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André Seznec, Pierre Michaud

N ˚ 3618

Février 1999
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T él écopie : 02 99 84 71 71 - International : +33 2 99 84 71 71



"#������	��&%$���*�$� ��� ���$�����x ���� �T��%��  ������$	������ �h% ��������
	��������

�	� ��
�� � �  K=UL[VW<�H��K=ULlHK�kH`VSJlHz{m
[^z{a3p½l]K��H`oW<p�mnF]KJILKJp�[LU^a�XZ�·`VKJp�[Ll�� X�p]K�k�K=`^[VK�l]K°kH`VSJm
z{UVz�a�p
l�X¾��Wcz{[�l]KJU�z{p�[VKJ`^�¦SJ`VKJpHm
KJU�a�X°¬VWc�{z�W<UVz{p]�c¯¨©�e�KJm
z8KJUV[�kHW3`^[Vz{mJX]�{z�G=`^K=I�K=p�[�yZ`oWcz�k�a�XH`��{KJU�k�`^S=l]z{m
[^K=XH`VU
XH[^z{��z�UVW3p�[�XHp�y<K=m�[VKJXH`�l�� F]z�U^[Va3`Vz{¸ZX]K*�<�{a3�HW<� ©�®fK=U�kH`VSJl]z�m�[VKJXH`oUT¬Vl]SJUoWc�{z{W3U^S=U�¯L�i�{K�¬^Uo±cKJ²�K=l0��`VW3pHmnF�¯
k�`^K=l]z{m
[^K=XH`�£
Â�¡��VÃ3£�Ä!³´�{K�k�`^K=l]z{m
[^K=XH`f�Hz{ILa]l]K�KJ[f�{K�k�`^S=l]z{m
[^K=XH`h¬VWc��`^KJKn¯:�ha�p�[iS
[VS�kH`Va3kDa3UVSJUf`^S=m�K=I��
ILK=p3[J©Áe�KJU*kH`^S=l]z�m�[^K=XH`oUNa3p�[N�{W�I��JILK¹kH`VSJm
z{UVz{a3p»¸�XHK���K=UukH`VSJl]z�m�[VKJXH`oU�m���W<UoU^z�¸ZX]KJU���F]z�UV[^a3`Vz�¸�XHK
�3��a��HWc� ¡c�V«H��¤o£�a3X°¡c��£
��£¨§
¢ ³�INW<z{U�X][Vz��{z�U^K=p3[i}��¦a3z{UTILa3z{pHU�lHK:UVz{��z�m�z�XHI�©

e�K=k�K=pHlHW<p�[L��K=U�k�`^S=l]z{m
[^K=XH`VU�F�\Z��`^z�l]KJULX][Vz��{z{UoW<p�[Lk]�{X�U^z{KJXH`oU�y<KJm
[^K=XH`VU�l�� z{pZ�¦a�`VINW<[^z{a3p½`VSJW<��z�U^K=p�[
X�p]K�ILK
z{���{KJX�`^KLkH`^S=m�z�U^z{a3p°¸ZX]K��{KJUfkH`VSJl]z�m�[VKJXH`oU��uFHz{UV[^a�`^z�¸ZX]K��<�{a3��Wc�@©  KJUfkH`^S=l]z�m�[^K=XH`oU8¬^lHSJUoWc�{z{W3U^S=U�¯
UVa3p�[�l]K=U�m
W<p�l]z{l�Wc[VU�p�Wc[VX�`^KJ�{U�kDa3XH`��J[V`VK:z{p�[^SJ�3`VSJU�W3X�UVK
z�p°l�� X�p�k�`^S=l]z{m
[^K=XH`�F�\Z��`^z�l]K<©

®:W<pHU:m
KL`oW<kHkDa3`V[
³ pHa3XHUPILa3p�[V`Va3pHUPm�a�INI�K=p�[Pl]K=U:kH`^S=l]z�m�[^K=XH`oUPlHKL�H`oW<p�mnF]KJILKJp�[oUfF�\]�H`Vz{l]K=U��
m
a��][oU�l�� z{INk]�{SJILKJp�[oWc[^z{a3p°`VSJlHXHz�[oU�k�K=X]y<K=p3[��J[V`VK�l]SJ`Vz�y3SJUlHX°kH`VSJl]z�m�[VKJXH`&¬Vl]S=UVW<��z�W<UVSn¯N£
Â�¡c�^Ã3£
Ä!©
� Ñ �=� Ï ��� � � k�`^S=l]z{m
[^K=XH`�l]K��H`oW<pHmnFHKJILKJp�[l]SJUoWc�{z{W3U^S3³HkH`VSJl]z�m�[VKJXH`�l]K��H`oW<p�mnF]KJILKJp�[�F�\]�H`^z�l]K



� � ��%��$'�� �*�8%�	�'��

gfm
mJXH`VW<[^Ku�H`oW<p�mnF¾k�`^K=l]z{m
[^z{a3p�FHW3U�m�a�ILK�[^aªk]��W.\0W�INWcbda3`�`Va<�{K�z{p�ILz�m
`Va3kH`Va]m�K=UVUVa3`oU
©��0W<p�\0l]\��
p�W<ILz{m���`VW3pHmnF�kH`^K=l]z�m�[^z{a3p�UomnF]KJILK=U�FHW.y<Ku�DK
K=p�z{p�y<K=U^[Vz���Wc[VKJl0z{p�[oF]KukHW<UV[��¦KJ²�\3KJW3`VUJ³ ²�z{[VF�KJW3mnF
a<�6K=`^z�p]�im
KJ`V[VW<z{p�lHz{UV[^z�pHm�[Vz�y3K8�¦K=Wc[oXH`^K=U���MJsH³.tH³�}��]³�MJr]³�|H³�M=}	�@©$¶ia�²hK
y3KJ`J³�
HY]K=lZ�;UVz{�
KJl�kH`^K=l]z�m�[^a�` [oW<�]�{KJU
�{KJW3l°[^a�W*kHF]K=p]a3ILK=p]a3p¹±Zp]a�²Tp�W3U��c�����.�n� ��¡La�`�� �D¢;£
¤¦¥�£
¤V£��·§¨£�� }cr]³$MJt�@³·z�p�²TF]z�mnF¹I�X]�{[^z�k]�{KL��`VW3pHmnF
z�pZ�¦a�`VINWc[Vz�a�p*y3KJm
[^a3`oUUVF�W<`VKf[oF]K�UVW3ILKPK=p�[V`V\uz{p�[oF]K�kH`VKJl]z�m�[Va3`[VW3�]�{K<³�mJW<XHUVz{pH��[oF]K�kH`VKJl]z�m�[Vz�a�pHUh�¦a3`
[�²ha�a�`�ILa3`VKi�H`oW<p�mnFuUVX��HU^[o`^K=W<INU&[Va�z�p�[^KJ`oILz{pH�<�{K<©!gT�{z{W3U^z�p]��F�W<Uh��KJKJp*UoF]a�²TpN[VaLUVKJ`Vz�a�XHUV��\�z{INkHW<z{`
kDKJ`^�¦a3`oINW<pHm
K�� }cr]³xM=t	�@³ k�W<`V[^z�m
X]��W<`V��\���W<`V�<K�a�`fI�X]��[Vzµ��kH`Va]m�KJUoUf²�a�`V±��{a3W<l�U�²�z�[oF0W�U^[o`^a�p]����j¹m�a�I��
kDa3pHKJp�[�K
YHF]z{�Hz�[y<K=`^\�F]z{�3F�l]KJ�3`VK
KJU�ac�$Wc�{z{W3U^z�p]����M���³����@©&E�FHKJ`VK��¦a3`VK<³Z`VKJILa�yZz{p]�LWc�{z{W3U^z�p]��K��·KJm�[oU�FHW<U
`VKJm
KJp�[^�{\*`VKJm
K
z{y<KJl�WL��a3[�ac�$W<[^[VKJp�[^z{a3p´©
¬^®fK
�;W<��z�W<UVKJlZ¯f�<�{a3�HW<�´F]z{UV[^a�`^\u��`VW3pHmnF*kH`VKJlHz{m
[^a3`oUFHW.y<K:�DK
KJp°`VKJm
KJp�[^�{\�z{p�[o`^a]lHXHm
KJl��![oF]K:KJpHF�W<pZ�

m
KJl�UV±<K
²hKJl��H`VW3pHmnF�kH`^K=l]z�m�[^a�`�£�Â�¡c�VÃ<£
Ä���M<M��@³][oF]K�Wc��`^KJKPkH`VKJlHz{m
[^a3`���M	���;³H[oF]K��]z{ILa]l]K�kH`VKJlHz{m
[^a3`������
W3pHl¾[VF]K��8g ��j¾k�`^K=l]z{m
[^a�`!� r�@©�E�F]KJUVKukH`VKJl]z�m�[Va3`oU�FHW.y<K��DK
KJp�UoF]a�²Tp0[^a¹W3mnF]z�KJy<K�F]z{�3F]K=`�kH`VKJl]z�mn�
[Vz�a�puW<mJm
XH`oW<m
\LW<[8K=¸�XHz�y�Wc�{KJp�[FHW<`ol]²W<`VKTm�a�ILkH��K
YZz{[�\N[VFHW3pu��W<`V�<K=`¬^W<��z�W<UVKJlZ¯��3��a��HWc�6F]z�U^[Va3`V\N��`VW3pHmnF
k�`^K=l]z{m
[^a�`VUUoXHmnF�W3UT¡��V«���¤V£�� |	��a3` �PgiU"� }]M��@©

¶fa�²�KJy<KJ`l]zµ�·KJ`VKJp�[x�H`oW<pHmnF]K=Ul]afp]a<[x`^K=¸ZX]z{`VK&[oF]K�XHUVK8a<�H[VF]KUoW<ILK&y<K=m�[Va3` a<�Hz{p]�¦a3`oILW<[^z{a3pHU�[^aP��K
W3m
mJXH`VW<[^KJ��\PkH`^K=l]z�m�[^K=l�� }3}Z³�M��	�;©¶f\Z��`^z�l�kH`VKJl]z�m�[Va3`oU m�a�I��]z�p]z�p]�iUVK
y<K=`VW<�c�H`oW<pHmnF�kH`VKJlHz{m
[^z{a3p�UomnF]KJILKJU
# �¦a3`Lz�pHU^[oW<pHm
K�W�¡��V«���¤V£NkH`VKJlHz{m
[^a3`LW<p�l½[VFHK°m
�{W3UVUVz�m*�]z�ILaZl�Wc�T}.���]z{[Lm
a3XHp�[^K=`�[oW<�]�{K	$�INW.\½l]K
�{z{y<KJ`
FHz���F]KJ`fkH`^K=l]z�m�[^z{a3p�W3m
mJXH`VW3m�\�[VFHW3p¹Wum�a�p�y<KJp�[Vz�a�pHWc�UVz�p]�<�{K��H`oW<pHmnF�k�`^K=l]z{m
[^a�`%� |&�@©PE�F]KJ`VK��¦a�`^K3³�¬Vl]K��
W<��z�W<UVKJlZ¯:�H`oW<pHmnF°kH`VKJlHz{m
[^a3`oU�UoF]a3X]��l��DK�z{p�m���XHl]KJl°z�p�F�\]�H`^z�l°kH`VKJl]z�m�[Va3`oU[^a*�HXHz���l°K�'um�z{KJp�[i��`VW3pHmnF
k�`^K=l]z{m
[^a�`VUJ©

¿dp°[oF]z{UPkHW3k�K=`
³D²�K�UoF]a�²ÀF]a�²Ám
a3UV[d�;K��·KJm
[^z{y<K�F�\]�H`^z�l��H`oW<pHmnF°kH`VKJlHz{m
[^a3`oU�m
W3p���K�l]KJ`Vz�y3KJl���`Va3I
[oF]KTK=pHFHW<p�m�KJlNUo±cKJ²�K=l��H`oW<p�mnF�kH`VKJlHz{m
[^a3`f£�Â�¡c�VÃ<£
Ä�kH`^a�k�a�U^K=l�z�p(��M<M)�;©£
Â�¡c�^Ã3£
Ä�z�U8m
a3pHUV[V`oXHm
[^KJl���`Va3I
[oFH`VK
KfÇD¤V£¨È���§
¢�É�¤nÂ�¢��<Ê
��£NÊo�c�ZÃ��n³]KJW<mnF*ac�$²TF]z{mnF*��XHpHm
[^z{a3pHU�{z�±cK�W�UV[VW3pHlHW3`Vl�kH`^K=l]z�m�[^a�`h[VW<�H��K3©�£
Â�¡c�^Ã3£
Ä
a<�6K=`VUhW<p�a3k�k�a�`^[oXHp]z{[�\�[^aNl]KJUVz���p*m
a3UV[d�;K��·KJm�[Vz�y3KfF�\]�H`Vz{l�kH`^K=l]z�m�[^a�`VUXHUVz�p]�LWL�]z�ILaZl�Wc�´m�a�ILkDa3pHKJp�[��
[oF]K��]z�I�a]lHW<�![VW3�]��KNz�U:Wc��`^K=W<l]\¹kH`VKJUVKJp�[)*�©,+0K�kH`Va3kDa3UVK�Å=ÆP§�Â�¡c�VÃ<£
Ä!³�W°F�\]�H`^z�lª��`VW3pHmnFªkH`VKJlHz{m
[^a3`
m
a3I��]z{pHz{p]� £�Â�¡c�VÃ<£
Ä W3pHlºW¾�]z�ILaZl�Wc���H`oW<pHmnF¼kH`^K=l]z�m�[^a�`
© Å.Æf§
Â�¡c�^Ã3£
Ä m�a�pHUVz{UV[VULz�p��¦a3X�`�z�l]K=p3[Vz{mJWc�
Ç6¤V£¨È���§
¢;Éc¤nÂ�¢;�3Ê��{£LÊ¨�c�ZÃ��¨³�[VFHW<[�z{U[oF]K�[VFH`VK
K��HW3pH±ZUh��`^a�IË[oF]Ku£�Â�¡c�VÃ<£
Ä�k]�{X�U�WLILKJ[VW���kH`VKJl]z�m�[Va3`J©

j�a�ILKu�H`VW3pHmnF]K=U�W<`VKu��KJ[^[^K=`�kH`VKJl]z�m�[VKJl�XHUVz�p]��W�k�K=`d��W<lHl�`^K=UVU�F]z�UV[^a3`V\ª�H`oW<p�mnF¾k�`^K=l]z{m
[^a�`:[VFHW3p
WN�3��a��HWc� FHz{UV[^a�`^\*��`VW3pHmnF°kH`^K=l]z�m�[^a�`
©8®fK
�;W<��z�W<UVz{pH�Nk�`^z�pHm�z�k]�{KJUTmJW<p°Wc��UVaN�DK�W3kHk]�{z�K=l°[^aukDKJ`^�;W3lHlH`VKJUoU
FHz{UV[^a�`^\°kH`VKJl]z�m�[Va3`oU
©-+0KNl]K�
Dp]K�£
Â�Ç��VÃ3£�Ä!³�W�¬Vl]K���Wc�{z{W3U^K=l�¯�k�K=`d��W<lHl�`^K=UVUfF]z{UV[^a�`^\°�H`oW<pHmnFªkH`^K=l]z�m�[^a�`
©
+ FHz��{Kº£�Â�ÇD�VÃ<£
ÄÀz{U��{KJUoUum
a3UV[d�;K��·KJm�[Vz�y3K°[VFHW3pÀ£
Â�¡c�^Ã3£
Ä!³�z�[umJW<p ��K0m�a3I��]z�p]KJl¼²�z�[oFÀÅ=ÆP§�Â�¡c�VÃ<£
Ä#z�p
Å.Æf§
Â�¡c�^Ã3£
Ä!Â�Ç��VÃ<£
Ä!©TÅ.Æf§
Â�¡��VÃ3£�Ä!Â�ÇD�VÃ<£
Ä¹z�U8W�rc�;m
a3INkDa3p]K=p3[&F�\]�H`Vz{l�k�`^K=l]z{m
[^a�`&m�a�I��]z�p]z�p]��W��]z�ILa]lHWc�
m
a3INkDa3p]K=p3[J³HWNk�K=`d��W<lHl�`^K=UVUF]z�U^[Va3`V\*m�a�INk�a�p]KJp�[�W<pHl�WL�<�{a3�HW<� F]z�U^[Va3`V\*m�a�ILkDa3pHKJp�[
©

E�F]K°`VKJINWcz�pHl]K=`�a<�T[VF]K°kHW<kDKJ`Lz�U�a�`^��W<p]z{�
K=l�W<U��¦a<�{��a�²TUJ©¾¿dp»j�K=m�[^z{a3p»}]³!²hK.
6`VUV[�`VKJmJWc�{�hkH`VK��
yZz{a3XHU�²ha3`o±ªa�pºF�\]�H`^z�l½kH`VKJlHz{m
[^a3`oU�W3pHl½a�p½l]K
�;W<��z�W<UVz{pH�¹[^K=mnFHp]z�¸�XHKJUJ©¼j�KJm
[^z{a3p½r0z{p�[o`^a]lHXHm
KJU�a3XH`
K
YHk�K=`^z�ILKJp�[VW<�·ILKJ[VF]a]l]a3��a3�<\<©&j�K=m�[^z{a3p��Lz{p�[V`Va]lHXHm
KJUW<pHl�W<pHW<��\Z�JKJUfÅ=ÆP§�Â�¡c�VÃ<£
Ä!³DW3p*F�\]�H`^z�l*��`VW3pHmnF
k�`^K=l]z{m
[^a�`�m�a3I��]z�p]z{pH�ª£�Â�¡c�VÃ<£
Ä¾W3pHl�WN�]z�I�a]lHW<�$}��;�]z{[Tm�a�XHp�[^K=`�kH`^K=l]z�m�[^a�`
©iÅ=ÆP§�Â�¡c�VÃ<£
Ä�z{UfUVF]a�²Tp�[^a
�DKTy3KJ`V\�m�a�U^[^�@K
�6K=m�[Vz�y3KTW<U!z{[8a�X][VkDKJ`^�¦a3`oINU!�{W3`^�3KJ`T£
Â�¡��VÃ3£�Ä¹k�`^K=l]z{m
[^a�`VUJ©¿dp*j�K=m�[Vz�a�p!�]³�²�KTUoF]a�² F]a�²
[oF]K*kH`Vz�pHm�z�k]�{KJU�X�U^K=l¾�¦a3`�Å.Æf§
Â�¡��VÃ3£�Ä ILW.\¾��K�XHU^K=l�[^aªlHKJUVz���p�W�m�a3UV[d�;K��·KJm
[^z{y<KuF�\]�H`Vz{l�kH`VKJlHz{m
[^a3`
/10�2	354	6�798�:	3<;�=>3?:	6�@BA>8)=�C DFEG8IH�3?=KJLA>2	3MJONI793P8);	;&8)=KA>Q	R	6 ATS�U



� �f�6Èc¤����·£����·£¨§��
	��£
¤n¤V£��ª��§o«����È

m
a3I��]z{pHz{p]�PWikDKJ`^�;W3lHlH`VKJUoU F]z�U^[Va3`V\�m�a3INkDa3p]K=p�[
³cWi�Hz{ILa]lHWc�Z�H`oW<pHmnF�m�a3INkDa3p]K=p�[�W<p�l��<�{a3�HW<��FHz{UV[^a�`^\
��`VW3pHmnF*kH`VKJlHz{m
[^a3`oUJ©&jZKJm�[Vz�a�p�s�UoXHININW<`Vz��JKJUh[VFHz{UTUV[VX�l]\<©

� "#������	�' �*��� '����

����� �����! #"�$&%! ('
$)"+*-,/.0 #1
2&W3`^z{a3X�U y<K=m�[Va3`oU´ac�Hz�pZ�¦a3`oINWc[Vz�a�p�m
W<p���KhXHU^K=l�W<Uz{p�kHX][$ac���H`oW<pHmnF�k�`^K=l]z{m
[^a�`VUJ©E�F]Kh�H`VW3pHmnF�W<l�lH`^K=UVU
²W<U9
D`VUV[TkH`Va3kDa3UVKJl��¦a3`Tz{pHlHK�Y]z{pH�*�H`oW<pHmnF°kH`VKJl]z�m�[Vz�a�p�[VW<�H��K=U���MJs	�;©�E�F]z{UfkH`VKJl]z�m�[Va3`z�UTac�¦[VKJp�mJWc�{��K=l
[oF]K��]z�ILa]lHWc�k�`^K=l]z{m
[^a�`
©M�ªa3`VK:`VKJm
KJp�[^�{\<³�z�[iF�W<UT�DK
K=p�UVF]a�²Tp�[VF�Wc[T[oF]K�a3XH[Vm�a�ILKPa<�&W�m�a3p�l]z�[Vz�a�pHWc�
��`VW3pHmnFLz{U�Wc��U^a�y3KJ`V\�m�a�`V`VK
��Wc[VKJl�[^a�[oF]KTa�X][Vm
a3ILKJU8ac�´[VF]KT�¦K
² kHW<UV[8�H`oW<p�mnF]KJU � }&��@©!E²ha:��W<ILz��{z{KJU&a<�
��`VW3pHmnFªkH`VKJlHz{m
[^a3`oUPK�YHk]�{a<z{[^z�p]��[VF]z�U�m�a�`V`VK
��Wc[Vz�a�p¹W<`VKL�<KJpHKJ`oWc�{��\�l]z�U^[Vz{pH�3X]z�UVFHKJl´©N¿dp0�<�{a3�HW<�xFHz{UV[^a�`^\
��`VW3pHmnFNkH`^K=l]z�m�[^a�`VUJ³<W�UVz�p]�<�{KTF]z�U^[Va3`V\�`VK
�<z�UV[^KJ`!`VKJm
a3`olHU![oF]KTa3XH[VkHX][oU&a<�·[oF]KikH`VK
yZz{a3XHU8�H`VW3pHmnF]K=U
©5�Pp
kDKJ`^��W<lHlH`VKJUoU�F]z�UV[^a3`V\��H`VW3pHmnF½kH`VKJlHz{m
[^a3`oUJ³$W0F]z{UV[^a�`^\¾y<K=m�[Va3`�z�ULW<UoU^a]m�z�Wc[VKJl�²�z{[VFºKJW<mnF�z�pHl]z{yZz{l�XHWc�
��`VW3pHmnF´©

¶fa�²�KJy<KJ`J³´U^a�ILKN��`VW3pHmnF]KJUPW<`VKN��KJ[^[^K=`�kH`VKJl]z�m�[VKJl¾��\¹k�K=`d��W<lHl�`^K=UVUPUVmnFHKJILKJU:[oFHW<p0²�z�[oFª�3��a��HWc�
UomnF]K=I�K=U # W<pHlª`^K=m�z�kH`^a]mJWc�{��\�$¨©PE�F]z�UPF�W<Uf��K=W<l�[Va*[VFHK�z�p�[V`VaZl�XHm�[Vz�a�p�ac��F�\]�H`Vz{lªkH`^K=l]z�m�[^a�`VU � |&�@©:gip
F�\]�H`Vz{l?kH`^K=l]z�m�[^a�`*m
a3pHUVz{UV[VU*ac��3���`VW3pHmnF kH`VKJl]z�m�[Va3`oU*k]��XHU°WºILK
[oW<kH`VKJlHz{m
[^a3`J©54�W<mnF a<��[VF]K63
��`VW3pHmnFªkH`VKJlHz{m
[^a3`:m
a3INk�a�p]KJp�[oU # K
z{[VFHKJ`�UV[VWc[Vz{mLa�`PlH\Zp�W<ILz{m�� }	�K$PkH`VaZl�XHm�K=UPW°kH`VKJlHz{m
[^z{a3p¾W<pHl0[VF]K
ILKJ[VW<k�`^K=l]z{m
[^a�`hmnFHa�a�U^K=U[VF]K�k�`^K=l]z{m
[^z{a3p�²TF]z�mnF*²�z{�{���DK�XHU^K=l´©&¿dl]K=Wc�{��\�W�F3\]�H`Vz�l��H`oW<p�mnF�kH`VKJlHz{m
[^a3`
²ha3XH�{l���K=p]K�
D[��`^a�I [VF]K�¸ZXHW<��z{[^z{KJUTac�$W<���´z{[VUim�a3INkDa3p]K=p�[VUJ©

E�F]KPILK
[VWc�;k�`^K=l]z{m
[^a�`!I�z{�3F�[8�DKf��X]z��{[8²�z{[VFu[VF]KiUoW<ILKi±�z�pHlNac� FHW3`VlH²hW3`^K�W<U��H`oW<pHmnFNkH`VKJl]z�m�[Va3`oU
©
vDa3`xz�pHUV[VW<p�m�K<³ �ªm�v6W<`V��z�p]��� |�DkH`Va3kDa3UVKJl�[^a�X�U^K�W:[VW3�]�{K�ac� }.���]z�[&UoWc[oXH`oWc[^z�p]�:m�a�XHp�[^KJ`oUxz�pHl]K�Y]K=l�²�z{[VF
[oF]K:�H`VW3pHmnF*W3lHlH`VKJUoU
©M�f[VFHKJ`hz{p�l]K�Y���XHp�m�[^z{a3p�UhINW.\uW<�{UVa��DK�XHU^K=l´³��¦a3`hz�pHU^[oW<pHm
Kf[oF]K:�<�{a3�HW<�6��`VW3pHmnF
FHz{UV[^a�`^\�W3Uxa3p�[VF]Ki®)4he¼}]M.}cs��,� s	�;©72&W3`^z{a3X�U$F�\]�H`Vz{lNkH`VKJlHz{m
[^a3`oUxFHW.y<K��DK
K=pLUV[VX�l]z�K=lNW<pHlNkH`Va3kDa3UVKJl´©
¿�[�FHW3U���KJKJp�UoF]a�²Tp � |H³}H³��&�&[VF�Wc[
³$kH`Va�y�z�l]K=lªUoX 'um�z{KJp�[�FHW<`ol]²W<`VK�`VKJUVa3XH`om�K=U
³ F�\]�H`Vz{l0kH`^K=l]z�m�[^a�`VU
a�X][VkDKJ`^�¦a3`oIËUVz{pH�<�{K:k�`^K=l]z{m
[^a�`VUJ©

���8� 9/:;'=<?>A@+"+>B1C'
$EDF%! #'
$!"�*-,G.H #1
E�FHK*W<mJm
XH`oW<m
\ªac� 
HY]K=lZ�;UVz{�
KJl��H`oW<p�mnF�kH`^K=l]z�m�[^a�`�[VW3�]�{KJU�UoXZ�·KJ`oU���`Va3I W¹kHF]K=p]a3ILKJpHa3p�±Zp]a�²Tp�W<U
�c�����.�n� �Z¡�a3`h� �D¢;£
¤¦¥�£�¤o£��·§o£ � }crH³HMJt	�;© �ªX]�{[^z�k]��KT��`VW3pHmnF�z�pZ�¦a3`oINWc[Vz�a�p�y<K=m�[Va3`oU�UoFHW<`VKh[VF]KTUoW<ILKhKJp�[V`V\�z�p
[oF]K8kH`VKJlHz{m
[^a3`·[oW<�]�{K<³.m
W3XHUVz{p]��[oF]K8kH`VKJlHz{m
[^z{a3pHU6�¦a�`´[�²�a�a�` ILa3`VK!�H`VW3pHmnF:UVX��HU^[o`^K=W<INU·[^a�z�p�[^K=`VILz�p]�<�{K<©
gi��z�W<UVz�p]��FHW<U��DK
K=p�UoF]a�²Tp*[^auUVKJ`Vz�a�XHU^�{\�z�ILk�Wcz�`�k�K=`d�¦a�`VINW<p�m�K�� }<rH³´M���³ ���;©

IKJLIKJNM �	�NO �H�?ONP7Q¾�����H�=�?OSRx�<�]�?O Ñ P��
E²ha°m���W<UoU^z 
Dm
W<[^z{a3pHUPa<�W<��z�W<UVz{pH��FHW.y3KL�DK
K=p�kH`^a�k�a�U^K=l´©,�&a3XHpH��KJ[�Wc�@©(� }<r	��kH`Va3kDa3UVKJlª[^a¹m���W<UoUVzµ�¦\
W<��z�W<UVz�p]��z�pHUV[VW<p�m�KJUh²�z{[VF�`^K=UVkDKJm
[�[Va�[oF]K
z�`�m�a�pHUVKJ¸ZX]KJp�m�KJU��xl]KJUV[V`oXHm�[Vz�y3K<³]FHW3`VIL�{KJUoU8a�`hm
a3pHUV[V`oXHm
[^z{y<K<©
E�FHK
\�UVFHa�²�K=l�[VFHW<[PlHKJUV[V`oXHm�[Vz�y3K�W<p�lªFHW3`VIL�{KJUoUiWc�{z�W<UVz{p]��m�a3p�U^[Vz�[oX][^KL[VF]KNa�y3KJ`V²TF]K
��ILz{p]�uINWcbda3`Vz�[�\
a<�xW<��z�W<UVz�p]�Nz{pHUV[VW3pHm�K=U
© �¹z�mnFHW<X�l�KJ[iWc�@© ��M<M��$kH`Va3kDa3UVKJl�[^aum
�{W3UVUVzµ�¦\�Wc�{z{W3U^z�p]�N²�z{[VF�`VKJUok�K=m�[T[Va�[VF]KJz{`
a�`^z{�<z�p´³&z@© K°X�U^z�p]��[VF]K¹UoW<ILK°r�e�� U�m���W<UoU^z 
DmJWc[^z{a3pºW<UL�¦a3`NmJW<mnF]K°ILz{UoU^K=U���m
a3INkHX]��U^a�`^\3³8m�a�pGT�z�m�[Na3`
mJW<kHW3m�z{[�\<©he�a�pGT�z�m�[iW<��z�W<UVz�p]�N²hW3U�UVF]a�²Tp�[Vau��K�[oF]K�a�`^z{�<z�p*a<�$[oF]K�INW�bda�`^z{[�\ua<�xW<��z�W<UVz{pH�Lz�pHUV[VW3pHm�K=U
©

USV7WKUYX



�L£
Â^����������£¨È����<Ê
¤n��È�Æi¤V�c�6§¨« 	¤V£¨Èc��§�¢�É�¤¨� �

E�FHKJUVK&[�²�afm���W<UoU^z 
Dm
W<[^z{a3pHU��K=W<l:[Vai[�²haiW<kHk�`^a�W<mnF]K=U´[^af��z�ILz�[$Wc�{z{W3U^z�p]�Tz�INkHW<m
[a3p���`VW3pHmnF�kH`VKJl]z�m�[Vz�a�p
W3m
mJXH`VW3m�\3©

IKJLIKJLI �uÍ Ò 
$� O P�Q����
	��N� � O��H�?ONP7Q
�� Í�� O ��� Í � � Í � � �(P�O ��� g�ILKJW<pª[^a�`^K=lHXHm�KNm
W3kHW<m
z�[�\°Wc�{z�W<UVz{p]�*z{UP[^a°`VKJlHXHm
K�[oF]KLW3ILa3XHp�[ia<�
z�pZ�¦a�`VINWc[Vz�a�p¹[oFHWc[�I�XHU^[��DKuU^[Va3`VKJlªz{p¾[VFHKukH`^K=l]z�m�[^a�`P[VW<�H��K # U)$,�µM)�;©N¶iz{�3F]�{\0�Hz{W3U^K=lª�H`oW<pHmnFHKJU:m
W3p
�DK 
���[VKJ`VKJl�a�X][���`^a�I [oF]KP_&¶fE XHU^z�p]�LW�UoWc[VX�`VW<[^z�p]��m�a�XHp�[^K=`�W3pHluWL�]z{W3U��Hz�[��¦a3`�KJW3mnF�KJp�[V`V\Nz{p*[VF]K
��E�� # a3`�z{p�W°[oWc�<�{KJUoU:[VW3�]�{K	$¨©°E�F]K*UoWc[oXH`oWc[^z�p]��m�a�XHp�[^K=`�z{U�z{pHmJ`^K=ILKJp�[^K=l0²TFHKJp]KJy<KJ`�[VF]K*��`VW3pHmnF
a�X][Vm
a3ILK�K=¸�X�Wc��U�[VF]KL�]z�W<Ui�Hz�[PW<pHl°KJ�{UVK��
K=`^aZK=l´©�¿;�&[VF]KLm�a�XHp�[^KJ`Tz{UPUVW<[VXH`oWc[VKJl�[VFHKJp�[oF]K�kH`VKJlHz{m
[^a3`
[oW<�]�{K # UI$hW3`^K:p]a3[TXHU^K=lu�¦a�`[VF]K�k�`^K=l]z{m
[^z{a3p´©

¿�[iUoF]a�X]�{l°�DK�p]a<[VKJl°[oFHWc[�[oF]K"
��{[^K=`TILKJmnFHW3p]z{UoIËmJW<p°��K�XHU^K=l�[^a�z�ILk�`^a�y3K:W<����kH`^K=l]z�m�[^a�`VU[oFHWc[
²�z{�{���K�lHz{Uom
XHUoUVKJl�z{p�[VF]K�`VKJINW<z{pHlHKJ`ac�$[VF]K�k�W<kDKJ`J©

�� Í�� P � �(P$� Í Ò���� Í�Ð�Í Ò������(P$� ��� � Í Ò�O �c� Ñ � E�FHK�Uo±cKJ²�K=l½�H`oW<pHmnF½k�`^K=l]z{m
[^a�`L¡c�VÃ<£
Ä?W<p�l
[oF]K�KJp�FHW<pHm
KJl�UV±<K
²hKJl��H`VW3pHmnF�kH`^K=l]z�m�[^a�`�£�Â�¡c�VÃ<£
Ä¾²�K=`^KPz{p�[o`^a]lHXHm
KJl�z�p ��M<M)�;©

E�F]KT��W<UVz{m�kH`Vz�pHm�z�k]�{K�ac�·[VF]KTUo±cKJ²�K=l��H`oW<p�mnF�kH`VKJlHz{m
[^a3`&¡c�VÃ<£
Ä°z{U&[^a�XHUVK�[VFH`VK
K��H`oW<p�mnFZ�;k�`^K=l]z{m
[^a�`
��W<pH±ZUJ³��HX][�[Va�z{p�l]K�Y�[VF]K=I���\0lHzµ�·KJ`VKJp�[�W<p�l0z�pHl]K=k�K=pHl]K=p3[�FHW<UoF]z�p]�°��XHpHm
[^z{a3pHU�m
a3INkHX][VKJl0��`Va3I
[oF]K�UoW<ILK:y<KJm
[^a�`�2#ac�xz{pZ�¦a�`VINW<[^z{a3p # K3© �D©�³���`VW3pHmnF�W3lHlH`VKJUoUW<pHl��<�{a3��Wc� F]z�U^[Va3`V\�$¨©&g#kH`VKJl]z�m�[Vz�a�p�z{U
`VKJW3l���`Va3I KJW<mnF*ac�x[VF]K���W<pH±ZU�W<p�l�WNINW�bda�`^z{[�\uy<a3[^KPz{UiXHU^K=l*[VauU^KJ��K=m�[�W 
DpHW<��H`oW<pHmnF�l]z{`VKJm
[^z{a3p´©

E�F]KL`VW<[^z{a3pHW<��K:�¦a�`TXHUVz{pH�*l]z��6K=`^K=p3[PFHW<UoF]z�p]�N��XHpHm
[^z{a3pHUi�¦a3`iKJW3mnF���W<pH±�z{Ui[VFHW<[i[�²ha�y<K=m�[^a�`VUJ³#2
W3pHl�+#³�[VF�Wc[TW<`VK�Wc�{z{W3U^K=l*²�z{[VF�K=W<mnF�a<[VFHKJ`�z�p�a3p]K��HW3pH±*W3`^K�XHp]�{z�±cK
�{\u[Vau��K�W<��z�W<UVKJl�z{p�[oF]K�a<[oF]KJ`
��W<pH±ZUJ©�©!gÁl]KJUV[V`oXHm�[Vz�y3KPW<��z�W<UVz�p]��a<�
2#�3\�+ ILW.\�a]mJm
XH`�z{p�a3pHKP�HW3pH±6³]�HX][[VF]KPa�y<K=`VW<���6kH`VKJl]z�m�[Vz�a�p
a�p 2 z�U:��z�±cKJ��\ª[^a°��Kum
a3`o`^K=m�[P[VFZXHU�`VKJILa�yZz{p]��m�a�pGT�z�m�[�Wc�{z{W3U^z�p]��z{INkHW3m�[J©Lgfp0K
YHW<INk]�{KLa<�hUoXHmnFªW
��W3ILz��{\uac�xz�pHl]KJkDKJp�l]KJp�[TFHW3UVF]z�p]�L��XHpHm
[^z{a3pHUT²hW3U�[oW<±<KJp*��`^a�I ��M����;©

¿dp ��M<M)�;³H[VFHK�KJpHFHW3pHm�K=l�Uo±cKJ²�K=l*�H`oW<p�mnF�kH`VKJlHz{m
[^a3`�£
Â�¡��VÃ3£�Ä # v$z{�3X�`^KNM	$8²W<Uh��XH`V[VFHKJ`�kH`Va3kDa3UVKJl´©
g[xK=¸�XHz�y�Wc�{KJp�[!FHW3`Vl]²W<`VK�m
a3UV[VU&¡c�VÃ<£
Ä�UoXZ�·KJ`oU���`^a�I ILa3`VKmJW<kHW3m�z{[�\�Wc�{z{W3U^z�p]�P[VFHW3pL¡c�V«H�c¤V£�©x¿dp�a3`ol]KJ`
[Va��{z{ILz{[8[VFHKiz�ILk�W<m�[8ac� m
W3kHW<m
z�[�\LWc�{z{W3U^z�p]��³3a3p]Kiac�´[VF]Kf[VW3�]��Kiz{p¹£
Â�¡��VÃ3£�Ä�z�U&z�pHl]K
Y]KJluXHUVz�p]��a3pH��\L[VF]K
W3lHlH`VKJUoUPac��[oF]Ku�H`oW<pHmnFªz{p�U^[VKJW<l0ac�h[VF]Kum
a3I��]z{p�Wc[^z{a3p # �3��a��HWc�!F]z�U^[Va3`V\ª`VK
�<z�UV[^KJ`^���H`VW3pHmnF�W<l�lH`^K=UVU)$¨©
4&Y]kDKJ`Vz�I�K=p�[VU&UoF]a�²hKJl�[VFHW<[f£�Â�¡c�VÃ<£
Ä°k�K=`d�¦a�`VINU!K=¸�X�Wc�{��\�[Va�¡��VÃ3£�Ä!³�²TF]K=pL�¦K
² m�a3p/T�z{m
[&Wc�{z{W3U^z�p]�:²hKJ`VK
K=pHm�a�XHp�[^K=`^K=l # z © K<³��¦a3`�W�UoINWc�{�8F]z�U^[Va3`V\¹��K=p]�<[oF $¨©���X][*£�Â�¡c�VÃ<£
Ä k�K=`d�¦a�`VINU��DK
[V[^KJ`�[VFHW3p½¡��VÃ3£�Ä¼�¦a3`
�{a3pH�NFHz{UV[^a�`^\��{KJp]�3[VF # z@© K<³H²TF]K=p�mJW<kHW3m�z{[�\*Wc�{z�W<UVz{p]�N�DKJm�a�ILKJU�UVz���p]z 
6m
W<p�[)$¨©!g#r�����:�;KJp�[V`V\°£
Â�¡c�^Ã3£
Ä
²W<UUoF]a�²Tp�[^a�a3XH[VkDKJ`^�¦a3`oI W�r3}�:�@K=p3[o`^\*¡c�V«H�c¤V£�©

IKJLIKJ � �uÍ Ò 
$� O P�Q�Ò Í �
�J� 
$�c�?O � Í � � O��H�?ONP7Q
E�FHKº�
¡<¤V£¨£ukH`VKJl]z�m�[Va3`(��M	���:W<pHl»[oF]K¼Ê
�"!NÉ=È<£*kH`^K=l]z�m�[^a�` �����PW<z{INUuW<[ul]KJmJ`^K=W<UVz{p]�¾[VFHKªpZXHI��DKJ`�a<�
lHKJUV[V`oXHm�[Vz�y3K°W<��z�W<UVz�p]��z{pHUV[VW3pHm�K=U�W<pHl `VKJk]��W<m
z{pH�0[oF]KJI ��\¼FHW3`VIL�{KJUoULW<��z�W<UVz�p]��© vDa3`Nz�pHU^[oW<pHm
K<³�W<U
ILa�U^[u�H`oW<p�mnF]KJU�W3`^K��]z�W<UVKJl»[VF�`^a�X]�3F W�l]a�I�z�pHW3p3[ulHz{`VKJm
[^z{a3p´³h[VF]K»�
¡<¤V£¨£ukH`VKJl]z�m�[Va3`�`VKJm
a3`olHUN[VF]K
W<�3`VK
K=I�K=p�[�a3`�l]z�UoWc�3`VK
K=ILKJp�[�²�z�[oF½W¹�]z�W<U�U^[Va3`VKJl�z�p�[VF]K��E�� # a�`�K=pHm�a]l]K=l�z{p�[oF]Kuz�pHUV[V`oXHm�[Vz�a�p
W3U*z�p [oF]K¾¶i_ t �&� � $¨© ¿dp [oF]K¾�Hz{ILa]l]K�kH`^K=l]z�m�[^a�`
³i[VF]K�`VW<[^z{a3pHW<��Kªz{U�[^a»U^[Va3`VKª[oF]K¾k�`^K=l]z{m
[^z{a3pHU
W3UVUVa]m�z�Wc[VKJl�²�z{[VF¾�]z�W<UVKJl¾p]a<[^�@[oW<±cK=p¹�H`oW<pHmnFHKJU:W<pHlª²�z�[oF��]z{W3U^K=l¹[oW<±cK=pª�H`oW<p�mnF]KJUfz{p0[�²ha�l]z�UV[^z�pHm�[
k�`^K=l]z{m
[^a�`�[oW<�]�{KJUJ³H[oF]K�kH`VKJl]z�m�[Vz�a�p*z�U�U^KJ��K=m�[VKJl°Wc[K�Y]K=m
X][Vz�a�p*[Vz{ILK�XHUVz{pH�NW��Hz{ILa]lHWc�´[oW<�]�{K<©

W�W R$#&%('*)



s �f�6Èc¤����·£����·£¨§��
	��£
¤n¤V£��ª��§o«����È

address

address

n

n

n

majority
vote

BIM

G0

G1

PREDICTION

history

vxz{�3XH`VKNM��&E�F]K 48p�FHW<pHm
KJl¹jZ±<K
²hKJl��`oW<p�mnFu_8`VKJl]z�m�[Va3`

IKJLIKJ�� �uÍ Ò 
$� O P�Q¾� Ñ � � Ò Í �
�J� 
��<� O � Í � � O��H�?ONP7Q��(P�Ò����
	��N� � O��H�?ONP7Q
��Î �$��O�Ò��$� Í Ò�O �c� Ñ ����� Í �]��
���ONP7Q � �7O � Ñ Ò�� ��=�]� � Í jZa3ILKuF�\Z��`^z�l0k�`^K=l]z{m
[^a�`VU:z�pHm���XHl]KuW��Hzµ�
ILa]lHW<��[VW3�]�{K # �¦a�`&z�pHUV[VW<p�m�K�Å.Æf§
Â�¡c�^«���¤V£hkH`Va3kDa3UVKJlNz�p � |	�K$¨©&E�F]K=`^KiW3`^Ki[�²�a�INW<z{p�`VKJW3U^a�pHUx�¦a3`�XHUVz{p]�
WN�]z�ILa]lHWc� kH`VKJlHz{m
[^a3`�m
a3INkDa3p]K=p3["� |H³G���@©

vxz�`VUV[
³Ha�p°WN[�²�a<�@�{K
y3K
�´�H`oW<pHmnF�kH`VKJl]z�m�[Va3`J³HW<p�KJp�[V`V\�FHW3U[^au�DK�W<UoU^a]m
z{W<[^KJl�²�z{[VF�KJW3mnF # �H`oW<pHmnF´³
FHz{UV[^a�`^\�$�kHWcz�`
© E�F]K=`^K
�¦a3`VK<³8W¾[�²hac�;��KJy<K
��H`oW<pHmnF»kH`VKJl]z�m�[Va3`N`VKJ¸ZX]z�`^K=U�I�XHmnF¼ILa�`^K°[V`oWcz�p]z�p]�¾[VFHW3p
W0�]z�I�a]lHW<��kH`^K=l]z�m�[^a�`
³!z@© K�UoXZ�·KJ`oU���`Va3I F]z{�3F]K=`Nm�a3INkHXH�{UVa3`V\¾W3pHlºmJW<kHW3m�z{[�\¾W<��z�W<UVz�p]��©�E�F]KJp ³!�¦a3`
z�pHUV[VW3pHm�K&a�p:WTm�a�p3[VK�Y][UV²�z�[omnFPz{pHmJXH`o`^z�p]�TWTINW�bda�` mnFHW3p]�<K!z�p:[VF]Khm�a�p3[o`^a3� T�a�²�³.WT�]z�I�a]lHW<�3kH`VKJlHz{m
[^a3`
²�z{�{�T��K¹ILa3`VK�W<mJm
XH`oWc[VK�[oFHW<p W¾[�²�a<�@�{K
y3K
���H`oW<pHmnF¼kH`VKJl]z�m�[Va3`La3p»[VFHK�
D`VUV[N[VF]a�XHUoW<pHlHU # INW.\º��K
FZXHp�lH`^K=l*a<�$[oF]a3X�UVW3pHlHU)$&a<�$�H`oW<p�mnF]KJU"� ���;©

g[hU^K=m�a3p�l´³<a�p��]z{W3U^K=lN�H`VW3pHmnF]K=U
³c[oF]Kf�Hz{ILa]lHWc�D[VW3�]��Kiz{U�W<�]�{K�[^a�lHK
�{z�y3KJ`![oF]Kfm
a3`o`^K=m�[!kH`VKJl]z�m�[Vz�a�p
X�U^z�p]��W�U^z�p]�<�{KTK=p3[o`^\3©$E�FHz{U�[VW3�]��KPUVX]�6K=`VU&��`^a�I �{KJUoU8lHKJUV[V`oXHm�[Vz�y3KiWc�{z{W3U^z�p]��[oFHW<p�W�[�²�a<�@�{K
y3K
����`VW3pHmnF
k�`^K=l]z{m
[^a�`
©

�� Í�� �
	 ���$� Í Ò7O��<� Ñ � QTK=m�K=p3[V��\3³K48l]K=p0W3pHl �ªXHl]�3K�� r	�8kH`Va3kDa3UVKJlª[VF]K��8g ��jªkH`VKJl]z�m�[Va3`P[^a
m
a3I��]z{pHK���K=p]K�
D[VUf��`^a�I `^K=I�a�yZz�p]�um�a�pGT�z�m�[PWc�{z{W3U^z�p]�*W3pHl¹l]K=m
`VKJW<UVz�p]��[VF]KNpZXHI��DKJ`fac�8lHKJUV[V`oXHm�[Vz�y3K
W<��z�W<UVz�p]�iz�pHUV[VW<p�m�KJUJ©�gfUxz{p�[VF]K��]z�ILa]l]K�kH`^K=l]z�m�[^a�`
³cWP�]z�ILaZl�Wc�Z[VW3�]��Kz�UxXHU^K=l��¦a�`�z�pHl]z�m
W<[^z�p]�:[VF]K�]z�W<U
a<�·W:�H`oW<p�mnF´©¿dpHUV[VW3pHm�K=Uxac�·[VF]KT��`VW3pHmnF�[oFHWc[&lHa�p]a<[xa3�DK
\�[^a�[oF]z{U8�]z{W3U!W<`VK�`^K=m�a3`ol]K=l�z�p�[�²ha:[VW<�<�<K=l
[oW<�]�{KJUmJWc�{��K=l�l]z�`VKJm�[Vz�a�p*mJW<mnF]K=U
© + F]KJp�[oF]K��]z{ILa]lHW<�´[VW<�H��K:kH`VKJl]z�m�[oU[VW<±<KJp # `VKJUok*p]a3[d�;[VW<±<KJp $n³][VF]K

USV7WKUYX



�L£
Â^����������£¨È����<Ê
¤n��È�Æi¤V�c�6§¨« 	¤V£¨Èc��§�¢�É�¤¨� �

� Í P$� � �»�]� � � Ñ P�Ò7O¦�?O Ñ P�� �8�$���(P�� � � Ñ 
�P·�
Ò Î P$� � O�� �J�J�]�?O��

��`^a<� M<M	�cs<t�MJt�M �<s<r&�
��U M��Z}ct<t �	�Z} M��<|<r �

INkDK
���TkH�{W.\ tHM��<| �3}c| �G�&�<}
pH`^a<� }]M=r<s<t�}&��M � �3t��

`VKJW<������m
m MJr3|&� �3s �<} M=s �ZM=s
UVlHK
[ �<}3}]M=r3}&� � �ct<r
y<KJ`Vz{��a3� �cs3|3}<t3}cr r3|HMJt

yZz{l]KJa��Tk]��W.\ �]M�&�<s3}c| r3| ���
E$W<�]�{KNM��8e�a3p�l]z�[Vz�a�pHWc� ��`VW3pHmnF�m
a3XHp�[oU

�·É�¢@Â�¢;�=Ã<£
� # `^K=UVk ©»¢��JÃ3£
� $�l]z{`VKJm
[^z{a3p¼m
W<mnFHK*z�U�UVKJW3`VmnF]K=l´© �PpºWªILz�UVULz�p½[oF]K�UVKJW3`VmnFHKJl�l]z�`^K=m�[Vz�a�p
mJW<mnF]K3³3[oF]K:�]z{ILa]lHW<�6[oW<�]�{K:kH`^a�yZz�l]KJU8[VF]K�kH`VKJlHz{m
[^z{a3p´© �PpuWLF]z{[
³][VFHKPl]z�`VKJm�[Vz�a�pum
W3mnF]Kfk�`^a�yZz�l]KJU�[VF]K
k�`^K=l]z{m
[^z{a3p´©

�Pp]�{\¼W¾�¦KJ² �Hz�[oUuac�:[VFHK¹m�a3INk]�{K
[VK�[VW<�½W<`VK°`VKJm
a3`ol]KJl¼[VFZXHUu��z�ILz�[Vz{p]��[oF]KªUV[^a�`VW<�<K�a�y<KJ`oF]K=W<l
W3UVUVa]m�z�Wc[VKJl:²�z{[VF�[VF]Kh[VW<�3U��sf�Hz�[oU�²hKJ`VK�UoF]a�²Tp�[VaPk�`^a�yZz�l]K�Wi�<aZa]l�[V`oW<lHK��;ac�x©E�F]K��8g ��j�kH`VKJlHz{m
[^a3`
²W<UUoF]a�²Tp�[^a�a3XH[VkDKJ`^�¦a3`oI a<[VFHKJ`&¬Vl]K���Wc�{z{W3U^K=l�¯PkH`VKJlHz{m
[^a3`oUWc[�K=¸�XHz�y�Wc�{KJp�[�FHW3`Vl]²W<`VKfm
a3UV["� r&� � ©

¿�[�UoF]a3XH�{l¾��KupHa<[^K=l¾[VFHW<[�[VF]K,�8g ��j¾kH`VKJl]z�m�[Va3`:INW.\ª�DKum�a3p�U^z�l]KJ`VKJl0W<U�W°F�\]�H`^z�l¾kH`^K=l]z�m�[^a�`
©
E�FHK�kH`VKJUVKJpHm
K�a3`�[VF]K�W<�HUVKJpHm
Kuac�iW3p�z{p�U^[oW<pHm
K*z�p�[VF]K�U^K=W<`omnF]KJl�l]z�`VKJm�[Vz�a�p�m
W3mnF]Kuz�U�XHUVKJl�W3U�W3p
z�INk]�{z{m
z�[TmnF]a3z{m
K�kH`^K=l]z�m�[^a�`
©

� ���	� ���$	 � �T��%�����
��h%�� �

_�`^a�k�a�U^z{[^z{a3pHU$a<�6�H`oW<pHmnFLkH`VKJl]z�m�[Va3`oU�pHK
KJlL[Va:�DK�y�Wc�{z{l�Wc[^K=l�[oFH`Va3X]��F�[V`oW<m
K���lH`Vz�y3KJp�UVz{I�X]��Wc[^z{a3p�U
© +0K
m
a3pHl�XHm�[VKJl�Wc�{�$ac�!a3XH`i[V`oW<m
K���lH`^z{y<K=p°U^z�I�X]��Wc[Vz�a�pHUTXHUVz�p]�*[oF]K�¿ �ij3��i�{[V`VzµY¹�DKJpHmnFHINW3`V±ZU%��MJ|	�;©iE�F]K=U^K
�DKJp�mnFHINW<`o±�U�²hKJ`VKi[V`oW<m
KJl�XHU^z�p]�LW�FHW3`VlH²hW3`^KiILa�p]z�[Va3`m�a�pHp]K=m�[^K=lu[VaLW �¹¿�_hj3���HW3U^K=lu® 4hehU^[oWc[Vz�a�p
`oXHpHpHz{p]���f��[o`^z�Y¼rH©{M<© E�F]K¹`VKJUoX]�{[^z�p]�0[o`VW3m�K=UNz{pHm
�{X�l]K�W<m�[Vz�yZz{[�\���`Va3I W<���TXHUVKJ`^�;��KJy<K
��kH`Va]m�K=UVUVKJUNW<U
²hK
�{�´W<U�[VF]K:a�k�K=`VW<[^z�p]�c��U^\]UV[^K=I ±<KJ`op]K
�@³]W<pHl�FHW.y<KP��KJKJp*lHK
[^K=`VILz�p]KJl�[^aN�DKPW��<aZa]lu[VKJUV[�a<���H`oW<pHmnFZ�
k�`^K=l]z{m
[^z{a3p�kDKJ`^�¦a3`oILW3pHm�K � �]³�M���;©ªe�a3pHlHz�[Vz�a�pHWc�8��`VW3pHmnF�m�a3X�p3[oU��*l]KJ`Vz�y3KJl0��`Va3I�[oF]KJUVKu[o`VW3m�KJU�W<`VK
�3z�y3KJp*z{p°E$W<�]�{K�M<©

E�F]K��3��a��HWc�´F]z�UV[^a3`V\*`VK
�3z{UV[^K=`�z�U�XHk6lHWc[VKJl°a�p]��\*²TF]KJp�W�m�a�pHl]z{[^z{a3pHW<�·��`VW3pHmnF*z�U�K=pHm�a�XHp�[^KJ`VKJl��<©
�1798)=K3<;	=K3?@F6�J>3�� S�� Ö������ NIR	:���� Ø! �"���# 8)Q	=P8�$LR-3&%�;&3?=K6�793FR�A>JP@?8)R('=K7�A>2N1AP6 ALN)��J 8 8)Q�A>;&3?=+* 8)=>79J ��, � Ö������-/.10(2�35476 3)4M6�J�Q�J 3?: NIJ NIR Q	R�@F8)R�:	6 A 6�8)R	N)�	=>3�� N1A>6 8�319>Q	79;M4�SMA 2	3;: U=<?> @?8)79;	6@��3?= # A 2�3F=K3&* 8)=K3A$�3�:	6�: R	8IA @?8)R	J>6�:	3?=

6 ALNIJP@?8)R	:	6 A>6�8)RN)� U 0�2	6�J 3�%�;B� NI6�R	J A>2	35:	6�J @?=K3?;NIR	@BSC$L6 A>2 A>2	354	=>NIR	@O2�@?8)Q	R�A JP=>3?;&8)= A 3?:%6�R�C D # '�EIEF W 3?@F8)=K:	6�RBG�N)�@� 4	=>NIR	@O2,:	6�=>3?@BA>6�8)R	JM6�R	@���Q	:	6�RBG Q	R	@?8)R	:	6 A>6�8)RN)� 4	=>NIR	@O2�3FJH$ NIJI* 8)Q�R	:�A>8C��3FNI:%A 8 2	6@G)2	3?=M796�J ;	=K3&J
:	6�@BA 6�8)R = N1A>3M8)R A>2	3 U=KA> 4&3?R	@O2	7 NI=+L�JFU

W�W R$#&%('*)



t �f�6Èc¤����·£����·£¨§��
	��£
¤n¤V£��ª��§o«����È

� � ���!�����������

¿dpu[VF]KPkH`^KJyZz�a�XHU&UVKJm�[Vz�a�p´³�²�KPFHW.y<KT`VKJmJWc�{��K=lN[VFHW<[�F�\]�H`^z�l�kH`VKJl]z�m�[Va3`oU&INW.\LlHK
�{z�y3KJ`8W�F]z{�3F]K=`8kH`VKJl]z�mn�
[Vz�a�p�W3m
m
X�`VW3m�\P[VFHW3p�WPU^z�p]�<�{K�m
a3INkDa3p]K=p3[xkH`VKJl]z�m�[Va3`J©�£
Â�¡��VÃ3£�Ä�z{UxWTy3KJ`V\:K�'um�z{KJp�[xU^z�p]�<�{K�m
a3INkDa3p]K=p3[
��`VW3pHmnFukH`VKJl]z�m�[Va3`���M<Mc³���� W3pHlu[oF]KJ`VK��¦a�`^K:W�p�Wc[VX�`VW<�6mJW<pHl]z�lHW<[^K:W<UW�m
a3INkDa3p]K=p3[��¦a3`WLF�\Z��`^z�l*kH`VK��
lHz{m
[^a3`J© �¹a�`^KJa�y<KJ`°£
Â�¡��VÃ3£�ÄÁz{p�m���XHl]KJUu[VFH`VK
K�kH`VKJl]z�m�[Va3`N[oW<�]�{KJUJ³hW3pHl»a3p]K°a<�P[oF]KJI z{UuW��]z�ILa]lHWc�
k�`^K=l]z{m
[^a�`
³Z[VFHz{UT�Hz{ILa]lHWc��kH`^K=l]z�m�[^a�`ILW.\���K�XHUVKJl°l]z�`VKJm�[V��\3©

+¾K 
6`VUV[�kH`VKJUVKJp�[�[VF]K:kH`Vz{pHm
z{kH��K=U8a<�[VF]K�Å=ÆP§�Â�¡.Ã3£�Ä¾kH`^K=l]z�m�[^a�`
©xE�F]K=pu²hKfkH`VKJUVKJp�[�UVa3ILKPU^z�I�X]��W��
[Vz�a�p�`VKJUoX]�{[VUz{����XHUV[V`oWc[Vz{p]�Nz{[VUTW3l]y�W<p�[VW<�<KPa�y<K=`hk�`^KJy�z{a3X�U^�{\ukH`Va3kDa3UVKJl*k�`^K=l]z{m
[^a�`VUJ©

�!��� � >A1G"+* %! #"��!*="+%)@�'
E�FHK�F�\]�H`^z�l�kH`VKJlHz{m
[^a3`�Å=ÆP§
Â�¡��VÃ3£�Ä�z{U�z��{��XHU^[o`VW<[^K=l�z�p�vxz���XH`VK�}]©$¿�[�m
a3I��Hz{p]K=Uh£
Â�¡c�^Ã3£
Ä*W<pHl�Wi�]z�ILa]lHWc�
k�`^K=l]z{m
[^a�`
©Å=ÆP§
Â�¡��VÃ3£�Ä�m�a�pHUVz{UV[VUhac�$�¦a3X�`T}.���]z�[�m
a3XHp�[^K=`VU���W<pH±ZUJ©

��W<p�± ��� �wz{U![oF]KT�]z�ILaZl�Wc��kH`VKJlHz{m
[^a3`J³<�HXH[&z{U8Wc��U^a�kHW3`^[xac�·[VFHK�£�Â�¡c�VÃ<£
Ä�kH`VKJl]z�m�[Va3`J© ��W<pH±ZU 	
	
W3pHl 	 M W<`VK�[oF]K�[�²haPa3[VF]K=`!�HW<p�±�Uxa<�6[oF]K�£
Â�¡��VÃ3£�Ä°kH`VKJl]z�m�[Va3`J© ��W<pH± �#Í �J� z{Ux[oF]KTILK
[oW���kH`^K=l]z�m�[^a�`
©

e�a�ILk�W<`VKJlL²�z�[oF�[VFHKiXHUoXHWc�6l]KJUVz���pNac� W�F�\]�H`Vz{lNkH`VKJl]z�m�[Va3`J³<[oF]Kf�]z�ILa]lHWc�6kH`^K=l]z�m�[^a�`!z�U8kH`Va�yZz{l]K=l
W<[�p]a�FHW<`ol]²W<`VKPm
a3UV[
©

vDa3`�UVW3±cK¹a<��U^z�INk]��z�m�z{[�\<³i²�K0²�z��{�Pm
a3pHUVz�l]KJ`*z{p [oF]K�`^K=ILW<z{p�l]KJ`*ac��[VFHK0kHW3k�K=`*[oFHWc[�[VF]Kª�¦a3XH`
k�`^K=l]z{m
[^a�`i�HW3pH±ZUfFHW.y3K�[VFHKLUoW<ILK�UVz{�
K<©P¶ia�²hK
y3KJ`J³�K
Y]kDKJ`Vz�I�K=p�[VUPUVF]a�²hKJl°[oFHWc[PW<UoUVX�I�z�p]��FHWc���8U^z{�
K
��� � W<pHl��.a3`��#Í �=� k�`^K=l]z{m
[^a�`h��W<pH±um
a3X]��l°��K�W<�{UVaN��K�m
a3pHUVz{lHKJ`VKJl´©

� P�Ò Í� ONP7Q?� � Í �#Í �J� ��� Í Ò�O �c� Ñ � +0K�k�K=`d�¦a�`VI y�W<`Vz�a�XHU�UVz�I�X]��Wc[Vz�a�pHU�z�p�a3`ol]K=`�[^a¾l]K
[VKJ`oILz{p]K
²TFHz{mnF�z�pZ�¦a�`VINWc[Vz�a�p�UVFHa3X]��l½�DK�XHUVKJl½[^aªz�pHl]K
Y�[VF]K°ILK
[VWc�;k�`^K=l]z{m
[^a�`
©¹vDa3`LUVINW<���hkH`^K=l]z�m�[^a�`�UVz{�
KJU
# z © K<©
������� K=p�[V`Vz�K=UI$n³�[oF]K*�H`oW<pHmnF�W3lHlH`VKJUoU�z{U�[VF]K���K=U^[�y3KJm
[^a3`�ac��z{p]�¦a3`oILW<[^z{a3p¾²hKN�¦a3XHpHl ©�v�a3`
ILK=l]z{X�I�W3pHl���W<`V�<KTkH`VKJlHz{m
[^a3`�U^z{�
K=U # z © K�������� KJp�[V`Vz{KJU&a�`&��W<`V�<K=`I$n³3m�a�I��]z�p]z�p]���3��a��HWc�6F]z{UV[^a�`^\NW<p�l
��`VW3pHmnFªW3lHlH`VKJUoUi²W<Uf�¦a3X�pHlª[Va���KuILa3`VKLK�'um�z{KJp�[��<©�jZz{I�X]�{W<[^z{a3p¾`^K=UVXH��[oUP`VKJkDa3`V[^K=l¹z�pª[oF]z�U�kHW<kDKJ`
W3UVUoXHILK:[VF]z�U��Wc[^[VKJ`TmJW<UVK<©

¿dp¾��W3m�[
³!�H`oW<p�mnF¾W3lHlH`VKJUoU�� F]z{UV[^a�`^\¾`^KJ�<z�U^[VKJ`:²ha3X]��l���K�W���KJ[^[VKJ`�y3KJm
[^a3`�ac�z{pZ�¦a�`VINW<[^z{a3p0�¦a3`
z�pHl]K
Y]z{p]��[oF]K	�#Í �J� �HW3pH±¹z���z{pG
Dp]z{[^K*kH`VKJlHz{m
[^a3`:[oW<�]�{KJU�²�K=`^K�XHUVKJl´©
�XH[�W 
Dp]z{[^Ku�HW3pH±6�¾£
¢;��z{U
W<�{UVaLK�YHk�K=`^z{KJp�m�z�p]��Wc�{z{W3U^z�p]��³Zz�p°kHW<`V[^z�m
X]��W<`m
a3pGT�z�m�[TW<��z�W<UVz�p]��©

� �]�.� O � � 
 ��Ò��]�?ONP7Q �PpNW�I�X]�{[^z��;[VW<�H��Ki��`VW3pHmnFNkH`^K=l]z�m�[^a�`
³<[VF]KiX�kDlHW<[^KikDa<�{z�m�\NFHW<U&W3pLz{INkHW3m�[&a�p
[oF]KNkH`^K=l]z�m�[^z{a3pªW<m
mJXH`oW<m�\3©fE�a<[oWc�xXHkDl�Wc[^KLk�a3��z�m�\¹W3pHl¹kHW3`^[Vz{W<�$X�kDlHW<[^KLk�a3��z�m�\�²hKJ`VK�m�a�pHUVz{l]K=`^K=l�z�p
��M<M��@©�_!W<`V[^z�Wc�xXHk6lHWc[VK�k�a3��z�m�\�²W<UfUVF]a�²Tpª[^a°`^K=UVXH��[fz{p0W�F]z{�3FHKJ`PkH`^K=l]z�m�[^z{a3p0W<mJm
XH`oW<m
\�[oFHW<pª[^a<[oWc�
X�kDlHW<[^K�kDa<�{z{m
\��¦a3`�£
Â�¡c�^Ã3£
Ä!©

�PXH`fU^z�I�XH�{W<[^z{a3pHUTUoF]a�²hKJl�[VF�Wc[fW3kHk]�{\Zz{p]�uk�W<`V[^z�Wc��X�kDlHW<[^KLk�a3��z�m�\�z{UfWc��U^a�²ha3`V[VF�²TF]z{�{K�a3p�Å=ÆP§
Â
¡c�VÃ<£
Ä!©!E�F]K�l]z��6K=`^K=p3[!kHW3`^[Vz{W<�]XHkDl�Wc[^KTkDa<�{z�m�z{KJUx²hKh[VKJUV[^K=l�a�p*Å.Æf§
Â�¡��VÃ3£�Ä°²hKJ`VKh`Va3XH�3F]�{\�KJ¸ZX]z{y�Wc�{KJp�[
©
E�FHK:k�W<`V[^z�Wc� XHk6lHWc[VK�k�a3��z�m�\u[oFHWc[�²W<UXHUVKJl��¦a�`�[oF]K�UVz{I�X]�{W<[^z{a3p�`^K=UVXH��[oU�`^K=k�a�`^[VKJluz�p�[VF]z�U�kHW3k�K=`z{U
lHKJUom
`Vz{�DKJl���KJ��a�²"�

� K NIRBL�J�� 0���� # � 4�NIR�: �"! NI=K356�R	:	3&%�3F: $P6 A>2 A>2	=K3?3 :�6 H 3?=K3?R�AP2NIJ 2�6�RBG!* Q	R	@BA 6�8)R�J

USV7WKUYX



�L£
Â^����������£¨È����<Ê
¤n��È�Æi¤V�c�6§¨« 	¤V£¨Èc��§�¢�É�¤¨� |

address

address

������������������������������������

��������������������������
��������������������������

n
bimodal prediction

n

e-gskew prediction

n

PREDICTION

majority
vote

history

metaprediction

n

BIM

G0

G1

Meta

vxz���XH`^K�} �&E�F]KNÅ=ÆP§�Â�¡c�VÃ<£
Ä�kH`^K=l]z�m�[^a�`

� �Pp°WL��W<l�kH`^K=l]z�m�[^z{a3p ³][VF]K�[oFH`^KJK��HW<p�±�Ua<��[oF]K*£�Â�¡c�VÃ<£
Ä�kH`^K=l]z�m�[^a�`�W<`VKPX�kDlHW<[^K=l´©

� �Pp¼W�m
a3`o`^K=m�[NkH`^K=l]z�m�[^z{a3p ³8a3pH��\½[oF]K¹�HW3pH±ZULk�W<`V[^z�m�z�kHWc[Vz{p]��[Va¾[oF]K�m�a�`V`VKJm
[LkH`VKJlHz{m
[^z{a3p»W<`VK
XHk6lHWc[VKJl´©!E�FHW<[�z�U
³�z��D[oF]K�U^KJ��K=m�[VKJl�k�`^K=l]z{m
[^a�`²W<U�[VF]K��]z�ILa]lHWc�]kH`VKJl]z�m�[Va3`J³�a3p]�{\:[VF]K��]z�ILa]lHWc�
kH`VKJl]z�m�[Va3`8��W<pH±Lz�U�XHk6lHW<[^KJl ³�z��[oF]KfUVK
�{KJm
[^KJl*kH`^K=l]z�m�[^a�`&²W<UP£�Â�¡c�VÃ<£
Ä!³Za3p]�{\N[VF]K:�HW<p�±�U8²TF]z�mnF
�3W.y3Kf[oF]K�m�a�`V`VKJm
[hkH`VKJlHz{m
[^z{a3p�W<`VK:X�kDlHW<[^K=l´©

� E�F]K�ILK
[oW<kH`VKJl]z�m�[Va3`�HW3pH± �#Í �=� z�UTXHk6lHWc[VKJl�a3pH��\u²TFHKJp�[VF]K�[�²ha�kH`^K=l]z�m�[^a�`VUl]z�UoWc�3`VK
K3©

I ��� Ï �BO � Ñ Ò Í ��� Í Ò7O��c� Ñ � E�F]KuÊ
�"!NÉ=È<£ikH`^K=l]z�m�[^a�`Wc��U^aL�¦KJW<[VXH`VKJUW3p�W<�{`VKJW3l]\�z{p�m���XHl]KJl°�]z�ILa]lHWc�
[oW<�]�{K¹W<p�l Wc��U^a½m
a3pHUVz{UV[VUNa<��[VFH`VK
K¹z�l]K=p3[Vz{mJWc�ik�`^K=l]z{m
[^a�`u�HW<p�±�UJ©?®PKJ`Vz{y�z�p]�½[oF]K¹[oF]K½Å=ÆP§
Â^Ê��"!�ÉJÈ3£
k�`^K=l]z{m
[^a�`8��`Va3I [VF]KuÊ
�"!NÉ=È<£ikH`VKJl]z�m�[Va3`�m
W3p��DK�l]a�p]K:z{p�[VFHK�UVW3I�K:²W.\uW<U�W3��a�y3Kf�¦a�`:Å=ÆP§�Â�¡c�VÃ<£
Ä!©

¶fa�²�KJy<KJ`J³.a3p�a3XH`x�DKJpHmnFHINW3`V±�UVK
[J³c²�K��¦a3X�pHl�[oFHWc[Å.Æf§
Â^Ê��"!�É=È<£!z�U$�<K=p]KJ`oWc�{��\:�{KJUoU$K��·KJm�[Vz�y3K[VFHW3p
Å.Æf§
Â�¡c�^Ã3£
Ä!©�+0K�W<p�Wc�{\��JK�[oF]z�U�`^K=UVXH��[:W<UP�¦a3���{a�²TU��P[VFHKNm
a3I��]z{pHKJl¾XHU^KNa<�hW°mnF]a<z�m�KNkH`VKJl]z�m�[Va3`:W<p�l
k�W<`V[^z�Wc�]XHk6lHWc[VKkDa<�{z�m�\�`VKJILa�y<K=U�WPUVz���p]z 
6m
W<p�[���`VW3m�[Vz�a�p�a<�D[VFHKh²T`Vz{[^K�W<mJm�KJUoUVKJU�a3p�[VF]K[�²haPkH`VKJlHz{m
[^a3`
��W<pH±ZU�W3m
m�K=UVUVKJl�XHUVz�p]�ª�Da<[VFºW<lHlH`VKJUoU�W3pHl�F]z�U^[Va3`V\¾`VK
�3z{UV[^K=`�W<U�z�pHl]K
Y0��X�pHm�[Vz�a�p´©ªE�F]z�U�W<���{a�²TU�[^a
`VKJILa�y3K8WiUVz���p]z 
Dm
W3p3[$kHW<`V[$ac�H[VFHKhW<��z�W<UVz{pH�ia3p�[VF]K=U^Kh[�²�aP�HW<p�±�UJ©�E�FHz{U$z�U�[o`VXHK&�¦a3`x�Da<[oFuÅ=ÆP§
Â^Ê��"!�ÉJÈ3£
W3pHl�Å.Æf§
Â�¡��VÃ3£�Ä!©�¶ia�²hK
y<K=`
³·`VKJILa�yZz{p]��Wc�{z{W3U^z�p]�*a�p�Å=ÆP§
Â�¡��VÃ3£�Ä¼z{U:`VKJILa�yZz{p]��l]KJUV[V`oXHm�[Vz�y3K�W<��z�W<UVz{pH�
z�p°FHWc����a<�$[oF]K�m
W3U^K=Uh²TF]z��{K�[VFHz{UTk�`^a�k�a�`^[Vz�a�puz�U�U^z{�3p]z 
DmJW<p�[^�{\u�{a�²�K=`�a�pªÅ.Æf§
Â^Ê
�"!NÉ=È<£
©

W�W R$#&%('*)



M�� �f�6Èc¤����·£����·£¨§��
	��£
¤n¤V£��ª��§o«����È

�!�8� ����%�'K #"���' �E,/>A@  ('
1��!@�,/1
+¾K*kH`VKJUVKJp�[:[V`oW<m
K���lH`Vz�y3KJp¾U^z�I�X]��Wc[Vz�a�p�`^K=UVX]�{[VU�[^a�z{����XHUV[V`oWc[^K�[oF]K*kDKJ`^�¦a3`oINW<pHm
KLa<��[VF]K¹Å.Æf§
Â�¡c�^Ã3£
Ä
k�`^K=l]z{m
[^a�`
© +0K 
D`oU^[Pm�a3INkHW3`^K�[VF]KL�H`VW3pHmnF¹kH`VKJlHz{m
[^z{a3p¹W3m
m
X�`VW3m�\*a<�TÅ=ÆP§�Â�¡c�VÃ<£
Äº²�z{[VF0U^a�ILK�a<[oF]KJ`
��`VW3pHmnF�kH`^K=l]z�m�[^a�`VU�a3p�[VFHK�m�a�INk]��KJ[^Ku¿ �ij0[o`VW3m�KJUJ©�E�F]KJp ³$²hK*UoF]a�²�[VFHW<[*Å=ÆP§
Â�¡��VÃ3£�Ä W3pHl�a<[oF]KJ`
F�\]�H`Vz{l0kH`VKJl]z�m�[Va3`oUT�¦K=Wc[VX�`^z�p]��W��Hz{ILa]lHWc�!m
a3INk�a�p]KJp�[�`VKJ¸ZX]z�`^K=UfW�UVFHa3`V[^KJ`P[o`VW<z{p]z�p]��z{p�[VKJ`Vy.W<�x[VFHW3p
m
a3p�y<K=p�[^z{a3pHW<�6UVz{pH�<�{K:m
a3INkDa3p]K=p3[Tk�`^K=l]z{m
[^a�`VUJ©

��JLIKJNM � � Í Ò7O��<� O Ñ P �H�3��
��.��� Î
jZz{I�X]�{W<[^z{a3pHU²�K=`^K�m�a3p�lHXHm�[VKJl�z�p�a�`Vl]K=`´[^aPILKJW<UoXH`VK![VF]KkH`VKJl]z�m�[Vz�a�p�W<mJm
XH`oW<m
\iac� Å.Æf§
Â�¡c�^Ã3£
Ä!©M�f[oF]KJ`
�3��a��HWc�´F]z�UV[^a3`V\*�H`oW<p�mnF*kH`VKJl]z�m�[Va3`oU²�K=`^K:Wc��UVaNUVz�I�X]��Wc[VKJl´©

�
O � 
����H� Í Ò¹� Ñ P�R7Q 
���]�?O Ñ P�� +0KTz{�{�{XHUV[V`oWc[VKTF]KJ`VKi¡c�^«���¤V£
³ £�Â�¡c�VÃ<£
Ä!³6Å=ÆP§�Â�¡c�V«H��¤o£8W3pHlL[VF]K9�8g ��j
k�`^K=l]z{m
[^a�`
©ª¡c�V«H��¤o£�z�U��3KJp]K=`VW<���{\0m
a3pHUVz�l]KJ`VKJl�W<U�[VF]K�ILa3UV[�K��·KJm
[^z{y<K�¬VWc�{z�W<UVKJl�¯uU^z�p]�3��K*m
a3INkDa3p]K=p3[
��`VW3pHmnF°kH`^K=l]z�m�[^a�`
©�£
Â�¡c�^Ã3£
Ä�z{Uia3p]K�a<�&[VF]KLILa3UV[TK��·KJm
[^z{y<Kf¬Vl]K���Wc�{z�W<UVKJl�¯��H`oW<pHmnF°kH`VKJl]z�m�[Va3` �µM3Mc³ �	�@©
Å.Æf§
Â�¡c�^«���¤V£�z{U:[oF]K�a3`Vz{�<z�pHWc�xF�\Z��`^z�l0k�`^K=l]z{m
[^a�`Pk�`^a�k�a�U^K=l0��\ �ªm
vDW3`^�{z{pH� � |	�;©ug��
	����	���	��;�
K=p�[V`V\¼Å.Æf§
Â�¡��V«���¤V£LkH`VKJl]z�m�[Va3`�m
a3pHUVz�U^[oU�z�p�W�	°�;KJp�[V`V\0�]z�ILa]lHWc�kH`VKJl]z�m�[Va3`J³$W� ��	°�;KJp�[o`^\�¡��V«H�c¤V£
k�`^K=l]z{m
[^a�`�W<pHl�W�	°�@K=p�[V`V\0ILK
[oW���kH`^K=l]z�m�[^a�`��c©¹E�F]z{U�kH`VKJl]z�m�[Va3`�²W<U�UVF]a�²Tp�[Vaª�DK*¸ZX]z�[VK*K
�6K=m�[^z{y<K
m
a3INkHW3`^K=l�²�z�[oF�¡c�V«H�c¤V£"� |�;©$vxz�pHWc�{�{\<³]²hKPW<�{UVaLUVz�I�X]��Wc[VKf[oF]K-�8g ��jukH`VKJlHz{m
[^a3`J©!E�F]K�m�a�p 
��3X�`VW<[^z{a3p
²hK:U^z�I�X]��Wc[VKJl�z{U�W3U��¦a<�{��a�²TU��!W�	°�;KJp�[o`^\u�]z�ILa]lHWc�´[oW<�]�{K<³HW3pHl*[�²ha�� �»l]z�`^K=m�[^z{a3p�m
W3mnF]KJUh²�z{[VF�s����]z�[
[oWc��U
³]�¦K=Wc[oXH`^z�p]�uW�[Va<[oWc�UV[^a�`VW<�<K�m�a�U^[�a<� ����	��]z{[VUJ©E�FHz{Ufm�a3pG
��3XH`oWc[Vz�a�p*²W<UiUVF]a�²Tp�[Vau`^K=kH`^K=U^K=p�[
[oF]Kª�DKJUV[*[o`VW3l]K��;ac� �¦a3`�[oF]K �8g ��j k�`^K=l]z{m
[^a�`���© +¾K¹²�z{���:`VK��¦KJ`u[^aº[oF]z�U*m�a�p 
���XH`VW<[^z{a3p W<U*[VF]K
�
	��  �!� � �;�;KJp�[o`^\��8g ��j�kH`VKJlHz{m
[^a3`J©

�� � Í ��O � Í P·�J� �$� Í ��
��¦�=� +0K�m
a3pHUVz{UV[VW3p�[^�{\�a3�HUVKJ`Vy<K=l�[VFHW<[TW � �"	°�;KJp�[o`^\�Å.Æf§
Â�¡��VÃ3£�Ä�kH`VKJlHz{m
[^a3`
a<�6K=`VU:W°kH`VKJl]z�m�[Vz�a�p�W<m
mJXH`oW<m�\°z�p¾[VF]KuUoW<ILK�`VW3p]�<KNW<U:W#�
	��� ��� �$���@K=p�[V`V\(�8g ��j0kH`^K=l]z�m�[^a�`
³ W
% �&�	°�;KJp�[V`V\�£
Â�¡��VÃ3£�Ä!³]W ��' �(	°�;KJp�[V`V\L¡c�V«H��¤o£8kH`VKJlHz{m
[^a3`&a3`&W)�*�	+� �,	-���	����@K=p3[o`^\�Å=ÆP§�Â�¡c�V«H�c¤V£
k�`^K=l]z{m
[^a�`
³�W3pHl�[VF]z�UTa�p°Wc�{� a3XH`i��K=pHmnFHINW<`o±*UVK
[J³DW<p�l*�¦a�`�y�W<`Vz�a�XHU�F]z�U^[Va3`V\*�{KJp]�3[VFHUJ©�E�F�Wc[Tz�U�Å=ÆP§
Â
¡c�VÃ<£
Äªa<�6K=`VUK=¸ZX]z�y�W<��K=p3[kH`VKJl]z�m�[Vz�a�p�W3m
mJXH`VW3m�\�W<U��8g ��ju�¦a3`��¦a�XH` 
H�¦[VF�Uac��[oF]K�FHW<`ol]²W<`VKfm
a3UV[
³]a3`
W3U*£
Â�¡��VÃ3£�Ä!³��¦a3`�a�p]�{\ª[�²ha�[VF]z�`Vl�U�ac��[VFHK*FHW<`ol]²W<`VKLm
a3UV[
³$a3`�W3U�Å=ÆP§�Â�¡c�V«H�c¤V£��¦a�`�a3pHKuFHWc����ac��[VF]K
F�W<`ol]²hW3`^K:m�a�U^[J³]a3`TW3UT¡��V«���¤V£��¦a3`�a�p]KP�¦a3XH`V[VF�ac�x[VFHK�FHW<`ol]²W<`VKPm
a3UV[
©!vxz{�3XH`VKJU�r�W3pHl ��z��{�{X�U^[o`VW<[^KJU
[oF]z�Uhk�F]KJp]a�ILKJp]a�p��¦a3`fÅ=ÆP§
Â�¡��VÃ3£�Ä¾kH`^K=l]z�m�[^a�`VU�²�z{[VF*`VKJUokDKJm�[Vz�y3K
�{\�� �c} �#KJp�[V`Vz{KJUhW<pHl.� ��t��ÀKJp�[V`Vz�K=U
©

��JLIKJLI � Ñ P$� O Ò Í ��ONP7Q0� Ñ P·� Í� �u� Ð O¦�=� � Í �
�Pp�W�[Vz{ILK�UoFHW<`VKJlu²�a�`V±��{a3W<l*`VXHp�p]z{pH��a�p*W�²�a�`V±ZUV[VWc[Vz�a�p�a3`W�_hef³HUVK
y<K=`VW<�6X�U^K=`hW3kHk]�{z{mJWc[Vz�a�pHUW<`VK
m
a3INkDK
[^z�p]�P�¦a3`$[oF]Kfe�_ ��©3jZ²�z�[omnF]z{pH�f��`Va3IqWPX�U^K=`$W3kHk]�{z{mJWc[Vz�a�p�[^a�W3p�a3[VF]K=`�z�pHmJXH`VU!WPINW�bda�`$mnF�W<p]�3K
z�p�[VF]K��H`VW3pHmnF]K=U²TF]z{mnF°W3`^K:K�Y]K=m
X][VKJl´©M+ FHKJp�UoXHmnF°WLINWcbda3`�m�a�p�[^K�Y][TUV²�z�[omnF�aZmJm
XH`oUJ³][VF]K���`VW3pHmnF
. 0�2	3�@O2	8)6�@?3 8)* A NI4B��3 J>60/F3?J56�J<@?3?= AONI6�RB� S�R	8IAM8);�A 6�7 N)�21 2	8�$ 3�8�3?=5A>2	3 ;	Q	=K;&8)J 3 8)* A 2	6�J5;	NI;�3?=56�J5R	8IA5A>8 3�%�;B��8)=K3

A 2	3<A>=>NI:	3&JT8IH,4&3BA $�3?3?R-A>2	35@?8)79;�8)R�3FR�A>J 6�R4365&7 , � Ö
8�96:+�
; U R-A>2	3M8)=K6@G)6�RN)��< X&=I> ;	=>3?:	6�@BA>8)=<;NI;&3?= # A>2	3 ��3?RBGIA 2"8)* A>2	3M2	6�J>A>8)= S�=K3�G)6�JKA 3?=;$ NIJ NI=K4	6 A>= NI= S 'B%�3?:-A>8 A 2	3">@?BADC8)*GA 2	35R�Q	7�4�3?=�8)* 3?R�A =K6�3?JP6�R A 2�35:	6�=>3?@BA>6�8)R-@FNI@O2	3)UFE�35=K3?798�8�3?: A>2	6�J @?8)R	J>A>=>NI6�R�A 4�S 6�R	:�3�%�6�RBG A>2	35:	6�=K3?@BA 6�8)R @ NI@ 2	3$P6 A>2 8)R	35A 2	352	NIJ 2	6�RBG * Q	R�@?A>6�8)R�:	3?J>@F=K6�4&3?:�6�R�C '&'BE

USV7WKUYX



�L£
Â^����������£¨È����<Ê
¤n��È�Æi¤V�c�6§¨« 	¤V£¨Èc��§�¢�É�¤¨� M3M

3

3.2

3.4

3.6

3.8

4

4.2

4.4

4.6

4.8

0 2 4 6 8 10 12

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gsk 3*4K
gshare 32K

2Bc-gskew 4*2K
2Bc-gshare 16K

YAGS 2K + 2*1K

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

0 2 4 6 8 10 12

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gsk 3*4K
gshare 32K

2Bc-gskew 4*2K
2Bc-gshare 16K

YAGS 2K + 2*1K

QD� Ñ�� Q6�

5

5.5

6

6.5

7

7.5

8

8.5

9

0 2 4 6 8 10 12

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gsk 3*4K
gshare 32K

2Bc-gskew 4*2K
2Bc-gshare 16K

YAGS 2K + 2*1K

2.4
2.6
2.8

3
3.2
3.4
3.6
3.8

4
4.2
4.4

0 2 4 6 8 10 12

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gsk 3*4K
gshare 32K

2Bc-gskew 4*2K
2Bc-gshare 16K

YAGS 2K + 2*1K

� � Í Q ��� � Î P�� Ñ��

6
6.5

7
7.5

8
8.5

9
9.5
10

10.5
11

0 2 4 6 8 10 12

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gsk 3*4K
gshare 32K

2Bc-gskew 4*2K
2Bc-gshare 16K

YAGS 2K + 2*1K

3

3.5

4

4.5

5

5.5

0 2 4 6 8 10 12

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gsk 3*4K
gshare 32K

2Bc-gskew 4*2K
2Bc-gshare 16K

YAGS 2K + 2*1K

� Í � ��QD�3� �JÒ Í �

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

0 2 4 6 8 10 12

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gsk 3*4K
gshare 32K

2Bc-gskew 4*2K
2Bc-gshare 16K

YAGS 2K + 2*1K

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

0 2 4 6 8 10 12

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gsk 3*4K
gshare 32K

2Bc-gskew 4*2K
2Bc-gshare 16K

YAGS 2K + 2*1K

� Í ��O � Ñ Q �KO Ò ÍZÑ ��� � Î
vxz{�3XH`VK�r �5�¹z�UVk�`^K=l]z{m
[^z{a3p�`VW<[^KPac� � �  �¹�@K=p3[o`^\u} �m��@��UV±<K
²?k�`^K=l]z{m
[^a�`

W�W R$#&%('*)



M.} �f�6Èc¤����·£����·£¨§��
	��£
¤n¤V£��ª��§o«����È

2

2.5

3

3.5

4

4.5

5

0 2 4 6 8 10 12 14

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

2.5
3

3.5
4

4.5
5

5.5
6

6.5
7

7.5

0 2 4 6 8 10 12 14

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

QD� Ñ�� Q6�

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

0 2 4 6 8 10 12 14

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

2

2.5

3

3.5

4

4.5

0 2 4 6 8 10 12 14

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

� � Í Q ��� � Î P�� Ñ��

4

5

6

7

8

9

10

11

0 2 4 6 8 10 12 14

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

2.5

3

3.5

4

4.5

5

0 2 4 6 8 10 12 14

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

� Í � ��QD�3� �JÒ Í �

2.5
3

3.5
4

4.5
5

5.5
6

6.5
7

7.5

0 2 4 6 8 10 12 14

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

2
2.5

3
3.5

4
4.5

5
5.5

6
6.5

7
7.5

0 2 4 6 8 10 12 14

%
 m

is
pr

ed
ic

tio
n

 global history  length

e-gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

� Í ��O � Ñ Q �KO Ò ÍZÑ ��� � Î
vxz{�3XH`VK����5�¹z�UVk�`^K=l]z{m
[^z{a3p�`VW<[^KPac� � ��� �¹�@K=p3[o`^\u} �m��@��UV±<K
²?k�`^K=l]z{m
[^a�`

USV7WKUYX



�L£
Â^����������£¨È����<Ê
¤n��È�Æi¤V�c�6§¨« 	¤V£¨Èc��§�¢�É�¤¨� M=r

k�`^K=l]z{m
[^a�`TFHW<UT[^a*�DK�[V`oWcz�p]K=l�Wc�3W<z{p��DK��¦a3`VK�l]KJ��z{y<K=`^z�p]��z{[VUT��X]���$k�a3[^K=p3[Vz{W<��kH`VKJlHz{m
[^z{a3p�W<mJm
XH`oW<m
\ �&z�[
UoXZ�·KJ`oU��`Va3I m
a3INkHX]��UVa3`V\*Wc�{z{W3U^z�p]�(��M<M)�;©�¿dpªjZKJm�[Vz�a�p¹}]³H²hK�FHW.y3K�`^K=m
Wc�{�{KJl�[VFHW<[iF�\Z��`^z�l°kH`^K=l]z�m�[^a�`VU
�¦K=Wc[oXH`^z�p]�iWf�]z�I�a]lHW<��m
a3INkDa3p]K=p3[�²�z��{�]��K=p]K�
D[��`Va3IÁWi�DK
[V[^KJ`xkH`VKJlHz{m
[^z{a3p�W3m
m
X�`VW3m�\fl�XH`^z�p]�f[V`oWcz�p]z{pH�
[oFHW<pLUVz{p]�3��K�m
a3INk�a�p]KJp�[x�<�{a3��Wc�HF]z�U^[Va3`V\��H`oW<pHmnFLkH`VKJl]z�m�[Va3` � ���@©$¿dpL[VF]z�U!UVKJm�[Vz�a�p´³<²hKz{p�[VKJpHlL[^a�UoF]a�²
[oF]z�UTkHF]K=p]a3ILKJpHa3p*�¦a3`:Å=ÆP§
Â�¡��VÃ3£�Ä!©

�� � Í ��O � Í P·�J� �� Í � Ï 
 � ¿ �ij�[o`VW3m�KJU,��MJ|	�!z�pHm���XHl]K��Da<[VF¾XHUVKJ`PW<pHl0a3kDKJ`oWc[Vz{pH��UV\ZUV[^K=INUiz�pHUV[V`oXHmn�
[Vz�a�pHU:W<pHl¹z{pHm
�{X�l]K�U^a�I�KLm�a�p3[VK�Y][:U^²�z{[VmnF]K=U
©:¶fa�²�KJy<KJ`J³6[VF]KJ\¹²�K=`^KLm�a3���{KJm
[^KJl¹²TF]z��{K�W*UVz{pH�<�{KLXHUVKJ`
W3kHk]�{z{mJWc[Vz�a�p*²W<U`oXHpHp]z�p]��©

+¾KLlHz{l0p]a<[:FHW.y<KLW<mJm�KJUoUT[Va�W3p�\°`VKJW<��z�UV[^z�m�[V`oW<m
KJUiac�8[Vz{ILK���UoFHW<`VKJl�²ha3`o±���a�W<lHUTz{pHm
�{X�l]z{pH���Da<[oF
X�U^K=`LW3pHl½a�k�K=`VW<[^z�p]�0UV\]U^[VKJINULz{p�U^[o`VXHm
[^z{a3pHUJ©ºE�F]K=pº²hK°mnF]a3UVK�[Va¾W3`^[Vz 
6m�z�Wc�{��\½ILz�I�z�m�[VF]K°�{a3UoU�a<�
k�`^K=l]z{m
[^z{a3p�z�pZ�¦a�`VINWc[Vz�a�pNa3puINWcbda3`8m
a3p�[^K
Y][�UV²�z�[omnF]KJUhW<U&�¦a<�{��a�²TU���[oF]Kiz�pZ�¦a�`VINWc[Vz�a�p��{a3UoU&²W<U8UVz�I�XZ�
��Wc[VKJl�[VFH`Va3XH�3F�W�`VW3pHl]a3I z�p]z{[^z�Wc�{z��=Wc[Vz�a�p�a<�$W<��� [oF]K�kH`VKJl]z�m�[Va3`K=p3[o`^z{KJUKJy<K=`^\�� �H`oW<pHmnF]K=U��c©�� ²W<U
y�W3`^z{KJl*��`^a�I��������,����[Va����������,���H©$E�F]z�U�l]aZKJU�p]a3[k�`^K=m�z�U^KJ��\*mnF�W<`oW<m�[VKJ`Vz��JKi[oF]K���K=FHW.yZz�a�`hac�$��`VW3pHmnF
k�`^K=l]z{m
[^a�`VUha3p�m�a�p�[^K�Y][�UV²�z�[omnF]KJUJ³��HX][�z�U�UoX 'um�z{KJp�[�[^a�m�a�INkHW<`VKf[oF]K
z�`�[o`VW<z{p]z�p]�N[^z�ILKJUJ©

�� � Í ��O � Í P·�J� �8� Í � 
 ���J� vxz{�3XH`VK �Nz{����XHUV[V`oWc[VKJUT[oF]z�UiK
Y]kDKJ`Vz{KJpHm
K��¦a3`fW � � � ���;KJp�[V`V\ªÅ.Æf§
Â�¡c�^Ã3£
Ä
k�`^K=l]z{m
[^a�`iW<UoUoXHILz{p]��W<p¹F]z�UV[^a3`V\���K=p]�<[oF¹ac�TM��H©"�Pp�[VF]z�U 
��3XH`VK<³6²hK�Wc��UVa*k]�{a<[i[oF]KNm�a3`o`VKJUok�a�pHl]z�p]�
UVz�I�X]��Wc[Vz�a�p�`VKJUoX]�{[VUh�¦a3`[oF]K�UoW<ILK�kH`^K=l]z�m�[^a�`VUW3U�kH`^KJyZz�a�XHU^�{\<©

gfUuK�YHkDKJm
[^KJl ³h[oF]Kª�]z�ILa]lHWc�im
a3INkDa3p]K=p3[oU�KJI���K=lHl]K=l z{pÀÅ.Æf§
Â�¡��VÃ3£�Ä W3pHlÁÅ=ÆP§�Â�¡c�V«H�c¤V£*W<���{a�²
[oF]KJI [Va�`VKJW3mnF�W�FHz���FªkH`VKJl]z�m�[Vz�a�p¹W<mJm
XH`oW<m
\*��W3U^[VKJ`f[VFHW3p0¡c�V«H��¤o£���Å=ÆP§�Â�¡c�VÃ<£
Äº��W3U^[V��\�`VKJW3mnF]KJUf[VF]K
UoW<ILK*k�`^K=l]z{m
[^z{a3p�W3m
m
X�`VW3m�\0W3U�z{[VUL�]z�I�a]lHW<��m
a3INk�a�p]KJp�[J©ªg[�[oF]K�UoW<ILKu[Vz{ILK*[oF]K*K=I��DKJlHlHKJl?£
Â
¡c�VÃ<£
Ä�kH`VKJl]z�m�[Va3`z�UT[V`oWcz�p]K=l´© �Pp�[VFHK�a<[oF]KJ`TF�W<pHl´³Da3p�¡c�^«���¤V£
³�K=W<mnF�z�pHl]z{y�z�lHXHW<� # W<lHlH`VKJUoUJ³ F]z�UV[^a3`V\�$
k�Wcz�`�I�XHUV[[V`oWcz�p��HW3mn±�z{[VU�[oW<`V�<K
[�}.���]z{[Tm�a�XHp�[^KJ`J©

£
Â�¡��VÃ3£�Ä�W<�{UVa�`^K=¸�XHz{`VKJU!W:�{a3p]�3KJ`x[o`VW<z{p]z�p]��z�p�[^KJ`Vy�Wc�][oFHW<p°Å.Æf§
Â�¡��V«���¤V£�W<pHl�Å.Æf§
Â�¡��VÃ3£�Ä¹��X][8UoILW<�µ�
�{KJ`T[VFHW3p¹¡��V«H�c¤V£
©�£
Â�¡c�^Ã3£
Ä¾z�UTp]a3[iW<p°F�\]�H`Vz{l°kH`VKJl]z�m�[Va3`��[VF]K=`^K�z�Uip]auILKJ[VW���kH`VKJl]z�m�[Va3`h�¨©�¶fa�²�KJy<K=`
z{[VUz�pHm
�{XHlHKJl°�]z�I�a]lHW<� [VW3�]�{KPz�U�XHUVKJl�[^a�INW<±<Kf[oF]K�l]K=m�z�U^z{a3p�²TF]KJp�[oF]K:[�²�aNa<[oF]KJ`���W<pH±ZU�l]z�UVW<�3`VK
K3©
j]XHmnF�W�UVz�[oXHWc[Vz�a�p�W<kHkDKJW3`VU8¸�XHz�[VKiac�¦[VKJpul�XH`^z�p]��[oF]Ki[o`VW<z{pHz{p]��kHFHW<UVKiWc�¦[^KJ`�W�INW�bda�`&m�a�p�[^K�Y][8UV²�z{[VmnF´©

�PXH`!UVz�I�X]��Wc[Vz�a�pL`VKJUoX]�{[VU!W<�{UVa�k�a3z{p�[!a3XH[![VFHW<[![VF]K �8g ��jLkH`VKJlHz{m
[^a3`$z�U&kHW3`^[Vz{mJX]�{W3`^�{\�K��·KJm
[^z{y<K�a�p
m
a3p�[^K
Y][$UV²�z�[omnF]KJUJ©<�Pp�[VF]K 
D`oUV[�a]m
mJXH`VKJpHm
K�a<�DWfm
a3XHkH��K # �H`oW<p�mnF´³cF]z�U^[Va3`V\ $ ²TF]a:l]aZKJUxp]a3[$m
a3INk]��Wcz�p
²�z{[VF*[VF]K:�]z�ILaZl�Wc�´kH`VKJl]z�m�[Vz�a�p´³Z[VF]K:m�a�`V`VKJUok�a�pHl]z�p]��K=p3[o`^\Nz�pu[oF]KPlHz{`VKJm
[^z{a3pumJW<mnF]Kfz{UUVK
[h[^a�²hKJW3±���\
[oW<±<KJpLa3`8²�K=W<±���\Lp]a<[^�@[oW<±<KJpNl]KJkDKJp�l]z{pH��a3pN[oF]Kf�H`oW<p�mnF�a�X][Vm
a3ILK<©xE�F]K=`^K
�¦a3`VK<³<a�p�W�ILz{UokH`VKJl]z�m�[Vz�a�p
W3UVUVa]m�z�Wc[VKJl�²�z{[VF°WNm�a�ILk�X]�{UVa3`V\�Wc�{z{W3U^z�p]�LKJpHm
a3XHp�[VKJ`VKJl*Wc�¦[^K=`hWNm
a3p�[^K
YZ[�UV²�z�[omnF´³][VFHKPz�p]K=`^[Vz{WLac�$[VF]K
lHz{`VKJm
[^z{a3p�m
W<mnFHKfz�U�a3pH��\*WNUVz{pH�<�{K:W3m
m
KJUoU
©

��JLIKJ � I ��� Ï QD� � Í�Ð � Í ��� 
�� Í3Ï QD� � Í�Ð
E�FHKuW<l]y�W<p�[oWc�<KLac��Å.Æf§
Â�¡��VÃ3£�Ä a�y3KJ`�£�Â�¡c�VÃ<£
Ä m
W3p¾�DK�K�YHk]��Wcz�p]K=l¾W3U:�¦a<�{�{a�²TU
©�®PKJkDKJpHlHz{p]�ªa3p¾[VF]K
�DKJp�mnFHINW<`o±D³�W<`Va3XHpHl¾s ���;t �
	 ac�[VF]KukH`VKJlHz{m
[^z{a3pHU:²hKJ`VK�kH`^a�yZz�l]KJl¾��\¹[VFHK*�]z�I�a]lHW<�&m�a�ILkDa3pHKJp�[
©
E�FHKLW3kHk]�{z{mJWc[^z{a3p¹ac�8[oF]KLk�W<`V[^z�Wc�xXHkDl�Wc[^KNkDa<�{z{m
\�[VF]K=p¹�{z{ILz{[VUP[VF]KNXHk6lHWc[VKJUPa3p0�HW<p�±�U���LW<pHl����
� V 8IA 3�A>2N1A 3�8�3?R�8)R @?8)R�A>3&%�A-J�$L6 A>@O2	6�RBG�4&3BA $�3?3?R A $�8�Q�J 3?= NI;	;B��6�@FN1A 6�8)R�J J>Q	@O2�N 4	=>Q�AON)� ��8)J>J 6�J R�8IA =K3FN)�@� S3FR�@F8)Q�R�A>3?=>3?: # 6�R(* 8)=>7 N1A>6�8)R * 8)= A>2	3M8);�3?=>N1A 6�R(G9J>S�J>A>3F7 6�J @F8)R�J 3?=+8�3?: * 8)= 6�R	J>A NIR	@?3

W�W R$#&%('*)



M�� �f�6Èc¤����·£����·£¨§��
	��£
¤n¤V£��ª��§o«����È

2.5
3

3.5
4

4.5
5

5.5
6

6.5
7

7.5

1 3 5 7 9 inf

%
 m

is
pr

ed
ic

tio
n

Branch quantum (x 50,000)

gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

3

3.5

4

4.5

5

5.5

6

6.5

7

1 3 5 7 9 inf

%
 m

is
pr

ed
ic

tio
n

Branch quantum (x 50,000)

gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

QD� Ñ�� Q6�

4.5
5

5.5
6

6.5
7

7.5
8

8.5
9

9.5

1 3 5 7 9 inf

%
 m

is
pr

ed
ic

tio
n

Branch quantum (x 50,000)

gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

2

2.5

3

3.5

4

4.5

5

5.5

1 3 5 7 9 inf

%
 m

is
pr

ed
ic

tio
n

Branch quantum (x 50,000)

gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

� � Í Q ��� � Î P�� Ñ��

5

6

7

8

9

10

11

1 3 5 7 9 inf

%
 m

is
pr

ed
ic

tio
n

Branch quantum (x 50,000)

gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

2

3

4

5

6

7

8

1 3 5 7 9 inf

%
 m

is
pr

ed
ic

tio
n

Branch quantum (x 50,000)

gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

� Í � ��QD�3� �JÒ Í �

2.5
3

3.5
4

4.5
5

5.5
6

6.5
7

7.5

1 3 5 7 9 inf

%
 m

is
pr

ed
ic

tio
n

Branch quantum (x 50,000)

gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

2

3

4

5

6

7

8

9

1 3 5 7 9 inf

%
 m

is
pr

ed
ic

tio
n

Branch quantum (x 50,000)

gskew 48K
gshare 128K

2Bc-gskew 32K
2Bc-gshare 64K

YAGS 8K + 2*4K

� Í ��O � Ñ Q �KO Ò ÍZÑ ��� � Î
v$z{�3X�`^K%�G�&gfp�KJUV[^z�ILW<[^z{a3p�ac�!INW�bda3`m
a3p�[^K
YZ[�UV²�z�[omnF]KJUz�INkHW<m
[�a3p�kH`VKJl]z�m�[Vz�a�p�W3m
m
X�`VW3m�\

USV7WKUYX



�L£
Â^����������£¨È����<Ê
¤n��È�Æi¤V�c�6§¨« 	¤V£¨Èc��§�¢�É�¤¨� M	�

a<��[oF]K�kH`^K=l]z�m�[^a�`
³[VF]z�UP��XH`V[VF]K=`:��z�ILz�[oU�[VF]K�mJW<kHW3m�z{[�\¹Wc�{z{W3U^z�p]��a3p0[VF]K¹£
Â�¡��VÃ3£�Ä kH`VKJl]z�m�[Va3`��fK=p3[o`^z{KJU
z�p*��W<pH±ZU � PW3pHl ���PW<`VKfp]a3[hkDa<�{�{XH[^KJl���\u�H`VW3pHmnF]K=U&²TF]aNl]aNp]a<[h`^K=¸�XHz{`VKfXHUVz�p]�LW��<�{a3�HW<�6FHz{UV[^a�`^\
`VK
�3z{UV[^K=`h[^a���K�W3m
mJXH`VW<[^KJ��\ukH`VKJlHz{m
[^KJl ©

¿dp0[VF]KNz{����XHUV[V`oWc[VKJl0K�YHk�K=`^z�ILKJp�[VUJ³´[VFHKNILKJ[VW<k�`^K=l]z{m
[^a�`f²W<Ufz�pHl]K�Y]K=lª²�z{[VF¾W°FHW<UoF]z�p]�u��XHp�m�[^z{a3p
m
a3I��]z{pHz{p]��[oF]K��H`oW<p�mnF�W3lHlH`VKJUoU�W<pHl°[oF]K�F]z�U^[Va3`V\*`VK
�<z�UV[^KJ`J©�E�FHK�UVW3I�K�lHK
�3`VK
K�a<�xW<��z�W<UVz�p]��UVF]a�X]��l
[oF]KJp��DK�K=pHm�a�XHp�[^K=`^K=l�a�p��HW<p�±�U����W<p�l � ��W<pHl°a�p°[VF]KLI�KJ[VW3kH`^K=l]z�m�[^a�`T�HW3pH± �¾£
¢;�c©�¶ia�²hK
y3KJ`J³
[oF]K:z{INkHW3m�[hac�xWc�{z{W3U^z�p]��a�p*�HW3pH± �¾£�¢��fa3p�kH`VKJl]z�m�[Vz�a�p*W<mJm
XH`oW<m
\�z�Uy<K=`^\N�{z{ILz{[^K=l��DKJmJW<XHUVKfz�p�I�a�U^[
mJW<UVKJUJ³H£�Â�¡c�VÃ<£
Ä*W<p�l�[VF]K�]z�ILaZl�Wc�ZkH`^K=l]z�m�[^a�`�W<�3`VK
K3³=W3pHl�[oF]KJp�[VF]KILK
[VW3kH`VKJl]z�m�[Vz�a�p�l]aZKJU$p]a<[$INWc[^[VKJ`
W3pHl�z{UTpHa<[K
y3KJp�XHkDl�Wc[^K=l´©

��JLIKJ�� I ��� Ï QD� � Í�Ð � Í ��� 
�� � �
	 �

v6`^a�I a�XH`!K�YHkDKJ`Vz{ILK=p3[oU
³3[VF]K �8g ��jLkH`^K=l]z�m�[^a�`&W<p�l°Å=ÆP§�Â�¡c�VÃ<£
Ä�K�YHF]z��]z{[VU8W3kHkH`Va.Y]z{INWc[VK
�{\�[VF]KPUVW3ILK
�{K
y3K
�]a<�6kDKJ`^�¦a3`oILW3pHm�Kh�¦a�`xy<KJ`V\�m��{a3UVKFHW<`ol]²W<`VKh�HX�l]�<KJ[VUJ©�vDa3`!W:`^K=Wc�]l]K=U^z{�3p´³3mnF]a3UVz{pH�:W3ILa3p]�P[VF]K=U^K
[�²ha�kH`VKJl]z�m�[Va3`oU�²ha3XH�{l�kH`Va3�HW3�]��\ulHKJkDKJpHl�a3p°kH`oW<m
[^z�m
W<�6z�INk]�{KJILKJp�[VW<[^z{a3p°m�a�pHUVz{l]K=`VW<[^z{a3pHUJ©

E�F]K�ILW<z{p°W3l]y�W<p�[VW<�<KPac�x[VF]K"�8g ��j�k�`^K=l]z{m
[^a�`a�y<KJ`PÅ.Æf§
Â�¡��VÃ3£�Ä�z�UTW�WNUoF]a3`V[^K=`[V`oWcz�p]z{pH�L[Vz{ILK
a�p�m�a3p�[VK�Y][�U^²�z{[VmnFHKJUJ© �Pp¾[VF]Kua3[VF]K=`�FHW3pHl´³$[VF]K�Å.Æf§
Â�¡��VÃ3£�Ä k�`^K=l]z{m
[^a�`�kH`^K=U^K=p�[VU�[oF]K*W<lHy.W3p�[VWc�3K
a<���DK
z�p]�Lm
a3INk]�{K
[VK
�{\uU^\]INILK
[V`Vz�miz�p�y<a<�{yZz{pH���¦a3XH`hz�l]KJp�[Vz{mJWc� }.���]z{[hm
a3XHp�[^K=`8[oW<�]�{KJUh²TF]z{�{Kf[oF]K �8g ��j
k�`^K=l]z{m
[^a�`�z�U�UV��z{�3F�[V��\�ILa3`VK*m�a�ILkH��K
Y�W3U�z{[��¦K=Wc[oXH`^K=U��Da<[oF½[VW<�<�3KJl�W<pHlºXHp�[VWc�3�<K=l½}.���]z�[Lm�a�XHp�[^KJ`
[oW<�]�{KJUJ©

� � ' � ��	
��	
� � �
'������º���*� ����'������º �	��´%$'���

+ FHKJp�lHK���Wc�{z{W3U^K=l�kH`^K=l]z�m�[^a�`VU�W<`VK�m
a3pHUVz{lHKJ`VKJl´³.�<�{a3��Wc�3FHz{UV[^a�`^\�kH`VKJl]z�m�[Va3`oU a�X][VkDKJ`^�¦a3`oIÁ��a]m
W<��FHz{UV[^a�`^\
k�`^K=l]z{m
[^a�`VUha3p�¿ �ij*[V`oW<m�K=U��¦a3`�FHW3`Vl]²W<`VK:�HXHl]�3K
[VU�{a�²hKJ`ha3`K=¸�X�Wc�´[^a�s������Hz�[oU��<©

¶fa�²�KJy<KJ`�[VFHKJ`VKfK
YZz�UV[��`VW3pHmnF]KJU�[VF�Wc[�W<`VKP�DK
[V[^K=`�kH`^K=l]z�m�[^K=l*XHUVz�p]�LWL�{a]m
Wc�´F]z�UV[^a3`V\�`VW<[VF]K=`h[VFHW3p
X�U^z�p]��Wu�<�{a3�HW<��F]z�U^[Va3`V\ ��M��H³´}HM)�;©fgiU:kDa<z�p�[^KJl¹a3X][PkH`^KJyZz�a�XHU^�{\<³6z�p¹W*F�\]�H`Vz{l�kH`VKJlHz{m
[^a3`fW*�]z�ILa]lHWc�
m
a3INkDa3p]K=p3[�z{UhWc��UVa�y<K=`^\NXHUVK���X]�·a3p*m�a3p�[VK�Y][8UV²�z�[omnF]KJUJ©!E�F]KJ`VK��¦a�`^Kik�`^a�yZz�l]KJl�W�UVX 'um
z�K=p3[hFHW<`ol]²W<`VK
��XHl]�<KJ[
³6WuF�\Z��`^z�l°kH`^K=l]z�m�[^a�`Tm�a�I��]z�p]z�p]�uW�kDKJ`^�;W3lHlH`VKJUoU�m�a3INkDa3p]K=p�[
³DW*�]z{ILa]lHW<��m�a�INk�a�p]KJp�[TW<p�l
WL�3��a��HWc�´W<l�lH`^K=UVUm
a3INk�a�p]KJp�[�UoF]a3X]��l�a3X][ok�K=`d�¦a�`VIËWNkH`VKJlHz{m
[^a3``VK
�{\Zz{p]�Na�p*a�p]��\�W��3��a��HWc�´F]z�UV[^a3`V\<©

E�F]K�k�a�UVUVz��]��KulHKJUVz���p�UVkHW3m�K��¦a�`�UoXHmnF�W¹F�\]�H`^z�l�kH`VKJl]z�m�[Va3`�z�U�y3KJ`V\ª��W<`V�<K3©�¿�[oU�K�YHk]�{a3`oWc[Vz�a�p¾z{U
�DK
\3a3pHlN[oF]KiUom�a�k�KTa<�´[VF]z�U�k�W<kDKJ`8W3pHlN²ha3X]��l�`^K=¸ZX]z{`VK�[VFHKiK�YHk]�{a3`oWc[Vz�a�p�a<�INW<p�\�kHW3`VW3ILK
[^K=`VU!�@�{a]m
Wc�
FHz{UV[^a�`^\��{KJp]�3[VF´³��<�{a3�HW<�!F]z{UV[^a�`^\��{KJpH�<[VF ³[V`oW<lHK��;ac�½��KJ[�²�KJKJp¾FHW<`ol]²W<`VK��HX�l]�<KJ[VU�l]KJy<a<[VKJl0[^a°KJW3mnF
k�`^K=l]z{m
[^a�`hm
a3INkDa3p]K=p3[J³ ©{©�©

¶fa�²�KJy<KJ`J³�m�a�ILkH��K
Y�F3\]�H`Vz�l�kH`VKJl]z�m�[Va3`oU�W3`^Kh�<K=p]KJ`oWc�{�{\:m
a3pHUVz�l]KJ`VKJl�W<U$W<pLX]��[Vz{INW<[^K�U^a3�{XH[^z{a3p�[oFHWc[
mJW<p¹�DKNXHU^K=l¹²TF]K=pªW*y<KJ`V\��{W3`^�3K�FHW3`Vl]²W<`VK��HXHlH�<K
[Pz�UPW.y�W<z���W<�]�{K��¦a�`f�H`oW<p�mnF¹kH`VKJl]z�m�[Vz�a�p´©:¿dp¹[VFHz{U
UVKJm
[^z{a3p´³�²�K�UoF]a�²q[oFHWc[�[oF]KukH`Vz{p�m�z�k]��K=U�XHUVKJl¾z�p0[oF]Kul]K=U^z{�3p¾ac�PÅ=ÆP§�Â�¡c�VÃ<£
Ä INW.\ª�DKuXHU^K=l�Wc��U^a°z�p
Wu[VFH`VK
K�m
a3INkDa3p]K=p3[oUiF�\]�H`Vz{l��H`oW<p�mnF�kH`^K=l]z�m�[^a�`
©vxz�`VUV[T²hK�W<k�k]��\�[VFHKP¬Vl]K���Wc�{z{W3U^z�p]�c¯P[^K=mnFHp]z�¸ZX]K�[^a
k�`^a�k�a�U^KuW0k�K=`d��W<lHl�`^K=UVU�FHz{UV[^a�`^\��H`oW<pHmnF�kH`VKJlHz{m
[^a3`J³�£�Â�ÇD�^Ã3£
Ä!©¾E�F]K=p�²hK�UoF]a�²�FHa�² [^aªm
a3I��Hz{p]K
£
Â�Ç��VÃ3£�Ä½W3pHl�Å.Æf§
Â�¡��VÃ3£�Äºz{p�Å.Æf§
Â�¡c�^Ã3£
Ä!Â�Ç��VÃ<£
Ä!©�j�a3ILK�UVz{I�X]��Wc[^z{a3p�`VKJUoX]�{[VUfW<`VK�kH`Va�y�z�l]K=l�[Va�UoF]a�²
z{[VUim�a3UV[d�;K��·KJm
[^z{y<K=p]KJUoU
©

� * 8)=�� N)��6 NIJ 3?:	� ;	=K3F:�6�@?A>8)=KJ # A 2�6�JL6�J R	8IAPN)� $ N?S�J A>=>Q	39C D E

W�W R$#&%('*)



M=s �f�6Èc¤����·£����·£¨§��
	��£
¤n¤V£��ª��§o«����È

address

n

n

majority

h
isto

ry tab
le

P0

P1

n

BIM

vote

v$z{�3X�`^K�s �T£
Â�Ç��VÃ3£�Ä�kH`VKJl]z�m�[Va3`

����� � 9($ ' < >B@�"�>A1C'
$HD5%�'K G< >B$)$  ('�1C1 %! #'
$!"�*-,G.H 
g k�K=`d��W<l�lH`^K=UVUiF]z{UV[^a�`^\�kH`VKJlHz{m
[^a3`fm�a�pHU^z�UV[VUTa<�8W*F]z�UV[^a3`V\�[VW<�H��KLW<pHl¹W*kH`^K=l]z�m�[^a�`T[oW<�]�{K # �<KJpHKJ`oWc�{��\
UoWc[oXH`oWc[^z�p]��}.���]z{[xm
a3XHp�[VKJ`oUI$n©�E�F]K�W<l�lH`^K=UVU$a<�D[VFHKT�H`VW3pHmnF�z�U!XHUVKJlL[^a:z�pHl]K
Y�[VF]KTFHz{UV[^a�`^\�[oW<�]�{K<³c[oF]KJp
[oF]KiF]z�UV[^a3`V\�W3pHlN[VFHKf�H`oW<pHmnFNW3lHlH`VKJUoU&W<`VK�[VF]K=pum�a�I��]z�p]K=l�[Va�z�pHl]K�YN[VFHKfkH`VKJl]z�m�[Va3`![oW<�]�{K<©!gi��z�W<UVz{pH�
mJW<p¾U^z{�3pHz 
DmJW<p�[^�{\¹`VKJlHXHm
KN[VF]KuW3m
m
X�`VW3m�\°ac�[VF]Kuk�`^K=l]z{m
[^z{a3p¾W<Uf�¦a3`:�3��a��HWc�!F]z�UV[^a3`V\ªkH`VKJlHz{m
[^a3`oUJ©°£
Â
ÇD�VÃ<£
Ä!³�z��{��XHU^[o`VW<[^K=l¼z�p»vxz���XH`^K¹s�³z{UuW¹¬Vl]K
�;W<��z�W<UVKJl�¯°k�K=`d��W<lHl�`^K=UVU�F]z�UV[^a3`V\º�H`oW<p�mnF»k�`^K=l]z{m
[^a�`
© ¿�[
m
a3pHUVz�U^[oU8a<�$W�FHz{UV[^a�`^\�[oW<�]�{K<³]W<p�l*[oFH`^KJKPk�`^K=l]z{m
[^a�`8[oW<�]�{KJUJ©!E²�aLac�[oF]K:[VFH`VK
K:kH`VKJl]z�m�[Va3`�[VW3�]��K=UW<`VK
z�pHl]K
Y]KJl�²�z{[VFªz{pHlHKJkDKJpHl]K=p�[:F�W<UoF]z{pH����XHpHm
[^z{a3pHUPac��[VF]K # W<l�lH`^K=UVUJ³´F]z�U^[Va3`V\ $n©PE�FHK�[VFHz{`olªkH`VKJlHz{m
[^a3`
[oW<�]�{KNz{U:z�pHl]K
Y]KJl¾²�z�[oF¾[VF]Ku�H`oW<p�mnFªW<l�lH`^K=UVUJ©NgiU:�¦a�`N£
Â�¡c�^Ã3£
Ä!³$W°INW�bda�`^z{[�\�y<a3[^KNl]K
[VKJ`oI�z�p]K=U�[VF]K
�3��a��HWc�´kH`VKJlHz{m
[^z{a3p´©!_!W<`V[^z�Wc�´XHk6lHW<[^z�p]�um
W3p�W<�{UVa���K�XHUVKJl�a3p�£
Â�Ç��VÃ3£�Ä!©

+¾KimnF]K=mn±cKJl�[VF�Wc[
³3a3pLa3X�`&��K=pHmnFHINW<`o±�UVK
[J³6£
Â�Ç��VÃ<£
Ä°a3X][ok�K=`d�¦a�`VINU!a3[VF]K=` ¬^W<��z�W<UVKJlZ¯kDKJ`^�;W3lHlH`VKJUoU
k�`^K=l]z{m
[^a�`VU!W<[!KJ¸ZX]z{y.W<��K=p�[8FHW<`ol]²W<`VKhm
a3INk]�{K�Y]z{[�\<³3��X][&z�U&a3XH[VkDKJ`^�¦a3`oI�K=lN�3\°£�Â�¡c�VÃ<£
Ä°a3pLa3X�`&��K=pHmnFZ�
INW3`V±�UVK
[J©$¶fa�²�KJy<K=`
³´£�Â�ÇD�VÃ<£
Ä0z�U[VFHK:p�Wc[VX�`VW<�·kDKJ`^��W<lHlH`VKJUoUhF]z{UV[^a�`^\um
a3INkDa3p]K=p3[h[^a��DK:z{pHm
�{X�l]KJl�z�p
WNF�\]�H`Vz{l�kH`VKJl]z�m�[Va3`�W<UUoF]a�²Tp���KJ��a�²�©

���8� ��� ' � � * <��H1��0'
	 < %)1��0'
	 %) ('
$!"�*-,/.0 
Å.Æf§
Â�¡c�^Ã3£
Ä!Â�Ç��VÃ<£
Ä�z{UxWiF�\]�H`Vz{l�kH`VKJl]z�m�[Va3`m
a3I��]z{pHz{p]�:WikDKJ`^��W<lHlH`VKJUoUFHz{UV[^a�`^\�kH`VKJl]z�m�[Va3`$m�a�ILkDa3pHKJp�[
³
WT�<�{a3�HW<�<F]z�U^[Va3`V\PkH`VKJlHz{m
[^a3`W<pHl�Wi�]z{ILa]lHW<�3kH`VKJl]z�m�[Va3`J© ¿�[�m
a3I��]z{pHKJU�£
Â�Ç��VÃ3£�ÄuW3pHl�Å.Æf§
Â�¡��VÃ3£�Ä!©hÅ=ÆP§
Â

USV7WKUYX



�L£
Â^����������£¨È����<Ê
¤n��È�Æi¤V�c�6§¨« 	¤V£¨Èc��§�¢�É�¤¨� M�

¡c�VÃ<£
Ä0W<�{`VKJW3l]\�z�pHm���XHl]K=U�W�ILK
[oW���kH`VKJl]z�m�[Va3`J©$gÀUVKJm�a�pHl�I�KJ[VWc�;kH`VKJlHz{m
[^a3`�z�U�XHU^K=l*[VaLmnFHa3UVKP�DK
[�²hK
K=p
[oF]KJUVKP[�²�aLkH`^K=l]z�m�[^a�`VUJ© �¹a3`VKfm
a3INk]�{K�Y*ILK
[oW���kH`^K=l]z�m�[^z{a3p*m�a3XH�{l���K:z�ILkH��K=I�K=p�[^KJl*[^aNU^KJ��K=m�[W<ILa3pH�
[oF]K�[VF�`^KJK:��W<UVz{m:kH`VKJl]z�m�[Va3`m�a�INk�a�p]KJp�[VU�W3U�UVXH�<�<K=U^[VKJl�z{p � �&�;©!¶ia�²hK
y<K=`
³Z²hK�l]z{l°p]a3[ 
DpHl°UVX�mnF�W3p
K
Y][V`oW�FHW3`VlH²hW3`^K:m�a�ILkH��K
YZz{[�\u[VaN�DK�m�a�U^[^�@K
�6K=m�[Vz�y3K<©

Å.Æf§
Â�¡��VÃ3£�Ä!Â�ÇD�VÃ<£
Ä�ILW.\���K��HX]z{�{[TXHU^z�p]��WNF]z�U^[Va3`V\�[VW<�H��K�W<p�l�UVK
y3KJp�z{l]K=p�[^z�m
Wc� }��;�]z{[�UVW<[VXH`oWc[Vz{pH�
m
a3XHp�[VKJ`ik�`^K=l]z{m
[^a�`i�HW3pH±ZUTz{����XHUV[V`oWc[^K=l°z{pªvxz���XH`^K��Z© ��W<p�±�U ��� � z{Uf[VFHK��]z�ILaZl�Wc�xkH`^K=l]z�m�[^a�`
³6�HX][
z�UuW<�{UVa0a�p]K�ac�:[VFHK¹�HW<pH±ZUNa<��£
Â�Ç��VÃ3£�Ä#W<p�lºa<��£
Â�¡��VÃ3£�Ä!© ��W<pH±ZU 	
	 W<p�l 	 M # `VKJUok´© � 	 W<p�l
� M $:W3`^K�[oF]Ku[�²ha¹a<[oF]KJ`���W<pH±ZU�z�p?£
Â�¡��VÃ3£�Ä # `VKJUok´©½£
Â�Ç��VÃ<£
ÄP$�k�`^K=l]z{m
[^a�`
© ��W<pH± �#Í �J� M z{U�z{U�[VF]K
ILKJ[VW���kH`VKJl]z�m�[Va3`XHUVKJl*�¦a3`:Å.Æf§
Â�¡��VÃ3£�Ä!³6W<pHl°�HW3pH±	�#Í �=� I z{UT[VF]K��3��a��HWc�´ILK
[oW���kH`^K=l]z�m�[^a�`
©

2&W3`^z{a3XHU�z{p�l]K�Y]z�p]����XHpHm
[^z{a3pHULm
W3p���K�XHUVKJl�[^a0z{p�l]K�Y�[VF]K=U^K��HW<p�±�UJ³$z{p½k�W<`V[^z�m
X]��W<`�[oF]K*y3KJm
[^a3`
a<�$z�pZ�¦a�`VINWc[Vz�a�p°XHU^K=l��¦a3`�z�pHl]K
YZz�p]�*��W<pH±ZU��#Í �=� M W<p�l � Í �=� I ©�¿dp�[VFHK�K�YHkDKJ`Vz{ILKJp�[oU�z��{��XHU^[o`VW<[^K=l
�DK
�{a�²�³·�HW<pH± �#Í �J� I ²W<UTz�pHl]K
Y]KJl�²�z{[VF�[oF]K���`VW3pHmnF°W<lHlH`VKJUoUT²TFHz��{K��HW3pH± �#Í �J� M ²hW3UTz�pHl]K�Y]K=l
X�U^z�p]��WNFHW<UoF]z�p]�L��XHpHm�[Vz�a�p°m�a3I��]z�p]z{pH�L[oF]K��H`oW<pHmnF�W<lHl�`^K=UVU�W3pHl*[oF]K��<�{a3��Wc�´F]z�U^[Va3`V\<©

_!W<`V[^z�Wc�XHk6lHWc[Vz{pH�0INW.\¾W<�{UVaª�DK�X�U^K=l�a3p Å.Æf§
Â�¡c�^Ã3£
Ä!Â�Ç��VÃ<£
Ä?z�p�a�`Vl]K=`�[Vaª�{z{ILz{[LkDa<�{�{XH[^z{a3p�a�p
k�`^K=l]z{m
[^z{a3p��HW<p�±�UJ©

����� �6.H1 , < '���'
*-,("��E' � '
1G1 .�� * .$��% @�' � �E���! #"�$ %) ('
$)"+*-,/.0 #1
¿dp¾vxz{�3XH`VK�tH³$²�K�k]�{a<[�UVz{I�X]��Wc[^z{a3p�`VKJUoX]�{[VUP�¦a3`�W�Å=ÆP§�Â�¡c�VÃ<£
Ä!Â�Ç��VÃ3£�Ä kH`VKJlHz{m
[^a3`oU:XHUVz{p]��M=s ���]z{[VU:a<�
ILK=I�a�`^\ � �i�HW3pH±ZUa<��M �?}<�]z{[xUoWc[oXH`oWc[^z�p]�Pm�a3X�p3[VKJ`oU�W3pHl�W:} ���Hz�[oU$FHz{UV[^a�`^\:[VW3�]�{KJUJ©$E�F]Km�a�pHUVz{l]K=`^K=l
�{a]m
W<��F]z�U^[Va3`V\���K=p]�<[oFN²hW3U!tH³3²TF]z��{KT[oF]K��<�{a3�HW<��F]z�U^[Va3`V\��{KJp]�3[VFN²W<Uxy�W<`Vz�K=l���`^a�Iqt:[^a�M=sH©xE�F]KT�{a]m
Wc�
FHz{UV[^a�`^\��{KJpH�<[VFL²W<U!mnF]a�U^K=pN��K=m
W<X�U^Kz{[8Wc�{��a�²TUxK=W<UV\�m�a�INkHW<`Vz{UVa3p�ac�·[VF]KfFHW<`ol]²W<`VKh�HX�l]�<KJ[VUx�¦a�`![VF]K
k�`^K=l]z{m
[^a�`VUJ©�E�F]KuUVz�I�X]��Wc[Vz�a�pª`VKJUoX]��[oU�W<`VKLm
a3INkHW3`^K=l¹²�z{[VF�W � �  �¹�@K=p3[o`^\�Å.Æf§
Â�¡��VÃ3£�Ä kH`VKJlHz{m
[^a3`
W3pHl�W�� �������;KJp�[V`V\ # z@© K<©{³�r3} ���]z�[oUI$iÅ.Æf§
Â�¡��VÃ3£�Ä!©

vDa3`!WNMJs����]z{[VUxFHW<`ol]²W<`VKh��XHl]�<KJ[
³3a3pLU^z�Y�a<�Da3X�`!��K=pHmnFHINW<`o±ZU
³HÅ.Æf§
Â�¡c�^Ã3£
Ä!Â�Ç��VÃ<£
Ä�a3XH[VkDKJ`^�¦a3`oILU
Å.Æf§
Â�¡c�^Ã3£
Ä!© g M=s ���]z{[VU0Å=ÆP§
Â�¡��VÃ3£�Ä!Â�ÇD�^Ã3£
Ä KJy<KJp a3X][ok�K=`d�¦a�`VINU�Wºr3} ���]z{[VU0Å=ÆP§�Â�¡c�VÃ<£
Äqa�p [�²ha
W3kHk]�{z{mJWc[Vz�a�pHU
©

gfUfW<�{`VKJW3l]\�ILKJp�[Vz�a�p]KJl´³6[VFHK�l]K=U^z{�3p�UokHW<m
K��¦a3`fWuF�\]�H`^z�l�kH`VKJl]z�m�[Va3`fm�a3I��]z�p]z{pH�*WukDKJ`^�;W3lHlH`VKJUoU
m
a3INkDa3p]K=p3[J³hW��]z�ILa]lHWc�im
a3INkDa3p]K=p3[�W3pHl¼W��3��a��HWc��W3lHlH`VKJUoU�m�a3INkDa3p]K=p�[Lz�UNy<K=`^\º�{W3`^�3K<© �ªW<p�\
k�W<`oW<ILK
[VKJ`oULINW.\½�DK�y�W<`Vz�K=l�����a]mJWc��F]z�U^[Va3`V\½��K=p]�<[oF´³h�<�{a3�HW<�TF]z{UV[^a�`^\��{KJpH�<[VF ³h[o`VW3l]K��;ac� �DK
[�²hK
K=p
F�W<`ol]²hW3`^K¹��XHl]�<KJ[VU�l]K
y3a<[VKJl [^a¼KJW3mnF kH`^K=l]z�m�[^a�`�m
a3INkDa3p]K=p3[J³�©�©{© +0K�FHW.y<K0p]a<[�K�YHk]�{a3`VKJl [VFHz{U
lHKJUVz���p�UVk�W<m�K3© ��X][xU^z�I�XH�{W<[^z{a3pHU$`^K=UVXH��[oU$k�`^K=U^K=p3[VKJl�FHKJ`VK8z�pHl]z�m
Wc[VK�[oFHWc[J³cK
y3KJp:�¦a�`�`VK
��Wc[Vz�y3K
�{\�I�a]l]K=U^[
F�W<`ol]²hW3`^KP�HXHl]�3K
[�l]K=l]z{mJWc[VKJl�[^aN�H`VW3pHmnF*k�`^K=l]z{m
[^z{a3pHU)*
	c³Hr���m�a�INk�a�p]KJp�[F3\]�H`Vz�l*kH`VKJl]z�m�[Va3`oUUVXHmnF�W<U
Å.Æf§
Â�¡c�^Ã3£
Ä!Â�Ç��VÃ<£
Ä�W<`VK:²�a�`^[oF*[VaN�DK�m�a�pHUVz{l]K=`^K=l´©

� � '������ ���	
'��

®PKJmJ`^K=W<UVz{pH��[VF]K�z{INkHW3m�[ia<�i���������¨� �Z¡ z�p��<�{a3�HW<�F]z�U^[Va3`V\���`VW3pHmnF�kH`VKJl]z�m�[Va3`oUTFHW<Uf`^K=m�KJz�y3KJl°W��{a<[ia<�
W<[^[VKJp�[^z{a3p��¦a�`NW��¦K
² \<KJW3`VU�� �H³MJt]³M<M<³5�]³hM��³!r	�;©ª¬d®PK���Wc�{z{W3U^K=l�¯u�<�{a3�HW<�hFHz{UV[^a�`^\�kH`VKJl]z�m�[Va3`oU��;[VF]K
Uo±cKJ²�K=l*�H`oW<p�mnF*kH`VKJl]z�m�[Va3`J³][VF]K��Hz{ILa]l]K�kH`VKJl]z�m�[Va3`�W<p�l*[oF]K�Wc��`^KJKPkH`VKJlHz{m
[^a3`^�!²�K=`^KPz�p3[o`^a]lHX�m�KJl�[^a
/� 6 U 3 # 6�R A>2	35JONI793<=>NIRBG)3 NIJL8)R-@?Q	=K=>3?R�A � S�NIR	R	8)Q	R	@?3?:�796�@?=K8);	=>8�@?3?J J 8)=KJ J>Q	@O2-NIJLA>2	3�������� '�� %)E

W�W R$#&%('*)



M=t �f�6Èc¤����·£����·£¨§��
	��£
¤n¤V£��ª��§o«����È

address

address

������������������������������������

���������������������������������������
���������������������������������

history

n

n

majority

h
isto

ry tab
le e-pskew prediction

P0

P1

n

n

n

majority
vote

BIM

G0

Meta2

G1

n

Meta1

e-gskew prediction

bimodal prediction

vote

PREDICTIONM
U

X

M
U

X

metaprediction2

metaprediction1

vxz{�3XH`VK�� �!E�F]K�Å=ÆP§
Â�¡��VÃ3£�Ä!Â�ÇD�^Ã3£
Ä�k�`^K=l]z{m
[^a�`

USV7WKUYX



�L£
Â^����������£¨È����<Ê
¤n��È�Æi¤V�c�6§¨« 	¤V£¨Èc��§�¢�É�¤¨� M=|

2.5
2.6
2.7
2.8
2.9

3
3.1
3.2
3.3
3.4
3.5
3.6

8 9 10 11 12 13 14 15 16

%
 m

is
pr

ed
ic

tio
n

 global history  length

2Bc-gskew-pskew
2Bc-gskew 4*4K
2Bc-gskew 4*2K

2.8

3

3.2

3.4

3.6

3.8

4

4.2

8 9 10 11 12 13 14 15 16

%
 m

is
pr

ed
ic

tio
n

 global history  length

2Bc-gskew-pskew
2Bc-gskew 4*4K
2Bc-gskew 4*2K

QD� Ñ�� Q6�

4.8

5

5.2

5.4

5.6

5.8

6

8 9 10 11 12 13 14 15 16

%
 m

is
pr

ed
ic

tio
n

 global history  length

2Bc-gskew-pskew
2Bc-gskew 4*4K
2Bc-gskew 4*2K

2.2
2.25

2.3
2.35

2.4
2.45

2.5
2.55

2.6
2.65

2.7

8 9 10 11 12 13 14 15 16

%
 m

is
pr

ed
ic

tio
n

 global history  length

2Bc-gskew-pskew
2Bc-gskew 4*4K
2Bc-gskew 4*2K

� � Í Q ��� � Î P�� Ñ��

6

6.2

6.4

6.6

6.8

7

7.2

7.4

8 9 10 11 12 13 14 15 16

%
 m

is
pr

ed
ic

tio
n

 global history  length

2Bc-gskew-pskew
2Bc-gskew 4*4K
2Bc-gskew 4*2K

2.9

3

3.1

3.2

3.3

3.4

3.5

3.6

3.7

8 9 10 11 12 13 14 15 16

%
 m

is
pr

ed
ic

tio
n

 global history  length

2Bc-gskew-pskew
2Bc-gskew 4*4K
2Bc-gskew 4*2K

� Í � ��QD�3� �JÒ Í �

2.8

3

3.2

3.4

3.6

3.8

4

8 9 10 11 12 13 14 15 16

%
 m

is
pr

ed
ic

tio
n

 global history  length

2Bc-gskew-pskew
2Bc-gskew 4*4K
2Bc-gskew 4*2K

2.6
2.7
2.8
2.9

3
3.1
3.2
3.3
3.4
3.5
3.6
3.7

8 9 10 11 12 13 14 15 16

%
 m

is
pr

ed
ic

tio
n

 global history  length

2Bc-gskew-pskew
2Bc-gskew 4*4K
2Bc-gskew 4*2K

� Í ��O � Ñ Q �KO Ò ÍZÑ ��� � Î
vxz���XH`VK:t��Å=ÆP§�Â�¡c�VÃ<£
Ä!Â�Ç��VÃ3£�Ä��
�

�

Å=ÆP§�Â�¡c�VÃ<£
Ä

W�W R$#&%('*)



}�� �f�6Èc¤����·£����·£¨§��
	��£
¤n¤V£��ª��§o«����È

�{z�I�z{[:[VF]z�UPz{INkHW3m�[J©�g[fK=¸ZX]z�y�W<��K=p3[:FHW3`Vl]²W<`VK��HX�l]�<KJ[VUJ³´[VF]KJ\¹m�a3p�U^z�U^[oW<p�[^�{\°a3X][ok�K=`d�¦a�`VIË¬VWc�{z�W<UVKJl�¯
k�`^K=l]z{m
[^a�`VUJ©

¶fa�²�KJy<KJ`J³6z�[fz{UP²hK
�{�$±Zp]a�²Tp�[oFHWc[PU^a�ILK��H`oW<pHmnFHKJUiW3`^K�²�KJ���xkH`VKJl]z�m�[VKJl¹X�U^z�p]�°Wu�<�{a3��Wc��FHz{UV[^a�`^\
²TFHz��{K�a<[oF]KJ`oU�W<`VK���KJ[^[^K=`TkH`VKJl]z�m�[VKJl°XHUVz{pH�NWN�{a]m
W<� F]z{UV[^a�`^\3©!_8`Va�y�z�l]K=l�WNUoX 'um�z{KJp�[TFHW3`Vl]²W<`VK:�HXHlZ�
�3K
[J³xF�\]�H`Vz{l�k�`^K=l]z{m
[^a�`VU�m
a3I��]z{pHz{p]�0U^KJy<KJ`oWc�&��`VW3pHmnF�kH`VKJl]z�m�[Vz�a�p�UVmnF]K=ILKJU�lHK
�{z�y3KJ`�F]z{�3FHKJ`���`VW3pHmnF
k�`^K=l]z{m
[^z{a3p�W<mJm
XH`oW<m
\u[VFHW3p°W��H`VW3pHmnF�kH`^K=l]z�m�[^a�`�XHUVz{p]��W�UVz{pH�<�{K��H`VW3pHmnF�kH`^K=l]z�m�[^z{a3p�UomnF]KJILK<©�E�F]K��
`VK��¦a�`^K3³J¬Vl]K���Wc�{z{W3U^K=l�¯��<�{a3�HW<�ZFHz{UV[^a�`^\LkH`^K=l]z�m�[^a�`VU8W<`VKTpHWc[oXH`VW<�DmJW<pHl]z�lHW<[^KJU8W<U&m
a3INk�a�p]KJp�[oU!�¦a3`8F3\]�H`Vz�l
��`VW3pHmnF*kH`VKJlHz{m
[^a3`oUJ©

E�F]KªKJpHFHW3pHm�K=l UV±<K
²hKJl»�H`VW3pHmnF»kH`^K=l]z�m�[^a�`ª£
Â�¡��VÃ3£�Ä#pHW<[VXH`oWc�{��\¼Wc��`^K=W<l]\½z�pHm
�{XHlHKJUuW��]z�ILa]lHWc�
��`VW3pHmnF�kH`VKJl]z�m�[Va3`hm�a3INkDa3p]K=p�[
©!E�F]KflHKJUVz���p�ac�8Å.Æf§
Â�¡c�^Ã3£
Äª[VW3±cK=U8kHW3`^[�ac�[oF]z{UhkHW3`^[Vz{mJX]�{W3`^z{[�\<©hÅ=ÆP§
Â
¡c�VÃ<£
Ä¹m�a�I��]z�p]K=Uf£
Â�¡��VÃ3£�Ä¹W3pHluW��]z�ILa]lHWc�·kH`VKJl]z�m�[Va3`J©¿�[�m
a3pHUVz�U^[oU&ac�´�¦a�XH`&z�l]K=p3[Vz{mJWc��ÇD¤V£¨È���§
¢�É�¤nÂ�¢��<Ê
��£
Ê¨�c�ZÃ��¨³�z © K<©{³H[VFHK�[VFH`VK
K��HW3pH±ZUh��`^a�I�£
Â�¡��VÃ3£�Ä¾�;z{pHm
�{X�l]z{pH�NWN�]z�ILa]lHWc���W<pH±3�8k]��XHUTWNILK
[oW���kH`^K=l]z�m�[^a�`
©
E$`oW<m�K�lH`Vz{y<KJp°UVz{I�X]��Wc[^z{a3p�UTUVFHa�²TU[VFHW<[�Å=ÆP§�Â�¡c�VÃ<£
Ä½kH`Va�yZz{l]K=U[VF]K�UVW3I�K�k�`^K=l]z{m
[^z{a3p°W<mJm
XH`oW<m
\uW<UTW
�¦a�XH`�[Vz{ILKJUi�{W3`^�3KJ`T¡c�V«H��¤o£TkH`VKJl]z�m�[Va3`�a�`TWN[�²ha�[^z�I�K=UT��W<`V�<K=`fÅ.Æf§
Â�¡c�^«���¤V£:ÇD¤V£¨È���§
¢�É�¤%� |	�@³6W�a3pHK�FHWc���
��W<`V�<K=`�£
Â�¡��VÃ3£�Ä�a3`$W 
�y<Kh�¦a3X�`^[oFHU$�{W3`^�3KJ`L�8g ��j�kH`VKJlHz{m
[^a3`J©¿�[!W<�{UVaiK
Y]FHz{�]z{[VU!Wf�{a�²½[V`oWcz�p]z�p]�fz�p�[^K=`^y�Wc�
Wc�¦[^K=`&kH`VKJl]z�m�[Vz�a�pNz{pZ�¦a�`VINW<[^z{a3pL��a�UVU8UVXHmnFNW3U![VF]a�U^KiKJpHm
a3XHp�[^K=`^K=lLa3pNm�a�p3[VK�Y][8UV²�z�[omnF]KJU8��KJ[�²�KJKJpN[�²ha
X�U^K=`�W<kHk]�{z�m
Wc[Vz�a�pHUJ©

_8`Va�yZz{lHKJl:UVXG'�m
z�K=p�[FHW<`ol]²W<`VK!�HXHl]�3K
[
³�m
a3INk]�{K�YPF�\]�H`Vz{l:kH`VKJlHz{m
[^a3`oU m
a3I��Hz{p]z�p]�TILa3`VK![VF�W<p:[�²ha
k�`^K=l]z{m
[^a�`VUfILW.\�a3XH[VkDKJ`^�¦a3`oI }��;m
a3INkDa3p]K=p3[fF3\]�H`Vz�l�kH`^K=l]z�m�[^a�`VUJ©i¶fa�²�KJy<K=`�[VF]K=U^KLkH`VKJl]z�m�[Va3`oUT²hKJ`VK
pHa<[!m�a�pHU^z�l]K=`^K=l�W3U!m�a3UV[d�;K��·KJm
[^z{y<Kh[^z{���Dp]a�²�©�Å.Æf§
Â�¡c�^Ã3£
Ä!Â�Ç��VÃ<£
Ä�m�a�I��]z�p]KJU!r:kH`VKJlHz{m
[^a3`!m
a3INkDa3p]K=p3[oU
³
£
Â�¡c�^Ã3£
Ä!³HWL�Hz{ILa]lHWc� W�[VW3�]�{K:W3pHl�£�Â�ÇD�^Ã3£
Ä¾W:¬^lHK���Wc�{z{W3U^K=l�¯fk�K=`d��W<l�lH`^K=UVUhF]z�U^[Va3`V\u�H`oW<pHmnF�kH`^K=l]z�m�[^a�`
©
g m
a3UV[d�;K��·KJm
[^z{y<Kul]K=U^z{�3p¾ac�[VFHz{U�k�`^K=l]z{m
[^a�`�z{U�KJpHW3�]��K=l��3\0[VF]K�`^K=XHU^KNa<�[oF]Ku�]z�ILaZl�Wc�&[oW<�]�{K*W<U�W
k�W<`V[fa<�8[VF]KL[VF�`^KJKNk�`^K=l]z{m
[^a�`fm
a3INk�a�p]KJp�[oU
©�E�F]z�U:F�\Z��`^z�lªkH`VKJlHz{m
[^a3`PFHW3UP�DK
K=p0UoF]a�²Tp�[Va��DKNy<K=`^\
m
a3UV[d�;K��·KJm
[^z{y<K<³ZKJy<KJp�ILa3`VK:[VFHW3p0Å.Æf§
Â�¡c�^Ã3£
Ä!©

� �������$�T�*�h���

�µM��:_x© �>�L©fehFHW<pH��³ �º©�48y<KJ`oUJ³fW<p�l ��© ��©�_!W<[^[
© ¿dINkH`Va�yZz{pH�¼�H`oW<pHmnF?kH`^K=l]z�m�[^z{a3p W<mJm
XH`oW<m
\»��\
`VKJl�XHm�z�p]��kHWc[V[^K=`Vp»F]z�U^[Va3`V\�[VW<�H��K°z�p3[VKJ`^�¦KJ`VKJpHm
K<©»¿dp�����¢�£�¤n�·��¢@��É��·�����&É��=¥�£�¤V£
�6§¨£0É�� 	T�c¤V��� �{£��
�f¤o§o«]� ¢;£¨§
¢ ]¤V£������6È��&É !fÇD� ���c¢ ��Éc�
	D£¨§o«]����� �£n�n³�MJ|<|3sH©

� }�:_x© �>�L©<ehFHW<p]�D³ 4i©J¶PWca�³.E:© �>�L©��&K=F´³�W<pHl��L© ��©J_!W<[^[
© ��`VW3pHmnF:m���W<UoU^z 
Dm
W<[^z{a3p��´WTpHK
²½ILKJmnFHW3p]z�UVI
�¦a�`Pz{INkH`Va�yZz{p]���H`VW3pHmnF¹kH`VKJlHz{m
[^a3`PkDKJ`^�¦a3`oILW3pHm�K3©f¿dp6	¤VÉ=§¨£o£¨Èc� ��¡c��É^¥�¢¦«H£NÅ�
¢¦«��n�D¢;£
¤n�6�c¢ ��Éc�6�c�
� � !iÇHÉ.�n�Y ! É�� �¹��§
¤VÉ=��¤V§¨«Z� ¢�£¨§�¢ ]¤V£
³M=|<|&�D©

� r&��g�©���© 48l]K=p0W3pHlªE:© ��© �ªX�l]�<K3©�E�F]K����������H`oW<p�mnF¹kH`VKJl]z�m�[Va3`J©P¿dp6	¤VÉ=§¨£o£¨Èc� ��¡c��É^¥�¢¦«H£�� �.�n¢
�f�D�#��c���n��¢�£
¤n�6��¢@��É��·���=� � !iÇHÉ.�n�Y ! É�� �¹��§
¤VÉ=��¤V§¨«Z� ¢�£¨§�¢ ]¤V£
³�®PKJmLMJ|3|<t�©

� �����º©A4&y<K=`VUJ³&_x© � ��©ehFHW<p]�D³8W<p�l ��© ��©8_xW<[^[J©��fUVz�p]�¾F�\]�H`Vz{l¼�H`oW<pHmnF¼kH`^K=l]z�m�[^a�`VU�[^a¾z�ILk�`^a�y3K
��`VW3pHmnFªkH`VKJlHz{m
[^z{a3pªW3m
mJXH`VW3m�\�z{p0[VFHKNk�`^K=U^K=pHm�K�ac�hm
a3p�[^K
Y][PUV²�z�[omnF]KJUJ©�¿dp 	¤VÉ=§o£¨£¨È�� �Z¡��uÉd¥L¢¦«H£
Å��c¤VÈ �f��� ���������¢�£�¤n�·��¢@��É��6�c�=� � !fÇHÉ.�n�Y ! Éc���&É !fÇ ]¢�£
¤)�f¤V§o«]� ¢;£¨§
¢ ]¤o£�³G�ªW.\�M=|<|3sH©

USV7WKUYX



�L£
Â^����������£¨È����<Ê
¤n��È�Æi¤V�c�6§¨« 	¤V£¨Èc��§�¢�É�¤¨� }HM

� �� ��© �f��a�\3³&ef©P�&a3X�p]��³ �:©!ehFHKJp´³&W3pHl �½© ®�©8jZILz{[VF´©¾gip½W3pHWc�{\]U^z�U�a<��lH\Zp�W<ILz{m��H`oW<pHmnF�kH`VK��
lHz{m
[^z{a3p°UVmnFHKJILKJUha3p�UV\ZUV[^K=I ²ha3`o±3�{a3W3lHUJ©¿dp 	¤VÉ=§¨£o£¨Èc� ��¡c��É^¥:¢ «�£�Å��c¤VÈ �f��� ������n�D¢;£
¤n�6�c¢ ��Éc�6�c�
� � !iÇHÉ.�n�Y ! É�� �!É !iÇ-]¢;£
¤)�f¤V§¨«Z� ¢�£¨§�¢ ]¤V£
³G�ªW.\¹MJ|3|<s�©

� s&�  © �f²hKJpHpHW3k´©x®fz{�<z{[VW<��}]M.}cs���UVK
[VU�pHK
²ÀU^[oW<pHlHW3`Vl ©0�ª��§
¤VÉ¨Ç6¤VÉ=§o£��¨�
É�¤��f£�ÇHÉ�¤n¢@³ �Pm�[Va3�DKJ`PMJ|3|<s�©
� �	��e8�^ef©  KJK<³c¿;�^ef© ��©3ehF]KJp´³�W<pHlLE:© ��©�ªXHlH�<K<©DE�F]K��]zµ��ILa]l]K��H`VW3pHmnFLkH`^K=l]z�m�[^a�`
©]¿dp 	¤VÉ=§¨£¨£oÈc� ��¡c�

É^¥�¢¦«H£�� �¢¦« �f�D�#��c���n��¢�£
¤n�6��¢@��É��·���=� � !iÇHÉ.�n�Y ! É�� �¹��§
¤VÉ=��¤V§¨«Z� ¢�£¨§�¢ ]¤V£
³�®PKJmLMJ|3| �]©
� t&���D© ��© v©  K
K8W3pHl:g�© ��©�jZILz�[oF´©���`oW<pHmnF:kH`VKJlHz{m
[^z{a3p:U^[o`VW<[^KJ�<z{KJU W3pHl:�H`VW3pHmnFP[VW3`^�3K
[ �HXZ�·KJ`�l]KJUVz{�3p´©

������� �!É !iÇ-]¢;£
¤n³�kHW<�<K=U�s	�]}3}]³
�3W3pZXHW<`V\�MJ|3t&��©
� |&��j]m�a<[V[9�ªm�v6W<`V��z�p]�D©&e�a�I��]z�p]z�p]���H`oW<pHmnF�kH`^K=l]z�m�[^a�`VUJ©!EK=mnFHp]z�m
W<� `^K=k�a�`^[J³]®)4hef³MJ|<|3rH©
��M��&�-�º© 4&y3KJ`oU
³ij6© �D©&_!Wc[^KJ� ³Q�©�j6©hehF�W<kHkDK
�{� ³TW3pHl ��© ��©�_xW<[^[J©?gip W3pHWc�{\]U^z�UNac��m�a�`V`VK
��Wc[Vz�a�pºW<p�l

k�`^K=l]z{m
[VW3�]z��{z{[�\ ��+ FHWc[�INW<±<KJU�[�²�a<�@�{K
y3K
��H`oW<pHmnF½k�`^K=l]z{m
[^a�`VU�²�a�`V±6©�¿dp 	¤VÉ=§o£¨£¨È�� �Z¡��¹Éd¥�¢¦«H£
Å��c¤VÈ �f��� ���������¢�£�¤n�·��¢@��É��6�c�=� � !fÇHÉ.�n�Y ! Éc���&É !fÇ ]¢�£
¤)�f¤V§o«]� ¢;£¨§
¢ ]¤o£�³���XHp]KNMJ|3|<t�©

��M<M��P_x© �¹z�mnFHW<X�l´³Dg�©´j�KJ�Jp]K=mc³·W<pHl¹Q�©��PF]��z{��©fE�`oW<l]z�p]�um
a3pGT�z�m�[PW<pHl�mJW<kHW3m�z{[�\�W<��z�W<UVz�p]��z{pªm�a3p�l]zµ�
[Vz�a�pHWc�!�H`oW<p�mnF¹kH`VKJl]z�m�[Va3`oU
©P¿dp 	¤oÉJ§¨£¨£¨È�� ��¡c�NÉ^¥L¢ «�£LÅ�H¢¦« �f�D�#������n�D¢;£
¤n�6�c¢ ��Éc�6�c��� � !iÇHÉ.�n�Y !
Éc���&É !fÇ ]¢�£
¤)�f¤V§o«]� ¢;£¨§
¢ ]¤o£�� �����K��Â�� ��.³��3XHpHKLM=|<| �Z©

��M=}�PQ�© �fW<z{`J©�®P\Zp�W<ILz{m�k�Wc[VF]�;�HW3U^K=l0��`VW3pHmnF0m
a3`o`^KJ�{W<[^z{a3p´©L¿dp 	¤VÉ=§¨£¨£oÈc� ��¡c�*Éd¥N¢¦«H£*Å��c¢¦«6�f���#��c�
����¢�£�¤n�·��¢@��É��·���=� � !iÇHÉ.�n�Y ! É�� �ª��§
¤VÉ=��¤V§¨«Z� ¢�£¨§�¢ ]¤V£
³MJ|3| �H©

��MJr&��j·© E:© _!W3p´³ ��©$jZa�³W3pHl���© E:© QiW3FHILKJF´©�¿dINkH`Va�yZz{p]��[VFHKuW<m
mJXH`oW<m�\�a<�hl]\]pHW3ILz{m��H`oW<p�mnF0kH`VK��
lHz{m
[^z{a3p*X�U^z�p]���H`oW<p�mnFum�a�`V`VK
��Wc[Vz�a�p´©D¿dp 	¤VÉ=§¨£o£¨Èc� ��¡c�:Éd¥f¢¦«H£��c¢ « ����¢�£�¤n�·��¢@��É��6�c� �&Éc�J¥�£
¤V£��·§¨£�É��
�f¤o§o«]� ¢;£¨§
¢ ]¤V�c�=� .Ç3Ç]Éc¤n¢D¥�Éc¤)	¤VÉo¡c¤o� !�!�� �Z¡��$���Z¡ ��J¡3£������6È��$Ç]£
¤V��¢@� ��¡ � �.�n¢�£ !��n³´MJ|3|3}]©

��M�����j·©�j�K=mnFH`VKJUV[
³ief© ef©  KJK<³�W<pHl E:©��ªXHl]�3K<© e�a3`o`^KJ�{W<[^z{a3p»W<pHl W<��z�W<UVz�p]��z{p l]\]pHW3ILz{m¹��`VW3pHmnF
k�`^K=l]z{m
[^a�`VUJ©:¿dp 	¤VÉ=§¨£¨£oÈc� ��¡c�NÉ^¥�¢¦«H£�Å �c¤oÈ �f��� ������n��¢�£
¤n�6��¢@��É��·���7� � !fÇHÉ.�n�Y ! É�� �&É !fÇ ]¢�£
¤
�f¤o§o«]� ¢;£¨§
¢ ]¤V£
³G�ªW.\¹M=|<|3sH©

��M���:g�©Zj�KJ�Jp]K=m�W<pHlNv© �a]l]z�p´© jZ±cKJ²�K=lLW3UVUVa]m�z�Wc[Vz�y3KhmJW<mnF]K=U
©D¿dp 	�¤VÉJ§¨£¨£¨È�� �Z¡��PÉ^¥E	K����� ��!"� �c³ �ªW.\
M=|<|3rH©

��MJs&�#�D© 4T©·jZILz{[VF´©�g UV[VX�l]\�a<�&�H`VW3pHmnF°kH`VKJl]z�m�[Vz�a�p�UV[V`oWc[VK
�3z�K=U
©�¿dp 	¤VÉ=§o£¨£¨È�� �Z¡���É^¥�¢¦«H£$�c¢¦« �f���#��c�
����¢�£�¤n�·��¢@��É��·���=� � !iÇHÉ.�n�Y ! É����&É !iÇ-]¢;£
¤)�f¤V§¨«Z� ¢�£o§
¢ ]¤V£�³G�0W.\¹MJ|3tHM<©

��M	�	� 4i©!jZk�`VW3p]�<�{K<³$Q�©xj·©xehFHW3kHk�KJ���@³<�½©�gi�{UoXHk´³!W3pHl ��© ��©$_!Wc[^[J©�E�F]K*Wc��`^KJK�kH`^K=l]z�m�[^a�`��LgËILK��
mnF�W<p]z�UVI �¦a�`�`^K=lHXHm
z{p]�°p]KJ�3Wc[Vz�y3K��H`oW<p�mnFªF]z�U^[Va3`V\�z{p�[VKJ`^�¦KJ`VKJpHm
K<©�¿dp 	¤VÉ=§¨£o£¨Èc� ��¡c��É^¥�¢¦«H£uÅ��¢ «
�f�D�#��c� �n��¢�£
¤n�6��¢@��É��·���/� � !iÇHÉ.�n�Y ! É����&É !iÇ-]¢;£
¤E�f¤V§¨«Z� ¢�£o§
¢ ]¤V£�� �����
�:Â�� ���³<kHWc�3KJU!}ct��%�H}c|HM3³
��XHp]K�M=|<| �Z©

��MJt&�:g�© Q�©ZE$Wc��m�a3[^[J³ �½©��iK=ILz{`Va�y]UV±�\<³�W<pHluQ�© e +¾aZa]l´©E�F]Kfz{pGT6X]KJpHm
Kia<��H`VW3pHmnFNkH`VKJl]z�m�[Vz�a�p�[VW3�]��K
z�p�[^K=`d�¦K=`^K=pHm�Kha3p���`VW3pHmnF�kH`VKJl]z�m�[Vz�a�p�UomnF]KJILKk�K=`d�¦a�`VINW3pHm�K3©<¿dp 	¤VÉ=§o£¨£¨È�� �Z¡��TÉd¥¢¦«H£ �c¤VÈ �f���#��c�
����¢�£�¤n�·��¢@��É��·��� �&É��=¥�£�¤o£��·§o£NÉc� 	T�c¤V��� ��£
� �f¤o§o«]� ¢;£¨§
¢ ]¤V£������6È��&É !fÇD� ���c¢ ��Éc�
	D£¨§o«]����� �£n�n³�MJ|<| �]©

W�W R$#&%('*)



}3} �f�6Èc¤����·£����·£¨§��
	��£
¤n¤V£��ª��§o«����È

��MJ|&�PQ�©?�PF]�{z��D³6®L© �fW<�<�{K<³´E:© �ªXHl]�3K<³j6© j�KJmnFH`VKJUV[
³´W3pHl��D© 48ILK=`
©�e�a3kHz{p]��²�z�[oFªm
aZlHK��]�{a3W<[
©P¿dp
	�¤VÉJ§¨£¨£¨È�� �Z¡���É^¥u¢¦«H£�Å<Å3�6È �f��� ���� ����¢�£�¤n�·��¢@��É��·���0� � !iÇHÉ.�n�Y ! É�� �&É !fÇ ]¢�£�¤ �f¤V§¨«Z� ¢�£o§
¢ ]¤V£�³
��XHp]K�M=|<| �]©

� }&�&�:E:© � ��©G�&K=F�W3pHl���© ��©H_!W<[^[
©�E²�a<�@�{K
y3K
�´W<lHW3k][^z{y<K��H`oW<p�mnF�kH`VKJlHz{m
[^z{a3p´©x¿dp 	¤VÉ=§¨£o£¨Èc� ��¡c��Éd¥�¢¦«H£
Å �H¢¦« ����¢�£�¤n�·��¢@��É��·���=� � !iÇHÉ.�n�Y ! É�� �ª��§
¤VÉ=��¤V§¨«Z� ¢�£¨§�¢ ]¤V£
³ �ia�y·©´MJ|3|HM3©

� }]M��:E:© � ��©P�&KJF½W3pHl ��© ��©$_!Wc[^[J©ªgT�{[^K=`Vp�Wc[^z{y<K�z�INk]�{KJILKJp�[VW<[^z{a3pHU�ac�T[�²hac�;��KJy<KJ�&W<lHW3k][^z{y<K*��`VW3pHmnF
k�`^K=l]z{m
[^z{a3p´©�¿dp6	¤VÉ=§¨£o£¨Èc� ��¡c�NÉd¥L¢¦«H£ �"�c¢¦« �f��� ������n��¢�£
¤n�6��¢@��É��·���7� � !fÇHÉ.�n�Y ! É�� �&É !fÇ ]¢�£
¤
�f¤o§o«]� ¢;£¨§
¢ ]¤V£
³G�ªW.\¹M=|<|�}]©

� }<}�:E�UVK�� �8X �&KJF © 	Ä8É�Â���£ ��£��!�<È3�¨ÇD¢���¢@� ��£�Ê�¤V�c�6§¨«NÇ6¤V£¨È���§
¢ ��Éc�½���6È*� �H�n¢@¤��§�¢@��É��L¥�£�¢�§¨« !�£¨§o«��������&!��
¥�Éc¤f«Z�µ¡.«LÇH£�¤¦¥�Éc¤&!N�c�6§¨£���.ÇH£
¤¨��§¨�c����¤hÇD¤oÉJ§¨£��o�
Éc¤¨�¨©x_8FH®#[VF]K=U^z�U
³ �Pp]z�y3KJ`oU^z{[�\�ac�P�¹z{mnFHz���W<p´³·MJ|3|<r�©

� }cr&��ef© �&a3XHp]�D³���© �f�{a�\<³HW3pHl.�º© ®L©DjZILz�[oF´©&g#m�a�INkHW<`oWc[Vz�y3KfW<p�Wc�{\ZUVz�U�a<�$UomnF]KJILK=U8�¦a�`�m�a�`V`VK
��Wc[VKJl
��`VW3pHmnF kH`^K=l]z�m�[^z{a3p ©Á¿dp;	�¤VÉJ§¨£¨£¨È�� �Z¡��0É^¥�¢ «�£¹Å3Å<�·È �f�D�#��c� �n��¢�£
¤n�6��¢@��É��·����� � !iÇHÉ.�n�Y ! É��
�&É !iÇ-]¢;£
¤ �f¤V§¨«Z� ¢�£¨§�¢ ]¤V£
³
��XHp]K�M=|<| �]©

USV7WKUYX
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