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3OTYTUC">�]=P5<�T½<�ó?ó=PO35ö*<GFH35[�7=ùhK
ò :=C*TYCb:=<Gù�÷AC*C*7ÆùU[GZ�CÜøN[GTUDÈ3O7ÆX=C*ûGC*P5[�ó=357=>�X=ú;7=<GZ\3OöbFUC*ö�:=7?3��;]=C"ùÀôõ[GT�35Z�ó?TU[hû;357=>

PO[;ö*<GPO35F^ú6KAÿ¼357=>�<�7=X�I�C"7=7=C*X?ú�^ ��`	3576FUTU[;X=]?ö*CJFH:?CJ7=[�FU3O[G7Å[GôNX=ú;7=<GZ\3OöJX=<GFH<`ó=<Gö�D6357=>¥@
øÁ:=3Oö�:a35ù�<\TU]=7aFH35Z\C�[�ó=FU3OZ\3
w*<GFH35[�7aFH:=<GFÁ>�TY[�]=ó=ùSX=<GFH<\<�ö"ö*C"ùUùYC*XÈ<�FSö*P5[�ùYCW3O7;FHC"TUû�<GPOùÁ357
FH:=C\ó=TY[�>GTU<GZ 357;FH[LFU:=C\ùU<GZ\CÜö"<�ö�:=CÜPO357=C6K ò :=35ùW[�ó=FU3OZ\3
w*<GFH35[�7Æ35ùWC�3\ö*35C*7;F¼[�7=P5ú�35ômFH:?C
>�<�FU:=C*TYC*X\X=<GFH<�35ù&<�ö"ö*C"ùUùYC*X\Z\<�7;ú�FU3OZ\C"ùmFH[�<GZ\[�TYFH3
w*CÁFH:?C�[hû�C"TU:=C"<�XÜ[�ô¥ó=<�ö�D;357=>W<�7=X\35ô
FH:=CÀ<�ö*ö"C*ùYù&[�TYX=C"T&X=[;C*ùN7=[�F&ö�:?<�7=>GC�ôõTUC��;]=C*7;FHP5ú�X=]=TY3O7=>�C*4;C*ö"]=FH35[�7.K�ÿ\V�� ùUC"FH]=óJ357=ö"]=TUù
Z�]=ö�: POC"ùUùYC*T�[hû�C"TU:=C"<�X)÷AC*ö"<�]=ùYCa3OF�X=[;C*ù\7=[GF�357;û�[GPOûGC�X=<�FU<Åö"[�ó;ú;3O7?>A@�<�7=X 3OF�<�P5P5[høÁù
ôõTUC��6]?C*7;FSö�:=<�7=>GC*ùÁFU[�FU:=C�357=X=35TUC"ö*FH35[�7aû�C"ö*FU[�ThK
ò [`FH:?C�÷jC"ùUF�[�ô½[�]=T�D;7=[høÁP5C*X=>GC6@A:=<GTUX?øN<GTUC�ùU]?ó=ój[GTUF�ôõ[GTb>�C"7=C*TY<�P
�~ó=]=TYój[GùUC�ö*<Gö�:=C

PO357=C\>�<GFH:=C"TU357=>aùU]=ö�: <�ùW35ù�ùU]?ó=ój[GTUFUC*X ÷;úáÿ\V���35ù�7=[GF¼ó?TUC"ùUC"76FW357Å<G7;ú�<�TYö�:=3OFUC*ö"FH]=TYC
[�FH:?C*T½FH:=<G7 V�TY<húÜûGC*ö*FU[�T½Z\<�ö�:=357=C*ùhK��?[�T½C*4;<GZ�ó?POC;@�FU:=CJV�TU<hú ò ��£¤^���ý�`Aó=TU[hû;35X=C*ùNùUóAC��
ö*35<�P�ùU]?ó=ój[GTUF¼ôõ[�TWùY3O7?>�P5C��~øN[GTUXáP5[�<GX.K��=ó=<�TYùYCÜX=<GFH<aö*<G7Æ÷AC�>G<�FU:=C*TYC*Xá357;FH[aö*[G76FU3O>G]=[�]?ù
£��~TUC">�35ùUFUC*TYù¼<G7=X9FH:?C�TUC"ùU]?POFU3O7=>Æ÷=PO[;ö�D;ùb[Gô�£���TYC*>G3OùYFHC"TUù�ö"<�7�FH:=C"7)÷AC�PO[G<�X=C"X¥x~÷=TY[�<GX6�
ùU35X=C�z�357;FH[�FU:=CJó=TY[6ö"C*ùYùU[GTW3O79ö"<�ö�:=C\P53O7=CJùY3
w*C*X�÷=P5[;ö�D;ù�@¥FU:;]=ùbùY]=÷=ùYFH<�7;FU3O<GPOP5úÆTYC*X=]?ö*357=>
]=7=7=C"ö*C*ùYùY<�TYúb÷=]=ù&÷?<�7=X=øÁ35X=FU:JFH:=<GF	øN[G]=POX\:=<hûGCS÷jC"C*7J]=ùYC*X\357J7=[�TYZ\<�P¶ö*<Gö�:=CSPO357=C��?POP5ù�K
ÿÀú;7=<GZ�35ö�ö*<Gö�:=CWPO357=C�<GùUùYC*ZÜ÷=POúLó=TU[hû;35X=C*ùÁùY35Z�35P5<�TÁùYö*<�FUFHC"TÁ>�<�FU:=C*TÁö"<�ó=<G÷=35PO35F^ú�ôõ[�T�ö*[�7��
û�C*7;FU3O[G7=<�P&Z\35ö*TY[�ó=TY[;ö*C"ùUùY[�TYùWøÁ3OFU:=[�]=FÜFH:=CL7=C*C"X9ôõ[�T�ùYóAC*ö*35<�PNû�C"ö*FH[GTbTYC*>�35ùYFHC*TYùh@Aû�C*ö"FH[GT
Z�C"Z\[�TYú�[�óAC*TY<�FU3O[G7=ùS3O7`FH:?C�3O7=ùYFHTY]=ö"FH35[�7aùUC"FE@;[GTÁ<�7��6����� Z\<�357`Z\C*Z\[�TYú6K

¦ ée§¥¨Àï���©��«ªËì=ð}¬�ñ�ë��cðºë;ï�ì��

ò :=C�]^Z\ó=]?POùYCÀ<GX=<�ó?FH<�÷?POCÀZ�C"Z\[�TYúÜùYú;ùUFUC*Z�C*4;ó=<G7=X=ù½FH:=C¼FHTY<�X?3OFU3O[G7=<�PAû;3OTYFH]=<GPjZ\C"Z�[GTUú
:=3OC"TU<GTUö�:;ú¼÷;ú�<�X=X=357=>¼<�X=X?TUC"ùUù�FHTY<�7=ùYP5<�FH35[�7�:=<�TYX=ø½<�TYC&FH[¼FH:=C½Z\<�357�Z\C*Z\[GTUú�ö"[�7;FHTY[�P5POC"T
s
�2� Vvu�^ _A@�����@�����`^K�]^Z�ó?]=POùYC\]=ùYC*ùWó=:;ú;ùU35ö*<GP.<GX=X=TYC*ùYùUC"ùÀ]=7;]=ùYC*XÅ3O7 ö*[G7;û�C*7;FU3O[G7=<�P.ùUú;ùl�
FHC*Z\ùb<Gù�TUC"Z\<�ó=óAC*X�<�P535<�ùYC*ù�[�ôNTUC"<�P	ó=:;ú;ùY3Oö"<�P	<�X?X=TUC"ùUùYC*ùhKa�?[GT�3O7?ùUFU<�7=ö"C6@¥357�<aùYú;ùUFUC*Z
øÁ3OFU:2��_e��÷=35F�ó=:;ú;ùY3Oö"<�P�<GX=X=TYC*ùYùUC"ù�<�7?X�[�7=Cb>G3O>G<�÷;ú;FHC�[Gô	3O7=ùYFH<GPOP5C*X�ÿ������ @jFH:=CÜó=:;ú6ùY3
�
ö*<�P?<�X=X=TYC*ùYùYC*ù	357=ùU35X=C�^ ý�4���ýGý�ýGý�ý�ýGý�­�ý�4�����������������`?7=[GTUZ\<�P5P5úbøN[G]=P5X�÷AC�ö"[�7=ùY3OX?C*TYC*X
3O7;û�<�P53OX�Ka® ò :=[GùUC;@G[�FH:?C*TYøÁ3OùYC�]=7;]=ùYC*X�@�ó?:6ú;ùY3Oö"<�P¥<�X?X=TUC"ùUùYC*ù½TYC*ôõC*T½FH[�<2flcek�{eq�¯Xke{�{�°	��fif
f$b±k�ji�"K

��35>�]?TUC2��ùY:=[høÁù�:=[hø <�X=X=TYC*ùYùYC*ùW<�TYC\Z�<Gó=óAC*X9357 <G7K]^Z�ó?]=POùYC�ùYú;ùUFUC*ZáK ò :=CJTYC*<GP
ó=:;ú6ùY35ö*<�P¼<�X?X=TUC"ùUùÈùUó?<�ö*CÅ3Où`X=35TYC*ö*FUPOúË÷?<�ö�D�C"XË]=ó�÷;úËó=:;ú;ùY3Oö"<�P¼Z�C"Z\[�TYú³²m35FHù`ùU3
w*CÅ3Où
C*4;<�ö"FHP5úÆFH:?CLùY3�w"C�[�ôS357=ùUFU<�P5POC"X9ó=:;ú;ùU35ö*<GP&Z\C*Z\[�TYú6K ò :?C�ùU:?<�X=[hø <�X=X?TUC"ùUùbùYó=<Gö*CJX=[;C*ù
7=[�F	X=35TYC*ö*FUPOúÜój[G3O7;F	FU[�<�7;úbTYC*<�P¶ó?:6ú;ùY3Oö"<�P=Z\C"Z�[GTUú�sõFH:;]=ùmFH:=C�FUC*TYZ´fic�ke{�qe¯�uº<�7?X�ZÜ]=ùYF
÷jC`TYC*Z\<�ó=óAC*X FH[ TYC*<�PSó=:;ú;ùY3Oö"<�PS<�X=X?TUC"ùUùYC*ù�FH:=TY[�]?>�: FU:=Cµ]^Z\ó=]=P5ùUC��2� VÁK��À[hø FH:?C
�2� VÅ3O7;FUC*TYó=TUC"FHùNùU:=<GX=[hø <�X=X=TYC*ùYùYC*ù	ó=TYC*ùYC*7;FHC"XJFH[b35Fm35ùmö"[�76�?>�]=TYC*X\÷;úÜFU:=C�[GójC"TU<GFH357=>
ùUú;ùYFHC*ZáK
ò :=3Où¼û;3OTYFH]?<�P53�w"<�FH35[�7�[Gô	]=7;]=ùYC*Xáó=:;ú;ùY3Oö"<�P�<GX=X=TYC*ùYùUC"ù�ö"<�7�ó=TY[hû;3OX=C�X=3��AC*TYC*7;FÀû635C*øÁù

[�ô?X?<�FH<¼ùYFH[�TYC*X�3O7�ó=:;ú;ùU35ö*<GP6Z\C"Z�[GTUú�FU[Àó?TU[G>�TY<�Z\ù�K¶�?[GT�C"4;<�Z\ó=P5C6@"3OF�ö"<�7�ö*TYC*<�FUCmö"<�ö�:=C��
· Ç q�rt|.e{g"nWnWg"s�q^gÁf¥�Qw�y Ç +*&�»6yYw�rte{yY|.n���o6o¶y{»�q^gÁ|^o¶yYe{r��Hi¹¸õfGrtuEf8ºÜ��»6»6z^yY|^|^y{|*¾ � f6rt|.o6z^gE¸Gity{n
e��HsÜ¸¶yÁy��H|^rtit}a�^wEgErt»6y{»Ü¸�}�s6gEq	ity{q^q^rtsGuW|^fº��»6g�Ä �H»6»Gz^y{|^|&|^oº��e{yÁg�w�y{z^i��HoÜÄ	rxq^f Ç +*& »Gy{w�rte{y{|
�H»G»6z^y{|^|^y{|*¾
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ôõTU35C*7=X?POúÅX=<�FU<aùYFHTY]=ö"FH]=TYC*ù�FU[�3OZ\ó=TY[hû�C\FH:?CJC�3\ö*35C*7=ö"úá[�ô½FH:?CJó=TU[;ö"C*ùYùU[GT¼ö"<�ö�:=C"ù�K ò :?C
[�óAC*TY<�FH357=>�ùYú;ùUFUC*Z$Z\<�7?<�>�C"ù�<GPOP6[�ô¶FU:=CNTYC*ùY[�]?TUö"C*ù�357bFU:=CNC"4;ó=<�7=X?C*XbZ\C*Z\[GTUúW:=35C*TY<�TYö�:;ú
<�7=X9ó=TY[hû;3OX?C*ùb<G793O7;FHC"TUôõ<Gö*CJôõ[GT�FH:?CL<�ó?ó=PO35ö*<GFH35[�7�FH[ÆùUóAC*ö"3Oôõú�[�ó?FH35Z�3
w*<GFH35[�7=ù�ôõ[�T�ó?<�Tl�
FH35ö*]=P5<�T�X=<GFH<`ùYFHTY]=ö*FU]=TUC"ù�K ò :?CJó=TU[G>�TY<�Z\Z\C*T5sõ[GT�FH:=CJö"[�Z\ó=35POC"T u½357=ùYC*TYFHù�<�ó?ó=TU[Gó=TY3O<GFHC
ùUú;ùYFHC*Z ö*<�P5P5ùÁ3O7;FH[JFU:=C�<�ó?ó=PO35ö*<GFH35[�7aö*[;X=CWFH[Jö"[�76�?>�]=TYCÀFU:=C�Z\C*Z\[�TYú�ö"[�7;FHTY[�P5POC"T�K
ò [WZ\<�ó\<�X=<GFH<W3OFUC*Z 3O7\FU:=C�ùY:=<�X=[hø <�X=X?TUC"ùUù�ùYó=<�ö"CÁFH[�FH:?CÁó=:;ú6ùY35ö*<�P¶Z\C"Z�[GTUú;@�FH:?C

]^Z�ó?]=POùYC%�2� V ZÜ]=ùUFv�?TUùYFÁTUC"ö*[hûGC*TS3OFUù�û;3OTYFH]?<�Pc<GX=X=TYC*ùYù�K ò [J<hû�[G3OXÈX=3OTYC*ö"FHP5úL:=<G7=X=P53O7?>
û635TYFH]=<GPÀ<GX=X=TYC*ùYùUC"ùL<�FaFH:?CÀ�2� VÁ@mø½CÆTYC��;]=35TYCáFH:=<GFÈFU:=C û635TYFH]=<GPÀ<GX=X=TYC*ùYùÈZÜ]=ùUFa÷AC
PO[;ö*<GFHC"XÆ357=ùU35X=C\<aùUóAC*ö"3O<GP�û;35TUFU]=<�P�TYC*>G3O[G7.K ò :?CµÁ¹�Åö*TYC*<�FUC*ùW<aX=C*7=ùYC6@}�=<GFWó=<�>GC�FH<G÷=P5C
3O7`ö*[G7;FH35>�]=[G]=ùSó=:;ú6ùY35ö*<�Pº<GX=X=TYC*ùYùUC"ùSôõ[�TÁFH:?C�ùUóAC*ö"3O<GPºû635TYFH]=<GPºTUC">�35[�7.K8\ C�ö*<GPOPºFU:=C�ó=<�>GC
FH<�÷?POC�FU:=CÂ~��*~0q�°�dÃjiq�|}pÄ°	q�m
mo�*°¹b�k¶Å���prk��*mo�"K ò :=CÆÁ¹�aFH:=C"7�ó=357=ù�X=[høÁ7aFH:=35ù�ó=<G>�CWFH<G÷=P5C
3O7ÜZ�<G3O7�Z\C*Z\[�TYúW<�7=XÜùUC"7=X=ù�35FHù�ùUFU<�TYFH357=>¼ó=:;ú6ùY35ö*<�P6<�X?X=TUC"ùUù�FH[¼FH:?CNZ\C*Z\[GTUú�ö"[�7;FHTY[�P5POC"T
ùU[�FH:=<GFSFH:=C%�2� V9ö*<G7L<Gö*ö*C"ùUùSFU:=3OùÁó?<�>�C¼FH<G÷=P5CÀøÁ35FH:=[G]=FÁ3576FUC*TYTU]?ó=FH357=>�FH:=CÃÁ¹�.K8�=357=ö"C
X=<�FU<�35FHC*Z\ùS357�<�ùY:=<�X?[hø TYC*>G3O[G7J<�TYC�Z\<�ó?ójC"XLFH[Ü<�ùYójC"ö*35<�PAû;3OTYFH]=<GPjTYC*>G3O[G7.@hFU:=C��2� V
[�7=P5úÈ7?C*C*X�ö"[�Z\ó=]=FUCb[��AùYC*FHùÀTUC"PO<GFH35û�C�FU[�FH:=CÜùUFU<�TYFH357=>J<�X?X=TUC"ùUù�[�ô�FH:=CÜû;3OTYFH]=<GPcTYC*>�35[�7�K
\ÅC�ö"<�P5PºùU]=ö�:a<�7a[��AùYC*FS<5bafi��Ç±{eq�n@È*h
°�pÄÇ±kem�ke{�{�°	��fifYK��?[GTÁC*<Gö�:ÈùY:=<�X?[høåX=<�FU<\3OFUC*Zá@;FH:?C
�2� V��?TUùYF�ö*[�Z\ó=]?FHC*ù	35FHùmó=ùUC"]=X=[e��û;35TUFU]=<�P;<�X?X=TUC"ùUùh@"FH:=C"7Ü]?ùUC"ù	FH:=CSZ\C*Z\[�TYúbö"[�7;FHTY[�P5POC"T
ó=<�>GCbFH<G÷=POCÜFH[�X?C*FHC"TUZ\357=C�FU:=C�X?<�FH<È3OFUC*Z2� ùÀTYC*<GP�ó=:;ú;ùU35ö*<GP�<GX=X=TYC*ùYù�K ò [LùYóAC*C*XÆ]=óáFH:?C
FHTY<�7=ùYPO<GFH35[�7\ôõTY[�Z ó=ùUC"]=X=[e��û;35TUFU]=<�P=FU[bó=:;ú;ùU35ö*<GP=<�X?X=TUC"ùUùYC*ùh@�FU:=C��2� V ]?ùUC"ù&<�7 ò 2.R FU[
ùUFU[�TYC¼TYC*ö"C*7;FHP5ú�]=ùYC*XaFHTY<�7?ùUP5<�FU3O[G7=ù�Ke\ C�ö*<GPOPcFU:=35ù ò 2�R�FU:=CÂÉ�Ê6Ë¹ÌNK

��35>�]?TUC�_�ùY:=[høÁùº<ÁùY3OZ\ó=P53��?C*X�÷=P5[;ö�D�X=35<�>GTU<GZå[�ô6FH:=C�]^Z�ó?]=POùYC&Z\C*Z\[GTUúÀùUú;ùYFHC*ZáK ò :?C
ö*TY3OFU3Oö"<�P�ö"[�Z\óA[�7=C"76F�[�ô	FH:?C�]^Z\ó=]=P5ùUC��2� V 35ùÀFU:=CbùY:=<�X=[hø C"7=>�357=C6@=øÁ:=35ö�:áó=TY[6ö"C*ùYùUC"ù
<�P5P.ùY:=<�X?[hø <Gö*ö*C"ùUùYC*ùhK ò :?C�ùY:=<�X=[hø C*7?>�357=C�ö"[�7;FH<G3O7=ùÀ<�ùYZ�<GPOP�fijik�prpÄ�*°rÍ�Å±k�prc��*°�Î¡Ï�Ð0É
��Ç	Ñ��*°.]=ùYC*X�<GùN<�ó=PO<Gö*CÀFH[�ùYö*<GFHFUC*Tl��>�<GFH:=C"T&ö*<Gö�:=C�P53O7?C*ù½3O7�FU:=C¼ùU:=<GX=[hø <�X=X?TUC"ùUùNùUó=<Gö*C;@
ùU[GZ�C�jiq�|}pÄ°	q�mv°��ÄÅ±h
flpr�*°�fWFH[9ùYFH[GTUC`TYC*Z\<�ó?ó=3O7?> ö"[�76�?>�]=TY<�FU3O[G7 357=ôõ[�TYZ\<�FH35[�7�@�<�7'��2�¢
]=7=35F�ÒoÐ%{�{�°�Ó�kemoj�Ô�FU[�FUTU<G7=ùUP5<�FUC&ùY:=<�X=[hø�<GX=X=TYC*ùYùUC"ùcFH[Àó=ùUC"]=X=[e��û;35TUFU]=<�PG<�X=X=TYC*ùYùYC*ùh@�<�7?X�<
É��*~0q�°�dÆÓ�q�|}pÄ°�qem
mo�*°%Ê�°�ke|�fimok�prh
q�|%Ë�q*q�Õ*k�fih
{���Ì¹Ç	Ñ���°½s
� ò 2.R%u?FH[Àö*<Gö�:=CmTYC*ö"C*7;FHP5úW]=ùUC"X
FHTY<�7=ùYPO<GFH35[�7=ùJôõTY[�Z ó=ùYC*]=X=[e��û;35TUFU]=<�P�<�X=X=TYC*ùYùYC*ùJFH[9ó?:6ú;ùY3Oö"<�P�<GX=X=TYC*ùYùUC"ù�K ò :?C�ö*[�7;FUTU[GP
TUC">�35ùUFUC*TYù�<GTUCSùYó=P53OF	357;FH[WC*35>�:;F	X=3
�jC"TUC"7;F	ùUC"FHù	<�7?X�<GTUCSö"<�ó=<G÷=POCS[Gô?ùY<hû6357=>Wö*[G76�=>G]=TU<GFH35[�7
3O7=ôõ[GTUZ\<GFH35[�7Lôõ[GTNC"3O>G:;FNX=3
�AC*TYC*7;FSZ�<Gó=ó=357=>�ùhKe��[hø½C*ûGC*Th@h<�P5P¥Z\<�ó=ó=357=>Gù½ùY:=<GTUCÀFH:=CWùY<�Z\C
��2�¢$]?7=3OFÁ<G7=X`FH:=C�ùY<�Z\C�� ò 2.R�K
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ò :=CLó=TY[�óA[�ùYC*X�X=ú;7=<GZ\3OöÈö*<�ö�:?CJPO357=CL<GùUùYC*ZÜ÷=P5úÅZ\C*ö�:?<�7=35ùUZ�35ù�<�79C"4;FHC*7?ùU35[�7)[Gô�]^Z0�
ó=]=P5ùUC�� ù�fljikepÄpr��°rÍeÅ�kepÄce��°ÆpÄce°�q�Ç*Å±cÀke|Ûh
|}{�h
°��ij*pÄh
qe|ÛÈ*�ij�prq�°�TYC*Z\<�ó?ó=3O7?>�Z�C"ö�:=<�7?3OùYZáK³]^FHù
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Pi[j]sum += Data[j] * 

}
b[i] = sum;

;

After remappingOriginal code

for (j = Rows[i]; j < Rows[i+1]; j++)

sum += Data[j] * P[ColIdx[j]];

for (j = Rows[i]; j < Rows[i+1]; j++)

sum = 0;

for (i = 0; i < n; i++) {

b[i] = sum;

sum = 0;

for (i = 0; i < n; i++) {

Pi = AMS_remap(P, ColIdx, n, ...);

}
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