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,B/[^>N�1-X[6BX L mR,B'Ï'u^æ+:6B4�N�,B'3�-4g/[XtC�/[X2,5vB)�)�/[X L N�,5X[6B4�6B_ � ì5d�.j/�N�)�+bX L 68+:)�x 1-4g)R; L 6873/2'u^B=´wj,B+0/ /�åtQ�FB|BGU=*Q�FB|8T<W@ç
N�,�k L N·7-N 4g,B+:Z�ml6B4g42)�'*,5X L 68+ý)�/2X L N�,5X[6B4�/2,5X L /	�-)�/%X29 L /%ml68+-x L X L 68+hd[%%+:)�ml687-'*xý,B'*/26�73/[)�68+:)�6B_(X29-)�ml68N�C
137:X2,5X L 68+-,B'*'u^�N�6B4g)�)Rnom L )�+iX�4g,B+:Z )�/[X L N�,5X[6B4g/·6B_ q ,�;5,B+-,5v89 ,B+-x f>9:)R4�N�,B+õåtQ�FBFB|8ç�d K 9:)�/[)�)�/[X L No,5X[6B4g/

42)� U7 L 42)
+:6�/27-W>út)�mlX L ;B)�W3,B+-x-� L x:X29#m�9:6 L ml)�/Rd K 9:)�ml68+-x L X L 68+-/�6B_´.jF�,542)
/2X2,B+-x-,54gx¥,B+-x�,54g)·7-/2)�xÕX[6�/27:1:C
1�6B42X�,542v873N�)�+iX2/0W3,B/[)�x�68+ K ,�^U'u6B4j)lk>13,B+-/ L 68+3/M6B_ � å;��ê>¥uê>¥�ç�,B+-x L X2/�x-)R4 L ;5,5X L ;B)�/�,5W�687:X�ë-ìa,B+3x � ì�d,!06BX[)
X29-,5X L _~èÊ,B+-x#X29:)
x:)�+-/ L XE^o6B_�� ,54g)�/27:nom L )�+iX2'u^�/2N�6U6BX29h=-X29:)�+�.jF:å L ç�X29:42687:v89#.%F:å L ;-ç¹� L '*'�9:68'Ïxhd

V�)�mR,B'*'>X29-,5X`,×@CBïmR'*,B/2/e6B_@/g7:W3/[)RX2/e6B_P,�/2)RX(ØæmR,B+�1 L mgZa687:X´,5X`N�68/[X´,j1�68'u^>+:68N L ,B'U+b73N�W�)R4e6B_@/27-W3/[)RX2/
_�4268NÿX29:)oA c 1@68/g/ L W3'u)�/27:WP/[)RX2/%6B_¹,B+ ,542W L X[4g,54g^�/[)RX�6B_�� 1�6 L +iX2/ L +*Ø å�)Bd v:du=~ce,5ZB)�/
,B+-x�ce68'*'*,54�xh=`Q�FB|BF8ç�d
)ý)�� L '*'h7-/[)�X29:)�+:)lk>XM42)�/273'uXOX[6o;B)R4 L _r^�.%T�_r6B40X29:)�N�6>x:)�'*/�x:)�/2ml4 L W�)�x L +æåØA8çO,B+-x åØD8ç�d�st+ÕX29:)
/[X2,5X[)�N�)�+bX
6B_jX29 L /�42)�/273'uXR=(,ý42)�,B'uCI;�,B'*7-)�x _�7-+3mlX L 68+ � åIëPç�=MëÙ��� ��= L /�/2, L x X[6 m�9-,B+:vB)�/ L v8+ ,5Xo,�1�6 L +iXoë ì L _E= L + ,
+:) L v89bW�6B4g9:6U6Ux¥6B_Më-ì�={) L X29:)R4oå L ç � åIë@çMÓ�J�_�6B4·ë��üë-ì�,B+3x � åIëPç � J�_r6B4·ë � ë3ì·6B4�å L*L ç � åIë@ç � J�_�6B4
ë#�Ìë-ì�,B+3x � åIëPç3Ó J�_r6B4%ë � ë3ì5d

ÚHÛ T=T=NÿÚ�Ü ÝXÞ�ß ©yåGàiê�ëPçDá Þ`ânã�Þ�â7äæå³ç7â7äæè¡Þ�é�êÅè¢ë1ì�ß"íGî7ë¦îÖê àv��ØÈeï� �lð â7ë1é ë­�­dÈeï� �Yñ ÝIÞ>ß
É åGà�ç é�Þ]ë�îpß�Þ�ß;ò¢Þ�ë{è~ó á Þ]ã�îÖêMô¢î7í;ë{ß;õ�âpß�ö�ò�íGì]ò ©{åGà8ê>¥�ç ì>ò~â7ët÷~ÞÅõ[õÅíø÷£ë ñ?ù ê /g7:1¡ú oüû É åGà�çJÓ�ýï��Ç-þ ß;ò¢Þ>ë
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p�©yåGàiê�ëPç � J~��pbë?��d,� íÕõ×â @CB ì>äRâüõ�õ�îÖêlõ�Þ>ß;õ ñ

ÿ ß@àeàXU�Û ��)RX5àpbRê>
>
>
�ê�à�c�x:)�+:6BX[)���,542W L X[4g,542^�1�6 L +bX2/ L +'Ø�d|)ý4 L X[)�� _�6B4 ypy à
p�©yåGàiê�ë@ç � J~�
pbë#��d,�8d
)ý)a/2,�^B=-_r6B4O)lk:,BN�13'*)B=:X29-,5X�� 1 L mgZU/�687-XOX29:)�/27:W3/[)RX y à E ê�à��5ê�à����a_r4268N à£bRê>
>
>
�ê�à�c L _yX29-)R42)%)lk L /2X2/O,oë���d
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1 L mgZ�687-X�+:6�N�6B42)�X293,B+�ý���ðÖQ%6B_~X29:)�A c 1�68/2/ L W3'u)%/27:W3/2)RX2/O6B_�à b ê>
>
>
�ê�à c d K 9 L /¹� L '*'@1-4g6�;B)aX29:)�42)�/27-'uXRd
�¹^o,B/2/g7-N�1-X L 68+�=i_�6B4¬)�,Bm�9��2=bX29-)R42)j,54g)j,5X�N�68/[X�ýü1�6 L +bX2/¬,5X¹��9 L m�9�©{åGà z ê>¥�ç(mg9-,B+:vB)�/O/ L v8+hd K 9:)j7-+ L 68+

6B_´X29:)�/2)·1�6 L +bX2/jml68+iX2, L +3/j,5X�N�68/2X:ý��æ1@6 L +iX2/j,B+-x¥13,542X L X L 68+-/=d L +iX[6�,5X�N�68/[Xlý���ðïQ L +bX[)R42;5,B'*/Rd%&(,Bm�9
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_�6B4j)�,Bm�9 ë L +�X29:) L +iX[)R42;5,B'Ø=�,B+-x�,?� L _H©{åGà z ê�ë@ç�ÓïJ�_�6B4j)�,Bmg9 ë L +�X29:) L +bX[)R42;�,B'Id K 9U7-/R=@X29:)�+b7-N
W�)R406B_
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>
>
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@ í QH � Ë � ��� å§¥uê�ë-ì5ê � ì<ç, í � Ë � � � å§¥uê�ë3ì5ê � ì<çhð.%�åIë3ì5ê � ì�ç�µ~å§¥uê � ì�ç�� � � � å§¥uê�ë-ì8ê � ì�ç�ð
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ÿ ß@àeàXU�Û0/ +-x:)R4j.
Q
X29:42687:v89�.j?U=hwj,B+�åtQ�FB|8T�,iç013426�;B)�x¥X29-,5X[�;më{å>m� çP��ë3ìp�>íÙÃ]Ä:åtQ�ç�,B/=��Æ ÇÖd�)ý)
� L 'Ï'@/g9:6��ÔX293,5X�7-+ L _�6B4gN�'*^ L +�Ã]Ä-åtQ�çO+:) L v89bW�6B4g9:6U6Ux3/(6B_MåIë3ì5ê � ì�ç�=

! c åIë�êtm� ç`í QA åIë'�æë-ì�ç ò @�åIë'��ë-ì�ç�ð Q� � åIë��æë3ì�ç ò � c ð�Ã]Ä:å�� ë��æë3ì�� E çyð�Ã]Ä-åtQ��r�{ç å�Hbç

��9:)R4g)M� c ml68+b;B)R42vB)�/ L +#x L /[X[4 L WP7:X L 68+�X[6�,[É å21yê , ç¬4g,B+-x:68N×;B)�mlX[6B4�d K 9:)�+#.%F:å�;-ç�={å�Hbç�=3,B+-x K 9-)R6B42)�N Q
L +�f>9-)R4gN�,B+�åtQ�FBFBD8çM� L '*' L N�1P'u^�X29-,5X

�;mëyå>m� ç��æë ì �8ív9 Ä åtQ�� � �yç1
 åØG8ç

K 9:)�4g)�/27-'uX�� L 'Ï'PX29-)�+#_r68'Ï'u6��Ô_�4268N å�Hbç�=~åØG8ç�=P,B+-x K 9:)R6B42)�NøA L +�f>9:)R4gN�,B+�åtQ�FBFBD8ç�d

)ý4 L X[)�ô k ± c _�6B4�X29:)·1-426BW3,5W L ' L XE^�N�)�,B/27:42)·X29-,5X%137:X2/%N�,B/2/�Q��>å;�{ç k 68+¥)�,Bmg9�öbCIX27:13'*)�åA�&z 3Rê>
>
>
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! c åIëhê � ç í !¬åIë�ê � ç{ð�� c � � å§¥uê�ë�ê � çP� � å"�Oê�ë�ê � ç��
ð ô E ± c � E å§¥uê>¥uê�ë�ê � ç{ðÌô��Å± c � �Bå§¥uê>¥uê>¥uê�ë�ê � ç~ðÌô < ± c � < å§¥uê>¥uê>¥uê>¥uê�ëhê � ç
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.01-13'u^�.%DU=e.�Tb=`��)�N�N�,�AUd*Q�A L + ce,5ZB)�/�,B+-x c{68'Ï'*,54gx åtQ�FB|BF8ç�=(�y)�N�N�,�?�,B+-x q 6B4g68'*'*,542^ý| L +�f>9:)R4[C

N�,B+�åtQ�FBF�Hbç�=�,B+-x#,542v87:)a,B/ L + K 9:)R6B42)�N×Ho6B_`f>9-)R4gN�,B+ýåtQ�FBFBD8ç�X[6o/2)R)�X29-,5XMX29:)ax:)RvB)�+-)R4g,5X[)�ô�CI13426Uml)�/g/[)�/

6B_�6B4�x:)R4�X��¹6:=¬X29:4g)R)B=(,B+-x�_r687-4�mR,B+ W�)#+:)Rv8'u)�mlX[)�x�d K 9-,5X L /R=´73+ L _�6B4gN�'u^�6�;B)R4�ÃÅÄ-åtQ�ç·+-) L v89iW�6B4g9-6b6>x-/a6B_
åIë3ì5ê � ì�ç�=

! c åIë�ê � ç(í�!¹åIëhê � çyð�� c � � å§¥uê�ëhê � ç|� � å"�Mê�ëhê � ç��:ð�Ã]Ä:åtQ��r�{ç1
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�j)�x-7-ml)aX293,5X�7-+ L _�6B4gN�'*^�6�;B)R4:ÃÅÄ-åtQ�çO+:) L v89bW@6B4�9:6b6>x-/¹6B_MåIë-ì�ê � ì<ç�=

! c åIëhêtm� ç´í�!¹åIëhêtm� çhðn� c*6 � å§¥uê�ëhêtm� ç�� � å"�Mê�ëhê�m� ç�7¹ð�Ã]Ä:åtQ��r�{ç1
 åØ?8ç

!0)lkUXR=P�¬)a/g9:6��ÊX29-,5X�7-+ L _r6B4gNo'u^�6�;B)R4:Ã Ä åtQ�ç�+:) L v89bW�6B4g9:6U6Ux-/¹6B_OåIë ì ê � ì ç�=

!¬åIë�ê m� ç´í Q� � åIë'� ë3ì�ç ò98 � �0� c %�åIë3ì�ê � ì<ç�µ~å§¥uê � ì�ç�ð.Ã]Ä-åtQ�ç�:~ð QA åIëY��ë-ì�ç ò @oåIë'� ë3ì�çhð.ÃÅÄ-å�� ë'� ë3ì�� E ç1

åITBç
K 9:)�X[)R4�N � �2� c %�åIë3ì5ê � ì�ç�µ~å§¥uê � ì<ç� U7-,B+bX L �-)�/OX29-)�1@)�+3,B'uX�^�13, L x�_�6B4�9-,�; L +-v�X[6�)�/[X L N�,5X[) � ì5d


 L k��´��� ,B+-x åIë�ê � ç5�YÍÊd´st+i;B6BZB)·.jF:å L çO,B+-x�)lkU1P,B+-x � å;��ê�ë�ê � çO,5W�687:Xjë�íÔë3ì%X[6�vB)RX

� å;�
ê�ëhê � ç(íüåIë��æë3ì�ç ò � � å;��ê�ë3ìBê � çyð QA åIë'�æë-ì�ç ò � ��� å;�
ê�ë9;5ê � çlåIë��æë3ì�ç åØ|8ç

_�6B4jë ; W�)RXE�¬)R)�+�ëÕ,B+-x¥ë ì d(�¹^#.jF:å LÏL ç�=:_r6B4�)�,Bmg9?�´��� ,B+-x#)�,Bm�9æåIë�ê � ç,�YÍ
¬<åIë�� ë3ì�çEò � � ��� å;��ê�ë�ê � çH� � ��� å;�
ê�ë-ì8ê � ç��EåIë��æë3ì�ç�¬=Ó�Ò å=<bç>� ë��æë3ì£� � 
 åØF8ç

st+i;B6BZB)�åØF8çj,B+-x¥X29:) L +bX[)RvB4g,5W L ' L X�^#6B_�Ò!=�X29:)�+�X2,5ZB)�)lk>1�)�mlX2,5X L 68+-/ L + åØ|8ç0,B+-x¥)R;�,B'*73,5X[)�,5X � íjm� X[6�vB)RX
X29-,5X�73+ L _�6B4gN�'u^�6<;B)R4�Ã]Ä-åtQ�ç�+:) L v89iW�6B4g9:6U6>x-/¹6B_OåIë3ì�ê � ì<ç�=

H>!¹åIëhêtm� ç`íüåIë��æë3ì�ç ò � Ë � � å§¥uê�ë3ìBêtm� ç�ð QA åIë�� ë-ì�ç ò Ht@�åIë��æë-ì�ç�ðnÃÅÄ:å�� ë��æë3ì�� E ç1

f L +3ml)?!¬åIë�ê � ì ç L /aNo,�k L N L ]R)�xý,5X�ëæí ë ì =(� Ë � � å§¥uê�ë ì ê � ì ç%í×J>d��¹^�, K ,�^>'u6B4
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!0)lkUXR=P�¬)a/g9:6��ÊX29-,5X�7-+ L _r6B4gNo'u^�6�;B)R4:Ã]Ä-åtQ�ç�+:) L v89bW�6B4g9:6U6Ux-/¹6B_OåIë-ì5ê � ì�ç�=

� c*6 � å§¥uê�ë�êtm� ç�� � å"�Oê�ë�êtm� ç�7jí Q� � åIë��æë-ì�ç ò@8 � �2� c � � å§¥uê�ë3ì5ê � ì<çhð�Ã]Ä-åtQ�ç : ð�Ã]Ä-å�� ë'�æë-ì�� E ç1
 åtQRJiç
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,5W�687:X � í � ì5d
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λ n P mean RMSE time mean RMSE time mean RMSE time mean RMSE time

0.5 50 N 0.495 0.026 0:00:01 0.491 0.042  0:12:25 0.491 0.045  0:00:26 0.490 0.041  0:00:25

0.5 100 N 0.497 0.018 0:00:01 0.501 0.029 3:27:40 0.498 0.031  0:01:51 0.499 0.030  0:01:53

0.5 200 N 0.497 0.014 0:00:01 0.497 0.020  0:09:21 0.497 0.020  0:10:22

0.5 50 E 0.494 0.031 0:00:01 0.484 0.046   0:12:26 0.473 0.060  0:00:26 0.480 0.056  0:00:26

0.5 100 E 0.490 0.020 0:00:01 0.484 0.026 3:29:25 0.473 0.038  0:01:49 0.479 0.031  0:01:52

0.5 200 E 0.488 0.020 0:00:01 0.469 0.038  0:09:38 0.476 0.032  0:10:23

0.5 50 G 0.494 0.028 0:00:01 0.484 0.036 0:12:30 0.474 0.047  0:00:25 0.480 0.042  0:00:26

0.5 100 G 0.487 0.023 0:00:01 0.479 0.031 3:28:05 0.470 0.042  0:01:51 0.475 0.037  0:01:59

0.5 200 G 0.489 0.019 0:00:01 0.473 0.037  0:10:06 0.478 0.032  0:10:10

0.5 50 C 0.409 0.096 0:00:01 0.470 0.055 0:12:20 0.347 0.194  0:00:26 0.370 0.166  0:00:25

0.5 100 C 0.433 0.072 0:00:01 0.493 0.031 3:26:18 0.460 0.063  0:01:52 0.464 0.056  0:01:51

0.5 200 C 0.447 0.055 0:00:01 0.494 0.021 57:09:19 0.484 0.029  0:10:07 0.484 0.028  0:09:51

1 50 N 0.996 0.048 0:00:01 0.993 0.091 0:15 0.997 0.100  0:00:32 0.996 0.094  0:00:30

1 100 N 0.994 0.036 0:00:01 0.995 0.069 4:25:47 0.994 0.073  0:02:37 0.995 0.070  0:02:21

1 200 N 0.999 0.025 0:00:01 0.997 0.044  0:11:54 0.998 0.042  0:13:38

1 50 E 0.987 0.063 0:00:01 0.976 0.090 0:15:31 0.956 0.118  0:00:30 0.967 0.112  0:00:31

1 100 E 0.986 0.040 0:00:01 0.966 0.057 4:26:52 0.948 0.078  0:02:25 0.960 0.067  0:02:19

1 200 E 0.976 0.041 0:00:01 0.935 0.084  0:12:25 0.948 0.071  0:12:56

1 50 G 1.002 0.061 0:00:01 0.978 0.079 0:15:25 0.967 0.102  0:00:30 0.973 0.097  0:00:32

1 100 G 0.983 0.052 0:00:01 0.969 0.064 4:18:32 0.952 0.081  0:02:17 0.959 0.075  0:02:18

1 200 G 0.979 0.043 0:00:01 0.948 0.075  0:12:09 0.957 0.068  0:12:56

1 50 C 0.734 0.271 0:00:01 0.977 0.107 0:15:23 0.689 0.484  0:00:32 0.722 0.443  0:00:32

1 100 C 0.786 0.218 0:00:01 0.993 0.072 4:17:20 0.949 0.150  0:02:19 0.951 0.138  0:02:18

1 200 C 0.827 0.176 0:00:01 0.996 0.045 74:02:43 0.993 0.046  0:12:23 0.992 0.045  0:11:59

2 50 N 2.011 0.069 0:00:01 2.000 0.203 0:15:31 2.021 0.211  0:00:31 2.010 0.201  0:00:33

2 100 N 1.994 0.053 0:00:01 1.994 0.136 4:22:41 1.993 0.149  0:02:28 1.992 0.139  0:02:27

2 200 N 2.006 0.040 0:00:01 2.000 0.100  0:12:01 2.002 0.095  0:12:26

2 50 E 1.976 0.105 0:00:01 1.967 0.177 0:15:31 1.938 0.228  0:00:31 1.949 0.211  0:00:34

2 100 E 1.988 0.057 0:00:01 1.946 0.113 4:22:32 1.920 0.143  0:02:17 1.940 0.128  0:02:22

2 200 E 1.971 0.058 0:00:01 1.898 0.156  0:15:39 1.916 0.137  0:13:13

2 50 G 2.007 0.093 0:00:01 1.938 0.191 0:15:48 1.916 0.231  0:00:32 1.933 0.218  0:00:33

2 100 G 1.980 0.079 0:00:01 1.948 0.136 4:21:16 1.916 0.176  0:02:19 1.929 0.161  0:02:20

2 200 G 1.976 0.061 0:00:01 1.913 0.139  0:19:51 1.927 0.128  0:12:11

2 50 C 1.249 0.754 0:00:01 2.004 0.204 0:16:13 1.382 1.054  0:00:32 1.429 1.010  0:00:31

2 100 C 1.355 0.649 0:00:01 1.997 0.139 4:18:15 1.972 0.253  0:02:21 1.969 0.247  0:02:25

2 200 C 1.459 0.544 0:00:01 2.001 0.097 71:36:40 2.001 0.100  0:12:20 2.002 0.095  0:12:22

Simulation Results
Bickel-Doksum Han Rank1 Rank2
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