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WYX�Z\[FX�]9^_X�[a`cb�deb

fhgcg b g `FX�]_`�i0[cj�k	l gcg jm[

nol�dpX�[c`cZql�]r`�j�k=s�jHZ\dAte`cb�]eu;X�]pvS^'j�k	`xw=X�[al'ypz9{�z9X g `cl7[�|o]ebG}'l7[ g b�`x~

�hX�Z\b��G`ajH]�ye����y�����^q�'W���sOX�]pXmveX

��l7���Q�K���x�m�H�����H�m���a�_���'����l��_`��#�H�H���'�'�

 ¡X����V�K���x�m�H�����H�������'���_�

¢0Z,X�b���� g X�[a`cb�deb�£�{�X g �¤Z¥{CZ\X g `al�[��¦{�X

§

Whj g `�X g WhjH]_`cjmuHb
X�]e]eb g

f�gcg j_{Pb
X�`alKi¨[aj�k	l gag jm[

n�l�dpX�[a`cZ\l7]r`Oj�k¨¢¨��l�{C`a[cb
{7X���©ªs�jHZ\dAte`cl�[)¢0]euHb�]el�l�[abG]eu

|o]eb�}'l�[ g bG`x~�j�k#«�X�`cl�[a�Gj'j

«¬X�`al�[c��j'jey�����ye�h�'����K��sOX�]pXmveX

��l����V�K�®���r�7�����H�m���¯�'�'��°.��l��_`��#�H���'���

 ¡X����V�K���x�_�����a°��±�����'��°'°

¢0Z,X�bG�¯�%²'j g `�X g £ g wOl�]��¤t_w=X�`cl�[a�Gj'jA�³{�X
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^'j�k	`xw)X�[cl�X�[�{�ebG`al�{C`ate[cl.X�]pX��G~ g b g X�]pv [al�{Cjm] g `a[ctp{C`abGjm] b g X�] X�[cl�X�w=bG`��ebG] `��el g j�k	`xw=X�[al

X�[F{��AbG`cl�{C`cte[al;vrjHZ¥X�bG]�`�� X�`�[alCk	l�[ g `cj�`��elq`cl�{�e]eb���tel g X�]pv�`cj'jH� g k	jH[Kde[cj_{Cl gcg b�]eu�X�] v [cl�{Pj�}'l7[D�

bG]Au��eb�u��r�¯�Gl7}'l��Vb�]rk	jH[aZ,X�`abGjH]�k	[ajHZ X ��j�wVl�[x����l�}'l�� g ~ g `cl�Z [cl�de[al g l7]r`FX�`cb�jH] g tp{� X g `��el g jHte[F{Cl

{Cj_vrl±�����el,bGZqd¡jm[c`FX�]p{Clqj�k X�[�{�eb�`cl�{C`ate[cl¥X�]pX��G~ g b g X�]pv�[cl�{PjH] g `c[ct {C`cb�jH] j�k XS�
X�[cuHl�X�]pv {CjmZ��

de��l�� g j�k	`xw)X�[cl g ~ g `cl�Z g `al�Z g k	[cjHZ `��el�]Al�l�vS`cjqd¡l7[Dk	jH[aZU{Cjm]r`abG]_tejHt g Z,X�b�]r`al�]pX�]p{ClKXH{C`abG}_bG`abGl g

`cj�²'l�l�d XSZ\b gag bGjm] {C[abG`cb {�X�� g ~ g `al�Z jmdpl�[�X�`cbGjm]pX��¯� ^±tp{�� Xm{C`cb�}rb�`cbGl g b�]p{C��tpvrl'y�XmvrjHde`abG]eu¬X9]el�w

bGZqde�Gl�Z;l�]_`�X�`cb jH]�`al�{�e]ejH��jHum~'yQl7[c[cjm[\{PjH[c[al�{C`abGjH]/y¨k	l�X�`cte[alSl�]��pX�]p{Pl�Z\l�]_`�y�X�]pv Z\b�uH[FX�`cb�jH] `cj¬X

]el�w de�
X�`Dk	jH[aZ9yrw��Al�[clY`��Al�X�[�{�ebG`al�{C`ate[�X���[cl�{Cjm] g `a[ctp{P`cbGjm]�{CjH] g `cb�`cte`al g `��elKZ,X��cjm[VdpX�[c`�j�kOX��G��j�k

`��Al g l;Xm{C`cb�}rb�`cbGl g �����el;X�dAde[cj±XH{�el g `cj,X�[�{�ebG`al�{C`ate[�X���[cl�{Cjm] g `a[ctp{P`cbGjm]�X�[al�l��rdpl�{P`cl�v,`cj,Xmvevr[cl gcg

`��Al k	jm�G�Gj�w=b�]euYb gcg tel g � g dpl�{Pb���{=}rb�l�w g j�k `��el g ~ g `cl�Zª`ajYl��r`a[�Xm{C`��'[cl7de[cl g l�]_`�X�`abGjm]�Z\j_v_l�� g k	jm[V`��el

g j�k	`xw=X�[al g ~ g `cl7ZJl�]_`cb�`cb�l g X�]pv,[cl�� X�`cb�jH] g ���eb�u��r�¯�Gl7}'l��pZ\j_vrl�� g j�k#`��Al g j�k	`Dw)X�[al g ~ g `cl�Z `cj�[cl�{CjH]r�

g `a[ctp{P`���X�[�{�ebG`al�{C`ctA[clY[cl�{PjH] g `c[ct {C`cb�jH]S`al�{�e]eb��'tel g �e`c[FXH{C`FX �eb��GbG`x~\j�kO`��elK[cl�{Cjm] g `a[ctp{P`cbGjm]9de[cj_{Pl gcg �

X�] v l�}mX���tpX�`abGjm] Z\l�`��ej_v g k	jH[;`��el,[al g te��`�j�kY`��Al [al�{Cjm] g `a[ctp{C`abGjm] de[aj_{Cl gcg �"!�] `��eb g s#�pX�dA`cl�[7y

�p[ g `�y�`��el�[al g l�X�[�{��{�pX����Gl�]euml g j�k=`��Ab g �pl�� v9X�[cl;de[al g l�]_`cl�v�y�X�] v g l�{PjH]pv�y�`��el g `FX�`clP��j�k
��`��elC��X�[c`

X�] v de[FXH{C`ab
{Cl g jH��te`cb�jH] g `cj�`��el g lK{�pX����Gl�]AuHl g X�[clKvrb g {Ct gag l�v��
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 ejH[ g l7}'l�[�X���vrl�{7XHvrl g yewVl �pX�}'l �pl�l�],w=b�`c]el gag b�]eu�`��elYb�Z\dpjH[c`FX�]p{PlYX�]pv,bG]
	 tel�]p{Cl�j�k�� X�[cuml

X�] vS{CjmZ\de�Gl7� g j�k	`xw=X�[cl g ~ g `cl�Z g bG]_`cj;}mX�[abGjHt g X g dpl�{C` g j�kVjmte[��GbG}'l g �#!�],[cl�{Cl7]r`=~'l�X�[ g `��el�l�]AuHb �

]el�l7[ g �pX�}'l �¡l7l�]�{CjH]_k	[cjH]_`cl�vSw=bG`��9`��el�dA[cj��A�Gl�Z j�k��G�� @��������� �x�� � w��eb
{�9X�[cl�� X�[cuml'y�Z\b gcg bGjH]

{C[abG`cb {�X��¯y X�]pv�{PjHZ\de��l�� g j�k	`xw=X�[cl g ~ g `al�Z g `��pX�` �pX�}'l��pl�l�]�jmd¡l7[�X�`abGjm]pX��)X�]pv�Z\j_vrb �pl�v9j�}'l�[YX

]_teZ �pl�[�j�k�~'l�X�[ g �����el g l\jH� v g ~ g `al�Z g X�[al,vrb��,{CtA�G`YX�]pv {Cj g `c�G~9`ajSZ,X�bG]_`�X�bG]�y�l�}'jm�G}'l'y�jH[KbG]r�

`cl7uH[�X�`cl,w=bG`���jH`��el�[ g ~ g `cl�Z gKg b�]p{Cl\`��el�~�t g tpX��G��~ � XH{�²�X�]r~�ted�veX�`al�v v_l g b�uH] vrj_{CteZql�]r` g X�]pv

dpj gag l gag {PjHZ\de��l�� g `c[ct {C`cte[al g �Y���Al;X�}'l7[�X�uml���b k	lC�¯`cb�Z\lhj�kO��l�u'Xm{C~ g j�k	`xw)X�[cl g ~ g `cl�Z g b g �pl�`xwVl�l�]

���Y`cjq����~'l�X�[ g ��«¬X����GZ;te�G��lC[7yr�7�H���_�OX�]pv;`��el�[cl�dA�
XH{Pl�Z\l�]_`%j�k `��el g l g ~ g `cl7Z g b g }'l�[a~�l��_d¡l7] g b�}'l'y

`��Al�[clCk	jm[clY`��Al g l g ~ g `al�Z g X�[cl g t � �cl�{C`O`cj;[clC��vrl g bGuH]AbG]eu;X�]pv [alC��l7]euHb�]el�l�[abG]euA�

� ���P��� @ EC @ E �? �
�D  ���_EC @��p@ � ��� � �Y@��! EC  � �
� �	E��  �	�	� � l7]p{CjHZqdpX gag l g }mX�[abGjHt g Z\l�`��Aj_v g X�]pv

g tAdedpjH[c`abG]eu `aj'jH� g k	jm[\l��_`c[�Xm{C`cb�]eu �eb�u��r�¯�Gl7}'l��=bG]rk	jm[cZ,X�`cb�jH] k	[ajHZ g jHZqlS�Gj�wOl�[���l�}'l��=[al�de[cl g l�]r�

`�X�`cb�jH] j�kKX g j�k	`xw=X�[cl g ~ g `al�Z g tp{� X g `��el g jmte[�{PlS{Pj_vrl'� f [�{�ebG`al�{C`ctA[�X���[al�{CjH] g `c[atp{C`abGjH] b g X

[cl7}'l�[ g lC��l7]euHb�]el�l�[abG]euKXH{P`cbG}_bG`x~K`��pX�` k	j_{Ct g l g jm] `��elYX�[�{�ebG`al�{C`ctA[�X���vrl g bGum]�X g dpl�{P` g � !�],X�����j�k0`��el

k	jH���Gj�w=bG]Au g j�k	`Dw)X�[al�Z,X�b�]r`al�]pX�] {ClKXH{C`abG}_bG`cb�l g yp`��Al g j�k	`xw)X�[cl;X�]pX���~ g b g X�] v X�[�{�ebG`al�{C`ctA[�X�� [cl�{CjH]r�

g `a[ctp{P`cbGjm]�X�[al�`��el�Z,X �cjH[�dpX�[a` g j�kO`��Al�jHdpl�[�X�`cb�jH] g jH]��Gl7u'XH{P~ g j�k	`xw=X�[cl g ~ g `al�Z g � f vrjmde`cb�]eu,X

]el�wª`al�{�e]ejH��jHum~ g tp{�� X g y�j�� �cl�{C`D�¯jH[abGl�]_`�X�`cbGjm]�y0{PjHZ\dpjH]Al�]r`x� � X g lqde[cjmuH[�X�Z\Z\b�]euey�jH[�]Al�`xwVjH[a²��

{Cl�]_`c[ab
{0[clP��l�]AuHbG]Al�l�[cb�]eu�[cl �'tebG[al g {��pX�]euHl g b�]�`��el�vrl g bGuH]�j�k�`��el g ~ g `al�Z9y��el�] {Cl=`��el�v_l g b�uH]�j�k�`��el

g ~ g `al�Z Z;t g ` �pl�wOl��G� te]pvrl7[ g `aj'j_v �¡lPk	jH[cl g t {��¬XH{C`abG}_bG`abGl g {CjHZqZ\l�]p{�l'�Y¢0[c[ajH[D��{Cjm[c[cl�{C`cb�jH]¬X�]pv

k	l�X�`cte[al�l�] � X�]p{Cl7Z\l�]_`VjHdpl�[FX�`abGjH] g bG]_}mX��Gb veX�`al�`��el�vrl g bGum]9vrj_{PteZ\l�]_`=j�kO`��Al g ~ g `al�Z9y_`��el�[alCk	jH[al

`��AlSv_l g b�uH] vrj_{CteZql�]r`KZ�t g ` �pl,ted�veX�`cl�v�� zSbGum[�X�`cbG]Au�X ��l�u'Xm{C~ g ~ g `al�ZR`cj¬X ]el7wJde� X�`xk	jH[cZ

�



g t {��.X g « b�]pvrj�w g jm[Y|o]eb��\jHdpl�[FX�`abG]eu g ~ g `cl�Z2[al ��tAbG[cl g k	te]p{C`abGjH] X��#X�]pv	�¡l �pX�}rb�jH[�vrl g {P[cbGdA`cbGjm]

j�kO`��el g ~ g `cl�Z �¦g {CjHZqd¡jm]el�]_` g y¡w��eb {���[cl �'teb�[cl g `cj\tA]pvrl�[ g `�X�]pvS`��Al�{CjmZ\dpjH]el�]_` g k	te]p{P`cbGjm]pX���bG`x~

X�] v��pl��pX�}_bGjH[7�

���el;vrb g {Ct gag b�jH] g bG]9`��eb g s#�pX�de`al�[KX�[al�uHl�X�[cl�v9`cj�w=X�[�v g `xwVjqZ,X�b�]Sj�� �cl�{C`cb�}'l g �� %bG[ g `�y�`cj

{Cj�}'l�[�`��AlYvrl �p]AbG`cb�jH] g X�]pv\`��elhZ,X��cjm[�b gcg tel g b�]�`��el �pl��
v�j�k g j�k	`xw=X�[alYX�[F{��AbG`cl�{C`cte[alo[al�{Cjm] g `a[ctp{®�

`cb�jH]�X�] v `��Al�{�pX��G�Gl7]euHl g `��pX�`o`��elY[cl g l�X�[F{��Al�[ g b�] `��eb g � l��
v�l7]p{CjHtA]r`al�[������el g lYb gag tel g b�]p{C��tpvrl'�

g dpl�{Pb���{\}_bGl�w g j�kY`��el g ~ g `al�Z `cj�l��_`c[FXH{C` � [al�de[al g l�]_`�X�`cb�jH] Z\j_vrl�� g k	jH[;`��el g j�k	`xw=X�[cl g ~ g `cl�Z

l�]_`cb�`cbGl g X�]pv [al��
X�`cb�jH] g �=X�[F{��eb�`cl�{P`cte[al�[al�{CjH] g `c[atp{C`abGjH] `al�{��A]eb��'tel g �0`c[�Xm{C`�X �ebG��bG`x~�j�k�`��el,[cl�{CjH]r�

g `a[ctp{P`cbGjm] de[cj_{Cl gcg �)X�]pv l�}mX��Gt X�`cb�jH] Z\l�`��ej_v g k	jH[�`��Al [al g tA�G`�j�kh`��el,[cl�{PjH] g `c[ct {C`cb�jH] de[cj_{Pl gcg �

^'l�{PjH]pv�yO`cj¬XHvevr[al gcg `��el,dpj gag b �A�Gl g jm�Gte`abGjm] g `aj `��el g lSb gag tel g X g `��el�~ X�[alSde[al g l�]_`cl�v �_~�`��el

g `FX�`alC��j�k
��`��elC��X�[a`!`al�{�e]eb��'tel g bG]�`��eb g �pl7�
v������el g l�`al�{��A]eb��'tel g bG]p{C��tpvrl'�O{C��t g `al�[cb�]eu�`al�{�e]eb��'tel g y

{Cjm]p{Cl�de`x��� X�`a`cb
{Pl�X�] X��G~ g b g y �'tel�[c~'� �pX g l�vS`cl�{�e]eb���tAl g y�X�]pv g ~ g `al�ZU{PjHZ\dpj g bG`abGjH].X�]pv9}_b g t X��Gb���X��

`cb�jH]���  bG]pX��G�G~±yH`��el�de[cjmd¡j g l�v\k	te`ctA[clh`a[cl�]pv g bG]q`��eb g s#�pX�de`cl�[=w=b��G� g l7[c}'l�X g X g `�X�[c`cb�]eu�dpjHb�]r`Vk	jm[

k	te[a`��el�[=[al g l�X�[�{�,bG]\`��eb g �pl�� v��

� ��� ��� � ��� � ��

	 � ��� 
�� � ��� ��� 
 � � ����� ��
�� � � �

���el�k	jH���Gj�w=bG]Au�j � g l�[a}mX�`cb�jH] g k	jm[cZ `��el �pX g b g k	jH[YX\v_l �p]eb�`cbGjm] k	jm[ g j�k	`xw=X�[cl X�[�{�eb�`cl�{C`ate[cl

[cl�{CjH] g `c[atp{C`cb�jH]���n�l g deb�`cl g l7}'l�[�X���X�`a`cl�Zqde` g k	jH[�X�te`ajHZ,X�`cbG]Au�`��elKX�[F{��AbG`cl�{C`cte[FX���[cl�{Cjm] g `a[ctp{P`cbGjm]

de[aj_{Cl gcg bG`�b g uHl�]Al�[�X��G�G~�XH{7{Cl�de`al�vh`��pX�`0XQk	te���G~'�xX�te`cjmZ,X�`al�vo`al�{��A]eb��'tel0b g ]ejH`�k	l�X g b �e��l'� !�`�b g [�X�`��el7[

bGZqd¡j gcg b �e��l�`cj�vrl �p]el;`��el;X�[�{�ebG`al�{C`ctA[cl�j�k�X,�
X�[auHl g ~ g `cl�ZRX�`!jm]p{Cl'y �el�]p{Cl±y�`��el;X�[F{��AbG`cl�{C`cte[FX��

[cl�{CjH] g `c[atp{C`cb�jH] g �ejHte� v �pl�X�] bG]p{C[al�Z\l�]_`�X��Vde[aj_{Cl gag �ª^'j�k	`xw=X�[cl g ~ g `cl�Z g t g tpX����G~ {CjH] g b g `\j�k

X�[F{��AbG`cl�{C`cte[FX��pdpX�`c`cl7[c] g bG]\`��el�bG[Ovrl g bGum]\w��eb {���k	jH[aZJ`��el �pX g b g k	jH[O`��elh[al�{Cjm] g `a[ctp{C`abGjm]\de[cj_{Pl gcg �

�



zSj g `�[cl�{Cjm] g `a[ctp{P`cbGjm]�dA[cj_{Cl gag l g k	j_{Ct g jH]\`��el g `c[atp{C`ctA[�X��pde[ajHdpl�[a`cbGl g j�k X g ~ g `cl7Z9y�b�uH]ejm[cb�]eu�`��el

�eb�u��r�¯�Gl�}'l7� �¡l �pX�}rb�jH[hj�kV`��el g ~ g `cl�Z.�h %b�]pX����G~'ye`��el�[cjm�Gl�j�kO`��el�t g l�[�b g b�]p{C[cl�X g b�]euH��~,bGZ\dpjH[a`�X�]r`

bG] b�]p{CjH[adpjH[�X�`cb�]eu `��el�vrjHZ¥X�bG] ²_]ej�w=�Gl�v_uHl,X�]pv g ~ g `cl�Z v_j_{CteZ\l�]_` g bG]_`cj9`��el,[cl�{Cjm] g `a[ctp{P`cbGjm]

de[aj_{Cl gcg ���=X g l�v jH] `��el¬X �pj�}'l�vrb g {Ct gag bGjm]�yob�] �x^_X�[a`cb�deb�y��H�m�H�'�\`��Al g j�k	`xw=X�[cl�X�[F{��AbG`cl�{C`cte[FX��

[cl�{CjH] g `c[atp{C`cb�jH],b g v_l �p]el�v,X g �
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���el;w��ejH��l g j�k	`xw=X�[cl;[cl�{Cjm] g `a[ctp{P`cbGjm]9de[cj_{Pl gcg b g vrbG}_b
v_l�v b�]r`aj `xwOj\d �pX g l g ��!�] `��el �p[ g `

d �pX g l'y�]pX�Z\l���~\`��el9�����E @� �	�	� � d �pX g l'y X�`cj'jm�OX�te`ajHZ,X�`cb
{7X��G��~	�etebG� v g X¥ZqjH[clKX � g `a[�XH{P` g ~ g `cl�Z

[cl7de[cl g l�]_`�X�`abGjm]�y�b�� l'�Gyp`��Al � ���_E   �;�  ��³y�jHte`Yj�k=`��Al�de[cjmuH[�X�Z [al�de[al g l�]_`�X�`cb�jH]�� !�]9`��el g l�{Cjm]pv

d �pX g l'y�]pX�Z\l7�G~;`��el @��p@ � ��� � � d � X g l±y�X�t g l�[D��X gag b g `cl�vSdA[cj_{Cl gag {Cjm] g `a[ctp{C` g X��ebGu �r����l�}'l���}_bGl�w j�k

`��Al g ~ g `cl�Z�k	[cjHZ `��el g jmte[�{Pl!Zqj_vrl����

 ejH[ `��elOvrb g {Ct gag b�jH] g bG]K`��eb g s#�pX�de`al�[�ym`��el g j�k	`xw=X�[al=X�[�{�ebG`al�{C`ctA[cl'y7{CjHZ\dpjm]el�]_`�y�{Cjm]e]el�{C`ajH[7y

X�] vSX�[F{��AbG`cl�{C`cte[FX���dpX�`a`cl�[a]SX�[clKvrl � ]el�v,X g k	jH���Gj�w g �

� � ���P��� @ EP @ E �? �
�D  ���_EC��#X!dpX�[c`cb�`cb�jH];j�k `��Al g j�k	`xw=X�[cl g ~ g `cl�Zªl�]_`cb�`cb�l g bG]_`cjK{CjmZ\dpjH]el7]r` g

`�� X�`h[al�	pl�{C` g `��el g ~ g `al�Z {��pX�[�Xm{C`cl�[ab g `cb
{ g X�] v9vrjHZ,X�bG],²_]ej�w=�Gl�vruml'y�X�]pvSZ\l7l�` g `��el g `c[atp{C`ate[�X��

{Cjm] g `a[�X�b�]r` g vrl �p]Al�v��r~,X�uHb�}'l�],X�[�{�ebG`al�{C`ctA[�X���dpX�`a`cl�[a]��

� > ��� B � �  � ����Xh]pX�Z\l�v�uH[ajHtedAbG]euKj�k g ~ g `al�Z l7]r`abG`cb�l g �	l'�¤uA�Gy �p��l g yHk	te] {C`cb�jH] g yrvAX�`�X�`x~rdpl g y

X�] v�}HX�[cb X �e��l g �/XH{�{PjH[�v_bG]euh`aj g jmZ\lOX�[F{��eb�`cl�{P`cte[FX��'de[ajHdpl�[c`abGl g yH`�� X�`0b�]r`al�[�Xm{C` g w=bG`���jH`��el�[0um[cjmted g

`��A[cjHtAu��St g bG]Au�jm[ode[aj�}rb vrbG]euK`��el g ~ g `cl�Z g l�[c}_b
{Pl g �

�



� > � � �   ���HEP�=X�[al��
X�`cbGjm]9X � g `a[�XH{P`cbGjm] �pl�`xwVl7l�]\`xwVjq{CjHZqd¡jm]el�]_` g t g b�]eu\X�uH[ajHted9j�k g ~ g �

`cl7Z l�]_`cbG`abGl g ��l'� ue��y �p��l g y�k	te]p{C`abGjH] g y=veX�`�X�`D~_dpl g y)X�]pv }mX�[ab
X �e�Gl g �Y`��pX�`,X����Gj�w�`��el�bG]_`cl�[FXH{C`abGjH]

�pl�`xwVl�l7]\`xwVj;{CjmZ\dpjH]el�]_` g �

� � E ®? �
�D  � �_E @ � Be@ �	�x�E � ��X g l�`=j�k k	te�G��~�jm[od X�[c`ab
X��G�G~ g dpl�{Pb��pl�v,{CjmZ\dpjH]el7]r` g X�] vSX�]_teZ��

�pl�[;j�k;� g b �7lSX�]pv `x~rdplH�K{PjH] g `c[�X�bG]el�v {Cjm]e]el�{C`ajH[ g X�Z\jH]eu�`��Al9{CjmZ\dpjH]el�]_` g `��pX�`q{Cjm�G�Gl�{C`cb�}'l��G~

[cl7de[cl g l�]_`V`��Al�{PjH[clhk	te] {C`cb�jH]pX��GbG`abGl g X�]pv,bG]_`cl�[FXH{C`abGjm] g w=bG`��ebG]\`��el g j�k	`Dw)X�[al g ~ g `al�Z9�

� ��� �p � � � � ���P� � @ EP � E ®? �
�x  ���rEP���  � �
� ��E��  ���	� �

���eb g ^'l�{C`abGjH]Kde[cj�}_b
vrl g X �A[cbGlPkpj�}'l�[c}_bGl�w�jH];}mX�[abGjHt g b gag tel g `��pX�`�X�];X�dede[cj±XH{��`aj g j�k	`xw=X�[al

X�[F{��AbG`cl�{C`cte[al,[cl�{Cjm] g `a[ctp{P`cbGjm] Z�t g `;XHvAvr[cl gag � f vrl�`�X�bG��l�v vrb g {Ct gcg b�jH] jm] l�XH{� b gag tel�w=bG�G� �pl

de[al g l�]_`cl�v�bG]�X;{CjH[a[cl g d¡jm]pvrb�]eu ^±l�{C`cb�jH]��

� ?A@ �������� � ��� � ?  � ��� �x��U�����h  � �HFEC�����el;}rb�l�w g j�k�X g j�k	`xw)X�[cl g ~ g `al�ZUX�[cl�`��el�[clC�

g tA�G`hj�k�X�dAde�G~_bG]eu �  BA@ E @ ���	� � ���  � �! FE �
� jH]¬X,vrl�}'l���jHdeZ\l7]r`=jm[![al�}'l�[ g lC�¯l�]eumbG]el�l7[cbG]Au�de[cj_{Cl gcg

j�k�`��el g j�k	`xw)X�[cl;bG]�jH[Fvrl�[K`cj9{P�
X gag b k	~S`��Al\[cl�� X�`al�vS²r]Aj�w=��l�vruml\X �¡jmte`�`�� X�`�dA[cj_{Cl gag b�]r`aj ZqjH[cl

te]pv_l�[ g `�X�] veX �e��l�X�]pv Z,X�]pX�uml�X �A�Glhk	jH[aZ g �O|o]rk	jm[c`ctA]pX�`al��G~'y_[cl�}'l7[ g l�l�]euHb�]el�l�[abG]eu�b g Z;tp{��ZqjH[cl

vrb��,{CtA�G`V`aj\Xm{��AbGl�}'l�`��pX�] k	jm[cw=X�[�v,l�]euHb�]el�l�[abG]euA�	�=l�{Cj�}'l�[abG]euK`��elhk	te]p{P`cbGjm]pX���bG`x~;j�k¨X:� X�[cumlKX�]pv

dpj'jH[a�G~qvrj_{CteZ\l7]r`al�v!��l�u'Xm{C~ g ~ g `al�Zªb g Xh]ejH]_��`a[cbG}_b
X���y'b k�]ejm`Vb�Z\dpj gcg b �e��l'y�`�X g ²��V^±l�{C`cb�jH]�
 f [F{��Ab �

`cl�{C`cte[FX���}_bGl�w g� b�]r`a[cj_vrt {Cl g X g l�`oj�k�}_bGl�w g j�kOX g j�k	`xw=X�[al�`��pX�`hb g=g teb�`�X �e�GlYk	jH[�[cl�{Cjm] g `a[ctp{P`cbGjm]

de[aj_{Cl gcg �

�Y��� �����h B EP �  � �=� ?  � ���P��� @ EC �!��� �D���� !�] g j�k	`xw=X�[cl;X�[F{��AbG`cl�{C`cte[alY[cl�{Cjm] g `a[ctp{P`cbGjm]�X�]

X�dAde[cjmde[cb X�`cl9[al�de[al g l�]_`�X�`cb�jH] j�kK`��Al g j�k	`xw=X�[al g ~ g `cl�Z b g b�Z\dpjH[a`�X�]_`;bG] �pjH`�� l7�r`a[�XH{P`cbG]Au `��el

vrl g bG[al�v dA[cjHdpl�[a`cb�l g k	[ajHZR`��el g j�k	`Dw)X�[al'y�X�]pv�de[cj�}_b
vrb�]eu g tededpjm[c`�k	jH[Kde[cjmuH[FX�Z\Z\b�]eu,�
X�]euHtpX�uHl

�



bG] vrl�dpl�]pvrl7]r`�X�]pX��G~ g b g � !�]Suml�]el�[FX���yp`��Al�de[cl g l�[c}'l�v¥b�]rk	jH[aZ,X�`abGjm]9X�] vS`��el���l�}'l���j�k)X � g `c[�Xm{C`cb�jH]

k	jH[�X�] X��G~ g b g X�[al�`a[�XHv_lC��j �/g `��pX�`h]el�l�v¥`aj��pl�{Cjm] g b vrl�[al�v,X�`h`��eb g�g `FX�uHl±� !�]�^'l�{C`abGjH] 
P^'j�k	`xw=X�[cl

g ~ g `al�Z [al�de[cl g l�]_`�X�`cbGjm] � `��elKZ\l�`��Aj_v g k	jH[�[cl�dA[cl g l�]r`abG]eu���j�wV����l�}'l�� g j�k	`xw=X�[cl g ~ g `cl7Z t g bG]Au�`��el

]ejm`cbGjm]Sj�k�vrjmZ,X�b�],Z\j_vrl��/X�[clKvrb g {Ct gcg l�v��

� ?A@ � �h  � �
� �	E��  �	�	� ���  ®? � �	���p;����� � �� !�]¬X¥]_te` g �el�����y�X�dede[aj'XH{�el g `cj�X�[F{��AbG`cl�{C`cte[FX��

[cl�{CjH] g `c[atp{C`cb�jH] {�X�] �pl.{C�
X gcg b �pl�v X g {P�Gt g `cl�[abG]eu�� �pX g l�v `cl�{�e]eb���tAl g X�]pv dpX�`a`cl�[a]r� � X g l�v `cl�{��r�

]eb���tel g �=���elK{C��t g `al�[cb�]eu�� �pX g l�v,`cl�{�e]eb���tel g uHl�]el7[�X�`alKX�[�{�eb�`cl�{C`ate[�X�� {CjHZqd¡jm]el�]_` g �_~,uH[�XmvrtpX��G�G~

uH[ajHtedAbG]eu�`��el;[cl�� X�`al�v g ~ g `al�ZUl�]_`cbG`abGl g t g bG]eu.X g bGZ\b��
X�[cbG`x~\Zql�X g te[cl'�;���el;dpX�`c`cl7[c]r� �pX g l�v�X�dr�

de[aj'XH{�el g �p[ g `,{CjHZqd¡j g l.X��eb�u��r�¯�Gl7}'l��=Z\l�]_`�X��=Z\j_vrl��=j�k�`��el g ~ g `cl�Z X�[�{�ebG`al�{C`ctA[cl���b¯�¤l'��yQ`��el

{Cjm]p{Cl�de`atpX��OX�[�{�ebG`al�{C`ctA[cl�jm[KX�[�{�eb�`cl�{C`ate[�X��0dpX�`c`cl7[c]���t g bG]eu�X\Z\j_vrl���bG]euqZ\l�X�] g y�X�]pv�X g l�X�[�{�

l�]eumbG]elYb vrl�]_`cb�� l g `��elYdpX�`c`al�[c]9b�] `��el g j�k	`xw=X�[clK[cl�de[al g l7]r`FX�`cb�jH]��O���el {C�Gt g `cl�[abG]eu;{7X�`cl7uHjH[a~�X�]pv

dpX�`c`cl7[c]r� �pX g l�v {�X�`al�uHjm[c~ X�[cl�k	tA[c`��Al�[�vrb�}rb vrl�v9bG]_`cj g l�}'l�[FX���`cl�{��e]Ab��'tel g l�Xm{��¬w=bG`��¬dpX�[a`cb
{Pte�
X�[

XHv_}HX�]r`FX�uml g X�]pv vrb g Xmvr}mX�]_`�X�uml g `��pX�`\Z,X�²'l\`��el � X g b g k	jH[q`��el�t g l�[q`cj XmvrjHde`¥X `cl�{�e]eb���tAl'�

!�]9^'l�{C`abGjH] 
���l�{�e]eb��'tel g k	jH[�X�[F{��eb�`cl�{P`cte[FX���[cl�{CjH] g `c[atp{C`cb�jH] � v_b � l�[cl7]r`=`al�{��A]eb��'tel g w=bG�G� �plKde[clC�

g l7]r`al�v��

�Y��� �¯��� @ �'=� ?  �h  � �
� �	E��  �	�	� ��� EF�   ���	� E @� � @�� �GF� ^±l�X�[F{��eb�]euok	jm[=XhdpX�[a`cb {Cte�
X�[�de[cjmdr�

l�[a`D~9jm[�um[cjHtAd g j�k�[al��
X�`cl�v dA[cjHdpl�[a`cb�l g b�]�XS� X�[cuml\vAX�`�X � X g lqb g X�{CjHZqdete`�X�`cb�jH]pX��G�G~9b�]r`al�] g bG}'l

de[aj_{Cl gcg � !�] g jHZ\lq{�X g l g y%`��Al g l�X�[�{��X��GumjH[cb�`��eZ g X�[cl\b�]r`a[�Xm{C`�X �e�Gl�k	jH[ X �
X�[cuml\]rtAZ �pl�[hj�k�bG]r�

dete` g y'k	jH[=l��AX�Z\dA�Gl��p]pv_bG]eu X g t �eum[�X�d �,dpX�`a`cl�[a] b�]\X�um[�X�d �,[cl�de[al g l7]r`FX�`cb�jH]\j�k#X��
X�[cuHl g ~ g `cl7Z9�

¢ �,{PbGl�]_`o`al�{�e]eb��'tel g X�]pv��Al�te[cb g `ab
{ g X�[cl;l gcg l�]_`cb
X��0bG]9Z¥X�]pX�uHbG]Au `��el;bG] �el7[cl�]_`Y{CjmZ\de�Gl7�rb�`D~;j�k

X�[F{��AbG`cl�{C`cte[FX���[al�{CjH] g `c[atp{C`abGjH]�`�X g ² g � !�] ^'l�{P`cbGjm] 
C^_{�X��
X �ebG��bG`x~\j�k¨`��elK[cl�{Cjm] g `a[ctp{P`cbGjm]Sde[aj_{Cl gag �

°



g l7}'l�[�X�� �el�tA[cb g `cb { g `aj\vrl�X���w=bG`�� g {�X��
X �AbG�Gb�`x~�w=b��G� �plKvrb g {Ct gag l�v��

�Y��� ��� � � ���H� �HY� ?  � � �E�� � �h  � � � ��E��  ���	� � �)���elh[cjm�Gl�j�k `��elot g l�[7yeX g X�]\b�]r`al�uH[FX��pdpX�[c`

j�k�X�] X�[F{��AbG`cl�{C`cte[FX��0[al�{Cjm] g `a[ctp{C`abGjm] de[aj_{Cl gag y%b g bGZ\dpjH[a`�X�]r`hk	jH[Kvrb�[cl�{P`cbG]Au `��el;[cl�{Cjm] g `a[ctp{P`cbGjm]

de[aj_{Cl gcg � !�] k¯Xm{C`�yO`��el.X�Z��ebG`abGjHt g uHj'X��hj�kYk	te���G~ X�te`cjmZ,X�`abG]eu�`��AlS[cl�{CjH] g `c[atp{C`cb�jH] de[cj_{Cl gcg b g

]ej,�Gjm]euHl7[ g tededpjH[a`cl�v �_~9`��el�[al g l�X�[�{��{CjHZqZ�te]AbG`�~'� !�] g `al�XHv�y X,{Cj'jmd¡l7[�X�`abG}'l;l�]_}rb�[cjH]AZ\l�]_`Vj�k

�_teZ,X�] X�]pv;`cj'jH�pb g `��el=Zqj g `#de[cjmZ\b g bG]eu g jH��te`cb�jH]�k	jH[�[al��
X��rb�]euh`��Al=[cl�{Cjm] g `a[ctp{P`cbGjm]\{PjHZ\de��l��_bG`x~H�

���eb g `a[cl�]pvh]el�{Cl gcg bG`FX�`cl g `��pX�`%`��el=vrjmZ,X�b�]h²_]ej�w=�Gl�vruml=X�]pv g ~ g `cl�Z4v_j_{CteZ\l�]_` g �plVbG] {CjH[ad¡jm[�X�`cl�v

bG]9`��el;[cl�{Cjm] g `a[ctp{P`cbGjm]9de[cj_{Pl gcg �_~S`��Al�t g l�[hb�] g dpl�{C`abGjm]��;���el\^'l�{C`abGjm] 
�| g l�[YbG]_}'jH�G}'l7Z�l�]_`Vb�]

`��Al![al�{Cjm] g `a[ctp{C`abGjm] dA[cj_{Cl gag � XHvev_[cl gag l g `��elYb�Z\dpjH[c`FX�]p{Plhj�k�t g l�[=b�] `��eb g dA[cj_{Cl gag �

�Y��� �¯� � @ �³�  '@ �D�� ?  ��  � �H�EC  � E ®? �
�x  ���rEP��=^'bGZ\b��
X�[%`aj�}mX���b
veX�`cbGjm]�`al g `abG]euYb�]:k	jm[cw=X�[�v

l�]eumbG]el7l�[cb�]euey_X![al�}'l�[ g l�l�]euHb�]el�l�[abG]euYde[aj_{Cl gag b g X�� g j�l��_dpl�{C`cl�v�`cj�uHl7]el�[�X�`clh[al g tA�G` g `��pX�`�{�X�]��pl

}mX���b
veX�`cl�v�X�u'X�bG] g `�`��elqXH{C`atpX��OjH[KbG]_`cl�]pv_l�v X�[�{�ebG`al�{C`ate[cl;j�k�`��el g j�k	`xw=X�[cl g ~ g `cl�Z.�,�oj�wVl�}'l�[7y

`��AlS}mX���b
veX�`cbGjm] j�kKX [cl�{Cj�}'l�[cl�v¬X�[�{�eb�`cl�{C`ate[clqb g;g `cb��G�=b�] b�` g l�X�[a�G~ g `FX�uml g X�] v [cl ��teb�[cl g ZqjH[cl

X�`a`cl�]_`cb�jH]�k	[ajHZª`��elh[cl g l�X�[�{�\{CjmZ\Z;te]ebG`x~m� !�]S^'l�{P`cbGjm] 
 f [�{�eb�`cl�{C`ate[�X��el�}mX���tpX�`abGjm]\`cl�{�e]eb���tAl g �

`��Alh{CtA[c[cl7]r`�`cl�{��e]Ab��'tel g k	jm[=X gag l gag b�]eu�`��elo[al g tA�G`�j�k `��elo[al�{Cjm] g `a[ctp{C`abGjm]\de[cj_{Pl gcg X�[cl�vrb g {Ct gag l�v��

!�]S`��Al�[cl g `=j�kO`��eb g s#�pX�dA`cl�[7y¡`��elKvrl�`�X�bG��l�v,vrb g {Ct gcg bGjm] g jH]�`��el X �pj�}'l�b gcg tAl g X��Gjm]eu\w=bG`��

`��Al!dA[cjHdpj g l�v g jH�GtA`cbGjm] g �_~\`��elKvrb � l�[cl�]_`V`al�{�e]eb��'tel g X�[al!dA[cl g l�]r`al�v��

�



� ��

	 � ��� 
�� � �	� ��� � � � �

���el g bGum]eb���{7X�]p{Cl�j�k g j�k	`xw=X�[al9X�[�{�ebG`al�{C`ctA[cl ������ � �pX g �pl�l�] w=b
vrl���~ XHvAvr[cl gag l�v b�] `��el

�Gb�`cl�[FX�`ate[cl=����XH{�eZ,X�]�yH�7�H��° �_W [atp{�r`al�]�yH�7�H�m���e^'jH]Ab�y��ojm[�v�ym© �oj�k	Z\l�b g `cl7[�y����m�H���_i%jmte�Gb�]�y'���m�H�'���

!�];X �e[cj±XHv g l�] g l'y'}rb�l�w g X�[cl=`��Al=[cl g te�G`0j�k X�dede�G~_bG]Au �  Be@ E @ ���	� � ���  � �  �E � � jH]qXYvrl�}'l���jHdeZql�]r`

jH[ [cl7}'l�[ g lQl7]euHb�]el�l�[abG]eu�de[cj_{Pl gcg bG]KjH[�v_l�[%`ajY{C� X gcg b k	~h`��elV[al��
X�`cl�vY²r]Aj�w=��l�vrumlVX �pjHte`�`�� X�` de[cj_{Cl gcg

bG]_`cj9ZqjH[cl;te]pv_l�[ g `�X�] veX �e��l9X�]pv�Z,X�]pX�uHl�X �e�Gl\k	jm[cZ g � ���AlS{�ejmb
{Cl\j�kYX�] X�dede[cjmde[cb X�`al g l7`�j�k

}_bGl�w g b g X�{CjHZ\ZqjH]Y{Cjm]p{Cl�[a] �pjH`���b�] g j�k	`Dw)X�[al�vrl�}'l���jHdeZ\l7]r`�X�] v:[al�{CjH] g `c[atp{C`abGjH]Kde[cj_{Pl gcg �����el

de[ajHdpj g l�v g l7` g j�kV}_bGl7w g k	jH[Kvrl�}'l7�GjHdAbG]eu;jH[ g dpl�{Cb k	~_bG]Au,X g ~ g `al�ZU{PjH] g b g ` g j�ka�hvAX�`�X_y�k	te]p{C`abGjH]/y

X�] v ]el7`DwOjH[a²�����Xm{��AZ,X�]�y ���m��°m��%k	te]p{P`cbGjm]�y�de[aj_{Cl gag y vrl�}'l���jHdeZql�]r`7ypX�]pv9d �_~ g b
{�X��V�¯Wh[ctp{�r`al�]�y

���m�H�'���{CjH]p{Pl�de`ct X���yeZqj_vrte�GlP��b�]r`al�[�{Cjm]e]el�{P`cbGjm]�yHl��_l�{CtA`cbGjm]�yeX�]pvS{Pj_vrl;�D^'jm]eb�l�`�X��¯�Gy��7�H�H�'���

!�] uHl�]el7[�X��¯yob�`\b g b vrl�X��h`cj [cl�{Cj�}'l�[�`��el g X�Z\l g l�`,j�kK}_bGl�w g j�k;X g ~ g `al�Z `��pX�`,b g X�� g j

]el�l�vrl�v k	jm[�b�` g vrl�}'l���jHdeZql�]r`7� |o]rk	jm[c`ctA]pX�`al��G~'yO[cl�}'l�[ g l,l�]eumbG]el7l�[cb�]eu9b g Z�t {���ZqjH[cl�vrb��,{Pte�G`

`�� X�]!k	jm[cw)X�[�vYl�]eumbG]el�l7[cbG]Aue�� %b�uHte[al��Qb��G�Gt g `c[FX�`al g X�{�X�`al�uHjm[cb���X�`abGjH]Yj�kpl gcg l�]_`cb
X���k	l�X�`cte[al g t g l�v k	jm[

vrl g {C[cb �ebG]Au g j�k	`xw)X�[clKX�[�{�ebG`al�{C`ctA[clYX�]pvSX g l�`�j�k¨`��e[al�lYX�[F{��AbG`cl�{C`cte[FX���}_bGl�w g yr]pX�Z\l���~ � �	E��  ���rEP �

�  ?A@ ���	�HEqX�]pvª � �7�
E�� � �\ � �h`��pX�`SX�[cl g tebG`FX �e��l k	jH[,[al�{CjH] g `c[atp{C`abGjH]/�4���el�{��Aj g l7] }rb�l�w g X�[al

jH[a`��ejmuHjm]pX��OX�] v {�X�[c[a~ Zqj g `�j�kO`��el�bGZ\dpjm[c`�X�]r`�bG]_k	jH[cZ¥X�`cb�jH]�`��pX�`hl�]p{CjmZ\dpX gcg `��el g ~ g `cl�Z g b�]

vrb � l7[cl�]_`�vrjmZ,X�b�] gYg tp{� X g b�]rk	jH[aZ,X�`abGjH]/y0{Cjm]p{Cte[a[cl�]_`�y [cl�Xm{C`cb�}'l'y vrb g `c[cb �ete`al�v�y�X�] v {PjHZ\Z,X�]pv

X�] vS{Cjm]r`a[cjH�¯� f �e[cb�lCk#vrl g {C[cb�de`cb�jH],j�k#`��elKvrb � l�[cl�]_`=}_bGl�w g k	jH�G��j�w g �

� �	E��  ���rEP ���� �

��?  � �	E��  ���rE @ � ������  � �H�E �K@ ��� � �r�
�  � � � � � �  � � @��! � � �DFE  � � �   ���	� �
��� �H� �¡ �	� � ?A@ � � � @ � �

� �@ �G� ��  �  EP� � Y� ?  @ E ®? �
�x  � �_EC ��� @ � ���P� � @ EC ����� �D ��


�



Connectivity

Scoping

Pre / Post−condition
Behavior

Structure

Devices
Operating system
Platform

Snapshot: Instantiation (Process, Object, ...)

Event traces

Control−flow

Visibility

Static

Orthogonal

Window system
File system
Kernel

V
iew

s

Type

(Source)

Data
Function

Compilation unit
Entity

Message passing

Access  (Imp/Exp, Formal/Actual Param)
Data−flow

(Calling,  Control coupling)

Environment

Encapsulation

Temporal

Functional

Package
File
Module

���������
	��� ������������������������� ��!"�#����!$�&%'�)(&*+��,��-��*�./!0*����213(&*4�5���)���6�873(&*4*:9���*4%;�+�873���+�<(&*=���)��*���>3*4> !$��(
�<(&�47�����*4�4�813(����?(
*4�4�������8(�1��4�-�@���BA313(�A3�<�-*4��DC;7�*FE�(&*4,B�<(&*��G7��@E�7��@��E�7)���F�87�*H���4��AI*H��!J�<(
�K7�����*4�4�813(
*L(&*4�4���)M
���8(-1��4�������:��*4�473���@N31�*4�H>3������1�����*4>6���B�27��@�F�;73�<A���*�(4

���el g `a[ctp{P`cte[FX��e}_bGl�w b g `��elOZ\j g `�X�dAde[cjmde[cb X�`cl�X�[F{��AbG`cl�{C`cte[FX��'}_bGl�w `aj �pl=[cl�{Cj�}'l�[al�v�X�]pv�X

]_teZ �pl�[ j�k#X�dede[aj'XH{�el g X�]pv�`cj'jm� g X��G[al�XHv_~�l��rb g `���  bG]e]eb�u'X�]�l�`OX����GyA���H�'° �p�_�Hy¡�F�����el g `c[atp{C`ate[�X��

}_bGl�w {Cjm] g b g ` g j�k�`xwVj�dpX�[c` g �

X������Al � � @ ���  k	l�X�`cte[al g X�[clK`��elKde[cjmdpl�[c`x~,j�kO`��Al g jmte[�{Pl�{Cj_vrl±y �el�]p{Pl'yp{�X�] �pl�l��r`a[�Xm{C`cl�v

�_~ g `�X�`ab
{\X�]pX���~ �7bG]eu�`��el g jmte[�{Cl,de[ajHum[�X�Z.� f ]  � �	�
� � [alCk	l�[ g `cj.X �pX g b
{ �e��j_{®²�j�k�{Pj_vrl\`�� X�`

{Cjm] g `abG`ctA`cl g b�]��AtebG� vrbG]eu X g j�k	`xw=X�[cl �¦g=g `a[ctp{C`ate[cl±� f  � � �   �	�
���
� � [clPk	l�[ g `cjqX�],bG]_`cl�[F{CjH]A]el�{C`abGjH]

�pl�`xwVl�l7] `xwOj�l�]_`cb�`cb�l g � f �  � B �[clCk	l�[ g `aj�`��elYZ,X��_bGZ;teZª[FX�]euml�`�� X�`�X�vrl �p]ebG`abGjm]Sb g l � l�{C`cb�}'l'�

^_{Cjmdplhb g k	te[c`��el�[=v_bG}_b
vrl�v�bG]_`cj ��� � � � �
�³�
� �Yg t {��,X g �Gj_{�X���X�]pv�uH��j��pX�� �pX�]pv� �!�@CB � �_� @ ���	� �;g tp{��¥X g

���



det �A�Gb
{�X�]pv,de[cb�}HX�`clKXH{7{Cl gcg dA[cbG}_bG��l�uHl g �

�������el ���p@CB ��? �H��k	l�X�`cte[al g {�� X�]euml�j�}'l�[h`abGZ\l±y �el�]p{Cl±y�[cl�dA[cl g l�]r` vr~r] X�Z\b {�X g dpl�{C` g j�k�X

de[ajHuH[FX�Z9�����el g l�k	l�X�`cte[al g {�X�] �pl�vrl�`cl�{C`cl�v g `FX�`ab
{�X��G�G~ �_~9bG]_`cl7[c[ctAde`cb�]eu�XS[cte]e]AbG]eu�de[cjmuH[�X�Z

X�] v [cl7uHb g `cl�[abG]eu�`��Al dA[cjHum[�X�Z �³g {CjH]_`cl7�r`;X�]pv g `�X�`al'� ^'d X�w=]Al�v {Cjm]p{Cte[a[cl�]_`�de[aj_{Cl gcg l g y�{C� X gag

bG] g `�X�]p{Cl g �	j�� �cl�{P` g �Fyel�`�{m�0X�[alY`D~_deb {�X���bG]rk	jm[cZ,X�`cbGjm],`cj �pl�vrb g {Cj�}'l�[al�v��

�h ?A@ ���	�HE @ � ������

��?  �  ?A@ ���	�HE @ � ������4��� @ ����� �x�� EP ���E � �¯� � ?  � �E �7�   � � ?A@ � @������ �D�� B E�� ���   � �¯� �
� �

 � �7�
E�� � �\ � �=� ? EF����� ? �
� � � � �D�E @� �	�	� �
� �0�
� ? � ? � � ���
EF� � �\ � ��


���el �pl�� X�}_bGjm[�X��%}_bGl�w {�X�] �pl�l��_de[al gcg l�v�k	[cjHZ2`xwVj;jH[a`��ejmuHjm]pX���X g dpl�{C` g j�k¨`��elKde[cjmuH[�X�Z

de[ajHdpl�[c`abGl g�g tp{��X g �ob��)l�}'l�]_`=`c[�Xm{Cl g � g l �'tel�] {Cl g j�kVk	tA]p{C`cb�jH]9b�]r}'j_{�X�`cb�jH] g t g b�]eu,`��el�dA[cj � �GbG]Au

`cl�{��e]Ab��'tel g �)� �Vj �cb {Y©��Ql7�
X g l�}_b
{HyA�H�H�m����¢0� � ��X�Z\��~'y¡^±`c[cjmte�Gb Xryp©J^'jm[cl�] g jH]/y��H�m�H���/¢¨b g l�] �pX�[c`��/y

Whj g {��e²'l±y�© ^'b�Z\jH]�y/�H�H�_���KX�]pv�i0[cl���i%j g `D��{CjH] vrbG`abGjH] g ��b�]edete`���jmte`cdetA`�{Cjm] g `a[�X�b�]r` g j�k�X\k	te]p{®�

`cb�jH]�jH[KZ\j_vrte��lH�Y����X�[cl�Z g ²_b0©J« b�]eueyO���m�H��� �Qb�b��=`al�Z\dpjH[FX��0dA[cjHdpl�[a`cb�l g ��{Cjm]p{Cte[a[cl�]p{P~9b gcg tel g �

X�] v k	te]p{C`abGjm]pX��0dA[cjHdpl�[a`cb�l g ��veX�`�X `a[�X�] g k	jm[cZ,X�`cbGjm]�{�pX�[�XH{P`cl�[ab g `ab
{ g �Vw��Ab
{��X�[clqvrb �¥{Cte��`o`aj �pl

X�] X��G~ ��l�v,X�]pv [al�{Cj�}'l�[cl�v��

� � ���
EF� � �\ � � ������

��? 9 � ���
EF� � �\ � � �7���� ��� @ � ���P��� @ EC ����� �D�� �¯@CB'B �³� �@ ���	� � � EC ���E � ��� @ �G� � � B'B �HEP�	� � �

� @� �
�³�
�	�� ��� � �! � �  � � � ?A@ E  � @ EC @��! � ���P��� @ EC � � ?A@ �: �! ��� BA@���� � ?  ����� �x�� @��!  �p@�� ��,�
�!�¯�

� B �E @ �x @��  !B E�� ���  ��
� � � �E ���   � �¯��� ? � � ���
EF� � �\ � �	�

���el�l�]_}rb�[cjm]eZ\l�]_`V}_bGl�w {CjH] g b g ` g j�ka�ode� X�`Dk	jm[cZ9yejmdpl�[�X�`cbG]Au g ~ g `cl�Z.ypX�]pv�vrl�}_b
{Cl g yew��el�[al

`��Al!jmdpl�[�X�`cbG]Au g ~ g `cl�Z2{7X�]	�pl!k	te[a`��el�[ g t ��vrbG}_b
v_l�v��

�H�



^'dpl�{Cb ��{�X����G~'ym`��elhum[cl�~;X�[cl�XYbG],  bGuHtA[clK� �eb�u��e��bGu��_` g `��el g {PjHdplhj�k `��elYX�[�{�ebG`al�{C`ctA[cl=[cl�{CjH]r�

g `a[ctp{P`cbGjm],`cl�{�e]eb���tel g vrb g {Ct gag l�v,bG],`��Ab g s#�pX�de`cl�[7�V���Al!`al�{�e]eb��'tel g dpl�[c`abG]el�]_`=`cj�`��el�[al�{Cj�}'l�[a~

j�k¨vrb � l7[cl�]_`�}rb�l�w g j�k#X g ~ g `cl7Z X�[cl g bGuH]Ab���{�X�]r`a�G~;vrb � l�[cl�]_`Vb�] �pjm`��S`��el g ~ g `cl�Zª[al�de[cl g l�]_`�X�`cbGjm]

X�] v `��el�XHvrjmde`cl�v [al�{Cjm] g `a[ctp{C`abGjm] `al�{�e]eb��'tel'�.���el�[clPk	jH[cl±y�X g X�] bGZ\dpjm[c`�X�]r` vrl g bGuH] vrl�{Cb g bGjm]

`cj,Z,X�²'l'y�`��el�l�]eumbG]el�l7[ g �ejmte�
v�[cl g `c[cb {C`h`��el g {CjHdpl;j�k)`��el;[cl�{PjH] g `c[ct {C`cb�jH]�`cj�X g t � g l�`�j�k=`��el

k	l�X�`cte[al g bG]¬X }_bGl�w j�k=`��el g ~ g `cl7Z9�;  jm[�l��AX�Zqde�Gl'yp`��Al �eb�u��e��bGu �r`al�v X�[cl�X\b�]� %b�uHte[alS�;l��A{Cl�de`

`��Al:k	l�X�`cte[al g 
C^_{PjHdeb�]euey#zSl gcg X�uHl;dpX gcg b�]euey�X�]pv�s�jH]_`c[cjm�={Cjmtede��bG]eu � b�]pvrb {�X�`al g `��el g {CjHdpl\j�k�X

dpX�`c`cl7[c]r� �pX g l�vSX�[�{�ebG`al�{C`ate[�X���[cl�{CjH] g `c[atp{C`cb�jH]�X�dAde[cj±XH{�Sde[al g l�]_`cl�v�bG]��D^�X�[c`abGdeb¯yp�H�m�H���F�

� ��� ��� � ��� � � ������� � ��� ��� � � � � � � � � �

!�] g j�k	`xw)X�[cl X�[F{��eb�`cl�{P`cte[al�[cl�{CjH] g `c[atp{C`cb�jH]�y�X�]�X�dede[ajHde[ab
X�`al\{�ejmb
{ClYj�k)X g jmte[�{Pl�Z\j_vrl7�%b g

{Cl�]_`c[FX�� bG]��=[al�{Cj�}'l�[cb�]euqvrl g b�[cl�v,de[cjmdpl�[c`abGl g k	[ajHZMX�de[cjmuH[FX�Z ��Z¥X�`�{�eb�]eu\X��GumjH[cb�`��eZ2l��¥{Cb�l�]p{C~ �

X�] v de[cjmuH[�X�Z\Z\b�]eu � X�]eumtpX�uml9bG]pv_l�dpl�]pvrl�] {Cl'� !�] `��eb g ^'l�{C`abGjm]�yV`��Al9X���`cl�[a]pX�`abG}'l�Z\j_vrl�� g k	jm[

[cl7de[cl g l�]_`cbG]AuS`��Al\dpX�[ g l�v g j�k	`Dw)X�[al g ~ g `al�Z X�[al,bG]_`c[cj_v_tp{Cl�v�� �Vl�{7X�t g l\j�k�bG` g l��rdA[cl gag bG}'l7]el gcg y

`��Al�uH[�X�d ��[al�de[cl g l�]_`�X�`cbGjm]Sj�k�X g j�k	`Dw)X�[al g ~ g `cl7Z �pX g �pl�l�]�XmvrjHde`al�v �r~�Z\j g `hj�kO`��Al\{CtA[c[cl7]r`

X�dAde[cj±XH{�el g y �Aj�wOl�}'l�[7yevrb � l7[cl�]_`Vum[�X�d��9Z\j_vrl���bG]euK`cl�{�e]eb���tel g {7X�] �plYt g l�v��

�K��� @ � � ���  ��

!�]\X g j�k	`xw)X�[cl g ~ g `cl7Z9yHl�]_`cb�`cbGl g X�]pv;`��el�b�[�bG]_`cl�[FXH{C`abGjH] g �pjm`��,X�`=vrl g bGum]\�Gl�}'l7�eX�]pv g jmte[�{PlC�

{Cj_vrlK�Gl�}'l7��{7X�] �plY[cl7de[cl g l�]_`cl�v �_~\}mX�[abGjmt g k	jm[cZ,X��Gb g Z g y�b�]p{C��tpvrbG]Aue�0l�]_`cb�`D~;[cl7�
X�`abGjm]Sv_b
X�um[�X�Z g y

Z\j_vrtA�Gl�bG]_`cl�[F{CjH]e]Al�{C`cb�jH]qvrb
X�uH[FX�Z g y g `c[atp{C`ctA[clY{�pX�[a` g yrde[ajHuH[FX�Z2v_l�dpl�]pvrl�] {C~�uH[FX�d � g ypX�]pv,X �r�

���



g `a[�Xm{C` g ~_]_`�X���uH[FX�d � g � f v_jHZ,X�bG]SZqj_vrl�� de[cj�}_b
vrl g X g {�el�Z,X!k	jm[ g tp{�9X\[cl7de[cl g l�]_`�X�`abGjm] k	jH[x�

Z,X��Gb g Z X�] v {�X�] �pl�[cl�dA[cl g l�]r`al�v X g X {P�
X gag vrb
X�uH[�X�Z9�   jm[,l��eX�Z\de��l'yQ`��el9l�]_`cb�`D~ [al��
X�`cbGjm]

vrb X�uH[FX�ZRj�k X g ~ g `cl�Z X�`K`��el g jHte[F{ClC��{Cj_vrl,�Gl7}'l��0{7X�] �pl\l��_`c[�Xm{C`cl�v.k	[ajHZR`��el,v_jHZ,X�bG]�Z\j_vrl��

j�k�`��Al,{CjH[a[cl g dpjH]pvrb�]eu�de[cjmuH[�X�Z\Z\b�]eu,�
X�]AuHtpX�uHl'y��_~¬{CjH] g b
vrl7[cbG]Aue��b	� g jHte[F{Cl�{Cj_vrl,{Cjm] g `a[ctp{P` g

X g b�] g `FX�]_`cb X�`cb�jH] g j�k¨vrjHZ¥X�bG];Z\j_vrl7��{P�
X gag l g ��b¯�¤l'��y �p�Gl±y±k	tA]p{C`cb�jH]�y g `FX�`cl7Z\l�]_`�yHl��_de[al gcg bGjH]/yr`x~rdplC�

g dpl�{Pb��pl�[7y'X�] v�}HX�[cb X �e��lH��'X�]pv�bGb���[cl7�
X�`abGjm] g �eb�d g �pl�`xwVl7l�] g jHte[F{Cl�{Cj_vrl�l�]_`cbG`abGl g X g bG] g `�X�]_`cb X�`abGjH] g

j�kQX gcg j_{Cb
X�`cb�jH] g �pl�`xwOl�l�]�vrjHZ¥X�bG],Z\j_v_l���{C� X gag l g �=���elYbG] g `�X�]r`ab
X�`abGjm]Sj�k¨`��elK{C� X gcg l g X�]pv�X gcg j��

{Cb X�`cb�jH] g b�]r`aj!j � �cl�{C` g X�]pv�[cl�� X�`cb�jH] g �ebGd g b g `��el�[cl g te�G`�j�k�dpX�[ g b�]eu�X g j�k	`Dw)X�[al g ~ g `cl�Z�Xm{�{CjH[FvrbG]Au

`cj�`��el�{Cjm[c[al g dpjH] vrbG]euYum[�X�ZqZ,X�[ w��el�[al�X�];X � g `c[FXH{C` g ~r]_`�X���`c[al�l=j�k�`��el�{C�
X gcg j � �cl�{C` g X�]pv�`��Al�bG[

�Gb�]e² g b g uml�]el�[FX�`cl�v��9 %b�uHte[al,� b��G�Gt g `c[FX�`al g X g bGZqde�Gb �pl�v9{C� X gcg vrb
X�uH[FX�ZRj�k�`��el,v_jHZ,X�bG]�Z\j_vrl��

k	jH[�X�`x~rdAb
{�X���de[aj_{Cl�vrte[FX�� �
X�]euHtpX�uHl'�)���eb g Z\j_v_l�� �pX g �pl�l7]9vrl�[abG}'l�v�k	[cjmZ X�{CjmZ\de��l�`cl�vrjHZ¥X�bG]

Z\j_vrl7�Qk	jH[;`��Al s �
X�]AuHtpX�uHl��	[cl � ]elHsO�H�_yh���m�H�'��y�X�]pv {�X�] �plSt g l�v X g `��Al �pX g b g `cj�v_l �p]el�X

g jmte[�{Pl!Zqj_vrl��¡k	jm[o`��el g j�k	`Dw)X�[al g ~ g `cl�Z.�

� ���_E   ���  �� �  � � �
�	�	� � �Y���el g jHtA[�{Cl�Z\j_v_l��¡k	jm[YX�]�X�[�{�ebG`al�{C`ctA[clh[al�{CjH] g `c[atp{C`abGjH]�de[cj��

{Cl gag b g X!vAX�`�X �pX g lhj�k/l�]_`cbG`abGl g X�]pv�[cl�� X�`cb�jH] g �ebGd g `��pX�`�b g t g l�v �r~K`��el�X�]pX���~ g b g de[cj_{Pl gcg bG]�jm[�vrl7[

`cj �etebG� vSX �ebGu �r�¯�Gl�}'l���}_bGl7w j�k�`��el g ~ g `cl�Z.yeb��¤l±�Gy g j�k	`xw=X�[al�X�[�{�ebG`al�{C`ctA[cl'�=���Al g jmte[�{Pl�Z\j_vrl���b g

vrl � ]el�v }rb X�X vrjmZ,X�b�] Z\j_vrl���`��pX�` b g vrl�[cb�}'l�v k	[ajHZ `��el g jHte[F{ClC�¯�Gl�}'l7�hvrjmZ,X�b�] Z\j_vrl�� X�]pv

vrl � ]el g `��elh`x~_d¡l g j�k#l�]_`cb�`cbGl g X�]pv\[cl�� X�`abGjH] g �eb�d g `��pX�`�X�[cl g tebG`FX �e��lok	jH[�X g dpl�{Cb ��{hX�[F{��AbG`cl�{C`cte[alC�

�Gl7}'l��pX�] X��G~ g b g �����el�[cl g te��`cbG]Au�vrjmZ,X�b�]�Z\j_v_l��pvrl���l�`cl g `��elhte]A]el�{Cl gag X�[c~qvrl�`�X�bG� g j�k l�]_`cbG`abGl g X�]pv

[cl7�
X�`abGjm] g �eb�d g X�]pv �el�]p{Cl�bG`�b g�g jHZ\l�`abGZ\l g {7X��G��l�v @�� � �	E @� �  ��� @ � � �;�  ��=�D^�X�[c`abGdeb�©UWhjm]r�

`cjmuHb X�]e]eb g y=�m�H�m����y  � �!  B � �;�  ����xs#�el�]�yO�ob g �ebGZqjH`cjAy0© �oX�Z,X�Z\j'jm[c`��r~'yO���m�H���Fy=jH[ � ®? �� @

���



elements: seq (TypeDeclare)

Generalization

defines: set (Declaration)

Function

statements: seq (Statement)
declarations : seq (TypeOrVar)
parameters: seq (VarDeclare)

Assignment

dest: Experssion
src: Expression

Array−type

size: Expression
type: Type−specifier

Class name
.....

Set of attributes 
not specified in

the diagram

Association

File

return−value: Expression

Expression

type: Type−specifier

arguments: seq (Experssion)

Function−call

name: String

Scalar−type:
Int, Real, String, Char, ..

.....

path−name: String

includes: set (File)

Type−specifier

Pointer−type

type−deref: Type−specifier

type: Type−specifier
name: String

Declaration

Source−file

General

file #: Integer
line #: Integer
id: Char Integer

+, −, x, /, &, |, >, <, <<,>>, ...
Arithmetic−expressions:

.....

Library−file

Aggregate−type

Switch

TypeDeclare

.....
If−then−else

.....
Return
.....

BlockIterate
.....

TypeOrVar

Statement

.....

VarDeclare

value: Expression
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g jHtA[�{ClC� �p��l 
 � @ � � 
  � X � g `a[�XH{P`D� �p�Gl%$�&
k	te]p{P`cbGjm] 
 �7��� � X � g `c[FXH{C`x��k	tA]p{C`cb�jH]('*)

X�umuH[al�u'X�`clC�¯`x~rdpl 
 ��@ E � jm[ X � g `c[FXH{C`x��`x~_dpl,+�-
X�[c[FX�~��¯`x~rdpl 
 ��@ E �

uH��j��pX�� �¯}mX�[cb X �e��l 
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k	te]p{P`cbGjm] 
 �7��� � {7X��G� g k	te] {C`cb�jH] 
 �7��� ��@ E � '*) � �  �65 '�7

k	te]p{C`abGjm] 
��7��� � dpX gcg l g ye[al�{Cl�b�}'l g y'jH[�t g l g '*) � �  � � +�-
X�uHuH[al�u'X�`clC�¯`x~rdpl ��X�[c[�X�~'��`x~_dpl 
 ��@ E �

k	te]p{C`abGjm] 
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uH�Gj �pX�� ��}mX�[cb
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g jHtA[�{ClC� �p��l 
 � @ � � 
  � vrl �p]Al g k	tA]p{C`cb�jH] 
 �7��� � y $ &  � � � � � ' )
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vrl �p]el g uH�Gj �pX�� ��}mX�[cb
X �e�Gl 
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jm]el�jm[=Z\jH[alok	te]p{P`cbGjm] g vrl �p]el�v¥b�] g jmte[�{PlC� � �Gl 
 � @ � � 
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k	te] {C`cb�jH] 
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call

F’: Function−abs

f: Function f’: Function

call f’

domain
Abstract 

(a) Relation "use−F" (c) Relation "use−R"(b) Relation "cont−R"

use−F

level
Source−

domain

Im
p

le
m

en
ta

ti
o

n

call f
call

cont−R

define

l: File

f: Function
f: Function

F: Function−absL: File−abs

f’: Function

use−R

l: File

f: Function

F: Function−absL: File−absF: Function−abs
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g ~ g `al�Zªb g {Cjm] g b vrl�[al�v�X�]pv\`��el�X���uHjm[cbG`��eZ g l�X�[�{�el g `aj �p]pv g t �eum[�X�d � g w=bG`�� g dpl�{Pb
X��pde[ajHdpl�[a`cbGl g

g t {��qX g Z,X��_bGZ,X��e{PjH]e]el�{C`cl�v g t��euH[FX�d � g jm[VZ\b�]ebGZqX�� g d X�]e]eb�]eu�`a[cl�l g � f � � B FE ��� �   {P�Gt g `cl�[abG]eu

`cl�{��e]Ab��'telS[al ��tAbG[cl g uHteb vrl g k	[cjHZ `��el9t g l�[Sb�] vrb � l�[al�]r` g `�X�uml g `aj d¡l7[Dk	jH[aZ `��el¬{C��t g `al�[cb�]euey

w��el�[al�X g ypX�] � � � � � B FE ��� �   {C��t g `al�[cb�]eu�jm]e�G~;[cl���bGl g jm]S`��Al g b�Z\bG� X�[cb�`x~!Z¥X�`c[abG�;{Cjm] g b g `abG]eu�j�k0`��el

g b�Z\bG� X�[abG`x~Vj�kpl�}'l�[a~odpX�bG[�j�kpl�]_`cbG`abGl g � �'X�bG]�y_���m�H���F�� %bGumte[cl���bG���Gt g `c[�X�`cl g l��AX�Z\de��l g j�k �eb�l�[�X�[�{�eb
{�X��

{C��t g `al�[cb�]eu�X�]pv jmde`cb�Z\b ��X�`cb�jH],{C��t g `al�[cb�]eu\�¯X�� g jq{�X����Gl�v�d X�[c`abG`abGjH]AbG]eu_���
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�D^�X�[c`abGdeb�© WhjH]_`cjHumb
X�]e]eb g y=�H�m�r� �hWhj g {��e²'l±y=���H�m��� f ] �'tel�`cb��=©U�pl�`�� �e[cb vruHl±yo�7�H�H� �!sOX�]rk	jH[FXry
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s ��l�[FX�] g ²rb¯y © Whj g {�e²'l'y/�H�H�m���OnhX�}'l�~9© �Vte[�v�y �m�H�H� ��z9X�]p{PjH[cb vrb g y zSbG`�{�el�����y � jm[c[al g y0s#�el�]/y

© �X�] g ]el7[�y����m�H� ���otA`�{�el�] g © �=X g bG��b�yp���m�H����Whte] �K© �V� XH{�²�yp�7�H�H�'�Vt g l g X g b�Z\bG� X�[cb�`x~!Zql�`c[ab
{

��l±�¤ue��y X gcg j_{Cb
X�`cb�jH] {Cj'l��,{Cb�l�]_`�y�{Cjm[c[al��
X�`cbGjm]�{Pj'l��,{PbGl�]_`�y�jm[�de[aj��pX �ebG��b g `cb
{�Zql�X g te[cl g �=w��eb {���[clC�

	pl�{P` g X\dpX�[c`cb {Cte� X�[hde[ajHdpl�[a`D~�X�Z\jH]Au\`��el g ~ g `al�Z l7]r`abG`cb�l g y�X�] v X,{C��t g `al�[cb�]eu,X���uHjm[cbG`��eZ �	l'�¤uA�Gy

X�umuH��jHZ\l�[FX�`abG}'l'y�jmde`cb�Z\b ��X�`cb�jH]�y�uH[�X�d �r� �pX g l�v�y0jm[�{Cjm] g `a[ctp{C`abGjm]���`cjSd X�[c`abG`abGjH]�`��Al g ~ g `cl�ZUb�]r`aj

uH[ajHted g j�k�[cl�� X�`al�v\l�]r`abG`abGl g ��« b�uHuml�[c` g y����m��°m���o��X�²��ejm`cb X �x��X�² �ejH`ab
Xry ���m��°m�=de[cj�}_b
vrl g X�te]eb�� l�v

k	[�X�Z\l�wOjH[c²�`��pX�`�{�X�`cl�umjH[cb���l g X�]pv,{CjmZ\dpX�[al g `��elKvrb � l�[al�]_` g j�k	`xw=X�[alK{C�Gt g `cl�[abG]euK`cl�{�e]eb���tAl g � !�]

��z9X�]p{Cjm[cb
v_b g l�`OX����GyA���H�m���¨X d X�[c`abG`abGjH]AbG]euYZ\l�`��ej_v�b g t g l�v�`cjYdpX�[c`abG`cb�jH];XhuH[ajHtedqj�k g ~ g `cl�Z �p�Gl g

bG]_`cj�X,]rteZ��pl�[�j�k�{C��t g `al�[ g �����Al\Z\l�`��ej_vSt g l g X��AbG�G� �x{P�GbGZ �Ab ]Au g l�X�[F{���`cj.{CjH] g b
vrl7[�v_b � l�[cl7]r`

X���`cl�[a]pX�`abG}'l g �pX g l�v jm] ]Al�bGu ���pjH[abG]eu,dpX�[c`abG`cb�jH] g y�w��el�[cl;`��Al�bG]eb�`cb
X��0dpX�[c`cb�`cb�jH]9b g [FX�]pvrjmZ\�G~ g lC�

�Gl�{C`cl�v���!�]��¯� ��l�[ad¡j g ©ª�ojm�G`�yp�m�H�m����y X�]rtAZ �pl�[=j�k g ~ g `al�Z g `c[atp{C`ate[�X��%de[ajHdpl�[a`cbGl g X�[cl�t g l�v,`cj

{C��t g `al�[0`��Al g ~ g `cl�Z �p��l g b�]r`aj�X �eb�l�[�X�[�{�r~Kj�k�{C�Gt g `cl�[ g �#���eloZql�`��ej_v�t g l g�g t �eum[�X�d �,vrjmZ\bG]pX�`cjm[

]ej_vrl g `aj��p]pv g t�� g ~ g `al�Z g j�k=X��GZ\j g `��H�\Z\l�Z��pl�[ g ypX�]pv �AtebG� v g ted�`��el �AbGl�[FX�[�{�_~\j�k g t � g ~ g �

`cl7Z g Xm{�{Cjm[�vrb�]euH��~'�Y��j g bGZ\de��b k	~;`��el;{PjHZ\detA`�X�`abGjm]�y�`��Al�bG]_`cl7[�XH{P`cbGjm] g j�kVZqjH[clK`��pX�]�X g dpl�{Cb ��{

]_teZ �pl�[��	l'�¤uA�Gye�m�:��bG]e² g ��`aj �Pk	[cjHZ X �p��lKX�[clKvrb g [al�u'X�[�vrl�v��

> � �!  B ��� @ ���	�   � �p@ � ��� � � �U���el � @ � ?  � @ ��� �@ �  � �!  B � @��p@ � ��� � � w)X g �p[ g `ob�]r`a[cj_vrtp{Pl�v

�_~ �VbG[a²��Aj � bG]��7���±� � �Vb�[c² �ej � y0�7���±����� !�]9`��eb g k	jH[cZ¥X��Gb g Z9ypX��ebG]pX�[c~�[cl�� X�`cb�jH] �pl�`xwVl7l�]9X g l7`

j�k 
aj�� �cl�{C` g � X�]pv X g l�`�j�k 
�X�`a`c[ab �ete`alC�¯}HX��Gtel g � b g [cl�dA[cl g l�]r`al�v X g X9�
X�`a`cb {Cl'� � l�{Cl�]_`c�G~±yQ`��el

X�dAde�Gb {�X�`abGjH],j�k�{Cjm]p{Cl�dA`=X�] X��G~ g b g bG],[cl7}'l�[ g lol�]AuHbG]Al�l�[cb�]eu � X g �pl�l�],bG]_}'l g `cbGu±X�`al�vS�D^±b � © �=l�d g y

���m�H� ���pb�]pvrbGuq© ^±]el��G`abG]euAy��7�H��° ��n�l�te[ g l�]�©ªWhtebGdpl�[ g y��7�H�m����� !�] g tp{���X�dede�Gb {�X�`abGjm] g ypX �7�HE�� @ �

 � �!  B �'b g XVZ,X��_bGZ,X���{Cjm�G�Gl�{C`cb�jH]hj�kej � �cl�{C` g �	b�� l'�Gy g ~ g `cl7Z k	te] {C`cb�jH] g � g �pX�[cbG]AuoZ,X��rb�Z,X���{CjHZ\ZqjH]
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XX
XXX

X
XX

F2
XXX

F5
F4
F3

F1

X

(a) Context table

Attr−Val

Obj F2 T2V3V2T1T3F7

X

XXXXX

T2
F2

F2,F7,T3

F1

T1, V3

(b) Concept lattice

F4

F5
V2

F3

A module
called or used by the object functions

O
b

je
ct

 f
u

n
ct

io
n

s

Functions, datatypes, variables that are 
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X�`a`c[ab �ete`alC�¯}HX��Gtel g ��b¯�¤l'��y�{�X��G��l�v ��t g l�v k	te] {C`cb�jH] g y%vAX�`�X�`x~rdpl g y�}mX�[cb
X �e�Gl g ��� f  � �!  B ��� @ ���	�  Y{�X�]

�pl�{CjHZqd¡j g l�v `cj�de[cj�}_b
vrl g b�uH]eb ��{�X�]_`;bG] g bGu��_`;bG]_`cj�`��el g `c[atp{C`ate[cl9j�kY`��el�[cl�� X�`abGjH] g �pl�`xwVl�l�]

j�� �cl�{C` g X�]pvSX�`c`c[ab �etA`clC�¯}mX��GtAl g=g tp{�,`��pX�`ol�XH{�\]ej_vrlKj�k�`��elY�
X�`a`cb {Clh[cl7de[cl g l�]_` g X;{Cjm]p{Cl�de`7�

���el g `al�d g j�k¨t g b�]eu;{CjH] {Cl�de`=� X�`c`ab
{Cl=k	jH[�`��AlhZ\j_vrte� X�[ab ��X�`cbGjm]\j�kQX g j�k	`xw)X�[cl g ~ g `cl�Z � X�}'l

�pl�l�]�de[cl g l�]_`cl�v,bG] �D^'b � © � l�d g y����m�H��� X g k	jH�G��j�w g �� %b�[ g `�y�X,Z,X�`a[cbG�qj�kVk	tA]p{C`cb�jH] g X�]pv `��Al�bG[

X�`a`c[ab �ete`alC�¯}HX��Gtel g b g �eteb��G`K`��pX�`�b g {�X����Gl�v�X  � � �D������ @�� ���� ^±l�{CjH] v�y � X g l�v jm] `��eb g Z,X�`c[abG��X

 � �!  B ��� @ ���	�  hb g {PjH] g `c[ct {C`cl�v�y�t g bG]Au9X��pjH`c`ajHZ��¯ted�b�`cl�[FX�`abG}'l�dA[cj_{Cl gag �, %b�]pX����G~'y/X {PjH�G��l�{C`abGjH]

j�k)`��el  � �   B � BA@ EC�	�
�	�	� �
� b g b vrl�]_`cb�� l�v�y�w��el7[cl�l�Xm{��9dpX�[c`abG`cb�jH]�b g X\uH[ajHted�j�k vrb g �cjHbG]_` g l�` g j�k

{Cjm]p{Cl�de` g yOX�]pv `��el�X�`c`c[ab �etA`clC�¯}mX��GtAl g b�] l�XH{� g l�`�j�kK{CjH] {Cl�de` g �pX�}'l g bGum]eb���{7X�]_`�j�}'l7[c�
X�d�� !�]

`��Ab g {CjH]_`cl��_`�ypl�Xm{���dpX�[a`cbG`abGjm]�{CjH[a[cl g d¡jm]pv g `aj,X�dpjH`al�]_`cb
X��0v_l�{CjHZqd¡j g b�`cbGjm]Sj�kV`��el g ~ g `cl�Z2b�]r`aj

Z\j_vrtA�Gl g �9 %bGumte[cl¥�SbG�G��t g `a[�X�`cl g `��Al,X�dedA�Gb
{7X�`cb�jH] j�k�{PjH]p{Cl7de`�� X�`c`ab
{Cl¥X�]pX��G~ g b g bG] {PjH�G��l�{C`abG]eu�X

uH[ajHted j�k g ~ g `cl�ZRl�]_`cbG`abGl g `��pX�`�l��_b g `�b�]�]el�b�u�� �¡jm[cb�]eu�{CjH] {Cl�de` g bG] X,�
X�`a`cb {Cl'�9���eb g uH[ajHted j�k

l�]_`cb�`cbGl g {Cjm] g `abG`ctA`cl g X �eb�u��.{Cj��el g bG}'l�Z\j_vrte��l'�

�H�



�oj�wVl�}'l7[�y�l�}'l7]9bG]�Z\l�vrb�teZ g j�k	`xw)X�[cl g ~ g `al�Z g �x���H�SW����Ys=�h`��elq{CjH]p{Pl�de`Y�
X�`c`cb {Cl�Z,X�~

�pl�{CjmZ\l g j�{CjmZ\de��l���`��pX�`=`��elo}_b g tpX��/{�� X�[�Xm{C`cl7[cb g `cb { j�k `��elh� X�`a`cb
{Plob g j � g {Pte[cl�v��#!�] g tp{�,{�X g l g y

`��AlV[cl g l�X�[�{�el�[ g g l7l�²KX�te`ajHZ,X�`cb
{�dpX�[a`cb�`cbGjm]ebG]AuhX��GuHjm[cb�`��eZ g `cj X gcg b g `0`��elOt g l7[0bG] �p]pvrb�]euYvrb g `cb�]p{C`

{C��t g `al�[ g j�k �AbGu��A�G~;[cl�� X�`cl�v�{Cjm]p{Cl�dA` g � f ] �'tel�`abG��� f ] �'tel�`cb���y'�m�H�m���)XHvevr[al gcg l g `��eb g de[cj �e�Gl7Z�X�]pv

X�[auHtel g `��pX�`K{Cjm]p{Cl�dA`h�
X�`c`cb {Cl�dA[cj_vrtp{Pl g Z�tp{�,Z\jH[al�b�]rk	jH[aZ,X�`abGjH]/y¡b¯�¤l'��yp{CjH]p{Pl�de` g y�`��pX�]9bG`hw)X g

uHb�}'l�]KX g b�]edete`O��b¯�¤l'��y�X g l�`0j�kpl�]_`cbG`abGl g v_l g {C[ab �eb�]eu=`��Al g j�k	`xw=X�[al g ~ g `cl�ZS�Fy�X�]pv �Al�]p{Cl#�elOde[cjmd¡j g l g

Xh`cl�{�e]eb���tAlV`�� X�`�jH]e��~�l��_`c[�Xm{C` g `��el�Z\j g `0bG]_`cl7[cl g `cbG]Auh{Cjm]p{Cl�dA` g ���j_vrbG]9�x�j_vrbG]q© zSbG��b�y_���m�H���

de[ajHdpj g l g X g jH�GtA`cbGjm] `aj `��elSj�}'l�[aw��el��GZqb ]AuS]_teZ �pl�[Kj�kK{PjH]p{Cl7de` g �r~¬de[cte]AbG]eu�`��el.{CjH] {Cl�de` g

`�� X�`,vrj¬]ejH`\b�]r`a[cj_vrt {Cl9X�]r~ X�`c`a[cb �ete`cl g j�k�`��el�b�[�j�w=]�yVk	[cjmZ `��elS� X�`c`ab
{Cl�j�k {Cjm]p{Cl�de` g � ���el

de[ate]el�v,{Cjm]p{Cl�de` g X�[clK{Cjm] g b vrl�[cl�v X g ]AjH]r�¯bGZ\dpjm[c`�X�]r`�{Cjm]p{Cl�de` g �#!�],`��elY[al g te��`cb�]eu��
X�`c`cb {Cl'y_l�XH{�

{Cjm]p{Cl�de`��pX g X�`��Gl�X g `�jH]Alo]el7w X�`a`c[ab �ete`al'� �OX�]\nol7te[ g l�]S�¯nol�te[ g l�];© W tAbGdpl�[ g yp���H�m���#de[cjmd¡j g l g

X\`cl�{�e]eb���tAl�`cj g bGZ\de��b k	~\`��el;veX�`�X g l�` �plCk	jm[cl�l��_`c[FXH{C`abG]eu\`��elq{CjH]p{Pl�de` g y�l'� ue�Gy �r~�l��Gb�Z\bG]pX�`cb�]eu

`��Al�de[cjmuH[�X�Z g w=bG`���X��eb�u���]rteZ��pl�[�j�kVk¯X�]r�¯bG]�jH[hk¯X�]r�¯jHtA`��;���eb g X�dede[cj±XH{��t g l g `��el;{Cjm]p{Cl�dA`

�
X�`c`ab
{Clh`aj�l7�r`a[�XH{P`={CjmZ\dpjH]el�]_` g b�],`��elY`cl7[cZ�j�kO{C� X gag l g j�k�j�� �cl�{P` g bG]q`��el�s�j��pjm�0de[cjmuH[FX�Z g �

��� � � @ �³��� @ �	�	� � �  ®? � �	���p � �q���el X�dede[aj'Xm{��el g b�] `��eb g uH[ajHted���  bG]e]eb�u'X�] l7`�X�����y��7�H�'° �

zSte���Gl�[�l�`qX��¯�Gy����m�H����^±`cjH[al�~'y �Vl g `�y)©UzSb
{�pX�tpv�y=�H�m�r���:X�[cl �pX g l�v jH] `aj'jH�ht g X�uml'y�vrjHZ¥X�bG]

²_]ej�w=�Gl�vruml'ypX�] v }_b g t X��Gb���X�`abGjm] Zql�X�] g yr`aj�dpl�[xk	jH[cZ X�]Sb�`cl�[FX�`abG}'lht g l�[D��X gag b g `cl�vS{C��t g `al�[cb�]eu�de[cj��

{Cl gag � ^'t {�� t g l�[D��X gag b g `cl�v `cl�{�e]eb���tAl g �pX�}'l��pl�l7] de[aj�}'l7]�t g lPk	te�=bG] �pX�]pvr�Gb�]eu��
X�[auHl g ~ g `al�Z g

��  bG]e]eb�u'X�] l7`�X�����y��7�H��°m���

!�]S`��Al�i �o^¥X�dede[aj'Xm{��¬�� %b�]e]ebGu±X�]�l�`hX�����y����H�'°H�Fy�`��elYt g l�[�vrl �p]el g X;{CjH]_`�X�bG]eZql�]r` g `a[ctp{®�

`ctA[cl k	jm[,X �ebGl�[FX�[F{��_~�j�k g t � g ~ g `al�Z g w��eb {�� b g vrl�[abG}'l�v k	[ajHZ9�.vrl�}'l���jHdpl�[ g yVv_j_{CteZ\l�]_`�X�`cb�jH]�y
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vrb�[cl�{C`ajH[a~ g `c[ct {C`cte[al'yeX�]pv\]pX�ZqbG]eu {CjH]_}'l�]_`cbGjm] g �#���elY`cj'jm� {CjH] g l �'tel�]_`c�G~;[cl7}'l�X�� g `��elY[cl�� X�`abGjH] g

�pl�`xwVl�l7] g t�� g ~ g `al�Z g X�]pv [al�de[al g l�]_`;`��el g ~ g `cl�Z X�[�{�eb�`cl�{C`ate[cl.X g 
c� X�]pv g {�X�d¡l g � b�] �h�=z �

dpX�uHl g k	jH[�`��el�t g l�[ �¦g b�] g dpl�{P`cbGjm]�X�]pv9Z,X�]ebGdetA�
X�`abGjm]�� !�]S`��el��=bGuHb#`cj'jH�)��zSte���Gl�[�l�`�X�����y0���m�H�'��y

`��Al!l7�r`a[�XH{P`cl�v:k¯Xm{C` g bG],`��elhk	jH[cZ j�k � ^_  `ctedA�Gl g X�[clK[cl�dA[cl g l�]r`al�v\X g X�] l7]r`abG`x~��¯[cl7�
X�`abGjm]\uH[FX�d �

j�k X�`a`c[ab �ete`al�v �pj��_l g X�]pv�[al��
X�`cbGjm] g �AbGd �Gb�]e² g � !�]_`cl�[FXH{C`abG}'l�k¯XH{Cb��GbG`abGl g k	jm[�um[�X�d�� �p��`cl�[abG]eu.X�]pv

{C��t g `al�[cb�]eu�jmd¡l7[�X�`abGjm] g `cj �AtebG� v X�]pv l7�rde��jH[al g t � g ~ g `cl7Z �AbGl�[FX�[�{�eb�l g X�[cl X�� g j�de[aj�}_b
v_l�v��

^_�o[ab
z9i �D^'`ajH[al�~\l�`)X�����ye�m�H�r���Vb g X�],bG]_k	jH[cZ¥X�`cb�jH]\}_b g tpX���b ��X�`cb�jH],X�]pv\]pX�}rb�u'X�`abGjm] g ~ g `cl�Z

`�� X�`hl�Zqde�Gj�~ g ��j'jmZ\bG]eu�k	l�X�`cte[al g `aj�dA[cj�}rb vrl�b�] g b�u��_`ob�]r`aj�`��el g `c[atp{C`ctA[cl�j�k�`��Al g ~ g `al�Z2te]pvrl7[

X�] X��G~ g b g �;���el � g �_��l�~'l �7j'jHZ\b�]eu�k	l�X�`cte[al\X��G�Gj�w g `��el;t g l�[Y`aj �7j'jHZUjH]¬X d X�[c`ab
{CtA�
X�[�debGl�{Pl�j�k

`��Al g j�k	`xw)X�[cl±y�w��AbG�GlOde[cl g l�[a}rb�]euh`��Al�{CjH]_`cl��_` j�k�b�]rk	jH[aZ,X�`abGjm]�� ���el=`cj'jm�¡t g l g�g l�X�[�{�;X���uHjm[cbG`��eZ g

`�� X�`=X��G��j�w g `��elot g l�[�`cj �p]pv\X�]pv�}_b g tpX���b ��lO`��el�bG]_`cl�] vrl�v;X�[c`ab k¯Xm{C`�bG];`��el g ~ g `al�Z9� ���el�de[cj_{Cl gcg

�H�



V2
F23

V2
T1

F8
V4

F4

F4

T1

V2 F23V4
V2F8

F23

V4
F23

V2T1

F23T1V2

F5

F8

(a) Eight Baskets of items.
are highly related.from three frequent 2−itemsets.

F8F7F6F5

F4F3F2F1

V2F11

F23 V4

F8
F11

F23V4

F23 T1
F11T1

F1

F1,  F2,  F3,  F5,  F8

F1,  F3,  F5,  F6
F3

(c) Extracted group of entities(b) Generating a frequent 3−itemset

Baskets

F23  V2

Itemset

V2    T1

F23   T1   V2

F23   T1

F1,  F3,  F4,  F5

F1,  F3,  F5

V:  Variable

function−call
T:  DataType
F:  Function

variable−use
dataType−use

A module

���������
	 �  C"7�*'�)A3A��@�������-�@���+��! >����8� . � ������E+����E<��(&���873.+���-� >3�����4��9<*�( E�(
��13AH��! 7���E�7���, (
*4� ����*4>+*��<��������*4��
�$����� *�A3(
*4��*��<�2��������� ��! ! 13���4��������� ��� �3��� ��*4���;�<��>B��������*4>B! 13���4��������� �<��>B1���*4>B>����8��� ,3A3*4����9 �<(
� �����@*4�F���
����*�.+� � � �87�* �3��� ��*4���  � �	���F*�A3(&*4��*��)�8���-�@��� ��! �<� ����*�(����-�@9)* ���@E)��(&���873. !$��(:E<*���*�(����-� ��E ! (
*4N 1�*��)�&M
����*�.+��*4�-�� � � � K >3�����4��9<*�(&*4> E�(&��13A:��!�7��@E�7��@,6(&*4������*4> *��<��������*4�F�4�����������81��-*5�+�4��7�*4����9<*+.+��>�1���*<

b g X gcg b g `al�v��_~;`��elYt g l�[ob�],jH[�v_l�[=`cjq{CjH] g `c[atp{C`��eb�u��r�¯�Gl7}'l��p}rb�l�w g j�kOX g ~ g `cl�Z �r~\um[cjmtedebG]Au�`��el

l���l�Z\l�]_` g b�] X um[�X�d ����  bGuHtA[cl,�Sb��G�Gt g `c[FX�`al g XS}rb�l�wªj�k�`��el g j�k	`xw)X�[cl g ~ g `cl7Z g `c[ct {C`cte[al\w=bG`��

�Gb�]e² g �pl�`xwVl�l7]Sv_b � l�[cl7]r` g t � g ~ g `cl�Z g `��pX�`��pX g �pl�l�],uHl�]Al�[�X�`cl�v	�r~;`��el�^_��[cb
z9i }rb g tpX��Gb���X�`abGjH]

`cj'jm���

� @ � @ �.� � � � �H� nhX�`FX�Z\bG]eb�]euhjm[=Wh]ej�w=�Gl�v_uHl�nob g {Cj�}'l�[c~KbG]qnhX�`FX �pX g l g ��WYnhn!�Fy'[clCk	l�[ g `cj

X�{Cjm�G�Gl�{C`cb�jH];j�k¨X��GumjH[abG`��AZ g k	jm[�vrb g {Cj�}'l�[cb�]euYjH[=}'l�[ab k	~_bG]euYbG]_`cl7[cl g `cbG]Au�X�] v¥]AjH]r�¯`c[abG}_b
X���[cl�� X�`abGjH] g

X�ZqjH]eu¬veX�`FX b�] � X�[cuml�veX�`FX �pX g l g �¯ pX�~_~_XHv�yh���m�H���F� f g t � g `�X�]_`cb X���]rtAZ �pl�[Kj�kKveX�`�X9Z\bG]AbG]eu

X�dAde[cj±XH{�el g b�]9`��elK[cl�� X�`cl�v �Gb�`cl�[FX�`ate[cl X�[cl �pX g l�v9jH]9l��_`cl�] g bGjm] g j�kO`��el �=B EP�	�HEC� @ � �'�HEC�
� ? � �r~

f um[�X�w=X��h� f uH[�X�w)X��=© ^'[abG²mX�]_`�yO���m���r�F�����el g l¥X�dede[aj'Xm{��el g X�[clqd¡l7[c`cb�]el�]_`Y`cj9`��Al,{CjH] {Cl�de`Yj�k

� @ E��'�� ��@�� �'�� � ��jm[;��E @��
�7@� �	�	� �
� ��� f Z,X�[c²'l�` �pX g ²'l�`��	jH[ g b�Z\de�G~	�pX g ²'l�`P��{Cjm]r`FX�bG] g v_b � l�[cl7]r`

²_bG]pv g j�k�bG`al�Z g yrw��el�[alY`��el �'tpX�]_`cb�`D~qj�k#bG`cl7Z g j�k�`��el g X�Z\lY²_bG]pv\bG],`��el �pX g ²'l�`=b g ]ejH`�{Cjm] g b v��

l�[al�v��K���el @���� �  � @ �	�	� � E��_�G � � f um[�X�w=X���© ^±[cbG²mX�]r`7yQ�7�H���r�hl7�rde[al gcg `��el�k	[al ��tAl�]p{C~,j�k)dpX�`a`cl�[a]

�H�



j_{�{CtA[c[cl7]p{Cl g�g tp{�9X g �±� � j�k#�pX g ²'l�` g `�� X�`�{CjH]_`�X�bG]S`��el g l�`�j�k�b�`cl�Z g��mf y ���KX�� g j,{PjH]_`�X�b�]S`��el

g l7`�j�k�bG`cl7Z g�� s�y³n��_�¬���el�X gcg j_{Cb
X�`cb�jH] [ate�Gl g {�X�] �pl,l��r`a[�Xm{C`cl�v �r~�`��el,b�`cl�[FX�`cb�}'l\X��GumjH[cb�`��eZ

f de[abGjm[cb�bG]�`xwVj g `cl�d g �,���el � [ g ` g `al�d�l��_`c[FXH{C` g X��G�O{CjmZ �eb�]pX�`abGjm] g j�k�bG`al�Z g w��el�[al\`��el;]_teZ��

�pl�[�j�k�{PjHZ\Z\jm]�{PjH]_`�X�b�]el�[ �pX g ²'l�` g k	jH[�l�Xm{�� {PjHZ��ebG]pX�`cb�jH]�l��e{Pl�l�v g XSZ\b�]ebGZ�teZ2��l�}'l��=�	l�XH{�

{CjmZ �eb�]pX�`abGjm]�b g ²_]ej�w=]SX g X �PEP����p � ���
�D � � �� �F�V���Al g l�{PjH]pv g `al�d,uHl�]Al�[�X�`cl g X gcg j_{Cb
X�`cb�jH]S[ate�Gl g

t g bG]eu g tp{� k	[cl ��tel7]r`YbG`al�Z g l�` g �,���el\uHl7]el�[�X��Vb vrl�X b g `��pX�`Kb kay�k	jm[�l��AX�Z\de��l'y �mf y �hy s�y¦n��qX�]pv

�mf y ���hX�[cl=k	[cl �'tel�]_` bG`cl7Z g l�` g y�`��el7]�`��elhX gcg j_{Cb
X�`cbGjm]\[ctA�Gl �����
	 ��� ����
� �Y{7X�]��¡l�l��r`a[�Xm{C`cl�v

�_~S{PjHZ\detA`cbG]Au�`��elK[�X�`abGj���� ���� ��!��4��.=.+��� �3��� ��*4����������� ��� ���  "!$#�������!��4��.=.+��� �3��� ��*4���%������� �&!$# ²_]ej�w=]�X g  � � �   �! �EP�����el

X gag j_{Cb X�`abGjH]�[cte��l �ejH� v g jm]e�G~qb kOE(' ��� � � � �
�  � � �   �! ��

���elh[al�}'l�[ g l=l�]eumbG]el�l7[cbG]Au�X�dede[aj'XH{�el g t g bG]Au�veX�`�X�Z\b�]ebG]eu X�[cl�}'l�[c~Yk	l�wY��zSjH]_`cl g vrlK�h{7X

X�] v¥sOX�[c}'l�[��D��{�X�© sOX�[a}'l�[�ye�7�H�m���0t g l�veX�`FX ZqbG]eb�]euhX gcg j_{Cb
X�`cbGjm]\[ctA�Gl g X�] v�Xh}_b g t X��e[al�de[cl g l�]r�

`�X�`cb�jH],Z\j_vrl���`cj�um[�X�d��eb
{�X��G��~\de[cl g l�]_`V`��el g t � g ~ g `cl�Z g `�� X�`�X�[alYb
vrl�]_`cb �pl�v:k	[ajHZ `��elKveX�`FX �pX g l

[cl7de[cl g l�]_`�X�`abGjm]�j�k�`��el g t�� �cl�{C` g ~ g `al�Z9�,zSbG���Gl�[KX�]pv �t ��X�[FX�`��ebY��zSb��G�Gl7[Y© ot ��X�[�X�`��eb¯y=���m�H���

de[ajHdpj g l�X ²_]ej�w=�Gl�v_uHl�vrb g {Cj�}'l�[c~9k	[�X�Z\l�wOjH[c² X�]pv wVjH[a² w=bG`�� X gcg j_{Pb
X�`abGjm] [cte��l g `��pX�`\l gag l�]r�

`cb X����G~qXHvevr[al gcg `��el g `FX�`ab g `ab
{�X���bG]rk	jm[cZ,X�`cb�jH]�X �pjHtA`h[cl�� X�`abGjH]	�pl�`xwVl7l�],uH[cjmted g j�k�l�]_`cb�`cbGl g bG],`��el

veX�`�X � X g l±�:^_X�[c`abGdebO�D^_X�[c`abGdeb#©JWhjm]r`ajHuHb X�]e]Ab g y/�H�H�_����t g l g X �_~��¯de[aj_vrtp{C`hj�k)X gcg j_{Cb
X�`cb�jH]�[cte��l g y

�_~ {CjH] g b
v_l�[cb�]eu k	[al �'tel�]_`�bG`al�Z g l�` g X��Gjm]eu�w=bG`�� `��el7bG[;{Cjm]r`FX�bG]Al�[ �pX g ²'l�` g � ���eb g b�]rk	jH[aZ,X�`abGjH]

X����Gj�w g `cj�l�]p{Pj_vrl�`��el g `c[atp{C`ate[�X��%de[ajHdpl�[a`D~qj�k�`��elYuH[cjmted g j�k�l�]_`cb�`cbGl g w=bG`��,Z,X��_bGZ;teZ�����lC}'lP�ej�k

bG]_`cl7[�XH{P`cbGjm]\X g X g b�Z\bG� X�[cb�`x~!Zql�X g te[cl �pl�`xwVl�l�] g ~ g `al�Z�l�]r`abG`abGl g �%  bGuHtA[cl�°�bG�G��t g `a[�X�`cl g `��el g `cl�d g

k	jH[Y[al�de[cl g l�]_`cb�]eu�`��el g j�k	`xw)X�[cl g ~ g `cl�Z l�]_`cbG`abGl g X g veX�`�X\Z\b�]ebG]eu��pX g ²'l�` g X�]pv9`��el�b�[ob�`cl�Z g y�X g

wVl7�G�#X g X,vrb g {Cj�}'l�[cl�v,uH[ajHted�j�k �ebGu �e�G~,[cl7�
X�`al�vSl�]_`cb�`cbGl g X g `��el;{Cjm�G�Gl�{C`cb�jH]Sj�k=`��el �pX g ²'l�` g X�]pv

`��Al�{PjH[c[al g dpjm]pvrbG]Au�b�`cl�Z g l�`��

��°



�)@ ���x�E � � @��   �  ®? � �	���p �

���el g j�k	`Dw)X�[al�X�[�{�ebG`al�{C`ate[clh[al�{Cjm] g `a[ctp{C`abGjm] `al�{�e]eb��'tel g b�] `��eb g {7X�`cl7uHjH[a~,X�[alYZ\j g `c�G~qvrlC�

g b�uH]el�v�X g X!`ajHdr��vrj�w=]\de[aj_{Cl gag w��el�[alo`��el �ebGu �r����l�}'l��_}rb�l�w j�k�`��el g ~ g `cl�Zªb g �etebG��`�X g `��el�t g l�[ �¦g

Z\l�]_`�X��0Z\j_vrl7�Qj�kh`��el g ~ g `cl�Z X�[F{��eb�`cl�{P`cte[al'�S���Al d X�`c`al�[c]¬Z,X�`F{��eb�]eu,de[cj_{Pl gcg `��el�] g l�X�[F{��el g

`��Al g jHte[F{Cl,Z\j_vrl��Ow��eb
{��b g l�bG`��el�[�X�] X � g `c[�Xm{C` g ~_]r`FX���`a[cl�l'y�XS[al�dpj g bG`cjm[c~ j�k X�[F{��AbG`cl�{C`cte[FX��

l���l�Z\l�]_` g yHjH[�X�[cl�� X�`abGjH] X�� veX�`�X � X g l�`aj�b
vrl7]r`ab k	~qX�]Sl7�eXm{C`Vjm[hX�]9X�dAde[cj��_bGZ,X�`cl�bG] g `�X�] {ClYj�k�`��el

�eb�u��r�¯�Gl�}'l7�¡}_bGl7w b�] `��el g jmte[�{ClYZ\j_v_l����

���  ��³� � � �h��� ?�� �G��HF� �!��� �x�� �±B   � � �@ ���	� � �Y���el �AbGu��_����l�}'l�� g dpl�{Pb���{�X�`cb�jH]9j�k X g ~ g `cl7Z9y

X�� g jq{�X����Gl�v�
�X�[F{��AbG`cl�{C`cte[FX���dpX�`a`cl�[a] � jm[ 
F{CjH] {Cl�de`atpX�� X�[�{�ebG`al�{C`ctA[cl � b g X�]�bG]_`cl�um[�X���dpX�[a`=j�k�`��el

dpX�`c`cl7[c]��pX g l�vqX�[�{�eb�`cl�{C`ate[�X��p[cl�{Cjm] g `a[ctp{P`cbGjm]\`cl�{��e]Ab��'tel g � ���el g dpl�{Cb ��{�X�`abGjm] g �ejHte� v\[cl�de[al g l7]r`

X�]�X � g `a[�Xm{C`cb�jH]�j�kO`��el;{PjHZ\dpjH]Al�]r` g X�]pv9`��el�b�[ob�]r`al�[�Xm{C`cb�jH] g X g wOl��G� X g X;Z\l�{�pX�]eb g Z `aj,{Cjm]r�

g `a[�X�bG]�`��Al=`D~_dplVj�k�`��el=bG]_}'jH��}'l�v g ~ g `al�Z4l�]r`abG`abGl g X�]pv�vAX�`�X ��{Cjm]r`a[cjm��v_l�dpl�]pvrl�] {CbGl g � !�];X�`D~_deb {�X��

g {Pl�]pX�[abGj\k	jH[Kvrl �p]ebG]Au `��el��ebGu �r����l�}'l��0Zqj_vrl�� j�k�X g ~ g `al�Z9y�`��el g j�k	`xw=X�[cl;l�]eumbG]el�l7[ht g l g bG]_k	jH[D�

Z,X�`cbGjm] k	[ajHZUv_b � l�[cl7]r` g jmte[�{Cl ghg tp{��X g �YX�]pX��G~_`cb {�X��#veX�`FX,X�]pv g `�X�`ab g `cb
{7X��0Z\l7`c[cb { g jH] g ~ g `cl�Z

de[ajHdpl�[c`abGl g dA[cj�}rb vrl�v �_~;`��elY`cj'jm�G²_bG` �eX�] v ²_]ej�w=�Gl�vrumlYX �pjmte`o`��elKX�dedA�Gb
{7X�`cb�jH]�vrjmZ,X�b�],X�]pv\`��el

l��_b g `cbG]Au g ~ g `al�Z2vrj_{PteZ\l�]_` g �

!�]�Z\j g `�{�X g l g yQ`��el��eb�u��r�¯�Gl7}'l�� g dpl�{Cb ��{�X�`abGjm] b g vrl �p]el�v�X g X �'tel�[a~ `��pX�` g dpl�{Cb�� l g `��el

l��_dpl�{C`cl�v�X�[�{�ebG`al�{C`ctA[�X�� g `c[atp{C`ate[cl�jH[ �¡l �pX�}rb�jH[�bG]\`��el�`�X�[auHl�` g ~ g `al�Z9� f ]qX�[�{�eb�`cl�{C`ate[�X�� ��tel7[c~

b g vrl �p]el�v t g b�]eu X�[�{�eb�`cl�{C`ate[�X��o]AjH`�X�`cb�jH] g yol'� ue�Gy�{CjmZ\dpjH]el7]r`7yo{PjH]e]el�{C`cjm[�y=Z\j_vrte��l'y=X�]pv b�Z��

dpjH[a` ��l7�rdpjH[a`��O���el=]ejm`cbGjm] g0g tp{��;X g  � �	�
���� � y  � � �   �	�
���
�	�� � yeX�]pv �  � B /X�[al=t g l�v�k	jH[ g `c[atp{C`ate[�X��

}_bGl�w4[cl�{CjH] g `c[atp{C`cb�jH]���« �el7[cl�X g y�`��el�`al�Z\dpjH[FX��0jmdpl�[�X�`cjH[ g X�[cl;t g l�v9`cj g d¡l�{Cb k	~�`��el;l��_d¡l�{C`cl�v

�H�



�pl��pX�}_bGjH[FX���}_bGl�w j�k�`��Al g ~ g `cl�Z9�;���el;]ejm`cbGjm] g j�k)l�}'l�]_`�y�l7}'l�]r`�dpX�`a`cl�[a]�y0X�]pv l�}'l�]_`h`a[�XH{PbG]euAy

X�[al�b�]r`al�]pvrl�v¥k	jH[ �pl��pX�}_bGjm[�X��#[cl�{Cj�}'l�[a~'�Y���el ��tAl�[c~,Z,X�~,t g lqvrb�[cl�{C`abG}'l g `aj,�Gl�XmvS`��elqX�]pX��G~ g b g

X���uHjm[cbG`��eZ `aj\X g d¡l�{Cb���{YX�[�{�ebG`al�{C`ctA[�X��/X�]pX��G~ g b g `�X g ²��

!�] `��el g l!`al�{�e]eb��'tel g yr`��el �ebGu �r����l�}'l��p}_bGl�w j�k�`��el g ~ g `al�Z b g Zqj_vrl��Gl�v�l�bG`��el�[)X g X�{Cjm�G��l�{®�

`cb�jH]9j�k�X�[F{��AbG`cl�{C`cte[FX�� g `x~_�Gl g ���hX�[c[ab g y � l�t��¡l7] g `al�bG]�y/©���l���y#���H�m���Fy0X�um[�X�d���j�k)X�[F{��AbG`cl�{C`cte[FX��

l���l�Z\l�]_` g ��WYX ��Z¥X�]9©��Vte[a`���y0�7�H�m����y X�] f nY��� X g l�v��'tel�[a~ �x^_X�[a`cb�deb�y��m�H�m����y X�] ^��Y� �pX g l�v

�'tel�[c~���WYX ��Z,X�]�©ªsOX�[c[abGl�[al'y��7�H�m����y�jH[�X�] �Yz � �pX g l�v �'tel�[a~S�¯i¨b�] ��uml�[�© �X�����yp�m�H�H�'���

�)@ ���x�E � � @ � ®? � � � �  ®? � �	���¡ � ��^�X�[c`abGdeb)�D^_X�[c`cb�deb�y/�H�H�m����de[ajHdpj g l g X�d X�`c`al�[c]_� �pX g l�v�X�[x�

{�ebG`al�{C`ctA[cl;[cl�{Cjm] g `a[ctp{P`cbGjm] X�dede[aj'Xm{�� `�� X�`;t g l g X�] X�[�{�eb�`cl�{C`ate[cl ��tel7[c~��
X�]AuHtpX�uHl�� f �Y����`cj

Z\j_vrl7��`��Al�X�[�{�ebG`al�{C`ate[�X��¡d X�`c`al�[c]�j�k#`��el g ~ g `cl�Z2X g X�{PjH] g `c[�X�bG]el�v¥um[�X�d �Sj�kO{CjHZqd¡jm]el�]_` g X�]pv

{Cjm]e]el�{C`ajH[ g �����el�vrl g bGuH]qj�k `��Al f �Y�\�
X�]euHt X�uHl �pX g �pl�l�]qbG] g debG[al�v!k	[cjmZJ`��elh{Pte[c[al�]r`OX�[�{�ebG`al�{®�

`ctA[cl�v_l g {C[abGde`abGjm]S�
X�]euHt X�uHl g � f nY����� !�]�`��eb g X�dede[aj'XH{��y�X�uH[FX�d ��Z,X�`�{�ebG]euKl�]eumbG]elKbG]p{C[al�Z\l�]_�

`�X��G��~ l7�rdpX�]pv g `��Al;X�[�{�eb�`cl�{C`ate[�X��%d X�`c`al�[c] ��v_l �p]el�vSb�] f �Y�9� X�]eumtpX�umlH�hb�]r`aj,X�dpX�`c`al�[c]�uH[FX�d �

X�] v Z,X�`�{�el g bG`=w=b�`��,`��el g ~ g `cl�Z�uH[FX�d ���O���el g l�X�[�{��X���uHjH[abG`��eZ t g l g X:um[�X�d �9vrb g `FX�]p{ClYZ\l�X��

g tA[clq{CjHZ\dAte`cl�vSt g bG]AuS{Pj g ` g j�k=]ej_vrl ��l�vruml,vrl���l�`cb�jH] �7bG] g l�[c`abGjm]9`cj��p]pv�X g t �r�¯jHde`abGZ,X��0Z,X�`F{��

X g `��Al![al�{Cj�}'l�[al�v�X�[�{�ebG`al�{C`ate[cl'�

WYX ��Z,X�]�X�]pv �Vte[a`��¬��WYX ��Z¥X�]�© �Vte[c`���y ���H�m���=b�]r`a[cj_vrt {Cl�X�]9bG]_`cl�[FXH{C`abG}'l�X�[�{�eb�`cl�{C`ate[cl

dpX�`c`cl7[c];[cl�{CjmuH]eb�`cb�jH]\`aj![al�{Cj�}'l�[0t g l�[Ovrl � ]el�v�dpX�`a`cl�[a] g j�k#X�[�{�eb�`cl�{C`ate[�X��el���l�Z\l�]_` g b�]\X g ~ g `cl7Z9�

���el g ~ g `cl�ZUb g Z\j_vrl���l�v X g X,uH[�X�d � j�k�X�[�{�ebG`al�{C`ctA[�X��#l��Gl�Zql�]r` g y�b¯�¤l'��y�{CjmZ\dpjH]el�]_` g X�]pv�{Cjm]r�

]el�{P`cjH[ g �K¢�XH{��{CjmZ\dpjH]el7]r`�jH[K{Cjm]e]el�{C`ajH[hb g vrl � ]el�vSt g bG]eu�{CjmZ\Z\jH]\k	l�X�`cte[al g y�]pX�Z\l���~ g `FX�`cb {

X�] v `cl7Z\dpjH[�X��Vk	l�X�`ate[cl g yO{�X�t g bG]eu�`��Al l7�Gl�Z\l7]r` g `aj �plS`c[al�X�`al�v�bG] `��Al g X�Z\l\w)X�~ ��WYX ��Z¥X�]�y

�H�



s��Gl7Z\l�]_` g y f �pj�w�v�yp© �=X gcg y����m��°H�F�=���elKt g l�[�v_l �p]el g X�]9X�[�{�ebG`al�{C`ctA[�X���dpX�`a`cl�[a]Sjm[ g `x~r��lYX g X

uH[FX�d �;j�k/l��Gl7Z\l�]_` g �����el�`cj'jm�¡`��el�] g l�X�[F{��el g `cjYb
v_l�]r`ab k	~hb�] g `FX�]p{Pl g j�k�`��pX�`�uH[�X�d �\b�]�`��el g jHte[F{Cl

Z\j_vrl7���=���elK`cj'jm�0t g l g `��el {CjH] g `c[FX�b�]r` g X�`cb g k¯XH{C`abGjm]9dpX�[FXHvrb�uHZ �	« j'j_v g © �OX�]euey ���m�H����`aj\[clC�

g `a[cb {C`h`��Al g l�X�[F{�� g dpXH{Cl±�����Al �pX�[�v � g j�k	`!k	l�X�`cte[al g j�k=`��el�l���l�Z\l�]_` g X��G�Gj�w `cj,[cl�� X���`��el�l��AXH{P`

Z,X�`�{�ebG]euqbG]�jm[�vrl�[K`cj�d¡l7[Dk	jH[aZ X�dede[aj��_bGZ¥X�`cl;Z,X�`�{�ebG]euA�,���el,X�dede[cj±XH{� de[cj�}_b
vrl gYg `�X�`ab g `cb
{ g

X �pjmte`h`��Al![al�uHtA�
X�[abG`x~;j�k¨X g ~ g `cl�Z b�],`cl�[aZ g j�k�b�` g {Cj�}'l�[FX�uHl �r~,X�dpX�[c`cb {Cte� X�[=dpX�`c`cl7[c]��

WYX ��Z,X�];X�]pv,sOX�[c[abGl�[alY��WYX �7Z,X�];© sOX�[c[abGl�[al'yp���H�m���#de[cjmd¡j g l�� @ �³�AX g X!wOjH[a²��pl�]p{��`�� X�`

X����Gj�w g vrb � l�[al�]r`��Gb�u��_`D�¯wVl�b�u��_`=`cj'jm� g X�]pvS`cl�{�e]eb���tAl g `aj\bG]_`cl�um[�X�`cl!k	jm[hX�]�X�[F{��eb�`cl�{P`cte[FX���[cl�{CjH]r�

g `a[ctp{P`cbGjm]9`�X g ²��YnhX���b0l��_`c[�Xm{C` g ��G��\ � � � � k	te]p{P`cbGjm]�y �p��l g y�}HX�[cb X �e��l g ypj�� �cl�{P` g �Fy�X\{Cjm�G��l�{C`cb�jH],j�k

ECF� @ ���	� � � ��l±�¤ue��y�k	te]p{P`cbGjm]\{7X��G� g �Fy'X�]pvqX g l�`�j�k�X�`c`a[cb �ete`cl g j�k�l���l�Z\l�]_` g X�]pv�[al��
X�`cbGjm] g ��l'� ue��y�k	te]p{®�

`cb�jH].{�X���� g k	te]p{P`cbGjm]9� `cb�Z\l g ��yeX�]pv g `ajH[al g `��el�Z b�]9X�[cl�� X�`abGjH] X��#veX�`FX �pX g l'� !�]S`��eb g {CjH]_`cl7�r`7yeX

dpX�`c`cl7[c]�{CjH] g b g ` g j�k�X;{CjH���Gl�{P`cbGjm]�j�kV^ �!����tel7[cbGl g `��pX�` �pX�}'l �pl�l�]qbG]_`cl�um[�X�`al�v\}rb X�i%l7[c��l7�rde[al g �

g b�jH] g �����el�de[abGZ\b�`cb�}'l!^��Y� �'tel�[abGl g {PjH�G��l�{C`=`��elKX�[�{�eb�`cl�{C`ate[�X�� {CjHZqd¡jm]el�]_` g X�]pvS`��el7bG[�vrl�[abG}'l�v

[cl7�
X�`abGjm] g �r~ ��tel7[c~_bG]eu�`��el,[cl7�
X�`abGjm]pX���veX�`�X �pX g l'� ���Al [al�{Cjm] g `a[ctp{C`abGjm] dA[cj_{Cl gag [al �'tebG[al g `��el

bG]_}'jH��}'l�Z;l�]r`=j�k�`��el;t g l�[Yw��ejSb g k¯X�Z\bG��b
X�[ow=b�`���`��el g ~ g `al�Z �³g vrjHZ,X�bG] �¯vrjHZ,X�bG]9l��_dpl�[c`P��X�]pv

�pX g l��_dpl�[cb�l�]p{ClOw=bG`��¥{CjHZ\dpj g bG]Au:^ �!� ��tAl�[cb�l g ��!�];jH[Fvrl�[�`cjK[cl�{Pj�}'l7[%`��elhX�[�{�ebG`al�{C`ate[cl=j�k#X g ~ g �

`cl7Z `��Al=t g l�[¨{CjHZ\dpj g l g `xwVj g l�` g j�k�d X�`c`al�[c] �'tel�[cb�l g ]pX�Z\l7�G~ 
�{CjmZ\Z\jm]�X�dAde�Gb {�X�`abGjH]�d X�`c`al�[c] g �

`�� X�`KX�[al�t g l�v k	jm[KX��G� g ~ g `al�Z g X�]pv 
�X�dede��b
{�X�`cbGjm]r� g dpl�{Cb ��{�dpX�`a`cl�[a] g � `��pX�`h[al �'tebG[al�²_]ej�w=�Gl�vruml

X �pjmte`h`��Al�vrjmZ,X�b�] �³g [alCk	l�[cl7]p{ClKX�[F{��eb�`cl�{P`cte[al'��!�]�l�XH{� g l�`oj�k �'tel�[cb�l g `��Al g Z¥X��G��l�[Vl7]r`abG`cb�l g X�[al

{Cjm�G�
X�d g l�v¥b�]r`aj��
X�[cuHl7[�{CjHZ\dpjm]el�]_` g yAX�]pv,[cl�� X�`abGjH] g �¡l7`DwOl�l�],{PjHZ\dpjH]Al�]r` g X�[al�v_l�[cb�}'l�v��

�hX�[a[cb g l�` X���� �¯�hX�[a[cb g l�`�X�����yV���m�H�'��b vrl�]_`cb k	~�X�[�{�ebG`al�{C`ate[�X�� g `x~r��l g ��X �pjmte`�]AbG]el g `x~r��l g �

bG]¬`��el g jmte[�{Cl,Z\j_v_l����,���elqZ\l�`��Aj_v t g l g X�] X�]e]ejm`�X�`cl�v f ^_� j�k�`��el g ~ g `cl7Z X g `��Al g l�X�[�{�

�H�



vrjmZ,X�b�]�X�]pv X�] X�[�{�ebG`al�{C`ctA[�X�� ��tel7[c~��
X�]AuHtpX�uHl'y �etAbG�G`Yjm]�`cjmd j�k�`��el � l � ]el�� X�]eumtpX�uml'y0`�� X�`

{Cj_vrb �pl g `��el�vrl g bG[al�v�X�[�{�ebG`al�{C`ctA[�X�� g `x~r��l g � f ]_teZ �pl�[�j�k g `x~r��lV[al�{CjHum]ebG`abGjm] �'tel�[cb�l g ��X�[ajHte] v��m���

{Cjm] g `abG`ctA`clh`��el �pX g l!j�k0`��elh[al�{CjHum]ebG`abGjm] dA[cj_{Cl gag � f g dpl�{Pb
X���b ��l�v �'tel�[a~�b g {CjHZ\dpj g l�v�`aj g l�X�[�{�

k	jH[ g dpl�{Cb ��{ g `D~_�Gl�[cl7�
X�`al�v�de[cjmd¡l7[c`cb�l g bG];`��Al g jmte[�{Cl�Z\j_vrl��¯�0���eb g �'tel�[c~;`c[abGumuHl�[ g X g l7`Vj�k ZqjH[cl

g dpl�{Pb���{ g `x~_�Gl ��tel7[cbGl g X g=g t �euHj±X�� g ypX�] v�`��el7]\[cl�dpjm[c` g jH]\`��elYvrl7uH[cl7loj�k g tp{�{Pl gcg bG];[cl�{CjmuH]eb���bG]Au

`�� X�` g `x~r��l;X�]pv�bG` g {Cj_vrlC��{Cj�}'l�[�X�uHl'�	!�]¬X g bGZ\b��
X�[ X�dede[aj'Xm{���y# etebG`al�ZUl�`KX��¯�9�� %b�te`cl�Z.y�zSl�[c��jey

f ]_`cjm]ebGjm��y�©J��jH]el7�G�
X_y%�7�H�m���  %bGtA`cl�Z9yp��jH]Al��G� Xry f ]r`ajH]eb�jH�¯y�©�zSl�[c��jey ���m�H����t g l 
c[al�{CjHum]eb �7l�[ g�

X�] v�	pj�w X�]pX��G~ g b g `cl�{��e]Ab��'tel g b�]�X�[�{�eb�`cl�{C`ate[�X��p[cl�{Cjm] g `a[ctp{P`cbGjm]��

> ��� B �³� @��!  >%?   ��� � � �  ®? � �	���¡ � �	!�] `��el g l `al�{��A]eb��'tel g y:`��el X�]pX���~ g `�� [ g ` vrl �p]el g

�eb g ���Al�[KX gcg teZ\l�v �AbGu��9��l�}'l�� Z\j_vrl�� j�k)`��el g j�k	`xw=X�[cl;bG]�X�]�X�dede[cjmde[cb X�`al:k	jm[cZ ��l±�¤ue��y�Z\j_vrtA�Gl g

X�] v bG]_`cl7[�{Cjm]e]el�{C`abGjm]�yrb�] �el�[abG`�X�]p{Cl �AbGl�[FX�[�{�_~'yevrl g bGum],dpX�`a`cl�[a]�y�X�[�{�ebG`al�{C`ate[�X�� g `x~_�Gl'y_jH[ ��tAl�[c~p���

���el,`cj'jm�o`��el�] {��el�{®² g `��el�vrl�uH[al�l,j�k {CjH]_k	jH[cZ¥X�]p{Cl	�pl�`xwVl7l�]�`��Al dA[cjHdpj g l�v Z\j_v_l��=X�]pv `��el

g jmte[�{PlhZ\j_vrl��¯�0���el=k	jH���Gj�w=bG]Au�X�dAde[cj±XH{�el g X�[alhl��AX�Z\dA�Gl g j�k#{CjHZqde�Gb X�]p{Cl�{�el�{�²_bG]euh`al�{�e]eb��'tel g �

zSte[cd��r~ X�]pv;�ojH`a²rb�],��zSte[ad �_~'y'�ojm`c²_bG]�y'©4^'te�G��bG}mX�]/ye���m�H�����pX�}'l=de[cjmdpj g l�v�`��el g j�k	`xw=X�[al

�=l�	pl��_bGjm]\Z\j_vrl��p`aj;X gcg b g `=`��elht g l�[=b�]\`cl g `cb�]eu�w��el7`��el�[��Ab g � �el�[OZ\l�]_`�X��pZ\j_v_l��pj�k#`��el g ~ g `cl�Z

{Cjm]rk	jH[aZ g w=b�`��,`��el g ~ g `cl�Z9�#���elYt g l7[=l�Z\de��j�~ g X�`cl��_`ct X�� vrl�{P�
X�[FX�`abG}'l=k	jH[cZ `cj;vrl � ]elKX �ebGu �r�

�Gl7}'l��pZ\j_vrl���j�k�`��el g ~ g `cl7Z9yeX�]pv ��bG]e²;`��eb g Zqj_vrl���`aj�`��el g jmte[�{ClYZ\j_v_l��������el g jHte[F{Cl�Z\j_v_l���b g

X�{7X��G��uH[FX�d �,jH[)X�]\b�] �el�[abG`FX�]p{Cl �eb�l�[�X�[�{�r~'� f g j�k	`xw=X�[cl �=l�	pl7�rb�jH];Z\j_vrl��pb g `��el7],{CjHZqdete`cl�v�`cj

vrl�`al�[cZqbG]elhw��Al�[cl�`��el�t g l7[ �³g �eb�u��r�¯�Gl�}'l7�%Z\j_v_l�� {CjH]_k	jH[cZ g w=b�`��9`��Al g jHtA[�{Cl�Z\j_v_l��0X�]pvSw��el�[al

vrj'l g ]ejH`q{CjH]_k	jH[cZ.� ���elSt g l�[;bG]_`cl�[ade[cl7` g `��Al �=l�	pl��_bGjm] Zqj_vrl���X�] v vrl �p]el g ]el7w [cl�� X�`abGjH] g

�pX g l�v\tedpjH],`��elh[cl g te��` g � �=l�umte�
X�[Vl��_de[cl gcg b�jH] g X�[clht g l�v\bG]q`��elok	jm[cZ g `aj�k¯XH{Cb��GbG`FX�`alo`��elh�Gb�]e²�j�k

�r�



X�uH[cjmtedSj�k g jHte[F{Cl�Zqj_vrl���l7]r`abG`cb�l g `cjqX �AbGu��_����l�}'l��pl�]_`cbG`x~'�

WhjH]_`cjHumb
X�]e]eb g �¯WhjH]_`cjHumb
X�]e]eb g yVn�l�zSjH[ab�y �Vl7[c] g `cl�b�]�yQ�X����Gl�[7y�©2zSl�[c��jeyV�7�H�m���Kde[cjmd¡j g l g

X g `cj_{�pX g `cb
{KX�dedA[cj'Xm{��Sk	jm[ g `a[ctp{P`cte[al�{CjmZ\de�Gb X�]p{PlY{��Al�{®²_bG]Au�w��eb
{�Sb g �pX g l�vSjm]S`��el�]ejH`abGjm]Sj�k

{Cjm]p{Cl�de`x��`aj���{Cj_vrlKZ,X�dedAbG]euA��!�] `��eb g X�dAde[cj±XH{��y�X;{Cjm]p{Cl�de`��
X�]euHt X�uHl�Zqj_vrl�� g X � g `c[FXH{C`hdA[cjHdpl�[x�

`cb�l g j�k XSvrl g bG[al�v {Pj_vrl:k	[FX�umZ\l�]_`��;���el\dpX�`c`al�[c]�Z,X�`F{��AbG]eu\dA[cj_{Cl gag b g � X g l�v jH]�`��el � @ E��m� �

Z\j_vrl7��X�]pv¬X g bGZ\b��
X�[cbG`x~\Zql�X g te[cl �pl�`xwVl7l�]�X�] X � g `a[�Xm{C`�dpX�`c`al�[c]¬X�]pv¬X¥dAbGl�{Cl�j�k�{Cj_v_l\b g vrlC�

�p]el�v bG] `cl�[aZ g j�kK`��elSde[aj��pX �ebG��bG`x~�`��pX�`\`��el9X � g `a[�Xm{C`\dpX�`c`cl7[c] {7X�] uHl7]el�[�X�`cl�`��pX�`�deb�l�{Cl,j�k

{Cj_vrl±��no~r] X�Z\b {Vde[cjmuH[�X�Z\Z\b�]eu �pX g X�� g j �¡l7l�]\t g l�v�`cjY[al�vrtp{Cl�`��AlY{CjHZqde�Gl��_bG`¯~!j�k `��el�[cl ��teb�[cl�v

{CjmZ\dete`FX�`cb�jH] g �

> � �
� �	E @ � � � >%?   ��� � � �  ®? � �	���p � �Y^'j�k	`xw=X�[cl�X�[�{�ebG`al�{C`ctA[clV[al�{Cjm] g `a[ctp{C`abGjm] �pX g X�� g j �¡l7l�]

{Cjm] g b vrl�[cl�v\X g X  � �
� �	E @ � � � �7@ �	� � � @� ���	� �;B E�� � ����J�xs=^_iV��� !�]9s=^_i `��elY}mX��GtAl g j�kOX g l�`Oj�k�}mX�[cb �

X �A�Gl g X�[clY[cl g `c[ab
{C`al�v �_~\`��elK{Cjm] g `a[�X�bG]_` g `��pX�`�X�[clKvrl �p]el�v��pl�`xwVl�l7] `��elY}mX�[cb X �e��l g � f g jH��te`cb�jH]

`cj�XSs=^_i b g X�]¬X gag b�uH]eZ\l7]r`�j�k)}HX��Gtel g `cj,}mX�[ab
X �A�Gl gYg t {��9`��pX�`Y`��Al;{CjH] g `c[FX�bG]_` g X�[cl g X�`cb g �pl�v��

!�]S`��el\s=^_i de[cj �e�Gl�Z g `��el {CjH] g `c[FX�bG]_` g X�[cl {CjH] g b
v_l�[cl�v�X g 
�� X�[�v � `��pX�`�{�X�]9]ejH` �pl�}_bGjm�
X�`al�v��

«�j'j_v g �	« j'j_v g © �OX�]euAy0���m�H�'�huHl7]el�[�X��Gb���l g `��el�de[cj �e�Gl7Z j�k=de[ajHum[�X�ZUtA]pvrl�[ g `�X�]pvrb�]eu�X g X�]

bG] g `�X�]p{Cl\j�kh`��el,{Cjm] g `a[�X�bG]_` g X�`cb g k¯XH{P`cbGjm] de[cj �e�Gl�Z.� ��`��Al�[�}mX�[cb X�`abGjH] g j�kYs=^_i4Z,X�~�{CjH] g b
vrl7[


 g j�k	` � {CjH] g `c[FX�b�]r` g `��pX�`h{�X�]	�¡lK}rb�jH� X�`cl�v�`cjqX�{Cl�[a`�X�b�],l��r`al�]_`��

^_X�[a`cb�deb�l�`�X��¯�o�x^_X�[a`cb�deb�yAW jm]r`ajHumb
X�]A]eb g y�© z9X�}mXmveveX�`7y��m�H�m� ���=dA[cjHdpj g l g X�].X�dede[aj'Xm{���`cj

g j�k	`xw=X�[alhX�[�{�ebG`al�{C`ate[clO[cl�{Cjm] g `a[ctp{P`cbGjm]�`��pX�`Ot g l g X�]�l7�r`al�] g b�jH];`cjY`��Al!s=^_i�de[cj �e�Gl�Zª²_]ej�w=]qX g

� @ � �p  S> � �
� �	E @ � � � ��@ �	� � � @� ���	� � � E�� � �G � k	[�X�Zql�wVjm[c²,� �Ys=^_iV�O�D^_{�eb�l���y_ pX�[auHb�l�[�y_© ��l�[Dk¯X�bG�G��bGl'y

���m�H�'��y�`��pX�`KX��G��j�w g j�}'l�[D��{CjH] g `c[FX�b�]r`�de[cj �e�Gl7Z g `aj��pl;vrl�X��G`�� !�]9`��el �!s=^�i k	[FX�Z\l�wOjH[a²,X\{Cj g `

�H�



k	te]p{P`cbGjm]�X gcg bGuH] g XS{Pj g `hk	jm[!}_bGjm�
X�`cbGjm] j�k=l�Xm{��¬{Cjm] g `a[�X�b�]r`7y X�]pv `��elq{Cj g ` k	jm[KXS{Cl�[a`�X�bG]9}mX���tel

`cj }mX�[ab
X �e�Gl�X gcg b�uH]eZql�]r`;b g `��el9j�}'l�[�X��G��{Cj g ` j�k {CjH] g `c[FX�bG]_` g `��pX�`�X�[al9}rb�jH� X�`cl�v �r~ g tp{� X�]

X gag b�uH]eZ\l7]r`7�0���elYuHj±X�� b g `aj �p] vSX�{CjmZ\de�Gl7`cl�X gcg bGum]eZ\l�]_`Vj�k�Z\bG]AbGZ�teZ {Cj g `��

�#
�� � � � � � � � � ��� ��	 � ��� 
 � � ����� ��
�� � � �

� ��� 

� �#�

���el,�
X�[cuHl g b �7l,X�]pv `��el¥{CjHZ\dA�Gl��_bG`x~,j�k�[cl�� X�`abGjH] g X�Z\jm]eu9`��el g ~ g `cl7Z l�]_`cb�`cb�l g X�[cl,`��el

g jmte[�{Pl g j�k/de[cj �e�Gl7Z b�];vrl�X��GbG]Auow=b�`����
X�[cuml g ~ g `cl7Z g � ���el=Z,X�bG]Kb
vrl�X=b g `cjYvrl�{C[cl�X g l=`��el�vrjHZ¥X�bG]

g d XH{Cl;bG] g l�X�[�{�ebG]Au�k	jH[ X�[�{�eb�`cl�{C`ate[�X��%b�]rk	jH[aZ,X�`abGjm]9w=bG`��AjHte`K�Gj g bG]eu,[al��Gl�}mX�]r`hb�]rk	jH[aZ,X�`abGjm]�� !�]

`��Ab g {Cjm]e]el�{P`cbGjm]�ypbG] �D^�X�[c`abGdeb¯y��H�m�H�'� g l�}'l�[FX�� �el�te[ab g `ab
{ g �pX�}'l �pl�l7]9de[cjmd¡j g l�v9`�� X�`KX�[al �e[cb�l�	p~

vrb g {Ct gag l�v��pl���j�wY�

� �  EC��\ � � @ � �h  � � � ��E��  ���	� �

f ] l � l�{C`cb�}'l��Al�te[cb g `ab
{\bG] vrl�{C[al�X g bG]eu�`��el�`cb�Z\l,X�] v g dpXm{Cl9{CjmZ\de��l��rb�`x~9j�kK`��el g l�X�[�{�

de[aj_{Cl gcg b g `aj;vrbG}_b
vrl�`��Alhw��ejH��l g l�X�[�{� g dpXm{ClYbG]_`cj g t �r� g d XH{Cl g X�]pv\`��el7]\dpl�[Dk	jm[cZ b�]p{C[cl7Z\l�]_`�X��

[cl�{CjH] g `c[atp{C`cb�jH]9de[aj_{Cl gag w��el�[al�`��el;X�[�{�ebG`al�{C`ate[�X��0{CjmZ\dpjH]el7]r` g X�[al�[al�{Cj�}'l�[cl�v jH]Al;X�`KX\`cbGZql'�

���el �el�te[ab g `ab
{\{PjH] g b g ` g j�kY`xwVj g `al�d g � !�] `��el��p[ g ` g `al�d�y�`��el g l�X�[�{� g dpXH{PlSb g vrb�}rb vrl�v b�]r`aj

Z,X�]r~ g t �r� g dpXm{Cl g Xm{�{Cjm[�vrb�]eu\`cjq`��elKdpX�[a`cb
{Pte�
X�[ode[ajHdpl�[a`D~±�h ejH[hl7�eX�Z\de�Gl±��X g t �_� g dpXH{Cl;{7X�] �pl

X�uH[cjmted9j�kQX gcg j_{Cb
X�`cl�v,l�]_`cbG`abGl g b k0`��elYj�� �cl�{P`cbG}'l�b g `cjq[cl�{Cj�}'l�[al�v;{CjHZ\dpjm]el�]_` g `�� X�`YX�[cl �ebGu �e�G~

X gag j_{Cb X�`al�v ��jm[hX g t �_� g dpXH{Cl;{7X�] �pl X�uH[ajHted9j�k0k	te]p{C`abGjm] g `��pX�`�dpl�[Dk	jm[cZ veX�`�X�[al�XHv�X�]pv,w=[cbG`al

jH] g d¡l�{Cb���{ �p��l g b�]�jH[Fvrl�[�`aj [al�{Cj�}'l�[ 
 �p��`cl�[ � {CjHZqd¡jm]el�]_` g � ���Al�] X�`�l�Xm{���b�`cl�[FX�`abGjH] j�kh`��el

bG] {C[cl�Zql�]r`FX���[cl�{Cjm] g `a[ctp{P`cbGjm]9de[cj_{Pl gcg y�jH]el g t �r� g dpXm{Cl g b g�g l���l�{C`cl�vSXH{7{CjH[FvrbG]euq`cj\b�` g l���bGumb �eb��GbG`x~

�H�



w��eb {��,b g v_l�`cl�[aZ\bG]Al�v �r~¥X:[FX�]e²_bG]eu�Zql�{�� X�]eb g Zª`cjq{�ej'j g l!`��el �pl g `�{�X�] vrb
veX�`cl g t��r� g dpXH{Pl'�

� � � ���%B �	� � @ � �h  � �
� �	E��  �	�	� � � E��   ���

���el g l�X�[F{��Y`al�{��A]eb��'tel g de� X�~YX�]KbGZ\dpjH[a`�X�]r`�[ajH�Gl�b�]�l��_de�Gjm[cb�]eu=]ejH]_��`a[cbG}_b
X��r[al��
X�`cb�jH] g �ebGd g b�]

X g j�k	`xw=X�[cl g ~ g `al�Z X g X�dpX�[a`Qj�k/Xo[cl�}'l7[ g l�l�]AuHbG]Al�l�[cb�]eu�`�X g ²�� �Vl�{�X�t g lOj�k�`��el=dA[cj��Ab �eb�`cbG}'l g b ��l�j�k

`��Al g l�X�[�{� g dpXH{PlVbG] vrl�X��GbG]Auow=b�`���� X�[auHl g ~ g `al�Z g y�bG` b g bGZ\dpl�[FX�`cb�}'l0`cj�Z,X�²'lVX=`c[FXHvrlP��j � �pl�`xwVl�l�]

`��Al �'tpX���bG`x~�j�k/`��el�[cl�{Cj�}'l�[al�v�{CjmZ\dpjH]el�]_` g X�]pv\`��Al g l�X�[F{��q{CjHZqde�Gl��_bG`x~'� !�]\`��Ab g {CjH]_`cl7�r`7y g jHZ\l

[cl g l�X�[�{�el�[ g t g l9]ejm]r��{CjHZ\dA�Gl�`al�X�]pv ]ejH]_��jmde`cb�Z,X�� �Ate`�k¯X g ` g l�X�[F{�� `al�{��A]eb��'tel g;g tp{� X g9? �
�G�

 �³� � � � � � �¯z9X�]p{PjH[cb vrb g l�`�X����Gy ���m�H�'��� !�]��D^�X�[c`abGdeb#©ªWhjH]_`cjmuHb
X�]e]eb g y��m�H�r����X �el7te[cb g `cb {o}'l�[ g bGjm]

j�k¨`��elYjHdA`cbGZ¥X�� g l�X�[F{��.X���uHjH[abG`��eZ ��� b g de[cjmdpj g l�v `�� X�` g bGum]eb��¡{�X�]_`c��~\[cl�v_tp{Cl g `��elY`cbGZql�� g dpXH{Cl

[cl ��teb�[cl�Zql�]r`pj�k�`��el ���0g l�X�[F{��Kw=bG`���`��el){Cj g `0j�k �pX�}_bG]euYX g t �r�¯jHdA`cbGZ¥X��_[cl�{Cjm] g `a[ctp{P`cbGjm]�de[cj_{Pl gcg �

f � g jey±X�dede[aj��rb�Z,X�`alQZ¥X�`�{�eb�]eu=b g X�]ejm`��el7[Q`al�{�e]eb��'tel0`��pX�`�t g l g Xh{Cj g `%k	te]p{P`cbGjm];X�]pv�[al�{Cj�}'l�[�`��el

X�[F{��AbG`cl�{C`cte[al g `��pX�`=X�[clY{C��j g lh`cj X�],bG]_`cl�] vrl�v;X�[�{�eb�`cl�{C`ate[cl=w=b�`��eb�],X �pjmte]pveX�[c~\j�k�XYdpX�[a`cb
{Pte�
X�[

`��A[cl g �ejH� v �¯WYX ��Z,X�]�© �Vte[a`���y����H�m���F�

�����E @ E ®? � �@ � ��  � �
� ��E��  ���	� � � E��   ���

���el X�[�{�ebG`al�{C`ctA[�X���[cl�{Cjm] g `a[ctp{P`cbGjm] dA[cj_{Cl gag j�k;�
X�[auHl g ~ g `cl�Z g w=bG`�� g l�}'l�[�X�� �rte] vr[cl�v g

`��AjHt g X�]pv g j�k �GbG]Al g j�k;{Cj_v_l g tp{�� X g �pbG]_te� jmd¡l7[�X�`abG]eu g ~ g `al�Z � �Vj�w=Z¥X�]�y=��jH�G`7yh© �V[cl�wV�

g `al�[�y����H�m����b g t g tpX��G�G~ ��bGZ\b�`cl�v9`cj¬XH{C`abG}_bG`abGl gKg tp{� X g {CjH] g te��`cbG]Au w=b�`�� `��el�l��_b g `abG]eu g ~ g `cl�Z

vrj_{CtAZ\l�]_` g y_[cl���~rb�]eu�jH]�`��elYl��AXH{P`c]el gag j�k�`��el�] X�Z\b�]eu�{Cjm]r}'l7]r`abGjH] g ��b k#l��_b g `C�0k	jH[��p��l g X�]pv�vrb �

[cl�{C`cjm[cbGl g y_X�]pv,`��el vrbG[al�{C`cjm[c~ g `a[ctp{C`ate[cl±�#!�] g tp{��{�X g l g y_`��elY�Gj�wOl g `OuH[�X�]rtA�
X�[abG`x~;j�k#`��el g ~ g `cl�Z

l�]_`cb�`cbGl g b g �p��l;X�]pv�v_bG[cl�{C`cjm[c~'�q�oj�wVl�}'l�[7y�X,vrl�`FX�bG��l�v�X�]pX��G~ g b g b g ]AjH`�v_bG[cl�{C`c��~ k	l�X g b �A�Gl�w��el�[al

`��Al ��j�wVl g `�uH[FX�]_te�
X�[cb�`D~ X�[cl\k	te] {C`cb�jH]�y�t g l7[D��vrl �p]el�v X�uHum[cl�u±X�`cl�`x~rdpl g yVX�]pv um�Gj�� X��=}mX�[ab
X �A�Gl g �

���



���el �AbGl�[FX�[�{�eb {�X��p[cl�{CjH] g `c[atp{C`cb�jH]\j�k0� X�[auHl g ~ g `cl�Z g t g tpX����G~q{CjH] g b g ` g j�k0`��e[cl�l��Gl7}'l�� g y'X g �Qb	��vrlC�

{CjmZ\dpj g b�]eu�`��el g ~ g `cl�Z�bG]_`cj X!k	l�w �
X�[cuHl g t � g ~ g `al�Z g ��b�b��¨vrl�{CjmZ\dpj g b�]eu�l�XH{��� X�[cuml g t � g ~ g `cl�Z

bG]_`cj�X,]rteZ��pl�[hj�k g Z,X��G�Gl7[ g t � g ~ g `al�Z g j�k �p�Gl g X�] v�vrbG[al�{C`ajH[cb�l g � X�]pv bGb�b���v_l�{CjHZqd¡j g b�]eu,l�XH{�

g Z¥X��G� g t�� g ~ g `al�Z b�]r`ajhXh]_teZ �pl�[�j�k�Z\j_v_te�Gl g j�kpk	te] {C`cb�jH] g yrX�uHum[cl�u±X�`cl ��X�[a[�X�~;`D~_dpl g y±X�]pv�um�Gj�� X��

}mX�[ab
X �A�Gl g �

��� � � � � � � � � ��� � � � � � ��	 � ��� 
 � � ����� ��
�� � � �

� ��� 

� �#�

!�]\`��elK{CtA[c[cl7]r`OX�dAde[cj±XH{�el g `cj;X�[�{�ebG`al�{C`ate[�X���[cl�{CjH] g `c[atp{C`cb�jH]\`��elh[ajH�Gl�j�k#t g l�[=b g b�]p{C[cl�X g �

bG]AuH�G~;bGZqd¡jm[c`FX�]_`Qb�]\jH[Fvrl�[=`aj�bG]p{Cjm[cdpjH[FX�`al�v_l g b�uH]r� g dpl�{Cb ��{h{C[abG`al�[cb X b�]\`��Alhde[cj_{Pl gcg j�k g `c[ct {C`cte[al

[cl�{CjH] g `c[atp{C`cb�jH] j�k X g j�k	`xw)X�[cl g ~ g `cl�Z9� ^'tp{� vrl g bGum]r� g dpl�{Cb��¡{ {P[cbG`al�[cb XS{�X�] ]ejH`��pl¥k	tA�G�G~9k	jH[x�

Z;te�
X�`cl�v9bG]�jm[�vrl7[�`cj �¡l�X�te`cjmZ,X�`ab
{�X��G�G~9b�]r}'l g `cb�u'X�`cl�v �r~¬`��el,X�]pX���~ g b g de[ajHum[�X�Z.� !�] g tp{� X

{Cj'jmd¡l7[�X�`abG}'l�l�]r}_bG[ajH]eZql�]r`7y%`��elSZ\b gcg bGjH] j�kY`��el�`cj'jm� g �pX g X�� g j �pl�l�] g �eb k	`al�v k	[ajHZ {CjmZ\de�Gl7�

g l�X�[�{�;X�] v:[al�{Cj�}'l�[c~ g `c[�X�`cl�umbGl g `aj g l�Z\b �xX�te`cjmZ,X�`ab
{Hy�t g l�[�X gcg b g `al�v � X g l�v g `c[�X�`cl�umbGl g X��G�Gj�w=b�]euYX

}mX�[abGl�`x~�j�k¨vrjmZ,X�b�]r� g dpl�{Cb��¡{VbG]rk	jm[cZ,X�`cbGjm]\`cj �plY{CjH] g b
v_l�[cl�vqvrte[cb�]eu�`��elh[al�{CjH] g `c[atp{C`abGjH]qde[cj_{Cl gcg

��  bG]e]eb�u'X�] l7`;X�����y=���m��° �Ys#�ebG] © �otAbG�Gb {Cb�y��7�H�H�'��� !�] `��eb g {PjH]_`cl��_`�y0`��el,]el�w�`cl�[aZ gYg tp{� X g

�³� � E @ EC� @�� X�]pv BA@ ��EF� � �¯ %bG]A]ebGu±X�]\l�`)X��¯�Gyp���m��°H�O[clPk	l�[�`cj�`��Al g ~ g `al�ZªbG]rk	jm[cZ,X�`cb�jH],Xm{�{CteZ;te�
X�`cb�jH]

k	jH[ �rtAZ,X�]9t g X�uml'� !�] g tp{�¬{�X g l g y `��el,X�]pX���~ g b g `cj'jm��y�X g `��Al�t g l�[�X gcg b g `FX�]p{Pl'y%Z;t g `�de[cj_{Cl gcg

`��Al\[�X�w�bG]rk	jm[cZ,X�`cbGjm] `��pX�`K[cl�dA[cl g l�]r` g `��el g j�k	`xw=X�[al g ~ g `al�Z g j9`�� X�`�`��Al\t g l7[�y0X g `��el �ebGu �r�

�Gl7}'l�� vrl�{Cb g b�jH]SZ¥X�²'l�[7ye{�X�]9bG]_`cl�[ade[cl�`�X�]pv�X gcg l gcg `��el�de[aj_{Cl gag l�vSb�]rk	jH[aZ,X�`abGjH]/y¡b�]SjH[Fvrl�[h`aj\uHl7`

bG] g bGu �r`ObG]_`cj�`��el g ~ g `al�Z2X�]pv,X�� g j�`aj�Z,X�²'l�vrl�{Pb g b�jH]�k	jm[=`��elY]el7�r` g `cl7d j�k0`��elh[al�{CjH] g `c[atp{C`abGjH]/�

¢0�eX�Z\de��l g j�k g tp{��,b�]rk	jH[aZ,X�`abGjH],b�]p{C�Gt vrl'�

�H�



� � � @ �	� � ��� �@ � �\��	EC� �� � fhgag j_{Cb X�`cb�jH]�[al��
X�`cb�jH]�X�ZqjH]eu,`��Al g ~ g `cl�Z �p��l g ��k¯X�]r��b�]�X�]pv k¯X�]r�

jHtA`��pX�] vSX�[F{��AbG`cl�{C`cte[FX��/vrl g b�uH],}_bGl�w g �x^_X�[a`cbGdAb�ye�m�H�_� ���F�

� ��� � � @ �¦��� @ ���	� � �\ @��
� ��^'bGZ\dA�Gb k	~_bG]AuV`��Al=uH[�X�d �;}rb�l�w g �D^�X�[c`abGdeb © WhjH]_`cjmuHb X�]e]eb g y_�H�m�H�'��

^'jmte[�{Cl�{Cj_v_l��A[cj�w g b�]eu Zql�{�� X�]eb g ZU`��A[cjHtAu�� ���=z � dpX�uHl g ��  bG]e]eb�u'X�] l7`;X�����y=���m��° �Y^'`cjm[cl�~

l�`�X����GyA�H�m�r��� ^_X�[a`cbGdAb�©ªWhjH]_`cjmuHb
X�]e]eb g yp�H�m�H�'���

� �)@ �	�D�E � �r � �E @ ���	� � � f ]pX���~ ��b�]eu9`��Al g ~ g `al�Z [al�de[cl g l�]_`�X�`cbGjm] veX�`�X �pX g l9bG] jH[Fvrl�[;`cj

b
v_l�]r`ab k	~�`��el9�Gj_{Pt g j�kKb�]r`al�[�Xm{C`cb�jH] g X�Z\jm]eu g ~ g `cl�Z l�]_`cb�`cbGl g �=`��eb g wVjmte�
v X����Gj�w2`��el9t g l�[;`cj

g l7�Gl�{C`O`��elK{Cjm[cl g j�k0k	te]p{P`cbGjm]pX���bG`x~;j�k#`��el g ~ g `al�Z }_b
X�X�[�X�]e²'l�v���b g `Y�x^_X�[a`cb�deb�yA�H�H�m���F�

� ��

	 � ��� 
�� � �	� � � � � � � � � � � � ��� 
 	 � � ��� � �

¢0}HX��GtpX�`cb�]eu�`��elY[cl g te�G`=j�k�`��Al![al�{Cjm] g `a[ctp{C`abGjm] dA[cj_{Cl gag b g X�v_l��pX�`abG]eu�b gcg telYw=bG`���]ej�uHl7]r�

l�[FX��G��~\Xm{�{Cl�dA`cl�v\l�}mX���tpX�`abGjm]9{C[abG`cl7[cb
X_��nob � l�[al�]_`�{��pX�[�Xm{C`cl�[ab g `cb
{ g j�k¨`��elK[cl�{Cj�}'l�[al�v;X�[�{�eb�`cl�{C`ate[cl

Z,X�~ �pl,`cl g `cl�v�y�bG] {C�Gtpv_bG]euAy%Z\j_vrtA�
X�[abG`x~ ��tpX��Gb�`D~9j�kY`��Al,X�[F{��eb�`cl�{P`cte[al�`��e[cjmteu�� {CjHtedA�GbG]Au�X�]pv

{Cj �el g b�jH]�Z\l�`a[cb
{ g y�X�]pv `��Al�]ejm]r�	k	te]p{C`abGjH] X����'tpX��GbG`abGl g �\�o]Al�b�Z\dpjH[c`FX�]_`K{��pX�[�Xm{C`cl�[ab g `cb
{Yj�k�`��el

[cl�{Cj�}'l�[cl�v�X�[F{��AbG`cl�{C`cte[al�`aj9l�}mX���tpX�`al b g `��el¥XH{�{CtA[�XH{P~�j�k�`��el,[al�{CjH] g `c[atp{C`abGjH]¬`cl�{�e]eb���tel;`�� X�`

{�X�]��pl;X gag l gag l�v�t g b�]eu,`��el�b�]rk	jH[aZ,X�`abGjH]9[al�`c[abGl�}mX��%Z\l7`c[cb { g i0[cl�{Pb g b�jH]�X�]pv �=l�{�X��G�=�x�[cj gag Z,X�]

©  e[abGl�vrl7[�yV�7�H�m����� ���el g l,Z\l�`c[ab
{ g X gcg l gcg `��el�{CjmZ\dpX�`ab �eb��Gb�`D~,j�kY`��elq[cl�{Cj�}'l�[al�v�X�[�{�eb�`cl�{C`ate[cl

w=bG`��9`��el;v_j_{CteZ\l�]_`cl�v g ~ g `cl�ZMX�[F{��eb�`cl�{P`cte[al'� !�]9`��Ab g l�}mX��GtpX�`cbGjm]�y�`��el g j�k	`Dw)X�[al g ~ g `cl�Z2Z;t g `

dpj gag l gag X�]9ted�veX�`al�v�X�[�{�eb�`cl�{C`ate[�X�� vrj_{CteZql�]r`�X g `��Al�[clCk	l�[al�]p{ClKX�[�{�ebG`al�{C`ctA[cl'�=  bGuHtA[cl;��b��G�Gt g �

`c[FX�`al g `��elYXH{7{Cte[�Xm{C~qX gcg l gcg Z\l�]_`Vj�k `��elh[al�{Cj�}'l�[al�v g t � g ~ g `cl�Z g k	jm[=`��el�s���bGd gOg ~ g `al�Z9�0s��Gb�d g b g

X�]9l7�rdpl�[a` g ~ g `al�Z �etebG� vrl�[�w=bG`��S�'�,WhbG��j���bG]el g j�k={Pj_vrl�`��pX�`hb g�g tededpjm[c`cl�v �r~.X\{CjHZqde�Gl�`alYX�[x�

{�ebG`al�{C`ctA[�X���Z,X�]_tpX����D^'l�{P`cbGjm]�y ���H�m���F�Y���el�l�}mX��GtpX�`cbGjm] g `cl�d g X�[al;vrb g {Ct gag l�v�X g k	jm�G�Gj�w g �o  bG[ g `�y
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− Rule manipulation 

− Object

− System function
− User interface

− Expression evaluation

S5:   10

Recall

No. of files in

subsystems
in CLIPS reference 

architecture

reference

57%

S2:   10

subsystems
recovered

No. of files in Subsystems specified
Precision

50% 83%

100%

75%

40%

75%

75%

3

4

recovered & reference

3

subsystems

5

9

No. of shared files among

����������	 �  KH(&�47�����*4�4�813(���� (&*4�4�������8(-1��4�������B�<��>�*49�����13���������#��!J�27�*5����� A��H�-,����-*�.B

`��Al g t � g ~ g `cl7Z g j�kh`��el\[clPk	l�[cl�] {Cl\X�[�{�ebG`al�{C`ate[cl;Z�t g ` �pl b vrl�]_`cb �pl�v��9^'l�{Cjm]pv�y0`��el,[cl�{Cj�}'l�[al�v

g t�� g ~ g `al�Z g Z�t g `��pl�Z,X�`�{�el�v,X�u±X�bG] g `Y`��el g t � g ~ g `cl7Z g k	[cjmZ `��Al�[clPk	l�[cl�] {ClKX�[�{�eb�`cl�{C`ate[cl±��!�`

b g {CjHZqZ\jH]K`��pX�`=`��el�[clCk	l7[cl�]p{Pl�X�]pv\[cl�{Cj�}'l�[cl�v g t � g ~ g `cl�Z g j�}'l�[a�
X�d;`cj g jmZ\lol7�r`al�]r`7yHjH[OjH]el�jH[

Z\jm[cl�[al�{Cj�}'l�[al�v g t � g ~ g `al�Z g Z¥X�~,dpX�[c`ab
X����G~	�p`YbG]9jH]Al�[alCk	l�[cl7]p{Cl g t � g ~ g `cl�Z ��jH[Y}_b
{Cl�}'l7[ g X'���

!�] g tp{� {�X g l g wVl,b�Z\de�Gb {CbG`a� ~9Z\l�[cuml\`��Al g t � g ~ g `cl�Z g b�]r`aj9jH]el�`cj¬X����Gj�w2X���Z\j g `�jH]elP��`aj��¯jH]el

{CjmZ\dpX�[ab g jH] �pl�`xwVl�l7] g t�� g ~ g `al�Z g �Y���AbG[�v�y�`��el i0[cl�{Cb g b�jH]�X�] v � l�{7X��G� Z\l�`a[cb { g X�[al;{CjHZ\dAte`cl�v

k	jH[Ol�XH{�;[cl�{Cj�}'l�[al�v g t�� g ~ g `al�Z9�0i0[al�{Cb g bGjm]�b g vrl � ]el�v\X g `��Alhdpl�[�{Cl7]r`FX�uHl�j�k `��elh]_teZ��¡l7[0j�k `��el


 g �pX�[al�v��p��l g � bG]�`��el {CjH[a[cl g d¡jm]pvrb�]eu\[cl�{Cj�}'l�[cl�vqX�]pvS[alCk	l�[cl7]p{Cl g t � g ~ g `al�Z9ye`aj�`��el�]_teZ��¡l7[Vj�k


c[al�{Cj�}'l�[al�v �p��l g � k	jH[�`��pX�` g t � g ~ g `cl�Z9�0« �Al�[cl�X g y �=l�{�X��G��b g v_l �p]el�v,X g `��elYdpl�[F{Cl�]_`�X�umlYj�k�`��el

]_teZ �pl�[Oj�k 
 g �pX�[al�v��p��l g � `cj\`��el�]_teZ��pl�[Vj�k 
a[clCk	l7[cl�]p{Pl � �p�Gl g k	jm[o`��pX�` g t � g ~ g `cl�Z9�) %bGumte[clK�

de[al g l�]_` g `��el�l7}HX��GtpX�`cb�jH]Sj�k�`��Al�[cl�{CjH] g `c[atp{C`cb�jH],j�k¨`��el;s��GbGd g=g ~ g `cl7Z9��!�],j�}'l�[�X��G�¯y g t {���}HX��Gtel g

j�kQi¨[al�{Cb g bGjm],X�] v �=l�{�X�����b�]pvrb
{7X�`cl X:de[ajHZ\b g b�]eu�[al�{CjH] g `c[atp{C`abGjH],[al g te��`��

� @ �³�  '@ �	�	� � ���K� ?  ��  � �
� �	E��  �	�	� ���=B'B E�� @�®?

!�] `��eb gKg l�{P`cbGjm]�y0`��A[cl�l,l�}mX���tpX�`abGjm] `al�{�e]eb��'tel g X�[cl�vrb g {Ct gag l�v w��Ab
{� X�[cl�� X g l�v jH] `��el

�Gl7}'l��pj�k¨{CjH]rk	jm[cZ,X�]p{Cl �pl�`xwOl�l�];`��elYl���l�Z\l�]_` g j�k0`��elY[cl�{Pj�}'l7[cl�v;{CjHZqd¡jm]el�]_` g ��b�� l'�Gy g t � g ~ g `al�Z g
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j�k �p��l g jH[=Z\j_v_te�Gl g j�k%k	tA]p{C`cb�jH] g ye`x~rdpl g yr}mX�[ab
X �A�Gl g ��ye]pX�Z\l��G~ �@��  �  '@ �DO{CjmZ\dpjH]el�]_` g yeX�]pv `��el

l���l�Z\l�]_` g j�k�`��AlYEC ���EP �! #{CjHZqd¡jm]el�]_`�� ���el�l�}mX���tpX�`abGjH]q{CjmZ\dete`FX�`cb�jH]�b�]�`��el g lo`al�{�e]eb��'tel g X�[al

l��_`cl�] g bGjm] g j�k#`��Al�i0[al�{Cb g bGjm]SX�]pv �=l�{�X��G��Z\l�X g te[cl g `�� X�`�wVl�[alYvrb g {Ct gag l�v,X �pj�}'l'�

��X�² �ejH`ab
XS�x��X�² �ejH`ab
X;© �[�X�}_�Gl�~±y����H�m���=l7}HX��GtpX�`cl g `��elY�Gl�}'l7��j�k¨X�um[cl�l7Z\l�]_` g �pl�`xwOl�l�],bG]r�

vrb�}rb vrtpX��_dpX�bG[ g j�k�{PjHZ\dpjH]Al�]r` g b�];{�X�] vrb
veX�`cl�X�]pv:[alCk	l�[al�]p{ClO{CjmZ\dpjH]el�]_` g bG]�X �eb�l�[�X�[�{�eb
{7X�� g t��r�

g ~ g `al�Z2{C��t g `al�[cb�]eue�����Al�Z\l�`a[cb {Hy'{�X��G�Gl�v  � � �HE��p �!  �\ @�� �_EC�y_t g l g �pjH`����Vv_b � l�[cl7]p{Cl �pl�`xwVl�l�]

{CjmZ\dpjH]el�]_` g b�Z\bG� X�[cb�`cb�l g y�X�]pv�j�}'l7[c�
X�d��pl�`xwOl�l�]�{CjmZ\dpjH]el�]_`Yl��Gl7Z\l�]_` g X�Z\jm]eu,`��el,{7X�]pvrb veX�`al

X�] v [clPk	l�[cl�] {Clh{PjHZ\dpjH]Al�]r`7�

Whj g {�e²'l �¯Whj g {�e²'l © ¢0b g l7]��pX�[c`���y��H�m�H�'�9de[cjmdpj g l g X�] l�}mX���tpX�`abGjm] Zql�`c[ab
{Sk	jH[9]ejm]r�

�eb�l�[�X�[�{�eb
{�X��={C��t g `al�[cb�]euey�`�� X�`;b g jH]A�G~ �pX g l�v jm] `��el9vrl7uH[cl7l j�kYj�}'l�[c� X�d �pl�`xwVl�l7]�`��el.{CjH[a[clC�

g dpjm]pvrbG]Au�{CjHZ\dpjm]el�]_` g bG] {7X�]pvrb veX�`al,X�] v [clCk	l7[cl�]p{Pl\{CjmZ\dpjH]el7]r` g �,���el\`al�{�e]eb��'tel�b g X�]¬l����

`cl7] g b�jH] `cj9`��el9��X�² �ejH`ab
X �¦g Z\l�`��ej_v��_~ Z\l�X g tA[cbG]AuS`��Al j�}'l�[FX���� @�� �rE @��� X�]pv EP �@ �G��k	jH[�`��el

w��ejm�Gl�{P�Gt g `cl�[abG]eu;[cl g te�G`7ypX g jmdedpj g l�vS`cj g l�dpX�[�X�`al��G~�{CjmZ\dpX�[cbG]Au;vrb � l�[al�]r`�dpX�bG[ g bG]���X�² �ejH`ab
X �³g

Z\l�`��ej_v��O���el�[alCk	l�[al�]p{ClK{CjmZ\dpjH]el�]_` g X�[cl g t � �cl�{P`cbG}'l7�G~;vrl�`al�[cZqbG]el�v �pX g l�vSjm]9X g l�`=j�kOuHtAb
vrlC�

�Gb�]el g `cj,`��Al g j�k	`xw)X�[cl;l�]eumbG]el7l�[�� !�] ��Whj g {�e²'l;©J¢0b g l�] �pX�[a`���y/�H�H�m���Fy0vrb � l7[cl�]_`h{7X g l g!g tp{��X g

�®�¯`cj���]qjH[�]r�¯`cj��F�o[al��
X�`cb�jH] �pl�`xwVl�l7]�`��el=Z,X�`�{�ebG]Auoj�k {�X�]pvrb
vAX�`cl�X�] v:[alCk	l�[cl7]p{Cl={PjHZ\dpjH]Al�]r` g X�[al

X�� g jq{CjH] g b
v_l�[cl�v���W j g {�e²'lYvrl �p]el g `��elYj�}'l7[�X���� �������������
	 j�k0`��elY[cl�{PjH] g `c[ct {C`cb�jH],de[cj_{Pl gcg X g �
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w��el�[al'y  X�]pv+* [cl�de[al g l7]r`�XYdpX�b�[Vj�k�Z,X�`�{�ebG]eu {�X�]pv_b
veX�`clYX�]pv�[clPk	l�[cl�] {Cl�{CjHZqd¡jm]el�]_` g X�]pv+�

b g `��Al g l7`oj�k�Z,X�`F{��AbG]eu�dpX�bG[ g � �� *����hs�jH] g b
vrl7[cbG]Au\`��elK[cl�{PjH] g `c[ct {C`cb�jH]Sl7�eX�Z\de�Gl�j�kO %b�uHte[al��_y
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zSbG`F{��Al��G���¯zSbG`F{��el7�G�p© z9X�]p{Cjm[cb vrb g ye�H�m�r���Vde[ajHdpj g l g X�]SX�te`cjmZ,X�`al�v�Z\l7`��ej_v\X�]pv,X:`aj'jH��`aj�l����

`c[FXH{C`�`��elo[alCk	l�[al�]p{Cl�{CjmZ\dpjH]el7]r` g b�]�`��el�X � g l�]p{Cl�j�k#X �pl�]p{�eZ,X�[c²�v_l�{CjHZqd¡j g b�`cbGjm]�`��pX�`Ob g t g l�v

�_~ `��el\Whj g {�e²'l �³g Z\l7`��ej_v�� f g l�`�j�k�{C�Gt g `cl�[abG]eu�`cl�{�e]eb���tAl g X�[al\t g l�v�`cjSdA[cj_vrtp{PlSv_b � l�[cl7]r`

{C��t g `al�[cb�]euY[cl g te�G` g w��eb {��qX�[al g l�dpX�[�X�`al��G~ g `cjm[cl�v\bG]¥X�veX�`�X � X g l±ypX g dpX�bG[ g j�k 
�XK{CjHZ\dpjm]el�]_`�y_X�]

l���l�Z\l�]_`Vj�kO{CjHZqd¡jm]el�]_` � � f k	tA[c`��Al�[YX�] X��G~ g b g j�kO`��el�`atede�Gl g uml�]el�[FX�`cl g `��elK[clCk	l7[cl�]p{Pl�{PjHZ\dpj��

]el�]_` g �

� � � � ��� ����� � ���

���el�}mX�[abGl�`x~'y g b ��l'ypX�]pv9{CjmZ\de�Gl7�rb�`D~;j�k¨`��el�Z\j_v_l�[c] g j�k	`xw=X�[al g ~ g `al�Z g X�[al;{CjH]_`cb�]rtAjHt g �G~

bG] {C[cl�X g b�]eu `aj�Z\l�l7`�`��el9]el7w2vrl�Z,X�]pv g bG] vrb � l�[cl�]_`;bG]pvrt g `c[ab
X��hX�dede�Gb {�X�`abGjm] g\g t {�� X g y�`cl���lC�

{CjmZ\Z�tA]eb
{PX�`abGjH] g y�X�te`cjmZ\jH`abG}'l'y � X�]e²_bG]euAy%b�] g te[FX�]p{Pl'y�Z\l�vrb {�X��¯y�X�]pv¬X�bG[x��`a[�X �,{;{CjH]_`c[ajH�¯� fhg X

[cl g te��`�y�`��elq{Cte[a[cl�]_`hZ,X�bG]_`cl�] X�]p{ClK`cl�{�e]eb���tAl g �	bG]�dpX�[a`cb {Cte�
X�[Y[cl�}'l�[ g lKl�]euHb�]el�l�[abG]eu�X�]pv X�[�{�eb �

`cl�{C`cte[alh[cl�{CjH] g `c[atp{C`cb�jH]\`al�{�e]eb��'tel g � Z�t g `#�¡lYZ\jm[cl g jmd �eb g `cb {�X�`al�v�bG],jm[�vrl�[O`cj�`FXH{�²r��lo`��elY]el�w

{�pX����Gl�]euml g `�� X�`0`��el g j�k	`xw=X�[clVZ¥X�bG]_`�X�bG]el7[ g w=bG���Hk¯XH{Cl±� !�]K`��eb g [al g dpl�{C`7y g l7}'l�[�X��'[cl g l�X�[F{��KX�[al�X g X g

`��Al!dpjm`cl�]_`cb X���k	te`ate[clY`c[al�]pv g b�],`��el �pl�� v\j�k g j�k	`xw)X�[cl X�[F{��eb�`cl�{P`cte[alo[al�{CjH] g `c[atp{C`abGjH],`al�{��A]eb��'tel g

X�[alYde[cl g l�]_`cl�v��pl��Gj�wY�

� � � �p@ ���  E�� � � �	� �\ @��p@ � ��� � � � � l g l�X�[�{��jm]Sv_~r]pX�Z\b
{=X g dpl�{C` g j�k#X g j�k	`xw)X�[cl g ~ g `cl7ZJb g

Z\jm[cl={�pX��G�Gl7]euHb�]euo`��pX�]�[al g l�X�[�{��jm] g `c[atp{C`ctA[�X��AX�] X��G~ g b g �����eb g Z,X�~ �pl�vrtel=`ajh`��Al�vrb �¥{Cte��`D~�j�k
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vrl � ]ebG]euKde[cjmdpl�[V`FX g ² g {Pl�]pX�[abGj g `�� X�`Vuml�]el�[FX�`alol��_l�{CtA`cbGjm]�`a[�Xm{Cl g y_X�]pv�`��AlYvrb �¥{Cte��`x~!j�k �p]pvrb�]eu

XH{P`ctpX��Qd X�`c`al�[c] g b�]9`��el�uml�]el�[FX�`al�vSl��_l�{Cte`abGjH] g `c[FXH{Cl g �����el�[alCk	jH[al'y�Z\jm[cl�[al g l�X�[�{�Sjm] �ej�w4`cj

l��_`c[FXH{C`�X�]pv��ej�w `cj;t g lKvr~_]pX�Z\b
{=bG]rk	jm[cZ,X�`cb�jH]\k	jH[��pl��pX�}_bGjm[�X���[al�{Cj�}'l�[a~�b g [cl �'tebG[al�v��

� �Y� � �	EP� � �r�x  \@��! �? ��x�E����r � a��� � ����� �x�� � �0« bG`���`��elh[�X�deb
v;uH[cj�w=`�� j�k#vrb g `c[ab �ete`al�v;X�]pv

]el�`xwOjH[c²'��{Cl�]_`c[cb { g ~ g `al�Z g y X�[�{�ebG`al�{C`ctA[cl�[cl�{CjH] g `c[atp{C`cb�jH]�`al�{�e]eb��'tel g X�]pv�`cj'jm� g�g �ejHte� v `�Xm{®²_�Gl

`��Al�]ejm]r��ZqjH]ejm�GbG`��eb
{KX�]pv �Al�`cl�[ajHuml�]el�jmt ghg ~ g `al�Z g `��pX�`YX�[al�jHdpl�[FX�`cb�]eu\b�]9de�
X�`Dk	jH[aZ g w=bG`���vrb k
�

k	l�[al�]r` � X�[�v_w=X�[al9X�]pv g j�k	`Dw)X�[alS[cl ��teb�[cl�Zql�]'` g y%de[ajHuH[FX�Z\ZqbG]eu9� X�]eumtpX�uml g y�X�] v X�[F{��AbG`cl�{C`cte[FX��

dpX�`c`cl7[c] g �#!�];`��Ab g [cl g dpl�{C`�y'Z\jm[cl=[al g l�X�[�{��b g ]el�l�vrl�v�bG];X�] X��G~ ��b�]eu�vrb g `a[cb �Ate`cl�v�Z;te��`cb �¯�
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