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:In O�N ����{ � �ag Q n�qumoeRquq�fh�Rgoqug¯iugoqueR�zfhq �¹N q��±gj��� N q0}^e�fhe�iug NPORQ iugo� N fhg Q �±`�iu�¾�

	 
��� � ��� ����� �  �� �

� O fh��npq4qtgjm²fhn�` OU� �ag»Riuqtf4iugoy�n�go� �R`M� Ã»Ä¹ÅVÆ>Æ��±`�it��qo��~1g·fu�Rg O�Q npqtmjeRqtqdfu�Rg»�{�c¹`�fh�Rgoqun��jg Q
��npbdnzf N funp` O q `�}ÉÃ»Ä®ÅVÆVÆ NPORQ gjbdcRn�iun�m N ����{�yPgjitn�}K{�fu�RgjqtgÀ��npbdnzf N funp` O qj�

����� ��� ��!#"%$'&#& $'(�)+*-,/.102�43
Ã»Ä®Å¤Æ>Æ6fui NPO qu� N fhgoq N qug²fa`�}ÐcRit`�c®`�qunzfhn�` O�N ��iteR��gjq � iugocRiugoqug O fun O�³ ��� N fFn�q±n O nzfhn N �p�z{H� O `M� O»N °¹`�e
f
NxQ `�b N n OÐ� n O fu` N O gjeRi N � O gof|�±`�iu�¶¼^qugjg�:In ³ eRiug � ½ � :In ³ eRitg � N qu�R`M��q N�0 iu`���` ³ ¬æ�pn��Pg±iueR��gFqugof¤fh� N f
Q g² O gjqÉbdgob8°®gjiuqt�Rn�cvn O m N fhg ³ `�it{65¾��:In ³ eRitg � °8iugjc�iugjqtg O fhq¦fu�Rga��npgoi N itm´�Rnpm N �Rq«fhiue�mofhe�iug�`P}�fu�Rgjqtg
iue��pgoq � ��n�fu��qt`��pn Q ��n O gjq iugocRiugoqug O fun OR³·O gjmogjquq N it{ Q goc¹g ORQ g O mjn�gjq NPO�Q�Q `�fufhg Q ��n O gjq iugjc�iugjqtg O fhn OR³
cRit`��Rn�°Rn�fu`�it{ Q gjc®g O�Q g O monpgoqj�&:In ³ eRitg � mHiugocRiugoqug O fuq¯fu�RgHiugoqueR�zfhn OR³6O gof|�±`�iu��mjiug N fhg Q }^it`�b fh�Rn�q
fhi NPO qt� N funp` O �¨Ã»Ä®Å¤Æ>Æ�mjitg N fugjq O ` Q gjq-7 � NPORQ 7 � n O :In ³ eRitg � m�fh`2� N�ORQ ��g�fu�Rg�f|�±`¯iteR��gjq Q gjitn�y�n OR³
7Àn O fh��gHiueR��gHqug²f�� ª �Rg4fh�Rn O �pn O goq¯n O :In ³ eRitg � mHiugocRiugoqug O f¯��`M��¬æ�±gjn ³ �fhg Q ��n O �,q2fh� N f¯Ã»Ä®Å¤Æ>Æ
NPQRQ qlfh` N ����`��$itgo O gobdg O f¯`P}Éfh�RgoqugHiteR�pgoq Q eRitn O�³ ° N m´�,cRiu`�c NP³N funp` O fui N n O n OR³ �8�an N qtgjq N itg8qug²f
qu`�fu� N f O ` Q goqHiugjc�iugjqtg O fhn OR³ÊQ n�q Ë e O m²fhqd� N y�g NPO `Pe�fhcRe
f O g N i � ` O �z{1���Rg OÇN f4�pg N qtfd` O g»`P}

�
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� N y���np� F QRQ n OR³�� ` Q gjq0fh` 2 O `M���pg QR³ g¿¬�� N qtg Q�� gje�i N � � gof|�±`�iu�,q

(a) (b) (c)

d e f g h i j k

a

b c

d e f g h i j k

a

b

c
b1 b2

a :− b, not c.
b :− d, f, g.

b :− d, not f, i.

c :− h, j, k.

:In ³ eRitg ��� Ã»Ä¹ÅVÆ>Æ¦¸�q!fui NPO qt� N fhn�` O `P} N � O `M����g QR³ g±° N qug¨n O fu` N0O goeRi N � O gof|�±`�it�®� 0INPO go�®¼ N½ qu�R`M��q
N q N bdcR��gxc�iu`�c®`�qunzfhn�` O�N �®iteR��g qtgof � c N�O gj�¤¼@° ½ qt�R`M��q±fu�RnpqFiue��pg qug²f�¸�q±mo`�iuitgjquc®` ORQ n OR³ÀQ gjc®g O�Q g O m²{
fhitgjg �¾NPORQ c NPO go�F¼@m ½ qt�R`M��q fu�Rg(iugjqteR�zfhn OR³·O g²f|�a`Piu��mjitg N fug Q }^iu`�b Ã»Ä¹ÅVÆ>Æ¦¸�q0fhi NPO qt� N funp` O �

fh��gjn�ia�Rn ³ �
¬ �agon ³ �fug Q�NPO fugjmjg Q g O fuq0npq±mj`�itiugjm²f � ���Rnp��g O ` Q goqaitgjcRitgjqug O fhn OR³ mj` OÖË e O mofuqabÀeRqtf0� N yPg
N ���É`P}afu�Rgjn�i¯�Rn ³ �
¬æ�±gjn ³ �fhg Q�NPO fhgomjg Q g O fhqÀmj`�itiugjm²f�¼^n\��gP� �>O g N i � }^`�i2c®`�qunzfhnzy�g¶�pn O �,q N�ORQ1O g N i �
}^`�i O g ³N fun�yPgv��n O �,q ½ �¶Ïlfh��gjit��n�qug N m²fhnzy N fhn�` O q N itg O g N i � ��� g²}^gji2fh` ª `M�ago�p� ¼ �4+-+�� ½ `�i ª `M�±gj���
NPORQ k
� N y���np�Ê¼ �4+-+(6 ½ }^`�i0bd`�iug Q g²f N n��pqo�

Ã»Ä¹ÅVÆ>ÆBeRqtgjq2fhi N n O n O�³ n O qtf NPO mogjq(fh`�iug² O gHfh�Rg O g²f|�a`Piu����n O �,qo� ª ��npq2fhi N n O n O�³�N �zfhgoiuq2fh��g
NPO fhgomjg Q g O fhq2`�}Ég²Â
n�qtfhn OR³ iteR��gjq . �R`M�ag²y�gji � Ã»Ä®Å¤Æ>Æ Q `�gjq O `Pfx� N y�g8fu�Rg8m N c N °�np��n�f|{6`P}¦n ORQ eRmjn OR³
O g²��iueR��gjqo�t:¾`Pi0g²Â N bdcR��g � Ã»Ä¹ÅVÆ>Æºn�q�e O�N °R��g2fh` NPQRQ�NHO go� iueR��g2}^`�i0n O }^gjiuitn O�³ 7M�

���1� � .�3 .10�� 02. *��
	 *�� !#"%$ &#&
ª `��±gj���0¼ �4+-+�� ½ qt�R`M�ag QU� ��nzfh�&itg N �Î¬æ�±`�iu� Q gobvc�npitnpm N �¤g²y�n Q g O mjg6¼Kfh�Rg8r � F$cRiu`Pbv`�fhgji Q `�b N n O¾½²�
fh� N f4fh��g ³ g O gji N �pn�� N funp` O c®gji«}^`�iub NPO mjg�`P}xÃ»Ä®ÅVÆVÆ�que
ÍÐgoiuqH���Rg O ³ nzy�g O A npbdc®`My�gjitnpqt�Rg Q/C1Q `�¬
b N n O fh��gj`�itnpgoq � fu�Rgj`Piun�gjq¶fu� N f N iug6bdnpqtqun OR³ iteR�pgoq»`�i NPO fhgomjg Q g O fhq O gjg Q g Q fu` NPQ goµ,e N fhg Q �z{
��g N i O fh�Rg¯fhiue�g4mj` O mjgjc
f��s~��Rn��pgHitg N �Î¬æ�±`�it� Q&Q `�b N n O q N iug8mj��g N it��{�eRqug²}^eR�I���Rg O g²Â
cR��`�iun OR³ fh��g
e�funp��n�f|{v`P} NPO»N � ³ `Piunzfh�Rb � fh�Rg²{ N iug Q n �vmjeR�zfafu`ÀeRqtgln O mo�p`�qtgj�z{vmj` O fhit`����pg Q qtfue Q n�gjq±fu� N fFg²Â N bdn O g
Q nzÍÐgoiug O f N qtc¹gomofhq�`P} NPO�N � ³ `�iunzfh��b6��F O�N itfhnz�mon N � Q `�b N n OU� �R`M�ag²y�goi �¹N �p��`M��q�` O g2fh`d� O `M� fh��g
iugo� N fhn�` O qu��npc�°®gof|�±gjg O fh�Rgxfh�Rgo`�it{·cRiu`My�n Q g Q fh`4fh��g2�pg N i O n OR³ q«{
q«fhgob NPORQ fh��g2mj`�itiugjm²f Q `�b N n O
fh��gj`�i«{�� ª �,eRqx�ag4itgjc®g N f ª `M�±gj���\¸�q2g²Â
c®gjitnpbdg O fuq¯e�qun OR³�NPO�N itfhnz�mon N � Q `�b N n OU� qu`·fu� N fl�±g4m NPO
bd`�iug�mo` O  Q g O fh�z{ Q gofugjiubdn O g �R`M��b8e�m´��Ã»Ä¹ÅVÆ>Æ6qte�Í¹gjiuq¨���Rg O¶³ nzy�g O n�bdc¹`My�goiun�qu�Rg Q»Q `�b N n O qo�

ÏseRi N itfun�Rmjn N � Q `�b N n O n�q Q gjitn�yPg Q }^it`�b fh�Rg ³N bvgH`�}±m´��gjquqo� ª �Rgdmj` O mjgoc�f2fh`�°®gH�pg N i O g Q
n�qlfh�R`Pqug8°®` N i Q mj` O  ³ eRi N fhn�` O qx���Rgjitg4bd`�y�n OR³�N �,n OR³ ` O g8quc N mog8}^`�i«� N i Q n�qsnp����g ³N �a¼@n@��gP� � fh��g
�,n O�³ �a`�e�� Q °®g4n O m´�Rgjm´� ½ � ª `»b N ��g4fh�Rg Q `�b N n O fhi N mof N °R�pg � �±gH` O �z{6mj` O qtn Q gji N 6 ÂR�¶qteR°Rqtgof
`P}�fh��g6m´��gjquqv°®` N i Q ¼^qu�R`M� O n O :In ³ eRitg � ½ � ª �Rg��,n OR³ n�qHmjeRitiug O fu��{ n O c¹`�qtn�funp` O� � NPORQ fh��g
cR� N {�gji�n�q�mj` O qun Q gjitn O�³ bd`My�n OR³ nzf�fh`Hc®`�qtn�funp` O�� � ¼^���Rn�m´��npq0moeRiuitg O fh�z{�gobvc
f|{ ½0NPO�Q fh�,eRq0� N�O fuq
fh`�� O `M� n�}�fu�Rn�q8n�q N ��g ³�N �¨bv`MyPgP� 0 n�gjmogjq4mo` O qtn Q goiug Q n O fu�Rn�q Q `�b N n OÈN iug N µ,eRgjg OU�ÉN it`
`P� �
N °Rn�qu�R`Pc �VNPORQÊN � O n ³ �,f(}^`�il°¹`Pfu��qun Q gjqo�HÌ N m´�Ên O q«f NPO mjgdnpq ³ g O goi N fug Q °,{�i NPO�Q `�bd��{&cR� N mjn OR³
N qteR°Rqug²f(`P}Éfh��gjqugHc�npgomjgjq2` O fh�Rg8iugjb N n O n OR³ °®` N i Q c¹`�qtn�funp` O qj�j:�`�ixg²Â N bdcR��g �!N µ,eRgog O `P}Éfh��g
`�cRc®`�qtn OR³ fug N bX`
momjeRc{�n O�³ c®`�qunzfhn�` O 7 6 �±NPORQ-N °Rn�qu�R`�c }^iu`PbDfu�Rg�cR� N {Pgjij¸�qHfhg N b `�mjmje�c,{�n OR³
c®`�qunzfhn�` O�� �6�±`�eR� Q mo`�bdcRiun�qug»` O g·n O qtf NPO mog»`P} N ��g ³�N �¨bv`MyPgP��¼�� g²}^gji¯fh` FxcRc®g ORQ nÎÂ F }^`�i N
Q g²f N n��pg Q�Q goqumoiun�c�fhn�` O `�}¤fu�Rg(iueR��g(qugof Q g² O n OR³ fu�Rn�q Q `�b N n O � ½

�



ÏscRnzfh�d1 k
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a4 b4 c4 d4 e4

a3 b3 c3 d3 e3

a2 b2

a1 b1

d2 e2

d1 e1

EMPTY
c2

c1

:In ³ eRitg � � ª �Rg 6 ÂR�xque�°Rqug²f¦`P} N m´�Rgjqtq¦°®` N i Q mj` O qun Q gjitg Q n O `�eRi Q `�b N n O � ª ��ga�,n O�³ n�qImje�iuiug O fh�z{
` O c®`�qtn�funp` O�� � �INPORQ ��n����a°®g·bd`My�g Q fu`�c®`�qunzfhn�` O � � nz}0fh�Rn�q8n�q N ��g ³�N �±bd`My�g�� ª �Rn�q4bd`My�g»n�q
n��p��g ³N �!n�}Vfh�Rg(�,n OR³ �±`�eR� Q °®g(n O m´�Rgom´��` O c®`�qtn�funp` O � � �

� O `�i Q gji8fu`�n O y�goqtfun ³N fhg�fh�Rg¶f|{
c®gjqH`�}�mj`�itiugjm²fhn�` O q4fu� N fvÃ»Ä®ÅVÆVÆ�n�q4goÍ¹gjm²fhnzy�g N f � �ag�i NPO
g²Â
c®gjitnpbdg O fuqd����gjiug¶�ag»c®gji«fheRit°¹g Q fh��g»mj`�itiugomof Q `�b N n O fh�Rgo`�it{ºn O y N iun�`�eRqÀ� N {�q �FNPORQÈ³�N yPg
fh��gjqug6n O mj`�itiugomof Q `�b N n O fu�Rgj`Piun�gjqdfh`ºÃ»Ä¹ÅVÆ>Æ¦�È~1g�c®gji«fheRit°¹g Q fh��g Q `�b N n O fu�Rgj`�i«{ n O }^`�e�i
Q nzÍÐgoiug O fd� N {
q � ¼ N½¯NPQRQ n OR³ÊNPO NPO fugjmjg Q g O fvfh` N iteR�pg � ¼@° ½8Q go�pg²fhn OR³ÊNPO NPO fhgomjg Q g O fv}^iu`�b N
iue��pg � ¼@m ½sN�QRQ n OR³�N iueR��g � `�iH¼ Q¾½xQ gj��gofhn OR³�N iueR��gP� ª �Rn�q2c¹goitfhe�iu° N funp` O � N q Q ` O gH°,{�qum NPORO n OR³
g N m´� NPO fhgomjg Q g O f(¼^iueR��g ½¿��NPO�Q cRit`�° N °Rn���npq«fhn�m N ����{ Q gomjn Q n OR³ ���Rg²fh�Rgoi±fh` NPQRQ·NPO `Pfu�Rgji NPO fhgomjg Q g O f
¼@iteR��g ½²��Q gj��gofhg¯nzf � `�i0��g N y�g¯nzf N �p` O gP�

~1g6mjitg N fug QÇNÊO g²� iue��pg6°{��iuq«f·qtgofufun O�³ nzfhqdmj` O qugjµ,eRg O f»fh`Ê°¹g�fu�Rg�mo` O qtgjµ,eRg O f�`�}lfh��g
qum NPORO g Q iue��pg��-~ºg6fu�Rg OÇNPQRQ g Q }^it`�b f|�±`ºfu`Ê}^`�e�i N�O fugjmog Q g O fuq � qtn O mog�fu�Rg O e�b8°®gji·`�} NPO ¬
fhgomjg Q g O fhq¯`P}¨g N m´�ºiteR��g4n O fu�Rg4mj`Piuiugomof(iteR�pgH° N qug N ��qu`�i NPOR³ g Q }^iu`�b f|�a`�fu`»}^`�eRij�2~ºg NPQRQ g Q
NPO fhgomjg Q g O fhq¨fh`(°®`Pfh� O go���z{dmjiug N fhg QvNPORQ g²Â
n�qtfhn OR³ iueR��gjq¨°{Hi NPORQ `�bd�z{4qtgj��gjmofun O�³ }^it`�b�fu�Rg0mj` O ¬
qugoµ,eRg O fhq¨°®gj��`M�Bfu�Rg�iue��pg � N qI�±gj��� N q¤fu�Rg�n O cRe�fI}^g N fueRiugoqj�I~��Rg OdQ gj��gofun OR³ iteR��gjq � �±g0mj` O qun Q gjitg Q
` O �z{(iue��pgoq¤���R`�qtgamo` O qugoµ,eRg O f¦� N q O `Pf¤fu� N fV`P}Rfu�Rg¨ O�N �,mj` O mj��eRqun�` O ��:In ORN �p�z{ � ���Rg O �ag Q gj��gofug Q
NPO fhgomjg Q g O fhq � n�} N iteR��gP¸�q�mj` O qugjµ,eRg O f Q `
goq O `Pf N cRc®g N i�n O�NPO `Pfh�Rgoi�iue��pg�¸�q N�O fugjmog Q g O f ��npq«f¯¼ N�ORQ
n�q O `Pf4fu�Rg· ORN �amo` O mj��eRqtnp` O�½²� fh�Rg O fh�Rn�qHiueR��g·� N q Q go�pg²fhg Q-N qÀ�ago�p�@��~1g Q `�fh�Rn�qH°¹gom N e�qug�nzf
n�qle O ��n��Pgj�z{&fu� N f N·Q `�b N n O g²Â
c®gji«fs�a`PeR� Q c�iu`My�n Q g8e ORQ g² O g Q n O fhgjitbdg Q n N fhg8mj` O mo�pe�qun�` O q2n O�N
Q `�b N n O fh�Rgo`�it{P�

:In ³ eRiug8�·qu��`���qsfu�RgÀfugjq«ft¬|qtgof2goiuit`�iH¼^n\��gP� � goiuiu`Pilbdg N qteRiug Q ` O&N qtgof2`�}¨g²Â N bdcR��gjq O `Pflqugog O
°{4fh��g ��g N i O n OR³ÀN � ³ `�iunzfh�Rb ½ fh� N f¨iugoqueR�zfhq¨}^iu`�b�c¹goitfueRiu°Rn OR³ fh�Rg�m´�Rgoquq Q `�b N n O n O g N m´�¶`P}¹fu�Rgjqtg
}^`�eRiV� N {�qj� ª �RnpqIgjiuit`�iIn�q¤fu�Rg N y�goi NP³ g�`P}RRyPg�iue O q¦`P}R�y�g²¬ }^`�� Q mjiu`PquqIy N ��n QRN fhn�` O �¤Ì N m´�4Ry�g¿¬æ}^`�� Q
mjit`�quq¨y N ��n Q�N fhn�` O n�q±ite O °{H�itqtf±qucR��nzfufhn OR³ fh�Rg Q�N f N n O fh`À�y�glgoµ,e N �¾qug²fhqj� ª �Rg OU� Ry�g fhn�bvgoqa` O g
qug²fln�q �Rgj� Q `�e�f����Rn���gÀfh��gÀitgjb N n O n O�³ }^`�eRi�qtgofhq N iug(eRqtg Q fu`vfui N n O fu�Rg¯qt{�qtfugjb�� ª �Rg8��gj� Q ¬|`�e
f
qug²fvnpqveRqug Q fu`ºbdg N queRitg6fugjq«ft¬|qtgofvc®gjit}^`Piub NPO mog�`P}sÃ»Ä®Å¤Æ>Æ¦¸�qd O�N �0mj` O mjgoc�f � fh�,eRq ³ n�y�n OR³ºNPO
gjq«fhn�b N fhg¶`P}�nzfhq ³ g O gji N �pn�� N funp` O c®gjit}^`Piub NPO mogP�·~ºgdi NPO b8eR�zfhn�cR��g�¼@n@��gP� � �y�g ½ mjit`�quqä¬æy N ��n QRN fhn�` O
g²Â
c®gjitnpbdg O fuq0n O `�i Q goiFfu` QRN bdc¹g O�� eRm²fhe N funp` O q Q e�gxfh`(fh��gxi NPORQ `�b c N itfhnzfhn�` O n OR³ `P}Ufu�Rg QRN f N��
NPORQ fh` Ë e Q�³ g2fh�Rg(qtf N fhn�qtfunpm N �!qun ³�O nz�m NPO mjgÀ`P}Vfh�Rg(iugoqueR�zfhqo�

:In ³ eRiugoq¦� N NPORQ �P°8qt�R`M��fh� N fÉÃ»Ä®ÅVÆVÆ·n�qVgoÍ¹gjmofun�yPg N f¤mj`�itiugomofhn OR³ qucReRitnp`PeRq NPQ�Q n�funp` O q¤fu`xfh��g
��� �i���rq`o��Wp�o_��?� q
	��(o_������G���yp���o �����~������q/�G��������o_�/���*�����y�G����o �y�*�y��o_�?���4�4o ��������o �yp���o����Wq`o�� q7�4oU�roU���4oU���i�

�;�yo_o�� o�� ������q`oUo��?����p��;o! "�$#S�
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