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��øP�Q���(#��
���(#��n������ûcú�ëLì�íTúp��ü ñ�ò2ì�ñ]îLû��4ñ]ê�ë�ï�þ8��îLñ@ /í\ÿ�ëLûQñ9ê�ñ9ò'ëHì�íií1þ;í1ü	í1ê|ë.ö�ø�¡�ø'�|øï�êMýfëHì�íiý�í4ê�ñ9ü<û;êMï-ëLñ]î�ûQúWëHì�íiú���ü ñ9ò���í1î�ëHûQÿ1ï�þ���îHñ
 /í\ÿ�ëLûQñ9ê[ñ9ò�ëLì�íOí4þQí4ü<í4ê|ë�0.ëLñ~�B�

�Gû;ðF� �F�w
F�bú�ì�ñX	�úbëLì�íÄÿ�ì�ï9îHï]ÿ�ëLí1îLûcú�ëLûcÿ�ÿ���î���íkñ9òvëLì�í¢{
}Dý�ûQîLí\ÿ�ëLûQñ9êMï�þ�ü<í�ëHì�ñ�ý<ò�ñ9î*ëLì�íëLí\ú/ë���ï-ëLëLí4îHê�����ì�ûcú�îHí1ú���þ;ëÄúLì�ñ@	�ú�ëLìMï-ëkëHì�íiþQû;ê�í1ï�îHû;ë£ygûcú���îHí1úLí4î��-í1ý[ûQê�	�ûcý�í4îkîHï9ê�ð9í]ø
	�ì�ûcÿ�ì[ûQú(��ñ�ëHí4ê|ëLûcï�þQþ�yÈó¤ôgëHï9ê � � �R�2�d¤�ëHï9ê � � �R�2�,ù£�
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©�ª¬«d­@®R¯ËÊ@±FÌP¹�¹p­X®£³N¹zÇ¢¹�»dÆ(É@³N®gª¬Åg»d¼�»NÀ�ºgÁX¯ËÊ�³N¼@¸�ºRÁ@¯U¶�·\¸@ª¬®R¯�¹�ºRª¬»d¼
³N½BÆ-¯�ºRÁ@»�¸

Í2Î�Ï Ð�Ñ
Ò
ÓÕÔ�ÒnÖR×QØnÙ)ÒnÙ�Ú�ÛËØnÜ�ÝFÒnÞd×´ß�ØnÙ)Øpà¢ÐUßdÖg×\ÜHÒnÖR×QØnÙ|á�â�â�ÔLÞpÒ�â�ã
ä�å�æFç�è.é�ê�ë@ì�é�í�ê�î�ïNê ¦nðN¦ ï�í�î ð å´é�í�å�ï�ï�ñ ð�ò î�é�ënóËí�ê�î+ènôzõLå ð îXïdí�å�ë2ö ¦n÷�ø î�í�ê�ë�õ ¦ ö�õ|í�ê�îxùnô
õLå ð îXïdí�å�ë2ö ¦n÷Pø î�í�ê�ëLõ|ówë ð í�ì-ë ð î ¦n÷ ì�ë ð�÷ õ�õ ¦ í ¦ ç�ú�ë øHû�¦nð î�õ~ì�å�í�êuí�ê�îxènôzõLå ð î�ï�í�å�ë�ö ¦�÷ø î�í�ê�ëLõ�ü�í�ê�î ÷ å�ö�î ¦nð å/ízýHå�ölí�ê�î ð�¦ ö�æ�î+þ�ÿ������nü��������'å�é�å ø�û�ð ë ò îXõ ¨ ýxí�ê�î�ù
ôzõLå ð î�ï�í�å�ë�ö ¦�÷ø î�í�ê�ëLõ�ç

	 ¦n¨�÷ î�
|épê�ëXì�é+í�ê�î ¦@ò î ð�¦ æ�î.é ÷ ë û î ë�ó�í�ê�î ð î�æ ð î�é�épå�ë�ö ÷ å�ö�î�é ¦ ö�õ�í�ê�î ¦Xò î ð�¦ æ�î
ï�ë ð�ð î ÷´¦ í�å�ë2ö ï�ë2î
��ï�å�î�ö�í�é�ë�ó8í�ê�î�í�ì�ë ø î�í�ê�ëLõ�é(ówë ð 
������+ê ¦ ö�õLì ð å/í�í�î�ö ì-ë ð õ�é�ç

�-ëní�ê�ënó�í�ê�îlí�ì-ë ¦Xò î ð�¦ æ�î.épí ¦ í�å´é�í�å�ï�é+ë�ó�í�ê�î~ù
ôzõLå ð î�ï�í�å�ë�ö ¦�÷$ø î�í�ê�ë�õ ¦nû�û�ð ë ¦ ï�ê
ï ÷ ë2é�î ð í�ë�
xí�ê ¦ ö�í�ê�ë�épîHënó�í�ê�îHè�ô£õLå ð î�ïdí�å�ë2ö ¦n÷Èø î�í�ê�ëLõ�ç�	(ê�î�í�î�épí�å�ö�æ|ì-ë ð õ�å øH¦ æ�îXé
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���������������! "�$#%��&��(')��*�+��,��-�./�0 "�$#1��&��32$*�#)#1�$�4�6517�*�-82$*9�;:<2$7��$-95)'
=!��-�&�� �! "�$#1��&�� >9�4��-
5!�$'?517�@<�65)7�*�-A@B�$5)C�*9.

*�D E�FG.�7�#1� H6FI.�7�#1�
J K E"L
M�N E"L"M6O '1��*�+P� Q�R S�T Q�R H�T

2$*�FG2$* Q�R U�U�� Q�R U�U�U
J K S�Q
M�N S�Q"M6O '1��*�+P� Q�R L�T Q�R V�U

2$*�FG2$* Q�R U"V9� Q�R U�U�S

input

4-direc

8-direc

W?XZY W\[]Y

^�7�&�_�#1�`L��bac*�@�+d��#)7�'1*�-A*�D�')�4��-
5e2$*�#1#)�$2$5)�$.f7�@<��&��$'

XPg6h�i6j�k�lmhAh"noimg�X�p"imh9qsr\gmk�tuimj�h/v�[�j�X�vwq�Xdi�XP[�X�l0hxW\j�X�y�q�z<g6{|imimh9y}X�q�q�g6h9l6l3[�~�k�p6��q�Xdi�X
p"k�~�~�h9p"imh�q�XPi������cX�~�k]����h
z��(k�g6��Y��

� {��]� ��l0j�k�z�l!h"n�XPt���~�h9lekPr�lm~�X�y�i,p"k�g6g6h9p�i6h9qfz�k�g�qf{�t�XP��h9l9�e��j�h������ch
g!gmk�z�l0j�k�z�l
imj�h}{�y�����i�{�t�XP��h9l9�,imj�h�t�{�q�q�~�h�X�y�q�i6j�h�[ck�i0imk�t�gmk�z�lmj�k�z�i6j�h�l0~IXPy�i�p
k�g6gmh�p�i6h9q
{�t�X���h�l�[���imj�h/��XPy]qsi6j�h��d�;q�{�gmh�p�im{�k�y]XP~ct�h"imj�k�q���g6h9lm��h9p"im{� �h9~����

¡ j�h9y¢imj�h�lm~IXPy�iA{IlAy�kPif Ph
g6��~�X�gm��h��c[bkPimj£kPr(i6j�hwi$z�k�txh
imj�k�q�l���{� Ph�X�p9p"��g�Xdi6h
h9l0im{�t�Xdi6h9l�XPy�q�p"k�gmg6h9p"i3{|i<h
�bh�p�im{� �h9~���W � {�������W)X�YmY��`¤�kdz�h
 �h9g9�oz<j�h9ysi6j�hAlm~IXPy�i�{Il�p"~�k�lmh
k�g/��gmh�Xdi6h
g8imj�X�y��o�P¥��¦imj�hs�d�;q�{�g6h9p"im{�k�y�X�~,txh
imj�k�q�{Ilfk�[Z Z{�k��]l0~���lm���]h9gm{�k�gfi6k}imj�h����
q�{�gmh�p�i6{�k�y�XP~�t�h"i6j�k�q¦W � {�������W?[]Y0Y"�

§ ¨ª©¬«�­)®¯¨ª°�±¬²¢³´²Zµ�©!°�±¶°b·/¸�¹Zº�»3¸�¼�º�±!­?½�²o¾�µ9­?°b®
¿]ÀGÁ Â]Ã�ÄdÅ�Æ(Ç3È�Æ)ÉGÊ�ÄdÆ;ËdÌ�È
�!k�l$i6��q���i6j�h�g6h
~IXdi6{�k�y�l0j�{��x[]h
i$z�h9h
yximj�h�l0~IXPyZi(h9l0im{�t�Xdi6{�k�y�X�p
p
��g6X�p"��X�y�qwimj�h�q�{�g6h9p"�
im{�k�y]XP~cgmh
Í�y�h9txh9y�i�kPr¬p�j�XP{�y�p
koq�h��oz�h8r\��gmimj�h9g�{�y�p
gmh�X�lmh<imj�hfq�{�g6h9p"im{�k�y�l�kPr¦i6j�h/p6j�XP{�y
p"k�q�hfkd Ph9g���X�l<q�h�lmp
gm{�[]h�q}[]h9~�k�z/�

�!g6X�p"{�y��Aimj�h�h9 �h9gm�ªimj�g6h
hZWGr\k���g�Y¬��{�n�h
~Il(k�r]i6j�h�[bk�g�q�h
g(p
��g6 Ph��Zz3h�p9XPy�k�[�i6XP{�y�imj�h
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Î?ÏZÐ Î\Ñ]Ð

Ò�Ó�Ô�Õ�Ö1×`Ø�Ù�Ú;ÛdÜ�Ó�Ý8Ú0Þ
ß�×`Þ�à¦á0â�Ü�Ý�ßªá0ØBß�Ó�Ö)×0Ú;ã)Ó�Þ�ÝdÜ�äoå
ÕdÜ�Ý9ã)Ó�æ0Ü6ã1Ó�Þ�Ý

ç�è Ï�é�ê ç"ë�ì�í/îZï ÏPêZð6é�ñ í9ì ð ë�ò�ó Î ò�ô Ð ì é�õ í9ç ðmé ë ê�ö�Î?÷¬é�ø�ù ô Î)Ï�Ð�úIÎ\ÑbÐ0Ð�ù
û è�í ömü�Ï�ê�ð í ö$ð6é�ý�ÏPð ë õ ë�þ ð è�í�ò�ódÿ%ì é�õ í9ç ð6é ë ê�ÏPübý í ð è�ë�ì é�ö�ø�é�� í ê�Ñ��

ð6Ï�ê�� � �ZÎ	��

������
�������
���� ó 
�����
��9Ð
� Î�
���� ó 
�������
�������
 �! ����
 �"� Ð$#
%&�ZÎ�

��� ó 
�������
�������
�������
���Ð
����
�'
�¶Î	��
 � ����
 � ����
 � � ó 
 �( �)
 �"� Ð$# Î+*oÐ

ÏPê ì ð è�í ö0üIÏPêZð í ö$ð6é�ý�Ïdð ë õ ëPþ ð è�í�ò9ôdÿ;ì é�õ í�ç ð6é ë ê�ÏPübý í ð è�ëoì Ñ,�

ð6Ï�ê-� � �oÎ+*�
.����*�
�����*�
�����*/
0������
���� ó 
�'���
 � Ð
� Î+
 � � ó 
 �( ����
 �1� ��*�
 �2� ��*�
 �(� �)*�
 �(� ��*/
 �2� Ð3#
%���Î+
 � � ó 
 � ����
 � ��*/
 � ��*/
 � ��*/
 ' ��*/
���Ð
��*�
��
� Î+*�
 � ��*�
 �( ��*/
 �1� �)*&
 �(� ����
 �2� � ó 
 �!� �)
 �2� Ð3# Î	4�Ð

þ õ ë ý ð è�í/í ö0ðmé�ý�Ïdð ë õ�Î+*oÐ�ú�ð è�í õ�ÏPê�ø ífëPþ ð è�í ömü�Ï�ê�ð�ð è ÏPð ç ÏPê�Ñ í/í ö0ðmé�ý�Ïdð í�ì é�ö-5 ë ð í ê ÿ
ðméIÏPü�ü6�87 � ð�ÏPê�9

� Î��ZÐ3:fð�ÏPê�9 � Î	��Ð!;%ú!Ï�ê ì£þ õ ë ý Î<4�Ð�úeð è�í õ6Ï�ê�ø í é�ö þ\ï õ0ð è�í õ í>= ð í ê ì�í9ì ð ë
7 � ð�ÏPê�9

� Î�*ZÐ3:Bð�ÏPê�9 � Î+*oÐ!;%ù

?A@6B C�D�E�FHGIE�J	K�L�M)E�MONQPRL�SUTAE�V3KXW>L�M)LZY[J�\^]`_AF�E�MIJRC�W$J<KaSbE�J<K�L�M
÷¬é�ø]ùHc8ö è�ëed ö,ð è�í�ç�è ÏPõ�Ï ç ð í õméIö$ð6é ç�ç
ï õ1� í ö ë�þ ð è�í *�ú�f�ú ò�ó ÏPê ì}ò9ôPÿ%ì é�õ í9ç ðmé ë ê�Ï�ü�ý í ð è�ë�ì ú
Î?ÏZÐ�éIö þ\ë õsð è�í ð í ö0ðg5�ÏPð0ð í õmê Ï�ê ì Î\ÑbÐ þ\ë õ�Ï õ í ÏPü è Ï�ê ì^d õ6é|ðmð í ê d3ë õ ì ùih¶é|ð è ð è�í
é�ê ç õ í Ï�ö í(ë�þ ð è�í�ì é�õ í�ç ð6é ë ê�ÏPü�õ í ö ë ü ï ð6é ë ê ëPþ ð è�í�çmè ÏPé�ê ç"ë�ì�í ú�ð è�í ü�é�ê í ÏPõ6é|ð(�fé�ö!é�ýj5�õ ë � í�ì
ÏPê ì Ï�ü�ý ë ö0ð�Ï�5k5�õ ë Ï çmè�í ö-5 í õ þ\í9ç ðmé ë ê}é�ê}ð è�í õ6Ï�ê�ø íAëPþ 7 � ô/l/m ú ô/l&m ;%ù
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n�o&p n+qAp

rksut3vew	xzy|{A}
~2~Zv�w!�$~(��~2�3���e�$w<su�<�3���$�^�<��x����3vew���x(�	�e���e�

input

8-direc

12-direc

16-direc

rksut3vew<x���{O�0�3�����$w	su�<�3���$�I�<�H�$�>�
~2�3w	w<x2~(�<x2��su�-�$t3x2���|�-�	�ew	xZx���x(�	�e�����

�.���A� ���Z�k�e�U���1�k���Z� o�  ��¡¢�/£"£1��¡3�1��¤j£1���Z¥k���"��¦+�/£z�2���`�¢§ o�¨ª© �6�|� q�« �1�k����¬$­I®e¯e¬ o/  ¤
®|°�¬!¤k��£"�|¡>�1�6�  Io � ¨ �>�1�I�k¤���±!�[�1�¢� ¨ ���1� o ���|�²�"�k�¢£���¦R�"�k�³�1�k£"�¢� ¨ �¢�1�k�^¤k��¡ o/  ¡>�&£1£"�|¡>�
�1�I�`�Z� o�  � © �¢£1¦+�|¡3�"� « �

´U�e���¢µ&�¢£�­z��¦ o/  �  k© ¥^�¶���/£$¤�� ¨bo �&�·¡¢�   � o �   �g¡>�6�&�1�¸�k�&£1�6¹¢�   � o �U�Z�1£"�/º����b�-�²�"�
�1���6�/�&�1� « £"���&�/�¶¥ ©k© �¢£¶¤^�6£1��¡3�"���   ­��"�k�Q�Z� o�  � ¨boe«,q �»�eµ��|£1���2�"� ¨bo �"�|¤ q,« �1�I��®�¯e¬[�&£
®|°�¬!¤k��£"�|¡>�1�6�  Io � ¨ �>�1�I�k¤����.�6�I� ¼g�1�k�e�U�U�"�k�j�>§ o�¨ª© �6���/¦���µ&�¢£"�|�Z�1� ¨bo �1�`¦+�/£ o�  �  k© ¥^�
� ¨ªo �/�&�¸½U���1�I�/¥k�&�)�1�k�¶�6�   � o £1��� « �X�`� ¨ª© £1�eµ���¤ o�©k©Ao £"�   �"� « ­
�1�k�g�1� o�  �`�1�   ¤k�[�"� q �
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8-direc:

12-direc:

16-direc:

y=0.50x+0.90        r=0.971

y=0.74x+1.19        r=0.996

y=0.90x+1.39        r=1.000
¿�À�Á ¿+ÂOÁ

ÃkÄuÅ3ÆeÇ<È�É�ÊIËIÌeÍ$Î�Ï�ÐuÈRÑ$ÒkÑ"Ó>È2Ç<È2Ô	Õ	ÄuÎ-Í"Õ	ÈÖÒ6Ñ3Ç×Í�Ø�Í$Ù�Ú�Û×Ç<Ä Õ�Õ<È2Ù�Û�Ñ3Ç	Ú

ÜeÝ/Þ|ß1Þ�à2á"â�ã À á"Þ|äjå-ækÞ|çbá1ækÞ�ä^â�ß"Þ|è>á1â6Ü/ç À/é ß"Þ|à1Ü é6ê á1â6Ü/çªÞ>ëkè¢Þ¢Þ|äIàzì ¿�í â6îIï ð ¿	À&ÁZÁ ïRñ�ækÞ�ä^â�òOÞ|ßZó
Þ¢çAè>Þ�Ü�ô
á1ækÞ�Þ|àZá1â6ã À á"â�çkîbè$æ À ß À è3á"Þ¢ß"â6àZá1âXè¢à�Ü�ô
á1ækÞ�á1æIß1Þ|Þ�ãªÞ¢á1ækÜkäkà�âXà-è é Þ À ß é6õ à1ækÜeå-ç¸â6ç
í â�îAï ð ¿+ÂAÁ ï

öA÷Xø ùûúeü�ý þ�ÿ$ü������Zü�ý��$ÿ	��
	ý�ú
���
��ùûÿ�
��^úeü

ñ
Ü À Ý�Ü/âXä á1æIÞ³ÜeÝ�Þ|ß1Þ�à2á"â�ã À á"Þ��OåzÞ�á1Þ|àZá1Þ�ä À ãªÜ^ä^â��IÞ|ä�����ó(ä^â6ß1Þ�è3á1â6Ü/ç À�é ãªÞ>á"ækÜ^ä»å-ækâXè$æ
Þ¢ã�� é Ü õ à�á"ækÞ·è$æ À â6ç Þ é Þ|ãjÞ|ç/á$àjâ�ç ä^â�ß"Þ|è>á1â6Ü/ç�� �!��" ¿�í â�îAï � ¿+ÂAÁ1Á ô+Ü&ßjà éXÀ ç&ájÞ�à2á"â�ã À á"â�Ü&ç
À çAägçkÞ|î é Þ|è>á"à�á"ækÞ`ä^â6ß1Þ�è3á1â6Ü/ç#� À çIä$��%jè é Ü�àZÞ�á1Üjá"ækÞ[ækÜ/ß"â'&¢Ü/ç&á À/é�é â6çkÞ&ï

í â�îAï���([àZæIÜ�åUàzÞ>ë À ã�� é Þ|àzÜ�ô�à é6À ç/á�è>Ü/ß"ß"Þ|è3á"Þ|äjå�Ü/ß$ä³â6ã À î&Þ|à Â,õ á1ækÞ�ì)�����*�+�,� À çIä
á1æIÞ�ãªÜ^ä^â-�AÞ|ä.����ó(ä^â6ß1Þ�è3á1â6Ü/ç À�é ãªÞ>á"ækÜkä�ïRñ�ækÞ�ß"Þ|à êké á"àzÜ�ô�á1æIÞ�ãªÜ^ä^â-�AÞ|ä/����ó(ä^â�ß"Þ|è>á1â6Ü/ç À/é
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