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N=1 mln, SNWS 100fs
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N=1 mln, SNWS 100fs
N=1 mln, ParPRNG 100fs

N=5 mln, SNWS 150fs
N=5 mln, ParPRNG 150fs

N=10 mln, SNWS 200fs
N=10 mln, ParPRNG 200fs
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à1Ñ�ÊçØµÇ(Õ®Î�Ù�Ñ�È>Ñ¡Ó É�Ö«ÏíÇ¡Ð�Ð�Æ«Õ®Ç¡Ð Þ Ñ¡Ó É�Ö«ÏªÙ�Ñ�×�Æ«É�Î�Ñ�È�Ñ Ý É�Ç¡Î�È«Ï�Ü$ë�ÎRÉ�Ö>É�Ö«Ï k n¤Ð k ð k ù�osn!p Ç¡ÈµÜ
ù Ç(Õ ù�oÄn�p Ò¡Ï�È«Ï�Õ{Ç(É�Ñ¡Õ®ÙqÓÔÑ¡Õ1É�Ö«Ï × Ø[Ñ�Î�ÈYÉ�Ùuë�Î�É�Ö�É�Ö«Ï Ý ÎRÒ¡Ò¡Ï�Ù�ÉqÛ(Ç(Õ®Î�Ç¡ÈµÐ³Ï¡å^æ&Ö«Ï&Ï�Û¡Ñ�×ÚÆ«É�ÎRÑ�ÈçÉ�ÎÚÊ�Ï
Î�Ù txr�r Ë�ÜíÎ�È�É�Ö`Ï�Ð�Ç¡Ù�Ï²Ý j t Ê7×�È ðHtZyKr Ë�Ü�Î�È7É�Ö«ÏUÐ�Ç¡Ù�ÏzÝ j y Êç×�È7Ç¡ÈµÜNÕ r�r Ë�Ü�Î�È7É�Ö«Ï�Ð�Ç¡Ù�ÏÝ j txr Êç×ÚÈ ð Õ�Ï�Ù�Ø[Ï�Ð³É�ÎRÛ¡Ï�× Þ å3#Q®0%����LO3BLF�'5G0%/�L ç ;f2J0��-0�����P�2JhBhB�A=+0f@& #"%24 #5�I'�]/�=+245�he0����m�!�i�·��bT�!³*¿��?�  #5�>³® #"/³*¿��?� hB�A5��'"% &0�3#"%='_MÆ�5 0���2J=4Þ�0%���?;s3B"+=+0ÄßdI' #=%�Î3&Qc0����?@# &"%2U &5�I'�?I'3BLFD� #"+�'>à;f2g0��0����f@& #"%24 #5�IA�ñ &0Ä0����?3#0%���'"ÄD�3B245G0�=AbG;<�?�� K@B�?É £·à � 8�^ ¾ « ¢  #5�>  &P�=%3BCJ/�0��È�'"+"%3B"+=! #"+�245- #h#"%�'�ALO�A5G0�;f2J0��[0%���ÎLO�' #5-=%.�/� #"+�]�'"%"+3B"'_�±��~0f/�=f5�3#0%��0��� &0�0%���Î�~V� #I~0È=%3BCJ/�0�2J3B53#Q!0%���à��()* �A.�/� &0�2J3B5°2J=]/�5�$�5�3�;f5c_l�Î2J@#�'5ì0����O�~VMI'�AC4C4�A5G0Ç #h#"%�'�ALO�A5G0d #5�>Ì=%2JLO2JCU #"@& #"%24 #5�I'�A='bº;<�SIK #5E0� #$#�S #5G,���� =%3BCJ/�0�2J3B5XQ�"+3BL *®24h�_8Ç #=ñ áÞ+I'3#"%"%�AIA0/ßà=%3#C4/�0%243B5c_*®24h#/�"%�A= ´4â ®OI'3BLFD� #"+��Þ+IA3B"%"+�'IA0/ß[=%3BCJ/�0�2J3B5�= � /�=+245�hO0����Ç"+�'=+/�CJ0%=ñ;f2J0%�E0����4�!���·�hB�'5��'"� 10�3B" ¢ Q�3B"!0����Î�~@B3BCJ/�0�2J3B5 0�2JLO�A=�8�^B^ � ýB  8�î#^ � ý  &5�> ´ ^B^ � ý ;f2J0%�[0����Î.�/� #5G0%/�L

®



0

5

10

15

20

1000 1500 2000 2500 3000 3500 4000

S
 o

 l 
u 

t i
 o

 n
 -

 a
.u

. 

k*k

N=30000, LCG-F 100fs
‘correct’ sol. 100fs

N=150000, LCG-F 150fs
‘correct’ sol. 150fs

N=750000, LCG-F 200fs
‘correct’ sol. 200fs
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k*k

N=30000, LCG-PM 100fs
‘correct’ sol. 100fs

N=150000, LCG-PM 150fs
‘correct’ sol. 150fs

N=750000, LCG-PM 200fs
‘correct’ sol. 200fs

ê ÎRÒ«å+Õsåµà1Ñ�Ê�ØµÇ(Õ{Î�Ù�Ñ�È>Ñ¡ÓyÉ�Ö«Ï�Ï�×RÏ�Ð³É�Õ�Ñ�È$Ï�È`Ï�Õ�Ò Þ Ü`ÎÚÙ�É�Õ®Î Ý Æ`É�ÎRÑ�È�Ñ Ý É�Ç¡Î�È`Ï�Ü ÝYÞ ÆµÙ�Î�È«Ò�Ñ¡ÓTã à p Ë ê
Ç¡È`Ü>ã à p Ë ù ß Ò¡Ï�È`Ï�Õ®Ç(É�Ñ¡Õ®Ù�ë�ÎRÉ�Ö�É�Ö«Ï?ä¡Ð³Ñ¡Õ®Õ�Ï�Ð³É�ä$Ù�Ñ�×�Æ«É�ÎRÑ�È�Ñ�ÈãÉ�Ö«Ï¥×�Ï�ÓhÉ�Ç¡È`Ü�É�Ö`Ï�Õ®ÎRÒ�ÖYÉ�Ø±Î�Ð¢Ë
É�Æ«Õ®Ï�Ù ð Õ�Ï�Ù�Ø[Ï�Ð³É�ÎRÛ¡Ï�× Þ å
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k*k

N=30000, ICG 100fs
‘correct’ sol. 100fs

N=150000, ICG 150fs
‘correct’ sol. 150fs

N=750000, ICG 200fs
‘correct’ sol. 200fs
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k*k

N=30000, SNWS 100fs
‘correct’ sol. 100fs

N=150000, SNWS 150fs
‘correct’ sol. 150fs

N=750000, SNWS 200fs
‘correct’ sol. 200fs

ê ÎRÒ«å × åqà1Ñ�Ê�ØµÇ(Õ®ÎÚÙ�Ñ�È�Ñ¡Ó�É�Ö«Ï$Ï�×RÏ�Ð³É�Õ�Ñ�È)Ï�È«Ï�Õ�Ò Þ Ü`Î�Ù�É�Õ®Î Ý Æ«É�ÎRÑ�È�Ñ Ý É�Ç¡ÎÚÈ«Ï�Ü ÝYÞ ÆµÙ�Î�È«Ò�Ñ¡Ó*å�à p
Ç¡È`Ü k n¤Ð k Ò¡Ï�È`Ï�Õ®Ç(É�Ñ¡Õ®Ù
ë�ÎRÉ�ÖÌÉ�Ö«Ï¤ä¡Ð³Ñ¡Õ®Õ�Ï�Ð³É�ä�Ù�Ñ�×�Æ«É�ÎRÑ�È�Ñ�ÈçÉ�Ö«Ï�×RÏ�ÓÔÉqÇ¡È`Ü�É�Ö`Ï&Õ®ÎRÒ�ÖYÉ�ØµÎ�Ð³É�Æ`Õ�Ï�Ù ð
Õ�Ï�Ù�Ø Ï�Ð³É�Î�Û¡Ï�× Þ å=%3BCJ/�0�2J3B5�=s3BP�0x &245��A>[/�=%2J5�he #C4Cº0�����=%�A.H/��'5G0�24 #C� #5�>[D� &"� #CJC4�'CºD�"+5�h�¡ï=!;f���'5-0�����LO�' #5=%.�/� #"+�Ç�'"+"%3B"È24= à � 8�^ ¾ ¹ ¢ _º�����Ç5�/�LÇP��'"?3#Q�"+�K #CJ24`' &0�2J3B5�=f3#Q�0%���4���÷�A=+0%24LO &0�3B"È #"+�O £ ô ^B^B^#^�b�8�î#^B^#^B^S #5�>$µBî#^B^#^B^�_+¿f�'=%/�CJ0�=s3BP�0� #245��A>O;f���A5 ç ¹� ´ ^B^B^]Q�3B" ç����èç  %¡+¢/�=%2J5�hí0����-=+�'.�/��'5G0%2U #C�hB�A5��'"% &0�3#"%=d;f���'5ÝI'3BLFD� #"+�'>Y;f2J0%�Y0����æÞ+IA3B"%"+�'IA0/ß	=%3BCJ/�0�2J3B5=%��3�; =�,H=+0��ALà 10�24Ie>�2� N�A"%�A5�I'�A='_������FP��A=+0�IK #=+�O3HI'IA/�"%=];f���A5°/�=+245�h[0������²±"�ñ(
��³�bLO2J5�24LO #C1=+0� #5�>� #"+>cb�hB�'5��'"� 10�3B"A_¼�È3�;<�~@B�'"Ab1Q�3#"� &C4CB0�2JLO�A=2J0��ZV���24P�2g0�=�=%LO #C4CBIA3B5�=+24=+0%�'5G0>�2< ��'"+�'5�IA�'=A_
�H,H=+0%�'LO &0�2JI�>�2� N�A"%�A5�I'�A=ñ245-0����4���÷=+3BC4/�0%243B5[;f2g0��E2J5�I'"+�K #=+245�hF�A@#3BC4/M0�243#5Å0�2JLO�] &DM(D��' #"e;f���'5�±"�V�ñ()*<b®Æ
�V�eb¤´ÞÆ
�V�  &5�>ç�X�<(
���  #"%�X/�=%�A>c_ª¿? #5�>�3BL Þ+5�3B24=+�èßì2450�������� =%3BCJ/�0�2J3B5Y24=e3BP�=%�'"�@B�A>Ý;f���A5Ý0������²±"�V�ñ(�³*±÷hB�A5��'"% &0�3#"d24=d/�=+�'>cbÞ;f��2JIx�cb��3�;<�~@B�A"'b�24=Î/�5�P�24 #=%�A>c_È� ���'5 ç ¹�é ´ ^B^B^ 0����e"+�'=%/�CJ0�=]/�=+245�hX #5G,	D�"+5�h�¡ï=]>�24=% #hB"%�A�245[0����]a�"%=+0?D��K #$ 3&Q®0�����>�24=+0%"%2JP�/�0�2J3B5c_M����24=fIK &5ÅP��]�~VMD�CU &245��A>ÅP��'I' #/�=%�]0�����D�"%3H>M(/�IA0 ç�����ç  %¡+¢ Q�3B"?P�24hBhB�A"È@& #CJ/��'=?3#Q ç 2J=?=+�'5�=+2J0%2J@B��0�3O�A@B�A5	=%LO #C4C�A"%"%3#"%=ñ2J5Å0%���4���
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k*k

N=30000, EICG 100fs
‘correct’ sol. 100fs

N=150000, EICG 150fs
‘correct’ sol. 150fs

N=750000, EICG 200fs
‘correct’ sol. 200fs
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k*k

N=30000, ParPRNG 100fs
‘correct’ sol. 100fs

N=150000, ParPRNG 150fs
‘correct’ sol. 150fs

N=750000, ParPRNG 200fs
‘correct’ sol. 200fs

ê ÎRÒ«å u å�à1Ñ�Ê�ØµÇ(Õ®ÎÚÙ�Ñ�È�Ñ¡Ó
É�Ö«Ï�Ï�×�Ï�Ð³É�Õ�Ñ�ÈãÏ�È«Ï�Õ�Ò Þ ÜµÎ�Ù�É�Õ®Î Ý Æ«É�ÎRÑ�È$Ñ Ý É�Ç¡Î�È`Ï�Ü ÝsÞ Æ`Ù�ÎÚÈ«Ò7Ñ¡Ó"ê"å�à p
Ç¡È`Ü ù Ç(Õ ù�oÄn�p Ò¡Ï�È«Ï�Õ®Ç(É�Ñ¡Õ®Ù�ë�ÎRÉ�ÖJÉ�Ö«Ï�ä¡Ð³Ñ¡Õ�Õ�Ï�Ð³É�ä Ù�Ñ�×�Æ«É�ÎRÑ�È Ñ�È É�Ö«Ï�×RÏ�ÓÔÉ/Ç¡È`Ü É�Ö«Ï�Õ®ÎRÒ�ÖYÉ
ØµÎÚÐ³É�Æ«Õ�Ï�Ù ð Õ�Ï�Ù�Ø[Ï�Ð³É�ÎRÛ¡Ï�× Þ å
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k*k

N=30000, MT-MN 100fs
‘correct’ sol. 100fs

N=150000, MT-MN 150fs
‘correct’ sol. 150fs

N=750000, MT-MN 200fs
‘correct’ sol. 200fs
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k*k

N=30000, SPRNG 100fs
‘correct’ sol. 100fs

N=150000, SPRNG 150fs
‘correct’ sol. 150fs

N=750000, SPRNG 200fs
‘correct’ sol. 200fs

ê ÎRÒ«å y åYà1Ñ�ÊçØµÇ(Õ®Î�Ù�Ñ�ÈÌÑ¡Ó É�Ö«Ï�Ï�×RÏ�Ð³É�Õ®Ñ�È�Ï�È«Ï�Õ�Ò Þ Ü`Î�Ù�É�Õ{Î Ý Æ«É�ÎRÑ�È�Ñ Ý É�Ç¡Î�È«Ï�Ü ÝsÞ Æ`Ù�Î�È«Ò�Ñ¡Ó�ß�æ�Ë ß n
Ç¡È`Ü k ù�osn!p Ò¡Ï�È«Ï�Õ®Ç(É�Ñ¡Õ®Ù ë�Î�É�ÖíÉ�Ö«Ï�ä¡Ð³Ñ¡Õ®Õ�Ï�Ð³É�äUÙ�Ñ�×�Æ«É�ÎRÑ�ÈíÑ�È�É�Ö«Ï1×RÏ�ÓhÉ£Ç¡È`ÜªÉ�Ö«ÏqÕ®ÎRÒ�ÖYÉ�ØµÎ�Ð³É�Æ`Õ�Ï�Ù ð
Õ�Ï�Ù�Ø Ï�Ð³É�Î�Û¡Ï�× Þ å

=%3BCJ/�0�2J3B5c_�® &P�C4� ´ =%��3�;f=f0�����I'3#LOD�/M0x &0%243B5� &CNI'3#LOD�CJ�~VM2J0�, � ^�ë4ì 0�2JLO��Q�3B"f &C4CÈ®B^dD�3B245G0%= ¢ 3#Q0����� &C4hB3B"+2J0%��L /�=%2J5�hf #C4C10����ÞD�"%5�h�¡ï='_������Ä"+�'=+/�CJ0%=245�0�����0�3BD]3#QH�� #P�C4� ´  &"%�Þ3BP�0� #245��'>;f2J0%� 0%���íÞ+I'IîßÝIA3BLOD�24C4�A"  &0X3BDM0�24LF24`' &0�2J3B5qCJ�A@#�'CaÞ)(èQ� #=+0/ßÝ &5�>T0%���	3#0����'"-"%�A=%/�Cg0�= #"%��3BP�0� #245��A>Å;f2g0��E0%���\Þ+hBIAIèßOI'3BLFD�24CJ�'"A_6�Ì�S=+�'�S0%�� &0?0�����I'3BLFD�/�0� &0�2J3B5� #C�I'3#=+0�2J=0����àC4�K &=+0�;f���'5æ�Å�<(���� hB�A5��'"% &0�3B"�24=�/�=%�A>c_®����� ^Nëmì 0%24LF�e3#Q�0����  #C4hB3#"%2J0%��L/�=%2J5�hÇ0����°�!���·�[ #5�>a�!���·��(�8�D�"+5�h�¡ï=�24=! &D�D�"%3KVM24LO &0%�'CJ,e0%����=� &LO�Î &5�> 0����~,[ #"+�=%3BLF�A;f�� &0�Q� #=+0%�'"�0��� #5��!³*¿��?�e_�������Æ
�V� h#�'5��A"� &0%3B"�>��'C4 K,M=�0%���°³® #"/³*¿��?�  #5�>0����A"%�~Q�3B"%��0����fQ�3#"%LF�'"�=+��3B/�CJ>F5�3#0�P��f2J5�I'CJ/�>��'>dQ�3B"®=%3BCg@M2J5�h�0���24=ÞD�"+3BP�C4�ALÅ_¼ÅñCJ=%3�b#0%���.�/� #5G0�2g0�, � � 9<;x¢ @#�'"�,Å=+C43�;fCJ,à245�IA"%�' #=%�A=f;f2g0��-245�I'"%�' #=%2J5�he�A@#3BC4/�0%243B5[0%24LF�#_
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k*k

N=30000, CLCG-PL 100fs
‘correct’ sol. 100fs

N=150000, CLCG-PL 150fs
‘correct’ sol. 150fs

N=750000, CLCG-PL 200fs
‘correct’ sol. 200fs
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k*k

N=30000,  SNWS-1 100fs
‘correct’ sol. 100fs

N=150000, SNWS-1 150fs
‘correct’ sol. 150fs

N=750000, SNWS-1 200fs
‘correct’ sol. 200fs

ê ÎRÒ«åÇwså/à1Ñ�ÊçØµÇ(Õ®Î�Ù�Ñ�È Ñ¡Ó�É�Ö«Ï©Ï�×�Ï�Ð³É�Õ�Ñ�ÈCÏ�È«Ï�Õ�Ò Þ Ü`Î�Ù�É�Õ®Î Ý Æ«É�Î�Ñ�È�Ñ Ý É�Ç¡Î�È«Ï�Ü ÝYÞ Æ`Ù®Î�È«Ò Ñ¡Ó
àgã~à p Ë ù ã Ç¡È`Ü k nªÐ k Ë t Ò¡Ï�È«Ï�Õ®Ç(É�Ñ¡Õ®Ù�ë�Î�É�Ö/É�Ö«Ï�ä¡Ð³Ñ¡Õ®Õ�Ï�Ð³É�ä$Ù�Ñ�×�Æ«É�ÎRÑ�È�Ñ�È�É�Ö«Ï¥×RÏ�ÓÔÉ�Ç¡È`Ü�É�Ö`Ï
Õ®Î�Ò�Ö^É�ØµÎÚÐ³É�Æ«Õ�Ï�Ù ð Õ�Ï�Ù�Ø[Ï�Ð³É�ÎRÛ¡Ï�× Þ åï ð~ÿ��°�°���§ñ
�H0x 10�24=�0�2JIK #CJCJ,Bb&0����?=%3BCJ/�0�2J3B5O3&Qc0����ñ�Ä()*ì�'.�/� &0%243B5F;<3#/�C4> P��È�~VMD��AIA0%�'>[0�3�P��?5�3B24=+24�A" &0 à � 8�^ ¾ ¹ ¢ 0��� &5Å 10 à � 8K^ ¾ « ¢ LF�K &5X=+.�/� #"%�]�A"%"%3#"'_�Æ�0f2J=�hB"� 10�2JQ�,H2J5�h�0%�� &0�0�����0���"+�'�D� #"% #C4CJ�'C�D�"%5�h�¡ =Þ/�=%�'>FhG K@B�!0%���!=% #LO�! #5�=+;s�'"Ä &0 à � 8K^ ¾ « ¢ D�"%�'IA24=+243B5c_¼�?3�;s�A@#�'"'b��~@B�'5 &0 à � 8�^ ¾ ¹ ¢ LF�K #5X=%.�/� &"%�S�A"%"+3B"'b�2gQ�0%����=+3BC4/M0�243#5 ;! #=?/�5�P�2U &=%�'>Nbº;s�];<3B/�C4>X�~VMD��AIA0"� #5�>�3BL8ò�/�IA0%/� &0�2J3B5�=È #P�3B/�0�0%���ÎLO3#"%�ÎD�"+�'I'2J=%�]=%3#C4/�0%243B5c_M����24=�;< #=f3B5�Cg, 3BP�=+�'"�@B�'>;f2J0%�°0������²±"�V��(Ï³¤± D�"+5�h�_"ÅñC4CÞ0%��� 3#0%���'"�=%�'.�/��A5G0�2U &C<hB�A5��'"% &0�3B"+=Ç�~VM��2JP�2J0%�'>7=�,H=�(0��ALà &0%24IÇ"% &0����'"Î0��� &5ì"% #5�>�3#L >�2< ��'"+�'5�IA�'=A_�����'"+�AQ�3B"+�F;s�eI'3B5�IAC4/�>��e0%�� &0]D� &"� #CJC4�'CD�"%5�h�¡ =È #"+�ÎD�"%�~Q��'"% #P�C4��0%3e=%3BCg@B��0���24=�D�"+3BP�C4�AL  #=!0%���]�A@#3BC4/�0%243B5 0%24LF��245�I'"%�' #=%�A='_�Æ�50���2J=ÇIK &=%�#b�0���� ^�ë4ì 0�2JLO�O3#Qf0����- &C4hB3B"+2J0%��L P��AI'3BLF� IA"%/�IA2U #C�_®����/�='b�0%3íD�"%�A>�24I~00�����=%3#C4/�0%243B5[;s�S5��A�'>RD� &"� #CJC4�'CN"%�K &C424`' &0�2J3B5�=!3&Q®0����Ç #CJhB3B"%2g0���Lã #5�>�ó&3B"�;<���� K@B��0�3�'=�0�24LO &0%��0%���S=+3BC4/�0%243B5-;f2J0%�EIA3G #"%=+�'"�=�0�3HIx�� #=�0�24I��'"+"%3B"A_�Æ�5E3B"%>��A"?0%3à3BP�0� #245E O��2JhB�D� #"% #C4CJ�'C��îôFI'2J�'5�I~,R245R0%���ÇI' #=%�d3#Q�0%���dD� #"% #C4CJ�'C�"%�' #C42J`K &0%243B5Å3#QÞ0����e &C4hB3B"+2J0%��LÅb�0%���"� #5�>�3BL =+�'.�/��'5�I'�'=?�� K@B�]0�3FP��ÎD�"%3H>�/�I'�A>Å;f2g0��-=%2JLO2JCU #" ^Nëmì 0%24LF�'='_
õ ý+ö�ý+��ýM���*ý¦¥
÷ t/øúù åYé�Ç(Õ�Í¡Ï�Õ ðFû å ê Ï�Õ�Õ Þ¡ð k Ï�×RÓÚËmÙ®Ð�Ç(É�É�Ï�Õ®Î�È«Ò�ØµÇ(É�Ö*Ë�Û(Ç(Õ®Î�Ç Ý ×RÏ�ÓhÑ¡Õ®Ê¥Æ`×�Ç(É�Î�Ñ�ÈçÑ¡ÓyÖ`ÎRÒ�Öçè`Ï�×�ÜçÉ�ÎÚÊ�Ï³Ë
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