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OK

communication
required

HJRWMPLPMP[$X�Q$K�RWK4TPTPU�TNQ�RSV�X=RWK�YËO

ô j õ C5ö�E*tWpeÆ öeB o G ;"tNm@tWB tWu u ;�uvm@B C5q�B tSl�÷
ø=j ?�C5G r0C5ù öetWw5rPÌ
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HJI$K4LNMPO��AQ��$\

ì ï�petWB B tWw/m@B C5q5B tSl�l
o p�qgu tSp�q�n@tWq�;
Í �i£ ���N¢ ���F�v  � �i£ ¢ �F�S¡ �i�  4¡ �W�S�v�F� £  Pº=�F�"�i� � � �W¡

ì ï��W}�� }�� |W}*~ }*� � � �vm@B C5q5B tWl
l�o p q/u tWp q�n@tWq�;
Í �i� � � ���*�v i� �i£ ¢ �*�S¡@�i�  � ��* P� �S£  Pº=¢ �=�5�i� �i¥ ¥  i¥

ì 9�tWB q5;�G r0u tSB q5;�� rPE*tWu ;=rPE*o ;�p G o ù o E�tSm@m@u o E*tWG o Cvp r
ì � ;�s�;�u C5m@;�ðAtWG"!$#-ÈWÇ&%'%WÇ)("m�B ;�rP;�p G

�AQ���* O,+�V=K4TPO

-/.W|W~ � 0 0 z 1W� {5� 0 0 2 ï$u u C5ö�m�B Cvq�B tWl�l
;�B r0G C/;Fîvm@B ;�rir
m@tWB tWu u ;�u5EPC5l
m@n@G tWG o C5p r0;�u ;�q5tWp G u w

3/4P~ � }�5Fz � z � 6&2 9@: ;"m@B C5q5B tWlËrP: C5n@u ðAB n@peCvpetWu u
l
Cvð�;�B pgm@tSB tSu u ;�u5m@u tWG ù CvB l
r

3�� ~ 7�4*~ 8�}*{:9i� 2 9@: ;"m@B C5q5B tWlËrP: C5n@u ðAB n@p ;�n@o E�<5u w
x o ð�;�tWu u w�ÈWtWr0ù tWrPG�tWr�t": tWp ð/� EPC5ð�;�ðAm@tWB tWu u ;�u
m@B C5q5B tWl
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Æ p�G B C5ð�n@E*G o CvpeG C$>@tWB tSu u ;�u5>@B C5q5B tWl
l�o p q

ì Æ p�G B C5ð�n@E*G o CvpeG C$<0>@?
ì 9�: ;=<0>@? k Cvl
m@o u ;�B

Í = � ¸S¢   ¹W¢ �5� ý �F� £ � ÎW¢ ¥ ¢ £ �
Í = � ¸S¢   ¹W¢ �5� ý  i� � ��� ��� �v�  

>�U�X�MPV=[ ó�Å=U4RWÅ=MPU@?

A=a c4f b5hCB*j o p�ð�;�î�rP;FG r�G : tWGED
Õ/� � ��ÎW ��v�i�N Pº
 r egi on    R = [ 1. . n  , 1. . n  ] ;

        Bi gR = [ 0. . n+1, 0. . n+1] ;

Õ/�i�  ��S¡  iº=£ ��ºW P� ¥ �i�  4�i� � � �W¡
 var  A,  B,  C:  [ Bi gR]  i nt eger ;

Õ$¡ �v P� ¢ � �=¢ �vºS¢ �  i¡�� �F� ��¡ £ �i£  i�N  �S£ ê ¡@�i� � � ���  i�  i�   �v�  i¡
 [ R]  A : = B + C;

: = +
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Ä-RWRSK4» ó�¿$U4RSK4LPV=RWO

ø=_ _ ^CFHGJI5a*_ ^:K b�_ B*j tWm�m@u o ;Fð�G C$tWB B tWw/;�îSm�B ;�rPrPo Cvp r
G C$l
C5ð@o ù w/G : ;=rPG tWG ;�l
;Fp G L r�B ;�q5o C5pgo p ð�o EP;�r
Í ª M �'M �P£ ¸S ONOP Ð ©Fª « éi® Ð �5£ � � �S¡ ¥ �i£  i¡ ¢ �5ºW¢ �  i¡vÎW�=� �"�F� � ¡  i£

[ R]  A : = B@east  + C@west ;

[ R]  A : = ( A@east  + A@west ) / 2;

: = +

: = ( + ) / 2

>�U�X�MPV=[$O
Å=OCQORS[�À$U�ò4MP[$X

S 4�8�|W}*~ � 2
úOT

f or  ( i =1;  i <=n;  i ++)  {
  f or  ( j =1;  j <=n;  j ++)  {
    A[ i , j ]  = B[ i , j ]  + C[ i , j ] ;

          A[ i , j ]  = B[ i , j +1]  + C[ i , j - 1] ;
          T[ i , j ]  = ( A[ i , j +1]  + A[ i , j - 1] ) / 2;

  }
}
f or  ( i =1;  i <=n;  i ++)  {
  f or  ( j =1;  j <=n;  j ++)  {
    A[ i , j ]  = T[ i , j ] ;
  }
}
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tWB E*: o G ;�EPG n@B ;�r�tWB ;Fp"L G öe;�u u � n@p ð�;�B rPG C5C5ð

ì ï�r�t"B ;�rPn@u G ÈWG : ;�w/E*: tWp q5;"B tWm@o ð@u w
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ì 9�: n@riÈSögB o G o p q/tNE*Cvl
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<0>@?AtWE*: o ;�s�;�r0m@u tWG ù C5B lX� o p�ð�;�m@;�p ð@;�p E*;=o peG ögC
öetWw5rPÌ
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Í £ ¸v @¤N� ��£ ¸5�i£��S� �W�  i¡ ¡ �F� ¡@�i�  4¢ �v£  i� � �*�W�v P� £  Pº=¢ ¡5�S��££  i� � ¢ ÎW¥ ��¢ �"�v�F� £ � �v£

ì #-: ;�pgE*C5l
m@o u o p�qg<�>@?�ÈWöe;=ù C5E*n@r0C5pgG : ; k 9�ï
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tWE*:�o p ;�L r0m�tWB G o EPn�u tSB
E*: tWB tWE*G ;�B o rPG o E*r

U V=YË¿$MPTPMP[$X�LPV�Ä_^�¾@R U

9�: ;=<0>@?AE*C5l�m@o u ;�B�ð@C5;�rPp"L G�G B tWp rPu tWG ;"<�>@?�o p�G C
tWrPrP;�l�Ê5u w/E*C5ð�;FÈSÊ5n@G B tWG : ;FB�o p G C$ï$`JavÆ k
Í ºW�F�vê £��S i Pº=£ ��¥  P�i� �" P�P� ¸"���P� ¸S¢ �S Pê ¡�¢ �S¡ £ � �5� £ ¢ �*�"¡  i£
Í ºW�F�vê £�¸v� ¹W �£ �0¤=� ¢ £  ��@�S  ¤ Îv�P� ë�Y   �vº=� ���5  ¹W i� ���S  ¤
���P� ¸v¢ �S 4£ ¸v�i£W i�N i� �F i¡

Í ëF�S�*¤"¢ �v��¸S�F¤ ú £ � � �S¡ ¥ �i£  i¡ £ ���i¡ ¡  i�=ÎS¥ �=�i¥ ¥ �*¤"¡ �S¡
£ ���F  �S i� �i£  4 i� � ¢ � ¢   �v£W� ��ºW 

Í ºW�F�vê £�¸v� ¹W �£ �0¤=��� � �"� ÎW���S£W£ � �PºW¢ £ ¢ �*�v�i¥F¡ � �i¥ �i��*�v£ ¢ ��¢ W*�i£ ¢ �*�v¡ �P�  P�F¢ ¡ £  i� �i¥ ¥ ��� �i£ ¢ �F�S�P i£ � b
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�AQ�� U V�YZ¿$MPTPU4R!¾�½�I$U�YËK�LPMP½

c�u tWE�<:� Ê5C5îNs o ;�öeÌ

d0;�tWu o G w5Ì
zcZPL

code e f e g h�i j k l e

zc0ZPL
code e f e g h�i j k l e

ANSI
C

code
cc

m n l o p g l h�q e r o l e sj p q:t h p�i o uCe�l o k t j t o e s

>�Á$[$LPMPYËUv�$M�V�RSK4RW» ó�Å=U4RWÅ=MPU@?

ì d0n@p G o l
;=u o Ê5B tWB o ;�r0o l
m@u ;�l�;�p G tWu uvl
tWE*:�o p ;��
rPm@;�E*o ù o E�Ê�;F: tWs o C5B Ì
Í ¢ �S£  i� �v� ���  i¡ ¡ ����� �F���N�W�S¢ � �i£ ¢ �*�
Í �N i�N��� �=�i¥ ¥ ��� �i£ ¢ �*�
Í �i¥ ¥ �W� �i£ ¢ �v���v� ���  i¡ ¡ �F� ¡
Í � �F��� ºW¢ �v�i£  Pº=� ûEw

ì >@C5B G o p q/G : ;=E*C5l�m@o u ;�B�G C$tNp�;�ö l�tWE*: o p ;=o r0tSr
rPo l�m@u ;"tWr0m@C5B G o p q/G : ;=u o Ê5B tSB o ;�r
Í �F� £   �=�S�0¤"�F� ë��i£S�i¥ ¥ �P£ ¸v� �Së�¡�£ ��� �F�N���W�S¢ � �i£ ¢ �*�¥ ¢ ÎS� �i� ¢  i¡�¥ ¢ ë�  ýWþ4ÿ � �vº ÿgý �
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U V=YË¿$MPTPU�R!ó�Á$LP¿$Á$L

k C5l
m@o u ;�B4m@B C5ð�n@E*;Fr�tyx�z {CzW� �O3�~ 4�zS~ }�8${'|~}�� � z |W� �
��}�� }�x aS> í\� � k m@B C5q5B tWl
Í � �W�"�*�S �� �*�S�����W£ ¸S ��v� ���F� �i�!�F�= P�P� ¸��v� ���  i¡ ¡ �F�
Í  P�P� ¸=�v� �W�  i¡ ¡ �F� �F¢ ¹W  �"�W�S¢ ÔF�S 4¢ �vºS ��
Í Îv�i¡  Pº=�*�"¢ £ ¡�¢ �vºW ��*�P P�P� ¸=�v� ���  i¡ ¡ ���v�v i� � ��� ��¡ �� � �P� £ ¢ �*�"�F�W£ ¸v �£ �F£ �i¥*¤"�F� ë T

f or  ( i =_MYLO( R, 0) ;  i <=_MYHI ( R, 0) ;  i ++)  {

  f or  ( j =_MYLO( R, 1) ;  j <=_MYHI ( R, 1) ;  j ++)  {

    _ACCESS( A, i , j )  = _ACCESS( B, i , j )  +

                     _ACCESS( C, i , j ) ;

  }

}

U V=YË¿$MPTPU�R!ó�Å=U4RSÅ�MPU@?

ZPL code
>@tWB rP;=o p G C/ï$av9
9�w5m@;�E*: ;�E�<
?�;�q5tWu o �W;
� m@G o l�o �S;

k C5l
l�n@p o E*tWG o C5pgÆ p ri;�B G o C5p
k C5ð�;���;�p ;FB tWG o C5p
ANSI  C code
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U V=YËYZÁ$[$MP½�K�LPMPV�[�RW[$O�U�RWLPMPV=[

�-o r0n@rP;�ðAG C/B ;Fù ;�B4G C/p ;Fo q�: Ê5C5B o p q/;�u ;�l
;�p G r
Í ºS�i£ �����S¡ £FÎW 4£ � � �S¡ �  i� �  Pº�£ �0�S i¢ �*¸�ÎS�F� ¢ �v��v� ���  i¡ ¡ ��� ¡

[ R]  A : = A@east ;

� l � k j l � o e � l � g j l � o e �

ó�¿$LPMPYZM��4MP[$X U V=YËYZÁ$[$MP½�K4LPMPV=[�R

��u o l�o p tWG ;=B ;�ð�n@p ð�tWp G�E*C5l�l
n@p o E*tWG o Cvp Ì
��� � � � � ��� � ��� � � �

[ R]  begi n ��� �
B

��� �
B

      A : = 2* B@east ; ��� �
B, C

��� �
C

      D : = B@east  + C@west ; ��� �
B �

      B : = B@east ;

    end;
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ó�¿$LPMPYZM��4MP[$X U V=YËYZÁ$[$MP½�K4LPMPV=[�R'R

� s�;�B u tWm k C5l�l
n@p o E*tWG o CvpetWp ð k C5l
m@n@G tWG o C5p
��� � � � � ��� � ��� � � �

[ R]  begi n ��� �
B

��� �
B� � C

      A : = 2* B@east ; ��� �
C

�
C 

      D : = B@east  + C@west ; �  �
      B : = B@east ;

    end;

Ä-½ I�MPU�Å=MP[�X�+�V=V=À Q$U�RW¼WV=RWYËK�[$½�U

ì õ o q�:"� u ;�s�;�u5Cvm@G o l
o �WtWG o C5p r
Í � �F���N�W�S¢ � �i£ ¢ �*�"�*�v£ ¢ ��¢ W*�i£ ¢ �F�S¡
Í �i� � � �� i¥ ¢ �N¢ �v�i£ ¢ �*� ¨ ­ Ð �W® « é ­ ® � Ð ��²

ì ?�CvöJ� u ;Fs ;Fu5C5m@G o l�o �WtSG o Cvp r
Í  i� � ¢ � ¢   �S£S�i� � � �"�P� �  i¡ ¡
Í ºW P�i¥ ¢ �v��¤"¢ £ ¸ ú ê ¡ ÔF�v¢ � ë�¡
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RWYZ¿$TPU4YZU4[$LPMP[$X��AQ�� Ä-RWRWK�»=O

ì k ð�Cv;�rPp"L G rin�m@m@C5B GC� � ð�w5p tWl
o E�tWB B tWw�r
ì #-;"p ;F;�ð�G :�;�lËÊ�;�EPtSn@ri;"G : ;=p n@l
Ê5;�B4C5ù
m@B C5E*;FrPrPC5B r0o r0n@p"<�p CvöepetWG�E*C5l�m�o u ;"G o l�;

ì 9�: n@riÈSög;"o l�m@u ;�l
;�p�G G : ;�lËÊ5w/: tWp ð�Ì
A = mal l oc( ( _MYHI ( R, 0) - _MYLO( R, 0) +1)  *

           ( _MYHI ( R, 1) - _MYLO( R, 1) +1)  *

           s i zeof ( el ement ) ) ;

ACCESS( A, i , j )  = A + ( ( i - _MYLO( R, 0) ) * numcol s)  +

                    ( j - _MYLO( R, 1) ) ;

ó�¿$LPMPYZM��4MP[$X,�AQ�� Ä-RSRWK4»=O

� ·S¸S¢ ¡ �N i£ ¸S��º=�  PÔF�S¢ �  i¡C �¡ ��ÎS£ � �P� £ ¢ �*�S¡ �� 0�PºSºS¢ £ ¢ �F�S¡ �*� �vº
�@���S¥ £ ¢ �S¥ ¢ � �i£ ¢ �*�=�v i���i� � � ���i�v i��¢ £  i� �i£ ¢ �F�

� Ò �v£S�i¥ ¥*¤" Pê �  �ºW��¢ �v��¢ ¡ ¢ £  i� �i£ ¢ �v�0�F¹W i����¡ �F¥ ¢ º�ÎS¥ �W� ë��F��N i�N��� �v¦ ¦
� � �S¡ £  P�Pº�¤= �� � ��¤N�i¥ ë����S��¢ �v£  i�5�F¹W i�5�N i�N��� � T

Wal ker  = A;

f or  ( i =…)  {

  f or  ( j =…)  {

    * Wal ker  = * Wal ker  + 1;

    * Wal ker  += Col _Of f set ;

  }

  * Wal ker  += Row_Of f set ;

}

col_offset

row_offset
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U V=[$½�TPÁ$O�MPV=[$O

ì ¡ CvB�m@C5B G tWÊ5u w/E*C5l�m@o u o p q/tN: o q5:"� u ;Fs ;Fu5u tWp q5n�tWq5;
u o <5;"<0>@?@ÈSn@rPo p q k tSr0tNÊ5tWE�<:� ;�p ðAo r0q�B ;�tWG
¢ � �F�N�v¢ ¥  i¡��F�"�i¥ ¥F���P� ¸v¢ �S i¡
¢ ¡ � ¹W i¡ �S¡ � � �F��¢ �"�v¥   ��  �S£ ¢ �v�0£ � �PºW¢ £ ¢ �*�v�i¥
�*�v£ ¢ ��¢ W*�i£ ¢ �*�v¡
¢ ¢ �S¡ £  P�PºS�*� � �=� ��� �S¡��F�=¢ ¡ ¡ �S i¡ �W�S¢ ÔF�S 4£ �£� ý �N� �5º
�5�i� �i¥ ¥  i¥*�v� ���F� �i�N�N¢ �v�
¤ Ù Ø Ú4Ú@¥iß�¦ Ù Ü × ¦ Ø ß�¦ ßPà Þ Ý × ¦ Ø ß¤ Ù Ø Ú4Ú@¥iß�¦ Ù Ü × ¦ Ø ß@Ø Û*× ¦ Ú@¦ § Ü × ¦ Ø ßPà¤ Ü Ý Ý Ü ¨@à Þ Ú�Ü ß*× ¦ Ù à

Í £ ¸v�F�v�*¸"¡ ¢ ��¢ ¥ �i�5£ ���i¡ ¡  i�"ÎW¥ �W� ú ¢ ¡ ¡ £ ¢ ¥ ¥F�S�F£��v i� �  P� £

�AQ�� ¾�Á$YZYËK�RW»

ì >@;�B ù C5B l
tWp E*;=E*Cvl
m@;�G o G o s�;=öeo G :e:�tSp�ð/� EPC5ð�;�ð
k\© í >@Æ ª@>�« í

ì d0;�u ;�tWrP;Fð�G C$G : ;=m�n@Ê5u o E£¬ n@u w/Ç'%'%'­Ns�o tNöe;FÊ
ì !�rP;�B4E*C5l
l�n@p o G w/rPm@tWp r0l
tWp w/ð�o riE*o m@u o p ;�r
ì k C5p G o p n@tWu5o l�m@B C5s�;�l�;�p G r0G C$u tWp q5n�tWq5;"tWp ð
E*C5l�m@o u ;�B

http://www.cs.washington.edu/research/zpl
mailto:zpl-info@cs.washington.edu


