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KÁp�u®rk\^`�pqrjR�k
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W�pqrGm ª X^rG� ¯ pqrº'2p��G���#ik]bm9uvm�rR`|`vwkm³u�`_Xa`bm��lm9o�~�X^]bX[`vp�\^rGu9�
Ý�wkp¥o_w�o�\^rSuxp¥u�`�\[d�`vwkm6de\^~�~q\aÝ�p�rk�§ux`bX[`vm!ÞaX[]bp¥X[Zk~�m9u9�gX*ik]b\^�O]bX^h
o�\OjkrR`vm�]
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updates
condition

rq
<INC r v> = head(rq) -> 

iq = tail(iq), rq = insert(rq,<INC r rf[r]>)
rf = rf[r->v+1], rq = tail(rq);

iq = tail(iq), rq = insert(rq,<JRZ rf[r] l>);

<INC r> = head(iq) and

...

  iq                 notin(rq,<INC r _>) ->

notin(rq,<INC r _>) ->
<JRZ r l> = headIiq) and

<JRZ v l> = head(rq) and v != 0 ->

enabling 
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iq = insert(iq,im[pc]),

rq = tail(rq);

pc = l, iq = nil, rq = nil;
<JRZ v l> = head(rq) and v = 0 ->

RESET RESET

true ->
...      

pc = pc + 1;
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m9o�p�áG�
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}®wGm#uvc�rR`vwkmDuxp¥u�X^~q�O\^]bp�`bwkh�X^ubuvjkh*m9u6`vwGX[`*mDX^o_wì\OiSm9]bX[`vp�\^r
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":9G*>'B7�6<*A17; (+' '):D, 7 ?&:D9 9!/ yßd�XÎ]bjk~qmÉp�r'`bwkmÉ`v]_X[rSu�de\O]vh*m9�
r�jkh�ZSm9]vp�rk��m�élm9o�jl`vmDu��R`bwkm¿]vjk~�m�Ýg\Ojk~���X[~¥ux\�m�élm9o�jl`vm�p�r�`bwkm
\O]vp��^p�rGX^~�r�jkh�ZSm9]vp�rk��X[rS�'c�p�m�~¥�Ì`bwkmìuvX^h*m�]bm9uvjk~q`9�,}®wkp¥u
`_X[æOm9u�o�X^]vm¿\^d�`vwGm!uvX[dem�`�c§p¥uvuvjkmO�

":<06>=5:;?�:D9�9L/ n�p�rGo�mg`vwGmz]bjk~�mëp�r6`bwkmg`v]_X[rGuxde\^]bh*m9�|r�jkh�ZSm9]vp�rk�
`bm9ux`buë`vwkm�pqrGp�`bp�X^~
ux`bX[`vm^�Rpqd�X!]bjk~qm)p�uëm�rGX^Zk~qmD�Áp�rÁ`vwkm�\^]bpq�OpqrSX[~
r�jkh�ZSm9]vp�rk�0Zkjk`!rk\[`!p�r�`vwkm*`b]bX^rGu�de\O]vh*mD�t\Orkm^�Y���4?¼"!]vjk~�m
m�élm9o�jk`vm9u6pqrÉ`bwkmÁ`b]bX^rGu�de\O]vh*mD�Èr�jkh�ZSm9]vp�rk�S�³}®wkp¥u!m9rGuvjk]vmDu
~�p�Þ^m�rGm9ubu��
}®wGm�X[~��^\O]vpq`vwGh¹iG]v\lo�mDuvuvm9u�`vwkm�]vjG~qmDu)p�r�]bm�Þ^m9]buvm!\O]b�lm9]9�S]vm��
iSmDXa`bm9�l~�c6Xa`v`vm9h�ik`vp�rk��`v\�]vm9ik~�XOo�më`vwkm�o�jG]v]bm�rR`�Þ^m�]_uvpq\Or!\[dGmDX^o_w
ÞaX[]bp�X^Zk~qm³p�rÏ`bwkm#m�rGX^Zk~�pqrk�Mo�\^rG�lpq`vp�\^rÎ\[d�`vwkm#]bjk~�m^�ëÝ�pq`vwÎ`bwkm
ik]bm�Þ�pq\OjGu�o�\^]b]bm9uviS\OrG�lp�rk��ÞOm�]_uxp�\^r.�¤ux`bX[]v`vp�rk��de]v\Oh,`vwkm�p�h�h*m��
�lp¥Xa`vm9~qc»ik]bm9o�m�mD�lpqrG�ì]vjG~qmO�¢'Yp��G�z�çuvwk\aÝ�uÁwk\aÝ¹`b\ç\^Zk`bX[p�rÌX
rkm�ÝAm�élik]bm9ubuvpq\Or�de]b\^h¹X[r³pqrkpq`vp¥X[~�m�élik]bm9ubuxp�\^r�@BA�s��lZ�c�]bm�iG~�XOo=�
pqrG�C$'&�p�rD@BAWs³Ý�pq`vwÈp�`_u)mDX[]b~qp�m9ux`�ubXadem�Þ^m�]_uvpq\Or.�E+ , ux`bX[rS�ku�de\O]
`vwkm�m�rGX^Zk~qp�rk��o�\^rG�lpq`vp�\^rM\^dg`bwkm§]bjk~�m*`vwGX[`�o�\OrO`_X[p�rGuF@BAWs����
]vm9ik~¥X^o�m9h*m�rR`�p�u�uvjGo9o�m9ubuxdejk~�p�d�m�pq`vwGm�]�\[d2`vwGm¿`�Ýg\*p¥uz`v]bjkm^�
" }®wGm�m9rGX[ZG~qp�rk��o�\^rG�kp�`bpq\Or�Ý�pq`vw�`vwkm�m9X^]v~�pqm9]gÞOm�]_uxp�\^r�pqrGux`vmDX^�
\^d�`vwGm�o�jk]v]bm�rR`)\Orkm6p�h*ik~�pqmDu)`bwkm�m�rGX^Zk~qp�rk�³o�\^rS�lp�`bpq\Or�Ý�pq`vw
`bwkm!o�jG]v]bm�rR`�Þ^m9]buvpq\Or.�

" }®wGm)o�\OrG�lpq`vp�\^r*\[d
`vwkm�]bjk~�m®`vwGX[`ëo�\Oh�iGjl`vmDu�`vwkm)m9X[]b~�pqm9]3Þ^m�]v�
uvp�\^rÏX^rG�ç`vwkm#o�jk]b]bm�rR`�m9rGX[ZG~qp�rk�Éo�\^rS�lp�`bpq\OrÏX^]vm�h6jl`bjGX[~�~qc
m�éko�~�jGuxp�Þ^mO�
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^A����K�H	a2^!e?`rXG$ & [�n	�

F T K?`H@�AWs
K2_�a?KI$ ) n°KIU�H�_�^!K�H��!��K�H�a2^Ae?`rX#$ & [
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F T K?`�H�K?s	_�U�u?KgX#$�)	dG@BA�s¾�
$�)A��$'&O�	[
KI_�a?K ^A�H+ , L $�) 1 $'&$N¿^E¬�s	_�^!K�a:+ ,

F T K?`�H�K?s	_WU�u?KgX#$�)	dG@BAWst�
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}®wGm0]vm9~�X[élX[`vp�\^r»X[~��^\O]vpq`vwkh p�uÁmDuxi
m9o�p�X^~q~�cçÝzm�~�~)uvjkpq`vm9�Îde\O]
jGuvm§Ý�p�`bw ê jkm�jkmDu��#��rMm9~qm9h*m�rR`6p�rGuxm9]x`bm9�ÉXa`6`vwkmÁ`_X[p�~�\[d®`bwkm
O ¶¤õ_ói³òðòôxó3ïDôxóTô®óEôBµqô�óEñ�ûTú�ûTïKô�ú=óEüKô�óTðòýP±�ô�ñ½ûßõ_þP³òðòñTïKô�ü�ðòý|ûTïKôtÂaóEñ½û3ñTûTô�ù
ú¡µkûTïKô�õ¡³m±=ú=óEð ûTïP¸ �



ê jkm�jkm��l\�m9ugrk\[`®Xaã¤m9o�`ë`vwGm�m9~qm9h�m9rR`ë`vwSXa`gÝ®X^ugXa`g`vwkm�wkm9XO�*\[d
`vwkm ê jkm9jkm®ZSm�de\^]bmz`vwkm®p�rGuxm9]x`bpq\Or.�g]�jk~�m9u2`vwSXa`�`vmDu�`�`vwGm®áG]bux`3m�~q�
m�h*m�rR`3\[d
X ê jkm�jGmg]bm�hÁX[p�r6m9rGX[ZG~qmD�|]vm9�OX^]b�l~�m9ubu.\^dk`vwGmzr�jkh�ZSm9]
\[dGm9~qm9h*m�rR`bu2p�rGuxm9]x`bm9��Xa`�`bwkmz`bX^pq~�\[dG`vwkm ê jkm�jkmO�aik]b\aÞRp¥�lmD�¿`vwGX[`
rk\0]bjk~qmÁiG]vm9ÞRp�\^jSux~�c�]bm�h*\aÞ^mDu)`bwkm§wkmDX^�È\[dz`vwkm ê jGm�jkmO��}®wkp¥u
ik]b\^i
m�]v`�cÈX[~�~�\aÝ�u!uxjSo_wÉX#]bjk~�mÁ`v\�`vm9ux`!`bwkm§p�rkp�`bp�X^~ëÞOm�]_uxp�\^r�\[d
`vwkm ê jkm�jGm^�R]bX[`vwkm9]�`vwSX[r§ÞOm�]_uxp�\^rGu�ik]v\l�ljSo�m9�§ZRc�m9X^]v~�p�m�]ë]bjk~�m9u9�
fg\OrGo�m9il`vjSX[~�~qcO�!`vwGmÏX[~��^\O]vpq`vwGh/o�\Ojk~¥��pqrSo�~�jG�lmÏX^r�pqrGp�`bp�X^~
ikwGXOuxmt`vwGX[`#o9X[rÌp�rÌhÁX[r�c�o�XOuxmDu§\^]_�lm9]§`vwGmth*\l�ljk~�m9u��K]bjk~qmDu
ux\MXOu6`b\Éh*X[`bo_wç`vwkm³ÜG\aÝä\[d��GXa`bXÈp�rç`bwkm#ikpqi
m�~�p�rkm^�p�zm�p�rk�
X[Zk~�m§`b\tikjk`�`bwkm�]bjk~�m9u6pqrç`vwkp¥u6\O]b�km�]6p¥u�uxjlâ§o�pqm9rO` �eZkjk`�rk\^`
rkm9o�m9ubuvX^]vcA�z`b\�m9rGuvjk]vm!`vwGX[`�`bwkm�c�X^~q~Y`vmDu�`�`vwkm�pqrGp�`bp�X^~2ÞOm�]_uxp�\^r
\[d�m9XOo_w ê jkm9jkm^�
fgjG]v]bm�rR`v~�c^�z`bwkm0de]_X[h*m�Ýz\^]bæç�l\�m9u�rk\[`�ik]v\aÞ�p¥�lm�X�ÜGm�é�p�Zk~�m
uxjGikiS\O]x`�de\^]�`v]_X^�kpqrk�Éo�\OrGo�jG]v]bm�rGo�ctde\O]�o�clo�~�m�`bpqh*m^���zcì�lm��
d½X[jk~q`9�lpqd�`�Ýz\�]vjk~�m9u®uvpqh�jk~q`bX[rGm�\^jSux~�c*m�ÞaX[~�jGXa`bm)`bwkm�p�]®ik]bm9o�\OrG�lpq�
`vp�\^rGu!`v\t`v]bjkm^�Y`vwkm9cMX[]bmÁZS\^`vwì�O\^p�rk�#`v\0áS]vm§p�rM`bwkm�o�jG]v]bm�rR`
o�~�\lo_æ#o�clo�~�m^�¤m�pq`vwkm9]�p�r�iGX^]bX^~q~�m�~Yp�dë`vwkm9]vm�X[]bm!rk\��GXa`bX��lm�i
m�rk�
�lm�rSo�p�m9u�\O]®uvm ê jkm9rR`vp¥X[~�~qc§pqd2`vwkm9]vm!X^]vmO�
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}®wGm§uvo_wkmD�ljk~�m�]!X^jk�^h*m�rR`_u¿m9X^o_w�]bjk~qm*`bwGXa`!p�rGuvm�]v`bu|X^r�m9~qm��
h*m�rR`ëp�rO`b\6X ê jkm�jGm�`v\|m9rGuxjG]vm�`bwGXa`gp�`ërGm�Þ^m9]3\aÞ^m9]xÜG\aÝ�u�X^rRc�\[d
`vwkm�Zkjlã¤m�]_u�`bwGXa`�pqh*ik~�m�h*m�rR`�`vwkm ê jGm�jkmDu�p�r0wGX[]_�lÝ®X[]bm^�®}®wkm
ZGX^uvp¥o6X[iGik]v\RX^o_w#p¥u�`v\³X^ubuxjGh�m�X[~�~ ê jkm9jkm9u�X[]bm!Ý�pq`vwkp�r�~�m�rk�^`vw
Xa`Y`vwkmzZSm9�^p�rkrkp�rk�)\^dl`vwkm®o�~�\lo_æ�o�clo�~�mgX[rS�!uvo_wGm9�ljk~�më\Ork~�c�`bwk\Ouvm
]vjG~qmDu2de\^]�áG]bpqrG��`bwGXa`ëX^]vm�� �Ym9rGX[Zk~�m9��X[rS�*�L�YÝ�wk\Ouvm�o�\^h�Zkp�rkm9�
m�élm9o�jl`vp�\^r�~qmDXKÞ^mDu3`vwGm ê jkm9jkm)Ý�pq`vwGpqr³p�`_uz~qm9rk�[`bw�Xa`z`vwGm¼"���=)\[d
`vwkm�o�~q\lo_æìo�c�o�~qmO����~�~�`vwkm#\^`vwkm9]Á]vjk~�m9u�]bm�hÁX[p�rÎjkrGo_wGX^rk�^mD���
�)u6iGX[]v`!\[dz`vwkp¥u|ik]b\lo�mDuvu9� ê jkm9jkmÁpqrSuxm9]x`bpq\OrGu!X[]bm*ik]bpq\O]vpq`vp���mD���
y{r�wSX[]_�lÝzX^]vmO�O�O~q\OZGX[~¤ubo_wkm9�ljG~qp�rk�*o�\^]b]bm9uviS\OrG�ku3`b\*�^m�rGm�]_Xa`vp�rk�
`vwkm!o�\^rR`v]b\^~.uvp��^rGX^~�ugde\^]®`bwkm!o�\Oh6Zkp�rGX[`vp�\^rGX^~
~�\^�Op�o^�
"�~�\^ZSX[~)ubo_wkm9�kjk~qp�rk�Mp¥uÁ`bwkm�m�rSX[Zk~�pqrG�É`vm9o_wGrk\^~�\^�OcMde\^]�m�â*�
o�p�m�rR`giGpqi
m�~�pqrGpqrk�S��}®wkm)æOm�c�pqrSuxp��^wR`gp¥uë`vwGX[`9��m�ÞOm�]bc�o�~�\lo_æÁo�c�~qmO�
`vwkm0r�jkh�ZSm9]Á\[d�]vjk~�m9u�`bwGXa`§o9X[rÎm�élm9o�jl`vm0X[rS�çp�rGuvm�]v`*p�rR`v\MX
ê jkm�jkm½R�o�X[r³Z
m�ZGpq�O�^m�]z`bwGX[r³`vwGm|rRjGh6Z
m�]�\[d2m�h*il`�c�uv~�\[`bu®p�r
R
�YÝ�pq`vwk\Ojl`�o9X[jGuvpqrG��R�`b\0\aÞ^m�]vÜG\aÝ|��}®wGm�o�\OrG�lpq`vp�\^rÉp�u!`vwGX[`
m�rk\Ojk�^w#]bjk~�m9u�Ý�p�~q~2X[~¥ux\Ám�élm9o�jk`vm!p�r³`vwGX[`�o�~�\lo_æ�o�clo�~qm6X^rG�³]vm��
h*\aÞ^m�m9~qm9h�m9rR`buëde]v\Oh R
�R~qmDXKÞRp�rk�!pq`gÝ�pq`vwGpqr§~�m�rG�[`vw�Xa`ë`bwkm)m9rG�
\[d�`bwkm0o�~�\lo_æÉo�clo�~�m^�ì��iGiRc�p�rk�È`vwkp¥u�h�mDo_wGX[rGp�uvhÀZS\�\Oux`bu�`bwkm
`vwk]b\^jG�^wkikjk`�\[d�`bwkm!o�p�]_o�jkpq`9�
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m9o�pqáSo9Xa`vp�\^rSu�o�\^rR`bX^pqr0rk\³o�clo�~�p¥o ê jkm�jGm6iGX[`vwGu9� ��m
�lm�áSrkm*`vwkp¥u|o�\OrGo�m9il`!jGuvpqrG�#X�]bjk~qm*�O]bX^ikw.��`vwkm*rk\l�lmDu¿pqr�`bwkm
�^]_X[ikw�X^]vm#`bwkmt]bjk~�m9u9�A}®wkm9]vmtp�u§Xç�lpq]bm9o�`vmD�»m9�l�Om0ZSm�`�Ýgm9m�r
`�Ýg\Á]bjk~�m9u�pqd�`vwkm!áG]bux`�p�rGuxm9]x`_u�pq`vm�hÁu�p�rR`v\�X*�OpqÞOm�r ê jkm�jkm�X[rG�
`vwkm*uvm9o�\OrG�0]bm�h*\aÞ^mDu�pq`vm9h*u�de]b\^h,`bwkm�ubX[h*m ê jGm�jkmO�h�zc0�lm�dÆ�
pqrGp�`bpq\Or.�2`vwkm³uxi
m9o�p�áSo9Xa`bpq\Or�p¥u6XOo�clo�~�p¥o*p�d�`bwkm�]bm§X[]bmÁrk\to�c�o�~qmDu
pqr#`bwkm!]bjk~�m|�^]_X[ikw.�v'k\^]�X^o�clo�~qp¥o|uxi
m9o�p�á
o�Xa`bpq\OrGu9�l`vwkm�uvo_wkmD�ljk~q�
pqrG��X[~��^\O]vpq`vwGh¹m9rGuvjk]vm!`vwGX[`�`bwkm ê jkm9jkm9u��l\�rk\[`�\aÞ^m�]vÜG\aÝAZ�c
o�\Oh�iGjl`vp�rk�MX[r»X^�k�kp�`bpq\OrGX[~�o�\OrGux`v]_X[p�rO`ÁX^u*uvwk\aÝ�rçp�rM'Yp��G�ë�k�
�ÈmÈjGuvmD� � de\^]�]vjG~qmD� X[jk�Oh*m�rR`vmD�»Ý�p�`bw�`vwkmÈo�\^]b]bm9uviS\OrG���
pqrG�!X^�k�lpq`vp�\^rSX[~Go�\^rGux`v]_X[p�rR`bu�X[rG� ������� ��� �2de\O]�`vwkm�r�jkh�ZSm9]3\[d
m�h*il`�cÉ~�\�o9Xa`bpq\OrGu!p�r���X[`!`vwkm³Z
m��^p�rkp�rk��\^d�`vwkm³o�~�\�o_æMo�c�o�~qmO�

'kjkrSo=`vp�\^r 2'$���� � � � �)]bm�`bjk]brGu|�³p�d � � p�u��������'2ÁX^rG�ç��pqd � � p¥u
� ��! 2R�#"%$ 3 2'&��)( ��]vm�`vjk]brGu�`vwkm�uxm�`�\[d3p�rG�lp¥o�mDu)\^dëX[~�~.`vwGm6]bjk~qmDu
pqr*(ç��}®wkm§o�\^rGux`v]_X[p�rR`6o�\^jGrO`_u�`vwkm�rRjGh6Z
m�]!\^d®m9~qm9h*m�rR`bu|p�r
m9XOo_w ê jkm9jkm§Xa`¿`vwGmÁZSm9�^p�rkrkp�rk�0\[dzm9X^o_wÉo�~�\lo_æto�clo�~qmO�Áyß`|X^~�uv\
o�\OrGuxp¥�lm9]bu ê jkm9jkm|]bm�h*\aÞaX[~¥u�X[rG�³ik]bm�Þ�p�\^jGu�p�rGuvm�]v`vp�\^rGuz`b\§X[jk�^�
h*m�rR`|`vwkm*m9rGX[Zk~�p�rk�0o�\^rS�lp�`bpq\OrÈ\^dgmDX^o_wt]bjk~�mÁux\³`vwSXa`|p�`6�k\RmDu
rk\[`�m�élm9o�jk`vm¿p�d3pq`�Ýg\Ojk~¥��\aÞOm�]vÜG\aÝ»`vwkm ê jkm9jkm^�
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y{rR`v]b\��kjGo�p�rk�!X^�G�lp�`bpq\OrGX[~Gm�rGX^Zk~qp�rk�!o�\^rG�lpq`vp�\^rSu3]bX^p�uvm9u2`bwkm�i
\Oux�
uxp�Zkp�~qpq`�c³\[d��lm9XO�l~�\�o_æ¤��'k\^]�X^o�clo�~qp¥o|uxi
m9o�p�á
o�Xa`bpq\OrGu9�l`vwkp¥u�p¥u�rk\^`
X[rÎp�ubuvjkm0ZSmDo�X^jGuxm�`vwGm�X^o�clo�~qp¥o�pq`�cìm�rSuxjk]bm9u�`bwGXa`Á`bwkm ê jkm�jkmDu
Ý�pq~�~�m9Þ^m�rR`bjGX[~�~qc��k]bX^pqr.��m9rGX[ZG~qp�rk�³]vjk~�m9u�`bwGXa`|Ýzm�]bm�\O]vp��^p�rGX^~q~�c
uxjSuxi
m�rG�km9�çde\^]Á~¥X^o_æÉ\[d¿uxiGXOo�mO���zjl`*`vwkp¥u*~�pqrkm#\^d)]vmDX^uv\^rkp�rk�
�l\�m9u*rk\^`�wG\^~¥�ìde\O]*o�clo�~�p�o³uxi
m9o�p�á
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