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1000 q/s/key
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6SLM1.IXJa;~6SJ0LM;A+.IX-76S)0E:L2;&�7D:3>+<D069+</MIK)01�/M)('c;soy+.=<6S)0;>IKD01�LMI[6SE*)HIKJ01.;>=cvS;OE,69+�+<-:;\=.;>80L2/M3w6S1>d��~-0/M1
/21©L2IK6SEn3O6SD01.;>E¨JpF{;soy+.;O=.)06SL�Q 6S3s+<IK=c1B1cD035-¨6S1XIS+.-0;O=B6S8080LM/23O69+</MIK)01~+<-0;tD01.;>=.1fISQ�+<-0;�=c;O80LM/23O6
)0IyE0;�6S=c;]=cD0)0)0/M)0WGIK=~)0;s+*?�IK=cb|3OIK)0E:/M+</MIK)01\Iy3O3>D0=.=c/2)0WY69+~+.-0;�=.;>80L2/M3w6h)0IyE0;Sd
eu;HN,IyE0/jQ FGmn6`opT_q\6S8�+<It8^;>=cQZIK=cN L2I[69EUT*J769LV6S)03>/2)0WfD:1./2):W]+.-0;+'c-:IK)0IK=c;OE�N,6`oU/2NgD0NP3w6�T

876S3>/M+*F,)xISQ©;w6935-�=c;O80LM/23O6:d¨�~-0/21h/M1g+<-0;�N,6`oU/2NgD0N 3w6S87693O/M+*F�NY/2)pD01g+.-0;�;soy+<=.6S)0;>IKD01GL2I[69E
IKJ01c;O=CvK;OE 69+z+<-0;�=.;>80L2/M3w6:d@¢BLj+<-0ISD0WK-�+<-0;]-0IK):IK=.;>E{N,6`oU/2N�D:N�3w69876S3O/j+</M;O1zN�6wF�35-06S)0WK;�QZ=.;�T
¡pD0;O)[+.LMFKky+<-0;©35-76S):WK;O1~69=.;©/2)0E0;>8^;>)0E0;>)p+\ISQ-�7D03s+<D76`+</2IS)01A/M),+.-0;H3>IK)[+<;>)p+\=.;O¡pD0;>1c+\?AIK=cbyLMI[6SERd
¢B1�6 =.;O1cD0LM+Ok@mn6`opTCq\698�3>IK)[+</M)yD:;O1�+<Ix8:=.I�vy/2E0;$Ja;>+c+<;>=�L2I[69EUT*J769LV6S)03>/2)0W|+<-06S)�6wvS69/2LV69J0/2LM/M+*F[T
J76S1c;OE{6SL2WSIK=./j+<-0NY1�;svK;O)l?z-0;O)l+<-0;>=.;]6S=c;]L26S=.WS;.�7D03s+<D769+./2IK):1©/M)�+<-0;�;soy+.=<6S)0;>IKD01©L2I[69ERd
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eu;z;svS69L2D769+.;zL2I[6SEyT*J76S1c;OEY6S)0E�6wvS69/2LV69J0/2LM/M+*F[T*J7691.;OEg6SL2WSIK=./j+<-0NY1�6S):E�3OISN,8769=.;\+<-:;ONP?z/M+.-
mn6`opT_q\6S8|/2)$+<-:;]3>IK)[+<;�oU+©ISQ�q\�B��d0eu;fE:;O1.3>=./MJ^;�-0I�? ?�;�L2;svK;>=<6SWK;tq\�H��� 1zD08aE769+<;f8:=.IK876�T
W[69+./2IK)YNY;O35-76S):/21.N +<It+<=<69)01.8aIK=c+AL2IK6SEUT*J06SLV6S):3O/2):W]/M):QZIK=cN�69+./2IK){¤ ���A(C§@/2),+<-0;H)0;soy+~1c;O3>+./2IK)�d
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¢B1BE0;O1c3O=./MJ^;>Ex/2)¨q�-06S8:+<;>=��:kRq\�B� 8^;>=./2IyE0/M3w6SLMLMF�1c;O)0E01fD:8^E76`+<;O1BE0I�?z)¨6�3OIK):3O;O8U+<D76SL�+<=.;>;
¤ 1c/2NY/2L26S=�+<IG6S)|6S8:80L2/M3w69+./2IK)UT}L2;svK;OL�N�D:LM+</M3w6S1C+�+.=.;O;w§A?z-0IK1c;]J:=<6S)035-:;O1©6S=.;XQZIS=.NY;OE$J[F�¡pD0;>=./2;>1
+<=.6wvK;OLM/2)0WfD:8Y+.I�?�6S=cEG+.-0;©6SD:+.-0IK=./j+*F�)0IyE0;~-0ISL2E0/M)0WX+<-0;z69)01c?A;O=>d! ©;>80L2/M3w6X)0IyE0;O141c;O)0EYJ0/2=C+<-Rk
=.;sQZ=.;>1.-�¤ / d ;Sdjk�=.;>)0;>?�6SL §�kS69)0E�/2)[v96SL2/ME769+</MIK)BNY;O1c1<6SWS;O1r+<I~+<-:;46SD:+<-:IK=./j+*FX)0IyE0;�+<Iz/2):E0/23O69+<;�+.-0;>F
-76wvK;Y1c+<6S=c+.;OE£1.;>=cvy/2)0W:k�3>IK)[+</2)pD0;G+<I|1c;O=cvS;Sk�IK=]6S=.;G)0IlL2IK):WK;O=f1c;O=cvy/M)0W{806S=c+./23OD:LV6S=X3>IK)[+<;>)p+Od
�~-0;@6SD:+.-0IK=c/M+*FX):IUE0;�+.-0;O)t80=.IK806SW[69+.;O1R+<-:;O1.;@D08aE769+.;O1�E0I�?z)]+.-0;Aq\�B�n+<=c;O;�+<I©6SLMLK/2)[+.;O=.;>1c+.;OE
)0IyE0;O1>d
��I{;O)769J0L2;YL2I[69EUT*J769LV6S)03>/2)0W:k�?�;�L2;>vS;O=.6SWK;G+<-0/M1t80=cIK876SWK69+</MIK)¨N,;>35-76S)0/M1.N +<Il+<=.6S)01.8aIK=C+

L2IK6SEUT*J06SLV6S):3O/2):W�/2):QZIS=.N,69+</MIK)�1.D035-¨691H=c;O80LM/23w6GL2IK6SE|IK=B6wv96S/MLV6SJ0LM;X3w69876S3O/j+*FlE0I�?z){+<-:;hq\�B�
+<=c;O;9d���;>;O=G)0IyE0;O1�+.-0;O)�D01c;�+<-0;�LMI[6SEUT}J76SLV69)03O/M)0W{/M):QZIK=cN�69+./2IK)£?z-0;O)�35-0IyIK1./M)0W +<I ?z-:/235-
=.;>80L2/M3w6h6h3OLM/2;>)p+z=c;O¡pD0;>1c+H1.-0IKD:L2ElJ^;fQZIK=C?\6S=cE0;OE�d

� � � "$# � %&���'� �4�)(*#	� +

e�;�;>v96SLMD769+.;A+*?AIfE0/ �^;O=c;O)[+�6SLMWKIK=c/M+<-:N,1>k`(*)[v[T
�rI[69EG6S)0E�¢©vS69/2LjT_q\6S8Rd �46S35-h/21�=.;>80=.;>1.;O)[+<69+</jvK;
ISQ�6YE:/ �^;O=.;>)[+B3>LV6S1c1©I9Q�6SLMWKIK=./j+<-0NY1A+.-769+©-76wvK;tJ^;>;O){80=.IK8aIK1c;OEl/2)|+<-0;�E0/M1c+<=c/2J0DU+<;OEl1cFy1C+<;ONY1
L2/j+<;>=<69+.D0=.;9d�eu;Y1c+.D0E:F�-0I�? +<-0;>1.;�6SL2WKIS=./M+.-0NY1f8^;>=cQZIK=cN ?z-0;O)�698080L2/M;OE£/2)u6{8a;O;O=_T}+.I9T*8a;O;>=
3OIS)p+.;soy+{6S)0E 3OISN,8769=.; +<-:;ON ?z/j+<- IKD0=�8:=.IK8aIK1.;>E 6SL2WKIS=./M+.-0Nlk©mn6`opTCq\6S8�dP�~-0;O1c;£+.-0=.;>;
6SLMWKIK=./j+<-0NY1�E0;O8a;O):E�IK)�E0/ �^;O=c;O)[+ ����(fJa;O/M)0W 80=cIK876SW[6`+<;OE�k�J0D:+�+.-0;O/M=gI�vK;>=<6SLMLAWKIK6SLA/M1t+.-0;
1<69N,;-,]+.InJ76SL26S)03>;G+.-0;YE0;ON,6S)0E£QZIK=�3OIK)[+<;>)[+gQ 6S/M=.LMF 6S3O=cIK1.1�+<-:;,1c;>+�I9Q\=.;>80L2/M3w6S1�80=cI�vU/ME0/2):W
+<-:;\3OIK)[+.;O)[+wd�(*)h8769=c+</M3OD0L26S=Ok�+<-:;z6SL2WKIS=./M+.-0N"1c-0IKD0LMEG6�vSIK/2EhI�vS;O=.LMI[6SE0/M)0WX1cIKN,;A=.;>80L2/M3w6S1�?z-:/2L2;
D0)0E:;O=.LMI[6SE0/M)0WGIS+<-:;O=.1>k�;O1.8a;O3>/V6SLMLMF,?z-0;O)l+<-0;t6SWKWK=c;OW[6`+<;�3w6S806S3O/j+*F�ISQ�69L2LR=c;O80LM/23w691~/21z;O)0ISD0WK-
+<Iu-76S)0E0LM;n+<-:; 3OIK)[+.;O)[+|=.;>¡yD:;O1c+|?AIK=.bpLMI[6SERd	m{IS=.;OI�vS;O=Ok©+<-0; 6SL2WKIS=./M+.-0N 1.-:IKD0L2E 8:=.;>vS;O)[+
/2):E0/Mvy/2E:D76SL�=c;O80LM/23O6S1�QZ=.ISN�IK1.3>/2LMLV69+./2)0WtJ^;s+*?�;>;O) Ja;O/M)0WhI�vK;O=cL2I[69E0;OEn6S)0E|D0)0E0;>=.LMI[6SE0;>ERd

!X1.3O/ML2L269+</MIK)�/21lD0)0E:;O1./M=<6SJ:L2;xQZIK=�+*?�I =.;O6S1.IK):1Od ��/M=.1c+OkXN,6S)[F 6S8080LM/23w6`+</2IS)01$L2/MN,/j+�+.-0;
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)pD0N�Ja;O=hISQ©=c;O¡pD0;O1C+<1Y6 -0IK1C+G3w6S)�-76wvS;lISD:+<1C+56S)0E:/2)0W0d£�~-0/M1�N,;O6S)01�+.-769+�?z-0;>) 6 =c;O80LM/23O6
)0IyE0;$/M1gI�vK;>=.L2IK6SE0;OE�k�/M+g?z/ML2L@E0=.IS8�6S)[Fu=c;O¡pD0;O1C+Y/M+t=.;O3>;O/jvK;O1>d��~-:/21gQZIK=c3O;>1�+<-0;$=c;O¡pD0;>1c+</M)0W
3OLM/2;>)p+~+.IG=.;O1c;O)0E{/M+.1~=.;O¡pD0;>1c+©?z-0/235-l-76S1©6h)0;>W[69+</jvK;�/2NY876S3s+~IK)l=.;>1.8aIK)01.;�+</MN,;9d ��vS;O){QZIS=
6S808:L2/23O69+</MIK)01\+.-769+f69L2L2I�?�=.;O¡pD0;>1c+.1B+<I$Ja;]¡yD:;OD0;>E¨?z-:/2L2;t6,=c;O80LM/23O6Y)0IyE0;t/21©I�vS;O=cL2I[6SE:;OEn+.-0;
¡pD0;OD:;O/2):WxE0;OL26�F£/M)03OD0=c=.;>E�?z/2L2L@6SLM1.I{/2)03>=.;w691.;�+.-0;�6wvK;>=<6SWK;�=.;O1c8^IS)01.;$+./2NY;Sdn�U;O3>IK)0ERk�/M)�6
8a;O;O=_T}+.I9T*8a;O;>=�)0;s+*?�IK=cb�kK+<-0;\/M1.1cD0;�ISQ7Q 69/2=.):;O1.1�/21�1.;O):1./M+./MvS;Sd��~-0;�I�?z):;O=.1�ISQ�=.;>80L2/M3w6H):IUE0;>1�6S=c;
L2/MbS;>LMF,)0IS+z+<Ih?�6S)[+©+.-0;O/M=~)0IyE0;O1z+<IGJa;]I�vS;O=.LMI[6SE0;>El?z-:/2L2;fI9+<-0;>=~)0IUE:;O1©/2)$+<-:;]):;>+*?AIK=.bl6S=c;
D0)0E:;O=.LMI[6SE0;>ERdh¢B)�6SLMWKIK=./j+<-0N +<-069+�3w6S)¨Q 6S/M=.LMF{E0/M1c+<=c/2J0DU+<;�+<-:;Y=c;O¡pD0;>1c+]?�IK=cbpL2I[6SEx?z/j+<-0IKDU+
3w69D01./M)0Wh=.;>80L2/M3w6S1\+.IhIK1.3>/2L2L269+<;HJ^;s+*?�;>;O){J^;>/2)0WhI�vK;>=.LMI[6SE0;>En6S):ElD:)0E0;O=cL2I[69E0;OE|/21~8:=.;>QZ;>=<6SJ:L2;Sd
eu;�E0;>1.3>=./2Ja;�;w6S35-{ISQ�+<-0;]6SLMWKIK=./j+<-0NY1A?A;�;>v96SLMD769+<;f/M)�+<D0=c) ,
 �!"!$#&%(' � �)#+*�,�-.#0/1#+- � �)#+*2'�! �3#�45*16�7�-.8&7�9:#;'=< ¤Z(*)pv[T ��IK6SE�§sd��~-0;>=.;@6S=.;�N�6S)[FBL2I[6SEyT*J76SL26S)03>/2)0W

6SLMWKIK=./j+<-0NY1�+<-769+YJ7691.;�+<-0;l6SLML2Iy3w69+./2IK)�E0;O3>/21c/2IK)�IK)�+<-:;lLMI[6SE�IKJ:1.;O=CvK;>E 69+Y6S)0E�=c;O8aIK=c+.;OE
J[Fu;O6S35-�ISQ~+.-0;�1c;O=cvy/M)0Wx;O)[+</j+</M;O1�¤ 1.;>;  ©;>LV69+.;OE£euIK=cb��y;O3>+./2IK)?>Ud �K§sdn�~-:;$=.;>80=.;>1.;O)[+<69+</jvK;
L2IK6SEUT*J06S1.;>Ex6SL2WSIK=./j+<-0N�?A;h;so:6SNY/2)0;g/2)n+.-0/21B+.-0;O1c/21X/M1X(*)[v[T
�rI[6SERk�J76S1.;>E¨IK) +<-0;G69L2WKIK=c/M+.-0N
80=c;O1.;>)[+<;OE�J[FA@�;>)0I�v96{;>+�6SL d  �=> � d|(*)u+.-0/21t6SL2WSIK=./j+<-0Nlkr;w6S35-u8^;>;O=g):IUE0;,/2)¨+<-0;,)0;>+*?AIK=cb
35-0IyIK1.;>1�+<IHQZIK=c?�6S=.E�6B=.;>¡yD:;O1c+�+<If6B=c;O80LM/23O6z?z/j+<-�80=cIKJ76SJ:/2L2/j+*Ff/2)[vS;O=.1c;OLjFg80=cIK8aIK=c+./2IK)769Lp+.IH+.-0;
L2IK6SE�=.;>8^IK=C+<;>E{J[F$+.-0;�=.;O8:L2/23O6:d��~-0/M1zN,;O6S)01~+<-76`+~+<-0;�=.;>80L2/M3w6g?z/j+<-�+<-0;�1cN�6SLML2;>1c+~=c;O8aIK=c+.;OE
L2IK6SE ¤¦6S1GISQ©+<-:;{L26S1c+G=c;O8aIK=c+G=c;O3O;>/MvS;OE�§�?z/2LML\=.;>3O;O/jvK;�+<-:;{NYIK1c+G=c;O¡pD0;>1c+<1YQZ=.IKN¥+<-0;|)0IyE0;9d
�rI[6SE|/21�E0;>�7):;OE 691\+<-0;�)pD0N�Ja;O=zISQ�=.;>¡yD:;O1c+H6S=c=./jvS69L21~69+~+.-0;f=.;>80L2/M3w6�8a;O=~+</MN,;BD0)0/M+Od !B+<-0;>=
8aIK1.1c/2J0LM;gL2IK6SE NY;>+<=c/23>1B/2):3OL2D:E0;t+.-0;�)pD0N�Ja;O=fISQ4=c;O¡pD0;>1c+]3OIK):)0;O3s+</2IS)01XIK8a;O)¨69+B+<-0;�=c;O80LM/23O6
69+z=c;O8aIK=c+./2)0W�+./2NY;  « ��IK=\+<-0;�=c;O¡pD0;O1C+X¡pD0;>D0;tLM;O)0W9+<-l69+~+<-:;]=c;O80LM/23O6  > � � d
�~-0;~(*)[v[T
�rI[6SEG6SLMWKIK=c/M+<-:N -76S1�Ja;O;O)h1c-0I�?z)Y+.If8^;>=cQZIK=cNi691�?�;>L2L:6S1�IK=�Ja;>+c+<;>=�+<-769)YI9+<-0;>=

80=cIK8^IS1.;OEn6SL2WSIK=./j+<-0NY1~/2){6,-0ISN,IKWS;O)0;>IKD01B;>)[vU/M=.IK):N,;>)p+B6S)0E{QZIK=~+<-0/M1H=c;w6S1cIK)n?A;tQZIy3OD01HIK)
+<-:/21�6SLMWKIK=./j+<-0N /M)¨+.-0/21f1C+<D0EUFKdG¢B1f?A;G?z/ML2L�1.;O;Y/2)��U;>3>+./2IK) ª d ª d � kr(*)[vpT �rI[6SERk�6S1�/21>kr/21f)0I9+
E0;>1./2WS)0;OE¨+<Il-76S)0E:L2;h=.;>80L2/M3w6�)0IyE0;G-0;>+.;O=cIKWK;O):;O/M+*FSdYe�;Y3w6S)£1.LM/2WK-[+<LjFnNYIyE0/MQ F{(*)[vpT �rI[6SE£1.I
+<-069+4=.;>80L2/M3w6S146S=c;~35-0IK1c;O)�?z/j+<-G80=.ISJ76SJ0/ML2/M+*F]/M)pvS;O=c1.;OLjFG80=.IS8^IK=C+</MIK)76SLy+<If+<-0;zLMI[6SEG6S)0E,69+�+.-0;
1<69N,;�+</MN,;�80=cIK8^IS=c+</MIK)76SL^+<I,+.-0;gN,6`oU/2NgD0N�3w69876S3O/j+*FlISQ�+.-0;g=c;O80LM/23w691Od~�~-0/M1H=c;O1.D:LM+<1H/2)n6S)
6SLMWKIK=./j+<-0N +.-769+z/21z;>1.1.;>)[+</V69L2LMF�;O¡pD0/jvS69L2;O)[+~+.IY¢©v96S/2L TCq\6S8Rky?z-0/235-|?A;tE0;>1.3>=./2Ja;�)0;soy+Od

 �!"!$#&%(' � �)#+*B,�-.#0/1#+- � �)#+*2'�! �3#� �6+' �"!C'=D;!$7FE�'�/G'% ���IH ¤ ¢©v96S/2L TCq\6S8�§�dr(*)g+<-:/21�69L2WKIK=c/M+.-0N{k�;O6S35-
8a;O;O=©)0IyE0;g35-:IUIK1c;O1©+<I,QZIS=c?�6S=.Ex6Y=.;>¡yD:;O1c+B+<I,6,=.;>80L2/M3w6h?z/M+.-n80=cIKJ76SJ0/ML2/j+*F$80=cIK8^IS=c+</MIK)76SLR+.I
+<-:;$6wv96S/2L26SJ0L2;h3O6S876S3>/M+*F�=.;>8^IK=C+<;>E�J[F�+.-0;�=c;O80LM/23w6Ud{¢©vS69/2LV69J0L2;h3O6S876S3>/M+*F£/21]+<-0;,N�6`oU/MN�D0N
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=.;>¡pD0;O1C+z=<69+.;�6g=.;>80L2/M3w6g3O6S)|-76S)0E0LM;BNY/2)pD01�+.-0;fL2IK6SEx¤ 6S3>+.D76SLR=c;O¡pD0;O1C+z=<69+.;�§A;�oU8^;>=./2;>)03O;>En6`+
+<-:;�=.;>80L2/M3w6:dl�~-0/M1�6SLMWKIK=./j+<-0N�/21gJ06S1.;>E�IK)u+<-:;$6SLMWKIK=./j+<-0N�80=.IK8aIK1c;OE�J[F � -pD�;s+h6SL¦d �� � �
QZIK=HL2I[6SEx1c-76S=c/2)0W$/M)¨6$3OLMD01c+.;O=fISQ4-0;s+<;>=.IKWK;>)0;OISD01�1.;O=CvK;>=.1Odg¢Hv96S/2L TCq\6S8{+56Sb9;O1f/2)[+.I|6S3O3>IKD0)[+
-0;s+<;O=cIKWK;>)0;O/j+*F Ja;O3w69D01.;h/j+XE0/M1c+</M)0WKD0/M1.-0;>1BJa;>+*?A;O;>)�)0IyE0;>1X+<-769+B;soU8a;O=./M;O)03>;h+<-0;�1.6SNY;�L2I[69E
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��/2WKD:=.; ª d � > ,�7 ����
9���D����4��;:<�����3������,���, =$�1���3�	���?�����3�������/���5�	�	
�� &'A #C�����H���*E��?���G6
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% Queries Over

��/MWKD0=.; ª d � � , 78���3
9���(����4��@:<�����3�	����,1��,�= �1���3����� �����3����� �����5�"�	
�� &'A #C��� � ���(E������ #C��� �2��� � � � ���2E
�	!���(����6

L2I�?\T}3w6S87693O/M+*Fg=.;>80L2/M3w6Y¤ =c;O80LM/23w6 � §�/M1�I�vK;O=cL2I[69E0;OEYQZIK=46SJaIKD:+ � ��� ISQ�/j+<14¡pD0;O=c/2;>1Okp+<-0;zNY/2E0E0LM;sT
3w69876S3O/j+*F =c;O80LM/23O6S1¨¤ =c;O80LM/23O6S1 � 6S)0E >�T � §�6S=c; ;w6935-�I�vK;>=.LMI[6SE0;>E QZIS=�6SJaIKD:+ � ª � ISQ�+.-0;O/M=
¡pD0;O=c/2;>1Ok�6S):Eu+<-0;,-0/2WS-UT*3O6S876S3>/M+*Fx=c;O80LM/23w691$¤Z=.;O8:L2/23O6S1 I�T � §f6S=c;�;O6S35-�I�vK;>=.L2IK6SE0;OE�QZIK=g69J^IKDU+
� d � � ISQ�+<-:;O/2=z¡pD0;>=./2;>1Od@��IGvK;>=./jQ F�+<-769+~+.-0/21z1C+<;O8{; �^;O3s+B/M1~)0IS+H6Y=.6S)0E0ISN�3OIK/M)03O/ME0;O):3O;Sk7?A;
=<69)|6G1c;O=c/2;O1~I9Q�;�oU8^;>=./2NY;O)[+.1Ok0?z/M+.-$+<;>)l=c;O80LM/23O6S1\8a;O=~;soU8a;O=c/2NY;O)[+wk769)0E|��IK/M1.1cIK)l6S=.=c/Mv96SL21AISQ
« ��� +.-0;G+<IS+<6SL4N�6`oU/MN�D0N 3O6S876S3>/M+*FKk�;w6S35-�+</2NY;�v96S=cFy/M)0W{+.-0;,1c;O;>E�QZ;OE�+.I{+.-0;�1c/2N�D0L269+<IS=Od
(*)|��/MWKD0=.; ª d � �:kU?A;f1.-:I�? +<-:;fI�vS;O=cL2I[6SE:;OE�8a;O=.3>;O)[+569WK;O1~QZIK=�+.;O)�ISQ�+.-0;O1c;f;soU8^;>=./MN,;>)p+.1Od !X)
+<-:;hopT*6`oU/21f?�;YIK=cE0;O=]=.;>80L2/M3w6S1�6S3>3OIK=cE0/2):Wl+.IlN,6`oU/2NgD0N�3O6S876S3>/M+*FKk�?z/M+.-£+.-0;GL2I�?\T*3O6S876S3>/M+*F
=.;>80L2/M3w6S1|80LMIS+.+.;OE �7=.1C+�¤Z=.;>80L2/M3w6�(��X1 � +<-:=.IKD0WS- � � §skXQZIKLML2I�?�;>E JpF +.-0;�NY/2E:E0L2;�T*3w69876S3O/j+*F
=.;>80L2/M3w6S1$¤ =c;O80LM/23w6l(��X1 � � T�I � §�k�QZIKLML2I�?�;>E�J[Fu+.-0;$-0/MWK-UT*3O6S876S3>/M+*F¨=c;O80LM/23w691�¤ =c;O80LM/23O6n(��X1 I � T
� ��� §sdY�7=.IKN�+.-0;G�7WKD0=c;Y?A;,1c;O;G+<-76`+]+.-0;Y1c+<;>8uJa;O-76wvy/2IS=]3>IK)01c/21c+.;O)[+<LjF¨IU3>3OD0=c1Od,�~-0/21]1c+.;O8
Ja;O-76wvy/2IK=tIU3>3OD0=c1gJa;O3O6SD01.;$+.-0;�LMI�?�;>=CT*3O6S876S3>/M+*F£=.;>80L2/M3w6S1]-76wvK;�LM;O1c1t+<ISL2;O=.6S)03>;,QZIK=t)0IK/21c;,/M)
+<-:;�=<6S):E0IKN�3>IK/2){+<IK1c1.;O1f+.-0;�)0IyE0;O1f8a;O=CQZIK=.N�?z-0/2LM;�6S1c1./MWK)0/2):W$=.;>¡yD:;O1c+.1Odt�~-0;>F¨69L21.I�-76wvK;
L2;>1.1f+<ISL2;O=.6S)03>;GQZIS=f1.N,6SL2L	�0D03>+.D769+</MIK)01�/2)x+.-0;G=.;O¡pD0;>1c+g=<69+.;SdG¢B1t6�=.;O1cD0LM+Ok�LMI�?�;>=CT*3O6S876S3>/M+*F
=.;>80L2/M3w6S1z69=.;fI�vK;>=.L2IK6SE0;OElNYIK=.;f;O6S1./MLMF�+.-76S)|-0/MWK-0;O=_T*3O6S876S3>/M+*F$=c;O80LM/23O6S1Od
��/2WSD0=.; ª d � � 1.-0I�?z1�+.-769+�¢Hv96S/2L TCq\6S8f?z/j+<-t6S)g/M)p+.;O=_T*D08aE769+.;A8a;O=c/2IyEtISQ:IK)0;A1.;O3>IK)0E�3O6SD01c;O1

N�D035-�-:/2WK-0;>=�8a;O=.3>;O)[+569WK;O1h+<-06S)�mn6`opTCq\698�¤ZN,IS=.;,+.-76S)�+*?z/23>;�6S1h-0/MWK-uQZIK=t+<-0;$NY;OE:/2D0N
6S)0E¨-0/MWK-UT};O)0Ex=c;O80LM/23w6915§sd]¢Hv96S/MLjT_q\6S8x6SLM1.I�3w69D01.;>1�Q 69/2=.LjFl;>vK;>)�I�vS;O=.LMI[6SE0;>E�8a;O=c3O;>)p+<6SWK;>1t6`+
6S=cIKD0)0E ª ��� d�¢HW[6S/M)RkK+<IfvK;>=./jQ F�+<-0/M1�;>vS;O)0)0;>1.1>k0/2)Y��/MWKD0=.; ª d � ª kK?�;©1.-:I�? QZIK=46f1.;O=c/2;>1@I9Q^+.;O)
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% Queries Over

��/MWKD0=.; ª d � ª , 78���3
9���(����4�� :<�����3������, =$�1���������;�����3�3��� �/���5�	�	
�� & A #%��� �/�����	� E������ -/�	��0 �	�(�2���2E
�1� ,����2�$� ���3��� , ��#�� �2��
9����, 	1#C�����2��� � � � ���3�	!���(����6

;soU8a;O=c/2NY;O)[+<1>k�+<-0;g8^;>=.3O;>)[+56SWK;hI9Q4=.;O¡pD0;>1c+.1�+.-769+X6S=.=c/MvK;�69+X;O6S35-¨=.;O8:L2/23O6Y?z-0/ML2;]+<-0;�=c;O80LM/23O6
/21~I�vS;O=.LMI[6SE0;>ERd�eu;�1c;O;�+<-769+z¢©v96S/2L TCq\6S8�3>IK)01./M1c+.;O)[+<LjF|6S35-0/M;>vK;>1B=cIKD0WK-0LjF$;svK;O){8^;>=.3>;O)[+56SWS;O1
¤¦6`+h6S=cIKD0)0E ª ��� §g693O=.IS1.1h6SLMLA=c;O80LM/23O6{+*Fy8^;>1Y/M)�3OIS)p+.=<6S1C+h+<I +.-0;�1c+.;O8�; �^;O3s+GIKJ01.;>=cvS;OE�JpF
mn6`opT_q\6S8Rdf�~-0/M1X3w6S)nJ^;�;�oU80LV6S/M)0;OEnJpFnL2IyIKbp/2)0W,69+X+.-0;�IK1c3O/ML2LV6`+</2IS)01~IKJ01c;O=cvS;OE£J[Fn=c;O80LM/23w691
/2)���/2WKD0=c;O1 ª d � T ª d � � d¨(*)�¢Hv96S/2L TCq\6S8�k�;w6S35-�=c;O80LM/23w6 /M1�I�vK;>=.L2IK6SE0;OE�QZIK=g=.IKD0WS-0LMF£+<-0;�1.6SNY;
6SNYIKD0)[+tISQ\+</MN,;G=c;OW[6S=cE0L2;>1.1tISQ\?z-0;s+<-0;>=�/M+]/21t6{LMI�?�k�NY;OE0/MD0N IK=]-0/2WK-yT*3w69876S3O/j+*F¨=.;>80L2/M3w6:d
�~-0/M1~N,;O6S)01\+<-069+~?z-0/2LM;X;w6935-{=c;O80LM/23w6�/M1\WK;s+.+</M)0W�+<-:;]3>IK=.=c;O3s+H8:=.IK8aIK=c+./2IK)�ISQ�=c;O¡pD0;>1c+<1>k�/M+~/M1
=.;>3O;>/Mvy/2)0W~+.-0;ON 69+r+.-0;�?z=.IK):W©+./2NY;46S)0Et6S1�6z=c;O1cD0LM+�6SLMLS+<-0;4=c;O80LM/23w691r;soU8^;>=./M;O)03>;A=cIKD0WK-0LjFB+.-0;
1<69N,;©I�vK;O=cL2I[69E0;OE,8^;>=.3O;>)[+56SWK;>1Od4(*)�m{6`opTCq\6S8Rky?�;H1.;>;H+<-069+�=c;O80LM/23O6S1�?z/M+<-,L2I�?A;O=@N�6`oU/MN�D0N
3w69876S3O/j+*F£6S=.;,I�vK;O=cL2I[69E0;OEuQZIS=tNYIK=.;G+</MN,;h+.-769+t-0/2WK-:;O=CT}3w6S806S3O/j+*F¨=.;O8:L2/23O6S1Odlq�IS)01.;>¡yD:;O)[+<LjFKk
-0/MWK-0;O=_T*3O6S876S3>/M+*FX=c;O80LM/23O6S1R+<;>)0Et+.I©-06�vS;A1cN�69L2L2;>=RI�vK;>=.L2IK6SEt8a;O=c3O;>)p+<6SWK;>1�+<-06S)tLMI�?�;>=CT*3O6S876S3>/M+*F
=.;>80L2/M3w6S1>d
�~-0; 8a;O=CQZIK=.N,6S)03>;nISQ�¢©vS69/2LjT_q\6S8�/21Y-0/2WK-:LMF�E0;>8^;>)0E0;O)[+|IK) +<-0; /M)[+<;O=_T*D08aE769+.;n8a;O=c/2IyE

D01c;OERd e�;,�7):E�+<-769+�6S1g?A;$/2):3O=.;O6S1.;,+<-0;$8a;O=c/2IyE�6S):E�6wvS69/2LV69J0L2;G3w69876S3O/j+*F£D08^E069+<;>1�WK=.I�?
NYIK=.;@1c+<6SL2;9k9+<-:;�8a;O=cQZIS=.N,6S)03O;AISQ7¢©vS69/2LjT_q\6S8]1.D��^;O=c1�N,IK=c;Sd�¢B1�6S)�;so:6SNY80LM;SkS/M)���/MWKD0=c; ª d � � k
?A;�1.-0I�?	+<-0;tI�vK;O=cL2I[69E0;OEx¡pD0;>=cF 8a;O=c3O;>)p+<6SWK;>1f/2)n+.-0;g1.6SN,;g1.;O=c/2;>1XISQ�+.;O)x;soU8a;O=c/2NY;O)[+<1BQZIS=
¢Hv96S/MLjT_q\6S8�?z/j+<- 6�8a;O=./MIUE ISQX+.;O) 1.;>3OIK):E01Od��~-0; I�vK;>=.L2IK6SE0;OE 8^;>=.3O;>)[+56SWK;>1��cD0NY8 D08 +.I
6SJaIKD:+ « ��� 6S3>=.IK1c1z+.-0;�=.;>80L2/M3w6S1>d
(*)l6�8^;>;O=CT +<I9T}8^;>;O=\;>)[vU/M=.IK):N,;>)p+Ok:?A;�6S=.WKD:;B+<-76`+©mn6`opTCq\698l/M1~6�NYIK=.;X8:=<6S3s+</23O6SLa35-0IK/23>;
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% Queries Over

��/MWKD0=.; ª d � � , 78���3
9���(����4�� :<�����3������, =$�1���������;�����3�3��� �/���5�	�	
�� & A #%��� �/�����	� E������ -/�	��0 �	�(�2���2E
�1� ,����2�$� ���3��� , ��#���� �2��
9����,�� 	5#%�����2��� � �*� ���3�	!;���D����6

+<-06S)$¢Hv96S/MLjT_q\6S8Rd���/2=.1C+wkUmn6`opT_q\6S8$+*Fy80/23O6SL2LjFG/2)03>D0=.1\):I�I�vK;O=c-0;w69ERdA�U;O3>IK)0ERk�m{6`opTCq\6S8$3O6S)
-76S):E0L2;G?�IS=.bpL2I[69Eu=<6`+<;O1]+<-76`+�6S=c;,Ja;OLMI�? � ����� +.-0;,+.IS+569L@N,6`oU/2NgD0N 3w69876S3O/j+</M;O1t6S)0Eu3O6S)
-76S):E0L2;f1cN�6SLML �7D:3>+<D069+</MIK)01z/2)�+<-:;�?AIK=cbyLMI[6SEl6S1©6S=c;X+*FU8:/23w69Lr/2)l��IK/M1.1cIK)n69=.=./jv96SL21>d
¢�¡pD0;>1c+./2IK),=.;ON,6S/M)0/2)0W�/M1@-:I�? E:Ig¢Hv96S/MLjT_q\6S8Y6S)0E�m{6`opTCq\6S8,3OIKNY876S=c;©?z-0;>)�?AIK=.bpL2IK6SE

=<6`+<;O1��7D03s+<D769+.;BJa;>FSIK)0E$+<-:;H+<I9+56SL�N,6`oU/2N�D0N 3O6S876S3>/M+./2;O1@ISQR+.-0;B=c;O80LM/23O6S1��{�UD035-�6g1c3O;>)76S=./MI
3w69) IU3>3OD0=©QZIK=B;�o:6SN,8:L2;t?z-:;O)x=.;>¡pD0;O1C+<1�6S=c;gJ0D0=c1c+*FSkr6S1B?z-0;>)x/2)[+<;>=CT}=.;O¡pD0;>1c+�69=.=./jv96SLr+</2NY;O1
QZIKLML2I�?�6Y��6S=.;s+<IYE0/21C+<=c/2J0D:+./2IK)�d�e�;];�o:6SN,/M)0;���69=.;>+.I�69=.=./jv96SL21\):;soy+wd

��&�" � �  ������� �����  �" "#� $ &('��

 z;O3O;>)[+X?�IS=.bl-76S1XIKJ:1.;O=CvK;>E¨+.-769+B/2)n1cIKNY;g8a;O;O=_T}+.I9T*8a;O;>=B)0;s+*?�IK=cbp1Okr=.;>¡pD0;O1C+�/2)[+<;>=CT_69=.=./jv96SL21
;soU-0/MJ0/M+zJ:D0=.1C+</2):;O1.1HIK)l1.;>vS;O=.6SL�+./2NY;f1.3O6SL2;>1  � � �¦k�N�6Sbp/M)0Wh+<-0;]��69=.;>+.I�E0/M1c+.=./2J:D:+</MIK)l6YWKIyIyE
3w69)0E0/2E069+<;XQZIK=~NYIyE0;OLM/2)0Wg+.-0;O1c;t/M)[+<;O=_T_6S=c=./jvS69L^+</MN,;>1Od
�~-0;f��6S=.;s+<IhE0/M1c+<=c/2J0DU+</2IS)�-76S1A+*?�Ih8769=<6SNY;>+.;O=.1�6S1.1cIU3>/V69+.;OE$?z/j+<-$/j+ ,�+.-0;X1c-76S8a;X876S=.6SNGT

;>+.;O=�� � � 6S)0Ex+<-:;�1.3O6SL2;h8769=<6SNY;>+.;O= ��� � d��~-0;G3OD:N�D0LV6`+</MvS;�E0/M1c+<=c/2J0DU+</2IS){QZD0)03s+</MIK)xISQ
/2)[+.;O=CT*6S=.=c/Mv96SLR+./2NY;tE0D:=<69+./2IK)01H/21 � ¤��^§ � � �"¤��� �! ��� §	��
^�~-0/21HE0/21C+<=./MJ0D:+./2IK)l/21H-0;w6wvpF[T}+569/2L2;>E?z/M+.- D0)pJaIKD0)0E0;>E£v96S=c/V6S):3O;t?z-:;O)�� � >Ud]��IS=� � � k�+.-0;h6wvK;>=<6SWK;h)pD0NgJ^;>=XISQ@¡pD0;O=CFx6S=_T
=./jv96SL21A8^;>=\+</2NY;BD:)0/M+z/M1\;O¡pD76SLR+.I � � ��
 �� d4��IS=�� � � � kU+.-0;�;soU8a;O3>+<69+</MIK)|ISQ�6S)|/2)[+<;>=CT*6S=.=c/Mv96SL
E0D0=.69+</MIK) /M1XD0)pJ^ISD0)0E0;>E�69)0Ex+<-0;>=.;>QZIS=.;�+<-:;h6wvK;O=.6SWK;h)pD0N�Ja;O=fI9QA¡pD0;>=cF 6S=.=c/Mv96SL21H8^;>=B+</MN,;
D0)0/j+z/21 � d
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��/2WKD:=.; ª d � � ,�)G� -�EF
����5��
������ �/���5�	�	
�������	�	�	�����������������3�����/ ��	!�$#C������� ���	��E��?���
	17 �������2� ��������� ���"��6

�@Fy80/M3w6SLMLMFSkp��6S=c;>+<I]=.;>¡pD0;O1C+~6S=c=./Mv96SLM1�6S=c;©35-06S=<6S3s+<;>=./ �>;OE,JpFgQZ=.;O¡pD0;>)[+~6S)0EY/2)[+.;O)01c;©J:D0=.1C+<1
ISQ^=.;>¡yD:;O1c+.1@QZISL2L2I�?A;OEGJ[Fh/2E:L2;\8a;O=c/2IyE01�ISQavS69=cFy/2)0W�LM;O)0WS+.-01Od �XD0=./M)0WX+<-:;©J:D0=.1C+<1Okp+<-:;H6wvS;O=<69WK;
=.;>¡pD0;O1C+B69=.=./jv96SL^=.69+<;f3O6S)|J^;fN,6S)[F�+./2NY;O1@+<-0;X+.IS+56SL�N�6`oU/MN�D0N 3w6S806S3O/j+</2;>1\ISQ�+<-:;f=.;O8:L2/23O6S1Od
e�;,80=c;O1c;O)[+h6l=.;O8:=.;O1c;O)[+56`+</MvS;$;soU8a;O=c/2NY;O)[+g/M)£?z-:/235- � 6S)0E � 6S=c; � d � 69)0E � d ����� � ª � =.;�T
1.8a;O3s+</jvK;OLjFKd~�~-0;>1.;�806S=c+./23OD:LV6S=~1c;>+.+./2)0WS1H3O6SD01.;tJ0D0=c1c+<1HISQ�D08l+<I >�� ��� +.-0;t+.IS+569LrN�6`oU/MN�D0N
3w69876S3O/j+</M;O1�I9Q�+.-0;f=.;>80L2/M3w6S1>d�e /M+.-�1.D035-l/2)[+.;O)01c;fJ0D0=.1C+<1>k7)0IhL2I[69EUT*J769LV6S)03>/2)0Wt6SLMWKIK=./j+<-0N 3O6S)
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�w69+./2IK)�d §



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

0

0.5

1

1.5

2

2.5

3

3.5

4

270 280 290 300 310 320 330

U
til

iz
at

io
n 

Time (seconds)

Low Cap Replica
RequestRate/SumMaxCaps

100% Utilization

��/2WKD:=.; ª d � I ,�)G� -�EF
����5��
������ �����5�	�"
��@�����	�	�	�����������������3�����/ ��	!� #C����� ���(E��?��� 	57 �������2� ��������� ���"��6

0

0.5

1

1.5

2

2.5

3

3.5

4

270 280 290 300 310 320 330

U
til

iz
at

io
n 

Time (seconds)

Medium Cap Replica
RequestRate/SumMaxCaps

100% Utilization

��/MWKD0=.; ª d � « , �H��,��	��! EF
�������
������ �����5�"�	
����/���	�"�������������>�����3�����  /�	!� #%��� �������	� E��?���
	G7 �������2� ���2E
�3�������	��6



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

0

0.5

1

1.5

2

2.5

3

3.5

4

270 280 290 300 310 320 330

U
til

iz
at

io
n 

Time (seconds)

Medium Cap Replica
RequestRate/SumMaxCaps

100% Utilization

��/MWKD0=.; ª d � � , � ��,��"��! EF
����5��
���� � �������	�	
�� �����	�	���������	��� �����3���5�J ��"!� #C��� � ���*E��?���
	 7 �������2� ���2E
�3�������	��6

0

0.5

1

1.5

2

2.5

3

3.5

4

270 280 290 300 310 320 330

U
til

iz
at

io
n 

Time (seconds)

High Cap Replica
RequestRate/SumMaxCaps

100% Utilization

��/MWKD0=.; ª d > � , ����4�01EF
����5��
������ �����5�"�	
�� �����	�	���������	��� �����3�3���? ��	!��#%��� ��� ���	��E��?���
	 78���3���2�;�����3�������	��6



���������	��
������
����������������������������������	�
����
������������������
���� � I

0

0.5

1

1.5

2

2.5

3

3.5

4

270 280 290 300 310 320 330

U
til

iz
at

io
n 

Time (seconds)

High Cap Replica
RequestRate/SumMaxCaps

100% Utilization

��/MWKD0=.; ª d > � ,��<��4�0 EF
����5��
��	��� �������	�	
�� �/���"�	�������������������3�3���� ��	!;� #%����� ���*E��?���
	57 �������2� �����3�������	��6

�����	 !$�&(��'���� &
	�� &(���������"

�7=.IKN +<-:;f;soU8^;>=./MN,;>)p+.1©6SJ^I�vS;�?A;�1.;>;�+.-769+~¢©v96S/2L TCq\6S8$3O6S)l1.D��^;O=\QZ=cIKN�1c;>vK;>=.;]IK1.3>/2LMLV69+./2IK)
;>vS;O)�?z-:;O)�+.-0;�I�vS;O=<69L2L�=.;>¡yD:;O1c+n=<69+.;�/M1�?�;>L2L�J^;>L2I�? ¤Z;Sd W0dMk « ��� §�+.-0;£+.IS+569LfN�6`oU/MN�D0N
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=.;>¡pD0;O1C+<1�+<I|+<-0;G=.;>80L2/M3w6:dg�~-0;,;�oU3OL2D:1./2IS)£I9QA+.-0;GI�vS;O=cL2I[6SE:;OE£=.;O8:L2/23O6$QZ=.IKN�+<-0;Y6SLML2Iy3w69+./2IK)
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�~-0;>=.;{6S=.;|QZIKD0=hQ 6S3s+<IK=c1Y+.-769+,6$�^;O3>+Y+<-:;{8a;O=CQZIK=.N,6S)03>;lI9QX¢Hv96S/MLjT_q\6S8 ,$+<-:;{/M)p+.;O=_T*D08aE769+.;
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�k^+<-:;�6SNYIKD0)[+XI9Q�+</MN,;�	/M+©+56Sb9;O1BQZIS=B6SLML�)0IUE:;O1B/M)
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�§ska6S)0E�� /21z1.D��,3>/2;>)p+.LMF|1cN�6SLMLR1.IY+<-76`+
?z-0;>)$6�=.;O8:L2/23O6]8:D01.-0;>1\6S)YD08aE769+.;SkU6SL2L0):IUE0;>1A/M)Y+.-0;Bq\�B�u+<=c;O;©=.;>3O;O/jvK;©+<-0;©D08aE769+<;©Ja;>QZIK=c;
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=.;>80L2/M3w6lD:+</ML2/ �O69+</MIK)Rd�¢\+t+<-0;$):;soy+h=.;>80L2/M3w6l1.;>+�35-76S)0WK;$69+g+./2NY; > ª � � k���������t;O¡pD76SLM1 ���������d
�XD0=c/2)0Wn+.-0;�)0;�oU+YNY/2)pD:+.;�?�;�1c;O;�+<-069+,mn6`opTCq\698�I�vS;O=.LMI[6SE01�vS;O=CF�QZ;>? =.;>80L2/M3w6S1g?z-:;O=.;O6S1
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?z-0;>)Y+.-0;~?�IK=cbpL2I[6SEG/M1�)0IS+4vK;>=cFGE0;>N�6S):E0/2)0W�69)0EY+.-0;O=c;z/21�D0)pD01c;OE�3O6S876S3>/M+*FSkp+.-0;~Ja;O-76wvy/2IK=c1
ISQ©¢Hv96S/MLjT_q\6S8�6S)0E�m{6`opTCq\6S8 6S=.;�1./2NY/2L26S= �HI�?�;svK;>=Ok�¢©v96S/2L TCq\6S8�1cD��^;O=.1GNYIK=.;$6S1hI�vK;O=.6SL2L
6wv96S/2L26SJ0L2;f3O6S876S3>/M+*FlE0;>3O=.;O6S1.;>1Od]�U;>3OIK):ERkR¢Hv96S/MLjT_q\6S8{/M1B6%��;>3>+<;>ExN,IS=.;]JpF{1.-:IK=c+CT*L2/jvK;>E �7D03�T
+<D069+</MIK)01G¤Z/2)¨876S=C+</23>D0LV69=OkRE0;>3O=c;w6S1c;O15§f/2)x+.IS+56SL�N�6`oU/MN�D0N�3w6S87693O/M+*Fn+<-76S)�mn6�oyT_q\6S8Rdh�~-0/M1
/21AJ^;>3w6SD:1.;X+<-:;f=.;w693>+</jvK;X)069+<D0=c;fISQ�¢Hv96S/MLjT_q\6S8�3O6SD01.;>1z/M+@+<IG6SE7698:+z6SJ0=cD08:+.LMFY+<I�35-769)0WK;O1~/M)
3w69876S3O/j+</M;O1Ok:;>vK;>){?z-0;>){+.-0;O1c;]35-06S)0WK;>1B6S=c;�1.-0IK=C+cT}L2/MvS;OERd

��������� � 
 � ��������	 ��� �
	���

e -0;>)x=.;O8:L2/23O6S1©3w6S)x-0IS)0IK=H+.-0;O/M=HN,6`oU/2NgD0N�3w6S806S3O/j+</2;>1Ok�mn6`opTCq\698¨6�vSIK/2E:1H+<-:;�IK1.3>/2LMLV69+./2IK)
+<-069+@¢Hv96S/2L TCq\6S8G3O6S)�1cD���;>=OkU6S)0E,E0IU;>1A1cIt?z/j+<-Y)0ItD:8^E76`+<;©I�vS;O=c-0;w6SE�d !X3O3O6S1./MIK)76SLMLMFKk[1cIKNY;
=.;>80L2/M3w6S1rN,6wFX)0I9+�Ja;@6SJ0LM;�+<I©-0IK)0IK=R+.-0;O/M=�N�6`oU/MN�D0N 3w6S87693O/M+./2;>1rJ^;>3w6SD01c;�ISQ 7 ��I-('�* 70# �=8�!$#;'=<
3w69D01.;>E�JpF�IS+<-:;O=\698080L2/M3w69+./2IK):1@=cD0)0)0/M)0W�IK),+<-0;X=c;O80LM/23O6S1AIS=�)0;s+*?�IK=cb�3>IK)0E0/j+</2IS)01�D0):=.;OL269+<;>E
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��I�E0;O6SL:?z/j+<-�+<-:;~8^IK1c1./MJ0/2LM/M+*F�ISQa;soy+.=<6S)0;>IKD014L2IK6SERkS?A;zN,IyE0/MQ F�+.-0;©mn6`opTCq\698,69L2WKIK=c/M+.-0N

1.LM/2WK-[+.LMF +.I{?AIK=.bx?z/M+.-�-0IK):IK=.;>EuN,6`oU/2N�D0N 3O6S876S3>/M+./2;O1>d|¢ =c;O80LM/23w6 � 1]-0IK)0IS=.;OEuN�6`oU/MN�D0N
3w69876S3O/j+*F|/21©/M+.1©N,6`oU/2NgD0N�3w69876S3O/j+*F|N,/M)pD01~+<-0;t;soy+<=.6S)0;OISD01BLMI[6SEl/M+©/21©;soU8a;O=./M;O)03>/2)0W:d~�~-0;
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+<-:;H=c;O80LM/23w6Ud��~-0/M1ANY;w69)01@+.-769+@=.;>80L2/M3w6S1�N,6wFG35-0IyIK1.;z+<I]1.;>)0E$D08aE769+.;O14+<I]/2)0E0/M3w69+.;~35-76S)0WS;O1
/2)�+<-:;O/2=G-0IS)0IK=.;>E N,6`oU/2N�D:N 3w69876S3O/j+</M;O1Od �HI�?A;>vK;>=Okz6S1G?A;{?z/2LML\1.-:I�?�k\+.-0;lJ^;>-76wvU/MIK=GISQ
mn6`opT_q\6S8{/M1~)0IS+~+./2;OE�+.IY+.-0;f+</2NY;OLM/2)0;>1.1\I9Q�D08aE769+.;O1z/2)�+.-0;f?\6wF|¢Hv96S/MLjT_q\6S8$/21>d
eu;AvU/M;>?�+.-0;\-0IK):IK=.;>E�N�6�o:/MN�D0N 3O6S876S3>/M+*F]=.;>8^IK=C+<;>EhJpFg6B=c;O80LM/23w6©6S1�6H3OIK)[+<=.6S3>+Od�(}Q7+.-0;

=.;>80L2/M3w6~3w69)0)0IS+�6SE0-0;>=.;@+<Iz+<-0;A3OIK)[+<=.6S3>+�IK=�-76S1�;soy+<=.6H3O6S876S3>/M+*Ff+<I©WK/jvK;Sk9J0D:+�E0Iy;O1�)0IS+�=.;O8aIK=C+
+<-:;fE0;>�73>/M+zIK=�1.D0=c80L2D01>k0+<-0;>)�+<-769+z=c;O80LM/23O6h6SL2IK):;H?z/2LML�Ja;�6$�^;O3>+.;OE{6S)0E|N,6�F,Ja;fI�vS;O=cL2I[6SE:;OE
IK=]D0)0E0;>=.LMI[6SE0;>Eu1./M)03O;,/M+]?z/2LML�J^;,=.;O3>;O/jvU/M)0W 6l=.;>¡yD:;O1c+�1.-76S=c;,+.-769+t/21]80=.IK8aIK=C+</2IS)76SL�+<I{/M+.1
80=c;>vy/2IKD:1H69E:vK;>=c+</M1.;>E{-0IS)0IK=.;>E{N,6`oU/2NgD0N�3O6S876S3>/M+*FKd
(}Q_k:IK)Y+<-0;BIS+<-0;>=�-769)0ERk06]=.;>80L2/M3w6t35-:IUIK1c;O1�+.I�/21c1.D0;B6g)0;s?�3>IK)[+<=.6S3>+A?z/M+<-,+<-0;H)0;>? -0IK)yT

IK=c;OEYN�6`oU/MN�D0Ni3O6S876S3>/M+*FSkp+.-0;O)Y+<-0/M14)0;>? D:8^E76`+<;©3w6S),6$�^;O3>+4+.-0;HLMI[6SEGJ76SL26S)03>/2)0W�E0;>3O/21c/2IK):1
ISQ�+.-0;g):IUE0;>1X/2)l+<-0;g8^;>;O=B):;>+*?AIK=.bn6S)0En+.-0;t?AIK=.bpLMI[6SE 3>IKD0L2E{1.-0/jQ +H+.I�+<-:;gIS+.-0;O=H=.;O8:L2/23O6S1Od
�~-0/M1H1c-0/MQ +H/2)l?�IK=cbpL2I[6SE{/21©¡pD0/M+.;tE0/ ��;>=.;>)p+HQZ=.IKN�+.-769+B;soU8^;>=./M;O)03>;OExJ[Fl¢Hv96S/2L TCq\6S8�?z-0;>)¨6
=.;>80L2/M3w6G=.;>8^IK=C+<1©I�vK;O=cL2I[69E 6S)0En/21z;soU3OLMD0E0;>ERdH�~-:;g3OIS)p+.=<6S3s+<1HISQ46S)[FlIS+<-:;O=©=.;O8:L2/23O6G?z/ML2Lr)0I9+
Ja;g6$�^;O3s+<;>E J[Fl+.-0/21~?AIK=.bpLMI[6SEn1c-0/MQ +Od\(*)01C+<;w69ERk^+.-0;t3>IK)[+<=.6S3>+B/21©6S=.;]1.ISL2;OLjF|6$�^;O3s+<;OEnJpF|+.-0;
;soy+.=<6S)0;>IKD01~LMI[6SE,+.-769+�=.;O8:L2/23O6g;soU8a;O=c/2;O):3O;O1\?z-:/235-�/21A/2)0E:;O8a;O)0E0;>)[+zISQr+<-0;B;soy+<=.6S)0;OISD01~L2I[69E
;soU8a;O=c/2;O):3O;OExJ[F|+<-:;t=c;O80LM/23w6G/21c1.D0/M)0W,+.-0;g):;>? 3OIS)p+.=<6S3s+wdz�~-0/M1H/M1HD0):L2/2b9;t¢©v96S/2L TCq\6S8�?z-0;>=.;
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ISQ�+<-0;�IS+.-0;O=c1Od
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6SLMLr=.;O8:L2/23O6Y):IUE0;>1X6S=c;t3>IK)[+</M)yD:IKD01.LjF|/21c1.D0/M)0W�)0;s? 3OIK)[+.=<6S3s+<1OdH�U8a;O3>/M�73O6SL2LjFKk7QZIK=z;w6935- ISQ�+.;O)
=.;>80L2/M3w6S1>k�?A;�/2) �c;>3>+g;soy+<=.6S)0;OISD01�L2IK6SE�/2)[+.I{+<-:;$=.;>80L2/M3w6{IS)03O;�6{1.;O3>IK)0ERdx�~-:;$;soy+<=.6S)0;>IKD01
L2IK6SEh/2) �c;>3>+.;OEG/21�=.6S)0E0IKNYLMFt35-0IK1c;O)G+<I�Ja;z6S)[Fy?z-:;O=.;HJ^;s+*?�;>;O) ��� 6S):E �-��� ISQa+<-:;~=.;O8:L2/23O6 � 1
IK=c/2WK/M)76SL7N,6`oU/2N�D0N 3O6S876S3>/M+*FSd4��/2WKD:=.;O1 ª d � � 6S)0E ª d � � 1.-0I�? +<-0;B=.;O8:L2/23O6tD:+./2LM/ �w6`+</2IS)GvS;O=c1.D01
+</MN,;$6S)0E�+<-0;|I�vK;>=.L2IK6SE0;OE�¡pD0;O=CF�8^;>=.3O;>)[+56SWK;>1YQZIS=Ymn6`opTCq\6S8�?z/M+.- 69) /M)p+.;O=_T*D08aE769+.;�8^;�T
=./MIUE{ISQ � 1.;>3OIK)0E�dt�~-0; �.69WKWK;OExLM/2)0;]/2)¨��/2WKD0=c; ª d � � 1c-0I�?z1f+<-0;g+.IS+569L�-0IK):IK=.;>ExN�6`oU/MN�D0N
3w69876S3O/j+</M;O1©I�vS;O=X+./2NY;SdB�U/2)03>;g+<-:=.IKD0WS-0IKD:+H+<-0;�;�oU8^;>=./2NY;O)[+B;w6S35-x=c;O80LM/23w6 � 1H-0IK)0IK=c;OExN,6`oU/jT
N�D0N 3w6S806S3O/j+*F�v96S=./M;O1�Ja;>+*?A;O;O) ����� 69)0E � ����� /j+<1�IK=c/2WK/M)76SLyN�6�o:/MN�D0N	3w6S806S3O/j+*FKk[+<-0;~+.IS+56SL
N,6`oU/2N�D0N�3O6S876S3>/M+*F{/21H;soU8^;>3>+.;OEx+<I�-0I�vS;O=f69+f6S=.IKD:)0E I ��� +<-:;�IK=./MWK/2)06SLR+<IS+<6SL�N�6`oU/MN�D0N
3w69876S3O/j+*F$69)0E�?�;�1.;>;X+<-76`+~+<-0; �.6SWSWK;OE�LM/2)0;H-0I�vK;O=c1©6S=.IKD:)0E�+<-0/M1�v96SL2D0;9d�eu;X+.-0;O=c;>QZIK=c;fWK;O)yT
;O=.69+<;g��IK/M1.1cIK)n=c;O¡pD0;O1C+]6S=.=c/Mv96SLM1\?z/M+<-n6S)x6wvK;>=<6SWS;g=<6`+<;t+.-769+H/21 « ��� ISQ�+.-0/21zv96SL2D:;]+.I�bS;>;O8
3OIS)01./M1c+<;>)[+©?z/j+<-lIKD0=~=cD0)0)0/M)0WG;so:6SNY80L2;fISQ « ��� ?�IK=cbpL2I[6SE|=.69+<;>1Od
�7=.IKN +<-:;{�7WKD:=.;O1>k©?A; 1c;O;n+.-769+|m{6`opTCq\6S8 3>IK)[+</2)pD0;>1�+<Iu3OL2D:1c+<;>=�=c;O80LM/23w6£D:+</ML2/
�w69+./2IK)

69+]6S=cIKD0)0E « ��� krJ:D:+�+<-0;>=.;Y6S=.;hNYIK=c;hI�vS;O=cL2I[6SE:;OE£=.;O8:L2/23O6S1B+.-0=.IKD:WK-0IKD:+f+./2NY;g+<-06S)£?z-:;O)
3OISN,8769=.;OEl?z/M+.-l+.-0;g;�o:8a;O=c/2NY;O)[+H/2)|?z-0/235-x69L2Lr=.;>80L2/M3w6S1©6SE:-0;O=c;t+<IY+<-0;>/2=z3OIS)p+.=<6S3s+<1B6SL2LR+.-0;
+</MN,;f¤¦��/MWKD0=.; ª d ª §sd�e�;©6SL21cI]1c;O;~+<-069+4+<-0;zI�vK;>=.L2IK6SE0;OEY8a;O=.3>;O)[+569WK;O1A6S=.;z-0/MWK-0;>=�+<-76S)YJa;>QZIK=c;
¤¦��/2WKD0=c; ª d � >K§sd �~-0;{=.;O6S1.IK) QZIK=Y+.-0/21Y8a;O=cQZIS=.N,6S)03O;lE0;>WK=<6SE069+</MIK) /M1Y+.-769+Y+<-0;{=<6S):E0IKNYLMF
/2) �c;O3>+.;OElL2I[69E£¤ ISQ ��� +.I �-��� §~3O6S)l3w6SD01c;�1.-76S=c8n=c/21.;>1z6S)0E|Q 6SL2LM1\/2)�+.-0;�=.;O8aIK=C+<;OEl3OIS)p+.=<6S3s+
ISQa;w6935-,=c;O80LM/23w6BQZ=cIKNiIS)0;z1.;O3>IK)0EG+<If+<-:;©):;soy+wd4�y/2)03>;\+<-0;z35-76S):WK;z/21�1.I�=.6S80/2E�kp6S)0EGD08aE769+<;>1
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% Queries Over

��/MWKD0=.; ª d � � ,?78���3
9���D����4��:<�����3������,���,H=$�1���3����� �����3�3���������5�"�	
�� &'A 	 �H���*E��?���.-/�	��0 � � �2�3���1�����5�
������, ���5,.���H�	�(�2���2EF�1� ,����2�$� ���3��� , ��#8����� �2��
9����, 6
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���������� �����	�	�	����������� �����3�����  ��	!� #C��� �H���*E��?��� -�����0 � �*�2�����1������� �	����, ����,
��� �	�(�2���2EF�1� ,����2�$� ���3��� ,���#8�2���H�2��
9����,5��6

+569bS;�IK)�+<-:;�IK=.E0;>=hISQ©1.;>3OIK)0E:1G+.I¨=.;w6935- 69L2L\69L2L2Iy3w6`+</2):W{)0IyE0;>1OkA6SL2LMIU3O69+</MIK)�E:;O3O/M1./MIK)01G6S=c;
3OIS)p+./2)pD0IKD:1.LMF$J^;>/2)0WhN,6SE0;�D01c/2)0WG1c+<6SL2;f/M):QZIK=cN�69+./2IK)�d
(*) +.-0;£)0;soy+{;soU8^;>=./MN,;>)p+|?A;�D:1.;¨+<-0;¨1<69N,;¨876S=.6SNY;>+<;>=.1l6S1l6SJaI�vK;£J0D:+|?�;£35-76S):WK;

+<-:;nD08aE769+.;n8a;O=./MIUE�+<I � � 1c;O3>IK)0E01>d"��/MWKD0=.;>1 ª d �=>£6S)0E ª d ���£1.-0I�? +<-:;nD:+./2L2/
�w69+./2IK)�69)0E
I�vK;>=.L2IK6SE0;OEn8^;>=.3O;>)[+56SWK;>1HQZIK=z+<-:/21©;soU8^;>=./MN,;>)p+Od~eu;t1.;O;]+<-76`+H+.-0;gI�vK;>=.LMI[6SE0;>E 8^;>=.3>;O)[+56SWS;O1
/2):3O=.;O6S1.;©IK)0LjFh1.LM/2WK-[+.LMFg?z-:/2L2;\+.-0;©I�vS;O=c-0;w6SE�ISQR80D:1.-0/M)0Wt+.-0;HD:8^E76`+<;O1@E0;>3O=.;O6S1.;>1\J[FY6�Q 693>+<IS=
ISQ7+.;O)Rd�(*)G3>IK)[+<=<691c+wkK?z-:;O)h?�;~8a;O=CQZIK=.N +<-:;~1<6SNY;\;soU8a;O=c/2NY;O)[+�QZIK=�¢©v96S/2L TCq\6S8Rk�?A;\�7)0Eh+<-76`+
+<-:;BI�vK;>=.L2IK6SE0;OE�¡pD0;>=cF�8^;>=.3O;>)[+56SWK;>1\QZIK=�¢©v96S/2L TCq\6S8Y/2)03>=.;O6S1.;BQZ=cIKN 6SJaIKD:+ ��� +<I�NYIK=c;H+<-06S)
« ��� 693O=.IS1.1�6SLMLK+<-0;A=.;>80L2/M3w6S1�?z-0;O)�+.-0;�/M)[+<;O=_T*D08aE769+.;�8a;O=c/2IyEt35-769)0WK;O1�QZ=.IKN � +.I � � 1.;O3>IK)0E01>d
�HI�?A;>vS;O=OkR+.-0/21©8a;O=cQZIS=.N,6S)03O;tE0;OWS=<6SE76`+</2IS)n/21H)0IS+H1.I�N�D:35- E0D0;g+.I�+<-:; �7D03s+<D76`+</2IS) ISQ�+.-0;
;soy+.=<6S)0;>IKD01GL2IK6SE�6S1�/j+h/21gE0D0;$+<Ix¢©v96S/2L TCq\6S8 � 1t+.;O)0E:;O)03sF�+<IxIK1c3O/ML2LV6`+<;,?z-:;O)�+<-0;�=c;O¡pD0;>1c+
=<6`+<;f/21~WS=.;w6`+<;O=~+.-76S)|+<-0;�D08aE769+.;f=<69+.;Sd
eu;Y80D0=c8^IS1.;OLjF¨35-0IyIK1.;Y+<-0/M1t1c3O;O)06S=./MIl+.I{+<;>1c+t-0I�? mn6`opTCq\698u8a;O=cQZIS=.NY1]D:)0E0;O=]?z/2E0;>LMF

�7D03s+<D76`+</2):W ;soy+<=.6S)0;>IKD01hL2IK6SE�IK)�;svK;>=cF�=c;O80LM/23w6Udneu;�WK;O)0;>=<6SLMLMF£;soU8a;O3s+h+<-769+g;soy+<=.6S)0;>IKD01
L2IK6SE�?z/2LML:)0IS+ �0D03>+.D769+<;z1cI]?z/ML2E0LjFKkK)0IS=�?z/2L2L:6SL2LU=.;>80L2/M3w6S1�/M1.1.D:;~)0;>? 3>IK)[+<=.6S3>+.1@;svK;>=cFG1.;>3OIK):ERd
m{IK=c;OI�vK;>=Ok0?A;f;soU8a;O3>+z+.-0;X/2)[+.;O=CT}D08aE769+<;B8^;>=./2IyE�+.IhJ^;XIS)$+<-0;fIK=cE0;O=�ISQ�1.;>vS;O=.6SLr1.;>3OIK)0E:1©IS=
;>vS;O){N,/M)yDU+<;O1>k:?z-0/M35-lQZD0=C+<-0;>=z=.;OE:D03O;>1BI�vK;>=.-0;O6SERd
eu;{3w6S) vU/M;>?�+.-0;{; ��;>3>+�I9Qf;soy+<=.6S)0;>IKD01$LMI[6SE�IK) +.-0;n8a;O=CQZIK=.N,6S)03>;{ISQ�mn6`opTCq\6S8�6S1

1./MN,/MLV6S=z+<I�+.-769+�1.;>;O)�/2) +<-:;YEUFU)06SN,/M3�=.;>80L2/M3w6�;soU8a;O=c/2NY;O)[+<1>d�e -0;O)�6�=.;O8:L2/23O6�6SE:vS;O=c+./21c;O1
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% Queries Over

��/MWKD0=.; ª d ��� , 78���3
9���(����4��@:<������������,1��, =$�1���3�	��� �����3�3���?�����5�	�"
�� &'A #C��� � ���*E��?���.-/����0 � �*�2�����1�9E
�������	����, ����, ��� �"�D�2���2EF��� ,5���2�<� ���3�	�*, ��# �2��� �2��
9����,5��6

6u)0;s?�-0IK)0IK=c;OE�N,6`oU/2NgD0N 3w6S806S3O/j+*FKk~/M+�/21,6S1$/jQX+<-76`+$=.;>80L2/M3w6x?�;>=.;xLM;w6wvy/2)0Wu6S)0E�Ja;O/M)0W
=.;>80LV693O;OE|J[Fl6h)0;>?"=.;O8:L2/23O6g?z/M+.-{6GE0/ ��;>=.;O)[+zN,6`oU/2N�D:N�3w69876S3O/j+*FKd

����� ���	� � 
���

(*)n+.-0/21©35-76S8:+.;O=©?�;�;�o:6SN,/M)0;�+<-0;]80=.ISJ0L2;>N�I9Q�L2I[69EUT*J769LV6S)03>/2)0Wh/M) 6Y8^;>;O=CT +<I9T}8^;>;O=©)0;>+*?AIK=cb
?z-0;>=.;�+.-0;\WKI[69Ly/M1�+.IBE0/M1c+<=c/2J0DU+<;A+.-0;�E:;ON,6S)0EgQZIK=�6B876S=C+</M3OD0L26S=�3OIK)[+<;>)[+�Q 6S/2=cLMF]6S3>=.IK1c1�+.-0;\1.;s+
ISQa=.;>80L2/M3w6X)0IyE0;>14+.-769+41c;O=cvS;©+.-769+�3>IK)[+<;>)p+Od���o:/M1c+./2)0W�L2IK6SEUT*J06SLV6S):3O/2):WX6SLMWKIK=./j+<-0NY1�80=.IK8aIK1c;OE
/2)l+<-0;tE0/21C+<=c/2J0D:+.;OE{1cFy1c+.;ONY1XL2/j+<;O=.69+<D:=.;t6S=.;])0IS+X6S8080=cIK80=./269+<;�QZIK=H6,8a;O;>=CT}+.I9T*8a;O;>=B)0;s+*?�IS=.b�d
e�;Y�7):E�+<-069+]L2I[6SEyT*J76S1c;OE£6SLMWKIK=./j+<-0NY1XE0I{)0IS+]-76S):E0L2;h+<-:;,-0;s+<;>=.IKWK;>)0;O/j+*Fx+<-76`+g/M1X+*FU8:/23w69L
/2)n6�8a;O;O=_T}+.I9T*8a;O;>=B)0;s+*?�IK=cb�dBeu;�6SL21cI,�7)0E +.-769+B6SL2WSIK=./j+<-0NY1zJ76S1.;>ExIK)x6wv96S/2L26SJ0LM;f3w6S87693O/M+*F
=.;>8^IS=c+<143O6S),1cD��^;O=�QZ=.IKNiL2I[6SEhIS1.3O/ML2L269+</MIK)01�;svK;>),?z-0;>),+<-:;z?AIK=cbyLMI[6SEY=<69+.;z/2146S14L2I�? 6S1 � ���
ISQ�+<-0;f+.IS+56SL�N�6`oU/MN�D0N 3w6S87693O/M+./2;>1~ISQ�=c;O80LM/23O6S1Od
eu;480=cIK8aIK1.;A6S)0E];>v96SLMD769+<;@m{6`opTCq\6S8Rk96z80=<6S3s+</M3w6SL[69L2WKIK=c/M+.-0N QZIS=�LMI[6SEUT}J76SL26S)03O/M)0W0d�m{6`opT

q\6S8£-76S)0E:L2;O1]-0;s+<;O=cIKWK;>)0;O/j+*FKk�FK;>+gE0Iy;O1�)0IS+]1.D ��;>=tQZ=.ISN IK1.3>/2LMLV69+./2IK)01©?z-0;O)£+<-0;G?AIK=.bpL2IK6SE
=<6`+<;G/21f?z/M+.-0/2) � ����� ISQA+<-0;G+<I9+56SL�N,6`oU/2N�D:N 3O6S876S3>/M+</M;O1�ISQA+<-0;G=.;>80L2/M3w6S1>k�6SE �cD01C+<1]J^;s+.+<;>=
+<I,vK;O=CF L26S=.WK;��7D03s+<D769+./2IK):1B/2){+<-0;g?AIK=cbyLMI[6SE¨6S):E 3OIK):1c+569)p+.LMF{35-76S)0WS/2)0W�=c;O80LM/23w6Y1.;s+<1Ok�69)0E
/2):3OD0=c1\L2;>1.1\I�vK;>=.-0;O6SE|+<-76S)|69L2WKIK=c/M+.-0N,14J7691.;OE|IK)|6wv96S/MLV6SJ0LM;z3w6S87693O/M+*F�1./M)03O;X/j+<1A=.;O8aIK=C+<1z6S=c;
6$�^;O3s+<;OExIS)0LMFlJ[Fn;�oy+<=<69)0;OIKD:1fL2I[6SE{IK) +<-:;g=.;>80L2/M3w6S1>dBe�;�J^;>L2/M;>vK;]+<-0/M1BN,6SbS;>1�mn6`opT_q\6S8¨6
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80=.6S3>+./23w69Lr6S)0E|;OLM;OW[69)p+H6SLMWKIK=c/M+<-:N +.IY6S8080LjF�/2)�8a;O;>=CT}+.I9T*8a;O;>=z)0;>+*?AIK=.bp1>d
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e /M+.- +<-0;¨;>vS;O=_T*/2):3O=.;O6S1./M)0W�80=.IKLM/MQZ;>=<69+./2IK)�I9Qg(*)[+<;>=.)0;s+cT}3OIK)0):;O3>+.;OE"-:IK1c+.1OkX+<-:;£3>IK)03>;O8:+{ISQ
8a;O;O=_T}+.I9T*8a;O;>=X)0;>+*?AIK=cby1�-7691f;ONY;O=.WS;OE£6S1f6$8aIK80D0L26S=B+.;O35-0)0ISL2IKWSF{876S=.6SE0/MWKN{d���;O;>=CT}+.I9T*8a;O;>=
)0;s+*?�IK=cbp1G6SL2LMI�?iD01.;>=.1g+.I 8a;O=cQZIS=.N D01.;sQZD0L@3OIKNY80D:+<69+</MIK)uIK=]1.-06S=.;$3>IK)[+<;>)p+�JpF�;soU80LMIK/M+./2)0W
+<-:;$6SWKWS=.;OWK69+<;,80=.Iy3O;>1.1./M)0W 8aI�?�;>=h6S)0E�1C+<IK=.6SWK;�3O6S876SJ:/2L2/j+</M;O1fISQ~?z/ME0;OLjFpT}E0/21C+<=c/2J0D:+.;OE�-0IK1c+.1
+<-069+@L2/MvS;B6`+@+.-0;©;OE0WK;HISQ�+.-0;B):;>+*?AIK=.b�d4(*)�8769=c+</M3OD0L26S=Ok[3>IK)[+<;>)p+�E0/21C+<=c/2J0D:+./2IK)G/M1A6]E0IKNY/2)769)p+
6S808:L2/23O69+</MIK)�+<6Sbp/2)0WG6SEUvS69)p+<6SWK;�ISQ�1.D035-{)0;>+*?AIK=cby1>d
¢�QZD0)0E06SN,;>)[+56SL©80=.ISJ0L2;>N /M) 1.D:808^IS=c+</M)0W�3>IK)[+<;O)[+|E0/M1c+.=./2J:D:+</MIK) I�vK;>=|6u8a;O;O=_T}+.I9T*8a;O;>=

)0;s+*?�IK=cbG/214+<-769+@ISQRL2Iy3w69+./2)0Wf3>IK)[+<;O)[+Od�mlIK1c+A8^;>;O=_T}+<I`T*8a;O;O=@)0;s+*?�IK=cbp1\80D01c-$/2)0E:;soY;O)[+.=./2;>1A/M)
=.;>1.8aIK)01c;�+.IY6G3>IK)[+<;>)p+©1c;w6S=c35-{¡pD0;>=cFKd@�~-0;>1.;]/2)0E0;�o�;>)p+.=./M;O1z8^IS/2)[+\+<Ih=c;O80LM/23O6�)0IUE:;O1z/2)$+.-0;
)0;s+*?�IK=cb$+<-76`+z1.;O=CvK;]+<-0;�3OIS)p+.;O)[+HISQ�/M)[+<;O=c;O1C+wd
�~-0/21~+.-0;O1c/21z+56S35bpL2;>1©+*?AI�J06S1./M3]8:=.IKJ0LM;ONY1~+<-769+H6S=c/21c;�QZ=cIKN�+.-0;t3>IK)[+<;>)p+HL2Iy3w6`+</2IS)�80=.IKJyT

L2;>N{d���/2=.1C+wk4-0I�?�3O6S)�?A;l/2NY80=.I�vK;�D:8^IK)�+<-:;|+./2NY;�/M+�+<6SbS;>1,+.I£=c;O1cIKLMvS;n6x1.;O6S=.35- ¡pD0;O=CF
IK)03>;g+<-:;�L2Iy3w69+./2IK){6SLMWKIK=./j+<-0N�-76S1BJa;O;>)¨1.;>+�� �U;>3OIK):ERkR-0I�?	E0I$?A;�35-0IyIK1.;gQZ=cIKN�6SNYIK)0WK1C+
+<-:;l/M)0E0;�o�;O)[+<=c/2;O1Y=.;s+<D0=c)0;OE J[F�6£1c;w6S=c35- ¡pD0;O=CF�1.D035-�+<-769+G+.-0;{E:;ON,6S)0E�QZIK=G3OIK)[+<;>)[+�/M1
E0/M1c+<=c/2J0DU+<;OE�Q 6S/M=.LjF$6S3>=.IK1c1~+<-0;�1.;s+©ISQ�=c;O80LM/23O6G):IUE0;>1z1.;O=Cvy/2)0WG+<-0;�3>IK)[+<;O)[+��
��I$6SE0E0=c;O1.1©+<-0;]�7=.1C+X80=cIKJ0LM;ONlk�?A;gE:;>vK;>L2IK8£q\�H��k^6,80=cIS+<Iy3OISL�QZIS=Xq�IK)[+.=.IKLML2;OE{�H8aE769+.;

��=.IK806SW[69+./2IK)¨+<-76`+gN,6S/2)[+<6S/2)01f3O6S35-0;>1�ISQ~/M)0E0;so£;>)[+<=./M;O1t/2)u8a;O;>=CT +<I9T}8^;>;O=])0;>+*?AIK=.bp1>dxq\�B�
¡pD0;O=CF£35-76S)0)0;>L21]3OI[69L2;O1c3O;,J0D0=.1C+<1tISQ\¡pD0;>=./2;>1tQZIK=f+.-0;,1.6SNY;,/j+<;ONlk�=.;>1.D0Lj+</2):Wl/M)�1c/2WK):/M�73O6S)[+
)0;s+*?�IK=cb�+<=.6 �Y3l1.6wvU/M)0WK1>d q\�H�PD08aE769+<;|35-769)0)0;OLM1Y6S1cFy)035-0=cIK)0IKD:1.LMF�+.=<6S):1.8aIK=c+Y¡pD0;O=CF�=.;�T
1.8aIK)01c;O1t6S)0E£=.;sQZ=.;O1c-�/M)[+<;O=cN,;>E0/V6`+<;�3O6S35-0;O1>d�¢ b9;>F�6SE:v96S)[+569WK;hISQ\q\�B�"/21X+.-769+�/j+]6SL2LMI�?z1

« �
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)0IyE0;O14+<ItE0;O3>/2E0;©/2):E0/Mvy/2E:D76SL2LjFt?z-:;O)�+.It=c;O3O;>/MvS;X6S)0EY?z-0;O),+<Ig8:=.IK8769W[69+<;zD08aE769+.;O1>d���I]+<-0/M1
;O):ERkr?�;Y80=.;>1.;>)p+g6�3OIK1C+]N,IyE0;OL�J76S1.;>E�IS)£+.-0;G)0IS+</MIK) +<-069+t6|):IUE0;h-06S1�;O3OIS)0IKNY/23h/2):3O;O)yT
+</jvK;g+.I$=.;>3O;>/MvK;Y6S)xD:8^E76`+<;g+.-769+f/M1+' �cD01C+</j�7;OE*):dt�©1./M)0W�+<-:/21X3>IK1c+fNYIyE0;OL¦k^?A;hE0;>vS;OL2IS8�69)0E
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