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O\¥rNj��RU^rY¤OSaU^_O�O\[���N�Y�O\¥rNjY¤OSaU^rqWaLQ£qÑqBN�¢�[�aLO\[�RU^IØÏÉÑP�aLQ£aL��l
N�OSN�Q7Y\N�^dY¤[]O\[�¢�[ÊO�eÛO\N�Y�O£Y'¥raUY7Y¤¥WRD¼9^ÝOS¥raDOFOS¥WN�VrY\N
RL�6OS¥W[�Y
��N�OS¥WRBq�aLX�RU^rN�¼9[]X�X-[]^d��QSN�aUY\N6O\¥rN���X�a_Y\Y\[Ê¿I��aDOS[]R_^�aU����VWQ£aU��e
c�e�x�l�k "7É
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u¡^ÅN�^rY\N���cWX]N7[�Y�a���XZaUYSY¤[]¿rN�Q,��QSN�aLO\N�qác�eá��R_�,cW[�^W[�^W·
O\¥rN
TWQSN�qB[Z�ÏOS[]R_^rY9RU� ��VWXÊOS[]TrX]N,��RU��TIRU^WN�^_O=��X�a_Y\Y\[]¿rN�Q£Y�É�uë^JVr��l
cIN�Q°RL�ÈQ\N�Y¤N�aLQ£�£¥WN�Q£YÑ¥ra�¢_N�qBN���RU^rY¤O\Q£aDOSN�q+OS¥raDO°N�^dY¤N���l
cWX�N�YÜaLQSNÑ·UN�^WN�Q£aLX�X]e���RUQSNÅaU����VWQ£aDOSNáO\¥raU^ÃaL^�e¹RL��O\¥WN�[]Q
��R_��TdR_^WN�^JOÈ��X�a_Y\Y\[]¿rN�Q£YÑÖ*)�QSN�[��'aL^+x�v_vUo ��t�X]N���N�^�x�vUyUv �
� VW[�^WXZaL^7x�vUv_o ��ÞÜR_X]TIN�Q\O9x�vUvJk ���I¥raU^W·rsUf1N�Y¤[�QSRD¢Is +àÞÈaUXÊOSí
x�v_v_kJØ£É¦ß []·_VWQSN@m¡Y\¥WRD¼¡Y¦a%cra_Y¤[Z�-��Q£aL��N�¼�RUQSË9��RUQ ��R_�,cW[�^W[�^W·
��XZaUYSY\[Ê¿rN�QSY�É7 �Y¤[�^W·�aL^áN�^rY¤N��,cWX�NUsÀO\¥rN7��XZaUYSY6RL�¡aL^áN�ÍBaU��l
TWX�N7[ZY�TWQSN�qW[���O\N�qác�eÜ¿rQ£Y�O���X�a_Y\Y\[]��eJ[�^W·
OS¥WN7N�ÍWaL��TWX�NF¼9[ÊOS¥
N�a_�£¥
RL�-O\¥rN���R_��TdR_^WN�^JO���X�a_Y\Y\[Ê¿dN�Q£Y¡aL^rq
O\¥WN�^���R_�,cW[�^W[�^W·
O\¥rN�QSN�Y\VWX]O\[�^W·=TrQ\N�qB[���O\[�RU^rY [�^JO\R6a=Y\[]^W·_X]N%��XZaUYSY\[Ê¿d��aDOS[]R_^¦ÉbìÀR
��QSN�aLO\N=aU^FN�^dY¤N��,cWX�N=a�VdY¤N�Q@·UN�^WN�Q£aLX�X�e,�,VdY�O���R���VrY�RU^'O�¼�R
aUY\TIN��ÏO£Y�ÔÇÖ¤x�Ø%¼9¥r[��£¥���X�a_Y\Y\[]¿rN�Q£Y%O\R#VrY\N�aUY���R_��TIRU^rN�^JOSY=RL�
O\¥rNjN�^rY\N��,crX]N �%aU^rq¹Ö�k_Ø,¥WRD¼�O\R)��R_�,cW[�^WN#O\¥WN
QSN�Y\VWX]O\[�^W·
TWQSN�qB[Z�ÏOS[]R_^rY%[�^_OSR'a'Y¤[�^W·UX�N6TWQSN�qB[Z�ÏOS[]R_^¦É
f1Vr�£¥ÝQSN�Y\N�aLQ£�£¥ÑR_^ÝY\N�X�N���O\[�^W·)aLTWTWQSRUTrQ\[ZaDOSNj��X�a_Y\Y\[Ê¿dN�Q£Y�OSR
��R_�,cW[�^WN1¥ra_Y���RB��VrY\N�qÝRU^°Y\N�X�N��ÏOS[]^r·Ñ��XZaUYSY¤[]¿rN�Q£Y�O\¥raLO7aLQSN
aU����VWQ£aDOSNF[�^ÑO\¥rN#TWQSN�qW[���O\[�RU^rY�s/cWVBO'qB[]îIN�Q�[]^Û¼9¥WN�QSNFOS¥WN�e

Classifier 1 Classifier 2 Classifier N

Input Features

Combiner

Class Prediction(s)

Output Class

ß []·_VWQSN/mWÔ )%aUY\[Z� ��QSaU��N�¼�R_Q\Ë¡��RUQb��RU�,cr[]^W[�^W·¡��VWX]O\[�TWX]N���XZaUY¤l
Y\[Ê¿rN�QSY�É

aLQSNFaU����VWQ£aDOSNUÉ
f1N�OS¥WRBqWY,��RUQ,aUTWTWQSR_aU�£¥r[]^W·jOS¥W[�Y�TWQSRUcWX�N��
[�^r��X�VrqBN�VrY\[]^W·�qB[]îIN�Q\N�^_O9��XZaUYSY\[Ê¿d��aDOS[]R_^'��N�O\¥WRBqWY�sJO\Q£aL[�^W[�^W·
RU^ÝY¤VrcrY¤N�OSY�RL�¡OS¥WN1qWaDO£aÜY\N�O�s�O\Q£aL[�^W[�^W·�R_^ÅqB[]îIN�Q\N�^_O'Y\N�OSY
RL��[]^WTrVBO���N�aDOSVWQ\N�Y�s©VrY\[�^W·jqW[Êî©N�QSN�^JOÇY¤VWcdY¤N�OSY�RL�/OS¥WN,OSQSaU[]^Wl
[�^W·jY\N�O6��R_Q=OSQSaU[]^W[�^W·#O\¥WN'��X�a_Y\Y\[Ê¿dN�Q£Y�sÌaL^dq�N�¢_N�^ÜVrY¤[�^W·j·UN�l
^WN�O\[Z�FY¤N�aLQ£�£¥�OSR
O\QSeÜO\R1¿r^rq)��X�a_Y\Y\[]¿rN�Q£Y6O\¥daDO�qB[ZYSaL·UQSN�N�[�^
O\¥rN�[�Q=TWQSN�qB[Z�ÏOS[]R_^rY,Ö�)�Q\N�[]�'aL^)x�vUv_o �W��Q\Vr�£Ë_N�Q ��� ���
	 x�vUvL§ �
B=aU^rY\N�^ +¸hBaUX�aU��RU^Ýx�vUv_p � B=a_Y¤¥rN��1s hB�£¥r��N�[�Y\N�Q�s +���[�¥
x�v_vL§ � �6Q\R_·U¥�+ëÙ�N�qBN�X�Y\c�e#x�vUvJi �_f
a_��X�[]^ +wh�¥da�¢JX�[�Ë#x�vUv_i �
Ú�TW[]O\í +ºh�¥ra�¢�X][�ËÑx�vUvUo�Ø£É�ì%¥WN���N�O\¥rR�qÈRU�%�£¥WR�RJY¤[�^W·1qB[Ê�Îl
��N�QSN�^JO¡��XZaUYSY\[Ê¿d��aDOS[]R_^#��N�OS¥WRBqWY%[ZY9[]^JOSN�QSN�Y¤O\[�^W·rsWY\[]^d��N6��R_Y¤O
��XZaUYSY\[Ê¿d��aDOS[]R_^F��N�O\¥rR�qrY%[]^JO\QSRBqBVr��N�TdaLQ\O\[Z��VWXZaLQ�cW[ZaUY\N�Y�[]^JOSR
O\¥rN�QSN�Y\VWX]O\[�^W·¶��X�a_Y\Y\[Ê¿I��aDOS[]R_^¦É u¡XZY¤R5aLTWTIN�aUX][�^W·¶[�YÛO\¥rN
��N�OS¥WRBq
RL��¢DaLQSe�[]^W·�OS¥WN�Y\N�O�RL��[]^rTWVBO=��N�aDOSVWQ\N�Y�s©Y\[]^r��NÇO\¥rN
QSN�Y\VWXÊOS[]^r·���R_��TdR_^WN�^JO���XZaUYSY¤[]¿d��aLO\[�RU^ÇTWQSRUcrX]N���Y [�^���a_�ÏO�qB[Ê�Îl
��N�Q6Y\[]·_^W[Ê¿I��aL^JOSX]ej¼9¥WN�^�O\¥WN,��N�aLO\VWQSN�Y�aLQSN�^WRUO���R_��TWX]N�O\N�X]e
QSN�qBVW^dqWaL^JO�É
ì%¥WN�Y¤N���RU^dqÇaUY\TdN��ÏObRU�r��QSN�aDOS[]^r·¡aL^ÇN�^dY¤N��,cWX�N@[ZYÌOS¥WN��£¥WR_[���N
RL��O\¥rN1��VW^r�ÏOS[]R_^°��RUQF��RU�,cr[]^W[�^W·áOS¥WN
TWQSN�qB[Z�ÏOS[]R_^rY'RL��O\¥rN
��R_��TdR_^WN�^JO���X�a_Y\Y\[Ê¿dN�Q£YÇÖ �6N�aUQ\^dY ++h�N�VW^r·�x�v_v_i_ØÏÉ��/ÍBaU��l
TWX�N�Y6RU�%��RU�,cr[]^raLO\[�RU^Ü��VW^r��O\[�RU^rY6[�^r��X�VrqBN'¢_RLOS[]^W·
YS�£¥WN���N�Y
Ö B�aL^rY\N�^�+�hWaLXZaL��RU^jx�v_vUpJØÏsDY¤[���TWX]N¡a�¢_N�Q£aL·_N�Y@Ö�`¦[�^r��R_X]^�+
h�Ë�QSí�e�TdN�Ë7x�vUyUv�Ø£sD¼�N�[�·U¥JO\N�q�a�¢UN�Q£aL·_N�YS�£¥WN���N�Y¡Ö�P-N�Q\QSRU^WN +
t�R�RUTIN�QÈx�v_vL§ ��Õ9RU·_RD¢�a¾x�vUvU§�ØÏs¡aL^rq�Y\�£¥WN���N�Y'��R_Q � ! � �%'��
�%'	�á��RU��cW[]^rN�Q£YÜÖ�Õ9R_Y¤O + hBaL^dqBN�Qáx�v_vUm ��ÞÈRUX�TdN�Q¤O)x�vUv_k �
�I¥raU^W·rsjf1N�Y\[]QSRD¢©s + ÞÈaUXÊOSí�x�v_v_k_ØÏÉ t�X�N���N�^�qWN���RU^Bl
Y¤O\Q£aDO\N�q)OS¥raDO�[]^ÅO\¥WN
aUcrY¤N�^r��N#RL��ËJ^rRD¼9X]N�qB·UN7��RU^r��N�QS^W[�^W·
a¹Y¤TIN���[Ê¿d�ÛTWQSRUcWX�N��1s'aLX���R_Y¤OáaU^�e¹QSN�a_Y¤R_^raLcrX]NÛ��N�O\¥WRBqÌs
[�^r��X�VrqB[�^W·)OS¥WN�Y\[]��TWX�N�RU^rN�YFY\Vr�£¥ÐaUY'¢_RLOS[]^W·)R_QFVrY\[]^r·Ña
¼�N�[�·U¥JO\N�qÑa�¢UN�QSaU·UNF¼9[�X]X%QSN�Y\VWX]O�[�^ÛaU^ÅN�î©N���O\[�¢UNjN�^rY\N���cWX�N
Öt�X�N���N�^Ñx�v_yUvJØÏÉ�ÒnO�[�Y=TdRJY\Y\[]crX]N_sWO\¥rRUVW·_¥¦srOSRF�'aLË_NÇVrY¤N,RL�
Ë�^WRD¼9X�N�qB·_N�aLcIRUVWO9a�Y\TdN���[]¿d��qWRU�'aL[�^FOSR�TrQ\RBqBVr��N�a���RUQSN
aU����VWQ£aDOSNj��RU��cW[]^daDO\[�RU^Û��N�O\¥rR�qëÖ�Õ9R_Y¤O + hBaL^dqBN�Q
x�vUvUm �
�I¥raU^W·rsÌf1N�Y¤[�Q\RD¢©s +5ÞÈaUXÊOSí#x�vUv_kJØ£É�Ú�VrQ���N�OS¥WRBq�aLTrTWX][�N�Y
N�a_�£¥ÑRL��O\¥WNjcIN�Y¤O'��X�a_Y\Y\[]¿rN�Q£Y,[�^ÛY\N�ÁJVWN�^r��N1Y¤OSaLQ\O\[�^W·È¼9[ÊOS¥
O\¥rNFcdN�Y�O�É#Òn�¡aU^JeÈ��XZaUYSY¤[]¿rN�Q�·_a�¢_N�a
TrQ\R_craLcW[�X�[ÊO�e�aUcdRD¢_N'a
��N�Q¤O£aL[�^'O\¥rQ\N�Y¤¥WR_X�q'O\¥WN�^'O\¥raLO%��X�a_Y\Y\[]¿rN�Q�¼�a_Y�aUTWTWX�[]N�qÌs_RUO\¥Bl
N�QS¼9[ZY¤N@O\¥WN%qBN���[�Y\[�RU^,¼%aUYÀX�N��ÎO O\R�O\¥WN�Q\N�Y�O-RL�BOS¥WN9��XZaUYSY¤[]¿rN�QSY�É
Òn�W^WR_^WN@RU�BO\¥WN�cdN�Y�O���XZaUYSY¤[]¿rN�QSY¦��RUVWXZqÇQSN�a_�£¥6a�qBN���[�Y\[�RU^¦s�O\¥rN
qBN���aLVWX]OÇ��N�O\¥WRBq�RL��VdY¤[�^W·FOS¥WN'Y¤[���TWX�N�a�¢_N�Q£aL·UN,RL��aUX]X O\¥rN
��XZaUYSY\[Ê¿rN�QSY�¼%aUY%aLTrTWX][�N�q¦É/ì%¥W[�Y%¼9[�X�X¦cdNÇqBN�Y\��Q\[�cIN�q#[]^1��RUQSN
qBN�OSaL[�X¦[�^1hBN��ÏOS[]R_^�iBÉ kBÉ
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ìÀRëqWN�¢UN�X]R_T¶R_VWQÑ��XZaUYSY\[Ê¿rN�Qá¼�N¾Y¤OSaUQ¤OSN�q¶RUVBOÑc�e�N�ÍBaU��l
[�^W[]^r·�a¹Y\N�O)RU�#��R_VWQ)[]�'aU·UN�YÈOS¥raDOÑ¥da�¢UNÝcdN�N�^5X�aUcdN�X]N�q
aL^dq�N�ÍWaL��[]^rN�q¹[]^wTrQ\N�¢J[�RUVdY1¼�R_Q\ËÃÖ�)�VWQ\X ��� ����	 x�vUvL§ �
x�v_vUo�Ø£É+ÞÈNÈVdY¤N�q¾OS¥WN�Y\NÜ[��'aL·_N�Y1aUYjaÝ��N�aL^rY#��R_QjN�¢DaLX]l
VraLO\[�^W·�¼9¥W[Z�£¥Ñ��R_�,cW[�^raDOS[]R_^rYÇRU����N�aDOSVWQ\N�Y�aL^dq)��XZaUYSY¤[]¿d��aLl
O\[�RU^)��N�O\¥WRBqWY�O\R�VrY\NUÉ
ì%¥WN�Y¤NF��RUVWQ�[��'aL·_N�Y���RU^JOSaU[]^°x�o_m
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ß []·_VWQSN¡§rÔ-Õ9N�Y\VWX]OSY@��Q\R_�¶R_VWQ@N�ÍBTdN�Q\[���N�^JOSY�sLOS¥WN=R_Q\[�·U[�^raLXIMUu�Õ@OSR�RUXI��N�O\¥WRBqFaU^rq�O�¼�R�N�ÍBTIN�Q\OSY/R_^�O\¥WN�RUQS[]·_[]^daLXrY\N�O�RL�©��RUVWQ
[���aU·UN�Y�É�Õ9N�Y\VWX]OSYÇaLQSN�·UQ£aLTW¥WN�q�c�e
OS¥WN�^JVr�,cIN�QÇRL����[�YS��XZaUYSY¤[]¿rN�q�^WR_^Bl¢_RUXZ��aU^WR_Y�aLX�X]RD¼�N�q�TdN�QÇËJ���_É�u�Y�O\¥WN�^�VW��cdN�QÇRL�
aLX�X�RD¼�aUcWX]N���[�YS��XZaUYSY\[Ê¿rN�q�^WRU^Bln¢UR_X���aL^WRJY []^r��Q\N�aUY\N�YÀO\¥rN9O\RUOSaLXrTdN�QS��N�^JOSaU·UN%RL�ÌaU��O\VraUXW¢UR_X���aL^WRJYÀ[�^r��Q\N�aUY\N�Y�sDO\¥WR_VW·U¥�OS¥W[�Y/¢�aUX]VrN
¥ra_YÇaL^ÈVWTWTIN�QÇX�[]��[]O,X]N�Y\Y�OS¥raL^°x�p_p�"¸cIN���aLVrY\N�O\¥WNFß-Ú¡u8��RBqBN�X�R_^WX]e�Q\N���RU·_^W[�í�N�Y6a1��N�Q¤O£aL[�^�TIN�Q£��N�^_O£aL·_N�RU�@OS¥WNFaU��O\VraUX
¢UR_X���aL^WRJY�É

¢UR_X���aL^WRJY�s�x�§_§�RL�¡¼9¥r[��£¥ÅaUQ\N#[]^d��X�VrqBN�qÑ[]^ÅO\¥WNjY¤N�O�RU�¡Q\N�l
·U[�RU^dY'X]RB��aDO\N�q°c�eÑO\¥rNÜß Ú=uÆ��RBqBN�XÉwì%¥WN�ß Ú=u ��RBqBN�X
aLXZY\R�TWQSR�qWVr��N�Y,§JyWx7Y\VWcBln[]�'aU·UN�Y,¼9¥W[Z�£¥Ñ�'aDOS�£¥ÑO\¥WN#¿rX]O\N�Q
cWVBO-aLQSN/^WRUOb¢UR_X���aL^WRJY�ÉbìÀR¡TWQSRBqBVr��N@a¡��XZaUYSY\[Ê¿rN�QÌ��RUQÀN�a_�£¥ÇRL�
O\¥rN�Y\N@[���aU·UN�Y¦¼�N�O\Q£aL[�^WN�qÇaU^�N�^dY¤N��,cWX�N/RL�r��X�a_Y\Y\[]¿rN�Q£YÌVrY\[]^r·
O\¥rNFRLOS¥WN�QÇOS¥WQSN�N'[���aU·UN�YÇaUY6OS¥WN'O\Q£aL[�^W[�^W·�Y\N�O7Ö�[É NUÉ�sÀ��R_VWQ\l
��RUXZq)��QSR_YSY¤l¢DaLX�[ZqWaDOS[]R_^�VrY\[]^r·1O\¥WNF¢_RUXZ��aU^WR_YÏg�^WR_^Bln¢URUXZ��aU^WR_Y
RL�BN�aU�£¥6[]�'aU·UN/aUYba%��RUXZqdØ£É�Ú�^r��N@¼�N�¥ra_qÇ�£¥WR_Y\N�^�OS¥WN@qB[]îIN�Q¤l
N�^JOÀ��RU��cW[]^daDO\[�RU^dY©RL�J��N�aDOSVWQSN�Y¦aU^rqÇ��XZaUYSY¤[]¿rN�QSY©¼�N�[]^JOSN�^rqBN�q
O\RjVrY\N�[�^�R_VWQ6��XZaUYSY¤[]¿rN�Q�¼�N�O\¥rN�^ÜO\N�Y¤O\N�q�R_VWQ���N�O\¥WRBq�R_^
a
Y\N�O�RL�9mUyjXZaLcIN�X�N�qÈ[���aU·UN�Y�Y¤N�TraLQ£aDOSN,��QSRU� O\¥WN7RUQS[]·_[]^raUX
Y\N�O�RL�I��RUVWQ�[��'aL·_N�Y�ÉÀì%¥WN�Y¤N%[���aU·UN�Y ��RU^JOSaU[]^�§JiUm=¢_RUXZ��aU^WR_Y�s
mUy_mFRU�/¼9¥W[��£¥ÈaLQSN,QSN���RU·U^r[]í�N�q
c�ejO\¥WN'ß-Ú¡uÃ��RBqBN�X�É�ì%¥rN
ß Ú=uÆ��RBqBN�X=aUX�Y\RáTWQSR�qWVr��N�YFvUvJkLpÈY¤VWcWl[��'aL·UN�Y�O\¥raLO7aLQSN
^WRUO�¢URUXZ��aU^WR_Y�É'ìbR
TrQ\RBqBVr��N'��XZaUYSY¤[]¿rN�Q£Y���RUQ6OS¥WN�Y\N'[���aU·UN�Y
¼�N�qB[]¢�[ZqBN�qjOS¥WN,[��'aL·_N�Y%VWT
[�^JO\R7Y\[ÊÍ1Y¤N�OSY�aL^rq1TIN�Q\��RUQS��N�q
Y\[ÊÍ�l��RUXZq#��Q\RJY\Y¤l¢DaUX][ZqWaDOS[]R_^FRU^1N�aU�£¥7RU�ÀOS¥WN�Y\N�Y\N�OSY�É
ßWR_Q�aUX]X�RL�¡R_VWQ�QSN�Y\VWX]OSY,¼�NjY¤¥WRD¼+aÜ��VWQS¢UNF¼9[]O\¥ÅO\¥WN#TdN�Q¤l
��N�^JOSaL·_N¡RL� qBN�OSN��ÏOSN�qFO\QSVWN�TIR_Y\[]O\[�¢UN�Y@Q\N�X�aLO\[�¢UN=O\R�OS¥WN�^JVr��l
cIN�QÇRL�%qBN�OSN���O\N�qÜ��aUX�Y\N�TdRJY¤[]O\[�¢UN�Y6TdN�QÇËJ���UÉ�ì%¥r[�Y6[ZYÇqBRU^rN
c�e'Y¤Vr����N�Y\Y\[]¢_N�X�e�X]RD¼�N�QS[]^r·ÇO\¥WN�O\¥rQ\N�Y¤¥WR_X�q'��RUQ�TWQ\N�qB[Z�ÏO\[�^W·�a
¢UR_X���aL^WR'aU^rq
qBN�OSN�QS��[]^W[�^W·F¥rRD¼��'aL^�e7O\QSVWN�¢UR_X���aL^WRJY9aLQSN
[�^r��X�VrqBN�q�¢UN�QSY\VrYÌ¥rRD¼)��aU^�e#»¤��aLXZY¤N�TdRJY¤[]O\[�¢UN�½9¢UR_X���aL^WRJY¦aLQSN
[�^r��X�VrqBN�qÑÖ�[É N_É]s©aUY¡O\¥WN,O\¥WQSN�Y\¥WR_X�q1X�RD¼�N�QSY¡��R_Q\N,RL�-O\¥WN�aU��l
O\VdaLXb¢_RUXZ��aU^WR_Y9aUQ\NÇ[�^r��X�VrqBN�qÌsIcWVBO���R_Q\N
»¤��aLXZY¤NÇTIR_Y\[ÊOS[]¢_N�YS½
�'a�e7aLTrTdN�aLQ�Ø£É

 '�- .A��3?��1A� .0�,+�E���>*3

ÞÈN=cIN�·_aU^�RUVWQ�Y�OSVrqBe�cJe���RB��VrY\[�^W·�RU^FY\N�X�N���O\[�^W·,aU^'[]^W[]O\[ZaLX
��N�aLO\VWQSN�Q\N�TWQSN�Y\N�^JOSaLO\[�RU^¦É�P@Q\N�X][���[]^raUQ\e
¼�RUQSË1¼9[ÊOS¥È��X�a_Y\Y\[]l
��e�[]^r·6O\¥WN=qraDOSa6cdaUY\N�q�RU^�OS¥WN¡Q£a�¼ÅTW[]ÍBN�XW[�^B��RUQS�'aDOS[]R_^�TrQ\RUl
qBVr��N�q�¢UN�Q\eÇTIR�RUQ-QSN�Y\VWXÊO£Y�qBVWN%OSR�OS¥WN9¥W[�·U¥�qB[���N�^rY\[]R_^raLX�[ÊO�e
RL��O\¥WNjTWQSRUcWX�N�� aU^rqÅO\¥WN)Ö�QSN�XZaDOS[]¢_N�X�erØ�Y\�'aLX�X�^�VW��cdN�Q�RL�
N�ÍWaU��TrX]N�Y���RU��TraLQSN�q'O\R�OS¥WN�^JVr�,cIN�Q%RL�Ì��N�aDO\VrQ\N�Y�É�ì%¥WN�Q\N�l
��RUQSNUsr¼�N,Y¤OSaUQ¤OSN�qjc�e#a_Y\Y\VW��[]^r·'¼�NÇ¼�RUVWXZq1aLTWTrX]e1P�t�u¹OSR
O\¥rN'¢URUXZ��aU^WR
aL^rqÈ^WR_^Bln¢URUXZ��aU^WR#Y\VWcBln[���aU·UN�Y'Ö�Y\N�TraUQSaLO\N�X�erØ
QSN�O\VrQ\^WN�q,c�eÇOS¥WN9ß Ú=u�ÉDÞÈN�O\¥WN�^�TIN�Q\��RUQS��N�q,N�ÍBTdN�Q\[���N�^JOSY
RU^jOS¥WN�TWQSN�X�[]��[�^raLQSe#Y\N�O¡RU�-��RUVWQ¡[��'aL·_N�Y%¢DaLQSe�[]^W·�OS¥WN�Y\[]í�N
aL^dq'Y\��aLX�[]^W·'Ö�a�¢UN�Q£aL·_[]^r·�RD¢_N�Q/Y\N�¢UN�QSaUXBTW[]Í�N�X�Y/O\RÇTWQSRBqBVr��N¡a
Y\��aUX]X�[��'aL·UN�RL�da�XZaLQS·UN@aUQ\N�aJØ©RU�WO\¥rN%Y\VWcBln[���aU·UN�YbQSN�OSVWQ\^rN�q
c�e=OS¥WN�ß-Ú¡uÑ��RBqBN�XJaU^rq6OS¥WN@^�VW��cdN�QbRL�WTrQ\[�^r��[�TraUX_��R_��TdRUl
^WN�^_O£Y/aL^dq,��R_VW^rq�O\¥daDO�O\¥rN9��RUX�X]RD¼9[�^W·Ç��R_�,cW[�^raLO\[�RU^rY VrY\[]^r·
TWQS[]^d��[�TraLX@��RU��TIRU^WN�^_O£YÇRU^rX]e
��QSRU� O\¥WN7¢URUXZ��aU^WR_Y6Y\N�N���N�q
O\R�¼�R_Q\Ë�¼�N�X�Xr��R_Q�a,Y\[���TrX]N -6aLVrYSY¤[ZaL^F��X�a_Y\Y\[]¿rN�Q�ÔÀTrQ\[�^r��[�TraUX
��R_��TdR_^WN�^JOSY�Ô�oWsByWsWaU^rq�x�p �BYS��aLX�[�^W·rÔ�kBsWmrs�aU^rqF§dÉ/ìbR�O\¥rN
Y\N�O%RL�bTWQS[�^r��[�TraLXÌ��RU��TdR_^WN�^JO���N�aLO\VWQSN�Y�¼�N6aUqrqBN�qFO�¼�R,��VWQ¤l
O\¥rN�Q���N�aDOSVWQ\N�YÇcra_Y¤N�qÜR_^áËJ^rRD¼9X]N�qB·UN�RL�%OS¥WN7qBR_��aU[]^)aU^rq
P�t�u,ÔbÖ�xDØ%a�X�[]^WN6¿dXÊOSN�Q=¢DaUX]VWN6OS¥raDO�^WRLOSN�Y%OS¥WN�TWQSN�Y\N�^r��N6RL�
X�[]^WN�Y9[�^1O\¥WN�[��'aL·_N��FOS¥WN�Y\N�X�[]^rN�Y¡��aL^1N�a_Y¤[�X]ejqB[ZY�OSQSa_�ÏO9O\¥rN
ß Ú=u¹��R�qWN�X �WaL^rqÈÖ�kJØ�OS¥WNÇQSN���R_^rY¤O\QSVr�ÏOS[]R_^FN�QSQ\R_Q�¼9¥r[��£¥j[�Y
aL^1[�^rqB[Z��aLO\[�RU^
RL�-¥WRD¼¹�,Vr�£¥
[�^B��R_Q\�'aDOS[]R_^1[�Y9X�R_Y¤O=¼9¥WN�^
a
TraUQ¤OS[���VWX�aUQ@[��'aL·UN=[�Y�TWQSR���N���O\N�q�RU^JO\RÇOS¥WN�¿rQSY¤O=�
TrQ\[�^r��[�TraUX
��R_��TdR_^WN�^JOSY�É



u9�ÎOSN�Q�Y¤N�X]N��ÏO\[�^W·
OS¥WNF[�^W[]O\[ZaLX�Y\N�O�RL�%��N�aLO\VWQSN�Y,¼�N�OS¥WN�^ÑN�Í�l
TWX�RUQSN�q°OS¥WN)aLTWTrQ\RJaU�£¥WN�Y'RL�,QSN�TrX�a_��[�^W·Å^WR_[�Y\e°TW[]Í�N�X�Y1aU^rq
qBR_[]^W·���X]VdY�OSN�QS[]^W·�RL�%O\¥WN7[]�'aL·_N�YÇcIN���R_Q\N#aLTWTWX�e�[]^r·�P�t�u�s
aL·JaL[�^Ã¢DaLQSe�[]^r·àOS¥WNÐ^�VW�,cIN�Q)RU�#TWQS[]^d��[�TraLXF��RU��TdR_^WN�^JO£Y
VrY\N�qáOSR��£¥raUQSa_�ÏO\N�Q\[�í�N�OS¥WN7[��'aL·_N�Y�É�ßWR_Q�O\¥rN7^WR_[�Y\eÜTr[ÊÍBN�X
QSN�TWXZaU��N���N�^JO=¼�NÇO\QS[�N�q�qB[]î©N�QSN�^JO�¢DaLX�VWN�Y=RU� OS¥WN�O\¥WQSN�Y\¥WRUXZq
VrY\N�q6OSR�qBN�O\N�Q\��[�^WN@¼9¥WN�^�OSR=QSN�TWXZaU��N@a9TW[]ÍBN�XÉÀÞÐ¥WN�^�VrY\[]^r·
��X�VrY¤O\N�Q\[�^W·rs_¼�N9TIN�Q\��RUQS��N�q���X�VrY¤O\N�Q\[�^W·6RU^�OS¥WN9¢UR_X���aL^WR6[���l
aL·_N�Y�aU^rq�O\¥WN�^FY¤N�X]N��ÏO\N�q�O\¥WN9OSRUT��1TWQS[]^r��[]TdaLXr��RU��TdR_^WN�^JO£Y
aU��Q\RJY\Y@aLX�XdRU�ÌO\¥WN6��X�VrY¤O\N�Q£Y�aUY���N�aDOSVWQ\N�Y/��R_Q/OS¥WN�Y\VWcBln[���aU·UN_É
ßWR_Q=OS¥WN�^WRU[ZY\ejQSN�TrX�a_��N���N�^_O���N�O\¥rR�qÜ¼�N���RUVr^rq
OS¥raDO6O\¥rN
��RUX�X�RD¼9[]^W·�OS¥WQSN�Y\¥WRUXZqWY9¼�RUQSËUN�q7¼�N�X�X�Ô%pWÉ kUiWsrpWÉ §JiWsraL^dqjprÉ oJi
Y¤OSaL^dqWaLQ£q7qBN�¢�[�aLO\[�RU^rY�É�ßWRUQ%OS¥WN���X�VrY¤O\N�Q\[�^W·�¼�N���RUVr^rq#O\¥raLO
xÇaL^rqj§'��X�VrY¤O\N�QSY%¼�RUQSËUN�qF¼�N�X�X�É
ì%¥WN6¢DaLX�VWN�Y���R_Q¡aLX�X©O\¥WN6TraUQSaU��N�O\N�QSY�¼�N�QSN�qWN�O\N�Q\��[�^WN�qjaD�Îl
O\N�QbN�ÍJOSN�^rY\[�¢UN�TraUQSaU��N�O\N�Q¦Y¤N�^rY¤[]O\[�¢�[ÊO�e�O\N�Y�O£Y�s�Y\RU��N�RL�B¼9¥W[Z�£¥
��aU^FcIN¡��RUVr^rq'[�^ÜÖ*)�VWQSX ��� ����	 x�vUvUo�Ø£É B¡RD¼�N�¢UN�Q�s_[ÊO%Y¤¥rRUVWXZq
cIN�^rRLO\N�q�OS¥raDO�OS¥W[ZY�Y¤eBY¤O\N��1sLX�[�ËUN%��R_Y¤O-QSN�aUXÊln¼�RUQSX�qÇ��X�a_Y\Y\[Ê¿rl
��aLO\[�RU^
Y\e�Y¤O\N��'Y�sr��RU^rY\[ZY�O£Y9RL�-�,VWX]O\[�TWX�N,��R_��TdR_^WN�^JOSY�sWN�aU�£¥
¼9[]O\¥#O\¥WN�[]Q%RD¼9^7TdaLQ£aL��N�OSN�Q£Y@aL^dqFOS¥raDO9aL^#RD¢UN�Q£aLX�XdY\eBY�OSN��
RUTWO\[���[�í�aLO\[�RU^F[ZY�^WRLO%TWQ£aU��O\[Z��aLX�X�e�TIR_YSY¤[�cWX�NUÉ-Òz^rY¤O\N�aUqF�'aU^Je
TraUQSaU��N�O\N�QSYÀ¼�N�Q\N%Y\N�O-O\R6QSN�aUY\RU^daLcWX�N@¢DaLX�VWN�YÀcdaUY\N�q�R_^�Vr^W[Êl
¢DaLQS[�aLO\N6TraUQSaU��N�O\N�Q%Y\N�^dY¤[]O\[�¢�[ÊO�e'OSN�Y¤O\[�^W·rÉ
Ú�^r��N@¼�N�Y\N�X�N��ÏOSN�q6OS¥WN%qB[Êî©N�QSN�^JO-Y¤N�OSYÀRL�B��N�aLO\VWQSN�YbO\R�VrY\N@¼�N
aLTrTWQ\RJaU�£¥WN�qFOS¥WN�Y\N�X�N���O\[�RU^1RL�-OS¥WN���X�a_Y\Y\[Ê¿I��aDOS[]R_^1��N�O\¥WRBqÌÉ
ÞÈNÜ¥ra�¢_N�N�ÍBTIN�QS[]��N�^_OSN�qà¼9[ÊOS¥àaÅ¢DaUQ\[�N�O�eÝRL�,aUX]·_RUQS[ÊOS¥W�'Y
[�^r��X�VrqB[�^W·
ÁJVraUqBQ£aDOS[��#Ö�R_Q -6aUVrYSY¤[ZaL^IØ=��XZaUYSY\[Ê¿rN�QSY�sÌqBN���[�Y\[�RU^
O\QSN�N�Y�s�X][�^WN�aLQ'qB[ZY\��Q\[���[]^raU^JO�aU^raLX�eBY¤[ZY�s@^WN�aUQ\N�Y�O�^WN�[�·U¥�cIRUQ£Y
VrY\[]^r·/�/Vr��X][ZqBN�aL^
aL^rq
Y\TraLO\[ZaLX�X]e#¼�N�[]·_¥_OSN�q1qB[ZY�O£aL^r��N���N�aLl
Y\VWQ\N�YÇÖ�ìÀVWQS��R_^áx�vUv_oJØÏs_O£aL^W·_N�^JO¡qB[ZY�O£aL^r��NFÖ�h�[��'aLQ£qÌsIt�VW^¦s
+ ��N�^WË_N�Q¹x�vUv_mJØÏs#Ë_N�QS^WN�X1qBN�^dY¤[]O�e+N�Y¤O\[��'aDO\[�RU^bs -6aUVrY¤l
Y\[�aU^8��[]Í�O\VWQSNÐ��R�qWN�XZY�s7aU^rq¶��N�N�q�l���R_Q\¼%aLQ£q¶^WN�VWQ£aLX'^rN�O¤l
¼�RUQSË�Y6Önt�¥WN�QSËDaLVWN�QÇx�vUv_oJØÏÉ
Òz^JO\N�Q\N�Y�OS[]^W·_X]e)N�^WRUVr·U¥¦s@aUX]X%RU�¡O\¥WN�Y¤N1��N�OS¥WRBqWY1Ö�¼9[]O\¥ÝO\¥rN
N�ÍW��N�TBOS[]R_^ÐRL�ÇX][�^WN�aLQ7qB[ZYS��QS[]��[�^raL^JO7aL^daLX�e�Y\[ZY£Ø�·Ja�¢UN
Y¤[���[Êl
XZaLQ%TdN�Q¤��R_Q\�'aU^r��N6RU^1aL^j[�^W[ÊOS[�aUX¦qWaDO£a�Y¤N�O�sW[�^rqB[Z��aLO\[�^W·�O\¥raLO
O\¥rN6Y\N�X�N���O\[�RU^#RL�b��N�aDOSVWQ\N�Y�[�Y��,Vd�£¥#��RUQSN�[]��TIRUQ\OSaL^JO�O\¥raU^
O\¥rNÜY\N�X�N��ÏOS[]R_^°RL����XZaUYSY¤[]¿rN�Q�Ö�Y£ØÏÉ¹Òz^¾O\¥WN�N�ÍBTdN�Q\[���N�^JOSY7Q\N�l
TIRUQ\O\N�qÅ[]^ÛO\¥r[�Y�TraUTdN�Q�aÈ��R_�,cW[�^raLO\[�RU^ÑRU�=O\¥rNjÁJVra_qBQSaLO\[Z�
��XZaUYSY\[Ê¿rN�Q�aU^rq1��N�N�q�l��RUQS¼�aUQSqj^WN�VWQSaUXb^WN�O�¼�R_Q\ËBY=¥ra�¢UN�cIN�N�^
VrY\N�qÌÉ )�RLOS¥#��X�a_Y\Y\[Ê¿dN�Q£Y/TWQSRD¢�[�qBN=TdRJY�OSN�QS[]R_Q@TWQSRUcraUcW[�X][]O�e�N�Y¤l
O\[��'aDOSN�Y�sD¼9¥W[��£¥���aL^,cdN�O\¥WQSN�Y\¥WR_X�qBN�q6O\R�¢DaLQSe=OS¥WN�O\Q£aUqBN�lRUî
cIN�O�¼�N�N�^)qBN�O\N��ÏO\[�RU^ÑaU^rqÜ��aLXZY¤N#aLXZaLQS� QSaLO\N_sÀaj��N�aLO\VWQSN'¼�N
��R_^rY\[�qBN�Q\N�q
[���TIRUQ\OSaU^JO�OSRjcIN�aLcWX�N,OSRj��RU��cW[]^rN,OS¥WN'��XZaUY¤l
Y\[Ê¿rN�QSY%[�^
a�VW^W[]��RUQS��¼�a�e_É
Òz^1RUVWQ=[]^W[]O\[ZaLXb¼�R_Q\ËF¼�NÇ^WRUO\N�q#OS¥raDO9OS¥WN -6aLVdY\Y\[�aU^j��X�a_Y\Y\[]l
¿rN�QSY%¼�N�QSN6N�Í�O\QSN���N�X�e7a_����VrQSaLO\N���RUQ=��aUY\N�Y�¼9¥WN�QSN�O\¥WNÇR_VBO¤l
TWVBO�¢DaLX�VWN9¼�a_Y�N�Í�OSQ\N���N�X]e�¥W[�·U¥'R_Q/X]RD¼ÇÉ ÞÈN9O\¥WN�Q\N���RUQSN¡qBN�l
O\N�Q\��[�^WN�q�O\R�qWN�¢UN�X]R_TÜaU^ÜN�^rY¤N��,cWX�N���N�O\¥rR�qÜOS¥raDO�¼�RUVWXZq
¿rQ£Y�O-X�RJR_ËÇaDO O\¥WN%RUVWO\TWVBO�¢DaLX�VWN%aL^rq,[Ê�rO\¥WN%¢DaLX�VWN���N�X�X�aUcdRD¢_N
a�O\¥WQSN�Y\¥WR_X�q�pWÉ vUv_v¡¼�N�¼�RUVrX�q��'aLQSË6O\¥WN9N�ÍBaU��TWX]N9a_Y a�¢_RUX]l
��aU^WR¡aL^dq6[Ê�B[]O¦��N�X�XUcIN�X�RD¼)a�O\¥WQSN�Y\¥WRUXZqÇpWÉ pWx-¼�N/¼�RUVWXZq���aUQ\Ë
[]O=aUY9a�^WRU^Wl¢_RUXZ��aL^rRrÉ
ì%¥WN -6aLVrYSY\[�aU^7��N�OS¥WRBqWY9Y¤N�N���N�qFO\R�cdN6¢_N�QSe�·_R�R�q#aDO9qBN�l

O\N�Q\��[�^W[�^W·6O\¥raLO@Y¤R_��N%Y\�'aLX�XWY¤VrcrY¤N�OSY�RU�rOS¥WN9[]�'aU·UN�Y-N�[ÊOS¥WN�Q
¼�N�QSN�RUQ�¼�N�Q\N�^rRLO�¢_RUXZ��aU^WR_Y�srcWVWO=��RUQ�[�^_OSN�QS��N�qB[ZaDOSN,��a_Y¤N�Y
¼�NÜqBN���[ZqBN�q°OSRÛa_qWqÐaÅY\N���RU^rqÐ��X�a_Y\Y\[Ê¿I��aDOS[]R_^Ð��N�O\¥rR�q �
^WN�VWQSaUXL^WN�O�¼�R_Q\ËBY�ÉbìbR=TWQ\RBqBVd��N�RUVrQb^WN�VWQSaUXL^WN�O�¼�R_Q\Ë���N�O\¥Bl
RBqWY-¼�N%O\Q£aL[�^WN�q�a�·UQSRUVWT�RL�I§_y�^WN�O�¼�RUQSËBY ¼9¥WN�QSN%¼�N9¢DaLQS[�N�q
O\¥rNÇ[]^WTrVBO9��N�aLO\VWQSN�Y�OSR'N�aU�£¥j��N�OS¥WRBqÌÔ

� ì%¥WN,cdN�Y�O6oWsdyrsIaU^rqáx�p�TrQ\[�^r��[�TraUXÀ��R_��TdR_^WN�^JOSY=¼9[ÊOS¥
aU^rq�¼9[]O\¥rRUVBO�QSN���RU^rY¤O\QSVr�ÏOS[]R_^�N�Q\QSRUQ£Y=TrX]VrY�X][�^WN�¿rX]O\N�Q
¢DaLX�VWN�Y�É¡Ö�o�^rN�O�¼�RUQSË�YÏØ

� ì%¥WN,cdN�Y�O6oWsdyrsIaU^rqáx�p�TrQ\[�^r��[�TraUXÀ��R_��TdR_^WN�^JOSY=¼9[ÊOS¥
aU^rq�¼9[]O\¥rRUVBO�QSN���RU^rY¤O\QSVr�ÏOS[]R_^�N�Q\QSRUQ£Y=TrX]VrY�X][�^WN�¿rX]O\N�Q
¢DaLX�VWN�Y/��R_Q@¢UR_X���aL^WRJY/¼9¥WN�Q\N=^WRU[ZY¤e�TW[]ÍBN�XIQ\N�TWXZaU��N���N�^JO
¼%aUY�TIN�Q\��RUQS��N�qÛaLO'X]N�¢UN�XZY�RL�6pWÉ kUiBs�pWÉ §JiBs�aL^rqÝpWÉ o_iWÉ
Ö¤x�y�^WN�O�¼�RUQSËBY£Ø

� ì%¥WN�cIN�Y¤O�x�pWsIx�kBs©x�§rs�aL^rq
x�o�TWQS[�^r��[�TraLXÌ��RU��TdR_^WN�^JO£Y
��QSRU� ��X]VrY¤O\N�Q\N�q�¢_RUXZ��aL^rR_Y¡¼9[]O\¥áaL^dq�¼9[]O\¥WR_VBO6Q\N���RU^Wl
Y¤O\QSVr�ÏOS[]R_^áN�QSQ\R_QSY6TWX�VrYÇX�[�^WN'¿rX]O\N�Q,¢DaLX�VWN�Y�¼9[ÊOS¥)^WRU[ZY¤e
TW[]ÍBN�XÌQSN�TWXZaU��N���N�^JO9aDO%O\¥rQ\N�Y¤¥WR_X�qrY�RU� prÉ k_iBs�pWÉ §JiBsBaU^rq
prÉ oJi7ÖkD§�^WN�O�¼�RUQSËBY£Ø

ßWQSRU�5OS¥W[ZY%·UQSRUVWTFRU�b§_y�^WN�VWQSaUXd^rN�O�¼�RUQSË�Y�¼�N���Q\N�aDO\N�q'RU^rN
Y\[]^W·_X]N
��X�a_Y\Y\[Ê¿I��aDOS[]R_^Û��N�O\¥WRBq°cra_Y¤N�qÅR_^ÛOS¥WN�Y\[]��TWX�N�a�¢Jl
N�Q£aL·_N'RL�¡aLX�X@§Jy1^WN�O�¼�RUQSËBY�É1ì%¥W[ZY�QSN�Y\VWX]O\[�^W·
��N�O\¥rR�qÑ¼�a_Y
O\¥rN�^¾VrY\N�qÝOSRÅ��XZaUYSY\[Ê��eÝaL^�eÅN�ÍBaU��TWX]N�YF^WRUO7��N�N�O\[�^W·)O\¥rN
O\¥rQ\N�Y¤¥WR_X�qj��QS[]O\N�QS[Za�qBN�Y\��Q\[�cIN�q1aLcIRD¢UN_É

 '
& ����8��������>� ��+�E7>ë�0��35�#> + 3

ì%¥WN�aUcdRD¢_N
qBN�YS��QS[]cIN�q°��X�a_Y\Y\[Ê¿I��aDOS[]R_^Û��N�O\¥WRBq°TWQSRBqBVr��N�q
QSN�Y\VWXÊO£Y'¼9¥W[Z�£¥¾aLQSN�Y¤¥rRD¼9^Ý[�^¾ß []·_VWQSN
§rÉwì%¥WN�QSN�Y\VWX]O\[�^W·
��XZaUYSY\[Ê¿rN�Q¡RUVWO\TIN�Q\��RUQS��Y�aLX�XbRU� OS¥WN���RU��TIRU^WN�^_O6��XZaUYSY¤[]¿rN�QSY�s
O\¥rN,RUQS[�·U[�^raLXbM_u=Õ�O\R�R_Xb��N�OS¥WRBqÑÖ*)�VWQSX ��� ����	 x�vUvU§ �¦x�vUv_oJØ
aL^dqÜN�¢UN�^ÜR_VBO\TIN�Q\��RUQS�'Y6RU^WN�RL��O\¥rN'N�ÍBTdN�Q¤O£Y�É#Ú=�9��R_VWQ£Y¤N_s
O\¥rN�Y\N/Q\N�Y¤VrXÊO£YbaLQSN-��RUQ a9qWaDO£aUY\N�Ob¼9¥rN�QSN/¼�N@¥ra�¢UN�TIN�Q\��RUQS��N�q
Y\[]·_^W[Ê¿I��aL^JO%N�ÍBTWX�RUQ£aDOS[]R_^'O\R'Y\N�X�N��ÏO%[�^WTWVBO9��N�aDO\VrQ\N�Y�s�N�O£�LÉ/Y\R
[]O¡[�Y9^rRLO¡Y¤VrQ\TWQS[ZY¤[�^W·�O\¥raLO¡¼�N6TIN�Q\��RUQS�×¼�N�X�X�É
ìÀR'O\N�Y�O=R_VWQ¡��N�OS¥WRBq
¼�NÇO\Q£aL[�^WN�q#OS¥WN�YSaL��N�Y\N�O=RU����X�a_Y\Y\[]l
¿d��aDO\[�RU^'��N�O\¥WRBqWY�VrY\[]^W·�O\¥WN�Y\aU��N¡O\¥WQSN�Y\¥WRUXZqWY@RU^Fa,Y\N�O�RL�
mUy7VW^rY\N�N�^�[���aU·UN�Y�É�ì%¥WN�QSN�Y\VWXÊO£Y¡��QSRU�ÆOS¥WN�Y\N�[]�'aL·_N�Y�aLQSN
Y\¥WRD¼9^#[�^
ß []·_VWQ\N�iWÉ
u¡·JaL[�^¦sDRUVrQ-aUTWTWQSR_a_�£¥�RUVBOSTdN�Q¤��R_Q\�'YÀO\¥rN�R_Q\[�·U[�^raUX�M_u=Õ�O\R�R_X
��N�OS¥WRBq)aLX�RU^W·1��R_Y¤O,RL��O\¥rN7Õ¡ÚÇt���VWQ\¢_NUsÀcWVBO�OS¥W[�Y�O\[���N
RUVrQ7��N�OS¥WRBq°��aLX�X�Y#Y¤X�[�·U¥JO\X�eÛcIN�X�RD¼ÆN�ÍBTIN�Q\O7TdN�Q¤��R_Q\�'aU^r��N_É
u¡XZY\R7[�^
O\¥W[ZY6��a_Y¤N_srOS¥WN���RU�,cr[]^WN�q���XZaUYSY\[Ê¿rN�Q=R_VBO\TIN�Q\��RUQS�'Y
N�a_�£¥FRU^rN�RU�¦O\¥WN6[�^rqB[�¢�[�qBVdaLXÌ��R_��TIRU^rN�^JO%��X�a_Y\Y\[]¿rN�Q£Y�Ö�O\¥WN�[]Q
TIN�Q\��RUQS��aU^r��N�¥ra�¢UN=cdN�N�^7X�N��ÎO%RUVWO�RU�bßÀ[�·UVrQ\N�Y@§�aL^rqºiÇ��R_Q
��XZaLQS[]O�eWØÏÉ
ßWR_Q'aÈqWN�YS��QS[]TBOS[]R_^ÅRU��aL^°aLVWO\RU�'aLO\[Z�7¼%a�eáO\R)qBN�O\N�QS��[]^rN
O\¥rN6O\¥WQSN�Y\¥WRUXZqWY9Y\N�N'Ö�u�Y¤Ë_N�Q +8f
aU��X][�^áx�vUv �UØÏÉ

� êÑçÅäwê � é '�ãWçÅä�'

ÞÈN�¥ra�¢_N�TWQSN�Y\N�^JO\N�qÐaÅ��a_Y¤NÜY�OSVrqBeÝ��RUQ7O\¥WNáaLTWTrX][Z��aLO\[�RU^
RL�Ç�'aU�£¥r[]^WN�X]N�aLQS^W[]^r·)O\RÅY\RUX�¢UNÐ»\Q\N�aLX¡¼�RUQSXZqW½áTWQSRUcWX�N��'Y�É



1 2 3 4 5 6 7 8 9

x 10
−3

0

10

20

30

40

50

60

70

80

90

100

False alarms per square km

P
er

ce
nt

 d
et

ec
te

d 
vo

lc
an

os

___ JARtool−new

− − JARtool−old

+

 +  Scientist A

ß []·_VWQSN1iWÔjÕ9N�Y¤VrXÊO£Y���Q\R_�<RUVWQ�N�ÍBTIN�QS[]��N�^_O£Y�s@O\¥WN1R_Q\[�·U[�^raLX¡M_u=Õ�O\R�R_X���N�O\¥WRBqÝaL^rqÛRU^WNjN�ÍBTIN�Q\O'RU^ÑOS¥WN
^WN�¼×Y¤N�O'RL��m_y
[���aU·UN�Y�É

Ú�VWQ�Q\N�Y¤N�aLQ£�£¥
qBN���RU^dY�OSQSaLO\N�Y=O\¥daDO=OS¥WN�[�YSY¤VrN�Y�RL�/��Q£aL��[�^W·
a
TWQSRUcrX]N��ÖÎ��N�aDOSVWQ\NjY¤N�X]N��ÏOS[]R_^IØ6aL^dqá·_aDOS¥WN�QS[�^W·
qWaDO£a�aLQSN
��QS[]O\[Z��aLXW��RUQ/OS¥WN=qBN�¢UN�X]R_TW��N�^JO/RL�¦a���X�a_Y\Y\[Ê¿I��aDOS[]R_^���N�O\¥WRBqÌs
RL�ÎOSN�^ë��RUQSN)��QS[ÊOS[���aLXÇOS¥raL^¹O\¥rNÑY¤N�X]N��ÏO\[�RU^¹RL��O\¥rNÅaU��O\VraUX
X�N�aLQS^W[�^W·�aUX]·_RUQS[ÊOS¥W�1É
Òz^)RUVWQ�¼�R_Q\ËÈ¼�N#Y¤¥WRD¼�N�qÜOS¥WN#VdY¤N�l
��VWX�^WN�YSY�RL�baÇ^�VW��cdN�Q�RU�baLTWTWQSR_a_�£¥WN�Y OSR���N�aDO\VrQ\N=Y\N�X�N���O\[�RU^¦É
Òz^jTraLQ\O\[Z��VWXZaLQ�sJ¼�N�N�ÍBTWX�RUQSN�q�OS¥WN6VrY\N�RU�ÀTWQS[]^d��[�TraLXÌ��R_��TdRUl
^WN�^_O%aL^raUX]eBY\[�Y/O\R���aUT7a�¥r[]·_¥7qB[���N�^rY\[]R_^raLXd��N�aLO\VWQSN�Y\TraU��N
O\RÜa1X]RD¼5qB[���N�^rY\[]R_^raLX���N�aDOSVWQ\N#Y¤Tra_��N_É#ÞÈN7aLXZY\R1qWN���RU^Bl
Y¤O\Q£aDO\N�qáO\¥rN7VrY\N7RU�9O\N��£¥r^W[�ÁJVWN�Y�Y\Vr�£¥Åa_Y,QSN�TrX�a_��N���N�^_O�RL�
^WR_[�Y\eÛ[�^B��R_Q\�'aDOS[]R_^ÐaL^rq¾��X]VdY�OSN�QS[]^W·)RU��N�ÍWaL��TWX�N�YFcdN���RUQSN
aLTrTWX]e�[�^W·ÇTWQS[]^d��[�TraLXr��RU��TIRU^WN�^_O�aL^raUX]eBY\[�Y�a_Y�VrY\N���VWXd��N�O\¥Bl
RBqWY6��R_Q�·UR�RBq���N�aDOSVWQ\N'N�Í�O\Q£aU�ÏOS[]R_^¦ÉjÚ�VWQ,¼�R_Q\Ë�aUX�Y\R1[]^dqB[Êl
��aLO\N�Y�O\¥raLO'O\¥WN
VrY\N
RL�ÇqBR_��aU[]^WlnY\TdN���[]¿d�jË�^WRD¼9X]N�qB·UN1��aU^
Y\N�QS¢UNFOSRÜ·_Q\N�aDOSX]e)[���TWQ\RD¢_NFOS¥WNjÁJVraUX][]O�e)RL��O\¥WN1QSN�Y\VWX]O\[�^W·
��N�aLO\VWQSN�Y%VdY¤N�q7OSR�Q\N�TWQ\N�Y¤N�^JO%a�TWQSRUcrX]N��jÉ
u=Y�R_VWQ@��N�OS¥WRBqFRU�À��XZaUYSY¤[]¿d��aDO\[�RU^'¼�N��£¥rR_Y\N9O\R�N���TWX�RDe�aU^
N�^dY¤N��,cWX�N¡aLTWTrQ\RJaU�£¥¦É ì%¥WN¡aUqB¢DaU^_O£aL·_N�RU�©O\¥W[ZY@aUTWTWQSR_aU�£¥�[�Y
O\¥daDOÇ¼�N�qBRj^WRLO6¥ra�¢_N,OSRjY\N�O\O\X�N�R_^Üa#TraLQ\O\[Z��VrX�aUQ���X�a_Y\Y\[Ê¿rl
��aLO\[�RU^1��N�OS¥WRBq1RUQ=a�TraUQ¤OS[���VWXZaLQ¡Y\N�O=RU�À��N�aDO\VrQ\N�Y�sWcrVBO���aU^
��R_�,cW[�^WN��,VWX]O\[�TWX�N6��N�O\¥WRBqWY�OSR�TrQ\RBqBVr��NÇa���X�a_Y\Y\[Ê¿dN�Q�O\¥raLO
RUVWO\TIN�Q\��RUQS��Y�aL^�e1[�^rqB[�¢J[ZqBVraUX���XZaUYSY¤[]¿d��aLO\[�RU^
��N�OS¥WRBqÌÉ�ìÀR
TWQSRBqBVr��N#RUVWQ�N�^dY¤N��,cWX�N7¼�N#aU·_aL[�^)�'aUqBN#VrY\N7RL�=qWRU�'aL[�^
Ë�^WRD¼9X�N�qB·_N7Ö�[�^�OS¥W[ZY���aUY\NUsÌa7Y\N�O6RL��TWQ\N�X][���[]^daLQSejqWaLOSa�Ø9[�^
��RUQS��[]^r·FRUVWQ�N�^rY\N���cWX�NUÉ�ì%¥r[�Y=TWQ\N�X][���[]^daLQSejqWaLOSaFaUX]X�RD¼�N�q
VrY�O\RÜY\N�X�N���O�a1��VW^d�ÏO\[�RU^Å��RUQ���RU��cW[�^W[]^r·1O\¥WNj��RU��TIRU^WN�^JO
��XZaUYSY\[Ê¿rN�QSY¡O\¥raLO=OSRJR_Ë
aUqB¢DaL^JO£aL·UN,RL�/OS¥WN�aUcW[]X�[]O\[�N�Y�RL�/N�aU�£¥
RL� O\¥rN���RU��TIRU^WN�^JO9��X�a_Y\Y\[]¿rN�Q£Y�É
ì%¥WN1QSN�Y\VWXÊO�RL��RUVWQ'aLTrTWQ\RJaU�£¥Ñ[ZY�a���N�O\¥WRBqÅ��RUQ�Ù�RUXZ��aU^WR

qBN�O\N���O\[�RU^
��QSRU� hBu�Õw[���aU·UN�Y¡RL�/Ù�N�^�VrY=QSN�OSVWQS^WN�q
c�ejO\¥rN
f
aU·UN�X�XZaL^�TWQSRUcIN/OS¥raDO-RUVWO\TIN�Q\��RUQS��Y aLX�X�TWQSN�¢�[]R_VrYÀ��N�O\¥WRBqWY
aL^dqÇTWQSR�qWVr��N�Y¦^WN�aLQ\lN�Í�TIN�Q\ObTIN�Q\��RUQS�'aL^r��N���RUQÀO\¥W[ZY qB[ÊÓF��VWXÊO
TWQSRUcWX�N��1É

E7��Gb�����'��H������áHB����C
ì%¥W[ZY=¼�RUQSË7¼%aUY=TdN�Q¤��R_Q\��N�q
c�e7OS¥WN�MUN�O6P/QSRUTWVrX�Y\[]R_^
`baLcWl
RUQ£aDOSRUQSeUsÛt�aUX][]��RUQS^W[Za×Òz^rY¤O\[]O\VWO\N+RL�°ìbN��£¥W^WR_X]R_·UeUs)Vr^rqBN�Q
��R_^JO\Q£aU�ÏO)¼9[]O\¥5OS¥WN !=aLO\[�RU^raUX7u¡N�Q\R_^raLVWO\[Z��Y)aL^dq5hBTraU��N
u=qW��[�^W[ZY�OSQSaLO\[�RU^ Ö !=u�hWu�Ø£É1ì%¥WN�¼�RUQSË�¥ra_YÐcIN�N�^ TdaLQ\l
O\[ZaLX�X�eÃY¤VrTWTdR_Q¤OSN�q8c�eÃa¹·UQ£aL^JOá��Q\R_� O\¥rNàh�¼�N�qB[ZY¤¥5Õ9N�l
Y\N�aLQ£�£¥�t�RUVr^r��[�XU��R_Q��@^W·U[�^WN�N�QS[]^W·�hB��[�N�^r��N�Y%Ö�`@É�u�Y¤Ë_N�Q�ØÌaU^rq
c�e�a !�u�hBu6gDu�h � � h�Vr����N�QÜßra_��VWX]O�e�ßrN�X�X]RD¼¡Y\¥W[�T�Ö�ÕÇÉ
f
a_��X�[]^IØÏÉ9ÞÜN�¼�R_VWXZq1X][�ËUNÇOSR'O\¥daL^WË1P-ÉIhJOSRUX�RUQSíUs©fáÉ )�VWQSX�s
P-ÉWh��,eJOS¥¦sWaL^rq# �ÉBßra�e�eJaUq���R_Q�OS¥WN�[�Q9aUYSY¤[ZY¤OSaL^d��N=¼9[]O\¥#O\¥rN
Ù�RUXZ��aU^WR'qWaDO£aUY\N�O�É

æ
	��	 ³ 	�� µ 	 ±

u�Y¤Ë_N�Q�sI`@É]s¦aU^rqÜf�aU��X�[�^¦s¦ÕÇÉ'x�v_v��BÉ,�@^rY¤N��,cWX�N�Y�aUY�ajY¤N�l
ÁJVWN�^r��N�RL�%��XZaUYSY¤[]¿rN�QSY�É�Òz^��;!�� � � � ���%' ������� ��� ��� � � � � � ' ���
�"' � � !#' ��� ����' ����� ���%' ��� � ' � � ! � ' � � � '"! ! � � #;�"� ��� �#' � ��� � � �
� � ' � �%$ � ��� !&� �('*)�+�É
u=VWcIN�X�NUsÌMWÉÌt�É]sIaL^rq�h�X�e�VBOSars �=É !�É6x�vUvUprÉ�h��'aUX]X-qBRU��N�Y
R_^�¢_N�^�VrY�ÔÇt�¥raUQSa_�ÏOSN�QS[�Y¤O\[Z��Y6aL^dq�RUQS[�·U[�^rY�É%, � ! ���.-0/ �1��'
� ' �2� ��� ' ��� �%iUpJgUiBxUÔ §_v_m �WiLm_kWÉ
)�QSN�[��'aL^¦s�`/É x�vUv_oWÉ )%aU·U·U[�^W·ÝTWQSN�qB[Z�ÏOSRUQ£Y�É / � � � �%' �
3 � � !#' �%'	�ÇkD§IÖ�kJØ£Ô�x�kLm �Ix�§_pWÉ



)�QSRBqBX]N�eUs�t�É �=É]s@aU^rqÛhB�,eJO\¥¦s�P-ÉÑ[�^ÛTWQSN�YSY�ÉÑu¡TWTWX�e�[]^r·
��X�a_Y\Y\[]¿d��aLO\[�RU^°aLX�·URUQS[]O\¥W�'Y'[�^ÐTWQ£aU�ÏOS[���NUÉ�� � ��� ��� � � �"� � ' �
� � $���� � �%' �LÉ
)�VWQSXs=fáÉ �6ßra�e�eJaUqÌs¡ ,É �6P-N�QSRU^rars9P-É �Çh��,eJOS¥¦s=P-É ��aU^rq
)�VWQSXsBf)É@x�v_vL§dÉbu¡VBOSRU�'aDOS[]^r·,OS¥WN6¥JVr^_O���RUQ%¢_RUXZ��aL^rR_Y/R_^
¢_N�^�VrY�É�Òz^ �;! ��� � � ���%'	� � ��� ��� ��� ' '	� � � $���� � � !�
5���#����'
� ' �2� ��� � � !#'�� � �� � ' � � ��� ' � ��'1� � ! � ' � � srm_p_k �BmUp_vWÉ
)�VWQSXs�fáÉ �Lßra�e�e_a_qÌs� ,É �LP-N�Q\R_^raWs�P-É �DaL^dq�h��,eJO\¥bs�P-ÉBx�vUvUorÉ
ìÀQ£aL[�^raLcWX�N'��aLOSaLX�RU·_[]^r·7��R_Q,qB[�·U[]OSaLX@[]�'aL·_N'X][�cWQ£aLQS[]N�Y6¼9[ÊOS¥
aUTWTWX�[���aDOS[]R_^ÑO\RÈ¢UR_X���aL^WRÈqBN�OSN���O\[�RU^¦É°ìbN��£¥W^W[Z��aUX%Õ¡N�TIRUQ\O
t�R_��TWVBOSaLO\[�RU^1aL^rq !¡N�VWQ£aLXbh�eBY¤O\N��'Y�sIt�aLX]O\N��£¥¦É
t�¥rN�QSË�aUVWN�Q�s ��É%x�vUv_oWÉ-P-N�Q£Y¤R_^raLXÌ��RU���,VW^r[���aDO\[�RU^bÉ
t�X�N���N�^¦s9ÕÇÉÃx�vUyUvrÉ�t�RU��cW[]^r[]^W·á��R_Q\N���a_Y�O£Y�Ô�u QSN�¢�[�N�¼
aU^rqÐaL^r^WRLO£aDO\N�q°cW[�cWX][�RU·_QSaUTW¥�eUÉ �#' � � !#' � � ��� ' ��� � �� !#' ���
�(� � � ! � � � � � �%' ��iBÔ iUiUv �WiLyUmrÉ
t�QSR_YSY�sdu�É�x�v_yUyrÉ¡�=N�O\N���O\[�RU^ÜRL�@��[�Q£��VWXZaLQ�·UN�R_X]R_·U[Z��aUXÌ��N�aLl
OSVWQSN�Y�VrY\[�^W·ÇO\¥rN=¥WR_VW·U¥�OSQSaU^rY���R_Q\�1É �#' � � !#' � � ��� ' ����� �� ! �
' ��� �(��� � $ � � � � � ' �#�%'	��vWÔ�x�iBx�v �©x�iUkUyWÉ
t�QSVW��TWX�N�Q�s�`@É�h©É �Uu=VWcdN�X]N_sUMWÉDt�É �UhBN�^rY\ËUN_s���É�u�É � �6N�qWqB[�NUs
hÌÉ�ì6É �_f
aU·UN�NUs ��ÉDP-É �_aL^rq B¡N�a_qÌsUMrÉ�ÞwÉÌx�vUv ��ÉUÙ�R_X���aL^WR�N�Y
aU^rqÇ��N�^JO\N�Q£Y¦RU�W¢UR_X���aL^W[ZY¤�¹RU^Ç¢_N�^�VrY�ÉLÒz^ )�RUVr·U¥WN�Q�sDh©É�ÞwÉ �
B=VW^JO\N�^¦s@��É@fáÉ �%aL^dqÅP/¥r[]X�X][�TrY�s@ÕÇÉ/MrÉ]s/N�qWY�É]s�
 � '�� ���(�ÏÉ
 =^W[�¢UN�Q£Y\[ÊO�e'RU�-u=Q\[�í�R_^ra�P@Q\N�Y\Y�É
��QSVr�£ËUN�Q�s?B,É �@t�RUQ\O\N�Y�s-t�É ��MUa_�£ËUN�X�s¦`@É ��`¦NDt�VW^¦s ��É � aU^rq
Ù/aUTW^W[�Ë©sBÙ,É%x�v_vL§rÉ )�RJRJY�OS[]^r·�aU^rqFRUO\¥WN�Q9��a_�£¥W[�^WN�X�N�aUQ\^Wl
[�^W·ÑaUX]·_RUQS[ÊOS¥W�'Y�É�Òz^ �;!�� � � � ���%' ��� �(� ��� � , ��� ( � ' ��� �"'��
� � !#' ��� ����' ��� � � ' � � ! � ' � � � ' / � � � �%' � 3 � � !#' �%'	�UsriLm ��oWx_É
!=N�¼ )�QSVW^rY\¼9[Z�£ËIs !�MWÔrf
RUQS·_aL^A�ÇaLVB���'aU^W^¦É
ßrVWË�VW^raU·_aWs ��ÉÑx�vUvUprÉ �#' � !�� �� � � ����' � � � � � � ��� � � � ��� � ��� �
� � !#'A! � �� � ' � � ��� 'rÉ !¡N�¼ �/RUQSË©Ô-u���a_qBN���[Z��P@Q\N�Y\Y�ÉbY\N���R_^rq
N�qB[]O\[�RU^¦É
-�VrN�Y¤O�s�MWÉ��¡Éáx�v_v_kBÉ1h��'aLX�X@¢_RUXZ��aL^r[���N�qB[Ê¿I��N�Y,aL^rqá¢_RUX]l
��aL^W[ZY\�Ã[�^�O\¥WN�TWX�aU[]^dY/RL�©¢UN�^�VrY�É � �� !#' ��� ����� � ��� ��� �#� � ���
� � � � � ! � � v��BÔ]x�iLvU§_v �©x�iUvUoUorÉ
B�aL^rY\N�^bs¦`/É�sÀaL^dqÜhBaUX�aU��R_^¦sbP-É#x�vUv_pWÉ#!=N�VWQ£aLX-^WN�O�¼�R_Q\Ë
N�^rY\N��,crX]N�Y�É ��, , ,�� ! � ' � � � � ����' � ��' � ��� � � !#' ! ' ����� �#���
� ' � / � � � �%' � �#' � ��� � � � � ' � � x�kWÔ v_vUm �Ix�p_pWx_É
B�aUY\¥WN��1s-h©É �/hB�£¥r��N�[�Y\N�Q�s )�É �/aL^rq ��[]¥¦s ��ÉÜx�v_vL§rÉ#Ú�TWl
OS[]�'aUX,X�[]^WN�aLQÈ��RU��cW[�^raDOS[]R_^rY
RL�'^WN�VWQ£aLX,^rN�O�¼�RUQSË�Y�Ô�u=^
RD¢_N�QS¢�[]N�¼ÇÉ�Òz^ �;! ��� � � ���%'	� � �(� ��� ��� '.'�� ��, , , �"' � � ! �
' ��� ����' ��� � ��'1� � ! � ' � � � '�� � � ! ��� � ����� � !����ÏÉ
MURUX�X�[Êî©NUs%ÒÏÉ@ì6É8x�v_yUoWÉ �;!#�%' � � � ��� �� $�� ��' � ' �.� ' ����� � ���ÏÉ
!=N�¼ �/RUQSËIÔ/h�TrQ\[�^W·UN�Q¤lnÙ�N�QSXZaL·rÉ
�6N�aLQS^rY�s-fáÉ�s/aL^dqÑh�N�VW^r·rs B�ÉÅx�vUvJiBÉ�`bN�aLQS^W[�^W·1��QSRU� a
TIRUTrVWX�aLO\[�RU^FRU�¦¥�eJTIRLOS¥WN�Y\N�Y�É / � � � �%' � 3 � � !#' �%' ��x�yWÔ kUi_i �
k��DorÉ
�6QSRU·_¥¦s�u�É�s7aL^rq¶Ù�N�qWN�XZY¤c�eUs7MrÉÄx�vUvJiBÉ !=N�VWQ£aLX'^rN�O¤l
¼�RUQSË6N�^rY\N���cWX�N�Y�sU��QSR_YSYb¢DaUX][ZqWaDOS[]R_^¦sUaU^rq�a_�ÏOS[]¢_N�X�N�aUQ\^W[�^W·dÉ
Òz^ÐìÀN�YSaLVWQSRrs -�É ��ìbR_VWQ\N�O\í�ËJe_s���É �=aL^rq°`bN�N�^bs�ì6É�s%N�qWY�É]s
! ��( � ' � � ���%'�� � � ! ��� �"' � � !#$ � � ��� ' �;!�� � � � �#�%'	� � � � � � $ �£s
¢_RUX�VW��N$�BÉ�t�aL��cWQ\[ZqB·_NUsWf
u�ÔIf1Ò�ì�P@Q\N�Y\Y�É
`ÀaL^W·_X]N�eUs/P-É�s@aL^dqÝh�[���RU^¦s=B�É/u�Éàx�vUvJiBÉ)u¡TrTWX][Z��aLO\[�RU^rY
RU�Ì��a_�£¥W[�^WN=X�N�aUQ\^W[�^W·�aU^rq'QSVWX]N=[]^rqWVr�ÏOS[]R_^¦É � ��$&$!� ' � � � �
� ����' � �(� ��� � ! ��/ mUyrÔ i_i ��oU§rÉ

`b[]^d��RUX�^¦s�ÞwÉ]s�aU^rqëh�Ë�Q\í�eJTIN�Ë©sÇMWÉ x�v_yUvrÉºh�e�^WN�Q\·_eÐRL�
��X]VdY�OSN�QS[]^W·Û�,VWX]O\[�TWX�NÜcdaU�£Ë°TWQSRUTraU·_aDOS[]R_^°^WN�O�¼�RUQSËBY�É8Òz^
ìÀRUVrQ\N�O\í�Ë�e_sb�,É�s N�qÌÉ�s ! ��( � ' � � ���%'�� � � ! ��� �"' � ��!#$ ��� ����'
�*!���� � � � �%' �"� � � � � $ �ÏsI¢_RUX�VW��N�kWsIoJiLp �Bo_iUvWÉ=hBaU^Üf
aDOSN�Rds
t�u,Ôrf1RUQS·_aU^0�ÇaUVB���'aL^W^¦É
f�aU��X�[�^¦s9ÕÇÉ]s¡aU^rq¾h�¥ra�¢�X�[]Ë©s¡MrÉ8x�vUvJiBÉ¹t�R_�,cW[�^W[�^W·)O\¥rN
TrQ\N�qB[���O\[�RU^rY¡RL���,VWX]O\[�TWX�N���X�a_Y\Y\[Ê¿dN�Q£Y�Ô� =Y\[]^W·#��RU��TIN�OS[ÊOS[]¢_N
X�N�aUQ\^r[]^W·�O\R�[�^W[]O\[ZaLX�[]í�NÇ^WN�VWQ£aLXÌ^rN�O�¼�RUQSË�Y�É Òz^ �;! ��� � � ���%'	� �
�(� ��� ��� �#� ! � � � ' ��� �"' � � !#' ��� ����' ��� � ���%' � � � ' � � ! � ' � � � '
! ! � � #=� � ��� �#' � ��� � � � � ' � � É
Ú�Tr[ÊOSíUs��,É�sBaL^rqFh�¥da�¢JX�[�ËIsBMrÉ x�vUv_oWÉ -�N�^WN�QSaLO\[�^W·�aU����VWQ£aDOSN
aU^rqáqB[�¢UN�Q£Y\N���N��,cIN�Q£Y�RL�9a1^WN�VWQSaUXÊln^WN�O�¼�R_Q\Ë
N�^rY¤N��,cWX�NUÉ
Òz^'ìÀRUVWQSN�O£Y¤Ë�e_sU�,É �Wf1RUí�N�Q�s_fáÉ �JaU^rq�B=a_Y\Y\N�X���RrsJf)É]s_N�qWY�É]s
! ��( � ' � � ���%'�� � � ! ��� �"' � � !#$ � � ��� ' �;!�� � � � �#�%'	� � � � � � $ �£s
¢_RUX�VW��N�yrÉ�t�aL��cWQ\[ZqB·_NUsWf
u�ÔIf1Ò�ì�P@Q\N�Y\Y�É
P-N�Q\QSRU^rNUsÌfáÉ]s aL^rqát�R�RUTIN�Q�sb`/É#x�vUvU§rÉ�ÞÐ¥rN�^á^WN�O�¼�RUQSËBY
qW[�YSaL·_Q\N�NUÔ �/^rY\N���cWX]N���N�OS¥WRBq���R_QÇ^WN�VrQSaUX�^WN�O�¼�RUQSËBY�É�Òz^
f�aL����RU^WN_srÕÇÉIMrÉ�srN�q¦É]s ! ! � � #;�"� ��� � � � ! ��� � ����� � !���� � � !
��� � � � � � ' ��
 ��� ��� 'rÉr`bRU^rqWRU^¦Ô�t�¥raUTW�'aL^1aL^rqAB=aUX]XÉ
� Vr[]^WXZaL^bs@MWÉ-ÕÇÉ°x�v_vUoWÉ )%aL·U·_[]^r·rs-cdR�RJY�OS[]^W·ds/aL^rqÛ��§dÉ iWÉ
Òz^ �;! ��� � � ���%'	� � �(� ��� � � � �%! � � � ' ��� � � � ��� ' ��� � ��'1� � ! � ' � �
� ' ! ! � � #=� � ��� �"' � � � � � � � ' � � É
Õ¡RU·URD¢Dars -�Éáx�v_vL§rÉ�t�RU��cW[�^W[]^r·1O\¥WN#Q\N�Y¤VWX]OSY,RL�¡Y\N�¢UN�QSaUX
^rN�VWQ£aLX]l^rN�O�¼�RUQSËÛ��XZaUYSY\[Ê¿rN�QSY�É$� � � ! ��� � ���%� ��!�� � ��Ô � � � �
�LyWx_É
Õ¡R_Y¤O�s )�É]s�aL^rqÝhBaL^rqWN�Q�s�t�ÉÐx�vUv_mWÉÈP/QSN�qB[Z�ÏOS[]R_^ÑRL�=TrQ\RUl
OSN�[�^,Y\N���R_^rqWaUQ\e�Y�OSQ\Vr��O\VWQSN@aLOÀcIN�O¤OSN�QÀO\¥raU^.�Dp "�aU����VWQ£aU��e_É
� �#� !#' ��� �(� / � ��� �	� ��� !'&���� � � � � kLmJkBÔ iLyU§ �BiUvUvrÉ
hWaLVW^rqWN�Q£Y�s�ÕÇÉ/h©É°x�v_v_kWÉÜf
aL·_N�X�X�aU^Ñ��[�YSY\[]R_^ÅY¤Vr���'aUQ\e_É
� �#� !#' ��� �(� � � ��� �(� �#� � ��� � � � � � ! � � v ��Ô�x�mUp_o�� �Ix�m_pUv_pWÉ
hB[]�'aLQ£qÌsDP-É �Jt�VW^¦s ��É�`@É �_aL^rq��=N�^WËUN�Q�sUMrÉdx�vUv_mWÉ �/Ó'��[]N�^JO
TdaDO¤OSN�QS^ÜQSN���RU·_^W[ÊOS[]R_^ÜVdY¤[�^W·
aj^WN�¼¶O\Q£aL^rY¤��RUQS�'aDOS[]R_^ÜqB[ZY�l
O£aL^r��NUÉ©Òz^ ! ��( � ' � � � �%'�� � � ! ��� �#'1� ��!#$ ��� ����' �;!�� � � � �#�%'	�
� � � � � $���)DsIiLp �WkUiUyWÉ
hBËJ[�^W·_X]N�eUsJMrÉ�sJaU^rq'Õ9eUN_s_u,É�x�vUy ��ÉIì%¥WN=¥WR_VW·U¥�OSQSaU^rY���R_Q\�
aUTWTWX�[]N�q�O\R�YSaLQ�[]�'aL·_N�Y/��RUQ�O\¥W[�^7X�[�^WN�qWN�O\N��ÏOS[]R_^¦É � � � � � !#'
� � � � � ' � � ����' 3 ��� � � ! ��orÔ orx �Bo���É
h�O\RL��aU^¦sÀh©É
x�vUvJkBÉ��=[ZY�OSQ\[�cWVBOS[]R_^)aL^rqá�£¥raUQSa_�ÏO\N�Q\[ZY¤O\[Z��Y�RL�
��RUQSRU^raUN
aL^rq°QSN�XZaDOSN�qÛ��N�aLO\VWQSN�Y7RU^Ð¢UN�^�VrY�É � �� !#' ��� �(�
� � ��� ��� �#� � ��� � � � � � ! � � v���Ô�x�m_mL§ � �Ix�mUm �DyWÉ
ìÀVWQSË©s=fáÉ]s�aL^rq¾P-N�^JO\XZaL^rqÌs¡u,É×x�vUvWx_É �/[�·UN�^W��aU��N�Y'��R_Q
QSN���RU·_^W[ÊOS[]R_^¦É � �� !#' ��� ��� � � � ' � � �%( � � � � !�� � � � � ' � � mrÔ �Bx �
y_oWÉ
ìÀVWQS��RU^¦srfáÉ9x�vUv_oWÉ-P-N�Q£Y¤R_^raLX©��R_����VW^W[Z��aLO\[�RU^¦É
ÞÐ[�X�N�Y�s�t�É�s_aL^dq'ßWRUQ£Y\¥ra�¼ÇsUfáÉ x�vUv_mWÉrÕ¡N���R_·U^W[]O\[�RU^�RU�I¢_RUX]l
��aL^WR�N�Y�VdY¤[�^W·'��R_Q\QSN�XZaDOS[]R_^F��N�O\¥rR�qrY�É �#$ � � �.� ' �*
5���#����'
� � $���� � �%' ��xUx_Ô]x�yUy �©x�v_oWÉ
ÞÈRUX�TIN�Q\O�s���Éëx�v_v_kBÉ°hJOSa_�£ËUN�qÑ·UN�^WN�Q£aLX�[�í�aDOS[]R_^¦É+� � � ! ���
� ���%� ��!�� ��iWÔ kL§rx �WkUiUvWÉ
�©¥raL^W·ds-,�É ��f
N�Y\[]QSRD¢©s�MWÉ �=aU^rqÅÞáaLX]O\í_s9�,Éwx�vUv_kWÉ B=e_l
crQ\[ZqÅY\eBY�OSN�� ��RUQ�TWQSRLOSN�[�^ÛY\N���RU^rqWaUQ\e)Y¤O\QSVr�ÏOSVWQSN#TWQSN�qW[���l
OS[]R_^¦É � �� !#' ��� ��� / � ��� �.� �
� !/&,��� � � � � kUkUiWÔ]x�pL§Jv �Ix�pUo_mWÉ


