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Chapter 1

Introduction
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465�798�59:<;�=�>@?�:�A0;�>0B�CD7959;�:<EF;�GD5�HD79I<798JHK?�:�79HD>0:�HL768�CLMON�HDGL;�B�HPCD:Q59B�R�;�>079CD:J76N�CLGDSJN�;�:�HPA0;J>
GD;�BTB�=�:�59GDCD795�;�:6CDMVUWHDX�XYCDMZA0;J>[798JH%\�5�M]7�>059NJ=�7�59;�:^CL:�\^CDGLGDHDM]MZ;�A_59:JA0;�>0B�CD795�;�:�`'ab8�Hc59B�R�>0HDM]Md59eJH

f >0;�UW798@;�Ag798�Hh?�:�79HD>0:JHD7T=JM]C f Hh8�CDMiR�CD>�79X9IjN�HDHL:@HD:JCDN�X�HD\kN�I@798�Hh59:�GL>0HDCLM]59: f :�=�B�N�HD>Z;�AV:�HDU
M]HD>0eJ59GDHLMlM]=JGD8mCLMlHDn�B�CD59X9op46;�>�X9\�n�4659\�HDn�46HDN<q�464h46rjNJ>0;�UWMd59: f ocA05�X9Hs79>0CL:�M]A�HD>0opM]7�>0HDCDB�59: f
CD=�\�59;�tueJ59\�HD;g\JHDX�59eJHD>0IJovHD79GD`Fab8JH�UW59\JH�CDGLGDHDRJ79CD:JGDH�;JAw798JH�?�:�79HD>0:�HL7�8�CLMW>0HLM]=�X�79HD\g59:gCD:VHDx�RJ;�:�HD:J795�CDX

f >0;�UW798y;�AzRJCDGDSJHD7�\�CL79C{79>�CDA�A059G{X9;JCD\�`F?�:y;�>0\�HD>|79;gB�HDHD7�7�8�HDM]H.GD8�CL: f 59: f 79>0CDA�A05�G�R�CL797�HD>0:JM]ovB�;�>0H�CD:�\
B�;�>0H}:�HD79UW;�>0S~;�R�HL>0CD7�;�>0M�CD\�CDRJ7�7�8�HD5�>gMd79>�CD7�H f 59HDMiCD:J\@R�X�CD:@79;jB�5 f >0CD79Hh79;j?��vn�N�CDM]HD\@N�CLGDSJN�;�:�H
:�HD79UW;�>0SJM]`���X�HDCL>0X9IJo�798�H�?�:�79HD>0:�HD7'UW59X�X�\�;�B�59:�CL79Hi;�=J>�\�CL59X9I�X95�A0H�59:�798�H�A0=J79=�>�HpB�=�GD8hB�;�>0Hp798�CD:

today.

�cHDCD:�UW8J59X�HDo�B�;�N�59X9H{:JHD79UW;J>0SJM*A0CDGLH.C.Md59B�59X9CL>z7�>0HD:�\y;JAzHLx�R�;�:�HD:J7�59CDX�79>�CDA�A05�G.59:JGD>0HLCDM]H{CD:�\ f >0;�UW59: f
59B�R�;�>079CD:�GLHg79;�=�M]HL>0M]`�465�798iCDX9B�;�Md7�HL5 f 8�7�8�=�:�\J>0HD\pB�59X9X�59;�:iGDHLX9X9=JX9CL>WM]=�NJM]GD>�59N�HL>0MTUW;J>0X9\�UW5�\�H%�0���0o
=�M]HD>�MY8�CDeJH_;�eJHD>0UW8�HLX9B�59: f X9IVH�B�N�>0CDGDHD\Z798JH_GD;�:JGDHDRJ7b;JA�8�CDeJ59: f C_79HLX9HDRJ8�;�:�HT798�CL7|5�M{CLX9UWCDIJM{UW59798
798�HDB�`�?�:%M];�B�H�GD;�=�:�79>05�HDM]ozM]=�GD8cCDM[��59:�X�CD:�\�oz798�H�:�=�B�N�HD>{;�AYB�;�N�59X9HZM]=�N�MdGD>�59R�7�59;�:JM[8�CDM_CDX�>0HDCL\�I
HDx�GDHDHL\�HD\{798�H':J=�B�N�HD>�;�A�A�59x�HL\.X�59:�HLM]`

ab8�H{GD;�B�N�59:�CD7�59;�:[;�AzN�;J798y\JHDeJHDX9;�R�B�HD:�79M]o�798�H f >0;�UW7�8y;�A|798�H.?�:�79HD>�:�HD7�CD:�\[798�H{M]=�GDGLHDM]M�;JAwB�;�N�59X�H
:�HD79UW;�>0SJM]o�Md= fJf HDM]79Mg798�CL7'798�Hi:JHDx�7'79>�HD:�\}UW5�X�X�N�HiCL:}59:JGD>�HDCDM]5�: f \�HDB�CD:�\}A0;�>�B�;�N�59X�HiCDGLGDHDMdMg79;
?�:�79HD>0:�HD7�CLR�R�X�59GDCL795�;�:�M]`|ab8JHZGD=J>0>�HD:�7�M]=�GDGLHDM]MT;�AW798�H

iMode
B�;�N�59X�H�\�CL79C�MdHD>0eJ59GDHZ;�A�A0HD>�HD\%N�Ic798�H

;�R�HD>0CL79;J>b�Wa�ab�W;���;J�c;T59:T��CLR�CD:�o�U�59798_B�;�>0HY798�CD:_���[B�59X9X�59;�:[=JM]HD>�M*59:_79UW;[CL:�\[C{8JCDX�A|IJHDCD>0M�� �J�0o
59MWC f ;�;�\VB�59X9HDMd79;�:JHTA0;J>�A�;�>0HDGLCDMd7959: f 798JCD7�U�59798J59:V798�H_:JHDx�7bA�HDUOIJHDCD>�MY798JHD>�H_UW5�X9XbNJH_CD:VHDx�7�HD:�Md59eJH
\�HDB�CD:�\.A0;�>�UW5�>0HLX9HDMdMz\�CL79C'MdHD>0eJ59GLHDM]o�HLM]R�HDGL59CLX9X9I{UW59>�HDX�HDM]Mz?�:�79HD>0:JHD79`

�WHDeJHD>0798�HLX9HDMdM]o*B�;�N�59X9Hi79HLX9HDGD;�B�B�=�:�59GDCD7959;J:h:�HL79UW;�>0SJM]o*M]=JGD8hCDMg798JHp�WX9;�NJCDXWEFIJM]7�HDB�A0;�>_�c;�NJ59X�H
GD;�BTB�=�:�59GDCD795�;�:�M�q0�WEF�cr�� �J�0o�8�CDeJH{N�HLHD:[\�HLM]5 f :�HD\[RJ>059B�CD>05�X9I_A0;�>|eJ;�59GLH{GD;�B�B�=�:�59GDCD7959;�:JM*CD:�\_CD>�H
N�CDM]HD\j;�:�GL59>0GL=�5�7TM]UW5�79GD8JHD\@>0CL\�5�;@7�>0CD:JM]B�59M]M]59;�:�o{UW8J59GD8j>0HDMdHD>0eJHDMi79>�CDA0A�59G}GD8�CD:�:JHDX�MpA0;J>ZHD:J795�>0H
GD;�BTB�=�:�59GDCD795�;�:�7�59B�HD`[ab8JHD>0HDA�;�>�HDoyUW8�HD:�\�CD7�Ck7�>0CLA0A�59Gk8�CLM6N�=J>0M]79I�N�HD8JCDeJ59;�>pq079IJR�59GLCDXZ?�:�79HD>0:JHD7
CDR�R�X�59GDCL795�;�:�MpMd8�;�U�M]=�GL8k7�>0CDA0A�5�G6N�HD8JCDeJ59;�>�r0o.GL59>0GL=�5�7_M]UW5�79GD8J59: f >0HDMd=�X�79Mp59:kC68J5 f 8�X9I@59:�HDA�A05�GD5�HD:�7
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=�795�X95 � CD7�59;�:i;�A�>0CD\J59;p>�HDM];�=J>0GDHDMdo|CD:�\i798JHVM]HL>0eJ59GDHV59MT79;�;cHDxJR�HD:�Md59eJHZA0;J>YB�;�M]7�=�M]HL>0M]o|CDMT798�HZ=JM]HD>�M
B�=�M]7�R�CDI.A0;�>�798JH�UW8�;�X�HWGD;�:�:JHDGL7959;J:T7�59B�HWHDeJHD:TA0;�>�59\�X�HWR�HL>059;�\JM�UW8�HD:�:�;T\�CL79C�59M�MdHD:�7�`,�c;J>0HD;�eJHD>0o
\�CD79C*>0CL79HDM|CD>�H'79;�;{M]X�;�U~CD:�\{798�H*GD;�:�:�HLGD7�59;�:.MdHD79=JR.7�CDSJHDMz79;�;{X9;�: f CD:�\{59M|>0CD7�8�HD>�GD;�B�R�X959GDCL79HD\J`

?�:.;�>0\�HD>�79;�CL\�\�>�HDM]Mz798�H'59:�HLA0A05�GL59HD:�GL59HLMw;�A�GD5�>0GD=J597�M]UW5�79GD8�HL\�B�;�N�59X9H�:JHD79UW;�>0SJMzA0;�>�79>�CD:�M]R�;J>07�59: f \�CD7�C
79>0CLA0A�59GDogRJCDGDSJHD7�M]U�597�GD8�59: f 7�HDGD8�:J5���=�HLM^8�CDeJH HDB�HD> f HD\ 59: UW59>�HLX9HDMdM~:�HL79UW;�>0SJM]`��W:�X�59SJHlGD5�>0GD=J597
M]UW5979GL8�59: f ov59:yR�CDGDSJHD7�M]UW597�GD8J59: f C�79>�CDA�A059G.GD8�CD:J:�HDX�UW59X�X�N�H.;�:�X9IyCDX�X9;�GLCD7�HD\gUW8�HD:g:�HDHD\JHD\VCD:J\VUW59X�X
N�H_>0HLX9HDCLM]HD\V59BTB�HD\�59CD7�X9IVCDA07�HD>�798�H_79>0CL:�M]B�59M]M]5�;�:�;�A�R�CDGDSJHD79Md`�4h59798Z798J59M{RJ>05�:�GD5�R�X9HDo�B�=�X97959RJX9H[=JM]HD>�M
GDCD:TM]8JCD>0H�;�:�HWRJ8�IJM]59GDCLXFGD8JCD:�:�HLXFq�M]79CL7�59M]7�59GLCDXFB�=�X97�59R�X�HDx�59: f r0o >0HDMd=�X�7959: f 59:�CWB�=�GD8_N�HD7�79HD>�=�7�59X�5 � CD795�;�:
;�A{798JH�>�CD\�59;c>0HLM];�=�>�GDHDM]`|abUW;%GDHLX9X9=JX9CL>{R�CLGDSJHD7*\�CL79CZ79HDGD8J:�;�X9; f 59HLMy8�CDeJH�N�HLHD:�\�HDeJHDX�;�R�HD\�Md;�A�CD>��
��HDX9X9=JX9CL>T�W5 f 597�CDXW��CDGDSJHD7W�WCL79Cpq0���W�F�Wr�q0A�;�>��W�c�FE�o*?�Evn
	��hCD:�\6?�Evn�������r�� ��TCD:J\h798JHc�WHD:�HL>0CLX
�FCDGDSJHD7���CD\J59;.EFHL>0eJ59GDH'q0�W����E�r�q�A0;�>��WEF�pr0o�UW8J59GD8{59M|798�H'A�5�HDX9\{;�A�798�5�M|ab8�HLM]59Md`

�W����Ey59MzC':JHDU~N�HDCL>0HD>�M]HL>0eJ59GDH*A0;�>��WE��<798JCD7 f >0HLCD7�X9I{59B�R�>0;�eJHDMwCD:�\�M]59B�R�X95�A05�HDMwUW5�>0HLX9HDM]MzCDGLGDHDM]Mz79;
R�CDGDSJHD7'\�CL79C�:JHD79UW;J>0SJMyq0�F�W�WM]r0owHD` f ` o�79;}7�8�Hi?�:�79HD>0:�HL79`�?�7�=�M]HDM R�CDGDSJHD7'M]UW5�79GD8J59: f R�>059:JGD59RJX9HDMy79;
79>0CD:JM]A�HD>b\JCD79CYR�CDGDSJHD7�M*59:_CD:[HDA�A05�GL59HD:J7�UWCDI_N�HD79UWHLHD:[B�;�N�59X9HYM]79CL795�;�:�M�q0�cE�r|M]=�RJR�;�>�7959: f �W����E�CD:�\
HDx�79HL>0:�CLXw�F�W�WM]`��WM]HL>0MT;JAW�W����EhN�HD:JHDA�597wA0>0;�B<M]8�;�>�79HL>WCDGLGDHDMdMT7�59B�HDM]o|8�5 f 8�HD>W\JCD79Cg>0CL79HDM�CD:�\iCD:
;�R�7959B�5 � HD\}=�M]C f Hi;�A.>0CD\J59;�>0HDMd;�=�>0GLHDM]`�?�:}CD\�\�5�7959;J:�o��W����EjHD:�CDNJX9HLMVeJ;�X9=�B�HpN�CDM]HD\hGL8�CD> f 59: f 59:
GD;�:�7�>0CDMd7�7�;�7�59B�H�n�;�>059HD:�7�HD\�GD8�CL> f 59: f CDR�R�X�59HD\.A0;J>��WEF�c`�ab8�=JM]o NJ59X�X959: f GDCD:.N�HWNJCDM]HD\�;�:T798JHWCDB�;�=�:�7
;�A�7�>0CD:JM]B�597979HD\{\�CD7�CDo�7�8�HD:.IJ;�=.GDCD:{M]7�CDI{GD;�:�M]7�CD:�7�X9I{;�:�n�X959:�H'UW8�5�X9H'IJ;�=.R�CDI{;�:�X9I.A0;J>�798JH�;�GDGLCDMd59;�:�CLX
\�CD79C*79>�CD:�MdA0HD>�o�>0HLM]=�X�795�: f 59:.C'GL8�HDCDRJHD>�GL;�BTB�=�:�59GDCD7�59;�:.GD;JM]79`

EF59:�GDHY798�H.�W����E�59M*79;yN�H{59:J79H f >0CL79HD\[59:�79;[798JH.�WEF� 59:�A�>0CDMd79>0=JGD79=J>0HDo�N�;�798[M]HL>0eJ59GDHDM'B�=�M]7�Md8�CD>�H.798JH
M]CDB�H_>0CD\�59;V>0HLM];�=�>�GDHDM]`�?�:Z798�H���abEF?wM]79CD:�\JCD>0\Z�WE�������` ���� �J�0o�R�>�59:�GL59RJX9HDMWCD>0HT\�HDMdGD>�59N�HD\V8�;�UO79;
CDX9X�;�GDCL79Hj>0CD\J59;�>�HDM];�=J>0GDHLMh59: C@A�59x�HL\�B�CD:�:�HD>p;�>p\�IJ:�CDB�59GDCDX9X9I�A0;J>c�W����EPCDGDGL;�>0\J59: f 79;O7�8�H
� GDCDR�CLGD5�79IK;�:P\�HDB�CD:�\��OR�>�59:�GL59R�X�HD`��WHL79CD5�X9M@798�CL7cCL>0H�>0HDX�CD7�HD\P7�;PGDHL>07�CD59:PGD8�CD:�:JHDXcCDX�X9;�GLCD7�59;�:
M]79>�CD79H f 59HLMgCL>0H�X9HDA�7�;�RJHD:}CD:J\}CD>�Hi59B�R�X9HDB�HD:�79CL7959;�:�n�M]R�HDGD5�A05�GDo�M];�798JHiGD8�;J59GDH�;�A�798�Hp�W����E�tu�WEF�
>0CD\�5�;.>�HDM];�=J>0GDH*CDX�X9;�GDCL7�59;�:.CLX f ;�>05�798�B 59MzGD>�597�59GLCDX,79;.7�8�H'R�HL>0A0;J>0B�CD:�GDH';JA�N�;�7�8.M]IJM]79HDB�M]`

?�:_HDx�59M]7959: f X�5979HL>0CL79=�>�HY>�HDX9CL79HD\T79;T>0CD\J59;[>�HDM];�=J>0GDHYB�CD:�C f H�B�HD:�7�59:[;�eJHD>�X9CL59\[�W����E tu�WEF� :JHD79UW;J>0SJM]o
798�>0HLH'\J59A�A0HD>�HD:�7,>0CD\J59;{>0HDM];J=�>0GLH'CLX9X9;JGDCD7�59;�:{79HDGL8�:�5��J=�HDM|GDCD:.NJH'A0;J=�:�\��

1.
��;�B�R�X9HD79H��FCD>�795�7�59;�:�5�: f q0���Fr���A0=�X�X�R�CL>07�5�7959;�:J59: f ;�A�>0CD\J59;�>�HDM];�=J>0GDHLM�N�HL79UWHDHD:T�W����EVCL:�\T�WEF�co
UW8�HD>0H�M];�B�H.GD8�CD:�:�HLX9M'CL>0H{>0HDMdHD>0eJHD\yA�;�>z�W����E�MdHD>0eJ59GDH{;�:�X9I[CD:�\y798�H�;J798�HL>0M'CD>0H.HDx�GLX9=�M]59eJHLX9I
=�M]HD\.N�I{�WEF�<GL59>0GL=�5�7�M]UW5�79GD8�HL\.MdHD>0eJ59GDHLM]`

2.
��;�B�R�X9HD79H�EF8�CL>059: f q0��EFr���A�=�X9X�M]8JCD>�59: f ;�Aw>0CL\�59;y>0HDMd;�=�>�GDHDM�NJHD79UWHLHD:g�W����EiCD:�\V�WE��co�UW8�HL>0H
CDX9X,GD8�CD:J:�HDX�MzCL>0H'M]8JCD>�HD\.N�HL79UWHDHD:{N�;�798{M]HL>0eJ59GDHDM]`
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3.
�FCD>07�59CLX�EF8�CL>059: f q0�FE�r��,M];�B�H'GD8�CD:�:�HLX9M|CD>0H*>0HDMdHD>0eJHD\.A�;�>��W����EyMdHD>0eJ59GDH*;�:�X9I{CD:�\{798�H*;�798�HL>0MzCD>0H
M]8�CD>�HD\.N�HL79UWHDHD:{N�;�7�8.M]HL>0eJ59GDHDM]`

EFHDeJHD>0CDX�M]79=�\J59HLMW;�:V�W����EpR�HL>0A0;J>0B�CD:�GDHT59:gX�5979HL>0CL79=�>�HTM]8�;�U�798�CL7b7�8�H_GD;�B�N�59:�CL795�;�:Z;�A�M]8�CL>0HD\VCD:�\
\�HD\�59GLCD7�HD\@7�>0CLA0A�59GhGL8�CD:�:�HLX9Mpn ����������	�
������ nyR�>0;�eJ59\�HDMpHD:�8JCD:�GDHL\@R�HL>0A0;J>0B�CD:�GDHhA0;J>Z�W����EOCD:�\
;�A0A0HL>0M|CD:.HLA0A0HLGD7�59eJH'�W����EyM]HD>0eJ59GLH'798JCD7,GDCD:.B�HDHD7�\J59A�A0HD>�HD:�7 ��=�CLX95�79I{;�A�M]HL>0eJ59GDH*q��W;�EFr�>0H ��=J59>�HDB�HD:�79M
A0;�>�798�H�\JCD7�C�=�M]HL>0M]`�a�8�59Mz�FEgCDR�RJ>0;�CLGD8T5�M�N�HLM]7FCLN�X9H�79;�CD\�CDR�7�7�;T798JHWR�HL>0A0;J>0B�CD:�GDHWR�>0;JA05�X9H�M]= fJf HDM]79HD\
;�eJHD>�CT>0CL: f HT;�A�;�A�A0HL>0HD\g79>�CDA�A059G�X9;�CL\�M]o�Md;VB�;�N�59X9HT;�RJHD>�CD79;J>0MWMd8�;�=�X�\ZHDB�R�X9;�IV597b5�:Z;�>�\�HD>�79;ZCLX�X9;�U
798�H'M]IJM]7�HDB 79;.A0=�:�GL795�;�:.A�X9HDxJ59NJX9IJ`

!�" �'"���������-0/���� ���

?�\�HDCDX9X9I[C.�WEF��;�R�HD>�CD79;J>zUW;�=JX9\yX�59SJH.79;[>0HL79CD5�:g798JH�M]CDB�H��WEF� f >0CD\�H.;�AwMdHD>0eJ59GLH�q0�W;�E�rwCD:�\��W;�E
UW8�HD:y�W����E�59M*59:�7�>0;�\�=JGDHD\�`! W;�UWHDeJHD>0o�798JHD>0H{CD>0H{M]HDeJHD>0CLX�>0HDCDMd;�:�M*798�CL7�B�CDSJH.:�HDGDHDM]M]CL>0I[>0HDMdHD>0eJ59: f
M];�B�H'GD8�CD:�:�HLX9MzHDxJGDX9=JM]59eJHDX9I{A0;J>��W����Ey59:.;J>0\�HL>�7�; f =�CD>0CD:�7�HDH*798�H��W;�Ey;�A�798�H'�W����E[M]HD>0eJ59GLHDM �

•
�WM�798�H.59:J79>0;�\�=JGD7�59;�:g;JA" WEF��EF� M]HL>0eJ59GDHZ� ���z59:�7�;g798JH��WEF� M]IJM]7�HDB�ov597�B�5 f 8�7�N�HT\�5�A0A�59GD=�X�7�79;

f =�CD>0CD:�79HLH'7�8�H#�W;�Ey;JA��W����Ey59A�:�;.GD8JCD:�:�HLX�5�Mz\�HL\�59GLCD7�HD\.79;{�W����EF`

•
�WMw798�H��W����Ey79>0CLA0A�59G'X9;�CD\.59:�GL>0HLCDM]HLM]o,M];�B�HWB�59:�59B�= B :�=�BTN�HD>�;�A�7�>0CDA�A05�GWGD8JCD:�:�HLX9M�Md8�;�=�X�\TN�H
CDX9UWCDIJMz>0HLM]HD>0eJHD\{A0;�>��W����E[79; f =�CD>0CD:J79HLH'M];�B�H'B�59:�59B�= B M]HD>0eJ59GDH*X9HDeJHDX9`

•
�WMwB�=�X97959R�X�H�GLX9CDMdM]HDMw;JA$�W;�EgCD:J\�B�=�X97959RJX9H'GDX9CLM]M]HLMw;�A�=�M]HL>0M�CL>0H�M]=�R�R�;J>07�HD\T5�:T�W����EFo,5�7FB�5 f 8�7
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services.
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R�>059;J>05�795 � CL7959;�:�M]GD8JHDB�HDM659M6HDeJCDX9=JCD7�HD\OCD:�\�GD;�B�R�CD>0HD\OU�59798�798�H@:�;�:�n�R�>059;�>�597�5 � HD\OM]GD8JHDB�HDogCD:�\
GD;�:�GDX�=�M]5�;�:�MzCD>0H'\�>0CDUW:�` ��;J:�Md59\�HD>�59: f 798�H'X9HDeJHDX�;�A�GL;�B�R�X9HDx�5�79I.;�A�798�H�>0HLCDX�GDHDX�X9=JX9CD>�R�>0;�N�X�HDB�o,M];�B�H
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GDCD=�M]HL\[N�I[798�H.�W����E�59B�R�X9HDB�HD:�79CL7959;J:y;�:[798�H.HLx�59Md7�59: f �WEF��M]HD>0eJ59GLHDM'CL>0H.\J59MdGD=�M]MdHD\�o�HDMdR�HLGD59CLX9X9I
798�H'59B�R�CDGD7�;�:�8JCD:�\�;�eJHD>�79>0CLA0A�59GDo�CD:�\TMdHDeJHD>0CLXFUWCDIJM�;�A�GD;J=�:�7�HD>0CLGD7�59: f 798�HLM]HW59B�R�CDGD7�M�CL>0HWRJ>0;�R�;�MdHD\�`
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A0;�>*798�Hg�W����E}MdHD>0eJ59GDHc� � �0`�ab8�H f ;�CLXw;�A'798J59M.ab8�HLM]5�M�5�M�79;�M]79=J\�I�8�;�U 798�5�M�:�=�B�N�HD>�;�A'GD8�CD:J:�HDX�M
>0HDM]HL>0eJHD\cA0;J>Y�W����E659B�R�CDGD79MT;�:cGLCDR�CDGL5979Ip;�AYHDx�5�M]7�59: f �WEF� M]HL>0eJ59GDHDM]owB�CD59:JX9IcA0;�GD=�Md59: f ;�:%798JH
59B�R�CDGD7�;�:p8JCD:�\�;�eJHD>�79>0CLA0A�59GD`��W=J>YGD;�:J79>�59N�=J795�;�:c5�M_79;p59:�eJHDM]7�5 f CD79HV798�HVHDA�A0HDGL7959eJHD:�HLM]M_;JAY\J59A0A�HD>�HD:�7
8�CD:�\�;�eJHD>YRJ>059;J>05�79I�n�N�CDM]HD\cGD8�CL:�:�HLX�CLX9X9;JGDCL7959;�:pM]GD8JHDB�HDM_;�: 59:JGD>0HLCDM]5�: f 798�H�M]IJM]7�HDBQGDCDR�CDGD5�79IcA0;�>
8�CD:�\�;�eJHD>0M�CD:�\�oW798�=�M]oW59B�R�>0;�eJ59: f 798�H}8�CD:�\J;�eJHD>gR�HL>0A0;J>0B�CD:�GDHD` � R�>0HDeJ59;J=�MpSJ:�;�UWX9HD\ f HhCDN�;J=�7
\�59A�A0HD>�HD:�7��W����Eg59B�R�X9HDB�HD:�79CD7�59;�:TMd79>�CD79H f 59HLM�5�:THDxJ59M]7�59: f �WEF�Q:�HL79UW;�>0SJM�CD:�\�798JHD5�>�R�HL>0A0;J>0B�CD:�GDHW59M
:�HDGDHDMdM]CL>0I^59:~;�>0\JHD>[79;~B�CDSJH�CD:~HDA0A�59GL59HD:J7.=�MdH};�Ay798�H�M]GDCL>0GDH�CDeJCD59X�CDN�X�H}M]RJHDGD7�>0=�B�`Yab8�HL>0HLA0;�>�HDo
GD8�CDR�7�HD>�6GD;�:J79CL59:�M�Cc\�HL79CD5�X9HD\6M]=�>0eJHDI6UW597986HDx�5�M]7�59: f B�CD79HD>059CLX{CDN�;J=�7Y798�H%RJHD>�A0;�>0B�CD:�GDH%;�A_7�8�H
�W����EyM]HD>0eJ59GDHDo�UW8JHD>0H*CDX�X�7�8�H'GD;J:�M]=JX97�HD\.\�;�GL=�B�HD:�79MzCD>�H'R�>�;�R�HL>0X9I{>0HLA0HD>�HD:�GDHL\�`
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Chapter 2

������������	�
���������������������������������� 
�����!

In this chapter a brief overview of the GSM system is done and the key

concepts of the GPRS service are explained based on references [9], [10] and

[11]. More information of the GPRS system can be found in the web page of

the European Telecommunications Standards Institute (ETSI) [12], where all

the GPRS standards are available on-line.

�'"#!�"%$'&�(*),+.-0/.1�2�3~/.2#"%$��

?�:c;�>0\�HD>Y79;c=�:J\�HD>�M]7�CD:�\p798�HZ�W����E6M]IJM]79HDB�oz597�59MT:�HDGLHDM]M]CL>0Ip79;c8�CDeJHZCVN�>0;JCD\c=�:�\JHD>0Md79CD:J\�59: f ;�A
�WEF�c`��~N�>�59HDA�;�eJHD>0eJ59HDU~;�A��WEF�m59M f 59eJHD:.8�HL>0HDo�UW8J59X�H f HD:�HD>0CLX�\�HLM]GL>059RJ7959;J:.GDCL:.N�H*A0;�=�:�\{59:V� ���0`

�'"#!�" !�"&"'$�� (�/.2�($�#��� 
�&'2�3 
��'- 	�� (���


ab8�H{�WEF��5�M'7�8�H.R�CL:�n
��=�>0;�R�HDCD:y\J5 f 5979CLX�GDHLX9X�=�X9CL>zM]IJM]7�HDB M]79CD:�\�CL>0\�5 � HD\PN�I ��abEF?�`FabUW;yA0>�H ��=�HD:JGDI
N�CD:�\�M_CD>0HZ>0HDMdHD>0eJHD\%A�;�>{�WEF� ;�R�HL>0CL7959;�:�oz;�:�H�A0;�>{798�H�=�R�X�59:�S%q � 	���n
	�� ���  � r.CD:�\�;�:JH�A0;J>{798�H
\�;�UW:�X95�:�S q�	�����n
	������  � r0`c?�:mCD\�\�597�59;�: 79;<GLHDX�X9=�X�CD>j;JR�HD>�CD7�59;�:m59:<7�8�H 	�� ���  � N�CD:�\�op798�H
� � �����  � CD:�\6� 	 �����  � N�CD:�\�M{CD>�HyCLX9M];�=JM]HD\�79;iCLX9X�;�U B�;�>0Hg�WEF� ;�R�HL>0CD7�;�>0M]` ��CDGD8�;�A'798�HDMdH
N�CD:�\�Mw59M�\J59eJ59\�HD\�59:�7�;TMd59: f X9HWGDCL>0>�59HL>�GD8JCD:�:�HLX9M�;JAb�����_S� � UW59\�798�`��WEF�QHDB�R�X9;�IJM�CY7959B�HY\�59eJ59Md59;�:
B�=�X97959R�X9HiCDGDGLHDM]Mgq�ab�W� ��rTM]GD8JHDB�Hp;�:hHDCDGD8}A0>�H ��=�HD:JGDI}GD8�CD:�:�HLX9o*\J59eJ59\�59: f 5�7Y59:J79; � 7�59B�HDM]X9;�79M]`
(�X9;�GDSJM';�A � 7959B�HDM]X9;J79M*CD>0H f >0;�=�R�HD\[79;[A0;�>0B C.ab��� � A0>�CDB�HD`v�F>0CDB�HDM]ov59:g7�=�>0:�oFCD>�H f >0;�=�R�HD\y59:J79;
B�=�X97959A0>�CDB�HDM]o�M]=�R�HL>0A�>0CDB�HDMzCD:�\.8�IJR�HD>�A0>�CDB�HDM]`

�WEF� 59M�C{GL59>0GD=J5�7�M]UW5�79GD8JHD\y;�>�59HD:J79HD\[M]IJM]79HDB R�>059B�CD>05�X9I[\�HDM]5 f :�HD\[A0;�>zeJ;�5�GDH.MdHD>0eJ59GDHLM'q�79HDX�HDR�8�;J:�IJr0o
N�=�7�UW8�HL>0H'\JCD79C*79>�CD:�M]B�59M]Md59;�:.MdHD>0eJ59GDHLMzCL>0H'CLX9M];{CDeJCD59X�CDN�X�HD`Jab8�H*N�CDMd59G'�WEF�m\�CD7�C'MdHD>0eJ59GDHLMzCD>�H �

•
EF8�;�>07'B�HDM]M]C f H�MdHD>0eJ59GDH�q0EF�cE�r0o�UW8J59GD8%59MyC�\�CD7�C�M]HL>0eJ59GDH�798�CL7'CLX9X9;�U�My798JH�\�HLX959eJHD>0I�;�A.79HDxJ7
B�HDM]M]C f HDMy;�A.=�R�7�;k�����%GD8�CL>0CDGL79HL>0MyA�>0;�B�tu79;%�cEFM]`�?�7'59My;�RJ7959B�5 � HD\�79;�M]8�;�>�7�B�HDM]M]C f HDMgCD:�\

notifications.

• �WEF� GD5�>0GD=J597�M]UW597�GD8�HD\.\�CL79C�MdHD>0eJ59GDHDo UW8J59GD8.HD:�CDNJX9HLMwC�B�CDx�59B�= Bl\�CD79C�>�CD79H';�A 	Jo �*)YN�5�7 t	M�q�HD` f `

facsimile).
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�� �#� &'-0(#� � � ��(��D1�-��

�F5 f =�>0H���`0��M]8�;�UWMz798�H�M]IJMd79HDBlCD>0GD8�5�79HLGD79=J>0H�;JA�C��WEF� R�=�N�X�59G�X9CL:�\TB�;�N�59X9HW:JHD79UW;J>0S�q0� ���c�Wr�U�59798
HDM]M]HD:J795�CDXbGD;�B�R�;�:�HD:�79Mg� �J�0`�ab8�H_CD>0HLC[GD;�eJHD>�HD\�N�IZC[�WEF� :�HL79UW;�>0SZ59MY\�59eJ59\�HL\�59:J79;�C_:�=�B�N�HD>*;�A
GDHDX�X9M]oYHLCDGD8~M]HD>0eJHD\jN�I~5�79Mi;�UW:jNJCDM]H�79>�CD:�MdGDHD59eJHD>yM]7�CD7�59;�:~q (�abE�r0`YEFHDeJHD>�CDX*(wabEFMi79; f HD798JHD>gCD>0H
GD;�:�7�>0;�X�X9HD\cN�Ic;�:�H�N�CDMdH�Md79CD7�59;�:cGD;�:J79>0;JX9X�HD>Yq (�EF��r0`zab8�HZGD;�B�N�59:�HD\c79>0CLA0A�59G�;JA{7�8�H��cEFMy5�:�798JHD5�>
>0HDM]RJHDGD7�59eJH�GDHLX9X�M�59M'>0;�=J79HD\y798�>�;�= f 8gCTM]UW5�79GD8�ov798JHTB�;�N�59X9HTM]U�597�GD8�59: f GDHD:J79HL>�q��cEF��r0`���;�:�:�HLGL795�;�:�M
;�>05 f 59:�CL795�: f A0>0;�B�;�>T79HL>0B�59:�CD795�: f 59:h798JHpA�59x�HD\}:�HD79UW;J>0S}CD>0Hp8JCD:�\JX9HD\hN�I}Cp\�HL\�59GLCD7�HD\ f CD79HDUWCDI
B�;�N�59X9H.M]UW5�79GD8J59: f GDHD:�7�HD>|q0�W�cEF��r0`�ab8�>0;�= f 8y7�8�H��W�cEF��oF798�H��WE�� M]IJM]79HDBsGD;�BTB�=�:�59GDCD79HLM�UW5�798
;�798�HL>Y:�HL79UW;�>0SJM_M]=JGD8cCDMT798�HVR�=�NJX959GVM]UW5�79GD8�HL\c7�HDX9HLR�8�;�:�HV:�HD79UW;J>0Spq0�FE�ab�Wr0oz59:�7�H f >0CD79HL\%M]HL>0eJ59GDHDM
\�5 f 5979CLX�:�HL79UW;�>0Sgq0?�EF�W�Wr0o�GD59>0GD=J5�79n�M]UW5979GD8�HD\VRJ=�N�X�59GT\JCD79C�:�HD79U�;�>0Sgq0��EF�F�W�Wr�CD:�\VR�CDGDSJHD79n�M]UW5979GD8JHD\
R�=�N�X�59G'\�CL79C*:�HD79UW;J>0S{q0�FEF�F�W�Wr0`��WEF� :JHD79UW;J>0SJMwCD>0H'M]7�>0=�GD7�=�>�HD\�8J59HD>�CD>0GL8�59GLCDX�X9IJ` ab8JHDI.GD;�:�M]5�M]7�;JA�CL7
X9HDCDMd7w;�:JHgCD\�B�59:�5�M]7�>0CD7�59eJHg>0H f 59;�:�obUW8J59GD8�59M.CDM]Md5 f :�HD\i79;�CV�cEF��` ��CLGD8iCD\�B�59:�59Md79>0CL7959eJHV>�H f 59;�:p5�M
B�CD\�Hy=�R�;�A'CL7zX9HLCDMd7z;�:�H[X9;�GLCD7�59;�:�CD>0HLCyq � �Wr�` �sX9;�GLCD7�59;�:�CD>0HLCyGD;�:JM]5�M]79M{;�A*M]HDeJHD>0CLXzGDHLX9X f >0;�=JR�M]`
��CDGD8.GDHLX�X f >0;�=�R.5�MzCDMdM]5 f :�HD\.7�;.C (�EF��`

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

�WEF� \�HDA�59:�HLM[C�:�=�B�N�HD>{;JA{:�HL79UW;�>0Sc\�CL79CDN�CLM]HDM_798�CL7*CL>0H�=�MdHD\c59:%R�HL>0A�;�>0B�59: f 798�H�A0=J:�GD7�59;�:JM[;�A
:�HD79UW;�>0SyB�CD:�C f H�B�HD:�7�CD:�\gGDCLX�X�GD;J:�7�>0;�X ��7�8�H�8�;�B�H�X9;�GLCD7�59;�:y>0H f 59M]7�HD>zq� � ��r0oF798�H�eJ59Md5979;J>wX�;�GDCL7959;J:
>0H f 59M]7�HD>Yq,+ � �wr0ow7�8�H�CL=�798JHD:�7�59GDCL795�;�:%GDHL:�79HL>{q��W=��wr{CD:�\%798JH�H ��=J59R�B�HD:�7'59\JHD:�7�5�79I%>0H f 59M]79HL>.q���?
��r0`
ab8�H  � �kB�CD59:�79CD5�:�MYCD:J\Z=�R�\�CL79HLMY798JH_B�;�N�59X9HTM]=�N�MdGD>�59N�HD>.-0MWX9;�GLCD7�59;�:�CL:�\�8J59M#t	8�HD>�M]HL>0eJ59GDH[RJ>0;�A�59X�H
59:�A0;J>0B�CD7959;�:�`[a�8�H/+ � ��B�CD59:�79CL59:�M6798�HkM]CDB�H 59:�A0;J>0B�CD7959;�: X�;�GLCDX�X9IJogUW8�HD: 798JH M]=�NJM]GD>�59N�HL>c59M
>0;�CDB�59: f `cab8�H �W=�� f HD:�HL>0CD7�HDM CL:�\<Md79;�>�HDM MdHDGD=J>05�79I�n�>0HDX9CD7�HD\ \�CL79C M]=�GD8<CDM�SJHDIJM�=�M]HD\<A0;�>
CD=�798�HL:�7�59GDCL795�;�:�CD:�\ZHD:�GL>0IJR�7959;�:J`�ab8�H ��?
� 59M.=�M]HL\�79;�X95�M]7|798�H[M]=�N�MdGD>�59N�HL>0M0-*H ��=J59R�B�HD:�7z59\�HL:�7�597�59HLM]o
UW8�59GD8ZCL>0H_=JM]HD\VA0;�>�59\�HL:�7�59A�59GDCL795�;�:Z;�A�=�:�CD=J798�;J>05 � HD\ZM]=JN�M]GD>�59NJHD>�H ��=�5�R�B�HD:�79o�CD:�\Z8JHD:�GDHT\�HD:J59CLX|;�A
M]HD>0eJ59GDH*N�I{798�H':�HL79UW;�>0SJ`
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abHLGD8�:�;JX9; f ITGD>0HDCD7�59;�:TA0;�>b�WE�� 8�CDM�R�>0;JGDHDHD\JHD\T59:_798J>0HLH{R�8�CLM]HDM]`�a�8�H{7�HDGD8�:J;�X9; f I_M]79CD:�\�CL>0\J5 � HD\[59:

� 	���� ��� U�CDMwM]=JA0A�59GL59HD:J7�A0;J>�798�H'59:�7�>0;�\�=JGD7�59;�:�;JA�GD;�B�B�HD>0GD59CDX��WE�� M]HL>0eJ59GDHDM]o 59:JGDX9=�\J59: f 79HLX9HDR�8�;J:�IJo
EF�cEcCD:�\VA0CDGLM]59B�59X9HDo�59:}� 	�	���`�?�:}� 	�	���o � 	���� ��� GL;�B�R�X9HD79HD\V798�H_;�>�5 f 59:�CDX|�WE�� \�HLM]5 f :�79CLM]SZCD:�\
HDM]79CLN�X�59M]8�HL\ZCTA0>0CDB�HDUW;�>0SVA0;�>�;J: f ;�59: f 79HDGD8�:�;JX9; f IVHD:�8�CD:�GDHDB�HD:�79`��WEF��M]7�CD:�\�CL>0\J5 � CD7959;�:Z59MY:�;�U
59: � 	���� �	��
 o�UW8J59GD8_GD;�:�Md59Md79M';JAzC{X9CL> f H.:�=�B�N�HD>z;�AzRJ>0;��uHDGD7�M'5�:�GDX�=�\�59: f 59B�R�>0;�eJHD\yM]R�HLHDGD8yGL;�\�59: f
CD:�\pCD\�eJCD:�GDHL\p\�CL79Cg79>0CL:�M]B�59M]M]59;J:pM]HL>0eJ59GDHDMd`bab8�>�HDHZ:�HDUP\JCD7�CZM]HL>0eJ59GDHDMTCD>�H  WEF��EF�Wo ���W� �kCD:�\
�W����EFo�UW8�59GD8.5�Mz7�8�H'M]=JN��dHLGD7�;JA�798�5�M|ab8�HDMd59M]`

•
 WEF��EF�Q� ���0o�UW8�5�GD8�Md79CD:�\JM�A0;J>�8J5 f 8iM]R�HDHD\�GD5�>0GD=J597zM]UW5�79GD8�HD\�\�CL79CDobHLx�79HL:�\�M.798�HgNJCDM]5�Gg�WEF�
GD59>�GD=�5�7bM]U�5979GL8�HD\Z\JCD79C_M]HL>0eJ59GDH_79;�8J5 f 8�HD>*\�CL79C_>0CD7�HDM{=�RZ79;h��� ��SJN�597 tuM{N�IZN�;�7�8�=�Md59: f B�=�X97959R�X9H
GD8�CD:�:�HLX9M�A0;�>y\�CL79C}7�>0CD:JM]A�HD>yq0B�=�X97959n�M]X9;�7T;�RJHD>�CD7�59;�:�rgCD:�\j59:�7�>0;�\�=JGD59: f :�HDU GD8JCD:�:�HLXTGD;J\�59: f
M]GD8�HDB�HDM]` ab8�5�M�M]HL>0eJ59GDH�59Mw798�HWNJHDMd7vN�HDCL>0HL>bA0;J>b>�HDCLX9n�7959B�HYM]HD>0eJ59GDHDM]o,X959SJHYeJ59\�HD;_GL;�:�A�HD>0HD:JGD59: f `�?�:
M]R�5�79Hy;JA�798JHgA�CDGD7z798�CL7" WEF��EF� >0H ��=�5�>0HDM�B�59:�59B�=�Bm:�HDU 59:�A0>0CLM]7�>0=�GL79=�>�HDob�WEF� ;�RJHD>�CD79;J>0M�CL>0H
R�=�797�59: f CDX�X�798JHD5�>�HLA0A0;J>07,79;�UWCL>0\�Mz�W����EF`

•
���W� �m�0�����0o*UW8J59GD8hMd79CD:J\�MgA0;�>�HD:�8�CD:JGDHD\h\JCD7�Cp>0CL79HLMZA0;J>_�WEF� HDeJ;�X9=�7�59;�:�o'HL:�8�CD:JGDHDMZNJ;�798
 WEF��EF� CD:�\g�W����EiN�Iy=�M]59: f :�HDU B�;�\�=�X9CD7959;J:�M'59:g;�>�\�HD>w7�;gRJ>0;�eJ59\�H.HDeJHD:V8�5 f 8�HD>�\JCD7�CT>0CL79HLM
q05�7FUW59X�X�79>�59R�X�HW798JHW\�CL79C�>0CD7�HDM�CDeJCL59X9CLN�X9HWU�59798��W����EVCD:�\  WEF��EF�Wr0`,?�7F59M�CLX9>�HDCD\�ITGD;�:�Md59\�HD>�HD\TN�I
798�H';�RJHD>�CD79;J>0MzCLMzC*798�5�>0\ f HD:�HL>0CD7�59;�:{q0���Wr�79HDGL8�:�;�X�; f IJ`

�'" �'"�"� � $l(�/.2�(��#��� 


�WM�59B�R�>0HDM]Md59eJHDX9IT\�HDB�;�:�M]79>0CD79HL\_N�IT798�HW?�:�79HD>0:�HD7�o�R�CDGDSJHD7vM]UW5�79GD8�HL\[:�HL79UW;�>0SJM*B�CDSJH.B�;�>0H{HDA0A�59GL59HD:J7
=�M]H_;JA�798JH_>0HLM];�=J>0GDHLMY798JCD:ZGL59>0GL=�5�7bM]UW5�79GD8JHD\Z;�:JHDMWA0;�>�NJ=�>0Md79IV\�CD79CTCDR�RJX95�GDCD7�59;�:JM]o�M]=JGD8ZCDM{?�:�79HD>�:�HD7
M]HD>0eJ59GDHLM]oyCD:J\OR�>0;�eJ59\JHkB�;�>0HkA0X�HDx�5�N�5�X95�79I�59: f HD:�HD>0CLX �V798JH 7�>0CD:�M]B�59M]Md59;�: B�HD\�59=�B 59M^=�MdHD\ ;�:
\�HDB�CD:�\�M�;�:�X9ITCD:�\�o�UW5�798TM]79CD7�5�M]7�59GDCLX�B�=�X97�59R�X�HDx�59: f o�;�:�HYR�8�IJM]59GDCLX�GD8JCD:�:�HLX�GLCD:[N�HYM]8�CL>0HD\[N�I_B�CD:�I
=�M]HD>�M]`��W����E%59MYCyR�CLGDSJHD7zM]UW597�GD8JHD\�HDxJ79HD:JM]59;J:�;�A'�WE�� UW8�5�GD8�HLA0A�59GD5�HD:�7�X9I�CDGDGD;�B�B�;�\�CD79HDM.798�HDMdH
\�CD79C*M];�=J>0GDHDM|798JCD7�CL>0H'NJ=�>0Md79I{59:�:�CL79=J>0HD` ?�7�59Mz59:�7�>0;�\�=JGDHD\.59:�;J>0\�HL>�79;.R�>0;�eJ59\�H�B�;�>0H�HLA0A�59GD5�HD:J7�CLGDGDHDMdM
79;��F�W�WM{A�>0;�BPGDHDX9X�=�X9CL>*:�HL79UW;�>0SJM{GD;�B�R�CD>0HD\Z79;ZHDx�5�M]7�59: f GD59>�GD=�5�7|M]U�597�GD8�HD\ZM]HD>0eJ59GLHDM.RJ>0;�eJ59\�HD\�N�I
�WEF�c`��W����E M]=�R�R�;J>07�M�798JH%UW;�>�X9\�-�M�X�HDCD\J59: f 59:�79HL>0:�HL7.GL;�B�BT=�:�59GDCD795�;�:~R�>�;�79;JGD;�X�M]oW7�8�H�?�:�79HD>0:�HL7
R�>0;�79;JGD;�X{q0?��FryCD:�\��Y` ����oYCLMiUWHLX9X�CLMi7�8�H}GD;J:�:�HDGL795�;�:�X�HDM]Mi:JHD79UW;J>0S~R�>0;�79;JGD;�X.q0�����W�FryCD:�\~798�H
GD;�:�:�HDGL795�;�:�n�;�>059HD:�7�HD\.:�HL79UW;�>0S{R�>0;J79;�GL;�X,q0� �W�W�Fr0`

ab8�H*B�;�M]7�59B�R�;�>079CD:J7�CD\�eJCD:J79C f H�;�A��W����Ey59Mw7�8�H�R�;JM]M]5�N�5�X95�79I.;�A�GD8JCD> f 59: f N�CDM]HD\.;�:�7�>0CLA0A05�G�eJ;�X9=�B�HD`
?�:lGD59>0GD=�5�7yM]UW5�79GD8JHD\lM]HL>0eJ59GDHLM]oTN�5�X�X959: f 59M%N�CDM]HL\l;�:l798�Hj\J=�>0CD7�5�;�: ;�A�798JHjGD;�:�:JHDGL7959;�:��y798�5�M}59M
=�:�M]=�5�79CDNJX9H�A0;�>wCDR�RJX959GLCD7�59;�:�M�UW597�8VN�=�>�M]79Ig7�>0CDA�A05�GDo�N�HLGDCD=�MdH_=�MdHD>0MYB�=�M]7bRJCDIVA0;�>�798�HTHD:�7�59>�H_CL59>�7959B�HDo
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HDeJHD:^A0;�>[59\�X�H�R�HL>059;J\�M�UW8�HD:^:�;~R�CLGDSJHD79M�CL>0H%M]HD:J7.q�HD` f ` oWUW8�HD:~798JH�=�M]HL>y>�HDCD\JM�C�UWHDN^R�C f HDr0`
 W;�UWHDeJHD>0o�N�59X�X95�: f N�CDM]HD\};J:}798JHiCDB�;�=�:�7W;�A�7�>0CD:�M]B�597�79HD\h\JCD79CiB�CDSJHDMVGD;�M]79n�HDA0A0HDGL7959eJHp79;}>0HDB�CD59:
GD;�:�M]7�CD:�7�X9IVGD;�:�:�HLGD7�HD\�o�N�HLGDCD=�MdH_5�7bCLX9X�;�UWMY798JCD7b=JM]HL>0MYGLCD:ZN�HT;�:�n�X959:�H[;�eJHD>*C_X9;�: f R�HD>�59;�\Z;�A�7959B�H
N�=�7�7�8�HDI{CD>0H*N�5�X9X9HL\.N�CDMdHD\.;�:{798�H*7�>0CD:�M]B�597�79HD\.\JCD79C*eJ;�X9=�B�HDo�>0HDM]=JX9795�: f 59:.C'GL8�HDCDRJHD>�GD;�Md79`

ab8�HWGD8�CL:�:�HLXvCDX�X9;�GLCD7�59;�:T59:_�W����EZ5�M*\�5�A0A�HD>0HL:�7vA0>0;�BO798�H{;J>05 f 59:�CLX�CLX9X�;�GDCL7959;J:[M]GL8�HDB�H{;�A|�WEF�c` �W:
798�HW;�:JHW8�CD:J\�o,�W����EVCDX�X9;�UWMwCWMd59: f X9HW�cEV79;T79>0CL:�M]B�597v;�:_B�=�X97�59R�X�HY7�59B�HDM]X9;�7�M�;�A�798�HWM]CDB�HYab��� �
A0>0CDB�Hgq0B�=�X97959n�M]X9;�7z;�R�HD>�CD7�59;�:Jr0`�ab8�5�M�>�HDM]=JX97�M�59:�CgeJHD>0I�A0X9HDxJ59NJX9HgGL8�CD:�:JHDXwCLX9X�;�GDCL7959;J:���;J:�Hg79;pHL5 f 8�7
7959B�HDM]X9;J79M*R�HL>bab�W� �kA0>0CDB�H{GDCD:_N�H{CLX9X�;�GDCL79HD\_79;[;�:JH{�cEF` �W:_798�HY;�798JHD>|8JCD:�\�oFC{7�59B�HDM]X9;�7�GDCD:yNJH
CDM]M]5 f :�HD\%79HDB�R�;�>0CD>�5�X9I%79;�CD:��pEFo�M];%798�CL7';�:JH�79;�HD5 f 8�7'�cEFMgGLCD:}=JM]Hi;�:JHi7�59B�HDM]X9;�7'q0Md79CD7�59M]7�5�GDCLX
B�=�X97959R�X9HLx�59: f r0`[�c;�>�HD;�eJHD>0oy=�RJX959:�S�CD:�\O\J;�UW:�X�59:�S�GD8�CD:�:�HLX9MhCD>�HkCDX�X9;�GLCD7�HD\OM]HLR�CD>�CD7�HDX9IJoyUW8�59GD8
HDA0A�59GL59HD:J79X9I{M]=�R�R�;J>07�MzCDM]IJBTB�HD79>059G'\JCD7�C'7�>0CDA�A05�GD`

2.3.
"� � $ 
���
�� �#� &'-0(#� � � ��(��D1�-���&'2�3 �D1�2�3�&#� �'2��	&#� �D1�2�(���� /.2�&#� � � �

ab8�HVHDxJ59M]7�59: f �WEF� :�HL79UW;�>0Sp\�;�HDMT:�;�7�R�>0;�eJ59\�HVCD\�H �J=�CD7�HZA0=J:�GD7�59;�:JCDX�5979Ip79;pM]=�R�R�;J>07�RJCDGDSJHD7�\JCD79C
>0;�=�7�59: f CD:�\_79>0CD:JM]A�HD>0`�ab8JHD>0HLA0;J>0HDo�798�H.GL;�:�eJHD:�795�;�:�CLX��WEF��Md79>�=�GD7�=�>0H{8�CDM'NJHDHD:[HDx�7�HD:�\�HD\[N�I[C.:�HDU
GDX9CDMdMy;JA.X9; f 59GLCDX�:JHD79UW;J>0S�:�;�\�HDMy59:};J>0\�HD>.79;�GD>0HLCD7�HiCD:�HD:�\�n�79; n�HD:�\}R�CDGDSJHD7'79>0CL:�M]A�HD>�B�;�\�H �'798�H
� ���#� � � ������� � 
 ��� � q0�WEF�Wr0` �WEF�WMzCD>�H�>�HDM]R�;�:JM]59NJX9H'A0;�>�798�H�\�HLX959eJHD>0I�CD:�\T>�;�=�7�59: f ;�A�\�CL79C�R�CDGDSJHD79M
N�HD79UWHDHL:.798JH'�cE�MzCD:�\{798�H*HDx�7�HD>0:JCDX��F�W�WM]`���5 f =�>0H'��` �.5�X9X9=JM]7�>0CL79HDM|798�H'�W����EyM]IJM]7�HDB CD>0GD8�5�79HLGD79=J>0HD`

��� ����� �	��
 ��
�	��
�� �������������� ����� ���#������ �

ab8�H � � �� � 
�� � ��� q0EF�WEF�Wr�59M|>0HDMdR�;�:�Md59N�X�H�A0;J>�7�8�H�\JHDX�59eJHD>0I.;�A�R�CDGDSJHD7�MwA�>0;�B�tu79;�798JH��cEFMzUW5�798�59:.5�79M
M]HD>0eJ59GDH.CD>�HDCD`v?�79M�79CLM]SJM�59:�GLX9=�\�H.R�CDGDSJHD7�>0;�=J7959: f CD:�\y79>�CD:�MdA0HD>0oFB�;�N�59X95�79IyB�CD:�C f H�B�HD:�79ovX9; f 59GDCDX�X95�:�S
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B�CD:�C f H�B�HD:�79o�CD:�\ZCD=J798�HD:J795�GDCD7�59;�:VCD:�\ZGL8�CD> f 59: f A0=�:JGD7�59;�:�M]` ��X9Xb�W����Ec=JM]HD>0n�>0HDX9CL79HD\V\�CL79C_:�HLHD\�HD\
N�I^798�H�EF�WEF� 79;~R�HL>0A�;�>0B 798�HDM]H%79CLM]SJM�59M�M]79;J>0HD\~U�59798J59:^798�H � ���#� � � �� � � � � q0� �wr0oYUW8�5�GD8j5�M
GD;�:�GDHDRJ79=�CLX9X9I.R�CL>07�;JA�798�H��WEF�  � ��`�ab8JH�� �}M]7�;�>0HLMw798JH�=�MdHD>�RJ>0;�A�5�X9HDo�798�H�GL=�>�>0HD:J7�EF�WEF�jCD\�\�>�HDM]M
CD:�\.798JH'�F�W�~R�>0;J79;�GD;JX,q0�F�W�Fr�CD\J\�>0HLM]M]q�HDMdr�A0;J>�HDCLGD8.�W����Ey=�MdHD>�59:.7�8�H'� ���c�W`

ab8�H ���� � � ��� � ��� q0�W�WEF�Wr�CDGL79MYCLMYCTX9; f 59GDCLXb59:J79HL>0A�CDGDH_N�HL79UWHLHD:Z7�8�H_�W����EcN�CLGDSJN�;�:�H_:�HL79UW;�>0S
CD:�\@798JH6HDxJ79HL>0:�CLX_�F�W�WM]`.?�7_GD;�:�eJHD>079Mp798�H6�W����EORJCDGDSJHD79MpGD;�B�59: f A0>0;�B 798�H6EF�WEF��59:�7�;k798JH
CDR�R�>0;�RJ>05�CD7�H.�F�W��A0;J>0B�CD7�q0HD` f ` oF?��i;�> �Y` ���JrwCD:�\yM]HD:�\JM�798JHDBs;�=�7�;�:g7�8�H�GD;J>0>�HDM]R�;�:J\�59: f �F�W�W`v?�:
798�HW;J798�HL>�\�5�>0HLGD7�59;�:�o,�F�W�VCL\�>0HLM]M]HLM�;�A�59:�GL;�B�59: f \�CD79CYR�CDGDSJHD7�M�CL>0HYGD;J:�eJHD>079HL\_79;T798�HY�WEF�QCD\�\J>0HLM]M
;�A[798JH%\�HLM]7�59:�CL7959;J:^=�M]HL>0o�CL:�\^798JHD:^798�H�RJCDGDSJHD79M�CD>0H%M]HD:J7.7�;~798JH�>�HDM]R�;�:JM]59NJX9H�EF�WEF�W`W�F;J>y798J59M
R�=�>0R�;�MdHDoz7�8�HZ�W�WEF�PM]7�;�>0HLM_798JHZGD=J>0>�HD:�7�EF�WEF�PCD\J\�>0HLM]M_;JAY7�8�H�=�MdHD>YCD:�\%8J59M[;J>{8�HL>{R�>�;�A�59X9HZN�I
59:�7�HD>0>�; f CD7959;J:�A�>0;�Bl798�H  � ��tu� ��` Firewalls

CD>0H�=�M]HD\�N�HD79U�HDHD:�798�HW�W�WEF�@CD:�\�HDx�7�HD>0:�CLXF�F�W�WMw79;
R�>0;�eJ59\�H'MdHDGD=J>05�79IJ`

?�: f HD:�HD>0CDX9o'798�HL>0Hc59M�C%B�CD:�I�n�79; n�BTCD:�I6>0HDX9CD795�;�:�M]8J59R^N�HL79UWHDHD:6798JH�EF�WEF�WM�CD:�\^798�H%�W�WEF�WM �.C
�W�WEF� 59M�798�H.59:J79HL>0A0CLGDH.79;gHDx�7�HL>0:�CLX��F�W�WM�A0;J>wM]HDeJHD>�CDX�EF�WEF�WM ��CD:VEF�WEF��B�CDIg>0;�=�79H�597�MWR�CDGDSJHD7�M
;�eJHD>T\�59A�A0HL>0HD:J7Y�W�WEF�WMZ79;h>0HDCLGD86\J59A�A0HD>�HD:�7Y�F�W�WM]` �WX9XY�WEF�WMVCD>�HcGD;�:�:�HDGL7�HD\6eJ59CpCD:6?��vn�N�CDM]HD\
�W����EyN�CDGDSJN�;�:�H':�HL79UW;�>0SJ`�a�8�HD>�H'CD>�H'79UW;.SJ59:�\JMz;�A��W����EyN�CDGDSJN�;�:�HDM �

• � 
� � �������	� � � ��
����
 � 
� 
� � � ��� � � GL;�:�:�HLGD7b�WEF�WMY;JA�7�8�H_MdCDB�H_� ���c�OCD:�\ZCL>0H_798�HD>�HDA0;J>0H
R�>059eJCD79H*?��vn�N�CDM]HD\.:�HD79UW;�>0SJMz;JA�798JH'�W����Ey:�HD79UW;J>0S{R�>0;�eJ59\�HL>0`

• � 
��� � �����	� � � ��
�����
 � 
��
� � � � � � � GD;�:�:�HLGD7Z�WEF�WMh;�Ac\J59A�A0HD>�HD:�7V� ���c�WM]` � >0;�CDB�59: f
C f >0HDHDB�HD:�7vN�HD79UWHLHD:T79UW;_�W����EZ:�HD79UW;J>0STR�>0;�eJ59\�HD>�M�5�M�:�HDGLHDMdM]CD>0IT79;T59:�Md79CLX9XvM]=�GD8_C{N�CLGDSJN�;�:�HDo
CD:�\ 
 ��� � � � ������ � ��� � q (��Wr�CL>0H'59:�Md79CDX�X9HD\.N�HD79U�HDHD:�HLCDGD8�� ���c�j79;.R�>0;�eJ59\�H'>0;�CDB�59: f N�HD79UWHLHD:

networks.

�'" '"�"� � $ 
��'- 	�� (���(#��&*-0&�(�� �'- � 
���� ( 


�'" '" !�"�� ����� � (�&���� /.2�
 �	/.- "� � $

�W����E}59M�Md79CD:�\JCD>0\J5 � HD\i79;i;JR�7�59B�CDX9X9I�M]=�R�R�;�>�7wCVU�59\�Hg>0CD: f HV;�A�CDR�RJX95�GDCD7�59;�:JMT>0CL: f 59: f A0>0;�B<eJHD>0I
A0>0H �J=�HD:J7�7�>0CD:�M]B�59M]Md59;�:JM';�A|M]B�CDX9X�\�CL79C.eJ;�X9=�B�HDM'79;[59:JA0>0H �J=�HD:J7�7�>0CD:JM]B�59M]M]59;�:JM�;�AwB�HD\�59=�Bs79;gX�CD> f H
\�CD79C'eJ;�X9=�B�HDM]` (�HDIJ;�:�\.CLX9X�\�;J=�N�7�o�798JH'B�;�M]7�59B�R�;�>079CL:�7�CLR�R�X�59GDCL795�;�:.A�;�>��W����Ey5�M � � � �� � � � � 
���� � 
���� .
4659>�HDX�HDM]M��F�wM�M]8�;�=JX9\�M]=�R�R�;�>�7�CD:�I�GD;�:�eJHD:�7959;J:�CLXF?�:�79HD>0:�HL79n�N�CDM]HD\_CDR�RJX959GLCD7�59;�:�o,X959SJHYA�59X�HY79>�CD:JM]A0HL>0o�HDn
B�CD59X9o.GD8�CL7_;�>ZUWHLNkN�>0;�U�M]59: f ` +W59\�HL;k5�McN�HL59: f R�HD>0GLHD59eJHD\ CDMcC^SJHDIkHDX9HDB�HD:�7[;�A�B�=�X97�59B�HD\�59C
M]HD>0eJ59GDHLM]o�CD:J\[C{GD;J:�Md59\�HD>�CDN�X�H{CDB�;�=�:�7�;JA|Md79CD:�\�CL>0\J5 � CD7959;J:[HLA0A0;J>07�8JCDM'NJHDHD:[A0;�GD=JM]HD\y;�:[798JH.79CLM]S[;�A
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>0HD\�=�GL59: f N�CD:�\�UW5�\�798{\�HDB�CD:�\�M]` (�CDMdHD\.;�:{798�5�MzMd79CD:�\JCD>0\J5 � CD795�;�:.HLA0A0;J>079oJHDeJHD:.79>�CD:�M]B�59M]Md59;�:.;JA�eJ59\�HD;
59:�A0;J>0B�CD7959;�:{M]HDHDB�Mz79;.NJH'CDR�RJX95�GDCDNJX9H*A0;�>��W����EF`

�W:�;�798�HL>@eJHD>0I<59B�R�;�>079CD:�7}CDR�R�X�5�GDCD7�59;�:<CD>0HLCK5�M�>0HLR�>0HLM]HD:J79HD\ N�I<>0;JCD\ 7�>0CLA0A�59GKCL:�\Q7�>0CD:JM]R�;�>�7
59:�A0;J>0B�CD7959GDM'q��wa�ab?�rwCDR�R�X�59GDCL7959;J:�M]ovMd=�GD8VCLMW\J59M]7�>05�N�=�7�59;�:V;JA�7�>0CLA0A�59GTGL;�:�7�>0;�X�59:JA0;�>0B�CD795�;�:Vq0>�;�CD\gCD:�\
UWHDCD798�HL>pGD;J:�\�5�795�;�:�M]r�o[A�X9HDHL7VB�CD:�C f HDB�HD:�79o[>0;�=�79H f =�59\JCD:�GLH@CD:�\�RJCD>0SJ59: f B�CD:�C f H�B�HD:�79` �W798�HD>
R�;�M]Md59N�X�H�CDR�RJX95�GDCD7�59;�:JM@CD>�H�GD;�:J:�HDGL79HD\ 79; A059:�CL:�GL59CDXi7�>0CD:�MdCDGL7959;�:JM �pHDX9HLGD7�>0;�:J59GOGLCDM]8KCD:�\PA�=�:�\
79>0CD:JM]A�HD>0M�\�;V:�;J7�8�CDeJHTeJHD>0Ig8�5 f 8ZGD;�BTB�=�:�59GDCD7�59;�:Z>�H ��=J59>0HDB�HD:�79M]o�CD:�\Z�W����EcGD;J=�X9\VN�H_=�MdHD\ZCLMYC
N�HDCD>�HD>�A0;�>�798�HLM]HVCLR�R�X�59GDCL795�;�:�MTCLMTUWHDX�X9` �WR�RJX95�GDCL7959;�:JM_X�59SJHZ:�;�7�59A�59GDCL795�;�:c;JAYCDX�CD>0B�M]ozGD;�X�X9HLGD7�59;�:c;JA
M]HD:�M];J>ieJCDX9=�HLM]o_\�HLX959eJHD>0Il;�A�M]79CL795�M]7�59GDMdo_8�;�B�HjCD=�79;�B�CD7959;J:�o_CDGLGDHDMdMh79; \�CL79CDN�CLM]HDM]o_M]=�>0eJHD5�X9X�CD:�GLH
M]IJM]79HDB�M]o|X9;�7�79HD>0Ii7�>0CD:�MdCDGL7959;�:�Mdo|HL79GZCL>0HVCDX9Md;cR�;�MdM]59NJX9HZN�IpH ��=J59R�RJ59: f eJCD>059;�=�MTHDX�HDGD7�>0;�:J59GZ\�HDeJ5�GDHDM]o
HD597�8�HD>�M]7�CD7�59G';J>�B�;�N�59X9HDo�U�59798{C'�WEF�[tu�W����Ey79>�CD:�M]GLHD59eJHD>0`

�'" '" �'"�$ �'- 	�� (���3���
�('- � ����� /.2

ab8�H*N�HDCL>0HL>�M]HL>0eJ59GDHDM|;�A��W����Ey;JA0A0HL>�HD:J\�n�79; n�HD:�\.R�CDGDSJHD7�M]UW5�79GD8JHD\�\JCD79C'79>�CD:�MdA0HD>�N�HL79UWHDHD:.79UW;��cE�M
;�>�N�HL79UWHDHD:�CD:T�cEgCD:�\TeJCD>�59;�=�Mw79HL>0B�59:�CDX9M]o,CD7�79CDGL8�HD\T79;_HL59798JHD>�798�HY�W����EZ:JHD79UW;J>0ST;�>b798�HWHDxJ79HD>�:�CDX
�F�W�W`'ab8�HL>0HcCL>0Hp79UW;6\J59A0A�HD>�HD:�7YSJ59:�\JMZ;�ATM]HL>0eJ59GDHDM �Y7�8�HcR�;J59:�79n�79;�n�R�;�59:�7Yq0��ab��r[M]HL>0eJ59GDHcCD:�\6798�H
R�;�59:J79n�79; n�B�=�X97959R�;�5�:�7bq0��ab�pr*M]HL>0eJ59GDHD`�a�8�H ���!��� � �� ����� ;�A�A0HD>�M.7�>0CD:JM]A0HL>';JA'\�CL79CyRJCDGDSJHD79M.NJHD79UWHLHD:
79UW;y=�M]HL>0M]`F?�7�59M*;�A0A�HD>�HD\y59:[N�;�7�8gGD;�:�:JHDGL7959;�:JX9HLM]M�B�;�\�H�CD:�\gGL;�:�:�HLGD7�59;�:�n�;�>059HD:J79HD\gB�;�\�HD`Fab8�H.A05�>0Md7
79IJR�H_59MYCT\�CL79C f >0CDBTn�X959SJH_M]HD>0eJ59GDHDo�59:�7�HD:�\�HL\Z79;VM]=�R�R�;J>07�N�=�>0Md79IV:�;�:�5�:�79HL>0CDGL7959eJH[CLR�R�X�59GDCL795�;�:�M{NJCDM]HD\
;�:@798�Hh?���;�>V798JHh�����W�F`Yab8�H}M]HDGD;J:�\@79IJR�H}59Mp5�:�79HL:�\�HD\j79;kM]=JR�R�;J>07_NJ=�>0Md79I@79>0CL:�M]CLGD7�59;�:�CLX_;�>
59:�7�HD>0CLGD7�59eJH{CDR�R�X�59GLCD7�59;�:�M�N�CDM]HL\[;�:��Y` ���_;�>b798�H.� �W�W�F`�ab8�H ��� � � � �� ��� � ;�A�A0HL>0M'7�>0CD:JM]A0HL>z;JAz\�CL79C
R�CDGDSJHD79M'A0>0;�Bs;�:�H�=�MdHD>z79;gB�=�X9795�R�X9H�=�M]HL>0M]`vab8JHTA0=J:�GD7�59;�:JCDX95979Iy;�Aw798�HT��a���M]HL>0eJ59GDH�GDHD:J79HD>wq0��ab�cn
EF��rz79;y8JCD:�\JX9H.7�8�H.��a���M]HL>0eJ59GDH.59M'59:�GLX9=�\�HD\gU�59798J59:y798�H��W�WEF�W`Fab8�HL>0H.HDx�5�M]7�79UW;gSJ59:�\�M�;JAw��ab�

services:

•
�WM]59: f 798�H[B�=�X97�59GDCLM]7|MdHD>0eJ59GLH[q0��a��cn��cr0o�\�CD7�C[R�CDGDSJHD7�M{CL>0HyNJ>0;�CD\JGDCDMd7z7�;�CDX�XzMd=�N�M]GL>059NJHD>�M.59:�C
GDHD>�79CD5�: f HD; f >0CDR�8�59GLCDX|CD>0HLCD` � f >0;�=�R�5�\�HD:J795�A05�HD>*59:�\J59GDCL79HDM.UW8JHD798JHD>*798�HyRJCDGDSJHD79M{CD>�Hy59:J79HD:�\JHD\
A0;�>�CLX�X�=�M]HL>0Mz;J>�;�:JX9I{C'M]=�NJM]HD7,N�HDX�;�: f 59: f 79;.C'MdR�HDGL59A�59G'��ab� f >0;�=�R�`

•
�WM]59: f 798�H f >0;�=�RyGDCLX9X�MdHD>0eJ59GDH�q0��a��cn��Wr0o�\�CD79CTR�CLGDSJHD79MWCL>0H�CD\�\�>�HDM]MdHD\V7�;VCTRJ>0HD\�HLA05�:�HD\ f >0;�=�R
;�Ab=�MdHD>0M�GD;�:J79>0;JX9X�HD\[N�I_C{B�=�X97959GLCDMd7�M]HL>0eJHD>|CD:�\_CD>�H{M]HD:J7�;�=�7F59:[798JH f HD; f >0CDR�8�5�GDCDXvCD>�HDCDM*UW8JHD>0H
798�H f >0;�=�R.B�HDB�N�HD>0MzCD>0H*GD=�>�>0HD:J79X9I{X9;JGDCL79HD\�`

?�7�59MWCDX9M];gR�;�M]Md59NJX9H�79;VM]HL:�\VEF�cEpB�HDM]M]C f HDMW;�eJHD>��W����EpN�IgGD;�:�:JHDGL7959: f 798JHT�WEF� EF�pEFn��cEF�k79;
798�H'EF�WEF�W`



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

13

�'" '" � " � 1v&#� � � �p/�� 
��'- 	�� (��

ab8�H �W;�E >0H ��=�5�>0HDB�HD:�79Mi;JAV79IJR�5�GDCDXTB�;�N�5�X9HhR�CLGDSJHD7T\�CL79C}CDR�R�X�59GLCD7�59;�:�MiCD>0HheJHD>0Ij\�59eJHD>�M]H}q0HD` f ` o
GD;�:�M]5�\�HD>w>0HLCDX9n�7959B�H[B�=�X97959B�HD\�59CDo�UWHLNZN�>�;�UWM]59: f CD:�\VHDn�BTCD59Xb79>�CD:�MdA0HD>�r0`�EF=�R�RJ;�>�7b;�A�\�5�A0A0HD>�HD:J7 �W;�E
GDX9CDMdM]HDMdoFUW8�59GL8yGDCD:[N�H.MdR�HDGL59A�59HD\[A0;�>|HDCDGL8y59:�\J59eJ59\�=�CLX�MdHDM]M]5�;�:�o�59M'798�HL>0HDA�;�>0H.CD:y59B�R�;�>079CD:�7�A0HLCD79=J>0HD`
�W����EyCDX9X9;�UWM|\�HDA�59:J59: f �W;�EyR�>0;�A�59X�HDMz=JM]59: f 798JH�R�CL>0CDB�HD79HD>�MwM]HL>0eJ59GDH�RJ>0HDGLHD\�HD:JGDHDo�>0HDX�59CDN�5�X�5�79IJo \�HDX9CDI
CD:�\.798J>0;�= f 8�R�=�79`

•
ab8�H � � �� � ��� � � ����� � ��
� � 5�M�798JHgR�>�59;J>05�79I�;�A�CgMdHD>0eJ59GDHy59:�>0HLX9CD7�59;�:�79;�CD:�;�7�8�HD>'M]HD>0eJ5�GDHD`�ab8�HL>0H
HDx�59Md7�7�8�>0HLH'X�HDeJHDX9Mz;JA�R�>�59;J>05�79I ��8�5 f 8�o�:�;�>0B�CDX�CD:J\.X9;�UW`

•
ab8�H

reliability
59:�\�5�GDCL79HDMw798�HW7�>�CD:�M]B�59M]Md59;�:TGL8�CD>�CDGD7�HD>�59Md7959GLM�>�H ��=J59>0HD\TN�ITCD:_CDR�RJX959GLCD7�59;�:�`,a�8�>0HLH

>0HDX�59CDNJ59X�5979I GLX9CDM]MdHDM CD>0H \�HDA�59:�HD\JohUW8�59GL8 f =�CD>0CD:J79HDHmGDHL>079CL59:�B�CDx�59B�= B eJCDX9=�HDM A0;J> 798JH
R�>0;�N�CDNJ59X�5�79I{;�A�X9;JM]M]o�\�=JR�X�59GDCL7959;J:�o�B�59M]n�M]H ��=�HD:�GD59: f CD:�\.GL;�>0>�=�R�7�59;�:{;�A�RJCDGDSJHD79M|q07�CDN�X�H'��`0��r0`

•
ab8�H

delay
RJCD>0CDB�HD79HL>0M{\JHDA�59:�H[B�CDx�59B�= BPeJCDX9=�HDM{A0;�>�798JHyB�HDCD:�\�HDX9CDI�CD:�\�798�H 	���n�R�HD>0GDHD:J795�X9H

\�HDX9CDIjq�79CDNJX9Hh��` �Jr0`Yab8�H}\�HLX9CDIj59Mp\JHDA�59:�HD\jCDMp7�8�HhHL:�\�n�79; n�HD:�\k79>0CL:�M]A�HD>V7959B�H6N�HD79UWHLHD:@79UW;
GD;�BTB�=�:�59GDCD795�: f �cEFMT;�>�N�HD79U�HDHD:pCL:p�cE}CD:�\pCD:iHDxJ79HD>0:JCDX��F�W�W`|ab8J59MT59:�GLX9=�\�HLM_CLX9X�\JHDX�CDIJM
UW59798J59:�798JH[�W����E%:�HL79UW;�>0SJo�HD` f ` o�798�H[\JHDX�CDIZA0;�>�>0H ��=�HLM]7bCD:�\�CLM]Md5 f :�B�HD:�7z;�A'>0CD\J59;�>0HDM];J=�>0GLHDM
q0CDGDGLHDM]M|\�HDX�CDIJr0o 798JH�\�CL79C�B�HDM]M]C f H�7�>0CD:�M]B�59M]Md59;�:.7959B�H�q07�>0CD:JM]A0HL>�\�HLX9CDIJr�CD:J\�798JH�7�>0CD:JM]5�7�\�HLX9CDI.59:
798�H��W����EiN�CLGDSJN�;�:�H�:�HL79UW;�>0SJ`va�8�H�	���n�R�HD>0GDHL:�7�59X9H�\�HLX9CDIg59M�798�HTB�CDx�59B�= B \�HDX9CDI f =�CD>0CD:�79HLHD\
59: 	��.RJHD>0GLHD:�7,;�A�CDX�X�7�>0CD:�MdA0HL>0M]`

•
ab8�H

throughput
MdR�HDGL59A�59HDMy798�H�=�M]HL>�>�H ��=�HLM]7�HD\}\�CL79C�>0CD7�HD`�?�7�59Mg\�HLA05�:�HD\}N�I�79UW;h:JH f ;�7959CDNJX9H

R�CD>0CDB�HD79HL>0M]oJ798�H'B�CDx�59B�= B�tuR�HDCDS{N�597,>0CL79H'CD:J\.798JH'B�HDCD:.N�597,>0CL79HD`

������& � ��
 �
 
�� & � ����� & � � � ��& ����� ����� & �	� 
 ��
�����& ��� ��& �����

ab8J>0;�= f 8�R�=�7|GDCD:�NJHy:�H f ;�7�59CD79HL\�o�UW8�5�X9H[\�HDX�CDIJo�>0HDX�59CDNJ59X�5979I�CD:�\�M]HL>0eJ59GDHgRJ>0HDGLHD\�HD:�GLHgCL>0HgGLX9CDMdM]5�A05�HD\
N�IZ\�59A0A0HL>0HD:J7 �W;�E%GLX9CDMdM]HDM]` �WM]59: f 798JHDM]H �W;�EcGDX�CDM]MdHDM]o$�W;�E�RJ>0;�A�59X�HDM.GLCD:�N�H[:�H f ;�795�CD7�HD\�N�HL79UWHDHD:
798�HZB�;�N�59X9HV=�M]HL>YCD:J\%798JH�:�HL79UW;�>0ScA0;�>YHDCLGD8%M]HLM]Md59;�:�ow\JHDR�HD:�\J59: f ;�:%798JH �W;�E^\�HDB�CD:�\%CD:�\c798�H
GD=�>0>�HD:�7�CDeJCD59X�CDN�X�H.>�HDM];�=J>0GDHLM]`�ab8�H.NJ5�X9X�59: f ;�Az798JH.M]HL>0eJ59GDH.59M'798�HD:yN�CDMdHD\g;�:yM]=�N�MdGD>�59R�7�59;�:gA�HDHLM�R�CL59\
>0H f =�X9CD>�X9ITA0;�>�CYA�59x�HD\TR�HD>�59;�\[CL:�\_79>0CLA0A�59GYA0HDHLM*R�CL59\[CLM*CYA0=�:�GL7959;J:[;�Ab\�CD7�C{eJ;�X9=�B�HDo�79IJR�H{;�A|MdHD>0eJ59GDH
>0H ��=�HLM]7�HD\.CD:�\{798JH'GD8�;JM]HD:��W;�EyRJ>0;�A�5�X9HD`
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?�:ZC_�W����E tu�WEF� :�HD79UW;�>0SJo�GD;�:�eJHD:�7�59;�:�CLX|�WEF� GD5�>0GD=J597bM]UW5�79GD8�HD\ZM]HL>0eJ59GDHDMYq0M]RJHDHDGD8Jo�GD5�>0GD=J597b\�CL79C
CD:�\gEF�cE�rwCD:�\y�W����EiR�CDGDSJHD7�M]U�597�GD8�HD\yM]HD>0eJ59GLHDM�GLCD:gNJH�=�M]HL\g59:yR�CD>�CDX�X9HLX9`p?�:g;�>0\�HD>w79;VM]HL>0eJHT798JH
\�59A�A0HD>�HD:�7�:�HDHD\JMW;�AweJCD>059;�=JMWB�CD>0SJHD7�M]H f B�HD:�79M]o�798�>�HDH��cEpGDX�CDMdM]HDM�CD>0H�\�HDA�59:�HL\�o�HDCLGD8VUW5�798Z\J59Md7959:JGD7

capabilities:

•
� �� ��� � �<B�;�N�59X9HcMd79CL795�;�:6M]=�RJR�;�>�79MVM]59B�=�X979CD:JHD;�=�MV;�R�HL>0CD7�59;�:h;�A[�W����E CD:�\6GD;�:�eJHD:�7�59;�:�CLX
�WEF�<M]HD>0eJ59GLHDM]`

•
� �� ��� ��� B�;�N�59X9HjMd79CL795�;�: 5�M}CDNJX9H~79; >�H f 59M]7�HD>iUW5�798l798�H@:JHD79UW;J>0S A0;�>pN�;J798��W����EKCD:J\
GD;�:�eJHD:�7959;J:�CLX��WEF��MdHD>0eJ59GDHLMWMd59B�=�X979CD:�HL;�=�MdX9IJ`�?�:VGD;�:�79>�CDM]7�79;gCD:V�cEp;�A�GLX9CLM]M �Wo�5�7bGLCD:Z;�:JX9I
=�M]H';�:JH';�A�798�H*79UW;.MdHD>0eJ59GDHLMzCL7�C f 59eJHD:.7�59B�HD`

• � �� ��� ��� B�;�N�59X9H%Md79CL7959;J:^GDCD:6CD7�79CLGD8^A0;J>[HL59798JHD>[�W����E ;J>[GD;�:�eJHD:J7959;�:JCDX{�WE�� M]HL>0eJ59GDHLM]`
EF59B�=�X979CD:�HD;J=�M{>�H f 59M]7�>0CL7959;�:Zq0CL:�\�=�MdC f HDr*59M{:�;�7|R�;�M]Md59NJX9HD` �W:�HLx�GDHDRJ795�;�:�CL>0HyE��cE�B�HDM]M]C f HDM]o
UW8�59GD8iGLCD:iN�Hy>0HLGDHD59eJHD\iCL:�\pM]HL:�7wCD7�CL:�Ii7959B�HD`|ab8J59M��cEhGLX9CDMdMT5�MTB�CD79GD8�HD\i79;p7�8�HgX9;�UWn�GD;�M]7
>0H ��=J59>0HDB�HD:�7�;JA�7�8�H'B�CDM]MzB�CD>0SJHD79`

�'" �'"�$ � 
�
 � /.2 �i&'2�&�+��#� �'2������p/�� � � � � � �p&'2�&�+��#� �'2���&'2�3O-0/.1����#2�+ �#2 "� � $

�'" �'" !�"�$ ��
 
 � /.2 �p&'2v&�+��#� �'2��

(�HDA0;�>�H�CD:y�cEiGDCL:g=�M]H.�W����EiM]HD>0eJ59GLHDM]oF597�B�=�M]7�>0H f 59M]7�HD>wU�59798yCD:gEF�WEF��;�Aw798�H��W����Ep:�HD79UW;J>0SJ`
ab8�HW:�HL79UW;�>0STGD8�HDGDSJM�5�A�798�HY=�MdHD>�59M�CD=�7�8�;�>�5 � HD\�o�GD;�RJ59HDM�798JH{=�M]HL>|RJ>0;�A�59X�H{A�>0;�BO798�H  � ��tu� �^79;_798�H
EF�WEF�Wo�CD:�\[CDM]Md5 f :�M*C{RJCDGDSJHD7v79HDB�R�;�>0CD>0I_B�;�N�59X9H{M]=�NJM]GL>059N�HL>b59\�HD:J795�79I_q0�Fn�ab�cEF?�rz79;y798�H.=�MdHL>0`�ab8J59M
R�>0;�GDHL\�=�>�HY59M�GDCLX9X�HD\��	��
�������������F`��F;J>b�cE�M�=�Md59: f N�;�798_GL5�>0GD=J597FCD:�\[R�CLGDSJHD7�M]UW5�79GD8JHD\[MdHD>0eJ59GDHLM*5�7
59MWR�;JM]M]5�N�X9H�79;VRJHD>�A0;�>0B GD;�B�N�59:�HD\Z�W����E tu?��cEv?wCD7979CDGL8ZR�>0;�GLHD\�=J>0HLM]`�ab8�H_\J59MdGD;�:�:�HLGD7�59;�:ZA�>0;�BK798�H
�W����Ey:�HD79UW;�>0S{59M|GDCLX9X9HL\��	��
�������������F`J?�7�GDCD:.N�H*59:�5�795�CD79HL\.N�I{798�H*�cEy;J>�N�I{798�H':JHD79UW;J>0SJ`

ab;ZHDx�GD8JCD: f H[\�CD7�C[R�CDGDSJHD7�M{UW5�798�HDxJ79HL>0:�CLX|�F�W�WM{CLA079HL>'C[M]=�GDGLHDM]MdA0=JXz�W����E�CD7�79CDGL8�o�CD:��pE�B�=�M]7
CDR�R�X9I{A0;J>�;�:�H';J>�B�;�>0H'CD\�\J>0HDMdM]HDM|=�M]HL\.59:{798�H'�F�W�WoJHD` f ` o�A0;�>�CD:�?��gCD\�\�>0HDM]Mz59:.GDCDMdH�798JH��F�W�j59MzCD:
?���:�HD79UW;�>0SJ`�ab8J59M�CD\�\J>0HDM]M�59M�GDCLX9X�HD\[�F�W��CD\�\J>0HDMdM]`F�F;J>zHDCLGD8yM]HLM]Md59;�:�oFC{M];�n�GDCDX9X9HL\ ��� � � � 
������ � 59M
GD>0HDCL79HD\�o�UW8�59GL8}\�HDMdGD>�59N�HLMg798�H�GD8�CL>0CLGD79HL>05�M]7�59GDMy;�A.798�H�M]HDMdM]59;�:J`�?�7�GD;�:�79CL59:�Mg798�Hp�F�W�j79IJR�Hpq0HD` f ` o
?��Fe �r0o,798�HW�F�W�VCD\�\J>0HDMdM�CDMdM]5 f :�HD\T7�;T798JHW�cEgq0HD` f ` o,?��ZCD\�\�>0HDM]M�n�����	�`0� � %�` �����J`0� ��n�r0o�798�HW>0H ��=JHDM]7�HD\
�W;�EgCD:�\�798JH�CD\�\J>0HLM]Mw;JA�CW�W�WEF�@798JCD7�M]HD>0eJHDMwCDM�7�8�HWCLGDGDHDMdM�R�;J59:J7F79;�798�HW�F�W�W` ab8J59M��F�W�gGD;�:�7�HDx�7
59M�Md79;�>�HD\659:^798JH%�cEFo'798JH%EF�WEF� CD:�\6798�H%�W�WEF�W`�4h597986CD:^CLGD7�59eJH��F�W�lGD;�:�7�HDx�79o�798�H%�cEl5�M
� eJ59M]59NJX9H �VA0;�>W798�HVHDxJ79HD>0:JCDX��F�W�PCL:�\c5�M_CDNJX9HV79;cMdHD:�\cCD:J\c>0HLGDHL59eJHZ\�CD79CVR�CDGDSJHD7�M]`zab8�H�B�CDR�R�59: f
N�HD79UWHDHL: 798JH~79UW; CD\�\�>�HDM]MdHDM��F�W�sCD:J\l?��cEv?�oTHD:�CDN�X9HDM%798JH~�W�WEF� 79;l7�>0CD:JM]A0HL>�\�CL79C^R�CDGDSJHD7�M
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N�HD79UWHDHL:T�F�W�kCD:�\T�cEF`��k=�M]HL>bB�CDIT8�CDeJHYM]HDeJHD>0CDXvMd59B�=�X979CD:�HD;J=�M��F�W�ZGD;J:�79HLx�79M�CDGL7959eJHYCL7vC f 59eJHD:
7959B�H.q0B�=�X97959RJX9H.RJCD>0CLX9X�HDX�M]HDMdM]59;J:�M'n�=�Ry79;c����n�r0`Fab8�H  � ��tu� �~SJHDHDR�M'7�8�HDM]H{�F�W��GD;�:J79HDxJ79M*A0;�>zHDCDGD8
�cEyCDMzRJCD>�7�;�A�798JH'M]=�NJM]GD>�59RJ7959;�:{\�CL79CD`

�'" �'" �'" �g/�� � � � � � �p&'2�&�+��#� �'2��

�W=�>059: f 798�HW�W����EgM]HDMdM]59;�:�o 798JHWX9;JGDCD7�59;�:�;�A�CL:_�cEV59M�79>0CLGDSJHD\_CDGDGL;�>0\J59: f 79;_7�8�HW798�>�HDHDn�M]79CD79HYB�;�\�HDX
M]8�;�UW:g59:yA05 f =�>�H���` ��`v?�: � � � ��� � � �� � �DoF798�H.�cEi5�M�:�;J7�>�HDCDGD8�CLN�X�HD`v�FHL>0A0;J>0B�59: f C��W����EiCD7979CDGL8�o�798JH
�cE f HD79Mw59:�79; � � � � � � � � ����� �D`�4h5�798TCY�W����EZ\�HD7�CDGD8T597vB�CDIT\�59M]GD;�:�:JHDGL7vA�>0;�B�798�HY:�HL79UW;�>0STCD:�\TA0CDX�X
N�CDGDS%79; � 59\�X�H�Md79CD7�H �D`wab8JH � � � �
 � 
�� � � ����� ��U�59X�X'N�H�>0HDCLGD8�HD\�UW8JHD:�CD:%�cE~\�;JHDMy:�;J7'MdHD:�\}CL:�I
R�CDGDSJHD79M'A0;�>zC�X9;J: f R�HD>05�;�\g;�Az7�59B�HDovCD:�\g798�HL>0HLA0;�>�H�798JHT>�HDCD\�Ig7959B�HD>�q0UW8J59GD8VU�CDMWMd79CL>079HL\VCL7��W����E
CD797�CDGD8Jr�HDx�RJ59>�HDM]`

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

ab8�HL>0HYCD>0HY:�;[8�CL:�\�;�eJHD>0M*NJHD79UWHLHD:[GLHDX�X9M�59:[�W����E �v798�H{GLHDX�X�5�M'M]HLX9HLGD79HL\yCD=J79;�:�;�B�;�=�M]X9I[N�I[798�H.�cE
CD:�\�798JHy>�HDM]HLX9HDGL795�;�:�R�CL>0CDB�HD79HD>�M.CL>0HyMdHD:�7|A0>�;�B 798�Hg:�HD79UW;J>0SJ`bab8JHgX9;JGDCL7959;�:�=�R�\�CL79HyA0>0H ��=�HD:JGDI�59M
\�HDR�HD:�\JHD:�7�;�:g798JH�Md79CL79H�;JAw798�H.�cEF`v?�: � 59\JX9H�Md79CL79H �DoF:�;gX�;�GDCL7959;J:g=�R�\JCD7�59: f 59M�R�HL>0A�;�>0B�HD\�ov59` HD` oF798�H
GD=�>0>�HD:�7|X9;JGDCD7�59;�:�;JA*798�H[�cE�59M{=�:�SJ:�;�UW:�79;�798�Hg:JHD79UW;J>0SJ`��W:i�cE}59: � >0HLCD\�I�M]79CL79H �g59:JA0;�>0B�M�5�79M
EF�WEF� ;�AyHDeJHD>0I^B�; eJH�B�HD:�7.79;~C�:JHDU GDHLX9X9`W?�: � M]7�CD:�\�N�I^M]79CL79H �DoW798JH�X�;�GDCL7959;J:j59:JA0;�>0B�CD7�59;�:j59M
=�R�\�CD7�HD\�;�:JX9I.UW8�HD:�798JH�>0;�=J795�: f CD>0HDC'q�� �Wr�59MwGD8JCD: f HD\�`�ab8�5�M � �@59MwCWM]=JN�M]HL7F;�A�798�H��WEF� � �@CD:�\
GD;�:�M]5�M]7�M�;�A�CD:_;�RJHD>0CL79;J>0n�\�HDA059:�HD\ f >0;�=�RT;�A�GDHDX�X9M]`,a�8�HYEF�WEF�kUW59X�Xv;�:JX9ITN�HY59:JA0;J>0B�HD\[UW8�HD:[CD:[�cE
B�; eJHDM�79;_CY:�HDU � � �FGDHLX9XFGD8�CD: f HDM�UW5�X9XF:�;�7FN�HY\J59M]GLX9;�MdHD\�`�a�;TA059:J\[;�=J7�798JH{GD=�>0>�HL:�7vGDHDX�X�;JA|CD:_�cE
59: � Md79CD:J\�N�IiM]79CL79H �Do|R�C f 59: f ;�AY798JHZ�cE6U�59798J59:pCZGDHL>07�CD59: � �PB�=�M]7�N�HVR�HD>�A0;�>0B�HD\�`z�F;�>W�cEFMT59:
� >0HDCL\�I{M]79CL79H �Do�:J;.R�C f 59: f 59Mz:JHDGDHLM]M]CL>0IJ`

�W:.=�R�\�CD7�H';�A�X9;�GLCD7�59;�:{59:�A�;�>0B�CD7959;�:{59M|\�;�:�H*N�I{M]HD:�\�59: f C � >0;J=J7959: f =�R�\�CL79H*>0H ��=JHDMd7���7�;�798JH�EF�WEF�W`
ab8J59M�>0H ��=JHDM]7�59:�GLX9=�\JHDM�798�H�59\�HD:J795�79Ig;�A�7�8�HT:�HDU GDHDX�X�CLMWUWHDX9X�CLMW798JHT:�HDU�CL:�\V;JX9\�� �WM]` �W:V59:�7�>0CDn
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EF�WEF�l=�R�\�CD79H{59M'R�HD>�A0;�>0B�HD\gUW8�HD:y798�H�EF�WEF� 8�CL:�\�X�HDM�N�;J798y798�H�;JX9\gCL:�\g:�HDU � �WM]`v?�:g798�5�M�GDCLM]HDo
798�HD>�H{5�M*:�;[:JHDHD\_79;_59:�A0;J>0BO798�H{�W�WEF� ;�>  � ��tu� �^Md59:�GDH{798JH.>0;�=J795�: f GD;�:�79HLx�7�8JCDM':�;[GD8�CD: f HD`F?�A
798�H[;JX9\ � � 5�M{M]HL>0eJHD\�N�IZCD:�;�798JHD>*EF�WEF�Wo�7�8�59MY:�HDU EF�WEF�s59:��J=�5�>0HDM{798�H[;�X9\�EF�WEF� 79;�M]HL:�\�7�8�H
�F�W� GD;�:�79HLx�7 tuM�;JA[798JH%�cEF` �WA�7�HD>0UWCL>0\�M]o��W�WEF� CD:�\  � ��tu� �PCD>�H%59:JA0;�>0B�HD\~CDN�;�=J7{798�H�:JHDU
>0;�=�7�59: f GD;�:�7�HDx�7�o�CD:�\{798�H'�F�W�[GD;�:�7�HDx�7 tuM|CD>�H'>0HDB�;�eJHD\.N�I{798�H';�X9\.EF�WEF�W`

�'" �'" � " �'/.1����#2�+

�W:[HDx�CDB�R�X9H{;�A|8J;�UlR�CDGDSJHD7�M'CL>0H.>�;�=�7�HD\y59:[�W����E�59M'RJ>0HLM]HD:J79HD\[59:yA�5 f =�>0H.��` J`F?�7�59M'CDMdM]=�B�HD\y798�CL7
798�H_�F�W�O5�MYCD:Z?��c:�HD79UW;�>0SVCD:�\V798�CL7b7�8�H_8�;�B�HDn�� ���c�O;�A*798�H[�W����E%�cEc59M{� ���c�W��`�?�7|59M{CLX9M];
CDM]M]=�B�HD\.798�CL7�CD:{?��yCD\�\�>0HDM]Mz8JCDMzNJHDHD:.CLM]Md5 f :�HD\.79;{798�H*�cEyN�I{798�H'�W�WEF�~;JA�� ���c�W�.;�>�� ���c�y��`

��� ����� �	��
 � 
�	��
�� � (��%��� $%� ���� �!)�& �

ab8�H*�W����Ey�cEyX�;�GDCL79HD\{59:.� ���c�y��M]HD:J\�MzR�CLGDSJHD79M|79;.C*8�;�Md7�GD;�:�:JHDGL79HD\{79;.7�8�H'?��y:�HD79UW;�>0SJo�HD` f ` o�79;
C{M]HD>0eJHD>bGD;�:�:JHDGD7�HD\_79;[7�8�H{?�:�79HD>0:�HL79`�ab8�H{EF�WEF�l798�CL7�7�8�H.�cE�59M*>0H f 59Md79HL>0HD\yUW5�798[HD:�GDCLR�M]=JX9CD7�HDM*798�H
R�CDGDSJHD79MWA0>0;�BK798�HT�cEFo�HDxJCDB�59:�HDMY798JH_�F�W�cGD;�:J79HDxJ7|CD:J\�>0;�=J79HLM{798JHDBP798�>0;�= f 8�798�H_59:J79>0CDn�� ���c�y�
�W����E~N�CDGDSJN�;�:�H�79;%798�H�CDR�RJ>0;�R�5�CD7�H��W�WEF�W`�ab8JH��W�WEF�m\�HDGDCLR�M]=JX9CD7�HDM[798�HiRJCDGDSJHD79MyCD:�\}MdHD:�\�M
798�HDBs;�=�7�;�:y798�H�?��i:�HD79UW;�>0Syq0?�:�79HD>0:�HL79r0oFUW8�HD>�H�M]R�HLGD5�A05�G�>0;�=J7�59: f R�>0;�GDHL\�=�>0HLM�CL>0HTCLR�R�X�59HD\g79;VMdHD:�\
798�H'RJCDGDSJHD79M|79;{798�H'GL;�>�>0HDM]RJ;�:�\�5�: f 8�;�M]79`
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ab8�H*8�;�Md7�5�Mz:�;�U~MdHD:�\�5�: f R�CDGDSJHD79M|79;.7�8�H'�cEF` ab8�H'RJCDGDSJHD79M|CD>0H*M]HD:J7�;�=J7_;�:J79; 798�H�?��g:�HD79UW;�>0S.CD:�\
CD>0Hg>0;�=J79HD\i79;p7�8�HV�W�WEF�P;�AY� ���c�W�cq�798�HZ8J;�B�H�n��W�WEv�P;�AY798�HV�cEFr0`|a�8�HZ�W�WEF� ��=�HL>059HLM_7�8�H
 � ��tu� � CD:�\s;�N�7�CD59:JM~7�8�H 59:�A0;J>0B�CD7959;�: 798�CL7�7�8�Hl�cE 59M~GD=�>0>�HD:J79X9IsX9;JGDCL79HD\s59: � ���c�y��`Z?�7
HD:�GDCDRJM]=�X�CD79HLMz7�8�H'5�:�GD;�B�59: f R�CDGDSJHD79MzCD:J\.79=�:J:�HDX�Mz7�8�HDB 798�>0;�= f 8.798JH'59:J79HL>0n�� ���c�~�W����EgN�CDGDSJN�;�:�H
79;.798JH'CDR�RJ>0;�RJ>05�CD79H*EF�WEF�~59:.� ���c�y��`Jab8�H'EF�WEF�~\�HLGDCDR�M]=JX9CL79HLMw798JH�R�CLGDSJHD79MwCD:J\�\�HLX959eJHD>�Mw798JHDBl79;
798�H*�cEF`

�'" �'"�"� � $ ��-0/ �	/�(�/�� &'-0(#� � � ��(��D1�-��

�F5 f =�>0H%��` �659X�X9=�Md79>�CD79HLM�7�8�H%RJ>0;�79;JGD;�XYCD>�GD8�5�79HDGL79=J>0H%;JA[798JH%�W����E 7�>0CD:�M]B�59M]Md59;�:^RJX9CD:JH%=�R679;^7�8�H
:�HD79UW;�>0SVX�CDIJHD>*CDGDGL;�>0\J59: f 79;�7�8�H_59:�7�HD>0:JCD7�59;�:�CLX|;�> f CD:J5 � CD795�;�:�A0;J>*Md79CD:�\JCD>0\J5 � CD7�59;�:.tW;�R�HD:ZM]IJM]79HDB�M
59:�7�HD>0GD;J:�:�HDGL795�;�:Kq0?�E �|t �WEv?�r6>0HDA�HD>0HL:�GDHOB�;�\�HDX9` �WN�;�eJHO7�8�CD7pX9CDIJHD>0o�U�59\�HLM]R�>�HDCD\PMd79CD:J\�CD>�\�5 � HD\
R�>0;�79;JGD;�X�M_B�CDIpN�HZ=�M]HD\�`|ab8�HVM]HLX9HDGL7959;J:c;�AW798�HLM]HZRJ>0;�7�;�GD;JX9MT59M[;�=J79Md59\�HZ798�HZM]GD;�RJH�;�AY798�H��W����E

specification.

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

(�HD79UWHDHD:g79UW;V�WEF�WM]ov798�H � ���#�����

��� � �� � � � � � q0��ab�Frw79=�:�:JHDX�MW798JHTR�>�;�79;JGD;�Xb\JCD7�C_=�:J5979MWq0�F� �Wr
798�>0;�= f 8Z7�8�H_�W����EcN�CLGDSJN�;�:�H_:�HL79UW;�>0SVN�IVCD\�\�59: f >0;�=J7959: f 59:JA0;�>0B�CD795�;�:�`���ab�cR�CLGDSJHD79MYGLCD>�>0IZ798�H
=�M]HD>.-0M�?�� ;�> �Y` � �jR�CLGDSJHD79M]` (�HLX9;�U���ab�FoY798JH}7�>0CD:JM]B�59M]M]59;�:~GD;�:J79>0;JX�R�>�;�79;JGD;�X.q�ab���Frg;J>g=�MdHD>
\�CD79C f >0CDB R�>0;�7�;�GD;JXzq��W�W�Fr*CD:�\�7�8�Hy?���CD>0HyHDB�R�X9;�IJHD\�79;�79>0CL:�M]R�;J>07z798�Hg��ab�}RJCDGDSJHD79M.UW59798J59:�798�H
�W����E N�CDGDSJN�;�:�H :�HL79UW;�>0SJ`i�WHDR�HD:�\J59: f ;�: 798JH ;�R�HL>0CL79;�>.-0M :JHD79UW;J>0SPCD>0GD8J5979HLGD79=J>0HDo ��798�HL>0:�HL7
GDCDN�X�59: f o'?�EF�Y�QX959:�SJMZ;�>_CLM]IJ:�GD8�>0;�:�;J=�MZ7�>0CD:JM]A�HD>_B�;�\�Hcq��Wa��pr0n�N�CDM]HD\6R�>0;J79;�GL;�X9M�B�CDI6N�H%=�M]HD\
N�HDX9;�U~?��F`
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(�HD79UWHDHD:.798�H�EF�WEF�jCL:�\��cEFo 798JH � ��

���� � � � � � � � ��
 � ��
� � � 
 � � � �� 
��� � �� � � � � � q0EF�W�W���Fr�B�CDR�M
:�HD79UW;�>0SJn�X9HDeJHDX�R�>0;�79;JGD;�XwGD8�CL>0CDGL79HL>05�M]7�59GDM�;�:�79;i798�Hg=�:�\�HL>0X9IJ59: f X9; f 59GDCLXwX959:�SiGD;�:J79>0;JX�CD:J\pR�>�;�eJ59\�HDM
B�=�X97959R�X9HLx�59: f ;�A�B�=�X97�59R�X�H�:�HD7�UW;�>0SJn�X9CDIJHD>�B�HDM]M]C f HDM�;�:�7�;TCWMd59: f X9HWeJ59>�79=�CLXFX�; f 59GDCDX�X�59:�S�GD;�:�:�HDGL7�59;�:�`
�F=�>0798JHD>0B�;�>0HDo�GL59R�8�HL>05�: f o�M]H f B�HD:�79CD7959;�:[CL:�\[GD;�B�R�>0HDMdM]59;J:[A0=�:JGD7�59;�:�CLX95�79I[CD>0H{GD;�eJHD>0HD\[N�I[EF�W�W���F`
(�HD79UWHDHD:�798�H�(�EFE�CD:�\iEF�WEF�Wob7�8�H �#�� � ���#� ���� � � � � � q (�EFEF�W��rWGD;�:�eJHDIJMT>0;�=J7959: f CD:�\ �W;�EFn
>0HDX�CD79HL\.59:JA0;J>0B�CD7959;�:�o�CL:�\.;�R�HL>0CL79HDM|CDN�;�eJH'A�>0CDB�H'>0HDX�CDI{q0����r0`

��CD\�59;VGL;�BTB�=�:�59GDCD7�59;�:ZN�HL79UWHDHD:VCD:V�cEcCD:�\V798�HT�W����Ec:�HD79UW;J>0SVGD;�eJHD>0MYR�8�IJM]59GLCDX�CD:�\Z\JCD79CTX�59:�S
X9CDIJHD>{A�=�:�GL7959;�:JCDX�5979IJ`zab8�H�\JCD79CZX�59:�S%X9CDIJHD>.8�CLMyN�HLHD:�M]HLR�CD>�CD79HL\�59:J79;%79UW;�\�5�M]7�59:�GL7'M]=JN�X9CDIJHD>�M �*798�H
� � �� � ��� � ��
�� � � 
� �� � q � ����r�CD:�\ � � � � � ��� 
�� � � 
� � � � ��� � � ��� � ���� � � � � � 
�� �� � (RLC/MAC)
M]=�N�X9CDIJHD>�M]`�ab8�H � ���^X9CDIJHD>z;�RJHD>�CD7�HDM'CDNJ;�eJH.798�H ������t	� �W�~X�CDIJHD>zCD:�\yRJ>0;�eJ59\�HLM'C.8J5 f 8�X9I[>0HDX�59CDNJX9H
X9; f 59GDCLX�X�59:�S{N�HD79UWHLHD:.798JH'�cE[CD:�\{597�MzCDMdM]5 f :�HD\.EF�WEF�W`Jab;.CLX9X�;�U~59:J79>0;�\J=�GD7�59;�:{;�A�CLX97�HD>0:�CL7�59eJH'>0CD\J59;
M];�X9=J7959;J:�MpUW5�798�;�=J7_B�C �u;�>ZGL8�CD: f HDM]o{597T59Mp59:�\�HDRJHD:�\�HL:�7_;JAZ7�8�H ������t	� �W�QR�>0;J79;�GD;JX_CLMcA�CD>ZCLM
R�;�M]Md59N�X�HD` (�;�798pCDGDSJ:�;�UWX9HD\ f HD\cCL:�\c=�:�CLGDSJ:�;�UWX9HD\ f HD\c\�CL79CV79>0CL:�M]B�59M]M]5�;�:cB�;�\�HDM_CD>�HZM]=�R�RJ;�>079HD\J`
�F>0;�79;JGD;�XwA0=�:JGD7�59;�:�CLX95�79Ii59MTN�CDMdHD\i;�: � �W�F�WB<=�M]HD\pUW59798J59:p7�8�HV�WEF� M]5 f :�CDX�59: f R�X9CL:�HDozN�=J7�UW5�798
M]=�R�R�;�>�7WA0;�>_��a�� 7�>0CD:JM]B�59M]M]59;�:�` �WGDGD;J>0\�59: f 79;6GD;�BTB�;�:^79HD>0B�59:�;�X9; f IJo�798�H%R�>�;�79;JGD;�XY59M�GLCLX9X9HL\

LAPG.

ab8�H ������tu� �W�hX9CDIJHD>bRJ>0;�eJ59\�HDM�M]HD>0eJ59GLHDM�A0;�>�59:�A�;�>0B�CD7959;�:T7�>0CD:�MdA0HL>b;�eJHD>b7�8�HYR�8�IJM]5�GDCDXFX9CDIJHD>b;�Ab798�H
�W����E�>0CD\�59;_59:J79HD>�A0CLGDHD`F?�7�\�HDA�59:�HDM*798�H{R�>0;JGDHD\�=J>0HDM*798JCD7�HL:�CDNJX9H.B�=�X9795�R�X9H{�cEFM*79;[M]8�CD>�H.C{GD;�BTB�;�:
79>0CD:JM]B�59M]M]59;J:^B�HD\�59=�B�UW8�59GD8^B�C�I6GD;�:�M]59Md7{;JA[M]HDeJHD>�CDX.RJ8�IJM]59GDCLX.GD8JCD:�:�HLX9M]`�ab8JH �����mX9CDIJHD>[59M
>0HDM]R�;J:�M]5�N�X9H�A0;J>�798JHW7�>0CD:JM]B�59M]M]59;�:�;�A�\JCD79C�N�X9;JGDSJM�CDGD>�;�M]Mw798�HYCD5�>�59:J79HL>0A�CDGDHWCD:�\_7�8�HYNJCDGDSJUWCD>0\_HL>0>0;J>
GD;�>0>�HDGL7959;�:pq ( ����rYRJ>0;�GLHD\�=�>�HDM_GL;�:�Md59Md7959: f ;�AYM]HDX�HDGD7�59eJH�>0HL79>0CL:�M]B�59M]Md59;�:%;JA{=�:�GD;J>0>�HDGL79CDNJX9H�NJX9;�GDSJM
q�� ���WoWCD=�79;�B�CD795�G�>0HLR�HDCL7.>�H ��=�HLM]7�r0`Wab8�H�� �W�<X9CDIJHD>y597�M]HLX9Ay59Mi\JHD>�59eJHD\jA0>0;�B C}M]X�;�7�79HD\ ��X9;�8�C
R�>0;�79;JGD;�X[CD:�\l;JR�HD>�CD7�HDM�N�HL79UWHDHL:l798JHj�cEsCD:�\ (�a�EF`_?�7g59M�>0HDM]RJ;�:�Md59N�X�HjA0;J>iCDGLGDHDMdM}Md5 f :�CDX959: f
R�>0;�GDHL\�=�>�HDM.A�;�>'798�Hy>0CD\J59;iGD8�CL:�:�HLX f ;�eJHD>0:�59: f 798�HyCD7�79HDB�R�79M�7�;iCDGLGDHDMdM�798JHgGD8JCD:�:�HLXwN�I�798�Hy�cEFM]o
CD:�\[798JH{GD;�:J79>�;�X�;JAz7�8�CD7�CDGDGLHDM]M*N�I[798�H.:�HL79UW;�>0S[Md59\�HD`F?�7�R�HD>�A0;�>0B�M'GD;�:J79HD:J7959;�:[>0HLM];�X9=J7�59;�:yN�HL79UWHDHL:
GD8�CD:�:�HLX�CLGDGDHLM]MzCL797�HDB�R�79M]o�CD>0NJ597�>0CL795�;�:�N�HL79UWHDHD:�B�=�X97�59RJX9H�M]HL>0eJ59GDH'>0H �J=�HDMd79MzA0>0;�Bl\�59A�A0HD>�HD:J7��cEFMzCD:�\
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R�8�IJM]59GDCDXzGD8�CL:�:�HLXwN�HL79UWHDHD:i798�Hg�cEhCD:J\p798JH&(�EFEF`bab8�HLM]HVA0=J:�GL7959;�:JMT5�:�GDX�=�\�HV\JCD79Cg=�:�5�7�A�>0CDB�59: f o
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CDeJCD59X9CDNJX9H}GD8�CD:�:JHDX�MpB�CDIjN�HhCDX9X9;�GLCD79HL\@79;jR�CDGDSJHD7�79>�CD:�MdA0HD>0`Ya�8�HhRJ>059:JGD59RJX9HLMp;�AV>0CD\J59;@>0HDM];�=J>0GLH
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�W: 79;�R ;JA�798JH^R�8�IJM]59GLCDX_GD8�CD:�:JHDX�M]o�C6M]HD>�59HDMc;�AZX9; f 59GDCLX[GD8JCD:�:�HLX9McCD>0H6\�HDA�59:�HL\ 79;kR�HD>�A0;�>0B C
B�=�X97959R�X�59GL5979Ip;�A{A�=�:�GL7959;�:JM]owHD` f ` owMd5 f :�CDX959: f owN�>�;�CD\�GLCDMd7*;�AYM]IJM]79HDBQ59:�A0;J>0B�CD7959;�:�owM]IJ:�GD8J>0;�:�5 � CL7959;J:�o
GD8�CD:�:�HLXFCLM]Md5 f :�B�HD:�79o,R�C f 59: f ;�>�R�CDIJX9;�CD\T7�>0CD:JM]R�;�>�79` �@R�8�IJM]5�GDCLXvGD8�CL:�:�HLXv\�HD\J59GDCL79HD\T79;_R�CLGDSJHD7v\JCD79C
79>0CD:JM]A�HD>�59MzGLCDX�X9HD\.RJCDGDSJHD7�\JCD79C*GD8�CL:�:�HLX�q0�F�W�� Wr0` �WMwU�59798�GL;�:�eJHD:�7�59;�:�CLX��WEF�co�798JH��F�W�� WMwGDCD:.N�H
\�59eJ59\�HD\{59:�79;{79UW;.GLCD7�H f ;�>059HLM �,79>0CLA0A�59G*GD8�CD:�:JHDX�MzCD:�\{M]5 f :�CDX�59: f tuGD;�:J79>�;�X,GD8�CD:�:JHDX�M]`

ab8�H � �������� � �� � � � ����� ��� ��	��

��� q0�F��ab�� Wrz5�M�HDB�R�X9;�IJHD\gA0;J>w798JH�7�>0CD:�MdA0HL>w;�Az=�M]HL>w\�CD7�CD` �W:JH��cE
GDCD:�=�MdH�M]HDeJHD>�CDX��F��ab�� WMwMd59B�=�X979CD:JHD;�=�MdX9I.q0B�=�X97959n�M]X9;�7�;�R�HL>�CD7�59;�:�r�A0;J>�59:J\�59eJ59\�=�CLX�R�CLGDSJHD7�7�>0CD:JM]A0HL>0M]`
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��� q0��(����� Wr�59M~C =�:�5�\�5�>0HDGL795�;�:�CLXiR�;J59:�79n�79;�n�B�= X97959R�;�59:J7
M]5 f :�CDX�59: f GD8�CD:�:�HLXvA�>0;�B�798�H (�EFE�7�;[798JH{�cE�M]`�?�7�59M*=�MdHD\[N�I_798�H (�EFE�79;_NJ>0;�CD\JGDCDMd7��W����E�M]IJM]79HDB
M]R�HDGL59A�59G'59:�A0;J>0B�CD7959;�:.79;�CLX9X��W����Eg79HL>0B�59:�CDX9Mz59:�C'GDHLX9X9` (�HDMd59\JHDMwM]IJM]7�HDBl59:�A0;�>0B�CD795�;�:TCDN�;J=�7F�W����EFo
798�Hj��(����� M]8�;�=JX9\ CLX9M]; N�>0;�CL\�GDCLM]7g59B�R�;�>079CD:J7VM]IJM]7�HDB 59:�A0;�>0B�CD7959;J:�CDN�;J=�7VGL59>�GD=�5�7VM]U�597�GD8�HD\
M]HD>0eJ59GDHLM]oWM];^798�CL7.C��WE��ytu�W����E 79HD>0B�59:�CLX.\�;�HLM�:�;J7.:�HDHL\~79;~X�5�M]7�HD:~7�;~798JH�N�>�;�CD\�GLCDMd7.GD;�:�7�>0;JX
GD8�CD:�:�HLX,q (����� Wr0`
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��� q0�F������ Wr�59MwCWN�5�\�59>�HDGL7959;J:�CDX�R�;�5�:�79n�79;�n�B�= X97959R�;�59:�7�Md5 f :�CDX95�: f
GD8�CD:�:�HLXV798�CL7Z7�>0CD:�MdR�;�>�79MhM]5 f :�CDX�59: f 59:�A0;J>0B�CD7959;�:�A0;J>c:�HL79UW;�>0S�CDGDGLHDM]M^B�CD:�C f HDB�HD:�79ogHD` f ` ogA0;�>
CDX9X�;�GDCL7959;J:.;�A�>0CD\J59;{>0HDM];�=J>0GLHDMzCD:J\.R�C f 59: f `�?�7�GD;�:�M]59Md79Mz;JA�A0;J=�>�M]=�N�n�GD8�CD:�:�HDX�M �

•
ab8�H�R�CDGDSJHD7F>0CD:J\�;�B�CDGDGDHDM]M�GL8�CD:J:�HDXFq0��� �W�� Wrb5�M�=�MdHD\_N�IT798�HW�cEFM�79;T59:�5�795�CD79HW=�R�X�59:�STR�CDGDSJHD7
79>0CD:JM]A�HD>�CL:�\.>�HDM]R�;�:J\.79;{R�C f 59: f B�HDM]M]C f HDM]` ?�7�59Mz=�MdHD\{59:.=�RJX959:�S{\�5�>0HDGL795�;�:.;�:JX9IJ`

•
ab8�H�R�CDGDSJHD7�CDGDGLHDM]M f >0CL:�7FGL8�CD:�:JHDX�q0���W�W�� Wr�59M�=�M]HD\T;�:�X9IT;�:_7�8�HY\�;�UW:JX95�:�ST79;_M]HD:�\T>0HLM];�=�>�GDH
CDM]M]5 f :�B�HD:�7�59:JA0;�>0B�CD795�;�:.7�;.CD:{�cEyR�>�59;J>�79;{798�H*R�CDGDSJHD7,79>�CD:�MdA0HD>�`



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

20

•
ab8�HYR�CDGDSJHD7vR�C f 59: f GD8�CD:�:�HLX�q��F�F�� Wr|5�M*=�M]HL\yN�I[798�H (�EFE�7�;yA�59:�\[;�=�7�798�H{X9;�GLCD7�59;�:y;JAzCD:[�cE
R�>059;J>�7�;.\�;�UW:�X�59:�S{R�CDGDSJHD7,79>�CD:�MdA0HD>0`�?�7�59M|=�M]HD\{59:.\J;�UW:�X�59:�S{\�59>�HDGD7�59;�:{;�:�X9IJ`

•
ab8�HWR�CDGDSJHD7F:�;�7�59A�59GDCL795�;�:_GD8JCD:�:�HLXvq0�F�W�� Wr�59M�=�M]HD\T79;TM]HD:�\TCY��ab� :J;�7�59A�59GDCL7959;J:[79;_C f >0;�=�R[;JA
�cEFM6RJ>059;J>c79;�Ck��ab� R�CDGDSJHD7Z7�>�CD:�MdA0HD>�`[ab8�Hk:J;�7�59A�59GDCL7959;J:O8�CDMh798JHkA0;J>0B ;�A%C >0HLM];�=J>0GDH
CDM]M]5 f :�B�HD:�7�A0;J>�798JH'R�CLGDSJHD7�7�>0CD:JM]A0HL>0`�?�7�59MzCLX9M];{=�M]HD\{59:.\J;�UW:�X�59:�S{\�59>0HLGD7�59;�:.;J:�X9IJ`
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��� 59MTCZN�59\J59>�HDGL7959;�:JCDX�RJ;�59:J79n�79;�n�R�;�59:�7�M]5 f :�CDX�59: f GD8�CD:�:JHDX9`z?�7
GD;�:�79CL59:�M|798JH'GD8�CL:�:�HLX9Mz���W���� ~CD:�\.��ab���� �

•
ab8�HYR�CDGDSJHD7vCDM]Md;�GD5�CD7�HD\[GD;�:J79>0;JXvGD8�CD:�:JHDXvq0���W���� Wr|59M*CDX9UWCDIJM'CLX9X�;�GDCL79HD\[59:yGL;�B�N�59:�CD795�;�:yUW5�798
;�:�H�;�>.B�;�>0H��F��ab�� <798JCD7'CD>0H�CDM]Md5 f :�HD\}79;�;�:�H��cEF`�?�7�79>0CD:JM]R�;J>07�MgM]5 f :�CLX959: f 59:JA0;�>0B�CD795�;�:
>0HDX�CD79HL\.79;{;�:�H*M]R�HDGL59A�59G*�cEyq0HL` f ` o�R�;�UWHD>�GL;�:�7�>0;�X,59:JA0;�>0B�CD795�;�:�o�CDGDSJ:�;�UWX�HD\ f HDB�HD:�79M]r0`

•
ab8�H@R�CDGDSJHD7V7959B�59: f CD\�eJCD:�GDHkGD;J:�7�>0;�XVGD8�CD:�:JHDXVq0��ab���� Wrc5�M6=�MdHD\OA�;�>%CL\�CDRJ79CD7�59eJH A0>�CDB�H

synchronization.

ab8�H�GD;�;J>0\�5�:�CD7�59;�:TNJHD79UWHLHD:TGD5�>�GD=�5�7FM]U�5979GL8�HD\_CL:�\_R�CLGDSJHD7vM]UW5�79GD8JHD\_X�; f 59GDCDXFGD8�CD:J:�HDX�M�5�M�59B�R�;�>07�CD:�79`
?�Ab798�HY�F������ k59M�:�;�7vCDeJCD59X�CDN�X�H{59:_C{GDHLX�X9o�CD:_�cE�GDCL:[=�M]HY798JH{GD;�B�B�;�:[GD;�:�79>0;�XvGD8�CD:�:JHDXvq0������ Wr
;�A�GD;�:�eJHD:J7959;�:JCDX��WE��Q79;�59:J597�59CL79H�798�HWRJCDGDSJHD7F7�>0CD:JM]A�HD>0` �c;�>�HD;�eJHD>0o,5�A�7�8�HW��(����� @59Mw:�;�7�CDeJCD59X�CDN�X�HDo
597�UW5�X�X�X�59Md79HD:{79;.7�8�H (����� ~79; f HD7,59:�A�;�>0B�HD\.CDN�;�=J7�798JH'>�CD\�59;{:�HL79UW;�>0SJ`
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q0X�59:�S}CD\�CDR�7�CD7�59;�:JrT\�HDRJHD:�\�5�: f ;�:h798�HpGDCD>�>05�HD>T79;h59:�7�HD>�A0HD>�HD:�GDHpq0��tu?�r_>0CL7959;hq�79CDNJX9Hc��` �Jr0`*ab8�HpA�59>0Md7
GD;�\�59: f M]GD8JHDB�H{H ��=�CDX�M*798JH{EF�W���� lGD;�\�59: f =�MdHD\y59:[�WEF� ����tu��n�>0CD79H{GD;�:�eJ;�X9=J7959;J:�CDX�GD;�\�5�: f CD:�\yC
���n�N�597�A05�>0H�GD;J\�H�CL>0H�CLR�R�X�59HD\�`Fa�8�5�M�M]GD8JHDB�H�59M�=�MdHD\gA0;J>wCLX9X�Md5 f :�CDX�59: f B�HDM]M]C f HDM]`vab8JHTM]HDGL;�:�\gCD:�\
798�5�>0\VMdGD8�HDB�HDMWCD>�HTR�=�:�GL79=J>0HD\VeJHD>0Md59;�:JMW;�Aw798�H�A05�>0Md7b;�:JH_UW597�8Z>0CL79HLMY;�A���tu�VCD:�\Z��t �o�>0HDM]R�HLGL7959eJHDX9IJ`
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R�>0;�79;JGD;�X�`F�F=�>�798�HL>0B�;�>0HDoFN�X9;JGDSJM'N�HDX9;J: f 59: f 79;yA0>�CDB�HDM�79;�t	A0>0;�Bs\�59A�A0HL>0HD:J7��cE�M�GDCD:yN�H�B�=�X97�59R�X�HDx�HD\
;�:[798�H{\�;�UW:�X�59:�S�tu=�RJX959:�S[N�CDM]HL\y;�:[798�H{ab�F?�`F468�HD:yC{GD;�B�R�X9HD7�H.A�>0CDB�H.59M'M]=JGDGDHLM]M]A�=�X�X9I[79>0CD:JM]A�HD>0>�HD\
CDGD>0;JM]M|798�H ������X�CDIJHD>0o�5�7�5�MzA0;J>0UWCL>0\�HD\{79;{798�H � ���%X9CDIJHD>0`

�'" �'"�� � ��&�(���/�� "� � $ � � �"� �#� �'2��	&���� /.2p/.2 "%$�� 2���� 
�/.- )

ab8�HgR�>�59B�CD>0Ii59:�79HD>�HDMd7�;�A�CV�WEF� ;JR�HD>�CD79;J>W5�MT798JCD7w59:J79>0;�\J=�GD7�59;�:i;�AW�W����E6M]8�;J=�X9\pN�HZM]=JR�R�;�>�79HD\
UW59798�;�=J7{:�;J79CDNJX9HcGD8�CD: f HDMZ59:^7�8�H%�WEF� :JHD79UW;J>0SJ`�EF59:�GDH%�WE�� 8�CLM�N�HDHL:^\�HLM]5 f :�HD\^A�;�>[GL59>�GD=�5�7
M]UW5979GL8�HD\_79>�CD:�M]B�59M]M]5�;�:[;�:JX9IJo�59:�7�>0;�\�=�GL7�59;�:[;JA|C{RJCDGDSJHD7�M]UW5�79GL8�59: f 79HLGD8�:J5���=�H{CDM'�W����E�;�N�eJ59;�=�MdX9I
HDeJ;�SJHDMwM];�B�H�M]5 f :�59A059GDCL:�7�A0=�:�GL795�;�:�CLXFCD:�\T;JR�HD>�CD7�59;�:�CLXFGL8�CD: f HDM�5�:T798JHW:�HL79UW;�>0SJ` ab8�HWB�CD59:T59B�R�CDGD7�M
GDCD=�M]HL\.N�I{�W����Ey;�:.798�H'�WEF�m:�HL79UW;�>0S{CD>0H*M]=�BTB�CD>05 � HD\.8�HL>0H �

• �����
	������������	�������������������������

�WMWM]HDHD:g59:VMdHDGL7959;�:g��` ��ov79UW;V:�HDU�:JHD79UW;J>0Sg:�;�\�HDMWCL>0HT:JHDGDHDMdM]CL>0Ig79;VM]=�R�RJ;�>�7bR�CLGDSJHD7b\�CL79C_>�;�=�7�59: f
CD:�\Z7�>0CD:JM]A0HL>��bEF�WEF�OCL:�\Z�W�WEF�W`�a�8�59MWGDCD=JM]HDMYB�;�>0HT79>0CLA0A�59G[;J:�798JH[HDxJ59Md7959: f EFE!%�:�HL79UW;�>0SJo�M];Z597
59:�GD>�HDCDMdHDMQ798�H EFE!% :�HL79UW;�>0S X9;�CD\�`lab8�H :�=�B�N�HD>m;JAmEF�WEF�WM#tu�W�WEF�WM \JHDR�HD:�\JM ;�: 798�H
59B�R�X9HDB�HD:�79CD7959;J:.q0HL` f `�798�H'CL>0HDC*GD;�eJHD>0HD\{N�I{HDCDGD8.EF�WEF�Wr0`

• ���������������	���� ��! ��"$#�! 	�%&� '�(��$)*�$���,+.-/��� � 0

�<:�HDU<>0H f 59Md79HD>.GDCLX9X9HL\}�W����Ej>0H f 59Md79HL>Tq0� ��r0o*UW8J59GD8}59Mg59B�R�X9HDB�HD:�79HD\hCDMgR�CD>�7W;JAT7�8�H  � ��o*5�M
:�HDGDHDMdM]CL>0I^59:~;�>0\JHD>[79;~Md79;�>�H}�W����E M]=�NJM]GD>�59RJ7959;�:~59:JA0;�>0B�CD795�;�:�`Y�WHDU�B�;�N�59X9H�CDR�RJX959GLCD7�59;�:jRJCD>�7
q0� �W�FrwA0=�:�GL795�;�:�M�798�CL7�M]=�RJR�;�>�7�Md5 f :�CDX95�: f HDx�GD8�CD: f H_UW5�798Z798JH_�WEF�WMYCL>0HTCDX9Md;ZCD\�\JHD\�`�ab8�HLM]H_:JHDU
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A0=�:�GL7959;�:JM�>�HDM]=JX97F59:_CL:_59:JGD>0HLCDM]HW;�A�798�H  � �6X9;�CD\_CD:�\[5�:[B�;�>0H  � �^B�H�B�;�>0I_GD;�:�M]=�B�R�7959;�:�`��W=�H
79;V798JHTA�CDGD7�798JCD7�HDeJHD>0IgEF�WEF�O:�HDHD\JMY5�79MY;�UW:VCD=�7�8�HD:J7959GLCD7�59;�:VCD:�\ZGL59R�8�HL>05�: f R�CD>0CDB�HD79HD>�M]o�CLX9M];V798�H
�W=��jX9;�CD\y59:�GL>0HDCLM]HDM]`Fa�8�>0HLH�:�HDU 59:�7�HD>�A0CDGDHLMWCL>0HTCL\�\�HD\ ���W>�NJHD79UWHLHD:V798JHT�cEF�vt  � �@CD:�\VEF�WEF�Wo
�WG_N�HD79UWHLHD:Z7�8�H_�cEF�vt  � �kCD:�\Z�W�WEF�OCD:�\Z��MYN�HL79UWHDHD:V798�H_�cEF��t�+ � � CL:�\�EF�WEF�W`�a�8�H_X9CDMd7
;�:�H{5�M*:�HDGLHDM]MdCD>0I_A0;J>|CDX�X9;�UW5�: f GD;�B�N�59:�HD\[�W����E tu�WEF��B�;�N�59X�5979I[B�CD:�C f H�B�HD:�7�CDM'UWHLX9X�CLM'R�C f 59: f
;�A�GL59>0GL=�5�7bM]UW5�79GD8JHD\ZGDCLX�X9MYUW5�798�5�:Z798JH_�W����Ec:�HL79UW;�>0SJ`�EF�cE%GLCD:�N�H_M]HD:J7|:�;J7|;�:JX9IZeJ59C[�WEF� N�=�7
CDX9M];�eJ59C[�W����EF`���;�>�798�5�M]o�798JH[EF�cEc:�;�\�HLM{CD>�Hy=�R f >0CD\JHD\�79;�M]=�R�RJ;�>�7zEF�cE%79>�CD:�M]B�59M]M]5�;�:�eJ59Cy7�8�H
EF�WEF�~CD:�\.C':�HDU^59:�7�HD>�A0CDGLH'GDCLX9X�HD\.�W\.N�HL79UWHDHL:.EF�cEFn��cEF��CD:�\.EF�WEF�~59M|:�HDGDHLM]M]CL>0IJ`

•
� ���$� � ���,��! �	 � '�(��$)*�$����+.- � � � 0

abUW;.:JHDUj=�:�5�79MwU�59798.M]R�HDGL59A�59G'A0=�:�GL795�;�:�CLX95�79I.A0;�>�RJCDGDSJHD7�\�CD7�C'M]HL>0eJ59GDHDMzCD>0H':�HDGLHDM]M]CL>0I.A0;�>�798�H��W����E
M]HD>0eJ59GDH ��798�H�RJ>0;�7�;�GD;JX'GD;�:J79>0;�X*=�:J597*q0�F� �Wr{CD:�\%798�H�GL8�CD:�:�HDX*GL;�:�7�>0;�X*=�:�5�7'q0��� �Wr�`wab8�H��F� �m5�M
>0HDM]R�;J:�M]5�N�X9H�A0;J> � ��� M]H f B�HD:�79CD7�59;�:�o�GD8JCD:�:�HLX�CLGDGDHLM]Mg8�CL:�\�X�59: f o�GD8�CD:�:JHDXWCLX�X9;�GLCD7�59;�:�o � ��� CD:�\
>0HD7�>0CD:JM]B�59M]M]59;�:_8�CD:�\JX959: f CD:�\[>0CD\J59;yGL8�CD:�:JHDX�B�CD:�C f HDB�HD:�79`Fab8�H{��� �l59M'>�HDM]R�;J:�M]5�N�X9H{A0;�>|GD8JCD:�:�HLX
GD;�\�59: f o{������o{59:J79HL>0X�HDCDeJ59: f CD:�\@>0CL\�59;@B�HDCDM]=J>0HDB�HD:�79`Yab8�Hh�W����E�Md79CD:J\�CD>�\@\�;�HLMp:�;J7_M]R�HLGD5�A0I
HDx�CDGL79X9I[8�;�Ul798JH.>0HLM]R�;�:JM]CDNJ59X95�7�59HDM*CD>�H.\�59eJ59\�HL\yN�HL79UWHDHD: (�EF�^CD:�\�(�abE�ovM];y5�7�5�M�59B�R�X9HDB�HD:�79CD7�59;�:�n
M]R�HDGL59A�59GD`��F;J>|5�:�M]7�CD:�GDHLo��F� � GDCD:[NJH{HL59798JHD>|59: (wabE t�(�EF�~;J>zHDeJHD:y;�=J79Md59\�H (�EFEFoFUW8JHD>0HLCDM'��� �l59M
59:*(wabEF` �j:�HDU~59:�7�HD>�A0CDGDH'GDCLX9X�HD\��WN�5�:�79HL>0A�CDGDH'GD;�:�:�HLGD7�Mw798JH (�EF�}CD:�\�798�HWEF�WEF�@CL:�\TCW:JHDU@X9CDIJHD>
GDCDX�X9HD\ (�EFEF�W�V59M�:�HLGDHDMdM]CD>0IJ`,ab8�HW>0CD\J59;T59:�7�HD>�A0CDGDHWN�HD79U�HDHD: (wabEVCD:�\_�cEZq��WN�5�M*5�:�79HL>0A�CDGDHLr|5�M*CLX9M];
=�R f >0CD\�HD\j79;@M]=�RJR�;�>�7T�W����EFo{CD:�\j:�HDU X9; f 59GLCDX�X95�:�SjX9CDIJHD>VCD:�\jR�8�IJM]59GDCLX�X9CDIJHD>ZR�>�;�79;JGD;�X�McCL>0H
\�HDA05�:�HD\{q0M]HLH'M]HLGD7�59;�:.��` ��r0`

• � +�����"*� �	�	��,������������ ��	�	�! 	�%

ab8�H.�W����Ei59B�R�X9HDB�HD:�79CD7�59;�:g>�H ��=J59>0HLM�M];�B�H�>0HLM];�=�>�GDHDM'79;gNJHTCLX9X9;JGDCD7�HD\VA�;�>��W����EFo�M];gGD8�CD: f HDM�59:
>0CD\�5�; >�HDM];�=J>0GDH CDX�X9;�GDCL7�59;�: CLX f ;�>05�798�B�MsCD>0Hm:JHDGDHLM]M]CL>0I q0M]HDHmGL8�CDRJ79HL>l��r0`}�F=�>�798�HL>0B�;�>0HDoh798�H
59:�7�>0;�\�=�GL7�59;�:i;JA��W����E}UW59798�;J=�7zCDX�X9;�GLCD7�59: f :�HDUKM]R�HDGL79>�=�B<>0HD\�=�GDHDM�798JHVGDCDRJCDGL5979IiCD:�\ ��=�CLX�5979Ii;�A
HDx�59Md795�: f �WEF�<M]HD>0eJ59GLHDM]o�Md;.:�HDU~RJX9CD:�:J59: f M]7�>0CD7�H f 59HDMzCL>0H*GD;�B�R�=�X9M];�>0I{q0M]HDH*GL8�CDRJ79HD> ��r0`
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Chapter 3

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

networks


����������������������������� ���!�����!���"�#�����$������%'&(����)��%�������%+*,�����!-���#��'./��-���#��0&1%'��203�465
��#�)7)���������98����:)$�&1&1������#��;����)��%<������%+*,�����:���9��%+�������%+#=�������>#��?'*,���:�#=%+@���������9)
203�465BAC205>DE#>����FG%'��H��$I

� "#!�" �Y- �#2v( � ��� � 
P/��6-0&�3 � / - ��
�/.1�-0($� �i&'2�&�+��#� �'2�� 
 ���'2 �#2�� ��+.-�&����#2�+ 	�/ � (��

&'2�3~3�&��	& 
$�'- 	�� (���


ab8�H.59:J79H f >0CL79HD\gMdHD>0eJ59GLHDM�CD:JCDX9IJM]5�MW8�CDM�N�HDHL:VCT>�HDM]HLCD>0GL8VM]=�N��uHLGD7�A0;�>�B�;�>0H�798�CD:g79UW;V\�HLGDCD\�HLM ��79UW;
79IJR�HDMz;�A�M]HD>0eJ59GLHDM]o eJ;�59GLH�CD:�\.\�CD7�CDo GD;�B�R�HD79H'A0;J>�M]CDB�H�>0HLM];�=�>�GDHDMz59:�CL:�;�eJHD>0X�CD59\�U�59>�HDX9HLM]Mw:�HD79U�;J>0SJ`
(�;�798yM]HL>0eJ59GDHLM'8�CDeJH.\�5�A0A�HD>0HL:�7 �W;�E�>0H ��=J59>�HDB�HD:�79M]ovM];y798�H.M]GD8JHDB�H�;�AwM]8�CL>059: f 798JH�>0CL\�59;y>0HLM];�=�>�GDHDM
R�X9CDIJMzCD:{59B�R�;�>079CD:J7�>0;JX9H*59:.:�HL79UW;J>0S{\�59B�HD:�M]59;�:�5�: f `

�W59A0A�HD>0HL:�7�59:�A0;J>0B�CD7959;�:Z79>�CD:�MdA0HD>�B�;�\�HDM{8�CDeJH[N�HDHD:Z=�M]HD\Z59:�GLHDX�X9=JX9CD>�:�HD79UW;J>0SJM{M];�A�CD>�CD:�\�GLCD:�N�H
GDX9CDMdM]5�A05�HD\.CLMzA0;JX9X9;�U �

•
��� � ��������� � ��� ��	� 
�� �v59:_798�5�M*B�;�\�H{C{7�>0CDA�A05�G{GD8JCD:�:�HLX�5�M*\�HD\J59GDCL79HD\_79;_C{=�MdHD>bq0eJ;�59GDH.;J>z\�CL79CLrzA0;J>
798�HjHL:�7�59>0HjGD;�BTB�=�:�59GDCD7�59;�:�\�=J>0CL795�;�:�`_ab8J59MhB�;�\�H@59M}M]=�5�79CDN�X�HjA0;�>i>0HLCDX9n�7959B�H@CDR�R�X95�GDCL7959;�:JM
\�HDB�CD:�\�59: f C'GD;�:�7�59:�=�;�=JMzA�X9;�U~;JA�7�>0CDA�A05�GDo�M]=JGD8.CLMzM]R�HLHDGD8.;J>�eJ59\�HD;�`Jq0HD` f `��WEF�co��W�c��EFr

•
� ����� � � � � ����	���
�� �W59:}798J59MVB�;�\�Hp798JHpN�CD:�\�U�59\�7�8h5�MVCDX�X9;�GLCD79HL\h;�:JX9I}59:hCDGL7959eJHcR�HL>05�;�\6q�79CLX9S
M]R�=�>�79M�;J>�UW8�HD:_\JCD7�CY=�M]HL>0M�8�CDeJHYR�CDGDSJHD7�M�79;TM]HD:�\Jr0`�?�7v59M�M]=�5�7�CDNJX9HYA�;�>bCLR�R�X�59GDCL795�;�:�M�UW8J59GD8_8JCDeJH
C'N�=�>�M]79I{79>�CDA�A059G*N�HD8�CDeJ59;�=J>0o�M]=JGD8.CLMz?�:�79HD>0:�HL7�N�>�;�UWM]59: f `�q�HD` f `��W����EFo����W�F�Wr0`

• J � 
 � � � � � ��� ��	� 
�� �,798J59MzB�;�\�H'M]=�R�R�;J>07�MzN�;J798.GL59>�GD=�5�7�CD:�\{R�CDGDSJHD7,M]UW5�79GD8J59: f `�q0HD` f `��W����E tu�WEF�
:�HD79UW;�>0SJo����W�F�|t �W�c�FEy:JHD79UW;J>0SJr0`

ab8�H  WIJN�>059\~EFUW5�79GD8J59: f oWUW8�59GD8~59M�GD;�:�Md59\�HL>0HD\~59:~798�5�M�ab8�HDM]5�M]oWGDCD:~N�H}59B�R�X9HDB�HD:�79HD\~59:~798�>�HDH
GD8�CD:�:�HLX�CLX9X�;�GDCL7959;J:.B�HD798�;�\�M �

1.
� � � � ����� � � � � ��� ��� � 
��
 � q0���Fr��w59:c7�8�59M_B�HD798�;�\p798JHZCDeJCD59X�CDN�X9HVN�CL:�\�UW59\J798c5�M_\J59eJ59\�HD\c59:%79UW;
\�59A�A0HD>�HD:�7,R�CD>�79M]` +Y;J59GLH'=�M]HL>0Mz;J:�X9I{=�M]H';J:�H'RJCD>�7�CD:�\.\JCD7�C'=�MdHL>0M|=�M]H*798�H*M]HDGD;J:�\.R�CL>079`
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2.
� � � � ����� � �	�� � ��
�� q0��EFr��v5�:_798J59M�B�HD798�;�\TCDX�Xv7�8�H{N�CL:�\�UW59\J798_59M*\�IJ:�CDB�59GDCDX�X9I_M]8�CD>0HL\[N�HL79UWHDHD:
N�;�798.SJ59:�\.;JA�=�MdHD>�M]`

3.
� � � � � ��� ��	�� � ��
�� q0�FEFr���59:[798J59M�B�HD798�;�\g\JCD79C.=�M]HL>0M�8JCDeJH�798�HL59>zHDx�GLX9=�Md59eJH�N�CD:�\�UW5�\�798yCD:�\gCLX9M];
GDCD:.=�MdH'798JH'=�:�=JM]HD\.NJCD:�\�UW59\J798.;JA�eJ;�59GDH*=�M]HL>0M]`

�F>0;�B<CV�W;�EhR�HD>0M]RJHDGD7�59eJHDo|798�Hg��EhCD:�\p�FEhB�HD798�;J\�MTCL>0HVRJ>0;�NJX9HDB�CD7959GgA0;�>�eJ;�59GDHVMdHD>0eJ59GLHDMT5�AW:�;
R�>059;J>05�795 � CL7959;�:{;�A�eJ;�59GLH'M]HL>0eJ59GDHLMz;�eJHD>�\�CL79C'MdHD>0eJ59GLHDM|79CDSJHDMzR�X�CDGDHD`

?�: f HD:�HD>0CDX9oc798�HDMdHK\J59A0A�HD>�HD:�7}GD8�CD:�:JHDX}CDX�X9;�GLCD7�59;�: R�;JX95�GD5�HDM�CL>0HKC 7�>0CD\�HD;JA0A@N�HL79UWHDHD:Q\JHDX9CDIJo
798�>0;�= f 8�R�=J7wCD:�\�M]R�HLGD7�>0=�Bm=�7959X�5 � CD795�;�:�obM];�5�7w5�M�GDX�HDCL>�798JCD7z798�HgM]HLX9HDGL7959;J:p;�A�798�Hg;�R�7�59B�CDX�;�:�HgA0;�>
M]=�GD8[CY:�HD79UW;J>0S_B�=�M]7�N�H{B�CD\�H{;�:[>0HLCDX�59M]7�59GYHDMd7959B�CD79HDM*;JAb79>0CLA0A�59GY79;[HD:JM]=�>�H f ;�;�\yR�HD>�A0;J>0B�CD:�GDH.;�A
N�;�798.MdHD>0eJ59GLHDM]`

� " �'" � � � /�(�&���� /.2p/��.-���
�/.1�-0(���
 �	/.- �����"� � $ 
$�'- 	�� (��

468�HD: C@�WEF� ;�RJHD>0CL79;J>p\�HDGL59\�HLMh7�;�;�A�A0HD>i�W����EFn�N�CDM]HD\�M]HD>0eJ59GDHLMhUW5�798�5�:�CD: HDx�5�M]7�59: f �WEF�
:�HD79UW;�>0SJo�5�7�8�CLMz79UW;{CDX�79HL>0:�CL7959eJHDM �

•
�WX9X9;�GLCD7�59: f :�HDU~M]R�HLGD7�>0=�B A0;�>��W����EyM]HL>0eJ59GDHDM]`

•
EF8�CD>05�: f 798�H'GD=J>0>�HD:�7,M]R�HLGD7�>0=�B N�HD79UWHDHD:.�WE��<CD:�\.�W����EyMdHD>0eJ59GDHLM]`

ab8�H�A�59>0Md7F;�:JHW5�M�798JHWR�>�59B�CD>0I�UWCDI�79;T59:�GD>�HDCDM]H�GDCDRJCDGD5�79IJo,N�=�7�798�H�:�HDHD\JHD\_5�:�eJHDM]79B�HD:�79M�A�;�>b:JHDUkGDHLX9X
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��(����� ~CD:�\.:�;.;�798JHD>�X9; f 59GDCLX�GD8JCD:�:�HLX9M]`

� " �'" �'" �%1�� ��� � 
#� / ��/����'-0&�� � /.2
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•
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798�H �WEF� t	M*;�:_798�HYCDX�X9;�GDCL79HL\[�F�W�� |tuM*CD:J\y7�>0CD:�M]B�597�M'>0CL\�59;yNJX9;JGDSJM';�:y798�;JM]H.UW8J59GD8yGL=�>�>0HD:J79X9I[N�HDCL>
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798�H��WEF�peJCDX9=�H�>0HLM]HD>0eJHD\gA0;�>�7�8�H�=�M]C f HT;�Aw798JHT�cEF`vab8J59MWB�;�\�HTR�>�;�eJ59\�HDMWC�B�;�>0HTA0X�HDx�59NJX9H�=�M]H_;JA
798�H*>0CD\J59;.>�HDM];�=J>0GDHLMz59: f HD:�HD>0CLX9`

ab8�HTR�HL>0A0;J>0B�CD:�GDH_;�A�NJ;�798ZB�HD\�59=�BKCDGDGDHDMdMYB�;�\�HDMY8�CDMWN�HDHD:VCD:�CLX9I � HD\Z59:h�0� %J�*=�:J\�HD>�M]59: f X9HDn�M]X9;�7
CD:�\sB�=�X97959n�M]X9;�7i;JR�HD>�CD7�59;�: GLCDM]HLM]`Z�F;J>}M]5�: f X9HDn�M]X9;�7i;�R�HL>0CL7959;J:�oZ798JH \�IJ:�CDB�59G CDX�X9;�GDCL795�;�: B�;�\�H
R�HD>0A�;�>0B�M�N�HD7�79HD>�798JCD:T798JHWA�59x�HL\TCDX�X9;�GLCD7�59;�:TB�;�\�HD`,ab8�5�M�N�HL797�HD>bRJHD>�A0;�>0B�CD:�GDHW59M�NJCDM]HD\T;�:_7�8�HYN�HL7979HD>
=�795�X95 � CD7�59;�:�;�A*>0HDM];J=�>0GLHDM.;�:�HDeJHD>0I��F�W�� Wo�UW8�59GD8�>0HLM]=�X�79M{59:�C[X9HLM]M.UWCLM]79C f Hy;JA'>0CL\�59;�>0HDM];J=�>�GDHDM]`
�F;�>�B�=�X97959n�M]X9;�7�;JR�HD>�CD7�59;�:�o�798�H�\�IJ:�CDB�59G�CLX9X9;JGDCD7�59;�:�B�;�\�H�R�HL>0A0;J>0B�MwN�HD797�HD>�UW8JHD:�7�8�H�CL>0>059eJCLX�>�CD79H';�A
� R�CDGDSJHD7YGL8�CD:�:JHDXW>0H ��=JHDM]7�M �p59MZ8J5 f 8�o�N�=�7Y798�HcA05�x�HD\^CLX9X�;�GDCL7959;J:^B�;�\�H%R�HD>�A0;�>0B�M�N�HD7�79HL>[A0;J>[X�;�U
CD>0>�59eJCDX�>�CD79H*;�A�798�H � R�CDGDSJHD7,GD8�CL:�:�HLX�>0H ��=�HDMd79M �D`
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?�:%GDCDM]H�;�A{GL59>0GL=�5�7*M]UW5�79GD8JHD\�79>�CD:JM]B�59M]M]59;�:Jo�798JH�GD8�CL:�:�HLX9MyCL>0H�>0HDMdHD>0eJHD\�M]IJBTB�HD79>059GDCLX9X9I%59:�RJCD5�>0M]`
 W;�UWHDeJHD>0o�59:ZR�CLGDSJHD7bM]UW5�79GD8JHD\V79>0CL:�M]B�59M]M]59;J:�o�=�RJX959:�SVCD:�\Z\J;�UW:�X�59:�SVGD8�CD:�:�HLX9MWCD>0HTN�CDMd59GDCLX�X9IV=�M]HD\
CDM�59:J\�HDR�HL:�\�HD:J7�GD8JCD:�:�HLX�>�HDM];�=J>0GDHLM[�0� � ����798JCD7�59M]ov59:VC�GDHL>079CL59:gab�W� � 7959B�HDM]X9;J7�CD:g=�R�X�59:�Sg�F�W�� 
B�C�I{GDCD>0>0I{\�CD79C*A0>�;�B ;�:�H'�cEFo�UW8�5�X9H'\JCD79C*79;{CD:�;�7�8�HD>��cE[59M|79>0CD:JM]B�597979HL\�;�:.798�H�\�;�UW:JX95�:�S.�F�W�� W`
ab8�H �d=JM]7�59A�59GDCL7959;J:_5�M�798JHYCDM]IJBTB�HD79>059GY:JCD79=J>0HY;JAb\�CL79CW79>�CDA�A059GD`,�F;�>�59:�Md79CD:JGDHDo�CYUW59>�HDX9HLM]M�M]=�>0eJHD5�X9X�CD:�GDH
eJ59\�HD;�M]IJM]79HDB 79>0CD:JM]B�5979MyR�X�HD:�79I%;�A.\�CD7�Ci5�:}798JHi=�RJX959:�S�\�5�>0HDGL795�;�:}N�=J7�;�:JX9I�CiM]B�CDX9X�R�CL>07'59:�798�H
;�R�R�;�Md5979H*\�5�>0HDGL7959;J:�` W;�UWHDeJHD>0o�5�:.\�CL79C'\�;�UW:JX9;�CL\�59: f CD:�\.UWHDN.N�>0;�UWMd59: f 798�H'\�5�>0HDGL795�;�:�59Mz;�R�R�;JM]5�79HD`
EF59:�GDHT798�H_?�:�79HD>�:�HD7�CDR�RJX95�GDCD7�59;�:JM]o�HDMdR�HDGL59CLX9X9IZ798�H[UWHLN�N�>�;�UWM]59: f o�UW5�X9X|NJH[798JH[B�CD59:�7�>0CDA�A059G_M];�=J>0GDH
A0;�>b�W����EFo,798�5�M�UW5�X9XF>0HDM]=JX97F59:TCYX�CD> f HD>�79>0CL:�M]A�HD>b;JAb\�CL79CWA0>0;�BO798�H{:JHD79UW;J>0S_79;[798JH{�cE�M*>0CL798�HL>b798�CD:
798�H';J798�HL>�UWCDI{CD>0;�=�:J\�`

� " �'" �'" � ��2�&#� � (�(#��&'2�2����,&#� � /�(�&���� /.2 � � � ��� ��(�&#��&�( � � �p/.2p3��#�p&'2�3~(�/.2�(��#���

�WGDGD;�>0\J59: f 79;�7�8�H@>�H ��=J59>0HDB�HD:�7gA0;�>iA0X�HDx�5�N�X9HjCD\�CDRJ79CL795�;�:�79; \�5�A0A0HL>0HD:J7g79>0CLA0A�59GjGD;�:�\J597�59;�:�M]oy7�8�H
:�=�B�N�HD>|;�A|CLX9X9;JGDCD7�HD\[�F�W�� WM*5�:[C{GLHDX�X�GDCL:[N�HY59:�GL>0HDCLM]HD\[;�>|\�HLGD>0HLCDM]HL\yN�CDMdHD\y;�:y�W����E�\JHDB�CD:�\�`
?�:V;�>0\�HD>�79;g59B�R�X9HDB�HD:�7�798�5�MWR�>�59:�GL59RJX9HDo�C � � � � � � � � �� � � � � 
 ���
� ��� � 
 B�=�M]7�N�HT=�MdHD\g59:V798�HTM]IJM]7�HDB
CD:�\gB�CDIyN�H�59B�R�X9H�B�HD:�79HD\gCLM�C�RJCD>�7�;�Az798�H.� �W�jA0=�:JGD7�59;�:�CLX�5979IJ`va�8�59M�X9;JCD\VM]=�RJHD>0eJ59Md59;�:VA�=�:�GL7959;J:
B�C�IiB�;�:�5979;�>'798�HyX9;�CD\�;�A'798�Hg�F�W�� WM]obCL:�\i7�8�Hg:�=�B�N�HD>�;JA�CLX9X9;JGDCD7�HD\i�F�W�� WM�59:iCVGLHDX�X�GDCL:pN�H
59:�GD>�HDCDMdHD\.;J>�\�HDGL>0HLCDM]HD\{CDGDGL;�>0\J59: f 79;.7�8�H'CLGD79=JCDX,X9;�CD\�`

(�HDGDCD=�MdHZ798JHZGDCLX9X�M]HL79=�RcRJ>0;�GDHL\�=�>�HZ59:c�WE�� GL59>0GL=�5�7�M]UW5�79GD8�HL\cMdHD>0eJ59GDHLM_5�M[>�CD798JHD>{MdX9;�U q�5�7*79CDSJHDM
CDN�;�=�7F�_79;��[M]HLGD;�:�\�MdrW��� � �0o�7�8�HL>0HY59M�HD:�;�= f 8[7959B�H{79;_>0HLX9HDCDMdH{;�:JH{�F�W�� 79;[NJH{=�M]HL\[A0;J>|CYGD5�>0GD=J597
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M]UW5979GL8�HD\yGDCDX�X�`Fab8JHD>0HLA0;J>0HDov=�R�;J:g>0HLM];�=J>0GDH�\JHDB�CD:�\VA0;�>wGD5�>0GD=J597�M]UW597�GD8�HD\gM]HL>0eJ59GDHDM]ovM];�B�HT�F�W�� WM
B�=�M]7�N�H'>0HLX9HDCLM]HD\.CLMzM];J;�:.CDM|R�;�M]Md59NJX9HD`Jab8JH'>�HDX9HLCDM]H*GDCD:.8�CDeJH*79UW;.CLX97�HD>0:�CL7�59eJHDM �

• � � � � � � ����� �#����� ��� � ��798JHi�W����Ej=�M]HL>�5�MgA0;J>0GLHD\}7�;}M]7�;�R}5�79Mg7�>�CD:�M]B�59M]Md59;�:h=�:J795�XW>�HDM];�=J>0GDHi59M
CDeJCD59X9CDNJX9HiA0;�>T�W����EjC f CD59:hCD:�\}798�HiGD8�CL:�:�HLXY>0HLX9HLCDM]HD\hN�Ih�W����Ek59MZCDX�X9;�GLCD7�HD\679;h798JHc:�HDU
GD59>�GD=�5�7�M]U�5979GL8�HD\.GLCDX�X9`

•
� �� ��� � � �#����� ��� � ��798�HW�W����EV=JM]HD>�GDCD:�GD;�:�7�59:�=JHY5�79M�79>0CL:�M]B�59M]M]5�;�:_=�RT79;_M];�B�HYA0>�CDB�HDM�;�>b=�:J795�X
798�H%HL:�\�59: f ;�A_R�CDGDSJHD7Y79>�CD:�M]B�59M]M]5�;�:�oWN�HLA0;J>0H�7�8�H�GD8JCD:�:�HLX{59M�CLX9X9;JGDCL79HD\^79;^798�H�:JHDU GD5�>0GD=J597
M]UW5979GL8�HD\{GDCDX�X9`

�W:�GDH{798JH{GL59>0GL=�5�7�M]UW5�79GD8JHD\yGDCLX�X�5�M'GD;�B�R�X9HD7�HD\�oF7�8�H.GD8JCD:�:�HLX�59M'C f CD59:[A0>�HDH{A0;�>z�W����E�MdHD>0eJ59GLHD`�ab8�5�M
B�HDCD:�MT798�CD7wGD5�>0GD=J597wM]UW5�79GD8�HL\pM]HL>0eJ59GDHDM�8�CDeJHV8�5 f 8�HD>�R�>�59;�>�5979Ip798�CL:c�W����E6M]HL>0eJ59GDHDM]o|=�:�X�HDM]MTM];�B�H
GD8�CD:�:�HLX9M|R�HD>0B�CD:�HD:�7�X9I{CDX�X9;�GDCL79HD\{79;.�W����EF`

ab8�H{�W����E�M]HD>0eJ59GLH.\�;�HLM':�;J7�>�H ��=�5�>0H{GD;�B�R�=�X9M];�>0I[R�HD>0B�CD:�HD:J79X9IyCDX�X9;�GLCD79HL\g�F�W�� WM]`Fab8�H�;�RJHD>�CD79;J>
GDCD:�o{CLMpUWHDX�X9o{\�HLGD59\JH67�;k\�HD\J59GDCL79HhR�HD>0B�CD:�HD:�7�X9I@;�>Z7�HDB�R�;�>0CD>�59X9I@M];�B�H6R�8�IJM]59GDCDXTGD8�CD:J:�HDX�McA�;�>
�W����E�79>0CLA0A�59GD` �W7�8�HD>0U�59M]HDo�597vB�CDI_N�H{\�59A0A�59GD=JX97v79;[8�CDeJH{CD:_HDA�A0HDGL7959eJH{�W����E�M]HL>0eJ59GDHY59:yC.GLHLX9X�59Az:J;
GD8�CD:�:�HLXz59M�\�HL\�59GLCD7�HD\i7�;i�W����EhUW8�HD:p8J5 f 8p�WEF� 79>�CDA�A059GgX9;JCD\�o|CLM �WEF� MdHD>0eJ59GDHLMT8�CDeJHV8J5 f 8�HD>
R�>059;J>05�79IT798�CD:_�W����EZMdHD>0eJ59GLHDM���� � ���0� 	���`,ab8�5�M*M]8�;J=�X9\[NJH{CD:_CD\��u=�M]7�CDN�X�H{R�CL>0CDB�HD79HD>b59:_798�H (�EFE ��7�8�H
;�R�HD>0CL79;J>�GD;�=JX9\VCL\��d=JM]7�798�HTRJCD>�CDB�HD79HD>�N�CLM]HD\V;J:V798JHT=�7�5�X95 � CD7�59;�:V;JA�7�8�HT�F�W�� WMWq�X9;�CD\VM]=�R�HL>0eJ59Md59;�:
A0=�:�GL7959;�:Jr�CL:�\.798JH'A�>0H ��=JHD:�GDI{;�A�59:�5�795�CD7�HD\.GL59>0GL=�5�7�M]UW5�79GD8JHD\.GLCDX�X9M]`

?�:T798�H ��abEF?�M]79CD:�\�CL>0\T�WEF� �J��` ���� ����798�H � GDCDRJCDGL5979IT;�:_\�HDB�CD:�\��YRJ>059:JGD59RJX9HW59M�\JHDM]GL>059N�HL\�`��WHL79CL59X9M
798�CL7�CD>�H�>�HDX9CL79HD\y79;gGDHD>�79CL59:VGD8�CL:�:�HLX�CLX9X�;�GDCL7959;J:VM]7�>0CL79H f 59HDM�CD>�HTX�HDA�7�;�R�HD:gCD:�\gCD>0H�59B�R�X9HDB�HD:�79CD7�59;�:�n
M]R�HDGL59A�59GDo,Md;_798JHYGD8�;J59GLHY;�A�798�HY�W����E�tu�WEF�Q>0CD\J59;_>�HDM];�=J>0GDHWCDX�X9;�GLCD7�59;�:_CLX f ;�>05�798�B�59M�GD>�59795�GLCDXF79;_7�8�H
R�HD>0A�;�>0B�CD:�GDHV;JAWN�;�7�8cM]IJM]79HDB�M]`|ab8�HZ\J59A�A0HL>0HD:J7�>0CL\�59;p>0HDMd;�=�>�GDHZCLX9X9;JGDCL7959;J:cM]7�>0CL79H f 59HDMT798�CL7�GLCD:cN�H
=�M]HD\.N�I{798�H*�WEF�<;�RJHD>0CL79;J>0MzCL>0H'\JHDM]GL>059NJHD\.5�:.M]HLGD7�59;�:.��` �.CD:�\.CD>0H'N�CDMdHD\�5�:�798JH f HD:�HD>0CLX�RJ>059:JGD59RJX9HLM
CDN�;�=�7,>0CD\J59;{>0HDM];J=�>0GLH'B�CD:�C f H�B�HD:�7�59:.;�eJHD>�X9CL59\.:�HL79UW;�>0SJMzMdHDHD:{59:.MdHDGD7�59;�:{��`0��`

� " � "	�'&�3 � /O-�� 
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ab8�HL>0H�CD>0H�79UW;}UWCDIJMgA0;J>�;�eJHD>�X9CDIJ59: f �W����Ej;�:�79;h7�8�Hp�WEF� :JHD79UW;J>0S}UW59798�;�=J7WCLX9X�;�GDCL7959: f :�HDU
M]R�HDGL79>0=�B A0;�>��W����E��

•
�WHD\�59GDCL795�: f �WEF�<79>�CDA�A059G*GD8�CD:J:�HDX�Mz79;{�W����Ey;�:�X9IJ`

•
�WIJ:�C�B�59G'M]8�CD>�59: f ;�A�>�CD\�5�;.>0HLM];�=J>0GDHLMzN�HL79UWHDHD:.�W����EyCL:�\.�WEF�c`
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ab8�H{A�59>0Md7�UWCDI[>0HD\�=JGDHDM*798�H{�W;�E�;�Az�WE���M]HL>0eJ59GDHDMdoFCDM'597�HDx�GLX9=�Md59eJHDX9Iy\�HD\�5�GDCD7�HDM��
gprs
GD8�CD:�:�HDX�M�7�;

�W����E M]HD>0eJ59GDHD`YE�59:�GLH}798JHDM]H}�
gprs

GD8�CD:�:�HLX9M�CD>0H�79CDSJHD:@A�>0;�B 798�HhGD;�B�B�;�:@R�;�;�XT;�AVCDeJCD5�X9CDNJX9H
GD8�CD:�:�HLX9MZ59:6798�H%GDHDX�X9o�798�5�M�>0HLM]HL>0eJCD7959;�:^>0HD\J=�GDHLM�798JH�:�=�B�N�HD>y;�A[GD8�CD:J:�HDX�M�CDeJCD5�X9CDNJX9H%A0;�>y�WE��
M]HD>0eJ59GDHLM]o�UW8�5�GD8_>�HDM]=JX97�M�59:TCD:T59:�GD>�HDCDMdHY5�:_N�X9;JGDSJ59: f R�>0;�N�CDNJ59X�5979ITCD:�\�o,8�HD:�GLHDo�>�HD\�=�GLHDM�798�H{GLCDR�CLGD5�79I
;�A��WEF��MdHD>0eJ59GLHDM]`�?�:VGD;�:�79>�CDMd7�79;g798�H�A05�>0Md7�UWCDIJo�798�HT\�IJ:�CDB�59G_M]8�CD>�59: f ;�A�798JH_CDeJCD5�X9CDNJX9H_GD8JCD:�:�HLX9M
N�HD79UWHDHL:c�W����E^CD:�\%�WEF� M]HL>0eJ59GDHDM_R�>0HLM]HD:J79M[:�;c59B�R�CDGD7*;�:c798�HZ�W;�E^;�A{�WE�� M]HL>0eJ59GDHDM_5�A{798JH
CDX9X�;�GDCL7959;J:@;�Ag79>�CDA�A059G}GD8�CD:J:�HDX9Mp7�;k�W����EO59MpX959B�5979HL\k79;@59\JX9H67�>0CLA0A�59GhGD8�CD:�:JHDX�McCD:�\@798�HhM]79;JX9HD:
GD8�CD:�:�HLX9M'CD>0H.R�>0HLHDB�R�79HD\gUW8�HD:y>0H ��=JHDMd79HD\gN�Iy798�H.�WEF� MdHD>0eJ59GDHD`�ab8�5�M�B�HDCD:�M�798JCD7��WEF� M]HL>0eJ59GDHDM
8�CDeJHWR�>059;J>05�79I�;�eJHD>��W����EVM]HD>0eJ59GLHDM]o,M];�798JHWGDCDRJCDGL5979I�;�A��WEF� M]HL>0eJ59GDHDMw59M�:J;�7F\JH f >0CD\�HD\�`���X9798J;�= f 8
597�GL>0HLCD79HLMwCD:.CD\�\J597�59;�:�CLXFGDCLR�CDGL5979I�A0;J>��W����EVM]HL>0eJ59GDHDM�U�59798�;J=�7F\JH f >0CD\�5�: f �W;�EV;�A��WEF�co 798�HW�WEF�
M]HD>0eJ59GDHyR�HD>�A0;J>0B�CD:�GDHgUW59X�XwN�Hy\�H f >0CD\�HL\iN�HDGLCD=�M]Hy;�=�7�C f HgR�>0;�NJCDN�5�X95�79I�59:�GL>0HDCLM]HDM.CD:�\pGLHDX�X�M]HL>0eJ59GDH
CD>0HDC[\�HDGL>0HDCLM]HDM]o�\�=�Hy79;�798�HgCD\J\�5�7959;J:�CDXz59:J79HL>0A0HL>0HD:JGDHgGD;J:�7�>059N�=J79HD\�N�I��W����E}R�CDGDSJHD7w7�>0CD:�M]B�59M]Md59;�:

[7].

ab8�HTR�HL>0A0;J>0B�CD:�GDH_;�A�NJ;�798ZM]HD>0eJ59GLHDM{GLCD:�N�H_\�>0CDB�CD7�59GDCLX9X9IZCDA�A0HDGL79HD\Z59A�CDR�RJ>0;�R�>�59CL79H_>0CD\J59;�>�HDM];�=J>0GDH
CDX9X�;�GDCL7959;J:�M]GD8JHDB�HDMwCD>0H�:J;�7�=JM]HD\�` ?�:�HDx�59Md795�: f X9597�HD>�CD79=J>0H'>0HDX�CD7�HD\�7�;�>0CL\�59;.>0HDMd;�=�>�GDH�B�CD:�C f HDB�HD:�7F59:
;�eJHD>0X9CD5�\ �W����E tu�WEF� :JHD79UW;�>0SJMj� ���J� � ����� � �J����� �����0o.798J>0HDH^\J5�A0A0HL>0HD:J7[>�CD\�5�;l>0HLM];�=J>0GDH^CDX�X9;�GDCL795�;�:
79HDGD8�:J5���=JHDM[GLCD:%N�HZA0;�=�:J\�owN�CDMdHD\%;�:c798JH�CDN�;�eJH�79UW;%UWCDIJMy;JA.;�eJHD>0X�CDIJ59: f �W����E~;�:�798�H��WEF�
:�HD79UW;�>0SJ`��F5 f =�>0H*��`0��GD;J:�79CL59:�M|N�X9;JGDS{\�59C f >0CDB�Mz;�A�798JH'7�8�>0HDH*7�HDGD8�:J5���=�HLM]`

� " � " !�" �_/�� ��� ��� � �z&*- ��� ��� /.2 �#2�+ � � � �

?�:%798�59M[79HDGL8�:�5 ��=�HDozA0=�X�X*R�CL>07�59795�;�:J59: f ;�A{>�CD\�5�;%>0HLM];�=J>0GDHLM[N�HD79U�HDHD:%�W����E~CL:�\��WEF� MdHD>0eJ59GLHDM[59M
R�HD>0A�;�>0B�HD\�`�a�8�H_5�\�HDCT59MW798�CL7bM];�B�H_GD8�CD:J:�HDX�MYCL>0H_R�HL>0B�CD:�HD:�7�X9IVCDM]M]5 f :�HD\V79;Z�W����EcM]HL>0eJ59GDHLM{;�:�X9I

(Ngprs
rgCD:�\j798�H};J798�HL>g;�:JHDMiCL>0H}HLx�GDX�=�M]59eJHDX9I~=�M]HL\jN�IjGD59>�GD=�597�M]U�597�GD8�HD\jM]HD>0eJ59GLHDMiq0�

gsm
r0`{ab8�59M

79HDGD8�:J5���=JHW>�HD\�=�GDHLM�7�8�HW�W;�EV;JA��WEF� 59A�:J;_CDX�X9;�GLCD7�59;�:_;JAb:�HDU@M]R�HDGL79>�=�B�A0;�>b�W����EZ59M�GDCD>�>05�HD\_;�=J79o
CDMz5�7�HDxJGDX9=JM]59eJHDX9I{\�HD\J59GDCL79HDMz�

����� �
GD8�CD:�:JHDX9M|79;.�W����EyMdHD>0eJ59GLHD`

� " � " �'" �_/�� ��� ��� ��$���&'- � 2�+ � � $ �

?�: 798�59M}79HDGL8�:�5 ��=�HDoTA0=�X�XgM]8JCD>�59: f ;�Ai>�CD\�59;l>0HLM];�=�>�GDHDM}N�HL79UWHDHD:��W����EKCD:J\��WEF� MdHD>0eJ59GDHLMh5�M
R�HD>0A�;�>0B�HD\�`{a�8�Hh5�\�HDC}59Mi798�CL7TCLX9XT798�HhCDeJCD59X�CDN�X�H6GD8�CL:�:�HLX9McCL>0HhM]8�CD>�HD\kN�HL79UWHDHL:kN�;J798kM]HL>0eJ59GDHLM

(Nshared
r0o�UW8�HD>0HDN�I%GD59>�GD=�5�7�M]UW5�7�GD8�HD\�M]HD>0eJ59GLHDMgCL>0H�CDM]M]=�B�HD\}79;�8�CDeJHiM]7�>05�GD7�RJ>05�;�>�5979I�;�eJHD>��W����E

M]HD>0eJ59GDHLM]` ab8�HL>0HLA0;�>�HDo�7�>0CLA0A�59GYGD8JCD:�:�HLX9M�79HDB�R�;�>0CD>�59X9IT:�;J7v=�M]HL\_N�ITGD59>�GD=�5�7vM]U�597�GD8�HD\TM]HD>0eJ59GDHLM�B�CDITN�H
=�M]HD\�N�I.�W����EgM]HD>0eJ59GLHDM]o N�=J7�=�RJ;�:�>�HDM];�=J>0GDH'\�HDB�CD:�\�A0;�>�GL5�>0GD=J597�M]UW5�79GD8�HL\�M]HL>0eJ59GDHDM]o \�HDn�CDX9X9;�GLCD7�59;�:
;�A�798JHDM]H*GD8�CD:J:�HDX�MzB�=�M]7�79CDSJH'RJX9CDGLHD`Jab8�5�Mz7�HDGD8�:J5���=JH'R�>�HDM]HD:J79Mz:J;.59B�R�CDGD7�;J:.�W;�Ey;�A��WEF�p`
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ab8J59M{79HDGD8J:�5���=JHyGD;�B�N�59:�HDM{798�H[����CD:�\���E�79HDGL8�:�5��J=�HDM.59:i;J>0\�HL>�79;�HD:�CDNJX9Hy798�Hg�W����E�79;iMdCD7�59MdA0I
\�59A�A0HD>�HD:�7vM]HL>0eJ59GDH{>�H ��=J59>0HDB�HD:�79Md`�ab8�HY59\�HDCY59M�798JCD7�Md;�B�H.GD8�CD:�:�HLX9M'CL>0H{>0HDMdHD>0eJHD\yA0;J>z�W����E�M]HL>0eJ59GDH
;�:�X9I_q0�

gprs
r0o�CDM*59:[���Fo�CL:�\[798JH{;J798�HL>|;�:�HLM*CD>�H{M]8JCD>0HL\[N�HL79UWHDHD:[NJ;�798[M]HL>0eJ59GDHDM*q0�

shared
r0oFCDM'59:y��EF`

ab8J59M|79HDGD8J:�5���=JH'59B�R�CDGD7�MzN�;J798.7�8�H'�W;�EyCD:J\.798JH#�W;�Ey;JA��WEF�c`

��� ����� � ��
 �
 
�� ��� (�� ��( ��� ��	��& & (���#��� (�$"���#����$�� � �%�� � $!�	��
���� ����� $%�� �"(������
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Chapter 4


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

� )�������9����) ������&1%'��-���#>��� ��� *,)�� %'& ����� 2 3�465 ������@����� �� ����������#�� ��) �# � ����
�������������B8�������) %'# ����@������������ *,)$���� &1%+* #�)��# ���� ��������*,���$I

4.1. Introduction

�W����E�R�HD>0A0;J>0B�CD:�GDH{Md79=�\�5�HDM*CL>0H{=JM]=�CLX9X9I_R�>0HLM]HD:J79HD\_A0;�>bN�;�7�8[Md59: f X9HDn�M]X9;�7�CD:�\[B�=�X97959n�M]X9;�7�;�RJHD>0CL7�59;�:
CD:�\.GDCL:.N�H*A0;�GD=JM]HD\.;�:{HD5�798�HD>�7�8�H'=�RJX95�:�S{;�>�798JH'\�;�UW:�X�59:�SJ`

•
?�:h798�H	��
��������
�������������� �Do*Cp�W����E@GL;�:�:�HDGL7�59;�:hGD;J:�M]5�M]7�MZ;�AT798J>0HDHcRJ8�CDMdHDM �WCDGDGLHDM]MVR�8�CDM]HLo
>0HDM];�=J>0GLH.>0HLM]HD>0eJCL7959;�:[R�8�CDMdH.CD:�\[\�CL79C.7�>0CD:JM]A0HL>zR�8JCDM]HD`�a�8�H �� ��� � � � 	���� � 5�M'GD;J:�79HL:�7�59;�:yNJCDM]HD\
CD:�\ 5�Mj\�HL>059eJHD\ A�>0;�B M]X9;�7�79HD\ ��X9;�8�Cl79HLGD8�:�5 ��=�H CL:�\ A�X9;�U GD;J:�7�>0;�XpRJ>0;�GLHD\�=J>0HDM]` �WGLGDHDMdM
B�HDM]M]C f HDMWCD>0HTMdHD:�7�;�:V7�8�HT��� �W�� �GD8�CD:�:JHDX�A0;�X�X9;�U�59: f R�>0HDeJ59;�=�M�GD;�:�7�HD:�7�59;�:gCDX f ;�>�59798�B�`�ab8JH
B�CD59:�R�HD>0A0;J>0B�CD:�GDH�R�CL>0CDB�HD79HD>�My;�A{798J59MyR�8JCDM]H�CD>0H�N�X9;JGDSJ59: f >0CD79H�CD:�\�CDGDGDHLM]Mg\JHDX�CDIJ`*?�:}798�H

� � � � � � ��� � � � � �� ����� � 
 � 	���� � q�GDCLX9X�CD\�B�59M]M]59;�:�R�8�CLM]HDr0o 798�HWGDCLX9X�M�798JCD7v8JCDeJHYM]=�GDGLHDM]MdA0=JX9X9ITR�CDM]MdHD\
798�H_CLGDGDHLM]MYR�8JCDM]HTCD>�H���=�HD=JHD\ZCD:J\ZCD>�H_CDMdM]5 f :�HD\Vq05�A�R�;�MdM]59NJX9HLr�7�8�H_M]=J597�CDN�X�H_>�CD\�59;Z>0HLM];�=�>�GDH_59:
;�>0\�HL>g79;~C}R�>�59;J>0I~B�HDHD7�798�H}\�CL79C�79>�CD:�MdA0HD>y>0H �J=�5�>0HDB�HD:�79Miq��W;�El>0H �J=�5�>0HDB�HD:�79M]r0`Wab8�HhB�CD59:
R�HD>0A�;�>0B�CD:�GDHTR�CL>0CDB�HD79HD>w;�Aw798J59MWR�8JCDM]H�59M�798�H��J=�HD=�HL59: f 7959B�HD`�?�A�M]8�CD>05�: f 798�H_>�CD\�5�;Z>0HLM];�=�>�GDHDM
UW59798��WEF� q0HD` f `�59:���EcCD:�\��FE�r0o�CD:�;J798�HL>*R�HL>0A�;�>0B�CD:�GDHyR�CD>�CDB�HD79HD>*59M{798�H[59:J79HL>0>0=�RJ795�;�:�7�59B�HDo
UW8�59GD8659MZ59:�GLX9=�\�HD\659:6798�H �J=�HD=�HL59: f 7959B�HDoWCD:�\^798�H%59:J79HD>�>0=�R�7�HD\~�W����ElGLCDX�X9M�8JCDeJH�8�5 f 8�HD>
R�>059;J>05�79I_79;[N�HYCDX�X9;�GLCD79HL\[>0HLM];�=J>0GDHY798�CD:_798JH ��=�HD=JHD\yGLCDX�X9M]`Fa�8JHD:�oF7�8�H.GL;�:�:�HDGL7�59;�:yHD:J79HL>0M*59:y7�8�H
� � �
�� � � � � 	���� � ozUW8�HL>0HZeJCD>�59;�=�MTM]GD8�HL\�=�X�59: f M]7�>0CD7�H f 59HDM[GLCD:%NJH�CDR�RJX95�HD\%5�:%;�>0\JHD>Y79;%CLGD79=JCDX�X9I
HD:�M]=�>�H.7�8�H�>�H ��=�HLM]79HL\��W;�EiA0;J>wHLCDGD8gGL;�:�:�HLGD7�59;�:�`Fab8JH�B�CD59:gR�HD>�A0;J>0B�CD:�GDH�R�CD>�CDB�HD79HD>0M';�Az798�5�M
R�8�CDM]H*CD>0H*7�>0CD:�MdA0HL>�\�HLX9CDI{CD:�\.7�8�>0;�= f 8�R�=J79`

•
?�:V798�H	��������������	
����������������Dov7�8�HD>�HT5�MW;�:JX9Ig798�H � � �
�� � � � � 	���� � o�CD:J\Z798�H_B�CD59:VR�HD>�A0;J>0B�CD:�GDH
R�CD>0CDB�HD79HL>0M*CL>0HY79>0CL:�M]A�HD>|\JHDX�CDI_CD:�\[798J>0;�= f 8�R�=�79` ��X9Xv798�HYR�HD>�A0;�>0B�CD:�GDHYM]79=J\�59HLM*A0;JGD=�MdHD\y;�:[798�H
\�;�UW:�X95�:�S{R�>0;�GDHD\�=J>0H'B�CDSJH'798�H'CLM]M]=�B�R�7959;�:{798�CL7,798�HL>0H'5�MzCDX�UWCDIJMzM]=�A�A05�GD5�HD:�7�=JR�X�59:�S.GDCDR�CDGL5�79I.79;
M]HD>0eJ59GDH%798JH�M]5 f :�CLX959: f :�HDHD\JHD\^A0;�>[798�H�\J;�UW:�X�59:�S~GD;�:�:�HDGL7�59;�:�M]oY5�` HD`WA0;J>gCDGDSJ:�;�UWX9HL\ f HDB�HD:�7

messages.

�lA0=�>�798�HD> �d=JM]7�59A�59GDCL7959;J:gA0;J>w=�RJX959:�SyCD:�\y\�;�UW:�X�59:�SyM]HDR�CL>0CL79HD\gMd79=�\J59HDM'59M'798JCD7�=�RJX�59:�SyCD:�\g\�;�UW:�X�59:�S
CD>0H'CLX�X9;�GDCL79HD\{M]HDRJCD>0CL79HLX9I{59:.�W����EyN�HDGLCD=�M]H*;�A�798�H*CDM]IJBTBTHD79>05�G':�CL79=�>�H';�A�\�CD7�C'7�>0CLA0A�59GD`
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ab8�HpR�HL>0A0;J>0B�CD:�GDHcM]79=J\�5�HDMZ;JA_�W����EkCD>0Hc=�M]=JCDX�X9I6A0;�GD=�MdHD\^;�:6798�>�HDH%UWHLX9X9n�SJ:�;�UW:^R�HD>0A0;�>0B�CD:�GDH

measures:

•
ab8�H

throughput
59MY798�H[CDB�;�=�:�7|;JA*\�CL79C_R�HD>�M]HDGL;�:�\�7�8�CD7b8�CDM{N�HDHD:�M]=�GLGDHDMdM]A0=JX9X9I�79>�CD:�M]B�597�79HD\

;�eJHD>�798�H*CD5�>�59:J79HL>0A0CLGDH*q0SJN�597 tuM]r0` ab8�H*798�>0;J= f 8�R�=�7�M]RJHDGD5�A05�HDMw7�8�H�B�CDx�59B�=�B�tuR�HDCDS.N�597�>0CL79H�CD:�\.798JH
B�HDCD:�N�597V>�CD79HjCD:�\ 597VB�HDCDM]=J>0HDM}798�HjHDA�A05�GD59HL:�GDI ;�Ap\�CL79Cj79>�CD:�M]B�59M]M]5�;�:�5�:O798JHkGDHLX9X�`[ab8�H
798�>0;�= f 8�R�=J7F;�:JX9I�CDGDGD;�=�:J79MwA0;�>�798�H�7�59B�HY798�HY>�HDM];�=J>0GDHLM�CD>�HYCLX9X9;JGDCL79HD\T79;_CD:T�cEFo,59` HD` o�UW8�HL:_798JH
�cEy59M|59:{798�H*79>�CD:�MdA0HD>�R�8�CDMdHD`

•
ab8�H � � �
�� � � � � �� ��� 5�M�798JHY7�59B�HY59:_M]HLGD;�:�\JM�A�>0;�B�798�HYCD>�>059eJCDXF;�A�CYB�HDM]M]C f HYCD7F798�HYMd;�=�>�GDHY=�:J795�X
798�H UW8�;JX9H B�HDM]M]C f H 5�MjGD;J>0>0HDGL7�X9Is>0HDGDHL59eJHD\KCD7i798JH�\�HDMd795�:�CD7�59;�:�oZ59` HD` o�798JH�\�CL79C�B�HDM]M]C f H
79>0CD:JM]B�59M]M]59;J:.7�59B�HD`

•
ab8�H 
�� � �� ��
�� � ����� 59M.798�HyA0>�CDGD7�59;�:�;�A'>0CD:�\�;�BmCDGDGDHLM]M�CL7�79HDB�R�79M�798JCD7zA0CL59XwNJHDGDCD=JM]HgHL5�798�HD>'798JH
:�=�B�N�HD>�;�A�GD;�:J79HD:J795�;�:�Mz;J>�7�8�H'>�CD:�\�;�B CDGDGDHLM]M|7959B�H'HDx�GDHLHD\�MzC*X�59B�5979`

�F=�>0798JHD>}HDeJCDX9=�CL7959;�: GD>�597�HD>�59C�CD>�HOCLGDGDHLM]Mk\JHDX9CDIJo ��=�HL=�HD5�: f 7959B�HDo�59:�7�HD>�>0=�R�7�59;�:K7959B�HDo�GD8�CL:�:�HLX
=�795�X95 � CD7�59;�:�oJ\�>0;�RJR�59: f >0CL79HDoJHD79G �

•
ab8�H ���� � � � � �� ��� 5�M�\�HLA05�:�HD\iCLM�798JHg7�59B�HgHDX9CDRJM]HD\�M]59:JGDHgCgB�HDM]M]C f Hg5�M f HD:�HD>�CD79HL\i=�:�7�5�Xw798JH
A059>�M]7,\�CD7�C'N�=J>0M]7,59M|M]HD:J7�CLGD>0;�M]M|7�8�H'>�CD\�5�;.59:J79HL>0A0CLGDHD`

•
ab8�H ����������
 �&� � � � 5�M�798JH~7�59B�HjM]R�HD:J7gUWCD5�7959: f 59:l798�H ��=�HD=�H~Md59:�GDH~Cj�W����E GDCLX9Xy8�CDM
M]=�GDGDHLM]MdA0=�X�X9I�R�CDM]M]HL\i798JHgCDGLGDHDMdM�R�8�CLM]Hg=�:J795�Xz798�HgUW8�;JX9HgB�HDMdM]C f Hg8�CLM�N�HDHL:iM]HD:J7wCLGD>0;JM]M.798�H
>0CD\�5�;.59:J79HL>0A�CDGDHD`

•
ab8�H ��
���� � � � � ��� � 
 � � � � 5�M[798JH�7�59B�H�798�CD7�C��W����E^GD;�:J:�HDGL7959;J:%59M_M]7�;�R�R�HD\%N�HDGLCD=�M]H�C�eJ;�59GDH
M]HD>0eJ59GDH{UW597�8y8�5 f 8�HD>|R�>�59;�>�5979Iy:�HDHL\�M�5�79M'>0CD\J59;y>0HDM];J=�>0GLHD`v?�7�59M'\�HLA059:JHD\g;�:JX9IyUW8�HD:gM]8�CL>05�: f 798�H
>0CD\�5�;.>�HDM];�=J>0GDHLMzUW5�798.�WEF�mq0��EyCD:�\.�FE[79HLGD8�:�5 ��=�HDMdr0o�CD:J\{5�Mz59:JGDX9=J\�HD\{59:.7�8�H ��=JHD=�HL59: f 7959B�HD`

ab8�HLM]HyRJHD>�A0;�>0B�CD:�GDHyB�HDCDM]=�>0HLM.CL>0Hy=JM]=�CLX9X9I�HDx�CDB�59:�HD\�CDM.C[A0=�:�GL7�59;�:i;JA�798JHg59:JR�=�7zX9;�CL\iq0SJN�597 tuMdr0o
UW8�59GD8p59:�\�5�GDCL79HDMT798�HV:�;�>0B�CDX95 � HD\cCDB�;�=�:�7�;JAY\�CL79CV>0HLX9CD7�HD\p79;c7�8�HZGD8JCD:�:�HLX*GLCDR�CDGL5979IJ`zab8�H�\JHDX�CDI
R�CD>0CDB�HD79HL>�\�HLA059:JHD\iA0;J> �W;�E}q�M]HLHg79CLN�X9Hg��` ��rWUW;J=�X9\i59:�GLX9=�\�Hg798JHVCDGLGDHDMdMT\�HLX9CDIiCD:�\p7�8�Hg79>0CL:�M]A�HD>
\�HDX9CDI{CDMz\JHDA�59:�HD\{8�HD>�HDo�CLMzUWHDX�X�CDM|798JH'7�>0CD:�Md5�7�\�HLX9CDI{59:.7�8�H'�W����EyN�CLGDSJN�;�:�H':�HL79UW;�>0SJ`

'" � " � � +���� � +���� 
�/�� ������" � � $ ���'- �	/.- �p&'2v(���
��D1�3 � ��


ab8�HhCD:�CLX9IJM]59Mc;JAV798�H6�W����EOR�HL>0A0;J>0B�CD:�GDH65�McC6eJHD>0I@GD;�B�R�X959GDCL79HD\@R�>0;�NJX9HDB \�=�H679;k798�H68�5 f 8
\�59B�HD:�M]59;�:�CLX95�79Iy;�Aw7�8�H�RJ>0;�N�X9HDB�ovHDM]RJHDGL59CDX�X9IyCDM�B�=�X9795�R�X9H.GDX9CLM]MdHDMW;JA��cE�MWCD:�\VB�=�X97�59R�X�HTGDX�CDMdM]HDM�;�A
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�W;�EFMVCD>0HiM]=�R�RJ;�>�79HD\}59:h�W����EF`� W;�UWHDeJHD>0o'=�Md59: f M]59B�=�X9CD7�59;�:JMZCD:�\hCDR�R�>�;�x�59B�CD795�;�:6B�HD798�;�\�MV59M
R�;�M]Md59N�X�H�79;.GDCD>�>0I�;�=�7�798�H�M]79=�\�I�;�A�798�HW�W����EVRJHD>�A0;�>0B�CD:�GDHD` ab8JH f HD:�HD>0CLXFGL;�:�GLX9=�Md59;�:�Mw798�CL7FGLCD:TN�H
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 WEF��EF�lM]HD>0eJ59GDHDM*59:J79;y7�8�H.�WEF� M]IJM]79HDB 79CDSJHDM'R�X9CLGDHDo�597�B�5 f 8�7�N�H�\J59A�A05�GD=�X�7�7�; f =�CD>0CD:J79HDH.798�H
�W;�Ey;�A��W����Ey5�A�:�;.GL8�CD:�:�HLX,59Mz\�HL\�59GLCD7�HD\.7�;.�W����EF`

•
�WM�798�H��W����ElMd=�N�M]GL>05�N�HD>�M�:�=�B�N�HD> f >0;�UWM]oW7�8�H��W����El7�>0CDA0A�5�G�X�;�CD\~59:�GL>0HDCLM]HDM�CD:�\jM];�B�H
B�59:�59B�= B :�= B�N�HD>�;�A�79>�CDA�A059GTGD8�CD:J:�HDX�MYM]8�;J=�X9\VCDX9UWCDIJMYN�HT>�HLM]HD>0eJHD\VA0;�>��W����Ep79; f =�CD>0CD:J79HLH
M];�B�H�B�59:�59B�= B M]HD>0eJ59GDH'X9HDeJHDX�`

•
�WM_B�=�X97959R�X�HZGLX9CDMdM]HDM_;JA �W;�E^CD:J\%B�=�X97959RJX9HZGDX9CLM]M]HLM[;�AY79HL>0B�59:�CDX9M[U�59798c\�5�A0A�HD>0HD:J7*B�=�X97�59n�M]X9;�7
GDCDR�CDNJ59X�597�59HLM�CD:�\_B�=�X97�59R�X�HYCDR�RJX�59GDCL7959;J:�M�CL>0HW59:�7�>0;�\�=JGDHD\�o,59Ab:J;TGD8JCD:�:�HLX�5�M*\�HD\J59GLCD79HL\[79;[�W����E
597�B�5 f 8�7�N�H'\J59A0A�59GD=JX�7�79;{HD:�M]=�>�H*798�H'�W����EyRJHD>�A0;�>0B�CD:�GDH'A�;�>v798�HLM]H'7�HD>0B�59:�CDX�M]`

•
�WMwM]HDHD:.59:TMdHDGL7959;�: �` �o 798�H�>0HDMd;�=�>0GLHWCLX9X9;JGDCL7959;�:�79HLGD8�:�5 ��=�HWUW8J59GD8TRJ>0;�eJ59\�HLM�HD:�8JCD:�GDHL\T�W����E
R�HD>0A�;�>0B�CD:�GDH[5�M{7�8�H[�FEc79HDGD8�:J5���=JHDo�M];�M];�B�Hy\�HD\�59GLCD7�HD\�GD8�CL:J:�HLX9M{CD>0H[:�HDGLHDM]M]CL>0I�79;�8�CDeJHyCD:
HDA0A�HDGD7�59eJH'�W����EyM]HD>0eJ59GLHD`

?�7z59M.;�N�eJ59;�=�M.798JCD7|59A*HDx�GLX9=�Md59eJHg>0HDMdHD>0eJCD7�59;�:i;JA�GD8JCD:�:�HLX9M.A0;�>��W����E}5�M�GLCD>�>05�HD\i;�=J7wN�I�798�Hg�WE��
;�R�HD>0CL79;J>�59:V;�>0\JHD>�79; f =�CD>0CD:J79HLH[M];�B�H �W;�E%;�A*�W����E%M]HL>0eJ59GDHDo�M]=�GD8Z>0HLM]HD>0eJCD7�59;�:�U�59X�X|>�HD\�=�GDH_798JH
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:�=�B�N�HD>�;�A�GD8JCD:�:�HLX9M�CDeJCD5�X9CDN�X�H�A0;�>�HDxJ59M]7�59: f �WEF�QM]HL>0eJ59GDHDMd` ab8�5�M�>�HD\�=�GL7959;J:T59:�798�HY�WEF�QGD8JCD:�:�HLX9M
UW59X9X�;�N�eJ59;�=�MdX9Ij59:�GD>�HDCDMdHh798JHhNJX9;�GDSJ59: f R�>0;�N�CLN�5�X95�79Ij;�AVGD5�>0GD=J597�M]UW5�79GD8�HL\kM]HL>0eJ59GDHDMpCD:�\�o{8�HD:�GLHDo
>0HD\�=�GLH'7�8�H'GLCDR�CDGL5979I{;�A�798�HLM]H'MdHD>0eJ59GDHLM]`

�'" �'" !�" � � � � �'-��'2v(���� ��� 
 �$�'2~2 � 
 (�&#� � 
�&'2�3 �v&'2�3�/ 	 �'- 


ab8�H';�A�A0HD>�HD\.79>0CLA0A�59G�N�I.798JH�HDxJ59Md7959: f �WEF� GL59>0GL=�5�7�M]UW5�79GD8JHD\�MdHD>0eJ59GDHLM�5�:TCWGLHDX�XFGD;�B�R�>059MdHDMw79UW;TSJ59:�\
;�A�GDCLX9X�M �

•
��� � � ��� � � �,GDCLX9X�Mz798JCD7,CD>0H*59:J59795�CL79HD\{59:.7�8�H'GLHDX�X9`

• Handovers
�,GDCDX�X9M|798�CL7�CL>0H'8JCD:�\�HD\{;�eJHD>�A�>0;�B ;�798�HD>�GDHLX9X9M]`

 WCD:�\�;�eJHD>W>0H ��=�HDMd79M�CD:�\p:�HDU GDCLX9X�CL7�79HDB�R�79MTGD;�B�R�HD79HgA0;�>�798�HgM]CDB�HV>0CD\J59;p>�HDM];�=J>0GDHLM]` �W7�CVN�=�M]I
(�abEFo�:JHDU GDCLX9X�CL7�79HDB�R�79M*UW8�59GL8[A0CL5�X�N�HDGLCD=�M]HY798JHD>0HYCD>�H.:�;yCDeJCD5�X9CDNJX9H{GD8�CD:�:JHDX�M'CD>�H.GDCLX9X�HD\

blocked

calls
`  WCD:�\J;�eJHD>b>0H ��=�HDMd79M�UW8J59GD8[B�=�M]7�NJH{79=J>0:�HL\[\�;�UW:[N�HLGDCD=JM]H{7�8�HD>�H{CL>0H{:�;_CDeJCD59X�CDN�X�H{GD8�CL:�:�HLX9M

CD>0HyGLCDX�X9HD\ 	��
 ��� � � � � �� ��� � � � `�468�HD:�:�;�RJ>059;J>05�79I�59M f 59eJHD:i79;i8JCD:�\�;�eJHD>'>0H ��=JHDM]7�M�;�eJHD>�:�HDUsGDCDX�X
CD797�HDB�R�79M]oZ:�; \J59A�A0HD>�HD:�GDHlHDxJ59M]7�MjN�HL79UWHDHD:s798�HLM]H UW8�HL: CLX9X9;JGDCD7�59: f C GD8JCD:�:�HLX9o�CD:�\ 798JHD:K7�8�H
R�>0;�N�CDNJ59X�5�7959HLM';�Az:�HDU GDCLX�X�N�X9;JGDSJ59: f CD:�\g8�CD:�\J;�eJHD>wA0CL59X�=�>0H�CL>�H�798JH�M]CDB�HD`Fab8�HD>�HDA0;J>0HDoF798�H.59:�GL>0HLCDM]H
59:�N�;J798�RJ>0;�N�CDNJ59X�597�59HLM.\�=�H[79;��

gprs
59M.CDX�M];�7�8�HyMdCDB�HD`� W;�UWHDeJHD>0o�A0>0;�B 798�Hg=�MdHD>.-0M�R�;J59:J7w;�A�eJ59HDUWo

A0;�>0GLHD\~79HD>0B�59:�CL7959;�:~;�AgCL:j;�: f ;�59: f GDCDX�X�59MpGLX9HDCL>0X9IjX�HDM]Mp\JHDM]5�>0CLN�X9H}798�CL:@N�X�;�GDSJ59: f Ch:�HDU GDCLX9X
CD797�HDB�R�79o�UW8�;�M]HYHLA0A�HDGD7F59M��u=JM]7F79;_A�;�>0GLHY798JHY=�MdHD>�79;[>�HDR�HDCL7�8J59M�CDGDGDHLM]M�>0H ��=JHDM]7vCD7vC{X�CD7�HD>b7959B�HD` �WM*C
>0HDM]=JX979oF8�CD:�\�;�eJHD>�M�CL>0H�=�Md=�CDX�X9Iy79>�HDCD7�HD\gUW5�798gC.8�5 f 8�HD>wRJ>05�;�>05�79Iy798�CL:g:�HDU GLCDX�X9M]oFCD:�\gRJ>0;�N�CDNJ59X�5979Iy;�A
8�CD:�\�;�eJHD>{A�CD5�X9=�>�H�5�MyC�B�C �d;�>.GL>�597�HD>�59;�:%59:�R�HL>0A0;J>0B�CD:�GDH�HDeJCDX9=�CL7�59;�:�;JA.HDxJ59Md7959: f �WEF� M]HL>0eJ59GDHLM]`
ab8J59M*8JCD:�\�;�eJHD>|RJ>059;J>05�79I_59M*RJCD>�7959GL=�X9CL>0X9I_59B�R�;�>07�CD:�7�UW8JHD:y>0HLX9CL7�59eJHDX9I[M]B�CDX9X�M]5 � H.GDHLX9X�M';J>zB�59GD>0;�GDHLX9X�M
CD>0H�=JM]HD\�ovNJHDGDCL=�M]H.59:y798�5�M�GDCDMdH.798�H�:�=�B�N�HD>w;JAw8�CL:�\�;�eJHD>0M�RJHD>zCDGD7�59eJH�GDCLX9X�59M�8J5 f 8�HD>�CD:J\V798�HL:g798�H
HDA0A�HDGD7�59eJHD:�HDMdM�;�A�8JCD:�\�;�eJHD>�R�>�;�GLHD\�=J>0HW8�CLM�C�M]5 f :�59A�59GLCD:�7�59B�R�CDGD7F;�:�798�H�79HLX9HL79>0CLA0A�59GWRJHD>�A0;�>0B�CD:�GDHW;JA
798�H'GLHDX�X9=�X�CD>�:JHD79UW;J>0SJ`

�'" �'" �'" ��������/�3 
 �	/.-�(�/.1�2�� �'-�&�(����#2�+ ����� - ��3.1�(���� /.2 /�� (�&#�v&�( � � � /�� "%$��

services

ab8�HL>0HTCD>0HTM]HDeJHD>0CLXbUWCDIJMY;�A�GD;�=�:J79HL>0CDGL7959: f 798JH[>0HL\�=�GL7959;J:�;�A�GDCDR�CLGD5�79IZ;�A*HDxJ59Md7959: f �WEF� MdHD>0eJ59GDHLM
\�=�H'79;.�W����E[59B�R�X9HDB�HD:�79CD7�59;�:.UW5�798.�

gprs
\�HD\�59GDCL79HD\{GD8�CD:�:JHDX�M]`Jab8�HLM]H';�:JHDMzCL>0H'RJ>0;�R�;JM]HD\ �
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• ����� � ����� '���	�"$)����$�$! % 	,+ ��	����$�����,���,% ! ���

?�:h798�59MVa�8�HDMd59MVCiA05�x�HD\}A0>0H ��=�HD:JGDI}CDM]M]5 f :�B�HD:�7WM]7�>0CL79H f I}59MVGD;�:�Md59\�HL>0HD\�o�798�CL7Y5�M]o'CpM]HD7W;�AT>0CD\J59;
A0>0H �J=�HD:�GL59HLMWCD>�HTR�HL>0B�CD:�HD:�79X9IgCDMdM]5 f :�HD\V79;ZHDCLGD8ZGLHDX�XbMd5979HTq0A�59x�HL\Z:�=�B�N�HD>�;�A�GD8�CD:J:�HDX�M]r0` (�IV=�Md59: f
;�798�HL>�A�>0H ��=JHD:�GDI{CDM]Md5 f :�B�HD:�7�M]79>�CD79H f 59HLMzq�79CDNJX9H ��`���r�597,59MzR�;JM]Md59N�X�H'7�;.59:JGD>0HLCDM]H*798�H*GDCDRJCDGD5�79I.59:�C'GDHLX9X
M]597�HDo*N�HLGDCD=�MdHp7�8�HDI}B�C�SJHcB�;�>0HcHDA�A059GL59HD:J7Y=J795�X95 � CL7959;�:h;�AT798�HpCDeJCD59X9CLN�X9HcM]RJHLGD7�>0=�B�o'N�=�7Y798JHc8�5 f 8
\�H f >0HDH';�A�GD;�B�R�X9HDx�5�79I{;�A�7�8�H'CLX f ;�>05�798�B�MzHDB�R�X9;�IJHD\.CD7�798�H (�EF�vtu�cEF�%59MzCL:.59B�R�;�>07�CD:�7�\J>0CDUWNJCDGDSJ`

• �����
(���	�� ��! ����# � ,� ��#�� ����,������,���

�WM�798�HW:J=�B�N�HD>�;�A��W����EV=�M]HL>0MwCD:�\�798�HW:J=�B�N�HD>�;�A�;�RJHD>0CL79;J>0Mw59:�GL>0HDCDMdHDo�7�8�HW79>0CLA0A�59GWX9;�CD\T59:�GL>0HLCDM]HLM
CD:�\iGLX9HDCD:�A0>�H ��=�HD:JGD5�HDMTNJHDGD;�B�HV8�CD>0\i79;iA059:�\�`�ab8�HD:�ob597wN�HDGD;�B�HDMT:�HLGDHDMdM]CD>0Ii79;iCDX�X9;�GLCD79HVCL:�;J798�HL>
A0>0H �J=�HD:�GDIlN�CD:�\l79;lHD:�M]=J>0HjM]=JA�A059GL59HD:J7gGLCDR�CDGL5979IJ`_�WEF� =JM]HDM}798�HjA0>�H ��=�HD:JGDI N�CD:�\ 	���� �  �
q0�WEF� 	����Jr0o CD:J\THDxJ79>0C�N�CD:�\JM.� � �����  � q0�WEF�j� � � ��r�CL:�\�� 	������  � q0�WEF�j� 	�� ��r*� ���0` a�8�HW:�HDU
N�CD:�\�UW59\J798VHL:�M]=�>�HDMYB�;�>0H_GLCDR�CDGL5979IVA0;J>�7�8�H_;�RJHD>0CL79;J>,-0MW=�M]HTCD:�\ZGLCD:ZN�HT=�M]HD\VA0;J>�N�;�7�8Z59:�GL>�HDCDMd59: f
798�H�GLCDR�CDGL5�79I.;�A�HDxJ59M]7�59: f �WEF� M]HL>0eJ59GDHDMzCD:�\.59:�GL>0HDCLM]59: f 798�H'GDCDRJCDGL5979I.;�A�:JHDUj�W����EVM]HD>0eJ59GLHDM]` ab8JH
R�>0;�N�X�HDB 59M}798JHjM]CDB�Hj;�X9\lM]79;�>0IJoT798�HjMdGDCL>0GDH~CDeJCD59X9CLN�X9H~M]R�HLGD7�>0=�B�`_�F=�>0798�HL>0B�;�>0HDo_798JHj:�HDHL\�HD\
59:�eJHDM]79B�HD:�79McA0;�>�:JHDU GDHLX9X_M]5�79HDMc;�>�:JHDU�a�� �WM%59B�R�X9IkC^8�5 f 8 59B�R�X9HDB�HD:�79CD7�59;�:lGD;JM]7[A0;J>�798JH

operator.

������& � � 
 �
��� � � �%��$*��� ����� ��$��"��$%� ���� ����� � ��

• ������� ��� ����! ��#��'������ � �"$����! 	�% 	����
(���	�����! ����#
�W:�;�798�HL>bR�;�MdM]59NJ59X�5979IT;�A�59:�GL>0HDCLM]5�: f 798�HYGDCLR�CDGL5979IT59M�59:JM]79CLX9X�59: f :�HDU@a�� �WM�59:T798JHYHDxJ59Md7959: f GDHLX9XvM]5�79HDM
=�M]59: f 798�HgGD=�>�>0HD:J7�MdR�HDGL79>0=�B�`|ab8JHVB�CD59:pR�>0;�NJX9HDB<59M�798�Hg59B�R�X9HDB�HD:�79CD795�;�:pGD;JM]7wA0;�>W798�HV;�R�HL>0CD7�;�>0`
�c;�>0HL;�eJHD>0o�798JHDM]HWCD\�\J597�59;�:�CLXva � �YM�>�H ��=J59>0HWA0>�H ��=�HL:�GD5�HDM�CD:J\_CDMdM]=�B�59: f 798�CD7v:�;T:�HDUkN�CD:J\�UW59\J798T59M

f 59eJHD:.79;.798�H';JR�HD>�CD79;J>,-�Mz=�MdHDo�798JH'A�>0H ��=JHD:�GDI{M]R�CDGLH'M]8J;�=�X9\.NJH*>0HDn�R�X9CD:�:�HD\�`

• ��! ����"$��! 	�% ��� � ����� ��� ! "�! 	 ��+ '�� ��! � ��)*��� 	��������� �

�W=�H�79;c798�H�\JHDB�CD:�\�My;�A.GL;�B�R�X9HD79H�GD;�eJHD>0C f H�CD:�\%M]=�A�A05�GD59HL:�7'GLCDR�CLGD5�79IJo�\�59A�A0HD>�HD:�7*GDHLX9X*M]5 � HDMyCL:�\
B�=�X97959R�X9H X9CDIJHD>�Mj;�A�GDHLX9X9M~8�CDeJH N�HDHL: N�=�5�X�79` � B�=�X9795�X9CDIJHD>}:�HD7�UW;�>0Ss59M~;�A�79HD:s>0HDA�HD>�>0HD\sCDMjC
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8�59HD>�CD>�GD8�5�GDCDX�GDHLX9X�M]7�>0=�GL79=�>�H�q� W��EFr0` � UWCDIy;�Aw59:�GL>0HDCLM]59: f 798JHT�WEF��GLCDR�CLGD5�79IgUW;�=�X9\VN�HT\J59>�HDGL7959: f
GD59>�GD=�5�7�M]U�5979GL8�HD\[79>0CLA0A�59G.;J>zR�CLGDSJHD7�M]U�5979GL8�HD\[79>0CLA0A�59G{79;y\J59A�A0HD>�HD:�7�X9CDIJHD>�M'59:[;�>0\JHD>|79;g\J59eJ59\�H�7�>0CLA0A�59GD`
�W=�HY79;T798�HWA0CDGL7v7�8�CD7F�W����EZ79>�CDA�A059GWGDCD:�:J;�7vRJHD>�A0;�>0BO:�HD79UW;�>0S_GD;�:J79>�;�X�GLHDX�X�>�HDM]HLX9HDGL7�59;�:�M�CD7�CL:[HDCD>�X9I
M]79C f Hg� � ��0o�GL59>�GD=�5�7vM]U�597�GD8�HD\_7�>�CDA�A059GWGD;�=JX9\_N�HY\�5�>0HDGL79HD\_79;[CL:�;�798JHD>bX9CDIJHD>bq0HD` f `�A0>0;�BOC{B�59GD>0;�GDHLX9Xv79;
CD:T;�eJHD>0X�CD59\TB�CDGD>0;JGDHDX�X9r�UW8JHD:TR�;JM]M]5�N�X9HL` ab8�5�M�GDCL:TN�HW\�;J:�H �u=�Md7FN�I�8�CD:�\�;�eJHD>bGL;�:�7�>0;�XF59:T798�HWCDGL7959eJH
B�;�\�HD`�ab8�=�M]oJGDCDR�CLGD5�79I{;�A�HDxJ59Md7959: f �WEF�<MdHD>0eJ59GDHLMzCD:�\{:�HDU~�W����EyM]HL>0eJ59GDHDM|GD;�=JX9\.N�H*59:�GL>0HDCLM]HD\�`

• � �� � '���',��� � � � � 	��,�������� ��� #���	�����*��� (��,��������	 ��� ��� ��	�� � � � �
�W:%59:�7�HD>0HLM]7�59: f A0=�79=J>0HZM]GDHD:JCD>05�;c59M[7�8�H�8JCD:�\�;�eJHD>{N�HL79UWHDHL:%�W����E^CD:�\%A0=�79=J>0H�=�:�59eJHD>0MdCDX'B�;�N�59X�H
79HDX�HDGD;�B�B�=�:�59GDCD7959;�:JMYMd79CD:�\JCD>0\Vq��W�pabE�r�:�HL79UW;�>0SJMg� ���J�0` �O8�CL:�\�;�eJHD>�CLX f ;�>05�798�BPUW8�59GD8�R�>0;�eJ59\�HLM
M]HDCDB�X9HDM]M{8JCD:�\�;�eJHD>*NJHD79UWHLHD:��W����E%CD:�\ ���pabE�5�M.R�>�HDM]HD:J79HD\�59:h� �����0`�ab8�5�M.CLX f ;�>05�798�B =�M]HDM.798JH
B�;�N�59X9HDn�GD;�:�79>0;�X�X9HD\�8JCD:�\�;�eJHD>{q0�c�� �Wr{M]GD8�HDB�HDo�59:%GD;�:�7�>0CDMd7*79;��WEF� UW8J59GD8%=�M]HDMy798JHiB�;�N�59X9HDn
CDM]M]5�M]7�HD\�8�CL:�\�;�eJHD>'q�� �  �Wr'M]GL8�HDB�HD`�ab8JHg>0HLCDM];�:�59M.798�CL7wUW8�HD:�8�CD:�\�;�eJHD>'59M.>0H �J=�5�>0HD\iNJHD79UWHDHD:
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ab8�HL>0Hg59M�798�HgR�;�M]Md59NJ59X�5979Ii;�AWCgGD;�B�N�59:�HD\p=JM]HV;JAW798JHV\�5�A0A�HD>0HD:J7�8JCD:�\�;�eJHD>YRJ>05�;�>�597�5 � CD7959;J:cM]GD8JHDB�HDM
M]HDHD:VNJHDA0;J>0HD`��F;J>w59:�Md79CD:�GLHDo�5�7b5�MYR�;JM]M]5�N�X9HT79;V>0HDMdHD>0eJH_�

ho
GD8�CD:�:�HDX9MWHDx�GLX9=�Md59eJHDX9IVA0;�>�8JCD:�\�;�eJHD>�MYCD7

798�H�MdCDB�H�7959B�H�798�CD7*CDX�X9;�UW5�: f ��=�HD=�HD5�: f ;�A.8�CD:�\J;�eJHD>.>0H ��=�HDMd79M �'798J59MyUW;J=�X9\�8JCDeJH�798�H�HDA�A0HDGL7';JA
>0HD\�=�GL59: f 798�H�:�=�B�N�HD>.;�A.8JCD:�\�;�eJHD>{>0H ��=JHDM]7�My7�;�N�H �J=�HD=�HD\�` �W:�;�798JHD>.RJ;�M]Md59NJ59X�5979I�59My79;}=JM]Hi7�8�H
����Evn�R�>0H'CD:�\.7�8�H ����EFn�R�;�M]7�M]GD8JHDB�HDMzCD7�7�8�H'MdCDB�H'7959B�H_� �����0`��^>0CD:�\�;�B :�=�B�N�HD>�N�HD79UWHLHD: �{CD:�\Z�
59M f HD:�HD>�CD7�HD\c59:p798JH'(�abE�t�(�EF��t	�cEF�O=�Md59: f M];�B�H�M];�A079UWCL>0HZ59:�Md79CLX9X9HL\%59:c597 ��59AY798�5�M[:�=�B�N�HD>{X�59HLM
N�HD79UWHDHL:��[CD:J\ ��` ��o�798�H ����EFn�R�>0H{59M�R�HD>�A0;�>0B�HD\[A0;J>|8�CL:�\�;�eJHD>|GLCDX�X9M �v5�A|:�;�7�o�GD8�CL:�:�HLX�CLX9X9;JGDCD7�59;�:_CDM
59:.798JH ����EFn�R�;�M]7�59MzRJHD>�A0;�>0B�HD\�`
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Chapter 6

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


�%���9�9*,����������� � -�%'��� ��������������'� ��������%'����� ��8�%+*,� ����� �-���������� ��� *,)$���) 9# �����
������@�9%'* � ��������� ����� ������ ������������� ��@����9*,������� ����� ��������������&1&1�� ������&1%'��-���#���� %'&!�
���#>./�9� �����9� 8�����%+#�. �#>. ��%	� 203�4�5BA�2 5>D #���� F %'��H 8 � *,���#>. ��# ��@���#�� 
 )��"�@���#

simulator.

�'"#!�"�$�� �~1�� &���� /.2 � ������/�3�/�� /�+��

ab8�HpR�HL>0A0;J>0B�CD:�GDHc;�A_C%GDHLX9X9=JX9CL>[:�HL79UW;�>0S6GDCD:6N�H%5�:�eJHDM]795 f CD7�HD\^N�I6=�M]5�: f HD59798JHD>_M]59B�=�X9CD7�59;�:^;J>
CD:�CDX9IJ7�59GDCLX'B�;�\�HDX9Myq0;�>.CiGD;�B�N�59:�CD7�59;�:�;�A�N�;J798Jr0`�ab8�H�CD:�CLX9IJ7959GLCDX�B�;�\�HDX9M f 59eJHiHDx�CLGD7'CD:�\}B�;�>0H

f HD:�HD>0CDX�>0HDMd=�X�79M]o N�=J7�=JM]=�CLX9X9I.>0H ��=J59>�H�>�HDMd79>�59GD7�59eJH�CDM]Md=�B�R�7959;�:�M]o�HDM]R�HLGD5�CDX�X9I�A0;�>�GL;�B�R�X9HDxTM]IJM]79HDB�M]`,?�:
GD;�:�7�>0CDMd79o Md59B�=�X9CD7�59;�:�B�;�\�HDX9MzCD>0H'R�>0HLA0HL>0>0HL\�UW8�HD:�CL59B�59: f CD7F798JHW\�HL79CD5�X9HD\�M]7�=�\�I�;�A�798JHWN�HD8JCDeJ59;�>�;JA
CpM]R�HLGD5�A059GiGDHLX9X9=JX9CL>TM]IJM]79HDB�GD;�eJHD>059: f C f 59eJHD:hCD>0HLCDo*N�HLGDCD=�M]Hi:�;}GD;�:�Md79>0CL59:J79MVCL>0Hi59:h798�HcB�;�\�HDX
N�=�59X�\�59: f q0B�;�\�HDX95�: f 59Mw;�A�79HD:�Md7�>0CL5 f 8�7�A0;J>0UWCD>0\Jr0` ?�:�798�59Mza�8�HDMd59M]o \�=JH�7�;�798JH�59:J8�HD>�HD:�7�GD;�B�R�X9HDx�5�79I.;�A
798�H�GL8�CD:�:JHDX'CLX9X�;�GDCL7959;J:�M]GL8�HDB�HDMy79;%59B�R�X9HDB�HD:�79o�:�;�CD:�CLX9IJ7959GLCDX'B�;�\�HDX9M[CD>�H�Md79=�\�5�HD\�q�798�HDI%8�CDeJH
N�HDHD:gRJ>0;�R�HL>0X9Iy>0HLA0HL>0HD:�GLHD\�r0o�CL:�\gCDX�X�798JHTR�HL>0A0;J>0B�CD:�GDHTR�CL>0CDB�HD79HD>�MWCD>�HTHDeJCDX9=JCD79HL\V=�Md59: f GD;�B�R�=�79HD>

simulation.

ab;V59X�X9=�Md79>�CD79HTC_B�;�>0H_R�>�CDGD7�59GDCLX�CDR�R�>0;JCDGD8�o�C_Md59B�R�X959A�59HD\ZGLCDM]HTM]7�=�\�IV;�A�C_�W����E tu�WE�� :�HD79U�;�>0SV59M
M]79=�\J59HD\%=JM]59: f CD: � � ��
�� � ��� � � ��
 � � � � � �� � � `zab8�HZM]59B�=�X9CL79;�>{5�M_A0;�GD=JM]HD\%;J:%798JH�CL59>{59:�7�HD>�A0CDGDH�q��

m

59:�7�HD>0A�CDGDHLr�;�:JX9IJo,GD;�:�GL>0HD7�HDX9I�;�:T7�8�HWGD8JCD:�:�HLXFCLM]Md5 f :�B�HD:�7FR�>0;�GDHDMdM]`,?�:TA0CDGD79o 798�H�CD5�>�5�:�79HL>0A0CLGDHWB�CD59:JX9I
\�HD79HL>0B�59:�HDMw7�8�H'79HDX�HD7�>0CDA�A05�G�R�HL>0A0;J>0B�CD:�GDH�;�A�798�H'GDHLX9X9=JX9CL>�:�HD7�UW;�>0SJ`�ab8�HWHDeJHD:J79n�\�>059eJHD:TM]59B�=�X9CD79;J>�8�CLM
N�HDHD:[59B�R�X9HDB�HD:�79HD\y=�Md59: f C.M]59B�=�X9CD7�59;�:[X95�N�>0CL>0I[\�HDeJHDX9;�R�HD\[59:y� � � R�>�; f >0CDBTB�59: f X9CD: f =�C f HD`vab8�59M
M]59B�=�X9CD7�59;�:%X959NJ>0CD>0I%5�MyN�CDMdHD\�;�:%C�� � � GDX�CDM]M[X959NJ>0CL>0I%GDCDX�X9HD\}���W��� \�HDeJHDX9;JR�HD\�59:}7�8�H �WCDGL8�HD:
�W:�59eJHD>0M]5�79I};�A�abHDGL8�:�;�X�; f IJo*�WHD> B�CD:�Il� ����0`*ab8�HcMd59B�=�X9CD7�59;�:hX959NJ>0CL>0IhGD;�B�R�>059M]HDMV798�HpA0;�X�X9;�UW5�: f

modules:

•
� �
 ��� � 
� � 
� � � ��a�8�59M�B�;�\�=�X�H�R�>0;�eJ59\JHDM�79UW;y79IJR�HDM�;JAw>0CL:�\�;�B :�=�B�N�HD> f HD:�HD>0CD79;J>0M�q0X95�:�HLCD>
GD;�: f >0=�HD:�GLHWCD:�\TB�=�X97�59R�X�HWX�59:�HLCD>�GD;�: f >0=�HD:�GLH f HD:�HD>�CD79;J>0Mdr0o�UW8�5�GD8_CL>0HYGL>0=�GL59CLXv59:TM]59B�=�X9CD7�59;�:JM�`
ab8�HLM]HY>0CD:�\�;�BO:�=�B�N�HD> f HD:�HD>0CL79;�>�M*CD>�H{=�MdHD\[N�I_798�H{>0CD:�\J;�B \�59M]79>�59N�=J7959;J:yGLX9CDM]MdHDM*79; f HD:�HD>�CD7�H
>0CD:�\�;�B :�=�B�N�HD>0MzUW59798{798JH'\�HDMd59>�HD\.\J59Md79>�59N�=�7�59;�:�`



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

50

•
�� �� � � ��� � ��� � � � ��������� � 
 ��ab8J59M�B�;�\�=�X9HTRJ>0;�eJ59\�HLMWM]HDeJHD>0CLX�B�HD798�;�\�M�A0;J>�Md79CD7�59Md795�GDCDX�HDeJCDX9=�CL7959;J:V;�A
M]59B�=�X9CD7�59;�:.>�HDM]=JX97�M]`

•
� � 
� �� 
� � �� ��� � � � ��ab8J59MYB�;�\�=�X9HTR�>0;�eJ59\�HLM f HD:�HD>�59G_GL;�:�7�CD59:JHD>0MW798�CL7bGLCD:ZGD;J:�79CL59:VCD:�IV;�N �uHDGL79o
HD` f o�M]59: f X9H'X�59:�SJHD\.X�59Md79M]o�\�;J=�N�X9I{X�59:�SJHD\.X�59M]7�M]o���=JHD=�HDM]`

•
� � ��
� � ��� � � � 
 � � � ��� ����� � 
 �sab8J59M[B�;�\�=�X9HZR�>0;�eJ59\�HLMyC�M]HD7*;�A{GDX9CLM]M]HLMyA0;J>.R�HL>0A0;J>0B�59: f HDeJHD:�79n
\�>059eJHD:.Md59B�=�X9CD795�;�:�M]`

ab8�H*GDX�CDM]M|8�59HL>0CL>0GD8�I{;�A�798�H*M]59B�=�X9CD7�59;�:{X959NJ>0CL>0I{59M f 59eJHD:.59: �WR�RJHD:�\�5�x.��`

�'" �'"�$ ��
�� �#� �p/�3��#�

�'" �'" !�"�$ ��
�� �#� ��&'-0&#� ��� �'- 


ab8�HiM]59B�=�X9CL7959;�:}59MgA0;�GL=�M]HD\};�:�X9I};�:h;�:JHpGDHLX9XW;�AT798�Hc;�eJHD>�X9CD5�\6�W����E tu�WE�� GDHDX�X9=JX9CL>_:�HL79UW;�>0SJo
UW8�;�M]H�N�HD8JCDeJ59;�>�59Mz59M];JX9CL79HD\.A0>0;�Bl798�;�M]H';�A�798�HW;J798�HL>�GLHDX�X9M]o,UW8J59GD8�CD>0H�GD;�X�X9HLGD7�59eJHDX9I�\�HDM]GD>�59N�HL\T;�:JX9I
798�>0;�= f 8_7�8�HY8�CL:�\�;�eJHD>b>�H ��=�HDMd7�M�79;�UWCL>0\T798�HW59:�eJHDM]7�5 f CD79HD\_GLHLX9X9`,ab8JHYA0;JGD=�M�;JA|CL797�HD:�7�59;�:[;�:_C{Md59: f X9H
GDHDX�X�8�CLM':�;gRJHD:�CLX979IyN�HDGDCL=�M]H�;JA0A�HD>0HL\g7�>0CLA0A�59G�X�;�CD\y59M�CLX9X�;�UWHD\y79;geJCD>0IJovM];g798JCD7�798�H.M]59: f X9H.GDHLX9X�GLCD:
>0HDCLX959Md7�59GDCLX9X9IV>0HLA0X�HDGD7�798�HTN�HD8JCDeJ59;�=�>�;JA�CT>0HDCLXbGLHDX�X9=�X�CD>�M]IJM]7�HDB�`�ab8�HTM]59B�=�X9CD7�59;�:V59MWA0;�GD=JM]HD\Z;�:Z798JH
=�R�X95�:�STR�>0;�GDHD\J=�>0HDo�UW8JHD>�HY>0HLM];�=J>0GDHWGD;�:�7�HD:�7�59;�:TCD:�\T>0HDM];�=J>0GLHY>0HLM]HL>0eJCD7959;�:_79CDSJH{RJX9CDGLHD`�ab8�H{;JA0A�HD>0HL\
79>0CLA0A�59Gy59:i7�8�HgGLHDX�XwGD;�B�R�>059MdHDM�GLCDX�X9M.798�CL7wCL>0Hy59:�5�795�CD79HL\i59:�798JHVGDHLX9Xwq0:�HDUKGLCDX�X9MdrWCD:�\iGDCLX9X9M�798�CL7�CL>0H
8�CD:�\�HD\p;�eJHD>YA0>�;�B ;�798�HD>YGLHDX�X9MTq08�CD:J\�;�eJHD>0M]r0`bab8�HV79>0CLA0A�59GZB�;�\�HDX9MT=�M]HL\c79;pM]59B�=�X9CD7�H�N�;J798%7�>0CLA0A�59G
M];�=�>0GLHDMzCL>0H*HDx�R�X�CD59:JHD\{59:.7�8�H':�HLx�7�MdHDGL7959;�:J`

ab8�H.R�HD:JHD7�>0CD7�59;�:yA0CDGL79;J>w;�Aw�W����EiMdHD>0eJ59GLH�59M�HDx�R�HLGD7�HD\V7�;VN�HT8J5 f 8�HD>w59:V=J>0N�CD:�tuM]=�N�=J>0N�CL:VCD>�HDCDM]ovM];
798�H.79IJR�H�;�AwGLHDX�X�7�;gM]7�=�\�IyM]8�;�=�X�\gN�H�GL;�BTB�;�:g59:g798�HLM]H�CL>0HDCLM]`Fab8�HL>0HLA0;�>0HLov798JH�GDHLX9X�=�:�\�HL>wMd79=�\�Iy59M
GD8�;�M]HD:T79;_NJHYC

microcell
o,798�CL7v5�M]o�CYGLHDX�XvUW5�798_CW>0HLX9CL7959eJHDX9ITM]B�CDX9X�Md5 � HD`�?�:yB�59GD>0;�GDHDX�X9=JX9CD>bM]GDHL:�CD>�59;�M

798�H�:�=�B�N�HD>�;JA�8�CD:J\�;�eJHD>0MwRJHD>�CDGD7�59eJH�GDCLX9X�59Mw8J5 f 8�HD>�798�CD:�59:TB�CDGD>0;�GLHDX�X9=�X�CD>�;J:�HDM�NJHDGDCL=�M]H�CWB�;�N�59X9H
UW59X9X�8�CDeJH�79;.GD8�CD: f H (wabEFMwCD7�C�B�=�GD8�8�5 f 8�HL>�>0CL79H_� ����0o,M];�798�H�GD8�CD:JGDHDMw;�A�C�8�CD:�\J;�eJHD>�A0CL59X�=�>0H�\�=�H
79;[CYX9CDGDS_;�AbC{A�>0HDHYGD8�CD:�:JHDXvCD>0HYCDX�M];y8J5 f 8�HD>0`�ab8�HL:�oF59:yB�59GD>�;�GDHLX9X9=JX9CL>zHD:�eJ5�>0;�:�B�HD:�79M'7�8�H.8JCD:�\�;�eJHD>
R�>0;�GDHL\�=�>�H{R�X�CDIJM*CD:[59B�R�;�>07�CD:�7�>0;JX9H.;�:[798�H{;�eJHD>0CDX�X�79HDX�HD7�>0CDA0A�5�G.R�HL>0A0;J>0B�CD:�GDH.;�A|798�H{M]IJM]79HDB�oFCD:�\y5�7
UW59X9X�N�H_HDeJHD:ZB�;�>0H_59B�R�;�>07�CD:�7�79;Z=JM]H_GLX9HDeJHD>�8JCD:�\�;�eJHD>�RJ>059;J>�597�5 � CD7959;J:ZR�;JX959GL59HLM{79;�SJHDHDRZ8�CD:�\�;�eJHD>
A0CD5�X9=�>�HYRJ>0;�N�CDNJ59X�5979ITCL7vCWX9;�UkX9HDeJHDX9`,��;�BTB�;�:[B�59GD>0;�GDHLX9XF>0CD\�5�=�M�CD>0HWN�HL79UWHDHD:_� ����B�CD:�\p��S�B<� ����0`

Rmicro 	 � ��� BK59MYCDM]Md=�B�HD\�A0;�>�798�H[Md59B�=�X9CD7�59;�:Zq0>0HLM]59\JHD:�7�59CLX|CL>0HDCLr0`��F=J>0798JHD>0B�;�>0HDo�5�7|5�M{GD;�:JM]5�\�HD>�HD\
798�CL7�798JHT=�M]HL>0M�59:VGLHDX�X�N�;J>0\�HL>0MWCL>0H�CDX9UWCDIJMW59:�� �WEpUW59798g798�HTB�59GD>0;�GDHLX9X�-0M (wabEFo�59:Z;J>0\�HL>�79;VCDeJ;�59\
798�H'Md79>�HDHL79n�GD;�>0:�HD>�HLA0A�HDGD7�� ��J�0`Jab8�=JM]o�W�FEyM]GD8JHDB�HDMzCD>0H*CDX�M];.CDR�RJX95�GDCDNJX9HD`
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�F;�>wMd59B�R�X959GD5�79IJovC�A�59x�HD\yA0>�H ��=�HD:JGDIyCDM]M]5 f :�B�HD:�7�M]7�>0CL79H f Ig59MWHDB�R�X9;�IJHD\�o�N�=�7�7�8�HTMd59B�=�X9CD7�59;�:VB�;�\�HDX
GD;�=�X9\VHDCDMd59X9IVN�HTHDx�7�HD:�\�HD\V79;ZUW;J>0SVUW59798�CD:�IZA�>0H ��=JHD:�GDIZCDM]Md5 f :�B�HD:�7|M]79>�CD79H f IZq0M]HDH_79CDNJX9H ��`���r0` �
79IJR�59GDCLX_�WEF� M]IJM]7�HDB :�;�>0B�CDX9X9I@8�CDMc�k;�>�kGDCL>0>�59HD>�Mcq�a�� �YMdrZR�HL>ZB�59GD>0;�GLHDX�Xi� � 	��0` ��X9798�;J= f 8
GD8�CD: f HDMY5�:Z798JH_A�>0H ��=JHD:�GDIV>0HD=JM]H_A�CDGL79;�>�GD;�=�X�\ZGD8�CL: f H_798�H_:J=�B�N�HD>�;�A�GLCD>�>059HL>0MW59:ZHLCDGD8VGDHDX�X9o�597�59M
CDM]M]=�B�HD\~798�CL7{798�H�:�=�B�N�HD>y;JAgGDCL>0>�59HL>0M t	a�� �WMi59:~798�H}B�59GD>�;�GDHLX9X.59M�A05�x�HD\jCL:�\jH ��=JCDX�Mi�

� � � 	 

>0H f CD>0\�X�HDM]M|798�H'A0>�H ��=�HL:�GDI.>0HD=�MdH�A�CDGD7�;�>0`�ab8JHD:�o �
t 	 ���.R�8�IJM]59GDCLX�GL8�CD:�:�HLX9MzCD>�H�CDeJCD59X�CDN�X�H�5�:�798JH�GDHLX9X

q0HDeJHD>0I�GDCD>�>059HL>�5�M�\J59eJ59\�HD\�59:�79; � 7�59B�HDM]X9;�7�M�� �J�0r0`�?�7v59M�CDM]Md=�B�HD\_798�CD7v�
� � � 	 �_GD8�CD:�:JHDX9M�CD>0HW>�HDM]HL>0eJHD\

A0;�>�:JHD79UW;J>0SZM]5 f :�CDX9X�59: f o�798�=JM]o�;�:JX9IZ�
ch 	 ��	�79>0CDA�A05�G[GD8�CL:�:�HLX9M{CL>0H_CDeJCD59X9CLN�X9H_A0;J>*GDCL>0>0IJ59: f =�M]HL>,-0M

information.

�WM%M]HDHD:k59: GL8�CDRJ79HD> �o�7�8�H^�FEO79HDGD8J:�5���=JH^R�>�;�eJ59\�HDMc798�H^NJHDM]7_R�HL>0A0;J>0B�CD:�GDH^A0;J>�798JH~;�eJHD>0X�CD59\
�W����E tu�WEF� :�HL79UW;�>0SJobM];i5�7w5�M�GD;J:�M]5�\�HD>�HD\�798�CL7wUW8�HD:i�W����E}59B�R�X9HDB�HD:�79CL7959;J:i59:J79;�798�HVHLx�59Md7�59: f
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Traffic_Generator
CL:�\�798�H

BTS_Server
`~ab8�H

79>0CLA0A�59G
�
f HD:�HL>0CL79;�>T59MV>0HDM]RJ;�:�M]5�N�X9Hp;�A f HD:�HL>0CL7959: f 798JH%:�HDU GDCLX�X{CL>0>�59eJCDX9M�CD:J\^8�CD:J\�;�eJHD>[>�H ��=�HDMd79M

CDGDGD;J>0\�59: f 79;^798�H%7�>0CDA�A05�G�B�;�\�HDX9M�HDxJR�X9CL59:�HL\~59:^M]HDGL795�;�:j��`0��` �J`Wab8�H (wabE
�
M]HD>0eJHD>gB�CD:�C f HDMi798JH

HDeJHD:�79M
ChannelRequest

CL:�\
ChannelCompletion

CD:�\@59Mc>�HDM]RJ;�:�Md59N�X�H6;�AV798�Hh>0CD\J59;@>0HDM];J=�>0GLH
CDX9X�;�GDCL7959;J:TB�CD:�C f H�B�HD:�7FCD:�\�798�HW\JCD79CWGD;JX9X9HLGD7�59;�:T79;_HDeJCDX9=�CL7�HY798JHYR�HL>0A0;J>0B�CD:�GDHYR�CL>0CDB�HD79HD>�M]`,ab8�HL>0H
CD>0H_MdR�HDGL59A�59G_>0;�=J7959:JHDM{7�;�8�CD:�\JX9H_798�H_HDeJHD:�79MY\�HDR�HL:�\�59: f ;�:�7�8�H[HDeJHD:J7|79IJR�HDo�798�H �u;�NZ79IJR�H[CD:�\Z798�H
GD8�CD:�:�HLX�CLX9X�;�GDCL7959;J:.M]GD8JHDB�HD`��~M]59B�=�X9CD795�;�:.GLX9;�GDS{59MzB�CD59:J79CD5�:�HD\{59:.7�8�H'HDeJHD:�7�M]GD8JHD\�=�X�HD>�79;.59:�\J59GDCL79H
798�HYRJ>0; f >0HDM]M�;�A�798�HWM]59B�=�X9CD7�59;�:�`,a�8�HYGLX9;�GDSTeJCDX9=�HW59M�798�HW7959B�HDM]79CDB�R_;�Ab798�H{HDeJHD:J7�N�HL59: f R�>0;�GLHDM]M]HL\

–ev_time–.

ab8�Hg7�>0CDA�A05�G
�
f HD:�HD>�CD79;J>YGD;�=J:�79MT798JHZ79;J79CLX�:�=�B�N�HD>Y;�AW:�HDUPGDCDX�X�CD>�>059eJCDX�M]oz�

�
ozCD:�\c7�8�HZ:�=�B�N�HD>Y;JA

8�CD:�\�;�eJHD>Y>�H ��=�HLM]7�M]ow�
h
`wab8�H%(wabE

�
MdHD>0eJHD>YGD;�=�:J79M_798�H�:�=�B�N�HD>{;JA{NJX9;�GDSJHD\%GDCLX9X�M]ow�

nb
owCD:�\%798�H
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:�=�B�N�HD>�;�A�8�CD:J\�;�eJHD>�A�CD5�X9=�>�HDM]o��
���
` � M]59B�=�X9CD7959;J:l5�79HL>0CD7�59;�: 79HL>0B�59:�CD79HLM�UW8�HD: 798�H^M]79;�RJR�59: f

GD;�:�\�5�795�;�:T5�M�A0=JX9A�59X�X9HD\J` ab8�HWMd79;�R�RJ59: f GD;�:�\J597�59;�:�A0;�>�HDeJHD>0ITM]59B�=�X9CD7�59;�:_>�=�:_5�M��
n 	 �����` ������o�UW8J59GD8

B�HDCD:�M�798�CD7 �����` ��� �g:�HDU GLCDX9X�>�H ��=�HDMd79M'CD>�H�M]59B�=�X9CL79HD\�` � � 8�5 f 8VeJCDX9=�H �T5�M�GD8�;�MdHD:V7�;VHD:�Md=�>0H�798JCD7
798�H�Md59B�=�X9CD7�59;�:.>0HDM]=JX97�MwCL>0HWMd79CDNJX9H�q07�>0CD:JM]59HL:�7�>0HDB�;�eJCDXFN�ITeJHD>0I�X9;�: f >0=�:TCD:�\TRJ>0;�R�HL>�59:�5�7959CLX�5 � CD7959;J:�r0`
ab8�HL>0H*GD;�=JX9\.N�H*CD:.CLX97�HD>0:�CL7�59eJH'M]79;�R�RJ59: f GD;�:�\J597�59;�:.N�I{A�59x�59: f C'B�CDx�59B�= B M]59B�=�X9CD79HD\{7959B�HD`

ab8�H�M]59B�=�X9CL7959;�:gA�59>0Md7�R�HL>0A�;�>0B�MW798�HTRJCD>0CDB�CD79HL>�5�:�5�7959CLX�5 � CD7959;�: ��RJCD>0CDB�HD79HL>0MWCLMY�
trx
o��

ch
o��

sig
o��

gprs,

Nshared
o��

ho
o��

com
o �

off
o�A

ho
o

µch
o

µcd, Nn
o

�

CD>0HiGD8�;�MdHD:}\�HDR�HL:�\J59: f ;�:}798�H�;�N��uHDGD7�59eJHi;�A.HDeJHD>0I
M]59B�=�X9CD7�59;�:i>�=�:�`�ab8�HL:�ob79UW;�A05�>0Md7

CallArrival
HDeJHD:J79M�CL>0H f HD:�HL>0CD7�HD\�ob;�:JHgA0;J>WCg:�HDUKGDCLX9X�CL>�>059eJCDX

(JobCall
r*CD:�\Z798�H_;�798JHD>*;J:�H[A�;�>*C_8�CD:�\J;�eJHD>*>0H �J=�HDMd7|q

JobHandover
r0`�ab8JHyHDeJHD:�7 f HD:�HD>�CD7�59;�:�59M

GD;�B�R�X9HD79HD\{59:{798�H*A0;�X�X9;�UW59: f Md79HDR�M �

1.
�WX9X9;�GLCD79H*798JH'Md79;�>0C f H'A�;�>�798�H'HDeJHD:J79`

2.
�WHD79HD>0B�59:�H.798�H.79IJR�H�;�Az798�H�HDeJHD:�7�q

CallArrival
o

ChannelRequest
o

ChannelCompletion
r�CL:�\

798�H*79IJR�H';�A �u;�N.UW8�5�GD8{597�GLCD>�>05�HDMzq�HD5�798�HL>
JobCall

;�>
JobHandover).

3.
 WCD:�\�X9H{798�H{HDeJHD:�7�N�I[HDx�HLGD=�7�59: f 798�H{M]R�HDGL59A�59G{>0;�=J7959:JH.\�HDRJHD:�\�5�: f ;�:y798�H{HDeJHD:�7�79IJR�HDo �u;�N[79IJR�H
CD:�\.GD8JCD:�:�HLX�CLX9X9;JGDCD7�59;�:{M]GD8�HDB�H'GD8�;JM]HD:�`

4.
�WHD:�HD>0CL79Hs798�Hs:�HDU HDeJHD:�7 tuMlq059A~:�HDGLHDM]MdCD>0IJr@CD:J\ \�HL79HD>0B�59:�H 798�H 7959B�HDM]7�CDB�R ;�A@597 tu798JHDB

(ev_time).

5.
?�:�M]HD>07�798�H*:�HDU~HDeJHD:�7 tuM|59:�7�;.798JH'HDeJHD:�7,X95�M]79`

ab8�HpHDeJHD:�79MVCD>�HcR�>0;JGDHDMdM]HD\h59:^;J>0\�HL>[\�HDRJHD:�\�5�: f ;�:^798�H%eJCDX9=JH%;JA[HDe
�
7959B�H �{7�8�H%:JHDx�7YHDeJHD:�7{7�;

R�>0;�GDHLM]M�59M_\JHDX9HL79HD\pA0>�;�B 798�HZHDeJHD:�7�X959Md7�CD:J\c5�M_R�>0;JGDHDMdM]HD\cN�Ip798JHZGD;J>0>�HDM]R�;�:�\J59: f HDeJHD:�7�8�CL:�\�X�HD>
N�CDM]HD\_;�:[798JH{HDe

�
79;[RJCD>�CDB�HD79HD>0`��F;J>|C

CallArrival
HDeJHD:�7�;�AbC

JobCall
o�59Az�

n 	 �����` �����[798�HD:[798JH
M]59B�=�X9CD7�59;�:{5979HL>0CL7959;J:.79HL>0B�59:�CD79HLMzCD:J\.R�HL>0A0;J>0B�CD:�GDH'R�CD>�CDB�HD79HD>0M|CD>�H'GD;�B�R�=�79HD\ �

n

nb
n N

N
P = q � r0o

h

hf
h N

N
P = q�	�r�o �

carr
A�>0;�B q���r�CD:�\{q�%Jr

�W798�HD>0U�59M]HDo�C[:�HDUO597�HD>0CL795�;�:�59MYGD;�:�\J=�GDHD\J`�ab8�H f HD:�HL>0CDX|M]7�>0=�GL79=�>�Hy;�A*798JHyMd59B�=�X9CD7959;J:�B�;�\�HDXkCD:�\
\�HD79CL59X�HD\.A�X9;�U~GD8JCD>�79Mz;JA�HDeJHD>0I{M]7�>0=�GL79=�>�CDX,HDX9HDB�HD:�7�;JA�7�8�H'M]59B�=�X�CD7�59;�:.CL>0H f 59eJHD:.59: �WRJR�HD:�\J59x �`

�'" '"�$�� �~1�� &���� /.2~-�� 
'1�� � 
 �,3 � 
�('1�
 
 � /.2p&'2�3 �#2�� �'- ��-����	&���� /.2

�W=�>�;�N��uHDGL7959eJHT59M�79;g59:�eJHDM]7�5 f CD79HT8J;�U�798�H�GDCDRJCDGD5�79Ig;�A�HDxJ59Md795�: f �WEF� M]HD>0eJ59GLHDMW59MYCLA0A0HLGD7�HD\ZN�IV798�H
�W����Eg�FEg59B�R�X9HDB�HD:�79CD7959;�:.59:J79;.798�H��WEF�<:�HL79UW;�>0SJ`,�WHDR�HD:�\J59: f ;�:T798JHW�W����EVR�HD:�HL79>�CD795�;�:�A0CDGL79;�>0o

Ngprs
M]8�;�=�X9\_GD8JCD: f HY59:_;J>0\�HD>�7�; f =�CD>0CD:J79HDHYCDR�RJ>0;�R�5�CD7�H �W;�E�A0;J>|�W����E�=�MdHD>0M�� � �0` �WM*798�HY:�=�B�N�HD>

;�A��W����EgM]=�N�MdGD>�59N�HL>0M f >0;�UWM]o,�W����EV7�>0CLA0A�59G�X9;�CD\�59M�8JCD>0\JHD>�79;THLM]7�59B�CD79H ��59:�X9CDGDS�;�A�>0HDCLX959Md7�59G�79>0CLA0A�59G
\�59Md79>�59N�=�7�59;�:{R�>0;JA05�X9HDM|A0;�>��W����EFo�798�H*�W����Ey;�A0A�HD>0HL\.7�>0CLA0A�59G'X�;�CD\.GLCD:.N�H*M]59B�R�X95�A05�HD\.7�;.N�H
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� ���
nb
����� �

hf ����	�
��
�� off ����	���� � ������� ��� � ↑Ngprs ! ��� nb
����� �

hf ����	�
��
�� off ����	���� � ����"�� �#� � ↑Ngprs

$ ���
nb
����� �

hf ����	�
��
�� off ����	���� � ���&%'� ��� � ↑Ngprs
� ���

nb
����� �

hf ����	�
��
�� off �(��	���� � ����)�� ��� � ↑Ngprs

� �*� nb
����� �

hf ����	�
��
�� trx ����	�� off
� � +�,�-

hf ���/. � � ��� � ↑Ngprs

��� ����� ����
 ��
/0 � ���#����	(�� � $%��� ��#��� $%�21
gprs

(�$ ����� �� )%���� � �

(Pnb
��$ � �

hf3 ��(�� ��� � � ��� ��$%� � ��& �*��	(��41
trx
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R�>0;�R�;J>07�59;�:�CLXy7�; 798JH f >0;�UW798 ;JAiM]=JN�M]GL>059NJHD>i:�=�B�N�HD>0Md`Tab8�HD:�oTM]59B�=�X9CL7959;�:JM}CL>0HjR�HL>0A�;�>0B�HD\ A0;�>
\�59A�A0HD>�HD:�7veJCDX9=�HDM�;�A|�

gprs
CD:�\[798�HYHDA�A0HDGL79M*;JA|CD:_59:�GL>0HLCDM]5�: f eJCDX9=�H{;�A|�

gprs
;�:yGDCDR�CDGL5979I[;�A|HDx�5�M]7�59: f

�WEF� M]HD>0eJ59GLHDMYCD>0H_GD;�B�R�=�79HD\�` �WMY798�H[A05�>0Md7 f HD:�HD>0CL7�59;�:�;JA'�W����E�B�;�N�59X9HyR�8�;J:�HDM.=JM]HyB�=�X97�59n�M]X9;�7
GD;�:�A�5 f =�>0CD7�59;�:�MV� �9��CD:�\6� ��h�0� ��0o�eJCDX9=�HDM{;�A'�

gprs 	 ��o���o io �iCL:�\ � CL>0HyGD;�:�Md59\�HL>0HD\�`b� gprs 	 �

B�HDCD:�MW798�CD7�B�HDCDM]=J>0HD\VRJCD>�CDB�HD79HD>0M�CD>0H�>0HLA0HL>0>0HD\g79;V�WE�� UW5�798�;�=J7b�W����Ec�FEc59B�R�X9HDB�HD:�79CD7�59;�:ZIJHD7
q0;�>���E[59B�R�X9HDB�HD:�79CD795�;�:�r0`

(�HDA0;�>�H Md79=�\�IJ59: f 798�H NJCDM]5�G B�59GD>0;�GLHDX�XpM]GLHD:�CL>059;KU�59798K�
trx 	 �o�798�H HDA�A0HDGL79M@;JAh�W����E �FE

59B�R�X9HDB�HD:�79CD7959;J:V;�:VC�GDHLX9X�U�59798g\�5�A0A0HL>0HD:J7�:�=�B�N�HD>�;JAwa�� �YM�q0GLCD>�>05�HD>0Mdr�CL>0HTGL;�B�R�=�79HD\V59:V;�>0\�HD>�7�;
8�CDeJH�C f HD:�HD>0CLX�eJ59M]59;J:�;�A�798�H��W����Ey59B�R�CDGD79Mw;J:�C f HD:�HD>�59G��WE�� :�HL79UW;�>0SJ` �F5 f =�>0H���` �TM]8�;�U�M�8�;�U
798�H�eJCDX9=JH�;�Aw�

gprs
59B�R�CDGD79M�798JH�GDCLR�CDGL5979Iy;�AzHDx�5�M]7�59: f �WEF� M]HL>0eJ59GDHDM'q0R�CL>0CDB�HD79HD>�M��

nb
CD:�\g�

hf
rwA0;�>

\�59A�A0HD>�HD:�7�eJCDX9=�HDMz;�A��
trx
` ab8�H��W�FEg5�Mw=�M]HL\�o 798JCD7�59M]o�:�HDUjGDCLX9X�MwCD:�\.8�CD:�\J;�eJHD>0MwCL>0H�8JCD:�\�X9HL\TUW5�798�;�=J7

R�>0HDA�HD>�HD:�GDHDozCD:�\%�
nb
CD:�\%�

hf
8�CDeJH�798�H�M]CDB�H�eJCDX9=�HDo�UW8�59GL8�GDCD:%N�H�798�HD;J>0HL7959GLCDX�X9I%GDCDX9GL=�X�CD79HL\�N�I

H ��=�CD7�59;�:_q ��r0`��F5 f =�>0HLM*��` ��` q0CDr0n�q0\�r|Md8�;�U GLX9HDCL>0X9I_798�CL7v59:[798JH{A0;J=�>�798[GLCDM]HDM��
nb
q0�

hf
rz59:�GD>0HDCDMdHDM*UW8�HD:

B�;�>0HW�
gprs
GD8�CD:�:�HDX9MwCD>�HWHDx�GDX�=�Md59eJHDX9IT>0HDMdHD>0eJHD\_A0;J>b�W����EZM]HL>0eJ59GDHLM]`,ab8�5�M�5�:�GD>�HDCDMdHY59M�8�5 f 8�HD>bUW8JHD:

X9HDM]M.a�� �WM_q0�
trx
rYCD>0HZCDeJCD5�X9CDN�X�HV59:c7�8�HZGLHDX�X9ozN�HLGDCD=�MdHZCZ8J5 f 8�HD>YRJ>0;�R�;J>07�59;�:c;JAY798JHZ�

ch
CDeJCD59X9CDNJX9H

GD8�CD:�:�HLX9MTCD>0HV79CDSJHD:pA0;�>{�W����E6q0eJCDX9=�H�;JA{�
gprs/Nch

59:�GD>0HLCDM]HLM]r0`w��5 f =�>0H���` ��` q0HLr{M]8�;�UWM_798JH�M]CDB�H
>0HDM]=JX97�MwUW8�HD:.798�H'GDHDX�X�;JA0A�HD>0HD\.X9;JCD\�8�CLMwN�HDHL:�HD: f 59:�HLHD>0HL\�CL7�C�B�CDx�59B�= Bl� � N�X9;�GDSJ59: f R�>0;�NJCDN�5�X95�79I
q0UW;�>0Md7FGDCLM]H�M]5�79=�CL7959;�:Jr�A�;�>�798�H�A0;�=J>�GDCLM]HDM�;JA��

trx
`�?�7FGDCD:TN�HW:�;�7�HD\�798�CL7F798JHYB�;�>0HYa�� �YM�CYGLHDX�Xv8�CDMdo

798�HYX9HDMdM*798JH{R�CLGDSJHD7�\�CL79CY79>0CLA0A�59GY79HD:�\JM*79;_CDA�A0HDGL7v798�H{�WEF� 79>�CDA�A05�GD`F�c;J>0HD;�eJHD>0o�C.8J5 f 8�HD>z:�=�B�N�HD>z;�A
a�� �YM�RJHD>wGLHDX�X�UW5�X9X�A0CDGL59X�5�79CD7�H�B�;�>0H�>0HLM];�=�>�GDHDM'A0;J>w�W����Ep79>�CDA�A059G�q0=�:J=�M]HD\V�WE���GDCLR�CDGL5979IgUW59X�X�N�H
8�5 f 8�HD>0r*CD:�\�597|59M.CLX9M];�N�HD:JHDA�59GD5�CDXz79;�>0HDB�HDB�N�HD>�798�CD7wGLCDR�CLGD5979I�HD:J8�CD:�GLHDB�HD:�7w79HLGD8�:�5 ��=�HDM�Md=�GD8�CDM
A0>0H �J=�HD:�GDI�8�;�R�RJ59: f >0H ��=J59>�HgM]HDeJHD>�CDXza�� �YM�RJHD>'GDHDX�X9`b?�7wGDCD:pNJHV;�N�MdHD>0eJHD\p798JCD7�U�59798i;�:�X9Ii�p;�>��
a�� �YM*RJHD>|GLHDX�X9o��

gprs
M]8�;�=�X9\[N�HYX9HLM]M�798�CD:[�_;�>|�W����E���E�59B�R�X9HDB�HD:�79CL7959;J:yM]8�;�=JX9\yNJH.GD;�:JM]59\JHD>�HD\

q0R�CDGDSJHD7,\�CD7�C'M]HL>0eJ59GDHDM �d=JM]7�=JM]59: f 798JH'=�:�=JM]HD\.�WEF�mGDCDRJCDGD5979I r0`

�'" '" !�"�$'& 
 � (�� � ('-0/w(��#� � 
�($�'2�&'- � /

ab8�HgN�CDMd59GVB�59GD>0;JGDHLX9XwM]GDHD:JCD>�59;pGD;J:�M]5�M]7�MT;�:pCVB�59GD>0;JGDHLX9X�U�59798c�
trx 	 �ozCDM_HDxJR�X9CL59:�HL\c59:pM]HDGL795�;�:

��` ��`0��`�abCDNJX9H.��`��WM]=�B�B�CD>05 � HDM'798�H.M]IJM]7�HDB R�CD>0CDB�HD79HD>0M'798�CL7�>�HDA�HD>z79;g7�8�59M�N�CLMd59G�B�59GD>0;JGDHLX9X�M]GDHD:JCD>�59;
q0CD\�\J597�59;�:�CLXbeJCDX9=�HLMYCL>0H f 59eJHD:ZUW59798J59:ZNJ>0CDGDSJHD7�M]r��bUW8�HD:Z798�H[=JM]HD\ZeJCDX9=�HDMY\�5�A0A0HL>*A�>0;�BP798�;�M]H_;�A�798�H
N�CDM]5�G'M]GLHD:�CL>059;�oJ798J59MzUW5�X9X,N�H'HLx�R�X�59GL597�X9I{59:�\�5�GDCL79HD\{59:.7�8�H'A�5 f =�>0H'GLCDR�7�59;�:�`

�F5 f =�>0HW��` ��M]8�;�UWMw798�HWGL8�CD:�:�HLXF=J795�X95 � CL7959;�:�59:�798�HWB�59GD>�;�GDHLX9X�q0�W����EZ59M�:�;�7F59B�R�X9HDB�HD:�79HD\_IJHD79r�`�?�7v59M
UWHDX9XbSJ:�;�UW:Z798JCD7�HDeJHD:ZCD7�R�HDCDSV�WEF� 7�>0CLA0A�59G[X�;�CD\Z798�H_CDeJHD>0C f H[=�7�59X�5 � CD795�;�:�;�A�79>�CDA�A05�G[GD8�CD:J:�HLX9MY59M
:�;�7zeJHD>0I�8�5 f 8�N�HDGDCD=JM]Hy;JA'Md79CL7959Md7�59GDCLXz7�>0CLA0A�59GyA�X9=�GL79=�CL795�;�:�MV� �����`�ab8�5�M�GDCL:iN�HgGLX9HLCD>�X9I�M]HDHD:�59:i7�8�H
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A05 f =�>0H ��A0;J>z5�:�M]7�CD:�GLHDovUW8�HD:y798�H.GDHDX�X�;JA0A0HL>0HD\yX9;JCD\gGDCL=�M]HLM�C�� � NJX9;�GDSJ59: f R�>0;�N�CLN�5�X95�79Iyq0UW;�>0Md7�GDCLM]H
M]597�=�CD7�59;�:Jr0o|7�8�HVGD8JCD:�:�HLX�=J795�X95 � CD7�59;�:i59M %���o �% � o|M];p� � o 	�� � 5�M_59\JX9HV7959B�HZUW8�59GL8cGDCD:pN�HZ=�M]HD\pN�I
;�798�HL>zM]HL>0eJ59GDHDMd`�ab8�HL>0HDA�;�>0HDo�\�=�H{79;yN�=J>0Md79I[:�CD79=�>�H.;JAz�W����E�CDR�RJX959GLCD7�59;�:�M]o�5�7�5�M�C�UWCDMd79C f H�;�Az>0CL\�59;
>0HDM];�=J>0GLHDM*5�A|�W����E�\�CL79CY79>0CLA0A�59GY59M*:J;�7vCDX�X9;�UWHD\_79;[=�MdH{CD:�I_;�Ab798�HLM]H{5�\�X9HY7�>0CDA�A05�G{GD8JCD:�:�HLX9M]`�ab8JCD7�59M
798�HWB�CD59:T>�HDCDM];J:TUW8�I�CDX9X9;JGDCD7�59: f :�HDU@M]RJHDGL79>0=�B A0;�>��W����EVMdHD>0eJ59GDHLM�5�M�:�;�7�GD;�:JM]59\JHD>0HD\Jo�CDM�M]HDHD:T59:
M]HDGD7�59;�:{��` ��`

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

��� ����� ����
 ��
 � �%� $�$%��&�*��� & � � ���� (�$ � $!�����

�F5 f =�>0H_��` VM]8�;�UWMY798�H[HLA0A�HDGL79M{;JA*59:JGD>0HLCDMd59: f �
gprs
;�:�GDCDR�CDGL5979IZ;�A�HDx�5�M]7�59: f �WEF� M]HL>0eJ59GDHDM{UW8JHD:

798�HT�W�FEi59MY=�MdHD\�`���>0;�BKA05 f =�>0H_��` �` q0CDr0o�;�:�HTGDCD:ZGLX9HLCD>�X9IVM]HDH_7�8�CD7�798JH_B�;�>0H_�
gprs
GD8�CD:�:�HLX9MYCTGDHLX9X

>0HDM]HL>0eJHDM]o�7�8�H'B�;�>0H'�
hf
CD:�\.�

nb
CD>0H'59:�GD>�HDCDMdHD\.CL7�CD:�I{M]R�HLGD59A�59G'eJCDX�=�H';JA�;�A�A0HL>0HD\{X9;�CD\{CD:�\�o
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� ���
nb
����� �

hf ����	�
��
�� off � �#� � ↑Ngprs ! �*� nb
����� � ��� ����	�
��
�� gprs ����	#��� � � ��� ��� 		� 


$ � � carr ����	�
�#
�� off � �#� � ↑Ngprs
� � � carr ����	�
 ��
�� gprs �(��	���� � � ��� ��� 		� 


� ��� ch ����	�
�#
�� off � �#� � ↑Ngprs � �� ch ����	�
��
�� gprs ����	#��� � � ��� ��� 		� 

��� ����� ����
 � 
/0 � ���#����	(�� � $%��� ��#��� $%�21

gprs
(�$ ����� �� )%���� � � ��(�����%� $%(�$���)�� � (�� � ��� � � �!�� �%�����
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GD;�:�M]H �J=�HD:J79X9IJo�798�HTX9HLM]MY�WEF��79>�CDA�A05�G_5�MYGDCL>0>�59HD\VCDMYM]8J;�UW:Z59:VA05 f =�>�H_��` �` q0GDr0` �WMYN�;J798Z�
hf
CD:�\Z�

nb

CD>0HcH ��=�CLXYN�HLGDCD=�MdH%:�;^RJ>059;J>05�79I659M f 59eJHD:^79;68�CD:�\�;�eJHD>�M�;�eJHD>[:�HDUQGDCDX�X9M]o'798�Hc59:�GL>0HLCDM]Hc59:^N�;J798
R�>0;�N�CDNJ59X�5�7959HLM.\�=�H[79;��

gprs
59M.CDX�M];�798�HyMdCDB�HD`��c;�>0HL;�eJHD>0o�798�H[GD8JCD:�:�HLXz=�7�5�X95 � CD7�59;�:�59M.59:�GL>0HDCDMdHD\iCLM

B�;�>0H��
gprs

GD8�CD:�:�HDX9M[CD>�H�HDx�GDX�=�Md59eJHDX9I%>0HDMdHD>0eJHD\�A0;J>.�W����EFo�CLMyM]8�;�UW:%59:%A05 f =�>0H��J` �` q�HDr0o�UW8J59GD8
B�HDCD:�Mz798�CD7,X9HLM]Mz=�:J=�M]HD\.�WEF�mGDCLR�CDGL5979I{59MzCDeJCD59X�CDN�X�H�A0;J>��W����EgM]HL>0eJ59GDHDMz=�Md59: f 798�H�M]8JCD>0HL\�GD8JCD:�:�HLX
R�;�;�X9`���5 f =�>0HDMg��` �` q0NJr0q0\Jr0q�A0r.M]8�;�U<798�HpMdCDB�Hp>0HDM]=JX979MgUW8�HD:}798�HpGLHDX�XW;JA0A0HL>0HD\}X9;�CD\}GDCD=JM]HDMVCi� �

N�X9;�GDSJ59: f R�>0;�NJCDN�5�X95�79I�q0UW;�>0Md7FGLCDM]H�M]5�79=�CL7959;�:Jr0`,��>0;�B A05 f =�>0HW��` �` q0N�r0o 597�GDCD:�N�HW;�NJM]HD>0eJHD\�798�CL7FeJCDX9=�HLM
;�Ai�

hf
o_�

nb
>059M]Hj=�:�CLGDGDHLR�79CLN�X9H~X9HDeJHDX�MhUW8�HD:��

gprs
HDx�GDHDHD\JM �q0B�;�>0Hj798�CD:m� � � r0`_ab8�HL>0HLA0;�>0HLo

59:�Md79CDX�X95�: f CW:�HDUja�� �@59:�798�H�GDHDX�XFM]8J;�=�X9\�N�HWGL;�:�Md59\�HL>0HD\�59:TGDCLM]HW;JA�>�H ��=J59>�59: f B�;�>0HW798�CD:T�
gprs 	 

GD8�CD:�:�HLX9M'q0HD` f ` ov\�=�H.79;gC.8�5 f 8 f >0;�UW798g;JAw�W����EpM]=�N�MdGD>�59N�HD>�MW:�=�B�N�HD>�r0o�59:g;�>0\JHD>w79;VSJHDHDRV=�RVU�59798
798�H ��=JCDX�5979I{\�HDB�CD:�\�Mz;�A��W����Ey=JM]HL>0M]` 4h8�HD:��

gprs 	 ��CD:�\���o�798�H'59:�GL>0HDCLM]H'59:�� hf
o �

nb
q A0>0;�Bl� � 79;

��` %� � CD:�\6��` � � � >0HDMdR�HDGL7959eJHDX9IJr_5�MZCLX9B�;�M]7Y:�H f X95 f 59NJX9HcGD;�B�R�CD>0HL\679;h798�HpN�HD:�HLA05�7{;JA[>�HDM]HD>0eJ5�: f
CD\�\�5�7959;J:�CDXz�F�W�� WM{A0;�>*�W����E�=�M]HL>0MZ� � �0o�NJHDMd59\�HDM{79CDSJ59: f 59:J79;�CDGLGD;�=�:J7z7�8�CD7zA�5 f =�>0HDM���` J` q0NJr0q0\Jr0q�A0r
CD>0HT>0HDA�HD>�>0HD\V79;V798�H_UW;J>0M]7�GDCDM]HTMd5979=JCD7�59;�:�o�UW8J59GD8ZB�HDCD:�MY798�CL7|CDGL79=�CLX|eJCDX9=�HLM{;JA*�

hf
o��

nb
UW; =�X9\�N�H

HDeJHD:iM]B�CDX9X9HD>0`�468�HD:��
gprs 	 �o|798�HV59:JGD>�HDCDM]Hg59:p�

hf
o|�

nb
59MTGD;�:�M]59\JHD>0CLN�X9Hgq0A�>0;�B<� � 79;i��` � � � r0o

HDM]R�HDGL59CLX9X9I�>0H f CD>0\J59: f �
hf
N�HDGDCD=�M]Hg;JA�5�79M.>0HDX�CD7�59eJHg59B�R�;�>079CD:�GLHg;�eJHD>��

nb
obCDMTHDx�RJX9CL59:�HD\i59:pMdHDGL7959;J:

��` ��`0��` (�=�7c59:P798�5�M GDCLM]HO798�HL>0H 5�Mk798�H R�;JM]Md59N�5�X95�79IP;�A~\�HLGD>0HLCDMd59: f �
hf
= M]59: f 798�Hs8�CD:�\�;�eJHD>

R�>059;J>05�795 � CL7959;�:{M]GD8JHDB�HDMzM]79=�\J59HD\.NJHDA0;J>0H*59:�Md79HDCL\.;�A�798�H'�W�FE[=�M]HD\{8�HD>�HD`

�F5 f =�>0Hg��` �iM]8�;�UWM�798�HVRJHD>�A0;�>0B�CD:�GDHVGL8�CD>�CDGD7�HD>�59Md795�GDMTq0�
hf
o|�

nb
o �

carr
o �

ch
rWA0;�>W798�HVHDxJ59Md7959: f �WEF�

M]HD>0eJ59GDHLM 5�:�798JH@B�59GD>0;�GLHDX�XVUW8�HD:��
gprs 	 �CD:�\�7�8�Hj>0HDM]HL>0eJHD\�GD8�CL:�:�HLXVM]GD8JHDB�H@UW59798�RJ>0HDn

>0HDM]HL>0eJCD795�;�:g5�MW=�MdHD\�`�?�:VHDCDGD8V;�Aw798JHDM]H�GD=�>0eJHDM]ov798�HTRJHD>�A0;�>0B�CD:�GDH�A0;�>w798�HT�W�FEpU�59798V�
gprs 	 VCD:�\

UW59798��
gprs 	 ��q0:�;�7|�W����E��FE�59B�R�X9HDB�HD:�79CD7�59;�:�IJHD7�r'5�M.59:JGD;�>0RJ;�>0CL79HD\�A0;J>'GD;�B�R�CD>05�M];�:�R�=J>0R�;�MdHDM]`

�F>0;�B A05 f =�>0HY��` ��` q0CDr0o,5�7vGDCD:TN�HY:�;J79HD\T798JCD7v�
hf
59M�\�HDGD>0HDCLM]HD\TCDM�B�;�>0HY�

ho
GD8�CD:�:�HDX�M�CD>�HYHDxJGDX9=JM]59eJHDX9I

>0HDM]HL>0eJHD\�A0;J>'8�CD:J\�;�eJHD>'>�H ��=�HLM]79M]o�CD:�\�GD;�:�MdH ��=�HD:J79X9I��
nb
B�=�M]7wN�Hg59:JGD>�HDCDM]HL\iCDM.M]8�;�UW:�59:iA�5 f =�>0H

��` ��` q0GLr0`��F5 f =�>�HDMW��` ��` q0HLr0q�A0rwM]8�;�U�798JCD7 �
carr
CD:�\��

ch
CD>0H_8JCD>0\JX9IV\�H f >0CD\�HD\ZUW8JHD:ZGD;�B�R�CD>0HD\V79;V798�H

:�;�:�R�>�59;�>�5979I{GDCLM]HD`

�F5 f =�>0Hc��` �hM]8�;�UWMV798�HcMdCDB�HcR�HD>0A0;J>0B�CD:�GDHcGD8JCD>0CLGD7�HD>�59M]7�59GLMZCDMVA05 f =�>0Hp��` �6N�=J7YA�;�>T798�Hc>0HDMdHD>0eJHD\
GD8�CD:�:�HLXYMdGD8�HDB�HcUW597986RJ;�Md79n�>0HDM]HD>0eJCD795�;�:�`�?�7{GDCD:^N�Hc;�N�M]HL>0eJHD\^A0>�;�B�A05 f =�>0HDM���` ��` q0CLr0q0GLr_798�CL7{798JH
\�HDGD>�HDCDMdHT59:V�

hf
CD:�\V798�HT59:JGD>0HLCDM]H�59:V�

nb
59MY8J5 f 8�HD>�7�8�CD:V798�;�MdH_59:V798�HTR�>0HDn�>0HDM]HL>0eJCD795�;�:�`��c;J>0HD;�eJHD>0o

UW59798T�
ho

� ��o�798JHYeJCDX9=�HW;�Ab�
hf
GDCD:_N�HYHDeJHD:_>0HD\�=�GLHD\_N�HL:�HDCL798T798�HYeJCDX9=JHY;�NJ79CD5�:�HD\T59:_�WEF�QA0;�>�798�H

�W�FEF`  W;�UWHDeJHD>0o�A05 f =�>0HLM%��` ��` q�HDr�q0A�r�5�:�\�5�GDCD7�H^7�8�CD7 �
carr

CD:�\ �
ch
CD>0H6M]X�5 f 8�79X9I \�H f >0CD\�HD\ UW8�HD:

GD;�B�R�CD>0HD\p79;i798�HgR�>0HDn�>0HDM]HL>0eJCD795�;�:cGDCLM]HDo|M];c798JHZ>�HD\�=�GL7959;J:cGD;�B�R�CD>0HD\p79;p798�HZ:J;�:�R�>�59;J>05�79IpGDCDM]HV59M

higher.
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� �*�
hf ����	�
��
�� off ����	�� gprs � % � ��� � ↑Nho ! �*� ��� ����	�
��
�� gprs ����	#��� � � ��� ��� 		� 
/� ��� � ↑Nho

$ �*�
nb ����	�
��
�� off ����	�� gprs � % � ��� � ↑Nho

� �*� +�, ����	�
��
�� gprs ����	#��� � � ��� ��� 		� 
/� ��� � ↑Nho

� � � carr ����	�
 ��
�� off ����	�� gprs � % � ��� � ↑Nho � �� ch ����	�
��
�� off �(��	�� gprs � % � ��� � ↑Nho

��� ����� ����
 � 
����� )%��� ��(�� �"��$*�� )*��� ���"�� ��� � ��(�����*� � ����� � � �!� �%��$�$%� &'�� �%���"� � � � �!)�� � ��� ��#��� � ���� (�$
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� �*�
hf ����	�
��
�� off ����	�� gprs � % � ��� � ↑Nho ! �*� ��� ����	�
��
�� gprs ����	#��� � � ��� ��� 		� 
/� ��� � ↑Nho

$ �*�
nb ����	�
��
�� off ����	�� gprs � % � ��� � ↑Nho

� �*� +�, ����	�
��
�� gprs ����	#��� � � ��� ��� 		� 
/� ��� � ↑Nho

� � � carr ����	�
 ��
�� off ����	�� gprs � % � ��� � ↑Nho � �� ch ����	�
��
�� off ����	�� gprs � % � ��� � ↑Nho

��� ����� ����
 ��
����� )%��� ��(�� �"��$*�� )*��� ���"�� ��� � ��(�����*� � ����� � � �!� �%��$�$%� &'�� �%���"� � � � �!)%(��� ��� ��#��� � ���� (�$
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�F5 f =�>0HDM.��` %J` q0CLr0q0NJr'GD;�B�R�CD>0HyNJ;�7�8 ����EFM.UW8�HD:�798�H[GDHDX�Xz;JA0A0HL>0HD\�X9;JCD\iH ��=JCDX�M�������>0X9CL: f M]obUW8�59GD8
59B�R�X959HDMWC�N�X9;JGDSJ59: f R�>0;�N�CDNJ59X95�79IV;�A�� � q0UW;�>0Md7bGLCDM]HTM]5�79=�CL7959;J:�r�59:Z7�8�H_GLCDM]HT;�A�798�H_�WEF��:�HL79UW;�>0S
;�R�HD>0CL795�: f UW59798�;�=J7b�W����Ec�FEc59B�R�X9HDB�HD:�79CD7�59;�:ZIJHD7�`�?�7bGDCD:ZN�H_;�NJM]HL>0eJHD\Z798�CL7b7�8�H_R�HL>0A�;�>0B�CD:�GDH[;JA
����Evn�R�;�M]7�CDMzA0CD>�CDMw�

hf
59MwGD;�:�GDHD>�:�HD\�59M�NJHD7�79HD>�798�CL:�����EFn�R�>0HDo,CDX97�8�;�= f 8TCDM�A�CD>�CDM��

nb
59M�GD;�:JGDHD>�:�HD\

59MY;�:V798�HTGD;�:J79>0CL>0IJ`�EF=�GD8ZCD:Z;JN�M]HL>0eJHD\Z>0HLM]=�X�7�59MY;JA*:�;�Md=�>0R�>�5�M]H[N�HLGDCD=JM]H[5�: ����EFn�R�;�M]79o�M]59:JGDH[7�8�H
8�CD:�\�;�eJHD>�>�H ��=�HLM]7�M�CLX9UWCDIJM�X9;�;�S CD7[798�H^GD;�BTB�;�:lGD8�CD:�:�HLX f >0;�=�R q0�

com
riA059>0Md7gA0;J>i8�CD:J\�;�eJHD>

R�=�>0R�;�MdHDM]o�798�HL>0H.CL>0H.B�CD:�I[59:�M]7�CD:�GDHLM'UW8�HD>�H.8�CL:�\�;�eJHD>0M�;JGDGD=�R�IyC�GD8JCD:�:�HLX�A�>0;�Bs�
com
HDeJHD:gUW8�HD:

798�HD>�H_CL>0H_Md;�B�H_A0>0HDHTGD8�CD:�:JHDX9MWCDeJCD59X�CDN�X�H[5�:�798JH[>�HDM]HL>0eJHD\�GD8�CD:�:JHDX f >0;�=�RZq0�
ho
r0`�ab8J59M{B�HDCD:�MY798�CL7

798�H_GL8�CD:�:JHDXb=J795�X95 � CL7959;�:VA0;J>�798JH_>�HDM]HL>0eJHD\�GD8�CD:�:JHDX f >0;�=JR�q0�
ho
r*59:�7�8�H[GLCDM]H[;JA ����EFn�R�;�M]7|UW59X�X|N�H

B�=�GD8.X9HDM]M|798�CD:{798�CL7�A0;J>�798�H ����EFn�R�>0HDo�CDMzGLCD:.N�H*M]HLHD:.59:{A05 f =�>�HDMz��` %J` q0GLr0q0\Jr0`

� �*� ��� ����	�
��
�� ho ����	#��� � � ��� ��� 		� 
 ����� � gprs �&% ! �*� +�, ����	�
��
�� ho ����	#��� � � ��� ��� 		� 
 ����� � gprs �&%

$ ��
ch ����	�
��
�� off ����	�� gprs � % � �#� � ↑Nho

� ��
ch ����	�
��
�� off ����	�� gprs � % � �#� � ↑Nho

��� ����� ��� 
 � 
 � ( �!)%��� � �( $ �%����"�#� $ 
 � � ����*���"�#��� )�� � ��� ����� � ���� (�$"��$ � )%(��� ��� �#���� � ���� (�$
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� �*�
hf ����	�
��
�� off ����	�� gprs � % ! �*� ��� ����	���� � � ��� ��� 		� 
/����	�
��
�� gprs

$ �*�
nb ����	�
��
�� off ����	�� gprs � % � ��� +�, ����	���� � � ��� ��� 		� 
/����	�
��
�� gprs

� � � carr ����	�
�#
�� off ����	�� gprs � % � �� ch ����	�
�#
�� off ����	�� gprs=4

��� ����� ����
 ��
����� )%��� ��(�� �"��$*�� )*��� ���"�� ��� � ��(�����*� � �%� �%��� $%� )�� � (�� � � � ����%���"���
��� ��� ��$ ������� ��� ���"��$%� � �%��� ��)�� � (�� � � ��������� 3
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�F5 f =�>0Hg��` � M]8�;�UWM�798�HVRJHD>�A0;�>0B�CD:�GDHVGL8�CD>�CDGD7�HD>�59Md795�GDMTq0�
hf
o|�

nb
o �

carr
o �

ch
rWA0;�>W798�HVHDxJ59Md7959: f �WEF�

M]HD>0eJ59GDHLM*5�:[798JH{B�59GD>0;�GDHLX�X�UW8�HD:[�
gprs 	 yCD:�\y7�8�H ��=JHD=�HL59: f R�>059;J>05�79I[M]GD8�HDB�H.59M'=JM]HD\�`F?�:yHDCDGD8y;JA

798�HDMdH[GD=J>0eJHDM]o�798JH[R�HL>0A0;J>0B�CD:�GDH[A0;J>*7�8�H[�W�FE%UW5�798��
gprs 	 �CD:�\�UW5�798��

gprs 	 ��q0:�;�7z�W����E��FE
59B�R�X9HDB�HD:�79CD7959;J:hIJHD79r�59MV59:�GD;�>�R�;J>0CD7�HD\hA0;�>TGD;�B�R�CD>059M];J:6R�=�>0RJ;�M]HLM]`*abUW; �W�FEFMZCL>0HpM]79=�\J59HD\ �W798�H
�v?�� �KM]GD8�HDB�HVCD:�\p798�Hg� (��hM]GL8�HDB�HDo|CD:�\p79UW;iR�;�M]Md59NJX9HZ\�H f >0CL\�CD7�59;�:p59:J79HD>0eJCDX�M_CL>0HZGD;J:�M]5�\�HD>�HD\
q0M]HDH*79CLN�X9H*��`0��r�A0;�>�GD;�B�R�CD>05�M];�:�R�=J>0R�;�MdHDM]` ?�:�� �����0o�a�HDSJ59:�CDI.CD:�\.��CLN�N�CL>05�-0MwGD;J:�GDX�=�M]5�;�:�59Mz798JCD7�N�;�798

Phf
CD:�\[�

nb
A0;�>|798�HY� (���M]GD8�HDB�H{CL>0H{CLX9UWCDIJM*M]B�CDX9X9HL>|7�8�CD:_798�CL7�;�Az�F?�� �lM]GD8�HDB�HD`! W;�UWHDeJHD>0oF798�5�M

GDCD:�:�;J7�N�Hg79>0=JH �wM]59:JGDHg798�HVGL8�CD:�:JHDX9M�CDeJCD59X�CDN�X�HV59:i798JHVM]IJM]79HDB<CD>0Hg798�HgM]CDB�HVA0;�>WNJ;�798p�F?�� �KCD:�\
� (��jM]GD8JHDB�HDMgq0CiA�59x�HD\�A0>�H ��=�HL:�GDI�CDM]Md5 f :�B�HD:�7WM]79>0CL79H f I}8�CDMVN�HDHD:}GD;�:JM]59\JHD>0HD\Jr0o*CiM]B�CDX9X9HL>T�

hf

B�HDCD:�M�798�CD7hB�;�M]7h8JCD:�\�;�eJHD>�M�CD>�HKCDGLGD;�BTB�;�\�CD79HD\ q�CD:�\ B�;�>0HKGD8JCD:�:�HLX9M CD>0HP;JGDGD=JR�59HL\QN�I
8�CD:�\�;�eJHD>0MdrhCD:�\Jo�GD;�:JM]H ��=�HL:�79X9IJoZA0HDUWHD>}59\JX9H�GL8�CD:�:JHDX9MjCD>�H�CDeJCD59X�CDN�X�H�A�;�>6:JHDU GDCLX9X9Mdo�UW8�59GD8
GD;�B�R�=�X9M];�>0I_>0HDM]=JX�79M*5�:[CYX9CD> f H{�

nb
`��F5 f =�>0H.��` � ` q0CDr|59:�\J59GDCL79HLM'798JCD7��

hf
A0;�>z� (���M]GD8JHDB�H.59M'M]B�CDX9X9HL>

798�CD:TA0;�>b�F?�� �kM]GD8�HDB�HDo�N�=�7F798�HY\J59A�A0HL>0HD:�GLHY5�M�:�H f X95 f 59NJX9HD`��
nb
A0;�>|�F?�� � 59M*M]B�CDX9X9HL>|798JCD:[A�;�>b� (��Fo

798�;�= f 8h:�;�7�\�59MdGDHD>�:�59NJX9HiA0>0;�B�A05 f =�>0Hc�J` � ` q�GDrTq0M]HLHcA�5 f =�>0Hc��` � ` q0\�r�r0`'�F=J>0798JHD>0B�;�>0HDo'A�5 f =�>0Hc��` � ` q0CLr
M]8�;�UWMW7�8�CD7�798�HTCDGD8J59HDeJHD\ZeJCDX9=�HT;�A��

hf
59:ZN�;�798ZM]GD8JHDB�HDMY59MYN�HL:�HDCL798V798�H_eJCDX9=JH_;�NJ79CD5�:�HD\V59:Z�WEF�

A0;�>|798�H��W�FEF`v��>0;�BsA05 f =�>0H���` � ` q0CLr0ov5�7�GLCD:gCDX�M];gNJH�:�;J79HD\y798�CL7�798JH�8�CL:�\�;�eJHD>wR�HL>0A0;J>0B�CD:�GDH�;�AzN�;�7�8
�W�FEFMT59M_NJHD7�79HD>WA0;J>YCVX9;�: f HD>Y\JH f >0CD\�CD7�59;�:p59:J79HD>0eJCDX9o|CDMTM]CD5�\c59:pM]HDGL795�;�:c��` ��` ��`z�F5 f =�>0HLM_��` � ` q0HDr�q0A�r
59:�\�5�GDCL79H{7�8�CD7 �

carr
CD:�\ �

ch
A0;�>zN�;�7�8 �W�FEFM'CL>0H.CLX9B�;�M]7�59\JHD:�7�59GDCLX�CL:�\yCL>0H.MdX95 f 8�7�X9I[=�R f >0CD\�HD\yUW8�HD:

GD;�B�R�CD>0HD\.79;{798�H*:�;�:�RJ>059;J>05�79I{GDCDM]HDoJ59:{GD;�:�7�>0CLM]7,79;{798�H ����EF`

�F5 f =�>0H.��` 	[M]8�;�UWM*798�H.RJHD>�A0;�>0B�CD:�GDH.GL8�CD>�CDGD7�HD>�59Md795�GDM'q0�
hf
o��

carr
rzA0;�>z7�8�H.HDxJ59Md7959: f �WEF��M]HL>0eJ59GLHDM'5�:

798�H{B�59GD>0;JGDHDX�X�UW8�HD:_�
gprs 	 yCD:�\y798�H{M]=�N�n�>0CD7959: f M]GL8�HDB�H.59M'=�MdHD\�`��WM'�

nb
59M':�;J7�\�H f >0CD\�HL\yUW8�HD:

=�M]59: f 798J59MY8JCD:�\�;�eJHD>�RJ>059;J>05�795 � CL7959;�:VM]GD8JHDB�HDo�5979MWGD=�>0eJH_5�MY:�;J7bM]8�;�UW:�`�?�:}� �����0o�5�7b5�MYCDMdM]=�B�HD\Z798�CL7
HDeJHD>0I�GD8�CD:�:�HDXFA0>�;�B�798�HY�

shared
M]8�CD>0HD\_R�;�;JXvGLCD:_N�HWM]=�N�n�>0CD79HD\�o,N�=�7F59:T798�5�M�ab8�HLM]5�M�5�7v5�M�GD;�:JM]59\JHD>0HL\

798�CL7 �d=JM]7w�
sub
GD8�CD:�:JHDX9M.;�=�7z;�A'798�Hg�

shared
GD8�CD:�:�HLX9MTGLCD:pN�Hg=�M]HL\pA0;J>WM]=�N�n�>0CD7�59: f `|�F5 f =�>0HV��` 	�` q0CLr

M]8�;�UWM*7�8�CD7��
hf
8�HDCDeJ59X9I_\�HDGD>0HDCDMdHDM*CLM*�

� � �
59:�GL>0HDCDMdHDM]`�465�798[;�:JX9I_�

sub
� ��o�798�H{eJCDX9=�H{;JA|�

hf
GDCD:yN�H

HDeJHD:y>0HD\�=�GLHD\gN�HL:�HDCL798y798�H�eJCDX9=JH�;�NJ79CD5�:�HD\y59:g�WEF��A0;�>z798�H.�W�FEF`v�F>0;�BsA05 f =�>0H���` 	�` q0GLr0ov5�7�GLCD:gNJH
:�;�79HD\[798�CL7�798�H.E���E�HLA0A�HDGD7�59eJHDX9I[59:�GL>0HDCLM]HDM'798�H.GDCL>0>�59HD\y79>0CLA0A�59G�UW8JHD:gGD;�B�R�CD>0HD\y79;y798�H.:�;�:�R�>�59;J>05�79I
GDCDM]HDo�N�HDGLCD=�M]H~�

hf
8�CDM}N�HDHD: \�HLGD>0HLCDM]HD\lUW597�8�;�=�7y\�H f >0CD\J59: f �

nb
o_=�:�X959SJHj798�Hj;J798�HL>i8�CD:�\J;�eJHD>

R�>059;J>05�795 � CL7959;�:�M]GD8JHDB�HDM.HDeJCDX9=�CD7�HD\�`�EF5�:�GDHyeJ;�5�GDH ��=JCDX�5979I�A0;�>*CyM]=JN�n�>0CD79HD\�GD8JCD:�:�HLXzB�CDI�:�;�7zN�HyCDM

f ;�;�\[CDM*A0;J>|CYA0=�X�X9n�>0CD79H{GD8JCD:�:�HLX9o�597v59M�59B�R�;�>079CD:J7�79;_M]7�=�\�I_8�;�U E���E�CDA0A�HDGL79M*eJ;�59GDH ��=�CLX95�79IJ`��F5 f =�>0H
��` 	�` q0\JrbR�X�;�79M�798�HWR�HL>0GDHD:J79C f HY;�AbM]=�N�n�>0CD79HD\_GDCLX9X9M�;�eJHD>|798JH{79;J79CLX�GLCDX�X9M*GLCD>�>059HL\[N�I_798�H{GLHDX�X9`�?�7�GDCD:[N�H
;�N�M]HD>0eJHD\[798�CL7�HDeJHD:yUW5�798y8J5 f 8y;�A0A0HL>0HD\[X9;�CL\y798J59M'RJHD>�GDHD:J79C f H.59M'eJHD>0I[M]B�CDX9X9`F�c;�>�H � GD;JM]79M ��;�Az798J59M
M]GD8�HDB�H'>0H f CD>0\J59: f 798�H*>0HD\�=JGD7�59;�:.;JA�eJ;�59GDH �J=�CDX�5979I{CL>0H'UW59\�HLX9I{M]7�=�\�5�HD\.59:V� ���J�0`
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� �*�
hf ����	�
��
�� off ����	�� gprs � % � ��� � ↑Nsub ! �*� ��� ����	���� � � ��� ��� 		� 
�����	�
��
�� gprs �#�#� � ↑Nsub

$ � � carr ����	�
 ��
�� off ����	�� gprs � % � ��� � ↑N� �
, � ��� ��	 $ � ��� ��� � �/� 
 ��!�� 	 ��� � ��$ � � � 
4����	�
 ��
�� off

��� ����� ����
 	�
����� )%��� ��(�� �"��$*�� )*��� ���"�� ��� � ��(�����*�	��� ����� �� � $%�!�#���%� �"�

�'" '" �'" � 	 �'- � & � 3 �i&�('-0/�($�#� � � � � ('-0/�($�#� � 
�($�'2�&'- � /

?�:^798�H%R�>0HDeJ59;�=�M�MdHDGL7959;J:^798JH%8�CD:�\J;�eJHD>[R�HL>0A0;J>0B�CD:�GDH%59:6798�H%B�59GD>�;�GDHLX9XY=�:�\�HL>yMd79=�\�I^8�CDM�NJHDHD:
59B�R�>0;�eJHD\@N�Ij=�M]59: f M]HDeJHD>0CDXT8JCD:�\�;�eJHD>VRJ>059;J>05�795 � CL7959;�:@M]GD8JHDB�HDM]o.N�=�7_CL7T798�H6HLx�R�HD:JM]H6;JAZM];�B�H
59:�GD>�HDCDMdHT5�:V798JHT:�HDU�GLCDX�X�N�X�;�GDSJ59: f R�>0;�N�CDNJ5�X95�79IJo�UW8�59GD8g59:VM];�B�HTGDCDMdHDM]o�CLMW59:g798JH�����EFn�R�;�M]79o�>0;�M]H
=�:�CDGDGLHDR�7�CDN�X�HYX9HDeJHLX9M�q�M]HDHWA05 f =�>�HDM���` ��` q0GLr0q0\Jr0r0` �W:JHYUWCDIT;�Ab59B�R�>0;�eJ59: f 798�HY8JCD:�\�;�eJHD>|RJHD>0A�;�>0B�CD:�GDH
CD7z7�8�HyMdCDB�Hy7959B�Hy798�CD7|;�N�7�CD59:�5�: f Cy�

nb
M�B�CDX9X9HL>'798JCD:�5�:�798JHyN�CLM]59GyB�59GD>0;�GDHLX9XzM]GDHL:�CD>�59;iUW;�=JX9\iN�H

;�eJHD>0X9CDIJ59: f C�B�CDGD>0;�GDHLX9X�59:%798JH�CL>0HDCZUW8�HD>�H�798JH�B�59GD>0;�GLHDX�X'59M[X9;JGDCD7�HD\�`���=J>0>0HL:�7'�WEF� :�HL79UW;�>0SJM
GD;�:�M]5�M]7�;�AYB�=�X97�59R�X�HZX�CDIJHD>0M_;JAYGDHLX9X�M[q� W��EFr{U�59798c\�5�A0A0HL>0HD:J7*GDHDX�X�Md5 � HDM[UW597�8%798JH�CL59BQ;�A{;�A0A0HL>�59: f
GD;�B�R�X9HD79HYGL;�eJHD>0C f HYCD:�\_Md=�A�A059GL59HD:J7vGLCDR�CDGL5979I�� ��J�0`�ab8JHD>0HLA0;�>�HDo�7�8�H{;�eJHD>0CLX�X�79HLX9HL79>�CDA�A059GYR�HD>�A0;J>0B�CD:�GDH
;�A�798JH'N�CLM]59G*B�59GD>0;�GDHLX9X,M]GDHL:�CD>�59;.GLCD:.N�H*HD:�8�CL:�GDHD\{N�I{8�CDeJ59: f CD:.=�B�N�>0HDX9X9C'B�CDGD>0;JGDHDX�X�;�eJHD>�X9CL59\.79;.C
B�59GD>0;�GDHDX�X9=JX9CD>�GDX9=JM]7�HD>0o�UW8�HL>0H*;�=�>�GDHDX�X�=�:�\JHD>�M]79=J\�I{q079CL> f HD7�GDHLX9X�r�5�MzX�;�GDCL79HD\�`
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?�:[;�>0\�HD>|79;_>0HDX�CDx_798�H{:JHDHD\_A0;�>bA0CDMd7�8JCD:�\�;�eJHD>0M*N�HD79UWHLHD:[798�H.GLHDX�X9M'NJHDX9;J: f 59: f 79;y798�H.B�59GD>�;�GDHLX9X�=�X9CL>
GDX9=�Md79HL>0ob798JHg7�>0CLA0A�59GgA0>0;�B<798�HVA�CDMd79n�BT; eJ59: f B�;�N�59X9HDMTGLCD:pN�HVGLCD>�>05�HD\pN�Ii798�Hg=�B�N�>0HDX9X�CVB�CDGD>0;�GDHLX9X9o
8�HD:�GDHg>0HD\�=JGD59: f 798JHV:�=�B�N�HD>W;�A�8�CD:�\J;�eJHD>0MT5�:p798JHZGLX9=�Md79HD>0`|a�8�5�M_59B�R�>0;�eJHDM_798JHZ;�eJHD>0CLX9X�:�HL79UW;J>0S
R�HD>0A�;�>0B�CD:�GDHTN�HLGDCD=JM]HT8�CL:�\�;�eJHD>0M�59:�GL>0HDCLM]HTMd5 f :�CDX�59: f 79>0CLA0A05�GDovCD:�\ZN�CLGDSVCD:�\ZA0;J>07�8ZN�;�=�:�GL59: f B�CDI
GDCD=�M]H*GDCDRJCDGD5�79I{R�>0;�NJX9HDB�Mz59:.7�8�H'Md5 f :�CDX�59: f GD8�CD:�:�HLX9M]o�UW8J59GD8.GD>�HDCD7�H�GD;�:JM]7�>0CL59:�7�M]` �WMwMdCD59\.59:�MdHDGL7959;�:

��` ��` ��ozCZ:J;�>0B�CDX�\�5�M]7�>059N�=J79HL\cM]R�HLHD\cUW5�798cB�HDCD:
30=V
S�B�tu8cCD:�\cM]79CD:�\JCD>0\p\�HDeJ59CD7�59;�:pH ��=�CLX*7�;

����S�B�tu8�CD:�\�7�>0=�:�GLCD79HL\�CL7|� ��o0� �����0SJB�tu8�8�CDMwN�HLHD:�GD;�:JM]5�\�HD>0HL\�A0;J>�798�H�B�;�N�59X�HDMwq�M]HDH'A05 f =�>�HW��`0� �Jr0` �
798�>0HLM]8�;JX9\pA�;�>�798�HVeJHDX9;JGD5�79IiH ��=�CDXw79; � ��S�B�tu8p59MTGL;�:�Md59\�HL>0HD\iA0;�>�798�HVMdX9;�UWn�B�; eJ59: f B�;�N�59X9HDM_q0MdHDH
A05 f =�>0H[��`�� ��r0o�UW8J59GD8�B�HDCD:�MY798�CL7|CD:Z59:JGD;�B�59: f 8�CD:�\�;�eJHD>'>0H ��=JHDMd7z79;�798�H[79CL> f HD7zB�59GD>0;�GLHDX9X|UW8�;�MdH
eJHDX9;�GD5�79I�HDx�GDHDHD\JM ����SJB�tu8}59MgR�;�UWHL>0HD\}=�R�CD:�\�CDM]Md5 f :�HD\}CiGD8JCD:�:�HLX�A0>0;�B�798�HpB�CDGD>0;�GLHDX�X (wabEFo
CDM]M]=�B�59: f 798�CD7,C'B�CDGD>0;�GDHLX9X,GD8�CD:J:�HDX,59M|CDeJCD59X�CDN�X�HD`

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

�PB�CDGD>0;�GDHDX�X�;�eJHD>0X�CDIJ59: f %cB�59GD>0;�GDHDX�X9MT59M_GL;�:�Md59\�HL>0HD\�oz;�:JHZ;JAY798JHDB N�HD59: f 798�H�7�CD> f HD7*B�59GD>0;JGDHLX9X
=�:�\�HD>YM]79=J\�IcCD:�\%X9;JGDCD7�HD\%5�:%798JH�B�59\�\�X9H�;JA{7�8�H�;J798�HL>{��CLMy59:J\�59GLCD7�HD\�59:%A�5 f =�>0H���`0����`zab8�H�GLHDX�X
>0CD\�5�=�Mz;JA�798JH'B�CDGD>0;�GDHLX9X,59M|798�HL: �

macro 	 ��� Rmicro 	 �������B�o M];�798�H�B�HDCD:�GD8�CD:�:JHDX�8J;�X9\�5�: f 7959B�H�59:
798�H.B�CDGD>0;�GLHDX�X�5�M

90=chT
M]HDGD;�:�\�MT� �J�0`�ab8�H{79CL> f HD7�B�59GD>0;�GLHDX�X�5�M'M]=�RJR�;�M]HL\y79;[N�H.;�RJHD>0CL795�: f CD7�C

B�CDx�5 B�= B � � N�X9;�GDSJ59: f R�>0;�NJCDN�5�X�5979Igq0UW;�>�M]7�GLCDM]HTM]5�79=�CL795�;�:�r0o�UW8J59GD8V59MWCDGD8J59HDeJHD\ZUW8�HD: �
off 	 ���

��>0X9CD: f M]`��WM�A
ho 	 ��` ����o_798JHD: A�>0;�B H ��=�CD7�59;�:lq���r�597yGDCD:lN�Hj;�NJ79CL59:�HD\ �

h 	 %�` ��� ��>0X9CL: f M]`

��;�:�M]59\JHD>�59: f 798�CD7 ( ) %17/50 ≈> hkmVP
q0M]HDH�A05 f =�>0HT�J`0� ��r0ov798JHD:V798JHT;�A�A0HL>0HD\g79>�CDA0A�59G�A0>�;�B 798�H
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CD:�\i�W����E}=�M]HL>0M�UWCLM�R�HL>0A0;J>0B�HD\�`�� X95�79HD>�CD79=J>0HgMd=�>0eJHDI�;�:i798�HVSJHDIiGD;�:�GDHDRJ79M�;�AW�W����EhCD:J\p798JH
R�HD>0A�;�>0B�CD:�GDHy;JA�798JHg�W����E}M]HL>0eJ59GDHgUWCDM.B�CD\�HD`bab8JHgHDA�A0HLGD79M.;�A��W����E}�FE�59B�R�X9HDB�HD:�79CD7959;J:i5�:iC
�WEF� :�HD79UW;J>0ST;�:_GDCDRJCDGD5�79I_;�A|HDxJ59Md7959: f �WEF� MdHD>0eJ59GDHLM*UWHD>�H{GD;�B�R�=�79HD\�`�� M]59B�R�X95�A059HL\[GDCLM]H{Md79=�\�I
;�AhCO�W����E tu�WE�� :�HL79UW;�>0SKUWCDMkMd59B�=�X9CD79HD\KGD;�:�Md59\�HL>05�: f 79UW;P\�5�A0A0HL>0HD:J7cMdGDHD:�CL>05�;�M �pCON�CLM]59G
B�59GD>0;�GDHDX�XvMdGDHD:�CL>05�;_CD:�\ CD:[;�eJHD>�X9CD5�\[B�CDGD>0;�GDHLX9X tuB�59GD>0;�GLHDX�X�M]GLHD:�CL>059;�`,ab8�HY79HDX�HD7�>0CLA0A�59G{R�HD>�A�;�>0B�CD:�GDH
;�A'�WEF� MdHD>0eJ59GLHDM.5�:�798JHy7�CD> f HD7zB�59GD>0;JGDHLX9XzUWCLM.B�HDCDM]=�>0HD\�U�59798 f >0CD\�=�CLX9X9I�59:�GL>0HLCDM]5�: f 798�Hg�W����E
79>0CLA0A�59GDo|CD:�\c\J59A�A0HD>�HD:�7�8�CD:�\�;�eJHD>YR�>�59;�>�5979IJn�N�CDM]HD\%GD8�CD:�:JHDX�CDX9X�;�GLCD7�59;�:%MdGD8�HDB�HDM[UWHD>0HZR�>0;�R�;JM]HD\c79;
HD:�8�CD:�GLH'7�8�H'8�CL:�\�;�eJHD>�R�HL>0A0;�>0B�CD:�GLHD`

ab8�H[>0HLM]=�X�79M.;JA*798�HyMd59B�=�X9CD7�59;�:�UWHL>0H[798�;�>�;�= f 8�X9I�\�59M]GD=JM]M]HD\�59:�798�H[R�>0HDeJ59;�=JM�M]HLGD7�59;�:�Md`b�FCD>�795�GD=�X�CD>
>0HDM]=JX97�MzA0;J>�C'B�59GD>0;JGDHLX9X�U�59798.�
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M]HD>0eJ59GDHLM'5�M'CLX9B�;�M]7�:�H f X95 f 59N�X9H{GD;�B�R�CD>0HD\y79;y798�H.N�HD:�HLA05�7�;JAz>0HLM]HL>0eJ59: f CD\�\�597�59;�:JCDX�GL8�CD:�:JHDX9M'79;
�W����Ey=�M]HD>0M]`
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M]HD>0eJ59GDHLM.5�M.GD;�:JM]59\JHD>�CDN�X�HyCD:�\�8JCD:�\�;�eJHD>'RJ>05�;�>�597�5 � CD795�;�:�M]GL8�HDB�HDM.B�=�M]7wN�Hg=�M]HL\�`b?�A�>0HD\�=�GD5�: f
R�>0;�N�CDNJ59X�5�79I%;�A.8�CD:�\�;�eJHD>{A0CL59X9=J>0H�59MyB�;�>0H�59B�R�;�>079CD:J7'798JCD:}59:JGD>�HDCDMd59: f 79;J79CDX'GDCL>0>�59HD\�79>0CLA0A�59GDo
798�HD: ����EFo"�W�FE^CL:�\%E���E^CL>0H�N�HL797�HD>Y798�CD:c�W�FE �*59A.:�;J79o�CL:�=�B�N�>0HDX�X9C�B�CDGD>0;�GDHLX�X'B�=�M]7'N�H
GD;�:�M]5�\�HD>�HD\{79;.>�HD\�=�GDH*=�:�CLGDGDHDRJ79CDNJX9H*X9HDeJHDX9M|;�A�RJ>0;�N�CLN�5�X95�79I{;�A�:�HDU~GLCDX�X�NJX9;�GDSJ59: f `
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�F;�>|�

gprs 	 �[CD:�\ � q � 8�5 f 8��{�W����E�R�HD:JHD7�>0CD7�59;�:[A0CLGD79;J>0r0o�798�H{>0HD\J=�GD7�59;�:y;JAzGLCDR�CDGL5979I[A0;J>z�WEF�
M]HD>0eJ59GDHLM}5�M}HDxJGDHDMdM]59eJHjCD:�\l798�H~;�eJHD>0X9CL59\ B�CDGD>0;�GLHDX�Xg5�M}:�;J7VHD:�;J= f 8�79;�HD:�Md=�>0HjM]=�A�A05�GD5�HD:�7
GDCDR�CDGL5979I{A0;J>��WEF�mM]HD>0eJ59GLHDM]o�Md;.C'GLCDR�CLGD5�79I{HDx�R�CD:�Md59;�:{59Mz:�HLGDHLM]M]CL>0IJ`
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798�H{�WEF� GDCDRJCDGD5�79I_59M*\JH f >0CD\�HD\�`���=�>�798�HD>0B�;�>0HDo�597v59M�;�N�M]HL>0eJHD\y798�CL7�\JHDR�HD:�\J59: f ;�:y798JH.79IJR�H.;JAzGDHLX9X
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o \�59A0A0HD>�HD:�7�8�CD:�\J;�eJHD>�R�>�59;�>�597�5 � CD7�59;�:�MdGD8�HDB�HDM

M]8�;�=�X�\hN�Hp=JM]HD\}59:h;J>0\�HL>T79;}HD:�M]=J>0HiCpB�CDx�59B�= B�8�CD:�\�;�eJHD>TR�HD>0A�;�>0B�CD:�GDHD`�ab8�HiM]HLX9HDGL795�;�:6;�ATC
R�CD>07�59GD=JX9CL>�8�CL:�\�;�eJHD>�R�>�59;J>05�795 � CD7�59;�:.M]GD8�HDB�H�59MzC�7�>0CD\JHD;�A�A�N�HL79UWHDHD:�5�79Mw59B�R�X9HDB�HD:�79CD7959;J:TGD;�B�R�X9HDxJ5979I
CD:�\�R�HL>0A0;J>0B�CD:�GDHD`�?�A'59B�R�X9HDB�HD:�79CD7959;�:�GD;�Md7z5�M.CyB�C �d;�>*GD;�:�GLHD>0:�o�798�HL: ����E}CD:�\i�W�FE�M]8�;�=JX9\iN�H
GD;�:�M]5�\�HD>�HD\�`hab; CDGD8J59HDeJH<798JH<N�HDMd7j8�CL:�\�;�eJHD> R�HL>0A�;�>0B�CD:�GDH<q0U�59798 C<MdX95 f 8�7jeJ;�59GLH ��=�CLX95�79I
\�H f >0CD\�CD7�59;�:Jr0o E���EgM]8J;�=�X9\.N�H�MdHDX�HDGD7�HD\�`�ab8�H#�W�FEgUW;�=�X9\�NJH�7�8�HWN�HLM]7�GD8�;J59GDH�59:�79HD>0B�M�;�A��W;�EgCD:�\
M]R�HDGL79>0=�BmHDA0A�59GL59HD:�GDI�7�>0CD\�HL;�A0A�`b�F59:JCDX�X9IJob59:i;J>0\�HL>�79;�M]=�GDGLHDM]MdA0=JX9X9I�CDX�X9;�U CgM]5 f :�59A�59GLCD:�7 f >0;�UW7�8p;�A
�W����E6=�M]HD>0M_U�59798J;�=�7�8�HDCDeJ59X9Ic\�H f >0CD\J59: f 798�H��WE�� GDCDRJCDGL5979IJowCD:%;�eJHD>�X9CD5�\%B�CDGD>0;�GDHLX9X tuB�59GD>0;�GLHDX�X
B�5 f 8�7FN�HW:�;J7FHD:�;�= f 8TCD:�\�CWGLCDR�CDGL5979ITHDx�RJCD:�Md59;�:_UW;�=JX9\_N�HW:�HDGLHDM]MdCD>0IJo�UW8�59GD8TGDCD:_NJHY;�NJ79CL59:�HD\_N�I
59:�Md79CDX�X95�: f :�HDU~a�� �YM|59:{798�H'B�59GD>0;JGDHDX�X�;J>�:�HDU~Md5�79HDM]`

�W:�59:�7�HD>0HLM]7�59: f M]=�N��uHDGD7�A0;J>�A0=J79=J>0H�UW;�>0S�UW;�=�X9\�N�HWC�R�HD>�A0;�>0B�CD:�GDH�M]79=J\�I�;�A�N�;�7�8T�W����EVCD:�\T�WEF�
M]HD>0eJ59GDHLMg=�Md59: f \�59A�A0HL>0HD:J7W8�CD:�\J;�eJHD>TR�>�59;J>05�795 � CD7�59;�:}M]GD8�HDB�HDM]` �W:hCDGLGD=�>�CD7�Hp�W����E@79>�CDA�A05�GpB�;�\�HDX
q0HD` f o�464h4 7�>0CDA�A05�G%B�;�\�HDXV� J����r[GD;�=JX9\^NJH%CD\�\JHD\^79;6798JH%Md59B�=�X9CD79;�>_CD:�\6798�HD:^N�;�798^M]IJM]79HDB�M0-
R�HD>0A�;�>0B�CD:�GDH�GD;J=�X9\%NJH�HDeJCDX9=�CL7�HD\%=�:�\JHD>{\J59A�A0HL>0HD:J7*R�HL>0GDHD:J79C f HDMy;JA.�W����E~=�M]HL>0M[CDMyUWHLX9X'CLMyA�;�>
\�59A�A0HD>�HD:�7�M]GDHL:�CD>�59;�M]`Jab8�5�Mw:�HDUjMd79=�\�I.GD;�=JX9\ f 59eJH�eJCDX9=�CDN�X�H�8�5�:�79MzA0;J>�:�HL79UW;�>0SJMw\�HDMd5 f :�HD>0Mz;�:�UW8�5�GD8
8�CD:�\�;�eJHD>�MdGD8�HDB�H_M]8�;�=JX9\ZN�H_=JM]HD\VCD:�\Z;�:Z8�;�U B�CD:�IZGD8�CD:�:�HDX9MYM]8�;�=JX9\�NJH[CDX�X9;�GLCD7�HD\�A0;�>��W����E
A0;�>�C f 59eJHD:ZCDB�;�=�:�7b;�A�7�>0CLA0A�59GT59:Z;�>�\�HD>�79; f =�CD>�CD:�7�HDH_CDRJR�>0;�RJ>05�CD7�H���=�CLX95�79IVCD:�\ZGLCDR�CDGL5979IVA0;J>�N�;J798

services.
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�F;�>�GL59>0GL=�5�7�:�HL79UW;�>0SJMwX�59SJH��WEF� 798JHWGD8JCDX�X9HD: f HDM�5�:T:�HL79UW;�>0S�\�HDRJX9;�IJB�HD:�7F8�CDeJHWN�HDHD:T798JHWR�>�;�eJ59M]59;�:
;�AYGD;�:J795�:�=�;�=�MTGD;�eJHD>0C f HZCD:�\p8�5 f 8c>0HLX95�CDN�5�X95�79Ic;�A{8�CL:�\�;�eJHD>0M]`w��CD5�X9=�>�H�59:c;�:�H�;JAY798�HDMdH�R�X9CL:�:J59: f
GD>05�79HL>059C*UW;�=�X9\.B�HDCD:.\J>0;�R�R�HD\{GDCLX9X�MzCD:�\.59:�CL\�H ��=JCD79H ��=�CLX95979IJ` �F;J>�R�CLGDSJHD7�:�HL79UW;�>0SJMw798JH�Md5979=JCD7�59;�:.59M
\�59A�A0HD>�HD:�7 ��798�H�:JCD79=J>0H�;JA�MdHD>0eJ59GDH'59Mw\J59MdGD;�:�7�59:�=J;�=�M]o \JHDX9CDI.>0H ��=�5�>0HDB�HD:�79MwCD>0H�>0HLX95�HDeJHD\TA0>0;�B 798�;�MdHW;�A
GD59>�GD=�5�7|M]U�5979GL8�HD\�MdHD>0eJ59GLHDM]o�CD:J\�798JHyR�;JM]M]5�N�5�X95�79I�;�A'>0HL79>�CD:�M]B�59M]Md59;�: f 59eJHDM.CD:�CL\�\�5�795�;�:�CLXzB�HDCD:�M.79;

f =�CD>0CD:�79HLH[7�8�H �W;�EF`�ab8JHD>0HLA0;�>�HDo�5�:�7�>0;�\�=�GL795�;�:�;�A*CyR�CLGDSJHD7z\�CL79C[M]HD>0eJ59GLHyX�59SJHy�W����E�59:�7�8�Hy�WEF�
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ab>�CD\�5�7�59;�:�CLX9X9IJoFGDHLX9X9=JX9CL>z:�HL79UW;�>0S[R�X9CL:�:�5�: f 8�CDM'N�HDHL:y\�59eJ59\�HL\g59:J79;yA0;�=�>zR�CL>079M ��GLCDR�CDGL5979IJovGD;�eJHD>�C f HDo
A0>0H �J=�HD:�GDITCD:�\_RJCD>�CDB�HD79HD>bRJX9CD:�:J59: f `��W;�>0B�CDX9X9IJo�UW8�HD:_Md79CD>�795�: f 79;_GD>�HDCD7�HYCY:JHD79UW;J>0STA0>0;�B�M]GD>0CL79GD8�o
798�HDMdH�R�X�CD:�:J59: f CDM]R�HDGL79M�A0;JX9X9;�U HLCDGD8~;J798�HL>[X9; f 59GDCLX9X9IJ`W?�:�79>0;�\�=�GD5�: f �W����E M]HD>0eJ59GDH�79;jC}�WEF�
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GD8�CD>�CDGD7�HD>�59Md7959GLM ;�A^�W����E 79>�CDA�A059GD`iEFHDeJHD>0CLX�R�CLGDSJHD79n�\�CD79CDn�;�>059HD:�79HD\ 7�>0CDA�A05�GsB�;�\�HDX9Ml8�CDeJHsN�HDHL:
\�HDeJHDX9;�R�HD\VN�CDM]HL\�;�:�B�HDCDM]=�>0HDB�HD:�7�M{A�>0;�BPCDGD79=�CLX|\�CL79C[:JHD79UW;J>0SJMV� �%J�0o�N�=J7|798JHD5�>*CDR�RJX95�GDCDNJ59X�5979IZ79;
>0CD\�5�;.:�HL79UW;�>0S{B�;�\�HDX959: f 59MzM]7�5�X�X�79;{N�H'RJ>0;�eJHD:�`
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A0;�>T�W����E@GD;J:�:�HDGL795�;�:�Mgq0M]HLHpA�5 f =�>0Hc��` �Jr0`*ab8J59MV59MZ:�;J7YHDxJCDGD7�X9IhGD;�>�>0HDGL7YN�HLGDCD=JM]Hc>�HDM]HL>0eJ59: f CD:�\
>0HDX�HDCDMd59: f 798�H RJCDGDSJHD7�\JCD79C GD;�:�:JHDGD7�59;�:JM~7�CDSJHDM~ClNJ597�;JA�7�59B�HDoVN�=�7�798�5�M~M]8�;J=�X9\sRJ>0;�eJ59\�H CD:
CDR�R�>0;�xJ59B�CD7959;�:cCDN�;�=J7*7�8�H�:�CD7�=J>0H�;JA{798JH�>�HDM];�=J>0GDHLM]`zab8�HZ;�R�HD>�CD79;J>.GLCD:�CLX9M];�\JHDGL59\�H�79;�\�HD\J59GLCD7�H
R�HD>0B�CD:�HD:�7�X9I@M];�B�H^R�8�IJM]59GDCDX[GL8�CD:�:�HLX9McA0;J>��W����E 79>�CDA�A059GL`��F;�>ZM]=�GD8kC^\�IJ:�CDB�59GDCDX9X9IkeJCD>059CLN�X�H
>0HDM];�=J>0GLH�CD:�\c798�HZN�=�>�M]79Ic79>�CDA0A�59GDoz798JH�GDCDRJCDGL5979Ic;�A0A�HD>�HD\%N�Ic798�H�:JHD79UW;J>0ScB�C�I%;�:�X9I%N�H�;�N�79CL59:�HD\
A0>0;�B M]59B�=�X9CD795�;�:�M]`F�F=J>07�8�HD>0B�;�>0HDo�59:y;J>0\�HL>z:�;J7�79;[\�CDB�C f H.798�H ��=�CLX95�79Iy;�AwHDxJ59Md7959: f �WEF� MdHD>0eJ59GDHLM]o
798�H{>0HDB�CD59:�59: f GDCDRJCDGD5�79I[;�Az798JH.:�HL79UW;�>0S[M]8�;J=�X9\yNJH.GD;J>0>�HDGD79X9I[HDeJCDX�=�CL79HD\gGL;�:�Md59\�HD>�59: f 59:J79HD>�A0HL>0HD:�GLH
GD;�:�M]7�>0CL59:�7�M �,798�H'B�CDx�59B�= Bl>0CD\�59;�>0HLM];�=�>�GDHDMzHD:�CDNJX9HD\.79;�NJH�CLX9X9;JGDCL79HD\.79;��W����EgCD>�H�\�HLA059:JHD\�N�I.798J59M
:�HD79UW;�>0Sh>0HDB�CD59:J59: f GDCDR�CLGD5�79IhCD:�\6CD>�Hc\�HDRJHD:�\�HD:J7Y;�:h798�Hp;�=�7�C f Hc;�>T59:�7�HD>0A�HD>�HD:�GDHpX9HDeJHDXW;�A_798�H
HDx�59Md795�: f :�HD79UW;�>0Sp� � � �0`�ab8�HL>0HLA0;�>�HDovCD\�B�59M]Md59;�:gGL;�:�7�>0;�X�;�Aw�W����Ei5�M�:�HLHD\�HD\yN�HDA0;J>0H.CDX9X�;�GDCL7�59: f 798�H
GD8�CD:�:�HLX9M|79;.�W����Ey5�:.;�>0\JHD>�7�; f =�CD>�CD:�7�HDH'7�8�H#�W;�Ey;JA�HDxJ59M]7�59: f �WEF�<=�MdHD>�M]`

?�:.GD;�:�GDX9=�M]59;J:�o�798JH'>�HDM];�=J>0GDHLMwUW8�5�GD8�GDCL:�N�H�CLX�X9;�GDCL79HD\.79;��W����EgCD:J\�798JH�>�CD\�59;.>0HLM];�=�>�GDH�CLX9X�;�GDCL7959;J:
79HDGD8�:J5���=JH�79;�N�Hi=JM]HD\�q0��Ej;�>��FE�r�\�HDRJHD:�\};J:}798JHi;�=J79C f HiX9HDeJHDX�;JA.798�HiHLx�59Md7�59: f :�HD79UW;�>0SJo�798JH
N�X9;�GDSJ59: f R�>0;�NJCDN�5�X95�79IZ79CD> f HD7|A�;J>*HDxJ59Md7959: f �WEF� M]HL>0eJ59GDHLM{CD:�\Z798�H_:�=�B�N�HD>*;�A�a�� �YMYCDeJCD59X9CLN�X9H_59:
798�H&(wabEF`bab8JHD>0HLA0;�>�HDo|5�7�GLCD:pN�HgGD;�:�GLX9=�\JHD\p7�8�CD7wGDCDRJCDGD5�79IiR�X9CD:J:�59: f 59:iCD:c;�eJHD>0X�CD59\p�W����E tu�WEF�
:�HD79UW;�>0S_5�M'C{79>0CD\JHD;�A�AzRJ>0;�GDHLM]M'NJHD79UWHLHD:y798JH ��=JCDX�5979I[CD:�\yGDCLR�CDGL5�79I[;�AzHDx�59Md7�59: f �WEF��M]HL>0eJ59GDHDM*CD:�\
798�H_GLCDR�CDGL5�79I f CD59:Z;�A��W����EF` �WA07�HD>�798�H_B�CDx�59B�=�BK:�= B�N�HD>�;�A*GD8�CD:J:�HDX�M{CLX9X9;JGDCD7�HD\Z79;��W����E%CD:�\
798�H�GL8�CD:�:JHDX�CLX9X�;�GDCL7959;J:�7�HDGD8�:J5���=�H'CD>�H�\�HDGL59\�HL\�A�>0;�Bl798�HWX9CLM]7�R�X9CL:�:�59: f R�>0;JGDHD\�=J>0HDo 798�HW:JHDxJ7FMd79HDR�59M
79;�Md59B�=�X9CD79Hj798�HjM]IJM]79HDB R�HD>0A0;J>0B�CD:�GDH@59: ;�>0\JHD>i79;O;�NJ79CL59:O798JHkR�HL>0A�;�>0B�CD:�GDHkR�CL>0CDB�HD79HD>�M6q05�:
R�>0CDGL795�GDCDX,�W����EyR�X9CD:J:�59: f 5�7�M]8�;J=�X9\.NJH'\�;�:JH'N�I{GD;�B�R�=�79HD>�CL=�79;�B�CD795�GDCDX�X9IJr0`

•
� � ������� ��� 
 � � ��� ����

ab8�HhB�CD59:kR�=�>0R�;JM]H6;JAZGD;�eJHD>0C f H6RJX9CD:J:�59: f 59Mc79; RJ>0;�eJ59\�H6798�H6>0H ��=J59>�HD\ >�CD\�5�; GD;�eJHD>0C f H^UW5�798
M]R�HDGL59A�59HD\V7959B�H_CD:�\VX9;�GDCL795�;�:ZR�>�;�N�CDNJ59X�5979IJ`�ab8�H_RJ>0;�GLHDM]MW;�A�GL;�eJHD>0C f H_R�X9CL:�:�59: f 8�CDMWM]HDeJHD>0CLXb59:�5�795�CDX
GD;�:�\�5�795�;�:�M ��798JH.R�>�HDX�59B�59:�CD>0IyGDCDR�CLGD5�79IyR�X9CD:�oF798�H.M]HD>0eJ59GLH�CL>0HDC.79;�R�;JX9; f IJov798�H�R�>0;JR�C f CD795�;�:gB�;�\�HDX9M]o
798�HVM]IJM]7�HDB<CD:�\pH ��=�5�R�B�HD:�7�M]R�HDGL59A�59GLCD7�59;�:pCLMTUWHDX�X�CLMT798JHV\�HLM]5�>0HD\ �W;�EFobCDX�X�CLA0A0HLGD7w798�HVGD;�eJHD>0C f H
R�X9CD:�`v?�:g79>0CL\�5�7959;�:JCDX��WE�� M]HD>0e 59GDHDMdov798JH f ;�CDX�;JAwB�CDSJ59: f C�GD;�eJHD>0C f H�R�>0HD\�59GL795�;�:gGLCD:gN�HTCLGD8J59HDeJHD\
N�I�GDCDX9GD=JX9CD7�59: f 798�HgX95�:�SiN�=�\ f HD7�q0=�Md59: f >0CD\J59;pUWCDeJHVR�>�;�R�C f CD7�59;�:pA�;�>0B�=�X9CDMdr0o|UW8�5�GD8p\�HDR�HL:�\�M�;�:
=�M]HD\ R�;�UWHL>cX9HDeJHDX9M]oyCD:�7�HD:�:�C f CD5�:�M]oy>0HDGDHL59eJHD>%MdHD:�Md597�59eJ59795�HDM]ogHL79GL`yab8�5�M^X�59:�SON�=�\ f HD7�B�=�M]7�N�H
GDCDX9GL=�X9CL79HD\�A0;J>�N�;J798i=�RJX959:�S�CD:�\�\�;�UW:�X�59:�S�59:i;J>0\�HD>'79; f =�CD>�CD:�7�HDHgCLN�;�=�7z798JHgM]CDB�H �W;�Eh59:pNJ;�798

directions.
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EF59:�GDH{�W����EZ59M*\JHDR�X9;�IJHD\[;�:_79;�R_;�AbCD:[HDxJ59Md7959: f �WEF� :�HL79UW;�>0SJo�798JH.M]CDB�H.X�59:�S[N�=�\ f HD7�CDM*798�CL7�;JA
�WEF� M]HD>0eJ59GLHDM{B�CDI�N�Hy=�M]HD\�A�;�>'�W����EF`� W;�UWHDeJHD>0o�597|59M{:�HDGDHLM]M]CL>0I�79;�GD;J:�M]5�\�HD>*798�CD7|7�8�Hy;�=J79C f H
R�>0;�N�CDNJ59X�5�79Ii:�HDCD>�79;p7�8�HVGLHDX�X�N�;J>0\�HL>WCD>�HDCVUW5�X9Xw59:JGD>0HLCDM]HgCDMTB�;�>0HVGD8JCD:�:�HLX9MTCL>0HV=JM]HD\pA0;�>W�W����EF`
ab8�HL:�ov5�Aw7�8�H�\�H f >0CL\�CD7�59;�:g;JAwMdHD>0eJ59GDH.GD;�eJHD>0C f H�;�GLGD=�>�M�7�HDB�R�;�>0CD>05�X9IJo�597�U�59X�X�:�;J7�N�H�CTR�>0;�NJX9HDB A0;�>
�W����E�N�HDGDCD=�MdH.798JH.7�>0CD:JM]B�59M]M]59;�:[GDCD:yNJH.\�HLX9CDIJHD\yCD:J\y>0HL79>0CL:�M]B�59797�HD\�`�(�=J7�5�Aw7�8�H�HLA0A0HLGD7�59M'59:yX9;�: f
79HD>0B 597�U�59X�X�N�H�:JHDGDHLM]M]CL>0Ic79;%A�CDGDHZ798�HZ:�HD79UW;J>0Sc>0HDGD;�:JA05 f =�>0CL7�59;�:%RJ>0;�NJX9HDB�owHD` f ` ow59:�M]79CLX9X�59: f :�HDU
a�� �YM_;J>Y:�HDU (wabEFM]o|;�>{8JCDeJ59: f C�X9CD> f HD>Y>0HD=JM]HZA0CDGL79;�>YCD:�\%B�;�>0H�A�>0H �J=�HD:�GDIcGDCL>0>�59HD>�M]` �W:�;J798�HL>
CDM]R�HDGL7�798�CL7�M]8�;�=JX9\VNJH_7�CDSJHD:Z59:J79;ZCDGLGD;�=�:J7b59MW798JH_HLA0A0HLGD7�;�A�:JHD79UW;J>0SVX9;�CD\���798JH_B�;�>0H_7959B�HDM]X9;J79MW59:
=�M]HTCL7�798JHTMdCDB�HT7959B�HDo�798�HT8J5 f 8�HD>�798JHT5�:�79HL>0A�HD>0HL:�GDH�X9HDeJHDX�UW5�X�X�N�H�� � � �0`���;�B�R�CD>0HD\Z7�;Z798JH_:�;J>0B�CDX
�WEF� 79>�CDA�A059G�N�=�M]Ig8�;�=�>�U�597�8VGDHL>07�CD59:VNJX9;�GDSJ59: f R�>0;JN�CDNJ59X�5979IJo�798�H�CD\�\J597�59;�:V;JA��W����EpUW5�X9X�8JCDeJHTCD:
59B�R�CDGD7�;�:TN�;J798�798�HW;�eJHD>�CDX�XF�WEF� ��=JCDX�5979I�CD:�\�GDCDR�CLGD5�79I�CD:�\T5�79M�;�UW: ��=�CLX95�79IJo,59A�:�;�:�HDU@>�HDM];�=J>0GDHLM
CD>0H'CLX�X9;�GDCL79HD\{A0;J>��W����Eyq0HD` f ` o�59:JGD>0HLCDMd59: f 798�H':�=�B�N�HD>�;JA�a � �WM]r0`

•
� � ����� ��� � ��
�� � ��� ����

ab8�H_A�>0H ��=�HL:�GDIZR�X9CD:�:J59: f =�7�59X95 � HLM{798JHy>�HDM]=JX979M f CD59:�HD\�A0>0;�B 798�H[GDCDR�CLGD5�79I�CD:�\�GD;�eJHD>0C f HyR�X�CD:�:J59: f
CD:�\[5�79M*;JN��dHLGD7�59eJH{59M�79;[A�59:�\_;�=�7v798�H{B�;�M]7�HDA0A�HDGL7959eJH.UWCDI[79;y=�MdH.798JH.>�CD\�59;[>0HLM];�=�>�GDHDM*CDeJCD59X�CDN�X�H.A0;J>
798�H�;�RJHD>�CD79;J>,-0Mz=�M]HD`��F;�>��WEF� M]HL>0eJ59GDHDM]o 798JHWB�CD59:T79CLM]S�;�A�798JHWA�>0H ��=�HL:�GDI�R�X9CD:J:�59: f 59Mw79;T\JHD7�HD>0B�59:�H
798�H{;�RJ7959B�CDX�>0HD=�MdH.A�CDGD7�;�>0`�ab8�H{B�;�M]7�59B�R�;�>079CL:�7�A0CDGL79;�>�M'7�8�CD7�X959B�597�A0>�H ��=�HD:JGDI[=�M]H.5�:y�WEF��CL>0H{798�H
CDeJCD59X9CDNJX9HVNJCD:�\�UW5�\�798i59:c=JM]HZCD:J\c798JHZMd5 f :�CDX9n�79; n�59:�79HD>�A0HL>0HD:�GDHV>�CD7�59;cq0EF?
��rY>0H ��=J59>�HDB�HD:�79ozUW8�59GL8c59M
\�HDA05�:�HD\ZN�IVM]IJM]79HDBKM]R�HDGL59A�59GDCD7�5�;�:�M]`��W����E%\�;JHDM{:�;J7|>�H ��=J59>0H_GD;�B�R�=�X9M];�>0IZR�HL>0B�CD:�HD:�79X9IZCDX�X9;�GLCD7�HD\
�F�W�� WM �y798�H^;�R�HL>0CD7�;�>�GLCD:l\�HLGD59\JH~7�; \�HD\J59GDCL79H~R�HD>0B�CD:�HD:�7�X9Il;�>i79HDB�R�;�>�CD>�59X9IlM];�B�HjR�8�IJM]59GDCDX
GD8�CD:�:�HLX9MVA0;�>T�W����Ek79>�CDA�A059GD`*?�A_M];�B�HcGD8�CD:�:�HDX9MVCD>�H%HDx�GLX9=JM]59eJHDX9I6\�HD\�5�GDCL79HD\679;^�W����EFo�C%M]B�CDX�X
GD8�CD: f HY59:T798�HW;�>�5 f 59:�CDXvA0>�H ��=�HD:JGDI_R�X9CD:�:J59: f B�5 f 8�7�N�H{:�HDHD\�HD\_59:[;J>0\�HL>|7�;[B�HDHD7�798JH{:�HDU GLCDR�CDGL5979I
\�HDB�CD:�\[CD:�\[798JH{:�HDU EF?
�^>0H ��=�5�>0HDB�HD:�7�A0;J>z�W����EF`F�F=�>�798�HD>0B�;�>0HLoF5�Az798JH.R�;�R�=JX9CL>05�79I[;�Az798JH.�W����E
M]HD>0eJ59GDH[N�HDGD;�B�HDM.eJHD>0I�8�5 f 8�o�798�H[59:�Md79CLX9X�CD7�59;�:�;JA':�HDU a�� �YM{59:�7�8�HyHDxJ59Md795�: f GDHDX9X|M]5�79HLM.B�5 f 8�7wN�H
:�HDHD\�HD\Jo�;�>bHDeJHD:[:�HDU GDHLX9XvM]5�79HDMd`�ab8�HDMdH{CD\�\J5�7959;�:JCDXva�� �YM*>0H ��=J59>�H.A�>0H ��=JHD:�GL59HDM*CD:�\yCLM]M]=�B�59: f 798�CD7
:�;.:�HDU~N�CD:J\�UW59\J798.5�M f 59eJHD:.79;.7�8�H';�R�HL>0CL79;J>,-0M|=�M]HDoJ798�H*A0>�H ��=�HL:�GDI{M]R�CDGLH'M]8�;�=JX9\.NJH'>�HDn�R�X9CD:�:�HD\�`

•
��� � ��� ����� � 
�� � ��� ����

ab8�HjR�CL>0CDB�HD79HD>pRJX9CD:J:�59: f HD:�CDNJX9HLMh:�HL79UW;�>0S�79=�:J59: f ;�:�GDH@798�Hk8JCD>0\�UWCL>0H@59M6\JHD7�HD>0B�59:�HD\�`[ab8JH
59B�R�;�>079CD:�GLH�;�A�GDCL>0HDA0=JX�RJCD>0CDB�HD79HL>�R�X�CD:�:J59: f 59MweJHD>0I.8�5 f 8�o N�HDGDCL=�M]H'597�CDX�X9;�UWMz798�H�:JHD79UW;J>0S�79;TCD\��u=�Md7
A0X9HDxJ59NJX9I[79;yA�CDM]7�GD8�CD: f HDM';JA|79>0CLA0A�59G{79IJR�H�CD:�\yX9;�CD\y798�CL7�B�CDIy;�GDGD=�>0`v�W����EiM]HL>0eJ59GDH�UW5�X9X�59:J79>0;J\�=�GDH
M]HDeJHD>0CDXv:�HDU R�CL>0CDB�HD79HD>�M]oFM]=�GL8yCLM'GDHLX9X�M]HLX9HDGL7959;J:yCD:�\[>0HLM]HDX9HLGL7959;�:[GD>�597�HD>�59CDoFR�;�U�HD>zGL;�:�7�>0;�X9o�>0;�=J795�: f
CD>0HDCDo,CD:�\_:JHDUkR�CDGDSJHD79n�M]R�HDGL59A05�GYGD8JCD:�:�HLXv\�HLA05�:�5�7959;J:�M]`,ab8�HLM]HY:JHDU R�CD>�CDB�HD79HD>0M�CD>�H{M];JA079UWCL>0HY>0HDX�HDCDMdH
\�HDR�HD:�\JHD:�79oTM]; B�CD:�=�A0CDGL79=J>0HD>0M�B�CDIl8�CDeJHj\�59A0A0HD>�HD:�7yM];JX9=�7�59;�:�M�CDM}UWHLX9X�`Tab8�H~A059:JCDXgHDA0A�HDGL79Mh;JA
R�CD>0CDB�HD79HL>�A�59:�HDn�79=�:�59: f UW59X�X�N�H*M]HDHL:.CDA�79HL>�798JH'X�59eJH':�HD79UW;J>0S{B�HDCDM]=�>0HDB�HD:�79M]`
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ab8�H'R�X�CD:�:�5�: f 79CDM]S.N�HDGD;�B�HDMwHDeJHD:�B�;�>0H�GD8�CLX9X9HL: f 59: f UW8�HD:�798�H  WEF��EF�jMdHD>0eJ59GDH[� ����59Mw59:J79>0;J\�=�GDHL\
79;[798JH{M]CDB�H{:�HL79UW;�>0SJ`�EF59:�GLH{798JH{GL59>0GL=�5�7�M]UW5�79GD8JHD\_79>0CLA0A�59GY59M*RJ>059;J>05�795 � HD\_;�eJHD>z�W����E�59:[798�H.Md8�CD>�HD\
N�CD:�\�o�7�8�H[R�;JM]Md59N�5�X95�79IZ;�A� WEF��EF� 79>�CDA�A059G[N�X9;JGDSJ59: f �W����E�79>0CDA�A05�GyB�=�M]7zN�HyGL;�:�Md59\�HL>0HD\�UW8�HL:�798JH
�W����EV��EV59B�R�X9HDB�HD:�79CD7959;�:�79CDSJHDM�RJX9CDGLHW;�>��FEV59B�R�X9HDB�HD:�79CD7�59;�:TU�59798TM]B�CDX9Xv�

gprs
`�ab;_CDeJ;�59\T798�5�M]o�C

B�CDx�5 B�= B  WEF��EF� GDCDR�CDGD5979IyCDX�X9;�UWHD\y59:y798�H.M]IJM]79HDBsGD;�=�X9\VNJHTM]HL7 ��798JHD:�o� WEF��EF��UW;�=�X9\gM]7�59X�X�N�H
R�>059;J>05�795 � HD\�oJN�=�7,CD7,X9HDCLM]7,M];�B�H'GD8�CD:�:�HLX9MzUW;�=JX9\.NJH'CLX9UWCDIJMzX9HDA�7,A0;�>��W����Ey=JM]H'CLMzUWHDX�X9`

�F59:�CLX9X9IJow>0CD\J59;%:JHD79UW;J>0ScR�X9CD:�:J59: f 59M[CZA05�HDX9\%UW8JHD>�H�HDeJHD:�798�H�B�;�M]7'GD;�B�R�X959GLCD79HL\�B�;�\�HDX9My>�CD>0HLX9I
B�CD79GD8gR�HD>�A0HDGL79X9Iy79;y798�H.>0HDCLX�N�HL8�CDeJ59;�>z;�Az798�H�:JHD79UW;J>0SJ`v�W=�59\�HDX�59:�HLM�HDxJ59Md7�CD:�\g;�A�A0HD>w59:�\J59M]RJHD:�M]CLN�X9H
CDM]M]5�M]7�CD:�GDHLo�N�=�7|798JHDI�CD>0Hy;�:JX9I�8�HDX9RJA0=�Xz79;�;JX9M.CD:�\�798�Hy79=�:�5�: f 59M�;�A�79HD:�GD;�B�R�X9HD7�HD\iN�CLM]HD\i;�:�A�59HDX�\
79HDMd7959: f 59:{;�>0\JHD>�79;.CL797�CD59:{798�H*:�HD79UW;J>0S ��=�CDX�5979I{\�HDMd59>�HD\�`



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

79

���������	��
���

�����������������������������������! ��

Handover
59M'798�H�B�HDGD8�CD:J59M]Bs798�CL7�7�>0CD:�MdA0HL>0M�CL:g;�: f ;�59: f GDCDX�X�A0>0;�B ;�:�HTGDHLX9X�79;gCD:�;�7�8�HD>�CLMWC�=�M]HL>

B�; eJHDMp798�>0;�= f 8@798JHhGD;�eJHD>0C f HhCL>0HDC};�AgChGDHLX9X9=JX9CL> M]IJM]7�HDB�`{?�:@;�>0\�HD>V7�;@\�HL79HDGL7T7�8�Hh:�HLHD\@A0;J>
8�CD:�\�;�eJHD>0ov798�H��cEp:�HLHD\�M�79;V7�CDSJH_R�;�UWHD>�B�HDCDM]=J>0HDB�HD:�79MY;�:V798�HTGD8�CD:J:�HDX�5�7b59MWGD=�>�>0HD:J79X9IV=�Md59: f CDM
UWHDX9X*CDMy7�8�H�NJ>0;�CD\JGDCDMd7'GD8JCD:�:�HLX9My;JA.7�8�Hi:JHD5 f 8�N�;�>�59: f GDHDX�X9M]`�a�8JHi8�CD:J\�;�eJHD>�R�>�;�GDHLM]My59Mg5�:�597�5�CD79HL\
UW8�HD:.798JH'R�;�UWHL>�>0HLGDHL59eJHD\.N�I{798�H'�cE[A0>0;�B 798�H (wabEy;JA�C�:JHD5 f 8�N�;�>�59: f GDHLX9X�q�7�CD> f HD7�(wabEFr�HDx�GLHDHD\�M
798�HWR�;�U�HD>�>0HDGDHL59eJHD\TA�>0;�B 798�HWGD=J>0>0HL:�7�(wabEVN�I�CWGLHD>�79CD5�:TCDB�;�=�:�79` ab8J59M�5�M�CWA059xJHD\_eJCDX9=�HWGDCLX9X�HD\_798JH
	��
 ����� � � � 	 � � � 	 � � � q0CLX9M];yGDCDX�X9HL\ 	�� � ��� � � � � � � � � ���
 r�`v�F;J>wM]=JGDGDHDMdM]A0=JX�8JCD:�\�;�eJHD>0ovC.GD8�CD:J:�HDX�B�=�M]7
N�H f >0CD:�7�HD\.79;{798JH'8�CD:�\J;�eJHD>�>0H ��=�HDMd7�N�HLA0;J>0H'7�8�H'R�;�UWHL>�>�HDGDHL59eJHD\.N�I{798�H*�cEyA�>0;�Bl798�H�GD=J>0>0HL:�7�(wabE
>0HDCDGL8�HDM|798�H � ��� ��� � � � ��	 � � � 	 � � � `Jab8�H*>0HLGDHL59eJHD>�798J>0HDM]8J;�X9\{59M|798�H*R�;�59:J7�CL7�UW8J59GD8{798�H*>0HDGLHD59eJHD\�R�;�UWHL>
A0>0;�B�798�HYGD=J>0>�HD:�7 (wabEV59M�CD7F798�HYB�59:�59B�=�B�CDGDGDHDR�79CDNJX9HWX9HDeJHDX9`���7v798J59M�RJ;�59:J79o�Md59:�GLH{GD;�B�B�=�:�59GDCD7959: f
UW59798i798�HVGL=�>�>0HD:J7 (wabEh59MT:�;pX9;�: f HD>YR�;JM]M]5�N�X9HDo|798JHZGDCLX9X�U�59X�X�N�HV79HL>0B�59:�CD79HD\p=�:�X�HDM]MTCZM]=JGDGDHLM]M]A�=�X
8�CD:�\�;�eJHD>�79;�CD:ZHDX�5 f 59N�X9H_GDHLX9X|8JCDM{CLX9>�HDCD\�IZ;�GDGD=J>0>�HD\�` � M];JR�8�5�M]7�59GDCL79HD\ZCDeJHD>0C f 59: f R�>0;�GDHLM]M{A0;�>*798�H
R�;�UWHD>�B�HDCDM]=�>�HDB�HD:�79M�5�M�CDMdM]=�B�HD\�o�M];_A0CLM]7FA0CD\J59: f 59M�HLX�59B�59:�CD79HD\T59:T798�HYB�HDCDM]=�>�HDB�HD:�7vR�>0;JGDHDMdM�� �J�0`
ab8�H 	��
 ��� � � � � � � � 59M'798�H.CD>0HLC�UW8�HL>0H.798�H.>0CD7�59;g;JAw>�HDGDHL59eJHD\gR�;�UWHL>wX9HDeJHDX�M�A�>0;�Bs798�H�GD=J>0>�HD:�7�CD:�\
798�H{79CD> f HD7 (wabE�59M*N�HD79UWHLHD:y798�H�8JCD:�\�;�eJHD>wCL:�\g>�HDGDHL59eJHD>w798J>0HLM]8�;�X�\�M]oF798�CL7�5�M]ov798JH�;�eJHD>0X�CDR�RJ59: f CD>0HDC
N�HD79UWHDHL:6CD\��uCDGLHD:�7WGDHLX9XYGL;�eJHD>0C f HDM]`*ab8�Hp7959B�Hc798JCD7YCp�cEkB�;�eJHDMZCDGD>0;�MdMZ7�8�H%8�CL:�\�;�eJHD>[CL>0HDCc59M
>0HDA�HD>�>0HD\.CLMz798JH'\�H f >0CD\JCD7�59;�:.5�:�7�HD>0eJCDX9`

��� ����� � � 
 �
 ���%� �%��$ ��( � ����)�� (��#���



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

80

���������	��
����

��� �� � �� �!������������� �
	�� ������!��� � �
� �!�����������������

Class Description

Root SMObject
�|����� ��� � ����� � �b������� ������� ��� �!�"��� �		��#� ����$L����% � �	�"�������9���&�|�	���
����'b�	�	��(�����)'�� � ���

*&+ �|� ��'J���-,��	���		��� ������.|� � � /��0� � 	�#�	�L��� � �1� ��� ���"� �� 	����'����V�����b���	 ���	���		������ �
*&+ �|���)'����2,��	���		��������034, �J� ���D����D����������	���	�v	����'����V�����b���	 ���	���		������
*&+ �|���)'����5,��	���		������ + �634, + ��� � � 7�� �1� � ���D����D����������	���	�v	���)'����V�����b���	 ���	���		������

*&+ �|� ��'J���58��!� � �� ����� ������.|� � � /��0� � 	�#�	�L��� � �1� ��� ���"� �� 	����'����V�����b���	�'��!� � �� ����� �����0�
*&+ �|���)'����58��!� � �� ����� �#�������	�)90:)7 ���	�J��� � ;��v� :)7������	��� ���#�"'��!� � �� ����� �����
*&+ �|���)'����58��!� � �� ����� �#���)<����!�!����� <����!�!�����5'��!� �  � ����� �����
*&+ �|���)'����58��!� � �� ����� �#��������� � ��#� ����� � ��#�2'��!� � �� ����� �#���
*&+ �|���)'����58��!� � �� ����� �#��������#���#� ����#���#�"'��!� � �� ����� �#���
*&+ �|���)'����58��!� � �� ����� �#������� �	� ��� �	�1'��!� � �� ����� �����

= >?
@ A
B?
CB
D EF
G

*&+ �|���)'����58��!� � �� ����� �#�����|���H� �	� �)� �|�9�H� �	� �)�5'��!� � �� ����� �����
*&+ 8������#3|��� � � �	� ������.|� � � /��0� � 	�#�	�L��� � �1� ��� ���"� ��1� ����� �!� � � �D�#�L� ;��#� ����� �����
*&+ 8������ * ����� �!� � � �I� 90;J�#� ����� �����'���4� ����� �!� � � �I�,���F���b� ��7����J� � K����	���	�
*&+ 8����������!� ������	�#� ��� '����	� ���������4� ����� �!� � � �D�#�"'������ �#�b�1� � �57�� �1���!� ������	�#�

St
at

is
ti

ca
l

ev
al

ua
tio

n

*&+ 8������#L�� � �	���!<(����� 8������1� ����	�����M� ���7������ � ����� � + /����6/N.
*&+O* � ���)� �	�J� ����� '��J�!� � * � ���)� �1� � ����� '5� �!� �,���F����% � �	�!�
*&+O* �J�J�!� � ����'�� ����'��w���4� � ���)� �1� � ����� '�� �!� �
*&+O* �J�J�!� � P�� �		������ P�� �		������v���4� � ���)� �1� � ����� '5� �!� �
*&+ 8�������� �]�J� ����� '��J�!� � 8�������� �Q� � ����� '5� �!� � ���F����% � �	�!�
*&+ 8��J�J�!� � ����'�� ����'��w���('J������� �Q� � ����� '5� �!� �
*&+ 8��J�J�!� � P�� �		������ P�� �		������v���('�������� �Q� � ����� '5� �!� �
*&+SR ���	��� .|� � � /��0� � 	�#�	�L��� � �1� ��� ���"� ���K����	���	� ���'���F���)% � �	�!�
*&+SR ��� ��� LTP#LTU LTP#LTUVK����	���

W A?
X >Y ?
EF
Z[ >
GGE
G

*&+SR ��� ��� * < � * < ��K����	���]\ ����% � �	�!�,��^'��	�� '����_� ������ �I� �"7�	���	�I�!� � ����� � �b� `
*&+ 8��J�J�!� � ����'�� ����'��w���('J������� �Q� � ����� '5� �!� �
*&+ 90;��	��� ,��	���	�� �1'������ � �H7��M� �� � ;��	���!�L�0� � 'b� ��� ���]� � �b������� �����

*&+ 90;��	��� �J�!� � �J�!� �,��� � ;��	���!�
*&+ 90;��	��� ������'�� �	 /��0� � 	�#�	�L��� � �1� ��� ���"� ����	��D��� � ����� � �|������� �����b� ;��	���"�����)'�� �	 �
*&+ 90;��	��� * � ��� '���� �	#.|� � � /��0� � 	�#�	�L��� � �1� ��� ���"� �� � ;��	���J� � ��� '���� �	 �
*&+ 90;��	��� * �a��� '���� �	 3��	��� 	�#�J� � �b���#� � �����b�#�����

*&+ 90;��	��� P�� �		������#.|� � � /��0� � 	�#�	�L��� � �1� ��� ���"� �� � ;��	���L� � �		������ �
b^cE?
Xad@ F
Y cE?
GY
B C[ >
XY A?

*&+ 90;��	��� �J�!� � P�� �		������ P�� �		�������� ��v���b� ;��	���"� �!� �
*&+O* � �b�J� �|� 3������	���J� � �b���#� � ������� � �b�
*&+ �]��� * ������'���#'�%����'����% � �	�"� �� � ���4K���� ���I�
*&+ /��	�9��e�.|� � � /��0� � 	�#�	�L��� � �1� ��� ���"� ��1e�f '�� �b�	�0� �������#�,���	�9���
*&+ /��	�9��e�P���� e�f '�� �b�	�0� �������#�,���	����� �� � ��� �	���	 �
*&+ /��	�9��e�8�������� � e�f '�� �b�	�0� �������#�,���	����� ���'�������� �I�

*&+ /��	�9�Hg�.|� � � /��0� � 	�#�	�L��� � �1� ��� ���"� ���g0f '�� �b�	�0� �������#�,���	�9���
*&+ /��	�9�Hg�P���� g0f '�� �b�	�0� �������#�,���	����� �� � ��� �	���	 �hY

B C[ >
XY A?
X AA
[ G

*&+ /��	�9�Hg�8�������� � g0f '�� �b�	�0� �������#�,���	����� ���'�������� �I�



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

81

���������	��
����

��� ����� � ���
	�������	 ��� ����������������� � ��� � �� �
��� ���!����� �!� �  ��!��� � �
� �!��� �����

�
	����� �������
��� �
����� �
� �"!$#$#%#$#%#&�
***************************************************************************************'(�*)+�*��	���	�),,�
-/.10 0 2 340 576 ��),8 5:9 �"! -/;$. �$� 34< 5 �>=%?&@�(� A*��=�B:A*'(),(��!�BDC
�
�,E BD(�
F,�(#�G
��H$I .1< H$J J 340 34K I 0 . J J 2 L �>?�E7	 0 < . �%M 5
' 340 L13 �%I . M 3 H$JON$H 2 L13 I 0 . J J 2 L �>P%Q�R
' 340 L13 �%I . M 3 H$J ;$. � K H$N 340 I 0 . J J 2 L �>=$Q�R

��),�
S(S(� - ���
T
	��O,�
� 34. �UN 34< H L12 I V�H$JOI ;%3+W H$X 2 < 345 �>=%#UY W[Z ; B 5 I KUK%3 N 2 . I 2 H$�UH$JOI ;%3 N 34< H L12 I V\�"?$#UY W[Z ;

]
H 2 L13 � 0 . J J 2 L � C . � K H$N 340 I 0 . J J 2 L
:]
H 2 L13 I 0 . J J 2 L M 3 � 340 . I 34K �^ED=�_ P$Q 	 0 < . �%M 5 C . � K H$N 340 I 0 . J J 2 L M 3 � 340 . I 34K �>`�_ =$QU	 0 < . �%M 5

'(H$I 3 �$I 2 .1<%a%5:340 5 I ;%. I L4. �UX 3+5:340 N 34K �>P�b:? a%5:340 5 '(H$I 3 �$I 2 .1<ca%5:340 5 I ;%. I L1. �UX 3+5:340 N 34K �"=$P%` a%5:340 5
� 34. � 2 �%I 340 .10 0 2 N .1< I 2 W[3 �>!�_ =$d%Q$P 5:34L H$� K%5 � 34. � 2 �$I 340 .10 0 2 N .1< I 2 W[3 �^b%_ EDP$=$?$` 5:34L He� K%5
� 34. � 5:340 N 2 L13 I 2 W[3 �>P$# 5:34L H$� K%5 � 34. � 5:340 N 2 L13 I 2 W[3 �>P$# 5:34L H$� K%5

C
�*�
T
��]
	�)^'(),� �
)+� ��� f��
��� �
�g - C
	���	�� 6 ; VeX 0 2 KU5:L4;%34W[349
_ ) - ,� L4;%. �$� 34< 5734h$L1< a%5:2 N 34< VUJ H 0O;%. � K H$N 340 5 �iE
_ j
'((k S(� S(��� W[.1h$2 W[a%Wl< 3 �%M$I ; H$J�I ;%3+m$a%3na%3 �^E:#
T 3 M 0 .1K$. I 2 He� 2 �$I 340 N .1< �o�%H 0 W[.1<cK%2 5 I 0 2 X a I 2 H$�Up 2 I ;�W[34. �q�>P 5:34L H$� K%57. � K 5 I KUK%3 N 2 . I 2 He� �>! 5:34L H$� K$5

),	��
�r��� ��	&�� �������
��	�T��
 2 W a%< . I 2 H$�UI 2 W[3,2 � 5:34L H$� K%5 �^E$_ `$Q$!%?%d 3ns #$#$P 5:34L H$� K%576 ?%# K ` ; E$b W E:= 5:9

�� �������
��� �
�g),	�(������+�

� a%W X 340 H$JO� 3 p L1.1< < 5 M 3 � 340 . I 34K 6 �
� 9 �>!$#$#%#$#$#
� a%W X 340 H$J 2 � L H W[2 �%M ;$. � K H$N 340O0 34m%a%345 I 576 � ;%9 �>?�EDQ$#%P$`
� a%W X 340 H$JOX < H L Y 34KUL1.1< < 576 �
�$X 9 �>=$!�E$bD#
� a%W X 340 H$J ;%. � K H$N 340 J .12 < a%0 34576 � ; J 9 �>!$=%#$!

�*N 310 . M 3+K%34< . V 2 � 5:340 N 2 �%M ;$. � K H$N 340 572 � m$a%34a%3 �>?�_ ED`%Q�bD! 5:34L H$� K%5

��H$I .1<c-,;$. �%� 34< �
I 2 < 2 t4. I 2 H$�u�o`�b%_ b:Q$Q%d�R

v (Aw�+b%b%_ =%`�Rx��d$Q�_ =%d�Rx��d$!�_ bDP�Rx��d$!�_ =%d�Rx��d$=�_ b$E%Rx�yd$=�_ ?�Rx��d%?�_ !$!�R{z
v (Aw��d�E%_ `%`�Rx��d$#�_ b:d�Rx�+bDd�_ `$P�Rx�+b$b%_ P%?�Rx�+bD`�_ ED?�Rx�+bDQ�_ P$=�Rx�+b:=�_ P$!�R{z
v (Aw�+b%E%_ `%=�Rx��`$d�_ E:`�Rx�y`%P�_ !�Rx��`$=�_ =%!�Rx��P$d�_ Q�b%Rx��P$Q�_ d$?�Rx��P�E$_ !$P�R{z
v|T
�w� T
�w�}T
�w� T
�w��Q%P�_ =%P�Rx��Q�E%_ Q$Q�Rx��!$Q�_ d$P�Rx��!%#�_ #$?�R{z

]
H 2 L13+-/;%. �$� 34< �
I 2 < 2 t4. I 2 He�~�:Q%?�_ EDP�R

v (Aw�}C
����P%!�_ ?$`�Rw�"P$=�_ !�Rx�>P%=�_ ?�E$Rx��P$=�_ ?$d�Rx��P$?�_ P%?�Rr��P%?�_ `$Q�Riz
v (Aw��P�E%_ Q%=�Rx��P$#�_ P%!�Rx��P$#�_ !$!�Rx��Q$d�_ !�b$Rx��Q�b%_ ED?�Rx�yQ$`�_ =�Rx��Q%Q�_ bD`�R{z
v (Aw��Q%=�_ `�b$Rx��Q�E%_ Q�E$Rx��Q$#�_ d$d�Rx��!$`�_ P%`�Rx��!$Q�_ d$`�Rx��!$?�_ d$=�Rx��=%d�_ bD!�R{z
v|T
�w� T
�w�}T
�w� T
�w�w=%P�_ `�Rx��=$=�_ P�E%Rx��?$d�_ P�E%Rx��?%P�_ EDd�R{z

C . � K H$N 340O-,;$. �$� 34< �
I 2 < 2 t4. I 2 H$���:?�b%_ `%d�R

v (Aw�+b%b%_ =%`�Rx��=�E%_ E:?�Rx��=�E%_ !$P�Rx��=�E%_ E%b$Rx��=$#�_ Q$?�Rx��=$#�_ Q�b%Rx�w?$d�_ `�R{z
v (Aw��=%#�_ ?%!�Rx��=$#�_ ?%Q�Rx��?$d�_ =$?�Rx��?$d�_ E:!�Rx��?$d�Rx��?�b%_ =$=�Rx��?%`�_ `$`�R{z
v (Aw��?%`�_ d%Q�Rx��?$`�_ P%P�Rx��?$Q�_ !�E$Rx��?$Q�_ P%`�Rx��?$=�_ P�E%Rx��?$?�_ d$d�Rx��?�E$_ P$=�R{z
v|T
�w� T
�w�}T
�w� T
�w�+E:d�_ P%P�Rx�+ED`�_ d$!�Rx�+EDP�_ =$!�Rx�+E:=�_ bD=�R{z

C . � K H$N 340 ) 345:340 N 34K F . � K �
I 2 < 2 t4. I 2 H$� 6 � ; H 9 �cb$b%_ =$`�R
��H$I .1<  ;%.10 34K F . � K �
I 2 < 2 t4. I 2 H$� 6 � 5D;%.10 34K%9 �:`�b%_ !%P�R
C . � K H$N 340  ;%.10 34K F . � K �
I 2 < 2 t4. I 2 He� 6 � 5:;$.10 34K%9 �o?$P�_ =�R

C . � K H$N 340 S .12 < a%0 3 ' 0 H$X . X 2 < 2 I Vq�"?�_ #$#�ED?$!�R
� 3 p -,.1< < F < H L Y 2 �%MU' 0 H$X . X 2 < 2 I V��^b%_ Q%!$Q�R
�
J J 340 34K I 0 . J J 2 L �>?�E�	 0 < . �%M 5
-/.10 0 2 34K I 0 . J J 2 L �^EDd�_ P�bDP$Q 	 0 < . �%M 5
) . I 2 HUH$J L1.10 0 2 34K N 5 _:H$J J 340 34K I 0 . J J 2 L �"d$=�_ `$!$Q%=�R
-,34< < �
I 2 < 2 t4. I 2 He� �>`�b%_ bDQ%Q$d�R

� 2 W[3 � 3434K%34K I H 34h$34L1a I 3 I ;%3+5:2 W[a%< . I 2 H$���:=$=%! 5:34L H$� K$5
****************************************************************************************
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