
Ultra-fast Aliasing Analysis using CLA:
A Million Lines of C Code in a Second

�

Nevin Heintze���������
	���
���������	������
���������
� �� 	��!��	�" ��#%$�����&'�)( �+*-,.�/	  �/"0���/�1	  &',.�/�323,546,5��,  &87

98:�;=<6>�?)@�A)@CBD:�E�F

Olivier TardieuGH�  "0��I����J*-,K&L�����NMH�
	�,5�
E6O
P�QRP�@�ALB5S)>�A6TRP�@/U=<�F�P�9=@=V'B.E/A6?

ABSTRACTWYX[Z�X�\�]�^�_0`CX3a�b�XcZ�X/\�_0d
egf
e'Zh_jilk'mjX�ilX/e�a�f)a�_jn8eon=p%fq\�rs\�a�X�itpKn
^
u X/^�r+p5f
\�avkCn
_0e�a�\�w.a�n�f
e'f
mxrs\�_j\�y�z+ec]�n�Z�X�`{f=\�X�\Nn=p{f=`Cn8|savf}il_jmjm0_jn
e
mj_je'X/\�n=p~|'e�k�^�X�ks^�n�]�X�\�\�X6ZY��]�n�Z�X
��n8|s^c\�rs\�a�X�i�kCX/^�pKn
^�il\3�'X�m0Zsw
`'f
\�X6Z��Je'Z�X/^�\�X�eswD\�a�rsmjX�kCn
_0e�a�\�w.a�nJf
e{f=mxr�\�_j\%_je�mjX�\�\�a�b'f
e�fJ\�X�]/n8e{Z
f=e{Zo|�\�X�\Hm0X/\�\Ja�b{f=e �6�8��� n=p%ilX�iln
^�r�y�z+|s^�a��}nli!f=_je�]�n8e�a�^�_xw
`�|�a�_jn8e�\lf=^�X�f�Z�f=a�f
`'f
\�X/wD]�X/e�a�^�_j]gf=e{f=mjrs\�_j\!f=^�]�b'_xa�X�]�a�|�^�X�]6f=mjm0X�Z
]/n8ilk'_jmjX/wDmj_je'��w�f
e{f=mxr��/Xc�D�}�N�3���8f
e'Z�f3e'X���f=mjd8n
^�_xa�b�i�pKn
^�_0ilk�mjX/w
ilX/e�a�_je�dlZsrse{f=il_j]3a�^�f
e'\�_xa�_ u X�]�mjn8\�|s^�X8y+z+|�^HkCn8_je�a�\�w.a�nhf=e{f=mjrs\�_j\
\�rs\�a�X�i�_j\�`�|'_jmxa�_0e�a�n[f3p5n=^��~f)^�Z�Z�f=a�f)w�ZsX�kCX�e'Z�X�e�]�X�f
e'f
mxrs\�_0\�a�n�n8m
a�b'f=a�_j\HZ�X�k�mjn)rRX6Z���_xa�b'_jeg��|']�X/e�a�a�n�b'X�mjk���_ja�bo]�n8e�\�_0\�a�X/e�a�a�r�kCX
iln�Zs_x�{]6f)a�_0n
e'\~a�n�m0f=^�d
X[m0X/dRf
]�r-��]�n�Z�Xc`'f
\�X�\�y

1. INTRODUCTION�}b�X+iln=a�_ u f=a�_jn
e!pKn
^~n
|�^��}n
^��l_j\�a�b�XHpKn8mjmjn6��_0e�d�\�n
p�a��}f=^�X3i!f=_0esw
a�X/e{f
e�]�X)�=Z�X u X/m0n
k'ilX�e�a+k�^�n8`�mjX�i��Hd8_ u X�e�f!il_0mjmj_jn8e{ ¡mj_0e�X�\cn
p}�
]/n�Z�X8�¢f
e'Z-f�ks^�n8kCn8\�X�Z-]�b{f=e'd
Xqn
p�a�b'X[p5n=^�i¤£�]�b'f
e'd
X�a�b�X�a�r�kCX
n=p%a�b'_j\Jn
`s¥�X�]/aq�1X8y d�yHf u f)^�_0f
`'mjX[n
^+\�a�^�|']/aH�{X/m�Z'��pK^�n8i¦a�rskCX � a�n
a�rskCX)§=¨s���'e{Z©f
mjm�n
a�b�X/^�n
`s¥�X�]/a�\���b�n8\�Xha�rskCXhi!f�rªe�X�X6Zªa�n�`CX
]�b{f=e'd
X6Zoa�n!X�e'\�|s^�X[a�b�Xg£�a�r�kCX[]�n
e'\�_j\�a�X�e�]/rs¨�n=p%a�b'Xc]�n�ZsX�`'f
\�X8y
«�e¬k{f=^�a�_j]�|�m0f=^6���}X!��_0\�b¬a�n�f u n8_0Z¬Z'f)a�f�mjn8\�\�a�b�^�n8|�d8b¬_jilk'mj_j]�_xa
e'f=^�^�n6��_je'd©]�n
e u X/^�\�_jn8e�\�y­�NnY\�n
m u X�a�b'_j\lk�^�n
`'mjX�i����}Xge�X�X6Z®f
d
mjn8`{f=mcZ'f)a�f=w�Z�X/kCX�e{ZsX�e']�X�f
e{f=mxr�\�_j\!a�b{f)ah_je�X�¯LX�]/a�kCX/^�p5n=^�il\�f
pKn
^��}f=^�ZªZ�f=a�f=w�ZsX�kCX�e{ZsX�e']/Xqf=e{f
mxrs\�_j\l�D°sX�]�a�_0n
eª§�Z�X�\�]�^�_0`CX/\3a�b'_j\
f=e{f=mjrs\�_j\��~f=e{Z©b'n6�±_jalZ�_x¯LX/^�\�p�^�n8i²n
a�b'X�^liln
^�X!\�a�f
e'Z'f)^�Z®ZsX/w
kCX/e{Z�X/e']�Xcf=e{f=mjrs\�X�\�_jeoa�b�X3mj_ja�X�^�f=a�|�^�X
y ��y��³]/^�_xa�_0]�f
mNk'f=^�a�n=pva�b'_j\
ZsX�kCX�e'Z�X�e�]�X�f
e{f=mxr�\�_j\�_0\qf
e®f8ZsX6´�|{f)a�X!a�^�X�f=a�ilX�e�a�n
pHkCn8_je�a�X/^�\��
pKn
^3f
\�\�_jd8e�ilX�e�a�\J\�|�]�bgf=\cµ6¶­·�¸��}X�e'X/X6Zha�n!Z�X�a�X/^�il_je'X+��b'f=a
n
`s¥�X�]/a�\q¶�]�n
|'m0ZªkCn8_je�aqa�nsyY�}b�_j\q��_je{Zªn
pJf=m0_0f=\�_0e�dªf=e{f
mxrs\�_j\q_j\
]/n8ililn8e�mxr[]6f
mjmjX6Z�kCn8_je�a�\�w.a�ncf
e'f
mxrs\�_j\�_jeqa�b�X}mj_ja�X�^�f=a�|�^�X[¹ º
».y��}b�X
\�]�f
m0f
`�_0mj_xa�ron
pvkCn
_je�a�\�w.a�nlf=e{f=mjrs\�_j\�b{f=\H`CX/X�e�fq\�|�`s¥�X�]/aHn
p�_0e�a�X�esw
\�_ u XJ\�a�|{Z�r�n u X/^�a�b'XHm�f=\�a~p5X/��r�X6f=^�\+¹ ¼���½s��§ � � �8� �'§=¾=».y�¿+n6�}X u X/^
a�b�X}p5X6f=\�_j`'_jmj_ja�rln
pL`�|'_jm0Z�_je'd+_0e�a�X/^�f=]/a�_ u X}a�n�n8mj\�a�b{f=a�X�ilk�mjn)r�\�n
ilX
pKn
^�iÀn
p-£�\�|�Ál]�_jX�e�a�mxr�w�f
]�]�|s^�f=a�X�¨©kCn
_je�a�X�^�f=e{f
mxrs\�_j\hn
e�il_jmjm0_jn
e
mj_je'Xc]/n�Z�X/wD`{f=\�X�\H_0\�\�a�_jmjm�f=e�n8kCX�eo´�|'X�\�a�_jn8e�y

�}b�X�k{f
kCX�^�b'f
\va���n3i!f
_je�]/n8e�a�^�_j`'|�a�_jn
e'\�y%�}b�X}�'^�\�a�_j\�f=elf=^�]�b'_xw
Â �}b'_j\�_0\Hfq\�|�`'\�a�f=e�a�_0f=m0mxr�^�X u _j\�X6Z u X/^�\�_jn
e�n
p~¹ ��Ã ».y

a�X�]/a�|s^�XHpKn
^�f=e{f=mjrs\�_j\~\�rs\�a�X�il\�a�b'f=a�|�a�_jmj_0�/X�\}_0Z�X6f=\�pK^�n
i±_je{ZsX/ÄsX6Z
Z'f)a�f
`'f
\�X�\�y�WªX-]6f=m0mJa�b'_j\of)^�]�b�_xa�X�]/a�|�^�X�]�n
ilk'_jmjX/wDm0_je���w�f=e{f
mxrs��X
�D�}�N�+����_je©f=e{f
mjn
d
rª��_xa�bªa�b'Xl\�a�f=e{Z�f=^�Zª]�n
ilk'_jm0f=a�_jn8e©ks^�n�]�X�\�\�y
�}b'_j\%f)^�]�b�_ja�X/]/a�|�^�X�k�^�n u _�ZsX�\vf�\�|'`�\�a�^�f=a�X�n
e���b�_j]�b[�}X}]�f
e�`'|'_jm0Z
f u f=^�_jX/a�r�n=pHf
e'f
mxrs\�X�\h�5��Xl|'\�X�_xa[a�n�_jilk'mjX�ilX/e�acfoe�|'iq`CX�^cn
p
Z�_x¯LX/^�X/e�a�f
mjd8n=^�_xa�b'il\opKn
^-�He{Z�X�^�\�X�e�wD\�a�rsmjX-kCn8_je�a�\�w.a�nÅf=e{f=mjrs\�_j\��
Z�X/kCX�e{ZsX�e']�X�f
e{f=mxr�\�_j\�f
e'ZYfo|�e'_x�{]�f=a�_jn8esw�\�a�rsm0XqkCn8_je�a�\�wDa�nof
e'f
mxw
rs\�_j\���f
mjm�|�\�_0e�d-f�]�n8ililn
eªZ�f=a�f
`'f
\�Xlp5n=^�i!f=a�p5n=^�^�X�ks^�X�\�X�e�a�_je'd
k�^�n
d
^�f=il\���y�«DaH\�]6f
mjX�\�a�n�m0f=^�d
X�]/n�Z�X[`{f=\�X�\Hf
e{Zh\�|'k'kCn=^�a�\�\�X�k{f)w
^�f=a�X�f=e{Z'�=n
^%k'f=^�f=m0mjX�m�]�n8ilk�_jm�f)a�_jn8eqn=pC]�n
m0mjX�]�a�_0n
e'\�n
pC\�n
|�^�]�X}�'mjX�\�y
�Jmj\�ns��_xa�\}_je'Z�X/Äs_je'd[\�a�^�|']�a�|�^�X�\�\�|'k'kCn=^�a�^�f=k'_0Z!Zsrse{f=il_0]�mjnRf
Z�_je'd
n
pL¥�|'\�aHa�b'n8\�X[]�n
ilkCn8e�X�e�a�\Hn=p�n8`�¥�X�]/aJ�{mjX�\�a�b{f)a3f)^�X�e�X�X6ZsX6Zop5n=^
f[\�kCX�]�_x�{]+f
e{f=mxr�\�_j\��'f
e'Z!iln=^�X�n u X/^�f)pKa�X/^�^�X6f8Zs_0e�d�f[]�n8ilkCn
e'X�e�a
�}Xcb'f u X+a�b'Xc]�b'n
_j]�Xcn
p%�RX/X�k'_je'd�_xaJ_je�ilX/iln
^�r!n
^JZs_0\�]�f=^�Z�_je�d�_xa
f
e'ZY^�X/w.^�X6f8Zs_je'd-_xa�_xpJ��XhX u X�e©e'X/X6Zª_xa�f=dRf
_je³�5a�b'_j\q_j\�|'\�X6ZYa�n
^�X6Zs|']�X�a�b�X�ilX�iln
^�rgpKn�n
a�ks^�_0e�a�n
pHf=e©f
e'f
mxrs\�_j\���yhWYXlZ�X�\�]�^�_0`CX
�}�N�Æ_je�Z�X/a�f=_0mv_je�°sX/]/a�_jn8e�º��¢f
e'Z�Zs_j\�]�|'\�\3b�n6�Æ_xacZ�_x¯LX/^�\JpK^�n8i
n
a�b�X/^�f
k�k�^�nRf=]�b�X�\[_jeYa�b'X�mj_xa�X/^�f)a�|�^�X8�%\�|�]�bYf
\[ilX/a�b'n�Zs\3��b'X/^�X
\�X�k'f=^�f=a�X��{mjX�\+f=^�X�m0n�]�f
mjmxr�f
e{f=mxr��/X6Zg_0eg_j\�n
m�f)a�_jn8eªf=e{Zoa�b�X�e�a�b'X
_je{Zs_ u _0Z�|'f
m�^�X�\�|'mxa�\�f=^�X!]�n8i�`'_je'X�Z�a�n-f
e'f
mxrs��X�f
e©X�e�a�_x^�X!]�n�Z�X�w
`{f=\�X8y

�}b'X[\�X�]/n8e{Zh]�n8e�a�^�_j`'|sa�_0n
e�_j\+f�e�X/�Çf
mjd8n=^�_xa�b'i¦p5n
^J_jilk'mjX�ilX�e�a�w
_je'd�Zsrse'f
il_j]3a�^�f
e�\�_ja�_ u X�]�mjn8\�|s^�Xh�1È3���~��yLÉ%^�X u _jn
|'\3f=mjd8n
^�_xa�b�il\
_jeqa�b'X~mj_xa�X/^�f)a�|�^�X~p5n=^}�He{Z�X�^�\�X�e¢Ê \�f
e'f
mxrs\�_0\�f=^�X�`{f=\�X6Zqn
elf+a�^�f
esw
\�_xa�_ u X�mxr�]�mjn8\�X6ZY]/n8e'\�a�^�f=_je�a[d=^�f
k�bYX8y d�yo¹ º�� ��� � �8� �v§ � �v§=¾s�%§
§)».y
«�eq]�n8e�a�^�f
\�a6�Rn8|�^�f
mjd
n
^�_xa�b'i�_j\�`'f
\�X6Z�n
elf3k�^�X�wDa�^�f=e'\�_xa�_ u X~d
^�f=k'b
_1y X8y%�}X+i!f=_je�a�f=_je!a�b�X+d=^�f
k'b�_jeofcp5n=^�i±a�b{f)a}_j\~e'n=a�a�^�f=e'\�_xa�_ u X�mxr
]�mjn8\�X�Z�yËWËb�X�eÅ_jesp5n
^�i!f)a�_jn8eËf=`Cn8|�a�f�e'n�ZsX�_j\!^�X�´�|�X�\�a�X6ZL���}X
iq|�\�a%kCX/^�p5n=^�i�f3d
^�f
k�b�^�X6f
]�b{f=`'_jmj_xa�r�]/n8ilk'|sa�f=a�_jn8eh�.f
\�n8k�kCn8\�X6Z
a�nc¥�|�\�a3mjn�n8��_je'd�|'k�a�b�X�_je�pKn
^�i!f)a�_0n
e�f=a+a�b�X�e�n�Z�X�_xa�\�X�mxp�_jega�b'X
]6f=\�Xcn
p�f�a�^�f=e'\�_xa�_ u X�mxrh]�mjn8\�X6Zo]/n8e'\�a�^�f=_je�aHd=^�f
k'b{��y���Zs_j^�X/]/aH_0i�w
k'mjX�ilX/e�a�f)a�_jn8eln
p�a�b'XHk�^�X�wDa�^�f=e'\�_xa�_ u XHd
^�f
k�b!_�ZsX6fc_j\}_jilk�^�f
]�a�_0]�f
m1y
WªXh\�b'n6�¦b'n6�Ìa��}n�n8k�a�_jil_j�6f)a�_0n
e'\qÍª]6f
]�b'_je'd�n
pJ^�X6f
]�b{f=`'_jmj_ja�r
]�n
ilk'|�a�f)a�_jn8e'\��¢f=e{Zg]/rs]�mjX�X�mj_jil_je{f=a�_jn
e-Íhrs_0X/m�Z�f
e�X/Ál]/_0X/e�acf
mxw
d8n=^�_xa�b'i�y¬��rs]�mjXhX�mj_0il_je'f=a�_jn8e¬b{f=\�k�^�X u _jn
|'\�mxr©`CX�X�e¬X�ilk�mjn)rRX6Z
_jeha�b�X3]�n8e�a�X/Ä�a�n=p�a�^�f
e�\�_ja�_ u X/mjr�]�mjn
\�X6Z�d
^�f=k'b�f=e{Z�\�b'n6��eha�nq^�X�w
\�|'mxa�_jeª\�_jd8e'_x�']6f
e�a�_0ilks^�n u X�ilX�e�al¹ �8� ».�%b'n6�}X u X/^q_jeYa�b'f=a[�}n=^��
a�b'Xc]/n8\�aHn
pv�'e{Z�_je�d�]/rs]�mjX�\�_j\Je�n8e�w.a�^�_ u _0f
m¢f
e{Zh\�nl]�n8ilk�m0X�a�X�e'X�\�\
n
p�]�r�]/m0X�ZsX/a�X�]/a�_jn8eY_0\�\�f
]�^�_j�']�X6Zª_jeªn=^�Z�X/^[a�ng]�n
e�a�f=_jeª_xa�\�]�n
\�a6y
¿+n6��X u X/^6��_jeoa�b'Xcks^�X/w.a�^�f
e'\�_xa�_ u X3\�X�a�a�_0e�d��']/rs]�mjX[Z�X/a�X�]�a�_0n
e�_j\JX/\�w
\�X�e�a�_0f
mjmxr�pK^�X/X�Zs|�^�_je'd©d=^�f
k�b�^�X6f
]�b{f=`'_jmj_ja�r�yÎWªX-ZsX�\�]/^�_j`CX�n8|�^
f
mjd
n
^�_xa�b'i¦_jegZ�X�a�f
_jm¢_je-°�X�]/a�_jn8e�¼�y

°sX/]/a�_jn8e Ã ks^�X�\�X�e�a�\ u f)^�_jn8|'\�ilX6f=\�|�^�X�ilX�e�a�\�n=pCa�b'X}kCX�^�p5n
^�i!f=e']�X
n
pNn8|s^}\�rs\�a�X�i�y%Ï'n=^}a�b'XJ�¢|�]�X�e�a}]/n�Z�X+`'f
\�X�\}pKn
^}��b�_j]�b�n8|s^~\�rs\�w
a�X�iÐ_j\qa�f=^�d
X/a�X6Z���^�|'e�a�_jilX�\�f=^�X�a�rsk'_j]6f=m0mxr©mjX�\�\�a�b{f
e®fg\�X�]�n
e{Z
�.½ �
�R� ¿J�YÉ�X�e�a�_j|'i��lf=e{Z�\�k{f=]�X-|�a�_jmj_j�6f=a�_jn8e³_j\�f=`Cn8|�a �6�8��� y



�}b�X�\�XH]�n�Z�XH`{f=\�X�\�f)^�XJ_jelX/Äs]�X/\�\�n=pNfcil_jmjmj_0n
elmj_0e�X�\�n=p�]�n�Z�X[�1|'esw
]/n8ililX�e�a�X6ZHe'n8eswD`'m0f
e��Jmj_je'X�\¢n
ps\�n8|s^�]�X8�=`CX/pKn
^�X�k�^�X/wDk�^�n�]/X�\�\�_je'd���y
z+e�d8_jilkt�.f�k�|'`'mj_j]�mxr�f u f
_jm0f
`�mjX®]/n�Z�X¬`{f=\�X®n=p�f
`Cn
|�a�º8º ���
mj_je'X/\����
n
|�^¢\�rs\�a�X�i­kCX/^�p5n=^�il\¢�{X/m�Z�wD`{f
\�X�Z3�Je'Z�X/^�\�X�eswD\�a�rsmjXvkCn8_je�a�\�w
a�nof
e'f
mxrs\�_0\c_je�f
`Cn
|�a[f�\�X�]�n8e'Z®�.½ �8�8� ¿+�lÉ�X�e�a�_j|'i��Hf
e'Z-|�\�X�\
f=`Cn8|sa � § ��� y%WªXhf
mj\�n�k�^�X�\�X�e�aqZ'f)a�fga�n�_jmjm0|�\�a�^�f=a�X�a�b'X!\�k{f=]�X
f
Z u f
e�a�f
d
X�\�n
p��}�¢��y

2. MOTIVATING APPLICATION – DEPEN-
DENCE ANALYSISz+|s^ckCn8_je�a�\�w.a�n�f
e{f=mxr�\�_j\[\�rs\�a�X�i _0\c`�|'_jmxac_je�a�noflp5n=^��~f=^�Z�Z'f)a�f=w

ZsX�kCX�e'Z�X�e�]�X�f
e{f=mxr�\�_j\Ha�n�n8mNa�b'f=aJ_0\+Z�X�k�mjn)rRX6Zo��_xa�b'_je-�¢|�]�X�e�aJa�n
b�X�mjk���_xa�b�]�n
e'\�_j\�a�X�e�a!a�rskCXoiln�Zs_j�']6f=a�_jn
e'\la�nªm0f=^�d
X�mjX�d8f
]/r��
]/n�Z�Xl`{f=\�X�\�y!�}b�X�`{f=\�_0]lks^�n8`�m0X/i�_j\�f=\3p5n
m0mjn6��\���\�|'k'kCn
\�Xqa�b{f)a
a�b�Xl^�f
e'd
Xhn=p u f=m0|�X�\[a�n�`CX!\�a�n=^�X6Z©_0e¬f u f=^�_0f=`'mjXhi�|'\�a�`CX!_je�w
]�^�X6f
\�X6Z­a�nÅ\�|�k'kCn=^�agf8Z�Z�_xa�_jn8e'f
m[\�rs\�a�X�iÀpK|'e�]/a�_jn8e{f=mj_ja�r�y �}b'_j\
i!f�r©^�X6´�|�_j^�Xo]�b'f
e'd
_je'd�a�b�Xoa�rskCXhn
p[f u f=^�_0f=`'mjX8�}pKn
^�X/Ä�f
ilk�m0X
p�^�n8i��������
	�a�n���
�	'y��Nn�f u n8_0Z!Z'f)a�f�mjn8\�\�a�b�^�n8|�d8b!_jilk'mj_j]�_xa}e'f=^�w
^�n6��_je'd�]�n
e u X/^�\�_jn8e'\���f
e�rYn8`�¥�X�]/a�\�a�b{f=a�a�f
�RX u f
mj|'X�\[pK^�n
i²a�b�X
]�b{f=e'd
X6Z u f)^�_�f=`'mjX�iq|'\�a�f=m0\�n�b{f u X!a�b'X/_j^�a�rskCX�\�f
k�k�^�n
k�^�_0f=a�X�mxr
f=mxa�X/^�X6Z�y���n
e'\�_0Z�X/^Ha�b'XJp5n8mjmjn6��_je'd�k�^�n8d=^�f
itp�^�f
d8ilX/e�a6y

V�;
E/A6S������������������[Q������
� �!���
� �!��"
#$�
���!%6Q��
����� ���
���&#$�

«Dp�a�b'XHa�rskCX3n=pv¸�_j\�]�b'f
e'd
X6Z�p�^�n8i'���$���
	�a�n(��

	'��a�b�X�e!�}Xci!f�r
f=mj\�n�b{f u X�a�nq]�b{f=e'd8XHa�b'XHa�rskCX�\�n=p*)'��+'��,qf
e{Z!k�^�n
`{f=`'mxrl¶{�s`'|sa
��X[Z�n�e�n
aHe'X/X6Z�a�n�]�b{f=e'd
X3a�b'X+a�r�kCX+n
p*-{y

. _ u X/eªf
e�n8`�¥�X�]�ac��b'n8\�X�a�rskCXqiq|�\�ac`CXq]�b{f=e'd
X6ZÅ�5a�b�Xh�D�
	1���������
��X���_j\�bYa�nh�'e{Z�f
mjm�n=a�b'X/^[n
`s¥�X�]/a�\[a�b{f)a[]6f
e�`CXlf
\�\�_jd8e�X6Z u f
mxw
|�X�\}pK^�n
i±a�b'XJ\�kCX�]�_x�{X�Z�n
`s¥�X�]/a6y��}b'_j\~_j\�f�pKn
^��~f)^�Z�Z�X/kCX�e{ZsX�e']�X
ks^�n8`�m0X/i��Cf
\Hn8k�kCn8\�X6Zoa�nl`'f
]����~f=^�Zs\+ZsX�kCX�e'Z�X�e�]�Xc|'\�X6Z�p5n
^+X/Ä�w
f=ilk'mjX-_jeËk�^�n8d=^�f
iÀ\�mj_0]/_0e�d­¹ §
¼)».y � n
^�X�n u X�^�_xaon
e'mxr�_je u n
m u X�\
Z�f=a�f)w�ZsX�kCX�e'Z�X�e�]�_jX�\���f
\gn
k'kCn8\�X�Z³a�n0/  �K
�Z�f=a�f)w�ZsX�kCX�e'Z�X�e�]�_jX�\
f=e{Z!]�n8e�a�^�n
mjw�ZsX�kCX�e{ZsX�e']/_0X/\���b'_j]�bof)^�X+e'X/X6Z�X6Z!_je!k�^�n8d=^�f
it\�mj_j]/w
_je�d�y3z+|�^+f
e{f=mxr�\�_j\+^�X��{e'X/\Jp5n=^��~f)^�Z�Z�f=a�f=w�ZsX�kCX�e{ZsX�e']/X�f=e{f=mjrs\�_j\
a�nl^�X21'X�]/aJa�b'X�_0ilkCn=^�a�f
e�]�X[n
p�f�ZsX�kCX�e'Z�X�e�]/rhpKn
^3a�b�X�k�|�^�kCn
\�X�\
n=p�]�n8e�\�_0\�a�X/e�aHa�rskCXc]�b{f=e'd8X/\�y��}b'Xciln
\�a+_jilkCn
^�a�f=e�aHZ�X�kCX�e'Z�X�esw
]/_0X/\3f=^�Xca�b�n8\�Xc_je u n8m u _je'd!f
\�\�_jd
e'ilX�e�a�\�\�|']�bgf
\H¸Ë·3)hf=e{Z4+�·
)
5768y­z+e¬a�b'Xon
a�b'X�^lb{f=e{Z��}f
eÅf
\�\�_jd8e�ilX�e�a!\�|']�b�f=\8+96©·;:<)
]�f
e©`CXl_jd8e�n
^�X6ZL�%\�_0e�]�X!]�b'f
e�d8_je'doa�b�X�a�rskCXln
p=)-b'f
\[e'ngX/¯LX/]/a
n
eha�b�X+^�f
e�d8Xcn
p u f=mj|'X�\~n=p>+968�'f
e'Zh\�n�a�b�X+a�rskCXJn
p>+963Z�n�X�\�e'n=a
e�X�X6Z!a�n�`CX3]�b{f=e'd
X6Z�y��H\�\�_0d
e'ilX�e�a�\}_je u n
m u _je'd�n8kCX�^�f=a�_jn8e�\H\�|�]�b
f=\~Z�_ u _j\�_jn8e�f
e'Z�iq|'mxa�_jk'mj_j]6f)a�_0n
e�f=^�XHm0X/\�\}]�mjX6f=^6yvWYXHZ�_j\�]�|'\�\�a�b'_j\
m0f)a�X/^+_je�a�b'Xc\�X�]/a�_jn
e¢y

�He©_jilkCn
^�a�f
e�a�_j\�\�|'XhpKn
^�a�b'X�Z�X�kCX/e{Z�X/e']�X�f
e'f
mxrs\�_j\�_j\�b'n6�±a�n
a�^�X�f=a!�?	
�A@CB�	���y¡��n8e�\�_0Z�X/^�a�b'Xgks^�n8d
^�f=iÀp�^�f
d
ilX�e�ah_je u n
m u _je'd
\�a�^�|�]/a�\!_jeËÏ�_jd8|�^�X � y�«Dp3a�b'X�a�f)^�d8X/a�_j\�a�b�X u f)^�_0f
`'mjX!	$D?�
E�FA	'�
a�b�X�eG@{�H-©f=e{ZI�KJ�¸©f)^�Xgf
mjmJZ�X�kCX�e'Z�X�e�aqn8`�¥�X�]/a�\�y�«�pHa�b'Xoa�r�kCX
n=pH	$D?�
E�FA	�_j\c]�b{f=e'd8X�Zgp�^�n8iL�������
	oa�nM��
�	��¢a�b�X�ega�b'X�a�rskCX�\+n=p
@'��-�f=e{Z��KJ�¸�\�b'n
|'m0Z-f
mj\�n�`CX�]�b{f=e'd8X�Z�yJ�Nn!X/¯LX�]/aJa�b'_j\+]�b{f=e'd
X
a�n�a�b'X�a�rskCXqn=pN�KJ�¸��N�}Xq]6f
e�X�_xa�b'X/^c]�b{f=e'd
Xqa�b'X�a�rskCXqn=p�a�b'Xq¸
�'X�m0Z�n
p%a�b'X[\�a�^�|�]/a�O��{n
^J�}X[]6f=eg_0e�a�^�n�Zs|']�X�f�e'X��Î\�a�^�|']�aJa�r�kCX
X/\�kCX�]�_0f
mjmxr�p5n=^=��y%�}b'XHf8Z u f=e�a�f
d8X~n=pCa�b'X}pKn
^�ilX/^�]6f=\�XJ_j\va�b{f)a���X
i!f=�RX�il_je'_ji!f
m�]�b'f
e'd
X�\�a�nca�b�XJks^�n8d
^�f=i�y%�}b'XJZ�_j\�f
Z u f
e�a�f
d
XJ_j\
a�b'f=a[�}X�f=m0\�ng]�b{f=e'd
X!a�b�Xqa�rskCXln=p=	PJ�¸'�%f=e{Z�a�b�_j\�i!f�r�e'n=a�`CX

QHRCS>TVU&W9XZY[TVR9\�\�]_^P`AR7ab]Vc�dec9fNc9gPU�h�RCa�]Vc�d*\Ai
z+kCX�^�f=a�_jn8e�\ ��^�d8|�ilX�e�a � ��^�d8|'ilX/e�a~§
5s��js�Nk��Cl'�Cm °�a�^�n8e�d °�a�^�n8e�d
µ WªX6f=� WªX6f=�
n ��o
o���p
p WªX6f=� qJn8e�X
|�e{f)^�r��r5s��j °�a�^�n8e�d e{�
f
lAl'�skAk q+n8e�X qJn8e�X
: q+n8e�X e{�
f

\�a�^�_j]/a�mxr¬e'X�]/X�\�\�f=^�r�y©¿Jn6�}X u X�^6��_je®k�^�f=]/a�_j]�Xo_xa�_j\�mj_j�RX�mxr©a�b'f=a�_xp
�}X[b'f u X[a�nl]�b{f=e'd
X[a�b�X3a�rskCXcn
p%a�b�X�¸l�'X�m0Zon
pH���{a�b�X�eo��X[��_jmjm
b{f u X�a�no]�b{f=e'd8X�a�b'X�a�rskCXqn
p�a�b'Xq¸h�{X�m0Z-n
pt	'y��J\cf!^�X�\�|'mxa6�¢_xa
_j\qZsX�\�_x^�f
`�m0X�a�nha�^�X6f=a�n8`�¥�X�]�a�\�a�b'f=ac^�X/pKX/^�a�nha�b'X�\�f=ilX��{X�m0ZY_je
fq|�e'_xp5n=^�i¦�}f�r�y � r�£�\�f
ilX3�{X/m�Zs¨����}XcilX6f=eoe'n=a%¥�|'\�a�a�b'f=a�a�b'X
�{X/m�Zs\~b{f u X+a�b�X3\�f
ilXJe{f=ilX8�s`'|�a�a�b{f=a~a�b�X/rhf=^�X+a�b�X3\�f
ilXJ�{X�m0Z
n
pva�b�X3\�f
ilX+\�a�^�|']/a�a�rskCX8y

°s_je�]�X�n
|�^N|'mxa�_ji!f=a�X�|'\�X�n
p�Z�X�kCX/e{Z�X/e']�X�f
e'f
mxrs\�_0\N_0\�a�n�b'X�mjk[_0Z�X�esw
a�_xpKrqn8`�¥�X�]/a�\���b'n
\�XHa�r�kCX�iq|'\�a�`CX~]�b{f=e'd8X�Z��R��XJf)^�X�e'n
a�¥�|�\�a�_jesw
a�X/^�X�\�a�X�Z!_je�a�b�XH\�X�a�n=pNZsX�kCX�e'Z�X�e�a�n8`�¥�X�]�a�\�yvuJf=a�b�X/^6�R��XHe�X�X6Zqa�n
d8_ u X�f}|'\�X�^�_je�pKn
^�i!f=a�_jn
e[f
`Cn8|saxw�
��vn
e'X�n8`�¥�X�]�a�_j\�ZsX�kCX�e{ZsX�e�a�n8e
f
e�n
a�b�X/^6yc�Nnla�b�_0\JX�e{ZL�C�}X�]�n8ilk�|�a�X�\�a�b'X�Z�X/kCX�e{ZsX�e']�X[]�b{f=_0e�\��
��b'_j]�bo_0Z�X/e�a�_xp�r!k{f=a�b�\}n
pvZ�X�kCX�e'Z�X�e�]�XH`CX/a���X�X�eon
e'XJn8`�¥�X�]/aJf=e{Z
f
e�n
a�b�X/^6y «�egd8X�e�X/^�f
m�a�b�X/^�X�f=^�X�i!f
e�r�ZsX�kCX�e'Z�X�e�]�X[k{f=a�b�\J`CX�w
a���X�X�eËfªk'f
_x^�n
p[n
`s¥�X�]/a�\�y � n=^�X�n u X/^6�H\�n8ilXgk'f=a�b�\!f=^�X-iln
^�X
_jilkCn
^�a�f=e�a!a�b'f
e�n=a�b'X/^�\�yÆÈ+X�kCX�e{ZsX�e']/_0X/\of)^�_0\�_je�d¬p�^�n8iÀZ�_x^�X�]�a
f
\�\�_jd
e'ilX�e�a�\%\�|']�b�f=\�¸�·�)[f=^�X�|'\�|'f
mjmxr�a�b�X}iln8\�a%_jilkCn
^�a�f=e�a�y�Z�X�w
kCX�e'Z�X�e�]�_jX�\�_je u n
m u _je'd-f)^�_xa�b'ilX/a�_j]ln8kCX�^�f=a�_jn8e�\q¸�·A)
5768��¸�·A)$oAoAz��
¸�·A{�| n )'�'¸�·76�p
p?)!f=^�X3_je']�^�X6f
\�_je'd
mxromjX�\�\�_jilkCn
^�a�f=e�a6y%z+|�^~ilX/a�^�_j]
n
pJ_jilkCn
^�a�f=e']�X!_j\�`'_0f=\�X6Zªa�n)�}f=^�Zs\�n8kCX/^�f)a�_jn8e'\�a�b{f=aqf=^�Xhmj_0�8X�mxr
a�noks^�X�\�X/^ u X�a�b'X�\�b{f
kCXqf
e'Z�\�_j��X�n=p}_je'k�|�a[Z�f=a�f�y���f=`'mjX � n8|sa�w
mj_je'X�\Hfq\�_jilk'mjX3\�a�^�n
e'dR�)�}X�f
���=e�n8e'X[]�m0f=\�\�_j�']6f=a�_jn
e�a�b{f=a~��Xcb{f u X
X�ilk�m0n6r�X�Z�y%z+|s^�f
e{f=mxr�\�_j\�]�n8ilk�|�a�X�\%a�b'X~iln
\�a�_jilkCn
^�a�f=e�a�k'f=a�b��
f
e'ZY_xp�a�b'X/^�X!f)^�Xh\�X u X/^�f
m�k{f=a�b�\�n=p~a�b'Xl\�f=ilX�_jilkCn=^�a�f
e']/X8���}X
]�n
ilk'|�a�XJa�b'X3\�b�n
^�a�X�\�aHk{f)a�b¢y

�Nf)^�d8X�]�n�Z�X�`{f=\�X�\+n=pKa�X�e-d8X/e'X/^�f)a�Xqi!f
e�roZ�X�kCX/e{Z�X/e�aHn
`s¥�X�]/a�\JÍ
a�rsk�_0]�f
mjmxr�_je-a�b'X�^�f
e'd
X �b� w ���8��� yN�Nn�b'X�mjk�|'\�X/^�\c\�_xpKaca�bs^�n8|�d8b
a�b'X/\�X!Z�X�kCX�e'Z�X�e�a[n
`s¥�X�]/a�\�f=e{ZªZsX/a�X/^�il_je'Xq_jp~a�b�X/rYf=^�Xln8`�¥�X/]/a�\
��b'n
\�X�a�r�kCX�iq|�\�a+`CX�]�b{f
e�d8X6ZL�C�}X�k�^�_jn
^�_xa�_j��Xqa�b�X�i f
]�]�n=^�Z�_je'd
a�nJa�b�X}_jilkCn
^�a�f=e']�X}n=p{a�b'X/_j^%|�e{ZsX/^�mxr�_je�d+ZsX�kCX�e{ZsX�e']/X�]�b{f
_je�y�WªX
f
mj\�ngks^�n u _0Z�X!fh]�n8mjmjX�]/a�_jn8e¬n=p~d
^�f=k'b'_j]!|'\�X�^�_je�a�X/^�p5f
]�Xla�n�n8mj\[p5n=^
`�^�n6��\�_je'dHa�b'X�a�^�X�X}n
p']�b'f
_je'\�f
e{Z[_je'\�kCX�]�a�_0e�dJa�b�X�]�n=^�^�X�\�kCn8e'Z�_je'd
\�n8|s^�]�X+]/n�Z�X+mjn�]6f)a�_jn8e'\�y�«�e!ks^�f
]/a�_j]�X8��a�b�X/^�X3f)^�X+n
p�a�X�e!a�n�n�i!f=e�r
]�b{f
_je�\�a�nl_je�\�kCX�]/a~Í�f�]�n
ililn8e�\�]�X�e{f)^�_jn�_j\~a�b{f)aJf�]�X�e�a�^�f
m�n8`sw
¥�X/]/ava�b{f)av_j\�e'n=a�^�X�mjX u f
e�a�a�n3f�]�n�ZsX}]�b'f
e�d8X�`CX/]�n8ilX�\�Z�X�kCX�e'Z�X�e�a
�1n
p�a�X�e-Z�|�Xca�b'Xc]�n
e�a�X�Äsa�w�n
^N1{n6�~wD_je'\�X�e�\�_xa�_ u _xa�ron
p%a�b'Xc|�e{ZsX/^�mxrsw
_je'd�f
e'f
mxrs\�_j\����'f=e{Z�a�b'X/elX u X/^�r�a�b'_je�d[a�b'f=a�_j\~Z�X�kCX/e{Z�X/e�a�n
e!a�b�_j\
]�X�e�a�^�f=mNn8`�¥�X/]/acf=m0\�n!`CX�]/n8ilX�\JZ�X�kCX/e{Z�X/e�a6y�WªX[f
Z'Zs^�X/\�\Ha�b�_0\H_j\�w
\�|'X���_ja�b�\�n8ilXlf
Z'Zs_ja�_jn
e{f
m�Zsn8i!f
_je��se�n6��m0X�Z�d8X
�3�}Xlf=mjm0n6��a�b'X
|'\�X�^ha�n©\�kCX�]/_jp�rÌ£�e�n8eswDa�f)^�d8X/a�\�¨s�J��b�_j]�b­f)^�X�n
`s¥�X�]/a�\ha�b'f=a�a�b'X
|'\�X�^l��e'n6��\lf=^�Xh]�X/^�a�f=_0e�mxr¬e'n
alZ�X�kCX�e'Z�X�e�a�n8e¬a�b'X�a�f=^�d8X�aln8`sw
¥�X/]/a6y��}b'_j\3b{f=\ck�^�n u X�ega�n�`CXqf u X/^�rgX�¯LX�]/a�_ u X�ilX�]�b'f
e�_0\�i p5n=^
p5n�]/|'\�_je'dln
eoa�b'X3_jilkCn=^�a�f
e�aHZ�X�kCX/e{Z�X/e']�_jX�\�y

3. ANDERSEN’S POINTS-TO ANALYSISWªX�^�X u _jX/�®�Je'Z�X/^�\�X�e�Ê \�kCn8_je�a�\�w.a�n3f
e'f
mxrs\�_j\%f
e{Z�_je�a�^�n�Zs|']�X�\�n8ilX
Z�X��{e'_xa�_jn8e�\c|'\�X6Z-_je�a�b�Xq^�X�\�a[n=p�a�b'X�k{f=kCX/^6yq«�e�a�b�Xqmj_xa�X/^�f=a�|s^�X8�
a�b'X�^�X�f=^�X}a���nc]�n
^�X�f=k'ks^�nRf
]�b'X/\�a�n3kCn
_je�a�\�w.a�ncf=e{f=mjrs\�_j\���_jd8e�n
^�_je'd
]�n
e�a�X�Äsa�wD\�X�e�\�_xa�_ u _xa�r3f
e'Z}1{n6�~wD\�X�e'\�_xa�_ u _ja�r�y��}b�X���^�\�a�f=k'ks^�nRf
]�b[_j\



#sB V�;
E/A6S�S)>�A6?)@�S��� B V�S6A�U8:�S�����V�;
E/A6S ���qV�;
E/A6S �����9�� B V�;
E/A6S-U��[�/Q������� B V�S6A�U8:�S���VC�cS��	 B Q �!%b���
 B U��gS)>�A6?)@�S��� B �/Q ��U��� B V'B � �!���
��
)V�;
E/A6S���@�?
#sBD:�� ����� U�
)V�;
E/A6S���@�?
#sBD:�� ����� S)>�A6?)@�S�
)V�;
E/A6S���@�?
#sBD:�� 
�� �6;=@�A)@�S)>�A6?)@�S�
)V�;
E/A6S���@�?
#sBD:�� # �
S)>�A6?)@�S�
)V�;
E/A6S���@�?
#sBD:�� # �
U�
)V�;
E/A6S���@�?
#sBD:�� ����� S)>�A6?)@�S�
)V�;
E/A6S���@�?
#sBD:�� 
�� �6;=@�A)@-S)>�A6?)@�S�
)V�;
E/A6S���@�?
#sBD:�� # �
�CB ��
)V�;
E/A6S���@�?
#sBD:�� ����� ��
)V�;
E/A6S���@�?
#sBD:�� ����� U�
)V�;
E/A6S���@�?
#sBD:�� ����� S)>�A6?)@�S�
)V�;
E/A6S���@�?
#sBD:�� 
��������

� ]��! Kh�U W9X#" g*h�c$�9h�R$% f h�R��!% U�d a8]Vd'&�c�T(&K] d)� \babh� *`Aa�\8R7d+* ]Vab\,* U�gPU�d+*KU�d*`�U!h?U�\- *T a�\/. a-0KU abRCh��9U$a8] \ 	$D��AE�FA	21 i

|�e'_x�{]�f=a�_jn8esw�`'f
\�X6Z-¹ §=º=»D��f
ehf
\�\�_jd
e'ilX�e�a~\�|�]�bhf
\~¸�· )q_je u n8�8X�\
f�|'e�_j�']6f=a�_jn
e�n
pJa�b'Xhe'n�Z�Xhp5n
^!¸ªf
e{Z©a�b'Xhe'n�ZsXop5n=^ )ª_je®a�b�X
kCn
_je�a�\�w.a�n�d
^�f=k'b¢y®�}b�X�f=m0d
n
^�_xa�b'il\�p5n
^la�b�Xh|�e'_x�{]�f=a�_jn8esw�`'f
\�X6Z
f=k'ks^�nRf
]�b©a�rsk'_j]6f=mjmjrª_0e u n
m u X!|'e'_jn
eC�)�'e{Zªf=e{Z©b{f u X!X�\�\�X/e�a�_0f=m0mxr
mj_je'X�f=^�w.a�_jilX�]�n8ilk�mjX/Äs_ja�r�yÅ�}b'X�\�X�]/n8e{ZÅf
k�k�^�nRf=]�bÅ_j\l`{f
\�X�ZÅn8e
\�|�`'\�X/a�^�X�m0f=a�_jn8e�\�b'_jk'\���f=eof=\�\�_0d
e'ilX�e�a�\�|']�bhf=\}¸�· )�d
_ u X�\�^�_j\�X
a�n!f�\�|�`'\�X/aH]�n
e'\�a�^�f=_0e�aJ¸43 )!`CX/a��}X�X/eoa�b'Xce�n�Z�X�\H¸!f
e'Z4)!_0e
a�b�X~kCn8_je�a�\�w.a�ncd
^�f
k�bg¹ º
».y��}b'X�f=m0d
n
^�_xa�b'il\�p5n=^�a�b�X~\�|'`'\�X�a�w�`'f
\�X6Z
f=k'ks^�nRf
]�b�|sa�_0mj_j��X�\�n8ilX}pKn
^�iÆn=pL\�|'`�a�rsk'_je'dJ\�r�\�a�X/i��8\�|�`'\�X/a�]�n
e�w
\�a�^�f=_je�a�\�n
^qf�p5n
^�iÐn
pJZ�r�e'f
il_j]qa�^�f=e'\�_xa�_ u Xh]/m0n
\�|�^�X8��f=e{ZYb'f u X
]/|'`'_j]/w.a�_jilX3]�n
ilk'mjX/Äs_xa�r�y

�}b�Xh|�e'_x�{]�f=a�_jn8esw�`'f
\�X6Z¬f=k'k�^�n8f
]�b©_j\�p1f=\�a�X/^!f=e{ZªmjX�\�\lf=]�]�|�^�f)a�X
¹ §
§)».y®�}b'X/^�Xhb{f=\�`CX�X�e¬]�n
e'\�_0Z�X/^�f=`'mjXo��n
^��ªn
eÅ_jilk�^�n u _je'd�a�b�X
kCX�^�p5n
^�i!f=e']�X!n=pHa�b�Xl\�|'`�\�X/a�wD`{f
\�X�Z©f
k'ks^�nRf=]�bË¹ �8� ��§
¾��}§ � ».��f
mxw
a�b�n8|�d8b!a�b'XHkCX/^�p5n=^�i!f
e']/X+dRf=ko_j\}\�a�_jmjmL\�_0��f
`'mjX��1]
y p�yH¹ §=¾s�'§ � »¢f
e{Z
¹ ½)»5��y��H\vÈcf
\ u X�^�r�^�X/]�X�e�a�mxr�n
`'\�X/^ u X6ZY£�«�eq\�k�_ja�X~n=p{a�b'X/\�X~X/¯Ln
^�a�\��
�He{ZsX/^�\�X�e¢Ê \%f=m0d
n
^�_xa�b'i�Zsn�X�\%e'n
avrRX/av\�]6f=m0X~a�nJk�^�n8d=^�f
il\%`CX/r�n
e{Z
¼ �8�?� ��zc�Jy ¨-¹ ½)»v�}b�X/^�X[b{f
\Hf=m0\�n!`CX�X/eh�}n=^��on
e�_jilk�^�n u _0e�d�a�b�X
f=]�]�|s^�f
]/r®n
pJa�b'X�|'e�_j�']6f=a�_jn
e�wD`{f=\�X6ZÅf=k'ks^�nRf
]�b®`�rª_0e�]�n
^�kCn=^�f=a�w
_je�dl\�n8ilX[n
pva�b�X[Z�_x^�X�]/a�_jn8e'f
mNpKX6f=a�|s^�X�\Hn
p%a�b'Xc\�|�`'\�X/a�wD`{f=\�X6Z�f=k�w
ks^�nRf=]�b�a�n�ks^�n�Z�|�]�X[fqb�rs`�^�_0Zh|�e'_x�{]6f)a�_jn8e�wD`'f
\�X6Z�f=mjd8n
^�_xa�b�iÐ¹ ½)»D�
pKn
^�fh\�i!f=mjm�_je�]/^�X6f
\�Xq_0eYf
e'f
mxrs\�_0\ca�_jilXo�.f=e{Z�´�|{f8Z�^�f=a�_j]���n
^�\�a�w
]�f
\�X�]�n8ilk�m0X�Ä�_xa�r{���}iq|']�b®n
p[a�b'X-f
Z'Z�_xa�_jn8e'f
m+f
]�]�|s^�f
]/r�n
pca�b�X
\�|�`'\�X/a�wD`'f
\�X6Z�f=k'ks^�nRf
]�bo]�f
e�`CX3^�X�]/n u X/^�X6Z�y

A Deductive Reachability FormulationWYX[|'\�X�f�]�n8e�a�X/Ä�a�wD_je'\�X�e�\�_xa�_ u X8�91{n6�~wD_je'\�X�e�\�_xa�_ u X u X/^�\�_jn8egn
p%a�b�X
\�|�`'\�X/a�wD`'f
\�X6Z®f
k�k�^�nRf=]�b®a�b{f)al_j\lX�\�\�X�e�a�_0f
mjmxr®a�b�X�f=e{f
mxrs\�_j\!Z�|�X
a�nª�Je{ZsX/^�\�X�e³¹ º
».y³z+e'Xh^�X6f
\�n
e�p5n=^�a�b�_j\l]�b�n8_j]�Xg_j\�a�b'X�`CX�a�a�X/^
f=]�]�|s^�f
]/rhn
p�a�b�X3\�|'`�\�X/a�wD`{f=\�X6Zof=k'k�^�n8f
]�b�n u X/^~a�b�X3|'e�_j�']6f=a�_jn
e�w
`'f
\�X6Zhf
k�k�^�nRf=]�b�y��Je'n=a�b'X/^�^�X6f
\�n
eo_j\~a�b{f=a}|'\�X/^�\~n=pvn8|s^HZ�X�kCX�esw
ZsX�e']/Xof=e{f
mxrs\�_j\�\�rs\�a�X�iÐiq|'\�a�`CXhf
`'mjX!a�n-_0e�\�kCX�]/a�a�b'XhZ�X�kCX�esw
ZsX�e']/X�]�b'f
_je'\cks^�n�Z�|�]�X6Z-`�r-n
|�^[\�rs\�a�X�i �D°�X�]/a�_jn8eª§8���Nf
e'Z�|'esw
ZsX/^�\�a�f
e'Z���b�rca�b'X�r3�}X/^�X~ks^�n�Z�|�]�X6Z�yv°s|�`'\�X/a�wD`{f=\�X6Z[f
k�k�^�nRf=]�b�X�\
d
X�e'X�^�f=a�X�X6f
\�_jX/^3a�nl|�e{ZsX/^�\�a�f
e'Zh^�X�\�|'mxa�\byL|�e'_x�{]6f)a�_jn8e�wD`'f
\�X6Zgf=k�w
ks^�nRf=]�b�X�\�n
p�a�X�e¬_je�a�^�n�Zs|']�X�b{f)^�ZYa�n-|'e{ZsX/^�\�a�f
e'ZÎ£�`'f
]����}f=^�Zs\�¨
1'n6��\Jn=pv_je�p5n=^�i!f=a�_jn8e�Z�|'XJa�nqa�b'X3|�\�Xcn
p%X6´�|'f
mj_xa�_0X/\�y

Év^�X u _jn8|�\lk�^�X�\�X�e�a�f)a�_0n
e'\!n
p3�Je'Z�X/^�\�X�e�Ê \lf
mjd8n=^�_xa�b'i b{f u Xh|'\�X6Z
\�n
ilX�pKn
^�i n
p�e'n
e�wD\�a�f
e'Z'f=^�Z�a�r�kCX�\�rs\�a�X�i�yqz+|�^3ks^�X�\�X�e�a�f=a�_jn
e
|�\�X�\�f�\�_jilk�m0X�ZsX6Z�|�]/a�_ u Xq^�X6f=]�b'f
`'_jmj_xa�r©\�rs\�a�X�i�y��}b'_j\q\�a�rsm0X!n=p
f=e{f=mjrs\�X�\+k�^�X�\�X�e�a�f)a�_0n
e��}f
\cZsX u X�mjn
kCX6Z�`�r � ]6�Hm0mjX�\�a�X�^l¹ § � ».yc«Da
b'f
\~f=mj\�n�`CX�X�e!|'\�X�Zla�n�Z�X/\�]/^�_j`CX3]�n8e�a�^�n
mjw 1'n)�Ëf
e{f=mxr�\�_j\c¹ � ½)».y��¢n
\�_jilk�m0_xp�r�n8|s^+ks^�X�\�X�e�a�f=a�_jn
e¢�{��X�]�n
e'\�_0Z�X�^3f�a�_je�rom0f
e�d8|'f
d8X�]�n
e�w
\�_j\�a�_je'don
pN¥�|'\�aca�b�X�n8kCX/^�f)a�_jn8e'\65gf
e'Z�7qy98%Äsk�^�X/\�\�_0n
e'\#:�b'f u X

;=<!> 7@?
? <!> : �BA C$D�E�F�GHAJILK}� �NMPORQ'S$TVU�W

;=<!> 7@?
: <!> ? �BA C'GXFYD�E9AJILK}� �NMPORQ'S$T�Z[W

: Â <$> :�\ �BA C'G Â F�G \ AJI9K~� �]Q'MVMV^(_a`)W
: Â <$> : \ : \ <$> :�b

: Â <�> : b �]O!S$Q'`cM�W
� ]��! Kh�U�d X#e(Uf*a *`Aa�]Vc9dIh� KTVU�\�f c9h R7T ]VR9\�]Vda� R9dKR7T�g \�] \Ai

a�b'XJp5n
^�i��
:��j� h ;ji 5 ;ji 7 ;

WªXq\�b{f
mjm�f
\�\�|'ilX�a�b{f=a[e�X�\�a�X6Z�|'\�X�\[n
pX5�f
e'Z�7Ìf=^�X�^�X/iln u X6Z
`�r�f+k�^�X�ks^�n�]�X�\�\�_je'd+k'b{f=\�X8y%Év^�n8d=^�f
il\�f=^�X~\�X6´�|'X/e']�X�\vn=p�f
\�\�_jd8esw
ilX�e�a�\~n
pNa�b'X+pKn
^�ik: Â hl:�\J��b�X/^�X#: Â ]6f
e�e'n
aH`CX#7 ; y

. _ u X�e­\�n8ilX�k�^�n
d
^�f
inmq�+��XY]�n
e'\�a�^�|']�agZ�X�Z�|']�a�_0n
eË^�|'mjX�\gf=\
\�kCX�]�_x�'X6Z®_je®Ï�_jd8|s^�X-§�y©«�e©a�b'Xh��^�\�aq^�|�m0X
��a�b�Xh\�_0Z�Xh]�n8e'Z�_xa�_jn8e
£�_xpo5 ; hp:�_0e�m3¨�_0e'Z�_j]6f)a�X�\3a�b{f)a+a�b'X�^�Xq_j\cf
e�_je'\�a�f=e']�X�n=p�a�b�_j\
^�|'mjX}pKn
^�X6f
]�bln�]�]�|s^�^�X�e']�X�n=p�f
elf=\�\�_0d
e'ilX�e�a�n
pCa�b�X}p5n=^�ip5 ; hq:
_jermqyY�}b�Xh\�_0ZsXh]�n
e{Zs_ja�_jn
e'\�_jeªa�b'X�n
a�b�X/^q^�|�mjX�\�f)^�Xh\�_jil_jm0f=^�mxr
_je�a�X/^�k�^�X/a�X�Z�y�«�e�a�|'_xa�_ u X�mxr��=f
e�X6Z�d
Xs: Â <�> :�\�_je{Zs_0]�f=a�X�\Na�b'f=a%f=e�r
n8`�¥�X/]/a�kCn8_je�a�X/^3a�b{f)a3�}Xq]6f
eYZ�X/^�_ u X�pK^�n8it: \ _j\[f=m0\�n�Z�X/^�_ u f
`'mjX
pK^�n
iu: Â y��}b'Xl�'^�\�a�^�|'mjX!ZsX6f
mj\���_xa�b©X/Äsks^�X�\�\�_jn8e'\�n
p~a�b�Xlp5n
^�i5 ; n8e¬a�b'Xhm0X�pKa�wDb{f=e{ZswD\�_0Z�X/\ln
pcf=\�\�_jd8e'ilX/e�a�\��h_xa!\�a�f=a�X�\�a�b'f=al_xp
a�b'X�^�Xo_j\�f-a�^�f=e'\�_xa�_jn8e�p�^�n8i ; a�n�7@?C��a�b�X�eÅf8Z'Z®f�a�^�f=e'\�_xa�_jn8e
pK^�n
iv?�a�nw:�����b�X/^�X@:3_j\}a�b'XJmjX/pKa�wDb{f=e{Z�w�\�_0ZsX+n
p¢a�b'XJf
\�\�_jd8e�ilX�e�a6y
�}b'Xh\�X�]�n
e{Zª^�|'mjXhZ�X6f=m0\���_ja�b®X/Äsk�^�X/\�\�_0n
e'\�n=pJa�b�Xlp5n
^�ix5 ; n8e
a�b'X�^�_jd
b�a�wDb'f
e{Z�wD\�_�ZsX�\[n
pHf=\�\�_0d
e'ilX�e�a�\��q_ja�\�a�f)a�X�\�a�b'f=a�_xp~a�b'X/^�X
_j\�f�a�^�f
e�\�_xa�_0n
eYpK^�n
i ; a�ny7@?L��a�b'X/eYf
Z'ZYf!a�^�f
e�\�_ja�_jn
eYpK^�n
it:
a�nz?o��b'X�^�XL:q_j\Ja�b�X�^�_jd
b�a�wDb'f
e{Z�wD\�_�ZsX�n=p�a�b�X�f
\�\�_jd8e�ilX�e�a6yc�}b'X
a�b'_x^�Zq^�|�m0XHf
Z'Z�\�f+a�^�f
e�\�_xa�_0n
elpK^�n8i{: Â a�n#: \ p5n=^~f=m0m{f
\�\�_jd8e�ilX�e�a�\: Â h|:�\�_je�a�b�Xqk�^�n
d
^�f=i���f=e{Zg�{e{f=mjmjr���a�b'X�p5n
|�^�a�b-^�|'mjX�_j\}¥�|�\�aa�^�f
e�\�_xa�_ u X�]�mjn8\�|s^�X8y­�}b'Xo]�n
^�X�n=pcn8|s^!kCn8_je�a�\�w.a�nYf=e{f
mxrs\�_j\!]6f
e
e'n6��`CX�\�a�f)a�X6Z-f
\Hp5n8mjmjn6��\�� ; ]6f=egkCn8_je�a+a�n}?h_jp%��X�]6f=e�Z�X/^�_ u X
;=<$> 7@?CyvÏ�_jd8|s^�X�¾J]�n
e�a�f
_je'\�f
e�X/Ä�f
ilk�m0X�k�^�n8d=^�f
i�f=e{Z�\�b�n6��\
b'n6�~? > 7 ; ]6f=e�`CXcZsX/^�_ u X6Z�y

Analysis of Full C8vÄsa�X/e{Z�_je�dqa�b'_j\H]�n
^�X�f
e'f
mxrs\�_j\Ja�n�p5|�mjmv�Ëk�^�X�\�X�e�a�\Hf�e�|'i�`CX/^�n
p
]�b'n8_j]�X/\�y��+Z'Zs_je'd u f=m0|�X�\c\�|']�b�f
\[_je�a�X/d8X/^�\[_j\c\�a�^�f
_jd8b�a�pKn
^��~f)^�Z�y
«�aJ_j\3f=m0\�n�X6f=\�r�a�n�Z�X6f=mN��_xa�b�e�X�\�a�X6Z�|�\�X�\+n=po5hf=e{Z�7�a�bs^�n8|�d8b
a�b'Xof8Z�Z�_xa�_jn8e�n=p3e�X/�Ìa�X�ilkCn
^�f)^�r u f)^�_0f
`'mjX�\g�5��Xo^�X�i!f)^��ªa�b{f=a



��
�	�¸���µ?)��
��
�	³µRµ�+��
+�· l
)��
µ?+�· l8¸��

+ > l
) �]Q'MVMV^(_a`��
µ�+ > lR¸ �]Q'MVMV^(_a`��
) > lR¸ �5p�^�n8ikMPORQ'S$TVU=�

� ]��$ Kh�U���X��	� R!% g*TVU&g*h�c$�9h�R$% R9d+* R7g*g>TV] `AR7ab]Vc�d c9fw*KU�

*a *`Aa�]Vc9d h� *T UC\�a2c \-0Kc
� ) > lR¸ i

]/n8e'\�_0ZsX/^�f
`�m0X�_jilk'mjX�ilX�e�a�f)a�_0n
eYX/¯Ln=^�aq_j\[^�X6´�|'_x^�X6Z�a�n-f u n
_0ZY_je�w
a�^�n�Zs|']�_je�dY�  6 �l�
&��qa�X�ilkCn=^�f=^�r u f=^�_0f
`�m0X/\���yl¿+n6�}X u X/^6�Na�^�X�f=a�w
_je�d��?	
�A@�B?	��gf
e{Z @

C�A��
C�g_j\[iln
^�Xq]�n8ilk�m0X�Ä�yhz+e�XlkCn8\�\�_j`'_jmj_xa�r
_j\��N_0e�X/¯LX�]�a6�¢a�nh_0d
e'n=^�X�a�b'X�i��JX6f
]�bªZsX�]�m0f=^�f)a�_jn8eªn=p~f u f=^�_0f=`'mjX
n=pP��	
�A@CB?	�n
^v@

C�A��
qa�rskCX~_j\�a�^�X�f=a�X6Z!f
\�f
el|�e'\�a�^�|']�a�|�^�X6ZqilX/i�w
n=^�r�m0n�]�f=a�_jn8e¬f=e{Z�f
e�r�f
\�\�_jd8e�ilX�e�a3a�ngf��'X�m0Z�_j\ u _jX/�}X6Z�f
\�f
e
f=\�\�_jd8e'ilX/e�aJa�n�a�b'X[X�e�a�_x^�X[]�b�|'e��hX
y dsy ;�� � _j\ u _jX/�}X�Zgf
\3f=e�f
\�w
\�_jd
e'ilX�e�a�a�n ; f=e{Z©a�b'Xh�'X�m0Z®]/n8ilkCn8e�X�e�a � _j\l_jd8e�n
^�X6ZLyÅWYX
]�f
mjm3a�b'_j\!a�b'X��}�/"jI��.,5&{I�������&CI���&��[f
k�k�^�n8f
]�bÇf=e{Z�X/Ä�f=ilk'mjX�\!_je�w
]/m0|'Z�X!¹ �6� � �8� �L§8§)».yH�He'n
a�b�X/^Jf
k�k�^�nRf=]�b-_j\�a�nl|'\�X�fq�{X�m0Z�w�`'f
\�X6Z
a�^�X�f=a�ilX�e�a�n
p�\�a�^�|']/a�\�\�|']�b�f=\~a�b{f=a�a�f=�RX�eo`�r��He{Z�X�^�\�X�eY¹ º
».y�«�e
X/\�\�X�e']�X
��a�b'X��{X�m0ZswD`'f
\�X6Z�f
k'ks^�nRf=]�b�]�n8mjmjX�]/a�\�_je�p5n=^�i!f=a�_jn8e���_ja�b
X�f
]�b��{X�m0Z�n=p�X�f
]�b�\�a�^�|']/a6�Jf=e{Z�\�n¬f=eËf
\�\�_jd8e�ilX�e�aha�n ;�� � _j\
u _jX/��X6Zªf
\�f
eªf
\�\�_jd8e�ilX�e�aca�n � f=e{Z-a�b'Xl`{f=\�Xln8`�¥�X�]�a ; _j\�_jd
w
e�n
^�X6ZLy�� q+n=a�X}a�b{f=a�a���nc�{X�m0Z�\�n
p¢Zs_j¯LX�^�X�e�a�\�a�^�|�]/a�\�a�b'f=a�b{f=k'kCX�e
a�nJb{f u X�a�b'X�\�f=ilX�e'f
ilX}f)^�X�a�^�X6f)a�X6Z�f=\v\�X�k{f)^�f=a�X~X�e�a�_xa�_jX�\�y ���}b�X
pKn8mjmjn6��_0e�d�]/n�Z�X~_jmjm0|�\�a�^�f=a�X�\�a�b'X�Zs_0\�a�_je�]/a�_jn8e�`CX/a��}X�X/eq�{X�m0Z�w�`'f
\�X6Z
f=e{Zh�'X�m0ZswD_je{ZsX�kCX�e{ZsX�e�a6y

V�S6A�U8:�S����YP�9)S&�2���lP�9)S �2�������������
P�9)S ���
FR>8P�9���� �
P�9)S �����[�! ��[�/A����)VC�
�LB � �!%����u
���"RP�@)O/T$#&%=>=V/@�Tc��>=V6V=P�?�98V-S=E(' ��'

��"RP�@)O/T$#
P�9)T)@2�=@/9)T)@/9)Sc�l>=V6V=P�?�98V�S=E)'*��' �-

� ���LB ��� 
��M�-?)@�S
VM%��ªP�9�%
E/S�;ª>2���)A=E�>=:�;=@=V��-

 !���LB ��� 
���"RP�@)O/T$#
P�9)T)@2�=@/9)T)@/9)Sc�+ -?)@�S
V4%�� �-

A!���LB ��� 
���"RP�@)O/T$#&%=>=V/@�Tc��A-?)@�S
VM%�� �-

V ���LB ��� 
��ªP�9g9=@8P�S�;=@�AY>2���)A=E�>=:�;YT=E�@=V�Vh?)@�S %�� �-

�

«�e�a�b�Xq�{X/m�Z�wD_0e'Z�X�kCX/e{Z�X/e�a3f
k�k�^�nRf=]�b��¢a�b�Xlf
e'f
mxrs\�_j\�ZsX/a�X/^�il_je'X/\
a�b'f=a�n8e�mxr�¶�f=e{Z(,g]6f=eªkCn8_je�a[a�n/7�-�y�«�e�a�b'X��'X�m0ZswD`{f=\�X6ZYf=k�w
ks^�nRf=]�b��}n8e�mxr©¶©f
e'Z3��]6f
e®kCn8_je�a�a�n�7�-�y¬¿+X/e']�X8��e'X/_ja�b�X/^ln=p
a�b�X�\�X~f=k'k�^�n8f
]�b'X�\%\�a�^�_j]/a�mxr�Z�n
il_0e'f=a�X�\�a�b�X�n=a�b'X/^%_je�a�X�^�il\�n
pLf=]/w
]/|�^�f
]�r�yvWªX3e�n
a�X+a�b'f=a~��b'_jmjX3a�b'XH�}n=^��s\[¹ �6� � �
� �{§8§)»Nf=^�Xc`'f
\�X6Z
n
e��He{Z�X�^�\�X�e¢Ê \%f
mjd
n
^�_xa�b'iÌ¹ º
».�
a�b'X/r[_je�p5f
]/a�Zs_j¯LX�^v_je�a�b'X/_j^va�^�X�f=a�w
ilX/e�a�n=pv\�a�^�|']�a�\���a�b�X/rhf=^�X3�{X/m�Z�wD_0e'Z�X�kCX/e{Z�X/e�a���b'X/^�X6f=\+�He{ZsX/^�w
\�X/e¢Ê \qf=mjd8n
^�_xa�b�iÐ_j\[�{X�m0Z�w�`'f
\�X6Z Â y�«�eª°sX�]/a�_jn
e Ã ����Xl\�b'n6��a�b'_j\
]�b'n
_j]�X3b{f=\~\�_jd8e'_x�']6f
e�a�_jilk'mj_j]6f=a�_jn
e'\~_jehks^�f
]/a�_j]�X
�'X�\�kCX/]�_0f
mjmxrhpKn
^
m0f)^�d8Xq]/n�Z�Xq`'f
\�X�\�y3z+|�^3f
mj_0f
\�_je'dof
e'f
mxrs\�_0\+|'\�X�\Ha�b'Xc�{X�m0Z�w�`'f
\�X6Z
f=k'ks^�nRf
]�b¢��_je-m0f=^�d8Xqk{f=^�a+`CX�]6f=|'\�Xqn
|�^[ZsX�kCX�e'Z�X�e�]�Xqf=e{f=mjrs\�_j\3_j\
f=mj\�n��{X�m0ZswD`'f
\�X6ZLy

4. COMPILE-LINK-ANALYZE� p5|�e{Z'f=ilX�e�a�f
m3ks^�n8`�m0X/i _je�k�^�n
d
^�f=i f
e'f
mxrs\�_0\-_j\-iln�Z�|�m�f)^�w
_xa�r��%b�n6��Zsnq�}X[f=e{f=mjrs��Xcm0f)^�d8X[]�n�Z�X[`'f
\�X�\�]�n
e'\�_j\�a�_je'dln
p�i!f
e�r
\�n
|�^�]�X}�'mjX�\�.o�}b'X�\�_0ilk�mjX}f
k�k�^�n8f
]�bqn
p{]�n8e�]6f=a�X�e'f=a�_je'd3f
mjm�n=p'a�b�X
\�n
|�^�]�X��{mjX�\c_je�a�nhn
e'Xq�'m0XqZ�n�X�\ce�n
a[\�]6f=mjX�`CX/r�n
e{Z�f!pKX/��a�b'n8|sw
\�f=e{Zgmj_je'X�\3n=p�]/n�Z�X8y � n=^�X�n u X/^6�L_xp��}X�f)^�X�a�n!`'|�_jm�Zg_je�a�X/^�f
]�a�_ u X
Â °�a�^�_j]/a�mxr!\�kCX6f
��_je'ds����b�_jm0X3�Je{ZsX/^�\�X�e�Ê \~]/n
^�Xcf=m0d
n
^�_xa�b'iÌ_j\}�'X�m0Zsw
`'f
\�X6ZL�~b'X�f
\�\�|'ilX/\!a�b'f=a�f�k�^�X/wDk�^�n�]/X�\�\�_je'd©k'b'f
\�X�b'f
\�Z�|�k'mj_xw
]�f=a�X6Z-f
e'Z�^�X�e{f=ilX6Z�\�a�^�|']/a3Z�X/�'e'_xa�_jn8e�\+\�nla�b{f)a3\�a�^�|']�a�\J��b'n
\�X
u f
mj|�X�\%]6f
e�e'n
aP1'n)�¬a�n
d8X/a�b�X/^�b'f u X~Z�_j\�a�_je']�a�e'f
ilX�\~�1\�X/X+°�X�]/a�_jn8e§�y ¾sy ¾!f
e{Z�º�y ¾sy � n
p}¹ º=»K��y

a�n�n8mj\�`{f=\�X6Zhn
e�f=e�f
e'f
mxrs\�_j\���a�b�X�eo_xa�_j\~_jilkCn
^�a�f
e�a}a�nqf u n8_0Z�^�X�w
k{f)^�\�_je'd��6^�X�k�^�n�]/X�\�\�_je'dla�b'XJX�e�a�_j^�XJ]�n�Z�X+`{f
\�XJ��b'X�eh]�b'f
e'd
X�\�f=^�X
i!f8ZsX+a�n�n
e'Xcn
^�a��}nq�'m0X/\�y

�}b'X�iln8\�aN`{f=\�_0]�f
k�k�^�n8f
]�b[a�n�a�b'_j\¢k�^�n8`�mjX�iÇ_j\�a�nHk'f=^�\�X�]�n8ilk�_0m0f)w
a�_jn8el|�e'_xa�\�Zsn6��e�a�n[f
el_je�a�X/^�ilX6Z�_0f)a�X}^�X�k�^�X�\�X/e�a�f)a�_jn8e¢�sf=e{Z�a�b�X�e
Z�X�p5X/^+f
e'f
mxrs\�_0\Ha�nlf�b�rs`�^�_0Zhmj_je'��w�f
e'f
mxrs��X[k'b{f=\�X8y~Ï�n
^HX/Ä�f
ilk�m0X
�
f=a+a�b'X[b'_jd8b�X�\�acmjX u X/mvn
p�n8k�a�_jil_j�6f)a�_0n
e¢�LÈ 8��JÊ \ � «�É�°g]�n8ilk�_0mjX/^
a�^�X6f)a�\3a�b'Xq_je�a�X/^�e'f
m%|']�n�ZsX��'m0X/\ck�^�n�Z�|�]�X6Z-`�rga�b'X�p�^�n8e�a�X�e'Z�f=\
£�n
`s¥�X�]/a��{mjX�\�¨s�{f=e{Zla�b'X�e�_je u n8�RX/\~f�b�rs`�^�_0Z!m0_je��RX/^c�1|�m�Z'��n8e�a�b'X
|']/n�Z�X��{mjX�\g¹ /)»DyÇ�}b�X�|'m0Z¡£�mj_0e��RX/^�¨ª\�_jilk�mjr®]�n
e']6f)a�X�e{f)a�X�\la�b'X
|']/n�Z�Xg�{mjX�\!a�n8d
X/a�b'X/^o_je�a�n¬fª\�_je�d8mjX�`�_jd©|']�n�ZsX-�'mjX�f=e{ZÅa�b�X�e
kCX/^�pKn
^�il\}f=e{f=mjrs\�_j\��sn8ksa�_0il_j�6f)a�_jn8e�f
e'Z!]/n�Z�XHd8X�e�X/^�f=a�_jn8e�n8e�a�b�_j\
�{mjX8y��}b'X�f8Z u f=e�a�f
d8X!n=p~a�b'_j\qf=k'ks^�nRf
]�bª_j\�_ja�iln�Z�|�m0f=^�_j��X�\[a�b'X
k{f)^�\�_je'd3ks^�n8`'mjX�i³Íc�}X~Zsn8e�Ê a%b'f u X�a�n+k'f=^�\�X}a�b�X}X�e�a�_x^�X}k�^�n
d
^�f
i
f
\�n8e�XJ|�e'_xa6y%�Jmj\�ns���}XH]6f
e�f u n8_0Zq^�X/wDk'f=^�\�_je'd[n
pLa�b�XJX�e�a�_x^�X�]�n�Z�X
`{f=\�X�_xp}n
e'X�\�n
|�^�]�Xq�'mjX�]�b'f
e�d8X�\�y�¿+n6�}X u X/^6�¢_jacZ�n�X�\ce�n
a[iln�Zsw
|'m0f)^�_0�/X�a�b'Xgf=e{f
mxrs\�_j\hks^�n8`�m0X/i²Í©a�b'X�f
e{f=mxr�\�_j\!k�^�n�]/X�X6Z�\�f=\�_xp
k�^�X/\�X�e�a�X6Z���_xa�boa�b�X+��b'n
m0X[ks^�n8d
^�f=i¦_0ehn8e�X3�{mjX8y

z+e'X[]�n
ililn8e��~f�r�a�nliln�Z�|�m0f=^�_j��Xca�b'X�f
e'f
mxrs\�_j\+k�^�n
`'mjX�i _j\Ha�n
f
e'f
mxrs��X�ks^�n8d
^�f=i ]�n
ilkCn8e'X/e�a�\o�.f=a�a�b�XomjX u X�m~n=p+pK|'e']�a�_0n
e'\ln=^
\�n8|s^�]�X��{mjX�\�����f
e'Z�]�n
ilk'|sa�Xq\�|'ili!f)^�rg_je�pKn
^�i!f=a�_jn
eYa�b{f)a[]6f
ksw
a�|�^�X/\qa�b'X�^�X�\�|'mxa�\ln
pJa�b'X�\�Xhmjn�]6f
mJf
e'f
mxrs\�X�\�yË°�|']�b¬\�|'ili!f=^�_jX�\
f=^�XJa�b'X�e�]�n8i�`'_je'X�Z{�=mj_je'�8X6Z�a�n8d8X�a�b'X/^�_je�f�\�|'`�\�X6´�|'X�e�a�£�d8mjn8`'f
mxw
f
e'f
mxrs\�_j\�¨gk'b{f=\�Xqa�n�d
X�e'X/^�f)a�X�^�X�\�|'mxa�\cp5n=^[a�b'X�X�e�a�_x^�X�ks^�n8d
^�f=i�y
�}b'_j\}_0ZsX6fc_0\}f
e{f=mjn8d8n
|'\}a�nca�b'XH]�n
e'\�a�^�|']�a�_0n
e!n
p¢k�^�_je']�_jk�m0X�a�rskCX�\
_jeoa�rskCXc_je�pKX/^�X�e�]�X[\�r�\�a�X/il\�y}Ï'n=^HX/Ä�f
ilk'mjX8�'f
\�\�_jd
e'_je'd®£10 > 0�¨
a�nca�b'XH_0Z�X�e�a�_xa�r�p5|'e�]/a�_jn8e!_je�f[\�_jilk�mjr�a�rskCX6Z�m0f
e�d8|'f
d8XJ_j\�X�\�\�X�esw
a�_0f
mjmxr�f[�~f�r�n
p%f=e{f=mjrs��_je�dqa�b'XJ_�ZsX�e�a�_xa�r!p5|�e']/a�_jn8eh_je�f�iln�Zs|'m0f=^
�~f�r�y32J\�X�\3n
p�a�b'X�_0Z�X�e�a�_xa�r�pK|'e�]/a�_jn8e�_0e-n=a�b'X/^c]/n�Z�X�p�^�f
d
ilX�e�a�\
]6f=e³|sa�_jm0_j��X40 > 0�f=\�f©\�|'ili!f)^�rÅn=p[a�b'X-`CX�b{f u _jn
^on
p[a�b'X
_0Z�X�e�a�_xa�r¬pK|'e']�a�_0n
e¢�~a�b�|'\�f u n
_�Zs_je'dª_je'\�kCX/]/a�_jn8eËn
pca�b�Xgn
^�_jd8_je'f
m
p5|�e']/a�_jn
e¢y��DzJp%]�n8|s^�\�X8�Cp5|�m0mvkCn
mxr�iln=^�k'b�_0]ca�r�k�_je'd�d
n�X�\+�}X/m0mv`CX�w
r�n
e{Z[\�_0ilk�mxr�f
e{f=mxr��/_0e�d+]�n�ZsX}_je�fHiln�Z�|'m0f)^��~f�r��
\�_0e�]�X}_xa�f
mjmjn6��\
Z�_x¯LX/^�X/e�aJa�rskCX�_0e�\�a�f
e�a�_0f=a�_jn8e�\3p5n=^�Z�_x¯LX/^�X�e�a3|�\�X�\cn
p�flp5|'e�]/a�_jn8e
ÍYf
��_jeªa�n-]�n8e�a�X/Ä�a�wD\�X�e'\�_xa�_ u X�f
e'f
mxrs\�_j\�Í���b'_j]�b©_j\�`CX/r�n8e'ZYa�b'X
\�]�n
kCXcn
pva�b'X+k�^�X�\�X�e�aJZ�_j\�]�|�\�\�_jn8e¢y �

�}b'_j\3iln�Zs|'m0f=^3f
k�k�^�nRf=]�b-a�nhf
e{f=mxr�\�_j\cb'f
\3f!mjn8e�dob'_j\�a�n=^�r�yc�J]�w
]�n=^�Z�_je'd�a�n�pKn8mj��m0n=^�X8��n8e�X u X/^�\�_jn8e©n
p~a�b�X � «�É�°�]�n8ilk�_jm0X�^qX�i�w
k'mjn6r�X6Z�m0n�]�f
mCf=e{f
mxrs\�_j\�n=pL\�X�k{f)^�f=a�X~�{mjX�\�f
e'Z�a�b'X�eq]�n8i�`'_je'X6Z[a�b'X
mjn�]6f
m�f=e{f
mxrs\�_j\+^�X�\�|�mja�\+Z�|s^�_0e�d�f¬£�mj_0e���_0e�d8¨�k'b'f
\�X8y+�}b'X�_�ZsX6fl_j\
f
mj\�n-_jilk'mj_j]�_xa�_0eª�J_j�RX�eªX�a6y�f=m.yjÊ \q\�X�a�w�]/n8e'\�a�^�f=_je�a�a�rskCX�\�rs\�a�X�il\
¹ ¾=».��f
e'Zª_0\�iq|�]�b�iln
^�X!X/Äsk'mj_j]�_xaq_je¬Ï�m0f
e'f
d8f
eÅf
e{Z©Ï�X�mjm0X/_0\�X/e¢Ê \
]�n
ilkCn8e'X/e�a�_0f=m�f
e'f
mxrs\�_j\Jp5n=^+\�X�a�w�`'f
\�X6Zgf=e{f=mjrs\�_j\q¹ � §)».y=uJX/]�X�e�a�mxr��
a�b'XJ_0Z�X6f[b{f=\�f
mj\�nq`CX�X/eof=k'k'mj_jX6Zla�nqkCn
_0e�a�\�w.a�n�f
e{f=mxr�\�_j\�y�Ècf=\c¹ ½)»
Z�X/\�]/^�_j`CX�\+f�b�rs`s^�_�Z�|'e�_j�']6f=a�_jn
e�wD`{f=\�X6ZhkCn
_0e�a�\�w.a�nlf=e{f
mxrs\�_j\H��_xa�b
a�b'Xhp5n8mjmjn6��_je'd©\�a�X�k�\�y­Ï�_x^�\�a6�~X6f
]�b�\�n
|�^�]�X��'mjX�_j\lk{f=^�\�X�Z���f=e{Z
a�b'X!f=\�\�_jd8e'ilX/e�a�\�a�f)a�X�ilX�e�a�\3a�b'X/^�X/_0eªf=^�X!|'\�X6Z�a�n�]�n8e�\�a�^�|']/a�f
kCn8_je�a�\�w.a�n�d
^�f=k'b���_xa�b41'n)�ÇX6Zsd8X�\��{��b�_j]�b�_j\H\�_jilk'mj_x�{X6Zo|�\�_je'dlf
k�^�n
k{f=dRf=a�_jn
eg\�a�X�k¢y��}b�XckCn8_je�a�\�wDa�n�d
^�f=k'bo\�nq]�n8ilk�|�a�X6Z!_j\�a�b�X�e
£�\�X�^�_�f=mj_0�/X6Z�¨�f
e{Z��~^�_xa�a�X�eËa�n®Z�_j\��C�3f=mjn8e'd¬��_xa�b³f©a�f=`'mjX-a�b{f=a
f
\�\�n�]/_�f)a�X�\q\�rsi�`Cn8mj\[f
e'Z�p5|�e']/a�_jn8e�\c��_ja�bYe'n�Z�X/\c_0e�a�b'X�d=^�f
k'b�y
�}b'X[\�X�]/n8e{Z�k�b{f=\�X[^�X�f8Z�\H_jegf
mjm�n=pva�b'X�\�X!�1n
`s¥�X�]/a��}�{mjX�\��C|�e'_x�{X�\
e'n�ZsX�\�]�n
^�^�X�\�kCn
e{Zs_0e�dga�n-a�b�Xl\�f
ilX!\�rsiq`Cn
m�n=^qp5|�e']/a�_jn
eªpK^�n8i
Z�_x¯LX/^�X/e�a+n8`�¥�X�]�a3�{mjX�\��¢f
e'Z�^�X6f
k�k'mj_jX�\+a�b'X�k�^�n
k{f=dRf=a�_jn
e�\�a�X�kga�n
n8`sa�f
_je­d8mjn8`'f
mckCn
_0e�a�\�w.a�n¬_je�p5n=^�i!f=a�_jn8e�y±«�eËn
a�b�X/^o��n
^�Z�\��Ja�b'X
f
e'f
mxrs\�_j\�f
mjd8n=^�_ja�b�iÌ_j\��'^�\�a�f=k'k�m0_jX6Zla�n�_0e'Z�_ u _0Z�|{f=m{�{mjX�\~f=e{Zla�b'X
_je�a�X/^�e{f=m�\�a�f=a�X}n=p'a�b'X�f
mjd
n
^�_xa�b'iÌ�5��b�_0]�b�_0e[a�b'_j\�]�f
\�X}_j\vfHkCn8_je�a�\�w
a�nld
^�f=k'b��Cf
e'Z�\�rsiq`Cn8mL_je�pKn
^�i!f)a�_0n
eC�~_j\JpK^�n
��X�e-f=e{Zh�~^�_xa�a�X�e�a�n
fg�{mjX8yÅ�}b'X�e��}f=mjmHn=p+a�b�X�\�Xh�'m0X/\lf=^�Xoa�b'f��}X6ZL��mj_je'�RX�Z®f=e{Z©a�b'X
f
mjd
n
^�_xa�b'iÌ^�X/w�f
k�k'mj_jX6Z�y



�}b�_j\}ilX6f
e�\�a�b'f=a�a�b'X�n8`�¥�X�]�a}�{mjX�\�|'\�X6Z!f=^�XH\�kCX�]�_x�']+e'n=a¢¥�|'\�a}a�n
f�k'f=^�a�_j]�|�m�f)^q]/m�f=\�\�n=pHf
e'f
mxrs\�_0\��1kCn8_je�a�\�w.a�ngf
e'f
mxrs\�_j\����%`'|�aca�n�f
k'f=^�a�_j]�|�m�f)^�f
e'f
mxrs\�_0\%f=mjd8n
^�_xa�b�it�1b�r�`s^�_0Z[|�e'_x�{]�f=a�_jn8esw�`'f
\�X6Z[f=e{f
mxw
rs\�_j\����Nf
e{Z�f=^�d
|{f=`'mxr-X u X�e-a�nhf�k'f=^�a�_j]�|'m0f)^[_0ilk�mjX�ilX�e�a�f=a�_jn8e-n=p
a�b'f=a�f=m0d
n
^�_xa�b'i�y��}b�X�n8`�¥�X/]/a[�{mjX�\�f=^�XlZsX�\�_jd8e�X6Z���_xa�bY\�kCX�]/_j�']
��e�n)��mjX6Zsd8X!n
p~a�b�Xl_je�a�X�^�e{f
m�Z'f)a�f=wD\�a�^�|']/a�|s^�X�\[n
pHf=eª_jilk'mjX�ilX�esw
a�f)a�_jn8e�_0e-\�|�]�b-fl�~f�r�a�b'f=a+a�b�X�n
`s¥�X�]/aJ�{mjXq]6f=k�a�|s^�X�\+\�|sÁl]�_jX�e�a
_jesp5n
^�i!f)a�_jn8e�f
`Cn
|�aHa�b'X[_je�a�X�^�e{f
m¢\�a�f=a�X�n
pva�b�X�_jilk�m0X/ilX�e�a�f=a�_jn8e
a�b'f=a�a�b'_j\~\�a�f)a�X�]�f
eo`CX3^�X/]�n8e�\�a�^�|']/a�X6Zof=aJfqm0f=a�X/^H\�a�f=d8X8y

The CLA Modelz+|s^�f
k�k�^�nRf=]�b��}��b'_j]�bÅ��X�]6f
mjmH]�n8ilk�_jm0X�w�mj_je'��w�f
e'f
mxrs��Xª�D�}�¢�3���
f=mj\�nh]�n
e'\�_j\�a�\3n=p}flmjn�]6f
m%]�n
ilk'|sa�f=a�_jn8e��Lflm0_je��s_je�dhf=e{Zgfld8mjn
`{f
m
f=e{f=mjrs\�_j\-k'b'f
\�X8y ¿+n6�}X u X/^6�c_xag^�X�ks^�X�\�X�e�a�\gf�Zs_x¯LX/^�X�e�ag\�X/a-n=p
a�^�f
Z�X�n=¯L\�p�^�n8i�k�^�X u _jn8|�\�f
k'ks^�nRf=]�b�X�\���f
e'Zq^�X6Zs^�f���\%a�b'X~`Cn
|'e{Z�w
f)^�_jX�\!n
p+��b'f=a!��_je{Z©n
pJ�}n=^��®_j\!Zsn8e'Xh_je�X6f=]�b®k'b'f
\�X8y�� �8X/r
Zs_x¯LX/^�X�e']/Xh_j\�a�b'f=a�a�b'X���^�\�a�k'b'f
\�X!\�_jilk'mxr�k{f=^�\�X/\q\�n8|s^�]�X!�{mjX�\
f=e{Z-X/Ä�a�^�f
]/a�\3f
\�\�_jd8e�ilX�e�ac\�a�f=a�X�ilX/e�a�\�Í�e�nof=]/a�|{f=m�f
e{f=mxr�\�_j\c_j\
kCX�^�p5n
^�ilX�ZªÍªf
e'Zªa�b'X�m0_je��s_je�d�k�b{f=\�X�¥�|�\�a�mj_je'��\�a�n
d8X/a�b�X/^�a�b�X
f=\�\�_jd8e'ilX/e�a%\�a�f)a�X�ilX�e�a�\�y�z+e'X}f
Z u f
e�a�f
d
X}n
p�a�b'X}�}�N��f)^�]�b�_xa�X�]/w
a�|s^�X�_j\�a�b{f)a�a�b'X��'^�\�a�a��}n+k�b{f=\�X�\N^�X�i!f=_0e�\v|'e�]�b'f
e'd
X6Z3p5n=^%i!f
e�r
Zs_x¯LX/^�X�e�a�_jilk�m0X/ilX�e�a�f=a�_jn8e�\vn
p�kCn8_je�a�\�w.a�ncf
e'f
mxrs\�_0\�f
e'Z�X u X�elZs_xpKw
pKX/^�X�e�a���_je{Zs\[n
pJf
e'f
mxrs\�_0\h�5�}Xl^�X/a�|s^�eªa�n�a�b'_j\�kCn
_je�a�m0f=a�X/^���y��
pKn8mjmjn6�~w�n
e�f
Z u f
e�a�f
d
X�_j\Na�b'f=aN��X�]6f=e~¥�|'\�a�_xp�r[_0e u X/\�a�_0e�d~^�X�\�n8|s^�]�X�\
_je�a�ngn8ksa�_jil_0�/_0e�d�a�b'Xl^�X�ks^�X�\�X�e�a�f=a�_jn8e©n=p�a�b'Xl]�n
m0mjX�]�a�_0n
e'\�n=pJf
\�w
\�_jd
e'ilX�e�a�\��¢`CX�]6f
|�\�X��}Xl]6f=e�^�X�|�\�Xqa�b'_j\c�}n=^��-_0eYfoe�|'i�`CX/^3n=p
Zs_x¯LX/^�X�e�a�f=e{f=mjrs\�_j\�_jilk'mjX�ilX/e�a�f)a�_jn8e'\�y-«�eªk{f)^�a�_j]�|'m0f=^6���}X!b'f u X
ZsX u X�mjn
kCX6ZqfJZ'f=a�f=`{f=\�X/wD_0e�\�k'_x^�X6Z�^�X/k�^�X�\�X�e�a�f)a�_0n
eqn=pLf
\�\�_jd8e�ilX�e�a�\
f=e{Z-p5|'e�]/a�_jn8eYZ�X/�'e'_xa�_jn8e'\��)]6f
mjmj\��)^�X�a�|�^�e'\�yh�}b�_0\c^�X�ks^�X�\�X�e�a�f=a�_jn
e
_j\�]/n8ilk{f=]/alf=e{Z©b'X�f u _jmxr©_je{ZsX/ÄsX6Z�yY�}b'Xh_0e'Z�X/Äs_je'd-f=mjm0n6��\l^�X�mxw
X u f=e�a3f
\�\�_jd8e�ilX�e�a�\+p5n=^�f�\�kCX/]�_x�{] u f=^�_0f=`'mjX�a�n�`CXq_0Z�X/e�a�_x�'X6Zg_0e
¥�|'\�a%n
e'X}mjn�n8��|�kq\�a�X�k���f
e'Z�iln=^�X}d8X/e'X/^�f=m0mxr��
_xa%\�|'k'kCn=^�a�\%fJiln�ZsX
��b�X/^�X+a�b�Xcf
\�\�_jd8e�ilX�e�a�\~e'X�X�Z�X6Zla�nq\�n
m u Xcf�k'f=^�a�_j]�|'m0f)^+f=e{f=mjrs\�_j\
ks^�n8`�m0X/i ]6f=e®`CXhZsrse'f
il_j]6f
mjmxrªmjn8f8Z�X�Z©p�^�n8iÐa�b'XhZ'f=a�f=`{f=\�Xon8e
ZsX�i!f
e'Z�y

� n=^�X+]�n
e']/^�X�a�X�mxr��s�}�N�Ë]�n
e'\�_j\�a�\}n
pLa�bs^�X�X�k'b{f=\�X�\�y��}b'X��  � �',1"0�
k�b{f=\�X3k{f)^�\�X�\�\�n8|�^�]/X+�{mjX�\���X/Ä�a�^�f
]/a�\}f
\�\�_jd8e�ilX�e�a�\�f
e{Z!p5|�e']/a�_jn8e
]�f
mjmj\��)^�X/a�|s^�e'\��
ZsX/�{e�_xa�_0n
e'\!�1_jeg��b{f=aJp5n
m0mjn6��\c�}XH¥�|'\�a+]6f
mjmva�b'X/\�X
£�f
\�\�_jd8e�ilX�e�a�\�¨����sf=e{Z��~^�_xa�X�\�f
e�n
`s¥�X�]/a��{mjX}a�b{f)a�_0\�`{f=\�_j]6f
mjmxr!f
e
_je'Z�X/ÄsX6Z�Z'f)a�f
`{f=\�Xl\�a�^�|']/a�|s^�X�n
p�a�b'X�\�Xq`{f
\�_j]lks^�n8d
^�f=i ]�n8ilkCn=w
e�X�e�a�\�y}qJn�f
e{f=mxr�\�_j\3_j\JkCX/^�p5n=^�ilX6Z�r�X/a6y+��n8ilk�m0X�Ä-f
\�\�_jd8e�ilX�e�a�\
f)^�X[`�^�n8�8X�e�Zsn)��eh_je�a�nqk�^�_jil_xa�_ u X3n8e�X�\�`�r�_je�a�^�n�Z�|�]�_je'dqa�X�ilkCn=w
^�f)^�r u f=^�_0f=`'mjX�\�y��}b'XcX�mjX�ilX/e�a�\�n
pva�b'X3Z'f=a�f=`{f=\�X8����b�_j]�bo��Xc]6f
mjm
ks^�_jil_ja�_ u Xhf
\�\�_jd
e'ilX�e�a�\���_0e u n
m u X u f=^�_0f=`'mjX�\lf=e{ZË�5a�rsk'_j]6f=mjmjr'�qf)a
iln
\�a�n8e�Xcn8kCX/^�f)a�_0n
e¢y

�}b�XË" ,5& � k'b{f=\�X©ilX/^�d8X/\-f
mjm�n=p�a�b'XªZ'f=a�f=`{f=\�Xª�{mjX�\g_je�a�n�n8e�X
Z�f=a�f=`{f
\�X
��|�\�_je'd�a�b'X!mj_je'��_je'dg_je�pKn
^�i!f)a�_0n
e©k�^�X�\�X/e�a�_jeªa�b'Xln
`�w
¥�X�]/a��'mjX�\ha�n¬mj_je'��d
mjn8`{f=mc\�rsiq`Cn8mj\��5a�b'X-\�f
ilX-d8mjn
`{f
m[\�rsiq`Cn
m
i!f�rY`CX�^�X/pKX/^�X�e�]�X6Z©_je®i!f=e�r��'m0X/\���yªÈ3|s^�_0e�d�a�b'_j\qks^�n�]�X�\�\q��X
i�|'\�a�^�X�]�n
ilk'|�a�X�_je{ZsX/Äs_0e�d�_0esp5n=^�i!f=a�_jn8e�yv�}b'X�£�X/ÄsX�]/|�a�f
`�mjX�¨H�'mjX
ks^�n�Z�|�]�X6Z�b{f=\Ja�b�X�\�f=ilX�pKn
^�i!f)a3f=\Ja�b'X[n
`s¥�X�]/a3�'m0X/\��Lf
mxa�b'n
|'d
b
_xa�\lmj_je'��_je'd�_je�p5n=^�i!f=a�_jn8e®_j\�a�rsk'_j]6f=mjmjr¬n
`'\�n
m0X�a�Xª�.f
e'Z®]�n
|'m0Z¬`CX
\�a�^�_jk�kCX6Z{��y

�}b�Xo�=&C�8" ���)�Hk'b'f
\�X�kCX/^�p5n=^�il\Ha�b�X�f
]/a�|'f
mvf=e{f
mxrs\�_j\��~a�b'X[mj_je'�RX6Z
n
`s¥�X�]/av�'m0X�_j\%Zsrse{f=il_0]�f
mjmxrcmjnRf8ZsX6Z[n8e�Z�X�i!f=e{Zc_je�a�n�a�b'X%^�|'e�e'_je'd
f=e{f=mjrs\�_j\�y�«�ilkCn=^�a�f
e�a�mxr��}n
e'mxrÅa�b�n8\�X-k{f)^�a�\hn=pca�b'Xgn
`s¥�X�]/ao�'mjX
a�b'f=a�f=^�Xl^�X6´�|�_j^�X�ZYf=^�X!mjnRf
Z�X6ZLy��Heªf
Z'Z�_xa�_jn8e'f
m�`CX�e'X/��a[n
p~a�b�X
_je'Z�X/Äs_je'd-\�a�^�|']�a�|�^�X!n
p�a�b'X!n
`s¥�X�]/a��'m0X!_j\qa�b'f=a���b'X�eª��Xhb'f u X
^�X�f8Zo_je�pKn
^�i!f)a�_0n
ehp�^�n8iÌa�b'XJn8`�¥�X�]/aH�{mjX+��Xc]6f
eh\�_jilk'mxr�Z�_j\�]6f)^�Z
_xa�f
e{Z�^�X/wDmjnRf
Z³_xaom�f)a�X/^�_xp�e'X�]/X�\�\�f=^�r��1ilX�iln=^�r�w�i!f=k'kCX6Z¬«��
z

_j\h|�\�X6Z�a�nª\�|�k'kCn
^�ahX/Ál]/_0X/e�a!^�X6f
Z�_je'd¬f=e{Z�^�X/w.^�X6f
Z�_je'd©n=pca�b'X
n8`�¥�X/]/aq�'m0X6��yoWªX!|�\�X!a�b�_j\[pKX6f=a�|s^�Xh_je©n
|�^�_jilk'mjX�ilX�e�a�f=a�_jn
eªn
p
�Je'Z�X/^�\�X/e¢Ê \~f
e'f
mxrs\�_j\�a�n�d
^�X�f=a�mxr!^�X6Z�|�]�X+a�b'XJilX�iln
^�r�p5n�n=a�k�^�_je�a
n
p�a�b'Xlf=e{f=mjrs\�_j\�y�«Da[f
mjmjn6��\�|�\+a�noi!f=_je�a�f=_je�n
e'mxr�f u X/^�r�\�i!f
mjm
kCn
^�a�_jn
e�n
pva�b�X3n8`�¥�X�]�aH�'mjXc_0eoilX�iln
^�r�y

�Je�X/Ä�f
ilk�mjX+\�n8|s^�]�X+�'m0X+f
e'Zof[k{f=^�a�_0f=m¢\��RX�a�]�b�n
pN_ja�\~n
`s¥�X�]/a~�'m0X
^�X�ks^�X�\�X�e�a�f=a�_jn8e�_j\�d
_ u X�e�_0eqÏ�_jd8|�^�X�º�y%�}b�X�\�X~n8`�¥�X�]�av�{mjX�\%]�n8e�\�_j\�a
n
pCfJb'X�f8Z�X�^%\�X�]/a�_jn8e���b'_j]�b�k�^�n u _0Z�X�\%f=e�_je{ZsX/Äca�nJa�b�X�^�X�i!f=_0e�_je'd
\�X�]/a�_jn
e'\��=p5n8mjmjn6�}X6Z�`�r3\�X�]/a�_jn
e'\�]�n
e�a�f
_je'_je'dHmj_je'��_je'd�_je�p5n=^�i!f=a�_jn8e��
k�^�_jil_xa�_ u X�f
\�\�_jd8e�ilX�e�a�\��1_je']�mj|'Z�_je'dH_je�p5n=^�i!f=a�_jn8e�f
`Cn
|�a¢p5|'e�]/a�_jn8e
]6f=m0mj\��6^�X/a�|�^�e�\��
Z�X��{e'_xa�_jn8e�\��Jf=e{Z�\�a�^�_je'dl_je�pKn
^�i!f)a�_0n
e¢�{f
\��}X�mjmvf=\
_je{ZsX/Äs_0e�d�_je�pKn
^�i!f=a�_jn
eYp5n=^q_0Z�X/e�a�_xp�r�_je�doa�f=^�d
X/a�\�pKn
^�a�b'X!ZsX�kCX�e�w
Z�X/e']�X[f=e{f
mxrs\�_j\�yH�}b'X[k�^�_jil_xa�_ u Xcf=\�\�_0d
e'ilX�e�a�\Jf=^�X[]�n
e�a�f=_je'X6Z�_je
a�b'X-I=�
&{�
�q,.�l�/���/�1,  &7y�_xa�]�n8e�\�_0\�a�\�n
pHfhm0_j\�a�n
p�`�m0n�]���\��vn8e�X�p5n=^
X6f=]�bªn
`s¥�X�]/a�_jeYa�b'Xq\�n8|�^�]/Xlk�^�n8d=^�f
i�y 8�f
]�bY`'mjn�]���]/n8e'\�_j\�a�\�n
p
_je�pKn
^�i!f=a�_jn
e¬f
`Cn8|sa[a�b'Xln8`�¥�X/]/ao�1_xa�\�e{f=ilX8�Na�r�kCX
��\�n8|s^�]�X!]�n�Z�X
mjn�]6f=a�_jn
eËf
e'Z¬n=a�b'X/^�f)a�a�^�_j`'|�a�X/\�����pKn8mjmjn)��X6Z�`�r¬f-mj_0\�a!n=p3ks^�_0i�w
_xa�_ u Xof=\�\�_jd8e'ilX/e�a�\���b'X/^�X!a�b'_j\�n8`�¥�X�]/a�_0\�a�b'X�\�n8|s^�]�X8yYÏ'n
^qX/Ä�w
f
ilk�mjX8�La�b'Xq`�mjn�]��gp5n=^�+�]�n
e�a�f=_je'\3a���noks^�_0il_xa�_ u X�f
\�\�_jd8e�ilX�e�a�\��
]�n=^�^�X�\�kCn8e'Z�_je'd-a�n�a�b�Xh\�X/]�n8e'Z®f=e{Zªa�b'_x^�Z¬f
\�\�_jd
e'ilX�e�a�\�_je©a�b'X
k�^�n
d
^�f=i �.f u X�^�r�^�n
|'d8bl_je�a�|'_xa�_jn8eq_0\�a�b{f)a���b�X�e'X u X/^v+�]�b{f=e'd
X�\��
a�b'XJk�^�_jil_xa�_ u X3f=\�\�_0d
e'ilX�e�a�\~_je!a�b'X3`�m0n�]���p5n=^N+�a�X�mjm�|'\���b'f=a~�}X
iq|�\�a}^�X�]�n
ilk'|sa�X)��y

�J\%ilX�e�a�_jn8e�X6Z�`CX�p5n
^�X
��n8e�XHn=pCa�b'X}d
nRf=m0\�n
pLn
|�^%�}n=^��q_j\�a�n+`'|'_jm0Z
_je�p�^�f
\�a�^�|']�a�|�^�X�a�b'f=aN]6f
e�`CX�|�\�X6Z3p5n=^�f u f=^�_jX/a�rcn
p'Z�_x¯LX/^�X/e�a�f
e'f
mxw
rs\�_j\�_jilk'mjX�ilX/e�a�f)a�_jn8e'\[f=\c�}X�mjm}f=\qZs_x¯LX/^�X�e�a��s_je'Z�\cn
pHf=e{f=mjrs\�_j\�y
WªX~b'f u X}|'\�X�Z�n8|s^��}�N��_je�p�^�f
\�a�^�|�]/a�|�^�X~p5n=^�f3es|�iq`CX/^Nn
p�Zs_j¯LX�^�w
X�e�a¢\�|'`'\�X�a�w�`'f
\�X6ZckCn
_0e�a�\�w.a�nHf
e'f
mxrs\�_0\N_0ilk�mjX�ilX�e�a�f=a�_jn8e�\%�1_0e�]�mj|{Z�w
_je'd[f=e�_jilk'mjX�ilX�e�a�f=a�_jn
e�`'f
\�X6Zqn
el`'_xa�w u X�]/a�n=^�\���f=\%��X�mjm{f=\�i!f=e�r
u f=^�_0f=a�_jn8e�\Jn=p�a�b'X+d
^�f
k�b�wD`{f=\�X6ZokCn
_0e�a�\�w.a�n�f=mjd8n
^�_xa�b�i ZsX�\�]/^�_j`CX6Z
m0f=a�X/^�_0eªa�b�_j\qk{f=kCX/^�����f
e'Z©�'X�m0ZswD_je{ZsX�kCX�e{ZsX�e�a�f
e{ZY�'X�m0ZswD`{f=\�X6Z
kCn8_je�a�\�w.a�n©f
e'f
mxrs\�_j\�yÎ�}b�Xg�RX/r¬kCn8_je�a�_j\!a�b'f=a�n8|s^�n8`�¥�X�]/a!�'m0X/\
Z�n�e'n=a�Z�X�kCX/e{Zgn8e-a�b'X�_0e�a�X/^�e'f
mj\cn
p}n8|�^3_0ilk�mjX�ilX�e�a�f=a�_jn8e�f=e{Z
\�nq��Xc]6f
e�pK^�X�X�mxrh]�b'f
e�d8X+a�b�X3_jilk'mjX�ilX�e�a�f=a�_jn
eoZsX/a�f
_jmj\~��_ja�b�n8|sa
]�b{f
e�d8_je'd�a�b'Xon
`s¥�X�]/a!�{mjXopKn
^�i!f)a6y�WªXhb{f u Xgf=m0\�nY|'\�X6Z��}�N�
_je�p�^�f
\�a�^�|']�a�|�^�X�p5n=^[_jilk'mjX�ilX�e�a�_je'd�|'e�_j�']6f=a�_jn
e�wD`{f=\�X6Z�kCn
_0e�a�\�w.a�n
f
e'f
mxrs\�_j\��Nf=e{ZopKn
^3a�b�X�ZsX�kCX�e'Z�X�e�]�X�f
e{f=mxr�\�_j\cZsX�\�]/^�_j`CX6Z�_je�°sX�]�w
a�_jn8eY§�y�Ï�_je{f=mjmjr��L��Xqe'n=a�X�a�b'f=a3��Xq]6f=eg�~^�_ja�Xqk�^�X/w�f
e'f
mxrs\�_j\3n8ksw
a�_jil_j��X/^�\[f
\[Z�f=a�f=`{f
\�X�a�n�Z'f)a�f
`'f
\�Xqa�^�f=e'\�p5n=^�ilX/^�\�y�«�e�p5f
]/a6���}X
b{f u X�X/ÄskCX/^�_jilX�e�a�X6Zg��_ja�b�]�n8e�a�X/Ä�a�wD\�X�e�\�_ja�_ u Xqf
e'f
mxrs\�_0\[`�rg�~^�_xa�w
_je'd!f�a�^�f
e�\�p5n=^�i!f=a�_jn8e�a�b'f=aH^�X6f8Zs\J_je-Z'f)a�f
`'f
\�X�\+f
e{Zh\�_0i�|'m0f=a�X/\
]�n
e�a�X�Äsa�wD\�X�e�\�_xa�_ u _xa�r�`�r�]�n
e�a�^�n8mjmjX6Z!Z�|'k�mj_0]�f=a�_jn8eln=p¢ks^�_jil_ja�_ u X�f=\�w
\�_jd8e�ilX�e�a�\�_jeqa�b�X~Z'f)a�f
`'f
\�X}Í[a�b'_j\v^�X6´�|'_x^�X�\%e'n+]�b'f
e'd
X�\%a�n3]�n�Z�X
_jeoa�b'X+]�n8ilk�_0mjX8��mj_je'�!n
^Jf
e'f
mxrs��X[]�n8ilkCn
e'X�e�a�\}n=p%n8|s^J\�rs\�a�X�i�y

WªXoe'n6� `�^�_jX21'r®\��RX�a�]�b®b'n6�¦a�b'XgZsX�kCX�e'Z�X�e�]�Xgf
e'ZÅkCn
_0e�a�\�w.a�n
f
e'f
mxrs\�X�\l|'\�Xhn8`�¥�X�]�a��{mjX�\�yGuHX/a�|�^�e�_je'dga�nYÏ�_jd
|�^�X�ºs��]�n
e'\�_0Z�X�^
kCX/^�pKn
^�il_je'dJkCn8_je�a�\�wDa�n+f
e'f
mxrs\�_0\�y��}b�X}\�a�f=^�a�_je�d+kCn8_je�avp5n=^�kCn8_je�a�\�w
a�n-f
e'f
mxrs\�_j\q_j\�ks^�_jil_ja�_ u X�f
\�\�_jd8e�ilX�e�a�\�\�|�]�b©f=\ ,�· l
)-_jeªa�b'X
\�a�f=a�_j]�\�X/]/a�_jn8e¢y�°�|']�bÅf=e�f=\�\�_jd8e'ilX/e�a�\�f6rs\�a�b'f=a�)Y\�b'n8|�m0Z®`CX
f8Z�Z�X6Z[a�nJa�b�X}kCn8_je�a�\�w.a�n+\�X/a%p5n=^ ,'y%�}b'_j\vilX6f=e'\�a�b'f=ava�b'X�kCn8_je�a�\�w
a�n[\�X/a�p5n
^ ,�_j\�e'n6��e�n8esw�X/ilk�a�r��
f=e{Z�\�nc�}XHiq|�\�a�mjn8f8Z!f
mjm{ks^�_0i�w
_xa�_ u Xgf
\�\�_jd
e'ilX�e�a�\l��b'X/^�X ,©_0\la�b�Xo\�n8|s^�]�X8y­«�eÅa�b'_j\l]6f=\�X8�~�}X
mjnRf
Z®¶­· ,'�}��b'_j]�bÅ_jilkCn
\�X�\�a�b'Xh]�n8e�\�a�^�f
_je�al¶ 3 ,'y��}b'_j\l_j\
f
mjmN��X�e�X�X6Zoa�nlmjnRf
Z�p5n
^3kCn8_je�a�\�wDa�n!f=e{f=mjrs\�_j\+_jega�b'_j\H]6f
\�X
ysqJn6�
]�n
e'\�_0Z�X/^+flZ�X/kCX�e{ZsX�e']�X[f=e{f=mjrs\�_j\�yJ°s|�k'kCn
\�X[a�b'f=a�a�b'X3a�f)^�d8X/a+n
p
a�b'X�ZsX�kCX�e{ZsX�e']/X�f=e{f=mjrs\�_j\3_j\+a�b�X u f=^�_0f=`'mjX[+�yJWYX[��^�\�a3mjn�n8�o|'k
£��/¨�_je©a�b'X!b{f=\�b�a�f
`'mjX�_je¬a�b�X�a�f)^�d8X/aq\�X�]/a�_jn8e¬a�ng�{e'Z©f
mjm u f)^�_xw
f
`�mjX�\}_jela�b'X�n8`�¥�X�]�a}�{mjX���b'n8\�XJe{f=ilXH_j\�£���¨��1\�a�^�_j]/a�mxrl\�kCX6f
��_je'ds�
�}X��{e'Zga�b�X�n
`s¥�X�]/a3�'mjXqn
¯L\�X�a�\3n
p}f
mjmv\�|']�b u f=^�_0f=`'mjX�\���y[«�e�a�b�_j\
]6f=\�X+�}X+�'e{Z3¥�|�\�a�n8e�X u f=^�_0f
`�m0X
y�WYX+`�|'_jm0Zhf�Z'f)a�f=wD\�a�^�|']/a�|s^�XJa�n



��������� 	�

P�9)S �����������[�������! ��
�!� ���
�!� ���
�����!���
� �� ��
 !� %����
�!� �����

��
�����
�����
���������� �"! �$#�%&� I('*)�+ ! � ' ! � I-, ! A�. � !
/�0 �21�� 0 �$
������3�4� � � AJI-5�AJI # AJI�C6)�7 %�� ' A�)-I
�$�8�-���3����
���������� � � ,-,-7 � !9!9: )VC;)�< � 7 � ' A�)-I !8= ��� >*��? ! � ) � , � ,wC6)�7@<�)-AJIA' !B: 'C) � I ��� ? ! A !
 !� %��

�$�D���6� / �$
������3�4� � 	 ) %&% )-I ! '97 AJI # !
�D��� / 
A�E�$
������3�4� �@F � !CF ' ��G-��� CH)�7 � I-,RAJI # ' � 7 #�� ' !
��IJ���2KL�3�M�$
������3�4� � �$���$%&� I(' ! � 7 �N� ) � , � ,O)-IP, �$%�� I-,�Q�)�7 #A� IRA�. � , GA? ) G�RB��	 '

��S ��� 	�
�T
I-)-I �

��S ��� 	�
�T
U F ? S ��� 	�
 V

��S ��� 	�
�T
U FW. S ��� 	�
 X
Y <}FZ. S ��� 	A
 [

�MS ��� 	�
�T
U F Y < S ��� 	�
 \

 �S ��� 	�
�T
� �� �S ��� 	�
 ]

� ](�! Kh�U_^KX3�	� R!%�g>TVU!g*h�c$�9h�R$% R9d+* \�`9U�ab`�03c9f}] a�\�c9S a2U�`Aa�^PTVU

\�f�r�a�b'f=a�a�b'_j\ u f=^�_0f
`�mjXJ_j\}fca�f=^�d
X/a}n=p¢a�b�XHZ�X�kCX�e'Z�X�e�]�XHf
e'f
mxrs\�_0\�y
WYX�a�b�X�egmjnRf
Z-a�b�X�`�m0n�]��opKn
^ +��C��b'_j]�b�]�n
e�a�f=_je'\Ja�b�X�ks^�_jil_ja�_ u X
f=\�\�_jd8e'ilX/e�a�\H¸�· +!f
e{Z�µ6¶Ë· +'y 2+\�_je'd�a�b'X3�'^�\�a+f
\�\�_jd
e'ilX�e�a6�
��X�`�|'_jm0Zgf!Z'f=a�f)wD\�a�^�|']/a�|s^�X[pKn
^+¸of=e{Zoa�b'X/e��}X�m0n8f8Z�a�b'X[`�m0n�]��
pKn
^�¸'����b�_j]�b!_j\}X�ilksa�r�y�2J\�_je'dca�b'XH\�X�]�n
e{Z�f
\�\�_jd8e�ilX�e�a6���}XJ�'e{Z
p�^�n8i a�b'XqkCn8_je�a�\�wDa�n�f
e{f=mxr�\�_j\ca�b{f)a[¶g]6f
eYkCn8_je�a�a�n l
)'�%f=e{Z�\�n
��XJ`�|'_jm0ZlfcZ'f)a�f=wD\�a�^�|']/a�|s^�X~p5n
^x)�f
e{Z�mjn8f8Z�a�b'X�`'mjn�]���pKn
^H)���X/a�]8y
«�eha�b�XcX�e{ZL�s��X3�{e'Z�a�b{f)a�`Cn
a�bh¸!f
e{Z )lZ�X�kCX/e{Zhn
eM+'y

�}b�Xc]�n8ilk�_jm�f)a�_jn8eok�b{f=\�X3�}X3b'f u X3_jilk'mjX�ilX�e�a�X6Zl_je']�mj|'Z�X�\~iln=^�X
_jesp5n
^�i!f)a�_jn8eg_je�n8`�¥�X/]/aJ�'mjX�\~a�b{f=a���X�b'f u X3\��RX/a�]�b'X�Zob'X/^�X
y}z+|s^
n
`s¥�X�]/a~�'m0X/\}^�X�]�n
^�Z!_je�pKn
^�i!f=a�_jn
e�f
`Cn
|�a}a�b�X+\�a�^�X�e�d
a�b�n
p�Z�X�kCX�esw
ZsX�e']/_0X/\}�1\�X�X�°sX�]/a�_jn
eq§
���
f
e{Z[f=m0\�nH_je�pKn
^�i!f=a�_jn
e�f=`Cn8|sa%f
e�r3n
kCX/^�w
f)a�_jn8e'\~_je u n
m u X6Z�_jehf
\�\�_jd8e�ilX�e�a�\�y�Ï'n
^}X/Ä�f
ilk'mjX8��]/n
^�^�X�\�kCn
e{Z�_je�d
a�n-fgks^�n8d
^�f=iÐf
\�\�_jd8e�ilX�e�aq¸�· )I5 +��v�}X!n8`sa�f
_jeªa���ngk�^�_ji�w
_xa�_ u Xhf
\�\�_jd8e�ilX�e�a�\�¸�· )�f
e'Zª¸Ë· +-_je©a�b'X�Z'f)a�f
`{f=\�X8y�8�f=]�b
��n8|�m�Z�^�X/a�f=_jeË_0esp5n=^�i!f=a�_jn8e³f
`Cn
|�a�a�b'X­£ 5
¨®n
kCX/^�f=a�_jn
e¢y±°s|�]�b
_jesp5n
^�i!f)a�_jn8e�_j\l]/^�_xa�_j]6f
mHp5n=^!k�^�_je�a�_0e�dYn
|�a!_je�pKn
^�i!f=a�_ u X�Z�X�kCX�esw
ZsX�e']/XH]�b{f=_je'\by�_xa�_0\�f
mj\�n[|'\�X/pK|'msp5n
^�n
a�b�X/^��s_je'Z�\�n
p�f
e'f
mxrs\�_j\�a�b{f)a
e�X�X6Zoa�n���e�n)��f
`Cn
|�aHa�b'Xc|�e{Z�X�^�mjrs_je'dqn8kCX/^�f)a�_0n
e'\�y~WYXc_0e�]�mj|{ZsX
\�X/]/a�_jn8e'\�a�b{f)a�^�X�]/n
^�Z�_je�pKn
^�i!f=a�_jn
ehf=`Cn8|sa�]�n
e'\�a�f=e�a�\�_je�a�b'X~ks^�n
w
d=^�f
i�y��Nn�\�|'k�kCn
^�a[f
Z u f
e�]�X6Z�\�X�f=^�]�b'X�\[f=e{Z�X�Ä�kCX�^�_0ilX/e�a+��_ja�b
]/n8e�a�X/Ä�a�wD\�X�e'\�_xa�_ u Xgf=e{f
mxrs\�_j\����}X-f
mj\�n©_je']/m0|'Z�X�_jesp5n
^�i!f)a�_jn8e�pKn
^
X�f
]�bÅmjn�]6f=m u f)^�_�f=`'mjXha�b'f=aq_�ZsX�e�a�_x�{X�\�a�b'X!p5|'e�]/a�_jn8e¬_je©��b'_j]�b®_xa
_j\!ZsX/�{e�X6Z�y¬WªX�]�n
e
¥�X/]/a�|�^�Xoa�b'f=aln
|�^!n
`s¥�X�]/al�{mjX�p5n
^�i!f)a!]6f
e
`CX+|'\�X6Z��1n
^�X6f=\�_0mxrof8Z�f
k�a�X�Z{��p5n=^Jf
e�r81{n6�~wD_je'\�X�e�\�_ja�_ u X[f=e{f=mjrs\�_j\
a�b'f=a[]�n
ilk'|sa�X�\ck�^�n
kCX/^�a�_jX�\�f
`Cn8|sa[a�b'X u f
mj|'X/\cn
p u f=^�_0f
`�mjX�\�_1y X8y
f=e�rof=e{f=mjrs\�_j\~a�b{f)a~p5n�]�|�\�X�\�X�e�a�_j^�X/mjr�n
eha�b'X3f
\�\�_jd8e�ilX�e�a�\~n
p�a�b�X
ks^�n8d=^�f
i��Lf=e{Zo_jd8e�n
^�X�\J]�n8e�a�^�n
mN]�n
e'\�a�^�|']�a�\�y 8%Ä�f
ilk�mjX�\�_0e�]�mj|{ZsX
kCn
_je�a�\�w.a�n-f=e{f
mxrs\�_j\���Z�X�kCX/e{Z�X/e']�X!f=e{f
mxrs\�_j\��%]�n8e�\�a�f
e�a�k�^�n
k{f
d8f=w
a�_jn
e¢�R`�_je{Z�_je�d
w.a�_jilX~f
e'f
mxrs\�_0\�f=e{Zqi!f=e�r u f=^�_0f)a�_0n
e'\%n
pL\�X�a�w�`'f
\�X6Z
f=e{f=mjrs\�_j\�y�z+e'XHf8Z u f=e�a�f
d8XHn
p¢n
^�d8f
e�_0�/_0e�d�n
`s¥�X�]/a}�'mjX�\�|�\�_0e�d[\�X�]/w
a�_jn
e'\!�1iq|�]�b-mj_j�RX!�~z3ÏvÏ%��8��NÏ%���N_j\3a�b{f=a[e�X/��\�X�]/a�_jn
e'\�]6f
e�`CX
a�^�f=e'\�k'f=^�X�e�a�mxr�f8Z�Z�X6Z�a�n�n8`�¥�X�]/a~�'mjX�\}_je!\�|']�bofc�~f�rla�b{f)a}X/Äs_j\�a�w
_je�dlf
e'f
mxrs\�_0\H\�rs\�a�X�il\�Z�nqe'n
a�e�X�X6Zha�n�`CX3^�X/�~^�_xa�a�X�e¢y

WYX�]/n8e']/m0|'Z�X���_ja�bÇf®Z�_j\�]�|'\�\�_jn
eÇn=pqp5|�e']/a�_jn
e'\�f=e{ZËp5|�e']/a�_jn8e
kCn
_je�a�X�^�\�y�Ï'|'e�]/a�_jn8e­f=^�X-b'f
e{ZsmjX6Z�`�r�_je�a�^�n�Z�|�]�_je'd©\�a�f
e'Z'f)^�Zsw
_j��X�Z-e'f
ilX�\Hp5n=^3p5|�e']/a�_jn8e�f)^�d8|'ilX/e�a�\Jf
e'Zo^�X/a�|�^�e�\�y3Ï�n
^3X�Ä'f=i�w
k�mjX8��]�n
^�^�X�\�kCn
e{Zs_0e�d�a�n�f�p5|�e']/a�_jn
eÅZsX/�{e�_xa�_0n
e ��
�	cb@d�¸��4)�egf
JAJ
J ��F�	A@��A
*d +�e�h��~��X�d8X/e'X/^�f)a�X�k�^�_jil_xa�_ u Xof=\�\�_jd8e'ilX/e�a�\ ; h
� Â �'?=h � \
� ��ikjml h -��L��b'X/^�X � Â � � \
� ��ikjml f=^�X�^�X�\�kCX�]/a�_ u X�mxrga�b�X
\�a�f=e{Z�f=^�Z�_j��X�Z u f)^�_0f
`'mjX�\[p5n=^�a�b�X�a���ngf=^�d
|'ilX�e�a�\cn
p � f=e{Z � Ê \
^�X�a�|�^�e u f
mj|'X8y+°�_0il_jm0f=^�mxr��']�n
^�^�X�\�kCn
e{Zs_0e�d�a�n!fl]6f=mjmvn
p%a�b'Xcp5n=^�i

n h � �N: Â�o :�\����¢�}X!d8X/e'X/^�f)a�X�ks^�_jil_ja�_ u X�f
\�\�_jd8e�ilX�e�a�\ � Â hv: Â �
� \ hq:�\}f
e'Z n h ��ikjml yv�}b'X�\�X~\�a�f=e{Z'f)^�Z�_j��X6Z�e{f=ilX�\%f=^�X�a�^�X�f=a�X6Z
f
\Jd8mjn8`'f
mvn
`s¥�X�]/a�\��¢f
e'Zgf=^�X�m0_je��RX6Zoa�n8d
X/a�b'X�^6�Lm0_j�RX�n
a�b�X/^Jd8mjn8`'f
m
n8`�¥�X/]/a�\���`�r�a�b'X!mj_je'�RX/^6y��}b�Xla�^�X6f=a�ilX�e�a�n
pH_je{Zs_x^�X�]/a�p5|'e�]/a�_jn8e
]6f=m0mj\}|�\�X�\�a�b�XJ\�f=ilX�e{f
il_je�dc]�n8e u X�e�a�_jn8e���b'n6��X u X/^�\�n8ilX�n
p�a�b'X
mj_je'��_je'd[n
pLp5n=^�i!f
mCf=e{Zlf=]/a�|{f=m{k{f)^�f
ilX/a�X/^�\�b{f=k'kCX�e�\�f)a}f=e{f
mxrs\�_j\
a�_jilX8y�°�kCX�]�_x�{]6f=mjmjr���]/n
^�^�X�\�kCn
e{Z�_je�d�a�n�f[pK|'e�]/a�_jn8ehZ�X/�'e'_xa�_jn8elp5n=^
p �6a�b'X�^�X�_j\Nf
e[n8`�¥�X�]�aN�{mjX�X�e�a�^�r��1_je3a�b'X%`�m0n�]��+pKn
^ p �{a�b{f)a¢^�X/]�n
^�Zs\
a�b'X�f)^�d8|'ilX/e�a+f
e'Zo^�X/a�|�^�e u f=^�_0f=`'mjX�\JpKn
^ p y3��n=^�^�X�\�kCn8e'Z�_je'dla�n
f
e�_je{Z�_x^�X�]�a%]6f
mjmqd�µ(b�e;d�¸��M)�eR�
�}X}i!f)^�� � f
\%fJpK|'e']�a�_0n
eqkCn
_0e�a�X/^
f
\��}X/m0mNf
\Jf8Z�Z�_je'd�a�b�X3k�^�_jil_xa�_ u X[f
\�\�_jd8e�ilX�e�a�\ � Â h ; � � \ hq?C�
X/a�]8y�È3|�^�_je'dJf
e'f
mxrs\�_j\���_xpCfHpK|'e�]/a�_jn8e p _0\�f
Z'Z�X�Z[a�nHa�b'X}kCn
_0e�a�\�w.a�n
\�X/acpKn
^ � �1i!f=^��8X6Z�f=\[f�pK|'e']�a�_0n
eYkCn
_0e�a�X/^�����a�b'X/e-��XlmjnRf8Z-a�b'X
^�X�]�n=^�ZYn
p}f=^�d
|'ilX�e�a[f=e{Z�^�X�a�|�^�e u f)^�_�f=`'mjX�\cp5n=^�`Cn
a�b � f=e{Z p y
2+\�_je�d-a�b�_j\q_je�pKn
^�i!f=a�_jn
e¢���}Xhf8Z'Z©e�X/�Ìf=\�\�_0d
e'ilX�e�a�\ p Â h � Â �
p \ h � \3f
e'Z ��imjkl h p�ikjml y

5. A GRAPH-BASED ALGORITHM FOR AN-
DERSEN’S ANALYSIS°s]�f
m0f
`�_0mj_xa�r�n
p¢�Je'Z�X/^�\�X�e�Ê \�]�n
e�a�X/Ä�a�w�_je�\�X�e'\�_xa�_ u Xt1{n6�~wD_je'\�X�e�\�_ja�_ u X

kCn8_je�a�\�w.a�nlf
e'f
mxrs\�_j\Jb'f
\�`CX�X�eof�\�|'`�¥�X�]/aHn=pviq|�]�b!^�X�\�X6f)^�]�bgn u X/^
a�b'XHm0f
\�a}� u X~r�X6f)^�\�y�z+e'XHk�^�n8`�mjX�i���_xa�bh�Je'Z�X/^�\�X�e�Ê \}f
e'f
mxrs\�_j\}_j\
a�b'X�£�¥�n8_je�wDkCn
_0e�a�¨�X/¯LX�]/a~n=pN]/n8e�a�X/Ä�a�wD_0e�\�X�e'\�_xa�_ u X=1{n6�~wD_je'\�X�e�\�_ja�_ u X
f
e'f
mxrs\�_j\��N^�X�\�|�mja�\¢pK^�n8i�Z�_x¯LX/^�X�e�aNX/ÄsX�]�|�a�_jn
e�k'f=a�b�\N]6f=e�`CXL¥�n
_je'X6Z
a�n8d
X/a�b'X�^+f=e{ZhZ�_j\�a�^�_j`'|�a�X�Z�a�nqa�b�X3kCn8_je�a�\�w.a�nq\�X/a�\�n
p�i!f
e�r u f)^�_xw
f
`�mjX�\�y��J\�f�^�X/\�|'mxa6��a�b'X+kCn
_je�a�\�w.a�n�\�X/a�\~]�n8ilk�|�a�X6Zl`�rla�b'X+f
e'f
mxw
rs\�_j\H]�f
e�`CXcn=p%\�_0�/X�r��msN�}��b'X�^�X&s�_j\~a�b'Xc\�_j��Xcn=pva�b'X3ks^�n8d
^�f=iMy
\�|']�b�d
^�n6�~a�bh_j\}]/n8ililn8e�mxrlX�e']/n8|'e�a�X/^�X�Z!_je�m0f=^�d8X+`CX�e']�b'i!f)^��s\�y
�}b'_j\�]6f
eË\�kCX/m0m+\�]6f
m0f
`�_jm0_xa�r­Z�_j\�f
\�a�X�^o_xp�f
mjm+kCn
_je�a�\�w.a�n©\�X/a�\hf=^�X
X/Äsk'mj_j]�_xa�mxroX/es|�ilX/^�f=a�X�Z�y

�J_j�RX/e�X�a6y�f
m1y�b{f u X�f
Z'Z�^�X�\�\�X6Z�f u f=^�_jX/a�r-n
p�\�]6f
mj_je'd�_j\�\�|�X�\3p5n=^
�Je'Z�X/^�\�X/e¢Ê \�f=e{f
mxrs\�_j\�_je®f-\�X�^�_0X/\ln
pHk{f=kCX/^�\�y©�}b�X�_x^��}n=^��ªb{f=\
_je']�mj|'Z�X6Z�a�X/]�b�e'_0´�|'X�\vp5n=^�X/m0_jil_je{f)a�_jn8eln
pL]�r�]/m0X/\�_je�a�b'X~_je�]�mj|'\�_jn8e
d
^�f=k'b®¹ �8� ».��f
e{Z-k�^�n)¥�X/]/a�_jn8eªilX/^�d
_je'd!a�nh^�X6Zs|']�X�^�X6Z�|�e{Z'f=e']�_jX�\
_je�a�b'X�_je']�mj|�\�_0n
e!d
^�f
k�b-¹ §=¾=».y��Jmjm'n=pLa�b'X�\�XJf=^�XH_je�a�b'X�]�n8e�a�X/Ä�a�n
p
fqa�^�f
e�\�_xa�_ u X/wD]�mjn8\�|�^�Xc`'f
\�X6Zgf=mjd8n
^�_xa�b�i��Cf
e'Z�a�b�X�_x^H^�X/\�|'mxa�\J\�b�n6�
u X/^�r�\�|�`'\�a�f
e�a�_0f
m�_jilk�^�n u X�ilX/e�a�\Jn u X/^ca�b'X/_j^[`'f
\�X!f=m0d
n
^�_xa�b'i�Í
��_xa�b!f
mjm'n
k�a�_jil_j�6f=a�_jn
e'\�X/e{f
`�mjX6Z��
a�b'X/r�^�X�kCn
^�a�f
e'f
mxrs\�_j\�a�_jilX�\%n
p
� ¼ �8� \�p5n=^�a�b'X�d
_0ilkl`CX/e']�b'i!f=^��[n
ehf[°sÉL�suH��8�e�a�X/^�ks^�_j\�X3¼ �8�8�
��_xa�b-§ . � ¹ §
¾)».y

�Jmxa�X/^�e'f=a�_ u X�mxr��%]�n
e�a�X/Ä�a�w3f=e{Z&1{n6�~wD\�X�e'\�_xa�_ u _xa�rª]�f
e¬`CX!|'\�X6ZYa�n



^�X�Z�|']/X�a�b�X�X�¯LX�]/a¢n
p)¥�n
_0eswDkCn8_je�a�\�yv¿+n6�}X u X/^�a�b'X%]�n8\�aNn
psa�b'X�\�X�f
Zsw
Zs_xa�_0n
e{f=m�ilX/]�b'f
e'_j\�il\�]6f
e�`CXHm�f)^�d8X8�'f
e'Z���_ja�b�n8|sa~n
a�b�X/^}`s^�X6f
��w
a�bs^�n8|�d8b'\���a�b'X�r©f=^�Xh|'e�m0_j�RX/mjrYa�n�\�]6f=mjXha�n�il_0mjmj_jn8e�\�n
pJmj_0e�X�\�n=p
]/n�Z�X8y-�Hmj\�n��v^�X�]�X/e�a[^�X�\�|�mxa�\q\�|'d
d8X�\�a�a�b{f)a�a�b�_j\�f=k'ks^�nRf
]�b©i!f�r
`CXcn=pvmj_xa�a�m0X[`CX�e�X/�'a~pKn
^J�Je'Z�X/^�\�X/e¢Ê \Hf
e{f=mxr�\�_j\�¹ � ¾=».y

«�e�ks^�_je']�_jk'mjX8��_0Z�X�f
\3pK^�n
i�\�|'`sw.a�^�f
e'\�_xa�_ u X�]�n8e�a�^�n
mjw 1'n)��f=e{f=mjrs\�_j\
¹ � ½=»J]�n8|�m�Z®f
mj\�n�`CX�f
k�k'mj_jX6Z©a�nYf u n
_�Z¬k�^�n
k{f=dRf=a�_jn
e�n
pJa�b'X�_je�w
pKn
^�i!f)a�_0n
ehp�^�n8i�¥�n8_je�wDkCn8_je�a�\�y��}b'XJ`{f=\�_0]+_�ZsX6f�n=pN\�|�`�w.a�^�f
e�\�_xa�_ u X
]/n8e�a�^�n8mxw 1{n6� f=e{f=mjrs\�_j\�_j\ha�b'f=a�a�b'X�|'\�|'f
m3Z�rse{f
il_j]ga�^�f
e�\�_xa�_ u X
]/m0n
\�|�^�X[p5n=^�iq|'m0f)a�_0n
e�n
p�]�n
e�a�^�n8mxw 1{n6�Îf=e{f=mjrs\�_j\H_0\�^�X6ZsX�\�_jd8e'X�Z�\�n
a�b'f=a�a�b'XHZsrse'f
il_j]~X6Z�d
X/w�f8Z�Z�_je'dc^�|'mjX�\�f=^�XJZ�X�w�]/n8|'k�mjX6ZqpK^�n
i�a�b�X
a�^�f=e'\�_xa�_ u X�]�mjn8\�|�^�X!^�|'mjX�\�y��}b�_j\qf=k'k�^�n8f
]�b©]6f
e¬mjX6f
ZYa�ngm0_je�X6f=^�w
a�_jilXlf=mjd8n
^�_xa�b�il\�y!¿+n6�}X u X/^6��_xa[_j\[]�|�^�^�X�e�a�mxr-n8e�mxrYX/¯LX/]/a�_ u X�n8e
`Cn
|'e'Z�X6Z�wDa�rskCX+k�^�n
d
^�f=il\��{f=e�|'es^�X6f
\�n
e{f
`�mjX3^�X�\�a�^�_j]/a�_jn8e�p5n=^+�Jy

�}b�X+i!f=_0elpKn�]�|'\~n=pNn
|�^�f=m0d
n
^�_xa�b'i���i�|']�blmj_0�8XJa�b{f)a}n=p¢a�b�X+\�|'`sw
a�^�f=e'\�_xa�_ u Xcf=k'k�^�n8f
]�b¢��_j\~n8eh�'e{Zs_0e�dqf[�~f�r!a�n�f u n
_�Zla�b'X+]�n8\�a�n=p
]/n8ilk'|sa�_je'd[a�b'X+pK|'mjmCa�^�f
e'\�_xa�_ u Xc]�mjn
\�|�^�X3n=p�a�b'X3_je�]�mj|'\�_jn8ehd
^�f
k�b¢y
WYXc`CX�d8_je�`�r�]�m0f
\�\�_xp�r�_je�d!a�b�Xcf
\�\�_jd
e'ilX�e�a�\�|'\�X6Zh_0e�a�b'X[ZsX6Z�|�]/w
a�_ u X}^�X�f
]�b{f
`�_jm0_xa�rq\�rs\�a�X�iÆd
_ u X�e�_je!°sX/]/a�_jn8el¾+_je�a�n+a�bs^�X�X~]�m0f
\�\�X�\��
�.f8�%\�_jilk�m0X�f=\�\�_jd8e'ilX/e�a�\��8��b'_j]�blb'f u X}a�b'X}pKn
^�i ; h ?L�'�1`C��`{f=\�X
f=\�\�_jd8e'ilX/e�a�\��s��b'_j]�b�b{f u XHa�b'X+pKn
^�i ; hl7@?C�sf
e{Z��1])�}]�n8ilk�mjX/Ä
f=\�\�_jd8e'ilX/e�a�\��v��b�_j]�bªb'f u X�a�b'X�pKn
^�i ; h{5 ?�n
^#5 ; h ?CygÏ'n=^
\�_jilk�m0_xa�r�����X�n
il_xaHa�^�X�f=a�ilX�e�aHn
p+5 ; h 5 ?�y{_xaJ]6f
e�`CX[\�k�m0_xaJ_je�a�n
5 ; h -©f
e'Z�-rh 5R?©��b'X/^�X�-Y_j\�fYe�X/� u f)^�_0f
`'mjX8y³«�e®��b'f=a
pKn8mjmjn6��\J�}Xc^�X/pKX/^�a�n�_xa�X�il\~n
pva�b�X+p5n=^�i 7@?�f
\�m u f=m0\�y

�}b�Xo]�X/e�a�^�f=m�Z'f)a�f=wD\�a�^�|']/a�|s^�Xhn=p3n
|�^!f=m0d
n
^�_xa�b'i _0\�f�d=^�f
k'b����
��b�_j]�b!_je'_xa�_0f
mjmxr�]�n8e�a�f
_je�\}f
mjmC_je�pKn
^�i!f)a�_0n
eof=`Cn8|sa�a�b'XH\�_jilk'mjXJf
\�w
\�_jd
e'ilX�e�a�\}f=e{Zl`{f=\�X+f=\�\�_jd8e'ilX/e�a�\�_0ela�b�XJks^�n8d
^�f=i�y%�}b'XJe'n�ZsX�\
n=p��­f=^�X!]�n8e�\�a�^�|']/a�X�Zªf
\[p5n
m0mjn6��\���pKn
^�X6f
]�b u f)^�_0f
`'mjX ; _jeYa�b�X
ks^�n8d=^�f
i����}XJ_0e�a�^�n�Zs|']�XJe'n�Z�X/\ s��qf
e'Z s����h�1\�a�^�_j]/a�mxr!\�kCX6f=��_0e�d��
��X!n8e'mxr�e'X�X�Zªfoe'n�ZsX s ��� _xp~a�b'X�^�Xl_0\�f�]�n
ilk'mjX/Ä�f
\�\�_jd8e�ilX�e�a
n=p%a�b'X3p5n=^�i ?Lhq5 ; ��y~�}b�X�_je�_ja�_0f=m�X6Z�d
X�\+n=p	�Åf)^�X[]�n8e�\�a�^�|']/a�X6Z
f=\JpKn8mjmjn)��\���]/n
^�^�X�\�kCn
e{Z�_je�d!a�nlX�f
]�bg\�_0ilk�mjX[f
\�\�_jd8e�ilX�e�a ; h~?C�
a�b�X/^�X[_j\+f=egX6Z�d
X&s�� > s�
qpK^�n
i s���a�n s�
�y���n
^�^�X�\�kCn
e{Z�_je�d!a�n
X u X/^�r�e'n�ZsXOs¬_0e����¢a�b�X/^�X�_j\�fh\�X/a�n=p}`{f=\�XlX�mjX�ilX�e�a�\��NZ�X/�'e'X6Z
f=\HpKn8mjmjn6��\��

� D���F�
��AF��7F�

	��C�ms � � h f�?�� ; hq7@?�f
k�kCX6f=^�\�_je/mMh

�}b�X�]�n
ilk'mjX/Ä�f
\�\�_jd
e'ilX�e�a�\�����b'_j]�bYf=^�X�e�n
ac^�X�ks^�X�\�X�e�a�X6Z-_je����
f)^�X�]�n
m0mjX�]�a�X6ZÅ_je�a�nªf-\�X/a��vyÅ�}b'Xof
mjd8n=^�_ja�b�i k�^�n�]�X/X6Z�\l`�r©_xa�w
X�^�f=a�_je'dga�b�^�n
|'d
bYa�b'Xl]�n
ilk'mjX/ÄYf
\�\�_jd8e�ilX�e�a�\�_je��Åf=e{Z©f8Z�Z�_je'd
X�Z�d8X/\�a�n��ª`{f=\�X6Zon8e�a�b'X3_jesp5n
^�i!f)a�_jn8eo]/|�^�^�X�e�a�mxr�_0e���y��}a�f
e�r
kCn
_je�a%_je�a�b'X}f=mjd8n
^�_xa�b�i����o^�X�ks^�X�\�X�e�a�\���b{f)av�}X}X/Äsk�m0_j]�_xa�mxr���e'n6�
f=`Cn8|sa3a�b'X�\�X/a�\3n=p�m u f
mj\+p5n=^cX6f=]�b-k�^�n
d
^�f=i u f=^�_0f
`�m0X
y[�Æi!f)¥�n
^
ZsX�k{f)^�a�|�^�X}p�^�n8iÆk�^�X u _jn
|'\v�}n=^���_j\%a�b{f=a	�g_j\�i!f
_je�a�f
_je'X6Z�_je �{	��!�
�1	��
&'��,5�1,K4
� �� 	��±_1y X8yl��X!Z�noe�n
aca�^�f=e'\�_xa�_ u X�mxr�]�mjn8\�Xla�b'X�d
^�f
k�b¢y
�H\�fJ^�X�\�|'mxa6�
��b'X�e�X u X/^v��X~e'X�X6Z�a�n3Z�X�a�X/^�il_je'X�a�b�X}]�|�^�^�X/e�a%m u f
mj\
n=pHfo\�kCX�]�_x�'] u f)^�_�f=`'mjX8�¢�}X!iq|�\�ackCX/^�p5n=^�i d
^�f=k'bY^�X6f=]�b'f
`�_0mj_xa�rL�
a�n3�'e{Z[a�b'X~\�X/a�n
pLm u f
mj\%p5n
^ u f=^�_0f
`�m0X ; �
�}X~�{e'Z�a�b�X~\�X/a�n
p�e'n�ZsX�\
^�X�f
]�b{f
`�mjX�pK^�n8i s � _0e���X/^�nhn
^[iln
^�X�\�a�X�k'\��Nf
e'Z�]�n
ilk'|sa�X�a�b�X
|�e'_jn8e[n=p�a�b�X � D���F�
���F��7F�
�	$�J\�X/a�\¢pKn
^%f=m0m8n
psa�b'X�\�X�e'n�ZsX�\�yNWYX�|�\�X
a�b�X~p5|'e�]/a�_jn8e8E�F�	���,$D��
�{�ms�����a�n�Z�X�e�n
a�X~a�b'_j\�d
^�f=k'b�^�X6f=]�b'f
`'_jmj_xa�r
]/n8ilk'|sa�f=a�_jn8e�p5n=^+e�n�Z�XEs��'y

�}b�X~k�^�n�]�X/\�\�n=p{_xa�X/^�f)a�_0e�d+a�b�^�n
|'d
b�a�b'X�]�n8ilk�m0X�Ä�f
\�\�_jd8e�ilX�e�a�\v_0e
��f
e'Z�f
Z'Zs_0e�d[X6Z�d
X�\�a�n���`'f
\�X6Zln8ela�b�XJ_je�pKn
^�i!f)a�_0n
eh]/|�^�^�X�e�a�mxr
_je���_j\cZ�X�a�f
_jmjX6Z�_je�Ï�_jd8|�^�X�¼�yZq+n=a�X�a�b'f=acmj_je'X��!e�X�X6Zgn8e�mxr-`CX
X�Ä�X/]�|�a�X6ZÅn8e']/X8�~^�f=a�b�X/^!a�b{f
e�n8e']/X-pKn
^hX6f
]�b�_xa�X/^�f)a�_0n
eËn
pca�b�X
mjn�n
k¢y

� X/pKn
^�X[Zs_0\�]/|'\�\�_je'd[a�b'XsE�FA	���,�D����'�D�%pK|'e']�a�_0n
e¢���}XJd8_ u XJ\�n8ilX+_jesw
a�|'_xa�_jn8eqn8eqa�b�X~]�n8ilk�|�a�f=a�_jn
e{f
m�a�^�f8ZsX�n
¯L\%_je u n8m u X�Zq_je�i!f
_je�a�f
_je�w
_je'd[a�b'XH]�n8e�\�a�^�f
_je�a}d=^�f
k'b�_je!k�^�X/w.a�^�f
e�\�_xa�_ u XHpKn
^�itf=e{Zl]�n
ilk'|�a�w
_je'dhm u f
mj\cn
eªZ�X/i!f
e{ZLy�Ï�_j^�\�a6��Z�|s^�_0e�dh_xa�\cX/ÄsX�]/|�a�_jn8e��¢a�b�Xlf
mjd8n=w
^�_xa�b'iÆn
e'mxr�^�X�´�|�_x^�X�\�a�b�X~]�n8ilk�|�a�f)a�_0n
eqn=p¢m u f
mj\vp5n=^}\�n8ilX~\�|�`'\�X/a
n
p¢a�b'XJe'n�Z�X/\}_je�a�b�X+d
^�f=k'b�yPq+n6�c�sn
p�]/n8|�^�\�X
�'f)a~a�b'XHX�e{Z!n
p¢a�b'X
f
mjd
n
^�_xa�b'i��)�}X�i!f�r+\�a�_jmjm�b{f u Xva�n�]�n
ilk'|�a�X�f=m0m8m u f
mj\�p5n
^vf
mjmRd
^�f=k'b
e'n�ZsX�\�y-¿+n6��X u X/^6�v_jeªa�b�X�ks^�X�\�X�e�]�X!n
pH]/rs]�mjX/wDX�mj_jil_0e'f=a�_jn8eË�.Zs_j\�w
]�|�\�\�X6Zo\�b'n=^�a�mxr{����_xaH_0\�a�rsk�_0]�f
mjmxroi�|']�bh]�b'X6f=kCX/^�a�n�]�n
ilk'|�a�X3f
mjm
m u f=mj\HpKn
^+f
mjm�e'n�ZsX�\���b'X�eoa�b�X[f
mjd8n=^�_xa�b'i¦a�X/^�il_je{f=a�X/\�a�b'f
e�_xaJ_j\
a�n[Z�nc\�n[Zs|�^�_je'dcX�Ä�X/]�|�a�_jn8eln=pCa�b'XHf
mjd
n
^�_xa�b'i�y�°�X�]�n
e{Z��8a�b'X~k�^�X�w
a�^�f
e�\�_xa�_ u Xcf
mjd8n=^�_xa�b'i±a�^�f
Z�X�\~n=¯�a�^�f u X/^�\�f
mLn=p�X6Zsd8X�\ u X/^�\�|'\x1'n6�
n
pJm u f=mj\�f
mjn
e'd�X6Z�d
X�\�y � n
^�X�]�n
e']/^�X/a�X/mjr���]�n
e'\�_0Z�X/^�fg]�n8ilk�m0X�Ä
f
\�\�_jd
e'ilX�e�a�\�|']�b!f
\o5 ; h ?L��f
e{Z�\�|'k'kCn
\�XHa�b'f=a�a�b'X�\�X/a�n
p�m u f=mj\
p5n=^ ; _0e�]�mj|{ZsX�\}7 ; Â f
e'Zr7 ; \=y¬�J\qf-^�X/\�|'mxaln
pHa�b'_j\�]�n8ilk�m0X�Ä
f
\�\�_jd
e'ilX�e�a6�L�}Xlf
Z'Z-X6Z�d
X�\+p�^�n8i ; Â a�ny?gf=e{Z ; \ a�n ?Cy�q+n6�c�
_je®f
eÅf
mjd8n=^�_ja�b�i `'f
\�X6Z¬n8e©a�^�f
e�\�_xa�_ u X/wD]�mjn8\�|�^�X
�}f=m0m�m u f
mj\lf
\�\�n=w
]�_0f=a�X�Z¬��_xa�b�?Y��_jmjm=1'n6�t`{f=]��ªf
mjn8e�d�a�b�Xhe�X/�ÌX6Zsd8X�\�_0e�\�X/^�a�X6Z
f
e'ZYpK^�n
i a�b�X/^�X!`{f=]���f
mjn8e�d�f
e�rªk'f=a�b'\ca�b'f=a�X�e{Z���_xa�b ; Â n=^
; \ y�«�e¬a�b'Xhk�^�X/w.a�^�f
e�\�_xa�_ u X�d
^�f=k'b¢��a�b'XhX6Z�d
X�\�f=^�Xgf
Z'Z�X�ZÅf=e{Z
a�b'X�^�Xq_j\ce'n(1{n6��n
p�m u f
mj\�yq«�e'\�a�X�f8Z���m u f
mj\[f=^�X�]/n8mjmjX�]/a�X6Z��5��b�X�e
e'X/X6Z�X6Z'��`�r¬f�a�^�f u X�^�\�f
mHn
p3X�Z�d8X/\�y�«�e¬a�b'X�a�^�f
e�\�_ja�_ u Xo]�mjn8\�|�^�X
]6f=\�X8�va�b'X/^�X!f)^�X r��ms �  �3a�^�f
e�\�_ja�_ u Xl]/m0n
\�|�^�X!\�a�X�k�\�����b'X/^�X s®_j\
a�b'X�f u X�^�f
d8X�e�|'i�`CX/^%n
p�Zs_j\�a�_0e�]/a�m u f
mj\%a�b{f)ar1'n6��f=m0n
e'd[f=elX6Z�d
X8�
f
e'Z  _j\}a�b�X+e�|'i�`CX/^�n=p�X6Zsd8X�\�� u X/^�\�|�\Nr��  ��\�a�X�k�\~kCX/^}^�X6f=]�bsw
f
`�_jm0_xa�r©]�n8ilk�|�a�f)a�_0n
e¬�}b'_j\qa�^�f
Z�X�n=¯�p1f u n=^�\�a�b�Xhks^�X/w.a�^�f
e'\�_xa�_ u X
d
^�f=k'bÅf
k�k�^�nRf=]�b®��b'X�e  _j\�\�i!f
mjmHf
e'ZWsË_j\lm0f=^�d
X8yÇ�5WªXh^�X�w
i!f=^��-a�b{f)aqa�b�_0\�_j\�f=e{f
mxrs\�_j\�_j\�pKn
^�_je�a�|'_xa�_jn8e©n
e'mxr�y�_xaq_0\�e'n=a�f
p5n=^�i!f
m�f
e'f
mxrs\�_j\��'\�_je']/X+e'X/_ja�b�X/^}a�b�XJa�^�f
e�\�_xa�_ u X+]�mjn8\�|s^�X3\�a�X�khe'n
^
a�b'XJ^�X6f
]�b{f=`'_jmj_ja�r�\�a�X�kof=^�X�r�� � ��n
kCX/^�f=a�_jn8e�\�y �

WªX+e'X/Ä�a�ZsX�\�]/^�_j`CX�E�FA	��
,$D����'�D������b'_j]�bo_j\~a�b'X3d=^�f
k'b�^�X6f
]�b{f=`'_jmxw
_xa�rY]�n8ilkCn
e'X�e�a�n
p�a�b'Xhf
mjd8n=^�_xa�b'i�yY�t�RX/rªk'f=^�aqn
p�a�b'X!d
^�f=k'b
^�X6f=]�b'f
`'_jmj_xa�r�f=m0d
n
^�_xa�b'i _0\Ja�b'X[a�^�X6f=a�ilX�e�a+n
p�]/rs]�mjX�\�y�q+n=acn8e�mxr
_j\}]/rs]�mjXcZsX/a�X�]/a�_jn8e!_jilkCn
^�a�f=e�a�p5n=^~a�X/^�il_je{f)a�_0n
e¢��`�|�a}_xa~b'f
\�pK|'esw
Z'f=ilX�e�a�f
mvkCX/^�pKn
^�i!f=e']�Xl_jilk'mj_j]6f)a�_0n
e'\�y!�}b�Xq�'^�\�a�f)^�d8|�ilX�e�acn
p
E�FA	���,$D����'�D�J_j\[f�d
^�f
k�bYe�n�Z�X�f=e{Z-a�b'Xq\�X/]�n8e'Z�_j\[fhmj_j\�a[n
p�X�mjX/w
ilX�e�a�\}a�b{f)aJZ�X/�'e'X+a�b�Xck{f=a�bh�}X�f=^�Xc]�|s^�^�X�e�a�mxroX/Äsk�m0n=^�_je'dCy�a�n8ksw
mjX u X�mv]�f
mjmj\cb{f u X[a�b'X�pKn
^�i'E�FA	���,�D����'�ms o s"!$#5��y�8�f=]�b�e'n�ZsXq_je��b{f=\Hfqn8e�X/wD`'_xa~�{X�m0Z!��
�%�D�	A�'y

�}b'X!p5|�e']/a�_jn
e3@

��(b
)�&��('�F$�'�D��ilX/^�d
X�\�a��}n�e'n�ZsX�\�yYWYXh_jilk'mjX/w
ilX�e�a�e�n�Z�X�ilX�^�d8_je'd�`�r¬_je�a�^�n�Z�|�]�_je'dYf
e®n8k�a�_jn
e{f
m ��)7�6¶©�{X�m0Z
p5n=^lX6f=]�b®e'n�ZsX8y©����nYe'n�ZsX�\ s Â f
e{Z s)\of)^�Xha�b'X/e©|'e'_x�'X6Z©`�r
\�X/a�a�_je'd ��)7�)¶C�ms Â ��a�nOs)\
��f
e'ZhilX/^�d
_je'dqX�Z�d8X3f
e{Z � D���F(
��AF��7F?
�	
_je�pKn
^�i!f=a�_jn
e-p�^�n8i s Â _je�a�n s \ y+°�|'`'\�X�´�|�X�e�a�mxr�����b�X�e'X u X/^+e�n�Z�X
s Â _j\3f=]�]�X�\�\�X�Z��L�}X[p5n
m0mjn6��_xa�\+\���_jkgkCn8_je�a�X/^6yHWªX[|'\�X�f
e-_je']/^�X�w
ilX�e�a�f
m{f
mjd8n=^�_ja�b�i±p5n=^~|'kLZ�f=a�_je'd�d
^�f=k'b!X6Zsd8X�\�a�n�\���_jk�wDe'n�ZsX�\�a�n
a�b'X/_j^JZsX/wD\��s_jk�kCX6Z�]/n8|'e�a�X/^�wDk'f=^�a�\�y

��rs]�mjX-X�mj_0il_je'f=a�_jn8e��}f
\h��^�\�a�|'\�X6ZÅpKn
^hkCn8_je�a�\�w.a�n¬f
e{f=mxr�\�_j\h`�r
Ï+*f
b�e{Z�^�_0]�bgX/a6y�f=m}¹ �8� »DyH«�e�a�b'X�_x^H�}n
^��C�{a�b�Xc]�n8\�a+n
p%�{e'Z�_je'dq]/r�w
]�mjX�\c�~f=\ce'n
e�w.a�^�_ u _0f=m�f=e{Z-\�no]�n
ilk'mjX/a�X�e�X�\�\cn
p}]/rs]�mjX�Z�X�a�X�]/a�_jn8e
�~f=\c\�f
]/^�_x�']�X6ZY_je�n
^�Z�X�^ca�nh]�n
e�a�f
_jeY_xa�\c]�n
\�a6yq«�e�]�n
e�a�^�f
\�a6�¢]/r�w
]�mjX!Z�X�a�X�]/a�_jn8e�_0\cX/\�\�X�e�a�_�f=mjmjr�pK^�X/Xl_0e�n8|s^c\�X/a�a�_je'dgZs|�^�_je'd�d
^�f=k'b
^�X6f=]�b'f
`'_jmj_xa�r!]�n
ilk'|sa�f=a�_jn8e�\�y � n
^�X�n u X/^6����XJ�{e'Z!f
mjiln8\�a�f=mjmC]/r�w
]�mjX�\3Í-iln=^�Xqk�^�X/]�_j\�X�mxr��N�}X��'e{Z�f
mjm�]/rs]�mjX�\[_0e�a�b'X�k'f=^�a�\cn=p}a�b'X
d
^�f=k'b�\!��Xoa�^�f u X/^�\�XgZs|�^�_je'd�d
^�f=k'bÅ^�X�f
]�b{f
`�_jm0_xa�r�yË«�e®X�\�\�X�e�]�X8�
�}X��{e{Zga�b'Xq]�n8\�a�mxr�]/rs]�mjX�\3Í�a�b�n8\�Xqa�b'f=a�f=^�Xle�n
a[ZsX/a�X�]/a�X�ZYf=^�X
_jeªk{f)^�a�\�n=p~a�b'Xld=^�f
k'b�a�b{f=a[��X�_jd
e'n
^�X
yg«�e�n
a�b'X�^���n
^�Z�\���n8e'X
n
p�a�b'X[`CX�e�X/�'a�\Hn
p�n
|�^cf=mjd8n
^�_xa�b�i _j\Ja�b'f=a3_xaH�{e'Z�\Hiln
^�X[n
p�a�b'X
_jilkCn
^�a�f=e�a�]�r�]/m0X/\Jf=e{Z�_jaJZsn�X�\�\�nliln
^�X3]�b'X6f=k'mxr�y




�����;=@���S)@�A)>�SRP�E�9 �=O/?=E/ARP�S�;�F �-

#sB T=E=�� B 9
E):�;=>/9)?)@ �gS6A�U=@9�� B "=E/A�@6>=:�;©:�E�F��
O�@b��>=V6V=P�?�9�FR@/9)S �2� � �ªP�9��� B "=E/A�@6>=:�;�%��©P�9�?)@�S��6Q)>)O)V��D9 � �	 B >�T6T�>/9�@�T6?)@g9	� � 9 
 S=E�
t�
 B "=E/A�@6>=:�;©:�E�F��
O�@b��>=V6V=P�?�9�FR@/9)S � ���2�©P�9��� B >�T6T�>/9�@�T6?)@�9 � � 9 � 
 �� B "=E/A�@6>=:�;�%��©P�9�?)@�S��6Q)>)O)V��D9 
 �
� B >�T6T�>/9�@�T6?)@g9 ��
 � 9 �
#�
CBx�oU69)SRP�Og9
E):�;=>/9)?)@

#sB ?)@�S��6Q)>)O)V��D9��[�=>�S�;��y�� B P " ��E�9��)>�S�; �D9�� ���Y
��M�=@�;=>�Q)@->�:��
:�O�@��-
� B "=E/A)@6>=:�;�9��lP�9 �=>�S�;���U69�P "����=E/T)@
�D9����q9��$�� B A)@�S�U)A�9 ��@�F��)S����6@�S �$�	 B ��@)O)V/@��Y
��g@b�b�
O6E/A)@-9=@2�-9
E/T)@g9 �-

 B E�9��)>�S�; �D9��4�&#$�� B O/Q)>)O)VM�-@�F��)S����6@�S��� B �=>�S�;��Y:�E�98V��D9����=>�S�;��$�
#�
CB O/Q)>)O)VM��U69�P�E�9 ��O/Q)>)O)VC� %=>=V/@��=O�@�FR@/9)S
V��D9��$�
#�#sB "=E/A)@6>=:�;�9��qV�U8:�;YS�;=>�S-S�;=@�A)@©P/V�>/9�@�T6?)@4"6A=E�FY9�S=Eo9��
# � B O/Q)>)O)V4�gU69�P�E�9 ��O/Q)>)O)VC��?)@�S��6Q)>)O)V��D9��[�=>�S�;�� �$�
# � B E�9��)>�S�; �D9��4��
9�
# � B A)@�S�U)A�9 ��O/Q)>)O)V$�$�
# 	 Bx�

� ](�! Kh�U�� X�Q�0KU�� h�U 
 QHh?R7d*\�]Va�](&�U�� h?RCg 0q"(T��9c9h?]Va-0+% f c9h��Nc�] d�a�\!
 abc�"(dKR9T(gK\�] \

�}b�_j\c]�n8ilk�m0X�a�X�\+a�b'X�`{f=\�_0]�Z�X�\�]/^�_jksa�_0n
e�n=p}n
|�^[f=m0d
n
^�_xa�b'i�y[WYX
]/n8e']/m0|'Z�Xl��_xa�b¬fges|�iq`CX/^[n=p�X�e'b'f
e�]�X�ilX�e�a�\ca�n�a�b'_j\�`{f
\�_j]hf
mxw
d
n
^�_xa�b'i�y�Ï�_x^�\�a6�¢f
e'Z�iln
\�a3_jilkCn
^�a�f=e�a6�L_0\3f�]6f=]�b�_je'd�n
p�^�X�f
]�b�w
f=`'_jmj_xa�rh]�n8ilk�|�a�f=a�_jn
e'\�yo8�f
]�b�]6f
mjmLa�n!������#%4=�
" � � 7H�'^�\�aH]�b�X�]��s\}a�n
\�X/Xc_jpNa�b'X3m u f
mj\~b{f u X3`CX/X�eo]�n
ilk'|sa�X6Z�p5n
^�a�b�X3e'n�ZsXcZ�|s^�_0e�d�a�b�X
]/|�^�^�X�e�a[_xa�X/^�f=a�_jn
eªn
p}a�b�X�_xa�X/^�f=a�_jn
e©f
mjd8n=^�_xa�b'iMyv_xp~\�ns�Na�b'X/e�a�b�X
ks^�X u _jn8|'\�m u f=m0\�f=^�XH^�X/a�|�^�e�X6Z���f=e{Z�_xp¢e'n
a6�8a�b'X�e�a�b�X/rlf)^�XJ^�X�]�n
i�w
k�|�a�X6ZÅ�.f
e{Z�\�a�n
^�X6Zª_jeªa�b'Xle�n�Z�X)��yMq+n
a�Xla�b'f=a[a�b'_j\�ilX6f
e�\[��X
il_jd
b�aq|'\�X®£�\�a�f=m0X/¨ª_je�p5n=^�i!f=a�_jn8e y~b'n6��X u X/^q_jpHa�b'X�_je�pKn
^�i!f=a�_jn
e
_j\�_je{ZsX�X6Zh\�a�f=mjX8�'a�b�Xs
���B���D?
�E�F�1{f
d�_jeha�b�X3_xa�X/^�f=a�_jn
egf
mjd8n=^�_xa�b'i
��_jmjm}X�e�\�|�^�X���X�]/n8ilk'|sa�Xlf
e�n
a�b�X/^q_xa�X/^�f)a�_jn8e©n
p~a�b�X!f
mjd8n=^�_xa�b'i
|�\�_je'dqp�^�X�\�bg_je�p5n=^�i!f=a�_jn8e�y~°�X�]�n
e{Z���a�b�Xcd
^�f
k�b�X6Zsd8X�\Hf=^�X[i!f=_0esw
a�f=_je'X6Zo_je�`Cn=a�b�fqb'f
\�boa�f=`'mjX[f
e'ZofqkCX�^�w�e�n�Z�X3mj_j\�aJ\�nqa�b{f)a�_jaH_j\
p5f
\�a�a�nHZsX/a�X/^�il_je'Xv��b'X�a�b'X/^�f
e[X6Z�d
X�b'f
\¢`CX�X�e[k�^�X u _jn8|�\�mxrcf8Z�Z�X6Z
f=e{Zhf
mj\�n�a�nq_xa�X/^�f)a�X3a�b�^�n8|�d8bof
mjm¢n=p�a�b'X+n8|�a�d
n8_je'dqX6Z�d
X�\}pK^�n
i¦f
e�n�Z�X8yv�}b'_x^�Z��
\�_je']�X~i!f=e�r3m u f
ms\�X/a�\%f)^�X~_�ZsX�e�a�_j]6f
m1��fHilX�]�b{f
e�_j\�i
_j\�_jilk'mjX�ilX�e�a�X6Z[a�n3\�b{f)^�XH]/n8ililn8e�m u f=m0\�\�X/a6y�°�|']�bq\�X/a�\�f=^�X�_ji�w
k�mjX�ilX�e�a�X6Zlf
\~n=^�Z�X/^�X�Z�mj_j\�a�\���f
e{Z!f)^�X3mj_0e��RX6Zl_je�a�n�f[b{f=\�b�a�f=`'mjX8�
`'f
\�X6Z�n
e�\�X/aH\�_j��X8y�WËb'X�eofqe'X���m u f
m�\�X/aH_0\H]/^�X6f)a�X6Z����}Xc]�b'X�]��
a�n[\�X�X�_xp�_xa�b'f
\�`CX/X�e�k�^�X u _jn
|'\�mxr�]/^�X�f=a�X6ZLy��}b'_j\�a�f=`'mjX�_0\r1{|�\�b'X6Z
f)aca�b'X�`CX/d8_je'e�_0e�don=p}X6f=]�b�k{f
\�\3a�bs^�n8|�d8b�a�b�Xq]�n
ilk'mjX/Ä�f=\�\�_0d
e�w
ilX/e�a�\�yNÏ'n
|�^�a�b¢��m0_je�X�\Nº=w�¼~f=e{Z3mj_je'X�\N½=w�/~n
p�Ï�_jd8|�^�X�¼~f=^�X�]�b{f
e�d8X6Z
\�nHa�b{f)a�_je'\�a�X6f
Z�n=p'_xa�X/^�f)a�_je'd+n u X�^vf
mjm�m u f=mj\�_jeZE
FA	���,$D���� d 
 
 e8�=��X
_xa�X/^�f)a�Xcn u X/^�f=m0m�e'n�ZsX�\~_je4E�F�	���,$D��
� &���'�F�� d 
�
�eRy���n
e']�X�ksa�|{f=m0mxr��
a�b�X+p5|�e']/a�_jn
e4E�FA	���,$D�����&���'�F$� d8e�^�X�a�|�^�e'\�f=mjm¢n=pNa�b'X3Z�X/wD\���_jk'kCX6Z
e�n�Z�X�\J]�n
^�^�X/\�kCn8e{Zs_je'd�a�nla�b'Xcm u f
mj\+]�n
ilk'|sa�X6Zh`�r E�FA	���,�D���� d8eAy
b�n6�}X u X�^J_xaH]6f=e�`CX3_jilk'mjX�ilX�e�a�X6Z!iln
^�X+X/Ál]�_jX�e�a�mxr�y

Ïs^�n8i a�b'X u _jX/��kCn8_je�ahn
p[kCX/^�pKn
^�i!f
e�]�X8��a�b'X�a��}n©iln
\�ah\�_jd
e'_xpKw
_j]6f=e�a!X�mjX�ilX�e�a�\�n
p3n8|�^lf
mjd8n=^�_ja�b�i f=^�X�]�r�]/m0XoX�mj_0il_je'f=a�_jn8e�f
e{Z
a�b�X~]6f
]�b'_je�dcn
pL^�X6f
]�b{f=`'_jmj_xa�r�]�n8ilk�|�a�f=a�_jn
e'\�y�WYX~b{f u X~n8`�\�X/^ u X6Z
fH\�mjn)�ÅZsn)��e�`�r�fHp1f=]/a�n
^�_jeqX�Ä�]/X�\�\vn
p��Ë¼ � � p5n=^��
,5� �q�1º�¼�� �
�8� \
]
y p�y � y ½
\�|'\�X�^ca�_0ilX6�H��b'X�e�`Cn
a�b�n
p}a�b�X�\�X�]�n
ilkCn8e'X/e�a�\+n
p}a�b�X
f=mjd8n
^�_xa�b�i f)^�Xca�|�^�e'X�Z�n=¯vy

6. RESULTSz+|s^�f
e'f
mxrs\�_j\H\�rs\�a�X�i¡_j\~_0ilk�mjX�ilX�e�a�X6Z�|'\�_je�d�f�il_xÄln=p � ��f
e{Z
�JyC�}b'X�]�n8ilk�_0mjX[k'b'f
\�X[_j\+_jilk'mjX�ilX/e�a�X�Z�_je � �ª|'\�_je'd�a�b�X[]���_xa
p�^�n8e�a�X�e'Z¢¹ Ã ».y��}b'X�mj_je'�RX�^�f=e{Z�a�b�XHf
e{f=mxr��/X/^}f)^�X�_0ilk�mjX�ilX�e�a�X6Z[_0e
�Jy¢z+|s^3_jilk'mjX�ilX/e�a�f)a�_jn8egZsX6f
mj\+��_xa�b-p5|'mjm��­_0e�]�mj|{Zs_0e�d!\�a�^�|']/a�\��
|�e'_jn8e�\���f=^�^�f�rs\qf=e{ZYpK|'e']�a�_0n
e©]6f
mjm��)^�X�a�|�^�e­�1_je']�mj|{Zs_je'dg_je{Zs_j^�X/]/a
]�f
mjmj\���y�°s|'k�kCn
^�avpKn
^�i!f
e�r[n
pCa�b�X�\�X�p5X�f=a�|�^�X/\�_j\%`{f=\�X6Zqn8eq\�_0ilk�mjX
\�rse�a�f
]�a�_0]�a�^�f=e'\�pKn
^�i!f=a�_jn
e'\[_jeYa�b'X�]/n8ilk'_jmjX�k�b{f
\�X
y��}b'Xq�'X�m0Zsw
`'f
\�X6Z®a�^�X6f=a�ilX�e�aln=pc\�a�^�|']�a�\l_0\!_jilk'mjX�ilX/e�a�X�Z®f=\lp5n8mjmjn6��\�����X
d
X�e'X�^�f=a�Xhfoe'X/� u f=^�_0f
`�m0XlpKn
^�X�f
]�bY�{X�m0Z � n
pJfo\�a�^�|�]/aqZ�X/�'e'_xw
a�_jn
e¢�'f
e{Zla�b'X/ehi!f=k�X�f
]�b�f
]/]�X�\�\�n
p¢a�b{f=a~�'X�m0Z!a�n�a�b'X u f)^�_�f=`'mjX8y
z+|s^�a�^�X6f)a�ilX�e�a�n
p{f=^�^�f�rs\v_j\�_je{Z�X�ÄswD_je{ZsX�kCX�e'Z�X�e�a��5�}X}X�\�\�X/e�a�_0f=m0mxr
_jd
e'n
^�X~a�b�X}_je{Z�X�Ä[]�n8ilkCn
e'X�e�a%n
p{\�|'`qX�Ä�ks^�X�\�\�_jn8e�\���y%�}b'X~`CX�e�]�bsw

i!f=^���\}��Xc|'\�X[f=^�X[ZsX�\�]/^�_j`CX6Z�_0e���f
`�m0X�§�y��}b'X3�'^�\�a�\�_xÄh`CX�e']�b�w
i!f=^���\���X/^�Xcn8`sa�f
_je'X�Z�pK^�n
ita�b'Xcf=|�a�b�n
^�\~n
p}¹ § � ».�Cf=e{Zla�b'X3mj_je'X/\
n
p�]/n�Z�Xl^�X�kCn
^�a�X�ZYp5n
^�a�b'X/\�Xhf)^�Xla�b'Xle�|'i�`CX/^cn
pHmj_je'X�\�n
p�e�n8esw
`'m0f=e'�C�Le'n
e�w"!¦mj_je'X/\3_je�X6f=]�b-]6f=\�X8ycWªX�Z�n�e'n=a3]�|s^�^�X�e�a�mxrgb{f u X
f
]/]�|�^�f)a�X�\�n
|�^�]�X[mj_je'X[]�n
|'e�a�\~p5n
^Ha�b'X/\�Xc`CX�e']�b'i!f)^��s\�y��}b�Xc\�X u w
X�e�a�bl`CX�e�]�b�i!f=^��[�~f
\�n8`sa�f
_je'X6Z�p�^�n8i¡a�b�XHf
|�a�b�n
^�\�n
p�¹ §
¾=».y��}b'X
m0f
\�a�`CX�e']�b'i!f)^��c_j\%a�b�X��¢|�]�X�e�a%]�n�Z�X~`'f
\�X~a�b{f)a%_j\�a�b�X}i!f
_jeqa�f)^�w
d8X�acn
p�n8|s^3\�rs\�a�X�i �5pKn
^cks^�n8ks^�_0X�a�f=^�r�^�X6f=\�n8e�\�����Xqb'f u X�e�n
a3_jesw
]�mj|{ZsX6Z�f
mjm�_0esp5n=^�i!f=a�_jn8e�\vn8e[a�b'_j\v`CX�e']�b'i!f)^�����yNÏ�n
^vX6f=]�b�`CX�e']�b�w
i!f=^��C���}X�f
mj\�n!ilX6f
\�|s^�X[a�b�X[\�_0�/X�n=p�a�b�X[k�^�X�ks^�n�]�X�\�\�X6Zg]�n�ZsX�_je
`�r�a�X�\��}a�b'Xg\�_j��X-n=p3a�b'Xgn
`s¥�X�]/a��{mjX�\!k�^�n�Zs|']�X6Z®`�r®a�b�X-f
e'f
mxr�w
\�_j\��1]/n8ilk'_jmjX/^h  mj_je'�RX�^6�Hf
mj\�n©_je�`�r�a�X�\�����f
e'Z®a�b�X�e�|'iq`CX�^ln
p
k�^�_jil_xa�_ u X�f
\�\�_jd8e�ilX�e�a�\+_jega�b'Xqn
`s¥�X�]/a3�'mjX�\JÍ�a�b'X[� u X���_je{Z�\Jn
p
f
\�\�_jd
e'ilX�e�a�\Hf
mjmjn6�}X6Z�_je�n
|�^�_je�a�X/^�ilX6Z�_0f)a�X3m0f
e'd
|{f=d8X8y

WªXg^�X�i!f)^��Åa�b'f=ahm0_je�X�]�n
|'e�a�\hf=^�X�n8e'mxr�f u X/^�r�^�n
|'d8bËd
|'_0Z�X
a�n-k�^�n
d
^�f
i²\�_j��X8y¬°�n8|s^�]�Xh]/n�Z�X�_0\�il_j\�m0X�f8Z�_je�d�pKn
^�i!f=e�r�^�X6f)w
\�n8e�\�yÅÏ'n
^l_je�\�a�f
e']/X8�}i!f=]/^�n�X�Ä�k'f
e�\�_0n
eÅ]�f
e®]�n8e�\�_�ZsX/^�f
`�mxrÅ_jesw
]/^�X6f=\�X�a�b�X�f
iln8|�e�a[n
p��}n=^���a�b{f)aqi�|'\�a[`CX!kCX/^�pKn
^�ilX6Zª`�rYf
e
f
e'f
mxrs\�_j\�y�Év^�X�ks^�n�]�X�\�\�X6Z�]�n�Z�XH_j\}il_j\�m0X�f8Z�_je�d�`CX�]�f
|'\�XJi!f
e�r�X/Ä�w
a�^�f
e�X�n8|�\!X/Ä�a�X/^�e�ZsX�]�m0f=^�f)a�_0n
e'\hf=^�Xg_je']/m0|'Z�X6ZÅf
\la�b'Xh^�X�\�|'mxa�n
p
d8X/e'X/^�_j]H\�r�\�a�X/i¡_je']/m0|'Z�X~�{mjX�\�y � n=^�X�n u X/^6��a�b�X�\�X�\�r�\�a�X/i¡_je']/m0|'Z�X
�{mjX�\q]6f
e u f=^�r©]�n
e'\�_0Z�X�^�f
`'mxr¬_je¬\�_j��Xhp�^�n8i \�rs\�a�X�iÐa�n-\�r�\�a�X/i�y
�3°s�te'n�ZsX�]�n8|�e�a�\ln
pcks^�X�k�^�n�]�X/\�\�X6Z�]�n�ZsXgf=^�X-fY`CX�a�a�X/^lilX6f)w
\�|�^�Xcn=pv]�n
ilk'mjX/Äs_xa�r!`CX�]6f=|'\�X3a�b�X/r�Z�X/wDX�ilk�b{f=\�_0�/X+a�b'X3X�¯LX�]/a�\�n
p
]�n�Zs_0e�d3\�a�rsmjXAy�b�n6�}X u X�^�a�b�X/^�X}_j\%e'ncf=d
^�X�X�Zq|'kCn
e�e'n=a�_0n
eqn=p��3°��
e'n�ZsX�\���f=e{Z��3°���e'n�Z�X/\�il_jd
b�a�\�a�_0mjms`CX}_jeC1{f=a�X6Z�`�r[|�e'e�X�]�X�\�\�f)^�r
Z�X/]�m0f=^�f=a�_jn
e'\cd8X/e'X/^�f)a�X6Z�`�r�^�f=ilk{f=e�aJ_je']�mj|'Z�X��'mjX�\�y���n8|�e�a�\3n
p
k�^�_jil_xa�_ u Xcf=\�\�_0d
e'ilX�e�a�\�i!f�r!`CX[fqiln
^�XJ^�n8`'|�\�a�ilX6f
\�|s^�X8y

uHX�\�|'mxa�\gpK^�n
i a�b�X�\�X©`CX�e�]�b�i!f=^���\gf=^�X¬_je']/m0|'Z�X6Z³_jeÆ��f
`�mjXÅ¾�y
�}b'X/\�XY^�X�\�|'mxa�\gilX6f=\�|�^�XYf
e{f=mxr�\�_j\g��b'X�^�X��.fR�oX�f
]�bÇ\�a�f)a�_0]Yn�]/w
]�|s^�^�X�e']�XJn
pNf�ilX�iln=^�r�f=mjm0n�]�f=a�_jn8e�ks^�_jil_ja�_ u X�� �9D����
��B���BAD����A��B��
X/a�]8y �Y_j\3a�^�X6f)a�X6Z�f=\[f�p�^�X�\�bYmjn�]6f)a�_0n
e¢��f
e{Z©�1`{�H�}X�_jd
e'n
^�Xq]�n8esw
\�a�f
e�aH\�a�^�_je'd
\�y��}b'_j\H_0\�a�b'X[ZsX/p1f=|'mxaJ\�X/a�|'ko��X[|'\�X3p5n=^3kCn
_0e�a�\�w.a�n
f
e'Z-Z�X�kCX�e'Z�X�e�]�X�f
e{f=mxr�\�_j\�y��}b'X��'^�\�a+]�n8mj|'ile-n=p}��f=`'mjX�¾l^�X�ksw
^�X�\�X�e�a�\ca�b'Xq]�n8|�e�a[n=p~k�^�n
d
^�f=i n8`�¥�X�]/a�\�� u f=^�_0f
`�m0X/\�f=e{Z-�{X�m0Z�\��
p5n=^���b�_j]�bY��Xl]�n8ilk�|�a�X�e�n8esw�X/ilk�a�r�kCn8_je�a�X/^�\�X/a�\by%_xaqZsn�X�\�e'n
a
_je']�mj|'Z�XJf
e�rqa�X�ilkCn=^�f=^�r u f)^�_�f=`'mjX�\}_je�a�^�n�Z�|�]�X6Zl`�r�a�b�X+f=e{f=mjrs\�_j\�y
�}b'X�\�X�]�n8e'Z�]�n
mj|'ile[^�X�k�^�X�\�X/e�a�\¢a�b'X�a�n=a�f
m�\�_j��X�\%n
p�a�b'X}kCn
_0e�a�\�w.a�n
\�X/a�\�p5n=^cf
mjm�ks^�n8d=^�f
i¦n8`�¥�X�]�a�\�y+�}b�Xca�b'_x^�Z�f
e'Zhp5n
|�^�a�bg]�n
mj|'ile'\
d8_ u X��}f
mjmxwD]�mjn�]��Ya�_jilXlf=e{ZY|�\�X/^[a�_jilX�_jeª\�X�]�n
e{Z�\[^�X�\�kCX�]�a�_ u X�mxr��
f
\H^�X�kCn
^�a�X�Z-`�r$# � ��
%#�	�� �7F�|'\�_je'd�fl\�_je'd
m0X�k�^�n�]/X�\�\�n
^cn=p�fla��}n
k�^�n�]/X�\�\�n
^qÉ�X�e�a�_j|'i ½ �8�R� ¿J�li!f
]�b'_je'X���_ja�bª§ . � n=p�ilX�iln
^�r
^�|'e�e'_je'dh�¢_je�|�Ä \ yq�}b�X���pKa�b�]�n8mj|'ileg^�X�ks^�X�\�X�e�a�\3\�k'f
]�X�|sa�_jm0_j�6f)w
\ uHX6Z�¿3f=aJ��_0e�|sÄ�^�X/m0X�f
\�X Ã y §h�.É%_jd8mjX/a��
&v�Ç�¢_je�|�Ä!^�X�mjX6f
\�X Ã y §�y ¾ � �8�
§
½R� �8� ` � y � É�§
� X/^�e�X�m�§�y §�y � º=w'&���y ¼�y � \�ilkgn
egfl§6w�ks^�n�]�X�\�\�n=^+_ Ã ½ Ã y



�Nzc� ��zc� k�^�X�ks^�n�]8y n8`�¥�X�]�a k�^�n
d
^�f=i f
\�\�_jd8e�ilX�e�a�\
�1\�n8|s^�]�X)� �1k�^�X/k�^�n�]8y � \�_j��X \�_j��X u f=^�_0f
`�m0X/\ ; h ? ; hl7@? � ; hl? � ; h���? ; h���?

e'X/a�b'f
]�� w º
º�y �b� � y º ��� � y � ��� ¾
½R¼ Ã / �8� ½ �8�
� ¼ ¾ � ¾=º �6� ¼
`�|�^�m0f
k w �)º�y Ã�� §�y º ��� � y º ��� Ã ½R¼ / � ºR§ � § �6� º / �
�6Ã8� � � º � ½�/��
u n=^�a�X/Ä w � � � y ¾ � ��y � ��� §�y ÃR��� �8� ¾�/R¼ §=ºR§ � ½ �=ºR¼
½ ¾8¼
¾ §
¾ � � ½ Ã
Ã
X�i!f=]�\ w /
¾sy ¼ � º � y § ��� §�y ÃR��� � §
¼
½�� ¾ � ¾
º�¼ ¾
º Ãs� Ã�� º � ¼)º �6� §$/
kCn u ^�f�r w � �
¼�y ¼ � Ã ½sy �)��� ¾sy �)��� � §
¼�� � § /8¼ Ã ¼ º �
� / §)ºR¾ � �8� / � ¾ � ½8¼

d
]�] w � / /sy ½ � Ã /sy �R��� º�y º ��� � ½��=º / Ã §
¼8¼ Ã ¾
º8¾
º ��Ã �
¾ ¼
½8¼ � º Ã �
d
_0ilk º8º ��� �=ºR½ Ã y � � § �s� y Ã8��� §���y § ��� � ¾ � ¼8¼
§ ¾ � ¾
½ ��� §8¼8¼��
½ ¼$/
ºR¾ §
¾�/�� Ã º�§=½
mj|�]�X�e�a � y ¾ � w w § � y �)��� / Ã ¼ � / §�� ��� º8½ �8§
¾8¼8¼ � ¼ Ã § /�/ � ¾�/8½ /

QHRCS>TVUYd X��ZU�d*`�0+% R7h(` \

a�_jn
eh_je ��� �sn8`sa�f
_je'X6Zl`�rl\�|�ilil_0e�dc\�a�f=a�_j]3Z�f=a�f�f
e'Zla�X�Äsa�\�_j��X�\
�5^�X/kCn
^�a�X6Z­`�r # � ��
 #��
�?+
F�����f
e'Z³Z�rse{f
il_j]�f
mjmjn�]6f)a�_0n
e±�.f=\o^�X/w
kCn=^�a�X6ZÅ`�r��9D����
��B ��	$D�	�� d�e=��y­WªXoe�n
a�Xoa�b'f=alpKn
^!a�b'X�mj|�]�X�e�a
`CX/e']�b'i!f=^��gÍ-a�b'Xla�f)^�d8X/aq]�n�Z�X�`{f=\�X�n=pHn8|�^q\�rs\�a�X�i�Í���X!\�X�X
a�n=a�f
mC�~f=mjmjwD]�mjn�]���a�_jilX�\�n
p�f
`Cn8|sa~b{f=mxpvf[\�X�]�n8e'Z���f
e'Z�\�k'f
]�XJ|�a�_xw
mj_j�6f)a�_0n
egn
p%|�e{Z�X�^ �6�R��� y

�}b�Xhm0f=\�a�a�b�^�X�X!]�n
mj|'ile'\�X/Äsk'm0f=_0e©��b�rYa�b�X!\�k{f
]/Xh|sa�_0mj_j�6f)a�_0n
e'\
f)^�XY\�n¬mjn6�c�®a�b�X�\�X�]�n8mj|'ile�\h^�X�\�kCX/]/a�_ u X�mxrË\�b'n6� a�b'X�es|�iq`CX/^
n=p�ks^�_jil_ja�_ u X�f=\�\�_0d
e'ilX�e�a�\3i!f=_je�a�f=_je'X6Z�£�_0eswD]�n
^�X�¨s�La�b'X�es|�iq`CX/^
mjn8f8Z�X�Z�Zs|�^�_je'd~a�b�X�f=e{f=mjrs\�_j\��
f
e'Zca�b�Xva�n
a�f
m8es|�iq`CX/^Ln=p'ks^�_jil_ja�_ u X
f=\�\�_jd8e'ilX/e�a�\J_jeoa�b'X[n8`�¥�X/]/a+�'m0X
y=q+n
a�Xca�b'f=aJn8e'mxrhk�^�_jil_xa�_ u X�f
\�w
\�_jd
e'ilX�e�a�\�^�X/m0X u f=e�a�a�n�f=mj_�f=\�_je'dlf=e{f
mxrs\�_j\�f=^�XJm0n8f8ZsX6Z��1X
y dsy�e'n8esw
kCn
_je�a�X�^+f)^�_xa�b'ilX/a�_j][f
\�\�_jd
e'ilX�e�a�\Hf=^�Xc|�\�|{f
mjmxrh_0d
e'n=^�X6Z{��yruHX�]6f
mjm
a�b'f=avn
e']�X��}X�b'f u X�mjnRf
Z�X6Z�fJks^�_jil_ja�_ u X�f
\�\�_jd
e'ilX�e�a�p�^�n8iÆf=e�n
`�w
¥�X�]/a~�'m0XJf
e'Z�|�\�X6Zl_xa6�s��X+]6f=eoZs_j\�]6f=^�Z!_xa6��n
^~�RX/X�k!_ja}_0e�ilX�iln=^�r
pKn
^�p5|sa�|�^�XJ|'\�X8y�z+|s^�Z�_j\�]6f)^�Z�\�a�^�f)a�X�d
r�_j\���Z�_j\�]6f=^�Zhf
\�\�_jd8e�ilX�e�a�\
; h ?ªf=e{Z ; hk7@?C�%`�|�a�i!f
_je�a�f
_je¬f
mjm}n=a�b'X/^�\�y��}b�X�\�Xhe�|�i�w
`CX�^�\oZsX�iln8e�\�a�^�f=a�X�a�b'XgX�¯LX�]/a�_ u X�e�X�\�\!n
pca�b'Xgmjn8f8ZswDn
e�w�Z�X�i!f=e{Z
f=e{ZgmjnRf
Zsw�f
e'Zsw.a�b�^�n6�~w�f��~f�r�\�a�^�f)a�X�d8_jX�\c\�|�k'kCn
^�a�X�Z�`�rha�b'X��}�N�
f)^�]�b�_xa�X�]/a�|�^�X
y

�Nf
`'mjXlº�\�a�|'Z�_jX�\ca�b'XqX/¯LX�]/a[n=p~]�b'f
e�d8_je'doa�b�X�`{f=\�X�mj_je'Xl\�rs\�a�X�i�y
�}b�X��'^�\�a!d=^�n8|'kÅn
pc]/n8mj|'ile�\�^�X�k�^�X�\�X/e�a�\�a�b�X�`{f=\�X�mj_je'X-f
e'ZÅ_j\
¥�|'\�aYfÅ^�X�kCX6f)a�n
p!_je�pKn
^�i!f=a�_jn
eÎpK^�n8i ��f=`'mjX¬¾sy �}b'X¬\�X�]/n8e{Z
d=^�n8|�kÇ\�b�n)��\�a�b�XYX/¯LX/]/agn
pq]�b'f
e�d8_je'd®a�b'X�|'e{ZsX/^�mxrs_0e�d®a�^�X�f=a�w
ilX/e�a�n
pH\�a�^�|�]/a�\�p�^�n8i²�'X�m0ZswD`{f=\�X6ZYa�ng�{X�m0Z�w�_je'Z�X�kCX�e'Z�X�e�a6ygWYX
]�f
|�a�_jn
e�a�b'f=a+a�b�X�\�X[^�X�\�|'mxa�\cf)^�X u X/^�rok�^�X�mj_jil_je{f)^�r��Lf
e'Z-\�b�n8|�m�Z
e�n
a~`CXJ_je�a�X�^�k�^�X/a�X6Z�f
\}f�]�n
e']�mj|'\�_ u XJ]�n8ilk'f=^�_j\�n8e�n
p¢�{X�m0Z�w�`'f
\�X6Z
f=e{Zo�'X�m0ZswD_je{Z�X/kCX�e{ZsX�e�a6y�«�e�k{f)^�a�_j]�|'m0f=^6�'a�b'X/^�X[f)^�X�f�e�|�iq`CX/^�n=p
n
k'kCn=^�a�|'e'_xa�_jX�\�n
pHn8ksa�_0il_j�6f)a�_jn8eªa�b{f)a�f=k'kCX6f)^qa�ng`CX!X�\�kCX�]/_�f=mjmjr
_jilkCn=^�a�f
e�aq_jeªa�b�X!�'X�m0ZswD_je{ZsX�kCX�e{ZsX�e�a[]6f
\�X!a�b{f)aqb'f u X!e'n
a�_ji�w
k�mjX�ilX�e�a�X6Z!_0eon8|�^H]�|s^�^�X�e�a�\�rs\�a�X�i�y�WªXcX�Ä�kCX/]/a~a�b{f)a~a�b'X�\�Xcn
k�w
a�_jil_j�6f)a�_0n
e'\�]�n
|'m0Zo\�_jd8e�_j�']6f
e�a�mxrh]�mjn8\�X3a�b'X3a�_jilX+f
e{Z�\�k{f=]�XcdRf=k
`CX�a��}X/X�eYa�b'X�a���ngf
k�k�^�nRf=]�b�X�\�y!¿+n6��X u X/^6�N_ja[_j\[]�mjX6f)^�a�b'f=aca�b�X
]�b'n
_j]�XJ`CX�a��}X/X�e��{X�m0Z�w�`'f
\�X6Zqf
e{Zq�'X�m0ZswD_je{ZsX�kCX�e{ZsX�e�avb{f=\�\�_jd8e�_x�'w
]�f
e�a}_jilk'mj_j]6f)a�_0n
e'\}_je�k�^�f=]/a�_j]�X8y � n8\�a}kCn8_je�a�\�wDa�n[\�rs\�a�X�il\�_0ela�b�X
mj_xa�X/^�f)a�|�^�X�|'\�Xla�b'Xl�{X/m�Z�wD_0e'Z�X�kCX/e{Z�X/e�a�f=k'ks^�nRf
]�b¢y�z+|s^[^�X�\�|'mxa�\
\�|�d8d
X�\�a~a�b{f)a}a�b'XH�{X�m0ZswD`'f
\�X6Zlil_jd8b�a}_je!p1f=]/a~^�X�k�^�X/\�X�e�a�f�`CX�a�a�X/^
a�^�f
Z�X�n=¯vy-�}b'X�´�|'X/\�a�_0n
eªn
p~a�b�Xl^�X�m0f=a�_ u X�f
]�]/|�^�f
]�rªn
p~a�b�X�a���n
f=k'ks^�nRf
]�b'X/\�_j\ln
kCX�e¬ÍªX u X�e¬a�b'XoilX/a�^�_j]hp5n=^!ilX6f
\�|s^�_je'd�a�b�X�_x^
^�X/m�f)a�_ u X�f
]�]�|s^�f
]/rh_j\�n8kCX�e�a�nlZ�X�`'f=a�X8y

WYX3]�n
e']�mj|{ZsX3`�rl`�^�_jX21�r�Z�_j\�]�|�\�\�_0e�d�X�ilk�_j^�_j]6f=mC^�X�\�|'mxa�\}pK^�n
it^�X/w
m0f)a�X6Z�\�rs\�a�X�il\�_jela�b'X�mj_ja�X�^�f=a�|�^�X
y}°�_je']�XHX6f=^�mxrl_jilk�m0X/ilX�e�a�f=a�_jn8e�\
n=p3�He{ZsX/^�\�X�e¢Ê \�f
e'f
mxrs\�_0\h¹ §8§)».��iq|�]�bªks^�n8d=^�X�\�\�b{f=\�`CX/X�e¬i!f8Z�X
¹ �
� ��§=¾s�%§ � ».yh��|�^�^�X/e�a�mxr���a�b'X�`CX/\�ac^�X�\�|'mxa�\3p5n=^��Je{ZsX/^�\�X�e�Ê \[f)^�X
f=e{f=mjrs\�_j\�a�_0ilX/\~n
p%f=`Cn8|�aHº8¾ � \�X�]/n8e{Zs\~p5n
^Jf=`Cn8|�a+¼ �8��� mj_je'X�\�n=p
]/n�Z�X[�1|'\�_je'd3f+\�_je'd8mjX � /8¼ � ¿+�~k�^�n�]/X�\�\�n
^�n8elf3i�|'mxa�_xwDk�^�n�]�X�\�\�n=^

° . «�zJ^�_jd
_0e¬i!f=]�b�_0e�Xl��_ja�b � y ¼ . � �h¹ § � ».y©�}b�Xhi!f=_0eYm0_jil_xa�_je'd
p1f=]/a�n
^�_je!a�b'X�\�XJ^�X�\�|'mxa�\}_j\}a�b{f)a~\�k{f=]�X+|sa�_jm0_j�6f)a�_jn8eª�.f=\}ilX6f
\�|s^�X6Z
`�rla�b'X+f
iln8|�e�a~n
pNm0_ u X3Z'f=a�f�f=p�a�X/^ . �~�}_0\ � ¼ �8��� f
e{Z�|'klÍl_je
p1f=]/a3a�b�Xqm0f=^�d
X�\�ac`CX�e�]�b�i!f=^��o_je®¹ § � »v^�f=e�n
|�a+n
p}ilX/iln
^�r�yNuJX�w
\�|'mxa�\3p�^�n8i ¹ §
¾)»�^�X�kCn=^�a�f
e'f
mxrs\�_0\ca�_jilX�\cn=p � ¼ �8� \�pKn
^�d8_jilk®�1n8e
f�°�ÉL�suH� 8�e�a�X/^�ks^�_j\�X�¼ �8�8� ��_xa�b�§ . � ��yvWªX�e'n=a�X�a�b'f=aq`Cn
a�b
n
pJa�b'X�\�Xh_jilk'mjX�ilX�e�a�f=a�_jn
e'\qn=pc�He{Z�X�^�\�X�e¢Ê \lf=e{f
mxrs\�_j\lX�ilk'mjn6r¬f
�{X/m�Z�wD_0e'Z�X�kCX/e{Z�X/e�a�a�^�X6f)a�ilX�e�aHn
p�\�a�^�|']/a�\���f=e{Z�\�nla�b'X/\�X�^�X�\�|�mxa�\
f=^�Xqe'n
acZ�_x^�X�]/a�mxr-]�n
ilk{f=^�f=`'mjX�a�nhn8|s^�\��1\�X�Xqa�b�Xq]6f u X6f)a�\[f
`Cn u X
f
`Cn
|�a�a�b'X+k�^�X�mj_jil_je{f=^�r�e'f=a�|�^�Xcn=p�^�X�\�|�mja�\�_jeg��f=`'mjXcº���y

«�ilk�mjX�ilX�e�a�f=a�_jn8e�\3n
p�°�a�X�X�e�\�dRf
f=^�Z�Ê \�f
mjd
n
^�_xa�b'iÐf=^�X�p5f
\�a�X/^�f=e{Z
|'\�X�mjX�\�\3ilX�iln=^�r�y�Ècf
\H^�X�kCn
^�a�\Ha�b{f)a+Wªn=^�Z /��g�.f=`Cn8|sac§�y §lil_jmxw
mj_jn8e�mj_je'X�\%n=pC]�n�Z�X6�¢^�|'e'\v_jeqf
`Cn8|sa Ã8� \%n
e�f+ºR¼ �R� ¿J�~«�e�a�X�m��+X/n8e
^�|'e�e'_je'd�WË_je{Zsn)��\Zq3�Ì¹ ½=».yhÈcf
\�f=m0\�n�^�X/kCn
^�a�\[a�b{f=a[iln�Zs_x�{]6f)w
a�_jn8e�\+a�nh°�a�X�X�e�\�dRf
f=^�Z�Ê \cf=mjd8n
^�_xa�b�i a�n!_0ilks^�n u X�f
]�]�|s^�f
]/rgrs_jX�m0Z
f
e'f
mxrs\�_j\ha�_jilX�\!n
p�f
`Cn
|�a � ¾ � \��+f
e'Z�ilX�iln
^�r¬|�\�f
d8X�n
p-£�mjX�\�\
a�b{f=eg§ �8�R��� ¨�p5n
^�a�b�X+\�f
ilX+`CX�e']�b'i!f)^��Ly¢WªXcf=dRf=_0eoe'n
a�XJa�b{f=a
Ècf=\H|�\�X�\Hf��{X/m�Z�wD_0e'Z�X�kCX/e{Z�X/e�a�a�^�X6f=a�ilX�e�a~n=p%\�a�^�|']/a�\�y

7. CONCLUSIONWªX�b'f u XH_je�a�^�n�Z�|�]�X6Z!�}�¢����f[Z'f)a�f
`'f
\�X/wD]�X�e�a�^�_j]Jf
e{f=mxr�\�_j\~f)^�]�b�_xw
a�X�]/a�|s^�X8�sf
e'ZlZ�X�\�]�^�_0`CX�Z!b�n6���}XHb{f u X�|�a�_jmj_j��X6Zl_xa}a�n[_jilk'mjX�ilX�e�a
f u f)^�_0X�a�r©n=p+b�_0d
b�wDkCX/^�pKn
^�i!f
e�]�Xhf
e{f=mxr�\�_j\l\�rs\�a�X�il\�p5n
^�kCn8_je�a�\�w
a�nªf=e{f=mjrs\�_j\hf
e{Z®Z�X/kCX�e{ZsX�e']�Xof
e'f
mxrs\�_0\�yÇ��X/e�a�^�f=mHa�n�a�b'X�kCX�^�w
p5n=^�i!f
e�]�Xcn
p�a�b�X�\�Xc\�rs\�a�X�il\�f=^�X��}�¢��Ê \�_je{Z�X�Ä�_je�d�\�]�b�X�ilX�\�f=e{Z
\�|'k�kCn
^�avpKn
^�Z�X�i!f=e{Zsw�Z�^�_ u X�e[m0n8f8Zs_0e�dcn
p�Z�f=a�f
`'f
\�X~]�n
ilkCn8e�X�e�a�\�y
WªXlb'f u X!f
mj\�n�Z�X�\�]�^�_0`CX�Zªf�e'X/�¡f=m0d
n
^�_xa�b'i p5n=^q_jilk�m0X/ilX�e�a�_0e�d
Zsrse'f
il_j]la�^�f
e'\�_xa�_ u X�]�mjn8\�|s^�Xha�b{f)aq_j\�`'f
\�X6Z©n
e®i!f=_je�a�f=_je'_je'd-f
k�^�X�wDa�^�f=e'\�_xa�_ u X�d=^�f
k�b¢�8f
e{Z[]�n
ilk'|�a�_je�d�^�X�f
]�b{f
`�_jm0_xa�r�n
eqZsX�i!f
e'Z
|'\�_je�d�]6f
]�b'_je�dlf
e'Zo]/rs]�mjX3X�mj_jil_je{f=a�_jn
e�a�X�]�b�e'_0´�|'X�\�y

�}b'X+n
^�_jd8_je{f=m¢iln=a�_ u f)a�_0n
e�pKn
^~a�b�_0\}��n
^����}f
\HZ�X�kCX/e{Z�X/e']�XJf
e'f
mxw
rs\�_j\+a�nhb�X�mjk�_0ZsX�e�a�_jp�rgkCn
a�X/e�a�_0f=m�e'f=^�^�n6��_je'dh`'|'d
\+a�b{f)a3i!f�rg`CX
_je�a�^�n�Z�|']/X6ZlZ�|s^�_0e�d3a�rskCX~iln�Z�_x�']6f=a�_jn8e�\�a�n[m0f=^�d
XJmjX�d8f
]/r��¬]�n�Z�X
`{f=\�X�\�y��}b'X~kCn
_je�a�\�w.a�ncf=e{f=mjrs\�_j\�\�r�\�a�X/i�Z�X�\�]/^�_j`CX6Z�_je�a�b'_j\�k'f
kCX/^
b{f=\}`CX�X�e!`�|'_jmxa~_je�a�n�fcp5n=^��~f=^�ZhZ'f)a�f=w�Z�X�kCX/e{Z�X/e']�XJf
e'f
mxrs\�_0\}a�n�n
m
a�b{f)a3_j\3ZsX�k'mjn6r�X6Zo��_xa�b�_0e��¢|�]�X�e�a6y+z+|�^J\�rs\�a�X�i b'f
\J|'e']/n u X/^�X6Z
i!f
e�r!\�X/^�_jn
|'\He'X/�³X/^�^�n=^�\He�n
a~pKn8|'e'Zo`�r!]�n�Z�Xc_je�\�kCX�]/a�_jn8e�\+f=e{Z
n
a�b�X/^�a�n�n8mj\�y

Ï'|sa�|�^�XJ��n
^��l_je']/m0|'Z�X�\~X�Ä�k�mjn
^�f=a�_jn
eon
pN]�n8e�a�X/Ä�a�wD\�X�e�\�_ja�_ u _xa�r��sf=e{Z
f3iln
^�X�f=]�]�|s^�f=a�X�a�^�X6f=a�ilX�e�a%n=p¢\�a�^�|�]/a�\va�b{f)a�d
n�X�\�`CX/rRn8e{Z[�{X�m0Z�w
`{f=\�X6Z�f=e{Zh�'X�m0ZswD_je{Z�X/kCX�e{ZsX�e�ac�1X8y d�y�iln�Z�X�mj_je'dqn
pva�b'Xcm0f�r�n
|�aHn
p
�Å\�a�^�|�]/a�\}_je!ilX�iln
^�r�¹ �)».��\�n[a�b{f=a~f
e!X/Äsk�^�X�\�\�_jn
e ;�� � _j\�a�^�X�f=a�X6Z
f
\Hf=e�n
¯L\�X/a�£ � ¨�pK^�n8iÌ\�n
ilXc`{f=\�Xcn8`�¥�X�]/a ; �

"(`�` dKc
�8TVU2*a�9Uf% U�d�a�\AX �}b{f
e���\Ja�nh°�f)a�_0\�b���b'f
e{Z�^�fhf=e{Z��8X�¯
Ï'n
\�a�X/^�pKn
^Yf
]�]/X�\�\�a�n�a�b�X�_x^-^�X�\�kCX�]/a�_ u X¬\�rs\�a�X�il\�f
e'Z�`CX�e']�b�w



kCn
_0e�a�X/^ kCn8_je�a�\�w.a�n ^�X6f=m |'\�X�^ k�^�n�]�X/\�\ f
\�\�_jd
e'ilX�e�a�\
u f)^�_�f=`'mjX�\ ^�X�m0f=a�_jn8e�\ a�_0ilX a�_jilX \�_0�/X _0eo]�n
^�X mjnRf
Z�X6Z _jeh�'m0X

e'X/a�b'f
]�� �6��� ½ � � � y � ¾
\ � y ��� \ ¼�y § ��� �
� º ¼ /
¾8¾ �6� º � §
`'|s^�m0f
k ¾8¾
¾R§ § �s�b� � y � ½
\ � y � ¾
\ ¼�y º ��� ¾R§ �s� � § / � � � / � §8§
u n
^�a�X�Ä ºR¾8¼ / ¾ /R§ � � y � ¼=\ � y �
� \ ¼�y � ��� � �$/R§ � ¼=º �8� ¾
º � § Ã
X�i!f
]�\ ½R§)º Ã �8� §=¾R§ � � y ¼=º8\ � y ¼ � \ Ã y �8��� � ¼ Ã8� §
½
º
º�¼ ¾ Ã8Ã
� ¾
kCn u ^�f�r Ãs� § Ã � º �b� � y �8� \ � y � /
\ ¼�y � ��� ¼
½
½ Ã §��8¼ Ã8Ã º � §=½ �

d8]�] �
� §=½�/ � §
¾ � � y § � \ � y � �=\ Ã y �8��� §��=¾R§ ¼
¾8½ � ¼ Ã /�� � ¼
d8_jilk ºR¼ � / � � ¼8§$/8½ � � y � ¼=\ � y �
� \ � §�y �6��� ½8¾���� � º8ºR¼
¾
º ¾=º8º � ¼ Ã
mj|']�X/e�a §
§
¾ Ã8� ¾8½ Ã ¼ � � y º Ã \ � y ¾
½
\ ½sy ½ ��� º�§=½ � ���s� ½R¼ Ã ¾=º / � º�¼

QHRCS>TVU4� X��8U�\- *TVab\
�'X�m0ZswD`{f=\�X6Z �{X/m�Z�wD_0e'Z�X�kCX/e{Z�X/e�a3�1k�^�X�mj_jil_je{f=^�r'�

kCn8_je�a�X/^�\ ^�X�m0f=a�_jn8e�\ |�a�_jilX \�_j��X kCn
_0e�a�X/^�\ ^�X/m�f)a�_jn8e'\ |�a�_jilX \�_j��X
e'X/a�b'f
]�� �6�s� ½ � � � y �s� \ ¼�y § ��� � � � º /�� � � y � ¾=\ ¼�y § ���
`�|�^�m0f
k ¾8¾8¾8§ § �s�2� � y � ¾=\ ¼�y º ��� § / � ¾ ¾R§=¾ � � y § � \ ¼�y / ���
u n
^�a�X�Ä ºR¾R¼$/ ¾�/R§ � � y �8� \ ¼�y � ��� º Ã ¼8¼ �6Ã º � � y � /=\ ¼�y � ���
X�i!f
]/\ ½R§=º Ã �8� §
¾8§ � � y ¼ � \ Ã y �R��� ½8¾ � º � º Ã ºR¾ � � y � ¼)\ Ã y � ���
kCn u ^�f�r Ãs� § Ã � º �2� � y � /=\ ¼�y � ��� ¼��
¼ / � ¾��
¼ � � y ¾�/=\ Ã y ÃR���

d8]/] �
� §
½ / � §
¾ � � y � �)\ Ã y �R��� �6� /
½
º º � ½ � � y Ã ¼)\ ½sy ½ ���
d8_jilk ºR¼ � / � � ¼
§ /
½ � � y �8� \ � §�y �)��� ¾�/8½
½8½ �$/ Ã
� ¾ � ¾ � y � §)\ � ½sy �)���
mj|']/X�e�a §
§
¾ Ã
� ¾
½ Ã ¼ � � y º Ã \ ½sy ½ ��� § Ã8� ½R¼ � / Ã
Ã ¼ � � ¾���y § � \ ¼$/sy �R���

QHRCS>TVU ^KX����vUC`�a�c9fNR�^*UCT�*�
 ] d+* U�gPU�d+*KU�d�a8abh�U$R7a�% U�d�a�c9fs\babh� *`Aab\Ai

i!f)^���\�y

8. REFERENCES� T���� �	� A�5 � I�Q	
 �	�
�� F I-,�7 A 	 F Q	� ��� ) ! ' � 78Q � I-,�� ����� Q�� ��� )() � 5�A '
CH)�7��")-I ! '97 �-	 ' AJI #�� ? < � : � I-,��")-I ! 'C7 � AJI(' :�� � ! � , � 7C) # 7 ��%
� I ��� ? ! � !"! Q$#&%('*) +-, �

� V.��� �	� A�5 � I � I-,�/ �10 A %&%&� 7 ! Q&� � ) � 2 AJI #��A? ! ' �$% ! )VC ��� '
�")-I ! 'C7 � AJI(' !"! Q&34%('452Q T7686�V��

� X.��� �	� A�5 � I � I-,�/ �10 A %&%&� 7 ! Q&� � ? < �:9 I 	$�;� ! A�)-I��@)-I ! '97 � AJIA' !
� I-, � ? < �<9 I�C � 7 � I 	$� ! Q&%('4=?>@Q T7686�X��

� [(��@ �1� I-, � 7 ! � I�QA�"� 7C) # 7 ��%B� I ��� ? ! A ! � I-, � < �$	 A ��� A�. � ' A�)-I9CH)�7
' F � �C� 79) # 7 ��%&% AJI #:@J� I #8����#�� ! QD� F�E � ' F � ! A ! Q E 9�F<G
7 � <�)�7B' 6�[IH�T76 Q T7686�[ Q

� ].� E �1� 'C5�AJI ! )-I � I-, 0W�KJ 7 A ! > ) � ,�Q4�"/ + �$	 ' A 2A�<0 F ) ��� : � 79) # 7 ��%
� I ��� ? ! A ! AJIM' F � � 7 � ! � I 	$� )VC?� )-AJIA' � 7 !"! Q T76868L��A?�% < � )-IP' F �
� ) � I�, � ' A�)-I ! )VC � )VC3' � /aI #-���

� M ���2� � F � I-,-7 � QDN �	Oq� AJI('9. � Q E � 
 ��	QPR�-�$� I�Q E �DSZ� A 2�� � I-,�
 �
� A +;QA� 	 5�A ' 
 � I � U ' � I ! A G���� ��C679)-I(' � I-,9AJI 
 @ ! Q�'9) G��7 ������� ! � , � ! � I � 
 @?H NT� � A G 7 � 7 ?A�

� \Q���2� � F � I-,-7 �E� I-, �N�	U � < ! Q��"� F ? ! A 	����4� ? < � � F �$	 5�AJI # CH)�7T� !
>&V*5W#&X*Q T768686��

� L.� 
 � E � ! QA� G IRA �-	8� ' A�)-I :�� � ! � ,��;)-AJI(' � 7 � I ��� ? ! A ! > A ' F
E A�7 �$	 ' A�)-I ���&� !C! A # I %&� I(' !"! >$3AYR% Q V8Z8Z8Z��

� 6.� � � <-< � I�,RA U E 
DS <�' A % A�.�AJI #��J�$	 F IRA;[ ��� !�\ 
 9 � � :�� � ! � ,���") % <RA ��� 7�] ! Q	>_^a`cb8^ad-efehg7^1) ikj
l1mon-g(p�Y:m b-mrqsd8t_uwvT%axzyKg7^�icm{`8|
}D~r� Q E A # A ' ��� /�[ � A�< %&� IA'T�@)�79<�)�7 � ' A�)-I�QD
 � 7 	 F T7686 M �

� T7Z.� � �	� ) ! ' � 7�QD
 �1�
�� F I�,-7 A 	 F � I-, � �	� A�5 � I�QA� �;� ) > : 9 I ! � I ! A ' A 2A�
�;)-AJIA' !B: 'C) � I ��� ? ! A ! > A ' F �J� 7 % � I-, ��� '*�")-I ! '97 � AJIA' !�! G � )VC
� ��� A CH)�7 IRA � Q � � 7C5 �$��� ? Q G � � H8H � � E 6A\(6 M [ Q T7686A\��

� T�T�� 
 ���
�� F I-,-7 A 	 F QD� �	� ) ! ' � 7�QK� �����O� I-, � �	� A�5 � I�Q?�"� � 79' A ���
S I � AJI � � ?�	$��� / � A % AJI � ' A�)-I#AJI 9 I 	$�;� ! A�)-I �")-I ! '97 � AJIA' J 7 � < F�!"!
>�3AYR% Q T76868L��

� T�V.� � �	�;��� I ��#A� I � I-,�
 �����$����� A ! � I�Q����") % <�)-I � I(' A ���?��� ' :�� � ! � ,
� I ��� ? ! A !"! >$3AYR% Q T7686A\��

� T�X.� � ��� ) ! ' � 78Q	
 �	�
�� F I-,-7 A 	 F � I�, � ��� A�5 � I�Q��"�;) � ?�% )�7C< F A 	
2A� 7 ! � ! 
O)-I�) % )�7C< F A 	R� � ) > : AJI ! � I ! A ' A 2A� � )-AJIA' !9: '9) � I ��� ? ! A !
CH)�7R� ! Q&5	VR5 V8Z8Z8Z��

� T$[(� N �	Oq� AJIA'C. � QW� ��� ' � � ! � ,�� 79) # 7 ��%�� I ��� ? ! A !�! Q	� F�E ' F � ! A ! Q
� � 7 I �$# A � 
 �$��� )-I G IRA 2A� 7 ! A ' ? Q T7686�V��

� T�].� N �	Oq� AJIA'C. � QW� ��� ' :s� � ! � , � I ��� ? ! A ! )VC�
 @ � 79) # 7 ��% !�! QD34=?>*Q
T7686�[-�

� T M � N �	Oq� AJIA'C. � QW� � I ��� ? ! A ! )VC @J� 7 #�� �")�, � � � ! � ! 
�� F �
�") % <RA ��� : @ AJI-5 : � I ��� ? . � 
O)(, �$� ! � I�< �-G-� A !9F � , 7 � <�)�79'�Q
Nq) 2A�$% G�� 7 T768686��

� T8\Q� N �	Oq� AJIA'C. ��� I-, � � � � + � 7�Q�� � , �$	 A ! A�)-I <�7C) 	�� , � 7 � CH)�7 � 	$��� !C!
)VC Oq� 7 G 7 � I-, ! � ' 	 )-I ! '97 � AJIA' !�! 34%8'452Q T76868Z��

� T7L.� N �	Oq� AJIA'C. � � I-, E � 
 	��Z����� ! ' � 78QA� S IP' F � � �-G A 	 :�� )�'B' ��� I �$	 5
)VC ���-G ' ? <RAJI #�� I�, �;� ) >�� I ��� ? ! A !"! 34%8'452Q T7686A\��

� T76.� �"� 79) # 7 ��%&% AJI #�@J� I #8�-��#�� ! : � ! Q�%"5��A�1%aX:' 68L8686�
�T76868Z Q
9 IA' � 7 I � ' A�)-I � ' � I-, � 79,�Q T76868Z��

� V8Z.� E � 
 	7�q����� ! ' � 7�Q?� S IM' F � �") % < ��� U A ' ?k� I ��� ? ! A ! )VC � ' � ' A 	
� I ��� ? ! A !"! QK5	VR52Q T768686��

� V�T��f� �	U ) � I(' ��2 � I-, �2� � F � I-,�7 � Q�� S + : � AJI �T�"� 7 A ��G-���
���-G ! ' A ' � ' A�)-ILCH)�7 ��	���� AJI # �;)-AJI(' !9: 'C) � I ��� ? ! A !"! Q�>$3AYR% Q V8Z8Z8Z��

� V�V.� 
 �D� F � <RA�7C) � I-, �2�	O )�7 > A '9.�Q�� ��� ! ' � I-, �Z	$	�� 7 � ' �
�;� ) > : 9 I ! � I ! A ' A 2A� �;)-AJI(' !9: � ) � I ��� ? ! A !�! QD>:�W>�3 Q T7686A\��

� V�X.� � �D��� Q�
 �1�
�� F I-,-7 A 	 F Q � I-, � �1� A�5 � I�Q?�"� 7C) RB�$	 ' A�)-I�
 � 7 # AJI #-

U*� , �-	 AJI #�U � , � I-, � I 	 A � ! AJI 9 I 	$�;� ! A�)-I��@)-I ! '97 � AJIA' J 7 � < F-!�! Q
>:�W>�3 Q V8Z8Z8Z��

� V�[(� � �D� ' �$� I ! #A��� 79,�Q��"�;)-AJI(' !9: '9) � I ��� ? ! A ! AJI �q��% ) ! ' @ AJI ��� 7
� A %&� ! Q�><�W>$3 Q T7686 M �

� V�].�f�@�1� A�<�Q4� JZ� I � 7 � ' A�)-I )VCA� 7C) # 7 ��%�� I ��� ? ! A ! � )() � !"! Q 9 I ! ' A ' � ' �
CH)�7 @ ) # A 	<@J� I #8����#�� � I-,��") % < � ' � ' A�)-I ,RA !9! � 79' � ' A�)-I ! � 7 A � ! Q
T7686�] : ] Q T7686�]��


