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{� { ~{~�y zrq ��y �t��� � �u { �{�{ s{qy�rv�tup yu�tqruwyu� � zrq y�{w¢
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~�{}}yupy� {qy �r �y�yqw tuy ��� s�{� ��ur|�t� rz ��y zv}} �{�{ �y� �r �yy| tu ��y
}tw t�y� �|{~y tu rq�yq �r w {� tw t�y ��y {~~vq{~� {u� ~ru"�yu~y rz t�� {||qr� tw {�y
qy�|ru�y� � {u� ��� �rs �r y� ~tyu�}� ~rw|v�y ��y ��ur|�t� {u� w {tu�{tu t� tu ��y
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�tru �v~� {� zqy�vyu~� wrwyu�� � �{�{ ��qv~�vqy� qy�v}�tup zqrw }r��� ~rw|qy��tru
rz ��y �{�{ �y� � y�~ � ! z�yu � ��ur|�t� �{�{ ��qv~�vqy� {qy v�y� tu { �yvqt��t~ s{�� s t��
ur zrqw {} |qr|yq�ty� |qr�y� ru ��ytq |yqzrqw {u~y rq {~~vq{~�� y�|y~t{}}� vu�yq ��y
|qy�yu~y rz v|�{�y� �r ��y �{�{ �y� � !vq ruprtup srq� �tu~y �%%& �yy�� �r |qr�t�y
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 e �i�
��ji�
�u ��t� �y~�tru � sy " q�� �y�~qtx y { ~ru�y�� zrq �{�{ ��qv~�vqy |qrx }yw � zrq

w {��t�y �{�{ �y�� � �y ��yu tu�qr�v~y ��ur|�t� �{�{ ��qv~�vqy� {u� |qy�yu� { ~r��
wr�y} zrq ��ytq {u{}��t� � �tu{}}�� sy �t�~v�� �sr y�{w|}y {||}t~{�tru �rw {tu� �


 ed e � ij���
 ��h�l� e �u ��y �{�{ ��qv~�vqy �vy��tru� sy ~ru�t�yq � ��yqy {qy
{ uvwxyq rz �{�{ �y�� � � Ó � �� � � � � � �� � {u� { �y� rz �vyq� ~}{��y� � � Ó � � � � ��� � ru
��y�y �{�{ �y�� � ��y �vyq� ~}{��y� {qy pt�yu { |qtrqt � {u� w {� {||}� �r tu�t�t�v{}
�{�{ �y�� rq �r wv}�t|}y �{�{ �y�� � # {�{ ��qv~�vqy | yqzrqw {u~y t� {u{}��y� ru {
wr�y} rz ~rw|v�{�tru ��{� �t��tupvt��y� x y�syyu �sr ��|y� rz ��rq{py � z{�� {u�
�}rs � s�yqy ��y z{�� ��rq{py t� rz }tw t�y� �t�y � �y y�v{�y ��y z{�� ��rq{py s t��
��y ~rw|v�yq ����yw �� w {tu w ywrq� {u� ��y �}rs ��rq{py s t�� t�� �t��� � {u� v�y {
qy}y�{u� wr�y} rz ~rw|v�{�tru ��y�{t}� {qy tu �y~�tru � ��� � �rsy�yq � ��y zq{wysrq�
{u� qy�v}�� tu ��t� |{|yq {qy {}�r qy}y�{u� �r �~yu{qtr� s�yqy ��� ��y z{�� ��rq{py t�
��y �t��� {u� ��y �}rs ��rq{py t� ��y �{|y� � rq ��� ��y z{�� ��rq{py t� ��y |qr~y��rq
~{~�y w ywrq� {u� ��y �}rs ��rq{py t� ��y w {tu wywrq��

�u ��y �����  rq �� �� ¡ �~yu{qtr � ��y �{�{ �y�� {qy pt�yu {� tu|v� qy�t�tup ru
��y �t��� � � t�yu { ~}{�� rz �vyqty� � � ��y pr{} t� �r �y�tpu { �{�{ ��qv~�vqy zrq
��y ~}{�� � ��{� w tutw t�y� ��y qy�|ru�y �tw y �r {u�syq �vyqty� zqrw � � w {� tw t�y�
��y {~~vq{~� {u� ~ru"�yu~y rz ��y {u�syq� � {u� w tutw t�y� ��y |qy|qr ~y��tup �tw y
uyy�y� �r xvt}� ��y �{�{ ��qv~�vqy �

�u ��y ����� �  rq �� ���¡ �~yu{qtr � s�t~� wr�y}� ��y ruprtup }r{�tup rz uys
�{�{ tu�r ��y �{�{ �y� � ��y �{�{ �y�� {qqt�y ru}tuy tu ��y w ywrq�� {u� {qy ��rqy� ru
��y �t��� � �|y~t"~{}}�� ��y tu|v� ~ru�t��� rz { �y�vyu~y rz r|yq{�tru� ��{� {qqt�y ru¢
}tuy �r x y |qr ~y��y� x� ��y �{�{ ��qv~�vqy � s�yqy {u r|yq{�tru t� yt��yq {u tu�yq�tru
rz { uys �{�{ t�yw � { �y}y�tru rz {u y� t�� tup �{�{ t�yw � rq { �vyq�� � t�yu { ~}{�� rz
�vyqty� � � ��y pr{} t� �r �y�tpu { �{�{ ��qv~�vqy zrq ��y ~}{�� � ��{� w tutw t�y� ��y
qy�|ru�y �tw y �r {u�syq �vyqty� zqrw � � w {� tw t�y� ��y {~~vq{~� {u� ~ru"�yu~y rz
��y {u�syq� � {u� w tutw t�y� ��y v|�{�y �tw y uyy�y� �r w {tu�{tu ��y �{�{ ��qv~�vqy �
o � sy {qy tu�yqy��y� tu ��y ��������� � r�yq�y{�� zrq w {tu�{tu tup ��y �{�{ ��qv~�vqy �
��yqy t� ur ~�{qpy zrq v|�{�tup ��y �{�{ �y�� �

��t� �y�¢v| qy�y~�� w {u� yu�tqruw yu�� zrq |qr ~y��tup w {��t�y �{�{ �y�� � �rq
y�{w|}y � t� qy�y~�� wr�� �{�{ s{qy�rv�tup yu�tqruwyu�� � �v~� {� �{}w {q� �� wv}�t¢
�yq{x��y s{qy�rv�y rz t�� �{}y� �q{u�{~�tru� � �rq wr�� �{�{ �y�� � ��yqy {qy z{q wrqy
tu�yq�tru� ��{u �y}y�tru� � ou tw|rq�{u� y�~y|�tru t� {  �}t�tup¢s tu�rs ! �{�{ �y� �
~rw|qt�y� rz ��y wr�� qy~yu� �{�{ zqrw { �{�{ �rvq~y ��v~� {� ��y }{�� �& wru��� rz
�{}y� �q{u�{~�tru�� � �u �v~� �{�{ �y�� � x{�~�y� rz r}� �{�{ {qy |yqtr�t~{}}� �y}y�y�
�r w{�y qrrw zrq uys �{�{ � w {�tup ��y uvwxyq rz tu�yq�tru� ~rw|{q{x}y �r ��y
uvwxyq rz �y}y�tru� �
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��{� �{}vy �� ~rvu� {qy zvu~�tru� ru t�� "y}�� � �rsy�yq � zrq �tw|}t~t�� rz y�|r�t�tru �
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�r xy rv�|v� xv� ur� { zqy�vyu~� }rsyq xrvu� � |r|v}{q t�yw � �vyqty� |qy�| y~tz� {
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uyy�y� �r rx�{tu { �y�tqy� {u�syq �v{}t�� ~{u xy |qy�y�yqw tuy� zqrw ��y zqy�vyu~�
��qy��r}� � �rq y�{w|}y � tz � � � t� ��y |qy�|y~t"y� ��qy��r}� |yq~yu�{py � ��yu x�
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~rvu� rz ��y wr�� zqy�vyu�}� r ~~vqqtup �{}vy � � 	
 � �r s t��tu ~ru��{u� z{~�rq� tu ��y
|vqy}� ru }tuy �~yu{qtr � r�yq {}} �t��qtxv�tru� � �yu~y � ur ��ur|�t� �{�{ ��qv~�vqy
y� t��� zrq ��y wrqy �t� ~v}� |qrx}yw rz {||qr� tw {�tup ��y �r� }t�� tu ��y |vqy}�





	��
�
 ���� 
��������
 Ó�
ru}tuy �~yu{qtr � r�yq {}} �t��qtxv�tru� � !u ��y r��yq �{u� � ~ru~t�y �{w|}y� {u�
~rvu�tup �{w|}y� {qy ��rsu tu �
� ��� xr�� {u{}��t~{}}� {u� y�|yqtw yu�{}}� �r
|qr�v~y wrqy {~~vq{�y {||qr� tw {�y �r� }t��� ��{u |qy�trv� wy��r�� � {u� |yqzrqw
�vt�y sy}} zrq ��y ��ysy� �t��qtxv�tru� ��{� {qy rz tu�yqy�� tu |q{~�t~y �

) ed e �jgmn�� ��
���� e �ru�t�yq { �r� }t�� �vyq� ru { �{�{ �y� rz �t�y � � !uy|r��tx}y ��ur|�t� �{�{ ��qv~�vqy t� ��y �y� rz �{}vy� tu { vutzrqw q{u�rw �{w|}y
rz ��y �{�{ �y� � {� s{� |qr|r�y� {xr�y zrq |r|v}{q t�yw � �vyqty� � ��y � wr��
zqy�vyu�}� r ~~vqqtup �{}vy� tu ��y �{w|}y {qy qy�vquy� tu qy�|ru�y �r ��y �vyq��
s t�� ��ytq ~rvu�� �~{}y� x� � 	� � �rsy�yq � ur�y ��{� {u� �{}vy r ~~vqqtup zqy�vyu�}�
tu ��y �{w|}y t� { s{��yzv} v�y rz ��y {�{t}{x }y �|{~y � �y ~{u qy|qy�yu� � ~r|ty� rz
��y �{w y �{}vy � {� ��y |{tq �� � � � � {u� �{��vw tup ��{� �{}vy� {u� ~rvu�� v�y ��y
�{w y {wrvu� rz �|{~y� � sy �{�y zqyy� v| �|{~y zrq � � � {��t�tru{} �{w|}y |rtu�� �
��t� �tw|}y rx�yq�{�tru }y{�� �r ��y zr}}rs tup ��ur|�t� �{�{ ��qv~�vqy �

	
��
�� ��
 � �� � �u {  �� ��¡ �¡� �¡�¡������� rz { wv}�t�y� � �{}vy� {||y{qtup
wrqy ��{u ru~y tu ��y wv}�t�y� {qy qy|qy�yu�y� {� { �{}vy {u� { ~rvu� � o  ���
 ��¡ ���� �¡ rz �t�y � t� { vutzrqw q{u�rw �{w|}y rz ��y �{�{ �y� s�r�y ~ru~t�y
qy|qy�yu�{�tru �{� zrr�|qtu� � �

�y ~{u �v{u�tz� ��y {��{u�{py rz ~ru~t�y �{w|}y� r�yq �q{�t�tru{} �{w|}y�
tu �yqw � rz ��y uvwxyq rz {��t�tru{} �{w|}y |rtu�� zrq ��y �{w y zrr�|qtu� � �y�
� � � �� Ó � �Ó � � � � � � ��� � �� � � ��� Ó � � � � � �� 	 xy { ~ru~t�y �{w|}y rz { �{�{ �y� rz � �{}vy� �
�y �y"uy ���� �¡���" ¡�� � �r x y � �� �� ��� Ó � � � �r�y ��{� ��y zrr�|qtu� rz � �y|yu��
ru ��y uvwxyq rz xt�� v�y� |yq �{}vy {u� |yq ~rvu� � �rq y�{w|}y � �{qt{x}y¢}yup��
yu~r�tup ~rv}� x y v�y� zrq ��y ~rvu�� � �r ��{� ru}� �}rp �� xt�� {qy uyy�y� �r ��rqy� {� { ~rvu� � ��t� qy�v~y� ��y zrr�|qtu� xv� ~rw|}t~{�y� ��y w ywrq� w {u{pyw yu� �
o||qr� tw {�y ~rvu�� �� ji��� ~rv}� x y v�y� {� sy}} � �r ��{� ru }� �}rp }rp �� xt��
{qy uyy�y� �r ��rqy � �r s t��tu { |rsyq rz �sr � �rq �tw|}t~t�� rz y�|r�t�tru � sy s t}}
~ru�t�yq ru}� "�y�¢}yup�� yu~r�tup rz }rp � xt�� |yq ~rvu� {u� |yq �{}vy � tu~}v�tup
{u� xt�� uyy�y� �r �t��tupvt�� �{}vy� zqrw ~rvu�� � �r ��{� ��y zrr�|qtu� rz � t�
�� � � � }rp � � �rq { �q{�t�tru{} �{w|}y s t�� � �{w|}y |rtu�� � ��y �{w|}y¢�t�y t� �
{u� ��y zrr�|qtu� t� � }rp � �

�ru~t�y �{w|}y� {qy uy�yq srq�y ��{u �q{�t�tru{} �{w|}y� �pt�yu ��y yu~r�tup
{��vw|�tru� {xr�y� � {u� ~{u xy y�|ruyu�t{}}� rq wrqy x y��yq �y| yu�tup ru ��y
�{�{ �t��qtxv�tru � �rq y�{w|}y � tz ��yqy {qy {� wr�� � 	 �� }rp � � �t��tu~� �{}vy� tu
��y �{�{ �y� � ��yu { ~ru~t�y �{w|}y rz �t�y � srv}� �{�y �{w|}y¢�t�y � �t �y �� tu �� t�
~{�y � ��y ~ru~t�y �{w|}y t� ��y zv }} � t��rpq{w � � ��v� � ��y �{w|}y¢�t�y rz { ~ru~t�y
�{w|}y w{� xy {qxt�q{qt}� }{qpyq ��{u t�� zrr�|qtu� £

�
��� � �� � �
� ��� ¥�� ��� © ���� ���� � � � }rp � � �� ¡�¡ ¡� ���� ���� �¡�� © ��
§� � � �� ¡ ���� �¡���" ¡ �© �  �� ��¡ ���� �¡ �� � 	� ��� ¡� ���¦ ¡� �� �� ��� © ���� �����§� ¡�¡ � �� �� ¡ ��" ¡ �© �� ¡ ���� �¡� �

�rq y�|ruyu�t{} �t��qtxv�tru� � ��y {��{u�{py t� y�|ruyu�t{} £
�
��� � �� � �
� ��� ������¡� �� ¡ © �� ��� �© ¡�� ��¡���� � ������!������ � © �� � ��� � � � � �� ' q �� � �� � ��� �� � �� � © �� � � � � ¥�� ��� � � � � �� ¡ ¡�� ¡ �¡� ���� �¡���" ¡�© �  �� ��¡ ���� �¡ § ��� © ���� ���� � }rp � �� �� �¡��� �� �� �

���� � �y� � � � 	� � �r�y ��{� sy ~{u "� {� }y{�� � �{}vy� {u� ��ytq ~rvu��

s t��tu ��y pt�yu zrr�|qtu� � ��y y�|y~�y� �{w|}y¢�t�y ~{u xy }rsyq xrvu�y� x� ��y



Ó� ������� � � � ����	
 �	� 
�

� �����


y�|y~�y� uvwxyq rz q{u�rw }� �y}y~�y� �v| }y� x yzrqy ��y " q�� �v| }y s�r�y {��qtxv�y
�{}vy � t� pqy{�yq ��{u � � ��y |qrx{xt}t�� rz �y}y~�tup { �{}vy pqy{�yq ��{u � t�
�
���� Ó ��� �� � �� � ��� � �r ��y y�|y~�y� uvwxyq rz �v| }y� �y}y~�y� xyzrqy �v~�
{u y�yu� r ~~vq� t� �� �

��y y�|y~�y� p{tu tu v�tup { ~ru~t�y �{w|}y r�yq { �q{�t�tru{} �{w|}y zrq
{qxt�q{q� �{�{ �y�� t� { zvu~�tru rz ��y zqy�vyu~� wrwyu�� � � � zrq � � � � rz ��y
�{�{ �y� � �y~{}} zqrw �y~�tru � ��{� � � � � � � �� � s�yqy � t� �{�yu r�yq ��y �{}vy�
qy|qy�yu�y� tu ��y �y� {u� �� t� ��y uvwxyq rz �y� y}ywyu�� rz �{}vy � �

��
��
� � �� � �
� ��� ¥�� ��� ���� �¡�� §� ¡� ����¦ �  �� ��¡ ���� �¡ � §���
���� �¡���" ¡ � � �� ¡ ¡�� ¡ �¡� ¦ ��� ��

� �� � ��� !¡� �© ������  � �� ��¡� �� � � �
��
�� �

�� ��� ��� � � �
� �

�


���� � �y� � � � �� 	� xy ��y |qrx{xt}t�� ��{� {u t�yw �y}y~�y� {� q{u�rw
zqrw ��y �y� t� rz �{}vy � � �y� � � xy {u tu�t~{�rq q{u�rw �{qt{x }y �r ��{� � � � �
tz ��y ��� t�yw �y}y~�y� �r x y tu ��y �q{�t�tru{} �{w|}y �{� { �{}vy ur� qy|qy�yu�y�
{� �y� tu ��y �{w|}y � {u� � � � � r��yqs t�y � ��yu � ' q �� � � �� � � � � � �� � � � ���Ó �
s�yqy � t� �{�yu r�yq ��y �{}vy� qy|qy�yu�y� tu ��y �y� ��tu~y � � � � tz �rw y �{}vy
� t� �y}y~�y� �r ��{� t� �{� ur� x yyu �y}y~�y� tu {u� rz ��y " q�� � � � ��y|�� � � }y{q}��
� � ���� Ó � � t� ��y uvwxyq rz �t��tu~� �{}vy� tu ��y �q{�t�tru{} �{w|}y � �y ~{u
urs y�{}v{�y � �uvwxyq rz �t��tu~� �{}vy�� {�

� �� � �
��
�� Ó
� �� � � �

��
�� Ó

�
�

� � �� � � � ���Ó � �
�

��
�� Ó

� � �� � � � ���Ó

� �
�

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

�
�� � �� � � � �� �

� �
�
�
� � ��

���
�� ��� ��� �� �� � � �

�
� � ��

���
�� ��� ��� � �

�
� ��

�
��
�� Ó

�� ���� Ó ��� � � �
� �

�

�r�y ��{� ��y zrr�|qtu� zrq { ~ru~t�y �{w|}y t� {� wr�� � }rp � �tw y� ��y uvwxyq rz
�t��tu~� �{}vy� � s�yqy{� ��y zrr�|qtu� zrq { �q{�t�tru{} �{w|}y rz �{w|}y¢�t�y � t�
� }rp � �� ���������¦  �� ��¡ ���� �¡� � �y �y�~qtxy uy�� ��y {}prqt��w pt�yu tu �
� ���
zrq w {tu�{tutup { ~ru~t�y �{w|}y s t��tu { pt�yu zrr�|qtu� xrvu� {� uys �{�{ t�
tu�yq�y� tu�r ��y �{�{ �y� � �tu~y ��y uvwxyq rz �{w|}y |rtu�� |qr�t�y� x� { ~ru~t�y
�{w|}y �y| yu�� ru ��y �{�{ �t��qtxv�tru � ��y |qrx}yw rz w {tu�{tutup { ~ru~t�y
�{w|}y {� uys �{�{ {qqt�y� t� w rqy �t� ~v}� ��{u s t�� �q{�t�tru{} �{w|}y� � �rq
�q{�t�tru{} �{w|}y� � ��y qy�yq�rtq �{w|}tup {}prqt��w rz � t��yq �� nh��� ~{u xy v�y�
�r w {tu�{tu { �{w|}y tu ��y |qy�yu~y rz tu�yq�tru� rz uys �{�{ ��yy �y~�tru & ��
zrq �y�{t}�� � �rsy�yq � ��t� {}prqt��w qy}ty� �y{�t}� ru { |qtrqt �urs }y�py rz ��y
�{qpy� �{w|}y¢�t�y �s�t~� � zrq �q{�t�tru{} �{w|}y� � y�v{}� ��y zrr�|qtu� �t�t�y� x�
}rp � � � � t�� ~ru~t�y �{w|}y� � ��y �{w|}y¢�t�y �y|yu�� ru ��y �{�{ �t��qtxv�tru �r





	��
�
 ���� 
��������
 Ó�
�{�y � {u� {u� ~�{upy� tu ��y �{�{ �t��qtxv�tru wv�� xy qy�y~�y� tu ��y �{w|}tup
zqy�vyu~��

!vq w {tu�yu{u~y {}prqt��w t� {� zr}}rs � � �y� � xy {u yu�q� ��qy��r}� �tu t¢
�t{}}� �� zrq uys �{�{ �r x y �y}y~�y� zrq ��y �{w|}y � �y� � xy ��y ~vqqyu� ~ru~t�y
�{w|}y {u� ~ru�t�yq {u tu�yq�tru rz { �{�{ t�yw s t�� �{}vy � � � t�� |qrx{xt}t��
�	� � {�� � �r � � |qy�yq�tup ��y ~ru~t�y qy|qy�yu�{�tru � �z ��y zrr�|qtu� zrq � urs
y�~yy�� ��y |qy�| y~t"y� zrr�|qtu� xrvu� � q{t�y ��y ��qy��r}� �r �rw y � � {u� ��yu
�vx � y~� y{~� �{w|}y |rtu� tu � �r ��t� �tp�yq ��qy��r}� � �| y~t" ~{}}�� y{~� rz ��y
�{w|}y¢�t�y �� � �{w|}y |rtu�� t� y�t~�y� s t�� |qrx{xt}t�� � 	� � � �� t� y�|y~�y� ��{�
�{w|}y¢�t�y �� � � �� � � 	� � � �{w|}y |rtu�� s t}} x y y�t~�y� � �r�y ��{� ��y zrr�|qtu�
t� ru}� �y~qy{�y� s�yu { ��{}vy � ~rvu� � |{tq qy�yq�� �r { �tup}y�ru rq s�yu { �{}vy
t� qywr�y� {}�rpy��yq � �z ��y zrr�|qtu� �{� ur� �y~qy{�y� � qy|y{� s t�� { �tp�yq
��qy��r}� �

��yqy t� ~rw|}y�y �y� tx t}t�� tu ��t� {}prqt��w tu �y}y~�tup ��y �y�vyu~y rz tu¢
~qy{�tup ��qy��r}�� � {u� �
� ��� �t�~v��y� { �{qty�� rz {||qr{~�y� {u� ��ytq �q{�y¢
r� � � {� sy}} {� s{�� �r tw|qr�y ��y ~ru��{u� z{~�rq� �

��
��
� � �& � �
� ��� &� ¡ �!��¡ � �¦ ������ � �������� �  �� ��¡ ���� �¡ § ��� �
�� � � �¡�� ¡ �$ ¡� ��"¡ !���� ��  ������� �� ����" ¡� ¡�� ¡ �¡� �� ���¡ ��� ¡ � ¡� ���¡������ �� �¨ � �� ¡������� �
���� � ��y {}prqt��w w{tu�{tu� { vutzrqw q{u�rw �{w|}y �tu~y � s�yuy�yq
��y ��qy��r}� t� q{t�y� � t� |qy�yq�y� ��y tu�{qt{u� ��{� y{~� t�yw tu ��y �{�{ �y� �{�
x yyu �qy{�y� �|qrx{xt}t��t~{}}� � {� tz ��y ��qy��r}� syqy {}s{�� ��y uys ��qy��r}� �
��y }rr�¢v|� ~{u xy �ruy tu ~ru��{u� y�|y~�y� �tw y v�tup { ��u{w t~ �t~�tru{q�
�{�{ ��qv~�vqy �v~� {� { �{�� �{x}y � �{t�tup { ��qy��r}� ~r��� � �� � � |qr ~y��tup
�tw y � s�yqy � � t� ��y �{w|}y¢�t�y rz ��y ~ru~t�y �{w|}y x yzrqy ��y ��qy��r}� s{�
q{t�y� � �rq ��y ~{�y s�yqy ��y ��qy��r}� t� q{t�y� x� { ~ru��{u� z{~�rq y{~� �tw y �
sy y�|y~� ��yqy �r x y { ~ru��{u� uvwxyq rz ~rtu �r��y� qy�v}�tup tu �{w|}y |rtu��
x ytup qy�{tuy� zrq y{~� �{w|}y |rtu� y�t~�y� � ��v� sy ~{u {wrq�t�y ��y qy�{tuy�
{p{tu�� ��y y�t~�y� � {u� sy ~{u {wrq�t�y ��y y�t~�y� {p{tu�� ��ytq tu�yq�tru tu�r
��y �{w|}y �y{~� �{w|}y |rtu� t� y�t~�y� ru}� ru~y� �

) e
 e �jlghng� ��
���� e �rvu�tup �{w|}y� {qy { �{qt{�tru ru ~ru~t�y �{w|}y�
tu s�t~� ��y ~rvu�� {qy v�y� �r �yy| �q{~� rz {}} r ~~vqqyu~y� rz { �{}vy tu�yq�y�
tu�r ��y �{�{ �y� {z�yq ��y �{}vy s{� �y}y~�y� zrq ��y �{w|}y � ��ytq �y"ut�tru t�
w r�t�{�y� x� { �{w|}tup� ~rvu�tup |qr ~y�� rz ��t� ��| y zqrw { ��{�t~ �{�{ �y� £

	
��
�� ��
 � �	 � o  ������¦ ���� �¡ zrq { �{�{ �y� � st�� ��qy��r}� � t� {u�
�vx�y� rz � ��rqy� tu { ~ru~t�y qy|qy�yu�{�tru �{� �y"uy� tu # y"ut�tru � ��� ��{� t�
rx�{tuy� x� { |qr~y�� ��{� t� |qrx{xt}t��t~{}}� y�vt�{}yu� �r ��y zr }}rs tup |qr ~y�� £
�rq y{~� �{}vy � r~~vqqtup � � � �tw y� tu � � sy � t| { ~rtu s t�� |qrx{xt}t�� �	� rz
�y{�� vu�t} ��y " q�� �y{�� � v| �r {� wr�� � ~rtu �r��y� tu {}} � tz ��y ��� ~rtu �r�� t�
�y{�� � ��yu � r ~~vq� � � � � � �tw y� tu ��y �vx�y� � y}�y � t� ur� tu ��y �vx�y� �

o ~rvu�tup �{w|}y �t�yq� zqrw ��y {||qr{~� v�y� tu �y~�tru � �� tu ur� {}}rs tup
wv}�t| }y ~rvu�� zrq ��y �{wy �{}vy {u� tu t�� v�y rz { ��qy��r}� ���{� s t}} {�{|� �r
{ �{�{ �t��qtxv�tru � �yq�v� { |qy�| y~t"y� �{w|}y �t�y � o }��rvp� ~rvu�tup �{w|}y�
{qy ur� vutzrqw q{u�rw �{w|}y� rz ��y �{�{ �y� � { ~ru~t�y �{w|}y ~{u xy rx�{tuy�
zqrw { ~rvu�tup �{w|}y x� ~ru�t�yqtup y{~� |{tq �� � �� tu ��y ~rvu�tup �{w|}y tu
�vqu � {u� � t||tup { ~rtu s t�� |qrx{xt}t�� �	� rz �y{�� � � � �tw y� {u� qy�v~tup ��y
~rvu� x� ��y uvwxyq rz �{t}� �



Ó� ������� � � � ����	
 �	� 
�

� �����


� ���������¦  ������¦ ���� �¡� � ��y zr}}rs tup {}prqt��w t� pt�yu tu �
� ���
zrq w {tu�{tu tup { ~rvu�tup �{w|}y s t��tu { pt�yu zrr�|qtu� xrvu� zrq ��y ��u{w t~
�~yu{qtr � �y� � xy {u yu�q� ��qy��r}� �tut�t{}}� �� zrq uys �{�{ �r x y �y}y~�y� zrq
��y �{w|}y � �y� � xy ��y ~vqqyu� ~rvu�tup �{w|}y {u� ~ru�t�yq {u tu�yq�tru rz {
�{�{ t�yw s t�� �{}vy � � �z � t� qy|qy�yu�y� x� { ��{}vy � ~rvu� � |{tq tu � � tu~qywyu�
t�� ~rvu� � �z � t� { �tup}y�ru tu � � ~qy{�y { |{tq s t�� ~rvu� �y� �r � � !��yqs t�y �
{�� � �r � st�� |qrx{xt}t�� �	� � �z ��y zrr�|qtu� zrq � urs y�~yy�� ��y |qy�| y~t"y�
zrr�|qtu� xrvu� � q{t�y ��y ��qy��r}� �r �rwy � � {u� ��yu �vx � y~� y{~� �{}vy tu �
�r ��t� �tp�yq ��qy��r}� � �|y~t"~{}}�� zrq y{~� �{}vy tu ��y ~rvu�tup �{w|}y � � t| {
xt{�y� ~rtu � �y~qyw yu�tup t�� rx�yq�y� ~rvu� ru y{~� � t| rz �{t}� vu�t} yt��yq ��y
~rvu� qy{~�y� �yqr rq { �y{�� t� � t||y� � ��y " q�� ~rtu �r�� �{� |qrx{xt}t�� rz
�y{�� � 	� � � {u� y{~� �vx�y�vyu� ~rtu �r�� �{� |qrx{xt}t�� rz �y{�� �	� � � �{}vy�
s t�� ~rvu� �yqr {qy qywr�y� zqrw ��y ~rvu�tup �{w|}y � r��yq �{}vy� qyw {tu tu ��y
~rvu�tup �{w|}y s t�� ��ytq ���|t~{}}� qy�v~y�� ~rvu�� �

ou {��{u�{py rz ~rvu�tup �{w|}y� r�yq ~ru~t�y �{w|}y� t� ��{� ruy ~{u w {tu�{tu
~rvu�tup �{w|}y� tu ��y |qy�yu~y rz �y}y�tru� �r ��y �{�{ �y� � � {tu�{tutup ~ru~t�y
�{w|}y� tu ��y |qy�yu~y rz �v~� �y}y�tru� t� �t� ~v}� £ �z sy z{t} �r �y}y�y { �{w|}y
|rtu� tu qy�|ru�y �r ��y �y}y�y r| yq{�tru � ��yu sy qt�� �{�tup ��y �{w|}y z{t} �r xy
{ �vx�y� rz ��y �{�{ �y� � !u ��y r��yq �{u� � tz sy {}s{�� �y}y�y { �{w|}y |rtu� �
��yu ��y �{w|}y w{� ur }rupyq x y { q{u�rw �{w|}y rz ��y �{�{ �y� �� � t�� ~rvu�tup
�{w|}y� � sy �r ur� �{�y �� t� �t� ~v}��� �rq { �y}y�y rz { �{}vy � � t� �v� ~y� �r qy�yq�y
��y tu~qyw yu� |qr~y�vqy x� �y~qyw yu�tup { ~rvu� � ~ru�yq�tup { |{tq �r { �tup}y�ru �
rq qywr�tup { �tup}y�ru � {� {||qr|qt{�y �

o � s t�� ~ru~t�y �{w|}y� � ��yqy t� ~rw|}y�y �y� tx t}t�� tu ��t� {}prqt��w tu �y¢
}y~�tup ��y �y�vyu~y rz tu~qy{�tup ��qy��r}�� � {u� �
� ��� �t�~v��y� { �{qty�� rz
{||qr{~�y� {u� ��ytq �q{�yr� � � {� sy}} {� s{�� �r tw|qr�y ��y ~ru��{u� z{~�rq� �

��
��
� � �� � �
� ��� ¥�� ��� �¡��¡� ¡ �© ���¡������ ��� �¡�¡����� �� �� ¡
����� �  � ¡������ �� ¡ �!��¡ � �¦ ������ � �������� �  ������¦ ���� �¡ § ��� �� � � �¡��� ¡ �$ ¡� © ���� ���� ��  ������� �� ����" ¡� ¡�� ¡ �¡� �� ���¡ ��� ¡ ��� �� �¨ � �� ¡�������� �


���� � �y wv�� ��rs ��{� ��y qy�vtqywyu� tu ��y �y"ut�tru rz { ~rvu�tup
�{w|}y t� |qy�yq�y� s�yu {u tu�yq� r ~~vq� � { �y}y�y r~~vq� � rq ��y ��qy��r}� t�
q{t�y� � �y� � xy ��y �{�{ �y� {u� � xy ��y ~rvu�tup �{w|}y �

ou tu�yq� rz { �{}vy � tu~qy{�y� x� ruy t�� ~rvu� tu � � �z � t� tu � � ��yu ruy rz t��
~rtu � t|� �r �{�y s{� �y{�� � {u� sy tu~qywyu� ��y ~rvu� tu � � !��yqs t�y � uruy rz
t�� ~rtu � t| � �r �{�y syqy �y{�� � {u� ��y {}prqt��w � t|� { ~rtu s t�� ��y {||qr|qt{�y
|qrx{xt}t��� o }} r��yq �{}vy� {qy vu�rv~�y� � �r ��y qy�vtqyw yu� t� |qy�yq�y� �

o �y}y�y rz { �{}vy � �y~qy{�y� x� ruy t�� ~rvu� tu � � �z � t� tu � � ��yu ��y
{}prqt��w �y~qyw yu�� ��y ~rvu� �s�t~� w {� �qr| ��y ~rvu� �r �� � !��yqs t�y � �
~rtu � t|� r ~~vqqy� �r �{�y {u� syqy �{t}� � �r ��y " q�� � � � syqy {}�r �{t}� � {u� ��y
�{}vy qyw {tu� rw t��y� zqrw � � o }} r��yq �{}vy� {qy vu�rv~�y� � �r ��y qy�vtqywyu�
t� |qy�yq�y� �

�ru�t�yq q{t�tup ��y ��qy��r}� zqrw � �r � � � {u� }y� � xy { �{}vy r ~~vqqtup � � �
�tw y� tu � � �z � t� ur� tu � � ��yqy syqy ��y y�vt�{}yu� rz � ~rtu � t|� s t�� �y{��
|qrx{xt}t�� �	� ��{� ~{w y v| �{t}� � ��v� ��y �{w y � |qrx{xt}t��t~ y�yu�� srv}� z{t}
�r ~rw y v| �y{�� s t�� ��y uys � ��qt~�yq ~rtu �s t�� �y{�� |qrx{xt}t�� ru }� �	� �� � �z

�ËMJ BMP E ATTUCOAGCMQB MN JAQFMP BAPTUEB [ AQ EcEOGCDE AUGEJQAGCDE ATTJMAOI CB GM OMUUEOG AQFP A]E XBE MN GHM XQCNMJP BAPTUEB � MQE NMJ GIE CQBEJGEF FAGA AQF MQE NMJ GIE FEUEGEF FAGA V





	��
�
 ���� 
��������
 Ó�
� t� tu � st�� ~rvu� � � � ��yu ��yqy syqy ��y y�vt�{}yu� rz � � � � ~rtu � t| � s t�� �y{��
|qrx{xt}t�� �	� ��{� ~{w y v| �{t}� � {u� ��y�y �{w y |qrx{xt}t��t~ y�yu�� srv}� ~rw y
v| �{t}� s t�� ��y ��qt~�yq ~rtu � ��t� s{� zr }}rsy� x� ��y y�v t�{}yu� rz { ~rtu � t|
s t�� �y{�� |qrx{xt}t�� �	� ��{� ~{w y v| �y{�� � {u� ��y {}prqt��w � t|� { ~rtu s t��
�y{�� |qrx{xt}t�� � 	� � � �r ��{� ��y qy�v}� t� y�v t�{}yu� �r { ~rtu � t| s t�� |qrx{xt}t��
��	� � � �� 	� � � � ��	� � � � �z ��t� ~rtu ~rw y� v| �{t}� � ��yu �vx�y�vyu� ~rtu � t|� zrq
��t� �{}vy �{�y �y{�� |qrx{xt}t�� �	� � � �u ��t� s{�� ��y qy�vtqyw yu� t� |qy�yq�y�
zrq {}} �{}vy� �

��y v|�{�y �tw y xrvu�� {qy {qpvy� {� tu ��y |qrrz rz ��yrqyw � �& �
�r�y ��{� {}��rvp� xr�� ~ru~t�y �{w|}y� {u� ~rvu�tup �{w|}y� �{�y � ��� {wrq¢

�t�y� v|�{�y �tw y� � ~rvu�tup �{w|}y� {qy �}rsyq �r v|�{�y ��{u ~ru~t�y �{w|}y� �
�tu~y � vu}t�y ~ru~t�y �{w|}y � ��y� |yqzrqw { }rr�¢v| �tu�r ��y ~rvu�tup �{w|}y� {�
y{~� v|�{�y �r ��y �{�{ �y� � !u ��y r��yq �{u� � s t�� ~rvu�tup �{w|}y� � ��y pv{q¢
{u�yy� ru ��y ~rvu�� {qy ��qrupyq � �tu~y y�{~� ~rvu�tup t� v�y� ru �{}vy� {}qy{�� tu
��y �{w|}y �

) e� e ����nm�hnjg hj �jh �n�h �l�in�� e �ru�t�yq { �r� }t�� �vyq� qy�vy��tup
� |{tq� � � t�yu { ~ru~t�y �{w|}y � rz zrr�|qtu� � }rp � � � � �� � {u {||qr� tw {�y
�r� }t�� ~{u xy qy|rq�y� x� ~rw|v�tup ��y � ��� }{qpy�� ~rvu� �� �v�tup { }tuy{q �tw y
�y}y~�tru {}prqt��w � � {u� ��yu qy|rq�tup {}} |{tq� s t�� ~rvu�� {� }y{�� w {� ��� � � � �
�~{}tup ��y ~rvu�� x� � 	� � � s�yqy � � � t� { ~ru"�yu~y ��qy��r}� {u� � � � �{w|}y¢
�t�y �� � � �r�y ��{� s�yu � � �� � |{tq� s t}} x y qy|rq�y� � xv� s t�� }{qpyq � � zysyq
��{u � w{� xy qy|rq�y� � ��y qy�|ru�y �tw y zrq qy|rq�tup t� � �� � |qr ~y��tup �tw y
{u� ur �*! r|yq{�tru� � o }�yqu{�t�y}�� sy ~{u �q{�y¢r� v|�{�y �tw y �yq�v� �vyq�
�tw y x� �yy|tup ��y ~ru~t�y �{w|}y �rq�y� x� ~rvu�� � ��t� {}}rs � zrq qy|rq�tup tu� �� � �tw y �

� t�yu { ~rvu�tup �{w|}y � rz zrr�|qtu� � }rp � st�� ��qy��r}� � � {u {||qr� ¢
tw {�y �r� }t�� ~{u xy qy|rq�y� x� ~rw|v�tup ��y � ��� }{qpy�� ~rvu� �� � {u� ��yu
qy|rq�tup {}} |{tq� s t�� ~rvu�� {� }y{�� w {� ��� � � � ��� � s�yqy �� t� { ~rw|yu�{�tru
{��y� �r y{~� qy|rq�y� ~rvu� ��{� �yq�y� �r ~rw|yu�{�y zrq tu�yq�� rz { �{}vy tu�r
��y �{�{ �y� |qtrq �r ��y �v~~y��zv} ~rtu �r�� ��{� |}{~y� t� tu ��y ~rvu�tup �{w|}y �
ou {u{}��t� tu �
� ��� {qpvy� zrq �� � � ��

��
�
�Ó � � � 	 �� �� � � � �� � t�yu ��y

~ru�yq�tru rz ~rvu�tup �{w|}y� tu�r ~ru~t�y �{w|}y� �t�~v��y� tu �y~�tru � �� � �� t�
~{u xy �yyu �r xy �tw t}{q �r �{�tup � � � � ��� Ó

�
	 � �&�� �

ou{}��t~{} xrvu�� {u� y�|yqtw yu�{} qy�v}�� {qy |qy�yu�y� tu �
� ��� �v{u�t¢
z� tup ��y {~~vq{~� rz ��y {||qr� tw {�y �r� }t��� qy|rq�y� v�tup ~ru~t�y �{w|}y� rq
~rvu�tup �{w|}y� � ou y�{w|}y |}r� zqrw ��{� |{|yq t� p t�yu tu �tpvqy � � s�yqy
��y �{�{ t� �q{su zqrw { � t|z �t��qtxv�tru s t�� |{q{w y�yq � �& {u� ��y zrr�|qtu� t�
w y{�vqy� tu w ywrq� srq�� �

� e � n�hj�i�
 � �gk �l�ghn���
� t��rpq{w � {||qr� tw {�y { �{�{ �y� x� pqrv|tup �{}vy� tu�r  xv~�y��! ��vx�y���

{u� {||qr� tw {�tup ��y �t��qtxv�tru rz �{}vy� tu ��y �{�{ �y� x{�y� ru �vww{q�
��{�t��t~� w {tu�{tuy� tu y{~� xv~�y� ��yy � y �p �� �� f� (�� �� � � t��rpq{w � {qy ~rw¢
wru}� v�y� tu |q{~�t~y tu �{qtrv� �{�{x{�y� �y �p �� tu #� � � �uzrqw t� � �upqy� � ! q{~}y �
� t~qr�rz� ��� �yq�yq � ��x{�y � {u� �yq{�{�{� � ��y� {qy v�y� zrq �y}y~�t�t�� y��tw {¢
�tru |vq|r�y� s t��tu { �vyq� r|�tw t�yq {u� tu �vyq� y�y~v�tru � {u� ��yqy t� srq�
tu |qrpqy�� ru v�tup ��yw zrq {||qr� tw {�y �vyq� {u�syqtup �



�� ������� � � � ����	
 �	� 
�

� �����


0

50K

100K

150K

200K

5 10 15 20

** Data: 500000 values in [1,500]    
Zipf parameter 1.5      
** Footprint: 100        

most frequent values |

Using full histogram
Using concise samples

Using counting samples
Using traditional samples

� ����
 � � �rw|{qt�ru rz {}prqt��w � zrq { �r� }t�� �vyq�� �y|t~�tup
��y zqy�vyu~� rz ��y wr�� zqy�vyu� �{}vy� {� qy|rq�y� v�tup { zv}}
� t��rpq{w � v�tup { ~ru~t�y �{w|}y � v�tup { ~rvu�tup �{w|}y � {u�
v�tup { �q{�t�tru{} �{w|}y

�sr �t��rpq{w ~}{��y� v�y� y��yu�t�y}� tu �{�{x{�y ����yw � {qy y�vt¢�y|��
�t��rpq{w � {u� ~rw|qy��y� �t��rpq{w � � �u {u ¡�����¡� �� rq ¡����� ¡�¦� � �t��rpq{w �
~ru�tpvrv� q{upy� rz �{}vy� {qy pqrv|y� tu�r xv~�y�� �v~� ��{� ��y uvwxyq rz �{�{
t�yw � z{}}tup tu�r y{~� xv~�y� t� ��y �{w y � ��y yu�|rtu�� rz ��y �{}vy q{upy� {qy
�yur�y� ��y xv~�y� xrvu�{qty� rq �������¡� � �u {  ��� �¡��¡� �t��rpq{w �� f� (��� �
��y �tp�y�� zqy�vyu~� �{}vy� {qy ��rqy� �y|{q{�y}� tu �tup}y¢�{}vy� xv~�y�� � ��y qy��
{qy |{q�t�truy� {� tu {u y�vt¢�y|�� �t��rpq{w � �rw|qy��y� �t��rpq{w � ��| t~{}}�
|qr�t�y wrqy {~~vq{�y y��tw {�y� ��{u y�vt¢�y|�� �t��rpq{w � �

o ~rwwru |qrx}yw s t�� �t��rpq{w � t� ��ytq ��u{w t~ w {tu�yu{u~y � o � { �{�{
�y� t� v|�{�y� � t�� �t��qtxv�tru rz �{}vy� w tp�� ~�{upy {u� ��y �t��rpq{w �s�t~� t�
�v||r�y� �r qy�y~� ��y �t��qtxv�tru � ��rv }� ~�{upy {� sy}} � �tu~y r��yqs t�y y��tw {�y�
x{�y� ru ��y � t��rpq{w st}} x y tu~qy{�tup}� tu{~~vq{�y � �u ��t� �y~�tru � sy �y�~qtx y
rvq srq� tu �
����� � ru {}prqt��w � zrq w {tu�{tutup {||qr� tw {�y y�vt¢�y|�� {u�
~rw|qy��y� � t��rpq{w � {� ��ur|�t� �{�{ ��qv~�vqy� tu ��y ��u{w t~ �~yu{qtr � �y {}�r
�t�~v�� qy~yu� qy}{�y� srq� x� � {u�v 
� �� ��	���� ru ~rw|v�tup {||qr� tw {�y
�v{u�t}y� �

our��yq ~ru~yqu zrq �t��rpq{w � t� ��ytq ~ru��qv~�tru ~r��� tu ��y ��{�t~ �~yu{qtr �
�{w|}tup ~{u xy v�y� �r tw|qr�y ��y ~ru��qv~�tru �tw y� ��yy � y �p �� �� f� (���� � {u�
sy �t�~v�� qy~yu� srq� x� ��{v��vqt 
 � �� ���� ��� ru v�tup �{w|}tup �r ~ru��qv~�
{||qr� tw {�y y�v t¢�y|�� �t��rpq{w � tu ��y ��{�t~ �~yu{qtr �

ou tw|rq�{u� zy{�vqy rz rvq {}prqt��w � zrq w {tu�{tutup {||qr� tw {�y �t��rpq{w �
t� ��y v�y rz {  x{~�tup �{w|}y! � �{~�tup �{w|}y� {qy tu�yqy��tup zrq �sr qy{�ru� £





	��
�
 ���� 
��������
 �Ó
��y� ~{u xy v�y� �r ~ru�yq� �{w|}tup¢x{�y� {}prqt��w � zrq ��y ��{�t~ �~yu{qtr tu�r
{}prqt��w � zrq ��y ��u{w t~ �~yu{qtr � {u� ��ytq v�y t� {u y�{w|}y rz { � tyq{q~�t~{}
{||qr{~� �r ��ur|�t� �{�{ ��qv~�vqy� �

� ed e � �m� ng� ��
���� e o !� � ��¦ ���� �¡ zrq { �{�{ �y� � � � t� { vutzrqw q{u¢
�rw �{w|}y rz � ��{� t� �y|� v|¢�r¢�{�y tu ��y |qy�yu~y rz v|�{�y� �r � �
����� � �
�u wr�� �{w|}tup¢x{�y� y��tw {�tru �y~�ut�vy� � s�yuy�yq { �{w|}y rz �t�y � t�
uyy�y� � yt��yq ��y yu�tqy qy}{�tru t� �~{uuy� �r y��q{~� ��y �{w|}y � rq �y�yq{} q{u¢
�rw �t�� x}r~�� {qy qy{� � �u ��y }{��yq ~{�y � ��y �{}vy� tu { �t�� x}r ~� w {� xy
�tp� }� ~rqqy}{�y� � {u� �yu~y �r rx�{tu { �qv}� q{u�rw �{w|}y � � �t�� x}r~�� w {�
uyy� �r x y qy{� � s t�� ru}� { �tup}y �{}vy v�y� zqrw y{~� x}r ~� � �u ~ru�q{�� � {
x{~�tup �{w|}y t� { ��ur|�t� �{�{ ��qv~�vqy ��{� w {� qy�t�y tu w {tu wywrq�� {u�
�yu~y x y {~~y��y� s t�� ur �*! r|yq{�tru� � � rqyr�yq � tz � {� t� ��|t~{}}� ��y ~{�y tu
�{�{x{�y� � y{~� �{�{ t�yw t� { qy~rq� � �v|}y! � ~rw|qt�y� rz "y}�� � {��qtxv�y�!� �
��yu ru}� ��y "y}�� �y�tqy� zrq ��y �{w|}tup uyy� xy qy�{tuy� tu ��y ��ur|�t� � �u
��y ~{�y rz v�tup �{w|}y� zrq �t��rpq{w � � zrq y�{w|}y � ru}� ��y "y}� ��� uyy�y� zrq
��y �t��rpq{w uyy� xy qy�{tuy� � �z ��y x{~�tup �{w|}y t� ��rqy� ru ��y �t��� � t� ~{u
xy |{~�y� �yu�y}� tu�r �t�� x}r ~�� � {}}rs tup t� �r x y wrqy �vt~�}� �s{||y� tu {u�
rv� rz w ywrq�� � tu{}}�� {u tu�y� tup ��qv~�vqy zrq ��y �{w|}y ~{u xy w{tu�{tuy� �
s�t~� srv}� yu{x}y z{�� {~~y�� rz ��y �{w|}y �{}vy� s t��tu { ~yq�{tu q{upy �

� }y{q}�� { x{~�tup �{w|}y rz � �{w|}y |rtu�� ~{u xy v�y� �r ~ru�yq� { �{w|}tup¢
x{�y� {}prqt��w qy�vtqtup �
 �*! r|yq{�tru� zrq t�� �{w|}tup tu�r {u {}prqt��w ��{�
|r�yu�t{}}� qy�v tqy� ur �*! r|yq{�tru� �� ���������¦ !� � ��¦ ���� �¡� � o vutzrqw q{u�rw �{w|}y rz { �{qpy� �t�y � ~{u
xy w {tu�{tuy� vu�yq tu �yq�tru� �r ��y �{�{ �y� v�tup � t��yq �� �¡�¡����� ���� ���¦�y~�ut�vy �� nh��� £ ��y {}prqt��w |qr ~yy�� x� tu�yq�tup ��y " q�� � t�yw � tu�r {
 qy�yq�rtq �! ��yu { q{u�rw uvwxyq rz uys t�yw � {qy ��t|| y� � {u� ��y uy�� t�yw
qy|}{~y� { q{u�rw }� �y}y~�y� t�yw tu ��y qy�yq�rtq � our��yq q{u�rw uvwxyq rz
t�yw � {qy ��yu ��t|| y� � {u� �r zrq�� � ��y �t��qtxv�tru zvu~�tru rz ��y }yup�� rz
y{~� q{u�rw ��t| �y| yu�� y�|}t~t�}� ru ��y uvwxyq rz t�yw � �r z{q � {u� t� ~�r�yu
�v~� ��{� {� {u� |rtu� y{~� t�yw tu ��y �{�{ �y� t� y�v{}}� }t�y}� �r x y tu ��y
qy�yq�rtq � �| y~t"~{}}�� s�yu ��y �t�y rz ��y �{�{ �y� t� � � ��y |qrx{xt}t�� zrq {u
t�yw �r xy �y}y~�y� zrq ��y x{~�tup �{w|}y rz �t�y � t� � 	� � �{u�rw ��t|| tup t�
yw|}r�y� tu rq�yq �r qy�v~y ~ru��{u� z{~�rq� tu ��y v|�{�y �tw y� ~rw|{qy� s t��
��y {||qr{~� rz � t|| tup { ~rtu zrq y{~� uys t�yw � �y�yq�rtq �{w|}tup w {tu�{tu � {
�q{�t�tru{} q{u�rw �{w|}y {� { x{~�tup �{w|}y � {u {}�yqu{�t�y t� �r v�y { ~ru~t�y
�{w|}y rq { ~rvu�tup �{w|}y {� { x{~�tup �{w|}y � {u� w {tu�{tu ��yw {� �t�~v��y�
tu �y~�tru � �

o � �t�~v��y� tu �y~�tru � �� � ��yqy {qy �t� ~v}�ty� tu w {tu�{tu tup vutzrqw q{u�rw
�{w|}y� vu�yq �y}y�tru� �r ��y �{�{ �y� � s t�� �sr |r��tx }y �r}v�tru� x ytup ~rvu�tup
�{w|}y� {u� �y}y�tru �{w|}y� � �u �
����� � � sy {��vwy� ��{� y{~� �{�{ t�yw �{�
{ vut�vy t� �u{w y}�� t�� qrs t� tu ��y �{�{x{�y �{x}y tu s�t~� t� qy�t�y�� � �r ��{�
{ �y}y�tru qywr�y� { vut�vy t�yw zqrw ��y �{�{ �y� � �y qy�{tuy� ��y qrs t� s t��
��y �{w|}y |rtu� �s�t~� |qy~}v�y� ��y v�y rz ~ru~t�y �{w|}y� rq ~rvu�tup �{w|}y�� �
� t�� qrs t�� � �y}y�tru� ~{u xy �{u�}y� x� qywr�tup ��y t�yw zqrw ��y �{w|}y � tz t�
t� tu ��y �{w|}y � �rsy�yq � �v~� �y}y�tru� �y~qy{�y ��y �t�y rz ��y �{w|}y zqrw ��y
�{qpy� �t�y � � {u� wrqyr�yq � t� t� ur� {||{qyu� �rs �r v�y �vx�y�vyu� tu�yq�tru� �r
rx�{tu { |qr�{x}� q{u�rw �{w|}y rz �t�y � ru~y ��y �{w|}y �{� �qr||y� xy}rs � �
�u��y{� � sy w{tu�{tuy� { �{w|}y s�r�y �t�y t� tu t�t{}}� { |qy�|y~t"y� v||yq xrvu�



�� ������� � � � ����	
 �	� 
�

� �����


� � {u� {}}rsy� zrq t� �r �y~qy{�y {� { qy�v}� rz �y}y�tru� rz �{w|}y t�yw � �rsu �r
{ |qy�| y~t"y� }rsyq xrvu� � � �z ��y �{w|}y �t�y �qr||y� xy}rs � � ��y �{�{ �y� t�
qy{� zqrw ��y �t��� tu rq�yq �r qy¢|r|v}{�y ��y q{u�rw �{w|}y � yt��yq x� qyqy{�tup
{}} ��y �{�{ rq x� qy{�tup � � � � � q{u�rw �t�� x}r ~�� � �tu~y ��y �{w|}tup t�
tu�y|yu�yu� rz ��y �y}y�tru� � ��y �y}y�tru rz { zq{~�tru rz ��y �{w|}y t� y�|y~�y� �r
r ~~vq ru }� {z�yq ��y �y}y�tru rz ��y �{w y zq{~�tru rz ��y �{�{ �y� �

�y |qy�yu�y� tu �
����� � �y�yq{} �y~�ut�vy� zrq qy�v~tup ~ru��{u� z{~�rq�
tu ��y v|�{�y �tw y� � �rq y�{w|}y � �tu~y ��y {}prqt��w w{tu�{tu� { q{u�rw �{w|}y
tu�y|yu�yu� rz ��y rq�yq rz ��y v|�{�y� �r ��y �{�{ �y� � sy |r��|ruy� ��y |qr ~y��tup
rz �y}y�y� vu�t} ��y uy�� tu�yq� �y}y~�y� zrq ��y x{~�tup �{w|}y � ��t� qy�v~y� ��y
w {tu�yu{u~y �r ��y tu �yq�¢ru}� ~{�y � zrq s�t~� q{u�rw ��t||tup ~{u xy yw|}r�y�
��{�tup �y}y�tru� tu�yqw t�y� s t�� tu�yq�tru� zr t}� q{u�rw ��t||tup� �

�r�y ��{� �tu~y { x{~�tup �{w|}y t� { "�y� �{w|}y rz { |qy�|y~t"y� �t�y � t� w {�
xy �y�tq{x}y �r {vpw yu� ��y �{w|}y {u�*rq qyzqy�� ��y �{w|}y � {� {||qr|qt{�y zrq
{ |{q�t~v}{q {||}t~{�tru �

� � � ��¦ ���� �¡� �� � ����� ��� � �¡��� �� � �u �
����� � � sy v�y� { x{~�tup
�{w|}y tu �v||rq� rz ��u{w t~{}}� w {tu�{tutup �t��rpq{w � � �u ��y �~yu{qtr sy ~ru¢
�t�yqy� � ��y � t��rpq{w qy�t�y� tu w {tu w ywrq� s�yqy{� ��y x{~�tup �{w|}y � xytup
�rw ys�{� }{qpyq ��{u ��y � t��rpq{w � qy�t�y� ru ��y �t��� � ��y pr{} s{� �r w {tu¢
�{tu ��y �t��rpq{w vu�yq ��y ��u{w t~ �~yu{qtr � s�t}y w tu tw t�tup ��y {~~y��y� {u�
v|�{�y� �r ��y x{~�tup �{w|}y � tu rq�yq �r w tutw t�y ��y uvwxyq rz �*! r|yq{�tru� �
��y x{~�tup �{w|}y s{� { �q{�t�tru{} q{u�rw �{w|}y w {tu�{tuy� v�tup qy�yq�rtq
�{w|}tup � � �yu ��y �t�y rz ��y �{�{ �y� t� � � ��y |qrx{xt}t�� zrq {u t�yw �r xy
�y}y~�y� zrq ��y x{~�tup �{w|}y rz �t�y � t� � 	� � {u� �yu~y tu w {tu�{tu tup ��y
x{~�tup �{w|}y {u �*! r|yq{�tru t� y�|y~�y� ru}� ru~y y�yq� � �� 	� � tu �yq�tru� �
��yqyzrqy � r�yq ��y |qr ~y�� rz w {tu�{tutup ��y x{~�tup �{w|}y � s�t}y ��y �{�{ �y�
pqrs � zqrw � �r � � {u �*! r|yq{�tru t� y�|y~�y� �ru ��y {�yq{py� ru}� ru~y y�yq�
� �� 	 �� }rp �� 	� ��� tu�yq�tru� � ��v� � �tu~y ��t� r�yq�y{� t� �w {}} zrq }{qpy � {u�
�w {}} � � ��y pr{} xy~{w y �r �y�tpu {u {}prqt��w zrq w {tu�{tutup �t��rpq{w � ��{�
w tutw t�y� ��y uvwxyq rz {~~y��y� �r { pt�yu x{~�tup �{w|}y �

� e
 e ��ln�k��h� � n�hj�i�
 � e ou y�vt¢�y|�� �t��rpq{w |{q�t�tru � ��y q{upy
rz |r��tx }y �{}vy� tu�r � xv~�y�� �v~� ��{� ��y uvwxyq rz �{�{ t�yw � s�r�y �{}vy
z{}}� tu�r { pt�yu xv~�y� t� ��y �{wy zrq {}} xv~�y�� � ou ��� ��� �� ��¡ y�vt¢�y|��
�t��rpq{w {||qr� tw {�y� ��y y�{~� � t��rpq{w x� qy}{� tup ��y qy�v tqyw yu� ru ��y
uvwxyq rz �{�{ t�yw � z{}}tup tu { xv~�y� {u�*rq ��y {~~vq{~� rz ��y ~rvu�� {��r ~t¢
{�y� s t�� ��y xv~�y�� � �y� � xy ��y uvwxyq rz t�yw � tu ��y �{�{ �y� � }y� 
 �~rvu�
x y ��y ~rvu� {��r ~t{�y� s t�� { xv~�y� 
 � {u� }y� �� xy ��y uvwxyq rz t�yw � z{}}tup
tu { xv~�y� 
 �� �u �
����� � � sy �y"uy� �sr yqqrq w y�qt~� zrq y�{}v{�tup {||qr� ¢
tw {�y y�vt¢�y|�� �t��rpq{w � � !vq " q�� w y�qt~ � ��� � s{� �y"uy� �r xy ��y ��{u�{q�
�y�t{�tru rz ��y xv~�y� �t�y� zqrw ��y w y{u xv~�y� �t�y � urqw {}t�y� s t�� qy�| y~�
�r ��y w y{u xv~�y� �t�y £

��� � �
�

���� �� ���� Ó ��� 	 � �� � � �


ËMJ BCPTUCOCGL CQ GICB TATEJ [ HE CRQMJE CBBXEB MN IMH GM AGGJCKXGE CGEP B GM KXO]EGB NMJ
CGEP B HIMBE FAGA DAUXE CB EYXAU GM MQE MJ PMJE KXO]EG KMXQFAJCEB Å BXOI CBBXEB AJE AFFJEBBEF
CQ ��
����� V





	��
�
 ���� 
��������
 ��

!vq �y~ru� yqqrq w y�qt~ � � ����� � s{� �y"uy� �r x y ��y ��{u�{q� �y�t{�tru rz ��y
xv~�y� ~rvu�� zqrw ��y {~�v{} uvwxyq rz t�yw � tu y{~� xv~�y� � urqw {}t�y� s t��
qy�|y~� �r ��y w y{u xv~�y� ~rvu� £

� ����� � �
�

���� �� ���� Ó ��� 	 � 
 � �~rvu��� �

�u �
����� � � sy |qy�yu�y� ��y " q�� }rs r�yq�y{� {}prqt��w � zrq w{tu�{tutup
�tp� }�¢{~~vq{�y {||qr� tw {�y y�vt¢�y|�� �t��rpq{w � � ${~� {}prqt��w qy}ty� ru v�tup
{ x{~�tup �{w|}y � � � rz { "�y� �t�y �y| yu�yu� ru � �

!vq �tw|}y�� {}prqt��w � �yur�y� $�vt¢�y|�� �tw|}y � srq�y� {� zr}}rs � � o�
��y ��{q� rz y{~� |�{�y � ~rw|v�y {u {||qr� tw {�y y�vt¢�y|�� �t��rpq{w zqrw � x�
�rq�tup � {u� ��yu �{�tup y�yq� � 
� 
	� � ��� t�yw {� { xv~�y� xrvu�{q�� �y� ��y
xv~�y� ~rvu�� �r xy � �	� � s�yqy � � t� ��y uvwxyq rz t�yw � tu ��y �{�{ �y� {�
��y xyptuutup rz ��y |�{�y � �y� � � ��� � � �� �	� � � s�yqy � � � � t� { �vu{x}y
| yqzrqw {u~y |{q{w y�yq � �{qpyq �{}vy� zrq � {}}rs zrq pqy{�yq twx{}{u~y {wrup
��y xv~�y�� tu rq�yq �r �{�y zysyq |�{�y� � o � y{~� uys t�yw t� tu�yq�y� tu�r ��y
�{�{ �y� � tu~qyw yu� ��y ~rvu� rz ��y {||qr|qt{�y xv~�y� � � �yu { ~rvu� y�~yy�� ��y
��qy��r}� � � ��{q� { uys |�{�y �

��
��
� & �� � �
����� � �¡� � � � � �¡� � � �� }u � � �� � © �� ��� ¡ � � � �
������¡� � �����¡� �� � ��� �¡ ��� ��¡� �� � �¡��¡� ¡ �© � � � � ���¡��� �© ��¡� � �� ��
�� ������� �� ¡�� �� ���� �¡� � �¡� � !¡ � ������ ���� �¡ �© ��"¡ � �© ��� �¡� ���§� ����
© ����� © ��� �� ¡ �¡������ � ¡��� ¡� § ��� �� § ��� ��� �¡� �� ¡� ¡�� � �¡� � � �� }u � � ��Ó�� �
&� ¡� � �����¡� �� � ��� �¡  ��� ��¡� �� ��� ��� �� ��¡ ¡�����¡� �� � ����¦ ��� �� � �� ��
§ ��� � ��!�!����� �� �¡��� � � � � �� ��Ó� � �� 	 �� � � ���Ó�� � ��� � � � �� � � � ���� ����� � � �


���� � �y� 
 xy {u {||qr� tw {�y y�vt¢�y|�� �t��rpq{w ~rw|v�y� x� ��y $�vt¢
�y|�� �tw|}y {}prqt��w {z�yq � t�yw � �{�y xyyu tu�yq�y� tu�r ��y �{�{ �y� � �y�
� xy ��y ~vqqyu� |�{�y rz ��y {}prqt��w � {u� }y� � � � � xy ��y uvwxyq rz t�yw �
tu ��y �{�{ �y� {� ��y xyptuutup rz |�{�y � � �y� � ������ {u� � ��� xy ��y yqqrq�� ����� {u� ��� � qy�|y~�t�y}�� qy�v}�tup {z�yq y��q{~�tup {u {||qr� tw {�y �t��rpq{w
zqrw � {� ��y xyptuutup rz |�{�y � � � tu{}}�� }y� � � � � � � � �� ��Ó� � �� � ��Ó�� �
{u� }y� � � � � � � �� ��Ó� � �� 	 �� � � ���Ó�� � �tu~y �vqtup |�{�y � � sy �{�y ��{�
� � � � ���� � � t� zr}}rs � ��{� � � �� � �y ��rs tu �
����� � ��{� � ��� � � ������ � �
st�� |qrx{xt}t�� {� }y{�� � � � {u� �yu~y {� }y{�� � �

#vqtup |�{�y � � { �{}vy tu �yq�y� tu�r xv~�y� 
 � tu~qyw yu�� xr�� �� 	 {u�

 � �~rvu� � ��yqyzrqy � x� ��y �y"ut�tru rz � ����� � t�� �{}vy �ry� ur� ~�{upy �vq¢
tup |�{�y � � {u� �yu~y {� {u� �tw y �vqtup ��y |�{�y � � ����� � � ������ � � st��
|qrx{xt}t�� � � �� qyw{tu� �r xrvu� ��� zrq 
 �

�y� � �� 	 {u� 
 � �~rvu� � xy ��y �{}vy� rz �� 	 {u� 
 � �~rvu� � qy�| y~�t�y}�� {� ��y
x yptuu tup rz |�{�y � � �y� � �� � � �� 	 � � �	� � {u� }y� � � � �� 	 � � 	� � �y ~}{tw
��{� 
� � � � �� 
 � �� � � �� �	� � �r�y ��{� 
� � � � �� 
 � w{� ��� 	 � � �� 	 �� 	� � � �	� � �
��y ~}{tw zr}}rs � �tu~y �� 	 � � �� 	 � 
 � �~rvu� � 
 � �~rvu� � � � � 
 � �~rvu� � �
�� � � �� �	� � � �	� � {u� � � � � � � �
 � �~rvu� � 
 � �~rvu� �� �

�� ��y ~}{tw �
� � � � �� �� � �� � � �� �	� �� � � �� � � �� �� �� � � �� �	� � ��� � � �� �	� �� �



�� ������� � � � ����	
 �	� 
�

� �����


�r�y ��{� � ��� Ó � �� � � ��� Ó ��� 	 � � �	� � � � � �yu~y � �vx��t�v�tup zrq � �� tu ��y
�y"ut�tru rz ��� sy rx�{tu

��� � �
�

���� ��
�

��� � �� � � ���� Ó ��� � � �� �	� ���
� � ��� � �

� �� � � �� �	� � � � ��� � �� � � � �
��y ��yrqyw zr}}rs � �

o �y~ru� {}prqt��w zqrw �
����� � qy�v~y� ��y uvwxyq rz qy~rw|v�{�tru�
zqrw � x� �q�tup �r x{}{u~y ��y xv~�y�� v�tup { }r~{} � }y�� y�|yu�t�y |qr ~y�vqy �
��y {}prqt��w � �yur�y� $�vt¢�y|�� �|}t�� yqpy � srq�y� tu |�{�y� � o � tu $�vt¢
�y|�� �tw|}y � {� y{~� |�{�y ��yqy t� { ��qy��r}� � � ��� � � �� �	� � � o � y{~� uys
t�yw t� tu�yq�y� tu�r ��y �{�{ �y� � tu~qyw yu� ��y ~rvu� rz ��y {||qr|qt{�y xv~�y� �
� �yu { ~rvu� y�~yy�� ��y ��qy��r}� � � �|}t� ��y xv~�y� tu �{}z � �u rq�yq �r w {tu�{tu
��y uvwxyq rz xv~�y�� � "�y� � w yqpy �sr {�� {~yu� xv~�y�� s�r�y �r�{} ~rvu� t� }y��
��{u � � tz �v~� { |{tq rz xv~�y�� ~{u xy zrvu� � � �yu �v~� { w yqpy t� ur� |r��tx}y �
qy~rw|v�y ��y {||qr� tw {�y y�vt¢�y|�� �t��rpq{w zqrw � �

�r w yqpy �sr xv~�y�� � �vw ��y ~rvu�� rz ��y �sr xv~�y�� {u� �t�|r�y rz ��y
xrvu�{q� xy�syyu ��yw � �r �|}t� { xv~�y� 
 � �y}y~� {u {||qr� tw {�y w y�t{u tu

 �r �yq�y {� ��y xv~�y� xrvu�{q� xy�syyu ��y �sr uys xv~�y�� � x� �y}y~�tup ��y
w y�t{u {wrup ��y t�yw � tu � ��{� z{}} tu�r 
 � ��y �|}t� {u� wyqpy r|yq{�tru t�
t}}v��q{�y� tu �tpvqy � � �r�y ��{� �| }t� {u� w yqpy ~{u r ~~vq ru}� zrq � � � �

F
R
E
Q
U
E
N
C
Y

ATTRIBUTE   VALUES MEDIAN

Buckets

INSERT  THRESHOLD

2.Merge

1.Split

� ����
 � � �|}t� {u� wyqpy r|yq{�tru �vqtup y�vt¢�y|�� �t��rpq{w w{tu�yu{u~y
��y uvwxyq rz �|}t�� {u� ��y uvwxyq rz |�{�y� ~{u xy xrvu�y� {� zr }}rs � �
��
��
� & �� � �
����� � ������¡� � �����¡� �� �� ���� ¡�¦ ¡ § ��� � !� � ¡�� ���

� ¡�© ��� �� ¡ � ���� ¡�¡� � � � � � � ��� ��¡� �� � �¡��¡� ¡ �© � ���¡��� � &� ¡� �� ¡
����� ��� !¡� �© � � ��¡� �� �� � ��� }rp� � � ��� �� ¡ ���� � ��� !¡� �© �� ���� �� �� � ���� }rp� � � §� ¡�¡ � � � � � 	� �© � � � � ��� ��� ¡�§ ��¡ � � � � �� � � �	� �

�r �{u�}y �y}y�tru� �r ��y �{�{ �y� � }y� �� � �� �	 �� �� � � � ��� xy { }rsyq
��qy��r}� ru ��y xv~�y� ~rvu�� � s�yqy �� � � � t� { �vu{x}y | yqzrqw {u~y |{q{w y�yq �
� �yu {u t�yw t� �y}y�y� zqrw ��y �{�{ �y� � �y~qyw yu� ��y ~rvu� rz ��y {||qr|qt{�y
xv~�y� � �z { xv~�y� �� ~rvu� �qr|� �r ��y ��qy��r}� �� � w yqpy ��y xv~�y� s t�� ruy rz





	��
�
 ���� 
��������
 ��
t�� {�� {~yu� xv~�y�� {u� ��yu �|}t� ��y xv~�y� 
 � st�� ��y }{qpy�� ~rvu� � {� }rup {�
t�� ~rvu� t� {� }y{�� � �� � � �� � ��r�y ��{� 
 � w{� xy ��y uys }� w yqpy� xv~�y� �� �z
ur �v~� 
 � y� t��� � qy~rw|v�y ��y {||qr� tw {�y y�vt¢�y|�� �t��rpq{w zqrw � � ��y
w yqpy {u� �|}t� r|yq{�tru t� t}}v��q{�y� tu �tpvqy & �

F
R
E
Q
U
E
N
C
Y

ATTRIBUTE   VALUES MEDIAN

Buckets

INSERT  THRESHOLD

DELETE
THRESHOLD

1. Merge

2. Split

� ����
 � � � yqpy {u� �| }t� r| yq{�tru �vqtup y�vt¢�y|�� �t��rpq{w w{tu�yu{u~y

� ¡���¡� §��� � o qy~yu� |{|yq x� � {u�v 
 � �� ��	���� |qy�yu�y� uys {}pr¢
qt��w � zrq ~rw|v�tup {||qr� tw {�y �v{u�t}y� rz }{qpy �{�{ �y�� tu { �tup}y |{�� r�yq
��y �{�{ {u� s t�� }tw t�y� w {tu w ywrq�� � �yqy{� tu {u y�vt¢�y|�� �t��rpq{w �
��y �y�tqy� q{u�� zrq ��y �v{u�t}y� {qy {� qypv}{q tu�yq�{}� � ��ytq |{|yq ~ru�t�yqy�
{qxt�q{q� |qy�| y~t"y� q{u�� � �rw|{qy� �r {u y{q}tyq {}prqt��w rz � vuqr {u� '{¢
�yq�ru ����� � � ��ytq �y�yqw tut��t~ {}prqt��w qy��qt~�� {��yu�tru �r { �tup}y |{��
{u� tw|qr�y� ��y ~ru��{u�� tu ��y w ywrq� qy�vtqywyu�� � �| y~t"~{}}�� }y� {u t�yw
xy {u �¢{||qr� tw {�y �¢�v{u�t}y tu { �{�{ �y� rz � t�yw � tz t�� q{u� tu ��y �rq�y�
�{�{ �y� t� x y�syyu ��� � ��� � {u� ��� � ��� � � � {u�v 
 � �� |qy�yu�y� { �y�yqw tu¢
t��t~ {}prqt��w ��{� � p t�yu � Ó � � � � � �� � �� � �� � ~rw|v�y� �¢{||qr� tw {�y � � ¢�v{u�t}y�
zrq � � �� � � � � � tu { �tup}y |{�� v�tup ru}� � � Ó

�
}rp � ��� �� w ywrq�� �r�y ��{� �� t�

{}prqt��w |yqzrqw � �
� �*! r|yq{�tru� tu ��y ��{�t~ �~yu{qtr � zrq { ~}{�� rz �vyqty�
s�yqy ��y q{u�� rz ��y �y�tqy� �v{u�t}y� {qy |qy�| y~t"y� �

� {u�v 
� �� {}�r {u{}��y� ��y {||qr{~� rz " q�� �{�tup { q{u�rw �{w|}y {u�
��yu qvuutup ��ytq �y�yqw tut��t~ {}prqt��w ru ��y �{w|}y � tu rq�yq �r qy�v~y ��y
w ywrq� qy�vtqywyu�� zrq w {��t�y �{�{ �y�� � ��y� �t� ur� y�|}t~t�}� ~ru�t�yq ��¢
u{w t~ w {tu�yu{u~y rz �v{u�t}y� � {u� tu�yy� ��y� �{�y ur� {��yw|�y� �r w tutw t�y
��y �vyq� �tw y �r rv�|v� ��ytq {||qr� tw {�y �v{u�t}y� � �tu~y ��ytq rv�|v� r|yq{�tru
r ~~vq� ru}� ru~y � {z�yq ��y |{�� r�yq ��y �{�{ � �rsy�yq � x� v�tup { x{~�tup �{w|}y
qy�t�tup tu w ywrq�� ��ytq {}prqt��w ~{u xy v�y� tu ��y ��u{w t~ �~yu{qtr s t�� ur
�*! r|yq{�tru� {� v|�{�y �tw y rq �vyq� �tw y �

o qy~yu� |{|yq x� ��{v��vqt 
 � �� ���� ��� ��v�ty� ��y |qrx }yw rz �rs wv~�
�{w|}tup t� uyy�y� �r pv{q{u�yy {u {||qr� tw {�y y�vt¢�y|�� �t��rpq{w rz { ~yq�{tu
{~~vq{~�� ��y yqqrq w y�qt~ ��y� v�y� �r y�{}v{�y {~~vq{~� t� ��y w {� twvw r�yq
{}} xv~�y�� 
 rz 
�� � �

�

� s�yqy � t� ��y uvwxyq rz �{�{ t�yw � � � t� ��y uvwxyq

rz xv~�y�� � {u� �� t� ��y uvwxyq rz t�yw � z{}}tup tu�r 
 � o � {qpvy� tu ��y |{|yq �
��t� yqqrq wy�qt~ �yyw � wrqy {||qr|qt{�y ��{u ��y ��� wy�qt~ ~ru�t�yqy� {xr�y �
zrq |qr�t�tup pv{q{u�yy� ru ��y {~~vq{~� rz {||qr� tw {�y {u�syq� �r q{upy �vyqty� �
��yy {}�r ����� ��� zrq {ur��yq {||qr{~� �r |qr�t�tup tw|qr�y� �v{}t�� pv{q{u�yy�
s�yu v�tup �t��rpq{w � �r {u�syq q{upy �vyqty� �� ��{v��vqt 
 � �� |qr�t�y� { �tp��yq



�� ������� � � � ����	
 �	� 
�

� �����


{u{}��t� ��{u tu �
����� � zrq {u{}��tup ��y {~~vq{~� rz y�vt¢�y|�� �t��rpq{w �
~rw|v�y� zqrw { �{w|}y � ��y |{|yq ��v�ty� ru }� ��y ��{�t~ �~yu{qtr rz ~ru��qv~�tup
{u y�vt¢�y|�� �t��rpq{w � tu~}v�tup { �t�~v��tru rz �y~�ut�vy� zrq y��q{~�tup wv}�t|}y
�{w|}y |rtu�� zqrw { �{w|}y� �t�� x }r ~� � �rsy�yq � x� v�tup { x{~�tup �{w|}y �
�v~� t��vy� {qy ur }rupyq { ~ru~yqu � {u� ��ytq {u{}��t� ~{u xy v�y� �r tw|qr�y ��y
pv{q{u�yy� rz ��y {}prqt��w � tu �
����� � zrq w {tu�{tutup y�vt¢�y|�� �t��rpq{w �
tu ��y ��u{w t~ �~yu{qtr �

� e� e �j
�i����k � n�hj�i�
 � e �u {u y�vt¢�y|�� �t��rpq{w � �{}vy� s t�� �tp�
zqy�vyu~ty� ~{u �|{u { uvwxyq rz xv~�y�� � ��t� t� { s{��y rz xv~�y�� �tu~y ��y �y¢
�vyu~y rz �|{uuy� xv~�y�� zrq { �{}vy ~{u xy qy| }{~y� x� { �tup}y xv~�y� s t�� {
�tup}y ~rvu� � qy�v }�tup tu ��y �{wy tuzrqw {�tru s t�� tu { �w{}}yq zrr�|qtu� � o  �� �
� �¡��¡� � ����¦ ��� �{� { �y� rz �v~� �tup}y�ru xv~�y�� {u� {u y�vt¢�y|�� �t��rpq{w
r�yq �{}vy� ur� tu �tup}y�ru xv~�y�� �� f� (�� � � !vq �{qpy� ~rw|qy��y� �t��rpq{w
st�� � xv~�y�� �{� � � y�v t¢�y|�� xv~�y�� {u� � � � � �tup}y�ru xv~�y�� � s�yqy
� � � � � � � �v~� ��{� ��y zr}}rs tup qy�vtqyw yu�� �r}� £ �t� y{~� y�vt¢�y|�� xv~�y�
�{� � �	� � �v|}y� � s�yqy � � t� ��y �r�{} uvwxyq rz �{�{ t�yw � tu y�vt¢�y|�� xv~�y�� �
�tt� ur �tup}y �{}vy  �|{u�! {u y�vt¢�y|�� xv~�y� � t �y �� ��y �y� rz xv~�y� xrvu�{qty�
{qy �t��tu~� � {u� ~ru�yq�y}�� �ttt� ��y �{}vy tu y{~� �tup}y�ru xv~�y� �{� zqy�vyu~�
� � �	� � � ou ��� ��� �� ��¡ ~rw|qy��y� � t��rpq{w {||qr� tw {�y� ��y y�{~� �t��rpq{w
x� qy}{� tup ruy rq wrqy rz ��y ��qyy qy�vtqyw yu�� {xr�y {u�*rq ��y {~~vq{~� rz ��y
~rvu�� {��r ~t{�y� s t�� ��y xv~�y�� �

�u �
����� � � sy |qy�yu�y� ��y " q�� }rs r�yq�y{� {}prqt��w zrq w{tu�{tutup
�tp� }�¢{~~vq{�y {||qr� tw {�y ~rw|qy��y� �t��rpq{w � � o� tu ��y y�vt¢�y|�� ~{�y �
��y {}prqt��w qy}ty� ru v�tup { x{~�tup �{w|}y � � ou {||qr� tw {�y ~rw|qy��y�
�t��rpq{w ~{u xy ~rw|v�y� zqrw � {� zr }}rs � � �y� � � tu t�t{}}� 
� 
� x y ��y uvw¢
xyq rz t�yw � �yu�{�t�y}� tu y�vt¢�y|�� xv~�y�� � �ru�t�yq ��y � � � wr�� zqy�vyu�
�{}vy� r ~~vqqtup tu � � tu rq�yq rz w {� twvw zqy�vyu~�� �rq y{~� �v~� �{}vy � tz ��y
zqy�vyu~� � rz ��y �{}vy t� {� }y{�� � �t�t�y� x� ��y uvwxyq rz y�vt¢�y|�� xv~�y�� �
~qy{�y { �tup}y�ru xv~�y� zrq ��y �{}vy s t�� ~rvu� �� 	 
� 
� {u� �y~qy{�y � x� � �
!��yqs t�y � ��r| ~qy{�tup �tup}y�ru xv~�y�� {u� |qr�v~y {u y�vt¢�y|�� �t��rpq{w
ru ��y qyw {tutup �{}vy� � v�tup ��y {||qr{~� rz ��y |qy�trv� �vx�y~�tru � xv� �y�¢
�tup ��y xv~�y� ~rvu�� �r �� 	 
� 
� � �� 	� � � � !vq {}prqt��w qy�v~y� ��y uvwxyq rz
�v~� qy~rw|v�{�tru� zqrw � x� yw|}r�tup { }r ~{} |qr~y�vqy zrq {��v��tup xv~�y�
xrvu�{qty� �

�tw t}{q �r ��y y�vt¢�y|�� {}prqt��w � ��y {}prqt��w srq�y� tu |�{�y� � s�yqy
y{~� |�{�y �{� {u v||yq ��qy��r}� zrq �qtppyqtup y�vt¢�y|�� xv~�y� �|}t�� {u� {
}rsyq ��qy��r}� zrq �qtppyqtup xv~�y� w yqpy� � ��y ��y|� zrq v|�{�tup ��y xv~�y�
xrvu�{qty� {qy �tw t}{q �r ��r�y zrq {u y�vt¢�y|�� �t��rpq{w � xv� wv�� {��qy��
�y�yq{} {��t�tru{} ~ru~yqu� £

�� � ys �{}vy� {��y� �r ��y �{�{ �y� w{� xy ��ysy� � �r ��{� �{}vy� ��{� �t�
ur� s{qq{u� �tup}y�ru xv~�y�� x yzrqy w {� urs xy}rup tu �tup}y�ru xv~�y�� �

� � ��y ��qy��r}� zrq �tup}y�ru xv~�y�� pqrs � s t�� � � � ��y uvwxyq rz t�yw � tu
y�v t¢�y|�� xv~�y�� � ��v� �{}vy� qtp��zv }}� tu �tup}y�ru xv~�y�� zrq �w{}}yq
� � w{� ur }rupyq x y}rup tu �tup}y�ru xv~�y�� {� � � tu~qy{�y� �

� � �y~{v�y rz ~ru~yqu� � {u� � {xr�y � ��y uvwxyq rz y�vt¢�y|�� xv~�y�� � � � �
pqrs � {u� ��qtu�� � {u� �yu~y sy wv�� {��v�� ��y y�v t¢�y|�� xv~�y�� {~~rq�¢
tup}��





	��
�
 ���� 
��������
 ��

� � � t�ys t�y � ��y uvwxyq rz t�yw � tu y�vt¢�y|�� xv~�y�� pqrs � {u� ��qtu�� �q{¢
w {�t~{}}� {� �y�� rz t�yw � {qy qywr�y� zqrw {u� {��y� �r �tup}y�ru xv~�y�� �
��y t�y{} t� �r w {tu�{tu � �	� � t�yw � |yq y�v t¢�y|�� xv~�y� � xv� xr�� � �
{u� � � {qy pqrs tup {u� ��qtu�tup �

� qty�� {u� tuzrqw {}}�� ��y {}prqt��w tu �
����� � {��qy��y� y{~� rz ��y�y zrvq
~ru~yqu� {� zr}}rs � � �r {��qy�� ~ru~yqu �� t� v�y� ��y z{~� ��{� { }{qpy uvwxyq
rz v|�{�y� �r ��y �{w y �{}vy � st}} �vt�{x}� tu~qy{�y ��y ~rvu� rz ��y y�vt¢�y|��
xv~�y� ~ru�{tutup � �r {� �r ~{v�y { xv~�y� �|}t� � � �yuy�yq { xv~�y� t� �|}t� � tz �rtup
�r ~qy{�y� {�� {~yu� xv~�y� xrvu�{qty� s t�� ��y �{w y �{}vy � � ��yu { uys �tup}y�ru
xv~�y� zrq � wv�� x y ~qy{�y� � �r {��qy�� ~ru~yqu � � ��y {}prqt��w {}}rsy� �tup}y�ru
xv~�y�� s t�� qy}{�t�y}� �w {}} ~rvu�� �r x y w yqpy� x{~� tu�r ��y y�vt¢�y|�� xv~�y�� �
o � zrq ~ru~yqu� � {u� � � t� v�y� rvq |qr~y�vqy� zrq �| }t��tup {u� wyqptup xv~�y��
�r pqrs {u� ��qtu� ��y uvwxyq rz xv~�y�� � s�t}y w {tu�{tutup {||qr� tw {�y y�vt¢
�y|�� xv~�y�� � vu�t} ��y � t��rpq{w t� qy~rw|v�y� zqrw � � ��y twx{}{u~y x y�syyu
��y y�vt¢�y|�� xv~�y�� t� ~ru�qr}}y� x� ��y ��qy��r}�� � {u� � � �s�t~� �y|yu�
ru ��y �vu{x}y |yqzrqw {u~y |{q{wy�yq� � {u� � � � {� tu ��y y�vt¢�y|�� {}prqt��w � �
� �yu {u y�vt¢�y|�� xv~�y� t� ~ru�yq�y� tu�r { �tup}y�ru xv~�y� rq �t~y¢�yq�{ � ��y
{}prqt��w yu�vqy� ��{� {� ��y �tw y � ��y xv~�y� t� s t��tu { ~ru��{u� z{~�rq rz ��y
{�yq{py uvwxyq rz t�yw � tu {u y�vt¢�y|�� xv~�y� ��rw y�twy� {��t�tru{} �|}t�� {u�
w yqpy� {qy qy�v tqy�� � ��v� ��y {�yq{py t� qrvp�}� w {tu�{tuy� {� �v~� y�vt¢�y|��
xv~�y�� {qy {��y� rq �vx�q{~�y� �

��y qy�vtqyw yu�� zrq s�yu { xv~�y� ~{u xy �|}t� rq s�yu �sr xv~�y�� ~{u
xy w yqpy� {qy wrqy tu�r}�y� ��{u tu ��y y�vt¢�y|�� {}prqt��w £ o xv~�y� 
 t� {
 �������¡ �� ��� !� � ¡� tz t� t� {u y�vt¢�y|�� xv~�y� s�r�y ~rvu� t� {� }y{�� � ��� � ��
rq { �tup}y�ru xv~�y� s�r�y ~rvu� t� xrvu�y� x� � ��� � �� {u� � 	 �� � � � � o |{tq rz
xv~�y�� � 
 � {u� 
 � � t� {  �������¡ � ¡�¦ ¡ � ��� tz ��� yt��yq ��y� {qy {�� {~yu� y�vt¢
�y|�� xv~�y�� rq ��y� {qy { �tup}y�ru xv~�y� {u� ��y y�vt¢�y|�� xv~�y� tu s�t~� t��
�tup}y�ru �{}vy x y}rup� � {u� ��� ��y �vw rz ��ytq ~rvu�� t� }y�� ��{u � � � �yu ��yqy
{qy wrqy ��{u ruy ~{u�t�{�y �|}t� xv~�y� �~{u�t�{�y wyqpy |{tq� � ��y {}prqt��w
�y}y~�y� ��y ruy s t�� ��y }{qpy�� ��w {}}y�� ~rwxtuy� � qy�|y~�t�y}�� xv~�y� ~rvu� �

�u �
����� � � sy |qy�yu�y� {u{}��t~{} {u� y�|yqtw yu�{} ��v�ty� rz ��y {}pr¢
qt��w � �t�~v��y� {xr�y zrq w{tu�{tutup y�v t¢�y|�� �t��rpq{w � {u� zrq w{tu�{tutup
~rw|qy��y� �t��rpq{w � tu ��y ��u{w t~ �~yu{qtr �

� e 	 ���h�k �ji� �gk �lih��i i��l �h�
o ~ru~y|� qy}{�y� �r ��ur|�t� �{�{ ��qv~�vqy� t� ��{� rz ~ru�yu�y� qy|qy�yu¢

�{�tru� � |qy�yu�y� x� � {uut}{ {u� �rt�ruyu ����� � � �g��� £ � t�yu { ~}{�� rz
��qv~�vqy� � � { �{�{ ~r}}y~�tru  � � � {u� { ~}{�� rz |{��yqu � � � {  ���¡��¡� �¡� ��¡�¡������� zrq  {u� � t� { �{�{ ��qv~�vqy ��{� w {�y� t� |r��tx }y �r {u�syq �vyqty�
rz ��y zrqw  �rs w{u� �tw y� �ry� � � � r~~vq tu  ! {||qr� tw {�y}� ~rqqy~�}� {u�
wrqy y� ~tyu�}� ��{u x� }rr�tup {�  t��y}z � �y}{�y� ��qv~�vqy� tu~}v�y ��y �{�{
~vxy �
��� ��� � |qvuy� rq ~{~�y� �{�{ ��qv~�vqy� ~ru�t�yqy� tu w {~�tuy }y{qu¢
tup ���h�
 � � ���� � {u� �¢uy�� s t�y}� v�y� tu ~rw|v�{�tru{} pyrw y�q� �� l ��)� �
� {uut}{ {u� �rt�ruyu {}�r |qr|r�y� {u {||qr� tw {�tru w y�qt~ zrq ��ytq ��qv~�vqy� �
�yur�y� {u �¢{�y�v{�y qy|qy�yu�{�tru �

o||qr� tw {�y �{�{ ��qv~�vqy� ��{� |qr�t�y z{�� {||qr� tw {�y {u�syq� syqy |qr¢
|r�y� {u� ��v�ty� x� � {�t{� 
 � �� ���� �� � ��� �) � � (� ��� � �rq y�{w¢
|}y � { |qtrqt�� �vyvy �{�{ ��qv~�vqy �v||rq�� ��y r|yq{�tru� tu�yq� � "u�w tu � {u�



�� ������� � � � ����	
 �	� 
�

� �����


�y}y�yw tu � ��ytq {||qr� tw {�y |qtrqt�� �vyvy �v||rq�� ��y�y r| yq{�tru� s t�� �w{}}yq
r�yq�y{�� s�t}y qy|rq�tup {u {||qr� tw {�y w tu tu qy�|ru�y �r "u�w tu {u� �y}y�yw tu
r|yq{�tru� � ��y �{�{ ��qv~�vqy� ~ru�t�yqy� �{�y }tuy{q �|{~y zrr�|qtu�� � �r {qy ur�
��ur|�t� �{�{ ��qv~�vqy� � �rsy�yq � ��y� ~{u xy {�{|�y� �r |qr�t�y { ��ur|�t� {|¢
|qr� tw {�y |qtrqt�� �vyvy � s�yqy ��y zrr�|qtu� t� �y�yqw tuy� x� ��y {||qr� tw {�tru
yqqrq �

��yqy �{�y x yyu �y�yq{} |{|yq� �t�~v��tup ����yw � {u� �y~�ut�vy� zrq |qr�t�¢
tup {||qr� tw {�y �vyq� {u�syq� s t��rv� ��y x yuy"� rz |qy~rw|v�y�*w{tu�{tuy�
��ur|�t� �{�{ ��qv~�vqy� � �y}}yq��ytu 
 � �� ���� ��� |qr|r�y� { zq{wysrq� zrq
{||qr� tw {�y {u�syq� rz {ppqyp{�tru �vyqty� ~{}}y� �� ��� ¡ �¦¦�¡¦ ����� � tu s�t~�
��y x{�y �{�{ t� �~{uuy� tu { ~yq�{tu rq�yq {� �vyq� �tw y {u� ��y {||qr� tw {�y
{u�syq zrq {u {ppqyp{�tru �vyq� t� v|�{�y� {� ��y �~{u |qr ~yy�� � �{�{q�r {u�
� tq{u�yq ��� ��� �y�t�y� �y~�ut�vy� zrq  z{��¢" q��! �vyq� |qr ~y��tup � s�r�y pr{}
t� �r �vt~�}� |qr�t�y { zys �v|}y� rz ��y �vyq� {u�syq zqrw ��y x{�y �{�{ � ��y
! q{~}y ��x ����yw ����� � {}�r |qr�t�y� �v||rq� zrq z{��¢" q�� �vyq� |qr ~y��tup � x�
qvuutup wv}�t|}y �vyq� |}{u� �twv}�{uyrv�}�� �qx��� {u� � tv ������ ��yy {}�r ��y
qyzyqyu~y� ��yqytu � �y�~qtxy� { �vyq� |qr ~y��rq ��{� |qr�t�y� {||qr� tw {�y {u�syq�
�r �vyqty� tu ��y zrqw rz �vx�y�� {u� �v|yq�y�� ��{� ~ru�yqpy �r ��y y�{~� {u�syq �
��y �vyq� |qr ~y��rq v�y� �{qtrv� ~}{�� �tyq{q~� ty� �r t�yq{�t�y}� zy�~� x}r~�� rz ��y
x{�y �{�{ ��{� {qy qy}y�{u� �r ��y {u�syq � |qr�v~tup �v|}y� ~yq�{tu �r x y tu ��y
{u�syq s�t}y u{qqrs tup ��y |r��tx}y ~}{��y� ��{� ~ru�{tu ��y {u�syq � �tu~y ��y�y
{||qr{~�y� qy{� zqrw ��y x{�y �{�{ {� �vyq� �tw y � ��y� tu~vq wv}�t|}y �*! r|yq{¢
�tru� {� �vyq� �tw y �

o qy~yu� �vq�y� x� �{qx{q �{ ¡� � �� ����� ��� �y�~qtx y� ��y ��{�y rz ��y {q�
tu ���� �¡�� ���� �y~�ut�vy� � zrq qy�v~tup w{��t�y �{�{ �y�� �rsu �r {  xtp |t~¢
�vqy! {u� zrq |qr�t�tup �vt~� {||qr� tw {�y {u�syq� �r �vyqty� � ��y �{�{ qy�v~¢
�tru �y~�ut�vy� �vq�y�y� x� ��y |{|yq {qy �tupv}{q �{}vy �y~rw|r�t�tru � s{�y}y�� �
qypqy��tru � }rp¢}tuy{q wr�y}� � � t��rpq{w � � ~}v��yqtup �y~�ut�vy� � tu�y� �qyy� � {u�
�{w|}tup � ${~� �y~�ut�vy t� �y�~qtx y� xqty�� ��yy ��y qyzyqyu~y� ��yqytu zrq zvq��yq
�y�{t}� ru ��y�y �y~�u t�vy� {u� qy}{�y� srq�� {u� ��yu y�{}v{�y� ��� �������¡�� ru �r
t�� y�y~�t�yuy�� {u� �v t�{xt}t�� zrq �{qtrv� �{�{ ��|y� {u� �t��qtxv�tru� � ru �rs sy}}
t� ~{u xy w {tu�{tuy� vu�yq tu�yq�tru� {u� �y}y�tru� �r ��y �{�{ �y� � {u� ru s�y��yq
t� �v||rq�� {u�syq� ��{� |qrpqy��t�y}� tw|qr�y ��y {||qr� tw {�tru s t�� �tw y �

��y }t�� rz �{�{ ��qv~�vqy� srq� ��{� ~rv}� xy ~ru�t�yqy� ��ur|�t� �{�{ ��qv~¢
�vqy� t� y��yu�t�y � �y �{�y �y�~qtx y� { zys rz ��y�y srq�� tu ��y |{|yq � �yqy sy
w yu�tru �y�yq{} r��yq� � � qt��u{u 
� �� ��� f��� |qr|r�y� {u� ��v�ty� ��y v�y rz
{ ~rw|{~� �v� � �qyy¢x{�y� ��qv~�vqy zrq y��tw {�tup ��y �y}y~�t� t�� rz {u {}|�{uv¢
w yqt~ |qy�t~{�y s t�� s t}�~{q�� � � {uxyq �� �g�)� ~ru�t�yqy� ��y v�y rz ~ru~t�y
 �tpu{�vqy�! �r "u� �tw t}{qt�ty� {wrup " }y� � � qr�yq 
� �� ����� ��� ��v�ty� ��y
v�y rz �{||qr� tw {�y� w tu¢s t�y tu�y|yu�yu� z{w t}ty� rz | yqwv�{�tru� zrq �tpu{�vqy�
tu { qy}{�y� ~ru�y�� � u{w y}�� �y�y~�tup {u� " }�yqtup uy{q¢�v|}t~{�y �r ~vwyu�� � !vq
srq� ru ��ur|�t� �{�{ ��qv~�vqy� {}�r tu~}v�y� ��y v�y rz wv}�t¢zq{~�{}� {u� s{�y}y��
zrq ��ur|�t� �{�{ ��qv~�vqy� ��� (�� � ��� ��� {u� � ��� ���� �¡� zrq �vyqty� ru
��y �rtu rz wv}�t|}y �y�� �
��� ��� �

� e �jgm�l�njg�
��t� |{|yq ~ru�t�yq� ��ur|�t� �{�{ ��qv~�vqy� {� {u {}prqt��w t~ zq{wysrq�

qy}y�{u� �r w {��t�y �{�{ �y�� � �rq �v~� �{�{ �y�� � ��y {�{t}{x}y w ywrq� t� rz�yu





	��
�
 ���� 
��������
 ��
�vx��{u�t{}}� �w {}}yq ��{u ��y �t�y rz ��y �{�{ � �tu~y ��ur|�t� �{�{ ��qv~�vqy� {qy
�rr �w {}} �r w {tu�{tu { zv}} ~�{q{~�yqt�{�tru rz ��y x{�y �{�{ �y�� � ��y qy�|ru�y�
��y� |qr�t�y �r �vyqty� s t}} ��|t~{}}� x y {||qr� tw {�y ruy� � ��y ~�{}}yupy� {qy �r
�y�yqw tuy ��� s�{� ��ur|�t� rz ��y �{�{ �r �yy| tu ��y }tw t�y� �|{~y tu rq�yq �r
w {� tw t�y ��y {~~vq{~� {u� ~ru"�yu~y rz t�� {||qr� tw {�y qy�|ru�y� � {u� ��� �rs
�r y� ~tyu�}� ~rw|v�y ��y ��ur|�t� {u� w {tu�{tu t� tu ��y |qy�yu~y rz v|�{�y� �r
��y �{�{ �y� �

��y ~ru�y�� rz ��ur|�t� �{�{ ��qv~�vqy� |qy�yu�� w {u� {}prqt��w t~ ~�{}}yupy� �
' qrx}yw � ��{� w{� �{�y y{�� {u� y� ~tyu� �r}v�tru� v�tup }tuy{q �|{~y �{�{ ��qv~¢
�vqy� w{� xy q{��yq �t� ~v}� �r {��qy�� s�yu v�tup }tw t�y�¢w ywrq�� ��ur|�t� �{�{
��qv~�vqy� � �y �t�~v��y� ��qyy �v~� |qrx }yw � £ zqy�vyu~� wrwyu�� � �r� }t�� �vyqty� �
{u� �t��rpq{w � � # t�yqyu� ~}{��y� rz �vyqty� w {� qy�vtqy �t�yqyu� ��ur|�t� �{�{
��qv~�vqy� � � �t}y �y�yq{} ~}{��y� rz �vyqty� �{�y xyyu qy~yu�}� ~ru�t�yqy� � ��yqy
t� { uyy� �r ~ru�t�yq w {u� wrqy ~}{��y� rz �vyqty� tu ��y ~ru�y�� rz ��ur|�t� �{�{
��qv~�vqy� � {u� �r {u{}��y ��ytq y�y~�t�yuy�� tu |qr�t�tup {~~vq{�y rq {||qr� tw {�y
{u�syq� �r �vyqty� � �y �r|y ��{� �� t� |{|yq s t}} w r�t�{�y r��yq� tu ��y {}prqt��w �
~rwwvut�� �r ��v�� ��y�y |qrx}yw � � #vy �r ��y tu~qy{�tup |qy�{}yu~y rz w {��t�y
�{�{ �y�� � tw|qr�yw yu�� tu ��t� {qy{ s t}} }t�y}� "u� twwy�t{�y {||}t~{�tru� �

�  ���§ �¡�¦� ¡��� � �y ��{u� ou�� � t��rs ��t {u� �{w y�� ��{���{w zrq �t�¢
~v��tru� ru y��tw {�tru |qrx }yw � tu �{�{x{�y ����yw � �v~� {� ��y ��� �yq{�{�{
#�� � �y {}�r ��{u� ��r�y s�r ~r}}{xrq{�y� ru ��y qy�v}�� �vq�y�y� tu ��t� |{¢
| yq � ��y qy�y{q~� �y�~qtx y� tu �y~�tru � t� �rtu� srq� s t�� �rp{ o}ru {u� � {qtr
��ypy��� ��y qy�y{q~� �y�~qtx y� tu �y~�tru & t� �rtu� srq� s t�� � t��� 'rr�{}{ � ��y
o�v{ |qr � y~� � �t�~v��y� xqty�� tu �y~�tru � �� � t� �rtu� srq� s t�� �s{qv| o~�{q�{ �
� t��� 'rr�{}{ � �qt��{q �{w{�s{w�� {u� �rq��yu �vy} s t�� {��t�tru{} ~ru�qtxv¢
�tru� x� �{tq �{q�{} {u� � � � v��v�qt��u{u � !��yq ~r}}{xrq{�rq� ru ��y ��ur|�t�
�{�{ ��qv~�vqy� qy�y{q~� w yu�truy� xqty�� tu �y~�tru 	 {qy ��qt��r� �{}rv��r� � o�t
�t}xyq�~�{�� � �y� � t��yq � {u� � tu �{up � �tu{}}�� sy ��{u� �rq��yu �vy} zrq �y}|zv}
~rwwyu�� ru {u y{q}tyq �q{z� rz ��t� |{|yq �

	 ���i�gm��
�Ê�@Æ«�� � V Ê UMQ [ ¿V � V � CKKMQB [ � V @ AGCAB [ AQF @ V Æ�EREFL[ �	½­± ²³ 
 �¼·­·²º²´®²³ ± ­²½®°�

½­½³° ¼
 ´°º
 �̧ ¼²½ ´²� °´ ²½ º²± ²®°� ´®¼�­� °[ @ AQXBOJCTG [ ËEKJXAJL ª««� V�Ê@Æ«À� � V Ê UMQ [ � V @ AGCAB [ AQF @ V Æ�EREFC [ �¯° ´
­³° ³¼±
 º°� ²®	 ¼
 ­

 �¼� ²± ­®²½� ®¯ °

 �°�¶°½³	 ±¼± °½®´[ ¿ JMO V ÄÁGI Ê�@ ÆLPT V MQ GIE WIEMJL MN �MPTXGCQR [ @ AL
ª««À [ ËXUU DEJBCMQ GM ATTEAJ CQ ��ÆÆ BT EOCAU CBBXE NMJ ÆW�� �«À [ TT V ÄÂ�Ä« V�ÊÆ«È� É V ÊRJAHAU AQF É V ÆJC]AQG [ �­´® ­º�¼�²®¯± ´ 
 ¼� ±²½²½� ­´´¼³²­®²¼½ �¶º°´ ²½ º­�� °
�­®­·­´°´[ ¿JMO V ÄÂGI ZQGEJQAGCMQAU �MQN V MQ �EJL �AJRE �AGA �ABEB [ ÆETGEPKEJ
ª««È [ TT V ÈÁ��È«« V�Ê �«À� � V ÊQGMBIEQ]MD AQF @ V � CAXFFCQ [ �¶°�	 
 �¼³°´´²½� ­½� ¼
 ®²± ²�­®²¼½ ²½ ��­³º°  �·[
���� �MXJQAU ! aª««Àb [ QM V È [ ÄÄ«�Ä"� V���Ë@«Á� Ê V � V � JMFEJ [ @ V �IAJC]AJ [ Ê V @ V ËJCE�E [ AQF @ V @ CG�EQP AOIEJ [ ¬ ²½ �# ²´° ²½�°
°½ �
�°½® 
°�±¶®­®²¼½´[ ¿JMO V "ÂGI Ê�@ ÆLPT V MQ GIE WIEMJL MN �MPTXGCQR [ @ AL ª««Á [
TT V "Ä��""À V���Ë$ «�� � V �AJKAJ %A [ ^ V �X@MXOIEU [ � V ËAUMXGBMB [ ¿V � V Ì AAB [ � V @ V ÌEUUEJBGECQ [ � V ZMAQQCFCB [Ì V � V �ARAFCBI [ W V �MIQBMQ [ É V �R [ � V ¿MMBAUA [ & V Ê V ÉMBB [ AQF & V � V ÆEDOC] [ �¯°
' °# (°�´°	 �­®­ �°�¶³®²¼½ �°
¼�®[ �XUUEGCQ MN GIE WEOIQCOAU �MPP CGGEE MQ �AGA
)QRCQEEJCQR *+ aª««�b [ QM V È [ "�ÈÃ V��ËÆÁÀ� � V �AKAC [ ¿V ËJAQ]U [ AQF � V ÆCP MQ [ ¹¼±
 º°� ²®	 ³º­´´°´ ²½ ³¼±±¶½²³­®²¼½ ³¼±
 º°� ²®	
®¯ °¼�	 [ ¿JMO V Ä�GI Z))) ÆLPT V MQ ËMXQFAGCMQB MN �MPTXGEJ ÆOCEQOE [ �OGMK EJ ª«ÁÀ [
TT V ""��"È� V



�� ������� � � � ����	
 �	� 
�

� �����


��@«À� É V � V �ALAJFM [ �J V AQF � V ¿V @ CJAQ]EJ [ � �¼³°´´²½� �¶°�²°´ 
 ¼� » �´®�
 °# ­½´# °�´[
¿ JMO V ÃGI ZQGEJQAGCMQAU �MQN V MQ ZQNMJP AGCMQ AQF &QMH UEFRE @ AQAREP EQG [ �MDEP S
K EJ ª««À [ TT V ÈÃ�ÃÄ V��@�W«�� Æ V � JCQ [ É V @MGHAQC [ � V � V � UUP AQ [ AQF Æ V WBXJ [ �	½­± ²³ ²®°± ´°® ³¼¶½®²½� ­½�
²±
 º²³­®²¼½ �¶º°´ 
 ¼� ±­��°® ·­´� °® �­®­[ ¿JMO V Ê�@ ÆZ�@�� ZQGEJQAGCMQAU �MQN V MQ@ AQAREP EQG MN � AGA [ @ AL ª««� [ TT V ÄÃÃ�ÄÀÈ V��AG«Ä� � V �AGUEGG [ � °°
 ¯¼º²½� � ¹¯¼¼´²½� ­®®�²·¶®°´ °� ³²°½®º	 
 ¼� ±°� ­²½�¶³®²¼½[ @ AOICQE
�EAJQCQR � ¿JMO V «GI ZQGEJQAGCMQAU ^MJ]BIMT a@�«Äb [ �XUL ª««Ä [ TT V È«�ÃÈ V��@� «Á� Æ V �IAXFIXJC [ É V @MGHAQC [ AQF � V � AJABALLA [  ­½�¼± ´­±
 º²½� 
 ¼� ¯ ²´®¼��­± ³¼½ �
´®�¶³®²¼½ � � ¼# ±¶³¯ ²´ °½¼¶�¯ �[ ¿JMO V Ê�@ ÆZ�@�� ZQGEJQAGCMQAU �MQN V MQ @ AQS
AREP EQG MN � AGA [ �XQE ª««Á [ TT V È"À�ÈÈ� V��� ÆÆ«Ä� � V � V � E^ CGG [ � V Ë V � AXRIGMQ [ � V Ê V ÆOIQECFEJ [ AQF Æ V ÆEBIAFJC [ � �­³®²³­º ´� °#
¯ ­½� º²½� ²½ 
­�­º º°º ¸ ¼²½´[ ¿ JM O V ªÁGI ZQGEJQAGCMQAU �MQN V MQ �EJL �AJRE � AGA �ABEB [ÊXRXBG ª««Ä [ TT V Ä��ÈÂ V�Ë�Æ«�� � V ËAUMXGBMB [ Ì V � V �ARAFCBI [ AQF � V � V ÆCFCJMTMXUMB [  °³¼�°�²½� ²½
 ¼�±­®²¼½ 
 �¼±
´¶±±­�	 �­®­[ ¿ JM O V Ä"JF ZQGEJQAGCMQAU �MQN V MQ �EJL �AJRE � AGA �ABEB [ ÊXRXBG
ª««� [ TT V "À�ÈÃ V�Ë@Á"� ¿V ËUA� MUEG AQF � V � V @ AJGCQ [ � �¼·­·²º²´®²³ ³¼¶½®²½� [ ¿ JMO V ÄÈGI Z))) ÆLPT V MQËMXQFAGCMQB MN �MPTXGEJ ÆOCEQOE [ �MDEPKEJ ª«Á" [ TT V �À�ÁÄ V�Ë@ÁÃ� ¿V ËUA�MUEG AQF � V � V @ AJGCQ [ � �¼·­·²º²´®²³ ³¼¶½®²½� ­º� ¼�²®¯± ´ 
 ¼� �­®­ ·­´° ­

 º²�
³­®²¼½´[ � V �MPTXGEJ AQF ÆLBGEP ÆOCEQOEB 	 
 aª«ÁÃb [ ªÁÄ�ÄÂ« V�Ë@Æ«À� � V ËAUMXGBMB [ � V @ AGCAB [ AQF Ê V ÆCUK EJBOIAG� [ ¬ ¼�°º²½� ´� °# °� �²´®�²·¶®²¼½ ¶´²½�
±¶º®²
 �­³®­º´ ­½� ®¯ ° ��
��
 � º­# [ ¿JMO V ÄÄJF ZQGEJQAGCMQAU �MQN V MQ �EJL �AJRE �AGA
�ABEB [ ÆETGEPK EJ ª««À [ TT V "Â��" ª� V�ËÆ�@$ «Á� @ V ËAQR [ � V ÆICDA]XP AJ [ Ì V �AJOCAS@MUCQA [ É V @MGHAQC [ AQF � V � V � UUP AQ [ ¹¼± �

 ¶®²½� ²³°·°�� �¶°�²°´ °� ³²°½®º	 [ ¿JMO V ÄÈGI ZQGEJQAGCMQAU �MQN V MQ �EJL �AJRE �AGA
�ABEB [ ÊXRXBG ª««Á [ TT V Ä««�" ªÂ V����$ «�� � V � JAL[ Æ V �IAXFIXJC [ Ê V �MBHMJGI [ Ê V �ALP AQ [ � V ÉECOIAJG [ @ V �EQ]AGJAM [ Ë V ¿EUS
UMH [ AQF Ì V ¿ CJAIEBI [ � ­®­ ³¶·° � � �°º­®²¼½­º ­���°� ­®²¼½ ¼
°�­®¼� � °½°�­º²� ²½�
� �¼¶
 �·	� ³�¼´´�®­·´� ­½� ´¶·�®¼®­º´[ � AGA @ CQCQR AQF &QMH UEFRE � CBOMDEJL 
 aª««�b [QM V ª[ Ä«�Ã" V���@Æ«À� Æ V �AQRXUL[ ¿V � V � CKKMQB [ � V @ AGCAB [ AQF Ê V ÆCUK EJBOIAG� [ � ²
 ¼³­º ´­±
 º²½� 
 ¼�
´� °#��°´²´®­½® ¸ ¼²½ ´²� ° °´®²± ­®²¼½[ ¿ JM O V ª««À Ê�@ ÆZ�@�� ZQGEJQAGCMQAU �MQN V MQ@ AQAREP EQG MN � AGA [ �XQE ª««À [ TT V Ä�ª�ÄÁ ªV��@«Á� ¿V � V � CKKMQB AQF � V @ AGCAB [ ' °# ´­±
 º²½� �·­´°� ´¶±±­�	 ´®­®²´®²³´ 
 ¼� ²±
 �¼� ²½�
­

 �¼� ²± ­®° �¶°�	 ­½´# °�´[ ¿JMO V Ê�@ ÆZ�@�� ZQGEJQAGCMQAU �MQN V MQ @ AQARES
P EQG MN � AGA [ �XQE ª««Á [ TT V "" ª�"ÈÄ V��@¿«�A� ¿V � V � CKKMQB [ � V @ AGCAB [ AQF � V ¿MMBAUA [ � �¶­ 
 �¼¸ °³® #¯ ²®° 
­
°�[ WEOI V JETMJG [
�EUU �AKMJAGMJCEB [ @XJJAL ÌCUU [ �EH �EJBEL[ � EOEPK EJ ª««� V��@¿«�K � ¿V � V � CKKMQB [ � V @ AGCAB [ AQF � V ¿MMBAUA [ �­´® ²½³�°± °½®­º ± ­²½®°½­½³° ¼
 ­

 �¼� �
²± ­®° ¯ ²´®¼� �­± ´[ ¿JMO V Ä"JF ZQGEJQAGCMQAU �MQN V MQ �EJL �AJRE � AGA �ABEB [ ÊXRXBGª««� [ TT V ÈÀÀ�È�Ã V��MMÁ«� Z V � V �MMF [ µ¶�
 �²´° ²½�°� °´ ­½� � ��­º¶°´[ � V ÆGAGCBG COAU �MPTXGAGCMQ AQF ÆCPXUAGCMQ
	* aª«Á«b [ «Â�«Ä V��¿Ê$ «Á� ¿V � V � CKKMQB [ � V ¿MMBAUA [ Æ V Ê OIAJLA [ � V �AJGAU [ � V @ AGCAB [ Æ V @XGIX]JCBIQAQ [
Æ V ÉAP ABHAPL[ AQF W V ÆXEU [ � ��� � µ	´®°± ­½� ®°³¯½²�¶°´ 
 ¼� ­

 �¼� ²± ­®° �¶°�	
­½´# °�²½� [ WEOI V JETMJG [ �EUU �AK MJAGMJCEB [ @XJJAL ÌCUU [ � EH �EJBEL[ ËEKJXAJL ª««Á V�ÌÌ^ «�� � V @ V ÌEUUEJBGECQ [ ¿V � V ÌAAB [ AQF Ì V � V ^AQR [ �½º²½° ­�� �°� ­®²¼½[ ¿JMO V Ê�@
ÆZ�@�� ZQGEJQAGCMQAU �MQN V MQ @ AQAREP EQG MN � AGA [ @ AL ª««� [ TT V ª�ª� ªÁÄ V�Ì�ÆÆ«Ã� ¿V � V Ì AAB [ � V Ë V �AXRIGMQ [ Æ V ÆEBIAFJC [ AQF � V ÆGM]EB [ µ ­±
 º²½� �·­´°� °´®²± ­®²¼½ ¼

®¯ ° ½¶± ·°� ¼
 �²´®²½³® �­º¶°´ ¼
 ­½ ­®®�²·¶®°[ ¿ JM O V Ä ªBG ZQGEJQAGCMQAU �MQN V MQ �EJL
�AJRE � AGA �ABEB [ ÆETGEPKEJ ª««Ã [ TT V " ªª�"ÄÄ V�Z�«"� � V ) V ZMAQQCFCB AQF Æ V �IJCBGMFMXUA]CB [ �
 ®²± ­º ¯ ²´®¼� �­± ´ 
 ¼� º²± ²®²½� #¼�´®�³­´°
°��¼� 
 �¼
­�­®²¼½ ²½ ®¯ ° ´²� ° ¼
 ¸ ¼²½ �°´¶º®´[ Ê�@ WJAQBAOGCMQB MQ � AGAKABE ÆLBGEP B

� aª««"b [ QM V È [ �Â«� �ÈÁ V�ZMA«"� � V ) V ZMAQQCFCB [ �½²�°�´­º²®	 ¼
 ´°�²­º ¯ ²´®¼��­±´[ ¿ JM O V ª«GI ZQGEJQAGCMQAU �MQN V MQ
�EJL �AJRE � AGA �ABEB [ ÊXRXBG ª««" [ TT V ÄÃÀ�ÄÀ� V





	��
�
 ���� 
��������
 �Ó
�Z¿ «Ã� � V ) V ZMAQQCFCB AQF � V ¿MMBAUA [ � ­º­½³²½� ¯ ²´®¼� �­± ¼
 ®²± ­º²®	 ­½� 
 �­³®²³­º²®	 
 ¼�

�¶°�	 �°´¶ º® ´²� ° °´®²± ­®²¼½[ ¿ JM O V Ê�@ ÆZ�@�� ZQGEJQAGCMQAU �MQN V MQ @ AQARES
P EQG MN � AGA [ @ AL ª««Ã [ TT V Ä""�ÄÈÈ V��&@$ «Á� Ì V � V �ARAFCBI [ � V &MXFAB [ Æ V @XGIX]JCBIQAQ [ � V ¿MMBAUA [ & V ÆEDOC] [ AQF W V ÆXEU [
�
 ®²± ­º ¯ ²´®¼� �­± ´ # ²®¯ �¶­º²®	 �¶­�­½®°°´[ ¿ JM O V ÄÈGI ZQGEJQAGCMQAU �MQN V MQ �EJL
�AJRE � AGA �ABEB [ ÊXRXBG ª««Á [ TT V Ä�Ã�ÄÁÀ V�& ÆÁ�� � V & AULAQABXQFAJAP AQF � V ÆOIQCGREJ [ �¯° 
 �¼·­·²º²´®²³ ³¼±±¶½²³­®²¼½ ³¼±
 º°� ²®	
¼
 ´°® ²½®°�´°³®²¼½[ ¿ JM O V ÄQF ÆGJXOGXJE CQ �MPTUE\CGL WIEMJL �MQN V[ �XQE ª«Á� [
TT V È ª�È« V�&� Z«À� ¿V & JCBIQAQ [ � V Æ V � CGGEJ [ AQF � V ZLEJ [ � ´®²± ­®²½� ­º
 ¯­½¶± °�²³ ´°º°³®²�²®	 ²½ ®¯ °

 �°´°½³° ¼
 # ²º�³­��´[ ¿JMO V Ê�@ ÆZ�@�� ZQGEJQAGCMQAU �MQN V MQ @ AQAREP EQG MN
� AGA [ �XQE ª««À [ TT V ÄÁÄ�Ä«" V�@AQ«È� � V @ AQKEJ [ � ²½�²½� ´²± ²º­� » º°´ ²½ ­ º­�� ° » º° ´	´®°± [ ¿JMO V � BEQC\ ^ CQGEJ ª««ÈWEOIQCOAU �MQN V[ �AQXAJL ª««È [ TT V ª� ªÂ V�@AQ«�� Ì V @ AQQCUA [ �½�¶³®²�° �­®­·­´°´ ­½� ³¼½�°½´°� �°
 �°´°½®­®²¼½´ 
 ¼� �­®­ ± ²½²½� [
¿ JMO V ZQGEJQAGCMQAU �MRCO ¿ JMRJAPP CQR ÆLPTMBCXP [ ª««� [ TT V Ä ª�"Â V�@�«�� Ê V @MMJE AQF @ V Æ V �EE [ ¹­³¯ °� ´¶� ³²°½® ´®­®²´®²³´ 
 ¼� °� ³²°½® ± ­³¯ ²½° º°­�½²½�
# ²®¯ º­�� ° �­®­´°®´[ WEOI V ÉETMJG �@� SÉ ZSWÉS«�SÄ� [ ÉMKMGCOB ZQBGCGXGE [ �AJQERCES@ EUUMQ �QCDEJBCGL[ ª««� [ WM ATTEAJ CQ ( ¾ � �®²» ³²­º �½®°º º²� °½³°  °´°­�³¯ V�@MJ�Á� É V @MJJCB [ ¹¼¶½®²½� º­�� ° ½¶± ·°�´ ¼
 °�°½®´ ²½ ´± ­º º �°� ²´®°�´[ �MPPXQCOAGCMQB MN
GIE Ê�@ *
 aª«�Áb [ ÁÈÂ�ÁÈÄ V�@¿ÁÂ� � V Z V @XQJM AQF @ V Æ V ¿AGEJBMQ [ µ °º°³®²¼½ ­½� ´¼�®²½� # ²®¯ º²± ²®°� ´®¼�­� °[ WIEMJEGSCOAU �MPTXGEJ ÆOCEQOE 
* aª«ÁÂb [ QM V " [ " ªÃ�"Ä" V�@É�«Á� � V Æ V @ AQ]X [ Æ V ÉA� ARMTAUAQ [ AQF � V � V � CQFBUEL[ �

 �¼� ²± ­®° ± °�²­½´ ­½� ¼®¯ °�
�¶­½®²º°´ ²½ ¼½° 
­´´ ­½� # ²®¯ º²± ²®°� ±°±¼�	 [ ¿ JM O V Ê�@ ÆZ�@�� ZQGEJQAGCMQAU
�MQN V MQ @ AQAREP EQG MN � AGA [ �XQE ª««Á [ TT V ÈÄÀ�È"Ã V�@Æ� «À� � V @ AGCAB [ Æ V � V ÆAICQAUT [ AQF � V ) V �MXQR [ � °�
 ¼�±­½³° °�­º¶­®²¼½ ¼
 ­

 �¼� ²± ­®°

 �²¼�²®	 �¶°¶°´[ ¿ JEBEQGEF AG � �¬� ¹µ � ²
 ®¯ �±
 º°± °½®­®²¼½ ¹¯­º º°½� ° � � �²¼�²®	
�¶°¶°´� � ²³®²¼½­�²°´� ­½� � ¼²½® µ °®´ [ MJRAQC�EF KL � V Æ V �MIQBMQ AQF � V @ O�EMOI [
�OGMK EJ ª««À V�@W«À� Ì V @ AQQCUA AQF Ì V WMCDMQEQ [ ¬ ¶º®²
 º° ¶´°´ ¼
 
 �°�¶°½® ´°®´ ­½� ³¼½�°½´°� �°
 �°´°½ �
®­®²¼½´[ ¿JMO V ÄQF ZQGEJQAGCMQAU �MQN V MQ &QMH UEFRE � CBOMDEJL AQF � AGA @ CQCQR [
ÊXRXBG ª««À [ TT V ªÁ«� ª«È V�@XU«È� & V @XUPXUEL[ ¹¼±
 ¶®­®²¼½­º � °¼± °®�	 � �½ ²½®�¼�¶³®²¼½ ®¯ �¼¶�¯ �­½�¼± ²� °� ­º�¼�
�²®¯± ´[ ¿JEQGCOE ÌAUU [ )QRUEHMMF � UCc B [ �� [ ª««È V�@��«"� � V @ AGCAB [ � V Æ V � CGGEJ [ AQF ^ VS� V � C [ �	½­± ²³ � °½°�­®²¼½ ¼
 �²´³�°®° �­½�¼± �­�²�
­®°´[ ¿JMO V ÈGI Ê�@SÆZÊ@ ÆLPT V MQ � CBOJEGE Ê URMJCGIP B [ �AQXAJL ª««" [ TT V "À ª�
"�Â V�@�^«Á� � V @ AGCAB [ � V Æ V � CGGEJ [ AQF @ V ^AQR [ �­�°º°®�·­´°� ¯ ²´®¼��­±´ 
 ¼� ´°º°³®²� ²®	 °´�
®²± ­®²¼½[ ¿ JM O V Ê�@ ÆZ�@�� ZQGEJQAGCMQAU �MQN V MQ @ AQAREP EQG MN � AGA [ �XQE
ª««Á [ TT V ÈÈÁ�ÈÃ« V�@�� «È� � V @ AGCAB [ � V Æ V � CGGEJ [ AQF � V ) V �MXQR [ �

 �¼� ²± ­®° �­®­ ´®�¶³®¶�°´ # ²®¯ ­

 º²³­�
®²¼½´[ ¿ JM O V ÃGI Ê�@SÆZÊ@ ÆLPT V MQ � CBOJEGE Ê URMJCGIP B [ �AQXAJL ª««È [ TT V ªÁ��ª«È V�� U]«"� Ë V � U]EQ [  ­½�¼± ´­±
 º²½� 
 �¼± �­®­·­´°´[ ¿I V� V GIEBCB [ �MPTXGEJ ÆOCEQOE [ � V� V
�EJ]EUEL[ ÊTJCU ª««" V�¿ZÌÆ«À� � V ¿MMBAUA [ � V ) V ZMAQQCFCB [ ¿V � V Ì AAB [ AQF ) V � V ÆIE]CGA [ �±
 �¼�°� ¯ ²´®¼� �­± ´

 ¼� ´°º°³®²� ²®	 °´®²± ­®²¼½ ¼
 �­½� ° 
 �°�²³­®°´[ ¿JMO V Ê�@ ÆZ�@�� ZQGEJQAGCMQAU
�MQN V MQ @ AQAREP EQG MN � AGA [ �XQE ª««À [ TT V Ä«È�"ÂÃ V�¿JE«�� � V ¿JERCKMQ [ ¬ °� ­�±¼½²®¼�²½� � � °�°º¼
 ²½� ­½� ¶´²½� ®°º°³¼±±¶½²³­®²¼½´ ´²�½­�
®¶�°´[ �OGMK EJ ª««� [ ZQD CGEF GAU] AG GIE � �¬� ¹µ �¼�� ´¯ ¼
 ¼½ ¬ ­´´²�° � ­®­ µ °®´
²½ �°º°³¼±±¶½²³­®²¼½´V�ÉA�«Ä� Ê V Ê V ÉA�KMJMD [ �½ ®¯° �²´®�²·¶®²¼½­º ³¼±
 º°� ²®	 ¼
 � ² ¸́ ¼²½®½°´´[ WIEMJEGCOAU �MP S
TXGEJ ÆOCEQOE 
+� aª««Äb [ QM V Ä [ "ÁÃ�"«Â V�Æ& Æ«�� Ê V ÆCUK EJBOIAG� [ Ì V Ë V &MJGI [ AQF Æ V ÆXFAJBIAQ [ � ­®­·­´° ´	´®°± ³¼½³°
 ®´[ GI CJF EF V[
@ O� JAH SÌCUU [ �EH �MJ] [ ª««� V�W¿� � �� ¹�¹¼±±²®®°°¾ ��­½´­³®²¼½ 
 �¼³°´´²½� ³¼¶½³²º ��� ¹� [ ���� 	

��� ��� 
 ���� V



�� ������� � � � ����	
 �	� 
�

� �����


�� CGÁÃ� � V Æ V � CGGEJ [  ­½�¼± ´­±
 º²½� # ²®¯ ­ �°´°��¼²�[ Ê�@ WJAQBAOGCMQB MQ @ AGIEP AGCOAUÆMNGHAJE 

 aª«ÁÃb [ QM V ª[ "��Ã� V�� CG«Á� � V Æ V � CGGEJ [ � � ®°�½­º ± °± ¼�	 ­º�¼�²®¯± ´[ ¿JMO V ª�GI Ê�@ ÆLPT V MQ ¿JCQOCT UEB MN
� AGAKABE ÆLBGEP B [ �XQE ª««Á [ TT V ªª«� ªÄÁ V���«"� Æ V � V �JKB]L AQF � V ^ V Æ V � CX [ �

 �¼� ²± ­®°� ­ �¶°�	 
 �¼³°´´¼� ®¯ ­® 
 �¼�¶³°´ ±¼½¼�
®¼½²³­º º	 ²±
 �¼� ²½� ­

 �¼� ²± ­®° ­½´# °�´[ Z))) WJAQB V MQ &QMH UEFRE AQF � AGA )QSRCQEEJCQR ! aª««"b [ QM V À [ ªÂÃÀ� ªÂÀÁ V�� Æ«È� � V Æ V � CGGEJ AQF ) V Ê V @ V ÆIJCDEJ [ � º�¼�²®¯± ´ 
 ¼� 
­�­º º°º ± °±¼�	 � � �#¼�º°�°º
± °±¼�²°´[ Ê URMJCGIP COA 
* aª««Èb [ QM V Ä�" [ ªªÂ� ªÈ� V��AMÁ"� Ê V � V �AM [ �¼# °� ·¼¶½�´ ·	 
 �¼·­·²º²´®²³ ­��¶± °½®´[ ¿ JM O V ÄÈGI Z))) ÆLPT V MQËMXQFAGCMQB MN �MPTXGEJ ÆOCEQOE [ �MDEPKEJ ª«Á" [ TT V ÈÄÂ�ÈÄÁ V

����<�=; ��� �> �	�>	: 
	 :	=<>� �	�;	< 
 �	�� �=9�<=;�< �	: 
 
��� �8 ��� �
 ��>	�;
�	>�������	 : 
 ��� ����;= �� 8�	��	 
 ��<<=� ���� 
 �	 !	<:	� �"#"�

� �±­²º ­���°´´ � $ %&&'( )*+,),-+./ 0&,1121-& ) 0.'3
� � � /445 677888 0&,1121-& ) 0.'3 795&$ %&&'( )7

:	;=<;�	�; �� ���;�;	< �> �	�>	 
 �	��8��� <���	<:�;� 
 �	��8��� �##"= �:<=	� 
 =�>
����<�=; ��� �> �	�>	: 
	:	=<>� �	�;	< 
 �	�� �=9�<=;�< �	:

� �±­²º ­���°´´ � 3 -4 %-)*3 -4/ 04-? 0-. 0%1
� � � /445 677888 03 -4/ 04-? 0-. 0%1793 -4 %-)7


