
���������
	������	�������������������������
�� !�#"%$&�����(')�*�#�+����	-,#�.0/��1�2')�*��34�����
5+�

687:9<;>=@?BADC+E�F�68;>=HGJI
KML�N�OQPQRTS<UWV�XQY[Z\X^]>L�UTN�V�R`_aL�X�bdce_fS<XQc<S�g�ShOQR<i

jWX^_fkDShUTl`_fR\mnLo]
p�V�lqlTV�c<r^PQlqS<RTRslht^uvN�r:S<UTlTR<twp�uyxQzhx�x|{
lTV�R`_aX:YQS<U(}c<l<i PQN�V�lql<i ShYQP

~������Q�Q�
�8�

p0L|lqR��T�MS<V��^�+�fS<V�UTX^_fXQ��Vo�f��L|Us_aRTrQN�lht�_fXQc*�aP:Y^_fXQ�
UTSe_fXd]>L�UTc<S<N�ShXQR2�aShV|UqX^_fXQ��N�S<RTrQL^YQl<t1r:V�k�S��8S<ShX
V�OQOd��_fS<YnL�XnRTV�lT�^l��M_fRsr[l`_fXQ�o�fSW��L|Vo�fl<i@��rQSWS*��L�UTR
RTL��:P^_��aY[N�L�UTS1lTL�OQr^_flTR`_fc<V�RTS<Y[�fS<V�UTX^_fXQ��lTm^lTRTS<N�l
RTrQV�R�L|O8S<UTV�RTS4_fX�c<L�N�O^�fSe��ShXQk�_aUTL�XQN�ShX^Rsl+�M_����
UTS<�^P^_fUTS2RTrQS2V��d_���_fRsm�RTL�rQV�XQY^�fS+N�Pd�aR`_fO^�fS2��L|Vo�fl<i
p0S<RTrQLDYQl�Rsr:V|R1V����fL��yRTUTV|X:l`]�S<U�Lo]��fS<V�UTX^_fXQ���M_����
Od�aV�m�V�c<UTPQc*_aVo�WUTLo�fS2_fX �aShV|UTXd_fXQ��lTm^lTRTS<N�l2RTrQV�R
lTP:OQO8L�UTR�N�P^�fR\_fOd�aS2��L�Vo�alhi Z\X Rsrd_al�OQV�O8S<U�Z�YQS*¡
lTchU`_a�8S�V�c*�aV�lTl¢Lo]JN�P^�fR\_fO^�fS�RTV�lT�^l�RTrQV�R�UTS<OQUTShlTS<X:Rsl
V�lqPQ�QlTShR�Lo]HUTL|P:R\_fX:S�V�Xd_aN�Vo�¢V�c<R`_ak�_fRsm�i�Z�O:UTS<lTShXQR
V£XQS<�&�aShV�UTX^_fXQ�£V��f��L�U`_aRTrQNyV�XQYnV�X�V�UTc<r^_fRTS<c<RTPQUTS
RTrQV�RMVo���aL���l�RTUTV�XQl`]�S<UMLo]B�aShV|UTXd_aX:���Qm�Rsr:S2�qlTr:V|U`¡
_fXQ���Lo]:lqLo�aP:R\_fL�XQl@RTLRTrQS�c<L�N�N�L�X�OQV�UTRTl@L�]JN�P^��¡
R`_fO^�fS�RTV�lT�^l<i�u¤O:UTLDLo]�L�]�RTrQS�Vo�f�|L�U`_fRTrQN¥_fl1Vo�alqL
O:UTL|k�_fYQS<Y¢i

¦ §D¨ª©�«¬¯®�°�±²©�§:¬¯¨

³vX:S�L�]´RTrQSWO8S<UTkoV�l`_fk�S�O:UTL��^�fS<N�l@]>V�c*_aX:�N�V�c<r^_fXQS@�fS<V�UTXd_aX:�
UTS<lqS<V�UTc<rQShUTl�_fl�RTrQS�_fXQV��^_���_aRTm£Lo]¢N�L�lTR��q�MS<V��D���fS<V�UTX^_fXQ�£Vo��¡
��L�U`_aRTrQN�lRsL#lqc<Vo�aS���Se����RTL2chL|N�Od�aS*�0RTV�lT�^l<ivp�P:c<r�Lo]�RTrQS
UTS<lqS<V�UTc<rnSe�¢L|UTRML�X�RTrQSlTc<Vo��_aX:��OQUTL��^�fS<NµrQV�l�]�LDc<P:lTlTShY#L�X
RT�)LnVo�aRTS<UTX:V|R`_fk�S<lh¶MYd_alqc<L�k�S<U`_fXQ�nXQS<���fS<V�UTX^_fXQ�nV��f��L�U`_aRTr:N�l
RTrQV�R�lqrQL���JShRsRTS<U�lqc<Vo��_fXQ��O:UTL�OJShUTR\_fS<lht^V�X:YnSe�QRsShXQY^_fXQ�£Se�^¡
_flTR`_aX:���aShV�UTX^_fXQ��Vo�a��L�U`_fRsr:N�l<i&·WL|��Shk�S<U<t@��r^_��fS2_fR�_fl�RsUTP:S
RTrQV�R�N�L�lTRWV�X^_fN�V��fl��fS<V�UTX�N�P^�fR\_fO^�fSRsV�lT�^l�V|X:Y�rQV�k�SvN�Pd��¡
R`_aOd�aS0��L�Vo�alhtMN�L�lqRnV�UTR\_�¸Jc*_aVo���fS<V�UTX^_fXQ��lTm^lTRTS<N�l�]>LDchPQl2L�X
lTLo�fk�_fXQ�#¹(º¼»^½�¾w¿�c<L�N�O^�fSe�+RTV�lT�^l<i�À�Pd_��fY^_fXQ��chL�N�O^�fSe�#�fS<V�UTX^¡
_fXQ�V���S<XQRTl¢RTrQV�R
O:V|UTVo���aS*�:lTL�N�S�L�]JRTrQS�c<V�OQV��^_���_aR`_fS<l@L�]JUTS<Vo��¡
��_�]�S��fS<V�UTX^_fXQ�£lTm^lTRTS<N�l@�)_����8X:S<c<S<lql`_fRsV�RTSWrQV�X:Y^��_aX:�1N�Pd�aR`_fO^�fS
��L�V��fl(ÁoRTV�lT�^l*Âhi1Ã�r^_��aS�Y^_flTc<L�koS<U`_fXQ�n]>V�lTRTShUW�aS<V�UTXd_aX:�2NnS<RTr^¡
LDY:lv�M_����@rQSe�fO�t´N�S<RTr:LDYQlvRTrQV�RvVo���aL���RsUTV�XQls]>S<UL�]��aShV�UTX^_fXQ�
V�c<UTL�lTl�RTV�lT�^l��M_����:Od�aV�m£V£c<UTPQc*_aVo�:UTLo�fS�_aX��aS<V�UTXd_aX:�1lqmDlTRTS<N�l
RTrQV�R�lqPQOQO8L�UTR�N�Pd�aR`_fO^�fSv��L�Vo�alhi
��rQS)�fS<V�UTX^_fXQ�O:V|UqV|Yd_a��NÄc<L�XQls_aY:S<UTS<Y�_fX�RTrd_al@OQV�O8S<UH_al�RTrQV�R
Lo]:UTS*_aXd]>L�UTc<S<N�ShXQR¢�aShV�UTX^_fXQ�£ÅÇÆ�ÈBÉ¢��rQS<UTS�V�R�S<V�c<r�R`_aN�S�lTRTS<O
ÊTË@Ì�Í\Î�ÏDÐ�Ì�Î�Ï�Ñ
Ñ\Ì|Ò�Ó@Ô�Õ�Ô^Ö(Í
×BØ
ÒÚÙwÙJÏ�Ó\ÖMÑ\Ì�Ö�ØHÎ�Í\ÛDÓ(Ü´Ñ\Õ�Ó\Ý|Ó
Õ�Þ�Û

Ð�Î�Õ<Ù�Ó(ß�Ò�Þ�Ñ\Ö(Í\àsÌ�Õ�ÞDÐ�Ö(Õ�á|Ù�â<ã

V�X#V���S<X^R�RsV��^S<l@V�X#V�c<R`_fL�Xn�QV�lTS<Y[L�X�_fRsl�c<PQUTUTShXQR
��L�Vo�¢V|X:Y
RTrQSlTRTV|RTSWLo]HV�YQm^XQV�N�_ac�Se�dRTS<UTX:Vo��ShXQk�_aUTL�X:N�S<X^R
L�UM��L�U`�aY¢i
��rQS1V���S<XQR<ä l�V�c<R`_aL�X�c<r:V�XQ��S<l�RTrQS1lTRTV�RTS1L�]@RTr:Sv��L�U`�aY[V�XQY
Se��_fce_fRsl0V�OQV�m�Lo�åRTrQV�R�P:lTPQVo���am�UTShOQUTS<lqS<XQRTl0RTrQS�_aN�N�ShY^_�¡
V�RTS��qk�Vo�fPQS<�#Lo]WRTV���_fXQ��Rsr:S�V�c<R`_fL�X²_aX²RTrQV�R�lqRsV�RTS|i2��V�lT�^l
��rQShUTS�RTrQS2V���S<X:R�r:V�l�RTL�RsV���S�V+lqS<�DP:S<XQchS2Lo]MV�c<R`_fL�XQl1RsL
V�c<c<L�N�Od��_flTr�_fRTl���L|Vo�´V�UTSWc<Vo���fS<Y2lTS<�^PQS<X:R\_fVo�:YQShce_fl`_aL�XnRTV�lT�^l
Å\bQg���l(ÉeiH��mDOd_ac<Vo���fm�t|bQg���ä l�V�UTS�O�L�lTShY£V�l�L�OQR`_fN�Vo�:c<L�XQRTUTLo�
OQUTL��d�aS<N�l�ÅÇÀ)V�UTRsL+¿<æ�ç�¾ i¢è {héÇtfzhê|ê�x�É
��r:S<UTSRsr:SWL��Dë(S<c<R`_ak�SWLo]
RTrQS�V��|ShX^R�_fl@RsL�N�Vo�^_aN�_fì<S�lTL�N�S)]>P:XQc<R`_fL|X:Vo�^Lo]´RTrQS�O:V|m�L��¢l
UTS<chSe_fkDS<Y[L�k�S<UMVnR`_aN�S1rQL�U`_fì<L�X�i�uvX�L�OQR`_aN�Vo��chL�XQRTUTL��¢O8Lo��¡
_fc<m�_fl�V#N�V�OQOd_aX:�#]>UTL�NílTRTV|RTS<l1RTL+V�c<R`_fL|X:l�RTr:V|RvV�c<rd_aS<k�S<l
RTrQS1V���S<XQR<ä l�L��Dë(S<c<R`_ak^S|i
KML�XQRTUTLo��V�UTc(rd_aRTShc<RTPQUTS<l0�QV�lTShYåL�XåUTSe_fX^]>L�UTchS<N�S<XQR+�aShV|UTXd¡
_fXQ��N�S<RTrQL^YQl�V�UTS2_fXQchUTS<V�l`_fXQ�o�fm��8Se_fXQ��PQlqS<Y�]�L�U1�aShV|UTXd_aX:�
l`_fRTPQV�R`_aL�X^¡\V|chR\_fL�X�UTP^�fS<lht�L�U2î(¿(ç�ï<æ�º�ð|»:¹ht@RTrQV�R�c<V�X�RTrQS<X��8S
PQlqS<Y²]�L|U�UTS<Vo��¡ÇR`_fN�S2YQS<c*_als_aL�X²N�V���_fXQ��Å\b^PQRTRTL�X�è ê�éÇtWzhê|ê�x^ñ
Ã�rd_aRTS<r:S<V�Y�V�XQY�À)Vo���fV�UTY¯è�z�z(éòtfzhê|ê�x�Éei���L�YQV�RTS|t´N�L|lqR�V�Od¡
O^��_fc<V�R`_aL�XQl¢r:V|k�S�YQShVo�aR��M_fRsrv�fS<V�UTX^_fXQ��RTL�lTLo�fkDS@l`_fX:���fS@RTV|lq�Dlht
_Çi S�i�tQ�aShV|UTXd_aX:��Rsr:S1l`_fRsP:V�R\_fL�X^¡ÇV�c<R`_fL�X�UTP^�fS<l�]>L�UMlqV|R`_fl`]�m�_fXQ�nV
l`_fXQ�o�fS²��L�Vo�Çió³vX:S���V�mRTL&lqLo�ak^S�N�P^�fR`_fO^�fS�b:g���l+_al0RTL
�fS<V�UTX�RTrQS�L�O:R\_fN�Vo��O�Lo��_achmn]>L�UvS<V�chr�bQg���_fXQYQShOJShXQYQShXQR`�amoi
Zò]�RTrQS�RsV�lT�^l�V�UTS�UTSe�fV|RTS<Y¢t¢�fS<V�UTX^_fXQ��Rsr:S<N¥_fXQY:S<O8S<XQY:S<XQR`�fm
�M_����¢�MV�lTRTSWc<L�N�OQPQRTV�R`_aL�X:V��¢UTShlTL�PQUTc<Shl<t��¢L|RTrnN�ShN�L|UTmnV�XQY
R`_aN�S�i1u��flTLQt¢l`_fXQchS�ÆWÈ N�S<RTrQL^YQlvY:L+XQL�RvlTc<Vo�fS�Seô2c*_aShXQR`�am
RTL¯�fV|UT��S4RTV�lT�Dlht1Rsr:Sõ�s�fS<V�UTX�S<V�cer�RTV�lT�_aX:YQS<O8S<X:YQS<X:R`�am^�
N�S<RTrQL^Y��)_������8S]>S<V�ls_a�d�aS]�L|U�l`_fN�O^�fS�RTV�lT�^lWL�X^�fmDi
Z\X²Rsrd_al�OQV�OJShU�Z�OQUTL�O8L�lTS�V|X��`_fXQRTS<UTShlTR`_aX:���2lqS<R�Lo]WlqRsUTP:ce¡
RTPQUTS<Y²RTV�lT�^l<t�V�XQY²RTrQShX�OQUTS<lqS<XQRvV#�fS<V�UTX^_fXQ��V�UTcer^_fRsShc<RTPQUTS
RTrQV�Rvc<V�X[�aShV|UTX�N�P^�fR`_aOd�aSRTV|lq�Dlv�M_fRTr�l`_f��X^_�¸Jc<V�XQRWRsUTV�X:l`]>ShU
Lo]H�fS<V�UTX^_fXQ��V�chUTL|lqlMRTV�lT�^l<i

ö ±&¬¯÷ùø4¬úM§D©�§Q¬¯¨ ~û�û)ü
ú�©²«¯°�±²©²°�«�ý�®þ© ~ ú�ÿ�ú

u��aV�UT��SWOQV�UTR�L�]BS<k^S<UTmDY:V�m£r^PQN�V�X�V�c<R`_fk�_fRTm�_aX:k�Lo�ak�Shl
chL|N�¡
O^�fSe��lqS<�^PQS<X:R\_fVo�WRsV�lq�Dl[RTr:V|R2rQV�k�S[chL�N�OJL�l`_fR`_fL|X:Vo��lTRTUTP:ce¡
RTPQUTS|t�_Çi S|i�t�chL�N�O^�fSe�1RTV�lT�^l���r^_fc<r�V�UTS@�QPd_��fR�PQO1_aX�VWlqmDlqRsShN�¡
V�R`_ac�)Vom£]>UqL|NÄl`_fN�O^�fS<U�RsV�lT�^l<i�KML�XQls_aY:S<U<tdV�l�V�X#Se�QV�N�O^�fS|t
rQL��N�V�XQmnLo]@L�PQUMYQVo_��fm#V�c<R`_ak�_fR\_fS<l�_fX^k�Lo�ak�SvRTrQSlTPQ�:RsV�lT�^l<¶
��_�]�R
V�XnL���ëqShc<R<t�L�O8S<XnVY:LDL�U<t�l`_fR�YQL���X¢t|��Vo�a�8t|S<RTc|i@�
L�]>L�U`¡



N�P^�fV�RTSWRsr:SvO:UTL|�d�aShN!V��QlTRTUTV�c<R`�fm�tDc<L�XQl`_fYQShUMV�X#V���S<XQR�RTrQV�R
rQV�l1RTL#�aShV�UTX�RTL+lqL��fk^S�N�V�XQm�Y^_���S<UTS<X^Rvl`_fN�O^�fS�V�XQY²c<L�N�¡
O^�fSe�nRsV�lq�Dl<i@Z\Xn��S<X:S<UTVo�Çt^RTr:S<UTSWN�V�m£�8S � ¿�¾w¿��n¿<»:æÇç�¾´RTV|lq�Dl�fV|�8S*�aS<Y�� Â�� ��� � ihiei � �
	Bt�_Çi S|i�tWRTV|lq�Dl2RTrQV�R[c<V�XQX:L|R2��S0YQSe¡c<L�N�O8L�lTS<Y[_fXQRTL�ls_aN�Od�aShU�RTV�lT�^l<i��@ð���:ð|¹(ºfæÇ¿�RTV�lT�^lWc<V�X��8S
OQUTL^YQPQchS<Y��^m#RTrQS1RTS<N�O8L�UTVo�
chL|X:c<V�RTS<XQV�R`_aL�X�Lo]@V#XQP:N1�8S<U
Lo]@Se�fS<N�S<X:RsVo�¢RTV�lT�^l<tJ]>L�U�S*�dV�N�O^�fS|tHè �������
���������������������
���<éH_fl
V¯c<L�N�O8L|ls_aRTS�RTV�lT��N�V�YQS�PQO�Lo]� �Se�fS<N�S<X:RTV��lTPQ�:RsV�lq�Dl<i
��rQS�lTLo�fPQR`_fL|X�]�L|U�V�X�Se�fS<N�S<X:RTV��dlTP:�QRTV�lT��_alHV�lTlTP:N�S<Y�RsL��JS
c<L�XQRTSe�QR`¡�]>UTShS|t|_Çi S|i�tD_aX:YQS<O8S<X:YQS<X:R�Lo]¢RTrQSL�Rsr:S<UMlTP:�QRTV�lT�^l�_fX
RTrQS�c<L�N�O�L�l`_fRTSMRTV�lT�8i�Z\XnRTr^_fl@OQV�O8S<U<t�Z
O:UTL|O8L�lTS�V��fS<V�UTX^_fXQ�
N�S<RTrQL^YnRsr:V�R
Y^_flTc<L�k�ShUTl�RTrQSWYQShc<L�N�O8L|ls_aR`_fL�X�Lo]¢V�c<L�N�OJL�ls¡
_fRsS�RsV�lq�Jt¢V�XQY²c<L�X:lTRTUTPQc<RTlvlqL��fPQR`_fL�XQlW]�L�U�c<L�N�O8L�l`_fRsS�RsV�lT�^l
]>UTL�NµRTrQS1lTLo�fPQR`_aL�X:lM]�L�UMRTrQSe_fUWSe�fS<N�S<XQRTVo�¢lTP:�QRTV|lq�Dlhi
��rQS�lTS<�^PQS<X:R\_fVo�@YQS<ce_fl`_fL�X^¡\N�V|��_fXQ�n]>UTV�N�S<��L�UT�#chV|X�_fXQc<L�U`¡
O8L�UTV|RTS1N�P^�fR`_aOd�aSRTV�lT�DlWls_aN�Od�am#�:mnV|P:��N�S<XQR`_fXQ��RTrQS1lTRTV�RTS
YQShlTc<U`_fOQR`_fL|X[RTL£_aX:ce�fPQYQS�RsV�lT�nYQShlTc<U`_fOQRTL�UTl<i@��rQSV���S<XQR�c<V�X
RTrQS<X&lTR`_����WrQV�k�S�L�X^�fm4L�X:S2�|L�Vo�Çt@Rsr:V�R�Lo]�N�V��^_fN�_aì*_aX:��_aRTl
OQV�m�Lo��]�PQXQchR\_fL�XQVo�Çt|V�XQY�mDShRBO8S<U`]�L�UTN�Y^_���S<UTShXQR�RTV|lq�Dlhi
��r:S
OQV�UTR`_fc<P^�fV�U�RTV�lT��_fX²��r^_fc<r�RTrQS�V���S<XQRW_fl�S<X:�|V���S<Y²�M_������8S
c<L�XQR`_fXQ��S<X^RvL�X²Rsr:S�V�PQ��N�ShXQRTS<Y�lqRsV�RTS�L�]�RTrQS���L�U`�aY¢t¢V�XQY
ce�fS<V�U`�fm�Rsr:S�V���S<XQR[�ML|Pd�aY!�qlTS<S<�Y^_���S<UTS<X^R[OQV�UTRTl0L�]�RTrQS
V�PQ��N�S<X:RsShYnlTRTV�RsSlTOQV�chS�]>L�UMY^_���ShUTS<XQR�RsV�lq�Dl<i@uvX[V��fRTS<UTXQVo¡
R`_ak^S2k�_aSh��OJLo_fXQR<t�V�X:Y¯L�XQS+Rsr:V�R��)_����M�8S+V|Y:L|O:RTS<Y�_fX Rsrd_al
OQV�O8S<U<t@_fl�RsL�lTShOQV�UTV�RsS+RTrQS[RTV�lT��V�XQY�lqRsV�RTS[Y:S<lTchU`_aO:R\_fL�XQl
V�XQY[_fN�V���_fXQS�V�X+S*�dRTS<UTX:Vo��V��|ShXQc<m�OQUTLok�_fY^_fXQ�nRsr:S1�|L�Vo��L�U
RTV�lT�¯c<L�N�N�V�XQY RTL4RTrQS+�fS<V�UTX^_fXQ��V|��S<X^R<i�b^S<RTR`_aX:�4V�Y^_�]f¡
]>ShUTS<XQR�RTV�lT���M_����Rsr:S<XV�N�L|P:XQR�RTL�c<rQV�X:��_fXQ��RTr:S�O:V�m�Lo�
lTRTUTPQchRsP:UTS�lTL�Rsr:V|RW_fX�N�Vo�^_aN�_fìe_fXQ��Rsr:S�OQV�m�Lo��]>P:XQc<R`_fL|X:Vo�
RTrQS1V���S<XQRM�M_����¢V�c<chL�N�O^��_alqr+RTr:S�Y:S<l`_fUTS<Y�RTV�lT�8i
!8L�UTN1Pd�aV�R`_fL|X:l�Lo]WRTrQS2OQV�m�Lo�lTRTUTPQchRsP:UTS�]>L�U�l`_fXQ�o�fS�b:g���l
PQlqPQVo���fm�V|lqlTLDce_fV�RTS OQVom�Lo��l0L|Xd�fm��M_fRTråRTrQS&lTRTV�RTSe¡ÇV�c<R`_fL|X
OQVo_fUTl<i"!:L�U�N�P^�fR`_aOd�aS�RTV�lT�Dlht@N�P^�fR\_fO^�fS�OQV�m�Lo�¯k�V��fPQShl�chV�X
�8SMY:Se¸JX:S<Y�]>L�U
ShV�c<r£lTRTV�RTSe¡ÇV�c<R`_fL�X�O:V�_fU<tDL|X:S�]�L�U
S<V�c<r�RTV|lq�Ji
·WL��)S<k�S<U<t¢]�L�U�N�V�XQm�lqS<RTl�Lo]WN�Pd�aR`_fO^�fS2RTV|lq�Dl�_aR�_fl�O8L�lTls_�¡
�^�fSvRTL£YQSe¸8XQSV1ls_aX:���fSOQV�m�Lo�#k�Vo�fPQS)]>L�UMShV|chr�lqRTV|RTSe¡\V|chR\_fL�X
OQVo_fU<tH_�]RTrQS2Yd_���ShUTS<XQR�RTV�lT�^l�chV|X&V|lqlTLDce_fV�RTS[O:V�m�Lo��l��M_fRsr
RTrQSlTRTV|RTS<l)Rsr:S<N�lTSe�fk^S<l<iHZ\XQRTP^_fR`_ak�S*�amotDL�XQSc<V�X#RTr^_fXQ��L�]HV�l`¡
lTL^ce_aV�R`_fXQ���TchL�lTRTlT��M_fRsr2Rsr:SMlqRsV�RTSe¡ÇV�chR\_fL�XQl�V�XQY4�TUTSh�)V�UTYQlq�
�M_fRsrõRsr:S0lTRTV�RsShl<i�K)L�X:l`_fYQS<U<tWV�l[V�XSe�QV�N�O^�fS|tWRTrQV�R[RTrQS
�qc<L�lTRT��Lo]�L�O8S<Xd_aX:��V1Y:LDL�U�_al�PQlqPQVo���fm�_fXQYQShOJShXQYQShXQR�Lo]¢RTr:S
¸JX:Vo��Y:S<lTR`_fXQV�R`_aL�X�i4Z\X lTPQchr�c<V�lTS<lht@c<rQV�XQ�o_fXQ��RTrQS[O:V|moLo�
lTRTUTPQchRsP:UTS�]>L�U�V£XQS<�RTV|lq���M_����´L�X^�fm£_fXQk�Lo�fk�S�c<rQV�XQ�o_fXQ��Rsr:S
lTRTV�RTS2OQV�m�L��¢l�V�XQY²XQL�R�RTrQS2lTRTV�RTSe¡ÇV�c<R`_fL|X²OQVo_fU�OQVom�Lo��l<i2Z
�M_����HV|Y:L�OQRMRTrQS�aV�RTRTS<U<tdN�L�UTS1S<c<L�XQL�N�_fc<Vo�ÇtD]>L�UTN�P^�fV�R\_fL�X#Lo]
N�P^�fR`_aOd�aS1bQg���lhi

# ±&¬¯÷ùø4¬úM§D©�§Q¬¯¨ ~û%$'&�û ý ~ «¨�§D¨)(
Zò]V|X Se�QV�c<R�N�LDYQS*�WL�]RTrQS+YQm^XQV�N�_achl�Lo]vRTrQS+��L�U`�aY�V�X:Y
RTrQS4OQV�m�Lo�ålTRTUTPQchRsP:UTS�_fl0V�k�Vo_��fV|�d�aS�tvY:mDXQV�N�_fc4OQUTL���UTV|N�¡
N�_fXQ�#�QV�lTShY�c<L�N�OQP:RsV�R`_fL�XQVo�
O:UTLDc<S<Y:PQUTS<lc<V�X��8S�P:lTS<Y�RTL
lTLo�fkDS]�L|URsr:S�L�OQR`_aN�Vo��O8Lo��_achm�ÅòlTS<S�À�V�UTRTL#V|X:Y�bD_aX:�|rè�z(éòt
zhê�ê|x�Éei Z\X RTrQSõV��QlqS<XQchSõLo]�Vy��L�U`�aYd¡ÇN�L�YQSe�0V�XQY RTr:S
OQV�m�Lo��lTRTUTPQchRsP:UTS|t:UTS*_aXd]>L�UTc<ShN�S<XQR��fS<V�UTX^_fXQ�nN�S<RTrQLDY:lMRTrQV�R
V�OQO:UTL��^_fN�V|RTS2Y:mDX:V|N�_fc[O:UTL��|UqV|N�N�_fXQ��RTS<c<r:X^_f�DP:S<l<t@lTP:c<r
V�l[RTS<N�O8L�UTVo��Yd_���ShUTS<XQchS&Åò��gÉnO:UTLDc<S<Y:PQUTS<l�Å\b^PQRTRTL�XÄè *�éòt

zhê+**^ñ�À)V|UqRsL4¿<æç�¾ iMè ,�éòt�z<ê+*�{�ÉvV�XQY.-�¡��fS<V�UTX^_fXQ�+N�ShRsr:LdY:l
ÅòÃ&V�RT��_fXQl�è�zhx�éÇtWz<ê+*�ê^ñMÀ)V�UTRsL�V�XQY�b�_fXQ��r�è /oéòtWzhê�ê�x|Éet@c<V�X
�8SWPQlTShY�RTL£Y^_fUTS<c<R`�fm�ShlTR`_aN�V�RTSWV�X�L�O:R\_fN�Vo�8O8Lo��_achm��M_fRsr:L|P:R
�QPd_��fY^_fXQ�nV�X�Se�dOd��_fce_fRMN�LQYQSe�¢Lo]@RTrQS1��L�U`�aYd¡ÇYQm^XQV�N�_fc<l<i
!8L�UvV+Y:S<RTS<UTN�_fX^_flTR`_ac[b:g��y�M_fRTr�lTRTV�RsS�lTShR10ªV�XQY²V�c<R`_aL�X
lTShR32�t�-�¡��aShV�UTX^_fXQ�#N�Vo_aX:RsVo_fXQlWV4-W¡\k�Vo�aP:Sv]�L�UvS<V�c<r�lTRTV�RTSe¡
V�c<R`_fL|X�OQVo_fU<t6587�9^t|��rd_achr�_fl@RTrQS�Y^_flTc<L�PQX:RsShY�lTPQNyLo]:]�PQRTPQUTS
OQV�m�Lo��l2L�X�RsV���_fXQ�¯V|chR`_aL�X;:_aXõlTRTV�RsS=<�V�XQYõ]>Lo���fL|�M_fXQ�
RTrQS�L�O:R\_fN�Vo��O8L���_fc<mRsr:S<UTS<Vo]�RsShU<i¤��r:S"-�¡Çk�Vo�aP:S<l2lTV�R`_als]>m
RTrQS1]�Lo���fL��M_aX:�Q¶>5 7�9@?;A ÅB< � :QÉDC=EvN�Vo� 9�F�GIH 5KJ 9LF t8��r:S<UTSA ÅB< � :dÉ)_al�Rsr:S1OQV�m�Lo��L�X+RTV���_aX:��V|chR\_fL�XM:�_aX�lqRsV�RTSN<�tdV|X:YO _al1RTrQS�UTS<lTPd�aR`_fXQ�+lqRsV�RTS|i���rQS�L�OQR`_aN�Vo��V�c<R`_fL�X�]�L�U�lTRTV�RTS<�tP:�Q ? V�UT��N�Vo�9 5K7�9^t�N�Vo�^_fN�_aìhS<l�RTrQS+Y^_flTc<L�P:XQRTS<Y�lTP:N
Lo]WVo����]>P:RTPQUTS[O:V�m�Lo�
i0��rQSR-�¡Çk�Vo�fPQS<l1lTr:L�P^�fY¯lTV�R`_fl`]>m²RTrQS
]>Lo���fL|�M_fXQ��Sh�DP:V|R`_fL�X�¶

5 7TSU9�VS ? WX ��Y[Z E
� A Å\< � � : Q� É � Å(zhÉ

��rQShUTS]< � _al�Rsr:S&lTRTV�RsS4V�R�RTrQS.^�_a`ªR\_fN�S4lTRTS<O�t�V|X:Y):�Q�
YQShXQL�RTS<l[RTrQS�L�O:R\_fN�Vo��V�c<R`_aL�X�]>UTL�N lTRTV�RsSb< � i¤��r:S�PQOd¡
YQV�RTSõUTPd�aS�RTLå�aShV|UTX RTrQSõU`_f��r^R.-W¡\k�Vo�aP:S<l�_fl �o_fkDShX¤�Qm8¶
5 7�9 ? 5 7L9 Cdc)ÅTÅ A Å\< � :dÉKCeEvN�Vo� 9 F GH 5 J 9 F É8f)5 7�9 Éet
��rQShUTSgc�_alWV£�fS<V�UTXd_aX:��UTV�RTS�O:V�UTV|N�ShRsShU<i
KML�N�O8L|ls_aR`_fL�XQVo�h-�¡��fS<V�UTX^_fXQ��ÅÇK>-�¡��fS<V�UTX^_fXQ�DÉ´_alHVWchL�N�OQPQRTVo¡
R`_aL�X:V����fm�_fXQSe�QO�S<X:l`_fk�S@��Vhm�RsL�c<L�XQlqRsUTP:c<R�Rsr:SP-W¡Çk�V��fPQSB]>P:XQce¡
R`_aL�X:l1]>L�U�c<L�N�O8L|ls_aRTS2RTV�lT�^l1]>UTL�N�RTr:SR-W¡Çk�Vo�fPQS�]>P:XQc<R`_fL�XQl
]>L�U�RTrQS*_aU¢Se�fS<N�S<X:RTV��DRsV�lT�^l<ii!:L|UTNnV����fm�te�fS<RD5Kj+k(Å\< � :dÉ¢�8S@RTrQS-W¡\k�Vo�aP:S1]>L�UvlqRsV�RTSe¡ÇV�c<R`_fL�X�O:Vo_aU�Å\< � :dÉ��rQS<X²RTrQS�V��|ShXQRW_alYQLo_fXQ�#L�X^�fm+RTrQS�Se�fS<N�S<X:RsVo��RTV�lT�M� � ig!8L�UWc<L�N�O8L|ls_aRTS�RTV�lT�
l ? è ��m����nmo��������� � �����U��m � éÇt@�fS<R@5qpj k ÅB< � :QÉ�UTS<OQUTShlTS<X^R�RTrQS-W¡\k�Vo�aP:S1]>L�UvlqRsV�RTSe¡ÇV�c<R`_fL�X�O:Vo_aU�Å\< � :dÉ��rQS<X²RTrQS�V��|ShXQRW_alO8S<U`]>L�UTN�_fXQ�#lTP:�QRTV�lT�r� � _fX�c<L�N�O8L|ls_aRTS�RTV�lT�Ml�i���rQS<X0]>L�U
YQShRsShUTN�_aXd_alqR\_fcvb:g���lM�M_fRsr[p�V�UT�DLok�_fV�X�lTRTV|RTSYQS<lqc<U`_aO:R`_aL�XQl
ÅòlTS<SvÀ)V�UTRTL+¿*æ�ç�¾ i´è {�éÇtazhê�ê�x�Éet��M_fRsr[RTrQS�]�L����fL��)_fXQ��V�lTlTPQN�Od¡
R`_aL�X:l<¶
Åòu�zhÉts
V�chrnRsV�lq�#rQV�lWV�l`_fXQ�o�fS1��L|Vo�HlTRTV|RTS|i
Åòu�,�Év��r:S�L�O:R\_fN�Vo��OQV�RTr��aS<X:��Rsr�]�L|U1Vo����S*�aShN�S<XQRTVo�
RTV�lT�^l
_flW�JL�PQX:YQS<Y¢i
Åòu{�ÉuE ? zTvwx^i
Åòu3/DÉ���r:SWOQV�m�Lo��V|lqlTLDc*_aV�RTS<Yn�M_fRTr#RTrQSlTRTV�RsS*¡ÇV�c<R`_aL�XnO:V�_fUTl
_fl�_aX:YQS<O8S<X:YQS<X:R)Lo]HRTrQS1��L�V��H�JS*_aX:��V�c<c<L�N�Od��_flTr:S<Y�i
Åòu�w�ÉD!´L|U�V�X�Se�fS<N�ShXQRTV��dRTV�lT�8t�V�XQm�RTV|lq��¡ÇY:S<O8S<XQY:S<XQR�OQV�m�Lo�
_fl�V�lTlqLDce_fV�RsShY�L�X^�fm��M_fRsr�Rsr:S���L�Vo�@lTRTV|RTS|i�!8L�U�chL|N�O8L�l`_fRTS
RTV�lT�DlhtWRTV|lq��¡ÇY:S<O8S<XQY:S<XQR�O:V�m�L���c<V�X�8S�V�lTlqLDce_fV�RsShY�M_aRTr
RTrQS1��L�V��HlTRTV�RsShlMLo]@lTL�N�S1L�U�Vo����Se�fS<N�ShXQRTVo��lqPQ�QRTV�lT�^l<i
_fR�_fl�OQUTL�k�ShY�_fX�RTrQS2uvOQO8S<X:Y^_��¯u£t@RTrQV�R1]>L�U�Vo����lTRTV�RsShlx<
V�XQY�V�c<R`_fL|X:lt:J¶

5 pj k Å\< � :dÉ ? 5 j+k ÅB< � :QÉyC]z pj k � Å\,�É
��rQShUTS@z{pjIk _al1V+c<L�X:lTRTV|X:Rv��rQL�lTS2koVo�aP:S�Y:S<O8S<XQY:l�L�X²RTrQS
lTP:�QRTV�lT�r� � V|X:Y�Rsr:S1c<L�N�O8L|ls_aRTS1RTV|lq�4l�tJV|X:Y[_al1º¼»�|�¿��Q¿<»
}
|�¿<»:æ�Lo]@RTrQSvlqRTV|RTS1V�XQY�V�c<R`_fL|X¢i
~WL�RsSRsr:V�R�K>-W¡��fS<V�UTX^_fXQ��Y:LDS<l�XQL�R
¸8��PQUTSvL�P:RMRsr:SvYQShc<L�N�¡
O8L�l`_fR\_fL�X�Lo]@V�c<L�N�O8L�l`_fRsS1RTV�lT�8i



� ú�±���ý+®�° û §D¨)( ~ «±��õ§D©�ý�±4©�°�«ý

��rQS¥lTchrQS<Y:P^��_aX:�¥V�UTc<r^_fRTS<c<RTPQUqS!_al!V�YQV�OQRTS<Y ]>UTL�N Rsr:S
N�LDY:P^�fV|U��|V�R`_fXQ��V�UTc<r^_fRTS<c<RTP:UTS2YQS<k^Se�fL�OQS<Y �Qm��|V�c<L��Ql�è w�é
Å(zhê|ê�x�Éetv��rd_ac<rr:V�l�L�X^�fm�JShS<X�PQlTShY�RTL¯�fS<V�UTX�N�P^�fR`_fO^�fS
XQL�Xd¡ÇlTS<�^PQS<X:R`_aVo��RsV�lT�^l²�M_fRTr^_fXyRTrQS¯lTPQO�ShUTk�_flTS<Y��fS<V�UTX^_fXQ�
OQV�UTV�Y^_f��N+i���rQS�lTcerQS<Y:P^��_fXQ��V�UTc<r^_fRTS<c<RTPQUTSc<L�N��^_fXQShl�K>-�¡
�fS<V�UTX^_fXQ�n�M_aRTr ~WL|�M�fV�X�ä lvè �hé)Åqzhê�ê�x�ÉMc<L�N�O8S<R`_fR\_fk^SvSe�QO8S<UTRTl
Vo�a��L�U`_fRTrQN _fXªL�UTY:S<U[RTL4�fS<V�UTX��8L�RTr�Rsr:S�YQShc<L�N�OJL�l`_fR`_fL|X
]>L�UWV�chL|N�O8L�l`_fRTS1RsV�lT�nV�XQY[_fRTlK-W¡Çk�Vo�fPQS�]�PQX:c<R`_aL�X�i)uåk^S<UTm
�QU`_fSe]@Y:S<lTchU`_aO:R\_fL�X�Lo]�RTrQS1lTchrQS<Y:P^��_aX:��V|UTchr^_fRsShc<RTPQUTS�_alWO:UTSe¡
lTShXQRTS<Y#r:S<UTS2Å\b^ShSx~WL��M�aV�X²è ��éÇt�Å(zhê�ê�x|Éeñ¢b�_fXQ��r¯è ��éòtHÅ(zhê�êdzhÉ
]>L�UWYQS<RTVo_��alhi Éei

Scheduling
Module

Stochastic 
Switch

Action Action Action

Module
1

Module
2

Module
Q Q Q

N
o
r
m
a
l
i
s
e
r

White
Noise

Ν(0, σ) + + +

+Bias 
Module

Goal

b

1 1g

g

1 2

State State

Q

q q q

n

n

nn

..

...
.

s

s

State

Reduced
State

Reduced
State

!¢_f��PQUTSózo¶ b^c<r:S<YQPd��_fXQ� uvUTcer^_fRsShc<RTPQUTS!ÅòV�YQV�OQRTS<Y�]>UTL�N~WL��)�fV�X²è ��é�Å(zhê�ê|x�ÉTÉei�b^S<S1RTSe�QRM]�L|U�YQS<RTVo_��fl<i
��rQS�lTc<rQShYQP^��_fXQ��V�UTc<rd_aRTS<chRsP:UTS�Å�lqS<Sx!¢_f��PQUTS[zhÉMchL�XQl`_flTRTlvLo]
V�X:PQN��QS<UvLo]P-�¡ÇN�LDYQPd�fS<lvRTrQV�R�chL|N�O¢S<RTS�RTLn�fS<V�UTX�RTrQSx-�¡
k�Vo�fPQS¢]�PQX:c<R`_aL�XQlB]>L�U¢Rsr:S�Se�fS<N�ShXQRTV��|RTV�lT�^l<i@��rQS@lTchrQS<Y:P^��_aX:�
N�LDY:P^�fS�rQV�l�RT�ML)]>P:XQc<R`_fL�XQl<¶´_fR¢�aShV�UTXQl�RTL�V�lTl`_f��X£RTrQS�Yd_��¢S<U`¡
S<X:RMSe�fS<N�S<X^RTVo��RTV�lT�^lWRTL�Rsr:S1Y^_���S<UTS<X:R>-W¡ÇN�LDY:P^�fS<l<tdV�XQY[_fR
]>L�UTN�l�RTS<N�O8L�UTVo�8chL|N�O8L�l`_fR`_aL�X:l�L�]´RTrQSK-�¡ÇN�LDY:P^�fS<l�RTL1UTShO^¡
UTS<lqS<XQRvRTrQSR-�¡Çk�Vo�aP:S1]�PQXQchR\_fL�XQl�Lo]WchL|N�O8L�l`_fRTS2RsV�lq�Dl<i4!8L�U
V�c<L�N�OJL�ls_aRTS�RsV�lq�Jt@RTrQS -W¡ÇN�L^YQP^�fS2RTrQV�R��JShlTR�UTS<O:UTS<lTShXQRTl
RTrQS -W¡Çk�V��fPQS£]>P:XQc<R`_fL|X²Lo]�RTrQS2OQV�UTR`_fc<P^�fV�U�Se�fS<N�ShXQRTVo�
RTV�lT�
�8Se_fXQ�£OJShU`]>L�UTN�S<YnV�R
V£�o_ak^S<X�R`_aNnSM�M_fXQl�RTrQSWchL�N�OJShR\_fR`_aL�X¢t
V�XQY Rsr:S<UTSe]�L�UTS��aShV|UTX:l�RTrQS -W¡\k�Vo�aP:S�]�PQXQchR\_fL�X¯Lo]RTrQV�R�Se��¡
S<N�ShXQRTV��)RsV�lT�²S<k^S<X²�JShRsRTS<U<i0³vk^S<U1R\_fN�S|t@RTrQS2lqc<rQShYQP^��_fXQ�
N�LDY:P^�fS�V�Y�ëqPQlqRsl�_fRTlWL|P:RTOQPQRTlWRTL�RTPQUTX�L�X�RTrQS1�M_aX:X^_fXQ��-�¡
N�LDY:P^�fS<l�L�X^�fm�i+��r^_fl�O:UTLDc<S<lql1�fS<V�YQl�RTL0RTrQS�Yd_alTchL�k�S<UTm�Lo]
RTrQS1RTS<N�O8L�UTV��HYQS<chL|N�O8L�l`_fR`_aL�X�Lo]@V�c<L�N�O�L�l`_fRTSvRTV�lT�8i
��rQSWV�c<R`_fL�XnV�RMR\_fN�S�����V�l
lqSe�fS<c<RTS<Y�]�UTL�N!RTrQSW�M_fXQX^_fXQ�1-W¡
N�LDY:P^�fS�k�_fV2RTrQS2À)L��fRTì<N�V�X²Y^_flTRTU`_f�QPQR`_fL|X¢t´_Çi S|i£]>L�U�V�chR\_fL�X
:
	 2�V|X:Y <�	 0)t��Å�:��+<JÉ ?���������� ��� 9 F GH ����� ��� F t
��rQShUTS�RTrQS0OQV�UTV�N�S<RTS<U��!RTS<X:YQS<YRTL�_aXd¸JXd_aRTm�L�k�S<U�R`_fN�S
k�_aVnV|X�V�X:XQS<Vo��_aX:��OQUTL^c<S<lql<i

��V��^�fS²zo¶&�
V�lT�^l � Â tK�[�otWV�XQY�����V�UTS�Se�fS<N�ShXQRTVo��RTV�lT�^l<i
��V�lT�^lgl Â tDl � t
V�X:Ybl � V�UTS�chL|N�O¢L|ls_aRTS�RTV|lq�Dl<i+��rQS��fV�lTRc<Lo�fPQN�XYQShlTc<U`_f��S<l2RTrQS�c<L�N�O8L|ls_aR`_fL�XQVo�vlTRTUTPQchRsP:UTS�Lo]1RTrQS
RTV�lT�Dlhi

 �!#"%$'& ()$+*�,.- /0$'1'2',43 *657398;: /0$'2<8;=>*?-
@ Ê ABABABA#ADC E Ò�ÓÇÒ�Ñ)F @ Ê@?G ABABABA�C.A E Ò�ÓÇÒ�Ñ)H @IG
@?J ABABADC�ABA E Ò�ÓÇÒ�ÑLK @IJ
M Ê ABADC.A#ABA E Ò�ÓÇÒ�Ñ)FÕ�Þ�Û�Ñ\Ì�Ö(ÞNK @ Ê @ JM�G ADC.ABA#ABA E Ò�ÓÇÒ�Ñ)H&Õ�Þ�Û�Ñ\Ì�Ö(ÞOK @IG.@ J
M J C.ABABA#ABA E Ò�ÓÇÒ�Ñ)Fvß�Ñ\Ì�Ö(ÞPH�ß�Ñ\Ì�Ö(ÞOK @ Ê @ G @ J

Q © ~ ú�ÿ ®�ý�ú�±4«¯§Dø�©�§Q¬¯¨

Z\X�Rsrd_al@O:V|O8S<U<t|Z¢_f�|X:L|UTS�RTrQS�UTS<O:UTS<lTS<X:RTV|R`_fL�X£V�XQY�RTrQS)]>PQX:ce¡
R`_aL�X�V�OQOQUTLo�^_fN�V|R`_fL�X_flTlTP:S<l<t1V�XQYõ]>LQc<P:l�L�X�RTUTV|X:l`]�S<U�Lo]
�fS<V�UTX^_fXQ�n�Qm�RTrQS+�qlTr:V�U`_aX:�|�nLo]@lTLo�aP:R`_aL�XQlWRTL�c<L�N�N�L�X�Se�fSe¡
N�S<X:Rsl@Lo]¢N�Pd�aR`_fO^�fSWc<L�N�O8L|ls_aRTSWRTV�lT�^l<i@Z
PQlTSV1Y:S<RTS<UTN�_fX^_fl`¡
R`_ac�RTV�lT�nÅòlTS<St!¢_f�|P:UTS>,�É���r:S<UTS�VUTL��JL�R
r:V�l
RTLX:V|k�_f�|V�RTS@_fX
V *�R *���U`_aY�UTLDL�Nµ�M_aRTr�{��|L�Vo�¢�fLDc<V�R`_fL|X:lWYQS<ls_a��XQV�RTS<Y 2£t
S!V�X:Ybl�i1Z\X�S<V�c<r�lTRTV�RTS�RTrQS�UTL��JL�RvrQV�lK/�V|chR\_fL�XQlh¶vjUT@t
g³Ã�~1t
È sP!��óV�XQYÆ�Z%V1·W��i@u�X:m4V�c<R`_fL�X¯RTrQV�R2�)L�P^�fY
RTV��DSWRTrQS1UTL��8L�R�_aX:RsL�V�X[L|�:lTRTV�ce�fSvL�UW�JL�PQX:YQV�UTmn��V����¢YQL^S<l
XQL�Rvc<r:V|X:�|S�RTrQS�UTL���L�R<ä l��aL^c<V�R\_fL�X�i���r:S�RTrQUTS<S�Se�fS<N�ShXQRTVo�
RTV�lT�Dlh¶8� Â t��y��V�X:Y{�W��t¢V�XQY²RTrQS�Rsr:UTS<S�c<L�N�OJL�ls_aRTS�RsV�lq�Dl<¶l Â t�l � t:V�XQY l � tJV|UqS�Y:S<lTchU`_a�8S<Y[_fX��
V|�d�aS�zoi

UP

DOWN

RIGHT LEFT

GRIDWORLD

A

C B

!¢_f��PQUTSt,D¶HuvX�*XRg*���U`_fY�UTL^L|NÄ�M_fRTr�{���L�Vo�d�fLDc<V�R`_aL�X:l
Y:S<l`¡
_f�|X:V�RsShY£V�l>Y�t[ZõV�X:Y �£i|��rQS@¸:���fS<Y�lT�^PQV�UTS<lHV|UTS�L��QlqRsV�ce�fS<l
RTrQV�R�RTrQS1UTL��8L�R�N�PQlTRMXQV�k�_f�|V�RTSvV�UTL�PQX:Y�i

È�LDL��^PQOnRTV��^�fS<l@��S<UTS�P:lTS<YnRTL�_fN�O^�fS<N�ShXQR�Vo���´RTrQS�N�LDYQP^�fS<l
Lo]¢RTrQSWlqc<rQS<Y:P^��_aX:�V�UTc<r^_fRTS<c<RTP:UTSMV�XQY[PQXd_aR`¡Ç�:V|ls_al�UTShOQUTS<lqS<X^¡
RTV�R\_fL�XQl1ÅòlTS<S��HV��d�aS�z<ÉW��S<UTSc<r:L|lqS<X2]>L�U�RTV�lT��c<L�N�N�V�XQYQlhi
��Lnl`_fN�O^��_�]�m�N�V|RTRTS<UTl]>P:UTRTrQS<U<tB_aR���V�lV|lqlTPQN�ShY�RTrQV�R�RTrQS
lTRTV�RTS�\M_fXQO:PQRnRTL4RTrQS0�d_aV�l2V�XQY RTrQS0lTc<r:S<YQPd��_fXQ��N�L^YQP^�fS<l
ÅòlTS<S�!¢_a��PQUTS2zhÉWrQV�lv{n�^_fXQV�UTm#�^_fRTl<t´L�XQS]>L�UvS<V�chr#Se�fS<N�ShX^¡
RTVo�
RTV�lT�8iN!QL�UWV+c<L�N�O8L�l`_fRsS�RsV�lq�Jt´RTrQS��^_fR�chL|UTUTShlTO8L�XQY^_fXQ�
RTL#S<V�c<r�S*�aS<NnS<XQRTVo��lTP:�QRTV�lT���)V�lvlqS<Rv��rQS<X²RTrQV�RvlTPQ�:RsV�lq�
��V�l�V�c<c<L�N�Od��_flTr:S<Y�V|X:Y�UTS<N�Vo_aX:S<YnlTShR�]>L�U
RTr:SMY:PQUTV�R`_aL�X�Lo]
RTrQS�c<L�N�O8L|ls_aRTS�RTV�lT�8i���rQS�lTRTV�RTS�\
�d_aRTl1��S<UTS1UTS<lTShR�V�R�RTrQS
�8S<�o_fXQX^_fXQ�nL�]@ShV�c<rnRTV�lT�Ji



� ý���ø�ý�«¯§D÷ ý+¨ª© ~�û «�ý�ú�° û ©&ú

��rQS � lqcerQS<Y:P^��_aX:�2V�UTchr^_fRsShc<RTPQUTS1c<L�XQRTVo_aXd_aX:�2{4-�¡ÇN�LDY:P^�fS<l
��V�l
chL�N�OQV�UTS<Y�RTL1V£L�XQSe¡�]�L�U`¡ÇL�XQS�V�UTc<r^_fRTS<c<RTPQUTS�c<L�XQRTVo_fX^_fXQ�
��N�LDYQPd�aS<lhi�À�L�RTrnV�UTc<r^_fRTS<c<RTPQUTShl���S<UTS�lTShOQV�UTV�RsS*�am�RsUTVo_fXQS<Y
RTL¯YQL�l`_���RsV�lq�Dl<¶=� Â tK����tK����tgl Â t8l �|tvV�X:Y lL��i¤��r:S
L�XQSe¡ò]>L�U`¡ÇL�XQS4V�UTcer^_fRsShc<RTPQUTS0�fS<V�UTX:S<Y�S<V�c<rõRTV|lq�¯_fX�V�lTS<Od¡
V�UTV�RsS�OQUTSe¡\V|lql`_f�|X:S<YN�LQYQP^�fS|id!:L�U2S<V�c<r¯RTU`_fVo�òtRTrQS0RTV|lq�
V�XQY�RTrQS+lTRTV�UTR\_fX:�0lTRTV�RTS[Lo]WRTrQS+UTL��JL�R��MS<UTS2c<r:L|lqS<X²UTV�X^¡
YQL�N��fm^i���rQS+RsU`_fVo�WS<XQY:S<Y ��rQS<X Rsr:S[UTL��8L�R�UTS<V�c<rQShY�RTrQS
��L�V��WlqRsV�RTS|i !¢_a��P:UTS�{ouólTr:L���l�Rsr:S0X^PQN��QS<U2Lo]vV�c<R`_fL�XQl<t
V�k�S<UTV���S<Y�L|k�S<Uqw�x�RsU`_fVo�fl<t�RTV��DShX��:m+RTr:S2UTL|�8L�R�RsL���S<R�RsL
RTrQS2��L�Vo�òi+��rQS�L�XQSe¡�]�L�U`¡ÇL�XQS2V�UTc<rd_aRTS<chRsP:UTS�O8S<U`]�L�UTN�l��JShR\¡
RTS<U�_fX^_fR`_aVo���fm4�8S<chV|P:lTS#_aR�c<V�X&�aShV�UTX�Rsr:S[RTrQUTShS[Se�fS<N�ShXQRTVo�
RTV�lT�Dl1�^P^_fc<���am�t¢�QPQR�aS<V�UTXd_aX:�0RTrQS�c<L�N�O8L�l`_fRsS#RsV�lT�^l1RsV��^S<l
N�PQcer��fL|X:��S<U�YQPQS�RsL�RTrQS��fL�XQ�£V�c<R`_aL�XnlqS<�DP:S<XQchS<l�UTS<�DPd_aUTShY
RTL1V�c<chL�N�O^��_alqr�RTrQSWchL�N�OJL�l`_fRTS�RsV�lT�^l<i@��rQSWlqcerQS<Y:P^��_aX:�V�U`¡
c<rd_aRTS<chRsP:UTS@O�S<U`]>L�UTN�lH��L|UTlqSH_aXd_aR`_fV����fm^t�P:XQR`_��dRTrQS�L�P:RsO:PQRTl
Lo]
RTrQSlTc<rQShYQP^��_fXQ�£N�LDYQPd�aS��S<chL|N�SV�OQOQUTLo�^_aN�V�RTSe�fm�chL|UTUTShc<R<t
V�R���r^_fc<r[O8Lo_aX:R�Vo����l`_��+RTV�lT�DlWV�UTS�fS<V�UTXQS<Y�UTV�Od_aYd�am�i

 Scheduling Architecture 
 One-for-One Architecture

|

0
|

5000
|

10000
|

15000
|

20000
|0.0

|300.0

|600.0

|900.0

 Learning Curves
 Number of Trials

 A
v
e

ra
g

e
 A

c
ti
o

n
s
 T

a
k
e

n

A

 Output1 
 Output2
 Output3

|
0

|
6

|
12

|
18

|0.0

|0.5
|1.0

 Task "AC"

 Number of Actions

 O
u
tp

u
t B

 Output1 
 Output2
 Output3

|
0

|
6

|
12

|
18

|0.0

|0.5

|1.0

 Task "BC"

 Number of Actions

 O
u
tp

u
t C

 Output1 
 Output2
 Output3

|
0

|
11

|
22

|
33

|0.0

|0.5

|1.0

 Task "ABC"

 Number of Actions

 O
u
tp

u
t D

!¢_f��PQUTSv{^¶����:��mDOd_achVo�8UTS<lqP^�fRsl@]�L�U@�aS<V�UTXd_aX:���JL�RTrnSe�fS<N�ShX^¡
RTVo��V�XQY�c<L�N�O8L�l`_fRsS1RTV�lT�^l<i�b^S<S1RTSe�QRM]�L|UWYQShRsVo_��fl<i

!¢_f��PQUTS<lM{�À�t {�Kvt|V�XQY#{�g�lTr:L���Rsr:Sv{X:L�UTN�V���_fì<S<YnL�P:RsO:PQRTl
Lo]1RTrQS0lTc<r:S<YQPd��_fXQ��N�L^YQP^�fS+]>L�U2L�XQS0RTU`_aVo�vShV|cer Lo]1RsV�lq�Dl
l Â ttl ��tMV�X:Y lL��UTS<lqOJShc<R`_ak^Se�fmoi&��rQS+RsU`_fVo�flnlqrQLo��X �MS<UTSc<r:L|lqS<X V�]�RTS<U[RTrQS�UTL��8L�RnrQV�Y�fS<V�UTX:S<YRTL&Y:L4RTrQS�RTV�lT�^l<t
_Çi S�i�t¢Vo]�RsShUnzhx � x�x�xn�fS<V�UTX^_fXQ�+RTU`_fVo�alhi���rQS�Se�fS<N�S<X^RTVo�@RsV�lT�^l� Â t[� � t´V�XQY"� � V�UTS1�fS<V�UTXQShY��^m�RTrQSx-�¡ÇN�LDYQPd�aShl�zotw{�V�XQY,�UTS<lTO8S<chR\_fk^Se�amoi4!¢_a��PQUTShl£{�À�t {�KvtHV|X:Y�{|g lqrQL��-Rsr:V�Rv]>L�U
S<V�c<r&c<L�N�O�L�l`_fRsS+RTV|lq�¯RTrQS[lqc<rQShYQP^��_fXQ��N�LDY:P^�fS[lT�M_fRTc<rQShl
L�X¯RTrQS+V�OQOQUTL�O:U`_aV�RTSM-�¡ÇN�LDY:P^�fS<l�_aX RTrQS+U`_a��rQR�RTS<N�O8L�UTV��
lTSh�DPQShXQc<S�i

G F)Ô�Ô^Ö(ÞDÛ|Ò�� H�ÙÚÒ�Ó`Ñ\Ó�Ñ\ÌDÖ#Ô�Õ�Í\Õ
	Ö(Ñ\Ö(Í E Õ<Ù�Ï�Ö(Ó�Ï�Ó`Ö(Û��fÎ�Í�Ñ\Ì�ÖÖ��Ô^Ö(ÍòÒ�	�Ö(Þ�Ñ�Í\Ö(Ô^Î�Í\ÑÇÖ(Û�Ò�Þ2ÑÇÌ�Ò�ÓMÓ`Ö(àqÑòÒ�Î�Þ:ã��¢Ù�Ö(Õ�Ó`Ö�Þ�Î�Ñ\ÖvÑ\Ì�Õ�Ñ)ÛDÏ�Ö
Ñ\ÎMÙ�Õ�à(ÝWÎ��:Ó`Ô�Õ�à(Ö�ß|Û�Ö(Ñ\Õ<ÒÚÙ�Ó�Î��JÑ\Ì�Ö�Ó`à(Ì�Ö(Û�Ï|ÙÚÒ�ÞDÐMÕ�Í\à(Ì|Ò�Ñ\Ö(à(Ñ\Ï�Í\Ö
ÌDÕ E ÖÞ�Î�Ñ�ádÖ(Ö(Þ�Ô�Í`Î E Ò�Û�Ö(Û:ã��|Ö(Ö���Ò�Þ�Ð�Ì�� ����ß�� C���� C�� �fÎ�Í�ÛDÖ(ÑÇÕ<ÒÚÙ�Ó(ã

 ®§Qúv±²°�úvú)§:¬¯¨

��r^_fl[O:V|O8S<U2OQUTShlTS<X:RsShYV|XShc<L�XQL�N�_fc<Vo�v]�L�UTN�P^�fV|R`_fL�X�]�L|U
N�P^�fR`_aOd�aS�t¢c<L�N�O8L|ls_aR`_fL�XQVo���am�¡ÇlTRTUTPQchRsP:UTS<Y²RTV|lq�Dl1�M_fRsrd_aX²RTrQS
lTSh�DPQShXQR`_fV��WY:S<ce_fl`_fL�X^¡ÇN�V���_aX:�4]�UTV�N�S<��L�UT�Jiªu XQSh�¥Vo�f��Lo¡
U`_fRsr:N+t
K>-�¡��fS<V�UTX^_fXQ�Qt@��V�lvOQUTS<lqS<XQRTS<Y²V�XQY�_fR£��V�l1lTrQL���X
RTrQV�R�PQXQY:S<U¢V|lqlTPQN�O:R\_fL�XQlHu�z"!DugwÅòlTShSMb^Shc<R`_aL�X£{�Éet|Rsr:S<UTS@_fl
V�X�Seô2c*_aShXQR���Vom#Lo]�c<L�X:lTRTUTPQc<R`_fXQ�#lTLo�fPQR`_aL�X:lW]>L�Uvc<L�N�O8L�l`¡
_fRsS+RTV|lq�Dl1]�UTL�N RTrQS[lqLo�aP:R\_fL�XQl�L�]�Rsr:Se_fU�Se�fS<N�ShXQRTV���RTV|lq�Dlhi
��rQS�UTS<lTPd�aRTlW_fX�b^S<chR\_fL�X �nlTr:L|��RTrQV�RvRsr:S�lTchrQS<YQPd��_aX:��V�U`¡
c<rd_aRTS<chRsP:UTS1UTS<OQUTShlTS<XQRTlvV���S<XQS<UTVo�@N�S<c<r:V�X^_flTN¥��rQShUTS<�Qm#V
�qkDL�c<V��:P^�fV|UTm^��Lo]JSe�fS<N�S<X^RTVo��RTV�lT�Dl¢chV|X��¢S��fS<V�UTX:S<Yv_aX�lTS<O:Vo¡
UTV�RTS�N�L^YQP^�fS<lht:V�XQY[V|UT�d_aRTUTV�UTm � RTS<N�O�L�UTVo�¢lTm^XQRTV|chR`_acc<L�N�¡
O8L�l`_fR\_fL�XQl�L�]Se�fS<N�ShXQRTV��)RsV�lT�^l�chV�X¯�8S2�fS<V�UTXQShY¯�M_fRTr¯RTrQS
rQS*�aO�Lo]@RTrQS�^_fV|lWV�X:Y+lqc<rQShYQP^��_fXQ��N�LDY:P^�fS<l<i
uvX^_fN�Vo�alHUTV|UTS*�amv�fS<V�UTX£V�XQS<��RTV�lT�v_fX�_flTLo�aV�R`_fL|X¢t|RTrQS<m��QU`_fXQ�
RTL#�JShV|UvL�X�V2X:S<��RsV�lT���^XQL��M�aShYQ��S1�|Vo_fXQShY�_fX�XQP:N�S<UTL�PQl
OQU`_fL�UvSe�QOJShU`_aShXQc<Shlv�M_fRsr�N�V|X^m[Y^_���S<UTS<X:R�RTV�lT�DlhiW��rQS�RTUTVo¡
Y^_fR`_aL�X:V��´UTS<lTO8L�XQlqSW�M_aRTr^_fXnRTrQSWN�V�chr^_fXQS)�aShV|UTXd_aX:�c<L�N�N�P^¡
X^_fRTm+r:V�l��8S<S<X²RTL#UTSòë(S<c<R�RTrQS�RTV��QP^�fV+UTV�lTV+V�O:OQUTL�V�c<r�V�XQY
RTL¯c<V�OQRTPQUTS0RTrQV�R[Se�dO8ShU`_aS<X:c<S��^m¯�:P^_��fY^_fXQ�¯OQU`_fL�Un�^XQL��M��¡
S<Y:�|S�_aX:RsLRTr:SWYQV�RTV1lTRTUTP:c<RTPQUTS<l�P:lTS<Yn�:m£Rsr:S��fS<V�UTX^_fXQ�£lTm^l`¡
RTS<N+i2·�Lo�)Shk�S<U<t´_fRW_al1N�m�c<L�XhëqShc<RTPQUTS�RTrQV�R�N�PQcer��M_����
�¢S
��Vo_aX:S<Y#�:m��:P^_��aYd_aX:�£�aShV|UTXd_aX:��lTm^lTRTS<N�lMRTr:V|R��fS<V�UTX[RsL�O¢S<U`¡
]>L�UTNµN�P^�fR`_aOd�aSWRTV�lT�^l�_aX�Vnc<L�N�O^�fSe�+ShXQk�_aUTL�XQN�ShX^R*i
!8P:RsP:UTS[��L�UT�¯�M_����_fXQk�ShlTR`_a��V�RTS[RTrQS�P:lTS�Lo]�K>-W¡��fS<V�UTX^_fXQ�
V�XQY�RTrQSWlTchrQS<Y:P^��_aX:�WV�UTchr^_fRsShc<RTPQUTS�L�XnN�L�UTS�UTS<Vo��_alqR\_fcWRTV�lT�Dl
V�XQY�N�L�UTS�chL|N�Od�aS*�+lTRTV�RsS1V�XQY�RTV�lT��c<L�N�N�V�XQY�UTS<O:UTS<lTShX^¡
RTV�R\_fL�XQl<iWuW�flTLQt:RTrQS�c<L�XQRTSe�QR\¡ò]>UTS<SXQV�RTPQUTS�Lo]@RTrQS�lTLo�aP:R\_fL�XQl
RTL1S*�aShN�S<XQRTVo�^RTV�lT�^l@_fl�V1lqRsUTL�X:�c<L�XQlqRsUTVo_fXQR<t|V�XQYnN�ShV|X:l�Lo]
Se�QRTS<XQYd_aX:��RTrQSV|�8L�k�SN�S<RTrQLDY[RsLnN�L�UTSv��S<X:S<UTVo��N�P^�fR`_fO^�fS
RTV�lT�n]>L�UTN�Pd�aV�R`_fL|X:l�V�UTS1�JS*_aX:��c<L�XQls_aY:S<UTS<Y¢i

# ~ ø�ø�ý+¨ª®§$�

~ ø �&%�%('�%)' ý�*,+ �H�.-%�/ ö

KML�XQl`_fYQShU[V�X�Se�fS<N�S<X^RTVo�vY:S<RTS<UTN�_fX^_flTR`_ac�lTS<�^PQS<X:R\_fVo�vY:S<ce_�¡
l`_fL�XRsV�lq��ÅÇb:g���Éx� � V�XQY _fRTl2�|L�Vo�vlqRsV�RTS < j+k0 i;!´L|U�V|X:m
V�UT�^_fRTUTV|UTmnlqRsV�UTR�lTRTV|RTS8< Z tdV|lqlTPQN�S��i �Çi LQi �Qi@Rsr:V�RMRsr:SvL�OQR`_�¡
N�Vo�WOQV�RTr�]�UTL|N < Z RTLb< j+k0 ��LDS<l�Rsr:UTL�PQ��r � C ,�lTRTV|RTS<lhñ
< Z � < Â � i<ihi � < 	21 Â � < 	 � < j+k0 i ��r:S�V|chR\_fL�X-lTS<�^PQS<X:c<S ShXQYQl
L�XQc<S#Rsr:S2V|��ShXQRW_al1_fX�RTrQS2��L�Vo�MlqRsV�RTS|i0g�Se¸JX:S43 j k(ÅB<JÉ ?
N�Vo� 9 5Kj+k(ÅB< � :QÉ

v? 5KjIk*ÅB< � : Q É(i�È�ShR A ÅB< � � : Q� É ?65�� ]>L�U
x87�^97åÅ � fzhÉ�V�X:Y A ÅB< 	 � :
Q	 É ?:5 	 C<; jIk t¢��rQS<UTS=; j+k
_fl
RTrQS��|L�Vo��¡ÇYQS<O8ShXQYQS<X:R�OQV�m�Lo�#V�lTlqLDce_fV�RsShY��M_fRTrn��L�V��:lqRsV�RTS
< jTk0 i
��r:S<X�PQls_aX:� s@�DP:V�R\_fL�X�zot�>2?Qñex@7A?B7 � ¶
3 j k(Å\< m É ? 5 m C 5 mDC Â C�ihi<iTC 5 	21 Â C�Å 5 	1CA; j+k É vÅ\{�É

!8L�U�V�XQmnV�UT�^_fRsUTV�UTm#V�chR\_fL�X�t
:8t:V�XQYE>&?:ñ(x@7F?G7õÅ � fõz<Ée¶
5tj+k(Å\<6m � :QÉ ? A Å\<m � :QÉyCH3yj+k(ÅB<+mDC Â É v Å�/DÉ

J Ë@Ì|Ò�Ó�Õ�Ó`Ó\Ï$	�Ö(Ó�Ñ\Ì�Õ�Ñ�Ñ\Ì�Ö�Ó`ÑÇÕ�Ñ\Ö�I1Í\Ö(Ô�Í\Ö(Ó\Ö(Þ�Ñ\Õ�ÑòÒ�Î�Þ Ò�Ó�ÍòÒ�à(Ì
Ö(Þ�Î�Ï�Ð�Ì[Ñ\Î�Û|Ò�Ó`ÑòÒ�Þ�Ð�Ï�Ò�Ó`Ì[Í\Ö(Ô^Ö(Õ�ÑÇÖ(Û+Ô^Ö(ÍJ�fÎ�ÍK	�Õ�Þ�à(Ö(ÓvÎ��@Ñ\Ì�Ö�Ó`Õ�	�Ö
ÖTÙ�Ö"	Ö(ÞDÑÇÕ<ÙJÑ\Õ�Ó\Ýdã



È�ShR�RTr:S2lTm^N��QLo�Kl¥lTRTV�XQY4]>L�U�V�YQShRsShUTN�_aXd_alqR\_fc+c<L�N�OJL�ls¡
_fRsS4RTV�lT�yè � m � �hm � � ����� � ��������m � é���r^_fcerªchL|X^RTVo_fXQl0lTPQ�:RsV�lT�
� � i��rQS<X 3�pj k Å\<JÉ ? N�Vo� 9 5�pj k ÅB< � :dÉ v? 5qpj k ÅB< � :
Q�É(i��rQSL�OQR`_fN�V��1OQV�RTrõ]>L�U[RTrQS4c<L�N�O8L|ls_aRTS�RTV�lT� lùrQV�l[RTL�OQV�lql
RTrQUTL�PQ��r�RTrQS�|L�Vo��lqRsV�RTS<l�L�]�V�����RTrQSSe�fS<N�S<X:RsV�UTmnlTP:�QRTV�lT�Dl
RTrQV�RW]>L�UTNµRsr:S�c<L�N�O8L�l`_fRsS�RsV�lT�8it!8PQUTRTrQShUTN�L|UqS|t:S<V�c<r[Se�fSe¡
N�S<X:RsVo�´lTPQ�:RsV�lq��RTS<UTN�_fXQV�RTS<l)_aX2_fRsl�L���Xn��L|Vo��lqRsV�RTS|i�KML�X^¡
l`_fYQShU�RTrQS2lTRTV�UTR�lTRTV�RsSR< Z c<rQL�lqS<X²_fX�RTrQS[O:UTS<k�_aL�PQl�OQV�UTVo¡
��UTV�OQr�i1��r:S<X��M_fRsr²RTrQS�V|lqlTPQN�O:R\_fL�XQlce_fRsShY�_fX4bdS<c<R`_fL|X²{
RTrQS4L�OQR`_aN�Vo�1OQV�RTr�]�UTL�N < Z RTL < jIk0 UTS<N�Vo_fXQl0RTrQS�lqV|N�S
V�lv��rQShX�Rsr:S�V���S<XQRM��V�lMO¢S<U`]>L�UTN�_fXQ�nL|Xd�am�RTrQS1Se�fS<N�ShXQRTV��
RTV�lT�1�h�(i�g�Se¸8XQS��1pjIk ? 3Kpj+k���� ÅB< jTk0 Éetd��rQShUTSt�
� C Â _al)Rsr:SWSe��¡S<N�ShXQRTV��HlTPQ�:RsV�lq�#RTrQV�R�lqRsV�UTRTlv��r:S<X�lqPQ�QRTV�lT�M�h�M¸JX^_flTr:S<l<i
È�ShR�RTrQS���L|Vo��¡ÇY:S<O8S<XQY:S<XQR
O:V�m�Lo�2]>L�U
UTShV|chr^_fXQ�lTRTV�RTS>< j k0 _fXRTV�lT�4ly�8S��;qpjIk i���rQShX >&?^ñ(xB7 ?G7 � ¶
3 pj k ÅB<+m�É ? 5 m>C�i<ihiLC 5o	21 Â C�Å 5�	 C �; pj k É�C�� pj k � ÅBw�É

V�XQY1]>L�U�V�XQm�V�UT�^_fRTUTV�UTmV�c<R`_fL|X¢t:8t�V�XQY >&?Qñex@7A?B7õÅ � f�zhÉe¶
5 pj k ÅB< m � :dÉ ? A ÅB< m � :QÉyC 3 pj k ÅB< m�C Â É � Å ��É

��rQShX�]>L�U¢V�XQm�V�UT�^_fRTUTV�UTm�Se�fS<N�S<X:RsVo��RTV�lT�g� � t�V|X:Y£V�XQm�c<L�N�¡
O8L�l`_fRsS)RsV�lT�1llTPQchr�Rsr:V�RD� � _fl@c<L�X^RTV�_fXQShY�_fX1l�t�V|X:Y�]>L�U@V����
lTRTV�RTS<l><�tdV�XQY2]>L�UMVo���¢V�c<R`_aL�XQl :8¶ s@�^PQV�R`_aL�X:l�{^t�/Qthw^t V�XQY �
lTr:L|�õRsr:V�R*¶

3 pjTk ÅB<JÉ ? 3 j k(ÅB<JÉyC�Å�� pj+k C �; pjTk f ; j k É v
g�Se¸8XQSNz pjTk ? �qpj+k C��;NpjTk f ; j+k t:RTrQShX�¶

5 pj+k ÅB< � :QÉ ? 5�jTk<ÅB< � :QÉyC]z pj+k �
-�ias�iwg£i
��rQS&V��8L�k�S�O:UTLDLo]2c<V�Xå�8S&Se�QRsShXQYQShYåRTL�lTRTLdcer:V�lTR`_ac4lTSe¡
�^PQS<X:R\_fVo��Y:S<ce_fl`_fL�X�O:UTL|�d�aShN�l�RTrQV�R�lqV|R`_fl`]�m�Rsr:S²V�lqlTPQN�Od¡
R`_aL�X:lMlTRTV�RTS<Y[_fX+b^Shc<R`_aL�X�{£�:m�XQL�R`_aX:��RTrQV�RMRTrQS1RTUTV�XQl`_fR`_aL�X
OQUTL��:V|�d_���_fR\_fS<l�]�L�UvV|X�S*�aShN�S<XQRTVo�¢RsV�lT�[V|UTS£_aX:YQS<O8S<X:YQS<X:RMLo]
RTrQSWO�L�l`_fR`_fL|XnLo]BRsr:V|RMS*�aShN�S<XQRTVo�:RTV|lq���M_fRsrd_aX[V£c<L�N�OJL�ls_aRTS
RTV�lT�Ji

	 ø �@�Q��
�����¢���²��� + �¢�

��rQS£_aXd_aR`_fV��@k�Vo�fPQS<l�]�L�UvRsr:S��fLDL��^PQO�RTV��^�fS<l�_aN�Od�aShN�S<XQR`_fXQ�
RTrQS -W¡ÇN�L^YQP^�fS<l1��S<UTS�UTV|X:YQL�N¥k�Vo�fPQS<lW_fX²RTrQS�UTV�XQ��S�x v x�!
x v w^t)V|X:Y�RTrQS2_fX^_fR`_fV���k�Vo�fPQS<l1]�L|U�RTrQS+lTc<r:S<YQPd��_fXQ��N�LdY:P^�fS
�fLDL��DP:O#RTV��^�fSv��S<UTS�UTV|X:YQL�NÄk�Vo�aP:S<l@_fX#RTrQSUTV�XQ��Svx v x�!dx v /di
��rQS2O8Lo��_achm�lTS*�aS<chR\_fL�X²OQV�UTV�N�S<RTS<U��t@lTRTV�UTRsShY�V�R�x vaznV�XQY
��V�l�_fXQchUTS<N�S<XQRTShYn�Qm�zIv x�V�]�RTS<UWS<kDShUTm+zhx�x�RTU`_fV��fl<i
~����,/ %�������������
��/��d�
Z���L�P^�fY²��_f��S2RTL�Rsr:V�XQ��uvXQY:UTS<�µÀ)V�UTRsL�V�XQY Rsr:S[j�p0V�lTl
uvYQV�OQR`_fkDS ~�ShRs�ML�UT�Dl VUTL�PQO ]�L|U�RTrQSe_fU�rQSe�fO�L�X�Rsrd_al
OQUTLhëqShc<R<i@��r^_fl���L�UT���V�l¢lTP:OQO8L|UTRTS<Y��:mRTrQS�uW_fU !:L�UTc<S�³W]f¡
¸JchS�Lo]Mbdce_aShXQR`_�¸8c�Æ�ShlTS<V�UTcer�t¢À)L�����_aX:�#u�!
À�t´PQXQY:S<U VUqV|X:R
ug!
³�b:Æ)¡U*�ê�¡`x+w+, ��V�XQYn�:m�RTrQSK~WV�R\_fL�XQVo��b^c*_aShXQc<S8!:L|P:XQYQVo¡
R`_aL�X�P:XQYQS<UVUTV�XQR s�K�b�¡U*�êQz�, �,�{^i

« � '��¢����/v� �¢�
è�z(é1u£iDV�ioÀ)V�UTRsL�V�XQY�b8i T@i�b�_fXQ��r�idÆ�S*_aXd]>L�UTc<S<N�ShXQR8�fS<V�UTXd¡
_fXQ��V�XQY YQm^XQV�N�_fc[OQUTL���UTV�N�N�_fXQ�Qi&Z\X"!�î(ð<ï$#�ð�%#æ'&^¿
(:º*)�æ'&,+Jç�¾w¿�-0ð|î/.�¹0&^ð��õð|» Yg|�ç��:æ�º21o¿�ç|»�|43
¿(ç|îe»:ºf»^½
(65o¹(æÇ¿���¹qt[~�Sh��·WV�k�S<X�t:KM��tduvPQ��z<ê�ê�x^i

è ,�é1u£i V�i¢À�V�UTRTLQt8Æi¢b8i´b^PQRTRTL�X�t´V|X:Y�Kvi:Ãåi8uvX:YQS<UTlTL�X¢i~WS<PQUTL�Xd��_f�DS�Se�fS<N�ShXQRTl�RTrQV�R�chV�XnlTLo�ak^S�Yd_�ô2chP^�fR
�fS<V�UTX^¡
_fXQ��chL|X:RsUTLo�OQUTL��^�fS<N�l<i87�9:9;9<(>=]�Ht�zh{^¶a*�{w�!�*I/��Dt
zhê+*|{^i

è {�é1u£i V�i�À�V�UTRTLQt
Æi�b´i�b^P:RsRTL�X�t¢V�XQY�Kvi¢Ã¯V�Rs��_fXQl<i�b^S*¡
�^PQS<X:R\_fVo��YQS<c*_als_aL�X�O:UTL��^�fS<N�l�V�XQY�X:S<PQUTVo��XQS<RT�)L�UT�^l<i
Z\X�g£i�b8i@��L�PQUTShRsìh�Dmot)S<Y^_fRTL|U<t@?A7B!@(DC�t�OQV���S<lO�+* ��!
��ê�{Dt´b^V�X�p�V�RTS<LQt8KMu�t�zhê�ê|x^i:p�L�UT��V�XFEvV�P^]�N�V�XQX�i

è /oé1u£i V�i�À)V�UTRsL�V�XQYnb8i THiobD_aX:��r�i^³X�Rsr:S�c<L�N�OQP:RsV�R`_fL�XQVo�
S<chL|X:L�N�_ac<l1Lo]�UTSe_fX^]�L|UTchS<N�S<X:RM�fS<V�UTX^_fXQ�Qi�Z\X�!�î(ð�ï$#Hð�%
æ'&^¿�G�HIHKJ��@ð|»:»8¿<ï*æ�º�ð|»:º¼¹qæL=²ð|�¿�¾ ¹M(6N �x��¿<îO(8ïP&^ðoð�¾ t
b^V�X�p�V�RTS<LQt8KMu�t�~WL�kJi´zhê|ê�x^i8p0L�UT�|V�XFEV|Pd]>N�V�XQX¢i

è w�é�Æi@u£i �|V�c<L��QlhiDQ´ç|¹R.4|�¿<ï(ð����ð|¹qº¼æ�º�ð|»�æ'&�îeð$N�½$&²ï*ð�x}
�:¿*æ�º¼æ�º�ð|» ºf»õç �nðI|$NQ¾Úç|î[ï*ð|»:»8¿(ï<æ�º�ð|»:ºf¹(æç|îeï�&�º¼æÇ¿(ï<æ'N^îq¿*i
T@rJgªRTr:S<l`_fl<t8K�³Z�~�b2YQShOQR�jWX^_fkJidLo]@p�V�lTlTV�c<r^P:lTS<RTRTl<t
uvN�rQS<UTlqR*t´p�V�lTl<i´j�iwb8i u�i�t�zhê|ê�x^i

è ��é�b8i�diK~WL��M�aV�X¢i¤KML�N�O8S<R`_aX:��Se�QOJShUTRslh¶ uvX�Se�QOJShU`_�¡
N�S<X:RsVo�¢_fXQk�S<lTR`_f�|V�R`_fL�X+Lo])V�lTlTLDc*_aV�R`_fkDS1N�_��dRTPQUTS�N�LDY^¡
Se�fl<i �
S<cer:X^_fc<Vo��Æ�ShOJL�UTR¯K�ÆUV�¡Ç��Æ)¡sê|x�¡Uw^t[g�ShOQV�UTR`¡
N�S<X:RBLo]¢KML�N�OQP:RsShU
b^c|i�t^jWX^_fk8i�Lo]´��L�UTL�X^RsLQt��
L�UTL|X^RTLQt
KMV�XQV�YQVQt�zhê�ê�x^i

è ��é�b8i T@i�bD_aX:��r�i´��UTV�XQl`]�S<U�Lo]´�fS<V�UTX^_fXQ�£�Qm£c<L�N�O8L�l`_fXQ�£Se��¡
S<N�ShXQRTV��´lTSh�DPQShX^R\_fVo�8RTV�lT�^l<t´z<ê�êQzoi¢lTP:�QN�_fRsRTS<Y[RTL�p0V�¡
c<rd_aX:S�È�S<V�UTXd_aX:� !�b^O8S<ce_fVo��Z\lTlTP:S�L�X�Æ�Se_fX^]�L�UTc<S<N�S<X^R
È�ShV|UTXd_aX:�Qi

è *�é�Æi:b8idb^PQRTRTL�X�i¢È�S<V�UTX^_fXQ�£RTL�OQUTS<Yd_achR��:m£Rsr:SWN�S<RTrQLDY:l
Lo]WRTS<N�O8L�UTV���Y^_���S<UTShXQc<Shl<i4=²ç�ïP&�ºf»8¿S3
¿(ç|îe»:º¼»^½ot@{^¶ ê�!
/+/Qt�zhê+**^i

è ê�é�Æi¢b8i8bdPQRTRsL�X¢iWZ\XQRTS<��UTV�R\_fXQ��V�UTc<rd_aRTShc<RTPQUTS<l)]>L�UW�fS<V�UTX^¡
_fXQ�QtdO^�fV�XQX^_fXQ�QtdV�XQYnUTShV|chR\_fXQ���:V�lTS<YnL�XnV�OQO:UTLo�D_fN�V�R\¡
_fXQ��YQm^XQV�N�_ac2O:UTL��|UTV�N�N�_fXQ�Qi+Z\X�!Mîeð�ï$#@ð�%næ'&^¿T(8¿P1L}
¿<»:æ'&�7(»:æÇ¿<îe»8ç|æ�º�ðo»´ç�¾1��ðo»U%U#�ð|»D=²ç�ïP&�ºf»8¿V3�¿(ç|îe»:ºf»^½|t
OQV���S<l",Qz;��!�,,I/Qt�bdV|Xåp0V|RTS<LQt�KMu�t�z<ê�ê�x^ivp�L�UT��V�X
EvV�Pd]>N�V�XQX¢i

è�z<x�é�Kvi��di�Kvi¢·1i:Ã¯V|RT��_aX:l<i�3
¿(ç|îe»:ºf»^½�%qîeð�XW�¿h¾Úç$5�¿�|ZYv¿�}
[ ç|î ||¹qi�T
r8g�Rsr:S<l`_fl<tdKMV�N��QU`_fYQ��SMjWX^_fkJi�tdK)V�N��:U`_aY:��S|ts@XQ�o�fV|X:Y�t�zhê+*�ê^i

è�z|z(é�b´ing£i�Ã�rd_aRTS<r:S<V�Y V�XQYµg�in·1i2À�Vo���aV�UTY¢i u�chR\_fk^S
O8S<UTc<ShOQR`_aL�X�V�XQY&UTSe_fX^]>L�UTc<ShN�S<XQR�aShV|UTXd_aX:�Qi�Z\X\!Mîeð�ï$#
ð�%�æ'&^¿](8¿�1o¿<»:æ'&�7e»:æÇ¿<îe»8ç|æ�º>ð|»8ç�¾1�@ð|»U%U#1ð|»^=4ç�ïP&�º¼»8¿
3
¿(ç|îe»:º¼»^½otduvPQlqR\_fX�tJ�`_£t��|PQX:S�zhê�ê|x^i


