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¨�!$*m.AfLf�0IVS.10/0IV6!KV6!mF6GIJLWI0bJq*/`CF6HS*R0bJeNiH©JeHªgS!mWI0�«C�SGbWI0nWb!$.AGR*bV¬JLWh ¤¯® §K°k± ¤¯® § ¥�² ¤�® §cd
��V6!cGb!/± ¤¯® §ZJeW)0IV6!/!YQO.i*R0�*RN:Wb0�NA` p:!c0b0IJLH6pn0bNK0IV6!/*RF6GbGI!cH_0,H6N6#_! ® d�.AHS#l² ¤¯® §)JLWU0IV6!
!cWI0bJL<�.A0b!$#�<nJLH6JL<,F6<³*RN:Wb0PN1`�p:!m0I0IJLH6p,`CGIN:< ® 0bNh.,piN�.Af&Wb0�.10I!:%

´ ¤ �/;SNiJLH�0bW�§�µ_FO;6;SNiWI!�� !UGIF6Hl.,piGI!c!$#�M�Wb!$.AGR*bV�.AfLp:NiGIJL0IVO<¶��JL0bV�² ¤¯® §?°¦·�± ¤¯® §m%
�¸VS.A0�WbN:GI0�N1`�Wb!$.AGR*IV¹��JefLf&0bV6!Up:GI!m!$#_MKWI!$.1G�*bVl!c</FOfº.10I!$»

¼ ¤ �U;SNiJeH_0bW�§?�?GINA�i!�0IVS.10?J½`�0IV6!�V6!mF6GIJLWI0bJq*z`�F6HS*R0bJLN:H/²,N:g�!cM_W(0IV6!�0bGIJq.AHOp:fL!(JLH6!$�iFS.1f½«
JL0�M_ds0bV6!cHª0IV6!l�«¾*RNiWI0/.AfLN:HOp�.AH_M¿;S.A0bVÀJLH"0IV6!�WI!$.1G�*bV©0IGb!c!nJLW,H6N:HS#�!$*RGI!4.AWIJLH6p�%
¤ E�V6!,0IGIJq.1H6p:fL!UJLH6!$�iFS.AfLJL0�MnWR.4M_WP0IV�.A0P0bV6!,WIF6<kN1`Á0bV6!/*RN:Wb0IW)`�GINi<�Â�0INKÃ�.1HS#
ÃÄ0IN/Å³</FOWI0 H6N:0 gS!�fe!mWIW�0IV�.AHK0IV6!,*RN:Wb0 `�GINi<�ÂÆ0INnÅ�#_JLGI!4*R0IfLM_% §

Ç ¤ ]DÈUÉ)�Pµ¹�n;�N:JLH_0IW�§Uµ_Ni<n!c0bJL<n!cW 0IV6!mGI!,JeW)H6NnpiN_N�#�!c�:.AfLFS.10IJLN:H�`�F6H�*R0IJLN:H�`�N:GU.;OGIN:gOfe!m<�d4g6F60(0bV6!cGb!PJLW(.PpiN_N�#,*RNi<n;S.1GIJLWINiH�<n!c0bV6N6#&5s.)��.4M�0INU0I!mfefOJ½`�N:H6!�H6N6#_!
JLW?g�!c0I0b!cGD0bVS.AH/.AHON:0IVO!cG$di��JL0IV6NiF60(.AWIWbJLp:H6JLH6p)H�FO<n!cGbJº*m.Af_�:.AfLF6!cW?0bN2!mJe0bV6!cG4%(µ_V6NA�
0bVS.A0 0IVOJeW�JLW !cH6NiF6p:V�0IN/#_Nh.�g�!cWI0¾«��SGbWI0)WI!$.1G�*bVs%(�¸VS.A0 ;6GINi;S!mGI0IJL!cW)NA`?gS!cWb0�«C�SGIWb0
Wb!$.AGR*bV�#_N/� !2piJL�:!PFO;�J�`?�D!UN:HOfeM/V�.4�:!�./*RN:<�;S.AGbJLWIN:H/<�!c0IVON�#O»
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[ N:H6WbJq#_!cGP0bV6!)`�N:fLfLNA��JLH6pU<�.1;�*RNifeNiGIJLH6p,;6GINig6fL!c<�5
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��JepiF6GI!l+i5�T)WIWIJLpiH"!$.:*bV"GI!mp:JLN:H¿N:H6!/N1`�0bV6!n0bV6GI!m!�*RNifeNiGIW ¤ ¨�!$#Ëd � Gb!c!cH"NiGo](fLF6!4§UWIN
0IVS.10�H6N/0�� Nh.i#c�c.:*Y!cH_0�GI!cpiJeNiH6W�VS.4�i!20bV6!�WR.A<n!U*RN:fLNiGIW$%

´ ¤ �/;�N:JLH_0IWR§�^�Hl*Rfq.AWbW$d��D!�WI0IF�#_JL!$#l0�� N/V6!cFOGIJLWI0bJº*YWP`CN:GP[�µ6�?W4d?ÌeÍRÎ4ÏRÐCÑ�Ò�Ó1Ô_ÏRÐ¯ÕmÖqÔ6ÖqÔ_×4Ñ
Ø ÎAÌ�Ù6Í�.1HS#ÆÚhÓÛÏRÐ�Ñ�ÒRÓAÔ�Ï�Ð�Õ�Î1ÖqÔSÍRÜ4Ñ Ø ÎAÕmÖ�Î:ÝmÌeÍm%Þµ�N:fL�:!K0IVO!lp:GR.A;6V¬*RNifeNiGIJLH6p¿;6GINig6fL!c<.1gSNA�i!/F6WIJLH6p¿0IVO!cWI!K0�� NlV6!cF6GbJLWI0IJq*RWn.1HS#¹`�NiGI��.AG�#"*bV6!4*Ir_JLH6p�% ¤ µ_V6NA��� N:GIr"NiH
g�.:*br6§

¼ ¤ ]DÈUÉ)�Pµ¹�n;�N:JLH_0IW�§)')!cW�*RGbJLgS!n.1H�.i#6#_JL0IJLNiHS.Af�V6!cF6GbJeWb0IJq*U0bVS.A0)�DNiF6fq#KgS!�F6WI!R`CF6f
JLHKWINifL��JLH6p�0IV6JLW�;6GbN:g6fL!c<¿%
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TPWbWIF6<�!lM:NiF¬VS.4�:!l.1H¬!c�:.AfLFS.10IJLN:Hª`�FOHS*R0IJLNiHÞ0bVS.A0�GI!c0bF6GIHOW�.¿fLJeWb0nN1`Z0bV6GI!m!��:.1feFO!cW$d
JLHS#_Jq*c.A0bJLH6p ¤ W�.4M6§U0bV6!nfLJLr:!mfeJLV6N_N6#KN1`���JLH6H6JLH6p�`�NiG�;6fq.4M:!mGIWo9OdD+/.AH�#"36d�GI!cWb;S!$*Y0IJL�:!cfLM_%
[ N:<�;6fL!c0I!�0bV6!�`�N:fLfLNA��JLH6pop_.A<�!�0IGb!c!/g_Mn��fefLJLH6p/JLHl0bV6!/gS.:*bri!$#i«�F6;��:.1fLF6!cW�`CN:G2.1fLf�Gb!R«
<�.1JeHOJeHOp2HON�#�!cWPJLHS*RfLFS#�JeHOpo0bV6!�GIN_Ni0$%
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to move:

(1  2  3) (4  2  1) (6  1  2) (5  4  5)
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^C`U0IV6!KF6H6Jq*RNiGIHªJeW,</M_0IV6Jq*c.1f�d&0IV6JLHªJe0�JeW,JL<n<�N:GI0R.AfCd&g6F60,J�`PJe0,JLWoHON:0
</M_0bV6Jq*c.Af�d60bV6!cH¿JL02JLWU.n<�N:Gb0�.Af&<K.A<�<n.Af�%�^C`D0IV6!/FOH6Jq*RN:GbH�JLWP!mJe0bV6!cG�JL<|«
<�N:Gb0�.Af�N:G�.�<�.A<�<n.AfCd$0bV6!cHKJL0�JLWDV6NiGIH6!4#&%(E�V6!)F6H6Jq*RNiGIHKJLW�<�.ApiJq*c.Af_J�`�JL0
JLW�V6NiGIH6!4#&%
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é�NA�Æ<�.1H�M,<nN6#_!mfeW�.AGb!U0IV6!cGb!U`�NiG�0IV6!)`�NifefLNA��JLH6pUWI!mH�0b!cHS*R!mW�»

´ ¤ 3,;SNiJLH�0bW�§ ÂÀìKÃ
¼ ¤ 3,;SNiJLH�0bW�§ ÂÀíKÃ
Ç ¤ 3,;SNiJLH�0bW�§ ÂÀìKÃ¬ìKÅ
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.1HS#/0bVS.A0 0IVO!�ü ö�ý ;6Gb!$#_Jq*c.10I!U<n!$.1H6W,üIp:Gb!$.A0b!cG�0IV�.AHnNiGD!4�:F�.Af&0IN�% ý ��HS#�!cG�0IV6JLW
JLH_0I!mGI;6Gb!c0�.10IJLN:HsdO0IGR.AH6Wbfº.10I!U0IVO!�0IV6!mWI!�Wb!cH_0I!cHS*Y!cW�JLH_0IN/þ?H6p:fLJLWIV�%

¼ ¤ +U;SNiJLH�0R§(^�W ¤ TU§ 0IGIFO!�F6HS#_!mG�0IV6JLW�JLH_0I!cGb;6GI!c0R.A0bJeNiHS»
Ç ¤ +U;SNiJLH�0bW�§ ^�W ¤ ]D§�0IGIFO!2FOHS#_!cG)0IV6JLW�JLH_0I!cGb;6GI!c0R.A0bJeNiHS»
ÿ ¤ 3,;SNiJLH�0bW�§�')N_!cW ¤ TU§ fLN:p:Jq*c.1fLfeM,!cH_0�.1JLf ¤ ] §I»
� ¤ 3,;SNiJLH�0bW�§�')N_!cW ¤ ] §�fLNip:Jq*c.AfLfLM�!cH_0R.AJLf ¤ TU§I»
� ¤ 3K;�N:JLH_0IW�§�E?GIM¿0INl;OGINA�:!�0IVS.10 ¤ TU§U`CN:fLfLNA��WP`CGIN:< ¤ ] §�FOWIJLH6p¿GI!cWbN:fLF60IJLNiHs%l')N
0bV6JLW(!c�i!cHnJ�`sM:NiFo0bV6JLH6r,0IVS.10 ¤ ]D§(#�N�!mWDH6Ni0(fLN:piJº*m.AfLfLM2!mH�0R.AJLf ¤ T2§���*YN:H_0IJLH_F6!�F6H_0IJLf
0bV6!/;6GbN�N1`Pg6GI!4.Ar_Wo#_NA��H".AHS#¿MiN:F"*c.AHOH6N:0U;6GbN�*Y!c!$# ¤ J�`�Je0�#_N_!cW�g6GI!$.1r #�NA��HS§c%
µ�V6NA�¬0IVO!2FOH6J�`�M_JeHOpoWbF6g6WI0bJL0IF60bJeNiH/`�NiGD!4.:*bVKGI!cWbN:fLF60IJLNiH�Wb0I!c;�%(^C`�0bV6!U;6GIN_N1`s`¯.1JefLW4d
!YQ�;Ofº.1JLHn!RQS.:*Y0IfLMn��V6!mGI!:d�V6NA� .1HS#���V_MnJL0DgOGI!$.1r�WU#_NA��Hs%

� ¤ ]DÈUÉ)�Pµl3,;�N:JLH_0IWR§�É�NA�¬0bGIMn0bN/;6GINA�i!U0IVS.10 ¤ ] § `�NifefLNA��W?`CGIN:< ¤ T2§m%
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E��DNK.AWb0IGINiH6N:<�!cGIW4d6JLH�#_J��&!cGI!mH�0U;S.1GI0bW2N1`(0IV6!,�DNiGIfq#&dO<�.Ari!P<�!$.AWbF6GI!c<�!cH_0IW	��
Z.1HS#
���N1`D0IVO!�H_F6</gS!mG�NA`DWb0�.AGbW�� JLHlWbN:<�!2Wb<�.1fef&Gb!cp:JLNiHlNA`(0IVO!oWbr�M_d6FOWIJLH6pn0bV6!cJLGP0b!cfL!R«
W�*RNi;S!mW$%oÉ�N:Gb<�.AfLfLM_d:0bV6!cGI!/JLWU./WI<K.AfLf&;�N:WIWbJLg6JLfeJL0�M�NA`D!cGbGINiG2g_MKF6;¿0IN�N:H6!�Wb0�.1G$%�þ(.i*IV
0I!cfL!cWR*RN:;�!�*c.1HÞ.1feWbN ¤ ��JL0IVÞ.�WIfLJLp:V_0IfLM¿WI<�.1fLfe!mG2;OGIN:g�.Ag6JLfLJL0�M�§ZgS!�gS.:#_fLM"NiF60oN1`�`�N6*RF6W
¤ !c�i!cH_0IW�� 
 .AHS#�� � §cdzJLHÞ��VOJº*bV©*c.AWb!:d�0IVO!lW�*RJL!cH_0bJeWb0/��JLfef�FOHS#_!cGR*RN:F6H_0�g�M"0bV6GI!m!lN:G
<nNiGI!PWb0�.1GIW$% [ N:H6WbJq#_!cG�0IVO!�0IV6Gb!c!�H6!m0��DNiGIr_WPWbV6NA��HKgS!cfLNA��%

F1

M1

N

M2

F2 F1 N F2

M1 M2

M1 M2

N

F1 F2

(ii) (iii)(i)

��JepiF6GI!�7O5?E�V6GI!c!�;SNiWIWIJLg6fL!UH6!c0�� N:Gbr_W `�N:G�0bV6!U0I!cfL!cWR*RN:;�!o;OGIN:gOfe!m<�%

´ ¤ -K;�N:JLH_0IW�§��¬V6Jq*bV"NA`P0bV6!cWb!ng�!cfLJe!Y`2H6!c0�� N:Gbr_Wh*RNiGIGb!$*R0IfLM ¤ g6F60,H6N:0�HO!$*R!cWbW�.AGbJLfeM
!YX�*RJL!cH_0IfLM6§ GI!c;6Gb!cWI!mH�0U0bV6!o.Ag�NA�:!)JLH_`�N:Gb<�.10IJLN:HS»

¼ ¤ -,;SNiJLH�0bW�§ �¬VOJº*bV�JeW�0bV6!UgS!mWI0PHO!c0��DNiGIr6»
Ç ¤ -K;�N:JLH_0IW�§ � JL�i!h.�GI!4.AWINiHS.AgOfe!n*YN:HS#_JL0bJeNiHS.Af?;6GbN:gS.1g6JLfLJe0�MK0R.Ag6fL!�`�N:G�0bV6!/�:.AfLF6!mWN1`�� ¤ ��
�� �l§c% ¤ �6NiGDWbJL<n;6fLJq*RJL0�M�d4*RN:HOWIJq#_!cG�NiH6fLM/0IV6!);SNiWIWIJLg6fL!U�:.AfLF6!mW2+id�3Od6.AHS#�7
JLHK0IVOJeW�;�.AGI04%8§

ÿ ¤ ]DÈUÉ)�Pµ¿-/;�N:JLH_0IW�§)µ_F6;6;�N:Wb!���
P°�+,.AHS#����°�7O%��¬VS.10P.AGI!,0IVO!�;SNiWIWbJegOfe!
H_F6</g�!cGbW�NA`�Wb0�.1GIW�»
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á&!c0�0IV6!zJeHOWI0�.1HS*R!(Wb;S.:*Y!(gS!�� °��Û9Où$+�� �Ad40IV6!(0bG�.1JeHOJeHOpDWb!c0sg�!Dë�°!� ¤#" 96ùR96ùR96ùR9%$�ù$+4§&�:d
.AHS#�0bV6!�V_M_;SNi0IV6!cWbJLW�WI;S.i*R!(' gS!U0bV6!�WI!m0PNA`(*RN:H4�RF6HS*R0bJLN:H6W�NA�i!cG)�"%

´ ¤ �©;SNiJeH_0bW�§K[ N:<�;6F60I!K0bV6!À*c.AGR#_JLHS.AfLJL0�MÀN1`o0IVO!"�:!cGbWIJLN:HÆWI;S.i*R!¿NA`nékNA�:!mG�',d
�+*-,/.10 23�½%

¼ ¤ 7K;�N:JLH_0IW�§U')!cGbJe�i!/0IV6!4,Æ.AH�#65�`�GbN:H_0IJL!cGbWUF6WIJLH6pl0bV6!n*c.1HS#_Jq#6.A0b!/!cfLJL<nJLHS.A0bJLNAH
.1fLp:N:GbJL0IV6<¿%

Ç ¤ 7,;SNiJLH�0bW�§)µ_F6;6;�N:Wb!�M:NiF�Wb!c!�0bV6!o.:#O#_JL0IJLN:HS.1f&!RQS.A<�;6fL! ¤#" +iù$+iù$+iù$+1$�ùR9:§m%�')!R«
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