
 

 

 
 
 

 
 

UNIVERSITY 
OF TRENTO 

 DEPARTMENT OF INFORMATION AND COMMUNICATION TECHNOLOGY
  

38050 Povo – Trento (Italy), Via Sommarive 14 
http://www.dit.unitn.it 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOMOGRAPHIC SUB-SURFACE DETECTION OF DEFECTS BY MEANS OF A 
GA-BASED INVERSE SCATTERING PROCEDURE  
 
M. Benedetti, M. Donelli, A. Massa, M. Pastorino, and A. Rosani 
 
 
May 2005 
 
Technical Report DIT-05-005 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 



����� �����
	������������������������	����! "�$#%�&�'#%���)(*�)� "�+�,�&�-#/.0�213� �&	)(�.

�)�0	 4"56�7�8	�.9�&: ;<(>=?�$�@.%�*���$	A#9#%�$�@��(�� BC���D���&:����@�

EGF�HJILK�M?N�K�HLKPOLKRQSQSTVU>E8F�WSWXTZYD[0\][^H7KPMZM_TVU�`]H7OLaSKPFbEGF�WSWSF7U�EGFcQSQSKP[bd�F�WXQS[^aST_HL[LUfegF�HLOC`hHLOLaSKPF
ij[�WkF�HLT

\]KPlLF�aXQSY�K�HJQj[�m�noH7mp[^aXYqF,QkTZ[�H�F�HLOGr�[^YDY?ILHLT_stFcQSTZ[^H�u/KPswv7HL[^MZ[�x^TZK�WPU
yhHLT{z^K�aSWST{Qo|�[�m�u�aXKPH}Qk[7UL~�T�FD��[�Y�Y�F�aST{z^K?�P�LU��^�^�^���?u�aXKPH}Qk[>�'n�QwFcM_|
u�K�MV�'�A�^�2���}�����^�}���}����UL��F,�8�A�^�2���^�7���^�}�����^�
�@�oY�F�TZM��$���<���k�S�}�Z�D�,�w�P�L $¡¢�¤£}�Z¥¤��¡¢¦��<�Z¡¢¦¢§

¨ �D����¥��R©{�¢ªR�R���S�¤�R¦«¦«¡¢U��D�,�w�R¡¢�q¬��¢�¤¬,���R©¢©f¡¢U����<���w�S�}�Z�k¬�P����¡k®,¯2��¡¢¦V�Z¥���¡¢¦«�<�Z¡¢¦

e�\]KPl�FcaXQkYDKPH}Qj[�m@N�TZ[�lLv}|�WXTZsPF�M9F�HLO8�°MZK�s�QkaX[^HLT_s��±H7x^TZHLK�KPaXTZHLxLU
yhHLT{z^K�aSWST{Qo|�[�m
²�K�HL[}F7U�~�T�F2³�l<KPaSF�d°T�F����µ´c`�U���7�t�J�2²AKPHL[^F?��n�QwF�M{|
u�K�MV�'�A�^�2�7��>�^���}�^�c�}��UL��F,�8�A�^�2�7�t�>�}���}�^�,�J�
�@�oY�F�TZM��%¶7�,�R¦o¬,�·¡¢��¬� &��¡«ªR�P�Z¥���¡{£¤�P�Z¡¢¦

�



����� �����
	������������������������	����! "�$#%�&�'#%���)(*�)� "�+�,�&�-#/.0�213� �&	)(�.

�)�0	 4"56�7�8	�.9�&: ;<(>=?�$�@.%�*���$	A#9#%�$�@��(�� BC���D���&:����@�

EGF�HJILK�M%N�KPHLK�OLK�QXQkT�U<EGF�WSWXTZYD[D\][^HLK�MZMZT�U7`hHLOLaSKPFqE8F�WSWSF7U<EGFcQXQkKP[�d@FcWXQk[�aSTZH7[LU�F�HLO�`hHLOLaSKPF
ij[�WkF�HLT

¸)¹�ºw»·¼�½}¾µ»
¿«À�ÁoÂ}ÃÅÄ$Æ¤ÇPÆLÈkÉ·Ê�ÇPÀ�ÇtÄËÄËÈwÄËÄoÌ�ÈkÀcÁ+ÍPÎ/ÁoÂJÈ]ÃfÀ,ÁËÈkÏÉÐÇPÁËÈwÑ�ÏµÈkÀJÈkÁoÃÅÒSÓ�ÇPÔfÏµÍtÉoÃfÁoÂ}ÌÕÄoÁoÉÐÇPÁËÈkÏÖD×¤ÇtÄËÈwÑ�ÍtÀ
Ç&ÀcØ}Ì�ÈkÉoÃÅÒ·ÇPÔfÔfÖ�ÒwÍtÌAÆ}Ø}ÁËÈwÑDÙ$ÉËÈwÈkÀ�ÚÛÄ/Î�Ø}ÀJÒkÁoÃÅÍtÀ)Î�ÍtÉ
ÄoØ}×JÄoØ}É�ÎpÇtÒwÈ'ÃfÀcÜµÈkÉËÄËÈ$ÄËÒ·ÇPÁoÁËÈkÉoÃfÀ}Ï�Æ}ÉËÍt×}ÔÅÈkÌ�Ä
ÇPÉoÃÅÄoÃfÀ}ÏAÃfÀ?Ý-Þ$ß�àPÝ�Þ$á�ÃfÀJÑ^ØJÄËÁoÉoÃ{ÇPÔ<ÇPÆ}Æ}ÔfÃÅÒ·ÇPÁoÃÅÍtÀJÄ°ÃÅÄ@Æ}ÉËÈwÄËÈkÀ,ÁËÈwÑ�â�á<Í�ÄoÂJÍ·ãäÁoÂJÈ$ÈSå�ÈwÒkÁoÃfÜµÈkÀJÈwÄËÄ
ÇPÀJÑæÒkØ}ÉoÉËÈkÀ,Á�ÔfÃfÌAÃfÁÐÇPÁoÃÅÍtÀJÄ�ÍPÎ-ÁoÂJÈ2ÇPÆ}Æ}ÉËÍµÇtÒÐÂçÃfÀæÑ}È·ÇPÔfÃfÀ}Ï�ã°ÃfÁoÂæÜÇPÉoÃÅÍtØJÄAÄËÒwÈkÀ¤ÇPÉoÃÅÍÄ�ÒÐÂ¤ÇPÉÐÇtÒSÓ
ÁËÈkÉoÃfè·ÈwÑé×,Ö8ÔÅÍÄËÄoÔÅÈwÄËÄAÇPÀJÑGÔÅÍÄËÄoÖ�ÂJÍÄËÁ]Ì�ÈwÑ^Ã{Ç�ÇtÄ�ã@ÈkÔfÔ'ÇtÄhÃfÀéÀJÍtÃÅÄoÖ8ÈkÀ,Ü�ÃfÉËÍtÀ}Ì�ÈkÀ,ÁËÄ·Ê
ÄËÈkÜµÈkÉÐÇPÔ
À,Ø}Ì�ÈkÉoÃÅÒ·ÇPÔ°ÈSê^Æ7ÈkÉoÃfÌ�ÈkÀcÁËÄ]ÇPÉËÈ)ÒwÍtÀJÄoÃÅÑ}ÈkÉËÈwÑ�â>á
ÂJÈ�Ít×}ÁÐÇPÃfÀJÈwÑ8ÉËÈwÄoØ}ÔfÁËÄ]ÒwÍtÀ^ëJÉoÌ�ÁoÂJÈ�ÈSå�ÈwÒkÁoÃfÜµÈSÓ
ÀJÈwÄËÄ
ÍPÎ<ÁoÂJÈ+ÇPÆ}Æ}ÉËÍµÇtÒËÂ>ÃfÀ�Î�Ø}ÔfÔfÖ�ÈSê�Æ}ÔÅÍtÃfÁoÃfÀ}Ï�ÁoÂJÈ+ÇwÜÇPÃfÔ{ÇP×}ÔÅÈ�ìtíÅî�ïXð¢ñtïSð9ÃfÀ^Î�ÍtÉoÌ�ÇPÁoÃÅÍtÀ?ÁoÂ}ÉËÍtØ}ÏÂDÇ
ÄoØ}ÃfÁÐÇP×}ÔÅÈ]ÄËÒ·ÇPÁoÁËÈkÉoÃfÀ}Ï)Ì�Í�Ñ}ÈkÔpÊ�ã°Â}ÃÅÒËÂ�ÇPÔfÔÅÍ·ã±Ä+ÇAÀJÍtÀ^ÓpÀJÈkÏÔfÃfÏÃf×}ÔÅÈ�ÈkÀ}Â¤ÇPÀJÒwÈkÌ�ÈkÀcÁ&ÍPÎ%ÁoÂJÈ&ÉËÈwÒwÍtÀ^Ó
ÄoÁoÉoØJÒkÁoÃÅÍtÀ�ÇtÒwÒkØ}ÉÐÇtÒkÖ�ÇtÄ-ã�ÈkÔfÔ%ÇtÄ�Ç�ÉËÈwÑ^ØJÒkÁoÃÅÍtÀ�ÍPÎ%ÁoÂJÈhÍRÜµÈkÉÐÇPÔfÔòÒwÍtÌAÆ}Ø}ÁÐÇPÁoÃÅÍtÀ¤ÇPÔ9×}Ø}ÉËÑ}ÈkÀqã°ÃfÁoÂ
ÉËÈwÄoÆLÈwÒkÁ±ÁËÍAÄoÁÐÇPÀJÑJÇPÉËÑ>ÃfÀcÜµÈkÉËÄËÈjÄËÒ·ÇPÁoÁËÈkÉoÃfÀ}Ï�ÇPÆ}Æ}ÉËÍµÇtÒËÂJÈwÄ·â

ó8ô}õ÷ö?ø�ù,ú�ûc�

üh\]uj´�ü]\]�&U9noH7OLILWXQSaSTZF�M°d°aS[¤sPK�WSWAu/[^Y�[�x^akF�l7vJ|�U%��ILý7WSILaÐm«F�sPKDE8T_sPaX[µþ�Ftz^K2noY�F�x^TZH7xLU
²AKPHLKRQkT_s�`hMZx^[�aST_QSvLY

�



ÿ ;<(>#9�@�D:����-#%���)(

��ILýLWXILaXm«FcsPK�WSK�HLWST_HLxæTZH}z^[�M_z^K�W?QkvLK�O7K�QkK�s�QSTZ[^HòU°QSvLK�MZ[¤stF�M_T��PFcQkT_[^HòU9QkvLK�O7TZWSs�aST_Y�T_H�FcQkT_[^HòU�F�HLOäQkv7K
TZOLK�H}QkT��LstFcQSTZ[^H2[�m9I7H��JHL[þ&H��«[^a'l�F�aÐQkTZF�MZM{|��JHL[þ&H
	'[�ý��XKPsRQkW�I7HLOLKPaXHLKtF,Qkv�F�HLO�[^H�F�WSILaÐm«F�sPKc�
~'F�aÐ�
TZ[^I7W]F�l7lLMZT_stFcQSTZ[^HLW+[cm°aSK�M�FcQSKPO8QSKPswvLH7[^MZ[^x�TZKPWjTZH8YqFcHJ|�WXsPT_KPH}QkT��s?F�H7OéKPHLx�TZHLK�KPaST_HLxqý7akF�HLswv7KPW�sPF�H
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s�[^HLWXTZOLK�aSW°x^M_[^ý�F�M
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T_QkFcQkT_[^HLW�[�m$QSvLK��/²�`�OLILK�Qk[GQSvLKqMZF�aSx^KDOLT_Y�K�HLWST_[^H�[cm+QkvLK�ILH��JHL[þ&HLW2F�aXakFt|^�8u�[éaXKPOLI7sPK�Qkv7K
sP[^YDlLI7QkFcQkT_[^H�F�M7ýLILaSO7KPHq[cmòQkvLKh�/²�`?�pYqF�T_H}QwF�T_HLTZHLx]T_QkW@��KR|2mpKtFcQSILaSK�W�	RU�F�H�TZYDlLaS[z^K�O�YDTZs�aS[þ�Fz�K
TZY�F�x^T_HLx�lLaX[�s�KPOLILaXKqsPF�MZM_KPOA8ËnoHLv7[^Y�[�x^KPHLK�[^ILWË�oWSlLF�sPKq²�aXKPK�H;: W�mpILHLsRQkT_[^H�`hlLlLaX[}F�swv=<A�pnÐ²�`1	�v�FcW
ý K�KPHæaSK�sPK�HJQSM_|GlLaSK�WSKPH}QSKPOB� ���'�V��`!lLaXKPMZT_Y�T_H�F�aÐ|�F�WSWXKPWXWSYDKPH}Q�v�F�WAý<KPKPHæl<KPaÐmp[^aSYDKPO ý}|Gmp[¤sPI7WSTZH7x
[^H�QSvLK�aXKPM�F,QkTZ[�HLWSvLT_l�ý<K�Qoþ-KPK�H QkvLKqaSKPs�[^HLWÐQkaSI7s�QkT_[^HäF�s�sPILaSF�s�| F�HLO�QkvLK�sPakFcs��4: W>swv�F�aSF�s�QSKPaXTZWXQSTZs�W
�«OLT_Y�K�HLWST_[^HLW+FcHLO8[�aSTZK�H}QwFcQSTZ[^H
	·�
noH�QSvLTZW�l�F�l<KPa�U/QS[Gs�[^Y�l7MZK�QSK>QkvLKDHJILY�K�aST_stF�M
zcF�M_TZO�FcQSTZ[^H�Uòx^aSKPFcQ)stF�aXK�T_W�O7K�z^[cQkKPO�Qk[OLK�QSKPaSYDTZH7K
QkvLK�OLK�l K�HLOLK�HLsPK?[cm@Qkv7K)aXK�QkaXTZKRz�FcM9stF�l�FcýLTZM_T_QkT_KPW$[cm@Qkv7K)nÐ²A` [^HQSvLK�l�F�akFcY�KRQkKPaXW]FcHLO8x�KP[^YDK�QSaSTZs
mpKtFcQSILaSK�W&[�m�QSvLK�vL[^WÐQhYDKPO7TZILY�þ&vLKPaXK�QSvLK�OLK�mpK�s�QhTZW+ýLI7aSTZK�Oò�
u+vLK�Y�F�HJILWSs�aSTZl�Q2TZW?[^aXx}F�HLT��PK�O÷F�W?mp[^MZM_[þ&WP�çnoH �¤KPs�QSTZ[^Hg�GQSvLK�WSILý7WSILaÐm«F�sPK�TZH}z�KPaSWXK�WSstF,QSQkK�aST_HLx
lLaS[�ýLMZK�Y F�aXTZWST_HLx TZH ü]\]�-´cü]\]u6T_HLOLILWÐQkaXT�F�M+FclLlLMZT_stFcQSTZ[^H7W?TZW2lLaXKPWSK�H}QkKPO0F�HLOgYqFcQSvLKPY�FcQSTZstFcMZM_|
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mp[^aSY�ILM�FcQSKPOéT_HéQkK�aSYDW�[�m-F�Hæ[^l7QSTZYDT��tF,QkTZ[�H8lLaX[�s�KPOLI7aSK�U9þ&vLT_swvæsP[^HLWXTZOLK�aSW�F�WSI7T_QwFcýLMZK)WSstF,QSQkK�aST_HLx
Y�[¤OLK�MjýLF�WSK�O [�H F HJILYDKPaST_stF�M_M_|÷s�[^Y�l7I7QkK�O0TZHLv7[^Y�[�x^KPHLK�[^ILW�²�aXKPKPHC: WqmpI7HLs�QSTZ[^Hò� u+vLKPHòU&Qkv7K
T_QSKPakF,QkT_z�K�WS[�MZI7QSTZ[^H�lLaX[�s�KPWXWhý�FcWSKPO[^HF>sPILWÐQk[^YDT���KPOv}|�ý7aSTZO8²A` lLaS[¤sPK�OLILaSK�T_W+ýLaST_K/�L|qaSKPWXILYDKPO
TZHç��K�s�QP�?��F�HLOçF�WXWSKPWXWSK�O�Qkv7aS[^ILx�v�F�MZF�aSx�K?WSKRQ�[�m�HJILYDKPaXTZsPF�M@K·�7l<KPaXTZYDKPH}QkW�FcTZYDKPO FcQ�l<[^T_HJQSTZHLx
[^I7Q�QSvLKéaSF�HLx^Ké[cm�FclLlLMZT_stF�ý7TZMZT{Qo|ä[�m�Qkv7K F�lLlLaX[}F�swv?�V�¤KPs�QP� �D	R� �@TZH�FcMZM_|�U$WS[�Y�KéaXKPY�F�a"�JW�FcHLO
sP[^H7sPMZI7WSTZ[�HLW&F�aSKAaXKPl<[^aXQSKPOE�V��K�s�QP���+	R�

F G 	A#/���&� 	A#%���$	2H9Iq���@� �0H�	�#%�R�)(

�9K�QAILWAs�[^HLWXTZOLK�a�QkvLK?l7aS[^ýLM_KPY x^KP[^YDK�QSaX|8WSvL[þ&HæTZHæ��TZx^ILaXKq�J�X�=	·����[^ajQkvLK>WSF+��K2[�m'WXTZYDlLMZT_sPT_Qo|�U
F�M_QSvL[^ILx�v8Y?I7swvé[�m°Qkv7K�OLT_WSsPI7WSWST_[^H F�M_WS[�F�lLlLM_TZK�WjQS[�Fqx^K�HLKPaXTZs�QkvLaXKPKR��OLTZYDKPH7WSTZ[�H�F�M9WSs�KPH�FcaSTZ[7U<þ-K
aSKRmpKPa±TZH?QSvLKjmp[�MZMZ[þ&T_HLxhQS[�QSvLK+Qoþ�[c��OLTZYDKPH7WSTZ[�H�F�M7WXstF�MZF�a°stFcWSK�U�K LNMPO*Q�R>S·�
` sR|¤MZTZH7OLaST_stF�MLv7[^WXQ'[^ý��
�XKPsRQtUµþ&T_Qkv�F��JHL[þ&H?T_HLvL[^YD[^x^K�HLKP[�ILW%sPaS[�WSW/WSKPsRQkT_[^H�TVU�U,MZT_KPW%TZH)F�H�vL[^YD[^x^KPH7KP[^ILW/ý�F�s��Jx^aX[^ILHLO�[�m
OLTZK�MZK�s�QkaXTZs+swv�FcakF�sRQkKPaXTZWÐQkTZs�WWMYX�Z[Q�\
Z]Q�^_Z*S·�
u+vLKjOLTZK�MZKPsRQkaXTZs+lLaX[^l K�aXQSTZKPW±[�m;TVU F�aXK`MPX�UaQ�\
UbQ�^;U[SR�@`
OLK�mpK�s�Qdc TZW
ý7ILaST_KPO?T_H�QkvLK+v7[^WXQ°YDKPO7TZILY��` WSKRQ±[�mCe TZHLs�TZOLK�H}Q
KPM_KPsRQkaS[�YqF�x�HLK�QSTZsa�LKPMZO7WPUDf gihkjl MmK SRU
n L?o+Qkp�ppQ%eDULT_W$ILWXKPO�Qk[>WSK�HLWSK�Qkv7KAWSstF,QSQkK�aSK�ajI7HLOLKPa+QSKPWXQjFcHLOF2WXK�Q&[�m[q Y�KPF�WSI7aSKPYDKPH}Q&l<[^TZH}QSW
F�aSKAM_[�sPFcQkK�OF�sPs�[^aSOLT_HLx>Qk[DF?Qk[^YD[^x^aSF�lLvLT_sAF�aXakF�HLx�KPYDKPH}Q+Qk[2sP[�MZMZK�s�Q+WXstFcQXQkK�aSKPO8TZH7mp[�aSY�FcQkT_[^Hò�
` WÐQwF�H7O�F�aSO�TZY�F�x^T_HLxAlLaS[¤sPK�WSW$T_W�FcTZYDKPODFcQ-aSKPs�[^HLWÐQkaSI7s�QkT_HLx�QSvLKhO7TZKPM_KPsRQkaST_s&lLaS[^l<KPaÐQkT_KPW'[�mòQkv7K][^ý��
�XKPsRQ���FcHLO�sP[�HLWSK/�¤I7KPH}QkM{|^ULT{QkW'WSv�F�l<K�FcHLO�ý<[^ILHLO�FcaSTZK�W�	±ýJ|�rc¡¢�ts��R�·¦«¡¢�¤£;r+QSvLK]WXstFcQXQkK�aSKPO�OLFcQwF7�@u+vLK
F�aST_WST_HLxhT_H}z^KPaXWSK$WXstFcQXQkK�aSTZH7x]lLaX[^ýLMZK�Y TZW/ILWSI�FcMZM_|�v7KtFtz¤TZM_|�T_MZMÅ�ol<[^WSK�Oò��E8[^aSK�[z^KPa�U�Qkv7K$OLTZWXsPaXK�QkT��tFcQSTZ[^H
[�m�QSvLKhþ&v7[^MZKjsPaX[^WSW-WSKPsRQkT_[^H�[�mòQSvLKj[^ý��XKPsRQ+aSK/�JILTZaXKPW$F�M�F�aXx^K&HJILY?ý<KPa'[�m9ILH��JHL[þ&HLW+Y�F+�JTZH7x�z�KPaX|
OLT�uDs�ILM_Q�F�HLO sP[�Y�lLI�QwFcQSTZ[^H�FcMZM_|qKR��l<KPHLWXT_z^KDF�HæFcsPsPI7akFcQSK>aSKPs�[^HLWÐQkaSI7s�QkT_[^H [�m±Qkv7K?OL[^Y�F�TZH8ILHLOLK�a
QkK�WXQt�
³�H Qkv7KGsP[�HJQSakF�aÐ|^U+mp[^a2QkvLK8OLK�QSKPsRQkTZ[�H0[�mAWXILýLWSI7aXm«F�s�KésPaSF�s��JW�TZH FE�JHL[þ&H sP[^H>�Lx^ILakF,QkTZ[�HòU�Qkv7K
lLaS[�ýLMZK�Y sPF�H ý<KGWST_x^HLT��stF�H}QSM_|gWST_Y�lLM_T���K�Oò� u�[þ�F�aSOLW�QSvLTZW�KPHLO�UjM_K�QqILW�OLKv��HLKéQkv7KGmp[^MZM_[þ&TZHLx
WSsPFcQSQSKPaST_HLx2l [cQkKPH}QST�F�M_W�þ&T_QSvaXKPWXl K�s�QjQk[>QkvLK�K·��QSKPaXH�F�M%ý�F�s��Jx^aX[^ILHLO

w=x MYK S]L o
y�z'{*| X�Z~}=� \ x MmK S)�-\
Z;��� y�z'{�| X+Z � X x MYK S)��o ��� �Ð��	
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w U�MmK SdL o
y�z'{�| X�Z }=� \
U�MYK S)�-\
Z;��� y�z'{�| X�Z � X�U�MmK S)�7o �m� �V�+	

þ&vLKPaXK7MPX x Q�\ x SqOLK�HL[�QSKçQSvLKæaSKPMZFcQkT{z^K OLT_KPM_KPs�QSaST_s l K�aSYDT_QSQST_z¤T_Qo| F�H7O QSvLKæsP[^HLO7ILs�QST_z¤T_Qo| [cm�Qkv7K
sPaSF�s���cDU7aSKPWXl K�s�QST_z^K�M_|��$yhH7MZT��cKATZY�F�x^T_HLx>F�lLl7MZTZsPFcQkT_[^HLW��«�@TZx�ILaSK?�D�Sª$	"	·ULQkvLK�vL[^WÐQjY�K�OLTZILY TZW+Qkv7K
r�lLaX[^l�F�x}F,QkTZ[�HGYDKPOLT_ILY�rAmp[^ahQSvLK�þ�Ftz^K2TZHLs�TZOLK�H}QA[^HéQkv7K?sPaSF�s��-�«�@TZx^I7aSKq�D���k	"	·�Au+vLKPaXK�mp[^aXK�UòQkv7K
WSsPFcQSQSKPaSK�OA��K�MZOstF�H8ý K�sP[^YDlLI7QSKPOQkvLaX[^ILx^vGF�HGT_HJQSKPx^aSFcQkT_[^H�MZT_Y�T{QkKPO�QS[DQSvLK)F�aSKPF�T x [¤sPs�ILlLTZK�O
ý}| Qkv7K�ILH��JHL[þ&H÷OLK�mpK�s�Qt��u+vLK�sP[�Y�lLI�QwFcQSTZ[^H�FcM-WSFz¤T_HLx TZW�QSvLKPH÷KRz�T_OLKPH}Q2ý}|äFcMZWS[ s�[^HLWXTZOLK�aSTZH7x
Qkv�F,Q]T{QkKPaSFcQkT{z^K�WS[^M{z¤TZHLxDlLaS[¤sPK�OLILaXKPWPU�aSK �JILT_aST_HLxqF2mp[^aXþ�F�aXOésP[^YDlLI7QkFcQkT_[^H8FcQ]KPF�swv T_QSKPaSFcQkT_[^HòU�F�aXK
ILWSILF�MZM{|DF�lLlLM_TZKPO��°E8[^aXK]T_HqOLKRQwF�T_MVU}QkvLKhWSsPFcQSQSKPaSK�O���KPM_OòU=f � jY�����l MmK ��S·U n L?o�Qkpp�pQ%e2U=��L?o�Qkpp�pQ%q U
F�HLOäQkv7K�TZH}QkK�aSH�F�M-Qk[�QkF�M$KPM_KPsRQkaST_s���KPM_OòU@f �����l MmK SRU n L�o�Q p�pp�Q�eDU-F�aSK�x^T{z^K�Hgý}| QSvLK�þ�K�MZMÅ���JHL[þ&H
��aSKPO7vL[^MZY TZH}QkK�x^akFcM+K �JI�FcQSTZ[^HLWD[�mhQkvLK���aSWÐQ�FcHLO WXKPs�[^HLO7�JTZH7O TZH}z�[^M_z¤TZH7xæQSvLKlLaS[^l<KPa�²AaSK�KPH;: W
mpILHLsRQkTZ[�H�� ���v�V�±noH�mpILHLs�QSTZ[^HLF�M�HL[cQwFcQSTZ[^HòU�QkvLK�WSK�K �JI�FcQSTZ[^H7WjsPF�Hý K�aSK�lLaSK�WSK�HJQSKPO FcW$mp[^MZM_[µþ&W

��������� w MmK SCQ�f �����l MmK S  ��-f � jm�����l MmK ��SdL¢¡ �£L?o�Q p�pp�Q�q n L?o�Q p�pp�Q�e ����	

¤ �����V� w MYK SCQ�f �����l MPK S/ 2�-f gihkjl MmK SdL¥¡ n L¦o�Qkpp�pQ%e �«�D	
þ&vLKPaXK+QkvLKjWSILý¤�oWSs�aST_l7Q�r�nÐ²�`�r$TZHLOLT_stFcQSKPW
QSvLKjF�lLlLaX[}F�swvDaSKPMZFcQkK�O>Qk[�QkvLKh²AaSKPK�H;: W±mpI7HLs�QSTZ[^H>mp[^a°Qkv7K
TZHLv7[^Y�[�x^KPHLK�[^ILWjlLaS[�l�F�x}FcQSTZ[^H8Y�K�OLTZI7Y8��E8[^aSK�[z^KPa�U9K �JI�FcQSTZ[^H-���D	&vL[^MZO7WAFcQ]QSvLK?YDKtF�WXILaSK�Y�K�H}Q
l [�TZH}QkW��mK L K �#	·U�þ&vLKPaXKtF�W8K �JI�FcQSTZ[^HN�«�J	�vL[^M_OLWTZHLWXTZOLK§c �mK ¨©T x 	R� u+vLK§��KR| l<[^TZH}QTZW
QkvLKGsP[^YDlLI7QkFcQkT_[^H [cmAQkvLKæ²AaSK�KPH;: W�mpILHLsRQkT_[^H mp[^aDQkvLKéT_HLvL[^YD[^x^K�HLKP[�ILWqs�[^H>��x^I7akFcQSTZ[^Hª���@T_x^ILaSK
�J���k	�	R�/`]H�F�M{|JQkTZsPF�M}mp[^aSYDW�mp[�a@WSI7swv�F�²�aXKPKPHC: W
mpILH7s�QkT_[^H>F�aXK+FtzcF�TZMZF�ýLMZK±[^H7M_|�mp[^a@sPF�HL[^H7TZstFcM�[^ýJ�XKPs�QSW
� �¤�/��� �^�$�V�W(h[þ-K�z^K�aPU�QSvLK2²AaSK�KPH;: WhmpILH7s�QkT_[^HGsPF�Héý<K�s�[^Y�l7I7QkK�O«��F�s�sP[^aXOLTZH7x�Qk[�T_QSWhOLKv��HLT{QkTZ[�H
	jFcW
QkvLKAmp[^aÐþ$FcaSOGWX[^MZI�QkTZ[�H[cm°F2OLTZaXKPs�QjWXstFcQXQkKPaXTZHLxDlLaX[^ýLMZK�YÕþ&vLK�aSK?F2MZT_HLKAsPI7aSaSK�H}Q�x^K�HLKPaSFcQkK�W]F¬��KPM_O
TZH�Qkv7K)T_HLvL[^YD[^x^K�HLKP[^I7Wjs�[^H>��x�ILakFcQSTZ[^HWSv7[µþ&H8TZH8�@TZx7�h�J���k	R��u+v7TZW&stF�H8ý K)F�s�sP[^YDlLMZT_WSvLK�O�TZH8F�H
K/. KPsRQkT_z�K'þ�Ft|�ýJ|�ILWXTZHLxhF&WSILT{QwF�ýLM_K±OLTZaXKPs�Q/WXstFcQXQkKPaXTZHLxhY�KRQkvL[¤O�lLaS[^l<[^WXKPO�T_H�� ���$�V��`]W�F�H�K·�LFcY�lLM_K�U
�@TZx�ILaSK���WSv7[µþ&W�F�lLTZsRQk[^aXT�F�M9aXKPlLaXKPWSK�H}QwFcQSTZ[^H [�m°QSvLK2²AaSK�KPH;: W]mpILHLsRQkT_[^HGmp[^a]FqWS[^I7aSsPK�MZ[¤stFcQSKPOéF,Q
O�LRVL?�W¡>p�¡ z�®d¯ F�HLO�s�[^Y�l7I7QkK�OqTZHqF)W��¤ILF�aSKjQoþ�[c��OLTZYDKPH7WSTZ[�H�F�M�OL[^Y�F�T_H�[�m9F�aSKPF z p±° ¯³²�z p´° ¯
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sP[^H}QkF�TZHLT_HLx F�Häv7[^WXQ2YDKPOLT_ILYµ¡>p�¶ ¯ �oWXTZOLK�Oò��n�Q2WXvL[^ILM_Oäý K�H7[�QkT_sPKPOäQSv�FcQ>WXILswv F s�[^Y�l7I7QwFcQSTZ[^H
TZWhl K�aXmp[^aXY�K�Oé[^HLM{|J��[^HLs�K)mp[^a�KRz^K�aX|év7[^WXQAYDKPO7TZILY sP[�H>��x^ILaSFcQkT_[^H F�H7O [+.<��MZT_HLK��hu+vLKPaXK�mp[^aXK�UòQkv7K
aSK�sP[^HLWÐQkaXILs�QSTZ[^H�lLaX[�s�KPWSWjTZW+s�[^HLs�KPaSH7KPOG[�HLM_|�þ&T_Qkv�Qkv7KAsPakFcs���F�aSKPF7�
u�[�Ftz^[�TZO2F�aÐQkT_m«Fcs�QkW@TZH>QkvLKb�LH�F�MLaXKPsP[�HLWXQSaSILsRQkTZ[�HòU}QkvLK+T_HJz�KPaXWSKjlLaS[^ý7MZKPY TZW
aXKPsPF�WXQ-F�W±F�H2[^l�QkTZYDT��PF,�
QkT_[^Hé[^HLKc�?u+vLT_WAWS[^M_I7QkT_[^H WXQSakFcQSKPx�|Gv�F�WAý<KPKPHæþ&TZO7KPM_|8TZH}z�KPWXQSTZx}F,QkKPOæý}| WXK�z^K�akF�M±aXKPWSKPF�aSswvæQkKPF�YDW
�«WXKPK�U°mp[^a)KR�7F�YDlLMZKcU�� �'�·�Å�µ�'�$F�HLO QSvLK�aSKRmpKPaXKPHLs�KPW2sPT{QkKPO QSvLKPaXKPT_H
	R�æd°aSK�WSK�HJQ�F�I�QkvL[^aXW?sP[�HLWST_OLKPaXKPO
WSILswvqF�H�F�lLlLaX[}F�swv2mp[^a±TZY�F�x^TZH7x�F�HLO�ü]\hu F�lLlLM_TZsPFcQkT_[^HLW@QS[�[LU}T_H>þ&vLTZswvDQkvLK+þ&vL[^M_K&sPaS[�WSW'WSKPsRQkT_[^H
v�F�W±ý<KPKPHDQwF+�cKPH�TZH}Qk[�F�s�sP[^ILH}QP�°u+vLKjmpI7HLs�QSTZ[^H�FcM7Qk[�ý KjYDTZHLT_Y�T��PKPO)stF�H�ý K&OLKv��HLK�O�F�W'F�YDKtFcWSILaXK
[�m/QkvLK!�LQXQkTZH7x>ý KRQoþ�K�KPH F�sRQkI�FcM9F�HLOlLaSK�OLTZsRQkK�O8O�F,QwF7�

¸ � w MmK S3Q�f �����l MYK S   L¥¹»ºv¼�½¾·¿�À ¼�ÁÂt¿�À �±ÃDÄmÅ$Æ
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Ô º ¼ ½¾·¿�À �±ÕJÄmÅ'Æ�}kÇ�È�É Ê5Ë Ì Í�ÎmÍ¾ È�É Ê ��Ï Ì Ö±×�Ñ¾ È�É Ê � ºº ¼ ½¾·¿�À � Ì Ö±×�Ñ¾ ÈiÉ Ê � º
�V�+	

¹äF�HLO Ô ý<KPTZH7xDaXKPx^I7M�F�aXT��tF,QkTZ[�H�sP[^H7WXQwFcHJQSWhI7WSI�F�M_M_|qswvL[^WSK�HGQk[2[^ý�QwF�T_H8F2x^[¤[�O�ýLF�M�F�H7sPK�ý KRQoþ�K�KPH
QkvLKhQoþ�[?QSKPaSYDW$[�m9QSvLK]mpILH7s�QkT_[^H�F�M F�HLO�QS[�QwF���KATZH}QS[?F�s�sP[^ILH}Q+QSvLK�aSK�MZTZF�ýLTZM_T_Qo|�[�m%Y�KPF�WSI7aSKPO�OLFcQwF7�
noHéQkvLT_W�mpakF�YDK�þ-[^a��<U QkvLK>nÐ²A` TZW]K/. KPs�QST_z�KDT_HæF�OLOLaXKPWXWSTZH7x�QSvLK>lLaX[^ýLMZK�Y"FcaSTZWXTZHLxqTZH üh\��'´�ü]\]u
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WSILý<OL[^Y�F�T_HLW@þ&vL[^WXK&sPKPH}QSKPaSW'ý<KPMZ[�HLx�Qk[AQkv7KjK�WXQSTZY�FcQkK�O2F�aSKPF�[cm QSvLK+OLK�mpK�s�Q-FcQ°QSvLKWîJ�w¦Pí2T_QSKPaSFcQkT_[^Hò�
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