
���������	��
�����������	��������
���������	��� �!�"�$#%�����&�(')���+*
, �	�-�	*/.0�1�+���32(�-�546�7�����8�+�:9

;�<"=1>@?BA1CED1FGCEHJI1CK>EL+MN<+O1PRQTS0?VUW?BD"IYX�<[Z�<]\�^_I"^B>

X�CE`�CE?V>@PRQaX�CKbc^B>�d�e�^1<0fVgBgVhViRjEf
k Pld�^BUcCK>NfVgBgVh

O_CEm/nJD"?V>$FpoA1>�ZND1qBCKSr?BD"I1d�C�sW?Vd�Q1CEm/?Vd�nJt
uvnJI"qBCED7o^w`�`�nJ`RPRQ1C�\�CEPRQ"D]nJ`�PRQ"C�x�^yPRQ"`RPRQ_A"HzC

Mrx�i|{Vgw}Bf�~0oA1>@nJPRQ
O_S�nzd��KCK>RH�?BD"I

���������B�R���������[�r���R���"���������1�����c�G���������G�	�@���0�5�������R� �E¡�¢]£@¤�¥B¦§��¨@�ª©z«	�@¬B�����c	®°¯z±²�@�E���³�R±��]�E��´0µB�|�y�¶�"·7¸�¹
®cº	¹G»@¼@¼l»�¹½¼@¼l»@¾@¿lÀ��5�Á���-�������B�@����µEÂ8������ÃE�5�[����Ä������|�³�@Å"Æ�Ç$±��È¬ �@�ÉÃ�±²�[�²��±²�0�R�V�-]����±��R���[�p�����V���|��ÊR�³�@�K�¶¸���Ë
ÌcÌ+Í ¼p»EË ¼@Î�Ï�¾EË



���������	��
�����������	��������
���������	��������� ����������!�����"$#%�	�%�&"('��)�	���+*,�%�.-����������	�0/

;�<"=1>@?BA1CED1FGCEHJI1CK>EL+MN<+O1PRQTS0?VUW?BD"IYX�<[Z�<]\�^_I"^B>

O_CEm/nJD"?V>$FpoA1>�ZND1qBCKSr?BD"I1d�C�sW?Vd�Q1CEm/?Vd�nJt
uvnJI"qBCED7o^w`�`�nJ`RPRQ1C�\�CEPRQ"D]nJ`�PRQ"C�x�^yPRQ"`RPRQ_A"HzC

Mrx�i|{Vgw}Bf�~0oA1>@nJPRQ
O_S�nzd��KCK>RH�?BD"I

X�CE`�CE?V>@PRQaX�CKbc^B>�d�e�^1<0fVgBgVhViRjEf k Pld�^BUcCK>NfVgBgVh

132547698.:%;<6

= C�I"CE`�Pl>RnzUcCr?�I1CKd�CK>Rm/n�D"nJ`�d�nJP�=¶nJD"nzd�C$uvHJCEm CED d?> =¶uA@¶`�^wHJA1d�nJ^wD%?BHJqB^B>Rnzd�Q"m FG^B>v?-`�d�^yPRQ"?B`�d�nJP
CEHJHJnJb"d�nJP-Uc^wA"D"I]?V>CBED�?BHJA"C�b">R^BU]HzCEmF> `�UGD_b�@@LcS�Q1^w`�C%Pl^_C	H�PKnzCEDTd�`-?V>�C ?B`�`�A"m/CEIad�^°UcC�>@?BD"I1^wm
I CEHJI]`$S�nzd�Q I D]nzd�C�`�CEPl^wD"I�m ^wm CEDTd�`8?BD"IYt_D1^�S�D L"b+nzCEPlCKS�nJ`�C�`Rm ^T^Bd�Qad³S0^Vi�bc^wnJD dN`�b]?Vd�nJ?BH7Pl^B>�i
>�CEHJ?Vd�nJ^wD�F A"D"Pld�nJ^wD <�O_CKb]?V>R?Vd�nJ^wD ^BFv>R?BD"I"^wm ?BD]IWI"CKd�CK>Rm/nJD"n�`�d�nJP�DV?V>RnJ?VU+HzCE`0>Gb]?V>R?Bm CKd�>RnJ�E?Vd�nz^wD
^BF7d�Q"C�A"D"PlCK>�d�?BnJDTdJBK@�nJ`$?BPRQ]nzC&DBCEILDynJ?�?0M ?V>RQTA]D1CEDyiJN5^�OC&DBC+>PMQNR@vC	S_b+?BD"`�nz^wD <ÉZND�TU>PV)Hz^BqWVX@
?BHzqB^B>RnJd�Q"m&FG^B> d�Q1C Pl^wm/b]A1d�?Vd�nz^wD!^BF0d�Q"CYM�N CEnzqBCEDZDV?BHJA1CE`�nJ`-b">RCE`�CED d�CEI5L7U]?B`�CEI!^wD!? tBCK>@D1CEH
nJD"I"CKb	CED]I1CED d�="?B`�d$s�A]Hzd�nzbc^wHzC�s�CKd�Q1^yI[> =¶sWs[@@<"\�>RA"D]PK?Vd�nz^wD ^BF5d�Q1C�M�N C	S_b+?BD"`�nz^wD�qwn\DBCE`r?BD
>P]_^Ej9@�= nzCED1CK> ;�^wH\ByD1^wm/nJ?BHrMrQ"?V^w`L> ;0M?@-C	Syb]?BD"`�nJ^wD^BF�d�Q1C°`�d�^yPRQ"?B`�d�nJP°Pl^TC	H�PKnJCED d ?BD"I nJ`
`�Q1^�S�D�d�^NHzCE?BI�d�^N?�Q"nJqwQ�I"nJm CED]`�nz^wD"?BH�LEI"CKd�CK>Rm/nJD"n�`�d�nJP¶Uc^wA"D"I"?V>)B?DV?BHJA1CÈb">R^BU]HzCEm`> I1U�D_b�@@<�ZNDyi
?BH\B_d�nJPKnzdaB/^BF7nzd�`0`�^wHJA1d�nJ^wD�nJD d�Q1C `�d�^_P@Q"?B`�d�nJP,DV?V>RnJ?VU]HJCE`vS�nJd�Q�`�Q]?V>�b Uc^wA"D"I]`ÈFG^B>0d�Q"CNI1^wm ?BnJD ^BF
?BD"?BH\B_d�nJPKnzdaB ?V>RC A"`�CEI d�^�b">�CE`�Pl>@nzUcCbDV?V>RnJ?VU]HJC�`�d�^_P@Q"?B`�d�nJP�b	^wHcB_D1^wm nJ?BHcI1CKqB>�CKCQd ef>�d / ^&g\g\g\^hd.i�@
nJD�?BD3>P]j^hd @(=(nzCED"CK>�;0M C	S_b]?BD]`�nz^wD-FG^B>7d�Q1C0?Vb"b">�^9Syn�m/?Vd�Cv`�^wHJA"d�nz^wD <7;�^wnJDTd³S�n�`�CÈCK>�>�^B>�Uc^wA"D"I"`
FG^B>vd�Q1CN=�u�s6?Vb"b">�^9SynJm ?Vd�nz^wD"`É^BFkM�N�CEnzqBCED1b+?Bnz>R`KLwd�Q"C�d�>RA"D"PK?Vd�nJ^wD/^BFcd�Q1CbMQNYC	Syb]?BD"`�nz^wD�?BD"I
d�Q1C%=�u `�^wH�A1d�nz^wD d�^�d�Q1C�I1U�D_b�?V>�C�qwn\DBCED <�eNA"m CK>RnJPK?BH5C	Sy?Bm b+HzCE`8`RQ1^�S�d�Q"?Vdb] I1CKbcCED"I]`$^wD
d�Q1C�`�b+?Vd�nJ?BHcPl^B>�>�CEHJ?Vd�nz^wDaHzCED1qBd�Q ^BF�d�Q"C->R?BD"I1^wm3I"n\lcA"`Rnz^wD Pl^_C	H�PKnzCEDTdK<�\�Q"C,DV?V>RnJ?VU+HzC8bc^wH\ByD1^Vi
m/nJ?BH	I1CKqB>�CKC�d nJD�;rM�i³`�d�^yPRQ"?B`�d�nJP�m ?BHzCK>�tynJD =�u�s ?BHJHJ^�S�`0d�^ Q"?BD"I"HJCbM�N C	Syb]?BD"`�nJ^wD"`vS8nzd�Q+]
A1b d�^+nVg�?BD"IEd / A1b d�^WjKg/nJD m ^yI1CK>R?Vd�C d�nJm CB<

o�pGq(r�s 8�t54<u O_d�^_P@Q"?B`�d�nJP�b]?V>�d�n�?BH I"nvlcCK>�CEDTd�nJ?BHTC7wTA"?Vd�nJ^wD"`KL O_d�^yPRQ"?B`�d�n�P I D]nzd�CÈCEHzCEm CEDTdÉm CKd�Q1^yI"`

���������B�R���������[�r���R���"���������1�����c�G���������G�	�@���0�5�������R� �E¡�¢]£@¤�¥B¦§��¨@�ª©z«	�@¬B�����c	®°¯z±²�@�E���³�R±��]�E��´0µB�|�y�¶�"·7¸�¹
®cº	¹G»@¼@¼l»�¹½¼@¼l»@¾@¿lÀ��5�Á���-�������B�@����µEÂ8������ÃE�5�[����Ä������|�³�@Å"Æ�Ç$±��È¬ �@�ÉÃ�±²�[�²��±²�0�R�V�-]����±��R���[�p�����V���|��ÊR�³�@�K�¶¸���Ë
ÌcÌ+Í ¼p»EË ¼@Î�Ï�¾EË



� �������	��
�����	�����
\�Q1Cr>R?Vb+nJI I1C&DBCEHz^Bb]m CEDTdÉ^BF > ?BI"?Vb"d�n\DBC.@¶?BHJqB^B>Rnzd�Q"m/`ELwQ"?V>RI1Sr?V>�C�?BD"I `�^BFGd³Sr?V>�C�n�D�>RCEPlCED d BBCE?V>@`
Q"?B` m/?BI1CWd�Q1C�?BPKPKA">R?Vd�C DTA"m/CK>RnJPK?BH�`�^wHJA1d�nz^wD ^BF-CEHJHJnzb"d�n�P°b]?V>�d�nJ?BHNI"nvlcCK>�CEDTd�nJ?BH$C7w_A"?Vd�nz^wD"`°?
>�^wA1d�n�D1CNm ?Vd�d�CK>�nJD�m ?BDZB[>GU]A1drD1^Bd$?BHJH�� @ CED1qwnJD1CKCK>@nJD1q�?Vb]b]HJnJPK?Vd�nz^wD]`K<��8CE`�b]nzd�CNd�Q"nJ`KL_>�CE`�A"HJd�`�^BF
?BPKPKA1>R?Vd�C8=�u!Pl^wm b]A1d�?Vd�nz^wD]`É^BF½d�CED I"C&D_nJ?Vd�C�`RnzqwD"n I PK?BDTd�H\B�FG>�^wm)d�Q1C$>�CE`�b	^wD]`�CE`�^BF+d�Q1Crb]QGBy`�nJPK?BH
`hBy`�d�CEm A]D"I1CK>�Pl^wD"`�n�I1CK>R?Vd�nz^wD <ÈxN?7DynJD1q CEHJnJm/nJD]?Vd�CEI°d�Q1C��������! #"!$%�'&)(*$%�%+*,-"� . /+* @L	?BD"IY?B`�`�A]m/nJD1q
>GUc^wHJI"H\BBLcbcCK>RQ"?Vb+` @$d�Q]?Vd-d�Q1C10+!�2"�3435��,768"9 : #+� -nJD"Q1CK>RCED d-nJDWd�Q1C `�CEHzCEPld�CEIb]?V>�d�nJ?BHÉI"n\l	CK>�CEDTd�nJ?BH
C7w_A"?Vd�nz^wD"` > ;;�Nu�` @ nJ` D1CKqwH�nzqwnzU]HzC > n�<ÁCB< d�Q"?Vd d�Q1C?BI1^Bb]d�CEI�;<� uv` b]>�CEPKnJ`�CEH\B I1CE`�Pl>RnzUcCWd�Q1C
b]QGB_`RnJPK`7^BF]d�Q1C0`CB_`�d�CEm)A"D"I"CK>�Pl^wD"`RnJI1CK>R?Vd�nz^wD�@@L�d�Q"C�qw?Vb UcCKd³S0CKCED `�nJm%A"HJ?Vd�nz^wD�?BD"I ^BU+`�CK>CDV?Vd�nz^wD
m%A"`�d�UcC I]A1C�d�^°A"D"PlCK>�d�?BnJDTdJBYn�D d�Q1C�n�D1b]A1d�I"?Vd�?y<8\�Q"nJ`�n�`�PKHz^w`�CEHcB >RCEHJ?Vd�CEIad�^�d�Q1C F ?BPldNd�Q"?VdKL
Pl^wDTd�>R?V>CB!d�^Wbc^Bb]A"HJ?V>�UcCEHJnzCKF�L�`�^WF ?V> ?WPl^wm b]A"d�CK> PK?BD ^wD"HcB=$% /(�,���>9+� :0�n�D1F½^B>@m/?Vd�nz^wD>@?Vd�Q1CK>
d�Q"?BDYn�D"Pl>�CE?B`�C�nzdK<
k D"C d�?B`�t FG^B>N?Vb]b]HJnzCEIYm ?Vd�Q1CEm/?Vd�nJPK` ?BD"I�`�PKnzCEDTd�n I P�Pl^wm b+A1d�nJD1q nJ`�d�Q1CK>RCKF½^B>�C�d�^ I"C&DBCEHz^Bb

d�^_^wHJ`$FG^B>�?�A"D"PlCK>Rd�?BnJD daB°b">�^yPlCE`�`�nJD1qA@yL"n�<ÁCB<Èd�Q1C `hBy`�d�CEm/?Vd�n�P�?BD"I w_A"?BDTd�nzd�?Vd�n\DBC D_A"m CK>Rn�PK?BHc>�CKb1i
>�CE`�CEDTd�?Vd�nz^wD ^BFNA"D]PlCK>�d�?BnJDTdJB nJD nJD1b]A"d%I"?Vd�?!?BD"I nzd�` b">R^Bb]?Vqw?Vd�nz^wD d�^d�Q1Ca^wA1d�b]A1d ^BF ?=¶u
`�nJm%A"HJ?Vd�nJ^wD < \�Q"nJ`->�C7w_A"nz>RCE`�D1CKS I1C&DBCEHz^Bb]m CEDTd�`%nJD`�C&DBCK>R?BH0?V>�CE?B`%^BF�?Vb"b]H�nzCEI m/?Vd�Q1CEm/?Vd�n�PK`
?BD"I CED"qwnJD1CKCK>RnJD"qCBvnJD1b]A"d0b+?V>R?Bm CKd�CK>R`N?V>�C�>�CKb+HJ?BPlCEIYU�B°>R?BD"I1^wm DV?V>RnJ?VU+HzCE`$>�CE`�b7<vU�B >@?BD"I1^wm
I CEHJI]`-S�nzd�Q tyD1^�S�D ^B>%CE`�d�nJm/?Vd�CEI=�.$D(*$%���.$%�����pL¶?BD]Id�Q1C/qB^.DBCK>RD"nJD"q�;<� u�` m%A"`�d�UcC/>�CKFG^B>Rm%Ayi
HJ?Vd�CEI�?B`�`�d�^yPRQ]?B`�d�nJP�;;� uv`K<É\�>R?BI"nzd�nz^wD]?BH1I1CKd�CK>Rm/nJD]nJ`�d�nJP$=¶u `�^wHJA1d�nz^wD]`Èm�A]`�dÈUcC$>�CKFG^B>Rm�A]HJ?Vd�CEI
d�^ ?BHJHJ^�S FG^B>�>R?BD"I"^wm/D1CE`�`$nJD n�D1b]A1d$I"?Vd�?/?BD]IY`�^wHJA1d�nJ^wD <E²D d�Q1C$b">RCE`�CED dÉb+?Vb	CK>�LwS�C$FG^yPKA"`É^wD d�Q"n�`ÉHJ?Vd�d�CK>�?B`�bcCEPldKL_n�<ÁCB<¶d�Q1C$F½^B>@m�A"H�?Vd�nz^wD LwI1CE`�nJqwD/?BD"I
?BD"?BH\By`�nJ` ^BF��2"!$F"� .0���,����.$%���%=¶uvs `�^wHJA1d�nJ^wD"` ^BF$`�d�^_P@Q"?B`�d�nJP CEHJHJnzb]d�nJP�;;� uv`�U�BWd�Q1C `�d�^yPRQ"?B`�d�nJP
m ?BHzCK>Rt_nJD m/CKd�Q1^_I5<
\�Q]nJ` m CKd�Q1^yIWQ]?B` U	CKCED A]`�CEI F½^B>�`�^wm C d�nJm C >GCB<Áq1<HGªjEf1LÉj!IKJv?BD"IWd�Q1C >�CKFGCK>�CED"PlCE` d�Q"CK>�C.@

nJDWCED1qwnJD"CKCK>RnJD1q1<LE�d-nJ`NU]?B`�CEIW^wD ? X�nzd��%b">�^KM�CEPld�nz^wD ^wDTd�^Y? I D"nzd�C I"nJm CED]`�nz^wD"?BH�`�A1U]`�b+?BPlC%^BF
d�Q1C�b]>�^BU]?VU]nJH�nzdJB/`�b+?BPlCB<
k A">�m ^yI1CEHÈb]>�^BU]HzCEm nJ` ?BD CEHJHJnzb]d�nJP I"nvl A"`�nz^wD b]>�^BU]HzCEm nJD?WI1^wm/?BnJDON S�nzd�Q!n�D"Q1^wm ^Vi

qBCED1CK^wA"` `�d�^_P@Q"?B`�d�nJPaI"nvl A"`�nz^wD Pl^TC	H PKnzCED dP >4Q ^/R�@ S�Q"nJP@Q S0CY?B`�`�A]m C F½^B>/`RnJm b]HJn�PKnzdJB d�^UcC
nJ`�^Bd�>R^Bb]nJPV<
\�^ `�bcCEPKnzF�BY?B`R`�A"m b"d�nJ^wD"`�^wDWd�Q1C Pl^_C	H�PKnzCEDTd�`�P�>4Q5^/R�@@L S�C HzCKd0>�S�^:T,^�U @�UcC ?WVHX I D"nzd�C

b">�^BU+?VU]nJHJnzdaB `�b]?BPlC ?BD"IYN[Z]\�^/?�Uc^wA"D"I1CEIa^Bb	CEDW`�CKd S�nzd�Q N7nzb+`�PRQ"nJd�� Uc^wA"D"I"?V>)BW_ ea`bN�<
= C ?B`�`�A"m C�d�Q"?VdcP�dfecgL>%NihjS?@¶nJ`�`�d�>RnJPld�H\B bc^w`�nzd�ncDBCBLwS�nzd�Q�Hz^�S0CK>0?BD]I A1b"bcCK>ÈUc^wA"D]Ijk?BD"Il >RCE`�bcCEPld�n\DBCEH\BBL k-mnP >4Q ^/R�@om l ^ pYh1UqX ?y<ÁCB<b>4Q ^/R�@cdYNrhfS g >²jV<Jj9@

= C%Pl^wD"`�nJI1CK>$d�Q"C�F½^wH�Hz^�S�n�D1q%m/^_I1CEH5b">�^BU]HzCEmYL_S8nzd�Q `�d�^yPRQ"?B`�d�n�P�H�<[Q <[`K<zL
s X�I"n\D(>%P >4Q ^/R�@/t�u*v >4Q ^/R�@h@ e w >4Q @ nJD1NvR>4Q5^/R�@yx u�zK{)| e g ^ U]X!?y<ÁCB<<R=dYS�g >²jV<§f @

\�Q1C-Pl^_C	H�PKnzCEDTdyP�>4Q5^/R�@0?B`$S0CEHJHc?B`$d�Q1C�`�^wHJA"d�nz^wD}vR>4Q ^/R�@0?V>RC->R?BD"I1^wm I CEHJI]`0n�D}NrZ=\ ^ L"n�<ÁCB<M�^wnJD d�HcB�m CE?B`�A">R?VU]HzC-F A"D"Pld�nz^wD]`rF½>�^wm~NrhfS�d�^\�<

j



= C°?B`�`�A"m/C/d�Q"?Vd%d�Q1C tyD1^�S8D!nJD1FG^B>Rm/?Vd�nJ^wD?VUc^wA1d�d�Q1C I"nvl A"`�nz^wD Pl^_C	H�PKnzCEDTd P nJD]PKHJA"I1CE`
nzd�`�m/CE?BD I CEHJI ?BD"Ianzd�`$d³S0^Vi�bc^wnJDTd�Pl^B>�>�CEHJ?Vd�nJ^wD L1qwn\DBCED U�B

���G>4Q(@cB e����LP >4Q ^/R�@	�7UY>�R�@ ?BD]I 
��G>4Q5^#Q� @;B e��	�LP >4Q ^/R�@ P >4Q� ^/R�@��7UY>�R�@ ^ >²jV< n @

n�<ÁCB<�d�Q"?Vd�� � >4Q @-?BD"I�
 � >4Q5^#Q � @ ?V>�C�C	S_b+HJnJPKnzd�H\B�?BD"IC	S1?BPld�H\B t_D"^�S�D >Gd�Q"nJ`�nJ` ? >R?Vd�Q1CK>�^Bb"d�nªi
m/nJ`�d�nJP ?B`�`�A"m b]d�nz^wD `�nJD"PlC ^BFGd�CEDa? F A"D"Pld�nJ^wD"?BH	F½^B>Rm ^BF�
 � >4Q ^#Q � @rn�`rb	^w`�d�A"HJ?Vd�CEI°S�nzd�Q ? I D"nzd�C
D_A"m UcCK> ^BFvFG>�CKC b]?V>@?Bm CKd�CK>R` S�Q"n�PRQ ?V>�C/`�d�?Vd�nJ`�d�nJPK?BHJH\BYCE`�d�nJm/?Vd�CEI FG>�^wm6d�Q1C ?7DV?BnJHJ?VU+HzC I"?Vd�?Z@@<
= C CEm/b]Q"?B`�nz�KC d�Q"?Vd�S�C I"^/D1^Bd�?B`�`�A]m C-CK>�qB^yI"nJPKnzdaB�^BF¶d�Q1C->R?BD]I1^wm I CEHJI1P >4Q ^/R�@@<
ZND C7w_A"n\DV?BHzCEDTd�?B`�`RA"m b"d�nz^wD�nJ`�d�Q"?Vd�d�Q"C0m CE?BD I CEH�I�� � ?BD"I%nzd�`�Pl^9DV?V>RnJ?BD"PlC�� � ?V>�C�tyD1^�S�D L

`�nJD]PlC-UGB°I1C I D"nJd�nz^wD L � � >4Q5^#Q� @cB e�
 � >4Q ^#Q� @ X�� � >4Q(@�� � >4Q�� @ g >²jV<ÁhG@
m n\DBCED d�Q"n�` nJD1FG^B>Rm/?Vd�nJ^wD^wD P�>4Q5^/R�@�?BD]I ?�t_D"^�S�D I1CKd�CK>Rm/n�D"nJ`�d�nJP `�^wA1>RPlC�d�CK>Rm w >4Q @+>Gd�Q"nJ`
Pl^wA"HJI°UcC->�CEH�?�S_CEIY?B`�S�CEH�H�L1`�CKC�CB<Áq1< GÁfVg"L+fyj�J�@0^wA1>�?Bn�m nJ`$d�^ `�^wH\DBCY>²jV<§f @@<

= Q1CK>�CE?B` d�Q1CW>R?BD"I1^wm I CEHJInvR>4Q5^/R�@/nJ`EL�A"D"I1CK> ?B`�`�A"m b]d�nz^wD_>²jV<Jj9@@LN? m/?Vd�Q"CEm/?Vd�nJPK?BHJH\B
S0CEHJHªi³I1C I D"CEI ^BUCM²CEPldKL0d�Q1C d�?B`�t��§Pl^wm b]A1d�C1v >4Q ^/R�@��vn�`%HJCE`�` ^BUGDynz^wA"` d�^!>�CE?BHJnz�KC D_A"m CK>RnJPK?BH�H\B
?BD"I ^BF¶HJnJm/nzd�CEI�nJDTd�CK>�CE`�d$nJD b">R?BPld�nJPlCB<<E�D°?Vb"b]H�nJPK?Vd�nz^wD"`�^wD"H\B PlCK>Rd�?BnJD `�d�?Vd�nJ`�d�n�PK`$?BD"I°m ^wm CEDTd�`
^BFLvR>4Q5^/R�@ ?V>�C�^BF�nJDTd�CK>�CE`�dKL�?BD"I d�Q"nJ`/nJ`�?BHJ`�^^wA">�qB^w?BH8^BF-Pl^wm b]A1d�?Vd�nz^wD B86A���*"�, �.$D(*$%���.$%������ � (�,���
 � +#>f$ � " �A(*$D("!�:+�0�#�$C$F"Y�.$D(A$%� ��$%�%�9� +/>f$ � "Y #(�, �2+�0 ��+�3%$C$%�%+�, v�L$HJnztBC&�('�^�
)' ^B>
b">�^BU+?VU]nJHJnJ`�d�nJP�HzC&DBCEH7`�CKd�`KL

N+*, B e.-!QYdYN xKUY>�x v >4Q ^0/ @9x21�3 @�46587 ^ >²jV< I @
nzF95 ^:3;1 g/?V>RC�qwn\DBCED <
e8^Bd�Cad�Q"?Vd F½^B><
 � ^�� � d�^C	S1nJ`�dKLoP�>4Q5^/R�@ m%A"`�d/Q"?9DBC I D]nzd�C `�CEPl^wD"I m/^wm CED dKL$?BD"I d�Q"nJ`

FG^wHJHz^�S8`$nJm/m CEI"n�?Vd�CEH\B FG>�^wm >²jV<Jj9@@<
\�Q"C `RnJm b]HzCE`�d0?Vb"b]>�^w?BPRQ d�^/? D_A"m CK>@nJPK?BHc`�^wHJA1d�nz^wD°^BFA>²jV<§f @$nJ`$s�^wDTd�C%Mr?V>RHz^ > s M@0`�nJm%Ayi

HJ?Vd�nz^wD5<È\�Q"nJ`0m CE?BD"`rd�^ qBCED1CK>@?Vd�C DTA]m CK>�^wA"`$`�?Bm/b]HzCE`0^BF�P >4Q ^/R�@�S8nzd�Q b">�CE`�Pl>RnJU	CEI `�d�?Vd�nJ`�d�nJPK`KL
`�^wH\DBC >²jV<§f @ F½^B> CE?BPRQ `�?Bm b+HzCBL�?BD"I d�^ I1CKd�CK>Rm nJD1CYd�Q1CW`�d�?Vd�nJ`�d�n�PK` ^BF�v >4Q ^/R�@/F½>R^wm d�Q1CW`�CKd
^BF `�^wHJA1d�nz^wD]`K< �NA"CYd�^ d�Q1CYqBCED1CK>@?BHJH\B `RHz^�S Pl^wDGDBCK>�qBCED"PlCW^BF s M m/CKd�Q1^_I]`KL�d�Q]nJ` ?Vb"b">�^w?BP@Q
>�C7w_A"nz>�CE`N? >R?Vd�Q1CK>-HJ?V>�qBC D_A"m�U	CK>N^BF(�§`R?Bm b]HzCE`0�zL n�<ÁCB<�?°HJ?V>RqBC D_A"m�UcCK>8^BF0`�^wHJA1d�nz^wD]`�^BFvI"CKd�CK>�i
m/nJD]nJ`�d�nJPVL+d�Q1>�CKCli³I"nJm/CED"`�nz^wD"?BH7Uc^wA"D"I"?V>CBLDV?BHJA1C%b">�^BU+HzCEm/`K<�M0^wD"PlCKb"d�A]?BHJH\BBL s M�Pl^B>�>RCE`�bc^wD"I"`
d�^ ?=�§Pl^wH�Hz^_PK?Vd�nJ^wDYnJD}R(�z<
;�CK>�d�A1>RU]?Vd�nz^wDam/CKd�Q1^_I]` > `�CKC%CB<Áq1< G nKJ�@$d�^�`�^wH\DBCE>²jV<§f @�>�CKb">�CE`�CEDTd�d�Q"C�`�d�^yPRQ"?B`�d�nJP `�^wH�A1d�nz^wD

?B`v?BD/C	S_bc^wD1CEDTd�nJ?BHJH\B%Pl^wDZDBCK>RqBCED d0nJD I D"nJd�Cr`�CK>RnzCE`KL n�D S�Q"nJP@Q CE?BPRQ/d�CK>@m `�^wH\DBCE`�? b">�^BU]HJCEm S�nzd�Q
d�Q1C `R?Bm C/I1CKd�CK>Rm/n�D"nJ`�d�nJP Pl^_C	H�PKnzCEDTd+>Gd�Q"?Vd n�`KL7nJD"I"CKb	CED]I1CED dN^BFcR�@NU]A1d-I"n\l	CK>�CEDTd�`�d�^yPRQ"?B`�d�nJP
Hz^w?BI"n�D1qw`K<�E|d0d�A1>RD"`v^wA1dvd�Q]?Vd0nJD ^B>RI1CK>0d�^%Pl^wm/b]A1d�C�C	S1?BPld�H\B/C&DBCED d�Q1C `�nJm/b]HzCE`�dÈ`�d�?Vd�n�`�d�nJP�^BF v7L
D"?Bm CEHcB>� ' Lc^wD1C Q"?B`Nd�^°t_D"^�S d�Q1C I"nJ`�d�>@nzU]A1d�nz^wDYFGA"D]Pld�nz^wDa^BF;P�>4Q5^0/ @N?Vd ?BDGBfQOd N�Lc?3DBCK>CB
`�d�>�^wD"q/>�C7w_A"nz>�CEm CEDTdK<
x8CK>�CBL1S0CNI1C&DBCEHJ^BbY?BD"I�?BD]?BH\BT�KC-? `�d�^yPRQ"?B`�d�nJP�m ?BHzCK>�tynJD m CKd�Q1^yI FG^B>rd�Q1C-DTA"m/CK>RnJPK?BH	`�^wHJAyi

d�nz^wDW^BFb>²jV<§f @8S�Q]nJPRQWPK?BDWU	C%A"D"I1CK>@`�d�^T^yIW?B` m-?BHzCK>�tynJD�I]nJ`�Pl>�CKd�nz�E?Vd�nJ^wD�nJD�b">�^BU+?VU]nJHJnzdaB `�b]?BPlCB<
O_d�^yPRQ"?B`�d�nJP m ?BHzCK>Rt_nJD°m CKd�Q"^_I"`�Q"?7DBC ?Vd�d�>@?BPld�CEI�Pl^wD"`RnJI1CK>R?VU]HJCN?Vd�d�CEDTd�nz^wDWnJD >�CEPlCED d?BBCE?V>R`KL"S0C
m CEDTd�nz^wD Q1CK>�C ^wD]H\BnGªjVL¶f_L�?TLrjEfyL�j7nyL0j!IKJ$?BD"I!d�Q"C >�CKFGCK>�CED"PlCE`%d�Q1CK>�CB<A@8D"H�nztBC d�Q1C>�§Pl^wHJHz^yPK?�i
d�nz^wDB�7dJB_b	C s M ?Vb"b">R^w?BPRQ1CE`KLÉnJD `�d�^yPRQ"?B`�d�n�P3m ?BHzCK>Rt_nJD =¶uvs d�Q1C `�d�^_P@Q"?B`�d�nJP&� D�?V>@nJ?VU]HzC8�	R nJ`

f



I"nJ`RPl>�CKd�nz�KCEI U�B ?BD/^B>�d�Q1^BqB^wD]?BH]b">R^KM²CEPld�nz^wD S�nzd�Q >�CE`�b	CEPld�d�^ d�Q1C�b">�^BU]?VU]n�HJnzdJB%m CE?B`�A1>RC U ^wDTd�^
? I D]nzd�C-I"nJm CED"`Rnz^wD"?BHc`�A1U]`�b]?BPlC ^BF�>�S ^:T,^�U @@<
\�Q"C�nJI1CE?-^BF >RCEI"A"PKnJD1q�?�`�d�^yPRQ"?B`�d�n�P�b]?V>�d�n�?BH"I"nvlcCK>�CEDTd�nJ?BH1C7w_A"?Vd�nz^wD�d�^�? Q]nzqwQ/I"nJm/CED"`�nz^wD"?BH

I1CKd�CK>Rm nJD"nJ`�d�n�Pa^wD1Cn�` D1^BdaD1CKS�� `�CKCBL-CB<Áq1< GªjEfyL�j7nyL�f<nyL�f�h*J ?BD]I�d�Q1C >�CKFGCK>�CED"PlCE` d�Q"CK>�CB<
\�Q1C F½CE?B`�nJU]nJHJnzdaB ^BFÉ? `�d�^_P@Q"?B`�d�nJP�m ?BHzCK>�tynJDYI"n�`�Pl>�CKd�nz�E?Vd�nz^wDa^BF>²jV<§f @�`�d�>R^wD1qwH\B I1CKbcCED"I"`$^wDad�Q1C
?7DV?BnJHJ?VU+nJHJnzdaB ^BF�?%U]?B`�nJ`0^BF�e � >�S�^ �2U @@< E�D°D_A"m CK>�^wA]`�S0^B>�ty`LGªjEf�J�L Gªj7nKJ�L1d�Q1C-A"`�CN^BF�? `�^Vi³PK?BH�HzCEI�1�D"�,�"9 �� � (A+K�}"�� # (�,��:��+�,-GÁf<nKJÈQ"?B`�U	CKCED ?BI�DB^yPK?Vd�CEI < x8CK>�CBL5S0C/A"`�C d�Q1C	��(� �� $ ,�"�,�
� +��" ��"
C	Syb]?BD"`�nz^wD�^BF7d�Q"CN>@?BD"I1^wm I CEHJIWP�>4Q5^/R�@vd�^%qBCED"CK>R?Vd�C�Pl^T^B>@I"nJD"?Vd�CE`rnJDX>�S�^:T,^�U @ÈS8nzd�Q�PlCK>Rd�?BnJD
^Bb"d�nJm ?BHJnzdJB Pl^wD"I]nzd�nz^wD"`�F½^B>Nd�Q1C�I"CKd�CK>Rm/nJD"n�`�d�nJP-?Vb"b">R^7S1nJm/?Vd�nz^wDa^BFÉd�Q1C�>@?BD"I1^wm `�^wHJA1d�nz^wD <$\�^
>�CE?BHJnJ�KCNd�Q]nJ`rPl^wm b]A1d�?Vd�nz^wD]?BHJH\BBLyF½^B>$qBCED"CK>R?BH Pl^9DV?V>RnJ?BD"PlC tBCK>RD1CEHJ`r?BD"I nJD qBCED1CK>@?BH I1^wm/?BnJD"`ELTS0C
b">�^Bbc^w`�C ?%tBCK>RD1CEH nJD]I1CKbcCED"I1CEDTdv="?B`�d�sWA"Hzd�nJb	^wHJC�saCKd�Q"^_I°d�^/Pl^wm b+A1d�C d�Q1C CEnzqBCED1b]?Bnz>@`�^BF�d�Q1C
Pl^9DV?V>RnJ?BD]PlC ^BbcCK>R?Vd�^B>�FG^B> P >4Q ^/R�@$n�D Hz^BqVi³HJnJD1CE?V>�Pl^wm/b]HzC	S1nzdJB bcCK>�CEnzqBCED1b]?BnJ>E<
\�Q"C�`�d�^_P@Q"?B`�d�nJP,m ?BHzCK>�tynJD =¶uvs6nJ`KLTHJnztBC$d�Q1C�I1CKd�CK>@m/nJD"nJ`�d�nJPr=�u�s!L U]?B`�CEI ^wD/?�D�?V>Rn�?Vd�nz^wD"?BH

FG^B>Rm�A]HJ?Vd�nz^wD^BF >²jV<§f @@< \�^ I1C I D1C nzdKL¶S�C°nJDTd�>�^_I]A"PlC d�Q1C x8n�HzUcCK>�d `�b]?BPlC�� /� >%NL@�^BF�� /� >%NL@³i
DV?BHJA1CEI >R?BD"I1^wm I CEHJI]` S�nJd�Q I D]nzd�C�`�CEPl^wD]I m ^wm CEDTd�`�� /� >%NL@B ere � >�S ^ �2U���� /� >%NL@h@@<\�Q1C
DV?V>RnJ?Vd�nz^wD"?BHcFG^B>Rm3^BF>²jV<§f @$>�CE?BI"`9BÈ=¶nJD"IWv d�� /� >%NE@0`�A]PRQ d�Q"?Vd�F½^B>�C&DBCK>)B�� d�� /� >%NE@

� ����� | P�>4Q5^/R�@/t�u*v /Kt�u��	�AQ��A�7UY>�R�@ e������ � | w >4Q ^/R�@ ��>4Q5^/R�@��AQ�� �7UY>�R�@ >²jV<"! @
@ND"I1CK>8?B`R`�A"m b"d�nJ^wD >²jV<Jj9@@LcC	SynJ`�d�CED"PlC%?BD]IaA"D"n wTA1CED"CE`�`r^BFÈ? `�^wH�A1d�nz^wDHvWd�^X>²jV<"! @$FG^wHJHz^�S FG>�^wm
d�Q1CQN�?�STi³sWnJHzqB>@?Bm N5CEm/m ?y<
13;�#%$ s�r'&�p t)( p+*$p $�6 \�Q"C ?BA"d�Q1^B>R` S0^wA"HJI HJnztBC d�^ d�Q"?BD1t �N>E<�X8?BA"HÉ\7CEm/b	^wD"C%FG^B>�Q1CEHzb]FGA"H
I"nJ`RPKA"`�`�nz^wD]`K<

, -/. �%0 �j�21<�4365H�27198:1<;=-/5?>@1BADC2.y�2E�� ���2E
\�^�>�CEI"A"PlCQ>²jV<§f @Éd�^ ?-I1CKd�CK>Rm nJD"nJ`�d�n�P,> ?BHzUcCEnzdÈn�D I D"nzd�C0I"nJm CED]`�nz^wD"?BH�@5b">�^BU+HzCEm LBS0C�`�CKb]?V>R?Vd�CBL_nJD
? `�CED"`�CBLTI"CKd�CK>Rm/nJD"n�`�d�nJPr?BD"I `�d�^_P@Q"?B`�d�nJP?D�?V>Rn�?VU]HzCE`ÈnJD/d�Q1C�Pl^_C	lcPKnzCEDTdoP�>4Q5^/R�@@<È\�Q1C�d�Q1CK^B>RCKd�nJPK?BH
d�^_^wH d�^/d�Q"nJ`�CED"I nJ`$d�Q1C�`�^Vi³PK?BHJHzCEI�M ?V>RQTA]D1CEDyiJN5^�OC&DBC+>PMQNR@0C	Syb]?BD"`�nJ^wD <

FHGJI K	LNM%OQP�LSRUTPWVXM%YZRU[9P]\_^�L6[)`ba9PcaBdfe�M�gPihjPkP�lHOb^ma�VnTMja
E�F�d�Q1C >R?BD"I"^wm I]nvlcA]`�nz^wD Pl^_C	H�PKnzCEDTdHPad e � >%N h=S?@@L�d�Q1CED�� � d e � >%N h NL@�?BD"I�nzd�`� +8�K(� .�%(*, �:"j+ #C"� #(*$D+� 

� � B2e � >%NL@9o e � >%NL@ ^ > � � v(@	>4Q @cB e � | � � >4Q5^#Q � @ vR>4Q � @��AQ �qp vHdfe � >%NL@ >�f_<Jj9@

nJ`�? `hB_m m CKd�>RnJPVL]D"^wDyi³D1CKqw?Vd�n\DBC%?BD"IYPl^wm b]?BPldNnJDTd�CKqB>R?BH5^BbcCK>R?Vd�^B>E<cE�d�d�Q1CK>�CKFG^B>�C Q"?B`8?/Pl^wA"DTd²i
?VU]HzC�`�C7wTA1CED]PlC+>Dpir ^�sWr�@ rut / ^BF¶CEnzqBCED"b]?Bnz>R`rS�nJd�Q

\wvYp ryx g ^ ?B`Qz{o}| >�f_<§f @
>GS0C%?B`�`RA"m C Q1CK>�C d�Q]?Vd8d�Q1C�M�N CEnzqBCEDGD�?BH�A1CE` ?V>�C�CED_A"m CK>@?Vd�CEIWn�DaI1CEPl>�CE?B`RnJD1q ^B>@I1CK>8^BF�m/?VqVi
D"nzd�A]I1C*B<p /u~ p � ~ g\g\g ~ g S�nzd�Q m%A"Hzd�nzb]H�nJPKnzdJB�Pl^wA"D d�CEI�@@<

n



s�^B>�CK^9DBCK>�L+d�Q1CK>RC-C	SynJ`�d�`�?/`�C7w_A1CED"PlC�^BF¶>R?BD]I1^wm D�?V>@nJ?VU]HzCE`�>�� r @ rut / `�A]PRQ d�Q"?Vd
����� r >�R�@	�7UY>�R�@ e�g ^ ��������>�R�@�� r >�R�@	�2U+>�R�@ e 3�� r ^ p�� ^ z ~ j ^ >�f_< n @

?BD"IHP >4Q ^/R�@$PK?BDYUcC C	S_b]?BD]I1CEIYnJD ?UM ?V>RQTA]D1CEDyiJN5^�OC&DBC�C	S_b]?BD]`�nz^wD	B
P�>4Q5^/R�@ e ����>4Q @
	��rut /  p�r sWr >4Q(@���r >�R�@ g >�f_<ÁhG@

\�Q1C�MQNC	Syb]?BD"`�nz^wD Pl^wDGDBCK>�qBCE`NnJD1e � >%N hfS?@�> `�CKC}Gªjlh*J�@rI]A1C d�^
g�r�� / p r e � | �	� P >4Q ^/R�@ � 4@| g >�f_< I @

�3p * :K8=#�������� � "��:+�,2�*"� �67"�,��:"  #(*$F"j+/> $ � " � �n�9"9 :�D".���4,}e � >%NrhYS?@L��� "�� $�(�3 $D+}$ � "j+�, "+/> $ �C"j"��'67"�,�K(�3%$b"L� $ 0~�4,[>�f_< I @��D�9" "�(*3 �9+��<�'68$  �"��� "!

0 2 4 6 8 10 12 14
10

−5

10
−4

10
−3

10
−2

10
−1

10
0

L2−Norm Decay of KL Series Remainder for Kernel exp(−10|x−x′|2), x ∈ (−1,1)
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Largest 2000 Eigenvalues of Factorizable Kernel exp(−10|x−x′|2), x ∈ (−1,1)3
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10 Largest eigenvalues of exp(−|x−x’|2), x ∈ (−1,1)
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14 Largest Eigenvalues of exp(−|x−x′|1+δ), x∈ (−1,1)
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16th Eigenfunction  of C(x,x′) = exp(−4|x−x′|2) on L−shaped Domain − clustering
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\�Q1CÈ`�d�^_P@Q"?B`�d�nJPWm-?BHzCK>�tynJD-=¶uvs I1CE`�Pl>RnJU	CEI ?VUc^9DBC�PK?BD�UcCÈnJm b]HJCEm CED d�CEI C	H PKnzCED d�HcB8^wD-b+?V>R?BHJHzCEH
b">�^yPlCE`�`�^B>@` ^BF #ru k = @,N7=f> `�CKCfG I�J�@8dJB_b	CB<%\�Q1CK>�C ?V>�C d�Q1>RCKC tBC&BWPl^wm b+A1d�?Vd�nz^wD"?BH¶d�?B`�ty`9B n�@
Pl^wm b]A"d�?Vd�nz^wD ^BFcd�Q1C?M�NaCEnzqBCED1b]?BnJ>R`> n_<Jj9@@L1nJn�@�I1CKd�CK>Rm/n�D"?Vd�nz^wD ^BFcd�Q1C�^B>�d�Q"^BqB^wD"?BH"bc^wH\ByD1^wm/nJ?BH
U]?B`�n�`�>Gh1<§f ?<@�?BD"IanJnJn�@Èd�Q1C `�^wH�A1d�nz^wD°^BF�d�Q1C I1CKd�CK>Rm nJD"nJ`�d�n�P8=¶u b]>�^BU]HzCEm/`�>Gh1<§fB} @@<E²D ^wA1>ÈnJm b+HzCEm CEDTd�?Vd�nz^wD LBS0C�A"`�C$FG^B>Èn�@�? qBCED1CK>R?BHJnz�KCEI ="?B`�dvsWA"Hzd�nzbc^wHzC0saCKd�Q"^_I�>#GªjE{1L"jE}KJ�@@<
\�Q"n�`�`�d�CKb n�`�bcCK>�FG^B>Rm CEI `�CK>Rn�?BHJH\B`�nJD]PlC d�Q"C°Pl^wm/b]HzC	S1nzdJB^BF8d�Q1CY=¶s�s nJ` Hz^BqVi³HJnJD"CE?V> n�D V L
d�Q1CD_A"m�U	CK> ^BF%I1CKqB>�CKCE`a^BF�FG>�CKCEI1^wm n�D(I"^wm/?BnJD]N�< = C!?V>RC!?VU]HzC d�^ d�>�CE?Vda>�CE?B`�^wD"?VU]HcB
HJ?V>�qBCY=¶u m CE`�Q1CE`/S�nzd�Q `�C&DBCK>R?BH8QTA]D"I1>�CEI d�Q1^wA"`R?BD"I I1CKqB>�CKCE` ^BFNFG>�CKCEI1^wm S�nzd�Q d�Q"nJ` `�CK>RnJ?BH
nJm b+HzCEm CEDTd�?Vd�nz^wD < Z8`YZND"`�?Vd��!FGA"D]Pld�nz^wD"`KLNb]nzCEPlCKS�n�`�C Pl^wD"`�d�?BDTd�`Y^B>Yb]nJCEPlCKS�nJ`�C HJnJD"CE?V>R` ?V>�C
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A"`�CEI5<�\�Q1C�CEnzqBCED1b">R^BU]HzCEm nJ`�`�^wH\DBCEI%A"`�nJD"q��A��#�O��-s UGB�X�^wm/?BD�m CEA"`�?BD]I k `RPK?V>ÉMrQ]nJD1CEHJHJ?Vd�^GªjKg1L7jBj9J�<
\�Q"C%Pl^wm b+A1d�?Vd�nz^wDW^BFvd�Q1C%^B>�d�Q1^BqB^wD]?BH¶b	^wHcB_D1^wm nJ?BHJ`Q>Gh1<§f ?<@ ?Bm/^wA"D d�` d�^ `�^wHcD_nJD"q�m/?Vd�>Rn\S

CEnzqBCEDGD�?BH�A1C�b]>�^BU]HzCEm/`�^BFvd�Q1C%dJB_bcC 1 QXeip�� Q S�nJd�Q�`hBym/m CKd�>@nJP ?BD"IWbc^w`�nzd�ncDBC�`�CEm/n�I1C I D"nzd�C
m/?Vd�>Rn�PlCE` 1 ^�� ^BF�`�nz�KC+d r < �NA"C�d�^Wd�Q1C b">�^yI"A"Pld�FG^B>Rm >Gh1<§f ?<@�^BF�d�Q1C�`RQ"?VbcC F A"D"Pld�nz^wD"`�nJD
d�Q1C `�d�^yPRQ"?B`�d�n�P DV?V>RnJ?VU+HzCBL+^wD]H\BYd�Q1C A"D"n\DV?V>RnJ?Vd�C�F½^B>@mF>Gh1<§f*I @ND"CKCEI"`Nd�^ UcC I"nJ`�Pl>RCKd�nz�KCEI <�OynJD"PlC
nJD!d�Q1C�?BI"?Vb]d�n\DBC�?BHzqB^B>@nzd�Q"m/` F½^B>�d�Q1C�`�CEHJCEPld�nz^wD!^BF$d�Q"C�`�d�^yPRQ"?B`�d�nJP bc^wH\ByD1^wm/n�?BHÉI1CKqB>�CKCE`%d�Q1C
^Bb"d�nJm ?BH]I1CKqB>�CKCE`r?V>�C ?Vb">RnJ^B>Rn"A"D1tyD1^�S�D L d�Q"CNA"D]n\D�?V>@nJ?Vd�C�qBCED1CK>R?BH�nz�KCEI/CEnzqBCED"b">�^BU]HzCEm `vD1CKCEI�d�^
UcC$`�^wH\DBCEI FG^B>Éb	^wHcB_D1^wm nJ?BH I1CKqB>RCKCE` d r S�Q]nJPRQ Pl^wA"HJI%bc^w`�`�nJU]H\B-^yPKPKA1>E<�E�D ^wA1>ÉnJm/b]HzCEm CEDTd�?Vd�nz^wD
d�Q"nJ`vS0?B`rI1^wD"C8nJD�s�ZÉ\N�Z # F½^B>rI1CKqB>�CKCE`�d r UcCKd³S0CKCEDWj8?BD"I°fVg%?BD"I�A]D"n\DV?V>RnJ?Vd�C$b">�^BU+?VU]nJHJnzdaB
I1CED"`Rnzd�nzCE`
� r > �C@?e jVL F½^B>�?BH�H0jm z m ] <%\�Q1C%CEnzqBCED1b]?Bnz>@`8S0CK>�C d�Q1CED `�d�^B>RCEI ^wD I"nJ`�t FG^B>
d�Q1C m ?BnJD PK?BHJPKA"HJ?Vd�nJ^wD <
=1^B>8d�Q1C�I1CKd�CK>Rm nJD"nJ`�d�n�P8=¶u `�^wHJA1d�nz^wD"` >Gh1<§fB} @�nJD `�d�CKbanJn�n�@@LTS0C�?B`�`�A]m C-d�Q"?Vd$d�Q1C&B°?V>�C�bcCK>�i

FG^B>Rm CEI ^wD d�Q"C�`�?Bm C�m CE`RQ F½^B>�?BHJH1Pl^TC	H PKnzCED d�`
�P i  ��S�Q]nJPRQ Sr?B`v?BHJ`�^�A"`�CEI FG^B>Èd�Q1C$CEnzqBCEDGDV?BHJA1CPl^wm b]A"d�?Vd�nz^wD"`E>G^B> ?WA"D"nJF½^B>Rm H\Ba>�C I D1CEI DBCK>@`�nz^wD^BF�d�Q"nJ` m/CE`�Q @@< / \�Q]nJ` nJ`%I1^wD1C A"`�nJD"qYd�Q1C
M 	 	�PKHJ?B`R`0H�nzU">R?V>CB�Mr^wD"PlCKb"d�`LGÁ}yL�!_L"{KJ�< = C�A"`�C HJnJD1CE?V>$=¶uvs ^wD d�Q1C-`�?Bm C d�>RnJ?BD1qwA]HJ?V>0m/CE`�Q
?B`ÈFG^B>v`�d�CKb�n�@�<É\�Q1C$>�CE`�A]Hzd�nJD1q HJnJD1CE?V>È`CB_`�d�CEm nJ`È`�^wH\DBCEI A"`�nJD1q-?-?�I]nJ?VqB^wD"?BHJH\B�b">�CEPl^wD"I]nzd�nz^wD1CEI
Mm%<cZN`�d�Q1C I1CKd�CK>Rm nJD"nJ`�d�n�P-=�u�s b">�^BU+HzCEm/`�?V>RC%?BHJH�Pl^wm b]HzCKd�CEHcBYnJD"I1CKbcCED"I1CEDTdKL"d�Q1C&B�PK?BD�UcC
`�^wH\DBCEI nJD�b]?V>R?BH�HzCEH�< \�Q"nJ`8b]?V>R?BHJHJCEHJnz�E?Vd�nz^wD�nJ`8?BP@Q"nzC&DBCEI U�B�? `�nJm b+HzC�`�Q"CEHJH7`�Pl>@nzb"d0>G>�CKF½CK>RCED"PlCEI
?B`�d�Q"Cj0j(��.$F"� ���! :� #�$C@0S�Q"n�PRQ°>RA"D]`r^wD d�Q1C ?BI"m nJD"nJ`�d�>@?Vd�nz^wD°D1^_I"CN^BFÉ? #ru k = @bN�= PKHJA"`�d�CK>�<
\�Q"C�0(K�.$F"9 ��9�9 .� # $ÈnJ`ÈqwncDBCED d�Q1C8d�^Bd�?BHcDTA"m�UcCK>È^BF5I1CKd�CK>Rm nJD"nJ`�d�n�Prb">�^BU]HzCEm `Éd�^�UcC�`�^wH\DBCEI L

d�Q1C�n�D1b]A1dÉI"?Vd�?�?BD]I/d�Q1C�`Rnz�KC$^BFcd�Q1C�U]HJ^_PRt_`Èn�D S�Q"nJP@Q d�Q1C�I1CKd�CK>@m/nJD"nJ`�d�nJP0b">�^BU]HzCEm `É`�Q1^wA"HJI UcC
qB>�^wA1bcCEI < @N`�nJD1q-d�Q"n�`ÈI"?Vd�?yL_d�Q1C�m/?B`�d�CK>0`�Pl>Rnzb]dÈ`�CKd�`vA1b�?oM�^BU/F½^B>�C&DBCK>CB U]Hz^yP�t%^BFcb">�^BU]HJCEm/`ÉnJD
d�Q1CQw_A1CEA1CEn�D1q/`hBy`�d�CEm ^BF¶d�Q1C #0CK^�S�A"HzFÉPKHJA"`�d�CK>8A"`�n�D1q ? J�+�� ���! :� #�$ < � \�Q1CQw_A1CEA1CEn�D1q/`hBy`�d�CEm
PK?BHJHJ`vd�Q1C�M�^BU°`�Pl>Rnzb"dÉS8Q1CED/CED1^wA"qwQ°Mr;)@8`v^wD d�Q"C8PKHJA"`�d�CK>�?V>�C ?7DV?BnJHJ?VU]HJCB<¶ZN`�S�C8^wD"H\B >�C7w_A1CE`�d
^wD1C%M$; @�b	CK>�M�^BU5L1d�Q"n�`�nJ`$D1^Bd�? b]>�^BU]HzCEm <
\�Q"C J�+�� ���! :� #�$�`�CKd�`NA1ba?BDW?V>RP@Q"n\DBC�n�D"PKHJA"I"n�D1q�d�Q"C�nJD1b+A1d$I"?Vd�? >GS�Q]nJPRQ�nJ`�>�CEPlCEncDBCEIYFG>�^wm

d�Q1Crm/?B`�d�CK>É`�Pl>RnJb"d @@LVd�Q1C0=¶u�s `�^wH\DBCK>Énzd�`�CEHJFy?BD]I�d�Q"C0nJD]I"nJPlCE` ^BF"d�Q"C�b">R^BU]HzCEm/`7d�^NUcC�>RA"D <�\�Q"nJ`
?V>RP@Q"n\DBC8n�`Èd�Q1CED `�CEDTdvd�^ d�Q"C8?BHJHz^yPK?Vd�CEI Mr; @�LTA"D"b]?BP�tBCEI ?BD"I/>@A"D < k D1C�U+Hz^_PRt ^BF b">�^BU]HzCEm `ÈnJ`
`�^wH\DBCEI/UGB C	SyCEPKA1d�nJD1q-d�Q1C8=�u�s6`�^wH\DBCK>v^wD]PlCB<�E�dÈ>�CE?BI]`ÈnJD d�Q1C�m/CE`�Q/?BD"I/?BI]I"nzd�nz^wD"?BHyI"?Vd�?�?BD"I
Pl^wm b]A"d�CE`v^Bd�Q1^BqB^wD]?BH+bc^wH\ByD1^wm/n�?BH1U]?B`�nJ`,> `�d�CKb°nJn�@h@¶?Vdr`�d�?V>�d²i³A1b7<È\�Q1CED L_?BHJH"d�Q1CNI1CKd�CK>Rm/n�D"nJ`�d�nJP
b">�^BU+HzCEm/`7?V>RC0`�^wHcDBCEI%`�CK>RnJ?BHJH\B ^wD1Cr?VFGd�CK>�d�Q"C�^Bd�Q1CK>�<¶="^B>�C&DBCK>)B b">�^BU+HzCEm L�d�Q1C0`CB_`�d�CEm m/?Vd�>@nJPlCE`
?BD"I d�Q1C/HJ^w?BI[DBCEPld�^B>�Q"?9DBC d�^YUcC Pl^wm/b]A1d�CEI `�CKb]?V>@?Vd�CEH\BB< u DBCK>CBWI1CKd�CK>Rm/nJD]nJ`�d�nJP%=¶uvs `�^wH\DBC
qBCED1CK>R?Vd�CE`r^wD"CbDBCEPld�^B>�^BF�Pl^TC	H�PKnJCED d�`K<�\�Q1C�>RCE`�A"Hzd�nJD"q I"?Vd�?%^BF7?BHJH+I1CKd�CK>Rm/nJD]nJ`�d�nJP$b]>�^BU]HzCEm/`�nJD
d�Q1C�U+Hz^_PRt�nJ`�?Vqw?BnJDY?V>RP@Q"n\DBCEIa?BD]I `�CED d�U]?BP�t°d�^ d�Q"C�?BI"m/nJD"n�`�d�>R?Vd�nz^wD°D1^yI1C-^BF�d�Q1C PKHJA"`�d�CK>E<

= Q1CED ?BHJH2M�^BU]`rqBCED1CK>R?Vd�CEI U�B d�Q"C m ?B`�d�CK>�`�Pl>Rnzb]d0Q"?9DBC->RA"D L1?%>�CE`�A]Hzd0?V>@PRQ"n\DBC-FG>�^wm C&DBCK>CB
U]Hz^yP�t `�Q1^wA"H�I�Q"?9DBC�?V>�>Rn\DBCEI ^wD°d�Q1C-?BI"m nJD"nJ`�d�>@?Vd�nz^wD�D"^_I1CB<�E�d$nJ`rA1b°d�^ d�Q1C wTA"CEA1CEnJD1q `hBy`�d�CEm
d�^/b]?V>@?BHJHzCEHJnz�KCNd�Q1C-S�Q"^wHzC b">�^yPlCE`�`K<�E�F7CED1^wA1qwQWMr; @N`$?V>�C ?9D�?BnJH�?VU]HzCBL1?BHJHcU]Hz^yP�ty`$?V>�C `�^wH\DBCEI nJD
� ¸��@���v���V�R�������[�É�R������´$�����[�@���c�@�¶´��@���v�p��Å[ÂN¬ª�@�È±��p���l�²���§����±²�v�@¬+�[´$��Å[�²´$�²�K�³�R���[�@�
	 �[¬+�R���@���R�������l�rÄ1

���pÅ��l�|�¶¬ª�R�¶�����v��K�V�����§�@�/¯zÎ�Ë »��pÀ��§����p�R�§Å§�Rµ�Å[��� �����²� ¬ �@�É���R±|����� �8�����w�|���²�K��´$�²��� �@���@������� ���$�����v±²�K��Ç$±²�[�²�K�
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b]?V>R?BH�HzCEH�<oE|F¶d�Q1C%PKHJA"`�d�CK>NnJ`�D"CE?V>RH\B F A"HJH >G^wD"H\BLDBCK>)B F½CKS:Mr; @N`�?9D�?Bn�HJ?VU]HzC ?VdNd�Q1C%`�?Bm C%d�nJm C.@@L
nzd$m/nzqwQTdrC&DBCEDYQ"?Vb"bcCED�d�Q"?Vd$d�Q1C S�Q1^wHJCNb]>�^BU]HzCEm nJ`$`�^wH\DBCEI `�CK>RnJ?BHJH\B iÉd�Q"n�`0n�`rd�Q1C S�^B>R`�d�PK?B`�CB<

� � ��	 1 � ���B. ��� ADC�1 � � 	 1<� ��E
= C0b">�CE`�CEDTd�Q1CK>RCv`�^wm C0DTA"m/CK>RnJPK?BHB>�CE`RA"Hzd�`5S0C�Q]?7DBC0^BU"d�?BnJD1CEI�A"`�nJD1q�ZNHzqB^B>RnJd�Q"m h1<JjE}8nJD�?�d³S0^Vi
I"nJm/CED"`�nz^wD"?BH]b]QGB_`�n�PK?BH+I1^wm ?BnJD�N > Pl^wm b]?V>�C�=¶nzqwA1>RC%jKg ?BD"I°=¶nzqwA1>�C jBjNF½^B> N3d�Q"C�eÈi³`�Q"?VbcCEI
I1^wm/?Bn�DW?BD]I�d�Q"C/A"D"nzdN`CwTA]?V>�C >�CE`�bcCEPld�n\DBCEH\BK@@< E²DWCE?BPRQPK?B`�C d�Q"C n�D1b]A1d I"?Vd�?X> � � ^�� � ^ wk@@L7?B`
S0CEHJH"?B`Èd�Q"C8D_A"m UcCK>É^BF I1^BF `vnJD N ?BD]I d�Q1C�?BI"?Vb]d�n\DBC�bc^wH\ByD1^wm/nJ?BHyI1CKqB>RCKC?d-?V>�C8m/CED d�nz^wD"CEI/nJD
d�Q1C�PK?Vb]d�nz^wD <¶e�^Bd�C8d�Q"?VdÈd�Q1C�`R?Bm C$b]QGB_`�n�PK?BH1m CE`�Q/nJDjN Q"?B`ÉUcCKCED/A]`�CEI F½^B>vd�Q1C�Pl^wm b]A"d�?Vd�nz^wD
^BFrd�Q1CYM�?V>@QTA"D"CEDyiJN5^�OC&DBC C	Syb]?BD"`Rnz^wD > `�d�CKb(jVL�ZNHzqB^B>Rnzd�Q"m�h1<JjE} @-?BD"I!F½^B>�d�Q"C I"nJ`�Pl>RCKd�nz�E?Vd�nz^wD
^BFNd�Q1C I1CKd�CK>Rm/nJD]nJ`�d�nJP�I"nvl A"`�nz^wD b">�^BU]HJCEm/`L> `�d�CKb n_L�ZNHzqB^B>RnJd�Q"m h1<JjE} @@< = CYQ"?7DBCaA]`�CEI d�Q1C
bc^w`�d�b">�^yPlCE`�`�n�D1q�FG^B>Rm%A"HJ?B` nJD ;v>�^Bbc^w`�nzd�nz^wD�h1<JjE{°d�^YPl^wm b]A"d�C d�Q1C/m CE?BD I CEHJI ?BD"I d�Q"C d�>R?BPlC
^BF5d�Q1C-`�d�?BD]I"?V>RI I1C&D_n�?Vd�nz^wD ^wD}N ^BF7d�Q1C `�d�^yPRQ"?B`�d�n�PN`�^wHJA1d�nz^wD <É\�Q"CNPl^B>�>RCE`�bc^wD"I"nJD1q b]Hz^Bd�`r?V>�C
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expected value

Ea=3+x1, Va=e-4*|x-x’|2, f=2*sin(x1+x2), l = 5 (2048 El.), r = 2,1,1,1,1,1,1,1,1,1,1,1,1 (12288 det. Prob.)
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deterministic solution on same mesh

Ea=3+x1, Va=e-4*|x-x’|2, f=2*sin(x1+x2), l = 5 (2048 El.), r = 2,1,1,1,1,1,1,1,1,1,1,1,1 (12288 det. Prob.)
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pointwise (expected - deterministic)/deterministic

Ea=3+x1, Va=e-4*|x-x’|2, f=2*sin(x1+x2), l = 5 (2048 El.), r = 2,1,1,1,1,1,1,1,1,1,1,1,1 (12288 det. Prob.)
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min and max values

Ea=3+x1, Va=e-4*|x-x’|2, f=2*sin(x1+x2), l = 5 (2048 El.), r = 2,1,1,1,1,1,1,1,1,1,1,1,1 (12288 det. Prob.)
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autocorrelation

Ea=3+x1, Va=e-4*|x-x’|2, f=2*sin(x1+x2), l = 5 (2048 El.), r = 2,1,1,1,1,1,1,1,1,1,1,1,1 (12288 det. Prob.)
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standard deviation

Ea=3+x1, Va=e-4*|x-x’|2, f=2*sin(x1+x2), l = 5 (2048 El.), r = 2,1,1,1,1,1,1,1,1,1,1,1,1 (12288 det. Prob.)
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expected value

Ea = 3+sin(pi*x_1), Va = e-|x-x’|2, f = 1, l = 5 (2048 Elements), r = 4,2,2,1,1,1,1,1,1,1,1,1,1 (46080 det. Prob.)
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deterministic solution on same mesh

Ea = 3+sin(pi*x_1), Va = e-|x-x’|2, f = 1, l = 5 (2048 Elements), r = 4,2,2,1,1,1,1,1,1,1,1,1,1 (46080 det. Prob.)
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pointwise (expected - deterministic)/deterministic

Ea = 3+sin(pi*x_1), Va = e-|x-x’|2, f = 1, l = 5 (2048 Elements), r = 4,2,2,1,1,1,1,1,1,1,1,1,1 (46080 det. Prob.)

0
0.2

0.4 0.6
0.8

1
x 0

0.2
0.4

0.6
0.8

1

y

-0.04
-0.02

0
0.02
0.04

min and max values

Ea = 3+sin(pi*x_1), Va = e-|x-x’|2, f = 1, l = 5 (2048 Elements), r = 4,2,2,1,1,1,1,1,1,1,1,1,1 (46080 det. Prob.)

0
0.2

0.4 0.6
0.8

1
x 0

0.2
0.4

0.6
0.8

1

y

-0.02
-0.015
-0.01

-0.005
0

0.005
0.01

0.015
0.02

autocorrelation

Ea = 3+sin(pi*x_1), Va = e-|x-x’|2, f = 1, l = 5 (2048 Elements), r = 4,2,2,1,1,1,1,1,1,1,1,1,1 (46080 det. Prob.)
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standard deviation

Ea = 3+sin(pi*x_1), Va = e-|x-x’|2, f = 1, l = 5 (2048 Elements), r = 4,2,2,1,1,1,1,1,1,1,1,1,1 (46080 det. Prob.)
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pointwise (expected - overkill)/overkill

M = 3   r = 1,1,1   γ = 0.2
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pointwise (expected - overkill)/overkill

M = 8   r = 1,1,1,1,1,1,1,1   γ = 0.2
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