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Ðl¿xÁ©ÆÂÊlÃ�ÀTÀ/ÏNÁ�¾�Æ/¾NÈeÆ

−→ui =
−−−−→

M0Mi

Ô@½Q¾N¿ÜÅaÊlÄ�ËcÆ
M0

ÀÕÆÂÈeËIÉrÀ�Ö�ÊlÃVÈeËú���!�G�@����Ö�ÊlÃ�Æ/¾N¿6Åa¿°ËH² À�¾r¿xÈlÉ,Ó�ÊlùÆÂÄ�ÊqË4Ô'ö�¾N¿°Ër¿nÐl¿°Ã�ÅNÈlÃÕÆÂÄ�Á°ÏrÎiÈeÃ�Ð:ÈeÎ�Ïr¿nÀ�ÈeÃÂ¿�ÈlÀÂÀÕÊYÁ[ÄiÈ:ÆÂ¿nÉÆÂÊ2ÆÂ¾NÈ:Æ_ÅIÊqÄ�ËcÆ�ÈeËNÉµÆ/Ê�Æ/¾r¿�Ðl¿xÁ©ÆÂÊlÃ�À°Ù8ÈeÎ�Î Æ/¾r¿�Ðl¿nÃÕÆÂÄ�Á°¿nÀnÙÈlËNÉ�Æ/¾N¿°ÃÂ¿[Ö�ÊlÃÂ¿ÅaÊqÀ/Ä�Æ/Ä�ÊlËNÀnÙFÊeÖ¦Æ/¾N¿�Åa¿°ËB² ÀÜ¾r¿nÈqÉµÁ°ÈlË!Ça¿ÉY¿°Æ/¿nÃ/Ó�Ä�Ër¿nÉ�ÅrÃÂ¿nÁ°Ä�À/¿°Î�ÒlÔQö�¾r¿nË$Æ/¾N¿kÆ/Ã�È:ß�¿xÁ©ÆÂÊlÃÂÒ´ÊeÖ¦ÆÂ¾r¿ÊqÃ/Ä�×lÄ�Ë´Ðl¿nÃÕÆÂ¿[âVÄiÀ-ÆÂ¾r¿_ÅNÈeÃ�ÈeÓ�¿°Æ/ÃÂÄ�ÁÍÁ°ÏrÃÂÐl¿
f
ÉY¿[èIËr¿nÉ2ÊlË

[0, 1]
Ù Æ/¾N¿2Ó�ÊeÆÂÄ�ÊqË,ÊeÖÍÈ$Åa¿°Ë

B (M0,F)
Þ7Ä�Î�ÎÑÇI¿6ÉY¿[ùËrÊlÆ/¿xÉ�ÇcÒ

M (B (M0,F) , f, [0, 1])
Ô7àáË�ÆÂ¾r¿kèI×lÏrÃÂ¿dòtÙÆÂ¾r¿VÓ�ÊeÆ/Ä�ÊlË�ÄiÀkÁ�¾NÈeÃ�ÈlÁ[Æ/¿nÃ/Ä�Ý°¿xÉ$ÇtÒµÆ/¾N¿´À�Æ�ÈeÃ/Æ_ÅaÊqÀ/Ä�Æ/Ä�ÊlËÊlÖTÆÂ¾r¿VÅI¿nËB² Àk¾r¿xÈlÉ"ÈeËNÉ�È$÷Ñø°ÝnÄ�¿nÃÁ[ÏrÃÂÐl¿ª¥ ÷Ñ¿°Ý8ò;òC§

B0ÃÂ¿°ÅrÃÂ¿nÀ/¿°ËcÆÂÄ�Ër×�ÆÂ¾r¿kÆÂÃÂÈeß�¿nÁ[Æ/ÊlÃÂÒ2ÊlÖ¦Æ/¾r¿�Ðl¿nÃÕÆÂ¿[â
M00

Ô�àáËÆÂ¾r¿>ÁnÈlÀ/¿ÍÊeÖ8ÆÂ¾r¿>ØtÈeÎiÈeÓ�ÙqÆ/¾r¿>ÊlÃÂÄ�×qÄ�ËVÄiÀ-Æ/¾r¿>Ðl¿°Ã/Æ/¿°â�À/ÏrÃ/ùÃÂÊlÏrËIÉY¿nÉ�Þ7Ä�ÆÂ¾$È�Á°Ä�Ã�Á[Î�¿_ÊlË�Æ/¾r¿_èI×lÏrÃÂ¿+¬rÔ

}U~��{�K���ãûa�TÏEÐB�	Ñh�:���y»{½UÑà»	�1~�»��

¹±ü ë Ù ïWí�î�ï\ï Ú ºÂé�ý î>ïEð ¸ í�þ>ñ7í
½Q¾r¿�Ã�ÈeÝnÄ�ËN×VÊeÖ¦È´ØtÈeÎiÈeÓ Ó�ÊlÆ/Ä�ÊlË�Ä�ÀÍÆ/¾r¿�ÀÕ¿°ÆÍÊeÖ¦ÅIÊqÄ�ËcÆ�ÀÉrÈlÃl�q¿°Ë´ÇtÒVÆÂ¾r¿�ØtÈeÎiÈeÓ Ä�Ë2ÆÂ¾r¿_ÅrÎiÈeËr¿qÔTõ�Ö Á[ÊqÏrÃ�ÀÕ¿qÙqÆÂ¾rÄiÀ

À/¿[Æ_Ä�À_ÉY¿nÎ�Ä�Ó�Ä�ÆÂ¿nÉ�ÇcÒ$¿°âtÆ/¿°ÃÂËNÈlÎ Á°ÏrÃ/Ðq¿nÀÜÁ[ÊqÃ/ÃÂ¿nÀ/ÅIÊqËNÉYÄ�Ër×Æ/ÊÍÆ/¾r¿¦ÆÂÃÂÈeß�¿nÁ[Æ/ÊlÃÂÄ�¿nÀFÊeÖtÆÂ¾r¿TØtÈeÎiÈeÓª² À8Ðl¿nÃÕÆÂÄ�Á°¿nÀ4ÈlËNÉ�À/ÊlÓ�¿¿nÉr×l¿nÀ-ÊeÖ8ÆÂ¾r¿>ØtÈeÎiÈeÓ�ÔS½Q¾r¿°ÃÂ¿[Ö�ÊqÃ/¿qÙlÞÑ¿ÍËr¿n¿nÉ´ÈÓ�¿xÈeË�ÆÂÊ¾r¿nÎ�ÅæÁ[ÊqÓ�ÅNÈeÃÂÄ�ËN×�ÆÂ¾r¿´À/¾rÄ�Ö§ÆÂÄ�ËN×$Æ/Ã�ÈeËNÀÕÖ�ÊlÃÂÓVÀÜÊeÖ7Á[ÏrÃÂÐl¿xÀÄ�Ë�ÊqÃÂÉY¿nÃÜÆ/Ê6èNËNÉ�ÊlÏrÆÜÆÂ¾r¿�¿[âtÆ/¿nÃ/ËIÈeÎ@Á[ÏNÃ/Ðq¿nÀÜÊeÖQÈ�Ã�ÈeÝ°ùÄ�Ër×NÔZÈNÊlÃ>Æ/¾rÄiÀnÙ4Ä�Æ�ÄiÀÜËr¿nÁ°¿nÀÂÀ/ÈlÃ/Ò�Æ/Ê�ÉY¿[èIËr¿�Æ/¾r¿�ËrÊlÆ/Ä�ÊlËÊeÖV�¼���Z���!�¼�����;�������a���������6�� � C�1 J�����Q���c�.�c�Eÿ����l���f�C���!�� 
� ���� C���������; � ����l�������n�.�n� � �� C�Q���©ÔóTÊlËIÀÕÄiÉY¿°ÃT¸
•

Æ/¾r¿�È:åVËr¿�À/ÅNÈqÁ[¿
R3 Þ7Ä�ÆÂ¾µÆÂ¾r¿ÊqÃÕÆÂ¾rÊlËrÊqÃ/ÓVÈlÎ4ÇNÈlÀ/ÄiÀ

R
(

O,−→ı ,−→ ,
−→

k
) Ù

•

ÈeËVÈ:åVËr¿7ÅrÎiÈeËN¿
R2 Ä�Ë R3 Á°ÊlËcÆÂÈlÄ�ËrÄ�Ër×ÜÆ/¾N¿7ÊlÃÂÄ�×qÄ�Ë OÞ7Ä�ÆÂ¾�È�ÉYÄ�Ã/¿xÁ©Æ�ÊlÃ/Æ/¾NÊlËrÊqÃ/ÓVÈeÎLÇNÈlÀ/ÄiÀ

(−→ı ,−→ )
Ô�Û4¿[Æ1² À

ÉY¿°ËrÊlÆ/¿ −→
R 2 Æ/¾r¿�Ðq¿nÁ©ÆÂÊlÃQÅrÎiÈeËr¿kÈqÀ/À/ÊYÁ[ÄiÈ:ÆÂ¿nÉVÆÂÊ R2 Ô

•

È!ÅNÈlÃÂÈlÓ�¿[Æ/ÃÂÄiÁVÖ�ÏrËNÁ[Æ/Ä�ÊlË
f
ÉY¿°èNËr¿nÉ'ÊlË

[0, 1]
Þ7Ä�Æ/¾Ð
ÈlÎ�ÏN¿nÀÜÄ�Ë

R2 ÔVätÏrÅNÅIÊcÀÕ¿�Æ/¾IÈ:Æ f
ÄiÀ�Á[ÊlËcÆÂÄ�ËtÏrÊqÏNÀ�ÊqË

[0, 1]
ÈlËNÉ�ÉrÄ�ÚF¿°ÃÂ¿°ËcÆ/ÄiÈeÇNÎ�¿_ÊlË

]0, 1[
Ô

•

ÈeËNÉ2Æ/¾r¿�Ðq¿nÁ[Æ/ÊlÃ�À
−→u
Ù
−→u 1

Ù
−→u 2

Ä�Ë −→

R 2 Ô
�#�����:~¼��~�»{� �����#~¼�������N»{�8���:»{��»��K���4�����:�{�ã¿f~¼���
�����C�[���@�d�1»h�ã�����@��»{�@Î
	&����
Z���l�� J�+���!�¼�����;�������\�l�������ª�8 � C�� C�����.���ã�.�

f � �@ CÃ ����l������� �Q�ì�¼��� � �� J�.��� −→u � �X �¼���  J �������� � ���& JÃ
�������

R(f,−→u )

�@��V�&��� � �l���
[0, 1]

���	�.�
R
 !�	 �� ���	���

R(f,−→u ) (t) =
(

−→u ∧

−−−−→

Of (t)
)

·

−→

k �
ö�¿3Á°ÈlË Ã/¿nÓ�ÈlÃl� Æ/¾NÈeÆ Æ/¾N¿�ÉY¿nÃ/Ä�Ð:È:Æ/Ä�Ðl¿ Ðq¿°ÃÂÄ�Ö�Ò
R

′

(f,−→u )
(t) = R(f ′,−→u ) (t)

åÍÊ:Þ�ÙtÞÑ¿�Á°ÈeË6ÉY¿[èIËr¿ÜÆ/¾r¿�ÞQÈ
Ò�Æ/ÊVÁ[ÊqÓ�ÅIÈeÃÂ¿�ÆÂ¾r¿�ÀÕ¾rÄ�Ö§ÆÕùÄ�Ër×�Æ/Ã�ÈeËNÀÕÖ�ÊlÃÂÓVÀTÊlÖSÈ�Á°ÏrÃ/Ðq¿lÔ
�#�����:~¼��~�»{��¹����d»�Ñh������~��1»{��»{½B�1�:~�½������ª�@�K�8�{���8Î
�_�c��� � � t−→u 1

(f) ≤ t−→u 2
(f)

���
[0, 1] � �l�J �ÿ	�� J��� � �J�-ä

t−→u 1
(f) ≥ t−→u 2

(f) � � � �����d���{�-ä+� � R′

(f,−→u 1−
−→u 2)

(t) ≤

0 � �l�J �ÿ��� C��� � �J�Gä R′

(f,−→u 1−
−→u 2)

(t) ≥ 0 ���
½Q¾r¿2Á°ÊlÓ�ÅNÈlÃ/ÄiÀÕÊqË"ÇI¿°Æ�ÞT¿n¿°Ë

t−→u 1
(f)

ÈeËNÉ
t−→u 2

(f)
ÊqË

[0, 1]
Á°ÈeË Ça¿ ÉYÊlËN¿çÆÂ¾rÃÂÊlÏr×q¾ ÆÂ¾r¿ ÀÕÆ/ÏNÉYÒ ÊeÖ=Æ/¾r¿Ó�ÊlËrÊlÆ/ÊqËcÒVÊlÖ

R(f,−→u 1−
−→u 2)

ÊlË
[0, 1]

Ô
åÍÊ:Þ�ÙqÞT¿>¾NÈ
Ðl¿QÆÂ¾r¿ÍÆÂÊtÊlÎiÀ@Ër¿xÁ[¿nÀÂÀÂÈeÃÂÒ�Ö�ÊlÃÑÀ�ÆÂÏNÉYÒtÄ�ËN×kÆ/¾N¿ËrÄ�ÇB² À�¾N¿nÈlÉ?Ó�ÊeÆ/Ä�ÊlËIÀ�ÈlËNÉæÆÂ¾r¿°Ä�ÃVÈlÀÂÀÕÊYÁ°Ä�ÈeÆ/¿nÉ,ÃÂÈlÝ°Ä�Ër×qÀnÔ÷Ñ¿[Ö�ÊqÃ/¿@ÉYÊqÄ�ËN×7Æ/¾NÈeÆnÙ
Î�¿[Æ�² ÀLÅrÃ/¿xÀÕ¿nËcÆLÈ7ÅNÈlÃÕÆÂÄ�Á°ÏrÎ�ÈlÃ8Æ�ÒtÅI¿-ÊeÖÓ�ÊeÆÂÄ�ÊqËNÀ°ÙxÆÂ¾r¿3�&�����f���YÓ�ÊeÆÂÄ�ÊqËNÀnÙ
ÈlËNÉ_ÆÂ¾r¿°Ä�Ã¦ÈlÀÂÀÕÊYÁ[ÄiÈ:ÆÂ¿nÉÃ�ÈeÝ°Ä�Ër×cÀ°Ô
óTÊlËIÀÕÄiÉY¿°Ã Æ/¾r¿ Ó�ÊlÆ/Ä�ÊlË

M =
M (B (M00,F) , f, [0, 1])

ÀÕÏIÁ�¾ ÆÂ¾NÈ:Æ
F =

(−→ui)i=0,...,n

Ô
�#�����:~¼��~�»{��À��)öy»{��Ñg���\çß»	�1~�»���Î

M
�X à J�����ú�.�

���ËrÊlÃÂÓVÈeÎM���
[0, 1]

� � �����#���	�GäN� �
∃ i ∈ {0, . . . , n} �

∃ j ∈ {0, . . . , n}
 !�	 ��ª�¼�������

t−→u k
(f) ≤ t−→u i

(f)
�����

t−→u k
(f) ≥ t−→u j

(f)
���

[0, 1]
∀ k ∈ {0, . . . , n} �
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ÉOÊJË É�Ì�Ë
}U~��{�K�����B�T�{Î_öy»{�8Ñà���[Ñg»{��~�»{�\ÒB�VÎ��6�K�

�;»	�8�����C�[»��:�K~��K�±�K»{��Ñg���\����Ó@~��K�K�

àáË�ÆÂ¾rÄiÀ6Ér¿[èNËrÄ�Æ/Ä�ÊlË|Ù
t−→u i

(f)
Ä�À2Æ/¾N¿��f�C�;� �f���Á°ÏrÃ/Ðq¿Þ7¾r¿nÃ/¿xÈlÀ

t−→u j
(f)

Ä�À6ÆÂ¾r¿!�d���{� �c���ÊqËr¿æÈeÓ�ÊlËr×'Æ/¾N¿
À/¿[Æ {

t−→u k
(f) , −→u k ∈ F

} Ô¦Ì�ËNÊlÃÂÓ�ÈlÎNÓ�ÊeÆÂÄ�ÊqË´ÈeËNÉ´Ä�Æ�ÀÁ°ÊlÃÂÃ/¿xÀÕÅaÊlËNÉrÄ�Ër×�Ã�ÈeÝnÄ�Ër×µÈlÃ/¿VÅNÃ/¿xÀÕ¿nËqÆÂ¿nÉ"ÊqË"Æ/¾r¿2èN×lÏrÃÂ¿
«NÔ,½Q¾r¿�Ã�ÈeÝnÄ�ËN×µÄ�À�ÉY¿nÎ�Ä�Ó�Ä�ÆÂ¿nÉ'ÇtÒ"Æ/¾r¿6Æ�ÞÑÊ�À/¿°×lÓ�¿nËqÆ�À
[M30M00]

Ù
[M00M10]

ÙkÆ/¾N¿'÷Ñø°ÝnÄ�¿nÃ�Á[ÏNÃ/Ðq¿
B1
ÙkÆÂ¾r¿Æ�ÞÑÊkÀÕ¿n×lÓ�¿°ËcÆ�À

[M11M21]
Ù
[M21M31]

ÈeËNÉ�ÆÂ¾r¿>÷Ñø°ÝnÄ�¿nÃÁ°ÏrÃ/Ðq¿
B3
Ô

"\��ÑàÑg�e�$# �
∀i ∈ {0, . . . , n}

R(f,−→u (i+1) %'&�( n−
−→u i)

�X )�c�������Q�����_���
[0, 1]

�¼���C�
M�X Z�f�&�����f���*�f��������� �

½Q¾r¿ÑÎ�¿°Ó�ÓVÈÜÁnÈeË�ÇI¿QÅrÃÂÊ:Ðl¿xÉ_Æ/¾rÃÂÊlÏN×l¾�Á°ÊlËNÀ/ÄiÉY¿°ÃÂÄ�ËN×�ÆÂ¾r¿Ó�ÊeÆÂÄ�ÊqË�ÊlË�Æ/¾N¿�èN×lÏNÃ/¿Z«NÔQàáË$×l¿°ËN¿°Ã�ÈeÎ�ÙYÆ/¾r¿ÃÂÈlÝ°Ä�Ër×´ÈlÀÕùÀ/ÊYÁ[ÄiÈ:Æ/¿xÉVÆÂÊ�È�Ó�ÊeÆÂÄ�ÊqË�ÄiÀ7ÉY¿[ÆÂ¿°ÃÂÓ�Ä�Ër¿xÉ2ÐtÄiÈÄ�ÆÂÀ�ÉY¿nÁ°ÊlÓ�ùÅaÊqÀ/Ä�ÆÂÄ�ÊqË�Ä�ËcÆ/ÊVËrÊqÃ/ÓVÈlÎ4ÀÕÏrÇrù�Ó�ÊeÆÂÄ�ÊqËNÀnÔ-½Q¾r¿°Ë|ÙrÞT¿�¾IÈ
Ðl¿ÆÂ¾r¿ÜÆ/¾r¿nÊlÃÂ¿°Ó�Ô
�6�:��»	����Ñ �����#���@»�Ñh�[»���~���~�»{� ~��&��» �K»{��Ñg���
�1�H�K��Ñà»	�1~�»��K��Î
	&���+�f���������

M
 ���� �� �@�� ����Eÿ��� J��� ���	�.�Â�������c���

 !�	CÃ,�c���������� µ���
[0, 1]

 C� �¼�����ã���	�� ����� ����.�C�����������
� � �¼���C�����8 � C�� C�����.���µ�l���C������ � ����	 !���������Q�±�����; J���-ä ���	�
�@���@����H�l�1�J�������� � J�1 C�����.���n�.�

M �
ã@ÃÂÊtÊeÖÛ|¿[Æ

F = (−→ui)i=0,...,n

�
−→u0 =

−→

0
�©Ù½Q¾rÃÂÊlÏN×l¾$À�ÆÂÏNÉYÒtÄ�Ër×´ÆÂ¾r¿�À/Ä�×qË$ÊeÖ
R

′

(f,−→u (i+1) -/.,0 n−
−→u i)ÊqË

]0, 1[
Ö�ÊqÃ

i ∈ {0, . . . , n − 1}
ÞÑ¿6×l¿[Æ�Æ/¾N¿�À/¿[Æ�ÊeÖ¿°âcÆÂÃ/¿nÓVÈÊlÖ

R(f,−→u (i+1) -/.,0 n−
−→u i)

ÊlË
]0, 1[

Ô
Û|¿[Æ

Ei =
{

Ti,1, Ti,2, . . . , Ti,φ(i)

} ÇI¿�Æ/¾r¿�ÀÕ¿°Æ?ÊeÖ¿°âcÆÂÃ/¿nÓVÈ ÊlÖ
R(f,−→u (i+1) -/.,0 n−

−→u i)

ÊqÃÂÉr¿°ÃÂ¿nÉ Ä�Ë*ÈeË
Ä�ËNÁ[ÃÂ¿nÈqÀÕÄ�Ër×BÊqÃÂÉY¿nÃ×�

φ (i)
Ã/¿nÐl¿nÃÂÀ/¿nÀ"ÆÂ¾r¿ìÁnÈeÃ�ÉYÄ�ËNÈeÎ�ÊeÖ

Ei

�©Ô½Q¾r¿'Ã/¿xÀ�ÆÂÃ/ÄiÁ©ÆÂÄ�ÊqËNÀµÊlÖ´Æ/¾N¿=ÉYÄ�ÃÂ¿nÁ©Æ�ÊlÃ/Æ/¾rÊq×lÊqËNÈeÎkÃ�ÈeËN×l¿
R(f,−→u (i+1) -/.,0 n−

−→u i)

ÆÂÊ%Æ/¾r¿ À/¿°×qÓ�¿nËcÆÂÀ
[0, Ti,1[

Ù
[Ti,1, Ti,2[

Ù
. . .
Ù [
Ti,φ(i)−1, Ti,φ(i)

[ Ù [

Ti,φ(i), 1
] ÈeÃÂ¿Ó�ÊlËNÊeÆ/ÊqËr¿lÔ

å�Ê:Þ�Ù>Î�¿[ÆµÏNÀ$Á°ÊlËNÀ/ÄiÉY¿°Ã
E = {T1, T2, . . . , Tm}

ÆÂ¾r¿ÏrËNÄ�ÊqË ÊeÖ2Æ/¾r¿¼ÀÕ¿°ÆÂÀ
Ei

Ù�ÊlÃ�ÉY¿°ÃÂ¿nÉ Ä�Ë ÈlË<Ä�ËNÁ[ÃÂ¿nÈqÀÕÄ�Ër×ÊqÃÂÉY¿nÃnÔÌ7ÁnÁ[ÊlÃ�ÉYÄ�Ër× Æ/Ê ÆÂ¾r¿ ÅrÃÂ¿°ÐtÄ�ÊlÏNÀ ÃÂ¿nÈqÀÕÊqËrÄ�ËN×NÙ
R(f,−→u (i+1) -/.,0 n−

−→u i)

ÄiÀ Ó�ÊlËrÊlÆ/ÊqËr¿ ÊlË
[0, T1[

Ù

[T1, T2[
Ù

. . .
Ù
[Tm−1, Tm[

Ù
[Tm, 1]

Ö�ÊqÃ
i ∈

{0, . . . , n − 1}
Ô÷ÑÒ�Æ/¾r¿ÜÎ�¿nÓ�Ó�È�"lÙqÆ/¾N¿ÜØtÈeÎiÈeÓª² À-Ó�ÊlÆ/Ä�ÊlË´ÄiÀÑËrÊlÃÂÓVÈeÎNÊqË

[0, T1[
Ù
[T1, T2[

Ù
. . .
Ù
[Tm−1, Tm[

Ù
[Tm, 1]

Ô½Q¾r¿ ÃÂ¿nÀÕÆ/ÃÂÄ�Á[Æ/Ä�ÊlËNÀ�Á°ÊlËNÀ/Ä�Ér¿°ÃÂ¿nÉ ÆÂÊl×q¿[Æ/¾N¿°Ã�Á[ÊqËNÀÕÆ/Ä�Æ/ÏYÆÂ¿Æ/¾N¿ ¿[ârÈlÁ[Æ Æ/Ã�È:ß�¿nÁ[Æ/ÊqÃ/Ä�¿nÀ ÊeÖ�Æ/¾N¿ Ðl¿nÃÕÆÂÄ�Á°¿nÀ ÊeÖ�Æ/¾N¿ØtÈeÎiÈeÓª² ÀT¾N¿nÈlÉ4ÔätÊIÙ�Æ/¾r¿�Á°ÊlËNÁnÈ:Æ/¿nËNÈ:ÆÂÄ�ÊqËçÊlÖ2ÆÂ¾r¿�ÃÂÈlÝ°Ä�Ër×qÀ�×qÄ�Ðq¿nÀ�Æ/¾N¿¿[ârÈqÁ©Æ7ÃÂÈlÝ°Ä�Ër×�ÊeÖ Æ/¾r¿�Åa¿°ËB² ÀQ¾r¿xÈlÉ8ÔÌÍË�¿°ârÈeÓ�ÅrÎ�¿µÄ�À2×lÄ�Ðl¿nË�Ä�Ë¼ÆÂ¾r¿µèNÎ�¿!ÈeÆÕÆÂÈqÁ�¾r¿nÉ=ÆÂÊæÆ/¾N¿ÅNÈlÅI¿nÃnÔ
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B = [M0, M1, M2]
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• B ∈ B1 ⇔

−−−−→
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M10 =

(x10, y10)
Ù
M11 = (x11, y11)

ÈeËNÉ
M12 = (x12, y12)ÈeËIÉ

B2 = [M20, M21, M22]
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•

Ä�Ö
B1 ∈ B1

ÆÂ¾r¿°Ë
M20 = (x10, y10 − v)

Ù
M22 = (x12 − h, y12)

ÈeËNÉ
M21 =
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y11−y12

, y10 − v
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M20 = (x10, y10)
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M22 = (x12 − h, y12 − v)

ÈeËNÉ
M21 =
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x10 + (y12−y10−v)(x11−x10)
y11−y10

, y12 − v
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n
� n ∈ N∗ � 	&���

� ���-�	� τ
�X +�c�Q�����C�l���& ��Z� �

B
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t1���&�
t2
���
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|t1 − t2| ≤ τ =⇒ N (B (t1)) ≡ N (B (t2)) �
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B
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{

1
m

/m ∈ N∗,
AK���C�l� 1

m

�X Z�f�.�����C�l���& ��d� �
B

}
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B1 � B2

�����
B3 � ?H�C�

τ1 � τ2
�����

τ3
��T�¼���C���T��ÿ���� �c���

�.�����C�l���& ��! ª�l�J �ÿ	�� J��� � �J�-ä � �¼���C�$A[���	� � �£�¼���cÿ��l��ÿ��C�!Ã
�����! P�

•

� �
B2

�X T�d !���l�C�Q ������ � �J�� !�����ã� � B1
�¼���C�

τ2 ≤ τ1 �
•

� �
B2

���&�
B3

���l�c J��� � �J 6�;J�.�����&��� � �l�Q�
B1

Jä#�
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t
���

[0, 1] � ���	�J�FA[�b�	� � � τ2 ≥ τ1
���&�

τ3 ≥ τ1 �
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rmin = r0 Ù rmax = rH .

óTÊqËNÀÕÄiÉY¿nÃVÆ/¾r¿�ÀÕ¿°ùØcÏr¿nËNÁ[¿
R = (ri)i=0,...,n

À/ÏNÁ�¾�ÆÂ¾NÈ:Æ
ri = rmin +

rmax−rmin

n
i
ÙLÞ7¾r¿°ÃÂ¿

n =
[

rmax−rmin

τH
12

]

+ 1
Ô´Û|¿[Æ

[x]Ça¿VÆ/¾N¿2Ä�ËqÆÂ¿°×q¿°ÃkÅNÈlÃÕÆ�ÊeÖ
x
ÔµÛ|¿[Æ�² ÀÈlÎ�À/ÊµÁ[ÊqËNÀ/Ä�ÉY¿nÃkÆÂ¾r¿Æ�ÞÑÊÜÀ/¿nØcÏr¿nËNÁ[¿xÀ

H = (h)i=0,...,n

ÈlËNÉ
S = (si)i=0,...,nÀ/ÏNÁ�¾�Æ/¾NÈeÆ

{hi, si}i=0,...,n

ÈeÃÂ¿7ÀÕÊqÎ�ÏrÆ/Ä�ÊlËNÀSÊlÖIÆÂ¾r¿Í¿nØcÏNÈeùÆÂÄ�ÊqË�"�Þ7¾N¿°ÃÂ¿
h
ÈeËNÉ

s
ÈeÃÂ¿´Æ/¾N¿�ÏrË	�cËNÊ:Þ7Ë'ÈeËIÉ

r
Ä�À×qÄ�Ðq¿°Ë�ÆÂÈ��tÄ�Ër×

ri
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• ri+1 − ri < τH

12 ∀i = 0, . . . , n − 1
Ù

• ri+1 − ri < τh
12 ∀i = 0, . . . , n − 1 ∀h ∈ [0, H ]�hÈqÁ°Á[ÊqÃÂÉrÄ�Ër×2Æ/Ê�ÆÂ¾r¿VÅrÃÂÊlÅa¿°Ã/Æ�Òã¤
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»������8�����:�:~��K�h»��H�1��~��K���

• si − si+1 < τh
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∀h, hi ≤ h ≤

hi+1
ÙrÞÑ¿Ü¾IÈ
Ðl¿S¸

• ri ≤ rh
≤ ri+1
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12
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12
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))

≡

N

(

Bh
12 (ri+1)
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• si+1 ≤ sh

≤ si
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P = (Pi)i=0,...,n =

(ri, si)i=0,...,n

Ô¦Û4¿[Æ1² À-ÈeÅrÅrÃÂÊ
âYÄ�ÓVÈeÆ/¿ÑÆ/¾r¿>ÀÕ¿°Æ@ÊeÖFÅIÊqÄ�ËcÆÂÀ
Pi

ÇtÒ_ÈÍØcÏNÈlÉYÃ�È:ÆÂÄ�Á-÷TønÝ°Ä�¿°Ã Á[ÏrÃÂÐl¿
A
ÀÕÏIÁ�¾_Æ/¾NÈeÆ

A (0) =
P0 = (r0, s0)

ÈeËNÉ
A (1) = Pn = (rn, sn)
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Ä�À�ÀÕÆ/ÃÂÄiÁ©Æ/Î�ÒµÓ�ÊlËNÊeÆ/ÊqËr¿�Ä�ËNÁ°Ã/¿xÈlÀÕùÄ�Ër×VÈeËNÉ
t0 = 0

ÈlËNÉ
tn = 1
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È Ä�Ã�ÀÕÆnÙYÎ�¿[ÆÍÏNÀÍÉr¿[Æ/¿nÃ/Ó�Ä�Ër¿

(ti)i=0,...,n
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h
ÔätÄ�ËNÁ[¿

rh
Ä�À3Ó�ÊlËrÊlÆ/ÊlËN¿ Ä�ËNÁ°Ã/¿xÈlÀ/Ä�ËN×NÙ Æ/¾r¿ ÀÕ¿°ùØcÏr¿°ËIÁ[¿

(hi)i=0,...,n

ÉY¿xÉYÏNÁ°¿nÉ6Æ/¾NÃ/ÊqÏr×l¾6Æ/¾N¿ÀÕ¿xØcÏr¿°ËNÁ°¿
(ri)i=0,...,n

Ä�À Ó�ÊqËrÊeÆÂÊlËr¿ Ä�ËNÁ[ÃÂ¿nÈqÀÕÄ�Ër×NÔ óTÊqËNÀÕÄiÉY¿nÃ
(ti)i=0,...,n

À/ÏNÁ�¾�Æ/¾NÈeÆ
ti = thi−t0

tH
−t0

Ô
(ti)i=0,...,n

ÄiÀ$È¼À�ÆÂÃ/ÄiÁ©ÆÂÎ�Ò�Ó�ÊqËrÊeÆÂÊlËr¿"Ä�ËNÁ[ÃÂ¿nÈqÀÕÄ�Ër×¼ÀÕ¿°ùØcÏr¿°ËIÁ[¿_Þ7Ä�ÆÂ¾
t0 = 0

ÈeËNÉ
tn = 1
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(r0, s0)

Ù
(x1, y1)ÈeËIÉ

(rn, sn)
Ô ö�¿"¾NÈ
Ðq¿µÆ/Ê¼ÉY¿°Æ/¿°ÃÂÓ�Ä�ËN¿

(x1, y1)
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D
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D =

n
∑

i=0

(Pi − A (ti))
2 ��³��

D
Á°ÈlË�Ça¿7Ó�Ä�ËNÄ�ÓVÈeÎIÄ�ÖFÆÂ¾r¿QÖ�ÊlÎ�Î�Ê:Þ7Ä�Ër×_ÓVÈeËNÉNÈ:Æ/ÊqÃ/Ò�Á[ÊlËrùÉYÄ�Æ/Ä�ÊlËNÀ7ÈlÃ/¿�ÀÂÈ:ÆÂÄ�ÀÕèN¿nÉ�¸

WSCG2008 Full papers 63 ISBN 978-86943-15-2



•
∂D
∂x1

= 0
ÈlËNÉ

•
∂D
∂y1

= 0
Ô

∂D
∂x1

= 0
Ä�Ó�ÅNÎ�Ä�¿nÀ Æ/¾NÈeÆ

x1 =
P

n
i=0 ti(1−ti)(ri−(1−ti)

2r0−t2i rn)
2

P

n
i=0 t2

i
(1−ti)

2

ÈlËNÉ ∂D
∂y1

= 0

Ä�Ó�ÅrÎ�Ä�¿nÀÑÆÂ¾NÈ:Æ
y1 =

P

n
i=0 ti(1−ti)(si−(1−ti)

2s0−t2i sn)
2

P

n
i=0 t2

i
(1−ti)

2

Ô
ätÏNÅrÅIÊcÀÕ¿�Æ/¾IÈ:Æ

A (t) = (r (t) , s (t))
Ô=½Q¾N¿°Ë

A
ÄiÀVÈ×qÊcÊYÉ_ÈeÅNÅrÃ/Ê
âYÄ�ÓVÈ:Æ/Ä�ÊlËÜÄ�ÖcÆÂ¾r¿-Á°ÊlËNÉYÄ�Æ/Ä�ÊlË�Ä�Ë_Æ/¾N¿¦Ö�ÊlÃÂÓÏrÎiÈ

Å�ÄiÀ7À/ÈeÆ/ÄiÀ�èN¿xÉ
|r (ti) − ri| < τH

12 ∀i = 0, . . . , n
�¼Å��

àéÖ Æ/¾r¿ Á[ÊlËIÉYÄ�ÆÂÄ�ÊqË Å Ä�À/ËB² Æ�ÀÂÈ:Æ/ÄiÀÕèN¿nÉ Æ/¾N¿ ÀÕ¿°ùØcÏr¿nËNÁ[¿xÀ
H

ÈeËNÉ
P
ÈeÃÂ¿'À/ÏrÇFÉYÄ�ÐtÄiÉY¿nÉ Ä�ËçÆ�ÞÑÊ�ÅNÈlÄ�Ã�À

ÊlÖ!ÀÕÏrÇrùéÀ/¿nØcÏr¿nËNÁ[¿xÀ {

(hi)i=0,...,k , (Pi)i=0,...,k

} ÈlËNÉ
{

(hi)i=k,...,n , (Pi)i=k,...,n

} À/ÏNÁ�¾!ÆÂ¾NÈ:Æ
k
Ðl¿nÃ/Ä�Ö�Ò$ÆÂ¾r¿

Ö�ÊqÃ/Ó�ÏrÎ�Èc°�ÈeËNÉ�ÆÂ¾r¿�ÅrÃÂÊtÁ°¿nÀÂÀÑÄ�ÀQÃÂ¿°Åa¿nÈeÆ/¿nÉ4Ô

|r (tk) − rk| =
n

max
i=0

|r (ti) − ri| ∀i = 0, . . . , n
��°;�
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Ä�Ö

h
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