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)+*-,.#0/&/21+3�#%,�4$*-56/21+7�587�!9)+7�:<;=3%1�7�5>)+*-?@#0)+*-!&AB)+4C7@!&3�!2D'-*-!&7�#01+*�)�(.3%;�#0!E#%!&#%'-3�AF)+3G:2*-A�*�)�#%'H,�3�!
I�7J18)+7K1�LM ON�PRQ�#05O#S;UT&!C,JD)+*-3%!V3%;W)+4&7�I%#01+*X#Y)+*X3%!&5�*-!<)+4C7�,�*�1+,�TC*-)S:27�I
*-,�7�5�Z@[�4C7G#%/C/C1+3�#0,K4*-56:C7�?G3%!&5>)81�#Y)+7�:<;U301�)+4C7G,�#%587@3%;O#\/C*X/]7J'X*-!C7@ ON�P_^`*�)+4a:C*-A�*�D)�#0'W7J181+301S,�3%181+7�,K)+*X3%!HZ.bc!&:C7J1d583%?G7G?G*-'e:<#%5858TC?G/C)+*-3�!C5d3�!V)+4C77KfC/]7J,J)+7�:gI�#Y1+*e#Y)+*-3�!&5�hH)+4&767J181+3%1�/21+3�ij#0i&*-'-*�)�(g*-5d7Jf2/C1+7�58587�:<#05�#58*-?G/C'X7E7KfC/C'-*X,J*-)@;=T&!&,K)+*X3%!k30;d)+4&7\5>)�#0!j:&#Y1�:k:27�I
*e#Y)+*-3�!&5l*-!m)+4C7,J3�?G/]3�!C7�!9)+5�nj/&#01�#%?G7K)+7J1+5�oRA�#0*-!p7K181+3%1+5�hq,�3%?G/j#01�#Y)+3%1O3%rq587J)c7J18D1+301+5�#0!j:61+7�58*-5>)+301�7J181+301+5�Z�[�4&7`#%!&#%'�(
)+*-,�#%'j7KfC/21+7�5858*-3�!G*-5�I�7J1+*�sj7�:;=3%1lt�!9)+7�A01�#%'"uc3%!wvH*-!C7�#01+*�)�(xLytzu{v|QKh�#0!j:}*-)+5@'-*-?G*�)+5@#01+7E5>)+Tj:
D*-7�:@T&58*-!CAF~B3%!
)+7KD>P�#Y1+'-3�58*-?�TC'e#Y)+*-3�!&5W3%;�#G���Si&*�)�/C*-/]7�'-*X!C7{ "N�P5>)81+TC,J)+TC1+7%Z

1. INTRODUCTION "!j#0'X3%AF)+3G:C*-A%*-)�#0'|,�3%!2I�7J18)+7J1SLM ON�PRQ�*-5R)�(2/&*-,�#0'-'-(B,K4&#01�#0,J)+7J18D*-��7�:\i
(l*�)+5`1+7�583�'-TC)+*-3%!}Ly!
TC?�i]7J1R30;�i&*�)+5�QKhj5+#0?G/&'-*-!&AF;e1+7��9T&7�!C,J(9h/]3�^W7J1{:2*-5858*X/&#0)+*-3�!p#0!j:B*�)+5"'X*-!C7�#01+*�)�(B/j#Y1�#%?G7J)+7J1+5"58T&,�4E#05O*-!9)+7JDA01�#%'q!&3%!&'-*-!&7�#Y1+*�)�(gLyt�ucv|Q�#%!&:.:2*-rq7K1+7�!9)+*e#0']!&3%!&'-*-!&7�#Y1+*-)z(gLyN{u{v�QKZ[�4C7F'-*-!&7�#Y1+*-)z(p/j#01�#0?G7J)+7J1+5�#Y1+7G:C7J)+7K1+?G*X!C7�:gi
(B)+4&7G#0!j#%'-3%A\7J18D1+301+5|*-!�I�#Y1+*X3%T&5� ON�Pg,�3�?G/]3%!&7�!9)+5�Z� a?@#��>301|,�4j#0'X'-7�!CA�7�*X!S "N�P:27�58*-A�!6*X5|)+4C7J1+7J;=3%1+7�)+3"7�5>)+*-?@#0)+7W)+4C7W,�3%!
)81+*-iCTC)+*-3�!S3%;C)+4&3�587W*X!&:C*�DI
*X:CT&#%'j7K181+3%1+5W)+3�)+4&7"3YI�7J1�#%'-'q "N�P}'-*-!&7�#Y1+*�)�(G/&#01�#%?G7K)+7J1+5�Z��2TC,K4#`5>)�#0)+*-5>)+*-,�#0'27J5>)+*X?@#Y)+*-3�!�*-5|*-?G/]3%18)�#%!9)H*-!6301�:C7J1H)+3`s&!j:c)+4C7�?G301+7,K1+*-)+*-,�#0'
583�TC1+,J7�5|3%;27J181+301�#%!&:d:C7�58*-A%!�#0,�,�3%1�:2*-!&A�'�(9hY)+4
T&5H#�I�3�*X:C*-!CA3YI�7K18D�:27�58*-A�!E#0!j:l*X?G/21+3YI2*-!CAS1+7�583%TC1+,�7�#0'-'X39,�#0)+*-3�!g*-!.)+4C7d:C7�58*-A%!
/21+39,�7�585�Z6[�4&*-5{7J5>)+*X?@#Y)+*-3�!p,�#%!pi]7�#0,K4C*-7�I�7�:gi9(B)+*-?G76,J3�!&58TC?FD*-!CAF~B3%!
)+7KD>P�#Y1+'-3F58*-?�T&'X#Y)+*X3%!&5�30;H)+4C7"^`4C3�'-7d "N�P}5>)81+TC,J)+TC1+7O*X!^`4C*-,K4\)+4C7S/&#01�#0?G7J)+7J1+5"3%;�I�#Y1+*-3�T&5",�3%?G/]3�!&7J!
)+5"#Y1+7�:
1�#�^`!g#0,JD,J3%1�:C*-!CA�)+3�/21+39,�7�585"I�#Y1+*e#Y)+*-3�!&5"#0!j:.30)+4&7J1`7K181+3%1"583�T21+,�7�5�Z��c3�^RD7JI�7J1�h�#%!j#0'�(2)+*-,F7KfC/21+7�5858*-3�!C5{;U3%1d)+4C7�I%#01+*-3�TC5d'-*X!C7�#01+*�)z(</&#01�#0?G7JD)+7K1+5�'-7�#�:G)+3S#Si]7J)8)+7K1�*-!&58*-A�49)W*X!9)+3�)+4&7"?@#%*-!G7J181+301R?G7�,�4j#%!C*-58?G5#0!j:B58/]7J7�:.TC/.)+4&7�:27�58*-A�!\/21+39,�7�585�Z
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5�#05|;U3�'-'-3�^`5�Z���#%587�:63�!#Fi]7�4&#YI
*-3%1�#0'H?G3
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*�)�(g7J181+301�Z@[�4&*-5d/21+39,�7�:CT21+7F,�#0!Vi]761+7J/]7�#0)+7�:p*-!V,�3%TC1+587F30;�)+4&7:C7J58*XA%!\/C1+39,J7�585�h&)�#0�2*-!CAF#�:2I�#0!9)�#%A�7d30;|)+4&7c�2!C3�^`'X7�:CA�7�#0,�,�TC?�TCD'X#0)+7�:g#0i]3�TC)")+4&7�7J181+301c?@#0A�!C*-)+T&:C7�*-!E7�#%,�4EA%1+3%T&/�Z`t�!\)+4&*-5"/j#YD/]7J1R^W7�:C7�?G3%!&5>)81�#0)+7")+4&7{?G7K)+4&3
:G;U3%1O#0!\«¬i&*�)R/C*-/]7�'-*X!C7� ON�P#01+,�4&*�)+7�,K)+TC1+7�Z�[�4C*-5�#01+,�4&*�)+7�,J)+T21+7.LU;=3%1S«®­�����QO*-5{58��7J)+,�4&7�:E*-!
¯ *-ACZR�%h%^`4C7J1+7R7�#%,�4�5>)�#0A�7R/21+3
:CT&,J7�5|)�^W3ci&*�)+'-*-!&7�5RLyTC58*-!&A{#")+4C1+7�73�T2)+/&T2)R,�3
:C7J5"58TCiCDz ONdPRQKh
58T&iC)81�#0,J)+5�)+4&*-5RI%#%'-T&7";=1+3%?°*-)+5R*-!C/&TC)LyT&58*-!CA6#dN{*-A%*-)�#0'�D�)+30Dz O!j#0'-3�A�PW3�!
I�7J18)+7J1cLyNc "PRQ8QKh�#%!j:G#0?G/&'-*�sj7�5)+4&7l1+7�58T&'�)+*-!&A�#%!j#0'-3�AV1+7�58*X:2T&7\i9(�)z^�3CZw[�4&7g�Y±wA�#0*-!k*-5GT&58T2D#%'-'�(g/C1+3YI
*X:C7�:Ei9(E#@5>^`*�)+,K4C7�:E,�#%/&#%,�*�)+301S#%?G/&'-*�sj7K1�h]^`4&*-,K4p#0'X583/C1+3YI
*X:C7�5{)+4C7�5+#0?G/&'-7JDz#%!&:2D�4&3%'e:aL�­{#%!&#%'-3�A.'X#0)+,�4]Qci]7J)z^�7�7�!p)+4&75>)�#%A%7�5�h�)+4C7J1+7J;=3%1+7G#0'X'-3�^`*-!&A\,J3�!&,JTC181+7�!9)d/21+39,�7�5858*-!&A2ZG[�4&76,�3
:C71+7�:2T&!j:C#%!C,J(F*-5RT&587�:G;=3%1":2*XA%*�)�#%'q7J181+3%1�,�3%181+7�,K)+*X3%!Hh2*-!l^`4C*-,K4@)+4&71+7�58TC'-)+*-!CAx��²aiC*�)+'X*-!C7�5E#01+7p,�3%?�i&*-!C7�:wi9(�#%!�7J181+301\,�30181+7�,J)+*-!&A'-3�A%*X,BLyT&58Tj#0'-'-(E#@5>(2!C,K421+3�!&*-��7�:p#%:&:27J1KQR)+3@(2*-7�'X:$���liC*�)+5{#0)O)+4&73�T2)+/&T2)G3%;{)+4C7\ "N�POZ�[�4&*-5@#01+,�4&*�)+7�,J)+T21+7E4j#05Gi]7�7�!}584&3�^`!m)+3
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#0,K4C*-7�I�7l4&*-A�4�)+421+3�T&A%4&/CTC)6#0)6'-3Y^ /]3Y^W7J1.Ly7�Z ACZ}���J�Mh"� NY�=QKZ�[�4C7:2*-A�*�)�#%'�7J181+301c,J3%181+7�,J)+*-3%!p1+7�'X#YfC7J5O)+4&7d,J3�!&5>)81�#0*-!
)+5O3�!E,�3%?G/j#Y1�#0D)+301�3%rq587J)�I�3%'�)�#%A�7J5�,J3�!&58*X:27J1�#%iC'-(9h�i&T2)�:C397�5�!C3%)�,�30181+7�,J)�A�#0*-!F7J18D1+301+5"#%!j:l*-!
)+7K1+!j#%'�NO OPm1+7K;U7J1+7�!C,�7d7J181+301+5�hj#05`^`*-'-'�i]7{:C*-58,�T&58587�:*-!\)+4C7d587��9T&7�'yZW[�4&7�7Jrq7�,J)"30;�)+4&*-5O7K181+3%1O,�3%181+7�,K)+*X3%!E*-5O*-!&,J'XT&:C7�:i]30)+4V*-!V3%TC16~B3%!
)+7KD>P�#Y1+'-3E58*X?6T&'X#0)+*-3%!&5�#%!&:<*-!<)+4C7F#0!j#%'�(
)+*-,�#%'5>)+39,�4j#05>)+*-,S?G3
:27�'�A�*-I�7�!.i]7�'-3Y^dZ[�4C7R/j#0/]7J1�*X5�5>)81+T&,K)+TC1+7�:F#05�;U3�'-'-3�^`5�ZWtz!�587�,K)+*X3%!l�O^�7`:2*X58,JT&585)+4C7`/&*-/]7�'-*-!&7`5>)81+T&,J)+T21+7�h9*-!&,J'XT&:C*-!&A{)+4C7R7J181+3%1W,�3%181+7J,J)+*-3�!@,�*�1+,�T&*�)�h#0!j:�,�#%'-,�TC'X#0)+7�)+4&7W:C*-5>)81+*-i&T2)+*X3%!�30;&)+4&7�t�ucv�hYA�*-I�7J!6)+4&7�5>)�#%!&:&#01�::27�I
*X#0)+*-3�!C5c*-!\)+4&7d,�3%?G/]3�!C7�!9)+5�nj7J181+301+5�Z"[�4&7�!E*-!E587�,J)+*-3%!PO�^W7/21+7�587�!9)�)+4&7R~B3�!9)+7JD�P�#01+'-3d58*-?�TC'e#Y)+*-3�!&5|)+4&#0)�^W7J1+7R/]7J18;U301+?G7�:S)+3I�7J1+*�;=(l)+4&7{,�'X#0*X?G5`30;�)+4&7d#0!j#%'�(
)+*-,�#%'H5>)+39,K4&#%5>)+*-,�5>)+Tj:
(9Z

2. STOCHASTIC ERROR ANALYSIStz!F)+4&*-5W587J,J)+*-3�!G^�7O:C7�I�7�'-3�/@#%!l#0!j#%'�(
)+*-,�#%']7KfC/21+7�5858*-3�!G;U301W)+4C7:2*-5>)81+*XiCTC)+*-3�!B3%;�)+4&7dtzu{vp7J181+3%1O#%!&:.)+4&7{#YI�7J1�#%A%7Stzu{vpI�#0'XTC7�h&#%5;=T&!C,J)+*-3�!E3%;�)+4C7S7K181+3%1+5c*-!\)+4C76 "N�Pw,�3�?G/]3%!&7�!9)+5�ZRtz!\3%1�:27J1c)+37J!j#%iC'-76#0!j#0'-(
)+*-,�#0'|5>)+39,K4&#%5>)+*-,S,�#%'-,�TC'e#Y)+*-3�!g3%;�)+4C*X5"!&3%!&'-*-!&7�#Y1+*�)�(9h#g;U7J^ #05858T&?G/2)+*X3%!&5F?6T&5>)6i]7B?@#%:C7.#%i]3�T2)F)+4&7B ON�P 5>(C5>)+7J?#0!j:B*�)+5`3�/]7K1�#0)+*-!&AF,J3�!j:2*�)+*X3%!&5�Z
2.1 Basic assumptions[�4C7�s&1+5>)d;=T&!&:&#%?G7J!
)�#0'�#%5858TC?G/C)+*-3�!<*X5d)+4&#0)d)+4&765>(25>)+7�?®#%'�D'-3�^`5B;=3%1E#RQLSG¥%©U©{�K¦�¦8§0¦�¥% j¥�© £�Q���Q�hO?G7�#0!&*-!&A�)+4&#0)l)+4&7g3YI�7J1�#%'-'7K181+3%1{30;�)+4&7S ON�POhC1+7J;U7K181+7�:\)+3l*�)+5"*-!&/&T2)�hj*-5O^`*�)+4C*X!E)+4C7S'-*-?G*�)+530;�#c58*-!&A%'X7"v��C�VTC!&*�)�Z�[�4&*-5�#%5858TC?G/C)+*-3�!6*-5q��T&5>)+*�sj7�:�i9(S)+4C7W;y#0,J))+4&#0)�587�I�7J1�#%'�,�3�?G?G7K1+,�*X#%'-'�(p#YI%#%*-'X#%iC'-7lPR~2Td�p/&*-/]7�'-*-!&7@ "N�POn 5#Y1+7d,�#%/&#%iC'X7d30;�?@#0f2*-?@#%']tzu{vp#%!&:.N{ucv<I%#%'-T&7�5�^`4C*-,K4B#01+7d'-7�585)+4&#%!63�!&7�v|�C�"Z%bO!j:27J1�58?@#%'-'
7J181+301�,�3�!&:C*�)+*-3�!&5�)+4C7� ONdPV,�#%!6i]71+7JA�#01�:27�:p#%5d#0!V#0/&/C1+3�f2*-?@#0)+7�'�(E'-*-!&7�#01d5>(25>)+7�?\hq#0'-'X3�^`*-!&A.;U3%1d#58TC/]7J1+/]3�58*�)+*-3�!.3%;�)+4&7O7J181+3%1+5�Z��
?@#%'-']7J181+3%1R#%!j#0'�(C58*-5R*-5W)+4C7J1+7J;U301+758*-?G*-'X#01d)+3@58?@#%'-'�58*-A�!&#%'�#%!&#%'�(258*-5�hH^`4C*X,�4E1+7�A�#Y1�:C5�#@!&3%!p'-*-!&7�#015>(25>)+7�? #%5�'-*-!&7�#Y1`3�!C7{T&!&:C7J1W58?@#%'-']58*-A�!j#0'H,J3�!j:2*�)+*X3%!&5`#Y1+3�T&!&:@#A%*-I�7�!\3%/]7J1�#0)+*-!&AG/]3%*-!
)�Z[�4C7�587�,�3�!&:�#%5858T&?G/2)+*-3�!{30;C3%TC1H,�#%'-,�TC'X#0)+*-3�!S*-5H)+4j#Y)H)+4C7�583�T21+,�7�530;�7J181+3%1c*X!\)+4C7S ON�P�,�#%!gi]7S:C*-I
*X:C7�:.*X!9)+3l#F58?@#%'-'|!
TC?�i]7J1`30;A01+3�TC/&5�58TC,K4�)+4&#0)�)+4&7G)+30)�#%'�,�3%!9)81+*XiCTC)+*-3�!$30;"7�#%,�4$A%1+3%T&/a,�#%!i]7<#%/C/C1+3�f2*-?@#0)+7�:wi9(k#�U{#0T&5858*X#%!�:C*-5>)81+*-i&T2)+*-3�!HhO,�7�!9)+7J1+7�:x#Y))+4C7{!&3%?G*-!j#%'qI%#%'-T&7%h2^`4C3�587d5>)�#0!j:&#Y1�:B:27�I
*e#Y)+*-3�!.1+7J/C1+7�587�!9)+5�)+4C7A01+3�TC/ELM#%5W*-!\� ���q#%!&:\� �Y�=QKZ�t�!�)+4C7R58/]7�,�*�sj,":C7K1+*XI%#0)+*-3%!G/C1+7�587�!9)+7�:i]7J'X3�^°;=3%1lt�ucv�^W7E#%'-583V#%5858T&?G7l)+4j#Y)F)+4&7.A%1+3�TC/&5G#Y1+7\5>)�#0)+*-5>D)+*-,�#0'-'-(<*-!j:27�/]7�!j:27�!9)�hqi&T2)c)+4&*-5�#05858T&?G/C)+*-3%!<,�#0!<i]7S1+7�'X#0f27�:p*X!

)+4&76A�7�!C7J1�#%'�,�#0587�h�#05{^`*X'-'�i]7F7Jf2/&'X#0*X!C7�:g*X!<587�,J)+*-3�!$�
Z �.i]7�'-3�^dZ
V *�)+4&*-!p7�#%,�4VA01+3�TC/p)+4C7�7J181+301+5S,�#%!pA�7�!C7J1�#%'-'�(pi]7F5>)�#0)+*-5>)+*-,�#%'-'�(:C7J/]7�!j:27�!9)�hq#%!&:g^W7�584j#0'-'|)81+7�#0){)+4C*-5d:C7�/]7J!j:C7J!&,J(Bi
(E:C*-I
*e:2*-!&A)+4&7l7J181+301G*-!
)+3g,�30181+7�'X#0)+7�:}#%!&:$T&!&,J3%181+7�'X#0)+7�:}/&#018)+5�h�#%!&:a/]7K18D;U301+?G*-!&AF#6:C*�rq7J1+7�!9)`,�#0'-,�T&'X#0)+*-3%!B;U301O7�#%,�4B/j#Y18)�Z�;U301")+4C7c,�#0587d3%;#�/C*X/]7J'X*-!C7� ON�POh2^�7�:27Jsj!C7c)+4&7c;=3�'-'-3�^`*X!CAG)+4C1+7�7d7J181+301"A%1+3�TC/&5�Z
��Z`PW3�?G/j#Y1�#0)+301g3%rq587J)EI�3�'�)�#%A%7�7J181+3%1+5$LXWMY�Z�Q.*-!x)+4C7<�j#%584 ON�Pk30;�7�#%,�4B5>)�#0A�7
�
ZR��181+301+5O*-!.)+4C7{*-!9)+7J1+!j#0'�1+7J;=7J1+7�!C,�7�I�3�'�)�#%A%7�5SLXW Y
[ Q
O2Z�U{#%*-!\7J181+301+56LXWE\�Q�*-!.)+4C7d#%?G/C'X*�s&7J1"3%;�7�#0,K4B5>)�#%A�7%Z

�2*-!C,�7F)+4&7G7J181+301+5�*X!�:C*�rq7J1+7�!9)SA%1+3%T&/&5S#Y1+7l?@#0*-!&'�(<:C7J)+7J1+?G*-!C7�:i9(S:C*�rq7J1+7�!9)�/C4
(258*-,�#0'2?G7J,K4&#%!&*-58?G5�h0*�)�*-5�1+7�#%583�!&#%iC'X7�)+3c#%5858TC?G7�h#%5�#cs&1+5>)W#%/C/C1+3�f2*-?@#0)+*-3�!�h�)+4j#Y)�)+4C7RA%1+3%T&/&5�#01+7`5>)�#Y)+*X5>)+*-,�#0'-'-(@*-!2D:C7J/]7�!j:27�!9)�Z\uc30)+7F)+4j#Y)6)+4C7G,K4C3�*-,�7@3%;`)+4&7GA01+3�TC/&5F#Yrq7�,J)+5�)+4&7:C7K)�#%*-'-5G3%;{)+4C7B,�#0'X,JT&'X#0)+*-3�!�hRi&T2)F!C3%)G)+4&7.ij#058*X,B?G7J)+4&3
:23�'-3�A0(9Z��#%,�4p30;�)+4C7d)+4C1+7�7d)�(2/]7�5O3%;�7J181+301+5d:C7Js&!&7�:B#%i]3YI�7S*X5")+4&7S,�3�?FDi&*-!C7�:�1+7�58T&'�)F30;c)z^�3g/&49(258*-,�#%'R7Jrq7J,J)+5�og ]§%��QJ�Kh�^`4&*-,�4}*-!C,�'-Tj:C7J5,�4j#01+A%7�*-!%��7�,J)+*-3�!S!&3%*X587W*X!6#%!&#%'-3�AO5>^`*�)+,K4C7�5�h�)+4C7J1+?@#%'�!C3�*-587�h%584&30)!&3%*-587�h]�j*-,���7J1"!&3%*X587%h�#%!j:\!C3�*-587S,�3�TC/&'-7�:B;=1+3%? :2*-A�*�)�#%'�,�*�1+,�TC*�)818(LyI
*X#S,J1+3%585>)�#%'-�@3%1R58TCi&5>)81�#Y)+7YQKh2#%!&:@)+7�,�4&!C3�'-3�A0(G¤2¥%¦8¥�S@�K¡z�K¦�]0¥%¦��X^¥%¡y�M§0 &h�7�Z ACZS:27�I
*X,J7�?G*-58?@#0)+,�4HZcuc3�*-5876,�#%!p,�#%TC5876)+4C765+#0?G7�:2*X7)+3Vi]7J4j#�I�7\:2*�rq7J1+7�!9)+'�(a7�I�7�!a*�;{)+4&7.5+#%?G7.*X!C/&T2)+5G#01+7E#0/&/C'X*-7�:qh^`4&*-'-7@/C1+39,�7J585SI%#01+*X#Y)+*X3%!&5S,�#%TC587@:C*�rq7J1+7�!9)S:2*X7J5�)+3B4j#�I�7G:2*-rq7K18D7�!9)Gi]7�4&#�I2*-301�Zw[�4C7B7J181+301@,�397`_G,�*-7�!9)+5aWEY
ZbFLWEY
[_#%!j:cWE\ #01+7,�#0'X,JT&'X#0)+7�:$7�*�)+4C7J1Si
(V:C*�1+7�,K)G~B3%!
)+7KD>P�#Y1+'-3p58*-?6T&'X#0)+*-3�!C5630;R)+4&7,�30181+7�58/]3�!&:C*-!&A\iCT&*-'X:C*-!&A.i&'-39,��25�h�3%1�h�*X!<,�#%587G30;`#B'X#01+A%7Gi&TC*X'X:
D*-!&ASi&'-39,��qh2i9(@:2*XI
*X:C*-!CA�)+4C7ciC'X39,��F*-!9)+3658?@#0'-'X7K1`58T&iCD�iC'X39,��
5�#0!j:1+7�,�T21+58*-I�7�'�(\#0/&/C'-(2*-!&AS)+4&7d5+#0?G7d#%/C/C1+3�#0,K4�Z
2.2 The INL and its distributiont�! ¯ *-ACZl�pLM#�QO^�7�587�7@#l)z(C/C*-,�#%'�)81�#%!C5>;U7J1S,�T21+I�7�30;`#%!V ON�P,�3%!2I�7J18)+7J1E^`4&*-,�4_584&3�^`5g)+4&7�3%TC)+/CTC)g,�3
:27a#%5p#m;UTC!&,J)+*-3%!_3%;)+4&7d*-!C/&TC)`,J3�!9)+*-!2TC3�TC5O#0!j#0'X3%A@I�#0'XTC7�Z�[W^�3F)81�#0!&5>;U7K1c,�T21+I�7�5"#01+7584&3�^`!�o|[�4C7�sC1+5>)|*-5�#%!�*X:C7�#%'�)81�#%!C5>;U7J1|,�TC1+I�7�^`4C*X,�46:C7�58,J1+*-i]7�5|#%! ONdPa^`*�)+4.!C367K181+3%1+5�Z�[�4&7O587�,�3�!&:G,�TC1+I�7"*-5`#%!l#%,K)+Tj#%'])81�#0!&5>;U7K1,�T21+I�7d3%;�)+4&7�*-!
I�7�5>)+*-A�#Y)+7�:E ONdPOZ][�4&7S7��9T&*-I%#%'-7�!9)"7J181+3%1{#0)")+4&7 ONdPk*X!C/&T2)`*X5`A%*XI�7�!\i9(@)+4&7c;=3�'-'-3Y^`*-!CAdU{#0T&5858*X#%!g:2*-5>)81+*XiCTC)+*-3�!�o
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^`4&7K1+7S)+4C7SI%#01+*X#0i&'-76±g?G7�#058TC1+7�5`)+4&7�4C3%1+*-��3�!9)�#0'�584&*�;=)ci]7J)�^W7�7�!)+4&76#%,K)+Tj#%'|#%!j:\)+4C76*X:C7�#%'|)81�#%!C5>;U7J1{,�TC1+I�7J5";=3%1�#G58/]7�,�*�s&,�,�3
:27�Z[�4&7W58*X!CA�'-7`?G3�5>)�*-?G/]3018)�#%!9)�/j#Y1�#%?G7J)+7J1�;U3%1�)+4C*X5�#0!j#%'�(258*-5�*X!S)+4&7:C*-5>)81+*-i&T2)+*-3�!\A%*XI�7�!Bi9(.���jZR�d*-5R)+4&7d5>)�#Y)+*-5>)+*X,�#%'|:27�I
*X#0)+*-3�!?W�Z
2.3 Pipeline stage and error groupsV 7\sC1+5>)B'-393%��#0)B#�58*-?G/&'-*�sj7�:qh`3�!&7KDziC*�)8Dz/]7K18Dz5>)�#0A�7g/&*-/]7�'-*-!&75>)81+T&,K)+TC1+76^`*�)+4C3�TC)�7K181+3%1�,�30181+7�,J)+*-3�!�hH^`4C*X,�4V,J3�!9)�#%*-!&5{« *X:C7�!2D)+*-,�#%'H5>)�#%A%7�5O30;�)+4&7{�
*-!j:l58��7J)+,�4&7�:l*-! ¯ *-ACZzO2Z�[�4&7d,J3�?G/j#Y1�#0)+301LL{+§pSc¤
Qc*X5{)+4C7�*-!9)+7J1+!j#0'�3�!&7�i&*�)d58T&i2Dz ON�P�3%;�)+4C*X5c5>)�#%A�7%ZG[�4&7)�^W3\1+7�58*-5>)+3%1+5}|°#%!j:p)+4&7@5>^`*�)+,K4�~�� �F;=3%1+? #%!$*-!9)+7J1+!&#%'�3�!&7i&*�)GNO "POZ V 4&7J!a)+4C7B,�'-39,��$*-5G'X3�^dh�)+4&7\#0!j#0'X3%AV5>^`*�)+,�4�~��_�*-5{,�3%!&!&7J,J)+7�:\)+3l)+4C76*-!C/&TC)cI�3�'�)�#0A�74���R#0!j:\)+4&76#%!&#%'-3�A.5>^`*�)+,K4
~���O.*-5d584C3%18)+7�:qZ@ �){)+4&*-5d,�3%!j:C*�)+*-3�!p)+4&7F*-!C/&TC){,�#%/&#%,�*�)+3%1��p�5+#%?G/C'-7�56)+4C7l*-!C/&TC)SI�3%'�)�#%A�7%Z V 4C7�!�)+4&7l,�'-39,���*-5�4&*-A%4a#%A�#0*-!Hh)+4&7c#%!&#%'-3�AG5>^`*�)+,�42~���O�*X5R3%/]7�!&7�:B#%!&:d~��_��*-5R,�3�!C!&7�,J)+7�:@)+3)+4&7.Nc "P 1+7J;U7J1+7J!&,�7\I�3�'�)�#%A%7��M�OZm[�4&*-5G'X#%5>)l#%,K)+*X3%!})81�#0!&5>;=7J1+5)+4&7G,�4j#Y1+A�7.�!��L&� �-� � � QO;=1+3%?®)+4C7G,�#%/&#%,�*�)+301@�!�°:2*-1+7J,J)+'�(<)+3)+4&7�,�#0/j#0,�*�)+3%1;�6h&^`4&*-,K4EA%*-I�7�5{#@�
� #0?G/&'-*�sj7�:B#%!j#0'-3�Al3�TC)+/CTC)
���V­ �2L&� �z� � � QKZxv�#0i]7�'-7�:k*-! ¯ *-ACZ�OV#Y1+7\)+4&7\)+421+7�7\7J181+301
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A%1+3%T&/C5c#05O)+4&7K(\#0/&/]7�#Y1c*-!B)+4C*X5"5>)�#%A%7�Z"[�4&7�,�3%?G/j#Y1�#0)+3%1O3%rq587K)LXW Y ZWQ|A01+3�T&/G*-5�?@#01+��7�:6#0)�)+4&7`*-!&/CTC)�)+3{)+4&7R,�3%?G/j#Y1�#0)+3%1Wi&'-39,��#%!&:V*-!&,�'-T&:C7�5�3%rq587K)6,�#%T&587�:Vi9(<7J*-)+4C7J1S,�3�?G/]3%!&7�!9)�?G*-58?@#0)+,�4Hh587�'�;�4&7�#0)+*-!&A<7Jrq7�,J)+5�h`49(25>)+7J1+7�58*-5G3%1l!C3�*-587�Zx[�4&7B587�,�3�!&:k7J181+301A%1+3%T&/g*-!&,�'-T&:C7�5`1+7J;U7K1+7�!&,�7SI�3%'-)�#0A�7lLXWEY
[�QR7J181+301+5c,�#0T&587�:Ei9(.1+7KD58*-5>)+3%1`'X#�:C:C7J1`I%#01+*X#Y)+*X3%!&5`#0!j:G!&3%*X587%hj#05�^�7�'-'�#%5�)+3S7J181+3%1+5R*-!@)+4&75>^`*�)+,K48~�� �R^`4C*X,�4@#01+7"?@#%*-!C'-(�:CTC7R)+3d,K4&#01+A�7"*-!%��7�,J)+*-3�!@*-!F)+4&7PR~2Td�a)81�#0!&58?G*-5858*-3�!wA�#0)+7�Z�[�4&*-5G587�,�3%!j:m7K181+3%1lA%1+3%T&/k4&#%5@#:C3%T&iC'X7@7Jrq7J,J)�o�t�)F#Yrq7�,J)+5�)+4&7F1+7J;=7J1+7�!C,�7.I�3�'�)�#%A%7l;=3%1S)+4&7@,�3�?FD/j#Y1�#0)+301c?@#Y1+��7�:B#05 ���}#0!j:l)+4C7{1+7J;U7K1+7�!&,�7�I�3%'�)�#%A�7d;=3%1")+4&7S���#%?G/C'-*-s&7J1O?@#01+��7�:B#%5H� � Z"[�4C7d)+4&*�1�:\7J181+3%1cA%1+3%T&/E*-!&,�'-T&:C7�5c#%'-')+4&7G7K181+3%1+5S3%;R)+4&7G5>^`*�)+,�4&7�:<,�#%/&#%,�*�)+3%1F#%?G/C'X*�;e(C*-!CA\,�*�1+,�T&*�)�h�*-!2D,�'-Tj:2*-!&AB)+7�,�4&!C3�'-3�A0(pI�#Y1+*e#Y)+*-3�!&5�*-!V)+4C7@�!���!� ,�#%/&#%,�*�)+301S1�#Y)+*-3Ch)+4&7K1+?@#%'������!� !C3�*-587�h�,K4&#01+A%7.*-!%��7�,J)+*-3�!}*-!�~B� �\#%!j:�~���O
hsj!C*�)+7{A�#0*X!g#0!j:l3%rq587J)"3%;�)+4C7{3�/]7K1�#0)+*-3�!&#%'|#0?G/&'-*�sj7J1SL+¥pSO¤2QKZ
2.4 Error pathst�!B3%1�:C7K1c)+3@i]7S#%i&'-7�)+3G*-!
)+7K1+/C1+7J)")+4&7S ONdPx#05{#G'-*X!C7�#01c5>(25>D)+7�?\h"'-7J)\TC5B,�3%!&!C7�,J)�Ly,J3�!&,J7�/C)+T&#%'-'�(jQ@*-!�/j#01�#0'-'X7J'�)+3$)+4C7g)z^�3*-!&/CTC)+5�3%;�7�#0,K4F30;q)+4&7`«°,�3�?G/&#01�#Y)+3%1+5�3%;q)+4&7R/C*X/]7J'X*-!C7O "N�Pa#%!*X:C7�#0'C'-*-!&7�#01W:C*�rq7J1+7�!9)+*X#%'C#%?G/C'X*�s&7J1�^`*�)+4G#OTC!&*�)�(SA�#0*-!G#%!&:�#c!C3�!��7J1+363%rq587J)�h2^`4&*-,�4.*-5`7��9Tj#0'j)+36)+4C7c3%rq587K)`3%;�)+4C7{,�30181+7�58/]3�!&:C*-!&A#%,K)+Tj#%'c,�3�?G/&#01�#0)+301B,J3�!&!C7�,J)+7�:m*X!�/&#01�#0'X'-7�'yZ [�4C*X5B#�:C:C*�)+*-3�!j#0':C*�rq7J1+7J!
)+*X#0'c#0?G/&'-*�sj7J1F^`*-'-'c587K1+I�7E#%5@#<,�3�!C,�7�/C)+T&#%'"#%!&#%'-3�A$7K18D1+3%16/C1+3%i&*-!&Ap:27�I
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2.5 Error groups

2.5.1 Comparator offset error group
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