HvvM
D� QTTBKBb22M HBBiivp i Q/QimFb2i Qp�i FQ`F2�HH�- Qp�i �B/QbiB �/�TiQBimp�i FQmHmimbD `D2b@
i2HK i- DQiF� iQ/2HH� Bib2M Bb2biB QTTBbBp�i D� `2�;QBbBp�i QTBbF2HBD�M F viƺFb2M T2`mbi22HH�-
pB2H  ?�`p�bb� UE�v- _2BK�MM- .B2#QH/- EmKK2`72H/ kyRjc um- JB�Q- G2mM;- q?Bi2 kyRdc
*QH+?2bi2` 2i �HX kyRdVX
JPP*,B2M v?i2v/2bb  i2FQ HvvM HBBiivp  iQBp2BFFmmb pB`B   2`BivBb2biB bBBi  iQbB�bB�bi�- 2i@
i  JPP*,2D� i�`DQ�pB2M QTTBKBbbvbi22KB2M F�mii� QM K�?/QHHBbi� FQQi� ?mQK�ii�p�M
`mMb��i K  ` i 2`BH�Bbi2M QTTBDQB/2M BMi2`�FiBQB?BM HBBiivp   /�i��X JPP*@vKT `BbiƺD2M
iQBKBpmm/2M D� KmF�mimpmm/2M F2?Bii KBb2M F�MM�Hi� F2bF2BbBM ?��bi2 FviF2vivv QBF2�M@
H�Bbi2M T  ii2HvF2iDmD2M `�F2Mi�KBb22M, KBi2M ?vpBM QTBbF2HBDQB/2M D� QTTBKBbvKT `BbiƺM
p HBbBbi  BMi2`�FiBQBbi� F2` iiv  /�i�� QMMBbimi��M HQTmHi� v?/Bbi K  M i2FQ Hvi2FMBBFQB@
?BMX GBb FbB QBF2BM ?vƺ/vMM2iivM  QTBbF2HBD�BMi2`�FiBQBbi� FQQiim /�i� b��ii�� Kvƺb i�`DQi�
FQFQM��M mmii� iB2iQ� BM?BKBHHBb2bi  �/�TiQBimp�bi� QTTBKBb2bi�X
amm`BFQFQBb2i QTTBD�/�i�i Qp�i ?vƺ/vHHBbB - KBF HB MBB/2M TQ?D�Hi� Tvbivi  M KmQ/Qbi�@
K��M HmQi2ii�pB� QTTBD�T`Q}BH2D�X PTBbF2HBD�T`Q}BH2Bi� Tvbivi  M KmQ/Qbi�K��M KQM2M@
ivvTTBbi  /�i�� �M�HvbQBK�HH�X S`Q}BHBMKmQ/QbimFb2bb� ?vƺ/vMM2iiv iB2iQ pQB 2bBK2`FBFbB
FQbF2� QTBbF2HBDQB/2M i�`T2Bi�- FvFvD  i�B T2`bQQM�HHBbmm/2M TBB`i2Bi X Jvƺb QTBbF2HBDQB/2M
2MM�FFQiB2iQD2M D� @i�BiQD2M ivvTTB  D� H��Dmmii� 2`Bii2H2p  /�i� i�B QTTBKBbT`Qb2bbBM KBi@
i��M FQ2iimD� imMM2i�bQD� F�`iQBii�p� �BM2BbiQ pQBp�i iQBKB� QTTBD�T`Q}BHB2M KmQ/Qbi�KB@
b2M H ?iƺFQ?iBM�X JPP*Bi K�?/QHHBbi�p�i i K MF�Hi�Bbi2M /�iQD2M F2`  KBb2M D� MBBMT 
M B/2M vKT `iBbiƺD2M F2?Bivb@ D� imiFBKmbivƺbb  QMFBM Tv`Biiv ?vƺ/vMi K  M 2bBK2`FBFbB
2`BH�BbB� iB2/QMHQm?BMi� U/�i� KBMBM;V @i2FMBBFQBi�X J�bbBBpBbBBM �pQBKBBM p2`FFQFm`bb2B?BM
HBBiivp   iB2/QMHQm?BMi�@ D� i2FQ Hv�B?2Bbi� imiFBKmbi� Qp�i 2`Bi2HH22i 6�mp2H D� um UkyReVX
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NXRXj PTTBKBbi� imF2p�i Q?D2HKBbiQi D� `Q#QiBi

PTTBKBb2M im2FbB QM F2?Bi2iiv KQM2MH�BbB� i2FQ Hv  ?vƺ/vMi pB  `Q#Qii2D�- DQBbi� Kmm@
i�KB� QM T�`?�BHH��M i2biBF viƺbb  Kvƺb bmQK�H�BbBbb� FQmHmBbb�X _Q#QiBi pQBp�i imF2�
QT2ii�KBbi� 2bBK2`FBFbB p�HBiimmM �B?2TBB`BBM HBBiivpB  ?�`DQBimFbB� i22ii K HH X 1bBK2`FBF@
bB Kmmi�KBbb� h�KT2`22M �Hm22M FQmHmBbb� FQF2BHi�p�M� QH2p� �H _Q#QibBM F2?Bii K 
SƺHHƺ@`Q#QiiB ?�`DQBimii�� QTTBH�Bi� v?i22MH�bFmbb�X h�KK2H�M FQmHmbb� QTTBH�bi2bi�mF@
b2bb� QM TmQH2bi��M FB2HB  QT2ii�p� aQ7i"�MFBM D� li2HB�b Pv,M F2?Bii K  1HB�b@`Q#QiiBX
h2FQ HvQKBM�BbmmFbB� �D�i2HH2M SƺHHƺM D� 1HB�Fb2M i2FQ Hv T2`mbimm 2`BivBb2biB Tm?22M@
imMMBbimbi2FMQHQ;B��MX GBb FbB MBB?BM QM Tv`Biiv F2?Bii K  M Kvƺb KmF�mimpmmbQKBM�B@
bmmFbB�- bBHH  `Q#QiiB2M F2``Qi��M p�HBib2p�M i�`DQ�K�Mb� i2?i p i QTBbF2HBD�M i�BiQi�bQQM
M ?/2M bQTBp�FbBX US2bQM2M kyR3c J�MbBFF�- hBFF�K FB kyR3XV
GBBFFmp�i- 2H2?iBp i D� Dmii2H2p�i `Q#QiBi p2iQ�p�i ivvTBHHBb2biB H�TbBBM- Kmii� M2 pQBp�i
b��/� Kmmi�KBHH� mHFQBbBHH� pB?D2BHH  �BFmBb2MFBM FmpBii2H2K��M `Q#QiBHH2  HvFF  KK M
i�B BM?BKBHHBb2KK M QH2KmFb2M FmBM KB?BM MBBbb  QH2p� i2FQ Hvi2FMQHQ;B� KmmiQBM �Mi�BbB
�B?2ii�X h HH�BM2M p�BFmi2HK� pQB HmQMMQHHBb2biB p�BFmii�� `Q#QiBM F�Mbb� ivƺbF2Mi2H2pB2M
QTTBH�B/2M KB2H2MiBH��MX PT2imb`Q#QiiB2M 2imBM� QMFBM- T�BibB MBB/2M p bvK iiƺKvvb b�@
KQD2M �bBQB/2M iQBbi�KBb2bb�- Kvƺb K�?/QHHBbmmb 2/Bbi   F vii D   T  b2K  M QTTBKBb2HH2
bmQimBb��M `2MiQQM D� �pQBK22M KB2H2MiBH��MX _Q#QiBM F�Mbb� 2T QMMBbimKBbB� 2B i�`pBib2
D MMBii  X
EBBM�H�Bbv`Bivb GBM;BM HmQK� GmF�@TƺHHƺ QM `Q#QiiB- DQMF� i�`FQBimb QM i�`DQi� HmF2KBb2bi�
FBBMMQbimM2BHH2 H�TbBHH2 b2m`�� FB`DQD2M   `2bb  D� �mii�� ?2Bi  b��K��M HmFmi�B/Qbi� FBBMMB
b�K��M i�T��M FmBM i�`BMQBi� H�TbBHH2   M22M HmF2p� �BFmBM2MFBM pQB i2?/ X GmF� Tvbivv
HmF2K��M Fmp�@ D� i2FbiBFB`DQD�- DQiF� Hƺvivp i v`BivFb2M MQBM 8y yyy FB`D�� F�ii�p�bi�
iB2iQF�MM�bi�X _Q#QiiB QM bBi2M i�`FQBi2iim imF2� �Mi�p�FbB D� v`Bii2HBD Bbvvii  vHH TBi @
p FbB b2m`�FbB H�TbBHH2- DQiF� ?�Hm�p�i QTTB� HmF2K��MX �D�imFb2M� 2B QH2 FQ`p�i� H�bi2M
D� �BFmBbi2M v?i2BbB  HmFmimQFBQBi� p��M i�`DQi� H�TbBHH2 K�?/QHHBbmmb D�iF�� FB`D�M F�Mbb�
pB2i2iiv  �BF��X U""* L2rb kyR3V
aQbB��HBb2FbB `Q#QiBFbB HmQMM2?/Biim L�Q Tvbivv ?vƺ/vMi K  M FmHHQBb2MFBM F viiƺi�`FQB@
imFb2M KmF��M mb2Bi� 2`BH�BbB� bBb  M`�F2MM2iimD� QKBM�BbmmFbB� D� bQp2HHmFbB�X L B?BM
QKBM�BbmmFbBBM HmF2mimp�i F�K2`�i D� F�bpQD2MimMMBbimbQ?D2HK�- DQB/2M �pmHH� `Q#QiiB
M F22- p2`#��HBb2bi� FQKKmMBF��iBQbi� ?mQH2?iBp�i KBF`Q7QMBi D� F�BmiiBK2i- 2bi2B/2M ?�@
p�Bib2KBb2FbB �b2MM2imi F�BFmHmQi�BK2i- #Hm2iQQi?@- rB}@ D� 2i?2`M2iv?i2vbK�?/QHHBbmm@
/2i b2F  pQBK�� �BbiBp�i `2bBbiQ`Bi KmF�mimpB2M HBBFF2B/2M imQii�KBb2FbBX L�Q@`Q#QiiB�
QM F2?Bi2iiv 2`BH�BbB� QTTBKBb2M 2`BivBbiBH�Mi2Bi� �D�i2HH2M- 2bBK2`FBFbB FQF2KmbT2`mbi�Bb2M
iB2iQ@i�B/QM p HBii KBb22M B?KBb2Hi  iQBb2HH2 U>QQT2b kyR8VX h HH�Bbi� QTTBKBbi� B?KBM2M
i�`pBib22 2`BivBb2biB iBH�Mi2Bbb�- DQBbb� mm/2M ivƺMi2FBD M imHBbB Qii�� ?�HimmMb� ? Mi  2/2H@
i M22M ivƺMi2FBD M T�BFF� ivƺbF2Mi2Hv`v?K bb X lb2BM iBH�MM2 QM FmBi2MFBM b2HH�BM2M- 2ii2B
p�M?� ivƺMi2FBD  QH2 2M   T�BF�HH� T2`2?/vii K bb  mmii� imHQF�bi�X L�Q� QM F2?Bi2iiv
Kvƺb 2`BivBbQT2imFb2M im2FbB- 2bBK2`FBFbB �miBbKBM FB`DQM TBB`i2Bi  QK��pB2M QTTBH�B/2M
i�`T2Bi� �D�i2HH2MX hQBbBM FmBM 2/2HH  2bBi2HHvi SƺHHƺ D� 1HB�b- L�Q� 2B QH2 Q?D2HKQBim QT@
TB�BM2bB/QMM�Bbi2M i2?i pB2M KmF�Bb2biBX a2M bBD��M b2 bQp2Himm �pmbi�D�FbB KQM2MH�BbBHH2
QTTBimMM2BHH2- T2H2B?BM D� KmB?BM iBH�Mi2BbBBM- DQBbb� ?�`DQBi2HH��M pmQ`QM Qii�KBbi�- imMi2B@
/2M �`p��KBbi�- FQKKmMBF��iBQi� D� Q?D2B/2M b2m`��KBbi�X U>QHx kyRdV
PTTBKBb2bb� ?vƺ/vMM2iivB?BM i2FQ Hv`Q#Qii2B?BM FmmHmm Kvƺb 2K2`;2Mii2D  F viiƺi�T�mF@
bB�X 1bBK2`FBFbB AS�,i UBMi2HHB;2Mi T2`bQM�H �bbBbi�MiV Qp�i KQ#BBHBH�Bii2BHH� iQBKBpB� Tm?22M@
imMMBbimbTQ?D�BbB� bQp2HHmFbB�- DQiF� pQBp�i ?QBi�� F vii D Mb  TmQH2bi� 2`BH�BbB� i2?i pB 
D� bmQ`Bii�� �MM2imbi� �B?22bi� iB2/QM?�FmD�X PM ?�p�Biim 2ii  M Bi  bQp2HHmFbB� pQB/��M
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Kvƺb ?vƺ/vMi   2bBK2`FBFbB pB2`��M FB2H2M QTTBKBb2M �Tmp HBM2BM X AS�@bQp2HHmFbB� Qp�i
2bBK2`FBFbB �K�xQM 1+?Q @ HvF�BmiBM- "H�+F"2``v@ Tm?2HBKB2M "H�+F"2``v �bbBbi�Mi- "`�B@
M�bQ7iBM JB+`QbQ7i qBM/QrbBHH2 F2?Bii K  "`�BM�- :QQ;H2M :QQ;H2 LQr @bQp2HHmb- JB+`Q@
bQ7iBM *Q`i�M�- a�KbmM;BM ǵa oQB+2Ƕ- *Q;MBiBp2 *Q/2M F2?Bii K  aAGoA�- �TTH2M ǵaB`BǶ-
Lm�M+2M oHBM;Q- G:M oQB+2 J�i2- A"J, ǵq�ibQMǶ b2F  6�+2#QQFBM J 2HB JQM2vT2MMvX
U*QH+?2bi2` 2i �HX kyRd- *�M#2F- JmiHm kyReV h ? M �B?22b22M HBBiiv2M QK�bi� ?vpBMpQBM@
MBbi� ?mQH2?iBKBbi� imF2pBbi� @ D� b�K�HH� i i  i�BiQ� QT2ii�pBbi� @ `Q#Qi2Bbi� F2``Qi��M
�A@`Q#QiBi KB2H2Mi2`p2vbT�Hp2HmB/2M imF2M� @Hmpmbb�X
amQK�H�BM2M GmFBJ�i QM iB2iQp2`FFQp HBii2BM2M HmF2KBb2M D� K�i2K�iBBF�M QTTBKBb@ D�
�`pBQBMiBvKT `Bbiƺ 2bBFQmHmBF BbBHH2 D� T2`mbFQmHmM HmQFBHH� R@9 QH2pBHH2 H�TbBHH2X >�MFF22bb�
UGmFBJ�iV �`pBQBiBBM- 2ii  8ĜRyW BF HmQF�bi� QM bmm`B� p�BF2mFbB� HmFm@ D� FB`DQBimbi�B/QM
QTTBKBb2bb� D� MQBM 8ĜdW K�i2K�iBBF�bb�X hmFB@ i�B 2`BivBbQT2imbi� i�`pBib2pB2M Qbmmb QM
T�HDQM bmm`2KTB- DQT� R8@kyWX
GmFBJ�i@vKT `BbiƺHH  Tv`Bi  M 2MM�Hi�2?F Bb2K  M HmF2KBb2M D� K�i2K�iBBF�M QTTBKB@
b22M HBBiivpB  QM;2HKB� D� i�`DQ�K��M 2`Bi�bQBbB� p2`FFQTQ?D�BbB� ?�`DQBimFbB� H�TbBHH2- DQBH@
H� QM QTTBKBbQM;2HKB�X o2`FFQT�Hp2Hm D�F�mimm HmF2KBb2M- K�i2K�iBBF�M D� QTTBKBb2M
�`pBQBMMBM Qb�@�Hm2BbBBMX JmF�mimp�M QTTBK�i2`B��HBM HBb FbB b2 bBb Hi   imiFBKmbiB2iQ�
QTTBKBbp�BF2mFbBbi� D� i�BiQD2M F2?BivFb2bi X

NXRX9 l`�Q?D�mb D� `2F`viQBMiB

h2FQ HvM imQKBM2M i2QHHBbmmi22M i�B KmBHH2 iQBKB�HQBHH2 2B K2`FBib2 B?KBbivƺMi2FBDƺB/2M
KmmiimKBbi� FQFQM��M i�`T22iiQKBFbB i�B Kmmi2MF��M T�bbBBpBbBFbBX h i  i2FMQHQ;Bb2M
F2?BivFb2M Km``Qbp�B?2ii� 2B imHBbBF��M QH2ii�� T2`mbHmQMi22Hi��M b�K�MH�Bb2FbB FmBM p�BF@
F�T� ?ƺv`vFQM22M i�B b ?FƺBbivKBb2M p�B?2Bi�- DQB/2M Kvƺi  mmbBHH� F2FbBMMƺBHH  b��i2iiBBM
MBK2MQK��M FQ`p�i� B?KBbivƺMi2FBDƺBi X �KK�iiB2M KmmiimpB2M iQBK2MFmpB2M D� mm/2M@
H�Bbi2M Qb��KBbi�`T2B/2M i�mbi�HH� QM 2MM2M F�BFF2� FQM22M D� B?KBb2M mm/2MH�BM2M bm?/2X
UC `p2MbBpm- AHK�FmMM�b D� Ev`FB kyR3XV
J2M2BHH  M QH2p�M KmmiQFb2M Kvƺi  B?KBbBHH2 D   2M2KK M �BF�� ivƺM MBB/2M QbmmFbB2M
i2F2KBb22M- DQBbb� B?KBM2M QM 2/2HH22MFBM FQ`p��K�iQMX h HH�BM2M HmQp� D� HmQMi22Hi��M
p�B?i2H2p� ivƺ QM Kvƺb vH22Mb  B?KBb2HH2 KB2H2FF  KT  X _Q#QiBi bQTBp�i 2`BivBb2M ?vpBM
i2?i pBBM- DQBbb� QH22HHBbi� QM iQBbi�� b�KQD� iQBK2MTBi2Bi  v?  mm/2bi��M- �BM� v?i  i b@
K HHBb2biBX a2M bBD��M B?KBM2M FQF22 `mMb��biB iQBbiQ� bBb Hi p M ivƺM mb2BM Tmm/mii�p�FbB
D� p bvii p FbBX h HH�BM2M KB2H2MiBH� TmQH2bi��M HBb   2bBK2`FBFbB ivƺi�T�im`KB2M `BbFB X
LBBMT  `Q#QiiB2M F viiƺ i2?i�Bbb� Ui�B KmBbb� B?KBb2HH2 p��`�HHBbBbb� vKT `BbiƺBbb V pQB
Kvƺb T�`�Mi�� ivƺMi2FBDƺB/2M ivƺbb  pBB?ivKBbi  D� ivƺim`p�HHBbmmii�X
CQ Mvi mmbB i2FMQHQ;B� QM K2`FBii p biB Kmmii�Mmi ivƺ2H K  X JQMB T2`BMi2BM2M �KK�i@
iB QM ? pBMMvi i�B ? pB K bb  D� imH2p�Bbmm/2bb� i K M K��BHK�MH��DmBb2M F2?BivFb2M
Q/Qi2i��M 2/2HH22M D�iFmp�MX S�Hp2Hmv?i2BbFmMi� QM KmmiimK�bb� Bib2T�Hp2Hm@ D� `Q#QiiB@
T�Hp2Hmv?i2BbFmMM�FbB- DQbb� �bB�FF��i QK�Fbmp�i ǳi22 b2 Bib2Ǵ@�b2Mi22M D� i2FQ Hv`Q#QiBi
D�Fb�p�i T�Hp2HH� �bB�FF�Bi� pBBFQM DQF�Bb2M� T Bp M - pmQ`QF�m/2M DQF�Bb2M� imMiBM�X L B@
/2M �TmH�Bbi2M i�?QHi� 2B QH2 Q/Qi2ii�pBbb� KvƺbF  M H�FQMm?F��X
�miQK��iBQM D� i2FQ HvM K�?/QHHBbmm/2i Qp�iFBM DQ i HH  ?2iF2HH  p�BFmii�M22i QTBbF2HB@
D�K  `BBM D� ivƺHHBbvvbiBH�Mi22b22M 2`BivBb2biB b2HH�BbB� �HQD�- DQB/2M #BbM2bK�HHB QM T2`BM@
i2Bb2biB T2`mbimMmi `�D�HHBb2biB b��i�pBHH� QH2p��M iB2iQQM D� bm?i22HHBb2M TBiF HiB iQBbiQQM
T2`mbimpBBM i�BiQB?BMX h2FQ HvM D� �miQK��iBQM K�?/QHHBbi�K�i T�Hp2Hmi b�HHBp�i �bB�FF��M
i2?/  TBiF HiB Bib2 MBBi  �bBQBi�- DQB?BM F vii K  Mb  �BF�� �KK�iBM?�`DQBii�D�i �BF�Bb2K@
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KBM H�bFmiiBp�iX 1`BivBb2biB H�FB�H�HH�- KBbb  H�FBKB2b i�B @M2mpQD� ivvTBHHBb2biB H�bFmii��
ivƺbi  M imMiBT2`mbi�Bb2biB- �miQK��iBQM D� i2FQ HvM K�?/QHHBbmmFbBBM QM bm?i�m/miim `Bb@
iB`BBi�BbBM imMi2BM D� �miQK��iBQM imQK� i2?QFFmmb QM vKK ``2ii p biB ?2` ii Mvi Kvƺb
p�bimbimbi�X hmMiBT2`mbi2Bb2biB ivƺbi  M T�HF�M b��p� �bB�MimMiBD� 2B 2MbBbBD�Bb2biB ?�Hm�
b  bi   �BF��X G�FB�H�HH� i2FQ HvM@ D� �miQK��iBQF2?BivFb2M F2``Qi��M DQ Mvi M Fvp M
QTBbF2HBD�K  `B2M H�bFmM� D� K�/�HimM2BM� T�HFFQBM�X a�K� T i22 Kvƺb 2bBK2`FBFbB K�i@
F�BHm�H��M- KBbb  K�iF�iQBKBbiQpB`F�BHBDQB/2M ivƺiiƺKvvbHmpmi Qp�i F�bp�M22i D� MBB/2M
Kvƺb Q/Qi2i��M v?  2/2HH22M F�bp�p�MX UE�TH�M kyReV
�miQMQKBbi2M FQM2B/2M K2`FBivb QM F�bp�Mmi bmm`2biB ivƺFQM2i2QHHBbmm/2bb� D� 2bBK2`FBF@
bB lm/2MF�mTmM;BM �miQi2?/�b i�`DQ��FBM 2bBK2`FBM i bi  K2M2BHH  M QH2p�bi� ivƺ2H K M
KmmiQFb2bi�X amQK�H�BM2M ivƺpQBK� QM HBB�M F�HHBbi� �miQD2M FQFQQMT�MQivƺ?ƺMX hBH�MM2
Kmmiimm- FmM `�bF�b i2FMBM2M p�B?2 iQi2mi2i��M `Q#QiiB2M �pmHH� D� `Q#Qi2BHH2 bQp2Him@
K�iiQK�i ivƺp�B?22i ?QBi�� B?KBbivƺpQBK�X h bb  `�iF�Bbmbb� v?/2M i2FQ Hv`Q#QiBM �`@
pBQB/��M HmQM22M MQBM R8 mmii� ivƺT�BFF��- FmM i��b BHK�M `Q#QiiB2M F viiƺƺMQiiQ� �H�M
ivƺT�BF�i QHBbBp�i ? pBMM22i amQK2bi�X ��HiQ@vHBQTBbiQM �miQK��iBQi2FMBBF�M T`Q72bbQ`BM
oBHH2 Ev`FB 2bBiiB DQ pmQMM� kyRj h�HQmb2H K M ?��bi�ii2Hmbb� �`pBQM- DQMF� KmF��M `Q@
#Qii2B?BM HBBiivp i ivƺi- b2F  MBB/2M p�HKBbimFb2bb� 2ii  T�Hp2Hmb2FiQ`BHH�- imH2p�i F�BF2M
F�BFFB��M HmQK��M kyy yyy @ k8y yyy mmii� ivƺT�BFF�� pmQi22M kyky K2MM2bb  Uh2FMBBFF�
D� i�HQmb kyRjVX
EQbF� ivƺ2H K M ivƺMFmp�i Kmmiimp�i- Kvƺb mmii� Qb��KBbi� i�`pBii�BbBBM MQT2�biBX amQ@
K2bb� mm/2HH22MFQmHmimFb2M �`pBQB/��M FQ?/Bbimp�M KBHDQQM��M F�Mb�H�Bb22M @ bBBb KBHi2B
DQF� iQBb22M ivƺMi2FBD  M b2m`��p�M FvKK2M2M pmQ/2M �BF�M�X 1m`QQT�M i�bQHH� p�bi��p�
mm/2HH22MFQmHmii�mimKBbi�`p2 FQbF22 MQBM Ryy KBHDQQM�� ivƺMi2FBD  X h K  2B FmBi2MF��M
QH2 �BMQ� Kmmiimp�M ivƺ2H K M ?��bi2X hvƺMi2FBD i 2Bp i �BM� imMMBbi� F�BFF2� QH2K�b@
b�QH2p�� Qb��KBbi��M i�B bBii2M i�`DQHH� QH2p� ivƺpQBK� D� Ƕ�pQBK2i ivƺT�BF�i 2Bp i FQ?i��
KmBbi� bvBbi X LBBMT  amQK2bb� UFmi2M Kvƺb amQK2M mHFQTmQH2HH�V Q/Qi2i��M- 2ii  i ? M
MBBM FmibmiimmM FQ?i��MiQ@QM;2HK��MFBM pQBi�BbBBM Hƺvi   �Tm� Dmm`B i2FQ Hvi2FMQHQ;B�bi�
Uh1@T�Hp2Hmi kyR3VX
hvƺK��BHK� D� m`�@�D�ii2Hm Kmmiimp�i FQp�� p�m?iB�- 2Bp iF  K2MM2B/2M �BFQD2M �D�imb@
K�HHBi FBBMi2Bbi  �KK�i2Bbi� D� MBB?BM DQ?i�pBbi� p�FBBMimM2Bbi� QTBMiQTQHmBbi� p�bi�� 2M  
MvFvT Bp M i�B ?mQKBb2M iQ/2HHBbmmii�X CQ Mvi QM FmBi2MFBM QH2K�bb� mb2Bi� i2FQ HvbQp2H@
HmFbB�- DQiF� QM F2?Bi2iiv �mii�K��M QK�M Qb��KBb2M D� ivƺ2H K   FQbF2pB2M iQBp2B/2M
v?i22MbQpBii�KBb2bb� D� b2m`��p�M ivƺiBH�Bbmm/2M Hƺvi KBb2bb X 1bBK2`FBFbB JQb�B+ �mi@
i�� FB`DQBii�K��M �MbBQHm2ii2HQM- DQbb� F bBi2HH  M ?�FBD�M FBBMMQbimFb2M D� i�pQBii2B/2M
F�MM�Hi� QBF2Bi� �bBQBi� D� �p�BMb�MQD�X hQBb2i bQp2HHmFb2i- Fmi2M G2�T- L2riQM- ai2HH�-
qQQ- q�/2 D� q2M/v- pQBp�i �mii�� ivƺM?�mbb� 2ibBK HH  D� bmQbBii2H2K�HH� ?�FBD�HH2 ? @
M2M FvFvB?BMb  D� FBBMMQbimFb2M FQ?i2BbBBMb� M ?/2M bQTBpB� v`BivFbB  D� ivƺT�BFFQD� i�B
2?/Qii�K�HH� mmbB� �KK�iBHHBbB� p�B?iQ2?iQD�X

NXk h2QHHBbmmb

h2QHHBbmmb bBb Hi   `mMb��biB b2M F�Hi�BbB� Qb�i2?i pB - DQB?BM i2FQ Hvim2imi `Q#QiBi bQp2H@
imp�i 2`BivBb2M ?vpBMX h2?i�Bbb� Bib2M Bb2biB i�B B?KBbivƺMi2FBDƺB/2M F�Mbb� v?i2Bbivƺbb 
iQBKBp�i `Q#QiBi Qp�iFBM vFbB F2bF2BM2M i2FQ HvM bQp2Hi�KBbFQ?/2 i2QHHBbmm/2M �H�HH�- Kmi@
i� F viƺbb  QM Kvƺb 2bBK2`FBFbB TBHpBT�Hp2HBKB2M D� 2bBM2B/2M BMi2`M2iBM UAQhV T2`mbi�HH�
iQBKBpB� b2m`�Mi�@- iB2/QM?�Fm@ D� �M�HvbQBMiBD `D2bi2HKB X h2FQ Hv pQB Qb�HHBbim� i2QHHBbmm@
/2M T`Qb2bb2B?BM MQT2mii�K�HH�- ?2HTQii�K�HH� D� i2?Qbi�K�HH� B?KBb2M i2F2K   ivƺi  i�B
bmQ`Bii�K�HH� iQBK2MTBi2Bi  Bib2M Bb2biBX UJm2HH2`- J�bb�`QM kyR3V L BM b��/��M �H2MM2i@
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im� ivƺpQBK�Fmbi�MMmFbB�- p ?2MM2iiv  imQi�MiQT`Qb2bbBM pB`?2Bi  D� bmmMMBii2H2K�iiQ@
KB� b2BbQFF2D� b2F  HBb iiv  imQi�MiQMQT2mii�X
1`BH�BbB� i2FQ Hv  ?vƺ/vMi pB  `Q#Qii2D� F vi2i  MFBM DQ H��D�biB TmQHBDQ?/2i2QHHBbmm/2bb�-
ivƺFQM2i2QHHBbmm/2bb� D� 2bBK2`FBFbB 2HBMi�`pBF2i2QHHBbmm/2bb� D� bmm`B Qb� imQi�MiQHBMDQD2M
iƺBbi  ?QBimm i2QHHBbmmb`Q#QiiB2M iQBK2bi�X 1bBK2`FF2D  i2?i�Bbb� bmQ`Bi2ii�pBbi� �miQK�@
iBbQB/mBbi� i2?i pBbi - DQBbb� ?vƺ/vMM2i  M p�B?i2H2pBbb� K  `BM i2FQ Hv - Qp�i K�i2`B��@
HB2M D� imQii2B/2M p�HKBbimb D� FQFQ�KBM2M U2bBK2`FBFbB ?Bib��KBb D� K��H�mbi2?i p iV-
2HBMi�`pBFF2B/2M p�HKBbimb UbBb Hi 2M 2bBK2`FBFbB HB?�MH2BFFmmi�- pB?�MM2bi2M TQBKBMi��
D� H2BpQMM�Bbi2M FQ`Bbi2Hm�V- imQii2B/2M H�DBii2Hm- TBMQ�KBM2M D� T�FF��KBM2MX 1bBK2`F@
FBpB/2QBi� i2?i�Bbb� iQBKBpBbi� `Q#Qi2Bbi� Hƺvivv `mMb��biB p2`FQbi�- KmmM Km�bb� �H2t
Pr2M@>BHHBM UkyRdV 2HBMi�`pBFF2B/2M p�HKBbimFb2bb� F vi2iivB?BM i2?/�b`Q#Qii2B?BM F2bFBi@
ivp bi  p2`FFQ�`iBFF2HBbi� ǳhQT e _Q#QiB+ �TTHB+�iBQMb BM 6QQ/ J�Mm7�+im`BM;Ǵ D� CQM
q�HF2`BM UkyR3V h2+?2K2`;2M+2M bBpmbiQHH2 FB`DQBii�K�bi� �`iBFF2HBbi�- DQF� i�`F�bi2H22
i2?/�bvKT `BbiƺƺM bmmMMBi2HimD� FQM2QTTBKBbT2`mbi�BbB� bQp2HHmFbB�X
:2Bbb#�m2`- a+?`�m7- "2`ii`�K D� *?2`�;?B UkyRdV Qp�i i�`F�bi2HH22i `�TQ`iBbb��M- KBi2M
TBiF HH  bmm`2i i2QHHBbmmbv`BivFb2i i HH  ?2iF2HH  Qp�i i2?i�B/2M /B;Bi�HBbQBKBb2bb�X uHB TmQ@
H2i b2HpBivFb22M ?��bi�i2HHmBbi� BHKQBiiB DQ ?vƺ/vMi p Mb  FQM2QTTBKBbT2`mbi�BbB� bQp2HHmF@
bB� pQB/�Fb22M i2?/  T�`2KTB� QT2`�iBQM��HBbB� `�iF�BbmD�- DQB/2M Q/Qi2i��M �D�MKBii��M
imQii�p�M KQM2bb� KmQ/Qbb� Kvƺb KBii�pB� b  biƺD X hQBKB�Fb22M D� imQii��Fb22M K2`@
FBii p   ?vƺiv  i2FQ Hv i�`pBib22 iB2iQ� 2HB /�i��X h2QHHBbBBM T`Qb2bb2B?BM i��b HBBiivv mb2BM
?vpBM KQM2MH�BbB� KmmiimDB� D� bmm`2Bi�- DQiF� Qp�i KBi�ii�pBbb� D� bBi2M DQ p�HKBBFbB iB2@
iQFQM22M F�MM�Hi� ?vpBM vKK ``2ii p bb  KmQ/Qbb�X uH2Bb2biB Qii�2M T i22 b  Miƺ, KBi 
2M2KK M �bB�MKmF�Bb2biB KmQiQBHim� /�i�� i2FQ HvD `D2bi2HK  pQB b��/� F viiƺƺMb - bBi 
T�`2KKBM b2 pQB T�Hp2HH� i2?i p bb  MX LBBMT  vFbB i `F2  Qb� i2FQ HvD `D2bi2HK   Qp�i
2`BH�Bb2i b2MbQ`Bi- DQB/2M F�mii� D `D2bi2HK  pQB F2` i  /�i�� D� bBi2M i�`FF�BHH� T`Qb2bbB2M
FmHFm�X UJm2HH2`- J�bb�`QM kyR3V
a2MbQ`2B/2M �pmHH� pQB/��M b��/� iB2iQ� KBHi2B KBbi  i�?�Mb� imQi�MQT`Qb2bb2Bbb� i�T�?im@
pBbi� KBi�ii�pBbi� KmmiQFbBbi� UK  `Bbi - KBiQBbi�- TBiQBbmmFbBbi�- H KTƺiBHQBbi�- HBBFF2Bb@
i - DM2VX 1`BH�BbB� BMi2`M2iBBM FviF2iivD  b2MbQ`2Bi� QM QH2K�bb� b�iQD� KBHD�`/2D�- KBF  QM
FvKK2MF2`i�BM2M K  `  Tm?2HBKBBM M ?/2MX >mBTTmMQT2�i i2FQ Hvi2FMQHQ;BQBi� ?vƺ/vM@
i p i iB2iQFQM22i FvF2M2p i �M�HvbQBK��M b2MbQ`2B/2M F2`  K   iB2iQ� `2��HB�BF�Bb2biB D�
b��ii�p�i Kvƺb �miQK��iiBb2biB Q?D�i� FQM2B/2M bmQ`Bii�KB� T`Qb2bb2D� F2`  K Mb  b2M@
bQ`BiB2/QM T2`mbi22HH�X LBBMT  2bBK2`FBFbB H��/mMi�`FF�BHmbb� FQM2M Fƺ QM DQ �D�i bBii2M
FQ`p�MMmi B?KBbbBHK MX EmM `Q#QiBi HBb FbB DQmimp�i iQBbBM��M ivƺbF2Mi2H2K  M Kmmiim@
p�bb� iQBKBMi�vKT `Bbiƺbb  i�B QKBM�BbmmFbBHi��M p�B?i2H2p�M K�i2`B��HBM U2bBK2`FBFbB ?2@
/2HKB2M D� pB?�MM2bi2MV T�`Bbb�- MQmb22 `2��HB�BF�Bb2M b2MbQ`BiB2/QM F bBii2Hvp��iBKmFb2M
`BMM�HH2 Kvƺb i�`p2 QTTB� �BF�Bb2KKBbi� FQF2KmFbBbi�X UJm2HH2`- J�bb�`QM kyR3V
_Q#QiiB2M F viiƺ pQB T�`�Mi�� ivƺim`p�HHBbmmii� DQ T2HF bi  M bBFbB- 2ii2B B?KBbivƺMi2FB@
DƺB/2M i�`pBib2 2M   ivƺbF2MM2HH  B?KBbF2?QHH2 H ?iƺFQ?i�Bb2biB p��`�HHBbBbb� QHQbm?i2Bbb�
UFmi2M FQ`F2Bbb� H KTƺiBHQBbb�V i�B i2?/  T�HDQM iQBbiQ� bBb Hi p   ivƺi  p��`�HHBbB� ivƺ@
F�HmD� F vii 2MX h2QHHBbmmb`Q#QiBi Qp�i FmBi2MFBM Bib2bb  M bBb Hi M22i B?KBbivƺMi2FBDƺBHH2
im`p�HHBbmmb`BbF2D  MBB/2M B?KBbi  ?�p�Bib2K�iiQK�M ǳiv?Kvv/2MǴ pmQFbBX LBBMT  B?KBb@
i2M D� `Q#QiiB2M QM i vivMvi ivƺbF2MM2HH  im`p�HHBbmmb�BiQD2M `�D��KBHH� QKBHH� �Hm2BHH��MX
EBBM�H�Bb@b�Fb�H�BM2M ElE� QM vFbB K��BHK�M bmm`BKKBbi� i2QHHBbmmb`Q#QiiB2M p�HKBbi�@
DBbi�- D� v`BivFb2M v?i2M  i�pQBii22M� QM QHHmi i�`iim� i ? M im`p�HHBbmmbQM;2HK��MX u`Bivb
QM p�HKBbi�Mmi G"_ BBr� @MBKBb2M `Q#QiBM- DQF� bQp2Himm 2`BivBb2M ?vpBM B?KBb2M D� `Q@
#QiBM p HBb22M v?i2Bbivƺ?ƺMX _Q#QiBM i2FQ Hv bBb Hi   2`BivBb?2`FFvv/2M- DQF� KmQ/Qbimm
i2?QFF�B/2M b2MbQ`2B/2M D�  HvFF  M Q?D�mbi2FMBBF�M v?i2BbiQBKBMM�bi�X G"_ BBr�M QKB@
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M�BbmmFbB2M �MbBQbi� B?KBM2M D� `Q#QiiB pQBp�i im`p�HHBb2biB ivƺbF2MM2HH  `BMM�FF�BM BHK�M
2ii  `Q#QiiB b��ii�BbB HBBFF2BHH  M p�?BM;QBii�� B?KBbi X h K  `Q#QiiB pQB/��M bBDQBii��
v?  mm/2HH22M 2`BH�BbBBM- i�`T22MKmF�BbBBM i2?i pBBMX h ? M K2MM2bb  bBi  ?vƺ/vMi p i
ElE�M QKB2M i2?i�B/2M HBb FbB KmmM Km�bb� "Jq :`QmT SH�Mi JmMB+?X
h2FQ Hv pQB Qb�HHBbim� Kvƺb �miQK��iBQM Bib2Mb  HmQKBb22M KBHi2B F�BFBbb� HmQKBbT`Qb2bbBM
p�B?2Bbb�X Aib2�bB�bb� B?KBb2M QM p Hii K iƺMi  �BMQ�bi��M HmQ/� ivƺ D� BHK�Bbi� b2 FQM22HH2
vKK ``2ii p bb  KmQ/Qbb�X h K M D HF22M i2FQ HvD `D2bi2HK  pQB �mii�� T`Qb2bbBM b2m`��@
pBbb� p�B?2Bbb� K  `Bii2H2K HH  ivƺM iQi2mii�KBb2M p�B?iQ2?/Qi- 2bBii K HH  bmQbBimFb2M
T�`?�Bbi� p�B?iQ2?/QBbi� D� K  `Bii K HH  T`Qb2bbBM 2/2HHvii K i iQBK2MTBi22iX PMFBM ?�@
p�Biim- 2ii  p�Hi�Qb� bmm`v`BivFbBbi - DQiF� p�HKBbi�p�i FQM2QTTBKBbT2`mbi�BbB� ivƺF�HmD�-
F vii   b�KQD� ivƺF�HmD� Kvƺb QK��M imQi�MiQQMb� Uq�HF2` kyR3VX L BM QHH2M v`Bivb Bib2
iQBKBB b2F  F2?Bii D M- i2bi��D�M 2ii  2MbBKK Bb2M �bB�FF��M QKBM�Bbmm/2bb�X 1bBK2`FBF@
bB aB2K2Mb D� :1 Qp�i Tv`FBM22i HmQK��M i2FQ HvM �pmHH� FQFQM�Bbp�Hi�Bb2biB i2?Qbi2iim�
i2QHHBbmm/2M F2?Bivb@ D� p�HKBbimbT`Qb2bbB� D� M Bi  D `D2bi2HKB  QM Qi2iim F viiƺƺM 2MbBbB@
D�Bb2biB v`Bivbi2M QKBbb� i2?i�Bbb�X
aB2K2MbBM F2?Bii K  ǳAQh F viiƺD `D2bi2HK Ǵ JBM/aT?2`2 i�HH2Mi�� 2`BH�BbB� QT2`�iBBpBbB�
iB2iQD� D� b��ii�� M2 bQp2HHmbi2Mb� F�mii� ?2HTQKKBM HmQFb2T  bi p  M KmQiQQMX C `D2b@
i2HK  Tv`FBB KQMBiQ`QBK��M- i�HH2Mi�K��M D� �M�HvbQBK��M F�BFFB� i2QHHBb2M T`Qb2bbBM
p�B?2Bi� �BM� p�HKBbimFb2bi� D�F2HmmM b��FF� D� imMMBbi�K��M D� `�iF�Bb2K��M 2MM�H@
i�2?F Bb2p biB K�?/QHHBbB� QM;2HKB�X JBM/aT?2`2@D `D2bi2HK M �pmHH� i2QHHBbmmb�bB�FF��i
pQBp�i bBBb ?�MFFB� ?vƺ/vHHBbB  iB2iQD� T  iƺFb2Mi2FQMb� im2FbBX JBM/aT?2`2M F2``Qi��M
2bBK2`FBFbB i2?Qbi�M22M aB2K2MbBM F��bmim`#BBMB2M T  biƺD2M ?BHHBib2KBbi  Ry@R8W K2M2b@
ivFb2FF  KKBM FmBM KB?BM �H�M B?KBb�bB�MimMiBD�i T�`?�BKKBHH��M TvbivBp i UaB2K2Mb
T Bp  K iƺMVX
:1,M pmQMM� kyR8 H�Mb22`�K� "`BHHB�Mi J�Mm7�+im`BM; amBi2 QM iQBM2M 2bBK2`FFB H��D�@
�H�Bb2KK�bi� i2QHHBbmmbD `D2bi2HK bi - DQF� Tv`FBB D HDBii K  M D� F bBii2H2K  M FQ?/2@
i2?i��M T`Qb2bb2D� FQFQM�Bbp�Hi�Bb2biB ?�p�Bi�Fb22M K�?/QHHBb2i QM;2HK�i D� i2?QiiQKmmb@
FQ?/�i DQ 2MM2M FmBM MBBbi  QM 2?iBMvi bvMiv  p�`bBM�Bbi� ?�Bii��X C `D2bi2HK M �pmHH�
v`BivFb2i pQBp�i ?�MFFB� b2F  imQi2bmmMMBii2Hmbb� 2ii  imQi�MiQT`Qb2bb2Bbb� ?vƺ/vMM2i@
i p   iB2iQ�X :1,M M Bbb  i2?i pBbb  ?vƺ/vMi K i i2FMQHQ;B�`�iF�Bbmi T2`mbimp�i FQM2@
M FƺƺM- `Q#Qii2B?BM D� AQh,BBMX C `D2bi2HK M viBK2M  iQBKBB S`2/Bt- i2QHHBM2M AQh@�Hmbi�-
DQF� FvF2M22 b2m`��K��M i�`FF��p�Bb2biB 2`B ivƺp�B?2B/2M b2MbQ`BiB2iQD� D� H�Bi2Q?D�mbi�X
:1,HH  QM vHB pBBbB b�i�� QK�� i2?/�bi� vKT `B K��BHK�M- DQBbi� b2Bib2K   b2 QM pmQ/2bi�
kyR8 �HF�2M `v?ivMvi Kmmii�K��M "`BHHB�Mi J�Mm7�+im`BM; amBi2M TBB`BBMX :1,M ?�MF22M
HQTmHHBb2M� T  K  ` M  QM KmQ/Qbi�� K��BHK�MH��DmBb2biB bF��H�mimp�  HvF b D `D2bi2H@
K - DQbb� v?/Bbivp i bmmMMBii2Hm- p�HKBbimb- iQBKBimbF2iDm- D�F2Hm b2F  T�Hp2HmiX :1,M
Bib2 Fmp��KBbb� 2bBK2`FFBi�T�mFbBbb� "`BHHB�Mi J�Mm7�+im`BM; amBi2M �pmHH� 2bBK2`FBFbB
:1,M oB2iM�KBM immHB;2M2`��iiQ`Bi2?i��M F2``Qi��M F�bp�ii�M22M imQii�pmmii��M 8W D�
JmbF2;QMBM bmB?FmKQQiiQ`Bi2?i��M �BF�i�mHmimFb2M F�ibQi��M T�`�MimM22M k8W,HH� U:1
T Bp  K iƺMVX
C�T�MBH�BM2M 6�Ll*- DQF� KvƺbFBM QM vFbB DQ?i�pBbi� i2QHHBbmmb`Q#QiBBFF��M F2bFBiivM2Bb@
i  v`BivFbBbi - QM i2?Mvi v?i2Bbivƺi  *Bb+QM- _Q+Fr2HH �miQK�iBQMBM D� LoA.A�M F�Mbb�
D� F2?Bii Mvi 6A1G.@MBKBbi  i2QHHBb2M AQh,M �Hmbi�� i2?i�BHH2 U6�Ll* kyR3VX �Hmbi��M
HBBi2ivM i2FQ HvM �pmHH� `Q#QiBi QT2ii�p�i Bib2  M bmQ`Bii�K��M iB2ivM i2?i p M p��/BimH@
H� i�`FFmm/2HH�X _Q#QiiB2M v?/Bbi2ii pvvii  QM Tv`Biiv F2?Bii K  M 2/2HH22M bBi2M- 2ii 
mb2�KTB `Q#QiiB pQBbB 2/Bbi   QTTBKBbi��M v?/2bb X _Q#QiiB2M v?i2BbQTTBKBb2M i�mbi�B@
/2�M KmF�Bb2biB b2M- KBMF  vFbB `Q#QiiB FvF2M22 QTTBK��M F�?/2Fb�bb� imMMBbb�- FvF2M22
F�?/2Fb�M `Q#QiiB� QTTBK��M v?/2bb  imMMBbb�X Uq�HF2` kyR3XV
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h2FQ HvQ?D2HK�
hvƺ@ D� 2HBMF2BMQKBMBbi2`BƺM i2FQ HvQ?D2HK�M i�`FQBimb QHB TQ?iB� i2FQ HvM bQp2Hi�KBb2M
imH2p�Bbmmii� D� pB2/  amQKB i2FQ Hv�BF��M Uh1JVX a2HpBivb?�MFF22M i�KKBFmmbb� kyRN
p�HKBbimM22bb� HQTTm`�TQ`iBbb� h2FQ HvM FQFQM�BbFmp� D� F�Mb�HHBM2M Qb��KBbF�`iQBimb
Uh1J kyRNV F bBi2HH  M i2FQ HvM FvKK2Mi  Qb��KBb�Hm2ii�,

RX .�i�@�M�HvvbBX
kX >�p�BMMQBMiB D� iBH�MM2iB2iQBbmmbX
jX GmQMMQHHBM2M FB2HB D� FQ;MBiBQX
9X omQ`Qp�BFmimb B?KBb2M F�Mbb�X
8X .B;Bi�B/Qi ivƺ2H K bb - QM;2HK�M`�iF�Bbm D� H�bF2MM�HHBM2M HmQpmmbX
eX EQM2QTTBKBM2MX
dX C `D2bi2HK i�bQ D� bvbi22KBp�BFmimFb2iX
3X h2FQ HvM H�bF2Mi�vKT `Bbiƺi- �Hmbi�i D� T�Hp2Hmi- 2FQbvbi22KBiX
NX _Q#QiBBFF� D� FQM2�miQK��iBQ Ĝ i2FQ HvM 7vvbBM2M mHQiimpmmbX1iBBFF�- KQ`��HB- `2@

;mH��iBQ D� H�BMb  / MiƺX
P?D�mb`v?K M HBb FbB Q?D2HK�bb� QHB M2HD  �H�ivƺ`v?K  , Pb��KBM2M D� BMMQp��iBQi- u?@
i2BbFmMM�M D� ivƺM KmmiQb- .�i� D� �Hmbi�i�HQmb D� 1iBBFF�X >�MFF22b22M D� vH2Bb2biB i2@
FQ HvvM HBBiivpB  mmiBbB� D� `�TQ`ii2D� DmHF�BbiBBM i2FQ�Hv�BF�X} @bBpmbiQHH�X

NXj o�`�biQBMiB D� FmHD2imb

hmH2p�Bbmmii� 2MM�FQBp�M H�bF2MM�M �pmHH� pQB/��M Tv`FB  imMMBbi�K��M imH2pB2M KvvM@
iBb2bQMFB2M i`2M/2D - DQii� M B?BM Qb�ii�BbBBM p�`�mim� DQ 2MM�FQHi�X h2FQ HvM �pmHH� p2`F@
FQF�mT�M i�B KQMBF�M�p�Bb2M F�mT�M HBBF2iQBKBMi�� pQB/��M Kvƺb Tv`FB  QTiBKQBK��MX
oQB/��M 2bBK2`FBFbB �M�HvbQB/�- KBHH�BM2M imQi2p�HBFQBK� iB2ivbb  bBD�BMMBbb� T�Hp2H2p�M
FBpBD�HF�HBBFF22M ?vHHvBHH2 F�MM�ii�� bBDQBii�� D� FmBMF� T�HDQM ?vHHviBH�� FmMFBM imQi2`v?@
K M p�`�biQBMiBBM F�MM�ii�� p�`�i�X L B/2M �`pBQB/2M QMMBbimKBM2M `BBTTmm TBiF HiB bBBi -
b��FQ i2FQ Hv F viiƺƺMb  `BBii p M K  ` M 2/mbi�p�� ?BbiQ`B�/�i��X Uavp MB2KB- _�mM�@
K� kyR3XV
o2`FFQF�mTT�iQBKBMM�bb� imQii22i iQBKBi2i��M bmQ`��M FQiBBM i�B bmmMMBi2HHmM �BF�i�m@
HmM KmF�Bb2biB iB2iivvM D�F2HmTBbi22b22M @ 2HH2B Fvb2 QH2 /B;Bi��HBb2bb� KmQ/Qbb� QH2p�bi�
imQii22bi�X L K  D `D2bi2HK i ?vƺ/vMi p i F�Mb�BMp HBbB - �H?�Bb2i TQbiBimbK�Fbmi K�?@
/QHHBbi�pB� bQTBKmFbB�X a2m`��p�FbB QbiQi�T�?imK�bi� QHH��M �miQK�iBbQBK�bb� iBH�mb@ D�
iQBKBimbp�B?2Bi�X U_QFF� kyRdXV
h HH  ?2iF2HH  mb2Bbb� 2`BH�BbBbb� p�`�biQBbb� ?vƺ/vMM2i  M KQ#BBHB`Q#Qii2D�X o2`FFQF�mTT�
�K�xQMBM F2``Qi��M DQ i HH  ?2iF2HH  F vii p M p�`�biQBbb��M `Q#Qii2D�- DQB/2M �pmHH� b2
QM Fv2MMvi i2?Qbi�K��M HQ;BbiBBFF�F2bFmFbBbb� i2?iv  ivƺi  bBBM  K  `BM- 2ii  iBH�mbi2M
F bBii2Hv�D�i Qp�i bmTBbimM22i imMMBbi� pBBi22MiQBbi� KBMmmiiBBMX _Q#QiBi Tvbivp i T�Hp2H2@
K��M Kvƺb ?Qi2HH2Bbb� D� b�B`��HQBbb� Qb�HHBbimK�HH� 2`BH�BbBBM FmHD2imFbBBMX U>ƺ;bi`ƺK kyRdc
qBM;}2H/ kyRdXV amQK2bb� 2bBK2`FBFbB PmHmM vHBQTBbiQHHBM2M b�B`��H� D� a2BM DQ2M F2bFmb@
b�B`��H� Qp�i Qii�M22i FQ2F viiƺƺM HQ;BbiBBFF�`Q#Qii2D� U2bBK2`FBFbB �2i?QMBM p�HKBbi�KB�
hl:@`Q#Qii2D�V- DQiF� FmHD2ii�p�i H  FF2Bi - i�`pBFF2Bi� i�B 2bBK2`FBFbB TvvFFB X EQbF�
HQ;BbiBBFF�D `D2bi2HK M �pmHH� FmHD2imFb2i pQBp�i iQBKB� DQF� T Bp  F2HHQM vKT `B- pQBp�i
`Q#QiBi T�`�Mi�� i�`pBFF2B/2M b��i�pmmii�- ?2HTQii�� b�B`��H�F vi pB2M `mm?F�Bbmmii� b2@
F  K�/�Hi�� FmHD2imbFmbi�MMmFbB� UCmQTT2`B kyRdc lmbBi2FMQHQ;B�X} kyRdVX EQbF� M K 
`Q#QiBi �BM�FBM Qb�bb� i�T�mFbBbi� FmHF2p�i b�KQBHH� F vi pBHH - KBbb  B?KBb2iFBM- QM vFbB
M B/2MFBM H�Bii2B/2M i2FQ HvvM HBBiivp  p��iBKmb b2- 2ii2Bp i M2 b�� iƺ`K BHH  B?KBbBBMX
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1`BivBb2biB bmm`i2M F2bFmbp�`�biQD2M i�`T2BbBBM Tv`Bi  M F2?Bii K  M v?  TB/2KK HH2 �m@
iQK�iBbQB/mKTB� i`mFF2D�X h�pQBii22M� QM- 2ii  DQ Kmmi�K�M pmQ/2M FmHmiim� i HH�Bb2i
KQ#BBHB`Q#QiBi TvbivBbBp i HBBFFmK��M p�`�biQBbb� vKT `BpmQ`QF�miBb2biB BHK�M 2`BHHBbi  FmH@
D2ii�D��X U_QFF� kyRdXV

NX9 _�?QBimb D� #BbM2b

NX9XR _�?QBimb

h2FQ HvM �BF��Mb��K�M F2?BivFb2M Kvƺi  T�MFFBK��BHK�M iQBKBMM�M pQB/��M Q/Qii��
KmHHBbimp�M bmm`2biBX 6BM�MbbB�H�HH2 Q/Qi2i��M bvMivp M mm/2MH�BbB� T�Hp2HmBi� D� HBBF2@
iQBKBMi�K�HH2D�X _miBBMBMQK�BM2M K�Mm��HBM2M ivƺ D� T�T2`BMF viiƺ p ?2M2p i- 7vvbBb2i
T�MFBi Qp�i DQT� ? pB K bb - 2BF  7vvbBbi  `�?�� 2M   Dmm`BF��M F vi2i X EQbF� T�MFBi
Qp�i HmQMMQbi��M MBBM b�MQimbiB /�i�BMi2MbBBpBbB  Q`;�MBb��iBQBi�- i2FQ HvM D� HQ?FQF2iDm@
D2M Q/Qi2i��M H ?BimH2p�Bbmm/2bb� KmQ/Qbi�p�M T�MFFBiQBKBMM�M T2`mbi�MX
S�Hp2HmM FƺFmHK�bi� i HH  ?2iF2HH  QHH��M bBB`ivK bb  iBH�Mi22b22M- DQbb� i2FQ Hvim2iim `Q@
#QiiB ?QBi�� �bB�F�bT�Hp2HmM `miBBMBi2?i pB  p�bi�i2M �bB�FF�B/2M mb2BM 2bBii KBBM T2`mbFv@
bvKvFbBBM D� Q?D�i2M ?2Bi  i�`pBii�2bb� 2/2HH22M QBF2BbBBM �bBQBMiBF�M�pBBMX L BM T  bi  M
Hv?2Mi K  M T�Hp2HmD2M DQMQimb�BFQD�X GBb FbB `Q#QiBi FvF2M2p i KmQ/Qbi�K��M �`pBQM
�bB�FF��M `BbFBi�bQbi� D� KvƺMi K  M i K M TQ?D�Hi� H�BM�M i�B p�FmmimFb2iX A?KBbivƺM@
i2FBD i iQBKBp�i F�bpQFF�BbT�Hp2Hm� i�`DQ�pBM� i�HQm/2HHBbBM� M2mpQM�M�i�DBM� D� `�?QB@
imb�H�M i2FMQHQ;B�M F2?Bii DBM X _Q#QiiB2M Qii�2bb� ?�HimmM HmQMi22Hi��M 2MM�FQBi�pBbb�
QH2p�M `miBBMBivƺM Q/Qi2i��M B?KBbivƺMi2FBDƺBHi  2MiBbi  H��D�@�H�Bb2KT�� }M�MbbB�H�M imM@
i2Kmbi�- HmQpmmii� D� FvFv  FQ?/�i� iQBM2M B?KBM2M U_�m?�H� kyR3VX
h HH  ?2iF2HH  `�?QBimb�H�HH� i2FQ HvbQp2HHmFbB� F vi2i  M KmmM Km�bb� HmQiiQ�`pBQBi� i2?@
i 2bb - Qb�F2b�HFFmD2M F bBii2Hvbb  b2F  `�?QBimb2MM�FQBMMBbb� D� @bmmMMBii2Hmbb�X lb2�i
imiFBKmFb2i Qp�iFBM p�?pBbi�M22i- 2ii  i2FQ HvK2iQ/Bi UF2BMQi2FQBb2i M2m`Qp2`FQi- �bB�M@
imMiBD�D `D2bi2HK i D�  HvFF  i ?v#`B/BD `D2bi2HK iV Qp�i i�`FFmm/2bb��M 2`BMQK�BbB� 2/2H@
H  K�BMBiimB?BM i2?i pBBM T2`BMi2Bb2biB F vi2iivB?BM H�bF2MM�HHBbBBM K2iQ/2B?BM p2``�i2M
U"�?`�KKB`x�22 kyRyVX
S2`BMi2Bb2M `�?�M `BMM�HH2 QM BHK2bivMvi v?  2M2KK M KmmMH�BbB�- bQTBKmFb22M TQ?D�m@
impB� p�B?/�MM�M p HBM2Bi - DQBbi� 2bBK2`FBM i�`DQ�� DQ Mvi QH2K�bb�QH2p� #Bi+QBM@p�Hmmii�X
h2`KB }M�MbbBi2FMBBFF�- Kvƺb 6BMh2+? i�B }Mi2+?- pBBii�� i2FMQHQ;B��M D� `�iF�BbmB?BM- DQi@
F� FBHT�BH2p�i T2`BMi2Bbi2M `�?QBimbK2M2i2HKB2M F�Mbb� F vii K HH  i2FMBBFF��- Fmi2M  Hv@
Tm?2HBKB� D� bBi  F�mii� KQ#BBHBT�MFFB�- `�?QBimFb2M F2?Bii KBb22M D� `�?QBimbT�Hp2HmD2M
i�`DQ�KBb22M H��D2KK�M vH2BbƺM b��i�pBHH2X 6BMi2+? HBBiivv MBBM mmbBBM bi�`i mT @v`BivFbB2M
i�`DQ�KBBM BMMQp��iBQB?BM FmBM DQ }M�MbbB�H�HH� p�FBBMimM22M �b2K�M b��pmii�M2B/2M v`B@
ivbi2M mmbBBM `�iF�BbmB?BMX h HH  ?2iF2HH  }Mi2+?BM v/BM�Hm2Bi� Qp�i p�FmmimFb2i- F�mTT�
D� `BbFB2M?�HHBMi�X 1bBK2`FBFbB p�Fmmimb�H�HH� `Q#QiBBFF�� F vi2i  M FQ`p�mbF bBii2HvD2M
�miQK�iBbQBMiBBMX U6BM�MbbB�H�HH2 QTBMiQK�i2`B��HBXV
_BbFBM�`pBQBMMBbb� D� HmQiiQT  iƺFbB2M ?QBi�KBb2bb� i2FQ HvHH  pQB/��M HmQ/� bF2M��`BQ-
DQMF� �pmHH� Tvbivi  M �`pBQBK��M QbiQFb2M i�F�BbBMK�FbmmM HBBiivp   `BbFBi�bQM MQmbm�
2bBK2`FBFbB b2HH�Bb2M �bB�FF��M FQ?/�HH�- DQHH� QM K�Fbm? B`BƺK2`FBMi  Kmmi�K�M pmQ@
/2M i�F��X �M�HvvbBM imHQFb2bi� `BBTTm2M �bB�FF��M F�Mbb� b��i2i��M i2?/  HmQiiQF�mTT�
p�M?�bi� K2`FBMM bi  ?mQHBK�ii�- KBF HB `BbFBM 2B F�ibQi� MQmb2p�M HBBF��X hQBbi�Bb2F@
bB }Mi2+?@v`BivFb2i DQmimp�i FmBi2MFBM mb2BM F�KTT�BH2K��M `�?QBimb�H�M b  Mi2HvpB`�M@
QK�Bbi2M 2T HmmHQD� p�bi��MX Jvƺb iB2iQim`p�FvbvKvFb2i ?2` ii p i mb2BM pB`�MQK�Bbi2M
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?mQH2M �`F�HmQMiQBbi2M FmHmii�D�@ D� v`BivbiB2iQD2M bmQD��KBb2M Qb�Hi�X

NX9Xk �bB�FFmmFbBbi� ?mQH2?iBKBM2M

lb2�i v`BivFb2i F vii p i bBpmbiQBHH��M +?�i#Qi2D� bmDmp�M �bB�F�bT�Hp2HmM p�`KBbi�KB@
b2FbBX L K  `Q#QiBi ?QBi�p�i 2bBK2`FBFbB �bB�FF�B/2M ivvTBHHBbBKTBBM FvbvKvFbBBM p�bi��@
KBb2M D� iBH�mbi2M pBBK2Bbi2HvM i2?i pB X 1bBK2`FBFbB 6�+2#QQF i�`DQ�� Q?D2Bi� J2bb2M;2`@
+?�i#QiBM HmQKBb22M b2F  M vi2F2bFmbi2HmD� ?vƺ/vMi p M �Hmbi�M UrBiX�B #Qi 2M;BM2V- DQHH�
+?�i#Qii2D� pQB FQmHmii�� D� TBi   vHH  MBB/2M D�iFmp�� �bB�F�bpmQ`Qp�BFmimFb22M HBBiivp  
QTTBKBbi�X JmBi� 2bBK2`FF2D  iQBbimpB2M T�Hp2Hmi2?i pB2M �miQK�iBbQBMiBBM i�`FQBi2imBbi�
D `D2bi2HKBbi  Qp�i amM/QrM D� 1H2+i`� #v GQ`2X LvFv�BF�Bb2bb� #BbM2biQBKBMM�bb� i2FQ @
Hv Tvbivv FmBi2MFBM T�HDQM 2M2KT  M FmBM T2HFFB2M `miBBMBi2?i pB2M ?QBi�KBb22MX 1MM2M
F�BFF2� i2FQQ Hv i2?Qbi�� �bB�F�bbm?i2B/2M `�F2Mi�KBb@ D� HmDBii�KBbT`Qb2bbB�X
1`BivBb2biB /B;Bi��HBb2M K�`FFBMQBMMBM v?i2v/2bb  �bB�FFmm/2M 2HBMF��`i� pQB/��M D b2M@
i   _�*1@pBBi2F2?vFb2M �pmHH� M2HD  M p�B?22b22M, i�pQBii�KBM2M- iQBKBMi�- FQMp2`bBQ
D� bBiQmii�KBM2MX E��`2M DQF�Bb22M M2HD  M p�B?22b22M bBb Hivv Qb�i2?i pB - DQB?BM �m@
iQK��iBQ i�B /B;Bi��HBM2M �M�HviBBFF� pQBp�i imQ/� K2`FBii p   HBb i2?Q�X U�HH2M kyRdXV
GBb FbB T2`BMi2BM2M i2?i p D�FQ QM KmmiimK�bb� bBi2M- 2ii  K�`FFBMQBMMBM D� �bB�F�bT�H@
p2HmM p HBM2M `�D� F�iQ��, T2`bQMQBim ?2MFBHƺFQ?i�BM2M K�`FFBMQBMiB QM DQ �bB�F�bT�Hp2Hm�X
J�`FFBMQBMiBivƺM T�BMQTBbi2 bBB`ivv vFbBii Bbi2M K�`FFBMQBMiBi�FiBBFQB/2M H��iBKBb2bi� FQ@
FQM�Bbp�Hi�Bbi2M K�`FFBMQBMiBbi`�i2;BQB/2M bmmMMBii2HmmMX Uavp MB2KB- _�mM�K� kyR3V
h2FQ HvM �pmHH� v`BivFb2M bBpmBHH2 pQB/��M ?QmFmi2HH� HBb   F pBDƺBi  D� bBpmD2M   `22M iB2M@
b  Hƺvi M2BHH2 pQB/��M i�`DQi� 2MiBbi  KB2H2MFBBMiQBb2KTB� FQF2KmFbB�X h2FQ HvimQi2iim bB@
b Hiƺ �mii�� i�F��K��M- 2ii  bBpmBHi� Hƺvivv mmii�- �bB�F�bFmMi�� FBBMMQbi�p�� Hm2ii�p��
b  MMƺHHBb2biBX JBMF  i�?�Mb� �B?2Bb2M �`iBFF2HBM i�B T�FBM�M Bib2M Bb2FbB FB`DQBii�D�FbB i2@
FQ Hv 2B FmBi2MF��M bQp2HHmX a2M bBD��M �miQK��iBQi� F�MM�ii�� ?vƺ/vMi   b2M HmQMi�Bbi2M
p�?pmmFbB2M KmF�Bb2biB b  MMƺMKmF�Bbi2M- �BM2BbiQF2bF2Bbi2M i�T�?imKB2M `�TQ`iQBD�M�X
h HH�BbB� �B?2Bi� Qp�i 2bBK2`FBFbB v`BivFb2M Qb�pmQbBF�ib�mFb2i- K�`FFBM�iB2/Qi i�B p�BFF�@
T� m`?2BHmimHQFb2iX omQMM� kyRe �A@T2`mbi�Bb2M FB`DQBimbQ?D2HK� qQ`/aKBi?BM �`pBQB/��M
imQii�M22M p2`FFQQM R-8 KBHD�`/B� bBb HiƺFQFQM�Bbmmii�X aBpmbiQBHH� 2bBi2iivD  bBb HiƺD  pQB@
/��M Kvƺb T2`bQMQB/� pB2`�BHBD�bi� F2` iivD2M iB2iQD2M T2`mbi22HH�X h K M T Bp M FmHmi@
i�D�i Qp�iFBM DQ p�`bBM iQiimM2Bi� M F2K  M p2`FFQF�mTTQD2M bBpmBHH� ǳ�bB�F�b DQF� QbiB
i K M imQii22M- QHB FBBMMQbimMmi Kvƺb M Bbi Ǵ @ivvTTBbB  bmQbBimFbB�X
:QQ;H2M- �K�xQMBM D� �TTH2M F�Hi�Bbi2M bmm`i2M iQBKBDQB/2M F2?Bii KB2M   MB?�FmiQBKBM@
iQD2M F2?Biiv2bb  Kvƺb ?�FmFQM2QTiBKQBMiB KmmiimmX � MB?�mM Kvƺi  Tm?mi��M b2K�Mi@
iBb2bi� ?�FmFQM2QTiBKQBMMBbi� Ub2K�MiB+ a1PV- KBF  QM 2?F  �BF�Bb2KT�� ?�FmFQM2QT@
iBKQBMiB� ?B2K�M ivƺH  KT  - Kmii� i2?QFF��biB iQi2mi2iimM� b2 pQB imQ/� v`BivFb2HH2
?mQK�ii�pB� M Fvpvvb2imD�X o2`FFQK�BMQMM�M Q?D2HK�HHBbi� FBHT�BHmimbi� D� Qbi�KBbi�
i��b F2?Bi2i  M FQM2QTTBKBb�H;Q`BiKB2M imQii�KB2M p�bi�mbi�BTmKmbK�HHB2M �pmHH� UT`Q@
T2MbBiv KQ/2HbVX h bb  v?i2v/2bb  bQp2HHmFb2M i2?i p M  QM p�`KBbi��- 2ii2B K�BMQFbB�
T  /vi  bBDQBii�K��M p�?BM;Qbb� bBb HHƺHi  M 2T BHvii pBHH2 bBpmBHH2 UKBF  pQBbB p�?BM;QBi@
i�� v`BivFb2M K�BM2ii�VX
�bB�F�bbm?i22M 2HBMF��`2M iQBb2bb� p�B?22bb� U_�*1@pBBi2F2?vFb2bb  i K  p�B?2 QM MB@
K2iiv iQBKBMM�FbBV �bB�FF��i Qp�i F�mT�M i�B T�Hp2HmM ǳbBb HH Ǵ D� ?2B/ i imH22 b��/� i2@
?QFF��biB iB2iQBbBFbB i�`DQHH� QH2pBbi� imQii2Bbi�X J�BMQbi2M p�HKBbi�KBb2bb� B?KBb2M i2?i @
p FbB D   2/2HH22M K�BMQFbB2M HmQp�M bBb HHƺM F2?Bii KBM2MX lb2BM K�BMQFbBbi� i2?/  MFBM
mb2Bi� ?B2K�M 2`BH�BbB� p2`bBQBi�X h2FQ Hv �mii�� T`Q}HQBK��M �bB�FF�Bi� D� imMMBbi�K��M-
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KBiF  F viƺbb  QH2pBbi� K�BMQFbBbi� iQBKBp�i T�`?�Bi2M �bB�FFmm/2M KBbb FBM p�B?22bb�X
L BM i2FQ Hv �mii�� QTiBKQBK��M K�BMQbi2M p�HBMi�� D� bBDQBii2Hm� T�HDQM �BF�Bb2KT��
i2?QFF��KKBMX
�bB�F�b?BbiQ`B�� F�`iQBii�p�M /�i�M D� FQM2QTTBKBb2M �pmHH� imQi2iimD� p�bi�mbi�BTmKmb@
K�HH2D� pQB/��M ?vƺ/vMi   v`BivFb2M KvvMiBiBBKBM �D�MF viƺM bmmMi��KBb2FbB K�?/QH@
HBbBKK�M i2?QFF��biBX EmM p�bi�mbi�BTmKmbK�HH2D� bQp2HH2i��M 2MM�FQBp�M �M�HviBBF�M
�Hm22HH�- pQB/��M KmQ/Qbi�� 2MMmbi2Bi� �bB�FF�B/2M F vii vivKBb2bi X JBF HB F viƺbb  QM
`BBii p  K  `  ?vp H��imBbi� /�i��- pQB/��M �`pBQB/� 2bBK2`FBFbB F2iF  TQi2MiB��HBbBbi�
�bB�FF�Bbi� imH2p�i i2F2K  M QbiQFbB� D� F2iF  M Bbi  �bB�FF�Bbi� iQ/2MM FƺBb2biB i2F2@
p i QbiQFbB� iQBbimp�biBX o�bi�mbi�BTmKmbK�HH2D� pQB/��M 2/2HH22M QT2ii�� TBbi2vii K  M
K�?/QHHBbi2M �bB�FF�B/2M UHBB/B2MV FBBMMQbi�pmmb- DQHHQBM pQB/��M T  i2HH - KBiF  K�?/QH@
HBbBbi� �bB�FF�Bbi� Qp�i MBBi - DQB?BM KvvMiBiBBKBM `2bm`bb2D� 2`BivBb2biB F�MM�ii�� F vii  X
h HH�BM2M 2MM�FQBMiB QM 2`BivBb2M i `F2   b2HH�BbBHH� �HQBHH�- DQBHH� vFbBii BM2M KvvMiBi�T�?@
imK� 2/2HHvii   ?2MFBHƺFmMM�Hi� ?mQK�ii�p�� �D�MF viiƺ X G ?iƺFQ?i�Bb2biB KvvMiBiBB@
KBM �D�MF viiƺ F�MM�ii�� FQ?/Bbi�� MBB?BM K�?/QHHBbBBM �bB�FF�BbBBM- DQBHH� imMMBbi2i��M
QH2p�M FQ?i�H�BM2M i�BTmKmb Kmmiim� �bB�FF�BFbB- bBHH  Dmm`B ?2 i�`pBib2p�i mb2BM 2`BivBb@
i�`DQmFb2M i�B �H2MMmFb2M QbiQT  iƺFb2Mb  bvMivKBb2M im2FbB UKmB?BM `v?KBBM D  p i M2
bBpmbiQHH� pB2`�BH2p�i ?2MFBHƺi- DQiF� 2Bp i iQBK2MTBi2Bbi  ?mQHBK�ii� Kmmim �bB�FF�BFbB-
b2F  M2- DQBbi� imH22 �bB�FF�Bi� BHK�M 2`BivBbi  ?QmFmii2Hm�FBMVX
EQMp2`bBQp�B?22bb� FBBMMQbimM22bi� FmHmii�D�bi� Tv`Bi  M b��K��M v`BivFb2M p�FBQ�bB�@
F�bX o2`FFQF�mT�HH� vFbBii BbB  �bB�FF�Bi� pQB FmBi2MFBM QHH� MBBM T�HDQM- 2ii2Bp i B?KBb@
ivƺMi2FBD i pQB QTTB� imMi2K��M 2/2b F�mT�bb� mb2BM �bBQBpB2M �bB�FF�B/2Mb� KB2HivKvF@
bB X LBBMT  vFbBii Bb2M �bB�FF��M p�B?2ii� MBBM b�MQimHH� ǳQbi�D�M K�iF�HH�Ǵ F�`iQBi2i��M
p�bi�mbi�BTmKmb@ D� 2MMmbi2K�HHB2M �pmHH� D� M B/2M T2`mbi22HH� KmQ/Qbi2imM �`pBQM TQ?@
D�Hi� p2`FFQbBpmbiQM D� bQp2HHmbi2M bBb HiƺD2M bvpvvii  Tv`Bi  M T2`bQMQBK��M �bB�FF��M
i�`T2Bi� p�bi��p�FbBX o�bi�mbi�BTmKmbK�HH2D� pQB/��M ?vƺ/vMi   Kvƺb /vM��KBb2M ?BM@
MQBii2HmM i�`T2BbBBM- DQHHQBM vH2Bb2M �H2MMmbKvvMMBM bBD��M �H2MMmFbB� i�`DQi��M p�BM Dmm`B
MBBHH2 �bB�FF�BHH2- DQB/2M �bB�F�bbm?/2 iQ/2MM FƺBbBKKBM p�?pBbimm Dmm`B i�`DQmFbB2M �pmH@
H�X 1MMmbi�p�HH� �M�HviBBF�HH� pQB/��M Kvƺb F�`iQBii��- KBHH�Bb2i QKBM�Bbmm/2i v?/Bbi p i
MBBi  �bB�FF�Bi�- DQiF� F�iF�Bb2p�i iBH�mFb2Mb� i�B �bB�FFmmi2Mb�- DQHHQBM i i  iBH�MM2ii�
pQB/��M Tv`FB  2MM�Hi� p Hii K  MX GBb FbB 2MMmbi22i �mii�p�i p�HBib2K��M iB2ivM �bB�F@
F��M i�F�BbBM?QmFmii2HmmM i�`FQBi2iimmM K�BMQMi��M Dmm`B QBF2�MH�BbB� bBb HiƺD X
�bB�FFmm/2M 2HBMF��`2M bBiQmii�KBbp�B?22b22M �bB�F�bFmMM�bi� 2i2M22 p�BM TB2MB Qb�X h b@
i  �bB�F�bDQmFQbi� ?mQH2?iBKBM2M QM FmBi2MFBM v`BivFbBHH2 2`BivBb2M i `F2  - bBHH  bBiQmim@
M22i �bB�FF��i H2pBii p i TQbBiBBpBbi� iB2iQ� v`BivFb2bi  D� imQp�i M BM KmF�M��M Kvƺb
mmbB� �bB�FF�Bi�X EQM2QTTBKBb2M F2BMQBM pQB/��M i�`F2KKBM K  `Bi2HH - KBHHQBM D� KBHH�B@
bBM b�M�p�HBMMQBM bBiQmimM2BbBBM �bB�FF�BbBBM F�MM�ii�� Qii�� v?i2vii X Jvƺb mmiBbFB`D2B@
/2M 2bBii2H2K  imQi2p�HBFQBK� D� ?BMMQBii2Hm pQB/��M FmbiQKQB/� 2`BivBb2biB M B/2M �bB�F@
F�B/2M i�`T2B/2M D� KB2HivKvbi2M KmF�BbBFbBX

NX9Xj EmHmii�D�M FƺFmHK�

Jvƺb FmHmii�D�i Qb��p�i ?vƺ/vMi   p2`FQbi� HƺvivpB  �Tmp HBM2Bi , imQii2B/2M D� T�Hp2HmB@
/2M ?BMi�@ D� H��imp2`i�BHmM b2F  b��i�pmmbiB2iQD2M 2ibBKBM2M p2`FQbi� QM DQ �`FBT Bp Bbi X
uH2BM2M iQBKBMi�i�T� QM- 2ii  2MbBM imQii2Bi� D� ?BMiQD� p2`i�BHH��M p2`FQbb�- Kmii� p�`bB@
M�BM2M QbiQb i2?/  M FBpBD�HF�F�mT�bb�X o�BFF� KQM2i FBpBD�HF�KvvK H i Qp�iFBM DQmim@
M22i bmHF2K��M Qp2Mb�- p2`FFQF�mTT�iQBKBMi� 2B p Hii K ii  i�`FQBi� FBpBD�HF�F�mTTQD2M
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i v/2HHBbi  F�iQ�KBbi�X a2M bBD��M F�mTTQD2M p�`�biQBK�i imQi2K  ` i TB2M2M2p i D� HBB@
F2iBHQD2M F viiƺi�p�bb� bBB``vi  M v?  2H KvFb2HHBb2KT  M bmmMi��MX
h2FQ Hv K�?/QHHBbi�� Kvƺb �bBQBMiBi�TQD2M mm/2HH22M�D�ii2HmMX 1bBK2`FBFbB �K�xQM QM
F2?Bii Mvi F�bb�iQMi� �K�xQM :Q @F�mTT��- DQ?QM �bB�F�b pQB p�BM F p2HH - MQmi�� Qb@
iQFb2i D� TQBbim� BHK�M F�bb�DQMQbb� b2BbQbF2Hm�X E�mTT��M imHi�2bb� �bB�F�b bF�MM��
F MMvFF Mb  M viƺHi  �K�xQM :Q @bQp2HHmFb2M �Mi�K�M Z_@FQQ/BMX E�mT�M F�iQbb� iQB@
KBp�i BM7`�TmM�F�K2`�i TmQH2bi��M imMMBbi�p�i KmF��M TQBKBimi imQii22i D� 2`Qii�p�i
�bB�FF��i iQBbBbi��MX CQBbb�BM imQii2Bbb� QM Kvƺb pBbm��HBM2M TBbi2FQQ/B imQii22M imMMBbi�@
KBb2M ?2HTQii�KBb2FbBX EmM imQi2 MQbi2i��M ?vHHvbi  F i22M i�`F�bi2Hi�p�FbB- ?�p�Bib2p�i
?vHHvB?BM �b2MM2imi p��F�b2MbQ`Bi- KBF HB imQi2 FmBi2MFBM T�H�mi2i��M Kvƺ?2KKBM i�F�B@
bBM ?vHHvvMX E2?Bii D i p2`i��p�i �K�xQM :Q,M ?vƺ/vMi K   i2FMBBFF�� Bib2bi  M �D�pB2M
�miQD2M ?vƺ/vMi K  M i2FQ HvvMX �bB�FF��M TQBbim2bb� F�mT�bi� QM ? M2M QbiQFbBbi��M
FQQbi2iim HQTmHHBM2M HBbi� D� i K M T2`mbi22HH� QbiQFb2i p2HQBi2i��M �miQK��iiBb2biB ? M2M
HmQiiQFQ`iBHi��M D� FmBiiB H ?2i2ii  M �K�xQM :Q@bQp2HHmFb22MX UCQ?MbiQM kyR3XV

NX9X9 u`Bii D M �D�MF viiƺ D� F2`ivp M /�i�M ?vƺ/vMi KBM2M

u`Bii D HH2 QM i�`DQHH� HmFmBbB� vH2Bb2biB ivƺbF2Mi2Hv  imF2pB� D� i2?Qbi�pB� bQp2HHmFbB�- v`B@
ivFb2M T�Hp2HmBi� �H�bi� `BBTTmK�ii� i2?Qbi�pB� bQp2HHmFbB� b2F  2`BivBb2biB iB2iivD2M �HQD2M
i�`T2Bi� bBHK HH  TBi 2M F2?Bi2iivD  D `D2bi2HKB X u`BivFb2M Tvƺ`Bii KBb22M HBBiivpBbb  i2?i @
pBbb  i2FQ HvbQp2HHmFb2i pQBp�i �pmbi�� 2bBK2`FBFbB �D�MF viƺM- ivƺi2?i pB2M D� v?i2vbiB2@
iQD2M ?�HHBMM�bb�X .B;Bi��HBbi2M F�MbBQB/2M D� TBHpBT�Hp2HBKB2M mmK2MBBM ?mFFmM2Bi� iB2iQD�
pQB/��M 2ibB  T2HF M vH2BbHmQMiQBb2M Fmp�BHmM T2`mbi22HH� 2bBK2`FBFbB 6BM/Q@D `D2bi2HK HH X
1`BH�Bbi2M /B;Bi��HBbi2M �BM2BbiQD2M ?vƺ/vMi KBbi  D� �D�MF viƺM D� ivƺbF2Mi2HvM bmmMMBi@
i2Hm� QM Kvƺb Tv`Biiv H ?2bivK  M mmbBbi� M FƺFmHKBbi� Km`i�K�HH� T2`BMi2Bbi2M KmBbiBM
D� bmmMMBii2HmM �Tmp HBM2B/2M- Fmi2M F�H2Mi2`2B/2M D� v?i2vbiB2iQKmBbiBQB/2M- KmQ/Qb@
i�KB� D b2MMvFbB X 1bBK2`FBFbB �HQ2@bQp2HHmb HmT�� T�`�Mi�� ivƺbF2Mi2HvM bmDmpmmii� D�
imQii�pmmii� Q`;�MBbQBK�HH� FQFQmb@ D� Kmmi KmBbiBBMT�MQi b2F  i2?i p i MBB?BM HBBiivpB2M
B?KBbi2M D� v`Bivbi2M KmF�Bb2biB D� i�`DQ�K�HH� F vii D M im2FbB HmQMMQHHBb2HH� FB2H2HH  iQB@
KBp�M T Bpv`B�bbBbi2MiBMX
u`Bii DBHH  QM ivvTBHHBb2biB F viƺbb  M mb2Bi� /B;Bi��HBbB� D `D2bi2HKB - Fmi2M b ?FƺTQbiB@ D�
F�H2Mi2`BbQp2HHmFb2i- 2`BH�BbBHH� iQBKBbiQivƺF�HmBHH� `�F2MM2imi `�TQ`iBi- 2bBivbK�i2`B��HBi
D� FQFQmbKmBbiBQi- b2F  TBHpBT�Hp2HmB/2M �`FBbiQi D� ivƺbF2Mi2Hv@vKT `BbiƺiX LBBMT  �BM2Bb@
iQi- DQiF� F2`ivp i pmQbB2M KBii��M v`BivFb2M Tvƺ`Bii KBb2bi - FQFQmFbBbi�- i�T�?imKBbb�
TB/2ivBbi  2bBivFbBbi  D� KmBbi� iBH�Mi2Bbi�- T�Bbmp�i ?2HTQbiB H��DQBFbBX u`Bii DB2M �pmFbB
QMFBM F2?Bi2iiv bQp2HHmFbB�- DQiF� �mii�p�i T�BibB ?�HHBMMQBK��M H��DQD� �BM2BbiQK  `B 
Kvƺb Qii�K��M /QFmK2Mi2Bbi� D� v?i2vbiB2/QBbi� F�BF2M K�?/QHHBb2M ?vƺ/vM B`iBX h2FQ @
HvD `D2bi2HK i pQBp�i 2bBK2`FBFbB HmQ/�i� M Bi  iB2/QMH ?i2Bi  H TB imH2p�M v`BivbiQBKBMM�M
F�MM�Hi� ?vƺ/vHHBbB  iB2iQD� D� FQMi�FiB?2MFBHƺBi  2ibB2MX 1ibBMM M imHQFb2M� i2FQ HvD `D2b@
i2HK  pQB 2bBK2`FBFbB �Mi�� pBMFF2D  K�?/QHHBbBbi� mmbBbi� ivƺMi2FBDƺBbi - �bB�FF�Bbi� D�
T�`iM2`2Bbi�X 1bBK2`FF2D  i HH�BbBbi� ivƺF�HmBbi� Qp�i h`Qp2 b2F  S`QbT2t- DQBbi� 2`BivBb2biB
D HFBKK BM2M QM bmmMMBi2Him 2/Bbi K  M v`Bivbi2M KvvMiBiBBKB2M ivƺi X Jvƺb Lm/;2 QM
bQp2HHmb- DQF� i�`F�bi2H22 F vii D M b ?FƺTQbiBv?i2vbiB2iQD� b2F  b2H�iimD� p2`FFQbBpmD� D�
2bBK2`FBFbB DQBi�FBM KvvMiBivƺi  imF2pB� iB2iQF�MiQD� U2bBK2`FBFbB �bB�F�bbm?i2B/2M ?QB@
i�KBb22M HBBiivp   b�H2b7Q`+2X+QK,B�V pQB/�Fb22M 2?/Qii�� K�?/QHHBbB� �bB�FF�Bi� D� KmQ@
/Qbi�� ?vƺ/vHHBbB  ?�p�BMiQD� b�K�HH� FmM F vii D  b2H�� p2`FFQbBpmD�X
u`Bivbi2M F viiƺƺM QM QH2K�bb� Kvƺb Tm?22MimMMBbimbi� ?vƺ/vMi pB  bQp2HHmFbB�- DQBHH�
pQB i`�MbF`BTiBQB/� 2HB F  Mi   �m/BQ/�i�� FB`DQBi2iimmM KmQiQQM U2bBK2`FBFbB *�TBQ D�
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.22T;`�KV i�B D `D2bi   �m/BQ/�i�M ?�2ii�p��M KmQiQQM U2bBK2`FBFbB MvFvBbBM �TTH2M
QKBbi�K� SQT lT �`+?Bp2VX h�`DQHH� QM Kvƺb 2bBK2`FBFbB :`B/bT�+2@D `D2bi2HK - DQF� Hm@
T�� K�?/QHHBbi�� �bB�F�b@ivƺMi2FBD @F2bFmbi2HmD2M `2��HB�BF�Bb22M i�`F�bi2HmM HBBF2iQBKBM@
i�pB2biBMM M T�`�Mi�KBbi� p�`i2MX
CQiFmi bQp2HHmFb2i- Fmi2M 1+Qbvbi2KX�A- 2`BFQBbimp�i "B;.�i�@TQ?D�Bb22M p�bi�mbi2M 2i@
bBKBb22M #BbM2bM FƺFmHK�bi� UKmBHH� Qb�@�Hm2BHH� FmBM DQ 2/2HH K�BMBimbb� �bB�FFmm/2M
`�F2Mi�KBb2bb�V D� M BHH  ivƺF�HmBHH� pQB/��M 2ibB  p�bi�mFbB� KQMBi�?QBbBBM BHKBƺB?BM HBBiiv@
pBBM FvbvKvFbBBM- Fmi2M KB?BM K�`FFBM�2FQbvbi22KBM Qb�@�Hm22b22M F�MM�ii�BbB F2bFBiiv 
i�B KBiF  KQMBbi� imQi2B/2QBbi� F�MM�ii�BbB p�HBi� D�iFQF2?Bii2HvvMX GBb   vH2BbHmQMiQBbB�
b2F  iB2iivvM �H��M 2`BFQBbimM2Bi� i2FQ HvT2`mbi�BbB� #BbM2bivƺF�HmD� QM HBbi�iim 2bBK2`FBF@
bB GB�K > M2HBM #HQ;BFB`DQBimFbBbb�X

NX9X8 1bBK2`FF2D  T�Hp2Hm�HQBHi�

_Q#QiiBi2FMQHQ;B�� ?vƺ/vMM2i  M DQ Kvƺb 2`BH�BbBHH� T�Hp2Hm�HQBHH�X 1`BivBb2biB EBBM�bb�-
Kmii� Kvƺb C�T�MBbb�- `Q#Qii2D� QM DQ mb2�M pmQ/2M �D�M M FvMvi 2bBK2`FBFbB `�pBMiQH�@
�H�HH�- KBbb  `Q#QiBi FvF2M2p i ?QBi�K��M b2F  i�`DQBHm@ 2ii  `mm�MH�BiiQi2?i pB X E2b HH 
kyRk EBBM�M >�`#BMBbb� �p�iBBM MBK2MQK��M ǳ`Q#QiiBFQF2KmFb22MǴ 2`BFQBbimMmi `�pBMiQH�-
DQbb� F2``Qi��M iQBKBp�M R3 2`BH�Bbi� `Q#QiiB�X _Q#QiBi QM iQi2mii�Mmi >�`#BM >�Q?�B _Q@
#Qi *QKT�MvX L K  `�pBMiQH�`Q#QiBi TQBFF2�p�i iQBbBbi��M p `BM- FQ`F2m/2M b2F  2`BH�Bb@
i2M i2?i pB2Mb  bm?i22MX _Q#QiBi ?QBi�p�i i�`DQBHm�- 2`BivvTTBbi2M `mQFB2M p�HKBbi�KBbi�
b2F  �bB�FF�B/2M pBB?/vii KBbi X _�pBMiQH�`Q#QiiB2M F2``Qi��M QK��p�M DQT� FvKK2M2M
2`BH�Bbi� BHK2ii  D� Tm?mp�M vFbBMF2`i�Bbi2iim� FBBM��X h�`DQBHm`Q#QiBi QM p�`mbi2iim Kvƺb
?�p�BMiQb2MbQ`2BM- DQii� M2 FvF2M2p i HBBFFmK��M `�pBMiQH�bb� iƺ`K BH2K ii  �bB�FF�B@
bBBMX h i  MvFv  DQ mb2�KK�i FBBM�H�Bb2i `�pBMiQH�i Qp�i Qii�M22i F viiƺƺMb  `Q#Qii2D�
�i2`BQB/2M D� �biBQB/2M FmHD2ii2HmmM b2F  F2BiiBƺM TmQH2HH2 `mm�M 2bBp�HKBbi2Hmi2?i pBBMX
U*?BM�/�BHv kyRkXV
1`BH�BbBbb� �bB�F�bT�Hp2HmmM HBBiivpBbb  QT�bimbi2?i pBbb  b2F  �bB�FF�B/2M pBB?/vii KB@
b2bb  ?vƺ/vMM2ivBbi  `Q#Qi2Bbi� 2bBK2`FBM i�`DQ�� ǳ?mK�MQB/B`Q#QiiBǴ S2TT2`- DQMF� QM
bmmMMBi2HHmi aQ7i"�MF _Q#QiB+bX amQK2bi� S2TT2` Hƺvivv i HH  ?2iF2HH  2bBK2`FBFbB Cvp b@
FvH M �pQBK2bi� vHBQTBbiQbi�- >2HbBM;BM E�H�b�i�K�M i2`p2vbF2bFmFb2bi�- >2HbBM;BM 1HBb�
EmHK�bi� D� G2KT  H M A/2�T�`FBbi�X h K M `Q#QiBM QKBM�BbmmFbBbb� QM i ?/ iiv 2`B@
ivBb2biB `Q#QiBM FvFvvM imMMBbi�� B?KBbi2M imMM2iBHQD� D� F vii viv  D� FQKKmMBFQB/�
FQ?i��KB2Mb� B?KBbi2M F�Mbb� imHFBMiQD��M ?vƺ/vMi 2MX hmMM2iBHQD2M imHFBMM�bb� S2TT2`
?vƺ/vMi   KKX F�bpQMBHK2B/2M-   M2Mb pvM- HBBFF2B/2M D� b�MQD2M ?�p�BMMQBMiB�X S2TT2@
`B  F bBi2HH  M HBb   Kvƺb i K M `�TQ`iBM p�M?mbi2M?QBiQ� F bBii2H2p bb  Hmpmbb�X S2TT2`@
`Q#QiBHH� Tv`Bi  M bmDmpQBii�K��M T�Hp2HmBi� D� Hv?2Mi K  M �bB�FF�Bb2M DQMQimb�BFQD�-
Kmii� Kvƺb F2`  K  M iB2iQD� �bB�FF�Bbi�X
u?  F�bp�p�M im`BbKBM Kvƺi  2`B T�Hp2Hm�H�i ?vƺivp i Kvƺb i2FQ Hv`�iF�BbmBbi�- DQiF�
QM bmmMMBi2Him 2`BivBb2biB FB2HBKmm`BM vHBii KBb2FbBX a�Fm`�@bQp2HHmb QM 2bBK2`FFB i HH�B@
b2bi� 2`B T�Hp2Hm�HQBHH2 bmmMMBi2HHmbi� bQp2HHmFb2bi�- DQF� Qb�� D�T�MB�- 2M;H�MiB�- FBBM��
D� FQ`2�� D� Tvbivv imHFF��K��M T�Hp2HmiBH�Mi22M p�HBiimD2M FB2HB2M p HBHH X uFbB a�Fm`�M
bmmMMBii2Hmbb� 2`BivBb2biB ?mQKBQBim bQp2HHmb�H� QM D�T�MBH�Bb2M H  F `BM D� mHFQK��H�Bb2M
TQiBH��M p HBM2M FQKKmMBF��iBQiBH�MM2- DQbb� Qb�TmQHBHH� 2B QH2 v?i2Bbi  FB2Hi X a�Fm`�
F  Mi   TQiBH��HH2 H  F `BM Tm?22M D� �mii�� M BM H  F `B  ?��bi�ii2H2K��M TQiBH�bi� TQ@
iBH��M QK�HH�  B/BMFB2H2HH  HmQMMQHHBb22M F2bFmbi2HmmM Tv`FBp   ivvHB  i�pQBi2HH2M UhB7�M�
�A "mbBM2bb kyR3c PD�H�BM2M@L2Bii��MK FB kyR3VX
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NX8 h2`p2vb@ D� bQbB��HBT�Hp2Hmi b2F  H  F2i2QHHBbmmb

G  F2iB2i22M �H�HH� i2FQ Hvi2FMQHQ;BQBHi� Q/Qi2i��M T�HDQMX S�Hp2Hm`�F2Mi2Bi� Kmmi2i��M-
/B;Bi��HBbi2M �BM2BbiQD2M D� D `D2bi2HKB2M ?vƺ/vMi KBbi  Tv`Bi  M HBb  K  M D� b�K�M�BF�B@
b2biB i2`p2vb�H�M T�BMQTBbi2 Tv`Bi  M bBB`i K  M i2`p2v/2M QK�2?iQBb22M D� 2MM�Hi�2?F B@
b2p  M iQBKBMi��MX h2FQ HvM bQp2Hi�KBb2M M FƺFmHK�bi� i K  i�`FQBii�� KmmM Km�bb�
B?KBbi2M Bib2 F2`  K M i2`p2vb/�i�M ?vƺ/vMi KBbi  QBF2�MH�Bb2M �FiBBpBbmm/2M p�`KBbi�@
KBb2FbB- ivƺ?vpBMpQBMMBM T�`�Mi�KBb2FbB D� DQ F2?BiivK bb  QH2pB2M p�KKQD2M i�B b�B`�mF@
bB2M p�`?�Bb2KT�� /B�;MQbQBMiB� D� ?QBiQ� p�`i2MX .B�;MQbQBMMBM D� ?QBiQbmmMMBi2HKB2M
i2F2KBM2M i2FQ Hv�pmbi2Bb2biB 2/2HHvii p i Kvƺb b��i�pBHH� QH2p�M imiFBKmb@ D� TQiBH�biB2@
/QM i2?QF�bi� ?vƺ/vMi KBbi  i2FQ HvM QT2ii�KBb2bb�X
h2FQ Hv i2?Qbi�� H  F `BM ivƺi - bBHH  F viiƺƺM QM F2?Bii2BHH  mb2Bi� 2`BH�BbB� ivƺF�HmD�- DQB@
/2M �pmHH� 2bBK2`FBFbB b�B`�mFbB2M /B�;MQbQBMiB D� ?QB/QM bmmMMBii2Hm F vp i ?2HTQKKBM-
MQT2�KKBM D� HmQi2ii�p�KKBMX Emp�@�M�HviBBFF�T2`mbi�Bb2i bQp2HHmFb2i i�`DQ�p�i MQT2B@
i� D� i bK HHBbvv/2bb  M �bB�MimMiBD�ivƺbF2Mi2HvvM `BMM�bi2ii�pB� p�bi�mFbB� `�/BQHQ;B�M-
T�iQHQ;B�M D� /2`K�iQHQ;B�M �Hm2BHH�X LBK2MQK��M FQM22M D� B?KBb�bB�MimMiBD�M v?i2Bbivƺ
pQB i2?Qbi�� K2`FBii p biB /B�;MQbQBMiBT`Qb2bbB�X UJBHH2`- "`QrM kyRdV
aQp2HHmFbBHH� Tv`Bi  M F2p2Mi K  M Kvƺb ?QBi�DB2M ivƺi��FF��- bBHH  2bBK2`FBFbB p�HpQM@
i��M 2`BFQBbimM22i H�Bii22i- Fmi2M  HvFF  i b M;vi- pQBp�i �mii�� TQiBH��M pQBMMBM D� 2HBM@
iQBKBMiQD2M b2m`�MM�bb�X GBb FbB 2`BH�Bb2i FQKKmMBFQBp�i D� HBBFFmp�i B?KBb?�?KQ� D HDBi@
i2H2p i `Q#QiBi pQBp�i �mii�� ?QBi�DB� TQiBH�B/2M i�`FF�BHmbb�- FmMiQmii�KBb2bb� D� pB`FBbi @
KBb2bb X lb2Bbb� b�B`��HQBbb� F viiƺƺM QM Kvƺb Qi2iim HQ;BbiBBFF�`Q#Qii2D�- DQiF� ?QBi�p�i
Qb�M i�`pBFF2B/2M FmHD2ii�KBb2bb�X E�BFFB M K  `�iF�Bbmi i2?Qbi�p�i ?QBiQ?2MFBHƺFmMM�M
ivƺi  i�p�HH�- DQHH� b��/��M b  biƺD  �H�M Fmbi�MMmFbBBM D� DQHH� ?2MFBHƺFmMM�M ivƺ�BF��
pQB/��M FQ?/Bbi�� 2M2KK M 2bBK2`FBFbB H  F `BM D� TQiBH��M p HBb22M FQ?i��KBb22M D�
?QBiQiQBKBBMX
EmM i2`p2vb/�i�� pQB/��M F2` i  KBbb  D� KBHHQBM i�?�Mb� D� FmM iB2iQ pQB p�B?i�� QKBb@
i�D�� BHK�M 2`BHHBbi  �bBQBMiB� i2`p2vb�b2K�HH2- pQBp�i H  F `Bi b��/� TQiBH�B/2M b2m`�Mi��M
i�`pBib2K�Mb� iB2/Qi BHK�M Q/Qii2Hm� Dmm`B bBHHQBM FmM ?2 bBi  i�`pBib2p�iX a�KQBM TQiBH��i
pQBp�i b��/� Q?D2Bi� D� 2bBK2`FBFbB FmMiQmimbHBBFF2B/2M i2F2KBb22M HBBiivp   T�H�mi2ii� BH@
K�M mb2B/2M pBBFFQD2M Q/Qimb�BF��X h2FQ Hvi2FMQHQ;B�HH� pQB/��M Kvƺb p�`KBbi��- 2ii2B
KQMB�H�BbBM� iBBKBiƺBM  iQi2mii2ii�pBbb� ?QBiQT`Qb2bb2Bbb� T  b2 bvMivK  M ?2MFBHƺFmM@
M�M FQKKmMBF��iBQTmmii2B/2M i�B @F�iFQbi2M pmQFbB `BbFBiBH�Mi2Bi�X
h2FQ Hv`Q#QiBBFF� pQB �pmbi�� H  F `2Bi  Kvƺb bmQ`Bii�K��M p bvK iƺMi  i�`FFmmii� D�
i bK HHBbvvii  p��iBpB� iQBK2MTBi2Bi - Fmi2M H2BFF�mFbB�X EB`m`;B�M bQp2HHmb�H�HH� i2FQ @
Hvim2iim �miQK��iBQ HBBiivv H2BFF�mFb2M p�HKBbi2HmmM- H2BFF�mFb2M �BF�BbBBM i�T�?imKBBM
b2F  2bBK2`FBFbB iQBK2MTBi2B/2M ?�`DQBii2H2KBb22MX h2FQ Hvi2FMQHQ;B� T�`�Mi�� imHQFbB�
p ?2Mi K HH  H2BFF�mFbBBM HBBiivpB  pB`?2Bi  D� D HFBFQKTHBF��iBQBi� b2F  Hv?2Mi K HH  iQB@
K2MTBi22M D HF2Bbi  iQBTmKBb�BF��X CQBi�FBM MvFv�BF�BbBbi� iQBK2MTBi2Bbi  2B 2/2b Tvbivi@
i BbB iQi2mii�K��M BHK�M i2FQ Hvi2FMQHQ;B��X UJm2HH2`- J�bb�`QM kyR3XV
lmbB2M H  F2�BM2B/2M imiFBKmb@ D� F2?Bivbivƺbb  FQM2QTTBKBbT2`mbi�BbBHH� i2FQ HvbQp2HHmF@
bBHH� Tv`Bi  M 2MM2M F�BFF2� MQT2mii�K��M T`Qb2bbBM �BF�� pB2pB  p�B?2Bi� b2F  K�/�Hi�@
K��M �H�M Fmbi�MMmFbB�X h2FQ HvbQp2HHmFbB2M �pmHH� pQB/��M Kvƺb 2ibB  iB2ivHH2 vFbBHƺHH2
T�`?�Bi2M bQp2Himp�� H  FBMM HHBbi  `�iF�Bbm�X a2m`��pBbb� �H�HmpmBbb� F v/  M H TB 2bB@
K2`FF2D  i2FQ HvbQp2HHmFbBbi�- DQiF� HBBiivp i i bb  vH2BbbBHK vFb2bb  K�BMBiimB?BM i2`p2v@
/2M?QB/QM 2`BivBbi2?i pBBMX
h2FQ HvimiFBKmFb2M v?i2v/2bb  2bBi2HHvM Cvp bFvH M vHBQTBbiQM Ah@iB2/2FmMM�M ?�MF2FQ@
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FQM�Bbmm/2M h2FQ Hv D� i2`p2v/2M?mQHiQ amQK2bb� M2HD M FB`D�M b�`D�M 2MbBKK Bb2bi 
Qb�bi� h2FQ Hv D� i2`p2v/2M?mQHiQ amQK2bb� Hƺvivv HBb   2bBK2`FF2D  D� imHQFbB� 2bBK2`@
FBFbB H  F2?mQHHQbi� D� bv`D vivKBb2M 2?F Bbvbi X

NX8XR .B�;MQbQBMiB

.B�;MQbQBMMBM i�`T2BbBBM F2?Bi2ivi i2FQ HvD `D2bi2HK i i�`DQ�p�i H  F `2BHH2 imF2� ivvTBHHB@
b2biB imiFBK�HH� H��DQD� TQiBH�b@ D� imiFBKmbiB2iQp�`�MiQD� i�p�HH�- DQ?QM B?KBbivƺMi2FBD M
�BF� 2B KBHH  M `BBii BbBX lb2�i QH2K�bb�QH2p�i D `D2bi2HK i ?vƺ/vMi p i Kvƺb /B�;MQbQBM@
iB� imF2p�� Fmp�MimMMBbi�KBb22M T2`mbimp�� i2FMBBFF��X G  F `BM ivƺbF2Mi2HvM ?2HTQii�@
KBb2FbB M K  D `D2bi2HK i QM mb2BM bmmMMBi2Him bBi2M- 2ii  F vii D i pQBp�i FQKKmMBFQB@
/� MBB/2M F�Mbb� HmQMMQHHBbi� FB2Hi  F vii 2M D� imHQbi�� H��DQD2M iB2iQ?�FmD2M imHQFbB�
bm?i22HHBb2M ?2HTQbiB vKK ``2ii p bb  pBbm��HBb2bb� KmQ/Qbb�X h HH�BbBHH� QKBM�BbmmFbBHH�
Tv`Bi  M Kvƺb imF2K��M F vii D M QM;2HK�M`�iF�Bbmivƺi X
A"J q�ibQM QM bmm`B imQi2T2`?2 D� #` M/B- DQ?QM 2B i2FQ HvbQp2HHmFbB� i�`F�bi2HH2bb�
Dmm`BF��M pQB p Hiiv  iƺ`K  K bi X o�BFF� i K  #` M/B MvFvBbBM FviF2vivv mb2BbBBM 2`B
bQp2HHmb�HQB?BM- Qp�i q�ibQMBBM FQ?/BbimM22i Q/QimFb2i MBK2MQK��M H  F2iB2i22M �H�HH�
QHH22i DQ TBiF  M FQ`F2�HH�X h2FQ HvbQp2HHmFb2M� q�ibQM QM FB2H2HHBbi  /�i�� F bBii2H2p 
iQ/Bbi2KQQiiQ`B- DQMF� iQBKBMi� H ?i22 HBBFF22HH2 FvbvKvFb2bi - HBbi�bi� QB`2Bi� i�B i�HQm@
/2HHBbB� i�pQBii2Bi�X q�ibQM F v H TB KBii�p�M K  ` M iB2iQ�BM2BbiQ� D� imQii�� HQTmHi�
2ibBMi T`Qb2bbBM imHQFb2M� p�bi�mFb2M- /B�;MQQbBM i�B Q?D2Bi�X hmHQb T2`mbimm q�ibQMBM
`�F2Mi�K�HH2 �`;mK2MiBHH2- DQMF� b2 T2`mbi�� Hƺvi KBHH22M FBHT�BH2pBHH2 p�bi�mbp�B?iQ2?@
/QBHH2X
S`Qb2bbBM �Hmbb� bQp2HHmb K  `Bii2H22 T  ii2HviQBKBHH2Mb� i�pQBii22M- KBMF  b2 i2F22 F�`@
iQBii�K�HH� bBHH2 bvƺi2iiv  FB2H2HHBbi  /�i�� iB2iiv  b  MiƺDQmFFQ� bQp2Hi�2MX h bb  T`Q@
b2bbBbb� q�ibQM FQ2ii�� T2`mbi�bQHH� imMMBbi��- KBHH�Bb2bi� BM7Q`K��iBQi�`T22bi� QM Fvb2X
q�ibQMBM Bib2HH22M FQMbi`mQBK� i�pQBi2 QM 2`  MH�BM2M p�bi�mbK�HHB- DQi� q�ibQM Kvƺ?2K@
KBM 2ibBB HmF2KBbi��M i2Fbi2Bbi X E vi MMƺbb  q�ibQMBM F vii K i 2`BH�Bb2i b  MMƺi imQi@
i�p�i QK�M p�bi�mFb2Mb� iQi2mi2ii�p�M i2?i p M i�pQBii22bi� D� b2m`��p�FbB FmFBM M Bbi 
b  MMƺBbi  bmmMM�i��M b��i�pBHH� QH2p�M i2FbiBFQ`TmFb2M i�`F�bi2HmmM- KBMF    `2Hi  M2
bBii2M T�H��p�i imQ/2M KmF�M��M FmFBM QK�i p�bi�mFb2Mb�X a��/mi p�bi�mFb2i q�ibQM
TBbi2vii   b2M KmF��M- FmBMF� KQMB b  Miƺ imQiiB b�K�M p�bi�mFb2MX a�K�M p�bi�mFb2M
�Mi�M22i b  MMƺi p�?pBbi�p�i bBBb iQBM2M iQBbi2Mb� �b2K��- FmM i��b 2`B p�bi�mFb2M �Mi�@
p�i b  MMƺi T  ivp i F2bFBM Bb22M FBHT�BHm�b2K��MX hmHQFb2M� i�`DQiim p�bi�mb- /B�;MQQbB
i�B Q?D22i Qp�i MBBi - DQiF� b�Bp�i TBbi2FBHT�BHmbb� T�`?�BKK�i FQFQM�BbTBbi22iX
q�ibQMBM F vii K i b  MMƺi HBBiivp i 2bBK2`FBFbB H�mb2QTTBBM 2HB bvMi�FbBBM D� K2`FBivF@
b22M 2HB b2K�MiBBFF��MX GBb FbB b2 bQp2Hi�� i�`pBii�2bb� DQBi�FBM FQMi2FbiBbB/QMM�BbB� 2`B@
ivBbb  MiƺD X 1bBK2`FBFbB /B�;MQbQBMiBi2?i p M v?i2v/2bb  q�ibQM Qb�� Q/Qii��- 2ii  Fv@
bvKvb bBb Hi   HBbi�M QB`2Bbi�X q�ibQMBbb� QM Kvƺb QTTBKBbFQKTQM2MiiB- DQMF� �pmHH� b2
TBbi   K2`FBHH2 2`B b  MiƺD2M b��K�M T�BMQ�`pQM 2`B FvbvKvbi2M D� MBB?BM bQTBpB2M- imM@
M2iimD2M p�bi�mbi2M bm?i22MX aBi2M q�ibQMBM Fmp�BHH��M Qii�p�M QTBFb22M QK�bi� T  i@
i2HvT`Qb2bbBbi��M bBi2M 2ii  b2 ?vƺ/vMi   v?  2M2KK M T�`?�BKKBFbB QbQBii�mimM2Bi�
K2M2ii2Hvi�TQD�X U>�KKQM/ kyR8- bXke@kdV

avƺp M ?QBiQ
PMFQHQ;B�M �H��M HBBiivpBbb  i2FQ HvimiFBKmFbBbb� QM 2`BivBb2biB T�BMQi2iim bvp QTTBKB@
b22M D� Fmp�MimMMBbimFb22M T2`mbimpB2M bQp2HHmbi2M F2?Bii KBbi X lb2BM M K  bQp2HHmFb2i

RR9

https://www.jyu.fi/fi/ajankohtaista/arkisto/2019/04/keskitetyilla-tietojarjestelmilla-ja-tekoalylla-kustannustehokkuutta-uusiin-sote-jarjestelmiin
https://jyx.jyu.fi/handle/123456789/63324
https://www.ibm.com/watson/


pQBp�i �mii�� T�BibB b�B`�m/2M /B�;MQbQBMMBbb�- Kvƺb ?QB/QM bmmMMBii2Hmbb�X
PMFQHQ;B�M �H��M HBBiiv2M QM C�T�MBbb� F2?Bi2iiv i2FQ HvbQp2HHmb- DQMF� i�`FQBimFb2M� QM
Tvbiv  imMMBbi�K��M bvƺp M 2i T2b FF2B/2M iBH� FmpB2M T2`mbi22HH�X aQp2HHmFb2M F2?Bii @
D i Qp�i hQFBQM vHBQTBbiQ D� hQFvQ J2/B+�H �M/ .2Mi�H lMBp2`bBivX S2`BMi2Bb2biB bvƺT T2@
b FF2Bi  QM imiFBiim T�iQHQ;BbBbi� M vii2Bbi  KBF`QbFQQTTB� F vii 2MX 1`BivBb2biB TB2M2i
TQBFF2�K�i D  p i i HH�BbBbb� imiFBKmFbBbb� mb2BM ?mQK��K�ii�X hmiFBKmb`v?K  ?vƺ/vM@
bB i2FQ HvM bvp QTTBKBbi� D� QT2iiB bBi  F vii K HH  jyy yyy Fmp�� `BMi�bvƺT TQiBH�B/2M
BKmbQHKmF2Fm/QFbBbi�X E2?Bi2iiv i2FQ Hv QMMBbimB HmQK��M �M�HvvbBM- DQMF� T2`mbi22HH�
imiFBKmb`v?K  HQB bvƺT bQHmD2M ǳQH2K�bb�QHQM iQ/2MM FƺBbvv/2M F�`i�MǴX h K M �pmHH�
QM K�?/QHHBbi� �`pBQB/� T�`2KKBM 2i T2b FF2B/2M iBH�� D� bmmMMBi2HH� TQiBH��M bvƺT ?QB@
iQ�X U�A "B#HBQ kyRdV
hbmFm#�M vHBQTBbiQ b2F  D�T�MBH�BM2M v`Bivb EvQ+2`� Qp�i F2?Bii M22i bQp2HHmFb2M- DQHH�
Tv`Bi  M T�`�Mi�K��M B?QM bQHmMKmmiQbi2M �`pBQBMiB� D� K�?/QHHBb2M bvƺT ivvTBM imMMBb@
i�KBbi�X h bb  i�T�mFb2bb� i2FQ Hv  QT2i2iiBBM bvp QTTBKBb2M F2BMQBM 9yyy bvƺT Fmp�M
�pmHH�X L BM F2?Bi2iiBBM D `D2bi2HK - DQF� Tvbivv T  ii2H2K  M B?QM KmmiQFb2bi� Qi2imM
p�HQFmp�M T2`mbi22HH�- QMFQ TQiBH��HH� B?QbvƺT   p�B 2BX GBb FbB D `D2bi2HK  2bBii   2?/Q@
imFb2M bBBi - KBMF  ivvTTBM2M B?QbvƺT  Fmp�bb� K�?/QHHBb2biB 2bBBMivvX u?/vbp�Hi�H�Bb2M
ai�M7Q`/BM vHBQTBbiQM imiFBD�i Qp�i F2?Bii M22i �H;Q`BiKBM B?Qbvƺp M /B�;MQbQBMMBM im2F@
bBX avƺT /B�;MQbQBMiBBM 2`BFQBbimMmi �H;Q`BiKB QT2i2iiBBM Rjy yyy B?Qb�B`�mbFmp�� F vi@
i 2M- DQHHQBM b2 QTTB /B�;MQbQBK��M pBbm��HBb2biB TQi2MiB��HBbB� bvƺT i�T�mFbB�X A?QbvƺTB2M
imMMBbi�KBb2FbB iB2iQF�Mi��M H�/�iiBBM B?QH22bBQFmp�i- DQiF� 2MMmbiBp�i kyyy 2`B b�B`�mii�X
h2FQ Hv QTTB imMMBbi�K��M T�?�MH��imBb2i K2H�MQQK�i D� F�`bBMQQK�iX PT2i2imM �H;Q@
`BiKBM bvƺTB2MimMMBbimbFvFv F2?BiivB HQTmHi� p�bi��K��M B?Qi�miBH  F `B2M bmQ`BimFb2M
i�bQ�X UaBM� kyRdXV
Jvƺb q�ibQM @FQFQM�Bbmm/2M �HH2 FmmHmm 2`BivBM2M bQp2HHmb- q�ibQM 7Q` PM+QHQ;v- DQF�
QM i�`FQBi2iim bvƺT b�B`�mFbB2M /B�;MQbQBMiBivƺM im2FbBX avƺT i�T�mFbBBM HBBiivpB2M M vi2@
FmpB2M imiFBKBM2M T2`BMi2Bb2HH  i�p�HH� QM ?B/�bi� D� p�BF2��- Kmii� q�ibQM 7Q` PM+QHQ;v
i�`F�bi2H22 TBHpBTQ?D�Bb2M bmT2`iB2iQFQM22M �pmHH� p�Hi�pB� K  `B  /�i��- DQ?QM FmmHmm
H  F `2B/2M KmBbiBBMT�MQD� D� imiFBKmb�BM2BbiQD�- D� Tvbivv i�`DQ�K��M H  F `BM /B�;MQ@
bQBMiBivƺM D� TQiBH��M ?QBiQQM D� H  FBivFb22M HBBiivp M T  iƺFb2Mi2QM im2FbB �`pBQMb� DQT�
Kmmi�K�bb� KBMmmiBbb�X UEhA kyReV hQFBQM vHBQTBbiQHHBb2bb� b�B`��H�bb� bQp2HHmFb2M �pmHH�
?�p�BiiBBM- 2ii  TQiBH��HH� QHB b�K�M�BF�Bb2biB F�FbB 2`B H2mF2KB�ivvTB X U"Q`i kyReXV

NX8Xk E2?QM QbB2M Fmp�Mi�KBM2M D� bBKmHQBKBM2M

hQBKBBFQ bv/ M i�B DQFBM Kmm 2HBM Fmi2M b2M TBi BbB D� DQb iQBKBMM�bb� QM DQFBM TQBFF2�K�-
KBi2M b2 BHK2M22\ 1bBK2`FBFbB �`i2`vb QM `�/BQHQ;B2M ivƺM i2?Qbi�KBb2FbB F2?Bi2iiv r2#@
TQ?D�BM2M H  F2iB2i22HHBb2M Fmp�Mi�KBb2M �M�HviBBFF�@�Hmbi�X C `D2bi2HK  F vii   TBHpBT�H@
p2Hm�- Kmii� Tv`FBB T�`�Mi�K��M TQiBH�B/2M iB2iQbmQD�� TQBbi�K�HH� TQiBH�biB2/Qi FmpB2M
v?i2v/2bi  bBi2M- 2ii  iQBbBBMb� HBBiivp i iB2/Qi D� Fmp�i pQB/��M mm/2HH22M v?/Bbi   p�BM
QBF2B/2M imMMBbi2iB2iQD2M �pmHH�X �`i2`vFb2bb� QM 2`BHHBb2i ivƺF�Hmi bv/ MHB?�Fb2M- F2m?FQ@
D2M D� K�Fb�M iQBKBMi�� F bBii2H2p M pBbm��HBb2M /�i�M �M�HvbQBMiBBMX �M�HviBBFF�bQp2HHmb
MQT2mii�� 2bBK2`FBFbB bv/ K2M TmKTT�mbpQHvvKBM H�bF2MM�M T2`BMi2Bb2M K2M2i2HK M
jy@ey KBMmmiBbi� Kmmi�K��M b2FmMiBBMX
GQMiQQM AKT2`B�H *QHH2;2bb� QM F2?Bi2iiv bQp2HHmb- DQHH� pQB/��M K�HHBMi�� TQiBH��M bv/ M@
HB?�Fb2M iQBKBMi�i�T�� j.@Fmp�M�X aQp2HHmFb2M i2FQ Hv FvF2M22 QTTBK��M- KBiF  QKB@
M�Bbmm/2i bv/ K2M iQBKBMM�bb� 2MMmbi�p�i iQ/2MM FƺBbBKKBM bv/ K2M p�D��iQBKBMi��
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D� HBb  p i FmQH2K�M`BbFB X J�HHB� KmQ/Qbi�2bb��M D `D2bi2HK  F vii   J_A@Fmp�mbi� v?@
/2bb  p2`B@ D� KmB/2M FQ2imHQbi2M i�`DQ�K�M BM7Q`K��iBQM F�Mbb�X J�HHBM F2?BivFb2bb 
F vi2iiBBM k8y TQiBH��M J_A@FmpBbi� FQQbimp�� /�i��X h Hi  TQ?D�Hi� Q?D2HKBbiQ HQB pB`@
im��HBb2M j.@bv/ K2M- DQMF� �pmHH� b2 QTTB- KBiF  b2BF�i 2MMmbiBp�i bv/ Mb�B`�mFbB� D�
FQ?QMMmii� FmQHH2Bbmmb`BbFB X U"Q`;�M kyRdXV

NX8Xj >2M;BivbM vii22bi  mb2�M 2`B b�B`�m/2M /B�;MQbQBp� K2M2i2HK 

lm/2MH�BM2M i2FQ Hv  ?vƺ/vMi p  M�MQi2FMQHQ;B��M T2`mbimp� Tm?�HHmbH�Bi2 D� i2FQ Hv@
�H;Q`BiKB �mii�p�i /B�;MQbQBK��M TQiBH��M Tm?�HHmFb2bi� 2`BH�BbB� b�B`�mFbB� DQT� 3eW,M
i�`FFmm/2HH�X G�Bii22M F2?Bivbivƺ?ƺM HBBiivp bb  imiFBKmFb2bb� Tm?�HHmbM vii2Bi  F2` iiBBM
R9y9 FQ2?2MFBHƺHi - DQB/2M DQmFQbi� pQBiBBM Hƺvi   Rd 2`BH�Bbi� b�B`�mii� Tm?�HHmbH�Bi2ii�
F vii 2MX A?KBb2M ?2MF vb bBb Hi   ?�TT2�- ?BBHB/BQFbB/B� D� ivTT2  b2F  b2M HBb FbB Ryy
Kmmi� ?�B?imp�� F2KB�HHBbi� FQKTQM2MiiB�- DQBbi� KmQ/Qbimm oQH�iBH2 *?2KB+�H *QKTQ@
M2Mib- 2HB oP*X oP*@FQKTQM2MiiB2M ?�B?imKBM2M `BBTTmm ?2MFBHƺM bm?i22HHBb2bi� i2`p2v@
/2MiBH�bi�X L�MQi2FMBb2M H�Bii22M F2?BivbivƺM Q?2bb� ?�p�BiiBBM- 2ii  DQF�Bb2HH� b�B`�m/2HH�
QM QK� mMBBFFB ǳ?2M;BivbD HFBǴ- KBMF  pmQFbB v?/2M b�B`�m/2M ǳ?2M;BivbD HD2MǴ 2bBBMiv@
KBb2M 2B TBi BbB �B?22ii� MQbi�� 2bBBM KmB?BM b�B`�mFbBBM pBBii��p�� imHQbi�- 2BF  v?/2M
b�B`�m/2M /B�;MQbQBKBb2M TBi BbB KvƺbF  M 2bi   iQBbi2M b�B`�m/2M UDQMF� ?2M;BivbD HFB
imMM2i��MV /B�;MQbQBMiB�X UL�F?H2? vKX kyReV
Sm?�HHmbH�Bi2 F2`   ?2M;BivbM vii22bi  oP*@FQKTQM2MiiBM vii2Bi  D� Tv`FBB bBBb K  `Bii @
K  M i Hi  TQ?D�Hi� K�?/QHHBb2M b�B`�m/2MX h2FQ Hv�H;Q`BiK2B?BM T2`mbimp�M bQp2HHmFb2M
�pmHH� imMMBbi2ii�p�i b�B`�m/2i pQB/��M HmQFBi2HH� D� /B�;MQbQB/� M vii22bi X hmiFBKmb@
`v?K M bmQ`Bii�K�bb� FQF22HHBb2bb� imiFBKmFb2bb� QHB KmF�M� pBBbB K��i�- DQiF� QHBp�i
Ab`�2H- _�MbF�- la�- G�ipB� D� EBBM�X h K  i2FMQHQ;B� 2bBii2H22FBM F vi MMƺMH ?2Bb2M
i�p�M b2mHQ� D� /B�;MQbQB/� 2`BH�BbB� b�B`�mFbB� ?2HTQbiB- ?�Hp�HH� D� Kvƺb F�MM2ii�p�HH�
i�p�HH�X UL�F?H2? vKX kyReV hmiFBKmFb2M /B�;MQbQB/mi b�B`�m/2i QHBp�i,

Ç *?`QMBM i�miB U*`Q?MǶb .Bb2�b2V
Ç 1T ivvTBHBM2M S�`FBMbQMBbKB U�ivTB+�H S�`FBMbQMBbKV
Ç 1im`�m?�bbvƺT  US`Qbi`�i2 *�M+2`V
Ç >��p�BM2M FQHBBiiB UlH+2`�iBp2 *QHBiBbV
Ç A/BQT��iiBM2M S�`FBMbQMBM i�miB UA/BQT�i?B+ S�`FBMbQM\b .Bb2�b2V
Ç E2m?FQbvƺT  UGmM; *�M+2`V
Ç E2m?FQp2`2MT�BM2i�miB USmHKQM�`v �`i2`B�H >vT2`i2MbBQMV
Ç E`QQMBM2M KmMm�Bbb�B`�mb U*?`QMB+ EB/M2v .Bb2�b2V
Ç J�?�bvƺT  U:�bi`B+ *�M+2`V
Ç JmHiBTT2HB aFH2`QQbB UJmHiBTH2 a+H2`QbBbV
Ç JmM�b�`D�bvƺT  UPp�`B�M *�M+2`V
Ç JmMm�BbbvƺT  UEB/M2v *�M+2`V
Ç S�FbmbmQH2M bvƺT  U*QHQ`2+i�H *�M+2`V
Ç S  @ D� MBbF�bvƺT  U>2�/ �M/ L2+F *�M+2`V
Ç _�bF�mbKv`Fvivb US`2@2+H�KTbB�V
Ç oB`ib�`�FQM bvƺT  U"H�//2` *�M+2`V
Ç �`ivp M bmQH2M QB`2v?ivK  UA``Bi�#H2 "Qr2H avM/`QK2V
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NX8X9 EHBBMBM2M T  iƺFb2Mi2FQ D� `BbFB2M �`pBQBMiB

G  F2iB2i22HHBb2i ?QBiQT`Qb2bbBi iQi2mi2i��M mb2BM iBBKBivƺM - DQ?QM Qb�HHBbimm mb2Bi� 2`B
2`BivBb�HQD2M �KK�iiBH�BbB�X �BM� iBBKBM D b2M2i 2Bp i imH2 FQKKmMBFQBM22FbB i�`T22FbB
F2bF2M  M- DQHHQBM DQFBM i `F2  b2BFF� pQB D  /  ?mQKBQii�- KBbi  pQB b2m`�i� 2`BH�BbB�
`BbFBiBH�Mi2Bi�X hQBb��Hi� DQ vFbBii Bb2bi  TQiBH��bi� b��ii�� F2`iv  MBBM p�Hi�p� K  `  KQ@
M2MivvTTBbi  �BM2BbiQ�- 2ii2B ?QBiQ?2MFBHƺFmMM�HH� KBi2MF  M `BBi  �BF� TQiBH��M FQFQM�Bb@
iBH�Mi22M ?�?KQii�KBb22M i K M �BM2BbiQM T2`mbi22HH�X h HH�Bbi2M KQMBKmQiQBbi2M �BM2Bb@
iQD2M i�`F�bi2H2KBb2FbB D� `BbFB2M 2MM�FQBKBb2FbB QM F2?Bi2iiv mb2Bi� i2FQ Hv  ?vƺ/vMi pB 
�HmbiQD�X a2m`��p�bb� MBBbi  F�FbB 2bBK2`FFB X
*HQm/J2/s *HBMB+�H �M�Hvx2` @Q?D2HKBbiQM i�`FQBimb QM ?�p�Bi� `BbFBiBH�Mi2B/2M K�?/QHHB@
bmmb ?vpBbb  �DQBMX h K M H  F2iB2i22M i�`T2BbBBM F2?Bi2ivM �Hmbi�M �pmHH� Tv`Bi  M i�`F�b@
i2H2K��M b2F  `�F2Mi2Bbi2iim� 2ii  2B@`�F2Mi2Bbi2iim� /�i��- DQF� pQB bBb Hi   b2F  FHBBMBbi 
2ii  2B@FHBBMBbi  bBb Hiƺ X h�pQBii22M� QM �`pBQB/� TQiBH��M i�T�mFb22M HBBiivp   /�i�� v?@
/2bb  bi�iBbiBb22M iB2iQQM T2`mbimpB2M �BM2BbiQD2M F�Mbb�X L K  �BM2BbiQi pQBp�i HBBiiv 
2bBK2`FBFbB QHQbm?i2BbBBM- H  FF2BbBBM- bmQ`Bi2iimB?BM i2bi2B?BM D� KmB?BM KmmiimDBBMX aQ@
p2HHmFb2M i2FQ Hv`�iF�Bbm T2`mbimm FQM2QTTBKBb22M- HmQMMQHHBb2M FB2H2M T`Qb2bbQBMiBBM D�
FHBBMBb2M FQMi2Fbim��HBb2M F bBii2BbiƺM bQp2Hi�KBb22MX *HQm/J2/s,M FQiBbBpmBHH� MBK2iiv@
D2M 2bBK2`FFBi�T�mbi2M T2`mbi22HH� Q?D2HKBbiQ� QM i ? M K2MM2bb  bQp2HH2iim 2bBK2`FBFbB
i2FQHQMFF�@ D� i2FQTQHpBH2BFF�mbi2M- bv/ K2M p�D��iQBKBMM�M- F`QQMBb2M KmMm�Bb2M p�@
D��iQBKBMM�M D� /B�#2i2Fb2M ?QBiQT`Qb2bb2Bbb�X
E vi MMƺbb  bQp2HHmb FQFQ�� iBBKBM iQBKBDQB/2M bvƺii22i UTQiBH�bF2`iQKmFb2i- iQBK2MTB@
i2Bbi  b��i�p�i iB2/Qi vKbXV- ?vƺ/vMi   2`BH�BbB� /2KQ;`�}bB� �BM2BbiQD� D� bmQ`Bii�� bvƺ@
i2�BM2BbiQHH2 `BbFB�M�HvvbBMX hmHQFb2M� bQp2HHmb Tv`FBB i�`DQ�K��M ?QHBbiBb2M F�ib�mFb2M
F bBHH QH2p�M ?QBiQT`Qb2bbBM K�?/QHHBbBBM HQTTmimHQFbBBMX
u?i2Bbivƺbb  6mDBibmM 1m`QQT�M H�#Q`�iQ`BQM- 6mDBibmM 1bT�MD�M vFbBFƺM- >*a*,M J�/`B@
/BM BMMQp��iBQvFbBFƺM F�Mbb� F2?Bii K  >AE�_A@`�D�TBMi� ?vƺ/vMi   i2FQ Hv  ?2HTQi@
i��Fb22M FHBBMBbi  T  iƺFb2Mi2FQ� D� `BbFB2M �`pBQBMiB�X h bb  i2?i p bb  H  F `B2M ?��b@
i22M� QM Hƺvi   `2H2p�MiiB BM7Q`K��iBQ TQiBH�Bbi� T BpBii BM F2` ii p M p�Hi�p�M /�i�K  @
` M b2�bi�X hmiFBKmbiB2iQD `D2bi2HK  >AE�_A imQ v?i22M DQmFQM iB2/QM?�Fm� ?2HTQii�pB�
KBF`QT�Hp2HmBi�- DQB/2M �pmHH� H  F `Bi pQBp�i 2`Qi2HH� D� �M�HvbQB/� iB2iQD� mb2Bi� /�i�@
H ?i2Bi  F vii 2MX >vƺ/vMM2iiv /�i� pQB QHH� T2` BbBM b2F  FHBBMBbBbi  2ii  2B@FHBBMBbBbi 
H ?i2Bbi  U�;mBH�` kyRdVX C `D2bi2HK M �pmHH� i2`p2v/2M?mQHHQM ?2MFBHƺbiƺ pQB HQTmHi� i2@
?QFF��KKBM ?vƺ/vMi   /�i��- DQF� >AE�_AL �pmHH� i�`DQmimm F vi2ii p FbB BMi2;`QB@
imM�- `v?KBi2HivM  D� �MQMvKBbQBimM�X o�bi��p� �BM2BbiQ QM FvHH  �BF�Bb2KKBMFBM QHHmi
i2`p2v/2M?QBiQ?2MFBHƺbiƺM b��i�pBHH� T�T2`Bb2bb� KmQ/Qbb�- Kmii� 6mDBibmM �Hmbi�pB2M FQ@
F2BHmD2M KmF��M >AE�_A pQB DQT� TmQHBii�� TQiBH�b`2FBbi2`2B?BM F vi2ivM �D�MX LBBMT 
H  F `2BHH  D   2M2KK M �BF�� TQiBH�bivƺbF2Mi2HvvM U6mDBibm kyReVX
>AE�_A D `D2bi2HK  FQFQ�� TQiBH�bi� FQbF2p�� /�i�� F�Mb�HHBb2bi� i2`p2v/2M?mQHHQM D `@
D2bi2HK bi - /B;Bi��HBbBbi� TQiBH�biB2im2Bbi� i�B KmBbi� i2`p2v/2M?mQHHQM T�Hp2HmBi� i�`DQ�@
pBbi� F2bFmFbBbi�X .�i� �MQMvKBbQB/��M D� bBB``2i  M T`Qb2bbQBMiBKQQiiQ`BHH2- DQ?QM F2` @
i  M Kvƺb �pQBMi� i2`p2v/2M?mQHHQM /�i�� U2bBK2`FBFbB imiFBKmbimHQFbB�VX .�i�� T`Qb2b@
bQB/��M /�i�@�M�HviBBF�M F2BMQBM D� T`Qb2bbQBim /�i� H ?2i2i  M `�D�TBMM�M F�mii� 6mDBi@
bmM TBHpBT�Hp2HmmM- DQMF� F�mii� H  F `Bi pQBp�i i�`F�bi2HH� bBi  2`BH�Bbi2M pBbm�HBbQBMiB2M
D� `�TQ`iiB2M KmQ/Qbb�X
aQTBp�M ?QB/QM i�B iQBK2MTBi2B/2M K  `Bii KBb2FbB H  F2iB2i22M �KK�iiBH�Bb2M imH22 2MbBM
Tvbiv  ?�?KQii�K��M F�BFFB TQiBH��M i�T�mFb22M K�?/QHHBb2biB p�BFmii�p�i `BbFBi2FBD iX
>AE�_A,BM 2MM�FQBMiBQKBM�BbmmFbB2M �pmHH� TQiBH��i pQB/��M F�i2;Q`BbQB/� /B�;MQQbBivv@
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TBM i�B vH2BbBKTB2M TbvFB�i`Bbi2M `BbFB2M T2`mbi22HH�X 6mDBibmM i2biB2M T2`mbi22HH� D `D2bi2H@
K  FvF2M22 i HH  ?2iF2HH  imMMBbi�K�� T B?i2B/2MF viiƺƺM i�B Bib2Km`?�F vii vivKBb22M
HBBiivp i `BbFBi 38W i�`FFmm/2HH�X
>AE�_A,M i�`DQ�K�M iB2/QM D� 2MM�FQBpB2M K�HHB2M �pmHH� TQiBH�Bi� pQB/��M F�MMmbi��
Qii�K��M QK�bi� i2`p2v/2bi  M D� 2H K bi  M ?mQH2?iBKBb2bb� �BF�Bb2KT�� �FiBBpBb2KTB
`QQHBX L BM QHH2M Q/Qi2i��M- 2ii  i2FQ Hv �mii�� F2?Bii  K  M 2MMmbi�p��- Qb�HHBbi�p��
D� vFbBii Bb2HH2 ?2MFBHƺHH2 `  i HƺB/vKT   i2`p2v/2M?mQHiQ�X h bb  K�HHBbb� TQiBH�b Qii��
Bib2 p�bimmM i2`p2vi2Mb  ?QBi�KBb2bi�- FmM i��b H  F `B iQBKBB FQMbmHiBM `QQHBbb�X U�;mBH�`-
kyRdVX GBb FbB i2`p2v/2M?mQHiQ@Q`;�MBb��iBQM Q/Qi2i��M Kvƺb b��pmii�p�M ?�HHBMMQHHBbB�
?vƺivD  >AE�_A,M �pmHH�- bBHH  b2M F viƺM Kvƺi  b��i2i��M Kvƺb i2?/  ?�p�BMiQD� bBBi -
KBi2M 2`B `2bm`bbBi D� F vi Mi22i p�BFmii�p�i TQiBH�B/2M ?QBiQQMX U6mDBibm kyReXV

NX8X8 �A@`Q#QiBi D� FB`m`;B�

_Q#QiBi D� Kmmi i2FQ Hv  ?vƺ/vMi p i H�Bii22i pQBp�i �mii�� b2F  H2BFF�mFbBBM p�HKBb@
i�mimKBb2bb� 2ii  H2BFF�mFbB2M �BF�M�X G2BFF�mFbBBM p�HKBbi�mimKBb2bb� `Q#QiBi �mii�p�i
b2F  b�HBM p�HKBbi2HmmM UKmF��M HmFB2M HQ;BbiBBFF�`Q#QiiB2M T�Hp2HmiV- H2BFF�mFb2M
bmmMMBii2HmmM UKmF��M HmFB2M Fmp�Mi�KBbD `D2bi2HK iV 2ii  iQBK2MTBi22M bBKmH��iBQ@
TQ?D�Bb22M ?�`DQBii2HmMX G2BFF�mFb2M �BF�M� `Q#QiBi �pmbi�p�i 2bBK2`FBFbB i�`DQ�K�HH�
H  F `BHH2 ? M2M Tvvi KB  M iB2iQD� BHK�M 2ii  FB`m`;BM i vivv F2bF2vii   ivƺbF2Mi2Hv  MX
_Q#QiBi pQBp�i Kvƺb MQT2mii�� iQBK2MTBi2B/2M FmHFm� i�`DQ�K�HH� i�`pBii�p�i ivƺF�Hmi
QBF2�@�BF�Bb2biB D� @bmmMi�Bb2biB i�`F�biB QBF2��M T�BFF��MX L BM QHB 2bBK2`FBFbB pmQ/2M
kyR3 �Hmbb� mmiBbQB/mbb� hƺƺHƺM b�B`��H�bb� i2?/vbb  FQ2F viƺbb - DQbb� `Q#QiiB �pmbiB
FB`m`;B� 2`BivBbi  i�`FFmmii� p��iBM22bb� T�`FBMbQMTQiBH��M �BpQH2BFF�mFb2bb�- DQbb�
KB2bTQiBH��M �BpQB?BM �b2MM2iiBBM M2HD  F�i2i`B�- DQB/2M �pmHH� ? M2HH2 �MMQbi2HH��M
S�`FBMbQMBM i�miBBM F2?Bi2iiv  H  F2ii  US�DmM2M- EQBpm`�Mi� kyR3VX
1`BH�Bb2i H2BFF�mb`Q#QiBi �pmbi�p�i 2bBK2`FBFbB m`QHQ;BbBbb� H2BFF�mFbBbb�- 2im`�m?�bbvƺT @
H2BFF�mFbBbb�- KmMm�BbH2BFF�mFbBbb�- bv/ M@ D� i?Q`�tFB`m`;B�bb�- ;vM2FQHQ;BbBbb� H2BFF�mF@
bBbb�- iB2ivBbb  p�ib�M �Hm22M H2BFF�mFbBbb� b2F  FQ`p�@- M2M @ D� Fm`FFmi�miB2M H2BFF�mFbBb@
b�X G2BFF�mb`Q#QiBi pQBp�i i�`DQi� FB`m`;BM F viiƺƺM i�`F�M F�K2`�M D� KmBi� �Tmp HBM2B@
i X _Q#QiBi pQBp�i K�?/QHHBbi�� Kvƺb 2bBK2`FBFbB K2`FFB�BM2Fmp�Mi�KBb2M- KBi  pQB/��M
?vƺ/vMi   2bBK2`FBFbB KmMm�BbH2BFF�mFbBbb�X
_Q#QiiB2M �pmHH� 2`BivBbi  i�`FFmmii� p��iBp�� ivƺi  pQB/��M i2?/  2MiBbi FBM i�`F2KKBMX
EmM i ?vbivbH2BFF�mb iQi2mi2i��M `Q#QiiB�pmbi2Bb2biB- H2BFF�mbFQMbQHB� F vii p  FB`m`;B
i�`F�bi2H22 H2BF�ii�p�� �Hm2ii� KQMBMF2`i�Bb2biB bmm`2MM2imM- FQHKBmHQii2Bb2M F�K2`�Fm@
p�M F�mii�X _Q#QiiBF bB2M �pmHH� ? M Tvbivv QT2`QBK��M FQ?/2�Hm22HH� KBHHBM i�`FF�� ivƺ@
i  i2?/2MX EB`m`;BM F /2M QM imMM2imbiB QHi�p� p�F��- Kmii� `Q#QiBi pQBp�i 2MiBb2bi  M
T�`�Mi�� M Bi  H  F `BM QKBM�BbmmFbB� 2bBKX TQBbi�K�HH� b2M p ? Bb2MFBM p�TBM�M- DQF�
B?KBbF /2M ivƺbF2Mi2Hvbb  p Bbi K ii  QMX L BM T  bi  M HQTTmimHQFb22M- DQ?QM B?KBM2M
2B BHK�M `Q#QiiB� TvbivBbBX UJm2HH2`- J�bb�`QM kyR3V
_Q#QiiB2M T�`�Mi�K�HH� ivƺbF2Mi2Hvi�`FFmm/2HH� QM ?�p�Biim QH2p�M bmQimBbB� p�BFmimFbB�
TQiBH�B/2M iQBTmKBb22M D� iQBK2MTBi2Bbi  FQBimpB2M FQKTHBF��iBQB/2M p ?2M2KBb22MX EmM
H2BFF�mFb2M�BF�Bbi� p2`2MpmQiQ� 2bBBMivv p ?2KK M- TQiBH��M iQBTmKBM2M D� 2bBK2`FBFbB
BMFQMiBM2MbbBM D� TQi2MbbBQM;2HKB2M F�Hi�Bb2i D HFBp�Bp�i p ?2M2p iX G2BFF�mb`Q#QiBi Kvƺb
MQT2mii�p�i iQBK2MTBi2B/2M FmHFm� F�mii��Hi��M �BM� �HFmp�HKBbi2HmBbi� H ?iB2M- KBMF 
H�bF2i��M Kvƺb imQii�p�M b  biƺD X
.� oBM+B! am`;2`v @D `D2bi2HK  QM 2bBK2`FFB H2BFF�mb`Q#QiiBD `D2bi2HK bi - DQi� F vii pB 
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H  F `2Bi  Hƺvivv Kvƺb amQK2bi�X C `D2bi2HK   QM i ? M K2MM2bb  F vi2iiv iB2ivMivvT@
TBbBbb  bv/ MH2BFF�mFbBbb�- T�FbmbmQHB@T2` bmQHBH2BFF�mFbBbb�- vH2BbFB`m`;B�bb�- ;vM2FQHQ;B@
bBbb� H2BFF�mFbBbb�- T  M D� F�mH�M �Hm22M H2BFF�mFbBbb�- `BMi�F2? M �Hm22M H2BFF�mFbBbb� D�
m`QHQ;BbBbb� H2BFF�mFbBbb�X avbi22KB K�?/QHHBbi�� FB`m`;BM ivƺbF2Mi2HvM Kmmi�K�M TB2M2M
pBBHHQM F�mii�X C `D2bi2HK  M FmmHmm 2`;QMQKBM2M FQMbQHBTBbi2- DQbb� FB`m`;B Bbimm H2BF@
F�mFb2M �BF�M�- TQiBH�bimQHB- bmm`2Mi�p� j.@M FvK  D� `�MM2BMbi`mK2MiBi- DQiF� i�BTmp�i
D� Tvƺ`Bp i ?mQK�ii�p�biB 2M2KK M FmBM B?KBbF bBX uFbB D `D2bi2HK  M FmmHmpBbi�- F2?QM
bBb  M K2M2pBbi  TB2MBbi  BMbi`mK2Mi2Bbi  QM H�#�`QbFQQTTB- DQF� H ?2ii   QT2`��iBQbi�
pB/2QFmp�� H2BFF�mbb�HBM KQMBiQ`BBMX

NX8Xe a2m`�Mi� D� FmMiQmimb

h2FQ HvHH  `�iF�Bbi��M i HH  ?2iF2HH  b2F  vH2BbB  ?QBiQ�H��M HBBiivpB  ?��bi2Bi� 2ii  bT2bB@
}KTB  �H�FQ?i�BbB� QM;2HKB�X uH2Bb2i ?QBiQ�H��M HBBiivp i QM;2HK�i MQmb2p�i 2bBK2`FBFbB
D�iFmp�biB F�bp�p��M ?QBi�D�TmH��M D� iQBb��Hi� 2bBK2`FBFbB p�M?mbTQiBH�B/2M K  ` M F�b@
pmmMX a2m`�Mi��M- FmMiQmimFb22M D� Kmm?mM ?QBiQQM HBBiivpB2M 2`BivBb�HQD2M FB`DQ QM HmQM@
MQHHBb2biB bmm`BX h bb  2bBK2`FF2D  QM TQBKBiim FmmHQ@QM;2HKBBM HBBiivpBbi  `�iF�BbmBbi�X

1bBK2`FFB 2`BivBb�H�Hi�, FmmHQM �Tmp HBM22i
>m?iBFmmbb� kyR3 mmiBbQBiBBM UEB;2` kyR3V :QQ;H2M i2FQ HvimiFBDQBbi�- DQiF� Qp�i F2?Bii @
M22i i2FMQHQ;B�� vFbBii Bb2M ?2MFBHƺM   M2M 2`Qii�KBb2FbB i�mbi�? Hvbi - DQF� pQB bBb Hi  
Kvƺb iQBbi2M ?2MFBHƺB/2M Tm?2ii�X h i  bQp2HHmbi� b��i2i��M D�iFQbb� Tvbiv  ?vƺ/vMi @
K  M- T�BibB i�`F2KTB2M �miQK��iiBbi2M ip@ D� pB/2Qi2FbiBivbi2M i2F2KBb2bb - Kvƺb Fmm@
HQM �Tmp HBM2B/2M Tm?22M2`Qii2HmM ?��bi2BbBBM HBBiivp bb  F2?Bivbivƺbb X o 2MimM;QFb2bb�-
2bBK2`FBFbB Dm?HBbb�- iQBb2M ?2MFBHƺM Tm?22M b2m`��KBM2M 2/2HHvii     Mi2M 2`Qii2Hmivƺ@
i - DQMF� i2`p2FmmHQBM2M i2F22 F2bFBiivK HH  FmmMi2H2K��Mb� Tm?22b22M D� bmHF2K�HH�
K2Mi��HBb2biB 2T QH22HHBb2M ? HvM ?mQKBQMb� mHFQTmQH2HH2X >mQMQFmmHQBb2HH2- D� Kvƺb Fmm@
HQFQD2Bi� F vii p HH2 ?2MFBHƺHH2- i K  QM vH22Mb  p�BF2� D� pQBKB� p��iBp� i2?i p X 1/2b
/B;Bi��HBb2i FmmHQFQD22i 2Bp i p Hii K ii  Qb�� p�BK2Mi�� ? Hv  MB  i�`FQBimFb2MKmF�B@
b2biB i�mbi�HH2 D� b��ii�p�i Kvƺb T  iv  p�?pBbi�K��M FmmMi2Hm� p�BF2mii�pB� ? Hv  MB X
:QQ;H2M bQp2HHmFb2M i�T�mFb2bb� i2FQ Hv  QT2i2iiBBM i�`FF�BH2K��M pBbm��HBb2biB Tm?mD�M
F�bpQD�- Fmi2M 2bBK2`FBFbB bmmM HBBFF2Bi X aQp2HHmb ?�p�BibB- KBHHQBM p�HBiim ?2MFBHƺ Tm?mB-
D� TvbivB v?/Bbi K  M ?�p�BMiQMb� b�MQB?BM- DQHHQBM Q?D2HK� TvbivB 2`Bbi K  M vFbBii Bbi 
Tm?mD�� FQbF2p�M Tm?i��M �m/BQbB;M��HBMX
PH2K�bb�QH2pBbb� FmmHQFQD2Bbb� QM DQ pmQbB� ?vƺ/vMM2iiv i2FQ Hv - DQHH� Tv`Bi  M `�iF�B@
b2K��M MBK2MQK��M K2HmBbi2M iBH�Mi2B/2M QM;2HK��X CQ 2MM2M FmBM /B;Bi��HBbi2M FmmHQ@
FQD2B/2M v?i2v/2bb  �H2iiBBM Tm?m� i2FQ Hv`�iF�BbmBbi�- mb2Bi� 2`BH�BbB� i2FMBbB  `�iF�BbmD�
F2?Bi2iiBBM D� Qi2iiBBM F viiƺƺM FmmMi2HmM ?2HTQii�KBb2FbB 2`BH�BbBbb�   MBvKT `BbiƺBbb X
1bBK2`FBFbB PiB+QMBM avM+`Q @FQD2Bbb� bQp2HHmb �`pBQB   MBvKT `Bbiƺ  D� bBii2M p�HBib22
M Bbi  QH2K�bb� QH2pBbi� ?2HTQimbF2BMQBbi� QM;2HK�M`�iF�Bbm�H;Q`BiK2D� bQp2Hi�2M iBH�M@
i22b22M M ?/2M T�`?�BKK�M v?/Bbi2HK MX � MBvKT `Bbiƺ  i�`FF�BHH2bb��M PiB+QM avM+`Q
i�`FF�BH22 FmmHmmFQ Tm?2ii�- FmmHmmFQ K2Hm�- 2bBBMivvFƺ iBH�Mi22bb� BHK�pB``�M �B?2mi@
i�K��   Mi - KBbi  bmmMM�bi� K�?/QHHBM2M Tm?2 imH22 D� KBF  QM vH2BM2M   Mi2M i�@
bQX �`pBQM T2`mbi22HH� bQp2HHmb Qii�� F viiƺƺM p�?pBbimbbi`�i2;B�M- DQF� QM QTiBK��HBM2M
Tm?22M p�bi��MQii�KBb2FbB imMMBbi2imBbb� QHQbm?i2Bbb�X o�HBMi� bBb Hi   i�`FQBimFb2MKm@
F�Bb2M KBF`Q7QMB2M bmmMi�mFb2M- K2HmM?�HHBMi�`�iF�BbmM D� T�FF�mbD `D2bi2HKB2M v?/Bb@
i2HK M- DQF� i�`DQ�� K�?/QHHBbBKK�M b2HF2 M Tm?2bB;M��HBM F bBHH  QH2p�HH2 �FmbiBb2HH2
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vKT `BbiƺHH2X � MBvKT `BbiƺM Kmmiim2bb� bQp2HHmb �`pBQB iBH�Mi22M mm/2bi��MX U.QM�H/
kyy9XV

NX8Xd _Q#QiBi p�M?mbi2M?QB/Qbb�

>QBiQ�H�HH� `Q#Qi2Bbi� D� i2FQ Hv`�iF�BbmBbi� ?�2i��M �Tm� F2p2Mi K  M ?QBi�DB2M ivƺi��F@
F�� b2F  i�`DQ�K��M 2bBK2`FBFbB p�M?mFbBHH2 pB`BFF2Bi  D� 7vvbBbi  D� FQ;MBiBBpBbi  FmMiQm@
imbi� H2BFFBb bb  D� T�BM22iiQK�bb� BHK�TBB`Bbb X h2FQ Hv - `Q#QiBBFF�� D� FQM2QTTBKBbi�
v?/Bbi pB  D `D2bi2HKB  Tv`Bi  M F2?Bii K  M bBi2M- 2ii  `Q#QiBi pQBbBp�i ?mQK�i� TQiBH��M
i�`T22i U2bBKX i�`p2 T  bi  p2bb��MV i�B b2M DQb TQiBH��M QH2KmFb2bb� QM DQi�BM TQBFF2mF@
b2HHBbi� D� ? Hvii p  X h K M F�Hi�BbB� `Q#Qii2D� QM F2?Bi2iiv 2`BivBb2biB C�T�MBbb�X
C�T�MBH�BbBbb� p�M?�BMFQ/2Bbb� 2`BH�BbB� `Q#Qii2D� F vi2i  M DQ p2``�ii�BM T�HDQM D� p�M@
?mFb2i p�BFmii�p�i Kvƺb TBi p M `Q#Qi2Bbi� U6Qbi2` kyR3VX 1bBK2`FF2D  F viƺbb  QH2pBbi�
`Q#Qi2Bbi� Qp�i Tƺ``ƺBM2M- ?QBp�� Tvvi p  S�`Q@?vHD2- b2F  S2TT2` D� S�`HQX aQ7i"�MFBM
F2?Bii K   S2TT2`B  QM F vi2iiv p�M?mbTQiBH�B/2M ?QB/QM D� p�HpQKBb2M imF2M�- DQbFBM
i i  `Q#QiiB� pQB/��M F vii   Kvƺb KmBHH� �bB�F�bT�Hp2HmM �HQBHH� US2TT2` KKX Qb�� ky 2`B
FB2Hi VX uFbB p�M?mbi2M?QB/QM ?��bi2 QM- 2ii  ?QBi�DB2M imHBbB ?�p�Bi� KmmiQFb2i TQiBH��M
iBH�bb� `BBii p M TB�M- DQbFmb p�BM p ? Bb2biB mHQbT BM M FvpBbi  ? HvivbK2`F2Bbi X S2TT2`@
`Q#QiiB KmBbi�� B?KBb2i- DQB/2M F�Mbb� b2 QM FQKKmMBFQBMmiX _Q#QiiB b2m`�� B?KBb  M2M
b pvD - Tv`FBB imHFBib2K��M imMi2Bi� D� KmF�mimK��M iBH�Mi22b22MX S2TT2`BM QM F2``Qi@
im imQp�M HBb �`pQ� TQiBH�B/2M �`F22M D� ?2HTQii�p�M ?QBi�DB2M ivƺi  p�HpQK�HH� TQiBH�Bi�
D� `�TQ`iQBK�HH� ?QBi�DBHH2- KBF HB b2 ?�p�Bib22 2bBK2`FBFbB DQMFmM TQiBH��M p�BFmii�p�M
�H�FmHQBb2Hi�X U:m�`/B�M kyRdV
Jvƺb 6mDBbQ7iBM F2?Bii K M S�`HQM i2?i p M  QM �mii�� p�M?mbi2M?QBi�DB� ivƺbb  M D�
Qb�Hi��M Kvƺb imQ/� ?2HTQimbi� v?  F�bp�p��M ?QBi�D�TmH��MX C�T�MBbb� ?QBi�D�TmH�bi�
D� FmHiimm`BbBbi� i�pQBbi� b2m`��- 2ii  p�M?�BMFQ/Bbb� �bmp�i D�T�MBH�Bb2i 2Bp i ?�Hm�BbB
H�BMF��M ? B`Bi  FBB`2BbB  ?QBi�DB�X h K M pmQFbB ?QBi�DB2M D� p�M?mbi2M p HBM2M FQKKm@
MBFQBMiB pQB D  /  HQTmHi� ?vpBM p ? Bb2FbBX u?i2M  `�iF�BbmM� i ? M iBH�Mi22b22M QM FQ@
FQ2BHim S�`HQ@`Q#QiiB�- DQF� Qb�HHBbimm F2bFmbi2HmB?BM D� p Bii2HvB?BM- imMMBbi�� imMM2iBHQD�
D� pQB i�MbbB� D� FmMiQBHH�- D� b��/� Kvƺb p�M?mFb2i HBBFFmK��M F�Mbb��MX Jvƺb S�`HQ Tvb@
ivv KmBbi�K��M vHB Ryy ?2MFBHƺM MBK2M D� F�bpQi- KBF  QM �pmFbB TQiBH�B/2M b2m`�Mi��
�D�i2HH2MX h K  `Q#QiiB QTTBB vFbBii Bb2M B?KBb2M F viƺbF��pQD� D� pQB Kvƺb KmBbimii��
TQiBH�Bi� mb2BM mMQ?impBbi� �bBQBbi�X S�`HQM QM FQ2iim K�/�Hi�p�M TQiBH�B/2M FvMMvbi 
FQKKmMBFQB/� D� F2bFmbi2HH�- D� i K  i��b ?2HTQii�� Kvƺb �bB�FF�B/2M i2`p2v/2MiBH�M
b2m`��KBbi�X Uh2`�b?BK� kyReXV

NX8X3 �A@`Q#QiBi KB2H2Mi2`p2vbT�Hp2HmB/2M imF2M�

L2rvQ`FBH�BM2M v`Bivb EQFQ QM HmQMmi EQFQ"Qi@F2bFmbi2Hm`Q#QiBM- DQbb� i2FQ HvM K�?@
/QHHBbmm/2i v?/Bbi2i  M DQmFFQBbi�KBb22M D� FQ;MBiBBpBb22M i2`�TB��MX h K  p2`i�Bbp2`F@
FQi2FMQHQ;B� i�`DQ�� �Tm� bi`2bbBBM- H2pQiiQKmmi22M D� /2T`2bbBQQM HBBiivpB2M iBH�Mi2B/2M
F bBii2HvvMX E vii D i F2`iQp�i EQFQ"QiBHH2 QM;2HKBbi��M D� `Q#QiiB Q?D�� pB2biBM bQTBp�HH2
EQFQ"Qi@D b2M2HH2- 2HB iQ/2HHBb2HH2 B?KBb2HH2- DQF� QM HmT�mimMmi QH2K��M i�`pBii�2bb� �pmF@
bBX EQFQ"QiBM F2``Qi��M Kvƺb �p��p�M F vii D HH22M FQ;MBiBBpBb2M i2`�TB�M H ?2bivKBbi�@
T�� UJ�+F kyReVX EQFQ"QiBM F vii D  b�� FvbvKvFbBBMb  F2bFBK  `BM M2HD  p�bi�mbi�-
DQBbi� 2MbBKK BM2M b��Tmm DQ pBB/2bb  KBMmmiBbb�X a2HpBivbi2M KmF��M NNW FvbvKvFbBbi 
b��/��M p�bi�mb D� NyW p�bi�mFbBbi� QM FQ2iim ?vƺ/vHHBbBFbBX
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qQ2#Qi@F2bFmbi2Hm`Q#QiiB QM F2?Bi2iiv /2T`2bbBQbi� D� H2pQiiQKmm/2bi� F `bBpB2M ?2MFBHƺB@
/2M im2FbBX C `D2bi2HK  QM i vbBM `Q#QiBBFF��M T2`mbimp�- 2BF  bBHH  Tv`Bi  mb2B/2M KmB/2M
i2`p2v/2M?mQHiQ�H�M i2FQ HvbQp2HHmbi2M i�pQBM bmQ`Bii�K��M /B�;MQQb2D� i�B H��D2Mi�K��M
`2��HBK��BHK�M i2`�T2miBM i�B 2B@FHBBMBbi2M ?2MFBHƺB/2M FvFvD X aBi  p�biQBM D `D2bi2HK 
i�`DQ� F vii D HH22M K�?/QHHBbmm/2M F2bFmbi2HH� Bib2HH2 `�bF�Bbi� �B?2Bbi� BHK�M imQKBib2@
KBb2M T2HFQ�X L BM QHH2M b2M F viiƺ pQB �mii�� b2HH�BbB�FBM B?KBbB - DQiF� 2Bp i KmmHH�
i�pQBM ?�FBbB ?QBiQ� KB2H2Mi2`p2vi22M HBBiivp  M QB`2BHmmMb�X UJ�+F kyRdXV
qQ2#Qi@`Q#QiiB� F vi2i  M 6�+2#QQF J2bb2M;2`BM F�mii�X _Q#QiiB ?2` i2i  M iQBKBM@
i��M H ?2ii K HH  bBHH2 pB2biBX C�iFQbb� qQ2#Qi F�`iQBii�� ?2MFBHƺM KB2H2MiBH�� D� �D�imF@
bB� D� ?vƺ/vMi   FQ;MBiBBpBb2M F vii vivKBbi2`�TB�M i2FMBBFQBi� KmQiQBHH�Fb22M mm/2HH22M
/2T`2bbBQQM D� H2pQiiQKmmi22M HBBiivpB  �D�imbK�HH2D� D� M2;�iBBpBbB� imMi2Bi�X E vii D 
pQB FmBi2MFBM Kvƺb Bib2 Q?D�BHH� F2bFmbi2HmM FmHFm�X
qQ2#QiBHH� Tv`Bi  M 2MM2M F�BFF2� i�`DQ�K��M p�B?iQ2?iQBM2M FQF2Kmb MBBHH2- DQiF� D ii @
p i ?�F2K�ii� KB2H2Mi2`p2vi22M HBBiivpBBM QM;2HKBBM �Tm� KmmM Km�bb� ? T2 M T2HFQQM
HBBiivpB2M bvB/2M pmQFbBX _2��HBK��BHK�M i2`�TB�T�Hp2HmB?BM M ?/2M vFbB `�iF�BbmM K2`@
FBii p  2im QM- 2ii  `Q#QiiB pQB p bvK ii  i�`DQi� F2bFmbi2Hmb2m`�� k9 imMiB� b2Bib2K M 
T Bp M  pBBFQbb� D� HBb FbB b2 KmBbi��- KBbi  b2M F�Mbb� QM �BF�Bb2KKBM Tm?miimX �MQMvv@
KBM D� ?2MFBHƺFQ?i�Bb2M FQF2KmFb2M i�`DQ�KBb2FbB qQ2#QiBM F2``Qi��M F2?Bi2ivM bBi2M-
2ii2Bp i qQ2#QiBM F2?Bii D i M 2 F2bFmbi2HmD� i�B b�� iB2iQ�- F2iF  `Q#QiBM F�Mbb� F2bFmb@
i2H2p�iX qQ2#Qi@D `D2bi2HK  QM K�FbmHHBM2M D� iQBKBB 6�+2#QQF J2bb2M;2`BM F�mii�X
J�bb�+?mb2iib AMbiBimi2 Q7 h2+?MQHQ;vM UJAhV iB2iQD2MF bBii2HviB2i22M D� i2FQ HvM H�#Q@
`�iQ`BQM U*QKTmi2` a+B2M+2 �M/ �`iB}+B�H AMi2HHB;2M+2 G�#Q`�iQ`v- *a�AGV b2F  H  F2iB2@
i22M i2FMBBF�M D� iB2i22M BMbiBimmiBM UAMbiBimi2 Q7 J2/B+�H 1M;BM22`BM; �M/ a+B2M+2- AJ1aV
imiFBD�i Qp�i ivƺbi M22i 2`  MH�Bbi� ǳbQbB��HBbi� p�HK2Mi�D��Ǵ- T  HH2 Tm2ii�p�� i2FMQHQ;B@
��- DQF� FvF2M22 imMMBbi�K��M- KBF HB F vii D M F vK M F2bFmbi2HmM i�bQ QM QMM2HHBM2M-
bm`mHHBM2M i�B M2mi`��HBX aQp2HHmbi� pQB/��M bBBb ?vƺ/vMi   ?2MFBHƺM KB2HB�HQD2M �M�HvbQBM@
MBbb�X h HH�Bb2M �Tmp HBM22M F viƺbi  pQB QHH� ?vƺiv  ?2MFBHƺBHH2- DQiF� F `bBp i 2bBK2`FBFbB
�bT2`;2`BM QB`2v?ivK bi  i�B �?/BbimM2Bbmmb? B`Bƺbi X C `D2bi2HK M KmQ/Qbi�K� �`pBQ T2@
`mbimm ?2MFBHƺM Tm?22M U  M2Mb pv- FQ`F2mb D� 2M2`;B� D� b�M�biQV D� 7vvbBbi2M i2FBDƺB/2M
UHBBF2- bv/ K2M bvF2- p2`2MT�BM2- p2`2M pB`i�mb D� B?QM H KTƺiBH�V b2m`�Mi��M D� �M�HvvbBBMX
UaKBi? kyRdXV 1KQiBQM��HBbi� b pv  pQB/��M HmQFBi2HH� DQT� `2��HB�D�bb�- i�B D `D2bi2HK  
pQB/��M F vii   Kvƺb K2MM2B/2M FQF2Kmbi2M i�`F�bi2HmmM- DQHHQBM T�BF�MM2i��M D HFBF @
i22M iBH�Mi2Bi�- DQBbb� ?2MFBHƺ QM FQF2Mmi �?/Bbimbi� U*QMM2`@aKBi? kyRdVX

NX8XN 1MM�FQBp� ?vpBMpQBMMBM b2m`�Mi�

lb2�i QH2K�bb�QH2p�i bQp2HHmFb2i Tv`FBp i imF2K��M F vii D  Mb  �FiBBpBb2bb� QK�bi� 2H @
K bi  D� i2`p2v/2MiBH�bi� ?mQH2?iBKBb2bb�- K�b2MimM2Bbmm/2M K2`FFB2M p�`?�Bb2bb� ?�@
p�Bib2KBb2bb� D� T BpBii Bb2M bi`2bbBi�bQM b2m`��KBb2bb�X
*QHmK#B�M D� *�K#`B/;2M vHBQTBbiQD2M v?i2BbivƺM  F2?Bii K M qvb�@F2bFmbi2Hm`Q#QiBM
i�B /B;Bi��HBb2M 2H K M?�HHBMi�p�HK2Mi�D�M �pmHH� F vii D i pQBp�i vHH TBi   T BpBii Bb@
i  ?vpBMpQBMiB��M D� T�H�mim� 2bBK2`FBFbB ?2MFBb2biB mmpmii�p�M T Bp M D HDBHi X _Q#QiBM
F�Mbb� F v/  MFBM vHB 9 KBHDQQM�� F2bFmbi2Hm� pmQ/2bb� D� bBHH  QM vHB Ny yyy F vii D  
K��BHK�MH��DmBb2biB vHB jy K��bb�X qvb� Q?D�� F vii D   KBM/7mHM2bb@K2/Bi��iBQM D� 2`B@
H�Bbi2M �FiBpBi22iiB2M- Fmi2M ?2M;Bivb?�`DQBii2B/2M D� MBbF�M p2Mvii2HvM- H TBX hQi2mii�2b@
b��M ?�`DQBii2Bi� F vii D  p HBii   `Q#QiBHH2 Fmp�M QHQiBH�bi��MX CQb D `D2bi2HK M F�Mbb�
pmQ`Qp�BFmimFb2bb� QH2p� ?2MFBHƺ v?/Bbi   D `D2bi2HK M Kvƺb KmB?BM  HvH�Bii2Bbb� QH2pBBM
i2`p2vbbQp2HHmFbBBM- qvb� FvF2M22 b2m`��K��M ?2MFBHƺM 7vvbBbi  �FiBpBi22iiB� D� imMi2B/2M
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p�B?i2HmBi� Kvƺb M B/2M i�`DQ�KB� iB2iQD� ?vƺ/vMi 2MX oBBFQM HQTmiim� `Q#QiiB imQii��
?2MFBHƺM imMi2Bbi� D� i�pQBbi� v?i22Mp2/QM D� imMMBbi��- KBF HB ?2MFBHƺ p�BFmii�� �H�Fm@
HQBb2Hi�X h HHƺBM D `D2bi2HK  i2F22 F vii D HH2 /2T`2bbBQi2biBM US>ZNVX JBF HB i2FbiB BM/BFQB
?2MFBHƺM QH2p�M K�b2MimMmi- `Q#QiiB bmQbBii2H22 H  F `BF vMiB X qvb�M iQBKBMi�K�HH2Bbb�
QM ?vƺ/vMM2iiv 2bBK2`FBFbB FQ;MBiBBpBbi� F vii vivKBbi2`�TB��- DQMF� �pmHH� `Q#QiiB Tv`FBB
�mii�K��M F vii D   KmQFF��K��M M2;�iBBpBbB� �D�imFbB��M TQbBiBBpBb2KT��M bmmMi��MX
UJ+AMiv`2 kyReXV
1`BivBb2biB QK�M bi`2bb��MimM2Bbmm/2M �`pBQBKBM2M BHK�M mHFQBbi� �Tm� pQB QHH� ?�MF�@
H��- KBMF  pmQFbB QK�� bi`2bbBi�bQ� QMFBM bm?i22HHBb2M ?2HTTQ T  iv  p ? ii2H2K  MX 1bB@
K2`FBFbB Lhh .Q+QKQ D� E2BQM uHBQTBbiQ Qp�i F2?Bii M22i bi`2bbBi�bQM QK�b2m`�MM�M
ivƺF�Hm�-  HvTm?2HBK2bb� iQBKBp�� bQp2HHmbi�- DQF� Tvbivv �`pBQBK��M bi`2bbBi�bQ� MXdyW
i�`FFmm/2HH�X aQp2HHmb ?vƺ/vMi   iB2iQ� F vii D M bv/ K2M HvƺMiB2M BMi2`p�HHBKmmiQFbBbi�
b2F  ? M2M  HvTm?2HBK2bi��M F2` iiv  /�i�� UbBb Hi 2M MQBM Rjy F vii vivKBb22M HBBiivp  
KmmiimD��VX h2biB2M T2`mbi22HH� bQp2HHmFb2M F viiƺ T�`�MbB ?2MFBHƺM iB2iQBbmmii� QK�bi�
bi`2bbBi�bQbi�- KBF  TmQH2bi��M �mii�� bi`2bbBM 2?F Bbvbb  D� ?�HHBMM�bb�X U�A "B#HBQ kyR3XV

NX8XRy G  F2F2?Bivb

G  F2F2?BivFb2bb  i2FQ HvD `D2bi2HK i iQBKBp�i T�BibB QH2K�bb�QH2pB2M F vi Mi2B/2M i2?Qb@
i�DBM� Kvƺb mmbB2M F vi Mi2B/2M K�?/QHHBbi�DBM�X 1bBK2`FBFbB H  F2�BM2v?/Bbi2HKB2M b2m@
HQMi�i2?i pBBM F2?Bi2ivHH  ǳ`Q#QiiBimiFBD�Ǵ 1p2HH  Tv`Bi  M KmmM Km�bb� K�/�Hi�K��M
H  F2imiFBKmFb2bi� FQBimpB� FmHmD�X h K  H�#Q`�iQ`BQ�miQK��iBQD `D2bi2HK  F vii   i2@
FQ Hv  QTTB�Fb22M �B2KKBbi� QMMBbimM2Bbi� H  F2Hƺv/ƺFbBbi X J�?/QHHBbi2M 2`BH�Bbi2M v?@
/Bbi2HKB2M K  `  QM p�Hi�p�- DQi2M 1p2 p�HBib22 i�`F�bi2Hi�p�FbB b2HH�BbB� v?/Bbi2Bi - DQBHH�
QM FQ`F2� iQ/2MM FƺBbvvb �FiBpQBim� b2HpBivFb2M FQ?i22M� QH2p��M b�B`�mi22MX 1p2M ?vƺ@
/vMi K   HvF b K2M2i2HK   �mii�� bBi  b2mHQK��M p�B?iQ2?/QBbi� bQHmBHH2 Kv`FvHHBb2i v?@
/Bbi22i D� p�HBib2K��M D�iFQi�`F�bi2HmmM M2- DQiF� 2bi p i T�`�bBBiiBT`Qi2BBMB2M iQBKBMM�MX
J2M2i2HK  p ?2Mi   K2`FBii p biB H  FF2B/2M b2mHQMi��M FmHmp�� �BF��- ivƺM Fmbi�MMmF@
bB� D� 2T p�`Kmmii�X UqBHHB�Kb vKX kyR8XV
Jvƺb �iQKrBb2 Tv`BB i2?Qbi�K��M mmbB2M H  F2�BM2B/2M 2ibBKBbT`Qb2bbB�X aQp2HHmb F vii  
p�Hi�p�� KQH2FvvHB`�F2MM2iB2iQF�Mi��- DQMF� �pmHH� b2 Tv`FBB b2HpBii K  M- KBiF  KQH2@
FvvHBi p�bi��p�i iB2iivvM i�`T22b22MX omQMM� kyR8 bQp2HHmFb2M �pmHH� Hƺv/2iiBBM H  F2�BM2@
F�M/B/��iiB- DQHH� b��i2ii�BbBBM Tvbiv  2bi K  M 2#QH�M i�`iimKBM2M b�B`�bi�D�bi� iQBbBBM
B?KBbBBMX 1`BivBb2M ?mQKBQM�`pQBbi� QHB b2- 2ii  bQp2HHmFb2M 2?/Qii�K�HH2 v?/Bbi22HH2 2B QH@
Hmi �BF�Bb2KKBM Fmp�iim pB`mFb2M p�bi�Bbi� p�BFmimbi�- DQi2M FQF2BHmM T2`mbi22HH� bQp2HHmb
iQ/2HH� Tvbivv imMMBbi�K��M mmbB� D� vHH ii pB FBM K�?/QHHBbB� H  F2v?/Bbi2Bi  i�B QH2K�b@
b�QH2pB2M H  FF2B/2M F viiƺFQ?i2Bi�X hQBM2M i `F2  b2BFF� QHB T`Qb2bbBM MQT2mb, �iQKrBb2
imQiiB 2?/QimFb2Mb� v?/2bb  T Bp bb - FmM p�bi��p� T`Qb2bbB pB2 B?KBbimiFBDQBHi� FmmF�mbB�
2HH2B DQT� pmQbB� U�iQKrBb2 kyR8VX
1`BH�BbB� H  FF2Bi  i vivv F2?Bii   T�BibB 2`BH�BbBBM b�B`�mFbBBM- Kvƺb v?i22M D� b�K��M
b�B`�mi22M 2`BH�BbB� TQiBH�Bi� p�`i2MX G  F2 DQF� bQTBB v?/2HH2 B?KBb2HH2 2B p Hii K ii  bQ@
p2HHm iQBb2M ?2MFBHƺM F viiƺƺMX hm`#BM2@bQp2HHmFb2M �pmHH� pQB/��M bmQ`Bii�� bBKmH��iBQBi�-
DQBHH� QM T�BF�MM2ii�pBbb� iB2ivM ?2MFBHƺM F2?Qbb� iQ/2MM FƺBb2biB T�`?�Bi2M iQBKBp�i H  F@
F22iX aQp2HHmb T2`mbimm bQHmM iQBKBMM�M K�HHBMi�KBb2HH2- 2BF  bBBb QH2K�bb�QH2p�HH2 H  F@
F2BbBBM D� ?QBiQp�bi22b22M HBBiivp HH2 iB2/QHH2X hmHQFb2M� pQB/��M b��/� 2bBK2`FBFbB 2MMmbi2
?2`FFvvb@ i�B `2bBbi�MbbB#BQK�`FF2`2B/2M BHK2M2KBb2bi - 2?/QimFbB� mmbBbi� H  F2�BM2FQFQ@
M�BbmmFbBbi�- �MMQFb2bi� `BBTTmp�M bvM2`;B�M 2MMmbi2 FQHK2HH2 i�B mb2�KK�HH2 H  FF22HH2
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b2F  K�HHBMMmb HBb �BM2BbBBM HBBiivp bi  Kv`FvHHBbvv/2bi X hQBbi�Bb2FbB hm`#BM2M F2?BivFb2b@
b  T  T�BMQ QM QHHmi bvƺT ?QB/QBbb�X
G  FBMi  2B �BM� i�`FQBi� TBHH2`2B/2M bvƺKBbi  i�B `mBbF22M �Mi�KBbi�X JBF`Q#BQKBi i�`@
FQBii�p�i B?KBb2M B?Q� D� `mmKBBMQMi2HQB/2M HBK�F�HpQD� �bmii�pB� KQMBKmQiQBbB� KBF@
`Q#BbiQD�X 1KK2 imHBbB iQBK22M BHK�M M Bi  KBF`Q#2D� D� M B?BM HBBiivpB2M TQBFF2�KB2M
QM ?�p�Biim HBBiivp M mb2BbBBM 2`BH�BbBBM b�B`�mFbBBMX q?QH2 "BQK2 QM v`Bivb- DQMF� F vi@
i K M imiFBKmb�Hmbi�M �pmHH� Tv`Bi  M F2?Bii K  M KBF`Q#BQKB@BMi2`p2MiBQBi� D� i�`DQ�@
K��M M B?BM T2`mbimpB� DmHFBbB� i2`p2vbiQBK2MTBi2Bi X h K  bvbi22KB F vii  FBM mb2Bi�
2`B F2BMQD� T�`�Mi��Fb22M KBF`Q#B2M iQBKBMi�� 2HBKBbiƺbb X G�#Q`�iQ`BQ�M�HvvbBi v?/Bb@
i2iivM  H�bF2MM�HHBb22M �M�HvvbBBM KmQ/Qbi�p�i Fmp�M vFbBHƺM KBF`Q#BQHQ;B�bi�X aQp2HHmb
F vii   FQM2QTTBKBb�H;Q`BiK2D� p 2biƺM #BQF2KB�HHBbi2M D� �BM22Mp�B?/mMi�i2B/2M H��D2K@
TB2M i`2M/B2M imMMBbi�KBb2FbBX L B/2M iB2iQD2M D� ivƺF�HmD2M �pmHH� q?QH2 "BQK2 Tv`FBB
imMMBbi�K��M `2H2p�Mii2D� KBF`Q#BQK�`FF2`2Bi� D� KmQiQBH2K��M mm/2MH�BbB� ?QBiQiQBK2M@
TBi2Bi - 2bBK2`FBFbB MbX H  F2iB2i22HHBbB  `mQFB�X
G  F2F2?BivFb2M mmbBBM M FƺFmHKBBM HBBiivv Kvƺb ;2M22iiBb2M H  F2iB2i22M �H�- DQ?QM
HBBiivp   i2FQ HvbQp2HHmbi� 2/mbi�� .22T :2MQKB+bBM i2FQ HvT2`mbi�BM2M �Hmbi�X .22T
:2MQKB+b F2bFBiivv F2?Bii K  M T`2FHBBMBb2M i�bQM ;2M22iiBbB  H  FF2Bi - `�D�mim2M
QHB;QMmFH2QiB/B@H  F2p�HKBbi2BbBBMX �Hmbi�Mb� �pmHH� 2ibBi  M H  F2�BM2F�M/B/��iiB�- DQF�
p�bi�� �b2i2iimD� QKBM�BbmmFbB�X >�2iimD2M H  FF2B/2M i2?Q T2`mbimm i�m/BM ;2M22iiBbBBM
i2FBDƺB?BM p�BFmii�KBb22M .L�,M i�B _L�,M i�bQHH�X PHB;QMmFH2QiB/B?QBiQD2M bmmMMBii2Hm
i�T�?imm FvKK2MB2M KBHD�`/B2M v?/Bbi2HK K�?/QHHBbmmFbB2M KmQ/Qbi�K�bb� iBH�bb�-
DQi2M i2FQ Hv�Hmbi�� i�`pBi��M i K M iBH�M i2?QFF��M imiFBKBb2M K�?/QHHBbi�D�FbBX

NXe G�FBT�Hp2Hmi

h2FQ Hv HBBiivv D� p�BFmii�� H�FB�H��M KQMBM i�pQBMX uFbBivBb?2MFBHƺBM  QH2KK2 2bBK2`FBFbB
vHH ii p M iQiimM2Bi� i2F2K  M bBiQpB� bQTBKmFbB� iBH�Mi2Bbb�- DQBbb� iQBb2M� bQTBKmbQb�@
TmQH2M� QM F vi MMƺbb  iB2iQFQM2X L BM QM 2bBK2`FBFbB p2`FFQF�mTT�@ D� p2`FFQK�FbmiB@
H�Mi2Bbb�X h2FQ HvbQp2HHmFbB� F2?Bi2i  M MBBM bmm`2M vH2BbƺM FmBM �H�M �KK�iiBH�Bbi2MFBM
F viiƺƺMX GBb FbB i2FQ HvF2?BivFb2M i�`T22i FQ?/Bbimp�i iQBbBM��M Kvƺb H�BM Bib2Mb  BHK�B@
b2KBb22MX
G�FBT�Hp2HmB?BM HBBiivv T2`BMi2Bb2biB `mMb��biB HQK�FF2B/2M i vii KBb22M T2`mbimp�� ivƺ@
i - DQi� pQBi�BbBBM i2?Qbi�� HQK�FF2Bi� KmQFF��p�HH� �miQK��iBQHH� UDQHHQBM HQK�FF2Bbi�
pQBi�BbBBM 2bBK2`FBFbB D ii   FQFQM��M TQBb i�`T22iiQK�i- FmHHQBb22MFBM i�T�mFb22M bQp2H@
imK�iiQK�i FvbvKvFb2iVX �K2`BFF�H�BM2M i2FMQHQ;B�v`Bivb G2;�HwQQK �mii�� T2`?2Bi  D�
TB2MB  v`BivFbB  H�FB�bBQBbb�- 2bBK2`FBFbB i2bi�K2MiBM H��iBKBb2bb� i�B i2FBD MQBF2mb�bBQBbb�X
u`Bivb ?vƺ/vMi   iB2iQi2FMBBFF��- DQMF� �pmHH� b2 Tvbivv i�`DQ�K��M 2/mHHBbB�- �bB�FF��M
i�`T2B/2M KmF�Bb2biB KmQiQBHimD� /QFmK2Mii2D�X S�Hp2Hmi i�`DQi��M bmQ`��M BMi2`M2iBM
p HBivFb2HH X h HH�Bbi2M K�?/QHHBbmmFbB2M F viiƺƺMQiiQ 2B FmBi2MF��M QH2 KmiF�iQMi�X 1bB@
K2`FBFbB 2/2HH  K�BMBiim G2;�HwQQK QM b��Mmi mb2Bi� bvvii2Bi  H�BiiQK�bi� H�BM ?�`DQBii�@
KBb2bi� UmM�mi?Q`Bx2/ T`�+iB+2 Q7 H�rVX UE�TH�M kyReV
Emi2M ivƺ2H K M KmmiQFbBbi� Tm?mii�2bb� imHB 2bBBM- imMiBT2`mbi�Bb2biB ivƺbi  M H�bFmii�@
pB2M H�FB�H�M �KK�iiBH�Bb2i 2Bp i �BM� 2MbBbBD�Bb2biB BMMQbim bBBi  mmiBb2bi�- DQMF� KmF��M
mm/2i i2FQ HvivƺF�Hmi i2?Qbi�p�i K2`FBii p biB M B/2M �bB�MimMiBD�@�KK�iiBH�Bbi2M �D�M@
F viiƺ X Cm`BbiB2M ivƺ?ƺM HBBiivpB2M TBiFB2M D� vFbBivBbFQ?i�Bbi2M bQTBKmbi2M HmF2KBb2M-
i�`FBbi�KBb2M D� �M�HvbQBMMBM Q/Qi2i��M ?QBimp�i i2FQ HvM �pmHH� ?mQK�ii�p�biB �BF�B@
b2KT�� MQT2�KKBM- i�`F2KKBM D� i2?QFF��KKBMX h2FQ HvTQ?D�Bb2i ivƺF�Hmi Tvbivp i
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FmBi2MFBM ?2HTQii�K��M H�FBKB2bi2M m`�FF�� K2`FBii p biB 2`BivBb2biB b2HH�BbBbb� i�T�mF@
bBbb�- DQiF� MvFv�BF�Bb2M �BM2BbiQK  `B2M 2/2bb  pQBbBp�i KmmiQBM Kmmiim� DQT� i vbBM
K�?/QiiQKBFbB bmQ`Bii��X GmQMMQHHBb2biB Kvƺb F�BFFB �H�i- DQB/2M F2bFBƺbb  Qp�i 2`BH�Bb2i
H�bF2HK�i D� MmK2`QB/2M �M�HvbQBMiB- 2bBK2`FBFbB iBHBMi�`F�bimb D� FB`D�MTBiQ- ?vƺivp i Q?@
D2HKBbiQ`Q#QiiB2M i2F2K bi  ivƺbi X 1bBK2`FBFbB _Paa QM H�FB�H��M HBBiivpB  iB2/QM?�FmD�
p�`i2M F2?Bi2iiv i2FQ HvT2`mbi�BM2M imiFBKmbp HBM2- DQF� QM i�`FQBi2iim H�FB�H�M �KK�i@
iBH�Bbi2M F vi2ii p FbBX
1H2+i`QMB+ /Bb+Qp2`v UKvƺb 2@/Bb+Qp2`v i�B 2/Bb+Qp2`vV QM �Hm2- DQHH� i2FQ Hv pQB �mii�� H�FB@
KB2bi2M D� @�pmbi�DB2M ivƺi  K2`FBii p biBX PBF2m/2MF vMMBM �BF�M� i�T�mFb2M KQH2KKBH@
H� Qb�TmQHBHH� QM T  bv iQBbi2Mb� `2H2p�MiiB2M /QFmK2MiiB2M i�`F�bi2HmmM �bB��MFmmHmpB2M
iQ/Bbi2B/2M Hƺvi KBb2FbBX hmiFBii�p�M �BM2BbiQM H��Dmmb pQB FmBi2MFBM QHH� p�Hi�p�- DQBbb�BM
i�T�mFbBbb� DQT� KBHDQQMB� bBpmD�X GBb FbB 2H2Fi`QMBM2M �BM2BbiQ bBb Hi   Kvƺb K2i�/�i��-
KBF  pQB bBb Hi   i�`F�bi2HmM F�MM�Hi� K2`FBii p   iB2iQ�X h HH�BbBbb� i�T�mFbBbb� FQFQ �B@
M2BbiQM ?mQH2HHBM2M H TBF vKBM2M F viƺbb  QH2p�M �D�M D� ivƺpQBK�M TmBii2Bbb� pQB QHH� i v@
bBM K�?/QiQMi�X h ? M ?��bi22b22M QM Tv`Biiv p�bi��K��M T`2/B+iBp2 +Q/BM;@i2FMBBF�HH�-
DQbb� Q?D2HKBbiQ Tv`Bi  M QT2ii�K��M- DQii� b2 FvF2MBbB Bib2M Bb2biB TQBKBK��M H��D�bi�
�BM2BbiQbi� H ?2KK M i�`F�bi2HmM F�MM�Hi� `2H2p�MiBi /QFmK2MiBiX UE�TH�M kyReV
h2FQ Hv  bQp2HH2i��M Kvƺb- DQii� pQBi�BbBBM KmQ/Qbi�� 2MMmbi2Bi� F bBHH QH2p�M H�FBDmimM
HQTTmimHQFb2bi�X h HH�Bbi� Q?D2HKBbiQM i�`DQ�K�� 2MMmbi2ii� �bB�M�D�D� pQB ?vƺ/vMi   i�@
T�mFb2Mb� p�HKBbi2H2KBb2bb� D� �bB�FF��Mb� M2mpQKBb2bb�X
G�FBBM Bib22Mb  F2bFBiivp   i2FQ HvM bQp2HHmb�Hm2ii� Fmibmi��M MBK2HH  +QKTmi�iBQM�H H�rX
h HH  ?2iF2HH  H�FB� D� mmbB� H�FB2?/QimFbB� BHK�Bbi��M HmQMMQHHBb2M FB2H2M �pmHH�- Kmi@
i� Dmm`B i2FQ HvF2?Bivb QM bvMMvii Mvi iBH�Mi2Bi�- DQBbb� H�FB� TBi BbB Tvbiv  BHK�Bb2K��M
K�i2K��iiBb2M KmQ/QM F�mii�X 6Q`K��HBKK�M FB2H2M F viiƺ pQBbB Kvƺb p ?2Mi   KQMB@
imHFBMi�BbmmbQM;2HKB�- �mii�� i�`FBbi�K��M H�BM F�ii�pmmii� D� DQ?/QMKmF�Bbmmii� b2F 
�p�i� K�?/QHHBbmmFbB� �miQK��iiBbi2M bvbi22KB2M F viiƺƺMQii�KBb2FbB H�FB�bBQB/2M imHFBM@
M�bb� D� H�BM bQp2Hi�KBb2bb�X h HH  ?2iF2HH  i�`DQHH� QM 2bBK2`FBFbB bQp2HHmFbB�- DQB?BM QM
Tv`Biiv KmQiQBH2K��M p2`QimFb22M HBBiivpB  H�F2D� D� DQBHH� F vii D  pQB i�`F�bi2HH� p�BFF�@
T� QK�Bbmmi2Mb� �`pQ�X Aib2M Bb2biB �D�pB� �miQD� F2?Bi2ii 2bb  i��b HBBF2MM2b  MMƺi imH22
Tvbiv  2bBii K  M H�bF2MM�HHBbi2M K�HHB2M TmBii2Bbb�X UE�TH�M kyReV

NXd h2FQ Hv FBBMi2Bbiƺ@ D� `�F2MMmb�H�HH�

_�F2MMmb@ D� FBBMi2Bbiƺ�H� QM T2`BMi2Bb2biB QHHmi ?B/�b KmmiimK��M D� Qii�K��M mmbBM@
i� i2FMQHQ;B�� F viiƺƺMb X lmbB2M i2FMQHQ;BQB/2M QK�FbmKBbi� M BHH  �HQBHH� QM v`Bi2iiv
?2HTQii�� 2bBK2`FBFbB i2F2K HH  T�Hp2Hm�HmbiQD� b2F  i�`DQ�K�HH� �H�M v`BivFbBHH2 /�i�� D�
F2`iQK�HH� b2M F viiƺK�?/QHHBbmmFbBbi�X
_�F2MMmbi2M KQMBiQ`QBMiB D� FmMMQMp�HpQMi� QM imHHmi v?  i `F2 KK FbB FQ`D�mb`�F2Mi�@
KBb2M Fmbi�MMmbi2M MQmbi2bb�X Embi�MMmbi2M MQmbmT�BM22i p��iBp�i �B2KT�� i2?QFF��K@
TB2M K2M2i2HKB2M F2?Bii KBbi  D� bQp2Hi�KBbi� `�F2MMmbi2M FmMMQbb�TBiQQMX _�F2MM2i2`@
p2vbi�`F�bi2Hmbb� F2bFBivi  M `�F2MMmbi2M `�F2Mi2BbBBM BHK��MimM2B/2M pBFQD2M imMMBbi�@
KBb22M D� HmQFBii2H2KBb22MX �TmM� pQB/��M F vii   iBH�Mi22b22M bQp2HimpB� b2MbQ`2Bi�X 1`B@
H�BbB� `�F2Mi2Bi�- Fmi2M bBHiQD�- T�iQD� D� immHBim`#BBM2Bi� QM i�`T22HHBbi� bmQD2HH� i2FBDƺBHi -
Fmi2M `�F2Mi2B/2M ?2BFF2M2KBb2Hi - HBB�HHBb2Hi� FmQ`KBimFb2Hi� D� H KTƺiBH�M KmmiQFbBHi�X
a2MbQ`2Bbi� F2` ivM /�i�M �M�HvbQBMiB D� i2FQ HvTQ?D�Bb2i `�iF�Bbmi- Fmi2M M2m`Qp2`FQi-
pQBp�i T�`�Mi�� KmmM Km�bb� 2/2HH  K�BMBiimD2M �bBQB/2M 2MM�FQBi�pmmii�- DQHHQBM K�?@
/QHHBbBBM QM;2HKBBM pQB/��M Tmmiim� �DQBbb�X 1MM�FQMMBM �pmHH� pQB/��M b  bi   FQ`D�mb@
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Fmbi�MMmFbBbb� D� T�`�Mi�� im`p�HHBbmmii�X
J��BHK�HH� `�F2MMmbi2M D� `�F2Mi2B/2M FmMMQbb�TB/Qbb� b2MbQ`Bi F2`  p i KQMBKmQiQBbi�
/�i�� imiFBii�p�bi� FQ?i22bi�X .�i� pQB p�B?/2HH� T2`BMi2BbBbi  QHQbm?/2KBii�mFbBbi�- Fm@
i2M H KTƺiBH�bi� D� FQbi2m/2bi�- TQ`i�B/2M p ` ?i2HvvM i�B i�HQM F�iQM HmKBFmQ`K�M �B@
?2mii�K��M T�BM22b22M D� T�BM22bi� DQ?imp�M F�iQM TBMM�M KmQ/QMKmmiQFb22MX h�HpBbBM
HmK2M F�b��MimKBM2M FBBMi2BbiƺD2M TB?�@�Hm2BHH2 pQB �B?2mii�� ?��bi2Bi� D� p��`�iBH�Mi2Bi�X
.�i�M F2`  KBM2M HmKBF2`ivKBbi  K�?/QHHBbi�� mm/2MH�Bbi2M  HvFF B/2M �m`�mbT�Hp2HmB@
/2M iQi2mii�KBb2MX _�F2MM2FmMMQbb�TB/Qbi� pmQbB2M KBii��M FB`DQBi2imBbi� �`iBFF2H2Bbi�
QM M ?i pBbb  i`2M/B- DQMF� T2`mbi22HH� H�M;�iiQK�i b2MbQ`Bi Qp�i vH2BbivK bb X JBF HB
KBi�ii�p�M /�i�M K  `  QM ?mQK�ii�p�- pQB QHH� D `F2pBMi  F vii   /�i�M F2`  KBb22M
MBBM FmibmiimD�  Hvb2MbQ`2Bi�X amm`2?FQM KmBbiBiBH�M D� H�bF2Mi�i2?QM �pmHH� M Bi  b2M@
bQ`2Bi� pQB/��M F vii   i2FQ Hv�H;Q`BiKB2M FQmHmii�KBb22MX h2FQ HvbQp2HHmFbBHH� pQB/��M
2bBK2`FBFbB T`Qb2bbQB/� /�i�bB;M��HB DQ b2MbQ`Bi�bQHH� D� BHKQBii�� F vii D HH2 K�?/QHHBbBbi�
TQBFF2�KBbi�X
_�F2MMmb@ D� FBBMi2Bbiƺ�H�HH� QM F vi2iiv FQMpQHmmiBQ@ D� `2Fm`bBQM2m`Qp2`FFQD� Fmp�MimM@
MBbimFb2bb�X 1bBK2`FBFbB *?� D� vKX UkyRdV F viiBp i bvpB  FQMpQHmmiBQM2m`Qp2`FFQD� #2iQ@
MB?�HF2�KB2M imMMBbi�KBb22M FmpBbi�X a+?M�+F2M#m`; D� G2B72 UkyRdV TmQH2bi��M F viiBp i
MBBM FmibmiimD� T  iƺbpBB/�FFQD� ?Qi2HHB?mQM2B/2M bBb BHK�M T�`�K2i`B2M D� pB`?2iBH�Mi2B@
/2M 2MMmbi�KBb22M ?vƺ/vMi 2M HBb FbB F vii D T�H�mii2Bi�X E�M; D� vKX UkyRdV p2`i�BHBp�i
1GJ,M U2ti`2K2 H2�`MBM; K�+?BM2V 2MMmbi2Bi� bBHH�M KmQ/QMKmmiQFbBHH2 D� Fvb2Bb2M �H;Q@
`BiKBM FQmHmii�KBb2M ?2HTTQmii� KmB?BM i2?i p  M bQp2HimpBBM �H;Q`BiK2B?BM p2``�iimM�X
JmBi� i2FQ HvM bQp2HHmbFQ?i2Bi� FBBMi2Bbiƺ�H�HH� Qp�i QHH22i 2bBK2`FBFbB �bmMMQM KvvMiB?BM@
M�M �`pBQBKBM2M- 2M2`;B�MFmHmimFb2M 2MMmbi�KBM2M D� Q?D�mb b2F  bBb BHK�M ?QK2BiBƺB/2M
HmFmK  ` M F�bpmM H�bF2KBM2MX GBb FbB FBBMi2Bbiƺ@ D� `�F2MMmb�H�HH� QM TQ?/Biim- FmBMF�
i2FQ Hv  D� ;2M22iiBbB  �H;Q`BiK2D� pQBbB F vii   `�F2MMmbi2M bmmMMBii2Hmbb� �BM� bBb BH@
K�MFB2``Qbi� `2BiBiiBKB2M bBDQBii2HmmM D� F vii D FQF2KmFb22M �biBX
Embi�MMmbi2?QFFmm/2M D� BHK�biQMKmmiQFb2M i�FB� QM QH2i2ii�pBbb�- 2ii   HvFF B/2M i�@
HQD2M HmFmK  ` i imH2p�i pmQbB pmQ/2Hi� F�bp�K��MX �HvFF B/2M i�HQD2M vH2Bbiv2bb  /�i�@
K  ` i F�bp�p�i D� i2FQ HvM ?vƺ/vMi KBb2bi  imH22 M BM QHH2M 2MiBbi  i `F2 KT  - FmM
K�bb�/�i�bi� QM HQm?Bii�p� QH22HHBbi� BM7Q`K��iBQi�X hmH2p�Bbmm/2bb�  HvFF  i i�HQi F2?Bi@
ivp i 2MiBb2bi  M D� b��ii�p�i Kmmiim� i vbBM �miQK��iiBbBFbBX �Hvi�HQD2M �miQK��iiBbmmb
pQB i�`FQBii��- 2ii   Hvi�HQ Qb�� H KTƺiBH�M 2MMmbi�KBb2M HBb FbB Kmmii�� H KTƺiBH�b  @
iƺD  p�bi��K��M �bmFF��M iQBp2Bi� D� 2M2`;B�v?i2BbƺM `2bm`bb2D� Bib2M Bb2biB `2��HB�D�bb�X
GBb FbB QM K�?/QHHBbi�- 2ii   Hvi�HQi imH2p�i QTTBK��M- FmBMF� iBH�i��M 2bBK2`FBFbB ?mQHiQ
BHK�biQBMiBH�Bii22HH2 i�B MmQ?Qmb ?Q`KBHH2 2MM2M FmBM H�Bii2BbiQi K2M2p i `BFFBX �HvFF B/2M
i�HQD2M F2?BiivKBM2M p��iBB iB2iQi�B/QM D� i�?iQiBH�M HBb FbB bmm`B� iB2iQ�Hi�Bi� D� i2FQ Hv X
�HvFF B/2M `�F2MMmbi2M 2MM�FQBp�� FmMMQbb�TBiQ�- MBB/2M ?vƺivD  D� ?�BiiQD�- FmMMQbb�@
TB/QM Fmbi�MMmFbB� D� b  biƺD - FmMMQbb�TB/QM T`Qb2bbB� D� 2bBK2`FF2D  2MM�FQBp�M FmM@
MQbb�TB/QM `�iF�BbmBbi� QM imiFBiim EA_�@.B;B@?�MFF22bb� UpBBi2VX

NX3 h2FQ HvM KmBi� bQp2HHmFbB�

aBmFQb2M D� L2Bii��MK 2M FB`D�bb� UkyRNV QM 2bBi2Hiv i2FQ HvM iQBKBDQBi� D� F2?Bivbi`2M/2D 
2/2HH K�BMBiimD2M �HQD2M HBb FbB Kvƺb DmHFBb?�HHBMMQbb�- HBBF2iQBKBMM�bb� b2F  FmHiimm`Bbb�X
GBb FbB FB`D�bb� QM HmQim F�ib�mb i2FQ HvM imH2p�Bbmmi22MX

Rk8



NXN GQTmFbB

.B;Bi��HBbi2M bQp2HHmbi2M  HvFFvvb DmQMimm bBBb FQM22M �BbiBKmb@- T  ii2Hv@ i�B iQBKBKBb@
Fvpvbi X h HH�BbBHH� QKBM�BbmmFbBHH� p�`mbi2imi H�Bii22i pQBp�i iQBKB� KQM2MivvTTBbBbb 
vKT `BbiƺBbb  D� i2?i pBbb  D� MBBMT  M2 pQBp�i Kmmii�� B?KBbivƺMi2FBDƺB/2M �D�MF viiƺ -
ivƺMFmp�� D� Qb��KBbi�`T2Bi� ?vpBMFBM `�/BF��HBbiBX GBb FbB FQM2 QM p bvK iƺM- b2 FvF2M22
ivƺbF2Mi2H2K  M imMi2B/2M D� 2MM�FFQ�b2Mi2B/2M p�BFmii�K�ii� D� b2 pQB/��M `�F2Mi��
i�`T22M KmF��M KQMBM i�pQBM B?KBbF2?Q� ?��pQBiimK�iiQK�KK�FbBX LBBMT  i2FQ Hvi2F@
MQHQ;B� pQB i�`DQi� imF2Mb� 2bBK2`FBFbB F�bpQD2M- F bB�H�M D� Tm?22M imMMBbi�KBbi2?i pBBM-
H  F2iB2i22HHBb22M i�B T2/�;Q;Bb22M /B�;MQbQBMiBBM D� T`Q}HQBMiBBM- bi`�i2;Bb22M bmmMMBii2@
HmmM- Fmp�MF bBii2HvvM D� 2`BH�Bbi2M 7vvbBbi2M i�B pB`im��HBbi2M `Q#QiiB2M 2T HBM2��`Bb2M
Q?D�mFb2M i2?i pBBMX h2FQ Hv`Q#Qii2D� pQB/��M MBBMBF  M bBDQBii�� iQBKBK��M B?KBb2HH2
`BbFB�HiiBBbb� vKT `BbiƺBbb - Fmi2M p2/2M�H�BbBbb� i2?i pBbb - v/BMpQBK�HQB/2M Tm`FmiƺBbb 
i�B �p�`mm/2bi� F bBM bmQ`Bi2ii�pBbb� F�mFQF�`iQBimbKBii�mFbBbb�X EQM22i D� bQp2HHmFb2i
pQBp�i Qii�� i2?/ Fb22M KQM2i `miBBMB2M b�M2H2K�i ivƺi2?i p i D� D ii   B?KBbivƺMi2FB@
D HH2 2M2KK M �BF�� HmQpmmii� i�B B?KBbFQMi�FiB� 2/2HHvii pB2M iBH�Mi2B/2M ?QBi�KBb22MX
E�BFFB M K  QKBM�Bbmm/2i pQBp�i p�BFmii�� MBBM ivƺMi2FBDƺB/2M ?vpBMpQBMiBBM- ivƺM KB2H@
H2FFvvi22M FmBM ivƺM i�B T�Hp2HmB/2M H��immMFBMX
h2FQ HvF2?BivFb2M i�HQm/2HHBbB� pQBii�DB� Qp�i i HH  ?2iF2HH  la� D� EBBM�- bBHH  K��BHK�M
DQ?i�pBbi� Ah@v`BivFbBbi  3yW Hƺvivv la�,bi� D� kyW E�mFQ@A/ bi X h K M bm?/2HmpmM
Q/Qi2i��M FmBi2MFBM QH2p�M KmmiimK�bb�X hQBbi�Bb2FbB la�,M p�HiiB QM b2M p�?p� Q?D2H@
KBbiQi2FMBBF�M Qb��KBM2M- FmM i��b E�mFQ@Ai  ?�HHBib22 imQi�MiQ�X CQ?i�p�i �K2`BFF�@
H�Bbv`BivFb2i Qp�i bBDQBii�M22i imHQD��M mmi22M F2?Bivbivƺ?ƺM D� T�MQbi�M22M T�HDQM Kvƺb
F2?BivbK�Bi� imF2pBBM ?�MFF2BbBBMX E�mFQ@A/ bb  QM b2MbBD��M T�MQbi2iim mmbBBM i2FMQHQ@
;BQB?BM D� imQi�MiQ?BMiQD2M KBMBKQBKBb22M H�Bii2B/2M ?BMM�M K�/�Hi�KBb2FbBX
h ? M �biB la� QM ?vƺivMvi iBH�Mi22bi�- DQbb� Dmm`B �K2`BFF�H�Bb2i vHBQTBbiQi Qp�i QMMBb@
imM22i ?QmFmii2H2K��M K��BHK�M H�?D�FF�BKK�i QTBbF2HBD�i D� imiFBD�i Bib2HH22MX uFbB bvv
i ? M 2imHvƺMiB�b2K��M QM QHHmi 2M;H�MMBM FB2H2M vHBp2`i�BM2M K2`FBivb iB2/2K��BHK�bb�X
LBBMT  la�,M p�Hi2BFbB pQB/��M MBK2i  FQ`F2� i2FMQHQ;B�Qb��KBM2M- HBBF2iQBKBMi�Qb��@
KBM2M D� 2M;H�MMBM FB2HBX EBBM�M K2M2bivFb2bb  F2bF2BM2M �p�BMi2FBD  KmQ/Qbimm K��M
bmm`Bbi� bBb BbBbi  K�`FFBMQBbi�X JQM2i mm/2i i2FMQHQ;B�i b��p�i p�MF�M �HFmbvb vFb2M DQ
QKBHi� K�`FFBMQBHi�X la�,bb� b2M bBD��M i ?/ i M bmQ`��M ;HQ#��H2BHH2 K�`FFBMQBHH2X
h2FQ HvTQ?D�Bb2i imQii22i D� T�Hp2Hmi Qp�i ;HQ#��H2D� D� MBB/2M F2?BivFb2bi  pQB ?vƺiv 
FQFQ K��BHK�X C `D2bi2HKB2M QT2ii�KBb2M D� iQBKBpmm/2M F�MM�Hi� MBK2MQK��M bmm`i2M
/�iQD2M b��i�pmmb QM �p�BM�bB�- DQi2M �HB#�#�M- �K�xQMBM- 6mDBibmM- :QQ;H2M- A"J,M D�
JB+`QbQ7iBM F�Hi�BbBHH� BbQBHH� iQBKBDQBHH� QM i2FQ HvF2Mi HH  b2Hp  FBHT�BHm2imX
E vi MMƺbb  i2FQ HvTQ?D�Bb2i T�Hp2Hm`Q#QiBi iQBKBp�i ;HQ#��HBbiB vKT `BpmQ`QF�miBb2biB
pBBFQM DQF�Bb2M� T Bp M  D� vFbBii Bb22M T�Hp2Hmi�T�?imK��M pQB Qb�HHBbim� iQBKBDQBi�
mb2�bi� 2`B K��bi�X S�Hp2HmB/2M F viiƺ pQB QHH� BHK�Bbi�- Kmii� T�Hp2Hmi�T�?imK� b��ii��
bBb Hi   K�BMQFbB� b2F  T�Hp2HmM F vii D bi  i2?i p M iB2/QMF2`mmMX AMi2`M2iBM D� ?�HTQ@
D2M T  i2H�Bii2B/2M Kvƺi  i2FQ HvFQM2BbiQi pQBp�i T�Hp2HH� BHK�Bb2FbB- i�B �BM�FBM K2HF2BM
BHK�Bb2FbB- F�BFFB� F�Mb�H�BbB� vKT `B K��BHK�MX h HH�BM2M F2?Bivb 2/2HHvii   FmBi2MFBM
F�Mb�BMp HBbi  v?i2Bbivƺi  D� p�HKBmii� bQT2mim� KmmiQFbBBMX
EBBM�M- C�T�MBM D� la�,M DQ?iQ�b2K� i2FQ HvF2?BivFb2bb  TBB`ivv 2bBBM MBK2MQK��M i�@
HQm/2HHBb2bi� T2`bT2FiBBpBbi X hQBbBHH� KBii�`2BHH� i�`F�bi2HH2bb� 2bBBM pQB MQmbi� KmBi�FBM
K2M2bivD K�Bi�X 1bBK2`FBFbB @ Fmi2M amQK2M p�HiBQM2mpQbiQM �B?2ii� F bBii2H2p M p HB`�@
TQ`iBM DmHF�BbmbBpmHi� F v BHKB @ i2FQ HvvM HBBiivp M imiFBKmFb2M i�bQ� ?mBTTmimiFBKmFb2M

Rke



i�bQHH� p2`i�BHi�2bb� bBDQBiimm amQKB �bmF�bK  `  Mb  bm?i2mii�2M �K2`BF�M- EBBM�M D�
a�Fb�M 2/2HH2 Uo�HiBQM2mpQbiQM pB2biBMi Qb�biQ kyR3VX
1iH�iB2iQ Pv,M iQi2mii�K�bb� pmQbBii�Bb2bb� .B;B#�`QK2i`B@imiFBKmFb2bb�- DQbb� i�`F�b@
i2HH��M /B;Bi��HBbmm/2M 2i2M2KBbi  kk K��bb�- amQK2M QM pmQMM� kyR3 �`pBQBim bBDQBiim@
p�M /B;Bi�HBb��iBQF2?ivFb2bb  FQHK�MM2HH2 bBD�HH2- LQ`D�M D� u?/vbp�HiQD2M D HF22MX amQ@
K�H�BM2M v?i2BbFmMi� QMFBM Qii�Mmi KQMBTmQHBb2biB F viiƺƺM /B;Bi�HBb��iBQM D� i2FQ HvM
KmF�M��M imQK�i K�?/QHHBbmm/2iX E�?/2M pBBK2BbBKK M #�`QK2i`BimiFBKmFb2M p�HQbb�
amQK2M F2bF2BbBKK i F2?Bivb�Hm22i HBBiivp i 2MM2M F�BFF2� Qb��D�TmH��M D� bBi2M FQmHm@
imbi�`T22b22M b2F  /B;Bi�HBbmm/2M p�BFmii�pmm/2M- bBBb HQTmHi� F i22M D  pB2M F vi MMƺM
?vƺivD2M- K�FbBKQBKBb22MX

G ?i22i
RX �;mBH�`- :X aX kyRdX h�FBM; �/p�Mi�;2 Q7 i?2 TQbbB#BHBiB2b Qz2`2/ #v �`iB}+B�H AMi2H@

HB;2M+2 Bb 2bb2MiB�H 7Q` Tm#HB+ ?2�Hi? iQ biQT K�M�;BM; i?2 /Bb2�b2 �M/ KQp2 iQr�`/b
;2M2`�iBM; ?2�Hi? *mbiQK2` *�b2 aim/vX oBBi�iim RyX9XkyR3X

kX �A "B#HBQX kyRdX CmHF�Bbim yNXy8XkyRdX oBBi�iim jXNXkyR3X
jX �A "B#HBQX kyR3X oBBi�iim RNXyeXkyR3X
9X �HH2M- _X kyRdX R8 �TTHB+�iBQMb Q7 �`iB}+B�H AMi2HHB;2M+2 BM J�`F2iBM;X aK�`i AM@

bB;?ibX CmHF�Bbim kX8XkyRdX oBBi�iim jRX3XkyR3X
8X �iQKrBb2X kyR8X L2r 1#QH� h`2�iK2Mi lbBM; �`iB}+B�H AMi2HHB;2M+2X CmHF�Bbim k9XjX

kyR8X oBBi�iim jyX3XkyR3X
eX "�?`�KKB`x�22- �X kyRyX � +QKT�`�iBp2 bm`p2v Q7 �`iB}+B�H BMi2HHB;2M+2 �TTHB+�iBQMb

BM }M�M+2, �`iB}+B�H M2m`�H M2irQ`Fb- 2tT2`i bvbi2K �M/ ?v#`B/ BMi2HHB;2Mi bvbi2KbX
L2m`�H *QKTmiBM; �M/ �TTHB+�iBQMb RN U3V- RRe8@RRN8X

dX ""* L2rbX kyR3X *1a kyR3, GmF� QrH `Q#Qi `2�/b #2/iBK2 biQ`B2b iQ FB/bX CmHF�Bbim
RkXRXkyR3X oBBi�iim jyX3XkyR3X

3X "`Q;�M- *X kyRdX �`iB}+B�H AMi2HHB;2M+2 *`2�i2b j. >2�`ib iQ S`2/B+i S�iB2Mi am`pB@
p�HX AKT2`B�H *QHH2;2 GQM/QM- p2`FFQmmiBM2MX CmHF�Bbim ReXRXkyRdX oBBi�iim 9XNXkyR3X

NX "Q`i- CX kyReX >Qr A"J q�ibQM b�p2/ i?2 HB72 Q7 � rQK�M /vBM; 7`QK +�M+2`- 2t2+
b�vbX "mbBM2bb AMbB/2`X CmHF�Bbim dXRkXkyReX oBBi�iim jXNXkyR3X

RyX *�M#2F- LX :X D� JmiHm- JX 1X kyReX PM i?2 i`�+F Q7 �`iB}+B�H AMi2HHB;2M+2, G2�`MBM;
rBi? BMi2HHB;2Mi T2`bQM�H �bbBbi�MibX CQm`M�H Q7 >mK�M a+B2M+2b Rj URV- 8Nk@eyRX

RRX *?�- uX@CX- *?QB- qX D� "ɃvɃFƺxiɃ`F- PX kyRdX .22T G2�`MBM;@"�b2/ *`�+F .�@
K�;2 .2i2+iBQM lbBM; *QMpQHmiBQM�H L2m`�H L2irQ`FbX *QKTmi2`@�B/2/ *BpBH �M/
AM7`�bi`m+im`2 1M;BM22`BM;- jkU8V- jeR@jd3X

RkX *?BM�/�BHvX kyRkX _Q#Qi@i?2K2/ `2bi�m`�Mi �ii`�+ib #mbBM2bbX *?BM�/�BHvX+QK p2`F@
FQmmiBM2MX CmHF�Bbim k8XeXkyRkX oBBi�iim jRX3XkyR3X

RjX *QH+?2bi2`- EX- >�;`�b- >X- �H;?�xx�rB- .X D� �H/�##�;?- :X kyRdX � bm`p2v Q7
�`iB}+B�H BMi2HHB;2M+2 i2+?MB[m2b 2KTHQv2/ 7Q` �/�TiBp2 2/m+�iBQM�H bvbi2Kb rBi?BM 1@
H2�`MBM; TH�i7Q`KbX CQm`M�H Q7 �`iB}+B�H AMi2HHB;2M+2 �M/ aQ7i *QKTmiBM; _2b2�`+?
d URV- 9d@e9X

R9X *QMM2`@aKBi?X kyRdX q2�`�#H2 �A avbi2K *�M .2i2+i � *QMp2`b�iBQMǶb hQM2X JAh
L2rbX oBBi�iim RNXNXkyRd

R8X .QM�H/- CXaX kyy9X �`iB}+B�H AMi2HHB;2M+2, h?2 L2r �/p�M+2/ h2+?MQHQ;v BM >2�`BM;
�B/bX �m/BQMQHvQMHBM2 p2`FFQ�`iBFF2HBX CmHF�Bbim dXeXkyy9X oBBi�iim jRX3XkyR3X

ReX 6�Ll*X kyR3X 6A1G. avbi2KX AMi2HHB;2Mi 1/;2 GBMF � .`Bp2 avbi2K 1bBi2X
Pb?BMQ@Km`�- u�K�M�b?B, 6�Mm+ *Q`TQ`�iBQMX oBBi�iim jRX3XkyR3X ReX6�mp2H- aX D�
um- >X kyReX � am`p2v QM �`iB}+B�H AMi2HHB;2M+2 �M/ .�i� JBMBM; 7Q` JPP*bX
�`sBp,ReyRXye3ek
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RdX 6BM�MbbB�H�HH2 @QTBMiQK�i2`B��HBX h2FQ HvX S Bp  K iƺMX 6BM�MbbB�H�HH2X}@bBpmbiQX 6B@
M�MbbB�H� `vX oBBi�iim jXNXkyR3X

R3X 6Qbi2`- JX kyR3X �;BM; C�T�M, _Q#Qib K�v ?�p2 `QH2 BM 7mim`2 Q7 2H/2` +�`2X CmHF�Bbim
k3XjXkyR3X oBBi�iim 9XNXkyR3X

RNX 6mDBibmX kyReX 6mDBibmǶb >mK�M@*2Mi`B+ �A >2HTb 1M�#H2 6�bi2`- AKT`Qp2/ *HBMB+�H
.2+BbBQM@J�FBM;X oBBi�iim ydXy8XkyR3X

kyX 6m`M2bb- .X kyReX � +QHH2;2 T`Q72bbQ` mb2/ �M �A i2�+?BM; �bbBbi�Mi 7Q` KQMi?b- #mi
?Bb bim/2Mib /B/MǶi MQiB+2X .B;Bi�H h`2M/bX CmHF�Bbim RkX8XkyReX oBBi�iim jyX3XkyR3X

kRX :1X qBMMBM; BM i?2 1MpB`QMK2MiX :2@p2`FFQbBpmbiQM G2ii2` iQ a?�`2QrM2`b @QbBQX
S Bp  K iƺMX oBBi�iim jRX3XkyR3X

kkX :2Bbb#�m2`- _X- a+?`�m7- aX- "2`ii`�K- SX D� *?2`�;?B- 6X kyRdX .B;Bi�H 6�+iQ`B2b
kyky, a?�TBM; i?2 7mim`2 Q7 K�Mm7�+im`BM;X Sr*X oBBi�iim k3XeXkyR3X

kjX :m�`/B�MX kyRdX J22i S2TT2` i?2 _Q#Qi @ aQmi?2M/Ƕb M2r2bi bQ+B�H +�`2 `2+`mBiX
h?2 :m�`/B�MX oBBK2BbBM KmQFF�mb ReXRRXkyRdX oBBi�iim 9XNXkyR3X

k9X >QHx- aX kyRdX >Qr �A Bb +?�M;BM; bT2+B�H 2/m+�iBQMX L2Q "HQ;X CmHF�Bbim kkXeXkyRdX
oBBi�iim jyX3XkyR3X

k8X >QQT2b- >X kyR8X ǳ�miQ#BQ;`�T?B+�H K2KQ`vǴ H2ib `Q#Qib �+i �b FMQrH2/;2 ;Q@
#2ir22Mb 7Q` Aaa +`2rbX L2r �iH�bX CmHF�Bbim NXNXkyR3X oBBi�iim jyX3XkyR3X

keX > M2H- GX kyRdX � HBbi Q7 �`iB}+B�H BMi2HHB;2M+2 iQQHb vQm +�M mb2 iQ/�v\ @ 7Q` T2`bQM�H
mb2 URfjVX CmHF�Bbim RX8XkyRdX oBBi�iim jyXy3XkyR3X

kdX > M2H- GX kyRd � HBbi Q7 �`iB}+B�H BMi2HHB;2M+2 iQQHb vQm +�M mb2 iQ/�v\ @ 7Q` #mbBM2bb2b
UkfjVX CmHF�Bbim RRXdXkyRdX oBBi�iim jyXy3XkyR3X

k3X > M2H- GX kyRd � HBbi Q7 �`iB}+B�H BMi2HHB;2M+2 iQQHb vQm +�M mb2 iQ/�v\ @ 7Q` #mbBM2bb2b
UkfjV +QMiBMm2/X CmHF�Bbim dXNXkyRdX oBBi�iim jyXy3XkyR3X

kNX > M2H- GX kyRd � HBbi Q7 �`iB}+B�H BMi2HHB;2M+2 iQQHb vQm +�M mb2 iQ/�v\ @ 7Q` BM/mbi`v
bT2+B}+ UjfjVX CmHF�Bbim RkXNXkyRdX oBBi�iim RNXyeXkyR3X

jyX >ƺ;bi`ƺK- >X kyRdX u?i2Bbivƺbb  `Q#QiiB2M F�Mbb�X >2HBMbX}@bBpmbiQM �`iBFF2HBX >2H@
bBM;BM BMbBMƺƺ`Bi ?B `vX CmHF�Bbim k9XRRXkyRdX oBBi�iim jRX3XkyR3X

jRX CQ?MbiQM- *X kyR3X �K�xQM QT2Mb � bmT2`K�`F2i rBi? MQ +?2+FQmibX ""* L2rb
p2`FFQmmiBM2MX CmHF�Bbim kkXRXkyR3X oBBi�iim jRX3XkyR3X

jkX CmQTT2`B- >X kyR3X hQBpQ Tmm`i�� vFbBM b�B`��H�M F2HH�`BF vi p bb  @ pmQ`Qii� iƺB@
i  T�BbFBp� `Q#QiiB D� Kmmi F2FbBMMƺi p�T�mii�p�i �BF�� ?QBiQivƺ?ƺMX uH2lmiBb2i@
bBpmbiQX oBBK2BbBM T BpBivb NXjXkyR3X oBBi�iim jRX3XkyR3X

jjX C `p2MbBpm- �X- AHK�FmMM�b- aX D� Ev`FB- oX kyR3X h2FQ HvM F�bpm D� ivƺHHBbvvbp�B@
FmimFb2iX h2FQ Hv�D�M ivƺX h2FQ Hv�BF�X CmHF�Bbim kyXeXkyR3X oBBi�iim RyX3XkyR3X

j9X E�M;- 6X- GBm- CX- GB- CX D� GB- aX kyRdX *QM+`2i2 /�K /27Q`K�iBQM T`2/B+iBQM KQ/2H
7Q` ?2�Hi? KQMBiQ`BM; #�b2/ QM 2ti`2K2 H2�`MBM; K�+?BM2X ai`m+im`�H *QMi`QH >2�Hi?
JQMBiQ`BM;X CQ?M qBH2v � aQMb- Gi/X

j8X E�TH�M- CX kyReX �`iB}+B�H AMi2HHB;2M+2, q?�i 1p2`vQM2 L22/b iQ EMQrX L2r uQ`F,
Pt7Q`/ lMBp2`bBiv S`2bbX

jeX E�v- CX- _2BK�MM- SX- .B2#QH/- 1X D� EmKK2`72H/- "X kyRjX JPP*b, aQ J�Mv
G2�`M2`b- aQ Jm+? SQi2MiB�HĘ A111 AMi2HHB;2Mi bvbi2Kb k3 UjV- dy@ddX

jdX EB;2`- SX kyR3X �`iB}+B�H AMi2HHB;2M+2 *�M >2HT SB+F oQB+2b Pmi Q7 � *`Qr/X ��_SX
CmHF�Bbim jyX9XkyR3X oBBi�iim jyX3XkyR3X

j3X ElE�X kyRdX CQBMBM; bB/2 K2K#2`b #v ?mK�M@`Q#Qi@+QHH�#Q`�iBQMX EmF�X+QK@
p2`FFQbBpmbiQM mmiBM2MX CmHF�Bbim k3XeXkyRdX oBBi�iim jRX3XkyR3X

jNX GmFBJ�i@?�MF2X GmFBJ�i- LBBHQ J FB AMbiBimmiiB
9yX GvM+?- JX kyR3X d _QH2b 7Q` �`iB}+B�H AMi2HHB;2M+2 BM 1/m+�iBQMX h?2 h2+? 1/pQ+�i2X

CmHF�Bbim 8X8XkyR3X oBBi�iim jyX3XkyR3X
9RX J�+F- >X kyReX *Q;MBiBp2 h?2`�Tv ai�`imT EQFQ _�Bb2b 0kX8J- G�mM+?2b *?�i@
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#Qi rBi? EBF J2bb�;BM; a2`pB+2X JQ#B>2�Hi?L2rbX CmHF�Bbim NX3XkyReX oBBi�iim
kNX3XkyR3X

9kX J�+F- >X kyRdX qQ2#Qi G�#b .2#mib 6mHHv �A J2Mi�H >2�Hi? *?�i#Qi pB� 6�+2#QQF
J2bb2M;2`X JQ#B>2�Hi?L2rbX CmHF�Bbim eXeXkyRdX oBBi�iim kNX3XkyR3X

9jX J�MbBFF�- >X- hBFF�K FB- JX kyR3X _Q#QiiB QT2ii�� H�TbBHH2 2M;H�MiB� F `bBp HHBb2biB
D� p bvK ii , ǳ1B b2 �BM� iQii2H2- Kmii� 2B? M QT2ii�D�F��M iQii2H2 �BM�XǴ oBBK2BbBM
T BpBivb 3X8XkyR3X oBBi�iim jyX3XkyR3X

99X J+AMiv`2- EX kyReX lTb2i �#Qmi h`mKTǶb qBM\ h?Bb S2M;mBM *?�i#Qi >2HTb *QK@
#�i .2T`2bbBQMX h2+? BM �bB�X CmHF�Bbim RkXRRXkyReX oBBi�iim k8XNXkyRdX

98X JBHH2`- .X .X D� "`QrM- 1X qX kyRdX �`iB}+B�H AMi2HHB;2M+2 BM J2/B+�H S`�+iB+2, i?2
Zm2biBQM iQ i?2 �Mbr2`\ h?2 �K2`B+�M CQm`M�H Q7 J2/B+BM2 RjR UkV- RkN@RjjX

9eX Jm2HH2`- CX D� J�bb�`QM- GX kyR3X �`iB}+B�H AMi2HHB;2M+2 6Q` .mKKB2bX 6Q` .mKKB2b
U*QKTmi2`fh2+?V @b�`D�X L2r C2`b2v, CQ?M qBHH2v � aQMb AM+X

9dX L�F?H2?- JX EX- �K�H- >X- C2`B2b- _X- "`Qx�- uX uX- �#Qm/- JX- :?�``�- �X- Ę D�
:H�bb@J�`KQ`- GX kyReX .B�;MQbBb �M/ +H�bbB}+�iBQM Q7 Rd /Bb2�b2b 7`QK R9y9 bm#@
D2+ib pB� T�ii2`M �M�HvbBb Q7 2t?�H2/ KQH2+mH2bX �*a M�MQ- RRURV- RRk@Rk8X CmHF�Bbim
kRXRkXkyReX oBBi�iim 9XNXkyR3

93X L2Bii��MK FB- SX kyRdX :HQ#��HB /B;Bi��HBM2M FQmHmX CmHF�Bbim kRXkXkyRdX oBBi�iim
kNX3XkyR3X

9NX Pr2M@>BHH- �X kyRdX hQT e _Q#QiB+ �TTHB+�iBQMb BM 6QQ/ J�Mm7�+im`BM; _Q#QiB[X
CmHF�Bbim 3X3XkyRdX oBBi�iim jyX3XkyR3X

8yX S�DmM2M- AX- EQBpm`�Mi�- 1X kyR3X uH2 b2m`�bB- FmM hƺƺHƺM b�B`��H�bb� i2?iBBM TQBF@
F2mFb2HHBM2M �BpQH2BFF�mb @ _Q#QiiB �pmbiB FB`m`;B� S�`FBMbQM@TQiBH��M ?QB/Qbb�X uH2
lmiBb2iX CmHF�Bbim kdXjXkyR3X oBBi�iim jRX3XkyR3X

8RX S2bQM2M- >X kyR3X Sm?mp�i `Q#QiBi �HF�p�i �mii�� i�KT2`2H�BbH�TbB� FQmHmbb� @ ǳPM
D MMBii p  - FmBMF� H�Tb2i bm?i�mimp�iǴX ��KmH2?iBX CmHF�Bbim RjXjX kyR3X oBBi�iim
jyX3XkyR3X

8kX Sm`pBb- EX kyRdX J22i S2TT2` i?2 _Q#Qi @ aQmi?2M/Ƕb M2r2bi bQ+B�H +�`2 `2+`mBiX
h?2 :m�`/B�MX CmHF�Bbim eXRyXkyRdX oBBi�iim kNX3XkyR3X

8jX _�m?�H�- hX kyR3X 6BM�MbbB�H�M imH2p�Bbmmb QM imQHBH2BFFB  i2FQ HvM F�Mbb�X �KK�i@
iBHBBiiQ S`QM p2`FFQbBpmbiQ T`QHBBiiQX}- hvƺ D� i�HQmb @Qb�biQX CmHF�Bbim RRXRXkyR3X
oBBi�iim jXNXkyR3X

89X _QFF�- >X kyRdX _Q#QiiB M�F2`i�� p�HFQF�mHmbivƺH Bb2M imH2p�Bbmmii�X .L� v`BivF@
bBHH2 @bBpmbiQM #HQ;BFB`DQBimbX CmHF�Bbim RyX8XkyRdX oBBi�iim jRX3XkyR3X

88X _mbb2HH- aX CX D� LQ`pB;- SX kyReX �`iB}+B�H BMi2HHB;2M+2, � KQ/2`M �TT`Q�+?X J�H�vbB�,
S2�`bQM 1/m+�iBQM GBKBi2/X

8eX a�pB+F�b- JX GX kyRkX GB72 /2bB;M, � T�`�/B;K 7Q` +�`22` BMi2`p2MiBQM BM i?2 kRbi
+2Mim`vX CQm`M�H Q7 *QmMb2HBM; � .2p2HQTK2Mi- Ny URV- Rj@RNX

8dX a+?M�+F2M#m`;- 1X *X- D� G2B72- EX kyRdX J�bFBMBMH `MBM; B 7�biB;?2ib#`�Mb+?2M, S`2@
/BFiBQM �p 72H�MK HMBM;�` ; HH�M/2 BMQK?mbFHBK�i #�b2`�i T´ b2MbQ`/�i�X .B;Bi�H�
o2i2MbF�THB;� �`FBp2iX ar2/2M, lTTb�H� lMBp2`bBivX

83X aB2K2MbX h?2 6mim`2 Q7 J�Mm7�+im`BM;, hQKQ``QrǶb AM7Q`K�iBQM 6�+iQ`B2bX S Bp  @
K iƺMX aB2K2MbX+QK@p2`FFQbBpmbiQM vH2BbF�ib�mb@QbBQM �`iBFF2HBX oBBi�iim jRX3XkyR3X

8NX aBM�X kyRdX aBM� CmHF�Bbim ReXyNXkyRdX oBBi�iim jXNXkyR3X
eyX aBmFQM2M- hX D� L2Bii��MK FB- SX kyRNX JBi  imHBbB iB2i   i2FQ Hvbi X .Q+2M/Q
eRX aKBi?- *X kyRdX JAhǶb L2r �A lM/2`bi�M/b i?2 >�`/2bi S�`i Q7 >mK�M G�M;m�;2X

":_X CmHF�Bbim kXkXkyRdX oBBi�iim 9XNXkyR3
ekX avp MB2KB- �X D� _�mM�K�- CX kyR3X h2FQ Hv i2F22 p2`FFQF�mT�M K�`FFBMQBMMBb@

i� T�Hp2Hm�X S`Q}i@ bBpmbiQM #HQ;BFB`DQBimbX CmHF�Bbim kkXRRXkyRdX Pi�p�K2/B� PvX
oBBi�iim jRX3XkyR3X
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ejX h2FMBBFF� D� i�HQmbX kyRjX h2FMBBFF� D� i�HQmb h2FMBBFF� D� i�HQmbX CmHF�Bbim
keXRRXkyRjX oBBi�iim jyX3XkyR3X

e9X h1@T�Hp2HmiX kyR3X hvƺKBMBbi2`B C�`B GBM/bi`ƺK, h2FQ Hv pQB imH2p�Bbmm/2bb� MQT2mi@
i�� mm/2M ivƺM Hƺvi KBbi X h1@T�Hp2HmD2M p2`FFQbBpmiX CmHF�Bbim RRXeXkyR3X oBBi�iim
jyX3XkyR3X

e8X h1JX hvƺ@ D� 2HBMF2BMQKBMBbi2`BƺM i2FQ HvQ?D2HK�
eeX h1JX kyRNX h1J,M i2FQ HvQ?D2HK�M HQTTm`�TQ`iiB
edX h2`�b?BK�- hX kyReX C�T�M mb2 `Q#QiB+b iQ ?2HT 2�b2 #m`/2M BM ?2�Hi? +�`2X *:hL

�K2`B+�X CmHF�Bbim kNXydXkyReX oBBi�iim 9XNXkyR3X
e3X lmbBi2FMQHQ;B�X}X kyRdX _Q#QiBi imH2p�i b�B`��H��M @ i bb  F2?BivbM FvK iX lmbB@

i2FMQHQ;B�X} @bBpmbiQM �`iBFF2HBi D� `�TQ`iBi @QbBQX CmHF�Bbim jyX3XkyRdX oBBi�iim
jRX3XkyRdX

eNX o�HiBQM2mpQbiQM pB2biBMi Qb�biQX kyR3X a2HpBivb �p�� i2FQ HvM F bBii2Bbiƺ  D� F�`@
iQBii�� �H�M bmQK�H�BbQb��KBbi�X amQK2M o�HiBQM2mpQbiQM pB2biBMi Qb�biQM iB2/Qi2
jRkfkyR3- RNXeXkyR3X oBBi�iim NX3XkyR3X

dyX oBMQ#?� EXhX kyReX J�MBT�H >QbTBi�Hb .2THQvb *Q;MBiBp2 *QKTmiBM; SH�i7Q`K q�i@
bQM 7Q` PM+QHQ;vX h?2 hBK2b Q7 AM/B�X CmHF�Bbim kNXNXkyReX oBBi�iim 9XNXkyR3X

dRX q�HF2`- CX kyR3X J�+?BM2 G2�`MBM; BM J�Mm7�+im`BM; @ S`2b2Mi �M/ 6mim`2 lb2@
*�b2bX h2+?2K2`;2M+2X CmHF�Bbim kNX8XkyR3X oBBi�iim R8X3XkyR3X

dkX qBFBT2/B� +QMi`B#miQ`bX kyR3X �`iB}+B�H BMi2HHB;2M+2X qBFBT2/B�- h?2 6`22 1M+v+HQ@
T2/B�X oBBK2BbBM KmQFF�mb jyX3XkyR3X oBBi�iim jyX3X kyR3X

djX qBFBT2/B� +QMi`B#miQ`bX kyR3X q2�F �AX qBFBT2/B�- h?2 6`22 1M+v+HQT2/B�X oBBK2B@
bBM KmQFF�mb kdX3XkyR3X oBBi�iim jyX3X kyR3X

d9X qBHHB�Kb-EX- "BHbH�M/- 1X- aT�`F2b- �X- �m#`2v- qX- uQmM;- JX- aQH/�iQp�- GXLX-
:`�p2- EX .2- _�KQM- CX- *H�`2- JX /2- aB`�r�`�TQ`M- qX- PHBp2`- aX:X D� EBM;-
_X.X kyR8X *?2�T2` 7�bi2` /`m; /2p2HQTK2Mi p�HB/�i2/ #v i?2 `2TQbBiBQMBM; Q7 /`m;b
�;�BMbi M2;H2+i2/ i`QTB+�H /Bb2�b2bX CQm`M�H Q7 i?2 _Qv�H bQ+B2iv AMi2`7�+2 Rk URy9V-
kyR9Rk3NX

d8X qBM;}2H/- LX kyRdX �b �K�xQM Smb?2b 6Q`r�`/ qBi? _Q#Qib- qQ`F2`b 6BM/ L2r
_QH2bX h?2 L2r uQ`F hBK2b @p2`FFQH2?iBX CmHF�Bbim RyXNXkyRdX oBBi�iim jRX3XkyR3X

deX um- >X- JB�Q- *X- G2mM;- *X D� q?Bi2- hX CX kyRdX hQr�`/b �A@TQr2`2/ T2`bQM�HBx�@
iBQM BM JPP* H2�`MBM;X a+B2M+2 Q7 G2�`MBM; k URV- R8X

Ry h2FQ HvM T2`mbi22i D� bQp2HHmFb2i kyR3@kyRN
@Fm`bbBM b�iQ� U>2HB hmQKBM2MV

U>2HB hmQKBM2MV
h bb  Hmpmbb� i�`F�bi2HH��M Fm`bbBM h2FQ HvM T2`mbi2Bi� D� bQp2HHmFbB� UhA1SRyyyV kyR3@
kyRN HmFmmM 3 HBBiivp M- T`Q72bbQ`B S2FF� L2Bii��MK 2M TBi K M Hm2MMQM p�bi�mFbB�X
Gm2MMQM F�FbB 2MbBKK Bbi  FvbvKvbi  QHBp�i,

RX E2``Q- FmBMF� pQBbBi ?vƺ/vMi   i2FQ Hv  QTBbF2Hmbb�fivƺi2?i pBbb  D� Kvƺ?2KKBM
2H K bb X

kX E2``Q pBBbB KB2H2bi bB ?vƺ/vHHBbBMi fKB2H2MFBBMiQBbBMi� i2FQ HvbQp2HHvbi�X
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RyXR h2FQ Hv QTBbF2Hmbb�- ivƺ2H K bb  D� �`D2bb�X

1MbBKK Bb2M FvbvKvFb2M p�bi�mFbBbb� K�BMBiiBBM mb2Bi� i�TQD� F vii   i2FQ Hv  MBBM Mv@
Fv?2iF2bb  FmBM imH2p�Bbmm/2bb�FBMX h�mHmFQbb� QM HBbi�iim jRj p�bi�mFb2bb� jy 2MBi2M
K�BMBMiQD� b��Mmii� i�T��fbQp2HHmbi�X

h2FQ HvM F viiƺ�Hm2fbQp2HHmb FTH
iB2/QM?�Fm ?�FmFQM2BHH� U2bBKX :QQ;H2V Rkk
F  Mi D i- FQKKmMBFQBMiB- Tm?2 i2FbiBFbB- i2FbiB Tm?22FbB eN
imiFBKmb U2bBKX �`iBFF2H2B/2MfHm2MiQD2M iBBpBbi KBM2MV 9k
m`�Q?D�mb- `2F`viQBMiB U2bBKX JQb�B+V j3
bmm`i2M �BM2BbiQD2M F bBii2Hv jy
Bib2�D�p�i �miQi UH2MiQFQM2B/2M �miQTBHQiBi D� Kmmi Bib2�D�p�i �DQM2mpQiV jy
`QbF�TQbiBM bmQ/�imb k3
b�B`�mFbB2M /B�;MQQbBi kd
FQ?/2MM2iim K�BMQMi� kd
 HvFF  i QTTBK�i2`B��HBi ke
QT2imFb2M �`pBQBMiB- i2?i pB2M i�`F�bi�KBM2M- T�H�mi2 k8
 HvF b QTBMiQM2mpQD� UFm`bbB2M p�HBMi�- �BF�i�mHmimbV kk
i2`p2v/2MiBH�M KBii�mb D� 2MMmbimb kR
JPP*@p2`FFQFm`bbBi- i2FQ HvQT2ii�D�i- QTTBKBbvKT `Bbiƺi kR
 Hvi�HQi ky
?BMi�p2`i�BHmi U2bBKX JQKQM/QV ky
+?�i#QiBi ky
T BpBii BM2MfT`QD2FiB2M �BF�i�mHmimb Rd
pB`im��HB�pmbi�D�i U2bBKX aB`B- �H2t�- >QmM/V R8
Fmp�MimMMBbimb R8
F�`ii�bQp2HHmFb2i- `2BiiBbQp2HHmFb2i- `mm?F�iB2/Qi U2bBKX :QQ;H2 J�TbV R8
iB2iQim`p�HHBbmm/2M bQp2HHmFb2i- Fv#2`im`p�HHBbmmb R9
iB2/QM?�Fm iB2iQF�MMQBbi� i�B iBH�biQBbi� Rj
?QBiQ`Q#QiBi D� bQbB��HBb2i `Q#QiBi Rk
i2FQ Hv i2?i�Bbb� U`Q#QiBBFF�- p�`�biQBMiB- HQ;BbiBBFF�- H��/mMi�`FF�BHmV Rk
bBDQBimbM2mpQMi�- i�HQmb�pmbi�D�i- H�BM�M�MiQ- HmQiiQ�`pBQi RR
QTTBKBb�pmbi�D�- QTTBKBbi� imF2p�i bQp2HHmFb2i RR
Q?D2HKBbiQF2?Bivb RR
pB`im��HBM2M FmMiQf`�pBMiQp�HK2MMmb Ry
7vvbBb2M `�bBimFb2M �`pBQBMiB Ry

PTBbF2Hmbb� D� �`FB2H K bb  2MBi2M F vi2ivi i2FQ HvbQp2HHmFb2i Qp�i ?�FmFQM22i D� F  M@
i D iX lb2Bbb� p�bi�mFbBbb� K�BMBiimD�- iQBpQiimD� iQBKBpB� bQp2HHmFbB� QHBp�i �BF�i�mHm@
imb�pmbi�D� b2F  QTBMiQD2M Fm`bbB2M bmmMMBii2HmmM 2ii  KmB/2M K2MQD2M D `D2bi2HvvM- iB2@
i22HHBbi2M i2FbiB2M D� H ?/2K�i2`B��HB2M iBBpBbi KBb22M D� 2ibBMi  M F vi2ii p i ivƺF�Hmi
b2F  m`�Q?D�mFb2M �pmbi�D�i ivƺM?�mM ?2HTQii�KBb22MX _QbF�TQbiBM bmQ/�iiBK2i- FQ?/2M@
M2iim K�BMQMi�- +?�i#QiBi D� ?BMi�p2`i�BHmbQp2HHmFb2i Qp�i Qb� mb2BKTB2M �`F2�X h2`p2v@
/2M?mQHHQM �H�HH� imH2p�Bbmm/2bb� Q/Qi2i��M b�B`�mFbB2M /B�;MQbQBMiB� i2FQ HvM �pmHH� D�
i2FQ Hv�pmbi2BbB� FmMiQ@ D� `�pBMiQp�HK2Mi�DB�X PTBbF2HmM �Tm`2BFbB iQBpQi��M  HvFF Bi 
QTTBKBbvKT `BbiƺD X lb2Bi� K�BMBMiQD� b�Bp�i Kvƺb imQi�MiQQM D� #BbM2bK��BHK��M b2F 
2`B �KK�ii2B?BM HBBiivp i bQp2HHmFb2iX
a2m`��pBbb� i�mHmFQBbb� F2``Qi��M F viiƺ�Hm2Bii�BM 2MBi2M K�BMBMiQD� b��M22i bQp2HHmFb2if@
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F viiƺFQ?i22iX

hB2/QM ?�Fm D� F bBii2Hv- FQKKmMBFQBMiB Uu?iX k3k FTHV FTH
iB2/QM?�Fm ?�FmFQM2BHH� U2bBKX :QQ;H2V Rkk
F  Mi D i- FQKKmMBFQBMiB- Tm?2 i2FbiBFbB- i2FbiB Tm?22FbB eN
bmm`i2M �BM2BbiQD2M F bBii2Hv jy
`QbF�TQbiBM bmQ/�imb k3
+?�i#QiBi ky

�pmbi�D�i Uu?iX kRd FTHV FTH
m`�Q?D�mb- `2F`viQBMiB U2bBKX JQb�B+V j3
FQ?/2MM2iim K�BMQMi� kd
?BMi�p2`i�BHmi U2bBKX JQKQM/QV ky
 Hvi�HQi ky
T BpBii BM2MfT`QD2FiB2M �BF�i�mHmimb Rd

PTBbF2Hm Uu?iX R8N FTHV FTH
imiFBKmb U2bBKX �`iBFF2H2B/2MfHm2MiQD2M iBBpBbi KBM2MV 9k
 HvFF  i QTTBK�i2`B��HBi ke
QT2imFb2M �`pBQBMiB- i2?i pB2M i�`F�bi�KBM2M- T�H�mi2 k8
 HvF b QTBMiQM2mpQD�UFm`bbB2M p�HBMi�- �BF�i�mHmimbV kk
JPP*@p2`FFQFm`bbBi- i2FQ HvQT2ii�D�i- QTTBKBbvKT `Bbiƺi kR

h2`p2v/2M?QBiQ Uu?iX NN FTHV FTH
b�B`�mFbB2M /B�;MQQbBi kd
i2`p2v/2MiBH�M KBii�mb D� 2MMmbimb kR
?QBiQ`Q#QiBi D� bQbB��HBb2i `Q#QiBi Rk
7vvbBb2M `�bBimFb2M �`pBQBMiB Ry
pB`im��HBM2M FmMiQf`�pBMiQp�HK2MMmb Ry

u`BivbK��BHK� Uu?iX 3y FTHV FTH
iB2iQim`p�HHBbmm/2M bQp2HHmFb2i- Fv#2`im`p�HHBbmmb R9
i2FQ Hv i2?i�Bbb�U`Q#QiBBFF�- p�`�biQBMiB- HQ;BbiBBFF�- H��/mMi�`FF�BHmV Rk
Q?D2HKBbiQF2?Bivb RR
im`p�HHBbmmb�H�- UHBBF2MM2Vp�HpQMi�- TQHBBbBM i2?i p i- ? i F2bFmFb2i N
�bB�F�bT�Hp2Hm`Q#QiBBFF� 3

GBBF2MM2 Uu?iX 8k FTHV FTH
Bib2�D�p�i �miQi UH2MiQFQM2B/2M �miQTBHQiBi D� Kmmi Bib2�D�p�i �DQM2mpQiV jy
F�`ii�bQp2HHmFb2i- `2BiiBbQp2HHmFb2i- `mm?F�iB2/Qi U2bBKX :QQ;H2 K�TbV R8
`2FBbi2`BMimMMBbimb 2bBKX T�`FFB?�HH2Bbb� d
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�HH� QM F2` iivM  QbB� Kmmi�KBbi� p�bi�mFbBbi� 2MbBKK Bb22M FvbvKvFb22M �B?2�Hm2Bi@
i�BMX

h2FQ Hv- QTBbF2Hm D� QT2ii�KBM2M
PTBMiQD� bmmMMBi2HH2bb� i2FQ Hv pQBbB 2?/Qii�� Fm`bb2D� FBBMMQbi�pBbi� �B?2TBB`2Bbi  D� �mi@
i�� `�F2Mi�K��M D `F2p   QTBMiQFQFQM�Bbmmii�X EmM Fm`bbBi QM p�HBiim- MBBM i2FQ Hv pQBbB
2?/Qii�� ?vpBM �BF�i�mHmi2iimD� bmmMMBi2HKB� Fm`bbB2M iQi2mii�KBb2FbBX �BF�i�mHmbb� M2
Fm`bbBi- DQiF� TBi   bmQ`Bii�� iB2ivBbb  D�FbQBbb�- K2MBbB iB2ivbiB QKBHH2 T�BFQBHH22M- D� �B@
F�i�mHmiiQK�i Fm`bbBi i2FQ Hv pQBbB bBDQBii�� QTBMiQD2M b2F��M i�b�Bb2biBX h K M i�T�BM2M
bmmMMBii2Hmivƺ �mii�BbB p�`K�biB QTBbF2HBDQBi� HmQK��M T�`2KTB� QTBMiQbmmMMBi2HKB�- bBHH 
QTBbF2HmM �Hmbb� QM ?�MF�H� ?�?KQii�� M BM BbQ� FQFQM�Bbmmii�- i�B 2/2b Hƺvi   F�BFFB�
i�`DQHH� QH2pB� Fm`bb2D�X
h2FQ Hv pQBbB b2m`�i� p�`bBM�Bbi� QTTBKBbi�X h2Q`22iiBb2KKBbb� �B?2Bbb� pQBbB QHH� TB2MB 
p HBi2Mii2D - DQB/2M T2`mbi22HH� i2FQ Hv iB2i BbB KBi  �mFFQD� QTBbF2HBD�M iB2i KvFb2bb  QMX
L BM i2FQ Hv TvbivBbB i�`DQ�K��M QTBbF2HBD�HH2 ?2MFBHƺFQ?i�Bb2biB QTTBK�i2`B��HB� iB2i KvF@
b2M T�BFF��KBb22MX
h2FQ Hv pQBbB �M�HvbQB/� QTBbF2HBD�M i2?i pB  D� ?�`DQBimbiƺBi  F2bF2M Fm`bbBM D� �Mi��
MBBbi  T�H�mi2ii�X L BM QTBbF2HBD� iB2i BbB KBbb  K2MM  M QBF2��M bmmMi��M D� KBiF  FQ?/�i
F�BT��p�i pB2H  T2i`�mbi�X
lbFQM D� iQBpQM- 2ii  �`pBQBMMBbb� i2FQ Hv �mii�BbB QT2ii�D�M ivƺi  imH2p�Bbmm/2bb�X Gm2M@
MQBbb� D� K�i2`B��HBbb� K�BMBiiBBM KmmM Km�bb�  HvFF  i QT2imbK�i2`B��HBi- DQiF� Kmmii�@
p�i i�BiQi�bQ� QTTBH��M FvFvD2M KmF��MX h HH�Bb2i ?2HTQii�BbBp�i QT2ii�D�M ivƺi  D� FQ?/2M@
i�BbBp�i �pmM i�`pBibBDQBi�X o�`bBMFBM HmQF�i �HF�p�i QHH� ?vpBM bmm`B� D� QTTBH�B/2M i�BiQi�bQ
?vpBM p�B?i2H2p�X o HBbi  ?mQK��- 2ii2B �BM� Qb�MMmi FQ?/Bbi�� �Tm� D� `2bm`bb2D� F�BFFBBM
�pmM i�`pBibBDQB?BMX h bb  KB2H2bb  imQHH�Bb2i QTTBp�i bQp2HHmFb2i QHBbBp�i iQ/2HH� i `F2Bi X
o HBiiƺK biB i2FQ Hv pQBbB 2bBK2`FBFbB b2H�i� DmHF�Bbim� iB2iQK�bb�� U�`iBFF2H2D�- FB`DQD�-
r2#BM�`2D�- DM2V D� `272`QB/� KBMmHH2 p�HKBBFbB KBMm� FBBMMQbi�p�i �`iBFF2HBiX h2FQ Hv pQBbB
imHFBi� UD� iQFB KKX :QQ;H2 M BM DQ i2F22V i2F2KB MB iB2iQ?�FmD� D� i�`DQi� �miQK��iiBb2biB
b�K�MF�Hi�BbB� �`iBFF2H2D� i�B i2Q`B�� imF2pB� D� FmKQ�pB� �`iBFF2H2D� HmQi2ii�pmmb�`pBQM
F2`�X hmH2p�Bbmm/2bb� i2FQ Hv pQBbB iQBKB� vH2Bb2KKBMFBM �pmbi2Bb2M�  HvM  D� Ǵi�F�TB`m@
M�Ǵ pBMF�i2M T�`2KKBbi� p�B?iQ2?/QBbi� i�B i�`DQi2M Kmmi� HBb iB2iQ�X
>vƺ/vMM M i2FQ Hv  DQ MvFvBbBM mb2B/2M 2`B T�Hp2HmB/2M KmQ/Qbb�X 1bBK2`FBFbB- F vi M
:QQ;H2@?�FmFQM2ii� T BpBii BM D� i K M T�Hp2HmM HBb FbB ?vƺ/vMM M Kvƺb KmBi� ?�FmFQM2B@
i�- Fmi2M Cvp bFvH M vHBQTBbiQM CvF.QF@T�Hp2Hm�X AHK�M M Bi  `2H�p�MiBM iB2/QM Hƺvi KBM2M
AMi2`M2iBbi  QHBbB H ?2bimHFQQM K�?/QiQMi�X hB2/QM Hƺvi KBb2M HBb FbB ?vƺ/vMM M i2FQ Hv 
Kvƺb iB2/QM }Hii2`ƺBMMBbb X JBMmHH� QM mb2Bi� 2`B b ?FƺTQbiBiBH2D  D� DQF�BM2M M Bbi  ?vƺ@
/vMi   `QbF�TQbiB}Hii2`2Bi - DQiF� Tv`FBp i K�BMQbi2M D� KmmM `QbF�TQbiBM TQBbi�KBb22MX
E bBMFB`DQBi2iimD2M ?�`�F�Mp�`T�B/2M imHFBMM�bb� D� KmmMi�KBb2bb� T�`2KK�M Hm2ii�p�FbB
vH2Bb2FbB 7QMiBFbB i2FQ Hv pQBbB imF2� MBBM QTBbF2HBD�� FmBM QT2ii�D��X a�KQBM i2FQ Hv pQBbB
bmQ`��M b�M2Hmbi� FB`DQBii�� i2FbiBM D� FQ`D�i� bBBi  FB2HBQTTB D� ivvHBpB`?22iX
PTBbF2Hmbb� QHBbB ?vƺ/vHHBbi  i2?/  iƺBi  K�?/QHHBbBKK�M i2?QFF��biB- Kmii� BHK�M- 2ii 
H��im F `bBBX PKBM�Bbmmb- DQbi� FQFBbBM Bib2HH2MB QH2p�M ?vƺiv  QM bQp2HHmb- DQF� TvbivBbB
imiFBK��M D� F2`iQK��M- KBM  F2HHQM �BF�M� ivƺbF2Mi2H2M K�?/QHHBbBKK�M i2?QFF��biBX
GmmH2M- 2ii  QH2M i2?QFF�BM BHH�HH�- Kmii� p HBHH  imMimm- 2ii  ivƺ p�HKBbimm H��/mFF�BKKBM
��KmHH�X CQii� i K  B/2� QMMBbimBbB- TBi BbB T�H�mi2ii�p�i i2?i p i D� Kmmi ivƺi i2?/  2`BH@
HBb2bb  bQp2HHmFb2bb� i�B ivƺTQ?D�bb�- DQF� i�`FF�BHBbB F2HHQM�BF�� D� b�K�HH� ivƺbF2Mi2HvM
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i2?QFFmmii�X JmF��M pQBbB Qii�� 2bBK2`FBFbB r2#@F�K2`�bb� iQBKBp�i imMMBbiBK2M- DQF�
imiFBB bBHK M HBBF2ii X a2 pQBbB imiFB�- KBi2M mb2BM bBHK  ?�`?�BH22 2bBK2`FBFbB F MMvFF  M
i�B KmBHH2 i2?i p M F�MM�Hi� 2T QH22HHBbBHH2 bBpmBHH2X aQp2HHmb imiFBbB Kvƺb- KBi2M MQT2�biB
i2?i p  b��/��M bmQ`Bi2iim�- Kmii� Kvƺb- KBi2M H��/mF�bi� ivƺ QM QHHmiX 1bBK2`FBFbB- DQb
2bb22 ivvTTBM2M p�bi�mb QM b��im i2?iv  MQBM F�?/2bb� imMMBbb� p�HKBBFbB F2HHQ R3 �HF�2M-
Kmii� b2M �`pQb�M� QM ?mQMQ D� iQBM2M 2bb22 QM i2?iv F�?/2bb� T Bp bb - Kmii� T  T�BMQ
QM ��KmT Bp HH - bQp2HHmb i�HH2Mi�� 2`BH�Bb2i iB2/Qi iB2iQF�Mi��M D� �D�M b��iQbb� b��/��M
/�i��- DQF� F2`iQQ- KBHHQBM iB2ivHH2 ?2MFBHƺHH2 QM QTBiBK��HBbi� i2?/  i2?i pB X
Jmmi�K�M JPP*@Fm`bbBMFBM QH2M bmQ`Bii�MmiX hQbBM QK�M FQF2KmFb2MB KmF��M iB2iQ
MBBbb  QM mb2BM HBB�M vH2BbT i2p   D� p�HKBBFbB Tm`2bF2Him�- DQT� HBB�M vFbBMF2`i�Bbi2iim�-
2?F T  DQii� Fm`bbB bQTBbB K�?/QHHBbBKK�M KQM2HH2X 1bBK2`FBFbB >2HbBM;BM vHBQTBbiQM 1H2@
K2Mib Q7 �A@Fm`bbB- DQMM2 BHKQBii�m/mBM 2MbBKK Bbi2M DQmFQbb� pBBK2 F2p  M  UpQB QHH�-
2ii  Fm`bbB� QM F2?Bi2iiv5V- b�B KBMmi bmQ`�bi��M `�BpQbimK��MX u?/2bb  Fm`bbBM i2?i p b@
b  TBiB imimbim� 2MbBM �MM2iimmM K�i2`B��HBBM- KmBbi��Fb2MB Kmmi�K� �`iBFF2HB- D� bBii2M
p�bi�i� 2`BH�BbBBM KQMBp�HBMi�FvbvKvFbBBM D� �B?22M� QHB 2iBBFF�5 1B i2FQ HvM 2iBBFF��M HBBi@
ivpBBM FvbvKvFbBBM pQB p�bi�i� FvHH  i�B 2BX 12iiBb2i FvbvKvFb2i Qp�i T�HDQM KQMBbvBb2KTB 
�bBQBi�- 2BF  MBB?BM BFBM  QH2 v?i  QBF2�� p�bi�mbi�X Em`bbB D B bBB?2MX
JBMmHH2 QTBbF2Hm@ D� ivƺ2H K bb  BHK2BbBKKBM ?vƺ/vHHBbBKK i i2FQ HvbQp2HHmFb2i HBBiivp i
iB2/QM?�FmmM D� b2M H�DBii2HmmMX JmBi� ?vƺ/vHHBbB  i2FQ HvvM T2`mbimpB� i2FMQHQ;BQBi� Qp�i
F  Miƺ@ D� imHFF�mbivƺF�Hmi pB2`�BHH2 FB2HBHH2- b2F  Fmp�MimMMBbimbi2FMQHQ;B�iX u?i2M  2bB@
K2`FFBM  Fmp�MimMMBbimFb2bi� QM J�i?TBt P*_- DQF� ;2M2`QB G�h2s@FQQ/B� Fmp�F��T@
T�mFbBbi�- i�B DQT� T�T2`BHH2 F bBMFB`DQBi2imBbi� v?i HƺBbi X
PTBbF2HmBbb� pQBbBM ?vƺ/vMi   i2FQ Hv  2bBK2`FBFbB MBBM- 2ii  EQ`TBbb� QH2p� i2FQ Hv`Q#QiiB
�Mi�BbB KBMmHH2 DQF� HmFmF�mbB p�HKBBM 2?/QimFb2M Fm`bb2Bbi�- DQBi� pQBbBM Qii�� Fvb2Bb2HH2
HmFmF�m/2HH2X _Q#QiiB TQ?D�BbB p�HBMi�Mb� �B2KKBM F vKBBMB Fm`bb2B?BM- DQB/2M �pmHH� b2
KmQ/Qbi�BbB Fmp�M KBHH�BbBbi� Fm`bb2Bbi� TB/ MX S  iƺb TQ?D�mimBbB Kvƺb QTBMiQbmmMMBi2H@
K�MB T�FQHHBbBBM Fm`bb2B?BM- DQBi� b2 Kvƺb p�HBibBbB �miQK��iiBb2biBX PTBbF2HmB?BM HBBiiv2M
i2FQ Hv  pQBbB ?vƺ/vMi   Kvƺb QTBbF2HBD�`�pBMiQHQB/2M D� iB2iQFQM2HmQFFB2M p�T�mbiBH�M@
M2iB2/QM b��KBb2bb�X h2FQ Hv`Q#QiiB pQBbB KmQ/Qbi�� F�`i�M- DQbb� M FvBbB FmBMF� T�HDQM
p�T�Bi� T�BFFQD� KBbb FBM `�pBMiQH�bb� D� iB2iQFQM2HmQF�bb� QM- DQHHQBM 2B i�`pBibBbB K2MM 
�BM� T�BF�M T  HH2 i�`F�bi�K��M- K�?immFQ Fvb2Bb22M iBH��MX _Q#QiiB pQBbB HBb FbB KmQ/Qb@
i�� �D�M FmHm2bb� /�i�bi� iBH�biQD� D� i`2M/BF��pBQBi�- DQbi� M FBbB 2bBK2`FBFbB F2HHQM�D�M
T2`mbi22HH�- KBHHQBM vH22Mb  iBH� QM iv?DBKKBHH  M D� KBHHQBM bB2HH  QM 2MBi2M B?KBbB X
PTBbF2Hmbb� pQBbBM KB2HmmbiB ?vƺ/vMi   i2FQ Hv  MBBM- 2ii  pQBbB F��T�i� pB/2Qf�m/BQHm2MiQ@
D� D� i`�MbF`BTiQB/� M2 i2FbiBFbB p�BFF�T� 2Tm#@KmQiQQM Ĝ p�`K�biB K2HF2BMT  KBF  i�?�Mb�
iB2/QbiQKmQiQ iQBKBbB FmM?�M Tm?22M b�� F��T�iim� i2FbiBFbBX �BM� 2B QH2 K�?/QHHBbmmii�
i�B ?�Hm� F�ibQ� Hm2MiQ� pB/2QHi� Ĝ i2FbiB  pQBbB ?2HTQbiB HmF2� 2bBK2`FBFbB DmM�bb�X
PH2M i2F2K bb  p BiƺbFB`D��- K2iQ/BM� F vi M ;`QmM/2/ i?2Q`v�X :`QmM/2/ i?2Q`vbb� F @
bBi2HH  M bmm`i� i2FbiBK�bb��- KBMmM K�i2`B��HBbb� QM vHB R8y p2M D MFB2HBbi  �bB�FB`D��X
h2FbiB  F v/  M H TB `BpB `BpBHi - D� FmM Hƺvivv imiFBKmFb2M F�MM�Hi� i `F2  i2`KBfb�M�-
b�M� FQQ/�i��M D� FQQ/�imBbi� b�MQBbi� 2HB F bBii2Bbi  KmQ/Qbi2i��M F�i2;Q`BQBi�X E�i2;Q@
`BQBbi� DQ?/2i��M i2Q`B�X :`�/mp�B?22bb� F pBM i2FbiBi H TB ǳF bBMǴ- K2`FBib2K HH  F bBii22i
2`Bp `BbBHH  vHBpBBp�mbFvMBHH X o BiƺbFB`D�p�B?22bb� QH2M F vii Mvi �iH�bXiB@ bQp2HHmbi�X h2Fb@
iBM H TBF vMiB D� FQQ/�mb QM QHHmi   `BKK Bb2M �BF�� pB2p   iQBKBMi��X Evb2BM2M i2FbiBM
H TBF vMiB i2FQ HvTQ?D�Bb2HH� i2FbiB�M�HviBBF�HH� b  bi BbB p�Hi�p�biB �BF�� D� Kvƺb bi�M/�`@
/BbQBbB FQQ/�mbi�X P?D�imbb� QTTBKBb2bb� i2FbiB  H TBF vp HH2 bQp2HHmFb2HH2 pQBbB QT2ii��
i2FbiBbi  HƺvivpB2M i `F2B/2M b�MQD2M FQQ/��KBbi� ivvHBBM ǳ�BM� FmM Hƺv/ i i2FbiBbi  b�M�M
BM7Q`K��iBQBM7`�bi`mFimm`B- K2`FBib2 b2 D� FQQ/�� b2 Fv#2`m?F�M FQ?i22FbBǴX h2FQ HvHH  pQB@
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bB Kvƺb KmQ/Qbi�� F bBii2Bbi  F�i2;2`QBi� D� 2/2HH22M F�i2;Q`BQBbi� i2Q`B�MX
PTBbF2HmBbb� D� KmBHH�FBM 2H K M�Hm2BHH� QM ?vƺiv  2bBK2`FBFbB i2FQ HvHH  iQBKBpBbi� FB2H2M@
F  Mi DBbi  Fmi2M :QQ;H2 h`�MbH�i2bi�X o�BFF�T� pB2`�bFB2HBbi  imiFBKmb�`iBFF2HB� HmFB2bb�
pQB im`p�mim� F  Mi D  M iB2/Qbi�2M FmBi2MFBM K�?/QHHBb2i pB`?22i H�mb2`�F2Mi2Bbb�X �Hv@
Tm?2HBKBBM QM Kvƺb QH2K�bb� F  Mi D bQp2HHmFbB�- DQiF� Tvbivp i F�K2`�Fmp�bi� Kmmi@
i�K��M Fmp�imM i2FbiBM 2bBKX p2M D M FB2H2bi  2M;H�MMBFbBX PTBbF2Hmbb� pQBbB QHH� ?vƺiv 
Kvƺb KQ#BBHBH�Bii2BHH2 F2?Bi2HHvBbi  Tm?22MimMMBbimbTQ?D�BbBbi� AS�@bQp2HHmFbBbi� UAMi2HHB;2Mi
S2`bQM�H �bbBbi�MiV- DQiF� pQBp�i bmQ`Bii�� F vii D M TmQH2bi� 2`BH�BbB� i2?i pB  Fmi2M iB2@
/QM?�Fm� iB2ivbi  �B?22bi�X Jvƺb K�bbBBpBb2i �pQBK2i JP**@p2`FFQFm`bbBi FmmHQbi�p�i
KB2H2MFBBMiQBb2Hi� D� ?2HTQbiB H ?2bivii pBHi  i�p�Hi� F2?Bii   Qb��KBbi��M D� QTBbF2HH� mmbB�
�bBQBi�- DQi2M pQBbBM FmpBi2HH� Bib2FBM imH2p�Bbmm/2bb� Qb�HHBbimp�MB DQHH2FBM i HH�Bb2HH2 Fm`b@
bBHH2X
PTBMiQM2mpQD�M� pQBbBM ?vƺ/vMi   i2FQ Hv  bBBM  bm?i22bb�- 2ii  pQBbBM �Mi�� bvƺii22M 
Q?D2HK�HH2 iB2/Qi bBB?2M- KB?BM QH2M QTBMMQBHH�MB i ?i  K bb  D� HBb FbB bBHH2 pQBi�BbBBM bvƺi@
i   2bBK2`FBFbB iB2/Qi �BF�Bb2KKBM bmQ`Bii�KBbi�MB QTBMMQBbi�- ivƺ?BbiQ`B�bi� DM2X- DQHHQBM
Q?D2HK� TvbivBbB i2F2K  M T  i2HK M- 2ii  KBi  Qb��KBb�Hm2Bi� TBi   K�?/QHHBb2biB p�?pBb@
i�� i�pQBii2BbBBM M ?/2MX GBb FbB QTBMiQM2mpQD� pQBbB �BF�i�mHmii�� D� Q`;�MBbQB/� QTBMMQi
MBBM- 2ii  M2 bQp2HimBbBp�i F vii D M i�`T2BbBBM D� ?�HmiimmM p�HKBbimKBb�BF��MX hB2i2MFBM
T2`mbiB2iQBM� Q?D2HK�HH2 �MM2i��M imiFBMiQQM p��/Bii�p�i QTBMMQi D� TBbi2`�D�iX
PH2M ?vƺ/vMi Mvi QK�bb� TB�M p�HKBbimK�bb� QH2p�bb� QTBMM vi2ivƺbb MB Q?D�iim� FQM2QT@
TBKBbi� mBMiBi2FMBBFQB/2M imMMBbi�KBb2FbBX J2M2i2HK  T2`mbimm AJl @�Mim`BHH� KBi�iimmM
HBBFF22b22M FQ2?2MFBHƺM i�F�`�BpQFv?KvM T  Hi  mBK�H�FBM �HH�X .�i��M v?/Bbi2i  M imM@
MBbi2iB2iQ pB/2QFmp�bi� /B;BiQBimbi� K�i2`B��HBbi�X

�HvFQ/Bi
EQiQM� i2FQ Hv pQBbB ?mQH2?iB� 2M2`;B�i2?QFFmm/2bi�X hv?DB2M ?mQM2B/2M p�HQi b�KKmBbB@
p�i Bib2bi  M D� T  HH2 D  M2Bbi  im`?Bbi� b ?FƺH�Bii2Bbi� F�iF�Bbi�BbBBM pB``�iX Jvƺb p2/2M
F viiƺ  i2FQ Hv pQBbB b  /2HH  QTiBK��HBb2KK�FbBX
h2FQ Hv pQBbB imMMBbi�� KBMmi �miQK��iiBb2biB- DQHHQBM HmFFQD2M �p�BHm D� F�BFFB Kmm UiB2@
iQVim`p�HHBbmmi22M HBBiivp  D BbB p ?2KK HH2 p�T�mii�2M `2bm`bb2D� Kmm?mM F viiƺƺMX
hmH2p�Bbmmii� �D�i2HH2M i2FQ Hv M ?/  M MBBM K�?/QHHBbmmi2M FmBM m?F�M�FBMX h2FQ Hv im@
H22 FmBi2MFBM p�`K�biB F2?Bii K  M D� T�`�Mi�K��M B?KBbi2M 2H K MH��im�X a2 BHKQBii��
bBMmHH2 KBF  `mQF� QM TBH��MimK�bb� D� KBi  Qbi�� HBb    HvD  F��TTBBMX

h2FQ Hv �`D2bb�
1M TB/  FQiBi�HQmbiƺBbi X h K  p�`K�biB QM ?vpBM ivvTBHHBbi X aBFbB ?�Hm�BbBM p�HD�bi�� i2@
FQ HvM FQiBiQMimFbB- DQF� BKm`QBbB- T2bBbB p HBHH  H�iiB�i- iBbF�BbB iBbFBi- T2bBbB TvvFBi- FmBp�BbB
TvvFBi- p�B?i�BbB H�F�M�i- Tm?/Bbi�BbB TB?�i HmK2bi�- H2?/Bbi  b2F  H2BFF�BbB Mm`KBFQMX hB2@
/ M- 2ii  Mm`KBFQM H2BFF��KBb22M QM �BM�FBM DQ `Q#Qii2D� QH2K�bb� D� QH2M b2HH�BbB� Kvƺb
M ?MviX "QMmFb2M� pQBbB QHH� pB2H  BFFmM�M T2bm T�`B FQHK2 F2`i�� pmQ/2bb�X
Aib2HH2MB QHBbB 2`BivBb2M ?vƺ/vHHBM2M b2HH�BM2M i2FQ Hv  ?vƺ/vMi p  bQp2HHmb- DQF� HQT2ii�B@
bB i�B �BM�FBM p ?2Mi BbB D�iFmp�� Kvƺ? bi2Hv MBX h i  KB2H22MB imHHmii� bQp2HHmbi� pQBbB
Fmp�BHH� :QQ;H2 F�H2Mi2`BM D� :QQ;H2 K�TbBM v?/Bbi2HK FbBX aQp2HHmb QHBbB FvF2M2p  b2m`��@
K��M F�H2Mi2`BMB K2`FBMiƺD  D� imMMBbi�K��M KBbb  M K  T�BF�i bBD�Bib2p�iX aQp2HHmFb2M
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iQBKBMM�M T2`mbi�M� QHBbB- 2ii  bQp2HHmb BHKQBii�BbB 2bBK2`FBFbB Tm?2HBK22MB i�B iB2iQFQM22@
b22MB- 2ii  Mvi QM �BF� H ?i2 - DQii� QH2M �DQBbb� b2m`��p�bb� bQpBimbb� i�T��KBb2bb� i�B
Hm2MMQHH�X PHBbB Kvƺb 2`Bii BM ?vƺ/vHHBbi - DQb bQp2HHmb imMMBbi�BbB ��KmHH� KBHH  FmHFmp HB@
M22HH  QH2M HBBFF22HH , F p2HH2M- Tvƺ` HH  p�B �miQHH�X h2FQ HvM D� "B; .�i�M ?vƺ/vMi KBb2M
�MbBQbi� bQp2HHmb pQBbB i�`F�biB �`pBQB/� K�iF�M p��iBK�M �D�M D� iQ/2MM FƺBb2M `mm?F�M
p��iBK�M HBb �D�M iB2iivvM pmQ`QF�m/2M�BF��MX h K MF�Hi�BM2M bQp2HHmb QHBbB p�`K�biB
K�?/QHHBbi� iQi2mii�� DQ MvFvBbBHH  :QQ;H2 K�TBM D� F�H2Mi2`BM QKBM�BbmmFbBHH�X aQp2HHmb
TQBbi�BbB T  Mp�Bp�M K�iF��M i�`pBii�pB2M �BFQD2M �`pBQBMMBbi� D� ?�p�?/mii�BbB F vii D M
H ?i2K  M �DQBbb�X
>vƺ/vHHBM2M i2FQ Hv  ?vƺ/vMi p  bQp2HHmb iQBKBbB MBBM- 2ii  b2 Qb�BbB �`pBQB/� F�H2Mi2`BMB
T2`mbi22HH� FmBMF� `�MFF� T Bp MB QM QHHmi 7vvbBb2biB D� ?2MFBb2biBX h K M T2`mbi22HH� bQp2H@
Hmb �`pBQBbB- FmBMF� T�HDQM i�`pBib2M H2TQ�- DQii� ivƺi2?QMB D� D�Fb�KBb2MB QHBbB T�H�mimMmi
b2m`��p��M T Bp  MX h K  K�?/QHHBbimBbB bBHH - 2ii  bQp2HHmb bmQbBii2HBbB MmFFmK��MK2@
MQ�BF�MB D� 2bi BbB 2H2Fi`QMBBFF�H�Bii2B/2M T  HH  QHQM 2bBK2`FBFbB F�FbB imMiB� 2MM2M i i 
bmQbBi2Him� �BF��X aQp2HHmb pQBbB Kvƺb T�iD��M �b2i2imM �Mim`BM �pmHH� b2m`�i� MmFFmKBb@
i�MB D� i i2M Qb�BbB �`pBQB/� FmBMF� T�H�mii�p�� mM2MB QM QHHmiX
S2`bQM�H i`�BM2`BM� 2ii  `mQF�@ D� mMBFQQ`/BM��iiQ`BM� i2FQ Hv QHBbB bBBi  ?B2MQ- 2ii  DQb
M BHH2 F2?Bii2ii BbBBM DQFm vH2BM2M �Hmbi�- DQF� b�BbB F viiƺƺMb  KBMmM i2`p2vbiB2iQMB b2F 
?2MFBHƺFQ?i�Bb2M T`Q}BHBMB- DQHH� i�`FQBi�M BF  - T�BMQ�- TBimmii�- bmFmTmQHi� DM2X- b2 pQBbB
F2`  K Mb  b2F  bBB?2M bvƺi2ivM iB2/QM TQ?D�Hi� imQii�� F vii D HH2 QTiBK��HBb2M HBBFmMi�@
�BF�i�mHmM- p�`KBbi�� i�`pBii�pB2M ?Bp2M�BM2B/2M DM2X b��MMBM `�pBMMQbi� D� 2?/Qii�� QB@
F2Bi� �BFQD� MmFFmK��M K2M2KBb2HH2 D� ?2`  KBb2HH2 b2F  `�bBimFb2bi� T�H�mimKBb2HH2X
h2FQ Hv Kvƺb K�?/QHHBbi�� b  T�Hp2HmB/2M iQBKBMM�M D� b  2MMmbi2B/2M HmQKBb2MX >vƺ@
/vMM M Kvƺb M Bi  T�Hp2HmBi� T BpBii BM b  M i�`FF�BHmmMX h2FQ HvM bmQ`Bii�K� i�`FF�BHm
FQ?/Bbimm FmBi2MFBM Kvƺb KBMmmM Bib22MBX JmmM Km�bb� :QQ;H2 Tv`FBB i�`F�bi2H2K��M
p2`FQM F viiƺ MB D� ?vƺ/vMi K  M i i  iB2iQ� K�BMQbi2M FQ?/Bbi�KBb22MX Sv`BM FmBi2MFBM
bmQD��K��M Bib2 MB i Hi  ?vƺ/vMi K HH  i2FQ HvvM TQ?D�mimpB� Q?D2HKB�- DQiF� TBBHQii�p�i
K�BMQFb2i p2`FFQbBpmBHi� b2F  2bi p i p2`FFQbBpmD2M bmQ`Bii�K�� i�`FF�BHm�X h2FQ HvM bmQ@
`Bii�K� i�`FF�BHm 2B FmBi2MF��M MvFvBbBM `�DQBim p�BM M2iiBBMX 1bBK2`FBFbB o�Hi�iB2 9,HH  QM
MvFvBbBM F2bFBMQT2mii� i�`FF�BH2pB� HBBF2MM2F�K2`QBi�- DQiF� imQp�i i2FQ HvvM TQ?D�mimp�M
i�`FF�BHmM Kvƺb �DQi2BHH2X
Jmmi2M 2H K bb  i2FQ Hv  pQBbB F vii   2bBK2`FBFbB HBBF2MM2`mm?F�M i�`F�bi2Hmbb�X h2FQ@
 HvbQp2HHmb pQBbB �BF�Bb2KK�M b2F  `2��HB�BF�Bb2M /�i�M �pmHH� F2`iQ�- KB?BM �BF��M iB2i
Qp�i `mm?F�BbBKKBHH��M D� �Mi�� bBii2M �D�MFQ?i�BbB� `mm?F�? HvivFbB X
Aib2 FQ2M FmBi2MFBM i2FQ HvM ?B2K�M T2HQii�p�FbB D� �bB�FbBX JB2H2bi MB bBi  2B b�BbB HBBF��
F2?Bii   D� imQ/� B?�M vH2Bb22M F viiƺƺM DQF�Bb2M B?KBb2M �`FBT Bp  MX h2FQ HvM �pmHH� QM
DQ Mvi HmQim 2`BH�BbB� ?vpBMpQBMiBbQp2HHmFbB�-  HvF2HHQD� DM2X- DQiF� Qb�Hi��M imF2p�i B?KBbi2M
?vpBMpQBMiB� D� �mii�p�i 2i2MFBM m`?2BHBDQBi� QTiBK��HBb2bb� ?�`DQBii2Hmbb� D� F2?BiivKBb2bb X
EvbvKvb QM FmBi2MFBM b2- 2ii  mMQ?/�KK2FQ FmBMF� FmmMM2HH� QK�M F2?QKK2 pB2bi2D - DQb
`v?/vKK2 i vbBM FQM22M Q`D�FbB D� QMFQ QTiBK��HBM2M bmQ`Bii�KBM2M QBF2�biB �BM� b2 i `@
F2BM �bB�X Aib2HH MB bmQ`BimFb2M �BM�BM2M KBii��KBM2M TBiF HH  �D�HH� Km`2Mi�� �HFmT2` Bbi 
bvvi  KBFbB DQF�Bb2M imHBbB HBBFFm� Ĝ HBBFmMM�M BHQ D� M�miBMiQX JQM2i �bB�i Qp�i bBB`ivM22i
MmK2`QBFbB- b2F  b ?FƺBb22M KmQiQQM D� bBi  F�mii� B?KBb2HH2 ivvTBHHBM2M HmQMi�BM2M HBBFFm@
KBM2M QM p ?2MivMvi ?m`D�biBX h2FQ HvM �pmHH� HmQ/��M Fmp� iQBb2bi� iQ/2HHBbmm/2bi�- DQbb�
F�BFFB QM T�`2KKBM D� ?B2MQKT��- Kmii� iQ/2HHBbmm/2bb� bBi  iQ/2HHBbmmii� 2B QH2 QH2K�bb�X
Aib2 2M ?�Hm� imH2p�Bbmm/2bb� 2H   i vbBM pB`im��HBiQ/2HHBbmm/2bb� D� K2M2ii   MQ`K��H2D�
T2`mb�`D2bb� i�`pBii�pB� i�BiQD�X C�iFmp� i2FQ HvM ?vƺ/vMi KBM2M p ?2Mi   p�`K�biB QK��
�D�ii2Hm� D� Bib2Mb  ?��bi�KBbi�X
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h2FQ HvTQ?D�BM2M mmiBbi2M �;;`2;QBMiBT�Hp2Hm QHBbB F i2p X lmiBbB� DmHF�Bbi��M p�Hi�pB� K  @
`B - DQBbi� Qb� QM p�H2mmiBbB� D� Qb� QM 2`B mmiBbH ?i2B/2M �`iBFF2H2Bi� b�K�bi� �B?22bi�X
S�Hp2Hm- DQF� TvbivBbB bmQ/�ii�K��M p�H2mmiBb2i D� ?mQKBQBK��M F vii D M KB2HivKvFb2i
i2FBbB p�Hi�p�M mmiBbK�bb�M F bBii2Hvbi  ?2HTQKT�� D� KB2H2FF  KT  X S�Hp2Hm pQBbB 2bBK2`@
FBFbB HmQFBi2HH� mmiBb2i MBB/2M b2Mb��iBQ?�FmBbmm/2Mf�bB�TBiQBbmm/2M KmF��MX 1bBK2`FBFbB
DQFm F vii D  ?�Hm�� HmF2� FmBpB� �bB�TBiQBbB� mmiBbB�- FmM i��b2M iQBM2M F vii D  ivFF  
2M2KK M T`QpQbQBp�bi� KB2HBTB/2FB`DQBimFb2bi�X GBb FbB T�Hp2Hm Tv`FBbB QTTBK��M- KBbi 
�B?2Bbi� F vii D  QM FBBMMQbimMmi- D� D�F�K��M mmiBb�`iBFF2HBi 2`BH�BbBBM `v?KBBMX C� pB2H 
DQb T�Hp2Hm TvbivBbB imMMBbi�K��M �`iBFF2HBi DQBbb� F bBi2HH  M b�K�� mmiBbi� D� M vii K  M
F vii D HH2 MBBbi  p�BM v?/2M- MBBM F vii D M 2B i�`pBibBbB b2H�i� FvKK2M2M b�K�M mmiBb2M
Q?Bib2X
J�iFQBHH2 �pmFbB i2FQ HvvM T2`mbimp� bBKmHi��MBimHFF�mbbQp2HHmbX GBBF2Mi22bb , �HvF b b ?@
Fƺ�miQD2M H�i�mb@ D� M�pB;QBMiBD `D2bi2HK - H�M;�iQM H�i�mb- �DQM�BF�BM2M H�i�mb D� H�i�mF@
b2M QTiBKQBp� `2BiBMbmmMMBii2Hm D� FmHD2ii�D�M  HvFF  i �TmH�Bii22iX

h2FQ Hv 2`B �KK�iiB2M �TmM�
EB`D�biQK��BHK��MFBM i2FQ Hv p�`K�biB imH22 p�BFmii�K��MX Cmm`B �p�iimmM >2HbBM;BM F2b@
Fmbi�FB`D�biQ PQ/BBM QM imHQbb� `Q#Qii2D� ?QBi�K��M FB`D�biQ�BM2BbiQM HQ;BbiBBFF��- KBMF 
HBb FbB FB`D�biQK��BHK�bi� Hƺvivv T�HDQM KmBi�FBM i2FQ HvM bQp2HHmbFQ?i2Bi�X �bB�FF�B/2M
F vii K   p2`FFQFB`D�biQ� pQB 2bBK2`FBFbB FmbiQKQB/� QTTBp�M i2FQ HvM �pmHH� bBi2M- 2i@
i  FmHH�FBM F vii D HH  QM ? M2HH2 `  i HƺBiv M FvK - mmii� bBb Hiƺ  D� �BM2BbiQbmQbBimFbB�-
DQiF� T2`mbimp�i F vii D M �B2KKBM H�BM��KBBM i2QFbBBMX
S2H�bimbi2?i pBbb  ? HvivFb2M bvvM  QM mb2BM �miQK��iiBb2M T�HQBHKQBiiBK2M �Mi�K� ? HvX
EmM bBii2M T�HQ�miQBM2KK2 b��pmKK2 FQ?i22b22M- 2bBKX vƺ�BF��M- Qp�i TQ`iBi FBBMMBX aBi@
i2M �HF�� 2ibBKBM2M U7vvbBb2biB i�B b2H��K�HH� FQ?/2FQ`iiBiB2/QbiQD�V KBbi  Hƺvivv FQ?i22M
�p�BK2iX 1KK2 T  b2 �Hm22HH2 2KK2F  FQ?i22b22M bBb HH2 DQb TQ`iBi Qp�i FBBMMBX h2FQ Hv
pQBbB 2KX i�T�mFbBbb� HmF2� F�BFFB2M T�HQ�miQD2M `2FBbi2`BMmK2`Qi D� b2M T2`mbi22HH� �Mi��
FmHFmQBF2m/2M �Hm22HH2X L BM T2H�bimbiQBKBMi� MQT2mimBbB D� ?2HTQiimBbBX a�K�� i2FMBBFF��
pQB H��D2Mi�� QpB2M HmFBimFb22M D� Km`iQ? Hvivbi2M #HQFF��KBb22M UMvi �B?2mi�KK2 ? HvM
FmM K2M2KK2 QKBHH� �p�BKBHH� bB  MVX
SQHBBbBM ivƺi2?i pBBM i2FQ Hv  pQBbB ?vƺ/vMi   KQM2HH� i�T��X h2FQ HvM �pmHH� pQBbB �M�@
HvbQB/� `BFQbBHKQBimFbBbi� �miQK��iiBb2biB b�K�MF�Hi�BbmmFbB� KKX �D�HHBb2biB-�Hm22HHBb2biB
i�B i2FQi�p�HHBb2biBX 1bBK2`FBFbB i2FQ Hv pQBbB ?mQK�i� b2M- 2ii  iB2ivHH  �Hm22HH� QM �HF�Mmi
i�T�?im� T�HDQM p�?BM;QMi2FQD� bT`�vK��H��K�HH� i�B p�BFF�T� �bmMiQKm`iQD� iB2ivMH�Bb2H@
H� i2FQi�p�HH�X h2FQ Hv pQBbB b�`DQBii�� `BFQbBHKQBimFbB� v?i22MX >vpBM mb2BM iB2iiv i2FBD 
i�B i2FBD `v?K  i2F22 i2Qi b�K�MH�Bb2biB D� DQT� �Hm22HHBb2biB b�K�HH� �Hm22HH�X h HH  ?2iF2HH 
�M�HvvbBivƺ QM T�HDQHiB B?KBb2M i2F2K  X �M�HvvbBivƺM �pmHH� pQBi�BbBBM bBDQBii�� TQHBBbBT�`@
iBQBi� T�`2KKBM T�`iBQBK��M iB2iivD  �Hm2Bi�X
�KK�iiBF  Mi D M ivƺbb  �BF� M TT `  b��ii�BbB QHH� b2HH�BM2M i2FQ HvbQp2HHmb- DQF� QHBbB
Qb�M� i2FbiBMF bBii2HvQ?D2HK�� UFmi2M MviFBM DQ QMV D� DQHH2 pQBbB p�BM HmF2� bmQ`��M   @
M22M F  Mi K Mb  H�mb22M D� DQF� Kvƺb iQBKBbB- iQBbBM FmBM M K  MvFvBb2iX 1M bBBb F�BT��
FB2H2MF  Mi D M  bBi - 2ii  FQM2 F  Mi BbB TmQH2bi�MB Ĝ bBHH  �KK�iiBF  Mi D  ?�Hm�� Bib2
TQ?iB� 2`BH�BbB� bQTBpB� F  MMƺFbB  FmHH2FBM H�mb22HH2 Ĝ Kmii� b2HH�BM2M HmQi2ii�p� Tm?22M@
imMMBbimbQ?D2HK�- DQF� bBB`i BbB bmQ`��M b�M2HmM i2FbBMF bBii2HvQ?D2HK��M i bK HH22M MBBM
FmBM b2M QHBbB FB`DQBii�Mmi bBB?2MX GBb FbB bQp2HHmFb2Hi� pQBbB Fvb2HH  b2F  2`BH�BbB� b�MQD2M
F  MMƺbp�B?iQ2?iQD� 2ii  2i2MFBM bvMQMvvK2D� p�BFF� DQHH�FBM   M22M H�mbmimHH� FQQ/BHH�X
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JmmbBFFQM� imH22 QT2i2Him� TQT@F�TT�H2Bi� F2BFFQD� p�`i2M D� FBBMMQbi�BbB FQF2BHH� M2m`Q@
p2`FFQbQp2HHmbi�- DQF� Qb�BbB i2?/  MBBM b�MQimM ǳFQKTTBH�TmMǴ F�TT�H22bi� �miQK��iiBb2b@
iBX EQKTTBH�TTmmM K2`FBi  M vHƺb KKX i�?/Bi D� bQBMMmi D� KBFb2B DQBi�FBM K2HQ/BQBi�FBMX
E bBii  Fb2MB DQFm QM v`Bii Mvi DQBi�FBM i HH�BbB� bQp2HHmFbB� DQ i2?/ - Kmii� 2M QH2 pB2H 
FQF2BHHmi b2HH�Bbi�X
� M2M D� FB2H2M imMMBbi�KBb22M D� T`Qb2bbQBMiBBM HBBiivp i bQp2HHmFb2i ?2HTQii�p�i ivƺi  H ?2b
DQF� �H�HH� D� K2`FBivb Kvƺb 2bBK2`FBFbB bQbB��HB�H�HH� QM bmm`B- 2i2MFBM H�bi2MbmQD2Hmbb�-
DQbb� FB`D��KBb2i TBi BbB i2?/  `2��HB�BF�Bb2biB D� F2Mi HH X h2FQ Hv  pQBbB ?vƺ/vMi   Kvƺb
2`BH�Bbi2M iBH�MM2�`pBQB/2M D� 2MMmbi2B/2M i2F2KBb2bb X a�KQBM T`Qb2bbBM bBKmHQBMiB� pQBbB
?vƺ/vMi   2bBK2`FBFbB QK�M ivƺv?i2BbƺM iQBKBMi�K�HHB2M F2?Bii KBb2bb X
hvƺi2?i pBbb MB F vi2i  M Q?D2HK�� 2MMmbi�K��M F�mTTQD2M KvvMiB  D� bBi  F�mii� imQi2@
FQ?i�Bbi� iBH�mbi�`p2ii�- DQMF� T2`mbi22HH� Q?D2HK� �miQK��iiBb2biB H ?2ii   iBH�mFb2i iQBKBi@
i�DBHH2X JvvMMBM 2MMmbi�KBM2M i�T�?imm FmBi2MFBM Q?D2HK��M 2MM�Hi� K  `Bi2iivD2M H�bF2M@
i�K�HHB2M F�mii� D� p HBHH  KvvMiB2MMmbi22i 2Bp i Qbm FQ?/�HH22MX h vi22M Ryy W 2MMmbi2@
i�`FFmmi22M QM iQFB p�BF2� T  bi - bBHH  KvvMiB `BBTTmm vFbBii Bbi2M B?KBbi2M QbiQT  iƺFbBb@
i X EmBi2MFBM 2MMmbi2K�HH2D� QHBbB K�?/QHHBbi� T�`�Mi�� QT2ii�K�HH� H�bF2Mi�@�H;Q`BiK2D�-
bBHH  Q?D2HK�M QM K�?/QHHBbi� b��/� T�H�mi2ii� 2MMmbi2BHH22M Kvƺ?2KKBM iQi2mimM2Bbi�
KvvMM2Bbi X CQb i2FQ HvHH  Tvbivi  M Hƺvi K  M MvFvBbi  T�`2KKBM KvvMiBBM p�BFmii�@
pB� i2FBDƺBi  U2bBKX b  M p�BFmimbV- pQB/��M H�bF2Mi�� T�`�Mi��X S�`2KK�HH� H�bF2MM�HH�
pQB/��M i2?Qbi�� iQBKBimbF2iDmD� D� b��/��M QBF2� K  `  i�p�`�� QBF2��M T�BFF��M QBF2@
��M �BF��MX 1`BivBb2biB MQT2�biB TBH��MimpB2M 2HBMi�`pBFF2B/2M Qb�Hi� Fvb2 QM K2`FBii p bi 
�bB�bi�- FmM ? pBFFB  D� im`?�� imQi�MiQ� pQB/��M TB2M2Mi  X
h2FQ HvM ?vƺ/vMi KBM2M QM F2bF2Bb2bb  `QQHBbb� MvFvBb2bb  ivƺbb MBX hvƺbF2Mi2H2M bmQK�@
H�Bb2bb� K2/B�i�HQbb� D� i2?i pBBMB FmmHmm KKX p2`FFQbBpmD2M ?�HHBMMQBMiB D� bQbB��HBb2M
K2/B�M T BpBii KBM2MX �`iBFF2HBi p�HBFQB/��M p2`FFQbBpmBHH2 T  b  MiƺBb2biB MBB/2M mmiBb�`@
pQM i�B KmmM �`pQM T2`mbi22HH�X h bb  F vi2i  M ivƺbi  Bib2 QTBiim� FQF2Kmbi�X �`iBFF2@
H2B/2M T�BFF�� D� �D�HHBbi� TvbvKBbi  bBpmM i�BiQbb� b2m`�i��M i2FQ HvM imQii�K�M /�i�M
T2`mbi22HH�X a��M F viiƺƺMB `2��HB�BF�Bbi� /�i�� bBBi - FmBMF� KQMB �p�� �`iBFF2HBM Hm2ii�@
p�FbB- KBi2M F�m�M D� KB?BM �biB �`iBFF2HB� Hm2i��MX a��M F viiƺƺMB Kvƺb /�i�� bBBi - QMFQ
�`iBFF2HBM bmQbBQ MQmbmbb� i�B H�bFmbb�X L Bi  iB2iQD� v?/Bbi2H2K HH  pQBM i2?/  T  iƺFbB 
bBBi - TB/ MFƺ Fvb2Bbi  Dmiim� p2`FQM i�BiQbb� i�B QMFQ b2M T�BFF�� bvvi  Kmmii�� bBpmbiQHH�X
E viƺbb MB QH2p�i bQp2HHmFb2i Kvƺb M vii p i- KBi2M TBiF  M D� KBi2M TBiF HH2 2`B H�Bii2BHH�
U HvTm?2HBM- i�#H2iiB- Tƺvi FQM2V bBpm� b2H�i��MX h K  �mii�� bmmMMBii2H2K��M bBpmM i�Bi@
iQ� bBi2M- 2ii  FQ?iBBM- DQBbb� HmFBD� ?2`F biB HQT2ii�� bBpmM b2m`��KBb2M- QM K�?/QHHBbi�
i�Bii�� FBBMMQbi�p� �`iBFF2HB- DQF� b��ii�BbB b��/� HmFBD�M TvbvK  M bBpmBHH�X
J2/B�@�H�HH2 QM Kvƺb F2?Bi2iiv bQp2HHmFbB�- DQBbb� `Q#QiiB FB`DQBi�� �`iBFF2H2Bi�X _Q#QiBM
FB`DQBii�KB� mmiBbB� QM F vi2iiv H ?BMM  m`?2BHmM D� p��HB2M imHQbmmiBbQBMM2Bbb�X h K 
?vƺ/vii   iQBKBii�D�FmMi��- bBHH  imHQbmmiBbQBMMBM bBD��M iQBKBii�D�i pQBp�i F2bFBiiv  2M@
M2KK M HmQpmmii� p��iBp��M D� ?��bi22HHBb2KT��M DQm`M�HBbKBBMX
aQbB��HB@ D� i2`p2vb�H� QM vFbB K2`FBii pBKKBbi  i K M ?2iF2M i2FQ HvM bQp2HHmimb�HQBbi�-
Kmii� b2 QM Kvƺb �H�- DQbb� i2FMBBFF� 2B pQB FQbF��M i vbBM bv`D vii   B?KBbi  ivƺMi2FB@
D M X lbFQBbBM- 2ii  pB2H  amQK2bb� K2HFQ ?�`pBM�Bb2i Q?D�mb@ D� b2m`�MTBiQ`Q#QiBi Fmi2M
ǳ?mK�MQB/B`Q#QiiBǴ S2TT2`@ i�B S�`Q@?vHD2 imH2p�i vH2BbivK  M p�M?mbi2M?QB/QM T�`Bbb�X
hB2i  Fb2MB 2bBK2`FBFbB h�KT2`22M BF  MivM2B/2M M2mpQMi�TBbi22bi - EQiBiQ`Bbi�- Hƺvivv
DQ ?QBp�`Q#QiiB wQ`�X Aib2 ?�Hm�BbBM imH2p�Bbmm/2bb� T  bi  ivƺT�BFF��M- DQbb� ?vƺ/vMM2@
i  M i2FQ HvM D� `Q#QiBBF�M K�?/QHHBbmmFbB� BF  MivM2BHH X PK�HH� ivƺF2Mi HH  i2FQ Hv  pQB@
bB ?vƺ/vMi   KmmM Km�bb� �bB�FF��M 2HBMiQBKBMiQD2M KBii��KBb2bb� 2MM�Hi�2?F Bb2p biB
2bBK2`FBFbB Tm2ii�p�HH� i2FMQHQ;B�HH�- KmBbiBb�B`�B/2M �bB�FF�B/2M p�HpQMM�bb� i�B F viƺ@
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bQB`2B/2M b2m`�MM�bb� D� 2MM�Hi�2?F Bbvbb X

RyXk >vƺ/vHHBb2i D� KB2H2MFBBMiQBb2i i2FQ HvbQp2HHmFb2i

Gm2MMQM iQBb2bb� i2?i p bb  HBbi�iiBBM pBBbB ?vƺ/vHHBbBMi fKB2H2MFBBMiQBbBMi� i2FQ HvbQp2H@
Hvbi�X o�bi�mFbBbb� 2bBBMivB KQMB�- b2F  DQ F viƺbb  QH2pB� 2ii  imH2p�Bbmm/2M bQp2HHmFbB�X
a2Hp biB 2MBi2M K�BMBMiQD� b�Bp�i Bib2�D�p�i �miQi UHmFmmM QM H�bF2iim Kvƺb Kmmi�K�M
  M2M b��M22i H2MiQFQM2B/2M �miQTBHQiBiV D� b�B`�mFbB2M /B�;MQbQBMiB i2FQ HvM �pmHH�X h�m@
HmFFQQM QM F2` iiv jRj p�bi�mFb2bi� vHB Ry K�BMBMi�� b��M22i bQp2HHmFb2iX

h2FQ HvbQp2HHmb FTH
Bib2�D�p�i �miQi UH2MiQFQM2B/2M �miQTBHQiBi D� Kmmi Bib2�D�p�i �DQM2mpQiV Ry9
b�B`�mFbB2M /B�;MQQbBi Ryk
pB`im��HB�pmbi�D�i U2bBKX aB`B- �H2t�- >QmM/V eR
F  Mi D i U2bBKX :QQ;H2 i`�MbH�i2V 83
F�bpQD2M imMMBbimb UF�K2`�i- Tm?2HBK2i- p�HpQMi�- K�Fb�KBM2MV 9d
iB2/QM?�Fm ?�FmFQM2BHH� U2bBKX :QQ;H2V 9e
F�`ii�bQp2HHmFb2i- `2BiiBbQp2HHmFb2i- `mm?F�iB2/Qi U2bBKX :QQ;H2 J�TbV 9R
FQKKmMBFQBMiB- Tm?2 i2FbiBFbB- i2FbiB Tm?22FbB jN
T2HB2M i2FQ Hv jd
+?�i#QiBi jj
U�bB�F�bVT�Hp2Hm`Q#QiBBFF� jj
`QbF�TQbiBM bmQ/�imb jR
bvƺp M imMMBbimb D� ?QBiQ jR
KmbBBFBMf2HQFmpB2MfpB/2QB/2M bmQbBii2Hm U2bBKX aTQiB7v- L2i~Bt- uQmim#2V jR
FB`m`;B�- H2BFF�mb`Q#QiBi jy
i2FQ Hv i2?i�Bbb� U`Q#QiBBFF�- p�`�biQBMiB- HQ;BbiBBFF�- H��/mMi�`FF�BHmV jy
FQ?/2MM2iim K�BMQMi� kN
m`�Q?D�mb- `2F`viQBMiB U2bBKX JQb�B+V kN
bBDQBimbM2mpQMi�- i�HQmb�pmbi�D�i- H�BM�M�MiQ- HmQiiQ�`pBQi kd
iB2iQim`p�HHBbmm/2M bQp2HHmFb2i- Fv#2`im`p�HHBbmmb ke
H  FF22i U�MMQbimb- KQMBH  FBivb- H  FF2B/2M F2?BivbV k8
?QBiQ`Q#QiBi D� bQbB��HBb2i `Q#QiBi kj
pB`im��HBH  F `Bi kk
QTTBKBbi� imF2p�i bQp2HHmFb2i U2bBKX GmF�@TƺHHƺV kk
JPP*@p2`FFQFm`bbBi- i2FQ HvQT2ii�D�i- QTTBKBbvKT `Bbiƺi R3
imiFBKmb U2bBKX �`iBFF2H2B/2MfHm2MiQD2M iBBpBbi KBM2MV R3
pB`im��HBM2M FmMiQ@f`�pBMiQp�HK2MMmb R8
i2`p2v/2M b2m`�Mi�- TQiBH�Bi� KQMBiQ`QBp�i H�Bii22i R9
`2FBbi2`BMimMMBbimb 2bBKX T�`FFB?�HH2Bbb� R9
?BMi�p2`i�BHmi U2bBKX JQKQM/QV R9
i2`p2v/2M?QBiQQM HBBiivp i i2FQ Hv�pmbi�D�i Rj
 Hvi�HQi Rk
i�B/2ii� FmpBbi�- bQBi2imbi� KmbBBFBbi� MmQiBii�KBM2M- b p2HHvb- M vi2HK i Rk
mmiBbQBMiB RR
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RR h2FQ HvM iQBKBD�i amQK2bb� US2FF� L2Bii��MK @
FB- �MMBBM� PD�H�BM2MV

US2FF� L2Bii��MK FB- �MMBBM� PD�H�BM2MV
amQKB QM /B;Bi�HBb��iBQM D� KQMBTmQHBbi2M iB2iQHBBF2MM2v?i2vFbB2M F `FBK��X amQK2M F�M@
b�HHBM2M i�pQBi2 QM QHH� i2FQ HvM bQp2Hi�KBb2bb� K��BHK�M DQ?i�pB2M K�B/2M F `FB`v?K bb X
1`B KBMBbi2`Bƺi- *a*- aBi`�- ohh- amQK2M �F�i2KB�- "mbBM2bb 6BMH�M/ D� mb2�i b  iBƺi
Qp�i 2/Bbi M22i i2FQ HvM D� bBB?2M HBBiivpB2M i2FMQHQ;BQB/2M- Fmi2M �miQK��iBQM- `Q#QiBBF�M-
AQh@H�Bii2B/2M- HQ?FQF2iDmD2M- 8:,M- pB`im��HBiQ/2HHBbmm/2M- "B; .�i�M D� Fv#2`im`p�HHBbmm@
/2M F2?Bii KBbi  D� bQp2Hi�KBbi�X uHBQTBbiQD2M v?i2Bbivƺ b2F  v?i2Bbivƺ v`Bivbi2M D� DmHFBb@
i2M Q`;�MBb��iBQB/2M p HBHH  QM iBBpBbi X .B;BT�`�K2i`BM KmF��M pmQMM� kyRd amQK2bb� QHB
j93 HBBF2iQBKBMM�bb��M i2FQ Hv  ?vƺ/vMi p   v`Bivbi X u`Bivbi2M K  `  MQmb22 D�iFmp�biB
i2FQ HvM F viiƺK�?/QHHBbmmFbB2M F�bp�2bb� D� F2?Biiv2bb  vHB �H�FQ?i�Bbi2M `�DQD2MX
a2m`��p�FbB 2bBi2HH  M iQBKB�HQBii�BM 2bBK2`FF2D  amQK2bb� iQBKBpBbi� v`BivFbBbi - DQiF�
?vƺ/vMi p i iQBKBMMQBbb��M i2FQ Hv  i�B Qp�i TQi2MiB��HBbB� i2FQ HvM ?vƺ/vMi DB X

"BQi�HQmb,
L2bi2- PmiQi2+- o�SP

1H F2`�?�biQi D� p�FmmimFb2i,)
1HQ- 62MMB�- AHK�`BM2M- E2p�- o�`K�- o2`Bi�b 1H F2p�Fmmimb

1M2`;B�i2QHHBbmmb,
6BM;`B/- 6Q`imK- :�bmK- G�M/BbY:v`- aiR- h2#QBH- o�ii2M7�HH- u/BMpQBK�H�BiQFb2i- �Hm@
22HHBb2i 2M2`;B�v?iBƺi

6BM�MbbB�H�,
�FiB�- �bB�F�biB2iQ :`QmT- .�MbF2 "�MF- J�bi2`+�`/- LQ`/2�- PS `v?K - S�vi`�BH- a�K@
TQ- aBDQBii�D� S`Q- a@S�MFFB- aTQM/�- oBb�

A*h@�H�,
j ai2T Ai- �++QmMiQ` 1Mi2`T`Bb2 aQHmiBQMb- �z2+iQ- �BiQ- �C_ aQHmiBQMb- �`iB}+ AMi2HHB@
;2M+2- "�br�`2- "BiiBmK- "BirBb2- "QQ;B2 aQ7ir�`2- *:A amQKB- *BMB�- *QKiB2+?- *mHBM�`-
.B;B�- .m`�M+- 1}+Q/2- 1M7Q- 6BM;2`bQ7i Pv- 6B`bi q�p2- 6QM2+i�- 6mDBibm 6BMH�M/- 6mim@
`B+2- :Q7Q`2- :QQ;H2- >2`K�M Ah- >2rH2ii@S�+F�`/- >S 6BMH�M/- >mbFv AMi2HHB;2M+2- A"J
6BMH�M/- AMMQ+Q/2- AMMQ7�+iQ`- AMMQ7`2�Fb- Abi2FFB- EMQrBi- EQKTQxm`2- G�KB�- G2F�#- J@
6BH2b- JB+`QbQ7i- L�T�- L2ti :�K2b- LBiQ`- LQ`/+HQm/ aQHmiBQMb- LQ`/QKmb- PTmb+�TBi�
:`QmT- P`�+H2- S`Qi�+QM- Zp�Mi2H- _�F2iiBiB2/2- _.o1G>P- _2�FiQ` :`QmT- _2�bQM-
_2K2/v 1Mi2`i�BMK2Mi- _QmM/ w2`Q- _QpBQ- a�KHBMF- a�H2b 6Q`+2- a�S 6BMH�M/- a2`BQmb@
Hv .B;Bi�H 1Mi2`i�BMK2Mi- aB2K2Mb- aBBHB aQHmiBQMb- aBHQX�A- aK�HH :B�Mi :�K2b- aQ7Q`-
aQ7i�#BHBiv- aQHBMQ`- aQHBi� :`QmT- ai�`+mi- ai2�KH�M2- amH�p�- amQK2M J2/B�iQBKBbiQ-
amT2`+2HH- avK#BQ 6BMH�M/- h2H2bi2- h?2 *m`BQmb �A *QKT�Mv- hB2iQ- hQT .�i� a+B2M+2-
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hmMiBM2iiB- lMBiv h2+?MQHQ;B2b 6BMH�M/- o�BMm- o�H� :`QmT- o�HQ?�B- o�HQbb� G�#b- o�Hm2@
KQiBp2- oBbK� amQKB- q�TB+2- oBM+Bi

E�mT�M �H�,
E2bFQ- GB/H amQKB- a@`v?K - o2`FFQF�mTT�X+QK

EQMbmHiQBMiB,
�++2Mim`2- 6Qm`FBM/- >QmbiQM AM+- AMp2M+Q- ESJ:- GQm?B�- _�K#QHH

EmHD2imb�H�,
.>G 6`2B;?i- 6BM�pB�- 6BMM�B`- 6BMMHBM2b- SQbiB- a+?2MF2`- o_- oBFBM; GBM2

oB2biBMi ,
�HK� J2/B�- >2HbBM;BM a�MQK�i- E2bFBbmQK�H�BM2M- Jho- a�MQK�- uH2Bb`�/BQ

_�F2Mi�KBM2M D� FBBMi2Bbiƺ?mQHiQ,
*�p2`BQM- G2?iQ :`QmT- L** amQKB- aF�MbF�- a_o v?iBƺi- hBFFm`BH�- lTQMQ`- uAh

h2QHHBbmmb�H�,
�"" :`QmT- �?HbiQ`K@JmMFbDƺ- �M/`Bix- �bTQ- 1ii2TH�M- 6BbF�`b- :�`+Qi2+- >m?i�K FB-
CQ?M .22`2 6Q`2bi`- E2KB`�- EPL1- EQM2+`�M2b- J2`+2/2b@"2Mx- J2ibQ- J2ib  :`QmT-
J2v2` hm`Fm- JQp2Mi�b :2�`b- LQFB�- PmiQFmKTm- S�i`B�- SE* :`QmT- SQMbb2- _�BbBQ-
_QHHb _Qv+2- a�M/pBF JBMBM; �M/ *QMbi`m+iBQM- aa�" aiQ`� 1MbQ- lSJ- o�Bb�H�o�HK2i-
qB?m`B- q `ibBH 

h2`p2vb�H�, �Hm22HHBb2i b�B`��H�i- >2HbBM;BM D� lm/2MK��M b�B`��M?QBiQTBB`B-
E2H�- J2?BH BM2M-
P`BQH�- P`BQM- SB?H�D�HBMM�- SH�MK2+�- h�K`Q- h2`p2vbi�HQ

hB2iQHBBF2MM2, .L�- 1HBb�- >m�r2B h2+?MQHQ;B2b- h2HB�

hm`p�HHBbmmb�H�, �B`#mb .272M+2 �M/ aT�+2- 6@a2+m`2- a2+m`Bi�b- aa> *QKKm@
MB+�iBQMb a2+m`Biv

Jmmi, �K2` Um`?2BHmp HBM22iV- �i`B� U2HBMi�`pBF2V- >QmbiQM �M�HviB+b Gi/
U�M�HviBBFF�V-
GBM;bQ7i UFB2HBT�Hp2HmiV- J�`BK2FFQ Ui2FbiBBHB@ D� p��i2imb�H�V- SQH�` 1H2+i`Q UbvFF22MKBi@
i�mbV- o�HBQ U2HBMi�`pBF2i2QHHBbmmbV- o2BFF�mb U`�?�T2HBiV
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Rk �TT2M/Bt � @ J�i2K�iBBFF�� U>2HB hmQKBM2MV

U>2HB hmQKBM2MV
h bb  Hmpmbb� F v/  M H TB M2m`Qp2`FFQD2M K�i2K�iBBFF�� F bBii2H2p bb  Hmpmbb� D� vH2B@
b2KKBMFBM FQM2QTTBKBb2M i�mbi�HH� QH2p�� K�i2K�iBBFF��X E bBi2Hi pB  �B?2Bi� Qp�i 7mMF@
iBQB/2M T2`mbF bBii22i- QbBii�Bb/2`Bp��i�i D�   `B�`pQD2M 2ibBKBM2M b2F  HBM2��`B�H;2#`�M
T2`mbi22iX �bBQB/2M 2bBii2HvM v?i2v/2bb  F2``�i��M MBB/2M HBBiQFb2i M2m`Qp2`FFQD2M K�i2@
K��iiBb22M i2Q`B��MX

RkXR �M�HvvbB�

h bb  Hmpmbb� 2bBi2HH  M FQM2QTTBKBb2bb� F vi2ii pB2M K2M2i2HKB2M i�mbi�HH� QH2p�� K�i2@
K��iiBbi� �M�HvvbB� BHK�M T2`BMi2Bbi  ǳK  `Bi2HK - H�mb2- iQ/BbimbǴ @`�F2MM2ii�X �B?22bi�
Hƺvivv HBb iB2iQ�- 2bBK2`FF2D  D� i2?i pB  HmF2K�iiQKBbi� *�H+mHmb@MBKBbBbi  FB`DQBbi�X
L2m`Qp2`FFQD� F bBi2Hi 2bb  i�`pBi��M T2`mbiB2iQD� 7mMFiBQBbi� D� MBB/2M QKBM�BbmmFbBb@
i�X :`�/B2Mii2B?BM T2`mbimpBbb� p2`FQM QT2imbK2M2i2HKBbb  Fmi2M Gmpmbb� F bBi2Hi p bb 
p�bi�pB`i�@�H;Q`BiKBbb� i�`pBi��M 2bBK2`FBFbB KQM2M KmmiimD�M 7mMFiBQB/2M QbBii�Bb/2`B@
p��iiQD� H�bFmb  MiƺBM22M D� DQMFBM p2``�M   `B�`pQi2Q`B��X

RkXRXR 6mMFiBQBbi�

PHFQQi Ӷ D� ӷ DQmFFQD�X
6mMFiBQ 2HB Fmp�mb ԕ  Ӷ ݂ ӷ DQmFQbi� Ӷ DQmFFQQM ӷ QM b  Miƺ- DQF� HBBii   DQF�Bb22M
DQmFQM Ӷ �HFBQQM Ԑ i bK HH22M v?/2M DQmFQM ӷ �HFBQM ԕ	Ԑ
X
CQmFFQ Ӷ QM 7mMFiBQM ԕ H ?iƺDQmFQFFQ U/QK�BMV D� DQmFFQ ӷ K��HBDQmFFQ Ui�`;2i b2iVX
�HFBQi� ԕ	Ԑ
 b�MQi��M �HFBQM Ԑ Fmp�FbB i�B 7mMFiBQM ԕ �`pQFbB TBbi22bb  ԐX
CQmFFQ ԕ	Ӷ
 � \ԑ ୮ ӷ  ԕ	Ԑ
 � ԑ DQHH�BM Ԑ ୮ Ӷ^
QM 7mMFiBQM ԕ �`pQDQmFFQfFmp�DQmFFQ U`�M;2VX
CQb Ӹ ୢ ӷ- MBBM DQmFQM Ӹ �HFmFmp� UT`2BK�;2V Fmp�mFb2bb� ԕ QM DQmFFQԕφ	Ӹ
 � \Ԑ ୮ Ӷ  ԕ	Ԑ
 ୮ Ӹ^�
CQmFFQ R։ QM ԝ@mHQii2BM2M 2mFHB/BM2M �p�`mmbX a2M �HFBQi Qp�i p2FiQ`2Bi� ԧ �	ԧφ ԧϵ w  ԧ։
- KBbb  ԧք ୮ R F�BFBHH� Ԙ ୮ \� � w  ԝ^X hmimBKK�i mHQiimpmm/2i Qp�i �- �
D� �c R QM `2��HB�Fb2HB- Rϵ i�bQ D� Rϯ FQHKBmHQii2BM2M �p�`mmbX
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i�bQ Rϵ

�@mHQBii2BM2M �p�`mmb Rϯ
1mFHB/Bb2M �p�`mm/2M p HB UBMi2`p�HV QM F�`i22bBM2M imHQ `2��HB�Fb2HBM p H2Bbi  Ӿք ୢ R-Ԙ ୮ \� � w  ԝ^- KBbb  p HB Ӿք pQB QHH� KmQiQ� <Ԑք ԑք> UbmHD2iimV- >	Ԑք ԑք
< U�pQBMV- <Ԑք ԑք< i�B>Ԑք ԑք>� o HB Ӿ � Ӿφ  ੈ  Ӿ։
QM �pQBMfbmHD2iim- DQb F�BFFB p HBi Ӿք Qp�i �pQBKB�fbmHD2iimD�X CQb Ԑք � � D� ԑք � �
F�BFBHH� Ԙ ୮ \� � w  ԝ^- MBBM p HB Ӿ �>  � �< QM R։X
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SBbi2B/2M ԧ D� Ԩ p HBbi  2i Bbvvii  KBi�i��M 2mFHB/Bb2bi� MQ`KBbi� UMQ`KVધԧધ � ঁ ։ంք�φ ԧϵք ংφ�ϵ
b��i�p�HH� K2i`BBF�HH� UK2i`B+Vԓ	ԧ Ԩ
 � ધԧ  Ԩધ � ঁ ։ంք�φ	ԧք  Ԩք
ϵংφ�ϵ
DQF� �Mi�� HmQMMQHHBb2M 2i Bbvv/2Mc TBbi2B/2M p HBM2M 2i Bbvvb QM MBB/2M p HBb2M D�M�M
TBimmbX
h bb  HBBii22bb  F bBi2HH  M T  �bB�bb� 7mMFiBQBi� ԕ  Ӷ ݂ Rֈ- KBbb  Ӷ ୢ R։ QM p HB i�BӶ � \Ԑφ Ԑϵ w  Ԑկ^- Ԑք ୮ R։ F�BFBHH� Ԙ � � w  ԃ - QM   `2HHBM2M DQmFFQX
6mMFiBQM ԕ  Ӷ ݂ R Fmp��D� 2HB ;`��} U;`�T?V QM DQmFFQ

Gց � \	ԧ Ԩ
 ୮ R։�φ  ԧ ୮ Ӷ Ԩ � ԕ	ԧ
^
D� `2��HBHmFmD2M Ԓ ୮ R �HFmFmp�iԕφ	\Ԓ^
 � \ԧ ୮ Ӷ  ԕ	ԧ
 � Ԓ^
Qp�i 7mMFiBQM ԕ i�b�@�`pQDQmFFQD� UH2p2H b2iV- DQBi� i�T�mFb2bb� ԝ � � Fmibmi��M Kvƺb
i�b�@�`pQF v`BFbBX
uH2Bb2KKBM- DQb Ӷ D� ӷ Qp�i DQmFFQD� D� ԕ  Ӷ ݂ ӷ 7mMFiBQ- MBBM DQmFQM Ӹ ୢ ӷ �HFmFmp�
Fmp�mFb2bb� ԕ QM DQmFFQ ԕφ	Ӹ
 � \ԧ ୮ Ӷ  ԕ	ԧ
 ୮ Ӹ^�
>mQK��- 2ii  DQF�Bb2HH� H ?iƺDQmFQM TBbi22HH  QM �BM� Fmp� Kmii� DQmFQM �HFmFmp� pQB
QHH� iv?D X

1bBK2`FFB
PHFQQi Ӷ � \Ԑ ԑ Ԓ ԓ Ԕ^ D� ӷ � \Ԁ ԁ Ԃ ԃ^X PHFQQM ԕ  Ӷ ݂ ӷ 7mMFiBQ- DQHH2ԕ	Ԑ
 � Ԁ ԕ	ԑ
 � ԁ ԕ	Ԓ
 � Ԁ ԕ	ԓ
 � Ԃ ԕ	Ԕ
 � Ԃ�
1ibBi  M DQmFQM Ӷ Fmp� D� K��HBDQmFQM �HFBQB/2M Ԁ ԁ Ԃ D� ԃ �HFmFmp�i 7mMFiBQHH2 ԕ X
CQmFQM Ӷ Fmp�DQmFFQ QM ԕ	Ӷ
 � \Ԁ ԁ Ԃ^ ଈ ӷX
CQmFQM ӷ �HFBQB/2M �HFmFmp�i Qp�i ԕφ	\Ԁ^
 � \Ԑ Ԓ^- ԕφ	\ԁ^
 � \ԑ^- ԕφ	\Ԃ^
 �\ԓ Ԕ^ D� ԕφ	\ԃ^
 � ૢX
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6mMFiBQM ԕ ?�p�BMMQBHHBbi�KBM2M MmQHBFmpBQHH�X

h�b�@�`pQF v`B  F vi2i  M 7mMFiBQM ;`��}2M TBB`i KBb22M D� 7mMFiBQM F�bpmp�m?/BM
D� @bmmMM�M imiFBKBb22M ;`�/B2MiBM �pmHH�X hQTQ;`�}b2M F�`i�M FQ`F2mbF v` i Qp�i
FQ`F2mb7mMFiBQM i�b�@�`pQF v`B X h�b�@�`pQF v`B  K  `Bi2ii 2bb  pQB 2MbBM TBB`i   F v` iԕ	ԧφ ԧϵ
 � Ԓ FQHKBmHQii2Bb22M i�bQQMX L K  F v` i b��/��M i�bQD2M ԧϯ � Ԓ D� 7mMF@
iBQM Fmp��D�M H2BFF�mFbBM�X o�bi��p�i i�b�@�`pQF v` i b��/��M F v`B2M ԕ	ԧφ ԧϵ
 � Ԓ
T`QD2FiBQBM� ԧφ ԧϵ@i�bQQMX

1bBK2`FFB
PHFQQM ԕ  Rϵ ݂ R- ԕ	ԧ Ԩ
 � ԧϵ � Ԩϵ�
6mMFiBQM ԕ Fmp��D� QM vHƺbT BM �mF2�p� T�`�#QHQB/B- DQMF� ?mBTTm QM Q`B;Qbb�X EmM Ԓ ଯ �-
MBBM i�b�@�`pQF v` i ԕφ	\Ԓ^
 � \	ԧ Ԩ
 ୮ Rϵ  ԧϵ � Ԩϵ � Ԓ^
Qp�i vKTv`ƺBi - DQB/2M F2bFBTBbi2 QM Q`B;Q D� b /2 అԒX UCQb Ԓ � �- MBBM i�b�@�`pQF v` i
Qp�i iv?DB  DQmFFQD� bBHH  ԕ	ԧ Ԩ
 ଯ � F�BFBHH� 	ԧ Ԩ
 ୮ RϵXV
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6mMFiBQM ԕ	ԧ Ԩ
 � ԧϵ � Ԩϵ Fmp��D�X

6mMFiBQM ԕ	ԧ Ԩ
 � ԧϵ � Ԩϵ i�b�@�`pQF v` iX
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RkXRXk >�`DQBimbi2?i pB 

RX SBB``  7mMFiBQM ԕ  Rϵ ݂ R- ԕ	ԧ Ԩ
 � ԧϵ  Ԩϵ Fmp��D� D� i�b�@�`pQF v` iX
kX SBB``  7mMFiBQM ԕ  Rϵ ݂ R- ԕ	ԧ Ԩ
 � 	�ԧϵ � Ԩϵ
Ԕ֓ɞ֔ɞ Fmp��D� D� i�b�@�`pQF v` iX
jX SBB``  7mMFiBQM ԕ  Rϵ ݂ R- ԕ	ԧ Ԩ
 � ԧԨԔ֔ɞ Fmp��D� D� i�b�@�`pQF v` iX
9X u?/Bbi  7mMFiBQB/2M Fmp��D�i D� i�b�@�`pQF v` iX
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�{BMB 7mMFiBQ
L2m`Qp2`FQM TBBHQ@ D� mHQbimHQF2``QFb2M M2m`QM2Bbb� H�bF2i��M 2/2HHBb2bi  F2``QFb2bi� imHH2B@
/2M bvƺii2B/2M T�BMQi2iim bmKK� D� HBb i  M bBB?2M p�FBQi2`KBX CQF�Bbi� M2m`QMB� p�bi��
bBBb �{BMB 7mMFiBQ- DQF� pB2/  M �FiBpQBMiB7mMFiBQHH2X
PHFQQM Ӷ ԝ  ԝ@K�i`BBbB D� ԑ ୮ R։X 6mMFiBQ ԕ  R։ ݂ R։-ԕ	ԧ
 � Ӷԧ � ԑ
KBbb  Ӷԧ QM K�i`BBbBM Ӷ D� p2FiQ`BM ԧ imHQ- QM �{BMB 7mMFiBQX
�{BMB 7mMFiBQ pQB F  Mi  - bF��H�i� D� bBB`i   DQmFFQ�X a2 b BHvii   DQBi�FBM ;2QK2i`BbB�
QKBM�BbmmFbB� bBHH  b2 Fmp�� bmQ`�i bmQ`BFbB- v?/2MbmmMi�Bb2i bmQ`�i v?/2MbmmMi�BbBFbB D�
b BHvii   D�MQD2M QbB2M bm?i22iX Emp�mb bBBb Fmp�� TBbi2DQmFQM mm/2HH22M F  Mi 2M- p2Mvi@
i 2M- bBB`i 2M DQmFQM T�BFF�� i�B bF��H�i2M DQmFQM FQFQ�X
CQb ԑ � �- MBBM �{BMB 7mMFiBQ QM HBM2��`BFmp�mbX CQb ԑ ଈ �- MBBM ԕ	�
 � ԑ ଈ �- DQi2M Fmp�mb
2B QH2 HBM2��`BM2MX >mQK��- 2ii  KQMBbb� H ?i2Bbb  �{BMB� 7mMFiBQi� b�MQi��M pB`?22HHBb2biB
HBM2��`Bb2FbBX

1bBK2`FFB
CQb ԝ � �- MBBM �{BMBM 7mMFiBQM ԕ  R ݂ R-ԕ	ԧ
 � Ԑԧ � ԑ
Fmp��D� QM bmQ`�- DQMF� FmHK�F2``QBM QM Ԑ D� DQF� H2BFF�� Ԩ@�Fb2HBM TBbi22bb  	� ԑ
X
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E�bp�p� D� p ?2M2p  7mMFiBQ
PHFQQM Ӿ ୢ R p HB D� QHFQQM ԕ  Ӿ ݂ R 7mMFiBQX CQb ԕ	ԧ
 ମ ԕ	Ԩ
 �BM� FmM ԧ ମ Ԩ- MBBM
7mMFiBQ ԕ QM F�bp�p� UBM+`2�bBM;VX CQb ԕ	ԧ
 ଯ ԕ	Ԩ
 �BM� FmM ԧ ମ Ԩ- MBBM 7mMFiBQ ԕ QM
p ?2M2p  U/2+`2�bBM;VX

1bBK2`FFB
6mMFiBQ ԕ  R ݂ R- ԕ	ԧ
 � ԧϯ  ��ԧ  �
QM F�bp�p� p H2BHH  >  � �< D� >� �<X a2 QM p ?2M2p  p HBHH  >  � �<X

u?/Bbi2iiv 7mMFiBQ
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L2m`Qp2`FFQD2M M2m`QMBM bvƺi2 b2m`��p�HH2 F2``QFb2HH2 b��iBBM H�bF2K�HH� T�BMQi2iim bmK@
K� 2/2HHBb2M F2``QFb2M bvƺii2Bbi - HBb  K HH  bBB?2M M2m`QMBM p�FBQi2`KB D� pB2K HH  bmK@
K� �FiBpQBMiB7mMFiBQHH2X h bb  QM Fvb2 v?/Bbi2ivbi  7mMFiBQbi�, �FiBpQBMiB7mMFiBQM �`pQ
H�bF2i��M bmKK�7mMFiBQM �Mi�K�bb� TBbi22bb X uH2Bb2biB v?/Bbi2iiv 7mMFiBQ K  `Bi2HH  M
b2m`��p�biBX
PHFQQi Ӷ- ӷ D� Ӹ DQmFFQD�X PHFQQi ԕ  Ӷ ݂ ӷ D� Ԗ  ӷ ݂ Ӹ 7mMFiBQBi�X u?/Bbi2iiv 7mMFiBQ
U+QKTQbBi2 7mM+iBQMV QM 7mMFiBQ ԗ Ӷ ݂ Ӹ-ԗ	ԧ
 � 	Ԗ ੋ ԕ
	ԧ
 � Ԗ	ԕ	ԧ

�

u?/Bbi2iiv Fmp�mb Ԗ ੋ ԕ X

1bBK2`FFB
PHFQQi ԕ Ԗ  R ݂ R- ԕ	ԧ
 � �ԧ  � D� Ԗ	ԧ
 � ԧϵX
L B/2M 7mMFiBQB/2M v?/Bbi2iiv 7mMFiBQ QM Ԗ ੋ ԕ  R ݂ R-	Ԗ ੋ ԕ
	ԧ
 � Ԗ	ԕ	ԧ

 � Ԗ	�ԧ  �
 � 	�ԧ  �
ϵ � �ԧϵ  ��ԧ  ���
RkXRXj .2`Bp��ii�

o�bi�pB`i�@�H;Q`BiKBbb� H�bF2ii�pBbb� pB`?27mMFiBQM QbBii�Bb/2`Bp��iQBbb� i�`pBi��M �FiB@
pQBMiB7mMFiBQM /2`Bp��ii�� D� /2`BpQBMMBM F2iDmb  Miƺ X o2`FQM QTTBKBb2M i�`F�bi2Hmbb�
QM ?vp  QHH� F bBivb bBBi - KBi  /2`Bp��ii� F2`iQQ 7mMFiBQbi�, H ?2HH  MQHH�� QH2p� /2`Bp��i@
i� F2`iQQ- 2ii  7mMFiBQM �`pQi Kmmiimp�i ?Bi��biB D� /2`Bp��i�M bmm`B Bib2Bb�`pQ F2`iQQ-
2ii  7mMFiBQ Kmmiimm MQT2�biBX
6mMFiBQM ԕ  R ݂ R /2`Bp��ii� K  `Bi2HH  M 2`QimbQb�K  `B2M `�D�@�`pQM�X h�`F�bi2HH��M-
T�HDQMFQ 7mMFiBQM �`pQ ԕ	ԧ
 Kmmiimm FmM TBbi2ii  ԧ bBB``2i  M p ? M- TB2M2M HmpmM ԗ ୮ R
p2``�M- DQFQ QBF2�HH2 i�B p�b2KK�HH2X JmmiQbi� imiFBi��M F2bFBK  ` Bb2M  KmmiQFb2M� 2HB
2`QimbQb�K  ` M - DQbb� 7mMFiBQM �`pQD2M 2`Qimb D�2i��M bBB`ivK HH  ԗ-ԕ	ԧ � ԗ
  ԕ	ԧ
ԗ �
:2QK2i`Bb2biB imHFBiimM� 2`QimbQb�K  `  F2`iQQ TBbi2B/2M 	ԧ ԕ	ԧ

 D� 	ԧ � ԗ ԕ	ԧ � ԗ


F�mii� FmHF2p�M bmQ`�M 2HB M B/2M TBbi2B/2M F�mii� FmHF2p�M b2F�MiBM FmHK�F2`iQBK2MX
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a2F�MiiB D� i�M;2MiiBX

CQb i HH  2`QimbQb�K  ` HH  QM   `2HHBM2M `�D�@�`pQ FmM KmmiQb ԗ H ?2bivv MQHH��- MBBM
Fvb2BM2M `�D�@�`pQ QM 7mMFiBQM ԕ /2`Bp��ii� U/2`Bp�iBp2V ԕ	ԧ
 TBbi22bb  ԧ-

ԕ	ԧ
 � HBKփ݂Ј ԕ	ԧ � ԗ
  ԕ	ԧ
ԗ ୮ R

D� b�MQi��M- 2ii  ԕ QM /2`BpQBimp� U/Bz2`2MiB�#H2V TBbi22bb  ԧX 6mMFiBQ ԕ QM /2`BpQBimp�-
DQb b2 QM /2`BpQBimp� DQF�Bb2bb� TBbi22bb X

>mQK�mimb
Ç 1`QimbQb�K  ` bb  bBB`ivK  ԗ pQB QHH� Kvƺb M2;�iBBpBM2MX
Ç 1/2HH  K  `Bi2HiBBM /2`Bp��ii� FQFQ `2��HB�Fb2HBHH� K  `Bi2HHvBHH2 7mMFiBQBHH2X CQb ԕ QM

K  `Bi2Hiv �pQBK2HH� p HBHH  >Ԑ ԑ<- MBBM 2`QimbQb�K  `   imiFBii�2bb� Qi2i��M KmF��M
TBbi22i ԧ ୮>Ԑ ԑ< D� M2 bBB`ivK i- DQBHH2 ԧ � ԗ ୮>Ԑ ԑ<X

Ç 6mMFiBQM ԕ /2`Bp��i�HH2 F vi2i  M KQM2biB /2`BpQBMiBKmmiimD�M ԧ bBb Hi p   K2`@
FBMi   տտ֓ԕ	ԧ
 i�B տցտ֓	ԧ
X G2B#MBxBHi  T2` BbBM QH2p�bb� K2`FBMM bb  2`QimbQb�K  `  
K2`FBi  M း֔း֓ D� /2`Bp��ii�� ԓԨԓԧ � HBKး݂֓Ј ငԨငԧ�

h�M;2MiiBimHFBMi�
:2QK2i`Bb2biB imHFBiimM� 7mMFiBQM /2`BpQBimpmmb TBbi22bb  ԧЈ F2`iQQ- 2ii  7mMFiBQM Fmp��@
D�HH2 pQB/��M TBB`i   TBbi22b22M 	ԧЈ ԕ	ԧЈ

 vFbBF bBii2BM2M i�M;2MiiB- DQHH� QM   `2HHBM2M
FmHK�F2``QBMX .2`Bp��i�M �`pQ ԕ	ԧЈ
 QM i�M;2MiBM FmHK�F2``QBM D� i�M;2MiBM v?i Hƺ QMԨ  ԨЈ � ԕ	ԧЈ
	ԧ  ԧЈ
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KBbb  ԨЈ � ԕ	ԧЈ
X

.2`BpQBimpmm/2M i�M;2MiiBimHFBMi�X

SBbi22bb  ԧ /2`BpQBimp�HH2 7mMFiBQHH2 KmmiQFb2M ԗ TB2M2Miv2bb  2`QimbQb�K  `B  p�bi��pB2M
b2F�MiiB2M FmHK�F2`iQBKB2M `�D�@�`pQ QM bBBb i�M;2MiBM FmHK�F2``QBM D� b2F�MiBi H ?2biv@
p i i�M;2MiiB�X JBi  bmm`2KTB FmHK�F2``QBM QM- bBi  Dv`F2KTB i�M;2MiiB QMX SQbBiBBpBbBHH�
FmHK�F2`iQBKBHH� bmQ`� QM MQmb2p� D� M2;�iBBpBbBHH� H�bF2p�X
h�M;2MiiBimHFBMM�HH� QM ?2HTTQ ?mQK�i�- 2ii  TBbi22bb  2T D�iFmp� 7mMFiBQ ԧ 2B QH2 /2`B@
pQBimp�X a2M Fmp��D�HH2 2B pQB TBB`i   i�M;2MiiB� 2T D�iFmpmmbFQ?/�bb�X CQb i�M;2MiiB QM
TvbivbmQ`�- bBHH  2B QH2   `2HHBbi  FmHK�F2``QBMi�- 2BF  7mMFiBQ QH2 /2`BpQBimp� Fvb2Bb2bb 
TBbi22bb X

1bBK2`FFB
h�`F�bi2HH��M Bib2Bb�`pQ7mMFiBQi� ԕ  R ݂ R-ԕ	ԧ
 � ]ԧ] � ԧ FmM ԧ ଯ �ԧ FmM ԧ � ��
Aib2Bb�`pQ7mMFiBQM Fmp��D�HH� 2B QH2 TBbi22bb  	� ԕ	�

 � 	� �
 vFbBF bBii2Bbi  i�M;2MiiB�
p��M MBBi  QM   `2iiƺK M KQMi�X h�M;2MiiBimHFBMM�M �pmHH� pQB/��M T  i2HH - 2ii  ԕ 2B
QH2 /2`BpQBimp� TBbi22bb  ԧ � �X Ua�K��M i�T��M pQB vH2Bb2KKBMFBM T  i2HH - 2ii  7mMFiBQ-
DQMF� Fmp��D�bb� QM F `FB- 2B QH2 /2`BpQBimp� F `F2  p�bi��p�bb� TBbi22bb XV
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Aib2Bb�`pQ7mMFiBQ ԕ	ԧ
 � ]ԧ]X
1`QimbQb�K  `   imiFBii�2bb� ?mQK�i��M- 2ii  MQHH�bb� p�b2KK�M@ D� QBF2�MTmQH2Bb2i
`�D�@�`pQi Qp�i 2`Bbmm`2i 2HB `�D�@�`pQ� MQHH�bb� 2B QH2 QH2K�bb�X
EmM ԗ � �- MBBM ԕ	� � ԗ
  ԕ	�
ԗ � ]ԗ]ԗ � ԗԗ � � ݂ � FmM ԗ ݂ �
D� FmM ԗ � �- MBBMԕ	� � ԗ
  ԕ	�
ԗ � ]ԗ]ԗ � ԗԗ � � ݂ � FmM ԗ ݂ ��
aBi2M ԕ 2B QH2 /2`BpQBimp� MQHH�bb�X

.2`BpQBimpB2M 7mMFiBQB/2M QKBM�BbmmFbB�

.2`BpQBimpBHH� 7mMFiBQBHH� QM b2m`��pB� ?vpB  QKBM�BbmmFbB�- DQBi� 2B iQ/Bbi2i� i bb X
PHFQQi ԕ D� Ԗ /2`BpQBimpB� 7mMFiBQBi� D� Ԓ ୮ RX

Ç 6mMFiBQi ԕ � Ԗ UbmKK�V- Ԓԕ Up�FBQHH� F2`iQKBM2MV- ԕԖ UimHQV D� ցւ UQb�K  ` V Qp�i
/2`BpQBimpB� D�	ԕ � Ԗ
 � ԕ � Ԗ 	Ԓԕ
 � Ԓԕ 	ԕԖ
 � ԕԖ � ԕԖ ঁԕԖ ং � ԕԖ  ԕԖԖϵ 
KBbb  Qb�K  ` M /2`Bp��ii� QM QH2K�bb� MBBbb  TBbi2Bbb - DQBbb� Ԗ ଈ �X

Ç CQb ԕ QM /2`BpQBimp� TBbi22bb  ԧ- MBBM b2 QM D�iFmp� TBbi22bb  ԧX

CQB/2MFBM 7mMFiBQB/2M /2`Bp��iiQD�
Ç տտ֓ԧռ � Ԑԧռφ- F�BFBHH� Ԑ ୮ R-
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Ç տտ֓Ԕ֓ � Ԕ֓-

Ç տտ֓ bBM ԧ � +Qb ԧ- տտ֓ +Qb ԧ �  bBM ԧ D� տտ֓ i�M ԧ � φ
+Qbɞ ֓ � � � i�Mϵ ԧ-

Ç տտ֓ HQ; ԧ � φ֓ - FmM ԧ � �X

E2iDmb  Miƺ
PHFQQi ԕ D� Ԗ /2`BpQBimpB� 7mMFiBQBi�X u?/Bbi2iiv 7mMFiBQ ԕ ੋ Ԗ QM /2`BpQBimp� D�	ԕ ੋ Ԗ
	ԧ
 � ԕ	Ԗ	ԧ

Ԗ	ԧ

F�BFBHH� ԧX
G2B#MBxBM /2`Bp��ii�K2`FBMi  QM DQbFmb F i2p  v?/Bbi2ivM 7mMFiBQM /2`Bp��iiQD2M v?i2v@
/2bb X J2`FBi  M ԗ � ԕ ੋ Ԗ- Ԩ � Ԗ	ԧ
 D� ԩ � ԕ	Ԩ
X 6mMFiBQB/2M Ԗ D� ԕ /2`Bp��i�i G2B#MBxBM
K2`FBMMƺBM Qp�i Ԗ	ԧ
 տ֔տ֓ D� ԕ	Ԩ
տ֕տ֔ X E2iDmb  Miƺ i bb  KmQ/Qbb� QMԓԩԓԧ � ԓԩԓԨ ԓԨԓԧ�
1bBK2`FFB
PHFQQM ԕ  R ݂ R- ԕ	ԧ
 � 	bBM �ԧ � �
ϵ�
6mMFiBQ ԕ QM v?/Bbi2iiv 7mMFiBQ ԥ ੋ Ԗ ੋ ԗ FQHK2bi� 7mMFiBQbi� ԗ	ԧ
 � �ԧ- Ԗ	Ԩ
 � bBM Ԩ � �
D� ԥ	ԩ
 � ԩϵX E2iDmb  Miƺ  F�?i22M F2`i��M F vii K HH  b��/��Mԕ	ԧ
 � ԥ	Ԗ	ԗ	ԧ


	Ԗ ੋ ԗ
	ԧ
� ԥ	Ԗ	ԗ	ԧ


Ԗ	ԗ	ԧ

ԗ	ԧ
� �	bBM �ԧ � �
	+Qb �ԧ
�� �	bBM �ԧ � �
	+Qb �ԧ
�
.2`Bp��ii� D� 7mMFiBQM F vii vivKBM2M
.2`Bp��i�M K2`FFB D� bmm`mmb F2`iQp�i T�HDQM 7mMFiBQM F vii vivKBb2bi X CQb 7mMFiBQM
/2`Bp��ii� QM TQbBiBBpBM2M �pQBK2HH� p HBHH - MBBM 7mMFiBQ QM F�bp�p� i HH  p HBHH X CQb /2`B@
p��ii� QM M2;�iBBpBM2M DQHH�BM �pQBK2HH� p HBHH - MBBM 7mMFiBQ QM p ?2M2p X .2`Bp��ii� QM
MQHH� DQb i�M;2MiBM FmHK�F2``QBM QM MQHH� 2HB i�M;2MiiB QM ԧ@�Fb2HBM bmmMi�BM2MX
CQb 7mMFiBQ b��pmii�� TBbi22bb  ԧ bmm`BKK�M i�B TB2MBKK M �`pQMb�- MBBM i bb  TBbi22bb 
QM ԕ	ԧ
 � �X >mQK��- 2ii  /2`Bp��ii� pQB QHH� MQHH� p�BFF� TBbi2 2B QHBbBF��M 7mMFiBQM
  `B�`pQTBbi2X

1bBK2`FFB
PHFQQM ԕ  R ݂ R- ԕ	ԧ
 � ���ԧϯ  ԧϵ�
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6mMFiBQM ԕ /2`Bp��ii� QM ԕ	ԧ
 � ϯφЈԧϵ  �ԧX .2`Bp��i�M MQHH�FQ?/�i Qp�i ӷ � � D�ӽ � �ϵϯ X .2`Bp��i�M K2`FFB  imiFBK�HH� M ?/  M- 2ii  ԕ QM F�bp�p� p H2BHH  >  � �< D�>�ϵϯ �< D� 2ii  b2 QM p ?2M2p  p HBHH  >� �ϵϯ<X

.2`Bp��i�M K2`FFB D� 7mMFiBQM p ?2M2pvvbfF�bp�pmmbX

R BKTQ`i bvKTv
k t4bvKTvXavK#QHU^t^V
j 74RfRy t  j@t  k
9 ;4bvKTvX/B77U7-tV
8 T`BMiU]6mMFiBQM 7 /2`Bp��ii� QM &,'X]X7Q`K�iU;VV

RkXRX9 >�`DQBimbi2?i pB 

RX PHFQQi Ԑ ԑ Ԓ ୮ RX G�bF2 p�FBQ7mMiBQM ԕ  R ݂ R- ԕ	ԧ
 � Ԓ F�BFBHH� ԧ ୮ R D� �{MBM
7mMFiBQM Ԗ  R ݂ R- Ԗ	ԧ
 � Ԑԧ � ԑ F�BFBHH� ԧ ୮ R- /2`Bp��i�i 2`QimbQb�K  ` M
�pmHH�X

kX hQ/Bbi� DQFm /2`Bp��i�M H�bFmb  Miƺ QKBM�BbmmFbB� @FQ?/�bi�X

_2��HB7mMFiBQM   `B�`pQBbi�
6mMFiBQM bmm`BKK�M i�B TB2MBKK M �`pQM 2ibBKBM2M QM QTiBKQBMiBi2?i p - DQMF� `�iF�B@
b2KBb2bb� ?vƺ/vHHBbB  ivƺF�HmD� Qp�i /2`Bp��ii� D� `�D�@�`pQiX
PHFQQM Ӿ ୢ R p HB D� QHFQQM ԕ  Ӿ ݂ R 7mMFiBQX PHFQQM ԧЈ ୮ Ӿ X

Ç CQb ԕ	ԧЈ
 ଯ ԕ	ԧ
 F�BFBHH� ԧ ୮ Ӿ - MBBM ԧЈ QM 7mMFiBQM ԕ K�FbBKBTBbi2 D� ԕ	ԧЈ

U;HQ#��HBV K�FbBKB 2HB bmm`BM �`pQX

Ç CQb ԕ	ԧЈ
 ମ ԕ	ԧ
 F�BFBHH� ԧ ୮ Ӿ - MBBM ԧЈ QM 7mMFiBQM ԕ KBMBKBTBbi2 D� ԕ	ԧЈ
 U;HQ#��HBV
KBMBKB 2HB TB2MBM �`pQX
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amm`BMi� D� TB2MBMi  �`pQ� Fmibmi��M v?i2Bb2HH  MBK2HH  ;HQ#��HBi   `B�`pQiX :HQ#��HB2M
  `B�`pQD2M HBb FbB pQB/��M imiFB� 7mMFiBQM F vii vivKBbi  TBbi22M ԧЈ H ?2HH  D� K  `Bi2HH 
7mMFiBQM ԕ HQF��HBi 2HB T�BF�HHBb2i   `B�`pQiX

Ç CQb QM Ԑ � �- bBi2M- 2ii  ԕ	ԧЈ
 ଯ ԕ	ԧ
 F�BFBHH� ԧ ୮ Ӿો>ԧЈ  Ԑ ԧЈ � Ԑ<- MBBM ԧЈ QM
7mMFiBQM ԕ HQF��HB K�FbBKBTBbi2 D� ԕ	ԧЈ
 HQF��HB K�FbBKB 2HB bmm`BM �`pQX

Ç CQb QM Ԑ � �- bBi2M- 2ii  ԕ	ԧЈ
 ମ ԕ	ԧ
 F�BFBHH� ԧ ୮ Ӿો>ԧЈ  Ԑ ԧЈ � Ԑ<- MBBM ԧЈ QM
7mMFiBQM ԕ HQF��HB KBMBKBTBbi2 D� ԕ	ԧЈ
 HQF��HB KBMBKB 2HB TB2MBM �`pQX

>mQK��- 2ii  7mMFiBQHH� 2B �BM� QH2 bmm`BMi� D� TB2MBMi  �`pQ�X 1bBK2`FBFbB 7mMFiBQԕ  >� �<݂ R- ԕ	ԧ
 � φ֓ - QM `�DQBii�K�iQM D� HBK݂֓Ј� ԕ	ԧ
 � � D� HBK݂֓� ԕ	ԧ
 � � D�ԕ	ԧ
 � � F�BFBHH� >� �<X aBi2M 7mMFiBQHH� 2B QH2 bmm`BMi� 2BF  TB2MBMi  �`pQ�X amHD2imHH�
p HBHH  K  `Bi2HHvBHH2 D�iFmpBHH2 7mMFiBQBHH2   `B�`pQi Qp�i �BM� QH2K�bb�X

� `B�`pQH�mb2
PHFQQM ԕ  <Ԑ ԑ> ݂ R D�iFmp� 7mMFiBQX h HHƺBM 7mMFiBQ ԕ b��pmii�� p HBHH  <Ԑ ԑ> bmm`BKK�M
D� TB2MBKK M �`pQMb�X
6mMFiBQM /2`Bp��ii�- KBF HB b2 QM QH2K�bb�- QM ?vƺ/vHHBM2M ivƺF�Hm   `B�`pQD2M 2ibBKBb2bb X
.2`Bp��i�M K  `Bi2HK M �pmHH� QM ?2HTTQ M vii  - 2ii  DQb 7mMFiBQHH� ԕ QM HQF��HB   `B�`pQ
TBbi22bb  ԧЈ D� ԕ QM /2`BpQBimp� TBbi22bb  ԧЈ- MBBM ԕ	ԧЈ
 � �X amHD2imHH� p HBHH  K  `Bi2HHvM
7mMFiBQM   `B�`pQD� 2ibBii 2bb  `BBii   bBBb b2HpBii   7mMFiBQM �`pQ MBBbb  TBbi2Bbb - DQBbb� /2@
`Bp��ii� QM MQHH�- MBBbb  TBbi2Bbb - DQBbb� /2`Bp��ii�� 2B QH2 QH2K�bb� D� p HBM T  i2TBbi2Bbb X
.2`Bp��i�M MQHH�FQ?iB� D� TBbi2Bi - DQBbb� /2`Bp��ii�� 2B QH2 QH2K�bb�- b�MQi��M F`BBiiBbBFbB
TBbi2BFbB U+`BiB+�H TQBMibVX JmmHH� FmBM bmHD2imHH� p HBHH  K  `Bi2HHvHH2 7mMFiBQHH2 TBi   imiFB�
7mMFiBQM F vii vivKBbi  p HBM T  i2TBbi2Bbb  2bBK2`FBFbB `�D�@�`pQD2M �pmHH�X

1bBK2`FFB
1/2HHBb2M 2bBK2`FBM 7mMFiBQM ԕ	ԧ
 � ���ԧϯ  ԧϵ
/2`Bp��i�M MQHH�FQ?/�i �Mi�p�i HQF��HBi   `B�`pQiX LQHH�FQ?/Bbi� ӷ � � QM HQF��HB K�FbB@
KBTBbi2 D� ӽ � �ϵϯ HQF��HB KBMBKBTBbi2X EQbF� HBK݂֓� ԕ	ԧ
 � �- MBBM 7mMFiBQHH� ԕ 2B
QH2 ;HQ#��H2D�   `B�`pQD�X

1bBK2`FFB
.2`Bp��ii� pQB QHH� MQHH�- p�BFF� MQHH�FQ?i� 2B QHBbBF��M   `B�`pQTBbi2X 6mMFiBQHH2 ԕ	ԧ
 � ԧϯ
QM ԕ	�
 � � D� 7mMFiBQ Ԗ	ԧ
 � ԧφ�ϯ 2B QH2 /2`BpQBimp� MQHH�bb�- DQi2M ԧЈ � � QM KQH2KTB2M
7mMFiBQB/2M F`BBiiBM2M TBbi2X a2 2B FmBi2MF��M QH2   `B�`pQTBbi2 bBHH  ԕ	ԧ
 � � D� Ԗ	ԧ
 � �
FmM ԧ � � D� ԕ	ԧ
 � � D� Ԗ	ԧ
 � � FmM ԧ � �X 6mMFiBQBHH� 2B QH2 ;HQ#��H2D�   `B�`pQD� bBHH 
HBK݂֓� ԕ	ԧ
 � HBK݂֓� Ԗ	ԧ
 � �X CQb `�DQBimi��M bmHD2imHH2 p HBHH2 <Ԑ ԑ>- MBBM Ԑ QM
KQH2KTB2M 7mMFiBQB/2M ;HQ#��HB KBMBKBTBbi2 D� ԑ ;HQ#��HB K�FbBKBTBbi2X
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.2`Bp��ii� pQB QHH� MQHH�- p�BFF� TBbi2 2B QHBbB   `B�`pQTBbi2X

RkXRX8 >�`DQBimbi2?i pB 

RX 1ibB 7mMFiBQM ԕ  R ݂ R- ԕ	ԧ
 � 	ԧϵ  �
Ԕ֓   `B�`pQiX 1ibB 7mMFiBQM ԕ   `B�`pQi
p HBHH  <� �>X

GBb iB2iQ� /2`Bp��iQBbi�
Ç �S *�H+mHmb �"UE?�M�+�/2KvV

RkXRXe PbBii�Bb/2`Bp��i�i D� ;`�/B2MiiB

L2m`Qp2`FFQ� QT2i2ii�2bb� KBMBKQB/��M pB`?27mMFiBQi�- DQMF� �`pQ `BBTTmm M2m`Qp2`FQM
T�`�K2i`2Bbi� 2HB M2m`QMB2M T�BMQBbi� D� p�FBQF2`iQBKBbi�X oB`?27mMFiBQ QM bBBb 7mMFiBQ
mb2�KTBmHQii2Bb2bi� �p�`mm/2bi� `2��HBHmpmBHH2- Ӻ  R։ ݂ R- KBbb  ԝ QM M2m`Qp2`FQM T�@
`�K2i`B2M HmFmK  ` X lb2�KK�bi� FmBM v?/2bi  T�`�K2i`Bbi� `BBTTmp�M 7mMFiBQM   `B�`@
pQD2M 2ibBKBM2M QM v?/2M KmmiimD�M 7mMFiBQM KBMBKBQBMiB�fK�FbBKQBMiB� ?��bi�p�KTB
i2?i p X � `B�`pQH�mb2ii� p�bi��p� imHQb QM iQii� FQ`F2�KTBmHQii2Bb2bb�FBM iBH�Mi22bb�,
FQKT�FiBbb� UbmHD2iim D� `�DQBi2iimV DQmFQbb� D�iFmp� 7mMFiBQ b��pmii�� bmm`BKK�M D�
TB2MBKK M �`pQMb�X

R8N
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lb2�KK�M KmmiimD�M 7mMFiBQM QbBii�Bb/2`Bp��ii� F2`iQQ- KBi2M 7mMFiBQ Kmmiimm v?/2M
KmmiimD�Mb� 7mMFiBQM�X PbBii�Bb/2`Bp��ii� b��/��M TBi K HH  KmBi� KmmiimDB� p�FBQM� D�
H�bF2K�HH� /2`Bp��ii� imiFBii�p�M KmmiimD�M bm?i22M Fmi2M i�p�HHBM2M /2`Bp��ii� F��p�bb�X

PbBii�Bb/2`Bp��ii�
PHFQQM ԕ  R։ ݂ R- QHFQQM Ԙ ୮ \� w  ԝ^ D� QHFQQM Ԑ � 	Ԑφ w  Ԑ։
X CQb 2`QimbQb�K  ` HH ԕ	Ԑφ w  Ԑք � ԗ w  Ԑ։
  ԕ	Ԑφ w  Ԑ։
ԗ
QM   `2HHBM2M `�D�@�`pQ- MBBM b2 QM 7mMFiBQM ԕ ԘX QbBii�Bb/2`Bp��ii� 2HB QbBii�Bb/2`Bp��ii�
KmmiimD�M ԧք bm?i22M TBbi22bb  Ԑ-ᆉᆉԧք ԕ	Ԑ
 � ᆉԕᆉԧք 	Ԑ
 � HBKփ݂Ј ԕ	Ԑφ w  Ԑք � ԗ w  Ԑ։
  ԕ	Ԑφ w  Ԑ։
ԗ �
PbBii�Bb/2`Bp��iiQD2M ;2QK2i`BM2M imHFBMi�
h�`F�bi2HH��M QbBii�Bb/2`Bp��iiQD2M ;2QK2i`Bbi� imHFBMi�� F�?/2M KmmiimD�M 7mMFiBQHH2ԕ  Rϵ ݂ RX PHFQQM 	ԧЈ ԨЈ
 ୮ RϵX SvbivbmQ`�M i�bQMӶЈ � \	ԧ Ԩ ԩ
 ୮ Rϯ  Ԩ � ԨЈ^
D� 7mMFiBQM Fmp��D�M KmQ/Qbi�K�M TBMM�Mӻ � \	ԧ Ԩ ԩ
 ୮ Rϯ  ԩ � ԕ	ԧ Ԩ
^
H2BFF�mb QM F v`  Ԁ � \	ԧ Ԩ ԩ
 ୮ Rϯ  ԩ � ԕ	ԧ ԨЈ
 Ԩ � ԨЈ^�
h K  F v`  QM 7mMFiBQM ԧ ޘ ԕ	ԧ ԨЈ
 Fmp��D� i�bQbb� ӶЈX 6mMFiBQM ԕ QbBii�Bb/2`Bp��ii�
KmmiimD�M ԧ bm?i22M TBbi22bb  	ԧЈ ԨЈ
 QM F v` M Ԁ i�M;2MiBM FmHK�F2``QBM TBbi22bb ԅ � 	ԧЈ ԨЈ ԕ	ԧЈ ԨЈ

X PbBii�Bb/2`Bp��ii� ᇝᇝ֓ԕ	ԧЈ ԨЈ
 �Mi�� bBBb 7mMFiBQM �`pQD2M KmmiQb@
p�m?/BM KmmiimD�M ԧ bm?i22M FmM KmmiimD� Ԩ TB/2i  M p�FBQM�X

1bBK2`FFB
PHFQQM ԕ  Rϵ ݂ R- ԕ	ԧ Ԩ
 � �  	ԧϵ � Ԩϵ
X 6mMFiBQM ԕ QbBii�Bb/2`Bp��i�i Qp�iᆉᆉԧԕ	ԧ Ԩ
 � �ԧ D� ᆉᆉԨԕ	ԧ Ԩ
 � �Ԩ�
Emp� ?�p�BMMQHHBbi�� QbBii�Bb/2`Bp��ii�� ᇝցᇝ֓ TBbi22bb  	� �
X �bF2Bb2M imHFBMM�M i�bQӶ � \	ԧ Ԩ ԩ
 ୮ Rϯ  Ԩ � �^ D� Ԁ � \	ԧ Ԩ ԩ
 ୮ Rϯ  ԩ � �  ԧϵ Ԩ � �^ D� i�M;2MiBM
FmHK�F2``QBM TBbi22bb  ԅ � 	� � �
 QM �X
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PbBii�Bb/2`Bp��ii� ᇝցᇝ֓ TBbi22bb  	� �
X
u?/2M KmmiimD�M 7mMFiBQHH2 /2`Bp��ii� QM Fmp��D�M i�M;2MiBM FmHK�F2``QBMX h�bQbb� K  @
`Bi2HHvHH2 7mMFiBQHH2 ԕ  Rϵ ݂ R QbBii�Bb/2`Bp��i�i ᇝցᇝ֓ D� ᇝցᇝ֔ Qp�i Fmp��D�M i�M;2MiiBi�bQM
F�Hi2pmmbF2`iQBKB�X

h�M;2MiiBi�bQ
PHFQQM 	ԧЈ ԨЈ
 ୮ RϵX 6mMFiBQM ԕ  Rϵ ݂ R Fmp��D�M i�M;2MiiBi�bQ TBbi22bb  	ԧЈ ԨЈ

b��/��M v?i Hƺbi ᆉԕᆉԧ	ԧЈ ԨЈ
	ԧ  ԧЈ
 � ᆉԕᆉԨ 	ԧЈ ԨЈ
	Ԩ  ԨЈ
  	ԩ  ԕ	ԧЈ ԨЈ

 � ��
6mMFiBQM ԕ Fmp��D�M i�M;2MiiBi�bQ TBbi22bb  ԅ � 	ԧЈ ԨЈ ԕ	ԧЈ ԨЈ

 QM i�bQ- DQF� bBb Hi  
F�BFFB M2 TBbi22M ԅ F�mii� FmHF2p�i bmQ`�i- DQiF� Qp�i i�M;2Mii2D� DQHH2FBM Fmp��D�HH�
bBD�Bib2p�HH2 TBbi22M ԅ F�mii� FmHF2p�HH2 F v` HH2X h�M;2MiiBi�bQ bBpm�� Fmp��D�� TBbi22bb ԅ D� F�BFBbi� TBbi22M ԅ F�mii� FmHF2pBbi� i�bQBbi� b2 QM b2- DQHH� QM TBbi22bb  	ԧЈ ԨЈ

b�K�i QbBii�Bb/2`Bp��i�i FmBM 7mMFiBQHH� ԕ X
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1bBK2`FFB
PHFQQM ԕ  Rϵ ݂ R- ԕ	ԧ Ԩ
 � bBM ԧ +Qb Ԩ�
1ibBi  M 7mMFiBQM ԕ i�M;2MiiBi�bQ TBbi22bb  	ᇎϩ  ᇎΚ 
 UD� F2``�i��M i`B;QMQK2i`BbB� 7mMFiBQB@
i�VX
Lvi ԕ	ᇎϩ  ᇎΚ 
 � bBM ᇎϩ +Qb ᇎΚ � φϵ φϵఅ� � φΚఅ�-ᆉԕᆉԧ	ԧ Ԩ
 � +Qb ԧ +Qb Ԩ D� ᆉԕᆉԨ 	ԧ Ԩ
 �  bBM ԧ bBM Ԩ
DQi2M ᆉԕᆉԧ	ᅺ�  ᅺ� 
 � +Qb ᅺ� +Qb ᅺ� � ��అ���అ� � ��అ�
D� ᆉԕᆉԨ 	ᅺ�  ᅺ� 
 �  bBM ᅺ� bBM ᅺ� � �� ��అ� � ��అ��
aBi2M i�M;2MiiBi�bQ TBbi22bb  	ᇎϩ  ᇎΚ 
 b��/��M v?i Hƺbi ԩ � ��అ�	ԧ  ᅺ� 
  ��అ�	Ԩ  ᅺ� 
 � ��అ��

6mMFiBQM ԕ	ԧ Ԩ
 � bBM ԧ +Qb Ԩ i�M;2MiiBi�bQX

RkXRXd >�`DQBimbi2?i pB 

RX PHFQQM ԕ  Rϵ ݂ R- ԕ	ԧ Ԩ
 � ԧϵ � �ԧԨ � Ԩ  ��
G�bF2 7mMFiBQM ԕ QbBii�Bb/2`Bp��i�i ᇝᇝ֓ԕ	ԧ Ԩ
 D� ᇝᇝ֔ԕ	ԧ Ԩ
 TBbi22bb  	� �
X SBB`` 
FmpB�X
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kX PHFQQM ԕ  Rϵ ݂ R- ԕ	ԧ Ԩ
 � Ԩ bBM	ԧԨ
�
G�bF2 7mMFiBQM ԕ QbBii�Bb/2`Bp��i�i ᇝᇝ֓ԕ	ԧ Ԩ
 D� ᇝᇝ֔ԕ	ԧ Ԩ
X

jX PHFQQM ԕ  Rϵ ݂ R- ԕ	ԧ Ԩ
 � ԧ +Qb Ԩ  ԨԔ֓�
J  `Bi  7mMFiBQM ԕ Fmp��D�M i�M;2MiiBi�bQ TBbi22bb  	� � ԕ	� �

X

:`�/B2MiiB D� b2M ;2QK2i`BM2M imHFBMi�
PHFQQM ԕ  R։ ݂ R 7mMFiBQ- DQHH� QM QbBii�Bb/2`Bp��i�i F�BFFB2M KmmiimDB2M ԧք- Ԙ ୮\� w  ԝ^ bm?i22MX PbBii�Bb/2`Bp��iQBbi� KmQ/Qbi2iim p2FiQ`Bခԕ	ԧ
 � ঁ ᆉԕᆉԧφ 	ԧ
 ᆉԕᆉԧϵ 	ԧ
 w  ᆉԕᆉԧ։ 	ԧ
ং
QM 7mMFiBQM ԕ ;`�/B2MiiB U;`�/B2MiVX
6mMFiBQM ԕ  Rϵ ݂ R ;`�/B2MiiB pQB/��M �D�i2HH� 7mMFiBQFbB ခԕ  Rϵ ݂ Rϵ-ခԕ	ԧ
 � ঁ ᆉԕᆉԧφ 	ԧ
 ᆉԕᆉԧϵ 	ԧ
ং�
h HH�Bbi� 7mMFiBQi� pQB/��M ?�p�BMMQHHBbi�� p2FiQ`BF2Mi HH - DQbb� DQF�Bb22M i�bQM TBbi22@
b22M TBB``2i  M p2FiQ`B- DQMF� bmmMi� D� TBimmb b��/��M 7mMFiBQM �`pQbi� Fvb2Bb2bb  TBb@
i22bb X JQM2biB TBimmb bF��H�i��M i�B BHK�Bbi��M p `2BHH X

1bBK2`FFB
Ç PHFQQM Ԗ  Rϵ ݂ R- Ԗ	ԧφ ԧϵ
 � ԧφԧϵX 6mMFiBQM Ԗ ;`�/B2MiiB QMခԖ	ԧ
 � ঁ ᆉԖᆉԧφ 	ԧ
 ᆉԖᆉԧϵ 	ԧ
ং � 	ԧϵ ԧφ
�
Ç PHFQQM ԕ  Rϵ ݂ R- ԕ	ԧφ ԧϵ
 � ԧϵφ � ԧϵϵX 6mMFiBQM ԕ ;`�/B2MiiB QMခԕ	ԧ
 � ঁ ᆉԕᆉԧφ 	ԧ
 ᆉԕᆉԧϵ 	ԧ
ং � 	�ԧφ �ԧϵ
�

6mMFiBQB/2M Ԗ D� ԕ ;`�/B2Mii2D� pQB/��M ?�p�BMMQHHBbi�� p2FiQ`BF2MiBHH X
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6mMFiBQM Ԗ ;`�/B2MiBM ?�p�BMMQHHBbimb p2FiQ`BF2Mi HH X h�bQM TBbi2BbBBM TBB``2i  M p2FiQ`Bi-
DQB/2M bmmMi� D� TBimmb b��/��M 7mMFiBQM �`pQbi� Fvb2BbBbb  TBbi2Bbb X

Re9



6mMFiBQM ԕ ;`�/B2MiBM ?�p�BMMQHHBbimb p2FiQ`BF2Mi HH X

PbBii�Bb/2`Bp��i�i F2`iQp�i 7mMFiBQM F�bpmMQT2m/2M FQQ`/BM��iiB�Fb2H2B/2M bmmMiBBM D�
7mMFiBQM ԕ ;`�/B2MiiB ခԕ TBbi22bb  ԧ ୮ R։ F2`iQQ bmmMM�M- DQ?QM 7mMFiBQ ԕ F�bp�� MQ@
T2BKKBMX :`�/B2MiBM TBimmb 2HB p2FiQ`BM ခԕ	ԧ
 MQ`KB ધခԕ	ԧ
ધ F2`iQQ 7mMFiBQM F�bpm@
p�m?/BMX
a2- 2ii  ;`�/B2MiiB �Mi�� MQT2BKK�M F�bpmM bmmMM�M- iQ/Bbi2i��M bmmMi�Bb/2`Bp��iiQD2M
�pmHH�X UL2 K  `Bi2HH  M b�K��M i�T��M FmBM QbBii�Bb/2`Bp��i�i Kmii� 2`QimbQb�K  ` b@
b  F vi2i  M F�Mi�p2FiQ`2B/2M Ԕք � 	� w  � � � w  �
 bBD��M p2FiQ`B� Ԑ ୮ R։- DQMF�
bmmMi��M 7mMFiBQM F�bpmMQT2mb ?�Hmi��M K  `Bii  XV
:`�/B2MiBM ;2QK2i`Bb2bb� imHFBMM�bb� F vi2i  M p2FiQ`BF2Mi M HBb FbB �TmM� i�b�@
�`pQF v`B X

1bBK2`FFB
1bBK2`FBbi  imimM 7mMFiBQM Ԗ  Rϵ ݂ R- Ԗ	ԧφ ԧϵ
 � ԧφԧϵ i�b�@�`pQF v` i D� ;`�/B2MiiB2MခԖ	ԧ
 � 	ԧϵ ԧφ
 p2FiQ`BF2Mii  TBB``2iivM  b�K��M Fmp��MX
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6mMFiBQM Ԗ  Rϵ ݂ R- Ԗ	ԧφ ԧϵ
 � ԧφԧϵ Fmp��D�X

Ree



6mMFiBQM Ԗ  Rϵ ݂ R- Ԗ	ԧφ ԧϵ
 � ԧφԧϵ i�b�@�`pQF v` i D� ;`�/B2MiiB2M p2FiQ`BF2Mii X

1bBK2`FBM Fmp�bb� 7mMFiBQM ;`�/B2MiiBp2FiQ`Bi Qp�i FQ?iBbmQ`�bb� i�b�@�`pQF v`B  p�bi��MX
h K  2B QH2 b�iimK�� p��M ;`�/B2MiiBp2FiQ`Bi Qp�i �BM� FQ?iBbmQ`�bb� i�b�@�`pQDQmFFQD�
p�bi��MX
6mMFiBQB/2M ԕ  Rϵ ݂ R i�T�mFb2bb� i i  QKBM�Bbmmii� pQB TQ?iB� b2m`��p�biB, QHFQQM\ԧ ୮ Rϵ  ԕ	ԧ
 � Ԓ^ 7mMFiBQM ԕ DQFBM i�b�@�`pQF v`  D� QHFQQM TBbi2 ԧվ i HH  F v` HH X
>�Hmi��M- 2ii  7mMFiBQM �`pQ F�bp�� �MM2imM K  ` M D� 2ibBi  M bmmMi��- DQbb� i K  Kmm@
iQb b��pmi2i��M bBB`i K HH  TBbi2ii  ԧվ p ?Bi2MX SB2MBM bBB`iQ imH22 bBB?2M bmmMi��M- DQbb�
BbQKTB� �`pQD� p�bi��p�i i�b�@�`pQF v` i Qp�i iB?2BKK bb X hQBb��Hi� ;`�/B2MiiB QbQBii��
bmm`BKK�M F�bpmMQT2m/2M bmmMi��MX SB2M2bb  KBii�F��p�bb� F�ibQiimM� 2HB TB2M2HH  �`@
pQM Ԓ HBb vFb2HH  i�b�@�`pQF v` i Qp�i bmQ`B� D� F�?/2M b�K�MbmmMi�Bb2M bmQ`�M p HBb2M
Hv?BKK M K�iF�M �Mi�� bmQ`�- DQF� QM FQ?iBbmQ`�bb� 2/2HHBbB  bmQ`B� p�bi��MX

� `B�`pQBbi�
L2m`Qp2`FFQ� FQmHmi2ii�2bb� ?�Hmi��M KBMBKQB/� KQM2bi� T�`�K2i`Bbi� `BBTTmp�� pB`?2@
7mMFiBQi�X u?/2M KmmiimD�M 7mMFiBQB/2M   `B�`pQD2M 2ibBKBM2M /2`Bp��i�M MQHH�FQ?iB2M
�pmHH� vH2Bbivv mb2�KK�M KmmiimD�M 7mMFiBQM iBH�Mi22b22M MBBM- 2ii  K�?/QHHBb2i   `B�`@
pQTBbi22i Qp�i M2 TBbi22i- DQBbb� F�BFFB QbBii�Bb/2`Bp��i�i Qp�i MQHHB�X
PHFQQM Ӿ ୢ R։ p HBX

Ç CQb QM Ԑ � �- bBi2M- 2ii  ԕ	ԧЈ
 ଯ ԕ	ԧ
 F�BFBHH� ԧ ୮ Ӿ - DQBHH2 ધԧ  ԧЈધ � Ԑ- MBBM ԧЈ QM
7mMFiBQM ԕ HQF��HB K�FbBKBTBbi2 D� ԕ	ԧЈ
 HQF��HB K�FbBKB 2HB bmm`BM �`pQX

Ç CQb QM Ԑ � �- bBi2M- 2ii  ԕ	ԧЈ
 ମ ԕ	ԧ
 F�BFBHH� ԧ ୮ Ӿ - DQBHH2 ધԧ  ԧЈધ � Ԑ- MBBM ԧЈ QM
7mMFiBQM ԕ HQF��HB KBMBKBTBbi2 D� ԕ	ԧЈ
 HQF��HB KBMBKB 2HB TB2MBM �`pQX

:HQ#��HBi   `B�`pQi D�   `B�`pQTBbi22i K  `Bi2HH  M Fmi2M v?/2M KmmiimD�M 7mMFiBQM i�@
T�mFb2bb�X
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u?/2M KmmiimD�M D�iFmp�M 7mMFiBQM   `B�`pQD2M QH2K�bb�QHQimHQb T i22 Kvƺb vH2Bb2KK b@
b  i�T�mFb2bb�X UhmHQb QM iQii� vH2Bb2KK HH2FBM K  `Bii2HvDQmFQHH2 FmBM bmHD2imBHH2 p H2BHH2X
_BBii  - 2ii  DQmFFQ QM FQKT�FiB 2HB bmHD2iim D� `�DQBi2iimXV

� `B�`pQH�mb2
PHFQQM Ӿ ୢ R։ bmHD2iim D� `�DQBi2iim p HBX PHFQQM ԕ  Ӿ ݂ R D�iFmp� 7mMFiBQX h HHƺBM
7mMFiBQ ԕ b��pmii�� p HBHH  Ӿ bmm`BKK�M D� TB2MBKK M �`pQMb�X
6mMFiBQB/2M ԕ  Rϵ ݂ R Fmp��DB� F�ibQii�2bb� QM BMimBiBBpBb2biB b2Hp  - 2ii  7mMFiBQM HQF��@
H2Bbb�   `B�`pQTBbi2Bbb  i�M;2iiBi�bQ QM p��F�bmQ`�bb� 2HB ԧ Ԩ@i�bQM bmmMi�BM2MX h HH�Bbi2M
i�bQD2M v?i Hƺi Qp�i KmQiQ� ԩ � Ԓ- DQi2M i�M;2MiiBi�bQM v?i HƺM T2`mbi22HH� M ?/  M-
2ii  7mMFiBQM QbBii�Bb/2`Bp��i�i KmmiimDB2M ԧ D� Ԩ bm?i22M Qp�i MQHHB� D� 2ii  Fmp��D�M
i�M;2MiiBi�bQM v?i Hƺ TBbi22bb  	ԧЈ ԨЈ
 QM ԩ � ԕ	ԧЈ ԨЈ
X
PbBii�Bb/2`Bp��iiQD2M MQHHmmb   `B�`pQTBbi2Bbb  vH2Bbivv Kvƺb mb2�KK�M KmmiimD�M 7mMF@
iBQBHH2X .2`Bp��i�M K  `Bi2HK M D� v?/2M KmmiimD�M 7mMFiBQM imHQbi2M �pmHH� QM ?2HTTQ
M vii  - 2ii  DQb 7mMFiBQHH� ԕ  Ӿ ݂ R- Ӿ ୢ R։- QM HQF��HB   `B�`pQ TBbi22bb  ԧ ୮ Ӿ D�
7mMFiBQHH� ԕ QM QbBii�Bb/2`Bp��i�i TBbi22bb  ԧ- MBBM ᇝցᇝ֓Վ 	ԧ
 � � F�BFBHH� Ԙ ୮ \� w  ԝ^ 2HBခԕ	ԧ
 � ��
amHD2imHH� p HBHH  K  `Bi2HHvM 7mMFiBQM   `B�`pQD� 2ibBii 2bb  `BBii   bBBb b2HpBii   7mMFiBQM
�`pQ MBBbb  TBbi2Bbb - DQBbb� ;`�/B2MiiB QM MQHH�- MBBbb  TBbi2Bbb - DQBbb� DQi�BM QbBii�Bb/2`B@
p��ii�� 2B QH2 QH2K�bb� D� p HBM Ӿ `2mM�TBbi2Bbb X :`�/B2MiBM MQHH�FQ?iB� D� TBbi2Bi - DQBbb�
DQi�BM QbBii�Bb/2`Bp��ii�� 2B QH2 QH2K�bb�- b�MQi��M F`BBiiBbBFbB TBbi2BFbB U+`BiB+�H TQBMibVX
JmmHH� FmBM bmHD2imHH� p HBHH  K  `Bi2HHvHH2 7mMFiBQHH2 TBi   imiFB� 7mMFiBQM F vii vivKBbi 
p HBM `2mM�TBbi2Bbb  2bBK2`FBFbB `�D�@�`pQD2M �pmHH�X

1bBK2`FFB
PHFQQM ԕ  Rϵ ݂ R- ԕ	ԧ Ԩ
 � ԧԨ  ԧϵ  Ԩϵ � �X Lviᆉԕᆉԧ � Ԩ  �ԧ D� ᆉԕᆉԨ � ԧ  �Ԩ�
u?i HƺT�`BM Ԩ  �ԧ � �ԧ  �Ԩ � �
�BMQ� `�iF�Bbm QM ԧ � Ԩ � �- DQi2M TBbi2 	� �
 QM 7mMFiBQM ԕ �BMQ� F`BBiiBM2M TBbi2 D�
7mMFiBQM ԕ Fmp��D�M i�M;2MiiBi�bQ bBBM  TBbi22bb  QM ԩ � ԕ	� �
 � �X a2- 2ii  	� �
 QM
7mMFiBQM ;HQ#��HB K�FbBKBTBbi2 b2HpB   imiFBK�HH� 7mMFiBQM ԕ `�D�@�`pQD� FmM ԧ Ԩ ݂ �X

Re3



6mMFiBQM K�?/QHHBbBbb�   `B�`pQTBbi2Bbb  ;`�/B2MiiB QM MQHH�p2FiQ`BX

1bBK2`FFB
6mMFiBQHH� ԕ  Rϵ ݂ R- ԕ	ԧ Ԩ
 � +Qb	�ᅺԧ
 +Qb	�ᅺԨ
Ԕ֓ɞ֔ɞ
QM mb2Bi� K�FbBKB@ D� KBMBKBTBbi2Bi X aBHH  QM ;HQ#��HB K�FbBKB TBbi22bb  	� �
X

6mMFiBQHH� ԕ QM mb2Bi� K�FbBKB@ D� KBMBKBTBbi2Bi  D� ;HQ#��HB K�FbBKBTBbi2 	� �
X
1bBK2`FFB
SBbi2 	� �
 QM 7mMFiBQB/2M ԕ Ԗ  Rϵ ݂ R-ԕ	ԧ Ԩ
 � Ԩϵ  ԧϵ D� Ԗ	ԧ Ԩ
 � ԧԨ	ԧϵ  Ԩϵ
ԧϵ � Ԩϵ

ReN



b�imH�TBbi2X

SBbi2 	� �
 QM 7mMFiBQM ԕ b�imH�TBbi2X

Rdy



SBbi2 	� �
 QM 7mMFiBQM Ԗ b�imH�TBbi2X

PbBii�Bb/2`Bp��iiQD2M F2iDmb  Miƺ
o�bi�pB`i�@�H;Q`BiKBbb� pB`?27mMFiBQM QbBii�Bb/2`Bp��iiQD� TBBHQF2``QFb2M T�BMQD2M bm?i22M
H�bF2ii�2bb� ?mQK�iiBBM- 2ii  KmmiimD�- DQMF� bm?i22M ?�Hmi��M /2`BpQB/�- `BBTTmm M2m@
`Qp2`FQM 2/2HHBb2M F2``QFb2M T�`�K2i`2Bbi�X h K M i�FB� i�`pBiiBBM QbBii�Bb/2`Bp��iiQD2M
F2iDmb  Miƺ X
h�`F�bi2HH��M 2MbBM vFbBMF2`i�Bbi� iBH�MM2ii�X PHFQQM ԕ  Rϵ ݂ R 7mMFiBQ- DQMF� T�`�K2i@
`Bi ԧ D� Ԩ Qp�i KmmiimD�M ԣ ୮ R 7mMFiBQBi� ԧ Ԩ  R ݂ RX 6mMFiBQB/2M p HBbi  v?i2vii  pQB
?�p�BMMQHHBbi�� TmmK�Bb2HH� F��pBQHH�X 6mMFiBQM ԕ QbBii�Bb/2`Bp��i�M F��p�M KmmiimD�M ԣ
bm?i22M Ui bb  i�T�mFb2bb� i�p�HHBb2M /2`Bp��i�MV pQB KmBbi�� bBBi - 2ii  Fmp�bb� 2/2i  M
7mMFiBQM ԕ D� /2`BpQBMiBKmmiimD�M ԣ p HB F�BFFB� `2Bii2D  TBiFBM- F2``Qi��M K�iF�HH� QH2p�i
QbBii�Bb/2`Bp��i�i F2bF2M  M D� H�bF2i��M 2`B `2BiiB2M QbBii�Bb/2`Bp��iiQD2M imHQi v?i22MX

RdR



PbBii�Bb/2`Bp��iiQD2M F2iDmb  MMƺM KmBbiBFmp�bb� 2/2i  M 7mMiFiBQQM ԕ /2`BpQBMiBKmmiim@
D�bi� ԣ F�BFFB� `2Bii2D  TBiFBMX

CQb 7mMFiBQHH� ԕ QM D�iFmp�i QbBii�Bb/2`Bp��i�i KmmiimDB2M ԧ D� Ԩ bm?i22M D� 7mMFiBQi ԧ D�Ԩ Qp�i /2`BpQBimpB�- MBBM 7mMFiBQM ԕ /2`Bp��ii� KmmiimD�M ԣ bm?i22M QMԕ	ԣ
 � ᆉԕᆉԣ 	ԣ
 � ᆉԕᆉԧ	ԧ	ԣ
 Ԩ	ԣ

 ੁ ԧ	ԣ
 � ᆉԕᆉԨ 	ԧ	ԣ
 Ԩ	ԣ

 ੁ Ԩ	ԣ

DQMF� G2B#MBxBM K2`FBMMƺBM FB`DQBi2iim p2`bBQ QMᆉԕᆉԣ � ᆉԕᆉԧ ᆉԧᆉԣ � ᆉԕᆉԨ ᆉԨᆉԣ �
1bBK2`FFB
PHFQQi ԕ  Rϵ ݂ R- ԧ R ݂ R D� Ԩ  R ݂ R-ԧ	ԣ
 � �ԣ Ԩ	ԣ
 � ԣϵ  � D� ԕ	ԧ Ԩ
 � ԧϵ  �ԧԨ�
G�bF2i��M 7mMFiBQM ԕ /2`Bp��ii� KmmiimD�M ԣ bm?i22MX
JmmiimDB� QM p�BM vFbB D� QbBii�Bb/2`Bp��ii� QM 7mMFiBQM ԣ ޘ ԕ	ԧ	ԣ
 Ԗ	ԣ

 i�p�HHBM2M /2`B@
p��ii�X h bb  i�T�mFb2bb� /2`Bp��ii� Qb�ii�BbBBM H�bF2� BHK�M F2iDmb  Miƺ FBM bBDQBii�K�HH�
7mMFiBQB/2M ԧ D� Ԩ H�mb2FF22i 7mMFiBQM ԕ H�mb2FF22b22Mԕ	ԧ Ԩ
 � ԧ	ԣ
ϵ  �ԧ	ԣ
Ԩ	ԣ
 � 	�ԣ
ϵ  �	�ԣ
	ԣϵ  �
 � �ԣϯ � �ԣϵ � �ԣ
DQi2M ԕ	ԣ
 � ��ԣϵ � �ԣ � ��

Rdk



PbBii�Bb/2`Bp��iiQD2M F2iDmb  Miƺ  F vii K HH  b��/��Mԕ	ԣ
 � ᆉԕᆉԣ � ᆉԕᆉԧ ᆉԧᆉԣ � ᆉԕᆉԨ ᆉԨᆉԣ� 	�ԧ  �Ԩ
�  �ԧ�ԣ � �ԧ  �Ԩ  �ԧԣ� �	�ԣ  ԣϵ � �  �ԣϵ
 � ��ԣϵ � �ԣ � ��
uH2BM2M p2`bBQ QbBii�Bb/2`Bp��iiQD2M F2iDmb  MMƺbi  QM b2m`��p�X PHFQQM ԕ  R։ ݂ R-ԕ	Ԥ
 � ԕ	Ԥφ w  Ԥ։
 ୮ R
KBbb  Ԥք QM 7mMFiBQ Ԥք  Rֈ ݂ R- F�BFBHH� Ԙ ୮ \� w  ԝ^X CQb 7mMFiBQHH� ԕ QM D�iFmp�i QbBi@
i�Bb/2`Bp��i�i ᇝցᇝՎ F�BFBHH� Ԙ ୮ \� w  ԝ^ D� 7mMFiBQBHH� Ԥք QM QbBii�Bb/2`Bp��i�i ᇝՎᇝ֓Տ F�BFBHH�Ԙ ୮ \� w  ԝ^ D� F�BFBHH� ԙ ୮ \� w  Ԝ^- MBBM 7mMFiBQM ԕ QbBii�Bb/2`Bp��i�i KmmiimDB2M ԧօ
bm?i22M b��/��M F��p�HH� ᆉԕᆉԧօ � ։ంք�φ ᆉԕᆉԤք ᆉԤքᆉԧօ �
G�bF2ii�2bb� QbBii�Bb/2`Bp��ii�� KmmiimD�M ԧօ bm?i22M 7mMFiBQ ԕ bBBb QbBii�Bb/2`BpQB/��M
F�BFFB2M KmmiimDB2Mb� Ԥք bm?i22M D� KmmiimD�i Ԥք KmmiimD�M ԧօ bm?i22MX L K  QbBii�Bb/2@
`Bp��i�i F2``Qi��M F2bF2M  M D� H�bF2i��M v?i22MX SmmF��pBQM HBb FbB F��p�M pQB KmBbi��
KB2iiBK HH - 2ii  KmmiimD�M ԧօ Kmmii�KBM2M p�BFmii�� 7mMFiBQB/2M Ԥφ Ԥϵ w  Ԥ։ �`pQB?BM
D� bBi2M KmmiQb 7mMFiBQM ԕ �`pQbb� b��/��M H�bF2K�HH� M K  KmmiQFb2i UQbBii�Bb/2`Bp��@
i�iV v?i22MX

1bBK2`FFB
PHFQQi ԕ Ԥφ Ԥϵ  Rϵ ݂ R-ԕ	Ԥφ Ԥϵ
 � Ԥϵφ  ԤφԤϵ � �Ԥϵϵ Ԥφ	ԧφ ԧϵ
 � ԧφ � ԧϵ D� Ԥϵ	ԧφ ԧϵ
 � ԧφ  ԧϵ�
Lvi ᆉԕᆉԤφ � �Ԥφ  Ԥϵ ᆉԕᆉԤϵ � Ԥφ � �ԤϵᆉԤφᆉԧφ � � ᆉԤφᆉԧϵ � � ᆉԤϵᆉԧφ � � D� ᆉԤϵᆉԧϵ � ��
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6mMFiBQM ԕ QbBii�Bb/2`Bp��i�i KmmiimDB2M ԧφ D� ԧϵ bm?i22M Qp�iᆉԕᆉԧφ � ϵంք�φ ᆉԕᆉԤք ᆉԤքᆉԧφ � ᆉԕᆉԤφ ᆉԤφᆉԧφ � ᆉԕᆉԤϵ ᆉԤϵᆉԧφ� 	�Ԥφ  Ԥϵ
 ੁ � � 	Ԥφ � �Ԥϵ
 ੁ �� Ԥφ � �Ԥϵ � �ԧφ  �ԧϵ
D� ᆉԕᆉԧϵ � ϵంք�φ ᆉԕᆉԤք ᆉԤքᆉԧϵ � ᆉԕᆉԤφ ᆉԤφᆉԧϵ � ᆉԕᆉԤϵ ᆉԤϵᆉԧϵ� 	�Ԥφ  Ԥϵ
 ੁ � � 	Ԥφ � �Ԥϵ
 ੁ 	�
� �Ԥφ  �Ԥϵ � �ԧφ � ��ԧϵ�
>�Hmimi QbBii�Bb/2`Bp��i�i pQB H�bF2� Kvƺb bBDQBii�K�HH� 7mMFiBQB/2M Ԥφ D� Ԥϵ H�mb2FF22i
7mMFiBQQM ԕ D� QbBii�Bb/2`BpQBK�HH� KmmiimDB2M ԧφ D� ԧϵ bm?i22MX

RkXRX3 >�`DQBimbi2?i pB 

RX PHFQQM ԕ  Rϵ ݂ R- ԧ Ԩ  R ݂ R-ԕ	ԧ Ԩ
 � ԧԨ ԧ	ԣ
 � +Qb ԣ D� Ԩ	ԣ
 � bBM ԣ�
G�bF2 7mMFiBQM ԕ /2`Bp��ii� ԕ	ԣ
 b2F  bBDQBii�K�HH� 7mMFiBQB/2M ԧ D� Ԩ H�mb2FF22i
7mMFiBQQM ԕ 2ii  QbBii�Bb/2`Bp��iiQD2M F2iDmb  MMƺM �pmHH�X

kX PHFQQM ԕ  Rϯ ݂ R- Ԥφ Ԥϵ Ԥϯ  Rϵ ݂ R-ԕ	Ԥφ Ԥϵ Ԥϯ
 � Ԥφ � �Ԥϵ � ԤϵϯԤφ	ԧφ ԧϵ
 � ԧφԧϵ  Ԥϵ	ԧφ ԧϵ
 � ԧϵφ � HQ; ԧϵ D� Ԥϯ	ԧφ ԧϵ
 � �ԧφ�
G�bF2 7mMFiBQM ԕ QbBii�Bb/2`Bp��i�i ᇝցᇝ֓ȯ D� ᇝցᇝ֓ɞ X

GBb iB2iQ� QbBii�Bb/2`Bp��iQBbi�
Ç :`�/B2Mi pB/2Qb UE?�M�+�/2KvV
Ç S�`iB�H /2`Bp�iBp2b pB/2Qb UE?�M�+�/2KvV
Ç .2`Bp�iBp2b Q7 KmHiBp�`B�#H2 7mM+iBQMb UE?�M�+�/2KvV
Ç �TTHB+�iBQMb Q7 KmHiBp�`B�#H2 /2`Bp�iBp2b UE?�M�+�/2KvV � `B�`pQD� vKbX
Ç .2MBb �m`QmtX R3Xyka* JmHiBp�`B�#H2 *�H+mHmbX 6�HH kyRyX J�bb�+?mb2iib AMbiBimi2

Q7 h2+?MQHQ;v, JAh PT2M*Qm`b2q�`2- ?iiTb,ffQ+rXKBiX2/mX
Ç �M BMi`Q/m+iBQM iQ i?2 /B`2+iBQM�H /2`Bp�iBp2 �M/ i?2 ;`�/B2Mi UJ�i? AMbB;?iV
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https://www.khanacademy.org/math/multivariable-calculus/multivariable-derivatives/gradient-and-directional-derivatives/v/gradient
https://www.khanacademy.org/math/multivariable-calculus/multivariable-derivatives#partial-derivatives
https://www.khanacademy.org/math/multivariable-calculus/multivariable-derivatives#multivariable-chain-rule
https://www.khanacademy.org/math/multivariable-calculus/applications-of-multivariable-derivatives
https://ocw.mit.edu/courses/mathematics/18-02sc-multivariable-calculus-fall-2010/2.-partial-derivatives/
https://ocw.mit.edu/courses/mathematics/18-02sc-multivariable-calculus-fall-2010/2.-partial-derivatives/
http://mathinsight.org/directional_derivative_gradient_introduction


RkXk GBM2��`B�H;2#`��

L2m`Qp2`FQM `�F2MM2ii� 2bBi2Hi 2bb  p2`FQM T�`�K2i`2BHH2 D� MBB?BM HBBiivpBHH2 F��pQBHH2 �M@
M2iiBBM Kvƺb p2FiQ`B@ D� K�i`BBbB2bBivFb2iX P?D2HKBbiQFB`D�biQBbb� QM T�HDQM p2FiQ`B@ D� K�i@
`BBbBH�bF2Mi��M bQTBpB� T�F2ii2D�- DQB/2M �pmHH� M2m`Qp2`FQM bvƺii2B/2M imHQFb2M H�bF2KB@
M2M D� T�`�K2i`2B?BM HBBiivpB2M H�bFmD2M i2F2KBM2M 2bBK2`FBFbB pB`?27mMFiBQM KBMBKQBMMBM
v?i2v/2bb  QM T�HDQM MQT2�KT�� FmBM vFbBii Bbi2M T�`�K2i`B2M F bBii2Hv bBHKmFQB/2M �pmH@
H�X
h bb  Hmpmbb� F v/  M H TB p2FiQ`2B?BM D� K�i`BBb2B?BM HBBiivpB  T2`mbF bBii2Bi - H�bFmb  M@
iƺD  D� QKBM�BbmmFbB�X LBB?BM HBBiivp   K�i2`B��HB� Hƺvivv GBM2�` �H;2#`� @MBKBbBbi  FB`DQBb@
i�X JQiBpQBMiB HBM2��`B�H;2#`��M i2?/  M KQM2biB HBM2��`Bb2M v?i Hƺ`v?K M `�iF�Bb2KBb2M
F�mii�X

RkXkXR E�?/2M HBM2��`Bb2M v?i HƺM v?i Hƺ`v?K 

h�`F�bi2HH��M DQ?/�imFb2M� F�?/2M KmmiimD�M HBM2��`BbBbi� v?i HƺBbi  KmQ/Qbimp�M v?@
i HƺT�`BM Ԑφφԧ � ԐφϵԨ � ԑφԐϵφԧ � ԐϵϵԨ � ԑϵ
KBbb  Ԑքօ ԑք ୮ R F�BFBHH� Ԙ ԙ ୮ \� �^- `�iF�Bb2KBbi�X S�`B� 	ԧ Ԩ
- DQF� iQi2mii�� v?@
i HƺT�`BM KQH2KK�i v?i Hƺi- b�MQi��M v?i HƺT�`BM `�iF�BbmFbB UbQHmiBQMVX u?i HƺT�`BM
`�iF�BbmD2M QH2K�bb�QHQ D� vFbBF bBii2Bbvvb `BBTTmm F2`iQBKBbi� ԐքօX
1bBK2`FFB
hmiFBi��M v?i HƺT�`2D�

U�V ԧ  Ԩ � �ԧ � Ԩ � � U#V ԧ  Ԩ � ��ԧ  �Ԩ � �� U+V ԧ  Ԩ � ��ԧ  �Ԩ � ���
u?i HƺT�`Bbi� U�V b��/��M H�bF2K�HH� v?i Hƺi TmQHBii�BM v?i22M D� D�F�K�HH� F�?/2HH� 2ii ԧ � �X aBDQBii�K�HH� i K  iQBb22M v?i HƺƺM b��/��M Ԩ � �  � � �X h bi  b2m`��- 2ii 	� �
 QM v?i HƺT�`BM �BMQ� `�iF�BbmX
u?i HƺT�`BM U#V iQBM2M v?i Hƺ QM 2MbBKK BM2M v?i Hƺ F2``QiimM� HmpmHH� �X h K M v?i HƺM
iQi2mii�p�i F�BFFB HmFmT�`Bi 	ԧ Ԩ
- DQBHH2 Ԩ � ԧ  �X aBi2M v?i HƺT�`BHH� QM   `2iiƺK M
KQMi� `�iF�Bbm�X
E2``Qii�2bb� v?i HƺT�`BM U+V 2MbBKK BM2M v?i Hƺ F�?/2HH�- b��/��M v?i HƺT�`B- DQMF�
KQH2KTB2M v?i HƺB/2M p�b2M TmQHB QM �ԧ  �ԨX EQbF� QBF2�i TmQH2i 2Bp i QH2 b�K�i- MBBM
v?i HƺT�`BHH� 2B QH2 `�iF�Bbm�X
u?i HƺT�`B2M ;2QK2i`BM2M imHFBMi� i2?/  M bmQ`B2M �pmHH�X S�`B2M v?i Hƺi Qp�i bmQ`B2M
v?i HƺBi  i�bQbb�X L2 TBbi22i- DQiF� Qp�i KQH2KKBHH� bmQ`BHH�- Qp�i v?i HƺT�`BM `�iF�BbmD�X
E�FbB bmQ`�� Qp�i DQFQ 2`BbmmMi�BbB� i�B b�K�MbmmMi�BbB� U2`B i�B b�K� FmHK�F2``QBMVX CQb
M2 Qp�i 2`BbmmMi�BbB�- MBBM M2 H2BFF��p�i iQBb2Mb� i bK HH22M v?/2bb  TBbi22bb X h�T�mFb2b@
b� U�V v?i HƺT�`BM `�iF�Bbm QM v?i HƺBi  p�bi��pB2M bmQ`B2M vFbBF bBii2BM2M H2BFF�mbTBbi2X
h�T�mFb2bb� U#V bmQ`�i Qp�i b�K�i 2HB F�BFFB bmQ`�M TBbi22i Qp�i H2BFF�mbTBbi2Bi X h�T�mF@
b2bb� U+V bmQ`�i Qp�i b�K�MbmmMi�BbB� 2`B bmQ`B�- DQi2M M2 2Bp i H2BFF�� iQBbB��MX
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u?i HƺT�`BM `�iF�Bbm QM bmQ`B2M vFbBF bBii2BM2M H2BFF�mbTBbi2

amQ`�i Qp�i b�K�i 2HB F�BFFB bmQ`�M TBbi22i Qp�i H2BFF�mbTBbi2Bi X _�iF�BbmD� QM   `2iƺM
K  ` X

Rde



amQ`�i 2Bp i H2BFF�� iQBbB��M- DQi2M `�iF�BbmD� 2B QH2X

E2`iQK�HH� v?i HƺT�`BM 2MbBKK BM2M v?i Hƺ TmQHBii�BM HmpmHH� Ԑϵϵ D� iQBM2M HmpmHH� Ԑφϵ D�
p ?2Mi K HH  v?i Hƺi iQBbBbi��M M ?/  M- 2ii  DQb ԐφφԐϵϵ  ԐφϵԐϵφ ଈ �- MBBM bBDQBii�K�HH�
HmFm ԧ � Ԑϵϵԑφ  ԐφϵԑϵԐφφԐϵϵ  ԐφϵԐϵφ
v?i HƺT�`BBM b��/��M Ԩ D� `�iF�Bbm 	ԧ Ԩ
X 1`Qimbi� ԐφφԐϵϵ  ԐφϵԐϵφ b�MQi��M v?i HƺT�`BM
/2i2`KBM�MiBFbB U/2i2`KBM�MiVX
h K  HBBiivv v?i HƺT�`BM ;2QK2i`Bb22M imHFBMi��M bBHH  v?i HƺT�`BM 2MbBKK Bb2M bmQ`�M
FmHK�F2``QBM QM Ԑφφ�Ԑφϵ D� iQBb2M Ԑϵφ�ԐϵϵX u?i HƺT�`BHH� QM bBBb i bK HH22M vFbB `�i@
F�Bbm DQb D� p�BM DQb b2M /2i2`KBM�MiiB 2B QH2 MQHH� U2`Bbmm`2i FmHK�F2`iQBK2iVX aBHH  2B QH2
`�iF�BbmD� i�B MBBi  QM   `2iiƺK M KQMi� DQb D� p�BM DQb /2i2`KBM�MiiB QM MQHH� Ub�K�i
FmHK�F2`iQBK2iVX

RkXkXk u?i Hƺ`v?K - DQbb� QM Ԝ HBM2��`Bbi� v?i Hƺ  D� ԝ imMi2K�iQMi�

uH2Bb2bb  i�T�mFb2bb� QM Ԝ v?i Hƺ  D� ԝ KmmiimD��ৗ
Ԑφφԧφ � Ԑφϵԧϵ � ੈ � Ԑφ։ԧ։ � ԑφԐϵφԧφ � Ԑϵϵԧϵ � ੈ � Ԑϵ։ԧ։ � ԑϵ���Ԑֈφԧφ � Ԑֈϵԧϵ � ੈ � Ԑֈ։ԧ։ � ԑֈ

Rdd



KBbb  Ԑքօ ԑք ୮ R F�BFBHH� Ԙ ୮ \� � w  Ԝ^- ԙ ୮ \� � w  ԝ^ D� i�pQBii22M� QM Hƺvi   ԝ
HmpmM DQmFQi ԧφ- ԧϵ- ԧ։- DQiF� iQi2mii�p�i F�BFFB `v?K M Ԝ v?i Hƺ X
h HH�Bb2M v?i Hƺ`v?K M `�iF�Bb2KBb2bb� pQB/��M F vii   K�i`BBb2D�X hmMM2imbb� :�mbb@
CQ`/�M@K2M2i2HK bb  v?i HƺB/2M F2`iQBKBbi� Ԑքօ KmQ/Qbi2i��M F2``QBMK�i`BBbB-

ৈৈৈৈে
Ԑφφ Ԑφϵ ੈ Ԑφ։ ԑφԐϵφ Ԑϵϵ ੈ Ԑϵ։ ԑϵੇ ੇ ੈ ੇ ੇԐֈφ Ԑֈϵ ੈ Ԑֈ։ ԑֈ

ৌোোোো
DQi� KmmMM2i��M F2`iQ@- v?i22M@ D� p ?2MMvbH�bFmD� bBb Hi pBHH  `BpBQT2`��iBQBHH� b2HH�Bb22M
KmQiQQM- DQbi� `�iF�Bbm Ui�B b2M QH2K�bb�QH2K�iiQKmmbV b��/��M ?2HTQbiB b2HpBHH2 T2` F@
F BbBHH  bBDQBimFbBHH�X

RkXkXj o2FiQ`Bi D� K�i`BBbBi

o2FiQ`Bi
o2FiQ`Bi D� K�i`BBbBi FQQbimp�i D `D2bi2ivBbi  �HFBQBbi�- DQiF� pQBp�i QHH� KBi  i�?�Mb� U`2@
��HBHmFmD�- p2FiQ`2Bi�- 7mMFiBQBi�VX E2bFBivi  M i bb  iBH�Mi22b22M- DQbb� �HFBQi Qp�i `2��HB@
HmFmD�X o2FiQ`2Bbi� i�`pBi��M b2F  Tvbiv@ 2ii  p��F�p2`bBQi- DQii� K�i`BBbB2M D� p2FiQ`2B/2M
F2bF2M Bb2i H�bFmiQBKBimFb2i b��/��M ?QB/2iim� KmQ/QHHBb2biB QBF2BMX
PHFQQM ԝ ୮ NX PHFQQi ԧφ- ԧϵ w- ԧ։ ୮ RX C `D2bi2iiv DQmFFQ ԧ � 	ԧφ ԧϵ w  ԧ։
 QMԝ@mHQii2BM2M U`BpBVp2FiQ`B UU`QrV p2+iQ`VX C `D2bi2iiv DQmFFQ

ԧ � ৈৈৈৈে
ԧφԧϵԧੇ։

ৌোোোো
QM ԝ@mHQii2BM2M Ub�`�F2Vp2FiQ`B UU+QHmKMV p2+iQ`VX Gmpmi ԧφ- ԧϵ w- ԧ։ Qp�i p2FiQ`BM FQK@
TQM2Mii2D� U+QKTQM2MiVX
o2FiQ`2B/2M b�Kmmb- p2FiQ`BM F2`iQKBM2M p�FBQHH� D� Ub�K�MmHQii2Bbi2MV p2FiQ`2B/2M v?@
i22MH�bFm K  `Bi2HH  M HmQMMQHHBb2HH� i�p�HH�X
PHFQQi Ԥ � 	Ԥφ Ԥϵ w  Ԥ։
 D� ԥ � 	ԥφ ԥϵ w  ԥ։
 ԝ@p2FiQ`2Bi�X PHFQQM Ԓ ୮ RX

Ç Ԥ � ԥ DQb D� p�BM DQb Ԥք � ԥք F�BFBHH� Ԙ ୮ \� � w  ԝ^-
Ç ԒԤ � 	ԒԤφ ԒԤϵ w  ԒԤ։
 D�
Ç Ԥ � ԥ � 	Ԥφ � ԥφ Ԥϵ � ԥϵ w  Ԥ։ � ԥ։
�

_2��HBHmFmD2M H�bFmb  MMƺBbi  b2m`��- 2ii  p2FiQ`2B/2M v?i22MH�bFm QM p�B?/�MM�BM2M- HBB@
i MM BM2M D� /Bbi`B#miBBpBM2M UQbBii2HmH�FBV 2HB DQb Ԥ- ԥ D� Ԧ Qp�i ԝ@p2FiQ`2Bi� D� Ԓ ୮ R-
MBBM Ԥ � ԥ � ԥ � Ԥ Ԥ � 	ԥ � Ԧ
 � 	Ԥ � ԥ
 � Ԧ D� Ԓ	Ԥ � ԥ
 � ԒԤ � Ԓԥ�
CQb Ԑ � 	Ԑφ Ԑϵ w  Ԑ։
 ୮ R։ D� ԑ � 	ԑφ ԑϵ w  ԑ։
 ୮ R։- MBBM p2FiQ`2B/2M Ԑ D� ԑ bBb imHQf@
TBbi2imHQ QM Ԑ ੁ ԑ �� Ԑ ԑ �� ։ంք�φ Ԑքԑք�
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1bBK2`FFB
PHFQQi Ԑ � 	� � �
 D� ԑ � 	� � �
X LviԐ � �ԑ � 	� � � ੁ � � � � ੁ � � � � ੁ 	�

 � 	� � �

D� Ԑ ੁ ԑ � � ੁ � � 	�
 ੁ � � � ੁ 	�
 � �  �  � � ��
h2?/  M b�K�i H�bFmi Svi?QMBM LmKSv@FB`D�biQM �pmHH�,

R BKTQ`i MmKTv
k �4MmKTvX�``�vU(R-@k-j)V
j #4MmKTvX�``�vU(j-k-@R)V
9 m4�Yk #
8 p4MmKTvX/QiU�-#V
e T`BMiU]amKK� QM &,' D� bBb�imHQ QM &,/'X]X7Q`K�iUm-pVV

J�i`BBbBi
PHFQQi Ԝ ԝ ୮ NX PHFQQi Ԑքօ ୮ R F�BFBHH� Ԙ ୮ \� � w  Ԝ^ D� ԙ ୮ \� � w  ԝ^X C `D2bi2iiv
i�mHmFFQ Ӷ � 	Ԑքօ
 � ৈৈৈৈে

Ԑφφ Ԑφϵ ੈ Ԑφ։Ԑϵφ Ԑϵϵ ੈ Ԑϵ։ੇ ੇ ੈ ੇԐֈφ Ԑֈϵ ੈ Ԑֈ։
ৌোোোো

QM Ԝ  ԝ@K�i`BBbB- DQbb� QM Ԝ `BpB  D� ԝ b�`�F2ii�X
Gmpmi Ԑքօ Qp�i K�i`BbBM Ӷ �HFBQBi�fFQKTQM2ii2D�- `BpBp2FiQ`Bi 	Ԑքφ Ԑքϵ w  Ԑք։
-Ԙ ୮ \� � w  Ԝ^- b2M `Bp2D  U`QrV D� b�`�F2p2FiQ`Biৈৈৈৈে

ԐφօԐϵօੇԐֈօ
ৌোোোোԙ ୮ \� � w  ԝ^- b2M b�`�FF2Bi� U+QHmKMVX

CQb Ԝ � ԝ- MBBM K�i`BBbB Ӷ QM M2HBƺK�i`BBbB Ub[m�`2 K�i`BtVX
>mQK��- 2ii  `BpBp2FiQ`B 	ԧφ ԧϵ w  ԧ։
 QM �ԝ@K�i`BBbB D� ԝ@FQKTQM2MiBM b�`�F2p2FiQ`B
QM ԝ  �@K�i`BBbBX
J�i`BBbB2M v?i bmm`mmb- p�FBQHH� F2`iQKBM2M D� v?i22MH�bFm K  `Bi2HH  M b�K��M i�T��M
FmBM p�bi��p�i QKBM�Bbmm/2i p2FiQ`2BHH2X
PHFQQi Ӷ � 	Ԑքօ
 D� ӷ � 	ԑքօ
 Ԝ  ԝ@K�i`BBb2D�X PHFQQM Ԓ ୮ RX

Ç J�i`BBbBi Ӷ D� ӷ Qp�i v?i bmm`2i DQb D� p�BM DQb Ԑքօ � ԑքօ F�BFBHH� Ԙ ୮ \� � w  Ԝ^
D� ԙ ୮ \� � w  ԝ^-

Ç ԒӶ � 	ԒԐքօ
 � ৈৈৈৈে
ԒԐφφ ԒԐφϵ ੈ ԒԐφ։ԒԐϵφ ԒԐϵϵ ੈ ԒԐϵ։ੇ ੇ ੈ ੇԒԐֈφ ԒԐֈϵ ੈ ԒԐֈ։

ৌোোোো D�

RdN



Ç Ӷ � ӷ � 	Ԑքօ � ԑքօ
 � ৈৈৈৈে
Ԑφφ � ԑφφ Ԑφϵ � ԑφϵ ੈ Ԑφ։ � ԑφ։Ԑϵφ � ԑϵφ Ԑϵϵ � ԑϵϵ ੈ Ԑϵ։ � ԑϵ։ੇ ੇ ੈ ੇԐֈφ � ԑֈφ Ԑֈϵ � ԑֈϵ ੈ Ԑֈ։ � ԑֈ։

ৌোোোোX

>mQK��- 2ii  DQb K�i`BBbBi Ӷ D� ӷ Qp�i 2`BFQFQBbB�- MBBM MBBi  2B pQB H�bF2� v?i22MX
_2��HBHmFmD2M QKBM�BbmmFbBbi� D� K�i`BBbB2M bmKK�M D� p�FBQHH� F2`iQKBb2M K  `Bii2Hvbi 
b2m`��- 2ii  K�i`BBbB2M H�bFmiQBKBimFb2i F vii vivp i b2m`��p�biBX
PHFQQi Ӷ- ӷ D� Ӹ Ԝ  ԝ@K�i`BBb2D�X PHFQQM Ԓ ୮ RX PHFQQM �ֈ։ Ԝ  ԝ@K�i`BBbB- DQMF�
F�BFFB �HFBQi Qp�i MQHHB�X h HHƺBM

Ç Ӷ � �ֈ։ � Ӷ-
Ç �Ӷ � �ֈ։-
Ç Ӷ � ӷ � ӷ � Ӷ-
Ç 	Ӷ � ӷ
 � Ӹ � Ӷ � 	ӷ � Ӹ
-
Ç Ԓ	Ӷ � ӷ
 � ԒӶ � Ԓӷ-
Ç �Ӷ � ӶX

1bBK2`FFB
J�i`BBb2BHH2 Ӷ � ভ� � �� � �ম D� ӷ � ভ� � �� � �ম
QM Ӷ � �ӷ � ভ� � � � � � � � �� � � � � � � � �ম � ভ� � �� � �ম �
a�K�i H�bFmi Svi?QMBM LmKSv@ D� avKSv@FB`D�biQD2M �pmHH�,

R BKTQ`i MmKTv
k �4MmKTvX�``�vU((R-k-j)-(j-k-R))V
j "4MmKTvX�``�vU((R-y-R)-(y-R-y))V
9 l4�Yk "
8 T`BMiU]amKK� QM &,'X]X7Q`K�iUlVV

R BKTQ`i bvKTv
k �4bvKTvXJ�i`BtU((R-k-j)-(j-k-R))V
j "4bvKTvXJ�i`BtU((R-y-R)-(y-R-y))V
9 l4�Yk "
8 T`BMiU]amKK� QM &,'X]X7Q`K�iUlVV

RkXkX9 >�`DQBimbi2?i pB 

RX PHFQQi Ԑ � 	� � � �
 D� ԑ � 	� � � �
X G�bF2 bmKK� �Ԑ � ԑ D� bBb imHQ Ԑ ੁ ԑX
kX PHFQQi Ԥ- ԥ D� Ԧ ԝ@p2FiQ`2Bi�X PHFQQM �։ � 	� � w  �
 ԝ@mHQii2BM2M MQHH�p2FiQ`BX

PHFQQM Ԓ ୮ RX PbQBi�- 2ii ԥ ੁ �։ � � Ԥ ੁ ԥ � ԥ ੁ Ԥ Ԥ ੁ 	ԥ � Ԧ
 � Ԥ ੁ ԥ � Ԥ ੁ Ԧ D� 	ԒԤ
 ੁ ԥ � Ԓ	Ԥ ੁ ԥ
�
R3y



jX PHFQQi Ӷ � ৈে � �� �� �ৌো  ӷ � ৈে� �� �� �ৌো D� Ӹ � ৈে� �� �� �ৌো �
G�bF2 K�i`BBbBi �Ӷ- Ӷ  Ӹ- Ӷ � ӷ D� �Ӷ  �ӷ � �ӸX

J�i`BBbBimHQ
SBF�Bb2biB �D�i2HimM� F�?/2M K�i`BBbBM imHQ QHBbB K�i`BBbB- DQbb� i2FBD K�i`BBbB2M b�K�M
BM/2FbBM �HFBQi F2``Qii�BbBBM F2bF2M  M b�KQBM FmBM M2 H�bF2i��M v?i22M K�i`BBbB2M bmK@
K�bb�X h K M K  `Bi2HK M �Mi�K�HH� imHQHH� 2B QH2 `BBii p biB K�i`BBbB2M imHQHi� ?�Hmii�@
pB� QKBM�BbmmFbB�X aBi  FmBi2MFBM F vi2i  M DQBbb�BM v?i2vFbBbb - 2bBK2`FBFbB M2m`Qp2`FQM
T�`�K2i`B2M F��pQBbb�X
PHFQQi Ӷ � 	Ԑքօ
 D� ӷ � 	ԑքօ
 Ԝԝ@K�i`BBb2D�X J�i`BBbB2M Ӷ D� ӷ >�/�K�`/BM imHQfa+?m@
`BM imHQ QM Ӷ ੋ ӷ � 	Ԑքօԑքօ
 � ৈৈৈৈে

Ԑφφԑφφ Ԑφϵԑφϵ ੈ Ԑφ։ԑφ։Ԑϵφԑϵφ Ԑϵϵԑϵϵ ੈ Ԑϵ։ԑϵ։ੇ ੇ ੈ ੇԐֈφԑֈφ Ԑֈϵԑֈϵ ੈ Ԑֈ։ԑֈ։�ৌোোোো �
uH2Bb2KKBM F vi2ii p  K�i`BBbB2M imHQ K  `Bi2HH  M p2FiQ`2B/2M bBb imHQM �pmHH�X J�i`BB@
bB2M Ӷ D� ӷ imHQM ԘԙX �HFBQ QM K�i`BBbBM Ӷ ԘX `BpBM D� K�i`BBbBM ӷ ԙX b�`�FF22M p2FiQ`2B/2M
bBb imHQX
PHFQQM Ӷ � 	Ԑքօ
 Ԝ  ԝ@K�i`BBbB D� QHFQQM ӷ � 	ԑքօ
 ԝ  ԟ@K�i`BBbBX J�i`BBbB2M Ӷ D� ӷ
imHQ Ӷӷ QM Ԝ  ԟ@K�i`BBbB Ӹ � 	Ԓքօ
- DQHH2Ԓքօ � ։ంֆ�φ Ԑքֆԑֆօ�
J�i`BBbBimHQ QM HBBi MM BM2M, DQb Ӷ QM Ԝ  ԝ@ K�i`BBbB- ӷ QM ԝ  Ԟ@K�i`BBbB D� Ӹ QMԞ  ԟ@K�i`BBbB- MBBM Ӷ	ӷӸ
 � 	Ӷӷ
Ӹ D� imHQ QM Ԝ  ԟ@K�i`BBbBX PbBii2HmH�FB Uv?i22M@ D�
F2`iQH�bFmM bm?i22M QBF2�M FQFQBbBHH2V QM Kvƺb pQBK�bb� 2HBӶ	ӷ � Ӹ
 � Ӷӷ � ӶӸ
D� 	Ӷ � ӷ
Ӹ � ӶӸ � ӷӸ�
J�i`BBbBimHQ 2B vH22Mb  QH2 p�B?/�MM�BM2M 2HB Ӷӷ ଈ ӷӶX hmHQ 2B QH2 2/2b K  `Bi2Hiv T�BibB
DQb b2F  Ӷ 2ii  ӷ Qp�i ԝ  ԝ@K�i`BBb2D� DQHH�BM ԝ ୮ NX

1bBK2`FFB

PHFQQi Ӷ � ভ� � �� � �ম D� ӷ � ৈে� �� �� �ৌো �
EQbF� Ӷ QM �  �@K�i`BBbB D� ӷ QM �  �@K�i`BBbB- MBBM imHQ Ӷӷ QM �  �@K�i`BBbB-Ӹ � Ӷӷ � ভ� ੁ � � � ੁ � � � ੁ � � ੁ � � � ੁ � � � ੁ �� ੁ � � � ੁ � � � ੁ � � ੁ � � � ੁ � � � ੁ �ম � ভ� �� �ম �
a�K� H�bFm Svi?QMBM LmKSv@FB`D�biQM �pmHH�,

R3R



R BKTQ`i MmKTv
k �4MmKTvX�``�vU((R-k-j)-(j-k-R))V
j "4MmKTvX�``�vU((R-y)-(y-R)-(R-k))V
9 *4MmKTvX/QiU�-"V
8 T`BMiU]hmHQ QM &,'X]X7Q`K�iU*VV

RkXkX8 >�`DQBimbi2?i pB 

RX L vi - 2ii  K�i`BBbB2M >�/�K�`/@imHQ QM p�B?/�MM�BM2M- HBBi MM BM2M D� /Bbi`B#miBB@
pBM2M, CQb Ӷ ӷ D� Ӹ Qp�i Ԝ  ԝ@K�i`BBb2D�- MBBM

Ӷ ੋ ӷ � ӷ ੋ ӶӶ ੋ 	ӷ ੋ Ӹ
 � 	Ӷ ੋ ӷ
 ੋ Ӹ D�Ӷ ੋ 	ӷ � Ӹ
 � Ӷ ੋ ӷ � Ӷ ੋ Ӹ�
kX PHFQQi Ӷ � ভ� �� �ম D� ӷ � ভ� � �� � � ম �

G�bF2 imHQi Ӷϵ D� ӶӷX

1`BH�BbB� K�i`BBb2D�
PHFQQM Ӷ ԝ  ԝ@K�i`BBbBX Ӷ QM /B�;QM��HBK�i`BBbB U/B�;QM�H K�i`BtV- DQb Ԑքօ � � �BM�- FmMԘ ଈ ԙXӶ QM vFbBFFƺK�i`BBbB UB/2MiBiv K�i`BtV- DQb b2 QM /B�;QM��HBK�i`BBbB D� Ԑքք � � F�BFBHH�Ԙ ୮ \� w  ԝ^X
J�i`BBbB Ӷ QM vH U�H�VFQHKBQK�i`BBbB UmTT2`UHQr2`V /B�;QM�H K�i`Bt- DQb F�BFFB FQKTQM2M@
iBi /B�;QM��HBM �H�UvH VTmQH2HH� Qp�i MQHHB�X
G�bFmiQBKBimbi2M ?2HTQii�KBb2FbB vH2BM2M K�i`BBbB Tv`Bi  M KQM2biB 2bBii K  M F�?/2M
i�B FQHK2M K�i`BBbBM imHQM�- DQbb� imHQM K�i`BBbBi Qp�i /B�;QM��HB@ i�B FQHKBQK�i`BBb2D�X

1bBK2`FFB
PHFQQi

Ӷ � ৈৈৈৈে
� � � �� � � �� � � �� � � �ৌোোোো  Ӿ � ভ� �� �ম  ӷ � ৈে� � �� � �� � �ৌো D� Ӹ � ৈে� � �� � �� � �ৌো �

J�i`BBbBi Ӷ D� Ӿ Qp�i /B�;QM��HBK�i`BBb2D� D� Ӿ QM Kvƺb vFbBFFƺK�i`BBbBX J�i`BBbB ӷ QM
vH FQHKBQK�i`BBbB D� Ӹ QM �H�FQHKBQK�i`BBbBX
a�K�i K�i`BBbBi Svi?QMBM avKSv@FB`D�biQM �pmHH�,
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R BKTQ`i bvKTv
k �4bvKTvX/B�;Uk-R-j-RV
j "4bvKTvX2v2UkV
9 *4bvKTvXJ�i`BtU((k-R-j)-(y-R-y)-(y-y-@j))V
8 .4bvKTvXJ�i`BtUj-j-(k-y-y-9-R-y-R-y-@j)V
e T`BMiU]J�i`BBbB � QM &,'X]X7Q`K�iU�VV
d T`BMiU]J�i`BBbB " QM &,'X]X7Q`K�iU"VV
3 T`BMiU]J�i`BBbB * QM &,'X]X7Q`K�iU*VV
N T`BMiU]J�i`BBbB . QM &,'X]X7Q`K�iU.VV

uFbBFFƺK�i`BBbB F vii vivv K�i`BBbB2M F2`iQH�bFmbb� Fmi2M HmFm � `2��HBHmFmD2M F2`iQH�b@
Fmbb�X CQb Ӷ QM ԝ  ԝ@K�i`BBbB D� Ӿ։ QM ԝ  ԝ@vFbBFFƺK�i`BBbB- MBBMӶӾ։ � Ӿ։Ӷ � Ӷ�
E�BFBHH� `2��HBHmpmBHH� Ԑ ଈ � QM F  Mi2BbHmFm Ԑφ- DQHH2 ԐԐφ � ԐφԐ � �X Pb�HH� M2HBƺK�i@
`BBb2Bbi� QM p�bi��p� F  Mi2Bb�HFBQX
PHFQQi Ӷ D� ӷ ԝ  ԝ@K�i`BBb2D�X CQbӶӷ � ӷӶ � Ӿ։
MBBM ӷ QM K�i`BBbBM Ӷ F  Mi2BbK�i`BBbB UBMp2`b2 Q7 ӶV- DQi� K2`FBi  M mb2BM ӶφX h HHƺBM
b�MQi��M- 2ii  K�i`BBbB Ӷ QM F  Mivp  UBMp2`iB#H2VX
E  Mi2BbK�i`BBbBM F bBM H�bF2KBM2M QM vH22Mb  ivƺH bi X a2 QMMBbimm :�mbb@CQ`/�M K2@
M2i2HK HH - DQbb� F��p�M QBF2�M TmQH2M p2FiQ`B ԑ FQ`p�i��M vFbBFFƺK�i`BBbBHH� Ӿ։X CQb Ӷ
b��/��M `BpBQT2`��iBQBHH� KmmMM2iim� vFbBFFƺK�i`BBbBFbB- MBBM Ӷ QM F  Mivp  D� F  Mi2Bb@
K�i`BBbB Hƺvivv pBBp�M QBF2�Hi� TmQH2Hi�X E  Mi2BbK�i`BBbBM 2ibBMM bb  `BBii   Hƺvi   ӷ- DQHH2Ӷӷ � Ӿ։ i�B ӷӶ � Ӿ։�
h HHƺBM pQB/��M M vii  - 2ii  ӷ � ӶφX

1bBK2`FFB

PHFQQM Ӷ � ভ� �� �ম � CQb K�i`BBbBHH� Ӷ QM F  Mi2BbK�i`BBbB ӷ � 	ԑքօ
- MBBM Ӷӷ � Ӿϵ-

ভ� �� �ম � Ӷӷ � ভ� �� �ম ভԑφφ ԑφϵԑϵφ ԑϵϵম � ভԑϵφ ԑϵϵԑφφ ԑφϵম
2HB QM QHi�p� ӷ � ভ� �� �ম � Ӷ�
EQbF� Mvi Kvƺb ӷӶ � ӶӶ � Ӿϵ- MBBM Ӷ QM Bib2Mb  F  Mi2BbK�i`BBbBX

.2i2`KBM�MiiB
L2HBƺK�i`BBbBM F  Mivpvvii  pQB/��M i2bi�i� /2i2`KBM�MiBM �pmHH�X �  �@K�i`BBbBMӶ � ভԐφφ ԐφϵԐϵφ Ԑϵϵম
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/2i2`KBM�iiB QM `2��HBHmFm

/2i Ӷ � ઑԐφφ ԐφϵԐϵφ Ԑϵϵઑ � ԐφφԐϵϵ  ԐφϵԐϵφ�
E  Mi2BbK�i`BBbBM K  `Bi2HK M �pmHH� QM ?2HTTQ M vii  - 2ii  DQb /2i Ӷ ଈ �- MBBM Ӷ QM
F  Mivp  D� Ӷφ � �

/2i Ӷ ভ Ԑϵϵ ԐφϵԐϵφ Ԑφφ ম �
1bBK2`FFB

G�bF2i��M K�i`BBbBM Ӷ � ভ� �� �ম F  Mi2BbK�i`BBbB F�?/2HH� i�p�HH�X

CQb ӷ QM K�i`BBbBM Ӷ F  Mi2BbK�i`BBbB- MBBM QMভ� �� �ম ভԑφφ ԑφϵԑϵφ ԑϵϵম � ভ� �� �ম �
o�bi��p�M v?i Hƺ`v?K  ৗ

�ԑφφ � �ԑϵφ � ��ԑφϵ � �ԑϵϵ � �ԑφφ � �ԑϵφ � �ԑφϵ � �ԑϵϵ � �
?�DQ�� F�?/2FbB v?i Hƺ`v?K FbB �ԑφφ � �ԑϵφ � �ԑφφ � �ԑϵφ � �
D� �ԑφϵ � �ԑϵϵ � �ԑφϵ � �ԑϵϵ � �
DQiF� `�iF�Bb2K�HH� b��/��M ԑφφ � �- ԑϵφ � �- ԑφϵ � �- ԑϵϵ � �X

aBi2M QM Ӷφ � ӷ � ভ � �� � মX

.2i2`KBM�MiBM �pmHH� F  Mi2BbK�i`BBbBM H�bF2KBM2M QM ?2HTTQ�X EQbF� /2i Ӷ � �  � � �-
MBBM Ӷφ � �� ভ � �� � ম � ভ � �� � ম �
G�bF2i��M F  Mi2BbK�i`BBbB D� /2i2`KBM�MiiB Kvƺb Svi?QMBM LmKSv@ D� avKSv@FB`D�biQD2M
�pmHH�X

R BKTQ`i MmKTv
k 7`QK MmKTv BKTQ`i HBM�H;
j

9 �4MmKTvX�``�vU((k-j)-(R-k))V
8

e T`BMiU]J�i`BBbB � QM &,'X]X7Q`K�iU�VV
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d T`BMiU]J�i`BBbBM � F��Mi2BbK�i`BBbB QM &,'X]X7Q`K�iUHBM�H;XBMpU�VVV
3 T`BMiU]J�i`BBbBM � /2i2`KBM�MiiB QM &,'X]X7Q`K�iUHBM�H;X/2iU�VVV

R BKTQ`i bvKTv
k �4bvKTvXJ�i`BtU((k-j)-(R-k))V
j

9 T`BMiU]J�i`BBbB � QM &,'X]X7Q`K�iU�VV
8 T`BMiU]J�i`BBbBM � F��Mi2BbK�i`BBbB QM &,'X]X7Q`K�iU�  @RVV
e T`BMiU]J�i`BBbBM � /2i2`KBM�MiiB QM &,'X]X7Q`K�iU�X/2iUVVV

EmM ԝ ଯ �- MBBM /2i2`KBM�MiiB K  `Bi2HH  M �HBK�i`BBbB2M /2i2`KBM�MiiB2M �pmHH�X�  �@K�i`BBbBHH2 Ӷ � 	Ԑքօ
 QM

/2i Ӷ � Ԑφφ ઑԐϵϵ ԐϵϯԐϯϵ Ԑϯϯઑ  Ԑφϵ ઑԐϵφ ԐϵϯԐϯφ Ԑϯϯઑ � Ԑϯφ ઑԐϵφ ԐϵϵԐϯφ Ԑϯϵઑ �
amKK�bb� QM FQHK2M K�i`BBbBM Ӷ �HBK�i`BBbBM /2i2`KBM�MiBi, K�i`BBbB Ӷքօ b��/��M TQBbi�@
K�HH� K�i`BBbBbi� Ӷ ԘX b�`�F2 D� ԙX `BpBX L B/2M K�i`BBbB2M /2i2`KBM�MiBi F2``Qi��M K�i`BBbBMӶ FQKTQM2MiBHH� Ԑքօ p�B?impBM 2imK2`F2BM 2HB

/2i Ӷ � Ԑφφ /2i Ӷφφ  Ԑφϵ /2i Ӷφϵ � Ԑφϯ /2i Ӷφϯ�
EmM ԝ ଯ �- MBBM /2i2`KBM�MiiB K  `Bi2HH  M �HBK�i`BBbB2M /2i2`KBM�MiiB2M �pmHH�X�  �@K�i`BBbBHH2 Ӷ � 	Ԑքօ
 QM

/2i Ӷ � Ԑφφ ઑԐϵϵ ԐϵϯԐϯϵ Ԑϯϯઑ  Ԑφϵ ઑԐϵφ ԐϵϯԐϯφ Ԑϯϯઑ � Ԑϯφ ઑԐϵφ ԐϵϵԐϯφ Ԑϯϵઑ �
uH2Bb2HH2 ԝ  ԝ@K�i`BBbBHH2 Ӷ � 	Ԑքօ
 /2i2`KBM�MiiB H�bF2i��M b�K��M i�T��M-

/2i Ӷ � Ԑφφ /2i Ӷφφ  Ԑφϵ /2i Ӷφϵ � w 	�
φ�։Ԑφ։ /2i Ӷφ։� ։ంֆ�φ Ԑφֆ	�
φ�ֆ /2i Ӷφֆ
KBbb  �HBK�i`BBbB Ӷքօ b��/��M TQBbi�K�HH� K�i`BBbBbi� Ӷ ԘX `BpB D� ԙX b�`�F2X
.2i2`KBM�MiiB pQB/��M H�bF2� Kvƺb KmmM FmBM 2MbBKK Bb2M b�`�FF22M i�B KBMF  i�?�Mb�
`BpBM D� p�bi��pB2M �HBK�i`BBbB2M �pmHH�-

/2i Ӷ � ։ంֆ�φ Ԑքֆ	�
ք�ֆ /2i Ӷքֆ � ։ంֆ�φ Ԑֆօ	�
ֆ�օ /2i Ӷֆօ�
CQb K�i`BBbBM DQFm `BpB i�B b�`�F2 bBb Hi   T2HFFB  MQHHB�- MBBM H�bF2K�HH� /2i2`KBM�MiiB
i K M `BpBM i�B b�`�FF22M �pmHH� M ?/  M- 2ii  /2i2`KBM�MiiB QM MQHH�X
CQb Ӷ QM ԝ  ԝ vH @ i�B �H�FQHKBQK�i`BBbB- 2`BivBb2biB bBBb DQb b2 QM /B�;QM��HBK�i`BBbB- MBBM
/2i2`KBM�MiiB QM /B�;QM��HB�HFBQB/2M imHQ

/2i Ӷ � Ԑφφ ੁ Ԑϵϵ ੈ Ԑ։։�
CQb Ӷ D� ӷ Qp�i ԝ  ԝ@K�i`BBb2D�- MBBM

/2i Ӷӷ � /2i Ӷ /2i ӷ�
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E  Mivpvv/2HH  D� /2i2`KBM�MiBHH� QM v?i2vb vH2BbBHH FBM M2HBƺK�i`BBb2BHH�, ԝ  ԝ@K�i`BBbBӶ QM F  Mivp  DQb D� p�BM DQb /2i Ӷ ଈ �X h HHƺBM

/2i Ӷφ � �
/2i Ӷ�

.2i2`KBM�MiBM ;2QK2i`BM2M imHFBMi�
:2QK2i`Bb2biB �  �@K�i`BBbBM Ӷ � ভԐ ԑԒ ԓম
/2i2`KBM�MiiB F2`iQQ p2FiQ`2B/2M 	Ԑ Ԓ
 D� 	ԑ ԓ
 pB`Bii K M bmmMMBFF��M TBMi�@�H�M D�
p�bi��p�biB �  �@K�i`BBbBM ӷ � ৈেԐ ԑ Ԓԓ Ԕ ԕԖ ԗ Ԙৌো
/2i2`KBM�MiiB F2`iQQ p2FiQ`2B/2M 	Ԑ ԓ Ԗ
- 	ԑ Ԕ ԗ
 D� 	Ԓ ԕ Ԙ
 pB`Bii K M bmmMi�Bbb `KBƺM
iBH�pmm/2MX

.2i2`KBM�MiBM ;2QK2i`BM2M imHFBMi� iBH�pmm/2M �pmHH�X

1bBK2`FFB

J�i`BBbBM Ӷ � ৈে � � �� � �� � �ৌো /2i2`KBM�MiiB QM

/2i Ӷ � � ઑ� �� �ઑ  � ઑ � �� �ઑ � � ઑ � �� �ઑ� �	� ੁ �  � ੁ �
  �	� ੁ �  � ੁ 	�

 � �	� ੁ �  � ੁ 	�
 � ���
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RkXkXe >�`DQBimbi2?i pB 

RX hQ/Bbi� F��p� ӶӾ։ � Ӿ։Ӷ � ӶX
kX JBFbB F  Mi2BbK�i`BBbB K  `Bi2HH  M p�BM M2HBƺK�i`BBb2BHH2\
jX PHFQQM Ӷ F  Mivp  M2HBƺK�i`BBbBX PbQBi�- 2ii  F  Mi2BbK�i`BBbB QM vFbBF bBii2BM2MX

UPH2i�- 2ii  K�i`BBbBHH� Ӷ QHB F�FbB F  Mi2BbK�i`BBbB� ӷ D� Ӹ D� M vi - 2ii  QM ӷ � ӸXV
9X L vi - 2ii  F��p� Ӷφ � �

/2i Ӷ ভ Ԑϵϵ ԐφϵԐϵφ Ԑφφ ম
�Mi�� �  �@K�i`BBbBM Ӷ F  Mi2BbK�i`BBbBMX

8X PHFQQM Ӷ � ভ� �� � মX PMFQ Ӷ F  Mivp \ CQb QM- MBBM 2ibB ӶφX

eX PHFQQi Ӷ � ৈে� � �� � �� � �ৌো D� ӷ � ৈে� � �� � �� � �ৌোX G�bF2 K�i`BBbB2M Ӷ D� ӷ /2i2`KB@

M�MiBiX
dX hQ/Bbi� /2i2`KBM�MiBM imHQF��p� �  �@K�i`BBb2BHH2X

avKK2i`Bb2i K�i`BBbBi D� Q`iQ;QM��HBb2i K�i`BBbBi
CQBbb�BM iBH�Mi2Bbb� i�`pBi��M K�i`BBbB�- DQbb� �HFmT2` Bb2M K�i`BBbBM `BpBi p�B?/2i��M b�@
`�FF2BFbB D� T BMp�biQBM 2HB K�i`BBbB ?2BD�bi2i��M /B�;QM��HBMb� bm?i22MX
PHFQQM Ӷ � 	Ԑքօ
 Ԝ  ԝ@K�i`BBbBX J�i`BBbB Ӷյ � 	Ԑօք
-

Ӷ � ৈৈৈৈে
Ԑφφ Ԑφϵ ੈ Ԑφ։Ԑϵφ Ԑϵϵ ੈ Ԑϵ։ੇ ੇ ੈ ੇԐֈφ Ԑֈϵ ੈ Ԑֈ։

ৌোোোো  Ӷյ � ৈৈৈৈে
Ԑφφ Ԑϵφ ੈ ԐֈφԐφϵ Ԑϵϵ ੈ Ԑֈϵੇ ੇ ੈ ੇԐφ։ Ԑϵ։ ੈ Ԑֈ։

ৌোোোো 
QM K�i`BBbBM Ӷ i`�MbTQQbB Ui`�MbTQb2VX
CQb Ӷ QM M2HBƺK�i`BBbB 2HB Ԝ � ԝ D� Ӷյ � Ӷ- MBBM Ӷ QM bvKK2i`BM2M UbvKK2i`B+VX

1bBK2`FFB

PHFQQi Ӷ � ভ� � �� � �ম D� ӷ � ৈে� � �� � �� � �ৌোX

J�i`BBbBM Ӷ i`�MbTQQbB QM Ӷյ � ৈে� �� �� �ৌো
D� ӷյ � ӷX J�i`BBbB ӷ QM bBBb bvKK2i`BM2MX
G�bF2i��M i`�MbTQQbBi Kvƺb Svi?QMBM LmKSv@ D� avKSv@FB`D�biQD2M �pmHH�X
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R BKTQ`i MmKTv
k �4MmKTvX�``�vU((y-R-k)-(R-y-j))V
j "4MmKTvX�``�vU((y-R-k)-(R-y-j)-(k-j-k))V
9

8 T`BMiU]J�i`BBbB � QM &,'X]X7Q`K�iU�VV
e T`BMiU]J�i`BBbBM � i`�MbTQQbB QM &,'X]X7Q`K�iUMmKTvXi`�MbTQb2U�VVV
d T`BMiU]J�i`BBbB " QM &,'X]X7Q`K�iU�VV
3 T`BMiU]J�i`BBbBM " i`�MbTQQbB QM &,'X]X7Q`K�iUMmKTvXi`�MbTQb2U"VVV

R BKTQ`i bvKTv
k �4bvKTvXJ�i`BtU((y-R-k)-(R-y-j))V
j "4bvKTvXJ�i`BtU((y-R-k)-(R-y-j)-(k-j-k))V
9

8 T`BMiU]J�i`BBbB � QM &,'X]X7Q`K�iU�VV
e T`BMiU]J�i`BBbBM � i`�MbTQQbB QM &,'X]X7Q`K�iU�XhVV
d T`BMiU]J�i`BBbB " QM &,'X]X7Q`K�iU�VV
3 T`BMiU]J�i`BBbBM " i`�MbTQQbB QM &,'X]X7Q`K�iU"XhVV

_BpBp2FiQ`BM ԥ � 	ԥφ ԥϵ w ԥ։
 i`�MbTQQbB QM b�`�F2p2FiQ`B- DQHH� QM b�K�i FQKTQM2MiBiX
o�bi��p�biB b�`�F2p2FiQ`BM i`�MbTQQbB QM `BpBp2FiQ`B- DQHH� QM b�K�i FQKTQM2MiBi FmBM
�HFmT2` Bb2HH  b�`�F2p2FiQ`BHH�X o2FiQ`2B/2M i`�MbTQQb2D� F vi2i  M 2`BivBb2biB bBB?2M- 2ii 
p2FiQ`2B/2M D� K�i`BBbB2M p HBb2i H�bFmiQBKBimFb2i b��/��M KmQ/QHHBb2biB QBF2BFbBX
CQb Ӷ QM Ԝ  ԝ@K�i`BBbB D� ӷ QM ԝ  ԟ@K�i`BBbB- MBBM i`�MbTQQb2BHH2 T i22	Ӷյ 
յ � Ӷ D� 	Ӷӷ
յ � ӷյ Ӷյ �
CQb ԝ � ԟ- MBBM 	Ӷ � ӷ
յ � Ӷյ � ӷյ �
CQb Ԝ � ԝ- MBBM

/2i Ӷ � /2i Ӷյ �
CQb Ӷ QM F  Mivp - MBBM Kvƺb Ӷյ QM F  Mivp  D�	Ӷյ 
φ � 	Ӷφ
յ �
avKK2i`BbBHH  K�i`BBb2BHH� QM ?vƺ/vHHBbB  QKBM�BbmmFbB�X aBFbB MBBi  Tv`Bi  M F vii K  M
K�i`BBbB?�DQi2HKBbb�X
PHFQQM Ӷ � 	Ԑքօ
 ԝ  ԝ@K�i`BBbBX J�i`BBbB Ӷ QM Q`iQ;QM��HBM2M UQ`i?Q;QM�HV- DQb Ӷ QM
F  Mivp  D� Ӷφ � Ӷյ �
P`iQ;QM��HBb2HH2 K�i`BBbBHH2 bBBb Ӷյ Ӷ � ӶӶյ � Ӿ։X J�i`BBbB Ӷ QM Q`iQ;QM��HBM2M DQb D�
p�BM DQb b2M b�`�F2p2FiQ`Bi 	Ԑφօ w  Ԑ։օ
յ - ԙ ୮ \� � w  ԝ^- KmQ/Qbi�p�i Q`iQMQ`K��HBM
DQmFQMX
PHFQQi Ԥφ Ԥφ w  Ԥֈ ԝ@mHQii2BbB� p2FiQ`2Bi�X CQmFFQ \Ԥφ Ԥϵ w  Ԥֈ^ QM Q`iQMQ`K��HB UQ`i@
?QMQ`K�HV- DQb Ԥք ੁ Ԥք � � F�BFBHH� Ԙ ԙ ୮ \� � w  Ԝ^ FmM Ԙ ଈ ԙ
D� Ԥք ੁ Ԥք � � F�BFBHH� Ԙ ୮ \� � w  Ԝ^
U2HB p2FiQ`Bi Qp�i FQ?iBbmQ`�bb� iQBbB��M p�bi��M D� MBB/2M TBimmb QM �VX
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EQbF� p2FiQ`2B/2M Ԥ D� ԥ bBb imHQ QM p2FiQ`2B/2M TBimm/2M D� MBB/2M p HBb2M FmHK�M ᅫ
FQbBMBM imHQ- Ԥ ੁ ԥ � ધԤધધԥધ +Qb ᅫ

aBb imHQ Ԥ ੁ ԥ QM p2FiQ`2B/2M TBimm/2M D� MBB/2M p HBb2M FmHK�M ᅫ FQbBMBM imHQ

MBBM Q`iQMQ`K��HBbb� DQmFQbb� p2FiQ`Bi Qp�i FQ?iBbmQ`�bb� iQBbB��M p�bi��M D� MBB/2M TBimmb
QM �X

RkXkXd >�`DQBimbi2?i pB 

RX PHFQQi Ӷ � ৈে� � �� � �� � �ৌো D� ӷ � ৈে� � �� � �� � �ৌো �
1ibB K�i`BBbB2M Ӷ D� ӷ D� imHQM Ӷӷ i`�MbTQQbBiX PMFQ Ӷ i�B ӷ bvKK2i`BM2M\

kX PHFQQi Ԥ � 	Ԥφ Ԥϵ w  Ԥ։
 D� ԥ � 	ԥφ ԥϵ w  ԥ։
X JBi2M bBb imHQ Ԥੁԥ pQB/��M 2bBii  
i`�MbTQQbB2M �pmHH�\

jX PHFQQM Ӷ � 	Ԑքօ
 ԝ  ԝ@K�i`BBbBX PbQBi�- 2ii  φϵ	Ӷ � Ӷյ 
 QM bvKK2i`BM2MX

R3N



RkXkX3 J�i`BBbBi D� HBM2��`Bb2i v?i Hƺ`v?K i

C�iF2i��M Ԝ v?i HƺM D� ԝ KmmiimD�M v?i Hƺ`v?K M i�`F�bi2Hm�X EmM v?i HƺB/2M F2`iQB@
KBbi� KmQ/Qbi2i��M K�i`BBbB D� KmmiimDBbi� D� v?i HƺB/2M QBF2Bbi� TmQHBbi� p2FiQ`Bi-

Ӷ � ৈৈৈৈে
Ԑφφ Ԑφϵ ੈ Ԑφ։Ԑϵφ Ԑϵϵ ੈ Ԑϵ։ੇ ੇ ੈ ੇԐֈφ Ԑֈϵ ੈ Ԑֈ։

ৌোোোো  ԧ � ৈৈৈৈে
ԧφԧϵԧੇ։

ৌোোোো D� ԑ � ৈৈৈৈে
ԑφԑϵੇԑֈ

ৌোোোো 
MBBM v?i Hƺ`v?K  pQB/��M FB`DQBii�� KmQ/Qbb�Ӷԧ � ԑ�
CQb v?i HƺBi  D� imMi2K�iiQKB� QM v?i  KQMi�- ԝ F�TT�H2ii�- MBBM Ӷ QM M2HBƺK�i`BBbBX CQb
K�i`BBbB Ӷ QM F  Mivp - MBBM v?i Hƺ`v?K M `�iF�Bbm Hƺv/2i  M F  Mi2BbK�i`BBbBM �pmHH�X
E  Mi2BbK�i`BBbBM QKBM�BbmmFbB2M T2`mbi22HH� QMӶԧ � ԑ ࡈ ӶφӶԧ � Ӷφԑ ࡈ Ӿ։ԧ � Ӷφԑ ࡈ ԧ � Ӷφԑ
2HB v?i Hƺ`v?K HH  Ӷԧ � ԑ QM vFbBF bBii2BM2M `�iF�Bbm DQb D� p�BM DQb K�i`BBbB Ӷ QM F  M@
ivp  2HB DQb D� p�BM DQb /2i Ӷ ଈ �X
h2Q`B�bb� v?i Hƺ`v?K M `�iF�Bbm Hƺv/2i  M bBBb F  Mi2BbK�i`BBbBM �pmHH� KBF HB b2 QM QH2@
K�bb�X E  Mi2BbK�i`BBbBM H�bF2KBM2M QM FmBi2MFBM `�bF�bi�- DQi2M F  Mi KBb2M bBD��M `�i@
F�Bbmbb� F vi2i  M 2`BH�BbB� K�i`BBbB?�DQi2HKB�X

1bBK2`FFB
u?i Hƺ`v?K   ৗ�ԧφ � �ԧϵ � �ԧϯ � �ԧϵ  ԧϯ � ��ԧφ � �ԧϵ � �ԧϯ � �
p�bi��p� K�i`BBbBv?i Hƺ QM Ӷԧ � ԑ- KBbb 

Ӷ � ৈে� � �� � �� � � ৌো D� ԑ � ৈে ��� ৌো �
J�i`BBbB Ӷ QM F  Mivp - DQi2M

ԧ � Ӷφԑ � ৈে � φϯϯ Ϩϯ� Θϯ ϵϯ� ϵϯ ϵϯ ৌো ੁ ৈে ��� ৌো � ৈে����ৌো �
RkXkXN >�`DQBimbi2?i pB 

RX PTBbF2H2 :�mbb@CQ`/�M K2M2i2HK  v?i Hƺ`v?KB2M `�iF�Bb2KBb2FbBX

RNy

http://www.math.jyu.fi/matpo/kirja/vjy/index-11.html


RkXkXRy PKBM�Bb�`pQi D� QKBM�Bbp2FiQ`Bi

PHFQQM Ӷ ԝ  ԝ@K�i`BBbBX GmFm ᅶ U`2��HB@ i�B FQKTH2FbBHmFmV QM K�i`BBbBM Ӷ QKBM�Bb�`pQ
U2B;2Mp�Hm2V- DQb QM ԥ ୮ R։- DQF� 2B QH2 MQHH�p2FiQ`B- DQHH2Ӷԥ � ᅶԥ�
h HHƺBM ԥ QM QKBM�Bb�`pQ� ᅶ p�bi��p� QKBM�Bbp2FiQ`B U2B;2Mp2+iQ`VX
PKBM�Bb�`pQM D� @p2FiQ`BM K  `Bi2HKBbi  M ?/  M- 2ii  ᅶ QM K�i`BBbBM Ӷ QKBM�Bb�`pQ
D� ԥ ଈ � p�bi��p� QKBM�Bbp2FiQ`B DQb D� p�BM DQb 	Ӷ  ᅶӾ։
ԥ � �X h HH  v?i HƺHH  QM
MQHH�p2FiQ`Bbi� TQBFF2�p� `�iF�Bbm ԥ p�BM DQb

/2i	Ӷ  ᅶӾ։
 � ��
u?i Hƺ  /2i	Ӷ  ᅶӾ։
 � � b�MQi��M F�`�Fi2`BbiBb2FbB v?i HƺFbB U+?�`�+i2`BbiB+ 2[m�iBQMV
D� b2M p�b2Mi� TmQHi� F�`�Fi2`BbiBb2FbB TQHvMQKBFbB U+?�`�+i2`BbiB+ TQHvMQKB�HVX
J�i`BBbBM Ӷ QKBM�Bb�pQi Hƺv/2i  M bBBb `�iF�Bb2K�HH� F�`�Fi2`BbiBM2M v?i HƺX �H;2#`�M
T2`mbH�mb2 b�MQQ- 2ii  ԝX �bi22M TQHvMQKBHH� QM ԝ MQHH�FQ?i�� FQKTH2FbBHmFmD2M DQmFQbb�X
aBi2M F�`�Fi2`BbiBb2HH� TQHvMQKBHH� QM ԝ Dmm`i� D� K�i`BBbBHH� Ӷ ԝ QKBM�Bb�`pQ�- DQBbi� Qb�
pQB QHH� KQMBMF2`i�BbB�X

PKBM�Bb�`pQD2M D� @p2FiQ`2B/2M 2ibBKBM2M,
Ç JmQ/Qbi� F�`�Fi2`BbiBM2M v?i Hƺ ԟ	ᅶ
 � /2i	Ӷ  ᅶӾ։
 � �X
Ç 1ibB QKBM�Bb�`pQi 2HB F�`�Fi2`BbiBb2M v?i HƺM Dmm`2i ᅶφ w  ᅶ։X
Ç 1ibB QKBM�Bb�`pQD� ᅶφ w  ᅶ։ p�bi��p�i QKBM�Bbp2FiQ`Bi `�iF�Bb2K�HH� v?i Hƺi	Ӷ  ᅶքӾ։
ԥ � ��

CQb ԝԝ K�i`BBbBHH� Ӷ QM ԝ 2`B QKBM�Bb�`pQ� ᅶφ- ᅶϵ w- ᅶ։- MBBM p�bi��p�i QKBM�Bbp2FiQ`Biԥφ- ԥϵ w- ԥ։ Qp�i HBM2��`Bb2biB `BBTTmK�iiQKB� UHBM2�`Hv BM/2T2M/2MiVX
GBM2��`BM2M `BBTTmK�iiQKmmb i�`FQBii�� bBi - 2ii  DQb QM Hmpmi Ԓφ- Ԓϵ w- Ԓ։- DQBHH2։ంք�φ Ԓքԥք � �
MBBM Ԓք � � F�BFBHH� Ԙ ୮ \� � w  ԝ^X h K  QM v?i TBi p   b2M F�Mbb�- 2ii  p2FiQ`2Bbi� ԥք
KmQ/Qbi2imM K�i`BBbBM /2i2`KBM�MiiB 2B QH2 MQHH�X

RkXkXRR 1bBK2`FFB

PHFQQM Ӷ � ভ� �� �ম � E�`�Fi2`BbiBM2M v?i Hƺ QM

/2i	Ӷ  ᅶӾ
 � ઑ�  ᅶ �� �  ᅶઑ� 	�  ᅶ
	�  ᅶ
  �� ᅶϵ  �ᅶ � � � ��
RNR



a2M `�iF�Bbmi Qp�i ᅶ � ϨఅΚνϵΚϵ 2HB K�i`BBbBM Ӷ QKBM�Bb�`pQi Qp�i ᅶφ � � D� ᅶϵ � �X
PKBM�Bb�`pQ� ᅶφ � � p�bi��p� QKBM�Bbp2FiQ`B iQi2mii�� v?i HƺM 	Ӷ  Ӿ
ԥ � � 2HBভ� �� �ম ভԥφԥϵম � ভ��ম �
PKBM�Bbp2FiQ`2Bi� Qp�i bBBb p2FiQ`Bi ԥ � 	ԥφ ԥϵ
- DQBHH2 �ԥφ � �ԥϵ � �- 2bBK2`FBFbB 	� �
X
PKBM�Bb�`pQ� ᅶϵ � � p�bi��p� QKBM�Bbp2FiQ`B iQi2mii�� v?i HƺM 	Ӷ  �Ӿ
ԥ � � 2HBভ� �� �ম ভԥφԥϵম � ভ��ম �
PKBM�Bbp2FiQ`2Bi� Qp�i bBBb p2FiQ`Bi ԥ � 	ԥφ ԥϵ
- DQBHH2 ԥφ � ԥϵ- 2bBK2`FBFbB 	� �
X
1ibBi  M QKBM�Bb�`pQi D� @p2FiQ`Bi Kvƺb Svi?QMBM avKSv@FB`D�biQM �pmHH�X

R BKTQ`i bvKTv
k �4bvKTvXJ�i`BtU((9-k)-(j-j))V
j

9 H�K/�4bvKTvXbvK#QHbU^H�K/�^V
8 T4�X+?�`TQHvUH�K/�V
e

d T`BMiU]J�i`BBbBM � F�`�Fi2`BbiBM2M TQHvMQKB QM &,'X]X7Q`K�iU�X+?�`TQHvUVVV
3 T`BMiU]J�i`BBbBM � QKBM�Bb�`pQi Qp�i &,'X]X7Q`K�iU�X2B;2Mp�HbUVVV
N T`BMiU]J�i`BBbBM � QKBM�Bbp2FiQ`Bi UQKBM�Bb�`pQ- F2`i�HmFm- QKBM�Bbp2FiQ`BVެ

Qp�i &,'X]X7Q`K�iU�X2B;2Mp2+ibUVVV

RkXkXRk >�`DQBimbi2?i pB 

RX 1ibB K�i`BBbB2M Ӷ � ভ � �� � ম D� ӷ � ভ� �� �ম QKBM�Bb�`pQi D� @p2FiQ`BiX

Gl@?�DQi2HK�
J�i`BBbBi Tv`Bi  M KQM2biB 2bBii K  M F�?/2M i�B FQHK2M K�i`BBbBM imHQM�- DQbb� imHQM
K�i`BBbBi Qp�i bvKK2i`BbB  i�B /B�;QM��HB@ i�B FQHKBQK�i`BBb2D�X 1bBK2`FBFbB v?i Hƺ`v?KB 
`�iF�Bb2p�i D� F  Mi2BbK�i`BBb2D� i�B /2i2`KBM�Mii2D� H�bF2p�i �H;Q`BiKBi i2?/  M ?�DQi2H@
KB2M �pmHH�X
Gl@?�DQi2HK�bb� M2HBƺK�i`BBbB 2bBi2i  M �H�@ D� vH FQHKBQK�i`BBbB2M imHQM�Ӷ � ԁԊ
KBbb  �H�FQHKBQK�i`BBbBM ԁ /B�;QM��HB�HFBQi Qp�i vFFƺbB Xৈৈৈৈে

Ԑφφ Ԑφϵ ੈ Ԑφ։Ԑϵφ Ԑϵϵ ੈ Ԑϵϯੇ ੇԐ։φ Ԑ։ϵ ੈ Ԑ։ϯ
ৌোোোো � ৈৈৈৈে

� � ੈ �ӯϵφ � ੈ �ੇ ੇӯ։φ ӯ։ϵ ੈ �ৌোোোো ৈৈৈৈে
Ԥφφ Ԥφϵ ੈ Ԥφ։� ੈ Ԥϵϵ Ԥϵϯੇ ੇ� � ੈ Ԥ։։

ৌোোোো �
CQF�Bb2HH� F  Mivp HH  K�i`BBbBHH� QM Gl@?�DQi2HK� Kmii� K�i`BBbBHH2 DQm/mi��M DQbFmb i2@
F2K  M `BpBQT2`��iBQBi� 2MM2M ?�DQi2HK��, >mQK��- 2ii  FQbF� Ԑφφ � ӯφφԤφφ- MBBM DQb

RNk



Ԑφφ � �- MBBM DQFQ ӯφφ � � i�B Ԥφφ � �X EQbF� FQHKBQK�i`BBbBM /2i2`KBM�MiiB QM /B�@
;QM��HB�HFBQ/2M imHQ- MBBM i bi  b2m`��- 2ii  DQFQ /2i ԁ � � i�B /2i Ԋ � �X aBi2M QHBbB
/2i Ӷ � /2i ԁ /2i Ԋ � �X EmBi2MFBM F  Mivp HH2 K�i`BBbBHH2 Ӷ QM /2i Ӷ ଈ � Kmii� pQB QHH�Ԑφφ � �X

1bBK2`FFB

1ibBi  M K�i`BBbBM Ӷ � ভ� �� �ম Gl@?�DQi2HK� 2HB K�i`BBbBi ԁ D� Ԋ - DQBHH2

Ӷ � ভ� �� �ম � ভ � �ӯϵφ �ম ভԤφφ Ԥφϵ� Ԥϵϵম � ԁԊ�
o�bi��p� v?i Hƺ`v?K  QM ৗ

Ԥφφ � �Ԥφϵ � �ӯϵφԤφφ � �ӯϵφԤφϵ � Ԥϵϵ � �
D� b2M `�iF�Bbm Ԥφφ � �- Ԥφϵ � �- Ԥϵϵ � ϯϵ - ӯϵφ � ϯϵ X
aBi2M Ӷ � ভ� �� �ম � ভ� �ϯϵ �ম ভ� �� ϯϵম �
1ibBi  M Gl@?�DQi2HK� Kvƺb Svi?QMBM avKSv@FB`D�biQM �pmHH�X

R BKTQ`i bvKTv
k �4bvKTvXJ�i`BtU((9-j)-(e-j))V
j

9 G- l- n 4 �XGl/2+QKTQbBiBQMUV
8

e T`BMiU]J�i`BBbBM � Gl@?�DQi2HK�M G QM &,'X]X7Q`K�iUGVV
d T`BMiU]J�i`BBbBM � Gl@?�DQi2HK�M l QM &,'X]X7Q`K�iUlVV

RkXkXRj >�`DQBimbi2?i pB 

RX PHFQQM Ӷ � ভ� �� �মX 1ibB K�i`BBbBM Ӷ ԁԊ @?�DQi2HK�X

GBb iB2iQ� HBM2��`B�H;2#`�bi�
Ç o2+iQ`b UE?�M�+�/2KvV
Ç o2+iQ`b �M/ bT�+2b UE?�M�+�/2KvV
Ç J�i`Bt i`�Mb7Q`K�iBQMb UE?�M�+�/2KvV
Ç J�i`B+2b UE?�M�+�/2KvV
Ç �Hi2`M�i2 +QQ`/BM�i2 bvbi2Kb U#�b2bV UE?�M�+�/2KvV

RNj

https://www.khanacademy.org/math/linear-algebra/vectors-and-spaces/vectors/v/vector-introduction-linear-algebra
https://www.khanacademy.org/math/linear-algebra
https://www.khanacademy.org/math/linear-algebra/matrix-transformations
https://www.khanacademy.org/math/algebra-home/alg-matrices
https://www.khanacademy.org/math/linear-algebra/alternate-bases


Ç :BH#2`i ai`�M;X R3Xye GBM2�` �H;2#`�X aT`BM; kyRyX J�bb�+?mb2iib AMbiBimi2 Q7 h2+?@
MQHQ;v, JAh PT2M*Qm`b2q�`2- ?iiTb,ffQ+rXKBiX2/mX GB+2Mb2, *`2�iBp2 *QKKQMb
"u@L*@a�X

Ç GBM2��`Bb2M v?i Hƺ`v?K M `�iF�Bb2KBM2M U�TT`Q#�im` R �- CulV
Ç CQ?/�imb HBM2��`B�H;2#`��M- Pb� A U>uV
Ç o2+iQ`b- r?�i 2p2M �`2 i?2v\ % 1bb2M+2 Q7 HBM2�` �H;2#`�- +?�Ti2` R- j"Hm2R"`QrM
Ç GBM2�` +QK#BM�iBQMb- bT�M- �M/ #�bBb p2+iQ`b % 1bb2M+2 Q7 HBM2�` �H;2#`�- +?�Ti2` k-

j"Hm2R"`QrM
Ç GBM2�` i`�Mb7Q`K�iBQMb �M/ K�i`B+2b % 1bb2M+2 Q7 HBM2�` �H;2#`�- +?�Ti2` j-

j"Hm2R"`QrM
Ç J�i`Bt KmHiBTHB+�iBQM �b +QKTQbBiBQM % 1bb2M+2 Q7 HBM2�` �H;2#`�- +?�Ti2` 9-

j"Hm2R"`QrM
Ç h?2 /2i2`KBM�Mi % 1bb2M+2 Q7 HBM2�` �H;2#`�- +?�Ti2` 8- j"Hm2R"`QrM
Ç AMp2`b2 K�i`B+2b- +QHmKM bT�+2 �M/ MmHH bT�+2 % 1bb2M+2 Q7 HBM2�` �H;2#`�- +?�Ti2`

e- j"Hm2R"`QrM
Ç 1B;2Mp2+iQ`b �M/ 2B;2Mp�Hm2b % 1bb2M+2 Q7 HBM2�` �H;2#`�- +?�Ti2` Ry- j"Hm2R"`QrM
Ç oBbm�HBxBM; i?2 +?�BM `mH2 �M/ T`Q/m+i `mH2 % *?�Ti2` 9- 1bb2M+2 Q7 +�H+mHmb-

j"Hm2R"`QrM

Rj �TT2M/Bt " @ a�M�biQ

h2FQ HvM b�M�biQ� U2M;H�MiB @ bmQKBV

�+iBp�iBQM 7mM+iBQM �FiBpQBMiB7mMFiBQ
�`iB}+B�H BMi2HHB;2M+2 U�AV i2FQ Hv
�`iB}+B�H M2m`�H M2irQ`F UF2BMQi2FQBM2MV M2m`Qp2`FFQ
�m;K2Mi2/ BMi2HHB;2M+2 H��D2MM2iim  HvFFvvb
#�+FT`QT�;�iBQM p�bi�pB`i�U@�H;Q`BiKBV
#B�b FvMMvb�`pQ- p�FBQi2`KB
#BM�`v +H�bbB}+�iBQM HmQFBii2Hm F�?i22M HmQFF��M
+H�bbB}+�iBQM HmQFBii2Hm
+HQm/ +QKTmiBM; TBHpBT�Hp2Hmi- TBHpBH�bF2Mi�
+Hmbi2`BM; FHmbi2`QBMiB- `v?KBii2Hv
+QKTmi2` pBbBQM iB2iQFQM2M Fƺ
+Qbi 7mM+iBQM pB`?27mMFiBQ
+`Qbb@2Mi`QTv `BbiB2Mi`QTB�
/2+BbBQM #QmM/�`v T  iƺbTBMi�
/2+BbBQM i`22 T  iƺbTmm
;`�/B2Mi /2b+2Mi ;`�/B2MiiBK2M2i2HK 
/�i� KBMBM; iB2/QMHQm?BMi�
/22T H2�`MBM; bvp QTTBKBM2M
722/ 7Q`r�`/ M2irQ`F 2i22MT BM FviF2iiv p2`FFQ
?B//2M H�v2` TBBHQF2``Qb

RN9

https://ocw.mit.edu/courses/mathematics/18-06-linear-algebra-spring-2010/index.htm
https://ocw.mit.edu/courses/mathematics/18-06-linear-algebra-spring-2010/index.htm
https://ocw.mit.edu/courses/mathematics/18-06-linear-algebra-spring-2010/index.htm
http://www.math.jyu.fi/matpo/kirja/vjy/index-11.html
http://www.mv.helsinki.fi/home/jramo/lm2_kesa2013/linis_materiaali_osa1.pdf
https://youtu.be/fNk_zzaMoSs
https://youtu.be/k7RM-ot2NWY
https://youtu.be/k7RM-ot2NWY
https://youtu.be/kYB8IZa5AuE
https://youtu.be/kYB8IZa5AuE
https://youtu.be/XkY2DOUCWMU
https://youtu.be/XkY2DOUCWMU
https://youtu.be/Ip3X9LOh2dk
https://youtu.be/uQhTuRlWMxw
https://youtu.be/uQhTuRlWMxw
https://youtu.be/PFDu9oVAE-g
https://youtu.be/YG15m2VwSjA
https://youtu.be/YG15m2VwSjA


h2FQ HvM b�M�biQ� U2M;H�MiB @ bmQKBV

BK�;2 `2+Q;MBiBQM Fmp�MimMMBbimb
BMTmi H�v2` bvƺi2F2``QbԚ@M2�`2bi M2B;?#Q`b �H;Q`Bi?K UFLLV Ԛ,M H ?BKK M M��Tm`BM K2M2i2HK 
H2�`MBM; `�i2 QTTBKBbMQT2mb
HQ;BbiB+ `2;`2bbBQM HQ;BbiBM2M `2;`2bbBQ
HQbb 7mM+iBQM i�TTBQ7mMFiBQ
K�+?BM2 H2�`MBM; FQM2QTTBKBM2M
K�+?BM2 pBbBQM FQM2M Fƺ
K2�M b[m�`2/ 2``Q` F2bFBM2HBƺbmKK�
KmHiB+H�bb +H�bbB}+�iBQM HmQFBii2Hm KQM22M HmQFF��M
QmiTmi H�v2` mHQbimHQF2``Qb
T�ii2`M `2+Q;MBiBQM ?�?KQMimMMBbimb
T2`+2Ti`QM T2`b2Ti`QMB
`2;`2bbBQM `2;`2bbBQ
b2H7@Q`;�MBxBM; K�T Bib2Q`;�MBbQBimp� F�`ii�
bT22+? `2+Q;MBiBQM Tm?22MimMMBbimb
bmT2`BMi2HHB;2M+2 bmT2`i2FQ Hv
bmT2`pBb2/ H2�`MBM; Q?D�iim QTTBKBM2M
bmTTQ`i p2+iQ` K�+?BM2 imFBp2FiQ`BFQM2
i2bi 2t�KTH2 i2biB2bBK2`FFB
i`�BMBM; 2t�KTH2 QT2imb2bBK2`FFB
mMbmT2`pBb2/ H2�`MBM; Q?D��K�iQM QTTBKBM2M
p�HB/�iBQM 2t�KTH2 p�?pBbimb2bBK2`FFB

h2FQ HvM b�M�biQ� UbmQKB @ 2M;H�MiBV

�FiBpQBMiB7mMFiBQ �+iBp�iBQM 7mM+iBQM
2i22MT BM FviF2iiv p2`FFQ 722/ 7Q`r�`/ M2irQ`F
;`�/B2MiiBK2M2i2HK  ;`�/B2Mi /2b+2Mi
?�?KQMimMMBbimb T�ii2`M `2+Q;MBiBQM
Bib2Q`;�MBbQBimp� F�`ii� b2H7@Q`;�MBxBM; K�TԚ,M H ?BKK M M��Tm`BM K2M2i2HK  Ԛ@M2�`2bi M2B;?#Q`b �H;Q`Bi?K UFLLV
F2bFBM2HBƺbmKK� K2�M b[m�`2/ 2``Q`
FHmbi2`QBMiB +Hmbi2`BM;
FQM2M Fƺ K�+?BM2 pBbBQM
FQM2QTTBKBM2M K�+?BM2 H2�`MBM;
Fmp�MimMMBbimb BK�;2 `2+Q;MBiBQM
H��D2MM2iim  HvFFvvb �m;K2Mi2/ BMi2HHB;2M+2
HQ;BbiBM2M `2;`2bbBQ HQ;BbiB+ `2;`2bbBQM
HmQFBii2Hm +H�bbB}+�iBQM
HmQFBii2Hm F�?i22M HmQFF��M #BM�`v +H�bbB}+�iBQM
HmQFBii2Hm KQM22M HmQFF��M KmHiB+H�bb +H�bbB}+�iBQM
UF2BMQi2FQBM2MV M2m`Qp2`FFQ U�`iB}+B�HV M2m`�H M2irQ`F
Q?D��K�iQM QTTBKBM2M mMbmT2`pBb2/ H2�`MBM;
Q?D�iim QTTBKBM2M bmT2`pBb2/ H2�`MBM;
QT2imb2bBK2`FFB i`�BMBM; 2t�KTH2
QTTBKBbMQT2mb H2�`MBM; `�i2
T2`b2Ti`QMB T2`+2Ti`QM
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h2FQ HvM b�M�biQ� UbmQKB @ 2M;H�MiBV

TBBHQF2``Qb ?B//2M H�v2`
TBHpBT�Hp2Hmi- TBHpBH�bF2Mi� +HQm/ +QKTmiBM;
Tm?22MimMMBbimb bT22+? `2+Q;MBiBQM
T  iƺbTBMi� /2+BbBQM #QmM/�`v
T  iƺbTmm /2+BbBQM i`22
`2;`2bbBQ `2;`2bbBQM
`BbiB2Mi`QTB� +`Qbb@2Mi`QTv
`v?KBii2Hv +Hmbi2`BM;
bmT2`i2FQ Hv bmT2`BMi2HHB;2M+2
bvp QTTBKBM2M /22T H2�`MBM;
bvƺi2F2``Qb BMTmi H�v2`
i�TTBQ7mMFiBQ HQbb 7mM+iBQM
i2FQ Hv �`iB}+B�H BMi2HHB;2M+2 U�AV
i2biB2bBK2`FFB i2bi 2t�KTH2
iB2/QMHQm?BMi� /�i� K�BMBM;
iB2iQFQM2M Fƺ +QKTmi2` pBbBQM
imFBp2FiQ`BFQM2 bmTTQ`i p2+iQ` K�+?BM2
mHQbimHQF2``Qb QmiTmi H�v2`
p�?pBbimb2bBK2`FFB p�HB/�iBQM 2t�KTH2
p�FBQi2`KB #B�b
p�bi�pB`i�U@�H;Q`BiKBV #�+FT`QT�;�iBQM U�H;Q`Bi?KV
pB`?27mMFiBQ +Qbi 7mM+iBQM

J�i2K�iBBF�M b�M�biQ� U2M;H�MiB @ bmQKBV

�bbQbB�iBp2 HBBi MM BM2M
#QmM/2/ `�DQBi2iim
+?�BM `mH2 F2iDmb  Miƺ
+?�`�+i2`BbiB+ TQHvMQKB�H F�`�Fi2`BbiBM2M TQHvMQKB
+?�`�+i2`BbiB+ 2[m�iBQM F�`�Fi2`BbiBM2M v?i Hƺ
+HQb2/ bmHD2iim
+Q2{+B2Mi F2``QBM
+QHmKM b�`�F2
+QKKmi�iBp2 p�B?/�MM�BM2M
+QKTQbBi2 7mM+iBQM v?/Bbi2iiv 7mMFiBQ
+QMiBMmQb D�iFmp�
+QMiQm` +m`p2 FQ`F2mbF v` 
+m`p2 F v` 
/2+`2�bBM; p ?2M2p 
/2`Bp�iBp2 /2`Bp��ii�
/B�;QM�H K�i`Bt /B�;QM��HBK�i`BBbB
/Bz2`2MiB�#H2 /2`BpQBimp�- /Bz2`2MiBQBimp�
/QK�BM H ?iƺDQmFFQ
/Qi T`Q/m+i- BMM2` T`Q/m+i- b+�H�` T`Q/m+i bBb imHQ- TBbi2imHQ
2B;2Mp�Hm2 QKBM�Bb�`pQ
2B;2Mp2+iQ` QKBM�Bbp2FiQ`B
7mM+iBQM 7mMFiBQ
;`�/B2Mi ;`�/B2MiiB
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J�i2K�iBBF�M b�M�biQ� U2M;H�MiB @ bmQKBV

;`�T? Fmp��D�- ;`��}
B/2MiBiv K�i`Bt vFbBFFƺK�i`BBbB- B/2MiiBM2M K�i`BBbB
BM+`2�bBM; F�bp�p�
BMi2`p�H p HB
BMp2`b2 K�i`Bt F  Mi2BbK�i`BBbB
BMp2`iB#H2 F  Mivp 
H2p2H +m`p2- H2p2H b2i i�b�@�`pQF v` - i�b�@�`pQDQmFFQ
HBKBi `�D�@�`pQ
HQr2` i`B�M;mH�` K�i`Bt �H�FQHKBQK�i`BBbB
K�i`Bt K�i`BBbB
T�`iB�H /2`Bp�iBp2 QbBii�Bb/2`Bp��ii�
TH�M2 i�bQ
T`2BK�;2 �HFmFmp�
`�M;2 �`pQDQmFFQ- Fmp�DQmFFQ
`Qr `BpB
b�//H2 TQBMi b�imH�TBbi2
bQHmiBQM `�iF�Bbm
i�M;2Mi i�M;2MiiB
i�`;2i b2i K��HBDQmFFQ
mM#QmM/2/ `�DQBii�K�iQM
mTT2` i`B�M;mH�` K�i`Bt vH FQHKBQK�i`BBbB
p2+iQ` p2FiQ`B
p2+iQ` }2H/ p2FiQ`BF2Mii 

J�i2K�iBBF�M b�M�biQ� UbmQKB @ 2M;H�MiBV

�H�FQHKBQK�i`BBbB HQr2` i`B�M;mH�` K�i`Bt
�HFmFmp� T`2BK�;2
�`pQDQmFFQ- Fmp�DQmFFQ `�M;2
/2`Bp��ii� /2`Bp�iBp2
/2`BpQBimp�- /Bz2`2MiBQBimp� /Bz2`2MiB�#H2
/B�;QM��HBK�i`BBbB /B�;QM�H K�i`Bt
7mMFiBQ 7mM+iBQM
;`�/B2MiiB ;`�/B2Mi
D�iFmp� +QMiBMmQb
F�`�Fi2`BbiBM2M TQHvMQKB +?�`�+i2`BbiB+ TQHvMQKB�H
F�`�Fi2`BbiBM2M v?i Hƺ +?�`�+i2`BbiB+ 2[m�iBQM
F�bp�p� BM+`2�bBM;
F2``QBM +Q2{+B2Mi
F2iDmb  Miƺ +?�BM `mH2
FQ`F2mbF v`  +QMiQm` +m`p2
Fmp��D�- ;`��} ;`�T?
F v`  +m`p2
F  Mi2BbK�i`BBbB BMp2`b2 K�i`Bt
F  Mivp  BMp2`iB#H2
HBBi MM BM2M �bbQbB�iBp2
H ?iƺDQmFFQ /QK�BM
K��HBDQmFFQ i�`;2i b2i

RNd



J�i2K�iBBF�M b�M�biQ� UbmQKB @ 2M;H�MiBV

K�i`BBbB K�i`Bt
QKBM�Bb�`pQ 2B;2Mp�Hm2
QKBM�Bbp2FiQ`B 2B;2Mp2+iQ`
QbBii�Bb/2`Bp��ii� T�`iB�H /2`Bp�iBp2
`�D�@�`pQ HBKBi
`�DQBi2iim #QmM/2/
`�DQBii�K�iQM mM#QmM/2/
`�iF�Bbm bQHmiBQM
`BpB `Qr
b�`�F2 +QHmKM
b�imH�TBbi2 b�//H2 TQBMi
bBb imHQ- TBbi2imHQ /Qi T`Q/m+i- BMM2` T`Q/m+i- b+�H�` T`Q/m+i
bmHD2iim +HQb2/
i�M;2MiiB i�M;2Mi
i�b�@�`pQDQmFFQ H2p2H b2i
i�b�@�`pQF v`  H2p2H +m`p2
i�bQ TH�M2
p�B?/�MM�BM2M +QKKmi�iBp2
p2FiQ`B p2+iQ`
p2FiQ`BF2Mii  p2+iQ` }2H/
p ?2M2p  /2+`2�bBM;
p HB BMi2`p�H
v?/Bbi2iiv 7mMFiBQ +QKTQbBi2 7mM+iBQM
vFbBFFƺK�i`BBbB- B/2MiiBM2M K�i`BBbB B/2MiBiv K�i`Bt
vH FQHKBQK�i`BBbB mTT2` i`B�M;mH�` K�i`Bt
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