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�1Y b��'RMH�O�H:P%VMH:r#L:_-KMr-k-L:U�X>`-X[U�}�vTP:O�P:O!O�k�Y#H:r#U1_�VMH�i�b>h!a
�1Y b

w
X>u-k-Q�H�h-b4�'RMH�U1_�v�H:rTO�_�kMQ�L:H�O�k-t-t-_-Q�U
P:O�O�H%Y#V-W1}TL:_�Y#t�W[H:UJH�vTX[UJRTG�^�c
a Q�H:L:H:X>`-H:Q'X>KTL:H%KMUJQ�H�b
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Z�O�X>K-r�X>L:P:UJH:r H:P:Q�W>X>H:Q�\�UJRMH#w&S s YT_�r-H%W1W1X>K-u Q�H%O�k�W[UJO�v�H:Q�H#L:_�YTt�P:Q�H:r vTX[UJR�UJR-H#P%KMP%W1}%U�X>LIJ_�Q�YTP%W1X>O!Y|r-H%`-H%W[_�t-H:r$V-} �$H%P%`MH:Q/b��'R-X[O IJ_�Q�YTP%W1X>O!Y|O�_&W>`MH%O IJ_�QTUJRMH)I�X>H%W>r-O�t-Q�_�r-k-L:H:r$V-}�P

t-_�X>KMUTRM_�Q�X>�:_�KMUJP:W�H%W>H:L:UJQ�X>L)r�X>t-_�W>H)H%Y#V-H:r-r-H:r�X>K�P%K�X>K�I�X>K�X[UJH)t�P:Q�P%W>W>H%W
-
W>P%}MH:Q�H:r�P%X>Q��1O�H%P:�1O�H:P%VMH%r

O!}MO�UJH%Y O�k-L%R�P:O$O!RM_�vTK�X>K�w
X[u-k-Q�Hfj�b w
X[H%W>r�t-Q�H:r�X[L:U�X[_�KMO�IJ_�Q)P:K�H%gMUJH:KMr-H:r�r�X>t-_&W[HfP:Q�H
L:P%W[L:k�W>P:UJH:rfV-}�X>KMUJH:u-Q�P:U�X>KMu�_�`MH:Q�t-_&X>KMU#r-X[t-_&W[H$L:_�KMO!UJX[UJk-H:KMUJO%b�c
Q�H:`-X[_�k-O�H%gMt-H:Q�X>Y#H%KMUJO�P:U#UJRMH
G�H%IJH%KML%H)N�H%O�H:P:Q�L%R$S'O�UJP:V-W1X>O!R�Y#H%KMUTZ�U�W[P%KMU�X[L�P%KMr�H%W1O�H:vTRMH:Q�H�RMP%`MH�O!RM_�v�K�UJRMP:UTUJRMH �$H:P%`MH:Q
YT_�r-H%W�P:u-Q�H:H:O�vTX[U�R)H:gMt-H:Q�X1Y#H%KMU�IJ_�QTO!X[UJk-P:UJX[_�KMO�UJRMP:U�P:Q�H�v�H:W>W�L%RMP:Q�P:L:UJH:Q�X[O�H:r$V-}�UJRMQ�H:H�W>P%}MH:Q�O
x X�b H�b:t-P:Q�P:W>W>H%W&X>KMUJH:Q�IJP:L:H%O�\�P:KMr�RM_�YT_�u-H%KMH:_�k-O�L:_�KMr-k

ctivity).

w
X[u-k-Q�H�j�b s _�r-H%W-u-H:_�YTH:UJQ�}&b

2.3
��
�* *��	��

�
�
�����
w&S s YT_�r-H%W>W1X>K-u�_&I#S s t-Q�_�V-W[H%Y#O�P:UJUJH:YTt-UJO�U1_fO�_-W>`-H s P%g-v�H%W1W>� O�H:z-k-P:U�X[_�KMO�X>K�P%KP:t-t-Q�_�g-X>Y#P:UJH�Y#P%K-KMH:Q�VMk-U�v�X[UJR~P�L:_�KMUJQ�_�W>W>P%V-W>H|W>H%`MH%W�_&I�P:L:L:k-Q�P:L%}
b �'RMH�UJH:L:RMK-X>z-k�H

� r�X>O�L:Q�H:U�X[O�H%OM��UJRMH�r-_&YTP%X>K�_&I#UJRMH$t-Q�_�V-W[H%Y�X>KMUJ_fP$W1P:Q�u-H�KMk�Y#V-H:Q�_&I#H%W>H%Y#H%KMUJP:Q�}�L:H%W1W>O�\�UJRMH
L:_�Q�KMH:Q�O _�ITv�R-X>L%R$P:Q�H)UJH:Q�YTH:r�KM_�r-H:O�\�P:KMr�v�RMH:Q�H)UJRMH)t-Q�_�L:H:O�O _�ITr�X>O�L:Q�H:U�X[O�P:U�X[_�K�X>O UJH:Q�YTH:r
Y#H%O!R-X>KMu�b��'RMH)Y#P:UJRMH%Y#P:U�X[L%P%W�H:z-k�P:UJX[_�K-O�P:Q�H�UJRMH%K�O!_�W>`MH:r$vTX[U�R-X>K$H:P:L%R$X>K-r�X>`-X>r-k�P%W�L%H%W>W>\4P%KMr
UJRMH:O�H$L:H%W1W

-
O�_&W[k-UJX[_�K-O�P:Q�H$P:O�O�H%Y#V�W>H:rfUJ_{}MX>H%W>rfP:K�_�`MH:Q�P%W1WTO�_&W[k-U�X[_�K
b��'RMH�W[P:UJUJH:Q�X>O�k-O�k-P%W1WJ}

t-H:Q�IJ_�Q�YTH:r�V-}TO�_&W>`-X>KMu#P�W>X>K-H%P:Q�O!}MO�UJH%Y{_�I
H:z-k-P:U�X[_�KMO%b
a
k-L:R�P KMk�Y#H:Q�X>L:P%W�O�_�W[k-U�X[_�K)X>O#R-X>u�R-W1}�r�H:t-H%KMr-H%KMU�_-K�UJRMH L%RMP:Q�P:L:UJH:Q�X[O�U�X[L _�I4UJRMH Y#H%O!R

k-O�H:r#U1_�r-X>O�L:Q�H:UJX>O�H�UJRMH�L:_&YTt-k-UJP:UJX[_�KMP%W�r-_&YTP%X>K
b:��t#UJ_#P�t-_�X>KMUJ\�X>KML:Q�H:P%O!X>K-u#UJRMH�YTH%O!RTQ�H:O�_&W[k-U�X[_�K
Q�H:O�k�W[UJO�X>K#VMH:UJUJH:Q�P:L:L:k-Q�P:L:}&b%Z�U
O�_�YTH�t-_�X>KMUJ\�RM_�v�H:`MH:Q�\�IJk-Q�UJRMH:Q'X>K-L:Q�H:P:O�H�X>K�Y#H:O!RTQ�H:O�_&W[k-U�X[_�K#RMP%O
W1X[UJUJW>H�H%I�I�H:L:U
P:KMr#UJRMH�O�_�W[k-U�X[_�KTRMP%O�L:_�K-`MH:Q�u-H:r�b

w&S s P:t-t-Q�_�P:L:RMH%OfUJ_�S s t-Q�_�V-W[H%Y#O{P:Q�H�V-P:O�H:r�_�KAUJRMH�O�_&W[k-U�X[_�KA_&I s P%gMv�H%W1W>� OH:z-k-P:UJX[_�K-O�H%gMt-Q�H:O�O!H:r�X>K UJRMH%X>Q4r�X>I�I�H:Q�H%KMU�X[P%W'IJ_�Q�Y b��'R-H:O�H�UJH:L:R-K-X>z-k-H%O�P:Q�H�u-H%KMH:Q�P%W>W1}�`MH:Q�} u-_�_�r
P:U YT_�r-H%W>W1X>K-u�L:_&YTt�W>H%g�X>K-RM_&YT_�u-H%K-H:_�k-O�O�UJQ�k-L/UJk-Q�H/O�\�VMk-U UJRMH%}�R-P%`MH�t-Q�_�V-W>H%Y#O�YT_�r-H%W1W>X>K�u
open-

Q�H:u�X[_�K�u-H:_�YTH:UJQ�X[H:O%b
�TKMUJX>W�z-k�X[UJH Q�H:L:H:KMU�W>}M\�`MH:Q�})IJH:v�t-Q�P:L:U�X[L:P%W�YT_�r-H%W>W1X>K-u�O#_�I4n
-
G�S sQ�P:r�X[P:U�X[_�Kft-Q�_�V-W[H%Y#O)vTH:Q�H�t-H:Q�IJ_�Q�YTH:r{k-O!X>K-u{UJRMH�UJH:L:R-K-X>z-k-H:\#P�IJP:L:U�UJRMP:U�Q�H:O�k�W[UJH:r{IJ_�Q�UJv�_

Q�H:P:O�_�KMO%b�w
X[Q�O�UJW>}M\
P%K-}�t-Q�P:L:UJX>L:P%W&n
-
G�t-Q�_�V-W>H%Y�Q�H:z-k�X>Q�H:O4O!X>u�K-X>I�X>L%P%KMUJW>}�YT_�Q�HTL:_&YTt-k-UJP/UJX[_�K�UJRMP%K

P�j
-
G�t-Q�_�V-W[H%Y#\)vTX[U�R�UJR-H�Q�H:O�k�W[U$UJRMP:U$UJRMHAY#H:UJRM_�r�v�P:O�L:_&YTt-k-UJP:UJX[_�KMP%W>W1}�t-Q�_�R-X>V-X[U�X>`-H�b

a
H:L:_�KMr�W>}M\
PTL:_�Y#YT_&K�r�X>I�I�X>L:k�W[U�}#r-k-HTUJ_ O�t-k-Q�X[_�k-O4O�_�W>k-UJX[_�KMO�\
�-KM_�v�K�P%O4� `-H:L:UJ_-Q�t-P:Q�P:O�X[UJH:O!� \
RMP%O
_�K-W>}�Q�H:L%H%KMUJW>}#VMH:H%KTO�_&W>`MH:r �>j��/b

w&_�Q�UJRMH�t-Q�H:O�H%KMU�O�UJk-r-} vTH�k-U�X>W>X>O!H:r�UJRMH L:_&Y#Y#H:Q�L%X>P%W�w&S s O�_�IJUJv�P:Q�H�t-P:L:�-P:u-H w
�����
n-G�\4v�R-X>L%R$X>O�_�KMH�_&I�UJRMH)I�H:v�t-P%L:�-P:u-H:O r-H%`M_�UJH:r�U1_$UJRMH�n

-
G�P:KMP%W1}MO!X>O _&I�S s I�X>H%W>r�O X>K$P

Y#P:Q�X>K-H�H:K-`-X>Q�_�K-Y#H%KMU�b
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�'_#YT_�r-H%W-UJRMH�RM_�Q�X[�:_�KMUJP%W-H%W>H:L:UJQ�X[L�r�X>t-_&W[H�v�H�Q�H:z-k�X[Q�H�P�t-Q�H:L%X[O!H���KM_�vTW[H:r-u-H�_�I
UJRMH�K-H:P:Q

I�X>H%W>r$P:Q�_�k-KMr$P%K$H%W>H:L:UJQ�X[L)O�_�k-Q�L:H�_�ITI�X>K�X[UJH)W>H%KMu-UJR$H%Y#V-H:r-r-H:r�X>K$P)L:_�KMr-k-L:U�X>KMu�Y#H:r�X>P�b��'_
P:L:R-X>H%`-H UJR-X>O#v�H�Y#P:��H k-O�H _&I4UJv�_�IJ_�Q�YTk�W>P:U�X[_�K-O#k�O�H:r�X>K)UJRMH�Y#P:u�KMH:UJ_�r-}MKMP%Y�X>L�YT_�r-k�W>H _&I
w&���T��n-G�b��'RMH�I�X>Q�O�U4k-O�H:O#UJv�_�O�UJP:UJH `MP:Q�X>P%V-W>H:O�\�UJRMH�YTP:u�KMH:U�X[L�`MH%L:UJ_-Q�tM_-UJH:KMUJX[P%W

A
P%KMr)UJR-H

H%W[H:L:UJQ�X[L�O�L:P%W>P:Q4t-_�UJH:KMUJX[P%W���b��'R-H�O�H:L:_�KMr�k-O�H%O�UJRMH�Y#P:u�KMH:U�X[L�O�L:P%W>P:Q4t-_�UJH:KMUJX[P%W
φ-φ���	� P%KMr�UJRMHH%W[H:L:UJQ�X[L�`MH:L:UJ_�QTtM_-UJH:KMUJX[P%W C�6

where φred
X>O�UJH:Q�YTH:r$P

reduced
t-_�UJH:KMUJX[P%W�vTR-X>L%R)P:Q�X>O�H%O�IJQ�_&Y

L:P:k-O�H:O�_�UJRMH:Q�UJRMP:K�P%K-}�r�X>Q�H:L:U�W>}�X1Y#t-_�O�H:rfO�_�k-Q�L:H:O%b 1 ��X[U�R-X>K�H%P:L%R�IJ_�Q�YTk�W>P:U�X[_�KM\�UJRMH$O�UJP:UJH
`MP:Q�X>P%V-W>H:O�P:Q�H�Q�H%W[P:UJH:r#U1_

B
P:KMr

E
V-}�UJRMH�H%gMt-Q�H:O!O!X[_&KMO�


��U
X>O�t-_�O�O!X>V-W>H�UJ_�VMk�X>W>r�P%K#H%W>H:L:UJQ�X[L�O�_�k-Q�L:H�k-O!X>KMu�H%X[U�R-H:Q'_�I�UJRMH:O�H�UJv�_�IJ_�Q�YTk�W>P:U�X[_�KMO%b%e�}
v�P%}�_&I�H:g-P%YTt�W>H:\�P�t-_�X>KMU�H%W[H:L:UJQ�X[L�r�X>t-_�W>H�L:P%K VMH�Y�_�r-H:W>W>H:r�V-} P�YTP:u�K-H:UJX[L�r�X>t-_&W[H�k-O!X>K-u�UJRMH
(φ
\

Ty IJ_�Q�YTk�W>P:U�X[_�K
bT�'RMH�H:z-k�X>`MP%W>H%K-L:H�t-Q�X>KML%X>t�W>H�L:P%K#UJRMH%K#VMH�k-O�H:r�UJ_#UJk-Q�KTUJRMH:O�H�O�_&W[k-U�X[_�KMO4IJ_�QUJRMH YTP:u�KMH:U�X[L�r�X[t-_&W[H X>KMUJ_�UJRM_�O�H�P:t-t-Q�_�t-Q�X[P:UJH�U1_�UJRMH�H:z-k�X>`MP%W>H%KMU�H%W[H:L:UJQ�X[L�O�_�k-Q�L:H�b��'RMH�r-k-P%W>X[U�}
r�X[O�t�W>P%}MH%r�V-}$H:z-k-P:U�X[_�K-O x h-b P y P:KMr x h-b V y X>K$UJH:Q�YTO�_�ITUJRMH)H%W[H%L:UJQ�X[L)_�Q�YTP:u�KMH:U�X[L�I�X>H%W>r-O P%KMrO�_�k-Q�L:H:O�X>O�O�H%W>I

-evident.2��K�UJRMH�IJ_�W>W[_�vTX>K-u L:P%W>L:k�W>P:U�X[_�K-O�\�P#I�X>K�X[UJH
-
W>H%KMu-UJR�P%KMUJH:K-KMP#v�P%O�YT_�r-H%W>W>H:r P:O�P#UJR-X>K

-
vTX>Q�H

r�X[t-_&W[HTk�O!X>K-u�UJRMH x ��6 � y IJ_�Q�YTk�W>P:U�X[_�K
bM�'RMH#Q�H:P:O�_�K I�_�Q�L:RM_-_�O!X>KMu�UJR-X>O�t-P:Q�UJX>L:k�W>P:Q�IJ_�Q�YTk�W>P:U�X[_�KM\P:KMr k�O!X>K-u P�`M_&W[UJP:u-H#H%gML%X[UJP:U�X[_�K�vTX[U�R�P%K H%W>H:L:UJQ�X>L#O�L%P%W[P:Q�t-_�UJH:KMUJX[P%W>\�v�P%O�UJRMP:U'UJR-X[O�IJ_�Q�YTk�W>P:U�X[_&K
W>H%KMr�O�X[UJO�H%W>I�YT_�Q�H�Q�H:P:r�X>W1}~UJ_ YT_�Q�H�L:_�YTt�W>X>L%P:UJH:r P:KMUJH:K-KMP�Q�H:t-Q�H:O�H%KMUJP:UJX[_�K IJ_�Q�IJk-UJk-Q�H
P:t-t�W>X>L:P:U�X[_�K-O%b�w&_�Q�UJRMH�IJQ�H:z-k-H%KML%}TP%KMr#vTX[Q�H�W[H%KMu-UJRTk�O!H:r#RMH:Q�H:\�UJRMH�P%KMUJH:K-KMP�v�P:O�P%O�O�k�Y#H:r#UJ_�VMH
H%W[H:L:UJQ�X[L:P%W1W1}�O!RM_�Q�U�b��'R-X>O�X>Y#t�W1X>H%O�UJRMP:U�UJRMH#P:KMUJH:K-K-P#R-P:O�P#L:_�KMO�UJP:KMU'L:k-Q�Q�H:KMU'r-X[O�UJQ�X>VMk-U�X[_�K�P%W[_�K-u
X[UJO�W>H%KMu-UJR
b x ��H�KM_�UJH4UJRMP:U
X>I�UJRMH�r�X>O�UJQ�X>VMk-U�X[_�KT_&I
L:k-Q�Q�H:KMU
P%W[_�KMu#UJRMH�vTX[Q�H�v�H:Q�H�KM_-U
L/_�KMO�UJP:KMUJ\-UJRMH
curren

U#v�_�k-W[rfRMP%`MH�UJ_�VMH�Q�H:t�W[P:L:H:rfV-}�P%K�P:`-H:Q�P%u-H�`MP%W>k-H�b���K�H%X[UJR-H:Q�L:P:O�H:\�RM_�v�H:`MH:Q�\�UJRMH
L:k-Q�Q�H:KMU#X[O�KM_�UTP)r-X[Q�H:L:U#X>K-t-k-UTt-P:Q�P%YTH:UJH:Q�U1_�UJRMH�w
S s \�P:KMr�Y#k�O�UTVMH�L:P%W>L:k�W>P:UJH:r�IJQ�_&Y|UJRMHP:t-t�W>X>H:r�`M_&W[UJP:u-H�r-X>O�UJQ�X>VMk-U�X[_�K#IJ_�Q�UJRMH�t-P:Q�UJX[L:k�W>P:Q�u-H:_&Y#H:UJQ�}�_�I
UJRMH�P:KMUJH:K-KMP�b y�'_�_�V%UJP%X>K�PTk�K-X>z-k-HTO�_&W[k-U�X[_�K�UJ_�UJRMHTt-Q�_�V-W[H%YT\�X[U'X>O�K-H:L:H:O�O!P:Q�}#UJ_ L/_�KMO�UJQ�P%X>K�UJRMH#`MP%W>k-H%O
_�I�UJRMH I�X>H%W>r�P:U�P%W>W�VM_�k-KMr-P:Q�}�KM_�r-H:O%b&d�K�UJRMH�P:Q�UJX>I�X>L%X1P%W'I�P:Q

-
VM_�k-KMr�P:Q�X[H%OT_�I4UJRMH�L:_&YTt-k-UJP:UJX[_�KMPMW

r-_�YTP%X>KM\�v�H�UJRMH:Q�H%IJ_�Q�H�X>YTt-_�O�H:r#GTX[Q�X>L%R-W>H:U�X>K-I�X>K�X[UJH�VM_�k-KMr-P:Q�}TL:_�KMr�X[U�X[_�K-O%b
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IUM
Z�O�PfI�X[Q�O�U O�UJH:t�X>K{r-H%`-H%W[_�t�X>KMu�w
������n-G IJ_�Q�k�O�HfX>K�O�_&W>`-X>K-u�S s t-Q�_�t-P:u-P:UJX[_�K

t-Q�_�V-W[H%Y#O4IJ_�Q'L:_�YTt�W>H%g�YTP:Q�X>K-H�H%K-`-X>Q�_�K-Y#H%KMUJO�\&v�H�IJH%W[U�X[U�X>KMO�UJQ�k-L:UJX>`MH�U1_�_�VMUJP:X>K#O�_&W[k-U�X[_�KMO4IJ_�Q'P
O!X>Y#t�W>H)u�H:_&YTH:UJQ�}$vTRMH:Q�H)UJRMH)P%KMP%W1}%U�X>L:P%W�O�_&W[k-U�X[_�K�X1O v�H%W1W���KM_�v�K$P%KMr�k�KMr�H:Q�O�UJ_-_�r
b'Z�O UJRMH
simp

W>H%O�U
L:P:O�H�X[O�\�V-}#I�P:Q�\-UJRMH�X>K-I�X>K�X[UJH�L:_�KMr-k-L:U�X>KMu�Y#H%r�X[k�Y{u�H:_�Y#H:UJQ�}%\�v�H�L:P%W>L:k�W>P:UJH:rTUJRMH�I�X>H%W>r-O
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3 Layer Model
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