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H�kJbaKSM_baw<I�KSXNPJ^´KNPdXSR�IebaGJf I�kJbaKSM_baw8XNR'bYISVYGJMpGd] baXNR4R'INISRtG)KSM_baw�KSV-k%RtXu^§RtkdKSMmVYG bYGJf ^tVY]EGdMO�
KSMmVYG�>ÃyhPJ^uz�fdbCq)� KSVa�HfdbCq kJXNbE^´KSM_^tbYw\MmGQTWVYXNjrb�KSMmVYGhM_IÃb&X6VEPQK�@|zJbaKÃzJbYkdk6R'GJIÃbaKÒ^§R'X�KubaMmG
ISkJb�KNMmbYw<wpVQ^tbaKSMmVYGJIP> `iPdK4baw_I�V6`cI�k6b�KSM_baw8XNRtkdXNR'ISRtG)Kub�KSMmVYG MmI¿b-k%V4@iR'X�TWPJwÅI�VEPdXN^tR@VYT�]ERtVY�
j¼R§KNXSM_^UMmG)KSPdMpKSMmVYGJI���� o�MmISMmVYG��%MpG�KSzdR@wpMpKSR'XNbYw�ISRtGJISR�� @|zdM_^uz ^tbYGUX6RlzJbaXNGdR�ISISR'f KSV j¼VYXNR
]YR'GdRtXubawe^§VE]YGdMpKSMmoYR�KNbYI��QI2> �xoYR'G I�V6`ÃISkJb�KNMmbYwÂXNR'bEI�VEGdMmGd]+zJbEI GdVYKhbaK�KNXNbE^´KSR�f
j@PJ^uz
b�KSKSR'GEKNMpVEG¼TWXSVEj�wpVE]YM_^§M_baGJIP>���zdV)I�Rj@|MOKNz kdz�qQI�M_^tbYwJMmGEKNRtXNR'I�KNI'`EX%R'ISM_fQR'IÅKSzdRÒPJI�P6bawJjrbaKSzQ�
RtjrbaKSM_^tbaw�baGJfhwmMpGJ]YPdM_ILKNMm^UVYGdR�It`JISRtR'j�KNVrkdPQKÒKSzdR'MpX[R��%VEX�KuI|MmGEKNVrKSR'j¼k6VEXNbYw\XSR�bYISVYGdMmGd]6`
@|zdM_^uz+k%RtXNoCbEfQR'I@bY^§KSMmVYG+baG6f KSzdR��JV4@�VaT[^§VEj¼j4PdGdM_^tbaKSMmVYG!> v8RtXNzJbakJI'`�k6R'VYkdwmR zJbCoER
baw_ISV+TWRtwpK-KSzJbaK-wmVY]EMm^'I VaTlI�kJbE^§R�@iVEPdwmf X6R I�Mmj¼Mpw_baX� )PJb�TWVEXSjrbaK-baG6f KSzdR'j¼R'I'`ÂbYGJf
KSzJRtXNR§TWVYXNRlGdVaKeXSR�bawmwpq�MmGdGdV�o�baKSMmoYR&>
!ÃRtoERtXSKSzdR'wpR�ISI'`3KSzdR'XSRlM_I¿b XNR'^tRtG)KÒKNXSM_^"��wpRlVaTiMpG)KSR'X��
R'I�KSMmGd] kdP�XdwmM_^tb�KNMpVEGJIlVYG+wmVY]EMm^'I4VYTÒISkJbY^tRY`Åj¼VaKNMpo�baKSR'f X�q+I�PJ^uz fQMpoERtXuI�R-^§VEGJ^§R'XSGJIlbYI
ISkJb�KNMmbYwÅXSR'kdXNR'ISRtG)KNbaKSMmVYG baGJf o�M_I�MmVYG MmG+s[F$# HQzJbaGJbYzJbaGc`B~Pm&msG&% `8ISRtjrbaG)KSM_^tIUVaT[I�k6b�KSM_baw
kdXNRtk%VEISMOKNMpVEGJIlMpG wmMpGd]EPdM_ILKNMm^'I�# '>MmG)KSRtX[bYGJf)(.@�baXSKNI'`%~�m&m�M�% `�VYX¼j¼VYXNR MmGJI�KSXNPdj¼RtG)KNbYwpwmqY`
XNR'bYISVYGJMpGd]�@|MpKSz�fQM_ba]YXubajrI*# +Ãbaj¼j¼RtX�`B~PmEmEG)`,bÂPJXSX�`B~PmEmY�,% >
`�PQK|fQVq@�RÂGdRtR�f b4TWVYXNjrbaw%wpVE]YM_^ÃVYT�I�k6bY^§R�-hs|TÛKNRtX|bawmw1`QjrbYG)qrISPJ^t^tR'INILTWPJw3bE^t^tVYPdG)KNI

bawmXNR'bYfdq R\]QM_ILK�>*.ÒGdR4VaT<KSzJR4VYw_fQR�ILKÃk6baXSKNI[VYTÅjrb�KSzJRtjrb�KNMm^'It`%]YR'VYj¼R§KNXSqE`JM_I[KNzdRUKNzdRtVEXSq
VaTeI�k6bY^§RhkJbYXrR\]d^§R'wpwmRtG6^§R&>>sÃGJf MpG KSzJR�R'baXNwmq�kJbaXSKrVaTÃKNzdM_I ^§R'GEKNPdXNqY`�j¼baKSzdR'jrb�KSM_^tI
ISkJbo@|GdR'f bYGdVaKNzdRtX ISPJ^'^§R'INI�TWPdw0XdXubaGJ^uz>fQR'oYVYKSR'f KNV�]YRtGJRtXubaw[ISkJb�KNMmbYwÃILKNXSP6^´KSPJXSRE`�o�M0/&>
KSVEk6VEwpVE]YqE>�sÃXSVEPdGJf¼KNzdRÒINbaj¼R[KNMpj¼RE`)kJzdMpwmVEISVYkJzdRtXuIxfQR'oYR'wpVEk6R�frj¼RtXNRtVYwmVY]EqY`)bYIxbYGdVaKNzdRtX
TWVYPJGJfdb�KNMpVEGJbawÅbE^t^tVYPdG)K¿VaT�kJbaXSK�� @|zdVEwpR¼XNRtw_b�KSMmVYG6I�zdMmkJI'`c^§VEG)KSMmG)PJMpGd]hKNzdRtj¼R�IeTWVYPdG6f bYwO�
XNR'bYfdq¿MpG¼s[XNMmI�KSVYKSwmR&>8s[GJfq[JG6bawmwpqE`awpMmGd]EPdMmI�KNI�zJbCoERTX%RtR'GrILKNPJfQq�MpGJ]ÂISkJb�KNMmbYwdI�R'jrbaG)KSM_^tI�MmG
]YXNR'baKxfQRtkdKSz\`�^uzJbaXSKSMmGd]eKNzdR[oYVQ^'b3XdPdw_baXNqUVYTBISkJbaKSM_bawdR2]�kJXSR�ISISMpVEGJI�TWVYPJGJfrbY^tXSV)ISI8GJbaKSPdXubaw
w_baGd]EPJba]ER'IP>�.ÃT�^tVYPdXuI�RE`%KSzdR�I�RrbY^'^§VEPdG)KNIefQV-GdVaKUbawmwÅbYfJfQXSR�ISIÃKSzJR¼INbaj¼R¼M_ISISPdR'IP>1.ÒGJR
j4P6ILK¿fQM_ILKNMpGd]EPdM_I�z8X6RtK @iR'RtG V&X32LR�^´KSMmoYR¼ISkJb�KNMmbYw�I�KSXNPJ^´KNPdXNR@MmG KNzdR�@iVEXSw_fB`BI�k6b�KSM_baw8XNRtkQ�
XNR'ISRtG)KNbaKSMmVYGJIÃPJI�R�f�MmG ^§VE]YGdMpKSMmVYGc`%VEX[KNzdRlISkJbaKSM_baw�R\]QkdXNR'INI�MmVYGJIÃVaTÅGJbaKSPdXubaw�w_baGd]EPJba]ER'IP>
+[R'XSRE`awmVY]YM_^�jrbCqUkdXNV�o)M_fQR�bePdGdMpTWq�MpGd]eo�MmR2@|k%VYMmGEK�`YMmGJ^§VEXSk%VYXub�KNMpGJ]�X%VaKNz¼I�KSXNPJ^§KSPdXubawdbYGJf
wmMpGd]EPdM_ILKNMm^¿bEI�k%R'^§KNIP>

![R'oYR'X�KNzdRtwmR'INIt`cwpVE]YM_^tIeVaT[ISkJbY^tRrbaXNRloERtXNq fQMmoYR'XNISRY`cKSV�V%> ��zJRtVYXNMmR'IUfQM4�3RtXUMmG KSzdR'MpX
bY^'^§VEPdG)KNIÒVaTxKNzdR¼kdXNMpj¼MpKSMmoYRlV&X32LR�^´KNI'�Ãk%VYMmG)KNI'`\wmMpGdR�It`Bk%VYwmq�]YVEGJIt`3XNRt]EMpVEGJI2>
5JVYX¿b-ISbYj@�
kdwmR¼VaT�KSzdRr^§VEG)KSXubYI�K'`c^tVYj¼kJbaXNR@KSzdRlK @�V-kJP�XdwmMm^'b�KSMmVYG6I$# ��baXuI6��M `3~Pm&KE��`c��baXuI6��M `%~�mEG&m,% >
Z\M0�YRP@|MmISRY`[KSzdR'VYXNMpR�I fQM4�%R'XhMpG>KNzdRtMmX�^uzdVYM_^§R VaTUkdXNMpj¼MpKSMmoYR I�k6b�KSM_bawÒXSR'wmbaKSMmVYGJI'��@|zdM_^uz
MmGJ^§wmPJfQRhMmGJ^§wmPJISMpVEG\`iV�oERtXNwmbYk\`8KSVEPJ^uzdMmGd]J`�� ISkJbE^§R7�8oERtXuI�PJI�� kdw_bY^§R8� >>yhR'XSR'VYwmVY]YM_^tbYwÅKNzdR§�
VYXNMmR'I)�/jlR'XSV)It`jbÂXNRtR&�+TWVEX kJbYX�K9�u`�KSVEk6VEwpVE]YM_^tbYw|KSzdR'VYXNMpR�I)�WwmMmjlMpKhk6VEMpG)KNI baGJf>^tVYGdGJR'^´�
KSMmVYG kdwmbCq�b j¼b:2LVYXÒXSVEwpR;��baGJf j¼RtXNRtVaKNVYk%VYwmVY]EMm^'bawBVYGJR'I�� giVYGJGdR'^§KSMmVYG\`Bv<baXSKSzJV)VQf�bYGJf
��]�KNRtXNGJbaw[giVYGdGJR'^´KNMpVEG<�v>iH�qQILKNRtjrb�KNMm^-bY^'^§VEPdG)KNI@VaTÃKNzdRh]YR'GdR'ISMmI@VaTeI�k6b�KSM_baw�oEV�^'b3XdPd�
w_baXNq zJbCoERBX6R'RtG bYXSVEPdGJfhI�MmGJ^tR=+[R'wpj¼zdVEwOK>/7�.@iVEX�� VYG�MmG)o�bYXSM_baGJ^tR'I|VYT<jlV�oERtj¼RtG)K�`%XdPQK
GdV ]YR'GdRtXubawmwpq�bY]YXNRtR'f+kdXSMmj¼MOKNMpoER XNRtw_b�KNMpVEGJI@zJbCoYR Rtj¼RtXN]YR�fh> yhVEXSR'V�oYRtX�`<b4]QMmVYjrI@fdMOTÛ�
TWRtX�bY^tXSV)ISI�KNzdRtVEXSMmR'I'�?#ÉgiwmbYX��ERY`B~PmE�d~�`QgiwmbYX��ERY`3~PmE�EG&%6oERtXuI�P6I@# vxXNbaK�K[baG6fQHQ^uzJV)VEk\`B~PmEmsM�%
oYR'XNISPJI@#Ég�bYINb�KNM\baGJf �ÅbaX>/tM `\~�m&m&m,% >8F�KxM_IxGdVYKxVYPJXibaMmj KSV4ISPdXNoYR'qY`YwmR§K�bawmVYGdR[KSVUXNR'ISVYwmoYRE`
KSzJMmI¼j@PdwOKNMOKNPJfQR�VYTÂbakJkdXSV)bY^uzdR�I2>�FHG6ILKNR'bYf\` @�R=2LVEMpG KSzdR-TWXubCqY`ÅkJXSVEk6V)I�MmGd] VYGdR-j¼VYXNR
k%RtXuI�k%R'^§KSMmoYRBA>o�M4/E>�bÒj¼V�fJbaw�wpVE]YM_^ÅVYT6I�k6bY^§RE>��xoYRtGUKSzdM_I8bakdkdXNVEbE^uz¿MmI�GdVYK�GJR2@¿`4@|MpKSGdR�ISI
KSzJR kdXNRto�MmVYPJIrkJP�XdwmMm^'b�KSMmVYG6IC# H�Rt]ERtX X6R'XS]6`%~�msMa��`+H�R']YRtX X%RtXN]J`3~Pm�M4J�`+HQzdRtz)KSjrbYG\`\~PmE�&K�`
�<RtGJRtjrbd`\~�m&m){&% >6`�PQKC@iR@zdVYk%RlVYPdXÂkJbaXSKSM_^§PJwmbYXÃKub:�YR@VYG�KNzdRrI�P%X32LR'^§KÂM_IÒbYG bEfQo�baGJ^tR
KSV4@�baXuf ]ERtGdR'XNbYwpMpKLq&>
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FHG KSzdM_IekJbYk6R'X'`�@iRr^§VEGJISMmfQR'XeXSR']YMmVYGJIebYIeVEPdX¿kdXNMpj¼MpKSMmoYR¼V&X 2LR'^´KuIt`cMpG wmMpGdR @|MpKSz j@PJ^uz
VaT�KSzJRlwmMpKSRtXub�KNPdXNR&> yhV)ILK¿wmVY]YM_^tIÂVYT�ISkJbY^tRrba]YXNRtRlVYG ISVYj¼R XJbYISMm^lXNRtw_b�KNMpVEGJIt�ÂV�oYR'XSw_bakc`
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VYk%RtG!>���zdR kJXSV�VaT/IUKSzJbaKz@�R kdXNV�o)M_fQR�f MmG KSzJMmIlI�R�^´KNMpVEGJIB@�RtXNR XJbYISR'f VEG�GdVYGQ�
KSXNMpo�M_baw XJMmISMpj@Pdw_b�KSMmVYG6I@bYGJf�GdVYKlVEG�KSzdR PdGdMmoYR'XNINbawiXSR'wmbaKSMmVYG!> .ÃTÛKSRtGc`�@iR @�bYG)K
XdMmISMmj4Pdw_b�KNMpVEG KNzJb�K[XNRtw_b�KNRebEIiTWR2@#RtwmRtj¼RtG)KNIÃbYI�k%VEINI�M XdwmR&>
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TWVEXSj@Pdw_bYI&� >
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o�MmISPJbYw�IN^§R'GdR'I8bYXSRTXdMmISMmjlMmw_baX�`4XdPQKÅbaw_I�V � zdV4@ fQM4�%R'XSR'G)K&��KSzdR'q4baXNR @|zJRtGlGdVaK<R& )PdMmo�bawmRtG)KP>

' RÒj¼R'bEI�PJXSRÃKSzdM_I|fQM4�%R'XSR'GJ^§RÒK @|Mm^tR&> 5�MpXuI�K'`?@�RÒ^§VEGJISMmfQR'XxKNVYk%VYwmVY]EMm^'baw3^§VYj¼kJbYXSM_ISVYG
]EbYj¼R'I'`�bYGJbawmq /tMmGd] @|MpGJGdMpGJ]ÃILKNXNbaKSR']YMmR'I3TWVEXcb*�ÉfQM �3RtXNRtG6^§RÅkdw_bCqYR'X&� >c��zdR'G\`o@iRxXSR'wmbaKSR8KSzJMmI
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s kdwmbCq�^tVYGJISMmI�KNI@VaTÃb I�R, )PdRtGJ^tR VYT[MpG)KNRtXubY^´KNMpVEGJI6X%R§K @�RtR'G^H�k%VYMmwmRtX¼baGJf ZÃPdkJwpM_^tbaKSVYX
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5�Mm]YPdXNR¿�d�<s�I�Mmj¼kdwmR¿VYGdReXNVYPdGJf kdw_bCq&>

1 Round 2 Rounds 3 Rounds

(a) (b) (c)

5�Mp]EPdXNR�mJ� bebaj¼R'I¼VEG K @�V�I�k%V�VYGJI @|MpKSz fQM4�%R'XSR'GEK I�KNbYX�KNMpGJ] k%VYMmG)KNIP> .ÒG KNVYk\`iKSzdR
G�PdjzX%RtX|VYT�XNVYPJGJfdI�GdR'R'fQR�f�X�qQHQk6VEMpwmRtX�KNV @|MpG!>

X�qrI�R'wpR�^´KSMmGd]4bYG VYk%RtG I�RtKiMmGrKSzdRÂVaKNzdRtXij¼V�fdRtw3^§VYG)KubaMmGdMpGJ]¿KSzdRe^§PJXSXNRtG)Kxk%VYMmG)KiVaTBKNzJb�K
j¼VQfQRtw > ��zdRrXNVYPdG6f M_I¿GdVYKUqYR§KC[JGJMmISzdR'f\`�ISMpG6^§R H�k%VYMmwpR'XUj4PJI�KUGdV4@ kdMm^"� b-k6VEMpG)KUMmG
KSzJR@VEk6R'G ISR§K 2LPJILK¿ISRtwmR'^´KNR'f X)qUZÒPdkdwmMm^'b�KNVYX�>e��zJMmIÂk%VYMmGEKCX%R'^§VEj¼R'IÃKSzdRlGdR2@ ^§PdXNXSR'G)K
k%VYMmGEK<VYTdKSzJbaK<jlVQfQR'w�>lZÒPdkdwmMm^'b�KSVEX8zJbYI�KSVÂXNRtkdwmqUI�R'wpR�^´KNMpGd]ebÒk6VEMpG)K<MpG@KSzJR�VEk6R'G@^uzdV)I�R'G
VYXNMm]YMmGJbawmwpqQX�q H�k%VYMmwpR'XP>U��zdM_IeI�RtKSPdk M_IÃMpKSR'XNbaKSR'f�TWVYXÂKSzJR@G�PdjqX6R'XÂVYTxXNVYPdGJfJI0[�]QR�f b�K
KSzJRzX%Rt]YMmGdGdMmGd],> HQk6VEMpwmRtXÂ^tbaG�bYw @�bCqQI|^uzdV�VEISR¿MpGU@|zJMm^uz�j¼VQfQR'wczdR6@�baG)KuI�KSV kdwmbCq KSzdR
TWVYwmwmV4@|MpGd]¼XNVYPdG6fB`QKSz�PJIÃzdRU^tbYG�I @|MpKN^uz�j¼VQfQRtw_IP>T`�q KNzdR'ISRUI�R, )PdRtGJ^tR'I|VYT�XNVYPJGJfdI'`QKSzdR
K @�V kdw_bCqYRtXuIÃ^tVYGJI�KSXNPJ^§KÒI�R, )PdRtGJ^tR'IÃVaTÅXNRtw_b�KSR�f�k%VYMmGEKuI2>ÒF�TÅKSzJR'ISR4k%VYMmGEKuIÒbYw @�bCqQI[ba]EXSR'R
kJbYMpX @|MmISR¿MmG�bawmw�b�KNVYj¼M_^ekdXSVEk6V)I�MpKSMmVYG6It`%ZÒPdkdwmM_^tb�KNVYX[z6bYI0@�VYGc`dVaKNzdRtX @|MmISRzH�k%VYMmwpR'XÃzJbEI2>
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1 Round 2 Rounds 3 Rounds

(a) (b) (c)

5�Mp]EPdXNR ~'�J� bebYj¼R'IÒVYG�fQM4�%R'XSR'G)KÂMpKSR'j¼IÃTWVYXÂfQXNR'INI�MmGd] b KNb3XJwpRE>*.ÒG�KNVYk\`6KSzdRlG�PdjzX%RtX
VaT8XNVYPdGJfJIiGJRtR'fdR'fQX�q H�k%VYMmwpR'X|KSV @|MmG!>

(a) (b) (c)

5�Mp]EPdXNR ~Y~E�[��]dbaj¼kdwmR4VYTx]EbYj¼R'I|TWVEXC@|zdMm^uz�ZÃPdkJwpM_^tbaKSVYXÂzJbEIÂb�@|MpGJGdMpGJ]-I�KSXub�KNRt]Yq TWVYX
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wmVY]YM_^tbYwxbawm]YRPXdXub�>h��zdMmI4MmIUKSzdR o)MmR2@ � TWXSVEjaX%RtwmV4@��m`8bEfdfQMmGd]�R\]QkdXNR'INISMpoERrk6V4@�RtX�>Q`�PQK
baw_ISV�� TWXNVYj�b3X%V�oYR8�p`�@�RU^tbYG�wpV�V8� b�K�@|zJb�KÃM_I[MmG�oYVEwpoER'f-MpG�bE^´KNPJbaw\o�M_I�P6baw�IN^§R'GdR'IP> ![VaK
RtoERtXNq @|Mmw_f ISP�XJISR§KÒVYTÅk6VEMpG)KuIÃMmG b I�kJbE^§R6@|Mmwmw�VQ^'^§PdXÂbYIÂb XNR'bYISVYG6b3XdwmR¿o�MmISPJbaw�XNRt]YMmVYG�>
FHG k6baXSKSM_^§Pdw_baX�`)ISVYj¼RÂI�P�X6ILKubaG)KSM_baw%wpMpKSR'XNbaKSPdXNRefQR'bYwmIT@|MOKNz ^tVYPdG)KNb&XdwmRÃPdGdMmVYG6IiVYT�^§VEG�oYR\]
k%VYwmq)]EVYGJI�# vÅXub�KSK|bYGJfhZ\R'jlVEG\`B~PmEmsM�% >���z�PJI'`o@iR�@|MmwpwEMpG�oER'I�KSMm]Eb�KNR8K @iV�KNzdMmGd]EI'� �/b �6KSzdR
bYfJfQMOKNMpVEG VYTxKSzJRlXNRtwmRto�bYGEK¿I�KSXNPJ^´KNPdXSRE`BMpG b jlVQfdbYwl@�bCqE` �/X<�Ãk%VEINI�M XdwmR@XNR'I�KSXNMm^§KSMmVYGJIÃKSV
@�RtwmwO� X6R'zJbCoYR�f XNRt]EMpVEGJI2>
��zdR'XSR4bYXSR@o�baXNMpVEPJI[XNR'bEI�VEGJI|TWVEXÒ^uzdV�VEISMmGd] [JGdMpKSRlPdGdMmVYG6IÒVYTx^§VEG)oER\]�I�RtKNIÂbYI�XJbYISM_^

RtwmRtj¼R'GEKuI¿VaT�VYPJXUI�kJbE^§R�I2> 5�MmXNI�K'`�TWVYX¿j¼VEI�K4^§VEj¼kdPQKSR'X4bakJkdwpM_^tbaKSMmVYGJIÂKNzdR'ISR ISRtRtjrIUbYG
VYG)KNVYwmVY]Yq R\]QkdXNR'INI�MmoYR¿R'GdVYPd]Ez-KSV ^'bakQKNPdXSRUbYwpwcKSzdR@XSR'wpR'o�baG)KÃfQR§KubaMmwmI �ÛKNzdMpG?� TWVEX[R\]dbYj@�
kdwmRUb�K�bÂR'VY]YXubakJzdMm^ÂFHGQTWVEXSjrbaKSMmVYGUH�qQILKNRtjrI
��bÂF H �u`JVEX[I�k6b�KSM_baw\fJb�KNb&XJbYISR'IB�v>+H�R'^tVYGJfQwmqY`
 )PJbawmMpKNb�KNMpoERÂISkJbaKSM_baw%GdVaKNMpVEGJI�MpG�oYVEwpoER'frMmG ISkJbaKSM_bawBbaGJf o�MmISPJbaw3XNR'bEI�VEGdMpGJ]4^tbYG�X%RÂVYTÛKSR'G
RtG6^§VQfQR'f MmG KSRtXNjrI¿VaT|ISPJ^uz�baG VYG)KSVEwpVE]YqE>¼��zJMpXufB`\KNzJb�K@VYGdR¼V&X 2LR'^´KUM_IU^tVYj¼k6V)I�R�f VYT
jrbaG�q�^§VEG�oYR\]�ISP�XdXNRt]EMpVEGJIÒISRtR'jrIÃKNV�X6RrISMpj¼MmwmbYXÒKNV KNzdR @�bCq-KNzJb�KB@�R@XNR'bEI�VEG b3X%VYPQK
V&X 2LR'^´KuI2> '>zdR'G@KNzdMmG ��MpGd]¿VYT%bÂTWVEX��UVEGdR�KSzdMmG �QI<VYT6MpKNI<o�baXNMmVYPJI8kdXNVYGJ]EI8baGJflMpKNI8zJbYGJfQwmR&>
��zdRlkdXNVYGd])I[KNzJb�K¿k%RtGdRtKSXub�KSR¼b VYGdRlkdMmR'^§R¼I> EP6baXNR§��MmISz�k%VYXSKSMmVYG�VYT�b kJM4/&/'b�> 5dPdXSKSzdR'X��
j¼VYXNRY`B^§VEGJISMmfQR'X[KNzdR4T/bYwpw8VYTÅKSzdRlkdw_b�KNRlbYGJf�MpKNIDXdXub:��MpGJ]%>
.ÒGdR4R'GJfdIÂPdk @|MpKSz I�R'oYR'XNbYw
^§VEGdGdR�^´KSR�f�kdMmR'^tR'I¼bawmwiVYTj@|zdM_^uz XdPdMmw_f+Pdk KSzdR-kdw_b�KSRE>�ZcbYI�K'`�XJPQKrGdVaKlwpR�bYI�K'`ÅVEX32LR'^§K
VQ^t^twpPJISMmVYG�kdw_bCqQIÃbYG�Mpj¼k%VYXSKNbYGEKeXNVYwmRUMpG o�MmISMpVEG!>
.ÃTÛKSRtG V&X32LR�^´KuIÃMmG�o�MmISPJbYw�IN^§R'GdR'IÂbakQ�
k%R'baXÃkJbaXSKSM_bawmwpq V�^'^§wmPJfQR�fB`dKNz)P6I0@�RUbaXNRÂkJXSR�I�R'GEKNR'fQ@|MpKSz�ISRtoYR'XNbYw\fQM_I 2LVEMpG)KÃk%VYXSKSMmVYGJI�VYT
brXNRt]EMpVEG!>���zJMpG �-VaT8Kub:��MpGJ]rKSzdRUTWVYX>� TWXNVYj�KSzdR4KNb3XJwpRE`?�YR'RtkdMmGd] MpKjX�q KSzdR@zJbaGJfdwpRE>�F�K
M_I¿oYR'XSq�wmM0�YRtwmq�KNzJb�KUqEVYP�ISRtRlKSzdR Pdkdk%RtXUkJbYX�KUVYTiKNzdRrTWVEX�� @|MpKSz�MpKNIUkdXSVEGd]EI¿bYGJf KSzdR
X%VaK�KNVYj�kJbYX�KÃVYT<KSzdR@zJbaG6fQwpRE>Ò�I@�V fQM_ILKNMpG6^´KÒkJMpR�^§R'IP>Ò�xoYR'G�jlVEXSRE`JMpTxqYVEP�I�kJXSR�bYf-VYPQK
qYVEPdX [JGJ]YRtXuI[VEGhKSzdR@zJbaG6fQwpR@qYVEP�baXNRU]YVEMpGd]¼KNV ISRtR4ISRtoERtXubawcfdMmI 2LVYMmG)KÃk6VEX�KNMpVEGJI[VYT<KSzdR
zJbYGJfQwmR&>
��zdR[kJXSR�^§R'fdMpGd]4VYG)KSVEwpVE]YM_^tbaw6^uzdVYM_^§R[kJXSV�o�M_fQR'I<MmGJISkdMmXNbaKSMmVYG¼TWVYXxKSzdRÒGdR\]�K�R\]QkdXNR'INI�Mmo)�

MpKLq RtGJzJbaGJ^tRtj¼RtG)K��E� : D�+=C	� G E PA>B: 0 @�
 G EHGHC;I >

����� � " ��,.'B,
	 
�� )%� "� �  � *(� 4
' R�GdV4@�R2]QkJbaGJf VEPdX¼KSVEk6VEwpVE]YM_^tbaw|j¼VQfQR'wmI)���)��B��� �lKNV�jlVEXSRh]ERtGdR'XNbYw[ILKNXSPJ^§KSPdXNR'I
������B��A � � �´`%@|zJRtXNReb@KNRtXNGJbaXNq X6RtK @iR'RtGdGJR'INI�XSR'wmbaKSMmVYG

�)$'G8A �

I�KNbaG6fdI�TWVYX�� � ��wmMmR'I|VEG KNzdRUI�R']Yj¼RtG)K @|MpKSz�R\]�KNXSR'jlRek%VYMmG)KNIEG bYGJf �?����G � �¼MmGJ^§wmPJfQR�f �v>
!ÃbaKSPdXubaw)R\]dbYjlkJwpR�I�bYXSRxKSzdR�PJISPJbaw�ISkJbY^tR'I � � � `&XdPQK8]YRtG�PdMmGdR'wpqUfQM4�3RtXNRtG)K �Éb4{rGdR8��ISkJbE^§R'I

K){
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5�Mp]EPdXNR�~t}J�4FHG b-K @�V�fQMmj¼RtGJISMpVEGJbawiI�kJbE^§RE`\KSzJR I�R, )PdRtG)KSM_bawibakdkdwmM_^tb�KNMpVEG VaT�KSzdR ^tVYGQ�
oYR2]QMOKLq�VEk6R'XNbaKSVEXÒKNVhKSzdXNRtRrGJVYG�bawmMp]EGdR'f k%VYMmGEKuI¿XNR'ISPdwOKuI¿MmG K @�V�fQM4�%R'XSR'GEK@XSR']YMmVYGJI'�¿b
KSXNM_baGd]EwpR$�WVEGdwmqrKSzdRUISM_fQR'I|bYGJfh^§VYXNGdR'XNI�VaT�MOK9��baG6f KNzdRC[JwmwpR�f KNXSM_baGJ]YwmR&>

5�Mp]EPdXNR-~oGQ�ÂFHG b KNzdXSR'RrfQMpj¼R'GJI�MmVYG6bawÅISkJbY^tRY`BKNzdRrI�R, EPJRtG)KSM_bawÅbYkdkdwmMm^'b�KSMmVYG VaT�KSzdR X%R§�
K @�RtRtGJGdR'INIUVEk6R'XNbaKSVYXUKSV�TWVEPdXlGdVYG ^tVYkdw_baG6baXUk%VYMmG)KNIlbaw_I�V�q�MmRtw_fdI¿K @�V j¼VEXSR XNRt]EMpVEGJI'�
KSzJRB@|MpXNR§� TWXNbYj¼RÒVYT8b@KSRtKSXubazdR�fQXNVYG\`dbYGJf bY]EbYMpG MOKuI�TWPdwmw\MpG)KNRtXNMpVEXP>

baXNRrk%VEINI�M XdwmRY`\KNV�V;A
I�PJ^uz�bEI4yhMmG �YV4@[I���MÅI�kJbE^§R)�1^´T > # o�baG�`�RtG)KSzJRtjh`\~PmE�&K,% �v>-FHG KSzdR
^tbEI�ReVYT � � � `QKSzJRUI�R']Yj¼RtG)K�MmI�KNzdRePJISPJbaw\GJVaKSMmVYG-VaT8bawmwBk6VEMpG)KuI[^§VEwpwmMpGJR'baXI@|MpKSz G bYGJf �

baG6fz@|zdV � I8^tV)VEXNfdMpGJbaKSR�I�bYXSR�MpG�X%R§K @�RtRtG@KSzJVEISR�VYT G4bYGJf �,>�`�PQK<VEGdR|^tbaGlbaw_I�VÂM_fQRtG)KSMpTWq
baG b&XJI�KSXubY^´KÅGJVaKSMmVYG¼VYTBb4I�R']Yj¼RtG)KÅMmGrKSVEk6VEwpVE]YM_^tbawdISkJbE^§RY`EPJISMpGd]UKSzdRÃb&XJI�KSXubY^´KÅXNRtw_b�KNMpVEG
baj¼VEGd]¼k6VEMpG)KNIP>

n���
���
 ST�%���.�����. �%��: ���!:��-/�
s [JXuILK|j¼VQfdbawcwmbYGd]YPJbY]YRebaXNMmISR'I�ISMpj¼kdwmq bEI�TWVYwmwpV4@[I'`QPJISMpGd]rblGdRP@ VEk6R'XNbaKSVYX-Ul`

� � ��� K U � M4� � G � �¼� � � G
� K � ��� � � � K � ���)$�G7A �

sÃI8bÒXSR�I�PJwOK�`�U ��fQR\[6GdR'I�KNzdR�^tVYG�oYR2]U^§wmVEISPdXSRiVaTdKNzdR�XSR']YMmVYG��+>8��zdM_I�ISMmjlkJwpR�R\]�KNRtGJISMpVEG
RtGJXSM_^uzdR'I�VEPdX�R\]QkdXNR'INI�MmoYRÂk%V4@iR'X[^§VYG6I�M_fQRtXub3XJwpqE>
e�g!����#�-��( � # ZÒMmI�KSMmGd]YPJMmISzdMmGd]>fQMpj¼R'GJI�MmVYG6I % FHG#VYPdX-j¼V�fJbaweKSVEk6VEwpVE]YM_^tbYwÒw_baGQ�
]YP6ba]YR�It`YGdVUfQM4�%R'XSR'GJ^§R0@|Mmwmw%X%RÃbakdk6baXNRtG)K�X6RtK @iR'RtG�� �B� � � 8 ��� � � R§Ku^3>m`EX�q@��baXuI��)M � IÅ��zdR§�
VYXNRtj�>�`�PQK[PJISMpGJ]�Ul`%@iR¿fQV ISRtR¿b¼fQM4�%R'XSR'GJ^§RE> 5dVYX|MmGJI�KNbYGJ^§RE`�KSzdR¿kdXNMmGJ^§MmkdwmR

U�U � "&U �

zdVEwmfdI�MmG � �@`JGdVaK|MmG � � 8 �/^§T ><KSzJRÒKNXSM_baGJ]YwmRÒMmG�5�Mm]YPJXSR¼~t}3�v> '>zJbaK|fdV)R�I�zdVYw_f MpG � � 8 MmI
U�U�U � "&U�U �+>Ås[GJf KSzdM_I�kdXNMpGJ^tMpkJwpRÂbaw_I�V@zdVYw_fdIiMpG � � � `?@|MOKNGdR'INIxKSzdRÂMpwmwmPJILKNXNbaKSMmVYG VYT
KSzJReKSR§KNXNbYzdR'fdXSVEG MmG�5�Mm]YPdXNR¼~�G�>
��z�PJI'`%@�R¿zJbCoYR¿baG�MmG)KSR'XSR�ILKNMpGd]¼KNVYk%VYwmVY]EMm^'bawp� ]ERtVYj¼RtKSXNMm^'baw%wmbYGd]YPJbY]YReGdV4@¿`�@|MpKSz�VEk6R'X��
b�KNVYXuI�� �	���	Ul`h@|zdM_^uz ^tbYG X%RlI�KSPJfdMpR�f @|MpKSz VYPdXÂR'bYXSwmMpR'XÃKNR'^uzdGJM0 )PdR�I2>�![R'oYR'X�KNzdRtwmR'INIt`
TWXNVYj b4KSR'^uzJGdMm^'baw3k%VYMmGEK|VYTco�MpRP@>KSzdM_I�w_baGd]EPJba]ERÃzJbEIiblfQXubo@ XJbY^"�3��KSzdRÂGdR2@ j¼V�fJbawmMOKLq
U�M_IeGdVYK:0 GJI;EH<?G O D EHG +=C2> ' RrI�R'R@KNzdM_IeMpG 5�Mp]EPdXSR-~PJ%>=' Rrbaw_I�V MpwmwpP6ILKNXNbaKSRrb ^'bYISR4KNzJb�K
ISzdV4@[I�zdV4@
KNzdR¿j¼V�fJbawmMOKLq U�M_I�GdVaKÃfdMmI�KSXNM XJPQKSMmoYReV�oYR'X�MpG)KSR'XNISR'^§KSMmVYGJI'` 5�Mp]EPdXNRl~4M�>

KEK



(a) (b) (c)

5�Mp]EPdXNR ~�Jd�ÂFHG �1b �Âb TWVYX>��baGJf b �)GJMOTWR �Å� ��baXNRlfQM_ISkdwmbCqER'fh>@F�T+@�R@KNb:�ER4KNzdR ^§VEG�oYR\]
^§wmVEISPdXNR[VaTcKSzdRÒK @iVl^§PQKNwpR'XSq¼MpKSR'j¼I�bYGJf¼KSzJRtG KNzdRÂPdGdMmVYG\`�@�RÒ]ER§KxK @�V@fdMmI�KSMmGJ^´K�XNRt]YMmVYG6I
�/X �v>*.ÒGhKNzdR4VYKSzdR'XÒz6baGJfB`%MpT�@iR4^tVYGJISM_fQRtXÃKSzdR@PdGdMmVYG�VYT�KNzdRUKNzdRUTWVEX��hbaG6fhKSzdR ��GdMOTWR
baG6f�KSzJRtG�Kub:�ERUKSzJRl^tVYG�oYR2]h^twpV)I�PdXNRY`�@�R4]ER§K¿b XdMm]Y]ERtXÂXSR']YMmVYG\`3bYIÒMpwmwmPJILKNXNbaKSR�f�MmG �/^��v>
FHG-TWVYXNj4Pdw_bYI'` U1� � � �?���&U � ��U ��>
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5�Mp]EPdXNR�~oM��@giVEGJISMmfQR'X¿K @�VhTWVYX>��I$�WKSVEk<�u`����3� �
	,> F�T @iR¼Kub:�ER@KNzdR ^tVYG�oYR2] ^§wmVEISPdXNRlVYT
KSzJRrK @iV�TWVYX>��I��/^§R'G)KSRtX9�ebYGJf KSzdR'G+MmGEKNRtXuI�R�^´K¿KNzdR XNR'ISPdwpK6@iR ]ER§KUKNzdR I�KSXNMpk%R'f+XSR']YMmVYG
�/X%VaKSKSVEj � >$.ÒG KSzJRlVYKSzdR'X¿zJbaG6fB`BMOTI@�Rl^tVYGJISMmfdRtXÂKSzdR¼MmG)KSRtXuISR'^´KNMpVEG VYTxKSzJR@K @�V TWVYX>��I
@�Rl]ER§KÂKSzdRrR'j¼kQKLq�XNRt]YMmVYGc`3KSzdRr^§VEG�oYR\] ^twpV)I�PJXSRlVaT+@|zdMm^uz M_IÂKSzdR¼Rtj¼kQKLq XSR']YMmVYG!>@FHG
TWVYXNj4PJwmbEIt` U1� ��� ���
	3���&U ��� ��U �
	,>

KY}



(b)(a)

5�Mp]EPdXNR�~'�J� �1b �¿�I@�V ^tPQKSwmRtXNq MpKSR'jrI2> s I�k%V�VYG @|MpKSz b�k6VEMpG)Klwpq�MmGd]�GdR�baX X)q baGJf b
TWVYX>� @|MpKSz b-k6VEMpG)K¿MpG�X%R§K @�RtR'G MpKNIekdXNVYGJ]EIP> ��X<�Â��zdR¼k6VEMpG)K¿GdR�baXeKSzJR¼ISk%V)VEG wmMmR'IeMmG
X%R§K @�RtRtG�bYG MmG)KSRtXNMmVYXek6VEMpG)K4bYGJf bQX%VYPdG6fdbaXNq�k%VYMmGEKUVYTiMpKP>rFHG KSzJR ^tbYISR¼VaTiKSzdR¼TWVEX��
KSzJR¿k6VEMpG)K[wmMpR�I�MpG�X%R§K @�RtRtG-K @�VqX%VYPJGJfdbaXNq k%VYMmG)KNIP>

5�Mp]EPdXNRl~�md� '>MOKNzhKSzdR¿bEfdfQR'f X%R§K @�RtRtGJGdR'INI�VYk%RtXub�KNVYXI@iRe^tbYG-fdMmI�KSMmGd]YPJMmISz�X6RtK @iR'RtGhb
kdXNVYk%RtXNwpq fQXSR�ISISR'f KNb&XdwpRUbYGJf-b�� j¼R'INI�q �dVEGdR&>

��zdR¿ISVYwmPQKSMmVYG-MmI|KSV¼MpG)KNXSVQfQPJ^tR¿b O G D-@=<*Pe^§VYG�oER\]QMOKLqrj¼VQfdbYwpMpKLq�� �Â�
� � ��� K � ��� � � � � M � � G ���¼� � � G�� K � ��� ��� � K � ���)$�G7A �

��zdR¿w_b�KSKSRtX[fdR\[JGdR�I-U�bEI�TWVYwmwpV4@¿�
U � K � ��� � � � ���

`�PQK[MmGhbEfdfQMpKSMmVYG\`QMpKÃINb�KSM_I [JR'I�KNzdReK @iVrfQM_I�KSXNM XdPdKSMmVYGhwmbo@[I'�
� ��� � 6���� 8���� � "�� �*� � 6���� � ��� �*� � 8���� �
� ��� �#� � 6���� 8,��"�� � � �#� � 6��"� ��� �*� � � � 8��"�

FHG�@|zJb�K�TWVEwpwmV4@[It`?@�R¿I�z6bawmwh@iVEX�� @|MpKSz-KNzdR¿wmbaK�KNRtX|w_baGd]EPJba]ER&>
n���
�� ( "�������-/�� P�/�������%��:w�.������
��zdR KSR'^uzJGdVYwmVY]Eq VaT6XJMmISMpj@Pdw_b�KSMmVYG6I baG6f>]EbYjlR�IrR\]�KNRtGJfdI KSV KSzdR GdR2@ w_baGJ]YPJbY]YR�MmG
b ILKNXNbYMp]Ez)K�TWVYX @�baXuf j¼bYGdGdR'XP> ' R�I�KNbaKSR�b G�PdjzX%RtXrVYTÂfQR2[JGdMpKSMmVYGJIrbYGJf XNR'ISPdwpKNI'`�bYwpw
V&XdKNbaMmGJb&XdwpRCX�qrKNzdR¿R'bYXSwmMpR'X|baXN]YPdj¼RtG)KuI2>

KsG



� ������t P�/���x( :�� ;�� �� N��/����� ��-/�? ��/�.� � bÂMmoYRtG K @�V KSVYk%VYwmVY]EMm^'baw|j¼VQfQRtw_I)���)��B�
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