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8 Computation History Entries
16 Computation History Entries
32 Computation History Entries
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32 Instruction Entries
128 Instruction Entries
1024 Instruction Entries
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INPUT1-REUSE16
INPUT2-REUSE8
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sum = 0;

sum += A[i];
}

for (i = 0 ; i < MAX ; i++){
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break;
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Selection
Step 4: Subordinate Path

Step 3

Step 3: Predecessor Selection

Step 2: Successor Selection

Step 2

Step 4

Step 1: Seed Selection

if ( x )

x = a[last];

if ( last != −1 )

last = cube_inword;

t1 = bit_index(x) / 2;

t2 = (last − 1) * (BPI / 2);

active = t1 + t2;

if ( dist > 1 )

dist = count_ones(x);

x = ~ (x & x >> 1) & cube_inmask;
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T=UWV.XZY�[]\_^W`ba ced fEgih<d j.kKg>d lbmnl.o
p�qrmZsbt�dvuxw�yBw�uzkKg>d lbm'd m{u�sSm|pKdvpKsSgiw}fEkK~�w�hEj|� l
u��Bf}sSmZp�sb�v��fEkK~�w�hEj|� l
u��Bf<�
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�_�.w�f0w�uzlbm|p{ow�sSgik.hEw�l.o,u�sSm|p.dvpKsSgiw�fEkK~�w�hEj|� l
u��BfehEw��vsSgiw�f�gil�gi�.w�pbw�f<d �bm{l.o�gi�.w��*�*��w�mrgih<d w�fnsSm|p
d f�kKfEw�p�gil�sbu%�|d w��bw�h0w�kKfEwnl.o�s�uzl.te~.kKg>sSg>d lbm�hEw��.d lbm8sSg�hEkKm�g>dvtew����_�Kwnj|sSfEw'tel
p�w��|l.oxgi�.w'�=�*�

fEkK~.~&lbh0gif,sSm]d mK~Kk.g,sSm|p�lbkKgi~Kk.g
w�d �b�rgi��w�mBgihEq�hEw��.d f0giw�h�sShEh�siq��<fEgilbh<d mK��s=uzl.te~KkKg>sSg>d lbm�t�sS~K~Zd mK�:j�w�g���w�w�m
w�d �b�Bg�d mK~KkKg�hEw��.d fEgiw�h0f�sSm|p�w�d �b�rg*lbkKgi~KkKg�hEw��.d fEgiw�hEf��=�
yB~�w�h<dvtew�mBgif:hEw��bw�sb� w�p gi�|sSg�¡b¢b£¤l.oKfEkK~�w�hEj|� l
u��Bf
t�sSg>u%�Kw�p6gi�.w�fEw¥d mK~.kKg�sSm|p{lbk.gi~KkKg�hEw�¦>k|d hEw�tew�mBgif<�¤§_sShEg>d g>d lbmKf]l.o�fEkK~�w�hEj|� l
u��Bf¨sShEw�fEw�� w�uzgiw�p©�=�Kw�m
gi�Kw�u�sS~|sbu�d g�q�l.o�gi�.wnuzl.te~.kKg>sSg>d lbm{w�mrgih�d w�fªd f�d m.fEkK«¨u�d w�mBg�giln�bw�mKw�h�sSgiw�sSm�w�yBw�uzkKg>d lbm�t�sS~.~|d mK�{olbh�s
~�lbgiw�mrg>dvsb�KhEw��.d lbm|�

¬��®�%¯ °<±,²´³Kµ�µ�³K¶¸·º¹�»�¼,½,¾�¿�¾�À%¹�±¸µ�³.Á�À%¹�±�Â

�_�.w�Ã�ÄSÅÇÆ<ÈÉÈzÆ0ÊËhEw��.d lbm¸dvp�w�mBg>d Ì|u�sSg>d lbmÍsS~K~KhEl.sbu%�ÎkKf0w�f�d mBgiw�hE~KhEl
uzw�p�kKh<sb�x~KhElb~|sS�.sSg>d lbm�l.oÏpKsSg>sSÐKl<�
d m|oÑlbh<t�sSg>d lbm�gilÒdvpbw�mrg>dvoÑqÓhEw��.d lbmKf]gi�|sSg]~�lbfEfEw�fEf�fEl.tewÔd mr�ºsSh<dvsSmBg�j�w��|sE��d lbh<�Õ�_�Kw¥sS~.~KhEl.sbu���kKfEw�f{s
uzl.sShEfEw����bh�sbd mnpKsSg>sSÐ.l>�ÖsSm|sb� qrf�d fIgiw�u��.m|dv¦Çk.w,gil�d m|oÑw�h��ºsb� kKw�d mB�×sSh�dvsSm|uzw}oÑlbh�u�sSm|p.dvpKsSgiw1hEw��.d lbmKf���Øzm|oÑw�hEh<d mK�

d mB�×sSh<dvsSmZuzw�d m{u�sSm|pKdvp.sSgiw}f0kK~�w�hEj|� l
u��Bfed f�j|sSfEw�p�lbm6p�w�giw�uzg>d mK�¨Ù0Ú�ÄKÛ0Ü�ÈSÝ×Ù>Ü�Ã�Þ>Æ}sSm|pËÊ�Æ<Û0Ü�ÈSÝBÙ<Ü�Ã�Þ<Æ}d m|oÑw�hEh<d mK�
d mKfEgih0k|uzg>d lbmKf<�=�xlbmKfEgihEk|uzg>d �bw]d m|ow�h0w�m|uzw�d m|pKdvu�sSgiw�f}gi�|sSg�sªuzlbmKÌKmKw�p f0w�g=lbh=h<sSmK�bw�l.o.�ºsb� kKw�f t�siqnl
u�uzkKh
oÑlbhÏsSm6d mKf0gihEk|uzg>d lbmnlbh�sSm{d m.fEgihEk|uzg>d lbm�lb~�w�h<sSm|p]p�kKh�d mK��fEl.tÏw tel
p�w}l.o×w�yBw�uzkKg>d lbmËl.o�s�~KhElb�bh�sbt����_�Kw
~KhEw�u�d f�d lbm{l.o,sSmÓd mKfEgihEkZuzg>d lbm|ß fªd m|oÑw�hEw�m|uzwËd m|pKdvu�sSgiw�f��*�Kw�gi�Kw�hegi�Kw fEw�gel.o
�ºsb� kKw�fªd f�Ù>à�Ú�Û0ÆÉÊ�lbh]ÚâárÆ<Ä×�Ïã
u�� lbfEw�pÔd m|oÑw�hEw�m|uzw{d f�t�sbp�w]�=�Kw�mÖs�uzl.te~|� w�giwnfEw�g l.o_hEw��vsSg>d lbm.f��|sSf j�w�w�mÒp�w�giw�h�t�d mKw�p¨gi�|sSg �bl>�bw�hEm.f
sb�v�×~|sSgi�¨w�yrw�uzk.g>d lbmKf<�×�=�Zdv� w�sSmËlb~�w�m©d m|oÑw�hEw�m|uzwÏ�|sSf sSg�� w�sSfEg=lbm.w�kKmK�BmKl>�*m'p�w�ÌKm|d g>d lbm|�*�_�Kw]Ú�ÈzÊ�Æ>È,l.o

d m|oÑw�hEhEw�p�~KhEw�u�d f<d lbmÓd m|pKdvu�sSgiw�fegi�Kw�mBk|t=j�w�h�l.o1d m|oÑw�hEhEw�p�h0w��vsSg>d lbmKfegi�|sSg��Zsi�bw j�w�w�m�p�w�giw�h�t�d mKw�p�olbh�sSm
d mKfEgih0k|uzg>d lbm|��ã�m�lb~�w�m�~KhEw�u�d f<d lbmÓoÑlbh�s��ºsSh<dvsSj|� wËtew�sSmKfegi�|sSg�d ge�|sSf�sSm¨kKm.�rmKl<�=m��×sb� kKw�gi�|sSg�d g�u�sSm
sSfEfEkZtewªsSg=hEkKm.��g>dvtew��

�ZsSj|� w}äb�vå1fE�Kl<�=fIgi�Kw}d m|ow�h0w�m|uzw�fIgi�|sSg|gi�Kw,f0qrfEgiw�tæt�sS�bw�f:olbh�tew�telbhEq�çi� l.sbp�f<è|sSm|p:gi�.w1lb~�w�h<sSm|p�f�l.o
uzl.te~Kk.g>sSg>d lbm¨d mKfEgihEkZuzg>d lbmKf<��é�w�telbh0q]d mKfEgih0k|uzg>d lbm�d m|oÑw�hEw�m|uzw�f=sShEw�t�sbp�w���d gi� gi�Kw�fEkK~.~&lbh0gIl.o.uzlbmBgiw�yBgi�

�bê



ë�ìKíZîW[�\Z^WïðØzmKfEgihEk|uzg>d lbm�g�qB~&wªd mZow�hEw�mZuzw�f<�
ØzmKfEgihEk|uzg>d lbm¥��qB~�w Øzm|oÑw�hEw�m|uzw
éªw�telbhEq �1w�sbp�lbm|� q

ñ h�d giw�lbm|uzw
ñ h�d giw]d m|oÑhEw�¦>kKw�mrg
ñ h�d giw��ºsb� kKw�fEw�g

�_l.te~.kKg>sSg>d lbm ò*sb� k.w�fEw�g=�xf�t�sb�v�×mBk|t=j�w�h:l.o �ºsb� kKw�f
ò*sb� k.w�h<sSmK�bwÏ�}çió�ôÔõöôø÷âè

fEw�mKf�d g>d �bw��IÐ.l>�=�0d mKf0w�mKf<d g>d �bw{d mrgiw�hE~.hEl�uzw�pbkKh<sb�,sb�vdvsSf�sSm|sb� qBf<d f'ù ú.ûâü}sSm|pËgi�Kw¨ce�=ý�f0qrfEgiw�tª���1w�sbp���lbm|� q
� l.sbp�d mKfEgihEk|uzg>d lbm.f�sShEw�j&w�f0g�u�sSm|pKdvpKsSgiw�f:oÑlbh�uzl.te~Kk.g>sSg>d lbm�hEw�k.fEw1f<d m|uzw�gi�Kw}sbu�uzw�f0fEw�p�p.sSg>s*d fZ�bk|sSh<sSmBgiw�w�p
gilej�w}dvp�w�mBg>dvu�sb��gilegi�|sSg|l.o�~KhEw��
d lbkKfZhEw�ow�h0w�m|uzw�f<�|Øþm�sbpKpKd g>d lbmZ���=h<d giw���lbm|uzw�pKsSg>sed f=s�uzl.tªtelbm�d m|oÑw�hEw�m|uzw
pKsSg>s h0w��vsSgiw�p�gilËhEk.mK��g>dvtew�d mB�×sSh<dvsSmBg��ºsSh<dvsSj|� w�f<� ñ h<d giw���lbm|uzw{pKsSg>sËd f�p�w�giw�h�t�d mKw�pnjBq�sSmZsb� qrÿ�d mK�¨gi�Kw
u�sb�v� �bh<sS~K��sSm|p}hEw�uzkKhEf�d lbm�hEw��vsSg>d lbmKf,l.o�~KhEl
uzw�p�kKh0w�f<�,é�sSmrq�~KhElb�bh�sbtef*sShEw�p�w�f<d �bm.w�pe��d gi��d m|d g>dvsb�vd ÿ�sSg>d lbm

~K�|sSf0w�f}d mª�*�|dvu���hEkKmK��g>dvtew�d mr�ºsSh<dvsSmBgifesShEw p�w�giw�h<t�d m.w�pÏlbh,~ZsSh<sbtew�giw�hEfesShEw*fEw�g�jrq hEw�sbp.d mK��~|sSh<sbtÏw�giw�h
Ì|� w�f<� ñ h<d giw��0d mZohEw�¦>kKw�mBgnp.sSg>s�d f�p�w�giw�uzgiw�pË�*�Kw�m�s¨� l.sbp©d fnp�w�ÌKmKw�p©sSg]s�f�d �bm|d Ì|u�sSmBg>� q{�|d �b�Kw�h�f0g>sS�bw
çi� w��bw��vè�d m�gi�Kw�~KhElb�bh<sbtªß f�� lBlb~K��mKw�f0giw�p{sSmKmKlbg>sSgiw�p{u�sb�v� �bh<sS~K�{gi�ZsSm�gi�.w�hEw�f0~&w�uzg>d �bw�h0w�ow�hEw�mZu�d mK��f0gilbhEw
d mKfEgih0k|uzg>d lbmKf<��ýZd mZsb�v� q��ºkKf<d m.���.� lbj|sb�IsSmZsb� qrf<d f�giw�u��KmZdv¦ÇkKw�f��I�vdvt�d giw�p�fEw�gif�l.o �ºsSh<dvsSj|� w��ºsb� kKw�f u�sSm¨l.oÑgiw�m
j�w�pbw�giw�h<t�d mKw�pK�*gi�BkKf6d m|pKdvu�sSg>d mK�Ôgi�KwÓsbtelbk.mrg�l.o=hEkKmK��g>dvtew��ºsSh<dvsSg>d lbm gi�|sSg6u�sSmÖj�w�w�yr~�w�uzgiw�pÖoÑlbh
s �ºsSh<dvsSj|� w���ã�� gi�KlbkK�b�'gi�.w¨d m|d g>dvsb�
f0qrfEgiw�t p�lBw�f�mKlbg�p.d � w�hEw�mBg>dvsSgiw]gi�Kw�w�yBw�uzkKg>d lbmÒoÑhEw�¦>kKw�m|uzq�l.o:sSmrq

d m|oÑw�hEhEw�p=hEw��vsSg>d lbm|�ºoÑkKgikKhEw1��lbhE����dv�v��d m|u�� k|pbw}��d m|pKd mK� ý�hEw�¦>kKw�m|uzqÏã}m|sb� qBf<d f=çi��ý<ã�è�ù ú.å�ürgil}w�mK�|sSm|uzw�gi�Kw
w�fEg>dvt�sSg>d lbm{l.oxd mZow�hEw�mZuzw�f<��ã¸hEw��vsSgiw�p�giw�u��.m|dv¦Çk.w]oÑlbh sSkKgil.tªsSg>dvu�sb�v� q�dvp�w�mBg>dvoÑq�d mK�{d mB�×sSh<dvsSmBg}�×sSh<dvsSjZ� w�f<�
� �vsbu�dvsb��ò*sSh<dvsSj|� w�ã�m|sb� qBf<d f�ç � ò|ã�è}ù ú.åâü�� d f1w�yBgiw�m|p�w�pÏgil]uzlbmKfEw�hE�ºsSg>d �bw�� q�sSm|sb� qBÿ�w*hEw�uzkKh0f<d �bw=~KhElb�bh�sbtef<�
� òZã d f�sSm8d mBgiw�hE~Kh0l�uzw�p�k.h<sb�ZfEg>sS�.d mK�ÒsSm|sb� qrf�d f�oÑlbhªw�fEg>dvt�sSg>d m.�'gi�KwË�ºsSh<dvsSj|� w�tel
pKd Ì|u�sSg>d lbm�h�sSgiwËjrq
�bw�mKw�h<sSg>d m.��s�tew�sSfEk.hEw�l.o.gi�Kw�pKd � w�hEw�m|uzw�j�w�gþ��w�w�m¨gi�KwÏw�yrw�uzk.g>d lbm�sSm|p�tel�p.d Ì|u�sSg>d lbm©oÑhEw�¦Çk.w�m|u�d w�f<�
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Øzm|oÑw�hEw�m|uzw�l.o&hEw��.d f0giw�h�lb~�w�h<sSm|pbf�d f*j|sSf0w�p�kK~�lbm©d mBgiw�hE~KhEl
uzw�p�kKh�sb�×~KhElb~|sS�.sSg>d lbm�l.o �ºsb� kKw�hEw��vsSg>d lbm.f
gi�KhElbk.�b�KlbkKg1gi�Kw*~KhElb�bh<sbt��|ò*sb� kKw�hEw��vsSg>d lbm]~KhElb~|sS�.sSg>d lbm�ù ú.äâü��Zù úbú�ü��|ù ú��âüZuzlbm.f<d fEgif,l.o�pKsSg>sSÐ.l>��fEqrf0giw�tef

��d gi�nfEl.� kKg>d lbm.f�gi�ZsSgÏdvpbw�mrg>dvoÑq�w�yB~KhEw�fEf<d lbm.f�gi�ZsSgesShEw�uzlbmKf0g>sSmrg�lbh�uzlbmKfEgih<sbd m.w�p]oÑlbh�w��bw�hEq�~�lbfEf<d jZ� w�w�yBw��
uzkKg>d lbmnl.o
s:~.hElb�bh<sbt��:�_�Zd f}d fÏs=f<dvtÏ~|� w�oÑlbhE�ÏsSh<p�p.sSg>sSÐKl>�Ò~KhElbjZ� w�t���gi�.w��ºsb� kKw*h0w��vsSg>d lbm'd m|olbh�t�sSg>d lbm
l.o.w�yr~Kh0w�fEf<d lbmKf�d f=~.hElb~|sS�.sSgiw�pËd mBgiw�hE~KhEl
uzw�p�kKh�sb�v� q�lbm�gi�KwÏ~.hElb�bh<sbt4u�sb�v� �bh<sS~K��sSm|p�d mBgih<sS~KhEl
uzw�p�kKh<sb�v� q
lbmËw�sbu%��~KhElb�bh�sbt ok.m|uzg>d lbm|�:�_lbmB�bw�hEfEw�� q��Kgi�Kwªd m|oÑw�hEw�m|uzw�fEqBfEgiw�t¤lbmZ� q�sSgigiw�te~.gif*gil¨p�w�giw�h�t�d mKwÏ�=�|dvu%�
�ºsb� kKw1hEw��vsSg>d lbmKf:sShEw�sE�×sbdv�vsSjZ� w,gil�sSm]d mKfEgihEk|uzg>d lbm�lb~�w�h<sSm|pÏp�kKh�d mK��w�yrw�uzkKg>d lbmZ���.l�p�l:gi�Zd f<�Çgi�.w�d m|oÑw�hEw�m|uzw
fEqBfEgiw�t tel
pKd ÌKw�fÏgi�.w�giw�u��Km|dv¦>kKw�f�l.o ñ w��.t�sSmÒsSm|p
	�sbpbw�u�� ù ú.äâü*sSm|p6�=sb�v�vsS�ZsSm6w�g�sb�v��ù ú��âüxgil�~KhElb~K�

sS�.sSgiw��ºsb� kKw hEw��vsSg>d lbmKf�oÑlbhew�sbu��{w�yB~KhEw�fEf<d lbm�kKmBg>dv�_s�ÌKyrw�pª~�l.d mrg�d fehEw�sbu%�Kw�pK��ý_d �bkKhEwËäb�vû ê dv�v� kKfEgih�sSgiw�f
gi�Kw��ºsb� kKw�hEw��vsSg>d lbmÎ�vsSgig>dvuzw�olbhªd mZow�hEh�d mK�6d mr�ºsSh<dvsSm|uzw���Øzgªd fªdvte~�lbhEg>sSmrgÏgil�m.lbgiw�gi�|sSgÏ�×sb� k.w��0d mr�ºsSh<dvsSmBg
~KhElbÌZ�vd mK��giw�u��KmZdv¦ÇkKw�f�w�fEfEw�mBg>dvsb�v� q'uzl.�v� w�uzg pbqrm|sbtªdvu���d w��=f�l.o|u�� lbf0w�p�fEw�gif<�

Order

Closed
Open

VjV ?kiV VRi VRj

T=UWV.XZY<[�\Z^W`�� �x�Kwe�×sb� kKw�hEw��vsSg>d lbm�d mZow�hEw�mZuzwª�vsSgig>dvuzw��

� w�m.w�h<sb�v� q���gi�.w:�×sb� kKw:h0w��vsSg>d lbmKf}oÑlbh1w�sbu����×sSh�dvsSj|� w�sSfEf<d �bmZtew�mrg}sShEw�p�w�f<uzh<d j�w�p�d m�giw�h<tÏf1l.o s��vsSgig>dvuzw
l.o*sb�v�|~�lbfEf<d jZ� w�hEw��vsSg>d lbm.f�sSf�fE�Kl>�*mÒd møý_d �bkKhEw6äb�vû ê ���x�Kwª�|d �b�.w�fEgË� w��bw��ZhEw�~KhEw�fEw�mBgif kKm|p�w�giw�h�t�d mKw�p
�ºsb� kKwÏhEw��vsSg>d lbmKf<�K�=�|dv� wÏgi�KwªtªdvpKpK� w�� w��bw��IuzlbmBg>sbd mKf�sÏhEkKmK��g>dvtew�p�w�giw�h�t�d m|d fEg>dvu�h0w��vsSg>d lbm|��Klrlb~K�0u�sSh0h<d w�p
�ºsb� kKw hEw��vsSg>d lbm'w�yB~KhEw�fEf�d lbmKf�sShEwËp�w�giw�uzgiw�p'sSm|p��|sSmZpK� w�p�jrq�uzlbmKfEw�hE�ºsSg>d �bw�� q�hEw�fEl.� �
d mK�n�×sb� kKw�h0w��vsSg>d lbm

� ¡



sSfEf<d �bmZtew�mrgif��=�_�Kwe~Kh<dvtªsShEq�pKd � w�hEw�m|uzwÏj�w�gþ��w�w�mË�ºsb� kKwÏh<sSm.�bwÏ~KhElb~|sS�.sSg>d lbm©sSmZp�gi�|d f=�ºsb� kKwªd m|oÑw�hEw�m|uzw
tew�gi�Kl
p�d f�d m�gi�Kw���l.d m�lb~�w�h<sSgilbh�sS~K~|�vd w�p=gil*gi�Kw�tªdvpKpK� w*� w��bw��>l.o>gi�.w��vsSgig>dvuzw�f0gihEk|uzgikKhEw���Øþm�gi�Kw1fEg>sSmZpKsSh<p

uzlbmKfEg>sSmBg:~KhElb~ZsS�.sSg>d lbm©�vsSgig>dvuzw��ºlbm|� q�lbmKwe�×sb� k.wÏhEw��vsSg>d lbmËw�y
d fEgif<�BjKkKgÏoÑlbh:gi�Kwe�×sb� kKwÏh0w��vsSg>d lbm©d m|oÑw�hEw�m|uzw
�vsSgig>dvuzw��.pbw�giw�h<t�d m|sSg>d lbm l.oKsSmBq�kKmZdv¦ÇkKw,�×sb� kKw�hEw��vsSg>d lbm�u�sSk.fEw�f_gi�Kwe�vsSgig>dvuzw:gil}j�w�w�yBgiw�m|p�w�p.����fEfEw�mBg>dvsb�v� q��
gi�Kw�jKhEw�sbp�gi��l.o�gi�.wn�vsSgig>dvuzw�d fekKfEw�p�gil6d m|oÑw�h�h0kKmK��g>dvtew��×sb� k.wnd mB�×sSh�dvsSm|uzw����1m.�rmKl<�=m��×sb� kKw hEw��vsSg>d lbm.f
sShEwnuzhEw�sSgiw�p�ohEl.t sÏ�ºsSh<dvsSj|� w�ß f�p�w�Ì.m|d g>d lbm¨f0w�g*�=�Kw�m¨mKlªh0w��vsSg>d lbmÔd f}~KhElb~ZsS�.sSgiw�pK� �bw�mKw�h<sb�v� qËhEw�f0k|� g>d mK�
oÑhEl.t4mKlbmZd m|ow�h0hEw�p6� l.sbp¥d mKfEgihEk|uzg>d lbm.f<���
�bw�mBgik|sb�v� q��:s�ÌKyBw�pn~�l.d mBg]d f�h0w�sbu��Kw�p�sSm|pngi�.wª~KhElb~ZsS�.sSg>d lbm
~KhEl
uzw�fEf=giw�h�t�d m|sSgiw�f<�

c�w�fEgihEkZuzg>d �bw{d mZow�hEw�mZuzw�f]sShEw�~KhElb�bh<sbtöd m|pKdvu�sSg>d lbmKf�gi�|sSg�hEw�p�k|uzw�gi�.wª~KhElbjZsSj|dv�vd g�q{l.oZlbjKf0w�hE��d m.�¥s
oÑhEw�¦Çk.w�mrg>��jKkKg�f<t�sb�v�v�rmrkZt=j�w�h�l.o�d mK~KkKg��×sSh�d w�g>d w�f<�=�_�Kw�~Kh<dvt�sSh0q�w�y�sbte~Z� w�l.o�pbw�fEgihEk|uzg>d �bw�d m|oÑw�hEw�m|uzw�d f
fEw�¦>kKw�m|uzw�p]lb~�w�h<sSm|pbf<� fEk|u��ÓsSf�� lBlb~�d m|uzhEw�tÏw�mrge�ºsSh<dvsSj|� w�f<���*�|dvu���sShEw kKf0w�pª��d gi�|d m{gi�Kw�d hª� lBlb~�� w��bw��v�
Øzm|uzhEw�tew�mBgI�ºsSh<dvsSj|� w�f_kKfEw�p�sSg�s,mKw�fEg>d mK� � w��bw��×p�w�w�~�w�hIgi�|sSm�gi�Kw�d h�pbw�ÌKm|d g>d lbm�sShEw}uzlbmKf0gihEk|uzg>d �bw�d m|oÑw�hEw�m|uzw
f<d m|uzw*gi�Kw�d hed mB�ºsSh<dvsSm|uzw�d f�j|sSfEw�p�lbmªgi�Kw�d giw�h�sSg>d lbm]f0~|sbuzw=l.oBgi�Kw�d m.mKw�h�� lBlb~Kf<�:�ZsSj|� w�äb�vä�dv�v� kKfEgih<sSgiw�f�gi�Kw
hEw�fEkZ� g�l.o=d mZow�hEw�mZuzw�sSm|sb� qBf<d f lbmÖu�sSm|pKdvpKsSgiwnfEkK~�w�hEjZ� l�u%�rf�d m©gi�.w�w�yB~�w�h<dvtew�mBg>sb�If0w�g�l.o_j�w�m|u%�|t�sShE�Bf<�

�_�Kw�Ã�ÄÉÅ>Æ>ÈSÈþÆÉÊ]árÆ>ÈzÙ0Æ<ÄKÜ����<Æªd f�gi�Kw�~�w�h<uzw�mBg>sS�bwªl.o�d mKfEgihEkZuzg>d lbmKf���d gi��uzlbmKfEgihEk|uzg>d �bw�d m|oÑw�hEw�m|uzw�f�h0w��vsSg>d �bw
gil{gi�Kwngilbg>sb�_mBk|t*j&w�h�l.o*d m.fEgihEk|uzg>d lbmKf�d mÔgi�.w]f0kK~�w�hEj|� l
u��
�Ô�_�Kw{sbtelbkKmBg�l.oxfEkK~�w�hEjZ� l�u%�6w�yrw�uzk.g>d lbm
uzlbhEhEw�f0~&lbmZp�fÏgi�Kw�~�w�h<uzw�mBg>sS�bwªl.oIfEkK~�w�hEj|� l
u���w�yrw�uzk.g>d lbm�p�w�f<d �bmZsSgiw�p'd m6hEw��.d lbm.f���d gi�6gi�KwªhEw�fE~�w�uzg>d �bw
d m|oÑw�hEhEw�p�~�w�h<uzw�mBg>sS�bw��*�_�KwehEw�f0k|� gif:l.o|�ZsSj|� wªäb�vä�d mZpKdvu�sSgiwÏgi�|sSg�sSfEf<d �bmZd mK��gi�Kwªd m|oÑw�hEhEw�p�~�w�h<uzw�mBg>sS�bw�gil
äb¢b£¸w�mZsSj|� w�f*gi�Kwªtªs���lbh<d gþq�l.o|u�sSmZpKdvpKsSgiw�fEk.~&w�h0j|� l�u%��w�yBw�uzkKg>d lbm¨gil�j�wªu�sS~KgikKhEw�pK�

¬��®��� ��¾�µ�½,·º¾�½,µ�³K¶¸·º¹�»�¼,½,¾�¿�¾�À%¹�±¸µ�³.Á�À%¹�±�Â

� l.tÏw�hEw��.d lbmKf=l.o_uzl
p�w�hEw�~.hEw�fEw�mBg�okKmZpKsbtew�mBg>sb�
sb� �blbh<d gi�|t�dvu�uzl.te~KkKg>sSg>d lbmÔd mË�=�|dvu%�©pKsSg>s�d f�t�sS�
m|d ~KkZ�vsSgiw�p�oÑhEl.t d mK~Kk.g�fElbk.h<uzw�fe��d gi�KlbkKg�sSmBq¥d m|oÑw�hEhEw�pª�×sb� k.w�h0w��vsSg>d lbmKf<� � k.~&w�h0j|� l�u%�rf}l.o
gi�Zd f}mZsSgikKhEw
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ë�ìKíZî�[¨\Z^ \ § w�h<uzw�mrg>sS�bw�l.o.fEkK~�w�hEj|� l
u��]w�yrw�uzk.g>d lbm���d gi�Ë�ºsSh<d lbkKf d m|oÑw�hEhEw�p�~�w�h<uzw�mBg>sS�bw�f<�
Øþm|oÑw�hEhEw�p�§ w�h<uzw�mBg>sS�bw

�|w�m|u%�|t�sShE� ¢b£ ûS�0åb¢b£ åbûS��ú.¢b£ ú.ûS� � ¢b£ � ûS� � ¢b£ � ûS�0ûb¢b¢b£
¢b¢ � � w�f0~KhEw�fEfEl ú.å ú ê å�� ûbû ûbû
¢ ê åb� f�u ú.¢ ¡ ¡ åbû ûb¢ ûb¢
¢b¡b¡b� �bl åb¢ ä � ûbå ûb¡ ê �
ûbåSú.�vt ��� �rf<dvt ûbä û ê ú �b¢ � ûbû
ûbå � � �.u�u åbû û ê åbû åb¢ ¡ ûb¢
ûbåb¡b�vuzl.tÏ~KhEw�fEf äbå û � û � û � � �
ûbäb¢b�v�vd äb¢ ûSú ûbå ûb¡ ûb¢ û �
ûbäbåb�vd ��~�w�� äbä å � ú åb¢ � �
ûSú ê � �blbh0giw�y ä�� � ûSú ûb¡ ûbä ûbä
� w�y ú � ä ¢ åSú ûbå ûbå
q.sbu�u ú � ä û åSú ûbå ûbå
tÏ~&w��.å ä ê å åSú û � ¡ ¡
~.�b~ ä�� ûbä ûSú åb¢ ¡ ¡
sE�bw�h<sS�bw äbäb� ú.£ ûbåb�v¡b£ ûb¢b� � £ åbåb� ê £ ¡b���b£ ûb¢b�väb£

�|sE�bw�mKl�hEw�kKfEw6d m|oÑw�hEw�m|uzw�f<�xqbw�g¨t�siq©j�w]w�y
uzw��v� w�mBg¨uzl.te~KkKg>sSg>d lbm�hEw��.d lbmKf<�Î�Kl�oÑlbh<t hEw��.d lbmKf�f0gihEk|uz�
gikKh<sb�v� q��.g���l{ow�sSgikKh0w�f�l.o&w�sbu%��f0kK~�w�hEj|� l
u��6sShEw�w�y
sbt�d mKw�p��,f�d ÿ�wnsSm|p¨p�w�~�w�m|p�w�m|uzw��Kw�d �b�rg>��IsShE�bw�f<d ÿ�w
d f�gi�Kw�~Kh�dvt�sShEq6fEk.~&w�h0j|� l�u%�6fEw�� w�uzg>d lbm¤uzlbmKfEgih<sbd mBg>�1f�d m|uzw�hEw�kKf<d m.��gi�.w]h0w�fEk|� gif�l.o}�vsShE�bw�fEkK~�w�hEj|� l
u��Bf

uzlbk|�vp�~KhEl<��dvp�w}f<d �bm|d ÌZu�sSmrg�~�w�h<olbh�t�sSm|uzw�dvte~.hEl>�bw�tew�mBg>��|d �bw���d fEw���s��vsSh0�bw}h0w�p�k|uzg>d lbm{d m��vsSgiw�m|uzq�t�siq
j�wËsbu��|d w��bw�p©dvo�fEk.~&w�h0j|� l�u%�rfe��d gi��s�uzlbm.f<dvp�w�h<sSj|� w�pbw�~&w�mZp�w�m|uzw �Kw�d �b�Bgªu�sSm6j�w�h0w�kKfEw�pK��Øþm{fEw�� w�uzg>d m.�
fEkK~�w�hEjZ� l�u%�rf<�Igi�Kw�fEw�ow�sSgik.hEw�fnsSh0wªhEw�oÑw�hEhEw�pËgil�sSf�gi�Kw{ÛÉÜ�ÈÉÝ×Ù<Ü�ÝBÈzÆ�ÛÉÃ��ÉÆ�sSmZp�ÛÉÜ�ÈÉÝ×Ù>Ü�Ý×ÈzÆ! �Æ<Ã��" �Ü_~ZsSh<sbtew��
giw�hEf<� � gihEk|uzgikKh0w���j|sSfEw�p�h0w��.d lbmÖoÑlbh<t�sSg>d lbmÖsbdvp�f�gi�Kwª~.hEl�uzw�f0f�l.oZfEg>sSg>dvu�sb�v� q¥�bw�mKw�h<sSg>d m.��sSmÖsSjKkKm|p.sSmrg
mBk|t=j�w�h=l.o&h0w��.d lbmKf�olbh�gi�Kw]p�qBm|sbt�dvu�sb�v� q'tªsSm|sS�bw�p�hEw�kKfEw�f0qrfEgiw�tª��Øþm�sbpKpKd g>d lbm�gil�fEk.~&w�h0j|� l�u%�rf��×gi�Kw
fEgihEkZuzgikKhEw�pngiw�u%�Km|dv¦>kKw�sb� fEl¨fEw�� w�uzgifËuzlbmrgih0l.�
ÐKl<� uzq
u�� w�f�çid m.mKw�h�� lBlb~Kf<è�sSfnu�sSm|pKdvpKsSgiw�hEw��.d lbmKf<� � kZu��

� lBlb~Kf:l.ogiw�m�hEw�~KhEw�fEw�mBg��vd mK�bw�p��0�vd fEg:gih�si�bw�hEf<sb� f sSm|pnsShEh<sEq�f<u�sSm.f:gi�|sSg:hEw�fEk|� g�d mnf<d �bm|d ÌZu�sSmrg�sbtelbk.mrgif=l.o
�|sSh<pb��gilb�0p�w�giw�uzg*hEw�pbkKm|pKsSmBg�w�yrw�uzkKg>d lbmZ�

ã�� gi�KlbkK�b��hEw��.d lbm.fÏtªsiqªlbmZ� q�p�w�f<uzh�d j&w s oh<sbuzg>d lbm�l.oKhEw�kKf<sSjZ� w�w�yBw�uzkKg>d lbm|�
d g�d f�dvte~�lbhEg>sSmBgÏoÑlbh�gi�Kw
uzl.te~|dv� w�h]d m|oh�sSfEgihEk|uzgikKh0w�gil'dvpbw�mrg>dvoÑq�sb�v�&~�lbgiw�mBg>dvsb��hEw�kKf�sSj|� wËuzl.te~KkKg>sSg>d lbm©hEw��.d lbmKf<�]�_�Kw fEgihEkZuzgikKhEw��
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X 0

X 1
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X 4

X 5

X 6

X 7

X

X 1

X 2

X 3

X 4

X

X 6

X 7

0
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ç�j|è

X1 = −A*X1 + A*X0
X2 = C*X2 + B*X3
X3 = C*X3 − B*X2

X4 = H*X4 + H*X5
X5 = −H*X5 + H*X4
X6 = −H*X6 + H*X7
X7 = H*X7 + H*X6

X0 = H*X0 + H*X3
X1 = H*X1 + H*X2
X2 = −H*X2 + H*X1

X5 = −A*X5 + A*X6 
X6 = A*X6 + A*X5

X3 = −H*X3 + H*X0

X0 = X0 + X7
X1 = X1 + X6
X2 = X2 + X5
X3 = X3 + X4

X4 = −X4 + X3
X5 = −X5 + X2
X6 = −X6 + X1
X7 = −X7 + X0

X6 = E*X6 − F*X5 X4 = G*X4 − D*X7

X 0 X 1 X 2 X 3 X 4 X 5 X 6 X 7

X0 = A*X0 + A*X1

X7 = G*X7 + D*X4

X 0 X 1 X 2 X 3 X 4 X 5 X 6 X 7

X5 = E*X5 + F*X6

Structured Computation Region:

çiu�è

T=UWV.XZY�[Ë\Z^W`�C � gihEk|uzgikKh�sb� dvp�w�mBg>d Ì|u�sSg>d lbmËl.oIuzl.te~KkKg>sSg>d lbmËh0w��.d lbm|��é¨§�� � å�Ø�c}�*��uzl
p�w�çisbèi�
p�w�~�w�mK�
p�w�m|uzw��bh<sS~K�'ç�j|èi��sSmZpËuzl.te~KkKg>sSg>d lbm�çiu�èi�

j|sSfEw�p�giw�u%�Km|dv¦>kKweu�sSm�j�wesS~K~|�vd w�p�gilehEw��.d lbmKf_��d gi� ÿ�w�hEle��w�d �b�Bg_~KhElbÌ|� w�f��BoÑkKhEgi�.w�h|hEw�pbk|u�d mK�}gi�Kw�h0w��vdvsSm|uzw
lbm�~Kh0lbÌ|� w����bk|dvp�w�pegiw�u%�Km|dv¦>kKw�f<�:ý_d �bkKhEw�äb�vû � dv�v� kKfEgih<sSgiw�fesSmªw�y
sbte~|� w=l.o&s�fEgih0k|uzgikKhEw�p}hEw��.d lbm�olbh�t�sSgiw�p

oÑhEl.tøgi�.w*hEl<�Îgih<sSm.f<olbh�tÖl.o�sSm�é¨§�� � å�d mr�bw�h0fEw p.d f<uzhEw�giw�uzlbf<d mKw}gih<sSmKf<oÑlbh<tÕç�Ø�ce�=�=èi�&ý_d �bkKhEw�äb�vû � çisbè
p�w�~|dvuzgif gi�Kw�p�w�~�w�m|p�w�m|uzwª�bh<sS~K�ÖohEl.t gi�Kw{�_�Kw�m©Øâce�=� sb� �blbh<d gi�|t ù ú � ü��Z�=�Zdvu��¥hEw�¦ÇkZd hEw�fnä � t*k|� g>d �
~|�vdvu�sSg>d lbmKfËsSm|p©å � sbp.pKd g>d lbmKf]sSmZpË�|sSfns�p�w�~�w�m|pbw�m|uzw��Kw�d �b�Bg�l.oZfEw��bw�mZ�6ý_d �bkKhEw�äb�vû � ç�jZè=fE�.l>�=f�gi�Kw
d mKfEgih0k|uzg>d lbmKf]l.o�gi�Kw¥p�w�~�w�m|pbw�m|uzw��bh<sS~.�|�¸�_�Kw�fEw�d mKfEgihEkZuzg>d lbmKf�uzlbm.fEg>d gikKgiwÔsËfEk.~&w�h0j|� l�u%��gi�|sSg�d f6s
u�sSm|pKdvp.sSgiw�hEw��.d lbmÔsSm|p¨u�sSm¨j�w�fEw�� w�uzgiw�p�fEgih0k|uzgikKh<sb�v� q����x�Kw�fEw�� w�uzg>d lbmÓs � lbh<p�f}gi�Kw]�=�*�æs�f<d �bm|d Ì|u�sSmBg
lb~K~�lbhEgikKmZd g�qªgil�w��vdvtªd m|sSgiw�hEw�p�k.m|pKsSmBg�w�yBw�uzkKg>d lbm©p�k.w}gil�gi�.w�d m.�Kw�hEw�mBg�mZsSgikKhEwel.oKgi�.w}~.hElb�bh<sbt4uzl
p�w��

�Iqr~|dvu�sb�v� q��&ce�=��j|� l
u��Bf1l.o&é¨§�� � �0uzl.te~.hEw�fEfEw�pe�
dvp�w�lÏfEw�¦>kKw�m|uzw�f,�|si�bw=lbmZ� q�ÌK�bw:gil�f�d y�mKlbmKÿ�w�h0lªuzlrw�oÑ�
Ì|u�d w�mBgif<�&t�sbd m|� q�� l
u�sSgiw�p�d m�gi�Kw�� l<�ÎfE~ZsSg>dvsb� oÑhEw�¦>kKw�m|uzq�~&lbf�d g>d lbmKf�ù ú ê ü��:�_�|d f1~Kh0lb~&w�h0g�q �|sSf,j�w�w�m�kKfEw�p
gil�f0gihEw�sbt��vd mKw]gi�Kw�pbw�f<d �bm©l.o�uzkKf0gil.tö� l<�=��~�l>��w�h�Ø�ce�=� fEqrf0giw�tef<�I�=�|dvu��Öd m|pKdvu�sSgiw�f�gi�|sSg�w�yrw�uzk.g>d lbm

ê å



j�w��|si�
d lbh l.oxgi�|d f hEw��.d lbm d fË¦>k|d giwn~KhEw�pKdvuzg>sSjZ� w]l<�bw�h�t�sSmBqÎd mK~KkKgif��¥ýblbh�w�sbu��Ôl.o_gi�Kwnw�d �b�Bg�hEl>�*f�l.o
sSm � y � uzlrw�«�u�d w�mrgej|� l
u��
� gi�Kw�Ø�ce�=�æd f�u�sb�v� w�pK�xsSm|p�gi�Kw�hEw�d f�f�d �bm|d Ì|u�sSmBg�hEw�k.fEw]� l
u�sb�vd g�qÔç � ¢b£�èeolbh�s

�|d fEgilbh0q�l.o_û � d mKf0g>sSm|uzw�f*l.o.gi�Kw�hEl<� uzl.te~.kKg>sSg>d lbm|�

DFEHG IKJ�LNM�O�P�QRP�SHJ�TVUXW�YZS[JZT \]O�LNL^QR_a`

�ZsSj|� w�f�äb� úËsSm|pnäb����~KhEw�fEw�mBg�fEl.tew�u��|sSh<sbuzgiw�h�d fEg>dvuzf*l.o×h0w��.d lbmKf�dvp�w�mBg>d ÌKw�p�jrqªgi�Kw��ºsSh<d lbkKf�uzl.te~Zdv� w�h
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b �bw�h<�vsS~�l
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¢b¢ � � w�f0~KhEw�fEfEl ¢b� ê ¢ ¢b�v¡b¡ ûb�v¡b¡ ¢b� ê å ûb� ú � åb� ú �
¢ ê åb� f�u ¢b� �b� ûb�v¢�� åb�v¢�� ¢b�v¡ � ¢b�vû ê ûb�vû ê
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ûbå � � �.u�u ¢b� � � äb�våSú äb�väSú ¢b���Sú ûbåb��� ûbåb� �
ûbåb¡b�vuzl.tÏ~KhEw�fEf ¢b�våbû ¢b�vä ê ûb�vä ê ¢b� ê û ¢b�vû � ûb�vû �
ûbäb¢b�v�vd ¢b�väbå åb�v¢Sú äb�v¢Sú ¢b� ú.å åb�väbä äb�väbä
ûbäbåb�vd ��~�w�� ¢b�vä ê ¢b� ��� ûb� ��� ¢b� ú � ¢b� ê ú ûb� ê ú
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~.�b~ ¢b� ú�� äb�v¢ � ú.�v¢ � ¢b�v¡�� ¢b�våb¡ ûb�våb¡
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ûbåSú.�vt ��� �rf<dvt ¢b�v¡bå ¢b� úbú ûb� úbú ¢b�v¡bä ¢b� � å ûb� � å
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ã uzl.te~KkKg>sSg>d lbm'hEw�kKfEwËtew�u%�|sSm|d f<t u�sSm'~KhEl>�
dvp�w ~�w�h<oÑlbh<t�sSm|uzwËdvte~Kh0l>�bw�tew�mBg�dvo
gi�.w�fEqrf0giw�t u�sSm
f<d �bm|d ÌZu�sSmrg>� q�hEw�p�k|uzw�w�yBw�uzkKg>d lbm6g>dvtÏw�olbhªuzl.te~.kKg>d mK��~KhEw��
d lbkKfehEw�fEkZ� gifªsSm|p{u�sSmÎsbpKsS~Kgegil�hEk.mK��g>dvtew
�ºsSh<dvsSg>d lbmKf<�¨c}d � w�hEw�mBg�gih<sbpbw���l � f�w�y�d f0g�j�w�g���w�w�m'�|sSh<pb�esShEw���jZsSfEw�pnhEkKm.��g>dvtew¨tew�gi�Kl
p�f�sSmZp]fEl.ogþ�esSh0w

sS~K~Kh0l.sbu��Kw�f<�xsSmZp�tªsSmrq�p�w�f<d �bmÓsb� giw�hEm|sSg>d �bw�f��|si�bw�j�w�w�mÔuzlbmKf<dvp�w�hEw�p�ù û ê ü��:ù ûb¡�ü��:ù åbå�ü�� b kKh�sS~K~KhEl.sbu%�
fEgih<d �bw�fxgilªsbu%�|d w��bw=gi�Kw�j�w�fEgZl.obj�lbgi��uzlbm|uzw�~Kgif�d mËsSm�d mBgiw��bh<sSgiw�p�sSh<u%�|d giw�uzgikKhEw�sSm|p uzl.te~Zdv�vsSg>d lbm�oÑh<sbtew��
��lbhE�����Kl<�esSh�p�gi�|d f*w�m|pK��d mKf0gihEk|uzg>d lbm�f0w�g�sSh<u��Zd giw�uzgikKhEw�w�yrgiw�mKf�d lbmKf�sSm|p�t�dvuzhElb�0sSh<u%�|d giw�uzgikKh<sb�_tew�u%�|sS�
m|d f<tÏf<�&hEw�oÑw�hEhEw�p�gil'uzl.�v� w�uzg>d �bw�� qÎsSfÏgi�Kw��_l.tÏ~|dv� w�hE�0pKd hEw�uzgiw�p'�_l.te~KkKg>sSg>d lbm��1w�kKfEwËçi�=�=��èesS~K~KhEl.sbu%�|�
sShEw�p�w��bw�� lb~�w�pK���_�KwnsS~K~KhEl.sbu%��sb�v� l>�=fÏgi�.wnuzl.te~Zdv� w�hÏgil{dvpbw�mrg>dvoÑq©uzl
p�w hEw��.d lbmKfe�=�KlbfEw�uzl.te~Kk.g>sSg>d lbm
u�sSm�j�wªhEw�kKf0w�p'p�kKh�d mK�¥p�qBm|sbt�dvu�w�yrw�uzk.g>d lbm|�©�x�Kw�d mKf0gihEk|uzg>d lbm¥fEw�gËsSh<u��|d giw�uzgik.hEwn~KhEl>�
dvp�w�f�s�f�dvte~|� w

d mBgiw�h<o�sbuzw]olbh=gi�.wªuzl.te~|dv� w�h=gil¨uzl.tªt=kKmZdvu�sSgiw�gi�KwÏf<uzlb~�wÏl.o.w�sbu���h0w�kKfEwÏhEw��.d lbm©sSmZp�d gif��vd �bw���lbkKg*h0w��.d fE�
giw�h�d m|oÑlbh<t�sSg>d lbm�gilngi�Kw��ZsSh<p��ÏsShEw���c�kKh�d mK��h0kKm�g>dvtew��&gi�.wnt�dvuzh0lb�0sSh<u��|d giw�uzgik.h<sb�1uzl.te~�lbmKw�mBgifel.o�gi�Kw
sS~K~Kh0l.sbu��'h0w�uzlbh<p�gi�Kwªw�yrw�uzkKg>d lbm¥hEw�fEkZ� gif�l.o|gi�Kw�hEw��.d lbmKfnolbh�~�lbgiw�mrg>dvsb��hEw�kKfEw��Ë��yr~Z�vdvu�d g]p�w�f<d �bmZsSg>d lbm
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uzlbm|pKd g>d lbmZsb��jKh�sSm|u��Kw�f���d gi�|d m]gi�Kw�uzl.te~.kKg>sSg>d lbm6okKh0gi�Kw�h�d m|uzhEw�sSf0w�f�gi�.w*w�yB~|� l.d g>sSg>d lbm�l.or�×sb� kKw�� l
u�sb�vd g�q
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� w�yrg>� � w�uzg>d lbm¥ú.�vä�~.hEw�fEw�mBgif]sSm¥l>�bw�hE�
d w�� l.oIgi�.w�sSh<u%�|d giw�uzgikKhEw]gi�|sSg]o�sbu�dv�vd g>sSgiw�f�gi�Kw�w�yr~|� l.d g>sSg>d lbmÔl.o
hEw�kKf�sSj|� w�uzl.tÏ~KkKg>sSg>d lbm p�w�f<d �bmZsSgiw�pÔsSg�uzl.tÏ~|dv� wng>dvtew�� � w�uzg>d lbmÔú.� úÓp�w�g>sbdv� f�gi�Kw6uzl.te~|dv�vsSg>d lbm d fEf0kKw�f
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u�dvsSgiw�p6��d gi�Ôw�yB~KhEw�f0f<d mK��sSm|pÔsSfEf�d �bm|d mK�Îuzl.te~.kKg>sSg>d lbm�hEw��.d lbm�kKf<d mK�{gi�Kw'�*�=�
sS~K~Kh0l.sbu��|�]�_�Kw�w � w�uzg>d �bw�m.w�fEf�l.o�gi�Kw�~KhElb~�lbfEw�p�sS~K~.hEl.sbu���d m�dvte~.hEl>�
d mK�n~�w�h<olbh�t�sSm|uzwËsSm|p�w�yr~Z� l.d gi�
d mK�Ód mKfEgih0k|uzg>d lbmÔhEw�~�w�g>d g>d lbmæd f�~KhEw�f0w�mrgiw�pÔd m � w�uzg>d lbm�ú.���b�Îý_d m|sb�v� q��,gi�Kw'u��ZsS~Kgiw�h�d f�fEk|tªt�sSh<d ÿ�w�p�d m
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�.l�w�yr~|� l.d g'pbqrm|sbtªdvu�hEw�pbkKm|pKsSm|uzq���gþ��lÔ�ZsSh<p��ÏsShEw���lbm|� q�f0gih<sSgiw��.d w�f<�*fE~�w�uzk|�vsSg>d �bw{�×sb� k.w�~.hEw�pKdvuz�
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hEw�uzlbh<pbw�pËd mË�|sSh<pb�esShEwªoÑlbh�oÑkKgikKhEwÏh0w�kKfEw��
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uzlbmKfEkZte~Kg>d lbm�l.oZuzl.te~KkKg>d mK��h0w�fEk|� gif=gi�|sSg:�Zsi�bw�j�w�w�m�~Kh0w���d lbkKf�� q�p�w�giw�h<tªd mKw�pK�:�_�KwªoÑl.�v� l>��d mK��w�y
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~|� w�f�dv�v� kKfEgih�sSgiw}gi�ZsSgÏsSm6d mBgiw��bh<sSgiw�pËuzl.te~Zdv� w�h�sSm|p�sSh�u��|d giw�uzgikKh0wÏhEw�kKfEw�sS~K~KhEl.sbu%�n�|sSf�gi�Kwe~&lbgiw�mBg>dvsb�rgil
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gi�Kwew�¦>k|d �×sb� w�mZuzwªd f:w�fEg>sSj|�vd fE�Kw�p.�&oÑkKgikKh0w d mB�bl�u�sSg>d lbm.f�u�sSm�f<dvte~|� q�kKfEw}gi�Kwew�yrw�uzk.g>d lbmËhEw�fEk|� gif�hEw�uzlbh�p�w�p
sSg�sSmËw�sSh��vd w�h�g>dvtew��

zFE�D qt_a�¡ �S[P�W��4P�O�_aW¢\]O�M�M>JZ_aP

�_�.w¥�_l.te~Zdv� w�hE�0pKd hEw�uzgiw�pÒ�_l.te~.kKg>sSg>d lbmÍ�xw�kKfEw�çi�=�=��èÏf<u%�Kw�tewÓd mrgih0l�p�kZuzw�f�s�fEw�g]l.o��|sSh<p��ÏsShEw
oÑw�sSgikKhEw�f�sSm|p¥d mKfEgihEkZuzg>d lbmKf�gil�w��vdvt�d m|sSgiw�gi�Kw]mKw�w�p¨gil�p�qBm|sbt�dvu�sb�v� q�pbw�giw�uzg�h0w�kKf<sSj|� w6uzl.te~Kk.g>sSg>d lbm|�

ØzmÎuzlbmrgih�sSfEg�gil¨hEkKmK��g>dvtÏw¨d mKfEgihEkZuzg>d lbm'hEw�kKf0w�f<u��Kw�tÏw�f<�|gi�Kw�hEw�kKf�sSj|� w¨uzl.te~Kk.g>sSg>d lbmÒd fnp�w�f<d �bm|sSgiw�p¥sSg
uzl.te~|dv� w�g>dvtew��*�_�.wÏ~KhElb~�lbfEw�p�sSh<u%�|d giw�uzgikKhEwntew�u��|sSmZd f<t uzlbmKf<d f0gif*l.o gi�KwªoÑl.�v� l>��d mK��uzl.te~�lbmKw�mBgif"�
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£ [rX¥¤Ç[�¦]Y�§�¨|U7©Ç[0§�©ÇXZY<[ª�}sSh<p��ÏsShEw¥gi�|sSg¨h0w�uzlbh<p�f�gi�KwÖp�qrmZsbt�dvu'uzl.te~.kKg>sSg>d lbm d m|oÑlbh<t�sSg>d lbm|� �_�Kw
�1w�kKfEw¨ã�h<u%�|d giw�uzgikKhEwÔuzlbmKf<d f0gifªl.oÏs'�xl.te~KkKg>sSg>d lbm¸�xw�kKf0w©�|k � w�h�çi�=�*��è�gil©fEgilbh0w�gi�KwËh0w�kKfEw

d mZolbh<tªsSg>d lbm|�

£ [rX¥¤Ç[�«9¬¤®©>Y<X¥§�©ÇU7¯�¬±°.[²©�³µ´a©Ç[0¬¥¤ÇU7¯�¬¥¤�ØzmKfEgihEk|uzg>d lbmªw�yrgiw�mKf�d lbmKfesSmZpew�yrw�uzk.g>d lbm�fEw�tªsSmrg>dvuzfÏolbh}uzlbmK�
�bw�q
d mK��~KhElb�bh<sbt d mZolbh<tªsSg>d lbmËgilªgi�Kwª�1w�kKfEw�ã}h<u%�|d giw�uzgikKhEw��

¶ ¯�·¹¸ZX©Çì�©ÇU7¯�¬ £ [BX¤Ç[�º¤U7§�Y�¯.ìKY�§"¨ZU7©Ç[0§�©ÇXZY<[»�}sSh<p��ÏsShEw�uzl.te~�lbmKw�mrgif:gi�ZsSg��ºsb�vdvpKsSgiwÏgi�KwehEw�uzlbh�p�w�p
uzl.tÏ~KkKg>sSg>d lbmKf�fEgilbhEw�p{d m6gi�KwË�=���¤sSm|p]~�w�h<olbh�tÕgi�.w�kK~1pKsSgiw�l.o�sSh<u%�|d giw�uzgikKh<sb��fEg>sSgiw¨oÑlbhÏfEk|uz�
uzw�f0f<okZ�×hEw�kKfEwÏl.o.gi�Kw�uzl.tÏ~KkKg>sSg>d lbm¥d m.fEg>sSm|uzw�f<�

®��¬�%¯ ¼�¹�»Î¼�½,¾�¿�¾�À%¹�±±½�³K½�Â�³¿¾�½ÁÀ:³Kµ¨¶�³KÂ�À%Á�±

�.l�sbu��|d w��bw�gi�KwÏhEw�kKfEwe�bl.sb� f�d m�gi�.wªuzl.te~|dv� w�hE�0pKd h0w�uzgiw�p �|sSh<p��ÏsShEw�sS~K~Kh0l.sbu��|�
s�u�sbu%�|d mK��fEgihEkZuzgikKhEw
d f�p�w�f<d �bm.w�pK�:ý_d �bkKhEweú.�vû�p�w�~|dvuzgif:gi�Kwej|sSf�dvu}tÏl�p�w���l.oºgi�.w}f0gihEk|uzgikKhEw���u�sb�v� w�p gi�.w��xl.te~KkKg>sSg>d lbm'�1w�kKfEw
�|k � w�h�çi�=�*��èi�x�_�.w��*�*�¤d fªs�fEw�gi�0sSfEfEl
u�dvsSg>d �bwnfEgihEk|uzgik.hEwËd m|p�w�yBw�p]jrq�sSmÎdvp�w�mBg>d ÌKw�h�mBk|t=j�w�he�=�|dvu%�

d f:fE~�w�u�d ÌKw�p�jBqªgi�KwÏ~.hElb~�lbfEw�p�Ø � ãæw�yrgiw�m.f<d lbmKf�d m�gi�Kw��=�*�øoh�sbtew���lbh0���:�_�.w}f0gihEk|uzgikKhEw�d f=f�dvt�dv�vsSh�d m
p�w�f<d �bm�gil�s�u�sbu��Kw�gi�|sSg�uzlbmKf�d fEgif|l.o×sSmnsShEh<siqÏl.o<w�mBgih<d w�f<�<hEw�oÑw�hEhEw�p=gil�sSf:ÙÉÚ�j�á Ý×Ü���Ü�Ã�Ú�Ä�Æ<ÄKÜ�ÈSÃ�Æ<Ûi�Iã�m�w�mrgihEq
fEkK~.~&lbh0gif1gi�Kw*h0w�kKfEw�oÑlbhÏs:~|sShEg>dvuzkZ�vsSheuzl.te~Zdv� w�h�f0~&w�u�d Ì.w�pÏhEw��.d lbmnjBq�p�w�giw�uzg>d mK��gi�Kw�f�d gik|sSg>d lbm6d mª�=�|dvu%�
sb�v�>l.o�gi�KwÏd mK~KkKg�d mZolbh<tªsSg>d lbm�gil}gi�Kw�hEw��.d lbmËd f|h0w�uzkKhEhEw�mBg>���.l�p�l*gi�|d f��>w�sbu%��sbuzg>d �bw:w�mrgih0qªd fZh0w�fE~�lbmKf<d j|� w
oÑlbhIhEw�uzlbh<p.d mK��uzl.te~Kk.g>sSg>d lbmnd m|oÑlbh<t�sSg>d lbmnolbh�ok.gikKhEwxhEw��.d lbm�w�yrw�uzkKg>d lbm.f<�|ã�f|fEk|u��Z��w�sbu�� w�mBgihEq�uzlbmrg>sbd m.f
oÑlbkKhªÌKw��vpbf"�'çiûbè�gi�Kw¥uzl.tÏ~KkKg>sSg>d lbm�g>sS�.��çiåbè�s�ÞÂ��à�Ã�Ênj|d g�d m|pKdvu�sSg>d mK�©�=�Kw�gi�Kw�h�gi�Kw�w�mBgihEq uzkKh0hEw�mrg>� q

uzlbmBg>sbd mKf]s��ºsb�vdvp6uzl.te~KkKg>sSg>d lbmZ�,çiäbèÏsSm�sShEh<sEq¨l.o�uzl.te~Kk.g>sSg>d lbmÎd mKfEg>sSm|uzw�f��1sSm|p{ç�ú.èÏs�� w�sSfEg�h0w�uzw�mrg>� q
kKfEw�p�ç<|����èxd m|oÑlbh<t�sSg>d lbm�sShEh<siqnolbh*tªsSm|sS�.d mK��gi�Kw�hEw�~Z�vsbuzw�tew�mrg,l.obgi�Kw�uzl.te~.kKg>sSg>d lbm¨d mKfEg>sSmZuzw�f<���_�Kw
uzl.te~Kk.g>sSg>d lbm¥g>sS��ÌKw��vp¥uzlbmrg>sbd m.f�gi�.w�uzl.te~Kk.g>sSg>d lbmÖdvpbw�mrg>d ÌKw�h�sSm|p¥d f�k.fEw�p'oÑlbh��bw�h�dvoq
d mK��gi�.wªw�y
sbuzg
uzl.te~Kk.g>sSg>d lbm|�_ã4ÙÉÚ�j�á Ý×Ü���Ü�Ã�Ú�Ä{Ã�Ä.Û0Ü���ÄKÙÉÆed f�p�w�ÌKm.w�p]sSf:gi�.w}f0w�g�l.o|d mK~KkKg�hEw��.d fEgiw�h:lb~�w�h<sSmZp�f�sSm|p�gi�Kw�d h
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MEM V

INPUT
CI V

COMPUTATION  BUFFER

Tag V LRU Computation Instances

Computation
Id#

CI[0] CI[1] CI[N]

COMPUTATION  INSTANCE (CI)

Register # Value V

OUTPUT

Register # Value V

T*U�V X|Y�[�kZ^W` �xl.te~KkKg>sSg>d lbm��xw�kKfEwª�|k � w�h�çi�*�*��è=p�w�f<d �bmZ�

hEw�fE~�w�uzg>d �bw}�×sb� k.w�f<��gi�.w*fEw�g�l.oBlbkKgi~KkKg�hEw��.d fEgiw�h�lb~&w�h�sSm|p�f}sSmZpÏgi�Kw�d h�hEw�fE~�w�uzg>d �bw}hEw�fEk|� g1�ºsb� kKw�f<��sSm|p�gi�Kw
�ºsb�vdvpKsSg>d lbmnl.o�tew�telbhEq�f0g>sSgiw�kKf0w�pÏjBq�gi�Kw�uzl.te~.kKg>sSg>d lbm|�_ãÕuzl.te~.kKg>sSg>d lbm6d mKfEg>sSm|uzw�d f�h0w�kKf<sSj|� w��=�Kw�m

d gif�d mK~Kk.g�hEw��.d f0giw�h=�×sb� k.w�f�t�sSg>u��©s�~Kh0w���d lbkKf:w�yBw�uzkKg>d lbmËl.oKgi�Kw�uzl.te~KkKg>sSg>d lbm¥sSm|p�gi�Kw�d mK~KkKgÏtew�telbhEq
fEg>sSgiw��|sSf=mKlbg:j�w�w�m©d mB�×sb�vdvp.sSgiw�pK�

éªk|� g>d ~|� w�uzl.te~KkKg>sSg>d lbm{d mKfEg>sSmZuzw�fesShEw�kKfEw�p�gil�hEw�uzlbh�pªuzl.te~Kk.g>sSg>d lbmKf���d gi��pKd � w�hEw�mBg}d mK~.kKg1�ºsb� kKw�f
si�ºsbdv�vsSj|� wnolbh:hEw�k.fEw��:�,sbu%�'uzl.te~KkKg>sSg>d lbm�d mKfEg>sSm|uzwÏ�|sSf�gþ��l�jZsSmK�rf�gi�|sSg�uzlbmBg>sbd m¥sSm'sSh0h<siq]l.oºhEw��.d f0giw�h
w�mBgih<d w�f<�1sËÙ0Ú%j*á&ÝBÜ���Ü�Ã�Ú�Ä�Ã�ÄKÛ0Ü���ÄKÙ0ÆnÞÂ��à Ã�Ê�j|d g�d m|pKdvu�sSg>d m.���=�Kw�gi�Kw�hegi�KwËd mKfEg>sSmZuzw�p�w�ÌKmKw�f�s��×sb�vdvp]h0w�kKfEw
sSm|p¥s�j ÆÂj Ú�È�Ã�ÞÂ��à�Ã�Ê�Ì.w��vp©d m|p.dvu�sSg>d mK�¨�*�Kw�gi�Kw�h�gi�Kw�uzl.te~.kKg>sSg>d lbmøsbu�uzw�fEfEw�f�tew�telbh0q�sSm|pË�*�Kw�gi�Kw�h

gi�Kw�tÏw�telbhEq6p�w�~�w�m|p�w�mBg�hEw��.d lbm�d f*�×sb�vdvpK���,sbu%�¨hEw��.d f0giw�h*w�mBgihEq6uzlbmKf<d fEgif�l.o.gi�.hEw�w�ÌKw��vp�f��_gi�Kw�hEw��.d f0giw�h
d m|p�w�y
�Bgi�KwÏhEw��.d f0giw�h*�ºsb� kKw���sSm|p�sªÞ"��à Ã�Ê}Ì.w��vpK�:�_�KwÏgþ��l�jZsSmK�rf:h0w�fE~�w�uzg>d �bw�� q{pbw�f<d �bm|sSgiw�gi�Kw�mKw�uzw�fEf<sShEq
d mK~Kk.g]sSm|p�lbkKgi~KkKgnd m|oÑlbh<t�sSg>d lbm oÑlbh�gi�Kw{uzl.te~Kk.g>sSg>d lbmÔj&w�d m.��hEw�kKf0w�pK��sSm|p¨gi�Kw�mBk|t*j�w�h�l.o_hEw��.d f0giw�h
w�mBgih<d w�f�d f�sb� fEl�fE~�w�u�d ÌKw�p�jrq�gi�Kw:~|sShEg>dvuzkZ�vsSh�dvte~|� w�tew�mBg>sSg>d lbm|�:ý�lbh,gi�Kw�d mK~KkKg_j|sSm.����gi�Kw:h0w��.d fEgiw�h�d m|p�w�y
sSm|p h0w��.d fEgiw�h*�ºsb� kKw�ÌKw��vpbf=hEw�uzlbh<p gi�.w�mKw�uzw�fEf<sSh0q]�ºsb� kKw�f=gi�ZsSg=gi�Kw�hEw�f0~&w�uzg>d �bw�hEw��.d fEgiw�hEf t=k.fEg:�Kl.�vpËoÑlbh
gi�Kw¨uzl.tÏ~KkKg>sSg>d lbmÖd mKfEg>sSm|uzw�gil�j�w�hEw�kKf<sSjZ� w��¨ý�lbh�gi�Kw�lbk.gi~KkKg�j|sSm.����gi�Kw¨d m|oÑlbh<t�sSg>d lbm©ÌKw��vp�f�h0w�uzlbh<p
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gi�Kw uzl.te~|� w�giw}hEw�fEk|� gif�l.oBgi�Kw�uzl.te~.kKg>sSg>d lbm�gi�ZsSg,kK~1pKsSgiw=gi�.w�sSh<u%�|d giw�uzgikKh<sb��hEw��.d fEgiw�h�Ì|� w p�kKh<d mK�Ïh0w�kKfEw��
�_�KwÏ�ºsb�vdvp�Ì.w��vp�f�d m|pKdvu�sSgiw��=�Kw�gi�Kw�h=gi�.wÏhEw��.d fEgiw�h*w�mBgihEq6d f�sbuzg>d �bw�olbh*gi�Kw�uzl.te~Kk.g>sSg>d lbm¥d mKfEg>sSmZuzw��

� w��bw�h�sb�xp�w�f<d �bm{w�mK�|sSmZuzw�tew�mrgif]u�sSm{j&wËt�sbpbw�gil�gi�.w�jZsSfEw��=�*�8sSh<u%�|d giw�uzgikKhEw��n�_�Kw�f0w�w�m.�|sSm|uzw��
tew�mBgif]oÑl�uzk.fÏlbm�uzhEw�sSg>d mK��fE~�w�u�d Ì|u}h<sSgi�Kw�h�gi�ZsSm'kKm|dvoÑlbh<t dvte~Z� w�tew�mrg>sSg>d lbm.f�l.o�uzl.te~KkKg>sSg>d lbm©w�mrgih�d w�f
sSm|p©d mKfEg>sSm|uzw�f<�©ý�lbhËd mKfEg>sSm|uzw��|lbmKw]w�mK�|sSmZuzw�tew�mrg�t�d �b�Bg�j�wªgil�~|sShEg>d g>d lbm�gi�Kw�p�w�f<d �bm¥fE~|sbuzw�l.o_gi�Kw
uzl.te~Kk.g>sSg>d lbm6w�mrgih�d w�fÏgil{d mZu�� k|p�w �×sSh�dvsSg>d lbmKf�lbm�gi�Kw g�qB~�w�l.o�uzl.te~KkKg>sSg>d lbm�d m.fEg>sSm|uzw�f�gi�|sSg�uzlbk|�vp]j�w
hEw�uzlbh<pbw�pK� � kZu��Öp�w�f<d �bmøtel
pKd Ì|u�sSg>d lbmKf ��lbk|�vpËh0w�p�k|uzw]gi�Kw�uzl.tÏ~|� w�y�d gþq�oÑlbh hEw�kKf<sSj|� w�uzl.te~KkKg>sSg>d lbm.f
gi�|sSg�uzlbm.f<d fEg�l.o�s f<tªsb�v��mrkZt=j�w�hÏl.o�d mK~KkKg�sSm|p�lbkKgi~KkKgÏlb~�w�h<sSm|pbf<��ã fEw�uzlbm|pnw�mK�ZsSm|uzw�tew�mBg]sb�v� l>�*f

�ºsSh<dvsSg>d lbmKfªd m�gi�Kw�mBk|t*j�w�h�l.o1uzl.tÏ~KkKg>sSg>d lbm�d mKfEg>sSmZuzw�f�sE�×sbdv�vsSjZ� w�olbh�pKd � w�hEw�mBg uzl.te~.kKg>sSg>d lbm{w�mrgih�d w�f<�
�_�|d f}w�m|sSj|� w�f}hEw�kKf�sSj|� wnuzl.tÏ~KkKg>sSg>d lbm�w�mrgih�d w�fÏ��d gi���vsSh0�bw��ºsSh<dvsSg>d lbmKfÏgil]j�w]sSfEf<d �bm.w�pªgil]w�mBgih<d w�fe��d gi�
fEkK«�u�d w�mrg�uzl.te~.kKg>sSg>d lbm¥d mKf0g>sSm|uzw�f"Ä×�=�.w�hEw�sSf�uzl.te~KkKg>sSg>d lbm.f*��d gi�'�vdvt�d giw�p��×sSh<dvsSg>d lbm.f*��lbk|�vp j�w�telbhEw
hEw�sSfElbmZsSj|� q�sSfEf�d �bmKw�p¨gil�w�mBgih<d w�f���d gi�øoÑw���w�hËuzl.te~.kKg>sSg>d lbm d mKfEg>sSm|uzw�f���ã�mBq6~|sShEg>d g>d lbmÔl.o1gi�Kw{uzl.te�
~KkKg>sSg>d lbm�jKk � w�h�w�mrgih<d w�f�d fef<sbdvpªgil6uzlbm|d fEg}l.o]ÅZÚ�j�á Ý×Ü���Ü�Ã�Ú�ÄdÆKÆH�Âj Æ>Ä.Ü�Ûi� �=�Kw�hEwns�~ZsShEg>dvuzk|�vsShefEw��.tew�mBg
t�d �b�Bg�d m|u�� k|p�wnpKd � w�h0w�mrg}~KhElb~�w�hEg>d w�f<�*Øzm � w�uzg>d lbm�ú.����gi�Kw�u��|sSh�sbuzgiw�h<d fEg>dvuzf�l.o�h0w�kKf<sSj|� w�uzl.te~KkKg>sSg>d lbm.f

p�w�f<d �bmZsSgiw�p{sShEw w�y�sbt�d m.w�p�sSmZp�p.d � w�hEw�mBg}�×sSh<dvsSg>d lbm.f�d m�gi�Kwnpbw�f<d �bm�l.o
gi�Kw�j|sSfEw��=�*�8uzlbmKÌK�bk.h<sSg>d lbm
sShEw�d mr�bw�f0g>d �.sSgiw�pK�Z�,l>��w��bw�h<�Bgi�Kw}l>�bw�h�sb�v�
ol
uzkKf�l.o×gi�|d fÏu��|sS~Kgiw�h�d f�lbmnw��×sb� kZsSg>d mK� gi�Kw�h�sSg>d lbm|sb� wel.o×gi�Kw
sS~K~Kh0l.sbu��|�×h�sSgi�Kw�h=gi�|sSm©d mB�bw�fEg>d �.sSg>d mK�ngi�Kw�f0wÏfE~�w�u�d Ì|u�dvte~|� w�tÏw�mrg>sSg>d lbmÔp�w�g>sbdv� f<�

®��¬��� °<±,Â�¾�µ�½,·º¾�À%¹I±¸Â�³.¾Ë³ÈÇ_¾�³K±,Â�À%¹�±�Â

�_�.w��=�=� sS~K~.hEl.sbu�� d mB�bl.� �bw�f�gi�Kw{d mrgih0l�p�kZuzg>d lbm©l.o_m.w�� d m.fEgihEk|uzg>d lbm�w�yBgiw�mKf<d lbmKfËsSm|p�g���l�mKw��
d mKfEgih0k|uzg>d lbmKf<���_�Kw�mKw��Ôw�yBgiw�mKf<d lbmKf*pbw�f<d �bm|sSgiw�uzw�hEg>sbd m¨sSf0~&w�uzgif,l.obhEw�kKf�sSj|� w�uzl.te~KkKg>sSg>d lbm�gilÏgi�.w�h0w�kKfEw
oÑh<sbtew���lbhE�����_�Kw�g���l�m.w�� d mKfEgihEkZuzg>d lbmKf]sShEw�çiûbè�Ù0Ú�j�á Ý×Ü���Ü�Ã�Ú�ÄÓÈzÆ>Ý×ÛÉÆ��
�*�|dvu��ÒpKd hEw�uzgif�gi�.w��|sSh<p��ÏsShEw
gilÎp�w�giw�h�t�d mKw'dvo}s{uzl.te~KkKg>sSg>d lbmÎ�|sSf¨sb� hEw�sbp�q�j�w�w�mÔ~�w�h<oÑlbh<tew�pK�=sSmZpÔçiåbè�Ù0Ú�j�á Ý×Ü���Ü�Ã�Ú�ÄÖÃ�ÄKÞÂ��à Ã�Ê���Ü�ÆÇ�
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hEw��.d lbmnw�yBw�uzkKg>d lbmKf:gi�|sSgÏsbu�uzw�fEf�tew�telbh0q��:�_�Kw�d mB�ºsb�vdvpKsSg>d lbmKf�d mKfEgih0k|uzg,gi�Kw}hEw��.d lbm6uzl.te~Kk.g>sSg>d lbmKf�gi�|sSg
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sb� gi�KlbkK�b��gi�Kw�p.d f<uzkKfEf<d lbm¥uzlbmrg>sbd mKf�t�sSgiw�h<dvsb�|sS~K~|�vdvu�sSj|� w�gil�se�bw�m.w�h<dvu
p�qBm|sbt�dvu�sb�v� q�f<u%�Kw�p�k|� w�p�fEkK~�w�hEf<u�sb�vsSh�~KhEl
uzw�fEfElbh<�}ý�lbkKh}kKm|dv¦>kKwÏg>sSfE�Bf�p�w�ÌKmKw�gi�.w�hEw�kKfEw�w�yrw�uzk.g>d lbm�oÑlbh
s�~|sShEg>dvuzk|�vsSh�uzl.te~.kKg>sSg>d lbm{hEw��.d lbm��sbu�uzw�fEf<d mK�ngi�KwË�=��� uzl.te~.kKg>sSg>d lbm{w�mrgih0q��&hEw�sbpKd mK�]gi�KwËsSh<u��Zd giw�uz�
gikKh<sb�Bf0g>sSgiw]oÑlbh=gi�Kwªuzl.te~Kk.g>sSg>d lbm¥d mKfEg>sSmZuzw�f<�×�ºsb�vdvpKsSg>d mK��hEw�k.f<sSj|� w�uzl.te~.kKg>sSg>d lbm�hEw�f0k|� gif<�
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c�kKh<d m.��gi�Kw��=���Ôsbu�uzw�fEf�fEgiw�~|�bgi�.w��=�=�ÎsSh<u��Zd giw�uzgikKhEw*w�d gi�.w�hep�w�giw�uzgifÏs��ºsb�vdvp�uzl.tÏ~KkKg>sSg>d lbm]w�mrgihEq
oÑlbh�gi�.w]h0w�kKf<sSj|� wnhEw��.d lbm|�xlbh�ÐKkKfE�Kw�f�~|sShEg>dvsb�v� q©w�yrw�uzk.giw�pÓd mKfEgihEkZuzg>d lbmKfËsSm|p�pKd hEw�uzgif�gi�Kw6d mKfEgih0k|uzg>d lbm

oÑw�g>u��'f0g>sS�bw�gilËj�w��.d m6w�yBw�uzkKg>d mK�ËmKw�� d m.fEgihEk|uzg>d lbmKf]sSg�gi�Kw�� l
u�sSg>d lbm©l.oIgi�Kw�hEw�kKf�sSj|� w�uzl�pbw�fEw��.tew�mBg>�
ý�lbh_�ºsb�vdvp�uzl.tÏ~KkKg>sSg>d lbm w�mrgih�d w�f<�ºd g�d f_mKw�uzw�fEf�sShEqÏgil�h0w�sbp=gi�KwÏsSh<u%�|d giw�uzgikKh<sb�<fEg>sSgiw�uzlbhEhEw�f0~&lbmZpKd mK�=gil}gi�Kw
d mK~Kk.g*hEw��.d fEgiw�h0f}l.o
gi�KwËuzlbhEhEw�fE~�lbm|pKd m.�¨uzl.te~KkKg>sSg>d lbm�d m.fEg>sSm|uzw�f<� �.l�p�l]gi�|d f<�Zs�fEk|t�tªsShEqnfEw�gel.o�gi�Kw
sbuzg>d �bw�d mK~KkKg:hEw��.d f0giw�hEf oÑlbh�sb�v�Kl.o gi�Kw�uzl.te~Kk.g>sSg>d lbm�d mKf0g>sSm|uzw�f d f t�sbd mBg>sbd mKw�p�p�k.h<d mK��gi�Kw�uzh0w�sSg>d lbm�l.o
gi�Kwed mKfEg>sSm|uzw�f<���_�Kw,fEk|t�t�sSh0q�fEw�g:d fIgi�.w,fEw�g|l.o�hEw��.d fEgiw�hEfZgi�|sSgIh0w�¦Çk|d h0w1lb~�w�h<sSm|p:�ºsb� kKw�f:oh0l.tÔw�d gi�Kw�hZgi�Kw
uzl.t�t�d gigiw�p'sSh<u��|d giw�uzgik.h<sb�&fEg>sSgiw�l.o�gi�Kw hEw��.d f0giw�hÏÌ|� w�lbhÏk.m|uzl.t�t�d gigiw�p�d mKfEgih0k|uzg>d lbm�hEw�fEk|� gif<�}ØzmK��Ð|d �b�Bg

d mKfEgih0k|uzg>d lbm�hEw�f0k|� gif�sSm|p�d mK��Ð|d �b�Bg�d mB�×sb�vdvpKsSgiwed mKfEgihEkZuzg>d lbmKf�oÑlbh<uzw,gi�.w1hEw�kKfEw}d mKfEgihEk|uzg>d lbm�gil*�Ïsbd g�d m�lbh�p�w�h
gil �×sb�vdvp.sSgiw}gi�.w}h0w�uzlbh<p�w�pnuzl.te~KkKg>sSg>d lbm'd m.fEg>sSm|uzw�f<�Zã}m6d mrgiw�h<� l
u��
d mK��tew�u%�|sSm|d f<tæw�y
d fEgif:j�w�g���w�w�m�gi�Kw
uzl.te~Kk.g>sSg>d lbm�hEw�k.fEw�d mKfEgih0k|uzg>d lbm|��gi�Kw*~Kh0l�uzw�fEf0lbh,hEw�g>d hEw�tÏw�mrg�fEg>sS�bw���sSm|pÏgi�Kw*hEw��.d fEgiw�h�jrqB~|sSfEfeu�d h<uzk|d gihEq
gil�pbw�giw�h<t�d mKwÏgi�Kw�mKw�uzw�fEf<sShEq��Ïsbd g=f<uzw�mZsSh<d lbf<�,ã pKp.d g>d lbm|sb�v� q��Kw�sSh�� q{oÑw�w�p�j|sbu%�'d f�si�ºsbdv�vsSj|� w�d m�gi�Kw]u�sSfEw
�=�Kw�m¨gi�Kw��|sSh<p��ÏsShEw]pbw�giw�h<t�d mKw�fegi�|sSg}gi�Kw�f0g>sb�v� w�p]hEw��.d fEgiw�he�×sb� k.w�f�u�sSm�mKl�� lbmK�bw�h�sS«�h<t sSmrq�l.o�gi�Kw
uzl.te~Kk.g>sSg>d lbm¨d mKfEg>sSm|uzw�f����x�|d f*d fxgi�Kw�u�sSfEw=�=�.w�m�gi�.w�h0w�fEl.� �bw�pehEw��.d fEgiw�h}d m|olbh�t�sSg>d lbm�w�d gi�Kw�h�pbw�giw�uzgif�sSm

d m|p�w�~�w�m|pbw�mrg�uzl.te~Kk.g>sSg>d lbm�d mKf0g>sSm|uzw�lbh�sb�v�Iuzl.te~KkKg>sSg>d lbmÔd mKfEg>sSm|uzw�f sShEw�d mB�×sb�vdvp.sSgiw�p�jBqngi�Kwªsb� hEw�sbp�q
uzlbmKÌKh�tew�p�hEw��.d f0giw�h�d m|olbh�t�sSg>d lbm|� � d mZuzw�gi�Kw�~�w�h<olbh�t�sSm|uzwªl.oZgi�.w�hEw�k.fEwªf<u%�Kw�tew{d fnpbw�giw�h<t�d mKw�p�jrq
gi�KwehEw�kKf0w��vsSgiw�mZuzq{sSmZp�gi�Kwe~&w�h�uzw�mrg>sS�bw�l.oKhEw�kKfEw�p�d m.fEgihEk|uzg>d lbmKf���gi�.w�fEwÏg>dvt�d mK��p�w�f�d �bm'uzlbmKf<dvp�w�h<sSg>d lbm.f
�|sE�bw�j�w�w�m�f<dvt*k|�vsSgiw�p���d gi�Zd mËgi�Kw�w��ºsb� k|sSg>d lbm�w�mr�
d hElbm|tew�mBg>�

ý_d �bkKhEw�ú.� ú�dv�v� kKfEgih�sSgiw�fªg���l�tÏw�gi�Kl�pbf�l.o�uzlbm.fEgihEk|uzg>d mK�'gi�KwËfEk|tªt�sShEq'f0w�g¨olbh�uzl.te~KkKg>sSg>d lbm¤d mK�
fEg>sSm|uzw����_�Kw{d m|p�w�y6fEkZt�t�sShEq�tew�gi�.l�p¨l.o*ý_d �bkKh0w]ú.� ú.çisbè}f0�Kl>�=f�sªj|sSf<dvuntew�gi�.l�p¨l.oxh0w�p�k|u�d mK��gi�Kw

mBk|t=j�w�h:l.o hEw��.d fEgiw�h�lb~�w�h<sSm|p�f:gi�|sSg*gi�Kw��=���'w�mBgihEq6¦>kKw�h<d w�f�oÑhEl.t¤gi�Kw]sSh<u��|d giw�uzgik.hEw�fEg>sSgiw��=�Kw�m��ºsb� �
dvpKsSg>d mK�]lbmKw�l.o�gi�Kw]uzl.tÏ~KkKg>sSg>d lbmÓd mKfEg>sSm|uzw�f�� � w�mKw�h�sb�v� q��.h0w��.d fEgiw�h�¦ÇkKw�h�d w�f sShEw�fE�|sSh0w�p��=�Kw�m�gi�Kw�hEwnd f
l>�bw�h��vsS~¥l.oZh0w��.d fEgiw�hnd mZpKdvuzw�f�j�w�g���w�w�m�gi�Kw¨uzl.te~.kKg>sSg>d lbmød mKfEg>sSm|uzw�f<��ý_d �bkKhEw�ú.� ú.çisbè�fE�Kl>�*f]s�f�sbte~|� w
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f<uzw�m|sSh�d l�d m��=�|dvu��¨w�d �b�rg}gilbg>sb�.hEw��.d fEgiw�h�sbu�uzw�fEfEw�f�sShEw�hEw�¦ÇkZd hEw�p�jBqngi�Kw]oÑlbkKh�d mZpKd ��dvpbk|sb��uzl.te~Kk.g>sSg>d lbm
d mKfEg>sSmZuzw�f<�K�,l>��w��bw�h<��lbm|� q'gi�Kh0w�w]k.m|dv¦Çk.wªhEw��.d fEgiw�h�d m|pKdvuzw�f�sShEwnkKfEw�p¨l<�bw�h�gi�Kw6olbk.h�d m.fEg>sSm|uzw�f<�Î�Iq

fEk|tªt�sSh<d ÿ�d mK�¨gi�Kw�h0w��.d fEgiw�h fEw�g�~.h<d lbh�gil�gi�Kw�sbu�uzw�fEf�l.o_gi�Kw�uzl.te~KkKg>sSg>d lbmÔw�mBgihEq��:sSm�w�«¨u�d w�mBgË¦ÇkKw�h0q
u�sSm�j�w�t�sbp�w�l.o_gi�Kw]mKw�uzw�fEf<sSh0q6hEw��.d fEgiw�hEf�� b �bw�h�sb�v�v�Zw�yr~�w�h<dvtew�mBg>sb�|hEw�fEk|� gif�d m|pKdvu�sSgiw]gi�|sSg ��d gi�¥gi�Kw
fEk|tªt�sSh<d ÿ�w�p]hEw��.d fEgiw�hnd m|p�w�y�fEw�g>�
gi�.w�mKw�uzw�fEf<sShEq�hEw��.d fEgiw�hn¦Çk.w�h<d w�f�lbm|� q�w�y�uzw�w�pËgi�Kw�hEw��.d fEgiw�h�~�lbhEg>d mK�
oÑw���w�h�gi�|sSmd�b£¤l.o_sb�v��uzl.te~.kKg>sSg>d lbm�hEw�k.fEwªsSgigiw�te~Kgif<�

ã�� gi�KlbkK�b�Ôgi�Kw]j|sSf<dvu�fEkZt�t�sShEq{giw�u%�Km|dv¦>kKwnhEw�p�k|uzw�f gi�Kw]mrkZt=j�w�h�l.oxhEw��.d fEgiw�h�f0g>sSgiw{¦>kKw�h<d w�f��_gi�Kw
tew�gi�Kl
p�p�lBw�fÏmKlbgehEw�p�k|uzw�gi�Kw mrkZt=j�w�hel.o,uzl.te~.kKg>sSg>d lbm�d mK~KkKg}hEw��.d fEgiw�h]uzl.te~|sSh<d fElbm.fÏgi�|sSg�t=kKf0g}j�w

t�sbp�w�gil'�×sb�vdvpKsSgiw¥s6uzl.te~KkKg>sSg>d lbm8d mKfEg>sSm|uzw��øýbhEw�¦Çk.w�mrg>� q�gi�Kw�hEw'd fªf<d �bm|d Ì|u�sSmBg�l>�bw�h��vsS~8d mÓhEw��.d f0giw�h
d m|pKdvuzw�f�sSmZp��×sb� kKw�fªj&w�gþ��w�w�m�mKw�d �b�rj�lbh<d m.�Ôuzl.tÏ~KkKg>sSg>d lbmKf¨d m.fEg>sSm|uzw�f<�Ò�_�|d f l<�bw�h<�vsS~�hEw��vsSgiw�f�gil{gi�Kw
�ºsb� kKw}� l
u�sb�vd g�q�j�w��|sE��d lbh0fIgi�|sSg�u��|sSh<sbuzgiw�h�d ÿ�w�gi�.w�uzl.te~KkKg>sSg>d lbm�hEw��.d lbm�w�yrw�uzk.g>d lbm��|d f0gilbh<d w�f|h0w�~KhEw�fEw�mBgiw�p
jBqÎgi�Kw�uzl.tÏ~KkKg>sSg>d lbm d m.fEg>sSm|uzw�f<� ý_d �bkKh0w{ú.� ú.ç�j|è�dv�v� kKf0gih<sSgiw�f¥s�fEkZt�t�sShEq¤tel�pbw���gi�|sSg©uzlbmKfEgih0k|uzgif
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mKw�uzw�fEf�sShEqngil��×sb�vdvp.sSgiw]s�uzl.te~.kKg>sSg>d lbm�w�mBgihEq]��d gi�¥s��vsShE�bw�mrkZt=j�w�h:l.oZuzl.te~KkKg>sSg>d lbmÔd mKfEg>sSm|uzw�f��
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Øzm�gi�Kw�w�y�sbte~Z� w*l.o�ý_d �bkKhEw=ú.� ú.ç�j|èi�rgi�Kw*fE�|sSh<d mK��l.o&uzl.tÏ~KkKg>sSg>d lbm{uzl.te~|sSh<d fElbm.f}d f,~.hEw�fEw�mBg1j�w�g���w�w�m
ì�í ù ¢Sü�sSm|p ìîí ù ûSü�çioÑlbh�hEw��.d f0giw�h�ïÏûn��d gi���×sb� kKwyð�åbè�sSmZp�j�w�g���w�w�m ì�í ù ûSü�sSm|p ìîí ù åSü�çioÑlbh�hEw��.d f0giw�h

ïÏ¢e��d gi�¨�×sb� k.w�ð�ûbèi�,ØzmKfEgiw�sbp�l.o ~�w�h<oÑlbh<t�d mK� w�d �b�Bg uzl.tÏ~|sSh<d fElbmKf��×jrqnw�yB~|� l.d g>d mK��l>�bw�h<�vsS~�l.o ~&lbf0f<d j|� w
uzl.te~Kk.g>sSg>d lbm¤d mKf0g>sSm|uzw�f<��lbm|� qÔf<d yøuzl.te~ZsSh<d fElbmKf{sShEwËmKw�uzw�f0f<sShEq��¸�_�Kw�fEk|t�t�sSh�d ÿ�w�p�tel
p�w��_�|sSf�sSm
sbpKpKd g>d lbmZsb�Çj�w�mKw�ÌKgÂÄºd g:d f=u�sS~|sSj|� w�l.o�~KhEl<��dvp.d mK��s}o�sSf0giw�hZh0w�fE~�lbmKfEw}d m�uzl.te~Kk.g>sSg>d lbm�d m.fEg>sSm|uzw��×sb�vdvp.sSg>d lbm
oÑlbh=fEl.tew�f�uzw�m|sSh<d lbf<�=�|q6uzlBlbh<pKd m|sSg>d mK��gi�.w�t=kZ� g>d ~|� w�uzl.te~Kk.g>sSg>d lbm¥d mKfEg>sSmZuzw�f*gil�fE�ZsShEwªuzl.te~|sSh<d f0lbmKf<�
gi�Kw�hEw��.d fEgiw�h�d m|pKdvuzw�f�s � w�uzg>d mK�]gi�Kw]�vsSh0�bw�fEg*fEw�g�l.oxd mKfEg>sSm|uzw�f�u�sSm�j�w�gih�d ��dvsb�v� q'p�w�giw�h�t�d mKw�pK�µId �bw���d fEw��
gi�Kw�hEw��.d fEgiw�h���d gi�]gi�Kw tÏlbfEg,�ºsb� kKw}�×sSh<dvsSg>d lbm6u�sSmnj�w�p�w�giw�h<tªd mKw�p�jBq�mKlbg>d mK��gi�Kw�mrk|t*j�w�h,l.o×w�yB~�w�uzgiw�p

�ºsb� kKw�fªj�w�d mK��uzl.te~ZsShEw�pK�Ö�_�Kw'uzh�d g>dvu�sb�x~|sSgi�Ól.oep�w�u�dvp.d mK�{gi�Kw©uzlbhEh0w�uzg¨uzl.te~KkKg>sSg>d lbm¸d mKfEg>sSmZuzw©u�sSm
j�w�dvte~.hEl>�bw�p¨jBq�d m|d g>dvsSg>d mK�Óuzl.te~|sShEw�fËoÑlbh�gi�.w�hEw��.d f0giw�h���d gi�©gi�Kw]�|d �b�Kw�f0g��ºsSh<dvsSg>d lbm�lbh gi�Kw��vsSh0�bw�fEg
mBk|t=j�w�h}l.o1uzl.te~Kk.g>sSg>d lbm�d mKfEg>sSm|uzw�f<�}ã}fefEk|u%��gi�.wn�=��� u�sSm{j�w��.d m�~�l.�v�vd mK��gi�.wnsSh<u%�|d giw�uzgikKh<sb�
fEg>sSgiw
oÑlbh=gi�KlbfEw�h0w��.d fEgiw�hEf*j�w�oÑlbhEwÏgi�Kw�uzl.tÏ~KkKg>sSg>d lbm�w�mBgihEq6d f�uzl.te~Z� w�giw�� q�hEw�fEl.� �bw�pK�

�_�.w�fEgiw�~nl.o×f0k|t�t�sSh<d ÿ�d m.��gi�KwefE�ZsShEw�p�uzl.tÏ~&lbm.w�mrgif:l.o�uzl.tÏ~KkKg>sSg>d lbm'd mKfEg>sSmZuzw�f�u�sSm]j�w}w�yrgiw�mZp�w�p
gil{s�pKd � w�hEw�mBg pbw�f<d �bm¨f0gihEk|uzgikKhEw��rm.l>�=mÔsSfegi�Kw�ÆÈ %��ÈþÆÉÊ�ñóòiÄKÛ0Ü���Ä.Ù0Æ¹Å¥ô�õrö�ÆÈò<ñ9Å¥ô�õ÷>�Zý_d �bkKhEw�ú.���ndv�v� kKfE�

gih<sSgiw�f�gi�Kw¨�=���8pbw�f<d �bm6gi�|sSg�~ZsShEg>d g>d lbmKf]sb�v�
l.oIgi�.w�d mK~KkKgªsSm|p]lbk.gi~KkKgÏhEw��.d fEgiw�hnd m|pKdvuzw�fnsSm|pn�ºsb� kKw�f
d mBgil�fEk|tªt�sShEq�fEw�gif<���_�KwªfEk|t�t�sSh�d ÿ�w�p�fEw�gif�d m|u�� k|p�w�s�ÈzÆ[�>Ã�Û0Ü�Æ<ÈÏárÚ�Û0Ã�Ü�Ã�Ú�Ä�gi�ZsSg]d m|pKdvu�sSgiw�f�oÑlbh��=�|dvu%�
hEw��.d fEgiw�h�d m|p�w�yÒd m|olbh�t�sSg>d lbm8d f�j�w�d mK�Ót�sbd mBg>sbd mKw�pK�esSm|pÔoÑlbh�gi�Kw�f0w�g�l.oeÞ"��à Ý×Æ�Æ>à�ÆÂj Æ<ÄKÜ�Ûi�,�=�|dvu%�ÓhEw��
fE~�w�uzg>d �bw�� q�d m|pKdvu�sSgiwªgi�Kw��×sb� k.w�f�j�w�d mK�6sSgigih<d jKkKgiw�pËgilËgi�Kw�hEw��.d f0giw�h]d m|p�w�y
���_��l�j|sSmK�Bf�l.oIfEk|t�t�sSh0q
fEw�gif<� gi�KwËÃ�Äbá Ý×Ü:ÞÂ��à�Ý×Æø�[��ÄÈ��sSm|pªgi�Kw�Ú�Ý×Ü�á Ý×Ü=Þ"��à�ÝBÆø�[��ÄÈ�*�.l.�vp�gi�Kw�fEk|tªt�sShEqnfEw�gif�olbh}gi�Kw�d mK~KkKg sSm|p
lbkKgi~Kk.g:hEw��vsSg>d lbmKf�oÑlbh=w��bw�hEq6uzl.te~.kKg>sSg>d lbm¥d mKf0g>sSm|uzw�d mËgi�Kwªuzl.tÏ~KkKg>sSg>d lbm�w�mBgihEq��=�x�KwÏ�×sb� k.w�w�� w�tew�mBgif

l.o|gi�Kw�d m.~KkKgÏj|sSmK��l.o�s�fEkZt�t�sShEq�fEw�g�uzlbhEh0w�fE~�lbm|pngil�gi�.w¨�vd �bw����×sb� k.w�f�l.oIgi�.w�hEw��.d lbmÖsSm|p6sShEw�kKfEw�p
d m�uzl.te~|sSh�d fElbm6��d gi�{gi�KwËsSh<u%�|d giw�uzgikKhEwªfEg>sSgiw����_lbhEhEw�f0~&lbmZpKd mK�.� q�� gi�Kw�w�� w�tew�mBgif�l.oIgi�Kw�lbkKgi~KkKgej|sSm.�
uzlbmBg>sbd m¨gi�KwÏh0w�fE~�w�uzg>d �bw�hEw�fEkZ� g:�×sb� kKw�f olbh*gi�KwÏhEw��.d fEgiw�h�p�w�f<d �bm|sSgiw�p�jrq]gi�Kw�h0w��.d fEgiw�h*~�lbf<d g>d lbm|�
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Element[2]
Element[1]

Element[K]

Element Bit Mask
ARRAY

INPUT

OUTPUT

Input Value Bank

CI CI

Output Value BankSummary Set

ARRAY

Register Position[0]

Computation Instance

Register Position[1] Register Position[N−1]

Value Element[K] Value Element[K] Value Element[K]

Register Position[0] Register Position[1] Register Position[N−1]

Value Element[K] Value Element[K] Value Element[K]

Value Element[2]

Value Element[1] Value Element[1]

Value Element[2]

Value Element[1]

Value Element[2]

Value Element[2]

Value Element[1]

Value Element[2]

Value Element[1]

Value Element[2]

Value Element[1]

CISharing Records

T*U�V X|Y�[�kZ^nm � �|sShEw�p���ØzmKfEg>sSm|uzwª�*�*�Öp�w�f<d �bmZ�

ã uzl.te~KkKg>sSg>d lbm©w�mrgih0q¨fEk.~K~�lbhEgifehEw�kKfEw�l.o�t=kZ� g>d ~|� w¨uzl.te~Kk.g>sSg>d lbmÎd mKfEg>sSm|uzw�f�jrqÔuzlbmKmKw�uzg>d m.�Ëgi�Kw
d m|oÑlbh<t�sSg>d lbm©mKw�uzw�fEf<sShEqÔoÑlbh�w�sbu��Öd mKfEg>sSm|uzw�sSg�sËp�w�f<d �bmZsSgiw�p'uzl.te~Kk.g>sSg>d lbm�d mKfEg>sSmZuzw�Û[ ���ÈÉÃ�ÄÈ��ÈzÆ0Ù0Ú�ÈþÊ��
�_�Kw]~KkKh0~&lbf0w�l.o1fE�|sSh<d mK��hEw�uzlbh�p�fËd f�sSm|sb� lb�blbkKfªgil�gi�Kw�h0w�~KhEw�fEw�mBg>sSg>d lbmÓl.oxgi�.w]jZsSfEw6�=�*� tel
p�w��vß f
uzl.te~Kk.g>sSg>d lbmÒd mKf0g>sSm|uzw�f<���,sbu��¥hEw�uzlbh<p'uzlbmrg>sbd mKf gþ��l�sShEh<siqBf<�Igi�Kw�Ã�Ä�á Ý×Ü}Æ>à�ÆÂj Æ>ÄKÜ}Þ>ÆÉÙ>Ü�Ú�È���ÈSÈÒ��ÃËsSm|p
gi�Kw�Ú�Ý×Ü�á Ý×Ü:Æ>à�ÆÂj Æ>Ä.Ü:Þ>Æ0Ù<Ü�Ú�ÈF��ÈÉÈó��Ã<���_�KwnsShEh<sEqrfe�Kl.�vp�ùûú���f<d ÿ�w�p�j|d g tªsSfE�rf��K�=�.w�hEw>ù�uzlbhEh0w�fE~�lbm|p�f
gil]gi�Kw�mBk|t*j�w�h*l.o�hEw��.d f0giw�h}~�lbf<d g>d lbm.f�oÑlbh}gi�Kwnuzl.tÏ~KkKg>sSg>d lbm�w�mrgih0q©sSm|p�ú uzlbhEhEw�fE~�lbm|pbf�gi�Kw�mrkZt=j�w�h

l.o
�ºsb� kKw�w�� w�tew�mBgif�oÑlbhªs�hEw��.d fEgiw�h�~�lbf<d g>d lbmZ�ª�_�Kw�j|d g�t�sSfE��d fÏfEw�gÏgil'd m|pKdvu�sSgiw��*�|dvu��{�ºsb� kKw w�� w�tew�mBg
d f*k.fEw�pËoÑlbh=gi�Kw�fEkZt�t�sShEq]fEw�g>�}�Kl�f0�|sShEwÏgi�Kw�uzlbmBgiw�mBgif}l.o fEkZt�t�sShEq�fEw�gif�j�w�gþ��w�w�m¨gi�Kw�uzl.te~Kk.g>sSg>d lbm
hEw�uzlbh<pbf<��w�sbu���sbuzg>d �bw*hEw�uzlbh<p�tªsbd mrg>sbd mKf,gi�Kw�ù¸j|d g*tªsSfE�rfxf0lÏgi�|sSgxgi�Kw�lbh<d �.d m|sb�Kuzl.tÏ~KkKg>sSg>d lbm¨d mKf0g>sSm|uzw
u�sSm�j�wehEw�~Kh0w�fEw�mrgiw�p.�
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�_�.w�hEw�sShEw�t�sSmBq�gih<sbp�w���l � f�d m�k.f<d mK��w�d gi�.w�h�gi�Kw}j|sSfEw��=����lbh�gi�.w�fE�ZsShEw�p��0d mKfEg>sSmZuzw �=����� ñ �|dv� w
gi�Kw�j|sSfEwÓ�=��� d fn�bw�mKw�h<sb�v� qÎkKm|dvoÑlbh<t d mÍd gif'uzlbmKf0gihEk|uzg>d lbm|��d g]~�w�h<oÑlbh<tef�s¨f<d �bm|d Ì|u�sSmBgnmrk|t*j�w�h�l.o

~|sSh<sb�v� w��*uzl.te~|sSh<d fElbm.fªgil6�ºsb�vdvpKsSgiw¥s{uzl.tÏ~KkKg>sSg>d lbm�w�mBgihEq�� � dvt�dv�vsSh<� q�gi�Kw�j|sSfEw¥�=�*� p�lBw�f�mKlbg�w�oÑ�
Ì|u�d w�mBg>� q'fEgilbh0w�hEw�pbkKm|pKsSmBg��ºsb� kKw�d mZolbh<tªsSg>d lbm¥l.oZgi�.w�uzl.te~.kKg>sSg>d lbm�hEw��.d lbmKf<�¥�_�Kw�fE�|sShEw�p��0d m.fEg>sSm|uzw
�=���ÓfEl.� �bw�f�gi�Kw�fEwË�vdvt�d g>sSg>d lbmKf�jrq¨w�yr~Z� l.d g>d mK�Ëgi�KwËuzl.te~Kk.g>sSg>d lbmÎd mKfEg>sSm|uzw�h0w�p�kKm|pKsSmZu�d w�f�sSmZp]w��vdvt�d �
m|sSg>d mK�Ïh0w�p�kKm|pKsSmBg�d mZolbh<tªsSg>d lbm�hEw�~KhEw�f0w�mrg>sSg>d lbm¨sSmZp}�×sb�vdvpKsSg>d lbm�uzl.te~|sSh<d fElbm.f<���_�Kw�kKg>dv�vd ÿ�sSg>d lbmªl.o�gi�Kw
gi�Kw�f0�|sShEw�p��0d mKf0g>sSm|uzw�d f=f<d �bmZd Ì|u�sSmrg olbh*hEw��.d lbmKf*��d gi��f<d �bm|d ÌZu�sSmrg=l<�bw�h<�vsS~Ôd m¥uzl.te~Kk.g>sSg>d lbm¥d mKfEg>sSmZuzw�f<�
�,l>��w��bw�h<��gi�.w�fE�|sShEw�p��0d m.fEg>sSm|uzw��=���Ó�|sSfªs�oÑkKm|p.sbtew�mrg>sb�x�vdvtªd g>sSg>d lbm|���_�Kw ÐKw�y
d j|dv�vd g�q�~Kh0l>�
dvp�w�p]jrq

gi�Kw}kKm|dvoÑlbh<t j|sSfEw��=�*�Ópbw�f<d �bmn�esSf�gi�|sSg�w�sbu��'uzl.tÏ~KkKg>sSg>d lbm'd mKfEg>sSmZuzw��Kw��vp.�ZØþm]gi�Kw}fE�|sShEw�p��0d m.fEg>sSm|uzw
p�w�f<d �bmZ�>w�sbu%�nsbuzg>d �bw�uzl.te~.kKg>sSg>d lbm hEw�uzlbh<p�uzlbmrgiw�m|pbf�oÑlbhIhEw�~.hEw�fEw�mBg>d mK��d gif:uzl.te~KkKg>sSg>d lbmËd mKf0g>sSm|uzw}d m�gi�Kw
hEw��.d fEgiw�h�~�lbf<d g>d lbmKfÏsSm|p��×sb� kKw}w�� w�tew�mBgif�fE�|sShEw�p�jrq�w��bw�h0q¨uzl.te~KkKg>sSg>d lbm6d mKf0g>sSm|uzw*l.o×gi�.w�uzl.te~Kk.g>sSg>d lbm
hEw��.d lbm|�

Øzm�gi�KwÏfE�|sSh0w�p��0d mKfEg>sSm|uzwª�*�*�'gi�KwÏ~Kh<dvt�sSh0q�p�w�f<d �bm�~ZsSh<sbtew�giw�hEf�sSh0wÏgil�p�w�u�dvp�wÏlbmËgi�KwemBk|t*j&w�h:l.o
hEw��.d fEgiw�h}~�lbf<d g>d lbmKf}gil�uzhEw�sSgiw�sSm|p�gi�Kw�mBk|t*j&w�h*l.o&�×sb� kKw�f}gil�tªsbd mrg>sbd mÔolbh}w�sbu���hEw��.d fEgiw�h���Øâo_sÏh0w��.d lbm

�ÏsSf�f�dvte~|� w�sSmZp�sb� �ÏsiqBf�p�w�~�w�m|p�w�p�lbm�s*fEw�g�mrk|t*j�w�h�l.oBh0w��.d fEgiw�hEf<�rgi�Kw�p�w�f<d �bm{p�w�u�d f<d lbm���lbk|�vp�ÌKy�gi�Kw
hEw��.d fEgiw�h�~�lbf<d g>d lbmKf<�ü�,l>��w��bw�h<��gi�Zd f���lbkZ�vp6�vdvt�d g�gi�Kw�mBk|t*j�w�h}l.o�d mK~.kKgif�sSm|pnlbkKgi~Kk.gifÏl.o�gi�Kw�h0w��.d lbm
�bw�mKw�h<sSgiw�p�jBqÏgi�KwÏuzl.te~|dv� w�h<���_�Kw�fE�|sShEw�p��0d m.fEg>sSm|uzwÏp�w�f<d �bm�fEl.� �bw�f_gi�|d f|~.hElbj|� w�t�jrqÏhEw�uzlbh�pKd mK�*lbmZ� q�gi�Kw
hEw��.d fEgiw�h0f�gi�ZsSg�mKw�w�p�gil�j&w uzl.te~|sShEw�p�gil��×sb�vdvp.sSgiw�sb�v��l.o×gi�Kw uzl.te~KkKg>sSg>d lbm6d mKf0g>sSm|uzw�f<�=ý�lbh�uzlbmBgiw�mrg>d lbm
l.o
h0w��.d fEgiw�h�~�lbf<d g>d lbmKf<�&gi�.w�h0w��.d fEgiw�h�~�lbf<d g>d lbm{��d gi��gi�KwËoÑw���w�fEgªpbw�~&w�mZp�w�mrg}hEw�uzlbh<pbfªd fÏfEw�� w�uzgiw�pK�]�_�|d f
d f�w�sSf<dv� q¤p�w�giw�h<t�d mKw�pÖoÑhEl.t �ºsb�vdvp¥ÌKw��vp�f6t�sbd mBg>sbd mKw�pÖd mÖw�sbu��ÖfEkZt�t�sSh<d ÿ�w�p©fEw�gif<� �_lbmrgiw�mBg>d lbm oÑlbh

hEw��.d fEgiw�hª~&lbf�d g>d lbmKf�u�sSmKmKlbg w�y
d fEg�dvoxgi�KwnfE�ZsShEw�p��0d mKfEg>sSmZuzw'�=�*� p�w�f<d �bmød f�uzlbmKfEgih0k|uzgiw�p���d gi�ýïýþ=õ
hEw��.d fEgiw�h*~&lbf�d g>d lbmKf<�B�=�Kw�h0w�ï8d f=gi�Kw�t�sSy]mBk|t=j�w�h�l.oºh0w�uzlbh<p�f:gi�|sSg�u�sSm�j�wehEw�~KhEw�f0w�mrgiw�p�sSm|p�õ d f=gi�Kw
hEw�fEgih�dvuzgiw�p�mBk|t=j�w�h:l.o_d mK~Kk.gÂÿSlbkKgi~KkKg�hEw��.d fEgiw�h0f*l.o_sehEw��.d lbm|�
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�_�.wÏ�×sSh<dvsSg>d lbm¨l.o|s}~ZsShEg>dvuzk|�vsSh=hEw��.d f0giw�h*�ºsb� kKw�d f�dvte~�lbhEg>sSmBg=f<d m|uzwÏgi�.wÏ�×sSh<dvsSg>d lbm�u�sSm©u�sSkKfEw]telbhEw
gi�|sSm�lbmKwËuzl.te~Kk.g>sSg>d lbmÎd mKfEg>sSm|uzw�h0w�uzlbh<p�gil�j&w�d m|sbuzg>d �bw��]�_lbmBgiw�mrg>d lbmÎoÑlbhe�×sb� k.w�w�� w�tÏw�mrgif�d fÏf0l.� �bw�p

��d gi�{gi�Kw fEl.� k.g>d lbm6l.o,p�w�giw�h�t�d m|d mK�ngi�Kw w�� w�tew�mBg�w�mBgihEq���d gi�{gi�.w�oÑw���w�fEgªp�w�~�w�m|p�w�mBg�h0w�uzlbh<p�f<��ò*sb� kKw
w�� w�tew�mBgif���d gi�{gi�.w�oÑw���w�fEg�p�w�~�w�m|p�w�mBg}hEw�uzlbh<p�fªsShEw�h0w�~|�vsbuzw�pK�]�xw�~|�vsbuzw�tew�mBg�l.oI�×sb� k.w�w�� w�tew�mrgifnu�sSm
hEw�tel<�bw�k.~ªgil�ï�������û:h0w�uzlbh<p�f<���=�Kw�hEw ïød f�gi�.w t�sSy�mBk|t*j�w�h1l.oBhEw�uzlbh<p�f�gi�|sSgeu�sSm]j�w=h0w�~KhEw�fEw�mBgiw�p
sSm|p��4d fegi�Kw]t�sSy�mrk|t*j�w�h*l.o��ºsb� kKw�w�� w�tew�mBgifªd m�s�fEk|t�tªsShEq�fEw�g>���_�Kw�hEw�oÑlbhEw��Zdvo&gi�Kw�hEw�d f�sSm�w�¦>k|sb�
mBk|t=j�w�h�l.o��×sb� kKw�w�� w�tew�mBgif'sSm|p�uzl.tÏ~KkKg>sSg>d lbmÒhEw�uzlbh<p�f���hEw�~|�vsbuzw�tew�mBg]l.o�s��ºsb� kKw�w�� w�tew�mrg6u�sSm¸sSg
telbfEg�hEw�tel<�bw�lbm.w]uzl.te~Kk.g>sSg>d lbm¨hEw�uzlbh�pK���
yB~�w�h<dvtew�mBg>sb�ºhEw�f0k|� gif�uzlbm|uzw�h0m|d mK�]gi�Kw�gih<sbpbw���l � f}j�w�g���w�w�m

fE�|sSh0w�p��0d mKfEg>sSm|uzw]sSm|p�j|sSfEw��*�*�ÒsShEw�w�y
sbt�d mKw�p¨d m � w�uzg>d lbm�ú.���b�
ã�� gi�KlbkK�b�Ògi�Kw � Øz�0�=�*� p�w�f<d �bm��|sSf6t�s���lbh6sbp��ºsSmBg>sS�bw�f©d m¤tªsbd mrg>sbd m|d m.�¥gi�.w�uzl.te~.kKg>sSg>d lbmÕd mK�

fEg>sSm|uzw�f]sSm|p]w�«¨u�d w�mBg>� q��ºsb�vdvpKsSg>d mK��h0w�fEk|� gif<�&gi�Kw�h0w�sShEwËsb� fEl�giw�u��KmZdv¦ÇkKw�f]olbhªdvte~.hEl>�
d mK��~�w�h<oÑlbh<t�sSm|uzw
d m�gi�Kw�j|sSf0w]�=�=�8p�w�f<d �bm�fE~|sbuzw���ýZd �bk.hEw�ú.� � dv�v� kKfEgih�sSgiw�f�pbw�f<d �bm¨giw�u%�Km|dv¦>kKw�f}gil�t�sS�bw�gi�Kw�~KhEl
uzw�fEf�l.o
�bw�h<dvoÑq�d m.�©uzl.te~KkKg>sSg>d lbm©hEw�fEk|� gif]telbhEw�w�«¨u�d w�mBg>��ý_d �bkKhEwªú.� � çisbè:fE�Kl<�=f�gi�Kwªj|sSfEw�u�sSfEw�l.o��|sE��d m.�Ëgi�Kw
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d mKfEg>sSmZuzw�f�fEk.jKfEg>sSmBg>dvsb�v� q{d mZuzhEw�sSfEw�pªgi�Kw�~�w�h<oÑlbh<t�sSm|uzwÏfE~�w�w�p�k.~�l.o
á²�iáK�}�_�|d f*�esSf�t�sbd m|� q6p�kKwÏgil�gi�Kw

g�qB~�w�l.oeuzl.te~Kk.g>sSg>d lbmKf�j�w�d mK�'hEw�kKfEw�pK�ÎØzmÓgi�|d f]j�w�m|u��|tªsShE���}s�mBk|t*j�w�h�l.o�fEg>sSgiw�� w�fEf6uzl.te~Kk.g>sSg>d lbm
hEw��.d lbmKf}��w�hEw]oÑlbh<tew�p k.f<d mK��gi�Kw��Kw�kKh<d f0g>dvuzf*j|sSfEw�p�lbm¥sE�bw�h<sS�bw hEw�kKfEw�l
u�uzkKhEh0w�m|uzw��ºjKk.g=gi�Kw�uzl.te~.kKg>sS�
g>d lbmKf:�|sE�bwªuzlbmKf<dvp�w�h�sSj|� w�p�qrmZsbt�dvu��×sSh<dvsSg>d lbmZ�_ã �vsShE�bwemBk|t*j&w�h�l.o|uzl.te~KkKg>sSg>d lbm'd mKf0g>sSm|uzw�f�d f�sSj|� wegil
w � w�uzg>d �bw�� qË�|sSm|pK� wÏgi�Zd f=�×sSh�dvsSg>d lbm|� b �bw�h�sb�v�v�ºgi�Kw�sE�bw�h<sS�bw�~&w�h�olbh<tªsSm|uzw�dvte~KhEl<�bw�tew�mrgif�d m|pKdvu�sSgiw�gi�|sSg
gi�Kw�ûbå � ��w�mrgihEqÒuzl.te~KkKg>sSg>d lbm�jKk � w�h���d gi� � �_Øzf�~�w�h�w�mBgihEqÎd f�~�lbgiw�mrg>dvsb�v� q6gi�.w�telbf0g]uzlbfEg�w � w�uzg>d �bw��
Øzm¥dvte~Kh0l>�
d mK�ªgi�Kw�~KhEl
uzw�fEfElbh}~�w�h<olbh�t�sSm|uzw��ºgi�.w]�=�=�8sS~K~Kh0l.sbu���w��vdvt�d m|sSgiw�fÏlbmÔsi�bw�h<sS�bw ú.¢b£ l.o&gi�Kw

p�qBm|sbt�dvuÏd mKf0gihEk|uzg>d lbm�h0w�~&w�g>d g>d lbm.f=gi�|sSg=l
u�uzkKh=lbm¨gi�KwÏj|sSfEw�~.hEl�uzw�f0fElbh�uzlbmKÌK�bk.h<sSg>d lbm|�
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32 Entry, 8CI
64 Entry, 8CI
128 Entry, 8CI

T*U�V X|Y�[�kZ^9ú � ~&w�w�pbkK~6olbh=~.hEl�uzw�f0fElbh=��d gi�©�*�=�ÔfEk.~K~�lbhEg��×sShEq
d mK��gi�Kw�mrk|t*j�w�h:l.oKw�mBgih<d w�f<�

�_�.wÏmKw�yrg��*�*�©�×sSh�dvsSg>d lbm�uzlbmKf�dvp�w�hEw�pËd f=gi�.w�mrkZt=j�w�h:l.oZuzl.te~KkKg>sSg>d lbm¨w�mrgih<d w�f��*ý_d �bkKhEwÏú.�v¡�dv�v� kKfE�
gih<sSgiw�f�gi�Kwªw � w�uzg�lbm'~�w�h<oÑlbh<t�sSm|uzw�l.oZ�ºsShEq
d mK�Ëgi�Kw�mrk|t*j�w�h�l.o�uzl.te~KkKg>sSg>d lbm¥w�mBgih<d w�f<��ý�lbh�s�tel
p�w��
��d gi� � uzl.tÏ~KkKg>sSg>d lbm�d mKfEg>sSmZuzw�f<� gi�Kw]sE�bw�h<sS�bw�fE~�w�w�p�kK~Kf sShEw�åb¢b£ oÑlbh�äbå]uzl.tÏ~KkKg>sSg>d lbm�w�mrgih�d w�f<�_åbäb£
oÑlbh � úÓuzl.te~.kKg>sSg>d lbmÔw�mrgih�d w�f<�=sSm|p¥å��b£�olbhËûbå � uzl.te~Kk.g>sSg>d lbmÔw�mrgih<d w�f��Ô�_�Kwªj�w�mKw�Ì.gif�l.oxhEw�kKfEw{sShEw
fEkKf0g>sbd mKw�pËoÑlbh=w��bw�m�s}f�t�sb�v�×mBk|t=j�w�h=l.oZuzl.te~Kk.g>sSg>d lbm¨w�mBgih<d w�f<� b m©si�bw�h<sS�bw��.gi�Kw�tªs���lbh<d gþq�l.oKj�w�m|u%�K�

t�sShE�Bf�sShEw�u��|sSh<sbuzgiw�h�d ÿ�w�p�jBq©s�f�t�sb�v� mrk|t*j�w�h�l.o
hEw�kKf<sSj|� w�uzl.te~Kk.g>sSg>d lbmKfÏgi�|sSg�sbu�uzlbkKmBg�oÑlbh�sn�vsShE�bw
~�lbhEg>d lbmËl.o gi�Kw�l<�bw�h<sb�v�.w�yrw�uzkKg>d lbm�g>dvtew����_�|d f�d m|p.dvu�sSgiw�f�gi�|sSg*gi�Kw�sbtelbkKmBg=l.o hEw��.d lbmK�0� w��bw��.hEw�kKf0w�u�sSm
~�lbgiw�mrg>dvsb�v� q�j�wÏw�yB~|� l.d giw�p���d gi�©s�tel
p�w�h<sSgiw�mBk|t*j�w�h:l.o|uzl.te~.kKg>sSg>d lbm¨w�mBgih<d w�f<�

£ [rX¥¤ÇìKíZîW[ ¶ ¯�·¹¸ZX©>ìÈ©ÇU7¯�¬:^ � w��bw�h<sb�_dvte~�lbhEg>sSmrg�sSfE~�w�uzgifÏl.o�gi�Kw�uzl.te~Kk.g>sSg>d lbmKfÏj�w�d mK��h0w�kKfEw�p
d mÓgi�Kw¥�=�=� sS~K~.hEl.sbu��Î��w�hEw'd mB�bw�fEg>d �.sSgiw�pK�¤�_�.w]Ì.hEfEg�d f�gi�Kw¥u��vsSfEfªl.oeuzl.te~Kk.g>sSg>d lbm8sSm|p�gi�.w�fEw�uz�
lbm|p©d f�gi�Kw�g�qB~�w�l.o:uzl.te~KkKg>sSg>d lbmZ�6�_�Kw¨u��vsSf0f<d Ì|u�sSg>d lbmÔl.o�uzl.te~KkKg>sSg>d lbmød f�w�d gi�Kw�h�fEg>sSgiw�� w�fEfËç � Iè=lbh

tew�telbh0qÒp�w�~�w�m|pbw�mrgËçié�c}èi���_�Kw'u��vsSfEf0w�f�u�sSmÓj�w'oÑkKhEgi�Kw�h�f0kKj1pKd ��dvpbw�p¥d mBgil6�bhElbk.~Kf¨d m|pKdvu�sSg>d m.�6gi�Kw

ûb¢b¢



d mK~Kk.g]gþqr~�w6l.o*gi�KwÎuzl.tÏ~KkKg>sSg>d lbm|� �x�Kw{�bhElbkK~ømZsbt�d mK� uzlbmB�bw�mrg>d lbm¤l.o �  û�ÄKÝ j Ã�Ä�á Ý×ÜzüÓd f¨kKfEw�p
gil¥d mZpKdvu�sSgiwªgi�Kwª�bhElbkK~'l.o|fEg>sSgiw�� w�f0f�uzl.tÏ~KkKg>sSg>d lbmKfnp�w�~�w�m|p�w�mBgÏlbmÖÄKÝ j Ã�Ä�á&ÝBÜ_hEw��.d fEgiw�hEf�� � dvtªdv�vsSh<� q��

é�c û�ÄKÝ j Ã�Äbá Ý×Üzü û�ÄKÝ j j ÆÂjèü�d f�k.fEw�pËgilÔd m|pKdvu�sSgiwngi�Kw]�bhElbkK~¥l.o=tew�tÏlbhEqÎp�w�~�w�m|p�w�mBg�uzl.te~.kKg>sS�
g>d lbmKfÏp�w�~�w�m|p�w�mBgxlbm{ÄKÝ j Ã�Äbá Ý×ÜBhEw��.d fEgiw�h0fesSm|pnÄKÝ j j ÆÂj¸pKd fEg>d mK�bk|d f0�|sSj|� w�tew�tÏlbhEq�fEgihEk|uzgik.hEw�f<���_�Kw
mBk|t=j�w�h�l.o=pKd fEg>d mK�bkZd fE�|sSj|� w�tew�telbhEq{fEgih0k|uzgikKhEw�f�olbh�w�sbu��øé�c¸�bhElbk.~Òd f�p�w�giw�h<t�d m.w�pËjBq6gi�Kw�uzl.te�
~|dv� w�h<ß fehEw��.d lbmÓoÑlbh<t�sSg>d lbm��Kw�kKh�d fEg>dvuzf<� b �bw�h<�vsS~K~|d m.���bhElbk.~¨hEw�f0k|� gif sSh0w�d mZu�� k|p�w�pª��d gi�|d m�fEl.tew�l.o�gi�Kw
�bhElbkK~¨w�mrgih�d w�f<��ý�lbh�d mKfEg>sSm|uzw��.�bhElbkK~ �  � d mZu�� k|p�w�f*gi�.w]uzl.te~Kk.g>sSg>d lbmKf�l.o �  ê jKkKg=m.lbg �  � f<d m|uzw
gi�Kw��bh0lbkK~ �  � d f�sb� fElª~Kh0w�fEw�mrgiw�p.� � dvt�dv�vsSh�� q��Ié�c � û�d m|u�� k|pbw�f�sb�v��uzl.te~.kKg>sSg>d lbmKf�p�w�~�w�m|p�w�mBg:lbm¥s

f<d mK�.� w]tew�telbhEq]fEgihEk|uzgik.hEwªsSm|p kK~�gilªf<d ynhEw��.d fEgiw�h�d m.~KkKgif<�
ý_d �bkKhEw�f*ú.�vûb¢�sSm|p�ú.�vûbû�uzl.te~|sSh0w}gi�.wÏfEg>sSg>dvuÏsSm|p�p�qBm|sbt�dvuepKd fEgih�d jKkKg>d lbmnl.oKf0w��bw�m��bhElbkK~Kf:l.o|uzl.te�

~KkKg>sSg>d lbm.f�gi�|sSg}sbu�uzlbkKmrgÏoÑlbh,gi�Kw telbfEg,h0w�kKfEw=l.or~KhElb�bh�sbtÖw�yBw�uzkKg>d lbm|�=ý_d �bkKhEw�ú.�vûb¢=~.hEw�fEw�mBgif,gi�Kw=f0g>sSg>dvu
pKd fEgih�d jKkKg>d lbm6l.oIgi�Kw¨uzl.te~.kKg>sSg>d lbm'�bhElbk.~Kf<� b m�sE�bw�h<sS�bw��ZmKw�sSh<� qÔ¡b¢b£4l.o|gi�Kw�uzl.te~.kKg>sSg>d lbmKf]sSh0w¨d mK�
u�� k|p�w�p���d gi�|d m�gi�.w*fEw��bw�m]fEw�� w�uzgiw�p��bhElbkK~Kf<���_�.w�pKd fEgih<d j.kKg>d lbm¨d m|pKdvu�sSgiw�f�gi�|sSg�fEg>sSgiw�� w�fEf�uzl.te~KkKg>sSg>d lbm.f
sbu�uzlbkKmBg�olbh�sSm6si�bw�h<sS�bwÏl.o � �b£8l.o×gi�Kw}fEg>sSg>dvueuzl.te~KkKg>sSg>d lbmKf�uzh0w�sSgiw�p�jrq¨sS~.~|� q�d m.��gi�Kw�uzkKhEhEw�mBgÏ���*�

�Kw�kKh�d fEg>dvuzf�gil�lb~Kg>dvt�d ÿ�w�p�~KhElb�bh<sbtÏf<���
�ºsb� k|sSg>d lbm6p�w�giw�h<t�d mKw�p�gi�|sSg�gi�Kw�sbuzq
u��vdvu}oÑlbh<t�sSg>d lbm.f�l.oBgi�Kw�gi�Kw
fEw��bw�m�uzl.te~.kKg>sSg>d lbm6�bhElbkK~.f}h0w�~|�vsbuzw�gi�Kw w�yrw�uzk.g>d lbm6l.o,sSmÓsi�bw�h�sS�bwªl.o,ûb¢nd mKf0gihEk|uzg>d lbmKf<�ªýZd �bk.hEw ú.�vûbû
dv�v� kKfEgih�sSgiw�f�gi�Kw p�qBm|sbt�dvu=pKd f0gih<d jKkKg>d lbm�l.oBgi�.w=fEw��bw�m{uzl.te~KkKg>sSg>d lbm]�bhElbkK~Kf�� b m�si�bw�h<sS�bw��Bgi�.w�p�qBm|sbt�dvu
w�yBw�uzkKg>d lbm¨l.o.fEg>sSgiw�� w�fEf�uzl.te~Kk.g>sSg>d lbm¨hEw��.d lbm.f�sbu�uzlbkKmBgif oÑlbh � ¢b£¸l.o gi�KwÏh0w�kKfEwÏw�yBw�uzkKg>d lbm|�

� w��bw�h�sb�>l.obgi�Kw�j�w�m|u%�|t�sShE�Bf�sSh0wesSj|� w�gilew � w�uzg>d �bw�� q�hEw�kKf0weuzl.te~.kKg>sSg>d lbm hEw�fEk|� gif_fEgilbhEw�p d m�tew�telbhEq
jBq]w�tÏ~|� l>q
d mK�]gi�Kw]uzl.te~.kKg>sSg>d lbm¨�bh0lbkK~Kf�é�c ä û�sSm|p�é�c � ûb� � hElbkK~.f*mKlbg sbu�uzlbkKmrgiw�p�oÑlbh*jBq�gi�Kw

�bhElbkK~.f�fE�Kl<�=mæd mæý_d �bkKhEw�ú.�vûb¢'d m|u�� k|pbw©tew�telbhEqÖp�w�~�w�m|p�w�mBg�uzl.te~Kk.g>sSg>d lbmKf�p�w�~�w�m|pbw�mrg�lbmÓ�Zd �b�Kw�h
mBk|t=j�w�hEf,l.o�d mK~KkKg,hEw��.d fEgiw�hEf�gi�|sSgÏsbu�uzlbkKmrgÏoÑlbhe� w�fEf�gi�|sSm{û��b£øl.oBgi�.w�l<�bw�h<sb�v��uzl.te~KkKg>sSg>d lbmng�qB~�w����_�Kw
pKd fEgih�d jKkKg>d lbmKfnsShEwªfE�.l>�=m©gil¥d m|pKdvu�sSgiw]gi�Kw�~&lbgiw�mBg>dvsb��olbhnuzlbmKfEgihEk|uzg>d m.�¨hEw�k.fEw�jKk � w�hEf���d gi�©hEw�f0lbkKh<uzw
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T=UWV.XZY<[�kZ^W`�ý �_l.te~.kKg>sSg>d lbm��bhElbk.~ËfEg>sSg>dvu�p.d fEgih<d jKkKg>d lbmZ�

u�sS~|sbu�d g>d w�fªp�w�f�d �bmKw�p�gil�uzlbfEg*w � w�uzg>d �bw�� q¥sSgigiw�m|pªgilªgi�.w�m|sSgikKh0w�l.o gi�Kw�hEw�k.f<sSj|� w�uzl.te~.kKg>sSg>d lbm¨h�sSgi�Kw�h
gi�|sSm©�vsSh0�bw�lbhEgi�Klb�blbmZsb��uzl.te~KkKg>sSg>d lbm�w�mBgih<d w�f�sSm|p�d mKfEg>sSm|uzw�f<�

ý_d �bkKhEweú.�vûbå�pKd f0~|�vsiqBf�gi�Kw�si�bw�h<sS�bwÏmBk|t*j&w�h�l.oId m.fEgihEk|uzg>d lbmKf�hEw�k.fEw�p�jBqªw�sbu%�'uzl.te~KkKg>sSg>d lbm��bh0lbkK~|�
b m|� qªsbuzq
u��vdvu�uzl.te~KkKg>sSg>d lbm hEw��.d lbm.f:sSh0wed m|u�� kZp�w�pK�,�x�Kw,mBk|t*j&w�h0f�d m|pKdvu�sSgiw�gi�Kw��Kl>�¥hEw�kKf�d mK��uzl.te~.kKg>sS�
g>d lbm�hEw�fEk|� gifZh<sSgi�Kw�hZgi�|sSm�h0w���w�yrw�uzkKg>d lbm�~.hEl>�
dvp�w�f�dvtÏ~KhEl>�bw�p�~�w�h<oÑlbh<t�sSm|uzw,f<d m|uzw,gi�.w}t�sSmBqªd mKfEgihEkZuzg>d lbmKf

sShEw�m.lbg�ow�g>u%�Kw�p¨oÑhEl.t8gi�Kw]tew�telbhEq]fEqBfEgiw�t sSm|p�sShEwÏmKlbg=w�yBw�uzkKgiw�p�d m�~KhEl
uzw�fEfElbh=hEw�f0lbkKh<uzw�f<�
�_�.wËlbjKfEw�hE�bw�p6�×sSh�dvsSg>d lbm�j�w��|sE��d lbh�l.o�gi�Kw¥uzl.tÏ~KkKg>sSg>d lbm��bhElbkK~Kf�d fª~KhEw�f0w�mrgiw�pÎd m8ý_d �bkKhEw¨ú.�vûbäb�

�_�Kw¨�×sSh�dvsSg>d lbm�j�w��|sE��d lbh6d f{u�sb�vuzk|�vsSgiw�p¥jBqÓlbjKfEw�hE�
d mK�©gi�Kw�hEw��.d lbmÒw�yBw�uzkKg>d lbmÖl>�bw�h6t�sSmBqæd mBgiw�hE�ºsb� f
sSm|p©uzl.�v� w�uzg>d mK�{gi�KwªmBk|t*j�w�h�l.o:uzl.te~Kk.g>sSg>d lbmÖd m.fEg>sSm|uzw�f kKfEw�pË��d gi�|d m'gi�ZsSgnd mBgiw�hE�ºsb�v�6�,sbu%�Öuzl.� kZtem
d m|u�� k|pbw�f�gi�Kw¨pKd f0gih<d jKkKg>d lbm6l.oIgi�Kw¨uzl.tÏ~KkKg>sSg>d lbm¥�bhElbkK~|ß f�w�yBw�uzkKg>d lbm©fE~�w�mrg�d m�d mrgiw�hE�ºsb� f�h0w�¦Çk|d h�d mK�'ûb�
åb� ú.� � �&lbh û � uzl.te~Kk.g>sSg>d lbm�d mKfEg>sSm|uzw�f<� �_�.w�hEw�fEkZ� gif�d mZpKdvu�sSgiw gi�|sSg�s��|d �b��~�w�h<uzw�mBg>sS�bw�l.o1sb�v� l.o�gi�Kw

uzl.te~Kk.g>sSg>d lbm]�bh0lbkK~Kf,�Zsi�bw��vd gig>� w}�ºsSh<dvsSg>d lbm|�*�_�Kw�telbf0geuzl.te~.kKg>sSg>d lbmn�×sSh<dvsSg>d lbm6d f�lbjKfEw�hE�bw�p]d mª�bh0lbkK~
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32-Entry Direct-mapped CRB (16 Computation Instances)
32-Entry 2-Way Assoc CRB (16 Computation Instances)
32-Entry CRB (Computation Instances: 2,4,8,16) DCMS, R=65%
32-Entry CRB (Computation Instances: 2,4,8,16) DCMS, R=55%
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1024-Entry Instruction Level Reuse
1024-Entry Value Prediction
DCMS
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ÑJÒ�Ä�ÈZÐ ßZã�Ò�é:Ú{Ð ÉKÃ\Ñ:Ã�ì�ÓKÃ}ÉHÊ!Ã�Æ�Å6Ò&íFÆ°Ð ÉKÑJÒ�ÄJÓ#Ê!Ò/Ð ÆZÉ�Ñ�Ýê[ãKÃ �KÄJÑ:Ò�ÑJÒ�Ã}Û#Ï6ÑJãKÆ/í�É¡Ð É Þ Ð ßZÓKÄ:Ãé1ZÝ{ÿZÔ�ÈZ×�Ï�Ð{Ú{Ú ÓKÑJÒ�Ä�È�Ò�Ã}Ñ

Ò�ãKÃ�ÑJÒ/È�ÄJÒ/Ð É�ßÊ!Æ�Ø;Ã�Ý Þ ÆZÄlÒ�ãKÃ�ÛKÓKÄJÛAÆZÑJÃUÆ�Å[Ò�ã#Ð ÑlÃ}å�ÈZÇ�Û#Ú Ã�Ï[Ù�ÈZÚ ÓKÃ�È�É#ÈZÚ ä�Ñ�Ð ÑMÇEÈ�äpã#ÈJÙZÃ�ä�Ð Ã�Ú{Ø;Ã�ØsÄJÃ}Ñ:Ó#Ú Ò�Ñ

Ð É#ØKÐ{Ê}È�Ò/Ð É�ßsÒ�ãHÈ�ÒhÒ�ãKÃ�Ù�ÈZÚ ÓKÃUÆ�Å6Ù^È�Ä�Ð{È�ñHÚ Ã§¦þÇEÈJä�Æ�Ê}Ê!ÓKÄ�íhÐ Ò�ã�ÆZÉHÚ ä�Ò&íFÆPÛëÆZÑ:Ñ�Ð ñ#Ú Ã�Ù^ÈZÚ ÓKÃ}Ñ�ÏkáEÆZÄ`âZÝ ºbä

È�ÛKÛ#Ú ä�Ð ÉKßkÒ�ãKÃ+¨������C�?q��'��"J���'�c©��k�����%"J*+���ªy;¨Tqu© { Ò�Ä�È�ÉKÑ�Å�ÆZÄ�ÇEÏ�Ò�ãKÃ�ØKÈ�Ò/ÈE¾�Æ/í�Æ�Å�Ò�ãKÃ5ÑJÃ�ì�Ó�Ã}É#Ê!Ã�Ð ÑFÐ{Ø;Ã}É�Ò/Ð{Ê}ÈZÚ{Ú ä

ÄJÃ}ÛKÄ:Ã}ÑJÃ}ÉgÒ�Ã�Ø8ñgä�Ò�ãKÃ�Ê!Æ�Ø;Ã`ÑJã�Æ/í�É±Ð É Þ Ð ßZÓ�ÄJÃ¶1ZÝ{ÿZÔ<ñ#×�Ýæê[ãKÃ`Ò í]Æ�Ù^ÈZÚ ÓKÃ}ÑsÈ�ÄJÃ\ÓKÑJÃ�Ø°Ð É±Å�ÆZÄ�Ç�Ó#Ú{È�Ò/Ð É�ß¨È
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ñKÄ�È�ÉHÊ�ã®Ð ÉKÑJÒ�ÄJÓHÊ!Ò/Ð ÆZÉ#ÏhÈ�ÉHØ�Ò�ã�ÃsÒ í]ÆÛAÆZÑJÑ�Ð ñ#Ú ÃPÛ#È�Ò�ãKÑ�Ð É#Ê}Ú Ó#Ø;ÃPÒ�ãKÃ�Ê!ÆZÉ�Ò�Ã}ågÒMÆ�Å�Ð É#Å�ÆZÄ�ÇEÈ�Ò/Ð ÆZÉ¡ÑJÓ�ÛKÛ#Ú{Ð Ã}Ñ

ñ�ä�Ò�ãKÃ`Ò�Ä�È�É�Ñ�Å�ÆZÄ�ÇEÝ g º#ä¨È�ÛKÛHÚ äAÐ ÉKß�È�ÑJÃ}Ä�Ð Ã}ÑlÆ�Å2Ò�Ä�ÈZØ�Ð Ò/Ð ÆZÉ#ÈZÚkÊ!Æ�Ç�Û#Ð{Ú Ã}ÄEÆZÛ�Ò/Ð{ÇEÐ ð�È�Ò/Ð ÆZÉKÑaÒ�Æ8Ã�ÈZÊ-ã�Ù�ÈZÚ ÓKÃ

Û#È�Ò�ã#ÏAÇ�ÆZÄ:Ã�Ã&ü�Ê}Ð Ã}É�ÒkÑJÃ�ì/ÓKÃ}É#Ê!Ã}Ñ©Ê}È�É`ñAÃNÊ!ÄJÃ�È�Ò�Ã�Ø�Ý�ê[ãKÃ�Ò�ã#Ð Ä�ØhÑJÒ�Ã}Û�È�ÛKÛ#Ú{Ð Ã}Ñ * ([)@��'����������*�����Ò�Æ�Ò�ãKÃ�Ù�ÈZÚ ÓKÃ

Û#È�Ò�ãKÑ�Ï5Ä:Ã�Ç�Æ/Ù�Ð ÉKß�Ò�ã�Ã�Ð ÉgÒ�Ã}Ä�Ç�Ã�ØKÐ{È�Ò�ÃÊ!ÆZÉgÒ�ÄJÆ�Ú2ÄJÃ}ÛKÄJÃ}Ñ:Ã}ÉgÒ/È�Ò/Ð ÆZÉ È�É#Ø8Ä:Ã}Û#Ú{ÈZÊ}Ð ÉKß�Ò�ã�Ã�Ê!ÆZÉgÒ�Ä:Æ�Ú6ÑJÒ�ÄJÓHÊ!Ò�ÓKÄJÃ

íhÐ Ò�ãsÛKÄJÃ�ØKÐ{Ê}È�Ò�Ã\ØKÈ�Ò/ÈE¾�Æ/í ÑJÒ�ÄJÓ#Ê!Ò�Ó�ÄJÃ�Ï#Ê}ÈZÚ{Ú Ã�Ø�Ò�ã�Ã������«��$���Lx�����6��}Ý�ê6ãKÃî�KÉHÈZÚbÊ!Æ�Ø;Ã�Å�ÆZÄ�Ò�ãKÃNÒ�Ä�È�ÉKÑ�Å�ÆZÄ�Ç

Ð Ñ�ÑJãKÆ�í�É¨Ð É Þ Ð ßZÓKÄJÃé1ZÝ{ÿZÔ�Ê}×�Ý�ê[ãKÃaÙ�ÈZÚ ÓKÃ�ÑJÃ�ì/ÓKÃ}É#Ê!Ã8Ð Ñ`Ê!Æ�Ç+ÛëÆZÑ:Ã�Ø\Æ�Å[Ò í]Æ�Ê!Æ�Ç�ÛAÆZÉKÃ}É�Ò�Ñ�Ï#Ò�ãKÃ��	���*���*��'�

����»�C���6���"�È�ÉHØ�Ò�ãKÃ}�@����*&�'�C�����U"S�^�U"Z��	���^�U"$��"J*+���$��	�������k����"<Ýkê[ã�Ã2ÛKÄJÃ�ØKÐ{Ê}È�Ò�Ã�Ø;Ã&�KÉ#Ð Ò/Ð ÆZÉ�Ð ÉKÑJÒ�ÄJÓHÊ!Ò/Ð ÆZÉKÑ

ÑJä�ÉgÒ�ã�Ã}Ñ�Ð ð}Ã�Ø�ñ�ä+Ò�ãKÃ�Ð ÉgÒ�Ã}Ä�Ç+Ã�ØKÐ{È�Ò�Ã�Ê!ÆZÉ�Ò�ÄJÆ�Ú�¾KÆ/í¡È�ÄJÃ]ÄJÃ�Å�Ã}Ä:ÄJÃ�ØkÒ�Æ�È�Ñ#Ò�ãKÃ�Ø;Ã�Ê}Ð Ñ�Ð ÆZÉ\Ê!Æ�Ç�ÛAÆZÉKÃ}É�ÒbÆ�Å�Ò�ãKÃ5ÉKÃ}í

ØKÈ�Ò/ÈE¾KÆ�í Ê!Æ�Ç+ÛKÓKÒ/È�Ò/Ð ÆZÉ#ÝkÎKÐ{ÇaÐ{Ú{È�Ä�Ú ä�Ò�ãKÃ�ÛKÄJÃ�Ø�Ð{Ê}È�Ò�Ã�ØaÐ ÉKÑJÒ�Ä:Ó#Ê!Ò/Ð ÆZÉKÑ�Ï3Ð ÉaÒ�ã#Ð Ñ�Ê}È�Ñ:ÃNÇ�Æ�ÙZÃ�Ð ÉKÑ:Ò�ÄJÓ#Ê!Ò/Ð ÆZÉKÑ�Ï3È�ÄJÃ

ÄJÃ�Å�Ã}ÄJÄJÃ�ØNÒ�Æ�È�Ñ�Ò�ãKÃ©ÄJÃ}Ñ�Ð{ØZÓKÃ�ÆZÓKÒ�ÛKÓKÒ�Ê!Æ�Ç�Û�ÓKÒ/È�Ò/Ð ÆZÉpÊ!Æ�Ç�ÛAÆZÉKÃ}É�Ò/Ï�Ñ�Ð É#Ê!Ã�Ò�ãKÃ+ÛKÓKÄJÛAÆZÑJÃ�Æ�Å3Ò�ãKÃaÐ ÉKÑJÒ�Ä:Ó#Ê!Ò/Ð ÆZÉ

Ð Ñ�Ò�ÆPÇ�Æ/ÙZÃ©Ò�ã�Ã©ÄJÃ}ÑJÓ#Ú Ò�ÑNÐ ÉgÒ�ÆEÒ�ã�Ã©ÄJÃ}ÑJÛAÃ�Ê!Ò/Ð ÙZÃUÚ{Ð ÙZÃ}é�ÆZÓKÒ�ÄJÃ}ß�Ð ÑJÒ�Ã}Ä:Ñ�Æ�Å�Ò�ãKÃ©ÆZÄ�Ð ß�Ð É#ÈZÚbÊ!ÆAØ;Ã�ÑJÃ�ì�Ó�Ã}É#Ê!Ã�Ý

PRED

V1

MUL

V2X

ADD

BEQY = X * 2

Value Sequence

Z = Y + 1
MOV MOV

Z=3 Z=5

(b)(a)

V1 V2

JMP

MOV

ADD

Y = 2

ADD

MOVY=4

Decision Component

(c)

Computation Component

¸�¹_º�»H¼�½M*[¿P. Ì6ÆAØ;Ã�Å�ÆZÄHÆZÉKÃ5Ù�È�Ä�Ð{È�ñ#Ú Ãî��S�	���L�2ÄJÃ}ß�Ð ÆZÉ#ç]ØKÈ�Ò/ÈE¾KÆ/í�ÄJÃ}Û�ÄJÃ}ÑJÃ}É�Ò/È�Ò/Ð ÆZÉ`Ô�ÈZ×�Ï�Ù�ÈZÚ ÓKÃ}é�Ò�Ä�È�É�Ñ�Å�ÆZÄ�Ç�Ã�Ø
Ê!ÆZÉ�Ò�ÄJÆ�Ú�¾KÆ�íèÄJÃ}ÛKÄ:Ã}ÑJÃ}ÉgÒ/È�Ò/Ð ÆZÉÔ<ñ#×�Ï�È�É#ØlÙ^ÈZÚ ÓKÃ}é�Ò�Ä�È�ÉKÑ�Å�ÆZÄ�Ç�Ã�ØMØ�È�Ò/ÈE¾KÆ/í±ÄJÃ}ÛKÄJÃ}ÑJÃ}É�Ò/È�Ò/Ð ÆZÉpÔ�Ê}×�Ý

¬� ¯<?"=@°PW»GJ;�¯nG3®`¯n°°¯>= B%±U²×OPI �³±7B N GJ;>=�°T=¡±7GJ\h;�¯<D�´ c ¯<GJ;¶µ�¯<D�´VGJ;�=z®`¯n°·¯�=�B%±U²×OPI y³±7B N GJ;>= N O°¸�;�Gl;¯<D;´ c ¯nGJ;¶¹
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ê[ã�Ã}ÄJÃPÈ�Ä:Ã�Ñ:Ã}ÙZÃ}Ä�ÈZÚ�ÈZØ;Ù^È�É�Ò/È�ßZÃ}ÑEÒ�ÆPÒ�ãKÃ�Ê!Æ�Ø;ÃUÄ:Ã}ÛKÄJÃ}ÑJÃ}É�Ò�Ã�Øsñgä�Ò�ãKÃUÙ�ÈZÚ ÓKÃ}é�ñ#È�Ñ:Ã�ØsÛKÄJÃ�ØKÐ{Ê}È�Ò�Ã�Å�ÆZÄ�ÇEÝ

Þ Ð ÄJÑJÒ/Ï[Ò�ã�Ã8Ú ÆZÉ�ß°Ú{È�Ò�Ã}É#Ê!ä�Ç�Ó#Ú Ò/Ð Û#Ú ä�Ð ÉKÑJÒ�ÄJÓHÊ!Ò/Ð ÆZÉ¡Ð ÑlÑ:Ò�ÄJÃ}ÉKßZÒ�ãÄJÃ�Ø;ÓHÊ!Ã�ØKÏkÈZÚ{Ú Æ/íhÐ É�ß°Ø;Ã}ÛAÃ}É#Ø;Ã}É�Ò�Ð ÉKÑ:Ò�ÄJÓ#Ê!é

Ò/Ð ÆZÉKÑhÒ�ÆMÃ}å�Ã�Ê!ÓKÒ�ÃaÃ�È�Ä�Ú ä�ÝPê[ã�ÃlÛ#È�Ä�ÈZÚ{Ú Ã�Ú5Ê!Æ�Ø;Ã�Ê!Ä:Ã�È�Ò�Ã�Ø�Ð Ñ�Ú{Ð òZÃ�Ú ä�Ò�Æ\Ã}å�Ã�Ê!ÓKÒ�ÃUÃ&üsÊ}Ð Ã}ÉgÒ/Ú ä8ÆZÉ�È\ÇEÈZÊ�ãHÐ ÉKÃ

Ç�Æ�Ø;Ã�Ú�ØZÃ}Ñ�Ð ßZÉ�Ò�ÆhÃ}å�Ã�Ê!ÓKÒ�ÃEÇ�ÓHÚ Ò/Ð Û#Ú Ã�Ð É�ÑJÒ�ÄJÓ#Ê!Ò/Ð ÆZÉKÑ�ÛAÃ}Ä�Ê!ä�Ê}Ú Ã�Ý»!kÃ}ÉKÃ}Ä�ÈZÚ{Ú ä�ÏgÒ�ãKÃlÈZØ;Ù^È�É�Ò/È�ßZÃ}ÑhÈ�ÄJÃ�Ò�ã#È�ÒFÒ�ãKÃ

ÆZÛKÒ/Ð{ÇEÐ ð�È�Ò/Ð ÆZÉ�Ñ�ÇEÈJä�äAÐ Ã�Ú{Ø©ÑJãKÆZÄJÒ�Ã}Ä�Ê!Æ�Ø;Ã�Ñ:Ã�ì�ÓKÃ}ÉHÊ!Ã}Ñ�È�Ò2ÙZÃ}ÄJä\Ú{Ð Ò�Ò/Ú ÃNÈZØ�ØKÐ Ò/Ð ÆZÉ#ÈZÚ�Ê!Æ�Ø;ÃkÑ�Ð ð}Ã�Ýkê6ãKÃ�ØKÈ�Ò/ÈE¾KÆ�í

Ò�Ä�È�ÉKÑ�Å�ÆZÄ�ÇaÈ�Ò/Ð ÆZÉ8ÑJÓKÛKÛ#Ú{Ð Ã�ØPÐ É8Ò�ã#Ð Ñ}��ÄJÑJÒ�Ã}åAÈZÇ�ÛHÚ ÃMÐ ÑaÅ�ÆZÄaÈNÑ�Ð É�ß�Ú ÃNÙ�È�Ä�Ð{È�ñ#Ú ÃMØZÃ}ÛëÃ}ÉHØ;Ã}É#Ê!Ã`Ê�ã#ÈZÐ É�Ä:Ã}ß�Ð ÆZÉ#Ï

È�É#Ø\Ð Ñ�Ñ�ÈZÐ{ØEÒ�ÆEñAÃ©Æ�Å1�	����������)@�;Ý�ÎKÐ{ÇEÐ{Ú{È�Ä�Ú ä�ÏKÒ�ãKÃ©Ã}å�ÈZÇ�Û#Ú Ã�í Ñ�Ù^È�Ä�Ð{È�Ò/Ð ÆZÉÐ Ñ�Ä:Ã�Å�Ã}ÄJÄ:Ã�ØlÒ�Æ�È�Ñ��	���	���%)�����S�	���-�

Ñ�Ð É#Ê!ÃsÐ É8Ò�ãKÃEÃ}å�ÈZÇ�Û#Ú ÃEÆZÉ#Ú äsÒ&íFÆMÙ�ÈZÚ ÓKÃ}ÑUÈ�Ä:ÃEÛAÆZÑJÑ�Ð ñ#Ú Ã\Å�ÆZÄ©Ò�ãKÃ�Ê}È�ÑJÃ�ÝMÎ;Ã}ÙZÃ}Ä�ÈZÚAÙ�È�Ä�Ð{È�Ò/Ð ÆZÉKÑNÆ�ÅRÒ�ã�Ã��KÉ#ÈZÚ

Ê!Æ�Ø;Ã�Ê}È�É�ñAÃNÊ}È�Ó�ÑJÃ�Ø©ñ�äEÒ�ãKÃ�Å�ÆZÄ�ÇèÆ�Å^Ò�ã�Ã�ÆZÄ�Ð ß�Ð ÉHÈZÚëÊ!Æ�Ø;Ã�È�É#Ø©Ò�ã�Ã�Ù�ÈZÚ ÓKÃlÐ É#Å�ÆZÄ�ÇEÈ�Ò/Ð ÆZÉ�ÓKÑJÃ�ØKÝ Þ Ð ßZÓKÄJÃ�1ZÝ ï

Ð{Ú{Ú ÓKÑJÒ�Ä�È�Ò�Ã}ÑaÈ�É�Ð{Ç�ÛAÆZÄJÒ/È�É�ÒlÈ�ÑJÛAÃ�Ê!Ò�Æ�Å�Ò�ãKÃ�Ù�ÈZÚ ÓKÃ�Ò�Ä�È�ÉKÑ�Å�ÆZÄ�Ç Å�ÆZÄ�Ò�ãKÃ`Ê}È�ÑJÃ�Æ�Å2Èº�	����������)@��»"�	�������%)�¼ �¥�����

ÄJÃ}ß�Ð ÆZÉ#Ý Þ Ð ßZÓ�ÄJÃ�1ZÝ ï�Ô�ÈZ×6ÑJã�Æ/í�ÑkÒ�ãKÃ+ÆZÄ�Ð ß�Ð É#ÈZÚRÊ!Æ�Ø;Ã+íhÐ Ò�ã`Ò�ãKÃaØ;Ã}Ñ�Ê!Ä�Ð ÛKÒ/Ð ÆZÉ`Æ�Å�Ò�ãKÃ+ÑJÃ�ì/ÓKÃ}É#Ê!Ã+ÆZÄ�Ø;Ã}Ä�ÝkÎKÐ É#Ê!Ã

Ò�ãKÃ`ÆZÄ�ØZÃ}ÄMÐ ÑlÆZÛëÃ}ÉHÏ�È�ÉÓKÉKò�ÉKÆ�í�É�Ù^ÈZÚ ÓKÃ�ÇaÈ�äèÈ�ÛKÛAÃ�È�Ä\Å�ÆZÄEÒ�ã�Ã`Ù^ÈZÚ ÓKÃ`Æ�Å1½ Ò�ã#È�ÒMÐ ÑaÉKÆZÒMáZÏ�âZÏ5ÆZÄMÿZÝ

ê[ãKÃ�ÆZÄ�Ø;Ã}ÄNÐ É�Ò�ã#Ð Ñ�Ã}åAÈZÇ�ÛHÚ Ã�ÇEÈJä`ã#È�ÙZÃNñAÃ}Ã}ÉMßZÃ}ÉKÃ}Ä�È�Ò�Ã�ØUñ�ä�ÛKÄJÆ��#Ú ÃUÐ ÉHÅ�ÆZÄ�ÇaÈ�Ò/Ð ÆZÉ#ÝFÕ É�ÅWÈZÊ!Ò�Ò�ãKÃ�Û�ÄJÆ��#Ú Ã

Ð É#Å�ÆZÄ�ÇEÈ�Ò/Ð ÆZÉ�Ê}È�É`Ñ�Ð{Ç�ÛHÚ äEÑJÓ#ÇEÇaÈ�Ä�Ð ð}Ã�È�Ù�È�Ä�Ð{È�ñ#Ú ÃEÈ�ÑkÆZÛAÃ}ÉUÒ�Æ\Ð É#Ê}Ú Ó#ØZÃ�Ç�Ó#Ú Ò/Ð Û#Ú Ã�Ù�ÈZÚ ÓKÃ}Ñ�Ò�ã#È�Ò�ã#È�ÙZÃ+ÙZÃ}ÄJä

Ð É#Å�ÄJÃ�ì/ÓKÃ}ÉgÒkíFÃ�Ð ßZã�Ò�Ò�Æ�Ê!ÄJÃ�È�Ò�ÃhÙZÃ}ÄJä�Ã&ü�Ê}Ð Ã}É�ÒNÊ!Æ�Ø;ÃaÅ�ÆZÄ�Ò�ãKÃ©Ù�ÈZÚ ÓKÃ©Ñ�Ê!Ã}É#È�Ä�Ð ÆZÑ�Ò�ã#È�Ò�Æ�Ê}Ê!ÓKÄ�Æ�Å�Ò�Ã}É#Ý

Þ Ð ßZÓKÄJÃR1ZÝ ï�Ô<ñ#×#ÑJã�Æ/í�ÑFÒ�ãKÃlÅ�ÆZÄ�Ç±Æ�Å^Ò�ã�Ã�Ê!Æ�Ø;ÃlÈZÅ�Ò�Ã}Ä�Ò�ãKÃ�Ü�Ì[Õ6Ò�Ä�È�É�Ñ�Å�ÆZÄ�Ç Ð É�í�ã#Ð{Ê-ã�Å�ÆZÓKÄFÙ�ÈZÚ ÓKÃ�ÛHÈ�Ò�ãKÑ

Ê!ÆZÄJÄJÃ}Ñ:ÛëÆZÉHØNÒ�ÆEÒ�ãKÃ©ÆZÄ�ØZÃ}ÄJÃ�Ø;é�Ù�ÈZÚ ÓKÃ}ÑhÈ�É#Ø�ÆZÛAÃ}É\Ù�ÈZÚ ÓKÃ�Ý[ý�ß�ÈZÐ É#Ï^ÆZÛ�Ò/Ð{ÇEÐ ð�È�Ò/Ð ÆZÉ�Ð ÑhÈ�ÛKÛ#Ú{Ð Ã�Ø�Ò�ÆaÃ�ÈZÊ�ãsÛ#È�Ò�ã#Ï

ÈZÚ Ò�ãKÆZÓKßZã�Ò�ãKÃUÆZÛAÃ}É�Û#È�Ò�ã¡Ð Ñ�ÆZÉ#Ú ä�ÄJÃ�ØZÓ#Ê!Ã�Ø�Ð ÉpÑ�Ê!Ã}É#È�Ä�Ð ÆZÑlí�ãKÃ}ÄJÃEÒ�ãKÃ�Ù�ÈZÚ ÓKÃPÊ!ÆZÉ�Ò�Ã}å�ÒNÆ�Å�Ê!ÄJÃ�È�Ò/Ð ÉKßPÒ�ãKÃ

ÆZÒ�ãKÃ}ÄEÛHÈ�Ò�ãþÈEÌ3ÆZÄ�ØZÑEÒ�ãKÃ`ÆZÛAÃ}ÉÛ#È�Ò�ã�ÑJÆ�Ç+Ã`ÓKÑJÃ�Å�Ó#Ú ÉKÃ}ÑJÑ�t�Ð É±ÈZÚ{ÚHÆZÒ�ãKÃ}ÄsÊ}È�ÑJÃ}Ñ�Ï5Ò�ãKÃ`ÆZÛAÃ}ÉÛ#È�Ò�ã±Ê!Æ�Ø;Ã�Ð Ñ

Ð{Ø;Ã}É�Ò/Ð{Ê}ÈZÚRÒ�Æ�Ò�ãKÃEÆZÄ�Ð ß�Ð ÉHÈZÚ5Ê!Æ�Ø;Ã�Ý Þ Ð ßZÓ�ÄJÃ�1ZÝ ï�Ô�Ê}×�ÑJãKÆ�í�Ñ�Ò�ãKÃsÊ!ÆAØ;ÃsÈZÅ�Ò�Ã}Ä�* (�)@����������E��*+���^Ý Þ ÆZÄ`È�É�ÆZÛAÃ}É

Ù�ÈZÚ ÓKÃ+Ò�Ä�È�ÉKÑ�Å�ÆZÄ�ÇEÏAÐ ÉKÑ:Ò�Ã�ÈZØ�Æ�Å#Ð ÉHÊ}Ú Ó#ØKÐ ÉKß�Ò�ãKÃ+ÆZÛAÃ}É`Û#È�Ò�ã`íhÐ Ò�ã`Ò�ã�Ã+Ù^ÈZÚ ÓKÃ+ÛHÈ�Ò�ãKÑ�Ï�ÈlÊ!ÆZÉ�Ò�ÄJÆ�ÚRÐ ÉKÑJÒ�Ä:Ó#Ê!Ò/Ð ÆZÉ

Ð Ñ©Ê!ÄJÃ�È�Ò�Ã�Ø�Ò�Æ�ÄJÃ�Ú Æ�Ê}È�Ò�Ã+Ò�ãKÃ�Ã}ågÃ�Ê!Ó�Ò/Ð ÆZÉ`Ò�ÆNÒ�ã�Ã�ÆZÄ�Ð ß�Ð É#ÈZÚ�Ð ÉKÑJÒ�ÄJÓHÊ!Ò/Ð ÆZÉ�Ñ:Ã�ì�ÓKÃ}ÉHÊ!Ã�Ýkê[ã#Ð Ñ�Ò/È�ÄJßZÃ}Ò�Ú Æ�Ê}È�Ò/Ð ÆZÉ�Ð Ñ

Ê}ÈZÚ{Ú Ã�Ø+Ò�ã�Ãn¾���-�¥���rok�Lx�����6���Å�ÆZÄ�È�ÉlÆZÛAÃ}ÉEÒ�Ä�È�ÉKÑ�Å�ÆZÄ�ÇEÈ�Ò/Ð ÆZÉ#Ý"!�Ã}ÉKÃ}Ä�ÈZÚ{Ú äNÒ�ã�ÃkÆZÛëÃ}ÉaÛ#È�Ò�ãMÐ Ñ2ÉKÆZÒ�Ð ÉHÊ}Ú Ó#Ø;Ã�Ø
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JMP
False

JMP

MUL
Z=7Z=5Z=3

MOVMOV MOV

PREDPRED PRED

Z = Y + 1

Y = X * 2

ADD

False

V1

BEQ

MUL

Z = Y + 1

Y = X * 2

ADD

MUL

VALUE SEQUENCE

Y = X * 2

Z = Y + 1 ADD

(a) (b) (c)

X V3V2 ?

BEQ

V1

Y = 2

BEQ

JMP

MOV

ADD

JMP

MOV

ADD

JMP

MOV

ADD

V2

V3

False

False

Y = 4

Y = 6

ESCAPE SEQUENCE

¸�¹_º�»H¼�½=*[¿73 Ì[ÆAØZÃhÅ�ÆZÄ]ÆZÉKÃ�Ù^È�Ä�Ð{È�ñHÚ Ã��¥�����©ÄJÃ}ß�Ð ÆZÉ#çkØKÈ�Ò/ÈE¾KÆ�í¯Ä:Ã}ÛKÄJÃ}ÑJÃ}É�Ò/È�Ò/Ð ÆZÉ�Ô�ÈZ×�Ï�Ù�ÈZÚ ÓKÃ}é�Ò�Ä�È�É�Ñ�Å�ÆZÄ�Ç�Ã�Ø
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MEMORY
DEPENDENCE

LOAD Y = M[ADDR]

PRED

STORE X−>M[ADDR]

STORE X−>M[ADDR]

LOAD Y = M[ADDR] LOAD Y = M[ADDR]

STORE X−>M[ADDR]

(a)

BEQ

(c)(b)

X==Y

JMP

True

False

¸�¹_º�»H¼�½Æ*H¿«* Þ ÓKÉ#Ø�ÈZÇ�Ã}ÉgÒ/ÈZÚFÊ!ÆZÉ�ÙZÃ}ÄJÑ�Ð ÆZÉÆ�ÅkÇ�Ã�Ç�ÆZÄ:ä ¾�Æ/íöÔ�ÈZ×�Ò�ÆÊ!ÆZÉgÒ�Ä:Æ�ÚL¾�Æ/í ÄJÃ}ÛKÄJÃ}ÑJÃ}É�Ò/È�Ò/Ð ÆZÉèÔ<ñ#×�Ï
È�É#Ø�Ò�ã�Ã}É\Ò�ÆEÙ�ÈZÚ ÓKÃ}é�ñ#È�ÑJÃ�ØEÛKÄJÃ�ØKÐ{Ê}È�Ò�ÃUØ�È�Ò/ÈE¾KÆ/í Ô�Ê}×�Ý

Þ Ð ßZÓKÄJÃé1ZÝ§1PÐ{Ú{Ú ÓKÑJÒ�Ä�È�Ò�Ã}Ñ�Ò�ãKÃ�ßZÃ}ÉKÃ}Ä�ÈZÚ#ÑJÒ�Ã}Û�ÑhÆ�Å[Ò�ã�ÃUÒ�Ä�È�É�Ñ�Å�ÆZÄ�ÇEÈ�Ò/Ð ÆZÉ#Ý�ê6ãKÃ��KÄ:ÑJÒ�Ê!Æ�Ø;Ã�ÑJÃ�ì�Ó�Ã}É#Ê!ÃUÆ�Å

Þ Ð ßZÓKÄJÃ�1ZÝ§1ZÔ�ÈZ×�Ñ:ãKÆ/í�Ñ+Ò�ã�ÃNÆZÄ�Ð ß�Ð É#ÈZÚAÑJÃ�ì/ÓKÃ}É#Ê!Ã�Ò�ã#È�ÒaÐ É#Ê}Ú ÓHØ;Ã}ÑaÈ�Ú Æ�ÈZØ�Ð ÉKÑJÒ�ÄJÓHÊ!Ò/Ð ÆZÉ°Å�Æ�Ú{Ú Æ�í]Ã�Ø\ñgä�È�Ñ:Ò�ÆZÄJÃ

Ð ÉKÑJÒ�Ä:Ó#Ê!Ò/Ð ÆZÉÒ�ã#È�ÒMÊ!Æ�ÇEÇ�ÓKÉ#Ð{Ê}È�Ò�Ã}ÑUíhÐ Ò�ãÒ�ãKÃ�Ð{Ø;Ã}É�Ò/Ð{Ê}ÈZÚ�Ç�Ã�Ç�ÆZÄJä�Ú ÆAÊ}È�Ò/Ð ÆZÉ Å�ÆZÄMÈZÚ{ÚkÐ É�ÙZÆ�Ê}È�Ò/Ð ÆZÉKÑaÆ�Å5Ò�ãKÃ

ÑJÃ�ì/ÓKÃ}É#Ê!Ã�Ý+<¨ãKÃ}É�Ù^ÈZÚ Ó�Ã�Û�ÄJÆ��#Ú{Ð ÉKßsÆZÄlÙ^ÈZÚ Ó�ÃPÈ�É#ÈZÚ ä�Ñ�Ð ÑMØ;Ã}Ò�Ã}Ä�ÇEÐ ÉKÃ}ÑlÒ�ã#È�Ò�Ò�ãKÃ�ÑJÒ�ÆZÄJÃ�Ð ÑMÈUÑ�Ð{Ú Ã}É�ÒNÑ:Ò�ÆZÄJÃ�Ï

Ò�ãKÃ}É�Ò�ãKÃlÊ!ÆZÉgÒ�Ä:Æ�Ú�¾�Æ/í�Æ�Å Þ Ð ßZÓKÄJÃ�1ZÝ§1ZÔ<ñ#×�Ê}È�É`ñAÃNÐ ÉKÑ:Ã}ÄJÒ�Ã�ØhÓKÑ�Ð ÉKß�ÈNÅ�ÆZÄ�ÇþÆ�Å^Ü�Ì[Õ}Ý�ºbäsÊ!ÄJÃ�È�Ò/Ð ÉKß�Ò�ãKÃ�Ò&íFÆ

Û#È�Ò�ãKÑ�Ï�Ò�ãKÃ�ÑJÒ�ÆZÄJÃ©Ð ÉKÑJÒ�ÄJÓHÊ!Ò/Ð ÆZÉMÐ ÑHÛAÃ}Ä�Å�ÆZÄ�Ç�Ã�Ø�ÆZÉ#Ú ähí�ãKÃ}É\Ê�ã#È�É�ß�Ð ÉKß�Ò�ãKÃ�ÄJÃ}Ñ�Ð{Ø;Ã}É�Ò[Ù^ÈZÚ ÓKÃ�Æ�Å¬Ò�ãKÃ�ÄJÃ}ÑJÛAÃ�Ê!Ò/Ð ÙZÃ

Ç�Ã�Ç�ÆZÄ:ä�Ú ÆAÊ}È�Ò/Ð ÆZÉHÝ�ê[ãKÃ�Ê!ÆAØ;ÃlÐ Ñ©Ð{Å�é:Ê!ÆZÉ�ÙZÃ}ÄJÒ�Ã�Ø`È�É#Ø Þ Ð ßZÓKÄJÃR1ZÝ§1ZÔ�Ê}×#ÄJÃ}ÑJÓ#Ú Ò�Ñ�Ï�ãHÈ�Ù�Ð ÉKß�È�ÛKÄJÃ�Ø�Ð{Ê}È�Ò�Ã�Ø�Ñ:Ò�ÆZÄJÃ�Ý

ê[ãKÃ�ÛKÄ:Ã�ØKÐ{Ê}È�Ò�ÃMÊ!ÆZÉ#ØKÐ Ò/Ð ÆZÉ�ÙZÃ}Ä�Ð �KÃ}Ñ©Ò�ã#È�Ò�Ò�ãKÃMÇ�Ã�Ç+ÆZÄJäpØKÈ�Ò/È`Ð Ñ+Ó�É#Ê�ã#È�É�ßZÃ�Ø8È�É#Ø�Ñ�ì/Ó#È�ÑJãKÃ}Ñ+Ò�ãKÃ�ÑJÒ�ÆZÄ:Ã�í Ñ

Ã}å�Ã�Ê!ÓKÒ/Ð ÆZÉ�ÆZÉMÒ�ã#È�Ò�Æ�Ê}Ê!ÓKÄJÄJÃ}É#Ê!Ã�Ý

ý Ç�Ã�Ç�ÆZÄ:ä�Ò�Ä�È�ÉKÑ�Å�ÆZÄ�ÇEÈ�Ò/Ð ÆZÉMÆZÛ�ÛëÆZÄ:Ò�ÓKÉ#Ð Ò&ä�Ã}å�Ò�Ä�ÈZÊ!Ò�Ã�Ø�Å�ÄJÆ�Ç Ò�ã�ÃUÈ�ÛKÛ#Ú{Ð{Ê}È�Ò/Ð ÆZÉÎKÂ�½]Ì[Õ&2�ê#ïZà�ñAÃ}É#Ê-ãKé

ÇEÈ�ÄJò8Ñ:Ó#Ð Ò�Ãé�	��-	�����sÐ{Ú{Ú ÓKÑ:Ò�Ä�È�Ò�Ã}Ñ�Ò�ãKÃaÛKÄ�Ð{ÇEÈ�ÄJäPñAÃ}ÉKÃ&�KÒ©Æ�ÅHÒ�ãKÃUÆZÛKÒ/Ð{ÇEÐ ð�È�Ò/Ð ÆZÉþÈ�É#Ø�Ç�ÆZÒ/Ð Ù�È�Ò�Ã}ÑlÒ�ãKÃsÚ{Ð ò�é

Ú{Ð ãKÆ�ÆAØsÆ�Åc�KÉ#ØKÐ É�ß�ÆZÒ�ãKÃ}ÄaÆZÛKÛAÆZÄJÒ�ÓKÉ#Ð Ò/Ð Ã}ÑMÐ ÉþÈ�ÛKÛHÚ{Ð{Ê}È�Ò/Ð ÆZÉKÑ�Ý Þ Ð ßZÓ�ÄJÃ,1ZÝ§Í�ÑJãKÆ�í�ÑlÒ�ãKÃ�Ê!Æ�Ø;Ã`ÑJÃ}ß�Ç�Ã}É�ÒMÐ É

Ù�È�Ä�Ð ÆZÓKÑ�ÑJÒ/È�ßZÃ}Ñ�Æ�Å3ÛKÄJÆZßZÄ�ÈZÇ ÄJÃ�Å�ÆZÄ�Ç�Ó#Ú{È�Ò/Ð ÆZÉHÝ
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x = (BB_new_live_at_end[i][j] & ~BB_live_at_end[i][j]);

for (j = 0; j < regset_size; j++) {

BB_live_at_start[i][j] = BB_live_at_start[i][j] | x;

}
BB_live_at_end[i][j] = BB_live_at_end[i][j] | x;

Ô�ÈZ×

xor r0 = r5 , −1

and r1 = r0, r3

or r8 = r5 , r1

(8) store r7 −> BB_live_at_start[i][j]

(7)

(3) load r6 = BB_live_at_start[i][j]

(4)

(2)

store r8 −> BB_live_at_end[i][j]

load r3 = BB_live_at_end[i][j]

(5)

(6)

(9)

(1) load r5 = BB_new_live_at_end[i][j]

or r7 = r6 , r1

Ô<ñ#×

xor r0 = r5 , −1

and r1 = r0, r3

or r8 = r5 , r1

(3) load r6 = BB_live_at_start[i][j](2) load r3 = BB_live_at_end[i][j]

(5)

(6)

(1) load r5 = BB_new_live_at_end[i][j]

(4)

(C1)

<p2>

p1 = (r5 != r8)

(8) store r8 −>BB_live_at_end[i][j] <p1>

(7) or r7 = r6 , r1

(C2) p2 = (r7 != r6)

(9) store r7 −>BB_live_at_start[i][j]

Ô�Ê}×

¸�¹_º�»H¼�½!*H¿	Ç ½�å�ÈZÇ�Û#Ú ÃaÆ�Å�Ç�Ã�Ç+ÆZÄJäé¾KÆ/í�Ò�Ä�È�ÉKÑ�Å�ÆZÄ�ÇEÈ�Ò/Ð ÆZÉ¡Å�ÆZÄ��	�	-������}Ï#ÑJã�Æ/íhÐ ÉKß�Ò�ãKÃEÆZÄ�Ð ß�Ð ÉHÈZÚ]Ê!Æ�Ø;Ã
Ô�ÈZ×�Ï[Ò�ãKÃ�ÆZÄ�Ð ß�Ð É#ÈZÚ�Ø;Ã}ÛAÃ}É#ØZÃ}É#Ê!ÃaßZÄ�È�Û�ã�Ô<ñ#×�ÏHÒ�ã�ÃUÙ�ÈZÚ ÓKÃ}é�Ò�Ä�È�ÉKÑ�Å�ÆZÄ�Ç+Ã�ØMÛ�ÄJÃ�ØKÐ{Ê}È�Ò�Ã}é:È�ÑJÑJÃ}Ä:Ò�Ã�ØØ;Ã}ÛAÃ}É#Ø;Ã}É#Ê!Ã
ßZÄ�È�ÛKãpÔ�Ê}×�Ý
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ê[ã�Ã]ÆZÄ�Ð ß�Ð ÉHÈZÚ/Ñ:ÆZÓKÄ�Ê!Ã+Ê!ÆAØ;Ã+Å�ÆZÄkÈ�Ú Æ�ÆZÛ`Ð Ñ�Ð{Ú{Ú ÓKÑ:Ò�Ä�È�Ò�Ã�ØlÐ É Þ Ð ßZÓ�ÄJÃ�1ZÝ§ÍZÔ�ÈZ×�Ý�ê[ãKÃ�Ê!Æ�Ø;Ã+Ð ÉgÙZÆZòZÃ}Ñ�È2ÑJÓ�ñKÄJÆZÓKé
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�ôø�ò%ø�ö ë�ì

ðvî��ö ë�ì�÷nò%ðvî ó�ö ÿ�î'ó ��ø�ë��³ò�ñ�î ðvîïô÷vî`î�BC
³ó ëö ø�î'õhùC�§ø���î ü|üedFò$
	
�ðvëò�þ'���_/e�³ö�ó î ë�ø���îïðv÷?ò%ðLî ö ì�ñ¶ò%ð�ö�ò%ìcøMò%ì³õ

þïò%ìVù}îJðvî'ú·ë�ð�âô³ó�ò%ø�î'õ�� � ô�ðvø��îïð³÷vø�ôuõc� ø�ë îïñ¶ò�ó ô³ò%ø�îÖø���îï÷vîfðvî��ö ë�ì�÷zùuò%÷vî'õ|ë�ìnø���î'ö ðTðvîïô�÷LîAþ'�uò%ð�ò�þ�ø�îïð�ö ÷vø�ö�þ�÷

/fë�ô³ó�õx�3ö î'ó�õªö ìcø�îïðvîï÷vø�ö ì��9ö ì�÷�ö ���cøMö ì�ø�ë+õ�ö �^îïðLîïì�ø|÷Lø�ð�ò%ø�î��ö îï÷ ëú^î�B_
³ó ëö ø�ö ì��hðLîïô�÷vî ë�
�
}ë�ðvø�ô�ìuö ø�ö îï÷�

!���G



0.9

0.92

0.94

0.96

0.98

1

1.02

1.04

1.06

1.08

1.1

00
8.

es
pr

es
so

07
2.

sc

09
9.

go

12
4.

m
88

ks
im

12
6.

gc
c

12
9.

co
m

pr
es

s

13
0.

li

13
2.

ijp
eg

14
7.

vo
rt

ex le
x

ya
cc

m
pe

g2 pg
p

av
er

ag
e

Benchmarks

P
er

fo
rm

an
ce

 S
p

ee
d

u
p

Issue-6 Issue-9 Issue-12 Issue-16

���&���l���DçTèITuH �3ñ¶ò�ó ô³ò%ø�ö ë�ìªëú��Jû�õÉAÜ÷�
}îïî'õ�ô�
�ú·ë�ðMõ�ö ��îïðvîïì�øO�hò�þ'�³ö ìîo�`ë3õ�î'ó ÷�
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VOF-PDLO-INPUT1

VOF-PDLO

���&���l�9�+çuèQT	T �3ñ¶ò�ó ô³ò%ø�ö ë�ì+ëú�[�A � %&��û�õÉAF÷&
�îïî'õ�ô�
�ú°ë�ðnõ�ö �^îïðLîïì�øMö ì	
�ô�øÖ÷vîïø�÷�
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Computation Computation and Decision

���(�������+çuèQT�� üTë3õ�î���ðvë0/âø�� ú·ë�ðMò$
�
³ó �3ö ì��7ñ¶ò�ó ô�îrø�ð�ò%ì�÷;ú°ë�ð� ÷�

üTë3õ�îw��ðvë/|ø��ªö ÷1ë�ì�îÖ÷�ö�õ�îÖî���î'þ�ø1ëú�ø��îPñUò�ó ô�î�%$ùuò%÷vî'õAø�ð�ò%ì�÷�ú·ë�ð�hò%ø�ö ë�ì÷� � ö ��ôðvî����"G�* ö�ó�ó ô�÷vø�ð�ò%ø�îï÷�ø���î

þ�ë3õ�î���ðvë0/âø��£õ�ô�î7ø�ëU[�A � %&�Jû�õÉA��Jú°ë�ðrø��îªõ�ö �^îïðLîïì�ø§þ�ë	��
�ë�ìîïì�ø�÷rø��uò%ø§þ�ë	��
}ë�÷vî7ø���îhø�ð;ò%ì�÷�ú·ë�ð�`î'õ

þ�ë3õ�î���(�ö ì³þ�îAî'ò�þ'�ºñ¶ò�ó ô�î7þ�ë�ì�ø�î�Bcøw��îïì�îïð�ò%ø�î'õºõ�ô�ð;ö ì��rø���îAñUò�ó ôî ñ�î'þ�ø�ë�ðe��îïìîïð�ò%ø�ö ë�ì�
��³ò%÷vî ðvî�
�ðvîï÷Lîïì�ø�÷rò


³ò%ø��+ëú}ðvî�
³ó�ö�þïò%ø�î'õÊö ì÷vø�ðvô³þ�ø�ö ë�ì�÷=��ø���îïðLî=ö ÷hþ�ë}õ�î`��ðvë/|ø��Æõ�ô�îMø�ë9ò%÷v÷;ö ��ì³ö ì��=ø���îMðLîï÷vô³ó ø�÷Aëú}ø���î?ðLî��ö ë�ì

ò%ì³õ ø���îO
�ðvî'õ�ö�þïò%ø�îºõ�î'þïö ÷�ö ë�ì ö ì�÷Lø�ðvô³þ�ø�ö ë�ì�÷�Mý1��î�þ�ë}õ�îO��ðvë/|ø��Æö ÷7ò%ù}ë�ô�øx7�^ ë�ì!òvñ�îïð�ò$��î��S/e�uö�þ'�4�hò��

ù}î�ò%ìÃò�þïþ�î�
�ø�ò%ù³ó î�ó îïñ�î'ó|ú°ë�ð7ø��î�ò�þ'�³ö îïñ�î'õR
}îïð�ú°ë�ð=�hò%ì³þ�î�ëú1ø��îºðvî'ú°ë�ð=�|ô³ó�ò%ø�ö ë�ì ø�î'þ'��ì³ö"��ô�î�� � ôø�ô�ðvî

ø�î'þ'�ì³ö"�[ôîï÷3�hò��!ù}î ò%ù³ó îªø�ë ÷vî'ó î'þ�ø�ö ñ�î'ó � ò$
	
³ó ��ø���îªø�ð�ò%ì÷�ú°ë�ð=�hò%ø�ö ë�ìÒ/nö ø�� þ�ë3õ�î þ�ë�ì�÷�ö�õ�îïð�ò%ø�ö ë�ì�÷�ò%÷

ò ú&ò�þ�ø�ë�ð�ö ì/õ�îïø�îïð�hö ìuö ì���ø���î!ó îïñ�î'ó�ëúÖø�ð�ò%ì�÷;ú°ë�ð� ò%ø�ö ë�ì/ò%ìuõ{/e�îïø���îïð§ø�ë ô�÷vîDðvî'ú·ë�ð�|ôuó�ò%ø�ö ë�ìú�`ë�ðvî

÷vî'ó î'þ�ø�ö ñ�î'ó ���

ý1�î�
�îïð;ú°ë�ð� ò%ì³þ�î`ëú	
uò%ðvø�ö�ò�óUðvîïñ�îïðv÷Lî§ö�ú�%Lþ�ë�ìcñ�îïðv÷�ö ë�ì+ëúø���î îï÷�þïò$
}îr÷vî���ô�îïì³þ�îï÷ ëú�ø���î ñ¶ò�ó ô�î�%$ù³ò%÷Lî'õ

ø�ð�ò%ì�÷;ú°ë�ð� ò%ø�ö ë�ì�ö ÷7÷���ë0/âì�ö ì � ö ��ôðvî{���"G$8wú°ë�ð7ø��î5!��$%Lö ÷L÷vô�î�
�ðvë3þ�îï÷v÷vë�ðM�`ë3õ�î'ó"�{��ì�ø���îï÷vî�þïò%÷Lîï÷hø���î

õ�ö ��îïðvîïìcøPó îïñ�î'ó ÷�ëúþ�ë	��
uö�ó îïð�
³ò%ð�ò��`îïø�îïðL÷âö ì³õ�ö�þïò%ø�îPø���îÖø���ðvîï÷&��ëó�õ7ò%ø�ø�î���
�ø�ö ì�� ø�ë þ�ðLî'ò%ø�îe/�î'ó�ó;ùuò�ó�ò%ì³þ�î'õ

!��$8
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PDLO PRIC

���&�������DçTèQT�Ð �îïð;ú°ë�ð� ò%ì³þ�î§ú·ë�ðf[�A � %&�Jû�õ,A ò%ì³õx[�A � %&��û�õÉAw%&��d<�ïüe�

þ�ë3õ�îX�hö ��ð�ò%ø�ö ë�ìMù}îïø;/fîïîïìMø���îzîï÷;þïò$
�î�÷vî���ô�îïì³þ�î ò%ì³õPø���îzñUò�ó ôî1÷vî���ô�îïì³þ�î1ëú�ø���î1ñ¶ò�ó ô�î�%$ù³ò%÷Lî'õ?þ�ë3õ�îï÷��2É�

ò�ó�ó ë0/nö ì��Vîï÷�þïò$
}îA÷Lî��[ô�îïìuþ�îï÷�ø�ëVù}îf
³ò%ðLø�ö ø�ö ë�ì�î'õ`/Mö ø��§ø��î ñ¶ò�ó ô�î`÷vî���ô�îïì³þ�îï÷�'÷vë	�`î7õ�î���ðvîïî`ëú5ö ì�÷Lô�ð�ò%ì³þ�î

ö ÷uù�î'ö ì	�f
}îïð�ú·ë�ð�`î'õP÷;ö ì³þ�îJø���îfñ¶ò�ó ô�îJñ�î'þ�ø�ë�ðv÷âö ì÷vø�ö ø�ô�ø�îfø���îY�`ë�÷LøÖó�ö ÿ�î'ó ��
uò%ø���÷��2¥ôø��`ë�ðvî�
}îïð�ú·ë�ð�hò%ì³þ�î

þïò%ì ù�î+ò�þ'�³ö îïñ�î'õDù_�!ö ìuö ø�ö�ò%ø�ö ì��9ø���îhîï÷�þïò$
}î ÷Lî��[ô�îïìuþ�î+ö ìR
uò%ð�ò�ó�ó î'ó�ú·ë�ð=ò\/Mö�õ�î3�hò�þ'�³ö ìî ÷vô³þV�£ò%÷nø���î

!��$%Lö ÷v÷vôîo�`ë3õ�î'ó"�

r�sZs��9�l�Qt h iU�Qt�� k ���l�,tl� h tâôh� � j �&%��Qt h iU�Qs	tK�1�¥ô9��t��&���l�Cmcè 2,� þ�ëcë�ð�õ�ö ì³ò%ø�ö ì��Dø���î ðLî'õ�ô�ì�%

õ�ò%ì³þD�§î'ó�ö"�hö ì³ò%ø�ö ë�ì�ø�î'þV��ì³ö"��ô�îï÷�
�ðvë�
}ë�÷vî'õ=ö ìºø��³ö ÷Pø���îï÷;ö ÷�}ònþ�ë�÷LøPî��^î'þ�ø�ö ñ�î§õ�îï÷�ö ��ìºëú¶ø���îhüedX2wþïò%ìºù}î

ò�þ'�uö îïñ�î'õ�� � ö ��ô�ðvî����"G�7 ÷���ë/|÷rø���îo
�îïð;ú°ë�ð� ò%ì³þ�îªú°ë�ðMø���ðvîïî�� ë}õ�î'ó ÷Mëú³î�B�î'þ�ô�ø�ö ë�ì��fò�*�G$%$îïì�ø�ð&� üedf2

õ�îï÷�ö ��ì���ò�*�G$%$îïìcø�ð��ªüedf2�õ�îï÷;ö ��ì\/Mö ø��Dþ�ë	��
uö�ó îïðJðvî'ú·ë�ð�âô³ó�ò%ø�ö ë�ì ëú�ñ�î'þ�ø�ë�ðvî'õ?ðvî��ö ë�ì�÷�^ò%ì³õ7ò�!�G�L$%$îïìcø�ð��

üedX2 õ�îï÷�ö ��ì�� ü|ó î'ò%ð;ö ì��Dù_��ô�ø�ö�ó�ö í'ö ì	�!þ�ë	��
³ö�ó îïð7÷vô�
�
}ë�ðvø?ø�ë+ðLî'ú°ë�ð�âô³ó�ò%ø�î�ø���îÊþ�ë	��
�ô�ø�ò%ø�ö ë�ì�ðvî��ö ë�ì÷

/Mö ø���ö ìcñUò%ð�ö�ò%ìuþ�î��Uø���îïì�ø���îhüedf2�ðvîï÷vë�ôð�þ�îï÷?þïò%ìºù}îVú·ðvîïî'õMëú¶÷vë	� î ò�þïþ�îï÷v÷Mþ�ë�ìcø�îïì�ø�ö ë�ì,����ì�ø���îhþïò%÷vî ëú

!���7
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32 Entries 16 Computation Instances
32 Enrties 16 Computation Instances w/ VOF
CRB 128 Entries 16 Computation Instances

���&���l���ÃçTèIT:ó �^îïð�ú·ë�ð�hò%ì³þ�îÆþ�ë	��
³ò%ð;ö ì��Üü|üed �`ë3õ�î'ó ÷�/e��îïì/þ�ë�ë�ð�õö ì³ò%ø�ö ì��Üþ�ë	��
³ö�ó îïð�%$ùuò%÷vî'õFò%ì³õ
þ�ë	��
³ö�ó îïð&%Lõ�ö ðvî'þ�ø�î'õ ø�î'þ'��ì³ö"��ô�îï÷�

� ö ��ô�ðvî����"G�7��}ø���îºþ�ë�ë�ð;õ�ö ì³ò%ø�ö ë�ì þïò%ìÆò��`ë�ô�ìcø ø�ë�ô�÷;ö ì��9ò *�G$%$îïìcø�ð�� þ�ë	��
ô�ø�ò%ø�ö ë�ìÊù�ô���îïð ð;ò%ø���îïð`ø��³ò%ì

ò\!�G�L$%$îïìcø�ð��ºù�ô���îïð�/e�³ö�ó î=ò�þ'�³ö îïñ3ö ì�� ñ�îïð&�=÷;ö"�hö�ó�ò%ðe
}îïð�ú·ë�ð�hò%ì³þ�î��

n.� gvgYh � h �l�(��% ��l h	j � h iU�QsutÖè AÖìî�ëú�ø���î+�`ë�÷vø9ö"��
}ë�ðvø�ò%ìcøDò%÷�
}î'þ�ø�÷ ëú`ú·ô�ø�ô�ðvî�þ�ë	��
uö�ó îïð

ø�ð�ò%ì�÷;ú°ë�ð� ò%ø�ö ë�ì�÷ªö ÷7ø���î'ö ðªò%ù³ö�ó�ö ø?� ø�ë9îïì³ò%ùuó îºø���î�þ�ë�÷vø7î��^î'þ�ø�ö ñ�î õ�îï÷�ö ��ì!÷vø�ð�ò%ø�î�����ëú���õ,�è�hò�þ'�³ö ìîï÷�

Aw
�ø�ö"� ö í'ò%ø�ö ë�ì�÷?ø��³ò%ø=ö"��
�ðvë�ñ�î+þ�ë3õ�î7î�EDþïö îïì³þD�Êù_�Dô÷�ö ì��R�hò%ì_�Æþ�ë�ì³þ�ô�ðvðvîïìcø�
�ðvë3þ�îï÷v÷vë�ð?ðvîï÷vë�ô�ð�þ�îï÷Mðvî�%

õ�ô³þ�î ø���î7ó�ö"�hö ø�ò%ø�ö ë�ì�÷Pëú5ö ì�÷Lø�ðvô³þ�ø�ö ë�ì 
³ò%ð�ò�ó�ó î'ó�ö ÷� ì³ò%ø�ôð�ò�ó�ó �ªú°ë�ôì³õ§ö ì 
�ðvë���ð;ò�� þ�ë3õ�îï÷� � ö ��ô�ðvî����"G��Vö ÷

ô�÷vî'õhø�ë3� ë�ø�ö ñUò%ø�îVø���î�ò$
�
³ó�ö�þïò%ø�ö ë�ìÊëú�÷�ö�ó�ö�þ�ë�ì9ðvîï÷vë�ôð�þ�îï÷ ø�ë=ø���îMî'ó�ö"�hö ì³ò%ø�ö ë�ìÊëúzþ�ë	��
�ôø�ò%ø�ö ë�ì+ðLî'õ�ô�ì�%

õ�ò%ì³þD���Öý1�ðvîïî��`ë}õ�î'ó ÷1ëú�î�Bcî'þ�ô�ø�ö ë�ì9ò%ðvîP÷���ë/|ìâö3ùuò%÷vî�
�ðvë3þ�îï÷v÷vë�ðX� ë}õ�î'óst%÷&��÷vø�î��a/Mö ø���*�G$%$îïìcø�ð���üedf2w�

ù³ò%÷vîA÷��c÷vø�î��ö�`ë3õ�î'ó�/Mö ø��o
}îïð�ú·î'þ�ø��hò�þ'�uö ì�î ðLîï÷vë�ô�ð�þ�îï÷�}ò%ì³õMø���îAù³ò%÷vî��`ë3õ�î'ó�/Mö ø���
�îïð;ú°î'þ�øf÷��c÷vø�î�� ðvî�%

÷vë�ô�ð;þ�îï÷�3ò%ì³õOW�ì³ò�ó�ó �=ø���î ù³ò%÷LîP�`ë}õ�î'ó�/nö ø���ø���î üedX2£ò%ìuõO
�îïð;ú°î'þ�øÖ÷��c÷vø�î��Ôðvîï÷Lë�ô�ð�þ�îï÷�e�Pîïì�îïð�ò�ó�ó ��ø���î

ú·ô�ì³õ�ò��`îïìcø�ò�ó
}îïð�ú°ë�ð=�hò%ì³þ�îfëú�ò$
�
³ó�ö�þïò%ø�ö ë�ì�÷Aþïò%ì7÷vø�ö�ó�ó;ù}î`ö"��
ðvë�ñ�î'õAîïñ�îïìªú·ë�ð<
}îïð�ú°î'þ�øu÷��c÷vø�î��£ðvîï÷vë�ôð�þ�îï÷

!����
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Base Processor + CRB
Base Processor with Perfect Resources
Base Proessor with CRB+Perfect Resources

���&���l����çuèQT�ç �^îïð�ú·ë�ð�hò%ì³þ�îªþ�ë	��
³ò%ð�ö ì���ù}îïì�î�W�ø�÷`ëúfþ�ë	��
³ö�ó îïð�%$ù³ò%÷Lî'õÊò%ì³õÊþ�ë	��
³ö�ó îïð�%Lõö ðvî'þ�ø�î'õºø�î'þV��%
ì³ö"��ô�îï÷e/e�îïìºñUò%ð��3ö ì���� ò�þ'�³ö ì�î?ðvîï÷vë�ô�ð�þ�îï÷=�

÷vô³þV��ò%÷7ú·ô�ì³þ�ø�ö ë�ì³ò�ó�ô�ì³ö ønþïò�þV��î��`î��`ë�ð���ò%ì³õ ù�ð�ò%ìuþ'�U
ðvî'õ�ö�þ�ø�ö ë�ì!ò�þïþ�ô�ð�ò�þD������ì+ø��³ö ÷Vþïò%÷Lî��³þ�ë	��
ô�ø�ò$%

ø�ö ë�ì7ðvîïô�÷Lî��hò�ö ìcø�ò�ö ì�÷z÷vë	� î�
}îïð�ú·ë�ð�hò%ì³þ�î ö"��
�ðLë�ñ�î��`îïìcøzë�ñ�îïðâò��hò�þV�³ö ì�îw/Mö ø��x
}îïð�ú°î'þ�ø���õÉ�=ðvîï÷vë�ôð�þ�îï÷�

ý1�³ö ÷�ö ÷�õ�ô�îhø�ë+ø���î+úOò�þ�ønø��³ò%øMù}ë�ø�� ø���îP��õÉ�Ôþ�ë	��
uö�ó îïð�ò%ì³õU�³ò%ð�õ�/`ò%ðvî§ø�î'þ'��ìuö"�[ô�îÊõ�ëDì�ë�ø�
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