
IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

A Performance Evaluation of Alternative
Mapping Schemes for Storing XML Data in a

Relational Database

Daniela Florescu - Donald Kossmann

No ????

Mai 1999
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Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
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���$e����



���������
	��
����������������������� �!	��"	#�$�%���&�
�
����� �'���)(*��+,+-�'�/.10��324���5�
67�
	���07�&	��
�'�/.�89(;:=<>���?�@�'�5��A%�
�B���C�!	��-����<D���&�FE3��6�� a

³2pz©z©Ey�� ² ��~�q�o�¦`acb�hGj�}�jnlk¦°o'jk¦xlkbQ}¡oNm|h¨²°bvhxbN}´jkbN~»jnq,mwh�§�©rbN±wbN©Wq|��o�qwac�`©zb À�prj�§wy&mwhx~ � o���mwh�§ � ���
~`q�o�¦`acb�hGj
o�m|h o qShGjnm|pzh­mwh­qw�`jkpzqwhxmw©�~`bN}no lnpr��jnprqSh­qw� prjn}¡{wl$m|acavm|l�� qwl�¦x}kbV²�§�mw�`�`©zpzoNm	jkpzqwh°}�jn^xm	j
hxb�bN~sjkqv�Bb�lk� qwlna }´jkln¦xo'jn¦`l$m|©®±	m|©zpz~xm	jkpzqwh¤¢

¼Gjnlk¦°o'jk¦xlnmw©r©z§wy�bQmwo$^ � ��� ~�q�o ¦`acbNhSj2o qShx}kpz}´jn}�q|��mV}kb j2qw�&b�©zb�acbNhSj$}�y�jn^`b�²°qS¦`hx~`mwlkpzbN} q|��³2^`p�o$^
mwlkb,~�bN©rpzacpÃjnbN~U²�§J}´jnm|lkj´uHjnmw{S}cm|h°~\bNhx~�uHjnmw{S}N¢�I mwo$^"b�©zb�acb�hGj¶^xmS}vm­j�§��Bbwy�p�~�b�hGjkp 'xbQ~\²�§=h°m|acbwy
}kqwacb�jkpzatbQ}¶o�mw©r©zbN~Uprjn} � {Sb�h`bNlkp�o,pz~`b�hGjkp 'xb�l � y2mwhx~Uavm�§J^xm�±Sb�m�}´b�jsq|��m	jkjklnpr²x¦�jkb¨}´�BbNo�p '°oNm	jnprqShx}�¢
I mwo$^�m	jkjklnpr²`¦`jkbs}k�°bQo p '°o�m|jkpzqwh ^xmS}�m,hxm|acbsmwhx~ m,±	m|©z¦`bw¢%fih=mw~`~`pÃjnprqSh¬y&bQmwo$^¨b�©zb�acb�hGjVoNm|h ^xm�±Sb
mwhJm|ln²`prjkl$m|ln§­©zpz}´jVqw� � hxbN}´jkbN~ ��}k¦`²Bb�©zb�acb�hGjn}N¢ ]�^`bsb�À�mwac�`©rb�²°bN©rq	³ {Spr±SbN}Vm��°m�±Sqwl�qw�2jk^`b � ���
©�m|hx{w¦xmw{wbw¢

��� ��
�� * Æ	��

� � �¬b�j�� }�mw}n}´¦`acb�jk^xm|j�m%~`m	j$ms}kqw¦`l$o b�³�mwhSj$}0jnq�b�À��°qSl´j¡prh�� qSlkavm|jkpzqwh � bw¢ {x¢�hxm|acbQ}�y
mS~`~�lnbN}n}´bQ}vm|hx~U^xqw²`²`pzbN} �vqw��jk^`b�acbNa�²Bb�l$}¶q|��m¨� mwacpr©z§w¢ R �°qG}k}kpr²x©rb�³�m�§Jqw��}�jnlk¦xo jk¦`lnpzh`{�jk^xpz}
pzh�� qSlkavm	jnprqSh­m|h°~�lnb��`lnbN}kb�hGjkpzh`{�pÃj
pzh � �­�\p�}�mw}�� qw©z©zq	³0}�¢bI�mSo$^­�Bb�l$}´qSh�^xmS}¡m�¦`h`p�¥G¦`btpz~�bNhGjkp 'xb�l
�!d m|hx~­m|h �V.,� m	j´jnlkpz²`¦�jnbw¢�fih�� qSlkavm	jnprqSh­m|²Bqw¦`j�jk^xbV^`qS²`²`pzbN}¡q|��m�{wpz±wbNhµ�°bNln}kqwh»m|lnb��`lnq	±�pz~�bQ~�mw}
±	mw©r¦`bQ~»}k¦`²Bb�©zb�acb�hGj$}�¢¶]�^`b �32/�'� d bN©rbNacb�hGjn}
qw� ��b�l$}kqwh"�co�qwhGjnmwprh»jk^xb¶o$^`pr©�~�lnb�h¨q|� jk^`bc� mwatpz©z§»mw}
}k¦`²Bb�©zb�acb�hGj$}�y�³2^`pz©zb�jk^`b �32/�'�Bd bN©rbNacb�hGj0q|����bNln}kqwhNPVqwh`©z§so�qwhGjnmwprhx}2mt�BqwpzhGjkb�l�jnqcpÃj$}0o$^`pz©z~®¢

�������������������! #"%$�&'���'(�(')
�*��$�+!�')-,'��.'���!�-/���$�+!�')
�0$������'������)-1'23 � 54'��67��.��'$'8��:9�;'�=<>�?/�$������'������)
�-@BA7��8C��)

�*�����������D�����'EF"G$�&'���'H�H')
����$�+!�')JI'��A��7�-/���$�+!�')
�?$������'������)J(�E�K3 ML'��8�6�+�N7�B$M9�;'�=<>�-/�$������'������)
��A���N�N'O�)P�BQ7�P+�+R�S�'&!�-/�A���N�N'O�)
��A���N�N'O�)P@�O�@�8��S�'&!�-/�A���N�N'O�)

�?/�������������)
�?/'@BA7��8C��)
�-@BA7��8C��)

�*�����������D������1="G$�&'���'2')
����$�+!�')?T�$�;!���!�-/���$�+!�')
�?$������'������)-1'23 � U4'��67��.��'$'8��V9�;'�=<>�?/�$������'������)

�?/�������������)
�?/'@BA7��8C��)

�-/�������������)

�������������������'HF"%$�&'���'E�WF"X@BA7��8C����1�)
�*��$�+!�')?Y�$���O!�-/���$�+!�')
�0$������'������)-1'23 � 54'��67��.��'$'8��:9�;'�=<>�?/�$������'������)

�*A���N�N'O�)-��$3�S�'.!�S�'&!�?/�A���N�N'O�)
�-/�������������)

efehgjiVk\l#m
n3o
p
q
r3s
t



O <>�����!���B� � �B	�� �
6
����� <>	��-���Bd��5	�636
�������


�� 
 ������� ���	��

����������
�������� � ����� � ��� 

�!� �"���

� ����p�}£hxq|jk^xprh`{�b�©�}´b2jn^xm|h�m
�xm|lkjkp�o ¦x©zmwl�}�j$m|hx~xm|l$~v}´§�hGjnm|À�� qwl�}´bNacpÃui}�jnlk¦°o'jk¦xlkbQ~v~`m	j$m
b À`o$^xmwh`{wb,J L�y
dUP\MÄ¢c]�^xbthxb�bN~­� qwl
avmwhxm|{Sprh`{,}kb�acpÃui}´jkln¦xo'jn¦`lkbQ~­~`m|jnm,m|lnp�}´bQ~�pzhx~�b��Bb�h°~�b�hGjk©z§­qw��jn^`bv¾»bN² J O�M�m|h°~
±	mwlkpzqw¦x}2mS}´�BbNo jn}2qw��avmwhxm|{Sprh`{c}kb�acpÃui}´jkln¦xo'jn¦`lkbQ~,~`m	j$mc^xm�±wb�²Bb�b�h,b�ÀGjnb�hx}kpz±wb�©z§�}´jk¦°~�prbQ~%prh,jn^`b
©zmS}�j
§SbNmwln}VJr��yUO�MÄ¢���lnqSmw~`©r§�}k�BbNm|ª�pzh`{xyS}´bNatprui}�jnlk¦xo jk¦`lnbN~c~`m|jnm�lnb � bNln}�jnq�~`m	j$m�³2pÃjn^¶}´qSatb2qw�°jn^`b2� qS©r©zq	³2prhx{
o$^°m|l$mwo'jnb�lnpz}´jkp�o�}�� �Em"�£jk^`b
}no$^`b�avmVpz}�hxq|j�{wpz±wb�h�prh,mw~`±�mwhxo b�m|h°~¶avm�§v²°b�pzac�`©rp�o prj2prh�jk^xb�~xm	jnmxy�� ² �
jn^`bV}no$^`bNacmcp�}�lkbN©zm|jkpz±wb�©z§s©�m|ln{wb � ³
¢ lQ¢ jN¢°jk^`bt}´pzÁ�bVq|��jk^`bt~`m	j$m"��m|hx~,avm�§%²°bto$^xm|h`{Sprhx{c� lkbQ¥S¦xb�hGjk©z§wy
�Eo��0jk^`bt}ko$^xb�avm¶p�} d,�
6����
� +-� �'��� lnm|jk^`bNl0jk^°m|h +�� �
6
���
� +-� �'��� y¬pH¢ bw¢zyBprj¡~`bN}no lnpr²BbN}�jk^`bco ¦xlklnb�hGj�}´jnm|jkb�qw�
jn^`b�~`m	j$m`y�²`¦�j�±�prqS©zm|jkpzqwhx} q|�®jn^`b
}ko$^`bNavm�m|lnb�}´jkpz©r©Bjnqw©zb�l$m	jkbQ~®y�� ~��£jk^xb¡~`m|jnmVpz} h`qwj�}´jklnqwh`{S©r§tj�§��BbN~®y
pH¢ bw¢zy�� qwl0~�prÂMb�lnb�hGj2qw²���bQo'jn}Ny�jk^xb
±�mw©r¦xbN}�q|��jk^xb�}kmwatb
m|j´jklnpz²`¦�jkb
avm�§v²Bb
q|�W~�prÂBbNlkpzh`{tj�§��°bQ}�¢

��mwh�§\acq�~�b�©�}¶^°m�±wb,²°bNb�h��xlkqS�°qG}´bQ~\pzhUjk^xb�©rprjkbNlnm|jk¦`lnbµ� qSls}´bNacpÃui}�jnlk¦°o'jk¦xlkbQ~"~xm	jnmxy�jk^`b­²`pr{
avm|��qwlnpÃj�§t²°bNprhx{�²xmS}´bQ~vqwh¶©�m|²Bb�©zbN~s~�prlnbNo jkbQ~v{wl$m|�`^°}^Jz�|y O�MH¢Wfih¶jk^`p�}��xm|�Bb�lQyS³�b�¦°}´b¡m�}kprac�`©zb�{Slnmw�`^
~xm	jnmsacq�~`b�©Hy¬}´pzacpr©�m|l�jkqsjk^`b Q%I�� acq�~�bN©��xlkqS�°qG}´bQ~µprh J PFO�MÄ¢¡fih­jk^`p�}¡acq�~`b�©Hy¬ms}kb�acpÃui}´jkln¦xo'jn¦`lkbQ~
~xm	jnmw²xmw}kb�pz}�acq�~`b�©zbN~µmw}�mv~�pzlkbQo'jkbQ~,©zmw²°bN©rbQ~,{wl$m|�`^,pzhµ³2^`p�o$^,jk^`b�hxq�~`bN}0acq�~�bN©¤qw²`��bNo'j$}�mwhx~%jk^`b
qS¦�jk{Sqwpzh`{¨bN~�{SbN}cq|�
m|hUqS²���bNo jcacq�~�bN©2jk^`b�m|j´jnlkpz²`¦�jnbN}vqw��jn^`bµqw²���bQo'jQ¢[I�~�{wbQ}¶m|lnb,©zmw²°bN©rbQ~J³2prjk^
m|j´jnlkpz²`¦�jnbVhxmwacbN}N¢1I mwo$^­qS²���bNo j¡^°mw}¡ms¦`hxpz¥G¦`btpz~`b�hGjkp 'xb�l�m|h°~�bNmSo$^�pzhSjnb�lnhxm|©�qw²`��bNo'j�^xmS}¡m�}´b�j¡qw�
m|j´jnlkpz²`¦�jnbN}N¢�fih�mw~x~�pÃjnprqSh¬y`jn^`b�©zbNm�±SbN}�pzh,jk^`p�}0{Slnmw�`^%mwlkb
©�m|²Bb�©zbN~%³2prjk^�~`m|jnmc±	m|©z¦`bQ} � bS¢ {°¢ pzhGjkb�{Sb�l$}�y
}´jklnpzh`{S}Ny¬~`m	jnbN} �'¢$#�]�^`bcbQ~�{wbQ}�³2^xqS}kbVj$m|ln{wb�j¡qS²���bNo jn}�m|lnbV©zbNm�±SbN}¡m|lnbtoNm|©z©rbQ~»~xm	jnm%m	jkjklnpr²x¦�jkbQ}�W&jk^`b
qwjk^`bNl2m	j´jnlkpz²`¦�jnbN}�m|lnb�o�m|©z©zbN~¶lnb � bNlkbNhxo bQ}�¢&%�h`©rpzªwb�jk^xb¡qS²���bNo j2qwlnprbNhSjnbN~¶~xm	jnmtacq�~�b�©Hy�qw²`��bNo'j$}�prh�jk^`b
~xm	jnmw²xmw}kbcm|lnbthxq|j�o qShx}�jnlnmwprhxbN~­jkq,^xm�±wbc}kpracpz©zmwl�}´b�jn}�q|�2m	jkjklnpr²x¦�jkbQ}
m|hx~»jk^xbv±�mw©r¦xbN}�q|��jk^xbc~xm	jnm
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age name address

age

hobby
addressname

age

child child

3 4
person person

age name
address

child

name
address

person person

Peter

22 John 7 David

Mary
55

hobby

cyclingswimming5361 Columbia Ave.

4711 Fruitdale Ave.

4711 Fruitdale Ave.

4711 Fruitdale Ave.

38

hobby

painting
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�°m	j´jnb�lnh¬¢*Q���jkpzqwh°m|© }k¦`²�uÄ�xm|j´jkbNlkh°}�o�mwh¬y�jk^`bNac}kb�©z±wbQ}�y�o qShGjnm|pzh�qw�`jkpzqwhxmw©£bN~�{SbN}N¢,fih=qw¦`l�b À`m|ac�`©zbwy
jn^`b�¥G¦`b�ln§¶lnb jn¦`lkh°}�j�³�qtjk¦`�x©rbQ}bJ �´��b jnb�l � y�B�C�D+D�M®mwhx~ J �k��m|ln§ � y:�´�xm|pzhGjkpzh`{ � MÄ¢

E . ���
������-
45(*6 79�v� �,�
�2�V�&1 � � �
; �2� �
�&� ���%����79�����
>%��1¤�

fihsjk^`p�}2}kbNo'jnprqSh¬y�³ b�~�bQ}ko�lkpz²°b¡m|©rjkbNlkhxm|jkpz±wb�acmw�`�`pzh`{c}ko$^`bNacbN}�jk^xm|j2oNm|h�²°b¡¦x}kbN~vjnqv}�jnqwlnb�m|h � ���
~`q�o�¦`acb�hGj pzhsm�lkbN©zm|jkpzqwhxmw©x~`m	j$m|²xmS}´bS¢�]�^xb�}´jnm|lkjkpzh`{��BqwpzhGj p�}£jn^`b�©�m|²Bb�©zbN~¶{wl$m|�`^v³2^`p�o$^vlnb��`lnbN}kb�hGjn}
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�&��� .,��� o�qw©z¦`ach»lnb � bNl�jnq,lkbN�`lkbQ}´bNhGjnm	jnprqShx}0qw� ±	m|©z¦`bQ}�¢��£m|©z¦`bN}�o�mwh`h`qwj�²Bbv}�jnqwlnbN~­prh»jk^`p�}�³�m�§wyM²`¦�j
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³�b�³2pr©z©¤mw©z}kqt~`pz}no ¦x}n}�jk^xb
lkqS©rb�q|�&jk^`b�� �V. '°b�©�~®y`³2^`p�o$^�p�}2h`qwj0}´^`q	³2h%pzh,·�pz{w¦`lnb P�¢
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jnb�lnav}®q|��pzhx~�p�o bN}Ny�³ b��`lkqS�°qG}´b�jnq0bN}´jnmw²`©rp�}k^�m|h
pzhx~�b À�qwh¡jn^`b 6�	�� ����� o qS©r¦xath�mwhx~
m2o qSa�²`pzh`bQ~
pzhx~�b�Àvqwhvjn^`b�� �-���5���$�&��� .,����� o�qw©z¦`achx}N¢�]�^xb�pzhx~�b À¶qShvjk^xb 6�	�� ����� o�qw©z¦`achsp�}�¦x}kb � ¦x©°� qSl�� qSlk³�m|l$~
jnlnm�±Sb�l$}kmw©z}�}k¦xo$^¶mw}£h`b�bQ~�bN~tjnq�lkbQo qShx}�jnlk¦°o'j�m
}k�°bQo p '°o0qS²���bNo j£{wpz±wb�hvprjn} 	��!d ¢£]�^`b0pzhx~�b Àcqwh � �-���5���
�&��� .,����� p�}&¦x}´b�� ¦`©G� qwl�²xmwo$ª�³�m|l$~¡jkl$m�±wbNln}nm|©�}�WQbw¢ {x¢zy �&'°hx~�mw©r©Gqw²���bQo'j$}¬jn^xm	j�^xm�±wb�m�o$^`pz©�~
hxm|acbQ~�!Sqw^`h¬¢ �
¾¨b�b À��Bb�lnpracb�hGjnbN~¶³2prjk^,~�prÂBbNlkbNhGj2}kb j$}�q|�&pzhx~�p�o bQ}2mw} �xm|lkj2q|�¤qS¦`l��°bNl´� qSlkavmwhxo b¡b À��Bb�lnpracb�hGj$} � h`q|j
lnb��BqwlkjkbQ~spzh�jk^`p�}2�xmw�°bNl � yxm|hx~s� qw¦xhx~�jk^`bQ}´b�j�³�qVpzhx~�p�o bQ}�jkqc²Bb�jk^`b
q	±Sb�l$m|©z©MatqG}�j2¦x}kb � ¦x©¬qwh`bQ}�¢

R�}kprac�`©zb�±	m|lnpzmwhSjWqw�xjk^xb �^d�.U� mw�`�`lnqSmwo$^�pz}�jnq
}�jnqwlnb�jn^`b0m	jkjklnpr²`¦`jkb�hxm|acbQ}�prhcm�}´bN�xm|l$m	jnb�j$m|²`©zbw¢
¾¨b�mw©z}kqcb À��°bNlkpzacb�hGjkbQ~%³2pÃjn^,jk^xm|j0±�mwlkp�m|hGj �Wjk^xm|j0±	m|lnpzmwhSj0lnbN~`¦xo bQ}�jk^`b�}kpzÁ�b
q|��jk^xb�~`m	j$m|²xmS}´bSy�²`¦�j
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hxqµ©rqSh`{wbNl
²°b¶bQ}�j$m|²`©zp�}´^`bQ~®y¬jn^`b�lnb�²�§¨}´©zq	³2prhx{,~`q	³2h¨²°mwo$ª�³�mwln~�jkl$m�±wbNln}nm|©�}�~�lnmwavm	jkp�o�mw©r©z§�pzh=}´qSacb
oNmw}kbN}N¢&¾¨bwy`jk^`bNlkb�� qwlnbwy�³2pz©r©¬hxq|j0o qShx}´p�~�bNl�jk^`p�}2±	m|lnpzmwhGj�pzh%jk^`b
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²xprhxmwlk§%}�jnqwl$m|{Sb�}no$^`b�acb
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�!E�� �?� mw�`�`lnqSmwo$^xbN}�m|hx~%}´©zpz{w^Gjk©z§vacqwlnb�o�qwac�`©zpzoNm	jnbN~¶pzh%jk^`b
qwjk^`bNl£j�³�q�}ko$^xb�acbN}£jkq�avm|�¶m|j´jnlkpz²`¦�jnbN}N¢�fih¶jk^`b�� ���'���
�36���� m|hx~ � ���'�%� 	��
� mw�`�`lnqSmwo$^xbN}Nyw~�prÂBbNlkbNhSj
oNmw}kbN}
aV¦x}´jV²Bb�~�prÂBbNlkbNhGjkp�m	jkbQ~KW ~`b��Bb�hx~�pzh`{»qwh jk^xbs�`lnbN}kb�hxo�b¶q|�0aV¦`©rjkpruH±	m|©z¦`bQ~=m	jkjklnpr²`¦`jkbN}Vpzh�jk^`b
qS²���bNo j m|h°~tjk^`b�b À�pz}´jkbNhxo b�q|�¤m|hxq|jk^xb�l�m|j´jklnpz²`¦�jkb�³2pÃjn^vjk^xb�}nm|acb0hxmwatb�mw}Wjn^`b�hxb�³�m	jkjklnpr²x¦�jkbSySh`bN³
lnq	³0}�a�¦°}�j0²Bb�{wbNh`b�l$m	jnbN~�qwl�jn^`b
jnmw²`©zbN}2aV¦x}�j�²°b
¦`�M~`m|jkbN~¬¢ fih�mw©r©¤oNmw}kbN}Ny�jk^`b�prhx}kb�lkjkpzqwh,qw��mch`bN³
m|j´jnlkpz²`¦�jnb avm�§
pzhG±Sqw©z±wb ¦`�B~xm	jkpzh`{¡jk^xb 	�� d��'����� � }Wq|�xjk^`b2m	jkjklnpr²x¦�jkbQ}�jk^xm|j�²Bb�©zqwhx{�jnq�jn^`b2}kmwatb�qw²`��bNo'j
mwhx~­mwlkbt©zq�oNm	jnbN~�²Bb�^xprhx~­jk^xbthxb�³ºm|j´jklnpz²`¦�jkbcpzh­jn^`b � ���U~�q�o�¦`acb�hGjN¢ �E]�^`p�}��`lkq�o�bN~�¦`lnbVoNm|h¨²°b
}kpzat�x©rp 'xbN~cpzh¶o bNl´j$m|pzhtoNmw}kbN}Wpr�®³ b0~`q
h`q|j o�qwhx}kp�~�b�l 	�� dF��� �3d }kb�avm|hGjkp�o�}VWS}kb�b�¼�bNo'jnprqSh P�¢ZP�¢ �
fÄ�®±	m|©z¦`bN}
mwlkb�}´jkqSlkbQ~,prh�}kb��°m|l$m	jkb�� ������� jnmw²`©rbQ}�mwhx~,jk^xb�h`b�³ m|j´jnlkpz²`¦�jnb�o qShSj$m|pzhx}0mv±	mw©r¦`bSyxjn^`b�h­q|�£o qS¦`ln}kbwy
jn^`bVo�qwlnlkbQ}´�Bqwh°~�prhx{ � ��� ��� j$m|²`©zb�aV¦x}´j�²BbV¦`�M~`m|jkbN~¬¢9R�©z}kqxyBpr�£jk^`bthxmwatbVq|�Wjn^`b�h`bN³ºm	jkjklnpr²x¦�jkbVpz}
hxq	±wb�©HyBjk^`bNh­jn^`bc}kmwatbtacbNmS}´¦`lnb�acbNhSj$}�mS}0� qSl�h`b�³ qS²���bNo jn}¡³2prjk^¨h`b�³ºm|j´jnlkpz²`¦�jnbVhxmwacbN}¡a�¦x}´j
²°b
avmS~�b�prh%jk^xb �%�C� �
�!E
� �&��� � ���'���
�36���� yxm|h°~$� ���'�%� 	��
� }no$^`b�acbN}N¢

�%Æ * Æ ��T � 
½� � �c��� Æ �w� fihZm|©z©�mw�`�`lnqSmSo$^`bN}Ny qS²���bNo jn}�o�m|hZbNmw}kpz©r§\²°b¨~�b�©zb jnbN~�²�§U~�b�©zb jnprh`{Jjk^`b
o�qwlnlkbQ}´�Bqwh°~�prhx{slnq	³0}�� lnqwa m|©z©�jnm|²x©rbQ}�¢cfÄ��±�mw©r¦xbN}
m|lnbc}�jnqwlnbN~»prh�}kb��xmwlnm|jkb � ������� jnm|²x©rbQ}�y®jn^`b�h�mwh
qS²���bNo j�aV¦x}�j¡²°bVlkbQmw~µ²Bb � qSlkb�pÃj�pz}¡~�bN©rb�jkbN~­prh­qwl$~�b�l�jkq '°hx~,jk^xbVqS²���bNo j�� }�±	m|©z¦`bQ}0³2^`p�o$^�a�¦°}�j�²°b
~`b�©zb jkbQ~�� lkqSa jk^`b�� ������� j$m|²`©zbN}N¢

�%Æ * Æ ��T � 
Z� � �t�N����T � �¤� Æ ��b�©zb jnprhx{­m|h=m|j´jklnpz²`¦�jkbs� lkqSa mwh�qw²���bQo'j�p�}Ny�mw{Smwprh¬y�±wbNlk§ }kprac�`©zbvjkq
pzac�`©zb�acb�hGj0� qSl0jk^xb ��d�.U� m|hx~ �%� � �
�!E
� �&� mw�`�`lnqSmwo$^xbN}�m|hx~,prj�pzh�±wqw©z±wbQ}2©zqGqSª�prh`{vm|j�~�prÂBbNlkbNhSj¡o�mw}kbN}
� qSlsjn^`b � ���'�����36
��� m|h°~!� �7�'���>	��
� m|�x�`lkqGmwo$^`bQ} �Em|hxmw©rqS{wqw¦°}cjkq"prh°}´bNl´j$} � ¢½fih m|©z©¡mw�`�`lnqSmwo$^xbN}Ny
~`b�©zb jkpzh`{smwh­m	jkjklnpr²x¦�jkbVacm�§%pzhG±Sqw©z±wb
lnb�qSlk{Gm|h`pzÁNm|jkpzqwh%q|��jk^`b 	�� d��'�-��� ±	m|©z¦`bN}N¢�·`¦xl´jn^`b�lnacqwlnbwyxpzh­mw©r©
mw�`�`lnqSmSo$^`bN}�jk^xm|j�¦x}kb�}´bN�xm|l$m	jnb
� ������� jnm|²x©rbQ}�y�jn^`b�m|j´jklnpz²`¦�jkb
aV¦x}´j0²°b�lnbNmS~ '°ln}´j0prh,qSln~�bNl�jkq 'xh°~
³2^xb jk^xb�l�jk^xb�m	j´jnlkpz²`¦�jnb�o qShSj$m|pzhx}�mc±	m|©z¦`b�³2^`pzo$^%a�¦°}�j0²Bb�~�b�©zb jnbN~®y`jkq�qx¢
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fih»qwl$~�b�l�jkq,}´jk¦x~�§,jn^`bVjkl$mw~�bNq|Â®}�qw�£jk^`bvmw©Ãjnb�lnhxm	jnpr±Sb�avm|�`�`pzh`{,}ko$^xb�acbN}�³ bco�mwlklnpzbN~,qw¦`j�m%}´bNlkpzbN}
qw���Bb�lk� qwlnacmwhxo b�b À��Bb�lnpracb�hGj$}�¢\¾»b,}�jn¦x~�§Sy�pzh\�xmwl´jnpzo�¦`©�m|lQy�jk^`bµ}kprÁNb�qw��jk^xb%lnbN}k¦`©rjkpzh`{­lnb�©�m	jnprqShxm|©
~xm	jnmw²xmw}kbV� qwl
bNmSo$^­avm|�x�`prhx{,}no$^`bNatbSy®jk^xbcjkpzatbcjnq,²`¦`©zªG©zqSmS~�jn^`bvlnb�©�m	jkpzqwh°m|©W~`m	j$m|²xmS}´bt{wpz±wbNh»mwh
� ���J~`q�o�¦`acb�hGjNyBjn^`b�jnpracbVjkq�lkbQo qwh°}�jnlk¦xo j0jk^xb � ���J~�q�o�¦`acb�hGj�� lnqwa<jn^`b�lnb�©�m	jnprqShxm|©�~`m	j$m`yBjk^`b
jnpracb�jnqvb À�bNo�¦�jkb�~�prÂMb�lnb�hGj�o ©�mw}n}´bQ}�q|� � ���=¥G¦`bNlkpzbN}Ny`m|h°~sjn^`b�jkpzacb�jkqvb�À�bQo ¦�jnb�~�prÂBbNlkbNhSj0ª�pzhx~`}2qw�
¦x�B~`m|jkb�� ¦`h°o'jkpzqwh°}�¢

R�©r©�b À��Bb�lnpracb�hGj$}�m|lnb¶o�mwlklnprbQ~¨qw¦�j�¦°}´pzh`{­mµ}k§�hSjn^`b jnpzo � ���¹~�q�o ¦`acb�hGjVmS}�m�}´jnmwl´jnprh`{µ�BqwpzhGjN¢
¾�^xpr©zb � �3��� � ��� ~`m	j$m�p�}�m|©zlkbQmw~�§vm�±	m|pz©zmw²`©zb0jkqc}kqwacb�b�À�jkb�hGj��wy�prj�p�}�¦`hxo�©rbQm|l�³2^xm	j�jk^xb¡o$^xmwlnmSo'jnb�lku
p�}´jkp�o�}Wqw�Mm � Z�+-�!�3��� � ���µ~�q�o ¦xatbNhGj�³ qS¦`©�~V²Bbw¢W�0m|jk^`bNlWjk^°m|hc¦x}kprh`{
lnbNmw© � ���­~`m	j$m�qwl£{Sb�h`bNlnm|jkpzh`{
mwh � ��� ~�q�o ¦xatbNhGj�jk^°m	jV³�qw¦x©z~ lnbN}kb�aV²`©rbslkbQm|© � ���Z~xm	jnmxyW³ bs¦x}´b%m|h � ���¹~`q�o�¦`acb�hGj�jn^xm	j
mw©r©zq	³0}t¦x}cjnq }k�BbNo p '°oNm|©z©r§J}´jk¦°~�§=jn^`b,jkl$mw~�bNq|Â®}tq|�¡jk^`bµavm|�x�`prhx{ }no$^`bNatbQ}vm|hx~\³�bµqwh`©z§=acq�~�b�©
o�b�lkjnmwprhµo$^xmwlnmSo'jkbNlkp�}´jkp�o�} jk^xm|j�o�mwhµ²°b�� qw¦`hx~,pzhµlnbNm|© � ���=~`m|jnm � bw¢ {x¢zy`jn^`b��`lnbN}kb�hxo�b
q|��©zmwlk{Sb�jkb�ÀGj
'°b�©�~`} � ¢

]&qv}´pzac�`©rpr� §vjn^`b
~�pz}no ¦°}k}kprqSh¬y�³ b¡³2pz©r©®qSh`©r§v�xlkbQ}´bNhSj�b À��Bb�lnpracbNhSj$m|©MlnbN}k¦`©Ãj$} � qwl�'x±wb�qw�¬jk^`b�bNpr{S^Sj
mw©Ãjnb�lnhxm	jnpr±Sbsavm|�x�`prhx{¨}no$^`b�acbQ}t~`bN}no lnpr²BbN~Jprh�¼�bNo jkpzqwhUd`¢=¾¨b,³2pr©z©0}´jk¦x~�§ jn^`b ��d�.U���b�%� �C�
�!E�� �?���
� ���'���
�36���� y¡mwhx~!� ���'�%� 	��
� mw�`�`lnqSmSo$^`bN}v³2prjk^ }´bN�xm|l$m	jnb � ������� jnmw²`©rbQ}spzhZqSln~`b�l¶jnq"}´jk¦°~�§Ujk^`b
jnlnmS~�b�qwÂM}¡qw��jk^xbc~`pÃÂMb�lnb�hGj
³�m�§�}�jkq,avm|� m	jkjklnpr²`¦`jkbN}N¢tfih¨mS~`~�prjkpzqwh¬y¬³�bc³2pr©z©£}´jk¦x~�§�jk^`b �%� �C�
�!E�� �?�
mw�`�`lnqSmSo$^¶³2pÃjn^,prh`©zpzh`prhx{tpzh,qwl$~�b�l jkqvo�qwac�xm|lnb¡prh`©zpzh`prhx{¶m|hx~sjk^`b
}kb��xmwlnm|jkb � ��� ��� jnmw²`©rbQ}�±	m|lnpzmwhSj$}�¢

R�}�mwhsb�À��Bb�lnpzatbNhGjnm|©B�`©�m	jk� qwlna%y�³�b�¦x}kb�m�o qSacatbNlno�pzmw©xlnb�©�m	jnprqShxm|©M~`m	j$m|²xmS}´b�}´§�}´jkb�a���prh°}�j$m|©z©rbQ~
qSh�m�¼�¦xh»¼��xmwlno�¼�jnm	jnprqSh*P�`v³2prjk^�j�³ q=TFav� ��Á��`lnq�o bN}n}kqwl$}2m|hx~���P�Yv� � qw�£acmwprhµacbNatqSlk§,m|h°~
ms~�pz}kª�jk^xm|j�}�jnqwlnbN}�jn^`bV~xm	jnmw²xmw}kb�m|h°~,prhGjkbNlkacbQ~�pzm|jkb�lnbN}k¦`©rjn}�q|�£¥G¦`b�ln§��xlkq�o bQ}k}kpzh`{x¢�]�^`b�avmwo$^xprh`b
ln¦`hx}£qwhs¼�qS©zmwlkp�})P�¢ O`¢�fih¶m|©z©xqS¦`l£b�À��Bb�lnpzatbNhGjn}NyS³�b0©zpracprjkbN~tjn^`b�}kpzÁ�b0qw�Bjn^`b0avm|pzhvacb�acqwln§t²`¦�ÂMb�l�qw�
jn^`b�~`m	j$m|²xmS}´b�jkq9O`¢ L�� �¡y�³2^`p�o$^�³�mw}&©rbQ}k}&jk^°m|hVm�jkbNhGjk^�qw�xjn^`b�}kpzÁ�b�q|�`jn^`b � ���,~�q�o ¦`acbNhSjQ¢jQ�jn^`b�l
jn^xm|h�jk^°m	jNyx³ b
¦x}kb¡jk^`b�~`b � m|¦x©Ãj�o�qwh 'x{S¦`l$m	jkpzqwh�q|�&jk^`b�~`m|jnmw²xmw}kb¡}k§�}�jnb�a,y`pr��hxq|j0}�j$m	jnbN~%q|jn^`b�ln³2pz}kbw¢
�E·`qSl�}´qSacb0b À��Bb�lnpracb�hGj$}�yS³ b2¦x}kbN~chxqwh�ui~�b � mw¦`©rj�qw��jnprqShx}�� qSl�¥G¦`b�ln§VqS��jkpzacprÁQm	jnprqSh Ww³�b0³2pz©r©°prhx~`pzoNm	jkb
jn^`qS}kbsb�À��°bNlkpzacb�hGjn}�³2^`b�h\³ bs~`bN}no lnpr²Bb¶jn^`b�lnbN}k¦`©rjn}N¢ � R0©z©�}kq|� j�³�m|lnb¶³2^`p�o$^=ln¦`hx}Vqw¦�j$}´p�~�b¶qw�0jk^`b
� � ���­¼ � bw¢ {x¢zy��`lnqw{wl$m|av}�jnqV�xlkbN�xm|lnb2jk^xb � ���¨~�q�o ¦`acb�hGj � qwl�²`¦`©zª�©rqGmw~�pzh`{�qSl pzac�`©rbNacb�hGjnm|jkpzqwhx}
qw��jn^`bv¦`�M~`m	jnbv� ¦`hxo jkpzqwhx} �¡pz}�pzac�`©zb�acb�hGjkbQ~ prh !Gm�±	m�mwhx~­ln¦`hx}�qwh»jk^`b¶}nm|acbcavmwo$^`pzh`bw¢
#�mw©r©�}¡jkq
jn^`b
lnb�©�m	jkpzqwh°m|©®~`m	j$m|²xmS}´b�� lnqwa jn^`b	!Sm�±	mt�`lnqw{Slnmwac}�m|lnb¡prac�`©zb�acb�hGjnbN~%¦x}kprh`{ ! � � #�¢
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]�^xb�o$^xmwlnmSo'jkbNlkp�}´jkp�o�}Wqw�¬jk^`b¡}´§�hGjk^xb jkp�o � ���»~�q�o ¦`acb�hGj�³ b�{wbNh`b�l$m	jnb2� qwl jk^`b��°bNl´� qSlkavmwhxo b�b À��°bNl´u
pzacb�hGjn}Vm|lnb¶~�bN}no lnpz²°bQ~»pzh=]�m|²`©zb��w¢,]�^`b � ����~�q�o�¦`acb�hGjto�qwhx}kpz}´jn}�q|� B"qS²���bNo jn}N¢ I�mwo$^ qw²`��bNo'j
^°mw}54E� � 6�7¶m	jkjklnpr²`¦`jkbN}2o�qwhGjnmwprhxprh`{VprhGjnb�lkuHqS²���bNo j�lnb � bNlkbNhxo bQ} mwhx~84 �6�+6:9
m|j´jklnpz²`¦�jkbQ}�³2pÃjn^�±	mw©r¦`bQ}�¢W]�^`b
~`q�o�¦`acb�hGj
pz} �°m	j\W¤jn^xm	j
p�}�y¤jk^`bNlkbcp�}�h`q,h`bN}´jkpzh`{µq|��qw²���bQo'j$}�¢ �E¯¡pz±wbNh»qS¦`l � �­��~`m	j$m�acq�~�bN©£~�b u
}no lnpz²°bQ~�pzh¶¼�bNo jkpzqwh P�¢ZP�y!�°m|j�~�q�o ¦`acbNhSj$}�³2pÃjn^vlkb�� b�lnb�hxo�bN}�^xm�±Sb�jn^`b0}kmwacb�}kb�avmwhSjnpzoN}Wmw}W~�q�o�¦`acb�hGjn}
³2prjk^µhxbN}´jkbN~%qS²���bNo jn}N¢ ��R�©r©�m	jkjklnpr²`¦`jkbN}�m|lnb¡©�m|²Bb�©zbN~,³2prjk^,qSh`b
q|��;¶~�prÂMb�lnb�hGj�m	jkjklnpr²x¦�jkb
hxmwacbN}VW`³ b
³2pz©z©®lkb�� b�l�jkqtjn^`bN}kb�hxm|acbN}2mS}5< ��
��
����
#<&=wy�²x¦�j0prh�� mwo j0bNmSo$^shxmwatb�p�} D�²G§GjnbN}�©zqwh`{°¢�]�^xb�lnb�mwlkb�j�³�q
j�§��BbN}�q|�®±	m|©z¦`bN}���}k^`qSl´j }´jklnpzh`{S}W³2prjk^?>�²�§GjkbQ}�mwhx~c©rqSh`{
jnb À�jn}�³2pÃjn^A@�²G§GjnbN}N¢CBED�Fºq|�Mjk^`b�±	m|©z¦`bN} m|lnb
}´jklnpzh`{S}2mwhx~GBIHJF¿q|��jk^xb
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