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m�DNM = ` b2b @BC³ZJD�]NY < Y0Y.M < �2AB@B`�` b DNMJDP@ =2´ Y�`EZ2Y�C b �J^%V0Y�V b QJY bPd C bPd ` � DN^%Y+C = C�`�Y.�KC�H�m b C�`
bPd `EZ2Y0C�YG` b b @aC+Q b M b `§DRQJY0�µ�JDP`_Y0@ = CE�J�J� b ^%`�C bPd ` � DN^�Y§^%Y0Y.M2�NAOM2Y0Y.^%AOM2�¯DRV0`�AB] AB`�ABY0C < Y0V.DN�2C_Y
`EZ2Y = Q b M b `�DP@B@ b � D�C bRd ` � DN^%Y�Y.M2�>A¶M2Y0Y.^4` b DNMJDP@ = ´ Y <ªb `EZGY0·2ABC�`�AOM2��DNM2QcQJY0C�AO^%Y0Q�C bPd ` � D>^%Y
C�`E^_�2V0`E�J^%Y0C.H

X�Z2ABC�`EZ2Y0C_AaC�QJY0C�V.^%A < Y0CK`EZ2Yc¸ ¹Nº)¸ »%¼�½s¾ ¿NÀ�ÁK¹�ÂN¾ ÀB»ÄÃÅDN�J�J^ b DPV0ZÆD>M2Q�CE�J�J� b ^%`�AOM2�Ç` b2b @
`EZJDP`�DPABQJC�` Z2YcY.M2�NAOM2Y0Y.^�AOMu`EZ2YcAOM>]NY0C�`�AB� DP`_A b M{DNM2QwDNMJDP@ = C�ABC bPd QJY0C�AO^%Y0Q�C�`E^��2V0` �J^%Y � AB`EZ
^%Y0@ODP`�A b M£` b `EZ2Y�Y0·2AaC_`�AOM2��C�`E^��2V0` �J^%Y bPd C b �J^�V0Y�V b QJYNHÇX�Z2ABC�DN�J�J^ b DRV;Z�DR@a@ b � C�DcC_Y0@aY0V0`_Y0Q
CE� < C�Y0` bPd @BAOM2Y0C bPd C b �J^%V0Y(` b�< Y+`E^�Y.DP`�Y0QcDPC�D�@ b �>AaV.DR@È�JM2AB`.H
X�Z2ABC�CE� < C_Y0`�ABC\^%Y d Y.^�^%Y0Qc` b DPC
D(V b M2V0Y.�2`E�JDR@¤� b Q)�2@BYNH
X�Z2Y�@BAOM2Y0C bPd V b QJY�`EZJDP`�V b ���J^%ABC�Y\D�V b M2V0Y.�2`E�JDP@)� b Q)�2@BY³M2Y0Y0QGM b `
< Y�V b MN`_Aa�2� b �2C.WÈM b ^+�§�2C_`+`EZ2Y =�< Y�^%Y0@ODP`_Y0Q�AOM�DNM = � D = AOM�`EZ2Y�C b �J^%V0YNHK[�C�AOM2��]fD>^%AOD < @BY
QJY.�JY.M2QJY.M2V0YuDNM2QwV b M>`E^ b @É` ^�DNM2C d Y.^KAOM d�b ^���DP`�A b MÊY0· ` ^�DPV0`�Y0Q d ^ b �#`EZ2YcC b �J^�V0YNW9`EZ2YÇ` b2b @
DNMJDP@ =2´ Y0C�`EZ2Y9V b M2V0Y.�2`E�JDP@)� b Q)�2@BYNËÌCnV b M2C�`�AB`E�2Y.M>`�@BA¶M2Y0C bPd V b QJY9` b QJY0`�Y.^��KAOM2Y�AB`�C�AOM>`�Y.^ d DPV0YNH
I(QJQJAa`_A b MJDP@B@ = W�`EZ2Y9Q)DP`EDfÍ b ^*V b M>`E^ b @ÎÍsÏ b � < Y0` � Y0Y.MK` � b+b ^�� b ^�YÉV b M2V0Y.�2`E�JDP@¤� b Q)�2@BY0C9V.DNM
< Y�Y0·JDN�KAOM2Y0QÐDPCÇDu�KY.DNM2C bRd Y0@aABV0AB`�AOM2�z`EZ2Y�^%Y0@ODP`_A b M2CEZ2AO�2C < Y0` � Y0Y.M�`EZ2Y�� b Q)�2@aY0C�DNM2Q
< Y0` � Y0Y.M£V b M2V0Y.�2`E�JDP@9� b Q)�2@BY0C�D>M2Q¯`EZ2Y�C b �J^%V0YNHÇX b DR@a@ b � `EZ2Y�M2Y0V0Y0C�C DN^ = Ï)Y0·2A < Aa@BAB` = AOM
DNMJDP@ = C�ABC.W2`EZ2Y d �JM2V0`�A b MJDP@BAB` =�bPd ` Z2Y�` b2b @JV.DNM < Y\`EDRAa@ b ^�Y0Q�`EZJ^ b �2� ZKD��J^ b � ^�DN����DP`�ABV9�µ�2Y.^ =
@ODNM2� �JDP�>Y+V b ��� b M2Y.MN`.H

X�Z2Y+�2C�Y d �2@OM2Y0C�C bPd `EZ2Y(` b2b @¤ZJDPC < Y0Y.MGA¶M>]NY0C�`_Aa�2DP`�Y0QGA¶MG` � b QJAÎÑ�Y.^%Y.M>` � D = C.H*t�AO^%C�`.W
`EZ2Y+` b2b @ � DRC4D>�J�2@aABY0Q�` b C�Y0]NY.^_DP@�QJATÑ�Y.^%Y.M>`�^%Y0Y.M2�NAOM2Y0Y.^%AOM2�cC�V0Y.MJDN^�A b C.Ò
^%Y0C�` ^��2V0`E�J^%AOM2� d ^ b �
�J^ b V0Y0Q)�J^�DP@�` bcb2<2Ó Y0V0`�Í b ^%ABY.MN`_Y0Q¯�J^ b � ^_DN��QJY0C_Aa�2M�WÈ^%Y ÍÔ� b Q)�2@ODN^%A ´ AOM2��V b QJY�AOM�DNM�Y0· ABC�`_A¶M2�
�J^ b �2^�DN� � Aa` Z�@BAB`�`�@BY+C�`E^_�2V0`E�J^%YNW D>M2Q�Y0·2`E^�DPV0`_A¶M2��D�� b ^%`_A b M bPd C b �J^%V0Y dsb ^n^%Y.�2C�YNH�t b ^�Y.DPV0Z
C�V0Y.MJDN^�A b WJC�Y0]NY.^�DR@¤Y0·2ABC�`�AOM2�c�J^ b � ^�D>�Õ�JM2QJY.^�C�`EDNM2QJAOM2�G` b b @aC � Y.^�Y³DP@BC b DN�J�2@BAaY0Q�` b �J^ b ]2ABQJY
D < DPC�ABC bPd V b ���JDN^%ABC b M < Y0` � Y0Y.M3Y0· ABC�`�AOM2�ÖDN�J�J^ b DPV0Z2Y0CÆD>M2Qz`EZ2Y�V b M2V0Y.�2`E�JDP@K� b Q)�2@aY0C
DN�J�J^ b DPV;Z�H�U2Y0V b M2Q�W2`EZ2Y9` b2b @ � DPC�CE�2V0V0Y0C_C d �2@B@ = DN�J�2@BAaY0Qc` b DPV0`E�JDP@)^%Y0Y.M2�>A¶M2Y0Y.^�A¶M2��`EDPCE×>C <N=
` � b QJATÑ�Y.^%Y.M>`9� ^ b �J�2C bPd �2C�Y.^�C.H�v+M2Y+� ^ b �J�KY0@BAO�KAOMJDP`�Y0Q��JMJM2Y0V0Y0C�CEDN^ = �JDN^%`�C bPd D�C = C_`�Y.�cËÌC
C b �J^�V0Yc` b A¶���J^ b ]NYcY Ø�V0ABY.M2V = DNM2Q{` b Y.MJD < @aY��JDN^�DP@B@BY0@BA ´ DP`�A b M bPd D�Ù2¨JWTÚNÚNÚÛ@BA¶M2YNW�i>Ü�ÍsÝ)@BY
C bPd ` � DN^%Y+�JDPV;×�DP�NYNH9X�Z2Y b `EZ2Y.^9� ^ b �J�c�JY.^ dsb ^��KY0Q�DNMJDP@ = C�ABC b M�D��J^ b V0Y0Q)�J^�DP@��J^ b � ^_DN�ÞC b
DPC�` b�< Y0`�`�Y.^��JM2QJY.^%C_`EDNM2Q�Z b � ` b `E^_DNM2C dsb ^���`EZ2Y�Y0·2AaC_`�AOM2��C b �J^�V0Y�AOMN` b D>M b <2Ó Y0V0`%Í b ^%ABY.M>`�Y0Q
]NY.^%C_A b M�H
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� � ñ�é.ê.ð�ÿ:ü5ìRé.íOðòñ �
gNHøg I8UJDN���2@BY§r4Y0Y.M2�NAOM2Y0Y.^%AOM2�ÇI(V0`�AB] AB` = H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H Ù
gNH�� v(]NY.^�] ABY � H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H h

� � óJ÷OëJé0óJÿ	�8ð¤êPý ���
�JHøg U2@BABV0AOM2� H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H g
�

�JHøgNHOg U2`EDR`�ABV�U2@aABV0AOM2� H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H g
�
�JHøgNH�� S�Z b �J�2A¶M2�ãH+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H g
�
�JHøgNH�� kyMN`�Y.^ d DPV0Y�U2@BABV0AOM2� H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H g.i

�JH�� p ^ b � ^�D>�8o�DP`ED < DPC�Y0C+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H g.Ü
�JH��JHOg ·J^%Y d Q < Í
t�ABY0@BQÆV.^ b C�C%ÍÔ^%Y d Y.^%Y.M2V0Y+C�Y.^�]NY.^9H+H+H�H+H+H�H+H+H�H+H+H�H+H�H g.Ü
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�JH��JH�� |�^�DN�JZJF b �qH+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H g.¨
�JH�� X = �JY�klM d Y.^%Y.M2V0Y.^0Ò9F�DPV0× � AB` H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H g

�JH Ù r9Y0]>Y.^%C�Y�?
M2�>A¶M2Y0Y.^�A¶M2�ÇX b2b @BCÆH�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H g.h

�JH Ù)HOg r9AB�NA�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H g.h
�JH Ù)H�� m�DNMJU2I+rÈX�H+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H �NÚ

�JHÎi r9Y Ï)Y0·2A b M�m b QJY0@BC8H+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H �NÚ
�JHÎÜ U bPd ` � DN^%Y�I+^%V0Z2Aa`_Y0V0`E�J^%Y H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H �Jg

� ï�ð�ñ�ìPó��òéPü�ë)÷��qð�ÿ:ü5÷øó¯æ����Èê�ð�ë)ì��uë�ñ5ÿÖönð�ð¤÷ ���
�JHøg S b M2V0Y.�2`E�JDP@�m b Q)�2@aYKS b M2C�` ^��2V0`�A b McDNM2QÇr9Y Ý¤M2Y.�ÅY.MN`�H+H�H+H+H�H+H+H�H+H�H �Ni
�JH�� I+MJDP@ = C_AaCÖH+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H �NÜ

�JH��JHOg kyMN`�Y.^_�KY0QJAODP`�Y§r4Y.�J^%Y0C�Y.M>`EDP`�A b MGH�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H ��
�JH��JH�� U2AOM2�N@BY�S b M2V0Y.�2`E�JDR@�m b Q)�2@BY�I+MJDP@ = C�ABC�C�H+H�H+H+H�H+H+H�H+H+H�H+H�H �Jg
�JH��JH�� o+Y0`�Y.^_�KAOM2A¶M2�cr9Y0@ODP`�A b M2C Z2A¶�2CKLnY0` � Y0Y.McS b M2V0Y.�2`E�JDP@�m b Q)�2@aY0C H�H �NÜ
�JH��JHÌÙ o+Y0`�Y.^_�KAOM2A¶M2�Gr9Y0@ODP`�A b M2CEZ2AO�2C�LnY0` � Y0Y.McS b M2V0Y.�2`E�JDP@�m b Q)�2@BY0C\D>M2Q

`EZ2Y�U b �J^%V0Y�H+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H Ù Ú
�JH�� X b b @5ky���2@BY.�KY.M>`EDP`�A b MÞH�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H Ù Ú

�JH��JHOg S9@ODPC_C�Y0C H�H+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H Ù)g
�JH Ù [/C�Y.^�DNM2QÇx+�2Y.^ = klM>`�Y.^ d DPV0Y H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H Ù��

�JH Ù)HOg x+�2Y.^ = F5A < ^_DN^ = H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H ÙNÙ

� � ë)÷ íîÿòëJé.íOðòñ � �
Ù)Høg [/C�Y.^�XòY0C�`�AOM2�)Ò
S/DPC�Y�U2`E�2Q = H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H iJg

Ù)HøgNHOg ?:· `E^_DPV0`�AOM2��DKt��JM2V0`�A b MJDP@ÈUJ� < C�Y0`zH+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H i��
Ù)HøgNH�� m b ] AOM2��` b v <2Ó Y0V0`%ÍÔv+^%ABY.MN`_Y0QÇo+Y0C�AB� M H+H+H�H+H+H�H+H+H�H+H+H�H+H�H iNi

Ù)H�� UJDN���2@aYKU2V0Y.MJDN^%A b CÖH+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H iNÜ
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Ù)H��JHOg |�M �GC b ^%`9ÍÉS b ��� b M2Y.M>`\?�·2`E^�DRV0`�A b M H+H+H�H+H+H�H+H+H�H+H+H�H+H�H iN¨
Ù)H��JH�� I(QJ]NY.M>`E�J^%Y+ÍÉS4@¶D>^%A d�= AOM2� S b ��� b MJDP@BAB`�ABY0C8H�H+H+H�H+H+H�H+H+H�H+H�H iNh
Ù)H��JH�� | e [(�2@ b `9ÍÉI(C�C�Y0C_C�AOM2� e Y � U2`E^��2V0` �J^%Y H+H�H+H+H�H+H+H�H+H+H�H+H�H ÜJg

� �*ü�����ë)ê�� � �
iJHøg o+ABC�V.�2C�C_A b MzH�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H ÜNÜ

iJHøgNHOg x+�2Y.^ = S b MN`_Y0· `�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H ÜNÜ
iJHøgNH�� x+�2Y.^ = t b ^�� H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H ÜN¨
iJHøgNH�� x+�2Y.^ = r4Y.� b ^%`/t b ^���DP` H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H Ü�
iJHøgNHÌÙ F�AOM2Y e �J� < Y.^�|�^_DNM �2@ODN^�Aa` = H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H Ü�
iJHøgNHTi r b @aY bPd `EZ2Y�U b �J^%V0Y�m b QJY0@�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H ÜNh
iJHøgNHTÜ S b MN`E^ b @�o+Y.�JY.M2QJY.M2V0Y�klM dsb ^���DR`�A b M-H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H ¨NÚ

iJH�� ?:· `�Y.M2C_A b M2C\H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H ¨Jg
iJH��JHOg I+^%V0Z2Aa`_Y0V0`E�J^�DP@ÈS b M d�b ^���DNM2V0Y H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H ¨Jg
iJH��JH�� r9Y0C �2@a`+r9Y.� b ^%`�AOM2� H+H�H+H+H�H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H ¨��
iJH��JH�� S b M2C�ABQJY.^%AOM2�co�DP`EDKU2`E^��2V0`E�J^�Y0C H+H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H ¨PÙ
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H 1JI�17K7175<I�175<LM1NB�5CB�H OM;P6 ;¡H+H�H+H+H�H+H+H�H+H+H�H+H+H�H+H�H �Ni
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X�Z2Y0C_Y+` b b @aC�Z b @BQG`EZ2Y+�2C�Y.^9` b
D(Ý¤M2Y(@BY0]NY0@ bRd �2^�DNM2�2@¶D>^%AB` = H�X�Z2Y = �NY.M2Y.^_DP@B@ = �J^ b Q)�2V0Y³D�@ODN^%�NY\D>� b �JM>` bPd M b M>ÍÔD < C�`E^_DPV0`�Y0Q
AOM d�b ^���DP`�A b M A¶Mu^%Y0CE� b M2C�YG` b Dc�J�2Y.^ = HGX�Z2ABC§@ODPV0× bPd D < C�`E^_DPV0`�A b M�V.DNM�V.DN�2C_Y�QJAÎØ�V.�2@B`�ABY0C
� Z2Y.M�DN�J�2@ = AOM2�G`EZ2Y�` b2b @BC�` b @ODN^%�>Y��J^ b � ^�D>�KC b ^9@ODN^%�NY�� b ^%`�A b M2C bPd V b ���J�2`EDR`�A b M�H

X�Z2YÇ` Z2Y0C�ABC bPd ` Z2AaCÇ^�Y0C�Y.DN^%V0ZuABCc`EZJDP`���D>M = C bRd ` � DN^%Yc^%Y0Y.M2�NAOM2Y0Y.^%AOM2�w` DPCE×>C�V.DNM
< Y��ªY.^ d�b ^��KY0Q�AOM�@BY0C�C+`�AO�KY�DNM2Q � AB`EZÇZ2AB� Z2Y.^�V b M>Ý)QJY.M2V0Y�A d QJAO^%Y0V0`+C �J�J� b ^%` dsb ^ d�b ^��KAOM2�
DNM2Q�DNMJDP@ =2´ AOM2�ÆQJY0C_A¶^�Y0Q�C bPd ` � D>^%Y�C�` ^��2V0`E�J^%YKABC§�J^ b ]2ABQJY0Q¯DP`(`EZ2Y�C b �J^�V0Y§@BY0]NY0@sH�X�Z2YG�2C�Y.^
M2Y0Y0QJCc`EZ2YÇD < AB@BAB` = ` b �JM2QJY.^%C�`ED>M2Q�Z b � D£CE� < C�Y0` bPd ` Z2Y0A¶^�C = C�`�Y.�ã^%Y0@ODP`�Y0C�` b `EZ2YÇ^�Y0C�`
bPd `EZ2YKC b �J^%V0YKV b QJYNW�` b V0ZJDN^�DPV0`�Y.^�A ´ YK`EZ2YKAOM>`�Y.^ d DPV0YK` b ` ZJDP`\C � < C�Y0`.W�DNM2Q�` b �JM2QJY.^%C�`ED>M2Q

�



^%Y0@ODP`�A b M2C Z2A¶�2C < Y0` � Y0Y.MK` � b(b ^�� b ^%Y9CE� < C_Y0`�C bPd ` Z2Y�V b QJYNH�X b AOMN]NY0C_`�AB� DP`�Y�` Z2AaC9DN�J�J^ b DRV;Z�W
`EZ2Y�¸ ¹Nº)¸ »%¼�½s¾ ¿NÀòÁ§¹�ÂN¾2Àa»KC bPd ` � DN^%Y(DNMJDP@ = C_AaC(`�Y0V0ZJM2AB�µ�2Y�DNM2Qc` b2b @�ZJD�]NY < Y0Y.MÛQJY0]NY0@ b �JY0Q�H

X�Z2Y
V b M2V0Y.�2`E�JDP@J� b Q)�2@BY�DN�J�J^ b DPV;Z+D>M2Q�` b2b @ DP@B@ b � ` Z2Y
C bPd ` � DN^%Y*QJY0]NY0@ b �JY.^ � �2C_Y.^��
` b+b ]NY.^%@OD = D�QJY0C�AO^%Y0QG@ b �NABV.DP@)C�` ^��2V0`E�J^%Y b MK` Z2Y�Y0· ABC�`_A¶M2�KC b �J^%V0Y�V b QJY\DNM2Q�` b D>MJDP@ = ´ Y(`EZJDP`
C�`E^_�2V0`E�J^%YNH+IÞCE� < C�Y0` bRd V b QJY��2C_Y0QÆAOM�D>MJDP@ = C�ABC�AaCK^%Y d Y.^�^%Y0Q�` b DPC�D�¸E¹>º)¸ »%¼¤½s¾2¿NÀ*Á§¹�ÂN¾2Àa»�H
X�ZJ^ b �2� ZKV b M2C�` ^��2V0`�A b M bPd V b M2V0Y.�2` �JDP@¤� b Q)�2@BY0C.WJDNMKY.M2�NAOM2Y0Y.^���D = QJY0C�V.^%A < Y�D>M2Q�DNMJDP@ =2´ Y
`EZ2Y+QJY0C�AO^%Y0QcC_`E^��2V0`E�J^%Y bPd C b �J^%V0Y+V b QJYNH
X�Z2Y+@BAOM2Y0C bPd V b QJY+V b M>`E^%A < �2`�AOM2��` b D�V b M2V0Y.�2` �JDP@
� b Q)�2@BY�V.DNM < Y d ^ b �qDNM = � Z2Y.^%YnAOMK`EZ2Y b ^%AB�NAOMJDP@JC b �J^%V0YNWND>M2Q§Q b M b `
ZJD�]NYn` b³< Y�^%Y0@ODP`�Y0QKAOM
DNM = � D = H*[�C_A¶M2�+]PDN^%AOD < @BY�QJY.�ªY.M2QJY.M2V0Y�DNM2Q�V b M>`E^ b @ `E^_DNM2C d Y.^�AOM dsb ^���DP`_A b M+Y0·2`E^�DPV0`�Y0Q d ^ b �
`EZ2Y9C b �J^�V0YNW.`EZ2Y9V b M2V0Y.�2` �JDP@µ� b Q)�2@BY�` b2b @JDNMJDP@ =2´ Y0C�`EZ2Y
V b M2V0Y.�2` �JDP@)� b Q)�2@aYNË C�V b M2C�`�AB`E�2Y.M>`
@BAOM2Y0C�` b QJY0`�Y.^��KAOM2Y�AB`�C+AOMJ�J�2`�C�W b �2`E�J�2`_C³DNM2Q�V.DP@B@BC.H�X b CE�J�J� b ^%`+`EZ2YK�2C�Y.^(AOM�Y0·µD>�KAOM2A¶M2�
`EZ2YÇ^%Y0@ODP`_A b M2CEZ2AO�2C < Y0` � Y0Y.M£V b M2V0Y.�2`E�JDP@(� b Q)�2@BY0C.W9D��J^ b � ^�DN����DP`�ABV��J�2Y.^ = AOM>`�Y.^ d DPV0YGAaC
CE�J�J�2@BABY0Q�HÐX�Z2ABCcAOM>`�Y.^ d DPV0YÇDP@B@ b � C �2C�Y.^�C�` b d�b ^_�#`EZ2Y0AO^ b � Mu�J�2Y.^%ABY0Cc�2C�AOM2�wDNM b <2Ó Y0V0`%Í
b ^%ABY.M>`�Y0QÇ@BA < ^�DN^ = HÉ[/C�AOM2��` Z2AaC/A¶M>`�Y.^ d DPV0YNW)�2C_Y.^%C\V.D>McDPV0V0Y0C�C�`EZ2YKM2Y0V0Y0C�CEDN^ = AOM dsb ^���DP`_A b Mc` b
Z2Y0@O�c`EZ2Y.� �JY.^ d�b ^_�$`EZ2Y0AO^9CE�ªY0V0ATÝ)VK`EDRCE×)H

X�Z2Yc` b2b @ÉZJDRC < Y0Y.MuQJY0C�AB� M2Y0QÖDPC�DNMuDPABQ{` b C bPd ` � DN^%Y�^%Y0Y.M2�>A¶M2Y0Y.^�A¶M2�wD>M2Qw^%Y.�2C�Y
`EDPC ×NC.HGX�Z2Y dsb V.�2C bPd `EZ2YG` b b @�AaCKM b `�` bcd �2@a@ = D>�2` b ��DP`_YÅ^�Y0Y.M2�NAOM2Y0Y.^%AOM2�¯DPV0`�AB]2Aa`_AaY0C�W < �2`
^�DP` Z2Y.^9` b DP@B@ b � `EZ2Y+Y.M2�NAOM2Y0Y.^/` b DPC_C�Y0C�C\DKQJY0C_A¶^�Y0QÇC�`E^_�2V0`E�J^%YNH
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X b V0@ODN^%A ds= C b �KY bPd `EZ2Y�AOM dsb ^���DR`�A b M�M2Y0Y0QJC bPd D�C bPd ` � DN^%Y
Y.M2�>A¶M2Y0Y.^/�JY.^ dsb ^��KAOM2��D�^�Y0Y.M2�NAÎÍ
M2Y0Y.^%AOM2�§DRV0`�AB] AB` = WN`EZ2Y/`EDPCE× bPd ABC b @ODP`_A¶M2�KDNM2Q dsb ^��KAOM2��D+M2Y � A¶MJ�J�2`:Ý)@B`�Y.^�V b ��� b M2Y.M>` d ^ b �
| e [�Â�Ã�ÄWÅ!Æ(ABC+QJY0C�V.^%A < Y0Q�HKX�Z2Y}Â�ÃzÄ�ÅcC = C�`�Y.�7ABC+AOM�`EZ2Y§[(M2AB·��2A¶�ªY ÍÔDNM2Q2ÍsÝ)@B`�Y.^�C�` = @BY�·��JgR¸
ÇfÈ2ÉZÊ\Ë�ÌSÍ�Î7ÏMÐ7ÑsÒ
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DNM2Q�V b ���J^%ABC�Y0C+D <Jb �2`³iJg�ÚNÚK@BAOM2Y0C bPd S�V b QJY�CE�2@BAB`�DPV.^ b C_Cl�Nh�Ý)@BY0C.H(X�Z2Y§��D ÓÔb ^%AB` =�bPd `EZ2Y
V b QJY�CE�ªY0V0ATÝ)VK` b `EZ2Y�C b ^%` d �JM2V0`�A b MJDP@BAB` = ^%Y0C�ABQJY0C+AOMÇDGg.¨NÚNÚfÍl@aAOM2Y�Ý)@aYKV.DP@B@BY0Q�Â�ÃzÄ�Å\èVéJH

IzC bPd ` � DN^%Y�Y.M2�NAOM2Y0Y.^(��D = � ABCEZG` b�d�b ^��$DNM2Q�Y0·2`E^�DRV0`4D>M�AOMJ�J�2`+�2A¶�ªY�V b ��� b M2Y.M>`
d ^ b �¬ÂêÃzÄWÅ�` b Z2Y0@¶� < �2AB@aQ�D�M2Y � �J^ b �2^�DN�ÞAOMc`EZ2Y+CED>�KY�DN^%V0Z2AB`�Y0V0`E�J^�DP@òC�` = @BYNH
X�Z2Y+` DN^%�NY0`
AOMJ�J�2`��2AO�JYKV b ��� b M2Y.MN` � b �2@BQÇV b M2C_AaC_` bPd D�C�Y0` bPd �J^ b V0Y0Q)�J^%Y0C�DPV0`�AOM2� b Mc]PDN^%AOD < @BY0C�^%Y.�>Í
^%Y0C�Y.M>`�AOM2�K`EZ2Y(C�`EDP`�Y bPd `EZ2Y\�2AO�ªYNH�ëÇkyMGC b �KY�V.DRC�Y0C.W2`EZ2Y(V b QJY(`EZJDP`nAaC/` b§< Y\Y0·2`E^�DPV0`_Y0Q�AOM>` b
DK�J^ b V0Y0Q)�J^%Y bPd `EZ2Y+` DN^%�NY0`nV b ��� b M2Y.MN`9ABC\D�C�Y0` bPd V b M>`�AB� � b �2C9@BAOM2Y0C.H9klMG`EZ2Y0C�Y+V.DRC�Y0C.W2`EZ2Y
dsb ^���DP`_A b M bRd ` Z2Y��J^ b V0Y0Q)�J^%YcABC§^%Y0@ODP`�AB]NY0@ = C�`E^�DRAa�2ZN` dsb ^ � DN^�Q�W¤DNM2Q£CE�JY0V0AODP@BA ´ Y0QÖ` b b @aC�V.DNM
< Y�DN�J�2@BABY0Qu` b D>�2` b ��DP`_Y�`EZ2YK`EDPC ×�·ThD¸ÔH+v(`EZ2Y.^(`�AO�KY0C.W�`EZ2YK@BAOM2Y0C bPd V b QJY�` bc< YKAOM2V0@O�2QJY0Q
AOMc`EZ2Y�M2Y � �J^ b V0Y0Q)�J^%Y§D>^%Y+CE�2@BAB`³DPV.^ b C�C9Y0· ABC�`_A¶M2�Ç�J^ b V0Y0Q)�J^%Y <Jb �JM2Q)D>^%ABY0C.H

klMYÂ�Ã�ÄWÅ¤W dsb ^�AOM2C�`EDNM2V0YNW>`EZ2Y
Y.M2�>A¶M2Y0Y.^*QJY0`_Y.^��KAOM2Y0C.W < DRC�Y0Q b MKD��ªY.^��2CEDP@ bRd `EZ2Y9V b QJYNW
`EZJDP`K`EZ2Y�ìWí{]fDN^%AOD < @BY�QJY0V0@¶D>^%Y0QzDNM2Qw�2C�Y0Q{AOM{`EZ2Yî�>iJg Íl@BAOM2Y�ï!ð!ñDò d �JM2V0`�A b MÊV b MN` ^%A < �2`�Y0C
` b `EZ2Y�AOM2AB`�AODP@BA ´ DP`�A b M bPd ` Z2Y�AOMJ�J�2`��2AO�JY d �JM2V0`�A b MJDP@BAB` = H¯L = `E^_DPV0AOM2�Æ` Z2Y �2C�Y bPd `EZ2Y�ì�í
]fD>^%AOD < @BYNW�`EZ2Y�Y.M2�NAOM2Y0Y.^(QJY0`�Y.^_�KAOM2Y0C+`EZJDP`�V b QJY d ^ b �$`EZ2Y�C b ^%` d �JM2V0`�A b M�DP@BC b V b MN` ^%A < �2`�Y0C
` b ` Z2Y+QJY0C�AO^%Y0QÇAOM2AB`�AODP@BA ´ DP`�A b M��J^ b V0Y0Q)�J^%Y bPd ` Z2Y�`EDN^��NY0`9A¶MJ�J�2`+�2AO�JY�V b ��� b M2Y.MN`.H

½zZ2Y.M+`EZ2Yn`EDN^%�NY0`*�J^ b V0Y0Q)�J^�YÉV.^ b C�C�Y0C*Y0· ABC�`_A¶M2�+C_`E^��2V0`E�J^�DR@ <Jb �JM2Q)D>^%ABY0C.W DN�2` b ��DP`�Y0Q
CE�J�J� b ^%`9` b+dsb ^�� `EZ2Y(V b ��� b M2Y.MN`�ABC�M b `9D.]PDPAB@OD < @BYNH�klM2C�`�Y.DRQ�W ` Z2Y\Y.M2�NAOM2Y0Y.^��K�2C�`9DNMJDP@ =2´ Y
`EZ2Y�ABQJY.MN`_ATÝ)Y0Q8@BAOM2Y0C bPd V b QJY�` b QJY0`�Y.^��ÅA¶M2Yu`EZ2Y�AOMN`_Y.^ d DRV0Y�` b `EZ2Y�QJY0C�AO^%Y0QÐ�J^ b V0Y0Q)�J^%YNW
DNM2Q�` b QJY0`�Y.^��ÅA¶M2YKDNM = DPQJQJAB`�A b MJDR@ÈC b �J^%V0Y�@BAOM2Y0C+`EZJDP`��K�2C�` < Y§AOM2V0@O�2QJY0Q�` b �J^ b Q)�2V0YK`EZ2Y
QJY0C�AO^%Y0QGV b ���J�2`EDR`�A b M�H�o+Y0`�Y.^��ÅA¶M2AOM2�K`EZ2ABC
AOM dsb ^���DR`�A b M�^�Y0�µ�2AO^%Y0C9`EZ2Y�Y.M2�>A¶M2Y0Y.^4` b DNMJDP@ =2´ Y
`EZ2Y�@aAOM2Y0C bPd V b QJY dsb ^9` � b ×NAOM2QJC bPd AOMN`_Y.^�DPV0`�A b M2C.Ò9AOM>`�Y.^�DPV0`_A b M2C � AB`EZ2AOM�`EZ2Y�@aAOM2Y0C bPd V b QJY
^%Y.�J^%Y0C_Y.MN`�AOM2�K`EZ2Y+M2Y � C�`E^��2V0`E�J^�YNWµD>M2Q�AOM>`�Y.^�DPV0`�A b M2C < Y0` � Y0Y.M�`EZ2Y+M2Y � C_`E^��2V0`E�J^%Y+DNM2QG`EZ2Y
^%Y.��DRA¶M2AOM2�GC = C�`�Y.�cH
ó4ôuÞ�ÝjÉ'ÔVØ'ÕVÉ�Û�Ý\×�ÖRß|ÙfÊ4Ê4×õÝjÓfÛ�åMÛ�ÖVÞ"ÝfÔrç
Ø�ÛFÞ�Ú�ÖVÜ}ÛFÜ�Ò
Ø'Ý\ö
Þ�ÝfÊwÓV÷2ÝjÉZÊwÓ9ÊlÖRÓ9ÊJÖ�Ü7ØZ×"ç�ÊwÓlÔRáSÙjØ
ç'ÝjÞ�Ê4ÝjÛ�ÊPÙrÝjÉZÖMÝ

ø ÖVÜNÖRÓfÛ�ÙfÊMãuÈ2ÉZÊ"ÙfÔRØ
Ó ø Ê>á�ÔRÓùË�Ì�Í�Î7ÏMÐ7Ñ'÷<áEÔRÓuÛFÜZÙfÝfÖRÜ ø ÊM÷�Ú�Ê4ÖVÞ�Ù"à2Û�ÝjÉ ø Ö<ÙfÊ4ÙúÛFÜNà2É
Û ø É|ÝjÉ'Ê�ÛFÜ
Ò
Ø'Ý"ÖVÜ'ÚpÔVØ'ÝjÒ
Ø'Ýö
Þ�ÊwÜ'Ö<×\Ê4Ù�Ò
Ó9ÔVåMÛ�ÚDÛFÜZÕrÚ
ÖMÝfÖJÝfÔ\ÝjÉZÊ�Ò�ÛFÒêÊ4Ù�ÖVÓ9Ê"ÝjÉ'ÊXÙfÖM×\Ê<ã

i



code Conceptual 
Modules
Tool

form a conceptual module

query

Source
Model
Extractor

query results

t�AB� �J^�Y�gNHOgNÒ\a�@m:'LV1R;9;�=?:'@uTM;P6�5Mcp84e<1JLV:W5<LV1DK<84TCB�H�[�:'IWT
H 1\8f:':�H

I³MJDR@ = C�ABC bPd `EZ2Y0C�Yc` = �ªY0C bPd AOMN`_Y.^�DPV0`�A b M2C�D>^%Y�C_`E^�DPAB� Z>` dsb ^ � DN^%Q � Z2Y.M{�2C�AOM2��`EZ2Y
V b M2V0Y.�2`E�JDR@5� b Q)�2@BY+` b2b @sH*t�Aa�2�J^%Y§g>HOg�AB@B@O�2C�`E^�DP`_Y0C�`EZ2Y\DN�J�J^ b DPV0Z�H X/Z2Y\Y.M2�NAOM2Y0Y.^nÝ¤^�C�`��2C�Y0C
D+` b b @�` b Y0·2`E^�DRV0`
AOM d�b ^���DP`�A b MWû�D�C b �J^%V0Y³� b QJY0@�û d ^ b �Þ`EZ2Y(C b �J^%V0Y(V b QJYNHnX�Z2Y\Y.M2�>A¶M2Y0Y.^
`EZ2Y.MÛQJY0C�V.^%A < Y0C(`EZ2Y�` DN^%�NY0`9C�`E^_�2V0`E�J^%Y�DPC b M2Y b ^9� b ^%Y+V b M2V0Y.�2` �JDP@ � b Q)�2@BY0C.W � Z2Y.^%Y�Y.DPV0Z
V b M2V0Y.�2`E�JDR@È� b Q)�2@aYKV b M2C_AaC_`�C bPd DKC�Y0` bRd C b �J^%V0Y�@BA¶M2Y0C�H

X�Z2Y9` b2b @ �J^ b ]2AaQJY0C�QJAO^%Y0V0`nCE�J�J� b ^%` d�b ^��J�2Y.^ = A¶M2��D <Jb �2`�`EZ2YnAOMN`�Y.^ d DPV0Y bPd D�V b M2V0Y.�>Í
`E�JDP@�� b Q)�2@aYNHn[�C�AOM2��C_Y.��DNM>`�ABV\AOM dsb ^���DP`_A b M�D <Jb �2`É` Z2Y\C b �J^%V0YNWNAB`�^%Y0`E�J^�M2C�D�@aABC�` bPd A¶MJ�J�2`
]fD>^%AOD < @BY0C.W b �2`E�J�2`K]fDN^%AOD < @BY0C.W9DNM2Q{@ b V.DP@9]fDN^%AOD < @BY0C bRd `EZ2YGV b M2V0Y.�2`E�JDP@\� b Q)�2@BYNH¯k `�DP@BC b
CEZ b � C � Z2Y.^%Y+`EZ2Y�]PDP@O�2Y0C bPd `EZ2Y+AOMJ�J�2`\]PDN^%AOD < @BY0C � Y.^%Y+@ODPC�`(QJY Ý¤M2Y0Q b �2`�C_AaQJYK`EZ2Y+V b M2V0Y.�>Í
`E�JDP@�� b Q)�2@BYNWÈDNM2Q � Z2Y.^%YK`EZ2Y b �2` �J�2`\]PDN^%AOD < @BY0C§DN^�YÅM2Y0·2`+�2C�Y0Q b �2`�C_AaQJYK`EZ2YKV b M2V0Y.�2` �JDP@
� b Q)�2@BYNH�X�Z2ABC�AOM d�b ^���DP`�A b M�ABQJY.M>`�AÎÝ)Y0C§` Z2YÅ�2C_Y0C§DNM2Q�QJY Ý¤M2AB`�A b Mu� b AOM>`�C bPd ` Z2Y�]fDN^�A¶D < @aY0C
`EZJDP`/@aAOMJ×�`EZ2Y�CE� < C�Y0` bPd V b QJYK` b `EZ2Y§^%Y0C_` bPd ` Z2Y�C b �J^�V0YNH�ks`�DP@BC b �J^ b Q)�2V0Y0C�DK@BAaC_` bPd `EZ2Y
V.DP@B@BC���DPQJY d ^ b � V b QJY�A¶M `EZ2Y�V b M2V0Y.�2`E�JDR@
� b Q)�2@BYNHGklM�`EZ2Y�V.DPC�Y bPd Â�Ã�ÄWÅ dsb ^/Y0·µDN���2@aYNW
` b Z2Y0@O� d�b ^_� `EZ2Y�QJY0C�AO^%Y0Q�AOMJ�J�2`��2AO�JYGAOM2Aa`_A¶DR@aA ´ DP`_A b Mw�J^ b V0Y0Q)�J^%YNW*`EZ2YKY.M2�NAOM2Y0Y.^�CE�JY0V0AÎÝ)Y0C
DGC�Y0` bPd @BA¶M2Y0C bPd V b QJY7ü�A¶M `EZ2Y�C b �J^�V0Y§` ZJDP`��J^ b ] ABQJY�` Z2AaC d �JM2V0`_A b MJDP@BAa` = HGX�Z2Y0C�YK@BA¶M2Y0C bPd
V b QJY\V.DNM < Y\DPQJQJY0Q <>= C �JY0V0A d�= AOM2��AOM2QJAB] ABQ)�JDP@�@BAOM2Y0C.W)^_DNM2�NY0C bPd @BAOM2Y0C.WJ]fD>^%AOD < @BY0C.W b ^��J^ b V0Y Í
ý È2ÉZÊ\áEÔRÞFÞ�ÔVà2ÛFÜ'ÕNÞFÛFÜ'Ê4Ù�à2ÊwÓ9Ê\ÛFÜ ø ÞFØ'Ú
Ê4ÚYÛFÜþÝjÉZÊJ×\Ô7ÚDØ
Þ�ÊMÿlä<ä���÷oä�����÷ ä����
	{ä����
÷uâ����
âM÷uâ������
÷2ä���7âM÷oä����âM÷ä�����
÷�äDâ���
÷�äDâ
��D÷êäDâMâ<âM÷êäDâVä���÷êäDâ
�
âM÷�ä7â
���7÷�ä7â
���
÷�ä7â
���
ã

Ü



Q)�J^%Y0C.HnklM�`EZ2ABCÉV.DRC�Y�`EZ2Y+�2C�Y.^ � b �2@BQG` = �ªY�`EZ2Y(A¶M2QJAB]2ABQ)�JDP@�@BAOM2Y0C�AOMN` b `EZ2Y(�2C�Y.^yÍlAOMN`_Y.^ d DRV0Y bPd
`EZ2Y�` b b @�H�X/Z2Y§�2C�Y.^/AOMN`�Y.^ d DPV0Y��J^ b ]2ABQJY0Q dsb ^\�ªY.^ dsb ^��KAOM2�G`EZ2Y0C�Y§DRQJQJAa`_A b M2C+A¶M�`EZ2Y�V.�J^�^%Y.M>`
AO���2@BY.�KY.M>`EDP`�A b M bPd ` Z2Y�` b2b @�ABC�QJY0C�V.^%A < Y0Q£A¶M�U2Y0V0`�A b Mî�ªHÌÙ)H

X�Z2Y�` b b @�^%Y0CE� b M2QJC � AB`EZ�`EZ2Y§DNMJDR@ =2´ Y0Q�AOM dsb ^���DP`_A b McCEZ b � MÛA¶M�t�AB� �J^%YcgNH��JH�X�Z2Y
b �2`E�J�2`KCEZ b � M£ABC b ^%�2DNM2A ´ Y0QwDPC d�b @B@ b � C.H�X�Z2YcAOMJ�J�2`�]PDN^%AOD < @BY0CcDN^%YGCEZ b � M¯DRCÅD�@BABC�` bPd
]fD>^%AOD < @BY0C.WJY.DPV0Z � Aa` ZcD�@BABC�` bPd @BAOM2Y§M2�J� < Y.^%C dsb @B@ b � A¶M2��`EZ2Y.�cH�?
DPV0Z bPd `EZ2Y(@BA¶M2YKM �J� < Y.^%C
^%Y.�J^%Y0C_Y.MN`�C�DGQJY Ý¤M2AB`�A b M bRd `EZ2Y�]fD>^%AOD < @BY�`EZJDR`\ABC§�2C_Y0Q�AOM�`EZ2Y�V b M2V0Y.�2` �JDP@
� b Q)�2@aYNHGX�Z2Y
b �2`E�J�2`G]fD>^%AOD < @BY0CÆDN^%Y�CEZ b � MÊAOMw` Z2YÆC DN�KY b ^%� D>M2A ´ DR`�A b MwDPCG`EZ2Y�AOMJ�J�2`Ç]PDN^%AOD < @BY0C.H kyM
`EZ2YKV.DPC�Y bPd `EZ2Y0C�YK]PDN^%AOD < @BY0C.W�`EZ2YK@BAOM2Y�M �J� < Y.^%C�^%Y.�J^%Y0C�Y.M>`(`EZ2Y�M2Y0· `+�2C�Y bPd `EZ2YK]fD>^%AOD < @BY
b �2`�C_AaQJY�`EZ2YKV b M2V0Y.�2`E�JDP@
� b Q)�2@BYNH�X�Z2Y�@ b V.DP@�]fDN^�A¶D < @aY0CKDN^%YKCEZ b � M�DPC�DG@BABC�` bRd ]fD>^%AOD < @BY
MJDN�KY0C�H�t�AOMJDP@B@ = W�`EZ2Y�V.DP@B@BC�AOM dsb ^���DP`_A b M�CEZ b � C+`EZ2Y��J^ b V0Y0Q)�J^%Y0CKV.DP@B@BY0Q d ^ b � AOM2C�ABQJYc`EZ2Y
V b M2V0Y.�2`E�JDR@5� b Q)�2@BYNH9X�Z2Y0C�Y(V.DP@B@aC(V.DNMG� b `_Y.MN`�AODP@B@ =Ç< Y(` b @BAOM2Y0C bPd V b QJY�DP@BC b V b M>`EDPAOM2Y0QcAOM
`EZ2Y+V b M2V0Y.�2` �JDP@ � b Q)�2@BYNH

UJZ b �2@BQ�D��2C�Y.^(^%Y0�µ�2AO^%Y�� b ^%Y�QJY0`EDRAa@BC b MG` Z2Y�AOM d�b ^���DP`�A b M�^%Y0`E�J^�M2Y0Q <>= ` Z2Y�` b2b @sW
`EZ2Y = ��D = ��DN×PY+�2C�Y bPd `EZ2Y+�J�2Y.^ = @¶D>M2� �JDP�NY�V b ��� b M2Y.MN` bRd `EZ2Y+` b b @sH�t b ^nAOM2C�`EDNM2V0YNW�`EZ2Y
�2C�Y.^+��D =�d �J^�`EZ2Y.^�AOM2CE�ªY0V0`§^%Y0@ODP`_A b M2CEZ2AO�2C < Y0` � Y0Y.M�@BA¶M2Y0C bPd V b QJY � Aa` Z2A¶M�`EZ2YKV b M2V0Y.�2` �JDP@
� b Q)�2@BY�DNM2Q < Y0` � Y0Y.M�`EZ2YKV b M2V0Y.�2`E�JDP@
� b Q)�2@BY�DNM2Q�`EZ2Y�C b �J^%V0YNW��ªY.^�ZJDN�2C�` b QJY0`�Y.^_�KAOM2Y
A d Dc�JDN^%`_AaV.�2@ODN^�@BAOM2Y bPd V b QJYGAOM2QJAO^%Y0V0`�@ = DfÑ5Y0V0`_C+V b QJYGAOM�`EZ2Y�V b M2V0Y.�2`E�JDP@9� b Q)�2@BYNHÇX/Z2AaC
V.DNM < Y�AB@B@O�2C�`E^�DR`�Y0Q�`EZJ^ b �2� ZG` Z2Y dsb @B@ b � AOM2�GY0·µD>���2@BYNH�X�Z2Y��2C�Y.^(��D = � ABCEZÛ` b QJY0`�Y.^_�KAOM2Y
A d D�]fDN^�A¶D < @aY+AOMG`EZ2Y(�KY.^%�NY d �JM2V0`_A b MJDP@BAa` =GbPd `EZ2YdÂêÃzÄ�Å��J^ b � ^�DN� AaC9AOM2QJAO^%Y0V0`�@ = D�Ñ�Y0V0`�Y0Q <N=
C b �ÅY�@BAOM2Y0C bPd V b QJY�AOM�`EZ2YKC b ^%`(�J^ b V0Y0Q)�J^�YNW�A¶M�DNMÛY.M2QJY.D�] b ^/` b Y.M2C �J^%YK`EZJDP`�Q)DP` D < Y0A¶M2�
�KY.^%�>Y0Q ZJDPC < Y0Y.MGC b ^%`�Y0Q�H�UJ�JY0V0AÎÝ)V.DP@B@ = W�`EZ2Y+�2C�Y.^9��D = � AaC Z�` b QJY0`�Y.^��KAOM2Y+A d `EZ2Y(]fD>^%AOD < @BY
ò$ì�í2Â+A¶MG` Z2Y³�KY.^��NY d �2C d �JM2V0`_A b MGAaC�D�Ñ�Y0V0`�Y0Q <>= ` Z2Y\V b ^�Y\C b ^%` d �JM2V0`�A b MJDP@BAB` = DN�J�ªY.DN^%AOM2�KAOM
`EZ2Y+C b ^%`\�J^ b V0Y0Q)�J^%YNW b ^4A¶MÛ`EZ2Y+C b ^�`�@BA¶M2Y0C+�J^ b V0Y0Q)�J^%YNH

X�Z2Y��2C�Y.^���DN×PY0C�DGV b M2V0Y.�2`E�JDR@É� b Q)�2@BY¼ï���Ä����cDNM2Q¯DPQJQJC+`EZ2Y ò�ìWíoÂG]fDN^�A¶D < @aYG` b

¨



������������ �!#"�$&%'��$&(�)���*+$&%��-,*/.&%�!10
2435$5���106��78��)���*9,:*;.&%�!10
2=<�>�?�@�AB*/.&%�!10
2+<�>&C�DE0*/.&%�!10
2435$5���10F.&7��1,G*;.&%�!10
2H<'D�C�@9AI*;.&%�!J0
2=<'D�C�>-0*/.&%�!10
2435$5���10K3����� L*9,:*;.&%�!J0
2=<�>�?&CMAI*;.;%�!10
2H<�>&C�DLAI*;.&%�!10
2ND�?&C�<M0*/.&%�!10
2435$5���1067'��)���*9,:*;.&%�!J0
2=<�>�?&CMAI*;.;%�!10
2H<�>&C�DE0*/.&%�!10
2435$5���10��O,P*;.&%�!10�2Q<�>&C�@9AI*;.&%�!10
2RD�?�S�T-0*/.&%�!10
2435$5���106!&3U�1,G*;.&%�!10
2H<'D�<�V9AI*;.&%�!J0
2=<'D�<�W-0*/.&%�!10
2#*;.;%�!106(� �71,G*;.&%�!10
2H<�T�<9AI*;.&%�!10�2Q<�W�>9AI*;.&%�!J0
2H<�@�SM0*/.&%�!10
2435$5���10F.& �!�7'��)��M,X*;.;%�!10
2ND�S�T�S9AY*;.&%�!10
2ND�S�T�<�AB*/.&%�!10
2ZD�?&C�<-0*/.&%�!10
2=�&%�%���.-,G*/.&%�!10
2=W�T�S9AI*;.&%�!10�2[CU?�S9AY*;.;%�!10
2HC�V�?�AB*/.&%�!10
2HC�W�T9A*/.&%�!10
2HC�@�W9AI*;.&%�!10�2[CED�CMAY*;.;%�!10
2=<'D�V�<9AI*;.&%�!10�2H<'D�V�>�A*/.&%�!10
2=<'D�W�?-0*/.&%�!10
2#*;.;%�!106��78��)���*9,:*;.&%�!10
2=<�?�S-0*/.&%�!10
2435$5���10F$&%�\L29,G*;.;%�!10
2RD�?�W�@9AI*;.&%�!10
2RD�?�@�?-0
�����#.& �!��� �!#"�$&%8��$&(�)���*H$&%��-,*/.&%�!10
2435$5���10K35�;%�\���.&�U)&]1,:*;.&%�!10�2H<'D�C�WM0*/.&%�!10
2#*;.;%�!10F.&7��1,G*;.&%�!10
2H<�S�<9AI*;.&%�!10�2Q<�?�W9AI*;.&%�!J0
2H<�V�>M0*/.&%�!10
2435$5���106��78��)���*9,:*;.&%�!10
2=<�>&C�D5AB*/.&%�!10
2^35$L���10_.&7��MAQA4*;.&%�!J0
2H<'D�W�V-0*/.&%�!10
2435$5���10
2��U��2�`5.&�U)&]1,:*;.&%�!10�2H<�>�?�?M0*/.&%�!10
2435$5���10K3����� L*9,:*;.&%�!J0
2ND�?&C�<-0*/.&%�!10
2R���5*�!�$&!1,P*;.&%�!10�2Q<8D�D�W-0*/.&%�!10
2=�&%�%���.-,G*/.&%�!10
2=W�T�S9AI*;.&%�!10�2[CU?�S9AY*;.;%�!10
2HC�V�?�AB*/.&%�!10
2HC�W�T9A*/.&%�!10
2HC�@�W9AI*;.&%�!10�2[CED�CMAY*;.;%�!10
2=<'D�V�<9AI*;.&%�!10�2H<'D�V�>�A*/.&%�!10
2=<'D�W�?-0*/.&%�!10
2#*;.;%�!106��78��)���*9,:*;.&%�!10
2=<�?�S9AI*;.;%�!10
2H<�W�S-0*/.&%�!10
2H7��J,Y*/.&%�!10
2=<'D�@�V9AY*;.;%�!10
2=<'D�<�S9AI*;.&%�!10�2H<'D�<�T�AB*/.&%�!10
2=<'D�<�?-0*/.&%�!10
2#*;.;%�!1067��J,G*;.&%�!J0
2=<�?�S9AI*;.&%�!10
2H<�W�S-0
�����#)�.�2;$�)Q"�$&%'��$&(�)���*+$&%��-,*/.&%�!10
2#*;.;%�!1067'��)���*
a�.&��!�%�.�)[!�%�$&�L*�7U�&%L*H.& �!b.;7c������ �!�d&�'�����-,2/$�)�)Q!�.Ze;35$�)�)�.�2H$&!�*;.&%�!J0
2ND�?�S�V-02/$�)�)Q!�.f2�����2�`R$;!g*;.&%�!10
2H<�>�T'DE02/$�)�)Q!�.b�;e'��!R$&!�*;.&%�!J0
2=<�>�T'DE02/$�)�)Q!�.f*�!�%L2�3��h$&!g*;.;%�!10
2H<8D�>&C102/$�)�)Q!�.Z75*�!�$&!#$;!g*;.&%�!10
2H<'D�>�?-02/$�)�)Q!�.f*�!�$&!R$&!�*;.&%�!J0
2=<'D�>�?-02/$�)�)Q!�.f*�!�%L2�3��h$&!g*;.;%�!10
2H<8D�>�?-02/$�)�)Q!�.b�;%�%�.&%#$;!g*;.&%�!10
2H<'D�D�DE02/$�)�)Q!�.Ze�7�.&���&�h$&!g*;.;%�!10
2H<8D�<&C102/$�)�)Q!�.b�;%�%�.&%#$;!g*;.&%�!10
2H<'D�@'DE02/$�)�)Q!�.h3��&%�\��Q$;!g*;.&%�!10
2H<'D�C�V-02/$�)�)Q!�.f*/.&%�!R$&!�*;.&%�!J0
2=<'D�C�T-02/$�)�)Q!�.Ze�7�.&���&�h$&!g*;.;%�!10
2H<;C�?-02/$�)�)Q!�.Z78��)�)&(� �7#$&!�*;.&%�!J0
2=<&C�T-0

t�AB� �J^�Y�gNH��JÒ�g$:':�H
:WT<84K�T<8�=?:'@!84eM1\LV:�5MLV17K<84T7B�H2[�:'I�T�H 1J6�5
K
TM8jiPK76�K71





`EZ2Y�� b Q)�2@BYNH�I(QJQJAOM2�ÆDG]fD>^%AOD < @BY��KY.DNM2C+`EZJDR`³DP@B@�`EZ2YK@BAOM2Y0C � Z2Y.^%YK`EZ2YK]fDN^�A¶D < @aY�AaC��2C_Y0Q
b ^�Aa`_C§]PDP@O�2YcABC§C_Y0`§DN^%YGDPQJQJY0Q¯` b `EZ2YGV b M2V0Y.�2`E�JDP@�� b Q)�2@BYNHÆX/Z2Y �2C�Y.^�`EZ2Y.M � ^%AB`�Y0CK`EZ2Y
�J�2Y.^ = CEZ b � MÛAOM�t�AB� �J^%YcgNH���` bGb < `EDPAOM�DG@BAaC_` bPd DP@B@*@BA¶M2Y0C�DNM2Q�]PDN^%AOD < @BY0C�`EZJDR`³D�Ñ�Y0V0`(`EZ2Y
V b M2V0Y.�2`E�JDR@
� b Q)�2@BYNHKX�Z2Y��2C�Y.^(Y0·JDN�KAOM2Y0C�`EZ2Y�^%Y0` �J^�M2Y0Q�@aABC�`_C�` b C�Y0YKA d DNM =ÇbPd ` Z2Y§@BAOM2Y0C
b ^(]PDN^%AOD < @BY0C�DN^%YKAOM£`EZ2Y�V b ^%Y�C b ^%` d �JM2V0`�A b MJDP@BAB` = HÇX�Z2Y��2C�Y.^�V.DNM�C�Y0YG`EZJDP`���DNM =�bPd `EZ2Y
]fD>^%AOD < @BY0C§@BABC�`�Y0QuDN^%Y�AOM�`EZ2YKC b ^%`��J^ b V0Y0Q)�J^%YNH�klM��JD>^%`�ABV.�2@ODN^0W*`EZ2YIi�ñDò9��ÂG]fDN^%AOD < @BYGAOM�`EZ2Y
C b ^�` d �JM2V0`�A b M£ABC�DcV b ^%Y�]fDN^%AOD < @BY bPd `EZ2Y�C b ^%` d �JM2V0`�A b MJDR@aAB` = W
DNM2Q£@aAOM2Yî�NiW�ûw`EZ2Y�V.DP@B@9` b
`EZ2Y(C b ^%`_@aAOM2Y0C��J^ b V0Y0Q)�J^%YMûwABC�AOM2V0@O�2QJY0QÆAOM�`EZ2Y(@aABC�` bPd @BAOM2Y0C\D�Ñ�Y0V0`�AOM2�K`EZ2Y�]PDP@O�2Y0C�AOMc�KY.^%�NYNH

X�Z2Y�V b M2V0Y.�2`E�JDP@È� b Q)�2@BYK` b b @�Y.MJD < @BY0C\` Z2Y§�2C�Y.^/` b Y0·JDN�KAOM2Y�` Z2Y�V b QJY§DP`\D§Ý¤M2Y Í
� ^�DRA¶M2Y0Q�@BY0]NY0@�DNM2Q�` b DN�J�J^ b DPV0ZG`EZ2YKY0·2`E^�DPV0`�A b MÛAOMÆD <Jb `�` b ��ÍÔ�J����DNMJM2Y.^0Ò9@ b2b ×>A¶M2�GÝ¤^�C�`
DP`+@BAOM2Y0C bPd V b QJYNW�DNM2Q�` Z2Y.M�DP`+V b M2V0Y.�2`E�JDR@É� b Q)�2@BY0CÅDRC�D < C�`E^�DRV0`�A b M2C�V b M>`EDPAOM2AOM2�Ç` Z b C�Y
@BAOM2Y0C.H

¿rÀ
j k �\���������:1

X�Z2Y�^%Y.��DPAOM2A¶M2�cV0ZJDN�2`�Y.^�C bRd `EZ2ABC(`EZ2Y0C�ABC+DN^%Y b ^%� DNM2A ´ Y0Q�DPC dsb @B@ b � C�H
S�ZJDN�2`�Y.^���QJY0C_V.^%A < Y0C
^%Y0@ODP`�Y0Q � b ^�×�W�^%Y0]2AaY � A¶M2��`EZ2Y�QJATÑ�Y.^%Y.M>`KY0· ABC�`_A¶M2��DN�J�J^ b DPV0Z2Y0C�` b �J^ b � ^�DN� DNMJDR@ = C�ABC�DNM2Q
^%Y0Y.M2�NAOM2Y0Y.^%AOM2�)H9S�ZJDN�2`_Y.^S�(Y0·J�2@ODPAOM2C <Jb `EZ�`EZ2Y9A¶M>`�Y.M>` bPd `EZ2Y�DN�J�J^ b DPV;ZKDNM2QKAB`�C�AO���2@BY.�KY.M>Í
`EDP`_A b M�H S/ZJDN�2`�Y.^+Ù��J^%Y0C�Y.M>`�CKCEDN���2@BY�C_V0Y.MJDN^%A b C�DNM2QuV.DPC�Y�C�` �2QJAaY0CK` b �J^ b ] ABQJYGY0] ABQJY.M2V0Y
`EZJDP`+QJY0C_A¶^�Y0Q�C�`E^��2V0` �J^%Y�DNMJDP@ = C_AaC�ABC§Z2Y0@O� d �2@ dsb ^/QJATÑ�Y.^%Y.M>`�` = �JY0C bPd ^%Y0Y.M2�NAOM2Y0Y.^%AOM2��`EDPCE×>C.H
t�AOMJDP@B@ = W³S/ZJDN�2`�Y.^Gi�CE�J����DN^%A ´ Y0Cc`EZ2Y � b ^�×uDNM2Qz�J^%Y0C�Y.M>`�Cc� b C�C_A < @BY�Y0·2`�Y.M2C�A b M2C�H X/Z2AaC
V0ZJDN�2`�Y.^�DP@BC b QJAaC_V.�2C�C�Y0C+V0Z b ABV0Y0C³��DRQJY+A¶MÛ`EZ2Y+AO���2@BY.�KY.M>`EDP`�A b M bPd ` Z2Y�` b2b @sH

h



lGü¤óJê��
m�n \��&!#!����#$�);%���$&o�]#7�.;%&35�&o#$;(L*�!�%�$�2�!'��.&� n;mp�(L*�!�%�$�2�!'��.&�[pRq#p�(L*�!�%U$�2�!'��.;�106r��&!�sLt�tK3U�&%�\��9u�u�v5wm�n ���&%�7U.&%&3#!��U�g���'��!'��$�)Q$;��$�)&]L*U�&*!�%� ��[35��$&�L*4!�.�*���.&x#!��U�h%U��*� �)&!5*H.&7b!����#$&��$�)&]5*��&* n;mp���$�);]�y��&%10�z��'��!'��$&)Os�pMA{!�%� ��8vLwm�n 7'����oR$�)�)h!����#)L������*2;.&��!�%'��(� �!8����\H!�.Q!����f2/.&�L2;�&��!� �$�)I35.&o� U)��-u
*4"U$�)& �� n/m|&}���2���$5���QqZ~��&7&�'*;�M067'����o 7� �)�) 2��U$L���9s
pEvLwm�n !�%�$&�5*;)�$&!��H!����#)L������*b����!�.Q"�$&%'��$&(�)���* n;m|&}��#"�$&%5*[qQ~5�;7&�'*;�-0�r��&!���$;%&�5$/35��*'s�2���$L���8vLwm�n ��%'����!b.; �!#!����Q"�$&%'��$&(�)���* n;m"�$&%L*�06��%'����!9sLt�t6������*/�[$&%U�h!����Q"�$&%'��$;(�)���*4!���$&!R$&7�7���2�![35�&%�\��-u�u�v5wm�n !��'�&*H��%8����!L*=.& �!#!��U�Z)5�����Q�� &3�(U�&%L* n;m2���$L���106��%'����!9sLt�t��&����*;�4$&%��#!����#)L�����Q�� ;3�(��&%L*�,�u�u�vLw

önð�ð¤÷{�Gü¤é
�:ü�é
������*;�#$&%��Q!����Q"�$&%8��$&(�)���*4!���$&!R$&7�7���2�!Q35�&%�\��0�0�0�*/.&%�!10
2H��%U.&\�%�$/3 ��$/3��9AI*;.&%�!10�2Q*;.&%�!J06(� �7MA�*;.&%�!10�2Z*/.&%�!10��8A*;.&%�!10
2#*;.&%�!J0F)L������*�A�*/.&%�!10
2#*;.;%�!106� !��/3�� 7'��)���*EAY*;.&%�!J0
2#*;.&%�!10���.&o��9A*;.&%�!10
2#*;.&%�!J06��!&3���A�*;.;%�!10
2#*;.&%�!10F.&7���AY*;.&%�!J0
2Q*;.&%�!106!��/3U��7'��)���*�A*;.&%�!10
2#*;.&%�!J06!�7��MAG*;.&%�!10
2#*;.&%�!J06!&3��MA�*;.&%�!10�2Z*/.&%�!�$�)�)�.�2�AQ0�0�0}���oJ0
������*;�#$&%��Q!����#)L���U�h�� &3�(��&%5*9,0�0�0�*;.&%�!10�2H<�S�>9AI*;.;%�!10
2H<�V�>9AI*;.&%�!J0
2ND�T�?�<9AI*;.;%�!10
2H<�>�>�S9AI*;.&%�!10
2=W�>�T9AI*;.;%�!10
2H<�T�@9A*;.&%�!10
2ND�T�W�W�AY*;.&%�!J0
2=<�?�V9AI*;.&%�!10
2RD�CU?�?9AI*;.&%�!J0
2ND�<�S�T9A�*;.&%�!10�2�D�C�W�?9AI*;.&%�!10
2D�C�W;CMAI*;.&%�!10�2H@�>�<9AI*;.;%�!10
2=<�V�S�AB*/.&%�!10
2ZD�@�?�>9AI*;.;%�!10
2ND�W�@�<9AY*;.&%�!10
2=<�@�S9AI*;.;%�!10
2D�S�?�<9AI*;.&%�!10�2RD�S�W�T�AB*/.&%�!10
2HC�S�<9AI*;.&%�!10�2H<�W�>9AI*;.;%�!10
2ND�?�S�@9AY*;.&%�!10
2ND�?�S�>�AB*/.&%�!10
2<�?�@�AB*/.&%�!10
2=<&CU@9AY*;.&%�!10
2ND�W�S'D5AB*/.&%�!10
2ZD�?�W�@9AI*;.;%�!10
2ND�C�S�V9AY*;.&%�!10
2ND�C�?�S�AB*/.&%�!10
2<�V�V�AB*/.&%�!10
2ND�@�W�T9AY*;.;%�!10
2=<�T�S�AB*/.&%�!10
2ZD�@�@�W9AI*;.;%�!10
2ND�C�D�@9AY*;.&%�!10
2ND�@'D�W�AB*/.&%�!10
2D�C�D�>9AI*;.&%�!10�2H<�?�<9AI*;.;%�!10
2=<&C�<�AB*/.&%�!10
2ZD�S�T�S9AI*;.;%�!10
2=<�@�W�AB*/.&%�!10
2+<�>�@�V9AI*;.;%�!10
2<�T�T�AB*/.&%�!10
2ND�T;C�T9AY*;.;%�!10
2=<�W�T�AB*/.&%�!10
2+W�>�@9AI*;.&%�!10
2=<�>'D�@�AB*/.&%�!10
2+<�<�T9AI*;.&%�!10
2D�@�V�S9AI*;.&%�!10�2RD�@&C�S�AB*/.&%�!10
2ND�W�<�W9AY*;.;%�!10
2ND�@&CUV9AI*;.&%�!10�2H<�V&CMAI*;.;%�!10
2ND�@�>�S9A*;.&%�!10
2ND�@�>�V�AY*;.&%�!J0
2ND�S�S�?9AI*;.;%�!10
2RD�?�S�T9AI*;.&%�!10
2H<&CU>9AI*;.&%�!10�2�D�?�S�<9AI*;.&%�!10
2H@�>�V9A*;.&%�!10
2ND�S�@�?�AY*;.&%�!J0
2=<�>�<&CMAI*;.;%�!10
2RD�?�W�T9AI*;.&%�!10
2H<�S8DLAI*;.&%�!10�2�D�@�V�T9AI*;.&%�!10
2D�C�CUV9AI*;.&%�!10�2HW�>�S9AI*;.;%�!10
2ND�@&CUT-0�0�0}���oJ0

t�AB� �J^�Y�gNH��ªÒùkhT<17@bOlB�5MI}@b1V;VT�H 8VnSB�HFH
I�17K7175<I�1
5ML<1V;�:7=o84eM1p[\17@mc�1XLV:W5<LV1DK<84TCB�H2[\:'I�T
H 1

g.Ú



© ª¬«®°¯�±³² �

� ä�/9± ®�ä � à °®�

m�DNM = �J^ b � ^_DN� �JM2QJY.^%C_`EDNM2QJAOM2��DN�J�J^ b DPV;Z2Y0C�ZJD�]NY < Y0Y.MGQJY0]NY0@ b �ªY0QÇ` b DPABQÇ^%Y0Y.M2�NAOM2Y0Y.^%AOM2�
`EDPC ×NC.H�U b �KYcDN�J�J^ b DPV0Z2Y0C§DR`�`�Y.���2`�` b V0ZJDN^�DPV0`_Y.^%A ´ Y�`EZ2YGY0·2AaC_`�AOM2��V b QJYGC�`E^_�2V0`E�J^%YNH�t b ^
AOM2C�`EDNM2V0YNWn^%Y0]NY.^%C�YGY.M2�NAOM2Y0Y.^%AOM2�u`�Y0V;ZJM2AB�J�2Y0C.W9�J^ b � ^�D>� Q)DP`ED < DPC_Y0C.W�DNM2Q¯` = �JY ÍlAOM d Y.^%Y.M2V0Y.^%C
DP`�`_Y.���2`�` b DNMJDR@ =2´ Yc`EZ2YGV.�J^�^%Y.M>`KC�`E^��2V0`E�J^�Y bPd C bPd ` � DN^�YÅD>M2Q{` b �J^ b ] ABQJYG] ABY � C bRd `EZ2Y
DNMJDP@ =2´ Y0QcAOM d�b ^_��DP`�A b M�`EZJDP`�DN^%Y+� b ^�Y³�JM2QJY.^%C_`EDNM2Q)D < @BY dsb ^n`EZ2Y³�2C_Y.^0H
U bPd ` � D>^%Y�DN^%V0Z2Aa`_Y0V Í
`E�J^%YNW b MG` Z2Y b ` Z2Y.^ÉZJD>M2Q�W)�J^ b ] ABQJY0C\D dsb ^���DR@aABCE� � AB`EZ � Z2AaV0Zc` b Y0·J�J^%Y0C�C9C = C�`�Y.�ÞQJY0C�AB� M�H
v(`EZ2Y.^KDN�J�J^ b DPV;Z2Y0CKCE�2V0ZuDPC�C�@BABV0AOM2� DR@a@ b � `EZ2Yc�2C�Y.^�` b ^%Y0Q)�2V0Yc` Z2Y DN� b �JMN` bPd Y0· ABC�`_A¶M2�
V b QJY�]2AaY � Y0Q � Z2AB@aYK�JY.^ dsb ^��ÅA¶M2�cD��JDN^�`�ABV.�2@¶D>^�`EDRCE×)H

I\CKQJABC�V.�2C�C_Y0Q�AOM{S�ZJD>�2`�Y.^cgNW�` Z2Y.^%Y�ABCcD�M2Y0Y0Q�DN� b M2�ÆC bPd ` � DN^%YKY.M2�NAOM2Y0Y.^%Cc�JY.^ÔÍ
dsb ^��KAOM2��]fDN^�A b �2C�^%Y.�2C�YcDNM2Qw^%Y0Y.M2�NAOM2Y0Y.^%AOM2�u`EDPCE×>C�` b <ªb `EZ < ^%Y.DN×uDN�JDN^%`K�J^ b � ^_DN����DP`_AaV
< �2AB@BQJA¶M2� < @ b V0×NCGC b DRC�` b Y0·µ�J^�Y0C�C D QJY0C�AO^%Y0QÖC�`E^��2V0`E�J^�YÇ��DPQJYÇ�J� bRd `EZ2Y < @ b V;×>C.ËnV b M>Í
C�`�AB`E�2Y.M>`
@BAOM2Y0C bPd V b QJYNWJDNM2Q�DP@BC b ` b DNMJDR@ =2´ Y(`EZJDP`
QJY0C_A¶^�Y0QcC�`E^��2V0`E�J^�Y � AB`EZ�^%Y0@ODP`_A b M�` b `EZ2Y
Y0·2AaC_`�AOM2�ÆC_`E^��2V0`E�J^%YNH�X/Z2AaCKV0ZJDN�2`�Y.^ b �2`_@aAOM2Y0CK`EZ2Y�V0ZJDN^�DRV0`�Y.^%ABC�`�ABV0C bRd V.�J^_^%Y.MN`�D>�J�J^ b DPV0Z2Y0C
` b Z2Y0@O�ÛY.M2�NAOM2Y0Y.^%C³�JM2QJY.^�C�`EDNM2Q�V b QJYK�J^%A b ^9` b ^�Y0Y.M2�NAOM2Y0Y.^%AOM2�ÇDNM2QÇ^%Y.�2C�Y�`EDPCE×>C.H
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p ^ b �2^�DN�ÖC�@BABV0AOM2��ABC
D+�KY0`EZ b Q dsb ^ÈD>�2` b ��DP`_AaV.DR@a@ = QJY0V b ��� b C�AOM2�§�J^ b � ^�DN�ÅC <>=
DNMJDP@ = ´ AOM2�G`EZ2Y0AO^�Q)DR`ED�Ï b � DNM2QcV b M>`E^ b @�Ï b � HJ·��>i WJ�JDP�>YN�Ni���¸

U2`EDN^�`�AOM2� d ^ b �#DÛCE� < C�Y0` bPd DÆ�J^ b � ^�DN�ÛËÌC < Y.ZJD.]2A b ^0W�C_@aABV0AOM2�{^%Y0Q)�2V0Y0C�`EZ2YcC b �J^%V0Y bRd `EZ2Y
�J^ b �2^�DN�Þ` b DK�KAOM2A¶��DP@ dsb ^��Þ`EZJDP`9C�`�AB@B@È�J^ b Q)�2V0Y0C(`EZJDP` < Y.ZJD�]2A b ^7·��Ni�¸%H U2@BABV0AOM2�ÇDP@B@ b � C�`EZ2Y
�2C�Y.^:` b �2ABV0×�D+�J^ b �2^�DN�q� b AOM>`ÉDNM2Q�V b ���J�2`�Y�D(CE� < C�Y0` bPd `EZ2Y(�J^ b � ^�D>�z`EZJDR` � b �2@aQG^%Y0CE�2@B`
AOMc`EZ2Y+C DN�KY+Y0·2Y0V.�2`�A b MÇDP`/`EZJDP`\� b AOMN`.H

X�Z2Y+DPAO� bPd C�@BABV0AOM2�cABC�` b QJY0`�Y.^��KAOM2Y�Z b � AOM d�b ^_��DP`�A b M�Ï b � C9`EZJ^ b �2� Z�DK�J^ b � ^�DN�
` b�b2< `EDPAOMÇDKC �JY0V0AÎÝ)V�]fDR@¶�2YKDP`\DG�JDN^%`�ABV.�2@ODN^(� b AOM>`.H9X�Z2Y.^%Y§D>^%Y�` � b�< DPC�ABV�` = �JY0C bPd C_@aABV0Y0C.Ò
C�`EDR`�ABV§DNM2Q�Q = MJDN�KABVNH�U2`EDP`_AaV�C�@BABV0Y0C§�2C�Y b M2@ = C_`EDP`�ABV.DP@B@ = D.]PDPAB@OD < @BY�QJY.�JY.M2QJY.M2V0YGAOM d�b ^_��D�Í
`�A b M�W)^�Y0@ = AOM2� b MGQ)DP`ED�ÍsÏ b � DNM2QcV b M>`E^ b @ÎÍsÏ b � QJY.�ªY.M2QJY.M2V0Y§AOM dsb ^���DR`�A b M�Hp¹EkyMG`EZ2Y+V.DPC�Y bPd
Q = MJDN�KABV��J^ b � ^_DN�8C�@BABV0AOM2�)W b M2@ = `EZ2Y(QJY.�JY.M2QJY.M2V0Y0C(`EZJDP` b V0V.�J^nAOMcD�Ãy¼µ» ¸
� �É¸9Y0·2Y0V.�2`�A b M bPd
`EZ2Y��J^ b � ^�DN�$DN^%Y+` DN×PY.MGAOMN` b DPV0V b �JM>`V»î·��W� W��JDP�NYN��¸ÔH

U2AOM2V0Y�^%Y.�2C�Y+DNM2QÇ^%Y0C�`E^_�2V0`E�J^%AOM2��DN^%Y\� b ^%Y bRd `�Y.MÅQ b M2Y+AOM�`�Y.^_�KC bPd C�`EDP`�ABV(] ABY � C bPd
`EZ2Y9V b QJYNWN`EZ2Y dsb ^�� bPd C�@BABV0AOM2�KQJAaC_V.�2C�C�Y0Q�ABC
C_`EDP`�ABV9C�@BABV0A¶M2��H
X�Z2ABC
C�Y0V0`_A b M <Jb ` Z b �2`�@BA¶M2Y0Cn`EZ2Y
�2C�Y d �2@OM2Y0C�C bPd C�@BABV0AOM2�)W¤D>M2Q�V b ���JDN^%Y0C
C_`EDP`�ABV�C�@BABV0AOM2��` b AB`�C��J^ b �KAOM2Y.M>`9]fDN^%AODNM>`�C.W>V;Z b �J�2A¶M2�
DNM2QcAOM>`�Y.^ d DPV0Y�C�@BABV0AOM2�)H

�J���M�F� �*�N~)�N�y�u���y�l�J�l���

klMÛC�`EDP`_AaV�C�@BABV0A¶M2��W�`EZ2Y�C�@BABV0Y�V.^%AB`�Y.^�A b Mº¹�ABQJY.M>`�AÎÝ)Y0C b M2Y b ^/� b ^%Y�]fDN^%AOD < @BY0C�DP`(DK�NAB]NY.M�@BA¶M2YNW
DNM2QÖ`EZ2Y�C�@BABV0Y�ABCÇD�C � < �J^ b � ^�D>� � Z b C�Y�C�`EDP`�Y.�ÅY.MN`�CG�KAB� ZN`ÇDfÑ5Y0V0`�`EZ2Y�]fDP@O�2Y bPd ` Z b C�Y
]fD>^%AOD < @BY0C Ó �2C�`G�J^%A b ^�` b Y0· Y0V.�2`_A b M bPd `EZJDP`�@BAOM2Y7»!·Og�Ú)W9�JDP�NYî��¸%Hwm b C�`KC�` DP`�ABVcC�@BABV0Y0CÇDN^%Y
V b ���J�2`_Y0Q ¹ <>= � DP`EZ2Y.^�A¶M2��C�`EDP`_Y.�KY.MN`_C�DNM2Q�V b M>`E^ b @
�J^�Y0QJAaV.DR`�Y0C <N= � D =ÇbRd D < DPV0× � DN^%Q
`E^�D�]NY.^�CEDP@ bRd `EZ2YÇ�J^ b �2^�DN�cW�C_`EDN^%`�AOM2��DP`K`EZ2YcC�@BABV0AOM2�{V.^%AB`�Y.^%A b Mz»®·����2W
�JDP�>Yî��¸ÔH�t b ^ � DN^%Q
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C�`EDR`�ABV�C�@BABV0Y0Cþ·��D¸
��D = DR@aC b < Y§V b ���J�2`�Y0Q�`EZJ^ b �2�2ZÇD dsb ^ � DN^%Qc` ^�D�]NY.^%CEDP@ bPd ` Z2Y§�J^ b �2^�DN�cW
d ^ b �$D��J^ b �2^�DN�$� b AOM>`.H

U2@BAaV0AOM2��AaC��2C�Y d �2@ dsb ^�`EDPC ×NC�C �2V;Z�DPCJ¹E�J^ b � ^�DN�Ö�JM2QJY.^%C�` DNM2QJAOM2�)WN�J^ b � ^_DN��V;Z b �J�2AOM2�)W
QJY < �2�N�NAOM2�)W���DPAOMN`_Y.MJDNM2V0YNW+`�Y0C�`_A¶M2��W³D>M2QÐ�KY.^%�NAOM2��»õ·Og.h2W+�JDP�NY�Ù)gM¸%H$I\CcQJY0C�V.^�A < Y0Q <N=
½�Y0ABC�Y.^0W>`EZ2Y¼¹E�2C�Y d �2@OM2Y0C�Cl· bRd C�@BABV0Y0C4¸¤C Z b � C �J�KAOMK`_Y0C�`�AOM2�)WN�JDN^�DR@a@BY0@��J^ b V0Y0C_C b ^*QJABC�`E^%A < �2`�A b M�W
��DPAOM>`�Y.MJDNM2V0YNW(DNM2QÖY0CE�JY0V0AODP@B@ = QJY < �2�N�NAOM2��»õ·��Ni2W\�JDR�NY �NiW��¸ÔHzm b ^�YÇCE�ªY0V0ATÝ)V.DR@a@ = W � Z2Y.M
QJY < �2�N�NAOM2�)WnAB`�ABC �2C_Y d �2@9` b ×2M b � Z b � D�]fD>^%AOD < @BYÆDP`�D��JDN^�`�ABV.�2@¶D>^�� b AOM>` b < `EDRA¶M2Y0Q�AB`�C
]fDR@¶�2YNH

U2@BAaV0AOM2���JY.^ d�b ^_�KC�DNMJDP@ = C�ABC§` ZJDP`\Q b Y0C§M b `�DP@BAa�2M�AB`�C�Y0@ d � AB`EZ�`EZ2Y�Y0·2ABC�`�AOM2�ÇC b �J^%V0Y
C�`E^_�2V0`E�J^%YNH*I\@B`EZ b �2� ZcD+C�@BABV0Y�V.�2`_C4DRV.^ b C�CnY0· ABC�`�AOM2��C_`E^��2V0`E�J^%YNW2`EZ2Y+�2C�Y.^9ZJDPC�M b V b M>`E^ b @ bPd
`EZ2Y9C�@BABV0Y�V b M>`�Y.M>`.HÈU2@BABV0Y0C9V b M2C�ABC�` bPd DP@B@J@BAOM2Y0C bPd V b QJY�`EZJDR` � b �2@BQ < Y9Y0·2Y0V.�2`�Y0Q�` b �J^ b Q)�2V0Y
`EZ2YnCEDN�KY�Y0·2Y0V.�2`�Y0Q�^%Y0CE�2@B`;�P`EZ2Y9�2C�Y.^òV.DNMJM b `�C�Y0@BY0V0`�C�AOM2�N@BY9@BAOM2Y0C � AB`EZ2AOM§D4C�@BAaV0YNHnX�Z2ABC�@aAO�KAB`�C
`EZ2Y9Ï)Y0·2A < AB@aAø` =GbPd `EZ2Y+�2C�Y.^�AOM�Y0·µ�J^�Y0C�C�AOM2� bPd QJY0C�AO^%Y0QGC�`E^��2V0` �J^%Y�C�AOM2V0Y+AB`É�J^%Y0]>Y.MN`�Cn`EZ2Y+�2C�Y.^
d ^ b �ÞABC b @ODP`�AOM2�cAOM2QJAB] ABQ)�JDP@�@BAOM2Y0C bPd V b QJYNH

U2@BAaV0AOM2��Q b Y0C�M b `É�J^ b ]2ABQJY\QJAO^%Y0V0`9CE�J�J� b ^%` d�b ^:Y0·µD>�KAOM2A¶M2�KQJY0C�AO^%Y0QÇ�J^ b � ^�DN�qC_`E^��2V Í
`E�J^%YNHckyM¯� b C�`�AO���2@BY.�KY.M>`EDP`�A b M2C bPd C�@BABV0AOM2�¯` b b @BC.W*DÇ�2C�Y.^�V.DNMu�JY.^ d�b ^_� C�Y0` b �JY.^�DR`�A b M2C
b M�C�@BABV0Y0C�`EZJDR`\ZJD�]NY < Y0Y.M�V b ���J�2`�Y0Q�H�IÕ�2C�Y.^/ABC�D < @BY�` b A¶M>`�Y.^%C_Y0V0`+C�Y0]NY.^�DP@òC�@BAaV0Y0C�` b QJY Í
`�Y.^��ÅA¶M2Y�`EZ2Y+@BAOM2Y0C\`EZ2Y+C_@aABV0Y0C�ZJD�]NY(AOMcV b ��� b M�WJZ b � Y0]NY.^ÄW ` Z2Y.^%Y+ABC³M b � D = ` b QJY0`�Y.^_�KAOM2Y
Q)DP`EDfÍsÏ b � D>M2Q¯V b M>`E^ b @TÍsÏ b � < Y0` � Y0Y.M�C�@BABV0Y0C�` b DRC�V0Y.^%`EDPAOM�` Z2Y ^%Y0C �2@a` DNMN`K�J^ b � ^_DN����DP`_AaV
C�`E^_�2V0`E�J^%Y+Y0·J�J^%Y0C�C�Y0Q <N= `EZ2Y+C�@BABV0Y0C.H

�J���M�6� �^� �M���n�l���

klM�g.hNhPÙ�W�� DPV0×NC b M+DNM2Q�r b @B@BAOM2C�AOMN`E^ b Q)�2V0Y0Q�D9]PDN^%AODNM>` bPd C�@BAaV0AOM2�)Ò*V0Z b �J�2AOM2�|·øg.ÚD¸ÔHÈS�Z b �J�2A¶M2�
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A¶M�DKQ)DP`ED < DPC�Y < DPC�Y0Q b Mc` Z2Y0C�YNWJ�J�2Y.^ = DNM2QÇ]2ABCE�JDP@BA ´ Y�`EZ2ABC(A¶M dsb ^���DP`�A b M�W)DNM2Q
A¶M>`�Y.^�DRV0`�AB]NY0@ = � b QJA ds= `EZ2Y��JDPV0×.DP�>A¶M2�GC�`E^_�2V0`E�J^%YNH
|�^�DN�JZJF b ��Ý)`�CÇMJDP` �J^�DP@B@ = � AB`EZ2AOM�`EZ2ABC d ^_DN�KY � b ^�× d�b ^K` � b ��DPAOMÖ^%Y.DPC b M2C�H
t�A¶^�C�`.W�AB`�^%Y0Q)�2V0Y0C�` Z2Y�V b � M2AB`�AB]NY��2DN� < Y0` � Y0Y.MÆZ b � �J�2Y.^%ABY0C�DN^%Y d�b ^��K�2@¶DR`�Y0Q
DNM2Q�Z b � ^�Y0CE�2@B`�C�DN^%YKQJABCE�2@OD = Y0Q�H�U2Y0V b M2Q�W*AB`+A¶���J^ b ]NY0C+`EZ2Y��J^ b Q)�2V0`�AB] AB` =�bPd
d�b ^_�§�2@ODP`_A¶M2��V b ���2@BY0·c�µ�2Y.^�AaY0C¼·TÜ2W)�JDP�>Y�g
�Nh�¸

klM�|�^�DN�JZJF b �)WÈDÛ�µ�2Y.^ = AaC�Y0·µ�J^�Y0C�C�Y0Q{DPC§DÛ� ^�DN�JZ�CE�ªY0V0A ds= A¶M2�{Dc�JDP`�`_Y.^�M�Hc|+AB]NY.M
D��µ�2Y.^ = `EZ2YKC = C�`�Y.�7QJY0`�Y.^��KAOM2Y0C�DP@B@�AOM2C�`EDNM2V0Y0C bRd `EZ2Y��JDP`�`�Y.^�MÛY0·µ�J^�Y0C�C�Y0Q <N= `EZ2Y��2^�DN�JZ
`EZJDP`(Y0·2AaC_`�AOM�`EZ2YKQ)DP`ED < DPC�YNH�[/C�AOM2�c`EZ2Y�|�^�D>�JZJF b �c� ^�D>�JZ2AaV.DR@�@¶D>M2� �JDP�NYNW�`EZ2Y��2C�Y.^���D =
V.^%Y.DP`_Y
M2Y � � b Q)�2@aY0C
D>M2Q�^%Y.DN^�^�D>M2�NYÈ]PDN^%AOD < @BY0C < Y0` � Y0Y.M(`EZ2Y.�cH p DP`_`�Y.^�M(��DP`�V0Z2AOM2���µ�2Y.^�AaY0C
�JY.^ d�b ^_�KY0Q <>= `EZ2Y��2C_Y.^ b �ªY.^�DP`�Y b M�` Z2Y0C�Y�� b QJAÎÝ)Y0Q �JDPV0×.DR�NAOM2�ÇC�V0Z2Y.�KY0C§DRC � Y0@B@9DPC b M
`EZ2Y b ^�Aa�>A¶MJDR@ÈC�V0Z2Y.�KYNH

I\@B`EZ b �2� Z�CE� < ÍÔ^ b �2`�AOM2Y0C�DNM2Q�]fDN^�A¶D < @aY0C�V.DNM < Y�^%Y.DN^�^�D>M2�NY0Q � AB`EZ2AOM�DNM2Q < Y0` � Y0Y.M
� b Q)�2@BY0C.W(`EZ2Y = V.DNMJM b ` < Y < ^ b ×PY.Mw�J��AOM>` b C_A¶M2�>@aY£@aAOM2Y0C bPd V b QJYNÒ d ^_DP� �KY.M>`�C�CE��DP@B@aY.^
`EZJDNMc�J^ b V0Y0Q)�J^%Y0C+DNM2Q�]fDN^%AOD < @BY0C(V.DNMJM b ` < Y§��D>M2A¶�J�2@ODP`_Y0Q�H�|�^�DN�JZJF b ��Q b Y0C³M b `��J^ b ]2ABQJY
Ý¤M2Y Íl� ^�DRA¶M2Y0Q�CE�J�J� b ^%` d�b ^�Y0·J�J^%Y0C�C�AOM2�{D�QJY0C�AO^%Y0Qw^%Y0Y.M2�NAOM2Y0Y.^%Y0QÖC�`E^_�2V0`E�J^%YGA¶Mu` ZJDP`K`EZ2Y.^%Y

g.¨



ABC§M b �KY0V0ZJDNM2ABCE� � AB`EZ � Z2ABV0Z�` b ABC b @ODP`�Y�M b M>ÍlV b MN`�AB� � b �2C�@BAOM2Y0C bRd V b QJY�DPC b M2Y��JM2AB` bPd
V b ���J�2` DP`�A b McDNM2Q�DNMJDP@ = ´ Y+AB`+DPC�CE�2V0Z�H
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X = �ªY\AOM d Y.^%Y.M2V0AOM2�cAOMN] b @a]>Y0CÉAB� M b ^%AOM2��`EZ2Y+` = �ªY0C�DPC�C�AB� M2Y0Qc]PDN^%AOD < @BY0C <>= `EZ2Y��J^ b �2^�DN���KY.^ÄW
DNM2QcAOM d Y.^�^%AOM2��`EZ2Y+` = �JY0C bPd ]fDN^%AOD < @BY0C(`EZJ^ b �2�2Z�C b �J^%V0Y\V b QJY�DNMJDP@ = C�ABC.H9F�DPV0× � AB`�ABC\D�` = �JY
AOM d Y.^�Y.M2V0A¶M2�u` b2b @
` ZJDP`KV.DNM�Ý¤M2Q¾¹ D < C�`E^�DRV0`+Q)DP`ED�` = �ªY0C.W�QJY0`�Y0V0`�D < C�` ^�DPV0`�A b M�]2A b @ODP`�A b M2C.W
Ý¤M2Q{�JM �2C�Y0Q£]fDN^%AOD < @BY0C.W d �JM2V0`�A b M2C�DNM2Q Ý)Y0@aQJC bPd Q)DP`EDGC�` ^��2V0`E�J^%Y0C.WòQJY0`�Y0V0`�C_A¶���2@aYcY.^_^ b ^%C
AOM b �ªY.^�DP`�A b M2C b M�D < C�`E^�DRV0`§Q)DR`ED�Íl` = �ªY0C.W�DNM2Q{@ b V.DP`�YÇC_Aa`_Y0C bPd � b C�C�A < @BY�^%Y d Y.^%Y.M2V0Y0C�` b D
]fDR@¶�2Y7»�·Og.Ü2W)�JDR�NYN�����¸%H

F�DPV0× � Aa`+DPV0Z2ABY0]NY0C�`EZ2Y0C_Y�� b DR@aC <>= DNMJDP@ =2´ AOM2�Ç`EZ2YKAOM d Y.^_^%Y0Q�` = �JY bPd D��NAB]NY.M�]fD>^%AÎÍ
D < @BY b ^�`�Y0· ` �JDP@�Y0·J�J^%Y0C�C�A b M�W/@ b V.DP`�AOM2� b ` Z2Y.^ b V0V.�J^�^%Y.M2V0Y0C bPd ` ZJDP`�` = �ªYNW\DNM2Q d�b ^��KAOM2�
V b M2V0@O�2C�A b M2C�D <ªb �2`�AB`�C\�2C DP�NY�DNM2Q < Y.ZJD�] A b ^ÄH

½ÖAa` Z(`EZ2Y0C�Y
V.D>�JD < AB@aAB`�ABY0C.W>`EZ2Y�` b2b @PABC D9]>Y.^ = �2C_Y d �2@ ^�Y0]NY.^%C�Y�Y.M2�NAOM2Y0Y.^%AOM2�+`�Y0V0ZJM2AB�µ�2YNH
ks`��J^ b ]2ABQJY0C�`EZ2Y+�2C�Y.^9D+C�V.DP@OD < @BYKDN�J�J^ b DPV0ZK` bKb < ` DPAOM�D�� ^%Y.DR`
QJY.DP@ bPd AOM d�b ^���DP`�A b MGD <ªb �2`
D��J^ b � ^�DN�$AOMÛ`�Y.^��KC bRd AOM dsb ^���DP`_A b Mc`EZJDP`/AaC+^%Y0@BY0]fD>MN` � Z2Y.MÇDR`�`�Y.���2`�AOM2��` b �JM2QJY.^%C�`ED>M2Q
C b �J^�V0YNW b ^/Y0]NY.M�� b QJA d�= � b ^%`�A b M2C bPd C b �J^%V0YNÒ(A¶M>`�Y.^�DRV0`�A b M2C < Y0` � Y0Y.M�CE� < ÍÔ^ b �2`�AOM2Y0C.W��2C�Y0C
bPd ]fDN^�A¶D < @aY0C�W)AOM2C�`ED>M2V0Y0C bPd ` = �ªY0C.W2Y0`�VNH

I\C � AB`EZ$`EZ2Y b `EZ2Y.^{^�Y0]NY.^%C�YzY.M2�>A¶M2Y0Y.^�A¶M2� DNM2Qå�J^ b � ^�DN� �JM2QJY.^�C�`EDNM2QJAOM2��DN�>Í
�J^ b DRV;Z2Y0C.W9` Z2AaCG` b2b @�Q b Y0C M b `�Y.MJD < @BY�`EZ2YÆ�2C�Y.^�` b DRCE×u�µ�2Y0C_`�A b M2C D <Jb �2`cD��JDN^%`_AaV.�2@ODN^
� b ^%`�A b M bPd `EZ2Y(V b QJY�DRC b M2Y+@ b �NABV.DP@��JM2AB`\DNM2QcZ2Y.M2V0Y+V.DNMJM b `9Y0·J�J^%Y0C�C�D�QJY0C�AO^%Y0QcC�`E^_�2V0`E�J^%Y
dsb ^*C b �J^%V0YNH�X�Z2Y4Ý)· Y0Q�@BY0]NY0@ bPd �2^�DNM2�2@¶D>^%AB` = �KY.DNM2C�`EZJDR`�`EZ2Y.^%Y�ABCÉM b V.D>�JD < AB@aAB` =Kdsb ^ < ^%Y.DN×RÍ
AOM2�§�J�K]PDN^%AOD < @BY0CÉD>M2Q��J^ b V0Y0Q)�J^%Y0C.W D>M2Q�M b � D = ` b V0@¶�2C_`�Y.^�`EZ2Y.� ` b/d�b ^_�qV b DN^%C�Y.^ÔÍl� ^�DPAOM2Y0Q
D < C�` ^�DPV0`�A b M2C.H

g
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r9Y0]NY.^�C�Y�Y.M2�NAOM2Y0Y.^%AOM2�w` b2b @BC Z2Y0@O��`EZ2Y��2C�Y.^cD < C�`E^_DPV0`�C�`E^_�2V0`E�J^�DP@�AOM dsb ^���DR`�A b M{� DR`EZ2Y.^%Y0Q
d ^ b �Þ`EZ2Y�C b �J^%V0YNH
X � b Y0·JDN���2@BY0C bRd ^%Y0]>Y.^%C�Y+Y.M2�NAOM2Y0Y.^%AOM2�c`�Y0V0ZJM2AB�µ�2Y0C+DN^%Y+QJABC�V.�2C�C_Y0Q�H

�J�K°��F� ± �_�È�

r9AB�NA*ABC\D�^%Y0]NY.^�C�Y+Y.M2�NAOM2Y0Y.^%AOM2�c` b2b @�DNM2QÇ`�Y0V0ZJM2AB�µ�2Y�·Og
�D¸ÔH
r4Aa�>A � DPC�QJY0C�AB� M2Y0Q�` b
DPC�C�ABC�`n`EZ2Y�QJY0C�AB� M2Y.^%C�Wµ�J^ b � ^�DN���KY.^%C.WPAOM>`�Y0� ^�DP` b ^%C.WNDNM2Qc��DPAOM>`EDPAOM2Y.^%CnA¶M�QJY Ý¤M>Í
A¶M2��WPY0·µ�2@ b ^%AOM2�)W2�JM2QJY.^%C�`ED>M2QJA¶M2��WµD>M2Q§V b ���J^%Y.Z2Y.M2QJAOM2��`EZ2Y9C�` ^��2V0`E�J^%Y bPd @ODN^%�>YNW
A¶M>`�Y0� ^_DP`�Y0Q�W2Y0] b @B]2A¶M2�GC bPd ` � DN^%Y(C = C_`�Y.�KCp·Og
�JWJ�JDP�>Y+AaA�¸ÔH
r9AB�NA9ABC�DcC�Y.�ÅATÍÔD>�2` b ��DP`_Y0Q¯`�Y0V0ZJM2AB�µ�2YcAOM � Z2ABV0Z{D��2C�Y.^K^%Y.�JY.DP`_Y0QJ@ = QJY0`�Y.^��ÅA¶M2Y0C

V.^%AB`�Y.^%AODÛ` b V0@O�2C�`�Y.^+Y0@BY.�KY.M>`�C d ^ b � DGQJABCE�2@OD = Y0Qu� ^�DN�JZ bPd C�`E^��2V0`E�J^_DP@ÈAOM dsb ^���DR`�A b M�H�X�Z2Y
V.^%AB`�Y.^%AOD���D =�< Y < DPC�Y0Q b M�V;ZJD>^�DPV0`�Y.^%ABC�`_AaV0C bPd `EZ2Y\�2^�DN�JZ b ^ d ^ b � d Y.DP`E�J^%Y0C bPd ` Z2Y\C b �J^%V0YNW
CE�2V0ZÇDPC�MJDN�ÅA¶M2�GV b M>]NY.M>`�A b M2C.H

klM�r4Aa�>A�WN�JD>^%C�AOM2�\` Z2Y
CE� <2Ó Y0V0`�C bRd ` � DN^%Y*C = C�`�Y.�z^%Y0C �2@a`_CÈAOM�DÉÏ¤DP`.WP^%Y0C b �J^%V0Y:Ï b �
� ^�DN�JZG`EZJDR`ÉV.D>M < Y§��DNM2AO�J�2@¶DR`�Y0Q��2C�AOM2� DK�2^�DN�JZGY0QJAB` b ^0HnX�Z2Y�M2Y0· `(�JZJDPC�Y�ABC
C�Y.�KAÎÍÔDN�2` b ��DP`�ABV�DNM2QKA¶M>] b @B]NY0C9�JDP`�`�Y.^_M§^�Y0V b � M2AB`�A b MKCE×>AB@B@aC�W � Z2Y.^%Y9`EZ2Y�^%Y0]NY.^%C�Y
Y.M2�NAOM2Y0Y.^GAaQJY.M>`�AÎÝ)Y0CcCE� < C = C�`�Y.�ÅC�AOM{` Z2YcÏ¤DP`��2^�DN�JZ{` ZJDP` dsb ^�� �KY.D>M2A¶M2� d �2@
D < C�`E^�DRV0`�A b M2C.H9X�Z2Y0C�Y�C � < C = C_`�Y.�KC+DN^%Y�V b @a@ODN�2C_Y0QÆ` b < �2AB@BQ¯�K�2@B`�AO�2@aYNW�@OD = Y.^%Y0Q
Z2AaY.^_DN^%V0Z2AaY0C bPd D < C�`E^_DPV0`�A b M2C.H®·����ªWµ�JDR�NY�ÜNÚNÜ�¸
klM�`EZ2YKr9AB�NA�Y.MN]2AO^ b MJ�KY.M>`.W�DG�2C�Y.^+��D = �JY.^ dsb ^�� �J^%Y ÍlQJY Ý¤M2Y0Qu�µ�2Y.^%ABY0C b MÛ`EZ2YKAOM>Í

`�Y.^�DRV0`�A b M2C < Y0` � Y0Y.Mc` � b V0@O�2C�`_Y.^%Y0Q�Y0@aY.�ÅY.MN`�C�H
X�Z2Y.^%Y�AaC(M b �J^ b ]2ABC�A b M d�b ^��J^ b � ^_DN����DP`_AaV
DNMJDP@ = C�ABC bPd `EZ2YKV0@O�2C�`�Y.^%C � AB`EZ�^%Y0@ODP`�A b M ` b ` Z2Y�Y0· ABC�`_A¶M2��C b �J^%V0YNHKU2AO�KAB@ODN^�` b |�^�D>�JZJF b �)W
�2C�Y.^%C(V.DNM�� b ]NY�M b QJY0C < Y0` � Y0Y.MÛV0@O�2C�`�Y.^%C.W < �2`+M b QJY0C�^%Y.�J^�Y0C�Y.MN`(Y0·2AaC_`�AOM2�cC�`E^��2V0`E�J^_DP@�Y.M>Í
`�AB`�ABY0C.W�M b `9@BA¶M2Y0C bRd V b QJYNW)DNM2Q�`EZ �2C/V.DNMJM b ` < Y < ^ b ×RY.McDN�JDN^%`.H
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m�DNMJU2I+rÈXqABC�D�C�Y.�KAÎÍÔDN�2` b ��DP`�Y0QÆD>�J�J^ b DPV0Z dsb ^�^%Y0V b ]NY.^ =cbPd DN^%V0Z2AB`�Y0V0`E�J^�DP@*QJY0C�V.^%AO�2`�A b M2C
d ^ b �#D�C = C_`�Y.�cËÌCKV b QJY < DPC�Y�·��N¨D¸ÔH£m�DNMJU2I³r*X$QJABCE�2@OD = C�� ^�DN�JZ2ABV.DP@�]2ABY � C bPd ^%Y0V b ]NY.^%Y0Q
C�`E^_�2V0`E�J^%Y+` b ` Z2Y��2C�Y.^0H

X�Z2Y§D>^%V;Z2AB`�Y0V0` �J^�DP@�]2ABY � C³D>^%Y+V.^%Y.DP`�Y0Q <N= ^%Y0V b �2M2A ´ Y.^�C+`EZJDP`�Y0·2`E^�DPV0`�DNM2Q�DNMJDP@ =2´ Y
AOM d�b ^���DP`�A b M d ^ b � DNMÇD < C�`E^�DPV0`(C = MN` DP·c`E^%Y0Y � I³UJX/� bPd `EZ2YKC = C�`�Y.�cH(X�Z2YK] ABY � C�A¶M2V0@O�2QJY
@BAOMJ×NC < DPV0×G` b ` Z2Y�C b �J^�V0Y�V b M>`E^%A < �2`�AOM2�G` b DÅV b ��� b M2Y.MN` b ^9V b MJM2Y0V0` b ^�AOM�`EZ2Y�] ABY � H�X b
d DPV0AB@aAB`EDR`�YK`EZ2Y��2C�Y bPd ] ABY � C+V.^�Y.DP`�Y0Q�W�DGC�Y0` bRd ] ABY � ��DNM2AO�J�2@ODP`�A b M b �JY.^�DR` b ^%C+ZJD�]NY < Y0Y.M
QJY Ý¤M2Y0Qu`EZJDP`(V.DNM�W�DN� b M2� b `EZ2Y.^(`EZ2AOM2�NC.W��KY.^��NYK] ABY � CKDNM2Q < �2Aa@BQwZ2ABY.^�DN^�V;Z2ABY0C bRd ]2AaY � C.H
X�Z2Y0C�Y(��DNM2AO�J�2@ODP`�A b M b �ªY.^�DP` b ^�C
DP@B@ b � D��2C_Y.^�` b DPV0V0Y0C_CÉ` Z2Y�C b �J^%V0Y/A¶M dsb ^���DP`�A b MK`EZJ^ b �2� Z
Dc�J^%Y0QJY Ý¤M2Y0QuC�Y0` bRd `�Y0C�`_C+V.DP@B@aY0QÖ¸ ¹Nº)½s¿��îº)ÁK»�º)½9¿Nº)¿>Àm �Ã7�OÃ0HKX�Z2Y0C�Y�`�Y0C_`�C+QJY0`�Y.^��KAOM2Y � Z2Y.M
DNM�Y0@BY.�KY.M>` bRd DG]2AaY � V b M>`EDPAOM2C b ^ b ]NY.^%@ODN�2CKDNM b `EZ2Y.^ < DPC_Y0Q b M�`EZ2Y��JM2QJY.^%@ = AOM2��C b �J^%V0Y
AOM d�b ^���DP`�A b M�H

ks`*ABC b M2@ = `EZJ^ b �2� Z+`EZ2Y0C_Y4�J^�Y ÍlQJY Ý¤M2Y0Q�C�Y0` bPd `�Y0C�`�C�WfZ b � Y0]NY.^0W�`EZJDP`�DNM+Y.M2�>A¶M2Y0Y.^:V.DNM
�J�2Y.^ = `EZ2YG^%Y0@ODP`�A b M2CEZ2AO� < Y0` � Y0Y.MÇ` Z2YÅD < C�`E^�DPV0`_Y0Q D>M2QÆY0·2ABC�`�AOM2��C�`E^��2V0` �J^%YNH�X�Z2ABC§�ÅY.DNM2C
`EZJDP`�`EZ2Yc�2C�Y.^�V.DNMJM b `�` DPAB@ b ^�` Z2Y d �JM2V0`�A b MJDP@BAB` =¯bPd `EZ2YG` b2b @�` b CE�2AB`K`EZ2Y0AO^ b � M�CE�JY0V0AÎÝ)V
�J^ b �2^�DN�#DNMJDP@ = C�ABCÇM2Y0Y0QJC.H�X/Z2Y.^%YÇABCcDP@BC b M b �KY.DNM2C dsb ^�DNMJDR@ =2´ AOM2� b ^KY0·J�J^%Y0C�C�AOM2�u`EZ2Y
QJY0C�AO^%Y0Q�C b �J^%V0Y�C�`E^��2V0`E�J^�YNH
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X b DPABQ�`EZ2Y\�2C�Y.^:AOM��JM2QJY.^%C�`ED>M2QJA¶M2�K`EZ2Y/C�`E^��2V0`E�J^�Y bRd D(C = C�`�Y.�cË C�C b �J^%V0Y�V b QJYNWN` Z2Y\r9Y Ï)Y0·>Í
A b M�m b QJY0@J`�Y0V0ZJM2AB�µ�2Y�·Og�i'¸)CE�J����DN^%A ´ Y0C9AOM d�b ^_��DP`�A b MKY0·2`E^�DRV0`�Y0Q d ^ b �8`EZ2Y�C b �J^%V0Y�AOM�`�Y.^��KC
bPd DGZ2AB� Z>Íl@BY0]NY0@ <ªb ·>ÍÔDNM2Q2ÍÔDN^_^ b � QJAODP� ^�DN� bPd `EZ2YKC = C�`�Y.�7CE�ªY0V0ATÝ)Y0Q <N= `EZ2Y�Y.M2�NAOM2Y0Y.^0H�L =
�2@ODPV0AOM2��C b �J^�V0Y�Y.MN`_Aa`_AaY0C9AOMcMJDN�KY0Q�¹ < �2V;×RY0`�CV»)W>`EZ2Y\�2C�Y.^9��D = QJY Ý¤M2Y+` Z2Y0A¶^ b � M�Z2AB� Z>Íl@BY0]NY0@
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� b QJY0@ bPd `EZ2Y(C b �J^%V0YNWJDNM2Qc` Z2Y.M���D = ^�Y0@ =Gb M�`EZ2Y(` b b @)` b CEZ b � Z b � `EZ2Y�� b QJY0@���DN�2C9` b
`EZ2YKC b �J^�V0Y�C�`E^��2V0` �J^%YNH§X/Z2AaC�`�Y0V0ZJM2Aa�J�2Y�ABC�AB`�Y.^_DP`�AB]NY�AOM�`EZJDR`+`EZ2Y��2C�Y.^���D = CE�2V0V0Y0C_C�AB]NY0@ =
DN�J�2@ = `EZ2Y+`�Y0V0ZJM2AB�µ�2YK` b DPV0Z2ABY0]NY§D�� b ^%Y�DPV0V.�J^_DP`�Y�� b QJY0@ bPd AB`�C�C�`E^_�2V0`E�J^%YNH

X�Z2ABC�DN�J�J^ b DPV0Z�DPV0`�C <Jb `EZ£DPC§DNM Aa`_Y.^�DP`�AB]NYc�J^ b � ^_DN� �JM2QJY.^%C�`ED>M2QJA¶M2��`�Y0V0ZJM2AB�µ�2YNW
DNM2Q�D�`ED>^%�NY0`�C�` ^��2V0`E�J^%Y�DNMJDR@ = C�ABC+`�Y0V0ZJM2AB�µ�2YNH+[/C�AOM2�c`EZ2Y§DN�J�J^ b DPV0Z�WJ`EZ2Y§�2C_Y.^\��D = � b ]NY
Y0·2AaC_`�AOM2��C�`E^��2V0` �J^�DP@�Y0@BY.�KY.M>`�C�DN^ b �JM2Q{DNM2Q < Y0` � Y0Y.M�`EZ2Y < �2V;×PY0`_C.HÇX�Z2Yc�2C�Y.^K��D = DP@BC b
Y0·JDN�KAOM2Y�`EZ2Y9AOMN`_Y.^�DPV0`�A b M2C
DNM2QKQJY.�ªY.M2QJY.M2V0Y0C < Y0` � Y0Y.M < �2V0×PY0`�C � AB`EZK^%Y0@ODP`_A b MK` b `EZ2Y�M2Y � W
b ^9` DN^%�NY0`.W>C�`E^��2V0` �J^%Y bPd `EZ2Y+V b QJYNH

X�Z2YÆ�2C_Y.^GV.DNMJM b `GQJY Ý¤M2Y�`EZ2Y0AO^ b � M{�J�2Y.^%ABY0Cc` b DNMJDP@ = ´ Y�`EZ2Y�C�` ^��2V0`E�J^%Y bPd `EZ2Y
C = C�`�Y.�cWJDNM2Q�M b Q)DP`EDfÍsÏ b � DNMJDR@ = C�ABC(AaC+�JY.^ d�b ^_�KY0Q�H

jNÀ
¶ &+�(,0�213�4�5� Á ��� � �%�¤�n�*��+���

X�Z2Y�� b DP@ bPd C bRd ` � DN^%Y9DN^%V0Z2Aa`_Y0V0`E�J^%Y9ABC
` b �J^ b ]2ABQJY�`EZ2Y�Y.M2�NAOM2Y0Y.^ � AB`EZ�D+�KY.DNM2C bPd)dsb ^���DP@B@ =
QJY0C�V.^%A < AOM2�cD�Z2AB� Z>Íl@BY0]NY0@�]2AaY � bPd D�C = C�`�Y.� ·��JgR¸ÔH�X�Z2ABC\�J^ b ]2AaQJY0C/`EZ2Y < Y.M2Y Ý)` bRd < Y0AOM2�cD < @BY
` b V;Z2Y0V0× d�b ^�V0Y.^%`EDPAOMu�J^ b �ªY.^%`�ABY0C�D <Jb �2`KDcC = C�`�Y.� DP`§D�Z2AB� Z>Íl@BY0]NY0@�Y0]NY.M < Y dsb ^%Y�V b QJYGAaC
� ^%AB`�`_Y.M�H
X�Z2Y(QJY0C�AB� M2Y.^9V.DNMG�2C�Y�DNMGDN^%V0Z2AB`�Y0V0`E�J^�DP@�QJY0C�V.^%AO�2`�A b MÛ@¶D>M2� �JDP�NY¼·Ti�¸�` b ^%Y.�J^%Y0C�Y.M>`
`EZ2Y�QJY0C�AB� M bPd ` Z2YÆY0·2ABC�`�AOM2�{�J^ b � ^�D>�cHzX�Z2YÆ�2C_Y.^���D = `EZ2Y.Mw�2C_Y D>�2` b ��DP`_Y0Q{` b b @aCG` b
�JY.^ d�b ^_��DNMJDP@ = C�ABC.W)C �2V;ZcDPC(� b QJY0@ÎÍlV0Z2Y0V;×>AOM2�)W b MG`EZ2Y�^�Y.�J^%Y0C�Y.M>`EDP`�A b M�H

klM£C b �KYc^%Y0CE�ªY0V0`�C.W*AB`KC�Y0Y.�KC�DPCK`EZ b �2� Z `EZ2ABCÅD>�J�J^ b DPV0Z�C Z b �2@BQ{�NAB]NY D��2C�Y.^�`EZ2Y
D < AB@BAB` = ` b D < C�`E^_DPV0` b �2`�V0Y.^%`EDRA¶M�� b ^�`�A b M2C bRd V b QJYNW9Y0AB`EZ2Y.^�` b¯< �2AB@BQzM2Y � C = C�`_Y.�KC b �2`
bPd Y0· ABC�`_A¶M2�uV b ��� b M2Y.M>`�C
·�D¸ b ^�` b ��DN×PYcD�V b ��� b M2Y.M>` b �2` bPd `EZJDP`�� b ^%`�A b M{DNM2Q�`EZ2Y.M
�JY.^ d�b ^_��DNMJDP@ = C�ABC\` b C�Y0YKZ b � AB`9Ý)`�C�AOM>` b `EZ2Y�Y0· ABC�`�AOM2�GC = C�`�Y.�cH

j b � Y0]NY.^0Wò`EZ2ABCK` b �>ÍlQ b � M�DN�J�J^ b DPV0Z�ZJDPC�` Z2Y d�b @a@ b � AOM2��` � b @BA¶�ÅAa` DP`�A b M2C.H�t�AO^%C�`.W
`EZ2Y��2C�Y.^/M2Y0Y0QJC\` bG< Y0�NAOM � Aa` ZcDKV b ���2@BY0`�YKDN^%V0Z2Aa`_Y0V0`E�J^�DP@�QJY0C�V.^%AO�2`�A b M bPd D�C = C�`�Y.�$` b�< Y
D < @BY�` b D < C�`E^_DPV0` b �2`\DKV b ��� b M2Y.M>` bRd AB`.H�I8V b ���2@BY0`�Y�QJY0C�V.^�A¶�2`_A b McABC³M2Y0Y0QJY0Q�` b Y.MJD < @BY
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DNMJDP@ = C�ABC bRd `EZ2Y§^�Y0@¶DR`�A b M2CEZ2AO� < Y0` � Y0Y.MÛ`EZ2Y�� b ^�`�A b MG` b�< Y+Y0· `E^_DPV0`�Y0QÇDNM2Qc`EZ2YK^%Y0C�` bPd `EZ2Y
Y0·2AaC_`�AOM2�ÇC b �J^�V0YNH§LnY0V.DN�2C�YK`EZ2Y d �2@B@�QJY0C�V.^%AO�2`�A b M£ABC�^%Y0�J�2A¶^�Y0Q�WÈ` Z2YÅ�2C_Y.^(V.DNMJM b ` Ó �2C�`+@ b b ×
DP`�` Z2Y�Y0·2AaC_`�AOM2�cC b �J^%V0Y�V b QJYKDNM2QÇQJY0V0ABQJY � Z2ABV;Z��JDN^�`�C�CEZ b �2@BQ < Y�V b @B@BY0V0`�Y0Q¯DNM2Qc`E^�Y.DP`�Y0Q
DPC\DÅ@ b �NABV.DP@È�JM2AB`.W�A¶M2C_`�Y.DPQÇ` Z2Y = �K�2C�` � b ^�× d ^ b �$D�Z2AB� Z2Y.^yÍl@BY0]NY0@�]2AaY � bPd ` Z2Y+C = C_`�Y.�cH

U2Y0V b M2Q�W2C�AOM2V0Y+`EZ2Y+DN^%V0Z2Aa`_Y0V0`E�J^�DP@�QJY0C�V.^%AO�2`�A b MGQ b Y0C4M b `ÉZJD�]NY�Y0·J�2@BAaV0AB`(`�ABY0C9` b � b ^yÍ
`�A b M2C bRd C b �J^%V0Y+V b QJYNW b M2V0Y�DKV b ��� b M2Y.M>`\ZJDPC < Y0Y.MÇD < C�` ^�DPV0`�Y0QcDNM2QÇDNMJDP@ =2´ Y0Q�W)` Z2Y��2C�Y.^
�K�2C�`�C�`_Aa@B@���DN�G`EZ2Y�D>MJDP@ = C�ABC < DPV0×�` b `EZ2Y+@ b � Íl@BY0]NY0@*V b QJYNH9X�Z2ABC³��DN�J�2AOM2� ��D =c< Y�Y.^�^ b ^
�J^ b M2YNW < Y0V.DN�2C�YK`EZ2YKDN^%V0Z2AB`�Y0V0`E�J^�DP@òQJY0C�V.^%AO�2`�A b M bPd `EZ2Y�C b �J^%V0Y���D = M b `�`E^��2@ = ^%Y Ï)Y0V0`(`EZ2Y
Y0·2AaC_`�AOM2��C = C�`�Y.�cHòI\@BC b WPA d `EZ2Y��2C�Y.^òAaC�QJY.DR@aAOM2� � AB`EZKD�V b ���2@aABV.DP`_Y0Q�D < C�`E^_DPV0`�A b M+AB`�ABC�@BAO×PY0@ =
`EZJDP`�� b ^%`�A b M2C bPd V b ���J�2`EDR`�A b M���D =Æ< Y��KABC�C�Y0Q <Jb `EZ � Z2Y.Mu�JY.^ dsb ^��ÅA¶M2��`EZ2ABC§��D>�J�2A¶M2�
DNM2Q � Z2Y.M�D < C�`E^_DPV0`�AOM2� b �2`�` Z2Y+V b ���J�2`EDP`_A b M�H

U bPd ` � DN^�Y DN^�V;Z2AB`�Y0V0`E�J^�YNWP`EZ �2C�W.Q b Y0C
M b `ÈZ2Y0@O�K`EZ2Y9�2C�Y.^ò` b MJD�]2AB� DP`�Y�`EZJ^ b �2� Z+C b �J^%V0Y
V b QJYÉAOM�D <Jb `�` b ��ÍÔ�J����DNMJM2Y.^0H�X�Z2ABC�@BAO�KAB`�C
` Z2Y4�2C_Y bRd DN^%V0Z2Aa`_Y0V0`E�J^�DP@2AOM d�b ^_��DP`�A b M�` b Z2Y0@O�
Dc�2C�Y.^ < Y0`�`�Y.^(�JM2QJY.^%C�`EDNM2Q£`EZ2YKA¶M>`�Y.^�DRV0`�A b M2C bPd DG�JDN^%`_AaV.�2@ODN^�� b ^�`�A b M bPd C b �J^%V0YKV b QJY�` b
`EZ2Y�^%Y0C�` bPd `EZ2YKC = C�`�Y.�ÛW b ^/` bGb `EZ2Y.^/CE� < C�Y0`�C�Hl½zZ2Y.M�DP`�`_Y.���2`�AOM2�c` b ^%Y.�2C�YNW�^%Y.� b ]NYNW b ^
^%Y Í b ^�� DNM2A ´ Y\C b �J^%V0Y(V b QJYNWJAB`9ABC�AO���JY.^_DP`�AB]NY(`EZJDP`9`EZ2Y+�2C�Y.^ < Y+�J^ b ] ABQJY0Q � AB`EZ�Ý¤M2Y Íl� ^_DPAOM2Y0Q
AOM d�b ^���DP`�A b M�D <Jb �2`�`EZ2Y�AO���JDPV0` bPd DNM = V0ZJDNM2�NY0C.HqL = QJY Ý¤M2AB`�A b M�W�Z2Aa�2Z>Íl@aY0]>Y0@�DNMJDP@ = C_AaC
`�Y0V0ZJM2AB�µ�2Y0C�V.D>MJM b `��J^ b ] ABQJY+`EZ2ABC�AOM dsb ^���DP`_A b M�C�AOM2V0Y+`EZ2Y = DN^%Y(V b M2V0Y.^�M2Y0Q � Aa` Z��J^ b ]2ABQJA¶M2�
D��2C�Y.^/DK] ABY � bPd `EZ2Y b ]NY.^�DP@B@�QJY0C�AB� M bRd DKC = C�`_Y.�cH
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X�Z2Y(V b M2V0Y.�2`E�JDP@�� b Q)�2@aY+DN�J�J^ b DPV;Z�DP@B@ b � C�D�C bPd ` � DN^�Y
Y.M2�NAOM2Y0Y.^9` b ABQJY.M>`�A d�= @BAOM2Y0C bPd M b M>Í
V b M>`�AB� � b �2C*V b QJY d ^ b �ÖDN^ b �JM2QKD9C = C�`�Y.�cËÌCòC b �J^%V0YNW�` b `E^�Y.DP`�`EZ b C�Yn@aAOM2Y0C
DPC b M2Y�@ b �NABV.DP@J�JM2Aa`
b ^:V b M2V0Y.�2`E�JDP@�� b Q)�2@BYNW)DNM2QG`EZ2Y.M�` b ��DN×PY�`EDRAa@ b ^�Y0Q��J�2Y.^%ABY0C�` b Y0·µDN�ÅA¶M2Y+` Z2Y\V b M2V0Y.�2` �JDP@
� b Q)�2@BY0C4û <Jb ` ZKAOM2QJAa]2ABQ)�JDP@O@ = W�DNM2Q � AB`EZ�^%Y0@ODP`�A b M�` b Y.DPV;Z b ` Z2Y.^0HÈX�Z2Y�DN�J�J^ b DPV0Z��J^ b ]2AaQJY0C
D�Ý¤M2Y Íl� ^_DPAOM2Y0Q�W <ªb `�` b �§ÍÔ�J�cDN�J�J^ b DPV0ZG` b C b �J^%V0Y+V b QJY§DNMJDP@ = C�ABC\` b DRAaQ�^%Y0Y.M2�NAOM2Y0Y.^%AOM2�)H

QueryDesired Structure

Module
Interface

Conceptual Modules Tool
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t�AB� �J^%Y��JHOg�AB@a@O�2C�` ^�DP`�Y0Cc`EZ2Y��J^ b V0Y0C�C dsb ^G�2C�AOM2�w`EZ2Y�DN�J�J^ b DPV;Z�DPCcY.� <Jb QJABY0Q <N=
`EZ2Y�` b b @sH�LnY dsb ^%Y¯�2C�AOM2�Ö`EZ2Y�` b2b @sW�DuC b �J^�V0Y¯� b QJY0@ bPd `EZ2Y�V b QJY�ABC dsb ^��KY0QÐ�2C_A¶M2�ÖD
C b �J^�V0YÇV b QJYÆDNMJDP@ = C�ABCc` b2b @sW9QJY0C�V.^%A < Y0Q d �J^%`EZ2Y.^ÅA¶MÖU2Y0V0`�A b M®�JH��JHOgNHwX/Z2AaCGC b �J^�V0YÆ� b QJY0@
ABC��2C�Y0Q�AOMN`_Y.^�MJDP@B@ =�dsb ^+DNMJDP@ = C�ABC <N= `EZ2Y�V b M2V0Y.�2`E�JDP@�� b Q)�2@aYG` b2b @sH}½zZ2Y.M£`EZ2ABC�ABCKQ b M2YNW
`EZ2Y+C bRd ` � DN^%Y(Y.M2�NAOM2Y0Y.^�Y0·JDN�KAOM2Y0C(`EZ2Y�C b �J^%V0Y+V b QJY§DNM2QcABQJY.M>`�AÎÝ)Y0C�DKV b @B@BY0V0`�A b M bPd C b �J^%V0Y
@BAOM2Y0C§` bÇ< YG`E^%Y.DP`�Y0Q�DPC�D��JM2AB`.H e Y0· `�W�`EZ2Y�Y.M2�>A¶M2Y0Y.^�CE�ªY0V0AÎÝ)Y0CÅDÛV b M2V0Y.�2`E�JDP@9� b Q)�2@aYG` b
^%Y.�J^%Y0C_Y.MN`+`EZJDR`�V b @B@BY0V0`�A b M�H�I(C+Y.DPV0Z�V b M2V0Y.�2`E�JDP@�� b Q)�2@aY�AaC+QJY Ý¤M2Y0Q�Wò`EZ2YK` b2b @È�JY.^ d�b ^_�KC
DNMJDP@ = C�ABC+` b QJY0`�Y.^��KAOM2Y�`EZ2YK� b Q)�2@aYNË C+A¶M>`�Y.^ d DPV0YNH�X/Z2AaC+AOM>`�Y.^ d DPV0Y§��D = �J^ b ]2ABQJYKCE�>Ø�V0ABY.MN`
AOM d�b ^���DP`�A b M�` b Z2Y0@O���JY.^ d�b ^_�q`EZ2Y�^%Y0Y.M2�NAOM2Y0Y.^%AOM2�K`EDPCE×+DP`�ZJDNM2Q�H�U b �KY0`_A¶�ÅY0C.WN`EZ b �2� Z�WP`EZ2Y
�2C�Y.^+��D = ^%Y0�J�2AO^%Y�AOM dsb ^���DP`_A b MÆD <Jb �2`+`EZ2Y�^%Y0@ODP`_A b M2CEZ2AO� < Y0` � Y0Y.M�DGQJY Ý¤M2Y0Q�V b M2V0Y.�2` �JDP@
� b Q)�2@BY§DNM2QG`EZ2Y+Y0·2AaC_`�AOM2��C b �J^%V0YNW�DNM2Q D <Jb �2`�` Z2Y³^%Y0@ODP`_A b M2CEZ2AO� < Y0` � Y0Y.MG`EZ2Y+V b M2V0Y.�2` �JDP@
� b Q)�2@BY0C.H�X�Z2YÉ�2C�Y.^*��D =/d�b ^_�Ö�µ�2Y.^�AaY0C�` b QJY.^%AB]NY
` Z2AaC*AOM d�b ^���DP`�A b M�H�X�Z2YnC�`�Y.�2C bRd QJY Ý¤M2AOM2�
DGV b M2V0Y.�2`E�JDR@É� b Q)�2@BY DNM2Qu�JY.^ dsb ^��KAOM2��CE� < C�Y0�J�2Y.MN`K�J�2Y.^%ABY0CÅD>^%Y��JY.^ dsb ^��KY0Q£Aa`_Y.^�DP`�AB]NY0@ =
<>= `EZ2Y��2C_Y.^0H

X�Z2YKV b M2V0Y.�2`E�JDP@
� b Q)�2@BY�` b2b @*V b M2C�ABC�`�C bRd C�Y0]NY.^_DP@ÈAOM>`�Y.^%V b MJM2Y0V0`_Y0Q�V b ��� b M2Y.MN`_C.Ò
DG�2C�Y.^(AOMN`�Y.^ d DPV0YNW�D��J�2Y.^ = AOM>`�Y.^ d DPV0YNW�DNMÇD>MJDP@ = ´ Y.^+DNM2Q�DNM�AOM>`�Y.^��KY0QJAODP`�Y�^%Y.�J^�Y0C�Y.MN` DP`�A b M
bPd `EZ2Y+C b �J^�V0YNH

source

source model extraction tool

Analyzer

User Interface

Query Interface

Intermediate
Representation
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X�Z2Yc�2C�Y.^KAOMN`_Y.^�DPV0`�C � AB`EZu`EZ2YG` b2b @
` ZJ^ b �2� Z£`EZ2YÇ�2C�Y.^�AOMN`_Y.^ d DRV0YÇDNM2Q¯` Z2Yc�µ�2Y.^ =
AOMN`_Y.^ d DRV0YÆDPCGCEZ b � MuAOM�t�Aa�2�J^%Y �JH��JH�X/Z2YÆ�2C�Y.^�AOMN`�Y.^ d DPV0Y�ABCÇ�KY.M �>ÍlQ)^�Aa]>Y.M�W�V b ���J^�AaC_A¶M2�
V b ����DNM2QJC d�b ^:V b M2V0Y.�2`E�JDP@�� b Q)�2@BY+V b M2C�`E^_�2V0`�A b M�WJ^%Y Ý¤M2Y.�KY.M>`4D>M2Q DNMJDR@ = C�ABC.H9X�Z2Y(�µ�2Y.^ =
AOMN`_Y.^ d DRV0YÇABC �J^ b � ^�DN����DP`�ABVÇDNM2Q�AaCc�J^ b ]2AaQJY0Q�C b `EZJDP`K`EZ2YÆ�2C_Y.^�V.DNMÊV.^%Y.DP`�Yc` Z2Y0A¶^ b � M
DNMJDP@ = C�ABC��KY0`EZ b QJC dsb ^/`EDPCE×RÍlCE�ªY0V0ATÝ)VG�J�J^�� b C_Y0C.H\L b `EZ�`EZ2YK�2C�Y.^/A¶M>`�Y.^ d DPV0Y�DNM2Q�`EZ2YK�µ�2Y.^ =
AOMN`_Y.^ d DRV0Y �2C_YÆ` Z2Y D>MJDP@ = ´ Y.^GV b ��� b M2Y.M>`.H X�Z2ABCcV b ��� b M2Y.M>`cV b M>`EDPAOM2C�` Z2YÆ�>Y.M2Y.^�DP@+DP@ÎÍ
� b ^�Aa` ZJ�KC d�b ^(Y0·µDN�ÅA¶M2AOM2��V b M>`E^ b @ÎÍsÏ b � DNM2Q�Q)DP`EDfÍsÏ b �8� Aa` Z2A¶M£DNM2Q < Y0` � Y0Y.M�V b M2V0Y.�2` �JDP@
� b Q)�2@BY0C.H p Y.^ dsb ^��KAOM2�u`EZ2ABCÇDNMJDP@ = C�ABCÇ^%Y0�µ�2AO^%Y0Cc` Z2Y ×2M b � @BY0QJ�NY bPd AOMN`_Y.^�DPV0`�A b M2CcAOM�`EZ2Y
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� b Q)�2@aYGDN^%Y
M b `n`�Y0V;ZJM2ABV.DP@B@ = �JDN^%` bRd ` Z2Y�AOMN`�Y.^ d DPV0YNW < �2`9DN^%Y\^%Y.� b ^%`�Y0QcDPC9�JDN^%` bPd `EZ2Y(AOMN`�Y.^ d DPV0Y d�b ^:`EZ2Y
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M b `
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V0@ODPC�C�Y0C/V b ���J^%ABC�Y+DN�J�J^ b ·2A¶��DP`�Y0@ = �NÚNÚ>Ú+@BAOM2Y0C bPd V b ���KY.MN`_Y0Q^� D�]PD�V b QJYNH9X�Z2Y\C_V.^%AO�2`�C�DN^%Y
�2C�Y0Q d�b ^9DPV0V0Y0C_C�AOM2��`EZ2Y�AOMN`�Y.^_�KY0QJAODP`�Y§^�Y.�J^%Y0C�Y.M>`EDP`�A b M�H

klMu`EZ2Y b ^%AB�NAOMJDP@9A¶���2@aY.�ÅY.MN`EDR`�A b M bPd `EZ2Yc` b2b @sW
DP@B@�AOMN`_Y.^��KY0QJAODP`�YÇ^%Y.�J^�Y0C�Y.MN` DP`�A b M
DPV0V0Y0C�C � DPC�Q b M2Y <N= @ b DRQJA¶M2�+` Z2Y
Y.M>`�AO^%Y
AOM>`�Y.^��KY0QJAODP`�Y9^%Y.�J^%Y0C�Y.M>`EDP`_A b M+AOMN` b D � D�]fDöÀ�Y0V0` b ^ Æ
bPd ^�Y0V b ^%QJC.W*C�V.DNMJM2AOM2��` Z2Y ^%Y0V b ^%QJC.W�DNM2Q{DN�J�2@ = AOM2�u`EZ2Y D>MJDP@ = C�ABC�DP@B� b ^�Aa` ZJ�KC.H�j b � Y0]NY.^0W
`EZ2ABC�V.DN�2C_Y0Qc`EZ2Y��J^ b � ^_DN�8` b�<ªb `EZGV b M2CE�J�ÅY+Y0· V0Y0C�C_Aa]>Y§DN� b �JMN`�C bPd �KY.� b ^ = DNM2Qc` b ^��JM
]NY.^ = C�@ b � @ = W�`EZ2�2C�^%Y0Q)�2V0AOM2��`EZ2YG` b2b @sËÌC§D < AB@BAB` = ` b QJY.DP@ � AB`EZ£]NY.^ = @ODN^%�>Y � b ]NY.^�g�ÚNÚJWTÚNÚ>Ú
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@BAOM2Y.�
AOM>`�Y.^��KY0QJAODP`_Y³^%Y.�J^�Y0C�Y.MN` DP`�A b M2C.H*I d DRC�`�Y.^��KY0V0ZJDNM2ABCE� � DPC
M2Y0Y0QJY0Q dsb ^*`EZ2Y(^%Y0`E^%ABY0]fDR@�H
½ÖAa` ZÇ` Z2Y�V.�J^�^%Y.M>`+AO���2@BY.�KY.M>`EDP`�A b M bRd `EZ2YK` b b @�W�@ b DRQJA¶M2�c` Z2Y§AOM>`�Y.^��KY0QJAODP`_Y�^%Y.�>Í

^%Y0C�Y.M>`EDP`_A b M dsb ^�Â�Ã�ÄWÅ�èRé ë `EDN×PY0C�D <Jb �2`�i£C�Y0V b M2QJC�HzF b DPQJAOM2�{`EZ2Y�A¶M>`�Y.^��ÅY0QJA¶DR`�Y�^%Y.�J^%Y Í
C�Y.M>`EDP`�A b M bPd DG@ODN^%�NY.^+�J^ b � ^�DN�cW/.1032zí�i�ÃWÅ ü `EDN×PY0CN�NÚGC_Y0V b M2QJC.H p Y.^%@ � DPC\V0Z b C�Y.M£DPC+`EZ2Y
AO���2@BY.�KY.M>`EDP`�A b MG@ODNM2� �JDR�NY�` b ��DNM2AO�J�2@ODP`�Y(`EZ2Y�AOMN`_Y.^��KY0QJAODP`�Y+^%Y.�J^%Y0C�Y.M>`EDP`_A b M dsb ^*AB`�C�D < AB@ÎÍ
AB` = ` b C � Y0Y.�G`EZJ^ b �2� Z�Ý)@BY0C(]NY.^ = Y Ø�V0ABY.MN`_@ = H

t�AB� �J^%Y}�JHT¨�CEZ b � C(`EZ2Y�^%Y0@ODP`�A b M2CEZ2AO�2C < Y0` � Y0Y.M�`EZ2YKV0@¶DRC�C�Y0C�DNM2Q�`EZ2Y�C_V.^%AO�2`�C.H+I+^yÍ
^ b � C(CEZ b � V.DP@B@BC§��DPQJY < Y0` � Y0Y.M�V0@ODPC�C�Y0C b ^/C�V.^%AO�2`�C.HK|�^%Y = DN^%Y.DPC(AB@B@¶�2C_`E^�DP`�YG`EZ2YKV b ��� b Í
M2Y.M>`�C�`EZJDP`(��DN×PY+�J�c`EZ2Y+C = C�`_Y.�cH
X�Z2Y0C�Y � Y.^%Y+C Z b � McDP`\D�Z2AB� Z2Y.^/@BY0]NY0@�AOMct�AB� �J^%Y¼�JH��

���K���F� � �y~��f�P���

X�Z2Y dsb @B@ b � A¶M2�I� D�]fD�V0@ODPC�C�Y0C(DN^%Y��2C�Y0Q�A¶MÛ`EZ2Y+AO���2@BY.�KY.M>`EDP`�A b M bPd ` Z2Y�` b2b @sH

½ ÝN¤ Ã0½f�%¿N¸.½f�î¹Nº¯Z b @aQJCK`EZ2YG�KY.� < Y.^�DR`�`E^%A < �2`�Y0C�V b M2V0Y.^�M2AOM2��DÇ�JDN^%`_AaV.�2@ODN^�V b M2V0Y.�2` �JDP@
� b Q)�2@BY�A¶M2V0@O�2QJAOM2�{`EZ2YcV b M2V0Y.�2` �JDP@\� b Q)�2@BYNËÌC MJD>�KY D>M2Q{`EZ2Yc@BA¶M2Y0C bRd V b QJY�`EZJDP`
V b ���J^%ABC�YKAB`.H�k `�DP@BC b `E^�DPV0×>C.W)DPC�D�V0@ODPC�C�]PDN^%AOD < @BYNWÈD�`ED < @BY bPd DP@B@�`EZ2Y�QJY Ý¤M2Y0QuV b M>Í
V0Y.�2`E�JDP@�� b Q)�2@aY0C�WÉDNM2Q{V b MN`EDRA¶M2C��KY0V0ZJDNM2ABCE�KC d�b ^�@ b V.DP`�AOM2��V b M2V0Y.�2`E�JDR@\� b Q)�2@aY0C
DNM2Q dsb ^(CED�] AOM2�cV b M2V0Y.�2` �JDP@É� b Q)�2@BY0CK` b DGÝ)@BYNH�k `§DP@BC b ��DPAOM>`EDPAOM2C�`EZ2Y�]fDN^%AOD < @BY0C.W
DNM2Q�V b M>`E^ b @2`E^�D>M2C d Y.^�C�`EZJDP`
�JY.^�`EDPAOMK` b D�V b M2V0Y.�2`E�JDP@�� b Q)�2@BYNWJDNM2Q��J^ b ]2AaQJY0C��KY0V0Z>Í
DNM2ABCE�KC dsb ^�^%Y0` ^%ABY0] AOM2�cDNM2QcV;ZJD>M2�NAOM2��`EZ b C�Y��2ABY0V0Y0C bPd AOM d�b ^���DP`�A b M�H

½54 ºP¼¤¾2½6 Æ» ¸7�2¿Nº!�øÃ;ÁÞABC\` Z2Y���DPAOMÇ�2C�Y.^4A¶M>`�Y.^ d DPV0Y+V0@ODPC�C�H

½ Ý+º)¿NÀb 870»
��ABCK`EZ2Yc��DPAOMuDNMJDP@ = C_AaC�V0@¶DRC�C d�b ^�`EZ2YG` b b @�H�X�Z2ABC�V0@ODPC�CKV b M>`EDPAOM2C§DP@O� b C�`
DP@B@ bRd `EZ2Y+AOMN`_Y.^ d DRV0Y�DNM2QÇ^%Y0@ODP`�A b M2CEZ2AO��DNMJDP@ = C_AaC d �JM2V0`�A b MJDR@aAB` = Y0·2V0Y.�2`�`EZ2Y+@ b � Íl@BY0]NY0@
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�KY0`EZ b QJC d�b ^9V b ���2AB@ODP`�A b M bPd �2C_Y ÍlQJY d V;ZJDPAOM2C.H

½ ¥³» ¡��òÃ;»(�J^ b ] ABQJY0C�`EZ2Y(�KY0`EZ b QJC�`EZJDP`�V b ���J�2`_Y4�2C_Y ÍlQJY d V0ZJDPAOMKAOM dsb ^���DP`_A b M <ªb `EZ dsb ^
b M2Y�V b M2V0Y.�2`E�JDR@5� b Q)�2@BY�DNM2QcDP@BC b�< Y0` � Y0Y.M�V b M2V0Y.�2`E�JDP@¤� b Q)�2@BY0C.H9X�Z2Y < DPV;× � DN^%QJC
V;ZJDPAOMÛA¶M dsb ^���DP`�A b MGABC\QJY0C_V.^%A < Y0Q�AOMÇU2Y0V0`�A b M �JH��JH��ªH

½ �a`cbed{V0@ODPC�C�ZJDPC b M2Y³��DRA¶MG�KY0`EZ b Q�Waf}�gbed�h*W � Z2ABV0Z�ABC9`EZ2Y+�KY0`EZ b Q�AOM � Z2ABV;Z�`EZ2Y
�2C�Y.^��2@ODPV0Y0C(`EZ2Y0AO^ b � M d �JM2V0`_A b MJDP@BAa` = � �2C�Y.^yÍlQJY Ý¤M2Y0Q��µ�2Y.^%ABY0CE�ÄH

½ �.¿��M� ¿z¤0ÀB»�ABC+DKV0@ODPC�C�` ZJDP`�V b M>`EDPAOM2C�AOM dsb ^���DP`_A b McD <Jb �2`/]fDN^%AOD < @BY0C+AOMc` Z2Y+C = C_`�Y.�cW2AOM
�JDN^%`�ABV.�2@ODN^0W�`EZ2Y�AOMJ�J�2`.W b �2`E�J�2`�W¤DNM2Q�@ b V.DP@*]fD>^%AOD < @BY0C+V b MN` DPAOM2Y0QÇAOM�`EZ2Y�V b M2V0Y.�2` �JDP@
� b Q)�2@BYNËÌC(@BABC�`�C.H

½ £
½f�EÀB½6iw¡¯ABC§DGV0@ODPC�C�`EZJDP`�V b MN` DPAOM2C+A¶M dsb ^���DP`�A b M�D <ªb �2`�V b MN`E^ b @�`E^�DNM2C d Y.^%C�^�Y0`E^%ABY0]NY0Q
d ^ b � ` Z2Y+A¶M>`�Y.^��ÅY0QJA¶DR`�Y§^%Y.�J^�Y0C�Y.MN` DP`�A b M�H

½5j �%¹.¸ÄÃ;½s¿�� ½*ABC4D(V0@ODPC_CÉ` ZJDP`
V b M>`EDPAOM2CnA¶M dsb ^���DP`�A b M�D <ªb �2`É�J^ b V0Y0Q)�J^%Y+C_`EDN^%`�C
^�Y0`E^%ABY0]NY0Q
d ^ b � ` Z2Y+A¶M>`�Y.^��ÅY0QJA¶DR`�Y§^%Y.�J^�Y0C�Y.MN` DP`�A b M�H

��ìNêPí?�òé.è
X�Z2Y�` b b @JAOM2V0@O�2QJY0C(`EZ2Y dsb @B@ b � AOM2��Y0Aa�2ZN`9C�V.^%AO�2`�C�HÈI(@B@ < �2`9`EZ2Y9Ý¤^�C�`.Wk`¤»�½7�J¼clX� ÀB»0Ã0WPC�V.^%AO�2`9DN^%Y
� ^%AB`�`_Y.MGA¶M p Y.^%@sH
X�Z2Ym`¤».½7�ª¼�lX�îÀB»0Ã\C_V.^%AO�2`\ABC\D�SÉÍlCEZ2Y0@B@ÈC�V.^�A¶�2`�H

½ `¤».½7�ª¼�lX�îÀB»0Ã§�2C�Y0C �$ÄE�
í dsb ^(Y0·2`E^�DPV0`�AOM2�c`EZ2YKV b M>`E^ b @È`E^_DNM2C d Y.^\DNM2Q��J^ b V0Y0Q)�J^%Y�C_`EDN^%`
^%Y0@ODP`�A b M2C d ^ b �$` Z2Y+A¶M>`�Y.^��ÅY0QJA¶DR`�Y§^%Y.�J^�Y0C�Y.MN` DP`�A b M�H

½ �.¿�� Àb�OÃ0½s¿NÂNÂ��î½f�î¹NºÇABC\�2C_Y0Q d�b ^n�NY0`_`�AOM2��`EZ2Y(@aAOM2Y�M2�J� < Y.^%C bPd `EZ2Y³�2C_Y0C\DNM2QcQJY Ý¤M2AB`�A b M2C
bPd ]fD>^%AOD < @BY0C.H
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½ ÂN»f¡ Ã?¡0¹�� ¾NÃ0»0Ã(`EDN×PY0C9AOMÇD�@BABC�` bPd �2C�Y+@BA¶M2Y�M2�J� < Y.^%C.WJDNM2QÇ^�Y0`E�J^�M2C9`EZ2Y+QJY Ý¤M2AB`�A b Mc@BAOM2Y0C
d�b ^(` Z b C�Yc�2C�Y0C.HcX�Z2ABCKC�V.^%AO�2`KAaC��2C�Y0Q � Z2Y.M£QJY0`�Y.^��KAOM2AOM2��V0ZJDPAOM¯D>M2Q¯^%Y0@ODP`�A b M2CEZ2AO�
A¶M dsb ^���DP`�A b M < Y0` � Y0Y.MGV b M2V0Y.�2`E�JDR@ � b Q)�2@BY0C.H

½ �Ô»�À
AOM>`�Y.^%C�Y0V0`_CÅD>M2Q DNMJDR@ =2´ Y0CK` � b @BABC�`�C bPd @aAOM2Y0C�` b ABQJY.MN`_A ds= DcQJAO^%Y0V0`�^%Y0@ODP`�A b M2CEZ2AO�
< Y0` � Y0Y.MG` � b V b M2V0Y.�2`E�JDR@È� b Q)�2@aY0C�H

½ ¸7� ¿��îº!�îº3nG`EDN×RY0C b M2Y�C�`�Y.� < DRV;×�AOMc`EZ2Y��2C�Y ÍlQJY d V0ZJDPAOM�H

½ Àm�îº)»ÄÃ;½s¹W�.¿��_Ã�`EDN×PY0CK@BAOM2YÆM2�J� < Y.^%C�DNM2Qw^%Y0` �J^�M2CK`EZ2Y�]PDN^%AOD < @BY0Cc�2C�Y0Q b ^+QJY Ý¤M2Y0Q b M
`EZ b C�Y+@BAOM2Y0C.H

½ �.¿��%¿Nº�¿NÀb .Ã7�øÃÉ�JY.^ dsb ^��ÅC DNMJDR@ = C�ABC b M�D�C�Y0` bPd @BAOM2Y0C
V b ���J^%ABC�AOM2�§D/V b M2V0Y.�2`E�JDP@J� b Q)�2@aYNW
QJY0`�Y.^��KAOM2AOM2��@ b V.DP@sW)AOMJ�J�2`+DNM2Q b �2`E�J�2`�]fD>^%AOD < @BY0C.H

½ � ºD¡;»��<�%» Â ¿Nº�¿NÀb �ÃC�øÃÅ�2C_Y0C�`EZ2YK]fD>^%AOD < @BYcA¶M dsb ^���DP`�A b M��J^ b Q)�2V0Y0Q <>= Ä�ðzÄ�ðêò!ð'i^o!Â$ñWÂ�` b
Q b D�C�Y0V b M2Q{C � Y0Y.��`EZJ^ b �2� Z£`EZ2YcAOMN`�Y.^_�KY0QJAODP`�YÇ^%Y.�J^%Y0C_Y.MN`EDR`�A b M�` b �J^ b � b `�YGDNM =
]fDN^%AOD < @BY0C�` b @ b V.DR@¤]PDN^%AOD < @BY0C�A d DP@B@¤@BAOM2Y0C bPd V b QJY � Z2ABV;ZcD>^%Y³×2M b � M�D <ªb �2`�DK�JDN^%`�ABV Í
�2@¶D>^9]fDN^�A¶D < @aY�DN^�Y�Z b �2C�Y0QcAOMc`EZ2Y�V b M2V0Y.�2`E�JDP@*� b Q)�2@BYNH

ªNÀF¯ �$�����8�(���qp8������ «���������,.�/���

X�Z2Y��2C_Y.^(A¶M>`�Y.^ d DPV0Y bRd `EZ2Y�` b b @*ABC dsb ^(�NY.M2Y.^�DR@
�J�J^�� b C_Y�V b M2C�`E^_�2V0`�A b M�WÈ^%Y Ý¤M2Y.�ÅY.MN`.W*DNM2Q
DNMJDP@ = C�ABC bPd V b M2V0Y.�2`E�JDR@)� b Q)�2@BY0C.Hnks`*V b M2C�ABC�`�C bPd ` Z2Y4�ÅY.M ��AB`�Y.�KC�CEZ b � M�AOM�t�AB� �J^�Yh�ªH�JHÈk `
ABC d �J^%` Z2Y.^
QJY0C_V.^%A < Y0QÇAOM�I³�J�ªY.M2QJAB·�gNH�X�Z2Y\�J�2Y.^%ABY0C\D�]fDRAa@OD < @BY+`EZJ^ b �2� Z�`EZ2Y³�2C_Y.^
AOM>`�Y.^ d DPV0Y
^%Y0@ =Kb MK`EZ2Y/CEDN�KY9V0@ODPC�C�Y0C�DNM2QG�KY0`EZ b QJCÉDPC�`EZ b C�Y\�2C�Y0Q <>= `EZ2Y9�µ�2Y.^ = AOM>`�Y.^ d DPV0YNH
X�Z2Y(�2C�Y.^
AOMN`_Y.^ d DRV0Y��J^ b ] ABQJY0C(�µ�2Y.^%ABY0C�` ZJ^ b �2� ZcDK�KY.M2�cC�AOM2V0Y�`EZ2Y = D>^%Y³�2C_Y0Q bPd `�Y.MGDNM2QÇM2Y0Y0QÇ` b�< Y
DPV0V0Y0C�C_Y0Q b M�Dc^%Y0� �2@ODN^ < DPC_AaC�H§X�Z2YKV b M2V0Y.�2` �JDP@
� b Q)�2@aYG` b2b @ � DRC\AO���2@BY.�KY.M>`�Y0Qu` b `�Y0C�`
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`EZ2Y��2C_Y d �2@OM2Y0C�C bRd ` Z2Y�V b M2V0Y.�2` �JDP@É� b Q)�2@BY0C�DN�J�J^ b DPV0Z�Hcks`�C��2C�Y.^ÔÍlA¶M>`�Y.^ d DPV0YGABC�V.�J^�^%Y.M>`�@ =
CE�>Ø�V0ABY.M>` dsb ^9DNMJDP@ =2´ AOM2�cV b M2V0Y.�2`E�JDP@È� b Q)�2@BY0C < �2` � DPC�M b `�` Z2Y d�b V.�2C bRd `EZ2ABC³^�Y0C�Y.DN^%V0Z�H

U2AOM2V0Y�`EZ2YG^%Y0�µ�2AO^%Y.�ÅY.MN`�C bPd �2C�Y.^%C�QJATÑ�Y.^�� ^%Y.DP`�@ = QJY.�JY.M2QJAOM2� b M�`EZ2Y�^%Y0Y.M2�>A¶M2Y0Y.^ÔÍ
AOM2�c`EDPCE× < Y0AOM2�Æ�JY.^ d�b ^_�KY0Q�W��2C�Y.^%C�DN^�Y bRd `�Y.MÛAOMN`�Y.^�Y0C�`�Y0Q�AOM�]NY.^ = QJAÎÑ�Y.^%Y.M>`+QJY0`EDPAB@BC§D <ªb �2`
V b M2V0Y.�2`E�JDR@¤� b Q)�2@BY0C.H
klM�DPQJQJAB`�A b M�` b�< DPC�ABV³D>M2Q d ^�Y0�µ�2Y.M>`�@ = DPV0V0Y0C�C�Y0Q�AOM dsb ^���DR`�A b M�D <ªb �2`
V b M2V0Y.�2`E�JDR@ � b Q)�2@BYKA¶M>`�Y.^ d DPV0Y0C\D>M2QÆ^%Y0@ODP`�A b M2C Z2A¶�2C�W�`EZ2Y§�2C�Y.^(��D = A¶M2C �JY0V0`+`EZ2Y�QJY0`EDPAB@BC bPd
DP@B@�V b ���J�2`�Y0QÇAOM dsb ^���DP`_A b M�H�t b ^nAOM2C�`ED>M2V0Y�`EZ2YK�2C�Y.^���D = � ABCEZÛ` b DPC ×)Ò

½ A d `EZ2Y�V b M2V0Y.�2`E�JDP@È� b Q)�2@BY0C+ZJD.]>Y�DNM = V b ��� b MGQJY Ý¤M2AB`�A b M�� b AOM>`�Csr

½ A d `EZ2Y�V b M2V0Y.�2`E�JDP@È� b Q)�2@BY0C+ZJD.]>Y�DNM = V b ��� b MGY Ñ�Y0V0`�Csr

½ A d `EZ2Y�V b M2V0Y.�2`E�JDP@È� b Q)�2@BY0C+ZJD.]>Y�DNM = ]fD>^%AOD < @BY0C\AOMcV b ��� b MXr

X b DP@B@ b � `EZ2Y �2C_Y.^�` b ` DPAB@ b ^§�ÅY0`EZ b QJC d�b ^���DNM2AO�J�2@ODP`�A b M�DNM2Q D>MJDP@ = C�ABC bRd V b M>Í
V0Y.�2`E�JDP@
� b Q)�2@BY0C.W�DG�J^ b � ^�D>����DP`�ABVK�J�2Y.^ = AOM>`�Y.^ d DPV0Y�DNM2Q¯DNMJDP@ = C�ABC�@BA < ^�DN^ = ABC§�J^ b ]2ABQJY0Q�H
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fp = xfopen(*files, "r");
while(fillbuf(&buf,fp);
{

{

FILE *fp;
int cc;

char buf[8192];

fp=xfopen(files[i],"r");

for(i=0; i<nfiles; i++)

tmp=tempname();

if(feof(fp) && !nfiles...

else
++n_temp_files

tfp=ofp;

findlines(&buf,&lines)

main()

sort()

ofp=xtmpfopen(tmp);
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