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JLK/MONQP�RTS�U�VWK XZY8S/[&\]SG^=^=P?Y8_T`aSGY�PcbdVfeZP�[WghXi`=P�ejVf_kK/N�l=P�m�^3noK/Y8VWP�_1^=P�epeZP�`8VWq _kbrRZP�_jeZP�S/[sVf_ZqtbrVW^�Rjm�K uvn
uwXT_iVfm?SG^�VWK _xNyP?^zb�P?P�_{K/Yv^�RZP|^=Y8S/_T`�}~P?Y�K/}�Y�P�`=\QK _T`8VWNiVf[fVf^�VWP�`LNyP?^zb�P?P�_jm?[sS/`�`=P�`vS/_TexK/N�l3P�m�^�`��t�rRZPcJ�K/M
m?SG^�S/[WK/q XZPweTP�`�m�Y8VWNQP�`?�ZXT`�Vs_Zq�S�`=^�S/_TeTSGY8e|N]XZ^�Vf_Z}�K/Y8uaS/[Q_ZK/^�SG^�VWK _��TP�[WP?U/P�_cNQP�RTS�U�VWK XTY8S/[Q\iSG^=^=P?Y8_T`�brRTVfm#R
m?S/_�NQP(XT`�P�e�^=K|m?SG\T^�XZY�P�eTV��QP?Y�P�_�^dS/`=\QP�m�^�`rK/}-NQP�RTS�U�VWK XTYdVf_�S�eZP�`�VWq _��D�3_�^�RiVf`�\iSG\QP?Y��]b�Pw\TY�P�`=P�_1^dS/_
S/_TS/[Wg�`�Vf`�K/}�^�RZPdP�`8`=P�_�^�VsS/[ym�K ua\yK _TP�_�^�`&S/_Te�\TY�K/\QP?Y�^�VWP�`�K/}�_TVf_TP�K/}�^�RZP�`=P�\iSG^=^=P?Y#_T`?��Vf_Tm?[fXTeiVf_Zq�_ZK/^DK _T[Wg
^�RZP|\TY�K/\QP?Y�^�VWP�`wbrRTVfm#RxSGY8P|eTP�`�m�Y8VWNQP�exP���\i[sVfm?VW^�[Wg�Vf_x^�RZP�JLK/MOm?SG^�S/[WK/q XZPcNiXT^�S/[f`�KB\iY�K/\QP?Y�^�VWP�`wbrRTVfm#R
SGY�P�_ZK/^a`=^�SG^=P�epP���\i[sVfm?VW^�[Wg�NiXT^�bdRTVfm8Rjm?S/_�NyPceZP�eiXTm�P�ek}~Y8K u�^�RZP�eZP�`�m�Y8Vf\T^�VWK _I��Vf_1^=P�_1^?�Du�K/^�VfU�SG^�VWK _��
m?[fS/`�`DS/_Te�uaP?^�RZK�e�_TS/u�P�`���S/_Te�`=K�K _�K/}�^�RZPd\]SG^=^=P?Y8_I����RZP�`�Pr\TY�K/\QP?Y�^�VfP�`�SGY�Pd^�RZP�_|`=\QP�m?V��iP�e�}�K/Y8uaS/[f[fg/�
XT`�Vf_Zq�S(}�K/Y8uaS/[Qu�K�eZP�[]K/}�S�q/P�_ZP?Y8S/[yK/N�l=P�m�^3noK/Y8VWP�_1^=P�e�eZP�`�Vfq _�brRiVfm8R�bDS/`&eZP?U/P�[fK/\yP�e|Vf_�P�SGY8[fVfP?Y�bDK/Y���S/`
^�RZP�NiS/`�Vs`�}~K/Yd^�RZP(`=\QP�m?V��ym?SG^�VWK _I�TS/_TecbDPwS/[s`=Ka}�K/Y8uaS/[f[Wg�`=\QP�m?VW}�g�RZK
b�^=K�m8RZP�m8�cbrRZP?^�RZP?YrS�`�XZNi`�P?^�K/}�S
\iSGY�^�Vfm?XT[sSGY�eZP�`�VWq _cuaSG^�m#RZP�`LSv\iSGY�^�Vfm?XT[sSGY�\iSG^=^=P?Y8_I�
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 L_TVfU/P?Y8`�VW^zg/�°¡LP�XT±�X�²P�_I�-³rY8q/P�_�^�Vf_iS��°bdRZP?Y�P�RZP�Vf`�^=P�S/m#RTVf_ZqtS/`�`�Vs`=^�S/_�^?�c´�Vf`(Y�P�`=P�SGY8m#R{Vs_�^=P?Y�P�`�^�`wSGY�P�}~KGn
m?XT`=P�exK _µ^�RZP�m�K u(NiVs_TSG^�VWK _xK/}�}~K/Y8u�S/[�S/_TexVf_Z}�K/Y8uaS/[�u�P?^�RTK�eT`wS/_Teh`�K/}~^zbDSGY�P�P�_Zq Vf_TP?P?Y8Vf_ZqZ�|´LP�S/[f`�K
b�K/Y���`rVs_c^�RZPv®�S/eTS/`=^=Y8S/[�¶�Y�K
U�Vf_im?VfS/[I·�VWY�P�m�^�VWK _�K/}�^�RZP(¶DXZNi[fVfm�³LeTuaVf_iVf`=^=Y8SG^�VWK _�K/}-^�RZP(q/K�U/P?Y8_TuaP�_�^LK/}
^�RZP�\TY�K
U�Vs_Tm�P�K/}�¡LP�XT±�X�²P�_I�

�dVfm#RTSGY8ea©ªK1K/Y8PrVf`-S��dP�`=P�SGY8m8R�MTP�[f[fK�b�K _�^�RZP�`=^�S��cK/}Q d¡L �¢
�8�=£���� S�\QK `�VW^�VWK _vRZP�^=K�K/��XZ\�K _�¸�m�^=K/NyP?Y
§?`=^�§�¨/¨/¹��ª´dP�RTS/`�S/_x©x�º³(�°Vf_hu�SG^�RZP�uaSG^�Vfm?`w}~Y8K u»^�RZP� L_iVWU/P?Y8`�VW^zgtK/}d®&S/u(NiY8VfeZq/P�S/_iehSª¶�RI�¼·v��Vs_
\iR�g�`�Vfm?`D}�Y�K u½^�RZP� �_TVWU/P?Y8`8VW^¾gaK/}�©BS/_Tm8RZP�`�^=P?Y���´LP�RTS/`&NQP?P�_|P�_Zq SGq/P�e�Vf_|m�K u�\iXT^�Vf_Zqv`�m?VWP�_Tm�P�Y�P�`�P�SGY8m8R
Vf_t^�RZPv�iP�[fetK/}D}�K/Y8uaS/[�u�P?^�RTK�eT`�`8Vf_Tm�P�§�¨/¿/¹���S�[fSGY�q/P�\iSGY8^�K/}�brRiVfm8Rtb&S/`�m?SGY�Y8VfP�e�K XZ^�Vf_t^�RZP�}�K/Y8uaS/[
u�P?^�RZK�eT`�q/Y�K XT\�SG^&©ªS/_im8RZP�`=^=P?Y& �_TVWU/P?Y8`8VW^¾g/��´LPLRTS/`�b�Y8VW^=^=P�_�`=P?U/P?Y8S/[]\iSG\QP?Y8`�K _�}�K/Y8uaS/[]u�P?^�RZK�eT`�S/_Te
Vf`�m�KGn¾S/XZ^�RZK/YLK/}�^zb�K�NQK1K/��`&K _c}�K/Y8uaS/[�u�P?^�RTK�eT`�À|uwXZY#S/[ÂÁ�SvMTK/Y8uaS/[�·�P?U/P�[WK/\iu�P�_1^L£�XZ\i\yK/Y8^�£�g�`=^=P�u�Ã
S/_Te�¶�Y�K�K/}TVf_wÄd·�©xÁG³�¶�Y8S/m�^�VW^�VfK _ZP?Y�Åº`�J�XTVfeTP/��´LP&RiS/`°S/[s`=KdbDK/Y��/P�e�}�K/Y°^�RTP�·�P?}�P�_Tm�P��rP�`=P�SGY#m8R�³dq/P�_Tm�g
Vf_µ©BS/[WU/P?Y8_I�° LÆa��K _µUGSGY8VWK XT`(}~K/Y#uaS/[�u�P?^�RZK�eT`(\TY�K�l=P�m�^�`?��NQK/^�RxS/`(S�m�K _i`�XT[W^�S/_1^(S/_TexS/`(S�}¦XT[f[Wno^�Vfu�P
u�P�u(NQP?Y�K/}�`=^�S����
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«��f§G�f§ MTK/Y8uaS/[�£�\QP�m?V��]m?SG^�VWK _|K/}°^�RZP(©ªP�eTVfSG^=K/Yd¶-SG^=^=P?Y8_é�����(�������������(����������� ê
«��	« ��P�ua\i[fSG^=P�©ªP?^�RZK�e�¶�SG^=^=P?Y#_ë�������(�������������(�������������(�������������(����������� §/§

«��	«��f§ MTK/Y8uaS/[�£�\QP�m?V��]m?SG^�VWK _|K/}°^�RZP(��P�u�\i[sSG^=P(©�P?^�RTK�ec¶-SG^=^=P?Y8_ ���������(����������� §�«
«��	ì £�^�SG^=P�¶-SG^=^=P?Y8_í�������(�������������(�������������(�������������(�������������(����������� §�¹
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«��¼èZ�f§ MTK/Y8uaS/[�£�\QP�m?V��]m?SG^�VWK _|K/}°^�RZP�£�^=Y8SG^=P?q/g|¶�SG^=^=P?Y#_ �����(�������������(����������� «/«
«��	¹ �z^=P?Y#SG^=K/Yr¶-SG^=^=P?Y8_������(�������������(�������������(�������������(�������������(����������� «/ì
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«��	ð��f§ MTK/Y8uaS/[�£�\QP�m?V��]m?SG^�VWK _|K/}°^�RZP(©ªP�u�P�_1^=K�¶-SG^=^=P?Y8_������(�������������(����������� ì/ì
«��ñê ¸LNi`=P?Y8U/P?Y�¶�SG^=^=P?Y#_¯���(�������������(�������������(�������������(�������������(����������� ì/¨

«��ñê1�f§ MTK/Y8uaS/[�£�\QP�m?V��]m?SG^�VWK _|K/}°^�RZP�¸�Ni`=P?Y�U/P?Y�¶-SG^=^=P?Y8_ �����(�������������(����������� è�ì
«��	¿ ®DK uauaS/_ie|¶�SG^=^=P?Y#_ò�(�������������(�������������(�������������(�������������(����������� ¹�§

«��	¿��f§ MTK/Y8uaS/[�£�\QP�m?V��]m?SG^�VWK _|K/}°^�RZP�®&K uauaS/_Te|¶-SG^=^=P?Y8_ ���(�������������(����������� ¹/ð
«��	¨ ÄLVs`�VW^=K/Y�¶-SG^=^=P?Y8_ó�����(�������������(�������������(�������������(�������������(����������� ð�è

«��	¨��f§ MTK/Y8uaS/[�£�\QP�m?V��]m?SG^�VWK _|K/}°^�RZP�Ä�Vf`�Vf^=K/Y�¶�SG^=^=P?Y#_ �������(�������������(����������� ð ê
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·LP�`8VWq _�\]SG^=^=P?Y8_T`DSGY�Pr^�RZPd\TY�K�eTXTm�^�K/}IK _TPdm�K/q _TVW^�VfU/PLVf_1^=P�[f[WP�m�^�XiS/[TS/m�^�VWU�VW^¾g/�ZSGNi`=^=Y#S/m�^�VWK _I�BA=S(}¦XT_TeTS/uaP�_�n
^�S/[�K/N�l=P�m�^�VWU/P|K/}�q/K�K�e{`=K/}�^¾b&SGY�PceZP?U/P�[WK/\iu�P�_1^DCFE¼ì�Go�ª��RZP�\iSG^=^=P?Y8_T`�SGY�P�q/P�_ZP?Y8Vfm�S/_TeµP�uwNQK�eTgHA3NyP�`�^
\TY8S/m�^�Vfm�PICv`=K [fXT^�VWK _T`�^=KvSw\iSGY�^�Vfm?XT[sSGY�Y8S/_Tq/PdK/}�eTP�`�VWq _a\iY�K/Ni[WP�ua`���^�RZK XZq R�^�RZP�`=P�`=K [sXZ^�VWK _T`�SGY�PL_TK/^D_ZP�m6n
P�`�`�SGY8Vf[fg�^�RZP(`8Vfu�\i[WP�`�^DK/YLu�K `=^�P-J�m?VWP�_�^r}~K/YrS/_1g|q VWU/P�_�\iY�K/Ni[WP�uKE¼ð�Go��¶�SG^=^=P?Y#_T`�^�R�XT`�KG�QP?YdeTP�`�VWq _ZP?Y8`�S
bDS�g�K/}°Y�P�XT`8Vf_Zq�\TY�K�U/P�_�`=K [fXZ^�VWK _i`&^=K�\iSGY�^�Vfm?XT[sSGY&S/`�\yP�m�^�`�K/}°eZP�`8VWq _|Y8SG^�RZP?Y�^�RiS/_cRTS�U�Vf_Zq�^=Ka`=^�SGY8^�P�S/m8R
_ZP?b�eZP�`�Vfq _|}~Y�K u¯`�m�Y8SG^�m8R��

·LP�`8VWq _�\]SG^=^=P?Y8_T`DSGY�PLS/[s`=KwXT`�P?}�XT[iNQP�m?S/XT`=Pr^�RTP?ga\TY�K
U�VfeTPreZP�`�VWq _TP?Y8`�brVf^�R�S/_�P��yP�m�^�VWU/PLA=`�RTK/Y�^�RTS/_TeMC(}~K/Y
m�K uauwXi_TVfm?SG^�Vf_Zq(brVW^�RaP�S/m#R�K/^�RTP?YDSGNQK XZ^Dm�K u�\i[WP��am�K _Tm�P?\T^�`NE�§-GoÁ�^�RZPL_TS/u�PrK/}I^�RTP�\iSG^=^=P?Y8_�`=P?Y�U/P�`DS/`�S
\TY�P�m?Vf`=PwS/_Te�m�K _Tm?Vs`=P�b&S�g�K/}�Y�P?}�P?Y�Y8Vf_Tq�^=K�S�eTP�`�VWq _c^=P�m#RT_TVf±�XZP�brRiVfm8R�Vs`�bDP�[f[�n¾eZK�m?XTu�P�_1^=P�e�S/_Te�brRTVfm#R
Vf`���_ZK�br_|^=K�b�K/Y8��bDP�[f[Â�

¸�_ZP�`=\QP�m?V��]m�S/_iec\QK/\iXT[fSGY�`=P?^rK/}�`�K/}~^zbDSGY�P�eZP�`�VWq _�\iSG^=^=P?Y8_T`?�ibrRTVfm#RcSGY�P(Vf_TeTP?\yP�_ieZP�_�^&K/}-S/_1g|`�\yP�m?VW�]m
SG\T\i[fVfm?SG^�VfK _�eZK uaS/Vs_I�ySGY8Pw^�RZPv`=KGn¾m?S/[f[fP�eOA8J�K/MBCQP(\iSG^=^=P?Y#_T`LbrRTVfm#RªSGY�PveZP�`�m�Y#VWNQP�e�Vf_ª^�RZPvm?SG^�S/[WK/q XZPvK/}
J�S/uauaSvP?^�S/[Â�$E¼¹
Go����RTP�J�K/Mkm?SG^�S/[fK/q XZP�Vf`D^�R1Xi`�S�eTP�`�m�Y8VW\T^�VfK _�K/}°^�RZP���_TK�b�n¾RZK
b K/}�P���\QP?Y�^�eZP�`�VWq _ZP?Y#`
Vf_|\TY�K/Ni[fP�ua`�SG\T\QP�SGY8Vf_Zq�Vf_|UGSGY8VWK Xi`�eTV��QP?Y�P�_�^�eTK uaS/Vf_T`?�

³d[W^�RTK XZq R�^�RZP?Y�PdVf`�_ZK/^�RTVs_Zq�Vf_aeZP�`�Vfq _v\iSG^=^=P?Y8_T`�^�RTSG^�uaSG�/P�`�^�RZP�uÿVs_TRZP?Y�P�_1^�[Wg(K/NZl3P�m�^3noK/Y8VfP�_�^=P�e�E�§�Go��^�RZP
JLK/Mªm?SG^�S/[WK/q XTPDXT`�P�`�K/N�l=P�m�^3noK/Y8VWP�_1^=P�evm�K _Tm�P?\T^�`°^=KdeZP�`8m�Y8VWNQP-^¾bDP�_�^zg(^�RZY8P?P�\iSG^=^=P?Y8_T`�brRTVsm8R�m?SG\T^�XTY�P�S/_Te
m�K u�\iS/m�^�^�RZPLP�`�`=P�_1^�VfS/[y\iSGY�^�`DK/}�m�K/Y�Y8P�`=\QK _TeTVf_ZqweZP�`�VWq _�`=K [fXZ^�VfK _T`?�BR�S/m#R�JLK/Mx\]SG^=^=P?Y8_�^�R1XT`&VfeTP�_�^�V��]P�`
S�q/Y8K XZ\tK/}�m?[fS/`�`�P�`?�Q^=K/q/P?^�RZP?Y�brVW^�Rª^�RZPv�/P?gtS/`=\QP�m�^�`dK/}�^�RZP�VWY�}¦XT_Tm�^�VWK _TS/[sVW^¾g�S/_TeBVf_1^=P?Y8S/m�^�VWK _T`��IbrRTVfm#R
m�K uau�K _T[Wg�K�m?m?XZYrVf_cS�Y#S/_Zq/P�K/}�eTV��QP?Y�P�_�^�K/NZl3P�m�^3noK/Y8VfP�_�^=P�eBeZP�`�VWq _|\iY�K/Ni[WP�ua`��

�ï_wP�SGY8[fVWP?Y°bDK/Y��SE èTGo�/bDPDRTS�U/P�eZP��]_ZP�e�S/_vSGNi`=^=Y8S/m�^�u�K�eZP�[�K/}]Srq/P�_ZP?Y#S/[1K/NZl3P�m�^3noK/Y8VfP�_�^=P�e�eZP�`8VWq _(Vf_w^=P?Y8ua`
K/}�m?[sS/`�`=P�`?�T^�RTP�VWY�\TY�K/\QP?Y�^�VWP�`���S/_iec^�RZP�Y�P�[sSG^�VWK _T`�RTVf\i`DNyP?^zb�P?P�_�^�RZP�uc�iS/_iecb�PwRTS�U/P�}�K/Y8uaS/[s[Wg�`=\QP�m?V��]P�e
^�RTVf`�u�K�eZP�[�Xi`�Vf_Zqc^�RZP��d³d�=£UR `=\QP�m?V��]m?SG^�VWK _h[fS/_Zq XTSGq/P���£ � E¼¨
Go�SV�P�RTS�U/P�S/[f`=K�VseZP�_�^�VW�iP�e�m�K uau�K _
\TY�K/\QP?Y�^�VWP�`rK/}�^�RZPvm?[fS/`�`=P�`LS/_TeªY�P�[fSG^�VWK _T`8RTVW\i`�SG\i\yP�SGY#Vf_Zq�Vf_�^�RZP�\iSG^=^=P?Y8_T`LVf_ª^�RZPvJLK/M m?SG^�S/[WK/q XZP�S/_Te
b�P�RTS�U/P�eZP��]_ZP�e|^�RTP�`=P�S/`�q/P�_ZP?Y8VfmL��£ � }¦XT_Tm�^�VWK _T`����rRZP�`=P�}�Xi_Tm�^�VWK _T`D^�R�XT`&KG�yP?Y�S�uaP�S/_T`&K/}°m#RZP�m���Vf_Zq
brRZP?^�RZP?Y(¤ÂS�`�XZNi`=P?^�K/}�­DSv\iSGY�^�Vfm?XT[sSGY�eZP�`�VWq _cuaSG^�m#RZP�`LS�q VWU/P�_ªJLK/Mp\iSG^=^=P?Y8_I�

W Y8K S/eT[Wg�`=\QP�SG��Vf_ZqZ�1^�RTVf`�\TY�K�m�P�`�`&Vf_�U/K [fU/P�`DS/`8`=K�m?VsSG^�Vf_Zq�U�SGY8VfK XT`�P�[fP�u�P�_�^�`DK/}�^�RTPLeZP�`8VWq _ª¤Âm?[sS/`�`=P�`?�Z`=^�SG^=P
U�SGY8VsSGNi[WP�`DS/_Te|u�P?^�RZK�eT`?��Vf_Tm?[fXTeiVf_Zq�^�RZP�VWY&Vf_Z\]XZ^�\iSGY8S/uaP?^=P?Y8`�S/_Te�Y�P�`�XT[W^�`?­°brVf^�Ra^�RZP�_TS/u�P�`&SG\T\QP�SGY8Vs_Zq
Vf_�^�RZP�\iSG^=^=P?Y#_�XT`�Vs_Zq�SYX[Z]\"^T_>`a\cbY_<^7d]���rRZP�Y�P�_TS/u�Vf_Zq�uaSG\a^�R�XT`�eTP��]_ZP�`-brRiVfm8RvP�_1^�VW^¾g�Vf_a^�RZPreZP�`�Vfq _
m�K/Y�Y�P�`=\QK _TeT`�^=KwbrRiVfm8R�P�_1^�VW^zgaVf_a^�RZPr\iSG^=^=P?Y8_I��K/Y�bdRTVfm8ReX,fTghZDVf_�^�RTPr\iSG^=^=P?Y8_�Vf`-\][fS�g/P�e�N1g�S(\iSGY�^�Vfm?XT[sSGY
m?[fS/`�`�Vf_�^�RTP�eZP�`8VWq _I�QS/_Te�bDPvm?S/_t^�RZP�_ªm#RZP�m��B^�RTSG^LP�S/m8RtP�_1^�VW^¾gBSG\T\QP�SGY8Vf_Zq�Vf_�^�RTPwY�P�_iS/uaVf_Zq�u�SG\tSG^
^�RZPreZP�`�Vfq _a[WP?U/P�[T`�SG^�Vs`3�iP�`-^�RZPr\TY�K/\QP?Y�^�VWP�`-K/}y^�RZP�\]SG^=^=P?Y8_�[WP?U/P�[iP�_�^�Vf^¾gv^=K(brRiVfm8R�VW^-Y8P�_TS/u�P�`?��S/_TeaRZP�_Tm�P
^�RTSG^DS|¤Â`�XTNi`=P?^�K/}�S�­�eZP�`8VWq _�u�SG^�m8RZP�`�Sw\iSG^=^=P?Y8_|S/`&S(bdRZK [WP/�-��RTVf`�\TY�K�m�P�`�`DVf`�Vs[f[fXT`=^=Y#SG^=P�eaVf_�M�Vfq XZY�Pw§G�

�ï_�^�RiVf`�Y�P?\QK/Y�^�bDP�XT`=P�^�RTP�`=P�^=P�m#RT_TVf±�XZP�`�^=K�`�\yP�m?Vf}~gB^�RZP�\TY�K/\QP?Y�^�VfP�`�K/}D_iVf_ZP�K/}&^�RZPaP�[WP?U/P�_h\iSG^=^=P?Y8_T`
NyP�[fK _Zq Vf_Zq�^=Kc^�RZP�NQP�RTS�U�VWK XZY#S/[�q/Y8K XZ\�K/}�\]SG^=^=P?Y8_T`�Vf_B^�RZP�J�K/M m?SG^�S/[WK/q XZP/�°K _ZP�K/}�^�RZP�^�RTY�P?P�q/Y�K XZ\i`
Vf_�^=KvbrRiVfm8R�^�RZP�m?SG^�S/[WK/q XZPwVf`&eTVWU�VfeZP�eI�-£�P�m�^�VWK _�«�S/_TS/[Wg�`=P�`&^�RZP�P�`�`=P�_1^�VfS/[Im�K u�\QK _ZP�_1^�`�S/_Te�\TY�K/\QP?Y�^�VfP�`
�7ikjBl�m
npo7qsr�o�t�u5v
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Our Knowledge of one specific pattern
subset of classes and relations of a design

renaming relationship

M�Vfq XZY�Pa§GÁ���RTPwR�[WP�u�P�_1^�`�K/}°^�RZP(©BSG^�m8RTVs_Zqa¶�Y8K�m�P�`�`

K/}°P�S/m#R�K/}�^�RZP�`�P�\iSG^=^=P?Y8_T`��T^�SG��Vs_Zq�Vf_1^=K�S/m?m�K XT_1^d_ZK/^rK _T[Wg�\TY�K/\QP?Y�^�VWP�`&brRiVfm8R�SGY8P(`=^�SG^=P�eªP���\i[sVfm?VW^�[Wg�Vs_
^�RZPwJLK/Mpm?SG^�S/[WK/q XTP(NiXZ^�S/[f`�K�\TY�K/\QP?Y�^�VWP�`&brRiVfm8RcSGY�P�Vsu�\i[fVfm?Vf^�Vf_|^�RZP�eTP�`�m�Y8VW\T^�VfK _I�ZVf_�^=P�_1^?�iu�K/^�VfU�SG^�VWK _��
m?[fS/`�`�S/_Te�u�P?^�RTK�e�_TS/uaP�`�S/_Te�`=KcK _tK/}D^�RZP�\iSG^=^=P?Y8_�����RTP�`=P�Vfu�\i[fVsm?VW^r\TY8K/\yP?Y8^�VWP�`�SGY�P�^�RZP�_�XT`=P�et^=K
}~K/Y8u�XT[fSG^=PDS/_(P���^=P�_T`�VfK _(^=Kd^�RZP�\iY�P�`=P�_1^�SG^�VWK _(K/}Z^�RTP�\iSG^=^=P?Y8_�Åº`�`=^=Y#XTm�^�XZY�P/�GbrRZP?Y8P�SG\T\TY�K/\iY8VfSG^=P/�xV�P�S/[f`�K
q VWU/P�S�}�K/Y8uaS/[°`=\QP�m?V��]m?SG^�VWK _ªK/}�^�RZP�\TY�K/\QP?Y�^�VfP�`�K/}�P�S/m#Rt\iSG^=^=P?Y8_tVf_ª��£ � �i¡LK/^=P/��RZK�bDP?U/P?Y���^�RTSG^L^�RZP�`=P
`=\QP�m?V��]m?SG^�VWK _T`�Y�P�[fghS/[fu�K `=^vP�_1^�VWY�P�[WghK _k^�RZPc`=\QP�m?V��]m?SG^�VWK _T`�K/}d^�RZPcm�K uau�K _k\TY�K/\QP?Y�^�VfP�`(K/}L\iSG^=^=P?Y8_T`
\TY�P�`=P�_1^=P�e�Vf_FE è�G-brRTVfm#RªSGY�P�_ZK/^�Y�P?\QP�SG^=P�e�RZP?Y8P/���ï_tS/eTeiVW^�VWK _I�y}�S/u�Vf[fVfSGY8Vf^¾g|brVW^�RB^�RZP�P�[WP�u�P�_1^�`�K/}�^�RZP
NiS/`�Vfmwu�K�eTP�[�\TY�P�`�P�_�^=P�eBVf_yE èTG-Vf`dS/[f`=K�S/`8`�XTu�P�eªbrRZP�_�\TY�P�`=P�_1^�Vf_Zqa^�RTP�`=P�`�\yP�m?VW�]m?SG^�VWK _T`?���3_B£�P�m�^�VWK _Bì
b�Pv^�RZP�_tVf[f[sXT`=^=Y8SG^=P�RZK�bO^�RZPvu�K�eZP�[�m?S/_tNQP�XT`�P�e�^=K�m#RZP�m��B^�RTSG^�S/_tS/m�^�XTS/[-eZP�`�VWq _tm�K/Y�Y8P�`=\QK _TeT`d^=K|S
\iSG^=^=P?Y8_I��Xi`�Vf_ZqL^�RZP�P��ZS/u�\i[WP&brRTVsm8RvSG\T\QP�SGY8`-Vf_�^�RZP�u�K/^�VfU�SG^�VWK _vK/}y^�RZPd£�^�SG^=P�\]SG^=^=P?Y8_aVf_LE¼¹
Go��£�P�m�^�VWK _vè
^�RZP�_�XT`�P�`�^�RZPrS/_iS/[Wg�`8Vf`-}�Y�K u £�P�m�^�VWK _�«�^=K�m�K u�\iSGY�PLS/_Te�Y�P�[fSG^=Pd^�RZP�\iSG^=^=P?Y#_T`?��NQK/^�R�m�K _Tm�P?\T^�XTS/[f[fg�S/_Te
Vf_�^=P?Y#ua`rK/}�^�RZP�VWY�`=\QP�m?V��]m?SG^�VWK _T`���M-Vf_TS/[f[Wg/�yVf_B£�P�m�^�VWK _�¹abDPwq VfU/P�S�NTY8VfP?}�`8XTuauaSGY�g|K/}�K XTYdbDK/Y���S/_Te
eTVf`�m?XT`8`�`=K u�P�\QK `�`�VWN][WPdP���^=P�_T`�VfK _T`�^=K�VW^?�

� z�
|{Wi~}�?���;W�Øi��e� iË�¬��
��hjWn

��RZPLJLK/Mh\iSG^=^=P?Y8_T`�RTS�U/PLNQP?P�_�}�Xi_TeTS/u�P�_1^�S/[TVf_aRTP�[W\iVf_Zq�^�RZPd`=K/}~^zbDSGY8PdP�_Zq Vs_ZP?P?Y8Vf_Zq�m�K u�uwXT_iVW^¾gvY�P�m�K/qGn
_TVf`=P|}�K/Y8ua`vK/}LP?U/K [fXZ^�VWK _j}�K/Y�K/N�l=P�m�^�`�Vf_jS/_jSG\i\i[fVfm?SG^�VWK _jeTK uaS/Vf_I� W P�RTS�U�VWK XZY8S/[&\]SG^=^=P?Y8_T`�NiS/`8Vfm?S/[f[Wg
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u�P?^�RZK�e�\i[fS�g�Vf_Tq�S/_ZK/^�RZP?Y�q VfU/P�_aY�K [WP/�BV VW^�R�^�RZPdSG\T\TY�K/\TY#VfSG^=P�\iSGY8S/u�P?^=P?Y#`�NQP�[WK�b(� ^�RTVf`�Vs`-\TY�P�m?Vf`�P�[Wg(^�RZP
`=P�m�K _Te�\]SGY�^�K/}�^�RTP�}~K XTY�^�R|\TY�K/\QP?Y�^zg�K/}�^�RZP���P�u�\i[fSG^=Pw©�P?^�RZK�ec\iSG^=^=P?Y#_I�

å�ä]æ�á�Û
RTS/` ��P�u�\i[fSG^=P�©ªP?^�RZK�e Vsu�\i[°Á~V } ·LP�`8VWq _ �rP�_TS/uaVs_ZqSâ ã ÈIÈ]æ
RTS/` ��P�u�\i[fSG^=P�©ªP?^�RZK�e Vsu�\i[o¤ÂeZY�­~ã

RTS/` Vsu�\i[ uaP?^�RZK�e�¤Â³rNi`�^=Y8S/m�^#®&[fS/`�`��T��P�u�\][fSG^=P�©�P?^�RTK�eI�]eZY?­²î
Y�P�±1XTP�`=^ \iY8VfuaVW^�VfU/P�`

¤Â³dNi`=^=Y8S/m�^#®&[sS/`�`?�i��P�u�\i[fSG^=P�©ªP?^�RZK�eI�T¶�Y8VfuaVW^�VfU/P
¸L\QP?Y8SG^�VWK _I��eZY?­²î
XT_TVf±�XZP u�P?^�RTK�e�¤Â³dNi`=^=Y#S/m�^#®&[fS/`�`?�T��P�u�\i[sSG^=P�©�P?^�RZK�eI�ieTY?­

��RZPw�]_TS/[�\iY�K/\QP?Y�^¾g�Vs`dm#RZP�m��/P�eµXi`�Vf_Zq�^�RZPw}¦XT_Tm�^�VfK _�ÛU^TÀ ^Tgag `a_ d8g _­Z]¸aÛ¨fIìG�(��RiVf`rVf`LS/_TS/[WK/q/K Xi`�^=K�^�RZP
}�XT_im�^�VWK _�Û¨^
À ^Tgag ìcZ�¬ _­Z]¸aÛ¨fIì�XT`=P�eBVf_ª^�RZP�`=\QP�m?V��]m?SG^�VWK _ªK/}�\TY8K/\yP?Y8^¾gªì�SGNQK�U/PvP��Zm�P?\T^�^�RTSG^�VW^Lm#RZP�m���`
^�RTSG^rS/[f[Iu�P?^�RTK�eT`rSGY�P(Vfu�\][WP�u�P�_1^=P�eI�

å�ä]æ�á�Û
S/[f[ ¶�Y8VsuaVW^�VWU/P
¸L\QP?Y8SG^�VfK _ Vfu�\i[°Á�V } ·�P�`�VWq _ �rP�_iS/uaVf_Zq­â ã ÈIÈyæ
S/[f[ ¶�Y8VsuaVW^�VWU/P
¸L\QP?Y8SG^�VfK _ Vfu�\i[¾¤ÂeZY?­|ã

RTS/` S/[s[ Vfua\i[ u�P?^�RZK�e�¤¾®DK _im�Y�P?^=P
®&[fS/`�`��T¶�Y8VsuaVW^�VWU/P
¸L\QP?Y8SG^�VfK _I�1eZY�­
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®DK u(N]Vf_TVf_Zq{^�RZP�`=P�\iY�K/\QP?Y�^�VWP�`|^=K/q/P?^�RZP?Yªg�VWP�[seT`�^�RZP�}~K [s[WK�brVs_Zqk}�XT_im�^�VWK _ brRTVfm#R U/P?Y8V��iP�`cVW}�S�eZP�`�Vfq _
Y�P?\TY�P�`=P�_1^�`�Sa��P�u�\i[sSG^=P(©�P?^�RTK�ec\]SG^=^=P?Y8_I�

å�ä]æ�á�Û
Vf` ^=P�u�\i[fSG^=P u�P?^�RZK�e�Á~V } ·�P�`�VWq _ �rP�_iS/uaVf_ZqSâ ã ÈIÈyæ
Vf` ^=P�u�\i[fSG^=P u�P?^�RZK�e�¤ÂeZY�­²ã

³rNi`�^=Y8S/m�^#®&[fS/`�` RTVWP?Y#SGY8m8R1gy¤ÂeTY?­²î
P���Vf`�^�` m�K _Tm�Y8P?^=P m?[sS/`�`�¤ÂeZY?­²î
Vf` ®&K _Tm�Y�P?^=P
®&[fS/`8`�¤ÂeZY?­Ôî
RTS/` ��P�u�\i[sSG^=P�©�P?^�RZK�e Vfu�\i[¾¤ÂeZY?­|î
RTS/` ¶�Y8VfuaVf^�VWU/P
¸L\QP?Y8SG^�VWK _ eTP?}ï¤ÂeZY�­²îkS/[f[ ¶�Y8VfuaVf^�VWU/P
¸L\QP?Y8SG^�VWK _ Vsu�\i[o¤ÂeZY�­

fB��� � E c E � � c EGE � FQ�

��RZPµ£�^�SG^=Pª\]SG^=^=P?Y8_I�rbdRTVfm8R Vf`�S/[f`=K{��_ZK
br_ S/`�¸LN�l=P�m�^�`�}�K/Y�£�^�SG^=P�`?�rP�_im?SG\i`�XT[fSG^=P�`�^�RZPt`=^�SG^=P�K/}(S/_
K/N�l3P�m�^&Vf_�K/^�RZP?Y��Z`=P?\iSGY8SG^=PLK/N�l=P�m�^�`wE¼«
Go�-�ï_�^�RTVf`�bDS�g�VW^�P�_Tm?SG\i`�XT[sSG^=P�`�`=^�SG^=P�n¾eTP?\yP�_ieZP�_�^&NQP�RTS�U�VWK XTY�Á�^�RZP
¦3£¨§T©
¤��]¢k��Ø/¢�¡
¢���m?[fS/`8`=P�`(Y8P?\TY�P�`=P�_1^(^�RZP�eTV��QP?Y�P�_1^(`=^�SG^=P�n¾eZP?\QP�_TeZP�_1^�NyP�RiS�U�VWK XZY8`?���ï^wVf`wXT`=P�eçA3bdRZP�_xS/_
K/N�l3P�m�^?Åº`&NQP�RTS�U�VfK XZY�eZP?\QP�_Tei`-K _|VW^�`�`�^�SG^=P�S/_ie�VW^DuwXi`=^�m#RTS/_Zq/P�VW^�`�NyP�RiS�U�VWK XZY�SG^DY8XT_Zno^�Vfu�PreZP?\QP�_TeiVf_Zq
K _�^�RTSG^L`=^�SG^=P/�yK/YdbrRTP�_cK/\QP?Y8SG^�VWK _T`dRTS�U/Pv[fSGY�q/P/�yuwXT[f^�VW\iSGY�^�m�K _TeiVW^�VWK _TS/[�`�^�SG^=P�u�P�_�^�`�^�RiSG^deZP?\QP�_TecK _
^�RZP�K/N�l=P�m�^?Åº`r`=^�SG^=PICáE¼¹
Go���ï^�`�`=^=Y8Xim�^�XZY�P�Vf`�`8RZK�br_cVs_|M�Vfq XZY�P�èZ�

state

Request()

Context

state -> Handle()

ConcreteStateA

Handle()

ConcreteStateB

Handle()

Handle()

State

M-VWq XTY�P�èZÁD£�^�SG^=P�¶-SG^=^=P?Y8_�£�^=Y8Xim�^�XZY�P

��RZP�Vf_1^=P�_�^?�i\iSGY�^�Vfm?VW\]S/_�^�`�S/_Te�m�K [f[fSGNQK/Y8SG^�VWK _T`&K/}�^�RZP�\]SG^=^=P?Y8_�SGY�P�eTP��]_ZP�ecVf_ëE¼¹�G°S/`�}~K [s[WK�br`�Á

ß ÚyÏ�Û�ÚyÏ
³L[f[WK�b S/_{K/N�l=P�m�^w^=K�S/[W^=P?Y�VW^�`�NQP�RTS�U�VWK XTY(brRZP�_{VW^�`vVf_1^=P?Y8_TS/[D`=^�SG^=Pcm8RTS/_Tq/P�`?�µ��RZP�K/N�l3P�m�^vbrVs[f[
SG\T\QP�SGY�^=K�m#RTS/_Zq/P�VW^�`�m?[fS/`�`��
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ÇwÈyÚyÏ�Û�÷IÏ
� eZP��]_TP�`�^�RZP�Vf_1^=P?Y�}¦S/m�P�K/}-Vf_�^=P?Y8P�`=^�^=K�m?[fVfP�_�^�`?�
� uaS/Vf_1^�S/Vf_T`DS/_|Vf_T`=^�S/_im�PdK/}°Sv®DK _im�Y�P?^=P
£�^�SG^=P�`�XZNIm?[fS/`8`�^�RTSG^&eZP��]_TP�`�^�RTPLm?XZY8Y�P�_�^&`=^�SG^=P/�

ûQÏ�äZÏ�Û
� eZP��]_TP�`�S/_�Vf_1^=P?Y�}�S/m�P�}�K/Y�P�_Tm?SG\]`�XT[fSG^�Vf_Tq�^�RTP�NyP�RiS�U�VWK XZY�S/`�`=K�m?VfSG^=P�e�bdVW^�R|Sv\iSGY�^�Vfm?XT[sSGY
`=^�SG^=PwK/}°^�RTPw®DK _�^=P���^?�

ÇwÈyÚ�â Ë�Û1Ï�ÛTûQÏ�äZÏ
Û
� P�S/m8RB`�XZNIm?[fS/`8`DVsu�\i[WP�u�P�_1^�`�S�NQP�RTS�U�VWK XTY�S/`�`=K�m?VfSG^=P�e�brVf^�RcSa`=^�SG^=P�K/}�^�RZP�®&K _�^=P���^?�

ÇwÈ]æ¦æ�äM��È]Ë
äZÏ�Ì~ÈyÚ�Ü
� ®DK _1^=P���^LeZP�[WP?q SG^=P�`d`=^�SG^=P�n¾`=\QP�m?V��]m�Y8P�±1XZP�`�^�`�^=K�^�RZP�m?XTY�Y�P�_1^d®DK _Tm�Y�P?^=P
£�^�SG^=PwK/N�l=P�m�^?�
� ³ÿm�K _1^=P���^(uaS�gB\iS/`�`�VW^�`�P�[W}�S/`�S/_�SGY�q XTuaP�_�^�^=K|^�RZP�£�^�SG^=P�K/N�l=P�m�^�RTS/_TeT[sVf_Zqa^�RZPvY�P�±�XZP�`=^?�
��RTVs`�[WP?^�`�^�RZP�£�^�SG^=P�K/N�l=P�m�^rS/m?m�P�`�`d^�RZP(m�K _1^=P���^LVW}�_ZP�m�P�`8`�SGY�g/�

� ®DK _1^=P���^�Vf`�^�RZP�\TY8VfuaSGY8gxVf_1^=P?Y�}¦S/m�P�}�K/Y�m?[fVWP�_1^�`?� ®�[fVWP�_1^�`am?S/_pm�K _��]q XZY�P�Sµm�K _1^=P���^�brVf^�R
£�^�SG^=P�K/N�l3P�m�^�`��c¸�_im�P�S�m�K _1^=P���^�Vf`�m�K _��]q XZY�P�eI�°VW^�`�m?[fVWP�_1^�`(eTK _IÅ¼^(RTS�U/P�^=K�eZP�S/[�brVW^�Rt^�RZP
£�^�SG^=PwK/N�l3P�m�^�`deTVWY�P�m�^�[fg/�

� R�Vf^�RZP?Y�®DK _1^=P���^LK/YL^�RZP�®DK _Tm�Y�P?^=P
£�^�SG^=P�`�XTNQm?[sS/`�`=P�`�m?S/_BeZP�m?VfeZPwbrRTVfm#R�`=^�SG^=Pv`�XTm?m�P?P�ei`dS/_�n
K/^�RZP?YLS/_Te�XT_TeTP?Y�brRTSG^�m?VWY8m?Xiua`=^�S/_Tm�P�`?�

��RZP�`=^=Y8XTm�^�XZY8PdK/}�^�RZP�£�^�SG^=P�\iSG^=^=P?Y8_|m�K u�\TY8Vs`=P�`�Sv`�Vs_Zq [WPdRiVWP?Y8SGY8m#R�gaK/}°m?[fS/`�`=P�`DY�K�K/^=P�ecSG^&^�RZP�SGNi`=^=Y8S/m�^
Ø¨¢�¡
¢��wm?[fS/`8`?�i^=K/q/P?^�RZP?Y�bdVW^�R�S�`�Vf_Zq [fP«¦3£¨§
¢k�
	T¢�m?[fS/`�`?�d��RZP>¦$£¨§�¢��
	
¢dm?[fS/`�`dNiS/`�Vfm?S/[f[fg�eZP��y_ZP�`dS�m�K uau�K _
Vf_�^=P?Y8}�S/m�P�bdRTVfm8R|m?[fVfP�_�^�`�m?S/_ªXT`=P�^=K�Vf_1^=P?Y8S/m�^�brVW^�R|^�RTP�U�SGY8VfK XT` ¦3£¨§T©
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¢���`�XZNIm?[fS/`�`�P�`?�ZS/_Te|P�`�`=P�_�n
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¢k�LU�SGY#VfSGNi[WP/�-��RTVs`�Vf`DY�P?\iY�P�`=P�_1^=P�e�N�ga^�RZP
`�Vf_Zq [WP�SGq/q/Y�P?q SG^�VfK _�Y�P�[sSG^�VWK _cNQP?^¾bDP?P�_�^�RZP�`�P(m?[fS/`�`=P�`rVf_|^�RZP�\iSG^=^=P?Y#_�`=^=Y8XTm�^�XTY�P/�

�ï_ \TY8S/m�^�Vfm�P/�r^�RZP?Y�P?}�K/Y�P/�rm?[fVWP�_1^�`�q/P�_ZP?Y8S/[f[WgjVf_1^=P?Y8S/m�^�brVW^�Rp^�RZPà¦$£¨§�¢��
	
¢�m?[fS/`�`�Y8SG^�RZP?Y�^�RTS/_pbdVW^�R�^�RZP
Ø¨¢�¡
¢���m?[sS/`�`=P�`�eTVWY�P�m�^�[fg/�QS/[f^�RZK XZq RB^�RZP?Y�P�m?S/_�S/_TeB\TY�K/N]SGNi[WgcbrVf[s[INQP�eTVfY�P�m�^LVs_�^=P?Y8S/m�^�VfK _I��Vf_ª\iSGY�^�Vfm?XT[sSGY
brRZP�_�^�RZP´û[¢,¡
¢k�LUGSGY8VfSGNi[WPdVf_�^�RTPw¦$£¨§�¢��
	
¢�m?[sS/`�`&Vf`�NQP�Vf_Tq(Vf_T`=^�S/_1^�VfSG^=P�eI���rRTVf`�Vs_T`=^�S/_1^�VfSG^�VWK _�K/}�^�RZP�û[¢�¡
¢��
U�SGY8VsSGNi[WP�Vf`�_ZK/^(eTP��]_ZP�etP���\i[fVfm?VW^�[fg�Vf_t^�RZPa\iSG^=^=P?Y#_I��RZK
b�P?U/P?Y���`=K�bDP�K uaVW^�Vf^�}~Y�K u K XZY�S/_TS/[Wg�`�Vf`�S/_Te
`=\QP�m?V��]m?SG^�VWK _I�
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b�P?U/P?Y��i_TS/u�P�[Wg�^�RTSG^�S/[f[Im?[fVfP�_�^�m?[fS/`�`�P�`�RTS�U/P
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� �
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£�^�SG^=P�ÁDJv�ñ®&[fS/`�` ¡LS/uaP/�
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´�S/_TeT[WP�ÁDJv�º©�P?^�RZK�e ¡LS/uaP/�
�rP�±�XZP�`=^(ÁDJ��º©ªP?^�RZK�e ¡�S/u�P

��RZP�m?[fS/`�`�P�`�S/_TecY�P�[sSG^�VWK _T`�Vf_|^�RTPw£�^�SG^=P(\iSG^=^=P?Y#_�`�SG^�Vf`=}�g�^�RZP�}~K [s[WK�brVs_Zqv\TY�K/\QP?Y�^�VWP�`?Á

§G��^�RZP?Y�P�Vs`DSv`�Vs_Zq [WP�m?[fS/`�`&brRTVsm8R�\i[fS�g�`D^�RZP(Ø¨¢,¡
¢k�LY�K [WP/���rRTVf`Dm?[fS/`�`�Vf`&SGNi`=^=Y#S/m�^�S/_Te|}~K/Y#ua`D^�RZP�Y�K1K/^
K/}�S�RTVWP?Y8SGY8m#R�g|K/}�m?[fS/`8`=P�`dVs_cbrRTVfm#R�S/[f[�[WP�SG}�m?[fS/`�`=P�`d\i[fS�g|^�RZP>¦$£¨§
©
¤��]¢���Ø¨¢,¡
¢k��Y�K [WP(S/_ie�Vf_�brRTVfm#R
_ZK�m?[sS/`�`�\i[fS�g�`�P�VW^�RZP?Y�^�RZP«¦$£¨§�¢��
	
¢&Y�K [fP�K/Y�^�RZP«¦�®   �T§
¢�Y�K [WP/Ã

«���^�RZP?Y�PwVf`�Sa`�Vf_Tq [WP�m?[fS/`�`�brRiVfm8R|\i[sS�g�`�^�RZP«¦$£¨§�¢��
	
¢&Y�K [WP�S/_ie|^�RTVf`�m?[fS/`8`�Vf`�m�K _Tm�Y�P?^=P/Ã

ì���^�RZPLm?[fS/`�`�brRTVfm#R�\i[fS�g�`�^�RZPN¦$£¨§�¢��
	
¢-Y�K [fPrm�K _�^�S/Vs_T`�Sw`�Vf_Zq [fP�`=^�SG^=PdUGSGY8VfSGN][WP�brRTVsm8R�\i[sS�g�`�^�RZP´û[¢�¡
¢��
Y�K [WP/Ã

èZ��^�RZP�m?[fS/`�`&\][fS�g�Vf_Zq�^�RZP�¦3£¨§
¢k�
	T¢�Y�K [fP�Vs`D[sVf_Z�/P�e�^=K�^�RTP�m?[fS/`�`D\i[fS�g�Vf_Tqw^�RZP�Ø¨¢,¡
¢k�LY�K [WP�N�g�SvK _ZP�noK _ZP
SGq/q/Y�P?q SG^�VWK _{Y�P�[sSG^�VWK _µY�P?\iY�P�`=P�_1^�Vf_Zqc^�RZP�`=^�SG^=P�UGSGY8VfSGNi[fP�\i[fS�g�Vf_Zqc^�RTP­û[¢,¡�¢��aY�K [fP/��S/_Teh^�RZP?Y�P�SGY�P
_ZKaK/^�RTP?Y�Y�P�[fSG^�VWK _i`�NQP?^¾bDP?P�_�^�RZP�`=P(^¾bDK�m?[fS/`�`=P�`�Ã

¹���^�RZP?Y�P�Vf`�SG^r[fP�S/`=^rK _ZPwm?[fS/`�`�\][fS�g�Vf_Zqv^�RZPY¦3£¨§T©
¤��]¢k��Ø/¢�¡
¢���Y�K [WP/�iS/_ie�P?U/P?Y�g�m?[fS/`8`�\i[fS�g�Vf_Tq�^�RTVf`�Y�K [fP
Vf`�S�m�K _Tm�Y�P?^=P(`�XTNQm?[sS/`�`&K/}�^�RTP(m?[fS/`�`�bdRTVfm8R|\][fS�g�`�^�RZPwØ/¢�¡
¢��LY8K [WP/Ã

ð���^�RZPvm?[fS/`�`d\i[fS�g�Vf_Tq�^�RZPvØ¨¢�¡
¢��(Y�K [fPwm�K _1^�S/Vf_T`�SG^L[fP�S/`=^dK _TP�u�P?^�RTK�eªbrRTVfm#R�\i[sS�g�`r^�RZP��B¡Q§T�/® �vY�K [fP
S/_Te�S/[s[I`�XTm8R�u�P?^�RZK�eT`�SGY�P(eTP��]_ZP�ecu�P?^�RZK�eT`?Ã

ê1��P?U/P?Y�g u�P?^�RZK�e brRTVfm#Rp\i[sS�g�`|^�RZP��B¡c§
�M® ��Y�K [WPtVf_ Skm?[fS/`�`�\i[fS�g�Vs_Zqx^�RTP�¦$£¨§
©
¤��]¢k��Ø¨¢,¡
¢k�tY�K [fPtVs`
Vfu�\][WP�u�P�_1^=P�eIÃ

¿���^�RZP�m?[sS/`�`�\i[sS�g�Vf_Zq|^�RZP³¦$£¨§�¢��
	
¢�Y�K [WPam�K _1^�S/Vf_T`wSG^([WP�S/`=^(K _ZP�u�P?^�RZK�e�brRiVfm8R�\][fS�g�`�^�RZP � �
�M±��]û[¢
Y�K [WP/�-³L[f[�u�P?^�RZK�eT`-brRiVfm8R�\i[fS�gw^�RiVf`°Y�K [WP�SGY�P�Vfua\i[WP�u�P�_1^=P�evS/_Team�K _1^�S/Vf_aSG^�[WP�S/`=^-K _TPrVf_1U/K�m?SG^�VWK _
^=K�^�RTP�`=^�SG^=P(UGSGY8VfSGNi[fPL\][fS�g�Vf_Zqv^�RZPíû[¢,¡
¢k��Y8K [WP�K/}°S�u�P?^�RZK�ecbrRTVfm#R|\i[fS�g�`�^�RTP��É¡c§T�/® �wY�K [WP/Ã

¨��rS/_1g m?[fS/`8`|\i[fS�g�Vf_Zq{^�RZPë¦�®   �T§�¢|Y�K [fPtVs`�[sVf_Z�/P�e ^=Kj^�RZP�m?[fS/`�`|\i[sS�g�Vf_Zq{^�RZPë¦3£¨§
¢k�
	T¢�Y�K [fPBN�g S/_
S/`�`=K�m?VfSG^�VWK _µK/Y(SGq/q/Y�P?q SG^�VWK _xY�P�[fSG^�VWK _���S/_Te�^�RZPam?[fVfP�_�^�m?[fS/`�`�P�`�m�K uau�XT_TVfm?SG^=PabdVW^�Rt^�RZPam�K _1^=P���^
N�g|Vs_�U/K/��Vf_Zq�VW^�` � �
�M±��]û[¢�u�P?^�RZK�eT`?�
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��RZP��]Y8`=^aK/}�^�RZP�`�Pª\TY8K/\yP?Y8^�VWP�`aVf`�S/_TS/[WK/q/K XT`�^=K{^�RZP��iY#`=^a\TY�K/\QP?Y�^zgjK/}�^�RZPª©ªP�eTVfSG^=K/Y�\iSG^=^=P?Y8_ ¤Â`=P?P
£�P�m�^�VWK _�«��f§�­�� XZ\�^=Kd^�RZP&_TS/u�P�`°K/}T^�RTP�m?[fS/`�`�P�`�K/}]m�K XZY8`=P/�GNiXZ^°S/`�Vf_(^�RTP���P�u�\i[fSG^=P&©�P?^�RTK�e�\iSG^=^=P?Y8_|¤Â`=P?P
£�P�m�^�VWK _�«��	«1­Ib�P�eZK�_ZK/^�_ZP?P�e(^=K�`=\QP�m?VW}�g�P���\i[fVfm?VW^�[fgd^�RTSG^�^�RZP�Ø¨¢,¡
¢k�Dm?[fS/`�`�Vf`°SGNi`=^=Y8S/m�^�NQP�m?S/XT`=P&S/m?m�K/Y8eTVf_Tq
^=KL\iY�K/\QP?Y�^¾g(ðr^�RZP&m?[fS/`�`�m�K _�^�S/Vs_T`�SdeZP��y_ZP�ewuaP?^�RZK�e�S/_Tew^�RZP?Y�P?}�K/Y�P�m?S/_T_ZK/^°NQP�m�K _Tm�Y�P?^=P/��V�P&^�RZP?Y8P?}~K/Y�P
`=\QP�m?VW}~g�K _T[Wg�^�RZP�\TY�K/\QP?Y�^�VfP�`&K/}°^�RTP�RTVWP?Y8SGY8m#R�gyÁ

å�ä]æ�á�Û
£�^�SG^=P RTVWP?Y#SGY8m8R1gªÁ|V } ·�P�`�Vfq _ �dP�_TS/uaVf_ZqSâ ã ÈIÈyæ
£�^�SG^=P RTVWP?Y#SGY8m8R1gy¤ÂeTY?­²ã

RTVWP?Y8SGY8m#R�gQ¤¾£�^�SG^=P/�3ä/®DK _Tm�Y�P?^=P
£�^�SG^=PTå��3ä�®DK _1^=P���^?�I®&[fVWP�_1^-å/�ieZY?­

��RZPa`=P�m�K _Teh\TY�K/\QP?Y�^zgBVf`(`=\QP�m?V��iP�e�XT`�Vs_Zq|^�RZPa}¦XT_Tm�^�VWK _T`­Z7ïT`�À�¸aÀ f�\8Z�S/_Te�`�À Ü�f�\"Ü]XDZ]¸×Z ÜIg�^TÀ�À�}�Y�K u E è�Go�
��RZPr}¦XT_Tm�^�VfK _áZ�ï�`�À-¸aÀ fT\8Z�m8RZP�m8��`D^�RTSG^&Sw`8Vf_Zq [WPrm?[sS/`�`�Vs_�^�RZP�eZP�`�VWq _�\i[fS�g�`�Swq VWU/P�_�Y�K [WPLVf_a^�RZPd\iSG^=^=P?Y8_I�
S/_Tec^�RZP�}¦XT_Tm�^�VWK _�`�À Ü7fT\"Ü]XDZ]¸×Z Ü]g�^
À�À(m#RZP�m���`d^�RTSG^rS/[f[Im?[fS/`8`=P�`�^�RTSG^r\i[fS�g|Svq VWU/P�_�Y�K [WP�SGY�P�m�K _Tm�Y8P?^=P/�

å�ä]æ�á�Û
P��ZVf`=^�` K _ZP ®DK _�^=P���^�Á~V } ·�P�`�VWq _ �rP�_iS/uaVf_ZqSâ ã ÈIÈyæ
P��ZVf`=^�` K _ZP ®DK _�^=P���^�¤ÂeZY?­pã P���Vs`=^�` K _ZP ¤¾®DK _1^=P���^?�yeZY?­��

Vf` m�K _Tm�Y�P?^=P ®DK _1^=P���^wÁ�V } ·LP�`8VWq _ �rP�_TS/uaVs_ZqSâ ã ÈIÈ]æ
Vf` m�K _Tm�Y�P?^=P ®DK _1^=P���^�¤ÂeTY?­pã Vs` m�K _Tm�Y�P?^=P m?[sS/`�`�¤¾®DK _1^=P���^?�yeZY?­��

¶�Y�K/\QP?Y�^�VWP�`-ì�� è�S/_iea¹�SGY�P�S/_TS/[WK/q/K XT`-^=K�\iY�K/\QP?Y�^�VWP�`-ì�� è�S/_Tea¹dK/}y^�RZP�©�P�eiVfSG^=K/Y-\iSG^=^=P?Y8_I�-��RTP&`�\yP�m?VW�Tn
m?SG^�VWK _T`DK/}I^�RZP�`=PL\TY�K/\QP?Y�^�VWP�`�^�RZP?Y�P?}�K/Y�PL}~K [f[fK�bp^�RTPLm�K/Y�Y8P�`=\QK _TeTVf_Zq�`�\yP�m?VW�]m?SG^�VWK _T`�q VWU/P�_�Vf_�£�P�m�^�VfK _�«��f§G�

å�ä]æ�á�Û
m�K _1^=P���^ Y�P�[sSG^�VWK _T`�RTVf\BÁ�V } ·�P�`�VWq _ �dP�_TS/uaVf_Zq­â ã ÈIÈyæ
m�K _1^=P���^ Y�P�[sSG^�VWK _T`�RTVf\�¤ÂeZY?­~ã

RTS/` S/`8`=K�m SGq/q/Y UGSGY Y8P�_
¤¾®DK _1^=P���^?�I£�^�SG^=P/�]³dq/q/Y�P?q SG^�VWK _��]`=^�SG^=P/�IJ��¼K _ZP/�ieZY�­²î

RTS/` Xi_TVf±�XZP S/`�`=K�m SGq/q/Y�¤¾®DK _1^=P���^?��£�^�SG^=P/�]eTY?­²î
`=^=K/Y�P XT_TVf±�XZP U�Ni[WP ¤¾®DK _1^=P���^?�i`=^�SG^=P/�]eTY?­��

P��ZVf`=^�` ®DK _Tm�Y�P?^=P
£�^�SG^=P�Á�V } ·�P�`�VWq _ �rP�_TS/u�Vf_ZqSâ ã ÈIÈ]æ
P��ZVf`=^�` ®DK _Tm�Y�P?^=P
£�^�SG^=P ¤ÂeZY?­pã P���Vf`�^�` Y�K [fP ¤¾®DK _Tm�Y�P?^=P
£�^�SG^=P/�QeZY?­��

Vf` ®DK _Tm�Y�P?^=P
£�^�SG^=P�Á~V } ·�P�`�VWq _ �rP�_TS/u�Vf_ZqSâ ã ÈIÈ]æ
Vf` ®DK _Tm�Y�P?^=P
£�^�SG^=P ¤ÂeZY?­pãOVf` m�K _im�Y�P?^=P ¤¾£�^�SG^=P/��®DK _Tm�Y�P?^=P
£�^�SG^=P/�QeZY?­

��RZPv`�V���^�R�\TY�K/\QP?Y�^zg�Vf`LVfeZP�_1^�Vfm?S/[�XT\ª^=K|^�RZPvm?[fS/`�`�S/_TeBu�P?^�RZK�eª_iS/u�P�`L^=K�^�RTPw^�RTVfY8e�\TY8K/\yP?Y8^¾gcK/}�^�RZP
��P�u�\][fSG^=P(©ªP?^�RZK�e�\iSG^=^=P?Y8_h¤Â`�P?P�£�P�m�^�VWK _�«��	«1­��
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å�ä]æ�á�Û
RTS/` ´�S/_TeT[WP eZP?}�Á�V } ·�P�`�VWq _ �dP�_TS/uaVf_ZqSâ ã ÈIÈyæ
RTS/` ´�S/_TeT[WP eZP?}ï¤ÂeTY?­²ã

RTS/` eTP?} u�P?^�RZK�e�¤¾£�^�SG^=P/�T´�S/_TeT[fP/�TeZY?­²î
RTS/` S/[s[ eZP?} uaP?^�RZK�e�¤¾£�^�SG^=P/�i´�S/_TeT[WP/�TeTY?­

¶�Y�K/\QP?Y�^zgcêvVs`�S/_TS/[WK/q/K XT`r^=Ka\TY�K/\QP?Y�^zg|¹vK/}°^�RZP(��P�u�\i[sSG^=P�©�P?^�RZK�e�\]SG^=^=P?Y8_I�

å�ä]æ�á�Û
S/[f[ ´LS/_ieT[WP Vsu�\i[°Á~V } ·�P�`�VWq _ �rP�_TS/uaVs_ZqSâ ã ÈIÈ]æ
S/[f[ ´LS/_ieT[WP Vsu�\i[o¤ÂeZY�­~ã

RTS/` S/[s[ Vfua\i[ u�P?^�RZK�e�¤¾®DK _im�Y�P?^=P
£�^�SG^=P/�y´LS/_Tei[WP/�TeZY?­

��RZP�P�VWq R1^�R \TY�K/\QP?Y�^¾gjVf`�_ZP?b�� ��RTP�}�S/m�^�^�RTSG^�Shm?[fS/`�`�RTS/`�Sh\iSGY8^�Vfm?XT[fSGY�uaP?^�RZK�e�¤¦brRTVfm#RpuaS�gjNQP
Vf_TRZP?Y8Vf^=P�eQ­�Vf`D`=\QP�m?V��iP�e�XT`�Vf_Tq�^�RZP�}�Xi_Tm�^�VWK _áZ7ïT`�À�¸aÀ _­ZI¸aÛUfIìG�TbdRTVf[WP�^�RTPL}¦XT_Tm�^�VfK _»ìQZ]g�Z×b ð�`a¸aÛ ¶
^TX(m#RZP�m���`
^�RZP�Y�P�uaS/Vs_TeZP?Y&K/}�^�RZP�\TY�K/\QP?Y�^zg/�

å�ä]æ�á�Û
Vf_T`8VfeZP �dP�±1XZP�`�^�Á~V } ·LP�`8VWq _ �rP�_TS/uaVs_Zq­â ã ÈIÈ]æ
Vf_T`8VfeZP �dP�±1XZP�`�^�¤ÂeT`?�ZY?­Ñã

P���Vf`�^�` u�P?^�RTK�e�¤¾®&K _�^=P���^?�i�dP�±1XZP�`�^?�TY?­²î
eZP�[WP?q bdVW^�R UGSGY�¤¾®DK _1^=P���^?�i�rP�±�XZP�`=^?�]`=^�SG^=P/�Q£�^�SG^=P/�]´LS/_ieT[WP/�I¤ÂeT`?�TY�­=­

��RZP|�]_TS/[&\iY�K/\QP?Y�^¾g{Vf`�S/[f`=Kµ_ZP?b S/_TejVf`am#RZP�m��/P�e XT`�Vf_Tqª^�RZP�}�XT_im�^�VWK _T`SÛU^
À ^
À�À]fIÜ ^Ib�b�X X[Z]g(¸�Ý7d/ZBS/_Te
ècÀIZ `�\"¸×Z-Xa¬-^�Ü�Z��D��RZP�`=P�m#RZP�m��c^�RZP�^zb�K�m?[fS/XT`=P�`�K/}°^�RTP��]_TS/[Q\TY�K/\QP?Y�^zg�Y8P�`=\QP�m�^�VWU/P�[Wg/�

å�ä]æ�á�Û
m?[fVWP�_1^ Y�P�[fSG^�VWK _T`8RTVW\BÁ~V } ·LP�`8VWq _ �rP�_TS/uaVs_Zq­â ã ÈIÈ]æ
m?[fVWP�_1^ Y�P�[fSG^�VWK _T`8RTVW\�¤ÂeZY�­�ã

RTS/` S/`8`=K�m SGq/q/Y Y�P�[W^zg1\QP ¤¾®&[sVWP�_�^?�]®&K _�^=P���^?�i³L`�`�³dq/q/Y��yJ��¼K _ZP/�yeZY?­²î
XT`=P Vs_�^=P?Y�}¦S/m�P ¤¾®&[fVfP�_�^?�y®&K _�^=P���^?�T�rP�±�XZP�`=^?�]eZY?­

��RZP�`=P�\TY�K/\QP?Y�^�VWP�`wSGY�P�^�RTP�_{m�K uwNiVf_TP�eµ^=K/q/P?^�RZP?Y�^=Ktq VWU/P�^�RZP�}�K [f[WK
brVf_Zq�}�XT_im�^�VWK _µbrRiVfm8R{m8RZP�m8��`�Vf}&S
eZP�`�VWq _|Y�P?\iY�P�`=P�_1^�`rS�£�^�SG^=Pw\iSG^=^=P?Y8_IÁ

å�ä]æ�á�Û
Vf` `=^�SG^=P \iSG^=^=P?Y8_hÁ�V } ·�P�`�Vfq _ �dP�_TS/uaVf_TqSâ ã ÈIÈ]æ
Vf` `=^�SG^=P \iSG^=^=P?Y8_�¤ÂeTY?­Ñã
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Vf` m�K _im�Y�P?^=P ®DK _�^=P���^�¤ÂeZY?­pî
P���Vf`�^�` K _ZP ®DK _1^=P���^�¤ÂeTY?­Ñî
£�^�SG^=P RiVWP?Y8SGY8m#R�gQ¤ÂeZY?­²î
P���Vf`�^�` ®DK _im�Y�P?^=P
£�^�SG^=P ¤ÂeZY?­�î
m?[fVWP�_1^ Y�P�[fSG^�VfK _T`�RTVW\�¤ÂeZY?­|î
m�K _�^=P���^ Y�P�[fSG^�VWK _T`8RTVW\�¤ÂeZY�­~î
Vf` ®&K _Tm�Y�P?^=P
£�^�SG^=P ¤ÂeZY�­Ñî
RTS/` ´�S/_TeT[fP eZP?}3¤ÂeZY?­²îkS/[s[ ´�S/_TeT[WP Vfu�\i[¾¤ÂeZY?­|î{Vf_T`�VfeTP �rP�±�XZP�`=^�¤ÂeZY�­

fB��� � EGF c E ���Ød � c EGE � FQ�

��RZP�£�^=Y8SG^=P?q/gB\iSG^=^=P?Y8_I��brRTVfm#RBVs`�S/[f`=K|��_TK�br_�S/`�^�RTP�¶�K [fVsm�g�\iSG^=^=P?Y8_���Vf`�XT`=P�e A3brRTP�_�uaS/_�gBY�P�[fSG^=P�e
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`=K�u�XT`=^�NQP�SGNi`=^=Y8S/m�^?�

å�ä]æ�á�Û
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³rq/q/Y�P?q SG^=P/�¹ä�®DK _Tm�Y8P?^=P�³rq/q/Y�P?q SG^=PTåZ�3ä��ï^=P?Y8SG^=K/Y��I®DK _Tm�Y�P?^=P?�ï^=P?Y8SG^=K/Y]å��ieZY
­��

�ï^=P?Y8SG^=K/Y RTVWP?Y8SGY#m8R1gªÁ~V } ·�P�`�VWq _ �rP�_iS/uaVf_ZqSâ ã ÈIÈyæ
�ï^=P?Y8SG^=K/Y RTVWP?Y8SGY#m8R1gy¤ÂeZY�­²ã

RTVWP?Y8SGY8m#R�g
¤

�z^=P?Y8SG^=K/Y��3äG®DK _Tm�Y8P?^=P?�z^=P?Y8SG^=K/YIå1�@ä
³dq/q/Y�P?q SG^=P/��®DK _Tm�Y�P?^=P�³dq/q/Y�P?q SG^=PTåZ�ieZY
­

��RZPr^�RiVWY8e�\TY8K/\yP?Y8^¾g�Vf`�S/_iS/[WK/q/K XT`D^=K(\TY8K/\yP?Y8^¾g�ì�K/}I^�RTPL��P�u�\i[fSG^=P�©ªP?^�RZK�e�\]SG^=^=P?Y8_ª¤Â`�P?P�£�P�m�^�VfK _�«��	«1­�Á
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å�ä]æ�á�Û
RTS/` M-VWY8`=^ eZP?}DÁ~V } ·LP�`8VWq _ �dP�_TS/uaVf_TqSâ ã ÈIÈ]æ
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��RZP(P�Vfq R�^�RªS/_Teª_iVf_�^�R�\TY�K/\QP?Y�^�VWP�`dSGY�PwS/_TS/[fK/q/K XT`r^=K�\TY�K/\QP?Y�^zg�¹aK/}-^�RZP�©�P�eiVfSG^=K/Yd\]SG^=^=P?Y8_x¤Â`�P?P�£�P�m6n
^�VWK _�«��f§GÁ

å�ä]æ�á�Û
P��ZVf`=^�` ®DK _Tm�Y�P?^=P�³dq/q/Y�P?q SG^=P|Á�V } ·�P�`�VWq _ �rP�_TS/u�Vf_Zq­â ã ÈIÈ]æ
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Vf` m�K _Tm�Y�P?^=P �ï^=P?Y8SG^=K/YwÁ�V } ·�P�`�VWq _ �dP�_TS/uaVf_ZqSâ ã ÈIÈyæ
Vf` m�K _Tm�Y�P?^=P �ï^=P?Y8SG^=K/Y�¤ÂeZY?­�ã
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¶�Y�K/\QP?Y�^�VWP�`�§?¬r^�RTY�K XZq R�§�ìdSGY�P&`=\QP�m?V��iP�e�`8Vfu�\i[Wg�XT`�Vs_Zq�^�RZPD}�XT_im�^�VWK _YÛU^TÀ `�_´d"g _­Z]¸aÛUf½ì(bdRTVfm8R(bDS/`°XT`=P�e
Vf_|^�RZP(`=\QP�m?V��ym?SG^�VWK _|K/}�^�RTP�}~K XTY�^�Rc\TY�K/\QP?Y�^zg�K/}�^�RZP���P�u�\i[fSG^=Pw©�P?^�RZK�ec\iSG^=^=P?Y#_h¤Â`=P?P�£�P�m�^�VWK _�«��	«1­��

å�ä]æ�á�Û
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RTS/` ¡LP���^ Vfu�\i[�Á�V } ·�P�`�VWq _ �dP�_TS/uaVf_Zq­â ã ÈIÈyæ
RTS/` ¡LP���^ Vfu�\i[¾¤ÂeZY?­|ã
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RTS/` ®&XZY8Y�P�_�^=�ï^=P�u Vfu�\i[°Á~V } ·�P�`�VWq _ �rP�_TS/u�Vf_ZqSâ ã ÈIÈ]æ
RTS/` ®&XZY8Y�P�_�^=�ï^=P�u Vfu�\i[o¤ÂeTY?­~ã

RTS/` Vsu�\i[ uaP?^�RZK�e�¤¾®DK _Tm�Y�P?^=P?�ï^=P?Y8SG^=K/Y��I®&XZY�Y�P�_1^=�ï^=P�uc�TeZY?­
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Ü]Û
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`=\QK _TehP��ZS/m�^�[Wg{^=Kt^�RZP|\TY�K/\QP?Y�^�VWP�`wY�P�±�XTVWY�P�eI����RTP�}¦XT_Tm�^�VWK _ ìT`  �Z-XDZ-\"¸ Ü]XDZD^�¸×Z `�¸×Z-X[^�¸5fTX�S/m�^�XTS/[s[WghXT`=P�`
^�RZPv��_ZK
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X[Z-À g�f½Ü ¶
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bcZ `a\/À-¸ ^�d¨^TX[^T_ À]Z]g ¬j^=K�`�Vfua\i[fVW}�g�^�RZP|`=\QP�m?V��]m?SG^�VfK _I�·V�P|��_ZK�b½}�Y�K uí^�RTVf`�}¦XT_Tm�^�VfK _h^�RTSG^
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XTVf`�VW^=PaVs_T`=^�S/_1^�VfSG^�VWK _hVs_µVW^�`�NQK�eZg/�|��RZP?Y�P?}�K/Y�P/�°b�P�m?S/_xXT`�Pa^�RZPaY�P�`8XT[W^�`�K/}&^�RZP�eTV��QP?Y�P�_1^(u�P?^�RZK�eT`�^=K
S/m?m�P�`�`r^�RTP�VWY�Y�P�`=\QP�m�^�VWU/P�Vs_T`=^�S/_1^�VfSG^�VWK _T`�S/_ie�VW^�^�RZP�_�`8X¨J�m�P�`�^=K�P�_T`�XZY�P�^�RiSG^�^�RZP�`=P(Vs_T`=^�S/_1^�VfSG^�VWK _T`�SGY�P
eTV��QP?Y�P�_�^�Vf_ceiV��yP?Y8P�_�^ ¦�¤��I¡
¢k� × ¢��T¤�¡
¢k£Q¤°u�P?^�RTK�eT`�Á�`�Vf_Tm�P�^�RZP�\iSGY8S/uaP?^=P?Yr^=K�P�S/m8R�K/}�^�RTP�`=P�Vf_T`=^�S/_1^�VfSG^�VWK _i`
Vf`L^�RZP�`�S/u�P/��_TS/u�P�[fgeû[�T® �3��^�RZPvVf_T`=^�S/_1^�VfSG^�VWK _T`�m?S/_tK _T[fg�NQP�eTVW�yP?Y�P�_1^�VW}�^�RZP�m?[fS/`�`�P�`�^�RZP?g�Vf_T`�^�S/_�^�VfSG^=P
SGY�P(eTV��QP?Y�P�_1^?�

å�ä]æ�á�Û
RTS/` ®DY�P�SG^=P?�ï^=P?Y8SG^=K/Y Vfua\i[�Á�V } ·LP�`8VWq _ �rP�_TS/uaVs_Zq­â ã ÈIÈ]æ
RTS/` ®DY�P�SG^=P?�ï^=P?Y8SG^=K/Y Vfua\i[o¤ÂeZY?­|ã

Y�P�` [fK�m U m8RZq/P Vf_i`=^ SG\iSGY#S/u `�P�[W}
¤¾®DK _Tm�Y8P?^=P�³rq/q/Y�P?q SG^=P/��®&Y�P�SG^=P?�z^=P?Y#SG^=K/Y��Q®DK _im�Y�P?^=P?�z^=P?Y#SG^=K/Y��]eZY�­²î

eTV��QP?Y�P�_�^ m�Y�P�SG^=P VW^=P?Y8SG^=K/Y
¤¾®DK _Tm�Y8P?^=P�³rq/q/Y�P?q SG^=P/��®&Y�P�SG^=P?�z^=P?Y#SG^=K/Y��]eZY�­²î

_ZY�K Vs_T`=^ S/`8`=K
¤¾®DK _Tm�Y8P?^=P�³rq/q/Y�P?q SG^=P/��®&K _Tm�Y�P?^=P?�ï^=P?Y8SG^=K/Y��Q®&Y�P�SG^=P?�z^=P?Y#SG^=K/Y��]eZY�­

¶�Y�K/\QP?Y�^zgB§�¹�Vs`�m8RZP�m8�/P�eªeiVWY�P�m�^�[Wg�XT`�Vf_Zqv^�RZP(}�XT_im�^�VWK _áÛU^
À `a\/À-¸5^T\s¸�`�^�¸�`�f�\T�

å�ä]æ�á�Û
®DK _Tm�Y8P?^=P�³rq/q/Y�P?q SG^=P m�Y�P�SG^=P�` VW^=P?Y8SG^=K/YwÁ�V } ·LP�`8VWq _ �rP�_TS/uaVs_Zq­â ã ÈIÈ]æ
®DK _Tm�Y8P?^=P�³rq/q/Y�P?q SG^=P m�Y�P�SG^=P�` VW^=P?Y8SG^=K/Y
¤ÂeZY?­²ã

RTS/` Vs_T`=^�S/_1^�VfSG^�VWK _�¤¾®DK _im�Y�P?^=P�³rq/q/Y8P?q SG^=P/��®&K _Tm�Y�P?^=P?�ï^=P?Y8SG^=K/Y��]eTY?­

��RZPL}�XT_im�^�VWK _áZ�é]èM^Tg `a\/À-¸ ^TÀ�À-faVf`�Xi`=P�e�^=K�U/P?Y8VW}�ga^�RZPd�]_TS/[]\TY�K/\QP?Y�^zg/�-��RTVf`�SGq S/Vf_|m�K/Y�Y�P�`=\QK _TeT`�P��ZS/m�^�[Wg
^=Ka^�RZP�\TY8K/\yP?Y8^¾g�Y�P�±1XiVWY�P�eI�

å�ä]æ�á�Û
®DK _Tm�Y8P?^=P�³rq/q/Y�P?q SG^=P �z^=P?Y#SG^=K/Y(Á~V } ·�P�`�VWq _ �rP�_TS/u�Vf_ZqSâ ã ÈIÈ]æ
®DK _Tm�Y8P?^=P�³rq/q/Y�P?q SG^=P �z^=P?Y#SG^=K/Y�¤ÂeZY?­Ñã

P�±1XTS/[ Vf_T`�^ S/`�`=KT¤¾®&K _Tm�Y�P?^=P�³dq/q/Y�P?q SG^=P/��®DK _Tm�Y�P?^=P?�ï^=P?Y8SG^=K/Y��yeZY?­

³d[f[i^�RZP�`=PL\TY�K/\QP?Y�^�VWP�`�SGY�Pd^�RTP�_�m�K uwNiVf_ZP�e�Vf_�^�RZPd`=^�S/_ieTSGY8e�bDS�ga^=Kwq VfU/Pd^�RZPd}~K [s[WK�brVs_Zq�}¦XT_Tm�^�VWK _�brRTVfm#R
U/P?Y8V��iP�`�bdRZP?^�RZP?Y�K/Yr_TK/^rS�eZP�`�VWq _�uaSG^�m8RZP�`r^�RZP��ï^=P?Y8SG^=K/Yr\]SG^=^=P?Y8_IÁ

å�ä]æ�á�Û
Vf` S/_ VW^=P?Y8SG^=K/Y(Á�V } ·�P�`�VWq _ �dP�_TS/uaVf_Zq­â ã ÈIÈyæ
Vf` S/_ VW^=P?Y8SG^=K/Y�¤ÂeZY�­²ã
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ã Û�Î�ä�å�Ì�È]á�Ë�äiæ&çdäTÏ�Ï�Û�Ë�Ú�Ü ô Ó

³rq/q/Y�P?q SG^=P RiVWP?Y8SGY8m#R�gQ¤ÂeZY?­²î
�z^=P?Y8SG^=K/Y RTVfP?Y8SGY8m8R1gQ¤ÂeZY?­²î
P���Vf`�^�` ®DK _im�Y�P?^=P�³rq/q/Y8P?q SG^=P ¤ÂeZY?­´î
P���Vf`�^�` ®DK _im�Y�P?^=P?�z^=P?Y#SG^=K/Y�¤ÂeZY?­�î
Vf` m�K _im�Y�P?^=P ³rq/q/Y�P?q SG^=P ¤ÂeTY?­�î
Vf` m�K _im�Y�P?^=P �z^=P?Y8SG^=K/Y
¤ÂeZY?­Ñî
RTS/` M-VWY#`=^ eZP?}3¤ÂeZY?­²î
RTS/` ¡LP���^ eTP?}ï¤ÂeZY�­²î
RTS/` �3`=·�K _ZP eZP?}3¤ÂeZY?­²î
RTS/` ®�XZY�Y�P�_1^=�z^=P�u eZP?}3¤ÂeZY?­²î
RTS/` M-VWY#`=^ Vfua\i[o¤ÂeZY?­|î
RTS/` ¡LP���^ Vsu�\i[o¤ÂeZY�­~î
RTS/` �3`=·�K _ZP Vfu�\i[¾¤ÂeZY?­|î
RTS/` ®�XZY�Y�P�_1^=�z^=P�u Vfu�\][o¤ÂeZY?­|î
RTS/` ®&Y�P�SG^=P?�z^=P?Y#SG^=K/Y eZP?}3¤ÂeZY?­²î
RTS/` ®&Y�P�SG^=P?�z^=P?Y#SG^=K/Y Vfu�\i[¾¤ÂeZY?­|î
®DK _Tm�Y�P?^=P�³dq/q/Y�P?q SG^=P m�Y�P�SG^=P�` Vf^=P?Y8SG^=K/Y�¤ÂeZY?­pî
®DK _Tm�Y�P?^=P�³dq/q/Y�P?q SG^=P �ï^=P?Y8SG^=K/Y�¤ÂeZY�­

fB��! b��MóO� �°ET�º� c EGE � FQ�

��RZPw©ªP�u�P�_1^=K�\]SG^=^=P?Y8_I�ybrRTVfm#R�Vf`rS/[s`=K���_ZK�bd_ªS/`d^�RZPw��K/�/P�_B\iSG^=^=P?Y8_I�yVf`rXi`=P�e�brRTP�_õA=S�`�_TSG\i`�RTK/^�K/}
¤Â`=K u�P�\yK/Y8^�VWK _�K/}�­�S/_hK/N�l=P�m�^?Åº`v`=^�SG^=P|uwXT`�^(NQP�`�S�U/P�e{`�K�^�RTSG^�^�RZP�K/NZl3P�m�^vm?S/_hNQPaY8P�`=^=K/Y�P�ex^=Kª^�RTSG^
`=^�SG^=Pc[fSG^=P?Y���NiXZ^(SBeTVWY8P�m�^(Vf_1^=P?Y�}�S/m�P�^=KBK/NT^�S/Vf_TVf_Tq�^�RZP�`�^�SG^=P�bDK XT[fehP���\QK `=P�Vfu�\i[fP�u�P�_�^�SG^�VfK _heZP?^�S/Vf[s`
S/_TecNTY�P�SG��^�RZP�K/NZl3P�m�^?Åº`rP�_Tm?SG\i`�XT[sSG^�VWK _MCeE¼¹�Go����RTP�`=^=Y8XTm�^�XZY8P�K/}°^�RTP�\iSG^=^=P?Y8_�Vs`�`�RZK�bd_�Vf_|M-VWq XZY�P(¿��

memento

   SetMemento(Memento m)

   CreateMemento()

state

return new Memento(state)

Originator Memento

   GetState()

   SetState()

state

Caretaker

state = m -> GetState()

M-VWq XZY8P(¿�Á�©�P�uaP�_�^=K�¶�SG^=^=P?Y#_B£�^=Y8Xim�^�XZY�P

��RZP�Vf_1^=P�_�^?�i\iSGY�^�Vfm?VW\]S/_�^�`�S/_Te�m�K [f[fSGNQK/Y8SG^�VWK _T`&K/}�^�RZP�\]SG^=^=P?Y8_�SGY�P�eTP��]_ZP�ecS/`�}�K [f[WK
br`�Vf_�E¼¹�GoÁ

ß ÚyÏ�Û�ÚyÏ
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V VW^�RZK XZ^�U�VWK [fSG^�Vs_Zq�P�_Tm?SG\i`�Xi[fSG^�VWK _I��m?SG\i^�XZY�PrS/_TeaP���^=P?Y8_iS/[fV��?PrS/_�K/NZl3P�m�^?Åº`DVf_1^=P?Y8_TS/[T`=^�SG^=PL`=K�^�RTSG^
^�RZP�K/NZl3P�m�^rm?S/_�NQP�Y�P�`=^=K/Y�P�ec^=K�^�RTVf`�`=^�SG^=P�[fSG^=P?Y��

çdäTË
Ï
Ì�â�Ì�É°äiÚyÏ�Ü

� Û�øxÛ�ÚyÏ�È
� `=^=K/Y�P�`-Vs_�^=P?Y8_iS/[�`�^�SG^=P�K/}T^�RZPr¸LY8VWq Vs_TSG^=K/Y�K/NZl3P�m�^?�-��RZP&u�P�u�P�_1^=K�uaS�gw`=^=K/Y�P�S/`-u�XTm8RvK/Y
S/`-[fVW^=^�[fP�K/}T^�RZP&K/Y8VWq Vs_TSG^=K/Y�Åº`°Vf_�^=P?Y#_TS/[1`�^�SG^=P&S/`�_ZP�m�P�`8`�SGY�g(SG^-VW^�`�K/Y8VWq Vf_iSG^=K/Y�Åº`�eTVf`�m�Y�P?^�VfK _I�

� \TY�K/^=P�m�^�`|SGq S/Vf_i`=^�S/m?m�P�`�`�N�gjK/N�l=P�m�^�`�K/^�RTP?Y�^�RTS/_p^�RZPBK/Y8VWq Vf_TSG^=K/Y�� ©ªP�u�P�_1^=K `|RTS�U/P
P��QP�m�^�VWU/P�[Wgµ^zb�KtVf_1^=P?Y�}�S/m�P�`��ª®&SGY�P?^�SG�/P?Yv`=P?P�`vS�_TSGY�Y�K
b Vs_�^=P?Y�}¦S/m�P�^=Kª^�RZP�©ªP�u�P�_1^=K�À
VW^�m?S/_hK _T[fgB\]S/`�`(^�RTP�u�P�u�P�_1^=KB^=KªK/^�RZP?Y�K/N�l=P�m�^�`?�B¸LY#VWq Vf_TSG^=K/Y���Vf_µm�K _1^=Y8S/`=^?��`=P?P�`wS
brVfeTPrVf_1^=P?Y�}�S/m�P/��K _ZPL^�RTSG^&[WP?^�`DVW^�S/m?m�P�`�`&S/[f[]^�RZPLeTSG^�Sw_TP�m�P�`�`�SGY�ga^=K�Y�P�`=^=K/Y8PLVW^�`�P�[W}Q^=K�VW^�`
\TY�P?U�VWK XT`�`=^�SG^=P/���3eZP�S/[f[Wg/��K _T[Wgv^�RZPLK/Y8VWq Vs_TSG^=K/Y�^�RiSG^�\TY8K�eTXim�P�ea^�RZPLu�P�u�P�_1^=K�bDK XT[fe�NQP
\QP?Y8uaVW^=^=P�e|^=K�S/m?m�P�`�`r^�RTP(u�P�u�P�_1^=KZÅº`rVf_1^=P?Y8_TS/[I`�^�SG^=P/�

�aË�Ì�ÍyÌ�Ú�äZÏ�È]Ë
� m�Y�P�SG^=P�`LSau�P�u�P�_1^=K�m�K _1^�S/Vf_TVf_TqaSa`�_TSG\i`8RZK/^�K/}°Vf^�`�m?XZY�Y�P�_1^�Vf_1^=P?Y8_TS/[I`=^�SG^=P/�
� XT`=P�`�^�RZP(u�P�u�P�_1^=Ka^=KaY8P�`=^=K/Y�P(VW^�`rVf_�^=P?Y#_TS/[I`=^�SG^=P/�

ÇwäTË�Û1Ï�äM	iÛ�Ë
� Vf`�Y8P�`=\QK _T`�VWNi[fPr}�K/Y�^�RZP(u�P�uaP�_�^=KZÅº`d`�SG}~P?�/P?P?\]Vf_ZqZ�
� _ZP?U/P?YdK/\yP?Y#SG^=P�`�K _cK/YdP���S/uaVs_ZP�`&^�RZP(m�K _1^=P�_�^�`dK/}-S�u�P�u�P�_1^=KZ�

ÇwÈ]æ¦æ�äM��È]Ë
äZÏ�Ì~ÈyÚ�Ü

� ³�m?SGY8P?^�SG�/P?Y�Y�P�±�XZP�`=^�`&SwuaP�u�P�_�^=Kv}�Y�K u½S/_�K/Y8VWq Vf_TSG^=K/Y���RZK [seT`�VW^D}�K/Y&Sw^�Vfu�P/�ZS/_Te�\iS/`�`�P�`DVf^
NiS/m8�L^=Kd^�RZP-K/Y8VWq Vs_TSG^=K/Y��
S/`�Vf[f[fXi`=^=Y8SG^=P�e�Vf_�^�RZP�Vf_1^=P?Y8S/m�^�VWK _weTVfSGq/Y8S/u Vs_�M�Vfq XZY�P�¨���£�K u�P?^�Vfu�P�`
^�RZP�m?SGY�P?^�SG�/P?Y�brVf[f[1_ZK/^�\iS/`�`°^�RZP�u�P�u�P�_1^=K�NiS/m���^=K�^�RZP&K/Y8VWq Vf_iSG^=K/Y��/NQP�m?S/XT`=PD^�RZP&K/Y8VWq Vf_TSG^=K/Y
uaVWq R1^�_ZP?U/P?YL_ZP?P�ec^=KaY�P?U/P?Y8^r^=K�S/_cP�SGY#[fVWP?Y�`=^�SG^=P/�

� ©ªP�u�P�_�^=K `�SGY�P|\iS/`�`�VfU/P/�x¸�_T[Wg�^�RZP|K/Y8Vfq Vf_TSG^=K/Yv^�RTSG^�m�Y�P�SG^=P�e�Stu�P�u�P�_1^=K�brVf[s[�S/`�`�Vfq _xK/Y
Y�P?^=Y8VfP?U/P(VW^�`�`=^�SG^=P/�

�ï_�^�RTPa\iSG^=^=P?Y8_µ`�^=Y8XTm�^�XZY�Pa`8RZK�br_hVf_tM-VWq XZY�P�¿|^�RTP·�>�TÚ��T§
¢k£�m?[sS/`�`(m�K _1^�S/Vf_T`#"B�]¢3Ø¨¢,¡
¢k�aS/_iehØ¨�]¢=Ø¨¢�¡
¢��
u�P?^�RZK�eT`�brRiVfm8RµSGY8PaNQK/^�Rh`�RZK
br_çA=Xi_TeZP��]_ZP�esC���^�RTSG^wVs`�brVW^�RZK XT^(S/_T_ZK/^�SG^�VWK _i`�K/Y(\]SGY8S/u�P?^=P?Y8`?�c��RTP
Y�P�S/`=K _|}�K/YD^�RiVf`&uaS�g�NyPLNQP�m?S/XT`=PL^�RZP?Y�P�SGY�P�Vf_�\TY8S/m�^�Vfm�P�eTVW�yP?Y�P�_1^DbDS�g�`&K/}°Vfu�\i[WP�uaP�_�^�Vf_Tq�^�RZP�`=P�u�P?^�R�n
K�eT`����3_�^�RZPDm?S/`�P�K/}yØ¨�]¢=Ø¨¢,¡�¢��/�/SG^�^�RZP&K _ZP&P���^=Y�P�uaPDbDP�m�K XT[fe�RTS�U/P�S�`�Vs_Zq [WP�uaP?^�RZK�e�brRiVfm8RvVf_T`�^�S/_�^�VfSG^=P�`
S/[f[�û[¢,¡�¢��aUGSGY8VfSGNi[fP�`�Vf_�^�RZPá�>�TÚ��T§
¢k£ªm?[fS/`�`(SG^wK _Tm�P/�-S/_TehSG^w^�RZP�K/^�RTP?Y(P���^=Y�P�u�P�bDP�m�K Xi[fehRTS�U/P�K _ZP
Ø¨�]¢3Ø/¢�¡
¢��|uaP?^�RZK�ek}�K/YaP�S/m#R�û[¢,¡�¢��|U�SGY#VfSGNi[WP/��bdVW^�RjS/_�g�^�RTVf_TqtVs_kNyP?^zb�P?P�_�^�RZP�`=Pc^¾bDKµP���^=Y�P�u�P�`�NyP�Vs_Zq
S/[f`=KcS�\yK `8`�VWNiVf[sVW^¾gt¤ÂVÂ�¼P/�I`=P?U/P?Y8S/[-Ø¨�]¢=Ø¨¢,¡�¢��vu�P?^�RZK�eT`LbrRTVfm#RªVf_i`=^�S/_�^�VsSG^=Pv`�K u�PvNiXZ^d_TK/^�S/[s[�K/}�^�RZP>û[¢�¡
¢��
U�SGY8VsSGNi[WP�`�­����ï_h^�RZP�m?S/`�P�K/}$"É�]¢=Ø¨¢,¡�¢��/��Sª`�VfuaVs[fSGY�Y8S/_Zq/PaK/}�S/[f^=P?Y8_TSG^�VWU/P�Vfu�\i[WP�uaP�_�^�SG^�VWK _i`�m?S/_hNQP�P�_�n
U�Vf`8SGq/P�eI�TS/_TecSGq S/Vf_|bDP�m�K XT[fe|RTS�U/P(S�`�Vf_Zq [fP%"É�]¢=Ø¨¢,¡
¢k��u�P?^�RZK�e|brRTVfm#R�Y�P?^�XZY8_T`&S/[f[y^�RZPwû[¢,¡
¢k��UGSGY8VfSGNi[fP�`
Vf_k^�RZPë�>�TÚN�T§�¢�£µm?[fS/`�`�SG^aK _Tm�P/�&K/Y�K _ZP&"É�]¢3Ø/¢�¡
¢��|uaP?^�RZK�e�}~K/Y�P�S/m8R�û[¢,¡
¢k�cUGSGY8VfSGN][WP/��K/Y�`=K u�P?^�RTVf_Tq
Vf_�^=P?Y#u�P�eTVfSG^=P�NQP?^¾bDP?P�_�^�RTP�`=P�^¾bDK�P���^=Y�P�u�P�`��

V RTVs[WP�VW^�bDK XT[feµNyP�\yK `8`�VWNi[WP�^=KB`=\QP�m?VW}�gª^�RZP�`�P�UGSGY8VWK XT`(S/[W^=P?Y8_TSG^�VWU/P�`��°bDP�}�P?P�[�^�RTSG^wRTS�U�Vs_Zq�K _T[WgtK _ZP
Ø¨�]¢3Ø/¢�¡
¢���u�P?^�RTK�ejS/_TekK _TP'"É�]¢3Ø/¢�¡
¢���u�P?^�RTK�ejVf`�uaK `=^aVf_�no�/P?P?\iVs_ZqªbdVW^�R{^�RZP�`=\iVWY#VW^(K/}L^�RZP|\iSG^=^=P?Y8_IÁ
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   GetState()

state2

state1

   CreateMemento()

   SetMemento(memento_param Memento)

{state1, state2} = memento_param -> GetState()

  originator -> SetMemento(memento)

.........

{state1, state2} = {state_param1, state_param2}

  memento = originator -> CreateMemento()

return {state1, state2}
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Subject Observer

Update()
Detach(Observer)
Attach(Observer)

Notify()

ConcreteSubject

subjectState

GetState()

SetState()

observers

Update()

observerState

ConcreteObserver
subject

return subjectState

for all o in observers {
   o -> Update() }

observerState =
   subject -> GetState()
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