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Å��KlA��k%m o ��f o m@d	p!kOf�bKbYj6f"c o dH�Yj]cAf�c+jXm@p�b!c�f�l o m�l'f���k%m@e�pYf"�
b!c+d�l(j(k%k+m@p!e.l(d	gXb!� o f o m�d	p!k6º��Bd�c o �!j-m�c�j(��m@k o j(p!l(j���d��K��hQm@gan
b!�@�XfQpKd�p�nq�!p!m��Bd	c%gGkAf"gXb!�@m@p!eQcAf o j�¢�¹qp]d��!c�j(�!f�g]b!�@j�º o �!j
��t j
i��^i��^gv��i��B�Kp!l o m@d	p�l(d�p o f"m@p!kOfrl(d	p!h!m o m@d	pYf��qº;�!� o �	j o
�Yf"kOf�§Y��j(h�m@p!b!� o À�d	� o b!� o cAf o m@drd����!p!m o ��¢aëQm@�	j(p o �!j(k+j
c�f o m@d	kT½)d	cP��d��!pKh!kPd	pac%j(�)f o m@��jtcAf o j(kA¾�fQc�f o j=½)d	cPc�f�p!e	jTd��
c�f o j-kA¾�l'f�pr�YjNl6f��@l(�!�)f o j(h]�Bd	cPj(�	j(c%�rg]d�hK�!�@j�¢
Ñ�m@e��!c+j6�Cm@�@���Kk o c�f o j(k o �!jHc%j(k+�!� o krd��.b!c+d�e�c�f�g o c�f�p!k¤n

�Bd	c%grf o m@d	p.bYj-cq�Bd	c%gXj-hX��� o �!jtl(d�g]b!m@�@j(c6¢;¹ o m@kufNhYf o f���d��
e	cAf�bK� o �Yf o c%j(b!c+j(k%j-p o k o �!j�l(d�p o m@p��!d	�!k�m o j-cAf o m@��j�b!c+d�l(j(k%k¤n
m@p!erd��Tf]k o c%j6f"g`d���hYf o frf�c%c�f'��k.��� o �!j� $¡�g�¢5~ ��£¤~ y � ivf
g]d�hK�!�@j�¢a£��!j6¥�¦�§�¨ª©[d�b�j(c�f o d	cOf oNo �!j o d�b:d�� o �!ja§�e�n
�!c+jOj-� o cAf"l o kQk%�Kl(l(j(k+k%m@��jae	c%d��Kb!kTd"� o �!c%j-jOj(�@j(g]j(p o k7�Bc%d	g
o �!j�m@p!b!� o k o c+j6f�g:¢ æ f"l��5d�� o �!j(k+jCj(�@j(g]j(p o k/m@k_f¬«�n
j(�@j(g]j(p o f�c+cAf'��¢�Ítp o �!j/pKj(� o l(��l(�@j:d��wd	bYj-cAf o m@d�p�º o �!j
k+j(�@j(l o j-h5e�c%d	�!b8k o f�c o kr��m o � o �Kj/j(�@j(gXj-p o d�p!jHbYd	k%m o m@d�p
�)f o j(cTm@p o �KjOm@p!b!� o k o c+j6f�g:¢®�j o �Pj-j(p o �!j.k+Ð���f�c%j=�!c�f�l��	n
j o kQm�k o �!jNl(d�p���j-p o m@d�pYf"��hYf o f���d��5e�cAf"b!�/d"�v��d�h!�rd�� o �!j
¯ ¦�¦�°�±5²³¦�§5´5¨¶µ�·�¦]l(d�h!jr�!�@d�lA�;¢:¹ o m�k=p!d o b!c+j(k%j-p o j(h�m�p
§YpKj�n e	cAf"m�pÙ�Bd�c+g o dLf'�	d�m@hrl(d�pI�B�!k%m@p!e]h!j o f�m@�q¢T£��!j=�!c�f�l��	n
j o k o �!j(g]k%j(�@��j-kwc+j(b!c+j(k%j(p oao �!j2¸¹§^¦ ¯Dº»º l-d�hKjX�!�@d�l�� o �Yf o
h!j�§Yp!j(ktj6f�l��_f"c%cAf'�aj-��j-gXj(p o d�� o �!jQd	� o b!� o k o c+j6f�g:¢�£��!j
d	bYj(pKm�pKe/½ o d	bY¾��KcAf�l��	j o m@kT�)f���j(�@j(hr��m o � o �!jNcAf�pKe�jQd���m@p�n
h!m@l(j-k��Bd	cPj(�@j(g]j(p o k�m@p o �!jQe	j(p!j(c�f o j-h_f�c+cAf'��¢�£��!je¼®½(¾R¿�À
Á ¿�¦�·�°k½S¼ º ·�½(·$Â�¿.d�b�j(cAf o d	cOk+m�g]b!�@�/f�b!b�j(p!h!k=m o k.m@p!bK� o
f"c%cAf'�]d�p o d o �Kj.d�� o b!� o k o c%j'f�g_¢
«�jPf"k%k+�!gXj o �Yf o�o �!j��!k%��f��!f�c+lA�Km o j(l o �!c%j�nqm@p!h!j(b�j(p!hKj(p o

d	b o m@gXm@6f o m@d�pNk o j-b!k[Ã[l(d	p!k o f�p o �Bd��@h!m@p!e�º�l(d	gXgXd	p.k%�K�Yj(�	n
b!c+j(k%k+m@d�paj(�@m@gXm@pYf o m@d�p�º j o l	¢ Ã[�Yf'�	j���j(j(pab�j(cq�2d�c%g]j(h�¢��T�@k%d�º
f"p!h o �!m@kam�k=j(k+bYj(l-mVf"�@����m@g]bYd	c o f"p o m@pCk%m@e	pYf���b!c%d�l(j-k%k%m@p!e
f"b!b!�@m@l6f o m�d	p!k6º�k+�!m�� o d�b�j(cAf o m@d�p!kaf�c+jr�!k%j(h o d_m@gXbK��j-gXj(p o
ga�!� o m�bK��m@l6f o m@d�pC���8��p!d���p[l(d	p!k o f�p o kH���!j(p!j(�	j(c o �!m@kXm@k
g]d�c%jQj�¡Xl-m�j-p o ½2f�� o �!d	�!e�� o �!m@kThKj(bYj-p!h!k.d	p o �!j=h!j o f�m@�@j(h
h!j-k%m@e�prd�� o �!j=f�c%m o �!gXj o m@lT�!p!m o k�d�� o �!jQb!c%d�l(j-k%k%d	cA¾-¢

��ÛÅÄ �rñ�ã[ò � Þ�ð ��� ß�Æ:ã ��
K� á2à � á)Þ�î�� � ã�ã

£��!jtd���ç�j-l o m@��jtd���b!c+d�e	cAf�g o c�f�p!k¤�Bd�c+gLf o m@d�paf�p!hXf"pYf���n
��k%m@kQm@k o drb!c%d���m@h!j=m@p��Bd�c+gLf o m@d�p]d�p:���!m@lA� o �KjalA�Kd�m@l(jad��
f�e�d�d�hLgrf�b!bKm�pKeOd"�vbKc%d�e	cAf"g¨g]d�hK�!�@j(kTf�p!hHhYf o f=k o c+�!l�n
o �!c%j(kQd	p o dXf o f"c%e�j o ga�!� o m@b!c+d�l(j(k%k+d�ctgLf'�=�Yj.grf�h!j	¢P«�j
c+j(b!c%j-k%j(p o[o �!j[c%j-k%�!� o k�d��_f�p�f��@��k%m@kCf�kCf¦�;#%����#+ ��<4	�(\
�(&'#(� �$02�)�	�[0B#+���Xd	cL®�²t£.¢ æ f�l���pKd�hKj/d�� o �!j�®�²t£Wl(d�c¤n
c+j(k%b�d�p!hKk o dCf:k+��p o f�l o m@l/j(�@j(gXj-p o d�� o �!jrb!c%d	e�cAf"g f"p�n

 t1 := B[i,-1] + B[i-1,0] +
         B[i+1,0] + B[i,+1]

  t2 := B[i-1,-1] + B[i-1,+1] +
          B[i+1,-1] + B[i+1,+1]

Dn := a * B[i,0] + b * t1 = c * t2

B[i,-1] B[i,0] B[i,+1]

Group (3,1)

D: array[stream[int]]

EmitStreamElement

Dn

array[stream[int]]

i in 2,w-1

Ñ�m@e��!c+jÇ�Y¼ £�cAf"p!kq�2d�c%g]j(h°bKc%d�e	cAf"g g]d�hK�!�@jÄ�2d�c o �Kj
 $¡�g�¢¹~ ��£/~ y � ivfQ�B�Kp!l o m@d	p�¢

f"����(j-h�¢[£��!jrp!d�h!j o ��b�j(k]m�pKl(�@�!h!j1¥�¦�°�©ªÈ5p!d�h!j(k o �Yf o
c+j(b!c%j-k%j(p o f�l(��l(�@m@l.m@p o j(c+l(d�p!pKj(l o m@d	p!k.d���b!c%m@gXm o m��	jQd�b�j(cAf�n
o d�c%k=f�p!h�l(d�h!j]�!�@d�lA��k'º�f�p!h�p!d�h!j o ��b�j(k o �Yf o c+j(b!c%j-k%j(p o
o �!jOk+j(��j-cAf�����m@p!hKkwd"�Pl(d�h!ja�!�@d�l���k6¢.�Ç̧¹§̂ ¦ D̄º»º p!d�h!jah!j�n
k+l(c%m@��j(kLfHl(d�h!jr�!�@d�lA� o �Yf o h!j o j(c%g]m@p!j(kXf�p8f�c+cAf'����f��@�!j
j6f"l�� o m@gXj.m o m@kQj(��j(l(� o j(h�¢r� Á ¿O¦�·$°�½S²K¦�§5́�̈¶µ�·$¦=p!d�h!j
h!j-k%l(c+m���j(kPf�l-d�hKjP�!�@d�l�� o �Yf o b!c%d�h!�!l-j(kPf�pQj(pKh!�@j(k%k�k o c%j6f"g
d"�Ok%m@gXbK��j]k%l6f"�)f�crj(�@j(gXj-p o k6ºTf"p!h�f"p ¯ ¦�¦�°$±5²K¦�§5́�̈¶µ�·$¦
p!d�h!j:h!j(k+l(c%m@��j(k_f×l(d�h!j��!�@d�lA� o �Yf o b!c%d�h!�!l-j(k_f�p�j(p!hIn
�@j(k+kak o c+j6f�g¿d��.f�c+cAf'����f��@�!j-k6¢�£��!jrp!d�h!j(kad�� o �!j/®�²t£
l(d	p o f�m@p�hYf o f o ��b�jLm@p��2d�c%grf o m�d	p_f�pKh o �KjLm@p!hKj(��cAf"p!e�j(k
�Bd	cTl(d	p!k o c%�!l o j(h8f�c%c�f'��k6¢N¥�¦�°�©ªÈCp!d�h!j(kQl(d	p o f�m@p/l-d��!p o k
d"�ud	bYj(c�f o d�c%kNd�����f�c%m@d	�!kQ��m@p!hKk6º�f"p!h_l-d��!�@hCf��@k+dXl(d	p o f�m@p
m@p��Bd	c%grf o m@d	p*f"�Yd	� o h!j(e	c%j(j:d��QbYf�c�f��@�@j(�@m�k+g̀ k%�KlA��f�k o �Kj
l(c+m o m@l6f��;b�f o �r�@j(p!e o �rd�� o �!jNe�cAf"b!��¢

��ÛÉ� ÿ î � â>Ê � á � Þ óO� ñ�ãIËcÌ � ß[àPâUã

£��!jNd�b o m�l'f���k%�!c+��j(m@�@�)f�p!l-j.b!c%d	e�c�f�gWkAf o m@kq§�j(k o �!j=l(d�pIn
h!m o m�d	p!k=�Bd	cak o f o m@l/grf�b!b!m@p!e�¢ æ f�l��[c%j-l(�!c%k+m@��jH�B�!p!l o m@d�p
h!j�§Yp!m o m@d�p5m@k o f�m@��n c+j(l(�!c+k%m@��j8f�p!h5grf'�[��j o c�f�p!k¤�Bd�c+gXj(h
m@p o daf�p/m o j(cAf o m@��jQhYf o f���d��[e�c�f�b!�/��m o �ÙfN§���j-hLg]j(gXd	c%�
c+j(Ð��!m@c%j(g]j(p o �2d�cQj6f�l�� o d�b�nq�@j(��j(��m�p��	d�l'f o m@d	p�¢OÎrd	c%j(d��	j(c6º



j6f"l��Od"� o �!j�c%j(k+�!� o m@p!e o cAf"p!kq�Bd	c%g]j(h.gXd�h!�K��j-k;gLf�bKk;d�p!j�d	c
g]d�c%jNm�pKb!� o k o c+j6f�g]kwm@p o drf�p:d�� o b!� o hYf o fak o c+j6f�g:º$f"p!h
o �!jXb!c+d�e	cAf�g¬m@pCj-p o m@c%j o ��m@kaf�pCf�l-��l-��m@l]l(d�g]bYd	k%m o m@d�p:d��
o �!j(k%jrg]d�hK�!�@j(k6º�f"kOk+bYj-l(m�§Yj(h8��� o �!j o d�b�nq�@j(��j(�v�B�!p!l o m@d�p
d$f�gkh�ikj$j!¢;£��!j�b!c%d	e�c�f�gÄhKj(k%l(c+m@b o m@d�p o c%j(j��2d�c o �!j�d	b o m@l6f"�
k+�!c%�	j(m@���)f"p!l(jQj(�!f�g]b!�@jTm@kPk+�!d���prm@pÙÑ�m@e��Kc%j.ì!¢

��ÛÅÍ ÝXÞ�ß[à å¯���;� áUÞ�î Î �;� ã � î¶Ï Ð�Þ � Ï Ë ��� áUô
ß �;� ã

£��!j�bKc%d�e	cAf"gÄh!j(k+l(c%m@b o m@d�p o c%j(jtl(d�p o f�m@p!k�k%��¡Xl-m�j-p o m@p�n
�Bd	c%grf o m@d	p o dah!j o j(c%g]m@p!j o �!j.c+j(�)f o m��	jQl(d�g]b!� o f o m@d�p]cAf o j
�Bd	cQj6f�l��:b!c%d	e�cAf"gWgXd�h!�!�@j�º;f"p!h o �!jaf�b!b!c+d���m�grf o jT�2cAf�l�n
o m�d	prd�� o �!j o d o f��;l(d	gXb!� o f o m@d�pX�@d�f�hXj'f�l��/gXd�h!�K��jtm@kTc%j�n
k+bYd	p!k%m@�!�@j��Bd�c'¢;£��!j(k+j�hYf o fTf�c+jPl'f��@l(�!�)f o j(hQ�Bd	c o �!jPd	b o m@l6f"�
k+�!c%�	j(m@���)f"p!l(jTbKc%d��K��j-g©m@pa£�f��K��j.´	¢�«�j.½2f�c+�!m o cAf"c%m@�@�!¾ o f"��j
o �!j.b!c+d�l-j(k%k+m�pKeLd"��d�p!jOf"c%c�f'�Xd���hYf o f=���6 $¡�g�¢5~ ��£¤~ y � ivf
½Ud�c�����d�i t�Ñ ¢^i � ikh � ¾�f"k o �!jN�Yf�k+m�la&����7�$1�02�O&'3�&-����d"� o �!j
l(d	gXb!� o f o m@d�p�¢èÑKd�c]j6f�l��5b!c+d�e�c�f�g¥g]d�hK�!�@j�º o �Kj o f��!�@j
k+�!d���k o �KjTp��!ga��j(c�d��;d�b�j(cAf o m@d�p!k�bYj(c¤�Bd�c+gXj(ham@paj6f"l��aj(�	n
j(l-� o m@d�p=d���ftgXd�h!�!�@j�º o �!j���m@h o �Od"� o �Kj�hYf o fTk o c+j6f�g�b!c%d"n
l(j-k%k%j-h_��� o �Kjwg]d�h!�!�@j�º�f"p!h o �!jQp��!ga��j(c�d���m@p!k o f�p!l(j-kTd��
j(��j(l-� o m@d�p]d�� o �!jtgXd�h!�!�@j��2d�c�d	p!j�l(d�g]b!� o j�l(��l(�@j�¢�£��!j(k+j
��m@j(�@h o �!j.d�b�j(c�f o m@d	pXl(d	�!p o bYj(ctl(��l(�@j.f�p!h o �Kjw�@d�f�ha�2cAf�l�n
o m�d	pQ�Bd	c¯j'f�l��Og]d�h!�!�@j�¢;£��!j-k%j�hYf o fQf�c+jP�!k+j(ham@pOÅ�j(l o m@d�pN
o dLj-k o m@grf o j o �!jal(d	gXb!� o f o m@d�prcAf o jXf�pKh_�)f o j(p!l(�Ù�Bd�cQk%j�n
�@j(l o j(h/grf�b!b!m@p!e	k�d�� o �!jNj(�!f�gXbK��j	¢

Ò Ê`É�ËTËt�%��ÌÇm/ü+É��poCÉ��t�iÈP�!�!É��!ý;ÌP�+ý5o

¹qp o �!m@k/k%j(l o m@d�p5��j�h!m@k%l(�Kk%k:c%j6f"k%d�p�f��!�@jCl��!d	m@l(j(kr�Bd	c
grf�b!b!m@p!eNl(d�p o m@p��!d	�!k�b!c%d�l(j-k%k%m@p!erf�b!bK��m@l6f o m@d�pKk o daga�!� o m�n
b!c+d�l(j(k%k+d�ctl(d�g]b!� o j-c%k6º�f�pKhXh!m@k%l-�!k%k o �!jTb!c+d��!�@j(g d��;§Yp!hIn
m@p!e o �!jN�Yj(k o grf�b!b!m@p!eQb!�)f"p�¢

Í�Û2Ü Ó � àPà�á¤î¯ð5òXâ � î �

¹qp�l(d�p o cAf�k oro d8hYf o f�bYf�c�f��@�@j(�Tk+l(m@j(p o m�§Yl�l(d	gXb!� o m@p!eYº
o �!jrk o c�f o j(e���d��w�@j o+o m@p!e:d�p!j]b!c%d	e�c�f�g`l(d�h!jr�!�@d�l��Cf o f
o m�g]j.� o m��@m@(j o �!j=���!d	��j=gLf"l��!m@p!jOf�bKbYj6f"c%k o dr�YjXf]b�d�d	c
l��!d	m�l-j��Bd�c�l-d�p o m@p��!d��Kk�b!c%d�l(j-k%k%m@p!eaf�bKb!�@m�l'f o m@d	p!k6¢ Õ f o �!j(c6º
m@pCgrf�p��/l6f"k%j(k o �!jr�Yj-k o f�bKb!c%d�f�l��Cm@k o d/k o c%�Kl o �!c+j o �!j
grf�l��!m@p!jal(d�h!j/k+d*f"�@��b!c%d	e�cAf"g`gXd�h!�K��j-kOf�c+jLj-��j-l(� o m@p!e
l(d	p!l(�!c+c%j(p o ���Cf o frcAf o j o �KjagXj(j o k.j(�!f�l o �@� o �Kjal(d�g]b!��n
o f o m@d	pXc%j-Ð��Km�c+j(gXj-p o Ô ¢

Õ�ÖÅ×KØ�Ù�ÚRÚ»Û,×OÜ/Ý�ÚRÞ�Ø,Ü»ßàØ,Û�á�ÞpâRßà×�ã�äàÛªÝ�ÚRåOØ,Û�âRâ»å�Ú/ßàâ�å&æçÜRÛ�×KèéÙ�äàÜ»ßàÝ�äàÛ,êOÛ,ë
Þ�è®å ×�ã¶Ý�Ú»å ã�Ú»Þ è(è®åOë�Ù�äàÛ,â�æçå�Ú/ë�ß ì$Û�ÚRÛ�×�Ü^âRÜ»Þ ã�Û�â/å&æ�Ý�Ú»å�Ø�Û,â»âRßà×�ã�á�í�Ù�Ü
ívÛ�Ø�Þ Ù�â»Û�Ø,å�Þ�ÚRâ»ÛïîÅã�Ú»Þ ßà×LÝ�ÚRå�Ø�Û�âRâRßà×�ã^èéÙ�â»Ükí
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