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gU`�GH\([U��_SKU`|o@WY\(OU`|\�t2_ K(Lxo?OX^�OU`(hil)g(V9_
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�nT�����O9_j`(hp\([�O)h1\#Wq`#ofo@\(h
Lxo'^�[�^(c(c�hp`#o@o�L ]U`Xl#\HVE_j�p\�ti�p\(h1�)`(hrl#oqV%OU`(hpofW�^2M¦^�h��)`#o�L{c�[Hl(b�`U^�[(L*[Uc�_SKX^U_
b�V%M _SL*O)Mx`�L*[Uo�_ h�VUW@_SLx\([Uo/WY\(bJO)Mx`�_j`-^(o/o@\#\([�^(oQ_SKU`(L*h��)`(O#`([U�)`([UWELx`#o'^�h1`-o@^U_ L{o!t	Lx`#�DR+u�K#`�O(hp\#WY`#o@o@\(h
KX^(o'^�gHV%L*M _��jL*[�KX^�h1�(�/^�h1`�O(hp`�tr`�_�WEK)LN[Uc�^�Mxc)\(h�L _ K(beR9¢2V%gUof`#��VX`([9_nb�Lxofo@`#oQ_�\|WY\([Uo@`#W9VE_SL ]#`-Wq^(WEKU`
M*L*[#`#o/W�^%VXo@`?_ K#`�bs`(bs\(hkGsWq\([�_ hp\(MNMx`(h)_�\�g)h�L*[UceL*[�^(o?b�^�[9G�^(oQtr\HV)h�W�^HW#K#`�MNL*[U`#o'^�KU`U^H��_�\?_SKU`�Mx`�]U`(M
ªsWq^(WEKU`)R+u�KU`�O)h1\#Wq`#ofo@\(h
KX^(o/�)`#`(O�M{\U^(� �ro�_�\(hp`|��VU`HVX`#o9R+u�KU`#of`-�2VX`HVX`#o'^�M*M{\E��_ K#`�O(hp\#WY`#o@o@\(h)_j\
Lxo@oYVX`�b�`(bs\(hkGs\(OU`(hi^U_SLx\([Uo��;L _SKU\HVE_�KU^U])L*[#c�_�\´�/^2L _nV%[�_ L*M@_SKU`�GsWY\(b�O(Mx`�_�`)R+u
KU`;��T;����O9_j`(hp\([
O)hp\#WY`#o@of\(h
KX^(o'^�[-`(Lxc�K9_j�p`([�_ hkGs��VU`HVX`?tr\(h��%^U_�^�hp`�tr`(hp`([UWY`#oQ_j\~_SKU`�Mx`�]#`(MU²|W�^HW#K#`�^2[U��^JV%[)L t	L{`#�
ºXªX�p`([9_ShkGs��VX`HVX`?_j\�M{`�]U`(M@_���\)R+u�KU`�O)h1\#Wq`#ofo@\(h�oqV%O)O#\(hk_�o/�)^U_	^-tr\(h¯�/^�hp��L*[Uc2lU^�Mxo@\��#[U\E�;[�^(o/WEhjL _SLxWq^�M
��\(h1��t	L*hpo!_ RXZN[�[U\(hjb�^�M�^�O)O)MNLxWq^U_ L{\([UoYlU^�b�Lxofo?Lxo?hi^�hp`(M G-_ShjLxc(c)`(hp`#�eg9G|_SKU`?t	L*hpo!_���\(hp�eL*[�^�Wq^(WEKU`�M*LN[U`)R
¢�L*[#Wq`?_SKU`�gX^(o�L{W/_Shi^�[Uo�tr`(h�V%[)L _nLxo'^�Wq^(WEKU`�M*L*[U`Xl(O)hp\#WY`#o@o@\(h1o���L _SKU\HVE_
�%^U_�^-tr\(h1�/^�h1��L*[UceKX^#]U`?_�\
�/^2L _nV%[�_ L*M@_SKU`|`([9_SL*hp`�M*L*[#`�L{oQ_ hi^2[Uo!tr`(hjhp`#�eg#`�tr\(hp`|Wq\(bJO(VE_�^U_SLx\([-Wq^�[�hp`#oqV)b�`)R���[~_ KU`;�nT;���/O�_�`(hp\([
O)hp\#WY`#o@of\(hrl9_SKU`´��\(h1��_ KX^#_�bJLxo@o@`#��_SKU`|Wq^(WEKU`�Lxo/�)`(M*L ]#`(hp`#��t	L*hpo�_�l�_ KHVXo/o¡^U_SLxo!t1G2L*[#c�_ KU`|�)`(O#`([U�)`([UWfG
o@\?_SKX^U_D_SKU`�Mx\U^(��\(h�o�_�\(hp`�L*[#o!_ hrVXWf_ Lx\([-WY\(bJO)Mx`�_j`#o9R+u�KU`�hp`(b�^�L*[#�)`(h�\�t2_ KU`|Wq^(WEKU`�M*L*[#`�L{oQ_ KU`([
_Shi^�[Uo!tr`(h�hp`#��^(o!G2[UWEK)h1\([U\HVXo�M G�^(oQ_SKU`|WY\(b�OHVE_	^#_ Lx\([-WY\([9_SL*[(VU`#o9R
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O)hp\#WY`#o@o@\(h
bs`(b�\(h�G�gU^�[U�(�;Lx�X_SK�Lxo
³)R*º|¤QF �io@`#W���R@�
o/`U^(WEK�O)h1\#Wq`#ofo@\(h
KX^(o?L _jo/\E��[�bs`(bs\(hkGsWq\([�_ hp\(MNMx`(hrl(OU`U^��?^(c)c�h1`#c%^U_j`�bs`(bs\(hkG
gX^�[#�(��Lx�U_ K�Lxo;ª2²)RNªs¤QF �io@`#W#RX£E^(WEK�O)hp\#WY`#o@o@\(h
L{o/Wq\([([U`#Wf_�`#��_j\?_j��\�^H� �p^(WY`([9_n[U`(Lxc�K)g#\(hpo?g9G��/^UGs\�t
^�Â2G2OU`(h u
hi^�[Uo�O#\(hk_D_j`#WEK)[U\(Mx\#cXGJM*LN[)�|h�V%[)[)LN[Uc�^U_­º)RNªs¤QF �io@`#W´L*[-`U^(WEK-��L*hp`#Wf_SLx\([���O)h1\�])Lx��LN[Uc�V%O~_j\
²$9�RNªs¤QF �ro@`#W´OU`U^��|gX^2[U�(��L{�X_ K�O#`(h
O)hp\#WY`#o@o@\(h���Rfu2��\|\�_SKU`(h�o!GHo!_j`(b�o'^2hp`sVXo@`#�eL*[-\HV%h
WY\(b�OU^�hjLxo@\([#oYlX^��
`(M*M#I#hp`#WELxo�Lx\([´�e\(hj�qo!_�^U_SLx\([s³XºX¼�^�[#��^�[�Z*[9_j`(M!u�L{c)`(h2À�R�a�KX^�hp^(Wf_�`(hjL{o!_ L{Wqo/\�t2_SKU`
o!GHo!_j`(bsoQ_�`#o!_j`#��^�hp`|oqV)b�b�^�hjL{ @`#�eL*[;uD^2g)Mx`�²)R

�e��"(� ��y�����"(�
�e���
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�n]U`(h)_SKU`?GH`U^�hpoYl([(V%bs`(hp\HVXo?bJLxWEhp\(gU`([UWEK)b�^�hj�qo?KU^U]U`�gU`#`([-�)`�]#`(Mx\(OU`#��_j\-^�[X^�M GX @`~_SKU`
OU`(hktr\(h�b�^�[#Wq`|\�t2_SKU`�b�`(bs\(hkGsoqV%gUo�GHo!_�`(b�RUÂ�`(hp`´��`�O(hp`#o@`([9_nhp`#oqV%M _joQt	hp\(b±tr\HV%h
OU\(O(V%Mx^�h
bJLxWEhp\(gU`([UWEK)b�^�hj�qoEÄ9a�^(WEKU`(F)`([UWEKHlX¢#_ hp`U^2b�l(dYT�gU`([#W#K�^2[U��¤¥m­I�¢�Rfu
KU`�[(V%bJgU`(hpo?h1`(OU\(hk_j`#��^�hp`?_ K#`
^U]#`(hi^(c)`|\�t2tr\HV%h
h�V%[#o/\([-`U^(WEK-\�t�_SKU`?_SK)hp`#`|o!GHo!_j`(b�o�RX£E^(WEK-o!GHo!_j`(b�LxoQt�V)M*M GsoqV%gUofW#h�L*gU`#��;H`�]#`(hkG
O)hp\#WY`#o@of\(h
Lxo?g(VXo!GJh�V)[)[)L*[Uc�^�WY\(O9Gs\�t2_SKU`|o¡^�bs`-of`(hjL¦^�M#gU`([#W#K(b�^�h��URXZ _nLxo?L*bJOU\(hk_�^�[9_�_�\�[U\�_j`?_ KX^#_D_SKU`
hp`#oqV)M _�o?K#`(hp`-^�hp`�gU\�_SK�V%[U\�t1t	LxWEL¦^�M�^2[U��V%[#�k_�V%[U`#�DR�aD\(bJbs`(hpWEL¦^�M@]U`(h1o�Lx\([Uo/\�t2_SKU`�gU`([UWEK)b�^�hj�qo?KX^U]#`
gU`#`([-`�w(KX^2VXo!_SL ]#`(M G|_SV%[#`#��_�\|c)`([U`(hp^U_�`?_SKU`�gU`#o!_nOU\#o@o�L*g(Mx`�[(V%bJgU`(hpo9RUÂ�`(h1`Xl)[U\?_�V%[)L*[#ceLxo/�)\([U`
gU`�GH\([U��`([U^�g)M*L*[#c�^(c)c�hp`#ofo�L ]U`|\(O9_SL*bJL{ Y^U_SLx\([�L*[~_SKU`|WY\(b�O(L*Mx`(h�R

�
These figures are in units of 109 not 230.
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a�^(WEKU`(F)`([UWEK�Lxo/�)`#o�L{c�[U`#��_j\�bs`U^(oqV)hp`?_ KU`�OU`U^2�|VUo¡^�g)Mx`�bs`(b�\(h�G�gU^�[U�(�;Lx�X_SK-\�t
^2M*M#Mx`�]U`(M{o
\�t2_ K#`�bs`(bs\(hkGJK)Lx`(hi^�h1W#K�G�RXZ _nLxo?OX^�h�_�\�t2_ K#`�dYd+a�F)`([UWEK�OX^(WE��^(c)`H¸rª)ª2¹p¸�ª)º(¹2^�Mx\([#c���L _SK�FDd ��¢�F%`([#W#K
^�[U�eT;I#Z*F)`([UWEK%Rfu
KU`|c)\U^�Mq\�t2_SKU`�dYdfa�F%`([UWEK�OX^HW#��^Hc)`�LxoQ_�\�OX^2hi^�bs`�_�`(hjL  ¡`�L*b�O#\(hk_	^2[9_�Mx\E�Q�jMx`�]U`(M
OU`(hktr\(h�b�^�[#Wq`|WEKX^�hp^(Wf_�`(hjL{o!_ L{Wqo/\�t�^�[�^2hpWEK)L _j`#W@_�V%hp`-^�[#�eL _�oQ]U^�hjLx\HVUo/oqV%gUo!GHo�_�`(bso9R�a�^(WEKU`(F)`([UWEK
��\(h��qo?g9GJL*[)L _SL¦^�M*L  9L*[Uc�^�M¦^2hpc)`|WY\([9_ L{c�VX\HVXoQ]#`#W@_j\(h�\�tD�)\HV%g)M{`#o'^�[U��_SKU`([�OU`(hktr\(hjbJL*[Uc�]U^�hjLx\HVUo
\(OU`(hi^#_ Lx\([#o/\([-oqVXWYWY`#o@o�L ]#`(M GJM¦^�hpc)`(h
O#\(hk_ L{\([Uo/\�t2_ KX^#_D]U`#Wf_j\(h�RUZ _�c)`([#`(hi^U_j`#oQ_j��\-of`�_�o/\�tD�%^U_�^-tr\(h
_SKU`?_ K)h1`#`�gU^(o�LxW;\(OU`(hi^U_SLx\([Uo/\([�bs`(bs\(hkG�ÄHhp`U^(�%l#�;hjL _j`�^2[U�ehp`U^(�(�jbs\#��L t1GX�1�;hjL _j`Xl9_SKU`�M¦^U_i_j`(h�\�tD�;K)LxWEK
Lxo?L*bJO)Mx`(bs`([9_j`#��^(o'^�[�L*[#W#h1`(b�`([9_
\(OU`(hi^U_SLx\([%R+u
KU`?t	L*hpo!_
o@`�_�\�tD�%^U_�^�LxoQtr\(h)_SKU`�[X^U_SL ]U`
L*bJO)Mx`(bs`([9_�^U_ L{\([-\�t
^��(\HV%g)M GJ[U`#o!_j`#�eMx\#\(O%R+u
KU`|o@`#WY\([U��o@`�_�\�tD�%^#_	^�LxoQtr\(h�^-_�V%[U`#��]#`(hpo�Lx\([|�;KU`(hp`
_SKU`�L*[)[U`(h
Mx\#\(O�KU^(o?gU`#`([�V%[)h1\(M*Mx`#��`(Lxc�K�_D_SL*b�`#o�Rfu
KU`|c)\U^�Mq\�t2_SKU`?_SV%[#`#��]U`(hpo�L{\([�LxoQ_�\|o@`#`�KU\E� _ KU`
WY\(b�O(L*Mx`(h
KX^�[#��Mx`#o/WY\#�)`?_ KU^U_�KX^Ho'^�M*hp`U^(�UG�g#`#`([-\(O9_ LNb�L{ @`#�DRXZN[�^(�)��L _SLx\([~_j\?_ KU`#of`-oqL w-\(OU`(hi^#_ Lx\([#oYl
a�^HW#K#`(F%`([UWEK�^�Mxof\�h1`(OU\(hk_joQ_ KU`�OU`(h�tr\(hjb�^2[UWY`-\�t2_SKU`�b�`(bsWEO9G%�j�D^�[#�eb�`(bso@`�_��j��oqV%g)h1\HVE_ LN[U`#o
tr\HV%[U�eLN[~_ KU`|a�MNL*g)hi^�h�G�Rfu
KU`�b�`(bsWEO9G%�j��\(OU`(hp^U_ L{\([�KX^(o?Mx\([Uceg#`#`([��#[U\E��[~_j\�gU`?_ KU`�M*LNb�L _SL*[Uc
t�^(Wf_j\(h
L*[�Z �r�ÃOU`(hktr\(h�b�^�[#Wq`H¸1À�ª2¹p¸pÀ�º(¹�Rf�
o'^�hp`#oqV%M _	l�_ KU`#of`�h1\HVE_ LN[U`#o'^�hp`�KU`U^U](L*M Gs\(O9_SL*bJL{ ¡`#��_j\~_�^��q`
^(�X]U^�[9_�^(c)`|\�t2_ K#`�O(hp\#WY`#o@o@\(hj�xo?LN[Uo!_Sh�VXWf_ L{\([-o@`�_�^�[#�eb�LxWEhp\U^2hpWEK)L _j`#W@_�V%hp`)R+u
K(VXoQ_SKU`#o@`�[(V%bJgU`(hpo/Wq^�[
gU`sVXo@`#��_j\�O)M¦^(WY`-^�[�V%O(OU`(h
gU\HV%[U��\([�b�^Uw(L*bJV)b�bs`(b�\(hkGJgX^2[U�(��L{�X_ K)RXÂD`(hp`´��`�hp`(OU\(h�_
bs`U^(oqV%hp`#�egU^�[U�(�;Lx�X_SK~tr\(h)_ KU`?_�V%[U`#��^�[#��V%[9_�V%[U`#��]U`(h1o�Lx\([Uo/\�t2_SKU`�hp`U^(� ��b�\#��L t1G �i��h�L _�`�Mx\#\(O�^Ho
��`(MNM�^(o?b�`(bsWEO9G%�j�	R
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Z*[�¿9L{c�V%hp`�ª���`�O)h1`#o@`([9_D_SKU`�hp`#oqV)M _�oQt	h1\(b¬_SKU`sV%[#�k_�V%[U`#��]U`(h1o�Lx\([-\�t2_ K#`��)`U^(�(�jT�\#��L t1GX�¯��hjL _j`
bJLxWEhp\(gU`([UWEK)b�^�hj�URU��\�_j`?_ KU^U_�^�MNM#Mx`�]U`(Mxo/\�tDWq^(WEKU`-^�hp`?](Lxo�L*g)M{`-\([�^2M*M@_ K#`�b�^(WEK)L*[#`#o/`�wUWY`(O9_Dtr\(h)_SKU`
Z*[9_j`(M#Z _�^�[)LNV)b©ªJO)hp\#WY`#o@of\(h��j�¡T�^(��Lxo@\([H�@�	Rf��MNM�^(WYWq`#ofo@`#oQ_�\|�)\HV)g)Mx`�O)hp`#WELxo�L{\([-�%^U_�^�g9G2OX^(o@oQ_SKU`�Mx`�]#`(M
²|Wq^(WEKU`|\([~_ K#`�ZN[9_�`(M#Z _	^�[(LNV%b�O(hp\#WY`#o@o@\(h�^�hpWEK)L _�`#Wf_�V%hp`)Rf�D_�]U`#Wf_j\(h
Mx`([UcX_SKUoQ_SKX^U_Dt�^2M*Mq\HVE_jo�Lx�)`|\�t
Wq^(WEKU`Xl�_ KU`;�nT;���/O�_�`(hp\([�O(hp\#WY`#o@o@\(h
Lxo?bs\(hp`?_ KU^�[~_j�;LxWY`-^(oQt�^(o!_�^(oQ_ K#`�ZN[9_�`(M#Z _	^�[(LNV%b©ª
�¡T�^(��Lxof\([(�'O)hp\#WY`#o@o@\(h�^2[U�e[U`U^�hjM G-tr\HV)h)_ L*bs`#oQt�^(o!_j`(h)_SKX^�[~_SKU`�Z*[9_j`(M@«�`#\([�O(hp\#WY`#o@o@\(h�RU��\�_j`?_ KU^U_
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gU`?_���\?t�V%M*MqWq^(WEKU`�M*L*[#`#o?O)MNVXo'Á�g9G#_j`#o9Rf�
o'^�M*M@_SKU`|o!GHo!_j`(b�o?KX^#]U`-^�»HÀ:g9G#_j`�M*L*[U`|o�L{ @`~tr\(h)_SKU`�Mx`�]#`(M
²|Wq^(WEKU`Xl�_ KU`|o!_ShjLx�(`�VUo@`#���/^(oQ_���\|Wq^(WEKU`�M*L*[#`#o?O)MNVXoQ_���\´��\(h1�)o/\(h�²XºU»�g9G#_�`#o�R
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�
Lower is better.

for all sizes of p {

p = head;

while (p->p_next) {

p = p->next;

} }

 0.5

 1

 2

 4

 8

 16

 32

 64

 128

 256

 512

 0.0001  0.001  0.01  0.1  1  10  100

M
ic

ro
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co
nd

s

Vector Length in Megabytes

Memory Read Latency: 136 Byte Stride

4 CPU 2.2GHz Opteron 848
4 CPU IA64 Madison 1.3GHz

2 CPU 2.4GHz Xeon
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Z*[�¿9L{c�V%hp`s¾-^2M*M@_ K(hp`#`|W�^HW#K#`�M{`�]U`(Mxo'^�h1`~](Lxo�L*g(Mx`?tr\(h�`U^(WEK-\�t�_SKU`�O)M¦^#_rtr\(hjbso9Rf�
o/`�w)OU`#Wf_j`#�2l
_SKU`�Mx\E��`#o!_nM¦^U_j`([UWfGJLxoQtr\HV%[U��tr\(h�^(WYWY`#o@o@`#oQ_j\?_ K#`�M{`�]U`(MU²|Wq^(WEKU`|\�t2_ KU`�O)h1\#Wq`#ofo@\(h2��L _SK~_SKU`
K)Lxc�KU`#o!_�WEMx\#WE�|hi^U_j`�;#_SKU`�ª�RxÀ%¤QÂ� ~Z*[9_j`(M@«D`#\([�O)hp\#WY`#o@o@\(h�RUÂD\E��`�]U`(hil)KU`(h1`|��`-^�hp`�L*[9_j`(hp`#o!_j`#�eL*[~_SKU`
OU`(hktr\(h�b�^�[#Wq`|\�t�^�O)O(M*LxWq^U_SLx\([UoQ_SKX^U_�`�w(KX^2VXo�_D_SKU`|W�^HW#K#`�h1`#o@\HV%hpWY`#o9R9¢(\-^(o���`|`�wU^�b�LN[U`?_ KU`|W9V%hk]#`
\HVE_nOX^(o!_�_ KU`�gU\HV)[U�%^�hkGs\�t2_SKU`|W�^HW#K#`#oYl#��`�[U\�_ L{Wq`?_SKX^U_�_ KU`-^U]#`(hi^(c)`�M¦^#_�`([UWfGs\�t2_ K#`��nT;����O9_�`(h1\([
O)hp\#WY`#o@of\(h1�jgX^(o@`#��o�GHo!_�`(b®Lxo/\([U`?_SK)L*hp��_SKX^U_
\�t�_SKU`�Z _�^�[)LNV)b©ªX�jgX^Ho@`#��o!GHo!_j`(b�^�[#�eKX^�M t2_SKX^U_�\�t2_SKU`
Z*[9_j`(M@«D`#\([#�jgX^(of`#��o!GHo!_j`(beR+u�K#`�ZN[9_�`(M@«D`#\([�O)h1\#Wq`#ofo@\(hj�xo?OU`(h�tr\(hjb�^2[UWY`�L{o�V%[U�)\HV%g�_�`#��M G�^�h1`#oqV%M _
\�t
_SKU`�K)Lxc�KU`(h�WEMx\#WE�|hi^U_j`|\�t2_ KU`������U�nTÃoYV%gUo!GHo!_j`(b�RX�D\�_�`?_SKU`�hp`(M¦^U_SLx\([UoqK)L*OUo/\�t2_SKU`�OU`U^��|[(V%bJgU`(hpo
��VX\�_j`#�eL*[;u�^�g)Mx`�²?]#`(hpoqVXoQ_SKX^U_nL*[~_ K(Lxo/c�hi^�O(K%RX�D`(L _SKU`(h)_SKU`�OU`U^��|gX^�[U�H��Lx�X_SKHl(O)hp\#WY`#o@o@\(h�WEMx\#WE�
hi^U_j`Xl([U\(h)_ K#`-WEMx\#WE�|hi^U_j`|\�t2_ KU`�bs`(b�\(h�G�oYV%gUo!GHo!_j`(b�O(hp`#��LxWf_joQ_ KU`�OU`(h�tr\(hjb�^2[UWY`-of`#`([�KU`(hp`)R
T�`(b�\(hkGJM¦^#_�`([UWfGJLxo?L*[(KU`(hp`([9_SM G|]U`(hkGs��L t1t	LxW9V%M _D_j\|��VH^�[�_ L t1Gs��VU`~_j\?_ K#`-WY\(bJO)Mx`�w(L _rGs\�t2_SKU`�KX^�hp�(��^�hp`
^�[U�eO(hp\#WY`#o@o@`#o?L*[9]#\(M ]U`#�eLN[�^(WYWq`#ofo�L*[UceL _ RUZ*[~_ K(Lxo/Wq^(o@`Xl(L _�LxoQ_SKU`;�nT�����O9_j`(hp\([�O)h1\#Wq`#ofo@\(hj�xo/\([#�
WEK)L*O�bs`(b�\(h�G�WY\([9_Shp\(M*M{`(h)_ KX^#_�Lxo?hp`#oqOU\([Uo�L*g(Mx`?tr\(h)_ KU`|\(gUof`(hk]U`#�ehp`#�2VXWf_ Lx\([�LN[�b�`(bs\(hkGJM¦^U_j`([UWfG�R
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¤¥m­I�¢%lU\(h�¤¥Lxc%^H��m­OU�%^U_j`#o?Iq`(h�¢(`#WY\([U�2lE�/^Ho?OU\(O(V%M¦^2hjL{ ¡`#��^(o'^�OU^�OU`(h�^�[U�eO#`([UWEL*M
gU`([UWEK)b�^�hj�´VXof`#�eg9G|_ KU`���^U_SLx\([X^�M�¢(`#W9V%h�L _rG~�
c)`([UWfG%¸pÀ�¹i¸�ªH»�¹�Rf��_�L _jo/WY\(hp`Xl#¤¥mnI�¢�bs`U^(oqV)hp`#oQ_ K#`
_SL*b�`?_j\�OU`(hktr\(hjb�^-t	L wU`#�e[(V)b�gU`(h�\�t�V%O#�%^U_j`#oQ_�\�hi^�[#�)\(b�Mx\#Wq^U_SLx\([Uo?LN[�b�^�LN[�b�`(bs\(hkG�R+u�KU`(h1`�^2hp`
_���\?]U`(hpoqLx\([Uo/\�t2_ K(Lxo?gU`([UWEK)b�^�hj�XÄE\([#`~_SKX^U_nO)hp`E�pWY\(bJO(VE_j`#oQ_ KU`�L*[#��LxWY`#oQ_�\�gU`sV%O#�%^U_j`#��^�[U��\([U`
_SKX^U_�WY\(bJO(VE_j`#oQ_ K#`(b�\([~_SKU`?t	M G�RX¿@\(h)_ K(Lxo?OX^�OU`(hil#��`�KU^U]U`|WEKU\#o@`([~_SKU`?tr\(hjbs`(h
gU`#Wq^2VXo@`´��`?tr\HV%[#�
L _�_�\�gU`�bs\(hp`�hp`(O)hp`#o@`([�_	^U_SL ]#`-\�t2_SKU`|\(hjLxc�LN[X^�MY��\(h��#Mx\U^(��¸�ªH»�¹�R+u
K(VXoQ_SK)Lxo?gU`([UWEK)b�^�hj��WY\([9_�^�L*[UoQ_���\
M¦^�h1c)`?_	^�g(Mx`#oYl#\([U`|Wq\([�_	^�LN[)L*[Uc�_SKU`|\(hjLxc�LN[X^�Mq�%^U_�^�^�[U��_SKU`|\�_SKU`(h�WY\([9_	^2L*[)L*[Uc�_SKU`�L*[U��LxWY`#o/\�t�_SKU`
`([9_ShjLx`#oQ_j\�gU`sV%OU�%^U_j`#�DR+u�K#`~_SL*bs`?_�\|WY\(b�OHVE_�`?_SKU`#o@`�L*[U��LxWY`#o?Lxo?[U\�_�LN[UWEMNVX�)`#�eL*[~_SKU`�OU`(hktr\(h�b�^�[#Wq`
bs`U^(oqV%hp`(bs`([9_ RXZN[~_ KU`�h�V)[Uo�VXo@`#��tr\(h)_SK)Lxo?OX^2OU`(hrl�_ KU`�b�^�L*[~_�^�g)Mx`�KX^Ho~²U»�b�LNM*M*Lx\([�»HÀ(�jg)L _�`([�_ hjL{`#o
tr\(h�^-_j\�_	^�Mq\�t­²XªHÁ�T�FDRfu
KU`�L*[U�(`�w~_	^2g)Mx`�KX^(o'»HÀ:bJL*M*MNLx\([sºHªU�jg)L _�`([�_ hjL{`#o'^(o���`sV%OU�)^U_�`?_SKU`|`([9_SL*hp`
_�^�g)Mx`?tr\HV%h)_SL*bs`#o9R

���������
	���
 ����� � �HM�M �&	� !���
	��

 M �&	�� � � L+I 	$�& 2��'��$�KJ

� 4��
& 4���3X6�0*�¡3

Z*[�¿9L{c�V%hp`�9%lE��`|\(gUo@`(h�]U`?_ KU^U_D_SKU`;�nT�����O9_j`(hp\([�O)hp\#WY`#o@of\(h1�jgX^(o@`#��o�GHo!_�`(b®Lxo;ª(¼�OU`(h1Wq`([�_
t�^(o!_j`(h)_SKX^�[~_SKU`�Z _	^2[)LNV%b�ªX�jgX^(o@`#��o�GHo!_�`(b�^�[U�:²U¼�O#`(hpWY`([9_Dt�^(o�_�`(h)_SKX^�[~_SKU`�Z*[9_j`(M@«D`#\([#�jgX^(o@`#�
o!GHo!_j`(b�Rfu
K)Lxo?gU`([#W#K(b�^�h��-L{o?gU\HV%[U�eg9G|_SKU`-^�g)L*MNL _rGs\�t2_SKU`�b�`(bs\(hkGsoqV%gUo�GHo!_�`(b±_�\�O)h1\�])Lx�)`
hp`U^(of\([X^�g)Mx`�OU`(h�tr\(hjb�^2[UWY`-\�t�^��)`(O#`([U�)`([9_�_ hi^2[Uo¡^(Wf_SLx\([%Rf��o��;L _SK~_ KU`�bs`(b�\(h�G�Mx^U_�`([#W@G
gU`([UWEK)b�^�hj�9l([U\-^�bs\HV%[9_
\�t­bs`(bs\(hkGJgX^�[U�(�;Lx�X_SK|��L*MNM#L*b�O(hp\�]U`?_SKU`�OU`(hktr\(hjb�^�[UWY`|\�t2_ K)L{o
gU`([UWEK)b�^�hj�|gU`#Wq^2VUo@`?_ KU`|WY\#o!_jo'^�hp`|�)\(bJL*[X^U_j`#�eg9GJbs`(b�\(hkGJg(VUo'^�hjg)L _Shi^U_SLx\([�^�[#�e���U�nT>^HWqWY`#o@o
_SL*b�`)RUÂD`(hp`?_ KU`;�nT;���/O�_�`(hp\([�O(hp\#WY`#o@o@\(hj�xo?O#`(hktr\(hjb�^�[UWY`�Lxo'^(c%^�LN[-��VX`?_�\?_SKU`|�)`#��LxWq^U_j`#�eOX^U_SK
`U^(WEK-a�IEm$KX^(oQ_j\�b�^�LN[�b�`(bs\(hkG�R

 for (i = 0; i < iters; i++) {

      index = indices[i];

      data = field[index];

      data = data + iters;

      field[index] = data; }
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u�K#`�I�^2hi^�M*Mx`(Mq�8WY`U^�[�I#hp\#c�hi^�b�L{o'^�[-`�w)O)MNLxWEL _Dt	L*[(L _�`E�p��L t1tr`(hp`([UWY`�b�\#�(`(Mq�)`�]U`(Mx\(O#`#��^U_�d+\#o
�nM¦^�bs\#o?�
^#_ Lx\([U^�M#df^�gU\(hi^U_j\(hkG|_j\�O#`(hktr\(hjb�K(Lxc�K#�jhp`#of\(MNVE_SLx\([-\#WY`U^�[-WEL*hpW9V%M¦^U_SLx\([-o!_�VX��L{`#o9RXIq��I|Lxo
��h�L _r_j`([-`([9_SL*hp`(M GJL*[�¿@\(hk_Shi^�[�9)¼�^�[#�eb�^��q`#o/`�w�_�`([#o�L ]U`sVXof`-\�t ')��%��
G�	�"Ul���� �
� *�" *�� M ���2lX^�[#�)� �&	$�
	
WY\([Uo!_Sh�VXWf_jo9Rfu
KU`�bs\#�)`(MEVXo@`#oQ_���\E�p��LNb�`([UoqLx\([X^�Mq�)\(b�^�L*[-�(`#Wq\(bJOU\#o�L _ Lx\([�;HWY\(b�b�V%[)LxWq^U_SLx\([Uo
�ic�M{\(gX^�M#hp`#��VUW@_SLx\([Uo'^2[U�eg)hp\U^(�(W�^Ho!_�o'^2[U�e[U`U^�hp`#o�_�[U`(Lxc�K)gU\(h��D^�h1`�L{o@\(M¦^U_j`#����L _SK)L*[�^-tr`E� b�^(WEK)LN[U`
�)`(OU`([#�)`([9_�O(hp\#WY`#��V%hp`#o9R9¢(\(M ]#`#oQtr\(h)_ K#`~_SK)hp`#`E�p��L*b�`([#o�Lx\([X^�M#gU^�hp\#WEM*L*[)L{W|OX^Ho@o?hp`#��V%LNhp`�[U`U^�hp`#o!_
[U`(Lxc�K)gU\(h�WY\(b�b�V%[)L{W�^#_ Lx\([)RE¢(\(M ]U`#oQtr\(h)_SKU`?_j��\E�p��L*bs`([Uo�Lx\([X^2M#gX^�hp\�_Shp\(O)LxW´OX^(ofo�VXo@`-^�WY\([��rVXc%^#_�`
c�hi^H��Lx`([9_
o@\(M ]U`(hjRfu
KU`|o@\(M ]#`(h
hp`#��V%L*h1`#oQ_ KX^#_�c�Mx\(gU^�M#hp`#��VXWf_SLx\([UoYl(g)hp\U^H�)Wq^(o!_jo'^�[U�e[U`U^�h1`#o!_�[U`(L{c�K)gU\(h
WY\(b�b�V%[)L{W�^#_ Lx\([#o?gU`�OU`(hktr\(hjbs`#��^U_D_SKU`|`([U��\�tD`�]U`(h�G�L _�`(hi^#_ Lx\([)R

�
o'^�Wq\(bJb�V%[)L _iGsWq\#�(`Xl)Iq��I|KX^(o?gU`#`([-`�w�_�`([#o�L ]U`(M G�^2[X^�M GX ¡`#��^2[U��\(O9_SL*b�L  ¡`#��\�]U`(h)_SKU`
GH`U^�hpo�RzP�\([#`#o'^�[U�ed+`�]U`#o@�2VX`H¸�ª%¾H¹i¸rª(Á�¹%�(`(b�\([Uo�_ hi^#_�`#��_SKX^U_�_ KU`�OU`(h�tr\(hjb�^2[UWY`-\�t�Iq��I�WY\HV%Mx�egU`
_ShjL*O)Mx`#���k_�\|\�]U`(h�²#¼)¼�T�¿�d+�/I�¢ �roq��\([~_SKU`|��hjLxc�L*[sªH¼)¼)¼s��L _ K-o@\(bs`�KX^�[U��\(O�_ L*bJL{ Y^#_ Lx\([)Rfu
KU`#o@`
WEKX^�[Uc(`#o?L*[UWEMNVX�)`#��_�V%[)LN[Uc�tr\(h�V%[)L _��po!_ShjLx�)`Xl#Wq^(WEKU`�OX^(�)��L*[Uc�^�[U�eM{\#\(O~t�VXo�Lx\([�^�[#��t	Lxo@o�Lx\([)RXT�^�[9G
Mx\#\(OUo���`(hp`|o�O)M*L _�L*[-\(hp�(`(h)_�\-^U]#\(Lx��_ K#`-WY\#o!_SM GJb�^(o��#L*[Uc�\(O#`(hi^U_SLx\([Uo?O)hp`�]U^�Mx`([9_�_ K(hp\HVXc�KU\HV9_D_SKU`
WY\(b�OHVE_�`�Mx\#\(O#o9RXÂD\E��`�]#`(hrl�_ KU`#of`-\(O�_ L*bJL{ Y^#_ Lx\([#o?[U`�]U`(h
b�^(�)`�L _nL*[9_j\�Iq��I-²)RxÀ�lU^�M _SKU\HVXc�K~_SKU`
Mx`#o@of\([Uo?Mx`U^�hj[#`#�eO)hp\�])L{�)`#��_ K#`�bs\�_SL ]X^U_SLx\([~tr\(h
Iq��I~ª�R}¼�RUÂ�`(hp`´��`�VUo@`?]U`(hpo�L{\([�²)RxÀ�RNº-\�t2_ K#`-WY\#�)`
^(o?L _
`�w)Lxo�_�o?L*[~_SKU`-¢(WEL*���
a�^2O)O)M*LxWq^U_SLx\([�hp`(O#\#o�L _j\(hkG�RX�)`#WY`([9_�`�w(OU`(hjL*bs`([9_jo/\�t­Iq��I�\([~_SKU`�Z*FDT
Iq\E��`(hDº�O)M¦^U_itr\(hjb°�)`(b�\([#o!_ hp^U_�`#�eM{\E�ÃWq^(WEKU`�b�Lxofo?hi^U_j`#o?g(VE_�K(Lxc�K-o!_�^�M*M@_SL*bs`#oYl)LN[U��LxWq^U_SL*[UceOU\#\(h
o@WEKU`#��V)M*L*[Uc�\�t2_SKU`|Wq\(bJO(VE_j`�Mx\#\(OUoq¸1À)ÀD¹rRX¿�Lxc�V%hp`�²U¼�LNM*MNVXo!_Shi^U_j`#o/o@\(bs`|o!_	^#_ Lxo�_ LxWYo>WY\(M*Mx`#Wf_j`#��t	hp\(b
Iq��I#h�V%[�VXoqL*[Uc�_SKU`|o¡^�bs`~w)²|�%^U_�^�o@`�_�^HoQ_ KU`�Iq\E��`(hDº-`�w)O#`(hjL*bs`([9_�o�Rq�e`�hi^�[~_SKU`|Wq\#�(`~tr\(hDªH¼
_SL*b�`#o�_�`(OUo/\([�^2M*M@tr\HV%h
O)hp\#WY`#o@of\(hpo/\�t2_ KU`;�nT;�§�D��v��!��VH^2hk_�`�_��/VXo�LN[UceT�I#Z{a�Â ²(R*ª2R*³)RNª�^�[U��_SKU`
o�KX^2hp`#�eb�`(bs\(hkGs�)`�](LxWY`-WEK��qo�K)bs`(b�RXT�`U^(oqV%h1`(b�`([9_joQt	hp\(b±_ KU`;�nT;���/O�_�`(hp\([�O(hp\#WY`#o@o@\(hj�xo
KX^�h1�(�/^�h1`-WY\HV%[�_�`(hpo���`(hp`?_	^2�q`([�VXo�L*[Uc�_SKU`�OX^�O(Lx`�w~_j\#\(M@t	hp\(b¬_SKU`�I+�nI#Zqa)·�¢-_ h1`#`H¸pÀ2¼�¹DR
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Â�`(h1`|��`?t	L*[U��_SKX^U_D_SKU`-^�O)O(M*LxWq^U_SLx\([-�)\#`#oQ]U`(h�Gs��`(M*M R+u�K#`�^2O)O)M*LxWq^U_SLx\([-c)`�_jo?[U`U^�h�M G�²U¼
OU`(hpWY`([9_
\�t�OU`U^��?^�[U���)`(MNL ]U`(hpo/oqM*Lxc�K9_SM GJbs\(hp`?_ KX^2[�^-_ K)LNhp��\�t�^�c�Lxc%^Ut	M{\(O�OU`(h�o@`#WY\([U�eOU`(h�a�IEm�R
u
KU`|Wq\(bJO(VE_�^U_SLx\([X^�M#LN[9_�`([#o�L _iG�\�t2_SK)Lxo'^�O(O)M*LxWq^U_SLx\([�Lxo?[U\�_
c�hp`U^U_zÄq_SKU`�Iq��I-L{o/�)\(L*[Uc�¼�R}Á-t	Mx\U^#_ L*[#c
OU\(L*[�_�\(OU`(hi^#_ Lx\([#oQtr\(h�`�]U`(hkGJbs`(b�\(hkGs\(OU`(hp^U_ L{\([%R@�
o'^�hp`#oYV%M _	lU\(O)O#\(hk_SV)[)L _SLx`#oQtr\(h�Wq^(WEKU`�M*L*[U`�hp`E��VXof`
^�hp`�M*LNb�L _j`#��^�M _SKU\HVXc�K�K)L _�hp^U_�`#o?LN[�gU\�_ K-Wq^(WEKU`#o'^2hp`|��V%L _j`|c)\#\#�DR+u�KU`�M¦^2hpc)`�OU`(hpWY`([9_�^(c)`|\�tDWfGHW#M{`#o
L*[|�;K)LxWEK~_ K#`-��Lxo�OX^U_jWEK-o!_�^(c)`�Lxo/o!_�^�M*Mx`#�eL{o/Wq\([#o�Lxo!_j`([9_
�;L _SK�b�`U^(oYV%hp`(bs`([9_�oQ_�^��q`([-\([-\�_SKU`(h
O)M¦^#_rtr\(hjbso9RUT�\#o�_�L*bJOU\(hk_�^�[9_SM G)l([U\�_�`?_SKX^U_
��Lxo�OX^#_�WEK|�/^Ho/o!_	^2M*Mx`#����VX`?_j\-^-t�V%M*M#Mx\U^(�H�po!_�\(h1`�gHVEt1tr`(h)tr\(h
\([)M G�²X³�OU`(hpWY`([9_
\�t
^2M*MqWfGHW#M{`#o9Rfu
K)Lxo?M{\E� OU`(hpWY`([9_�^(c)`�Lxo'^���LNhp`#Wf_�hp`#oqV)M _�\�t�KX^U](L*[Uc�^��)`#��LxWq^U_�`#�%l
K)Lxc�K#�po�OU`#`#��^�[#�eMx\E��`(h
M¦^#_�`([UWfGJOX^U_SK~_j\�b�^�L*[�bs`(bs\(hkG�RXZ _�o�KU\HV)Mx�egU`�[U\�_j`#��_ KX^#_�^�O)hp`E�jh1`(Mx`U^(o@`|\�t
_SKU`�Iq\(hk_ Mx^�[U��¤Qhp\HV)O~]H³)R*ªsWY\(bJO)L*Mx`(h2��^(o'^�Mxof\~_ShjLx`#��\([�Iq��IUR+u�K#`�h1`#oqV%M _��/^(o'^�[�^2O)O)hp\�w(L*b�^#_�`´À2¼
OU`(hpWY`([9_
�)`#WEhp`U^(o@`�L*[�hrV%[9_SL*b�`|WY\(hjhp`#oqOU\([U��L*[#c�_�\-^sÀ2¼�OU`(h1Wq`([�_��)`#WEhp`U^(of`�LN[~_ KU`�[(V)b�gU`(h�\�t
t	Mx\U^U_SL*[UceO#\(L*[9_�LN[Uo!_Sh�VXWf_ L{\([Uo9R+u�KU`�T;¿9d+��I�¢�OU`(h�o@`#WY\([U����L{�e[U\�_�WEKX^�[#c)`|o�Lxc�[)L t	LxWq^�[9_SM GJgU`�_j��`#`([~_ K#`
_���\?]U`(hpoqLx\([Uo9R
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T�ZNdfa�OU`(hktr\(hjbsoQtr\HV%h���L*bs`([Uo�L{\([X^�M#M¦^U_i_SLxWY`-c)^2VXc)`?_SKU`#\(hkGso�L*b�V%M¦^U_SLx\([Uo?LN[9_�`([#�)`#��tr\(h)_ K#`
V%[U�(`(hpo!_�^�[U��L*[#c�\�t�_SKU`�gU`(KX^#])Lx\(h�^�[#�eO)hp\(OU`(hk_SLx`#o/\�t�[(VXWEMx`U^2h
b�^U_i_j`(h�Rfu
KU`?tr\(hpWY`#oQ_SKX^U_�g(L*[U�)o
[(VXWEMx`U^2h
b�^U_i_j`(h)_�\#c)`�_SKU`(h
Lxo/of\-o�_ hp\([#c�_ KX^#_D_SKU`(L*h�`�w)O(Mx\(hi^U_SLx\([-Wq^�[)[U\�_ngU`�OU`(hktr\(hjbs`#��VXo�LN[Uc
_Shi^(��L _SLx\([X^2MqW�^2MxW9V%M¦^U_SLx\([�^�O)O(hp\U^(WEKU`#o9R�u�KU`?_SKU`#\(hkGs\�tDo!_Shp\([Uc�M GJL*[�_�`(hi^HW@_SL*[UceOU^�hk_SLxWEMx`#o?Lxo?�#[U\E�;[�^(o
��VH^�[9_�V%b°a�K)hp\(bs\#�XG2[X^2b�LxWYo/\(h��8a���R9�8a���Wq^�M{WEV)M¦^U_SLx\([Uo'^�hp`�gX^Ho@`#��\([�M¦^U_i_ L{Wq`|c%^%VXc)`?_ K#`#\(hkG
��K#`(hp`?_ L*bs`-^�[U��o�OU^(WY`�^2hp`�hp`(O)hp`#o@`([�_�`#��^(o'^-tr\HV)h���L*bs`([Uo�Lx\([X^2M#M¦^U_i_ LxWY`)Rf�n[Uof��`(h1o'^�hp`|�)`(hjL ]#`#�
t	hp\(b±_ K)L{o?M¦^U_i_ LxWY`�g9Gs`�]X^2MNVH^U_SL*[Uc�^�b�V%M _SLx��L*bs`([Uo�L{\([X^�M#L*[9_j`#c�hi^2Mq\�]U`(h)_SK)Lxo?M¦^U_i_SLxWY`)RX�nVU`~_j\?_ K#`-oqL{ ¡`
\�t2_ K#`�Mx^U_r_SLxWY`s�¯_SKU`´À)�j�§M¦^U_i_ L{Wq`|WY\(bJb�\([)M G�KU^(o;ºHªJO#\(L*[9_jo/\([�^�o�Lx�)`H��l�_SKU`|\([)M G��/^UGs\�tDo@\(M ](L*[Uc�_SKU`
L*[9_j`#c�hi^2M#L*[�^�hp`U^(o@\([U^�g)Mx`-^�bs\HV%[9_
\�t�_SL*bs`�Lxo���L _SK�^�T�\([9_�`|aD^�hjMx\�bs`�_ KU\#��^2[U��_ K#`-WY\([��iVXc%^U_j`
c�hi^H��Lx`([9_�_�`#WEK)[)L{��VX`)RUT�Z*d+a�L{o���Lx�)`(M GJVUo@`#�eg9G|_ K#`�[HVXWEMx`U^�h
O)K9GHoqLxWYo/Wq\(bJb�V%[)L _iG�;#_SKU`-¢)^�[���Lx`#c(\
¢2V%O#`(hpWY\(b�O(V9_ L*[#c�aD`([9_j`(h
hp`(OU\(hk_joQ_SKX^U_�T;Z*d+a:WY\([UoqV)b�`#o���`(M*Mq\�]U`(h�^�bJL*M*M*L{\([-a�IEm K#\HV%hpo'^-GH`U^�h�R
¿¡\(h�\HV)h
O(V%hjOU\#of`#oYl#��`�h�V%[~_SKU`|oqV(º1�Uhjbs�egU`([UWEK)b�^�hj�/_SKX^U_­VXo@`#oQ_SKU`|Wq\([ �rVXc%^U_j`|c�hi^(��Lx`([9_�bs`�_SKU\#�
\([~_SKU`�vU\#c�VE_��i¢2VXo@oq�#L*[U����VH^2hj�qo9R�¤�\�_r_SM*Lx`(g-`�_ R9^�M RUhp`(OU\(hk_­¸�ª�9�¹p¸�ºU¼�¹i¸rº%²(¹p¸�ºXª2¹H_SKX^U_�_ K#`-Wq^�M{WEV)M¦^U_SLx\([Uo
tr\(h)_SKU`#o@`|��VH^�h��qo?hp`#��V%L*h1`-oqLxc�[)L t	L{W�^2[9_ M G�bs\(hp`�bs`(b�\(hkGJgX^2[U�(��L{�X_ K�^2[U��_ KHVXoQ_ K(Lxo/�%^U_�^�o@`�_�L{o
WEKU\#o@`([~tr\(h)_SKU`´��\(hj�|KU`(h1`)RX£Yw)OU`(h�L*b�`([�_�o?L*[#��LxWq^U_j`~_SKX^U_nOU`(hktr\(hjb�^�[UWY`�Lxo?M¦^2hpc)`(M GJM*L*bJL _j`#�eg9G
bs`(b�\(hkGJgX^2[U�(��L{�X_ KXlUWq^(WEKU`-^�[U�´u
dYF�Wq^�OX^(WEL _iG|tr\(h
O)hp\#��VUW@_SLx\([�M¦^#_r_SLxWY`|o�L{ ¡`#o9RU¿¡\(h�\HV)h
h�V%[Uo/\([
T;Z*d+a
lE��`sVXo@`?_SKU`�²EÀ:b�\#�(`-Wq^(of`��j[9wHl�[9G)l�[# ��D^2[U�e[9_�L{o;³X»�RY�e`�hrV%[~_ K#`-WY\#�)`-^(c)^�L*[�VXo�LN[UceT�I#Z{a�Â
²)RNª�RN³)R*ª��;L _SK~_ KU`|WEK��qo�K)bs`(b�o�KU^�hp`#�ebs`(b�\(hkGs�)`�](LxWY`)RXZ _�o�KU\HV)Mx�egU`�[U\�_j`#��_ KX^#_�^�bs\(hp`�hp`#WY`([9_
]U`(h1o�Lx\([-\�t�T�ZNdfa7�r»�RNª%��`�w)L{o!_�oQ_SKX^U_nKX^(o?gU`#`([�K#`U^U])L*M G�KU^�[U�(�p\(O9_SL*bJL{ ¡`#��tr\(h)_SKU`?wXÁ)»�^2hpWEK)L _j`#W@_�V%hp`)R
u
K)LxoQ]U`(h1o�Lx\([|�/^Ho?[U\�_nVXof`#�eL*[-\HV%h�`�w)O#`(hjL*bs`([9_�o¡l)L*[#o!_�`U^H����`sVXo@`?_SKU`|o!_�\#WE�|T;Z*d+a�»�hp`(Mx`U^(of`~t	h1\(b
_SKU`-¢(WEL*���
a�hp`(OU\#oqL _�\(h�G�R

% Mem Ops. 34.1 % L1 Hitrate 95.45
% Load Ins. 67.8 % L2 Hitrate 98.65
% Store Ins. 32.2 % FPU Idle Cyc 26.75
% Branch Ins. 9.3 IPC 0.6
% Packed SSE(2) 39.34 FLOPS/Mem Op. 0.8
% Peak 8.51 % Cyc. Dispatch Stalled 54.08
MFLOPS/S 374.0 % Cyc. Dispatch Stalled Mem. 15.25

% Stalls are Mem. Stalls 28.69
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¿9Lxc2V%hp`�²)²�L*M*M}VXo!_Shi^U_j`#oQ_ KU`�OU`(h�tr\(hjb�^2[UWY`-WEKX^2hi^(Wf_�`(h�Lxo!_SLxWYo/\�t­T;Z*d+a�»�h�V)[)[)L*[Uc�\([~_SKU`;�nT��
�D�nv��!��VH^�hk_j`�_S�Qo�GHo!_�`(b�RUZ _��)`(MNL ]U`(hpo/\�]#`(h)_j��\E�k_ K(L*hp�)o/\�t�^�c�Lxc)^Ut	Mx\(O�OU`(h�o@`#WY\([U�eO#`(h�a�IEmnRfu
KU`
WY\(b�OHVE_	^#_ Lx\([U^�M#L*[9_j`([Uo�L _iGJLxo/o�M*L{c�K9_SM GJK)Lxc�KU`(h)_SKX^�[�Iq��I;��L _ K�²)RNª|t	Mx\U^#_ L*[#ceOU\(L*[9_
\(OU`(hi^U_SLx\([Uo?OU`(h
bs`(b�\(hkGJhp`�tr`(h1`([UWY`)RX�D\�_ L{Wq`?_SKU`?t	Lxc�V%h1`#oQtr\(h)_ KU`�OU`(h1Wq`([�_	^(c(`#o/\�t­M{\U^(� �ro�_�\(hp`�L*[#o!_ hrVXWf_ Lx\([#o9Rfu
K)Lxo
bs`U^(oqV%hp`(bs`([9_nLxo'^(Wf_SVX^�M*M G|_�^��q`([~t	hp\(b¬_SKU`�Mx`�]#`(MU²�b�Lxofo/Wq\HV)[9_�`(hilUo@\?_SKU`�OU`(hpWY`([9_�^(c)`#o'^�h1`-\([(M G
L*[U��LxWq^U_ L ]U`|\�t2_ KU\#of`�M{\U^(�)o �io!_�\(h1`#oQ_ KX^#_�bJLxo@oQ_SKU`�Mx`�]U`(MU²|Wq^(WEKU`)RUT�\(h1`~_SKX^�[�MNL*�q`(M G)l�_ KU`�OU`(h1Wq`([�_	^(c(`
\�tDo!_j\(hp`#o?Lxo?K)Lxc�KU`(hrl(g(VE_D_SKU\#o@`|o!_j\(hp`#o'^�h1`�K(L _r_SL*[UceLN[�Mx`�]U`(MU²-^�[#�e[U\�_�gU`(LN[Ucehp`#WY\(hp�)`#�DRUÂD`(hp`Xl)MNL*�q`
Iq��I9l9_SKU`�OU`(hpWY`([9_�^(c)`|\�tDWfGHWEMx`#o���KU`(h1`~_SKU`|��LxoqOX^U_jW#K�V)[)L _�L{o/o!_	^2M*Mx`#���/^2L _ LN[Uc�\([�b�`(bs\(hkGJLxo'^
hp`(M¦^#_ L ]#`(M GJMx\E� ²H¾E½:R+u�K)L{o/Wq\#�(`�O#`(hktr\(hjbso?[U`U^�hjM G|t	L ]#`?_ L*bs`#oQt�^(o!_j`(h)_SKX^�[�Iq��I9l9GH`�_�_ K#`-��Lxo�OX^U_jWEK
o!_�^(c)`|o!_�^�M*Mxo?b�VXWEK�bs\(hp`|\�t1_�`([%R+u
K)Lxo?Lxo/��VU`~_j\?_ K#`~t�^HW@_�_ KU^U_D_SKU`�O)hp\#WY`#o@o@\(h
L{o?bJVXWEK�bs\(hp`�K)Lxc�K(M G
VE_SL*M*L{ @`#�2lX^2[U��^(o/oqVXWEKHl�_SKU`|��Lxo�OX^#_�WEK�V%[)L _�o!_�^�M*MxoQtr`#`#��L*[Uc�_SKU`�O)hp\#WY`#o@o@\(h
[U`E� L*[Uo!_Sh�VXWf_SLx\([Uo9R

/ ����"(0¯6D3H�����

¿9hp\(b°\HV%h�`�w)O#`(hjL*bs`([9_�o¡l#��`-Wq^�[-of`#`~_SKX^U_�_ K#`��nT;����O9_�`(h1\([�O)hp\#WY`#o@o@\(h��)`(MNL ]U`(hpo'^Ho
^�[9_SLxWEL*OX^#_�`#�DRUFHGJL*[#Wq\(h�OU\(hi^U_SL*[Uc�^�[-\([E�jgU\U^�hp�ebs`(b�\(h�G�WY\([9_Shp\(M*M{`(hrl9_SKU`;�nT�����O9_j`(hp\([�O)h1\#Wq`#ofo@\(h
�)`(M*L ]U`(hpo?L*[#W#h1`U^(o@`#�ebs`(b�\(hkGJgX^2[U�(��L{�X_ K�^2[U�eMx\E��`(h
bs`(bs\(hkGJM¦^U_j`([UWfG�RXZ*[-aD^(WEKU`(F%`([#W#K�^2[U�
¢9u
�D£@�nT'l�_ K#`��nT;����O9_�`(h1\([�O)hp\#WY`#o@o@\(h1�jgU^(o@`#��o!GHo!_j`(b®���!��VH^�hk_j`�_S�f���)`(M*L ]#`(hpo/o�Lxc�[(L t	LxWq^�[9_SM GJb�\(h1`
gX^�[#�(��Lx�U_ K~_SKX^�[-`(L _SKU`(h)_SKU`�ªX�1�/^#G�ZN[9_�`(M@«D`#\([#�jgU^(o@`#��o!GHo!_j`(b�\(h)_SKU`´À)�1��^UGJZ _	^2[)LNV%b�ªX�jgX^(o@`#�
o!GHo!_j`(b°�;KU`([�h�V%[([)L*[Uc�\HVE_
\�tDW�^HW#K#`)RX¿@\(h��%^U_�^�o�L{ ¡`#o?L*[-Wq^(WEKU`Xl�_SKU`;��T;����O9_j`(hp\([�O)hp\#WY`#o@o@\(h
OU`(hktr\(h�b�oQ]#`(hkG���`(M*M}l(O)hp\(O#\(hk_ L{\([X^�M@_j\�L _�o/WEMx\#WE�|hi^U_j`)RX�)`#c%^�hp��L*[Ucebs`(b�\(hkGJM¦^#_�`([UWfG)l�_ K#`��nT;�§�D��v
�!��VH^�h�_�`�_���^�Mxo@\|o�K(L*[U`#oYl#�)`(M*L ]#`(hjL*[Ucebs`U^(oqV)hp`#�eM¦^U_j`([UWELx`#o�V%O~_j\�³X¼�OU`(h1Wq`([�_�Mx\E��`(h)_ KX^2[~_ KU`|\�_SKU`(h
_���\�O)M¦^U_itr\(hjbso/\([~_ K#`�bs`(bs\(hkGJM¦^U_j`([UWfG�g#`([UWEK)b�^2hj�URfu
K)Lxo'^H�X]X^�[�_	^(c(`�L{o/Wq\([�t	L*hjbs`#�eg9G|_ KU`;�nT;�
o!GHo!_j`(bJ�xo?OU`(hktr\(hjb�^�[UWY`|\([-¤¥m­I�¢%lE��KU`(hp`�L _nOU`(hktr\(hjbso?[U`U^�h�M G�ª(¼�OU`(hpWY`([9_�t�^(o!_j`(h)_ KX^2[~_ KU`
WY\(b�O#`�_ L _SLx\([�¸�u�`([�OU`(hpWY`([9_nhp`(M¦^U_SL ]#`~_j\?«D`#\([%R ¹:Z*[-`�wX^2b�L*[(L*[Ucehp`U^�M�^2O)O)M*LxWq^U_SLx\([�OU`(h�tr\(hjb�^2[UWY`Xl)gU\�_SK
Iq��I-²)RxÀJ^�[U�eT;Z*d+a�»��)`(M*L ]#`(h)]U`(hkGsc)\#\#�eO#`(hktr\(hjb�^�[UWY`-^(o'^�OU`(hpWY`([9_�^(c)`|\�t�OU`U^��UR+u�K(Lxo?Lxo?L*[
WY\([9_Shi^(o!_�_�\�O)hp`�](Lx\HVXo?bs`U^(oqV%h1`(b�`([9_jo�¸�ª%¾H¹p¸�ª�9�¹)\([-\�_ KU`(h
O(M¦^U_itr\(hjb�o��;KU`(hp`?_SKU`�OU`(hpWY`([9_�^(c)`|\�t
OU`U^���\(g9_�^�L*[#`#���/^(o?L*[~_SKU`|o�L*[#c�Mx`|��Lxc�L _�o9R9¢U_�^�M*M@_SL*bs`�bs`U^(oqV)hp`(b�`([�_�o?L*[#��LxWq^U_j`�^�h1`(M¦^U_SL ]U`(M GJMx\E�
OU`(hpWY`([9_�^(c)`|\�tDWfGHWEMx`#o?gU`(L*[UceM{\#o!_�\([|��^�L _SL*[Uc�tr\(h
bs`(b�\(hkG)lU^�WEhjL _SLxWq^�M#bs`�_ hjL{W;�;KU`([-`�wX^�bJL*[)LN[Uc
^�O)O(M*LxWq^U_SLx\([Uo���L _ K�M¦^2hpc)`|�%^U_�^�o@`�_jo9Rfu
KU`;�nT�����O9_j`(hp\([�O)h1\#Wq`#ofo@\(hj�xo?bs`(b�\(h�G�oYV%gUo!GHo!_j`(b�L{o?g(V%L*M _
_j\-��L*hp`#Wf_ M G�^H�)��hp`#o@oQ_SKU`�[U`#`#�)o/\�tDoqVUW#K�^2O)O)M*LxWq^U_SLx\([Uo�Rfu
K)Lxo/oqV)gUo!GHo!_j`(b�l#WY\(b�g(L*[U`#����L _ K�^-t�V%MNM�»HÀ)�
g)L _�^(�)��h1`#o@o/o�OX^(WY`Xl(hp`(M¦^U_SL ]#`(M GJMx\E� OU\E��`(h�Wq\([#oqV%bJO9_ L{\([HlX^2[U��^�K)Lxc�K-WEMx\#WE�|hi^U_j`�b�^2�q`~_SKU`;�nT��
��O9_j`(hp\([�O)hp\#WY`#o@o@\(h�^2[U��o!GHo!_j`(b�o?MNL*�q`?_ KU`;�nT;�§�D��v��!��VH^2hk_�`�_��fl(gX^(o@`#��\([~_SKU`;�nT�����O9_j`(hp\([
O)hp\#WY`#o@of\(h�^�[�Lx�)`U^�MqWEKU\(L{Wq`?tr\(h�^�K)L{c�K#�p`([U�2l(b�V%M _SL*O)hp\#WY`#o@o@\(hil9_j`#WEK)[)LxWq^�MqWY\(bJO(VE_j`-of`(hk]U`(h�R

% Mem Ops. 52.4 % L1 Hitrate 96.94
% Load Ins. 98.8 % L2 Hitrate 97.27
% Store Ins. 1.2 % FPU Idle Cyc 7.35
% Branch Ins. 3.0 IPC 0.52
% Packed SSE(2) 80.4 FLOPS/Mem Op. 1.2
% Peak 16.4 % Cyc. Dispatch Stalled 78.52
MFLOPS/S 723.00 % Cyc. Dispatch Stalled Mem. 17.80

% Stalls are Mem. Stalls 22.00
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