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+.>_62#&+=<&92/.'&A&9N+.> ),+='59J6��2/.13'F629,\�d0<���68#&%��2-H+��2%���62#&%�A&1B9J6��213L5<5681B+='V+I> ),+='&9�6��2/.13'F6�MN%(134=#F689N#0/.9
#&%,/sG[Oo+.<568;B13%0�J9fMa#&1B)m#�92<&4=4.%,9J629j68#0/I6{+='&;BO�/�92-V/.;B;v'[<&-?Lc%0�j+I>l)(+='&9�6��8/I13'F689�Ma1B;3;w13'&)(<��j/
;K/G�24=%�%0�$�2+��(\KG^e XE%��213-H%,'F629�#0/UG=%	9J#&+sMa'�62#0/I6|62#&%	)(+='&),;B<&921B+='&9^/*�2%	'5+.6�/IDE%,)R68%(AHLFOW/{92-V/.;3;
)m#0/.'54=%T1B'S62#&% � A5%(Q0'&1B'&4�68#&%`)0�J1B681B)U/.; )(+='&9�6��8/I13'F6�92%(6,\ B$#&%(62#&%0��68#&%`%0�$�2+��a1B'&),<��$�2%(A�LFO
68#5%�),+.'&9J6��8/.1B'[629t+.>�68#&%7)��21b6813),/.;�92%R6h-V/.13'F6m/I13'&9?62#&%�92/.-V%z+��2A5%0�t+I>j-t/I4='&1B62<&A&%z/.9V62#&%
+sG=%��8/.;B;N%0�$�2+��T>��2+=- +='&%tGI/*�J1K/.L&;B%t+��JA&%0�J13'&4z68+�/.'&+I68#&%��i)U/.'xLc%h<&92%(A�/.9�/74=<&1BA&%,;B13'&%�68+
Ma#&%R68#&%���62#&%YXE%��2),%('F6m/.4=%Y<&9J%,Az139�92<51B6m/IL&;3%I\

�������
	���� � ��,  = � = 6 2�� �O,�� � 6 ?�� �� 5   ? � 5 636 , 8  ,�� ?�"��
��#&1B9?/.'0/I;BO�921B9T-H%(62#&+ AC#0/.9?Lc%,%('PA&%RG=%,;B+=Xc%,AP68+�),+=-HX0/*�J%H6�Ml+7GI/*�213/.L&;3%�+��JA&%0�J13'&4.9`62#0/I6
/*�J% �2%,;3/I68%(Az1B'h92+=-H%jM	/UOC�@%.\ 4&\�A&%,4*�2%,%T/.'&A:Ml%,134.#[62%,ASA&%,4*�2%,%U�R\ ; ':68#&1B9�),/.92%��&68#&%Y+sG=%��8/.;B;
/.1B-�1B9N68+�%(9J6m/IL&;31B92#�Ma#&%��2%Y/.'&AhMa#FOh+='5%{+��2A5%0�21B'&4i13-HX��J+kG.%,9�+sG=%��a/.'&+.62#&%0�(\���#&%Y)0�J1B681B)U/.;
),+.'&9J6��8/.1B'[629�/*�2%aA&%RQ0'&%(At/.9�62#&+=92%�62#0/I6�),+.'[6��21BL&<568%	62#&%a-V+.9J6|62+Y62#&%a13-HX��2+sG.%,-H%,'F6��F1B'&),<�� ;
�21B'&4Y68#&%fL&134=4.%,9J6l98/UG�13'54&\���#&%�)��21b6813),/.;092%R6	Ma13;B;&68#&%��2%R>@+��2%fLE%�92Xc%,)(1BQ0)�62+T62#&%f6�Ml+WGI/*�213/.L&;B%
+��JA&%0�J13'&4=9�Lc%,1B'&4Y),+=-HX0/*�J%,AH13'H%U/.)m#V),+=-HX0/*�J1392+.'��@13'�> /.)(6��F68+Y68#&%a98/I-VX&;B%a+.>�9J+=;3< 6813+.'&9�>@+��
%U/I)m#o+��2A&%��21B'&4[�R\�q�'o%Re5/.-HX&;B%W)U/I'oLE%W>@+.<&'&Ao13'��^/.L5;3%WqT\���+I>�q�X&Xc%,'&A51be�qW\_dv134=<��J% &&\	�
92#5+kMa9Y/I'7%Re5/.-HX&;3%TA&139�6��J13L&<56213+='z+.>�),+.'&9J6��8/.1B'[6�13-HX��2+sG.%,-H%,'F689�>@+*�f6�Ml+ �2%,;3/I68%(A�GI/*�213/.L&;B%
+��JA&%0�J13'&4=9(\ E�'&A&%0�H68#&%SA&1#�2%,)R6H),+=-HX0/*�J1392+.'
��62#&%S),+='&9�6��2/.13'F689H+.>f68#&%SX��2+.L&;3%(- > /.;3;	1B'F68+
68#��2%,%Y4=%('&%0�2/.; 4��J+=<&X&919

% \�62#&+=92%j62#0/I6a13'5),<��a/�;K/*�J4=%0�N%0���J+��	>@+��	62#&%Y92<&Xc%0�J13+��a+��JA&%0�J13'&4&\
$ \�62#&+=92%j62#0/I6a92#5+kM ;31B6J68;B%�A&1bD�%��2%,'5),%jMa1B62# �J%,9JXE%()(6�68+�%0�$�2+��a13'5),<��$�2%,A�\
�5\�62#&+=92%`68#0/�6�)(+='F6��21BL&<562%W-H+=9J6�68+H68#&%T98/UG�13'&4�-V/.A&%`LFOz62#&%W9J<&Xc%0�21B+���+��2A&%��21B'&4VMa1b68#
�J%,92Xc%,)R6f62+i68#&%Y13' >@%0�21B+��N+*�2A&%��213'54&\

q�;B;�68#��J%,%Y4��J+=<&X&9�+�),)(<���Ma#&%,'S),+=-HX0/*�J13'&4i9J+=;3< 6813+.'&9	+.>vA&1BDE%0�J13'&4i)(+=9J6��04��2+.<&X���0/.9a/
;K/G�24=%{1B-VX��2+sG=%(-V%('[6�-?<59J6aLc%`-V/.A&%j9J+=-H%(Ma#&%��2%��g4��J+=<&X-$��g/.9�/i;K/G�24=%{'[<&-WLE%���+I>|;31B4=#F68%��
),+.'&9J6��8/.1B'[629�Ma13;3;E'&+.6a1B'&),<���/.'FOh'5+.681B),%U/IL&;3%{%����J+����g/.'5Az4��J+=<&X % �0/I9f/I'[O�13-HX��2+sG=%(-V%('F6f1B9
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Constraint (Ordered by Error Improvement)

1 2 3

d^1B4=<��2% &&\	� 9{]�1B9J6��213L5<5681B+='7+.>�13-HX��J+kG.%,-H%,'F6Y13'�%0���J+��j13'5),<��$�2%,A�LFO7A51BDE%0�2%('F6Y),+='&9�6��2/.13'F689(\
��#&%Y),+.'&9J6��8/.1B'[629�/*�2%j+��JA&%0�J%,Az/.),)(+��2A513'&4i68+?62#&%Y13-HX��2+sG.%,-H%,'F6U\���#&%Y'[<&-?Lc%0�J%,Az92%,)R681B+='&9
+.>w68#&%Y4��2/.X&#S�2%R>@%0��68+i62#&%YA&1BDE%0�J%,'F6�4��2+=<5X&9a+.>^)(+='&9�6��8/I13'F689 �g/.9�%Re X&;3/.13'&%(A�/ILE+sG=%I\

<&9J<0/.;3;bO:-t/IA&%?/I6f68#&%W%Re XE%('&92%�+.>�9J+=-H%W13'5)0�2%,/.92%W13'�%����J+��f>��J+=- �J%,;3/I68%(A7),+='59J6��2/.13'F629,\ ; '
/.A&A51B681B+='
�c4��2+.<&X $��EMa#513)m#�),+='592139�689{+I>l;B134=#F62%0��),+='&9�6��2/.13'F689 ��Ma13;B;v#&/sG.%i#0/.Ao;B1B6262;3%`13-HX0/.)R6
+='h68#5%`X&/I68#:6m/ =I%,'zA&+sMa'S62#&%Y92%U/G�2)m#z6��2%(%.\���#&%0�J%(>@+��J%��068#5%(O�Ma1B;3;�62%,'&ASLE%Y92/I681B9JQ0%(ASMa1b68#
'&+��2%(>@%��2%('&),%�62+T62#&%�Xc+.68%('F681K/I;c%����J+���62#0/I6�68#&%ROH),+=<&;BAt1B'&),<��(\ ; 6	1B9l1B-VXc+���6m/.'F6�68#&/I6��[Ma#&%,'
A&%RQ0'&13'54�68#&%V921�+,%�+.>N68#&%�)��21b6813),/.;�),+.'&9J6��8/.1B'[6W92%R6���/�;3/*�24=%H'[<&-?Lc%0�T+.>a),+='59J6��2/.13'F629T>��2+.-
68#5139�92%(),+='5Az4��J+=<&XS/*�J%j'&+.6a13'5),;3<5A&%,A:/.9�-H+=9�6a+.> 68#&%(92%`),+='&9�6��2/.13'F689	Ma1B;3;ELE%j'&+.'!;�)��21B6213),/.; \

� �J+=<&X �S),/.'PLc%HG.%0�JOZ9J-t/.;B;|Ma1B62#n+='&;bO�/S>@%RM�#&%,/sG[OC),+='59J6��2/.13'F629T)(+='&9J621B62<5681B'&4S62#&%
A&1bD�%��2%,'5),%�LE%R6�MN%(%,'Z68#&%i9J+=;3<56213+='59�>@+=<&'&A�LFOo68#5%?6�MN+S+��2A5%0�21B'&4=9(\�y{'&;BOS68#&%�)(+='&9J6��8/.1B'F689
68#&/I6 X��2+sG�13A5%|68#&%�-H+=9J6 1B-VX��2+sG=%(-V%('[6_92#&+=<5;3AYLE%�1B'&),;B<&A&%(A`1B'{68#&%�)��21b6813),/.;.9J%(6��I9J+�1B'&),;B<&A&1B'&4
),+.'&9J6��8/.1B'[629{>��2+=- 4��J+=<&X $t92#5+=<&;3AoLc%�/UG=+=1BA&%,A�\T��#&%�)��21B6213),/.; 92%(6`9J1,+,%W+='&;BOz'&%(%,A&9j68+hLc%
;K/G�24=%�%('&+=<&4.#�62+Z/sG.+=13A�L&13/.9i/.'5A�62+�92#&+sM�/o9J134='&1bQ0)U/I'[6?A&1BDE%0�J%,'&)(%S1B'P68#&%:/I'0/.;BO�9J139i+.>
68#5%Z)(+='&9�6��8/I13'F689:+.>`68#&%�9J%(6z/.9h%(DE%,)R68%(A LFOr68#&%oGI/*�J1K/.L&;B%�+��JA&%0�J13'&4.9,\���#&%Z92%R6z9J1,+(%Z1B9
13'51B6813/.;31B92%(A:62+:/.'�/*�JL&1B6��8/*��Oz9J1,+(%i+.> ��� 68#5%,'
� 1b>>�2%(9[<&1#�2%(A
�_13'5)0�2%,/.92%(A�<&'F6813;w68#&%W-V%,/.92<��J%,9
<&9J%,A:13'�62#&%{),+.-VX0/G�2139J+='�A&1bD�%��	921B4='&1bQ0)U/.'F62;BO=\^q L&134W13'&)��2%U/I92%j-V/sOV;3%,/.At62+?68#&%j1B'&),;B<&921B+='
+.>E),+='59J6��2/.13'F629�>��J+=- 62#&%a4��2+.<&X $ \ � +kMl%(G.%0� � 68#5139�)U/I'VLc%�6m/ =I%,'H13'F68+Y),+.'&921BA&%0�2/I681B+='?Ma#&%,'
A&%(L0/I681B'&4:68#&% �2%(92<&;b689`+.>�/I'[OZ/I'0/.;BO�9J139,\Hq�;B92+ � 62#&%H6�Ml+�+*�2A&%��213'54=9Y13' 9�<5%,9J6213+='Z-V/sO7'&+.6
A&1bD�%��j92134.'&1BQ0),/.'F68;bOo/I6T/.;B; �_1B'ZMa#&1B)m#C),/.92%�68#5%t/.'&/.;BO�921B9{MN+.<&;3AZLE%�1B'&),+='5),;3<5921BG.%i>@+��Y/.'FO
921�+,%a92%R6U\���#&%�98/I-V%a)0�J1B6213)U/I;&92%R6l9J1,+(%f'&%(%,AV'&+.6�LE%a<&9J%,AH>��2+=- +.'&%f)(+=-HX0/*�21B92+='?62+W/I'&+.68#5%0�
Lc%,)U/I<&92%T%U/.)m#z),+=-HX0/*�J1392+.'S1B9aA&1BDE%0�J%,'F6U\ G�/I)m#7),+=-HX0/*�J139J+=':139aA&%0�J1BG.%,Az>��J+=-�62#&%TA5139J6213'&)R6
�2%(;K/I6213+='592#&1BX�LE%R6�MN%(%,'�62#&%YX0/.1#�	+.>wG./G�21K/IL&;3%{+*�2A&%��213'54=9�LE%(13'&4�)(+=-VX&/*�2%(A_\
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�����	� � �N� ���"����5" ����� ��!�"f�

��#&%jGI/*�213/.L&;B%{+��2A5%0�21B'&4�#&%,<��2139�681B),9	68#&/I6�#0/UG=%YLE%(%,'z),+=-HX0/*�J%,A:13'&1b6813/.;3;bO�/*�2%�9
: ]�%(4��2%(%T����� � � 9IGI/*�J1K/.L&;B%,9�/G�2%�+��JA&%0�J%,A�LFOiA&%,)��2%,/.921B'&4YA&%,4��J%,%���9J<&)m#�/I9 <���13' ? � � D�\
q GI/*�213/.L&;B%{Ma1B68#z/V;3/*�24.%jA&%,4��J%,%`Ma13;3;�#0/UG=%?/�;K/G�24=%���13-HX0/.)(6a+.'z68#5%T9J%U/*�J)m#�68#0/I'�/
GI/*�J1K/.L&;B%�Ma1b68#�/{9J-t/.;B;3%��vA&%(4��2%(%���/.9|1b6|1B'[62%0�2/.)(629|Ma1B68#i-H+��J%lGI/*�213/.L&;B%,9,\wq�'�% e&/I-VX&;B%
),/.'zLc%{>@+=<&'5Az1B'zdv134=<��J% &&\ &&\

: d0+���M	/*�JA`]�%,4��J%,%������S��9UGI/*�J1K/.L5;3%,9_/*�2%�+��JA&%0�J%,A`+='TA5%,)0�J%U/.9J13'&4a>@+���M	/*�JAYA&%,4��J%,%I\^��#&%
>@+���M	/G�2AHA&%,4��J%,%�+.> /jGI/*�213/.L&;B%+�2%,X��2%,9J%,'F689�68#&%�'[<&-?Lc%0��+.>�>@< 68<��J%�'5%,134.#�Lc+=<��J9l+*��62#&%
A&%(4��2%(%TMa1b68#&1B'S62#&%T>@<562<��2%`92<5L!;�X��J+=L&;B%,-S\���#&139�139a68#&%T+=X&Xc+=921b68%Y+.>�'5+ A&%YMa13A 68#
�E/.9
A&%RQ0'&%(Ah13' ? �'& D �[Ma#&13)m#t139�68#&%fA&%,4��J%,%{+I>_68#&%fX0/.9�6N9J<&L!;�X��2+=L&;B%,-S\|q GI/*�J1K/.L5;3%	Ma1B62#�/
;3/*�24=%	>@+*�JMN/*�2AVA&%,4��J%,%�Ma13;3;��2%,'5A&%0�l-V+��J%aXE+=9J921BL&;3%�>@<562<��2%f/.929J134='5-V%('[629l1B'FG./I;313A?62#0/.'
/?GI/*�213/.L&;B%fMa1B62#S/�9J-t/I;3;3%��N>@+���M	/*�JA:A&%,4��J%,%I\lqf'S% e5/.-VX5;3%j)U/I'zLc%{>@+=<&'&AS13':dv134=<��J%
&&\ � \���#&%Y),/.;3)(<&;K/I6213+='59	<&92%(AS62+V%(9J68/.L&;31B92#h68#5%`+*�2A&%��213'54i13':�^/IL&;3% &&\ % \

: <�/*�J1K/.L5;3% BC%,134.#[6W�	��
 ;:� 95GI/*�213/.L&;3%(9a/*�2%`+��JA&%0�J%,A�+.'�A&%()0�2%,/.921B'&4VGI/*�J1K/.L5;3%{Ml%,134.#[6,\
<�/*�J1K/.L5;3%{Ml%,134.#[6�),+��$�2%(92Xc+='&A&9�62+V62#&%W'[<&-?Lc%0�f+.>�9�68<&A&%('F689{9J1B626213'&4�68#5%W%Re5/.-�62#0/I6
62#&%	GI/*�213/.L&;3%��2%(X��2%(92%,'F629,\ @ O�/.9J921B4='&13'54{G./I;3<&%(9|68+j#&%,/sG�1B;BOWMl%,1B4=#F68%(AHGI/*�J1K/.L&;B%,9^Q��29J6��
9J%U/*�J)m#�/I6J68%,-HX5629�62+T-V/�e 13-H139J%l62#&%�/UGI/.1B;K/.L&;B%lGI/.;B<&%,9�>@+���68#5%,92%aGI/*�213/.L&;B%,9�/.'&AH#&%('&),%
�J%,A&<&)(%`62#&%Y%0�$�2+���1B'&),<��$�2%(AzLFO�62#&%,-S\�q�'S%Re5/.-HX&;3%j),/.'SLE%j>@+=<&'5AS1B'Sd^134=<��2% &&\ � \

PC CS MA SS PY EN

d^1B4=<��J% &&\ &�9�q A&%,4��J%,%`+��2A5%0�21B'&4?>@+��	62#&%YX��2+=L5;3%,- 4=1BG.%,'S13'Sd^1B4=<��2% $ \ % /.'&A:�v/.L&;B% �5\%$�\
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PC CS MA SS PY EN

d^1B4=<��2%.&&\ � 9|q >@+��JMN/*�2AtA&%,4��J%,%=�����S�N+��2A5%0�21B'&4T>@+*�l68#5%�X��J+=L&;3%(- 4=1BG.%,'h13'td^134.<��2% $ \ % /.'&A
�v/.L&;3% � \%$ \���#5%T),/.;3)(<&;K/I6213+='59	/*�J%`4.1BG=%(':13':�^/IL&;3% &&\ % \

> \ A_\�/I6a1b68%0�2/I681B+='
'&+�A&% A5%,4��J%,% % $ � & � � +��2A&%��
M Q & & � ; ; ; ; $
1zq & & � $ ; ; ; �
I�� � � $ % � � ; �
I M � � ; ; ; ; ; %
QOQ & & � $ % ; ; &
G�� $ $ % % % � � �

�v/.L&;3% &&\ % 9 � +sMx68#&%lG./G�21K/IL&;3%�>@+���M	/*�JA?A&%(4��2%(%,9��@> \ A_\ �YGI/*��O?/.9w68#&% ����+*�2A&%��213'54�+.>gdv134=<��J%
&&\ � 139�),+.'&9J6��2<&)R68%,A�\

ENCSMA PY SSPC

d^1B4=<��2% &&\ � 9jq G./G�21K/IL&;3%WMl%,1B4=#F6`+��2A&%��21B'&4g� � 
 ;:�	>@+��{68#&%�X��J+=L&;B%,-�4.1BG=%('C1B'�d^134.<��2% $ \ %
/.'&AS�v/.L&;3% � \%$ \

�^/IL&;3% &5\%$�),+.-VX0/G�2%,9f68#&%i)(+=9J629`+I>�62#&%i13'51B6813/.; 92+.;3<56213+='&9f>@+=<&'&A�LFO�62#&% �	; ;���<�=5>
GI/.;3<5%{+��2A5%0�21B'&4 ��Ma1B68#h62#&%j#&134.#&;31B4=#F68%,At),+=9�689aLE%(13'&4?62#&%j;3+sMl%,9�6�>@+*��/iX��2+=L5;3%,-S\�y �2A5%0�21B'&4
GI/*�213/.L&;B%,9a/.)(),+��JA&13'&4i62+HGI/*�J1K/.L&;B%{MN%(134=#F6?�@62#&%���
 ; ),+=;B<&-H'g�	/.;BMN/UO�9 �J%,92<5;B689a1B'�/�;3+sMl%0�
),+.9J6a92+.;3<56213+='V13'h),+.-VX0/G�2139J+='tMa1b68#hA&%(4��2%(%Y/.'&Ah>@+��JMN/*�JAhA&%,4��J%,%j+��JA&%0�J13'&4.9	13'�62#&% �2%(92<&;b689
92#5+kMa'�\*��#&1B9H+.L&92%��JGI/I681B+='�139�/.;B92+ZL0/.) =.%(A*<&X LFO�92%U/G�2)m# Ma1b68#�68#&%S�J%,;K/�68%,A�9J62+ )m#&/.9J6213)
/.;B4=+��21b68#&- � �	; ;��;h���S��Ma#&%0�J%T-H%U/.':9J+=;3<56213+='h)(+=9J629�/*�2%j)(+=-VX&/*�2%(Az<&9J13'&4i62#&%��o62%,9�6U\
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Consistency Checks (x1000)

HEC-S-92 Critical Sub-Problem Search
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