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B�<Ea?a�LUBDB¼HW:�7�H¯7nLIXlBDBKfXK½d=X
;u@�7_\=56HW:TBKG�5MGUfTBKG�56N�>j76p6\=<?HUd=f=B¤<?L¯Xl5MLILU<[;=aEB�;u@�X�76GU76aEa?BKal<E>�X=aEBD>¢BD\°HW7_HW<?5M\=LDb

(*)� �H� 1 �����.20� - � ��� 20� 2�.0/$� /28s3\.�
�����L��� ��� �"!��$#%!�&(')�+*-,/.0.)�%&�� 132)465	²5CLI5Ma?g6BmHU:=BmaE<E\TB{76GZL~@oLVHWBK> c V b Ê?G gZLId=9K9DBKLILU<?g6BKaY@ 76L�X�76GVH�56N¤HW:TBmHDB�5LmoLVHWBKX <?HWBDGW7_HU<E5M\
c V bYO Ì g m�c V bYO � gJUB�B�<?>¢X=a?BK>�BK\8HWBDfµ76\ <?\=BSRT769�H�gMBKGILU<?5M\ 56N¾HW:TBlB�BKa?aomoF°\=5,B�\+�;������M�8v6�«t
�6�Iv8�6|�t���� 	���� �¡>�BDHW:T5[f 76aE5M\TplB�<¦HW: LIBDgMBDGW76aQX=GUBD9K5M\Tf=<?HU<E5M\=BDGUL¢5M\ 7C>·d=a?HU<omoX=GI5[9DBKLILU5MG
Y*� W `�5,BSBDG mTRS:=76aEa?BK\=pMB�>j7_9;:=<E\=Bm7_HZHU:=B k�BKp6<E5M\�7_a�RS5M>�X=dTHWBDG¢RSBK\8HWBDG6cdk$kQc gª5_N¼HW:TB
u\=<?g6BKGILU<?HD@n56NÃOQ76> ;=dTGUp=b @CB�d=LUBDf¬HW:=B�LU56N~HDBS76GIB¥X�769;F�76pMB `�f 	uY[9�cd`�56GIH;7J;=aEB_f�RoHUBK\=LI<y;=a?B	²5o5MaEF°<?H¯Nq56G¤Y[9D<EBD\°HU<[Z�9·RS5M>�X=dTHU<E\=p�g�E H8Ê J H O I JqB�:=<?9;: <EL$;�76LIBKf¶56\�HW:TBn>�BKLILW76pMB¾X�76LILU<?\=p
LVH;76\Tf�76GUf � `2W�E Ê P ÌCI b
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preconditioner and rel. tolerance

r�<EpMd=GIB V b N 9 ����� � �SRS5M\8gMBDGUpMBD\=9KBm56N¯HU:=B�g_76GU<E7_HW<?5M\�76a�>�BDHU:=5[f�Nq5MG·g_76GU<?5Md=L·769K9Dd=GW769D<EBDL
� � � �n56N¾HW:=B©a?<E\=BK76G�LU56a?gMBDG�Nq5MG�7 Ê�G?N � Ê�GJN XT<YR[BKa¤LI<EkDBKfµ<E>¢76pMB�cq9K5M>�X=dTHUBKf B�<?HU: O N
XTGU5o9KBKLILU<?\=p d=\T<?HWL}g�b ��������� �ÁRS56>¢X=d[H;7_HU<E5M\�7_a¤9K5MLVHWL�56N¬f=<YaeBDGUBD\°H�X=GIBK9K56\=f=<?HU<E5M\TBKGUL®Nq5MG
B]RT769DH c�a?BDN~H�9 � � � �hM O Ë � � g¯76\=fm<E\TBSRT769DHua?<E\=BK76G¥LU56a?gMBDGUL c�GI<EpM:8H�9 � � � �hM O Ë � � g�c�9D5M>�X=dTHWBDf
B�<¦HW: O`X=GU5o9KBDLULI<E\=p�d=\=<¦H]g�b

AQ>¢56\=p$HU:=B�9KaE76LUL�56N¤<¦HWBDGW7_HU<?gMBm^ÁG~@oa?5 g!LUd=;=LIX�769DB LU56a?gMBDGUL c�9�N¨b?JÅB6b»p=b¦J�E Ê6Ë?HLI g�J�HW:=B R ��m
>�BDHU:=5of <EL¢\=B{7_GUa[@�5MX[HW<E>¢76a¥Nq5MGZHW:TB¶9KaE76LUL¢56NÁ>¢7_HWGI<E9KBDL � � 9K5M\TLU<EfTBKGUBDf :=BDGUB�cqLUX�76GILUB_J
Li@o>¢>�BDHUGU<E9_J6XP5MLU<¦HW<¦gMB¯f=BSZ�\=<?HUB,gb �~W«\=BSRT769�H �¾GUB�NqBKGUL�HU5¤HW:=B�LIHU5MX=X=<?\=p`9KGI<?HWBDGU<?5M\ � � � �jb � � � � ^ JHU:�7_H²<EL09D5M>¢X=76GU<?\=p¯HW:=BÅGUBDa 7_HU<?g6BºGIBKf=dT9DHW<?5M\¾56NTHU:=B�<?\=<?HU< 76aowy|~�etUv6�¯GUBDLU<?f=d�76a?L � � M � � � � [ �
HU5¡7mHU:=GUBDLU:=56aEfhb W½H·HUd=GU\=BDf�5MdTH·<E\C56d=GnB]R[XlBDGU<E>�BK\8HUL·HW:�7�H·HW:TBjGW7�HW:=BDG·9KGId=f=B�9DGU<¦HWBKGI<E5M\
� � � � M Ë �YOna?B{76fTLuHU5�7�N�7_LIHQ<E\=\=BDGQa?5[56X�56N�HW:=Bn<?HUBKGW7�HW<E56\�c V bYO Ì g m�c V bYO � g¤´�|~�~�����[��aE5o5MLI<E\=p
;P56HU:�9D5M\8gMBKGIpMBK\T9KB�56NºHW:TB¢5�gMBDGW76a?a�<?HUBKGW7�HW<E56\©76\=f c�9K56\=LUBsbodTBK\8HWaY@=g b°d�76aE<¦HD@¶56N�HW:=BZ9D5M>wK
XTdTHWBDf�GUBDLUd=a¦H�c r#<Ep=b V b N Joa?BDN~Hhg�buW«\�7_aEa�BSR[XPBKGI<E>�BK\8HWLÅHW:=BQLIHU5MX=X=<?\=pn9DGU<¦HWBKGI<E5M\�56NlHW:=Bu5�gMBKGU76aEa
<¦HWBDGW7_HU<E5M\ c V bYO Ì g m c V bYO � g�B¥7_L � � � �0M Ë � ËMË O<B�<?HU:�GUBKLIXlBD9DHZHW5�HW:=B¡�e����wy|~�etUv6�mGUBDLU<EfTd�76aEL
5_N¾HU:=B¡L~@oLVHWBK> c V b Ê P�g�bÅ@�B¡\=56HWB¶HU:�7_H®9D5M\8gMBDGUpMBD\=9KB�56N`HW:=B©^`7��9K76\=5�g >�BDHU:=5[f¹dTLU<E\Tp
7_\ �I<?\=BSRT769�H � <?\=\=BDG¾a?5[56X�:�7_Ln\=5_H ;PBKBD\!X=GU5�g6BK\�@6BDH{b�r�5MG`:=<E\8HULn5M\�:=5,B+HW:=<?L`>j7Q@ ;PB
7_9K9K56>¢X=a?<ELI:=BKf{B�B¾GIBDNqBDG�HU5ªHW:=B�B�5MGUF®56N�A$R[BDaELULI5M\�E ÊMÌCI b	²5�<E>�X=GU5�gMB¤HU:=B¾9K5M\=fT<?HW<?5M\®\°d=> ;PBKGu76\=feJ�<E\�HWd=GI\hJ=HW:=B`LIXlBDBKf 5_N#9D5M\8gMBKGIpMBK\T9KB6JlX=GUBD9K5M\�K
fT<?HW<?5M\=BDGUL 6 V � BSBDGUBn76X=X=a?<EBKf�HU5ªHW:=B`aE<?\=B{7_G¥L~@oLIHUBK> c V b Ê�G g 9

c�6 � � � � � � � g � � ��� � M 6 ��� �
RSaE76LULI<E9K76ahX=GIBK9K56\=f=<?HU<E5M\TBKGUL�7_GUB`5�;THW76<E\=BDf®HW:=GI5Md=pM:�BK<¦HW:=BDG�76\�76f=f=<¦HW<?g6BÁ>j7�HWGU<oR�LIX=aE<¦HUHU<E\=p
cqaE<?F6B¢4M769K5?;=<omPJ�Y i k_mPJ�5MG·Y=Y i k_moX=GUBD9K5M\Tf=<?HU<E5M\=<?\=p�g¼5MGn7�>·d=a?HU<EX=a?<E9{7�HW<?g6B¬>¢7_HWGI<YR¡LIX=aE<¦H~K
HU<E\=p\cqB6b»p=buW�7  56G�WVR¯R�N�769DHU5MGU<?k{7_HU<E5M\TLhg�b�	¯:=Bu76X=X=GI58769;:j5_N��o��}�v6|~�m�ot;�;��}¼������|~��|����j<?LÅ76\
7_a?HWBDGU\�7�HW<?g6BpB¥7Q@�56N¥X=GIBK9D5M\=f=<¦HW<E56\=<E\=p�c ��aE5o9;F�m[4M769K5�;T<�5MG ��aE5o9;F�m �¾76dTLUL m[Y[BK<?f=BKarJhNq5MGnB]R�K
7_>¢X=a?B,gJXB�:=<?9;:�<?L¯>¢5MGIBÁLUd=<¦HWBDf�Nq56G¯X�76GW7_aEaEBDae<?>¢X=a?BK>�BK\8H;7�HW<E56\=L�E H�NMËCI b r#<?pMd=GIB V b N J=GU<?pM:8H{J
LI:=5,B�L¤HW:=B·<E\ 	�dTBK\=9DB¬56N�g_76GU<?5Md=LQX=GUBD9K5M\=fT<?HW<?5M\=BDGUL¼56\ HW:=B·9K5M\8gMBDGUpMBD\=9KBZLIXlBDBKf¡Nq5MG
;P56HU:
B]RT769DH�76\=f <?\=BSRT769�H�a?<E\=BK76GªLU5Ma¦gMBDGULKb�W«\8HWBDGUBKLVHW<?\=pMa[@6JºHU:=BmX=<E9�HWd=GIB <E\ r#<?pMd=GUB V b N 56\3HW:TB
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r�<EpMd=GIB V b Ì 9 ����� � �8RS56>¢X=d[H;7_HU<E5M\�7_aM9K5MLVHWL#76L#7¯Nqd=\=9�HW<?5M\n5_NTHW:TB�<?>j76p6B�LU<EkDB�c O�XTGU5o9KBKLILU<?\=p
dT\=<?HKJ � � � � M Ë �YOMJ �Sa?5[9;F?mT4M7_9K5�;=<¼X=GUBD9K5M\=fT<?HW<?5M\=<?\=p�g�b���������� �¤YoXlBDBKf�modTXµN�769�HW5MG�76Lm7
NqdT\=9DHU<E5M\�56N²HW:=B`\°d=> ;PBKG�56N�X=GI5[9DBKLULI<E\=p�d=\=<¦HWL�d=LIBKfhb

GI<EpM:8H·LU:=5,B�LªHW:�7�H{Jx;u@Cd=LU<?\=p¡76\�<?\=BSRT769�HZaE<E\TB{76G¾LU5Ma¦gMBDGKJÉ7¶LI<E>�X=aEB¢X=GUBD9K5M\Tf=<?HU<E5M\=BDG·a?<EF6B��aE5o9;F�m[4M769K5�;T<eXPBKGINq56GU>�L¥>¬d=9;:�aE<?F6B¼7¬9K5M>�X=dTHW7_HW<?5M\�76a?a[@Z>�5MGUBQ<E\8gM5Ma¦gMBDfmXTGUBK9D5M\=f=<¦HW<?5M\=BKG
c W�7  N�7_9DHW56GU<EkK7_HW<?5M\hJoNq5MG�BSRT76>�X=aEBQg�bqW«\�N�769DHKJÃHU:=B`aEBDLULuBSR[XlBD\=LU<¦gMB �SaE5o9;F?mT4M769K5?;=<�X=GUBD9K5M\�K
fT<?HW<?5M\=BDGu9D5M> ;=<?\=BKf�B�<?HW:mHW:=B·<E\=B]R=7_9DH¤LI5Ma?g6BKGuHWd=GI\=BKf¡5Md[HQHU50;lB ;lBDLIH`7_\=f¶GUBDf=d=9DBKf¶HW:TB
9D5M>�X=dTH;7�HW<E56\�76aÃ76>�5Md=\8HU;�@�5M\TB¼5MGIf=BKG�56N�>¢76pM\=<¦HWd=f=B_b�r#<EpMdTGUB V b Ì J°aEBDN~HKJ°f=BKX=<?9DHUL�HW:TB¼f=B]K
XPBK\Tf=BK\=9S@®56N0HW:TBÁ9K5M>�X=dTHW7_HW<?5M\¢HU<E>�B¼5M\�HU:=BÁ<E>¢76pMBuLU<?kKB6b=r#<Ep=b V b Ì J[GU<Ep6:°HKJXZ�\=76aEaY@¢LI:=5,B�L
7Á\=BK76GUaY@ª5MXTHU<E>¢76aoaE<E\TB{76GÉ<?\=9KGIB{76LIB�56NlHU:=B�LUXPBKBDf�mod=X�N�769DHU5MGÅ76Lº7¤Nqd=\=9DHU<E5M\Z56NPHW:TBu\°d=> ;lBDG
5_NhX=GI5[9DBKLULI<E\=p¾d=\=<¦HWL
ciO � d=\T<?HWL�B�BKGUBQ7{g_76<EaE7?;=aEB�HW5¾d=Lhgb�	¯:T<ELÅX=GU5�g6BKLSHU:=B�Bsv�9K<?BK\=9S@¢5_NeHW:TB
X=76GW76a?aEBDae<E>�X=a?BK>�BK\8H;7_HU<E5M\eb	¯:TBKLUB�GUBDLUd=a¦HWL²LU:=5,B!HU:�7_H²HW:=BÅ9K56> ;=<E\=7_HW<?5M\`56N�76XTX=GU5MXTGU< 7�HWB�X=GI5�;=aEBD>pm°LUXPBK9K<YZ�9Å\°d=>¢BDGU<?9{76a
9D5M\=9DBKXTHUL�cr^`7��9K76\=5�g�aE<?\=B{76GI<EkK7_HW<?5M\hJ�<E\=B]R=7_9DH�aE<E\TB{76GºR �ALU56a?gMBDGKJ �Sa?5[9;F?mT4M769D5�;=<ÃX=GIBK9K56\=f=<YK
HU<E5M\T<E\=p�g2B�<?HU:�7_\mBSv�9K<EBD\8HQX=76GW76a?aEBDal<?>¢X=a?BK>�BK\8H;7�HW<E56\\@o<EBDaEf=L�7ªGUBDf=d=9�HW<E56\m5_N�HU:=BÁ5�gMBKGU76aEa
9D5M>�X=dTH;7�HW<E56\�76a²9K5MLVHWL`56NÅHDBS5�5MGIf=BKGILÁ56N�>j76p6\=<?HUd=f=B6b QLI<E\=p®>�5MGIB¬>j7_LULU<¦gMBªX�7_GW76a?aEBKa?<ELI>
7$Nqd=GIHU:=BKG¢GUBKfTd=9DHU<E5M\¹56N¤5M\=B¶5MGIf=BKG¢56N`>¢76pM\=<¦HWd=f=BmLU:T5Md=aEf ;lB NqBK76LU<[;=aEB_JÅBK\�7?;TaE<E\Tp�HW:TB
XTGU5o9KBKLILU<?\=p¢5_N Ê e <?>j76p6BKL¥<?\ b°d�7_LU<YK½GUBK76aYK�HW<E>�B c Ê m H NqGU76>¢BDL¯XlBDG¯LUBD9K5M\=fqg�b r�d=GIHU:=BKGI>¢5MGIB6J
7_X=X=aE<?9{7_HU<E5M\ 56NQHW:=B�A i Y�LU9;:TBK>�B HW5©HW:=Bmg_76GU<E7_HW<?5M\�76aS76X=X=GI58769;:hJ�;�76LIBKf 5M\�HW:=B�GUBDa 7LK
HU<E5M\TLU:=<?X�HW5Z\=5M\=a?<E\=BK76GSfT<[ald=LU<?5M\0Z�a?HUBKGIL¯f=BKLI9KGU<[;lBDf�<?\mY[BK9�HW<?5M\=L V b Ê b Ê 7_\=f V b H b Ê J�B�<Ea?a ;PB
9D5M\=LI<Ef=BDGUBKfm<E\®NqdTHUd=GUB�B�5MGUFÃb

�����L��� � & '0* !�')4 � � � !����)5�!�& ' � !�*�#�4 �"!�'��
r�5MGS\=5M\=a?<E\=BK76GSf=<YaedTLU<E56\<Z�a?HUBKGI<E\=p=J°HW:TB�A i YjLI9;:=BK>�BKLuf=BDLU9KGI<y;PBKf�<E\®Y[BK9�HW<E56\ V b H b Ê B�5MGUF
BSv�9K<EBD\8HWa[@¶5M\�LIB%b°d=BD\°HU< 76aÅ9D5M>¢XTdTHWBDG`76GU9;:=<¦HWBD9DHWdTGUBKLDb²OQ5,BSB�gMBDGKJ0HW:=BS@$76aELI5m5JaeBDG¤HDBS5�<E\XK
HUGU<?\=LU<?9ÁaEBDg6BKa?L¯56N#X=76GW76a?aEBDaE<ELI> 9h�;�Kv6�W��tQ�6�Iv6|~�j�Tv6�Iv6w~wEt�wy|E��}(76\=f©}ª|��ª�6�Iv6|~�¢�Tv6�Iv6w~wEt�wy|E��}ªb	¯:TB®9K5876GILUB®pMGU76<E\CX�76GW7_aEaEBDaE<?LU>'9K76\�;lB�fTBKLU9DGU<[;lBDf37_L·Nq5MaEa?5,B�LKb6	¯:=B®GUBDLUd=a¦H � ��� � 5_Nu76\
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C<K½f=<E>�BK\TLU<E56\�76a A i Y®LU9;:=BD>¢B¾9{7_\�;PBÁGUBDp876GUfTBKf�76L¯HW:=B¾7{gMBDGW76pMB¾56N C Z�a¦HWBDGUL¯56N²HD@oXlB
,�� ��� � 9�M �*�\[ C � � � c�� � g�� � � � � c �oM OlV�� � � V C g��

Yo<E\=9DB ,
� ��� � J¦b?b¦b¦J ,�� ��� � 9{7_\ ;PB�9{76a?9Kd=aE7_HWBDfÁ<E\=fTBKXPBK\=f=BD\8HWa[@¼NqGU5M>µB{769;:¾56HU:=BKGDJ�<?H�<?LhXl56LULU<[;=aEBHU5Zf=<ELVHWGU<[;=dTHUB¤HW:=BD<EG¯9K56>¢X=d[H;7_HU<E5M\�HU5�fT<[alBKGUBD\8HQXTGU5o9KBKLILU5MGILQ5_NÉ7ZX�76GU76aEa?BKaP>j769;:T<E\=B_b

i N~HUBK\¡X�76GU76aEa?BKa²9K5M>�X=dTHUBKGILÁ5?aeBDG¤>�5MGUBnX=GU5o9KBDLULU56GULÁHW:�7_\¶HW:=Bªf=<?>¢BD\=LU<?5M\�76a?<?HD@ C 56NÅHW:TB
XTGU5�;=a?BK>mbTW«\�HU:=<EL`9K76LUB¢<?H`<EL`<?\°HUBKGIBKLIHU<E\=p�HW5�BSR[X=a?5M<?HÁHU:=B¢>�<Ef©pMGU76<E\©X�7_GW76a?aEBKa?<ELI> B�:=<?9;:
<?Lªf=BKLI9KGI<y;PBKf�\=BSRoH{b+7�B�H � � f=BD\=56HUB�HU:=B�\°d=> ;PBKGZ56NQX=<YR[BKa?Lª<E\!HU:=B ��f=<?GUBK9�HW<?5M\hb$	¯:TBK\
c �([]C � � tdcUJ � g~g � � 9KGIB{7_HUBKL�� � ���t � � 5M\=BSK½f=<E>�BK\TLU<E56\�76aPf=<[ald=LU<?5M\�X=GU5o9KBDLULIBKLQ76aE5M\Tp¬HW:=B �fT<EGUBD9DHU<E5M\hbTY[<?\=9KB¤HU:=BKLIB¾XTGU5o9KBKLILUBDLQ7_GUB¤9D5M>¢XTaEBDHUBKaY@j<?\=f=BKXPBK\Tf=BK\8H¯NqGU56>�B{7_9;:m5_HW:=BDGKJ[HU:=Bs@
9K76\ ;lB`9K56>¢X=d[HWBKf�<?\mX=76GW76a?aEBDa�b
AQL¾7�fTBK>�5M\=LIHUGW7_HU5MG¤Nq5MG`7�>¢<?f¡pMGW7_<E\¡X�76GU76aEa?BKa?<Ek{7�HW<E56\ B�B¢:=7�g6B¢<?>¢XTaEBK>�BK\8HUBKf©7�HW:=GIBKB]K
fT<E>�BK\=LI<E5M\�7_a"A i Y�LU9;:=BD>¢B¶56\ 76\ Y*� Wp`²5,BSBDG�RS:�76a?aEBK\TpMB��)7�B�<?HW:3BK<?pM:8H O V�G � Ouk
k O ËMË6ËMË X=GU5o9KBDLULU56GUL¤7_\=f�O�� �U@°HWB¾56N >I5M<E\8HuLUBD9K5M\=f=76G~@m9{7_9;:=B{EtP HMËCI b"	¯:=B`HWBDLIHQ<E>¢76pMBÁ<EL
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