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��� ö=ôAÐ7ú�ÛOÎ�Þ"Ð�Ü-Ñ=ÎmÛ�Ï=Î�Í#Ð#Þ"Þ\ß�Ô�Ï=×FÔ�Ñ=×+Î�Ö�Þ\ÝOÐ#Í�Ô�Ø;Þ"ÐlÎ�ä&Þ"áiÔ�ÒFÒ?Ü�Ð#ß�×FÍPÐ#Þ
Ô�Ö9ÜNÒFÔ�Ï=ã�ÐAÞ"Ò+ÐPçMÞ#Ù�ø!â�Ø;Þ?Ñ=â;Ð1ð�Ø;Ð#Þ�Ñ?äjÎ�Ï
Î�Û�Ñ=×FáiÔ�Ò+×+Ñ~Ól×+ÖNÑ=â;Ð�Ò+×Fá-×<Ñ=×+Ö;ã
Þ"ÒFÔ�Í7ÕNçMâ;×+Ò+Ð!ÐPú�Í#Ò+Ø;Ü�×+Ö;ã)Î�Ñ=â�ÐPÏ�Í#Î�Ö�Þ"×FÜ�ÐPÏHÔ�Ñ=×FÎ�Ö;Þ
Í�Ô�Ö4ÝOÐAÜ;Ô�Ö�ã�ÐPÏ=Î�Ø;Þ#Ù��� üXý �	� ü
÷�üuü~ô ��
 ü �
� õmü ����� ó�ô���üXý;ôe÷��Pü � ÷�� � � �7ô7öHü�÷ ��� ü � ô��=æ�Ñ=â;×+Þ
Û;Ô�ÛOÐPÏ�Û�Ï=Î�ÛOÎ�Þ"ÐPÞ1Ôzá-ÐPÑ=â;Î�ÜNÑ=ÎNÔ�ß
Î�×FÜVÑ=â;ÐAç!Ô�Ò+Ò;Î�äOÐ�ð�Ø9Ô�ÒFÒ<ÓkÍPÏ=×<Ñ=×+Í�Ô�Ò
Û;Ô�Ñ=â�ÞAÜ�Ø�Ï=×+Ö;ãNÎ�Û�Ñ=×+á-×+ò�Ô�Ñ=×+Î�Ö?Ù�ïtÛOÐ#Ö9Ô�Ò<Ñ�Óm×FÞAÔ�Ü�Ü�Ð�Ü4Ñ=ÎlÑ=â�Ð)Î�Ý���Ð#ÍPà
Ñ=×+ß
ÐhäXØ;Ö�ÍPÑ=×+Î�Ö�Ñ=Î`ã�×+ß
ÐhÑ=â;Ð-Î�Û�Ñ=×+á-×+ò#ÐPÏmÔ�Öv×+Ö�Í#Ð#Ö�Ñ=×+ß
Ð4Ñ=ÎQÔ�ß
Î�×wÜ�Ô
ÑHÔ�Ò+Ò�ç!Ô�Ò+ÒuÙkø!â;ÐmÍ7â�Î�Þ"Ð#ÖräjÎ�Ï=á�Î�ä�Ñ=â;ÐmÛOÐ#Ö9Ô�Ò<Ñ�ÓQâ;Ô�ÞeÞ"ÐPß
ÐPÏHÔ�Ò�ã�Î�Î�Ü
Û�Ï=Î�ÛOÐPÏ"Ñ=×+Ð#ÞhÑ=â;Ô�ÑiÔ�Ï=ÐfÍPÏ=Ø�Í#×FÔ�Ò\Ñ=Î{×Fá-Û�Ò+Ð#á-Ð#Ö�Ñ=×+Ö;ã{ÔrçAÎ�Ï=Õ�×+Ö;ãpÞ"Î�à
Ò+Ø�Ñ=×FÎ�ÖtÑ=ÎvÑ=â;×+Þ|Û�Ï=Î�Ý�Ò+Ð#á`Ù�ø!â�ÐrÏ=ÐPÞ"Ø;Ò<Ñ=×+Ö;ãsÍ#×<Ï=Í#Ø;×<Ñ=Þ|â9Ô�ß
ÐQá-Î�Ï=Ð
Ô�Û;ÛOÐ�Ô�Ò+×FÖ�ã`Þ"ÒFÔ�ÍHÕpâ�×+Þ�Ñ=Î�ã�ÏHÔ�á-Þ#æqçMâ�×+ÒFÐ-Û;Ô#Ó�×+Ö�ã`ÔgÖ�Ð#ã�Ò+×+ã�×+Ý�ÒFÐiÛ�Ï=×FÍPÐ
äXÎ�ÏzÑ=â;ÐNÝOÐPÑ"Ñ=ÐPÏ)Þ"ÒFÔ�ÍHÕ`Ü�×+Þ�Ñ"Ï=×FÝ�Ø�Ñ=×+Î�Ö?Ù å ÖfÑ=â;ÐläjÔ�Í#ÐkÎ�ä�Ø�Ö;Í#ÐPÏ"ÑHÔ�×+Ö�Ñ~Ó�æ
Ñ=â�Ð\Í#×<Ï=Í#Ø;×<Ñ�çM×<Ñ=â4Ñ=â;Ð\ÝOÐPÑ"Ñ=Ð7Ï1Þ"ÒFÔ�Í7Õ4Ü�×+Þ�Ñ"Ï=×+Ý;Ø�Ñ=×+Î�ÖhÎ���ÐPÏ=Þ�ÝOÎ�Ñ=âmÝOÐPÑ"à
Ñ=Ð7ÏAÛOÐPÏ"äXÎ�Ï=áiÔ�Ö;Í#Ð)Ô�Ö;Ü4ÝOÐPÑ"Ñ=ÐPÏ�×+Ö;Þ"ÐPÖ;Þ"×<Ñ=×+ß�×<Ñ~Ó4Ñ=ÎNß�Ô�Ï=×FÔ�Ñ=×+Î�Ö�Þ#Ù�ï)äwÑ=ÐPÏ
Î�Û�Ñ=×+á-×+ò�Ô�Ñ=×+Î�Öqæq×+äAÑ=â;ÐmÏ=Ð#ð�Ø�×<Ï=Ð�Ü{Þ"ÒFÔ�Í7Õr×+ÞNÞ�Ñ=×+ÒFÒ�Ö�Î�ÑNá-ÐPÑ�æ�Ï=Ð#Þ�Ñ"Ï=Ø�ÍPà
Ñ=Ø�Ï=×+Ö;ã{×FÞ4á4Ø;ÍHâ^Ð�Ô�Þ"×FÐ7ÏhçMâ;Ð#ÖsÑ=â;Ð|Ö�Ø;ámÝOÐPÏ4Î�äeÐ#ð�Ø;Ô�Ò+Ò<Ó^ÍPÏ=×<Ñ=×+Í�Ô�Ò
Û;Ô�Ñ=â�Þ)×+Þ)áiÔ�Ö;Ô�ã�Ð#Ô�Ý;Ò+Ð�Ù!ïzÖ`×+Ö�Ñ=ÐPÏ=Ð#Þ�Ñ=×+Ö�ã-Ý�Ó�à�Û�Ï=Î�Ü�Ø;ÍPÑ!Î�ä�Ñ=â;ÐNÖ�ÐPç
äXÎ�Ï=ámØ;ÒFÔ�Ñ=×+Î�Ör×+ÞMÑ=â9Ô�Ñ)Ñ=â;ÐV×+Ö;â�ÐPÏ=Ð#Ö�ÑzÜ�Ð#ã�Ð#Ö;Ð7ÏHÔ�ÍPÓQ×+Ö`Ñ=â�ÐkÛ�Ï=Î�Ý�ÒFÐPá
äXÎ�Ï=ámØ;ÒFÔ�Ñ=×+Î�ÖZ×FÞ-Ï=Ð�Ü�Ø;Í#Ð#Ü?æ\Í�Ô�Ø;Þ"×+Ö;ãpÑ=â;ÐQÎ�Û�Ñ=×+á-×FòPÐPÏ-Ñ=ÎvÝOÐ`á-Î�Ï=Ð
Ð���Ð#ÍPÑ=×+ß
Ð�Ù
ø!â�ÐNÎ�Ø�Ñ=ÒF×+Ö�ÐNÎ�ä
Ñ=â;ÐzÏ=Ð#Þ�Ñ)Î�ä
Ñ=â;ÐNÛ;Ô�ÛOÐPÏM×+ÞzÔ�Þ\äjÎ�Ò+ÒFÎ�çMÞ#Ù���Ð#ÍPÑ=×+Î�Ö� Û�Ï=Ð#Þ"Ð#Ö�Ñ=ÞNÑ=â;ÐiÛOÐ#Ö9Ô�Ò<Ñ�Ó{äjØ;Ö�ÍPÑ=×+Î�ÖvÑ=ÎQ×+á-Û;Ò+Ð#á-ÐPÖ�ÑVØ�Ö;Í#Ð7Ï"ÑHÔ�×+Ö�Ñ�Ó�à

Ô#ç!Ô�Ï=ÐeÑ=Ø�Ö;×+Ö;ã�Ù ��Ï=Î�ÛOÐPÏ"Ñ=×+Ð#Þ\Î�ä?Ñ=â;Ð)ÛOÐ#Ö;Ô�Ò<Ñ�ÓhäXØ;Ö�ÍPÑ=×+Î�Ö|Ô�Ö;ÜiÍHâ;Î�×+Í#Ð
Î�ä!Û;Ô�ÏHÔ�á-Ð7Ñ=ÐPÏ=ÞNÔ�Ï=Ð4Ü�×+Þ"Í#Ø�Þ"Þ"Ð�Ü?Ù!��Ð#ÍPÑ=×+Î�Ö#"|Ð7ú�Ñ=ÐPÖ9Ü�Þ)Ñ=â;×+ÞeäXÎ�Ï=á4Ø�à
ÒFÔ�Ñ=×FÎ�ÖQÑ=Î-Ô�Í#ÍPÎ�á-á-Î�Ü;Ô�Ñ=ÐVÔ�Ï"Ï=×+ß�Ô�ÒqÑ=×+á-ÐlÛ�Ï=Ø;Ö�×FÖ�ã�Ù1þeØ�á-ÐPÏ=×+Í�Ô�Ò�Ï=ÐPà
Þ"Ø�Ò<Ñ=ÞMÔ�Ö9Ü|Þ"ÒFÔ�ÍHÕ|â�×+Þ�Ñ=Î�ã�ÏHÔ�á-Þ)Ô�Ï=ÐlÞ"â�Î�çMÖg×+Ö$��ÐPÍPÑ=×+Î�Öfê�Ù�ïzÒ<Ñ=ÐPÏ=Ö;Ô�à
Ñ=×+ß
ÐzäjÎ�Ï=ámØ;ÒFÔ�Ñ=×+Î�Ö;ÞMÎ�äoÑ=â�ÐeÎ�Û�Ñ=×+á-×+ò�Ô�Ñ=×+Î�ÖfÛ�Ï=Î�Ý�Ò+Ð#á Ô�Ï=ÐlÜ�×+Þ"Í#Ø;Þ"Þ"Ð#Ü
×+Ö%��Ð#ÍPÑ=×+Î�Ö$&mÝOÐPäjÎ�Ï=ÐlÑ=â;ÐNÛ;Ô�ÛOÐPÏMÍ#Î�Ö;Í#Ò+Ø;Ü�Ð#Þ\çM×<Ñ=â%��ÐPÍPÑ=×+Î�Ö$'�Ù

2. UNCERTAINTY-AWARE TUNING

2.1 Backgroundï)Þ"Þ"Ø;á-×+Ö;ãgÜ�ÐPÒwÔ#Órá-×+Ö;×+á-×+ò�Ô�Ñ=×FÎ�Öqæ�Ñ=â;ÐkÎ�Û�Ñ=×+á-×Fò#Ô�Ñ=×+Î�ÖpÛ�Ï=Î�Ý�Ò+Ð#á�×+Þ
äXÎ�Ï=ámØ;ÒFÔ�Ñ=Ð�ÜfÔ�Þ

á-×FÖ�×+á-×FòPÐ (
Þ*) Ñ+) (-, .0/2143657.�/21 8:9<;�=
Þ*) Ñ+) .�/?>@, .0/2143BAC1 >�ÿEDGFIH+1J�LK�9pÿEMCNPOQ;�=R��F

8:9$SUTCV28WV�ÿXK��
Þ*) Ñ+) HI>@, H+1 >�ÿEDGFYHZ1J� K�9pÿEMCNPOQ;�=R��F

8:9$SUTCV28WV�ÿXK��
Þ*) Ñ+) [ 1W\�] .�1"ÿED^1W�`_ .ba
c+dYe�fga
Þ*) Ñ+)h[ >Z\�]Ri 1 > ÿED > �`_ i a
c+dYe�fja�k 8:9<;7M
Þ*) Ñ+) l^m nIo^fjdjkp_ l4qjrsc+mtmtfjqgaPÿEDu� 8:9$v
Þ*) Ñ+) l m c+dYe�fjqja ÿEDu�w_ l4x+yIy+fgd k 8:9$v
Þ*) Ñ+) z m nIo^fjd kp_ D^1 8:9Q/
Þ*) Ñ+) D 1 _ z x+yIy+fgdjk 8:9Q/
Þ*) Ñ+) H+1{_ |ux+yIy*fjd k 8:9�ÿEMCNPOQ;�=R�

ÿ�éZ�
çMâ;Ð7Ï=ÐlÑ=â;ÐeäXÎ�Ò+Ò+Î�çM×+Ö�ãgÖ�Î�ÑHÔ�Ñ=×+Î�Ö`×+Þ)ÐPá-Û;Ò+Î�Ó�Ð�Ü?Ù

(~} Ô�Ø�ú�×+Ò+×wÔ�Ï"Ó-ß�Ô�Ï=×FÔ�Ý�ÒFÐ\Ñ=â;Ô�Ñ�Ï=Ð#Û�Ï=ÐPÞ"Ð#Ö�Ñ=Þ1ÍPÓ�Í#Ò+Ð\Ñ=×+á-Ð
.�/ } Ô�Ï"Ï=×+ß�Ô�Ò;Ñ=×+á-Ð!ß�Ô�Ï=×FÔ�Ý;Ò+Ð#Þ�T?S?�Y�+�zÒFÔ�Ø;Ö;ÍHâ;×+Ö�ã

ÍPÒFÎ�ÍHÕ4Ð#Ü�ã�Ð
5�.�/ } Ï=Ð#ð�Ø�×<Ï=Ð�ÜhÔ�Ï"Ï=×+ß�Ô�Ò;Ñ=×+á-Ð#Þ�Ô�Ñs���eÞ:�*�	SU�����

Í#Ô�Û�Ñ=Ø�Ï=×+Ö;ãVÍ#Ò+Î�Í7ÕmÐ�Ü�ã�Ð��
H�} Þ"Ò+ÐPçtß�Ô�Ï=×FÔ�Ý;Ò+Ð#Þ
D�} Ñ"ÏHÔ�Ö;Þ"×+Þ�Ñ=Î�Ï1çM×FÜ�Ñ=â;Þ
A 1 > } Ö;Î�Ö;Ò+×+Ö;Ð�Ô�Ï!Ü�Ð#ÒFÔ#Ó�Þ�Î�ä�Ñ=×+á-×+Ö;ãNã�ÏHÔ�Û�â-Ð�Ü�ã�Ð#Þ
H+1 >�} Ö;Î�Ö;Ò+×+Ö;Ð�Ô�ÏAÞ"Ò+ÐPçMÞ1Î�ä�Ñ=×+á-×+Ö;ãNã�ÏHÔ�Û;âhÐ#Ü�ã�ÐPÞ
.�1�} ÍPÎ�Ö�Ñ"Ï=×+Ý;Ø�Ñ=×+Î�Ö-Î�ä�Ñ"ÏHÔ�Ö�Þ"×FÞ�Ñ=Î�Ïs8?Ñ=ÎlÍ#×<Ï=Í#Ø�×+ÑAÔ�Ï=Ð#Ô
i 1 > } ÍPÎ�Ö�Ñ"Ï=×+Ý;Ø�Ñ=×+Î�Ö-Î�ä�Ñ"ÏHÔ�Ö�Þ"×FÞ�Ñ=Î�Ï�KlÑ=ÎNÒ+Î
Ô�Ü�×+Ö;ãVÎ�ä�� å 8
;�= } Þ"Ð7ÑAÎ�ä1Û�Ï=×+áiÔ�Ï"ÓhÎ�Ø�Ñ=Û�Ø�Ñ=Þ
;7M�} Þ"Ð7ÑAÎ�ä1Û�Ï=×+áiÔ�Ï"Óh×+Ö�Û;Ø�Ñ=Þ
MCN } Þ"Ð7ÑAÎ�ä1×+Ö�Ñ=ÐPÏ=Ö;Ô�Ò;Ö�Î�Ü�Ð#Þ
/ } Þ"Ð7ÑAÎ�ä�Ñ=Ø�Ö9Ô�Ý;Ò+Ð!Ñ"ÏHÔ�Ö�Þ"×FÞ�Ñ=Î�Ï=Þ
v } Þ"Ð7ÑAÎ�ä�Ñ=Ø�Ö9Ô�Ý;Ò+Ð\ã
Ô�Ñ=Ð#Þ

l qjrsc*mtmtfjqja } Þ"áiÔ�Ò+ÒFÐPÞ�Ñ��pÑ=ÎNþZÛ9Ô�Ñ=â �NÞ�Ñ"Ï=Ð#Ö�ã�Ñ=â4ÏHÔ�Ñ=×+Î
l m c+dYe�fjqga } ÒFÔ�Ï=ã�Ð#Þ�Ñ��pÑ=ÎlþtÛ;Ô�Ñ=â �NÞ�Ñ"Ï=Ð#Ö;ã�Ñ=âhÏHÔ�Ñ=×+Î
.�a�c+dYe�fja�} Ô�Ï=Ð�ÔlÑHÔ�Ï=ã�ÐPÑ
i a
c+dYe�fga } ×+Ö�Û;Ø�Ñ�Ò+Î
Ô�Ü�×+Ö;ãkÒ+×+á-×+Ñ=Þ�Î�Ö�� å Þ
l m nIo^fjd } Ò+Î�ç!Ð7Ï!ÝOÎ�Ø�Ö9Ü�Þ�Î�Ö�l`ÏHÔ�Ñ=×FÎ
l x*y�y*fjd } Ø�Û;ÛOÐPÏ�ÝOÎ�Ø;Ö9Ü�Þ�Î�Ö�l`ÏHÔ�Ñ=×+Î
z m nIo^fjd } Ò+Î�ç!Ð7Ï!ÝOÎ�Ø�Ö9Ü�Þ�Î�Ö�D
z x*y�y*fjd } Ø�Û;ÛOÐPÏ�ÝOÎ�Ø;Ö9Ü�Þ�Î�Ö�D
|ux*y�y*fjd�} Ø�Û;ÛOÐPÏ�ÝOÎ�Ø;Ö9Ü�Þ�Î�ÖhÞ"Ò+ÐPçMÞZ)

ÿ � �
ø!â;Ð!Ô�ÝOÎ�ß
Ð1äXÎ�Ï=ámØ;ÒFÔ�Ñ=×+Î�Ömâ9Ô�Þ
Þ"Î�á-ÐA×+Ö�Ñ=ÐPÏ=Ð#Þ�Ñ=×+Ö�ãeÛ�Ï=Î�ÛOÐPÏ"Ñ=×+Ð#Þ\è ê�ëCÙ

þeÎ�Ñ=Ð|Ñ=â;Ô�ÑmÑ=â;ÐgÔ�Ï"Ï=×+ß�Ô�Ò!Ñ=×+á-Ð#Þ4Ô�Ö9Ü^Þ"Ò+ÐPçMÞiÔ�Ï=Ð|ß�Ô�Ï=×FÔ�Ý�ÒFÐPÞhÎ�ä)Ñ=â;Ð
Û�Ï=Î�Ý;Ò+Ð#á`Ù�ø!â�ÐeÜ�Ð#ÒFÔ#Ó�ÞAÔ�Ö;ÜhÞ"ÒFÐ7çMÞ\Î�ä?Ð�Ô�ÍHâ|Ô�Ï=Í�æ�Ñ=â�Ð0lQÏHÔ�Ñ=×+Î�Þ#æ�Ñ=â;Ð
×+Ö;Û�Ø�Ñ
Ò+Î
Ô�Ü�×+Ö;ãeÔ�Ö;ÜVÑ=â�ÐAÍ#Î�Ö�Ñ"Ï=×+Ý�Ø�Ñ=×+Î�ÖkÎ�ä;Ð�Ô�ÍHâmÑ"ÏHÔ�Ö;Þ"×+Þ�Ñ=Î�Ï+� Þ
çM×FÜ�Ñ=â
Ñ=Î`Ñ=â;Ð-Ñ=Î�ÑHÔ�Ò\Ô�Ï=Ð�ÔQÔ�Ï=ÐiÑ=â;Ð-Ö�Î�Ö;Ò+×+Ö;Ð#Ô�ÏhÐPÒFÐPá-Ð#Ö�Ñ=ÞkÎ�äMÑ=â;Ð-äjÎ�Ï=á4Ø�à
ÒFÔ�Ñ=×+Î�Ö?Ùiï!ÑlÑ=â;Ð4Þ"Î�Ò+Ø�Ñ=×+Î�Ö?æ&Ñ=â�ÐhÔ�Ï"Ï=×+ß�Ô�Ò�Ñ=×+á-Ð#ÞNÔ�Ö;ÜpÞ"Ò+ÐPçMÞVÎ�Ö{Ñ=â;Ð
ÍPÏ=×<Ñ=×+Í�Ô�ÒqÛ9Ô�Ñ=â|çM×+Ò+Òqâ;Ô�ß
ÐeÑ=â;Ðgí~Ñ=×+á-×+Ö;ã�à~ÍPÎ�Ï"Ï=Ð#ÍPÑ=î4ß�Ô�ÒFØ�Ð�æ�Ô�Ò+Ò?Î�Ñ=â;Ð7Ï=Þ
áiÔ#ÓlÖ�Î�Ñ!ÿjÑ=â�ÐPÓlÍ#Ô�ÖNÑHÔ�Õ
Ð�Î�Ö�Ð1Î�ä;Þ"ÐPß
ÐPÏHÔ�Ò�Ð#ð�Ø;Ô�Ò+Ò<ÓNÍ#Î�Ï"Ï=Ð#ÍPÑoß�Ô�Ò+Ø�Ð#ÞI�7Ù
ø!â�Ø;Þ
Î	�Oà~Í7Ï=×+Ñ=×+Í�Ô�Ò;Ü�Ð#ÒFÔ#Ó4Ô�Ö9ÜkÞ"ÒFÐ7ç_ÍPÎ�Ö;Þ�Ñ"ÏHÔ�×+Ö�Ñ=Þ�Ô�Ö9ÜVß�Ô�Ï=×wÔ�Ý;Ò+Ð#Þ�Ô�Ï=Ð
Î�äwÑ=Ð#ÖvÏ=Ð�Ü�Ø;Ö9Ü�Ô�Ö�ÑNÎ�Ï4Ü�Ð#ã�ÐPÖ;ÐPÏHÔ�Ñ=Ð�Ù`ø!â�ÐhäjÎ�Ï=á4Ø;ÒFÔ�Ñ=×FÎ�ÖsÔ�ÞVÞ"â;Î�çMÖ
Ô�ÝOÎ�ß
ÐmÔ�Þ"Þ"Ø�á-Ð#ÞzÜ�Î�çMÖ;Þ�Ñ"Ï=Ð�Ô�á�Û�Ï=Î�Û9Ô�ã
Ô�Ñ=×FÎ�ÖpÎ�ä�Ñ=â;ÐVÒFÔ�Ï=ã�ÐPÞ�ÑNÞ"Ò+ÐPç
Î�ä)Ô�Ö�Ó�×+Ö;Û�Ø�ÑVÐ�Ü�ã�Ð-×+Ö;ÍP×wÜ�Ð#Ö�ÑkÎ�Ö^ÔfÑ=×+á-×+Ö;ã`ÛOÎ�×+Ö�Ñ�æ&×uÙ Ð�ÙFæ
çMâ;Ô�Ñm×+Þ
Í#Î�á-á-Î�Ö;Ò<Ó-Ï=ÐPäXÐPÏ"Ï=Ð�ÜgÑ=ÎhÔ�Þ|í�áiÔ�ú�à�Þ"Ò+ÐPçÌÛ�Ï=Î�Û9Ô�ã
Ô�Ñ=×+Î�ÖqÙ î
ø!â;Ð�Ô�ÝOÎ�ß�Ð�äXÎ�Ï=ámØ;ÒFÔ�Ñ=×+Î�ÖNÑ~Ó�Û�×+Í�Ô�Ò+Ò<ÓlÍPÏ=Ð#Ô�Ñ=Ð#Þ?Ñ=â;Ð�Þ"×<Ñ=Ø9Ô�Ñ=×+Î�ÖVçMâ�ÐPÏ=Ð

ÔzÑ=Ø�Ö;Ð�ÜkÍ#×<Ï=Í#Ø;×<Ñ�â9Ô�Þ1ÔzÒwÔ�Ï=ã�ÐMÖ�Ø;ámÝOÐPÏ
Î�ä�Ð#ð�Ø;Ô�Ò+Ò<ÓkÍPÏ=×<Ñ=×FÍ#Ô�Ò9Þ"×+ã�Ö;Ô�Ò+Þ#æ
Ô�ÞzÞ"â;Î�çMÖQ×+ÖfÑ=â;ÐVÛOÎ�Þ�Ñ"à�Ñ=Ø�Ö;×+Ö;ã4Þ"ÒwÔ�Í7Õgâ;×+Þ�Ñ=Î�ã�ÏHÔ�á Î�ä��o×+ã�Ùoé�ÙMø!â;Ð
��� ÓQÍ#Î�Ö�ß
ÐPÖ�Ñ=×+Î�Öqæ9Ï=Ð�ð�Ø�×+Ï=Ð#ÜQÔ�Ï"Ï=×+ß�Ô�ÒoÑ=×+á-Ð#ÞeÔ�Ï=Ð4Ð#×<Ñ=â�ÐPÏlÐPú�Û�Ï=Ð#Þ"Þ"Ð�Ü� ô�� � ö"ô�Ô)Í�Ô�Û�Ñ=Ø�Ï=×+Ö;ãzÍ#Ò+Î�Í7ÕkÐ�Ü�ã�Ð!Î�Ï)÷j�7ü~ô7ö
Ô)ÒFÔ�Ø;Ö�Í7â�×+Ö;ãeÍPÒFÎ�ÍHÕkÐ�Ü�ã�Ð�Ù
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4.2 Degradation due to variations
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8. REFERENCESZ [,\5] ^(_`^�acbed,f�geh"iTjTk	^(l	^�m)d�nCo�gep,q�j�d"i�r�s;^�t�^
u d"i�v"w h,x�d"i�i�w yQz)w i�n,p,i�gep,q q w�^$s|{~}�b�x�p�f<h���h"�$gew ��w �,d�gew h�i5gep,n�o�i�w ��}�p,{
��h"b+w i�gep,v"b~d�gep,r$y�n,w ben,}�w g=r�p,{ew v"iT^E���������������#���"�'�~�`�����`���=�c�8j
����� [*�"�C� [��"���� �[�� ��¡ jX¢&n�geh�£Tp,b�[ �"¤ ["^

Z ¡ \5] ^(_`^�acbed,f�geh"i¥d"i�r�]&^ u ��p,i�n,p�^�¦E�C���C�Q�#��§��Q��¨4©��X�ª��«T���#¬2�#­�©"��������j
x"h"q }���p ¡ h��&®8¯	°±�~�`�8²����,�����������5®��#���C³��Q����^(´�q {ep�x$w p,b u n,w p,i�gew µ�n
¶ }�£�q w {~o�w i�v�·ch$^ j�s)��{�gep,b~r�d��<j�¸+o�p;¹)p�geo�p,b~q d�i�r�{CjT[ ��¤ �$^

Z ��\<·�^ y ¶ ^(·co�p,i(jT·�^T¹&^X·co�}(j�d�i�r<l	^(º�^�»�h"i�v$^�º�d"{�g)d�i�r¥p�¼$d"n�g
{~w �	}�q ged�i�p,h�}�{=v"d�g�p;d"i�r¥½+w b~p	{~w �,w i�v�£�f<tXd"v"b~d�i�v�w d"i�]+p,q d�¼$d�gew h"iT^
���c�c�±¾���©�����©��,���������<���.®���¬`«�³T�����,¿Q¯)�������<°	�C�C�
�"���~�`�,®��2©��E�
¦�¨"�,����¬2��j�[ ¤��QÀ ��jTÁ�}�q fª[ �"��� ^

Z ��\5s;^T]&^T·ch"i�i(j�Âe^TÃ�^�´�q ��d"r�p,q�j$»9^�»>^TÃ�h�q �,p,i(j�Á"b�^ j ¶ ^�] ^T¢`Ä a=b~w p,iTj
¶ ^�¹;^ u g�b~p,i�{~Å�w�j�·)^�z w {�½cp,{�½cd"b~w d�o(j�d�i�rª·�^Ta)^�»6o�d�i(^
k b~d"r�w p,i�g~y�£�d"{~p,r�h���gew ��w �,d�gew h"i5h���n,}�{�geh"�Æn,w b~n,}�w ge{+}�{~w i�v�d
{�ged�gew n�y�gew ��w i�v'�Qh�b~�`}�q d�gew h�i(^X�8������Ç�È�É�É�Éª°	�����
�"��¯)³�����¬�©"�������
®������,�����C�E���Cj���d�v"p,{��"Ê ¡  ���Ê � j�Á�}�i�p'[ ���"� ^

Z Ê�\5s;^T]&^T·ch"i�i(j�¹;^�Âe^TÃ�^Tk h"}�q rTjTd�i�r ¶ ^�t8^�¸Eh"w i�g�^Tk q h"£�d"q
n,h�i�x�p,b~v"p,i�n,p h���d5n,q d"{~{�h���geb~}�{�g)b~p,v�w h"i�d�q v"h�b~w geo���{c��h"b
h���gew ��w �,d�gew h"i5½�w geo�{~w ����q p £Th�}�i�r�{�^(¦���¯	ËÍÌ���³����E©�²c���4Î ³�¬ª�C������©�²

¯)�X©�² ¨"���#�Cj ¡ Ê�� �"�"�* �� � �$jX[ ��¤"¤ ^ u p,p;d�q {~h�{~d"��p=Ïeh�}�b~i�d"q�j����T^ À"� �*  À��"À j
x�h�q }���p ¡�� jE[ �"¤�� ^

Z � \5s;^�]&^(·=h�i�iTj�¹;^�Âe^TÃ�^Tk&h�}�q r(j�d"i�r ¶ ^�t�^�¸�h�w i�g�^�s|v�q h"£�d"q q f
n,h"i�x"p,bev�p,i�g�d�}�v���p,i�gep,r<tXd"v�b~d"i�v"w d�i�d"q v�h"b~w geo��Ð��h"b+h"�$gew ��w �,d�gew h�i
½�w g�o¥v"p,i�p,bed�q(n,h"i�{�g�b~d�w i�ge{�d"i�r�{~w ����q p&£Th"}�i�r�{C^(¦���¯	ËÑÌ���³����X©�²=���
Î ³�¬��C������©�²X¯)�E©�² ¨"������j ¡"¤$�Q¡ ��� Ê��"Ê* �Ê À"¡ jX[ �"� ["^

Z À \5s;^�]&^(·=h�i�iTj�¹;^�Âe^TÃ�^Tk&h�}�q r(j�d"i�r ¶ ^�t�^�¸�h�w i�g�^�ÒX¯&Î'®=�cÒcÓ'¾cÔE¯
Õ ���*�#�,©�����©��CÖ�©*���c�,���5ÒE©������,¿�¦E�C©�²��&Î`����² �#�E��©���Ó�«T���#¬2�
­�©"�#�����
×�Ø���²#��©����&¯+Ù*^ u ��bew i�v�p,b=z�p,b~q d�v$j([ �"�"¡ ^

Z ¤ \5s;^�]&^(·=h�i�iTj�t�^T¹&^�z)w n,p,i�gep�j�d"i�rª·�^Tz w {~½cp,{�½cd�bew d"oT^(¸c½ch�yQ{�g�p,�
d"q v�h"b~w geo���{+��h"b+i�h�i�q w i�p,d�b=h���gew ��w �,d�gew h"i5½�w g�o¥{~geb~}�n�g�}�b~p,r
d"����q w n,d�gew h�i�{C^(¦���¯	ËÚÌ���³��C�E©�²+���.Óc«T�#��¬2�
­�©"�#������j �$� ����� �"¡ ��  � � À j
u p,�$gep,�`£Tp,b�[ �"�"� ^

Z � \ ¶ ^�º�p,q r���d"i�i(j�¸ ^�z	^�¹)v�}�f"p,i(j u ^�»>^�l w b~p,n�geh"bCj�d"i�r�] ^Ts&^T]+h"o�b~p,b�^
u p,i�{~w gew x$w g�f5n,h�����}$ged�gew h"i5w i���w p,n,p�½+w {~p&d"����b~h,¼$w ��d�gep n,w b~n,}�w g
{~w �`}�q d�gew h�i(^(���c�c�±¾��,©�����©��,���������5���6®���¬`«�³����C�*¿Q¯)�������<°	�C�C�
���.�~�
�,®��5©��X�¥¦�¨"�����C¬5��j�[,� �Q¡ ��� [ À [C �[ ¤ ��j�º�p,£�b~}�d�b�fª[ �"� ["^

Z [,��\5Á�^ ¶ ^�º�w {~o�£�}�b~i¥d�i�r¥s;^�´+^Tl }�i�q h"�T^�¸+Â�t�¢ u ��s|��h"{�f$i�h���w d"q
��b~h�v"b~d"����w i�v'd�����b~h"d"n�o<geh�gebed�i�{~w {�geh"b+{~w �,w i�v$^X���=�c�
�~�(���C���X©"�������E©�²)®������,�����C�E���2���6®+��¬'«�³����C�*¿Q¯������C�<°	�����#����jT��d"v"p,{
� ¡��  $� ¡"¤ j(¹)h,x"p,�`£Tp,b)[ ��¤ Ê�^

Z [�[,\<Ã�^�m)d"{~o�w ��h�geh�d"i�r�m;^T¢ i�h�r�p,b~d$^�Â�i�n,b~p,d"{~p&w i�r�p,q d,f5}�i�n,p,b�ged"w i�g�f
£�f¥��p,b~��h�be��d�i�n,p h���gew ��w �,d�gew h"iT^X�8������ÇE���c�=�9�~�(�������X©"�������E©�²
¦�¨�¬'«����C�#³�¬Û���6®��#����³��Q���2©��E�5¦�¨��,����¬2��×Q�e¦E®8¯&¦�Ù*jX��d"v�p,{)� À��  �� ¤"¡ j
¡ ���$["^

Z [ ¡ \2»>^�¹�f"p�j�l	^(·�^T]�w q p�f"j�s&^ u d"i�v"w h*x�d�i�i�w y�z w i�n,p,i�g�p,q q w�j$d�i�r¥s;^�t8^
¸+w g�{C^Tl ´�tXÂ�k m)¸ ^ u ¶ Â�·c´+��s)i�h���gew ��w �,d�gew h"i$y�£�d"{~p,r2{�f${�g�p,�Æ��h"b=g�o�p
r�p,{~w v�i�h���w i�gep,v"b~d�gep,r5n,w b~n,}�w g�{C^(���c�c�±¾���©�����©��,���������2���
®���¬`«�³T�����,¿Q¯)�������<°	�C�C�
�"�.�~�	�,®��2©��E�5¦�¨"�,����¬2��j
·=s�l)y À$� �"��� Ê���[� $Ê�[ � jXs)��b~w q�[ ��¤"¤ ^

Z [*��\2z	^�a�^(]+d"h$jTÁ�^ ¶ ^ u h"b~p�Ü�j�¸ ^�a�^Ta=b~h�r�i�d�¼�j�d"i�r¥]&^T´+^TÃ�d"w i�{C^
´�w i�{e¸=t$¸ ��geb~d"i�{~w {�g�h�b�y�q p�x"p,q(g�w ��w i�v	½�w geo�´�w i�{~¸=w ��p,bC^E��������Ç�¾$¯<ÝEj
l p,n,p,�`£Tp,b�[ �"�"� ^

Z [,��\ u ^�´+^�]�w nCoTj�Ã�^TÁ$^ ¶ d"b~Å"p,bCj�d"i�r�Á�^ u nCo�½cd�b~ge��^�]+p,r�}�n,w i�v`geo�p
��bep,��}�p,i�n�f2v"d"�¥£Tp�g�½cp,p,i¥s u Â�·6d"i�r�n,}�{�geh"�Ær�p,{~w v"i�{C�cd2n,}�{�geh"�
�Tp,b~{~�Tp,n�gew x�p�^T��������Ç8Þ�ß�ß�È¥°	�C�C�
�"��¯)³�����¬�©"�������7®+�����,�����C�E���Cj���d"v"p,{
��� ¡  ��"� À j(Á�}�i�p ¡ �"��["^

Z [*Ê�\<·)^�z w {�½cp,{�½cd"b~w d�oªd"i�r�s;^�]&^T·ch"i�i(^�º�h"b~�`}�q d�gew h�i¥h��8{�ged�gew n;n,w b~n,}�w g
h"�$gew ��w �,d�gew h�i<½+w geo�b~p,r�}�n,p,r5{ew �,p�j�r�p,v�p,i�p,b~d"n�f2d�i�r¥bep,r�}�i�r�d"i�n�f�£�f
gew ��w i�v'v"b~d"��o���d�i�w ��}�q d�gew h�i(^T���c�c�>�~�T���C���E©"�#�����X©�²)®������,�C�����X���
���7®���¬`«�³����C�*¿Q¯)�������2°`�C�C�
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