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Ä(Å�À$Ä Ð µvÂ%Ä]Å_¹º´$µpÊj»}ÌL´$¹0ÂÑ$ÏD¹�Ê�µ�µ;Õ}	��éº���¾���LÒÛùjÀ	¹�´Dµ
Â¹�Ê�Ñ�¼�¹ºÑ$ÊºµÖÄ(Å�ÿ_»lÌ�Ò��	ó�·qøSÕ�¹º´$µÖÊP·]À$ÌLµÖÄ(Å,	 »�Â*¹�´Dµ�Â�·(¶	µ
·;Â3¹º´$µËÊS·(À$ÌLµËÄ(Å7�*Õ ¹º´$µ�Ê�µbÅÝÄLÊ�µ�ê;ó�	 ��á�§ øÛ»�Â Ð µ½ÀDÄ;¹ºµ Ð ÅÃÄLÊ

~ �qáI§ è�	ëèE¶�»lÀwæ�õ � ��� £ ������v~ �qá ½qç ¥
¦pÀ ¹º´$µ Ä;¹º´$µ�Ê ´�·(À Ð Õ »}À ¹º´$µ Â¹�ÊºÑ�¼b¹�Ñ$Êºµ Ä]Å

ÿ�»lÌ$ÒÈ�]ó7ÏUøPÕ ¹º´$µ{´$µb»lÌ;´$¹ÞÄ]Å�Êj»}ÌL´$¹tÂÑ$ÏD¹�Ê�µ�µ{»ÃÂ��0��õDÕ ¹�´Dµ
¾}Ä]×�µ½Ê#Ï�ÄLÑ$À Ð Ä(Å0	 »�Â�~ ��á ½�Õ ¹º´$µ Ñ$ÔDÔ6µ�Ê Ï�ÄLÑ$À Ð »�Â
¶�»}À3æ]õ �qáI§ ��� £ ������v~A�qá�§ ç ÕQê;ó�	@�qá ½ ø�Â¹S·(À Ð Â3ÅÃÄ;Ê

~ �qá ½ è�	ëè¿¶�»lÀwæ�õ �qá�§ ��� £ �������~ �qá�§ ç
õ



ìpÀ Ð µ�Ê_Ä;ÑDÊÛÔ$Ê�µvÂÑ$¶	ÔD¹»lÄ;ÀÖ¹º´�·]¹_µv·;¼b´�ÆWÇgÈÞ¹ºÊ�µ½µW×�»l¹�´· Ì]»lÎ?µ�À ÀDÑ$¶�ÏDµ½Ê�Ä(ÅÞÀ$Ä Ð µ�Â�·(À Ð ´Dµ�»lÌ;´D¹¸»ÃÂdµ�Ù;Ñ�·�¾�¾lÁ¾�»lÚ?µb¾lÁ;Õ ÅÃÊ�ÄL¶ ·]Ï�Ä;Î]µ ·(Ê�ÌLÑ$¶	µ�À$¹SÂ�Õ�¹�´DµÜÀqÑD¶�Ï$µ�Ê�Ä]Å�¹�´DµÆ%ÇÉÈ�¹ºÊ�µ�µ�ÂË×�»}¹º´!ÜÀ$Ä Ð µ�ÂÉ·(À Ð ´Dµ�»lÌ;´D¹u�_Õ Ð µ½ÀDÄ;¹ºµ Ð ÏDÁí¯î=ï Tjð � Õ�¼�·(À�Ï�µÖµ��)Ô$Ê�µvÂ�Âµ Ð ·;Â
ñ¤ò9ó iAô � � õ

ö�÷ùøtú�ûAü_ý�þ�ö�÷ùÿQú�ûAü(ý
ñ¤ò9ó ø ô �o«�¬ ñ¤ò�ó ÿ ô �m«I¬

`¤y õ
ö�÷ùø úcûAü ýcþ�ö ÷ùÿ ú�û � ý

ñ¤ò�ó ø ô �o«I¬ ñ¤òmó ÿ ô �o«� ] � b
�e�m� ^��vx�������hk��aE®±°\²�´ ñ�ò9ó ¬ ô µ � a > ñ�ò�ó  ô ¬ � y=�
ÿ�ÄLÊ�µ���·]¶	Ô)¾lµ?Õ
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� Årð

ÅÃÄ;ÊÓ¹�´DµÜÅÃÄ(¾�¾}ÄL×�»lÀ$Ì#ÆWÇgÈ ¹ºÊ�µ�µ�Â�×�»l¹�´ ¢ À$Ä Ð µ�Âd·(À Ð
´Dµ�»lÌ;´q¹5õDÒ

�=Ù�Ò�ó ¢ øÉ»ÃÂ¸·(À µ�Â�Âµ�À$¹j»Ã·v¾�ÅÃÄ;Ê�¶	Ñq¾�·{»lÀEÄLÑ$ÊÓ·(À�·�¾lÁDÂ�»�Â�Ò�;Ä;¶	µ{Êºµ�ÂÑ)¾l¹SÂtÅÃÊ�Ä;¶��3Ù�Ò ó ¢ øt·]Ê�µ�Â´$ÄL×*ÀE»}À�²W·]Ï)¾lµ��
·]À Ð ÿ_»}Ì$Ò£õ)Ò

ÿ�Ê�ÄL¶ Ä;Ñ$ÊIÊ�µvÂÑ)¾l¹PÂ�ÕLÌ(»lÎqµ�À	·Ë´Dµ�»lÌ;´D¹ÛÄ(Å�¹ºÊ�µ�µ?ÕjyÂ¹P·]Ê�¹SÂ
ÅÃÊ�ÄL¶ ~ � ·]À Ð µ�À Ð Â�·(¹Þõ �r�w§ ��� £ ¹º´$µt¶	Ä?Â¹�¾lµ�ÅÃ¹�Î;·v¾lò
ÑDµ�Â%Ä]Å·í¯î=ï Ttð � »lÀØÿ_»}Ì$Ò¨õ�·(Êºµp¹�´DµpÀqÑ$¶�Ï$µ�Ê=Ä(Å�ÿ�»lÏ�ÄLÀ�·;¼�¼S»
¹ºÊ�µ�µ?ÕI·]À Ð ¹�´Dµt¶	Ä?Â¹�Ê»lÌ;´$¹�Ä;ÀDµ�Â�·(Ê�µ	¹�´DµÓÀDÑ$¶�Ï$µ�Ê�Ä]Å
ÔDµ½ÊÅÃµv¼�¹j¾}ÁdÏ�·v¾�·(À�¼bµ Ð ¹ºÊ�µ½µ;Ò ¸ ´Dµ½ÀOÜ»ÃÂ*»}À�¼�Ê�µv·;Â�»lÀ$Ìy·]À Ð
·]Ô$Ô$ÊºÄZ·L¼S´)»lÀ$Ì�¹�Äp¹�´$µ=¶�» ÐDÐ ¾lµ3Ô�Ä(»lÀD¹_Ä]ÅDÏUµ½¹j×�µ½µ�Àk~9�*·(À Ð
õ �o�w§ ���;Õ ¹º´$µ�À$Ñ$¶�Ï$µ�Ê	Ä]Åg¹ºÊ�µ�µ�Â�»}À�¼�Êºµ�·;ÂµvÂ�Õ ¹�´Dµy¶¸·m�Dò
»l¶�ÑD¶ ÎZ·�¾lÑ$µ�Ä(Å�í¯î$ï Tjð �o»�Â ·]Ê�Ä;ÑDÀ Ð ·]¹�¹�´q»�Â{¶�» Ð$Ð ¾lµ
ÔDÄ(»lÀ$¹½Ò±�;µ½Ô�·(ÊP·]¹�µ Ð ÅÃÊ�ÄL¶ ¹º´)»�Â%¶�» ÐDÐ ¾lµ3Ô6Ä]»}Àq¹½Õ ¹�´Dµ0¾Ã·]Ê�ÌLµ½Ê
¹º´$µKIÕ$¹�´$µ�Â¶¸·�¾�¾lµ½Ê*¹º´$µÖÀDÑ$¶�Ï$µ�ÊËÄ]Å=Æ%ÇÉÈ�¹ºÊ�µ�µ�Â�Ò5²�´Dµ
Î]·�¾lÑ$µvÂgÄ(Å�í¯î$ï�Ttð � ·(ÔDÔ$Ê�Äq�q»l¶¸·(¹ºµ�Ï)»�¾�·(¹ºµ½ÊP·v¾pÂÁq¶	¶	µ�¹ºÊ�Á
¹ºÄ�¹�´q»ÃÂ�¶�» Ð$Ð ¾lµ�ÔUÄ(»lÀq¹vÒ
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case 1  case  2      

 single   rotation    double   rotation  

(a) (b) (c) (d)

ÿ_»}Ì$Ò¨÷�ù�¶�Ï�·�¾�·(À�¼�µËÊ�µvÂÑ)¾l¹»lÀDÌ	ÅÝÊºÄ;¶Í¹º´$µË»}À�Âµ½Ê�¹j»lÄ;Àd·(À Ð
Ê�µ�Â¹ºÄ;Êj»}ÀDÌ¸¹�´Dµ�Ï�·�¾�·(À�¼�µ

ÿ_»lÌ�Ò¨÷qó�·qø�·]À Ð ój¼�øg»�¾�¾}Ñ�Â¹�ÊS·(¹ºµ�Â�¹º´$µ�¹j×�Ä�µvÂSÂµ�À$¹j»�·�¾�¾}Á
»l¶�Ï�·�¾�·(À�¼�µW¼�·;ÂµvÂ Ð Ñ$µW¹ºÄû·(ÀË»lÀ�Âµ½Êº¹»lÄ;À_ÒI²�´Dµ0Ä;¹º´$µ�Ê_¹º×�Ä
µvÂ�Âµ½Àq¹j»Ã·v¾¦¾lÁ�» Ð µ½ÀD¹»�¼½·v¾É¼�·;ÂµvÂØ×�»�¾�¾ÉÄ)¼�¼�Ñ$Ê¸»�Å�×*µØ»}ÀD¹�µ�Ê�ò
¼S´�·(À$ÌLµ�¹º´$µ�¾lµbÅÝ¹�·]À Ð ¹º´$µÖÊ»lÌ;´D¹ÉÂÑ$ÏD¹�Êºµ½µvÂ5»lÀ ÿ_»}Ì$Ò¨÷qó�·qø
·]À Ð ó�¼]øSÒÛùjÀ	¹�´Dµ�Âµ Ð »�·(ÌLÊP·]¶¸Â%¹�´Dµ5Êºµ�¼b¹P·]À$Ì]¾}µvÂ98 £;:�£;<ã£>=
Ê�µ�Ô$Êºµ�Âµ�À)¹�¹�´DµËÂÑ$ÏD¹�Êºµ½µvÂ0×�»}¹º´Þ¹º´$µ*Ê�µ�ÂÔ�µv¼�¹j»lÎqµ�´$µb»lÌ;´$¹SÂ�Õ
·]À Ð ¹�´Dµ{À$Ä Ð µ�Â	· Ð$Ð µ Ð ÏqÁo¹º´$µØ»}À�Âµ½Êº¹»lÄ;À�Â	·(Ê�µ�»}À Ð »lò
¼�·(¹ºµ Ð Ï)ÁÓ¼�ÊºÄZÂ�ÂµvÂ�Ò ù�À ¼½·LÂµ��;Õ$Ñ�Â�»lÀ$ÌÓ·ÞÂ�»}ÀDÌ(¾lµÖÊ�ÄL¹P·]¹»lÄ;À
×�µ*Âj»l¶	Ôq¾}Á�Ê�Ä;¹S·(¹ºµp¹º´$µ*¹�Ê�µ�µp¹ºÄ�¹º´$µËÊ»lÌ;´q¹½ÕZ·]¹�¹S·;¼b´)»lÀ$Ì :
¹ºÄ@? »lÀ�Â¹ºµ�· Ð Ä(Å,íÖÒ�¸9´q»¦¾lµ�»lÀ ¼½·LÂµ�õDÕ ×*µgÑ�Âµ�· Ð Ä;ÑDò
Ïq¾}µËÊ�ÄL¹S·(¹j»}ÄLÀ�Õ ß ÊPÂ¹5Ê�Ä;¹S·(¹j»lÀ$Ìdó�í £ ?¸øW¾lµbÅÝ¹û¹º´$µ�ÀÜóA? £>B ø
Ê»lÌL´)¹½Ò�²�´Dµ�Âµ Â�»l¶	Ô)¾lµ{¹ºÊP·(À�Â�ÅÝÄLÊ�¶¸·]¹»lÄ;À�ÂtÊºµ�Â¹ºÄ;Ê�µd¹�´Dµ
Ð µ�Â�»lÊ�µ Ð Ï�·�¾�·(À�¼�µË·]À Ð ·(ÊºµËÂ´$Ä]×5ÀÞ»}À¸ÿ�»lÌ$Ò£÷Zó7ÏUøI·]À Ð ó Ð ø
Ê�µvÂÔ$µv¼�¹j»lÎqµb¾}Á;Ò
ù�¹û»ÃÂËµ��D¹ºÊ�µ�¶	µ�¾lÁ Ð »DCÓ¼�Ñq¾}¹É¹ºÄ ß À Ð ¹º´$µ�Ê�µ�Ï�·v¾�·(À�¼S»lÀ$Ì

ÔDÊ�Ä;Ï�·(Ïq»¦¾�»l¹jÁ{ÄLÀ)¾lÁ Ï�·LÂµ Ð Ä;ÀN¹º´$Ä?ÂµÞ¹º×�Äd¼�·;ÂµvÂÖÂ´DÄ;×*À
»lÀ ÿ_»lÌ�Ò¨÷DÒ�¸Nµ{´�·vÎ;µyÊºµ½Îqµv·�¾lµ Ð ¹º´�·(¹Ó¹º´$µ�Ê�µ ·]Ê�µ{Ä;Àq¾lÁ
¹j×=Ä�Ô�·]¹�¹ºµ�Ê�À�Â3»lÀØÆ0ÇÉÈ�¹�Êºµ½µvÂ�Õ ED¯;1Ýáv®�F)ã>G�·(À Ð E�¯?ÝÝáv®�FDã
H Õ¨·LÂ�ÂÄZ¼S»Ã·]¹�µ Ð ×�»l¹�´ ¹º´$µ »}¶	Ï�·�¾�·(À�¼�µ(óPô���öÃøSÒ ²�´Dµ½Á�·(Ê�µ
Â´DÄ(×5À¸»lÀ ÿ_»lÌ�Ò Udój·Zø�×*´Dµ½Ê�µ�¹�´DµÖÀ$Ä Ð µvÂû· Ð$Ð µ Ð Ï$Á¸¹�´Dµ
»lÀ�Âµ�Ê�¹j»}ÄLÀ�Â_·]Ê�µ3»}À Ð »�¼½·]¹�µ Ð Ï$Á�¼bÊ�Ä?ÂSÂµvÂ�Ò·à�·LÂµ Ð Ä;ÀÖ¹º´$µvÂµ
¹j×=Ä5Ô$Ê�ÄLÔ�ÄZÂµ Ð Ô�·]¹�¹ºµ½Ê�À�Â�Õ]Â�»lÀ$Ì]¾}µ�·]À ÐgÐ ÄLÑ$Ï)¾lµ3Ê�ÄL¹P·]¹j»}ÄLÀ�Â
·]Ê�µÉ»lÀ Ð »�¼½·]¹�µ Ð Ï$Á¸¹�×�Ä	µvÂ�Âµ½ÀD¹»�·�¾�¾lÁ Ð »�þUµ½Ê�µ�À$¹5¹�ÁZÔ$µvÂpÄ]Å
ÂÑDÏ$¹ºÊ�µ½µvÂÖ»lÀ ÿ�»lÌ�Ò U)ó7ÏUøPÕ ×*´$µ�Ê�µJI'Â¹P·]À Ð ÂÞÅÃÄ;ÊÓ·#Â�»lÀ$Ì]¾lµ
Ê�ÄL¹S·(¹j»}ÄLÀy·]À ÐLK ÅÝÄLÊû· Ð Ä;ÑDÏ)¾lµ�ÊºÄ;¹S·(¹j»}ÄLÀ�Ò

pattern-1
pattern-2

(a)

S D D S S S D D D D S S

(b)ÿ_»lÌ�Ò UÞ²�×*Ä�µ�Â�Âµ�À$¹j»�·�¾6Ô�·(¹º¹�µ�Ê�À�Â3»lÀ ·(À�ÆWÇgÈ�¹ºÊ�µ½µ
¦pÏqÎ;»}ÄLÑ�Â�¾lÁ;Õ¨·(Ày»lÀ�Âµ�Ê�¹»lÄLÀ ·(¹û¹º´$µÖµ��D¹ºµ½ÊºÀ�·�¾%À$Ä Ð µvÂpÄ]Å

¹�´Dµ�¾lµv·�Å�Ä(Å�Ô�·(¹º¹�µ�Ê�À$ò¶�ÜÂ´$Ä;Ñq¾ Ð ¼½·]Ñ�Âµ{»}¶�Ï�·v¾�·(À�¼bµ�·;Â
Â´$Ä]×*À�»lÀØÿ_»}Ì$Ò ¢ ó�·qøSÒNMp»�þ6µ�Ê�µ�Àq¹¾lÁqÕ�»}À�Âµ½Êº¹»lÀ$Ì�·ûÀ$µ�× Ú?µ�Á
»}Àq¹ºÄ�¹�´$µØµ��D¹ºµ½ÊºÀ�·v¾ûÀDÄ Ð µvÂ�Ä(ÅûÔ�·(¹º¹�µ�Ê�À$ò7õ�¼bÄ;Ñq¾ Ð ¼�·(Ñ�Âµ
»}¶�Ï�·v¾Ã·]À�¼bµ5ÄLÊWÀDÄ;¹½ÒE¦pÀ)¾lÁ�¹º´$µ�Ô�·]¹�¹ºµ�Ê�À$ò7õ�R¨Â%»}À�¹º´$µËÂÑDÏ$ò
¹�Ê�µ�µ�ÂW×*´q»�¼�´Ø·]Ê�µË¹P·v¾�¾}µ�Ê�¹�´�·(Àt¹º´$µb»}Ê5· ÐPO ·;¼�µ�À$¹3ÂÑ$ÏD¹�Ê�µ�µ�Â
·(Ê�µ�·LÂ�ÂÄ)¼P»�·]¹�µ Ð ×�»l¹�´Ö»}¶�Ï�·v¾Ã·]À�¼bµ?Õ¨ÂÑ�¼S´�·;Â%¹º´$Ä?Âµ Ð ÊS·(×*À
×�»l¹�´)»lÀ�¹�´Dµ Ð ÄL¹�¹ºµ Ð Â�Ù?Ñ�·(ÊºµÉ»lÀ{ÿ_»lÌ�Ò ¢ ó1Ï6øSÒ

(a)

(b)ÿ_»lÌ�Ò ¢ ²�´$µÉ»lÀ�Âº¹S·]À�¼�µvÂ�Ä(ÅÛ»l¶	Ï�·v¾Ã·]À�¼bµËÊ�µ�¾�·]¹�µ Ð ¹ºÄ
Ô�·(¹º¹ºµ½Ê�ÀDò���·(À Ð Ô�·(¹º¹�µ�Ê�À$ò7õ

ìpÀ Ð µ½Ê=¹º´$µpÔDÊ�µvÂÑ$¶	Ô$¹j»lÄ;Àt¹º´�·]¹=µv·;¼b´ Ð »¦þUµ½Êºµ½Àq¹IÆ0ÇÉÈ
¹�Ê�µ�µt×�»l¹º´ ·�Ì(»lÎqµ�À À$Ñ$¶�Ï$µ�Ê�Ä]Å*ÀDÄ Ð µ�Â�·(À Ð ´$µb»}ÌL´q¹g»�Â
¼�ÄLÀ�Â¹ºÊ�Ñ�¼b¹�µ Ð µvÙ?Ñ�·�¾�¾lÁy¾�»lÚqµb¾}Á;Õ$×*µÖÄ;Àq¾}ÁdÀ$µ�µ Ð ¹�Äy¼�ÄLÑ$Àq¹
¹�´Dµ�·(Î;µ½ÊS·(ÌLµÖÀqÑ$¶�ÏDµ½ÊÉÄ(Å5·v¾¦¾0Ô�·(¹º¹�µ�Ê�À$ò¶�Þ·(À Ð Ô�·(¹º¹�µ�Ê�À$ò
õ ×*´q»Ã¼S´ ¼�·(Ñ�ÂµvÂÖ»l¶	Ï�·v¾Ã·]À�¼bµ?ÒN²�´$µd·(Î;µ�ÊP·(ÌLµtÀ$ÑD¶�ÏDµ½Ê
Ä(ÅûÔ�·(¹º¹�µ�Ê�À$ò¶�Ø»�Â Ð µ�À$ÄL¹�µ Ð ·LÂRQ §�S  Î ·(À Ð ¹º´$µd·vÎ?µ�ÊP·]Ì;µÀ)ÑD¶�ÏDµ½Ê=Ä]Å_¹º´$µpÔ�·(¹º¹�µ�Ê�ÀDò�õÉ¹�´�·(¹=×�»¦¾�¾�¼½·]Ñ�Âµ�»}¶	Ï�·�¾�·(À�¼�µ
»ÃÂ Ð µ½ÀDÄ;¹ºµ Ð ·;ÂTQ�½ S  Î ¥
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�pµ�Ê�µ;ÕfQ � S  Î »�Â�¹º´$µØ»}À Ð »lÊ�µv¼�¹j¾}Á#Ê�µv¼�Ñ$ÊSÂ�»}ÎZµtÅÝÑDÀ�¼b¹»lÄ;ÀÄ]Å1Q ½ S  Î ÕD×5´$µ�Ê�µpÅÝÄLÊ*µ�Îqµ�Ê�Á�ÀDÄ Ð µ;Õq»�ÅÛ¹º´$µ�´Dµ�»lÌL´)¹SÂ3Ä]Å_»l¹PÂ¹j×=Ä�ÂÑDÏ$¹ºÊ�µ�µ�Â�·]Ê�µØ¹º´$µ�Â�·(¶Þµ?Õ0·�¾�¾5Ô�·]¹�¹ºµ½ÊºÀ$ò7õ�»}ÀoÏ�ÄL¹�´
Ä]Å�¹�´$µgÂÑDÏ$¹ºÊ�µ�µ�Â=·(ÊºµË¼�ÄLÑ$ÀD¹�µ Ð ÕL×*´)»�¼�´Ö»�Â3Â´DÄ;×5Àt·LÂ3¹º´$µ
Ð Ä;¹º¹�µ Ð Â�Ù?Ñ�·(Ê�µË»lÀÓ¹º´$µpÅÃÄ(¾�¾lÄ;×�»}ÀDÌ ß ÌLÑ$Ê�µ�ój·ZøSÒ}�pÄL×=µ½Î;µ�ÊvÕ
»�Å=¹º´$µÖ´Dµ�»lÌ;´D¹PÂ�Ä]Å=»}¹SÂË¹j×�ÄÓÂÑ$Ï$¹ºÊ�µ�µ�Âû·(Êºµ Ð »¦þUµ½Êºµ½À$¹½Õ�·v¾�¾
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