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ÎÏr�su�<����­~��­5pgtg�%¾�p��~�dp)·��J��pg�d���xr½r<p�s�¾�v�tu¿.��w�v�t³s�¾�vµ�.�Twõ°
w�pgtdpgrjs�su���d¿.��è Ü ���<r5���<­Mp�tu�N�}�dpg��{�|}�7�d�d�C´M{��`su�Tv7r
v�w�w�pg�`su�<tupg�
��r~�Y ���|}pg��tdr<�}r<®��xr5�
tup�­~tdp9��pgr7s��`su�Tv7r)vxw%sd�~p���sutd�5{�sd�~tdp�vxw
su�<p"�"v�sd�}v�rL¤�ykz.{�p�­.s�w�v7t�su�<p�{�|����u���`�xtu���x�<|}p�v�wksd�<p�{�|�����°
�d�T´~p�t9�k�x|}|(v�sd�<pgtÀ�`�xtu���x�<|}pg�À�xtup)���u���~�"p9�½sdvÌ�~�J��p)�Ír<v�td°
����|M� á �x�~�u�����xrM�V�.����sutd�}�<�.su�Tv7r³¾��Csu�³­~��tu���"p�sdpgtu�

µ
�xr~�

σ2
�

¾��Tsd��su�<p��.����sdtu�T�<�<sd�}v�rY�.p�r~vxsdp9���N�
N

(

X ; µ, σ2
) ¤����<pgrL�

�7�d�d�<���}r<®�|T�}r<pg��tOtdpg|}�xsd�}v�rÀ�5p�s�¾qpgp�r á �x�~�u�d�}��r~���xr~���xr"v�td°
�<p�t

X1, . . . , Xn

v�wL�J��td���x�~|Tp9���7�Cs(���q­5vj�d�d�T�~|Tp�suv��.p�´~r<p�|}�}r.°
p9�xto{�v�r~�.�Tsd�}v�r5�x| á �x�~�u�d�}��r'�.����sdtu�T�<�<sd�}v�r~���7��è

P (Xi|X1, . . . , Xi−1) = N



Xi; βi,0 +

i−1
∑

j=1

βi,jXj , σ
2
i





�

¾��~p�tup
βi,0

�xr~�
βi,j

�.pg�u{�tu�}�5p�su�<p³|}�Tr<p9�xt�{�v��À�<�Tr5�`sd�}v�r'vxw
su�<p��`�xtu�}���<|}p

Xi

®��}��pgr
�Tsu��­5�xtup�rjsu�
X1, . . . , Xi−1

¤O�à�<p�r
βi,j 6= 0

�ksd�~p�tup
�����xr=p9�.®�p
w�tuv��
Xj

suv
Xi

w�v�tu���Tr~®½�
®7tu��­<�L¤â���N�~����sd�<�����.p�´5r<�Csu�Tv7rã�<tu�}r<®7�
|T�}r<p9�xt á �x�~�u�����xr
�<�}��sdtu�T�~�.sd�}v�r~���TrjsuvÌ·��J��p9�����xr½r<p�s�¾�v�tu¿.��¤YÎ±w

βi,j = 0
w�v7t

pg��pgtd�
i
��r~�

j
��sd�<p��`��td���x�<|}p

Xi

���À�µtdvNvxs³r~vN�<p)¾��Tsd�=�
�~r<�T�`��td���`sup á ���~�u�����xr§�.����sutd�}�<�.su�Tv7rL¤ã���<p�Ê�v7�Trjs�­<tuv��~���.°
�}|}�Cs����.����sutd�}�<�.su�Tv7r½¾��Tsd�¸��|T|q�`�xtu�}���<|Tp9���5pg�Tr~® á �x�~�u�d�}��rÌ���
su�<p�r

N (X; µ, Σ)
�~�.p�´~r<p9�
�7��è

P (X) = 1
(2π)n/2|Σ|1/2

exp
(

− 1
2 (x− µ)

T
Σ−1 (x− µ)

) �
¾��~p�tup

µ
�����½��pg{�sdv7t�vxw����}ö�p

n
�xr~�

Σ
���������N����p�sutd��{

­Mv7�d�Tsd�}��p�°Ï�.p�´~r<�Tsdp����`sdtu�Tz)vxwO���}ö�p
n× n

¤
ÖÍ�x¿N�Tr~®��Tr.w�pgtdpgr~{�p9�k�}r��³·��J��p9�����xr"r<p�s�¾�v�tu¿³���Osu�<pos����d¿�vxw
{�v���­<�.su�Tr~®�­5vj��sup�tu�Tv7t%­~tdv7�~�x�<�}|}�Csu�Tp9��®��}��p�r��dv���p�v��~�dp�tu��p9�
�`��|T�<p9��¤%���~�`s������`®7�T�7p�r��G��p�s%v�w%÷�ø~ù�ú�û��`�xtu�}���<|Tp9�

Xq

��r~���
�dp�s�v�w�ù�ügý1þ7ù�ÿ���ù

Xe = xe � ¾qp�{�v���­<�.sup P (Xq |Xe = xe)¾��~�}{��L�O¾��Tsd�\{�v7r7su�TrN�<v7�~���<�}��sdtu�T�~�.sd�}v�r~�g�k����­~tdv7­5v7t�su�Tv7r~�x|
suvàsd�~p¸���xtu®��}r~�x|}�}�u�`su�Tv7rãv�w"su�<pYÊ�v7�TrjsÍ­<tuv��5�x�<�}|T�Ts��ãv`�7p�t
�`��td���x�<|}pg�

Xz

�.¾��~p�tup
Xz = X \ (Xq ∪Xe)

è

P (xq |xe) ∝

∫

∏

i

P (xi|Pa(xi)) dxz
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l�|T®7v�tu�Csu�<���Ow�v7tq�}r.w�p�tup�r5{�p��}r�su�<pg�dp���v.�.p�|����xtup��.���d{��~�d�dpg�
�}r �1×#���<tu�Csuö�p�r#� Ü9Ý�Ý  ���ÖY�<tu­<�N��� ÜgÝ7Ý�� �'×Lpgtdr<pgtg�� �¢�¢7 7��¤
���~pg�dp��x|}®�v�tu�Tsd�<�����.p9�d{�td�}�5p á ���~�u�����xr��.����sutd�}�<�.su�Tv7r~���~��°
�}r<®��	�`ÿ�
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Ü9Ý�Ý £7�Asuv�{g�x|�{��<|��`supq����td®7�Tr~��|j�<�}��sdtu�T�~�.sd�}v�r~�g¤�lÑ|}�}�"�Tsu�xsd�}v�r
p�z.�}��su��¾��<pgrÍsu�<p�tup"��tdp��.p�sdp�tu���Tr~�}��sd��{"tdpg|}�xsd�}v�r~�G�5p�s�¾qpgp�r
�`��td���x�<|}pg���d�Tr~{�p"sd�<p�{�v`�`�xtu���xr~{�p����`sutd�Tz

Σ
����r<vxs��TrN�7p�tds�°

�}�<|}p��%�xr~�Ìsd�~p�{��xr~v�r<��{���|�w�v�tu�êr<pgpg�<��suvY�TrN��pgt�s�su�<p�{�v`�j°
��td���xr5{�p����`sutd�Tz
suv){���|}{��<|��`sdp�v�r<p³v�wO�Cs��osup�tu���g¤o��v�v`��pgt�°
{�v���pµsu�<���)­<tuv��~|Tpg�'�G�Cs'�}�'­Mv7�u���}�<|}pYsdv\�~�dpÌ{�v�r~�.�Tsd�}v�r5�x|
w�v7td�����1×��x�<tu�Csuö�pgr�Ú���pgr~��pgrL� ÜgÝ�Ý7Ý ��¾��~�}{��)��tdpG�x|���v³��v7tdp
rN�<��pgtd��{���|T|}�)��su�x�~|Tp�sd�5�xrY{���r<v�r<��{���|Mw�v�tu����¾��~p�r'sd�<p�r~p�s
�5���o�Mvxsu�Í�.���d{�tdp�sdp"�xr~�Y{�v�rjsd�}rN�<v��~���`�xtu�}���<|Tp9��¤ol¹�.p�pg­5pgt
�<�}�u{��~�u�d�Tv7rÌv�w��}r.w�p�tup�r5{�p�¾��Tsd��|T�}r<p9�xt á �x�5�d�d�}��r½�<�}��sdtu�T�~�.°
su�Tv7r~�������5pg��v7r~��su�<p³�u{�v�­Mp�vxw%sd�<����­~��­5pgtg¤
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×#�T¿7p�|}�T�~vjv.�
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Ü9Ý�Ý £7�kw�v�to�.p�su�x�}|���¤
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�d�}v�r~�g��tdv�su�`su�Tv7r~���xr5�=sutu��r~�d|}�xsd�}v�r~��v�w�v7�.Ê�pg{�su�g��w�pg�`su�<tupg�
{g�xrÔ�x­<­Mpg��t'��r~�¯�.���d��­<­Mpg�xt
w�tuv��Øw�t��x��pµsuv=w�t��x��p�¤ÁÎ±w
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su�<p"­5vj���Tsd�}v�rµv�w(��­~��t�su�}{��<|��xtov.{�{�|T�5�.pg�µw�pg�`su�<tup��Mpg{�v7��pg�
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w�p9�`su�<tdp9���Tr5�.�T�N���.�~��|T|}��¤
��v�{�|����u���Tw����xr~�
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�xs�sdtu�}�<�.sdp9�
��tdpÌ{�v�r5�.�Csu�Tv7r~�x|}|}�Ñ�}r~�.pg­5pgr~�.p�rjs'®��}��p�r§su�<pÌ{�|}�7�d�g¤ë���<���
�7�d�d�<��­.su�Tv7rÍ����²j�<�Tsdp�tupg�7��v7r~�x�<|}p³�}rÍv7�<t�­<tdv7�<|}p��e¾��<vj��p
�xs�sutd�}�<�.supg�o��tdp�­Mv7�d�Csu�Tv7r~���xr5����p�|}v.{��Tsd�}pg��w�v7t�sd�<p³w�pg�`su�<tupg�
p�zNsdt���{�supg�V¤µ��vxsup�sd�5�`s"�xs�su�<�}�À­Mv��}r7s9�%sd�<pgtdp
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{��}�xsd�}v�r
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�7p�|}v.{��Tsd�}pg���xr~�)­5vj���Tsd�}v�r~���xtup��}r~�.pg­5pgr~�.pgr7s9¤OÎÏr�su�<p��G�x�}��p
·��J�7pg����v.�.p�|���su�<p�­~tdv7�~�x�<�}|}�Cs��ÀvxwL�³�d­5p9{��T´5{�|��x�Mp�|

c
®��}��p�r

su�<p�v��5��pgtd�7pg�)�xs�sutd�}�<�.supg������®��}��pgr)�N�Aè

P (c|x, y, ẋ, ẏ) = P (x|c) P (y|c) P (ẋ|c) P (ẏ|c) P (c) .
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P (C (t) |C (t− 1))
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�d�~{��µ�7��sd�~p³y(Öé��|T®7v�tu�Csu�<�¶�Óå�pg��­~��sup�t�Ú»mo�<�<�}rL� ÜgÝjÞ7Þ �
��pg��|(ÚæÒ��Trjsdv7rL� ÜgÝ�Ý Õ7��¤����~p������Tr����.pg�'v�wqsu�<p�y(Ö �x|T°
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xú�ý����%sd�<p�rN�<�À�5pgtOvxwA{��`sup�®7v�tu�Tp9�Lsu�~�`sOsu�<po{�|����u�%�J��td�T°
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