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òKdfgjaXdqW`ô•ô•EGFIa�ó•PKQRô�EGF!D('jD()*) �ÕWXñ ��õ�	 ñ•J\ñ•ófQRô²ñ¹HKg-�“T ;

ï

$|W��•ñf[KòKò$gXdfó•ñ
ófPKQ�HKQ�ð•õ

EGFKEGófEhgXF�g`ð?ò<gUü/QRdfðÙ[Ke4[Iñ•Q�d•õuH\Q
�IFKQ�HÜWXaXajdfQ�ajWUó•Q�ñ,� 2 � ; ñ7�)Q�Y\òKd•Q�ñ•ñ•Q}H_EGF�W �#"%$Êõ¬eGEhûXQ

ehWXFKaX[IWXaXQjN 
/J�òKd•gXaXdqW`ô•ô•EhFKa8FKQ�üc2 � ; ñ�EGF3�#"%$¹T‡QRF<H)[IñfQRdqñ-ø�W`F)Q}WXñfEGehJÚQ�Y‘ófQ�FIH�ó•PKQ

HKWUóqW`öIWjñ•Q/ñ•J\ñ•ófQRô WXFIH9ñ•[KòIò<gjd•ó
W�ùUWXdfEhQ�ówJÚg`ðOWXH\ùUWXFIø�Q}H(HKW`ó•W`ö<WXñfQ4W`òIòKeGEÅøRW`ófEhgXFIñ/þ < � �¬N

.K[KdfófPKQ�dfô•gjdfQjT ;

ï

$|W-�9Ehñ4Q���øREGQ�Fjó}N��¬óoø�gjô9Q}ñ
ü?EGófP!W)ùXQRd•J(ehEhô9EGófQ}H�gUùjQRd•PKQ�WjH(gUùjQRd½W

H\EGd•Q�ø�ó�Ehô9òIeGQ�ô9Q�Fcó•WUó•EGgjFØEhFØW²òKd•g‘øRQ�H\[Id•WXeúehWXFKaX[<W`aXQ)ñf[IøqPØWjñ�D('XD()*) �¥ñfQRQCò<Q�d•ðÙgjd•õ

ô•WXFIø�QÚd•Q�ñf[KeGó•ñoEhFg�\Q�ø“ó•EGgjF �J�“N

ï

g^ø�d•Q�WUó•QCWXFÝW`ajaXd•QRacWUófQ�EhF ;

ï

$-W��OTÊWM[Iñ•Q�dÚFKQRQ}HKñ�ófg!HKQ �IFKQCófPIdfQ�Q3�#"%$+d•gX[\õ

ófEhFKQ�ñ�TK[KFIHKQRdoófPIQ�ehWXö<Q�ehñogXð������ ��� ���������OT � ��� !"�"�#�²W`FIH$�#� !&%'���(�)���OTcü?PKEÅøqPúT\d•Q�õ

ñ•ò$Q�ø�ófEhùXQRehJXT<ñ•ò$Q�øREZðÙJ!ófPKQ)øRgXô•òK[\óqWUó•EGgjF!ó•g�ö$Q�ò<Q�d•ðÙgjdfô•Q�H!ðÙgjd?ófPKQ �Id•ñ•ó8ùUW`eh[KQ�EhF!ó•PKQ

ñwó•dfQ}W`ô�T`ðÙgjd½Q�WjøqP²ñ•[Iø�ø�Q}ñfñfEGùjQ?ùUW`eh[KQXT‘W`FIH•ü?PIQRF²ó•PKQ8QRF<H²g`ðOófPIQ�ñ•ófd•Q�W`ô�EÅñ½H\QRófQ�ø�ófQ}HÊN

	?Q�ñf[KeGó•ñ?gXð�ó•PKQ(WXaXaXd•QRacWUó•EGgjFMøRWXF^ö$Q)d•Q�ó•[KdfFIQ�H�W`F‘JcófEhô•Q)H\[Kd•EGFKa•ó•PKQ�ñfQ�d•gX[\ó•EGFKQ}ñ?ö‘J

EGFIñfQRdfófEhFKa^óf[IòKeGQ}ñ�EhFjó•g�W`F_W`òKò$QRFIH\õ‹gjFKeGJ*!&����+�!�� ñwó•dfQ}W`ô�N ; ehe
ó•PKQ²ùUW`eh[KQ�ñÚEhF@ó•PKQ

!&����+�!��Üñ•ófd•Q�W`ô7ü?EGeheúö$Q�dfQRóf[Kd•FKQ�HMófg•[IñfQRdqñ?WUóoó•PKQ�QRFIH^gXð-ó•PKQ�òKd•gXaXdqW`ô�N

.KgXd"EhFIñwóqW`FIøRQXT<ófg�ø�d•Q�W`ófQCWXFØgXFIeGEhFKQ•W‡ùXQRdqW`ajQ)W`ajaXd•QRajW`ófQ�ü?PKEÅøqPØd•Q�ó•[KdfF<ñ�d•Q�ñf[KeGó•ñ

�¥ø�[Idfd•QRFcó�W‡ùXQRdqW`ajQ�ñ �/ðÙgXdÚQ�ùXQRd•J �-,.,�FKQ�üæùUW`eh[KQ�ñ�TOü4Q•øRWXF'HKQ �IFKQCófPIQCðÙgjeGehgUü?EhFKa^WXa`õ

aXd•QRajW`ófQjN
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;

6

�

	
;

9

�*:

W9[IñfQRdfõuH\Q �IFIQ�H^W`aXajdfQ�ajW`ófQ�EhF
;

ï

$|W-�ON

;=<><&? @A<";CBD@FE*GIHKJML'NPO"QSRUT#VXW�Y[Z
\>]
^�HM_

`

B�;Da>b.@'c�TqË.T�QdNec“ÈÊÉfVgW�Yih>jlk\È)OCTiVgW�YmZon

p�q�p BDp ;Kb5p r>@s\�t

p�q uU@C?CBvpwq)B&xvc�TqËyTXQ{zC;Db5|&@5u"NPO"QSRUTlh&}.Z�n

~

p BD@C?�;CBK@	\�t

|&•)€";CBK@{c�TqË.T�Q•uU@5B‚c“ÈÊÉ„ƒ…c“ÈÊÉ„†…O"QSRUTlh jlk\È)OCT‡ƒ�j-k\È)OCTM†ˆ}An

p�q uU@C?CBvpwq)B&x Ì�Q5TqÈ$Ì‰OŠuU@Cb.@y‹UB‚c“ÈÊÉ•Œ5jlk\È)OCT

Žy?dx�••c�TqË.T�Q’‘”“�@C? @{jlk\È"OdTM•„}S–A–	ƒ…–Un

~

BD@C?>•‡p�q);CBD@s\&t

p�q uU@C?CBvpwq)B&x Ì�Q5TqÈ$Ì‰OŠuU@Cb.@y‹UB‚c“ÈÊÉ•Œ5jlk\È)OCT�ŽA?dxI••c�TqËyT�Q�n

~

~

ï

PKQ �Idqñwó"eGEhFKQCg`ð
ófPIEhñ"W`ajaXd•QRajW`ófQ"ðÙ[KFIø�ófEhgXF@HKQ�ø�eÅW`d•Q�ñ�W�ehg‘ø�W`e|ó•W`öIeGQjT)—��)�)���OTIófg

ûXQRQ�ò �¥EGF_ô•QRô•gjdfJf��ófPKQ�ñf[Kô1WXFIH_ø�gj[KFcóÚgXð½ó•PKQ²ùUW`eh[KQ�ñÚòKd•g\ø�Q}ñfñfQ�HÝñ•g^ð¥W`d}NÊ] PKEheGQjT

ðÙgXd•ófPIEhñ²ò<W`dfófEÅø�[KeÅW`d•Q�YKWXô9òIeGQjTK—��)�"�#�Ûø�gjFcó•W`EhFIñ•gjFKeGJ�gXFKQ^óf[IòKeGQjT¹EGó�Ehñ•EhF ð¥WXø“ó�W

ó•W`öIeGQ^ófP<WUóMøRWXF�ö$QØ÷c[KQRd•EGQ}H+WXFIH+[Kò$HIWUófQ}H�[<ñ•EhFKa1�#"%$ ñwóqWUó•QRô•QRFcó•ñ�N

ï

PKQ}ñ•Q4�#"%$

ñwóqWUófQ�ô•QRFcó•ñCW`d•Q²aXd•gX[Kò$Q�H'EhFjó•g�ófPKQ�ófPKd•QRQ�öIeGg\øqû\ñ�eÅW`ö$QRehQ�H˜����� �I� ���������OTD� ��� !"�"�#�

W`FIH™�#� !�%•���&�"�#�OT|d•Q�ñfò<Q}ø“ófEhùXQ�eGJjN

ï

P‘[Iñ�T|ó•PKQ��š��� �I� �����›���Üñ•ó•W`ófQ�ô9Q�Fcó•ñCEGFIñfQRdfó(ó•PKQ



›

{�‚ƒx‘Ð`Š���œc{�ŽcnqxI„cº/r�‚‰µX~cxC°�r�xj»j„cr�x‘Ð9{�rRsw”ƒy��Kr�xc‚ƒy�”Zy

ù‡WXeG[IQ!óqW`ûjQRFÛðÙd•gXô ó•PKQ�EGFIòK[\óMñ•ófd•Q�W`ô WXFIH�ñfQ�óqñ9ófPKQ�øRgX[KFcó9ófg �XN

ï

PKQ”� ��� !"�"�#�

ñwóqWUófQ�ô•QRFcó•ñ|[Kò$HIWUófQ½ófPKQ½ó•WXöKeGQ4ö‘J"WjHKH\EhFKa?ófPIQ½FKQ�üÜEGFKòI[\ó-ùUW`eh[KQ½ófg?ó•PKQ4ñf[Kô W`FIH �
ófg

ófPKQ8øRgX[KFcó�N

ï

PIQ �#� !�%•���&�"�#��ñwóqWUófQ�ô•QRFcó•ñ�d•Q�ó•[KdfF(ófPKQ �<FIW`e\d•Q�ñf[KeGó�gXð$øRgXô•òK[\óqWUófEhgXF

öcJ²WXòKò<Q�FIH\EhFKa(EGó/ófg'!�����+�!��

�

ðÙgXdoø�gjF\ðÙgXd•ô•EZówJ9ü?EGófP � "%$¹T)!&����+�!��ØEÅñ4ùcEhQRü/Q�HMWXñ

W8óqW`öKehQ½ü?PKEÅøqPCø�W`FCPIW‡ùXQ4ô([KeGófEhòKehQ4ùUW`eh[KQ}ñRTUW`F<H�ófP‘[Iñ�WXF{�š�1— � !)�‚�š�����Üø�gXF<ñwó•df[Iø�ó�EÅñ

[Iñ•Q}HÊNX]'Q�WXehñfg)WXHIH•EGFcófQ�dfô•Q}H\EhW`ófQ8d•Q�ñf[KeGó•ñ�ðÙd•gXô ófPIQ�ø�gjô•òK[\ó•W`ófEhgXF•ó•g�ófPKQM!&����+�!��

ó•W`öIeGQ)WjñoòIW`dfó?g`ð|ó•PKQ’� ��� !"�"�#��ñ•ó•WUó•QRô•QRFcóqñRN

$úQ�ó9[IñCFKgUü ø�gjFIñ•EÅH\Q�d)ófPIQ!ü/QRehe4û‘FKgUü?F�òKdfgjöKehQRô g`ð�øRgjW`ehQ�ñ•ø�EhFKa@W`ð•ófQ�dCòKd•g=�wQ}ø“õ

ófEhgXF_EGF_W!ófQ�ô9ò$gXdqW`e�óqW`öKehQXN|]ÝQ�H\Q
�IFKQ•ó•PKQ²W`aXajdfQ�ajW`ófQ����	��
 ��
����jTOü?PKEhøqP'óqW`ûXQ}ñ�ówü4g

òIW`dqW`ô•Q�ó•QRdqñRý�������� EÅñ?ó•PKQ)ñwóqW`dfó?ófEhô•QXT����²EÅñoó•PKQ)QRF<HMó•EGô•QjN 28F<H\QRd?ó•PKQ(Wjñfñf[Kô•ò\ófEhgXF

ófPIW`ó
óf[KòKehQ�ñ½W`d•QoñfgXdfófQ}H)ö‘J(EhFIøRdfQ}WXñfEGFKaÚñ•ó•W`dfó�ófEhô•QXT`ü/Q8øRWXFCò$QRdfðÙgXd•ô ófPIQoó•WXñfû)EhF•gXFKQ

ñfø�W`F²g`ðÊó•PKQÚHKWUóqWKN-�uF²ófPKQM� �#� !"�"�#�Cd•gX[KófEhFKQXTjü?PKQRFMófPKQ�FKQRü EhFcófQRd•ùUW`e$gUùXQ�dfeÅW`òIñ�ó•PKQ

ø�[Kd•dfQ�Fcó)EGFcófQ�dfùUWXe½ñwó•gXd•Q�H'EhF_ófPKQ�
��������•ó•WXöKehQXT|ü/Q�ø�gcW`ehQ�ñ•ø�Q•ó•PKQ²ówü/g�EGFcófQ�dfùUWXehñ�EhFcófg

gXFKQ8ü?PIEhøqP²Q�FIHKñ4ü?EZó•P•ófPKQ�ehW`ófQRd4g`ðOófPIQ�QRF<H•ófEhô•QXN ��ó•PKQRd•ü?EÅñ•QjT`ófPIQ�ø�[Idfd•QRFcó¹EhFjó•QRd•ùUW`e

Ehñ
EhFIñfQRdfófQ}H•EGFcófgÚó•PKQ‡!����I+�!���ó•WXöKeGQ?ü?PIEGehQ?ófPIQ8FKQRü EhFjó•QRd•ùUW`eKö$Q�øRgXô•Q�ñ¹ófPKQ�øR[Kd•dfQ�Fjó

gXFKQjN
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;=<><&? @A<";CBD@��! #HM_(^?Ç"��^[N$#¥Ì�kKÉ Y�VXE˜^Ih)T�k•Y�VXE ^�Z
\

Nec�TqËcÌ�T
Y�VXE˜^Ih)Q5O"%”Y�VXE ^�Z

`

B�;Da>b.@'c�TqË.T�QdNej'&$Ì�kKÉ Y#VgE˜^�h>jlY�k$Y�VXE˜^ Z�n

p�q�p BDp ;Kb5p r>@s\�t

p�q uU@C?CBvpwq)B&xvc�TqËyTXQ{zC;Db5|&@5u"N(#ÕÌ�kKÉ h>TXkdZ�n

~

p BD@C?�;CBK@	\�t

|&•)€";CBK@{c�TqË.T�Q•uU@5B‚j Y�k	ƒ T�k

‘�“�@C? @•j Y�k*),+-#¥Ì�kKÉf;Dq�€™j Y�k/. T�k"n

p�q uU@C?CBvpwq)B&x Ì�Q5TqÈ$Ì‰OŠuU@Cb.@y‹UB‚j'&$Ì�kKÉ	h>j Y�k

Žy?dx�••c�TqË.T�Q’‘”“�@C? @{j Y�k/.0#ÕÌ�kKÉ n

|&•)€";CBK@{c�TqË.T�Q•uU@5B‚j'&$Ì�kKÉ„ƒ1#ÕÌ�kKÉ	h>j Y�k ƒ T�k

‘�“�@C? @•j Y�k*.2#¥Ì�kKÉ n

~

BD@C?>•‡p�q);CBD@s\&t

p�q uU@C?CBvpwq)B&x Ì�Q5TqÈ$Ì‰OŠuU@Cb.@y‹UB‚j'&$Ì�kKÉ	h>j Y�k�Žy?dx�••c�TqË.T�Q�n

~

~

ï

PKQÚð¥WXø�ó?ófPIW`ó�2 �
;

ñ8EhF
;

ï

$|W���WXdfQÚü?d•EZófófQ�F�EGF4�#"%$ÜWjøqPKEGQ�ùXQ}ñ?ø�gXô•òIW`ófEhöKEheGEGówJ

g`ð¹HKWUóqW•ówJ‘ò<Q}ñ�WXFIH�òKd•gXaXdqW`ô•ô•EhFKa•òIW`dqWXH\EhaXô²ñ?WXFIH�EGFIPKQRd•EZóqñ?ó•PKQ(ü/QReheZõ¬û‘FKgUü?F^ö<Q�F\õ

Q �Kóqñ?g`ð
HKWUóqW`öIWjñ•Q�÷c[KQ�dfJ!ehWXFKaX[IWXaXQ}ñRT\ñf[IøqP�WXñ?ñ•øRW`eÅW`öIEGehEZówJjTKHKWUóqW•EGF<H\QRò$QRFIHKQRFIøRQ(W`FIH

òKehWX[IñfEGöKEhehEZówJjN

ï

PKQ^WXöKEheGEGówJÜg`ð"EGFcófd•g\H\[IøREGFKa_W`F<HÛô²W`FKEhòK[KeÅWUó•EGFIa'FIQRü®óqW`öKehQ�ñ•EÅñ9gXFKQ

g`ð?ófPIQ �Idqñwó•ø�gjdfFKQ�d•ñ•ófgjFKQ�ñ)g`ð
;

ï

$|W-�"3�ò<gUü/QRd}N

ï

PKQ^ñ•Q}ø�gjFIH_Ehñ(ófPIQ!W`öIEGehEZówJ_gXð8gXFKQ

W`aXajdfQ�ajW`ófQ�ø�W`eheGEhFKa²W`FIg`ófPIQRd}Tcgjd8øRWXeGehEGFIa9EGó•ñfQReGð�dfQ}ø�[Kdqñ•EhùXQ�eGJjN

ï

PKQ
;

ï

$-W��!ø�gjô9òIEGehQRd/ófdqW`F<ñ•eÅWUó•Q�ñ
;

ï

$|W-��òKd•gXajd•WXô²ñ¹EhFjó•gMD()*) ø�g\H\QjN
;

ï

$|W��

WXH\gjò\ó•ñ�W`F�gXò$QRF�EhFcófQ�d•ð¥Wjø�Q�ðÙgjd�EGó•ñ�òKP‘J‘ñfEÅøRW`e-HKWUóqW²ô•g‘HKQRe‹T$ñfg•ófPIW`ó�ó•PKQCñfJ\ñwó•QRô øRW`F

eGEhFKû@ü?EGófPÛW^ùUW`d•EhQ�ówJØgXð/òKP‘J\ñfEhø�W`e¹HKW`ó•W`ö<WXñfQ9Ehô•òKehQRô•QRFcó•W`ófEhgXFIñ�N

ï

PKQ 
/Q�dfûjQRehQRJ4�%




­$y“’�rRs•Ð��Êµ`twnqxcˆu‚ƒÓc”ƒn�€`p‘rRtw‚ƒyRÖ‹­<nqv�p\y�s•rR”<m?r�t•r�Ócr�ˆunqˆ��

š

eGEhöKdqW`d•J_þ < � ��EÅñ"FKgUü [IñfQ�HÝWXñ ;

ï

$|W�� 3$ô²WXEGF'ñwó•gXdqW`aXQ(ô•WXFIW`ajQRd}TIöK[KóÚü/Q9PIW‡ùXQ)FIgUü

WXHKH\Q}H+ñf[KòKò$gXdfó9ðÙgXd•EGFKõ‹ô•QRô•gjdfJ_óqW`öKehQ�ñ�T
W`FIH�ófPKQ�dfQ^EÅñ9øR[Kd•dfQ�Fjó•ü/gXd•ûÝó•gÜñ•[KòIò<gjd•ó

	oõÕó•dfQ�Q�ñ�þ � b �¬N

;

ï

$|W��12 � ; ñ9ø�W`F+QREGófPKQ�dCö$Q![<ñ•Q}H�WXñ9ñ•ó•W`F<H‘õ¬WXeGgjFKQ�òKd•gXajd•WXô²ñ)gXd}T�EGô•ò$gXdfófQ�H
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W`FIHÚó•QRô•ò$gXdqW`eXQRY‘ófQRFcóqñRN .K[KdfófPIQRd•ô9gjdfQjT�]'gXd•ö<gUJ\ñ�3�W`òIòKdfgcWXøqPÚöIWjñ•Q}HÚgXF(ñfEGô•òKehQ�Y\Q}ñúö‘J
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�P R�T�E��‰2/G
�����

�
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ï

PKQ•ù‘EGdfóf[KQ9g`ð/ø�gX[IFjó•QRdqø�ehg\øqûcü?EÅñfQ(H\EhdfQ}ø“ófQ}H�ó•dfEÅW`FKajeGQ}ñ�ehEhQ�ñ
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ï

PKQ?ò<gjEGFcófõ‹ehg\øRWUó•EGgjF•òKdfgjöKehQRôæEÅñ¹WXF9Ehô•ò<gjd•óqW`Fcó½ø�gjô•òK[\ó•W`ófEhgXFIWXe\aXQ�gXô•Q�ó•dfJ)òIdfgjöKeGQ�ô
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W`d•Q?ófPKQ"ñwóqW`dfó4W`F<H•QRFIH²ò$gXEhFcó•ñ4g`ðOófPIQ�ehEGFIQ�W`FIH²ófPKQ�ehWjñwó½ùjQRdfófQRY9EÅñ¹ó•PKQ�øRQRFcófQ�d½gXð$ó•PKQ

eGEhFKQXN
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; �87

;=<><&? @A<";CBD@��! iW Y1HMVgW$N� "! �XQ.j-Tl}{Y�]‡VgHMW’LM_&^Ih  #!���Q5jlT%$'Y#]
VXH‡W{LM_(^�Z

\>VXW Y

`

B�;Da>b.@'c�TqË.T�QdN-!ŠVXW YmZ�n

B�;Da>b.@•TqÌDShËyO.T\WšQ5c N� "! �XQ5jlT‡Y#]
VXH‡W{LM_(^�Z�n

B�;Da>b.@ V>k\S�OCToc NPJ�Q`Ì�T�QSR 
  mVgW�YmZon

B�;Da>b.@•Q %.TAQ5cl}CN�WUS�O"Q�}{_&VgW�^�h=j-k\È)OCTl}{VXW YmZ�n

B�;Da>b.@•Q %.TAQ5c%$"N�WUS�O"Q�$F_&VgW�^�h=j-k\È)OCT%$FVXW YmZ�n

p�q�p BDp ;Kb5p r>@s\�t

p�q uU@C?CB*p�q B(x c�T•ËyT�Q�zC;Db5|&@5u	}yn

~

p BD@C?�;CBK@	\�t

p�q uU@C?CB*p�q B(x T•Ì
SGËAO.T\W Q•zC;Db5|&@5u"N� "! �XQ5jlTl}.Zon

p�q uU@C?CB*p�q B(x V>k\SšOdToc[zC;Db5|&@5u"N� #!���Q5jlT%$KÎ�J�QXÌ�T�QSR)Z�n

p�q uU@C?CB*p�q B(x Q %.TyQ.cl}MzC;Db.|(@.uUN� "! �XQ.j-Tl}‘Îw^�%2TAQyZ�n

|&•)€";CBK@{jlk‘È)OdT-}'ƒ jlk\È"OdTl}•†ˆ}�‘�“�@C? @� #!���Q5jlTl}cÎw^�%.TAQ	p�q

�

ud@db5@y‹UB4W�S�O"Q�}	ŽA?dxI• Q	%2TAQ5cl}.Z�n

p�q uU@C?CB*p�q B(x Q %.TyQ.c%$’zC;Db.|(@.uUN� "! �XQ.j-T%$IÎw^�%2TAQyZ�n

|&•)€";CBK@{jlk‘È)OdT2$•ƒ jlk\È"OdT%$$†ˆ}�‘�“�@C? @� #!���Q5jlT%$KÎw^�%.TAQ	p�q

�

ud@db5@y‹UB4W�S�O"Q�$�ŽA?dxI• Q	%2TAQ5c%$�Z�n

~

BD@C?>•‡p�q);CBD@s\&t

|&•)€";CBK@{c�TqË.T�Q•uU@5B !™ƒ�–•‘”“�@C? @•q>xKB‚@���p u.B

�

ud@db5@y‹UB™J�QXÌ�T�QSR™ŽA?dxI• V=k S�OdT�clh>TqÌDShËAO.T WšQ5c

‘”“�@C? @�!#��' ! & � NPJ�Q`Ì�T�QSR=h  "! ��Q5jlT�Ziƒˆ}.Z�n

x�?•@��Kp u.B

�

ud@db5@y‹UB !#�$�)��&(')� *��oN�WUS�O"Q�}Ah W�S�OUQ�$AZMŽA?dx�• Q %.TAQ5cl}Ah)Q	%2TAQ5c%$

‘”“�@C? @{jlk\È"OdTl}Fƒ }’;Dq�€™jlk\È"OdT%$$ƒ }.Z�n

p�q uU@C?CB*p�q B(x�Ì�QST“È$Ì‰O”ud@Cb.@y‹UB !˜ŽA?dxI••c�TqËyT�Q�‘�“�@C? @ !™ƒ }An

~

~

ï

PKQ/ðÙ[KFIø“ó•EGgjF , ��
!, � �oEÅñ
WÚöK[KEheZófõ‹EhF9ðÙ[KFIø“ó•EGgjF9ófPIW`ó¹ü?EGehe\QRùUW`eh[IW`ófQ/ófg �oEGðOW"ò$gXEhFjó¹EÅñ

� ���
� �&!"W)ófd•EhWXFKaXehQ

�

,Cg`ófPIQRd•ü?EhñfQ

�

W`FIH²ófPKQ"ðÙ[KFIø�ófEhgXF , ����� � 
���� �¹EÅñoW(öI[KEGeGó•õ¬EhF�ðÙ[KFIø�ófEhgXF

ófPIW`óCü?EheGe/dfQRóf[Kd•F_ófPIQ^øRgXô•ô•gXFÜòIWXd•ó(gXð?ówü4g@EGFcófQ�d•ñfQ�ø�ó(ehEGFKQ}ñRNY�¬ó9HKgcQ}ñ)FKgXóCd•Q�ó•[KdfF

W`F‘JcófPKEhFKa•EZð�ófPIQ�eGEhFKQ�ñ�H\g•FKg`ó8gUùjQRd•ehWXò�gXd8øRdfgcñfñ�N

ï

PKQ@ñfòIWUó•EhWXe�W`ajaXd•QRacWUófQ � �m���)���š��
 ��� � ��� �

S

����� � ��� �

b

�•ó•PKQRF [<ñ•Q}ñ , �'
 , �	�@W`FIH

, ����� � 
���� �Êó•g�ó•Q�ñ•ó�EGð ��� � ��� �

S

ø�gjFcó•W`EhFIñ ��� � �����

b

N

ï

PKQ/W`aXajdfQ�ajW`ófQ �Idqñwó�EGófQRdqWUó•Q¹ó•PKdfgj[KaXP

W`ehe‘ófPKQ?d•Q�øRgXdqHKñ�W`FIHCEGF<ñ•Q�d•ó�ófPIQoófd•EhWXFKaXehQ�ñ�ö$QRehgXFKajEGFKa"ó•g ��� � ��� �

S

EhFcófgÚgXFIQ4óqW`öKehQXT‡ó•PKQ

ùXQRdfófEÅø�Q}ñ¹gXð ��� � �����

b

EhFcófgCWXFKg`ó•PKQRd½ó•WXöKeGQjT\W`FIH•ó•PKQREhd/Q�H\ajQ�ñ¹EhFcófg(ówü4gCg`ófPIQRdoH\E �OQRd•QRFcó

ó•W`öIeGQ}ñRN

ï

PKQ"Q�H\ajQ�ñ½WXdfQ"WXñ•ñ•g\øREhW`ófQ�H•ü?EGófP^W)ø�gj[KFcó�N �¬ðÊófPIQ"øRgX[KFcó4EÅñ �XTcófPKQ�F²ófPIQ�Q}H\aXQ

gXFKehJØg\øRøR[Kd•ñ"gjFIø�Q9EGFÝófPIQ�ñ•QRóÚgXð¹ófd•EÅW`FKajeGQ}ñ

�

ófP‘[Iñ"ó•PKQ²Q�HKaXQ9Ehñ�WXFÝgj[\ófQ�d"Q}H\aXQjTOEÕN QXNhT

W`F^Q�H\ajQ"gXð-ó•PKQ�gXd•EhaXEhFIW`eOò$gXehJcajgXFúN

�uFKEZó•EhWXeGehJXT��"EhF²ó•PKQ[—��)�)���9EÅñ4ñfQ�ó½ófg �jNJ�¬ðÊó•PKQRd•Q�QRY‘EÅñ•ó•ñ½W)ùXQRdfófQRY9gXð ��� � �����

b

ófP<WUó

Ehñ?FIg`ó�ø�gjFcó•W`EhFKQ}H!EhF�W`F‘J�ó•dfEÅW`FIaXehQ"gXð ��� � ��� �

S

TKgXd�EZð�ófPKQ�EGd�gX[\ó•QRd8Q}H\aXQ}ñ?ø�d•gjñ•ñRT‘ó•PKQRF

�Cü?EheGe-ö<Q(ñfQ�ó�ófg•,ITKófP‘[Iñ�FKg`ó8EhFIñfQRdfófQ}H�EGFcófg�ófPKQ•!�����+�!��_ó•WXöKehQXN
;

ñ�W²d•Q�ñf[KeGó�T\ó•PKQ
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�
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; FKgXófPKQ�d!QRY\WXô•òKeGQÝEhñ!ó•PKQÝWXaXaXd•QRacWUó•Q*��@�� !&� � ��Toü?PKEhøqP øRW`F�ö<Q_H\Q �<FKQ�H WXñ

ðÙgXeheGgUü8ñ�N

/10

KML D"2/T�3
�y4#�I6

�

	 $ ; Q

;=<><&? @A<";CBD@� IJ ^�]‡_(H�
iN� #!���Q5jlTl}•Y�]
VXH‡W{LM_(^�h  "! �XQ5jlT%$$Y�]‡VgHMW’LM_&^ Z

\>VXW Y

`

B�;Da>b.@'c�TqË.T�QdN-!ŠVXW YmZ�n

B�;Da>b.@•Q %.TAQ5cl}CN�WUS�O"Q�}{_&VgW�^�Zon

B�;Da>b.@•Q %.TAQ5c%$"N�WUS�O"Q�$F_&VgW�^�Zon

p�q�p BDp ;Kb5p r>@s\�t

p�q uU@C?CB*p�q B(x c�T•ËyT�Q�zC;Db5|&@5u'–dn

~

p BD@C?�;CBK@	\�t

p�q uU@C?CB*p�q B(x Q %.TyQ.cl}MzC;Db.|(@.uUN� "! �XQ.j-Tl}‘Îw^�%2TAQyZ�n

p�q uU@C?CB*p�q B(x Q %.TyQ.c%$’zC;Db.|(@.uUN� "! �XQ.j-T%$IÎw^�%2TAQyZ�n

~

BD@C?>•‡p�q);CBD@s\&t

|&•)€";CBK@{c�TqË.T�Q•uU@5B !™ƒˆ} ‘”“�@C? @•@ �Kp uyB

�

ud@db5@y‹UB !#�$�)��&(')� *��oN�WUS�O"Q�}Ah W�S�OUQ�$AZMŽA?dx�• Q %.TAQ5cl}Ah)Q	%2TAQ5c%$	n

p�q uU@C?CB*p�q B(x�Ì�QST“È$Ì‰O”ud@Cb.@y‹UB !˜ŽA?dxI••c�TqËyT�Q�‘�“�@C? @ !™ƒ }An

~

~

�‘EGô•EhehWXd�ó•g � �m���)���š�/T4ófPKQ_ñ•ò<WUófEÅW`e"W`ajaXd•QRajW`ófQ/�B@�� !&� � � [IñfQ�ñ , ����� ��
������²ófg

ófQ�ñ•ó?EZð�W`F^Q�H\ajQ�gXð�W(ófd•EhWXFKaXehQ"ö<Q�eGgjFKaXEhFKaCófg ���	�$�����

S

ø�d•gjñ•ñ•Q}ñ4WXFMQ�HKaXQÚg`ð-WCó•dfEÅW`FKajeGQ

ö<Q�eGgjFKaXEhFKa�ó•g ���	�$�����

b

N

ï

PKQRd•Q�ðÙgjdfQjTÊófPKQ^W`ajaXd•QRajW`ófQ �Idqñwó(EGófQ�d•W`ófQ}ñ�ófPIdfgj[KaXPÜW`ehe¹ó•PKQ

dfQ}ø�gXdqHKñ4W`FIHMEGFIñfQRdfó•ñ½ófPIQ�Q}H\aXQ}ñ½gXð ���	�$�����

S

WXFIH����	�$��� �

b

EGFcó•g(ówü/gCH\E/�OQRd•QRFcó4óqW`öKehQ�ñ�N

�¬ð
ófPKQ�dfQCQ�Y\Ehñ•ó•ñ8ówü4g!ø�d•gjñ•ñ•EhFKa²Q�HKaXQ�ñ�TKó•PKQRFØófPKQCù‡WXeG[IQ(g`ð �•ü?EGehe�ö<Q9ñ•QRó�ófg �XT$ü?PKEhøqP

ü?EGeheXó•PKQRF�ö$Q½d•Q�ó•[Kd•FKQ�HÚö‘J�ófPKQ/W`aXajdfQ�ajW`ófQ ��@�� !&� � �-
 ���	�$��� �

S

�'���	�$��� �

b

�

�

g`ófPIQRd•ü?EhñfQXT

��@�� !&� � �-
 ���	�$��� �

S

� ���	�$�����

b

�/ü?EheGe|FKg`ó?d•Q�óf[IdfF�W`F‘JcófPIEGFKa<N

�uF�W²ñfEhô9EheÅW`doð¥WXñfPKEhgXFúTIQRFIH‘õ¬[IñfQRdqñ?øRWXF^Q}WXñfEGehJ!HKQ �IFKQ)WjHKH\EGófEhgXFIWXeúgXò$QRdqWUó•gXdqñoñ•[IøqP

WXñ�� $
.

���K� ���8TA$ �›—
.

�[���&��T‡ófP‘[Iñ
òIdfg\H\[IøREGFIaÚWÚñfòIWUó•EGgXõÕó•QRô•ò$gXdqW`e\HKWUóqW`öIWjñ•QoñfJ‘ñ•ófQ�ô

ófPIW`ó8PIWXñoò$gUü4Q�d•ðÙ[IeÊòKdfEhô•EZó•EGùjQ�ñ?WXFIHMEÅñ8øR[Iñwó•gXô•E�
RQ�HMðÙgXdoó•PKQREhd�WXòKòKehEhø�WUófEhgXF|N

����� �

�(E\+
)>-�� 	 $!� � -27�E

8��

G2G27�$ G2E\+�$ =

�‘gXô•Q�gjò<Q�d•W`ófgjd•ñ½ô•W‡J•d•Q�÷c[KEhdfQ"H\Q�WXeGEhFKaCü?EZó•PMö$g`ófP^ñ•ò<WUófEÅW`eOW`F<H•ófQ�ô9ò$gXdqW`eOEhF\ðÙgXd•ô²WUõ
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`
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^�HM_Dh T S•É'Q �
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�

p�q�p BDp ;Kb5p r>@s\�t

p�q uU@C?CB*p�q B(x c�T•ËyT�Q

zC;Db5|&@5u"Ne–dh *+���$�)��&��yN� "! ��Q5jlT�Z�h *+���$�%��&

�

N� "! �XQ5jlT‰Z�h=Y�Q5O"%>Zon

~

p BD@C?�;CBK@	\�t

|&•)€";CBK@{c�TqË.T�Q•uU@5B

%™ƒ %™†�c��KÌ�T N�N%* ���$�)��&���N� "! �XQ5jlT‰Z ��R)Z

©

† N%*+���$�%��&

�

N� "! �XQ5jlT‰Z �?Í)Z

©

Z�h

R�ƒ * ���$�)��&��AN� #!���Q5jlT‰Zoh-Í�ƒ *+���$�)��&

�

N� "! �XQ.j-T‰Z�h>T S•É•Q$ƒ…Y�Q5O"%

‘�“�@C? @'Y�c�TqËjÌ‰T
ƒ…T S•É•Q$† }.Z�n

p�q uU@C?CB*p�q B(x c�T•ËyT�Q

zC;Db5|&@5u"Ne–dh *+���$�)��&��yN� "! ��Q5jlT�Z�h *+���$�%��&

�

N� "! �XQ5jlT‰Z�h=Y�Q5O"%>Zon

‘�“�@C? @'Y�c�TqËjÌ‰T�� + T S•É'QF† }.Z�n

~

BD@C?>•‡p�q);CBD@s\&t

p�q uU@C?CB*p�q B(x�Ì�QST“È$Ì‰O”ud@Cb.@y‹UB % ŽA?dxI••c�TqËyT�Q�n

~

~

ï

PKEhñ
WXaXajdfQ�ajWUó•Q4ø�W`eÅø�[KeÅWUó•Q�ñ�ófPIQ�H\EÅñwóqW`FIøRQoWXF•gXö��wQ}ø“ó�ófdqW‡ùXQ�ehñ�EhF•Q�WXøqP•ø�gjFcófEhFc[IgX[Iñ

ófEhô9Q(ò<Q�dfEhg\HÊNI]'Q(øRWXehøR[KeÅWUófQ)WXFIH�ñf[Kô7[Kò�ó•PKQ(H\EÅñ•ó•W`F<ø�Q)ö$Q�ówü/QRQ�F�ówü4g•ò$gjñfEZó•EGgjFIñ8gXð

ófPKQÚø�Q�Fjó•QRdog`ð|WXFMgjö��wQ�ø�óoW`ó4ówü/gCøRgXFIñfQ�øR[\ófEhùXQ�ófEhô9Q"EhFjó•QRd•ùUW`eÅñRNc] PKQRF!ófPIQ"ñ•ó•WXd•ó/g`ð-W

FKQRü ó•EGô•Q"EGFcó•QRd•ù‡WXe<EÅñ4FKg`ó?ø�gjFIñ•Q}ø�[\ó•EGùjQ?ófgCófPIQ�Q�FIHKñ4g`ð-WXFcJ9Q�Y\EÅñwó•EGFIa)ófEhô•Q�EhFcófQ�dfùUW`eÅñ

EGF^ófPIQ!
��������"ó•W`öIeGQjT\ü4Q�ñ•ó•W`dfó8W9FKQRü dfgj[KFIH!g`ð�ø�W`eÅø�[KeÅWUó•EGgjFúN�28ò$gXF^ófQ�dfô•EhFIWUó•EGgjFúTKW`ehe

ófPKQ���ùUW`eh[KQ�ñ�EGF�ó•PKQ 
���������ó•WXöKehQXTIE‹N QXNhTKófPIQCH\EÅñwóqW`FIøRQ�ófdqW‡ùXQ�eGQ}H!ðÙgXd8Q}WXøqPØø�gjFcófEhFc[IgX[Iñ

ófEhô9Q4ò<Q�dfEhg\HÊT‡W`d•Q¹dfQRóf[Kd•FKQ}HÊN

ï

PIQ½öK[KEheGó•õ¬EGF�ðÙ[IFIø“ó•EGgjFIñ ���
����� �	��WXFIH ��������� ��
?ø�W`eÅø�[KeÅWUó•Q�ñ

ófPKQ[IØWXFIH

K

ø�g‘gXdqH\EhFIWUó•Q�ñ/g`ð�ófPIQ)ø�QRFcó•QRd?g`ð�W`F^gXö��wQ}ø“ó}TKdfQ}ñ•ò$Q�ø�ófEhùXQ�eGJjN

��
 �úé��qê¹é � �
ç�í/�

;
ûXQ�JÝ÷c[KQ�ñ•ófEhgXF'ó•g�QRùUW`eh[IWUó•Q•ófPKQMQU�OQ�ø“ó•EGùjQRFKQ}ñfñ)g`ð/ófPKQ]� "%$ `-a W`òKòIdfgcWXøqP'Ehñ�PIgUü

ô([IøqP+gUùXQRd•PKQ}WXHÝófPKQ�dfQ^EÅñ)ó•gÝPIW‡ùjQ�gX[IdCQRYcó•QRFIñfEhgXFIñCòKd•gXaXdqW`ô•ô•Q�H_EhF � "%$�dqWUó•PKQRd

ófPIWXF�EGF'D�gjd"D()*)CN

ï

PKQ�dfQRðÙgXd•Q�ü4Q)ò$QRdfðÙgXd•ô•Q�H^ó•PKQ�ðÙgXehehgUü?EGFKa²QRY\ò<Q�dfEhô•QRFcó�gXF�ó•PKQ

ø�J\ø�ehgXFKQ^HKWUóqWÝñfQ�ó•gXöKó•W`EhFKQ}H_ðÙdfgjô�þ �
�‹N

ï

PKQ�HKW`ó•W@ñfQ�ó²ø�gjFcó•W`EhFIñ9W&< �Uõ¬JXQ}W`d)d•Q�øRgXdqH

� �]�@W‡J ���JbJb^ó•PKd•gX[KajP � �@��Q�øRQRô(ö$QRd �
�"� �-�"g`ð�HKWXEGehJÜø�J\ø�ehgXFKQ!ñwóqWUófEÅñ•ófEÅøRñ(ðÙgXd)ó•PKQ

78gXdfófPIQRd•F•V�QRô•EÅñ•òKPIQRd•QXN

ï

PKQ8HIWUó•WÚñfQ�ó½EhFIøReG[IHKQ�ñ�ó•PKQ8ò$gjñfEZó•EGgjF9WXFIH9òKdfQ}ñfñf[Kd•Qog`ðOQ�WXøqP

ø�J\ø�ehgXFKQjTÊófgjaXQRófPKQ�d�ü?EZó•P_ófPKQ � �7g`ðoófPIQMø�J\ø�ehgXFIQ•WXFIHÜW�HKW`ófQ �IQ�ehHÊN
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4Q�dfûjQRehQRJcõ���

;

Q^� �“TÊW`acW`EhFIñwó

ófPKgcñ•Q8ü?d•EGó•ófQ�F²EGF
;

ï

$|W��ÊN
;

F²EhFIH\QRY9P<WXñ¹ö$QRQ�FMø�d•Q�W`ófQ}HCgjF•ófPKQ‡��$ �.� 
���� � �
øRgXeh[Kô•FIñ

g`ðÊófPIQ����'� 
 �A�'�8ó•WXöKehQ�W`F<H²gXF•ó•PKQ � ��� �"ø�gjeG[Kô•F�gXðÊófPKQM� 
�
 �#���)ó•WXöKeGQjN‘]ÝQ"ø�gXô•òIWXdfQ

ófPKQ"dfQ}ñ•[IeZóqñ4gXðúófPIQ"÷c[KQ�dfEhQ�ñ/EhF�ðÙgX[IdoHKE �OQRd•QRFcó?øRWXñfQ�ñ�ý � �:�
;

ï

$|W-�²[IñfEhFKaCEhFIH\QRY\Q�ñ

�

��<J�

;

ï

$|W��ÜFKg`ó•[IñfEGFKa@EGFIHKQ�Y\Q�ñ

�

� ���9D()*) [IñfEGFKaÝEGF<H\Q�Y\Q�ñ

�

W`FIH9�58-�9D()*) FKg`ó9[Iñ•EhFKa

EGFIHKQ�Y\Q�ñ�N

]ÝQÚó•Q�ñ•ófQ�H!ó•PKQ)ò$QRdfðÙgXd•ô•WXFIø�QÚgXð-ó•PKQÚðÙgXeheGgUü?EhFKa9ðÙgX[Id�÷c[KQRd•EGQ}ñogXF�W Q�QRFcófEh[Kô � � �

ü?EZó•P�W•ñfEGFIaXehQ �5,5,jV"iØòKdfg\øRQ�ñ•ñ•gjd/WXFIH � b5,��4
 ô•QRô•gXd•JXT\d•[KFKFIEGFKa,$ �87 28LCN



˜•›

{�‚ƒx‘Ð`Š���œc{�ŽcnqxI„cº/r�‚‰µX~cxC°�r�xj»j„cr�x‘Ð9{�rRsw”ƒy��Kr�xc‚ƒy�”Zy

/10

KML D"2/T�3�2.4�.�EGF<HMó•PKQ)H\[KdqWUó•EGgjF!gXð-ó•PKQ)ø�J\øReGgjFKQ�ñ/g\øRøR[Kdfd•Q�H!EhF0+j[KFKQjT �
��bJbKN

uU@Cb5@A‹dB*V	�•h1€D|&?�;CBDp xIq�NeY#c�T•ËcÌ�Tlh=Y�Q5O"%>Z

ŽA?dxI• �8Í"jCW k�O"Q

‘”“�@C? @�� }��������8–�� �8–U}�� .,+ Y�c�TqËcÌ�Tm;Dq�€�� }��������8–
	8�8–U}�� ) Y�c�TqËcÌ�T

<&?dxI|(•$a65 V	�

0

200

400

600

800

1000

1200

1400

0 50 100 150 200

T
im

e 
(in

 m
ill

i-s
ec

on
ds

)

Number of Records (in thousands)

duration
AXL w/ key

AXL w/o key
C++ w/ key

C++ w/o key

& S T$Î
$IÎ 
KQXÌ�# k‘Ì�É!ËAO"jlQ²Ì�Q.c“È.WšTik�#���ÈUQXÌ�ÍŠ} 1

/10

KML D"2/T�3 �54�.�EGF<H ó•PKQ'HKEhñ•ó•WXFIø�QÝófdqW‡ùXQ�eGQ}H ö‘J ófPKQÜø�J\øReGgjFKQ�ñ!g\øRø�[Idfd•Q�H EhF +X[KFIQXT

�
�Jb�bKN

uU@Cb5@A‹dB*V	�•hD•#x(zKpwq>< €Kp u.BC;Dq=‹>@UN>V=kAc SšT Sšk�O=h�Y�c�TqËcÌ�Tlh=Y�Q5O"% Z

ŽA?dxI• �8Í"jCW k�O"Q

‘”“�@C? @�� }��������8–�� �8–U}�� .,+ Y�c�TqËcÌ�Tm;Dq�€�� }��������8–
	8�8–U}�� ) Y�c�TqËcÌ�T

<&?dxI|(•$a65 V	�

.-EhaX[IdfQ}ñ <^WXFIH �^WXdfQCófPIQ²dfQ}ñ•[KeGó•ñÚgXð½ó•PKQ�W`ajaXd•QRajW`ófQ}ñ�$ +�!U�)�I� �m� WXFIH % �B@ �

�š�B8 $ �›—��)�I�B�D�ON �‘EGF<ø�Q?ó•PKQ�F‘[KôCö<Q�d¹g`ðÊd•Q�ø�gjd•HIñ�ófPIW`ó½ô•QRQRó½ófPIQ�ñ•Q�eGQ}ø“ó•EGgjF�ø�d•EZó•QRd•EGgjF

Ehñ �KY\Q}HÊTKñ•g9ü?PKQ�F^WCûXQ�J�Ehñ/[IñfQ�HúT\ü4QÚgXFIeGJ²FKQ�Q�HMófg•d•Q�ófd•EhQRùXQ�ófPKQ)÷c[IWXeGE �IQ}H�d•Q�ø�gjd•HIñRT

ófP‘[Iñ�ó•PKQMd•Q�ñf[KeGó(g`ð8ò$QRdfðÙgXd•ô²W`FIøRQ²g`ð
;

ï

$|W-�_W`FIH D()*) WXdfQ�øRgXFIñ•ó•WXFjó}N|] PKQ�FÛFKg

ûXQRJ•EÅñ½[<ñ•Q}HÊT‘ü4Q�FKQRQ}H²ófg9ñ•Q}W`dqøqP•ófPKQ"QRFcó•EGd•Q"HIWUó•WXöIWXñfQXTcñ•g(ófPKQ"d•Q�ñf[KeZó/g`ðúó•PKQ"ò<Q�d•ðÙgjd•õ

ô•WXFIø�Q�g`ðúö$g`ó•P
;

ï

$|W-�²W`F<H!D()*) EGF<ø�d•Q�WXñfQ8ehEGFIQ�W`d•ehJXN-�uF�ö<gXófP^øRWXñfQ�ñ�T`ó•PKQ"òKdfgjaXdqW`ô

ü?dfEGó•ó•QRF²H\EhdfQ}ø“ófehJ(EhF!D()*) WXajWXEGFIñ•ó�ófPKQ�
4Q�dfûjQRehQRJ��%

;

Q[��gX[\ó•ò<Q�d•ðÙgjdfô²ñ
;

ï

$-W��Cö‘J

W9øRgXFIñ•ó•WXFcó�N

/10

KML D"2/T�3�� 4�.�EGF<H@ó•PKQ²ø�J\ø�ehgXFIQ�ñ"ü?PKEÅøqPÝg\øRøR[Kd•dfQ}HØEhFe+j[KFKQjT �
��bJbMWXFIHÝehWXFIH\Q�HÝgXF

ófPKQ�EÅñ•eÅW`F<H0�"WXPc[|N

uU@Cb5@A‹dB*V	�



­$y“’�rRs•Ð��Êµ`twnqxcˆu‚ƒÓc”ƒn�€`p‘rRtw‚ƒyRÖ‹­<nqv�p\y�s•rR”<m?r�t•r�Ócr�ˆunqˆ��

˜�š

0

200

400

600

800

1000

1200

1400

0 50 100 150 200

T
im

e 
(in

 m
ill

i-s
ec

on
ds

)

Number of Records (in thousands)

moving_distance
AXL w/ key

AXL w/o key
C++ w/ key

C++ w/o key

& S T$Î )IÎ 
KQXÌ�# k‘Ì�É!ËAO"jlQ²Ì�Q.c“È.WšTik�#���ÈUQXÌ�ÍŠ}��

ŽA?dxI• �8Í"jCW k�O"Q�h>VXc WGËAO"%

‘”“�@C? @�� }��������8–�� �8–U}�� .,+ Y�c�TqËcÌ�Tm;Dq�€�� }��������8–
	8�8–U}�� ) Y�c�TqËcÌ�T

;Dq�€™W9Ë\É•Q'ƒ��  "Ë��IÈ �

<&?dxI|(•$a65 V	�

“);Sz�p�q=<*‹"x�q B�;Kp�q1NP]
Q�T\S k�O(h(Y�Ì�Ë��XQ.j-T�k‘Ì�Í Z

100

1000

10000

0 50 100 150 200

T
im

e 
(in

 m
ill

i-s
ec

on
ds

)

Number of Records (in thousands)

contain
AXL w/ key

AXL w/o key
C++ w/ key

C++ w/o key

& S T$Î��$Î 
KQXÌ�# k‘Ì�É!ËAO"jlQ²Ì�Q.c“È.WšTik�#���ÈUQXÌ�ÍŠ} 	



˜ �

{�‚ƒx‘Ð`Š���œc{�ŽcnqxI„cº/r�‚‰µX~cxC°�r�xj»j„cr�x‘Ð9{�rRsw”ƒy��Kr�xc‚ƒy�”Zy

/10

KML D"2/T�3�/y4�.�EGF<H)ó•PKQ?H\Ehñ•ó•WXFIø�Q/ö$Q�ówü/QRQRF•ø�J\øReGgjFKQ�ñ-ü?PKEÅøqPCg\øRøR[Kd•dfQ}H�EGF3+j[KFKQXT ���Jb�b

W`FIHMófPKQ)øRgjWjñwó?g`ð�EÅñ•eÅW`FIHg�"W`P‘[úN

uU@Cb5@A‹dB*V	�•h1@C€&<&@ €Dp u.B�;Kq>‹=@dNeY�Ì�Ë��XQ.j-T�k‘Ì�ÍAh>]iQ�T\Sšk�O>Z

ŽA?dxI• �8Í"jCW k�O"Q�h>VXc WGËAO"%

‘”“�@C? @�� }��������8–�� �8–U}�� .,+ Y�c�TqËcÌ�Tm;Dq�€�� }��������8–
	8�8–U}�� ) Y�c�TqËcÌ�T

;Dq�€™W9Ë\É•Q'ƒ��  "Ë��IÈ �

<&?dxI|(•$a65 V	�

100

1000

10000

0 50 100 150 200

T
im

e 
(in

 m
ill

i-s
ec

on
ds

)

Number of Records (in thousands)

edge_distance
AXL w/ key

AXL w/o key
C++ w/ key

C++ w/o key

& S T$Î 1IÎ 
KQXÌ�# k‘Ì�É!ËAO"jlQ²Ì�Q.c“È.WšTik�#���ÈUQXÌ�ÍŠ}��

.-EhaX[IdfQ 8'W`FIH �ØñfPKgUü�T|EhF�ehgXacW`d•EZó•PKô•EhøMñfø�W`ehQXT-ófPKQ^dfQ}ñ•[IeZóqñ)g`ð�ófPKQ�W`ajaXd•QRajW`ófQ}ñ

� �m���)�����®W`FIH ��$:8�� $ � —��)�I�B�K�ON��‘ófEheGe‹T?ü?PKQRF WÛûjQRJ EÅñM[IñfQ�HúT4ó•PKQ'dfQ}ñ•[KeGó•ñ^gXð

ò<Q�d•ðÙgjdfô²W`F<ø�QØgXð
;

ï

$-W�� WXFIH D()*),W`d•QØø�gjFIñwóqW`Fcó�N4] PKQRF�FKgÛûXQ�J+EÅñ![Iñ•Q}HÊT¹ó•PKQ

dfQ}ñ•[KeGó•ñ/gXðúófPKQÚò$QRdfðÙgXd•ô²W`FIøRQ�gXð|ö<gXófP
;

ï

$|W-��W`F<H�D()*) EhFIø�d•Q�Wjñ•QjN
;

ajWXEGF|T-�uF!ö<gXófP

øRWXñfQ�ñ�T½D()*)
;

Q^�(gXð%
/QRd•ûXQ�eGQ�Jjõ��%
 EÅñ²ñfeGEhaXPcófehJÜð¥Wjñwó•QRd9ófPIWXF
;

ï
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