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8�k��V�«t5gjm�mGn�flt5v�k�}9{hu&k!fhn���mGn�m�gjfy��m�z=}xwyv´ª§m�v�t5fhgS|=fhg=t5n�{y{hgSf{h�V{ywyn�m�{'k�fyn��Nz=vx}�wk�fygSzN�&��k�{yvx�=ij}xn
�=zN{�k!�&��k1{yvx�=ij}�n�mGn�m�gjfy�k!{�vx}x}�zN{ywyf5k!whn���vx�3»&ijz=fyn�o�91:G|=fyg=t5n�{y{ygjfy{�k!fyn�{yu&k�fyvx�=i�k�{yvx�=ij}xn��=z={�k!�J�
k�{yvx�=iS}xn�m�n�m�gSfh��° ���&t5gjfyn�8�z=}xwyvxm*kH�<;xo�=æ�=�?>�¥���u&k!}x}xn��=ijn�gSf��V|&k�flt3�Vwlk�wyvxgS��o?��k!fyn1n5�&k!m�|N}�n�{^g�©
{hz&thuEm�z=}xwhv�|Nfyg=t5n�{h{ygSfh{�°�����{yzJtyub{y�V{hwyn�mG{��Jwyu=n3kSt�t5n�{y{whg�wyuNn'�=zN{¯k!�J��wyu=n3m�n�m�gSfh�'vx{�iSn��=n�flk!}x}x�
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system bus

shared memory

periphericals

n processors

@(vxiSz=fhn�o�9A>�n��Nn�flk�}�{ywhfyz&t7wyz=fhn'g�©�k3{yvx�=ij}xn��=z={�{hvx�=iS}xn�{yu&k�fyn��[m�n�mGgSfy�1m�z=}xwyvx|=fyg=t5n�{y{ygjf

whu=n��&gjwywh}�n��=n�th¹�©Xgjf�|Jn�f§©Xgjfym�k!�&t5n�9&fhn��Vz&t7v��Ni*whu=n3wyflk�B*tgj��wyuNn'�=zN{�k��&�ºm�n�mGgSfy��vx{�k��Vf5k!m*k�wyv�t
vx{y{hz=nS°J¥§��gjfl�Vn�f�wyg�}xvxm�vxw�wyuNv�{�whflk�B*t!�=t�kSthu=n�{�k�fynk!{h{yg=t5v�k!whn���²�vxwyuGwyu=n1|=fyg=t5n�{h{ygjfy{�°

¥§��mGgS{yw�{hvx�=iS}xn��=z={�{yvx�=ij}xn¯{hu&k!fhn��ºm�n�mGgSfy�3m�z=}xwyv´ª§m�v�t5fygj|=fyg=t5n�{h{ygjf�{y�V{ywhn�m�{DCXnS° i&°J�V|&k�flt�Vw5k?ª
whv�gj�Qo?��E���kº{yn�t5gj�&�jª§}xn�³Sn�}�t�kSthu=n�vx{¶k�{y{yg=t5v�k�wyn�� ²�vxwyu n�kSthu mGv�t5fygj|=fyg=t5n�{h{ygjf�°�±�u=n�u&k�fl�V²�k!fhn*t5gj{yw
vx�&�VzJt5n��º���Gwyu=vx{�{hn�t5gS�J�jªM}xn�³jn�},t�kSthu=nFCMt�kSthu=n3m�n�mGgSfyvxn�{?�S�Jg�k�fl�G{y|JkSt5nS�x°x°GE�m*k?��|=fhn��Vgjm�vx�&k!�Vw�g!³Sn�f
whu=n¯t5gj{yw�g!©�whu=n�mGv¸t7fygS|Nfyg=t5n�{h{ygSf�vxwy{hn�}´©l°�����whu=n�gjwyu=n�f�u&k��&���Vk!{�wyu=n���vx�&t7}�zJ�Vn�gS�Vªythu=vx|�t�kSthu=n�t5gSuNn5ª
fhn��&t5�bm�n�thu&k��=vx{ymG{��Vm�gj{yw�g!©^whu=n'�Nn�²�}x��vx��whfyg=�Vz&t7n���{hn�t5gj�&�biSn��Nn�flk�wyvxgS����¥y�=� mGv�t5fygj|=fyg=t5n�{h{ygjfy{
CBnS° i&°*8�¥ye,� �IH��S�j��E�m�k?���Jn*zN{yn�� �Vvxfyn?t5wy}x� vx� wyu=n��Vn�{hvxiS� g�©�kº{yu&k�fyn�� mGn�m�gjfy��m�z=}xwhv�|Nfyg=t5n�{æª
{hgSf²�vxwyuNgSz=w�{yn?t5gS�&��ªM}xn�³jn�}�t�kSthu=n�{?°�±�u=n���fyn�}�k!whvx³Sn�}x�Ek�thu=n�k�|�{yvx�=iS}xn3�=z={�{yuJk!fyn?��m�n�m�gSfh��m�z=}xwyv´ª
mGv¸t7fygS|Nfyg=t5n�{h{ygSf�m�k?���Jn�=z=vx}xw�°J¥§��{hz&thu«k�{y�V{ywhn�mE�JwyuNn¶thu=vx|Et5gjz=�Vw�²�gSz=}���fhn�m*k�vx�*³jn�fy�º}�vxmGv�whn��KJ
nS° iJ°=wyuNng!³Sn�f5t5gS{hw�g!©^k!���?ª§|=fhg�t7n�{y{hgSf�{y�V{ywhn�m%g!³Sn�f¯k�H!ª§|=fhg�t7n�{y{hgSf�{y�V{ywhn�m
²�vx}x}�n�{h{yn��Vwyv�k�}�}x��t5gS�={hvx{yw
vx��wyu=n�©Xgjz=f�kS�N�Vn��Gm�v�t5fhgS|=fhg�t7n�{y{hgSf�thu=vx|={�°

±�uNn¯k!vxm g!©�whu=vx{^|Jk!|Jn�f^vx{�wyg3n5�=|=}xgSfhn�wyuNn�³Vv�k!�=vx}xvxw§�g!©�{hz&thu[k���k!|=|Nfyg�kjthu*t5gj�={yv��Vn�fhvx�=i¶t7z=fyfhn��Vw
k?³Sk�v�}�k��=}xn�v��Vwhn�iSf5k!wyvxgj� �Vn��N{yvxw§��°,���Qt7z=fyfhn��Vw*t5gjm�m�n�flt5v�k!}x}x�Ek?³Sk�v�}�k��=}xn'mGv¸t7fygS|Nfyg=t5n�{h{ygSfh{��)gS�Vªythu=vx|
t�kjthu=n�{yvx¨�n�{)flk!�NiSn�©XfhgSm o�j®����Vwhn�{LCXnS° i&°�8�¥ye,�3�MH��j�S�N;×��=�E·wyg�Sj®��V�Vwyn�{MCX±�¥��Vz=|Jn�fl�V|Jk!fltN;xo?�.=�E�°?r�{
|Jn�f§©BgSfym�k!�&t7n,g!©&k�m�z=}xwyv´ª§m�v�t5fygj|=fyg=t5n�{h{ygjf�{y�V{ywhn�m¦²�vx}�}jn�{y{hn��Vwyv�k!}x}x�¯��n�|&n��&�gj�wyuNn,�=z={�k!�&��m�n�m�gSfh�
whflk�B*t��V²^n�v��V³jn�{ywhv�iVk!whn�z={hv��Ni'{hgSm�n�k�{y{hg�t7v¸k�wyvx³Vvxw§�'gj��gS��ªæthu=vx|*t�kSthu=n�{�k��&��|&k�fywhv¸t7z=}�k!fy}x�3wyu=n�z={hn�g�©
w§²�g�fyn�t5n���wh}x�'|=fhgS|JgS{hn���|&k�fywhv¸k�}x}���k!{h{yg=t5v�k!whv�³jn�t�kSthu=n�gjfyiVk!�=vx¨�k�wyvxgS�={?�?wyu=n�{h¹Sn�²�n���k!{h{yg=t5v�k!whvx³Sn�t�kSthu=n
;xo�H=�(o��.=,k!�&��wyu=n{hn�m�v´ª§z=�=v´»&n��Gt�kSthu=nF; O.=y°
±�uNn*fhn�m*k�vx�&�Vn�fg�©¯whu=vx{�|&k!|Jn�f�vx{�gSfhi�k!�Nv�¨�n�� k�{3©XgS}x}xg!²�{�°�¥§� {hn�t5wyvxgj� �N��²^nG�=fyvxn�PJ� �Vn�{5t5fyvx�Jn

whu=nE{h¹Sn�²�n��jªyk!{h{yg=t5v�k!whvx³SnEt�kjthu=nEgjfyiVk!�=vx¨�k�wyvxgS�Tk!�J� vxwh{*thu&k!f5kSt5whn�fyvx{hwyv�t5{�Jqv�� {hn�t5wyvxgj� �N�,wyuNn�{yn�mGv´ª
z=�NvÃ»Jn��t�kjtyuNn^gjfyi�k��=vx¨�k!whvxgS��vx{(|=fyn�{hn��Vwyn��·°!±�u=n��{hn�t5whv�gj��H¯��n�{lt5fhvx�&n�{)gSz=f�{hv�m�zN}¸k�wyvxgS��mGn�wyuNg���gS}xgSij��°
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�(�=n�t7z=wyvxgS���Vfhv�³jn���{hv�m�zN}¸k�wyvxgS��fhn�{yzN}�wh{k!fyn3iSvx³jn���v��º{yn�t5whvxgS� ON°&±�uNn�{yn3{yvxm�z=}�k!whvxgS��fyn�{yz=}xwy{t5}xn�k�fy}x�
vx�&�Vv�t�k�wyn�whu&k!w?�Sz={hvx�=i'�Vvxfyn?t5w§ª§m*k�|=|&n?��t�kSthu=n�{ywyfhz&t5whz=fyn�{�²�vx}x}=}xn�kj�3wyg'µjz=vxwyn�}xg!² |&n�fæ©XgSfhm*k��&t5n�}xn�³Sn�}M�
²�u=vx}xn�z={yvx�=i�{hgSmGn*k!{h{yg=t5v�k!whvx³�vxw§� �Vn�iSfyn�n�gS� gS��ªæthu=vx|Tt�kSthu=n�{�²�vx}x}�k!}x}xg!² kbuNv�iju=n�f�|Jn�f§©BgSfym�k!�&t7n
}xn�³jn�}§°&e(n�f§©BgSfym�k!�&t7n'kSthu=vxn�³jn���²�u=n��bz={hv��Ni�{y¹Sn�²^n���ªæk�{y{yg=t5v�k�wyvx³Sn�t�kSthu=n�{¯gjf�{hn�m�v´ª§z=�=v´»&n���t�kjtyuNn�{�v�{
|&k�fywhv¸t7z=}�k!fy}x��n��Jt5gSz=f5k!ijv��Ni&°
� ��� ��# ��-�$&�1�9���G	�������������	��	����¯�

±�u=n1{y¹Sn�²^n���ªæk�{y{yg=t5v�k�wyvx³Snt�kjtyuNngSfhi�k!�Nv�¨?k!wyvxgj��u&k�{��&n�n���fyn�t7n��Vwy}x��v��Vwhfyg=�Vz&t5n?��vx� ;xo�H=��o?��=y°
����� �����! #"�$&%('�$*)!+�)-,&�/.103254-"6$5)!"62576�
r {yn�wæªæk�{y{hg�t7v¸k�wyvx³Sn�t�kSthu=n�vx{�v�}x}xz={hwyflk�wyn��3�V��@(v�ijz=fyn��A9Vk�8 ²�k?�3{yn�wæªæk�{y{hg�t7v¸k�wyvx³Sn�t�kSthu=n�vx{,�=zNv�}xw,²�vxwhu
8¦�Vvx{ywhv��Jt5w^�Jk!�=¹V{�°jrT}xvx�=n�g!©9�Nk!wlk�²�v�whu��&k�{yn�kS�=�Vfhn�{y{&9 m�k?��&n�|=uV�V{yv�t�k!}x}x�3m*k!|N|&n��1gS��|Nu��V{hv¸t�k!}
}xvx�=n3:KC;9�E�vx��k!�V��g!©�wyu=n3�Vvx{ywyvx�&t7w��&k!�=¹V{?°

¥§��k/�=<��.%T��,�')��������	������������N	���	��������v?>�n�fhn��Vw^m�k!|=|=vx�=iq©Xz=�&t7wyvxgS�={�k!fyn�zN{yn��¶©XgSf,whu=n¯��v�{hwyvx�&t5w�t�kSthu=n
�&k��=¹V{'v§° nS°x��k�}xvx�=n�g�©¯�=k!w5k�²�vxwyu �Jk!{yn�kS�=��fyn�{h{@9
m�k?���Jn�m*k�|=|Jn��bgS��|=uV�V{yv�t�k�}^}xvx�=n@:BA&CC9�E1vx�
t�kjthu=n�&k��=¹*�1gSf�vx�D:�E�C;9�E�vx�[t�kSthu=n�&k��=¹�oS�Vn�wlt!°

±�uNv�{�³Sn�fy��{y}xvxiSuVw�m�g=�Vv´» t�k�wyvxgS�3vx�*whu=n�Vn�{hv�ij��v�{�vx}x}xz={ywhflk�wyn��Gvx� @(vxiSz=fhn�=°

���F� GH,5'�'�.I"6$5%KJ-,5�L.I���M #"6$&%ONQP&$&)RJ-"�'�$&.
¥§�={hvxiSuVwgS�bwyuNn�|=fhgS|Jn�fywhv�n�{'whu&k!wmGvxiSuVw�n5�=u=vx�=vxw�©Xz=�Jt5wyvxgS�N{�thu=gj{yn�� ©XgSf�{h¹Sn�²�vx�=i�whu=n�}xvx�=n�{vx�bwyu=n
�Vvx{hwyvx�&t5w't�kSthu=n��&k��=¹V{vx�Egjfl�Vn�f1wyg�gS�=w5k!vx�EkGiSgVg=�ºu=vxw¯f5k!whv�g�vx{�iSvx³Sn��Evx� ;�o.H=�,o��.=y°TSqn�fyn�²�n�gS�N}��
fhn�t�k!}x}(wyu=nvx�Vwyn�f§ª§�&k!�=¹���v�{h|&n�fy{yvxgj��|=fygj|&n�fyw§�V°

¥§�bk3z={yz&k�}�8�ª§²�k?�G{yn�wæªæk�{y{yg=t5v�k�wyvx³Sn�t�kSthu=nj��²�u=n�� C	8VU3o�E�}xvx�=n�{�g!©^�=k!w5k�t5gj�Vwyn��&�*©XgSf�wyu=n3{lk�m�n
{hn�w�vx��wyuNn�t�kSthu=nS�Vwhu=n��*k�fyn�k!}x} t7gS�1P&v�t5whvx�=i©BgSf�wyu=n�{lk!mGn�|=}�kjt5n�vx��wyuNnVW t�kSthu=n��&k��=¹V{�9Vgj�=n�g�©�wyu=n
}xvx�=n�{�m�z={hw^�Jnn�³Vv�t5whn���©Xfygjm wyu=n3t�kSthu=n�C�@(v�ijz=fyn��E�°

��¹Sn�²�n��jªyk!{h{yg=t5v�k!whv�³jn�t�kSthu=n�{^²�n�fyn�vx��whfyg=�Vz&t7n���whg'k?³Sgjv¸��wyu=vx{,{hv�whz&k!whvxgS���V�{lt�k!wywhn�fyvx�=i3wyuNn¯�=k�wlkA9
m�k!|=|=vx�=i1©Xz=�Jt5wyvxgS�N{¯t�k����&n3tyuNgS{yn��E{hz&thu�wyu&k�w�²�u=n��=n�³Sn�f¯w§²�g�}xvx�=n�{�g�©^�=k!w5k�t5gS�1PJv¸t7w�©Xgjf¯k3{yvx�=ij}xn
}xg=t�k!whvxgS��vx�Et�kjthu=n��&k!�N¹YXh�Jwyu=n���u&k?³Sn3³Sn�fy��}xg!² |=fygj�&k!�=vx}xvxw§��whg[t7gS�1P&v�t5w�©Xgjf¯k�}�g=t�k�wyvxgS�ºv��bt�kSthu=n
�&k��=¹[ZFC�@(vxiSz=fhn���E�°

¥y��n�k!}x}x����m*k!|N|=vx�=i�©Xz=�&t5whvxgS�={�m*k?��Jn¯thu=gj{yn���{hz&thu[k�{^whu=n�{hn�w�g!©�}xv��Nn�{,wyuJk!w�m�vxiSuVw��&n�m�k!|=|Jn��
gj� kbt�kSthu=n�}xvx�=n�g�©��&k!�=¹#X�²�vx}x}^�Jn�n?µSzJk!}x� �Vvx{ywhfyvx�=z=whn�� g!³Sn�f�k!}x},whu=n�}�vx�=n�{'vx� whu=n�gjwyu=n�f�t�kSthu=n
�&k��=¹V{�°

\qn�³Sn�fywyuNn�}xn�{y{�vxw,²�k!{�{yu=g!²���vx�#;xo�H�=�wyuJk!w,³jn�fy��|&k�fywhv¸k�}=vx�Vwyn�fæªM�&k��=¹��Vvx{y|Jn�fy{hv�gj��ijv�³jn�{�n�µjz=vx³Sk!}xn��Vw
|Jn�f§©BgSfym�k!�&t7n�k�{�t5gSmG|=}xn�wyn�vx��whn�f§ª§�&k��=¹*�Vvx{h|&n�fh{yvxgS�(°
���	] ^_NQ+a`b"67;c('�Nd.I���M #"6$5%KNQP5$&)RJ-"6'�$5.
±�u=n1©Mk�m�vx}x�'g�©^{y¹jn�²�vx�=i�©XzN�&t5wyvxgj�={�z={hn��[©XgSf�wyu=n3{yvxm�z=}�k!whvxgS�={�|=fyn�{yn��Vwyn?�bv��ºwyu=n3|&k!|Jn�fk!fhn�&k�{yn��
gj��m*k!�Nv�|Nz=}�k!wyvxgj�={�gj���=vxw¯{hwyfhv��NiS{3v�� kj�=�Vfhn�{y{hn�{�g!©��=k!w5k=°(±�u=n��Vn�ijfyn�n�{�g!©�{y¹jn�²�n�� k�{y{yg=t5v�k�wyvx³Vv�w§�
whu&k!w�²�n�fyn1{yvxm�z=}�k!whn���k!fhn'�'k��&�FH&°
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data tagdata tag

f

f(A0) = f(A1) = f(A2)

A0 A1 A2

@(vxiSz=fhn��?9=���=k!w5k't7gS�1P&v�t5whvx�=i3©XgSf�k1{yvx�=ij}xn¯{hn�w�gj�*k3w§²�g!ª§²�k?�3{yn�w§ªyk!{y{hg=t5v�k!wyvx³jn't�kSthu=n
data tagdata tag

f0 f1

A0  A1 A2

f0(A0)=f0(A1)=f0(A2)

f1(A1)

f1(A2)

f1(A0)

@(vxiSz=fhnE�A9 ��k!wlk�t7gS�1P&v�t5whvx�=ib©XgSf�k�t�kSthu=nb}�vx�=n�gj� �Jk!�=¹ �=�,�Nz=w��=gjw�gS� �&k��=¹QoºgS�Tkb{y¹jn�²^n?�jª
k�{y{yg=t5v�k�wyvx³Snt�kjtyuNn

QRQ éTS�U�V.W�X



 � ����A��" �����N+)��	��� �N"$�&�! ��I��� �����	��
* ��" �G4�4���1���A����+��	� �N 5,�+����� ���� 5��	

@Nfygjm �Ng!²�=²�n¶t5gj�={yv��Vn�f¯whu&k!w�wyu=n�t�kjtyuNn¶t5gj�={yvx{hwy{�vx�D8 t�kjthu=n'�Jk!�=¹V{¯�������3t�kSthu=n3}xvx�=n�{�g�©^���
�V�Vwyn�{?°

�·n�w�z={�t5gS�={hv��Vn�f�whu=nE�Vn?t5gSmG|&gj{yvxwyvxgS� g!©'kb�=vx�&k�fy� fhn�|=fhn�{yn��Vw5k!wyvxgj�Qg�©�k!�Tkj�=�Vfyn�{y{�r%vx� �Nv�w
{hz=�={ywhfyvx�=ij{�r	� C�
��� 
��j��
3E!��
VA�E���
VA�vx{�k��TU :��Nv�wh{^{hwyfhv��Ni&°�
3E�k��&��
��¯k�fyn�w§²�g'�Nv�wh{^{hwyfhv��NiS{
k��&��
 � vx{�wyu=n{hwyfhv��Ni�g!©9whu=nmGgS{yw){yvxiS�=v´» t�k!�Vw��=vxwy{?°

�·n�w�C�� ��� ��� ������� � E E��Jn'whu=n�=vx�&k�fy��fyn�|=fyn�{hn��Vwlk�wyvxgS�bg!© �!�	"$#&% E(' � �)#y�
#+* E °J��n�w�z={t5gS�N{yv��Vn�f�wyu=n

©XzN�&t5wyvxgj�-, �Vn7»&�=n���k�{�©XgS}x}xg!²�{�9
, 9/.H� �)����� ���10 o�230�4 .H� ������� ���10 o�2C5� ��� ��� �)����� � E E 0�4 C5� � 6 � E � � ��� ��� �)����� � � � � � E

²�u=n�fyn 6 vx{^whu=n38���� CXn5�&t5}xz={hv�³jngSf�E�gS|Jn�flk�wyvxgS�(°
�·n�w�z={�t5gj�={yv��Vn�f�whu=n�©BgSz=f3m*k�|=|=vx�=iG©Xz=�&t7wyvxgS�={3©BfygSm whu=n�m*k!vx��kS�=��fyn�{h{�{y|&kjt5n87¦vx� whu=n�t�kSthu=n
kj�=�Vfyn�{y{�{y|&kjt5n�Vn5»&�Nn���fyn�{y|Jn�t5wyvx³jn�}x���V� 9

: A 997 0:4 .H� ������� ���10To�2<;=.!� �)�>��� �����?�=0To�2C�
 � � 
 � � 
 E � 
 A E@0:4 C5, C�
 E E 6 ,
* E C�
 � E 6 
 � � 
 A E

: E 997 0:4 .H� ������� ���10To�2<;=.!� �)�>��� �����?�=0To�2C�
 � � 
 � � 
 E � 
 A E@0:4 C5, C�
 E E 6 ,
* E C�
 � E 6 
 E � 
 A E

:���997 0:4 .H� ������� ���10To�2<;=.!� �)�>��� �����?�=0To�2C�
� � 
�� � 
3E � 
VA.E@0:4 C5, * E C�
3E�E 6 , C�
���E 6 
�� � 
�A�E

:)�0997 0:4 .H� ������� ���10To�2<;=.!� �)�>��� �����?�=0To�2C�
� � 
�� � 
3E � 
VA.E@0:4 C5, * E C�
3E�E 6 , C�
���E 6 
3E � 
�A�E
Aq{yvx�=i�whu=n�{yn1©Xz=�Jt5wyvxgS�N{�©XgSf�m�k!|=|=vx�=i3�=k!w5k�gS��whu=n't�kjtyuNnn��={hz=fyn�{3k3fyn�k�{ygS�Jk!�=}xn'�Vvx{h|&n�fh{yvxgS��g�©

whu=n'kS�N�Vfyn�{h{yn�{�g!³jn�f�wyu=nt�kjthu=n�&k��=¹V{�9
B 9 � B-CDB XFE� Z � X	:D: # CC9�EG�L: # C C EIHK:KJ�CC9�E � :KJ�C C EK2�L(M?N�: CPO 9RQ�S C � ���?��� ET�

gjf,vx�'}xn�{h{,m*k�wyu=n�m�k!whv¸t�k!}!wyn�fym�{�9!wyuNn�{yn�w,g�©·�Nk!wlk�whu&k!w,k!fhn�m*k�|=|&n?�gj��whgk�{hvx�=iS}xn�}�vx�=n��V�m*k�|=|=vx�=i
©XzN�&t5wyvxgj�Y: A v�{�{y|N}�vxwhwyn���gj�*&H�}�vx�=n�{^�V��whu=ngjwyu=n�f�m�k!|=|Nv��Ni�©Xz=�&t7wyvxgS�={?°

S�k!f5�V²�k�fynt5gjm�|=z=w5k!whv�gj�={�g!©9whu=n�{hn�©Xz=�&t7wyvxgS�={�vx{�µjz=vxwyn�{hv�mG|=}xnNCXgj�=}x��k1©Xn�² 8��¯� iVk!whn�{)E
8[gSfyn�|=fhn�t5vx{yn��5z={ywhv´» t�k!whvxgS�={�©Xgjf^whu=vx{�thu=gSv�t5n�g!©�{y¹jn�²�vx�=i3©Xz=�&t7wyvxgS�={�m�k?�'�Jn�©XgSzN�&��vx� ;xo��.=9k!�J�

vx� ;xo�H�=y°
���+U V �/2&76+�)!�/` �T$ JH23'�7�"6)Rc
�(�IA�fyn�|=}�kSt5n�mGn��Vw�{hwyflk�wyn�ij�t�k!�=�NgSw��&n)v�mG|=}xn�m�n���whn���k�w9k�fhn�k!{hgS�&k��=}xn^u&k�fl�V²�k!fhn^t5gj{yw�gS�k�{h¹Sn�²�n��
k�{y{yg=t5v�k�wyvx³Snt�kjtyuNnS°1\qn�³Sn�fhwyu=n�}�n�{y{��·|={yn�zJ�Vg!ªy���IA {hwyflk�wyn�ij��²�vxwyu�whu=n�{lk!mGn�w5k!i�m�n�m�gSfhvx¨�k!whv�g!��t5gj{yw
k�{�k����IA fyn�|=}�kjt5n�m�n���w�{hwyf5k!wyn�iS��gS��k3{yn�wæªæk�{y{yg=t5v�k�wyvx³Sn't�kSthu=nu&k�{��&n�n���{yuNg!²���wyg��Jnn >�n�t5whvx³SnS°
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����� � +�4��� �+a4 � )!'�.�J
Aq{yvx�=i3wyu=n�|=fygj|&gj{yn��G{y¹jn�²�n���k!{y{hg=t5v�k!wyvx³jn�t�kSthu=n�gSfhi�k��=vx¨�k!whv�gj��vx��|=}�kSt5n�g!©9k�{hn�w§ªyk!{h{yg=t5v�k!whv�³jnt�kSthu=n
gjfyi�k��=vx¨�k!whvxgS��²�vx}x}=vx�&�Vz&t5n�k�m*k�fyijv��Jk!}Vu&k!f5�V²�k!fyn�g!³Sn�f5t5gS{hw^vx��whu=n�mGv¸t7fygS|Nfyg=t5n�{h{ygSf�9Vn�{y{hn��Vwyv�k!}x}x�3wyu=n
mGn�thu&k!�=vx{hm wyg�t5gjm�|=zNwyn�whu=n|=fhn�³VvxgSz={h}�����n�{lt5fhvx�&n��[©Xz=�Jt5wyvxgS�N{&:)#,v§° nj°=k³jn�fy��©Xn�² 8��¯� iVk!whn�{�°
� � �.���$J�� º���E��-4	��	q�*���

±�u=n�m�k��5gjf¯k!fhiSz=mGn��Vw�whu&k!wvx{kS��³Sk!�&t5n?�º©XgSf�z={hv��Ni[��v�fhn�t5wæªMm�k!|=|Jn��bt�kSthu=n�{3flk�wyu=n�fwyu&k��E{hn�wFCXgSf
{h¹Sn�²�n��AE�k!{h{yg=t5v�k!whvx³Snt�kSthu=n�{�vx{¯k3{hu=gSfhwyn�f�t�kSthu=nuNv�w�whvxm�n�CBv§° nj°=wyuNn���n�}�k?��©Xgjf�kSt�t5n�{y{yvx�=i�k��=k!w5k3vx�
whu=n't�kjtyuNngS��k3u=vxw)EN;×�.=y°

r t�kSthu=n�fyn�kj��gS��k��Vvxfyn�t7w§ª§m*k!|N|&n���t�kjthu=nm*k?�3�Jn���n�t5gSmG|&gj{yn��Gvx�Vwyg3w§²^g�t7gS�={hn�t5z=whv�³jn{ywhn�|={�9
oS°���n�kj�Gwyu=n�²�gSfl��k��&��k!{y{hg=t5v�k!wyn?��w5k!ij{�v���t�kjthu=n
�=°���u=n�th¹�wyu=n�w5k!iS{�k�i�k�v��N{yw�wyu=n'kj�=�Vfhn�{y{�g!©9whu=n'�=k�wlk

	TuNv�}xn�k�t�kSthu=nfhn�kS�Ggj�[k  HªM²�k?��{yn�wæªæk�{y{hg�t7v¸k�wyvx³Sn3t�kSthu=nt5gj�={yvx{ywh{�vx��wyu=fhn�n't5gj�={yn?t5z=wyvx³jn{ywhn�|={�9
oS°���n�kj��k{hn�w�g�©9��²^gjfl�V{�k!�&�Gk!{h{yg=t5v�k!whn���wlk�iS{
�=°���|&k!f5k!}x}xn�}�wlk�i¶thu=n�th¹V{¯k�i�k�v��N{yw�wyuNn�kj�=�Vfhn�{y{�g!©,wyu=n�=k�wlk
�=°��Vn�}xn�t5whvxgS��g!©,wyuNn�t7gSfyfhn�t5w�²�gSfl�Gvx��whu=n�{yn�w

±�u=vx{,n7��whflk�{hwyn�|Gvx�&�Vz&t5n�{�k�u=vxiSuNn�f,u=vxw,whv�mGn,gS��k�{hn�w§ªyk!{h{yg=t5v�k!whv�³jn¯t�kjthu=n�wyu&k���gS��k��Vvxfyn?t5w§ª§m*k�|=|&n?�
t�kjthu=nS�J�=z=w��Vv >�n�fyn��&t5n�{��Jn�w§²^n�n���wyuNn�{yn3u=vxw^whvxm�n�{�m*k?�3�=gSw��Jn�³Sn�fh��{yvxiS�=v´» t�k!�Vw E °

\qn�³Sn�fywyuNn�}xn�{y{?�=²�u=n��Gz={yvx�=i�k�Vvxfhn�t5w§ª§m*k�|=|Jn���t�kSthu=nj�=�=k!w5k�CBgSf,vx�={hwyfyzJt5wyvxgS�N{)E P&g!²�vx�=i�gSzNw,©XfhgSm
whu=n't�kjtyuNnm*k?�3�&n3�Vvxfyn�t5wh}x��z={hn���k?©Bwyn�f�{hwyn�| oj�=�Jn�t�k�z={yn'thu=n?ty¹Vvx�=iGwyu=n�³Sk!}xv��Vvxw§�3g!©,wyu=n�=k�wlk3²�gSf5�
m�k?���&nbn5�=n�t5z=whn�� v�� |&k!f5k!}x}xn�}�²�vxwyuTgjwyu=n�fG|=vx|&n�}�vx�=n�kjt5wyvx³Vvxwyvxn�{�°�±�u=nbt5z=fyfhn��Vw�|=vx|&n�}xvx�=nEt7��t7}�nºv�{
t�k��&t5n�}xn��[vÃ©�wyu=n3�=k!w5kFCXgSf�vx�={hwyfhz&t5wyvxgj�={)E�vx{�©Xgjz=�&��whg��&n1z=�V³Sk!}xv���°

Aq{yvx�=iG{yz&thu k!�bgS|Nwyvxm�vx{ywhv�t�n7��n?t5z=wyvxgj��gS��k��Vvxfyn?t5w§ª§m*k�|=|&n?�Et�kjthu=n�k!}x}xg!²�{�whg*gj�=wlk�vx�Ek�t�kSthu=n
u=vxw�wyvxm�n�{yvxiS�=v´» t�k!�Vwy}x��}xg!²�n�f�wyuJk!��gj�Ek�t5}�k!{h{yv�t�k!}�{hn�w§ªyk!{h{yg=t5v�k!whv�³jn't�kjtyuNn C5o�O?ªy�S��
 k!fhn'fhn�|JgSfywhn��AE�°�

±�uNn�{yn�m�v´ªMzN�=v´»&n���t�kjtyuNn*gjfyiVk!�=vx¨�k�wyvxgS��²�k!{3vx��whfyg=�Vz&t7n�� v�� ;GO.=�vx� gjfl�Vn�f�wygbm*k!vx�Vwlk�vx�Ek�}xg!²
t�kjthu=nu=vxw�wyvxmGn�²�u=vx}�n�vx�Vwyfhg���z&t5vx�=i3{ygSmGn�gj�Vªæthu=vx|�t�kjtyuNn'k!{h{yg=t5v�k!whv�³Vvxw§�V°

r {yn�m�v´ªMzN�=v´»&n���t�kjtyuNn¯gjfyiVk!�=vx¨�k�wyvxgS��t5gS�N{yvx{ywh{�g!©9w§²�g'�Vvx{hwyvx�&t5w�vx�={hwyfyzJt5wyvxgS��S�=k�wlkt�kjthu=n�{�²�uNn�fyn
whu=n'vx�={hwyfhz&t5wyvxgj�«t�kjthu=n CBfyn�{h|�°��=k�wlkGt�kSthu=n�E�vx{�zN{yn��bk!{�wyu=n3{yn�t7gS�&�=k�fy�Et�kSthu=n1©XgSf��=k!w5k CXfhn�{y|(°�vx�={§ª
whfyz&t5whvxgS�={�E�°
]���� ������P5�T$&)!"�$&% + 4-����P5�T.�J#'�$ + .I�T` "�� P5$&"��V���()!+�)-,5�
±�u=n1{yn�µjz=n��Jt5vx�=i�g�©�k!��vx�={hwyfyzJt5wyvxgS��fhn�µjz=n�{yw�k!w�kj�=�Vfyn�{y{�r¦vx{�k�{�©XgS}x}xg!²�{�9
oS°�wyu=n1fyn�µjz=n�{hw�vx{�|=fhn�{yn��Vwhn���whg�wyu=n�¥Bªyt�kSthu=nF9
�=°�gS� k�m�vx{y{?��wyuNn�fyn?µSzNn�{yw�vx{3|=fyn�{hn��Vwyn�� whgEwhu=n �qªyt�kSthu=nS°*@Nfygjm �=g!²��wyuNv�{1»&fh{yw§ª§}xn�³Sn�}�t�kSthu=n
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u=vxiSuG{y|Jn�n��jª§z=| JJwyg�fhn�kSthu�wyuNn{lk�m�n�gSf5�Vn�f�g!©9uNv�w�f5k!whv�g3²�vxwyu�k��?ª§²�k?�3{yn�wæªæk�{y{hg�t7v¸k�wyvx³Sn3t�kSthu=n
CXfhn�{y|�°��Vvxfhn�t5w§ª§m*k�|=|Jn���t�kSthu=n�E1��o�j®��V�Vwyn�{NCXfyn�{y|�°��S�j®����Vwhn�{)E�k!fyn��=n?t5n�{y{5k!fh��°

� ��� 4A� ���+��9�VzNn�wyg�k�}�k�fyiSn��Vz=m��Jn�f�g!©�{h�V�&thu=fygj�=vx¨�k!whv�gj�={��·wyu=nG{y|Jn�n��jª§z=| vx{fyn�}�k�wyvx³Sn�}x��}xg!²
k!�&�ºvxw�{hn�n�m�{�whu&k!w�wyuNn�fynGv�{�}xg!²¦�&n��Nn5»&w3v��ºv��Jt5fyn�k�{yvx�=i�wyuNn���zNm��&n�f�g!©^|Nfyg=t5n�{h{ygSfh{©BfygSm H
wyg���gSfGo��=°�\�n�³Sn�fhwyu=n�}xn�{h{��)z={yvx�=ib{ygjm�n�k!{y{hg=t5v�k!wyvx³Vvxw§�Egj� whu=n*t�kjthu=n*t5}xn�k�fy}x� �Vf5k!m*k�wyv�t�k�}�}x�
vxm�|=fhg!³Sn�{�|&n�f§©Xgjfym*k��&t5nS°

� ��� 	���&"$���=<��!��whu=n�fyn�vx{k�µjz=vxwyn3fyn�ijz=}�k!f��&n��=n5»&wvx��vx�&t7fyn�k�{yvx�=i�whu=n'{hvx¨�n�g!©^whu=n�t�kSthu=n�{?° @NgSf
k�mGgS�=gj|=fyg=t5n�{y{ygjf���whu=n�|&n�fæ©XgSfhm*k��&t5n�gj�=wlk�vx�=n���²�vxwhu kb�Vvxfyn�t5wæªMm�k!|=|Jn�� t�kSthu=n�vx{¶t7}�gj{yn�wyg
|&n�f§©Xgjfym*k��&t5ngj�=wlk�vx�=n���²�vxwyu�k�{y{yg=t5v�k�wyvx³Sn't�kSthu=n�{?���=z=w�wyu=n|Jn�fæ©XgSfhm*k!�Jt5ni�k�|E�Vf5k!m*k�wyv�t�k�}�}x�
vx�&t5fyn?k!{yn�{¯²�vxwhu�wyuNn�Vz=m��&n�f^g�©9|=fhg�t7n�{y{hgSfy{?°
\�gjwyv�t5n3wyu&k�w�wyuNnvx�1P&z=n��Jt5n'g�©^t�kSthu=n3{yvx¨�n3vx��wyu=vx{�k!|=|=}xv�t�k�wyvxgS�Gv�{�t5}xn�k!fh}x�*vx}x}xz={ywhflk�wyn����V�Gwyu=n
�&n�u&k?³Vv�gjf�g�©^wyu=n3{yn�m�v´ªMzN�=v´»&n���t�kSthu=n�²�uNv¸thu�n7��uNv��Nv�wh{�u=vxiju=n�f�|&n�f§©Xgjfym*k��&t5nwhu&k!�ºwyu=n3gSwhu=n�f
t5gS��»&iSz=f5k!whv�gj�={�©Xgjf��S®��V��whn�{�°

� ��� -
4�� ,��&vx�&t7fyn�k�{yvx�=i�whu=n�t�kSthu=n{hvx¨�n¶k�}x{yg�fyn�{yz=}xwy{�vx��k�t5}xn�k�f�|Jn�f§©BgSfym�k!�&t7n�&n��=n5»&w?° e�k�fywyv´ª
t5z=}�k!fh}x��©XgSf��S�S®��V�Vwyn�{�t�kSthu=n�{?�Svx�&t7fyn�k�{yvx�=iwhu=n�|=fyg=t5n�{y{ygjf��Vz=m��&n�f9vx{,²�gSfhwyuV²�u=vx}xn^²�uNn���{ygjm�n
k!{h{yg=t5v�k!whv�³Vvxw§��vx{�k?³Sk!vx}�k!�=}xn�gj��wyuNn't�kSthu=n3k!�&��|&k!fhwyv�t5z=}�k!fh}x��{y¹Sn�²^n��ºk!{y{hg=t5v�k!wyvx³Vvxw§��°

��23�T� ���BP&2&.
r�{�©Xgjfyn�{hn�n�k!�N}�nj��z={yvx�=i�{hgSmGn[k�{y{hg�t7v¸k�wyvx³Vvxw§��v�� t�kSthu=n�{Gvxm�|=fhg!³Sn�{�g!³jn�flk�}�}�¥ye)� |&n�fæ©XgSfhm*k��&t5nG©XgSf
mGgS�=gj|=fyg=t5n�{h{ygjfy{��Nvxw�k!}x{yg�kSthu=vxn�³jn�{��&n�wywyn�f¯{h|&n�n��jª§z=|={�C�»&ijz=fyn ��E�°

	���&"$��� <��3k!�&� %T���3�.+�n5�=u=vx�=vxwh{¯ijgVg��º{y|Jn�n���ªMz=|N{��(²�u=vx}�n3|Jn�f§©Xgjfym�k!�&t5n3gS� 4A� ��&+�vx{¯�NgSw�{yvxiS�NvÃ»Nª
t�k��Vwy}x��v��Jt5fyn�k�{yn��º²�u=n��ºz={yvx�=i���gSf'o?�3|=fyg=t5n�{y{ygjfy{f5k!whu=n�f�whu&k!� H�|=fyg=t5n�{h{ygjfy{�°L- 4�� ,�²^gjz=}��G�=n�n��
µjz=vxwyn�}�k!fhiSn^t�kjthu=n
C§�S�j® �V�Vwyn�{)E,k��&�k�ijgVg��1k!{y{hg=t5v�k!wyvx³Vvxw§��mGn�thu&k!�=vx{hmQwhg�gS�Nwlk!vx�'kq}�k!fyijn,{y|Jn�n���ªMz=|(°

\qn�³Sn�fywyuNn�}xn�{y{?�&vxw�{hn�n�m�{�wyuJk!w�z={hv��Ni��gjfo��1|=fyg=t5n�{h{ygjfy{�²^gjz=}����Jnkijg�g=��|&n�fæ©XgSfhm*k��&t5n ��|=fyv�t5n
whflkS��n5ªMg > 9,k�{�|&gjvx��whn���gjz=w3v���whu=n�vx��whfyg=�Vz&t7wyvxgS���(wyuNn*uJk!fl��²�k�fyn*t7gS{yw�g�©�k�� ��gjf*o?��|=fhg=t5n�{y{hgSfh{
{h��{hwyn�m%²�vx}x}J�&n³jn�fy��t5}xgS{hnwyg3wyu=n1u&k!f5�V²�k�fynt5gj{yw�g�©�k�H�ªM|=fhg=t5n�{y{hgSf�{y�V{ywhn�mE°

e é!ÚBÕÃÔ



���������
	���	������������	������������������! #"$�&%(')	������*����&+)��,�-��.-/�&+���-0�1"2����'3-���	.+)��45+)��	���������+�� o��

1 4 8 12
Processors

0

1

2

3

4

5

6

7

8

9

10

Sp
ee

du
p

cholesky
Cache size: 2 * 8192 bytes

direct-mapped

2-way set-associative

4-way set-associative

2-way skewed-associative

4-way skewed-associative

semi-unified

1 4 8 12
Processors

0

1

2

3

4

5

6

7

8

9

10

Sp
ee

du
p

Mp3d
Cache size: 2 * 8192 bytes

direct-mapped

2-way set-associative

4-way set-associative

2-way skewed-associative

4-way skewed-associative

semi-unified

1 4 8 12
Processors

0

1

2

3

4

5

6

7

8

9

10

Sp
ee

du
p

pthor
Cache size: 2 * 8192 bytes

direct-mapped

2-way set-associative

4-way set-associative

2-way skewed-associative

4-way skewed-associative

semi-unified

1 4 8
Processors

0

1

2

3

4

5

6

7

8

9

10

Ins
tru

cti
on

s p
er

 cy
cle

s

water
Cache size: 2 * 8192 bytes

direct-mapped

2-way set-associative

4-way set-associative

2-way skewed-associative

4-way skewed-associative

semi-unified

@(vxiSz=fhn H 9=e(n�f§©Xgjfym�k!�&t5n�9=t�kSthu=n{hvx¨�n'� ���'®��V�Vwyn�{



o.H � ����A��" �����N+)��	��� �N"$�&�! ��I��� �����	��
* ��" �G4�4���1���A����+��	� �N 5,�+����� ���� 5��	

1 4 8 12
Processors

0

1

2

3

4

5

6

7

8

9

10

Sp
ee

du
p

cholesky
Cache size: 2 * 16384 bytes

direct-mapped

2-way set-associative

4-way set-associative

2-way skewed-associative

4-way skewed-associative

semi-unified

1 4 8 12
Processors

0

1

2

3

4

5

6

7

8

9

10

Sp
ee

du
p

Mp3d
Cache size: 2 * 16384 bytes

direct-mapped

2-way set-associative

4-way set-associative

2-way skewed-associative

4-way skewed-associative

semi-unified

1 4 8 12
Processors

0

1

2

3

4

5

6

7

8

9

10

Sp
ee

du
p

pthor
Cache size: 2 * 16384 bytes

direct-mapped

2-way set-associative

4-way set-associative

2-way skewed-associative

4-way skewed-associative

semi-unified

1 4 8
Processors

0

1

2

3

4

5

6

7

8

9

10

Ins
tru

cti
on

s p
er

 cy
cle

s

water
Cache size: 2 * 16384 bytes

direct-mapped

2-way set-associative

4-way set-associative

2-way skewed-associative

4-way skewed-associative

semi-unified

@(vxiSz=fhn�OA9=e(n�f§©BgSfym�k!�&t7n�9&t�kjthu=n�{yvx¨�n'� ��o?S®��V��whn�{



���������
	���	������������	������������������! #"$�&%(')	������*����&+)��,�-��.-/�&+���-0�1"2����'3-���	.+)��45+)��	���������+�� o�O

1 4 8 12
Processors

0

1

2

3

4

5

6

7

8

9

10

Sp
ee

du
p

cholesky
Cache size: 2 * 32768 bytes

direct-mapped

2-way set-associative

4-way set-associative

2-way skewed-associative

4-way skewed-associative

semi-unified

1 4 8 12
Processors

0

1

2

3

4

5

6

7

8

9

10

Sp
ee

du
p

Mp3d
Cache size: 2 * 32768 bytes

direct-mapped

2-way set-associative

4-way set-associative

2-way skewed-associative

4-way skewed-associative

semi-unified

1 4 8 12
Processors

0

1

2

3

4

5

6

7

8

9

10

Sp
ee

du
p

pthor
Cache size: 2 * 32768 bytes

direct-mapped

2-way set-associative

4-way set-associative

2-way skewed-associative

4-way skewed-associative

semi-unified

1 4 8
Processors

0

1

2

3

4

5

6

7

8

9

10

Ins
tru

cti
on

s p
er

 cy
cle

s

water
Cache size: 2 * 32768 bytes

direct-mapped

2-way set-associative

4-way set-associative

2-way skewed-associative

4-way skewed-associative

semi-unified

@(vxiSzNfynA9=e(n�fæ©XgSfhm*k!�Jt5n�9&t�kSthu=n{hv�¨�n�� ���S�3®����Vwhn�{



o? � ����A��" �����N+)��	��� �N"$�&�! ��I��� �����	��
* ��" �G4�4���1���A����+��	� �N 5,�+����� ���� 5��	

4 8 12
Processors

0

1

2

3

4

5

6

7

8

9

10

Sp
ee

du
p

cholesky
Cache size: 2 * 16384 bytes

4 8 12
Processors

0

1

2

3

4

5

6

7

8

9

10

Sp
ee

du
p

Mp3d
Cache size: 2 * 16384 bytes

4 8 12
Processors

0

1

2

3

4

5

6

7

8

9

10

Sp
ee

du
p

pthor
Cache size: 2 * 16384 bytes

4 8
Processors

0

1

2

3

4

5

6

7

8

9

10

Sp
ee

du
p

water
Cache size: 2 * 16384 bytes

@(vxiSz=fhn �?9V{y|Jn�n��VzN|={�J�t�kSthu=n{hv�¨�n�� ��o�j®��V�Vwyn�{



���������
	���	������������	������������������! #"$�&%(')	������*����&+)��,�-��.-/�&+���-0�1"2����'3-���	.+)��45+)��	���������+�� o �

^ $&+�7Fc � "6$&%(+�.I.I'�)!"6+/J-" �&";JBc
¥§��gSf5�Vn�f�whg�u&k?³Sn�k�Jn�wywhn�f�n�³Sk!}xz&k!whvxgS��g!©�wyu=n�vxm�|JkSt5w,g�©9z={hvx�=i�k!{h{yg=t5v�k!whv�³Vvxw§�3gS�*t�kSthu=n�{�v��Gm�z=}xwyv´ª
|=fhg=t5n�{y{hgSfh{��j²^n�flk��wyu=n�{yvxm�z=}�k�wyvxgS�={�t5gj�={yv��Vn�fhvx�=i�|=fyg=t5n�{h{ygjfy{,z={hvx�=i¯� ����Oj�®��V�Vwyn�{,�Vvxfyn?t5w§ª§m*k�|=|&n?�
t�kjthu=n�{��Vwhu=n���²�n^zN{yn��3whu=n�{yn�|&n�f§©Xgjfym*k��&t5n�fyn�{hz=}xwy{�vx�gSf5�Vn�f�wyg��=gSfhm*k�}�vx¨�n�whu=n�|=fyn�³�vxgjz={y}x�fhn�|&gjfywhn��
fhn�{yz=}xwh{�°	�n¯�Vn7»&�=nwhu=n�=gjfym*k�}xv�¨�n��3|&n�f§©Xgjfym*k��&t5n�g!©�wyu=n3k!|=|=}xv�t�k�wyvxgS��k�{�wyu=nf5k!whv�g

������� �	� #�
	�
��������� �	� #�
	�
�����#�� ��� ��� 
 ��� ��� 
	���	�� ��� � 
 ��� �	� � � � � ��!K� � �#" � #���
 � � * ���  � $
#� � � �	� 
 � @(vxiSz=fhn���v�}x}xz={hwyflk�wyn�{whu=vx{��=gSfhm*k!}xvx¨�n���|&n�f§©Xgjfym*k��&t5nq©XgSf�k�t�kjthu=n�{yvx¨�ng�©�o��®��V�Vwyn�{?°
�9�Nt7n�|=w�©XgSf�- 4��1,²�uNv¸thu�{hn�n�mG{¯whg�fhn�µjz=vxfyn�k!w�}xn�k!{hw�kG�S�G®��V�Vwyn�{��Nk!wlkGt�kSthu=nj��z={yvx�=i�kG� �=o?

®��V�Vwyn�{�k!{y{hg=t5v�k!wyvx³jn¯t�kjtyuNn{ywhfyz&t5whz=fyn3k!}x}xg!²�{^whg¶kjtyuNv�n�³Sn�wyu=n�{5k!m�n�}xn�³jn�}�g�©9|Jn�f§©BgSfym�k!�&t7n¯k!{�k���Oj
®��V�Vwyn�{��Vvxfyn�t5wæªMm�k!|=|Jn���t�kjtyuNnS°

¥§w�m*k?�G�&n3�=gSwhv�t5n��ºwyu&k�w¯whu=vx{�vx�&�Vv�t�k�wyn�{�whu&k!w?�&²�uNn��«k��«k�{y{hg�t7v¸k�wyvx³Sn3t�kSthu=n�{hwyfyzJt5wyz=fhn�vx{�zN{yn��
gj� wyuNn*mGv�t5fygj|=fyg=t5n�{h{ygjf�tyuNv�|(�9kº{yn�t7gS�&�jª§}xn�³Sn�}¯�Vvxfyn?t5w§ª§m*k�|=|&n?� t�kjtyuNn*{hm*k�}�}xn�f�whu&k!� O=o?��®��V��whn�{
²�vx}x}�|=fhgS�&k��=}x���=gjw�n��Nu&k!�&t7n'|Jn�f§©BgSfym�k!�&t7n�9J²�u=n��Ek�{yn�t5gj�&�jª§}xn�³Sn�}�t�kSthu=n3vx{�z={hn����Jwyu=n3iS}xgj�&k!}�mGv�{h{
|Jn��&k�}�w§�bgS��kG{yn�t7gS�&�jª§}xn�³Sn�}�t�kjthu=n�m�vx{y{�vx{¯uNv�iju=n�fwhu&k!�bwyuNn�m�vx{y{�|&n��Jk!}xw§��²�vxwyu=gjz=w�{yn�t7gS�&�jª§}xn�³Sn�}
t�kjthu=nS�,mGgSfhn�g!³Sn�f1m*k!vx�Vwlk�vx�=vÃ�=i�t�kSthu=n�t5gju=n�fhn��&t5� v�{3m�gjfyn�t5gjm�|=}xn5� k!�J�bm*k!vx�Vwlk�vx�=vx�=i�vx�&t5}xz={hvxgS�
|=fhgS|Jn�fyw§��vx�&�VzJt5n�{�n7��whflk1»&fh{yw�}�n�³Sn�}(m�vx{y{hn�{ ;×�.=y°
% 	B¡!½�£� �¿ ��¢ �
�,½=Â�£!¢&£���½=�
	TuNn���z={yvx�=i3� �=o?S®��V�Vwyn�{,�Vvxfyn?t5w§ª§m*k�|=|&n?��t�kSthu=n�{?�!©BgSf,whu=n�©XgSzNf�k�|=|=}xv�t�k!whvxgS�={�wyuNn��=gSfhm*k!}xvx¨�n���|&n�fæª
©Xgjfym�k!�&t5n���n�t5fyn?k!{yn�{�µjz=vxwhn�{yvxiS�=v´» t�k!�Vwy}x�3²�u=n���whu=n��Vz=m��&n�f,g!©�|=fhg=t5n�{y{hgSfh{�vx�&t5fhn�k!{hn�{�9Nwyu=n��Vz=m��Jn�f
g�©9t�kSthu=n�m�vx{y{hn�{,vx{,{yvxij�=v´» t�k!�Vwh}��1u=vxiSu=n�f�wyuJk!��²�u=n��Gz={yvx�=i3� �S��OS�®��V��whn�{�t�kSthu=n�{�k��&�3wyuNn��Vz=m��Jn�f
g�© t�kSthu=n�mGvx{y{yn�{�{yn�fy³Sn?�3����whu=n�t�kSthu=n�{,g�©&wyuNn^gjwyu=n�f�|=fhg=t5n�{y{hgSfh{^vx{�m�gjfyn�}xv�mGvxwyn����5whu=n��3wyu=n�m�n�m�gSfh�
vx{�flk�|=v��V}x��{lk�wyz=f5k!wyn?��°
&�½ �	X¿ �
� 	(',½�Â�£�¢&£���½��
¥§w(m�z={yw��Jn,|JgSvx�Vwyn���gjz=w�wyuJk!w�whu=n,|Jn�f§©BgSfym�k!�&t7n^kSthu=vxn�³jn���²�u=n��1z={yvx�=i��Vvxfhn�t5w§ª§m*k�|=|Jn���{yn�m�v´ªMzN�=v´»&n��
t�kjthu=ngSfhi�k��=vx¨�k!whv�gj��vx{�t5}xgS{hn�f�wyg�whu=n�Jn�u&k?³VvxgSf�g!©,k3{yn�w�gSf�k1{y¹Sn�²^n���ªæk�{y{yg=t5v�k�wyvx³Sn't�kSthu=n{hwyfyzJt5wyz=fhn
whu&k!� wygbwyuNn*�Jn�u&k?³VvxgSf3g!©kE��v�fhn�t5wæªMm�k!|=|Jn�� t�kSthu=n�{ywhfyz&t5whz=fynj°^±�uNv�{�vx{3|&k!fhwyv�t5z=}�k�fy}x�Evx�Vwyn�fyn�{hwyvx�=i
�Jn�t�k�z={yn�whu=n¶t�kSthu=nu=vxw�wyvxm�n�gS��k�{yn�mGvÃª§z=�=v´»&n?�*t�kSthu=n3v�{�³jn�fy�bt5}xgS{yn1wyg�whu=n't�kjthu=n'uNv�w�wyvxm�n�gS�Ek
�Vvxfhn�t5w§ª§m*k�|=|Jn���t�kSthu=nS°

	 u=n��bwyu=n�t�kjthu=n�{yvx¨�n�vx�&t5fhn�k!{hn�{��(wyuNn�|&n�fæ©XgSfhm*k��&t5n3²�u=n���z={hv��Ni*kG{yn�mGv´ªMz=�NvÃ»Jn���t�kjtyuNn�gSfhi�kHª
�=vx¨�k�wyvxgS�b�Jn�t5gSmGn�{{h}�vxiju�wh}x��}xg!²^n�f�whu&k!��²�u=n���z={yvx�=i�{hn�wgjf{y¹jn�²^n?�jªæk�{y{hg�t7v¸k�wyvx³Sn�{h|=}xvxw¥Bª � t�kSthu=n
gjfyi�k��=vx¨�k!whvxgS� JVwhu=vx{�v�{��Vz=n1wyg*)y}xn�{y{#+�k!{h{yg=t5v�k!whv�³Vvxw§��k!�J��gj�VªytyuNv�|�t�kjthu=n�m�vx{y{�|&n��&k!}xwyvxn�{?°
&-,J½�À1½�Â(¿h¢&����Á�£ 	B¢= �	/.J½�£!¢J£��9½=�
e(n�fæ©XgSfhm*k!�Jt5n�kSthu=vxn�³jn��3²�u=n���z={hvx�=i{y¹jn�²�n��jªyk!{y{hg=t5v�k!wyvx³jn�t�kSthu=n�{�vx{,u=vxiSuNn�f,wyuJk!�3²�u=n���zN{yvx�=i�z={yzJk!}
{hn�w§ªyk!{h{yg=t5v�k!whv�³jn¶t�kSthu=n�{?° @=gjf�n5�&k�m�|=}xnS�j©Xgjf¯kG� �=o?S®��V�Vwyn�{�t�kSthu=n3{yvx¨�n'k��&��kG�?ª§|=fyg=t5n�{h{ygjf{y�V{ywhn�mE�
whu=n¯k?³jn�flk�iSn��NgSfym�k!}xvx¨�n��1|&n�f§©Xgjfym*k��&t5n�kjtyuNv�n�³Sn��3gj��gSzNf,{yn�w�g!©��Jn��&thu=m�k!fh¹�{)v�{�oS°×��O�²�vxwhu�kNH!ª§²�k?�
{h¹Sn�²�n��jªyk!{h{yg=t5v�k!whv�³jnEt�kjtyuNnS��oS°×�S��²�vxwhu k��HªM²�k?��{y¹jn�²�n��jªyk!{y{hg=t5v�k!wyvx³jn[t�kSthu=nS���=°×�j��²�vxwyu k H!ª§²�k?�
{hn�w§ªyk!{h{yg=t5v�k!whv�³jnt�kSthu=nS�V�=°×�j��²�vxwyu�k�HªM²�k?�{yn�w§ªyk!{y{hg=t5v�k!wyvx³jn¯t�kjtyuNnS�=�=°×�S��²�vxwyu�k1{yn�m�v´ªMzN�=v´»&n��3t�kSthu=n
k��&���=° H��1²�vxwyu*k���v�fhn�t5wæªMm�k!|=|Jn���t�kSthu=nj°
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Cache size: 2 * 16384 bytes
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Cache size: 2 * 16384 bytes
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Cache size: 2 * 16384 bytes
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Cache size: 2 * 16384 bytes

@(v�ijz=fyn�?9-\�gSfhm*k�}�vx¨�n?�3|&n�fæ©XgSfhm*k��&t5n�gS��wyuNn�©BgSz=f��Jn��&thu=m�k!fy¹V{



���������
	���	������������	������������������! #"$�&%(')	������*����&+)��,�-��.-/�&+���-0�1"2����'3-���	.+)��45+)��	���������+�� o��
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�)z=vx}��Vvx�=i¶k1fyn�}¸k�wyvx³Sn�}���}xg!²�ªyt5gS{hw�{yu&k�fyn��GmGn�m�gjfy�3m�z=}xwyv´ªMm�vxt5fygj|=fyg=t5n�{y{ygjf^{h�V{ywyn�m%u&k!{��Jn�t5gjm�n�©Bn�k?ª
{hv��N}�n�²�vxwyu�t5zNfyfyn���w�m�v�t5fhgS|=fhg�t7n�{y{hgSf�wyn?tyuN�=gS}xgSij��°

¥§� whu=vx{�|&k�|&n�f?��²^n�uJk?³Sn�n5�=|=}xgSfhn�� wyuNnE³Vv�k!�=vx}xvxw§�Eg�©�=z=vx}��Vvx�=i«kb{hvx�=iS}xn5ª§�=z={G{yvx�=iS}xn�m�n�m�gSfh�
m�z=}xwhvÃª§m�vxt5fygj|=fyg=t5n�{y{ygjf�{y�V{ywhn�m ²�v�whu=gSzNw9zN{yvx�=ik!�V��{yn�t7gS�&�jª§}xn�³Sn�} t�kjthu=nS°V�Vz&thu�k!��k!|=|Nfyg�kjthu¶t5}xn�k�fy}x�
fhn��Vz&t5n�{�wyu=n�u&k!f5�V²�k!fyn�t7gS{yw)g!©&whu=n�{y�V{ywhn�mE°!�VzJtyu�k�}xg!²�ªyt5gS{hw�m�z=}xwyvx|=fhg=t5n�{y{hgSf�{y�V{hwyn�m m*k?���&n�zN{yn��
k�{¯k3{yw5k!�&��ªæk�}�gj�=n�m�kSthu=vx�=nS°V±�uNv�{�{hwyfhz&t5wyzNfyn3m*k?��k!}x{hg'�Jn't5gj�={yv��Vn�fhn��G©Xgjf��&k!{hv�tt5}xz={ywhn�fy{q©XgSf��NgS�Vª
z=�NvÃ©BgSfym m�n�mGgSfy��kSt�t5n�{y{DCC\=A
8�rNE�{yuJk!fyn?��m�n�mGgSfh�{y�V{ywhn�m�{�;xojo =æ°

��v�m�zN}¸k�wyvxg!�={�²^n�fhn�fhz=� gj� k�{lt5vxn��VwhvÃ»�t�{yn�w'g�©��Jn��&thu=m�k!fy¹V{�©BgSf³Sk�fyvxgSz={3t�kSthu=nG{yvx¨�n�{�k!�&�bgjf§ª
iVk!�=vx¨�k�wyvxgS�={?°�±�u=n�{hnE{hv�m�zN}¸k�wyvxgS�N{�t7}�n?k!fy}x� v��J�Vv�t�k!whn*whu&k!w�²�vxwhu whu=nEt5zNfyfyn���wG}xn�³Sn�}�g!©vx�Vwyn�ijflk!whvxgS�
whn�thu=�=gS}xgjiS�Ek��&��whu=n�t5z=fhfyn��Vw3}xn�³Sn�})g!©�m�v�t5fygj|=fyg=t5n�{y{ygjf�|&n�fæ©XgSfhm*k��&t5nS��whu=n�{y|Jn�n���ªMz=|N{'whu&k!wt5gjz=}��
�JngS�Nwlk!vx�=n?��gS��{yzJtyubk3m�z=}xwyv´ªMm�vxt5fygj|=fyg=t5n�{y{ygjf�{y�V{ywhn�m%vx{�u=vxiju=}x���Vn�|Jn��&�=k���w�gS��wyuNn't�kSthu=n3gSfhi�kHª
�=vx¨�k�wyvxgS��k!�J��m�k!vx�=}x��gj�Evxwy{3k!{y{hg=t5v�k!wyvx³Vvxw§��° ��v�fhn�t5wæªMm�k!|=|Jn��bt�kSthu=n�{hwyfyzJt5wyz=fhn�{�²�vx}x}9}xn�kj��whg�³Sn�fy�
|JgVgSf�|Jn�f§©Xgjfym�k!�&t5nt5gjm�|&k�fyn���²�vxwyu�z={yvx�=i�|Jk!fywhv�k!}x}x�¶k�{y{yg=t5v�k�wyvx³Snt�kjtyuNn{ywhfyz&t5whz=fyn�{�J�whu=vx{^|JgVgSf�|Jn5ª
©Xgjfym�k!�&t5n�vx{��Vz=n�wyg�}xg!²�n�f�m�gj�=gS|=fhg=t5n�{y{hgSf�|Jn�f§©BgSfym�k!�&t7n¯t5gj���5z=iVk!wyn?��²�vxwhu*}xg!²�n�f�{y|Jn�n��jª§z=|�°

���bwyu=n�gjwyu=n�fu&k!�J���JgS�bgSz=f��Jn��&thu=m*k�fy¹�{hn�w��(z={hv��Ni*k�� �No��®��V�Vwyn�{��3|&k!fhwyv�k!}x}x��k!{y{hg=t5v�k!wyvx³jn
t�kjthu=nEgjfyiVk!�=vx¨�k�wyvxgS� }xn�kS��{�wyg |&n�f§©Xgjfym*k��&t5nEt7gSm�|Jk!flk��=}xn�²�vxwyu k�� �S��OSj®��V�Vwyn�{*�Vvxfyn?t5w§ª§m*k�|=|&n?�
t�kjthu=ngSfhi�k��=vx¨�k!whv�gj��°

r�m�gj�=i�wyu=n3|&k�fywyv�k�}�}x��k!{y{hg=t5v�k!wyvx³jn't�kSthu=n�{��(²^n3u&k?³Sn1|&k!fhwyv�t5z=}�k!fh}x��©Bg�t7z={y{hn��bgSz=fk�wywyn���whvxgS��gj�
w§²�g�vx�=�=g!³Sk�wyvx³Sn�|&k�fywhv¸k�}x}���k!{h{yg=t5v�k!whv�³jn¶t�kSthu=n3{ywyfhz&t5whz=fyn�{�9�wyu=n3{y¹jn�²�n��jªyk!{y{hg=t5v�k!wyvx³jn¶t�kjthu=n�k!�&�[wyu=n
{hn�m�v´ª§z=�=v´»&n��Tt�kSthu=nbgSfyiVk!�=vx¨�k�wyvxgS�N{�°�±�u=nb{y¹jn�²^n?�jªæk�{y{hg�t7v¸k�wyvx³Sn�t�kjtyuNnEgjfyi�k��=vx¨�k!whvxgS� n5�=u=vx�=vxwy{Gwyu=n
�Jn�{yw1|&n�fæ©XgSfhm*k��&t5nS°Jr�{�k�{h¹Sn�²�n��jªyk!{h{yg=t5v�k!whv�³jn�t�kSthu=n3u&k�{�wyuNn'{5k!m�n1v��Vwhn�iSf5k!wyvxgj�[t7gSm�|N}�n7��vxw§��k!{¯k
z={hz&k!}({yn�wæªæk�{y{hg�t7v¸k�wyvx³Sn3t�kSthu=nS�Nm�v�t5fhgS|=fhg�t7n�{y{hgSfy{��Vn�{hv�ij�=n�fh{�{yuNgSz=}���t5gS�N{yv��Vn�f�wyu=vx{��=n�² {ywhfyz&t7wyz=fhn'g�©
t�kjthu=nS°

±�uNn�{yn�mGvÃª§z=�=v´»&n?���Vvxfyn�t7w§ª§m*k!|N|&n��bt�kjtyuNn�gSfhi�k��=vx¨�k!whv�gj�E�Vn5»J�=vxwyn�}x�bn5�=u=vx�=vxwy{kG�&n�uJk?³�vxgjf�t7}�gj{yn
whg¶k1{yn�wæªæk�{y{hg�t7v¸k�wyvx³Snt�kjthu=n�gSfyiVk!�=vx¨�k�wyvxgS��²�uNv�}xn�vxw�kSthu=vxn�³Sn�{^whu=n�{lk!mGn�t�kSthu=n�u=vxw�wyvxm�n�k!{�k3�Vvxfyn�t5wæª
m�k!|=|Jn���t�kSthu=nj°���}xg�th¹�©Xfyn�µjz=n��&t5�bv�{�ijn��=n�f5k!}x}x���Vn�wyn�fym�vx�=n?���V�[t�kSthu=n3u=vxw�wyvxm�n�JJt5}xg=ty¹G©Xfhn�µjz=n��&t7�
�Vn�wyn�fhm�vx�=n�{�|Jn�k!¹�whu=n�gjfyn�whv¸t�k!}�|Jn�fæ©XgSfhm*k!�Jt5nS°�A�{yvx�=i�k1{yn�mGvÃª§z=�=v´»&n?���Vvxfyn�t5wæªMm�k!|=|Jn��Gt�kSthu=n�gSfhi�k��=v´ª
¨�k�wyvxgS�1m�vxiSuVw��Jn^whu=n^�Jn�{hw9whflkj�Vn5ª§gB>�©Xgjf�vx�&�Vz={hwyfhv¸k�}x{�vx�gSf5�Vn�f�wygk��=�=gSzN�&t5n�u=vxiSu�|&n?k!¹|Jn�f§©BgSfym�k!�&t7n
k��&�Gwyg�kSthu=vxn�³jn�wyu=n��Jn�{yw�}�n�³Sn�}(g!©I� �
��	����!����|Jn�f§©Xgjfym�k!�&t5nj°

�
���S��+,�1 *	��¯�

;�o�= )(A�{hvx�=i�wyu=n ���&t5gjfynT8�zN}�whvxm*k?� +J�§±�n�thu�°�8�n�mE°Q\�g��ON����n�³�°Soj�5r�fhiSgS�N�=n�\�k�wyvxgS�Jk!}S��k��&gjflk�wygSfh���
@=n��(°�o��S���

; ��= �^k�n�f��&°×�,°x�	 ° S° 	 k!�=i )l���Ewhu=n3v��Jt5}xz={yvxgS�º|=fygj|&n�fhw§��©BgSf�m�zN}�whv´ªM}xn�³jn�}�t�kSthu=n�uNv�n�flk!f5thu=vxn�{�+��
e�fyg=t5n�n?�Vvx�=iS{3g!©�whu=n�o�O�wyu�¥§�Vwyn�fh�&k!whvxgS�&k�}^�V�Vm�|JgS{hv�zNm%gS� ��gSmG|=z=whn�f�r�flthu=vxwhn�t5wyzNfyn CX¥ � � �(ª
r��M8#E����jz=�=n�o?�S�S�
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; ��=08�°!��n�¹V}�n�g!³¯n�w�k�} )l�=eJr�����t5n��Vwyn�f,�j�S�S�?9�8�z=}xwyvx|=fhg�t7n�{y{hv��Ni¯vx�whu=n��S� � {�� +J��e�fhg=t5n�n��Vvx�=ij{^��gSmG|Vª
t5gS���V|=fhvx�=i �×�j�=�A@Nn���°=�S�

; H&= �&° S°J��u&k!�=iJ�!S°���u&k!gJ�&k��&��®3°��Vg�)5��kSthu=n ��n�{yvxiS��g�©,r ��z=�Vª38�v�t5fyg��M8����E�V�V{hwyn�m �S� �j� +
|=|&�S�j�?ªy�=o?�=�5e�fyg=t5n�n?�Vvx�=iS{�g!©=whu=n¯o.HSwhu¯¥§�Vwhn�fy�&k�wyvxgS�Jk!}�����mG|&gj{yvxz=m gS�3��gSm�|Nz=wyn�f�r�flthu=vxwyn?t5wyz=fhn
CX¥ � � �9ªMr��M8#E��58�k?��o?�S���=°

; O�= \°���flkSthu���r'°!�Vn�¨��Nn�t )5�Vn�m�v´ª§z=�=v´»&n�����kjtyuNn�{�+'e�fyg=t5n�n���v��NiS{,g�© whu=n^¥§�Vwhn�fy�&k�wyvxgS�Jk!}=��gS�V©Bn�fyn��Jt5n
gS�*e�k�flk!}x}xn�}�e�fhg=t5n�{y{hvx�=i&�Jr�zNiSz={hwo��S�j�

; �= �&°G8 @=f5k!vx}xgS�=i�n�w�k�}§�-)y±�u=n�\�n5�=wæª >�n��=n�flk�wyvxgS���=eJr���� 8�z=}xwyvx|=fhg�t7n�{y{hv��Ni¶�V�V{hwyn�m r�f5tyuNv�whn�t5whzVª
fyn +J�&e�fhg�t7n�n��Vvx�=ij{¯��gSmG| t7gS�*��|=fyvx�=i �×�S�=�A@Nn���°=�j�

; ��=r'°5>�n��*k!z=w?�&e�° �Sgjz=�Jn�fyw )Q� 
5��� 9Jr 8�z=}xwhv�|Nfyg=t5n�{h{ygSf �(�=n�t7z=wyvxgS�
��fhvx³Sn��E��v�m�zN}¸k�wyvxgS��®�n�fæª
�=n�}�+&�V¥6\���¥§r ��n�|&gjfyw��A8ºk!flthu o?�S�j�

; ��=08�° �'°IS�vx}x}§��)hr t�k!{hn�©Xgjf��Vvxfyn�t5wæªMm�k!|=|Jn��Gt�kSthu=n�{#+&�J¥ � � � ��gjm�|=z=whn�f�� ��n�t�o��S�j�
; ��=0>�°=®�k!�=nS� �&°-Sqn�vx�=fyv�thu�����
���	
� ��� �N+�	�1��� ��	����1+��^e�fyn��Vwyv�t5n7ªFS�k!}x}§��o��S�j�
;xo���= �&°��(k!fhz={�� )yr��N{ywyf5kSt5w �(�=n�t7z=wyvxgS�F95r ±�n�thu=�=v�µjz=n�©Xgjf��RB*t5vxn��Vwy}x��±9f5kSt5vx�=i�e�fygSijflk�m�{�+J�l��g!©Xw§²�k!fhn

e�flkjt5wyv�t5n'k��&� �(�=|&n�fyvxn��&t5nj� ��n�t3o?�S�S�
;xoSo�= �'°=�·n��=gj{y¹Vv�n�w�k�}§� )y±�u=n�Vw5k!�V©Xgjfl� ��r¯� S m�z=}xwyvx|=fyg=t5n�{y{ygjf�+J�=��gSm�|Nz=wyn�f?�A8�k!f5thu«o?�S�j�
;xo���= )y±
8��=�j�S��KOS�=� ��k!w5k'�VuNn�n�w�+J�J±9n7�Nk�{^¥§�N{ywyfhz=m�n���w?��o?�S�S�
;xo���=r'°=�Vn�¨��=n�t!� @^° �)g=�Vvx� )l�V¹jn�²^n?��r�{h{yg=t5v�k!whvx³Sn��kSthu=n�{#+�e�fyg=t5n�n��Vvx�=iS{�g!©,eJr¯��� � �V�S� CM��n?t5wyz=fhn

\�gSwhn�{�vx����gSm�|Nz=wyn�f��=t5vxn��Jt5n�E �jz=�=n�o?�S�j�
;xo�H&=r'°=�Vn�¨��=n�t!��)yr ��k�{yn�©BgSf�±�²^g�ªM²�k?���V¹Sn�²^n��Gr�{y{yg=t5v�k�wyvx³Sn��kSthu=n�{�+&�Je�fyg=t5n�n��Vvx�=iS{�g�©9wyuNn��j� � �

¥§��whn�fy�Jk!wyvxgj�&k!}��V�VmG|&gj{yvxz=m gS����gSm�|Nz=wyn�f�r�flthu=vxwyn?t5wyz=fhnS�K8�k?�Eo?�S�j�
;xo�O�= �&°×e�°S�Vvx�=iju�� 	 °�	�n��Jn�f��jr'°1>�z=|Nwlk )l�=e)��r¯� S 9���wlk!��©XgSf5�'e�k!f5k!}x}xn�}=r�|=|=}xv�t�k!whv�gj�={(©XgSf,�VuJk!fyn?�jª

8�n�m�gjfy� +&�j±�n�thu=�=v�t�k�}���n�|JgSfhw¯���=� ªM±���ªæ�No5ª�H�S�N�S�Vw5k!�V©Xgjfl��A��=vx³Sn�fy{yvxw§�V��o��j�=oS°
;xo��=08�°S�V}�k!whn�f�� )l��gjfygj}�}�k�fy� A��V³Sn�v�}x{(H��jN8�z=}xwyvx|=fhg�t7n�{y{hgSf���kSthu=n¯��uNv�|N{�+&��8�v�t5fygj|=fyg=t5n�{h{ygjf^fhn�|&gjfyw?�

k!z=i�o��j�=o
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