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Ð ÑfÒ5ÓPÔ7Õ�ÖÄ×&ØAÓ7ÙkÕ5Ò
ÚH>9^Í\�89ÛP\_TSÜ¡TÇÝ]>(\KTÇ89?±TÇ^cÜ¡89<_LX>(?H= Ü¡89<_L�LM^K^KL�?f\_TÇ>9QAÞ�ßHL�? à©>9V�TÇ?7á�\K8¡<_L]>9QAÛH<K8;â7QSL]Ü/^2\KßH>(\
>(<_LÄÜ¡89<_LÄ>9?H= Ü�8;<KL&\KTÇÜ¡L�V�89?O^Í:7Ü¡TÇ?7á�à£8;<cL�RF>(QÇ:H>F\_TS?Há�>�ÛO89\KL]?;\_TÇ>9Q,^Í8;QS:7\KTÇ89?,4Pãcß7L]<KL�TÇ^
>�V�8;Ü¡Û7<K8;Ü¡TÇ^KLc\K8�89âP\)>(TÇ?{âOL�\kÞJL]L�?/8;?7QSä/^KÛOL]L]=PTÇ?7á�:7Û/\KßHL&89Û7\KTÇÜ�TÇÝ]>(\KTÇ89?{Ü¡L�\Kß78P={>9?H=
å L�L]Û7TÇ?7á¡á98U8P= æf:H>9QSTS\kä{TÇ?±8;âP\_>9TS?HL]=±^Í8;QS:P\_TS8;?H^�ç©^KL�L�èHá;:7<_L�é�êC4
ëi?{\KßHTÇ^2>(<K\KTWV�QÇL9EfÞJLÄÛ7<_89ÛA8;^KL&>(?{L]R98;QS:P\_TS8;?H>(<_ä�Ü�:7QS\KTSì�8;âPíkL]V�\KTÇR9LÄÜ�L�\Kß78P={\KßH>(\JTW^JâO>9^KL]=
89?�Ü/>9V)ß7TÇ?7LXQSLM>(<_?7TÇ?7á¡TS?�8;<_=PL]<2\K8/QÇL]>9=�^KL]>9<_V)ß \K8¡Û7<_89Ü¡TW^ÍTÇ?7á/>(<_L]>�\KßH<K8;:7á9ß \Kß7L�á9L�?7ì
L�<)>F\KTÇ89?O^�4;ëi?/\Kß7LÄ?7L�îU\2ÛH>(<K\]E;ÞJL�=PL]^_V�<_TSâAL�\_ß7L&<_L�QW>F\_TSR;L�ÞJ8;< å ^�>9?H=/TÇ?{ÛH>9<Í\_TÇV�:7QÇ>9<53pïJð
\KßH>(\2ßH>;^cV�89?O=P:HVC\c:H^J\K8¡=PL]R9L�QÇ89Û 3pï5ðñðóò�4Pãcß7L�?,EUÞ2L&Û7<_L]^KL�?f\2\Kß7LX>(ÛHÛ7QSTWV�>(\KTÇ89?%\KßH>(\
ßH>9^qâAL�L�?�:H^KL]=�\K8�\KLM^k\"8;:7<*Ü�L�\Kß78P=�4(ÚqTÇ?H>(QÇQÇä�ÞJLcá9TÇR9Lc>(?O=�=PTW^KV�:H^_^0<_L]^K:7QS\_^q89?¡=PTSôAL]<KL]?f\
TSÜ¡Û7QÇL�Ü¡L�?f\_L]=�^KV)ßHL�Ü¡L]^c8;?±>¡Þc>F\_L�<�^ÍäP^Í\KL]ÜõÛ7<_89â7QÇL�Ü�4

ö ÷�ø�ùúùüû
ãcß7L�<_L/>(<_L¡^KL�R;L�<)>(Q*Þ289< å ^Ä\_ßH>F\�TÇ?f\K<_8U=7:HV�L/Ü/>9V)ßHTS?7L¡QÇL]>9<K?7TÇ?7á�TÇ?ÎL]R98;QS:P\_TS8;?H>(<_ä�>(QÇá989ì
<KTS\Kß7Ü/^�>;^*\KßHL�ÞJ8;< å ^q8(à�ý�>�RUTW^ÍL�>9?H=/NUL�âH>9á/þ�éMÿ7E�é��HE�é����789<��&>(?O=7>/þ ���	�
��4(ãcß7LM^ÍL�Þ289< å ^
>(<_L�89?7QÇä¡89?/â7TS\c<KL]Û7<KLM^ÍL]?f\_>F\_TS8;?/>(?H=¡à£8;<5Ü¡89?H8(ì§89âPíkLMVC\KTÇR9L&Û7<K8;â7QÇL�Ü/^�4	� Ü¡89<_L�á;L�?7L]<_>9Q
>(Û7Û7<_8;>;V)ß V]>(?±âOLXà£8;:7?H=±TS?±\_ß7L�ÞJ8;< å 89àqð�TWV)ßH>9QÇ^ å T�E730ï5ð 4
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Quality Zone expected

Current best solution 

Number of evaluations

Increase quality

Reduce number of evaluations����� »��U»�� e�gihku�hkuvmMl/m�n�hk½fbcdPm�hkb)lFhku�e]|Ayim]|vr;hkuvmMl;y)É
��� � !�"$#
ãcß7L23pL]>9<K?H>9â7QÇLJï�R;89QÇ:P\KTÇ89?�ð�8P=PL�Q�ç©30ï5ðñêJþ %7E'&(�PTS?f\KL]á9<)>F\_L]^p>�^KäfÜ�âO8;QSTWVJQSLM>(<_?7TS?HáÄV�8;Ü�ì
ÛO8;?7L�?f\�\_8�L�R98;QS:7\KTÇ89?H>9<Kä�V�89Ü¡Û7:P\)>F\_TS8;?*)(TS\J^ÍL]L å ^"8;:P\�<K:HQSLM^"L�îPÛ7QW>(TÇ?7TÇ?7áX\Kß7LÄ=PT�ô�L�<_L�?OV�L]^
âOL�\kÞJL]L�?�\KßHL�âOL�\Í\_L�<X>(?H=±Þ289<)^ÍL�ÛAL�<Kà£89<_Ü¡L�<)^cTS?�\_ß7L�ÛA89Û7:HQÇ>(\KTÇ89?,EA>(?H=�á;L�?7L]<_>(\KL]^c?HL�Þ
TS?H=7TSRUTW=P:H>(QW^JâH>9^KL]=/8;?/\KßHL&\_L�Ü¡Û7QW>F\KLM^J^KÛAL]V�TSèHLM={TÇ?{\KßHL]^KL&<_:7QSLM^�4Uãcß7L�3pï5ð Ü�L�\Kß78P=P8;Q�ì
89á9ä%ßH>9^cÛ7<_8FR9LM=%>9â7QSL�\_8�TÇÜ¡Û7<_8FR9LX89? \Kß7L�L,+{V�TÇL�?HV�ä{8(àq\Kß7L�L]R98;QS:P\_TS8;?H>(<_ä¡Û7<_8UV�L]^_^
3pï5ð :H^KL]^-�/.�QÇL]>(<_?7TÇ?7á�>9QSá;89<_T�\_ß7Ü TS?±89<)=PL]<�\K8¡Û7<_8P=P:HV�L&<_:7QSLM^�4Pï�îUTW^Í\KTÇ?7á�TÇÜ¡Û7QÇL�Ü¡L�?Pì
\_>F\_TS8;?H^]E(^Í:HV)ß¡>9^0�/.�é;é�þSé�1(�,E(�/.�é2��þSé9é3�PßH>9?H=PQÇL�?789TW^KLJÞ�TS\Kß¡Û7<_L�>(?H=�ÛA8;^Í\Íì§Û7<K8PV�L]^_^ÍTÇ?7á
\KL]V)ßH?7TÇæf:7LM^�4Pãcß7LXâH>;^ÍTWV4�/. >(QÇá98;<KTS\Kß7Ü ßH8FÞJL]R9L�<ME9ßHL]>�RUTSQÇä{=PL]ÛOL]?H=7^c89?±^ÍÛAL]V�T�èAV&\_<_>9TS?7ì
TS?7á¡L�îP>9Ü¡Û7QSLM^�=P:7<_TS?Há¡^KL]>9<_V)ß[çÏ\_ß7L�>(QÇá98;<KTS\KßHÜ >9VC\_:H>(QÇQÇä{L�Ü¡Û7QÇ8FäP^�>�âAL]>9Ü ^KL]>9<_V)ßOê�4

���5� 687:9<;>=�9?=�@BADCE=�AF#HG:IB=�@5J3KML�N2O	P
=�@BQROTSDO	C>O	=�@ P89?I SRARU�@V=2W:X
3pï5ðñðóò�Þ�TSQÇQ�^ÍL]L å à£89<2<K:HQSLM^"\KßO>F\cL�îPÛ7QW>(TÇ?H^5Þ�ßUä/^K89Ü¡L&TÇ?H=PTÇRUTÇ=P:O>(QW^J=P8;Ü¡TS?H>(\KLÄ8(\KßHL�<)^
TS? >ñÜ�:7Q�\_T�ì§89â7íkL]VC\_TSR;L%ÛA89TÇ?f\�89à&RUTSL]Þ ç©V�QÇ>;^K^�á98U8P=Hê�>(?H=
Þ�ßfä�^K89Ü¡L TS?H=7TSRUTW=P:H>(QW^¡>(<_L
=P89Ü¡TÇ?H>F\_L]=�âfä�89\Kß7L]<�ç©V�QW>9^_^*âH>;=HêC4Fë§\"Þ�TÇQSQ7V�<KLM>F\KL2?7L]Þ
TÇ?H=PTÇRfTW=P:H>9QÇ^0\_ßH>(? å ^q\_8&\_ß7L�<K:HQSLM^
âfä�V�<KLM>F\KTÇ?7á%^K89QÇ:P\_TS8;?H^�\_ßH>F\�Ü/>F\_V)ß�\K8%ÛA8;^KTS\KTÇR9L�<_:7QÇL]^�>(?H=ñ=P89?*Y \ÄÜ/>(\_V)ß�\_8%?7L]á;>F\_TSR;L
<K:7QÇL]^]4�ZÎL{Þ�TSQÇQ5^KL�L�\KßO>F\�\KßHL�<_L{>(<_L¡^KL�R;L�<)>(Q*Þc>�äU^Ä\_8�>(Û7Û7QÇäó^K:HV)ß[>�Ü¡L]V)ßH>9?7TÇ^KÜ >9?H=
\KßH>(\&^Í8;Ü�L�>9<KLXâAL�\Í\_L�<�\_ßH>(?±8(\_ß7L�<)^]4
3pï5ðñðóòÌTW^�=PL]^KTSá;?7L]=ñ\K8 \_> å L/>(?Uä�<_:7QÇL�TÇ?H=P:OVC\KTÇ89?[>(QÇá98;<KTS\KßHÜ TS?Î89<)=PL�<�\_8 Û7<_8P=P:HV�L
<K:7QÇL]^2\_8{V�<_L]>(\KL�?7L�Þ�TS?O=PTSRUTW=P:H>9QÇ^]4
ëi? \Kß7TW^�èH<_^Í\�TÇÜ¡Û7QSL]Ü¡L�?f\_>(\KTÇ89?,EqÞJL%ßH>�R9L{=PLMV�TW=PL]= \K8�:H^KL[Z	\^]`_�>9^�>�<_:7QSL TS?O=P:HVC\_TS8;?
>(QÇá989<_TS\Kß7Ü�4;ãcßHL&âAL]^Í\ å ?78FÞ�?{>9QSá;89<_T�\_ß7ÜaZ	\^]`_�\)> å L]^5>�^ÍL�\J8(à,L�î7>(Ü¡Û7QÇL]^2>9^�TÇ?7Û7:7\c>9?H=
Û7<K8P=P:OV�L]^5>�=7L]V�TW^KTS8;?�\_<KL]L�Þ�ß7TWV)ß�TW^5V�89?H^KTW^k\_L�?f\"Þ�T�\_ß/L�î7>(Ü¡Û7QÇL]^�þSé2����4(ÚH<K8;Ü \_ß7L�\K<_L�L;E(TS\
TÇ^cLM>9^Kä¡\K8�89âP\)>(TÇ? <_:7QÇL]^J\KßH>(\&^Í:HT�\c\K8�L�î7>9Ü�ÛHQSLM^cÞ�T�\_ßbZ	\^]`_
c	dRe	f�gÄÞ�ß7TWV)ß TW^2à£:7<_?7TW^Íß7LM=
Þ�T�\_ß[Z	\�]`_XâUäh.Ä:7TÇ?7QÇ>9?,4i�&?/L�î7>(Ü¡Û7QÇL�89à�<_:7QÇL]^5á9L�?HL�<)>F\KLM=�TS?/8;:7<5>(ÛHÛ7QSTWV�>(\KTÇ89?/TW^�á;TSR;L�?
èHá9:7<_Lj�P4



ëi?ó8;<_=PL]<�\K8�:H^KL¡^K:HV)ß[>±Ü�L�\Kß78P=�EpÞJL¡ßH>�R;L�\_8 à©>;V�L�\K8�Û7<_89âHQSL]Übk�ßH8FÞÊ\K8�=PL�èH?7L¡\KßHL
^K>9Ü�ÛHQSL�^KL�\cà£89<lZ	\^]`_�>9?H= ß78FÞ \_8¡V�89?H^Í\K<_:HV�\2\_ß7LX?7L�Þ�^Í8;QS:7\KTÇ89?H^2à£<_89Ü \_ß7LXá9L]?7L�<)>F\_L]=
<K:7QÇL]^]4

�m�n� »�oH» ���fe�j�df|vbcm�n�d;gkm(}9rft)bC}�gkrf|vb)y�ÆF� ¤�p,�rq e]lf} ¤2p,�sq]�M�9�M¥F³ nÇm]g5t)mMlFhkuvl(rfm]rfy5e�hihigkuvÆfr9hkb)y)Ét<u?v ²�wyx�z|{ñ²2}�  ²�~�x�z��Î²2}M  ² u�� x�z�p�
� ¨M�M�F³�³��9���t
��v ² u�� x�z�pó²2}�  ² �iu x�z u�
� ¨M�M�F³�³��9���t w v ²�~ � �ñ²2}�  ² u {yx�z�q�
� ¨M�M�F³�³
�(�M�]�t p v ² u�� � p�
� ¨M�M�F³�³
�(�M�]�

� ADC>�,=�U�G>P(=2@BADC�AD��=�W>O��29?XF;�IBOF�2O	=��rARU
=2W:Oy@BC>7:G>P
O	U�9�IBSDA�U�@V=2W:X ëi?[89<)=PL�<�\_8
Û7<K8P=P:OV�L%<_:7QÇL]^]E0Zi\^]`_ñ?7L�LM=
>Î^ÍL�\�8(àÄL�î7>(Ü¡Û7QÇL]^�\K8[V�8;?H^k\_<K:OVC\�\Kß7L�=PL]V�TÇ^KTÇ89? \_<KL]L94*ëi?
>�Ü¡89?789ì�8;âPíkL]V�\KTÇR9L/Û7<_89âHQSL]Ü±E*ð�TWV)ßH>(QW^ å T�þ %HE'&(�J\_8f8 å \_ß7L��
1	� âAL]^Í\�TÇ?H=PTÇRUTÇ=P:O>(QW^�>9?H=
\Kß7L��
1	�úâH>;=PL]^Í\%8FR;L�<{\_ß7LñÛA89ÛH:7QÇ>(\KTÇ89?,42ëi? > Ü�:7QS\KTSì�8;âPíkL]V�\KTÇR9LñÛA89TÇ?f\ 89à�RfTÇL�Þ�EJ\KßHL
V�89?O^k\_<K:HV�\KTÇ89?�89à"\Kß7L�^K>9Ü�ÛHQSL�èHQSL�TÇ^ÄÜ¡89<_L�=PTn+{V�:7QS\]4�ãcß7L]<KL�TW^�>/QS89\Ä89à�ÛO8f^K^KTSâHTSQÇT�\kä±à£8;<
V�89?O^k\_<K:HV�\KTÇ?7á�\Kß7L�^KL�\�>9?H=±ÞJLXÞ�TÇQSQ�\_L]^Í\&^Í8;Ü¡L�89àp\_ß7L�Ü�4

� O	C>O	U�9<=�@ ARCFAD��C>Oi��@ C:7>@VQ*@ 7:G>9?I � ZóL�á;L�?7L]<_>(\KL�^KL�R9L]<_>9QU?7L�Þ TÇ?H=PTÇRfTW=P:H>9QÇ^"à£89<�LM>9V)ß
<K:7QÇL \KßH>(\¡TW^¡8(àÄ\Kß7L�V�QÇ>;^K^�á98U8P= ç�V�>(QÇQÇL]= >(QW^Í8ÎÛO8f^ÍTS\KTÇR9L±<_:7QSL�êC4�ãcß7L±?7L]ÞõTÇ?H=PTÇRfTW=P:H>9QÇ^
Þ�TSQÇQ5^K:7T�\�8;?7L¡8(à2\Kß7L/ÛA8;^KT�\_TSR;L¡<K:7QÇL]^�TÇ?[ß7TÇ^Xá;L�?789\käUÛOL;4,Ú789<�L�î7>(Ü¡Û7QÇL9E�\KßHL/TS?H=7TSRUTW=P:H>(Q�
�
�i�
�i� & �i� � �
�
�i�(�
�
�
�(�i�(� Þ�TÇQSQ"^K:7T�\�\KßHL�<_:7QSL¡ýl�H4�òÄ?7QÇä�>/à£L]Þ ÛH>(<K\Ä89à"\Kß7L�á9L]?78(\käUÛAL
TÇ^/=PLMV�TW=PL]= âUä \_ß7L�<K:HQSL;E*\Kß7L�<_L]^Í\/8(à&\_ß7L�á9L]?78(\käUÛAL�TÇ^�à£8;<¡\Kß7L�Ü¡89Ü¡L]?;\/<)>(?H=789Ü¡QSä
á9L�?HL�<)>F\KLM=�>9^Ä\_ß7L/>(:P\_ß789<)^X^Íß78FÞ�?�\KßH>(\XL]R9L]?ñ<)>(?H=P8;Ü¡QSä�V�89Ü¡Û7QÇL�\KTÇ89?ÎV�>9?ñá9TÇR9L�á98U8P=
<KLM^Í:7QS\_^]4,ãcß7L]?óÞ2L¡R9L�<_TSà£ä�\KßH>(\�\Kß7L¡?7L]Þ á9L]?7L�<)>F\_L]=ñTS?H=7TSRUTW=P:H>(QW^�=P8±?789\�Ü¡>(\_V)ßóÞ�T�\_ß
?7L�áf>F\KTÇR9L <K:HQSLM^�>9?H=�V�89<_<KLMVC\�\_ß7L�TS?O=PTSRUTW=P:H>9Q2TÇ?
Ü/>(\_V)ß7TÇ?7á[V�>9^KL94���QÇQc\KßHL Û7<_8PV�LM^K^�TÇ^
<KLMV�>(QÇQ�TÇ? èOá9:7<_L4�H4
� �E�$�$�ÍÙKØ� qÓPÙÍÕ5Ò ÓPÕ¢¡� qÓ<£,Ô¥¤�¦l§;Ó<£©¨
ZÎ>(\KL�<�=PTW^Í\K<_TSâ7:7\KTÇ89?�?7L�\kÞJ8;< å Ü¡8P=PL�QÇTÇ?7á%TW^�:H^ÍLM=�à£8;<�> RF>(<_TSL�\kä 89à5Û7:7<_ÛO8f^ÍLM^Ä^K:HV)ßÎ>9^�k
^k\_<_>(\KL�á;TÇV�>9?H= Ü/>9^Í\KL]<{Û7QW>(?7?7TÇ?7áR)J^KäU^Í\KL]Ü =PLM^ÍTÇá9?©)5L�?HL�<_á9ä
Ü/>9?H>(á;L�Ü¡L�?f\%>(?O= =H>(TÇQSä
89ÛAL�<)>F\KTÇ89?O^,)pèH<KL Û7<_8(\KLMVC\_TS8;?
^k\_:H=PTÇL]^¡>(?O= L�Ü¡L�<_á9L]?HV�äÎ<_L]^KÛO8;?H^ÍLM^,)qÞc>F\KL]<�æf:H>9QSTS\kä[TS?Pì
R9L]^Í\KTÇá;>(\KTÇ89?H^�)�>(?O= Ü¡>9?Uä
8(\_ß7L�<)^]45ãcß7LñV�89Ü¡Û7:P\_L�<{Ü¡8P=PL�QÇTÇ?7á�8(àXÞc>F\KL]<%=PTW^k\_<KTÇâ7:P\_TS8;?
?7L�\kÞ289< å ^�V�89?f\_TS?U:7LM^�>(ÛH>;V�L¡TÇ?[\Kß7L{Þc>F\_L�<�TÇ?H=P:O^k\_<KäÎ>9^�V�89Ü¡Û7:P\_L�<)^�âOLMV�8;Ü�L/TÇ?HV�<KLM>9^Íì
TS?7á;QSä¡ÛA8FÞJL]<Íà£:HQ�EfÜ¡89<_LÄV�8;Ü¡Û7QSL�î{^ÍäP^Í\KL�Ü/^2>(<_LÄ>�RF>(TÇQW>(â7QÇL�\K8�âALÄÜ¡8P=PL�QÇL]=,47òÄÛAL�? ^Í8;:7<_V�L



individuals
Create new Match

negative
rules

Reparation

Insertion

in Population

Population

Pareto Set

Generate
rules with

C4.5

No

Yes

����� »�ªH» o0gkbCe�hkuvm]l/m]n,lfbK¾ uvlf};uv�(uS}9rUe�|�y)É
^Í89àÏ\kÞ2>9<KL%^K:HV)ß >9^�ïm«��/¬Äï5ã þSé��(��4qëi?
<_L]V�L�?f\�ä;L]>(<)^]E0V�8;Ü¡Û7:P\_>(\KTÇ89?H>9QJÜ¡L�\Kß78P=7^¡^K:HV)ß
>9^Ä?789?Pì§QÇTS?7LM>(<ÄÛ7<K8;á9<)>(Ü¡Ü¡TS?HáHEH=PäU?H>9Ü¡TÇV�Û7<K8;á9<)>(Ü¡Ü¡TS?Há{>(?H=�^KL]>9<_V)ß�\_L]V)ß7?HTÇæf:7LM^&ßH>�R;L
âOL]L�?�:H^ÍLM=�\_8X89ÛP\_TSÜ¡TÇÝ�L2\Kß7L�=PLM^ÍTÇá9?pEM8;ÛOL]<_>(\KTÇ89?�>(?H=�<KL]ßH>(âHTSQÇT�\)>F\_TS8;?�8(àO\Kß7LM^ÍLc?7L�\kÞJ8;< å ^]4
ãcß7LX89ÛP\_TSÜ¡TÇÝ]>F\_TS8;?%89à0Z G4¬ Ü�8P=PL]QÇ^�V]>(?±Û7<_TSÜ/>(<_TÇQSä¡âAL�:H^ÍLM={à£8;<2\Kß7<_L�LXÛ7:7<_ÛA8;^KL]^�k

\Kß7LX=PL]^KTÇá9?%89àp?7L�\kÞJ8;< å ^"à£8;<J?HL�Þ ^K:7Û7Û7QÇä{>(<_L]>;^&ç�=PL]^KTSá;?%Û7<_89âHQSL]Ü¡^)ê�)fÜ¡8P=PT�à£äUTÇ?7á�L�îPTÇ^Í\Íì
TS?7á�=PL]^KTÇá9?H^5\K8�Ü�L]L�\c?7L�Þ =7L�Ü/>(?H=H^58;<J89\Kß7L]<�à©>9V�\K8;<_^Äç£<_L�ßH>9â7TSQÇTS\_>F\_TS8;?{Û7<_89â7QÇL�Ü/^)ê�>9?H=
Ü�8P=PTSà£äUTS?Há/?7L�\kÞ289< å ÛH>(<)>(Ü¡L�\KL�<)^J\K8/L]?H^Í:H<KL�\KßO>F\�\KßHL�ä%>9<KL�>9V]V�:7<)>F\_LXÞ�T�\_ß±<_L]^KÛAL]VC\c\_8
\Kß7Lc<_L]>(QUÞ289<_QÇ= ç©V]>(QÇTSâ7<)>F\_TS8;?�Û7<_89â7QÇL�Ü/^)êC4(ãcß7TW^*ÛH>9ÛOL]<qTW^"V�8;?HV�L]<K?HL]=�Þ�TS\Kß�\KßHL2ÛH<K8;â7QSL]Ü/^
8(à,<_L�ßH>9â7TSQÇTS\_>F\_TS8;?%>(?O={=PL]^KTÇá9?{>(QS\KßH89:7á;ß/\Kß7L�Ü¡L�\_ß78P=7^J=7L]^_V�<_TSâAL]=/ßHL�<_L�TÇ?%V�>9?/\Kß7L]89<_L�\Kì
TÇV]>(QÇQSä�âAL/:H^KL]=ñà£89<�>9?fäñ8(à5\_ß7L]^KL/Û7<_89â7QÇL�Ü/^]4�� ^k\)>(?H=7>9<_=ó<_L�ßH>9â7TSQÇTS\_>F\_TS8;?ñÛ7<_89âHQSL]Ü TÇ^
V�89?OV�L�<_?7LM=�Þ�TS\Kß�\_> å TÇ?7á�>(?�L�îPTÇ^Í\KTÇ?7áX?7L�\kÞJ8;< å >(?O=�Ü¡8P=PTSà£äfTÇ?7áXTS\_^*ÛH>9<_>9Ü�L�\KL]<_^089<"V�8;Ü�ì
ÛO8;?7L�?f\_^5\K8¡^_>F\KTW^Íà£ä�?HL�Þ V�89?H^Í\K<)>(TÇ?f\_^�TÇ?/\_ß7LÄÛAL�<Kà£89<_Ü/>(?HV�L&89à�\Kß7L�?7L�\kÞ289< å 4;ãcß7L]<KL�à£89<_L
>(?Uä�Û7<_8PV�L]^_^�=PLM^ÍTÇá9?7LM=ó\K8�89ÛP\_TSÜ¡TÇÝ�L{>�<_L�ßH>9â7TÇQSTS\_>(\KTÇ89?ÎÛ7<K8;â7QÇL�Ü Ü�:H^Í\�V�89?O^ÍTW=PL�<�âA8(\_ß
\Kß7L�ÛOL]<Íà£8;<KÜ/>9?HV�LÄ8(à�\KßHLÄ?7L�\kÞJ8;< å çÏ\_8�âAL�Ü¡>(îPTSÜ¡TÇÝ�L]=Oê5>9?H=¡\KßHL�V�8;^Í\J8(àp\Kß7L�Û7<_89ÛA8;^KL]=
^Í8;QS:P\_TS8;? ç£\K8�âOL¡Ü¡TÇ?7TSÜ¡TÇÝ�LM=HêC4*� =PLM^ÍTÇá9?óÛ7<K8;â7QÇL�Ü TW^�^ÍTÇÜ¡TSQW>(<�L�î7V�L]ÛP\X\KßH>(\�TS?H^Í\KLM>9=ñ8(à
=PL]V�TÇ=PTÇ?7áÎ89?�ÛHTSÛAL�^ÍTÇÝ�LM^�\_8óÜ¡L�L�\¡^K89Ü¡L±?7L�Þ V�<KTS\KL]<KTW>7E0\KßHL±ÛHTSÛAL±^KTÇÝ�L]^�8(à&\Kß7L±L�?f\KTÇ<_L
?7L�\kÞ289< å Ü�:H^Í\�âAL�=PL]V�TÇ=PLM= à£<K8;Üõ^KV�<_>(\_V)ß,4

­*� � ®�¯°;:U�ARL>I O±X
ãcß7L^¬&L�Þ³²�8;< å Û7TÇÛOL2?7L�\kÞJ8;< å ßH>;^pâAL�L]?�^Í\K:H=PTÇL]=�:H^KTS?7áÄL�R;89QÇ:P\KTÇ89?H>9<KäÄ\KLMV)ß7?7TWæf:7L]^]4MãcßHL
89âPíkLMVC\KTÇR9L�8(à�\_ß7L´¬�² Û7<_89â7QÇL�Ü Þc>9^�\K8�=PL�\_L�<_Ü�TÇ?7L�\Kß7L¡Ü¡8;^Í\ÄLMV�8;?789Ü¡TWV�>(QÇQÇä±L�ôALMVC\_TSR;L
=PL]^KTSá;?ñà£8;<�>9=H=PT�\_TS8;?Î\K8�L�îPTW^k\_TS?7á�^KäP^k\_L�Ü 89àJ\_:7?7?7L]QÇ^�\KßH>(\�V�8;?H^k\_T�\_:P\KLM=ó\Kß7L/Û7<_TÇÜ¡>9<Kä
Þ2>(\KL�<�=7TÇ^Í\K<_TSâH:P\KTÇ89?�^KäU^Í\KL]Üõ89à0\_ß7L�V�TS\kä%89à�¬&L�Þµ²�89< å 47ãp:7?H?7L�Q5ç©Û7TÇÛOL�ê�=PTW>(Ü¡L�\_L�<)^�>(<_L
V�89?O^ÍTW=PL�<_L]=¡>;^5=PLM^ÍTÇá9?/RF>(<_TW>(â7QÇL]^]49ãcß7L]<KL&>9<KL�é2�X>�RF>(TÇQÇ>9â7QÇL�=PTÇ^_V�<_L�\_L&=PTW>(Ü¡L�\_L�<)^&ç �9ÿ7Ei�i%HE
ÿ
17E�¶(�PE?%
�HE�&;ÿ7E�é21
%7E�é��(1HE�é��i�7E�é,�i�HE�é2�9ÿ7E�éMÿ
%7E�é2%
1HE�é�&i�7E��(1
��TÇ?HV)ß7LM^_ê�>(?H=±89?HL�L�îU\K<)>
ÛO8f^K^KTSâHQSL�=7L]V�TW^KTS8;?±Þ�ßHTÇV)ß�TW^jY =P8/?789\Kß7TÇ?7á�YO89ÛP\_TS8;?,4OãcßHL�Ü¡TS?7TÇÜ�:HÜ ß7LM>9=�<_L]æf:7TÇ<KL]Ü¡L�?f\
>F\�>(QÇQq?H8U=7L]^�TÇ^Äè7îPLM=ñ>F\j�
�i��àÏ\�L�î7V�L]ÛP\�à£89<X?78P=PL±é]ÿ7Eqé�¶{>(?H=
é�\_ßH>F\�>(<_L·�9ÿ
1HE��	¶(�P4 %
>(?H=¸�
1
1�àÏ\*<_L]^KÛAL]VC\_TSR;L�QÇä94���QÇQU\Kß7LJ\kÞ2L�?f\käX89?7LJ\K:7?H?7L�QW^">(<_LJV�89?H^KTÇ=7L�<_L]=Xà£8;<q=P:HÛ7QSTWV�>(\KTÇ89?,4
NU:7Û7Û7QÇäUTS?Há�=PL]Ü/>(?H=±>F\�>(?%>;=PL]æf:H>(\KL�Û7<_L]^_^Í:7<_L�\_8�V�89?H^K:7Ü¡L�<)^JTÇ^J\KßHLÄÜ/>(TÇ? V�89?H^Í\K<)>(TÇ?f\
TS?�\_ß7LJ=7L]^KTSá;?�8(à7Þc>F\KL]<p=PTW^k\_<KTÇâ7:P\_TS8;?�^KäU^Í\KL]Ü/^�4Mï5>9V)ßXÛ7TÇÛALJ>9^0>&V�8;^Í\]4]ãcßHL5V�8f^k\,à£:H?HVC\_TS8;?
TÇ^�>�?78;?Pì§QSTÇ?7L]>9<2à£:7?HVC\_TS8;?*k ¹ º é
»Çé4¼�½ @�¾ D`¿ÀÂÁ ¼bÃ ÀÂÁ
TS? Þ�ß7TWV)ß V�8;^Í\

¹
TÇ^¡TÇ? =P89QÇQÇ>9<_^]E"=PTW>(Ü¡L�\_L�<´½ ÀÂÁ TÇ^¡TÇ? TÇ?HV)ß7LM^�E�>9?H= QSL]?7á(\_ßÄÃ ÀÂÁ TÇ^¡TÇ?à£L�L�\M4R� à£:HQSQ0L�?U:7Ü¡L�<)>F\_TS8;?±89à*>9QSQ0ÛO8f^K^KTÇâ7TSQÇTS\KTÇL]^�Þ289:7QW=±<KLMæf:7TS<_L
kpé]ÿ9DC@ º é
» &
�
�	�¸¼[é�1;D'ÅF4



1

2

3

4

5

6

7

8

9

10

17

11

12

13

14

15

18 19

20

16

����� »3ÆA»�Ç ½;b�È2b_¾ÊÉ0m]gÌË�oqu�h���d;gkm]Æf|vb)j¡É
Ú7<_89Ü >(?/89Û7\KTÇÜ�TÇÝ]>(\KTÇ89?/ÛAL�<)^ÍÛAL]V�\KTÇR9L;E(\KßHL&89â7íkL]VC\_TSR;L�8(à�\_ß7L$¬l²�Û7<_89â7QÇL�ÜÌTW^"\K8�Ü¡8U=7T�à£ä
\Kß7LÄ<KL]ßH>(â7TÇQÇT�\)>F\KLM=¡Û7TÇÛOL�=PTÇ>9Ü¡L�\KL]<_^�\K8�Ü¡L]L�\5\_ß7LÄ=7L�Ü/>(?H=H^5>F\5\Kß7LÄ?78P=PL]^]4;ãcß7L�V�:7<_<_L�?f\
89ÛP\_TSÜ/>(QA^Í8;QS:7\KTÇ89?¡à£89<5\Kß7TW^�TW^^�
%74 ÿ(�XÜ¡TÇQSQÇTS8;?%=P8;QSQW>(<)^�>(?O=¡?78�Û7<_L]^_^Í:H<KL�=PL�èOV�TS\2>9Q�\_ß789:Há9ß
\Kß7TW^cV�>(?%R�>9<Kä¡^KQSTÇá9ßf\KQÇä/=PL�ÛAL�?O=PTS?Há�8;?/\Kß7LÄÜ¡8U=7L�QÇTS?7á¡^K8(àÏ\kÞc>(<_L�>(?H=/ÛO>(<)>(Ü¡L�\_L�<)^�:H^KL]=�4

­*�5� Í�@B=�C>O	�2�·IB9?C>7:�2P
9?;mO���=�G>7©Î�&^�^K:7á9á;L]^Í\KLM=�TÇ?�þ ¶���EFÞ2L�=PL]V�TÇ=7L]=�\K8�^Í\K:H=7ä�\KßHLcè7\K?7LM^K^�QÇ>9?H=7^_V�>(ÛALc8(àA\Kß7Ll¬l² Û7<_89â7QÇL�Ü
âfä�L�îPL]V�:P\KTÇ?7á¡é�1i1
1�Ü�:7QS\KTSì�8;âPíkL]V�\KTÇR9L-��TÇQSQSìkIJQÇTÇÜ�â7TÇ?7á�>(QÇá98;<KTS\Kß7Ü/^0à£<_89Ü <)>(?H=789ÜÊÛA89TÇ?;\)^�4
ãcß7L{89â7íkL]VC\_TSR;L/TÇ^�\K8ñ=PL�\KL]<KÜ¡TÇ?7L{ß78FÞ >(<_L/^ÍÛ7<_L]>;=ó\Kß7L%^K89QÇ:P\_TS8;?H^Xà£<_89Ü \_ß7L{âAL]^Í\�89?HL
89âP\)>(TÇ?7L]=�âfä�\Kß7LXé�1i1
1&ß7TSQÇQSìkIJQÇTSÜ�â7TÇ?7áÄ?H8(\KLM=¸ÏJ4Fëi?�\Kß7TW^"^k\_:H=Pä;EFÞJL�=PLMV�TW=PL]=�\K8XÜ¡L]>9^K:7<_L
\Kß7L%=7TÇ^Í\_>9?HV�L/âAL�\kÞ2L�L]?[\Kß7L{TÇ?H=PTÇRUTÇ=7:H>(QW^�>9?H=³Ï âUäÎV�89:7?f\_TS?7á�\_ß7L{?U:7Ü�âOL]<_^�89à�Û7TSÛAL]^
\KßH>(\&>(<_L�?H8(\�^ÍTÇÜ¡TSQW>(<c\_8�\Kß7L�Û7TÇÛAL]^�89à�ÏJ4
ãcß7L�èHá;:7<KLM^$�/>9?H=�ÿ/TÇQSQÇ:H^Í\K<)>F\_L�\Kß7L�89âP\)>(TÇ?7L]=�<_L�ÛO>(<K\KTS\KTÇ89?±à£89<ÄâO89\Kß�8;âPíkL]V�\KTÇR9L]^�kHV�8;^Í\
>(?H=¡ß7LM>9=/=PL�èOV�TS\]4PNU:HV)ß{>9?{L�îPÛAL�<_TSÜ¡L]?;\2^Íß78FÞ�^"\KßH>(\5\KßHL�QÇ>9?H=7^_V�>9ÛOL�TW^�R;L�<_ä�QW>(<_á9L�>9?H=
?78(\&LM>9^Kä/à£89<&QS8PV�>9Qp^KL]>(<)V)ß�Ü¡L�\KßH8U=H^�4Hï5R98;QS:P\_TS8;?H>(<_ä%>9QSá;89<_T�\_ß7Ü/^�>(<_L�Þ2L�QÇQ0>;=7>(Û7\KL]= \_8
^Í:HV)ß±Û7<_89â7QÇL�Ü/^]4

Ð øbÑ���£,ÔHÙ'¨¢£0Ò5Ó?§
ãcß7L&á;L�?7L�\KTWV�>(QÇá98;<KTS\Kß7ÜÌ:H^KL]^�¬ÄN7YÒ��ì�ëKë&þ�é,��4PòÄ?7L&TÇ?H=PTÇRUTÇ=7:H>(Q�V�8;?;\)>(TÇ?H^"\_ß7LÄV)ßH8;^KL�?/89Û7ì
\KTÇ89?±à£89<�\_ß7L�Û7TÇÛOL;4Hãcß7L�V�<K8f^K^K8FR9L]<5:H^KL]=±TW^�89?HL�ÛA89TÇ?;\&>9?H=%\Kß7L�Ü�:P\_>(\KTÇ89?�TW^�>¡<_>9?H=P89Ü
Ü�:P\)>F\KTÇ89?p4UãcßHLÄÛA89Û7:HQÇ>(\KTÇ89?%^KTSÝ]LÄTW^�é�1i17E(\_ß7L�V�<_8;^_^Í8FR;L�<"<)>F\_L&TW^^1H4 &�>(?H={\Kß7L�Ü�:7\_>F\_TS8;?
<_>(\KLXTÇ^�1H4 &H4
ãcß7L�=PT�ô�L�<_L�?f\�\_L]^Í\KL]=�^_V)ß7L�Ü¡LM^�>(<_L
k



 0

 5

 10

 15

 20

 25

 0  50  100  150  200  250

"paysage2.prn"

����� »�ÓH»?Ô b_dUe�gihku�hkuvmMl�m]n�hk½;b�yimM|vr;hkuvmMl;y�m]n�hk½fb2x2uv|v|vÅ�oq|vuvj�Æ;u�l;~�nWm�g�hk½fb�½fb)eM}�}9b_¿Ut_uvhCÉ

 0

 2

 4

 6

 8

 10

 12

 14

 16

 18

 20

 0  1e+07  2e+07  3e+07  4e+07  5e+07  6e+07  7e+07  8e+07

"paysage1.prn"

����� »,ÕH»�Ô b)dUe�gihku�hku�m]l¡m]nAhk½fbcyim]|�r9hkuvmMlfy5m]n�hk½;bcx2uv|v|�Å�oq|�uvjÄÆfuvlf~�nÇm]g�hk½fb�t_mMy§hCÉ



Ö 3pïJð�ðóò&ì)é
kU<K:H?�I��H4Â��V�<_8;^_^Í8FR;L�<5Þ�ßHL�? \Kß7L]<KLXTW^c?78�TÇÜ¡Û7<_8FR9L�Ü¡L]?;\c8(à0\Kß7L�«">9<KL�\K8
à£<K8;?f\Ö 3pïJð�ðóò&ì�è7î�é
kP<_:7?óI��H4Â�¡V�<_8;^_^Í8FR;L�<2L�R;L�<_ä�é�1¡á;L�?7L]<_>(\KTÇ89?H^]EU\Kß7L�<K:7QÇL]^Ä>(<_LXá9L�?HL�<Kì
>F\_L]=/à£<_89ÜÌ\_ß7L&èO<_^Í\JTÇ?H^KL�<K\KL]=%TS?O=PTSRUTW=P:H>9QÇ^J8(à,\_ß7LÒ«">(<_L�\K8�^KL�\�>(?O=¡\Kß7L�TÇ?H=PTÇRfTW=P:H>9QÇ^
8(àq\Kß7L�V�:7<_<KL]?;\cÛA89Û7:7QW>F\_TS8;?Ö 3pïJð�ðóò&ì�è7î��<kP<_:7?óI��H4Â�¡V�<_8;^_^Í8FR;L�<2L�R;L�<_ä�é�1¡á;L�?7L]<_>(\KTÇ89?H^]EU\Kß7L�<K:7QÇL]^Ä>(<_LXá9L�?HL�<Kì
>F\_L]=%à£<K8;Ü \Kß7LXQW>9^Í\cTÇ?H^KL�<K\KLM={TÇ?H=PTÇRfTW=P:H>9QÇ^c89àp\_ß7L�«">(<_L�\K8�^ÍL�\c>9?H=%\Kß7LXTÇ?H=PTÇRfTW=P:H>9QÇ^
8(àq\Kß7L�V�:7<_<KL]?;\cÛA89Û7:7QW>F\_TS8;?Ö 3pïJð�ðóò&ì�è7î?�?kP<_:7?óI��H4Â�¡V�<_8;^_^Í8FR;L�<2L�R;L�<_ä�é�1¡á;L�?7L]<_>(\KTÇ89?H^]EU\Kß7L�<K:7QÇL]^Ä>(<_LXá9L�?HL�<Kì
>F\_L]=ñà£<K8;Ü \Kß7L¡<)>(?H=789Ü¡QSä�V)ßH8;^KL�?ñTÇ?H=PTÇRUTÇ=7:H>(QW^X8(àJ\Kß7Lh«">9<KL�\K8 ^KL�\�>9?H=�\_ß7L/TS?O=PT�ì
RUTÇ=P:O>(QW^c8(àq\Kß7L�V�:7<K<_L�?f\�ÛA89Û7:7QW>F\_TS8;?Ö 3pïJð�ðóò&ì�è7î<��k�<_:7?�I��O4 �&V�<_8;^_^Í8FR;L�<�L]R9L�<_ä�é�1�á;L�?7L]<_>(\KTÇ89?H^]EC\_ß7LJ<_:7QÇL]^q>(<_L�à£<_89Ü�\KßHL
âOLM^k\�TÇ?H=PTÇRUTÇ=P:O>(QW^&à£8;<X89?7L�89âPíkLMVC\_TSR;L94�ãcß7L¡89âPíkLMVC\KTÇR9LM^Ä>9<KL�\K<_L]>(\KL]=ó>(QS\KL]<K?H>(\KTÇR9L]QSä;4
ãcß7TW^�TS?O=PTSRUTW=P:H>9Q,>(<_LÄ\)> å L�? à£<K8;Ü \Kß7Lj«">9<KL�\K8¡^ÍL�\&>(?H=%\KßHL�V�:7<_<KL]?f\cÛA89ÛH:7QÇ>(\KTÇ89?,4

×©� � ØhG:9?I @V=ÙÎ�XÊO±9?�2G:U�O±��&^�^Í:7á;á9LM^k\_L]=±TS? þ ÿ(��EAÞJL�:H^ÍL�^ÍL]R9L�<)>(QpÜ�L�\K<_TÇV]^�TÇ?�89<)=PL]<�\K8 >9^_^ÍLM^K^c\_ß7L�æf:H>9QSTS\kä±8(à�89:H<
Ü�L�\Kß78P=�4Ú XÊO	=�U�@ P� =PL�èO?7T�\_TS8;?/8(àA\Kß7L�N�Ü¡L�\K<_TÇV�TW^"á;TSR;L�?�âfä´ÛATS\KÝ�QÇL�<5TS?�þSé�¶���493pL�\mÜ âAL&>X?78;?Pìi=P89Ü¡TÇ?H>F\_L]=
^ÍL�\�89à5^Í8;QS:P\_TS8;?H^]4�N�Ü¡L�\K<_TÇV�V�>9QÇV�:7QÇ>(\KLM^�\KßHL�ßUäUÛOL]<Íì§R98;QS:HÜ�L�8(à�\_ß7L�Ü�:7Q�\_T�ìi=PTÇÜ¡L�?H^KTS8;?H>(Q
<KL]á9TÇ89?%L]?HV�QÇ8;^KL]= âUä8ÜÊ>9?H= >�<_L�à£L]<KL]?HV�LXÛA89TÇ?;\4Ý�Þàß`áP4
ZóLó\_> å Lóà£89< \Kß7TW^±Û7<K8;â7QÇL�Ü >9^TÝ0ÞÙßÌá
\KßHLÎÞ289<)^Í\%ÛO8f^K^KTÇâ7QSL[^K89QÇ:P\KTÇ89?,4�ãcß7TW^�^Í8;QS:7\KTÇ89?
=PL�\_L�<_Ü�TÇ?7LM^�\KßHL�âO8;:7?H=�89à*\Kß7L�^KÛH>;V�L�^KL]>9<_V)ß*kUà£8;<�\_ß7L�V�8f^k\MEHÞ2LX\_> å L�à£8;<&>(QÇQpÛ7TÇÛAL�\KßHL
QÇ>9<Ká;L]^Í\0=PTW>(Ü¡L�\_L�<cçÏ\KßHTÇ^*^K89QÇ:P\KTÇ89?�TW^0\Kß7L2Ü¡8;^Í\0L�îUÛAL�?O^ÍTÇR9L�êCE]à£89<0\Kß7L2ß7L]>;=�=PL�èOV�TS\*ÞJL5\_> å L
à£89<�>(QÇQ�Û7TÇÛOL�\Kß7L�Ü¡TÇ?7TSÜ�:7Ü =7TÇ>9Ü�L�\KL]<�çÏ\KßHTÇ^�^K89QÇ:P\_TS8;?±>;^c?78/Û7<_L]^_^Í:7<_LÄà£89<�>(QÇQ,V�QÇTÇL�?f\_^)êC4
ëi?�89<)=PL�<�\_8&V�8;Ü¡ÛH>(<_L"L�R;89QÇ:P\KTÇ89?X8(àPLM>9V)ß�>(QÇá98;<KTS\KßHÜ±E�ÞJL�ßO>�R9L"?78;<KÜ/>(QÇTÇÝ�L]=Ä\_ß7LJNfì§Ü¡L�\K<_TWV
^Í:HV)ß�>9^2\_ß7L�Ü/>FîPTÇÜ¡>9Q�\Kß7L]89<_L�\_TÇV]>(Q,>(<_L]>�TW^�é94 174â�é2ã #�O	=,U�@ P
ãcß7Llâ�éJÜ¡L�\_<KTWV�þ ���7TW^*âH>9^KL]=�89?¡V�>9QÇV�:7QÇ>(\KTÇ?7á�\Kß7L�ÛH<K8;âH>(â7TÇQÇT�\käX\_ßH>F\"\_ß7L�>(Û7ÛH<K8�îPTÇÜ¡>(\KTÇ89?� TW^&âAL�\K\KL�<�\_ßH>(?
ä�8FR;L�<&>9?�L�?f\KTÇ<_L�^ÍL�\�89à":P\KTÇQSTS\kä�à£:7?HV�\KTÇ89?H^]4�â�é2ã TÇ^4â�é�Þ�ß7L�?óT�\�TÇ^
:H^ÍLM=/Þ�TS\Kß%>�<KL�à£L�<_L�?HV�L�^ÍL�\JT�4 L;4f>;^5>�<_L�à£L]<KL]?HV�L&Ü�L�\K<_TÇV94;ãcß7TW^JÜ�L�\K<_TÇVÄ=P8UL]^�\Kß7L]?%TÇ?H=P:HV�L
>�\_8(\)>(Q,8;<_=PL]<KTÇ?7á�89?±\Kß7L�^KL�\�89à*>9Û7Û7<_8�îUTÇÜ/>F\_TS8;?,4

â�é;çBÜæå'ç[åÙè-å éAê ºµê±ëiì	í ¹
ç Üjåàâ¸å'î�êVé0çBî�ê`ï
î

Þ�T�\_ß�ðÊ>¡^KL�\�89à0:P\_TSQÇT�\kä%à£:7?HV�\KTÇ89?H^l�Ê>9?H=�ä \kÞ28M«">9<KL�\K8¡^ÍL�\_^]4¹
çBÜæå'ç[å`î�ê ºòñó ô é T�à�î·õ�ç ÜÄê-öyî·õ�çBç�ê

é�÷(�ÄT�à�î·õ�ç ÜÄê º î·õ�çBç�ê1 T�à�î·õ�ç ÜÄê-øyî·õ�çBç�ê
ZóL¡V�>9?�?78(\_TÇV�L�\_ßH>F\�â�é;ç Üjå'ç[å`î>åBé�ê º é/ùÊâ�éfçBçhåàÜjå'î:å éAêC4Oë§à�â�é;ç Üjå'ç[å`î>åBé�ê4ö é�÷
�
\Kß7L]?�� TW^�âAL�\K\KL�<�\KßH>9?bä�4



×©�5� ú8O	�2G>IV=��·ADCÄ®�¯û;>U�A�L�IBO±X
ï5>9V)ß ^KV)ß7L]Ü¡L%ßH>;^�âAL�L]?�\_L]^Í\KL]=y�
1�\KTÇÜ�LM^�4"ãcß7L±89â7\_>(TÇ?7LM=�«">(<_L�\_8�à£<_89?f\_^�ßH>�R9L±^ÍL]Rfì
L�<)>(Q*?789?7ì§=P8;Ü¡TS?H>(\KLM=ñ^K89QÇ:P\KTÇ89?H^¡ç�^ÍL]L�èHá;:7<_L´¶9êC40òÄ:7<�89âPíkLMVC\_TSR;L�TW^�\K8�=PTW^KV�8FR9L�<�Þ�ß7TWV)ß
^KV)ß7L]Ü¡L{V�>(?ÎâAL¡\Kß7L{Ü¡8;<KL¡TÇ?;\_L�<_L]^Í\KTÇ?7á�>(?H=ÎTSàJ\_ß7L{ÛH>9<_>9Ü¡L�\KL]<X8(à2\Kß7L{^_V)ß7L�Ü¡L/TW^X\KßHL
á98U8P=�89?HL94�ZóL�Þ�TÇQSQ�>9QÇ^K8%:H^KL�âO8�îPÛ7QÇ8(\)^�\_8±ÛH<KLM^ÍL]?;\X>%á;<_>9Û7ß7TWV�>9Q0RUTÇL�Þ 89à�\Kß7L�<_L]^K:7Q�\)^�4
ãcß7L{âA8�îUÛHQS89\XÛH<K8FRUTW=PL]^�>�Ü¡L�\Kß78P=óà£89<�á;<_>9Û7ß7TWV�>9QSQÇäñ=PL]Û7TÇV�\KTÇ?7á�\_ß7L{=PTW^k\_<KTÇâ7:P\_TS8;? 8(à�>
=7>F\)>9^KL�\J>9?H={V�8;Ü¡ÛH>(<_TS?Há�Þ�T�\_ß{8(\_ß7L�<)^�4fãcß7L�Ü¡L]=7TÇ>9?/à£89<JL]>9V)ß{=H>F\_>;^ÍL�\5TW^5TÇ?H=PTWV�>(\KL]=¡âUä
\Kß7L�â7QW>9V å V�L�?f\KL]<�QSTÇ?7L;E7>(?H=%\Kß7LXèO<_^Í\�>(?H=%\Kß7TÇ<)= æf:H>9<Í\_TSQÇL]^c>(<_L�\Kß7LXLM=Pá9LM^c8(àp\_ß7L�>(<_L]>HE
Þ�ß7TÇV)ß�TÇ^ å ?78FÞ�?�>;^0\Kß7L2TS?f\_L�<Kì§æf:H>9<Í\_TSQÇL5<)>(?7á;LÄç©ë'.�ý&êC4Fãcß7L2L�îU\K<_L�Ü¡L2RF>(QÇ:7L]^cç£Þ�TS\KßHTS?±é94Â�
\KTÇÜ�LM^�\_ß7L�TÇ?;\_L�<Kì§æf:H>9<Í\_TSQÇLX<_>9?7á9LXà£<_89Üõ\Kß7L�:7Û7ÛAL�<&8;<�QÇ8FÞJL]<�æ;:O>(<K\KTÇQSL�ê�>(<_L�\Kß7L�L]?H=7^&8(à
\Kß7LXQÇTS?7LM^cL�îU\KL]?H=PTÇ?7á�à£<K8;Ü \Kß7LXë'.�ý�4?«*8;TS?f\)^2>(\c>�á;<KLM>F\KL]<2=7TÇ^Í\_>9?HV�LÄà£<K8;Ü \KßHL�Ü¡LM=PTÇ>9?
\KßH>9? é94Â��\KTÇÜ¡L]^�\_ß7L�ë'.�ýÊ>9<KL�ÛHQS89\Í\KLM=�TÇ?H=PTÇRfTW=P:H>9QSQÇä�>9^�V�TS<)V�QÇL�>(?O=³YÂü¸YÇ4Oãcß7LM^ÍL�ÛO8;TS?f\_^
<KL]Û7<KLM^ÍL]?f\2ÛA8(\_L�?f\KTW>(Q,8;:P\KQÇTÇL�<)^�4Ø´G>9?IB@B=àÎ
ãcß7L5\)>(â7QÇL�éJá;TSR;L]^p\Kß7Lc^k\)>F\_TÇ^Í\KTWV�^q89?�\Kß7L�æf:H>(QÇTS\kä�89à7\KßHL�N�Ü¡L�\K<_TWV589à7\Kß7LJ\KLM^k\_L]=�^KV)ß7L]Ü¡L
V�89Ü¡ÛH>9<KLM=/\_8h¬ÄN7YÒ��ì�ëKëC4
ZóL/ßH>�R;L¡89âH^KL�<_R9LM=�\KßH<K8;:7á9ßó\Kß7L/L�îPÛOL]<KTÇÜ¡L�?f\_^�\_ßH>F\�TÇ?f\K<_8U=7:HV�TÇ?7á�Ü/>9V)ß7TÇ?7L¡QSLM>(<_?7TÇ?7á
TS? \_ß7L{Ü�:7Q�\_T�ì§89â7íkL]VC\_TSR;L{á9L]?7L�\_TÇV%>(QÇá989<_TS\Kß7Ü TS?HV�<KLM>9^KL¡\Kß7L æ;:O>(QÇT�\käÎ8(àc\KßHL%<_L]^K:7Q�\)^�à£8;<
\Kß7L¡Nfì�Ü¡L�\K<_TÇV�à£89<Ä>9?Uä%\_L]^Í\KL]=ó^KV)ßHL�Ü¡L94Aãcß7L�<_89â7:O^k\_?7L]^_^�89à"\Kß7L�>(QÇá989<_TS\Kß7Ü-TÇ^Ä>(QW^Í8%TS?Pì
V�<_L]>9^KL]=¡>;^*\Kß7LXNf\_>9?H=7>9<_=¡=PL]RfTW>F\_TS8;?/TÇ^J=PL]V�<KLM>9^KLcâfä�Ü¡89<_Lc\KßH>9?[�(1±�ÊâUä�\kÞ28�^_V)ß7L�Ü¡LM^
ç©3pïJð�ðóò&ì�è7î�é±>9?H= 3pïJð�ðóò&ì�è7î?�;êC4"ãcß7L�âA8�îPÛ7QS89\¡èHá9:7<_LT%[^Íß78FÞ�^�\_ßH>F\¡\_ß7L�Ü¡8;^Í\
<KL]QÇ>9â7QSL�^_V)ß7L�Ü¡LM^2à£89<&NUÜ¡L�\_<KTWV�TÇ^&3pï5ðñðóò&ì�èHî<��L�\&30ï5ð�ðÎò&ì�è7î<�O4
Ú789<�\KßHL�â�é2ã�Ü¡L�\K<_TÇVÎç©^KL�L \_>9â7QSLT�9ê�E*ÞJL±V�89Ü¡ÛH>9<KL±>(QÇQ5\_ß7L�^KV)ßHL�Ü¡L{\_8ó8;?7L%à£<_89?f\�8(à¬ÄY�N<��ì�ëKëC4Oãcß7L�8;âPíkL]V�\KTÇR9L�TW^c\K8/ßH>�R;L�\Kß7L�Ü¡TÇ?7TÇÜ¡>9Q©â�é�ã
R�>9QS:HL94HZÎL�89âO^ÍL]<KR;LÄ\_ßH>F\&>9QSQ
\Kß7L%^_V)ß7L]Ü�LM^�>(<_L¡âOL�\Í\_L�<�\_ßH>(?Ê¬�N7YÒ��ì§ëÍë�à£8;<�\Kß7TW^�Ü¡L�\K<_TÇV94pãcß7L{âA8�îPÛ7QS89\�TS?[èOá9:7<_L´&
^Íß78FÞ�^"\KßH>(\5à£89<^â�é�ãñ\Kß7LÄÜ�8f^k\J<KL]QSTW>(â7QÇL�^_V)ß7L�Ü¡L&>9<KL�>9QÇ^K8�3pïJð�ðóò&ì�è7î?��L�\230ï5ð�ðÎò&ì
è7î<�H4
ZóL{ßO>�R9L{>(QW^K8�Ü¡>;=PL%>�<)>(?O=P89Ü�^k\)>F\KTW^Í\KTWV�>(Q�\KL]^Í\�8;? >(QÇQ�\KßHL[â�é ã <KLM^Í:7QS\_^]4pZÎL{ßH>�R;L
89âH^KL�<_R9LM=/\KßHLX\Kß7L�^_V)ß7L�Ü¡L�3pïJð�ðóò&ì�è7î<��TW^c\_ß7L�Ü¡8;^Í\�^KTÇá9?7TSèOV�>9?f\]4®TG:X�LmO	U��¸AD�lO	Q?9?IBG>9<=2@BADC
ã0>9â7QSL���Û7<_L]^KL�?f\c\Kß7L�RF>9<KTW>F\_TS8;?%8(à0\Kß7L�?U:7Ü�âOL]<�8(àqL�RF>(QÇ:H>F\_TS8;?H^c<_L]æf:7TÇ<KLM=/\K8¡8;âP\_>9TS?7LM=
=PT�ô�L�<_L�?f\�R�>9QS:HL]^�89à�\Kß7L ?789<_Ü/>(QÇTSÝ]L]= N[Ü¡L�\_<KTWV{âAL�\kÞ2L�L]?[\Kß7L�^_V)ß7L�Ü¡L%>9?H=F¬ÄN7YÒ��ì�ëKë
8FR9L�<��i1�<_:7?H^]4Hãcß7L�èH<)^Í\�R�>9QS:HLj174 &i�
��TW^�V)ß78;^KL�?%à£89<�\_ß7TW^�Û7<_89â7QÇL�Üõ>;^cT�\�^Íß78FÞ \Kß7L�âAL�ì
á9TÇ?7?7TÇ?7á/8(à*\KßHL�V�8;?fR;L�<_á9L]?HV�L�8(à*\KßHL�>(QÇá98;<KTS\Kß7Üõà£89<�\_ß7TW^�Û7<_89â7QÇL�Ü�4HãcßHL�^ÍLMV�8;?H=±R�>9QS:HL174 &9ÿ
%�TW^�V)ß78;^KL�?�>9^cTS\�TÇ^c<)>F\_ß7L�<�>(\c\Kß7L�L]?H=±8(àq\Kß7L�V�89?UR9L]<Ká;L�?HV�L94��QÇQX\Kß7L�^_V)ß7L�Ü¡LM^±>9<KLóà©>9^Í\KL]<±\KßH>9?µ¬�N7YÒ��ì§ëÍë \K8 89â7\_>(TÇ?7LM=�> ?789<_Ü/>(QÇTSÝ]L]=�NUÜ¡L�\K<_TWV
á9<_L]>F\_L�<�\_ßH>(?y174 &9ÿ
%H4�ZóL ?78(\_TÇV�L{\_ßH>F\¡3pï5ðñðóò&ì�èHî±��TW^�\_ß7L%QÇL]^_^�L�îPÛOL]?H^ÍTÇR9L ^KV)ß7L]Ü¡L
TS?%V�89Ü¡ÛH>9<KTW^Í8;?/8(à©¬�Y�N<��ëKë�TS? Ü¡L]=PTW>(?ñç£ì_éMÿ74 ÿ9ÿ±��ê*>9?H=/TÇ?%Ü¡L]>9?ñçÏìÌ�(1H4 �
%	��ê0\K8�89âP\)>(TÇ?
\Kß7TW^�RF>(QÇ:7L94
ë§àpÞJLÄßH>�R9LÄ>�QÇ8f8 å \K8�LM>9V)ß%V�<KTS\KL]<KTÇ89?/89à,89:7<cV�8;Ü¡ÛH>(<_TÇ^K89?¡89àpÛO8f^K^KTÇâ7TSQÇTS\kä�à£8;<230ï5ð�ðÎò�E
ÞJL&V]>(?/?789\KTWV�L�\_ßH>F\c3pïJð�ðóò&ì�è7î<�X^KL�L]Ü/^"\K8�âOL�\Kß7LÄÜ�8f^k\JTS?f\KL]<KLM^k\_TS?HáH4;ãcßHL�èHá9:H<KL�é21
TSQÇQS:O^k\_<_>(\KL]^&à£89<Ä\KßHL�^_V)ß7L�Ü¡L�3pï5ðñðóò&ì�èHî±�¡\_ß7L�á;>(ÛñÞ�T�\_ß�¬ÄNHYÒ��ì§ëÍë�8FR;L�<&8;?7L�L�îPL]V�:7ì



\KTÇ89?,4

 0

 50

 100

 150

 200

 250

 300

 350

 400

 0  5e+06  1e+07  1.5e+07  2e+07  2.5e+07  3e+07  3.5e+07  4e+07

 H
ea

d 
D

ef
ic

it

 Cost

result29.txt

����� »2ý7» �,�;e�j�df|vbcm]n�mMÆ;hÍe�uvlfbC} � e�gkb_hkmXnÇgkm]lFh�mMlMÈmÉ d;gkm]Æf|vb)j¡É

þ ¹;µ�ÿ��³�U» �2rfe]|vu�h��%e�yiyib)yiyij�b)lFhÄs%j�b_higkuvt��©s��©s9tÍ½fb_j�b���Å2s��5Ècs��
	�Å ¼i¼ �����Ms
�©s9tÍ½fb)j�b��*m]lbÈ�É
d9gkmMÆ;|�b_j¡É

s(tK½;b)j�b s¡Á�bC}9u�e]l�s¡Á�bCe�l�s�Á�u�l�s¡Á¡e���s�sFhÍ}�acb_�7É
ÀA�0Á/Á/ÂJÅ�� �FÉ ����� �;É ��� �FÉ �����(É ����� Å����(É �����
ÀO�qÁ/Á/ÂJÅ£¿f�
� �(É ����� �FÉ �M��� �(É �����(É ����� Å ���FÉ ���
ÀO�qÁ/Á/ÂJÅ£¿f��� �(É!�"��� �(É ��� �(É �����#�(É$�%��� Å ���FÉ ���
ÀO�qÁ/Á/ÂJÅ£¿f�&� �(É!�_��� �(É �����'�9É �����#�(É ����� Å ���(É �����
ÀO�qÁ/Á/ÂJÅ£¿f�9� ( »5�(o*) ÕH»,+*) �(É �����#�(É ����� Å ���FÉ!�"���

- .óÕJÒ&Ø��Í×$§UÙkÕ5Ò
ëi?ñ\_ß7TÇ^X>9<Í\_TÇV�QSL�ÞJL�ßH>�R;L�Û7<_L]^KL�?f\KLM=ñ30ï5ð�ðóòÌ>9?H=�\_L]^Í\KLM=ñ8;?ó>±V�QW>9^_^ÍTWV�>9Q0Þc>F\_L�<X^ÍäP^Íì
\KL�Ü Û7<_89âHQSL]Ü�=PTSô�L�<_L�?f\�89Û7\KTÇ89? 8(à�TÇÜ¡Û7QÇL�Ü¡L�?f\_>(\KTÇ89? 89à�30ï5ð�ðÎòõ>;V�V�89<)=PTS?Há�\K8�\kÞ28



�m�n� »�+H» zqmC�9df|vm]h5m�nps7É
þ ¹fµ�ÿ,�[oH» �2rUe�|�u�h���e�yiyib)yiyij�b)lFh0/1��2�j�b_higkuvt2¾�u�hk½/e&nÇgkmMlFh5m]n�È�s��
	�Å ¼i¼ nÇm]g�È�É d9gkmMÆ;|�b_j¡É

s(tK½;b)j�b /1� 2 Á�b)};u�e]l�/1� 2 Á�bCe�l3/4� 2 j�uvl5/1� 2 j�e��6/1� 2 sFhÍ}�acb_�7ÉÈ�s��
	�Å ¼i¼ �9É ���7����� �(É �]������� �9É ���������8�(É �������9� �(É ���]�����
ÀA�0Á/Á/ÂJÅ�� �9É ��������� �(É ���7���%� �9É ���������:�(É �������9� �(É ���������
ÀO�qÁ/Á/ÂJÅ£¿f�
� �9É ��������� �(É �7���%��� �9É ���������:�(É �������9� �(É �������M�
ÀO�qÁ/Á/ÂJÅ£¿f��� �9É ��������� �(É ���]����� �9É ���������:�(É ��������� �(É ���������
ÀO�qÁ/Á/ÂJÅ£¿f�&� �9É ���7����� �(É ���7�"��� �9É ���������:�(É ��������� �(É ���������
ÀO�qÁ/Á/ÂJÅ£¿f�9� �9É ��������� �(É ��������� �9É ���������8�(É ���)����� �(É ���������

����� » ( » z0m��9d;|�m�h5m]n;/1� 2 É



þ ¹;µ�ÿ��
ªH» sFhÍe�hkuvy§hkuvtXmMl±l9r;j�ÆPb_g2m]nqb)�Me�|vrUe�hkuvm]l±nWm�g&¿flU}9u�l;~�e�lfm]gkj�e�|vu�Ë_bC}�s(j�b_higkuvt�~]gkb)e�hkb_ghk½fe]l<�9É ����� e]lf}=�9É ����� m���b_g>���
gkrfl;y±nWm�g�hk½fbó};u@?7b_gkb)lFh�hkb_y§hkbC} yitÍ½fb_j�b)yA� Ç �©s9tÍ½fb_j�b���ÅÇ �5Ècs��
	�Å ¼i¼ ��� Ç �©s(tK½;b)j�b����pm]lMÈ�É d;gkm]Æf|vb)j¡É
B
C�DFE�G �IH » ( Ó	Ó B
C�DFE�G �=H » ( ÕJ+s9tÍ½fb_j�b Á�bC};u�e]l Á�bCe�l Á�b)};u�e]l Á�bCe]l

ÀA�0Á/Á/ÂJÅF� ��� K1�"�9É$�%��� Å��%��� Å��9É ���
ÀA�0Á/Á/ÂJÅ£¿f�
� K1�%��� K1�"��� Å��%�9É$�"��� ÅL�FÉ �7���
ÀA�0Á/Á/ÂJÅ£¿f��� K1�%�9É �����MK1�"�9É ����� Å �(É ��� KN�FÉ ���
ÀA�0Á/Á/ÂJÅ£¿f�&� K
�9É �����OK1�_�;É ����� Å��%�9É ����� Å��"�9É �7�%�
ÀA�0Á/Á/ÂJÅ£¿f�9� K1�"�P� ��� Q �
ÕH»nÕ	ÕR) Q o H »nÓJ+*)

þ ¹;µ�ÿ��EÆO»2¼ j�dUe]tKh�m�n&hk½;b{dUe�gÍe�j�b_hkb_gky)ÃS/4� 2 j�bKhigku�t{¾�u�hk½
e�nSgkmMlFh¡m�n/È�s��
	�Å ¼i¼ mMlÊÈ�É
d9gkmMÆ;|�b_j¡É

s9tÍ½fb)j�b1�ÏdUe�gÍe]j�b_hkb_gT� /1� 2 Á�bC}9u�e]l�/1� 2 Á�bCe�l3/1� 2 s(hÍ}�acb)�PÉ
ÀO�qÁ/Á/ÂJÅ£¿f�
�U�V��� �9É ���9����� �9É ��������� �9É ���������
ÀO�qÁ/Á/ÂJÅ£¿f�
�P�L�"��� �9É ��������� �9É �7������� �9É �����]�M�
ÀO�qÁ/Á/ÂJÅ£¿f�
�P�V����� �9É ��������� �9É ��������� �9É$���������
ÀO�qÁ/Á/ÂJÅ£¿f�9���V��� �9É ���9���"� �9É ��������� �9É �������]�
ÀO�qÁ/Á/ÂJÅ£¿f�9�W�L�"��� �9É ��������� �9É �������9� �9É �]�����
ÀO�qÁ/Á/ÂJÅ£¿f�9�W�V����� �9É ��������� �9É ��������� �9É ���������

þ ¹;µ�ÿ��
ÓH» sFhÍe�hkuvy§hkuvtXmMl±l9r;j�ÆPb_g2m]nqb)�Me�|vrUe�hkuvm]l±nWm�g&¿flU}9u�l;~�e�lfm]gkj�e�|vu�Ë_bC}�s(j�b_higkuvt�~]gkb)e�hkb_ghk½fe]l<�9É ����� e]lf}=�9É ����� m���b_g>���
gkrfl;y±nWm�g�hk½fbó};u@?7b_gkb)lFh�hkb_y§hkbC} yitÍ½fb_j�b)yA� Ç �©s9tÍ½fb_j�b���ÅÇ �5Ècs��
	�Å ¼i¼ ��� Ç �©s(tK½;b)j�b����pm]lMÈ�É d;gkm]Æf|vb)j¡É
B
C�DFE�G �IH » ( Ó±Ó B�C�DTE�G �=H » ( ÕJ+s9tÍ½fb)j�b1�ÏdUe�gÍe�j�b_hkb_gT� Á�bC};u�e�l Á�bCe�l Á�bC};u�e]l Á�bCe]l

ÀO�qÁ/Á/ÂJÅ£¿f�
�P�V��� KN�9�]É �����MKN���MÉ �9�%� KN�FÉ �9� K2�9É �����
ÀA�0Á/Á/ÂJÅ£¿f�
�6�L�"��� K1�%��� K1�%��� Å��%�(É!�"��� Å �(É �7�%�
ÀA�0Á/Á/ÂJÅ£¿f�
�6�V����� K1�%�(É �����MK1�"�9É ����� K1�"�9É �9�%� KN�FÉ �����
ÀO�qÁ/Á/ÂJÅ£¿f�9�W�V��� K
�9É �����XK1�"�9É ����� Å��)�9É ����� Å �(É �����
ÀA�0Á/Á/ÂJÅ£¿f�9�3�L�"��� K1�"�P� ��� Q �
Õ7»nÕ±ÕR) Q o H »nÓJ+J)ÀA�0Á/Á/ÂJÅ£¿f�9�3�V����� K
�9É ����� K
�(É ����� Å �(É ����� KN�FÉ �����



 0.9

 0.91

 0.92

 0.93

 0.94

 0.95

 0.96

 0.97

 0  100  200  300  400  500

N
or

m
al

is
ed

 S
-m

et
ric

Model evaluation (*100)

NSGAII
LEMMO-fix1

����� »�� H » ���;e]j�d;|�b�m�nAb)�MmM|vr;hkuvmMl�m]nHhk½fb�l;m]gkj�e]|vuvË)bC}�s(Å©j�b_higkuvt5};r9gkuvlf~chk½fb5b)��m]|vr;hkuvmMl�e]~Me]uvlfy§hj�m(}9b)|7b)�]e]|vrUe�hku�m]l¡mMl·È�É d9gkmMÆ;|�b_j¡É
æ;:O>(QÇT�\kä{Ü¡LM>9^K:7<KLM^�>(?H=%\KßHL�?f:HÜ�âAL�<�89àqL]R�>9QS:O>F\KTÇ89?±?7L]L]=PLM={\_8/<KLM>9V)ß�=PT�ô�L�<_L�?f\�RF>(QÇ:7L]^
8(à*?789<_Ü/>(QÇTSÝ]L]= NPÜ�L�\K<_TÇV94
3pï5ðñðóòõßH>9^�^Íß78FÞ�?[\_ßH>F\�TS?f\K<_8P=P:HV�TS?7áñÜ¡>;V)ß7TÇ?7L{QÇL]>(<_?7TÇ?7áñV]>(? âAL >�á;8f8P=[Þc>�ä�\_8
âO89\Kß[=PL]V�<KLM>9^KL]=�\_ß7L�?U:7Ü�âOL]<_^�89à5L�RF>(QÇ:H>(\KTÇ89?ó>9?H=�TÇ?HV�<KLM>9^KL]=�\_ß7L�æf:H>9QSTS\kä�8(à5\Kß7L¡89â7ì
\_>(TÇ?7LM=�«">9<KL�\K8 à£<K8;?f\]4pð�8;<KL¡L�îUÛAL�<_TÇÜ�L]?f\_^�ßH>�R;L�\K8�âAL%V�8;?H=P:HV�\�TS?[89<)=PL]<X\K8�^KL�L¡\KßHL
âOL]ßH>�RUTS8;<289à*30ï5ð�ðÎò 89?±QW>(<_á9L�<cÛ7<_89âHQSL]Ü¡^]4
ãcß7L5à£:7\K:7<_LcÞJ8;< å ^,Þ�TÇQÇQPâOL2\K8XV�8;Ü¡ÛH>(<_LJ=PTSô�L�<_L�?f\qÜ/>;V)ß7TS?HLJQÇL]>9<K?7TÇ?7á�>(QÇá989<_TS\Kß7Ü/^�k]89\Kß7L]<
<K:7QÇL�TÇ?H=P:HV�\KTÇ89?{Ü¡L�\Kß78P=7^]E;V�QÇ>;^K^KTÇV]>(QH=H>F\_>�Ü�TÇ?7TÇ?7á�>9QSá;89<_T�\_ß7ÜÌ^K:HV)ß{>;^���Û7<_TÇ89<_TO>(?O=/=PT�àÏì
à£L�<_L�?f\�V�89Ü¡Û7QÇL�\_TS8;?H^�89à0á9L]?7L�<)>F\_L]= <K:HQSLM^�4
3pï5ðñðóò V�>9?
âAL�>(Û7Û7QÇTÇL]= \_8óÜ/>9?fä 89\Kß7L]<¡<KLM>(QcÛ7<_89â7QÇL�Ü Þ�ß7L]<KL%\Kß7L�L]R�>9QS:O>F\KTÇ89? TÇ^
\KTÇÜ�L�V�89?H^K:7Ü¡TÇ?7áH4

Y £[Zà£pÔ?£pÒ&Ø�£:§
�MÉ��XÉ7a2b)ÆOwOsPÉ\	5~]gÍe)¾"e�|Ïw]	�É � gÍe�hÍe]ÆOwOe�lU} Ç ÉAÁ�b_�Fe�gkuv�Me�lOÉU	 nÏe]y§h&b)|vu�hkuvy§h�lfm]l;Å�};m]j�u�lfe�hkbC}
yim�gihkuvlf~&~Mb)l;b_hkuvt2e�|�~]m]gku�hk½fj�nWm]g*j�rf|�hku�Å©mMÆ(È§b)tKhku��Mb5m]d;hkuvj�uvËCe�hkuvm]lOÃ(È2yi~Me�Å ¼i¼ É ¼ l3^`_�a%bFc�c�d�egf�h�i
a jNk�l&cm^Sn�_�n�o�o!cpo*^`_�a�q"o!cTrts*a�o u%egf9hSjT_�a�rwvNn�kyx9_�c{z
|U}[a�f%j"cT_�cTf*bFcKwfdUe]~]b)yI�]����~9�����(w��������9É

�(É�x&É,xce�lU}fe(w Ç É0xJm]gkuvrftÍ½fuÏwqÂÄÉ,��e�hÍe�uÏw*e�lU}óÁ É*z*e�ÆUe(ÉA	 lfm���b)|"½F�9Æ;gku�}�nÇgÍe�j�b_¾*m�gÌËñm�n
t_mFb)��mM|vr9hku�m]lUe�gi�/~�e�e]lf}/j�e]tÍ½fuvlfb�|vbCe�gklfuvlf~9É�|Ff&k�cT_TfJn�kye�a�fJn�o;�9a�x9_TfJn�o;aLj5}[a�rm�Jx9kVn�kye�a�f*n�o
|Ff&k�cpogo e!h�cTfJbTc4n�f*dU�����*o e�b�n�kye�a�f�ikw*�������(É

�9É�x&É*x2e]lU};e9w Ç É"x2m�gku�r;tK½;uÏw�ÂÄÉ*��e�hÍe]uÏw Ç É"��e�lfbÙËMm;w Ç Éq��mMlfuvyi½;u£w"e]lU}�Á É"z*e]Æfe9É�oqm]Åb_��mM|vr;hkuvm]lUe�gi��~Me{¾�u�hk½ñyitK½;b)j�e{b_�(higÍe]t_hkuvmMlñÆF��j�e]tÍ½fuvl;b�|vbCe�gklfuvlf~%hkb)tK½;lfu!�Frfb)y�e]lf}�u�hky
e�dfd;|�uvtCe�hkuvmMl�hkmMË(lUe�dfyke�t'Ë{d;gkm]Æf|vb)j�y)É ¼ lR^`_�a%bFc�c�d�egf9h�i5aLj6k�l�cP�7������}[a�f�h�_�cTi�i5a�f���u�a��
o x9kye�a�f*n�_F��}[a�rm�Jx9kVn�kye�a�fA}��N}��9������w7dfe]~Mb_y1�����%�%~J�����%�(w,o"Âc�,�ÄwU¬±m]gk|�} Ç gÍeM}9bXoqb)lFhkb_gCw
�%����s9e]j�yib)m]lf~�Å�}9mMl;~;wJ�ce]lf~]lUe�jXÅ�~]rOwfs9b_mMrf|Ïwf��m]gkbCe(w*����Å�����Á¡e)�W�����9�MÉ ¼ �p�0� � gkb)yiy)É�;É�x&ÉHxce]lf}fe(w Ç ÉOx2m�gku�r;tK½;uÏw�ÂÄÉH��e�hÍe�uÏw Ç ÉO��e]lfbàË�m;w Ç É���m]lfuvyi½fuÏwAe]lf}�Á ÉAz*e]Æfe9É��frfyiuvm]lm�n�t)mFb)�MmM|vr;hkuvmMlfe�gi�ó~�e�e�lU}ñj�e]tÍ½fuvlfb�|�b)e�gklfuvl;~�hkb)tK½;lfu!�Frfb)yÄhk½;gkmMr;~M½óbp?7b)t_hkuv��b¡yitÍ½fb_j�e



bK�9higÍe�t_hkuvmMlHÉ ¼ l%ÀOb_b�s9dPb_t_hkm]gCw7��gku Ë/a�É��2mFm(}9j�e]lOw�	5lfl;u�b�¬�rHwU¬ É zJÉHÀOe]lf~M};m]lOw7xce�lfy§Å
Á�uvtÍ½Ue�b)|J�pmMuv~]hCw9Á�u�hkyir;m6�2b)lHw(s9e]lU}9uvd�s9b)lHw9Á¡e�gkt)m�acm�gkuv~Mm;w;s(½Ue�½;gÍe]j � b)Ë_b)yi½	ËPw9Á¡e���xÄÉ
�ce�gkË)mMlHw,e]lf}��0}9j�r;lU}±z0r;gÌË�bMw�bC};u�hkm]gky)w;^�_La%bTc�c�d�egf�h�iWa j�k�l�c��ScTf
cTkye�b�n�fJdW�`u�a�o x9kye�a�f��
n�_T�5}[a�rm��x7kVn�kye�a�f�}[a�f%j%cT_�cTf*bFc1���[�N}�}��`�V�7�����T�Cw9dUe]~]b0���]�9w;s;e�l��;gÍe]l;t)uvyit)m;w;o*e�|vuvnÇm]gkl;uSe(w
� s&	�w&��Å����4�Mr;|��W�����9�MÉHÁ�m�gk~�e]l/��e�r;nÇj�e]lflHÉ

�(É&Á É � É�xce]l;yib)lOÉR��cTkVn�l&cTx7_Fegi�kye�bpi
j"a�_�rUx7o kye �*o!c�a�qg��c�bpkyegu�cWb�a�rPqpe�f*n�kVa�_Fe�n�oSaF�JkyegrUe$��n�kye�a�ffÉ� ½faóhk½fb)yiuvy)w]m]nHÁ¡e�hk½fb)j�e�hku�t)e]|fÁ�m(};b)|v|vuvlf~;w Ç b)tÍ½flfuvtCe�| � lfuv��b_gkyiu�h���m]nPacb_lfj�e�gÌËPw�À7�;l;~MÆF�Fwa2b)lfj�e�gÌË7w Ô b)dPm�gih ¼ Á/Á�Å � xJa2Å��%������Å©���(w]�"�����(É
�9É��9É�a�É]��lfmC¾�|vb)y0e]lU}Äa�É]¬ É(oqm]gkl;bMÉHÂ2lÄj�b_higkuvt)ypnÇm]g0t)mMj�dfe�gkuvlf~2lfmMl9Å�};mMj�uvlfe�hkbC}&yib_hky)É ¼ l
¼ �0�p��s9bKgk�9uvt)bJoqb)lFhkb_gCw(b)};u�hkm]gCw]}[a�f9h�_�cTi�i
a�f��`u�a�o x9kye�a�fJn�_T��}[a�rm��x7kVn�kye�a�f���}��
}�� �7�����"��w
�MmM|vrfj�b4�MwUdfe]~]b)y0�9���F~7���%�9w � uvyitCe�hÍe)¾*eC�Fw	È2b_¾��MbKgkyib_�FwPÁ¡e)�W�������(É

�(É � ÉOÁ�b_gkË]É���cTrPcTkye�bU�0o h�a�_Te�k�l9rUi�j"a�_�}[a�rPqpegfJn�kVa�_Fe�n�o��]�Jkye�rUe!�%n�kye�a�f�^�_La�q"o!cTrUip ;¡¢egkyf*cTiFi
£ n�f*d�iTb�nT�&cTiUn�f*d6��¤0c�bpkyegu�c1s
c�n�_LbFl�s�ky_�n�k�cVh�e�cTiÍÉ � ½;a hk½fb)yiuvy)wPacb_dUe�gihkj�b_l(h5m�nq�,|vb)t_higkuvtCe�|�,lf~]uvlfb)b_gkuvl;~�e]lf}/oqmMj�d;r;hkb_gJs(t)uvb)lft)b]w � lfuv��b_gkyiu�h���m�n0s9uvb)~]b)lOwJ�2b_gkj�e]lF�Fw��������(É

�9É Ô É s7É;Á�uvtÍ½Ue]|vy Ë(uÏÉpÀObCe�gklUe�Æf|vbcb)��m]|vr;hkuvmMl�j�m(};b)|ÏÃ9�,��mM|vr;hkuvm]lUe�gi��d9gkmFt)b)yiyib)y�~Mr;u�};bC}�ÆF��j�e�ÅtÍ½fuvl;bc|vbCe�gkl;u�l;~;É`��n�bFl�egf
c £ c�n�_Tf&egf9h]wJ���7�L�T~7���KÃ ��~F���9w\�������(É
�9É Ô É s7É�Á�u�tÍ½Ue�|vy Ë9uÏw¢�ÄÉpoqbKgk��mMlHw,e]lf}��XÉ 	�É���e�r;nWj�e�lOÉ±s9dPb_bC};uvlf~/r;d�b)��m]|�r9hkuvmMl�hk½;gkm]rf~]½
|vbCe�gklfuvlf~9ÃPÀHb)j¡É ¼ l�|Ff�k�cpogo e$h�cTf�k[|Ff"j"a�_FrPn�kyeya�f�s���i�k�cTrUiN�7������wUdfe]~Mb_y
������~9�����9w��������(É

�"�9É Ô É s7ÉMÁ�uvtK½fe]|vy Ë(uUe�lU}U�9É z5ÉFÀAe�gkyimMlHÉ7s9b_|�b_t_hkuvmMl�m]nUj�mMy§h�gkb)d9gkb)yib)lFhÍe�hkuv��b*higÍe�u�l;uvlf~cb_�;e�j�df|vb)y
e�lU}�uvlft_gkb)j�b_l(hÍe�|�~Mb_lfb_gÍe�hku�m]lXm]nf�(|��0½F�9dPm]hk½fb_yiu�y)Ã Ç ½;b*rflf};b_gk|��9uvlf~�j�b_hk½;m(};mM|vm]~]�&e]lf}�hk½;b}9b)yit_gkuvd;hkuvm]lfypm]n7d;gkm]~]gÍe�j�y0b)yib_|Ue]lf}Xe��J���MÉ Ç b)tÍ½fl;uvtCe]| Ô b)dPm�gih Ô b)dPm�gih©È2m;É������(w � gkÆUe]lfe9w
¼ |v|�uvl;mMuvy)ÃUacb_dUe�gihkj�b_l(h*m]npoqm]j�dfr;hkbKgJs9t)uvb)l;t)bMw � lfuv��bKgkyiuvh���m]n ¼ |v|vuvlfm]u�y)w��%�����9É

���MÉ Ô É s7É�Á�uvtÍ½Ue�|�y Ë(uÏw ¼ É]Á�mMË_b_hkuvtMw��9É�x2mMl;~;w]e]lf}�ÈÄÉ3ÈÄÉ�ÀOeC�(gÍe�tMÉ(½fbpj�r;|�hku�d;r;gkdPm]yib0uvlftKgkb)j�b)lFhÍe]|
|vbCe�gklfuvlf~2y§�;y§hkb_j e��J���Je]lU}&u�hky�hkb)y§hkuvlf~�e�dfdf|vuvtCe�hku�m]l�hkm2hk½9gkb)b*j�bC}9u�t)e]|9};m]j�e]uvlfy)É ¼ lU^`_�a%b�¥
a j1k�l�c4¡¢e jTk�l�vNn�kye�a�fJn�o�}[a�f%j%cT_�cTf*bFc�a�f��I_Tkye ¦�bpe�n�o\|Ff&k�cpogo e!h�cTf*bFcKwHdUe�~Mb)yP�"�]�&�F~J�"�]���FÉ � 	&Ã
Á�m�gk~�e�l/��e]r;nÇj�e]l;lOw*�%�����(É

�%�(É��9É Ô m]yiy��2rfuvlf|�e�lOÉW}�§*¥,¨� 
�J_La�h�_�n�r1i�j"a�_1r6n�bFl9egf*cPo!c�n�_Ff�e�f9h]ÉÄÁ�m]gk~Me]l%��e]r9nWj�e]l;l � r;Æ;Å|vuvyi½fbKgky ¼ lftMÉvw��%�����9É
�"�9É�À,É 	&É Ô mMyiyij�e]lHÉ[�,dUe�lfb_hCwpr;yib_gky�j�e]l(rUe�|ÏÉ Ç b)tK½;lfuvtCe�|�gkb_dPm]gihCw � É s7Ép�,l(�(u£É � gkm]hkb)tKhku�m]l

	5~Mb)l;t_�Fwfoquvlft)uvlflfe�hkuÏwUÂ2½fuvm;w��%�����9É
�_�;É&Á ÉPs9b)Æfe]~9wHoJÉ Ô eC�9uvyibMwPe]lU}¡Á ÉHs9tÍ½fmFb)lfe]r;b_gCÉ5oqmMlFhigkm]|�|vuvlf~�b)��m]|vr;hkuvmMl/ÆF��j�bCe]l;y5m�npj�e�ÅtÍ½fuvl;bc|vbCe�gkl;u�l;~;É ¼ lW��u�a�o x7kyeya�f*n�_F�U^�_La�h�_�n�r1rUegf�h]wUdfe]~Mb_y
���%~9���9w]�"�����9É
�%�(É&Á É�s9b_ÆUe]~¡e]lU}�Á É�s(tK½;mFb)lUe�rfb_gCÉ�oqmMlFhigkm]|�|vuvlf~/tKgkmMyiyim���b_g&hk½;gkm]rf~M½±u�lf};r;t_hkuv��bX|vbCe�gkl;uvlf~;É
¼ l�É0rf�]e]|�a�eC�(u�};m]gCwqxce�lfy§Å � e]r;|cs(tK½F¾*bKnWb)|Ïw"e�lU} Ô b)uvlf½fe�gÍ} Á�©e�lfl;b_gCw*bC}9u�hkm]gky)wS^Sn�_Ln�ogo!cpo
^`_�a�q"o!cTrªsJa�o u%egf�hIjT_La�rMv�n�kyx7_�c1«1^¢^`s7v¬|�|�|Íw9dfe]~Mb_ym�����%~7�9�"�9wHzqbKgk|�uvlHw\�%���]�9É7s9d9gkuvlf~MbKgCÉ

�"�9É&Á ÉPs9b)Æfe]~9wHÁ É7s(tK½;mFb)lUe�rfb_gCwUe]lU}{oJÉ Ô eC�(uvyibMÉ Ç mC¾"e�gÍ}/t)uv�9uv|vuvË)bC}¡b)�MmM|vr;hkuvmMlHÃPacb)�Mb)|vmMdfuvl;~uvl;½fuvÆfu�hkuvmMl;y)É ¼ l Ç ½fm]j�e]y�z0©e]t`Ë7wObC}9uvhkm�gCw\^�_La%b�¥Sa jUk�l�cPs*cTu�cTf�k�l�|Ff�k�¥0}[a�f"j%¥�a�f­�ScTf
cTkye�b
�
o h�a�_Fegk�l9r1iÍw;dUe�~Mb)ym���9�T~9�����(wOs;e�l¡�;gÍe�lft)uvyit)m9w7o`	&w��%�����FÉ7Á�m]gk~Me]l/��e�r;nWj�e�lflHÉ

�%�(É��"ÉJ®7u�hkË)|vb_gCÉ0�,��mM|vr;hkuvm]lUe�gi��e]|v~]m]gku�hk½fj�y"nWm�g5j�rf|�hkuvmMÆ(È§b_t_hkuv��b�mMd9hku�j�uvËCe�hkuvmMlOÃUÁ�b_hk½;m(};y5e]lf}
e�dfd;|�uvtCe�hkuvmMlfy)É0Á¡e�y§hkb_g%¯ y"hk½fb)yiuvy)wUs(¾�uvyiy*nWbC}9b_gÍe]| ¼ l;y§hku�hkr;hkb2m�nAhkb)tÍ½fl;mM|vmM~����£� Ç x
�KwJ®Pr;gkuvtÍ½Ow
sF¾�u�hkË)b_gk|�e]lf}Hw;lfm���b)jÄÆPb_g
�%�����(É


