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^`lHj\cvU�^`|\U tv° �±Z\b'a�cO^`lRb�f!f!Ugcvc�^`|�U�^`VY[kUgc�l�]�^`|\U�Z@U%d`VkZ�|\Ugdvr_�

t ]²b�a\a�V¨^`VYl']9^`l�Z(d`l���Vka�VY]�i�i'l_l�a9^`U!c©^Wb�f!fgU!cvc!py^`|\U³j�cvU³l�o�^`|\VYc
s:tvu�w c©^vdhb�^`U!i�r�|�b�c7cvU!�'Ugdhb�[�cvVYi�]\V¨«�f,b�]_^yUg´
U!fg^`c�l']�^`|�U=^`Ugc©^Of!l�]�¬
«\i'j(dhb�^`VYl']6a�Ug«\]\V¨^`VYl']6b�]\ae^`Ugc©^�cvU,µ_j\Ug]\f!UHa�Ug«\]\V¨^`VYl']�Z�d`l�T\[YU!X�c!�
w |�U s7tvu(w c©^vdhb�^`U!i�rna(U!f!l�X�Z@l'cvU!cF^`|\UL^`U!c©^`VY]\i³Z(d`l'T\[YU!X�l�oO^`|�U
Ug]�^`V¨d`U�}�~:���¶VY]_^`l�Xqb�]_reVka�U!]_^`VYf,b�[�Z(d`l'T\[YU!X�cFl�oybWcvVk·gUR{=|\VYf%|
VYc�«\¸(U,a�T_rW^`|\UF^`U!c©^�d`U,µ_j\V¨d`U!X�U!]_^`cyo�l�dFbRcvVY]\i�[kU�^`VY[kU�� u VY]\f!UF^`|�U
cvVY·!UWl�oy^`|�U�cvXqb�[Y[YUgdLZ�d`l'T�[YU!X¹VYc�«�¸�U!a�p ^`|�U s7tvu(w b�Z\Z(d`l�b�fh|nVYc
U!b�cvVY[¨r³cvf,b�[�b�T\[YUF^`l�}�~:���±b�dvdhb!r(c=l�o�b�]_rWcvVY·!U'�

5. FPGA INTERCONNECT FAULTSº Ug^`U!fg^`VYl']/l�o§VY]�^`U%d`f!l']�]\U!fg^`VYl�]¡o»b�j\[¨^`c#VY]²fg[kj�c©^`Ugdv¬¤T�b�cvU,a/b�d`fh|\V¨¬
^`Ugfg^`j�d`U!cLVYc�b�a�V¨¼�f!j�[Y^HZ�d`l�T\[YU!XNT@U!f,b�j�cvU#^`|�U#|�Vki�|9a�U!]�cvVY^�rnl�o
VY]_^`Ugd`]\b�[�f![Yj\c©^`Ugd=VY]_^`Ugd`f!l�]\]\Ugfg^�Xqb�m�U!c:^`U!c©^�b�f!fgU!cvc�a(V¨¼�f!j\[¨^,��½�U
Z(d`l'Z@l�cvU�b�o+l�d`XHj�[kb�^`VYl']�l�oF^`|�U�Z�d`l'T�[YU!X¾{=|\VYf%|/VY]�f![Yj�a�UgcW^`|�U
^`Ugc©^`Vk]�i�l�oy¿�À�Á»ÂvÃ'Ä�Å!Æ Ç�È`Á�É%ÂH¿�À�Á�É%ÂvÅ`Ê�À\À@ÉvÅgÁ�{=|\VYfh|eVkc�VY]_^`Ugd`]�b�[3^`lH^`|�U
fg[kj�c©^`Ugd,p_b�c�{OU![Y[�b�c�ÉvË�Á»Â©Ã'Ä)Å!Æ Ç�È`Á�É%Â�¿+À\Á�É%ÂvÅ`Ê�À�À
ÉvÅgÁ({=|\VYf%|Lcvj�dvd`l�j\]�a(c
U!b�fh|nf![Yj\c©^`Ugd,����[Y[�Z�b�VYd`c§l�o=[kVY]�U!cHb�d`U�f![kb�cvcvV¨«�U!a�b�c�U!V¨^`|\Ugd#Å`Ê�À�Ä
À@ÉvÅgÁ¤Ã�Ì!ÆkÉ�VYo�^`|\Ugd`U:VYc�b�~ t ~�T@Ug^�{OU!U!]§^`|\UgX³p�b�]�a�À@Ê�À�Ä�ÅhÊ�À\À
ÉvÅgÁ¤Ã�Ì!ÆkÉ
V¨o�^`|\U%d`U�VYc�]\l�VY]_^`Ugd`��U!]�VY]\i�~ t ~��\½�U�b�cvcvj\X�UF^`|�UFZ@l'cvcvVYT\VY[YV¨^)rel�o

^){7l³^)r(Z@U!cFl�o�a�Ugo+U!fg^`c!p�b6È©Í�Ê�ÂhÁ�Î_É�Ï,ÉvÅgÁ�{=|\VYfh|nf,b�j�cvU!c§^){Ole[YVY]\Ugc
^`lRT@UFfgd`l�cvcvU,a�p�b�]\a³b�]�ÊhÐ�É%À�Î�É�Ï,ÉvÅgÁ3{=|�Vkfh|³f,b�j\cvU!c�bHcvVY]\i�[YU�[YVY]\U
^`l�T@U�T�d`l�m�U!]�p�l�dyf,b�j\cvU!c=b§f!l�]\]\Ugfg^hb�T�[kU�[kVY]�U�Z�b�V¨dy^`lLT@U�j\]\fgl']�¬
]\Ugfg^hb�T�[kU��9��VY��U!]Ñ^`|\Uq^){Ol�f![kb�cvcvU!cql�o�[kVY]�U�Z�b�V¨d`c�b�]\a�^`|�UW^�{Ol
a�U%o�U!fg^y^�r(Z@U!c!p_{OU�b�cvcvj\X�U�­�o�b�j�[Y^=fg[�b�cvcvU!cy{=|\VYfh|�b�d`U�Z�d`U!��VYl'j�cv[¨r
Z�d`UgcvU!]_^`U,a6VY]9ÒYÓ!Ô�ÕÖ� w |\U�VY]_^`Ugd`f!l�]\]�U!fg^�o�b�j\[¨^`cF{=|\VYfh|6{7UR^hb�d`i'U%^
b�d`U§cvj�T\cvUg^`c�l�o�T(d`V�a(i'VY]\iRo�b�j�[Y^`c={=|\l�cvU�a�Ug^`U!f%^`Vkl�]³d`U,µ_j\V¨d`U!X�U!]_^`c
|�b,��U�T@U!U!]³l�j�^`[YVY]\U,aWVk]�Z�d`U!��VYl'j�c={7l�d`m×Ò¨Ó�Ø�p@Ù�ÕÖ��½nUFcvj�X�Xqb�d`VY·!U
^`|\UL­#o�b�j\[¨^§f![kb�cvcvU!c�b�]�ae^`|\UHa�Ug^`Ugfg^`VYl']6d`U!µ�j�V¨d`U!X�U!]_^`c�o+l�d§U,b�f%|
f![kb�cvc:VY]H^`Ugd`X�c�l�o@^`|�Uyf!l']_^vd`l'[Y[kb�T�VY[kV¨^�rqb�]\aHl'T�cvUgd`�'b�T\VY[YV¨^)rLl�o
U,b�f%|
[YVY]\UFVY]���l'[Y��U,a
�

Ú ��B�A�Û6��� B(�
Q�Ü��@��� B(S'Q!<+�@� � ��ÜR� ¬3�9cv|�l�dv^�l']Hb�]_r§Z�b�V¨d
l�o�[kVY]�U!c!� s l�^`|Hb�´
U!fg^`U,aF[YVY]\U!c XHj\c©^3T@U�cvU!Z�b�dhb�^`U![¨r§f!l�]_^vd`l'[¨¬
[�b�T\[YU�b�]�aHb�^:[kU!b�c©^Ol�]\U�b�´
Ugfg^`U,aR[YVY]\U=XHj�c©^�T@U�l�T\cvUgd`��b�T�[YU'�
��[Ycvl�p�b�]_r³~ t ~9T@Ug^){7U!U!]³^`|�U�^){OlRb�´
U!fg^`U!a³[kVY]�U!c�XLj\c©^=T@U
f!l'](«�i'j(d`U,aW^`lHT@UFl�´��

Ú ��B�A�Û6��� B(�
Q�Ý#<�P,S'�@���3B�S�Q,<+�@� � �FÝ³� ¬���]Rl�Z@U!]Rl']qb�]_r
Z�b�V¨dLl�o�Þß[YVY]\Ugc!� s l�^`|9b�´
Ugfg^`U,an[YVY]\U!cLXHj\c©^§T@Uqf!l�]_^vd`l'[¨¬
[�b�T\[YU�b�]�a�l'T\cvU%d`�'b�T\[YU'�L��[Ycvl�p�^`|\UH~ t ~/T@Ug^){7U!U!]�^`|\UL^�{Ol
b�´
U!fg^`U!a�[YVk]�U!c=XHj�c©^yT@UFf!l'](«�i�j�d`U,aq^`lRT@UFl']��

Ú I�Q,?�S�à
áv�RQªâ � I3�Wâ
� ¬#�ãcv|\l�dv^×T@Ug^){7U!U!]äb¡[YVY]\U9b�]�a
i�d`l'j�]�anå»cvZ@U!fgV�b�[�f,b�cvULl�o7b�~:Þ�o�b�j�[Y^%æ%� w |�ULb�´
U!fg^`U,a³[YVY]\U
XHj\c©^OT@UFf!l']_^vd`l'[Y[kb�T�[YULb�]�aWl'T\cvU%d`�'b�T\[YU'�

Ú I�Q,?�S�à
áv�RQ�ç � I3�eç�� ¬��ncv|\l�dv^�T@Ug^�{OU!U!]�by[YVY]\UOb�]�a�Z@l,{OU%d
å»cvZ@U!f!Vkb�[
f,b�cvU�l�o�bL~:Þ9o�b�j\[¨^%æ%� w |\U�b�´
Ugfg^`U,aq[kVY]�U�XHj�c©^OT@U
f!l']_^vd`l'[Y[kb�T�[YULb�]�aWl'T\cvU%d`�'b�T\[YU'�

6. TEST CONFIGURATION DEFINITIONw |\U�i'l'b�[�l�o:^`U!c©^�f!l�]�«�i�j�dhb�^`Vkl�]×a�Ug«\]\V¨^`VYl']�VYc�^`lqVka�U!]_^`V¨o+r³bqcvU%^
l�o f!l'](«�i�j�dhb�^`VYl�]\cOo�l�dy^`|\U�^`Vk[YU!c=b�fg^`VY]\iHb�c s7®�w cyVk]#b s7tvu(wyx�z �
w |\U�cvU%^Ll�oyf!l�]�«�i�j�dhb�^`Vkl�]\c�XHj�c©^F|�b,��UH^`|�U�Z�d`l�Z@Ugdv^)r�^`|�b�^F^`|\U
o»b�j\[¨^�a(Ug^`U!fg^`VYl']/d`U,µ_j�VYd`UgX�U!]_^`c#c©^hb�^`U,a/Vk] u U!fg^`VYl']ªØnXHj�c©^�T@U
c`b�^`VYc©«\U,aWo+l�d�b�[Y[@o»b�j\[¨^`cyVY]�b�^y[YU,b�c©^=l�]\U�f!l'](«�i'j(dhb�^`VYl']�� w |\U�cvVY·!U
l�o�^`|�U�cvU%^�l�o�^`U!c©^�f!l'](«�i�j�dhb�^`VYl�]\c�cv|�l'j�[�a³T@U§X�VY]\VYX�VY·!U,aW^`lqd`U%¬
a�j�f!UO^`U!c©^7b�Z�Z\[YVYf,b�^`VYl']R^`VYX�U'� w |\UO^`U!c©^:f!l'](«�i�j�dhb�^`VYl�]qa�Ug«\]\V¨^`VYl']
Z�d`l_fgU!cvc§VkcF|�VYUgdhb�d`fh|\VYf,b�[Öp�a�Ug«\]\VY]\iW^`|\ULVk]_^vdhb�¬�fg[kj�c©^`Ugd§f!l�]�«�i�j�dhb�¬
^`VYl']�c�cvU!Z\b�dhb�^`U![¨r³o+d`l�Xè^`|�UFUg¸�^vdhb�¬¤f![Yj\c©^`Ugd�f!l�]�«�i�j�dhb�^`Vkl�]\c!� w Ugc©^
^vdhb�]�cvZ�b�d`U!]\fgrHf!l']�c©^vdhb�VY]_^`cyb�d`U�Z\[kb�f!U,a�l']R^`|�U�VY]_^vdhb�¬¤f![Yj�c©^`Ugdyb�]�a
Ug¸�^vdhb�¬¤f![Yj�c©^`UgdOf!l�]�«\i'j�dhb�^`VYl']\c:^`l�Ug]\cvj�d`U�|\VYUgdhb�d`f%|�VYf,b�[
f!l�]�^vd`l�[Y[�b�¬
T\VY[YV¨^)r�b�]\a#l'T�cvUgd`��b�T\VY[YV¨^)r_�

6.1 Intra-Cluster Configurationsw |\U�VY]_^vdhb�¬¤f![Yj�c©^`UgdHfgl']�«\i'j(dhb�^`VYl']�cHb�d`Uqa�Ug«\]\U,a�^`leU!]\cvj(d`UR^`|�b�^
b�[Y[�VY]_^vdhb�¬¤f![Yj�c©^`Ugd7VY]_^`Ugd`f!l�]\]�U!fg^�o»b�j�[¨^`cOb�d`U�a(Ug^`U!fg^hb�T\[YU�VY]�b�^O[YU,b�c©^
l']�UFf!l'](«�i�j�dhb�^`VYl�]3p@b�]�aq^`lHo»b�f!VY[kV¨^hb�^`U�^`|�U�^`U!c©^`VY]\iRl�o�^`|\U�Ug¸�^vdhb�¬
f![Yj\c©^`U%d�VY]�^`U%d`f!l']�]\U!fg^,� w |\UWf![Yj\c©^`UgdR{=VY[Y[=T@U#fgl']_^hb�VY]\U!a9VY]�^`|\U
f!l�]�^vd`l�[�b�]�aÑl'T�cvUgd`��U³Z\b�^`|�cRl�oFXqb�]_rnUg¸�^vdhb�¬¤f![Yj�c©^`UgdqVY]�^`U%d`f!l'](¬
]\Ugfg^O[YVY]\U!c!� w |�U�fg[kj�c©^`UgdOXLj\c©^�T@U�f!l'](«�i'j(d`U,aR^`l§T@U§Á»Â©Ã�À\ÈÖÐ(Ã�ÂvÉ%À\Á
o+d`l�Xébnfgl']_^vd`l'[Y[kb�T�Vk[YV¨^)r/b�]�a²l�T\cvUgd`��b�T�VY[kV¨^�r²Z@Ugd`cvZ@U!f%^`Vk�'U'� w |\U
f![Yj\c©^`U%dLl�j�^`Z�j�^`cFb�d`U�]\l�^§Vka(U!]_^`Vkf!b�[�^`l�^`|\URfg[kj�c©^`Ugd§VY]\Z�j�^`c!p3T\j�^
^`|\Uefg[kj�c©^`UgdWl'j(^`Z\j�^`cqXLj\c©^�|\b��'U³^`|\U�o+l'[Y[Yl�{=VY]�i9^vdhb�]\cvZ�b�d`U!]\f%r
Z�d`l�Z@Ugdv^`VYU!cy{=V¨^`|�d`U!cvZ@U!fg^=^`lH^`|�UFf![Yj\c©^`Ugd�VY]\Z�j�^`c!�

Ó'�y�êo»b�j\[¨^�U%´
U!fg^#l']/bnf![Yj�c©^`Ugd�VY]�Z\j�^WXLj\c©^qZ�d`l�Z�b�i�b�^`Ue^`l
b�^:[kU!b�c©^Ol�]\U=f![Yj\c©^`U%d7l�j�^`Z\j(^,� w |\VYc�f!l']\a�V¨^`VYl']qU!]�cvj�d`U!c�^`|\U
Z�d`l'Z\b�i'b�^`VYl']�l�o@o»b�j�[¨^7Ug´
Ugfg^`c:l�]RUg¸�^vdhb�¬¤f![Yj�c©^`Ugd:{=|�VYf%|Ho+U!U,a
^`|\U�f![Yj�c©^`Ugd�Vk]�Z\j(^`c!�
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