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ü��±¨�½õ ý�¨À�û ý���õ¥ ¤¢ ùÀª �ÂÎõ ý�û�ÜÿÆõ ßþÂ�Ýúõ ¥� üØþ Â�Æõ ßþÂ�ù���î ö¢Âî �À�� ý�ÜÿÆõ
¤¢ ´îÂ� ýÃþ¤�õ�÷Â� ,(GIS) üþ��ê�Âç� ��ä�Ïa � ý�ûÝµÆ�¨ ,é�Âð ý�ûÝµþ¤�Úó� ö��Ýû ýÂÚþ¢ ý�û�¡�ª ø
Â�Æõ ßþÂ�ù���î ß��ã� ö� éÀû �î ´¨� �ÜÿÆõ ßþ� ¥� ü¬a �¡ ´ó�� �õ ÂÑ÷¢¤�õ ý�ÜÿÆõ .Àª��üõ ùÂ�è ø �û���ø ¤
üú�øÀ�� ×þ ¼Î¨ ýø¤ Â�Æõ ô�Þ� �î ý��÷�ð �� ,´¨� ýÀã� �¨ ý�Ìê ¤¢ ¤�¢ö¥ø ¼Î¨ ×þ ¥� �ÎÖ÷ ø¢ ß��
,ö� Ûa � ý�Â� ùÀª �µ¡��ª Ýa úõ ý�ûÝµþ¤�Úó� ¥� ü¡Â� ø �ÜÿÆõ Õc �ì¢ üêÂa ãõ ¥� Å� �ó�Öõ ßþ� ¤¢ .Àª�� �µêÂð ¤�Âì
ýùÀª ýÀ�� ¶Ü·õ ÝÑ�õ�÷ ��Î¨ ¤¢ Â�Æõ ßþÂ�ù���î ö¢¤ø� ´¨¢�� ý�Â� �¤ ý�ù¢�¨ �f µ±Æ÷ ü±þÂÖ� ý�ûÝµþ¤�Úó�
üþ�û¢�ú÷Ç�� ,�ûÝµþ ¤�Úó� ßþ� ý¥�¨ù¢��� ¥� ùÀõ�´¨¢�� ¸þ�µ÷ ý�Æþ�Öõ ø ü¨¤Â� �� Å³¨ .Ý��îüõ üêÂaãõ ¤�¢ ö¥ø

.¢Âî Ý�û��¡ ���¤� �ûö� ´äÂ¨ ¢�±ú� ´ú�

.(TIN) ùÀª ýÀ�� ¶Üa·õ ÝÑa �õ�÷ ��Î¨ ,Â�Æõ ßþÂ�ù���î ,ü±þÂÖ� Ýµþ ¤�Úó� ,ü��±¨�½õ ý�¨À�û :�ûù¦�øÀ�Üî

�õÀa Öõ 1
ýùÀ�û¢ ö�È÷ �î ´¨� ùÀª ù¢�¢ ´±Æ÷ ý�üÔ�õ Â�è üÖ�Ö�
´ó�� ý�Â� .´¨�û����÷ ßþ� ¤¢ ñ�Ï À��ø ¥� ¤�±ä ý��þÃû
ý�±�Âõ ¥� ý�Â�� ö�õ¥ �� ý�ûÝµþ¤�Úó� �ÜÿÆõ ßþ� ö¥ø öøÀ�
ý�Ì ê ¤¢ ø ü Üa î ´ ó� � ¤¢ ü óø ¢¤�¢ ¢� �ø ý�� Ü Þ �À � �
¢��ø üú�øÀ�� ÛØª �� â÷�õ ý¢�Àã� ö� ¤¢ �î ýÀã� �¨
.¢�ªüõ ��Æ½õ NP-Hard ý�ÜÿÆõ ×þ �ÜÿÆõ ßþ� ,À÷¤�¢

üêÂa ãõ �� ,ùÀª ô�¹÷� ý�û¤�î ü¨¤Â� ßÞ® �ó�Öõ ßþ� ¤¢
�� Å³¨ Ýþ¥�¢Â�üõ �ÜÿÆõ Ûa � ý�Â� ü±þÂÖ� Ýµþ ¤�Úó� À��
ý���¤� �� ,×þÂû ý¥�¨ù¢��� ¥� Û¬�� üÜÞä ¸þ�µ÷ ü¨¤Â�
¥� Ýû ,Ýµþ ¤�Úó� ßþÂµú� ´äÂ¨ ¢�±ú� ´ú� üþ�û¢�ú÷Ç��

.´¡�¢Â� Ý�û��¡ ý¤�ÿ� ý�±�� ¥� Ýû ø üÜÞä à�½ó

ø ß�õ¥ Çþ�Þ � � ,×� �� �ø ¤ ý�� � õ¥ ¤¢ Â �¡� ��Ö �Ö½�
ý�� � õ¥ ¤¢ ��Ö �Ö½� ´ê¤Ç�� ¶ä� � ,üµã�¬ ö��¨�õ� ��
ý��þ�� Û��Æõ ¥� �µ¨¢ ×þ .´¨� ùÀª 1´îÂ� ýÃþ¤�õ�÷Â�
ßþ� .À�µÆû Â�Æõ ßþÂ�ù���î ö¢Âî �À�� Û��Æõ ,���õ¥ ßþ� ¤¢
ý�þaÂÑ÷ ø ü��±¨�½õ ý�¨À�û ¤¢ ý��þ�� Û��Æõ ¥� �û�ÜÿÆõ

.À÷�ªüõ ��Æ½õ �ûé�Âð

Ý�û��¡ ��a �� �ÜÿÆõ ßþ� ¥� ü¬a �¡ á�÷ �� ,�ó�Öõ ßþ� ¤¢
×þ ¥� �ÎÖ÷ ø¢ ß�� Â�Æõ ßþÂ�ù���î ß��ã� ö� éÀû �î ¢Âî
ô�Þ� �î ý��÷�ð �� ,´¨� ýÀã� �¨ ý�Ìê ¤¢ ¤�¢ö¥ø ¼Î¨
.Àª�� �µêÂð ¤�Âì ÂÑ÷ ¢¤�õ üú�øÀ�� ×þ ¼Î¨ ýø¤ Â�Æõ
¢�Àä� ö� ÓÜµ¿õ ü���÷ �� �î ´¨� ü½Î¨ ¤�¢ö¥ø ¼Î¨

Motion Planning1
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Algorithm Running Time

Mitchell and Papadimitriou O(n8 log(nK
N
))

Lanthier et al. O(n5)

Mata and Mitchell O(n3K)

Aleksandrov et al. O(n(K logK) log(nK logK))

¤�¢ö¥ø ��Î¨ ýø¤ Â�Æõ ßþÂ�ù���î ý�ûÝµþ¤�Úó� ý�Æþ�Öõ :1 ñøÀ�

(.´¨��ÜÿÆõ üµ�� üðÀ�»��
� ��¤� �¤ ü Þ µ þ¤� Ú ó� ]3[ Mitchell ø Mata ö� ¥� Å �
ß��ã� �¤ ü±þÂÖ� Â�Æõ ßþÂ�ù���î O(kn3) ö�õ¥ ¤¢ �î À÷�ù¢Âî
Ýî �� .(´¨� Ýµþ¤�Úó� ý¢ø¤ø ý�ûÂµõ�¤�� ¥� üØþ k) .À�îüõ
�¤ üþ�ú÷ ý�¹�µ÷ ´ìa¢ ö���üõ Ýµþ¤�Úó� ßþ� ¤¢ k ö¢Âî ¢�þ¥ ø

.¢�¢ Çþ�Ãê� �þ Çû�î
×þ ]2[ Sack øMaheshwari ,Lanthier 1997 ñ�¨ ¤¢
Ýµ þ¤�Ú ó� ß þ� ¤� î §�¨� �î À ÷¢�Þ ÷ � ��¤� ü± þÂÖ � Ý µ þ ¤�Ú ó�
ö¢�¢ ¤�Âì ý�Ü�¨ø�� ÂÑ÷ ¢¤�õ ¼Î¨ ýø¤ ¥� é�Âð ×þ ´¡�¨
ßþ� ý�Â�� ö�õ¥ .Àª��üõ �ûñ�þ ýø¤ üØÞî ý�ÎÖ÷ ý¢�Àã�
¥��÷¢¤�õ ý�Ñê�� ý�Ìê ø O(n5)´ó�� ßþÂ�À� ¤¢ Ýµþ ¤�Úó�
¥� ùÀõ� ´¨¢�� üc ±þÂÖ� Â�Æõ ö¥ø ß��»Þû .´¨� O(n3) ö�
���ú� Â�Æõ ö¥ø ¥� W jLj ýù¥�À÷� �� Â·î�Àa � ,Ýµþ ¤�Úó� ßþ�
¥� ¤�Ñ�õ ø ñ�þ ßþÂ�ï¤Ã� ,L ¥� ¤�Ñ�õ) .¢�� Àû��¡ Â�Ç��

(.´¨� �û��ø ö¥ø ßþÂ�Ç�� W
� � À � µ Æ ÷�� � 1998 ñ� ¨ ¤¢ ]1[ � � Ö � ø Aleksandrov
×þ ,Lanthier Ý µ þ¤� Ú ó� ¤¢ � µ ê¤ ¤� î� � ýùÀ þ� ¥� ù¢� Ô µ ¨�
ö�õ¥ .À � � î � ��¤� � Ü ÿÆõ ý�Â � ü± þÂÖ �- � ÀþÀ� Ýµ þ¤�Ú ó�
¤¢ � î ´¨� O(nm logmn + nm2

) Ý µ þ¤� Ú ó� ß þ� ü þ�Â ��
Í ä �� �î ´¨� üØÞî ¯�Ö÷ ¢�Àã� Í¨�µõ ,m ¥� ¤�Ñ�õ ö�

.¢�ªüõ ù¢øÃê� �ûñ�þ ýø¤ ,Ýµþ ¤�Úó�
ö�õ¥ ù�ÂÞû�� ¢���õ ü±þÂÖ� ý�ûÝµþ¤�Úó� ,1 ñøÀ� ¤¢
ö�õ¥ ö��µ� �îßþ� ý�Â� .´¨� ùÀª ù¢�¢ ö�È÷ ×þ Âû üþ�Â��
,¢�Þ÷ �Æþ�Öõ ÂÚþ¢×þ �� üµ��¤�� �¤ �ûÝµþ ¤�Úó� ßþ� ý�Â��
K = O(N

2
W

�w
) Âµõ�¤� � ×þ §�¨� Â� �Â�� ý�ûö�õ¥ üõ�Þ�

ß þÂ �ï¤Ã � Â ��Â � N ,Â µ õ�¤� � ß þ� ¤¢ .À ÷�ùÀ ª ü Æ þ� ÷¥� �
ßþÂ�Ç�� Â��Â� °��Â��� w ø W ,¼Î¨ ¯�Ö÷ ¼�½¬ ��Êµ¿õ
ùÀªÓþÂã� ć ìa¢ ý��¤¢ � ø �û����÷ ¼�½¬ ö¥ø ßþÂ�Ýî ø

.´¨� Â�¤�î Í ä ��

ü±þÂÖ� ý�ûÝµþ¤�Úó� 4

ßµê� þ ý�Â� ü±þÂÖ� Ýµþ ¤�Úó� À�� ¼�®�� �� Ç¿� ßþ� ¤¢
.Ýþ¥�¢Â �üõ ß�� ¼Î¨ ýø¤ �ÎÖ÷ ø¢ ß� � Â �Æõ ßþÂ �ù� ��î

��óø� Óþ¤�ã� 2

ý� µ Æ � ý� � �� ÷ n � � ö� öø¤¢ ´ �� Æ õ � î P ¼c Î ¨

�bÀ±õ) t ø s ý�ÎÖ÷ ø¢ ù�ÂÞû�� ,ùÀª Ý�ÆÖ� ÛØª üãÜ®À��
ö¢Âî �À � � éÀû ;´¨� ùÀª ù¢�¢ ¼Î¨ ßþ� ýø¤ (ÀÊÖõ ø
öøÀ� .Àª��üõ ¼Î¨ ýø¤ �ÎÖ÷ ø¢ ßþ� ß�� Â�Æõ ßþÂ�ù���î
�î Ý��î ­Âê Ý�÷���üõ ,¢�ª �µ¨�î �ÜÿÆõ ´�Üaî ¥� �îßþ�
ßþ� ¥� §�b¤ ø¢ t ø s ¯�Ö÷ ø À÷�¶Üa·õ ÛØª�� �û����÷ üõ�Þ�
,ýÀ��¶Üa·õ ý�û§�b¤ ¥� ×þ Âû ý�Â� Âð� .À�µÆû ýÀ��¶Üa·õ
,ÝþÂ�Ú� ÂÑ÷ ¤¢ ¼Î¨ ¥� �ÎÖ÷ ö� á�Ô�¤� ö���ä�� ¢Àä ×þ

.¢�ªüõ ùÀ�õ�÷ (2TIN) ß�� ×þ Û¬�� ¼Î¨
��ø ö� öc ¥ø ö���ä�� wf ć ±·õ ¢Àä ×þ ,f ��ø Âû ��
ý��þÃû Â��Â� ¢Àä ßþ� ´Ö�Ö� ¤¢ .´¨� ùÀª ù¢�¢ «�Êµ¡�
ü¨À�Üì� ý�Ü¬�ê Âð� .Àª��üõ ��ø ¤¢ ñ�Ï À��ø ¥� ¤�±ä
ý� Ü¬� ê ,Ý � û¢ Ç þ� Þ ÷ jxyj � � �¤ y ø x ý�Î Ö ÷ ø¢ ß � �
¢�� Àû��¡ wf jxyj Â��Â� wf ö¥ø �� ��ø ×þ ¤¢ �ûö� ¤�¢ö¥ø
.¢�¢ Ý�û��¡ ö�È÷ kxyk�¤�¬�� �¤ ¤�¢ö¥ø ý�Ü¬�ê ßþ� �î
ñ�Ï ø �(s; t) �� �¤ t ø s ¯�Ö÷ ß�� ü¨À�Üì� Â�Æõ ßþÂ�ù���î
Â�Æõ ßþÂ�ù���î ,ß��»Þû .Ý�û¢üõ Çþ�Þ÷ j�(s;t)j �� �¤ ö�
k�(s; t)k �� �¤ ö� ñ�Ï ø �(s; t) �� �¤ t ø s ¯�Ö÷ ß�� ¤�¢ö¥ø

.¢�¢ Ý�û��¡ Çþ�Þ÷

ùÀªô�¹÷� ý�û¤�î ü¨¤Â� 3

º�û ¤�¢ö¥ø ��Î¨ ¤¢ Â�Æõ ßþÂ�ù���î ý�ÜÿÆõ ý�Â� �î ßþ� ��
ü±þÂÖ� ý�ûÝµþ¤�Úó� ­�ä ¤¢ ,¢¤�À÷ ¢��ø üÖ�ì¢ Ýµþ ¤�Úó�
���¤� ¤�¢ö¥ø ��Î¨ ýø¤ Â�Æõ ßþÂ�ù���î ßµê�þ ý�Â� ü÷�ð�÷�ð

.À÷�ùÀª
¤�¢ö¥ø ý�û����÷ ý�ÜÿÆõ ¢¤�õ ¤¢ üÜaî ü¨¤Â� ß�ó ø�
.´¨� � µ êÂ ð �¤�¬ ]4[ Papadimitriou ø MitchellÎ¨� �
ßþÂ�ù���î �� ¯��Âõ ���¬�Ê¡ Õ�ì¢ ÓþÂã� Â� ùø�ä �ûö�
Ýµþ¤�Úó� ×þ ,¤�¢ö¥ø ��Î¨ ¤¢ ���ú� ý�ûÂ�Æõ ø �ûÂ�Æõ
�î À÷�ù¢�Þ÷ ���¤� �µ¨��� ý�ÂµÆþ�¢ ©ø¤ Â� ü�µ±õ ü±þÂÖ�- �

°þÂ® L ¥� ¤�Ñ�õ) .Àª� �üõ O(n8L)ý�Â�� ö�õ¥ ý�¤�¢

Triangulated Irregular Network2
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´��� ý�ûù¥�� ©ø¤ 3.4

´¡���Øþ �¤�¬ ¤¢ �î ´¨� ßþ� Û±ì ©ø¤ ��ØÈõ ¥� üØþ
Ã� ÷ �ûñ� þ ýø¤ ùÀª ¢�¹þ� ý�ûù¥� � ñ�Ï ,�ûñ� þ ñ�Ï ö¢�±÷
ùÀª ¢�¹þ� Â�Æõ ´ì¢ Â� �ÜÿÆõ ßþ� ø ¢�� Àû��¡ ´¡���ØþÂ�è

.¢¤�¢ ü��ÜÎõ�÷ Â���b�

�� ùÀª �ê�®� üØÞî ¯�Ö÷ ¢�Àã� ,´��� ý�ûù¥�� ©ø¤ ¤¢
ýø¤ ùÀª¢�¹þ� �ûù¥�� ñ�Ï �î Ý��î ��¿µ÷� ý¤�Ï �¤ ñ�þ Âû
´ó�� ßþÂ�À� ¤¢ ©ø¤ ßþ� À�� Âû .¢�ª ýø�Æõ �f±þ ÂÖ� �ûñ�þ
ßþ� ,Í ä � µ õ ¤�Ï� � üóø ,À �îüõ ÛÞä üÜ±ì ©ø¤ À� ÷�Þû
Ýµþ¤�Úó� ý�Â�� ö�õ¥ �¹�µ÷ ¤¢ ø �ûñ�þ ,�û§�b¤ ¢�Àã� ©ø¤

.Àû¢üõ Çû�î ý¢�þ¥ Àa � �� �¤ Â�Æõ ßþÂ�ù���î

üþ�Þ÷ ý�ûù¥�� ©ø¤ 4.4

¢Àä ø ¤�¢ö¥ø ß�� ×þ ´ê�þ¤¢ � � üþ�Þ÷ ý�ûù¥� � Ýµ þ ¤�Úó�
À�îüõ �À�� ý¤�Ï �¤ �0

(s; t) ü±þÂÖ� Â�Æõ ,ý¢ø¤ø ¥� � ´±·õ
. k�0(s;t)k

k�(s;t)k
� 1+ � �î

Ç¿� ¤¢ ùÀª üêÂaãõ Ýµþ ¤�Úó� ��±ª ýÀa� �� Ýµþ ¤�Úó� ßþ�
ÂÒ��µõ üê�Âð ßµ¡�¨ ø üØÞî ¯�Ö÷ ¥� ø À�îüõ ÛÞä 2.4
Ýµþ¤�Úó� ßþ� �î �ø�Ô� ßþ� � � ,À�îüõ ù¢�Ôµ¨� ��a óøa� ß�� � �
�� ñ�þ Âû ýø¤ �¤ üØÞî ý�ÎÖ÷ üµ��� ¢�Àã� �î ßþ� ý����
üþ�Þ÷ ý�û�Ü¬�ê �� �¤ ¯�Ö÷ ,À�î Ç¿� ýø�Æõ ý�û�Ü¬�ê
�î ßþ� ý�Â� ´¨� üúþÀ� .Àþ�Þ÷üõ Ç¿� (ñ�þ ý�û§�b¤ ¥�)
ßþÂ�ù���î Â��Â� � ¥� Ýµþ ¤�Úó� ¥� Û¬�� ü±þÂÖ� Â�Æõ ý�Î¡
ý�ûÍ¡ù¤� � ¥� ×þ Âû ñ�Ï ´¨� üê� î ,Àª� � Â �Ý î Â �Æõ
Ía ¡ù¤� � ñ�Ï Â��Â � 1 + � ¥� ü± þÂÖ � Â �Æõ ýùÀ�û¢ Û�ØÈ�
ÛØª ¤¢ �î ¤�Ï ö�Þû .Àª�� Â�Ýî Â�Æõ ßþÂ�ù���î ¤¢ ýÂÒ��µõ
ýù¥�À ÷� � � Â · î�Àa � si ø s0i ö� � õ �ø�Ô � ,¢�ªüõ ùÀû�Èõ1
,Àª�� Â�ù���î si Â��Â� 1+ � ¥� s0i Ý�û��¿� Âð� .´¨� ac+ bd

Âû �î ´¨� ¼®�ø °��Â� ßþ� �� .ac+bd
si

� � �î ´¨� üê�î
��¿µ ÷� Â �ï¤Ã� �¤ ac+ bd Ý� ÷�� �üõ ,Àª� � Â �ï¤Ã� si ��
Ç¿� ¤¢ .¢�ª Â�Ç�� � ¥� Ýµþ ¤�Úó� ý�Î¡ �î ö� öøÀ� ,Ý��î

.´¡�¢Â� Ý�û��¡ Ýµþ¤�Úó� ßþ� Â�Õ�ì¢ ¼þÂÈ� �� Àã�

s s

s

b

b

b

b b b

b

b

b

s

s

a

c

b

d

wfi

sj

sj0

ü±þÂÖ� Â�Æõ ßþÂ�ù���î ×þ ¥� üÎ¡ù¤�� :1 ÛØª

¥� Û¬�� ¸þ� µ ÷ ø ùÀª ý¥�¨ù¢� � � � ûÝ µ þ ¤�Ú ó� ß þ� üõ�Þ �
.´¨� ùÀþ¢Âð ü�� þ¥ ¤� ø �Æþ�Öõ 6 Ç¿� ¤¢ �ûö� ¢ÂîÛÞä
ý�Â� üÚÞû �î ´¨� ßþ� �ûÝµþ¤�Úó� ßþ� íÂµÈõ ´�¬�Ê¡
�¤ ÂÑ÷¢¤�õ ß�� ,§�b¤ ø¢ ß�� ü±þÂÖ� Â�Æõ ßþÂ�ù���î ß��ã�
ßµ ê� þ ñø�À µ õ ý�ûÝµ þ¤�Ú ó� ¥� ø ù¢Âî ÛþÀ± � é�Âð ×þ � �
¯�Ö÷ ß�� Â�Æõ ßþÂ�ù���î ßµê�þ ý�Â� é�Âð ¤¢ Â�Æõ ßþÂ�ù���î

.À�þ�Þ÷üõ ù¢�Ôµ¨� ÀÊÖõ ø �bÀ±õ

°þÂÖ� ýù¢�¨ é�Âð ¥� ù¢�Ôµ¨� 1.4

ø¢ ß�� Â�Æõ ßþÂ�ù���î ß��ã� ý�Â� �î ý¤�î ßþÂ�ù¢�¨ Àþ�ª
¥� §�b¤ Âû �î Àª�� ßþ� ,¢�¢ ô�¹÷� ö���üõ ü±þÂÖ� ¤�Ï�� §�b¤
ÝþÂ�Ú� ÂÑ÷ ¤¢ T ß�� ý�û§�b¤ ¥� üØþ �� ÂÒ��µõ �¤ Gé�Âð
Ýû �� T ¤¢ ö�ªÂÒ��µõ ý�û§�b¤ �î G ¥� §�b¤ ø¢ Âû ß�� ø
ü¨À�Üì� ý�Ü¬�ê �� ñ¢�ãõ ü÷¥ø �� ñ�þ ×þ ,À�ª�� ÛÊµaõ
�� .Ý�û¢ ¤�Âì ñ�þ ¤ø�¹õ ��ø ø¢ ö¥ø ßþÂ�Ýî ¤¢�Â® ø¢ö�
�ÂµÆþ�¢ Ýµþ ¤�Úó� ¥� ù¢�Ôµ¨� �� �¤ �0

(s; t) Ý�÷���üõ °��Â� ßþ�
ý�ûñ�þ �� �¤ ü±þÂÖ� Â�Æõ ý�ûñ�þ ©ø¤ ßþ� .Ýþ¤ø� ´¨¢��
ýù�½ ÷ � � � µ Æ � ö� ü�øÂ¡ ø À � îü õ ¢øÀ½ õ � �a óøa� ß � �

.Àª�� À� ¤��Æ� À÷���üõ ý¢ø¤ø ß�� ýÀ��¶Üa·õ

´��� üØÞî ¯�Ö÷ ©ø¤ 2.4

ø �û§�b¤ ¥� ù¢�Ôµ¨� �� �¤ üÜ±ì ©ø¤ ¢�þ¥ ý�Î¡ ,©ø¤ ßþ� ¤¢
�û§�b¤ �¤ �ûö� ø Ý�þ�Ãê�üõ G é�Âð �� �î ýÀþÀ� ý�ûñ�þ
.Ý�È¿�üõ ¢�±ú� ü��¡ Àa � �� ,Ý�õ�÷üõ 3üØÞî ý�ûñ�þ ø
´¡��÷×þ ¤�Ï�� �¤ �ÎÖ÷ m ,T ¥� ñ�þ Âû ýø¤ ,¤�î ßþ� ý�Â�
Å³¨ .(´¨� ù��¡ñ¢ ´± · õ ¢Àä ×þ m) Ý� � îüõ � ê�®�
ý�ûñ� þ ýø¤ �µêÂð ¤�Â ì üØÞî ¯�Ö÷ ô�Þ� ,��ø Âû ý�¥���
,ÀþÀ� ñ�þ Âû ö¥ø .Ý��îüõ Û¬ø ÂÚþ¢×þ �� ø¢��ø¢ �¤ ö�
ø ö� Â¨ ø¢ ý�û§�b¤ ß� � ü¨À� Ü ì� ý�Ü¬�ê �Â®Û¬��
ß��ã� ý�Â� .´¨� �µêÂð ¤�Âì ö� ¤¢ �î Àª��üõ üú�ø ö¥ø
ý�ûÝ µ þ¤�Ú ó� ¥� üØ þ ¥� ,T ýø¤ ü± þÂ Ö � Â �Æõ ß þÂ �ù� �� î
�¤ Û¬�� Â�Æõ ø Ý��îüõ ù¢�Ôµ¨� Gýø¤ Â�Æõ ßþÂ�ù� ��î

.Ý��îüõ ÛÖµ�õ T ýø¤ ù¤��ø¢

ö�� �üõ ´�� � üØÞî ¯�Ö ÷ ©ø¤ ¥� ù¢� Ô µ¨� � � . 1 ý��aÌì
ü ± þÂ Ö � ö�� � ä � � �¤ �0

(s; t) ¤�¢ö¥ø ü ± þÂ Ö � Â � Æ õ
ý¤� Ï� � ¢¤ø� ´ ¨¢� � �(s; t) Â � Æ õ ß þÂ �ù� �� î ý�Â �
ñ�Ï jLj �Î ��¤ ß þ� ¤¢ .j�0

(s; t)j � j�(s; t)j +W:jLj �î
ß�� ¤¢ ö¥ø ßþÂ�Ç�� W ø ÂÑ÷ ¢¤�õ ß�� ¤¢ ñ�þ ßþÂ�À�Ü �

]2[ .Àª��üõ ß�� ý�û��ø ö¥ø

Steiner points and edges3
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ñ�þ ×þ ýø¤ üØÞî ¯�Ö÷ ô�è¢� (� �ûñ�þ ýø¤ üØÞî ¯�Ö÷ ö¢øÃê� (Óó� :2 ÛØª

� � .�p = log
�
(jepj=rv) ø jvpj j = rv�

j�1 � î Ý � û¢ü õ
� � eq ýø¤ �¤ q2; q3; : : : ; q�q�1 üØÞî ¯�Ö ÷ °� �Â � ß�Þû
° � �Â � ß þÀ � .Ý � � îü õ � ê� ®� �q = log

�
(jeqj=rv) ¯Â ª

¢�¹þ� eq ø ep ý�ûñ� þ ýø¤ üØÞî ¯�Ö ÷ ¥� üþ�û�ä�Þ¹õ
(.À�þ�Þ÷ ùÀû�Èõ �¤ Óó�-2 ÛØª) .À÷�ªüõ

�¤ e ñ�þ ×þ �� a ý�ÎÖ÷ ×þ ß�� ý�Ü¬�ê ßþÂ�ù���î Âð�
e �� a ¥� ý¢�Þä Í¡ ×þ �� ñ¢�ãõ �Ü¬�ê ßþ� ,Ý�õ��� d(a;e)

.¢�� Àû��¡

:Ý þ¤�¢ 0 < j < �p ø i < �q ý�¥�� � . 1 ý�ä¢a �
]1[ .jpjpj+1j = � � d(pj ; eq) ø jqiqi+1j = � � d(qi; ep)

�v ý�þø�¥ ßþÂ�Ýî §�¨�Â� �¤ üØÞî ¯�Ö÷ �îüþ��ö� ¥�
"ÃîÂõÝû ý¥��õ ��õ ý�ú±�' ×þ �� ,Ýþ�ù¢Âî �ê�®� v ñ��
��a �� �� .À�¨¤ Ý�û��¡ v ¤ø�¹õ ý�ûñ�þ ýø¤ üØÞî ¯�Ö÷ ¥�
¥� ×þ Âû ý�Â � �¤ üØÞî ¯�Ö ÷ öø¢Ã ê� �� � Ü Þä �î ßþ� � �
ñ�þ Âû ýø¤ �¹�µ÷¤¢ ,Ýþ�ù¢�¢ ô�¹÷� �Ãa¹õ ¤�Ï�� fi ý�û§�b¤
Ý�û��¡ øÂ�ø ¤ üØÞî ¯�Ö÷ ¥� ö�ª��Ýû ý�ä�Þ¹õ ø¢ �� fi
Âû ýø¤ üØÞî ¯�Ö÷ ¥� ý¢�Àã� ,ü÷�ª��Ýû ßþ� âê¤ ý�Â� .Àª
Âû ý�¥��� .Ý��îüõ éÁ� "Çþ�Â��' ý�Ü�Âõ ×þ üÏ �¤ ñ�þ
��bÈ÷ e ñ�þ Â¨ ø¢ ý�û§�b¤ ¥� �î üØÞî ¯�Ö÷ ¥� �ä�Þ¹õ ø¢
ö� ¤¢ �î ¢Âî Ý�û��¡ É¿Èõ eýø¤ �¤ ý��ÎÖ÷ ,À÷��µêÂð
ø Àª�� Â��Â� �ä�Þ¹õ ø¢ Âû ¥� ùÀõ�¢��ø�� ýù¥�� ñ�Ï ,�ÎÖ÷
°��Â�ßþÀ� .Ý��îüõ éÁ� �¤ Â�ï¤Ã� ý�ûù¥� � ô�Þ� Å³¨
×þ �î Àª Àû��¡ éÁ� ü�¤�¬¤¢ �ä�Þ¹õ ×þ ¥� ù¥�� ×þ
¢�¹þ� ü÷�ª��Ýû ö� �� ÂÚþ¢ ý�ä�Þ¹õ ¥� Â�×��î ýù¥��

(.À�þ�Þ÷ ùÀû�Èõ �¤ �-2 ÛØª) .Àª�� ù¢Âî

�� ß�� ×þ ¤¢ ¤�¢ö¥ø ü±þÂÖ�-� Â�Æõ ßþÂ�ù���î .2 ý��aÌì
.´¨� �±¨�½õ Û��ì O(mn logmn+ nm2

) ö�õ¥ ¤¢ ,��ø n
]1[ .(� = 1+ � � sin � ø m = log

�
(jLj=r))

üþ�Þ÷ ý�ûù¥�� Ýµþ¤�Úó� 5

.Àª�� T ýùÀªýÀ��¶Ü·õ ¼Î¨ ¥� §�b¤ ×þ v À��î ­Âê
á�Þµ�� ¥� Û¬�� ¥Âõ �� v ¥� �Ü¬�ê ßþÂ�ù���î �¤�¬�� �¤ hv
ýøÂ î ¼Î ¨ × þ .Ý � � îü õ Ó þÂ ã � ö� ¤ø� ¹ õ ý� û� �ø
,À�õ�÷ Ý�û��¡ v ñ�� 4"ý�ð' ×þ �¤ ö� �î Cv üú�øÀ��
¤�ÀÖõ ×þ ý�¥��� À��î ­Âê :¢�ªüõ ÓþÂã� Âþ¥ �¤�¬��
ô�Þ� ýø¤ rv ßþÂ�×��î ö���ä�� �¤ r .rv = �hv , � ´±·õ
v ¤ø�¹õ ü·Ü·õ ¼Î¨ ×þ vuw Âð� .Ý��îüõ ÓþÂã� �û v
¥� rv ý�Ü¬�ê �� (vw) vu ýø¤ �ÎÖ÷ ×þ �¤ (w0) u0 ,Àª��
ÛØªü·Ü · õ ��øÂ þ¥ ×þ °� �Â � ßþÀ� .Ý þÂ � ðüõ ÂÑ÷¤¢ v
ßþ� ô�Þ� á�Þµ�� ¥� v ñ�� Cv ý�ð .Àþ�üõ ´¨¢�� vu0w0

.Àþ�üõ ´¨¢�� v ¤ø�¹õ ý�û��øÂþ¥
Cvb

ø Cva ý�ð ø¢ Â û ß � � ý� Ü¬� ê � î ´¨� ¼®�ø
üð¢�¨ ´ú� Å� ßþ� ¥� �Áó ,´¨� (1�2�)hva ¥� Â�ï¤Ã�
�v À � � î ­Âê .Ý þÂ � ðüõ ÂÑ ÷ ¤¢ 1

2
¥� Â �×��î �¤ � ,¤� î

Âû ß�� (ýÀã��¨ ý�Ìê ¤¢ ùÀª�±¨�½õ) ý�þø�¥ ßþÂ�×��î
�v ßþÂ�×��î ö���ä�� Ã�÷ �¤ � .Àª�� T ¤¢ v ¤ø�¹õ ñ�þ ø¢

.Ý��îüõ ÓþÂã�

é�Âð ý�±¨�½õ Ýµþ¤�Úó� 1.5

:Ý � û¢ü õ ô�¹ ÷� �¤ Â þ¥ ñ� Þ ä� fi � �ø ¥� v §�b¤ Â û ý�¥�� �
.À � µ Æ û fi ��ø ¥� v ¤ø�¹ õ ý� û§�b¤ eq ø ep À � � î ­Â ê
¤�Âì v ¥� rv ý�Ü¬�ê ¤¢ eq ø ep ýø¤ üØÞî ý�ÎÖ÷ ø¢ �Àµ��
Õ±Ï .Ý��îüõ ý¤�Áðô�÷ q1 ø p1 °��Â��� �¤ �ûö� ø Ý�û¢üõ
ÓþÂ ã � ,�v < �

2
Â ð� .jvq1j = jvp1j = rv :Ý þ¤�¢ Ó þÂ ã �

.� = 1 + � �¤�¬ßþ�Â �è¤¢ ø � = 1 + � sin �v :Ý� �îüõ
¤�Â ì ý¤� Ï ep ýø¤ �¤ p2; p3; : : : ; p�p�1 ü Ø Þ î ¯� Ö ÷

Sphere4
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(�) (Óó�)

ü¨�b¤ 1000 ß�� (�) ü¨�b¤ 500 ß�� (Óó�) ö�õ¥� ¸þ�µ÷ :3 ÛØª

ý�ð ¤¢ üØÞî ¯�Ö÷ ¥� ù¢�Ôµ¨� 1.7

§�b¤ Âû ¤ø¢ ,5 Ç¿� ¤¢ ,üþ�Þ÷ ý�ûù¥�� Ýµþ ¤�Úó� ÓþÂã� ¤¢
üú�øÀ�� ýøÂî ¼Î¨ ×þ ,T ýùÀªýÀ��¶Ü·õ ¼Î¨ ¥� v
rv = �hv á�ãª �� ,ÝþÀ�õ�÷ v ñ�� "ý�ð' ×þ �¤ ö� �î Cv

üØÞî ¯�Ö ÷ üõ�Þ � ,Ý þÀ þ¢ � î ¤�Ïö�Þû .Ý þ¢�Þ ÷ ÓþÂã �
.À�µêÂðüõ ¤�Âì ý�ð ßþ� ¥� �¤�¡ ,�ûñ�þ ýø¤ ùÀª ù¢�¢ ¤�Âì
ï¤Ã� Âþ¢�Öõ ý�¥��� ,¢�ªüõ ùÀþ¢ 2 ÛØª ¤¢ �î ¤�Ïö�Þû
ø ùÀª �ûý�ð ¤¢ ï¤Ã� ý�ûñ�þ �Ø� ¢�¹þ� ¶ä�� ¤�îßþ� ,�
¤¢ ���Èõ Â�Æõ �� ´±Æ÷ ,ùÀõ�´¨¢�� Â�Æõ ´ìa¢ �¹�µ÷¤¢

.À��þüõ Çû�î ´��� ý�ûù¥�� ©ø¤

ýø¤ üØÞî ý�ÎÖ÷ ý¢�Àã� ö¢�¢ ¤�Âì �î À¨¤üõ ÂÑ÷��
¢�¹þ� ¤¢ À÷��µ� ,�ûý�ð ýù¢øÀ½õ öø¤¢ ¤¢ �µêÂð¤�Âì ý�ûñ�þ
ßþ� ü¨¤Â� ý�Â� .Àª�� Â�a�b õ (ö�ÆØþ ö�õ¥ ¤¢) Âµú� ý�ûÂ�Æõ
ýø¤ üØÞî ý�ÎÖ÷ �¨ ø ø¢ ,×þ ¢�Àã� °��Â �� � ,á�®�õ
ÓÜµ¿õ ý�ûß�� ýø¤ �¤ ¸þ�µ÷ ,ù¢�¢ ¤�Âì ý�ð öø¤¢ ý�ûñ�þ
500 ß�� ×þ ý�¥��� Çþ�õ¥� ßþ� ý�¹�µ÷ .Ýþ¢�Þ÷ Çþ�õ¥�

.´¨� ùÀª ù¢�¢ ö�È÷ 4 ÛØª ¤�¢�Þ÷ ¤¢ ü¨�b¤

ý�Â�� ý�¹ � µ ÷ ,¢�ªüõ ùÀ þ¢ ¤�¢� Þ ÷ ¤¢ � î ¤�Ïö� Þ û
ý�ûñ�þ ýø¤ Â� ¯�Ö÷ ßþ� ö¢øÃê� �� üþ�Þ÷ ý�ûù¥�� Ýµþ ¤�Úó�
üØÞî ¯�Ö÷ ¢�Àã� ��Âû üêÂÏ ¥� .À��þüõ ¢�±ú� ý�ð öø¤¢
¯�Ö÷ ¢�Àã� ß�Ú÷��õ ,À��þ Çþ�Ãê� ý�ð öø¤¢ ý�ûñ�þ ýø¤
.À��þüõ Çþ�Ãê� Ýµþ ¤�Úó� ý�Â�� ö�õ¥ �¹�µ÷¤¢ ø ñ�þ Âû ýø¤
.Ý�þ�Þ÷ ¤�ÂìÂ� ´äÂ¨ ø ´ìa¢ ß�� ý��½ó�Êõ Àþ� � ßþ�Â �� � �
ý�ÎÖ÷ ×þ �ú�� öø¢Ãê� �î Àû¢üõ ö�È÷ ü�Â¹� ý�ûÇþ�õ¥�
à�½ó ¥� �¤ �¹�µ÷ ßþÂµú� ,ý�ð Âû öø¤¢ ý�ûñ�þ �� üØÞî
4 ÛØª) .´ª�¢ Àû��¡ Â� ¤¢ Â�Æõ ý�±¨�½õ ´ìa¢ ø ´äÂ¨

(.À�þ�Þ÷ �Ñ��õ �¤

¸þ�µ÷ ü¨¤Â� 6

500 ß � � ø¢ ýø¤ Â � � ûÝ µ þ ¤� Ú ó� ý�Â �� ¥� Û¬�� ¸ þ� µ ÷
3 Û Ø ª ¤¢ ü Î ¡ ý� û¤�¢� Þ ÷ �¤� ¬� � ü ¨�b¤ 1000 ø
¥� Û¬�� ¸þ� µ ÷ ö�� µ � �î ßþ� ý�Â � .´¨� ùÀª ù¢�¢ Çþ�Þ÷
�û¤�¢�Þ÷ ßþ� ,¢Âî �Æþ�Öõ ÂÚþ¢×þ �� �¤ ÓÜµ¿õ ý�ûÝµþ¤�Úó�
ñ�þ Âû ýø¤ ùÀª ¢�¹þ� üØÞî ¯�Ö÷ ¢�Àã� Í¨�µõ §�¨� Â�
üØÞî ¯�Ö÷ ¢�Àã� Í¨�µõ Âð� �î ´¨� üúþÀ� .À÷�ùÀª Ý¨¤
,Àª� � ö�ÆØ þ ÓÜµ¿õ öc �õ¥� ø¢ ¤¢ � ûñ� þ ýø¤ ùÀª ¢�¹þ�
Àû��¡ Â ��Â � ùÀª ¢�¹ þ� é�Â ð ¤¢ � ûñ� þ Ûî ¢�Àã � �¹� µ ÷¤¢
ñ¢�ãõ �î �ûÝµþ¤�Úó� ¥� ô�Àî Âû ý�Â�� ö�õ¥ ßþ�Â�� �� ø ¢��
,´¨� Û¬�� é�Â ð ýø¤ Â � �Â µÆ þ�¢ Ý µ þ ¤�Ú ó� ý�Â�� ö� õ¥
ù¢�¢ ö�È ÷ 3 ÛØª ¤¢ �î üþ�û¤�¢�Þ ÷ �Á ó .¢� � Àû��¡ Â ��Â �
¥� ùÀõ�´¨¢�� Âc �Æõ ßþÂ�ù���î ñ�Ï ß�Ú÷��õ Âðö��� ,À÷�ùÀª

.À�ª��üõ ö�ÆØþ ý�ûö�õ¥ ¤¢ ,ÓÜµ¿õ ý�ûÝµþ¤�Úó�
´¨� ßþ� ¢¤�¡üõ ÝÈ� �� �û¤�¢�Þ÷ ¤¢ �î üÞúõ ý�µØ÷
,ùÀªü¨¤Â� ý�ûÝµþ¤�Úó� üõ�Þ� ¥� Û¬�� üc ±þÂÖ� Â�Æõ �î
(� Î Ö ÷ 7 � �ß þ� ¤¢) üØÞ î ý�Î Ö ÷ À � � � ú � � ö¢øÃ ê� � �
´±Æ÷ °ÜÎõ ßþ� �î À÷�ªüõ �ÂÚÞû Õ�ì¢ Â�Æõ �� ´äÂ¨��
¤�Ï�� ,Àþ�üõ ´¨¢�� ýÂÑ÷ Û�Ü½� ¥� �î üþ�� � ö�Âî � �

.´¨� Âµú� ý��Ñ��õ Û��ì

ü±þÂÖ�- � Ýµþ¤�Úó� ¢�±ú� 7

ö�õ¥ ,üþ�û©ø¤ ñ�Þä� � � ¢Âî Ý�û��¡ üã¨ ´ÞÆì ßþ� ¤¢
ø üÜÞä ý�±�� ø¢ ¥� Ýû ,�¤ üþ�Þ÷ ý�ûù¥�� Ýµþ ¤�Úó� ý�Â��

.Ý�È¿±� ¢�±ú� ýÂÑ÷
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ý�ð Âû öø¤¢ ý�ûñ�þ ýø¤ üØÞî ý�ÎÖ÷ 3 ø 2 ,1 ,0 ö¢øÃê� �� üþ�Þ÷ ý�ûù¥�� Ýµþ¤�Úó� ý�Â�� ý�¹�µ÷ :4 ÛØª

ý�û©ø¤ ¥� ù¢� Ô µ ¨� � î À¨¤üõ ÂÑ ÷� � .Ý þÀ �È¿ � ¢� ± ú �
Â�Ç�� ´äÂ¨ ö¢¤ø�´¨¢�� ¤¢ À÷���üõ Ã�÷ ý¥��õ ©¥�¢Â�
ü¨¤Â� ¢¤�õ ]5[ â�Âõ ¤¢ Ýµþ¤�Úó� ö¢�Þ÷ ý¥��õ .Àª�� Â�a�b õ

.´¨� �µêÂð ¤�Âì Â�Ç��

â��Âõ
[1] L. Aleksandrov, M. Lanthier, A. Mahesh-

wari and J. R. Sack,\An � - Approxi-
matino Algorithm for Weighted Shortest
Paths on Polyhedral Surfaces", SWAT 98,

Stockholm, Sweden, July 1998.

[2] M. Lanthier, \Shortest Path Problems
on Polyhedral Surfaces", Ph.D. Thesis in
progress, School of Computer Science,

Carleton University, Ottawa, Canada,

1998.

[3] C. S. Mata and J. S. B. Mitchell, ,\A
New Algorithm for Computing Shortest
Paths in Weighted Planar Subdivisions",
Proc. 13th Annu. ACM Sympos. Compu-

tational Geometry, 1997, pp. 264-273.

[4] J. S. B. Mitchell and C. H. Papadim-

itriou, \The Weighted Region Prob-
lem: Finding Shortest Paths Through a
Weighted Planar Subdivision", Journal of
the ACM, 38, January 1991, pp. 18-73.

ßþÂ�ù���î ý¥��õ ö¢Âî �À��' ,ù¢�¥ü��Âa® À�Þ� ]5[
ýùÀ ªýÀ � �¶ Üa · õÝ Ña � õ� ÷ �� Î ¨ ¤¢ Â � Æ õ
,À ª¤� ü ¨� � ª¤� î ý� õ� ÷ö� þ� � ,"¤�¢ö¥ø
üµã�¬ ù�ÚÈ÷�¢ ,Â���³õ�î ü¨À�úõ ýùÀØÈ÷�¢

.1379 ù�õ ö��� ,ö�Âþ� ,ö�Âú� ,ÓþÂª
ü±þÂÖ� Â�Æõ ßþÂ�ù���î ß��ã�' ,üÜã¹�ð ¤�ª�þ ]6[
,"¤�¢ö¥ø ýùÀª ýÀ�� ¶Ü·õ ÝÑ�õ�÷ ��Î¨ ¤¢
ü¨À�úõ ýùÀØÈ÷�¢ ,ü¨� �ª¤�î ý�õ� ÷ö� þ� �
,ö�Âþ� ,ö�Âú� ,ÓþÂª üµã�¬ ù�ÚÈ÷�¢ ,Â���³õ�î

.1378 ù�õ ¤�þÂúª

°þÂÖ� é�Âð Ý¹� Çû�î 2.7

� � Ý� ÷��µ � �î ´¨� ßþ� Ýµþ ¤�Úó� ¢�±ú� ý�ûù�¤ ¥� ÂÚþ¢ üØþ
�¤ ö� ý�Â�� ö�õ¥ ý�±�Âõ ,ö� ö¢�� ü±þÂÖ�- �üðÄþø ÐÔ�
ý�ûñ�þ ¢�Àã� Çû�î �� ¤�î ßþ� .Ýþ¤ø��� ß�þ�� ýÂÑ÷ à�½ó ¥�
.´¨� Â þÁ �ö�Øõ� é�Âð ��ø Âû öc ø¤¢ ùÀª ù¢�¢ ¤�Â ì üØÞî
¥� ÛØª ü·Ü·õ ��ø Âû ý¢�ä ´ó�� ¤¢ ,Ý�÷�¢üõ �î ¤�Ïö�Þû
,¢¢Âðüõ ÛþÀ±� Ûõ�î é�Âð ×þ �� ,°þÂÖ� é�Âð ¤¢ ��óø� ß��
ý�ûñ�þ ýø¤ �µêÂð ¤�Âì üØÞî ¯�Ö÷ üõ�Þ� ÂÚþ¢ ü�¤�±ä��
ö�È÷ ]5[ â�Âõ ¤¢ .À÷�ªüõ ÛÊµõ Ýû �� ø¢��ø¢ ,��ø ×þ
ý�� ÷� ð� � ö�� �ü õ �¤ Gé�Â ð ý� ûñ� þ ¥� ü¡Â � � î Ý þ�ù¢�¢
O(nm logmn) �ú�� ,ùÀõ�´¨¢�� G0 é�Âð ¤¢ �î ¢Âî éÁ�
� � Ý µ þ ¤� Ú ó� Ûa î ý�Â �� ö� õ¥ �¹ � µ ÷¤¢ ø À ÷� Þ � ü ì� � ñ� þ
°þÂÖ� °þÂ® ,¤�î ßþ� �� �µ±ó� .À��þ Çû�î O(nm logmn)

.À��þüõ Çþ�Ãê� üîÀ÷�
G0 ¥� e0 Â�Æõ ×þ Í ä �� ,G ¥� e ñ�þ Âû ,©ø¤ ßþ� ¤¢
kek ¥� °þÂÖ�- �×þ ke0k �î ý�½÷�� ,´¨� °þÂÖ� Û��ì
]5[ â�Âõ ¤¢ ©ø¤ ßþ� �� ¯��Âõ Â�Õ�ì¢ ��½�®�� .Àª��

.´¨� ¢���õ
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�ÎÖ÷ ø¢ ß�� Â�Æõ ßþÂ�ù���î ßµê�þ ý�ÜÿÆõ ,�ó�Öõ ßþ� ¤¢
ßÞ® ø Ýþ¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ �¤ ¤�¢ö¥ø ß�� ×þ ¼Î¨ ¥�
À � � ü êÂa ã õ � � ,� � � õ¥ ß þ� ¤¢ ùÀª ô�¹ ÷� ý� û¤� î ü¨¤Â �
Û¬�� üÜÞä ¸þ�µ÷ ,�µ¡�¢Â� �ÜÿÆõ Ûa � ý�Â� ü±þÂÖ� Ýµþ¤�Úó�
�� ß��»Þû .Ýþ¢�Þ÷ ü��þ¥ ¤� ø �Æþ�Öõ �¤ ×þÂû ý¥�¨ù¢��� ¥�
,¢���õ Ýµþ¤�Úó� ßþÂµú� ¢�±ú� ´ú� üþ�û¢�ú÷Ç�� ý���¤�
ý¤�ÿ� ý�±�� ¥� Ýû ø üÜÞä à�½ó ¥� Ýû �¤ ö� ý�Â�� ´äÂ¨

6


