
���������
	
����� ����������������� �����
����� � ����
�!��"����#���%$&� �'$����(��) �

*�+-,/.1032546287:9<;=2?>@>A2CBED *�FHGJI/2?KMLON/9<PRQJ2?SRTLUFVSEW X�2?LUFHB(Y89<7 Q3KZ4[D 7=IR>@KMB(\@9R]^LU>A2?_�2?Q3>8FHB<D
`baCc1d-a-egfih-jlkme3conpjrq[s

tvu5wJtvt wJx?y{zo|~} �m���[x��m�Z} �ox��
fg���{e3co��e3�le~s

� ��wJ�����r�r�?y{zo|~} �?�o�[���o�r�p�Z} �1xm�
`baCc1d-a-egfih-jlkme3conpjrq[s
wJ�[� � y{z1|1} ������x�����} �ox��

`Oa-c1d-a-egfih-j�k�e3conpjrq[s
wJ���3y{zo|1} �����[xm����} �1xm�

���&�C���R���E�
�^�5 <¡�¢£ <¤/�5¤¥§¦g¤/¨�©�ª%«J�g¦{¬¥�ª�¥J¡p¨�®¯¥¯¡[ª3°E¢6±J²?³£³�ª�¨~´Z°�³V�5¢£¡
±J�5®8®@�? E²?³�¢£¡�ª�²?®@�? �µ·¶Z¤/¨�©�ª¸¨~´Z°�©~¨�¥J¥�¢6�5 /¥A¡��¸²-±3¹�¢6¨Zº5¨
¢£®=°E©~�?º�¨J»8¨6¼�±Z¢6¨� E±�ª�¡½¹©~�?¤Cµm¹�¥~¹/²5©~¨J»i°�©~�m±3¨Z¥J¥�¢£ �µ�¾À¿'¨ZÁ
±J¨Z <¡�³lª¯°�©~�3°/��¥�¨J»Â�g¦Ã¥�ª�¥J¡p¨�®¯¥:¹R²5º5¨§¢£ /¡[©~�M»?¤/±J¨3»�Ä�¢£ /Á
»C�?ÄÅ¥[°/¨3±�¢ ÆÀ±J²?¡�¢6�? R¥Ç¢£ È�5©3»C¨�©§¡p�¸¥�¤m°-°R�?©�¡&¤� �ÉJ�5¤� E»-¨J»
»C²?¡�²¸¥�¡�©3¨3²?®¯¥�¾�Ê�¹R¨�©~¨A¹R²�¥ÇÉJ¨J¨� RËg¹/�5ÄÌ¨�º�¨�©JË&³l¢£¡�¡[³V¨§¢£ /Á
º5¨�¥�¡[¢lµ-²?¡�¢6�? È�1ÍA¥~¹R²?©�¢£ �µAÍZ�?©§Ä�¢£ �»C�5ÄÌ¨J»Â¶�¤/¨Z©�ª·�3°/¨Z©~²?Á
¡p�5©J¥�¾ÇÎZ Ï¡½¹¢H¥&°R²J°R¨�©JË'ÄÌ¨Ð²C»-»5©~¨Z¥J¥¡£¹/¨@¥~¹R²?©~¨J»%¨3´¨J±Z¤�Á
¡[¢6�5 �oÍÀÄ�¢£ E»-�5ÄÌ¨J»{Ñ��5¢£ /¥3ËÒ²�±J�5©3¨ �3°/¨Z©3²5¡p�5©<ÍZ�?©'�g¦Â¥�ª�¥�Á
¡p¨Z®�¥�¾ÔÓ(¨A¥1¹/�5Ä
¡½¹R²?¡ ¡£¹/¨@¥�¡[©~²5¡p¨�µ?ª(¤¥�¨J»Ð¢£ Â¥�ª�¥J¡p¨�®¯¥
¡p��»C²?¡�¨(¹R²5¥�²Ð°E©3¨Zºm¢6�5¤¥�³�ªÏ¤� <©~¨p°R�?©�¡�¨J»Ð°/¨�©½ÍZ�5©�®A²5 E±J¨
Õv²5Ä�¡½¹R²5¡&±3²? Â E¨�µ�²5¡[¢£º�¨�³�ª(¢£® °/²C±�¡&¶�¤/¨�©�¢6¨�¥@Ä�¢£¡£¹�©~¨Z³U²5Á
¡[¢£º�¨�³�ª%¥J®A²5³£³gÄ�¢£ �»C�5ÄÖ¥�¾×Ó(¨Ð¡½¹R¨� ¸°�©~�3°/��¥�¨¸¡�ÄÌ�% E¨�Ä
¨3´�¨J±�¤�¡�¢6�? �¥�¡[©~²5¡p¨�µ?¢6¨Z¥�ÍZ�?©�¥~¹R²?©~¨J»Ñ��?¢£ R¥�¾ØÓ�¨%¨�º�²?³�¤�Á
²5¡p¨%¡£¹/¨�²5³�¡p¨Z©� �²5¡[¢£º�¨Z¥�¤¥�¢£ �µ�ÉJ�5¡½¹Ù²5 E²?³�ª5¡[¢6±3²?³�®@�m»C¨�³r¥
²5 �»�¢£® °�³V¨Z®A¨� /¡p²5¡[¢6�5 (¢£ (²&Ú�ÛgÜ(Ý�¾iÊ�¹R¨&©~¨Z¥�¤�³�¡6¥g¥~¹R�?Ä
¡½¹R²5¡@�5 �¨(¥�¡�©3²5¡p¨[µCª�Ë8±J²5³£³U¨3»ÏÜÂ¦¯ÊÞËg°�©~�5ºm¢6»C¨Z¥�¡£¹/¨�ÉJ¨Z¥J¡
°/¨Z©½ÍZ�?©�®@²? E±J¨@�5º5¨Z©�²©~²5 µ-¨8�oÍ�ÄÌ�?©~ß5³U�M²-»¥�¨�¡�¡[¢£ �µ?¥�¾

à á-â ���Rãvä=å=�E�Ræ1ã â
çpS�>A2CS�è�KM>8KMQ~_-FVS/_�2?éRé/LVFHG�2?0~FU+CS/.Mê�é/2?Q~0~FHGZ,/LU2CQ~LUè%FUS�éEK�Q3ë52C.~FVë-K
GZ+->@éR,�0~FUSR_�2CS/B�.1KMS/.~+CQ~ì[í/2-.1KmB�KMSë�FUQ3+CSR>@K�S�0J.�ê »C²?¡�²Â¥�¡�©~¨J²?®¯¥
éRLH2�èÏ2%G�K�S�0~QJ2?LgQ3+CLUKÐ2-.@B�K�ëFHGZKM.@G�+CS�0~FUS,R+C,/.~LUèÂQ~KMé<+-Q10@,Ré�ì[0~+Cì
0~I/KZì�>8FUS,�0~K�Q3KM2-B�FUSR_-.i+?4Ö.1KMS/.~+CQgë52?LU,RKM.Mê�LV+�GM250~FU+CS<.�ê�.1032503,/.g,Ré�ì
BR2?0~KM. KZ03GC9Àî&250J2A.o03Q~Km2?>A.v2?LH.1+84½Km250~,/Q~K�éRQ3+C>@FUSRK�S�03LVèÇFVS�+C0~IRKMQ
SRK�0oïÀ+-Q~T-KMBÂ2?é/éRLVFHG�2?0~FU+CS/.�.1,<GJI�2C.%ð1Q3KM2CLlì[0~FU>@KMñ(íR,/.~FUSRKM.3.¯é/Q~+Cì
GZKm.~.~FUSR_/ê5SRK�0oïÀ+-Q~T�>@+CS/Fl03+CQ3FVSR_<ê?2?S/B�K�S�03K�Q3éRQ~FH.~KÀ2?é/éRLVFHG�2?0~FU+CS�FVS�ì
0~KM_CQJ2503FV+-SO9�î'2?032¸.10~Q3KM2C>@.:íRQ~Km2?T·2�S,R>¯íEK�Q�+?4g0~IRKÐ2C.3.1,/>8éRì
0~FU+CS<.',/é<+-S�ïvIRFHGJI¸03Q32-B�Fl03FV+-S/2?LÖò�,RK�Q3è(éRQ3+G�KM.3.1FUSR_§0~KMGJI/SR+CLU+C_-è
FH.=íR,/FVLV0MêO2CS/B(0~I,/.MêE0~IRKMè(Q~Kmò-,/FVQ3K¯2Q3KZ03IRFUSRTFVSR_Ç+?4^>A2?SèÐ4½,RS�ì
BR2C>8KMS�032?LOB/25032Cí/2C.~K&>@2CS/2?_-K�>@K�S�0g0~KmGJIRSRFHò�,RKM.M9
óiô u��ÌwJ�mõ[umö��[|~÷5ø�ö��[� øOwJ|{|������?ö���õ��ox��r���5wJ��õÒ�Z�'õ�u��Àù{w3õ��rö��5wJ�<úMzo�r�1�mz1�û ö�����x�w3õ[�rö��¸����xm�1��ü{��wJ�Zõ[|�ý6ý6ú�þ½ÿ�ÿ������������	�<ý�
Òþ���������������^ý6ý6ú�þ���������������ý6ý6ú�þ½ÿ���ÿ�������ÿ��-wJ��x��<ý�
Òþ��������������m}
��� �rz�u5wJ�o� û ��wJ�����r�r��÷ |vøÞö��[��øOwJ| |[�����?ö��6õ[�oxÐ�r�§�5wJ�6õ ���õ�u���ù{w3õ��rö��5wJ�úMzo�r�o��zo� û ö�����x5w3õ��rö�������xm�1�bý ô���� ��wJ�Zõ{ý6ý6ú�þ½ÿ�ÿ�����ÿ���M}
�����! #"%$&$&"('�)�*�',+&'!-/.#01"%*(2�'�34*/5!�&�	6�7(78'��9-46��!*:';5<*(24"($� ,6�*����!"=6�78"($:>��?6�)@*��&A
-/�?'�BC"=A��&AD*(2�6�*E*%2F�#+&'!-8"(�C$G6��?�,)/'�*E ,6�A��H'��GA�"($I*J�!"JKL3�*��IAM5!'��GA�"%�;�I+C*�+&'� #N
 ,���?+C"(6�7:6OA�B�6�)@*J6�>��LPG*(2��RQTSVUXWY+&'!-/.��!" >�24*M)/'�*J"=+I��6�)/AZ*(2���*="(*J7 �D';5[*(2��
-/3@KL7 "(+&6�*J"='�)\6�)/A�"%*J$#A�6�*��H6!-O-4�&6��IP	6�)/A])/'�*J"(+&�["($M>�"%B��C)Z*(2�6�*X+&'!-/.�"%)4>]"%$
K�.^-4�C�! _"($&$I"='�)`'I5^*(2��\Q8���!.�ST6��=>O�DU	6�*J6aW<6�$!�Hbc)/A�'�01 ,�C)@*�dfe/'g+I'L-/.
'�*(2��C�!01"($&�LPX'��#*�'��?�;-/3@KL7 "%$;2�PM�?�&hC34"(�?��$[6G5L�I�D6�)/A!i8'��[$=-��&+�"=6�7T-4�C�! _"($I$&"='�)
5&�;'� j*(2��Xbc)/A�'�0k #�C)@*�d
l,m�n1o�p/prq9sJt9uVv]nTwGx�y9p`zT{rx�y}|�~<�����HnVt9w?p/m�prt9o�pV�
�Dp/mO�JsJt����Zp/m����Tt��T�cz��T�T�

� SRKi>A2@�o+CQ�B�F(��K�Q3K�S/G�KÀ03I/250Ì2CQ~FH.~KM.ÒFVSABR2?032&.o03Q~Km2?>ÅéRQ3+�GZKm.~.1ì
FUSR_Y��GZ+C>@é/2CQ~KmB%0~+�>@+-Q~KA03Q32-B�FV0~FU+CS/2CLÀ.10~+CQ3KMBÂB/25032Cí/2C.~K>A2?SRì
2?_-K�>@K�S�0��OFH.{0~IRKgSR+C0~FU+CS�+?4/LU+CSR_Cì[Q3,RSRS/FVSR_a�À+CS�03FVS,R+-,/.X�',/K�Q3FVKm.
�I�[�&.���+5ë-K�Q�03IR+-.~K .10~Q3KM2C>A.�9��gI/K�K�>@KMQ~_-FVSR_ÙBR250J2 .10~Q3KM2?>
éRQ3+�GZKM.3.~FVSR_@2?QJGJIRFV0~KmG�0~,/Q~K�FUS�ë-+CLUëCKm.ÀéE+?03K�S�0~FH2?LULUèLU2CQ~_-K�S�,/>¯íEK�QJ.
+?4Ð.1,/GJIÃò-,/K�Q3FVKm.¸03I/250Â2?Q3KÏK���KMGZ0~FUëCKMLVèÅG�+CS/.1032CS-03LVè Q3,RSRSRFUSR_/ê
2?S<B�0~I/2?0@G�+CS�0~FUS,R+C,<.1LUè�Q~Km2CG�0�0~+%SRK�ï B/25032%2C.�Fl0A2?Q3Q3FVë-KM.:2?0
0~I/K%.~è.10~KM>(9��gIRK�2�ë52?FULU2CíRFULVFV0oè�+C4¯2ÂGZ+CLULUKMG�03FV+-SÈ+?4¯.1032CS/B�FUSR_
ò�,RK�Q3FUKM.AQJ2?FH.1Km.80~IRK�é<+C0~K�S�03FU2CL 4½+CQÇ2?_C_-Q~Km.~.~FUëCK�LUèÏ.~I/2?Q3FVS/_·é/Q~+Cì
GZKm.~.~FUSR_¯SRKMKMB�KmBíè@>¯,RLV0~FUéRLUK�ò-,/K�Q3FVKm.�9ÖPR,RQ~0~I/K�Q3>8+-Q~K-êC03IRK&IRFV_-I
BR2?032�QJ250~Km.2?S<BÔ0~FU_CI�0Q~Km.1éE+CS<.1FUëCKMSRKM.3.AGZ+-S/.o03Q32CFVS�0J.AFVSÈ>A2CS�è
.10~Q3KM2?>@FUSR_@2?éRéRLUFHG�2503FV+-S/.gQ3KMò�,RFUQ~K'0~I/2?0=.1,<GJIÇ+-éRé<+-Q103,RSRFV0~FUKM.i4½+-Q
K��G�FVKMS/GZèíEK�K���éRLU+CFV0~KmBÞ9
çpSÐ0~IRFH.vé/2Cé<KMQMê/ïÀK�4½+�GZ,<.v+CS(284½,RS/BR2C>@K�S�032CLOéRQ3+CíRLUK�> 0~I/2?0

2?Q3FH.1Km.�FUS��[� é/Q~+�GZKm.~.~FUSR_%+5ë-K�QABR2?032�.o03Q~Km2?>A.M9��'2?>@K�LUèCêiïiK
FUS�ë-KM.10~FU_-2?0~K03IRK(éRQ3+CíRLUK�> +C4'.~GJI/KMB�,RLUFUSR_%>�,RLV0~FUéRLVK Ä�¢£ �»C�5ÄÌ¨J»
Ñ��5¢£ /¥ +5ëCKMQ§2ÏGZ+->@>8+-S�.1K�0Ç+C4¯BR250J2Ï.o03Q~Km2?>A.M9Å7=.ÇFVSÈ03Q32-B�FVì
0~FU+CS<2?LÞò�,RK�Q3èAéRQ3+G�KM.3.1FUSR_8.1è�.10~K�>A.Mê��o+CFUSÇFH.g2:4½,RS<BR2?>@K�S�0J2?LÞ+CéRì
K�QJ2503+CQm9:çpS�.o03Q~Km2?>@FVS/_Ð.~è�.o03K�>A.�ê��o+CFUS/.�2?LULV+5ï B/25032Ç4½Q3+C> >�,RLlì
0~FUéRLUK:.o03Q~Km2?>A.��½K-9 _<9VêRB�F(��K�Q3K�S�0=.1KMS/.~+CQJ.À+-QgéRQ~+-í<Km.��Ì03+8íEK:GZ+->8ì
íRFUSRKMB 4½+-Q�4½,RQ~0~IRKMQ�éRQ3+�GZKm.~.~FVS/_/ê�2?_-_CQ3K�_-2?0~FU+CSOê�2?S<B 2CS/2?LUè�.1FH.M9
�gIRK(Q3+CLUK§+?4_�o+CFUS/.@FUS�K�>@KMQ~_-FVSR_��[� .~è�.o03K�>A.8FU.84½,RQ~0~I/K�Q@K�S�ì
I/2CS/GZKmBÞêIR+5ïÀKMëCKMQMê�B�,RK 03+¯03IRK&,/.1K'+?4 ð3.1KMLVKmG�0~FU+CS§éR,RLULE,/é/ñR9�7=.
B�KM>8+-S/.10~QJ250~KmB:FUS80~IRK[� FH2?_�2?QJ2��[�Ô.~è�.o03K�>¡  ¢@£�ê50~IRKg03Q32-B�FV0~FU+CS/2CL
IRKM,RQ~FH.10~FHG:+?4^é/,/.1I/FVSR_Ð.1KMLVKmG�03FV+-S�éRQ~KmB�FHG�2503KM.=í<KMLV+5ï��o+-FVS/.'FH. +?4£ì
0~KMS%FUS/2CéRéRQ3+CéRQ3FU2?0~K�4½+CQZ�[� .~è�.o03K�>A.&í<KmG�2C,/.1K@Km2?Q3LVè¸.~K�LUKMGZ0~FU+CS
B�Km.o03Q~+5è�.�0~IRK¸2CíRFULVFV0oèÏ03+�.~I/2CQ~K�.~,Rí/.~KMò�,RK�S�0]�o+-FVSÔéRQ3+G�KM.3.1FUSR_<9
Y&FUëCK�SÏ0~IRKÇIRFV_-I�GZ+�.o08+?4M�o+-FVS/.¤�½Q3K�LH2503FVë-KA0~+·.1KMLVKmG�03FV+-S/.��Zê�Fl08FU.
+?4£03K�S�>@+-.10:K��GZFUK�S�0�03+�éRQ~+�G�KM.3.�2��o+CFUS·+-S/GZK2CS/B%0~IRKMSÂ.1KMS/B
0~I/+-.~KvQ~Km.1,RLV03.�0~+�03IRK=.~K�LUKMG�03FV+-S@+CéEK�QJ250~+-Q3.M9<¥FU>@FVLH2?QÀ2?Q3_C,R>@K�S�0J.
2?LH.~+AIR+CLHB(4½+CQ&Y&Q~+-,Ré§¦ièÐ2CS/B¸2?_-_CQ3K�_�250~FU+CSÇ+CéEK�QJ2503+CQJ.�9,�gI,/.�ê
.~è.10~KM>A.�LUFUTCK¨� FH2?_-2CQ32T�[� éR,/.~I©�o+-FVS/.ABR+5ïvS�FUSÔò�,RKMQ~è�éRLH2?S/.
2?S<B�éRQ3+G�KM.3.X�o+CFUS/.'ïvFl03I�2G�+C>@>@+CS�.~FV_-S/2503,RQ3K\�½F[9 K-9Vê 0~IRK@.32?>@K
FUSRéR,�0&Q~KMLU2?0~FU+CS/. 2CS/Bg�o+CFUS�éRQ3KMB�FHG�2?0~KM.��g,/.~FUSR_]�o,/.10'2.~FVS/_CLUK�FVS�ì
.1032?S<GZK8+?4^03I/250#�o+CFUSO9¯7'.&2ÇQ3KM.~,RLl0mêO.1I<2?Q3KMBR�o+-FVS/.�2CQ~K�+?4£0~KMS%2?0
0~I/K�ëCK�Q3èGZ+-Q~K�+C4{ò�,RK�Q3èéRLH2?S<.vFVS§�[� .1è�.10~K�>A.M9
]^>@KMQ~_-FVSR_B/25032Ç.o03Q~Km2?> éRQ3+�GZKM.3.~FVSR_Ç.1è�.10~K�>A.&2CBRB�2?SR+C0~IRKMQ

GZ+->@é<+-SRK�S�0�0~+(03IRKAéRQ3+CíRLUK�>(9`¥�FVS/G�K§BR2?032(.o03Q~Km2?>A.�2?Q3K80oèéRFlì
G�2CLVLUè2C.3.~,R>@KMB@03+�íEK�,RSí<+-,RS/B�KmBÞê0~QJ2CB�FV0~FU+CS<2?Lr�o+CFUS§+CéEK�QJ2503+CQJ.
ïi+C,RLHBÈSRKMKMBÈ03+ >A2CFVS�032CFVS ,RSí<+-,RS/B�KmB .1032503KC9 7=.(2�Q~Km.1,RLV0Mê
ò�,RK�Q3èALH2?SR_-,/2?_-KM.Ì4½+CQ BR2?0328.o03Q~Km2?> .~è�.o03K�>A.À0oè�é/FUGM2?LULVèFUS/G�LV,/BRK
2AïvFUS/B�+5ïvFUSR_AéRQ3KMB�FHG�2?0~K�03I/250'LVFU>@Fl0J. 03IRK¯.3GZ+CéEK:+C4{03IRK:+-é<KMQ32?ì
0~+-Q3.M9§�gIRKÇïvFVS/BR+5ï .~F=ª�Kë52?Q3FUKM.¯2-G�G�+CQJB�FVS/_Ç03+¸03IRKÇ.~K�>A2?S�03FUGM.
+?48KM2-GJI ò�,RKMQ~è-9 7 S/2CFVë-K·2CéRéRQ3+-2CGJIÙïÀ+-,RLHB�03Q~Km250(FUB�KMS�0~FHG�2?L
�o+CFUS/.§ïvFl03I�B�F%��K�Q3K�S�0ïvFUS/B�+5ï GZ+-S/.10~QJ2?FUS-0J.A2C.AI<2�ë�FUSR_ÂB�F(�EKMQ1ì
K�S�0Ì.~FV_-S/2503,RQ3KM.�2?S<B�ïi+C,/LUB�K���KMG�,�0~Kg03IRK�> .~K�é/2CQ32?0~K�LUèCê?0~IRKMQ~KMí�è



SRKM_-2503FVS/_ 03IRKÂíEK�SRK��R03.�+C48.~K�LUKMGZ0~FU+CS�éR,RLUL:,Ré�2?S/B éEK�Q~4½+CQ3>8ì
FUSR_ÂQ~KmB�,RS/B/2?S�0]�o+CFUS�éRQ~+�G�KM.3.1FUSR_/9�� KMGZKMS�0§.1è�.10~K�>A.Mêv.1,/GJIÈ2-.
�i7H�[�  ����@£Þ2?S/B	�#¥+C,/é©  
@£[êI/2�ë-K=.1+-,R_CI�0^03+¯2�ëC+-FUB803IRFH.ÌéRQ3+CíRì
LUK�>(ê�2?S/B@FUS/B�KMKMB§BR+¯.1I<2?Q3K éRQ3+G�KM.3.1FUSR_�+C4V�o+CFUS/.ÌïvFV0~I§FUB�KMS�0~FHG�2?L
.~FV_-S/2503,RQ~Km.�9È7'.@ïÀK¸B�FH.3GZ,/.3.@LU2?0~KMQMêÀIR+5ïÀKMëCKMQMê�03IR+-.~K¸.~è.10~KM>A.
2CBR+Cé�03KMB(2A.~GJI/KMB�,RLUFUSR_A.o03Q32?0~K�_-èA4½+CQ'.1,/GJI��o+-FVS/.v0~I/2?0'B�FH.~G�Q~FU>8ì
FUS/2503KM.v2?_�2?FUS/.10gò�,RKMQ~FUKM.iïvFV0~I(.1>A2?LULÞïvFUS/B�+5ï .M9{çpQ3+CS/FUGM2?LULVè-ê�FV0vFU.
K��R2-G�0~LUè¸.~,/GJI%ò�,RKMQ~FUKM.=0~I/2?0:2?Q3K¯LUFVT-K�LUè(0~+ÐI/2�ëCK8.o03Q~FHG�0�Q~Km.1éE+CSRì
.~FVë-K�SRKm.~.gGZ+-S/.10~QJ2?FUS-0J.�9
çpSÇ0~IRFH.vé/2Cé<KMQvïÀK�>A2?T-K&.~K�ë-K�QJ2?LÞGZ+-S�0~Q3FVíR,R0~FU+CS/.��
 X·K 4½+-Q~>�,RLU2?0~K=0~IRK'éRQ~+-íRLUK�> +?4b.~I/2?Q3KMB@ïvFUS/B�+5ï}�o+-FVSé/Q~+Cì
G�KM.3.1FUSR_(2?S/B�FUB�KMS�0~FV4½è�2?S%FV>@éE+CQ~032?S�0�éRQ3+CéEK�Q~0oè(0~I/2CS%G�2CS
íEK�K���éRLU+CFV0~KmBÇFUS(.~GJIRKmB�,RLUFVS/_�03IRK�>(9

 X·K:éRQ3KM.~K�S�0g0oïÀ+@FUSRFV0~FH2?LÒ.3GJIRKmB�,RLUFVSR_A2CLV_-+CQ3Fl03IR>A.i4½+CQ .~,/GJIéRQ3+�GZKm.~.~FVS/_¸0~I<2508462�ëC+CQ�K�FV0~IRKMQA.1>A2?LULi+CQ8LU2CQ~_-K§ïvFUS/B�+5ï .Mê
2CS/B§KMë52?LU,/2503K�0~IRKM> 2?S<2?LUè-03FUGM2?LULVè-9

 ¦g2C.~KMB +CSÙFVS/.~FU_CI�03.Ç4½Q3+C> 0~I/FU.�2CS/2?LUè�.1FH.�ê'ïÀK�B�KMëCK�LU+CéÙ2
SRKMï 2?LU_C+-Q~FV0~I/> GM2?LULVKmB *¸2/�FU>¯,/> �',/K�Q3è��gI/Q~+-,R_CIRé/,�0
��*f���^�v03I/250�G�2CS¸ïi+CQ3TÇïiK�LUL�2CGZQ3+-.3. 2ÇQ32CSR_CK¯+?4ÌïvFUS/B�+5ï
.~F(ªMKM.M9

 X·K BRKM.3GZQ3FVíEKÙ+-,RQÔFV>@éRLUK�>@K�S�0J250~FU+CS +?4¸03IRK 0~IRQ3K�K�2?éRì
éRQ3+-2-GJIRKM.(FUS 2CS
K���FU.10~FUSR_�î�¦g*©¥
2?S<B�éRQ~Km.1KMS�0�Q~Km.1,/Ll0J.
4½Q3+C> 2(B�K�032CFVLUKMB·éEK�Q~4½+CQ3>@2CS/GZKA.10~,/BRè¸+?4i0~IRKAFU>@éRLUK�>@K�S�ì
0J250~FU+CS<.�9

�gIRKÐQ~Km.o0@+?4v03IRK(é/2?éEK�Q8FH.�+-Q~_�2?SRF=ª�KmBÂ2C.�4½+CLULU+5ï .�9�¥KmG�0~FU+CS��
éRQ3KM.~K�S�03.À03IRK�>@+BRK�LO+C4ÒïvFUS/B�+5ï��o+-FVSbê0~IRK�éRQ3+Cí/LVKM> B�K��<SRFl03FV+-S
2?S<BÏ03IRK¸Q3K�LH250~KmB�ïi+CQ3T�9�¥�KMG�03FV+-S�
·BRKM.3GZQ3FVíEKM.803IRK�éRQ3+CéE+-.~KMB
.3GJIRKMB�,/LVFUSR_§2CLV_-+CQ3Fl03IR>A.�9^¥KmG�0~FU+CS<.H¢§2CS/B��@éRQ3KM.~K�S�0 03IRK¯é/Q~+Cì
0~+C0oèé<KgFU>8é/LVKM>8KMS�032503FV+-S/.�2?S<B�0~I/KvK���é<KMQ~FU>@K�S�032CLQ~Km.1,RLV03.M9�¥�KMG�ì
0~FU+CS��@GZ+-S�032?FUS/.À0~I/K:GZ+CS<GZLU,/B�FUSR_AQ~KM>A2?Q3T.M9
� � �����~æ�� æ â �Ö�/æ��b�
�! #" $&%('*)�+-,.)0/�'21�34'*5!6#78%9'2:;+<'*)
X·K%GZ+-S/.~FUB�KMQÇ2ÏG�K�S�0~QJ2?LUF=ª�KMB�2CQ3GJIRFV0~KmG�03,RQ~K¸4½+CQÇ.10~Q3KM2C> ò�,RKMQ~è
éRQ3+�GZKM.3.~FVSR_�FUS�ïvIRFHGJIÈBR250J2Ï.o03Q~Km2?>A.G�+CS�0~FUS,R+C,/.~LUè�2?Q3Q~FUëCKÐ03+
íEK8é/Q~+�GZKm.~.~KMB�2?_-2CFVS<.o0�2Ç.~KZ0�+?4g.o0J2?S/B�FUSR_(GZ+-S-03FVS,R+-,/.&ò-,/K�Q3FVKm.
�I�[�&.���9M¥�03Q~Km2?>A.Ö2?Q3KÀGZ+-S/.~FUB�KMQ~KmB�03+'íEKg,RSí<+-,RS/B�KmB�.~KMò�,RKMS/GZKm.
+?4=B/25032¸Fl03K�>A.�9·]Ì2-GJIÏBR250J2�Fl03K�> FUS�2¸.10~Q3KM2C> FH.¯2-.~.~+�GZFH2503KMB
ïvFV0~IÙ2Ï0~FU>@KM.1032?>@é 0~I/2?0ÐFHB�K�S�03F��/Km.03IRK%0~FU>8K�250ÐïvIRFHGJI�0~I/K
BR2?032�FV0~KM> KMS-03K�QJ.�03IRKÇ.~è�.o03K�>(9��gIRK§BR2?032�FV0~KM>@.�+?4 2¸.~FUSR_CLUK
.10~Q3KM2?> >@2�è82?Q3Q~FUëCKiFUS2�íR,RQJ.o0oè�462-.1I/FV+-S¨�6F�9 KC9Uê2'_-Q~+-,Ré8+?4OBR250J2
FV0~K�>A.'2?Q3Q~FUëFVSR_@ïvFV0~IRFUS¸2A.~IR+CQ~0 é<KMQ~FU+�B(+?4Ö0~FU>@K��g+-Qv0~I/K�èÐ>@2�è
2?Q3Q3FVë-KÇ250Q3K�_-,RLH2?Q3LVè�ìp.1é/2-GZKmB�FVS�0~KMQ~ë52CLU.M9Ô]	�R2?>@éRLUKM.8+?4�íR,RQJ.o0oè
.10~Q3KM2?>A.AFUS/G�LV,/BRK¸SRKZ0oïi+CQ3TÏ>@+CS/Fl03+CQ3FVSR_Ï.10~Q3KM2C>A.�êgéRIR+-SRK¸G�2CLVL
Q3KMGZ+-Q3B/.�êE2?S/B�KMëCKMS-0~ì�BRQ~FUëCKMS¸.1KMS/.1+-Q3.M9 çpS·GZ+CS�03Q32-.o0mê<éR,/LVLVì[í<2C.~KMB
.~K�S/.~+CQJ.^B�Q3FVë-K�S@íè�éEK�Q3FU+BRFUGvéE+CLULUFVSR_¯ïÀ+-,RLUB@é/Q~+�B�,/G�K=2�Q3K�_-,RLU2CQ
.10~Q3KM2?>(9 � ,RQ B�FH.3GZ,/.3.1FU+CSÐIRKMQ~K&4½+�GZ,/.~KM.g+-S(íR,RQJ.o0oè.10~Q3KM2C>@.M9
�',RKMQ~FUKM.�+5ë-K�Q^.10~Q3KM2C>@.^+?4£0~KMSAK���éRLU+CFV0^0~I/Kv0~KM>8éE+CQJ2?L<2C.~é<KmG�03.

+?4R.10~Q3KM2C> BR2?032/9bPR,RQ~0~I/K�Q3>8+-Q~K-êmBR,RK^03+v0~IRKÀ,RSí<+-,RS/B�KmB�S/2?0~,RQ3K
+?4b.10~Q3KM2C>A.�êò�,RK�Q3FVKm.^+5ë-K�QÀ.10~Q3KM2C>A.Ì2?Q3K +C4£0~K�SÇB�K��/S/KMBFUSA03K�Q3>@.
+?4=.~LUFUB�FUSR_%ïvFVS/BR+5ï .�9�P/+CQ8K��R2?>@éRLUKCê�G�+CS/.~FUBRK�Q�2%BR250J2�G�K�S�0~KMQ
GZ+-S�032?FUSRFUSR_�0~I/+C,/.32?S/B/.�+?4ÞQJ2CGJT�ì[>@+-,RS�0~KMB@.~K�Q3ëCKMQ3.Mê?GZ++CLUKMB@íè82
.~+CéRIRFH.10~FHG�2503KMBAG�+�+-LVFUSR_¯.~è�.o03K�>  =��
F£�9ÖçpS>@+BRK�Q3S§BR250J2:GZKMS�0~K�QJ.Mê

.~K�S/.~+CQJ.�2?Q3Kv,/.~KMB80~+¯>8+-SRFV0~+CQ^0~IRKv03K�>@éEK�QJ250~,/Q~K=2CS/B@I,R>@FUBRFl0oè
250ÀLV+�G�2?0~FU+CS/.^0~IRQ3+C,/_CIR+-,�0�0~IRK'Q~++->Ð9ÖPR+-QÀ2�LH2?Q3_CK B/25032¯GZK�S�03K�Qmê
0~I/+C,/.32?S/B/.A+?4�.1,<GJI�.~K�S<.1+-Q3.AG�+C,RLHBÔí<K¸Q3KMò�,RFUQ3KMBÞ9 7 GZ+CS�03Q~+-L
.~è.10~KM> >@+CSRFV0~+-Q3.�0~I/KM.~K(.~K�S<.1+-Q3.¯0~+ÂB�K�0~KMGZ0Aé<+�.~.~FVí/LVK(GZ++CLUFUSR_
éRQ3+CíRLUK�>A.M9bX·KiGM2?S�>8+�B�KML�0~IRFH.{K��R2?>@éRLUKi.3GZKMS/2?Q3FU+=2C.Ö2=.~è�.o03K�>
ïvFV0~IA0oïi+�.10~Q3KM2C>@.MêC+-SRK 4½+-Q^03K�>@é<KMQ32?0~,RQ3K'.~K�S<.1+-Q3.^2CS/BA+-SRK 4½+-Q
I,R>@FUBRFl0oè8.1KMS/.1+-Q3.M9<�gI/Kg.3GJIRKM>@2&+C4<03IRK .o03Q~Km2?>A.�G�2CS�íEKv+?4E0~I/K
4½+CQ3> �?>O+�G�2?0~FU+CSRçoBOê�@^2?LU,RK-ê��gFU>@K�¥�0J2?>@ék��êÖïvIRKMQ~K0>b+�G�2503FV+-SRçoB
FUS/B�FHG�2503KM.À2:,RSRFHò�,RK LU+�G�2503FV+-SAFVS0~IRK&BR250J2:GZKMS-03K�QmêA@^2CLV,/K FU.Ì0~I/K
.~K�S/.~+CQ&Q~Km2CB�FUSR_<êE2CS/B©�gFU>@K�¥�0J2?>@é%FH.�2C.&B�KM.3GZQ3FUí<KmB�2?íE+5ëCK-9�7
ïvFUS/B�+5ï�ò�,RKMQ~è-ê8B&C�ê503I/250�GZ+-S-03FVS,R+-,/.~LVè�>@+CSRFV0~+-Q3.b0~I/KiG�+C,RS�0Ö+?4
LU+GM2503FV+-S/.Ö0~I<250ÀI<2�ëCKvíE+?0~I§I�,/>8FHB�FV0oè82CS/B@03K�>@é<KMQ32?0~,RQ3Kvë52?LU,RKM.
2?íE+5ëCK�2Ï.~éEKMGZF=�<G(03IRQ3KM.~IR+CLHBR.AïvFV0~IRFUS�2�+CS/KZì�>8FUS,�0~K�FVS�0~KMQ~ë52CL
GZ+-,RLHB§íEK:.1éEKMG�F��<KMB(2C.i4½+-LVLU+5ï .��

ú4�(D��.E ô E!FHG{ù ôJILK ý6ú ô ý½ùHE ô 
Ì} DöMz1w3õ��rö���ý£xNM#Mû � F � ô �otv�?�1�[w3õ[�m�[�M
_�POÒ��tv�rxm� õ£�RQ
S O�� � �`
Ì} Dö�z~w3õ��rö���ý£xUTVQ{} Dö�z~w3õ��rö���ý£x:wJ��x

À} WEwJ�r���YX[Z]\8^`_bac\Ndfe�g�hÞwJ�mxiQ{} WEwJ�r���jXkZ]\8^`_fa�\Ndfe=g�l
S ý½ù K F S �Ötv�r�Am

7 .1KmGZ+CS<B
K��R2?>@éRLUK ò�,RKMQ~è-ênBpoCê8G�+CS�0~FUS,R+C,<.1LUèÙQ3K�éE+CQ~03.�0~I/K
>A2@��FU>¯,R> 0~KM>@é<KMQ32?0~,RQ3K§2?S<BÂI,R>@FUB�FV0oè�ë52?LU,RKM.�é<KMQ�LU+�G�2?0~FU+CS
FUSÇ03IRK�LH2C.10g+-SRK�IR+C,/QvFVS�0~KMQ~ë52CLO2C.i4½+CLULU+5ï .��

ú4�(D��.E ô 
À} Dö�z1w3õ[�rö��mý£x�� � 
2q I 
Ì} W�wJ�r�m�bM&� � 
]q I Q{} W�wJ�r���cMû � F � ô �otv�?�1�[w3õ[�m�[�M
_�POÒ��tv�rxm� õ£�RQ
S O�� � �`
Ì} Dö�z~w3õ��rö���ý£xUTVQ{} Dö�z~w3õ��rö���ý£x
ü � FHG]rsQ(t©
À} Dö�z1w3õ[�rö���ý£x
S ý½ù K F S �Öumö����cm

�gIRK@XÈçL�=î � X#GZLH2?,<.1K8FVS%0~I/K@ò�,RKMQ~è¸.~èS�032@�¸FUS/B�FHG�2?0~Km.&0~I/2?0
0~I/K ,/.~K�Q^FH.^FUS�0~K�Q3KM.10~KmB8FVSAKO�KmGZ,�03FVS/_�0~IRK'ò-,/K�Q3FVKm.�+5ëCKMQÒ03IRK'.~K�SRì
.~+CQ Q3KM2-B�FVS/_-.g03I/250�2?Q3Q~FUëCK:B�,/Q~FUSR_A03IRK:03FV>@K¯éEK�Q3FU+B(íEK�_-FVS/SRFVS/_
250:2(.~é<KmGZF=�/KMB�0~FU>@KAFVS·0~I/K8é<2C.10�2CS/B%K�S/B�FUSR_�250�03IRKGZ,RQ3Q3K�S�0
0~FU>@KC98XÈIRK�SÂ.~,/GJI�2Çò�,RKMQ~è�FH.�Q~,/S%FUS·2(G�+CS�0~FUS,R+C,/.=462C.~IRFU+CSOê
0~I/KÇQ3KM.~,RLV08FH.�2·.~LVFHB�FUSR_�ïvFUS/B�+5ï ò�,RKMQ~è-9 � +?03K§03I/25080~I/K§0oïi+
K��R2C>8é/LVK§ò�,RKMQ~FUKM.�GZ+-S-0J2?FUS�2?SÂKmò�,RF �o+-FVS�ïvFl03I�2�G�+C>@>@+CSÏ.~FV_Cì
S/2?0~,RQ3KCêOí/,�0�I/2�ëCK@.1FU_CS/F��<GM2?S�0~LUè¸B�F(�EKMQ~KMS�0�ïvFUS/B�+5ï .1F=ª�Km.R�½+CS/K
>@FVS,�03K:2?S/BÇ+CS/K�IR+C,RQ���9
XÈFUS/B�+5ï ò�,RKMQ~FUKM.8>A2�èÏI/2�ë-K§4½+-Q~>A.@+C0~IRKMQ�03I/2?SÔ03IRK(0~FU>@K

.~LVFHB�FUSR_ïvFUS/B�+5ï
B�KM.3GZQ3FUí<KmB(FVS�03IRK:éRQ3KMG�KMB�FUSR_KO�R2?>@éRLUKM.M9 � S/K
ë52?Q3FU2?0~FU+CS%+?4Ì03IRKAïvFUS/B�+5ï �o+-FVS·FH.&0~+�FHB�K�S�0~FV4½è�03IRKAïvFVS<B�+5ï FUS
0~KMQ~>A.�+?4g0~I/KÇS,R>�í<KMQ¯+?4v03,RéRLUKM.�FVS<.o03KM2CBÏ+?4v0~I/K0~FU>@KÇ,/SRFl0J.�9
7 S/+?0~I/K�QÌë52CQ~FH2503FV+-S�FH.�03+¯B�K��<SRKv0~I/K í<KM_CFUSRSRFUSR_:+C4<03IRK=ïvFUS/B�+5ï
0~+Çí<K82u����KMB¸Q32?0~IRKMQv0~I/2CS�2.~LVFHB�FUSR_03FV>@K-9 � 0~IRKMQ=ë52?Q3FH250~FU+CS<.
2C.3.~+G�FU2?0~K§BRF%��K�Q3K�S�0�ïvFUS/B�+5ï .�ïvFV0~IÏKm2CGJI�.10~Q3KM2C>   v@£g+CQ8ïvFl03I
KM2-GJIÂé/2?FUQ8+?4 .o03Q~Km2?>A.:FUS 2¸>¯,RLV0~FVì[ïg2�è`�o+CFUS�  wF£[9%çpSÂ0~I/FU.8é/2?ì
éEK�Qmê-ïiK=2CB/B�Q~Km.~.Ì.1LUFUBRFVSR_�ïvFVS<B�+5ï .Ö0~I<250i2CQ~K 2CéRéRLUFVKmB2CG�Q~+�.~.�2CLVL
.10~Q3KM2?>A.:2CS/B�ïvIRKMQ~KA03IRKïvFUS/B�+5ï .�G�2?SÂíEK§B�K��/SRKmBÂK�FV0~IRKMQ¯FUS
0~KMQ~>A.=+?4{0~FU>8K�,RSRFV03.=+CQv03,RéRLUK¯GZ+-,RS�03.M9ÀX·K:éRQ3KM.~K�S�0=+-,RQ=2?LU_C+Cì
Q3Fl03IR>A.À,<.1FUSR_�0~FU>8K�ïvFUS/B�+5ï .�x�0~IRK�2?LU_C+-Q~FV0~I/>@.iG�2CSíEK�2CéRéRLUFVKmB
0~+�ïvFVS/BR+5ï .:B�K��<SRKMB�FUS�0~KMQ~>A.�+C4i03,RéRLUK§GZ+-,RS�03.¯FVS�03IRK§.32?>@K
ïg2�èC9
7=.ÀïvFV0~IÇ2CSè@ò�,RKMQ~è@éRQ3+�GZKm.~.~FVS/_¯.1è�.10~KM>ÐêQ3KM.~+C,RQJGZKm.^.~,/GJIÇ2-.

�Y�zyÙ2?S/B>8KM>@+CQ3è�LUFV>@FV0À03IRK&S�,/>¯íEK�Qi+?4bò�,RK�Q3FUKM.�03I/250vG�2CSíEK
.~,RéRéE+CQ~0~KMBÂG�+CS/G�,RQ3Q~KMS-03LVè-9ÇçpSÏ2�.10~Q3KM2C>@FVSR_¸.~è�.o03K�>(êÖQ~Km.1+-,RQJGZK
LUFV>@FV032503FV+-S/.iG�2?SÇ2?LH.1+:Q3KM.10~Q3FHG�0^03IRK&B/25032¯2?Q3Q~FUë52?L/QJ2503KM.^0~I/2?0iG�2CS
íEK(.~,RéRéE+CQ~0~KmBÞ9{�vKMG�K�S�0~LUèÏéRQ3+CéE+-.~KMB .o03Q~Km2?> ò�,RK�Q3èÏéRQ3+�GZKm.~.1ì
FUSR_%.~è�.o03K�>(ê�7 ,RQ3+CQJ2� =��£[ê�é/Q~+-é<+�.1Km.:>@KMGJI/2CSRFH.1>A.�03+�Q3KM.~é<+-S/B



W1

W1

b6 b4

W2

Q1

"MAX"

a5 a3 a1

b8

W2

Q2

b2 b0

a7

Shared Window Join

b10

a9a11

W2

W1

b12
B

A

Group By
Aggregate

Aggregate
"COUNT"

Select

PÒFU_C,/Q~Ku� �M�gIRK:.~I/2CQ~KmB§KO�KmGZ,�03FV+-SÇ+C4b0oïi+@ïvFVS/BR+5ï��o+CFUS/.M9
0~+·Q3KM.~+C,RQJGZK+5ë-K�Q3LV+�2CB�íèÂQ3KMB�,/G�FVS/_%ò�,/2?LUFV0oèÂ+?4'.~K�Q3ëFUG�Kf�½K-9 _<9Vê
B�Q3+CéRé/FVSR_Ð03,RéRLUKM.�4½Q3+C> 03IRKAFUSRéR,�0:+-Q�2CS/.~ïÀKMQ3.���9@çpS�GZ+CS�03Q32-.o0mê
FUS�+C,/Q8ïi+CQ3T�êÖïÀKÇ4½+�GZ,/.8+CS�0~IRK(G�2-.1KÇïvIRK�Q3KÐSR+%LU+-.3.�+GMGZ,RQJ.M9
�gI/2?0=FU.Mê/ïiK:KMS/.1,/Q~K�03I/250 03IRK�.~è�.o03K�> FU.=Q~,RS¸2?0'2@QJ250~K¯ïvIRK�Q3K
FV0iFH.ÌéE+-.3.~FVíRLUK'0~+¯KO��KMGZ,R0~K'2CLVLÞò�,RKMQ~FUKM.ÀGZ+C>@éRLUKZ03K�LUèC9ÖXÈIRFULVK�.~,/GJI
2ÐQ~Km.o03Q~FHG�03FV+-S�>A2�è�íEK8,/S/.1,/éRé<+-Q10J2?íRLUK@FVS�.~+C>@KA2?éRéRLUFHG�2503FV+-S/.Mê
+C,/Q=>A2?FUS�2?Q3_C,/>8KMS�0=FU.=0~I<250=03IRK¯ïi+CQ3TLV+�2CBÐëC+-LV,/>8K:0~I/2?0&G�2CS
íEK8.~,/.1032?FUSRKmB�íè(2Ç.1I<2?Q3KMBf�[� .~è�.o03K�> G�2CS�íEK�B�QJ2?>A2503FUGM2?LULVè
FUS/GZQ3KM2-.1KmBÈíè�K���éRLU+CFV0~FUSR_/ê'ïvIRK�Q3K�ë-K�QÐé<+�.~.~FUíRLVK-ê&.~I/2CQ~KmB�ïi+CQ3T
2?>@+-SR_80~IRK:G�+CS/G�,RQ~Q3K�S�0vò�,RK�Q3FVKm.�9

�! � � 78%����?+<:��k+	�H'26 )�6?%9'
�À+CS<.1FHB�K�Q{03IRKvG�2C.~KÌ+C4/0oïi+'+-QÒ>@+-Q~Kgò�,RK�Q3FVKm.�ê5ïvI/K�Q3KÀKm2CGJI�ò�,RKMQ~è
FH.ÀFUS�0~KMQ~Km.o03KMBAFUS03IRK'KO��KMGZ,R0~FU+CS+C4Ò2¯.~LVFHB�FUSR_8ïvFVS/BR+5ï �o+CFUS§+5ëCKMQ
>¯,/Ll03FVéRLUK�BR250J2Ï.o03Q~Km2?>A.M9ÅX%K%4½+�GZ,/.Ç+CS�G�+CS/G�,RQ3Q~KMS-0Ðò-,/K�Q3FVKm.
ïvFV0~I:03IRKv.~2C>@KÀ.~FV_-S/2503,RQ~K��½F[9 K-9Vê?0~I/2?0{I/2�ë-K^03IRKi.32?>@K<�o+CFUS¯éRQ3KMB�ì
FHG�2503K�+5ëCK�QÀ0~I/K�.32?>@K�BR250J2@.o03Q~Km2?>A. C ��ê/2CS/BïvIRKMQ~K�Km2CGJIÇò�,RKMQ~è
I/2-.O2v.1LUFHB�FVS/_vïvFVS/BR+5ï�03I/250bQ3K�é/Q~Km.1KMS-0J.�Fl0J.ÞFUS-03K�Q3KM.10OFVS�03IRKÌBR2?032/9
�gIRK�_C+�2?L�FH.g0~+A.~I/2?Q3K=03IRK�K���KmGZ,�03FV+-SÇ+C4b0~I/K:B�F%��K�Q3K�S�0 ïvFUS/B�+5ï
�o+CFUS/.i03+A+Cé�03FV>@F=ª�K�0~I/K�,�0~FULVF=ªM2?0~FU+CSÐ+?4�.1è�.10~KM>×Q~Km.1+-,RQJGZKM.M9
X·K¸FVLULU,/.o03Q32?0~K�03IRFH.ÇB�K��/SRFV0~FU+CS�,<.1FUSR_�2CSÈK��R2?>@éRLUK¸+?4�0oïi+

ò�,RK�Q3FUKM.�FVSÔPÒFU_C,/Q~K �C9 �gIRKÐ.~èS�032@�Â+C44B C2CS/B BpoÇïiK�Q3K§B�KZì
.3GZQ3FVíEKMB@FUS�¥KMGZ0~FU+CSs�R9=�-9ÒçpS@03IRKR�<_C,RQ3KCêC0~,RéRLUKM.À2?Q3Q~FUëCKg4½Q3+C>Ã0~I/K
LUKZ4£0Mê�2CS/BA2?Q3Kg032C_C_CKmB@ïvFl03IA0~I/K�FUQÀ.10~Q3KM2?> FHB�K�S�0~F=�/KMQÀ2?S<B80~FU>8Km.oì
032C>@éO9¸X·KÇFUS/B�FHG�2?0~KA03,RéRLUKM.¯0~I/2?08.3250~FH.14½è%03IRKa�o+-FVS�éRQ~KmB�FHG�2503K
�½í/,�0=SR+C0=SRKMG�KM.3.~2CQ~FULUè@0~IRK:ïvFUS/B�+5ï�GZLH2?,<.1KF�ií�èÇ>A2?Q3T�FUSR_@03IRK�>
ïvFV0~I03IRK�.~2C>8K&.1è>�í<+-L��6KC9 _/9Uê�.1032CQMê�íRLH2CGJTAGZFUQ3G�LVK-ê-K�03GC9 �Z9�çpS0~I/K
�/_-,RQ~K-ê�B C éEK�Q~4½+CQ3>A.À2H�o+CFUS§íEKZ0oïiK�KMS§03IRK'0oïÀ+@.o03Q~Km2?>A.�
Ù2CS/B
�êb,/.1FUSR_(éRQ3KMB�FHG�2?0~K��ïvFl03I%ïvFUS/B�+5ï .~F=ª�K�� C�� +CSRK@>@FUS�,R0~KC9
Bpo�é<KMQ14½+-Q~>A.&2]�o+-FVS%í<K�0oïÀKMK�S¸03IRK@.~2C>8K¯0oïÀ+Ð.o03Q~Km2?>A.�
Ã2CS/B
�ê',/.~FVSR_�éRQ~KmB�FHG�2503K�ÙïvFl03I ïvFUS/B�+5ï .1F=ª�K�� o � +-SRK�IR+-,RQm9
�gIRKMQ~K:FH.=2CS�+CíëFV+-,/.v+5ë-K�Q3LU2CéÇíEKZ0oïiK�KMS(0~IRK�FVS�0~KMQ~Km.o0J.v+?4^íE+?03I
ò�,RK�Q3FUKM.Mê-S/2C>@K�LUèCê�0~IRK�2?S<.1ïiK�QÀ+?4O03IRKG�o+-FVS§4½+CQ B CZ�£0~I/K&.~>A2?LULVKMQ
ïvFUS/B�+5ïH�vFH.'FVS/G�LV,<B�KMB�FVS�03IRK@2?S/.~ïÀKMQ=+C4�0~IRKH�o+CFUS¸4½+CQiBpo��½0~IRK
LH2?Q3_CK�QiïvFUS/B�+5ïH��9ÖX·K�Q~K�4½K�Qi0~+�0~IRFH.v2C.À03IRK ±3�? /¡p²5¢£ <®@¨� /¡�°�©~�3°�Á
¨�©�¡�ª 4½+CQ 0~IRK[�o+-FVS(+-é<KMQ32?0~FU+CS!x�03I/250'FU.MêR03IRK[�o+CFUS�2?S/.~ïiK�Qv+?4^2CS�è
ò�,RK�Q3è·FU.82?LH.1+%GZ+CS�0J2?FUSRKMBÂFUSÂ03IRKZ�o+-FVS 2?S/.~ïÀKMQ:+?4v03IRK(ò-,/K�Q3FVKm.
I/2�ëFUSR_80~IRK:.32?>@K�.1FU_CS<250~,/Q~K&ïvFl03I(LU2CQ~_-K�QgïvFVS<B�+5ï .�9

� ùÒöJõ�����õ�u��v���1|6õ[���rzpõ[�rö��:õ[ö�w'|[�r� � �r�g���M��� �6ö��r�¯���[�ox��rz1w3õ��'wJ�r�rö1øb|���|�õ[ö��|��gu5wJ|[uMþ£�5wJ|[�ox¯�rtv���r�otv�o��õ[w3õ[�rö��m|Öö � õ�u�� wJ� � ö��[� õ�u�t�}YF{�������o|�õ��ox8�rö�ö���rtv���r�otv�o��õ[w3õ��rö���|Þzoö����rx'�?�Ö����õ[�o��xm�1x=õ[öix��1wJ�-øb� õ[u x�� �C�o�[�o�Zõ���ö��r� �����1xm� þz1w3õ[�o|1}

]M��KmGZ,�03FVSR_ í<+C0~I ò�,RKMQ~FUKM.·.1KMé/2?QJ2503K�LUè ïg2C.10~Km.�.~è.10~KM> Q~K�ì
.~+C,RQJGZKm.�9 �gIRK G�+C>@>@+CS��o+-FVS
KO�KmGZ,�03FV+-S
í<K�0oïÀKMK�S�03IRKÏ0oïi+
ò�,RK�Q3FUKM.8ïvFVLULgí<K(Q3K�éEKM2?0~KMBÏ0oïvFUG�KCêÀFVS/G�Q~Km2C.~FVS/_¸0~I/K(2C>@+C,RS�0@+?4
>@K�>@+CQ3è¸2?S<B �Y� yÃéE+5ïiK�Q&Q~Kmò-,/FVQ3KMB¸0~+(éRQ3+G�KM.3.'0~IRKAò�,RK�Q3FUKM.M9
çp>@éRLUK�>@K�S�0~FUSR_ íE+?03I ò�,RKMQ~FUKM.�FUS 2 .~FVS/_CLUK KO��KMGZ,R0~FU+CS éRLU2CS
2�ëC+-FUB/.i.~,/GJIÐQ~KmB�,RS/B/2?S�0véRQ~+�G�KM.3.1FUSR_/9
�gIRK�.1I<2?Q3KMB��o+-FVSÇéRQ~+�B�,<GZKM.À>¯,/Ll03FVéRLUK�+C,�03éR,�0 BR2?032¯.10~Q3KM2C>A.

4½+CQÖKm2CGJI¯.~K�é/2CQ32?0~Kiò-,/K�Q3èC9<�gI/KÀ+-,�0~éR,R0ÖBR2?032&.o03Q~Km2?>A.{2?Q3KÌFHB�K�S�ì
0~F=�/KmB�íè�0~I/K�FUQ2C.3.1+�GZFH2503KMBÂïvFUS/B�+5ï .1F=ª�Km.�êÌ2CS/B�2?08LUKM2-.o0@+CS/K
ò�,RK�Q3è§>�,/.10=í<K�25010J2CGJIRKmBÐ0~+AKm2CGJI(+C,�03éR,�0�BR250J2A.o03Q~Km2?>(9#�gI/K
.~I/2?Q3KMB`�o+CFUSÏ+-é<KMQ32?0~+CQ¯FU.�B�FVëFHB�KMBÏFVS�0~+¸0oïÀ+¸>A2CFVSÂé/2CQ10J.���0~I/K
�o+CFUS�é<2?Q~0�2CS/B�03IRK@Q~+-,�0~FUSR_§é<2?Q~0M9Z�gIRKD�o+CFUS�é<2?Q~0&éRQ3+�B�,/G�KM.&2
.~FVSR_-LVKA+-,�0~é/,�0�.10~Q3KM2?> 4½+CQ¯2CLVLiò�,RK�Q3FVKm.�2?S/B·03IRKQ3+C,�03FVS/_�é/2?Q~0
éRQ3+�B�,/GZKm.^03IRK�2?éRéRQ3+Cé/Q~FH2503Kv+C,�03éR,�0vBR250J2¯.10~Q3KM2?>A.^4½+CQÀ0~IRK&ë52?Q~ì
FU+C,/.vò�,RKMQ~FUKM.M9
XÈIRFULVKi.1I<2?Q3KMB&K���KMG�,�0~FU+CS�I<2C.b.~FU_CSRF=�<G�2CS�0Oé<+C0~K�S�03FU2CLCíEK�SRK��R03.

FUSA0~KMQ~>A.À+?4b.3G�2?LH2?í/FVLUFl0oè82?S/Bé<KMQ14½+-Q~>A2?S<GZKCê-ïÀK'SRK�KmB@0~+�K�S/.~,RQ3K
0~I<250�.~,/GJIÏ.~I/2?Q3FVS/_(BR+�Km.:SR+C0¯SRKM_-2503FVë-K�LUè�FU>@é/2CGZ0:0~IRK§í<KMI/2�ë�ì
FU+CQ=+C4�FVS/BRFVëFHB�,/2?L{ò�,RK�Q3FVKm.�9^�gI<250=FH.�ê<0~I/K�.~I/2?Q3KMBÐK���KmGZ,�03FV+-S�+?4
>¯,/Ll03FVéRLUK:ò�,RK�Q3FUKM.v.~IR+C,RLHBÐí<K�03Q32CS/.~é/2?Q3K�S�0i0~+80~IRK:ò�,RKMQ~FUKM.M9�X·K
B�K��/SRK�0oïi+8+-íV�oKMGZ0~FUëCKm.Ì4½+-Q .1,<GJIÇ03Q32CS/.~é/2?Q3K�S/G�è*�
�C9[�gIRK .~I/2CQ~KmB¯KO�KmGZ,�03FV+-S@+?4�ïvFVS/BR+5ï§�o+CFUS/.^.~IR+-,RLUB@2CíRFUBRKiíè
03IRKÀFH.~+CLH250~KmB�K���KmGZ,�03FV+-S:éRQ3+CéEK�Q~0oèCê5F[9 K-9Vê5Km2CGJI:ïvFUS/B�+5ï¨�o+-FVSOê
.32�è����iê�0~I<250�FU.'é/2?Q~0~FHGZFUé/2?0~FUSR_§FUS¸03IRK8.~I/2CQ~KmB(K���KMG�,�0~FU+CSOê
éRQ3+�B�,/G�KM.(2?SÙ+C,�03éR,�0¸.o03Q~Km2?> 0~I<250�FU.ÐFHB�K�S�03FUGM2?L&0~+Ô0~I/K
+-,�0~éR,R0(.10~Q3KM2C> 03I/250�� � éRQ3+�B�,/G�KM.ÇïvIRK�S�KO��KMGZ,R0~FUSR_�FUS
FH.1+-LU2?0~FU+CSO9

��9[�gIRKÈQ3KM.~éE+CS/.~K�03FV>@KÈéEK�S/2CLl0oèÃFV>@éE+-.~KMB +CS 2?Sè ò�,RKMQ~è
ïvIRKMSÇ2¯SRK�ï ò�,RKMQ~è@FH.iFVS/G�LV,<B�KMB§FVSÐ2¯.~I/2?Q3KMBAé/LU2CS§.1I/+C,RLHB
íEK�TCKMé�0v0~+A28>@FVSRFU>¯,/>Ð9

çpS +-,RQ(K��R2?>@éRLUK�ò-,/K�Q3FVKm.�ê&GJI/2?SR_-FVS/_Ï0~I/K%+-Q3B�KMQÇ+C4¯03IRK%+-,�01ì
éR,�0�BR,RQ~FUSR_�.1I<2?Q3KMB�KO��KMGZ,R0~FU+CS �62ÔëFV+-LU2?0~FU+CS +C4�+-íV�oKMGZ0~FUëCK��
2?íE+5ëCKF�G�+C,RLHBÈéE+?0~KMS�0~FH2?LULVèÈéRQ3+�B�,/G�K%B�F(�EKMQ~KMS�0§� � yD�H� 2CS/B
*¸7"! Q3KM.~,RLl0J.�03I/2?SÂFH.1+-LU2?0~KmB�K���KMG�,�0~FU+CSO9(çpS�2-BRB�FV0~FU+CSOêÖïvIRKMS
0~I/K .1I/2CQ~KmB¯KO��KMGZ,R0~FU+CS@FV>@éE+-.~KM.�2&IRFU_CI@Q3KM.~é<+-S/.1Ki03FV>@KvéEK�S/2CLl0oè
4½+CQv+-SRK�ò�,RK�Q3è©�½K-9 _<9Vê B&C���êR0~I/2?0=ò-,/K�Q3è$# .i+C,�03éR,�0=G�+C,RLHB§íEK:.~FV_Cì
SRF=�<G�2CS�0~LUè%B�KMLU2�è-KMBÞ97'.:ïiK@.~IR+5ï FVS�¥KmG�03FV+-S 
/êO03IRK§2�ëCKMQ32C_CK
Q3KM.~é<+-S/.1K 0~FU>8K'é<KMQ^03,RéRLUK 4½+CQg.~>@2CLVL<ïvFVS<B�+5ïÈò-,/K�Q3FVKm.ÌGZ+-,RLHB@FVS�ì
GZQ3KM2-.1KÀ4½Q3+C>
>@FVLULUFU.~KMG�+CS/BR.[�6FVS@FH.1+-LU2?0~KmB:K���KmGZ,�03FV+-Sk�b0~+�.1KmGZ+-S/BR.Mê
B�KMLU2�èFUSR_¯GZQ3,/G�FU2CL<SR+C0~F=�<G�2?0~FU+CS/.Mê-4½+CQiK��R2?>@éRLUKCê�0~I<250g>@2CSè@.~K�SRì
.~+CQJ.vFVS%.1+->8K¯é/2?Q~0'+C4{03IRK@BR250J2GZKMS-03K�Q&2?Q3K:Q~KMé<+-Q103FVS/_2§.~éRFVT-K
FUSÇ03IRK�FUQg0~KM>@é<KMQ32?0~,RQ3K:2?S/BÇI,R>@FUBRFl0oèÇë�2CLV,/KM.M9
�gIRFH.§é<2?éEK�QÐFVSëCKm.o03FV_�2503KM.>@K�0~IR+�BR.Ç4½+CQ(.~I/2?Q3FVS/_Â0~IRK·K���K�ì

GZ,R0~FU+CS�+C4=>¯,/Ll03FVéRLUK(ïvFVS<B�+5ï �o+CFUS ò�,RKMQ~FUKM.8ïvIRFHGJI .32503FU.14½è�0~I/K
2?íE+5ëCK'0oïi+8+-íV�oKMGZ0~FUëCKm.�9
�! &% 's+(�#/ )�+-1*) % 7,+
¥�03Q~Km2?>#ò�,RKMQ~èÃéRQ3+G�KM.3.1FUSR_�I/2-.Âí<KMK�S 2CB/B�Q~Km.~.~KMB íè >A2CS�è
K�ë-+CLUëFVSR_�.~è.10~KM>A.�.1,/GJI 2C.�7=,RQ~+-Q32  =��£[ê]�ÒK�LUK�_-Q32CéRI   �F£¯2CS/B
¥V� � ]À7=*  =� ��£A.~è.10~KM>A.�9 �gIRK�.~I/2CQ~KmBÙKO��KMGZ,R0~FU+CS
+?4A>�,RLlì
0~FUéRLUKÏò�,RK�Q3FVKm.(+5ëCKMQ(B/25032�.10~Q3KM2C>@.ÐFH.�Q3KMGZKMS�0~LUè�éRQ3KM.~K�S�0~KmB FUS
�i7H�[�  ����F£v2?S/B;�#¥+C,/é   
/£[9©¦i+C0~I �i7H�[� 2?S<B �_¥+-,Ré�2CB�ì
B�Q3KM.3.�03IRKÇ.~I/2?Q3KMB�ïvFUS/B�+5ï �o+-FVS 2?>@+CSR_�>¯,RLV0~FUéRLUKÇò�,RK�Q3FUKM.:íè
,/.~FVS/_@0~IRK:LH2?Q3_CKm.o0vïvFUS/B�+5ï�ê/.~FU>8FULH2?Qg0~+§+C,RQj�/QJ.10 éRQ~+-é<+�.1KmB(2?LVì
_C+-Q~FV0~I/>Ð9 � ,RQgQ3KM.~KM2CQ3GJIFUSÇ0~IRFH.gé/2?éEK�Qi4½+�GZ,<.1Km.À+-S§03IRK�.1I<2?Q3KMB



(a9,b12)
(a11,b8)

(a11,b8)
A

newest

(a9,b12)
(a11,b4)

(a5,b12)
(a9,b12)

(a11,b0)
(a11,b4)

(a11,b8) Q3

Q2

Q1

B

W2

Join Part

W1

W1

(a1,b12)
(a5,b12)

(a9,b12)
(a11,b0)

(a11,b4)
(a11,b8)

b0b2b4b6b8b10

a11 a9 a7 a5 a3 a1

W3

W2

W3

Output Data StreamsRouting Part

(a1,b12)

(a5,b12)

b12

1 100 200 300 400 500 600
Window size (sec.)

0.0

0.5

1.0

1.5

2.0

R
es

po
ns

e 
tim

e 
(s

ec
.)

LWO
Isolated Execution

P{FU_C,RQ3KU� �[�62��[¥�GJIRKMBR,RLVFUSR_@03IRKZ¥I/2CQ~KmB§XÈFUS/B�+5ï NC+-FVSÐ,/.~FVSR_	>-X � 9 �½ík�R>CX � ë-K�QJ.1,/.iço.~+CLH2503KMBÐ]M��KMG�,�0~FU+CSO9
ïvFUS/B�+5ïY�o+CFUS¸2?S/BÐïiK:éRQ3+5ë�FHB�K�.~K�ëCKMQ32CLO2?LV0~KMQ~S/2?0~FUëCKm.i0~+§.3GJIRKMB�ì
,RLUK�0~IRK,�o+-FVSÐíEK�èC+-S/BÇ0~I/2?0 ,/.~KMBÇFVS©�i7H�[�
2CS/B[�_¥+-,RéO9
�gIRK:Q3KMG�K�S�0 ïi+CQ3T§FUS   v@£Ö2CBRBRQ~Km.~.~KM.g03IRK:ïvFUS/B�+5ï �o+CFUS�+5ëCKMQ

0oïi+�.10~Q3KM2?>A.iïvIRKMQ~K=0~IRK&0oïi+�2?Q3Q3FVëFUSR_�.10~Q3KM2C>@.ÀI/2�ë-K'B�F(�EKMQ~KMS�0
2?Q3Q3FVë52?LÖQJ2503KM.M9g�gIRK2C,�0~IR+-Q3.�.~,R_C_-KM.10&,<.1FUSR_�2C.~è>8>@K�0~Q3FUGH�o+CFUS
�½K-9 _<9Vê�íR,/FVLHB�FUSR_'2vS/KM.10~KMB:LV++Cé¯+CS�+CS/KÌ.o03Q~Km2?>�2?S/B¯2vI/2C.~I�032CíRLUK
+CS�03IRK+C0~IRKMQ¯.o03Q~Km2?>\��êÒ0~+�Q~KmB�,/GZK0~IRKKO��KMGZ,R0~FU+CSÂGZ+�.o0m9 � ,/Q
Q3KM.~KM2?QJGJIFH.vB�F(�EKMQ~KMS-0 2-.gïÀK�GZ+-S/.1FHB�KMQÀ03IRK�éRQ3+CíRLUK�> +C4{.~I/2?Q3FUSR_
0~I/K�ïvFVS/BR+5ï��o+CFUS(K���KMG�,�0~FU+CS(2?>@+-SR_@>¯,RLV0~FUéRLUK:ò-,/K�Q3FVKm.�9
¥�GJIRKmB�,RLUFVS/_�0~IRK�é/Q~+�GZKm.~.~FUSR_
+?4¸2
.~FVSR_-LVK �o+-FVS +5ë-K�QÂSR+-S

.10~Q3KM2?>@FUSR_(BR250J2§I/2-B�íEK�KMS·.10~,<B�FVKmB�FUS�  �/ê���êJ�O¢@£�9@7 LV0~IR+-,R_CIOê
.~FV>@FULU2CQÐFUS�.1éRFUQ3Fl0(0~+Ô03IRK�Q~Km.1Km2?QJGJI�ïÀK�éRQ3+CéE+-.~K�FUSÙ0~IRFH.�é/2?ì
éEK�Qmê-.3GJIRKMB�,/LVFUSR_�FVS<B�FVëFHB�,/2CL@�o+CFUS/.^B�+Km.ÖSR+?0Ì2-BRB�Q3KM.3.b03IRK FH.~.~,RKm.
QJ2?FH.1KmB§íè§.~I/2?Q3FUSR_82CS/BÐíèïvFVS<B�+5ïgì[í<2C.~KMBé/Q~+�GZKm.~.~FUSR_/9

� ��� ���v� � �bä=å4�1æ â	� ��� � ã^�/æo� � � �
çpS
03IRFU.·.~KMG�03FV+-SOê:ïiKÏéRQ3KM.~K�S�0¸03IRQ~KMK�.3GJIRKMB�,/LVFUSR_ 2CLV_-+CQ3Fl03IR>A.
4½+CQ é<KMQ14½+-Q~>@FUSR_ 2 .~I/2?Q3KMB ïvFUS/B�+5ï �o+CFUS 2?>@+CS/_ >¯,RLV0~FUéRLUK
ò�,RK�Q3FUKM.M9,�gI/KM.~K:2?Q3K � >Ò2?Q3_CKm.o0 XÈFUS/B�+5ï � SRLUè}�?>CX � ��ê:¥IR+-Q10~ì
KM.10gXÈFVS/BR+5ï P{FVQJ.o0a�I¥X�PM��êR2?S<B§*¸2/�FU>¯,/> �',RK�Q3è �gIRQ~+-,R_CIRì
éR,�0a��*f���^��9�>-X � ïg2C.ÀFU>8é/LVFHGZFV0~LUè,/.~KMBÞê�í/,�0vSR+?0gK�LH2?íE+CQJ2503KMB
,RéE+CS@FUS¨  
Rê ���F£�9J>CX � FH.^2&S/2503,RQJ2?L�ïg2�è�0~+:2-BRB�Q3KM.3.{0~IRKvéRQ3+CíRì
LUK�> +?4b.~I/2CQ~KmB��o+CFUS§éRQ3+�GZKm.~.~FVS/_/êCí/,�0 2C.ÀïÀK'ïvFVLULÞ.1KMKCêI/2C.i.~+C>@K
.~FV_-SRF��EG�2?S�0§éEK�Q~4½+CQ3>A2?S/G�K�LVFH2?í/FVLUFl03FVKm.�9 �gIRK}¥X�P 2CS/BÈ*f���
2?LU_C+-Q~FV0~I/>@.g2CQ~K�GZ+-S�0~Q3FVíR,R0~FU+CS/.g+C4b0~I/FU.vé<2?éEK�Qm9
� SRKvFU>@é<+-Q10J2?S�0ÀGZ+-S/.~FUB�KMQ32?0~FU+CS�4½+CQÌ2CLVL/0~IRQ3K�K .3GJIRKmB�,RLUFVSR_�2?LVì

_C+-Q~FV0~I/>@.'FH. 03IRK�+-Q3BRK�Q=FUS�ïvI/FUGJI�03IRK8+C,�03éR,�0&0~,RéRLUKM.�2CQ~K:é/Q~+Cì
B�,/G�KMBÞ9 X·K·2-B�+CéR0Ð2Åð3.o03Q~Km2?>8ì�FVS�.10~Q3KM2C>�ì�+C,R03ñÂéRI/FVLU+-.~+CéRIè-9
¥FUS/GZK0~IRKFUSRéR,R0�.o03Q~Km2?> FU.�GZ+C>@éE+-.~KMB·+?4i0~,/éRLVKm.:+-Q3B�KMQ~KmB�íè
.~+C>@K�0~FU>@KM.1032C>8ébê<03IRK8+C,�03éR,�0=03,RéRLUKM.&.1I/+C,RLHB¸2?LH.~+§2?éRéEKM2CQ'2-.
2§.10~Q3KM2C> +-Q3BRK�Q3KMB(íè�2A0~FU>@KM.1032C>8éb9'çpS¸+-,RQ'2CLV_-+CQ3Fl03IR>A.�ê<0~I/K
+C,R0~éR,�0Ì0~,RéRLUKM.Ì2?Q3KiKM>@Fl0~0~KMBA2-.^2�.o03Q~Km2?>Ã+CQJB�K�Q3KMB¯í�è¯0~IRK=>@2/�ì
FU>¯,R> �6F�9 KC9UêR>@+-.10gQ~KmGZK�S�0��^03FV>@Km.o0J2?>@éÇ+C4b03IRK&0oïÀ+�0~,Ré/LVKm.i0~I/2?0
4½+CQ3> 03IRK,�o+CFUSÐ0~,RéRLUKC9
7 LUL�0~IRQ3K�Kv.3GJIRKMBR,RLVFUSR_&2?LU_C+CQ3FV0~IR>A.ÒéRQ~Km.1KMS�0~KMB¯FVS�0~I/FU.Ö.~KMG�03FV+-S

2?í/FUB�K�íè§0~IRK:FH.~+CLH250~KmBÐK���KMG�,�0~FU+CS(éRQ3+CéEK�Q~0oè©�;¥�KMG�03FV+-S ��9 �8��9ÀçpS
0~I/FU.i.1KmG�03FV+-SOê-ïiK'BRKM.3GZQ3FVíEK 03IRK'2CLV_-+CQ3Fl03IR>A.^2C.3.1,/>8FUSR_¯2¯SRKM.10~KmB
LU+�+-é/.1ì[í/2-.1KmB(FV>@éRLUK�>@KMS-0J2503FV+-SO9&7'.=ïvFULUL{íEK@B�KM.3GZQ3FVíEKMB¸FVSf¥�KMG�ì
0~FU+CS;
/9 ¢<ê�2?LULÌ+?4g03IRKÇ2CLV_-+CQ3Fl03IR>A.:G�2CSÂí<KFU>@éRLUK�>@K�S�0~KmBÂ,/.~FVS/_
K�FV0~I/K�QvSRKm.o03KMBÐLV++-é/.g+CQvI/2-.1I/FVSR_<9

%� #" 
 / 7��9+��)�) 6#'21]%����0' ������
 )����
�gIRK:.~FV>@éRLUKM.10=2?é/éRQ~+�2CGJI§4½+CQ .~I/2?Q3FVS/_¯03IRK:K���KmGZ,�03FV+-SÇ+C4{>�,RLl03Flì
éRLUKïvFUS/B�+5ï �o+CFUS/.:FH.�03+¸K���KMG�,�0~KÇ2¸.1FUSR_-LVKAïvFUS/B�+5ïgì=�o+CFUSÂïvFl03I
28ïvFVS<B�+5ï .~F(ªMK&Kmò�,/2?L�03+�03IRK�>A2@��FV>�,R>×ïvFUS/B�+5ï .1F=ª�K�+5ëCKMQi2CLVL
ò�,RK�Q3FUKM.M9'î',RK:03+0~I/K8G�+CS�032CFVSR>@KMS-0'éRQ~+-é<KMQ10oè-ê/03IRK8éRQ~+�G�KM.3.1FUSR_
+?4i0~I/K>A2@��FV>�,R> ïvFUS/B�+5ï ò�,RK�Q3è�ïvFULVLÌéRQ~+�B�,<GZKA+C,R0~éR,�0¯0~I/2?0
.3250~FH.��/KM.=0~IRK8.1>A2CLVLUK�Q&ïvFVS<B�+5ïÅò�,RK�Q3FVKm.=2-.=ïiK�LUL�9��gIRKH�o+CFUS�+CéRì
K�QJ2503FV+-SÔ0~IRKMSÈSRK�KmBR.@0~+ÂQ3+C,R0~K�FV03.+-,�0~é/,�00~+Ï0~IRK�FUS�0~K�Q3KM.10~KmB
ò�,RK�Q3FUKM.M9ÇX·K§G�2CLVLÌ0~IRFH.¯2CéRéRQ3+-2-GJI�� ²5©�µ�¨Z¥J¡ÐÓÐ¢£ E»C�?Ä��g /³lª êÒ+-Q
>-X � 4½+CQ .~IR+CQ~0M9
�gIRK��o+CFUS�FU.é<KMQ14½+-Q~>@KMBÔ2C.A4½+CLULV+5ï .M9�XÈIRK�SÈ2�SRKMï 03,RéRLUK

2?Q3Q3FVë-KM.�+CSÂ2¸.10~Q3KM2C>(êbFV0�FH.�>A2503GJI/KMB�ïvFV0~IÏ2?LUL^03IRKA03,RéRLUKM.:+-S
0~I/KA+?0~I/K�Q¯.10~Q3KM2C> 0~I/2?0:462?LUL^ïvFV0~IRFUS·0~IRK0~FU>8KAïvFUS/B�+5ï�9`�gIRFU.
>A250JGJIRFVS/_¸G�2?SÂíEK§B�+-SRKAFUSÏ2  E¨Z¥�¡�¨J»�³U�M�J°<¥ 462C.~IRFU+CSOê{ïÀ+-Q~TFUSR_
í/2-GJT�ïg2?QJBR. 2CLV+-SR_A03IRK�+C0~IRKMQ&.10~Q3KM2C>(ê/4½Q3+C> >@+-.10'03+§LUKM2-.o0&Q~K�ì
GZKMS�0'2?Q3Q~FUë52?L[ê/+-Q=G�2CS�í<K8B�+CSRK¯,/.1FUSR_ ¹/²�¥~¹¢£ µ 2C.=BRKM.3GZQ3FVíEKMB(FUS
¥KmG�0~FU+CS�
R9 ¢/9 �b,/éRLVKm.@G�2?S�í<K(2?_-KMBÂ+-,�0�+C4 0~IRK(.~è.10~KM> +CS/G�K
0~I/K�è8I/2�ëCKX�o+-FVSRKmB@ïvFl03I2?LUL/.~,Rí/.~KMò�,RK�S�03LVè@2?Q3Q~FUëFVS/_'03,RéRLUKM.^0~I/2?0
462?LULOïvFV0~IRFUSÐ0~IRK�LH2?Q3_CKm.o0gïvFUS/B�+5ï�9
�Ò+Ïé<KMQ14½+-Q~> 0~I/K%Q3+C,�03FVS/_Ïé/2?Q~04½+-Q0~I/K�Q3KM.~,RLl03FVS/_Ï0~,/éRLVKm.�ê

0~I/KZ�o+-FVS +CéEK�QJ250~+-Q�>A2CFVS�032CFVS<.�2%.1+-Q103KMBÂLUFU.10A+?4 03IRKÐïvFVS/BR+5ï .
0~I<250Ç2CQ~K�FUS�0~K�Q3KM.10~KmB�FVS�03IRK¸Q3KM.~,RLV03.A+C4&03IRK �o+-FVSO9 �gIRK�ïvFVS�ì
B�+5ï .v2CQ~K&+CQJB�K�Q3KMBÇíèïvFUS/B�+5ïÙ.~F=ª�K&4½Q~+-> .~>A2?LULVKm.o0g0~+@LH2?Q3_CKm.o0m9
]Ì2-GJI+C,R0~éR,�0g03,RéRLUK�>@2CFVS�0J2?FUS/.À0~IRK�>A2@��FU>¯,R>×2CS/B>@FUSRFV>�,R>
0~FU>@KM.1032C>8é<.+?4�03IRK�FUSRéR,R0§0~,/éRLVKm.A03I/250(GZ+CS<.o03Fl03,�0~K�0~IRK¸+-,�01ì
éR,�080~,/éRLVK-9 �gIRK§Q3+C,�03FVS/_�é/2CQ108,/.1Km.:03IRK(B�F%��K�Q3K�S<GZK§íEKZ0oïiK�KMS
0~I/KM.~K�0oïÀ+�03FV>@Km.o0J2?>@é/.A03+�.~K�LUKMG�0§0~IRK¸ïvFUS/B�+5ï .Mêv2?S/B�I/K�S/G�K
0~I/K�+-,�0~éR,R0�BR2?032Ç.o03Q~Km2?>A.v03I/250�ïvFVLULÖQ~KmGZKMFVë-K�0~IRFH.'0~,Ré/LVK-9��gI/K
+C,R0~éR,�0�03,RéRLUK8FH.�.1KMS�0'03+Ð2CLVLÖ+C,R0~éR,�0�.10~Q3KM2?>A.'0~I<250�I/2�ëCK�ïvFVS�ì
B�+5ï .�_CQ3KM2?0~K�Q¯0~I/2CS�+-Q�Kmò-,<2?Li0~+�0~IRKÐ0~FU>@KÐBRF%��K�Q3K�S/G�KÇ+C4 0~I/K
0~,/éRLVK-9
X·KFVLULU,/.o03Q32?0~KA03IRK+-é<KMQ32?0~FU+CSÂ+?4g03IRK§.~I/2?Q3KMB·ïvFUS/B�+5ï �o+CFUS

ïvFV0~I03IRK=KO�R2?>@éRLUK=_CFUëCKMSFUS§P{FV_-,RQ~Ki����2r��9M�gIRK �/_C,/Q~K=.~IR+5ï .À2
.~I/2?Q3KMBÐïvFUS/B�+5ï �o+CFUS�+5ëCKMQv0oïÀ+B/25032§.o03Q~Km2?>A. 
 2CS/B �9^�gI/K
�o+CFUS¸FH.'.~I/2CQ~KmB�íèÇ03IRQ3K�K�ò�,RKMQ~FUKM.Mê.B C��fBpo5êÞ2?S/B B! :ïvFV0~I%ïvFVS�ì
B�+5ï .~F=ª�KM.¨�6+CQJB�K�Q3KMBÏ4½Q~+-> .1>A2?LULUKM.10�03+·LH2?Q3_CKm.o0�� � C"� � o"�^2CS/B
�# CêÀQ~Km.1éEKMGZ0~FUëCKMLVè-9ÂçpS�03IRKk�/_C,RQ3KCê^0~,RéRLUKM.@ïvFV0~I�.~FV>@FULU2CQ@.~è>8ì
íE+CLH.E�o+CFUSA03+C_CK�0~IRKMQH�½F[9 KC9Uê-03IRK�è@.3250~FH.14½è¯03IRK'G�+C>@>@+CS��o+CFUSéRQ3KMB�ì
FHG�2503K��Z9Y�gIRK��o+CFUS�é<2?Q~08,/.~KM.803IRK(LU2CQ~_-KM.10�ïvFUS/B�+5ï � �  �Z9 7=.
0~,/éRLVK%$ CcC 2?Q3Q~FUëCKm.�ê{Fl0D�o+CFUS/.:ïvFV0~IÏ0~,RéRLUKM.'&)(*�+&-,.�+&-/ÇFVS ¥�03Q~Km2?>
� 2?S/B¸0~IRK@+-,�0~éR,R0&03,RéRLUKM.�2CQ~K8.o03Q~Km2?>@KMB¸0~+Ç0~IRK80~I/K8Q3+C,R0~FUSR_
é/2CQ10m9��gIRKAQ3+C,R0~FUSR_Çé<2?Q~0�BRKZ0~KMQ~>@FUSRKM.&03I/250�03IRKA+C,�03éR,�0�03,RéRLUK
��$ CbC �-&)(O�^>¯,/.10ÌíEK Q~+-,�0~KmB80~+¯2CLVL/0~IRQ3K�K'ò-,/K�Q3FVKm.�êC0~,RéRLUKZ�0$ CbC �+&-,F�



íEK�Q3+C,�03KMBÔ0~+ ò-,/K�Q3FVKm.sBpo¸2CS/B B! Cê 2?S/BÔ03,RéRLUK �0$�CcC��+& / �AíEK
Q3+C,�03KMBÈ+-SRLVè�03+ ò�,RKMQ~è�B! C9 7 4£0~KMQ¸GZ+C>@éRLUKZ03FVS/_Ï0~I/K��o+-FVSÙ+?4
0~,/éRLVK $�CbC¯ïvFl03I�.10~Q3KM2C> �êb0~IRK��o+CFUS�é/2?Q~0�í<KM_CFUS/.&0~+��o+-FVS%0~,�ì
éRLUK &�C�oÇïvFV0~IÈ.10~Q3KM2C> 
:9j�gIRK�Q3KM.~,RLV0~FUSR_%+-,�0~é/,�0A0~,Ré/LVKm.2?Q3K
��$ � �+& C�o � �4��$��.�+& C�o � �4�0$ C �+& C�o �Ö2CS/B¯0~IRKMè¯2?Q3KgQ~+-,�0~KmB:FUS�03IRK .32?>@Kïg2�è@0~+@0~I/K:ò-,/K�Q3FVKm.�9
� SRKÐ2CB�ë52?S�0J2?_CK§+?44>-X � ê{íEKM.~FUB�Km.¯FV03.@.~FV>@éRLUFHGZFV0oèCê^FH.�0~I/2?0

2?Q3Q3FVëFUSR_@0~,Ré/LVKm.&2CQ~K�GZ+C>@éRLUKZ03K�LUèÇé/Q~+�GZKm.~.~KMB �6F�9 KC9Uê��o+CFUSRKMB�ïvFl03I
0~I/KÐ+C0~IRKMQA.o03Q~Km2?>A.��:í<K�4½+CQ3KÐG�+CS/.~FHB�K�Q3FVS/_¸0~I/KÐS/K��0AFVS/G�+C>@FUSR_
0~,/éRLVK-9^çpS(0~I/FU.vïg2�èCê03IRK�+C,R0~éR,�0=GM2?S(íEK:.o03Q~Km2?>@KMBÐ+C,R0v2-.g0~I/K
FUSRéR,�0�0~,/éRLVKm.�2?Q3K¯éRQ3+�GZKm.~.~KMBÞê�ïvFV0~I·SR+ÐK��0~QJ2+5ë-K�Q3IRKM2-BÞ9]�gIRFU.
éRQ3+CéEK�Q~0oè�.~2?0~FH.��/Km.{+C,RQÖ+Cí��oKMG�03FVë-KÀ+C4/FH.1+-LU2?0~KMB¯K���KMG�,�0~FU+CSb9{;=+5ïgì
K�ë-K�Qmê(>-X � B�K�LH2�è�. 03IRK�é/Q~+�GZKm.~.~FUSR_+?4i.1>A2?LUL{ïvFVS/BR+5ïÅò-,/K�Q3FVKm.
,RS�0~FUL<0~IRK'LU2CQ~_-KM.10^ïvFVS/BR+5ï�ò�,RKMQ~è8FH.ÀG�+C>@éRLUKZ0~KMLVè8éRQ3+�GZKM.3.~KMBÞ9{çpS
0~I/K&é/Q~KmGZKMBRFVSR_8K��R2C>8é/LVK-êRò-,/K�Q3è B C'G�2?S/SR+?0géRQ3+G�KM.3.À0~,RéRLUK &�C�o
,RS�0~FULÒ0~,RéRLUK $�CbC�G�+C>@éRLUKZ0~KMLVèg�o+CFUS/.&2AïvFUS/B�+5ï�+?4Ì.~F(ªMK �# �4½Q3+C>
.10~Q3KM2?> �§9Z�gIRFH.&>8Km2?S/.'03I/250�0~,/éRLVK &�C�o8ïi2CFl0J.=,RS/SRKMG�KM.3.~2CQ~FULVè
�£4½Q3+C> B&C,# .ÌéEK�QJ.1éEKMGZ0~FUëCKF�Ì2CS/BAFUS/GZQ3KM2-.1Km.^03IRK'+-,�0~é/,�0iQ3KM.~éE+CS/.~K
0~FU>@K'+C4bò�,RK�Q3è0B C�9M�gIRK'K���KMG�0gFH.Ì>@+CQ3K'.~K�ë-K�Q3K=2C.ÌïÀK&GZ+-S/.1FHB�KMQ
LH2?Q3_CKÌB�F(��K�Q3K�S/G�KM.Òí<K�0oïÀKMK�S:03IRKÀ.~>A2?LULVKm.o0Ö2?S/B¯LU2CQ~_-KM.10bïvFUS/B�+5ï .M9
�gI,/.Mê->-X � >A2�è8SR+?0g.~2?0~FH.o4½è8+C,/QÀ+C0~IRKMQÌ+Cí��oKMG�03FVë-KCê2C.À2:LH2?Q3_CK
ïvFUS/B�+5ï ò-,/K�Q3è�GZ+-,RLUB�.~K�ë-K�Q3K�LUè�B�K�_-Q32-B�K�0~IRKéEK�Q~4½+CQ3>A2?S/G�K@+?4
.~>@2CLVLUK�QÀïvFVS<B�+5ï�ò�,RK�Q3FVKm.�9ÖçpSA03IRK'4½+CLULV+5ïvFUSR_¯.~KMGZ0~FU+CSïiK=KO��2C>8ì
FUSRK:03IRK82�ë-K�QJ2?_-K&Q3KM.~éE+CS/.~K�0~FU>@K�+C4^KM2-GJI�ïvFVS/BR+5ï
FVSëC+-LVë-KMB(FUS
0~I/K:.1I/2CQ~KmB§ïvFUS/B�+5ï �o+CFUSÇïvI/K�S(,/.~FVSR_803IRKU>CX � 2CLV_-+CQ3Fl03IR>(9
%� #"( #" �s']/�� ���6�u%��"' +��� %9' �+
	U6?:;+
çpS03IRFH.À.~KMGZ0~FU+CSOêïiK'2?S<2?LUè�ªMKv0~I/K&2�ë-K�QJ2?_CKvQ3KM.~éE+CS/.~Kv0~FU>@K'+C4��
ò�,RK�Q3FUKM.¯.~I/2CQ~FUSR_(0~I/K§K���KmGZ,�03FV+-SÂ+?4 2�ïvFUS/B�+5ï �o+CFUSÏ+CéEK�QJ2503+CQm9
X·K�2C.3.~,R>@K�0~I/2?0=03IRK�.~I/2?Q3KMBÐïvFUS/B�+5ï �o+CFUS¸+-é<KMQ32?0~KM. +CS�+CS/LVè
0oïi+Ï.o03Q~Km2?>A.2?S<BÔ0~I/2?0§KM2-GJI�ò�,RKMQ~è�B��I<2C.2Â,/SRFUò�,RK�ïvFVS�ì
B�+5ï�ê �  9 �gI/K§>@KM2CSÂ0~FU>@KÇíEKZ0oïiK�KMSÏ0~,/éRLVK(2?Q3Q3FVë52?LH.¯2?0�Km2CGJI
.10~Q3KM2?>×4½+CLULV+5ï .g2?SÐK���éE+CSRKMS�0~FH2?LOB�FH.o03Q~FUíR,�03FV+-S(ïvFl03IÐQJ2503K��Ð0~,�ì
éRLUKM.��5.~KMGC9_�gIRK:.~F(ªMK�+?4Ö0~I/K[�o+CFUS�íR,V��K�QZ�½0~IRK82?>@+C,/S-0 +C4{>@KM>�ì
+CQ3è�S/K�KMBRKMB�03+¸IR+CLHB·0~I/K0~,/éRLVKm.�4½+-Q:0~I/Ka�o+CFUSÂ+CéEK�QJ2503FV+-Sk�&4½+-Q
KM2-GJI·.10~Q3KM2C> B�F(��K�QJ.�4½+CQ�KMëCK�Q3è�ò�,RKMQ~è�2CS/B·FU.¯B�KZ03K�Q3>8FUSRKmB%íè
0~I/K=ïvFUS/B�+5ïÈ.1F=ª�K&2C.3.1+�G�FU2?0~KMB8ïvFV0~IA03IRK'ò�,RKMQ~è-9M�gIRK=íR,��EKMQÀ.~F(ªMK� {éEK�Qv.o03Q~Km2?> 4½+-Qg2CS§FUS/B�FUëFUB�,<2?LÞò�,RK�Q3è B�{FU.g2CéRéRQ3+F�FU>A2503K�LUè
KMò�,/2CL�0~+ �  � ����39]>OK�0 �������'íEKÀ03IRKg>A2@��FV>�,R>
ïvFUS/B�+5ïÏ.~F(ªMK
2?>@+-SR_¸2?LUL^03IRK�� ò�,RKMQ~è·ïvFVS<B�+5ï .:2?S<B � ������íEK0~I/K§>A2@��FVì
>¯,/> í/,V�EKMQ&.~F=ª�K¯éEK�Q�.10~Q3KM2?>(9H�gI/K�SOê � ����� � ���������R9&7=.&2
SRKMï�0~,RéRLUK�2?Q3Q~FUëCKm.�êC0~IRK'K���é<KmG�03KMBS,R>�í<KMQÀ+C4Þ0~,Ré/LVKm.^03I/250��o+CFUS
ïvFV0~IA03IRFU.Ì0~,/éRLVK'FVS<.1FHB�K=2:ò�,RKMQ~è8ïvFUS/B�+5ï*��bG�2CSAí<K'KM.10~FU>A250~KmB
íè�� � Ö0~,/éRLVKm.�ê/ïvIRK�Q3K��ÂFU.v0~IRK:.~K�LUKMGZ0~FUë�FV0oèéEK�Qg03,RéRLUKC9
�À+CS<.1FHB�K�Qi03IRK¯G�2-.1K&ïvIRKMS
� 0~,RéRLUKM.=2?Q3Q~FUëCK�.1FU>¯,/Ll0J2?SRKM+C,/.~LVè

FUS§+CS/K +?4O03IRK'.10~Q3KM2C>A.�ê.~2�è@.10~Q3KM2?> 
¯9H>-X � SRK�KmBR.^03+�.3GJIRKMB�ì
,RLUK^03IRKÌKO�KmGZ,�03FV+-S�+?4�03IRKÌïvFUS/B�+5ïgì=�o+CFUS�+?4RKM2-GJI�+?40~I/K��Ã0~,RéRLUKM.
ïvFV0~I@0~I/Kg0~,RéRLUKM.^FVS@03IRKv+?03IRK�Q^.10~Q3KM2C>Ðê�.~2�è:.10~Q3KM2C> �§9{]À2CGJI8+?4
0~I/K�� 03,RéRLUKM.'.1FUS 
ÅFH.=GJIRKmGJTCKmBÐ2C_-2CFVS/.10 �  03,RéRLUKM.'FVS �§9R>OK�0

 �g��$V� 2CS/B"!#�Z�0$V�víEK¯03IRK82CQ~Q3FUë�2CLÒ2CS/B�G�+C>@éRLUKZ0~FU+CS¸0~FU>8Km.&+?4
0~,/éRLVK $Eê�Q3KM.~é<KmG�03FVë-K�LUèC9�PR+-Qgò�,RKMQ~èkB  ê�LUKZ0 7 ë_-���]� B  �ÌíEK�0~I/K
2�ëCKMQ32C_CK:Q3KM.~éE+CS/.~K:03FV>@K@+?4<�o+CFUSRFVS/_ÇKm2CGJI�+C4^0~I/K$�Ø03,RéRLUKM.&4½+-Q
ò�,RK�Q3èsB  9	�gIRK�Sbê
%'&)(+* Z I-,/. M T10124365�78:9 � I<; Z I = d?>-@ Z�A+BNe�_ 8 MDC % Z I = d?>E@AZ�A�B e�_ 8 M#MF#GDH .
ïvIRKMQ~K 03IRK .~,R> FU.×032CTCK�S +5ë-K�Q 2CLVLÙ+C,�03éR,�0 �o+CFUS 0~,�ì

éRLUKM.Å2CS/B �JILKNMO�QP	SRUTWV×G�+CQ3Q~Km.1éE+CS/B/. 03+ 0~IRK×0~,RéRLUK �0$ �-&���9

¥FUS/GZK �XILKYMO� P �RZT V FH. 2CS +C,�03éR,�0Å03,RéRLUK +?4ÈïvFUS/B�+5ï ��1ê
0~I/K�SOê\[ 
 �Z�0$T�$] 
 �g�0&��+[_^ ��%2CS/B 
Q�Z� �JILKYMO� P �RUT V � �� $X`�a�
Q�Z��$V�)� 
 �Z� &��:b�9'!#�Z�&�XILKYMO� P �RZT V �OQ~KMéRQ~Km.1KMS�03.b0~IRKÀ0~FU>@K
250ÀïvIRFUGJI803IRK +C,R0~éR,�0Ì0~,RéRLUK=FH.�Q3KMG�K�FUëCKMB8íènB�o9�PR+-QÌ.1FU>@éRLUFUG�Fl0oè
+?4{0~I/K:2?S/2CLVè�.~FU.MêLVK�0Q� � �R�6+?03IRK�Qvë52?LU,RKm.v+?4c�ÂïvFVLULOSR+C0=2@��KMGZ0
0~I/K:2?S/2CLVè�.~FU.g2C.i03IRK:2�ëCKMQ32C_CK'FU.i0J2?TCKMSÇ+5ë-K�Qv2?LUL�0~I/K�+C,�03éR,�0��Z9
>OK�0edNf�í<KÇ0~I/K0~FU>@K§SRKMKMB�KmB�0~+·GJIRKMGJT%0~I<250A2(0~,Ré/LVKÐé/2?FUQmê

.32�è§��$ �+&��ZêR.~2?0~FH.��<KM.À0~IRK#�o+-FVSÐéRQ3KMB�FHG�2?0~K�2?S/B§0~IRK�ïvFUS/B�+5ï GZ+CSRì
.10~QJ2?FUS-0g[ 
 �Z�0$T��] 
Q�Z�0&��+[O^ �  9g�gIRKMSOêÞ4½+CQ�ïvFUS/B�+5ï �  êÞ0~I/K
�/QJ.o0¯0~,RéRLUK+C4v0~IRKg� 0~,Ré/LVKm.:ïvFULVLiéRQ3+BR,/GZK �  +C,�03éR,�0�0~,RéRLUKM.
ïvFV0~I¸280~+C032CLbB�K�LH2�è+C44d fih �jd f hlk�k+kmh � nd f +CQpo-qo � �� �  h ����9
�gIRK&.1KmGZ+CS<B@0~,Ré/LVK&+?4Þ03IRKi� 2CQ~Q3FVëFUSR_�0~,/éRLVKm.iïvFVLUL<I<2�ëCK'2CS§2CB�ì
B�FV0~FU+CS/2CLiBRK�LH2�è�+?4 d f � ������2C.�03IRKÇ.~KMG�+CS/B·03,RéRLUKÇI<2C.�03+¸ïg2?FV0
,RS�0~FUL 03IRK[�/QJ.o0A03,RéRLUK�.3G�2?S<.80~IRK¸>A2/�FU>¯,/> ïvFUS/B�+5ï�9 ¥FU>@Flì
LH2?Q3LVè-êC03IRK=03IRFUQ3B@03,RéRLUK'ïvFULULEI<2�ëCK=2-BRB�FV0~FU+CS/2CLEB�KMLU2�è8+?4H�Wd f � ���)�
2?S<B�.1+A+-SO9#¦ièÐ2�ëCK�QJ2?_-FVS/_¯03IRK:Q3KM.~é<+-S/.1K�03FV>@K:+C4^2?LUL�� FUSRéR,�0
0~,/éRLVKm.�êR0~IRKMQ~K�4½+CQ3KCê


Qr6sut#�Z�?B�;� � d f
� ��� �  h ��� h �n�v] �F� � �����8� ���F�

�Ò+¯GZLH2?Q3Fl4½è�0~I/FU.ÀKMò�,/2?0~FU+CSAïiK éRLU+?0Ì03IRK'7=ë_A�X� 4½+CQi>¯,RLV0~FUéRLUK
ò�,RK�Q3FUKM.vïvIRFULUK�,/.1FUSR_A03IRK�4½+-LVLU+5ïvFVS/_8ë52CLV,RKm.���dNf � ��,/.~KMG?êS� �
���A���Ò,RéRLUKM.��/¥KmG?ê�> � � �A0~,/éRLVKm.�9g�gIRK�ïvFUS/B�+5ï .&2?Q3K�GJI/+-.~K�S
0~+Ç.1é/2CS�2@ïvFUB�K¯Q32CSR_CK �£4½Q3+C> �:.~KMGZ+-S/BÇ0~+ ���@>@FVS,�03KM.���9vP{FV_Cì
,RQ3K ���6ík�OG�+C>@é/2CQ~Km.Þ0~I/KÀ2�ëCKMQ32C_CKÖQ3KM.~é<+-S/.1KÖ03FV>@KÀ4½+CQÒKM2CGJI:ò�,RKMQ~è
ïvIRKMS�KO�KmGZ,�03KMB¯FVS8FU.~+CLH2503FV+-S:4½Q3+C>�03IRKg+?0~I/K�Q�ò�,RK�Q3FVKm.�ê5ïvFV0~I�0~I/K
2�ëCKMQ32C_CK@Q3KM.~é<+-S/.1K0~FU>8KÐ+?4v03IRKÇò�,RKMQ~è·ïvIRKMSÏK���KMG�,�0~KmBÂ,/.~FVS/_
>-X � 9ÞXÈIRKMSÂK���KMG�,�0~KmB·FVS�FH.1+-LU2?0~FU+CSOê]B��# .:2�ëCKMQ32C_CK¯Q3KM.~éE+CS/.~K
0~FU>@K o FH.:7=ë�_-�X�]�?B�I� � o qo �U� �  h ���Z9ç�0¯FH.:GZLUKM2CQ�4½Q~+-> 0~I/K
_CQJ2?é/I0~I<250g0~IRK:ò�,RKMQ~èAïvFV0~I�.~>A2?LULVKm.o0vïvFUS/B�+5ï�ê�F[9 K-9Vê B Cg�6ïvFl03I
� C � �ewmTLx k �vFH.'.~K�ë-K�Q3K�LUèÇéEK�S<2?LUF(ªMKMB�ïvIRKMS¸,/.~FVS/_s>-X � 99�gIRFU.
éEK�S/2CLl0oèÇFU.=K���é<KmG�03KMBÐí<KmG�2C,/.1K�S/K�ïvLUèÐ2CQ~Q3FVëFUSR_�0~,RéRLUKM.=I/2�ëCK&03+
ïg2?FV0À,RS�0~FULE0~IRK&+CLHBA03,RéRLUKM.i.~GM2?SA03IRK&LU2CQ~_-KM.10ÀïvFUS/B�+5ï�9{XÈIRFVLUK�2
.~FV>@éRLUK2?S/2CLVè�.~FU.�G�LVKm2?Q3LVè�éRQ3KMBRFUGZ03.&0~I/KM.~KAQ~Km.1,RLV03.MêOFV0:FU.:FV>@éE+CQ~ì
032CS�0�0~+�Q3KMG�2CLVLÖ03I/250 >-X � FH.�0~I/KA+CSRLUè�éRQ3K�ëFU+C,/.~LUè¸éR,RíRLUFH.1IRKmB
.3GJIRKMB�,/LVFUSR_A2?éRé/Q~+�2CGJIA4½+-Q .1I/2CQ~KmB]�o+-FVS(éRQ3+�GZKM.3.~FVSR_8FUS��[�Å.1è�.1ì
0~KM>A.�9
�gIRKm.1Ki2?S/2CLVè�0~FHG�2CL-Q3KM.~,RLV03.{2?Q3KÌë52?LUFHBR2503KMB�íè�K���éEK�Q3FV>@KMS-0J.b+-S

2?SÐFU>8é/LVKM>8KMS�032503FV+-S(+?4{0~IRK:2CLV_-+CQ3Fl03IR> FVS§¥KmG�03FV+-S[�R9=�-9
%� � y�:;/ � �#+��) ) 6#'21]%��{z 6#7��) �|y )}z	�
�Ò+�2-BRB�Q3KM.3.�0~IRK�éEK�Q~4½+CQ3>A2?S/G�KÇFH.~.~,RKm.80~I/2?0A2CQ~FH.~KÐïvFV0~I�.~>@2CLVL
ïvFUS/B�+5ï .�FVS{>CX � ê{ïÀK(B�K�ë-K�LU+CéEKMBÏ2CS 2CLl03K�Q3S/2503FVë-KÇ2?é/éRQ~+�2CGJI
G�2CLVLUKMB ¥>A2?LULVKm.o08XÈFVS<B�+5ï P{FVQJ.10¨�I¥X�PM��9^7=.�03IRKÇS<2?>@KÐ.~,R_Cì
_CKm.o0J.�ê{FUSÂ0~IRFH.82?LU_C+CQ3FV0~IR>(êÒ0~IRKÐ.1>A2?LULUKM.10¯ïvFVS<B�+5ï ò-,/K�Q3FVKm.:2?Q3K
éRQ3+�GZKM.3.~KMB �/Q3.10bíè'2CLVLCSRK�ï·0~,/éRLVKm.�êM0~I/K�S�0~I/K^SRK��0_�6LU2CQ~_-K�Q��<ïvFVS�ì
B�+5ïÅò�,RKMQ~FUKM.'2?S/B¸.~++-S¸,RS�0~FUL{0~IRK8LU2CQ~_-KM.10 ïvFVS<B�+5ï
FU.&.~K�Q3ëCKMBO9
7ÈSRKMï�03,RéRLUK=B�+KM.^SR+?0^éRQ3+�GZKMKMB¯0~+,�o+CFUSAïvFV0~IA2�LU2CQ~_-K�Q�ïvFUS/B�+5ï
2C.&LU+CSR_Ð2C.�2?S/+?0~I/K�Q'0~,RéRLUK@FU.&ïg2?FV0~FUSR_Ç0~+g�o+CFUS�ïvFV0~I�2Ç.~>A2?LULVKMQ
ïvFUS/B�+5ï�9;y S<B�K�QA+-,RQ�í<2C.~FUGÐ2C.3.1,/>8éR0~FU+CS �I¥KMGZ0~FU+CS{��9L���:0~I/2?0
0~I/K.1è�.10~K�> GM2?S·éRQ3+G�KM.3.�2?LUL^ò-,/K�Q3FVKm.&G�+C>@éRLUKZ03K�LUèCêÞ03,RéRLUKM.�ïvFULVL
K�ë-K�S�0~,<2?LULVèé/Q~+�GZKMKMB§0~+��o+CFUS(ïvFl03I(LU2CQ~_-K�QgïvFVS<B�+5ï .�9
X·K%FULVLU,/.10~QJ2503K}¥X�P ïvFV0~I 0~IRK�KO��2C>@éRLVK%FVS P{FV_-,RQ~K 
1��2r��9

XÈIRKMS�03,RéRLUK%$ CbC 2CQ~Q3FUëCKM.MêÖFl0A.3G�2?S<.�2%ïvFVS<B�+5ï +?4'.~F=ª�K � C FUS
.10~Q3KM2?> �§9Z�gIRK@Q3KM.~,RLl0�FH.=03IRK@+C,�03éR,�0�0~,/éRLVK��0$ CbC��-& ( �Z9�7 4£0~K�Q
0~I/FU.{.~GM2?SOêM0~,/éRLVK &�C�oÌ2?Q3Q3FVë-KM.M9�¥FVS<GZK^03,RéRLUK &�C�o�ïvFULVL4�o+CFUS:ïvFUS/B�+5ï
� C}�£03IRK¸.1>A2CLVLUKM.108ïvFUS/B�+5ïH�Zê &�C�oÐFH.A.~GJIRKmB�,RLUKMB FV>@>@KMBRFU2?0~K�LUèC9
~ ô um�r|/�����5w3õ��rö��gz1wJ�g�?�Þö��mõ�wJ�r�m�1x � ��ö�tf���M�5w3õ��rö�� I �cMR�Z�Ì|[���m|�õ�� õ[�mõ��r� �H 2'��� øb� õ�u�H

. }



(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)

(a5,b12)
(a9,b12)

(a9,b12)

(a11,b8)

(a11,b8)

(a1,b12)

(a9,b12)
(a5,b12)

(a11,b0)

Steps

(a11,b0)

(a11,b4)
(a5,b12)

(a11,b8)
(a9,b12)

(a1,b12)W2

Join Part

W1

W1

b0b2b4b6b8b10

a11 a9 a7 a5 a3 a1

W3

W2

W3

Q3

Q1

Q2
A

B

(a11,b4)

(a11,b4) (a11,b8)

Output Data StreamsRouting Part

b12

1 100 200 300 400 500 600
Window size (sec.)

0.0

1.0

2.0

3.0

R
es

po
ns

e 
tim

e 
(s

ec
.)

SWF
Isolated Execution

PÒFU_C,/Q~Kp
��^��2r�,¥�GJIRKmB�,RLUFVS/_@0~IRKZ¥I<2?Q3KMBÇXÈFVS/BR+5ïÙN-+CFUSÇ,/.~FUSR_�¥X�Pi9 �6ík�[¥X�P�ëCK�QJ.~,/.gço.1+-LU2?0~KmB§]M��KmGZ,�03FV+-SO9
�Ò,RéRLUK'$ CbC I/2C.&SR+C04�/S/FU.~IRKMB%FV03.#�o+CFUS·ïvFl03I·.10~Q3KM2C> � .~+ÇFV0�FU.
.10~+CQ3KMB·2?LU+CS/_ÐïvFV0~IÏ2(éE+CFUS�0~KMQ�0~+(0~,/éRLVK%&��?9 &�C�o@S/+5ïÃ.3G�2?S<.�2
ïvFUS/B�+5ï +?4:.1F=ª�K � CÐFUS�.10~Q3KM2?> 
:êvQ3KM.~,RLV0~FUSR_ÂFVS�03IRK¸+-,�0~éR,R0
0~,/éRLVKg��$ � �-&�C�o4��9X�gIRK=.3GJIRKmB�,RLUK�Q^FH.^FUSëC+CT-KMB82?_�2?FUS¯03+¯.1ïvFV03GJI803+0~,/éRLVK $�CbC�9g�Ò,RéRLUK'$ CbC¯éRQ3+G�K�KmBR. 03+��o+CFUS�ïvFV0~I%0~IRK@Q3K�>A2?FUSRFUSR_
é/2CQ10Ì+C4OïvFVS<B�+5ï � oCê�S/2?>@KMLVè-ê-03IRK=é<2?Q~0~FH2?L/ïvFUS/B�+5ï*� o ] � CvFUS
.10~Q3KM2?> �9M�gIRK'Q~Km.1,RLV0~FUSR_�+-,�0~éR,R0ÀFH.H��$�CbC��-& , �Z9M�gIRK=.3GJIRKMB�,/LVKMQ
0~I/K�S(.1ïvFV03GJIRKm.ií/2CGJT80~+�0~,/éRLVK &�C�o=0~+D�o+CFUSÇïvFV0~I§0~IRK�Q3K�>A2?FUSRFUSR_
é/2CQ10A+?4�ïvFUS/B�+5ï � o(FUSÈ.o03Q~Km2?> 
¯9 �gIRK(éRQ~+�G�KM.3.AGZ+CS�03FVS,RKm.
,RS�0~FULÖ0~,/éRLVK�& C�o �o+CFUS/.�ïvFV0~I·0~I/K8é<2?Q~0~FH2?LÖïvFVS<B�+5ï �  ] � o êb+?4
.10~Q3KM2?> �9^P{FV_-,RQ3Ki
k�62��À.~IR+5ï .i03IRK�+C,�03éR,�0 ,RéR0~+80~IRFH.véE+CFUS�0M9
¥X�P�SRKMKMBR.'03+Ð.10~+-Q~K�í<++CTT-K�K�é/FVSR_ÇFVSR4½+CQ3>@2?0~FU+CS¸ïvFV0~I%0~I/K

2?Q3Q3FVëFUSR_�0~,Ré/LVKm.�9�XÈIRKMSA0~I/K&.3GJIRKMBR,RLVKMQÀ.~ïvFl0JGJIRKM.Ì4½Q3+C> .1KMQ~ëFUSR_
+CS/Kv0~,Ré/LVKv03+¯.~K�Q3ë�FUSR_�2?S/+?0~I/K�Qmê?0~I/K=GZ,RQ3Q3K�S�0À.1032503,/.�+C4E03IRK �/QJ.10
0~,/éRLVK�>�,/.10 í<K:>A2CFVS�032CFVS/KMBÞ9	�gIRFH. .1032?0~,/. BRKM.3GZQ3FVíEKM.gïvIRKMQ~K&03+
Q3KM.~,R>@K�.3G�2CSRSRFUSR_8FVSÐ0~I/K&+C0~IRKMQ .o03Q~Km2?>×2CS/BÇ0~IRK�SRKMïÙïvFUS/B�+5ï
.~F(ªMK¨�½0~IRKAS/K��0�ïvFVS/BR+5ïÃ.~F(ªMK��=0~+(íEK2?éRéRLUFUKMBÞ9@XÈIRKMS�2Ç03,RéRLUK
_CK�03.ÀQ~Km.~GJI/KMB�,RLUKMBOêCFV0g.1032CQ10J.�0~+H�o+CFUSíEK�_CFUSRSRFUSR_8250Ì03IRFH.ÌéE+CFUS�0~K�Q
,RS�0~FULOFV0=GZ+->8é/LVK�0~KM.i03IRK�SRKMïÙïvFUS/B�+5ï�9
� +C0~KA03I/250¯0~IRKÇ+C,�03éR,�0¯+C4i03IRKa�o+-FVSÂé<2?Q~0¯FU. ¥~¹¤��È¨J» GZ+->8ì

é/2CQ~KmB@0~+80~I<250g+?4]>-X � .~GJIRKmB�,RLUFVS/_/9X�gIRFU.v.~I,��AFVS/_¯+�G�G�,RQ3.g2-.
ïiK .1ïvFV03GJIAí/2-GJT�2CS/B84½+CQ~0~I@03+:.1KMQ~ë-Kg0~IRK=BRF%��K�Q3K�S�0À2CQ~Q3FVëFUSR_&0~,�ì
éRLUKM.M9M�b+:é/Q~+�B�,/G�Kv0~I/K'B�Km.1FUQ~KmBA+C,R0~éR,�0g.o03Q~Km2?>Ã4½+CQÀKM2CGJIò�,RKMQ~è
ïiKÀSRKMKMB¯0~+�>@+�B�Fl4½è:0~IRKgQ3+C,�03FVSR_&é/2CQ10{4½Q~+->�0~I/2?0�+?4(>-X � 9F�gI/K
Q3+C,�03FVSR_�é<2?Q~0^>¯,/.10ÌIR+-LUB�0~I/K=+C,R0~éR,�0Ì0~,RéRLUKM.À2?S/B8Q3K�LUKM2-.1Kg03IRK�>
+CS/LVè¸ïvI/K�S·0~IRK§+C,�03K�Q�0~,/éRLVKm.\��$ CbC 2?S<B & C�o FUS·+-,RQ�K��R2C>8é/LVKF�
I/2�ë-K&G�+C>@éRLUKZ0~KMLVèÐ.~GM2?SRS/KMB§0~IRK:G�+CQ3Q~Km.1éE+CS/BRFVSR_8ïvFUS/B�+5ï .M9
P{FV_-,RQ3K 
1��2r�§FVLULU,/.o03Q32?0~Km.ÇI/+5ï 0~IRK�+-,�0~éR,R0Ð03,RéRLUKM.�2CQ~K%Q~K�ì

LUKM2C.~KMB�0~+Ð03IRKò�,RK�Q3FVKm.�9@çpS%0~IRKu�<_C,RQ3KCêOïvI/K�S·0~IRKA+-,�0~é/,�0�0~,�ì
éRLUK��0$�CcC"�+& ( �ÌFH.iéRQ3+BR,/GZKmB§�;¥�03K�é ���Zê-03IRK�Q~+-,�0~FUSR_�é/2?Q~0iB�KmGZFHB�KM.
0~I<250�0~,/éRLVK $ CbC8GZ+->@éRLVK�0~KMLVè·.~GM2?SRSRKmB·ïvFVS/BR+5ï � C@2?S<B%I/K�S/G�K
��$�CbC��-& ( �vGM2?S(íEK�Q~KMLVKm2C.~KMB§0~+ò�,RK�Q3èkB&Cm9ÌX·K¯G�2CSÐ2CLU.~+@Q~KMLVKm2C.~K
��$�CbC��-& ( �:0~+·ò-,/K�Q3FVKm.&BpoÐ2?S/B B! ©�I¥�0~KMé��8�Z9%XÈI/K�SÏ03IRK§+-,�01ì
éR,�0�03,RéRLUK���$ � �-& C�o �'FU.�é/Q~+�B�,/G�KMB �;¥�03K�é 
r�ZêÞ0~I/K8Q3+C,R0~FUSR_(é/2?Q~0
Q3K�LUKM2C.~KM.&FV0�0~+VB C .~FUS/GZK80~,/éRLVK%& C�o G�+C>@éRLUKZ0~KMLVè·.~GM2?SRS/KMB%ïvFVS�ì
B�+5ï � C �I¥�0~KMé�¢��Z9f�=+?0~K0~I/2?0¤��$ � �+& C�o �¯G�2CSRSR+?0�í<KÇQ~KMLVKm2C.~KMB0~+(ò�,RK�Q3FUKM.iB o 2?S/B B  2-. 03IRKM.~K80oïÀ+Ðò�,RK�Q3FVKm.'2CQ~K8ïg2?FV0~FUSR_03+
Q3KMGZKMFVë-K�0~I/K¯Q3K�>A2?FUSRFUSR_§+-,�0~éR,R0=0~,/éRLVKm.'0~I/2?0'>A2�è(Q~Km.1,RLV0 4½Q3+C>
�o+CFUSRFUSR_	$ CbC ïvFl03I�0~IRKMFVQÒé/2?Q~0~FH2?LCïvFVS/BR+5ï .	� � o ] � C 2?S<B �  ] � C ê

Q3KM.~é<KmG�0~FUëCKMLVè��Z9AXÈIRK�S�03,RéRLUK§��$ CcC �+&),��&FH.�éRQ3+BR,/GZKmBY�I¥�0~KMé �8��ê
FV0ÀFH.^Q3K�LUKM2C.~KMB803+:íE+?0~IÇò-,/K�Q3èuBpo=2?S/B0B! g�;¥�03K�é ����9ÖXÈIRKMSA0~,�ì
éRLUK`�0$ � �+&�C�o4� FU.'éRQ3+�B�,/GZKmB��;¥0~K�é w/��ê<0~I/K¯03,RéRLUKM.���$ � �-&�C�o�� 2CS/B
��$ � �+&�C�o4��2?Q3K§íE+?03I�Q3K�LUKM2C.~KMBÂ0~+%ò�,RKMQ~è;Bpo}�;¥0~K�é �r�Z9�çpSÏ0~I/K
.32?>@K�ïi2�è-ê-03,RéRLUK\��$�CbC��-& / �iïvFULVLOíEK�Q3K�LUKM2C.~KMB0~+Aò�,RK�Q3èsB! �2CS/B
0~,/éRLVKY��$�C��-&�C�o��¨�;¥�03K�é �A����ïvFVLUL Q3K�LUKM2-.1KÐ0~I/K(0~,RéRLUKM.©��$ � �-&�C�o4��ê��$ � �+&�C�o4�Zê���$�C"�+&�C�o4�À03+@ò�,RKMQ~èkB! R�;¥�03K�é ���r��9
;=2�ëFUSR_'BRKM.3GZQ3FVíEKMB:0~IRKi+CéEK�QJ2503FV+-S:+?49¥�X�PÀê5ïiKÌS/+5ïÏéRQ3KM.~K�S�0

0~I/K&BR2?0328.o03Q~,<G�0~,/Q~Km.À2CS/BA03IRK�B�KZ0J2?FULVKmB§.10~K�é<.Ì4½+-Qi0~IRK_�o+CFUSÇ2CS/B
Q3+C,�03FVSR_·é/2CQ10J.�+C4=03IRK�2?LU_C+CQ3FV0~IR>(9�P/+CQ@0~I/Kg�o+-FVSÔé/2CQ10mê_¥X�P
.3GJIRKMB�,/LVFUSR_A2?LU_C+-Q~FV0~IR> ,<.1Km.g0~IRK�4½+-LVLU+5ïvFUSR_8B/25032@.10~Q3,/G�03,RQ3KM.��
 �o+-FVS1¦i,V��K�QJ.Mê&+-SRK·4½+CQ�Km2CGJI FUSRéR,R0%.o03Q~Km2?>[�f�o+CFUS1¦i,V�EKMQ3.2CQ~KÏ>A2CFVSÃ>8KM>@+CQ3èÙíR,��EKMQ3.%,/.~KMB
03+Ù.10~+-Q~KÂ03IRK 0~,RéRLUKM.
2CQ~Q3FVëFUSR_Ð4½Q~+-> 03IRKFUSRéR,�0@BR250J2¸.10~Q3KM2?>A.M9¤�gI/K§.1F=ª�K§+?4v2
.~FVS/_CLUKD�o+-FVSk¦À,��EKMQ�FU.�LUFV>@FV0~KmB�íè�03IRKA>A2@��FV>�,R> ïvFUS/B�+5ï
.~F(ªMK�FVSÐ0~I/K:ò-,/K�Q3è>@F%�Þ9

 7 LVFH.o0�+?4�ò�,RKM,RKM.Ï4½+CQ�.o03+CQ3FVS/_
0~IRK 0~,Ré/LVKm.�03I/250ÔSRK�KmB
03+ íEK .3GJIRKMB�,/LVKmB �½+-QÃQ3KM.3GJIRKMBR,RLVKmB1��9 ]Ì2CGJI ò�,RKM,RKCê� x�� T	�XPSRUKNM s�B P TmPSTT� ����ê(Q~KMéRQ3KM.~K�S�03.�+-SRK�ïvFVS/BR+5ï � �D��ê
2CS/B�GZ+-S�032?FUS/.0~IRK%0~,Ré/LVKm.Çïg2?FV0~FUSR_Â03+�íEK·.3GJIRKmB�,RLUKMB�03+
�o+-FVS@ïvFV0~I��:9M�gIRKvLUFU.10^+?4�ò-,/K�,RKm.ÖFU.�+-Q3BRK�Q3KMB¯2-G�G�+CQJB�FVS/_=03+
03IRK:.1F=ª�K�+C4Ò03IRK�ïvFVS<B�+5ï .v2C.3.1+�G�FU2?0~KMB§ïvFl03I(KM2CGJI(ò�,RK�,/KC9

Y&FUëCK�S�03IRKM.~K§.10~Q3,/G�03,RQ3KM.MêO0~I/Ka�o+CFUSÂé/2CQ10:+C4^¥�X�P GM2?S�íEK§B�KZì
.3GZQ3FVíEKMBÐ2C.i4½+-LVLU+5ï .��
�C9 Y&K�0§2%S/K�ï×03,RéRLUK d¤�6Fl4�K���FH.o0J.��¯4½Q3+C> 2CSèÏ+?4'0~IRK�FUSRéR,�0
BR2?032@.10~Q3KM2?>A.Mê�.~2�è.10~Q3KM2C> 
:9G¥�03+CQ3KidiFUSZ�o+-FVS1¦i,V��K�QF�67���9

��9gç�4E¥�0~KMé¤�����ÒQ~Km.1,/Ll0J.ÒFUS@2'S/K�ïÏ03,RéRLUK�d�êC.~GJI/KMB�,RLUKÀ0~IRK��o+CFUS8+?4dvïvFV0~I·.o03Q~Km2?> �×,/.~FUSR_Ç2§ïvFVS/BR+5ï +C4À.~>@2CLVLUKM.10'.~F(ªMK�2CS/B
.1032CQ103FVSR_:2?0Ì03IRK >@+-.10ÌQ3KMGZKMS�0^0~,Ré/LVK'+?4 �9^Y&+?03+g¥�03K�é©�?¢���9


R9gç�4	¥�0~KMé}�����iQ3KM.~,RLV03.iFVS(SR+803,RéRLUKM.Mê�_CKZ0 2�0~,/éRLVK�dÌ4½Q~+-> 0~I/K
LUFU.10A+?4 ÝÞ±3¹/¨J»5¤�³�¢£ µR¦g¤/¨�¤/¨�¥ 9 7'.~.~,R>@KÐ0~I/2?0pd:í<KMLV+-SR_-.�03+
.10~Q3KM2C> 
Ù2?S/B@FH.Ì.10~+-Q~KmB@FVS`¥RGJIRKMB�,/LVFUSR_T�',/K�,RK�� �  �Z9{ç�4OS/+
.~,/GJI¸03,RéRLUKed=K���FU.103.Mê�F�9 KC9UêO2?LUL{0~IRK Ý�±J¹R¨J»?¤�³�¢£ �µ/¦g¤/¨Z¤/¨Z¥ 2?Q3K
KM>8éR0oèCêQ~K�0~,RQ3SA03+�¥�03K�éf�����Z9 � 03IRK�Q3ïvFH.1K-ê�.3GJIRKMBR,RLVKidÖ4½+CQi2
�o+-FVS·ïvFl03I·.10~Q3KM2C> � ,<.1FUSR_ÐïvFVS/BR+5ï �  2CS/B·.o0J2?Q~0~FUSR_Ç2?0
03IRK�é<+-FVS�03K�QvLU+GM2503FV+-SÇéRQ3K�ëFU+C,/.~LUè§.o03+CQ3KMB§ïvFl03I
d�9



¢/9gç�4{0~IRK:.3GJIRKmB�,RLUKMBZ�o+CFUSÐ+C4'diQ~Km.1,/Ll0J.gFVS(+C,R0~éR,�0v03,RéRLUKM.MêRSR+Cì
03Fl4½è 0~IRKÂQ3+C,�03K�Q�íè .~K�S/BRFVSR_Ô03IRKÂ+C,�03éR,�0�03,RéRLUKM.¸2CLV+-SR_
ïvFV0~I"dg0~+03IRK8Q~+-,�0~FUSR_§é<2?Q~0M9'7'BRB d 0~+03IRK8SRK��0&ò�,RKM,RKCê
F[9 K-9Vê,¥�GJIRKmB�,RLUFVSR_V�',RK�,/Kr� ����]C���FUS�03IRKÐLVFH.o02CLV+-SR_�ïvFV0~IÔ2
éE+CFUS�0~K�Qg03+A.o03Q~Km2?> � FUS/B�FHG�2?0~FUSR_@ïvIRK�Q3K&0~+@Q~Km.o0J2?Q~0vSRK��0M9
Y&+80~+�¥0~K�é ������9

çpS ¥�03K�é 
(03+�Q3KZ03Q~FUK�ë-K2(0~,Ré/LVK§4½Q~+-> 03IRK§LUFU.10�+C4H¥�GJIRKMBR,RLlì
FUSR_T�',RKM,RKM.Mê�¥�X�PV�<S/BR.Ì0~IRK Æ^©J¥�¡ SR+-SRK�>@é�0oè@ò�,RK�,RK��6.3G�2CSRSRFUSR_
.~>@2CLVLUK�Q�ïvFUS/B�+5ï ò�,RK�,RKm.&0~+�LH2?Q3_CKMQ&ïvFUS/B�+5ï ò�,RK�,RKm.��&2CS/B·Q~K�ì
0~Q3FUK�ëCKm.v03IRK¯03,RéRLUK82?0=03IRK¯IRKm2CB�+C4�0~IRK@ò�,RK�,/KC9'7=LU.~+/ê�FUS¸+CQJB�KMQ
0~+ÇTCKMK�é �o+-FVS1¦i,V��K�Q�.~F(ªMKM.=.~>A2?LUL�ê<0~I/KH�o+-FVS¸é<2?Q~0&B�Q3+Cé/. 0~IRK�+CLHB
0~,/éRLVKm.=FUS¸+-SRK�.10~Q3KM2C> 03I/250�2?Q3K�+C,�0J.1FHB�K:03IRK¯LH2?Q3_CKm.o0'ïvFVS/BR+5ï�9
�gIRFH.:éRQ3+�GZKm.~.�+C4g0~,RéRLUK§B�Q3+Cé/éRFVS/_�FU.¯é<KMQ14½+-Q~>@KMBÂBRè�S<2?>@FUGM2?LULVè
ïvIRFULVK�03IRK,�o+CFUS(FU.gFUS(éRQ3+C_CQ3KM.3.M9
�gIRK�Q3+C,�03FVS/_Aé/2?Q~0v+?4G¥X�P FU.vFU>@éRLUK�>@K�S�0~KmB�2C.i4½+-LVLU+5ï .��À7

BR2?032¯.10~Q3,/GZ0~,RQ3KCêG�2CLVLUKMB@03IRK=+-,�0~é/,�0�¦i,V��K�QmêFU.i,/.~KMB@03+¯IR+-LUBQ~K�ì
.~,RLl0�03,RéRLUKM.�,/S-03FVL^0~IRKMè%G�2CS%íEKQ3K�LUKM2-.1KmBÞ9\¥�0~KMé}¢(+C4À03IRK��o+CFUS
é/2CQ10@.1KMS/BR.�0~IRKÐ+C,R0~K�Q�0~,/éRLVK�2CLV+-SR_¸ïvFV0~I 0~IRK(GZ+-Q~Q3KM.~é<+-S/B�FUSR_
+C,R0~éR,�0&0~,/éRLVKm. 03+03IRK¯Q3+C,�03FVS/_é/2?Q~0M9 >OK�0=0~I/K�+-,�0~KMQ 0~,/éRLVK8íEKd�êiïvIRK�Q3K�d�>A2�èÂK�FV0~IRKMQAí<K¸2%SRK�ï 0~,Ré/LVK�+-Q@2CS Q3KM.3GJIRKmB�,RLUKMB
0~,/éRLVK-9�çpSÏ0~I/K �/QJ.108G�2-.1K-ê d:FH.�2-BRB�KMBÏ0~+%+C,�03éR,�0�¦i,V��K�QmêÌ2CS/B
0~I/K�+C,�03éR,�0A0~,/éRLVKm.2?Q3K(.o03+CQ3KMB ïvFl03I d�FVS�+-,�0~éR,R0�¦i,V��K�QAíR,�0
2?Q3K(2?LH.1+Â.~K�S�0@0~+Ï2?LULv+C,R0~éR,�0§B/25032�.10~Q3KM2C>@.M9ÔçpS 03IRK¸.~KMGZ+-S/B
G�2-.1K-ê�d^FU.g2�Q~Km.~GJI/KMB�,RLUKMBA0~,RéRLUK&4½Q~+->×2�.3GJIRKmB�,RLUFVSR_@ò�,RK�,/KCê�.~2�è
¥�GJIRKmB�,RLUFVS/_T�',RKM,RKr� ��&��9ÐçpS�0~I/FU.�G�2C.~KCê{2?LUL^03IRK+C,R0~éR,�0¯0~,RéRLUKM.
GZ,/Q~Q3K�S�0~LUèÐIRK�LHB�4½+-Qid 2CLV+-SR_ïvFV0~I¸03IRK8SRK�ï
+-,�0~éR,R0'03,RéRLUKM.�2?Q3K
Q3K�LUKM2C.~KMB¯0~+:0~IRK=ò�,RKMQ~FUKM.^ïvFl03IAïvFVS/BR+5ï .�� ��~9{ç�4 ��OFH.�SR+C0^0~I/K
>A2@��FU>¯,R>ÃïvFVS/BR+5ï�ê50~IRKv+-,�0~é/,�0�0~,Ré/LVKm.^2?Q3Kv2CBRB�KmB:03+�0~IRK G�,RQ~ì
Q3K�S�0{+-,�0~é/,�0�¦i,V��K�Q�+C4�d�9 � 0~IRKMQ~ïvFH.1K-ê�0~IRKgKMS-03Q~è�4½+-QcdOFU.�BRK�LUKZ0~KmB
4½Q3+C>×+-,�0~éR,R0�¦i,V��K�Q=.~FVS<GZK�dÌI<2C.gíEK�K�S�G�+C>@éRLUKZ0~KMLVèÇéRQ3+G�KM.3.1KmBÞ9
%� �! #" �s']/�� ���6�u%��"' +��� %9' �+
	U6?:;+
�Ò+¯KM.10~FU>A2503K 0~I/K&2�ë-K�QJ2?_CKvQ3KM.~éE+CS/.~Kv0~FU>@K'éEK�Qgò�,RK�Q3è@ïvIRK�S§,/.oì
FUSR_a¥X�Piê?ïÀKg,/.~Ki0~IRK .32?>@Kv2C.3.~,R>@é�0~FU+CS/.{ïiKg+C,�03LVFUSRKMB8FUSR¥�KMG�ì
0~FU+CS 
R9L�C9L�C9@PR+-Q:2ÐSRK�ï 2?Q3Q~FUëFVS/_0~,/éRLVK-êÒ.32�è¸+C,R0~K�Q&03,RéRLUKpd'FUS
.10~Q3KM2?> 
:ê-0~IRK=Q~Km.1,RLV0~FUSR_�+C,R0~éR,�0À0~,Ré/LVKm.Ö4½+CQÌ2¯GZK�Q~032CFVS@ïvFUS/B�+5ï
��O2?Q3Kg+CSRLUè¯é/Q~+�B�,/G�KMB8ïvIRKMS$dÖGZ+->@éRLVK�0~KMLVè8.~GM2?S/.�2�ïvFUS/B�+5ï +?4
.~F(ªMK � �FUS@.o03Q~Km2?> �9X�gIRKv2�ëCKMQ32C_CK�Q3KM.~é<+-S/.~KÌ03FV>@Ki4½+CQ�ïvFUS/B�+5ï
���G�2CSÇíEK�KM.10~FU>A250~KmBÇ2-.i0~IRK�2�ë-K�QJ2?_CK'ïi2CFl03FVS/_¯03FV>@K�+?44dÀ,/S-03FVLd<�o+CFUS/.vGZ+->8é/LVK�0~K�LUè§ïvFV0~IÐ03IRK�ïvFVS<B�+5ï +C4{.~F(ªMK �  9
PR+-Q§2Âò�,RK�Q3è�ïvFV0~IÈïvFUS/B�+5ï � C5êi03IRK��/QJ.o0Ð2?Q3Q~FUëFVSR_·03,RéRLUK

ïg2?FV03.g4½+-Qv0~FU>@K � C:d f êR03IRK¯.~KMG�+CS/BÇ0~,/éRLVK¯ïi2CFl0J.g4½+CQv03FV>@K&� � C:d f
2?S<B�03IRKA03IRFVQJB·0~,/éRLVK§ïi2CFl0J.�4½+CQ�03FV>@K 
 � C:d f êU9�9�9~KZ0JG?9¨�gIRK2�ë�ì
K�QJ2?_-K�ïg2?FV0~FUSR_Ï03FV>@K·4½+CQ � 0~,/éRLVKm.Ð0~+�.~GM2?S�ïvFUS/B�+5ï �RC�FH.�����]Co � C:d f 9 P/+CQA03IRK�.~KMG�+CS/B ïvFVS<B�+5ï�êi0~IRK¸ïg2?FV0~FUSR_�03FV>@K�4½+-Q
0~I/K �<Q3.10%03,RéRLUK�FU. � � C dNf h � � o ] � C � dNfRê�4½+-Q·0~IRKÈ.~KMGZ+-S/B
0~,/éRLVK%FU.�� � C dNf h �1� � o ] � C � dNfÏ2?S/BÔ4½+-Q0~I/K � o�� 0~,/éRLVK%FU.� � C dNf h �}� � o ] � C � dNf�9¡�gIRKMQ~K�4½+CQ3KCêv03IRKÂ2�ëCKMQ32C_CK�ïg2?FV0~FUSR_
0~FU>@K¯4½+-Q=03IRK@.1KmGZ+CS<B(ïvFVS/BR+5ï
FU.�� � � C dNf h ���]Co � � o ] � C � dNf�9
Y&K�S/K�QJ2?LULVè-êO4½+CQ�ïvFUS/B�+5ï �  êb0~IRKÇ2�ëCK�QJ2?_-K¯ïg2?FV0~FUSR_Ð0~FU>@K©�62CLU.~+
0~I/K:2�ëCK�QJ2?_-K=Q3KM.~é<+-S/.~K=03FV>@K�� G�2?SÐíEK:GZ+C>@éR,R0~KMB(2-.i4½+CLULV+5ï .��


Qr6sut#�Z�?B�;� � � � ��.C:d fQh � h �
� � � O] � ��.C4� d f �?�r�

P{FV_-,RQ3K4
1�6ík�À.1IR+5ï .Ì0~I/K'Q3KM.~é<+-S/.~K 0~FU>@KM.À4½+CQg.~K�ëCKMS§ò�,RK�Q3FUKM.À,/.oì
FUSR_80~IRK:.32?>@K�.1K�0~,Ré�2C.gB�Km.~G�Q~FUíEKMBÇFVS§¥KmG�0~FU+CS[
R9L�C9L�C9Ö7 LH.~+/ê�ïiK
éRLU+?0�0~IRKQ3KM.~éE+CS/.~KA0~FU>@K4½+-Q:0~I/K§FH.1+-LU2?0~KMB·KO�KmGZ,�03FV+-SÂ+?4 Km2CGJI

oldest

(a7,b12)
(a9,b12)

(a11,b12)
(a11,b6)

(a11,b10)
(a11,b8)

(a11,b4)
(a11,b2)

(a11,b0)
(a5,b12)

(a3,b12)
(a1,b12)

To the Routing Step

Join Part

2w

b0b2b4b6b8b10

a11 a9 a7 a5 a3 a1

6w

b12

3w

2w
3w

6w

A

B

newest

�	��
������������� 7�� �������� � � � � �� � !�  "!�$#  "%�� � & �� ��� � & & �"%�ó	'$(*) , Z I,+.- I ÿ0/�1 ~ M#M9T
F (2)4365�7 �8:9 7 � / 547  8;9 7  �< T�F (*)43 �~ 9 / ~= 9 < T ~= 9
P{FV_-,RQ3KG¢ ��¥�GJIRKMBR,RLVFUSR_'0~IRK[¥I/2CQ~KmB:XÈFUS/B�+5ïÏN-+CFUS¯,/.~FUSR_'*f����9
ò�,RK�Q3èC9X�gIRKY�/_-,RQ~Kv.~IR+5ï .{0~I<250�0~I/K 2�ëCK�QJ2?_-KÌQ3KM.~é<+-S/.~KÌ03FV>@Kv4½+-Q
.~>@2CLVL<ò-,/K�Q3FVKm.�FU.Ì_CQ3KM2?0~LUè:Q~KmB�,/G�KMBA250Ì0~IRK KO��é<KMS/.1Kv+C4�0~IRK=2�ë-K�Q~ì
2?_-K=Q3KM.~é<+-S/.~K=03FV>@K&4½+CQi0~I/K'LH2?Q3_CKMQiò�,RKMQ~FUKM.M9M�gIRK'éEK�Q~4½+CQ3>A2?S/G�K
+?4	¥X�P�FU.gKO�é/LV+-Q~KmB4½,RQ~0~I/K�QvFUS�¥�KMG�03FV+-S ��9
%� &% > / ,!6#:@?]:BAC?2+A7�� 	ED�78%F? �FD'�G?]) �H>IAg	 �
çpS@GZ+C>@é/2CQ~FUSR_=0~IRKgéEK�Q~4½+CQ3>@2CS/GZKi+?4:¥X�P�2CS/B >-X � ê�FV0^G�2?S8íEK
.~K�K�S803I/250_¥X�P�462�ëC+-Q3.�.~>A2?LUL�ïvFVS<B�+5ïÔò�,RKMQ~FUKM.�2?0^0~I/KvK���é<KMS/.~K
+?4{LU2CQ~_-K�QgïvFUS/B�+5ïÙò�,RKMQ~FUKM.Mê�ïvIRKMQ~Km2C.j>CX � 462�ë-+CQJ.iLU2CQ~_-K�QiïvFVS�ì
B�+5ïÈò�,RK�Q3FUKM.^+5ë-K�Q^.~>A2?LULVKMQÌ+CS/KM.M9��gIRFH.iGZLUKM2?Q^0~QJ2CB�KM+/�ÇíEKZ0oïiK�KMS
¥X�P 2?S/B{>-X � >@+?0~FUë52503KM.@03IRK¸B�K�ë-K�LU+CéR>@KMS-0+C4&+-,RQ@0~I/FVQJB
.3GJIRKMB�,/LVFUSR_¯2CLV_-+CQ3Fl03IR>(êCïvIRFHGJIAïÀK'G�2?LULÌð3*f���vñ&4½+CQÀ*¸2@��FU>¯,R>
�',RKMQ~è]�gIRQ3+C,R_-IRéR,�0m9bçpS�0~,/Fl03FVë-K�LUèCêC*f���ÏFU.{>@+CQ3KKJ<K���FVí/LVKÀ0~I/2CS
K�FV0~I/K�QH>CX � +CQX¥X�Piê�GJI/+�+�.1FUSR_=2?0Ö2CSè'FUS/.1032?S�0Ò0~+&éRQ~+�G�KM.3.Þ0~I/K
0~,/éRLVKÌ0~I/2?0bFH.OLUFVT-K�LUè=03+=.1KMQ~ë-KÖ0~IRKÀ>A2@��FV>�,R> S�,/>¯íEK�Qb+C4Rò-,/K�Q3FVKm.
éEK�Q ,RS/Fl0v03FV>@K\�6ò�,RKMQ~è0~IRQ3+C,R_-IRéR,�0���9
�vKmG�2?LUL-0~I/2?0X¥X�P�.~,/.~é<KMS/BR.b0~IRKiéRQ3+G�KM.3.1FUSR_ +C4�0~IRK<�o+CFUS:+C4/2

0~,/éRLVKvïvFV0~IAFV03.^SRK��0�ïvFVS<B�+5ï ïvI/K�SRKMëCK�Q^2&SRKMïvLVè82?Q3Q~FUëCKmB�03,RéRLUK
SRKMKMBR.{03+G�o+-FVS8ïvFl03I82&.~>@2CLVLUK�QÖïvFUS/B�+5ï�9X�gIRKg.1,/.~éEK�S/B�KmB:03,RéRLUKCê
IR+5ïiK�ë-K�Qmê5ïi2-.{.~,RéRéE+-.~KMB�03+�.3G�2CS�é<2?Q~0~FH2?L�ïvFUS/B�+5ï .[�£03IRK B�F(�EKMQ1ì
K�S<GZK¯íEKZ0oïiK�KMS�0~I/K¯ïvFUS/B�+5ï
FV0'I/2-B¸2?LUQ~Km2CB�èÐ.~GM2?SRS/KMB¸2CS/B(0~I/K
SRKO��0�LH2?Q3_CKMQ=ïvFUS/B�+5ï .���9g¥�GM2?SRS/FVSR_Ð+CS/K8+C4^0~I/KM.~K8é<2?Q~0~FH2?L{ïvFVS�ì
B�+5ï .:G�+C,RLHBÂ2CGZ0~,/2CLVLUè%.~K�Q3ëCK@>@+CQ3Kò�,RK�Q3FUKM.�FUSÂLVKm.~.:0~FU>@KA0~I/2CS
.3G�2?S/SRFVS/_Ç03IRK.~>@2CLVLUKM.10�4½,RLULÌïvFUS/B�+5ï�9\�gIRFH.�LUKM2-BR.�,/.�03+¸GZ+CSRì
.~FUB�KMQ¯2ÐSRK�ï .~K�LUKMG�03FV+-SÂGZQ3Fl03K�Q3FU2Ç4½+CQ:.3GJIRKmB�,RLUFVSR_(03,RéRLUKM.�FUS�0~I/K
.~I/2?Q3KMB�ïvFVS/BR+5ïgì(�o+-FVSO9@X·KAéRQ3KM.~K�S�0�0~IRK@4½+-LVLU+5ïvFVS/_ÐB�K��/SRFV0~FU+CS/.
íEKZ4½+CQ3K�B�KM.3GZQ3FUíRFVS/_�03IRK�í/2-.1FH.g+?4Ò0~IRFH. .~K�LUKMG�03FV+-SO9
7=.3.~,R>@KÇ03I/250§0~IRK�ïvFUS/B�+5ï .�� CGLML2L ��N 2CQ~K�.~+CQ~0~KmB�FUS�FVS�ì

GZQ3KM2-.1FUSR_:+-Q3BRK�Qi+?4O03IRK�FUQv.1F=ª�K-9Ö7'.~.~,R>@K'4½,RQ103IRK�Qi03I/250i0~IRK&03,RéRLUKdPOPQ�R:2CQ~Q3FVë-KM.À4½+CLULU+5ïÀKmB§íè03IRK�0~,/éRLVK�dHSUT��i9�dPOPQ�R:.3G�2CS/.i0~I/K�ïvFVS�ì
B�+5ï .i4½Q3+C> .1>A2?LULUKM.10v0~+ALH2?Q3_CKM.10 .o0J2?Q~0~FUSR_A250 � C?9G�gIRK¯.32?>@K�FU.
0~Q3,RK'4½+CQ dHSUT��ÂïvI/K�S§FV0v2?Q3Q~FUëCKm.�92>OKZ0vïvFUS/B�+5ï �	V&íEK�2¯ïvFUS/B�+5ï
2?LUQ3KM2CBRè&G�+C>@éRLUKZ0~KMLVè:.3G�2CSRSRKmB�íè�dPOHQ�R-ê?2CS/B ��Eí<Kg2 ïvFUS/B�+5ï 2?LVì
Q3KM2CBRè¯GZ+->8é/LVK�0~K�LUè�.3G�2CSRSRKmB�íè�d S4T�� 2?0Ì2�_CFUëCKMS�éE+CFUS�0^FVS@03FV>@KC9
� +C0~FHGZK�0~I/2?0&FV0�>¯,/.10�2?LUïi2�è�. íEK�0~Q3,RK¯03I/250 KXW*�<êÞ+?03IRK�Q3ïvFH.1K-ê
+C,R0~éR,�0�03,RéRLUKM.�ïvFULUL^SR+?0:íEKAK�>@FV0103KMB·FVS·03IRKAQ~FU_CI�0�+CQJB�KMQM9 ¥+/ê
0~I/Kg.~KZ0Ö+?4<é<+�.~.~FVí/LVK��½é/2CQ103FU2CLJ�bïvFUS/B�+5ï .Ò0~I/2?0Ò03IRKv.~GJI/KMB�,RLUK�QÖG�2CS
2C.3.~FV_-S�0~+�d SUT�� B�KMé<KMS/BR.�+CS/LVè(+CS K 2?S/B��(2CS/B¸FH.�B�K��<SRKMB%2C.��
Y6Z\[^] .!_ ]a`MbdcfeHg�] . 8Uh g�] . 8 ci] 8kj ] .�lnm�o cqpMrts�uwvxuzy�{ 9M�gïi+



.~é<KmGZFH2?LÞ.1K�03.i+?4���� � �� � �	V��i2?Q3K���� �?� � �	V��D�½F[9 K-9VêR0~,RéRLUK dHSUT��
I/2-.vSR+?0&.~GM2?SRSRKmB(2?Sè§ïvFUS/B�+5ïH�v2CS/B���� � �� ���Y�]�½F[9 KC9Uê/03,RéRLUKdHSUT�� I/2C.@S/+·é/Q~KmGZKMBRFVSR_%0~,/éRLVK-êgFVS 0~IRFH.GM2C.~K���� � �� �	� � �
��� � �� � ��N���ê�ïvIRK�Q3K^�ÈFH.Ö0~IRK=S�,/>¯íEK�Q^+C4�B�FH.10~FUS/G�0ÌïvFUS/B�+5ï .���9
>OK�0 !  íEK·0~IRKÂGZ+-,RS�0Ð+C48ò�,RKMQ~FUKM.§0~I/2?0�ïvFVLUL�í<KÂ.~K�Q3ëFUG�KMB

ïvIRFULVKg.3G�2?S/SRFVS/_'ïvFUS/B�+5ï �  9c!  � 0
Q�
2C B P T�mK TWw�� � Q ��êCïvIRK�Q3K

B P T�mK TWw�� � Q �ÐFH.(0~IRKÂS,R>�í<KMQ¸+?4Aò�,RK�Q3FUKM.(ïvFV0~I
ïvFUS/B�+5ï � Q 9
�gIRK@GZ+-,RS�0'+?4iò-,/K�Q3FVKm.i! �V80~I/2?0&ïvFULULÒíEK8.~K�Q3ëFUG�KMB�KO�RGZLU,/.1FUëCKMLVè
íè·.3G�2CSRSRFUSR_�é/2CQ103FU2CL^ïvFVS<B�+5ï ����VFH.e! �V � !.V�] ! ~9¨�gI/K
0~FU>@K&0~+@.~GM2?S§2¤�½é/2CQ103FU2CLJ�ÌïvFUS/B�+5ïÈFH.Àé/Q~+-é<+-Q103FV+-S/2?L<0~+�0~IRK�.~F(ªMK
+?4�03IRKY�6é/2?Q~0~FH2?L��AïvFUS/B�+5ï�9��gIRKMQ~K�4½+CQ3KCêgïiK�G�2CSÈ,/.1K¸0~IRK%Q32?ì
0~FU+�� 7 �f � 7 �

2-.&2CS%Km.o03FV>A2?0~K8+?4iò�,RKMQ~è(03IRQ3+C,R_-IRéR,�0�4½+CQ�.3G�2CSRSRFUSR_
0~I/K§é/2CQ103FU2CLÌïvFUS/B�+5ï �� �V 9f�gIRK§>@2/��FV>�,R> ò-,/K�Q3è�03IRQ~+-,R_CIRì
éR,�0&4½+CQ�20~,RéRLUK d FV4^0~IRK�0~,/éRLVK@FH.�2?LULV+5ïiKMBÐ03+Ð.3G�2CS�2?Sè(+?4ÌFV03.
����V������ � �� � �	V��'FU.�BRK��/SRKmB%2-.������������ [ Y6Z\[^] . _ ]a`0b�bKc
� ��� e 5 7 �8:9 7 �

h g ] . ` � Y6Z [^] . _ ] ` bH{ 9
�gIRK�*f����2CLV_-+CQ3Fl03IR> .~GJIRKmB�,RLUKM.À0~I/K'03,RéRLUK�ïvFl03I§03IRK�>@2/�ì

FU>¯,R> ë52?LU,RK:+C4"! $X`*B �Z�#��� � �  � � V �C� 2C>8+-SR_§2CLVLb0~IRK�ïi2CFl0~ì
FUSR_�03,RéRLUKM.M9$! $J`(B �Z�#��� � �  � � V ���ÐB�K�éEK�S<BR.Ð+CS�03IRK·Q~KMLU2?ì
0~FUëCKÇ+CQJB�K�Q�í<K�0oïÀKMK�SÂ0oïi+¸ïvFUS/B�+5ï .M9f�gIRKMQ~K�4½+CQ3KA0~I/KÇë52?LU,RKÇ+?4
! $J`(B �g�%��� � �  � � V ���8G�2CSÏíEKÐGM2?LHGZ,RLH2503KMBÏ2CS/B�.10~+-Q~KmBÂFVS 2
0oïi+(BRFV>@K�S<.1FU+CS/2CL^>A2503Q~F(�%+C4 ����KmB·.~F=ª�Kg� o êÒïvIRKMQ~Kg� FH.�0~I/K
S,R>¯íEK�Q�+C4@BRFU.10~FUS/G�0¸ïvFUS/B�+5ï .M9 �gIRKÂ>A250~Q3F(� GJI/2?SR_-KM.Ð+CS/LVè
ïvIRKMS�2·SRKMï ò�,RKMQ~è�FU.2-BRB�KmB +-Q2?SÔ+CLHB�ò-,/K�Q3èÏFU.Q~KM>8+5ë-KMB
4½Q3+C> 03IRK:.1I<2?Q3KMBÇïvFVS/BR+5ï��o+CFUSO9
X·K:FVLULU,/.o03Q32?0~K:*f��� íè03IRK¯KO�R2?>@éRLUK�FVS¸P{FU_C,RQ3K]¢/9gçpS(0~I/K

�/_-,RQ~K-êRïiK&I<2�ëCK&0~IRQ3K�K:ò�,RKMQ~FUKM.gïvFV0~I(03IRQ3K�K:B�F(�EKMQ~KMS�0 ïvFVS/BR+5ï .
+?4�.1F=ª�Km. �RC � � � � � o � 
 �:êg2?S<B �# � � �:êiQ~Km.1éEKMGZ0~FUëCKMLVè-9
PR+-Q FULVLU,/.10~QJ250~FU+CS(éR,/Q~éE+-.~KM.MêRïiK:2C.3.1,R>@K�03I/250 03IRK¯2CQ~Q3FVëFUSR_80~,�ì
éRLUKAïvFVLULc�o+-FVS�ïvFV0~IÂ2?LUL�03,RéRLUKM.:FUS·0~IRK§+?0~I/K�Q:.10~Q3KM2?> �U� � ����9
X·Kg2CLU.~+&éRQ~Km.1KMS�0ÖFUS@PÒFU_C,/Q~K,¢'0~IRK ! $J`(B��Z�%��� � �  � � V ���{>A2?ì
0~Q3F(�A4½+CQÀ0~IRK&_CFUëCKMSïvFVS<B�+5ï . #.~KZ0103FVS/_82CLV+-SR_¯ïvFV0~I§0~IRK�B�KZ0J2?FULVKmB
B�KMQ~FUë5250~FU+CSÇ4½+CQg03IRK�ë52?LU,RK�FUSÇKMS-03Q~è&! $X`*B �Z�#��� �#� � � o ���Z9
7=.Ç.1I/+5ïvSÈFVSÈ03IRK �<_C,RQ3KCêi0~,/éRLVK $�CcCR�o+CFUS/.4½+-Q03IRK�.~>@2CLVL

ïvFUS/B�+5ï � � 2CS/BÈGZ+-S-03FVS,RKm.@0~I/K �o+CFUS�4½+CQ§0~IRK¸S/K��0ÇïvFUS/B�+5ï

 �
.~FVS<GZK�254£03K�Qj�/SRFH.~IRFVS/_��RC?ê'! $J`(B �g�%��� � � C�� �# ��C�À4½+CQ $�CbC
FH.�LU2CQ~_-K�Q(03I/2?S(! $J`(B��Z�%��� �?� � � C��C�Ð4½+CQ &�C�oC9 *}��� ïvFULVL
.~ïvFl0JGJIÈí/2CGJT 0~+ &�C�o�ïvIRK�S��<SRFU.~IRFUSR_ $�CbC(ïvFV0~I � o�.~FUS/GZK¸íè
0~I/FU.0~FU>8K(03IRK)! $J`(B��Z�%��� � �jo*� �# 4�C�84½+CQ $ CbCÐFH.ALUKM.3.@0~I/2CS
0~I/K*! $J`(B �Z�#��� �#� � � oO���g4½+CQ	&�C�o?9iPÒFUS/2CLVLUèCêE*f��� ïvFULULb.1KMQ~ë-K
$ CcC ïvFV0~IÇ0~IRK&é/2?Q~0~FH2?LEïvFUS/B�+5ï �  ] � o ê4½+CLULV+5ïiKMBí�è�& C�o ïvFl03I
0~I/K�é/2?Q~0~FH2?LÞïvFUS/B�+5ï �  ]�� o 9
�gIRK�.o03K�é/.À4½+-Qg*}����2?Q3K 03IRK�.~2C>8K&2C.À0~I/+-.~K=4½+-Q[¥�X�PÀê�KO�ì

GZKMé�0¯FUSÏ.1KMLVKmG�03FVSR_%2(0~,Ré/LVKA4½Q3+C> 0~I/K`¥�GJIRKmB�,RLUFVSR_V�',RK�,/KM.:2CS/B
FUSÅ0~I/K Q3+C,�03FVS/_ é/2CQ10m9 çpS *f����ê�ïÀK�0~QJ2�ëCKMQ3.~KÂ0~I/K LUFU.10�+?4
0~I/K©¥�GJIRKMBR,RLVFUSR_V�',RK�,RKm.84½Q~+-> LH2?Q3_CKM.10@0~+Â.~>@2CLVLUKM.10ïvFUS/B�+5ï .M9
X·K:GJIR++-.~K 0~I/K�SR+CS�ì�K�>@é�0oè¤¥�GJIRKMBR,RLVFUSR_V�',RK�,RK�250vïvFUS/B�+5ï ��
0~I<250ÀI<2C.�03IRK=LH2?Q3_CKm.o0+! $X`*B �Z�#��� � ���� �KV��C�^2C>8+-SR_¯2CLVLESR+CSRì
K�>@é�0oè ¥�GJIRKmB�,RLUFVSR_V�',RK�,/KM.MêOïvIRK�Q3K��	V@FH.�0~I/KAïvFVS/BR+5ï +?4i0~I/K
éRQ3K�ëFU+C,/.gSR+-S�ì�K�>@é�0oè¤¥RGJIRKMB�,/LVFUSR_T�',/K�,RK\� �KV � � FV4�SR+.~,/GJI
¥�GJIRKmB�,RLUFVS/_T�',RKM,RK�K���FH.o0J.��Z9#�gIRKMQ~K�4½+CQ3KCêk¥0~K�é�� �8�gFUS(0~I/Kg¥X�P
2?LU_C+-Q~FV0~I/> FH.bB�KMLVK�0~KMB¯2?S/Ba¥�03K�é��?
r��FH.O>@+�B�F=�/KMB�0~+v03Q32�ë-K�QJ.1K{0~I/K
¥�GJIRKmB�,RLUFVS/_T�',RKM,RKM.bLVFH.o0Ö.1Km2?QJGJIRFUSR_g4½+CQ{2g0~,Ré/LVKÀïvFl03I�0~IRKÀLU2CQ~_-KM.10
! $J`(B �g�%��� � �  � � V ���Z98çpS·03IRK@Q~+-,�0~FUSR_Ðé/2?Q~0�4½+CQ:*f����ê�ïiK
G�2CS¸Q3K�LUKM2C.~K�0~I/K�+-,�0~éR,R0'03,RéRLUKM.'í<K�4½+CQ3K:0~I/K¯+C,R0~K�Q'0~,/éRLVK@GZ+->8ì
éRLUKZ03K�LUèÇ.3G�2?S<.g0~IRK:G�+CQ3Q~Km.1éE+CS<B�FVS/_8ïvFUS/B�+5ï�9_�gIRFU. >8Km2?S/.v0~I/2?0
FUS·P{FU_C,RQ3Kg¢<ê�0~IRK@+-,�0~éR,R0&03,RéRLUKM. �0$ CbC �+& C�o �&2?S<B ��$ � �+& C�o �&G�2CS

íEK¸Q~KMLVKm2C.~KMB�0~+�03IRK¸ò�,RK�Q3è�+C4&ïvFUS/B�+5ï � o?êgK�ë-K�S�í<K�4½+CQ3K &�C�o
GZ+->@éRLVK�0~KMLVè§.3G�2CS/. � oC9
%� -, .�/ MD0/ �H/ �+-121�:_���?+<:;+<'*)�/ )�6#%('
�gIRKÏ2CLV_-+CQ3Fl03IR>A.ÇFUS 0~IRK�éRQ~KMëFV+-,/.(.1KmG�0~FU+CS<.(ïÀKMQ~KÂB�Km.~G�Q~FUí<KmB
2C.3.~,R>@FVSR_·2�S/KM.10~KMB�ì[LU++CéÏFU>@éRLVKM>@K�S�032?0~FU+CSÔ+?4 03IRKZ�o+-FVSÔé/2CQ10m9
; KMQ~K-êÞïÀK8íRQ3FVK2J/è¸B�Km.~G�Q~FUí<K@2ÇI/2C.~I�ì�í/2C.~KMB�FU>@éRLUK�>@K�S�032?0~FU+CS%+?4
.~I/2?Q3KMBÇïvFVS<B�+5ïgì(�o+-FVSÇ,/.~FVSR_2@.~è>8>@K�0~Q3FUG&I/2-.1Ig�o+CFUS  ��P��£[9
]Ì2-GJI03,RéRLUK�FVSÐ0~I/K�I/2C.~IÐ032?í/LVK�FH. 28>8KM>¯íEK�Q +C4b0oïi+@LVFUSRTCKmB

LUFU.103.M9©�gIRK �/Q3.10�LUFUSRTCKmB�LVFH.o08FVS<GZLU,/B�KM.82?LUL^03,RéRLUKM.�FVSÏ0~IRKÇI/2C.~I
032CíRLUKC9M�gIRK�+CQJB�K�QÀ+?4Ò0~,RéRLUKM.iFUS03IRK�LVFH.o0gQ3K�éRQ3KM.~K�S�03.Ì0~I/K�2CQ~Q3FUë�2CL
+CQJB�KMQ&+C4Ì03,RéRLUKM.�FUS%03IRKA.1LUFHB�FVS/_ÐïvFUS/B�+5ï�9R�gIRK.~KMG�+CS/B�LVFUSRTCKmB
LUFU.10ÒFUS/GZLU,/B�Km.Ò0~IRKÌ0~,RéRLUKM.Ò03I/250{í<KMLV+-SR_ 03+ 0~I/KÀ.32?>@KÌI/2-.1I�í/,/GJTCK�0
�½I<2�ëCKg0~I/K=.~2C>@KvI/2C.~I@ë�2CLV,/K���9M�gIRK'.1F=ª�Kv+C4E03IRK �/QJ.10^LVFUSRTCKmB@LVFH.10
FH.bKmò-,<2?L�0~+=0~IRKi>A2@��FV>�,R>�ïvFVS<B�+5ï�.~F(ªMKÌ+?4�03IRKg.1I/2CQ~KmB:ò�,RK�Q3FUKM.M9
XÈIRKMSRK�ë-K�Q�2§S/K�ïÅ03,RéRLUKA2?Q3Q~FUëCKm.�ê�FV0�FH.�2CB/B�KMB%250�0~IRK@IRKm2CB�+?4
0~I/K0�/QJ.o08LVFUSRT-KMBÂLUFU.10M9%çpS�2CB/B�Fl03FV+-SOêÖ0~I/K§SRKMï 0~,RéRLUK§FH.�LVFUSRTCKmB
0~+803IRK�LVFH.o0 G�+CQ3Q~Km.1éE+CS/BRFVSR_:0~+@Fl0J.gI/2C.~I§í/,/GJTCK�0M9M�b,/éRLVKm.v250g0~I/K
032CFVLÌ+?4Ì03IRK.~LVFHB�FUSR_�ïvFVS<B�+5ïÃ2CQ~KAB�Q3+CéRéEKMB�4½Q3+C> 03IRKAI/2C.~I·032?ì
íRLUK�ïvIRK�S�FV0FU.éRQ~+-í<KmBÔí�è 2?Q3Q~FUëFVSR_·03,RéRLUKM.@4½Q3+C> 03IRK¸+C0~IRKMQ
.10~Q3KM2?>(9^�gIRK�.1LUFUBRFVSR_§ïvFVS/BR+5ï I<2C.~I(032?í/LVK8.o03Q~,/GZ0~,RQ3K�Q3KMò�,RFUQ~Km.
0oïi+AK��0~QJ28é<+-FVS�0~KMQ3. é<KMQ KM2-GJIÇ03,RéRLUK\�6G�+C>@é/2?Q3KMBÇ03+@0~IRK�03Q32-B�FVì
0~FU+CS<2?LÖFVSRì[>@K�>@+-Q~è�I/2-.1I�032CíRLVKF�=0~+(>A2?FUS-0J2?FUS¸03IRKn�/Q3.10�LVFUSRTCKmB
LUFU.10M9Ö; +5ïiK�ë-K�Qmê�03IRKÀ.~LVFHB�FUSR_=ïvFUS/B�+5ïÂI<2C.~I�032CíRLVKÀéRQ3+5ë�FHB�Km.O_CQ3KM2?0
J/KO�FUíRFULVFV0oè¸FUS·BRQ~+-éRéRFUSR_§KO�é/FVQ3KMB�0~,Ré/LVKm.�êOKMëCKMS�FV4Ì0~I/K�è�B�+ÐSR+C0
íEK�LU+CSR_Ð0~+Ð03IRKAéRQ3+CíEKMB%I/2C.~I%í/,/GJTCK�0M9R�gIRK�Q3KZ4½+-Q~K-ê�0~IRK.~F(ªMK@+?4
0~I/K8I<2C.~I�0J2?íRLUKA2?LUïi2�è�.'Q~K2J/KMGZ03.&0~I/K@.~F=ª�K@+?4À0~IRKALH2?Q3_CKm.o0&ïvFVS�ì
B�+5ï�9
7 LV0~I/+C,R_-I�0~IRKg.~F(ªMKÌ+?4RKm2CGJI�I/2-.1I¯íR,/GJTCK�0ÒFH.bQ3K�LH2503FVë-K�LUè&.~>A2?LUL�ê

FV0�FH.�G�+-.10~LUè�03+�.~GM2?S�03IRK§ïvIR+-LVKÇíR,/GJT-KZ0`�6KC9 _/9UêÖBR,RQ~FUSR_V>-X � �
0~+Ð.1KMQ~ë-K:>¯,/Ll03FVéRLUK8ïvFVS/BR+5ï�ò�,RKMQ~FUKM.M9';=+5ïÀKMëCKMQMê<í/2C.~KMB�+-S¸+C,/Q
FU>8é/LVKM>8KMS�032503FV+-S�FVS/.~FHB�Kz�z�=]Ìî 7M� � �� =����£�êMïiKÖ4½+C,/S/B&0~I/2?0O0~I/K
GZ+�.o0�+C4iéRQ3+�B�,/G�FVSR_�+-,�0~é/,�0�0~,Ré/LVKm.:GZ+-S/.o03Fl03,�0~Km.:2(>A2@�o+-Q�é/2?Q~0
+?4{0~I/K¯GZ+�.o0 +C4k�o+-FVS(éRQ3+�GZKM.3.~FVSR_<9 � ,RQvKO�éEK�Q3FU>8KMS�03. .~IR+5ïÙ0~I/2?0
0~I/K¯éRQ3+�B�,/G�03FV+-S�+?4^+-,�0~éR,R0=0~,/éRLVKm.'GM2?S¸íEK�2-. IRFU_CI¸2-.^¢-�43×+?4
K���KmGZ,�03FV+-S�03FV>@KC9\�gI,/.Mêb.3GJIRKMBR,RLVFUSR_(+?4À0~,Ré/LVKm.:250�0~I/K8í/,/GJTCK�0
LUK�ëCKMLÞFU.=.o03FVLULO2CB�ë52CS-0J2?_-K�+C,<.�9
5 � �Rã���ã���6+7p� á �87 ����� � â ���{��æ1ã â
çpSÂ+CQJB�KMQ�0~+¸G�+C>@é/2?Q3KA+C,/Q�0~IRQ3K�KÇ.~GJIRKmB�,RLUFVS/_¸2?LU_C+CQ3FV0~IR>A.MêbïiK
FU>8é/LVKM>8KMS�0~KMBÏ0~IRKM>ØFVS�2�éRQ3+?0~+C0oèé<K§B/25032Cí/2C.~K>A2?S<2?_CKM>@K�S�0
.~è.10~KM>(êz�z� ]Àî 7M� � �  =���@£[ê^ïvI/FUGJI ïÀKÐ>@+BRF��/KmBÂ03+·2-G�GZ+->8ì
>@+�BR2503K(.10~Q3KM2C> éRQ3+G�KM.3.1FUSR_<9ÂX%K(FU>8é/LVKM>8KMS�0~KMBÔíE+?03I I/2-.1IRì
í/2-.1KmB 2?S/B S/KM.10~KMB LU++Cé×ë-K�QJ.1FU+CS<.�+?4�0~I/KÙ.~I/2?Q3KMB ïvFUS/B�+5ï
�o+CFUSO9 ¥�03Q~Km2?>@FVS/_
FU.ÂFUS�0~Q3+�B�,/GZKmB ,/.~FVSR_Å2CS×2?í/.10~QJ2CGZ0�BR250J2
0oèé<K ¥�¡[©~¨J²5®8Áp¡�ª3°/¨ 0~I<250ÌG�2CS�Q3K�é/Q~Km.1KMS-0^.~+C,RQJGZKgBR2?032'0oèé<Km.�ïvFl03I
.10~Q3KM2?>@FUSR_ÇGM2?é/2CíRFULVFV0oèC9]¥�0~Q3KM2C>8ì�0oèéEK�éRQ3+5ëFUBRKM.v03IRK8FVS�0~KMQ1462-GZKm.
Î� <¢£¡6ÝE¡�©3¨3²?®:ËA¿=¨J²C»5Ý<¡[©~¨J²5®:Ë�²5 �» �{³U��¥�¨�ÝE¡�©3¨3²?® 9 �gIRKÂ.10~Q3KM2?>
032CíRLUK§I/2-.�2¸.~FUSR_CLUKÇ2?010~Q3FUíR,�0~KÇ+?4=.10~Q3KM2C>�ì[0oèé<K-9f�Ò+�FUS�0~K�Q~462CG�K
0~I/K:ò-,/K�Q3èAK���KMG�,�0~FU+CSÐéRLH2?SÐ0~+80~I/K�,RS/B�KMQ~LUèFVSR_@.10~Q3KM2?>(ê�ïiK�FVS�ì
0~Q3+�B�,/G�K§2 Ý<¡[©~¨J²5®�Ý�±J²5 ��3°/¨Z©3²5¡p�5© 0~+%GZ+C>@>�,RSRFHG�2503KAïvFl03IÂ0~I/K
.10~Q3KM2?>×032?í/LVK�2?S<BÇQ3KZ03Q~FUK�ë-K'S/K�ïÙ0~,RéRLUKM.M9
7=.803IRK(4½+�GZ,/.+?4=03IRFH.Aé/2?éEK�QAFH.A+-S�03IRK�+CéEK�QJ2503FV+-S�+?4&0~I/K

.~I/2?Q3KMB\�o+CFUSOêbïiK@,/.1KmB¸03IRK.~FV>@éRLUK@+Cé�03FV>@F=ªM2503FV+-S·2CLVQ3KM2-B�è�FU>�ì
éRLUK�>@K�S�03KMB(FUS �z� ]Àî 7M� � �Ù0~+_-K�SRKMQ32?0~K&0~IRK�ò-,/K�Q3è§éRLH2?S(4½+-Q
2�SRKMïÔò�,RKMQ~è-9��gIRKvKO��KMGZ,R0~FU+CS8éRLU2CSAGZ+CS<.1FH.o0J.�+?4Þ2�.1FUSR_-LVKv>�,RLl03Flì
ïg2�èZ�o+-FVS%+CéEK�QJ250~FU+CS¸2?0'03IRK¯íE+?0~0~+-> +?4^03IRK�é/LU2CS�4½+CLULV+5ïiKMB(íè



.~K�LUKMG�03FV+-S§2?S<BéRQ3+/�oKmG�0~FU+CS2CS/B§�6Fl4{éRQ~Km.1KMS�0��Ö03IRK�2?_C_-Q~KM_-2?0~Kv+CéRì
K�QJ2503+CQm9�y=.~FUSR_ 03IRFU.{.~FV>@éRLUKÌéRLH2?S¯+CSRKiG�2?S�B�KZ03K�Q3>8FUSRKÀFl4R03IRKÌS/K�ï
ò�,RK�Q3è�2-G�0~,<2?LULVè�.~I/2CQ~KmB�FV03.,�o+-FVSÂïvFV0~I�+C0~IRKMQ�Q~,RS/SRFVS/_¸ò-,/K�Q3FVKm.
+CQvS/+?0M9�XÈI/K�S¸2CB/B�FVS/_@28SRKMï ò�,RKMQ~è0~+@0~I/K:.1I/2CQ~KmB§é/LU2CSOê�0~I/K
.~I/2?Q3KMBZ�o+CFUS�+CéEK�QJ2503+CQvGZQ3KM2?0~KM.v2@S/K�ï +C,�03éR,�0'BR2?032A.10~Q3KM2C> �½FV4
0~I/K(ò�,RKMQ~èÂ,<.1Km.82·SRKMï ïvFUS/B�+5ïH�¯+CQ@,/.~KM.�0~I/KÐ+-,�0~é/,�0+?4'2CS
2?LUQ3KM2CBRè�KO�FH.10~FUSR_¯BR2?032¯.10~Q3KM2C> ïvFl03IA0~IRK�.32?>@K ïvFUS/B�+5ï�2C.Ì0~I/K
FUSRéR,�0:03+(0~IRK§SRK��0�ò�,RKMQ~è¸+-é<KMQ32?0~+-Q3.M9PR+-Q�0~IRKÇG�2C.~K@+?4^¥X�P
2?S<B§*f����ê03IRK�.1I/2CQ~KmBAïvFUS/B�+5ï �o+-FVSÐ+CéEK�QJ2503+CQgGZQ3KM2503KM.i2¯S/K�ï
¥�GJIRKmB�,RLUFVS/_T�',RKM,RK¸FV4:0~IRK·ò�,RK�Q3è FUS�0~Q3+�B�,/GZKm.§2�SRK�ï ïvFUS/B�+5ï
2?S<BÇ,/éEBR2?0~Km.v0~I/K�>@2?0~Q3F%�ÐFVS(03IRK:G�2-.1K�+C4Ö*}����91�gIRK:ïvFUS/B�+5ï
.~é<KmGZF=�<G�2?0~FU+CS�FH.'2-BRB�KMB�2C.=2§.1éEKMG�FU2CLÒGZ+-S/.10~Q3,/G�0'4½+CQ 03IRK�ò�,RKMQ~è
.~è�S�0J2@�Ç2-.gïi2-.i.~IR+5ïvSÐFVSÐ03IRK�K��R2?>@éRLUKM.g+C4X¥KmG�03FV+-S��R9=�-9
� ��� 7p�O�<æ�� � â �R�
7 LUL&0~IRK%K���éEK�Q3FV>@K�S�0J.§ïiK�Q3K¸Q3,RS�+CSÙ2Y¥,RS ]^S�0~KMQ~é/Q~FH.1K�¢<�N�/ê
Q3,RSRSRFUSR_g¥+-LU2CQ~FH.z�R9 ��ïvFV0~I\¢Y�¦iè-03KM.�>A2CFVSA>@K�>@+-Q~è-9��gIRK&BR250J2
,/.~KMBAFUS03IRK=KO��é<KMQ~FU>@K�S�03.i2?Q3K'.~èS-03IRKZ03FUG'BR250J2¯.10~Q3KM2C>@.Mê�ïvIRK�Q3K
KM2-GJI .10~Q3KM2?> G�+CS/.~FH.o0J.§+C4�2 .~KMò�,RKMS/GZK%+?4¯FUS�0~KM_CK�QJ.Mê'2?S<BÈ0~I/K
FUS-03K�Q~ì�2CQ~Q3FUë�2CLO03FV>@K@í<K�0oïÀKMK�S%0oïÀ+ÇS,R>¯íEK�QJ.'4½+CLULV+5ï .'0~I/K8KO��é<+Cì
SRKMS-03FU2CLOB�FH.o03Q~FUíR,�03FV+-SÐïvFV0~I(>@KM2CS �O9	�gIRK:.~K�LUKMGZ0~FUëFl0oè+C4{2@.~FVS�ì
_CLUK80~,Ré/LVK-ê'�ÀêbFH.�2?éRéRQ3+F��FV>A2?0~KMB%2C.p� k �A�A��9��gIRK@ïvFVS<B�+5ï .�2?Q3K
B�K��/SRKMBÐFUSÐ0~K�Q3>A.g+?4{0~FU>@K�,RSRFV03.a��.1KmGZ+CS<BR.��Z9
çpS�2?LUL^K���éEK�Q3FV>@K�S�0J.�êOïiK@>@KM2C.~,RQ3K80~IRK2�ë-K�QJ2?_CK�2?S/B·>A2@��FVì

>¯,/> Q~Km.1éE+CS<.1K�0~FU>@KAé<KMQ�+C,�03éR,�0�0~,/éRLVK2-.&Q~KmGZK�FUëCKmB¸íè¸Km2CGJI
ò�,RK�Q3èC9 çpS
.~+C>@KÂG�2C.~KM.ÐïiKÏ2?LH.1+ÔQ3K�éE+CQ~0(+-S 03IRKÂ>A2@��FU>¯,R>
2?>@+-,RS�0&+C4^0~IRK@>A2?FUS�>@KM>8+-Q~è�Q3KMò�,RFUQ3KMB¸B�,/Q~FUSR_Ç0~IRK@LUFl4½K�0~FU>8K
+?4{0~I/K�K���é<KMQ~FU>@K�S�0M9
7 LUL�0~IRKi>@KM2-.1,RQ3K�>@KMS-0J.OQ3K�éRQ3KM.~K�S�0Ö.o03KM2CBRè�.1032?0~KÀë�2CLV,/KM.,�½F[9 K-9Vê

0~I/K¯ïvFUS/B�+5ïÅò�,RK�Q3FUKM. I<2CB(íEK�K�S%Q~,/SRSRFUSR_A4½+CQ&.1+->@K:0~FU>@K��Z9'7=.
0~I/KÐ>A2/�FU>¯,/> ïvFVS/BR+5ï GZ+-,RLUB�í<K(LH2?Q3_CK}�½KC9 _/9UêR����>@FUS�,R0~KM.���ê
0~I/KK���éEK�Q3FV>@K�S�0J.�2?Q3K·ð1462C.10�4½+CQ3ïi2CQ3BRKMBRñÇíè�FUSRFl03FU2CLVLUè�LU+-2-B�FUSR_
.10~Q3KM2?>A.Ì+?4ÒBR2?032�03I/250gK��03K�S/B§í/2CGJT8FVS§0~FU>@K 0~+�0~I/K=>A2@��FU>¯,R>
ïvFUS/B�+5ï LUK�SR_C0~IO9·X%K(GZ+-LVLUKMGZ0�éEK�Q~4½+CQ3>A2?S/G�K>@KZ0~Q3FHG�.8.o0J2?Q~0~FUSR_
254£03K�Q=0~IRFH.=FUSRFV0~FH2?L{LV+�2CB�FUSR_I<2C. íEK�KMS�GZ+->@éRLVK�0~KmBÞêE2CS/B(Q3,RS�0~I/K
K���éEK�Q3FV>@KMS-0J.=,/S-03FVLj��� �Rê � �A�@SRK�ï�03,RéRLUKM.�2?Q3K�G�+C>@éRLUKZ03K�LUèÐé/Q~+Cì
GZKm.~.~KMB(íèÇ0~IRK�.1I/2CQ~KmB(ïvFVS<B�+5ï �o+-FVS�+CéEK�QJ250~+-QM9,�gIRK:Q3KM.~éE+CS/.~K
0~FU>@KM.iïiK Q~KMé<+-Q10iFVS<GZLU,/B�K&í<+C0~IA03IRK&G�+-.10À+C4OéRQ~+�B�,<GZFUSR_¯+-,�0~éR,R0
0~,/éRLVKm. 2?S<B03IRK:GZ+�.o0v+?4{0~I/K�Q~+-,�0~FUSR_@é/2?Q~0M9
�! #" �p/ 7��!6?' � ) 6?']12%�� �s60�)�786 � ?�)�6#%(' 

Uniform Mostly−Small Mostly−Large Small−Large
0.000

0.005

0.010

0.015

0.020

0.025

R
es

po
ns

e 
tim

e 
(S

ec
.)

LWO
SWF
MQT

P{FV_-,RQ3K ��� 7 ë-K�QJ2?_-K¸Q~Km.1éE+CS<.1K%0~FU>@K%4½+-Q�2?LUL&ïvFUS/B�+5ï .Ç,/.~FVS/_
B�F(�EKMQ~KMS�0 ïvFVS/BR+5ïÙB�FH.o03Q~FUíR,�03FV+-S/.]�½I<2C.~I�ì[í<2C.~KMB1�Z9
çpS�0~IRKj�/QJ.10�.~KZ0�+C4<K���éEK�Q3FV>@KMS-0J.ÖïÀKv.10~,/BRè�0~IRKvéEK�Q~4½+CQ3>A2?S/G�K

+?4O+-,RQÌFU>@éRLUK�>@K�S�032?0~FU+CS/.À+?4�03IRK >-X � ê�¥X�P�2?S<B*f���È2?LU_C+Cì

Ê<²CÉ�³V¨��	�ÐÓÐ¢£ E»C�?Ä�Ý<¢�
m¨Z¥@«�¢£ �¥Z¨J±J�5 �»�¥�¬
�������� ] � ] ~ ] = ]�� ]�� ]�� ]��

���� �! #"%$ & &('(' )*'(' +*'(' ,-'(' ./'(' 0('('
1� #���32 4#5768$:9;2<2 & . &#. +*' 0;' +*'(' 0('('
1= #���32 4;5<>?9#"A@/B & 0(' +/'(' ,8)	' .(&(' .*C;' 0('('
6�$D9;2�2E5<>?9#"A@/B & . &#. +*'(' .(&(' .*C;' 0('('

Q3Fl03IR>A.=,/.~FUSR_§4½+-,RQ�B�F%��K�Q3K�S�0&ïvFVS/BR+5ïÅ.1F=ª�K8B�FU.10~Q3FUíR,�0~FU+CS<.�9�X·K
GZ+-S/.~FUB�KMQ&ò�,RKMQ~è(ïi+CQ3TLV+�2CBR. G�+CS/.~FH.o03FVSR_Ç+?4À.~K�ë-K�S¸ïvFUS/B�+5ïgì=�o+CFUS
ò�,RK�Q3FUKM. ïvFV0~I¸0~IRK8.~2C>8K�ò-,/K�Q3èÇ.~FV_-S/2503,RQ~K-ê/íR,R0'KM2-GJI�I/2�ëFVS/_2
B�F(�EKMQ~KMS�0iïvFUS/B�+5ï .~F=ª�KC9ÖXÈIRFULUK&ïiK&Q32CS§K���éEK�Q3FV>@KMS-0J.i+CS§>A2CS�è
B�F(�EKMQ~KMS�0=B�FU.10~Q3FUíR,�0~FU+CS<.=2?S<BÐ.~F=ª�KM.MêRIRKMQ~K�ïiK�Q3K�éE+CQ~0 +CS(Q~Km.1,/Ll0J.
,/.~FVS/_:4½+C,/QÀQ3K�éRQ3KM.~K�S�0J250~FUëCK BRFU.10~Q3FVí/,�0~FU+CS/.���.1IR+5ïvSAFUS`�{2?í/LVK&����9
7 LULÖ+?4^03IRKM.~K�BRFU.10~Q3FVí/,�0~FU+CS/.&FUS/GZLU,/B�K8ïvFUS/B�+5ï .'Q32CSR_CFUSR_FUS�.~F(ªMK
4½Q3+C> ��.~KMGZ+-S/B§0~+����8>@FUS�,R0~KM.]�6F�9 KC9Uê �A� �@.1KmGZ+-S/BR.���9
çpS�0~I/KGF  <¢ ÍZ�5©�® B�FH.o03Q~FUíR,�03FV+-SOê ïvFUS/B�+5ï .§2CQ~K�KMëCKMSRLVè�B�FH.oì

0~Q3FUíR,�0~KmB FUSÅ03IRKÔQ32CSR_CK�4½Q~+-> � .~KMGZ+-S/B 2CS/B�03K�S >8FUS,�0~Km.�9
�gIRK Ü���¥�¡[³�ª5Á�Ý<®A²5³£³ B�FH.o03Q~FUíR,�03FV+-S I/2-.ÐïvFVS/BR+5ï .1F=ª�Km.(.1T-K�ïiKMB
0~+5ïg2?QJBR.Ö03IRK=.~>A2?LULVKMQÌQJ2?SR_-KvïvIRFVLUK 03IRK Ü��5¥J¡[³�ª5Á � ²5©�µ�¨ I/2C.ÌïvFVS�ì
B�+5ï .v.~TCKMïÀKmB03+5ïi2CQ3BR.À03IRK�LU2CQ~_-K�QgK�S<BÇ+C4Ò03IRK�QJ2?SR_-KC9�P{FVS/2CLVLUèCê
0~I/K Ý<®A²5³£³�Á � ²5©�µ�¨ BRFU.10~Q3FVí/,�0~FU+CS(I/2-.gïvFVS/BR+5ï .v.1T-K�ïiKMB§0~+5ïg2?QJBR.
íE+?0~I(KO��03Q~KM>@KM.M9
� +C0~KA03I/250¯0~IRK§2CQ~Q3FUë�2CL^QJ250~KAFH.:KO��é<+-SRK�S�0~FH2?LÌïvFl03IÏ>@KM2?S �

4½+CQ8KM2-GJIÏBR250J2�.10~Q3KM2C> FUSÏ03IRKM.~K§KO��é<KMQ~FU>@K�S�03.M9%X·KÐK��R2?>@FUSRK
0~I/K:FV>@é/2-G�0&+?4�>@+CQ3K�íR,RQJ.o0oèÐ2?Q3Q~FUë52?LOé/2?0103K�Q3S/. FUS©¥KMGZ0~FU+CSV�R9 �R9
; KMQ~K-êCïiKj�/QJ.o0ÌB�Km.~G�Q~FUíEKg0~IRK Q3KM.~,RLV03.�+-í�032CFVS/KMB8,/.~FVSR_�03IRK I/2-.1IRì
í/2-.1KmB�FU>@éRLUK�>@K�S�032?0~FU+CS@+?4E0~I/K=2?LU_C+-Q~FV0~IR>A.M9bX·KvíRQ3FVK2J/è¯Q3K�éE+CQ~0
+CSÇ0~I/K�Q~Km.1,RLV03.g+-í�032CFVS/KMBÐ,/.~FVSR_@SRKm.o03KMBÐLU+�+-é/.v254£03K�Q3ïi2CQ3B/.�9
.�/ 0D / �2/ �+<1 1�:_� �#+<:;+<'*)�/�)�6#%(' 
P{FV_-,RQ3K&�A.~IR+5ï .g0~I/K¯+C,R0~éR,�0&Q~Km.1éE+CS<.1K�03FV>@K °R¨�©��5¤�¡l°E¤�¡g¡[¤m°E³V¨
2�ëCKMQ32C_CKmBÇ+5ë-K�Q&2?LUL{+C4^0~I/K�ïvFUS/B�+5ï .=4½+CQ�KM2-GJI¸+?4Ì0~IRK�4½+C,RQ�B�FH.oì
0~Q3FUíR,�0~FU+CS<.��½0~IRKA2�ë-K�QJ2?_CK�2?S/B�>@2/��FV>�,R> Q~Km.1éE+CS<.1K¯0~FU>8Km.�2?Q3K
íRQ3+CT-K�S(B�+5ïvS(é<KMQ=ïvFUS/B�+5ïÙ4½+CQv03IRKp�/QJ.o0v0oïi+AB�FH.o03Q~FUíR,�03FV+-S/. FUS
P{FV_-,RQ3K ����9	�gIRK�2?Q3Q~FUë52?L�QJ250~K-êD�OêRFH.g.1K�0g0~+[���A��0~,/éRLVKm.:�?.1KmG?9�7=.
G�2CS�í<K§.~K�KMSÂFVS�03IRK	�/_-,RQ3KCêÒ*}���ÃI<2C.�03IRKíEKM.10�2�ëCKMQ32C_CK8Q~K�ì
.~é<+-S/.1K¯0~FU>@K�+C4^0~IRK�0~I/Q~KMK82CLV_-+CQ3Fl03IR>A.�êEïvIRFULVKu>CX � éRQ3+5ëFUB�Km.
0~I/K§.1KmGZ+-S/Bì�í<Km.o0:Q3KM.~é<+-S/.~K@0~FU>8K4½+CQ¯2CLVLÀ+?4i0~IRK§BRFU.10~Q3FVí/,�0~FU+CS/.
K��RG�K�é�0v4½+-Qa�62C. >8FU_CI�0 íEK�K���éEKMG�03KMB1� Ü¸�5¥�¡�³�ª5Á�ÝE®@²?³£³ 9 >-X � 4625ì
ëC+-Q3.gLH2?Q3_CKMQvïvFVS<B�+5ï . 250v03IRK:KO�éEK�S<.1K:+C4^.1>A2?LULUK�Qv+CS/KM.M9,¥FUS/G�K
0~I/KM.~K%2�ëCKMQ32C_CKmB�S,R>�í<KMQ3.0~K�S<B�0~+ K�>@éRI/2-.1F=ª�K¸éEK�Q~4½+CQ3>A2?S/G�K
+?4�0~IRK�LH2?Q3_CKMQ§ïvFUS/B�+5ï .Mê >-X � # .Ð+5ëCKMQ32CLVL'é<KMQ14½+-Q~>A2?S<GZK·IRK�Q3K
FH.A462?FUQ3LVèÔ.o0J2?íRLUK��½ïiK�ïvFVLUL=LU++CTÔ250§éEK�Q~4½+CQ3>A2?S/G�KÇ4½+-QKM2-GJI�+?4
0~I/K8ïvFUS/B�+5ïÃ.1F=ª�Km.&.~IR+-Q103LVè���9:]ÌëCKMS�íè(0~IRFH.�>@KZ03Q~FHG?êÞIR+5ïiK�ë-K�Qmê
>-X � FU.G�+CS/.~FH.o03K�S�0~LUèÏ+C,R0~éEK�Q~4½+CQ3>8KmB�íè�*}����9_�À+C>@é/2?Q3FUSR_
*f���Å2CS/B ¥X�PiêÞ0~IRK@Q3KM2-.1+-S/. 03I/250:*f��� B�+KM.�ïiK�LUL{+5ë-K�QJ2?LUL
2?Q3KÇ0oïÀ+C4½+CLHBÞ9�P{FVQJ.10Mê^Q3KMGM2?LULÀ03I/250*f��� # .@.~GJI/KMB�,RLUFUSR_·2CLVïg2�è�.
GJIR++-.~KM.803+Ïïi+CQ3TÏ+CSÔ0~I/K�.1>A2CLVLUKM.10§+C,R03.1032?S<B�FVS/_ÂïvFVS/BR+5ï +-Q
é/2CQ103FU2CL�ïvFVS/BR+5ï�êCïvIRFHGJIAGZ+C>@é/2CQ~KmB:03+Z¥X�P·G�2?S@Q3KM.~,RLV0^FVS.3250~ì
FH.o4½èFUSR_ÇLH2?Q3_CKMQ&ò�,RKMQ~FUKM.'FUS·2Ð.1I/+CQ~0~K�Q�2?>@+-,RS�0&+C4Ì0~FU>@KC9��gIRK�Q3K
2?Q3K�.~+C>@K@G�2-.1Km.�êÞIR+5ïiK�ë-K�Qmê<ïvI/K�Q3K8*f��� 2?S/B}¥X�PÈ_CKMSRK�QJ2503K
K���KMGZ0~FUëCKMLVè@03IRK:.~2C>@K&.3GJIRKMBR,RLVFUSR_@.o03K�é/.À4½+-QiS/K�ï�03,RéRLUKM.M9^]^ë-K�S
FUS(0~IRKm.1K¯GM2C.~KM.Mê/IR+5ïiK�ë-K�QmêR*f���ÙI/2C. 0~IRK¯2-B�ë52?S�032C_CK�03I/250=íEKZì
G�2C,/.~K&FV0=G�2CS(éRQ~KmB�FHG�0g0~IRK�S/K��0=.~GJI/KMB�,RLUFUSR_.o03K�éÐ4½+CQv+-,�0~KMQg0~,�ì
éRLUKM.MêCFV0ÀG�2CS@Q~KMLVKm2C.~KÀ03IRKv+C,R0~éR,�0À+?4E0~IRK LH2?Q3_CKm.o0�ïvFUS/B�+5ïÔKM2CQ~LUFVKMQ
0~I<2?S§¥X�P�GM2?SO9
X·K:SR+5ï
B�Q3FVLULÒB�+5ïvS(+-S(0~IRKm.1K:Q3KM.~,RLV03. 0~+KO��2C>@FVSRK�03IRK¯íEKZì

I/2�ëFU+CQ�+?4À0~IRK.3GJIRKMBR,RLVFUSR_�2?LU_C+-Q~FV0~I/>@.'4½+-Q�0~IRKB�F(��K�Q3K�S�0�ïvFVS�ì



1 100 200 300 400 500 600
Window sizes (Sec.)

0.00

0.02

0.04

0.06

0.08

R
es

po
ns

e 
tim

e 
(S

ec
.)

Average

LWO
SWF
MQT

1 5 15 30 60 300 600
Window sizes (Sec.)

0

0.01

0.02

0.03

0.04

R
es

po
ns

e 
tim

e 
(S

ec
.)

Average

LWO
SWF
MQT

1 100 200 300 400 500 600
Window sizes (Sec.)

0.0

1.0

2.0

3.0

4.0

R
es

po
ns

e 
tim

e 
(S

ec
.)

Maximum

LWO
SWF
MQT

1 5 15 30 60 300 600
Window sizes (Sec.)

0.0

1.0

2.0

3.0

R
es

po
ns

e 
tim

e 
(S

ec
.)

Maximum

LWO
SWF
MQT

�62��Yy SRFV4½+CQ3> �½ík�g*¸+-.10~LUè-ìL¥>A2?LULP{FU_C,RQ3Kp����� eJn�� o h-npegqoj���e��^jrq	�
����n�� &� ��npe�d8j�������e���eJh5q��Zqoj o h��
B�+5ï .1F=ª�Km.gFVSÇ0~IRK:BRFU.10~Q3FVí/,�0~FU+CSO9	�gI/FU.gíRQ3KM2CT�B�+5ïvS§FH.v.1I/+5ïvSÇFUS
P{FV_-,RQ3Ks�R9 �gIRK§0~+-é�Q3+5ï +C4=_CQJ2?é/I/.:FUSÏ03IRK �<_C,RQ3KÇ.~IR+5ï 0~I/K
2�ëCKMQ32C_CKAQ3KM.~é<+-S/.~K0~FU>@KÐ4½+CQ@KM2-GJIÏïvFVS<B�+5ï .~F(ªMK xÀ0~IRK(íE+?0103+C>
Q3+5ï +?4Ö_CQJ2?é/I/.g.1IR+5ï 0~IRK¯>@2/��FV>�,R>×Q3KM.~é<+-S/.1K&03FV>@K:+-í/.1KMQ~ë-KMB
B�,RQ3FUSR_80~IRK�Q3,RS(+?4Ò0~IRK�KO�éEK�Q3FU>8KMS�0v4½+CQvKM2-GJI§ïvFUS/B�+5ï�.1F=ª�K-9
7=.iG�2CSAí<K�.~K�K�SAFUSÇ2CLVL<+?4Þ03IRKR�/_-,RQ3KM.Mê->-X � # .^éEK�Q~4½+CQ3>A2?S/G�K

FH. Q3K�LH250~FUëCKMLVèÐ.o0J2?íRLUK:2CG�Q~+�.~.gïvFUS/B�+5ï
.~F(ªMKM.g4½+-Q=Km2CGJI(ïÀ+-Q~TLU+-2-BÞ9
�gIRFH.¯FH.�K���é<KmG�03KMB�.~FUS/GZKÇFVS�>CX � êbSRKMï 0~,/éRLVKm.:03I/250@SRKMKMB�03+
�o+CFUS·ïvFl03I�03IRKA.1>A2?LULUK�Q&ïvFVS/BR+5ï .'ïvFULUL�I/2�ëCK¯0~+(ïi2CFl0�,RS�0~FULÖ0~I/K
LH2?Q3_CKM.10 ïvFUS/B�+5ï FU.'GZ+C>@éRLUKZ03K�LUè§éRQ3+�GZKm.~.~KMBÐíèÐ2CS(+CLHB�K�Qv03,RéRLUKC9
7=.&2AQ3KM.~,RLV0Mê<0~IRK�+C,�03éR,�0'Q3KM.~éE+CS/.~K�0~FU>@K:4½+-Q'2?LULÒ0~IRK�ïvFVS/BR+5ï .
FH.Ì2?é/éRQ~+F��FU>A250~KMLVè�KMò�,/2CLR0~+:0~IRK'Q~Km.1éE+CS/.~Kg0~FU>@K 4½+-Q^0~I/K LU2CQ~_-KM.10
ïvFUS/B�+5ï�9©�gIRKÐ.1LUFU_CI�0¯FUS/GZQ3KM2-.1KA+-í/.1KMQ~ë52CíRLVK§ïvIRK�S�G�+C>@é/2CQ~FUSR_
.~>@2CLVLUK�Q§ïvFVS/BR+5ï .@0~+ÏLH2?Q3_CKMQAïvFVS<B�+5ï .FUS�>CX � .o03K�>A.A4½Q3+C>
0~I/K¯462-G�0=03I/250�FV4À2A03,RéRLUK82CQ~Q3FVë-KM.vïvI/K�S�03IRK8.~è�.o03K�> FH.=FHB�LUKCêÞFV0
G�2CS�FU>@>8KmB�FH250~KMLVè%.o0J2?Q~0_�o+-FVSRFUSR_ÐïvFl03I%é/Q~KMë�FU+C,<.1LUè�2?Q3Q~FUëCKmB(0~,�ì
éRLUKM.M9�PR+-QA.1,/GJI�0~,Ré/LVKm.�ê�03IRK��o+CFUS/.�4½+CQA.~>@2CLVLUK�Q@ïvFUS/B�+5ï .82?Q3K
SR+C0�B�KMLU2�è-KMB�íèR�o+-FVS/.'4½+-Q=03IRK@LU2CQ~_-K�Q=ïvFUS/B�+5ï .M9a�gIRFH.&í<KMI/2�ë�ì
FU+CQ:FH.:éRQ3KMBRFUGZ0~KMBÏí�è%0~I/KA4½+CQ3>¯,RLH2C.¯B�K�Q3FVë-KMB�FUS ¥KMGZ0~FU+CS;
/9=�-9=�-9
�gIRKMQ~K-ê�KMò�,/2503FV+-S}�����gG�LVKm2?Q3LVè§.~IR+5ï .i03I/250v03IRK�LU2CQ~_-KM.10À03K�Q3> FUS
0~I/KAKMò�,/2503FV+-S%FH.&0~I/K.1KmGZ+CS<B¸03K�Q3>Ðê#�n�}]��F� � �����/êbïvIRFHGJI·FVS�ì
ëC+-LVë-KM.^0~IRK�LH2?Q3_CKM.10ÀïvFUS/B�+5ï�.~F=ª�KCê�ïvI/K�Q3KM2C.Ì+CSRLUè28.1>A2?LUL�K���KMGZ0
FH.gK���é<KmG�03KMB(B�,RK�03+@0~IRK�FUS/B�FUëFUB�,<2?LÞïvFUS/B�+5ï�.1F=ª�K-êc� �  h ���Z9
çpS(GZ+CS�03Q32-.o0i0~+	>-X � êíE+?0~I§¥X�P 2?S/BÐ*f����0~K�S<B03+8é/Q~+Cì

ëFUBRK�462C.10~KMQ§Q3KM.~é<+-S/.1K¸0~FU>8Km.A4½+-QÇ.~>@2CLVLUK�Q§ïvFVS/BR+5ï .A0~I<2?SÈ4½+-Q
LH2?Q3_CK§+-SRKM.M9 �gIRK(éEK�Q~4½+CQ3>A2?S/G�K§+?4=0~IRKm.1KÐ0oïi+·2CLV_-+CQ3Fl03IR>A.¯FUS
0~I/FU.AQ3K�_�2?QJBÏFH.AFUS 462-G�0mêÀIRKm2�ëFVLUè�B�KMé<KMS/B�K�S�0§+-S�03IRK¸ïvFUS/B�+5ï
B�FH.o03Q~FUíR,�03FV+-SOê�.1+ïiK¯2-BRB�Q3KM.3.g0~IRKMFVQ&éEK�Q~4½+CQ3>@2CS/GZK�4½+-Q 03IRKU�/QJ.10
0oïi+�B�FH.o03Q~FUíR,�03FV+-S/.�ê=í<KMLV+5ï�9�¦ÀK�4½+CQ3K�B�+-FVSR_ .1+<êvIR+5ïÀKMëCKMQMêgïiK
SR+C0~KÐ0~I/2?0@0~IRK�>A2@��FU>¯,R> Q~Km.1éE+CS/.~KÇ0~FU>8Km.@éRQ3+5ë�FHB�KmBÏíèÂ0~I/K
2?LU_C+-Q~FV0~I/>@.��6.~IR+5ïvS%FVS�0~IRK@íE+?0103+C> Q3+5ï
+?4gPÒFU_C,/Q~Kn�r�=_CK�S/K�Q~ì
2?LULUè'4½+-LVLU+5ï�0~I/KÌ03Q~KMS/BR.,�½+-S�2 éEK�QÖïvFUS/B�+5ïÏ.~F(ªMKÌí/2-.1FH.��O+-í/.1KMQ~ë-KMB
4½+CQÌ0~IRK&2�ëCKMQ32C_CKgQ~Km.1éE+CS<.1Kg03FV>@KC9	�gI/K TCKMè¯462-G�0Ì03+¯SR+C0~FHGZK I/+5ïgì
K�ë-K�QmêÖFU.¯0~I/2?0¯03IRK�Q3KÇGM2?SÂíEKÇ.~,Rí/.1032?S�03FU2CLÀë52?Q3FH2?S/G�KAFVS�0~IRKÇQ~K�ì
.~é<+-S/.1KÇ0~FU>@K(4½+CQ@FUS/B�FUë�FHB�,/2CLv+C,�03éR,�0A03,RéRLUKM.�xvFVS�.1+->@KÐGM2C.~KM.Mê
0~I/K�>A2@��FU>¯,R> Q3KM.~é<+-S/.~K�0~FU>@K�FH.=+-SRK¯+-Q 0oïi++CQJB�KMQ3.=+?4^>A2?_Cì
SRFV0~,/BRK�ïÀ+-Q3.~K=03I/2?SÐ03IRK:2�ëCKMQ32C_CKC9
�Ò,RQ~S/FVSR_Å0~+
03IRK��#MOK	� I �L� ïvFVS/BR+5ï BRFU.10~Q3FVí/,�0~FU+CS ��PÒFU_?ì

,RQ3K0���62����Zê{ïiKG�2CSÂ.1KMKA0~I/2?0¯FUS�0~IRFH.¯GM2C.~KCêÒ*}��� 2CS/B ¥X�P
éRQ3+5ëFUB�Kg.~FV>@FULU2CQÒéEK�Q~4½+CQ3>A2?S/G�KÌ4½+-QÖ2CLVL�í/,�0Ö0~IRKgLH2?Q3_CKM.10ÖïvFVS/BR+5ï�9
�gIRFH.�FH.�í<KmG�2C,/.1K-êbIRKMQ~K-êO03IRK�è·_CKMSRK�QJ2503K�03IRK.32?>@K.~GJI/KMB�,RLUFUSR_
+CQJB�KMQÌ4½+-QÀSRKMï�03,RéRLUKM.��½Q3KMGM2?LUL<03I/250i0~I/K�BRF%��K�Q3K�S/G�K'FUS§Q3KM.~éE+CS/.~K
0~FU>@K:4½+-Q 0~I/K¯LH2?Q3_CK�QvïvFUS/B�+5ï�FH.'BR,RK�0~+Ç*f��� # .'2?íRFULUFl0oèÐ0~+§Q~K�ì
LUKM2C.~Kv03,RéRLUKM.ÀKM2?Q3LUè¯4½+-Q^0~I<250ÀïvFUS/B�+5ïH�Z9M¦À+C0~I§2CLV_-+CQ3Fl03IR>A.Ö462�ëC+-Q
0~I/K¯éRQ3+�GZKM.3.~FVSR_A+C4Ì.1>A2CLVLUK�Q'ïvFVS/BR+5ï�ò�,RKMQ~FUKM.=ïvFl03I¸SRKMï�0~,RéRLUKM.
+5ëCKMQvQ~Km.1,/>8FUSR_A03IRK[�o+-FVS�+C4Ö+-LUBRK�Qv03,RéRLUKM.'ïvFl03I�LU2CQ~_-K�Q ïvFUS/B�+5ï
ò�,RK�Q3FUKM.M9X�gI/FU.vFH.vGZLUKM2CQg4½Q~+-> 0~I/K�FVS/G�Q~KM>@K�S�032CLÞFVS/G�Q~Km2C.~K�FVSÐ0~I/K
¥X�P�2?S<B�*f����2C. ïiK�>@+5ëCK�4½Q3+C> .1>A2CLVLUKM.10 0~+§LU2CQ~_-KM.10 ïvFVS�ì
B�+5ï .M9�7 _�2?FUSOê^03IRKM.~K�Q~Km.1,/Ll0J.@ë�2CLVFHBR2?0~K�+C,/Q2?S/2CLVè�.~FU.8FUSj¥�KMG�ì
0~FU+CS 
R9 ��9L�AïvIRK�Q3KKMò�,/2?0~FU+CS � �8��.~IR+5ï .�03I/250¯0~IRKÐ2�ëCK�QJ2?_-K@Q~K�ì
.~é<+-S/.1K�03FV>@K8B�K�éEK�S/B/. +CS(03IRK¯G�,RQ~Q3K�S�0=2CS/B(éRQ3K�ëFV+-,/.vïvFUS/B�+5ï
.~F(ªMKM.@ïvIRFHGJI FH.@FUS/GZQ3K�>@K�S�0J2?LULVèÂFUS/GZQ3KM2-.1FUSR_�2C.@ïiKÇ>@+5ë-K§4½Q3+C>
.~>@2CLVLUK�Qg03+@LU2CQ~_-K�QgïvFVS<B�+5ï .�9
PR+-QÔ0~IRK ! Ijw+d R�� ] � �%$�RZR�ïvFUS/B�+5ï BRFU.10~Q3FVí/,�0~FU+CSOê·P{FV_Cì

,RQ3KY���½í9��êC+-SRKiïÀ+-,RLUB¯K���éEKMG�0^2'_C++�B¯.3GJIRKMBR,RLVFUSR_�2?LU_C+-Q~FV0~IR> 03+
íEK[¥�X�PÀê5_-FVë-K�S�03I/250�>@+-.10Ö+?4/03IRKiïvFVS/BR+5ï .{2CQ~Ki.1>A2CLVL[9{7'.{ïi2-.
.~K�K�SÐFUS§03IRK��#MOK	� I �L� G�2C.~KCêIR+5ïiK�ë-K�Qmê�*}����éEK�Q~4½+CQ3>@.i>�,/GJI
LUFVT-KR¥X�P�4½+CQ&0~I/K@.~>A2?LULÖïvFVS/BR+5ï .'I/K�Q3KCêb2CS/B¸I/2-.�2?S�2CB�ë52?SRì
032C_CK@4½+-Q�0~IRKALH2?Q3_CKm.o0�ïvFUS/B�+5ï�9¤� +?03KCê{IR+5ïiK�ëCKMQMêO0~I/2?0�¥X�P�# .
Q3KM.~é<+-S/.1KÇ0~FU>@K(4½+CQ80~I/K�LU2CQ~_-KM.108ïvFUS/B�+5ï×FH.@I/2CLl4�2C.@>¯,<GJI FUS
0~I/FU.�GM2C.~K¯03I/2?S·Fl0�FH.'4½+CQ&0~IRK��#MOK	� I �L� G�2-.1K-9Z�gIRFH.&í<KMI/2�ëFV+-Q
FH.�éRQ3KMB�FHG�03KMB%í�è�0~IRKAé/Q~KMë�FU+C,<.�2?S/2CLVè�.~FU.&KMò�,/2?0~FU+CS��?�r��ê{ïvIRK�Q3K
0~I/KAQ~Km.1éE+CS/.~K80~FU>@K@4½+CQ¯2ÐïvFUS/B�+5ï FUS/G�LV,/BRKM.�03IRK.1F=ª�KA+C4iíE+?03I
0~I/K§GZ,RQ3Q3K�S�0¯ïvFUS/B�+5ï 2?S/B·03IRK§éRQ3K�ëFU+C,/.:ïvFVS/BR+5ï�9¨¥FUS/G�K0~I/K
0oïi+�LH2?Q3_CKM.10ïvFUS/B�+5ï .Ð2?Q3K�4½,RQ~0~IRKMQ(2Cé/2?Q~0§IRKMQ~K�0~I/2CS�FUS�0~I/K
�#MOK	� I �L� G�2-.1Ka¥X�P�# .vQ~Km.1éE+CS<.1K&0~FU>@K:B�KMG�Q~Km2C.~KM.iIRKMQ~K-9
�gIRK¯G�+CS/G�LV,<.1FU+CS�+C4�0~IRK�éRQ~KMëFV+-,/. KO�éEK�Q3FU>8KMS�03. FH.=0~I/2?0=0~I/K

*f���Ô2?LU_C+-Q~FV0~IR>ÃéRQ3+5ë�FHB�Km.{0~IRK íEKM.10À+5ë-K�QJ2?LUL�2�ëCK�QJ2?_-KÀQ3KM.~éE+CS/.~K
0~FU>@K�ïvIRK�SÐGZ+C>@é/2CQ~KmB@0~+�0~I/K >-X � 2?S/B0~IRK]¥X�PÏ2CS/BïvIRKMS
,/.~FVS/_82¯ë�2CQ~FUKZ0oè@+C4bïvFVS<B�+5ï�B�FH.o03Q~FUíR,�03FV+-S/.�9�P/+CQÀ0~IRKa¥X�PÂ2CS/B
>-X � 2?LU_C+-Q~FV0~I/>@. 0~IRKMQ~K¯FU.'SR+ÇG�LVKm2?Q'ïvFVSRS/K�Q'2-.v03IRK�FUQ'Q3K�LH2503FVë-K
éEK�Q~4½+CQ3>@2CS/GZK�FU.ÐIRFU_CIRLUèÈB�K�éEK�S<B�K�S�0(+CSÈ03IRK%é<2?Q~0~FHGZ,RLH2?QÇïvFVS�ì
B�+5ï B�FH.o03Q~FUíR,�03FV+-SO9
çpS�0~KMQ~>A.§+?4�>A2@��FV>�,R> Q~Km.1éE+CS/.~K�03FV>@KCê
0~I/K8*f��� 2?LU_C+CQ3FV0~IR> FU.�2CLVïg2�è�. íEKZ0103K�Q&0~I<2?S¸03IRK ¥X�P�2?LU_C+Cì
Q3Fl03IR> 4½+CQgLH2?Q3_CK=ïvFUS/B�+5ï .Mê�2?LV0~IR+-,R_CI§Fl0vI/2-.i.~+C>@K'FVQ3Q~KM_C,RLH2?Q3FV0oè
4½+CQ=>8FHBRB�LUK�ïvFUS/B�+5ï .M9G�gIRFH.vFVQ3Q3K�_C,/LU2CQ~FV0oèAFU. >@2CFVS/LVè§0~IRK�Q3KM.~,RLV0
+?4�.~ïvFl0JGJIRFVS/_8í<2CGJT§2CS/BÇ4½+CQ~0~IÐ0~+A.~K�Q3ëCK�.1>A2CLVLO2-.vïÀKMLVLO2-.vLH2?Q3_CK
ïvFUS/B�+5ï .M9��gIRKk>-X � 2?LU_C+-Q~FV0~IR>ØI/2-.�2%,RSRFV4½+CQ3> >A2@��FU>¯,R>
ë52?LU,RK�+5ëCKMQ 2?LULÞ0~I/K�ïvFVS/BR+5ï . B�,RK�03+A0~IRKi�1�KmB�.~GJI/KMB�,RLUFUSR_@+CQ~ì
B�KMQv,/.1KmBÐí�ès>CX � 9
� +��)�+<1 
 %!%�� 1�:_���?+<:;+<'*)�/ )�6#%(' 
X·KÐ2CLU.~+¸Q3K�éEKM2503KMB�03IRKÐK���é<KMQ~FU>@K�S�0¯4½+-Q�>@Km2C.~,RQ~FUSR_�03IRK§+-,�01ì
éR,�0%Q~Km.1éE+CS/.~K·0~FU>@KÏ,/.~FVSR_ÈB�F(��K�Q3K�S�0�ïvFUS/B�+5ï .~F=ª�KÏB�FH.o03Q~FUíR,�ì
0~FU+CS<.�êÞIR+5ïiK�ë-K�Q&,/.~FVSR_Ç0~I/K8S/KM.10~KMB%LU+�+-é/.&FV>@éRLUK�>@KMS-0J2503FV+-S/.&+?4
0~I/K·.3GJIRKMBR,RLVFUSR_Ô2?LU_C+CQ3FV0~IR>A.M9ÃçpS 0~IRFH.(G�2C.~KCê'B�,RK%0~+Ï03IRK·FVS�ì
GZQ3KM2-.1KmBAGZ+�.o0i+?4V�o+CFUS§é/Q~+�GZKm.~.~FUSR_/ê-ïÀK'I/2CB@03+¯LU+5ïÀKMQ^03IRK&2CQ~Q3FUë�2CL
QJ250~KA+C4À03IRK§BR2?032�.10~Q3KM2C>@.�0~+ ���Ç03,RéRLUKM.��5.~KMG@FUSÂ+CQJB�K�Q�03+�K�S�ì
.~,RQ~K¯0~I/2?0�2CLVLÖ2?LU_C+-Q~FV0~I/>@.&GZ+-,RLHB�TCKMK�é¸,Ré%ïvFl03I¸03IRK@FVS/G�+C>@FUSR_
.10~Q3KM2?>A.M9
�gIRK&2�ëCK�QJ2?_-KÀQ3KM.~éE+CS/.~Kv0~FU>@K=4½+-Q^03IRK'B�F(��K�Q3K�S�0ÀïvFUS/B�+5ïÈB�FH.oì

0~Q3FUíR,�0~FU+CS<.OQ3KM.~K�>¯í/LVKÖ03IR+-.~K^+CíR032?FUSRKmB�ïvFl03I�0~IRKÌI/2C.~I�ì�í/2C.~KMB&FU>�ì
éRLUK�>@K�S�0J250~FU+CS<.�êïvFV0~IÇ2CéRéRQ3+F��FV>A2503K�LUè�+-Q3BRK�QÌ+C4b>A2?_-SRFl03,/B�K'FVS�ì
GZQ3KM2-.1K�03I/2?S¸0~IRK�ë�2CLV,/KM. Q3K�éE+CQ~0~KmB(FVS%PÒFU_C,/Q~K&�2?S/B�P{FU_C,RQ3K �R9
î',RK^03+=.1é<2CGZKÀGZ+CS<.o03Q32CFVS�03.Mê�ïiK^+->8FV0b03IRKÀBRKZ032CFVLUKMB�éEK�Q~4½+CQ3>A2?S/G�K
�/_-,RQ~Km.�9



�! � �p/ 7��!6?' � )0D]+ 
z+-59+(�j%���� ?]7��)�6?']+� 
çpS�03IRKÀé/Q~KMë�FU+C,<.ÞK���éEK�Q3FV>@K�S�0J.�ê�03,RéRLUKÀ2?Q3Q3FVë52?L-Q32?0~Km.OïiK�Q3KÌB�Q3FVë-K�S
íè�2?S�KO��é<+-SRK�S�0~FH2?LÖB�FH.o03Q~FUíR,�03FV+-SO9]�gIRK�2CS/2?LUè�.1Km. +C4^0~IRK@2?LU_C+Cì
Q3Fl03IR>A.bFUSg¥KmG�0~FU+CS&
=.~IR+5ïÀKmB&0~I/2?0b03IRK�FUQÒéEK�Q~4½+CQ3>A2?S/G�K^FH.bIRFU_CI/LVè
B�KMé<KMS/B�K�S�0 +-S§03IRK ÉZ¤�©J¥�¡[¢£ E¨Z¥J¥ +?4Ò0~IRK:2CQ~Q3FVë52CLEé<250103K�Q3SO9	�Ò+8KO�ì
2?>@FUSRK�0~IRFH.&FU.3.1,/K¯>@+CQ3K�G�LV+�.1KMLVè-ê<ïiK�QJ2?S%.1KMëCK�QJ2?LbK���é<KMQ~FU>@K�S�03.
.10~,/B�èFUSR_A03IRK:íEK�I/2�ëFU+CQv+?4Ö03IRK�0~I/Q~KMK¯2?LU_C+-Q~FV0~IR>A.v2-.g0~IRK�LVKMëCKML
+?4EíR,RQJ.o03FVS/KM.3.[�½F[9 K-9VêC0~K�S<B�K�S/G�è¯+C4/0~,/éRLVKm.Ö0~+�2CQ~Q3FVë-KÀïvFV0~I/FVSA.~IR+CQ~0
éEK�Q3FV+�BÇ+?4b03FV>@KF�iFU.gFUS/GZQ3KM2-.1KmBA4½+-Qví<+C0~I(.o03Q~Km2?>A.�9ÖçpSÇ0~IRKm.1K�KO�ì
éEK�Q3FV>@K�S�0J.�êÖïiK_CKMSRK�QJ2503K@0~IRKÇíR,RQJ.o0�2CQ~Q3FUë�2CL^+?4 BR2?032¸.10~Q3KM2C>A.
,/.~FVS/_82�é/2?Q3KZ03+¤  ��£bB�FH.10~Q3FVíR,R0~FU+CSOê�ïvIRFHGJI§FH.g+?4£03K�SÇ,/.1KmB03+8.~FU>�ì
,RLH2503KASRKZ0oïi+CQ3T�0~QJ2@�G8ïvIRKMQ~K@é/2-GJTCKZ0J.�2?Q3KA.1KMS-0¯2-G�G�+CQJB�FVS/_§03+
� � � PÖP�éEK�Q3FV+�BR.M9·çpSÏ0~I/K � � é<KMQ~FU+�BR.�2�íR,RQJ.o0@+?4=B/25032�FU.
_CKMSRK�QJ2503KMB 2?S/B�FVS 0~IRK � PÖP�éEK�Q3FV+�BR.@S/+·BR2?032·FH.�é/Q~+�B�,/G�KMBÞ9
�gIRKFUS�0~KMQ~ë52?L�íEKZ0oïiK�KMS�0~IRK � � 2?S/B � PÖP éEK�Q3FU+B/.�FU.:_CK�S/K�Q~ì
2503KMB%,/.~FVSR_Ð03IRKAK���éE+CSRKMS-03FU2CL�B�FU.10~Q3FUíR,�0~FU+CS�ïvFV0~I·Q32?0~Kg�b9R�gI/K
B�KMS/.1FV0oè 4½,RS/G�03FV+-S�+?4:é<2?Q3KZ0~+ÏBRFU.10~Q3FVí/,�0~FU+CS�FH.MêR�H���1� � ������

���
� êïvIRKMQ~K & � `%2?S/B ��FU. 0~IRK¯.~I/2Cé<K:é<2?QJ2?>@KZ03K�Qm9_�gIRK:KO��é<KmG�0~KmB

íR,RQJ.10'GZ+-,RS�0Mê
	\�n`:��êEFU. ���
� �!C 9vP/+CQi� >¯,<GJI�LU2CQ~_-K�Qg0~I<2?S �Cê<0~I/KK���éEKMGZ0~KMB¸ë�2CLV,/K¯FH.'2CLV>@+-.10'+-SRKCê�2?S<B(4½+CQ#� íEKZ0oïiK�KMS �2CS/B �Cê

0~I/K:K���éEKMG�03KMB(ë52?LU,RK:FUS/G�Q~Km2C.~KM.M9^X%K¯ë�2CQ~è§0~IRK¯K���é<KmG�03KMB(íR,RQJ.10
.~F(ªMKCê�	\�n`:�ÞíEKZ0oïiK�K�S�+-SRK^2?S<B �<ëCK^�62CS/B�GJIR++-.~K/�§2-G�G�+CQJB�FVS/_CLUèV�Z9
X·K§2?LH.1+�>@+�B�FV4½è�03IRK§2CQ~Q3FVë52CL�Q32?0~KAíEKZ0oïiK�K�S�03IRK � � éEK�Q3FV+�BR.
0~+§éRQ~+5ëFHB�K:2n����KMB(+5ë-K�QJ2?LULO2�ëCKMQ32C_CK&Q32?0~K:+C4oê���� ��� 9v7=.'ïiK�FVS�ìGZQ3KM2-.1K 0~IRK'LVKMëCK�L<+?4OíR,/Q3.10~FUSRKM.3.Mê->@+CQ3K 03,RéRLUKM.Àïi2CFl0À0~+¯.3GJIRKmB�,RLUK
0~I/K�FUQM�o+CFUSÇïvFV0~IÐ03IRK�+?03IRK�Q .10~Q3KM2C>Ð9

0 1 2 3 4 5 6
Expected burst size

0.0

0.5

1.0

1.5

R
es

po
ns

e 
tim

e 
(S

ec
.)

Average

LWO
SWF
MQT

P{FV_-,RQ3KUw � � eJn�� o h�npegqoj���e m,o cgdCj��Re3coeJh5q  aCcon�q���cpcoj�k ���<npj��Je3n��

1 5 15 300 510 570 600
Window sizes (Sec.)

0.0

1.0

2.0

3.0

4.0

R
es

po
ns

e 
tim

e 
(S

ec
.)

Average

LWO
SWF
MQT

P{FV_-,RQ3K���� � e3n�� o h�npe:qoj���e���e3c �^j�h�d o ��npj��Je �Mhd m�o c  a-con�q'npj��Jee��5a�����n���k�e �
çpS 0~IRFH..~KMG�03FV+-S ïiK(Q~KMé<+-Q10A+-SÔ2CS KO�éEK�Q3FU>8KMS�0,/.1FUSR_·0~I/K

I/2-.1I�ì�í/2-.1KmB�FV>@éRLUK�>@KMS-0J2503FV+-S¸4½+CQ'0~I/K�03IRQ3K�K�.3GJIRKmB�,RLUFVSR_(2?LU_C+Cì
Q3Fl03IR>A.À2CS/BAGZ+-S/.1FHB�KMQ~FUSR_�0~I/K � � $�RURX]�� $4�msuT=ïvFUS/B�+5ï .ÀB�FU.10~Q3FVì
íR,�03FV+-SO9`�gI/KA+5ëCK�QJ2?LUL^2?Q3Q3FVë52?LÖQJ2503KAFU.�>A2CFVS�032CFVS/KMB�2500��� �Ç0~,�ì

1 5 15 300 510 570 600
Window size (in sec.) with the majority of queries

0.00

0.01

0.02

0.03

0.04

0.05

R
es

po
ns

e 
tim

e 
(S

ec
.)

LWO
SWF
MQT

P{FV_-,RQ3K v � 7 ë-K�QJ2?_-K¸Q~Km.1éE+CS<.1K%0~FU>@K%4½+-Q�2?LUL&ïvFUS/B�+5ï .Ç,/.~FVS/_
B�F(�EKMQ~KMS�0=ò-,/K�Q3è§B�FH.o03Q~FUíR,�03FV+-S/.]�½I/2-.1IRì[í/2-.1KmB1��9
éRLUKM.��5.~KMG�éEK�Q&.o03Q~Km2?>(9vPÒFU_C,/Q~KnwA.1IR+5ï .v0~IRK82�ëCK�QJ2?_-K'Q3KM.~éE+CS/.~K
0~FU>@K���2�ëCKMQ32C_CKMB�+5ë-K�Q{2?LUL-ïvFUS/B�+5ïÏ.~F(ªMKM.���9{çpS:03IRKz�<_C,RQ3KCê�ïiKÀG�2CS
.~K�KÀ0~I/2?0�2-.Ò0~IRKgíR,RQJ.10Ö.~F(ªMKÀFUS/G�Q~Km2C.~KM.Mê�0~IRKg.~GJI/KMB�,RLUFUSR_'íEKMG�+C>@KM.
>@+CQ3K¯FU>@é<+-Q10J2?S�0�xO2-.=í/2-B�.3GJIRKMBR,RLVFUSR_ÐB�KMG�FU.~FV+-S/.&G�2?S�FVS/G�Q~Km2C.~K
0~I/K'+5ë-K�QJ2?LUL<2�ëCKMQ32C_CK Q3KM.~éE+CS/.~K 03FV>@K�B�Q32C>A250~FHG�2CLVLUèC9X�gIRK�*f���
.3GJIRKMB�,/LVFUSR_(+C,�03é<KMQ14½+-Q~>A.�2CLVL�+C0~IRKMQ:.~GJIRKmB�,RLUFVS/_(4½+CQ:2?LUL�+?4i0~I/K
íR,RQJ.10�.~F=ª�KM.&IRKMQ~K-9Z�gIRFH.�í<KMI/2�ëFV+-Q'FH.&>@+CQ3K�KMë�FHB�KMS-0:2-.'ïiK8FVS�ì
GZQ3KM2-.1K0~IRKÐK���éEKMG�03KMB�íR,RQJ.o0A.1F=ª�K}�½K-9 _<êÌ250@K���éEKMG�03KMB�íR,RQJ.o08+?4
.~F(ªMKM.&0~I/Q~KMKCêO4½+-,RQ¯2CS/B �/ëCK-êOQ~Km.1éEKMGZ0~FUëCKMLVè���97'.:.~IR+5ïvS�FVS·0~I/K
P{FV_-,RQ3KCê<0~IRK8FV>@éRQ3+5ëCKM>@K�S�0=+?4Ì*}����+5ëCK�Q >CX � 2?S/Bf¥X�P�FU.
2C.ÌIRFU_CI2C. � ��3Å2CS/B	
 ��3ê-Q~Km.1éEKMGZ0~FUëCKMLVè-ê9�6FVS@03IRK'GM2C.~K +?4ÞíR,RQJ.10
.~F(ªMK&+C4Ò03IRQ3K�K��Z9
P{FV_-,RQ3KM. �.~IR+5ï .g03IRK¯2�ë-K�QJ2?_CK�Q3KM.~é<+-S/.~K�0~FU>8K¯é<KMQ'ïvFUS/B�+5ï

4½+CQ{03IRK � �%$�RZR�]�� $4�+suTiB�FU.10~Q3FUíR,�0~FU+CS8,/.~FVS/_&2CS¯K���éEKMGZ0~KMB�íR,RQJ.10
.~F(ªMK�+?4H�/ëCK-9ÀP{FU_C,RQ3K �@FVS<B�FUGM2503KM.g03I/250=ïvFV0~I�LH2?Q3_CK�íR,/Q3.10'.~F(ªMKM.Mê
0~I/K�¥�X�P .3GJIRKMB�,/LVFUSR_�2?LU_C+CQ3FV0~IR> I/2-.@2%Q3KM.~éE+CS/.~K03FV>@K�+?4D¢
.~KMGZ+-S/BR.:4½+CQ�0~IRKÇLU2CQ~_-KM.10:ïvFVS/BR+5ï�ê�ïvIRK�Q3KM2-.�,/.~FVSR_�0~IRKÐ*f���
.3GJIRKMB�,/LVFUSR_@2?LU_C+CQ3FV0~IR> FV0gFH.ií<+-,RS/B�KmB§íè���.1KmGZ+-S/BÞ9M�gIRKM.~K&Q~K�ì
.~,RLl0J.�B�K�>@+CS<.o03Q32?0~K�0~IRK�462CGZ0&03I/250�K��G�FVKMS-0�.3GJIRKMB�,/LVFUSR_ÐFU.&FU>�ì
éE+CQ~032?S�0�03+�>@2CFVS�0J2?FUS�2ÐQ3KM2-.1+-S/2?íRLUK8Q~Km.1éE+CS/.~K@0~FU>@KCê{é/2?Q~0~FHGZ,Rì
LH2?Q3LVèFUS(,RSRéRQ3KMBRFUGZ032?í/LVK�K�SëFUQ~+-SR>@K�S�03.M9
�! &% �p/ 7��!6?' �fA ?]+-7�� �k6��)�786 �G?])�6?%9'
çpSÏ03IRKÐéRQ~KMëFV+-,/.¯KO��é<KMQ~FU>@K�S�03.�ïÀK(2C.3.~,R>@KÇ2¸,/SRFl4½+-Q~> ò�,RKMQ~è
ïi+CQ3T�LU+-2-B �6.~FVS/_CLUKiò�,RKMQ~è�éEK�Q�ïvFUS/B�+5ï�.~F=ª�K��b+5ëCKMQ{BRF%��K�Q3K�S�0ÖïvFVS�ì
B�+5ïÔB�FU.10~Q3FUíR,�0~FU+CS<.�9{çpS¯03IRFH.�K���éEK�Q3FV>@K�S�0�ïiKgG�+CS/.~FHB�K�Q�B�F(�EKMQ~KMS�0
.~TCK�ïvS/KM.3.OFUS�ò�,RK�Q3è�ïÀ+-Q~TLU+-2-B�+5ëCK�Q{2=B�FH.10~Q3FVíR,R0~FU+CS¯+C4/ïvFUS/B�+5ï .M9
7 LV0~I/+C,R_-IOê=ïiK%é/Q~Km.1KMS-0Ç0~IRK�Q3KM.~,RLV03.Ç,/.1FUSR_ 0~IRK ¥>A2?LULVì >Ò2?Q3_CK
ïvFUS/B�+5ï BRFU.10~Q3FVí/,�0~FU+CSOê�ïiKi+-í�032CFVS/KMB@.1FU>@FVLH2?Q�Q3KM.~,RLV03.�ïvI/K�S80~Q3è�ì
FUSR_§2?LULO03IRK:+C0~IRKMQ=ïvFUS/B�+5ï . B�FH.10~Q3FVíR,R0~FU+CS/.M9gX%K8GZ+CS<.1FHB�K�Q � �43
+?4�03IRK=ò�,RK�Q3FUKM.^.~I/2?Q3K 2:.~FVS/_CLUKvïvFVS/BR+5ï�ê	�  ê-ïvIRFULUKv0~IRK=Q~KM>@2CFVSRì
FUSR_ �N��3 2CQ~KA,RS/Fl4½+-Q~>@LUè·B�FH.10~Q3FVíR,R0~KMBÂ2C>@+CSR_(03IRKQ3KM.10¯+?4g0~I/K
ïvFUS/B�+5ï .M9&X·K8,/.1K8I/2-.1I�ì�í/2-.1KmB�FV>@éRLUK�>@KMS-0J2503FV+-S/.=ïvFV0~I�.32?>@K
.~KZ0103FVS/_-.^2-.�FVS\¥KmG�03FV+-S	�R9=� 2CS/B@GZ+-S/.1FHB�KMQ^2�é<++CL/+?4!
 ��ò�,RK�Q3FUKM.M9
X·K¯ë52?Q3è����4½Q3+C> � C&03+ ���¯2?S<B(Q~KMé<+-Q10v03IRK¯Q3KM.~,RLV03.v+C4�2�ë-K�Q~ì
2?_-K'Q3KM.~éE+CS/.~K&0~FU>8K�,<.1FUSR_@KM2-GJI§+?4{0~I/K:.~GJIRKmB�,RLUFVS/_82CLV_-+CQ3Fl03IR>A.
2C.¯.1IR+5ïvS�FUS�P{FV_-,RQ3K0vR9��gIRK§*f���ÃI/2-.�0~I/KLV+5ïiKM.10¯2�ëCKMQ32C_CK
Q3KM.~é<+-S/.1K@03FV>@KFUSÏ2?LULÌGM2C.~KM.M9§XÈIRKMS � �43 +?4i0~IRKÇò-,/K�Q3FVKm.:2?Q3K
GZLU,/.10~KMQ~KmBÇ2?0v.~>A2?LULÞïvFVS<B�+5ï .gïÀK�KO�éEKMGZ0g0~I/2?0D¥X�PÏéEK�Q~4½+CQ3>A.
íEKZ0103K�QA03I/2?S�>-X � 9^*}���×+C,R0~éEK�Q~4½+CQ3>@.\¥�X�PÅFUS 03IRFH.G�2-.1K-9
XÈIRKMS 03IRK�>A2@�o+-Q~FV0oèÏ+?4&0~I/K¸ò-,/K�Q3FVKm.A2?Q3KÐG�LV,/.10~KMQ~KmB�250LH2?Q3_CK
ïvFUS/B�+5ï�êA>-X � éEK�Q~4½+CQ3>A.�í<K�0103K�Q^03I/2?S�¥�X�PÀ9; +5ïiK�ë-K�Qmê?*f���
2?LH.~+�.3GJIRKMB�,/LVKm.i.~>A2?LUL<ïvFUS/B�+5ïÙò-,/K�Q3FVKm.À2CS/BéRQ3+5ëFUBRKM.Ì0~IRK�íEKM.10
2�ëCKMQ32C_CK&Q~Km.1éE+CS<.1K�03FV>@KC9^�gI/K¯GZ+-S/GZLU,/.~FV+-SÐ+C4Ö0~IRFH. KO�éEK�Q3FU>8KMS�0
FH.03I/250mê=*f��� 2CB/2?é�0J.A0~+Ô2�.~TCKMïÀKmBÈò-,/K�Q3è ïi+CQ3TLV+�2CBR.A2CS/B



+C,R0~éEK�Q~4½+CQ3>@. í<+C0~I >-X � 2?S/B�¥X�P FUS(0~K�Q3>A.v+?4Ö03IRK¯2�ëCKMQ32C_CK
Q3KM.~é<+-S/.1K&03FV>@KC9
�! -, > +-: % 7�� 's+�� ?26 78+<:;+<'*) 
� SRK=G�+CS/G�K�Q3S2?íE+C,�0À0~IRK�¥X�P�2?S/B§*f����2?éRéRQ3+-2-GJIRKM.ÖFH.Ì0~I/2?0
0~I/K�èÐ>8FU_CI�0=,<.1K:KO�RGZKM.3.~FVë-K�>8KM>@+CQ3èÇGZ+->@é/2?Q3KMBÇ0~+s>CX � ê<B�,/K
0~+@03IRK�FUQ SRKMKMBÇ0~+AI/+CLHBÇí<2CGJT§.~+C>@K�+C,�03éR,�0 03,RéRLUKM.g03+AéRQ3KM.~K�Q3ëCK
0~I/K:éRQ3+CéEK�Q +-Q3B�KMQ~FUSR_@+?4Ö03IRK¯+-,�0~éR,R0'.o03Q~Km2?>(9içpS�+CQJB�K�Qv03+B�KZì
0~KMQ~>@FUSRKÇ0~IRK(FU>8é<2CG�0@+?4=0~IRFH.8FU.3.1,/KCê^ïiKÇKO�R2?>@FVS/KMB�03IRK(>@2/�ì
FU>¯,R> 2?>@+-,RS�0§+?4:>@K�>@+-Q~èÔQ~Kmò�,RFVQ3KMB�íèÔKM2-GJIÈ+?4�0~I/K%2?LU_C+Cì
Q3Fl03IR>A.�9ÖXÈIRFULVK�.~>@2CLVLEB�F(�EKMQ~KMS/GZKm.À2CQ~K S/+?0ÀLUFUTCK�LUè�0~+¯íEK&FV>@éE+CQ~ì
032CS�0��6_CFUëCKMSÏ0~I/KÇLU+5ï GZ+�.o0@+?4&>@K�>@+CQ3è�0~IRKm.1K(BR2�è�.���êÌ2·LH2?Q3_CK
B�F(�EKMQ~KMS/GZK8GZ+-,RLUB(I<2�ëCK¯2AS/K�_-2?0~FUëCK�FU>@é/2CGZ0'+CS¸0~IRK8BR250J2AQ32?0~Km.
0~I<250ÌGZ+-,RLHB¯íEK .1,/éRé<+-Q103KMB8íè�0~I/Kvë�2CQ~FU+C,<.{2CLV_-+CQ3Fl03IR>A.ÖïvFl03IR+C,R0
B�Q3+CéRé/FVSR_0~,RéRLUKM.Mê<4½+CQ'2é/2?Q~0~FHGZ,RLH2?Q=>8KM>@+CQ3èÐ.~F(ªMKC9 X·K:íRQ3FUK*J/è
éRQ3KM.~K�S�0v+C,RQvKO��é<KMQ~FU>@K�S�032CL*�/S/B�FUSR_-.gI/K�Q3KC9
PR+-QA2?LULi+C4=03IRK�.~GJIRKmB�,RLUFVS/_·2CLV_-+CQ3Fl03IR>A.�ê�03IRK��o+CFUS1¦i,V��K�Q@FU.

SRKMKMB�KmB�03+�IR+CLHB%0~IRK@03,RéRLUKM.�+C4iKm2CGJI�.o03Q~Km2?> BR,RQ~FUSR_(03IRK��o+CFUS
éRQ3+�GZKM.3.~FVSR_<9 �gI/K¸>A2@��FV>�,R> .1F=ª�K¸+C4:2Ï.1FUSR_-LVKR�o+-FVS1¦i,V��K�QÇFU.���������<9 ¥X�PÃ2CS/B�*f��� 2?LH.1+�,/.~K�2CSÔKO�0~QJ2�FVSRé/,�0§íR,V��K�Q
�62ÐLUFU.10�+?4g.~GJIRKmB�,RLUFVS/_(ò�,RKM,RKM.��=0~+(IR+-LUB�0~IRKAS/K�ïÅ03,RéRLUKM.&4½Q3+C>
+CS/K§.o03Q~Km2?> ,RS�0~FUL^0~I/K�èÂGZ+->8é/LVK�0~KA03IRK�FUQ^�o+-FVSÂïvFV0~I�03IRK§+C0~IRKMQ
.10~Q3KM2?>(9H>CX � I/2-.À2�.1FU>@FVLH2?QÀFVSRé/,�0víR,V��K�Q��62¯ò�,RKM,RK��^0~+8.o03+CQ3K
0~I/K�2?Q3Q~FUëFVS/_%03,RéRLUKM.@4½Q3+C> +CS/K¸.o03Q~Km2?> íEKZ4½+-Q~K�03IRK�èÔ2?Q3K¸2CGZì
0~,<2?LULVèÈ,/.~KMB 0~+�.3G�2?S 0~IRK�>A2@��FU>¯,R> ïvFUS/B�+5ï FVSÙ0~IRK�+C0~IRKMQ
.10~Q3KM2?>(9 ¥X�PÅ2CS/BÏ*f���×2CLV_-+CQ3Fl03IR>A.:>A2?FUS�032CFVS�2CS�+-,�0~éR,R0
íR,V��K�Q§0~+�.~+CQ~0A0~I/K¸+C,�03éR,�0§íEKZ4½+-Q~K�Q~KMLVKm2C.~FVSR_�FV00~+Ï0~IRK¸+-,�01ì
éR,�0:BR2?032Ç.o03Q~Km2?>A.�9]�gIRK8>A2@��FU>¯,R> .~F(ªMK�+C4^0~IRK8FUSRéR,�0�íR,V��K�Q
FH.¯2(4½,RS<G�0~FU+CS�+?4g0~IRKÇ>A2@��FV>�,R> Q~Km.1éE+CS/.~K@0~FU>@K4½+-Q¯2�SRKMïvLVè
2?Q3Q3FVëFUSR_§03,RéRLUKC9çpS·03IRKK���éEK�Q3FV>@KMS-0J.�ïÀKAQ3K�éE+CQ~0~KmB�+-S·2Cí<+5ë-K
0~I/K�>A2@��FU>¯,R> Q3KM.~éE+CS/.~K:03FV>@K@ïi2-.'.~K�KMS¸03+ÇQ3KM2-GJIV�>@FUS�,R0~KM.
FUS¸.1+->8K:GM2C.~KM.gïvFV0~I�IRFU_CI(íR,/Q3.10=.1F=ª�Km.�9ÀXÈIRK�S¸G�+CS/.~FHB�K�Q3FVS/_@2CS
2?Q3Q3FVë52?LÖQJ2503K�+C44���A�03,RéRLUKM.��5.~KMG@2?S<B%2Ç>A2@��FV>�,R> ïvFUS/B�+5ïÃ+?4
.~F(ªMK � �A�=.~KMG�+CS/BR.Mêm0~IRKg.~F(ªMKÀ+C4�0~IRK��o+CFUS1¦i,V��K�Q{FU.Ö2CéRéRQ3+F�FU>A2503K�LUè
� �/ê �A� �'0~,/éRLVKm.g2?S/B803IRK=>A2@��FU>¯,R> FUSRéR,�0iíR,V��K�Qg.1F=ª�K'FU. ���Rê �A� �
0~,/éRLVKm.�êg+-Qs�N��3Ø+?4&0~I/K �o+CFUS1¦i,V��K�Q§.~F(ªMKC9 �gIRFU.MêgIR+5ïiK�ëCKMQMêÀFU.
2(ïi+CQJ.o0:G�2-.1KA2CS/2?LUè�.1FH.�9AX·KAK���éEK�Q3FV>@KMS-0J2?LULVè%+Cí�0J2?FUSRKMB·LU+5ïÀKMQ
íE+C,RS/B/.O4½+-Qb03IRKÀ>A2/�FU>¯,/> FUSRéR,R0{íR,��EKMQ{.~F(ªMKCê?2CS/B�4½+C,/S/B�03IRK�>
0~+@íEK�LVKm.~.v0~I/2CS ���43 +C4Ò03IRK,�o+CFUS1¦i,V��K�Q .~F(ªMKCê�4½+-QH¥X�Pi9
� ,RQ8GZ+CS<GZLU,/.1FU+CS<.¯2?Q3KA03I/250�0~IRKÇ>8KM>@+CQ3è·Q3KMò�,RFUQ3K�>@K�S�0:4½+-Q

0~I/K�¥X�P 2CS/B *}��� .~GJIRKmB�,RLUFVS/_Ù2?LU_C+-Q~FV0~I/>@.%2?Q3KÏQ3+C,R_-IRLVè
GZ+->@é/2?QJ2?íRLUKg0~+¯0~I/2?0À+C4E03IRKi>CX � 2?LU_C+CQ3FV0~IR>(9<�gI/K=>A2@��FU>¯,R>
.~F(ªMK:4½+CQ'0~I/K�+-,�0~éR,R0&íR,��EKMQ&FUS¸íE+?03I¸0~I/KR¥X�PÈ2CS/B�*}���
2?LVì
_C+-Q~FV0~I/> ïg2C.vLUKM.3.v03I/2?S 
43 0~IRK8.1F=ª�K:+C4�0~IRKH�o+CFUS1¦i,V��K�Qm9^�gIRFU.
.~,RéRéE+CQ~03.v+-,RQ=GZ+-S/GZLU,/.~FV+-S§03I/250=0~IRK:>@KM>8+-Q~è§Q~Kmò-,/FVQ3K�>@K�S�0v4½+-Q
0~I/K�K��0~QJ28FVSRé/,�0'2?S<B§+-,�0~éR,R0 íR,V��K�QJ.vFVSÐ03IRKZ¥X�PÔ2?S/BÐ*f���
2?LU_C+-Q~FV0~I/>@.À2?Q3K SRKM_CLUFV_-FVíRLUK ïvIRKMSÇG�+C>@é/2?Q3KMB803+:03IRK	�o+-FVS1¦i,V��K�Q
.~F(ªMKM.M9
� � ã â �.�~å=�æoã â �
XÈFUS/B�+5ï �o+CFUS/.i2?Q3K=250Ì0~IRK�GZ+-Q~K +C4ÞK�>@K�Q3_CFUSR_¯2CQ3GJIRFV0~KmG�03,RQ~Km.�4½+-Q
GZ+-S�0~FUS�,/+C,/.Çò-,/K�Q3è éRQ3+�GZKm.~.~FVS/_Ï+5ëCKMQ§BR250J2�.10~Q3KM2C>@.M9 ¥I<2?Q3KMB
éRQ3+�GZKM.3.~FVSR_�+C4�ïvFUS/B�+5ï}�o+-FVS/.ÌFU.Ì2�TCKMè:0~KmGJIRSRFHò�,RKv4½+CQÀ2CGJIRFUK�ëFUSR_
.3G�2?LH2?í/FVLUFl0oè2CS/BÇK�SRI/2CS/GZFUSR_�0~IRK�+-é<KMQ32?0~FUSR_�QJ2?S/_CK&+?4Ò.~,/GJI(.1è�.1ì
0~KM>A.�9AX·KAI/2�ëCKAB�Km.~G�Q~FUíEKMB·2?S/B·K�ë52CLV,/2?0~KmB¸03IRQ~KMK.~GJI/KMB�,RLUFUSR_
2?LU_C+-Q~FV0~I/>@.Ì0~I<250véRQ3FV+-Q~FV0~F=ª�K�.1,<GJIÐ.~I/2?Q3KMBK���KMG�,�0~FU+CSÇ0~+@Q3KMB�,/G�K
0~I/K=2�ëCKMQ32C_CKiQ~Km.1éE+CS/.~Kg0~FU>@K=éEK�Qiò-,/K�Q3è¯ïvIRFULVK=éRQ~Km.1KMQ~ëFUSR_&0~IRKMFVQ

+CQ3FU_CFUS/2?LÌ.~K�>A2CS-03FUGM.�9�>-X � ïg2C.¯,/.1KmB�éRQ3K�ëFV+-,/.~LVè-êX¥X�P�2CS/B
*f���
ïiK�Q3K¯B�KMëCKMLV+-é<KmB�2C.'é/2CQ10&+?4^03IRK�ïi+CQ3T�B�KM.3GZQ3FUí<KmB¸IRKMQ~K-9
¥X�P�B�FUQ3KMG�03LVè:2-BRB�Q3KM.3.1KmB&0~IRKgéEK�Q~4½+CQ3>A2?S/G�KqJ<2�ïÂFHB�K�S�0~F=�/KmB:4½+-Q
>-X � 9�*f����ïg2C.Ì>@+?0~FUë52503KMB@íè¯03IRKv03Q32-B�K�+8��.Ìí<K�0oïÀKMK�S0>-X �
2?S<B ¥�X�PÙ2-.�FUB�KMS�0~F=�/KMB�íè�2CS�2CS/2?LUè�0~FHG�2CL^.o03,/B�è�+C4À03IRKA0oïi+
2?é/éRQ~+�2CGJIRKm.�9 ]M��éEK�Q3FV>@K�S�0J.Aé<KMQ14½+-Q~>@KmB +-S�2?S�FU>8é/LVKM>8KMS�0325ì
0~FU+CSA+C4<03IRKv03IRQ~KMKg0~KmGJIRSRFHò-,/KM.�FUS2?S@K��03K�S/B�KmBAîD¦g*©¥8,/S/B�K�QÀ2
ë52?Q3FVK�0oè§+C4{ïi+CQ3TLV+�2CBR.g2?S<B(>8F(��KM.v+C4�ïvFVS/BR+5ï .~F(ªMKM.MêRë52?LUFUB/250~KmB
0~I/K 2?S/2CLVè�0~FHG�2CL�Q~Km.1,/Ll0J.^2?S/B8.~IR+5ïÀKmB:03I/250�03IRK=*f��� 2?LU_C+-Q~FV0~IR>
éRQ3+5ëFUB�Km.^,Ré0~+&�A�43 FU>8é/Q~+5ë-K�>@K�S�0ÌFUS§2�ëCKMQ32C_CKgQ3KM.~é<+-S/.1K=0~FU>@K
+5ëCKMQg0~IRK&>CX � 2?LU_C+CQ3FV0~IR>(9_�gI/KM.~K:K���éEK�Q3FV>@K�S�0J.=2?LH.~+@BRK�>@+CS�ì
.10~QJ250~KmB�0~I<250b03IRKÌíEK�S/K��R0J.Ò+C4/*f����íEKMGZ+->@KÌ>@+CQ3K^éRQ3+CSR+-,RS/G�KMB
2C.¯0~I/KÇíR,/Q3.10~FUSRKM.3.�+?4 03IRKÇFUSRéR,R0AB/25032%.o03Q~Km2?>A.�FU.�FVS<GZQ3KM2C.~KMBO9
�gIRK¸KO��é<KMQ~FU>@K�S�03.Ç2?LH.1+ÏB�KM>@+CS/.10~QJ2503KMB 0~I/2?00~I/K�íEK�SRK��R03.§+?4
*f���ÈG�+C>@K'2?0À03IRK'G�+-.10À+?4Ò+CSRLUèA2¯.~>@2CLVLEFUS/GZQ3KM2-.1K FUS§>@KM>8+-Q~è
+5ëCKMQ~I/KM2CBO9
� ���f�O��� â �*�b�
� �	� K }PEOwJ�����p���8GÌ}PE��põ[�r�Zõ[�otv�o�J� � }8E�u��o�[�m��wJz��8��wJ��x=�oõbwJ�H} � ö���� õ[ö����r� �|�õ��[�1wJtv|Eþ/w����pø(zo��wJ|�|�ö � x5w3õ[wÌt wJ��w � �1tv�o�ZõOwJ�����r�rz1w3õ��rö���|~}�ý£��
� *(2QTSVUXW��1'�)C5!�C�?�C)/+&�!P���3�>Od �F��ÿ�ÿ��m}
� ���&úC} E�u5wJ��x��[wJ|[�o�JwJ�[wJ���	FÀ}4E�ö�ö��?�1���Z
À} K �o|[um�5wJ��x����8wJ��xÈ�põ¸wJ�H}ô �o�r� � �[wJ��u�z���� E�ö��Zõ[�r����ö���|Ìx5w3õ[w��5ö~ø�����öMzo�o|[|��r� � � ö��^wJ�8����zo�o��õ[wJ�r�øÞö��[�rx-}<ý£��� $&*����IU����1'�)C5�d P��46�)8d �/��ÿ�ÿ��m}
� ���&úC}AE�u5wJ��x��[wJ|[�o�JwJ�[wJ�:wJ��x � }���} û �[wJ�����r�r��}bú�õ��[�1wJtv�r� � �����o�[�r�o|{ö! Z�o�|�õ��[�1wJtv�r� � x5w3õ�wm}<ý£��
"� *(2�QTSVUXW��1'�)C5L���?�C)/+&�!P���3�>Od �F��ÿ�ÿ��m}
� �#�$��} E�u��o��� K }���} K � S � õ6õC�?wJ�mx���} û }5ù{wJ� � u�õ�ö���} K �o|�� � ��wJ��x��	 JwJ�r�mþw3õ[�rö��=ö � wJ� õ��o�[�5w3õ��  Z��|[�o�r�ozpõ[�rö��=����wJzo�otv�1�ZõO|�õ���w3õ�� � �r�o|Ò�r� ö��mõ��rtv�&%o�r� �zoö���õ��r�M�mö���| �����o�[�r�o|~}/ý£� �#�TU�b:P('T��K�d ����ÿ�ÿ��m}
� ��� � }T�b}�E��[ö! Z�1�r��w�� � }RúC} ô w � �����<wJ��x�
Ì} Q��o|�õ[w! M�[ö�|1}4OÒ�1w! ��MþUõ�wJ�r�r�ox���[ö���wJ���r�r� õ£�@x��r|6õ[���r���mõ��rö���|i�r��õ[u�� øÞö����rx8øb�rx��vøÞ�o��}¯ý£� �Y-8�?6�+C*="(N

+&6�7r>�34"=A��_*J'[2��&6�B�.[*J6�"%7 $	)�$&*�6�*J"%$&*J"(+&6�7T*��&+!2�)@"(hC3��C$	6�)/AH6L-�-/7 "(+&6�*J"('�)@$;P
+L2�6!-/*��C� � P��T2�6!-8 #6�)+*-,	6�7%7 P�.	�C00/8'��21CPV-�-rd�354 
76 d �V�������m}

� ��� r/}8�5} OÒw�wJ|{wJ�mx���} � }NOÒ�o�r�r�o�[|6õ[�o�r��} � �r�m���r� ��ö��r��| � ö��Òö��m�r�r���Ìw ��� �[�pþ� w3õ[�rö��-}Eý£� �c�?'C+�d9';5�97�#:<;+=9U>�1'�)C5L���?�C)/+&� �T�������m}
� ?� � }�
Ì}<OÒwJtvt wJx�� S }�üÀ}�
Ò�[� � �wJ��xZ
À}A@i}r�E�rt w � wJ��tv�rx�}Àú�õ��[�1wJtøb�r��x�ö~ø ��ö��r��� ô ��wJz����r� � tvö! m�r� � ö����6�ozpõ[|��r�Å|[�o��|[ö��6þ£���põ£øÞö����x5w3õ[wJ�5wJ|[�o|~}-ý£� �E�;'�+�dT';5�*%2F� �CB *(2D989@U�W�;E�1'�)C5!�C�?�C)/+&�!P(�4347 . �O��ÿ�ÿ��m}
� ���GFR}�üÀ}�ýH Z�o|C� K } û �rö��[�o|�z1�r� � } û �[�r�ox�t wJ���wJ��x��põÌwJ�H}[
Ò�¯wJx5wJ�mõ��  Z�

�M�m�1�6����m�ozo�mõ��rö��(|��M|�õ��ot � ö��gx5w3õ[w8�r�Zõ[� � ��w3õ��rö���}Ðý£� �E�;'�+�d	';5�*(2��
97�5:<;I=9UJ�k'�)C5!�C�?�C)/+I� ���������m}

� ���$��}�@�wJ� � ����} û }�ù{wJ� � uZõ[ö��r�CwJ��x:úC} K }�W{� � ��wJ|~}1�� JwJ�r�5w3õ[�r� � øÒ�r�mx�ö~ø
��ö��r�m|bö! Z�o�Ò�����?ö�����x��ox�|6õ[���~wJtv|1}Rý£� �#�TU�b:P('V��K�d �F��ÿ�ÿ��m}

� �1ÿ��&úC} � wJxmx��o��� � }r
À}úMu5wJu��(��} � }<Ob�1�r�r�o��|�õ��1�r�r��wJ��x��oõÌwJ�H}REÞö��Zõ��r�mþ��ö���|�� �wJx5wJ�mõ��  Z��zoö���õ��r����ö���| �M�m�1���r�o|vö? Z�o�g|�õ��[�1wJtv|1}Aý£� �c�?'C+�dM'I5
97�5:<;I=9UJ�k'�)C5!�C�?�C)/+I� �@��ÿ�ÿ��m}

� ���	� � } � öJõ£øÞwJ���J�K��} S �rx�ö�t��1
À}�
{�[wJ|[���<wJ��xA�põgwJ�H}IL{���o�6�8����öMzo�o|[|6þ�r� � �mwJ�����[ö �m�rt w3õ��rö����mwJ��x �[�o|[ö��m�[zo�{t wJ�5w � �otv�o�ZõÞ�r� wÌx�w3õ�wÌ|�õ��[�1wJtt wJ�5w � �otv�o��õb|��M|�õ��ot�}Rý£�M� $&*����;U��N�1'�)C5�d P��46�)8d �F��ÿ�ÿ��m}
� ����� r/}�úM�o|�u5wJx��[�H}]rE���ox5w3õ[ö��!��
��[�o|[ö��m�[zo� � ö��{x�w3õ�wJ�5wJ|��g�[�o|��~wJ��z�u�} 97�5:EN

;+=9U0�E�&+&'��?A �8�� I �cMO� ���?P4��ÿ��1�������m}
� ����� � }JúMu5wJ��t w��`E{}cQÞwJ|[ur�ZwJ��x E{}br/w3õ��1�H} K �rtv�o��|��rö����r�o|[|-�5wJ��wJtv�põ��1��| � ö���	 �wJ�r�5w3õ��rö��iö � õ�u��o�[t wJ��x��o|[� � �ÀwJ��xÌ�?�1� � ö���t wJ��zo�<ö � ��wJ� � �pþ£|[z1wJ�r��x�w3õ�wzo�1�Zõ��1��|~}�ý£� �E�?'C+�d�';5�*(2�� � *(2D�Q�R�Q�Ei7�Q98;�bS��'�"%)@*Xe�2��C�! ,'!-F24.�$&"(+C$6�)/AT,	�I6�*Xe/�?6�)@$%5!�C�T�1'�)C5L���;��)/+&�#"%)U98*�dTS�'�3�"%$;PK�434)/� 
"B d �/��ÿ�ÿ��m}
� �L�#� ô }�GÒ�[u�wJ�vwJ��x � } û �[wJ���M�r�r�-} K �m��wJtv�rzb�m�r�C�o�r�r���O|�z�u��ox����r�r� � � ö��<�rtgþ���[ö! m�r� � �r��õ��o��wJzpõ��  Z� �����o���=�?�o� � ö��[t wJ��zo��}Rý£� �E�;'�+�d1';5 
WV *(2`Q�SVUXW

�1'�)C5!�C�?��)/+&�LP�9r�;-/*��C ,KI�C� �F��ÿ�ÿ���}
� �����H
À}3ùÌ} S �r�r|�z�u��mõ<wJ��x rR} � }�üÀ}�
{�?�o�[|~} K w3õ�w��5ö1ø �M�m�1�6�Ì���M�ozo�mõ[�rö��À�r�wÀ�5wJ�[wJ�r�r�o��t wJ�r�mþ£tv�otvö��6�À�o�C m�r��ö���tv�o��õ1}Rý£� �E�?'C+�dk';5M*%2F� � $&*1�:UX�29

�1'�)C5!�C�?��)/+&�LPkUG�&+�d ����������}


