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HkT`ZSbcP�òSó�LôL6b¯L ^ i�M�\ ^ Z=b ^ \¯M ^ ó�\ci�[ÓZ=M�LÚóf[�ó`ZSbcb¯õ÷ö�P�e�L6b¯bcL{eùøQõ

e�\cú�LNM�LNTti�\�Z=bcû�ZSbcò�L6ø�M�Z=\ ^ L{ü�ófZmi�\¯PSTf[CP=ýVi�O�L_ýñPSb¯b¯Pmþx\cT�ò'i}õQÿ�L��
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þxO�LNM�L ����� � M�L6ÿ�M�LN[�L6Tti�[Ci�O�L8[}i�Zmi�L´P=ý4i�O�L ^ \¯M ^ ó�\zi{IxH ^ P�ö'û
ö�PST´ZST`Z=b¯õ�[�\�[¤\�[di�O�L�i�M�Z=T`[�\cLNTtiáZ=T`ZSbcõ�[�\¯[NU{þxO�\ ^ O ^ PSö�ÿ�ó�i�LN[Vi�O`L
[�PSb¯ó�i�\¯PST � � �
� PSý¤i�O�\�[�T�PST�û�b¯\cT�L{Z=M"!kH$#ÚZ=b¯PST�ò3i�O�Lki�\cö�L*\cTti�L6M�ûRmZ=b � % 
'&(� ýñPSM�Z*òS\¯RSLNT´\¯T�\zi�\¯ZSb`[�i�Zmi�LSI*)�ý�i�L6TVUSÿ`ZSM�i�[4P=ýfLNbcL ^ i�M�\ ^ ZSb^ \¯M ^ ó�\ci�[4O`Z�R�L�ö8ó�bci�\¯M�Z=i�LCøfLNO`Z�RQ\cP�ó�M{U=þxO�\ ^ O8ö�LNZST`[�i�OfZmi�[�PSö�L
RmZ=M�\¯ZSø�b¯LN[�ZSM�LX[�b¯Pmþxbcõ'RmZ=M�õQ\cT�òfU ^ PSö�ÿ`Z=M�LNe'i�P´PSi�O�LNM�RmZ=M�\¯ZSø�b¯LN[NI
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L \¯òSó`M�L � [�O`Pmþk[�Z=T LKM�Z=ö�ÿ�b¯LSU�þxO�\ ^ Ol\¯[*ZÃ[ ^ ZSb¯ZSø�b¯L ^ \¯M ^ ó�\ci
þx\ci�O�NPOQN \cTQRSLNM�i�L6M�[6IxYCO�L8[�ó�ø ^ \¯M ^ ó�\ci�[*Z=M�L ^ P�T�T�L ^ i�L{e9þx\zi�O
b¯\cT�L{Z=MSR`bci�LNM�[�þxO�\ ^ O8þaL6M�L ^ O�P�[�L6T'[�ó ^ O´i�O`Z=i	TX[�ó�ø ^ \¯M ^ ó�\zi�[,Z=M�L
Z ^ i�\¯RSLhZ=T`e T�LNZSM�b¯õ e�L ^ PSó�ÿ�b¯LNeÞýñM�P�ö i�O�L1PSi�O�LNM'[�ó�ø ^ \¯M ^ ó�\zi�[6IU L6iWV0X3Y 
[Z\Z\Z\
 X �^] ø�L3i�O`L3M�L{ü�ó`\cM�LNeÃi�\¯ö�L.û�[}i�L6ÿ`[xÿ�L6M�ó�T�_QT�PmþxT

Z=Tfe`X >a;bG � ö Z^McVdXeY 
\Z\Z[Z\
 X �^] I L \cò�ó�M�Lgf_[�O�Pmþk[,i�O�LkM�L6b�Zmi�\cR�Li�\¯ö�L.û�[}i�L6ÿ`[ih8jh >a;bG ÿfLNM,ó�T�_QT�PmþxTdI	k�b¯LNZ=M�b¯õ_i�O�LCö�P�[�i,R�ZSM�\�Z=ø`bcL{[Z=M�LlT�PSihZ ^ i�\¯RSL�U�[�PÞ\zi1\�[ÃR�L6M�õôZ=i�i�M�Z ^ i�\¯RSL9i�P ÿ`ZSM�i�\zi�\cP�T¢i�O`L
ö�P�e�L6bVZST`e$ó`[�L3ö8ó�bci�\¯M�Z=i�L_ö�L.i�O`PQe`[ � � � U � f � I

0 20 40 60 80 100 120 140
10

−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

i

h

Relative timesteps for the circuit model.
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� L6M�LkþaLkþx\¯bcb�bc\¯ö�\ziaPSó�M�[�L6b¯RSLN[,i�PJÿ`ZSM�i�\zi�\cP�T�i�O�L ^ \¯M ^ ó�\ci�\cTti�P

i}þaP ^ P�ö�ÿ�bcLNö�L6Tti�ZSM�õÓÿ`ZSM�i�[6IÞj9ó`bzi�\cM�Zmi�L$ö�L.i�O�P�e�['\cTti�L6òSM�Zmi�L
ø�P=i�O�ÿ`ZSM�i�[,þx\ci�O e�\cú�LNM�LNT�i,i�\cö�L6û�[�i�LNÿ`[	� Z=T`e�XVI L PSM ^ \cM ^ ó�\ci�[
þx\ci�O ö8ó�bci�\¯M�Z=i�L´ø�L6OfZ�Rt\¯PSó`MNU�bc\u_SL´i�O�L'ÿ�M�L6RQ\¯PSó`[�LKM�Z=ö�ÿ�b¯LSU�i�O`L
ö´ó`bzi�\cM�Zmi�LXý�Z ^ i�PSMa� ��� h ^ Z=ThøfLJZ�b�Z=M�òSL*TQó�ö´ø�L6M{IL PSM Z ö´ó�bci�\¯M�Zmi�Lôö�L.i�O�P�eù\ci \�[ÓT�L ^ LN[�[�Z=M�õÅi�P ÿfZ=M�i�\ci�\¯PST
i�O`LôRmZSM�\�Z=ø�b¯LN[ Z=Tfe LNütó`Z=i�\¯PST`[Æ\¯T�i�P ZST Z ^ i�\cR�L � H � Z=T`e Z
b�Zmi�LNTti � U � ÿ`Z=M�iNI YCO�\�[ ^ Z=TÅøfLÓe�PST`LÆøQõôi�O�LÓó`[�L6MhPSM1Z=ó�û
i�P�ö Zmi�\ ^ ZSbcb¯õSI U L6i���� ���*���"��� ZST`e���� ���*��� ��� þx\zi�O� � ��� � ��� øfL_i�O�L3ÿfLNM�ö8ó�i�Z=i�\¯PSThö Z=ÿ�ÿ�\¯T�òt[6U�þxO�\ ^ O1[�Z=i�\�[}ýñõ���S���� ���d
 ���3���� ���^
 ���S���� ����
 ���e���� ��� IÃYCO�LNT
i�O`L*RmZSM�\�Z=ø�b¯LN[aZ=Tfe ýñó�T ^ i�\¯PST`[ ^ Z=T$øfL3[�ÿ�bc\cix\cThZ ^ i�\¯RSL � H � ZST`eb�Zmi�LNTti � U � ÿfZ=M�i�[[�
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L P�M�!kH #�[´i�O�L$ÿ`Z=M�i�\ci�\¯PSTÞ[�O�P�ó�b¯eÞøfL$ÿ�M�P�ÿfLNM�b¯õ ^ O�P�[�L6T [�ó ^ O
i�OfZmixi�O`L3ÿ`Z=M�i�[ � T � Z=Tfe ��� � ZSM�L3Z=b�[�P'[�PSb¯RmZ=ø�b¯LSI L ó�M�i�O�L6M�ö�PSM�L\ciÃ\¯[ÃZÓT�\ ^ Llÿ�M�PSÿ�L6M�i}õÞ\cý3ZSb¯[�P i�O�LÆ[}i�Z=ø�\¯bc\ci}õÚZST`e \¯T`e�LKM Z=M�L
ÿ�M�LN[�L6M�RSL{e¤I
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	�î���y\x¤ïfêdìáë
� Z=M�i�\ci�\¯PST�\¯T�ò \¯[ ZST \¯ö�ÿfP�M�i�Z=TtiÞZmi�i�M�\¯ø�ó�i�L ýñPSMÓö´ó`bzi�\cM�Zmi�L

ö�L.i�O�P�e�[6I YáPSò�L.i�O�L6M þx\ci�O¢i�O�L9i�\cö�L.û�[�i�L6ÿf[F\ci ^ ZST¢øfL ó`[�L{e
i�P ^ P�T�i�M�P�b¤i�O`L´b¯P ^ Z=b4e�\�[ ^ M�L6i�\�
NZmi�\cP�T1L6M�M�P�MNI k�P�T`[�\�e�LNMXZ ö8ó�bzû
i�\¯M�Zmi�L�ö�L.i�O�P�e óf[�\¯T�ò9Z�R�M�LNeÆÿ`Z=M�i�\ci�\¯PSTÓZ=T`e R�M�LNeÓ[�i�L6ÿf[�\�
6L{[� 
 XdICYCO�LN[�L´[�i�LNÿ`[kZ=M�L ^ O�Pt[�LNT1[�ó ^ O1i�O`Zmiki�O�LJM�LN[�ó�bci�[kZSM�LJZ�[
Z ^N^ ó�M�Zmi�L8Z�[*Z$[�\¯T�ò�bcLNM�Z=i�L´ö�L6i�O�P�eÆó`[�\¯T�ò�R�M�LNeÆ[}i�L6ÿ�X��{I´H�bzû
i�O`PSó�ò�O�X ^ Z=ThøfL8[�ö Z=b¯b¯L6Mai�O`ZST X��{U�þaLJZS[�[�ó�ö�LXi�O`Zmi hh���� �
\�[ T�LNZSM�b¯õ \¯T`e�L6ÿ�L6Tfe�L6TtiÃPSýXi�O�L9ÿ`Z=M�i�\ci�\¯PSTVI YCO`L6T \zi ^ Z=T ø�L
e�LNM�\¯RSL{eFi�O`Zmixi�O�LJ[�ÿ�L6L{eQû�ó�ÿÃý�Z ^ i�PSMk[�Zmi�\�[
R`LN[xZSÿ�ÿ�M�P0MQ\¯ö Zmi�L6b¯õ
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 � N �
þxO�LNM�L � ��� � ������ \¯[Xi�O`L'þaPSMb_QbcPtZSe1M�Zmi�\cPfI L PSM_Z=TÆPSÿ�i�\cö Z=bÿ`ZSM�i�\zi�\cP�TJi�O`\¯[4[�ÿfLNLNeQû�ó�ÿJý�Z ^ i�PSM � þx\¯bcb�Z ^ O�\cLNRSL�\zi�[áö Z^MQ\¯ö´ó`öhIW�L ^ ZSó`[�L~X ö�ZS\cT`bcõÅe�L6ÿ�L6T`e�[hP�T i�O`L LNM�M�PSM$P=ý8i�O�L ö�P�[�i
Z ^ i�\¯RSL'L6b¯L6ö�L6Tti{Ud\zi3\�[*T�LNZSM�b¯õ9\cTfe�L6ÿ�L6T`e�L6Tti3P=ý�i�O�L'ÿ`Z=M�i�\ci�\¯PSTdI
YCOQó`[3i�O�LÃö8ó�bci�\¯M�Z=i�LFý�Z ^ i�PSMw� � � h PST�b¯õ ^ Z=T ø�LÃ\¯T ^ M�L{ZS[�LNe
øQõ ö ZdM�\cö�\�
6\¯T�ò~� I�� L�_QT�Pmþ � f � i�O`Zmi�i�O�L9[}i�L6ÿ � [�Zmi�\�[�ûR`L{[\�P� � ö�\¯T�V8�� 
 �"! ] U�þxO�LNM�L��� ä\�[3i�O�LÃ[�i�L6ÿ M�LNütó�\¯M�LNe
øQõÞi�O�L e�\�[ ^ M�L6i�\�
NZ=i�\¯PST L6M�M�P�M�ýñPSM i�O�L [�bcPmþ ÿ`ZSM�iÃZST`e �"! \¯[
i�O`Ll[}i�L6ÿ¢M�LNütó�\¯M�L{e øQõ i�O�Ll\¯T�i�L6M�ÿfP�b¯Z=i�\¯PSTôL6M�M�P�M'ýñPSM i�O�LlZ ^ û
i�\¯RSLXÿ`Z=M�iNI$#QPfUQ\cT ^ M�L{ZS[�\cT`òw� ^ ZSTFPST�b¯õ�øfL_e�P�T�L�øQõ \¯T ^ M�LNZ�[�\¯T�ò�� PSM���!�I YCO�L [�i�LNÿ �� ^ Z=T¢P�T�b¯õ ø�L \¯T ^ M�LNZ�[�L{eÚ\cý3i�O`L
ý�ZS[�i�L{[}ixb�Zmi�L6TtixR�ZSM�\�Z=ø`bcL*þxO�\ ^ O$\�[CM�L{[�ÿ�PSTf[�\¯ø�b¯L�ýñP�Ma�" Ú\�[ ^ PST�û
RSLNM�i�LNe1i�PÃi�O�L�Z ^ i�\cR�L8ÿfZ=M�iNI3YCO�L�[}i�L6ÿ�� ! ^ ZST ø�L8\¯T ^ M�L{ZS[�LNe
\¯T i}þ�P´ö�ZST�T�LNM�[NI L \¯M�[�iNU�i�O`L�M�LN[�ÿfP�T`[�\¯ø�b¯L�Z ^ i�\¯RSLkRmZSM�\�Z=ø�b¯L ^ ZST
ø�L ^ PSTQRSLNM�i�LNeÓi�P i�O�L1b¯Z=i�LNT�i ÿ`ZSM�i{U�þxO�\ ^ O ^ bcL{Z=M�bcõ \¯T ^ M�LNZ�[�L{[� ! I%#�L ^ P�T`e¤U�[�PSö�LXb�Zmi�L6Ttix\cTti�L6M�ÿfP�b¯Z=i�LNeÃRmZ=M�\¯ZSø�bcL{[�þxO`\ ^ O1Z=M�L
^ P�ó�ÿ�b¯LNe�i�P´P�ó�M�e�P�ö�\cT`ZSTtiaZ ^ i�\¯RSLkRmZSM�\�Z=ø�b¯L ^ Z=TFø�L ^ PSTQRSLNM�i�LNe
i�PÆi�O`LhZ ^ i�\¯RSLÃÿ`Z=M�iNU�þxO`\ ^ O ZSb¯[�P \¯T ^ M�L{ZS[�LN[w��!�I YCO�L$þaPSMb_tû
b¯P�ZSe$M�Zmi�\¯P � ^ Z=ThøfLJe�L ^ M�LNZ�[�L{e øQõFM�L{e�ó ^ \cT�ò'i�O�LJ[�\�
6L_PSýVi�O`L
M�LKR`T�LNö�L6Tti'ÿfZ=M�iNIÞWaL ^ Z=ó`[�LÃø�P=i�O �lZST`e � e�L6ÿ�L6Tfe P�TÞi�O`L
ÿ`ZSM�i�\zi�\cP�TdUdZ=TÆPSÿ�i�\cö Z=b4ÿ`ZSM�i�\zi�\cP�TlM�LNütó�\¯M�L{[ki�O�L [�P�bcó�i�\cP�TlP=ýaZ
e�\�[ ^ M�L6i�L3P�ÿ�i�\¯ö�\&
{Zmi�\¯PST1ÿ�M�PSø`bcLNöhU`þxO�\ ^ O ^ PSó�b�ehøfLJR�L6M�õ ^ P�ö'û
ÿ�b¯LKM$ýñPSMxb�Z=M�òSL � I

ç('hè�)�|�îdë¤ð }6ê¤ðñï3}
L M�PSö � N � \ziV\�[ ^ bcL{Z=M¤i�O`Zmi � ^ Z=T3ø�L�\¯T ^ M�LNZ�[�L{e*øtõ*\¯T ^ M�LNZ�[�\¯T�ò�8PSMkøQõÃe�L ^ M�LNZ�[�\¯T�ò � I�H�T1LNZS[�\¯L6MxþCZ�õ i�P ö ZdM�\¯ö�\&
NL � \�[Ci�P

ö ZdM�\¯ö'\�
6L �*ZST`e�ö�\cT`\cö�\�
6L � \¯T`e�LNÿfLNT`e�L6Tti�bcõ�I )Xó�M�O�LNó�M�\�[�i�\ ^
Z=ÿ`ÿ�M�PtZ ^ O3\ci�LNM�Z=i�\¯RSL6b¯õ_ö ZdM�\cö�\�
6L{[��XZ=T`e3ö�\¯T�\¯ö'\�
6L{[ � I+*�i�þx\¯bcb
� ÿfZ=M�i�b¯õ � ÿ�L6M�ýñPSM�ö i�O�L3T�LKMQiCýñPSó`M�[}i�L6ÿ`[C\¯T9[�ó ^6^ L{[�[�\¯PSTdI¯U
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