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�2é¨è3éYñ.é ê¯ðAõ*ë]î]ÿI��ë��W÷[ï�í=õWë+���3ÿ{�Z÷]î;õ ø�ë=ï�í[ý ��ð�ð�í]ë;ð��3ÿ¢í�ðÙé�é�é0é�é�é0é�é0é�é�é0é�é0é 1
*
�2é¨è3éYù.é þ�ÿI��î!í�ð�÷���õkí]ë+ì��6��ô3ý ìSõ0~�õWý �5ð é�é�é0é�é�é0é�é0é�é�é0é�é�é0é�é0é�é�é0é�é0é 1�è

�2éYñ.é/�3 "	3ý �3ÿm÷]î;õkøVë�êwô+ìFøVë����Z÷�é0é�é�é0é�é0é�é�é0é�é�é0é�é0é�é�é0é�é�é0é�é0é�é�é0é�é0é 1G�
�2éYñ.é¨è3é��VðA	]÷Kî+õ��dï�í�îX��ë+öE��ô3ÿm÷]î;õ ��ë;í�ð�é�é�é0é�é�é0é�é0é�é�é0é�é�é0é�é0é�é�é0é�é0é 1
1
�2éYñ.éYñ.é êwý �
�3ÿzõ ì!�u�6ï�í�í! "	3ý �3ÿm÷]î;õ ø�ë[î+õkí���÷ é�é�é0é�é0é�é�é0é�é�é0é�é0é�é�é0é�é0é 1
�
�2éYñ.éYù.é���(ví��r	3ý �dï�í[ýk÷�í! "	3ý �3ÿm÷]î;õ ø�ëÒé�é�é0é�é�é0é�é0é�é�é0é�é�é0é�é0é�é�é0é�é0é �
*

�2éYù.é/g3ô;ðAõ ø�ë=ð^íKë;ð��3ÿ�õü÷3ý é�é0é�é0é�é�é0é�é0é�é�é0é�é�é0é�é0é�é�é0é�é�é0é�é0é�é�é0é�é0é ��è
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��ð�ð���ë#ïVõkðFì�ÿ�õ0�3ô]î;õ��Vë;í�ðEîX�Vë+ìSõWë3ô]÷;ðX±
ë��F�f��ë��KìFø�ë�õüî-÷]ðQ�F�0ô+��îk���r	3ý í�(F÷;ðO	]÷Kÿm÷Zð^íKÿ\íX)]÷3ý*ô]÷]ï3÷]ðMô;ð�÷8ë]ï
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� ï�íu÷8ý ��ô3ë]÷
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f(x)
îX�Vë%ÿ}í-ðk	5í�î!ì��¼÷¼ô3ë]÷uïVõkðFì�ÿ�õ��3ô]î+õkø�ëXï�í6	]ÿ����]÷3��õWýYõüï3÷]ï

p(x)
éDê«��ô��Ì±

x
	3ô;í�ï�ídí�ðFì^÷Kÿ

���3ÿb�#÷]ï3÷F	
�3ÿ�)]÷Kÿzõü÷3�3ý í-ð�ïVõkð�î]ÿ¢í-ì^÷;ðX±_îk��ë+ìSõWë3ô]÷;ðX±
�U÷3ý �Vô3ë]÷�îX�E����õ*ë]÷Kî+õkø�ë�ï�í�÷��r�
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)]÷Kÿzõü÷3�3ý í-ð�îX��ë+ìSõ*ë3ô]÷]ðMð^í���ô�õkíKÿ¢í�î�÷3ýkî]ô3ý ÷Kÿ7íKý�)]÷3ý �3ÿ�í�ðA	�í]ÿm÷]ï
� 〈f〉 ï�í�ð�î]ÿzõ ì��6í]ë6ý ÷x��î;ô]÷Kî+õkø�ë=ù.éjè�é

〈f〉 =

∫
f(x)p(x)dx

v(ù.é¨è�w
��ð^ì��dð�í=õ*ý*ô;ðFì�ÿm÷=í�ð���ô;í��f�+ìSõüî�÷3�9íKë+ìFíH	]÷]ÿm÷gô3ë]÷=ïVõ ð^ì�ÿzõ��3ô]î+õkø�ëUï�í[ô3ë]÷�)]÷]ÿ�õü÷3�3ý í�í]ë6ý ÷xgVõ���ô3ÿ}÷=ù.éYù.é
UK÷Zõkï�í�÷���íKë;í]ÿm÷3ý+ï�í!ì�ÿ|�;ð�ï�í�ý ��ð¡�fp!ì���ï
�5ð�ï�í��0ô;í-ð^ì�ÿ¢í���í�ðEýk÷�ï�í}�E�+ìFíKë;íKÿ\ô3ë�îX��ë�(Sô3ë+ì��Zï�íu�0ô;í-ð^ì�ÿ}÷]ð
x(m) vrï
��ë]ï�í m = 1, · · · ,M w�÷:	]÷Kÿ¢ìSõ*ÿ�ï�í¼ýk÷ ïVõkðFì�ÿ�õ0�3ô]î;õkøVë

p(x)
é}�VðFì��<	�í]ÿb��õ ìFí���ô;í@í]ýd)]÷3ý �3ÿ

í-ðk	5íKÿm÷]ï
�díKë6ý ÷x��î;ô]÷Kî+õkø�ë=ù.é¨è�ð^í�÷�	]ÿ��� 8õ0�#í�÷gý ÷�ð!ô3�#÷�ö&ë�õ ì^÷

f̂ =
1

M

M∑

m=1

f(x(m))
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gVõ ��ô3ÿm÷Zù�é>ù�¾Eg8ô3ë]î+õkø�ë
f(x)

î]ô+�X�W)]÷3ý �3ÿ_í-ðk	5íKÿm÷]ï
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x(m) ð�í�÷8ë¼í�ðA�
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M
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σ2 = (f − 〈f〉)2

í-ðuý ÷Á)]÷Kÿ�õk÷8ë��-÷Qï�í ýk÷Á�vô3ë]î;õ ø�ë
f(x)
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x(m) é¯êfï�íY�'�;ðk±Mýk÷
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p(x) =
d∏

i=1

p(xi | Pa(xi))
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��ô;í�ðFì�ÿ}í�÷8ë]ï
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p(xi | Pa(xi))
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−1 0 +1

−1 1.41 1 1.41

0 1 0 1

+1 1.41 1 1.41
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0 1 1 1 1 1.41 1.41 1.41 1.41
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0
÷

1
	]÷Kÿm÷
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��ë]ï�í�÷6ýk÷@ë3ô;íX)]÷x	
�5ðAõkî;õkøVë[ï�íKý&ÿ��E�
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±

ð^í=÷3ý0�#÷Kî!íKë]÷[ìFí��r	
�3ÿm÷3ý0�9íKë+ìFí�ð!ôdïVõ ð^ì^÷3ë]î;õk÷uÿ¢í�	
�3ÿpì^÷Kï3÷UíKëXý ÷[ì^÷3�3ýk÷dï�íH�3°;ð���ô;í�ï3÷\�[ð^í[îX�Vë+ìSõWë3°]÷
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8
±3í]ë+ì���ë]î-í-ðTí]ý�)]÷8ý �8ÿ

	G�8ÿ7ï�ík��í�îAì��@ï�í[ýk÷=ïVõ ð^ì^÷3ë]î;õk÷=í�ð
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é
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8
�f�]ð=ý í�(F÷8ë]÷gï�í@ýk÷@î!íKý ï3÷@ï�í@õWë]î;õkï�íKë]î+õü÷Xï�íKý�~]÷��[ï�í@ý>ô��Uï�íKýRý��;ð^íKÿvéOúnõkîY~]÷
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�6÷KîAì�ô]÷8ýDv

t + 1
w!éµU5÷-��	5íKÿm÷]î;õ ø�ë[ð^ígÿ¢í�	�õ ìFíF	]÷Kÿm÷Uî-÷Kï3÷

î!íKýkï3÷��#÷Kÿmî-÷Kï3÷�	
�3ÿOî-÷Kï3÷�~]÷��0ï�ígý*ô��0ï�ígýk÷Xý í�î!ì�ô3ÿ}÷gï�í]ý\ý��;ð^íKÿvé«�&ýD	�í�ð��Xï�ídýk÷�	]÷Kÿ¢ì��*î]ô3ýk÷Uí�ð�õ���ô]÷3ý
÷3ý�î]ô]÷]ï�ÿm÷]ï
�dï�íUý ��ðMí]ÿ(ÿ��3ÿ¢í�ð�î�÷3ýkî;ô3ýk÷]ï
��ð�íKëgýk÷H	]÷Kÿpì��Wî;ô3ýk÷H�f�]ð�ðAôa)]÷3ý �3ÿ�í]ë=íKý3ìSõ í��r	
�g÷8ë+ìFí]ÿ�õ �8ÿré��&ý
÷3ý �
�3ÿzõ ì!�u�gù�é2�Uí�ð���ô;í��#÷+ìSõ��-÷Xý �d÷8ë+ìFí-ð�ïVõüîY~��.é
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á0à>Ú_âJÛ^Ö*ã+�Xâ i�å y êwý �G�8ÿzõ ì!�u�6ï�í]ýh	
��ë]ï�í]ÿm÷]ï
�gï�í[ý ÷H	]÷Kÿ¢ì��*î]ô3ý ÷=íKëXþÀ,=ê�þ
error = 0

[SLKLMWVLpeol�mnFOeqW = 0.57vâJÛ�Ü\àjà ~]÷���ï�í[ý��;ð�í]ÿ Õ&â
þsr PDí]ýkï3÷=ð����Kÿ¢í[ýk÷-��ô;í=õWë]î+õüï�í�íKýh~]÷��
�#ïVõkðFìpr èJ*
*
*�·
7vâ&Û�Ü\àpà �7í�î;õ*ë���ð�ï�ídþ¼ð�íX��°3ë[ù�éjè+] Õ&â
�trºPDí]ýkï3÷a);í�î+õWë]÷=ï�ídþ
Ö07 )]÷3ý �3ÿ7ï�íq�Vî]ô3	]÷]î;õ ø�ë[ï�í

V > 8
ã , �_�

�#ïVõkðFìpr ïVõ ð^ì^÷3ë]î;õk÷=ï�íq� ÷6þ
�]ÿ}í�÷�t�vzìFíKÿb��õWë]÷[î+õüî;ý ��w

�_�.Õ Ön7
�2�2ÕÁ7râJÛ
error = error +mdist ∗ J�bceobcgGW"EG[iR_[SjOEGbÖn7
error > [SLKLMWVLpeol�mnFOeqW ã , �2�
error = [SLMLKWVL�eol�mnFOeqW�2�2Õ�Ön7

�2�2ÕÁ7vâ&Û
`u[_HMWqEG[ijdb"`kbcL�J)vIRSPGjOb = `2[SHKWoEG[ijOb-`GbcLKJMvORSPQjdb + error ∗ error

�_ë�íKý8î-÷]ð��Uï�í0ý ÷]ðwï
��ð�	]÷]ÿ¢ì��Wî;ô3ýk÷;ð9ë3ô;ík)]÷]ðwï�íZí�(ví��r	3ý ��±Vð�õ8ð^í�îX��ë;ð�õüï�í]ÿm÷���ô;íZíKý3í]ÿ(ÿI�8ÿ¢	Kÿ¢íX)�õ���í�ð�ï�í
0
í]ëZ÷3�r�
��ð�î�÷;ð���ðk±�ý ÷]ð¶	]÷Kÿ¢ì��*î]ô3ýk÷;ð¯ð^í'	
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��ô;íUð^ídìSõ íKë;íH] ý �]ð^íKÿ¢í�ð[õWë]î;õkï�íKë+ìFí-ð�í]ë����;ðFì��Kî;ô3ý ��ðk±�íKý�ÿ}í-ð^ì��¼÷8ý�ë��QõWë]î+õüïVõWÿTí]ë����;ðFì��Kî;ô3ý ��ð=ë�� ð�í
÷3ë]÷8ýYõ��-÷8ë"¾

Err1
t+1 = 0 ∗ 0.5 + 0 ∗ 0.5 + 1 ∗ 0.5 + 1000 ∗ 0.5 +

0 ∗ 0.5 + 0 ∗ 0.5 + 1 ∗ 0.5 + 1000 ∗ 0.5

= 0 + 0 + 0 + 0.5 + 0.5 + 0 + 0 + 0.5 + 0.5

= 2.0

Err2
t+1 = 1 ∗ 0.5 + 1 ∗ 0.5 + 1 ∗ 0.5 + 1.41 ∗ 0.5 +

1 ∗ 0.5 + 1 ∗ 0.5 + 1 ∗ 0.5 + 1.41 ∗ 0.5

= 0 + 0.5 + 0.5 + 0.5 + 0.705 + 0.5 + 0.5 + 0.5 + 0.705

= 4.41
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P���ë�(Sô3ë+ì���ð�ïVõ �vô;ð���ð-é
�_ë+������ô;í-~�õ ð^ì��G��ÿ|�3��õkîX�gï�íFVd�8ÿ¢íKë;ðFìFí]õ*ë�é
ê7îAì�ô]÷8ýYõ��-÷Kî+õkø�ë=îX��ë�í�î]ô]÷]î;õ ø�ë[ïVõ ��íKÿ¢íKë]î;õk÷8ýWé
ú¯í�î;õ ðAõ ø�ë_	G�8ÿ¡�#÷X�X�8ÿI�W÷�é

�_ë9í-ð^ìFí�ì�ÿ}÷��]÷�(��Zð�í'~]÷�ð�íX��ô�õüï
��í]ý;íKë+���E��ô;íf~�õkðFì��
��ÿ�����õüîk� ¸ Vd�3ÿ}í]ë;ð^ìFí;õWë#÷8ë]ï�m��3ÿ}í]ë�±.è+#
#Vè ¹ ±�ï�í���õüï
�
÷ZðAô'���]î;õWý3õ0��	3ý í��9íKë+ì^÷]î;õkøVë'�Zí!ö.î+õkíKë]î+õü÷�íKë�ðAô;ð�ÿ}í-ð!ô3ý ì^÷Kï
��ð-é`�&ë'p]ý�î-÷Kï3÷�î!íKý ï3÷\�#÷3ë+ìSõkíKë;í�ô3ëf)]÷3ý �3ÿ
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��ýk÷9îX��ë+ö�÷8ë��-÷�íKë�ýk÷�íA 8õkðFìFíKë]î+õü÷9ï�í#ô3ë����;ðFì��Kî;ô3ý ��íKë�í-ða÷W	
��ð�õüî+õkø�ë�±

��ô;í�ð^í���ô;íX);í�í]ë+ì�ÿ}í
CVmin = 0

�
CVmax = 255

éDþ�÷Kÿm÷6ô+ìSõ*ý>õ��-÷Kÿ7íKýh�#÷�	]÷0ð�í�ðAô;íKý í���õWë]÷]ÿ�õ��-÷KÿEýk÷
î;ÿ}í�í]ë]î;õk÷=ï�í'�Vî]ô3	]÷]î;õkøVë�îk���r	]÷Kÿm÷3ë]ï
�[íKý
)]÷3ý �3ÿD÷8ýn�Z÷]î-í]ë]÷Kï
�[í]ë�î-÷Kï3÷0î-í]ýkïVõWý>ýk÷0îX��ë0î;õ íKÿpì��uô3�r�]ÿm÷3ý{é
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UK÷a�#íX��î;ýk÷�ï�í�õ*ë+���8ÿ{�Z÷]î;õ ø�ë�ð^ír~]÷]î-í�í��r	3ý í�÷Kï
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CVi,j(t+ 1) = CVi,j(t) + ∆(t)
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