
University of Southampton Research Repository

ePrints Soton

Copyright © and Moral Rights for this thesis are retained by the author and/or other 
copyright owners. A copy can be downloaded for personal non-commercial 
research or study, without prior permission or charge. This thesis cannot be 
reproduced or quoted extensively from without first obtaining permission in writing 
from the copyright holder/s. The content must not be changed in any way or sold 
commercially in any format or medium without the formal permission of the 
copyright holders.
  

 When referring to this work, full bibliographic details including the author, title, 
awarding institution and date of the thesis must be given e.g.

AUTHOR (year of submission) "Full thesis title", University of Southampton, name 
of the University School or Department, PhD Thesis, pagination

http://eprints.soton.ac.uk

http://eprints.soton.ac.uk/


����� �������
	�����
�	�� �����������
���
������
�
�	���� �
� �!�"���#�
	%$ �&�(')��� �
* �������
	�����
�	�� 	��
+,*����"���
	%*��

-/.
021�3547698�:�;=<�>(?A@�B=CEDF4G.

-IHKJML�H�NO:P1�BQCSR

T 8U>Q47CEVWCPC9;Q3QX,VW898U4ZY\[]1�6^8E>Q4_YQ4Z<�6E4Z4`1�[
a 1bLG8U1�6�1%[dce>QVWDF1�C91�fQ>g.

a 47fh@�698EXi47Bg821�[djeDW4ZL78E6E1�B=VFLZC2@%BQY�k�1�XifQ;b8U4Z6�JbL7VF47BQLZ4%l
mPBQVWn�4Z69CEVW8o.p1�[qJb1�;=8U>h@%Xif=8E1�Brl

mPBQVW8E4ZYts_VWBQ<�YQ1�XtH

T ;Q<�;=C98Iu�v�v�v



mIwPxzy{jq0IJMxo?�|~}{��JQ}{m�?2: T � ce?P}{w

T -�Jb?20 T k�?
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a 1bLG8U1�6�1%[dce>QVWDF1�C91�fQ>g.
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?�>Q4_YQVF<�VW8S@%D�LZ1�XifQ;b8U4Z6�>Q@�C2<�6E4Z@%8UD�.pVFB=LZ6E4Z@�CE47Yt1�;Q62L�@�fh@%LZVW8o.i[]1�6�C98E1�6EVWBQ<,@�BQYt@�LZL74ZC9C��
VWBQ<pVFBb[]1�6EXi@%8UVW1�BrH�?�>Q4�VWBg8U4Z69BQ478Zlr@�B=Y�fh@�6�8UVFL7;QD�@%6EDW.\8E>Q4���1�69DFY���VWYQ4���4Z3rl�>h@�n�4&n%@�C�8UDW.
VWBQLZ694�@�C94ZY�8U>Q4�@�X,1�;QBg8\1�[�VFBb[]1�6EXi@%8UVW1�B�@�n%@�VWD�@�3QDW4t8E1�;QCZH�xoB=[]1�6EXi@%8UVW1�B�6E4G8U69VF47n%@�D @�BQY
>g.Mf5476EX,4ZYQVF@�6E4ZC94�@�69LS>�>Q@�C�<�6E4Z@%8UD�.�694ZYQ;=LZ4ZY�8U>Q4p8EVFX,4p@�B=Y�4G��1�698�694Z ¡;QVF694ZY#8U1�[];QD�¢hDFD/@
C94�@�69LS>Q4Z67£¤C{VWB=[]1�6EXi@%8EVF1�B\BQ474ZYr¥�>Q1§¦�4Gn�4Z67lrfQ691�3QDF47XiCPC98EVFDWD¨6E4ZXi@�VWBrH^?�1\@�LZL74ZC9C�©�ªb«­¬¯®°©²±E³�®¯´
VWB=[]1�6EXi@%8EVF1�Brld8E4GµM8,Xi4G8S@�YQ@%8S@�X�;QC�8,;QCE;h@%DFDW.�354�@�C9CEVW<�BQ4ZY#8U1!8U>=4�X&;QDW8EVFX,4ZYQVF@�1�3M¶947L78UC7l
694Z ¡;QVF69VFBQ<�@�B�N]1�[°8U47B�fQ6E1�>QVF3QV�8UV�n�4ZD�.=RID�@�69<�4²@%Xi1�;=B¡8�1�[�8EVFX,4i@%BQY�47�51�6�8�H T DW8E4Z69Bh@%8UV�n�47DW.�l
C91�Xi4�C9.MC98E4ZX,C�;QCE4{DW1§¦^�oDF4Gn�47D�[]4Z@%8U;Q694ZC^1%[¨8U>Q4�Xi47YQV�@_8U1�@�DWDF1§¦�@&C94�@�69LS>Q4Z6^8E1&¢hBQY\1�3M¶94ZLG8UC
C9VFX,VFD�@%6^8U1\@, M;=4Z69.t1�3M¶947L78ZH_Jb;QLS>�[]4Z@%8U;Q694ZC LZ@�BQBQ1%8{@�D�¦^@�.MCIVWYQ4ZBg8UV�[°.(8o¦�1pX,4ZY=V�@i1�3M¶94ZLG8UC
YQ47fQVFLG8UVWBQ<�1�6/6E4Zf=6E4ZC94ZBg8UVWBQ<�8U>=4 CU@�X,4I694�@�D·�z¦/1�6EDWYiL71�BQL74Zf=8Z¥QVFB²8E>Q4 LZ@�CE4 1%[¨VFXi@�<�47CZlMYQVW�54Z6��
47B¡8dL�@�X,4Z6E@I@�BQ<�DF4ZC�@�BQY&DFVF<�>¡8EVFBQ<2L71�BQYQV�8UVF1�BQC�X,4�@%B�8U>Q@%8AC94ZXi@�Bg8UVWL�@�DWDW.{C9VFX,VFD�@%6¨VFXi@�<�4ZC�@�694
nMVFC9;h@�DWDW.�n�4769.�YQVW�54Z694ZBg8�H T YQYQV�8UVF1�Bh@�DFD�.�l�CE47X²@%B¡8EVFLi6E4ZDF@%8UVW1�BQC9>QVFfQC_3�478o¦/4Z47B�1�3¡¶94ZL78EC�Xi@§.
BQ1%8�3�4_4GµbfQ694ZCEC94ZYrH
?�>QVFC/8U>Q47CEVFC�fQ6E47CE4ZBg8EC�@`¦^@�.p1%[�@�YQYQ694ZCEC9VFBQ<�8E>Q4ZC94{fQ6E1�3QDF47XiC/3¡.²YQ6U@�¦2VWBQ<�1�Bp8E>Q4I¢h47DFY

1�[�CE47XiVW1�DF1�<�.�lMVFBp¦2>QVWLS>�@�C9.MX�3�1�DFVWL 1�3M¶947L782>h@�C^8o¦/1,fh@�698ECZ�e?�>h@¸8�¦2>QVFLS>(VFC�3�4ZVWBQ<�6E47fQ6E4¹�
C94ZBg8U47Y�N¯VFB�8E>Q42º�«�´�»�±{¼�½{¾S¼¸»h¬o±G»h¬9RGlb@�BQY¿8U>Q4PC9.MX�3�1�DFVWL21�3M¶94ZLG8�Y=1�VFBQ<{8E>Q4�694ZfQ694ZC94ZBg8UVWBQ<(N¯VWB
8E>Q4qº�«�´�»�±�¼�½^±9À7º�ÁU±SÂSÂG®Ã¼¸»�RGH T CE47X²@�Bg8EVFLqD�@�.�476�VFC¨VFBg8E6E1MYQ;QLZ47Y�>=1�DFYQVWBQ<�6E4Z@�D��Ã¦�1�6EDFY{L71�BQL74Zf=8ECZl
@�B=Y�LZ1�BQBQ4ZLG8UVW1�BQC28U1¿8U>Q4_X�;QD�8UVWXi47YQV�@&1�3M¶94ZLG8UC�8E>h@%8P6E47fQ6E47CE47B¡8�8U>Q47XtH�s{BQ1§¦2DF4ZY=<�4`@�351�;=8
8E>Q4ZC94&LZ1�BQLZ47f=8UC�L�@�Bt354`VFBg8U691bY=;QLZ47Y�3g.�LZ1�BQB=4ZL78EVFBQ<¿8U>=4ZXÄ¦2VW8E>tC94ZXi@�Bg8UVFL_694ZD�@¸8UVF1�BQCE>QVWfQCZH
T fQ691�8U1�8o.Mf�42X�;QDW8EVFX,4ZYQVF@�VWB=[]1�6EXi@%8EVF1�B�C�.MC98U47X�VFBQL71�6Ef�1�6E@%8UVWBQ<{@_CE4ZXi@�Bg8UVWL�D�@�.�476e[]4�@%8E;Q6E4%l
8E>Q4�©�ªM«­¬O®°©²±E³�®¯´�¬°Åh±SÂZ´�ªbÁ¹ªgÂGleVFC&VWBg8U6E1MYQ;QL74ZYrH�?�>Q4pLZ1�BQC98E6E;QLG8UVF1�B#@�BQY�;QC94p1�[P@�X�;=CE4Z;=X
@�f=fQDFVWL�@%8EVF1�B�VWCdYQ47CELZ69VF3�4ZYrlM@�B=Y,;=CE4ZY¿8U1{4Gn%@�DF;h@¸8U4^8U>=4�CE4ZXi@�Bg8UVWL�D�@�.�476d8U47LS>QBQVF ¡;Q4%Hq�AVFBQ@�DFD�.�l
C91�Xi4�6947Æh47L78EVF1�BQCq1�B�8E>Q4ZC942¢QBQYQVFB=<�Cq@�BQY¿CE1�Xi4�C9;Q<�<�47C98U47Y,[];b8U;Q694PY=VF6E47L78EVF1�BQC�[]1�6d8U>Q4^¦/1�69Ç
@�694_fQ6E47CE4ZBg8E4ZYrH
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È ÉËÊÍÌ�Î�ÊÏÌ�Ð

T LSÇMB=1Ñ¦2DW4ZYQ<�4ZX,4ZBg8UC µbV

k�>h@%f=8U476�Ò xoBg8U691bYQ;=L78UVW1�B Ò
Ò�H�Ò k�1�X,fQ;=8E4Z6ECP@�B=YtxoB=[]1�6EXi@%8UVW1�B H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò

Ò�H�Ò�H�Ò � ;QDW8EVFX,4ZYQVF@&xoB=[]1�69X²@¸8UVF1�B H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H u
Ò�H�Ò�HÓu ?�>Q4�xoBg8E4Z6EB=478_H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H u

Ò�HÓu ?�>Q4�ce6E1�3QDW4ZX H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ô
Ò�H¤Ô ?�>Q4�ce6E1�f�1�CE47Y�JM1�DF;=8EVF1�BÕH`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ö
Ò�HØ× ?�>Q47CEVFCIJM8E6E;QLG8U;Q694 H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù
Ò�HÓÚ a 4ZL7D�@�6E@%8UVW1�B H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û

k�>h@%f=8U476 u xoB=[]1�69X²@¸8UVF1�B�JM.MC98U47XiC Ò§v
ubH�Ò xoBg8U691bYQ;=L78UVW1�B�H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò§v
ubHÓu xoB=[]1�69X²@¸8UVF1�B(0P4G8U6EVW47n%@�D�H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò§v

ubHÓubH�Ò 0P4G8U6EVW47n%@�D � 1bYQ47DFC H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò�Ò
ubHÓubHÓu ?�4¹µb8�xoB=[]1�69X²@¸8UVF1�B\0P4G8U69VF47n%@�DPH`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò§Ô
ubHÓubH¤Ô � ;QDW8EVFX,4ZYQVF@&xoB=[]1�69X²@¸8UVF1�B(0P4G8U6EVW47n%@�DpH`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò§Ö
ubHÓubHØ× jdµbVWC98UVWBQ< � ;QD�8UVFX,4ZY=V�@�02478E6EVF4Gn%@�D�JM.MC98E4ZX,CÜH`H`H�H`H�H`H`H�H`H�H_H Ò§Û
ubHÓubHÓÚ jen%@�DW;h@%8EVF1�B�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H u�Û

ubH¤Ô :P.Mf�4Z69Xi47YQV�@~H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ô�v
ubH¤Ô=H�Ò k�DF1�C94ZYt:P.Mf5476EX,4ZYQVF@,JM.MC98U47XiC
H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ô=Ò
ubH¤Ô=HÓu ?�>Q4`��1�69DFYb�Ã��VFYQ4I��4Z3 H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ôgu
ubH¤Ô=H¤Ô }{f�4ZBt:P.Mf�4Z69Xi47YQV�@,JM.MC98E4ZX,C H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ô�×
ubH¤Ô=HØ× � VFL76E1MLZ1�C9X�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÔgÝ
ubH¤Ô=HÓÚ �tT yIx�J�Ò H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×gv
ubH¤Ô=H¤Ö jen%@�DW;h@%8EVF1�B�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×gÔ

ubHØ× :P.M3Q69VFYQC H`H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×�×
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ubHØ×QH�Ò Þ{;=4Z6EVW4ZC���0^���¨VFBQÇ¡C�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×¡Ú
ubHØ×QHÓu ? T k^:Px�0ßH�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×¡Ú

ubHÓÚ Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×¡Ý

k�>h@%f=8U476IÔ Jb47X²@�Bg8EVFLZC ×gÙ
Ô=H�Ò xoBg8U691bYQ;=L78UVW1�B�H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×gÙ
Ô=HÓu ?�>Q47CU@�;Q69;QC{J¡.bC�8U47XiC�H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×gÙ

Ô=HÓubH�Ò JM8U69;QL78E;Q6E4�à�0P47D�@%8EVF1�B=C{H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×gÛ
Ô=HÓubHÓu �á;=698U>=4Z6Pa 47¢hB=VW8UVW1�BQCâH�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�v
Ô=HÓubH¤Ô ?�>Q4ZCE@�;Q6E;=C{k�1�BQC�8U69;QL78EVF1�B H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�u

Ô=H¤Ô s{BQ1§¦2DF47YQ<�4`0P47fQ6E47CE47B¡8U@%8UVW1�B"H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ô
Ô=HØ× k�D�@%CECEV�¢hL�@¸8UVF1�B H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ú
Ô=HÓÚ xoB=[]1�69X²@¸8UVF1�B�JM.MC98U47Xã��1�6EÇ\mPCEVFB=<²JM4ZXi@�Bg8UVFL7C�H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ö

Ô=HÓÚbH�Ò w�;Q3QVWD�@=£ØCPk�1�BQL74Zf=8��o3h@%CE4ZYtxoBQYQ4¹µ=VWBQ< H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ö
Ô=HÓÚbHÓu �tT k�J"H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ý
Ô=HÓÚbH¤Ô jqD�wPV�äBQ1 H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ý
Ô=HÓÚbHØ× ?�>Q4&:PVFX,1�8U1�ÇMVrJM.MC98E4ZX²à�k�} x�0�H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ù
Ô=HÓÚbHÓÚ ��@¸8U4ZBg8IJb47X²@�Bg8EVFL T BQ@�DW.MCEVWC H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ögu
Ô=HÓÚbH¤Ö n�@%BtYQ476P:�4ZVå¶9YQ4ZB�£¤CPa 1�Xi@�VFB\k�1�BQLZ47f=8P8U1,�h4�@%8E;Q6E4 � @�f=fQVFBQ<�H�H_H Ö�Ô
Ô=HÓÚbHÓÝ Jb4ZXi@�Bg8UVWL_:P.Mf5476EX,4ZYQVF@ T 6ELS>=VW8U47L78E;Q6E4²NÃJ=: T R�H�H`H�H`H`H�H`H�H_H Ö�×
Ô=HÓÚbH¤Ù ?�1�;=6EVFC9? H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÖgÚ
Ô=HÓÚbH¤Û ?�>Q4�}{s T cex�cq691¸¶94ZLG8UC�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÖgÚ
Ô=HÓÚbH�Ò§v�?�>Q4`yIx�J T 0)J¡.bC�8U47XæH�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ö�Ö
Ô=HÓÚbH�Ò�ÒâJb4ZX²Þ ;Q4Z6�.çH`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÖgÝ
Ô=HÓÚbH�ÒÑu�0�j�k�x H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÖgÝ
Ô=HÓÚbH�Ò§Ô T L78EVWn�4��¨VW3Q6U@�6�.p1�B�k�1�696E1�C9VF1�BÍH�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ö�Ù
Ô=HÓÚbH�Ò�×çk�}`J � }_J H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ö�Û
Ô=HÓÚbH�ÒÑÚ�k�1�DF1�X&351Q£ØCPJb47X²@�Bg8EVFL y VWCE;h@%DrxoB=[]1�69X²@%8EVF1�Bp0P4G8U6EVW47n%@�D�H`H�H`H�H_H Ý�v

Ô=H¤Ö Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�v

k�>h@%f=8U476�× T Jb4ZXi@�Bg8UVWL_��@§.�4Z6 Ý�u
×QH�Ò ce6E1�3=DF4ZXÄJb;QX,X²@�6�. H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�u
×QHÓu T Y=YQVFBQ<,@,Jb47X²@�Bg8EVFL_��@�.�4Z6�H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ô

×QHÓubH�Ò ��>h@%8PVFC�?�>QVWCSè!H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ú
×QHÓubHÓu y VF4G¦2VFBQ< T DW8U476EBh@¸8UVWn�4_0P47fQ6E47CE47B¡8U@%8UVW1�BQC H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ú

VWVFV



×QHÓubH¤Ô Þ{;=4Z69.�jAµbfh@�B=CEVF1�BéH_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ú
×QHÓubHØ× a 1bL7;QXi47Bg82xoBQYQ4GµbVWBQ<#H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ý
×QHÓubHÓÚ ��VWBQÇ T ;Q<�X,4ZBg8S@¸8UVF1�BêH�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ý

×QH¤Ô �h;Q698E>Q4Z6Ps{BQ1§¦2DF47YQ<�4ÕH`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ù
×QH¤Ô=H�Ò jdµM8E4ZBQYQ47Y!Þ ;Q4Z6�.(jAµbfh@�BQC9VF1�B H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Û
×QH¤Ô=HÓu k�1�BQLZ47f=8IwI@�nMVF<g@%8EVF1�B�H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�v
×QH¤Ô=H¤Ô wI@�696E1§¦2VFBQ<�8E>Q4�JbLZ1�f�4_1�[A@²Þ ;Q4769.�H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù=Ò

×QHØ× xoBg8U476U@�LG8UVWnMV�8o.)H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù=Ò
×QHØ×QH�Ò Þ{;=4Z69.�jAµbfh@�B=CEVF1�BéH_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ùgu
×QHØ×QHÓu ��VWBQÇ T ;Q<�X,4ZBg8S@¸8UVF1�BêH�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ùgu
×QHØ×QH¤Ô JbLZ1�f�4`wI@�696E1§¦2VFB=< H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ùgu

×QHÓÚ Tâ� ;QD�8UVFX,4ZY=V�@&?�>Q47CU@�;=6E;QC�H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�Ô
×QH¤Ö ce6U@�LG8UVWL�@�DWVW8UVW4ZC H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�×

×QH¤Ö=H�Ò ?�>Q4�JM;Q6E691�;QBQYQVWBQ<iJM.MC98E4ZX H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÙgÚ
×QH¤Ö=HÓu k�D�@�C9CEVW¢QL�@%8EVF1�B H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�Ö
×QH¤Ö=H¤Ô k�1�BQC98E6E;QLG8UVW1�B H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�Û

×QHÓÝ Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û=Ò

k�>h@%f=8U476 Ú ?�>Q4 �tT y x�J�uiJM.MC�8U4ZX Û�Ô
ÚbH�Ò xoBg8U691bYQ;=L78UVW1�B�H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Ô
ÚbHÓu }In�4769nMVF4G¦ÜH`H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Ô
ÚbH¤Ô �tT y x�Jtu¿a{@¸8S@�?�.Mf�4ZC�H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÛgÚ

ÚbH¤Ô=H�Ò 0�@�¦ � 4ZYQVF@,��@�.�476�H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Ö
ÚbH¤Ô=HÓu Jb4ZDW4ZL78EVF1�B���@�.�476ëH`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Ö
ÚbH¤Ô=H¤Ô Jb4ZDW4ZL78EVF1�B�jAµbfQ6E47CEC9VF1�B���@�.�4Z6�H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÛgÝ
ÚbH¤Ô=HØ× Jb4ZXi@�Bg8UVWL_��@�.�4Z6ãH`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Ù

ÚbHØ× �tT y x�Jtu¿ce691bL74ZCEC94ZC�H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Û
ÚbHØ×QH�Ò ?�>Q4 ��T yIx�Jtu¿-�6E1�Ç�4Z6(H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Û
ÚbHØ×QHÓu JM8U1�694!H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v=Ò
ÚbHØ×QH¤Ô y VF4G¦�476Sà�Þ ;Q4769.tJb1�;Q6EL74tH`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�vgu
ÚbHØ×QHØ× Þ{;=4Z69.�jdn%@�DW;h@%8U1�6 H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�Ô
ÚbHØ×QHÓÚ Jb4ZDW4ZL78EVF1�B�jAµbfQ6E47CEC9VF1�B � @%8ULS>=4Z6 H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�Ô
ÚbHØ×QH¤Ö JbVF<�BQ@%8U;Q694 � 1MYQ;QDF47C H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�×
ÚbHØ×QHÓÝ k�D�@�C9CEVW¢Q4Z6 T <�47Bg8
H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�vgÚ
ÚbHØ×QH¤Ù 0P47CE;QD�8UC�y VW47¦/4Z6 H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�vgÚ

VWn



ÚbHØ×QH¤Û ?�>Q4 � ;QDW8EVFX,4ZYQVF@&?�>Q4ZCE@�;Q69;QC H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�Ö
ÚbHÓÚ ?�>Q4 �tT y x�J�uiJM.MC�8U4ZXÄVWBt}{f�4Z6E@%8UVW1�B�H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�vgÝ

ÚbHÓÚbH�Ò wI@�nMVF<g@%8EVF1�B(@%BQY�02478E6EVW47n%@�DIH`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�Ù
ÚbHÓÚbHÓu ?�>Q4 � ;QDW8EVFX,4ZYQVF@&?�>Q4ZCE@�;Q69;QC H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò�Ò
ÚbHÓÚbH¤Ô 0P47CE;QD�8 JM1�698EVFBQ<tH�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Ô

ÚbH¤Ö JbVW<�Bh@%8E;Q6E4 � 1MYQ;QDW4ZC H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Ù
ÚbH¤Ö=H�Ò : JMyâ@�BQYt0��_-�k�1�DF1�;=62:�VFC�8U1�<�6U@�X,C/H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Ù
ÚbH¤Ö=HÓu Jbfh@%8EV�@�D¨:IJMyâ@�BQY�0��_-�k�1�DF1�;Q6^:�VFC�8U1�<�6U@�X,C�H�H`H�H`H`H�H`H�H_HËÒ�Ò§Û
ÚbH¤Ö=H¤Ô ?�>Q4�Þ{-�x�k���6E@�fQf�4Z6�JbVW<�Bh@%8E;Q6E4 � 1bYQ;=DF4 H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Û
ÚbH¤Ö=HØ× ��1�69Y � @%8ULS>QVWBQ<ãH`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§ubÒ

ÚbHÓÝ Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�u

k�>h@%f=8U476IÖ -�;QVWDFYQVWBQ< T B T fQfQDFVWL�@%8EVF1�B Ò§u%×
Ö=H�Ò xoBg8U691bYQ;=L78UVW1�B�H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u%×
Ö=HÓu ?�>Q4 � ;QD�8UVFX,4ZY=V�@�k�1�DFDF47L78EVF1�B�H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Ú
Ö=H¤Ô ?�>Q4�a 47¦/47.(a 47LZVWX²@�Drk�D�@�C9CEV�¢hL�@%8EVF1�BtJbLS>=4ZXi@ H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Ù

Ö=H¤Ô=H�Ò Jb4ZDW4ZL78EVFBQ<,@,Jb;Q3=CE478P[]1�6^8E>Q4�k�1�DFDW4ZL78EVF1�B H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Ù
Ö=H¤Ô=HÓu ?�6E@�BQC9[]476E69VFBQ<¿8U>Q4�Jb;=3QCE4G8�VWBg8U1 �tT y x�J�u H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Û

Ö=HØ× k�1�BQB=4ZL78EVFBQ<,xoXi@�<�4ZC^8E1ik�1�BQLZ47f=8UCIm�C9VFBQ<,��@%8U47Bg8 JM4ZXi@�Bg8UVFL T Bh@�D�.bC9VFC�H_HËÒ�Ô=Ò
Ö=HØ×QH�Ò � 478U@�Yh@%8U@i�AVW4ZDWY�Jb4ZDW4ZL78EVF1�B�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�Ô
Ö=HØ×QHÓu xoB¡8E4Z69fQ6E4G8S@%8EVF1�B�1�[A0P47CE;QD�8UC�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�Ô
Ö=HØ×QH¤Ô c�4Z6�[]1�6EX,VFB=<¿8E>Q4�k�D�@�C9CEV�¢hL�@%8EVF1�B²H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�×

Ö=HÓÚ k�1�X,fQDF4G8UVW1�B\1�[�8U>Q4_?�4ZC98 T fQfQDFVWL�@%8EVF1�BÏH�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÔgÚ
Ö=HÓÚbH�Ò xoBQYQ4GµbVWBQ<²a 1MLZ;=Xi47B¡8ECìH`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�Ö
Ö=HÓÚbHÓu ��VWBQÇ T ;Q<�X,4ZBg8S@¸8UVF1�BêH�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�Ö

Ö=H¤Ö k�D�@%CECEV�¢hL�@¸8UVF1�B\1�[�8E>Q4`0P47X²@%VFBQVWBQ<�xoXi@�<�4ZCçH�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÔgÝ
Ö=H¤Ö=H�Ò 0P47CE;QD�8UC21�[�8U>Q4 T ;b8U1�Xi@%8UVWL_k�D�@%CECEV�¢hL�@¸8UVF1�B(m�CEVWBQ<i�á4Z@%8U;=6E4ZCëH�H_HËÒ�Ô�Û

Ö=HÓÝ jdn%@�DF;h@¸8UVF1�B
H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×QÒ
Ö=H¤Ù Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×¡u

k�>h@%f=8U476 Ý ?�>Q4 T fQf=DFVFLZ@%8UVW1�BpVWBtmPCE4 ÒZ×�×
ÝbH�Ò xoBg8U691bYQ;=L78UVW1�B�H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×�×
ÝbHÓu JbL74ZBh@�69VF1�C�H`H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×gÖ

ÝbHÓubH�Ò JbLZ47Bh@�6EVW1(Ò�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×gÖ
ÝbHÓubHÓu JbLZ47Bh@�6EVW1iu�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�u

n



ÝbHÓubH¤Ô JbLZ47Bh@�6EVW1,Ô�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ý
ÝbH¤Ô Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�v

k�>h@%f=8U476IÙ k�1�BQL7DF;QC9VF1�B=C�@%BQY��á;b8U;Q694_��1�69Ç Ò�Ö=Ò
Ù=H�Ò 0247Æh47L78UVW1�B H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö=Ò

Ù=H�Ò�H�Ò � @�B¡;h@�DWDW. T CEC91bL7V�@%8EVFBQ< � 4G8S@�YQ@%8S@�H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö=Ò
Ù=H�Ò�HÓu 0P47LZ1�<�B=VFCEVWBQ<,a VW�54Z694ZBg8�y VW47¦2C~H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�Ô
Ù=H�Ò�H¤Ô �á1�DFDF1§¦2VWBQ<�:P.Mf�4Z69Xi47YQV�@¿�¨VFBQÇ¡C T L76E1�C9C � 4ZYQVF@i@%BQY\y VF4G¦2C²H`H�H_HËÒ�Ö�Ô
Ù=H�Ò�HØ× Jb4ZXi@�Bg8UVWL_0P47D�@%8EVF1�BQC9>QVFf=CpH�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�×

Ù=HÓu �h;=8U;=6E4{��1�6EÇ�H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÖgÚ
Ù=HÓubH�Ò 0PVWLS>Q4Z6�Jb47X²@�Bg8EVFL_024ZD�@¸8UVF1�BQCE>QVWfQCpH`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÖgÚ
Ù=HÓubHÓu ��47VF<�>g8U47Y�024ZDF@%8UVW1�BQC9>QVFfQC^@�BQY T CEC91bL7V�@%8EVF1�B=C�H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�Ö
Ù=HÓubH¤Ô T aI.MBh@%XiVWL_Jb4ZXi@�Bg8UVWL_��@§.�4Z6 H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÖgÝ
Ù=HÓubHØ× T�� ;QDW8EVFDFVWBQ<�;h@%D�JM4ZXi@�Bg8UVFL_��@�.�476 H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�Ù
Ù=HÓubHÓÚ m�CE476�xoBg8E4Z69[¯@%LZ4`a 4ZC9VF<�B�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�Û
Ù=HÓubH¤Ö �á;=698U>=4Z6Pjdn�@%DF;h@%8EVF1�BìH�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�Û
Ù=HÓubHÓÝ xoB¡8E4Z<�6E@%8UVWBQ<�¦2VW8E>�}I8E>Q4Z6���1�6EÇiH�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ý�v

Ù=H¤Ô Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ý�v

T fQf547BQYQV·µ T Jb47DF4ZLG8UVW1�B�1%[ T DW<�1�69VW8U>=X�[]1�6ik�1�B=BQ4ZLG8UVFB=<�xoXi@�<�4ZC�8E1�k�1�B=LZ4Zfb8UCi¦2V�8U>
��@%8U47Bg8 JM4ZXi@�Bg8UVFL T Bh@�D�.bC9VFC Ò§Ý�u

-�VW3QDFVW1�<�6E@�fQ>g. Ò§Ý�Ö

0247[]476E4ZB=LZ4ZC Ò§Ý�Ö

nMV



í î ÐtÌ É"ï ð î�ñÏò ó ÎâÐ

ubH�Ò a 1�8Pce6E1MYQ;QLG8IJbVFX,VFDF@�6EV�8o. � 4�@�C9;Q6E4�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÒÑu
ubHÓu yq4ZLG8U1�6�JbfQ@�LZ4`a VFC�8S@�B=LZ4`JbVWXiVWD�@�69VW8o. � 4Z@�CE;Q694 H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò§Ô
ubH¤Ô ?�>Q4&Þ{-�x�k�k�1�DW1�;Q6�c�4Z69LZ4ZBg8U@�<�4�Þ ;Q4769.\xoBg8E4Z69[¯@%LZ4ìH`H`H�H`H�H`H`H�H`H�H_H u�v
ubHØ× ?�>Q4&Þ{-�x�k�k�1�DW1�;Q6���@�.�1�;=8{Þ ;Q4769.\xoBg8E4Z69[¯@%LZ4 H`H`H`H`H�H`H�H`H`H�H`H�H_H ubÒ
ubHÓÚ �tT 0IJ�-�1M1�DF4Z@�BÜ}{f�4Z6E@%8U1�6ECZH~?�>Q4�DFVW<�>g8U4Z6p@�6E4Z@�C(VFBQYQVWL�@%8E4!@�C�8U691�BQ<�476

1§n�476U@�DWD¨X²@%8ELS>rH�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H u%×
ubH¤Ö ?�>Q4�Ô¸����@�.�4762a 4GµM8U476I:2.Mf547698U4¹µM8 0247[]476E4ZB=LZ4 � 1bY=4ZD�H`H�H`H�H`H`H�H`H�H_H ÔgÚ
ubHÓÝ ?�>Q4 � VFL76E1MLZ1�C9XÄ} f�4ZBt:P.Mf5476EX,4ZYQVF@ T 6ELS>=VW8U47L78E;Q6E4 H`H�H`H�H`H`H�H`H�H_H Ô�Ù
ubH¤Ù �tT y x�J!Ò T 6ELS>QV�8U47L78U;=6E4 H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×QÒ
ubH¤Û Þ ;Q4Z6�.(�h1�6EX&;QD�@%8EVF1�B²VFBtÞ ;Q4Z69VF4ZC���0^���¨VFB=ÇMCëH�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×¡Ú
ubH�Ò§v
?�>Q694Z4G�zD�@�.�476I:2.Mf5476EX,4ZYQVF@iJMLS>Q4ZXi@,VWB\? T k^:Px�0æH`H`H`H�H`H�H`H`H�H`H�H_H ×gÖ
Ô=H�Ò �¨4�@�Y=VFBQ<¿VFB\8E1i@¿ce6E4G[]4Z696E4ZYt?�476EX H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�u
Ô=HÓu jAµ=@�Xif=DF4{1�[A@,JbVFX,fQDF4{Jb4ZXi@�Bg8UVWL_w�478 H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú%×
Ô=H¤Ô jAµ=@�Xif=DF4{1�[A@�B�ô���@%69.\024ZDF@%8UVW1�BQC9>QVFf�H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú%×
Ô=HØ× jAµ=@�Xif=DF4{1�[A@¿0PVWBQ<,0P47D�@%8EVF1�BQC9>QVFfÄH`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ú
Ô=HÓÚ jeD�w�V�äB=1Q£¤C^a VF6E47L78 � @%BQVFfQ;=D�@%8EVF1�BpxoBg8E4Z69[¯@%LZ4¿H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ù
Ô=H¤Ö :�VW4Z6E@�6ELS>QVWL�@�D T 8E8U69VF3Q;b8U4`JM8E6E;QLG8U;Q694�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Û
Ô=HÓÝ :�VW6U@%8U@=£ØCPk�1�Bg8U4ZBg8���} 6EVW4ZBg8U47YtxoBg8U47<�6U@¸8UVF1�B T 6ELS>QV�8U47L78U;=6E4 H`H�H`H`H�H`H�H_H Ö�v
Ô=H¤Ù a 1�Xi@�VFB\k�1�BQLZ47f=8P8U1,�h4�@%8E;Q6E4 � @�f=fQVFBQ<)H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ö�×
×QH�Ò 024ZfQ694ZCE47Bg8S@%8EVF1�BQCP1�[A@,JbVFBQ<�DF4{024�@�D·�z¦/1�6EDWY�} 3M¶94ZLG8IVWB(a VW�54Z6E47Bg8 � 4ZYQVF@ H Ý%×
×QHÓu � 47YQV�@\024ZfQ694ZC94ZBg8S@%8EVF1�B=C{VFB�8U>=4�ceD�@�BQ4&1�[/jdµbfQ694ZC9CEVF1�B�k�1�BQBQ4ZLG8U47Y�8E1(@�B

1�3M¶947L78PVFB\8E>Q4`cqDF@�BQ4{1�[ek�1�Bg8U47B¡8�H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ú
×QH¤Ô JbVWXifQDW4_Þ ;Q4Z6�.(jAµbfh@�BQC9VF1�B"H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ö
×QHØ× �h;Q698E>Q4Z6�Þ ;Q4769.(jAµbfh@�BQC9VF1�B H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ý
×QHÓÚ T ;=<�Xi47Bg8U4ZYt�¨VFBQÇpk�1�X,fQ;=8S@¸8UVF1�B�H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ù
×QH¤Ö T Jb4ZXi@�Bg8UVWL_��@§.�4Z621§n�476I@ � ;QD�8UVWXi47YQV�@�k�1�DFDF47L78EVF1�B H`H�H`H�H`H`H�H`H�H_H Ý�Û

nMVFV



×QHÓÝ wI@%6E6E1§¦2VWBQ<�8E>Q4²JbLZ1�f�4²1%[�@�Þ ;Q4769.���V�8U>�@�JbXi@�DFDdw�;QX�3�4Z6`1�[^wI@�nMVF<g@¸�
8UVW1�Bh@�DrJM8U47fQC"H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�Ô

×QH¤Ù ?�>Q4&k�1�Bg8U47B¡8���-^@%CE4ZY�0P4G8U69VF47n%@�Dr-�D�@�LSÇ²-�1�µ H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�Ö
×QH¤Û 021�;=8U4{[]691�XÄk�1�B=LZ4Zfb8UC28U1,�¨1Ñ¦^�o�¨47n�47D��á4Z@%8U;=6E4ZCÏH`H`H`H�H`H�H`H`H�H`H�H_H Ù�Ù
ÚbH�Ò �tT y x�Jtu�?�1�f�1�DF1�<�.æH`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�×
ÚbHÓu ?�>Q4 �tT y x�J�u,�h1�;Q6^��@�.�4Z6�a{@%8S@ � 1MYQ4ZD H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Ö
ÚbH¤Ô �tT y x�Jtu¿ce691bL74ZCEC94ZC�H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�v
ÚbHØ× ?�>Q4 �tT y x�J�u\õKk�1�Bg8U691�D�0P1M1�X�£�H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�vgÝ
ÚbHÓÚ ?�>Q4 �tT y x�J�u,m�0��!y VF4G¦�476_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�Ù
ÚbH¤Ö ?�>Q4&k�1�BQL74Zf=8�-�691Ñ¦2C94Z6�H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�Û
ÚbHÓÝ Þ ;Q4Z6�.�JbL71�f54�} f=8EVF1�BQC�H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§v
ÚbH¤Ù JbL71�f54`�¨VFX,VW8EVFBQ<�Jb4ZDW4ZLG8UVF1�B�?�1M1�D�H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Ô
ÚbH¤Û ?�>Q4 �tT y x�J�u,024ZC9;QDW8EC^y VF4G¦�476öH�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Ö
ÚbH�Ò§v�m�C94_1�[e-�47C98 � @%8ELS>�} BQD�.\YQ;Q69VFBQ<,k�DF@�CEC9VW¢hLZ@%8UVW1�B H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Ù
Ö=H�Ò J=@�X,fQDW4 xoX²@%<�4ZC�[]6E1�Xç8U>=4_yIVFLG8U1�69V�@�@�BQY T DF3�4Z698 � ;QCE47;QXÍk�1�DFDW4ZL78EVF1�B�H_HËÒ§u�Ú
Ö=HÓu T c�1�6�8UVW1�B(1�[�8E>Q4`a 47¦/47.�a 47LZVFXi@�Drk�D�@�C9CEVW¢QL�@%8EVF1�B(:PVF4Z6E@�6ELS>g.�H`H�H`H�H_HËÒ§u�Û
Ö=H¤Ô a 47¦/47.�a 47LZVWX²@�Drk�D�@�C9CEV�¢hL�@%8EVF1�B�JM;Q3QCE4G8 :PVF476U@�69LS>¡. H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�v
Ö=HØ× k�1�BQL74Zf=8�-�6E1§¦2C94Z6�¦2V�8U>�y VFLG8U1�69V�@#@�BQY T DF3�4Z6�8 � ;QCE47;QX xoX²@�<�4ZCZl_@%BQY

a{a_k�k�1�BQLZ47f=8UC H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÔgÚ
Ö=HÓÚ J=@�X,fQDW4{a 4ZC9LZ6EVWf=8UVW1�B(1�[A@,a{a_k�k�1�BQL74Zf=8ÏH�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�Ö
Ö=H¤Ö ?�>Q4�-^@%8ELS>�k�DF@�CEC9VW¢h4762cq691bL74ZC9C�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�Ù
Ö=HÓÝ k�1�696E4ZLG8UD�.�k�D�@�C9CEV�¢h4ZYtjAµQ@%XifQDW4ZC�1�[d�{D�@�C9C9¦�@�6E4(H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×gv
ÝbH�Ò k�1�C�8U;QX,4_1�[AxoBg8E4Z6E47C98P8U1¿8U>Q4`mPCE4Z6�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×¡Ý
ÝbHÓu 024ZCE;=DW8UC21�[dk�1�Bg8U47Bg89��-�@�CE47Y�02478U69VF4Gn�@%D�Þ ;Q4Z6�. H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×gÙ
ÝbH¤Ô 024ZCE;=DW8UC21�[dJM8U@�BQYh@�69Y�k�1�B¡8E4ZBg89�o-^@�C94ZY�w�@�nbVW<g@%8EVF1�B�Þ ;Q4769.�H�H`H`H�H`H�H_HËÒZ×gÙ
ÝbHØ× 024ZCE;=DW8UC21�[dk�1�Bg8U47Bg89��-�@�CE47Y�wI@�nMVF<�@%8UVW1�B�Þ ;Q4Z6�.\��VW8U> ��� ? T C9CEVWC98S@%BQLZ4 ÒZ×gÛ
ÝbHÓÚ a 4ZC�8UVWBh@%8UVW1�B\1�[A�¨VFBQÇ²�á1�;QBQY(��VW8U> ��� ? H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�v
ÝbH¤Ö Jb1�;=6ELZ4 T BQLS>Q1�6P1�[A��VWBQÇi8E1 � ;QCE47;QXÍJbVW8E4�H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�v
ÝbHÓÝ 024ZCE;=DW8UC21�[dk�D�@%CECEV�¢hL�@¸8UVF1�B�}{f�4Z6E@%8UVW1�B H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§ÚbÒ
ÝbH¤Ù ?�>Q4&k�1�BQL74Zf=8�-�691Ñ¦2C94Z6�@%8�8U>=4!÷�±9À�¬O®°«F±PøIÁG¬°Â�k�1�BQL74Zf=8�H�H`H�H`H`H�H`H�H_HËÒ§ÚbÒ
ÝbH¤Û 024ZCE;=DW8UC21�[dJbÇ%478ULS>�Þ{;=4Z69. H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ô
ÝbH�Ò§v�024ZCE;=DW821�[�?�4¹µM8{Þ ;Q4769.p��V�8U> ��� ?)Þ ;Q4769.�jAµbfh@�BQC9VF1�BÕH`H�H`H`H�H`H�H_HËÒ§Ú�Ú
ÝbH�Ò�Ò�024ZCE;=DW8UC21�[dJbVWXifQDW4_Þ ;Q4Z6�.\3g.�jAµQ@%XifQDW4ìH`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ö

nMVWVFV



ÝbH�ÒÑu�?�>Q4&k�1�BQL74Zf=8�-�691Ñ¦2C94Z6�@%8�8U>=4&k^@%69nMVFBQ<iùúk^@%69nMVFBQ<�CIk�1�BQLZ47f=8 H�H`H�H_HËÒ§Ú�Ö
ÝbH�Ò§Ô
?�>Q4&k�1�BQL74Zf=8�-�691Ñ¦2C94Z6�@%8�8U>=4�021M1�8�k�1�BQL74Zf=8�H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ý
ÝbH�Ò�×�Þ ;Q4Z6�.\xoXi@�<�4 H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ý
ÝbH�ÒÑÚ
024ZCE;=DW821�[dJM8S@%BQYh@�69Y�õÓ�AVFB=Y�JMVFX,VFD�@%6Z£bÞ ;Q4Z6�. H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ù
ÝbH�Ò§Ö�JbVW<�Bh@%8E;Q6E4 ��4ZVW<�>g8UVFB=<�C2a V�@�DW1�<�;Q4�H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ù
ÝbH�ÒÑÝ�Jb47DF4ZLG8UVWBQ<,-�6E1g@%YQ4ZC�8 k�1�BQLZ47f=8�[]1�6PJbLZ1�f�4`wI@�696E1§¦2VFB=<�H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Û
ÝbH�Ò§Ù�024ZCE;=DW8UC21�[dÞ ;Q4Z6�.p��VW8E> ��� ?)JbL71�f�4��¨VWXiV�8UVFB=<\H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�v
Ù=H�Ò 024ZD�@¸8UVF1�BQCE>QVWfQC�:P4ZDFY�-�4G8o¦�474ZB!k�1�BQLZ47f=8UC\H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�×
Ù=HÓu 024ZD�@¸8UVF1�BQCE>QVWfQC�:P4ZDFY�-�4G8o¦�474ZB � 4ZYQVF@i} 3M¶947L78EC²H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÖgÚ
T H�Ò T a 4ZL7VFCEVW1�B\?�6E4Z4&k�>h@�B=BQ4ZDWVFBQ<¿@�B�xoXi@�<�4 8U1,@�B T DW8U476EBh@¸8U4�k�D�@�C9C H`H�H_HËÒ§Ý%×

V�µ
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Ô=H�Ò Jb;Q3¡¶94ZL78EC�1%[ejAµbVFC98EVFBQ<,��J T Jb47X²@%B¡8EVFL`JbfQ@�LZ47CÏH`H`H`H`H�H`H�H`H`H�H`H�H_H Ö�Ô
ÚbH�Ò cA@%698P1�[A@ ��T yIx�J�u�-�6E1�Ç�4Z6�024Z<�VWC98U6�."H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Û
ÚbHÓu jAµ=@�Xif=DF4 �tT y x�Jtu � 4ZCECE@�<�4&Jbf�4ZLZV�¢hL�@¸8UVF1�B~H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v=Ò
Ö=H�Ò T J=@�X,fQDW4qj��¨x�J=j � 478U@�Yh@%8U@P024ZL71�6EY_[]1�6�@^y VWL78E1�6EVF@^@�BQY T DW3547698 � ;=CE4Z;=X

xoXi@�<�4 H�H`H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Ö
Ö=HÓu jq�¨x�J=j � 478U@�Yh@%8U@¿�AVF47DFYQC�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Ý
Ö=H¤Ô jAµ=@�Xif=DF4_c�1�698UVW1�B(1�[Aa{a_k�:PVF4Z6E@�6ELS>g.�H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Ù
Ö=HØ× a 47¦/47.�a 47LZVWX²@�Drk�D�@�C9CEV�¢hL�@%8EVF1�B�JM;Q3QCE4G8 H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô=Ò
Ö=HÓÚ xoXi@�<�4ZC T CEC9VF<�BQ47Yt8E1ia{a_k�k�D�@%CECE47C H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�×
Ö=H¤Ö :P.Mf�4Z69Xi47YQV�@¿�¨VFBQÇ¡C2VFB � ;=CE4Z;=X T fQfQDWVFLZ@%8UVW1�BéH`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÔgÝ
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Presentation Specifications
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Anchoring
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Storage Layer

Link Storage


Within-Component Layer

Node Content and Structure
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Run-time Layer

Presentation and Interaction
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by the bank, and of having nothing to do:

Alice was beginning to get very tired of sitting by her sister
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VUT
I�sSMfVNX[KujAcBVNRBO�V-j^sm­
o XYQYV-j^T9K
MSsx­®j^s o X[QWVyz Y RSXYKNXgI�ofQ[P�MfhSXda�X[hSI�O"­�sBO�KNX[h`O"VNVUT
I�sSMxVUX[KYt+OAoSh�OJp�j^KNK
I�sSPLX=OAK
KNjmQ[I%O"VUI�jAo
�gI]VUR¥O£QYj^oSQ[XYpfVUMSOAP-TNX[pfTNX[K
X[o+V?O"VUI�jAo¨z ç ovOAhShSI]VUI�jAo¨t¨VURSX`pSR+_mKNILQyOAP-T
X[P%O"VUI�jAoSKNRSILpSK|s�XYV��/X[X[o
VNRSX�hfI�TNXYQYVkQ?RSILP�hST
X[o��ªKNMfsx­�j^s o X[QYVNK � OATNX`RSXYP�h¨t�KNMSQ?RwOAK~p�j^K
ILVNI�j^oBO�P9I�ofcejATNa�O�VUILj^o{ceTNjAaqOAo
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ILaiOAbAXAz Y RSX�PLj^b^ILQyOAP¨T
X[P�O�VUILj^oSKNRfI�pSK=s�XYV��/X[XYo�XyOAQ?R�j^s o X[QWV�µ�K
MSsx­®j^s o X[QWV|OAT
X�RfX[P�h��gILVNR�VNRSX
PLI�oS¢�I�ofb}sSTUOAofQ?RSX[KYz Y RSXYKNX�OATNX~sSILhSI�T
X[QWVUI�jAoBOAP�ILKZ­�O+µ�I�K�­�pBO�T
V
­®jAc¶T
X[P%O"VUI�jAoSKNRSILpSK[z

µ VUT
MSQYVNMSTUO�P;QYj^oSK
VNTUOAILo+V}�eKNp�X[Q[I]c�_mI�oSb�TNX[PLXY\�OAo+VJofjxhSXYK6ILo�VURfX�VUT
X[X � OAoSh{O�VNVNTNILsSMfVUXkQ[jAox­
KZVUTUO�I�o+Vk�ªK
p�XYQ[I]c�_xILoSb}TNXYP�XW\AO�o�V=O�VNVNTNI�sfMfVUXYK=O�V=X[OAQ?R�oSjxhfX � Q[OAors�X~O�pSpSP�ILX[hi�gRfX[o�aiO"VUQ?RSILoSb
VNj�XYoSKNMST
XkVNRSX~TNXYP�XY\�OAo+V � MBOAPLILVNI�X[KnjAc;VNRSX~a�XYhSI%O^µ�j^s o XYQYV�OAT
Xka�O�VNQ?RSX[h�OAb+OAILoSK
V[z

Ì MSTNILoSb¥O � MSX[TZ_^t�MSKNXYTNK�Q[OAo�KNp�X[QYILc�_�O¥o�MSa�s�X[TijAc|j^s o XYQYVNK�OAoSh�T
X[P%O"VUI�jAoSKNRSILpSK`s�X�­
V��/X[XYo�VURSXYa�z µ ILoSQ[X~VURfI�K�QyOAo�s�X1O�Q[jAa�pSPLXWl�jAp�XYTUO�VNI�j^o£I�o+\^jAPL\mI�oSb`VURfX�Q?RSjmj^K
I�oSb�jAcuTNXYP�X�­
\�OAo+Vda�X[hfI%O"­®sBOAKNXYh�O�V
VUT
I�sSMfVNX[KYtxhSXWcªOAMSP]VnK
XYVNVNI�oSbAK/Q[OAo�s�X6MSK
X[h�OAPLP�j8�gI�oSb~oBOy\mI�b^O�VUILj^o�VNj1s�X
OAQ?RfI�XY\AX[h�MSKNILoSb o MSKZV-a�jAMSKNXdQYP�ILQ?¢mKYz Y RSX � MSXYT
_1RBOAoShSPLX[T9X�lmVUTUO�QYVUK9VNRSXdT
X[P�XW\�OAo+V-O�VNVNTNILsSMfVUXYK
ceT
j^a·VURfXkjAs o X[QWVUK[z
4 � Ó?¸ � �)Ó �A��¹��W�)� � �3º
Y RSX�K
_mKZVUX[a»RBO�K�O�cªOAILTNP]_{b^XYoSX[T
I�Q�OAT
Q?RSILVNX[QYVNMSTNX�t¶�gILVUR¤a�jxhSMfP%OAT§pBOAT
VNK~X[oBOAsfP�I�ofb�cejAT|XWl�­
OAa�pSPLX�ofXY�¼a�XYhSI%O�pST
jxQYX[KNK
I�oSb{OAoShwMfoShSX[T
K
VUOAoShSILoSb{VUXYQ?RSoSj^PLj^bA_�VNj{s�XiKNMfpSp�jAT
VUXYh¨z ¬ o
j8\^XYT
\mI�XW��jAc�VURSXkOAT
Q?RSILVNX[QWVUMST
X�ILK=KNRSj8�go{ILo ~ b^MST
X � z V z

 �X[hfI%OvO�oSh½Q[j^ofQ[X[pxVUMBOAP§TNXYpSTNXYKNX[o+VUO�VUILj^oSKrOAT
X{hSX[OAPLV��gILVNR�s+_�VNRSX{a�X[hfI%OvO�oSh�Q[jAox­
QYX[pfVNMBOAP�� c�zA� �W�B��� � º�T
X[KNp�X[QWVUI]\^X[P]_^z { O�Q?R�O�MSb^a�X[o+VUXYT�RBOAK�O � � Ó � z � � � � � ���W� zA� ����OAoSh
O � �A� Ó?¸m� � z �W� zA� ���Wz ç o«OAhfhSILVNI�j^o¥a�XYhSI%O�OAMSb^a�X[o+VUXYTNK�RSO8\AX�OAo c ���m� � ºW�®�A��� � � z �W� zA� ���
�gRSILQ?RkVNTUOAofKNP%O"VUX[K�O=a�X[hSI�OdTNX[pfTNX[K
X[o+V?O"VUI�jAo�ILo�VNj�OgQYj^oSQYX[pfVNMBOAP+j^oSX�z µ ILoSQ[XuQYj^oSQYX[pfVNMBOAP�TNXYpx­
T
X[KNXYo+V?O�VNI�j^oSK~O�TNX}OAPLTNX[OAhf_ · MfoShSX[T
K
VNjxjmh ¹ O�oSh�OAKNK
jxQYI%O�VNX[h��gI]VUR�a�X[hSI�OiTNXYpSTNXYKNXYo�VUO�VUILj^o��eK �
VNRSX~Q[j^oSQYX[pfVNMBOAP�OAMSbAa�XYo�VNX[TghSjmX[KgoSjAVgT
X � MSILTNX|VURSILK=X[oSbAI�oSX�z

Y RSX|ceXyO�VNMSTNXYK§j�c�X[OAQ?R�j�c;VNRSX[K
X�XYoSb^I�ofX[K�OATNXkOAKdcejAP�P�j8�gK ]
¾Zk1ß�ryê,fHiKhji;r,fÍk1fGê,i'fGkÀ¿|Á=RSX/a�XYhSI%OgTNXYQ[j^bAoSILVNI�j^okX[oSbAI�oSX/XWlmVUTNOAQYVNK�a�X[hSI�O6O�V
VUTNILsSMfVNX[K;OAoSh

KZVUj^T
X[KÂVURSXYaÃI�o�Oka�X[hSI�O|I�oShSX�l�zuÁ=RSI�K-a�O8_`QYj^oSK
I�K
V/jAc�aiOAo+_}hfI ñ X[TNXYo+Vna�jxhfMSP�XYK9cej^T
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hfI ñ X[TNXYo+V1T
X[Q[jAb^oSILVNI�j^o¥OAPLb^j^TNI]VURSa�K[z�Á=RSX�Q[j^oSQYX[pfVNMBOAPÂTNXYQ[j^b^ofILVUILj^o¤X[oSb^ILoSX�I�oShSX�lxX[K
VNRSX~Q[j^ofQ[X[pxVUMBOAP�T
X[pST
X[KNXYo+V?O�VNI�j^oSKYz

ÆAf�ÇGk��+l
hUqIf�ÇGiJf9êæk1fGê,i'fGkÀ¿JÁ=RSILKJX[ofb^I�oSX1MSKNXYKJVURSX�a�X[hfI%OiO"VNVUT
I�sSMxVUX[K§XWlmVUTNOAQYVNX[h�s+_{VNRSX
T
X[QYj^b^oSI]VUI�jAorX[oSb^ILoSXJVUj�O�V
VUXYa�pfVnVUj ~ oSh�O�Q[j^T
TNXYKNp�j^oShSILoSb`Q[j^oSQYX[pfVNMBOAP�TNXYpSTNXYKNXYo�VUO"­
VNI�j^orcej^TdVNRSX~a�XYhSI%O�T
X[pST
X[K
X[o+V?O�VNI�j^o�z

È q�hjß+sGiJf9êvk1f9ê.i'f9k�¿|Á=RfI�Kgj^s o XYQYVytS�gRfX[o{bAIL\^XYo{O � MSXYT
_^t ~ ofhSK=VURSX~a�O�VUQ?RSILoSb}a�X[hSI�O�j^T
QYj^oSQYX[pfVNMBOAPuTNXYpSTNXYKNXYo�VUO�VUILj^o¨z�Á=RfX�a�X[hfI%Oia�O�VUQ?RfI�oSbrXYoSb^I�ofX`OAP�K
j�X[a�pSP�j8_mK � �N� � � �
É �"º8�N� Ó �ËÊ�ºW��� ��� � z VUX[Q?RfoSI � MSXYK[z ç cÀVURSX � MSX[TZ_}I�K;cªOAT�ceTNjAaÌO|Q[PLMSK
VNX[T9VURfX[o}VURBO"V-Q[P�MfK
VUXYT
ILK=X[PLI�a�I�oBO�VNX[hiceT
j^a·VNRSX~KNXyO�TNQ?R¨z

Á=RSX�aiO�VNQ?RSI�ofbkpfRBOAKNX�I�KuhfIL\mI�hSXYh�ILo+VUj|cej^MST-K
VNX[pSKYz � ofcej^TZVUMSoSO�VUXYPL_1VNRSI�K-pST
jxQYX[K
K/ILKÂofjAV
QYP�XyO�TNPL_ihSX[K
Q[T
I�s�X[h£I�o�hSXYVUOAI�P	z
Í z=Á=RfX�ILoSILVNI%OAP�pSRSOAKNXghSXYKNQ[T
I�s�X[h�I�o�VNRSX=pBOAp�X[T-OAK ²NÎ j^TNT
X[KNp�j^oSh`VURfX=j^s o X[QWVUK-�gILVNR}XyOAQ?R
j�VURSXYT[z ³ ç V|I�KJOAKNK
MSa�XYh�VURBO�V6VURSILKJK
VNX[p¤I�o+\^j^P]\^XYK ~ oShSILoSbrj^s o XYQYVUKJceT
j^aÏVNRSX�a�X[hSI�O
ILoShSX�lrVURBO"VgaiO�VNQ?R£VNRSj^K
Xkj�c;VNRSX � MfX[T
_Az

å z ²�{ \�OAPLMBO�VNX[K`VURSX�KNI�a�I�P�OATNI]V�_vs�XYV��/X[XYo�XyOAQ?R�j�cJVURSX�Q[j^T
TNXYP%O�VNX[h�jAs o X[QWVUK[z ³ Á=RSILK�ILK
VUOA¢AXYorVUj}a�XyOAo�VNRBO�VdVNRSX|K
VNTNX[ofbAVURrjAc�X[OAQ?R�aiO�VNQ?RrI�KdQ[OAP�QYMSP%O"VUX[hiMSKNILoSb}a�XYhSI%O1OAoSh
QYj^oSQYX[pfVNMBOAP�O�VNVNTNILsSMfVUXYK[zuÁ=RSXYKNX�aiO�VNQ?RSX[Kga�Oy_�s�X~�/X[ILb^R+VUXYh�s+_rVURfXkMfKNX[TYz

� z ²�{ \�OAPLMBO�VNX[K`VURSX�KNI�a�I�P�OATNI]V�_vj�c6VURfX{TNXYP%O�VNI�j^ofKNRSILpSK[z ³ � RSX[T
X{K
VNTNj^ofbva�O�VUQ?RSXYK�OAT
X
cejAMSoSh¨t^VNRSX=KNILa�ILP%OAT
ILVUILX[K¶jAc�s�jAVUR}pfR�_mK
I�QyO�PÀOAoSh}P�jAb^I�Q[OAPxT
X[P�O�VUILj^oSKNRfI�pSK;s�XWV��nXYX[o`VURSXYa
O�TNX~XY\�OAPLMBO�VUXYh¨z

� z ²�{ \�OAPLMBO�VNX[K=VURSX~K
I�a�I�P%O�TNILV�_`s�XYV��/X[XYo{VURfX � MSXYT
_£OAofh£VNRSX~a�XYhSI%O}I�ofhSXWl�z ³ Á=RSILK�Q[OAo
jAoSPL_6s�XÂOAK
KNMSa�X[h~VUj�Q[j^PLP%O�VNX;VNRSX-TNX[K
MSPLVNK�jAcSKZVUX[pfK Í�Ð � OAs�j8\AXnOAofhkT
XYVNMSTNo~VURSX-T
X[KNMfPLVUKYz

Á=RSX�K
_mK
VNX[a pST
j^a�ILKNXYK}a�MSQ?R¨t/KNMSQ?R�OAK}VURSX£OAsSILP�I]V�_¥VNj¤oSO8\mILb+O�VUX�O�TNj^MSofhÑVNRSX · T
XyOAPÒ­
�/j^TNPLh ¹ j^s o X[QWVUKYz ° j8�/XY\AX[T}VURSXYTNXiOATNX�b+OApSKYtuOAoShwT
XyOAK
j^oSK1VNj{hSjAMSsfV1VNRSXipfTUOAQWVUI�Q[OAP�I]V�_�jAc
K
j^a�XkOAK
p�XYQYVNK§jAc�VURfX�O�pSpSTNj^OAQ?R¨z

Ë ��j�a�XYo�VNI�j^o«ILK}b^IL\AX[o¦jAc�RSj8�·VNRSXrQ[jAoSQ[XYpfVUMBO�P=KNQ?RSXYaiO�I�K�ILoSILVNI%OAPLPL_�QYj^oSKZVUTNMfQYVUXYh¨t
ofj^TgRSj8�ÓTNXYP%O�VNI�j^ofKNRSILpSKds�XYV��/X[X[o{Q[j^oSQYX[pfVNK6O�TNX~Q[T
XyO�VNX[h¨tBoSjAT�j�c�RSj8�Ea�XYhSI%O}TNXYpSTNX�­
K
X[o+V?O"VUI�jAoSK~OATNX�OAKNK
jxQYI%O�VNX[h��gILVNR�Q[j^ofQ[X[pxVUMBOAPuT
X[pST
X[K
X[o+V?O�VNI�j^ofK[zkÁ;j�p�X[T
cejATNaÔVURSXYKNX
VUOAKN¢�K=a�OAo�MBOAPLPL_`�njAMSP�hrT
X � MSI�T
X|OAorXYoSj^TNa�j^MSKdOAa�jAMSo+VdjAc�VUILa�X6OAoShrX ñ j^TZVdcej^TnOAo+_
K
I�Õ[OAsSP�X~O�pSpSP�ILQyO�VNI�j^o�z

Ë ° j8�~t�b^I]\^XYo�O�pfI�X[QYX�j�c9a�X[hSI�OftSVURSX�K
_mK
VNX[a¡XWlmVUTNOAQYVNK · TNX[OAP]­)�nj^T
P�h�j^s o XYQYVNK ¹ ceTNj^aÖI]V
ILKdoSjAVgX�lxpSP%OAILoSX[h�z ç V=I�KdK
MSb^b^XYK
VNX[h�VURBO�V=VNRSX|K
_mKZVUX[a·QyOAo£OAQYQ[j^a�pSP�ILKNRiVNRSI�K/ceTNj^a ² O
K
I�oSbAP�Xga�jAMSKNXgQ[PLI�Q?¢ ³ z9Á=RSO�V/VNRSX�K
_mK
VNX[a¼QyOAo�OAMfVNj^aiO"VUI�Q[OAP�P]_1hfX[P�ILoSXyO"VUXgj^s o XYQYVUKÂI�o�O
K
Q[XYoSX6ILo�O�o�ILaiO�b^XAt+O�oSh�X�lmVUTUO�QYVÂTNXYP�XY\�OAo+V-ceXyO"VUMST
X[KuceTNj^a×ILVyt+K
X[XYa�K-RSILb^RSPL_1MSoSPLI�¢AXYPL_
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QYj^oSK
I�hSXYTNI�ofb{VURSX��nX[OAPLVNRwjAcgP�I]VUXYTUO�VNMSTNX�KNMSbAb^X[KZVUI�ofb{VURBO"V1VURfI�K1ILK1ILa�p�j^KNK
I�sSPLX`b^IL\AX[o
QYMSTNT
X[o+VgI�a�OAb^X�pST
jxQYX[KNK
I�oSb}T
X[K
XyOAT
Q?Rv� µ j^oS¢"O£�W�/�A� ± t Í8Ø^Ø �Bº × OAILo¤�W�/�A� ± t ÍyØ^ØX� � jAVURSXYT
VNRBOAo£MSoShSXYT�VNI�b^R+VNPL_�QYj^o+VUT
j^P�PLX[h£KNXYVNK§j�c9hBO�VUOfz ¬ Q?RSILXY\mI�oSb`VURfI�K · s+_�RBO�oSh ¹ hSMST
I�oSb�O
QYj^oSKZVUTNMfQYVUILj^o�pSRSOAKNX6�/j^MSPLh�s�X§cªOATÂVUjmj�VUILa�X�­�QYj^oSKNMfa�ILoSb|VUj}OApfpSPL_}VNj}OAo+_ia�X[hfI�MSa
VNj`P%OAT
b^X|KNILÕ[X[h£hBO�VUOAKNXWVyz

Ë Á=RfXÂhfX ~ oSI]VUILj^o~jAcmKNX[a�OAo+VUILQuTNXYP%O�VNI�j^oSK
RSI�pfK¨s�XWV��nXYX[o�jAs o X[QWVUK/�ªjAVNRSX[T¨VNRBOAokKNpBO"VUI%O�PATNX�­
P�O�VUILj^oSK
RSI�pSK � O�pSp�X[OATNKdVNj�s�XJX[o+VUILTNXYPL_�RmMfaiOAom­�OAMfVNRSj^T
X[h¨txTNX � MSILTNILoSb}O�pST
j^RSI�sfILVUI]\^XYPL_
P�OATNbAX~OAMfVURfj^TNILoSb}X ñ j^T
VgILo£OAP�P¨sfMfV�KNa�OAP�P�OApSpSPLI�QyO"VUI�jAoSK[z

ÿ ±��X±�� Ù �A���W�B� � � � �A�B� �)Ó§Ú ���A�ËÛ8º � º
Õ�O�VNX[o+V µ X[a�OAo+VUILQ ¬ oBOAPL_mK
I�K[t�j^T�Õ µx¬ tnILKrOvVURSXYj^TNXWVUILQyOAPgVUXYQ?RSoSI � MSX�cej^TiXWlmVUTNOAQYVNI�oSbwVNRSX
a�XyOAofI�oSb�OAoSh�QYj^o+VUX�lxV6jAc9�/j^TNhfK6s+_£K
V?O"VUI�KZVUILQyOAPLPL_rO�oBOAPL_mK
I�oSb�P%OAT
b^X~s�jmhSILX[K�jAc9VUX�lmV`�JÕ�OAom­
hBO�MSX[T=�W���A� ± t Í8Ø^Ø Ï+� z ç V9OAK�s�X[XYo�cej^MSofh�VUj�KNILa�MSP�O�VUX-OgTUOAofb^X/j�cfR�MSa�OAo1QYj^b^oSI]VUI]\^XupSRSXYoSj^a}­
XYoBO º VURfX[KNXkI�ofQ[P�MfhSX|hSI�K
Q[j^MfTNKNX~QYj^a�pfTNX[RfX[oSK
I�j^o�OAoSh£XY\AX[o o MfhSb^X[a�X[o+VNK�j�c9X[K
KUOy_ � MBOAPLILV�_^z

Ð oSX=jAc�ILVUKua�OAILo�ceXyO�VNMSTNXYKÂILK9VURBO"V/I]VuI�ofhSMSQ[XYK-Q[j^T
TNX[P�O�VUILj^oSKus�XYV��/X[XYo��/j^TNhSK/OAoSh}VNj^pSI�QYK
�gI]VURSj^MxVÂVNRSj^K
X6Q[jATNTNXYP%O�VNI�j^ofKuRBOy\xILoSb~VUjks�X�XWlxpSPLI�Q[I]VUP]_�KNp�X[QYI ~ XYh¨zuÁ=RSILKÂRSOAK/jAs�\mILj^MSKÂMSKNXWceMSP
OApfpSP�ILQyO�VNI�j^oSKgILo�ILofcej^TNa�O�VNI�j^orT
XYVUT
I�XW\AO�P)tBKNILoSQ[X�ILVgV?O�Q?¢mPLX[K�V��nj�j�c9VURSX�pSTNILoSQ[ILpSP�X~pST
j^sSPLX[a�K
ILo�VNRSX ~ X[PLh � VNRSX~hSI ñ X[T
I�oSb�VNX[T
a�ILoSj^P�jAbA_�pSTNj^sfP�X[a£tSO�oSh£VNRSX~Q[j^o+VNXWlmV6pfTNj^sSPLX[a£z

Õ µx¬ j^sfVUOAI�ofK�ILVNK · ¢�oSj8�gPLX[hSb^X ¹ s+_ ~ T
K
VrpST
jxQYX[K
KNI�ofb�OwP�OATNbAX{Q[jATNpSMSK�jAc|VNXWlmVyzÜÁ=RSX
�/j^TNhfKnI�o�ILV[tmOAoSh�KNXYVNKnjAc�VURSXYKNX��nj^T
hSK[tfOATNX�TNXYpSTNXYKNXYo�VNX[h�OAKÂp�j^I�o+VUK-ILoiOkRSI�b^R`hSILa�XYoSKNILj^oBOAP
² K
X[a�OAo+VUILQ|KNpBOAQYX ³ z

ç oSILVNI%OAPLPL_At�O1aiO"VUTNIÒl�I�K/Q[j^oSKZVUT
MSQYVNX[h¨tBILoi�gRSI�Q?RrX[OAQ?R�TNj8�ÝQ[j^T
TNXYKNp�j^oShSKnVNj`O��/j^TNh¨tSOAoSh
X[OAQ?R¥QYj^P�Mfa�o{VNj£O�pBOAKNKNOAb^X`jAc-VUX�lmVyz1Á=RfX`\�OAPLMSX[K6I�o�VURfX}aiO�VNTNIÒl�O�TNX}KNXWV|VUj£Oi�/X[I�bAR�VNX[h
ILoShSI�Q[O�VUILj^orjAc�VURSX|ceT
X � MSX[ofQY_�jAc�VURSX|�/j^TNh�I�orX[OAQ?R{pBO�KNKUO�b^XAz

�§X�lxV[t�OvpSTNjmQ[XYKNK�Q[OAP�PLX[h�KNI�ofb^MSP%O�T�\�OAPLMSX{hSXYQ[j^a�p�j^KNI]VUI�jAoÓ� µ H Ì � I�K�O�pSpSP�ILX[hÑVUjvVNRSX
a�O�VUT
I]l�tS�gRSILQ?R{hSXYQ[j^a�p�jAKNX[K§ILV�I�o+VNj�VNRSTNXYX�jAVNRSX[T�a�O�VUT
I�Q[XYKgjAc9a�MfQ?R�KNa�OAP�PLX[TdhfI�a�X[oSK
I�j^o¨z
Á=RSXYKNX}VURfTNX[X}a�O�VNTNI�QYX[KYt��gRSXYo¤a1MSPLVNI�pSPLI�X[h�VUjAb^XYVNRSX[TYt¨pSTNjmhSMSQYX`OAo�OApSpfTNjylxI�a�O�VUILj^o{jAc-VNRSX
j^T
I�b^ILoBOAP�aiO�VNTNIÒl�z ç V§ILKd�gRSX[o£VURSILK=hSI�a�X[ofKNI�jAoBOAP�I]V�_�I�KghSX[QYTNX[OAKNXYh�VURSO�VgVURSX~KNXYaiO�o�VNI�Q|T
X[P%O©­
VNI�j^oSK
RSI�p�s�XYV��/X[XYo��/j^TNhSK�I�K=ILoShSMSQYX[h º RfX[oSQYXkVNRSX~oBOAa�X ² Õ�O"VUX[o+V µ XYaiO�o�VNI�Q ³ z

Á=RSX[K
X�VNRSTNXYX§a�O�VNTNI�QYX[KuQ[OAo�s�XgMSKNXYh�VNjkhfX[TNI]\^X=\^XYQYVNj^TNKÂcej^TuXyOAQ?R��njATNh�j^TupBOAK
KUOAb^X º VNRSX
\AX[QYVNj^TNK-Q[OAo�VURSXYo`s�XdMfKNX[h}VNj o MShSb^XnVNRSXdK
I�a�I�P%O�TNILV�_Js�XWV��nXYX[o`VUj^pSILQ[KYz�Á=RSX=QYj^KNILoSXds�XYV��/X[X[o
VNRSX}\^X[QWVUj^T
K~I�K|MSK
MBOAP�P]_{MfKNX[h º VNRSX}RSI�bARSX[TJVNRSX}Q[j^K
I�oSX£��VURSX}QYP�j^K
X[TJVNj Í � VURSX`b^T
XyO�VNX[TJVNRSX
K
I�a�I�P%O�TNILV�_Az

Ð oSXdhSILKUOAhf\�OAo+VUOAb^XAtAjAc�Q[j^MST
KNX�t+I�K�VNRBO�V�VNRSX=I�ofILVUI�OAP+a�O�VUT
I]lka�MSKZVus�X=Q[j^oSKZVUT
MSQYVNX[h`MSKNILoSb
P�OATNb^Xd\Aj^P�Mfa�XYKÂj�c�VNXWlmVnILo`j^TNhSXYTucej^T-ILVuVUj~s�XgjAc¶OAo+_`MSK
XAz ° j©�/XY\AX[TÂVURSILKuRBOAK/OAP�T
XyOAhf_1s�XYX[o

Ä å



F6�d§d�ËÞ $ �$�U¡ 0Á¦+§ë�a¡n¡$�2�U�a¦ $ � ßH¨�à $ ©X¢j¡2¢U�8à �X�d�a¦ $ ©
á|�2¢j¡2¢U�8à DdG # �M§d�>§ë�a¨ë§ ßH¨�à $ ©X¢j¡2¢U�8à âD¡2�a�2§d�u�U¦x±m¢U�
â_�a¦��M���U¡ ¤\�a�8´��n¦�� �X  §ë¢ ãj���Z´ âD���8´X� ßH¨�à $ ©X¢j¡2¢U�8à .`àU�M��¨ �U§d© ��´
â_�a¦��M���U¡ ¤\�a�8´��n¦�� �X  §ë¢ ã©C�§d© âD���8´X� ßH¨�à $ ©X¢j¡2¢U�8à .`àU�M��¨ &�§d© ��´
â_�a¦��M���U¡ ¤\�a�8´��n¦�� �X  §ë¢ ã©ä�§d© âD���8´X� åI¨d�n¦+æ�²;¢WçU�M�d���Ò´X�
â_�a¦��M���U¡ ¤\�a�8´��n¦�� �X  §ë¢ è�é�§d© âD���8´X� �a¦ $ à $ ¡2¢U ���´��$�
â_�a¦��M���U¡ ¤\�a�8´��n¦�� �X  §ë¢ èM¨ë§ àU�a�>� $ ¢j¡$¡2�M�U� �a¦��M�d�8à
ê.�>§�ç��n�U¦ ,D�U�n¦��U¨ ©��a�>�d§
.}�a¨ë¢j�U�g�M��� $ �U¦ æ�£�§ë�a¨ë§
.}�a¨ë¢j�U�g�M��� $ �U¦mé ¨����U¡n¡n©X�a�>��§

ë � # ¡2�����Òè>�9G�� #^ì � $ §d¨\¢U£�í9���n¨d§d�n¦X�|ê�G^F½G��a���U¦[§d� $ G� B� $ �a¨

p�X[TZcej^TNa�X[h`O�V Î jAP�j^TNOAhSj � oSIL\AX[TNK
ILV�_ º aiO"VUTNILQ[XYK9RBOy\^Xgs�X[X[o`QYTNXyO"VUX[h`ceTNjAa×O6\�OAT
I�XYV�_1jAc�KNXWVUK
jAc�VUX�lmVytÀQ[j8\^XYTNILoSbiO�\�OAT
I�XYV�_�jAc�K
MSs o XYQYV6OATNX[OAK[z-Á=RSXYKNX�OATNX~P�ILK
VNX[hrI�orVUOAsSP�X � z Í z

Á=RSX@Õ µm¬ VNX[Q?RSofI � MSX£RBOAK�OAP�T
XyOAhf_vs�XYX[o�OApSpSPLI�X[h«VNj¤ILofcej^T
aiO�VNI�j^ovTNXYVNTNILXY\�OAP)t-ILoÑVNRSX
cej^T
aîjAcgÕ�O�VNX[o+V µ X[a�OAo+VUILQ ç ofhSXWlxI�ofb½�JÕ µ çZ� � Ì MfaiOAILK{�W�}�A� ± t Í8Ø Ï�Ï�º Õ¶XWVUKNQ?RfX ´ ä XYTNT
_At
Í8ØAØ+ï � z ç ovVURSXYKNX�QyOAK
X[K[t�TNXYVNTNILXY\�OAP-TNXYP�I�XYK~j^o¥VNRSX[T
Xis�X[I�ofb{O£P%OAT
b^X`Q[j^PLP�X[QWVUILj^o�jAcdVUX�lmVUK1ILo
VNRSX ~ TNKZV§ILoSK
VUOAoSQYX~VNj�QYj^oSKZVUTNMfQYVgVURSX~ILoSILVNI%OAP�aiO"VUTNIÒl�z

Á=RSXJVUXYQ?RSoSI � MfX�RBO�KgOAP�K
j}s�XYX[o£OApSpSPLI�XYh�VUj}VURSX|a1MSPLVNI�a�X[hSI�OkhSjAaiOAILoiVUj�OAo�X�lxVNX[o+V�s+_
µ QYP%OAT
j ñ �W�¶�A� ± � µ Q[P�OATNj ñ �W�¶�A� ± t Í8Ø^Ø^Ø � z;Á=RfX_Õ µx¬ VUXYQ?RSoSI � MfXnI�K¶ofjAV;OApSpSPLI�X[h~VUjga�MfPLVUILa�XYhSI%O
ILofcej^TNa�O�VNI�j^o«hSILTNXYQYVUP]_^tÂsSMfV�VUj�VUX�lxViOAoSh ° Á� @Õ�VUOAb^K`KNMfTNTNjAMSoShSILoSb¥X[OAQ?R�ILaiOAbAXAz¦Á=RSX
p�j^I�o+VNK9I�o�VNRSX=KNXYaiOAo+VNI�QdK
pBOAQ[XgO�oSh�VURSX=p�j^ILo�VNK9I�o�VNRSXn\mI�K
MBOAPfceX[O�VUMfTNX=KNpSOAQ[XgOAT
XdQ[jAa�sSI�ofX[h
VNj�a�OA¢AX�O`KNI�ofb^P�XJceX[O�VUMST
X~KNpBOAQYXAt�OAoSh�VURSILKgMSKNXYh�OAK=VURSXksBOAK
I�K=cej^Tga�MSP]VUILa�XYhSI%OkTNXYVNTNILXY\�OAP)z
Á=RSILKnILKdO�MfKNXYceMfP�VUXYQ?RSoSI � MfXAtSsSMxVdILV/K
VNI�PLP�T
X[PLI�X[K-VUj�KNj^a�X6X�lmVUX[o+Vgj^o�VUX�lxVds�XYI�oSb1OAKNK
jxQYI%O�VNX[h
�gI]VUR£I�a�OAb^X[KYz
ÿ ±��X±ªð � �A���m� �|5 � � � �m�W� � ºJ¹ � � � � � � � � Ó ��ñ��Â� �}ò �N�A�	Ê � � � �Wñ+ñ � � z
í X[T
I�X�\�OAo«hfX[T ° X[I o hfX[oE�W�k�A� ± RBOy\^X�p�j^I�o+VUXYhwj^MfV1VURBO�V�VURSXia�j^KZV�ILo�VNMSILVNIL\AX��nO8_vjAcgTNX�­
VNTNI�XW\mI�oSb�ILaiO�b^X[K�I�K1s+_vhSj^a�OAI�o¥Q[j^oSQYX[pfV���\�OAo«hSX[T ° X[I o hSX[o ´ � j^TNT
I�oSbft Í8Ø^Ø^Ä � z�Á=RSXW_
ILoShSI�Q[O�VUX�VURBO"VgO1\mILV?O�P�KZVUX[p�ILo�OAQ?RSI�XW\mI�oSb1VNRSI�KnI�Kns+_iaiOApfpSI�oSb1I�a�OAb^XgceXyO�VNMSTNXYKdVUj}hSj^a�OAILo
QYj^oSQ[XYpfVUKYznó;I�b^MST
X � z Ï K
RSj8�gK§Rfj©�EVURSILK=I�KgOAQ?RSILXY\AX[h¨z

Á=RSX�a�OApSpSILoSb¤I�K�O�Q?RSI�XW\^X[h½MfKNI�ofbwK
VUOAoShBOAT
h�K
VUO�VUILK
VNI�QyO�P�ILaiO�b^X�QYP%OAK
KNI ~ QyO�VNI�j^o¦VUXYQ?Rx­
oSI � MSX[KYt�hfX[a�j^oSK
VNTUO�VNX[h��gILVNR�O}pSP�OAo+V=\�OATNILXYV�_�VNX[K
VNI�oSb�OApfpSP�ILQyO�VNI�j^o¨z

ç o�VURSXYI�T-�njATN¢Àtf\�OAorhSXYT ° XYI o hSXYo¥�W�/�A� ± hSj}ofjAVdMSK
XJVURSX§aiO�pSpSI�ofb�cej^TnOAo+_mVNRSI�ofb}jAVURSXYT
VNRBOAoÑQ[P%O�KNKNI ~ QyO"VUI�jAo¦OAoSh¦TNXWVUTNILXY\�OAPdj�c6ILaiOAbAX[K}I�owVNRSX�KUOAa�X�Q[P�OAKNK`OAK}VNRSX � MfX[T
_¦ILaiO�b^XAz
° j©�/XY\AX[TYtdVURSX��/j^TN¢vhSjxXYK`pSMfV�I�a�OAb^X�Q[P%O�KNKNI ~ QyO"VUI�jAo«I�oÑO�KNP�ILb^R+VUP]_vhSI ñ XYTNXYo�V�O�oSh�a�j^T
X
MSK
XYceMSP�p�X[T
KNp�X[QYVNIL\AXAz
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DOMAIN CONCEPTS

SEMANTICALLY

LABELLED OBJECTS

SET OF FEATURES

INSTANTIATION OF

DOMAIN CONCEPT

feature calculation

classification

object decomposition

���n�j�X�d�����'ô���,_¢j���U�$¦i±m¢j¦ $ �M 1§�§ë¢u�X�a�>§d�X�d�J.}�> 1 1�n¦X�

ÿ ±��X±®õ � � � �A�B� �)ÓJ5 Û�ñB� ��� �N� � � Ú6��Ó?¸m� ��� Ó �	Ê � ��ö �S5gÚn÷
ç o{OAo�OAT
Q?RSILVNX[QWVUMST
X�pST
j^p�j^KNXYh{s+_ Î MSoSPLI ñ Xr�W�d�A� ± I�ofcejATNa�O�VUILj^orILVNX[a�K=I�o�VURSXka�XYhSI%O}sBO�KNX
OAT
X`I�oShSX�lxX[h¥OAK~TNX[P�O�VUILj^oSK
RSI�pSK§�gRSI�Q?R¤QyOAo¤s�X � MSXYTNILX[h�� Î MSoSPLI ñ X{�W�§�A� ± t ÍyØ^Ø+ï º Á�MShSRSj^p�X
´ Á;Oy_mP�j^TYt Í8Ø^Ø+ï � zuÁ=RSXYKNX�OATNX|X�lfpfTNX[K
KNXYh�OAKgsSI�oBO�T
_�T
X[P�O�VUILj^oSKNRfI�pSKdILorVURSX|cej^T
a�ø
ù�ú+ûBü©ýxþ^ÿ���ý����+ÿ���ú	��
�����
�
��fûBü©ýxþ+ÿ��

>��ÂÙ¨Ú�4�
"</�6�S5=
�� I�K¶j^oSX-jAcfO��BoSI]VUXuKNXWV�jAcfT
X[P�O�VUILj^oSKNRfI�pSK¶O�P�P�j8�/X[h~s+_JVURfXÂKZ_mK
VUXYa�KNMSQ?R
OAK Ú|���k� ��� ��< ��z;Á=RfX[KNX�I�ofQ[P�MfhSX=RSI�X[OATNQ?RfI�QyO�PfKNp�X[QYI%OAPLI�KNO�VUILj^oÀµ�b^XYoSX[TNOAP�ILKUO�VNI�j^o~T
X[P%O"VUI�jAoSKNRSILpSK[t
K
jiVURSXYKNX�TNX[P�O�VUILj^oSK
RSI�pSKgQ[OAo{s�X1MSK
X[h{VNj�cej^T
aÔO�b^TNOApSRx­®K
V�_mP�XkoSXWV��nj^T
¢�j�c�VURfX1¢�oSj8�gP�XYhSb^X
sBO�KNX~�gILVUR£O}RSILX[TUO�TNQ?RSILQyOAP¨QYj^TNX�z

Á=RSX6hSO�V?OAsSOAKNX§jAc�TNXYP%O�VNI�j^oSK
RSI�pfKÂQ[OAo�s�X � MSXYTNI�XYh�sBOAK
X[h�jAoiVURSX � �®�A���+� � � Ú º?º � ÓW� �A� ��� �
ò�� ��� �gRSI�Q?R�OAPLP�j8�gK � MSX[T
I�X[KgK
MSQ?R�OAKYø
ù��������� �!�"���ú$#�þ&%�'�')(�!* �+),��$�� -#�.��

Á=RSX[K
X1T
X[P%O"VUI�jAoSKNRSILpSKgOAT
X�O�P�KNj}�/X[ILb^R+VUX[h{OAQ[QYj^TNhfI�oSb`VUj`VURSXkK
VNTNXYoSbAVUR�jAc�VNRSX~TNXYP%O�VNI�j^ox­
K
RSI�p¨tÂOAofhwVURSXrK
p�XYQ[I%O�P�I�KNO�VUILj^o¤jAcgVURSXrK
MSs)/
X[QWV�OAoSh«j^s)/
XYQYV[zvÁ=RSXrT
XyOAK
j^o«cej^T�VNRSXrP%O�V
VUXYT
ILK�VNRBO�V�V��nji\AX[TZ_{K
p�XYQ[I%O�P�I�K
X[h£Q[j^ofQ[X[pxVUKJQYP�j^K
X�VUjAb^XYVNRSX[T�I�o£VURSXkoSXYV��/j^T
¢{OAT
X1PLI�¢AXYPL_�VNjis�X
a�j^TNX|K
I�a�I�P�OATÂVNRBOAo�V��nj�a�j^TNX|b^XYoSX[TNOAP¶Q[jAoSQ[XYpfVUKYz
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1-OAQ?R{jAc�VURSXkQ[j^ofQ[X[pxVUKJILK§O�KNKNjmQ[I�O�VUXYh��gI]VUR{T
XYVNTNI�XW\�OAsSP�X|a�X[hfI%O`ILVUXYa�KYzdÁ=RSX�TNX[PLXY\�OAoSQYX
jAc�XyOAQ?R�a�X[hSI�O~I]VUXYa×QyO�o�s�X�OAKNK
X[KNK
X[hrs+_�VNRSX��/X[ILb^R+VUILoSb^K-O�V
V?OAQ?RSXYh�VNjkT
X[P�O�VUILj^oSKNRfI�pSKYt�OAoSh
VNRSX~omMfa�s�XYTgjAc�T
X[P�O�VUILj^oSKNRfI�pSKdVNTUOy\^XYTNKNXYh{s�XYV��/X[XYo�Q[j^ofQ[X[pxVUK[z

° _mp�X[TNa�X[hfI%O1ceMSoSQWVUILj^oBOAPLILV�_�I�K=OAQ?RfI�XY\AX[h£VURST
j^MSb^R�pBOAK
KNILoSb�O � MSXYT
_�ceT
j^a O�o�O�pSpSP�ILQyO"­
VNI�j^o��e�gRfI�Q?R¤aiOy_�s�X�O£MfKNX[T ¹ KkKNXYP�XYQYVUILj^o�j^T~O�RSI�b^RfP�I�bAR�VNX[h�sfMfVNVNj^o � VUjrVURfX�hSO�V?OAsSOAKNX`jAc
T
X[P%O"VUI�jAoSKNRSILpSK[z�Á=RSX|TNXYKNMSP]VUK=jAc¶VNRSX � MSX[TZ_�QyO�o�VNRSX[ors�X|MSK
X[h�s+_iVURfX~OApSpSPLI�QyO"VUI�jAo�VNj}j ñ XYT
jAVNRSX[T1hSjxQYMSa�X[o+VUK�I�ov�gRSILQ?RwTNXYP%O�VNX[hvVNX[T
a�K1OApSp�XyOATYt9j^T�O�K1a�XyOAoSKkVUj�oSO8\mILb+O�VUXiOATNjAMSoSh
VNRSX~TNX[P�O�VUILj^oSK
RSI�pSK|�ªj^T=VURfX · I�ofhSXWl�K
pBOAQYX ¹3� I]VUK
X[PLc�z

Á=RSX�K
_mK
VNX[a RBOAK�oSjÑQyO�pBOAQ[I]V�_�cej^T�MSofhSX[T
K
V?O�oShSI�ofb�a�MfPLVUILa�XYhSI%O¤Q[j^o+VNX[o+Vyt~OAofhÝVNRSX
ILoSILVNI%OAP�X ñ j^T
V�ILo�\Aj^PL\AX[h£I�o�OAMxVURSj^T
I�oSb}VNRSX~KNX[a�OAo+VUILQ|hBO�VUOAsBOAK
Xka�Oy_�s�X|\^X[TZ_�P%OAT
b^XAz
ÿ ±��X±32 4 � Ê ��� º 4
¬ oSjAVURfX[T~K
_mK
VNX[a sSOAKNXYh¥j^o¤O�K
I�a�I�P%O�T�ILhSXyO�VNj Î MSoSP�I ñ X ¹ KJ�/j^T
¢{I�K 4 � Ê �W� º 4 � ä MSPLP�jmQ?¢ ´
í j^sSPLXAt Í8Ø^Ø Ï^� z ¬ · hfX[KNQYTNILpfVUILj^o�P�j^b^ILQ ¹ I�K~MSKNXYh¥VNj£QYj^a�p�j^K
X�O£QYj^oSQ[XYpfVUMSOAP-a�jmhSX[P�jAcnVNRSX
K
MSs)/
X[QWV~aiO"VNVUXYT[tÀVUj^MfTNI�KZVJILofcej^TNa�O�VNI�j^o¨z=Á=RfI�K6a�jmhSX[P�I�K�MSKNXYh�VUj�QYj^oSK
VNTNMSQWV~OiQYj^oSQ[XYpfVUMSOAP
ILoShSXWlrjAc;VNRSX~I�ofcejATNa�O�VUILj^o�RSXYP�h�I�orVURfXkKZ_mK
VUXYa�z

1-OAQ?R�hfjxQYMSa�XYo+V/ILo}VURSXgK
_mKZVUX[aÃa1MSK
VÂs�X�bAIL\^XYo�QYj^oSQYX[pfVÂhSXYKNQ[T
I�pfVNj^TNKYtmVNRBO�V-Q[OAo�X[OAKNILPL_
s�XgaiOApfp�XYh�VNjkQYj^oSQYX[pfVNKnI�o}VNRSXgQ[j^oSQYX[pfVNMBOAPÀa�jxhSXYP)z Ð ofQ[X=VURSILK-I�K-OAQ?RSILXY\AX[h¨t�VURSX�TNILQ?RSoSXYKNK
jAc�VURfXkQYj^oSQYX[pfVNMBOAP�a�jmhSXYP¶OAP�PLj8�gKgO}\�OAT
I�XWV�_�jAc;K
V�_mP�XYK§j�c�oBOy\mI�b^O�VUILj^o¨ø
4AÞ6587�9�:;7xÇ=<?>;@A<AB=C6D�QyO�o£s�X|b^XYoSX[TNO�VUXYh�s+_rK
XyOAT
Q?RSI�oSb}cej^T=hfjxQYMSa�XYo+VUKgOAK
KNjmQ[I%O"VUX[hr�gI]VUR

T
X[P�O�VUXYh£QYj^oSQYX[pfVNK6I�o�VNRSX~Q[j^ofQ[X[pxVUMBOAP�a�jxhfX[P)z
E 45Þ6587�9+ß$>GF�>&@AHyê,�=7?ÝI9JH)KLDM7�9«OAP�PLj8�gK�VNRSX1MSK
X[T�VUj�oBOy\mI�b^O�VUX�OATNjAMSoSh{VNRSX1QYj^oSQ[XYpfVUMSOAP

a�jmhSX[P	tx�gRSILQ?R�QYj^o+V?OAILoSKga�MSPLVNI�pSPLX6RSILX[TNOATNQ?RSILX[KYz
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Á=RSX}MfKNX`jAc-KNXYaiO�o�VNI�Q�¢�oSj8�gPLX[hSb^X}ILo�I�ofcejATNa�O�VUILj^o�KZ_mK
VUXYa�K|ILKJoSjAVJoSXY�~zkÁ=RSX[KNOAMST
IuRBOy\^X
X�lfILK
VNX[h�cej^TÂj8\^X[TdO1Q[XYo�VNMST
_�VURBO"VnRBOy\AX|aiOApfp�XYhi¢�oSj8�gP�XYhSb^XJjAc�OkKNMSs�/
X[QYV�O�TNXyOxtfOAofh�s�XYX[o
MSK
X[h�VNj«OAI�h�OAQ[QYX[K
K�VUj¥VNRBO�ViI�ofcej^T
aiO"VUI�jAo¨z� �j^T
X{T
X[Q[XYo+VUPL_At=VURSX�O�T
VUIh�BQ[I�OAP=I�o+VNX[P�PLI�b^XYoSQ[X
OAT
X[oBO�jAcdT
X[KNX[OATNQ?R«RSOAK1pST
j8\xILhSX[h¥TNILQ?RSX[T�a�XWVURSjmhSKkjAcdKZVUj^T
I�oSb�KNX[a�OAo+VUILQ�ILofcej^T
aiO�VNI�j^o�ILo
QYj^a�pfMfVUXYTNK[z

Ð oSPL_�O1RSOAoShfceMSP�jAc�KZ_xKZVUXYa�KdMfKNXJK
X[a�OAo+VUI�Q§I�ofcejATNa�O�VUILj^o}VUj}OAo+_�KNILb^oSIh�BQyOAo+VnhSX[b^T
X[XJILo
VNRSX�a1MSPLVNI�a�X[hSI�O1I�ofcejATNa�O�VUILj^o�K
_mKZVUX[aÖ�/j^TNPLh¨zÂÁ=RSX�a�O-/
j^T
ILV�_ijAc�VNRSj^KNX~VURSO�V�hSj�Q[OAo£j^oSPL_
�/j^TN¢��gILVNR{VUX�lmVUMBOAP;I�ofcejATNa�O�VUILj^o¨zdÁ=RSjAKNX1VNRBO�V6�/j^T
¢£�gI]VUR�a�MfPLVUILa�XYhSI%O�ILofcej^T
aiO�VNI�j^o£OAT
X
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a�j^K
VNPL_¤P�ILa�I]VUXYh�VNj�KNp�X[QYIk�BQ�hSj^a�OAI�ofK1OAofh«a�XYhSI%Ofz£Á=RSX�a�OAILo¥X�lfQYX[pfVNI�j^o�t ° I�TNO�V?O ¹ K ° IÒ­
a�jAVUjA¢mI%µ Î Ð ç `�K
_mKZVUX[a£tfa�OA¢�X[KÂMSoSTNX[OAKNjAoBOAsSPLX6OAK
KNMSa�pfVNI�j^oSKÂOAs�j^MfV-VNRSX � MBO�P�ILV�_�jAc¨a�X[hSI�O
pST
jxQYX[K
KNI�ofb�VNX[Q?RSoSjAP�j^bA_Az

Á=RSXiofXWlmV}Q?RBOApxVUX[T�hSX[K
Q[T
I�s�X[K}OAowOApSpST
j+OAQ?RvVNj�OAPLP�XY\mI�O�VUILoSb�VURSXYKNX�hfTUOy�gsBOAQ?¢�K}QyO�P�P�XYh
VNRSX � � � �A�B� �)ÓJÙ �AÛ+� � z
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½\¼¨Ä Å�ö+Ç*Æ\¿JúB÷ øW«�÷Ê÷¬À.öUù
ç V}Q[OAo«s�X�KNXYX[owceTNjAa VNRSX�pST
XY\mI�j^MfK�Q?RBOApfVNX[T
K�VURBO�V�VURSXipSTNj^sfP�X[a»jAc�a�MfPLVUILa�XYhSI%OrILofcej^TZ­
a�O�VUILj^o£OAQ[QYX[K
K6RBOAK�s�X[X[o{OAhShST
X[K
KNX[h�ILo�T
X[QYX[o+V6T
X[K
XyOAT
Q?R¨t�sSMxV§VNRBO�V�aiO�o�_�pfTNj^sSPLX[a�K=K
VNI�P�P
X�lfILK
V[z
Í z�Õ�OAT
b^X[P]_^t¨K
X[a�OAo+VUILQ�I�ofcejATNa�O�VUILj^o�RSOAK6VUjrs�X`OAK
KNI�bAoSX[h�VNjra�MSPLVNI�a�X[hSI�O�ILofcej^T
aiO�VNI�j^o
s+_vRBOAoShwILovVURfXicej^TNa»jAcg¢�XY_��/j^TNhSKYz¥Á=R�MSK`O�P%OAT
b^X�a1MSPLVNI�a�X[hSI�O�QYj^P�PLX[QWVUI�jAo¤�gI]VUR
ofj�OAK
KNjmQ[I%O"VUX[h¥¢AXW_m�/j^T
hSK�I�KkhSIhÇ�QYMSPLV|VNj�OAQYQ[XYKNK}O�V�O£RSI�b^RfX[T~P�XW\^X[PuVNRBOAovPLj8�d­�P�XW\^XYP
a�X[hfI%O§ceX[O�VUMST
X[KYz ¬ KNK
I�b^ofI�oSbJ¢�XY_��/j^TNhSK/I�o+\^jAPL\^XYK-OJR�MSb^XAt�jAc�VNX[o}pST
j^RSILsSILVNIL\^XdOAa�jAMSo+V
j�c�X ñ j^TZVyz

å z=Á=RfX[TNX�O�TNXiK
j^a�XiKNI]VUMBO"VUI�jAoSKkVNRBO�V}QYMSTNT
X[o+V}a�X[hSI�O�pST
jxQYX[K
KNI�ofb�VUX[Q?RfoSI � MSXYK}QyOAoSofjAV
QYj^p�X��gILVUR�z¥óBj^T1XWlfOAa�pSP�X�t-OAo¦I�a�OAb^X�KNRSj8�gI�ofb¥O�K
I�hSX�\xILXY� jAc§O�RSj^T
KNX�OAoShÑOAom­
j�VURSXYT�K
RSj8�gI�oSb�O}ceTNj^o+V=\mI�XW�E�gILP�P�s�X|KNILb^oSIh�BQyOAo+VNPL_�hfI ñ X[TNXYo+VgI�orVUXYTNa�K=jAc�PLj8�d­�P�XW\^XYP
ceX[O�VUMfTNX[KYz`Á=RmMfK[t;O�QYj^o+VUXYo�V�sBOAK
X[h¤TNXWVUTNILXY\�OAP � MSXYT
_��gILP�P�ofjAV~TNXWVUTNILXY\AX�O�P�P�T
X[PLXY\�OAo+V
T
X[K
MSPLVNK[z

� z í X[ofX[TUO�P�PL_At�j^p�XYovR+_mp�XYTNa�X[hSI�O�KZ_xKZVUXYa�K�I�o+\^j^P]\mI�oSb£a�MSP]VUI�a�X[hfI%OiQYj^o+VUX[o+V1QyOAo¥j^oSPL_
PLI�oS¢�s�XWV��nXYX[o�oSj^ox­)VUXWlmV�a�X[hSI�O�I�o£O}KNp�X[Q[Ih�BQAtBp�j^ILo�VZ­®VNj�­�p�j^I�o+V/�dOy_^z Ð oSX~XWlxQYX[pfVNI�j^o
VNj�VNRSI�K�I�KgjAc�Q[j^MfTNKNX~VURfX��BT
K
VJ  ¬ H ç µ pST
jJ/
X[QWVyzÈ19\AX[o�ILo£VNRSI�KgQyO�KNXAt�O�bAX[oSXYTNI�Q~PLI�oS¢
Q[OAo�j^oSP]_�s�X6cej^PLP�j8�/X[h�ceTNjAa O�K
I�a�I�P�OAT-I�oSKZV?OAoSQYXJjAc�VURfX|j^s)/
X[QWV º VNRSX|P�ILoS¢}QyO�oSoSjAVgs�X
cejAP�P�j8�/X[h�ceTNj^a»O£hSI ñ X[T
X[o+Vk\xILXY�@jAc/VURSX�KUOAa�X�j^s)/
X[QWVyt;KNI�ofQ[X�VNRSX[ILT~X � MSIL\�OAPLX[oSQYX�ILK
ofjAVÂpSI�Q?¢�X[hiMfp�MfKNI�ofb�j^ofPL_�PLj8�d­�P�XW\^XYPfceXyO�VNMSTNXYK[z ¬ oSjAVURfX[T-XWlfOAa�pSP�X=ILK ° ILTUO�VUO ¹ K9�/j^T
¢
O"VJ�b1 Î � ° ILTUO�VUO{�W�=�A� ± t Í8Ø^Ø^Ä ºy° I�TNO�V?O��W�=�A� ± t ÍyØ^Ø+ï � znÁ=RSILK��/j^TN¢�K
X[X[a�KgVUjiX�lxp�XYQYV
TNO�VURfX[T=VUjmj`a�MSQ?R£jAc�QYMSTNT
X[o+V§a�XYhSI%O�pST
jxQYX[K
KNI�ofb�VNX[Q?RSoSjAP�j^bA_Az
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0 z ç o¦a�j^K
V�a�MSPLVNI�a�X[hSI�O�O�oSh¦R�_mp�X[T
a�XYhSI%O�KZ_xKZVUXYa�KYtÂVNRSX[T
X�OATNXroSj�a�X[Q?RSOAoSI�K
a�K�cej^T
X�lxpSTNXYKNKNILoSb{K
X[a�OAo+VUILQ�T
X[P�O�VUILj^oSKNRfI�pSKJs�XYV��/X[XYowj^s)/
XYQYVNK[z�Á=RSj^KNX�TNXYP%O�VNI�j^ofKNRSILpSKJa�O8_
s�X~XWlmVUT
X[a�X[P]_rMSKNXWceMSP¨cej^TdVNRSX~MSKNXYT[z

ç o�VUX�lxVJTNXYVNTNILXY\�OAP�K
_mK
VNX[a�K[t¨j^ofX�jAcuVURfX�aiO�I�o{pfTNj^sSPLX[a�K6XYoSQ[j^Mfo�VNX[T
X[h�I�K�VURBO�VJjAcg��� ���
�}� � � � � j Û"tÀj^T � � Ó � É Êm�]� � Û º VNRBO�V§I�KYtÀVNRSX~VUX[T
a�ILoSj^PLj^bA_rO�o�OAMfVNRSj^T�RBOAK§MSKNXYh{VUj�hSX[K
Q[TNILs�X�O
K
MSs)/
X[QWVgaiOy_`s�X6hSI ñ XYTNXYo�V/ceTNj^aÌVNRBO�VdO�KNX[OATNQ?RfX[TdMSK
X[KnVNj1cej^T
a�MSP%O"VUX�O � MSXYT
_^z-Á=RSXYKUOAMfTNMSK
KZ_xKZVUXYa�KgOAhfhSTNXYKNKnVNRSI�K/s�_�b^T
j^MSpSILoSb�VNj^b^XYVNRSX[T/K
_moSj^o+_ma�j^MSKnVNX[TNa�KnjATnpSRSTNOAKNXYKdhSXYKNQ[T
I�sSILoSb
O`pBOATZVUI�QYMSP%O�TdKNMSs�/
X[QYV6j^T Ó � � Ó ��ñ��ªzÂÁ=RfX�a�O�VUQ?RfI�oSb`p�j©�/X[T�jAc�VURSILKgKNXYV�jAc;VUXYTNa�K�ILK=b^TNX[O�VUXYT
VNRBOAo�VURBO�Vgj�c;VNRSX|VUX[T
a�K�OAPLj^oSX�z

Á=RSI�K;pSTNjAsSP�XYa j�cBVUX[T
a�ILoSj^PLj^bA_|ILK;TNO�VURSXYT9KNILa�ILP%OAT�VUjJpST
j^sSPLX[a å hSXYKNQ[T
I�s�X[h`OAs�j8\^X�z9Á=RSX
V��/j�pfI�QYVNMSTNXYK|jAc-VURSX}Rfj^TNK
X�O�TNX1V��/j�hfI ñ X[TNXYo+V|�dOy_mK~jAcÂXWlxpSTNXYKNK
I�oSb�VURSX}QYj^oSQYX[pfV · RSj^TNK
X ¹ z
Á=RSXYTNXkI�KgO`hSI�K
pBOAT
ILV�_�s�XYV��/X[XYo�VNRSX|\xILKNMBO�P¨VUX[T
a�ILoSj^PLj^bA_�MSKNXYh�VNj�T
X[pST
X[K
X[o+V6VNRSX~Q[j^oSQYX[pfV[z

Á=RSXgTNjmjAVUKuj�c�VNRSI�KupST
j^sSPLX[a×PLI�Xn�gI]VUR}VURfX�hfI�K
VNI�oSQWVUILj^o µ a�j^P�I�OATg�W���A� ± I�hfX[o+VUI]c�_�s�XYV��/X[X[o
VNRSXgK
_ma�s�j^P�ILQnj^s)/
XYQYVÂMSK
X[h}VUj~TNXYpSTNXYKNXYo�VnOJQ[jAoSQ[XYpfV6�ªI�o�VNRSXnñ��]�A��� � �6� � ñ � �?º?º � � � � OAoSh}VNRSX
QYj^oSQ[XYpfV/s�XYI�oSb~TNXYpSTNXYKNXYo�VNX[h��eI�o}VURfX=ñ��]�A��� � � Ó � �B���W�B� � � µ a�j^PLI%OAT=�W�u�A� ± t Í8ØAØ^Ä º µ a�j^P�I�OAT ´
� ILP�Q[jyl�t Í8Ø^Ø+ï � zghSX µ O�MSKNK
MSTNX1VNX[T
a�XYh�VURfX[KNX1K
_ma�s�j^P�ILQ�j^s�/
X[QYVNK�º �hj � � Ô � � º��ªhSX µ OAMSK
KNMST
XAt
Í8Ø Ï Ä � z í MSpxV?O��W�=�A� ± O�P�KNj�I�hfX[o+VUI]c�_�VURSILK§hfI�K
VNI�oSQWVUILj^o¨tSVUXYTNa�I�oSb`VURfXkV��/j�Q[jAa�p�j^oSXYo�VNK§VNRSX
�Wñ+ñB�N� � �A� Ó � � �A�ËÊB�kOAoSh�º8� � �A�B� �)Ó~� �A�ËÊÀ�kT
X[K
p�XYQYVUI]\^XYPL_¤� í MSpxV?O{�W�=�A� ± t ÍyØ^Ø+ï � z
¬ K
_mK
VNX[a O�VNVNX[a�pfVUILoSbrVUj�OAhShST
X[K
K�VURfX�pST
j^sSPLX[a�K|P�I�KZVUXYhvOAs�j8\^X�KNRSjAMSP�h¥OAQ[QYj^MSo+Vkcej^T

VNRSI�K§hSI�KZVUI�ofQYVUILj^o¨t�Q[j^a�a�j^oSPL_�¢�oSj8�go¤OAK�VURSX · KNXYaiO�o�VNI�Q�b^OAp ¹ z ° j8�/XY\^XYT[t�OAK6QyOAo�s�X�KNXYX[o
s+_�VURSX�P%OAKZVgV��nj�Q?RBOApfVNX[TNKYt�ceXW��K
_mK
VNX[a�K6hSjSt�X[K
p�XYQ[I�OAP�P]_rj^MfVNKNI�hfX�jAc;VURSXkhSj^a�OAILo�jAc;VUX�lxV[z
Á=RSX£cejxQYMSK�jAc6VNRSI�K`�njATN¢«I�K`RSj8�ÖVNRSI�K`b+OAp�aiOy_«s�X£sSTNILhSb^X[h�z�Á=RSX£TNX[a�OAILoShSX[T`jAc§VURSILK
Q?RBO�pfVUXYT1I�o+VNTNjmhSMSQ[XYK1O�VUXYQ?RSoSI � MSX�cej^T�OAhShST
X[KNK
I�oSb£VURSXYKNX�pSTNj^sfP�X[a�K~QyOAPLP�XYh¤VNRSX�º8� � �A�B� �)Ó
�]�AÛ+� � z

µ X[QWVUILj^oSK 0 z å OAoSh 0 z � hfX[KNQYTNILs�X�VURSX§j©\AX[TNOAP�PÀceTUOAa�XY�/j^T
¢�j�c�O�KZ_xKZVUXYa �gILVNR�OkKNX[a�OAo+VUILQ
P�O8_AX[TYt;O�oSh�VURSX�OAhShfILVUILj^oBOAP�p�j^KNK
I�sSILP�ILVNI�XYK�cej^T|oSO8\mILb+O�VUILj^o�OAofh¥T
XYVUT
I�XW\AO�P;VURSO�VkOrKNX[a�OAo+VUILQ
P�O8_AX[T§j ñ XYT[z Ì XYVUOAI�PLK§O�s�j^MxV6RSj8��VURfI�K�QyOAo�s�X�O�Q?RSI�XW\^X[h�ILo{pSTNOAQYVNI�Q[OAP¶VUX[T
a�K6OATNX�b^IL\AX[o�ILo
VNRSX~TNX[a�OAILoSI�oSb}K
X[QWVUI�jAoSK[z

½\¼3É ÊÌË8Ë�ÃJÈ|þÊÀÉøGú�÷ÊÀ�È9Æ[ÃJÅYÍ�À�ù�ú1ö
µ XYQYVNI�j^o å z å z � I�o+VUT
jxhfMSQ[XYh�VNRSX�ILhSXyOvVNRBO�Vra�MfPLVUILa�XYhSI%O�j^s)/
XYQYVNKrQyOAo�s�X�Q[j^ofKNI�hfX[TNXYh½VUj
RBOy\AX�V��/j¤pBOAT
VNK[t-j^oSXrILowVURSXrpfP%OAoSXrj�c§X�lxpSTNXYKNKNILj^o¨t/OAoSh¦j^oSXrILowVURSXrpfP%OAoSXijAc6QYj^o+VUXYo�V[z
¬ Q[Q[jATNhSILoSb^PL_At+ILVuK
X[XYa�KuK
X[oSK
I�sSPLXdVURBO�VÂO|a�MfPLVUILa�XYhSI%OgI�oxcej^TNa�O�VUILj^o1KZ_mK
VUXYa@OAP�K
j|RSj^PLh�VURSXYKNX
V��/jipBO�T
VUKYz
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Car

‘‘Car’’

Motocar

Automobile

�7�2�j�X�����X�Òè>�­¤\�M 1�d�a¨ë�a¦[§d�>§d�2¢j¦�¨\¢U£��kG��$¦X�j¡2��¤\�a�U¡ ²?Îm¢U��¡Ò´i³ #^ì � $ §\�n¦},D�ÐÏ��M���a¦+§/.}��´��n�

¬ K
I�oSbAP�XgQ[j^ofQ[X[pxVdQyO�ois�X6TNXYpSTNXYKNXYo�VNX[hrILo�VNRSX6pSP�OAoSXgjAc¶X�lxpSTNXYKNKNILj^o�ILoia�OAo+_`hSI ñ X[T
X[o+V
�nOy_xKYz ç V~a�Oy_{RBOy\AX}KNXY\AX[TNOAP9VUX�lxVNMBOAP9T
X[pST
X[K
X[o+V?O�VNI�j^ofK[t¶KNMfQ?RvOAK · OAMfVNj^a�j^sSI�PLX ¹ OAofh · QyO�T ¹ t
OAofh`\mILKNMBOAPfTNX[pfTNX[K
X[o+V?O"VUI�jAoSK[t�KNMfQ?R�OAKupSRfjAVUj^bATUOApSRfK9jAc�QyOAT
Kuj^T�VUXYQ?RSoSILQyOAPBhSTNOy�gI�oSb^KYt�OAMShSILj
T
X[pST
X[KNXYo+V?O�VNI�j^oSKYt^KNMfQ?R}OAK�VURSXÂKNj^MfoSh1jAcSO§Q[OAT�X[oSb^ILoSXAt�j^T�OAo�OAMShSILj§QYP�I�p~jAcfKNj^a�X[jAoSX/KNOy_xILoSb
VNRSX=�nj^T
h · QyOAT ¹ t�j^T9\mILhSX[jkTNXYpSTNXYKNX[o+VUO�VUILj^oSK[tmKNMfQ?R�OAKÂO]�BP�a×jAc¨O|Q[OAT-hSTNI]\xILoSbkOAP�jAoSb~O|TNj+OAh�z
Á=RSILKgI�K=I�PLP�MSKZVUTNO�VUXYhrI�oÑ�Bb^MST
X 0 z Í z

19\^X[TZ_�VURSILoSbwI�o��Bb^MST
X 0 z Í T
X[pST
X[K
X[o+VUK�O¤KNI�ofb^P�X£TNX[OAP]­)�nj^T
P�h¦j^s)/
XYQYVrILoÑVNRSX{pfP%OAoSX£jAc
QYj^o+VUX[o+V[z�Á=RSILK�Q[OAovs�XiT
X[pST
X[K
X[o+VUXYh¦OAK1O�owOAsSKZVUTNOAQYV1X[o+VUI]V�_¥Q[OAP�PLX[h¤O Ó � � Ó ��ñ��ªÊf�A� � ��ñ � � �
º8�W�B�)�A� � � �vI�oSK
I�hSX`OrQ[jAa�pSMxVUX[TYt�OAoSh¤Q[j^ofoSX[QWVUX[h�VUj�X[OAQ?R¥j�c/VNRSX`a�XYhSI%O�T
X[pST
X[KNXYo+V?O�VNI�j^oSKYt
OAKgILoV�Sb^MSTNX 0 z å z

ç cSVURfX[TNXnI�K�j^oSXnj�cSVURSXYKNXdQYj^oSQYX[pfVNMBOAPfT
X[pST
X[K
X[o+V?O�VNI�j^ofK9I�o~VURSXnpSP%OAofX/jAcSQ[j^o+VUXYo+V9cej^T�XyOAQ?R
QYj^oSQ[XYpfVuILo�O§K
MSs)/
XYQYVuhSjAaiOAILo¨t�OAoSh�X[OAQ?R�jAcSVNRSXna�X[hfI%O§T
X[pST
X[K
X[o+V?O�VNI�j^ofK9OAT
XnQ[jAoSoSX[QWVUXYh�VUj
VNRSX§T
X[PLXY\�OAo+VÂQ[j^oSQYX[pfVNMBOAPÀTNXYpSTNXYKNXYo�VUO�VUILj^o¨t�VURSXYo�VNRSXgp�j8�/X[TÂjAc¶O~a�MSP]VUI�a�X[hfI%O§ILofcej^T
aiO�VNI�j^o
ILK=KNI�bAoSIk�BQ[OAo+VUP]_�I�a�pST
j©\AX[h¨zuÁ=RfXkcej^PLP�j8�gI�ofb�s�XYQ[j^a�X[Kgp�j^KNK
I�sSPLXAø

Ë Á=RfX · �gRBO�V�I�KdVNRSI�K�Ò ¹8Ó MfX[T
_
Ë H6I�XW�gI�oSb�OAP]VUX[T
oBO�VNIL\^X|T
X[pST
X[K
X[o+V?O�VNI�j^ofK
Ë 1�lxpBOAofhSI�oSb Ó MSX[T
I�XYKg�gI]VUR�OAPLVNX[T
oBO�VUI]\^XJT
X[pST
X[K
X[o+V?O�VNI�j^ofK
ËÍÌ jmQ[Mfa�XYo�VgILoShSX�lfILoSb
Ë Õ¶ILoS¢�OAMfb^a�XYo+V?O�VNI�j^o
Á=RSX[K
XkVNX[Q?RSofI Ó MSX[K§OAT
XkhfX[KNQYTNILs�XYh�ILo�VNRSX|cej^P�PLj8�gI�oSb�K
X[QWVUI�jAoSK[z
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2,±��1±�� Ôi¸ �A� � º 4¨¸m� º�Õ
¬ MSK
X[T�a�O8_JO�V¶K
j^a�Xup�j^ILo�V¶OATNT
IL\^X-O"V�O=a�XYhSI%Odj^s�/
X[QYV[t©s�X-ILV�VUX�lxVNMBOAP	t"bATUOApSRfI�QyO�PAj^T�OAofjAVURSXYT
a�X[hSILMSa£t�VNRBO�VÂVURSXW_�O�TNX�MSoBOAsSPLX§VNj1I�hfX[o+VUI]c�_^z ¬ V/VURSILK/p�j^ILo�VÂVURfXY_�QyOAoiOAKN¢�O�KZ_xKZVUXYa¼�gI]VUR
O6K
X[a�OAo+VUILQ/P�O8_AX[TYt ² �gRBO"V9I�K�VURfI�K�Ò ³ Á=RfXnK
_mKZVUX[a �gI�PLP+I�hSXYo�VNILc�_|�gRSILQ?R�Q[jAoSQ[XYpfV9j^T�Q[jAoSQ[XYpfVUK
VNRBO�V�a�X[hfI%O�j^s)/
X[QWV}p�X[T
VUOAI�ofKkVNjSz{óBj^TkXWlfOAa�pSPLXAt;VNRSXiMfKNX[T�aiOy_¤KNXYP�XYQYV}O�p�j^TZVUILj^o¥j�cgOAo
OAMfhSI�j�Q[PLI�p|�gILVNRkVNRSX/Q[OAP�P+j�cBOAo�OAoSILaiOAPAI�okILVyz�Á=RSX/K
_mK
VNX[a�I�hfX[o+VUIh�BX[K�VURSXÂQ[jAoSQ[XYpfV · Ð KNpST
XY_ ¹
K
I�oSQYXkI]VgRBOAK�O}KNILa�ILP%OAT/OAMShSILj`Q[P�ILprjAc�OAo�jAKNpST
XY_ ¹ K�QyO�P�P¨QYj^oSoSXYQYVUXYh�VNj�I]Vyz
2,±��1±�� e � �|a � � j�Ú �Ë��� � ���A� ��� � > ��ñ � �?º8�W�B�®�A� � � �fº
Ö�RSXYoi\mI�XW�gI�oSb�O�a�MfPLVUILa�XYhSI%O§j^s)/
X[QWVytxO�MSK
X[TÂQyOAoiOAKN¢}VNRSX§KZ_mK
VUXYa¼�gRSO�Vnj�VURSXYT/T
X[pST
X[KNXYox­
VUO�VUILj^oSKnj�c¶VURBO�Vdj^s)/
X[QWV=ILVnRBOAKYz-óÀjATnXWlfOAa�pSPLXAtmILc¶VURfXJMSKNXYT=Q[j^a�X[KnOAQ[T
j^KNKgOk�nj^T
h�VURSXW_rOAT
X
MSoxcªOAa�ILP�I�OATn�gILVNR¨t�KNMSQ?R�O�K}�"º�ñ ¸ � �m�W�ËÊ+ºWtÀVNRSXY_£a�Oy_£OAKN¢�cej^T�OipSILQYVUjATNI%O�P¨TNXYpSTNXYKNX[o+VUO�VUILj^o�jAc
VNRSX1�/j^TNh¨z�Á=RSX�MfKNX[T§�nj^MfP�h{VNRSX[o�s�X1pfTNX[K
X[o+VUXYh��gILVUR�O�pSRSj�VUj^b^TNOApSR�j�c-OihBO ñ jmhSI�P	tÀOAoSh
MSofhSX[T
K
V?O�oSh��gRBO"V�VNRSX|�njATNhv�"º�ñ ¸ � �m�W�ËÊ�ºka�XyOAofK[z

Á=RSI�Kga�X[Q?RBO�oSI�K
aÔOAP�PLj©�gKgK
X[a�OAo+VUI�Q[OAP�P]_�sBO�KNX[h�oBOy\mI�b+O�VNI�j^o£OAQYTNj^K
K6a�X[hSI�O�V�_xp�X[KYz=Á=RSX
MSK
X[T�I�K=ILo�VNRSX~KUOAa�X · KNX[a�OAo+VUILQ~P�jmQyO�VNI�j^o ¹ tmsSMfV�I�o£O}hSI ñ X[T
X[o+V�a�XYhSI�Mfa�z
2,±��1± ÿ l ÊB� � Û ��� ñf�A�fº � � �
¬ a�MSP]VUILa�XYhSI%O~I�ofcejATNa�O�VUILj^o�TNXWVUT
I�XY\�OAP�K
_mK
VNX[aÖQYj^MSP�h�MSK
X1O�PLVUXYTNoBO"VUIL\AXJTNXYpSTNXYKNXYo�VUO�VUILj^oSKgjAc
O Ó MSXYT
_�jAs)/
X[QWVdVUj}X�lfpSOAoSh£O1MSK
X[T ¹ K Ó MSX[TZ_^z ç c�VURSX6MSKNXYT=I�o+VUI�O�VUXYKnQ[jAo�VNX[o+VgsBOAK
X[hrT
XYVUT
I�XW\AO�P
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MSK
I�oSb�O�ceTNj^o+VZ­®cªOAQYI�oSb�\mI�XW�ÓjAc�O}RSj^T
KNX�OAKgO Ó MSXYT
_At�O�oSjAVURfX[Td\mI�XW�ÓjAc�VURSX~QYj^oSQ[XYpfV�î3RSjATNKNX�ï
hSXYpSI�QWVUILoSb¤O�K
I�hSXr\mI�XW� a�Oy_ws�XrTNXYVNTNILXY\^XYh¨tdO�oSh�MfKNX[hÑVUj�TNXWVUT
I�XY\AX�jAVURSXYT`KNI�hfX�\xILXY�gK`jAc
RSjATNKNXYK[z

ð�ovO�KNILa�ILP%OAT§aiO�oSoSX[TYt�TNX[pfTNX[K
X[o+V?O"VUI�jAoSK�j�cnVURfX�QYj^oSQ[XYpfV�RSj^TNK
X�ILo�jAVURSXYT~a�XYhSI%Ora�O8_
s�X~TNXYVNTNILXY\^XYh{I]c�VNRSXY_rOATNXkOAPLKNj`Q[j^ofoSX[QWVUX[h£VUj}VURfXkQYj^oSQYX[pfV[z

Á=RSX[T
XkOATNXJV��/j`P�XY\AX[PLKgO�V=�gRSI�Q?RrVNRSI�K Ó MSXYT
_rX�lfpSOAoSKNILj^o�QyOAo£j^p�X[TNO�VUX�zÀÖ�RSI�Q?R�I�K=a�j^KZV
OApfpSTNj^pfTNI%O"VUX`hSX[p�X[ofhSK�VNj�O�P%OAT
b^X}XWlmVUXYo+V�j^o¥RSj8�ÃQ[j^a�pST
X[RSXYoSKNI]\^X[P]_¥O£a�MfPLVUILa�XYhSI%O�Q[j^PÒ­
PLX[QYVNI�j^o�ILK=Q[j^oSofX[QYVNX[h£VUj`Q[j^ofQ[X[pxVUK[z
ñ <z:;5U@?7ò7	R65=>tB=D¤<?HXB@TNXWVUT
I�XY\AX[K�OAPLVNX[T
oBO�VUI]\^X�TNXYpSTNXYKNXYo�VUO�VUILj^oSK�jAc}O¦Q[j^ofQ[X[pxV�VNRBO�V�RBOy\^X

s�X[XYo{X�lfpfP�I�QYILV�_�Q[j^ofoSX[QWVUX[h�VUj}VURBO"VgQ[j^oSQYX[pfV[z/Á=RfI�KgI�K=ILP�P�MfK
VUTNO�VUXYh�I�oÑ�BbAMSTNX 0 z � z
Á=RfI�KJILKJP�IL¢AX[P]_�VUjrs�X�Xcó�X[QWVUIL\AX��gRSX[o¤O�a�MfPLVUILa�XYhSI%O}QYj^P�PLX[QYVNI�j^o�RBOAK|s�X[XYo¤QYj^a�pSTNX�­
RfX[oSK
IL\^XYPL_}QYj^oSoSXYQYVNX[h`VUj|Q[jAoSQ[XYpfVUKYtxK
I�oSQYX=XY\^XYT
_}jAs)/
X[QWV-p�XYT
V?O�I�oSILoSb6VUjJVNRBO�V-QYj^oSQ[XYpfV
�/j^MSPLh�s�X~TNXWVUTNILXY\AX[h¨z

ô9�O9-F��=7�9õ7	R65=>tB=D¤<AH�BÃMSK
X[K�OAP]VUX[T
oBO�VNIL\^X£TNXYpSTNXYKNXYo�VUO�VUILj^oSK�VNjvp�X[T
cejATNa TNX[bAMSP%OAT�Q[jAo�VNX[o+V
sSOAKNXYh«TNXYVNTNILXY\�OAP Ó MSX[T
I�X[K�I�o¥pBOATUO�P�P�XYP)zró;I�b^MST
X 0 z 0 I�P�PLMSK
VNTUO�VNX[K|VURfI�K[z�Á=RSILK1ILK�PLI�¢AXYPL_
VNj�s�X`OApfpSTNj^pfTNI%O"VUX�ILo¤K
ILVNMBO�VUILj^oSK6�gRfX[TNX`QYj^a�pfTNX[RfX[oSK
IL\^XYPL_�QYj^oSoSXYQYVNI�oSb�j^s)/
XYQYVNKkILK
ILa�pfTUOAQWVUI�Q[OAP)t�cej^T=X�lSO�a�pSPLXJVURSX^Ö¥j^TNPLhx­¨Ö�ILhSXSÖ¥X[s¨z
¬ o�OAhShfILVUILj^oBOAP�Q[j^oSK
I�hSXYTUO�VNI�j^o�I�o£VURSILK§Q[OAKNX�I�K�RSj8��VUjipfTNX[K
X[o+V|T
X[KNMfPLVUKYzbð�o�Q[XYT
V?O�I�o
Q[OAKNXYK|ILV§aiOy_£s�X1MSoSQYX[TZV?OAILo{�gR+_�OipBO�T
VUILQ[MSP�OATga�XYhSI%O�j^s)/
XYQYV|RBO�K6s�X[X[o�T
XYVNTNI�XW\^XYh¨z
ð®c�VURSX�omMfa�s�XYT§j�cuTNXYpSTNXYKNX[o+VUO�VUILj^oSK6j�cuO�QYj^oSQYX[pfV6I�K�P%OAT
b^XAtSVNRSX1o�MSa�s�X[T�jAcujAs)/
X[QWVUK
T
XYVNTNI�XW\^XYhvI�o�pSOATUOAPLP�XYP Ó MSX[T
I�XYK~�gILP�P�OAP�K
j£s�X`P%OAT
b^XAzöð®V~I�K|I�a�p�j^T
VUOAo+VJVURBO"V|VURSX`MSK
X[T
ILK�ofjAVkj©\AX[TZ�gRSX[PLa�XYhws+_¤VNRSX�O�a�j^Mfo�VkjAcdI�ofcej^T
aiO"VUI�jAo�pSTNXYKNXYo�VNX[h¨t-O�oSh¥VNRBO�VkVURSXW_
¢�oSj8�÷a ¸ ÛkVNRBO�V-I�oxcej^TNa�O�VUILj^okRBOAKus�X[X[o�pST
X[KNXYo+VUX[h�z�øJoSXd�nOy_1VNRSI�KuQ[OAo`s�XgOAQ?RfI�XY\AX[h
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ILK}VUj�KNRSj8�ÖT
X[K
MSPLVNK�j�c6pBO�TUOAPLP�X[P Ó MSX[T
I�X[K�KNXYpBOATNO�VUXYPL_^z¦Á=RSX£MSK
X[T�Q[j^MSPLh¦Q[P�ILQ?¢wj^oÑO
T
X[pST
X[K
X[o+V?O�VNI�j^o�j^orVURSX~K
Q[TNXYX[o£VUj`KNXYXkVNRSX~TNX[K
MSPLVNKgjAc9O`pBOATZVUILQ[MSP�OAT Ó MSXYT
_^z

ü�ýÿþ)ý ü ¹ ��� Ê � �W�B���W���m��� � � j
ð�o}O�KNILa�ILP%OAT¨a�OAoSofX[T�VUj§VNRSXnpfTNXYceXYTNT
X[h1VNX[TNa�K�I�o�OgVURSXYKUOAMfTNMSKYtAVURSX/Q[j^ofQ[X[pxVUK9ILo1O�KNX[a�OAo+VUILQ
P�O8_AX[T�QyOAo£s�XkMfKNX[h£VUj�I�oShfXWl�a�MfPLVUILa�XYhSI%O�j^s)/
X[QWVUK�j^TghSjmQ[MSa�X[o+VUKYz/Á=RfX�MSK
X[T�QyOAo�I�K
KNMSXkO
Ó MSXYT
_`I�o�OAo+_}a�X[hfI%Oft+O�oSh�VNRSXgTNXYP�XY\�OAo+V-QYj^oSQ[XYpfV/j^TuQ[j^ofQ[X[pxVUKÂQyOAo`s�XgcejAMSoSh¨z��JjmQ[Mfa�XYo�VNK
ILoShSXWlxXYh{j^orVURfj^KNX~Q[jAoSQ[XYpfVUK§QyOAorVURfX[o{s�X|j�ó�X[T
X[h�VUj`VURSX~MSK
X[T[z

�JX[p�X[oShfI�oSb�jAo�VURSX`Oy\�OAI�P�OAsSILP�ILV�_ijAcÂTNXYP�XY\�OAo+V|a�X[hfI%OipST
jxQYX[K
KNI�ofb�VUX[Q?RfoSI Ó MSXYK[t¶VURSILKJI�om­
hSX�lxI�oSb�QYj^MSP�h«jmQ[QYMST}OAMxVUj^a�O�VUILQyOAPLPL_Az{óBj^T�XWlfOAa�pSP�X�t-OAK�I�a�OAb^XYK�OAT
X�I�o+VNTNjmhSMSQ[XYhwVUj�VNRSX
KZ_xKZVUXYa�tShfXYcej^T
aiOAsfP�XgVUX[a�pSP�O�VUX§aiO�VNQ?RSI�ofbr�
	^O�I�o¤�W�Â�A� ý t Í8Ø^Ø�� � QYj^MSP�his�XJMfKNX[h�VNjö�BoShrjAMfV
I]c�O�o�_iTNXYb^I�j^orj�c;VNRSX|I�a�OAb^X§aiO�VNQ?RSX[K=KZVUT
j^oSb^P]_i�gILVNR�O}Q[MST
TNX[o+VNPL_�RfX[P�h�T
X[pST
X[KNXYo+V?O�VNI�j^o�jAc
O1QYj^oSQYX[pfV=ILo�VNRSX6K
X[a�OAo+VUI�Q§P%Oy_^XYT[zuÁ=RSX6I�a�OAb^XgQ[j^MfP�h�VNRSX[ors�X6ILoShSX�lfXYh�s+_�VNRBO�VnQ[j^oSQYX[pfV[z

�j©�/XY\AX[TYt9VURSILK�pST
jxQYX[K
K�aiOy_�jAoSPL_�s�X�pfTUOAQWVUI�Q[OAP-I�o¤TNXYK
VUT
I�QWVUX[hwOApSpSPLI�QyO"VUI�jAo�OATNX[OAK[t9K
I�oSQYX
a�X[hSI�O}pSTNjmQ[XYKNKNILoSb`a�XWVURSjmhSK�OAT
X|oSjAV§OAPL�nOy_mK�T
j^sSMSKZV�X[oSj^Mfb^R¨z
ü�ýÿþ)ý�� Ù;� ��� Ú Ê jA� �W�B�®�A� � � �
¬ o�R+_xp�X[T
a�XYhSI%O�K
_mK
VNX[afï°K;ceMSoSQYVNI�j^oSOAP�I]V�_JQyO�o}OAP�K
j§s�XÂX[oSRBO�oSQ[XYh��gILVURkVURSX/I�o+VUT
jxhfMSQYVNI�j^o~jAc
O}KNXYaiO�o�VNI�Q~P%Oy_AX[T[z��mj^MSTNQYXkOAoSQ?RSj^T
K§j�c�R+_mp�XYTNa�X[hSI�O}P�I�of¢mK=Q[OAo�s�X~QYj^oSoSXYQYVUXYh�VNj�T
X[PLXY\�OAo+V
QYj^oSQ[XYpfVUKYz��¶ILoS¢�K�Q[OAo£s�XkOAMfVNRSj^T
X[h£I�orj^oSX~jAc�V��/j��nO8_mKYz

� Î jAoSQ[XYpfVUK=VURfX[a�KNX[P]\^XYK�Q[OAors�XJQ[j^ofKNI�hfX[TNXYh{O�KdX[oSh�p�j^I�o+VNKdjAc�P�ILoS¢�K[z��xMfQ?R£PLI�oS¢�KdQ[OAo
VNRSX[o£s�X~cejAP�P�j8�/X[hrceTNjAa OAo+_rjAc;VURSX~T
X[pST
X[KNXYo+V?O�VNI�j^oSKgjAc�VURSO�V�Q[j^oSQYX[pfV[z
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� Á=RfX�K
X[a�OAo+VUILQ=P%Oy_^XYTuQyOAo`s�X=MSKNXYh�VNj�O�MSb^a�X[o+V-XWlxI�KZVUILoSb|b^X[ofX[TNILQ=R+_xp�X[T
a�XYhSI%O|PLI�oS¢�K[t
O�oSh�jAVNRSX[TÂR+_xp�X[T
a�XYhSI%OkP�ILoS¢�KnOAMxVURSj^T
X[h�s+_�Q[jAo�\AX[o+VUILj^oBOAP�a�X[OAoSKYzÀð®c�O�MSK
X[TÂ�gI�KNRfX[K
VNj¥\mI�XW�ÔOAo+_ÑP�ILoS¢�K�Oy\�OAILP%OAsSPLX�j^o�O¥KNXYP�XYQYVUXYh�a�X[hSI�O�jAs)/
X[QWVytdVURfX�QYj^oSQ[XYpfV�ILo�VNRSX
K
X[a�OAo+VUILQJP%Oy_^XYT=Q[j^T
TNXYKNp�j^oShSILoSb�VUj�VNRBO�V=K
X[P�XYQYVNI�j^orILKdP�jmQyO�VNX[h¨z ¬ o+_�P�ILoS¢�K=OAMfVNRSj^T
X[h
jAo�jAVNRSX[TgT
X[pST
X[KNXYo+V?O�VNI�j^oSK�jAc�VURBO"V§QYj^oSQYX[pfV�QyO�o�s�X~j�ó�XYTNXYh�VUj}VNRSX~MSKNXYT6OAK=�/X[PLP�OAK
O�o�_rOAMfVURfj^TNXYh�j^o�VURfXkK
X[PLX[QYVNI�j^o�I]VUKNXYPLc�z9Á=RfI�KgI�K=ILP�P�MfK
VUTNO�VUXYhrI�oõ�BbAMSTNX 0 z × z

����� � « �"!$# %&�('*)�+-,/.0%�Ë 12%
354-4-687�9;:=<>:@?BADCFE$GIHDE�7�HDADJLKNMOKNE=:B7P?RQTS-<�KU68QVAD4-68:W6�7�GXE�C�QF:$KU68E�7;9BCUA@:YKN<�?Z6�7-HDC�A@:BM�ADMFKU[-A
\ A^]L68_-6�<86�K`?aEBG�KU[b:$K�M�?&M�KUADQ/c Ö [-68<�A�KN[-AdMUA�HdE�7-HdADJ�KUM�:BCUA�S-M�AdGXS-<�:B684-MdeYKU[-ADC�A�6�M�7-E �YfhgJaji8kUl j k
:B_mE�S�K5KN[-EBMUATHdE�7-HdADJ�KUMI[-AD<�4n687/KN[-AoM�?&M�KUADQ/e2EBKN[�ADC5KU[b:B7qprKN[-AdMUAsQVAD4�6>:t6uKNAdQtMvCUAdJ-CUAdMUAD7PK
KU[-AwMN:BQVAwCUA@:$<uxzy{E�C�<84|HDEB7-HDAdJ�KN}-c

~ [-ADM�AaHDEB7-HDAdJ�KNM�:BC�Aa:B_�M�KNCU:BHdK�AD7PKN6uKN6�ADMDe�:B7-4OHD:B7O_mA�Qt:B7-6�J-S-<>:YKNAD4t687F:B7P?Vy�:@?O7-AdHDAdMrx
MU:BC�?Bc��w7�E"y�<�AD4-9BAvC�ADJ-C�ADM�AD7PK�:$KU68E�7VKNAdH�[-7-6 Ó S-AdM�HD:B7t_mAvADQVJ-<8E�?�Ad4VKUEoC�ADJ-C�ADM�AD7PK�C�A@:B<�xzy{E�CU<�4
� 7-E�y�<8Ad4-9�Aw:B_mE�S�K�KN[-AaC�AD<8:$KN6�E�7-MU[�68J-M�_�A�K`y�AdAD7(KN[-AdMUAIHdE�7-HDAdJ�KNMde�:B7-4OKU[-68M�HD:B7|_mAaS-MUAd4|KNE
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Low-Level Features
(e.g. Shape Representation,
Audio Waveform Contours)

14655,41513,135..

Extracted Representation

Media Representation

Concept
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Concept/Concept Relationship

CBN-Style Link

Media/Concept Association (Lead-in)

Media/Concept Association (Relevant Document)

Selection Expression
Layer

Conceptual
Layer

Selection Layer
Including Derived Signatures

Raw Media Layer

Concept/Media Associations
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Dewey Class Information
Dewey Decimal Code 

738.2 
Class Name 

Porcelain 
Description 

A hard, fine-grained, sonorous, nonporous, and usually translucent and white ceramic ware that
consists essentially of kaolin, quartz, and feldspar and is fired at high temperatures 

Keywords 
ceramic porcelain decorate underglaze 
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1-V<5Q3:7JR63NM4;>F6UP;>T4�6;>A2TB=�H�F�545478=@547J;>F/HI3 p Âl=@R63W=�HJ143N7�U>;PT4��A�F�7J3WHJ143N783:ij=@783KTB3N3NMB3NM p

m T4=/HI143:7�ij3LF/HJ?47J3�=�i}HJ143 Ö m�n ² Â Î AkV<A8HI3:R ;>A�HJ143wF�O4;PU>;gHtV�HJ=dF�?BHJ14=@7WU>;PT4��A�O^3:Ht[¡3N3NT
=@O(¼83NC:HJA�=~9@3:7�[�14;PCE1hHI1B3DAkVlAkHI3:R 1GF/A�T4=SCN=@T-HI78=@U p 021�?4ANXQU>;>TB�<AuCLF/T�O^3DC:7J3LF�HI3NM�5Q=@;PT-HI;>TB�
HJ=�Fb9/F�7J;P3:HtV�=�iY783NU>F/HI3:M�[¡3NO4A8;PHJ3NA p 02143:AJ3KU>;>TB�<A�F/7J3WU>;PA8HJ3NMd;>TfHEF/O4U>3 � p � p
��&�� À�ª�¿�Z0Z\.:[�,l¿^)/.����;��
�)/»¢§=<�§l½Ì¿ .���. �¢¡q(�½Ì¿�¡i§)Z
² Ta=�7JM43:7uHJ=�M43xHI3N78RS;PT43�HI143K9l;>F�O4;PU>;PHtVS=�i�HJ143DHJ3NCE14TB;�«�?43�X^HI143K7J3:R�F/;>T4M43:7�=/iYHI1B3 n ;PC:HJ=@7J;>F
F�TBM m U>O^3N78H Ö ?4AJ3:?4R ;>RSF��@3:A�[v3:7J3�CNU>F�AJA8;�ÊG3:M ?4A8;>T4�q=@TBUPV�;PR�F/�@3�ij3LF�HI?4783NA p �u=qHJ3x�<H
R63:HIF�MGF/HIF6F/AJAJ=<CN;>F/HI3:Mf[�;PHI1�3N;gHI143:7zHI143�;PR�F���3NAz=@7zHJ143�CN=@TBCN3N5lHIA�[¡3N783D?BAJ3NM p

0$=fiÂF�C:;>UP;PHEF�HI3DHJ14;>A:X�FË^8OGF/HJCE1�C:UcF�A8AJ;�Ê43N7�`sHJ=l=�UY[zF/AKMB3:9@3:U>=@5^3NM p 021B;>A�HI=<=@U�;PAW�@;P9�3NT�F
T�?4RbO^3N7W=/ivR63NM4;>F�=@O!¼83:C:HJA�HJ=fCNU>F�AJA8;Pi�V p�² HKF�CE14;P3:9�3NAWHI14;PA�O-V�AJ?BO4RS;gHJHJ;>T4��«�?43:7J;P3NA�HI=fHJ143
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Ö m�n ² Â Î AkVlAkHI3:RhX2F/T4M_[vF�;PHJ;>T4��ij=@7�HJ143h783NA8?4UPHJAS�@3:T43N7JF/HI3:M{O-V`HI1B=@AJ3&«�?43N78;>3NA pÇ× 7J=@R
HJ14=@AJ3S7J3:AJ?4UgHIANXY;PHK?4AJ3:A�HI1B3�AIF/RS367J3:AJ?4UgHbAJ=�78HI;PT4��CN=<M43sF�AKHI143 Ý h p3ß j,Ñ pCB Á h
D#h Ôd5478=lC:3NAJA:X
M43:AJC:7J;>O^3NMq;PTeAJ3:C:HI;P=@T µlp·µlp ­ XYHI= ÊGTBM`=@?BHbHJ=a[�14;>CE1`C:=@T4CN3:5BH6F�T`=@O(¼83NC:H�[¡=@?4UPM`OQ3:A8HwO^3
F�A8AJ=<CN;>F/HI3:M p 0214;>A25478=lC:3NA8A�;PA2AJ14=~[�T�;PT�ÊG�@?4783 � p � p

02143wHI=<=@U°Xy[�143:Te3x�l3:CN?BHJ3NMyX�783N�@;PA8HJ3N7JAW[�;gHI1�F�78?4T4T4;PT4� Ö mon ² Â Î OB7J=@�/3N7�HI=�7J3NC:3N;g9@3
Ý h p3ß j,Ñ RS3:AJAJF��@3NA p�² H2HJ143NT�A8HIF�78HJA�AJ3NTBM4;>T4�w783NU>3x9/F�T-HFE ��m�j0G ß h Ô ¾ R63NA8AIF��@3:A2HI=�HI143 G ß h Ô ¾
E ��m�j ß m�Ñ Ù�Ô p 021B3&«�?43:78V`=�O!¼83NCxHw;>AbC:UcF�A8AJ;�Ê43NMqO-VZHI1B3f7J3NUP3:9/F�T-HwCN=�RS5^=@T43:T�HJAb[�;PHJ14;>TeHJ143
Ö m�n ² Â Î A8V<A8HJ3NR�XoF�T4M�[�143NTrHI1B3�CN=@787J3NA85Q=�T4M4;>TB� Ý h p3ß j,Ñ p�R63NA8AIF���3NA�F�783�7J3NC:3N;g9@3NM XoHJ143
783NAJ?BUPH�AJ=�78HI;PT4�sC:=lM43bij78=@R HI143 Ý h p3ß j,Ñ pHB Á h
D#h ÔS;>A�?4A83NM�HI=fMB3:HI3:7JR6;>T43bFsOQ3:A8H Å R�F�HICE14;PT4�
C:=@T4CN3:5BH p 0214;PAuC:=@T4C:3N5BH�;>AzHJ143NTd[�7J;gHJHI3:TfHI=SF�Ê4U>3�Xl[�14;>CE1hCLF�TfHI1B3NT�O^3�?4AJ3:MhO-V�F�TB=�HI143:7
OGF�HICE1hHJ=l=�UQHI=6CN783LF/HJ3WHI143KF�A8AJ=<CN;cF�HI;>=�T4A p

0214;>A�;PA�;>T�3x� 3:C:H¡F k�h�m Ô h p Ñ�k�h3ÁCl s nkÙ�ß!Ô�HtV<5^3�=�i^C:UcF�A8AJ;�Ê4CLF/HJ;>=@TyX@F�A�M43NA8CN78;>O^3NM6;>TwAJ3:C:HI;P=@T
­ p � p 0214=@A83�;>RSF��@3NA2C:UcF�A8AJ;CÊG3NMd?4A8;>T4�wHI143�U>F/HI3:T�H�A83NRSF�T-HI;PC�F�TGF�UgVlA8;>AzHJ3NCE14T4;�«�?43�F/7J3WHEF��/3NT
HJ=SO^3�HI143�È �@7J=�?4T4MdHI7J?lHI1iÉÁF��@F�;>T4AkHz[�14;PCE1h=�HJ143N7�;PR�F���3NA2F�783�CN=@R65GF�783NM p

02143N783�[zF�A�F`5478=@O4U>3:R =�iK=~9@3:7JUP=-F�M4;PT4�eHI143 Ö m�n ² Â Î A8V<A8HJ3NR [�;gHI1Ì1�?4T4M4783NM4A�=�i
C:=@T4CN?B7J7J3:T-HIUPV Å 7J?4T4TB;>T4� «�?43N78;>3:A p"| =\[%R�F/T�V{AJ?4CE1Ù«�?43N78;>3:AdHJ143�A8V<AkHI3NR C:=@?4UPMÌ1GF�T4M4UP3

¬.­�]



F/H�F/T�V{�@;P9�3NTÌ;PT4A8HIF�T-HdM43N5^3NT4MB3NM�=@TÌHI143�CNF�5GF�C:;PHtV{F�T4Mû5Q=~[¡3N7d=�i�HI1B3�A8V<A8HJ3NR»àÂAHá�HJ143
C:=@RS5^=@T43:T-HIA¡[¡3N783�7J?BT4T4;>TB�D=@T p m CNC:=@7JMB;>T4�@UgV@X-HI1B3 ®zF/HJCE1 � UcF/AJAJ;CÊG3N7�U>;PRS;gHI3:MbHI143�T<?BRbOQ3:7
=�i¹«�?43:7J;P3NA�78?4T4T4;PT4�WF/H�F�T-V�=@TB3vHI;PRS3}HI=WF�AJ3NTBAJ;>OBU>3vT�?4R�OQ3:7 p 02143v=@5Q3:7IF/HJ;>=@TKHI=<=@�KF�7J=�?4T4M
HJ147J3:3b14=@?478A�HI=SCNU>F�AJA8;Pi�V�T4;>TB3�1�?4T4M4783NM�;PR�F���3NA p Âl;PT4CN3D;PH�7J3	«�?4;P7J3:M�T4=s?4A83N7�;PT�HJ3N7JF�C:HJ;>=@TyX
F�TBM�HJ143�CN=<M43�;>A2T4=�H2V�3:Huij?4U>UgV�=�5BHI;PRS;PAJ3NM XlHI1B;>A2;>AuF�T�F�C:CN3:5BHEF�OBU>3�U>3:T4��HI1d=�ioHI;PRS3 p

02143�3LF�A83u[�;gHI1�[�14;PCE16HJ14;>A�HI=<=@U4C:=@?4UPM6O^3�;>T-HI3:�@7IF�HI3NMw;PT�HJ=WHI143�A8V<AkHI3NR ;PA}FWHJ3NAkHEF�R63NT-H
HJ=�HJ143�IG3x�l;>OB;>U>;gHtV�=/i¡HJ143 Ö mon ² Â Î F�7JCE1B;PHI3:C:HJ?47J3 p m T-VrT<?BRbOQ3:7�=�i2F�5B54U>;PCLF/HJ;>=@T4A�CN=@?BU>M
RSF���3�?BAJ3r=�iKHI143�AkVlAkHI3:RhX�[�;gHI14=�?BHfT43:CN3NA8AIF�78;>UgVÌ7J3�«<?B;>7J;PT4�qF�T-VÌ=�i�HJ143rA8V<A8HJ3NR&É Ad?4A83N7
;PT�HJ3N7kiÂF�CN3�CN=�RS5^=@T43:T�HJA p
c�Ï:c�Ïgf Ý h p3ß j,Ñ p2Ù q Ñ s h �Þß Ñ Ù�ø m�Ñ:Á ¿ t¢jCm pHp Á ù ¿ m�Ñ�Á Ù kKJ p Ágk!l�ÒAh�m�Ñ ß)Ô h p
² TûHI14;PAsCLF/AJ3�X�HI143rF�?lHI=@RSF/HI;PC�5478=lC:3NA8Ah783NAJ?BUPHI3:Mû;>TÌ7IF�HI143:7fU>3NA8AfHI1GF�Tû783NU>;>F�O4UP3h783NAJ?BUPHIA p
Ö F/T�V�=�i�HI143�;>RSF��@3:As[v3:7J3eT4=/HhC:UcF�A8AJ;CÊG3NM CN=@787J3NCxHIUgV p Ã 14;PU>3�[¡3Z1GFL9@3�T4=�F/CNCN3:AJA�HI=
F ¿ Ù�øÞÀrÔ h s h3k p Á���h ^8�@78=@?4T4M�HI7J?lHI1 `zàj[�14;PCE1_[¡=@?4UPM{7J3:T4M43:76HJ14;>Aw5478=lC:3NAJAS?4T4T43:CN3:AJAIF/78VoáxX
;PT_R6=@A8H6CNF�AJ3:A�;PH6;PA65^=@A8AJ;>OBU>3fij=@76F�1�?4RSF�TqHI=�HJ3NUPU2143N?478;>AkHI;>CNF�U>UgVZ[�143xHI143:7�=@7wT4=/HSHJ143
C:UcF�A8AJ;�Ê4CLF/HJ;>=@TdF�Td;PR�F���3�1GF�A2O^3N3:Th�@;g9@3:Th;PA2CN=@787J3NCxHLXG�@;g9@3:TdHJ143�7J3:UcF/HJ;P9@3:UPVST4=@T Å AJ5^3NC:;cF�UP;>A8H
TGF�HI?4783K=/i$HJ143�AJ?4O!¼83:C:H�R�F/H8HI3:7 p

02143WOGF/HJCE1fCNU>F�AJA8;�ÊGCNF/HI;P=@Ts1GF�MdFb1B;>�@1s7JF/HI3�=�ioAJ?4C:CN3NA8A�;>Tf;>MB3NT-HI;gi�Vl;PT4�ML jCm pHp DÅm Ô h F�T4M
Ò ß)Ô kÕÁgÑ ß)Ô h�N � ¿H¿ h pHpDÙ�Ô Á h p p × ;>�@?B7J3 � p¶D A814=~[�AWAJ=@R63b=�i�HJ143b;>RSF��@3:A�C:=@7J783NC:HJUPVh;>M43:T-HI;�Ê43NM
O-VKHI143¡OGF/HICE1�547J=<CN3:AJA�F�A$3x�BF�R654U>3:AY=�i4�@UcF�A8A8[vF�7J3 pò² RSF��@3:A$M43:54;>CxHI;PT4��5GF/;>T-HI;PT4�@ANX�14=~[¡3:9@3:7NX
[¡3N783f5GF�78HJ;>C:?4UcF�78UPV�5B7J=@T43SHI=aR6;>A8CNUcF/AJAJ;CÊGCLF�HI;>=�T p 0214;>Ab;PA�O^3NCNF�?4AJ3sHJ143s5GF/;>T-HI;PT4�@AK;>TZHJ143
C:=@U>UP3NC:HJ;>=@Ts9/F�7kVf�@783LF/HJUPV�9<;PAJ?GF�UPUPV p

02143s5478=@O4UP3NR6AD[�;PHJ1ZHI1B;>A�;PT4A8HIF�T4C:3s=�iuF�?BHJ=@RSF/HI;PCSC:UcF�A8AJ;�Ê4CLF/HJ;>=@T�OGF�AJ3:Mq=@TZij3LF�HI?4783NA
CNF�ThO^3�AJ?4R6RSF�7J;PAJ3NMfHJ1<?BA	Ì

Û 021B3N7J3bF�7J3KT4=�H�3NT4=�?4�@1�3��BF�RS5BU>3NAu;>T�3LF/CE1aCNU>F�AJAuij=@7�7J=@O4?BA8H�C:UcF�A8AJ;CÊGCLF/HJ;>=@TfHJ=SHEF/��3
5BUcF�C:3 p�× =@7KFd�@=<=lMr7J3:AJ?4UgHLX$F�U>U�=/ivHI1B3S;PR�F���3NAWO^3N;>TB�hC:UcF�A8AJ;�Ê43NM�Rb?4A8HDO^3w9<;PAJ?GF�UPUPV
R6=@783�AJ;PRS;PUcF�7zHJ=fF/H�U>3LF/A8HW=@TB3�=�i�HJ143b3x�BF�R654UP3�AJ3xHW=�i}5GF/;>T-HI;PT4�@A�HJ1GF�T�HJ=dF�7J3:547J3 Å
A83NT-HEF�HI;>=�T�=�ivF�T4=/HI143:7KC:=@T4C:3N5BH ps| 3:T4CN3/X$A8;>T4C:3w5GF�;>T-HJ;>T4�@A�9/F�7kV��@783LF/HJUPV@X*;gHWij=@U>UP=~[�A
HJ1GF/H¡HI143:7J3�R�?4A8HvOQ3�F�UcF�78�@3�T�?4RbO^3N7v=/i�3x�BF�R654U>3u5GF�;PT�HJ;>T4��AvF�UP7J3NF�MBVwCN=�T4T43NCxHI3:MsHI=
HJ143�R�?4UPHJ;>R63NM4;>FDHI143:AIF�?B7J?4A�ij=�7�Fw�@=<=lM�CNU>F�AJA8;�ÊGCNF/HI;P=@T p ´uTBij=@78HJ?4TGF/HJ3NUgVfHI14;PAu;PA�TB=�H
HJ143�CLF�A83 p
m M4M4;gHI;>=�TGF�U>UgV@X\HI143vCNUcF/AJAJ;CÊGCLF�HI;>=�Tb?4AJ3:M6F�7IF/HJ143N7�A8;>R654U>;PA8HJ;>C È TB3LF�783NA8H}TB3N;>��1<O^=@?47�É@F�5 Å
5B7J=-F�CE1 Ã^R6=@783WAJ=@541B;>A8HJ;>CNF/HI3:M�HJ3NCE14T4;�«�?43NA�3x�l;>AkH�HJ1GF/H�RSF~Vs547J=<M4?4C:3DO^3:H8HI3N7�783NAJ?BUPHIA:X
A8?4CE1aF/AuMB3NCN;PAJ;P=@TfHI7J3:3�CNUcF/AJAJ;CÊG3N78A p
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Û 021B3PO�® ²k� ij3NF/HI?4783NA�?BAJ3NM�ij=@7�HI143bC:UcF�A8AJ;CÊGCLF/HJ;>=@TaF�7J3b7JF/HI1B3N7��@3:T43N78;>C p 0$=fC:UcF�A8AJ;Pi�V
78=@O4?4AkHIUgV@X2HI143aij3NF/HI?B7J3NA�Rb?4A8HsOQ3�F/O4U>3�HI=`M4;PAJCN78;>R6;>TGF�HI3dOQ3xHt[v3:3NT àjij=@7�3x�BF�R654U>31á
54F�;>T-HI;PT4�@AKF�T4M�T4=@T Å 5GF�;PT�HJ;>T4��A p 021B3Sij3LF�HI?4783NA4O�® ²k� ?4AJ3:AbF�783SC:=@U>=@?B7NXoF�T4M�AJ=@R63
C:7J?4MB3�R63LF�A8?47J3:A¡=/iQHJ3x�<HI?4783 p�² H�;>A}=@O-9<;>=�?4A�HI1GF/H�C:=@U>=@?B7�;>A}T4=�H¡FW�@=<=lMwM4;PAJC:7J;>R6;>T4F/H Å
;PT4�KRS3NF�AJ?4783�ij=@7};PM43NT-HI;gi�V<;>T4�K5GF�;PT�HJ;>T4��ANX-AJ;PT4CN3�5GF�;PT�HJ;>T4��A�C:=@R63u;PT�RSF�T-VwM4;P�Q3N783NT4CxH
C:=@U>=�?47JA p Ã 14;PU>3zF�A85Q3:CN;>F�U>;PAJ3NMDHI3x�<HJ?47J32R6=lMB?4U>3¡R�FLVKOQ3�F/O4U>3�HI=W54;PCE�D?45�A8?4OBHJU>3zij3LF Å
HJ?47J3:AzAJ?BCE1hF/AvO478?4AJ1fAkHI7J=���3NA:XBHI1B3��@3:T43N78;>CQO±® ²k� HJ3x�<HI?4783�ij3LF�HI?4783�;>A¡T4=�HvAJ?oB6CN;P3NT-H
ij=�7zHI14;PA p

Û 021B3WCNUcF/AJAJ;CÊGCLF�HI;>=�T�?4A83NMfHI143�ij3LF/HJ?47J3:Az=�i�3LF/CE1d[�1B=@U>3�;>RSF��@3u;>Ts;gHIAv3:T-HI;>783:HtV p#Ö F�T-V
=/izHI143S;>RSF��@3:AD;PT�HI1B3�CN=�U>U>3:C:HJ;>=@Tr1GFL9@3�O4UcF�CE�rO^=@7JMB3N7JA:XYij=@7K3x�BF�R654U>3wHI1B3SHI=�5eU>3xi�H
F/T4MSO^=�H8HI=@R]7J;>��1�H};PR�F/�@3NA�A814=~[�T�;>T�ÊG��?47J3 � p ¬ p Âl?BCE1�;>RSF��@3:AYHI3:T4M43:MSHI=KO^3�ij=�?4T4M
9�3N7kVZA8;>R6;>UcF/7�;>TrHI3:7JR6AD=�iRO�® ²k� ij3LF/HJ?47J3:ADHI=h=�HI1B3N7K;>RSF��@3NAW[�;gHI1ZOBUcF�CE��O^=@7JMB3N7JA:X
783N�-F/7JM4UP3NAJA�=�io[�1GF/H�[vF�Au;>TsHI1B3KC:3NT-HI783D=/i$HJ143�;>RSF��@3 p
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m TqF�?BHJ=@R�F�HI;>CwA83N�@R63NT-HEF�HI;>=�TZHI3:CE14T4;�«�?43�CN=@?4UPMeM43xHI3NCxH6F�T4Me783NR6=~9@3�HJ14=@AJ3�O4UcF�CE�
O^=@78M43N78AKO^3:ij=�7J3bC:UcF�A8AJ;�Ê4CLF/HJ;>=@TaHJ=l=@��54U>F�CN3/Xy[�14;>CE1r;>AWUP;>�/3NUPVdHJ=�C:?BH�M4=~[�T�RS;PAJCNU>F�A Å
A8;�ÊGCNF/HI;P=@T4A2CNF�?4AJ3:M�O-VsHJ14;>A pÅÖ =@7J3�A8=@5414;PA8HI;PCLF/HJ3NMfHI3:CE14T4;�«<?B3NAuR�FLVfF/U>AJ=wO^3KF�O4U>3�HI=
A83N�@R63NT-HoHI143}=@O(¼83NC:HJAYM43:54;>CxHI3:MD;PTD;PR�F���3NA [�1GF�HI3:9�3N7oHI143�CN=@UP=@?47*=�i<HI1B3¡OGF/CE�<��7J=@?4TBM p

Ã 14;>UP3sHI14;PAw547J=<CN3:M4?47J3�[zF/AST4=/H�3:T�HJ;>783NUPVeAJ?4C:CN3NA8A8ij?4Uuij=@7�HI143�7J3NF�AJ=�T4A�C:;PHI3:M{F/OQ=~9@3/X
;gH�M43NR6=@T4AkHI7IF�HI3NA�HI14F/HKAJ?4CE1ZF�5478=lC:3NM4?B7J3w;>AWij3LF/AJ;>OBU>3b[�;PHJ14;>T�HJ143wAJ3NRSF�T-HI;PCwUcFLV@3:7DF/7JCE14; Å
HJ3NC:HJ?47J3 pÞ² T�ij?BHI?4783bF�5B54U>;PCLF/HJ;>=@T4A:XGRS=�7J3KAJ5^3NCN;>F�U>;PAJ3:M�M4=@RSF�;PT Å A85Q3:CN;�Ê4C�ij3NF/HI?B7J3�HtVl5^3NA�[�;>U>U
783NAJ?BUPHu;>TdR6=@7J3W78=@O4?4AkH�C:UcF�A8AJ;CÊGCLF/HJ;>=@TBA p

Ú 9@3NTd;PTSHI1B3�CLF�A83�[�143:7J3�HI1B3�F�?BHJ=@RSF/HI;PC�C:UcF�A8AJ;�Ê4CLF/HJ;>=@TS;>A�T4=�H25^3N7kij3NC:HNXB;gHvCNF�TfA8HJ;>U>UÁO^3
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Û ��u�z � �8z��­� � �Cz xyz���|'|~�o��vy�8��z �3� �8�=|8uwz±vy� �c� z � � �o� �*�8��vy�wx{z���| � ��|8vy� ��� �cvy�3|£� � �w�
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