
���������	��

������������������������������� �!���������	��

���
"#��$�%&��')(�(�
���%*')���+'-,.'0/1�32 ������45$&�768'�4���/9
:')�

;<���>=.$���?@/

ACBEDGFIHKJ�BLBEMONPDRQ
S>T�UWVYX[Z\U
]�^`_aTcbId�egf	h�i�ikjmlGnpo�o

q UWVYdGdm^`d�r�s9dmt0bYuRfvTce q UcZwTcXYU�T�]:Xyx q d�rEf{z�]pevT}|CX[~mZ\XYT�TPevZwX[~[�
s9^w]
��fvd�X q UWVYdGd�^�d:r��{X[rLd�evt)]pfvZwd�X�S>TcUPV[XYdm^\d�~��G�

��d�Xy]:�gV��	X[Zw�mTcev�gZ�f{�G�Ys9^w]
��fvd�X��[�	Z\Ucfvd�evZw]��I�au[��fgeW]�^\Zw]��m��imi��
fvT�^��E������np�������mikj0j�h�imj��I^\^\d
�Yx�� ]�^\^\Zw�gd�XI�	Z\X[rLd�fvT�UWV�� t0d�Xy]��gV`� T
x[u`� ]:u

h�n q T�b[fvTct��ITce�h:imimj��

�)�¡ �¢�£p¤y¥�¢m¦�§W¨y©�ª[«c¬�­O®�¯±°y²�³v´�²gµ�¶�¶�­O¨G´ Z\��]�X[Tcz·t)]�UWVYZ\XYT�^\T
]pevXYZ\XY~0bY]:eW]�x[Z\~mt
U�d�t��[ZwX[Z\XY~!rLuYXYUPfvZwd�Xy]:^�b[evd�~�eW]�t0t0Z\X[~¸�º¹¡»9��rOd:e¼z�evZ�fvZ\XY~½��fW]pfvZw��fvZ\U
]:^0t0d�xR¾
T�^\��]�XYx�fvV[T�Z\X[rLd�evt)]:fvZ\d�X¿fvVYTcd�evTcfvZ\U�UcevZ�fvTcevZ\d�X���À ­O¨Y­L¶�ª�¶ À ¯PÁvÁPµ
´G¯�ÂÃ¯P¨�´�¬LÄ
��� ��Å>�P�CfvdÆb[evTc�kT�XGf�dp�kTPegÇYfgfvZ\XY~R�CSC�RbITc¾�U�^w]��g�gT��0�gbITcU�Z�rL��~mTcXYTceW]:^�bRevdmbITcegfvZ\T��
fvVY]:f���fW]:fvZ\��fvZ\U
]�^�t0d�xRT�^\��t�u[��f�Vy]
�kTm�¡��]�XG����fW]pfvZ\��fvZwU�]�^±t0d�x[T�^\���>T���fvZ\t)]:fvd�ev�
]:Xyx dmbITceW]pfvd�ev��VY]p�mT�bId�^\�Rt0d:evbYVYZ\U�f{�RbIT����I�a�gTcrOu[^¡dmbITceW]pfvd�ev��fgeW]:XY��rOd:evtÈ]�XYx
U�d�t��[ZwX[T�t0d�xRT�^\���`]�XYxÆT���fvZ\t)]pfvd�ev���Ifvd)rOd�evtÉXYTczÊd�XYT����`¹¡»�Ë � «v³�¶	°R³�Áv­O¬�­�³�¨IµmÌ
��fÍ�[^\T�d�r`b[evd�~�eW]:t0t0ZwX[~�Z\��]�~�evT�]:f±]�x[��]�XGfW]�~�T�Z\X0fvVYZ\�1x[d�t)]�Z\X��G� ��Å Ç[fv�1z9T�^\^
z±Z�fvV¿¹¡»7Z\XÎb[evdp��Zwx[Z\XY~Æ]@U�dmt0bId��gZ\fvZ\d�Xy]�^±t0T
]:�gu[evT�d�r�fvVYT&U�dmt0b[^wTPÏ[Z�fÍ��d�r	]
t0d�xRT�^`rEevdmtÐZ�fv�±by]pegfv���
�ÍXyx[u[UcfvZ\�kT0b[evd�~�eW]:t0t0ZwX[~�Z\��Z\^\^\uY��fgeW]:fvT�x��G��]�U
]��gT���fvuyx��Kd:r	Ñ9]
�kT��gZw]�X�XYTcfg¾
z9d�evÒ�����ÓaTcf{z9d�evÒ���]pevT �Yu[Zw^�f)rLevd�tÔU�^w]��g�gZ�ÇyU
]pfvZ\dmX[¾��ºx[T�U�Z\�gZ\dmXR¾{�0fgevT�Tc����S�evT�Tc���
]:XyxKX[Tcf{z9d�evÒ����¡]pevT0~mT�X[TceW]�^�Õ Ö:×�]���]�XY]:fvu[eW]:^9U�d�XY�gT
ØGu[T�XYU�T0d:r�fvVYT�t0TPfvVYd�x`�
Ù�Z\�gUcevTPfvT	]:Xyx�U�d�X�fvZ\X�uYd�uY�C�m]pevZw]��Y^\T����G]�Xyx�t0Z\�g�gZ\XY~���]�^\u[T��9]pevTaVY]�XYx[^\T
x`�kS�evT�T��
]pevT}�[uYZ\^�f±rLevdmtÚbY]:egfvZ�fvZ\dmXYZ\X[~)rLuYX[UcfvZ\dmXY��]:Xyx�t0d�xRT�^\�ad�X xY]pfW]��gby]:U�T�����¹ÃZ\XY]�^\^��
fvV[T�Ñ�]��GT��gZw]�X X[Tcf{z9d�evÒ��±]:evT�]:bYb[^wZ\T
x�fvd�]�UWVy]:^w^\T�X[~mZ\XY~)x[]:fW]��gTPf±dmX�^\dm��f�bITceg¾
�gd�XY���
Û�Tc��z9d�eWx[���
Ñ�]��GT��gZw]�X�XYTPf{z�d:evÒ����
U�^w]��g�gZ�ÇyU�]:fvZ\dmX}fgevT�T����pxRT�U�Z\�gZ\dmX�fgevT�T����
rLuYXYUPfvZwd�X
t0d�xRT�^\���mZ\XyxRuYUcfvZ\�kT�Z\XRrOTcevT�X[U�Tm�mt)]�UWVYZ\XYT�^\T
]pevXYZ\XY~R�kt0Z\XYZ\t�uYtÜt0Tc�g�v]�~mT�^\T�X[~�fvV`�
� ��Å�����Ù�Å��[evT�~:evT��g�gZ\dmX`�I��fW]:fvZ\��fvZ\U
]�^�t0d�x[T�^\���

Ý ÞYß�àIá�â�ã�ä}å>à�ævâ�ß
ç�è�é�ê�ë�ê>é:ì�HIé�NcípìcMEî>é�N�ï�ðÃñGò`ó:ôÍï�õGöa÷>øcùPúRøPûGü�ü�ï�ðYú�ýºþvÿ���ë�ê`ë�ì�ëRH�M������ºD[ì��
	�MOí��yBEF�
�ìcM��cMEQ��
N�	`í�ípMLQ`í��}NPDRB�	��cMED[Q`N��PD MLQ`H�	`í��PM��Ré0MLQ��ºé:ìcé:Q�ípé0ê�ìcDRî�BLé�� N��ºìcD�����ë[í�è�MLQ�é0BEémë�ìcQ�MLQ������yD[B�	��
�PMLDRQ`N��cë �[é!�Pè`é"�ºDRì#� D �%$
ô�û�ôÍï&$
ô{ï�ócû '1ü ùmñRö�'($�ë�Q`H)�cè�é:MLì�émN*�cM�� ë �PDRì�N,+.-�M��[é:Q ê`ëRì��cMLí�	�BOë�ì0/
MEQ1�Gë�ìcMLëRî�BLF@Q�DRMONPF�/�H�ë �cë�MLQ��ºé:ì}ë2�[é:Q�é�ìcëRB3��DIHIé�B�D �4�Pè`é)H�ë5��ë���þvÿ6	`NPé�N%�7	`Q`í��cMED[Q`ë�B�ê`ìPD��
�Rì�ë ����MEQ��)ý98�ÿ:�;�cD�ê�ìcD��Rì�ë �<��DIHIé�BLNCë�Q`H�émN*�cM�� ë5�cDRì�N�/�ë�Q`H=�cè�é±MLQ��ºDRì#� ë5�PMLDRQ=�cè�é:D[ìPé��PMOí
ípìcM��cé:ìcMED[Q>/���MEQ�M��?	��@��é�NcNPë��Ré�BEé�Q�� �cè ýBACA�A4��/��cD ê�ìcé��Ré�Q
�	D5�[é:ìD�9E��D�PMLQ����

AF	`í�è�ìPémNWémë�ì�í�è&MLQG� ëRí�è�MLQ�é�BLé�ëRìPQ`MEQ��0MLQ1�RD[B��[é�N�HIé,�YMONPMEQ��)ë)Q�é�
H�yMEQ�H�D �¡N*��ë5�PMON��PMOí:ë�B
��DIHIé�BCë�Q�HÆM���ê�BEé,��é:Q
�PMLQ��@ë�ê�ìcD��Rì�ë �I�cD�BLé�ëRìPQ ýºMLQ��ºé�ì,/�E��,/�émN*�cM�� ë5�cé0�	ë2��DyH�é:B>�[M��[é:Q



h Å`^\dp�[x���^\^wZ\�gd�X

H�ë5��ë�� �1	`í�è N��cëRQ`H1�gë�BLDRQ�é¼ê�ìcD��Rì�ë � N)ëRìPé¼D � �cé:Q·è�ë�ì�H �PD ��DIHIM��ºF·ëRQ`H½ípD���î�MLQ�é 
�M��cè
D �Pè`é:ì�N �cD�M���ê�BLé���é:Q
��Q�é�
ÜN*��ë5�cMLN��PMOí:ëRB
��DIHIé�BLN,�GçCD�ëRH�H�ìPémNPN �Pè�MON,/Gþvÿ¿HIé�E`Q�émN4�vFYê>é�N�ëRQ`H
ípBOëRNcNWémNaD��1N��cë5�cMLN��PMOí:ëRB3��DyH�é:BON	ëRQ`H �Pè�é�ê�ìcDRê>é:ìD�PMLé�N:�Pè�ë5��MEQ�N*��ë�Q`í:é�N,/1�Pè`ë ��MON	ê`ë�ìD�PMOí�	`BLëRì
��DIHIé�BLN,/�� 	`N*��è`ë �[é0ë�Q`H¼ê�ìcD5�YMOHIémN	ë�BLMLî�ìcëRìPF D��9ND	`í�è�MEQ�N*��ë�Q`í:é�N,�

-�M��[é:Q!�cè�éaè1	��[é �Gë�ìcMEé��vF�D �`ípD���ê�	��PMLQ���ê�ìcDRî�BLé�� N,/��Pè`é	í�è`ëRQ`ípémNCD���è`ë �yMEQ��}ë�ìcé�ë[HIF
�
��ë[HIé�ê�ìPD��Rì�ë ���Pè`ë ��ëRBEìcé�ë[HIF�NWD[B��[é�N�ëÆQ�é,
Úê�ìcDRî�BLé�� MON�N�� ë�BLB �Ãç�è`é�NPM��#	`ë5�cMED[Q�MON�Q`D
HIM � é:ìcé:Q
�	MEQ@MLQ`H�	�í��PM��Ré�MEQ��ºé:ìcé:Q`í:é}NWD&M��	MLN 	`NPé��7	�B;�PD�è`ë �Ré}ë"
	ëkF�D ��ípìcé�ë �PMLQ��)Q�é,
7NWD[B�	��
�PMLDRQ`N��
	�MLí��yBLF�ëRQ`H émëRNPMEBLF��yÿ±ìcD��[ìcë��2��MLQ���BLëRQ���	�ë �RémN�é��IMON*�:�PD ��ë��Ré�M���é�ëRNPMLé:ì �cD?
�ìcM��cé
Q�é�
ÚNPDRB�	��PMLDRQ�N�����Q�é�ípD�	�BOH HIé��yMONWé�ëÆNWê>é�í:MLëRB1ê�	`ìPê>D[NPé)BOë�Q���	`ë �[é �ºDRì}MLQ`H�	�í��PM��Ré�MEQ��ºé�ì��
é:Q`í:é�/�ëRQ`H�é���ë���ê`BEémN}í:ëRQ�î�é?�ºD�	�Q`H>/�NPD���é��cM���é�N�ëRN�ë��PNcípìcMEê��cMEQ�����BOë�Q���	`ë �[é�H�MLN��PMLQ`í��
�ºìPD�� �Pè`é	�WM���ê`BEé,��é�Q
�cë5�cMED[Q
��BOë�Q���	`ë �[é�MLQ�ë H�ë5��ë�ë�Q`ëRBEFINPMLN�ê�BOë5�D�ºDRì#� ND	`í�è ëRN���
 �����
ë�Q`H �
�gÿ±B�	`N�
������ ����	��	ND	`í�è@ë0BOë�Q���	`ë��Ré�MON±D � �cé:Q@MLQ
�Pé�ìPê�ìcé��cé�H ëRQ`H�BLë[í��IN±ípD���ê`MEBLé�� �PM���é
�vFYê>é�í�è�é�í��yMLQ���/�ë�Q`H½M�� MON�ì�ë�ìcé:BLF ��ëRMEQ
��ë�MLQ�é�H îyF ê�ìcD��[ìcë�����MLQ�� BOë�Q���	`ë �[é��Pê�ìPD��ºé�N��
NWMLDRQ`ëRBLN�� 
�è�D é:Q`ND	�ìcéF�Pè`ë �¼M�� �[ìPD5
�N@ëRQ`HÊHIé,�Ré:BLDRê�N��aþgQ`N*�cé�ë[H¸þvÿ 	`NPé�N¼ë�QÊé��IMON*�cMEQ��
�Ré:Q`é:ì�ë�B9ê�	�ìcê�DYNWé�8�ÿ BOë�Q���	`ë �[é"�cè`ë5��MLN�í:D���ê�MLBEémH¿ëRQ`H�è`ë[N�ë¼N��PìcDRQ�� �vFyê�é�NWFIN��Pé,���
�}ëRND�Ré�BEB�
�� � � �!��ëRND�Ré:BLB�MLNÆë �[DYDIHÜí�è�DRMOípé�
 � � �ºDRì MLQ`H�	�í��PM��Ré�MLQ��ºé:ìcé:Q�ípé î>é�í:ë�	`NPé¼M��@MLN
é��Iê�ìcé�NcNWM��Ré0ë�Q�H�è`ëRN�ë@ê�D5
	é:ìD�7	�BCNPFIN*�cé�� D���ê�D[BEF1��DRìcê�è�MOí=�vFyê�émN}ë�Q�H)�vFYê>é�í:BLë[NPNPé�N#"�M��
MLN!�[DyDyH¿BOë�Q���	`ë �[é?�cé�í�è�Q�D[BED��RF��>89ÿ é�Q`ípD�	�ì�ë �RémN��cè�é¿ó�ùGü}÷`ù $
ï�ôÍï�ù�ð�D ���7	�Q`í��PMLDRQ`N,/CëRQ`H
ê�D[BEF1��DRìcê�è�MOí%�vFyê�émN±BLé�ë[H��PD"�[é:Q�é�ìcëRB`NPDRB�	��PMLDRQ`N#" �cè�MONaëRBEB.��ë��RémN �ºDRì	NWè�D[ì��	ë�Q`H��[é:Q�é�ìcëRB
ê�ìPD��Rì�ë � N,��$!é�NPé:é �Pè�émNWé�î�é�Q�é�E��cN�ì#	�î�î�MLQ�� ��D � DRQKN*��ë5�cMLN��PMOí:ëRB.��DIHIé:BON�
�è�é:Q �Pè�é�F@ë�ìcé
�Pì�ë�Q`N��ºDRì#��é�HKë�Q`HKípD���ê>D[NPé�H>�
ÿ±ìcé��yMED�	`N%
	DRì#�@DRQ�þvÿ%
 ��/���/'&./'(�/)� �1í:ìPémë5�PémHKî`ëRNPMLí�î�	�� 	`NPé��7	`B1N��cë5�cMLN��PMOí:ëRB>��DIHIé:BON�/

é�N��PM���ë �PD[ìcN&ë�Q`H �7	�Q`í��cMED[Q`N,��ç�è`MLN&ê`ë�ê>é:ì NPè�D5
�N)è`D5
 �Pè�é�F½í:ë�Q·î�é �cëRMEBLDRìcé�H �
	�MOí��yBEF
�PD N�	`M��@ë¿Q�é�
 ê�ìPD[î�BLé�� ëRQ`H 	�NWémH·ëRN�ê�ë�ìD�cN�D ��ëÎQ�é,
@��DIHIé:B � A�ëRQYF ��DIHIé�BLN ëRQ`H
ëRNcNWDIípMOë5�cé�H?�7	�Q`í��PMLDRQ`Naë�ìcé	ê>DRBLF1��DRìcê�è�MOí*"Rë �[DYDIH?�vFyê�é}ëRQ`H�ípBOëRNcN�NWFIN��Pé,� ìcé��Rémë�BON4�Pè�é�MEì
�Pì#	�éC�Ré�Q�é:ì�ë�BLM��vF��:�
��ë5�cMLN��PMOí:ëRB ��DIHIé:BON�/ �7	�Q`í��PMLDRQ`NKë�Q`HÊH`ë5�cë·í:ë�QÊî>éC�[é:ìcF �[é:Q�é�ìcëRB+�
ë�QyF¿í:D���ê�	���ë�î�BLé ��DIHIé:BaMEQ��ºé�ìPìcé�H �ºìcD�� ë�B���D[N���ë�QyFC�vFyê>éÆD ��H�ë �cë îyF¿ëRQ½ë�ìcî�M��Pì�ë�ìcF
ë�B��RDRìcM��Pè�� �

� �Ré:ìD� E����cMEQ��!MON ë 
	é:BLB �yQ�D5
�Q·ê`ìPD[î�BEé,��MLQ6� ë[í�è�MEQ`éKBLé�ëRìPQ`MEQ�� ë�Q�H·M��@MLN�émNPNPé:Q��
�PMOë�B �Pè�ë5�)ë � ë[í�è�MEQ`é�BLé�ëRìPQ`MEQ��KNWFIN��Pé,� HID NWD���é��Pè`MEQ���ë�î>D�	���M��,��$ÊMLBLBEMOë �ÔD�����í�í:ë �
ë�ì#��	�émH�MEQC��émHIMEé,�Gë�B �PM���émN��cè`ë5��ë�Q é,�yê`BLëRQ`ë5�cMED[Q�NWè�D�	�BOH î�é �Ré�ê���NPM���ê�BLé?	`Q�BEémNPN}Q�é��
ípé�NcNPM��vFKHIMLí��cë �Pé�N}D �cè�é:ì#
�MLNPé���JÚípD���ê�	��Pé�ì}ê�ìcD��[ìcë�� HIDRMLQ�� MLQ`H�	`í��PM��Ré)MLQ��ºé�ìPé�Q`ípé"� 	`N��
ëRH�HIìcé�NcN!��DIHIé:B�ípD���ê�BEé,�IM��vF��CþgQ ê`ëRì��cMLí�	�BLëRì,/CM��}ND	�î�� ��DyH�é:BON�ë�ìcé��PD¿î�é¼ípD���ê>D[NPé�H �cD
��ë��Ré�Q�é,
 ��DIHIé:BON�/ �cè�é�ípD���ê�BEé,�IM��vF)D����cè�é�ê`ë�ìD�cN�ëRQ`H"�cè�é 
�è�D[BEé%�?	�N*��î>é�HIé�ëRB�� 
�M��Pè>�
$ÊM��cè M���N)ípD���ê>D[NPM��PMLDRQ`ëRB�Q`ë5�#	�ìPé�/>��MEQ`M�� 	�� ��é�NcNcë �Ré�BLé:Q����PèÊýBA A�A � ýÍNWémí��cMED[Q-����� �
MEQ��ºé�ìPé�Q`ípé.
 ����/'�*/*��MLN�ë�Q`ë �D	�ì�ë�B¡ê�ë�ìD�PQ�é�ì:�ºD[ì�8�ÿ¸MEQ)�Pè`MLN�H�D�� ë�MLQ>�
ç�è�é �
	�émN*�cMED[Q`N��cè`ë5�0ë�ìcé�ì�ë�MONPé�H3/>ë�Q`HC�Pè`ë ��ëRìPé)î>é:MLQ���ë�Q`ND
	é:ìcé�H ëRN�þvÿ H�é��Ré�BED[ê`N,/

MEQ`í:B�	�HIé�+;
�è`ë5��ë�ìcé �Pè�é!�vFyê>é�N�ë�Q`H í:BLë[NPNPé�N�D��±N*��ë5�PMON��PMOí:ë�B ��DIHIé�BLN,/�
�è�ë5��í�ë�Q î>é�HIDRQ`é
�PD!��DIHIé:BON�/[ë�Q`H&è�D5
¸í:ë�Q �Pè`é:F�î>é%�Pì�ë�Q�N*�ºD[ìD��é�H�ë�Q�H�í:D��&î�MEQ`é�H
0�1�é:ê>é:Q�HIMEQ��)DRQ�DRQ`é�2 N
î`ëRí��1�RìcD�	`Q`HÎëRQ`H!MEQ`í:BEMLQ`ë �PMLDRQ>/�þvÿ í�ë�Q î�é¼NWé�é:Q ëRN)ë�NPD � �*
�ë�ìcé�é�Q��RMLQ�é�é:ìcMEQ���ë�Q�ë�BLFyNPMON
D �?� ëRí�è`MEQ�é¿BEémë�ìcQ�MLQ���/�ëRNKë·í:D���ê�DYNWM��PMLDRQ�ë�B�HIé:Q�D��cë �PMLDRQ`ëRB�NPé�� ë�Q
�cMLí�NÆD���N*��ë5�PMON��PMOí:ë�B
��DIHIé�BLN,/`ë[N�ë�Q�ë�ê�ê�BLMOí:ë5�cMED[Q¼D��48�ÿ /�D[ì�ëRN�ë�Q�é��&î�émH�HIémH¼BOë�Q���	`ë��Ré3
 �*&*� �
ç�è�éÎQ�é,�1��NPé�í��PMLDRQ í:D5�Ré:ì�NÆNPD���é¿î`ëRí��1�RìcD�	`Q`H6��ë �Pé�ìPMOë�B �	J�� �Pé�ì �cè`ë5�0/�MEQ`H�	`í��cM��[é

ê�ìPD��Rì�ë ����MEQ��Æýºþvÿ���MON	MEBLB�	`N*�cìcë �PémH@îyF@ë&í�ëRNPé�N��D	�HIF@D �4�	ëkF[é�NPMLëRQ Q�é��*
	DRì#�IN��5��ëkFRémNWMOë�Q
Q�é��*
	DRì#�IN}ë�ìcé"�cè�é:Q!ë�ê�ê`BEMLé�HC�PD�ëÆH�ë �cëKNWé���D��±BEDYN*��ê�é�ìcNPDRQ�N6
��7��� �>þ ��MON�ëÆí�è`ëRBEBLé:Q��RMLQ��



S�_Üh�i�ikjmlGnpo�o&s q ��S	�y��dmXy]:�gV ��� �

H�ë5��ë¿NPé�� D � (�/�(ÎìPémípD[ìcH�N�ë�Q�H �7� �Gë�ìcMLëRî�BLé�N,/1è`ëRB���D � �Pè�é,� ��MLNcNWMLQ��!DRQÜë �Ré:ì�ë �[é��1þ �
NWè�D5
�N"�Pè�é �yMEQ`H½D ��ê�ìcDRî�BLé�� �cè`ë5� �vFYê`MLí�ë�BLBEF ê>DRê`N?	�ê 
�M��Pè½ìcé�ëRBaH�ë �cë�/1M��}ë�QyF H�ë5��ë
NWé���í�ë�QÆî>é0NPëRMLHG�PD�î�é=�vFyê�MOí:ë�B � ��ëkFRé�NPMOë�Q Q�é��*
aD[ìD�IN 
 &*� �ºD[ìD�8ë�í:ë[NWé�N*�#	`HIF "
�Pè�é � ë�MLQ
ê�D[MEQ
��D � �Pè`é�ê�ë�ê>é:ì�MLN �PD�NWè`D5
Ðè�D5
Úë@Q�é,
 N��cë5�cMLN��PMOí:ëRB ��DIHIé�B�í�ë�Q�î>é�ê�ìPD��Rì�ë ����é�H
��	`MLí��yBLF �cDKND	�M���ë¼Q�é,
Úê�ìcDRî�BLé�� �ÃJ�BLB±ípDIHIé�NWè�D5
�QÎMLN �}ë[N��[é:BLB�� ��� MLQC�cè�é�MEQ
�cé:ìcé�N��cN�D �
N*��ë�Q`H�ëRìcH�MLNcë5�cMED[Q·ë�Q`H è`ë[N�î�é�é:Q¸ípD���ê�MLBLé�H6	�Q`HIé�ì2�Pè�é -�BOëRND�RD5
 ��ëRND�Ré:BLB��aD���ê�MLBLé:ì0/
�Rè`í�/��Ré:ì�NPMED[Q /�� ��� ���

M; D|M

TransmitterReceiver

���
	���
��3A é�NcNcë �Ré�ÿ�ë�ì�ëRH�M����)�

� ����å����±á`â�ä}ß�ã

8�DRì�í:D���ê�BLé��cé:Q�émNPN,/1�Pè�MON�NPé�í��PMLDRQKMEQ
�PìcDIH�	`í:é�N ACA�A ëRQ`H¼þvÿ 2 N%��ëRMEQ í:BLë[NPNPé�N 
 ��/ (�/ � � �

� ��
 �����
A MEQ`M�� 	�� ��é�NcNPë��Ré&BEé�Q�� �cèÜý9ACA�A ��MLQ��ºé:ìcé:Q�ípé 
 � �1/ ��/���î�	�MLBLH`N�DRQ �Iè`ë�Q�Q`DRQ 2 N=��ë �Pè��
é�� ë5�cMLí�ë�B �cè�é:D[ìPF!D ��ípD��2� 	�Q�MOí:ë �PMLDRQ 
�� � � /Cè�é�Q`ípé�� ��é�NcNcë �Ré�2�/�ëRQ`H DRQ-��ëkFRémN,2 N=�Pè`é:D �
ìPé,� 
 � � +

�! #"%$'&'(�)+*,�' -"%$.)0/1�! #"%(32�$�)4*5�' #"%(�)0/1�' #"6$32�(.)
798;:=<=>�? "%@.)A*CB'D!E : "%�' #"%@�)')
798;:=<=>�? "%$'&'(.)4* 798;:=<=>�? "%$.);F 798;:=<=>�? "6(32G$.)H* 7I8J:=<=>�? "6(.);F 7I8J:=<=>�? "K$32
(�)

�è�é:ìcé A MON�ë=��DIHIé�B�ý �cè�é:D[ìPF�/GèYFyê>D �cè�é�NPMLN,/Gê`ëRìcë���é��Pé�ì9émN*�cM�� ë �Pé0�1D���ê�ìcMED[ì�ê�ìPD[î`ë�î`MEBLM��vF
ÿ±ìkýBA ��D5�Ré�ì0NWD���é H�ë �cë�/ 1?/CëRQ`H4L MON0ë�Q!é��[é:Q
�0D ��ê�ìcDRî`ëRî�MEBLM��vF�ÿ±ìký
L:���>A�ND�[A�é�QCý
L��
MLN��cè�é�BEé�Q�� �cè¼D��9ë2��é�NcNPë��Ré�/yMLQKëRQ¼D[ê��PM�� ë�B�í:DyH�é�/Ië�Q�Q`D�	�Q`í:MEQ��ML "
�Pè�é!	�Q`M���N�ë�ìcé&ð�ï�ôB$
�ºDRì�Q`ë �D	�ì�ë�B¡BLD��YN�/9N:ï�ôB$:�ºDRì�î`ë[NWé ��BLD��[N,�

ACA�A Q�D��PMLDRQ`ëRBEBLF í:DRQ`NPMLH�é:ì�N@ë¸ôÍøcûGð�$
ü�ï�ôÍôgö:ø�NPé:Q`H�MEQ��½ë �*
aD��{ê`ëRì��G��é�NcNcë �Ré)�cD½ë
øPö�ócö:ï�õGöpø�ý E���	�ìPé �0���Iç�è�é=E`ìcN���ê`ë�ìD�,/yD �1BEé�Q�� �cè � ND�[A�é�QCýBA ��/IN*��ë5�cé�N�ë?��DIHIé�B3
�è�MLí�è¼MLN
ë�Q�ë�Q`ND
aé�ì �cD0NWD���é	MLQ��ºé:ìcé:Q`í:é�ê�ìPD[î�BLé�� ��ç�è�é�NWémípD[Q`H)ê`ëRì��0/5� N��YA�é:Q1ý 1MO A ��/�N*��ë5�cé�N4�Pè`é
H�ë5��ë�é:Q`í:DyH�é�H0ëRNCM��1�cè�é�ë�Q�N�
	é:ì0/�A /�MLN>�Pì#	�é�"�Q�D �cé �Pè`ë �>�Pè`é±ìPémípé�M��[é:ì�í:ëRQ�Q�D��1HIé�í:DIHIé �Pè`é
NWémípDRQ�H�ê`ë�ìD� 
�M��Pè�D�	�� �cè�é!E`ì�N*��ê`ë�ìD�,�>ç�è�é:ìcé)MON}ë��cìcë[HIé���D � î�é��*
aé�é:QF�cè�é&í:D���ê�BLé��IM��vF
D ���cè�é ��DIHIé�B9/ A /�ë�Q`H·M���N"E�� �cD �cè�éKH`ë5�cë�/41MO A ��þgQ NPD���é¼NPM���ê�BLé�í:ëRNPé�N ACA�A MLN
é,�
	�M��këRBEé�Q
�2�cD � ë*�yM��?	�� ë�ê>D[N��Pé�ìPMLDRìcM�ý9A�J}ÿ��&é�N��PM���ë �PMLDRQÜî�	����Pè`MLN�MON�Q�D ���cìD	�é�MLQ
�Ré:Q`é:ì�ë�B 
 � � /��7��� "��ºDRì�é���ë ��ê�BLé)M��±DRQ�é&DRì ��D[ìPé�í:DRQ
�PMLQ1	�D�	�N�ê`ëRìcë���é��Pé�ìcN�ëRìPé0MLQ1�RD[B��[é�H
�Pè�é�F � 	`N*��î>é�N��cë �Pé�H)�cDQP±ð�ï�ô�ö�/�DRê��PM���ëRB�ê�ìcé�í:MLNPMED[Q>�.�
�cìPMOí��=ACA�AÊý9��ACA�A ��ìPé�BEMLé�N�D[Q
�Pè�é�HIé�NPM��RQ D �}ëC�7	�BLB	D[ê��PM�� ë�B�ípDIHIé¼î�DyD�� �SR�Q��ºD[ì��#	�Q`ë �Pé:BLF ��ACA�A MLN&MLQ��ºé�ë[NWMLî�BLé �ºD[ì



Ö Å`^\dp�[x���^\^wZ\�gd�X

��DYN*��MLQ��ºé�ìPé�Q`ípé0ê�ìcDRî`BEé,��N 
�� ��/ ��/�� ��8�DRìD�D	`Q`ë5�cé:BLF �Pè`é:ìcé)ë�ìcé�é � ípMLé:Q
�,/>ëRí:í�	�ì�ë5�Pé!ACAÎA
ë�ê�ê�ìcD �IM�� ë �PMLDRQ`N 
 � � / ��/��3�ºD[ì ��ëRQyF 	`NPé��7	�B�ê`ìPD[î�BEé,� N�ë�Q`H)��DIHIé:BON��

ACA�A¼MLN�ë�ócù�ü�÷`ù $
ï�ô{ï�ùGðÃû5'GípìcM��cé:ìcMED[Q�î>é�í�ë 	`NPé �cè�é�ípD���ê�BLé��IM��vF0D ��H`ë5�cë�/ ��DIHIé�BLN�ëRQ`H
N�	�î�� ��DIHIé:BON�ë�ìcé�ëRBEB3��émëRND	�ìPémH@MLQ �cè�é)Ncë ��é 	`Q�M���N�+ �7
 þ ��MON�ê�DYNPNPMLî�BEé,�3�PD�	`NPé 
 ��é�NcNPë��Ré,�
BEé�Q�� �cè �cD�NPé:BLé�í���ë ��DRQ���ípD���ê�é��PMLQ�� N�	�î��9�cè�é:D[ìPMLé�N�ë5��NPD���é�BED5
 BEé,�Ré:BÃD��9ë�î�N*�cìcë[í��PMLDRQ /

�è�MLí�è MLQG�#	�ìPQ¼í:ë�Q��ºD[ìD���Pè`é}î`ë[NWMON}ý�M9� é���/��cè�éQ��H�ë �cë 2(�4�ºD[ì �Pè`é:DRìcMLé�N�ë �aë0è�M��Rè`é:ì�BLé��[é:B�D �
ë�î`N��Pì�ëRí��PMLDRQ>�>ç�è�é:ìcé�MON�Q�D ��	`ë�ì�ë�Q
�Pé�é!�Pè�ë5��ND	`í�è!ë�QÎëRê�ê�ìcD[ëRí�è 
�MLBEB�BLé�ë[H �PD �Pè�é�î>é�N��
�RBLDRî`ëRB �cè�é:D[ìPF�/Ãî�	��)M���MON�ìcé�ëRNPDRQ�ë�î�BLé"�cDKé,�Iê�émí��0MEQ ��D[N��0Q`ë5�#	�ìcëRB�HID�� ë�MLQ`N �Pè�ë5�!�Pè`é
ìPémN�	�B��PMLQ�� �RBLDRî`ëRB �cè�é:D[ìPF)
�MEBLB�ë5��BEémëRN���î>é&Q`é�ë�ìD��DRê��cM�� ë�B � 
 � � / �,&*� � ACA�A!2 N�ípD���ê>D[NPM��
�PMLDRQ`ëRBaQ`ë �D	�ìcéÆMON�ëC�[DYDIH E��2
�M��Pè �7	�Q`í��cMED[Q`ë�B�ê�ìcD��[ìcë�����MLQ�� 2 N)í:D���ê>D[NPM��cMED[Q`ë�B	N*�vFyBLé
D ��ê�ìcD��[ìcë�����MLQ��.�>ç�è�MON�MLN�MLBEB�	`N��Pì�ë5�cé�H�MLQ �Pè�é3��ëkFRé�NPMOë�Q�Q�é��*
aD[ìD� í�ëRNPé&N��D	`HIF D��	NPé�í��
�PMLDRQ-(��>ACAÎA¸è`ëRN�î>é:é�Q 	`NWémHC�cD�ëRNcNWémNPN �cè�é@ípD���ê`BEé,�yM��vFÎD��	NPD���é NWê>é�í:M�E>í��YMLQ`H�N)D �
ípD��&î�MLQ�é�H2��DIHIé:BON�ýºé�� �.�

��,&�/ /�/�� � �7�9î�	���M��cN �[é:Q�é�ìcëRBY÷>øPùcúRøPûGü�ü&ï�ðyú�ê>D �cé:Q
�PMOë�B�è�ëRN�DRQ`BEF
ìPémípé:Q
�cBEFKN*��ë�ìD�Pé�H �cD î�é�N��D	�HIMEémH�
 ��/'&�/�� � �`J �7	�Q`í��PMLDRQ`ëRBCBOë�Q���	`ë �[é 
�M��cè�ë�ê�ë�ì�ë ��é��cìPMOí
ê�D[BEF1��DRìcê�è�MOí �vFYê>é)NPFyN��Pé,�8MON�ë�NWD�	�Q`H �ºD�	�Q`H`ë5�PMLDRQ �ºDRì�N�	`í�è�ë�N*�#	`HIF��

���������	�
������
����
�
�������������������
���
���
�����
��� ����������� ��!�"�����#���#��
����$�%
&'��(*) ����������� ��!��������
��(���+���,�(
$
�
&'��-�$

����.��� ���
�/&0-1�2����� ��! �������
�����

���������3���������4&0���������
���
��� �
�657&0��������$������������086��!3����$��
������������!4"�����#���#0�
����$�%
,���"��.�
�657&0��������$������������086��!3����$��
������������!4����������(���+���,�(�$
�
&'��( �
� �����659&0���:����$������������086��!<;=����$������������
>?��!3�������
��(���+���,�(�$
�
&'��(�@<�
�657&0��������$������������086��!	;A����$������������
>?��!������
�
��(���+���,�(�$
�
�����

����������B�
�,0��$�����,����������1C2&1���������
�
��,��
���������.����5DC�&E��,����������1�������������08:��!F��,����������1�
!3����������G�%
���1�������������
�����

����������G��H&I���
���������6$��H&1�����
���
�����
������$������.�
�65D$��H&�����$������������08:�
!J;A����$������������
>?��!<;=����������G
%
���F����$��
����������>
�����

K ���
� Ëy��fW]:Xyx[��rLd�e�dmt0Z�fgfvT
x&x[TcfW]:Zw^\��� K �
� ËYrLd�e K Vy]��±f{�RbITmË\�
K ;A$
> ËYrLd�e K ^wZ\��fad�rC]�fÍ�RbIT $ Ë\�y]:Xyx K �
! ËYrLd�e�rOuYX[UcfvZ\dmX�f{�RbITm�

���
	�� � �9�aBOëRNcNPé�N	D � �
�cë �PMON*�cMLí�ë�B A DIHIé�B9�

� � � LNMPORQ*S�TVUXWZY\[]TVS
S�Q*S_^a`Nbdc�TVc � S�c �]e TV[ � ^fWgQ*[AS
$¿é 
	ëRQ�� �PD@î>é�ë�î�BLé!�PD¼ê�ìcD��Rì�ë � ëRN}BLëRìD�[é�ëRN}ê�DYNPNPMEî`BEé�ë@NWé���D�� �Pè�MLQ��[N �Pè�ë5��ê>é:D[ê�BLé
í:ë�BLB4$
ô�û�ôÍï&$
ô{ï�ócû '¡ü�ùmñRö�'($�/IM � é����cè`ë5��ë[NPNPM��[Q@ê�ìcDRî`ëRî�MLBEM��PMLé�N �PD�H�ë5��ë�/Ië�Q�H@FRé��	è�ë �Ré �cè�é0NWé��



S�_Üh�i�ikjmlGnpo�o&s q ��S	�y��dmXy]:�gV ��� j

ípBLé�ë�Q /RDRìD�Pè`D��RD[Q`ë�BIëRQ`H�î�	�MLB��	DRQ ë)ND� ë�BLB��ºD�	�Q�H�ë5�cMED[Q>��8`DRìaNPM���ê`BEMOípM��vF�/�
aé�ëRBLNPD!
	ëRQ
��ë
N�� ë�BLB�NPé���D � � 	`N*� �cè�é:MLì�é�NcNPé:Q
�PMOë�BÃê�ìcDRê>é:ìD�PMLé�N,� �}ëRND�Ré�BEB;�vFyê>é�í:BLë[NPNPé�N�ý7E���	�ìcé�N �&ë�Q�H (
�

aé�ìPé ê�ìcé��yMLD�	`NPBLFÎHIé�E�Q�é�H 
 ��/)� � �ºD[ì)î`ëRNPMOí���DIHIé�BLN¼ý�HIMON��PìcMEî�	��PMLDRQ`N���/ �7	�Q`í��cMED[Q�� ��DIHIé�BLN
ýºìcé��Rìcé�NcNPMED[Q`N#�aë�Q�H �cM���é���NPé:ìcMEémN%��DyH�é:BON,"��cè�é)BOëRN��}ë�ìcé�Q�D ��	`NPé�HKè�é�ìPé��`J î`ë[NWMOí $�E�� > D /
7 ��D /�í:ëRQ�ìPé��D	�ìcQ �cè�é0ê�ìcDRî`ëRî�MLBEM��vF�/��  /`ë�Q�H �cè�é0Q�é,�[ë5�cM��[é�BED���ê`ìPD[î`ë�î�MLBLM��vF�/ ? D��' /yD ��ë
H�ë5�#	��@�ºìcD�� M���N}H�ë �cë ��NPê`ëRí:é��Iþ ��í�ë�Q ë�BONPD�í:D���ê�	��cé!�Pè`é�NWémípD[Q`H1��ê`ë�ìD�,/ 7I8;:�� /�ëRQ`H)�Pè`é
�PD ��ë�B4��é�NcNPë��Ré)BLé:Q����Pè>/ 7I8;: /��ºDRì�ë@H�ë �cëÆNPé��0� $!é�ë�ìcé)DRQ�BLF ípD[Q`ípé�ìPQ�émH 
�M��cèÎM��cN ��D[N��
M���ê>DRìD�cë�Q
��ê�ìcDRê>é:ìD�PMLé�N	è�é�ìPé�"�ë�N��cë �PMON*�cMLí�ë�B3��DIHIé:B3��M��Rè
��î>é�ëRî�BLé �cD HID�D �Pè`é:ì%�Pè`MEQ��YN��
J �7	�Q`í��PMLDRQ�� ��DIHIé:B	è`ëRN&ë�Q MLQ�ê�	��D��NPê`ë[ípé¿ý�é��ID��[é:Q�D�	`N!�Gë�ìcMOë�î�BLé�N��0ë�Q�H ë�Q D�	��Pê�	��

NWê`ë[ípé ýºé�Q`HID��Ré:Q`D�	`N2�Gë�ìcMLëRî�BLé�N�����þ �cN@ê�ìPMLQ`í:MEê`ëRB�ë�î�MLBLM��vF½MON��cD!ìcé��#	�ìcQÜë ��DIHIé:B�D���M��cN
D�	��cê�	��}NPê`ëRí:é�í:DRQ`H�M��cMED[Q`ë�B /�� E ? �!$�E	� > D /RD[QKë��GëRB�	�é=�ºìcD�� �cè�é0MLQ�ê�	���NPê`ë[ípé��
J7N�	`ê�é�ì��gípBOëRNcN�/	
���� >  '$=E	� > D /kN��cë �PémN �Pè�ë5�	ëRQ MEQ�N*��ë�Q`í:é�D ��D[Q�é�D � �cè�é �Gë�ìcMLD�	`N±ND	�î��

ípBOëRNcNWémN �?	`N��±ìPé��D	�ìcQ�M���N±D5
�Q�ê�ìPMLDRì�ê`ìPD[î`ë�î�MLBLM��vF�ëRQ`H2��é�NcNPë��Ré	BEé�Q�� �cè>/ 7I8;:�
 /�ëRQ`H �Pè`ë �
M�� �?	`N���î�é�ë�î�BLé"�cD �ºD[ìD� ��M��1�#	�ìPémN,"ÃM�� � 	`N*�0ë�BONPD@î�é�MLQ¿ípBOëRNcN�
�� E�� NWDG�cè`ë5� 
	é&í:ëRQ
NWé�é �cè�é)ë�Q�N�
	é:ì�N:�PD MLQ��ºé:ìcé:Q`í:é�ê�ìPD[î�BLé�� N��

Function−
−Model

Model

Super−
−Model

Time−
−Series

���
	����9�I�aBOëRNcNWémN�ë�Q`H �aDRQ1�[é:ì�NWMLDRQ`N,�

ç�Fyê>é�N�ë�ìcé�ê�ìPD5�yMOHIé�H"�ºDRì ��DIHIé:BON4�PD�î>é�î�	�MLB��±MLQ�N*��ë�Q`H�ëRìcH 
�ëkFyN,+kç�Fyê>é $=E	� > D��	� � >
MLN1ë�Q�MEQ�N*��ë�Q`í:é±D �
�vFyê�é���í:BLë[NPN $�E	� > D /pëRQ`H �vFyê�émN��	� ? ����� E ? $�E	� > D���� � > ë�Q�H�� �' >'> �	� � >
ý�ípBOëRNcNPM�E�í�ë5�cMED[Q �cìPé�é �vFyê>é0��ëRìPé�MLQ`N*��ë�Q`í:é�N�D�� �vFyê�é���í:BLë[NPN��	� ? ����� E ? $�E�� > D �

��ê�é�ìcë �PDRì�N}ëRìPé�HIé�E`Q�é�H �PDKM���ê`BEé,��é�Q
�=��ë���MEBLMLëRì�BLë 
�N�D �aê�ìPD[î`ë�î`MEBLM��vF��38�DRì�é,�Ië��2�
ê�BEé�/�ëRNcN�	���MLQ�� �Pè`ë ���Gë�ìcMLëRî�BEémN�D5�[é:ì:�Pè�é)H`ë5�cë ��NPê`ë[ípé�N � 8 
 ë�Q`H � 8�� ëRìPé�MEQ�HIé:ê>é:Q`H�é:Q
�,/
! �#"�$  ��$�� >�7%
H7�� �ºD[ìD� N}ë ��DIHIé�B1D�� �Pè�é�ê�ìPDIH�	�í���H`ë5�cë ��NPê`ë[ípé�/ "&� 8 
�' � 8�� ) /��ºìcD��
7(
 /Yë!��DyH�é:B`D�� � 8�
 /RëRQ`H 7�� /Rë!��DIHIé:B>D � � 8�� ��8�D[ì �cè�é}í:ë[NWé 
�è�é:ìcé � 8�� MONaí:DRQ`HIM��PMLDRQ��
ë�BLBEF HIé�ê�é�Q`HIé:Q
��DRQ � 8 
 /)� E ? � �#��� E ? 7%
+*;7 �ºD[ìD� N	ë?��DIHIé�B>D�� ",� 8 
�' � 8�� ) /��ºìPD��Èë
��DIHIé�BÃD � � 8 
 ë�Q`H¼ë!�7	�Q`í��PMLDRQ�� ��DIHIé:B / *;7 /��ºìcD�� � 8 
 �cD � 8�� �[ç�è�é�ìPé�ë�ìcé�í:DRìcìPémNWê>DRQ�H1�
MEQ���DRê>é:ì�ë5�PD[ìcN�D[Q é�N��PM�� ë5�PD[ìcN � > 8 �	-��#"�$  ��$�� > / > 8 ��� E ? � �.��� E ? ëRQ`H NPD0DRQ>�
A�ë�QyF�D �
�Pè�émNWé0D[ê�é�ìcë �PDRì�N�ë�ìcé�ê�D[BEF1��DRìcê�è�MOí�MEQ �cè`ë5� �cè�é:MLì �vFyê�émN�ípD[Q
�cë�MLQ �vFYê>é"�Gë�ìcMOë�î�BLé�N�ND	`í�è
ëRN � 8 
 ë�Q`H � 8�� �



� Å`^\dp�[x���^\^wZ\�gd�X

R}NPé��7	�BÃN*��ë5�cMLN��PMOí:ëRB���DIHIé:BON�/YMLQ`ípB�	`HIMLQ��?� 	�B��PM���N��cë �Pé�/YQ�D[ìD� ë�B�ë�Q`HG� 	�B��PM��këRìPMOë5�cé}HIMON*�
�PìcMEî�	��PMLDRQ`N,/���M��1�#	�ìPé?��DIHIé�BLN,/�A�ëRìD�[D5�G��DyH�é:BON�/�E`Q�M��Pé!�7	�Q�í��PMLDRQ�� ��DIHIé:BON)ýÍípDRQ�HIM��cMED[Q`ë�B
ê�ìPD[î`ë�î`MEBLM��vF=��ë�î�BLé�N���ëRQ`H�í:BLë[NPNPM�E>í:ë5�cMED[Q �Pìcé:émN�/kè`ë �[é±î�é�é:Q�HIé�E`Q`é�H�ëRQ`H"� ë[HIéaMLQ`N��cëRQ`ípémN
D ���cè�é	ëRê�ê�ìcDRê�ìcMOë5�PéaípBOëRNcNWémN�/kë�Q`H&ípD[Q
�[é:ì�NWMLDRQ=�7	�Q�í��PMLDRQ�N�ý E���	�ìPé+(��1HIé�E�Q�é�H�DRQ"�cè�é�� 
 ��/
� � � �	é:BLD5
!/ �cè�é�NPé}î�	�MEBOHIMLQ���î`BEDIí��IN�ëRìPé�é,�1�Pé:Q�HIé�H3/��PémN*�cé�H@ëRQ`HG	`NPé�H@MEQÆë&í:ë[NWé}N��D	�HIF�D �
�	ëkF[é�NPMLëRQÆQ�é��*
aD[ìD�IN:�PD�é,�yê`BED[ìPé�ë�Q`HKMLBEB�	`N��Pì�ë5�cé�þvÿ �

� � �������	�aà�ä}ã�

�Q����
����yæK��ß����¡à�� â±á����

J��	ëkF[é�NPMLëRQÎQ�é��*
aD[ìD� 
��7/��±MON)ë)�RDyDIH �cDyDRB �PD MLQ1�RémN*�cM��Yë5�Pé�ìcé:BOë5�cMED[Q`NWè`MEê`N0ë���DRQ��)�Pè`é
�këRìPMOë�î`BEémN�D �¡ë0H�ë5��ë0NWé��,�RJ ��ëkFRémNWMOë�Q&Q�é��*
	DRì#�)MON±ë0HIMLìPémí��cé�H�ëRí:Fyí:BEMOí��Rì�ë�ê�è ý 1�J�-!���YJ
Q�DIHIé�ìPé�ê�ìcé�NPé:Q
�cN�ë=�Gë�ìcMLëRî�BLé���J�Q émH��Ré�ìcé:ê�ìcé�NPé:Q
��N�ë ý�HIMLìPémí�����ípDRQ�HIM��cMED[Q`ë�B�HIé:ê>é:Q`H�é:Q`í:é
D ��ëÜó��Iï 'EñKDRQÜë�÷`ûGøPö:ð`ô�ë�Q�H3/�MEQÜëÎND	�M���ë�î�BLé�ípDRQ
�cé��1�,/9è`ëRN�ë¿í:ë 	�NPëRBaMLQ
�Pé:ìcê�ìcé���ë5�PMLDRQ �
81M���	`ìPé3&�NWè�D5
�N0ëKND��ëRBEB�é,��ë ��ê�BLé�Q`é��*
	DRì#� 
 &��±MEQ 
�è�MOí�è �Gë�ìcMOë�î�BLé�� �@MON0ë�í�è�MEBOH¿D �
�këRìPMOë�î`BEémN�� �&ë�Q`H��6��/Ië�Q`H MON�ë�ê�ë�ìcé:Q
�aD��>�këRìPMOë�î`BEé���&
"
�këRìPMOë�î`BEé�� ()MONaMLQ`HIé�ê�é�Q`HIé�Q��
D �4�Pè�é0D��Pè�é�ì �këRìPMOë�î`BEémN��Iþ ��è`ëRê�ê>é:Q`N%�cè`ë5���GëRìPMOë�î�BLé�N�� ��ëRQ`H���& ëRìPé0ípD[Q
�PMLQ
	`D�	`N�ëRQ`H
�Pè`ë � �6��/!� �&ë�Q`H"� (�ë�ìcé�H�MLNcípìcé��cé��

�aìPémë5�PMLQ��)ëRQ`H ë�ê�ê`BEFyMLQ���ë�QÆé�N��PM���ë �PD[ì �ºDRì+�	ëkF[é�NPMLëRQ�Q�é��*
	DRì#�IN 
 &����ºD[ìD� N±D�	�ìaí�ëRNPé
N*�#	`HIF �PDÎMLBLB�	`N��Pì�ë5�cé þvÿ �1J �	ëkF[é�NPMLëRQ¿Q`é��*
	DRì#�ÎMON)MLQ·ípBOëRNcN $�E	� > D ýÍNWémí��cMED[Q���� ���0ëRQ`H
í:ë�Q¼ëRNcNWM��RQ@ë0ê`ìPD[î`ë�î�MLBLM��vF �PD�ë�H�ë �cë!�#	�ê�BLé�"yî>é:BLMEé��>	�ê>H`ë5�PMLQ���è`ëRN�Q�D �	FRé��aî>é:é:Q¼M���ê�BLé��
��é�Q
�Pé�H>�

8�ìcMEémH�� ë�Q@ë�Q�H -�DRBOH�N$#,��MLH1� 
��7(���E�ìcN��aND	����[é�N��Pé�H�	�NWMLQ���í:BLë[NPNPM�E>í:ë5�cMED[Q�� �Pìcé:é�N�ýÍHIé�í:M��
NWMLDRQ �Pìcé:émN#��/IMEQ�ê�BOëRí:é�D�� �cè�é �7	�BLBCípD[Q`HIM��PMLDRQ`ëRB¡ê�ìPD[î`ë�î`MEBLM��vF���ë�î�BLé�N0ý �	ÿ�ç�N��aD � �Pé�Q 	`NWémH

�M��cè�MEQ?�Pè�é�Q�DIHIémNCD�� ��ëkFRémNWMOë�Q�Q�é��*
aD[ìD�IN,�;�aD���BLé:F0ëRQ`H 1�D5
aé 
 � �yè�ë �Ré�ëRBLNPD 	`NPé�H"�Pìcé:émN

�M��cè�MEQC�Pè�é)Q`DyH�é�N�D���Q�é��*
	DRì#�IN���J#ípBOëRNcNWM�E�í:ë �PMLDRQ)�Pìcé:é)í�ë�Q �Pî�émípD���é7� ë2�7	�BEB#�	ÿ�ç MLQ
�Pè�é�BEM���M��	î�	��	í�ë�Q î>é � 	`í�èG��DRìcé�é�í:DRQ�D���MOí:ëRB9/ �Pè`ë ��MLNaBLé�NcN�ípD���ê�BEé,�3/RMLQG��ëRQyF�í�ëRNPé�N,�
þ �±è`ë�ê�ê>é:Q�N �Pè`ë �±ê�ìcé��yMED�	`N 
	DRì#�0MEQ`í:B�	�HIé�H ë=�Ré�Q�é:ì�ë�B�í:BLë[NPNPM�E�í:ë �PMLDRQ"�cìPé�é�ë�B��RD[ìPM��Pè�� 
 ��/
��/'(�/�� � �`ç�è�é)í:BLë[NPNPM�E�í:ë �PMLDRQ �Pìcé:é �vFyê�é�MLN�ëRQ�MEQ`N��cëRQ`ípé0D�� �7	`Q`í��cMED[Q�� ��DIHIé�B9�>J �Pìcé:é)í:ëRQ
�Pé�N��aHIMONcípìcé��Pé�ë�Q`H�ípD[Q
�PMLQ
	`D�	`N �GëRìPMOë�î�BLé�N �ºìPD��#M��cN�MEQ�ê�	��aNPê`ëRí:é�ë�Q`H í�ë�Q è`ë �[é�H�MLNcípìcé��cé
DRì�ípDRQ
�cMEQ1	�D�	`N�HIMON��PìcMEî�	��PMLDRQ`N,/yDRì	é��Ré�QG�7	�Q`í��PMLDRQ�� ��DIHIé:BON�ýºìcé��Rìcé�NcNPMED[Q`N#��/RMLQG�Pè`é�BLé�ë �[é�N,�
þ �±MLN�ìcé�	�NWémH&ë[N �Pè�é�î�ëRNPMLN�D��>D�	�ì �Ré�Q�é:ì�ë�B ��ëkFRémNWMOë�Q&Q�é��*
	DRì#�IN 
 &�� "RëRBLNPD0NWé�é�NWémí��PMLDRQ (�� ���
L�ëRí�è�í:BLë[NPNPM�E�í:ë �PMLDRQF�cìPé�é&ípD[Q`NPMLN��cN�D ��ë ��BLé�ëRN���DRQ�é&BEémë5� ��Q�DIHIé�/�� ��D > $ * /`ë�Q`H�ê�DYNPNPMEî`BEF
ë�BONWD2�ºDRì#�
�{Q`DyH�é�N,/�� � * E  &% �Iç�è�émNWé0BLé�ë � �aë�Q�H �ºD[ìD�
��Q�DIHIé�N�ëRìPé ðÃùGô	ô�ù N�ö�ó�ù�ð('�ò1$:ö�ñ=
�M��cè
Q�é��*
	DRì#�¼Q`DyH�é�N#"��Pè`é:ìcé�MON}D[Q�é"�cìPé�é)ê�é�ì�Q`é��*
	DRì#�¼Q�DIHIé��>ç�è`é&ípBOëRNcNPM�E�í�ë5�cMED[Q �cìPé�é"�vFyê>é
MLNaë�Q MLQ`N*��ë�Q`í:é�D � �cè�é}ípBOëRNcN �	� ? ����� E ? $�E�� > D �:J �ºD[ìD�?�PémN*��N�ë0ê`ëRìPé�Q
��ýºMLQ�ê�	���� �Gë�ìcMOë�î�BLé
�këRB�	`é��±J BEémë5�=��DIHIé�BLN �cè�é�ë�ê�ê`ìPD[ê�ìPMOë5�cé¼í�è�MLBOH ýºD�	��Pê�	����2�Gë�ìcMOë�î�BLé���ç�è�é �?	`B��cM��gN*��ë5�cé
HIMLN��PìcMLî�	��PMLDRQ / 7 
���$�� > /4��DIHIé�BLN@ë H�MLNcípìcé��cé)�GëRìPMOë�î�BLé�/±ëRQ`H �Pè�éÎQ�DRì#� ë�B�HIMON*�cìPMLî�	��cMED[Q
��DIHIé�BLN&ë ípD[Q��cMEQ1	�D�	`N!�Gë�ìcMOë�î�BLé�"�D��Pè�é�ì�HIMON*�cìPMLî�	��cMED[Q`N�í�ë�Q î>é 	`NPé�H!M���Q�é�í:é�NcNPëRìPF�î>é��
í:ë 	�NWéG�cè�éG�cìPé�é@é�N��PM�� ë5�PD[ì)MON)ê`ëRìcë���é��Pé�ìPMONWémH!îYF �Pè`éÆBLé�ë5��émN*�cM�� ë5�cDRì0� ACA�A �RM��Ré�N�ë
�Pì�ëRHIé��{D � î>é��*
	é:é:Q �cè�é�ípD���ê�BLé��IM��vF¼D��±ëG�Pìcé:é&ë�Q`H M��cN E�� �PDG�cè�é�H`ë5�cë 
�è�MLí�è MON 	`NWémH
�PD ípD[Q��cìPD[B��cè�é0NWémë�ì�í�è>�&)�D �cé=�Pè`ë ��D[Q�é�DRì%��DRìcé��PémN*��N�DRQ�ë�ê�ë�ìcé:Q
���GëRìPMOë�î�BLé}MLQ�ë"�cìPé�é
MEQ`H�MLí�ë5�Pé)ë�ê`ëRìPé�Q
���gí�è�MEBOHÆH�é:ê>é:Q`HIé�Q`ípF�/`ë�Q�émH��Ré�/�ë5�%�Pè�é0Q`é��*
	DRì#�@BEé,�Ré�B9�
ç�è�é �ºDRBLBED5
�MLQ��@NPé�í��PMLDRQ`N�H�é�NcípìcMEî>é �Pè�é&ë�ê�ê�BLMOí:ë5�cMED[Q�D �!��ëkFRé�NPMOë�QKQ�é��*
	DRì#�IN��PD BLD[N��

ê�é�ìcNPDRQ·H`ë5�cë���J}N�ë�Q½é,��ë ��ê�BLé¼D��}þvÿ 
	éKNPé:é �Pè�é í:D���ê�DYNWM��PMLDRQ·D ��N��cë �PMON*�cMLí�ë�B���DIH1�
é:BON�+ AF	�B��PM���N��cë �Pé�ë�Q`HÎQ�DRì#� ë�B9HIMLN��PìcMLî�	��PMLDRQ�N 
�M��Pè`MEQ ��DIHIé�BLN�D�� ��MONcNWMLQ��¼H`ë5�cë 
�M��cè�MLQ



S�_Üh�i�ikjmlGnpo�o&s q ��S	�y��dmXy]:�gV ��� o

@0 @1

@2

@3

@4

���
	�� � � L ��ë ��ê�BLé��	ëkF[é�NPMLëRQ�)}é��*
	DRì#�;�

ípBOëRNcNWM�E�í:ë �PMLDRQF�cìPé�é�N 
�M��cè�MLQ!ë �	ëkF[é�NPMLëRQ Q�é��*
	DRì#� � �ID���é&Q`é�
 �[é:Q�é�ìPMOí!�ºémë5�D	`ìPémN 
	é:ìcé
ìPé0��	`MEìcé�H �PD è�ë�Q`HIBLé �Pè`MLN�H�ë5��ë NWé��,�`J}QYFKD �4�Pè`D[NPé �ºé�ë5�#	�ìcé�N � ëkFÆé,�IMLN���MEQ�NPD���é0D��Pè�é�ì
H�ë5��ë�ë�Q�ë�BLFyNPMON±ê�BOë5�D�ºDRì#�)/[ê�é�ìPè�ë�ê`N �Pè�MONaMLN �Pì#	�é�D �Cë�BLB>D �3�Pè`é�� /[î�	��	M���MLN:	�Q�BLM��[é:BLF2�Pè`ë �
�Pè�é�FKëRBEB1é��IMLN��}MLQ �Pè�é&NPë���é0ê`BLë ���ºDRì#� /�ëRQ`H 	�Q�BLM��[é:BLF �cè`ë5��ND	`í�è�ë�ê�BOë5�D�ºDRì#� í:D�	�BOH�î>é
ëRNaé�ëRNPMLBEF ëRH`ë�ê��cé�H��cD"�7	�ìD�Pè�é�ì�Q�é�
 �ºémë5�#	�ìPémN��Yþ ��D � �Pé�QÆNPé:é�� N:�Pè�ë5��é��Ré�ìPF�H�ë �cë�NPé���è`ë[N
M���N�D5
�Q¼DIH�H�M��cMEémN�ëRN	DRQ`é!�Ré���N��PD��yQ�D5
 M��,�

�9��
 � OgO [ �]e T'c � ^ U ^ `��_T�M Q*S � TVU��4QIc�� ^	��
dS
� � ^aS�c�� Q���S�^ U
��DYémN*�cé:ì72 N 
��7� ��BLD[N���ê>é:ì�NPDRQÎH�ë �cëKNWé���è�ëRN�î�é�é:Q N*�#	`HIMLé�H¿MEQA�%���=L / A�DRQ`ë[NWè 
 ����/ ��(�� �
ç�è�é:ìcé�ëRìPé3(�/�(@ìcé�í:DRì�H�N�/Ãë�Q�H�� � �Gë�ìcMOë�î�BLé�N,/�Q1	��&î�é�ìPémH � ���#&
">è`ë�B��aD�� �cè�é��këRB�	`é�N�ë�ìcé
��MONcNWMLQ��0DRQ@ë �[é:ì�ë �[é��GJ����cé:Q
�PMLDRQ MON±NPD���é��cM���é�N�ìPémN*�cìPMOí��cé�H �PD �cè�é E`ì�N���é:M��Rè
� �Gë�ìcMLëRî�BLé�N#"
DRQ�é0ë�M��ÈMON��PD�ê�ìcé�HIMOí���HIMON*��ë�Q`í:é �cìcë �[é:BLBEémH3/ ( � 8 ��� �'� �Gë�ìcMOë�î�BLé���/
�ºìPD�� �Gë�ìcMLëRî�BEémN�#�é:ìcD
�PD@NPM��3�

�9� � � Q*S e � ���0� U 	 c��gQ�� T'c�T
ç�è�é�E`ìcN���N*�cé:ê�MLN �PD�HIé�E`Q�é��Pè�é%�Gë�ìcMOë�î�BLé �vFyê>é�N�MLQ?�cè�é�BEDYN*��ê�é�ìcNPDRQ�H�ë5��ë�NPé��7"kMEQ3�}ë[N��[é:BLB
�Pè�MON�MON�+
����$��:G��2�����������
�����H&0�
���! #"����
���$ &%���������,�����,�$$ 

' �)(��
�$ #*�$
���
�$ &+��
$��������
�$ "0��%�������$��
� ���
����,��2,�( �����
$
%
������(��-�.%���
�#��
�
����$��/+��������J���
�
����$���0���,����
�1�	�����
����$��:G�������(���������%2������
�,�$����2,0�! "0���
�2&*��,�$$ G�����������$��
�F���
����,���,�(.53*����5476�,

�&$4����
� 8
����$��98���#���,2�/+

������: ��
�#�
���#���,; <8��
#���,1��������,���,�(.5=*����54#6�,�
�&$4 ����� 8
$
%
��� ' ���?>�$ �9%���
�#��
� ���4����
�����,���$���C����
�
$
%
���.%0�
��$A@�"�"2�9%���
�#��
� ���3������$���,0���
�����
$
%
���:�0�
������,�(�"��
���
��,B�	5]����%
#��6G������C4_����%
#��.��(���4F�
��� 8

� � >  �."�� ?=: 29HIMLìcé�í���N2�Pè�é¿ípD���ê�MLBLé:ì��PD½ë[H�HÜë Q�é�
 H�ë5��ë �vFYê>é �PD½N��cëRQ`H�ëRìcH �}ë[N��[é:BLB
ípBOëRNcNWémN@N�	�í�è7ëRNED  � ý�DRì�HIé:ìcé�H��@ë�Q`H @ ? � 7 ýºé�Q
	���é�ìcë �PémH����%A MONPNPMEQ�� �këRB�	`é�NÆëRìPé�ëRQ



� Å`^\dp�[x���^\^wZ\�gd�X

MLNcN�	`é�ëRQ`H!ë�ìcé&ìcé:ê�ìcé�NPé:Q
�cé�H�îyF $ $ �	! > �C
�è�é:ìcé $ $ �	! > � *���E ����� ?=: 2�� � 8 � ��MLN
ëÎN��cë�Q�H�ë�ì�H �}ë[N��[é:BLB �vFyê>é 
�M��Pè ê`ë�ì�ë ��é��Pé:ì?�#"±NPé:éKNWémí��PMLDRQ (�� /�� �}ëRND�Ré�BEB 2 N&N��cëRQ`H�ë�ì�H
ÿ±ìcé:B�	`HIé6
�� � �¡MEQ`N��cëRQ
�PMOë5�PémN �#	�ê�BLé�N,/1	�ê �cD � �9�#	�ê�BLé�N,/[MLQ�ípBOëRNcNWémN�� > $ � ëRQ`H 
�� E�� /YNWD �Pè`é
�7� � �D	`ê�BEémN�è�é�ìPé�Q�é:émH �PD¼î�é2� ëRHIé)MLQ`N��cëRQ`ípémN}D��4�cè�D[NPé&í:BLë[NPNPé�N��ºDRì�MEQ�ê�	���ëRQ`H�D�	��Pê�	��
ìPémNWê>é�í��PM��Ré:BLF���ç�è`MLN0MON)ëRQ¿émëRNPF�/¡M��:�cé�HIMLD�	`N,/ � D[î ëRQ`H!ípD�	`BLH!î>é@ë 	��cD�� ë5�cé�H!MEQ D[Q�é�D �
�Pè�é ��ëRND�Ré:BLB¡é��1�cé:Q`NPMED[Q`N�ND	`í�èKë[N��Pé,��ê`BLë �Pé �}ë[N��[é:BLB 
 ����� /�NPëkF��

�9� � �NT ��c � c � ^ U � U 	 � T'c�T1bdOXT e Q*SA�RY [AT S�S bdOX[ � c�S
JÊípBOëRNcNWM�E�í:ë �PMLDRQ!�cìPé�é�/�ë[N 	`NWémH�MLQ�ë�Q`é��*
	DRì#�0Q�DIHIé�/GD[ê�é�ìcë �Pé�N9îyFG${÷;'wï�ôÍô{ï�ðYú�/5�Pè�ë5��MLN�ê�ë�ìD�
�PM��PMLDRQ�MLQ���/Yë0H�ë5��ë)NPé�� �ºìcD��#M���N±MLQ�ê�	���NWê`ë[ípé�îyF"�cé�N��cN�DRQ MLQ�ê�	�� �GëRìPMOë�î�BLé�N#"Rë 
�� D �.��� >  
ê`ë�ìD�PM��PMLDRQ`N�ë@H�ë �cë@NPé��0�`þgQF�cè�MLN 
�ëkF �Pè`é&H�ë �cë@ëRìPé)HIMLìcé�í��cé�H�MLQ
�PD¼ND	�î��cìPé�é�N�ë�Q`H�é,�Ré:Q��
�D	`ëRBEBLF�MLQ��cD¼BLé�ë �[é�N 
�è�é:ìcé �Pè�é�D�	��Pê�	��"�GëRìPMOë�î�BLé[ýÍN#��í:ëRQÎî>é�
aé�BEB ��DIHIé:BLBLé�H3�>8�	�Q`í��cMED[Q
8 � D �#� 8 D ��í:BLë[NPN�
�� D �#� 8 
 ��/,����ê�ìPD[ê�DYNWémN�/�MEQ¿DRì�HIé:ì�D ��HIémípìcé�ë[NWMLQ��@ê�ìcMLDRì}ê`ìPD[î`ë�î�MLBLM��vF�/

�� D �#��� >  8 �ºDRì 	`NPé0îyFG�Pè�é)í:BLë[NPNPM�E�í:ë �PMLDRQ �cìPé�é�é�N��PM���ë �PD[ì,/ > 8 � � �' >'> �
� D $ 8'8 
�� D �#� 8 � 8 � � >  >C8 � D �#� 8����
	 � 8�� B�
 	 
�� D �#��� >  � 8��
ç�è�é�í�	�ìcìPé�Q�� �Pìcé:é&é�N��PM���ë �PD[ì 
 ��/#��� 	`NWémN�ëKNPM���ê�BLé #�é:ìcD ��BEDyD��këRè�é�ë[H�ë�B��RDRìcM��Pè�� MLQC�Pè`é
NWémë�ì�í�è!�PD�î`ë�BOë�Q�ípé �cìPé�é	í:D���ê�BLé��IM��vF@ý 7I8;:�
 �Cë �[ëRMEQ�N*� E�� �cD=�Pè�é�H�ë5��ë&ý 7I8J:�� ���kJ¸ípD[Q��cMEQ��
	�D�	`N,/IDRì�HIé�ìPémH¿ý3D  � ��/��GëRìPMOë�î�BLé�/�ND	`í�è�ëRN�� :�> /IMLN�NPê�BLM���D[QKî>é:MLQ���� DRì�� NPD���é �Gë�B�	�é�"
îYF@H�é���ë 	`B�� 8 � D �#� 8 D  �� ê�ìPD[ê�DYNWémN �GëRB�	�émN�ëRN �ºDRBLBED5
�N,+�A é�HIMOë�Q /1�
	`ëRì��cMEBLé�N,/YDyí��PMLBEémN�/IëRQ`H
NWD�DRQ 
 ( ��� �kJ¸HIMONcípìcé��Pé�/GM9� é��#- E � ? � > � /pé�Q
	���é�ìcë �PémH¼ý @ ? � 7 ��/0�Gë�ìcMLëRî�BEé�/GN�	`í�è�ëRN�� >�? � >  /
D ��ë���� �Gë�B�	�é�H �vFyê>é0MLN�í:DRQ1�Ré�Q
�PMLDRQ`ëRBEBLF@NWê`BEM��}MLQ��cDG�Æê`ëRì���N�/�ë[N�HIé�E`Q�é�HKMLQ �Pè�é0D[î1�YMLD�	�N

	ëkF&îYF �7	�Q`í��PMLDRQ 8 � D �#� 8 - @ ����D5
	é��Ré�ì ��E � E :  $��	� � ë�Q�H��  	! $ ? ë�ìcé�MLQ`N��cë�Q�ípé�N±D �3�Pè`é
N*��ë�Q`H�ëRìcH �}ë[N��[é:BLBCípBOëRNcNPé�N - E � ? � > � / @ ? � 7 ýºé�Q
	���é�ìcë �PémH��)ûGðÃñ#D  � ýºD[ìcHIé�ìPémH���/�NWD�
	é
ë�BONWD�è�ë �Ré��Pè`éÆDRê��PMLDRQ`N�D �}NPê�BEM����cMEQ��Îé�ë[í�è D � �cè�é�� MLQ��cDC�*
	D�ê`ëRì���N)DRQ �cè�éÆî�ëRNPMLN�D �
DRì�HIé:ì0/IëRN�ípD5�[é:ìcé�HÆîYF 8 � D �#� 8 D  � +
� ?.8 ��$ ? � > 
�� D �#� 8 � �.� > � � >  > 8 � D �.� 8 * 8 � D �#� 8 - @
/'/'/

� ?.8 ��$ ? � > 
�� D �#� 8 ��E � E :  $��	� � � � >  > 8 � D �.� 8 * 8 � D �#� 8 - @ B'B!E� 8 � D �#� 8 D  �
� ?.8 ��$ ? � > 
�� D �#� 8 �  	! $ ? � � >  > 8 � D �.� 8 * 8 � D �#� 8 - @ B'B!E� 8 � D �#� 8 D  �
�±é���ëRQ�D �cè�é:ì�D[ê��PMLDRQ 
�ëRN�M���ê�BEé,��é:Q
�PémH ë�Q`H �PémN*�cé�H3+ � ��� > è�ëRN�NPé��Ré�Q �këRB�	`é�N�ëRQ`H

è�M��[è��gë�ìcM��vF�H�MLNcípìcé��cé%�vFYê>é�N�BEM��Ré � �.� > í:ëRQ@í:ë�	`NWé��7	�Q�í��PMLDRQ�� ��DIHIé:BON�H�M � í�	`B��cMEémN±î>é�í:ë�	`NPé
D � �cè�é0BOë�ì#�Ré�Q
	���î>é:ì�D �9DRê��cMED[Q`N�ë�Q�H �cè�é �ºé�
 H�ë5��ë&MLQ NWD���é�D[ì�ë�BLB¡D � �cè�é�� ��þ ��NPD���é
DRê��cMED[Q`N±ë�ìcé��Pè�D�	��Rè
� �cD0î�é�è`ë �Ré�MLQ@NWM���MEBOë�ì 
�ëkFIN4�Pè�é�Q>/Rì�ë5�cè�é:ì �cè`ë�Q�	`NPMEQ�� 8 � D �#� 8 - @ /
�këRB�	`é�N�í�ë�QKî�é"�[ìPD�	�ê>é�H¼MEQ
�PD�Q�D���MEQ`ë �PémHKND	�î��gNPé��cN�ý�ë�Q�H �cè�é:MLì}í:D���ê�BLé���é:Q
����ë[í:í:DRì�H1�
MEQ��[BEF��aç�è�MON@D[Q�BLF ë � é�í��cN¼NWê�BLM����PMLQ��½D[Q � �.� > /±Q�D�� ��DyH�é:BLBEMLQ�� D �0M��,��J �7	�Q`í��PMLDRQH�cD
M���ê�BLé���é:Q
� �cè�MLN 8 > ��
�� D �#� 8 DRê��cMED[Q¼MON � 	`N�� E��Ré�BLMEQ`é�N,�
8 > ��
�� D �#� 8 8�> � 8�	�� * 	��
8 > ��
�� D �#� 8 8�> � 8���8 *
D > � � � � 8 * 7 $�� " 7�>J7 ! >  8 ���.� 8 8�> � 8 ) ��8
� ? � * $ D'D "'" *'* ) ��) � 8 �	� >�?�	��

> D 8�>�	 8 > ��
�� D �#��� >  8�> � 8��



S�_Üh�i�ikjmlGnpo�o&s q ��S	�y��dmXy]:�gV ��� �

� ?.8 ��$ ? � > 
�� D �#� 8 � �.� > � � >  >
8 � D �#� 8 * 8�> ��
�� D �#� 8�	 	 � D � � > � 7.>  8�� ' 	 ����� D�� ��� B'B > / : /

þ ��� � 2CN�	`î`NWé��cN0ëRìPé NPê�émípM�E`é�H3/>�Pè�é�MEì)í:D���ê�BLé���é:Q
�)MON=�cë �[é:Q �PD î>é��Pè�é�ýB���6�0�vN��,��)}D �cé
�Pè`ë �?�Pè`éÆê�ìcD��[ìcë��2��é�ì)HIé�í:MLHIémN�è`D5
��cD �[ìPD�	�ê �Pè�é �këRB�	`é�N&MEQ � �.� > ��þgQ½ê�ìcMEQ�ípMLê�BEé¼ë
�7	�Q`í��cMED[Q@ípD�	�BLH�ípDYN*��ëRQ`H�NWémë�ì�í�è"�cè�ìPD�	��Rè2�cè�é �RìcD�	�ê`MEQ���ê>D[NcNWMLî�MLBEM��PMLé�N�î�	�� �Pè`MLN 
	D�	`BLH3/
D ��ípD�	`ìcNPé�/yMLQ`ípìcé�ë[NWé �Pè�é0D5�[é:ì�ë�BLB¡NWémë�ì�í�è �PM���é��

�9� � � ^fWgQ*[A[ � U 	 c �XQ�� T � � T � []QIS

ç�è�é)�
	�émN*�cMED[Q½D � 
�è�MLí�è HIMLN��PìcMLî�	��PMLDRQ /�ëRQ`H �cè�é:ìcé��ºD[ìPé 
�è�MLí�è é�N��PM�� ë5�PD[ì,/ �PD 	`NPé �ºD[ì
é�ëRí�èG�GëRìPMOë�î�BLé�Q�D5
ÊëRìPMONWémN��Yç�è�é�N��cëRQ`H�ëRìcH�émN*�cM�� ë5�cDRì �ºDRì �cè�é�Q�DRì#� ë�B1ý -�ë 	`NcNPMLëRQ.��HIMON*�
�PìcMEî�	��PMLDRQ 	`NPé�Naë!	�Q�M��ºDRì#�.ê�ìcMED[ì±DRQG�cè�é ��émë�Q@ë�Q�H@ë�Q MLQ1�Ré:ì�NPé�ê�ìPMLDRìaDRQ��cè�é�N��cëRQ`H�ë�ì�H
HIé��yMOë5�PMLDRQ½ëRQ`H ìcé,�
	�MLìPémN �Pè�é�MEì&ìcëRQ��RémN�/1ë�Q`H ëRBLNPDF�Pè`éÆH�ë5��ëF��é�ë[N�	�ìcé���é�Q���ëRí:í�	�ì�ëRípF��
)�D �cé�/��cè�é!�?	`B��cM��gN*��ë5�cé�H�MLN��PìcMEî�	��PMLDRQ ë�Q�HÆM��cN�émN*�cM�� ë �PDRì�ëRìPé�ê>DRBLF
��D[ìPê�è`MLí��

>�� * " > 8 � $�E	� > D $ $ �	! > > 8 � $ � D ����
���$�� > ) B'B � �.� >
>�
 * " > 8 � $�E	� > D $ $ �	! > " > 8 � ��E  7 $ D ���	� 
�
	��� /
� )') B'B � :�>
/'/'/

8�	�Q`í��PMLDRQ > 8 � $�E�� > D�$ $ �	! > 
	ë[N?�
	�MOí��yBEF ípìcé�ë �Pé�H �cD¿ëRBEBLD5
 �ºD[ì ��MONPNPMLQ��C�Gë�B�	�é�N�MEQ ë
�këRìPMOë�î`BEé�"IM���MON�HIMONPí�	`NPNPé�H¼MLQ�NPé�í��PMLDRQ (�� /��

81MLQ`ëRBEBLF �cè�é@MLQ`HIM��yMLH�	�ë�B�émN*�cM�� ë �PDRì�N)ëRìPéÆë[NPNPé��&î�BLé�H!MEQ
�cD > 8 � $ � 8'8 � ?=: � >  8 E ? /�ë
ípD���ê>D[NPM��cé=�Pè`ë ����ë �cí�è�émN�ë�H�ë5��ë?�#	�ê�BLé��

>�8 � $ � 8!8 � ?=: � >  8 E ? *
> 8 ����$  ��$�� >�
 � >	� >�
 >	� >	�,>��C> � >	�,>	
 >�� >	�5>�
�� >�
	
 >�
#�5>�
��,>�
��

8�	�Q`í��PMLDRQ > 8 �	��$  ��$�� >�
 � é�N��PM�� ë5�PémN�ë � � � �Gë�ìcMLë �Pé}ê`ìPD[î`ë�î�MLBLM��vF HIMON*�cìPMLî�	��cMED[Q 
�è`MLí�èKMLN
ë�Q�MEQ`N��cëRQ`ípé	D �ÃípBOëRNcN �! �E	� > �#� ��ë}ê`MEémípé�D �>MEQ`H�	`í��cM��[é	MLQ��ºé�ìPé�Q`ípé�� ëRí�è�MLQ�é:ìcF)HIémNPí:ìPMLî�émH
Q�é��1�,�

�9��� bfQ*[AQ e c � U 	 b�� ��� bdO T e Q*S
� � ��^	�
Q e c � ^aUXS

þgQ·ë �vFyê�MOí:ë�B	ë�ê�ê`BEMOí:ë �PMLDRQ D �}ëÎípBOëRNcNWM�E�í:ë �PMLDRQ �cìPé�é 
 ��� �cè�éÆMLQ�ê�	����Gë�ìcMLëRî�BLé�N)ëRQ`H �Pè`é
D�	��cê�	��:�GëRìPMOë�î�BLé�ýB	`N�	�ë�BLBEF�NWMLQ���	�BLëRì��±ë�ìcé E �Ié�H3� ��	��aè�é�ìPé�/RMLQÆë ��ëkFRémNWMOë�Q�Q�é��*
aD[ìD� 
 &�� /
�Pè�é�NPé:BLé�í��PMLDRQ D���ê�ë�ìcé:Q
��ýºMLQ�ê�	�����ëRQ`H í�è�MLBLH ý�D�	��cê�	������Gë�ìcMLëRî�BEémN%�?	`N��}î>é"	�Q`H�é:ì}ê`ìPD��
�Rì�ë �ÐípD[Q��cìPD[B9� �aBOëRNcN �' �E	� > ��� /:ëRN1MLQ0÷>øcù �:ö�ópô{ï�ùGð./ 
�ëRN9ípìcé�ë5�cé�H �ºD[ì �cè�MON�ê�	�ìcê�DYNWé�� �yD���é
N�	`í�èF��émí�è`ë�Q�MOND� MON}Q`é:é�H�é�H)�ºDRì�è�é��cé:ìcD��[é:Q�é�D�	`N �GëRìPMOë�î�BLé �vFyê�émN}MLQ�ëÆN��PìcDRQ��RBLF �vFyê�émH
BLëRQ���	`ë��Ré�"1�Pè�é&Q�é��*
	DRì#�ÆémN*�cM�� ë5�cDRì}H�DYémN�Q�D�� �Pí�ë�ìcé#�2
�è`ë5� �vFYê>é�N��Pè�é�H�ë5��ë ë�Q`H ND	�î��
é�N��PM���ë �PD[ìcN�è`ë �Ré ê�ìcD5�yMLH�é�H �Pè�ë5�?�cè�é:F ë��Rìcé:é��1J�Q½MLQ`N��cë�Q�ípé�/ � /1D��}ípBOëRNcN �' =E	� > ����MLN
NWD���é=�?	`B��cM��gHIM���é�Q`NPMED[Q`ë�B;�vFyê�é �ºDRì%
�è�MOí�è¼ë&BLMLN��	D��4�	DyDRBLé�ëRQ"!�ë �YNaí�ë�Q¼î�é=	`NPé�H �PD�ìPé��
N*�cìPMOí�� � 2 N�ëRí��PM��YM��PMLé�N��PD@í:é:ìD�cë�MLQ NWé�BEémí��cé�H HIM���é:Q`NPMED[Q`N,�`ç�è�é0Q�D[Q���NPé:BLé�í��PémHKH�M���é:Q�NWMLDRQ`N
î�é�è`ë �Ré)MLQ¿ëG�PìcM��yMOë�B /�MOHIé:Q
�cM��vF � ë�Q�Q`é:ì0/��Pè�ë5��MLN�ë�ê�ê`ìPD[ê�ìPMOë5�cé �PD �vFYê>é"���¼M�� �Pè`é:F ë�ìcé
é��Ré�ì�í:ëRBEBLé�H 	�ê>DRQ �CþgQ �Pè`éÆí:ë[NWé�D ��ë $�E	� > D �Pè�MON)MON �PDÎìPé��D	�ìcQ ë ��émNPNcë �[é�BEé�Q�� �cè D �
#:é:ìcD �ºDRì0Q�D[Q���NPé:BLé�í��PémHC�Gë�ìcMLëRî�BLé�N,/.�cè`ë5�0MON=�Pè�é�F¿ëRìPé �cë��Ré:Q �PD�î>é@ë�BLìPémëRHIF �yQ�D5
�Q>/¡D[ì
�PD î>é0D �1Q`D�MLQ
�Pé�ìPémN*�0�



n�i Å`^\dp�[x���^\^wZ\�gd�X

� D $ 8'8 �' �E�� > ��� � � � >  >
8�> D > ��� ����	 - E'E'D � B�
 � B�
 �
/'/'/
J}N0HIMONPí�	`NcNWémHÎMLQ NWémí��PMLDRQ�(�� (�/¡í:BLë[NPN 
�� D �.� 8 é��IMON*��N=�ºDRì0ê`ëRì��cM��cMED[Q�MLQ��KH`ë5�cë �ÎHIMON*�

ípìcé��Pé�/1í:DRQ
�PMLQ1	�D�	`N)DRì"� 	�B��cM�� �Gë�ìcMLë �Pé��CJ8ípBOëRNcN 
�� D �.� 8�� /ÃMEQ`NPê�MLìPémH îyF �' �E	� > ��� / 
	ë[N
HIé�E`Q`é�HÜýºM���í:D�	�BOH�ê>é:ìcè`ë�ê�N�î>é2�ºDRBOHIé�HÎMEQ
�cDKí:BLë[NPN�
�� D �#� 8 ���PD�ë�BLBED5
ÚNPê�BLM��D�PMLQ���DRQ!NWé��
BEémí��PémH)�këRìPMOë�î`BEémN�+
� D $ 8'8 
�� D �#� 8�� � � � >  >
8 � D �#��
 > D > ��� � �
	 - E'E=D � B�
 	 � � B�
 	 
�� D �#��� >  � �

ç�è�é&NPM��#	`ë5�cMED[QF�ºDRì�ëRH`HIMEQ�� �
��ëRìPF �vFyê�émN��cDÆípBOëRNcN �' �E	� > ��� /IDRì �
�9�#	�ê�BLé�N �PD 
�� D �#� 8�� /
MLN	NWM���MEBOë�ì �PD!�cè`ë5�:�ºDRì��
�9�#	�ê�BLé�N 
�M��Pè¼ìPémNWê>é�í�� �PD�ípBOëRNcNWémN � > $ � ë�Q�H 
�� E�� ë[N�HIMONcí�	`NcNWémH
MEQ NPé�í��cMED[Q!ý (�� �����

�9� � �4TVUXWX[ � U 	4��� S
S � U 	 � T'c�T
ç�è�é�BEDYN*� ê>é:ì�NWD[QÜH�ë �cë!NWé��@MLN í�è�ë�BLBEé�Q��RMLQ��!MEQÜè`ë �yMEQ�� � ë�QyF ��MONPNPMLQ�� �GëRB�	�émN�� A�D[N��
H�ë5��ë¼è�ë �Ré&ë �0BEémëRN���D[Q�é2��MONcNWMLQ�� �Gë�B�	�é�/�ëRQ`HÎNPD���é�è`ë �Ré�NPé��Ré�ìcëRB9�.L �[é:ìcF �këRìPMOë�î`BEé�MLN
��MONcNWMLQ���MEQKNWD���é�H�ë �D	�� � �}ë[N��[é:BLB�è`ë[N:�Pè�é�MOHIé�ëRB��vFyê>é �cD&ìcé:ê`ìPémNWé�Q��	ê�DYNPNPMLî�BEF���MONPNPMEQ��
�këRB�	`é�N,+ $ $ ��! > ��)�é,
¸DRê>é:ì�ë5�PD[ìcN 
	é:ìcé�Q�é�é�HIémH2�PD)é,�
�cé:Q`HÆë�ìcî�M��cìcëRìPF&N*��ë5�PMON��PMOí:ë�B���DIHIé�BLN
�PD}í:D5�Ré:ìCê�DYNPNPMEî`BEF=��MLNcNWMLQ����GëRB�	�émN��7��ë5�cè�é:ì>�Pè`ëRQ)M���ê�	��PMLQ��&ý�ìPé�ê�BLë[ípMLQ��
�3��MONcNWMLQ�� �Gë�B�	�é�N
�Pè�é0ê�è`é:Q�D���é�Q�DRQKMON�î�	�MLB���MLQ
�PD�D�	`ì ��DIHIé�B9�

8�	�Q`í��PMLDRQ 7 E	� > D�$ $ �	! >47%
H7�� ��M��Rè
��î>é�í:ëRBEBLé�H�ë3�Wè`M��[è��{D[ìcH�é:ì)� �7	�Q�í��PMLDRQ0D[Q ��DIH1�
é:BON��9î�émí:ë�	`NWéÆM���ëRí���N�D[Q ��DyH�é:BON?
�è�MOí�è½ë�ìcé�/1M���Q�D ��BLM��Pé:ì�ë�BLBLF �7	�Q�í��PMLDRQ�N�/�ê�ìcMEQ�ípMLê`ë�BLBEF
��ë[HIé 	`êÆD � �Pè�é,�)�yþ ���D	�ìcQ`N	ë�Q ûGø N:ï�ôÍøPû�ø�����DIHIé:B / 7�� /YD �CQ`DRQ�� ��MLNcNWMLQ���H`ë5�cë�D �>�vFyê>é �
MEQ
�PD �Pè`é�í:DRìcìPémNWê>DRQ`H�MEQ�� ��DIHIé�B�D � $ $ ��! > � �>þ �0ìPé0��	`MEìcé�N�ë ��DIHIé:B / 7(
 />D � - E'E=D /��ºD[ì

�è�é��cè�é:ì �cè�é)H�ë �cë�MLN�ê`ìPémNWé�Q��)ýÍçCì#	�é0�	D[ì ��MLNcNWMLQ�� ýB8�ë�BONWé ���
7 E	� > D�$ $ �	! > 7%
 7�� *
D > �
? > :'< E : �' " � � 8 � � ) * " ? D��' 7(
 �' � > ) F " ? D��' 7�� � )
? > :'< E : �' ��E �	��� ?=: * ? D��' 7(
 ��$ D 8�>
� ? $ ? D��' " 798;:�
 7%
 F 798;:�
�7�� ) ? > :=< E : �' /!/'/ 8 � E�� 7.> �	� E��5E 7 �#��� > �
$ ? D��' MON	ë�ípD[Q`N��Pì#	`í��cDRì �ºD[ì	ë"�vFyê�é�MEQKípBOëRNcN $�E	� > D ý�NPé�í��PMLDRQ ��� ��� "YM��:��ë �RémN�ë?��émNPNcë �[é
BEé�Q�� �cè>/±ëÎQ`é��[ë �PM��RéKBED��¿BLM��Ré:BLMLè�DyDyH �7	�Q`í��PMLDRQ>/�ëRQ`HÜë¿HIémNPí:ìPMLê��cMED[Q 
�è�MOí�èÜNPè�D5
�N �Pè`é
��DIHIé�B9�
ç�è�é}ìcé:BOë5�cé�H2�7	�Q`í��PMLDRQ>/ > 8 � $=E	� > D�$ $ �	! > ëRí���N�D[Q@é�N��PM�� ë5�cDRì�N,"[M����D	�ìcQ`N	ë�Q@émN*�cM�� ë �

�PDRì�D ��Q�DRQ�� ��MONPNPMEQ���H�ë5��ë�MEQ
�PD �cè�éÆí:DRìcìPémNWê>DRQ`H�MEQ���émN*�cM�� ë5�cDRì"
�è`é:ìcé��Pè�éÆH`ë5�cëC��ëkF
MEQ`í:B�	�HIé!��MLNcNWMLQ����Gë�B�	�é�N,+
>�8 � $�E	� > D�$ $ ��! > >�8 � $�E	� > D � $���$	
 > � *
D > � �  > 8 >�? � " � � 8 ��� ) * �' � >

�  > 8 >�? � ��E ����� ?=: * ��$ D 8�>
7%
 * � ? � * E  7 $�E	� > D D * - E E=D
7�� * > 8 � $�E	� > D " 7 $�� "���" � � 8 � � )�B�
 � )�" * � D � >  �  > 8�> ? � � $�� $�
 > � )!)

� ? 7 E	� > D $ $ �	! >47%
 7��



S�_Üh�i�ikjmlGnpo�o&s q ��S	�y��dmXy]:�gV ��� n�n

þgQ��Pè�é�ê�ìPémNWé�Q
�aë�ê�ê`BEMOí:ë �PMLDRQ��Pè`é ��MLNcNPMEQ����{Q`é�NcN�D �>�Gë�B�	�émN±MONaí:é:ìD�cë�MLQ�BLF&Q`DRQ���ìcëRQ`HID��
�ºDRì�NWD���é:�Gë�ìcMLëRî�BEémN�/��ºDRì9é���ë ��ê�BLé � :�> MLN1D � �cé:Q?	`Q�ìPémípD[ìcHIémH=�ºDRì�í:ë[NWémN�D � � � % >  ��� � �.� > �
��D5
	é��Ré�ì,/4
	éKëRìPé¼Q�D ��MEQ
�cé:ìcé�N��Pé�H·MEQ6��DIHIé:BLBEMLQ�� ��MLNcNWMLQ����{Q�émNPN�NPD!ë E �Ié�H 	�Qyî�MOëRNPé�H
��DIHIé�B9/ 7%
 /CMON?	�NWémH·ë�î>D5�Ré��cD �Pê�ìcé�HIMOí��)�F��MLNcNWMLQ��Üý ��E ����� ?=: ��DRì�ê`ìPémNWé�Q���ý � � 8 �;����� ���
ç�è�é �ºDRBLBED5
�MLQ���HIé�E�Q�M��cMED[Q í:ë�QKî>é!	`NWémHKM���M���MON�Q�émípémNPNcë�ìcF2�PD é�N��PM�� ë5�cé=��MONPNPMLQ�� ��Q�é�NcN,+

7%
 * > 8 � $ � D ����
���$�� > " 7 $�� �  > 8�> ? � � $���$	
 > � )
A MLNcNPMEQ�� �Gë�B�	�é�N�ë�BONWD¼ë � é�í��0NPê�BEM��cN,/;�Pè`ë ��MON�ê`ë�ìD�PM��PMLDRQ`N�D � �Pè�é�H�ë5��ëÎýÍNWémí��PMLDRQ (�� (����

J#NPM���ê�BLé N*�cìcë �Pé,�RFKMLN �ºDRì=�cè�é �GëRìPMOë�î�BLé"�cD¼î>é�NWê�BLM��0ë[N��ºD[ì �cè�é�	�Q`HIé�ìPBLFyMEQ�� �vFyê�é�î�	��

�M��cè�ëRQ¼é,�1�Pì�ë&D[ê��PMLDRQ �ºDRì ��MONcNWMLQ�� ý ��E �	��� ?=: �±í�ëRNPé�N,+
7 $ �	! > 
�� D �#��� >  " 
�� D �#�	� >  ? * � ) *
D > � *�� ��E �	��� ?=: * ?

*�� " � � 8 � � ) * * � B'B � � 8 � � ' $ 8�� � $ 8 '�� /!/ ? B 

� ? 
�� D �#�	� >  " ? F 
 ) *�� /'/'/ 8 � E�� 7.> �	� E	�5E 7 �#�	� > �

� �Pè�é�ì�N��Pì�ë5�Pé,�RMLé�N,/�Q�D���é���ë���MLQ�émH�è�é:ìcé�/>ípD�	`BLH �cìPF �PDÆê�ìPémHIMOí���MLQC�Gë�ìcMLD�	`N 
�ëkFIN 
�è`ë �
�Pè�é ��MONcNWMLQ�� �Gë�B�	�é�/aDRì¼M���NÆHIMON*�cìPMLî�	��cMED[Q>/�ìcé�ëRBEBLF·MONÆëRQ`HÊëRí��ÆDRQH�cè`ë5�0�	ç�è`é:ìcé�ë�ìcé�ë
�Rìcé�ë5� � ë�QyF&ê�DYNPNPMEî`MEBLM��cMEémN�ëRQ`H3/5�cè�MLN�î�é�MEQ���ë�Q�é���ë���ê`BEé�/�
	é � 	`N*�:�RM��Ré�DRQ`é�ìPémëRNPDRQ`ëRî�BEé�/
NWM���ê�BEé)ëRê�ê�ìcD[ë[í�è>�

�9��� ����� Q*WB�_T0MaQ*S � TVU��4QIc)�\^	��
dS�TVUXWEc��gQ � ^aS�c � Q���S�^ U��4QIc�� ^	��

ç�è�é��7	�Q`í��PMLDRQ>/ > 8 � � > � � E  &% /��ºDRì0MLQ��ºé:ìcìPMLQ�� ë ��ëkFRé�NPMOë�Q�Q�é��*
aD[ìD� MON!�[M��[é:Q¿ëKê>é:ì#�?	��
�cë5�cMED[Q>/�ëF�PD��cëRBaD[ìcHIé�ìPMLQ��./CD � �cè�é�NWé�BEémí��PémH �Gë�ìcMLëRî�BLé�N!�cè`ë5� ë�ìcéG�cDÎî>éKí:DRQ`NPMLH�é:ìcé�H�"9ë
�këRìPMOë�î`BEé � ëkF@î>é�HIé:ê>é:Q�HIé:Q
�}D[Q¼Q�D[Q�é�/�NWD���é0D[ì�ë�BLB�D �4�Pè`é!�këRìPMOë�î`BEémN�ê�ìPémípémHIMEQ���M��}MLQ
�Pè�é�ê>é:ì#�?	���ë5�PMLDRQ ��ç�è�é%	`NWé�D����PD��cëRBIDRì�ê`ë�ìD�PMOë�ByD[ìcHIé�ìcN1DRQ2�Gë�ìcMLëRî�BLé�N1MLN�Q�D�� 	�Q`ípD�����D[Q
MEQ&Q�é��*
	DRì#��BLé�ëRìPQ`é:ì�N 
��#/�� �:þ � 
	D�	�BOH0î>éaê>D[NcNWMLî�BLé �cD�NPé�ë�ì�í�è0D5�Ré�ìCê>é:ì#�?	���ë5�cMED[Q`N�/mè�é,	�ìPMON��
�PMOí:ë�BLBLF M�� �cè�é:ìcé2
aé�ìPé"� ëRQYFF�GëRìPMOë�î�BLé�N,/�ëRQ`H A A�A H�DYémN�ND	����Ré�N�� �GëRìPMLD�	`N}è�é�	`ìPMON*�cMLí�N��
��D5
	é��Ré�ì��Pè�é0ê�ìcé�NPé:Q
�}ëRê�ê�BLMLí�ë5�PMLDRQKM��cNPé:B���ND	����Ré�N��cN	BLM��[é:BLFÆD[ìcHIé�ìPMLQ��YNaD�� �cè�é!�Gë�ìcMLëRî�BLé�N,/
�Pè�éÎNPM���ê`BEéÎëRB��[DRìcM��cè�� ë[í:í:é:ê���N DRQ�é D�� �Pè�émNWéÎëRQ`H6�Pè�ë5�Æê>é:ì#�?	���ë5�cMED[QÜMONÆí�	�ìcìPé�Q��cBEF
�cë �[é:Q �PD î>é)ípD��2��D[Q �yQ�D5
�BLé�H��[é�+
>�8 � � > � � E  &% � >  7�> 8 � $ � 8'8 � ?=: � >  8 E ? � $���$	
 > � *
D > � ? * " D > ?=: �	� / 8�> D � D'D )�" > 8 � $ � 	�� )

8�> $  �#� � 	�� * 	�� B!B �=E ? >
8�> $  �#� � 8 " � � � 8 )+* B!B ��$  >�? � 8 � 8 ' �#��� D��! >�? � � � 8
D > � E ��� D $ : * � ? � 8��	* D $ :�8 	 � �5? B'B � � >�? ��� * � �#��� D��

�.��� D $ :�8 * � ? � 8��	* D $ :�8 � 8 ? B'B � E 8'8 � ! D > � $  >�? � 8
� �! >'> * >�8 � � �' >'> " > 8 ��� ? � 
 > D > ��� > 8 � $ � E � � D $ : )

" 8 � D �#��
 > D > ��� �.� � D $ :�8 )
� $�� $�
 > � � $���$�
 > �

� ? � �' >'> � " 8 > $  �#� " � � � 8 ) � 8 )
�  >'>�8 * 8�> $  �#� 	�� � >  7
7I8;:=<'>�? * 8 � 7 " 7 $�� 7I8;:�
 �  >'> 8 ) B!B � E ��$ D 7I8;:�

? D�� � $���� 7 *
8 � 7 " 7 $�� "�� � B�
 � E ? � � D��' � � $���� 7 � $��	� 7 ) �  >'> 8 )

� ? $ ? D��' 7I8J:=<=>�? ? D � " �0" ) B�
�� � > � � � F'F-" 8 � E�� �  >'> 8 )')



n
h Å`^\dp�[x���^\^wZ\�gd�X

þgQ��cé:ìcQ`ë�BLBLF >�8 � � > � � E  &% 	`NPé�N �cè�é�é�N��PM�� ë5�PD[ì4�ºDRì�ípBOëRNcNWM�E�í�ë5�PMLDRQ?�Pìcé:émN+
 ��/)� � / >�8 � � �' >'> /
�PD¸HID � 	`í�è7D �?�Pè�é 
aD[ìD� �	ç�è�é¿ìcé�� ëRMEQ`H�é:ì�ípDRQ�NWMON*��N@D���DRì#�[ëRQ�MLNPMLQ��½NWé�BEémí��cDRì !�ë �YN
ípDRìcìcé�NPê�D[Q`HIMLQ�� �PDÎëRBEBLD5
	é�H!ê`ë�ìcé:Q
��N �ºDRì?�Pè�éKí�è�MEBOH MLQ �Pè�éKí�	�ìcìcé:Q
��Q�DIHIé�� )�D��Pé �Pè`ë �
�Pè�é � $���$	
 > �@NPé:é�� N��cD î�é0ê`ë[NPNPé�H �PD > 8 � � �! >'> �*
�MLí:é �ÆëRN�î>D �cèKMLQ�ê�	���ë�Q`H¼D�	��Pê�	��
�këRìPMOë�î`BEémN�/�î�	��¼N*�cìcëRM��[è
���ºDRì#
�ë�ì�H½ë 	 �IMLBEMOë�ìcF �7	�Q�í��PMLDRQ�N � ? � 8��	* D $ :�8 / > 8 ��� ? � 
 > D > ���
ë�Q`H 8 � D �#��
 > D > ���;/1	`NPé �Pè�é !�ë��[N �PD¼í�ë 	`NPé �Pè�é�í�è�MLBLH ýºD�	��Pê�	���� �PDKî�é�ê�ìcé�HIMOí��cé�H�îyF
�Pè�é�é�N��PM���ë �PD[ìaë�Q�H2�Pè�é�ê`ë�ìcé:Q
��N�ýºMLQ�ê�	���� �cD�î>é�NPê�BLM��	DRQ@ëRN	ë�ê`ê�ìPD[ê�ìcMLë �Pé�ë5�	é�ëRí�è Q`DyH�é
MEQ)�Pè`é0Q�é��*
	DRì#� �

Age Race Gender

HrsNt Tipe

Topog’

DistIPP	 Urban

����	I� � �¡ACD[N���ÿ�é�ìcNPDRQ )�é��*
aD[ìD�	� ý�NPé:é (�� ��/ (�� � �ºD[ì}HIé��cë�MLBON#���

8�DRì�BLD[N���ê>é:ì�NWD[Q`N�/��GëRìPMOë�î�BLé�N � �cD.(�/ � :�> / ��$ � > ë�Q`H�� >�? � >  í�ë�Q�Q�D��,/IMLQ�ë�í:ë 	�NPëRBNWé�Q`NWé�/YH�é:ê>é:Q`H¼DRQ@D��Pè�é�ì%�këRìPMOë�î`BEémN�ë�Q�HÆNPè�D�	�BOH@í:D���é E�ìcN��,/YMEQKNWD���é�ëRìPî�M��Pì�ë�ìcF�D[ìcH�é:ì0/
NPëkF 
���/ ��/ (�� � � �.� > ê�DYNPNPMEî`BEF½HIé�ê�é�Q`H�N�D[Q �cè�é�� / �ºDRì�é,�Ië���ê�BEé �Pè`é:ìcé�ëRìPé �ºé�
 FRD�	`Q��
J�B #:è�é�M���é:ì�N�í:ë[NWémN�� ��E � E :  $��	� � ëRQ`H �  	! $ ? í�ë�Q NWé�Q`NPMEî�BLF�ípD���é&Q�é,�1�,/�ë�Q�H�DRQ`é�é,�1�ê�émí��cN�ë ìcé:BOë5�cMED[Q`NWè`MEê î>é��*
	é:é�Q �Pè�é,� �9ç�è`ë �&BLé�ë �[é�N �' 8 � �!ë�Q`H E`Q`ë�BLBLF ( � 8 �C� �'� �cD
��ë��Ré"	`ê¿ë ê�BOë 	�NWMLî�BLé�DRì�HIé�ìPMLQ���/ 
���/ ��/ (�/ ��/ &�/���/ /�/ �7� /�D�� �Pè�é E`ì�N*��é:M��Rè
� �Gë�ìcMLëRî�BLé�N,�
ç�è�é:ìcéaMON�ë�BONWD�ë�Q`ë �D	�ì�ë�ByQ1	�BLByèYFyê>D �cè�é�NPMLN4
�è�MOí�è?��DIHIé�BLN �Pè`é:�Gë�ìcMOë�î�BLé�N1MEQ�HIé:ê>é:Q`H�é:Q
�PBLF��
ç�è�é)ípDIHIé=�PD ì#	�Q �Pè�é0MLQ��ºé�ìPé�Q`ípé�MON�NWè`D5
�Q¼î>é:BLD5
!+

����$����
��$1�:�������J5D��������B��
�
�F$
��� %���$���B��
�
�08	���6;=�0���
����,�(
"��
���
��,�> ���F��,
��
�$
,
�1�6����$�>��
$
����� ( ; ) 4 @ 4 � 4���4��54��C4��C4��
>?����$
�0�
������,�(�"��
���
��, ����$����
�
$ ���F��,�C��
�
	�>
,

���������������� ����$
�0�����
��,�(
"������
��,?����$��
�
�
$ ����,�
���� '

81M���	`ìPé � NPè�D5
�N �cè�é E�ìcN���Q�é��*
aD[ìD�¿MEQ��ºé�ìPìcé�H �ºD[ì"�Gë�ìcMLëRî�BLé�NQ� �cD �1�9ë�Q½ëRî�ìPMOH��[é�H
Q�DIHIé�BLMLN��PMLQ���MLN �RM��Ré�Q)MEQ"E���	�ìcé /�� � �.� > HIé�ê�é�Q`H�N�N��PìcDRQ��[BEF�DRQ�� :�> ëRQ`H)ëRBLNPD}D[Q � >�? � >  
ë�Q`H���$�� > �kJ}N�é��Iê>é�í��Pé�H>/ �  �! $ ? MLN�HIé�ê�é�Q`HIé�Q��±D[Q ��E � E :  $���� � ��ç�è�é:ìcéaMON�NPD���é	H�MEìcé�í��
HIé:ê>é:Q`H�é:Q`í:é�D � ( � 8 ��� �'� D[Q �' 8 � � /`ë�Q�H�D � �Pè`é�BOë5���cé:ì�DRQ � :�> /�î�	�� �Pè�é�ìPé�NWé�é�� N �cD
î�é�Q�D&N��PìcDRQ���ê�ìPémHIMOí��PD[ì�D�� ( � 8 ��� �'� �ºìcD��.D��Pè�é�ì �Gë�ìcMLëRî�BLé�N,�[ç�è�é ��DIHIé�B�MON	NWM��RQ�M�E�í�ë�Q
�

�M��cè!ë �PD��cëRB �*
aD��{ê`ëRì��=��é�NcNPë��Ré�BLé:Q�� �Pè / �ºDRì �Pè`é E�ìcN��0é:M��Rè
�=�GëRìPMOë�î�BLé�N,/ÃD ����� � � Q�M��cN
ë �[ëRMEQ�N*��� � (�/�Q`M���N 	�Q�HIé:ì �Pè�é&Q
	`BEB4��DyH�é:B ��� �cè�é:ì�ë�Q`ëRBEFINPé�N 
	é:ìcé!�PìcMLé�H3/��ºDRì}é,��ë ��ê�BLé



S�_Üh�i�ikjmlGnpo�o&s q ��S	�y��dmXy]:�gV ��� n��

� > � � 	
B!B�� 
�' � :�> �
� � � D > $ * � ' "%$ $ �	! > � ��� � � ' �-" � � / �%',�	
 / � )9"%F=B � / � )') ' /!/'/�� '

B!B�� �%' � $ � > �
� � � D > $ * � ' � ' "6$ $ �	! > � � � � � ' 7 
�� $�� > 	 � / �	�%' � / � � � ) ' /!/'/�� '

B!B�� �%' � >�? � >  �
� � � D > $ * � ' � ' � ' "%$ $ ��! > � � � � � '�7 
���$�� > 	 � / 
	�%' � / �	� � ) ' /'/ /�� '

B!B�� �%' � �.� > �
� � � * E  �%�� 
 "�� 2 
 * 
�� / � 2�� ) 	 /'/!/ � 8�> 8 � 
�' � � ' � � /'/!/ � � '

B!B�� � ' �=E � E :  $���� � �
� � � D > $ * /'/ ' "%$ $ �	! > � � � � � '�7 
���$�� > 	 � / 
�
 ' � / � �(' � / ��
 � ) ' /'/	� '

B!B��	� ' �  	! $ ?��
� � � * E  �%�� � " *!$=E � ? ��$ � ?.8 /'/ � � � > � $�� >  32
� ) 	
� � � D > $ * /'/ ' "%$ $ �	! > � � � � � '�7 
���$�� > 	 � / �	� ' � / ��� ' � / � ��� ) ' /'/	� '
� � � D > $ * /'/ ' "%$ $ �	! > � � � � � '�7 
���$�� > 	 � / 
	� ' � / 
��(' � / 
	
 � ) ' /'/	� '
� � � D > $ * /'/ ' "%$ $ �	! > � � � � � '�7 
���$�� > 	 � / �	� ' � / ���(' � / � � ) ' /'/�� '
� � � D > $ * /'/ ' "%$ $ �	! > � � � � � '�7 
���$�� > 	 � / 
	� ' � / � ' � / ��
 � ) ' /!/��
� � '

B!B�� �%' �! 8 � � �
� � � * E  �%�� 
 "�� 2 
 * ��� / � 2�� ) 	
� � � D > $ * /'/'/ ' "%$ $ ��! > � � � � � ' �#" � / 
 '�
 / � )9" F�B � /
� )') ' /'/�� '
� � � D > $ * /'/'/ ' "%$ $ ��! > � � � � � ' �#" ��
 / � '&�	� / � ) " F'B � / � )!) ' / /�� '
� � � D > $ * /'/'/ ' "%$ $ ��! > � � � � � ' �#" �	� / � ' /'/'/ 
 B ��$ 8�> /!/!/ ) ' / /��
� � '

B!B�� 
%' ( � 8 ��� �!� �
� � � * E  �%�� � "�� 2 
 * 
 / � 2�� ) 	
� � � D > $ * /'/'/ ' "%$ $ ��! > � � � � � ' �#"5/'/'/ ? E'B ��$ 8�>�8 /'/'/ ) ' /'/!/�� '
� � � D > $ * /'/'/ ' "%$ $ ��! > � � � � � ' �#" � /
� � ' � / � ) "%F�B � / � )!) ' /'/ /�� '
� � � D > $ * /'/'/ ' "%$ $ ��! > � � � � � ' �#" 
 /
� � '&� / � ) "%F�B � / � )!) ' /'/ /��
� � �

?�> � � E  �% � 
�
 �#/ 
4? �#� 8 ' � $���$ � � �	��� / � ? �#� 8
? � D'D � � �	� � / � ? �#� 8 "�� � /'/	� 
 )

���
	�� � �¡çCìcé:émNaMLQ)�Pè�é )}DIHIé�N�D�� �cè�é)A�DYN*��ÿ�é:ì�NPDRQ�)}é��*
	DRì#�	���



ncÖ Å`^\dp�[x���^\^wZ\�gd�X

ë�BLBED5
�MLQ��ÎD[ìcH�é:ìcé�H7ý3D  � �&NWê�BLM��cN�DRQ ��E � E :  $���� � ëRQ`H �  	! $ ? /1MEQÜê�BOëRí:é¼D�� - E � ? � > �
@ ? � 7 NPê�BEM��cN#"��cè�é)ípD[Q`ípB�	`NPMED[Q`N�
aé�ìPé�î�ìcD[ë[HIBEF@NPM���MLBOë�ì0�

Age Race Gender

Urban

DistIPP

HrsNt

Tipe

Topog’

����	I� � �¡ACD[N���ÿ�é�ìcNPDRQ )�é��*
aD[ìD� ���

$Êè�é:Q � �.� > 
	ë[N)ë�BLBLD5
aémH �cDÎNPê�BEM��&ë[í:ípD[ìcH�MEQ��)�cD 8�> ��
�� D �.� 8�	�	 � D � � > � 7.>  8�� '
	 ����� D�� ��� ýÍNWémí��PMLDRQ (�� (
��/ �Pè�é@M���ê�BLMLí:M���ípD���ê�BLé���é�Q��&î�é�MEQ�� 	 ( > 8 � E ? � >�? � /!/'/ � /��Pè`é
BEMLQ�� �ºìPD�� � :�> �PD �! 8 � � 
�ëRN�ìcé:ê�BOëRí:é�HKîyFKë�BLMLQ�� �ºìcD�� � �.� > ý7
�è�MOí�è M���NWé�B���H�é:ê>é:Q`H�N
N*�cìPD[Q��RBLF�DRQ � :�> � �ºD[ì�ë�Ncë �yMEQ���D �4/&Q`M���N�DRQ �cè�é ��DyH�é:B�ë �Yë�MLQ`N��	ë&BEDYNPN	D � (�� ��Q�M��cN�D[Q
�Pè�é�H�ë �cë ý7E���	�ìcé � ������D5
	é��[é:ì4�Pè�MON±ND� ë�BLB�Q�é�� �Yë�MLQ NWè�D�	�BOH�î>é �cë��Ré�Q 
�M��Pè@ë�î�M��0ê�MLQ`í�è
D �CNcë�B��	ë�Q�H � ëkF 
	é:BLB>î�é�H�	�é �PD?�Pè�é�ê`ë5�D�Pé�ìPQ@D��>��MLNcNWMLQ���H�ë5��ë�ëRN:�?	�í�èÆëRN	ë�QyF
�Pè�MLQ��.�
J}N ë E`Q`ëRB�é���ë ��ê�BLé�/ ��DIHIé:BLBEMLQ��½ëRBEB �7� �Gë�ìcMOë�î�BLé�N2�[ë �[é �cè�é Q�é��*
	DRì#� NWè`D5
�Q MLQ

E���	�ìcé � "9ç�MEê>é@è`ë[N0î>é:é:Q H�	�ê�BLMLí�ë5�cé�H �ºDRì�é�ëRNPé D ��HIì�ë 
�MLQ����Cç�è`é@é��1�Pì�ë �Gë�ìcMLëRî�BLé�N,/ �
�PD �#&�/Yë�ìcé�+ �' $ � % D *�* 8 > �@ýÍípDRQ
�cMEQ1	�D�	`N#��" � > $ D �	� *�� > D'D O � �  � O ( > $ � "�D�� �)� E 7.>
* ��� ? � O 
�� 8 � >�? � > � O /'/'/ O � ? "�$ D � � " ��� ? � � > 8 * �  �E � ? � O ���  O /'/'/ O (�E : "
��� ? � < E � * -  � 8 � O � E'E	� 8 O /'/'/ " �' 8 ��� ? � ý�í:DRQ
�PMLQ1	�D�	�N#��" �! 8 ��E ý�ípD[Q
�PMLQ
	`D�	`N����

�9��� � � S e �XS�S � ^ U

$¿é,�kë�
 ( �,� 
�è`MLí�è!MLN�î�ëRNPé�H�D[Q��Yë �Gë@MON�ê�é�ìPè�ë�ê`N �Pè`é@NWFIN��Pé��Ôí:BEDYNWémN*� �cD �cè�é ê�ìcé�NPé:Q
�

aD[ìD� �*$!é��Gë 2 N!��ëkFRémNWMOë�Q�Q�é��*
aD[ìD�IN �Pë[NPND	���é%�Pè�ë5�aëRBEB.�këRìPMOë�î`BEémN�ë�ìcé�HIMLNcípìcé��cé#� 
 � �>ê>� ���
ë�Q`H �Pë�BLM���M��cë �PMLDRQ D �%�cè�é@í�	�ìcìcé:Q
��ípBOëRNcNWémN�MLN!�Pè`ë �"�Pè�é�F¿ë[NPND	���é��Pè`ë �"�Pè`é:ìcé@ë�ìcé�Q`D
��MONcNWMLQ����Gë�B�	�é�N�� 
 � ��ê>� ��(��IþgQ $¿é,�Gë�/`í:DRQ
�PMLQ1	�D�	`N%�GëRìPMOë�î�BLé�N�� 	`N*��î>é)HIMONPí:ìPé��PMONWémH E`ì�N��
ë�Q`H)�cè�é"
�ëkFG�Pè�MON�MON}H�DRQ�é"� ëkFKë � é�í�� �Pè�é)D�	��cí:D���é���ç�è�MLN}MLN 	�Q�Q�émípémNPNcë�ìcFG�ºDRì ��DIH1�
é:BLBEMLQ�� ëRQ`H3/ �ºDRì�NWê�BLM����PMLQ��./aMON@ê`ëRì��KD � �Pè`é¿Q�é��*
aD[ìD� DRê��cM���MONPë �PMLDRQ 
�è�é�Q 	`NPMEQ��·D�	`ì
ípBOëRNcNWM�E�í:ë �PMLDRQ �Pìcé:é�N ýÍNWémí��cMED[Q (�� ����� A MONcNWMLQ�� ��Q�émNPN2
�ëRN�î�	�MLB��@MEQ
�PD D�	�ìG��DyH�é:BON ý�NPé�í��
�PMLDRQ	(�� /����



S�_Üh�i�ikjmlGnpo�o&s q ��S	�y��dmXy]:�gV ��� n
j

Age Race Gender

Tipe Topog’

HrsNt

DistIPP

Urban

FindLoc

TrackOff’

Outcome

HrsFind
Health

Tipe

HrsTo FindRes

���
	�� �I�¡A�DYN*��ÿ�é:ì�NPDRQ�)}é��*
	DRì#���ºDRì�ëRBEB � ���±ëRìPMOë�î`BEémN��

ç�è�é:ìcé ë�ìcé�HIMON��cë�Q
�)NPM���MLBLëRìPM��PMLé�N�î>é��*
	é:é�Q!þvÿ ëRQ`HÎMLQ`H�	�í��PM��Ré BLD��[MLí&ê�ìcD��[ìcë��2��MLQ��
ýºþvACÿ���+Iç�è�é�ìPé�è`ëRNaî>é:é:Q�NPD���é}MLQ
�Pé:ìcé�N���MEQ �Pè�é 	`NPé}D��1ípD���ê`BEé,�yM��vF
�{î�ëRNPé�HG��é�ë[N�	`ìPémN�MLQ
þvACÿ�
�� ��/�� ���±î�	��!�Pè�MON�ë[NWê>é�í��)D ��þvACÿ MON0BEémNPN�HIé��[é:BLDRê>é�H �Pè`ëRQ 
	DRì#��D[Q A A�A �Cç�è`é
ê�ìPD��Rì�ë ����é:ì�MON�MLQ1�RD[B��[é�H�MLQ�HIé�NPM��RQ)D����Pè�é	NWémë�ì�í�è)ë�B��RDRìcM��Pè�� MEQ&þvÿ �PD�ë��Rìcé�ë �Pé�ì�é��1�Pé�Q
�
�Pè`ëRQ@MEQ¼þvACÿ /��vFyê�MLí�ë�BLBEF�MLQ¼HIémNWM��RQ�MLQ��)Q`é�
 ��DIHIé:BONaëRQ`H émN*�cM�� ë5�cDRì�N,"[M���MON�MLQ��ºé�ë[NWMLî�BLé��cD
è`ë �Ré�ë!�[é:ìcF"�Ré�Q�é:ì�ë�B�NPé�ëRìcí�è�D5�Ré�ì �PDyD0BLëRìD�[é�ë0ípBOëRNcN�D �¡ípD���ê�	��cëRî�BEé�N*��ë5�PMON��PMOí:ë�B���DIHIé�B9�
J<��DIHIé:BÃMLQ¼þvÿ /yê`ëRì��cMLí�	�BOë�ìcBEF�DRQ�é �Pè�ë5��MLN�	`NPé�H¼ëRN�ë&í:D���ê>DRQ�é�Q��	D �9D �Pè`é:ì���DIHIé�BLN

ý E���	�ìPé � ��/ �?	`N��)î�é¼ë�î�BLé��PD�è�ë�Q`HIBLé é��1�cìPé,��é@H`ë5�cëÎNWé��cN,� 8�D[ì)é���ë ��ê�BLé@ë	��ëkFRémNWMOë�Q
Q�é��*
	DRì#����ëkF@í:DRQ
�cëRMEQKNWé,�Ré�ìcëRB��cìPé�é�N�ë�Q`H¼é�ë[í�è �cìPé�é � ëkF@ípD[Q
�cë�MLQ¼NPé��[é:ì�ë�B>BEémë5�1H�MLN��PìcM��
î�	��PMLDRQ�N�� ��Q`é0DRì���DRìcé�D �4�Pè�DYNWé0BLé�ë �±HIMLN��PìcMLî�	��PMLDRQ�N � ëkF@î�é?�RM��Ré:Q�ë ND	�î��gNWé���D ��H�ë5��ë
�Pè`ë ��MON ��	`Q
	�N�	`ëRB �.��ê�é�ìPè�ë�ê`N�ípD[Q`NPMLN��PMLQ��KD � � 	�N*��ëKNWMLQ��[BEé�M��Pé�� � A A�AÜMEQ`NPMON*��N=�Pè`ë �
é��Ré�ìPFG��DIHIé�B�é � é�í��cN�ë2�Gë�BLMLH3/�HIé�í:DyH`ë�î�BLé ��émNPNcë �[é�ý�MEQ�ê�ìcMEQ�ípMLê�BEé ��NWD �Pè`é:ìcé)í:ë�QKî>é�Q`D
	�Q`HIé�ìcN��cë �PMLQ��)D �Cë"��DIHIé�B 2 N�í:D���ê�BLé��IM��vF��[J#ý�ND	�î��*� ��DIHIé:B;�?	�N*����	`ëRìcëRQ��cé:é��Pè`MLN,/[D[ìaë �
�Pè�é��Ré�ìPF�BLé�ë[N*��ìcëRMLNPé&ëRQÎé,�Ií:é:ê��cMED[QÎM��aM��)í:ë�Q`Q�D �0�Ãç�è`MLN�ê�ìcMEQ�ípMLê�BEé2�Ré�é:ê`N=	`N �Pè�DRQ�émN*�)�
ë�Q`H¼é:Q`ND	�ìcé�N��cè`ë5� �cè�é �PD[ê��{BLé��[é:B3��DIHIé:B 2 N�ípD���ê�BLé��IM��vF@MON �Gë�BLMLH3�



n�� Å`^\dp�[x���^\^wZ\�gd�X

classification tree

Bayesian network

modelMaybe

normal multiState

���
	�� � �3A DIHIé:B�A1ëkFRé:ì�N,�

� �¿âaß}å��Wä �yævâ�ß �

þgQ`H�	`í��PM��Ré�ê�ìcD��Rì�ë ����MLQ��Îýºþvÿ���	�NWémN �cè�é ípD���ê>D[NPM��PMLDRQ`ëRB�ëRî�MLBEM��PMLé�N�D �:�7	�Q`í��PMLDRQ`ëRB9ê`ìPD��
�Rì�ë ����MEQ��./*�}ë[N��[é:BLB`ë�Q`H�ACAÎA ����ëRND�Ré:BLB 2 N �ºémë5�#	�ìPémN�è`ë �[é�ë�Q1	��&î�é�ì±D �¡ëRH��këRQ
�cë �[é�N�MLQ
MEQ`H�	`í��cM��[é&MLQ��ºé:ìcé:Q�ípé�� A�ëRê�ê�MLQ��¼ë¼H�ë5��ë@NWé��,/¡ND	`í�èÎëRN}BEDYN*��ê�é�ìcNPDRQ�N�/>DRQ
�PD �Pè�é3�}ë[N��[é:BLB
�vFYê>é�NWFIN��Pé,�ÐMLN�ë 	`NPé��7	�BIé,�yé�ìcí:MLNPé�MLQ2�Ré��D�PMLQ��=�PD=�yQ�D5
 �Pè`é�H`ë5�cë�/ �Ré:ìcF�ê�ìcé�ípMONPé:BLF "Gë�ê�é�ì��
NWD[Q@HIDRMLQ���H�ë �cë0ëRQ`ë�BLFINWMON 
�MLBEB�MEQ`è`ë�î�M�� �cè�MON�NPê`ëRí:é �ºDRì	NWD���é��PM���é��Yç�è`é�Q�é:émH��PD&HIé�E`Q`é
ë �GëRìPMOë�î�BLé�2 N�ê�ìcDRê>é:ìD�PMLé�N,/Ié�� ��� D  � DRì�Q`D �,/�ë 	��cD�� ë5�cMLí�ë�BLBEF@ND	����[é�N��cN%
�è`ë ��MLN�ê>D[NcNPMEî�BLé�/
N�	`í�è¼ëRN �PD&NPê�BLM�� ��E � E :  $��	� � ë[NaHIMONcípìcé��Pé�DRì	ëRNaDRì�HIé:ìcé�H ýÍNWémí��PMLDRQ (�� �����yç�è�émNWé �Pè�MLQ��[N
í:ë�Q`Q�D ��î>é �ºDRì#�RD �D�Pé�Q "1�Pè�é �vFyê>é)ë�Q`HKípBOëRNcN�NPFyN��Pé,�8î�ìcMEQ��[N��Pè`é�� �cD FRD�	�ì�ë5���cé:Q
�PMLDRQ �
ç�è�é�þvÿ ípDIHIé�NWè�D5
�Q MON±N��cëRQ`H�ë�ì�H �}ë[N��[é:BLB�� ��� î�	��	D �cè�é:ìaé��Iê�é�ìPM���é:Q
�cN 
 &��>HID�NPè�D5


�Pè`ë ��NWD���é���ëRND�Ré:BLB1�vFyê�é�é,�1�Pé:Q�NWMLDRQ`N�í�ë�Q�î�é 	�NWé��7	�B�MLQ�NPD���é�D �cè�é:ì�ê`ìPD[î�BEé,� N��kþgQ���î�	�MLB��
N�	�ê`ê�D[ì��>�ºD[ì 
�MOHIé �#	�ê�BLé�N,/ " ' ) /�
	D�	�BOH � ë �[é±M��9é�ë[NWMLé:ì3�cD}HIémë�B

�M��cè)BLëRìD�[é �?	�B��PM�� �këRìPMOë5�cé
H�ë5��ë�NPé���N�/�ë�B��Pè�D�	��Rè �Pé���ê�BOë5�cé �}ë[N��[é:BLB¡MLN�ë�ê>D[NcNWMLî�BLé0NWD[B�	��cMED[Q>�

��M��Rè���DRì�HIé:ì �7	�Q`í��PMLDRQ`N,/±ND	`í�è ë[N > 8 � $�E�� > D�$ $ �	! > ýÍNWémí��PMLDRQ (�� /���/±ë�ìcé¼MLQ1�këRB�	�ë�î�BLé
MEQ ípìcé�ë5�cMEQ��·Q�é,
 
	ëkFIN¼D �"	`NPMLQ�� û�ø Npï�ô{øPû�ø��¿N��cë5�cMLN��PMOí:ëRB ��DIHIé�BLN,��ç�è�é!ê�D[BEF1��DRìcê�è�MOí
�vFYê>é NWFIN��Pé�� é�Q`N�	`ìPémN �cè`ë5�)�Pè�é 	`NPé�NKë�ìcé�î>D �Pè �Ré�Q�é:ì�ë�B�ë�Q`H �vFYê>é NPë �ºé�� �}ëRND�Ré�BEB 2 N
�vFYê>é0MLQ��ºé:ìcé:Q`í:é)ë�B��RD[ìPM��Pè�� D � �Pé�Q E`Q`H�N}ë���D[ìPé �[é:Q�é�ìcëRB.�vFyê>é!�ºDRì�ë2�7	`Q`í��cMED[Q �Pè`ëRQKM��cN
ê�ìPD��Rì�ë ����é:ì�H�MLH@ëRQ`H��cè�MLNaMONaëRBLNPD!�Pè`é�í:ë[NWé 
�M��cè¼N��cë5�cMLN��PMOí:ëRB���DIHIé:BON	ë�Q`H émN*�cM�� ë �PDRì�N,�
ç�è�é:ìcé�MON�ê>D �cé:Q
�PMOë�B.�ºDRì	ë�Q@é,�
�cé:Q`NPM��Ré�BLMEî`ìcëRìPF�D �¡DRê>é:ì�ë5�cDRì�N�DRQ¼N*��ë5�PMON��PMOí:ë�B.��DyH�é:BONaëRQ`H
�Pè�é�MEì�émN*�cM�� ë �PDRì�N,�
ACë�#�F é��Gë�B�	`ë �PMLDRQ ��émë�Q`N,/;�ºDRì�é���ë ��ê�BLé�/ �cè`ë5�0D[Q�BEFF��DIHIé�BLN�D��	NPé:BLé�í��cé�H �këRìPMOë�î`BEémN

D �±BLD[N��}ê�é�ìcNPDRQ�N�ý�NPé�í��PMLDRQ (�� ����ë�ìcé)é��GëRB�	`ë �PémH3�;�yé�BEémí��cMED[Q`N}ëRìPé"� ë[HIé)DRQ�ípé&ë ���Pè`é"�PD[ê
BEé,�Ré:B /���D[N���D � �Pè�é)ëRB��[DRìcM��cè�� N	H�D Q�D � �Pí:DRQ`NPMOHIé:ì)�"�cè�é!� ë5�D�Pé:ì�ë �}ë�BLB9�

�aD���ê�	��cMEQ�����DIHIé:B�í:D���ê�BLé��IM��vF îYF ��MLQ�M��?	�����é�NcNPë��Ré�BEé�Q�� �cè!ýÍNWémí��PMLDRQ	��� �0��MON�ë
�RDyDIH � ë �cí�è�
�M��cè2�Pè�é}í:D���ê>D[NPM��cMED[Q`ë�B�N��vFyBEé�D��.�7	�Q�í��PMLDRQ�ë�B�ê�ìcD��[ìcë�����MLQ��.�kç�è`é�ìPémëRHIé�ì
��ëkFÎè`ë�ì�HIBLF�è`ë �Ré�Q�D��PMOípémH!ëRQyF�é��Iê�BLMLí:M��?A�é�NcNPë��Ré�BEé�Q�� �cè í�ë�BOí�	�BOë5�cMED[Q`N0ë�ìcé�è`ë�Q�HIBEémH
îYF 7 E	� > D $ $ �	! > ý�NPé�í��PMLDRQ (�� /
�±ëRQ`H@D��Pè�é�ì:�7	`Q`í��cMED[Q`N�/IëRQ`HÆëRìPé�ípD��&î�MLQ�é�HÆMEQ �Pè�é0ípD��2�
ê�BEé,�IM��vF�D � �Pè�é �	ëkF[é�NPMLëRQ Q�é��*
	DRì#��ý�NPé�í��cMED[Q (�� ��/�E���	�ìPé � �aë�Q`H M��cN�í:BLë[NPNPM�E>í:ë5�cMED[Q��Pìcé:émN
ý E���	�ìPé � �:�PD�MEQ��ºDRì#� �Pè`é)NWémë�ì�í�è>�



S�_Üh�i�ikjmlGnpo�o&s q ��S	�y��dmXy]:�gV ��� n
o

J NPê�émípM�E�í:��DIHIé�BIí:ë�Q�î�é�ípìcé�ë �Pé�H?��	`MLí��yBLF �ºD[ì9ë�Q�é,
½ê�ìcDRî�BLé�� �Pè�ë�Q��IN �PD �}ëRND�Ré�BEB 2 N
é��Iê�ìcé�NcNWM��Ré�ê�D5
	é:ì0� � �9í:D�	�ì�NPé�M��}í:ëRQ�Q�D���FRé���î>é)ípBOë�M���é�H �Pè`ë � �Pè�é �vFyê>é�N�ëRQ`HKípBOëRNcNWémN
ípìcé�ë5�cé�H@ëRìPé��Pè�é�î�émN*��ê>D[NcNWMLî�BLé�HIémNWM��RQ`N �ºDRì�ë�í:D���ê>D[NPM��cMED[Q`ë�B>HIé:Q�D��cë �PMLDRQ`ëRB>NPé�� ë�Q
�cMLí�N
D � �ºD[ì N*��ë5�PMON��PMOí:ë�B ��DIHIé�BLN,� 8�D[ì�é,��ë ��ê�BLé�/±ë!í:ëRNPé�í:ë�QÜî>é)� ë[HIé)�ºDRì@NPê�émípM��ºFYMLQ�� �Pè`é
Q�D �cMED[Q½D ��ëÜñRû�ô�û $:ö:ô "�ê>é:ìcè`ë�ê`N�H�ë �cëF�cìcë �[é:ì�NPëRB9/1H�ë5��ëC��é�ë[N�	�ìcé���é�Q���ëRí�í�	�ì�ëRí:F!ëRQ`H
H�ë5��ë 
	é:M��Rè
�cN�NPè�D�	�BOH½î>é)
�ìcëRê�ê�émH 	�ê MEQÜN�	`M���ë�î�BLé �vFyê>é�N�ë�Q�H·ípBOëRNcNPé�N,� ��Q�BLF ��DRìcé
é��Iê�é�ìPMLé:Q�ípé�/�ë�Q`H �PM���é�/;
�MEBLB�BLé�� 	�N}NPé����cBEé0D[Q �Pè�é0î>é�N����cìcë[HIé���D � î>é��*
	é:é�Q �Ré:Q`é:ì�ë�BLM��vF�/
	`NPëRî�MLBEM��vFÆë�Q�H¼é � ípMLé:Q`í:F�/Iî�	���é,�Iê�é�ìPMLé:Q`í:é �PD H�ë �Pé0MON�ê�DYNWM��PM��Ré��
ç�è�é!��ëkFRé�NPMOë�Q}Q`é��*
	DRì#��é�N��PM�� ë5�PD[ì,/ >�8 � � > � � E  &% /Pë�Q�H�ë[NPNPDIípMOë5�cé�H�ípBOëRNcNWémN �! �E	� > �#�

ë�Q`H 
�� D �.� 8�� 
 &*�¡ý�NPé�í��PMLDRQ (�� ��� �PDyD���DRQ�éaH�ëkF �cD�í:ìPémë5�Pé��:ç�è�éaBEDYN*�Cê>é:ì�NPDRQ@ý�NPé�í��PMLDRQ (�� ���
ë�ê�ê�BLMOí:ë5�cMED[Q í:ë ��é�ëRBED[Q��)NWD���é%�PM���é}BLë �Pé:ìaë�Q`H�M�� �PDyD��&DRQ�é�ëRQ`H ë�è`ëRB���H�ëkFIN4�PD&ípìcé�ë5�cé
ë 
	DRì#�yMEQ�� ��DIHIé:B /�ï�ðÃó�'\ò`ñ�ï�ðYú�è`D5
 �PD�è`ëRQ`HIBLé!��MLNcNWMLQ�� H�ë �cëKý�NPé�í��cMED[Q	(�� /��:
�è�MOí�è¼è`ë[H
ê�ìPé,�yMED�	`NWBLF�î�é�é:Q MLQC�Pè`é � �?	�N*� �Pè`MEQ��¿ë�î>D�	�� �Pè�ë5�0DRQ�é�H�ëkF 2¡í:ë �Pé��[DRìcF��ÃJ�QyF�ë ��D�	�Q
�
D �>�7	�ìD�Pè`é:ì��PM���é�í�ë�Q¼î�é0NPê�é�Q���ê�BOëkFyMEQ�� 
�M��cè �cè�é0H�ë5��ë)D[Q`ípé�ë?��DIHIé�BÃëRQ`HÆë&ê�ìcD��[ìcë��
é��IMLN��,/�ë�B��Pè�D�	��Rè �Pè�é�ìPé�MON�ë2E`Q�é�BLMEQ�é0î>é��*
	é:é�Q H�ë5��ë&é,�Iê�BED[ìcë �PMLDRQKë�Q`H E�NPè�MEQ����

� e 
dUg^ ��[]QIW 	 � Q*U c�S � þ)
	ëRQ
�)�cDH�Pè`ëRQ�� �aè�ë�ìcBEémN ç%
	ëRìcHIF�/�J�Q�Q )}MLí�è`DRBONWD[Q ëRQ`H
��é��yMEQ ��D[ìPî �ºDRìC�[é:Q�é�ìPD�	`N�HIMONPí�	`NPNPMLDRQ`N�D��3��ëkFRémNWMOë�Q Q�é��*
aD[ìD�IN,�3�aè�ë�ìcBEémN ç%
	ëRìcHIF
ë�BONWD@HIMONcí�	`NcNWémH)��MONcNWMLQ�� ê>é:DRê`BEé�ëRQ`H�è�é�í:DRMLQ�é�H �cè�é!�Pé�ìD� � MEQ`H�	`í��cM��[é)ê�ìcD��Rì�ë ����MLQ��
2��
�aè�ìPMON+$!ëRBEBOëRí:é�ý'� � (�( � � � �*&
��ëRB�
�ëkFIN �Yë �Ré �?	`í�èKè�é:BLê�ë�Q`H 
	ë[N	ëRQÆMLQ`NPê�MEì�ë5�cMED[Q "yè�é�MLN
NPë[HIBEF ��MLNcNWémH3��ç�è`é 1}é�ê`ë�ìD�D��é�Q���D � �aD���ê�	��cé:ì=��ípMLé:Q`í:é�ë5� �cè�é R}Q�M��[é:ì�NWM��vFÆD��4$ ë�BLé�N
J�î>é:ìcFyN��*
�F
�Pè>/Ãë�Q�H)�Pè�é 1}é�ê`ë�ìD�D��é:Q
��D � �aD���ê�	��cé:ì!�IípMLé:Q�ípé�ëRQ`H �Pè`é&ÿ±ìcD��[ìcë�����MLQ��
ACë�Q���	`ë��Ré�ë�Q�H �yFIN*�cé�� N ��émNWémë�ì�í�è -�ìPD�	�ê7ë5� �cè�é R}Q�M��Ré:ì�NPM��vF D � �±DRì#� 
	é:ìcéF�Ré�ìPF
è�D[NPê�M��cë�î`BEé0H�	�ìcMLQ�����F �yMONWM��cN�MLQ � � �*&��

 J ê`ëRê�é�ì�î`ëRNPé�H¼DRQ)�cè�MLN%
	DRì#�@è`ë[N�NWMLQ`í:é�ëRê�ê>é�ë�ìcé�HKëRN,+
A ��J�BLBLMLNPDRQ>/����	øPùcú�øcûGü�ü&ï�ðyú���û�øPûRñ�ïwú�ü 'pù�ø��ÎûRó �yï�ð>ö	�1ö�ûGø
ð�ï�ðYú�

��ï�ô �Îû��±û $:ö	��ô{ò`ñ �
ù '���û �Rö�$
ï�ûGð���ö:ô���ù�ø�� $�/`J �%� � ������/�/yê�ê>� � ��( ��������/ �[ëRQ1	`ë�ìcF � � ��/�� �

� �����Cá �Cß}å�� �
nm��Å��R�a^\^\Z\�gdmX��>�{XYx[uYUPfvZw�mTaZ\X[rLTcevT�X[U�T�nm�ÃS>T�UWVYX[ZwU�]�^I_�T�bId�egf�h:imi��kl�ncÖk��� q UWVYdGd�^�d�r�s9d�t0bYuRfvTce
q U�Z\T�XYUcT�]�Xyx q d:rLf{z�]:evT}|�XY~mZ\X[T�TcevZ\XY~R����dmXY]��gV��aXYZ\�kTcev�gZ�fÍ�G�[Ù	T�U�T�t��ITce�h�i�im���

h���Å����a^\^\Z\�gdmX`��SC�RbIT���]�Xyx�Uc^E]:�g�gT��0d�rat)]�UWVYZ\X[T�^\T
]pevXYZ\XY~¼]�XYx�xY]:fW]@t0Z\XYZ\XY~R����� ¬LÄ���ª�Á �
¬�²�µmÌ\µ�Áv­ºµ�¨"!C³�¶a°yª�¬Í¯P²$#I«c­�¯P¨y«P¯%!C³�¨'&�¯P²v¯P¨I«W¯)(*�+!,#-!/.10,��©k¯cÌ\µ�­º©G¯ �[by]:~mT��ah�imo'2�h�npjG�`¹YT��Revu[¾
]peg��h�imi��R�

�R��Å��C�a^\^\Z\�gdmX��¿S�V[T&f{�RbIT���d�r�t0d�xRT�^\���3� ¨I©54�µ761µ�­L­a§W¨Y¬�8+!C³:¨'&'89#Y¬�µ�¬�­OÁv¬�­º«cÁ�µ�¨I©;:±¯cÌ\µ�¬Í¯g©
< ­º¯cÌ\©�Á=(*4�§>!,#?� � . �A@mu[XYT}h�i�im���

Ö[��Å��:�a^\^\Z\�gdmX����ÍXyxRuYUcfvZ\�kT�Z\X[rLTcevT�XYUcTanm�\n��RS>T�UWVYXYZ\U
]:^�_aT�bId:egf�h:imi�Ökl�n
j��R� q UWVYdGd�^Gd�r�s9d�t0bYuRfvTce
q U�Z\T�XYUcT�]�Xyx q d:rLf{z�]:evT}|�XY~mZ\X[T�TcevZ\XY~R����dmXY]��gV��aXYZ\�kTcev�gZ�fÍ�G�y��]���h�i�i�ÖR�

j���Å��`�a^\^\Z\�gdmX�����d�xRT�^\��rOd�e�t)]:UPV[Z\XYT}^wT�]:evXYZ\X[~�]�XYx¼x[]:fW])t0Z\XYZ\XY~�Z\XÆrLuYXYUPfvZwd�Xy]:^¡b[evdm~:eW]�t�¾
t0Z\X[~[�CB 8 < ª�¨I«c¬�­º³�¨yµmÌED�²�³v´�²gµ�¶�¶�­O¨G´ �Cby]�~�T���n
j'2��mh��F@k]�X�uY]:eg�¿h�i�ikjG�CG	X[^\ZwX[T�o�lmh:imi�ÖR�
xRdmZ��\n
i��wn�iRn
oml q im�mj��ko:�m���mimÖmikikj:�kiRnk�

�R��Å��k��^\^wZ\�gd�X���Ù��k»Ãd
z9T�^\^º�k]�XYx�S	�m�W�:Ù�Z�Ï`�ys9dmt0bRevT��g�gZ\dmX0]:Xyx�]:bYbRevdpÏRZ\t)]:fvT1t)]:fvUWVYZ\XY~R�/H !,#
!C³:¶	°yª�¬Í¯P² B 8 �[ÖGh���np�P�\n�2Yn
iR�¡n��m���R�

o���S	�>Ñ�]��GT�������XKT��g�v]��Æfvd
z�]:eWxR���gdm^\��ZwX[~@]&bRevdm�Y^\T�tÈZ\XKfvV[T0x[dGUPfgevZwX[T0d�r�UWVy]:XYU�Tc��� D9Ä�­OÌI8
J ²gµ�¨[ÁK8�³L&�¬LÄY¯=:�³7MmµmÌ,#I³
«18�³N&�Â�³�¨I©k³:¨ �Ãj��R� �mo�i12kÖ[n��R��n
o��m��� ��_�T�b[evZ\XGfvT
x Z\X�H ­�³�¶)¯P¬�²W­POmµ
ÖkjR�º�ml:ÖG�P�YbYb`�Ih:�m�12G�Rn
j��Ãn��kj��m�P�



n�� Å`^\dp�[x���^\^wZ\�gd�X

�R��_��y_���Ñ9d�uYUWÒm]:Tcegf
�aÑ�]��GT��gZw]�XÆXYTPf{z�d:evÒ��	Z\X�� T�Ò�]R�	S>T�UWVYX[ZwU�]�^Ã_�T�bId�egf}n�Öklmh:imi�ÖR�¡s9d�t0b��
q U�Z��YÙ	T�b[f
�\�R���[d�r���]�Z\Ò�]:fvd[� q Tcb[fvT�t��ITce�h�i�i�ÖR�

�R�$@R�Ãs9d�t0^\Tc�Æ]�XYxÆÙ��`Ù�d
z9Tm���	TcXYTceW]:^1Ñ9]
�kT��gZw]�XKX[Tcf{z9d�evÒ���]�XYx¼]:���Rt0t0TcfgevZ\U�^w]�X[~muY]�~mTc���
� ¨I©=4�µ761µ�­L­¡§W¨[¬�8F!C³�¨'&'8-#[¬�µ�¬�­OÁv¬�­º«cÁ�µ�¨y©�:±¯cÌ\µ�¬Í¯g© < ­º¯cÌ\©�Á�(*4a§>!,# � � . �?@muYX[T�h�i�im���

n�iR��Ù��1s9dmXYÒ�^\Z\X!]:Xyx �P���}��� Z�fgfvT�X��¿s9d�t0bY^\TcÏRZ�f{��¾��y]:�gT
x�Z\Xyx[u[UcfvZ\dmX`�!À µk«WÄ�­O¨I¯0ÂÃ¯gµ�²W¨Y­O¨G´ �
n��[�º�m�P� h:im�'2Rhmh�j���n
����ÖR�

n�nm�}�¼��@R��s1eW]�z±^\Tc�G� #Y¬�µ�¬�­LÁW¬�­�«Wµ�Ì+!C³�¶a°yª�¬�­O¨�´ ��µ�¨¿§W¨[¬�²g³
©�ª[«c¬�­º³�¨ ¬�³	��µ�¬�µ;��¨Iµ�Ì M�Áv­OÁ)ª�Áv­O¨�´
# �*D�Ì ª�Á �
� Zw^\Tc�G�yh�i�ikhG�

n
h������I|±��¹Y]:ege	]�Xyx@sa� q ����]�^\^w]�U�Tm�	S�VYT�U�d�t0bY^\TcÏRZ�f{�&d�r1��fgevZ\Ucf�t0Z\XYZ\t�uYt t0T��g�v]:~mT}^\T�XY~:fvV
Z\XRrOTcevT�X[U�Tm� H !,#�!C³�¶a°yª�¬Í¯P² B 8 �YÖkjR�º�m�P� h:�kjK2Rh��mh��>h�i�ikhG�

n��R��Ó}��¹[evZ\T
x[t)]:X�]:Xyx��¼�
�	d�^ExR����t0ZwxRf
�YÅ�T
]pevXYZ\XY~	Ñ�]��GT��gZw]�X�XYTcfÍz�d�evÒ��¡z±Z�fvV�^\dGU
]:^Y��fgevuYUPfvu[evTm�
� ��§�� � �:�Rby]:~mT��	hmj�h'2�h��khG�Ãn
���m���

ncÖ[�}�¼��»Ã���	Tcd�ev~mT�� ]�Xyx·sa� q ��� ]:^w^w]:U�Tm�Ú�È~mTcXYTceW]:^}�gTc^wTcUcfvZ\dmX·UcevZ�fvTcevZ\dmX rLd�e Z\XYx[uYUPfvZw�mT
Z\XRrOTcevT�X[U�Tm��� ª�²�³P°[¯gµ�¨ !C³:¨'&'8�³�¨���²W¬�­ �9«c­ºµ�Ì¡§W¨[¬Í¯cÌOÌ ­w´G¯P¨I«W¯5( � ! ��§���� .'09D�­OÁPµ ��by]:~mT��}ÖGo:�12
Öm�khG� q Tcb[fvT�t��ITce�n
����ÖR�

n
j���_���@[�1Û�dGT���fvTce
�!�	Z�ev~mZ\XYZw]�x[]:fW]:�gTcf)dmX¿^wd���fg¾�bITcev�gdmX¿�IT�Vy]
��Z\dmu[e
� h�i�iRnm� �au[fvV[d�e
Ë ���gZ�fvT
VGfgfvb`� l�lpz�z�z�� x[�[��¾��v]:e
� U�dmt�lG�

n��R��Û��IÑa��Û�d�ev�Æ]�XYx@�}�`|��IÓ	Z\UWVYdm^\�gd�X��=H µ7Mk¯PÁv­ºµ�¨ ��²W¬�­ �1«c­ºµmÌ�§W¨Y¬Í¯cÌLÌ ­w´G¯P¨I«W¯ �}s9VY]�bYt)]:X@]�XYx
�	]�^\^>l�s9_�sa�Ih:imi:Ö[�

n
o�� q ��»ÃTc��fvdmXR¾�@mdmX[T���Tcf�]�^���_aTcbId�egf�d�XÎfvV[T&bRevdm~:eW]�t0t0Z\XY~ ^w]�X[~muY]�~mT���]��gÒmT�^\^\¾Í���R� n
���m���
���m]:Z\^E]:�Y^\T�]:f�VGfgfvb�� l�lpz�z�z�� Vy]:�gÒkT�^\^�� d:ev~GlG�

n��R��Ù��I_}�I»Ãdpz9T�^\^��>Å��`�a^\^\Z\�gdmX��`]:Xyx@S	���P�yÙ�Z�Ï`����d�x[T�^\^\Z\XY~�]�^\Z\~mXYt0TcX�farOd:e�XYd�X[¾ºeW]�XYx[dmt �gTc¾
ØGu[T�XYU�Tc��� D�²g³
«18�� �p¬LÄ$�+!,#+��ª�Áv¬�²gµmÌ ­ºµ:¨ B ³�­O¨[¬�!C³:¨'&'8R³�¨���²W¬�­ �9«c­ºµ�Ì�§W¨Y¬Í¯cÌOÌ ­w´G¯P¨y«W¯ ( ��§ �"! ! � . �
bY]�~�T��ah�im�'2RhGn�Ö[��h:imi:Ö[�9Å�Ó�s q l�Å`Ó��a�C�kd�^º� ���m�m���

n��R�}sa�Ã|±� q VY]�X[XYdmX`�&� t)]:fvV[T�t)]:fvZ\U
]:^CfvV[T�d�eg�Æd�r±Ucdmt0t�u[XYZ\U
]pfvZwd�X�� H ¯cÌOÌ # M:Áv¬�8 J ¯v«WÄG¨Y­º«vµmÌ
B ²W¨yÌI8 �yh�o�� �ko:�12kÖGh��&]�XYx��kh:�12G�kj����¡n
�:Ök�R�

h:iR��S	� q VYT
]peWx¼]:Xyx q �`»ÃTc��fvdmXR¾�@mdmX[T�����S�T�t0bY^w]:fvT�t0TcfW]:¾�bRevdm~�eW]:t0t0Z\XY~0rOd:e#��]��gÒmT�^\^º� D�²g³
«18
³L&�¬LÄ[¯$61³�² O:ÁgÄR³P° ³�¨ 4�µ�ÁNOk¯cÌOÌ �[by]�~�T���n�2yn��R�Ih�imimh��

hGnm����� q evZ\XYZ\��]��v]:X�� q �1��u[~m~�^wTPfvdmX��9]�XYxÎ�¼�9Ñ9]�Z\X��¿S�VYT%$�uY��fvZ�ÇYU
]:fvZ\dmX¿d�r	^wd�~mZ\U
]:^�fvV[T�d�evZ\T��
�Y]��gT
x�dmX x[]:fW]�Ucdmt0b[evTc�g�gZwd�X���À µk«WÄG­O¨�¯	§W¨Y¬Í¯cÌOÌ ­w´G¯P¨y«W¯ ��n��R� �koK2ynphGnm�¡n��m��ÖR�

h�h��}sa�[_��yS9z�]:eWxR�G� q ]:e'& µ7Mk¯PÁ ��»¡evT
xRZwUPfvZwX[~�^\dm��fabITcev�gdmX��IT�Vy]
��Z\d�e
�9h�i�ikh��9»¡evT��gT�XGfvT
x&fvd�Ó	]:¾
fvZ\d�Xy]�^y�a�g�gdGU�Zw]:fvZ\d�X�d�r q T
]:evUWV)]�XYx)_�T��gU�u[T���Ó�� q �a_ h�imimhm�P�[s9VY]:ev^\d�fgfvTm��Ó�s·�º���m]:Zw^w]:�Y^\T
]pf�V�fgfvb`� lml:�v]pev�y]��GT���� d:ev~Gl:XY]��v]pe
� b�x�rW�P�

h:�R�}sa�y_}�YS9z�]peWxR�@]:Xyx ÅC�(�	d�bITm�a��Z\�g�gZwX[~�x[]:fW]�d�X t0Zw�g�gZ\X[~�bITPev�gdmXY��� °[¯P²WÁP³�¨Y¨yµmÌ�«v³�¶�¶�ª �
¨[­º«vµ�¬�­º³�¨ �Ih:imi:Ö[�

hpÖ[�����Y��]�X�Ù�T�u[ev�gTcX��Y»¡�yÅ�Z\XGf
�y]:Xyx @R�y�	Z\�g�gTce
��Ù�dmt)]:ZwXR¾��gbIT�U�Z�ÇyU�^w]�X[~muY]�~mTc�����aX ]:XYX[d�fW]:fvT�x
�[Z\�Y^\Z\dm~�eW]:bYVG�G� �+! À #R§')�DCÂ���*+*�³�¬�­º«W¯PÁ �I�kj��º�k�P� h��'2����R��h�i�imi��

h�j����1]:evZ\d�uY��� s1eW]:X�� S�VYT U�d�t0b[evT�V[T�XY�gZ\�kT _ ]pevUPV[Zw�mT XYTcfÍz�d�evÒI�
ÄG¬�¬�°-, . .yÌ ­ & 8wÁv¬�µ�¬�8L«c¶�ª 8O¯g©�ª'. :/. ! :
��*0. �`h�i�i�Ö[�

h:�R�}sa� q �-� ]:^w^w]:U�Tm� #Y¬�µ�¬�­OÁv¬�­º«vµmÌ�µ�¨I©�§W¨I©�ª[«c¬�­O®�¯�§W¨'&
¯P²g¯P¨I«W¯ & M À ­L¨Y­O¶�ªR¶ À ¯PÁvÁcµ�´G¯�ÂÃ¯P¨�´�¬LÄ �
q b[evZ\XY~�Tceg¾��1TPev^E]:~[�yh�i�ikj��1Z\�g�YX`� i��m�momh��mo��mj'1��

h�o��}sa� q �2� ]�^\^w]�UcT�]�XYx�Ù��[�¼�[Ñ9d�uY^�fvdmX`�¡��X�Z\XRrOd�evt)]pfvZ\dmX�t0T�]��gu[evT�rOd:e±U�^w]��g�gZ�ÇyU
]pfvZ\dmX��FH !,#
!C³:¶	°yª�¬�8 B 8 �`nmnk��h��P�\n
�kjK2yn���Ö[��n��m�m���

h:�R�}sa� q �-��]�^\^w]�U�T�]�Xyx¼»Ã��_��`¹[evT�Tct)]�X���|���fvZ\t)]:fvZ\dmXK]�XyxÆZ\X[rOTPevT�XYU�T����@Ucdmt0by]:Ucf�U�d�xRZ\XY~[�
B 8 :�³7MmµmÌ-#[¬�µ�¬�­OÁv¬�­º«vµmÌ-#y³
«c­�¯P¬ M)Ác¯P²P­�¯PÁ H 8 �RÖk�[�º�m�P� h:Öki'2Rh:�kj���n��m�koG�

h:�R�}sa� q �
��]�^\^w]�U�T@]:Xyx¿�¼�1»¡�/�	T�d:ev~mT3�¡� � ~�T�XYTceW]:^ad��"${T�UcfvZ\�kT�rLd�e�Z\XyxRuYUcfvZ\�kT&ZwXRrOTcevTcXYU�Tm�
S�T�UPV[XYZ\U
]:^�_�T�bId�egf��mh��YÙ�T�by]pegfvt0T�XGf�d�r1s9d�t0bYuRfvTce q UcZwTcXYU�Tm�I��dmXY]��gV��aXYZ\�kTcev�gZ�f{�G��n��m�m���

��iR�}sa� q �4��]�^\^w]�U�T�]�XYx=@[��Ù���»¡]:fgevZ\UWÒI�Is9d�xRZwX[~�x[T�UcZw�gZ\d�X�fgevT�T����IÀ µk«WÄ�­L¨�¯9Â>¯vµ:²P¨[­O¨�´ �[nmnm� oK2RhmhG�
n��m���R�



S�_Üh�i�ikjmlGnpo�o&s q ��S	�y��dmXy]:�gV ��� n��

��nm���W�(�}��� Z\fgfvTcX ]�XYx |±�Y¹[eW]�X[ÒI�9Óau[fv��]�XYx��Idm^�fv���`��]:UPV[ZwX[T�^wT�]:evXYZ\X[~)]�^\~md:evZ\fvV[t0�aZ\X5@m]p��]R�
��µ�¬�µ À ­O¨Y­O¨G´2,/D�²�µk«c¬�­º«vµmÌ À µm«WÄ�­O¨�¯aÂÃ¯gµ�²W¨Y­O¨G´ J ³
³mÌ Á�µ�¨y© J ¯g«WÄ�¨[­ � ªY¯PÁ$6C­L¬LÄ B µ�®:µ�§W¶	°IÌw¯ �
¶0¯P¨Y¬�µ�¬�­�³�¨YÁ 8 �Yby]�~�T��ah��mj'2��mh�i��¡n
�m���R�


