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h?2 Tm`TQb2 Q7 i?Bb }M�H T�T2` Bb iQ 2tTHQ`2 "�v2bB�M MQMT�`�K2i`B+b �M/ Bib �TTHB+�iBQM
iQ +Hmbi2`BM;- #v K2�Mb Q7 i?2 .B`B+?H2i T`Q+2bb KBtim`2 KQ/2H U.SJJVX
"�v2bB�M MQMT�`�K2i`B+ KQ/2Hb �`2 � +H�bb Q7 KQ/2Hb rBi? � TQi2MiB�HHv BM}MBi2 MmK#2`
Q7 T�`�K2i2`bX h?Bb T`QT2`iv �HHQrb � ?B;?2` KQ/2HBM; ~2tB#BHBiv i?�M rBi? T�`�K2i`B+
KQ/2Hb- K�FBM; i?2K T�`iB+mH�`Hv �ii`�+iBp2 7Q` MmK2`Qmb �TTHB+�iBQMb r?2`2 i?2 mM/2`@
HvBM; bi`m+im`2 Q7 i?2 /�i� Bb MQi FMQrM Q` Bb �bbmK2/ iQ ;`Qr �b KQ`2 /�i� �`2 Q#b2`p2/X
AM 7�+i- #2+�mb2 Q7 i?2B` BM}MBi2@/BK2MbBQM�H T�`�K2i2`Bx�iBQM- i?2b2 KQ/2Hb BM+Q`TQ`�i2
i?2 mM+2`i�BMiv �#Qmi i?2 �TT`QT`B�i2 KQ/2H +QKTH2tBiv iQ �/QTi 7Q` i?2 Q#b2`p2/ /�i�-
i?2`2#v �miQK�iB+�HHv �//`2bbBM; i?2 T`Q#H2K Q7 KQ/2H b2H2+iBQM r?2M T2`7Q`KBM; TQb@
i2`BQ` BM72`2M+2X >2M+2- i?2 �M�HvbBb /Q2b MQi `2Hv QM ?2m`BbiB+ K2i?Q/b �b Bi Bb i?2 +�b2
r?2M mbBM; KQ/2Hb rBi? � }MBi2 b2i Q7 T�`�K2i2`bX h?�MFb iQ i?2 `2+2Mi /2p2HQTK2Mib
BM BM72`2MiB�H T`Q+2/m`2b- BM T�`iB+mH�` J�`FQp +?�BM JQMi2 *�`HQ K2i?Q/b- i?2b2 KQ/2Hb
?�p2 ;�BM2/ rB/2bT`2�/ TQTmH�`Biv �M/ ?�p2 #22M BM+`2�bBM;Hv �TTHB2/ iQ K�Mv K�+?BM2
H2�`MBM; T`Q#H2Kb BM � rB/2 `�M;2 Q7 }2H/b- BM+Hm/BM; #mbBM2bb- K2/B+BM2 �M/ ;2M2iB+bX
*Hmbi2`BM; Bb QM2 Q7 i?2 T`Q#H2Kb r?2`2 i?2 #2M2}ib Q7 i?2 "�v2bB�M MQMT�`�K2i`B+ �T@
T`Q�+? �`2 BKK2/B�i2Hv 2pB/2Mi- #2+�mb2 i?2`2 Bb MQ KQ`2 M22/ iQ bT2+B7v i?2 MmK#2` Q7
+Hmbi2`b BM �/p�M+2 Q7 �M�HvxBM; i?2 /�i�- #2BM; Bi 2biBK�i2/ rBi? TQbi2`BQ` BM72`2M+2X
AM i?Bb T�T2`- r2 rBHH /Bb+mbb i?2 i?2Q`v #2?BM/ i?2 .B`B+?H2i T`Q+2bb KBtim`2 KQ/2H �M/
Bib �TTHB+�iBQM iQ +Hmbi2`BM;- bi�`iBM; 7`QK i?2 #�+F;`QmM/ FMQrH2/;2 M2+2bb�`v 7Q` Bib
mM/2`bi�M/BM;X h?mb- #27Q`2 T`2b2MiBM; i?2 K�BM `2bmHib +QM+2`MBM; i?2 .SJJ �M/ Bib
+Hmbi2`BM; T`QT2`iv- r2 rBHH /Bb+mbb i?2 ;2M2`�H "�v2bB�M MQMT�`�K2i`B+ 7`�K2rQ`F �M/
Bib i?2Q`2iB+�H 7QmM/�iBQM- r2 rBHH �M�Hvx2 BM KQ`2 /2i�BH i?2 +Hmbi2`BM; T`Q#H2K �M/ i?2
/QrMbB/2b Q7 �//`2bbBM; Bi rBi? }MBi2@/BK2MbBQM�H KQ/2Hb- �M/ r2 rBHH `2pB2r i?2 .B`B+?H2i
T`Q+2bb �M/ i?2 ;2M2`�H J*J* b+?2K2X AM i?2 }M�H T�`i- �7i2` T`2b2MiBM; � T`Q+2/m`2
7Q` T2`7Q`KBM; TQbi2`BQ` BM72`2M+2 mM/2` i?2 .SJJ- r2 rBHH �M�Hvx2 i?2 b2MbBiBpBiv Q7 i?2
KQ/2H iQ ?vT2`T�`�K2i2`b BM �M �TTHB+�iBQM iQ r?QH2b�H2 +mbiQK2` /�i�X
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� bi�iBbiB+�H T`Q#H2K �`Bb2b r?2M r2 Q#b2`p2 /�i�- BX2X � +QHH2+iBQM Q7 `�M/QK p�`B�#H2b
UQ` `�M/QK p2+iQ`bV ԧφ
 ԧϵ
 ���
 ԧ։- i?�i �`2 mbm�HHv �bbmK2/ iQ #2 /`�rM BM/2T2M/2MiHv
7`QK bQK2 T`Q#�#BHBiv /Bbi`B#miBQM ӻ �M/ i?2`2 Bb mM+2`i�BMiv �#Qmi ӻ X AM Q`/2` iQ K�F2
BM72`2M+2 �#Qmi i?2 ;2M2`�iBp2 T`Q+2bb Q7 i?2 /�i�- r2 ?�p2 iQ �bbmK2 i?�i i?2 mM/2`HvBM;
T`Q#�#BHBiv /Bbi`B#miBQM ӻ Bb � K2K#2` Q7 � 7�KBHv Q7 T`Q#�#BHBiv /Bbi`B#miBQMb෥ � \ӻᇆ ੃ ᅲ ୮ ဌ^
BM/2t2/ #v � T�`�K2i2` ᅲ 7`QK � b2i ဌX am+? � 7�KBHv Q7 T`Q#�#BHBiv /Bbi`B#miBQMb Bb +�HH2/
bi�iBbiB+�H KQ/2HX

AM i?2 "�v2bB�M T�`�/B;K- i?2 bi�iBbiB+�H KQ/2H Bb +QKTH2i2/ rBi? i?2 bT2+B}+�iBQM Q7 �
T`Q#�#BHBiv /Bbi`B#miBQM- FMQrM �b T`BQ`- QM i?2 T�`�K2i2` bT�+2 ဌ- BX2X i?2 T�`�K2i2` Bb
�bbmK2/ iQ #2 � UH�i2MiV `�M/QK p�`B�#H2- i?2`2#v bT2+B7vBM; i?2 DQBMi T`Q#�#BHBiv /Bbi`B@
#miBQM Q7 i?2 ?B//2M �M/ Q#b2`p2/ `�M/QK p�`B�#H2bX h?2 Q#D2+iBp2 Bb iQ }i i?2 KQ/2H iQ
i?2 Q#b2`p2/ /�i�- BX2X mb2 i?2 Q#b2`p2/ /�i� BM Q`/2` iQ ;2i KQ`2 BM7Q`K�iBQM �#Qmi i?2
H�i2Mi `�M/QK T�`�K2i2`- +QKTmiBM; i?2 +QM/BiBQM�H /Bbi`B#miBQM Q7 i?2 H�i2Mi `�M/QK
T�`�K2i2` ;Bp2M i?2 Q#b2`p2/ /�i�- FMQrM �b TQbi2`BQ`X h?Bb T`Q+2bb Bb +�HH2/ TQbi2`BQ`
BM72`2M+2X
ai�iBbiB+�H KQ/2Hb BM/2t2/ #v � }MBi2@/BK2MbBQM�H T�`�K2i2` ᅲ �`2 FMQrM �b }MBi2 /BK2M@
bBQM�H Q` T�`�K2i`B+ KQ/2HbX � T2`bBbi2Mi Bbbm2 �#Qmi /2�HBM; rBi? T�`�K2i`B+ KQ/2Hb Bb
i?�i BM K�Mv bBim�iBQMb Bi Bb MQi FMQrM � T`BQ`B r?�i i?2 ǳ`B;?iǴ T�`�K2i`B+ 7Q`K Bb �M/
?Qr +QKTH2t i?2 KQ/2H b?QmH/ #2 BM Q`/2` iQ bm{+B2MiHv +�Tim`2 i?2 BKTQ`i�Mi bi`m+@
im`2 Q7 i?2 /�i� rBi?Qmi +�Tim`BM; b�KTH2@bT2+B}+ mMM2+2bb�`v /2i�BHbX AM Qi?2` rQ`/b-
BM K�Mv bi�iBbiB+�H T`Q#H2Kb i?2`2 Bb ?B;? `BbF Q7 mM/2`}iiBM;- Qp2`}iiBM; �M/ KQ/2H KBb@
bT2+B}+�iBQMX h?2 T`Q#H2Kb Q7 /2i2`KBMBM; �TT`QT`B�i2 KQ/2H 7�KBHB2b �`2 `272``2/ iQ �b
KQ/2H b2H2+iBQM Q` KQ/2H �/�Ti�iBQMX 1t�KTH2b Q7 bm+? T`Q#H2Kb �`2 b2H2+iBM; i?2 MmK#2`
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Q7 +Hmbi2`b BM +Hmbi2`BM; T`Q#H2Kb �M/ b2H2+iBM; i?2 MmK#2` Q7 ?B//2M bi�i2b BM >B//2M
J�`FQp JQ/2HbX h?2b2 T`Q#H2Kb �`2 +QKKQMHv �//`2bb2/ #v }`bi }iiBM; b2p2`�H KQ/2Hb
rBi? /Bz2`2Mi T�`�K2i`B+ 7Q`Kb �M/ i?2M +?QQbBM; i?2 #2bi �++Q`/BM; iQ KQ/2H +QKT�`BbQM
K2i`B+b- BM+Hm/BM; � ;QQ/M2bb@Q7@}i +QKTQM2Mi �M/ � T2M�Hiv 7�+iQ` i?�i T2M�HBx2b KQ`2
+QKTH2t KQ/2Hb- BX2X KQ/2Hb rBi? � ?B;?2` MmK#2` Q7 T�`�K2i`B+ [m�MiBiB2b U*H�2bF2Mb
�M/ >DQ`i- kyy3VX >Qr2p2`- bm+? +QKT�`BbQMb Q7i2M `2Hv QM ?2m`BbiB+b- i?2`27Q`2 i?2v �`2
MQi p2`v `Q#mbi �M/ r?2M i?2`2 Bb MQ +Hm2 �#Qmi i?2 mM/2`HvBM; +QKTH2tBiv Q7 i?2 /�i�
i?2`2 KB;?i biBHH #2 ?B;? `BbF Q7 KBb@bT2+B}+�iBQM Q7 bi�iBbiB+�H KQ/2HX
AM bm+? +�b2b- Bi KB;?i #2 +QMp2MB2Mi iQ 7QHHQr �MQi?2` �TT`Q�+? iQ i?Bb T`Q#H2K- r?B+?
+QMbBbib BM `2H�tBM; i?2 T�`�K2i`B+ �bbmKTiBQMb �M/ /2}MBM; T`Q#�#BHBiv KQ/2Hb BM/2t2/
#v �M BM}MBi2@/BK2MbBQM�H T�`�K2i2`- +QKTH2i2/ rBi? � T`BQ` QM i?2 T�`�K2i2`- �HHQrBM;
7Q` ;`2�i2` KQ/2HBM; ~2tB#BHBiv �M/ `Q#mbiM2bb iQ KQ/2H KBb@bT2+B}+�iBQMX am+? KQ/2Hb-
FMQrM �b "�v2bB�M MQMT�`�K2i`B+ KQ/2Hb U:?Qb�H �M/ p�M /2` o��`i- kyRdV- /2i2`KBM2
i?2B` +QKTH2tBiv �TT`QT`B�i2Hv 7`QK i?2 /�i�- i?2`2#v bB/2bi2TTBM; i?2 2tTHB+Bi �TT`QtB@
K�i2 KQ/2H b2H2+iBQM T`Q+2bb- �M/ �miQK�iB+�HHv �HHQr ;`Qri? BM +QKTH2tBiv �b KQ`2 /�i�
�`2 Q#b2`p2/X

RXk *Hmbi2`BM; �M/ i?2 Bbbm2 Q7 i?2 MmK#2` Q7 +Hmbi2`b

lMbmT2`pBb2/ H2�`MBM; +QMbBbib BM /2i2`KBMBM; i?2 H�i2Mi bi`m+im`2 i?�i ;2M2`�i2/ i?2
Q#b2`p2/ /�i�X AM K�Mv �TTHB+�iBQMb- bm+? �b BM K�`F2iBM; UGBʈ#2iBMQp� 2i �HX- kyRNV �M/
BM b2+m`Biv U>Q/;2 �M/ �mbiBM- kyy9V- r2 KB;?i r�Mi iQ T�`iBiBQM i?2 Q#b2`p2/ /�i� BMiQ
KQ`2 ?QKQ;2M2Qmb bm#;`QmTbX am+? � T`Q+2bb Bb /2}M2/ �b +Hmbi2`BM;X 6Q`K�HHv- ;Bp2M �
b2i Q7 2tT2`BK2Mi�H mMBib <ԝ> � \�
 ���
 ԝ^ rBi? `2bT2+iBp2 Q#b2`p2/ /�i� ԧ � 	ԧφ
 ���
 ԧ։
-
r2 r�Mi iQ }M/ � T�`iBiBQM U+Hmbi2` �``�M;2K2MiV Ӹ։ � \Ԉφ
 ���
 Ԉլ^ Q7 <ԝ> UԀ ମ ԝV-
BX2X bm#b2ib U+Hmbi2`bV Ԉք Q7 <ԝ> 7Q` �Mv Ԙ ୮ \�
 ���
 Ԁ^ bm+? i?�i Ԉք ો Ԉք஬ � ૢ 7Q` �MvԘ
 Ԙ஥ ୮ \�
 ���
 Ԁ^ bXiX Ԙ ଈ Ԙ஥ �M/ ૏լք�φ Ԉք � <ԝ>- BM bm+? � r�v i?�i i?2`2 Bb ?B;? bBKBH�`Biv
#2ir22M �Mv irQ 2H2K2Mib BM Ԉք 7Q` �Mv Ԙ ୮ \�
 ���
 Ԁ^- �M/ HQr bBKBH�`Biv #2ir22M �Mv
2H2K2Mi BM Ԉք �M/ �Mv 2H2K2Mi BM Ԉք஬ 7Q` �Mv Ԙ
 Ԙ஥ ୮ \�
 ���
 Ԁ^ bXiX Ԙ ଈ Ԙ஥- �++Q`/BM; iQ
bQK2 +`Bi2`BQMX 1[mBp�H2MiHv- r2 +�M /2b+`B#2 T�`iBiBQMb #v +Hmbi2` K2K#2`b?BT BM/B+�iQ`b-
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#v /2}MBM; Ԓք � ԙ B7 i?2 2tT2`BK2Mi�H mMBi Ԙ ୮ Ԉօ- 7Q` �Mv Ԙ ୮ <ԝ>- rBi? i?2 +QMp2MiBQM
i?�i +Hmbi2`b �`2 H�#2H2/ #v �TT2�`�M+2 Q7 i?2 Q#b2`p�iBQMb- K2�MBM; i?�i Ԓφ � �- Ԓքɞ � �
7Q` i?2 HQr2bi Ԙϵ � � bm+? i?�i Ԙϵ ୰ Ԉφ- �M/ bQ QMX h?2`2 Bb � QM2@iQ@QM2 `2H�iBQM #2ir22MӸ։ �M/ 	Ԓφ
 ���
 Ԓ։
X
h?2 bi�iBbiB+�H KQ/2HBM; �TT`Q�+? iQ i?Bb T`Q#H2K 7`QK � ?B;?@H2p2H T2`bT2+iBp2 +QMbBbib
BM /2}MBM; � T`BQ` QM i?2 b2i Q7 T�`iBiBQMb ԟ	Ӹ։
- i?2`2#v /2}MBM; � `�M/QK T�`iBiBQM Q7
i?2 2tT2`BK2Mi�H mMBib- �M/ � b�KTHBM; /2MbBiv ԟ	ԧ ੮ Ӹ։
- �M/ i?2M K�FBM; BM72`2M+2 #v
}M/BM; i?2 TQbi2`BQ` /Bbi`B#miBQM Q7 i?2 `�M/QK T�`iBiBQM ;Bp2M i?2 Q#b2`p2/ /�i� ԟ	Ӹ։ ੮ԧ
 UJɃHH2` 2i �HX- kyR8VX h?2 KQbi TQTmH�` bm+? �TT`Q�+? Bb }MBi2 KQ/2H@#�b2/ +Hmbi2`BM;
Q` }MBi2 KBtim`2 KQ/2HBM; U6`�H2v �M/ _�7i2`v- kyykVX AM }MBi2 KBtim`2 KQ/2HBM;- r2
�bbmK2 i?�i i?2`2 Bb � }t2/ }MBi2 MmK#2` Q7 +Hmbi2`b ӽ �M/ 2�+? +Hmbi2` ԗ Bb �bbQ+B�i2/
rBi? � T�`�K2i2` ᅲփ 7Q` �Mv ԗ ୮ \�
 ���
 ӽ^X 1�+? Q#b2`p�iBQM ԧք Bb �bbmK2/ iQ #2
;2M2`�i2/ #v }`bi ;2M2`�iBM; i?2 +Hmbi2` K2K#2`b?BT BM/B+�iQ` Ԓք ୮ \�
 ���
 ӽ^ �M/ i?2M
;2M2`�iBM; i?2 Q#b2`p�iBQM 7`QK i?2 Q#b2`p�iBQM /Bbi`B#miBQM ӻ	ੁ ੮ ᅲվՎ
X "v BMi`Q/m+BM;
i?2 H�i2Mi +�i2;Q`B+�H p�`B�#H2b Ԓφ
 ���
 Ԓ։ `2T`2b2MiBM; i?2 +Hmbi2` K2K#2`b?BT BM/B+�iQ`b-
r2 BKTHB+BiHv /2}M2/ � T`BQ` QM i?2 b2i Q7 T�`iBiBQMb ԟ	Ӹ։
X h?mb- r2 ?�p2 i?2 7QHHQrBM;
?B2`�`+?B+�H KQ/2Hԧք ੮ Ԓք
 	ᅲφ
 ���
 ᅲթ
 BM/୽ ԕ	ੁ ੮ ᅲվՎ
 Ԙ � �
 ���
 ԝԒք ੮ 	Ԧφ
 ���
 Ԧթ
 ୽ .Bb+`2i2	Ԧφ
 ���
 Ԧթ
 Ԙ � �
 ���
 ԝ
r?2`2 .Bb+`2i2	Ԧφ
 ���
 Ԧթ
 Bb i?2 KmHiBTH2@Qmi+QK2 �M�HQ;m2 Q7 � "2`MQmHHB `�M/QK p�`B@
�#H2- BX2X P	Ԓք � ԗ ੮ 	Ԧφ
 ���
 Ԧթ

 � Ԧփ 7Q` ԗ � �
 ���
 ӽ- +QKTH2i2/ #v � T`BQ`
Qp2` i?2 KBtBM; T`QTQ`iBQMb Ԧφ
 ���
 Ԧթ UԦփ ଯ � ૞ԗ ୮ \�
 ���
 ӽ^- ௴թփ�φ Ԧփ � �V-Ԧ � 	Ԧφ
 ���
 Ԧթ
 ୽ Ԍ - �M/ � T`BQ` Qp2` i?2 +Hmbi2` T�`�K2i2`b ᅲφ
 ���
 ᅲթ- ᅲφ
 ���
 ᅲթ BB/୽ ӼЈX
Ai Bb TQbbB#H2 i?�i Ԁ ମ ӽ /BbiBM+i +Hmbi2`b �`2 Q#b2`p2/ BM i?2 /�i�X "v /2}MBM;Ԉօ � \Ԙ ୮ <ԝ> ੃ Ԓք � ԙ^ 7Q` �Mv ԙ ୮ \�
 ���
 ӽ^- i?2`2#v ;2iiBM; i?2 2tTHB+Bi `�M/QK
T�`iBiBQM Ӹ։ � \Ԉφ
 ���
 Ԉթ^- i?2 b�KTHBM; /2MbBiv Bb ;Bp2M #vԟ	ԧ ੮ Ӹ։
 � ௷ ৓ թఃօ�φ ఃք୮մՏ ԕ	ԧք ੮ ᅲօ
৔৓ թఃփ�φ ӼЈ	ᅲփ
৔ԓᅲφ ੈ ԓᅲթ
rBi? i?2 +QMp2MiBQM i?�i ௵ք୮մՏ ԕ	ԧք ੮ ᅲօ
 � � B7 Ԉօ � ૢX
PM2 HBKBi�iBQM Q7 i?Bb KQ/2H Bb i?�i i?2 BKTHB2/ T`BQ` Q7 i?2 `�M/QK T�`iBiBQM ԟ	Ӹ։
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ᇆՍըɱ

ք � φӴ ӳӳӳӴ ։
փ � φӴ ӳӳӳӴ թ

6B;m`2 RXR, :`�T?B+�H KQ/2H Q7 }MBi2 KBtim`2 KQ/2HBM; mbBM; TH�i2 MQi�iBQM U"mMiBM2- RNN9V

?�b �M mTT2` #QmM/ QM i?2 MmK#2` Q7 +Hmbi2`b- #2+�mb2 Bi QMHv �HHQrb iQ ?�p2 mT iQ ӽ
+Hmbi2`bX AM bQK2 bBim�iBQMb- ?Qr2p2`- r2 K�v r�Mi iQ �HHQr i?2 MmK#2` Q7 +Hmbi2`b iQ
;`Qr �b KQ`2 /�i� �`2 Q#b2`p2/ �M/ i?2`27Q`2 Bi rQmH/ #2 KQ`2 M�im`�H iQ �TT`Q�+? i?2
T`Q#H2K rBi? � MQMT�`�K2i`B+ KQ/2H- BM r?B+? r2 �bbmK2 i?�i i?2 MmK#2` Q7 +Hmbi2`b
BM i?2 TQTmH�iBQM Bb BM}MBi2 �M/ i?�i QMHv � bm#b2i Q7 bm+? +Hmbi2`b Bb ;2M2`�i2/ BM i?2
Q#b2`p2/ }MBi2 b�KTH2X �MQi?2` `2�bQM 7Q` mbBM; MQMT�`�K2i`B+ KQ/2Hb Bb i?�i BM72`2M+2
QM i?2 MmK#2` Q7 +Hmbi2`b rBi? i?2b2 KQ/2Hb Bb Km+? KQ`2 +QMp2MB2Mi i?�M rQ`FBM; rBi?
}MBi2 KQ/2Hb rBi? mMFMQrM MmK#2` Q7 +Hmbi2`b- #v mbBM; +QKTH2t �H;Q`Bi?Kb 7Q` BM72`2M+2
bm+? �b i?2 `2p2`bB#H2 DmKT J�`FQp *?�BM JQMi2 *�`HQ Q` ?2m`BbiB+ �TT`Q�+?2b +QMbBbiBM;
Q7 2ti2MbBp2 +`Qbbp�HB/�iBQM U_�bKmbb2M- RNNNVX
h?2 KQbi +QKKQM MQMT�`�K2i`B+ KQ/2H 7Q` KQ/2H@#�b2/ +Hmbi2`BM; Bb i?2 .B`B+?H2i T`Q@
+2bb KBtim`2 KQ/2H U.SJJVX AM i?2 M2ti b2+iBQMb- r2 BMi`Q/m+2 bQK2 +QM+2Tib i?�i �`2
M2+2bb�`v 7Q` i?2 mM/2`bi�M/BM; Q7 i?2 .B`B+?H2i T`Q+2bb �M/ i?2 .B`B+?H2i T`Q+2bb KBtim`2
KQ/2HX
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RXj .B`B+?H2i /Bbi`B#miBQM

q2 MQr BMi`Q/m+2 i?2 .B`B+?H2i /Bbi`B#miBQM- r?B+? ;2M2`�HBx2b i?2 "2i� /Bbi`B#miBQM BM
i?2 KmHiBp�`B�i2 +�b2 U"BHQ/2�m �M/ "`2MM2`- RNNNVX G2i Ԏφ
 ���
 Ԏֆ #2 BM/2T2M/2Mi `�M/QK
p�`B�#H2b rBi? Ԏօ ୽ :�KK�	ᅫօ
 �
- ᅫօ � �- BX2X rBi? /2MbBivԕօ	Ԩ
 � �စ	ᅫօ
ԨᆿՏ਷φԔ਷֔1R�	Ԩ

r?2`2 စ BM/B+�i2b i?2 :�KK� 7mM+iBQMR- 7Q` ԙ � �
 ���
 ԚX h?2M- H2i Ԍ � 	Ԍφ
 ���
 Ԍֆ

bm+? i?�i Ԍօ � Ԏօ௴ֆք�φ Ԏք ૞ԙ ୮ \�
 ���
 Ԛ^
h?mb- r2 ?�p2 ]Ԍ] � �- r?2`2 ]Ԍ] Bb i?2 ԛφ@MQ`Kk Q7 Ԍ - �M/ i?2 p2+iQ` Ԍ ?�b /2MbBivԕֆ	Ԧ� ᅫ
 � စ	]ᅫ]
௵ֆք�φ စ	ᅫք
 ֆఃք�φ ԦᆿՎ਷φք 1းՐ਷ȯ	Ԧ

r?2`2 Ԧ � 	Ԧφ
 ���
 Ԧֆ
- ᅫ � 	ᅫφ
 ���
 ᅫֆ
 �M/ ငֆ਷φ Bb i?2 mMBi Ԛ ਷ � bBKTH2t- BX2Xငֆ਷φ � ৓Ԧ � 	Ԧφ
 ���
 Ԧֆ
 ੃ Ԧք ଯ � ૞Ԙ ୮ �
 ���
 Ԛ �M/

ֆంք�φ Ԧք � �৔
q2 b�v Ԍ ?�b � .B`B+?H2i /Bbi`B#miBQM rBi? T�`�K2i2`b ᅫ � 	ᅫφ
 ���
 ᅫֆ
 �M/ r`Bi2Ԍ � 	Ԍφ
 ���
 Ԍֆ
 ୽ .B`B+?H2i	ᅫφ
 ���
 ᅫֆ
X h?2 .B`B+?H2i /Bbi`B#miBQM ?�b bQK2 BKTQ`@
i�Mi T`QT2`iB2bX

Ç J�`;BM�H /Bbi`B#miBQMb �`2 "2i� /Bbi`B#miBQMb
G2i Ԍ � 	Ԍφ
 ���
 Ԍֆ
 ୽ .B`B+?H2i	ᅫφ
 ���
 ᅫֆ
X h?2MԌօ ୽ "2i�	ᅫօ
 ]ᅫ] ਷ ᅫօ
 ૞ԙ ୮ \�
 ���
 Ԛ^
r?2`2 ᅫ � 	ᅫφ
 ���
 ᅫֆ
X

RX h?2 :�KK� 7mM+iBQM U7Q` `2�H MmK#2`bV Bb /2}M2/ �b i?2 7mM+iBQM ္ ੃ R� ݄ R bm+? i?�i ္	֕
 �௩��ɱ ֏՟਷ȯր਷ՙտ֏ ૞֕ ୮ R�X
kX 6Q` �Mv p2+iQ` ռ ୮ RՓ- r2 /2}M2 i?2 ևȯ@MQ`K Q7 ռ �b ધռધȯ � ]ռ] � ௴ՓՎ�ȯ ռՎX
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Ç �;;`2;�iBQM T`QT2`iv
G2i Ԍ � 	Ԍφ
 ���
 Ԍֆ
 ୽ .B`B+?H2i	ᅫφ
 ���
 ᅫֆ
X h?2M- B7 7Q` �Mv ԟ ୮ \�
 ���
 Ԛ^-ԡφ
 ���
 ԡ֋ ୮ N �`2 bm+? i?�i � � ԡφ � ��� � ԡ֋ � Ԛ- r2 ?�p2

ৃ ֍ȯంք�φ Ԍք
 ֍ɞంք�֍ȯ�φ Ԍք
 ���
 ֍Օంք�֍Օ਷ȯ�φ Ԍքৄ ୽ .B`B+?H2iৃ ֍ȯంք�φ ᅫք
 ֍ɞంք�֍ȯ�φ ᅫք
 ���
 ֍Օంք�֍Օ਷ȯ�φ ᅫքৄ
Ç .2+BK�iBp2 T`QT2`iv

h?2 +QMp2`b2 Q7 i?2 �;;`2;�iBQM T`QT2`iv Bb i`m2 �b r2HHX 6Q` 2t�KTH2- B7 Ԍ �	Ԍφ
 ���
 Ԍֆ
 ୽ .B`B+?H2i	ᅫφ
 ���
 ᅫֆ
 �M/ ԋ � 	ԋφ
 ԋϵ
 ୽ .B`B+?H2i	ᅫφᅬφ
 ᅫφᅬϵ
 rBi?ᅬφ � ᅬϵ � �- i?2M r2 ?�p2	Ԍφԋφ
 Ԍφԋϵ
 Ԍϵ
 ���
 Ԍֆ
 ୽ .B`B+?H2i	ᅫφᅬφ
 ᅫφᅬϵ
 ᅫϵ
 ���
 ᅫֆ

h?2 .B`B+?H2i /Bbi`B#miBQM Bb �i i?2 #�b2 Q7 i?2 /2}MBiBQM Q7 i?2 .B`B+?H2i T`Q+2bb T`QpB/2/
#v 62`;mbQM mbBM; EQHKQ;Q`QpǶb +QMbBbi2M+v i?2Q`2KX "2+�mb2 Q7 i?Bb /2}MBiBQM- i?�i r2
rBHH b22 H�i2`- i?2 .B`B+?H2i T`Q+2bb Bb `2;�`/2/ �b i?2 BM}MBi2@/BK2MbBQM�H �M�HQ;m2 Q7 i?2
.B`B+?H2i /Bbi`B#miBQMX

RX9 _�M/QK T`Q#�#BHBiv K2�bm`2b- 2t+?�M;2�#BHBiv �M/
/2 6BM2iiBǶb `2T`2b2Mi�iBQM i?2Q`2K

h?2 BM}MBi2@/BK2MbBQM�H T�`�K2i2` BM i?2 .B`B+?H2i T`Q+2bb KBtim`2 KQ/2H Bb � `�M/QK
T`Q#�#BHBiv K2�bm`2 r?Qb2 H�r �+ib �b � "�v2bB�M MQMT�`�K2i`B+ T`BQ` U"LSVX AM i?2
bT2+B}+ +�b2- bm+? � `�M/QK T`Q#�#BHBiv K2�bm`2 Bb i?2 .B`B+?H2i T`Q+2bbX q2 MQr 7Q`K�HHv
/2}M2 i?Bb Q#D2+iX

.2}MBiBQM U_�M/QK T`Q#�#BHBiv K2�bm`2VX G2i ෯R /2MQi2 i?2 bT�+2 Q7 T`Q#�#BHBiv K2�@
bm`2b QM R �M/ ෡	෯R
 /2MQi2 i?2 +Q``2bTQM/BM; "Q`2H ᅼ@�H;2#`�X h?2M- �Mv `�M/QK
2H2K2Mi ԅ 7`QK bQK2 T`Q#�#BHBiv bT�+2 	ဇ
 ෠
P
 �M/ rBi? p�Hm2b BM 	෯R
 ෡	෯R

 Bb �
`�M/QK T`Q#�#BHBiv K2�bm`2X
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h?2 `�M/QK T`Q#�#BHBiv K2�bm`2 ԅ +�M �HbQ #2 /2b+`B#2/ �b � biQ+?�biB+ T`Q+2bb \ԅ	Ӻ
 ੃Ӻ ୮ ෡	R
^- r?2`2 ෡	R
 Bb i?2 "Q`2H ᅼ@�H;2#`� QM RX

"2bB/2b i?2 /2}MBiBQM Q7 `�M/QK T`Q#�#BHBiv K2�bm`2- T`BQ` iQ /2}MBM; �Mv "LS Bi Bb
M2+2bb�`v iQ BMi`Q/m+2 i?2 MQiBQM Q7 2t+?�M;2�#BHBiv- r?B+?- i?�MFb iQ /2 6BM2iiBǶb `2T@
`2b2Mi�iBQM i?2Q`2K U>2rBii �M/ a�p�;2- RN88V- +QMbiBimi2b � KQiBp�iBQM Q7 "�v2bB�M
bi�iBbiB+�H i?2Q`v �M/ BM T�`iB+mH�` Q7 i?2 b2�`+? 7Q` "�v2bB�M MQMT�`�K2i`B+ T`BQ`bX

.2}MBiBQM U1t+?�M;2�#BHBivVX � b2[m2M+2 Q7 U`2�H@p�Hm2/V `�M/QK 2H2K2Mib 	ԍ։
։ଯφ Bb
UBM}MBi2HvV 2t+?�M;2�#H2 B7 7Q` �Mv ԝ ଯ � �M/ T2`Kmi�iBQM ᅼ Q7 \�
 ���
 ԝ^ r2 ?�p2िԍφ
 ���
 ԍ։ी /� िԍᇐ	φ

 ���
 ԍᇐ	։
ी
BX2X i?2 }MBi2@/BK2MbBQM�H /Bbi`B#miBQMb Q7 	ԍ։
։ଯφ �`2 BMp�`B�Mi rBi? `2bT2+i iQ T2`Km@
i�iBQMb Q7 Bib 2H2K2MibX

Ai Bb 2�bv iQ b22 7`QK i?2 �#Qp2 /2}MBiBQM i?�i BM/2T2M/2M+2 �M/ B/2MiBiv BM /Bbi`B#miBQM
BKTHB2b 2t+?�M;2�#BHBiv- #mi i?2 `2p2`b2 BKTHB+�iBQM Bb MQi M2+2bb�`BHv i`m2X 1t+?�M;2@
�#BHBiv Bb � TH�mbB#H2 �bbmKTiBQM UKm+? r2�F2` i?�M BB/V BM K�Mv K�+?BM2 H2�`MBM; �M/
bi�iBbiB+�H �TTHB+�iBQMbX JQ`2Qp2`- 2t+?�M;2�#BHBiv Bb �HbQ � +`m+B�H T`QT2`iv BM K�Mv �H@
;Q`Bi?Kb 7Q` TQbi2`BQ` bBKmH�iBQM BM i?2 .B`B+?H2i T`Q+2bb KBtim`2 KQ/2HX q2 +�M MQr
bi�i2 /2 6BM2iiBǶb `2T`2b2Mi�iBQM i?2Q`2KX

h?2Q`2K U.2 6BM2iiBǶb `2T`2b2Mi�iBQM i?2Q`2KVX � b2[m2M+2 Q7 U`2�H@p�Hm2/V `�M/QK
2H2K2Mib 	ԍ։
։ଯφ Bb UBM}MBi2HvV 2t+?�M;2�#H2 B7 �M/ QMHv B7 i?2`2 2tBbib � T`Q#�#BHBiv
K2�bm`2 Ԇ QM 	෯R
 ෡	෯R

 bm+? i?�i 7Q` �Mv ԝ ଯ �

P<	ԍφ
 ���
 ԍ։
 ୮ Ӷ> � ௷รR

։ఃք�φ ԟ	Ӷք
ԓԆ	ԟ
 ૞Ӷ � 	Ӷφ ੎ ੈ ੎ Ӷ։
 ୮ ෡	R։

h?2 +2Mi`�H `QH2 Q7 i?Bb i?2Q`2K BM "�v2bB�M bi�iBbiB+b Bb /m2 iQ i?2 7�+i i?�i- ;Bp2M �
`�M/QK T`Q#�#BHBiv K2�bm`2 ԅ rBi? bQK2 /Bbi`B#miBQM Ԇ- �M 2t+?�M;2�#H2 b2[m2M+2 Q7
Q#b2`p�iBQMb Bb +QM/BiBQM�HHv BM/2T2M/2Mi �M/ B/2MiB+�HHv /Bbi`B#mi2/ UBB/V- BX2X i?Bb b2@
[m2M+2 +�M #2 pB2r2/ �b � KBtim`2 Q7 BB/ b2[m2M+2b rBi? bQK2 KBtBM; /Bbi`B#miBQM Ԇ-
FMQrM �b /2 6BM2iiBǶb K2�bm`2X h?mb- 2t+?�M;2�#BHBiv BKTHB2b i?2 2tBbi2M+2 Q7 � ?B2`�`@
+?B+�H "�v2bB�M KQ/2H rBi? H�i2Mi `�M/QK T`Q#�#BHBiv K2�bm`2 ԅ X h?Bb +�M #2 r`Bii2M
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�b ԍք ੮ ԅ BB/୽ ԅ Ԙ � �
 ���
 ԝԅ ୽ Ԇ
7Q` �Mv ԝ ଯ �X JQ`2Qp2`- i?2 F2v i?BM; iQ MQiB+2 Bb i?�i Ԇ K�v MQi /2;2M2`�i2 QM � }MBi2@
/BK2MbBQM�H bm#bT�+2 Q7 ෯R- BX2X i?2 �bbQ+B�i2/ T�`�K2i2`Bx�iBQM Q7 T`Q#�#BHBiv K2�bm`2b
QM R K�v #2 BM}MBi2@/BK2MbBQM�HX h?mb- /2 6BM2iiBǶb `2T`2b2Mi�iBQM i?2Q`2K `2T`2b2Mib
i?2 i?2Q`2iB+�H 7QmM/�iBQM Q7 i?2 "�v2bB�M MQMT�`�K2i`B+ �TT`Q�+?X

RX8 .B`B+?H2i T`Q+2bb

PM2 Q7 i?2 KQbi TQTmH�` "LS T`BQ`b r?2`2 i?2 BM}MBi2@/BK2MbBQM�H T�`�K2i2` Bb � `�M@
/QK T`Q#�#BHBiv K2�bm`2 Bb i?2 .B`B+?H2i T`Q+2bb U.SV T`BQ` UJɃHH2` 2i �HX- kyR8VX Ai Bb
mb2/ 7Q` /2MbBiv 2biBK�iBQM- b2KB@T�`�K2i`B+ KQ/2HHBM;- bB/2bi2TTBM; KQ/2H b2H2+iBQM �M/
�p2`�;BM; 7Q` +Hmbi2`BM;- iQTB+ KQ/2HBM; �M/ Qi?2` �TTHB+�iBQMbX Ai Bb /2}M2/ �b 7QHHQrbX

.2}MBiBQM U.B`B+?H2i T`Q+2bbVX G2i Ԃ � � �M/ ӼЈ #2 � T`Q#�#BHBiv K2�bm`2 /2}M2/ QM
R։ 7Q` bQK2 BMi2;2` ԝ � �X � .B`B+?H2i T`Q+2bb U.SV rBi? T�`�K2i2`b 	Ԃ
 ӼЈ
- /2MQi2/
�b .S	Ԃ
 ӼЈ
 Q` .S	ԂӼЈ
- Bb � `�M/QK T`Q#�#BHBiv K2�bm`2 Ӽ /2}M2/ QM R։ bm+? i?�i
7Q` �Mv BMi2;2` Ԛ ଯ � �M/ �Mv }MBi2 T�`iBiBQM \ӷφ
 ���
 ӷֆ^ Q7 R։- r2 ?�p2	Ӽ	ӷφ

 ���
 Ӽ	ӷֆ

 ୽ .B`B+?H2i	ԂӼЈ	ӷφ

 ���
 ԂӼЈ	ӷֆ


Ai ?�b #22M T`Qp2/ i?�i bm+? � T`Q+2bb 2tBbib mbBM; EQHKQ;Q`QpǶb +QMbBbi2M+v i?2Q`2K
U62`;mbQM- RNdjVX � .B`B+?H2i T`Q+2bb ?�b i?2M irQ T�`�K2i2`b rBi? BKTQ`i�Mi T`QT2`iB2b,

Ç ӼЈ Bb +�HH2/ +2Mi2`BM; K2�bm`2 �M/ Bb i?2 i?2 ǳK2�MǴ Q7 i?2 T`Q+2bbc r2 ?�p2

E<Ӽ	ӷ
> � ӼЈ	ӷ
 ૞ӷ ୦ R։
Ç Ԃ Bb +�HH2/ T`2+BbBQM Q` iQi�H K�bb T�`�K2i2` �M/ Bb HBF2 �M ǳBMp2`b2@p�`B�M+2Ǵ Q7

i?2 T`Q+2bbc r2 ?�p2ԋ Ԑԡ	Ӽ	ӷ

 � ӼЈ	ӷ
	� ਷ ӼЈ	ӷ

� � Ԃ ૞ӷ ୦ R։
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6B;m`2 RXk, SHQi Q7 b�KTH2 +/7Ƕb 7`QK .S	Ԃ
 ӼЈ
 rBi? ӼЈ � L	�
 �
 7Q` Ԃ � �� �M/ Ԃ � �� Uh?2
+Q/2 7Q` i?2 bBKmH�iBQMb +�M #2 7QmM/ BM i?2 :Bi>m# `2TQbBiQ`v ?iiTb,ff;Bi?m#X+QKfHmB;BMQiQf
/TKKn+Hmbi2`BM;V

i?2 H�`;2` Ԃ - i?2 KQ`2 Ӽ Bb +QM+2Mi`�i2/ �#Qmi ӼЈc KQ`2Qp2`- �b Ԃ ݂ ��- i?2
T`Q+2bb /2;2M2`�i2b QM ӼЈX

h?2 T`Q/m+i ԂӼЈ Bb /2}M2/ �b i?2 #�b2 K2�bm`2 Q7 i?2 .B`B+?H2i T`Q+2bbX h?2 +`m+B�H
T`QT2`iv Q7 i?2 .B`B+?H2i T`Q+2bb Bb i?�i i?2 T`Q#�#BHBiv H�r Ԇ Q7 i?2 .S@/Bbi`B#mi2/ `�M@
/QK T`Q#�#BHBiv K2�bm`2 Ӽ Bb +QM+2Mi`�i2/ QM i?2 bT�+2 Q7 /Bb+`2i2 T`Q#�#BHBiv K2�bm`2b
QM R։- K2�MBM; i?�i Ӽ Bb �HKQbi bm`2Hv /Bb+`2i2X :Bp2M Bib /Bb+`2i2 M�im`2- r2 +�M i?2M
r`Bi2 Ӽ �b �M BM}MBi2 r2B;?i2/ bmK Q7 TQBMi K�bb2b +�HH2/ �iQKbӼ	ੁ
 � �ంֆ�φ ԦֆᅮֈՐ	ੁ

r?2`2 Ԧφ
 Ԧϵ
 ��� �`2 i?2 T`Q#�#BHBiv r2B;?ib �M/ ᅮֈ	ੁ
 Bb i?2 .B`�+ K2�bm`2j �i Ԝ- BX2XԦֆ Bb i?2 T`Q#�#BHBiv �bbB;M2/ iQ i?2 F@i? �iQK �M/ Ԝֆ Bb i?2 p�Hm2 Q7 i?�i �iQKX h?mb-
i?2 T`QT2` /2}MBiBQM bm;;2bib i?�i i?2 .B`B+?H2i T`Q+2bb +�M #2 +QMbB/2`2/ �b i?2 BM}MBi2@
/BK2MbBQM�H �M�HQ;m2 Q7 i?2 .B`B+?H2i /Bbi`B#miBQMX >Qr2p2`- i?Bb /2}MBiBQM /Q2b MQi

jX 6Q` �Mv BMi2;2` ։ � Ј- i?2 .B`�+ K2�bm`2 QM RՓ Bb /2}M2/ �b

ᇂ՝	բ
 � 1Ԭ	֓
 � ৘৖ৗ৖৕φ B7 ֓ ୮ բЈ B7 ֓ ୰ բ ૞֓ ୮ RՓ ૞բ ୦ RՓ

https://github.com/luiginoto/dpmm_clustering
https://github.com/luiginoto/dpmm_clustering
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6B;m`2 RXj, aiB+F@#`2�FBM; `2T`2b2Mi�iBQM Q7 i?2 .B`B+?H2i T`Q+2bb

T`QpB/2 � +QMbi`m+iBp2 `2T`2b2Mi�iBQM Q7 i?2 T`Q+2bbX "�b2/ QM i?2 /Bb+`2i2 M�im`2 Q7Ӽ ୽ .S	Ԃ
 ӼЈ
- i?2 bQ@+�HH2/ biB+F@#`2�FBM; `2T`2b2Mi�iBQM T`QpB/2b � mb27mH +QMbi`m+iBp2
/2}MBiBQM Q7 i?2 T`Q+2bb Ua2i?m`�K�M- RNN9VX h?2 +QMbi`m+iBQM rQ`Fb �b 7QHHQrbX h?2
HQ+�iBQMb Ԝφ
 Ԝϵ
 ��� �`2 BB/ /`�rb 7`QK ӼЈX h?2M- r2 +QMbB/2` � biB+F rBi? mMBi H2M;i?
�M/ /BpB/2 Bi BMiQ �M BM}MBi2 MmK#2` Q7 b2;K2Mib Ԧφ
 Ԧϵ
 ��� rBi? i?2 7QHHQrBM; T`Q+2bbX

Ç aBKmH�i2 � "2i� `�M/QK p�`B�#H2 ԥφ ୽ "2i�	�
 Ԃ
 �M/ #`2�F Qz � 7`�+iBQM ԥφ Q7 i?2
biB+F- BX2X Ԧφ � ԥφX

Ç 6Q` 2�+? bi2T Ԛ � �
 �
 ���- bBKmH�i2 �MQi?2` "2i� `�M/QK p�`B�#H2 ԥֆ ୽ "2i�	�
 Ԃ

�M/ #`2�F Qz � 7`�+iBQM ԥֆ Q7 i?2 `2K�BM/2` Q7 i?2 biB+F- BX2X Ԧֆ � ԥֆ ௵ֆ਷φօ�φ 	� ਷ ԥօ
X

�bbmKBM; ԥֆ BB/୽ "2i�	�
 Ԃ
 �M/ Ԝֆ BB/୽ ӼЈ 7Q` Ԛ � �
 �
 ���- r?2`2 \ԥֆ^ֆଯφ �M/ \Ԝֆ^ֆଯφ
�`2 BM/2T2M/2Mi- i?2 `2bmHiBM; `�M/QK T`Q#�#BHBiv K2�bm`2Ӽ	ੁ
 � �ంֆ�φ ԦֆᅮֈՐ	ੁ

?�b /Bbi`B#miBQM .S	Ԃ
 ӼЈ
X h?2 /Bbi`B#miBQM Q7 i?2 BM}MBi2@/BK2MbBQM�H `�M/QK p2+iQ`	Ԧφ
 Ԧϵ
 ���
 Bb i?2 bQ@+�HH2/ :`B{i?b@1M;2M@J+*HQbF2v U:1JV /Bbi`B#miBQM rBi? T�`�K2@
i2` Ԃ - r`Bii2M 	Ԧφ
 Ԧϵ
 ���
 ୽ :1J	Ԃ
X
�MQi?2` BMi2`2biBM; T`QT2`iv Q7 i?2 .B`B+?H2i T`Q+2bb Bb i?�i Bi Bb +QMDm;�i2 rBi? `2bT2+i
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iQ BB/ b�KTHBM;- BX2X ;Bp2M i?2 "�v2bB�M KQ/2Hԧք ੮ Ӽ BB/୽ Ӽ Ԙ � �
 ���
 ԝӼ ୽ .S	Ԃ
 ӼЈ

i?2 TQbi2`BQ` /Bbi`B#miBQM Q7 Ӽ Bb � .B`B+?H2i T`Q+2bbX AM T�`iB+mH�`- r2 ?�p2Ӽ ੮ ԧφ
 ���
 ԧ։ ୽ .SৃԂ � ԝ
 ԂԂ � ԝӼЈ � ԝԂ � ԝ ࣞӼ։ৄ
r?2`2 ࣞӼ։ � �ԝ ։ంք�φ ᅮ֓Վ
h?2 TQbi2`BQ` .S +2Mi2`BM; K2�bm`2 Bb � r2B;?i2/ �p2`�;2 Q7 i?2 T`BQ` .S +2Mi2`BM;
K2�bm`2 ӼЈ �M/ i?2 2KTB`B+�H /Bbi`B#miBQM ࣞӼ։ �M/ i?2 TQbi2`BQ` T`2+BbBQM T�`�K2i2`
BM+`2�b2b iQ Ԃ � ԝX lbBM; i?2 �#Qp2 `2bmHi �#Qmi i?2 TQbi2`BQ` /Bbi`B#miBQM Q7 Ӽ- r2 +�M
2�bBHv }M/ i?2 K�`;BM�H /Bbi`B#miBQM Q7 i?2 /�i�ԟ	ԧφ
 ���
 ԧ։
 � ௷ ։ఃք�φ Ӽ	ԧք
ԓԆ	Ӽ

r?2`2 Ԇ Bb i?2 T`Q#�#BHBiv H�r +Q``2bTQM/BM; iQ .S	Ԃ
 ӼЈ
- #v r`BiBM; i?2 �#Qp2 /Bbi`B@
#miBQM �b ԟ	ԧφ
 ։ఃք�ϵ ԟ	ԧք ੮ ԧφ
 ���
 ԧք਷φ

�M/ MQiBM; i?�i ԟ	ԧφ
 � Eॅԟ	ԧφ ੮ Ӽ
ॆ � EॅӼ	ԧφ
ॆ � ӼЈ	ԧφ

�M/ ԟ	ԧ։ ੮ ԧφ
 ���
 ԧ։਷φ
 � Eॅԟ	ԧ։ ੮ ԧφ
 ���
 ԧ։਷φ
 Ӽ
 ੮ ԧφ
 ���
 ԧ։਷φॆ� EॅӼ	ԧ։
 ੮ ԧφ
 ���
 ԧ։਷φॆ� ԂԂ � ԝ ਷ �ӼЈ	ԧ։
 � �Ԃ � ԝ ਷ � ։਷φంֆ�φ ᅮ֓Ր	ԧ։

aBM+2 i?2 Q#b2`p�iBQMb ԧφ
 ���
 ԧ։ �`2 BB/ ;Bp2M Ӽ- #v /2 6BM2iiBǶb `2T`2b2Mi�iBQM i?2Q`2K
i?2 `�M/QK p2+iQ` 	ԧφ
 ���
 ԧ։
 Bb 2t+?�M;2�#H2- BX2X i?2 T`Q#�#BHBiB2b �`2 i?2 b�K2 7Q`
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�Mv T2`Kmi�iBQM Q7 i?2 BM/B+2b \�
 ���
 ԝ^X 6`QK i?Bb `2T`2b2Mi�iBQM r2 /2pBb2 � b�KTHBM;
b+?2K2 7Q` ;2M2`�iBM; ԧφ
 ���
 ԧ։ 7`QK �M 2t+?�M;2�#H2 b2[m2M+2 r?Qb2 /2 6BM2iiB K2�bm`2
Bb � .B`B+?H2i T`Q+2bb rBi? T�`�K2i2`b 	Ԃ
 ӼЈ
X h?2 T`Q+2/m`2 Bb i?2 7QHHQrBM;

Ç :2M2`�i2 ԥφ
 ���
 ԥ։ քքտ୽ ӼЈc

Ç a2i ԧφ � ԥφc

Ç 6Q` Ԙ � �
 ���
 ԝ- b2i

ԧք �
৘৖৖৖৖ৗ৖৖৖৖৕

ԥք rBi? T`Q#�#BHBiv ծծ�ք਷φԧφ rBi? T`Q#�#BHBiv φծ�ք਷φੇ ੇ ੇԧք਷φ rBi? T`Q#�#BHBiv φծ�ք਷φ
h?Bb b�KTHBM; b+?2K2 Bb +�HH2/ "H�+Fr2HH@J�+Zm22M SƦHv� m`M b+?2K2 U"H�+Fr2HH �M/
J�+Zm22M- RNdjVX Ai Bb #�b2/ QM i?2 7�+i i?�i i?2`2 Bb � TQbBiBp2 T`Q#�#BHBiv Q7 iB2b �KQM;ԧφ
 ���
 ԧ։ #2+�mb2 Q7 i?2 �HKQbi bm`2 /Bb+`2i2M2bb Q7 Ӽ ୽ .S	Ԃ
 ӼЈ
X h?2 SƦHv� m`M
K2i�T?Q` Bb i?2 7QHHQrBM;, r2 BMBiB�HHv TH�+2 � #�HH rBi? � `�M/QK +QHQ` BM �M 2KTiv m`Mc
i?2M- BM 2�+? bi2T- r2 ?�p2 irQ QTiBQMb- 2Bi?2` `�M/QKHv TB+F � #�HH 7`QK i?2 m`M rBi?
`2TH�+2K2Mi �M/ TH�+BM; QM2 KQ`2 #�HH Q7 i?2 b�K2 +QHQ`- rBi? T`Q#�#BHBiv T`QTQ`iBQM�H
iQ i?2 MmK#2` Q7 #�HHb �H`2�/v BM i?2 m`M- Q` TH�+2 � M2r #�HH rBi? � M2r U`�M/QKV +QHQ`
BM i?2 m`M- rBi? T`Q#�#BHBiv T`QTQ`iBQM�H iQ Ԃ X
h?2 "H�+Fr2HH@J�+Zm22M SƦHv� m`M `2T`2b2Mi�iBQM rBHH TH�v � +2Mi`�H `QH2 H�i2` iQ }M/
i?2 /Bbi`B#miBQM QM +Hmbi2`b Q7 i?2 Q#b2`p2/ /�i� BKTHB2/ #v i?2 .S T`BQ` BM i?2 .B`B+?H2i
T`Q+2bb KBtim`2 KQ/2H �M/ iQ /2i2`KBM2 i?2 T`Q+2/m`2 7Q` TQbi2`BQ` BM72`2M+2X

RXe J�`FQp +?�BM JQMi2 *�`HQ

h?2 ;`2�i2` KQ/2HBM; ~2tB#BHBiv Q7 "�v2bB�M MQMT�`�K2i`B+ KQ/2Hb Q#pBQmbHv +QK2b �i �
+Qbi BM i2`Kb Q7 +QKTmi�iBQM�H +QKTH2tBiv �M/ �M�HviB+�H i`�+i�#BHBivX � +QKKQM [m2biBQM
i?�i KB;?i �`Bb2 Bb ?Qr iQ T2`7Q`K BM72`2M+2 UrBi?Qmi i`mM+�iBM; i?2 KQ/2H `2T`2b2Mi�iBQMV
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BM � KQ/2H rBi? �M BM}MBi2 MmK#2` Q7 T�`�K2i2`bX h?2 �Mbr2` Bb i?�i BM K�Mv bm+?
KQ/2Hb- �M/ BM T�`iB+mH�` BM i?2 .B`B+?H2i S`Q+2bb JBtim`2 JQ/2H- Bi Bb TQbbB#H2 iQ BMi2;`�i2
Qmi �HH #mi � }MBi2 bm#b2i Q7 i?2 T�`�K2i2`b- bQ i?�i BM72`2M+2 +�M #2 T2`7Q`K2/ rBi?
i2+?MB[m2b mb2/ 7Q` "�v2bB�M T�`�K2i`B+ KQ/2Hb- bm+? �b J�`FQp +?�BM JQMi2 *�`HQ
UJ*J*V K2i?Q/bX AM i?Bb b2+iBQM- r2 rBHH #`B2~v /Bb+mbb J�`FQp +?�BM JQMi2 *�`HQ
UJ*J*V- i?2 J2i`QTQHBb@>�biBM;b �H;Q`Bi?K �M/ :B##b b�KTHBM; U_Qbb- kyR9VX
q2 rBHH �M�Hvx2 i?2 /Bb+`2i2 +�b2X aQK2 +�`2 Bb M22/2/ r?2M KQpBM; iQ i?2 +QMiBMmQmb
+�b2- #mi i?2 BMimBiBQM 7`QK i?2 /Bb+`2i2 +�b2 Bb mb27mHX Ai Q7i2M im`Mb Qmi i?�i r2 r�Mi
iQ b�KTH2 7`QK � `�M/QK 2H2K2Mi ԍ rBi? T`Q#�#BHBiv K�bb 7mM+iBQM ᅺ QM bQK2 b�KTH2
bT�+2 ෷ i?�i Bb /B{+mHi iQ bBKmH�i2X JQ`2Qp2`- ᅺ Bb Q7i2M FMQrM mT iQ � KmHiBTHB+�iBp2
+QMbi�Mi- BX2X Bi Bb ;Bp2M BM i?2 7Q`Kᅺ	ԧ
 � Ӹԑ	ԧ
 ૞ԧ ୮ ෷
r?2`2 ԑ Bb � FMQrM 7mM+iBQM �M/ i?2 MQ`K�HBxBM; +QMbi�MiӸ � �௴֓୮ห ԑ	ԧ

+�MMQi #2 +QKTmi2/X h?Bb Bb ivTB+�H r?2M r2 r�Mi iQ b�KTH2 7`QK i?2 TQbi2`BQ` /Bbi`B#m@
iBQM Q7 bQK2 T�`�K2i2` UQ` p2+iQ` Q7 T�`�K2i2`bV ᅲ ;Bp2M i?2 Q#b2`p2/ /�i� ԧ � 	ԧφ
 ���
 ԧ։

BM � "�v2bB�M KQ/2HX AM bm+? +�b2b- Bi Bb TQbbB#H2 iQ Qp2`+QK2 i?2 T`Q#H2K Q7 bBKmH�iBM;ԍ ୽ ᅺ #v mbBM; i?2 i?2Q`v Q7 J�`FQp +?�BMbX
G2i mb `2+�HH i?�i � T`Q#�#BHBiv K�bb 7mM+iBQM ᅺ QM � b�KTH2 bT�+2 ෷ Uᅺ	ԧ
 ଯ � ૞ԧ ୮ ෷
�M/ ௴֓୮ห ᅺ	ԧ
 � �V Bb � bi�iBQM�`v /Bbi`B#miBQM 7Q` � J�`FQp +?�BM rBi? bi�i2 bT�+2 ෷
�M/ i`�MbBiBQM T`Q#�#BHBiB2b 	ԅքօ
քӴօ୮ห B7ᅺ	ԙ
 � ంք୮ห ᅺ	Ԙ
ԅքօ ૞ԙ ୮ ෷
A7 r2 +QmH/ /2bB;M �M/ bBKmH�i2 �M 2`;Q/B+ J�`FQp +?�BM 	ԍ֏
֏ଯЈ rBi? bi�iBQM�`v /Bbi`B@
#miBQM ᅺ- i?2M #v i?2 +QMp2`;2M+2 i?2Q`2K r2 rQmH/ ?�p2

P	ԍ֏ � ԧ
 ݂ ᅺ	ԧ
 �b ԣ ݂ �� ૞ԧ ୮ ෷
�M/

HBKյ ݂�� ]\ԣ ୮ \�
 ���
 ԉ ^ ੃ ԍ֏ � ԧ^]ԉ � ᅺ	ԧ
 rBi? T`Q#�#BHBiv R ૞ԧ ୮ ෷
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bQ i?�i 7Q` H�`;2 ԣ r2 +�M mb2 i?2 J�`FQp +?�BM bi�i2b �b �TT`QtBK�i2 b�KTH2b 7`QK ᅺX
h?2 2�bB2bi r�v iQ Q#i�BM � J�`FQp +?�BM rBi? bi�iBQM�`v /Bbi`B#miBQM ᅺ Bb iQ /2bB;M U�M/
bBKmH�i2V � ᅺ@`2p2`bB#H2 J�`FQp +?�BMX q2 `2+�HH i?�i � J�`FQp +?�BM rBi? bi�i2 bT�+2 ෷
�M/ i`�MbBiBQM T`Q#�#BHBiB2b 	ԅքօ
քӴօ୮ห Bb `2p2`bB#H2 rBi? `2bT2+i iQ i?2 /Bbi`B#miBQM ᅺ QM෷ B7 ᅺ	Ԙ
ԅքօ � ᅺ	ԙ
ԅօք ૞Ԙ
 ԙ ୮ ෷
h?2 bBKmH�iBQM Q7 � ᅺ@`2p2`bB#H2 J�`FQp +?�BM Bb T`2+Bb2Hv r?�i i?2 J2i`QTQHBb@>�biBM;b
�H;Q`Bi?K �+?B2p2bX h?2 B/2� �i i?2 #�b2 Q7 i?2 �H;Q`Bi?K Bb iQ }M/ �M B``2/m+B#H2
J�`FQp +?�BM 	Ԏ֏
֏ଯЈ i?�i r2 +�M bBKmH�i2- rBi? bi�i2 bT�+2 ෷ �M/ i`�MbBiBQM T`Q#�#BHB@
iB2b 	Ԇքօ
քӴօ୮ห- FMQrM �b i?2 T`QTQb�H /Bbi`B#miBQM- �M/- ;Bp2M i?2 +m``2Mi bi�i2 Q7 	ԍ֏
֏ଯЈ-
T`QTQb2 � i`�MbBiBQM �++Q`/BM; iQ 	Ԏ֏
֏ଯЈ- i?�i Bb �++2Ti2/ rBi? bQK2 �TT`QT`B�i2 T`Q#�@
#BHBiv ᅫ �M/ `2D2+i2/ Qi?2`rBb2X 6Q`K�HHv- ;Bp2M i?2 +m``2Mi bi�i2 ԍ֏ � Ԙ- i?2 M2ti bi�i2
Q7 i?2 KQp2 T`QTQb�H Bb /2i2`KBM2/ #v /`�rBM; � `�M/QK p�`B�#H2 Ԏ ୽ ԟ	Ԏ֏�φ ੮ Ԏ֏ � Ԙ
-
BX2X

P	Ԏ � ԙ ੮ ԍ � Ԙ
 � ԅ	Ԏ֏�φ � ԙ ੮ Ԏ֏ � Ԙ
 � Ԇքօ ૞ԙ ୮ ෷
h?2M- ;Bp2M Ԏ � ԙ- i?2 KQp2 T`QTQb�H Bb �++2Ti2/ rBi? bQK2 T`Q#�#BHBiv ᅫ	Ԙ
 ԙ
- BM r?B+?
+�b2 r2 ?�p2 ԍ֏�φ � ԙ- Qi?2`rBb2 i?2 T`QTQb�H Bb `2D2+i2/ �M/ r2 ?�p2 ԍ֏�φ � Ԙ- K2�MBM;
i?�i i?2 J�`FQp +?�BM bi�vb BM Bib +m``2Mi bi�i2X h?2 `2bmHiBM; i`�MbBiBQM T`Q#�#BHBiB2b Q7
i?2 J�`FQp +?�BM 	ԍ֏
֏ଯЈ �`2 ;Bp2M #vԅքօ � P	ԍ֏�φ � ԙ ੮ ԍ֏ � Ԙ
 � P	Ԏ � ԙ ੮ ԍ֏ � Ԙ
ᅫ	Ԙ
 ԙ
 � Ԇքօᅫ	Ԙ
 ԙ
 ૞Ԙ
 ԙ ୮ ෷
Ai im`Mb Qmi i?�i i?2 +?QB+2 Q7 i?2 7QHHQrBM; �++2Ti�M+2 T`Q#�#BHBivᅫ	Ԙ
 ԙ
 � KBM ৃ�
 ᅺ	ԙ
Ԇօքᅺ	Ԙ
Ԇքօ ৄ � KBM ৃ�
 Ӹԑ	ԙ
ԆօքӸԑ	Ԙ
Ԇքօ ৄ ૞Ԙ
 ԙ ୮ ෷
;m�`�Mi22b i?�i i?2 `2bmHiBM; J�`FQp +?�BM 	ԍ֏
֏ଯЈ Bb ᅺ@`2p2`bB#H2- i?2`27Q`2 i?2 bBKmH�i2/
bi�i2b +�M #2 mb2/ �b �TT`QtBK�i2 b�KTH2b 7`QK i?2 /Bbi`B#miBQM Q7 BMi2`2bi ᅺX AM 7�+i- r2
?�p2ᅺ	Ԙ
ԅքօ � ᅺ	Ԙ
Ԇքօ KBM ৃ�
 ᅺ	ԙ
Ԇօքᅺ	Ԙ
Ԇքօ ৄ � KBM ঁᅺ	Ԙ
Ԇքօ
 ᅺ	ԙ
Ԇօքং� ᅺ	ԙ
Ԇօք KBM ৃ�
 ᅺ	Ԙ
Ԇքօᅺ	ԙ
Ԇօք ৄ � ᅺ	ԙ
ԅօք ૞Ԙ
 ԙ ୮ ෷
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JQ`2Qp2`- Bi +�M #2 MQiB+2/ i?�i Ӹ Bb bBKTHB}2/ BM i?2 7Q`KmH� 7Q` ᅫ	Ԙ
 ԙ
- K2�MBM; i?�i
r2 �`2 �#H2 iQ `mM i?2 �H;Q`Bi?K 2p2M r?2M r2 FMQr i?2 /Bbi`B#miBQM Q7 BMi2`2bi mT iQ
� MQ`K�HBxBM; +Qbi�Mi- r?B+? Bb Q7i2M i?2 +�b2 rBi? TQbi2`BQ` /Bbi`B#miBQMb BM "�v2bB�M
bi�iBbiB+bX h?mb- r2 ?�p2 i?2 7QHHQrBM; �H;Q`Bi?KX
�H;Q`Bi?K R, J2i`QTQHBb@>�biBM;b b�KTHBM;
AMTmi, i`�MbBiBQM T`Q#�#BHBiB2b 	Ԇքօ
քӴօ୮ห- ԑ	ԧ
 ૞ԧ ୮ ෷
PmiTmi, �TT`QtBK�i2 b�KTH2b 7`QK i?2 /Bbi`B#miBQM ᅺ	ԧ
 � Ӹԑ	ԧ
 ૞ԧ ୮ ෷

RX AMBiB�HBx2 ԍЈ � Ԙ 7Q` bQK2 Ԙ ୮ ෷
kX 6Q` ԣ � �
 �
 ���
 ԉ ਷ � /Q,

Ç :Bp2M ԍ֏ � Ԙ- bBKmH�i2 Ԏ bm+? i?�i

P	Ԏ � ԙ ੮ ԍ֏ � Ԙ
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q2 MQr �M�Hvx2 QM2 Q7 i?2 T`Q+2/m`2b mb2/ 7Q` TQbi2`BQ` BM72`2M+2 BM i?2 .B`B+?H2i T`Q@
+2bb KBtim`2 KQ/2H- +QMbB/2`BM; i?2 KQ/2H /2}M2/ BM a2+iBQM kXR rBi? 2tT2`BK2Mi�H mMBib<ԝ> �M/ Q#b2`p�iBQMb ԧ � 	ԧφ
 ���
 ԧ։
X �Hi?Qm;? r2 K�v #2 ;2M2`�HHv BMi2`2bi2/ BM i?2
TQbi2`BQ` /Bbi`B#miBQM Q7 �HH i?2 p�`B�#H2b BMpQHp2/ BM i?2 .SJJ- BM +Hmbi2`BM; �TTHB+�@
iBQMb r2 �`2 T`BK�`BHv BMi2`2bi2/ BM i?2 TQbi2`BQ` Q7 i?2 H�i2Mi T�`�K2i2`b ᅲ � 	ᅲφ
 ���
 ᅲ։
-ԟ	ᅲφ
 ���
 ᅲ։ ੮ ԧφ
 ���
 ԧ։
- 7`QK r?B+? r2 +�M �M�Hvx2 i?2 mM+2`i�BMiv �bbQ+B�i2/ rBi? i?2
+Hmbi2` K2K#2`b?BT BM/B+�iQ`b �M/ i?2 MmK#2` Q7 Q#b2`p2/ +Hmbi2`b �7i2` Q#b2`pBM; i?2
/�i�X AM 7�+i- Qm` Q#D2+iBp2 Bb iQ �bbB;M bBKBH�` Q#b2`p�iBQMb- BX2X Q#b2`p�iBQMb rBi? i?2
b�K2 H�i2Mi T�`�K2i2`- iQ i?2 b�K2 +Hmbi2`- �M/ i?2`27Q`2 r2 r�Mi iQ mb2 i?Bb /Bbi`B#m@
iBQM iQ +?QQb2 i?2 �TT`QT`B�i2 MmK#2` Q7 +Hmbi2`b BM i?2 Q#b2`p2/ /�i�X q2 TQBMi Qmi
i?�i- /m2 iQ i?2 /Bb+`2i2M2bb Q7 i?2 .S@/Bbi`B#mi2/ `�M/QK T`Q#�#BHBiv K2�bm`2 Ӽ- 2t�+i
+QKTmi�iBQM Q7 TQbi2`BQ` /Bbi`B#miBQMb �M/ 2tT2+i�iBQMb Bb BM72�bB#H2 r?2M r2 ?�p2 KQ`2
i?�M � 72r Q#b2`p�iBQMbX h?mb- r2 ?�p2 iQ `2bQ`i iQ �TT`QtBK�iBQM K2i?Q/b iQ b�KTH2
7`QK i?2 TQbi2`BQ` /Bbi`B#miBQM �M/ +QKTmi2 TQbi2`BQ` 2tT2+i�iBQMbX h?2 KQbi TQTmH�`
K2i?Q/b �`2 #�b2/ QM J*J* UL2�H- kyyyVX h?2 /B`2+i �TT`Q�+? Bb iQ bBKmH�i2 � J�`FQp
+?�BM i?�i ?�b i?2 TQbi2`BQ` /Bbi`B#miBQM Q7 ᅲ � 	ᅲφ
 ���
 ᅲ։
 ;Bp2M i?2 /�i� ԧφ
 ���
 ԧ։ �b
Bib bi�iBQM�`v /Bbi`B#miBQMX AM i?Bb r�v- 7Q` � H�`;2 MmK#2` Q7 bi�i2b BM i?2 bBKmH�i2/
i`�D2+iQ`v Q7 bm+? � J�`FQp +?�BM- i?2 H�bi bi�i2 Q7 i?2 i`�D2+iQ`v Bb �TT`QtBK�i2Hv /Bb@
i`B#mi2/ �++Q`/BM; iQ i?2 i�`;2i TQbi2`BQ` /Bbi`B#miBQMX JQ`2Qp2`- �HH i?2 J*J* b�KTH2b
�7i2` i?2 #m`M@BM T2`BQ/ +�M #2 mb2/ �b �TT`QtBK�i2 b�KTH2b 7`QK i?Bb /Bbi`B#miBQMX h?2
2�bB2bi �TT`Q�+? iQ bBKmH�i2 bm+? � J�`FQp +?�BM �M/ `2im`M i?2 /2bB`2/ b�KTH2b Bb iQ
�TTHv :B##b b�KTHBM; rBi? i?2 7mHH +QM/BiBQM�H TQbi2`BQ` /Bbi`B#miBQM ԟ	ᅲք ੮ ᅲ਷ք
 ԧ
 7Q` �MvԘ � �
 ���
 ԝ- Q#i�BM2/ #v �TTHvBM; "�v2bǶ i?2Q`2Kԟ	ᅲք ੮ ᅲ਷ք
 ԧ
 Ñ ԟ	ԧ ੮ ᅲ
ԟ	ᅲք ੮ ᅲ਷ք

EMQrBM; i?�i ԟ	ᅲք ੮ ᅲ਷ք
 � ԂԂ � ԝ ਷ �ӼЈ	ᅲք
 � �Ԃ � ԝ ਷ � ంօଈք ᅮᇆՏ	ᅲք
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i?2 /2bB`2/ TQbi2`BQ` /Bbi`B#miBQM Bb ;Bp2M #vԟ	ᅲք ੮ ᅲ਷ք
 ԧ
 Ñ ԂԡЈ	ԧք
ӽЈ	ᅲք
 � ంօଈք ԕ	ԧք ੮ ᅲօ
ᅮᇆՏ	ᅲք
 UkXRV

r?2`2 ӽЈ	ᅲք
 Ñ ԕ	ԧք ੮ ᅲք
ӼЈ	ᅲք
 �M/ԡЈ	ԧք
 � ௷ ԕ	ԧք ੮ ᅲ
ӼЈ	ԓᅲ

AM Q`/2` 7Q` i?2 :B##b b�KTHBM; K2i?Q/ rBi? bm+? � 7mHH +QM/BiBQM�H /Bbi`B#miBQM iQ #2
72�bB#H2- ӼЈ Kmbi #2 � +QMDm;�i2 T`BQ` 7Q` ᅲ rBi? `2bT2+i iQ i?2 F2`M2H ԕ	ੁ ੮ ᅲ
- bBM+2 rBi?Qmi
+QMDm;�+v ԡЈ	ԧք
 +�MMQi ivTB+�HHv #2 +QKTmi2/ �M�HviB+�HHvX h?2 �H;Q`Bi?K- #�b2/ QM �
bHB;?iHv /Bz2`2Mi p2`bBQM Q7 i?2 ;2M2`�H :B##b b�KTHBM; T`Q+2/m`2 i?�M i?2 QM2 #`B2~v
T`2b2Mi2/ BM a2+iBQM RXe- Bb i?2 7QHHQrBM;X
�H;Q`Bi?K k, :B##b b�KTHBM; 7Q` .SJJ
AMTmi, 7mHH +QM/BiBQM�H TQbi2`BQ` /Bbi`B#miBQM ԟ	ᅲք ੮ ᅲ਷ք
 ԧ

PmiTmi, �TT`QtBK�i2 b�KTH2b 7`QK i?2 TQbi2`BQ` /Bbi`B#miBQM ԟ	ᅲ ੮ ԧ


RX AMBiB�HBx2 ᅲЈ � 	ᅲЈφ
 ���
 ᅲЈ։
 7Q` bQK2 	ᅲЈφ
 ���
 ᅲЈ։
 ୮ ဌ։
kX 6Q` ԣ � �
 ���
 ԉ /Q,

Ç 6Q` Ԙ � �
 ���
 ԝ /Q, /`�r ᅲ֏ք 7`QK ԟ	ᅲք ੮ ᅲ֏਷φ਷ք 
 ԧ
 �b bT2+B}2/ BM UkXRV

jX _2im`M ᅲφ
 ���
 ᅲյ
h?Bb �H;Q`Bi?K bm++2bb7mHHv `2im`Mb i?2 /2bB`2/ �TT`QtBK�i2 b�KTH2b 7`QK i?2 TQbi2`BQ`
/Bbi`B#miBQM Q7 ᅲ � 	ᅲφ
 ���
 ᅲ։
- 7`QK r?B+? r2 +�M Q#i�BM �HbQ i?2 �TT`QtBK�i2 b�KTH2b
7`QK i?2 TQbi2`BQ` Q7 i?2 +Hmbi2`BM; K2K#2`b?BT BM/B+�iQ`b Ԓ � 	Ԓφ
 ���
 Ԓ։
 �M/ i?2 TQbi2@
`BQ` Q7 i?2 MmK#2` Q7 +Hmbi2`b ԀX >Qr2p2`- Bi ?�b #22M MQiB+2/ i?�i i?Bb :B##b b�KTH2`
bmz2`b 7`QK � bHQrHv KBtBM; J�`FQp +?�BM- K2�MBM; i?�i +QMp2`;2M+2 iQ i?2 i�`;2i TQb@
i2`BQ` /Bbi`B#miBQM Bb bHQrX JQ`2 2{+B2Mi �H;Q`Bi?Kb ?�p2 #22M Q#i�BM2/ #v BMi`Q/m+BM;
i?2 +Hmbi2` K2K#2`b?BT BM/B+�iQ`b BM i?2 :B##b b�KTHBM; T`Q+2/m`2X
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kX9 �TTHB+�iBQM, +mbiQK2` b2;K2Mi�iBQM

AM i?Bb b2+iBQM- r2 Tmi i?2 T`2pBQmbHv /Bb+mbb2/ i?2Q`v BMiQ T`�+iB+2 iQ ;2i � b2Mb2 Q7 ?Qr
Bi T2`7Q`Kb r?2M �TTHB2/ iQ bQK2 /�i�RX h?Bb �TTHB+�iBQM +QMbBbib Q7 � +Hmbi2` �M�HvbBb
iQ BM72` i?2 �TT`QT`B�i2 MmK#2` Q7 +Hmbi2`b 7Q` i?2 /�i� #2BM; �M�Hvx2/X JQ`2Qp2`- r2
+�``B2/ Qmi � b2MbBiBpBiv �M�HvbBb Q7 i?2 KQ/2H iQ i?2 T`BQ` T�`�K2i2` bT2+B}+�iBQM- BX2X r2
Q#b2`p2/ ?Qr i?2 `2bmHib +?�M;2 #v +?�M;BM; i?2 KQ/2H ?vT2`T�`�K2i2`bX h?2 /�i�b2i
mb2/ Bb i?2 q?QH2b�H2 +mbiQK2`b /�i�b2i Q7 i?2 l*A J�+?BM2 G2�`MBM; _2TQbBiQ`vkX h?Bb
/�i�b2i Bb �#Qmi i?2 +mbiQK2`b Q7 � r?QH2b�H2 /Bbi`B#miQ` 7`QK i?2 >Q`2+� U>Qi2Hf_2bi�m@
`�Mif*�7ûV �M/ i?2 _2i�BH +?�MM2Hb- /Bbi`B#mi2/ BM i?2 `2;BQMb Q7 irQ H�`;2 SQ`im;m2b2
+BiB2b- GBb#QM �M/ SQ`iQ- �M/ � +QKTH2K2Mi�`v `2;BQMX h?2`2 �`2 e MmK2`B+�H p�`B�#H2b BM
i?2 /�i�b2i- `2TQ`iBM; i?2 �MMm�H bT2M/BM; BM KQM2i�`v mMBib UKXmXV Q7 2�+? +mbiQK2` QM
p�`BQmb T`Q/m+i +�i2;Q`B2b, 7`2b? T`Q/m+ib U6`2b?V- KBHF T`Q/m+ib UJBHFV- ;`Q+2`v U:`Q@
+2`vV- 7`Qx2M T`Q/m+ib U6`Qx2MV- /2i2`;2Mib �M/ T�T2` T`Q/m+ib U.2i2`;2MibnS�T2`V �M/
/2HB+�i2bb2M U.2HB+�bb2MVX JQ`2Qp2`- i?2`2 �`2 irQ +�i2;Q`B+�H p�`B�#H2b- BM/B+�iBM; 2�+?
+mbiQK2`Ƕb +?�MM2H U*?�MM2HV �M/ `2;BQM U_2;BQMV �b T`2pBQmbHv /2}M2/X
q2 7Q+mb2/ QM i?2 MmK2`B+�H p�`B�#H2b 7Q` i?2 +Hmbi2` �M�HvbBbX �7i2` 2HBKBM�iBM; bQK2
QmiHB2`b Q7 i?2 e MmK2`B+�H p�`B�#H2b 7`QK i?2 /�i�b2i- r2 ;Qi i?2 7QHHQrBM; bmKK�`v
bi�iBbiB+b �M/ ?BbiQ;`�KbX

J2�M ai/X /2pB�iBQM
6`2b? NdR3 3kyy
JBHF jN3N jkeR

:`Q+2`v 88e9 9ekj
6`Qx2M R3yy ReRj

.2i2`;2MibnS�T2` R39R kkyd
.2HB+�bb2M N39 d38

6`QK i?2 ?BbiQ;`�Kb- Bi +�M #2 b22M i?�i i?2 2KTB`B+�H K�`;BM�H /Bbi`B#miBQMb Q7 �HH i?2
bBt p�`B�#H2b �`2 [mBi2 bF2r2/X >Qr2p2`- Bi r�b MQi M2+2bb�`v iQ �TTHv � HQ;�`Bi?KB+

RX h?2 +Q/2 r`Bii2M 7Q` i?Bb �M�HvbBb +�M #2 7QmM/ BM i?2 :Bi>m# `2TQbBiQ`v ?iiTb,ff;Bi?m#X+QKf
HmB;BMQiQf/TKKn+Hmbi2`BM;

kX h?2 /�i�b2i Bb �p�BH�#H2 �i ?iiTb,ff�`+?Bp2XB+bXm+BX2/mfKHf/�i�b2ibfq?QH2b�H2Y+mbiQK2`b

https://github.com/luiginoto/dpmm_clustering
https://github.com/luiginoto/dpmm_clustering
https://archive.ics.uci.edu/ml/datasets/Wholesale+customers
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6B;m`2 kX9, >BbiQ;`�Kb Q7 i?2 e MmK2`B+�H p�`B�#H2b Q7 i?2 q?QH2b�H2 +mbiQK2`b /�i�b2i

i`�Mb7Q`K�iBQM iQ i?2 /�i�- bBM+2 i?2 .SJJ Bb � [mBi2 ~2tB#H2 KQ/2H- T`QpB/BM; � `B+?
7�KBHv Q7 /2MbBiB2b r?2M mbBM; +QKKQM F2`M2Hb 7Q` KQ/2H@#�b2/ +Hmbi2`BM; HBF2 i?2 MQ`K�H
F2`M2HX JQ`2Qp2`- Bi Bb MQi 2�bv iQ /2i2+i � +Hmbi2`BM; T�ii2`M [m�HBi�iBp2Hv #v HQQFBM; �i
i?2 ?BbiQ;`�Kb- i?2`27Q`2 r2 T`Q+22/ rBi? i?2 /2b+`BTiBQM Q7 i?2 �M�HvbBbX
AM KQ`2 /2i�BH- BM i?Bb �M�HvbBb r2 /2}M2/ � .SJJ QM i?2 MmK2`B+�H /�i� �M/ r2 +�`@
`B2/ Qmi TQbi2`BQ` BM72`2M+2 i?`Qm;? J*J*X q2 ;Qi i?2 �TT`QtBK�i2 b�KTH2b 7`QK i?2
TQbi2`BQ` /Bbi`B#miBQM Q7 i?2 +Hmbi2` T�`�K2i2`b �M/ i?2 +Hmbi2` K2K#2`b?BT BM/B+�iQ`b
Q#i�BM2/ #v `mMMBM; i?2 :B##b b�KTHBM; �H;Q`Bi?K 7Q` � bm{+B2MiHv H�`;2 MmK#2` Q7 bi2Tb
7Q` +QMp2`;2M+2 iQ i?2 i�`;2i TQbi2`BQ` /Bbi`B#miBQMbX ai�`iBM; 7`QK i?Bb b�KTH2b- �i 2�+?
J*J* bi2T i?2 MmK#2` Q7 +Hmbi2`b r�b Q#b2`p2/- i?2`2#v Q#i�BMBM; �TT`QtBK�i2 b�KTH2b
7`QK i?2 TQbi2`BQ` /Bbi`B#miBQM Q7 i?2 MmK#2` Q7 +Hmbi2`bX h?Bb r�b Qm` /Bbi`B#miBQM Q7
BMi2`2bi- 2tTH�BMBM; i?2 mM+2`i�BMiv �bbQ+B�i2/ rBi? i?2 MmK#2` Q7 +Hmbi2`b �7i2` Q#b2`pBM;
i?2 /�i�X q2 2biBK�i2/ Bi rBi? i?2 `2H�iBp2 7`2[m2M+B2b Q#i�BM2/ 7`QK i?2 J*J* b�KTH2b
U2KTB`B+�H /Bbi`B#miBQMV �M/ +?Qb2 i?2 J�tBKmK � SQbi2`BQ`B UJ�SV 2biBK�i2 �b i?2 TQBMi
2biBK�iBQM 7Q` i?2 MmK#2` Q7 +Hmbi2`b BM i?2 Q#b2`p�iBQMbX AM Q`/2` iQ ;2i � b2Mb2 Q7 i?2
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b2MbBiBpBiv Q7 i?2 KQ/2H iQ i?2 T`BQ` T�`�K2i2`b- BX2X i?2 T�`�K2i2`b Q7 i?2 +2Mi2`BM; K2�@
bm`2 Q7 i?2 .S T`BQ`- r2 T2`7Q`K2/ i?2 �M�HvbBb KQ`2 iBK2b mbBM; T`BQ` T�`�K2i2`b r?B+?
;`�/m�HHv K�/2 i?2 T`BQ` MQM@BM7Q`K�iBp2 UKQ`2 /Bzmb2V �M/ BMp2biB;�i2/ i?2 p�`B�iBQM
BM i?2 2biBK�i2bX h?2 �M�HvbBb ?�b #22M +�``B2/ Qmi BM _ mbBM; i?2 /B`B+?H2iT`Q+2bb
T�+F�;2j- �M BMimBiBp2 T�+F�;2 7Q` +`2�iBM; .B`B+?H2i T`Q+2bb Q#D2+ib �M/ 2�bBHv `mMMBM;
i?2 :B##b b�KTHBM; �H;Q`Bi?KX

lMBp�`B�i2 +�b2
q2 }`bi T2`7Q`K2/ i?2 �M�HvbBb /2b+`B#2/ �#Qp2 BM i?2 mMBp�`B�i2 +�b2- #v �TTHvBM; i?2
KQ/2H iQ i?2 :`Q+2`v p�`B�#H2X q2 /2}M2/ � .SJJ rBi? mMBp�`B�i2 MQ`K�H b�KTHBM;
/2MbBiv �M/ MQ`K�H@BMp2`b2@;�KK� /Bbi`B#miBQM �b i?2 +2Mi2`BM; K2�bm`2 Q7 i?2 .S T`BQ`-
bBM+2 Bi Bb i?2 +QMDm;�i2 T`BQ` Q7 � MQ`K�H /Bbi`B#miBQM rBi? mMFMQrM K2�M �M/ p�`B�M+2X
lbBM; i?2 b�K2 MQi�iBQM �b BM a2+iBQM kXR- i?2 KQ/2H Bb i?2M ;Bp2M #v ᅲ � 	ᅷ
 ᅼϵ
 �M/ԕ	ԧք ੮ ᅲ
 � L	ԧք ੮ ᅷ
 ᅼϵ
 � �అ�ᅺᅼϵ 2tT ৓ ਷ 	ԧք ਷ ᅷ
ϵ�ᅼϵ ৔

ӼЈ	ᅲ ੮ ᅭ
 � Lৃᅷ ੮ ᅷЈ
 ᅼϵԚЈ ৄAMp@:�KK�िᅼϵ ੮ ᅫЈ
 ᅬЈी
r?2`2 ᅭ � 	ᅷЈ
 ԚЈ
 ᅫЈ
 ᅬЈ
 �`2 i?2 KQ/2H ?vT2`T�`�K2i2`bX h?2 KQ/2H Q#D2+i ?�b #22M
+`2�i2/ rBi? i?2 7mM+iBQM .B`B+?H2iS`Q+2bb:�mbbB�M- ;2iiBM; �b BMTmi i?2 /�i� �M/
i?2 ?vT2`T�`�K2i2`b ᅭ- �M/ i?2 :B##b b�KTHBM; �H;Q`Bi?K r�b `mM 7Q` k8yy Bi2`�iBQMb
#v +�HHBM; i?2 7mM+iBQM 6Bi- r?B+? QmiTmib i?2 mT/�i2/ KQ/2H Q#D2+i rBi? i?2 b�KTH2b
Q7 i?2 +Hmbi2` T�`�K2i2`b �M/ i?2 +Hmbi2`BM; �bbB;MK2MibX "27Q`2 `mMMBM; i?2 �H;Q`Bi?K-
r2 b+�H2/ i?2 :`Q+2`v p�`B�#H2 iQ ?�p2 x2`Q K2�M �M/ mMBi bi�M/�`/ /2pB�iBQMX AM Q`/2`
iQ i2bi i?2 b2MbBiBpBiv Q7 i?2 KQ/2H iQ ?vT2`T�`�K2i2`b- r2 T2`7Q`K2/ i?2 �M�HvbBb rBi?
i?2 7QHHQrBM; HBbib Q7 ?vT2`T�`�K2i2`b- r?B+? ;`�/m�HHv K�F2 i?2 T`BQ` KQ`2 /Bzmb2- MQM@
BM7Q`K�iBp2,

Ç +�b2 R, ᅷЈ � �- ԚЈ � �- ᅫЈ � �- ᅬЈ � �c J�S 2biBK�i2 7Q` i?2 MmK#2` Q7 +Hmbi2`b
2[m�H iQ ec

jX h?2 T�+F�;2 /Q+mK2Mi�iBQM Bb �p�BH�#H2 �i ?iiTb,ff*_�LX_@T`QD2+iXQ`;fT�+F�;24/B`B+?H2iT`Q+2bb

https://CRAN.R-project.org/package=dirichletprocess
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Ç +�b2 k, ᅷЈ � �- ԚЈ � φΘ - ᅫЈ � �- ᅬЈ � �c J�S 2biBK�i2 7Q` i?2 MmK#2` Q7 +Hmbi2`b
2[m�H iQ kc

Ç +�b2 j, ᅷЈ � �- ԚЈ � φφЈ - ᅫЈ � �- ᅬЈ � ��c J�S 2biBK�i2 7Q` i?2 MmK#2` Q7 +Hmbi2`b
2[m�H iQ kc

Ç +�b2 9, ᅷЈ � �- ԚЈ � φφЈЈ - ᅫЈ � �- ᅬЈ � ���c J�S 2biBK�i2 7Q` i?2 MmK#2` Q7
+Hmbi2`b 2[m�H iQ RX

h?2 `2bmHib �`2 `2T`2b2Mi2/ BM 6B;m`2b kX8 �M/ kXeX

6B;m`2 kX8, >BbiQ;`�K Q7 i?2 :`Q+2`v p�`B�#H2 �M/ THQi Q7 i?2 .SJJ TQbi2`BQ` K2�M �M/
+`2/B#H2 BMi2`p�Hb
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6B;m`2 kXe, �TT`QtBK�iBQM Q7 i?2 TQbi2`BQ` /Bbi`B#miBQM Q7 i?2 MmK#2` Q7 +Hmbi2`b UlMBp�`B�i2
+�b2V

JmHiBp�`B�i2 +�b2
h?2 KmHiBp�`B�i2 +�b2 r�b +Qp2`2/ �b r2HHX q2 b+�H2/ i?2 /�i� �M/ �TTHB2/ S*� QM i?2
MmK2`B+�H p�`B�#H2bX h?2 `2bmHib �`2 +QHH2+i2/ BM i?2 i�#H2 #2HQrX

S*R S*k S*j S*9 S*8 S*e
ai/X /2pB�iBQM RXe9 RXRe yXNR yX3j yX8d yXjd

*mKmH�iBp2 T`QTX yX98 yXed yX3R yXNk yXN3 R

"�b2/ QM i?2b2 `2bmHib- r2 /2+B/2/ iQ mb2 i?2 }`bi i?`22 T`BM+BT�H +QKTQM2Mib 7Q` i?2
�M�HvbBb- 2tTH�BMBM; 3RW Q7 i?2 iQi�H p�`B�M+2 BM i?2 /�i�b2iX � b+�ii2`THQi Q7 i?2b2
+QKTQM2Mib Bb /BbTH�v2/ #2HQrX

h?2 p�`B�#H2b ?�p2 #22M KQ/2H2/ i?`Qm;? � .SJJ rBi? KmHiBp�`B�i2 MQ`K�H b�KTHBM;
/2MbBivX h?2 MQ`K�H@qBb?�`i /Bbi`B#miBQM ?�b #22M +?Qb2M �b i?2 +2Mi2`BM; K2�bm`2 Q7
i?2 .S T`BQ`- bBM+2 Bi Bb i?2 +QMDm;�i2 T`BQ` Q7 � KmHiBp�`B�i2 MQ`K�H /Bbi`B#miBQM rBi?
mMFMQrM K2�M p2+iQ` �M/ T`2+BbBQM K�i`Bt Ui?2 BMp2`b2 Q7 i?2 +Qp�`B�M+2 K�i`BtVX h?Bb Bb
2[mBp�H2Mi iQ +?QQbBM; i?2 MQ`K�H@BMp2`b2@qBb?�`i /Bbi`B#miBQM �b +2Mi2`BM; K2�bm`2 rBi?
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6B;m`2 kXd, SHQi Q7 i?2 }`bi i?`22 T`BM+BT�H +QKTQM2Mib Q7 i?2 /�i�b2i

i?2 KmHiBp�`B�i2 MQ`K�H /Bbi`B#miBQM T�`�K2i`Bx2/ #v K2�M p2+iQ` �M/ +Qp�`B�M+2 K�i`BtX
h?2 KQ/2H Bb ;Bp2M #v ᅲ � 	ᅷ
 Ԍ
- r?2`2 ᅷ Bb i?2 K2�M p2+iQ` �M/ Ԍ Bb i?2 T`2+BbBQM
K�i`Bt- �M/ ԕ	ԧք ੮ ᅲ
 � ]Ԍ]ȯɞ	�ᅺ
ɘɞ 2tT ৓ ਷ ��	ԧք ਷ ᅷ
સԌ	ԧք ਷ ᅷ
৔ӼЈ	ᅷ
 Ԍ ੮ ᅷЈ
 ԚЈ
 ᅸ
 ဆ
 � Lिᅷ ੮ ᅷЈ
 	ԚЈԌ
਷φीqBिԌ ੮ ဆ
 ᅸी
r?2`2 i?2 p2+iQ` ᅷЈ- i?2 MmK#2`b ԚЈ �M/ ᅸ �M/ i?2 K�i`Bt ဆ �`2 i?2 KQ/2H ?vT2`T�`�K2@
i2`bX aBKBH�`Hv iQ i?2 mMBp�`B�i2 +�b2- i?2 KQ/2H Q#D2+i ?�b #22M +`2�i2/ rBi? i?2 7mM+iBQM
.B`B+?H2iS`Q+2bbJpMQ`K�H- ;2iiBM; �b BMTmi i?2 /�i� �M/ i?2 ?vT2`T�`�K2i2`b- �M/ i?2
:B##b b�KTHBM; �H;Q`Bi?K r�b `mM 7Q` k8yy Bi2`�iBQMb #v +�HHBM; i?2 7mM+iBQM 6Bi `2im`M@
BM; i?2 mT/�i2/ KQ/2H Q#D2+iX h?2 �M�HvbBb ?�b #22M +�``B2/ Qmi rBi? i?2 7QHHQrBM; HBbib
Q7 ?vT2`T�`�K2i2`b 7Q` b2MbBiBpBiv �M�HvbBb,

Ç +�b2 R, ᅷЈ 2[m�H iQ i?2 b�KTH2 K2�M Q7 i?2 /�i�- ԚЈ � �- ᅸ � �- ဆ � Ӿ c J�S
2biBK�i2 7Q` i?2 MmK#2` Q7 +Hmbi2`b 2[m�H iQ 8c

Ç +�b2 k, ᅷЈ 2[m�H iQ i?2 b�KTH2 K2�M Q7 i?2 /�i�- ԚЈ � φΘ - ᅸ � �- ဆ � �Ӿ c J�S
2biBK�i2 7Q` i?2 MmK#2` Q7 +Hmbi2`b 2[m�H iQ jc
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Ç +�b2 j, ᅷЈ 2[m�H iQ i?2 b�KTH2 K2�M Q7 i?2 /�i�- ԚЈ � φφЈ - ᅸ � �- ဆ � ��Ӿ c J�S
2biBK�i2 7Q` i?2 MmK#2` Q7 +Hmbi2`b 2[m�H iQ jc

Ç +�b2 9, ᅷЈ 2[m�H iQ i?2 b�KTH2 K2�M Q7 i?2 /�i�- ԚЈ � φφЈЈ - ᅸ � �- ဆ � ���Ӿ c J�S
2biBK�i2 7Q` i?2 MmK#2` Q7 +Hmbi2`b 2[m�H iQ RX

6B;m`2b kX3 �M/ kXN b?Qr i?2 `2bmHib BM i?Bb +�b2X

6B;m`2 kX3, *Hmbi2`BM; Q#i�BM2/ 7`QK i?2 H�bi J*J* b�KTH2

*QKK2Mib
AM i?Bb �TTHB+�iBQM- r2 ?�p2 b22M ?Qr i?2 .SJJ +�M #2 mb2/ BM T`�+iB+2- ?B;?HB;?iBM; i?2
�/p�Mi�;2b Q7 mbBM; bm+? � bQT?BbiB+�i2/ KQ/2H #mi �HbQ bQK2 TQi2MiB�H HBKBi�iBQMb i?�i
Bi Bb BKTQ`i�Mi iQ #2 �r�`2 Q7X h?2 K�BM #2M2}i Q7 mbBM; i?Bb KQ/2H Bb +H2�`Hv i?2 7�+i
i?�i Bi M�im`�HHv ǳ7Q`K�HBx2bǴ i?2 T`Q+2bb Q7 BM72``BM; i?2 MmK#2` Q7 +Hmbi2`b BM i?2 /�i�-
#v �miQK�iB+�HHv BM+Q`TQ`�iBM; i?2 mM+2`i�BMiv �#Qmi i?Bb p�`B�#H2X AM i?Bb r�v- r2 r2`2
�#H2 iQ T`2+Bb2Hv +?QQb2 i?2 MmK#2` Q7 +Hmbi2`b i?`Qm;? �M 2biBK�i2 7`QK Bib �TT`QtBK�i2
TQbi2`BQ` /Bbi`B#miBQMX h?Bb Bb MQi 2�bv r?2M �TTHvBM; }MBi2 KBtim`2 KQ/2HBM;- #2+�mb2
Q7 i?2 mTT2` #QmM/ QM i?2 MmK#2` Q7 +Hmbi2`b BM i?2 TQTmH�iBQMX PM i?2 Qi?2` ?�M/- BM
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6B;m`2 kXN, �TT`QtBK�iBQM Q7 i?2 TQbi2`BQ` /Bbi`B#miBQM Q7 i?2 MmK#2` Q7 +Hmbi2`b UJmHiBp�`B�i2
+�b2V

#Qi? i?2 mMBp�`B�i2 �M/ i?2 KmHiBp�`B�i2 +�b2b- r2 MQiB+2/ i?�i i?2 `2bmHib Q7 i?2 �M�HvbBb
+?�M;2/ +QMbB/2`�#Hv r?2M mbBM; /Bz2`2Mi ?vT2`T�`�K2i2`b r?B+? ;`�/m�HHv K�/2 i?2
T`BQ` MQM@BM7Q`K�iBp2- b?QrBM; ?B;? b2MbBiBpBivX h?mb- /2bTBi2 i?2 ?B;? ~2tB#BHBiv Q7 i?Bb
KQ/2H �M/ MQMT�`�K2i`B+ KQ/2Hb BM ;2M2`�H- i?2 +?QB+2 Q7 i?2 T`BQ` T�`�K2i2`b KB;?i
bm#bi�MiB�HHv �z2+i i?2 BM72`2M+2 Qmi+QK2X Ai Bb i?2M BKTQ`i�Mi iQ +�`27mHHv +?QQb2 i?2
T`BQ` T�`�K2i2`b Q` �// �M �//BiBQM�H H�v2` Q7 mM+2`i�BMiv BM i?2 KQ/2H #v BMi`Q/m+BM;
?vT2`T`BQ`bX L2p2`i?2H2bb- Bi Bb BKTQ`i�Mi iQ TQBMi Qmi i?�i r2 �M�Hvx2/ � bK�HH /�i�b2i
�M/ Bi KB;?i #2 i?2 +�b2 i?�i i?2 KQ/2H rQmH/ b?Qr H2bb b2MbBiBpBiv r?2M rQ`FBM; rBi?
/�i�b2ib Q7 ;`2�i2` bBx2X





*QM+HmbBQMb

hQ +QM+Hm/2- BM i?Bb T�T2` r2 ?�p2 �M�Hvx2/ i?2 i?2Q`v #2?BM/ i?2 .B`B+?H2i T`Q+2bb
KBtim`2 KQ/2H �M/ Bib �TTHB+�iBQM iQ +Hmbi2`BM;X h?2 Q#D2+iBp2 r�b iQ T`QpB/2 � +QKTH2i2
TB+im`2 �#Qmi i?Bb iQTB+X �++Q`/BM; iQ i?Bb �TT`Q�+?- i?2 i?2Q`2iB+�H T�`i r�b bi`m+im`2/
BM Q`/2` iQ +Qp2` �HbQ i?2 #�+F;`QmM/ M2+2bb�`v 7Q` � /22T mM/2`bi�M/BM; Q7 i?2 KQ/2HX �
T`�+iB+�H �TTHB+�iBQM Q7 i?2 KQ/2H ?�b �HbQ #22M /2b+`B#2/- BM Q`/2` iQ #2ii2` mM/2`bi�M/
i?2 #2M2}ib Q7 i?2 KQ/2H 7Q` +Hmbi2` �M�HvbBb rBi? `2bT2+i iQ Bib }MBi2 +QmMi2`T�`i- #mi
�HbQ ?B;?HB;?i bQK2 TQi2MiB�H /`�r#�+FbX
6BM�HHv- Bi Kmbi #2 bi`2bb2/ i?�i r2 ?�/ iQ H2�p2 Qmi BKTQ`i�Mi `2bmHib �M/ /2i�BHb Q7
i?2 +Qp2`2/ iQTB+b i?�i rQmH/ #2 rQ`i? K2MiBQMBM; BM KQ`2 2ti2M/2/ `2TQ`ibX �b 7Q`
i?2 BM72`2M+2 T�`i- r2 rQmH/ ?�p2 BM+Hm/2/ � /Bb+mbbBQM QM i?2 J*J* �H;Q`Bi?Kb 7Q`
/2�HBM; rBi? i?2 MQM+QMDm;�i2 +�b2 BM i?2 .SJJ �M/ i?2 p�`B�iBQM�H BM72`2M+2 �H;Q`Bi?Kb-
`2T`2b2MiBM; �M �Hi2`M�iBp2 iQ J*J* BM "�v2bB�M BM72`2M+2X JQ`2Qp2`- Bi rQmH/ ?�p2 #22M
BMi2`2biBM; iQ i�HF �#Qmi TQbi2`BQ` BM72`2M+2 rBi? ?vT2`T�`�K2i2`b- �b r2HH �b i?2 +QM+2Tib
Q7 p�`B�iBQM Q7 BM7Q`K�iBQM �M/ H2�bi b[m�`2b +Hmbi2`BM; iQ Q#i�BM � TQBMi 2biBK�iBQM 7`QK
i?2 TQbi2`BQ` ԟ	Ӹ։ ੮ ԧ
- i?�i +QmH/ ?�p2 #22M BMi2;`�i2/ BM i?2 T`�+iB+�H �TTHB+�iBQM iQ
BM+Hm/2 � +QKT�`BbQM rBi? i?2 QmiTmi Q7 i?2 F@K2�Mb �H;Q`Bi?KX

jd





"B#HBQ;`�T?v

�MiQMB�F- *X 1X RNd9X ǳJBtim`2b Q7 .B`B+?H2i S`Q+2bb2b rBi? �TTHB+�iBQMb iQ "�v2bB�M
LQMT�`�K2i`B+ S`Q#H2KbXǴ h?2 �MM�Hb Q7 ai�iBbiB+b kUeV, RR8kĜRRd9X

"BHQ/2�m- JX �M/ "`2MM2`- .X RNNNX h?2Q`v Q7 JmHiBp�`B�i2 ai�iBbiB+bX *?�TX jX L2r uQ`F,
aT`BM;2`@o2`H�;X

"H�+Fr2HH- .X �M/ J�+Zm22M- CX "X RNdjX ǳ62`;mbQM .Bbi`B#miBQMb oB� SQHv� l`M a+?2K2bXǴ
h?2 �MM�Hb Q7 ai�iBbiB+b RUkV, j8jĜj88X

"mMiBM2- qX GX RNN9X ǳPT2`�iBQMb 7Q` G2�`MBM; rBi? :`�T?B+�H JQ/2HbXǴ CQm`M�H Q7 �`iB@
}+B�H AMi2HHB;2M+2 _2b2�`+? kURV, R8NĜkk8X

*H�2bF2Mb- :X �M/ >DQ`i- LX GX kyy3X JQ/2H a2H2+iBQM �M/ JQ/2H �p2`�;BM;X *�K#`B/;2 a2@
`B2b BM ai�iBbiB+�H �M/ S`Q#�#BHBbiB+ J�i?2K�iB+bX *�K#`B/;2, *�K#`B/;2 lMBp2`bBiv
S`2bbX

/B`B+?H2iT`Q+2bb T�+F�;2X I?iiTb,ff*_�LX_@T`QD2+iXQ`;fT�+F�;24/B`B+?H2iT`Q+2bb=X (H�bi
�++2bb, RjfyefkR)X

62`;mbQM- hX aX RNdjX ǳ� "�v2bB�M �M�HvbBb Q7 aQK2 LQMT�`�K2i`B+ S`Q#H2KbXǴ h?2 �M@
M�Hb Q7 ai�iBbiB+b RUkV, kyNĜkjyX

6`�H2v- *X �M/ _�7i2`v- �X 1X kyykX ǳJQ/2H@"�b2/ *Hmbi2`BM;- .Bb+`BKBM�Mi �M�HvbBb- �M/
.2MbBiv 1biBK�iBQMXǴ CQm`M�H Q7 i?2 �K2`B+�M ai�iBbiB+�H �bbQ+B�iBQM NdU983V, eRRĜ
ejRX

:?Qb�H- aX �M/ p�M /2` o��`i- �X kyRdX 6mM/�K2Mi�Hb Q7 LQMT�`�K2i`B+ "�v2bB�M AM@
72`2M+2X *�K#`B/;2 a2`B2b BM ai�iBbiB+�H �M/ S`Q#�#BHBbiB+ J�i?2K�iB+bX *�K#`B/;2,
*�K#`B/;2 lMBp2`bBiv S`2bbX

>2rBii- 1X �M/ a�p�;2- GX CX RN88X ǳavKK2i`B+ K2�bm`2b QM *�`i2bB�M T`Q/m+ibXǴ h`�Mb@
�+iBQMb Q7 i?2 �K2`B+�M J�i?2K�iB+�H aQ+B2iv 3y, 9dyĜ8yRX

jN
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>Q/;2- oX CX �M/ �mbiBM- CX kyy9X ǳ� am`p2v Q7 PmiHB2` .2i2+iBQM J2i?Q/QHQ;B2bXǴ �`iB}+B�H
AMi2HHB;2M+2 _2pB2r kk, 38ĜRkeX

GBʈ#2iBMQp�- GX- ȑi�`+?Qƚ- SX- GQ`BM+Qp�- aX- q2#2`Qp�- .X- �M/ S`ɩȒ�- SX kyRNX ǳ�TTHB+�@
iBQM Q7 *Hmbi2` �M�HvbBb BM J�`F2iBM; *QKKmMB+�iBQMb BM aK�HH �M/ J2/BmK@aBx2/
1Mi2`T`Bb2b, �M 1KTB`B+�H aim/v BM i?2 aHQp�F _2Tm#HB+XǴ ambi�BM�#BHBiv RRU3V, kjykX

GQ- �X uX RN39X ǳPM � *H�bb Q7 "�v2bB�M LQMT�`�K2i`B+ 1biBK�i2b, AX .2MbBiv 1biBK�i2bXǴ
h?2 �MM�Hb Q7 ai�iBbiB+b RkURV, j8RĜj8dX

JɃHH2`- SX- ZmBMi�M�- 6X �M/`ûb- C�`�- �X- �M/ >�MbQM- hX kyR8X "�v2bB�M LQMT�`�K2i`B+
.�i� �M�HvbBbX *?�TX kX *?�K, aT`BM;2`X

L2�H- _X JX kyyyX ǳJ�`FQp *?�BM a�KTHBM; J2i?Q/b 7Q` .B`B+?H2i S`Q+2bb JBtim`2 JQ/@
2HbXǴ CQm`M�H Q7 *QKTmi�iBQM�H �M/ :`�T?B+�H ai�iBbiB+b NUkV, k9NĜke8X

SBiK�M- CX kyyeX *QK#BM�iQ`B�H aiQ+?�biB+ S`Q+2bb2b, 1+QH2 /Ƕ1iû /2 S`Q#�#BHBiûb /2 a�BMi@
6HQm` sssAA@kyykX *?�TX jX "2`HBM, aT`BM;2`@o2`H�;X

_�bKmbb2M- *X 1X RNNNX ǳh?2 AM}MBi2 :�mbbB�M JBtim`2 JQ/2HXǴ AM S`Q+22/BM;b Q7 i?2
Rki? AMi2`M�iBQM�H *QM72`2M+2 QM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb- 889Ĝ8eyX
*�K#`B/;2, JAh S`2bbX

_Qbb- aX JX kyR9X AMi`Q/m+iBQM iQ S`Q#�#BHBiv JQ/2HbX RRi? 2/X *?�TX 9X a�M .B2;Q, �+�@
/2KB+ S`2bbX

a2i?m`�K�M- CX RNN9X ǳ� +QMbi`m+iBp2 /2}MBiBQM Q7 .B`B+?H2i T`BQ`bXǴ ai�iBbiB+� aBMB+� 9UkV,
ejNĜe8yX




