
�"&��*�	)-�,"'&+�"&��"&��*��$ ��*�

"@ �97@7D3>� KAG � E:AG>6 � D736 �3 � E75F;A@ � F:ADAG9:>K *�-�)�# F;?7E � FA � 34EAD4 �3@
SG ;?BADF3@F�5A@57BF�EG5:�3E�>;@73D�;@67B7@67@57
 ,:7�@AF7E�;@�F:7 �+,�0�
, �� 8AD

F:;E�E75F;A@�I;>>�:7>B�KAG�>73D@�FA�8AD?�?7@F3>�;?397E�A8�=7K�;673E�;@�>;@73D�3>974D3

�AD�;@EF3@57� F:7�8A>>AI;@9�BDAA8�;E�IADF:�D736;@9�53D78G>>K�4753GE7�;F�E:AIE�:AI�F:7
67S@;F;A@�A8�>;@73D�;@67B7@67@57�53@�47 ,*��


"8 �EA?7 9j ;@ S 7CG3>E�3� >;@73D�5A?4;@3F;A@�A8� F:7�AF:7D�H75FADE� F:7@ 9j 53@�47
EG4FD35F76�8DA?�4AF:�E;67E�A8�F:7�7CG3F;A@� BDA6G5;@9�3�>;@73D�67B7@67@57�D7>3F;A@
I;F:�3 �@A@L7DA�I7;9:F .!1/ A@ 9j 
 1�AD� ;@EF3@57� ;8 91 D c292 C c393� F:7@ � D
.!1/91 C c292 C c393 C 094 C " " " C 09p 
2 ,:GE S ;E�>;@73D>K�67B7@67@F


�A@H7DE7>K� EGBBAE7 S ;E�>;@73D>K�67B7@67@F
 "8 91 ;E�L7DA� F:7@�;F�;E�3��FD;H;3>�
>;@73D�5A?4;@3F;A@�A8�F:7�AF:7D�H75FADE�;@ S 
 (F:7DI;E7� 91 ¤ �� 3@6�F:7D7�7J;EF�I7;9:FE
c1; : : : ; cp � @AF�3>>�L7DA� EG5:�F:3F

c191 C c292 C " " " C cp9p D �

%7F j 47�F:7�>3D97EF�EG4E5D;BF�8AD�I:;5: cj ¤ 0
 "8 j D 1� F:7@ c191 D �� I:;5:�;E
;?BAEE;4>7�4753GE7 91 ¤ �
 +A j > 1� 3@6

c191 C " " " C cj 9j C 09j C1 C " " " C 09p D �
cj 9j D !c191 ! " " " ! cj !19j !1

9j D
!

! c1

cj

"
91 C " " " C

!
!cj !1

cj

"
9j !1

%7F 8 D

2
4

3
2

!4

3
5� 9 D

2
4

!6
1
7

3
5� : D

2
4

0
!5

2

3
5� 3@6 = D

2
4

3
7

!5

3
5


�� �D7�F:7�E7FE f8; 9g; f8;:g; f8; =g; f9;:g; f9; =g� 3@6 f:; =g 735:�>;@73D>K�;@67B7@	
67@F� /:K�AD�I:K�@AF�

	� �A7E�F:7�3@EI7D�FA�)DA4>7?�
�;?B>K�F:3F f8; 9;:; =g ;E�>;@73D>K�;@67B7@67@F�

� ,A�67F7D?;@7�;8 f8; 9;:; =g ;E�>;@73D>K�67B7@67@F� ;E�;F�I;E7�FA�5:75=�;8� E3K� : ;E�3
>;@73D�5A?4;@3F;A@�A8 8� 9� 3@6 =�

�� "E f8; 9;:; =g >;@73D>K�67B7@67@F�

"@��J7D5;E7E�
N�� 67F7D?;@7�;8�F:7�H75FADE�3D7�>;@73D>K�;@67B7@	
67@F
 #GEF;8K�735:�3@EI7D


��

2
4

5
0
0

3
5�

2
4

7
2

!6

3
5�

2
4

9
4

!8

3
5 	�

2
4

0
2
3

3
5�

2
4

0
0

!8

3
5�

2
4

!1
3
1

3
5


�
#

2
!3

$
�
#

!4
6

$
��

#
!1

3

$
�
#

!3
!9

$

"@��J7D5;E7E��N�� 67F7D?;@7�;8�F:7�5A>G?@E�A8�F:7�?3FD;J�8AD?�3
>;@73D>K�;@67B7@67@F�E7F
 #GEF;8K�735:�3@EI7D


��

2
664

0 !3 9
2 1 !7

!1 4 !5
1 !4 !2

3
775 
�

2
664

!4 !3 0
0 !1 5
1 1 !5
2 1 !10

3
775

��

2
4

1 4 !3 0
!2 !7 5 1
!4 !5 7 5

3
5 ��

2
4

1 !2 3 2
!2 4 !6 2

0 1 !1 3

3
5

"@ � �J7D5;E7E � � � 3@6 � 
�� �3� � 8AD � I:3F � H3>G7E � A8 h ;E 93 ;@
+B3@ f91; 92g� 3@6��4��8AD�I:3F�H3>G7E�A8 h ;E f91; 92; 93g >;@73D>K
��'�%��%+� #GEF;8K�735:�3@EI7D




�"&��*�
&��(�&��&��

�� 91 D

2
4

1
!3

2

3
5� 92 D

2
4

!3
9

!6

3
5� 93 D

2
4

5
!7

h

3
5

��� 91 D

2
4

1
!3
!5

3
5� 92 D

2
4

!3
9

15

3
5� 93 D

2
4

2
!5

h

3
5

"@��J7D5;E7E�

N
�� S@6�F:7�H3>G7�E��A8 h 8AD�I:;5:�F:7�H75FADE
3D7�>;@73D>K ��'�%��%+
 #GEF;8K�735:�3@EI7D


���

2
4

2
!2

4

3
5�

2
4

4
!6

7

3
5�

2
4

!2
2
h

3
5 �	�

2
4

3
!6

1

3
5�

2
4

!6
4

!3

3
5�

2
4

9
h
3

3
5

�
�

2
4

1
5

!3

3
5�

2
4

!2
!9

6

3
5�

2
4

3
h

!9

3
5 ���

2
4

1
!2
!4

3
5�

2
4

!3
7
6

3
5�

2
4

2
1
h

3
5

�7F7D?;@7�4K�;@EB75F;A@�I:7F:7D�F:7�H75FADE�;@��J7D5;E7E�
�N��
3D7�>;@73D>K  %��'�%��%+
 #GEF;8K�735:�3@EI7D


���
#

5
1

$
�
#

2
8

$
�
#

1
3

$
�
#

!1
7

$
�
�

2
4

2
!4

8

3
5�

2
4

!3
6

!12

3
5

���

2
4

5
!3
!1

3
5�

2
4

0
0
0

3
5�

2
4

!7
2
4

3
5 ���

#
3
4

$
�
#

!1
5

$
�
#

3
5

$
�
#

7
1

$

���

2
4

!8
12
!4

3
5�

2
4

2
!3
!1

3
5 	��

2
4

1
4

!7

3
5�

2
4

!2
5
3

3
5�

2
4

0
0
0

3
5

"@��J7D5;E7E��
�3@6���� ?3D=�735:�EF3F7?7@F�,DG7�AD��3>E7
 #GEF;8K
735:�3@EI7D�A@�F:7�43E;E�A8�3�53D78G>�D736;@9�A8�F:7�F7JF


	�� 3
 ,:7�5A>G?@E�A8�3�?3FD;JA 3D7�>;@73D>K�;@67B7@67@F�;8�F:7
7CG3F;A@ A; D � :3E�F:7�FD;H;3>�EA>GF;A@


4
 "8 S ;E�3�>;@73D>K�67B7@67@F�E7F� F:7@�735:�H75FAD�;E�3�>;@73D
5A?4;@3F;A@�A8�F:7�AF:7D�H75FADE�;@ S 


5
 ,:7�5A>G?@E�A8�3@K 4 # 5 ?3FD;J�3D7�>;@73D>K�67B7@67@F

6
 "8 ; 3@6 < 3D7�>;@73D>K�;@67B7@67@F� 3@6�;8 f;; <; =g ;E
>;@73D>K�67B7@67@F� F:7@ = ;E�;@ +B3@ f;; <g


		� 3
 "8 8 3@6 9 3D7 � >;@73D>K � ;@67B7@67@F� 3@6 � ;8 : ;E � ;@
+B3@ f8; 9g� F:7@ f8; 9;:g ;E�>;@73D>K�67B7@67@F


4
 "8�F:D77�H75FADE�;@ R3 >;7�;@�F:7�E3?7�B>3@7�;@ R3� F:7@
F:7K�3D7�>;@73D>K�67B7@67@F


5
 "8�3�E7F�5A@F3;@E�87I7D�H75FADE�F:3@�F:7D7�3D7�7@FD;7E�;@�F:7
H75FADE� F:7@�F:7�E7F�;E�>;@73D>K�;@67B7@67@F


6
 "8�3�E7F�;@ Rn ;E�>;@73D>K�67B7@67@F� F:7@�F:7�E7F�5A@F3;@E
?AD7�F:3@ n H75FADE


"@��J7D5;E7E���N��� 67E5D;47�F:7�BAEE;4>7�75:7>A@�8AD?E�A8�F:7
?3FD;J
 -E7�F:7�@AF3F;A@�A8��J3?B>7�
�;@�+75F;A@ 

�


	
� A ;E�3 2 # 2 ?3FD;J�I;F:�>;@73D>K�67B7@67@F�5A>G?@E


	�� A ;E�3 3 # 3 ?3FD;J�I;F:�>;@73D>K�;@67B7@67@F�5A>G?@E


	�� A ;E�3 4 # 2?3FD;J� A D Œ%1 %2!� 3@6 %2 ;E�@AF�3�?G>F;B>7�A8
%1


	
� A ;E�3 4 # 3 ?3FD;J� A D Œ%1 %2 %3!� EG5:�F:3F f%1; %2g ;E
>;@73D>K�;@67B7@67@F�3@6 %3 ;E�@AF�;@ +B3@ f%1; %2g


	�� !AI�?3@K�B;HAF�5A>G?@E�?GEF�3 6 # 4 ?3FD;J�:3H7�;8�;FE
5A>G?@E�3D7�>;@73D>K�;@67B7@67@F� /:K�

	�� !AI�?3@K�B;HAF�5A>G?@E�?GEF�3 4 # 6 ?3FD;J�:3H7�;8�;FE
5A>G?@E�EB3@ R4� /:K�

	�� �A@EFDG5F 3 # 2 ?3FD;57E A 3@6 B EG5:�F:3F A; D � :3E�3
@A@FD;H;3>�EA>GF;A@� 4GF B; D � :3E�A@>K�F:7�FD;H;3>�EA>GF;A@



�� 3
 �;>> � ;@� F:7�4>3@=�;@� F:7�8A>>AI;@9�EF3F7?7@F� P"8 A ;E
3@ m # n ?3FD;J� F:7@ � F:7 �5A>G?@E �A8 A 3D7 � >;@73D>K
;@67B7@67@F�;8�3@6�A@>K�;8 A :3E B;HAF�5A>G?@E
Q

4
 �JB>3;@�I:K�F:7�EF3F7?7@F�;@��3��;E�FDG7


�J7D5;E7E��
�3@6����E:AG>6�47�EA>H76 . +�&,+�'�)�&)$ %��)&.
&'�)�+ &%*
 1� %+� /D;F7 A; D � 3E�3�H75FAD�7CG3F;A@
2


��  ;H7@A D

2
664

2 3 5
!5 1 !4
!3 !1 !4

1 0 1

3
775� A4E7DH7�F:3F�F:7�F:;D6�5A>G?@

;E�F:7�EG?�A8�F:7�SDEF�FIA�5A>G?@E
 �;@6�3�@A@FD;H;3>�EA>GF;A@
A8 A; D �



	�  ;H7@ A D

2
4

4 3 !5
!2 !2 4
!2 !3 7

3
5� A4E7DH7�F:3F�F:7�SDEF�5A>G?@

?;@GE�F:D77�F;?7E�F:7�E75A@6�5A>G?@�7CG3>E�F:7�F:;D6�5A>G?@

�;@6�3�@A@FD;H;3>�EA>GF;A@�A8 A; D �


�35:�EF3F7?7@F�;@��J7D5;E7E���N���;E�7;F:7D�FDG7��;@�3>>�53E7E�
AD�83>E7��8AD�3F�>73EF�A@7�7J3?B>7�
 "8�83>E7� 5A@EFDG5F�3�EB75;S5
7J3?B>7�FA�E:AI�F:3F�F:7�EF3F7?7@F�;E�@AF�3>I3KE�FDG7
 +G5:
3@�7J3?B>7�;E�53>>76�3 �&,%+�)�/�$'#� FA�F:7�EF3F7?7@F
 "8�3
EF3F7?7@F � ;E � FDG7� 9;H7�3 � <GEF;S53F;A@
 �(@7�EB75;S5�7J3?B>7
53@@AF�7JB>3;@�I:K�3�EF3F7?7@F�;E�3>I3KE�FDG7
 0AG�I;>>�:3H7�FA
6A�?AD7�IAD=�:7D7�F:3@�;@��J7D5;E7E��
�3@6���
�



� "8 91; : : : ; 94 3D7�;@R4 3@6 93 D 291 C 92� F:7@ f91; 92; 93; 94g
;E�>;@73D>K�67B7@67@F



�� "8 91 3@6 92 3D7�;@ R4 3@6 92 ;E�@AF�3�E53>3D�?G>F;B>7�A8 91�
F:7@ f91; 92g ;E�>;@73D>K�;@67B7@67@F



�� "8 91; : : : ; 95 3D7�;@ R5 3@6 93 D �� F:7@ f91; 92; 93; 94; 95g ;E
>;@73D>K�67B7@67@F




� "8 91� 92� 93 3D7�;@ R3 3@6 93 ;E %&+ 3�>;@73D�5A?4;@3F;A@�A8
91; 92� F:7@ f91; 92; 93g ;E�>;@73D>K�;@67B7@67@F



�� "8 91; : : : ; 94 3D7�;@ R4 3@6 f91; 92; 93g ;E�>;@73D>K�67B7@67@F�
F:7@ f91; 92; 93; 94g ;E�3>EA�>;@73D>K�67B7@67@F



�� "8 f91; : : : ; 94g ;E�3�>;@73D>K�;@67B7@67@F�E7F�A8�H75FADE�;@ R4�
F:7@ f91; 92; 93g ;E�3>EA�>;@73D>K�;@67B7@67@F
 1� %+� ,:;@=
34AGF x191 C x292 C x393 C 0 " 94 D �
2


�� +GBBAE7 A ;E�3@m # n?3FD;J�I;F:�F:7�BDAB7DFK�F:3F�8AD�3>> &
;@Rm F:7�7CG3F;A@A; D & :3E�3F�?AEF�A@7�EA>GF;A@
 -E7�F:7



�"&��*�	)-�,"'&+�"&��"&��*��$ ��*�

67S@;F;A@�A8�>;@73D�;@67B7@67@57�FA�7JB>3;@�I:K�F:7�5A>G?@E
A8 A ?GEF�47�>;@73D>K�;@67B7@67@F


��� +GBBAE7�3@ m # n ?3FD;J A :3E n B;HAF�5A>G?@E
 �JB>3;@
I:K�8AD�735: & ;@ Rm F:7�7CG3F;A@ A; D & :3E�3F�?AEF�A@7
EA>GF;A@
 1� %+� �JB>3;@�I:K A; D & 53@@AF�:3H7�;@S@;F7>K
?3@K�EA>GF;A@E
2

1�2 "@��J7D5;E7E��
�3@6���� GE7�3E�?3@K�5A>G?@E�A8A 3E�BAEE;4>7
FA�5A@EFDG5F�3�?3FD;JB I;F:�F:7�BDAB7DFK�F:3F�F:7�7CG3F;A@B; D �
:3E�A@>K�F:7�FD;H;3>�EA>GF;A@
 +A>H7 B; D � FA�H7D;8K�KAGD�IAD=


��� A D

2
664

3 !4 10 7 !4
!5 !3 !7 !11 15

4 3 5 2 1
8 !7 23 4 15

3
775

�	� A D

2
66664

12 10 !6 8 4 !14
!7 !6 4 !5 !7 9

9 9 !9 9 9 !18
!4 !3 !1 0 !8 1

8 7 !5 6 1 !11

3
77775

�
� 1�2 /;F: A 3@6 B 3E�;@��J7D5;E7��
� E7>75F�3�5A>G?@ 9 A8 A
F:3F�I3E�@AF�GE76�;@�F:7�5A@EFDG5F;A@�A8 B 3@6�67F7D?;@7�;8
9 ;E�;@�F:7�E7F�EB3@@76�4K�F:7�5A>G?@E�A8 B 
 ��7E5D;47�KAGD
53>5G>3F;A@E
�

��� 1�2 *7B73F��J7D5;E7����I;F:�F:7�?3FD;57E A 3@6 B 8DA?
�J7D5;E7���
 ,:7@�9;H7�3@�7JB>3@3F;A@�8AD�I:3F�KAG�6;E5AH7D�
3EEG?;@9�F:3F B I3E�5A@EFDG5F76�3E�EB75;S76


�� 07E
 "@�735:�53E7� @7;F:7D�H75FAD�;E�3�?G>F;B>7�A8�F:7�AF:7D
 ,:GE�735:�E7F�;E�>;@73D>K
;@67B7@67@F


	� 'A
 ,:7�A4E7DH3F;A@�;@�)D35F;57�)DA4>7?�
� 4K�;FE7>8� E3KE�@AF:;@9�34AGF�F:7�>;@73D
;@67B7@67@57�A8 f8; 9;:; =g



� 'A
 /:7@�F7EF;@9�8AD�>;@73D�;@67B7@67@57� ;F�;E�GEG3>>K�3�BAAD�;673�FA�5:75=�;8�A@7
E7>75F76�H75FAD�;E�3�>;@73D�5A?4;@3F;A@�A8�F:7�AF:7DE
 "F�?3K�:3BB7@�F:3F�F:7�E7>75F76
H75FAD�;E�@AF�3�>;@73D�5A?4;@3F;A@�A8�F:7�AF:7DE�3@6�K7F�F:7�I:A>7�E7F�A8�H75FADE�;E
>;@73D>K�67B7@67@F
 "@�F:;E�BD35F;57�BDA4>7?� : ;E�@AF�3�>;@73D�5A?4;@3F;A@�A8 8� 9�
3@6 =


Span{u, v, z}

w

x3

x1 x2

�� 07E� 4K�,:7AD7?��
 ,:7D7�3D7�?AD7�H75FADE��8AGD��F:3@�7@FD;7E��F:D77��;@�F:7?


,:7�6;887D7@57�47FI77@�3�?3FD;J�7CG3F;A@ A; D & 3@6�F:7�3EEA5;3F76�H75FAD�7CG3F;A@
x1%1 C " " " C xn%n D & ;E�?7D7>K�3�?3FF7D�A8�@AF3F;A@
 !AI7H7D� 3�?3FD;J�7CG3F;A@
A; D & 53@�3D;E7�;@�>;@73D�3>974D3��3@6�;@�3BB>;53F;A@E�EG5:�3E�5A?BGF7D�9D3B:;5E�3@6
E;9@3>�BDA57EE;@9��;@�3�I3K�F:3F�;E�@AF�6;D75F>K�5A@@75F76�I;F:�>;@73D�5A?4;@3F;A@E�A8
H75FADE
 ,:;E�:3BB7@E�I:7@�I7�F:;@=�A8�F:7�?3FD;JA 3E�3@�A4<75F�F:3F�P35FEQ�A@�3�H75FAD
; 4K�?G>F;B>;53F;A@�FA�BDA6G57�3�@7I�H75FAD�53>>76 A;


�AD�;@EF3@57� F:7�7CG3F;A@E

#
4 !3 1 3
2 0 5 1

$
2
664

1
1
1
1

3
775 D

#
5
8

$
3@6

#
4 !3 1 3
2 0 5 1

$
2
664

1
4

!1
3

3
775 D

#
0
0

$

✻ ✻ ✻ ✻ ✻ ✻
A ; & A 8 �

E3K�F:3F�?G>F;B>;53F;A@�4K A FD3@E8AD?E ; ;@FA & 3@6�FD3@E8AD?E 8 ;@FA�F:7�L7DA�H75FAD

+77��;9
 




