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Abstract 
 
We examine the sensitivity of estimates and inequality indices to 
extreme values, in the sense of their robustness properties and of their 
statistical performance.  We establish that these measures are very 
sensitive to the properties of the income distribution.  Estimation and 
inference can be dramatically affected, especially when the tail of the 
income distribution is heavy. 
 
Keywords: inequality measures, statistical performance, robustness  
JEL classification: C1, D63 

 
 
 

Acknowledgements 
   
This paper is part of the research programme of the TMR network ‘Living Standards, 
Inequality and Taxation” [Contract No. ERBFMRXCT 980248] of the European 
Communities, whose financial support is gratefully received. 
 
 
 
 
 
©   Frank A. Cowell and Emmanuel Flachaire.  All rights reserved.  Short 
sections of text, not to exceed two paragraphs, may be quoted without 
explicit permission provided that full credit, including © notice, is given 
to the source. 
 
 
 
 
 
 
 
Correspondence to: F.A. Cowell, STICERD, LSE, Houghton Street, London WC2A 
2AE. (f.cowell@lse.ac.uk) and to: Emmanuel Flachaire, Universite Paris I Pantheon-
Sorbonne, EUREQua, Maison des Sciences Economiques, 106-112 bd de l'Hopital, 
75013 Paris - France 
 
 

mailto:f.cowell@lse.ac.uk


4 ����	�#��65��87E	��Ä���
9;:=<
>�<�?A@;B,C�DFEAGIHJ?A@�KLDNMOBFPQDNRLST?AU=<
VWR=BFEA?XSZY[M\<]BF@�R=>�<
@;^_DNUL^_<_>�U=?AUL`IS�:=<_?a>T<_M\b=?a>�?A^_BFEQbc<
>�C�DN>�M[BFUL^_<Fde DNM\<T?aU=K=?A^
<_@.B�>�<T^
DNMfM\DNU=EXYg@�R=b=bQDN@�<_KhSiDjPQ<;bkBF>lSi?A^
R=EmB�>�EaY�@�<_U=@�?aS�?anN<TS�Dj@�bQ<_^
?aok^TSZYWbQ<_@.DFCQ^�:kBFUL`N<?AUpS�:=<q?AU=^
DNM\<�K=?a@�Si>�?AP=RrSi?ADFUjBFU=K�MfBsYtPc<.>�<vu�<
^
Si<
KxwzyQ{�|�}�{�|Q?AUpC~B]nNDNRL>!DFCLD�Si:=<
>�@�Si:=B�S�BF>�<.bL>�<_@�R=M\<_KSiD�Pc<���@iB�C�<
>��=d�9;:=?A@gC�DNEAG8HJ?A@�K=DNM�?A@�DNU=EXY�b=BF>�S�?mBFEaEaY8@�R=b=bQDN>�S�<_K�P�Y�C�DF>�MfBFEzBFUkBFEXYr@�?A@,BFU=K�?XS,?a@BFb=bL>�DNb=>�?mB�S�<�S�D�<%�LBFM\?AUL<�Si:L<p?A@�@�R=<pP�Yf^_DNUL@�?AKL<_>�?aU=`,S�:=<pPQ<_:kB]nW?ADNRL>�DFC�?aU=<_V�RkBFEa?aSZYIM\<]BF@�R=>�<
@�HJ?aS�:>�<
@�bQ<_^%SpSiDx<��WSi>�<
Mf<�nFB�EAR=<
@_dt��U�<%�WS�>�<_M\<,n�BFEaR=<,?a@pBfDFP=@�<
>�n�B�Si?aDNU�S�:kB�Sp?a@t:=?a`N:=EXY6?AUL�kRL<_U�Si?ABFE�DNUSi:L<,<_@lSi?aM[B�S�<�D�CqBFU�?aU=<_V�RkB�EA?aSZYxMf<_BF@�R=>�<Fd���St?a@�^
EA<_BF>�S�:kB�SpBFU�<��rS�>�<
Mf<gnFB�EAR=<g?A@�U=DFS�U=<_^
<_@�@iBF>�?AEaYBFU�<
>�>�DF>�DN>�@�DNMf<fC�DN>�M�DFC�^_DNU�SiBFMf?aUkB�S�?ADNU�d���SI^_DNRLEAK�?aU�C~BF^
ShPQ<�BFU�?aULC�DN>�M[B�S�?anF<fDNPL@�<_>ln�B�Si?aDNUPQ<_EADFU=`N?AUL`xSiD�Si:=<ISi>�R=<IK=?A@lSi>�?AP=RLS�?ADNU6��w6�W|X���8�A�%�F�%{�ws�W�[}F�%�s�%{%��wF�~|�}� kdh�ZU#Si:=?a@gb=BFbc<
>_¡!H*<f@lSiR=KLY@�<
U=@�?XSi?Xnr?XSZYjDFCLK=?a¢c<_>�<_U�S�?aU=<_V�RkB�EA?aSZYtMf<_BF@�RL>�<_@�SiD�<%�WS�>�<_M\<qnFB�EAR=<
@_¡�?AUgPcDFS�:�^_BF@�<
@�D�C=^_DFU�SiBFM\?AUkB�S�?ADNUBFU=K£DFC�:=?A`F:£Ea<
nF<_>iB�`N<jDNP=@�<_>�n�B�S�?ADNUL@_d
¤¥:kB�ST?A@;B#��@�<_U=@�?aS�?anN<
�I?AU=<
VWR=BFEA?XSZYfM\<]B�@�R=>�<s¦�9;:=?a@;?A@�@�R=<j:kB�@TPc<
<_U£BFK=KL>�<_@�@�<
K�?AUxBFK�:=DW^jK=?A@�^_R=@v§@�?aDNUhDFCQ?AULK=?anW?AKLRkBFEWMf<_BF@�R=>�<_@q?AU�S�<_>�Mf@.DFC+S�:=<_?a>¨<_M\b=?A>�?A^_BFErbQ<_>lC�DN>�MfBFU=^
<TDNU\BF^%SiRkBFELKkB�S�BI©~ª�>iB�R=EAG�<«s¬NF®�¯ d e DNM\<�DFC�S�:=<gH*<_EXC~BF>�<�§�S�:=<_DN>�<
S�?A^]B�E!EA?aS�<_>�B�SiR=>�<pC�Dr^
R=@�<
@�DFU�Si>�BFU=@lC�<_>�@�<_UL@�?aS�?anW?aSZY#© e :=DF>�>�DW^�G�@BFU=K±°kDN@lSi<_> «s¬N�²N¯j³ BFU=K#>�<
EmB�S�<_K8^_DFU=^_<
bLSi@
dhª�RLS�?XSp?A@t^_EA<_BF>tS�:kB�S�?AUrC�DN>�MfBFE�K=?A@�^_R=@�@�?aDNU#?A@pU=D�S�B@iB�Si?A@lC~BF^
S�DN>�Y�BFbLb=>�D�B�^�:�C�DN>,^�:kB�>iBF^%Si<_>�?A@�?AU=`=´.C�R=>lSi:=<
>�M\DN>�<\Si:=<\H�<
EaC~BF>�<xb=>�DNbc<
>�S�?A<_@�DFCJ?AUL<_V�RkBFEa?aSZYM\<]BF@�R=>�<
@�?AU±Si<_>�Mf@�DFC;Si:L<[>�<
EmB�S�?anF<f?aMfbkB�^
S�DFCJB�S�>iBFU=@lC�<_>,B�S�K=?X¢µ<
>�<
U�S,?AU=^
DNM\<fEa<
nN<
EA@gHJ?AEAEqU=D�Sb=>�D1nW?aK=<�Bh>�<_Ea?mBFPLEA<t`FR=?AK=<pS�DhSi:=<pH�B]Y�?AU�HJ:=?a^�:6S�:=<�Mf<_BF@�RL>�<_@JMfB]Yx>�<
@�bQDNU=K�SiDI<��rS�>�<
Mf<jn�BFEARL<_@_d¤�<gUL<_<_K�Bh`N<_U=<
>iBFE�B�U=K�<
MfbL?A>�?a^]BFEaEaY\BFbLb=EA?a^]BFP=Ea<tSiDWDNE/d
9;:=<zb=>�?aU=^_?abkBFE�SiDWDNEFSi:=B�S�H�<zR=@�<qC�DN>!<%nFB�EARkB�S�?AU=`TS�:=<q?AUL�=R=<_U=^
<*D�CLDNPL@�<_>ln�B�Si?aDNU=@�DNUg<_@�S�?AMfB�Si<
@!?A@!Si:L<?AUr�kR=<_UL^_<;C�R=U=^%Si?ADFU�©/¶�· ¯ ¡�S�B�GF<_UIC�>�DFM¸Si:L<TSi:=<
DN>�YhD�Cc>�DNP=R=@lSz<_@�S�?AMfB�Si?aDNU�d���CcS�:=<�¶�·¹?A@.R=U�PQDNR=U=KL<_KC�DN>J@�DFMf<�n�BFEAR=<
@�D�C.ºf?XS�Mf<_BFU=@JSi:kB�S�Si:L<�?aU=K=<%�£<
@�S�?AMfB�Si<�MfBsYxPc<g^]B�SiBF@�S�>�DNbL:=?A^_BFEAEXY�B�¢c<_^%Si<_K�P�YBFU£<%�WSi>�<_M\<gn�BFEaR=<�^_EaDN@�<jSiDfºLdT»�D1H*<_EaE�BFU=K�¼t?A^%SiDN>�?mB�§Z°+<
@�<
>�© «s¬F¬N½�¯ @�:=DsH¾S�:kB�S[��?XC�S�:=<�M\<]B�U�:kB�@SiD�Pc<�<_@lSi?aM[B�S�<_KIC�>�DNM¿S�:=<�@iBFM\b=EA<;S�:=<_U[BFEAEk@�^]BFEa<�?aU=K=<_bQ<_ULK=<_U�STDF>zS�>iBFU=@�EmB�S�?ADNUI?aU=K=<_bQ<_ULK=<_U�S;B�U=KK=<
^_DNM\bcDF@iBFP=Ea<;Mf<_BF@�RL>�<_@z:kB]nN<�BFU\R=U�PcDFR=U=K=<
K�¶�·t�,B�U=K\S�:kB�Sz?AUL<_V�RkBFEa?aSZY�M\<]B�@�R=>�<_@zBF>�<;SZYWb=?a^]BFEaEaYU=DFS�>�DFP=R=@�S�SiD£KkB�SiB�^_DFU�SiBFM\?AUkB�S�?ADNUµdxÀ�DsH*<
nF<_>,H*<fHJ?aEAE.@�:LD1HÁS�:kB�SgSi:=<x¶�·Â:kBF@�B�>�DNEA<hSiD�b=EmB]YPQ<
YNDFU=K�S�:=<�^_DNU=@�?AK=<
>iB�S�?ADNU�D�C�^
DNU�S�BFM\?AUkB�Si?ADFU�DNU6<_M\b=?A>�?A^]B�Eµ<_@lSi?aM[B�S�<_@;DFC�?AUL<_V�RkBFEa?aSZYNd
�ZUÃ@�<
^
Si?aDNU�Är¡¨H*<6b=>�<
@�<_U�S\@�DFMf<xG�<
YÅ?AU=<
VWR=BFEA?XSZYÅM\<]BF@�R=>�<
@IBFU=K�S�:=<_?a>�?AUL�=R=<_U=^
<xC�R=U=^%Si?ADFU=@_d±�ZU@�<
^
S�?ADNU ® ¡+H*<h@�SiRLKLY�@�<_U=@�?aS�?anW?aSZY�DFC.Si:L<_@�<,?AU=<
VWR=BFEA?XSZY�M\<]B�@�R=>�<_@tS�Dx^_DNU�SiBFMf?aUkB�S�?ADNU£?AU£Si:=<�K=B�S�BL¡PQDFSi:Æ?aUÆ:=?A`N:¥B�U=KÆ@�MfBFEAE�?AU=^
DNM\<_@_Ç#H*<±^_BFEA^
R=EmB�Si<�S�:=<8>iB�Si<_@�D�C�?aU=^_>�<]BF@�<�SiD�?aULokU=?XSZYÈDFC�S�:=<_?a>?AUr�kR=<_UL^_<IC�R=U=^
S�?ADNUL@_d[�ZU�@�<
^
Si?aDNU±É=¡�H*<[@lSiR=KrY8Si:=<\@�<
U=@�?XSi?anW?XSZY8DFCT?aU=<_V�RkB�EA?aSZY�Mf<_BF@�RL>�<_@gSiD£:=?A`F:EA<%nN<
>iBF`N<fDNP=@�<_>�n�B�S�?ADNUL@_dx¤�<f?aU�nF<_@lSi?A`NB�Si<[Ê�DNU�Si<x»TBF>�EaD�@�?AM�R=EAB�Si?aDNU=@tS�D�@lSiR=KLY±Si:L<f<
>�>�DF>�?aU�Si:L<b=>�DNPkBFP=?aEA?XSZY[>�<vu�<_^%Si?aDNU6DFC¨B�S�<_@�S�?AUxo=U=?aS�<g@�BFM\b=EA<
@_d e <
^
Si?aDNU�Ë�^_DNU=^
EAR=KL<_@_d
Ì �Zî
÷}ç¨æÍ��ë@ì�ê ç�ô³ê%�3�ºíaìaê
÷}çyï¬ëÂì"ï¬ì¨îô(êMé�ë@ìòç¨î
÷�ù{æ íaå£æþ÷}ñmîôIë�Î\í¨î î
÷~ëCù{æÑí¨å!æÑ÷Æñmî
ôIëTÎsÏQÐ8ÎNÑ�æÑïðí¨å}ë³æÑ÷~ë��_	}ê��þæ í�

æþ÷���ëv�hÒçaê¶íaæþç~-}ëGç�í¨å~ëMé~ì¨æþ÷}ñ@æÑé1�þëEî
ï�íaìaê
÷}ç�ï¬ë@ìòç�í¨å~ëÂ÷!í¨å~æèçKñòåÆê�÷~óë³æÑ÷!íaå~ë���æèçyíaì¨æ2Ó1	�íaæÑî÷9ì¨ë��s	}ñ@ëÂç$æþ÷~ë��
	Æê��þæ í�
�rÓ]£ê
÷
ê�ôIî
	~÷Äí�Ô*Ò�Õ~æÑïºí¨å~ë$çaê�ôIë$ç¨ôIê%�3��æþ÷}ñ@î
ôIë�í¨ìòê�÷}ç�ï¬ë@ì{ù�ë@ìaë�í¨îIíòê�úë"é��þêñmë�ï¬ìaî
ô êIé�ë@ìòç�î÷uù{æÑí¨å�æþ÷}ñ@î
ôIë.Î¨Ö[×Mí¨îIî
÷}ë
ù{æÑí¨åMæþ÷}ñ@î
ôIë�Î Ï Ö,×�Øa×�Ùx&
Ú¿í¨å~ëÂ÷Eíaå~ë=æþ÷~ë��
	Æê��þæ í�_Û ì¨ë��s	}ñ«íaæÑî÷�Ô�ÒCùZî
	1�2��ÓÆë�ç¨ôIê%�3�þë@ì�æÑïrÒIç¨ê�í¨æèç�-}ëGç¿íaå~ë"é~ì¨æþ÷}ñ@æÑé1�þë"î�ïÜAÝ/Þ�ß�àâávãlÝZämàlãvß�àZåâÜaåâæ�åâÜaç �

«



è �����������!���
	�� � � ������#�� ���85 ����éø�����87E� ê����87³	��Ä���
ë!<
SJì\Pc<�B�>�BFU=K=DFMín�BF>�?mBFP=Ea<J�\C�DN>*<%�LBFM\b=EA<t?AU=^
DNMf<J�[BFU=K6î¸?XSi@TbL>�DNPkB�P=?AEa?aSZYIK=?a@�Si>�?AP=RrSi?ADFU�d�¤�<K=<%okU=<�Si:=<jSZH*DfM\DNM\<_U�Si@

ïµð�ñóò ì�ôWîf©~ì ¯ BFU=K õ ð ñóò÷ö ©~ì ¯ ôWîf©~ì ¯ © «s¯
�tU£?AUL<_V�RkBFEa?aSZYfMf<_BF@�R=>�<jC�R=EaokEaEA?aU=`�S�:=<�b=>�DNbQ<_>lSZY6DFC�K=<_^
DNMfbQDN@�BFP=?AEa?aSZY\^]B�U�PQ<jHJ>�?aS�Si<
U�B�@

øc©/î ¯ ñóò÷ù ©~ìQú ï ð ¯ ô�î[©�ì ¯
HJ:=<
>�< ù ?A@*BgC�R=U=^%Si?aDNU[øüûpý�þ øüûóHJ:=?a^�:x?A@zMfDFU=DFSiDFU=?A^J?AUL^_>�<_BF@�?aU=`g?AU[?XSi@qok>�@lS;BF>�`NR=M\<_U�S*?AU[DF>�K=<
>SiD£>�<
@�bQ<_^%S�S�:=<Ib=>�?aU=^_?ab=EA<�D�C�Si>�BFU=@lC�<_>�@p��@�<
<x»�DsH*<_EAEzBFULK±¼t?A^
S�DN>�?AB�§v°k<
@�<_>h© «s¬N¬F½�¯ d�¤�<f^_BFU�BFEA@�D<%�rb=>�<_@�@tM\DN@�SJDFC�Si:L<g^
DNM\MfDNULEaY�§ZR=@�<_K�?aU=K=?A^
<_@�BF@JBhC�R=U=^%Si?ADFU£D�C�S�:=<jSZH�D\MfDFMf<
U�S�@ ï ð BFU=K�õ ð ¡

øc©~î ¯ ñ¥ÿ ©�õ ð ´ ï ð ¯ ©�Ä ¯
HJ:=<
>�< ö BFULK ÿ BF>�<tC�R=U=^%Si?ADFU=@�øüûpý�þ øüû BFU=K ÿ ?A@TM\DNU=DFS�DNU=?a^�?aU=^_>�<]BF@�?AU=`�?aUx?aS�@�ok>�@�SJBF>�`NR=M\<_U�S]d°kDN>t<��LBFMfbLEA<�S�:=?A@�?A@�Si>�RL<,C�DN>JSi:=< � <_UL<_>iB�EA?A@�<_K��.U�Si>�DNb�YN¡!9;:=<
?AE/¡�Ê�<_BFU#ë!DN`�BF>�?aS�:=Mf?a^��p<
nW?mB�S�?ADNUBFU=KI�TS�GW?aU=@�DFUfM\<]BF@�R=>�<
@_dqÀ�D1H*<
nF<_>
¡rSi:L< � ?aU=?=?AULK=<%��K=Dr<
@qU=DFSqPQ<_EADFU=`pSiDjSi:L<�^
EmBF@�@qDFCQK=<_^
DNMfbQDN@v§BFP=Ea<jMf<_BF@�RL>�<gBFU=K£^]BFULU=DFS�Pc<�>�<_K=R=^
<_K£SiDhSi:=<jC�DN>�M�©�Ä ¯ Ç¨Si:L?A@;?AM\bQDN>�SiBFU�S;?AU=KL<%��HJ?aEAE�PQ<jSi>�<_B�Si<
K@�<
bkBF>�B�Si<
EaY�PQ<_EaD1H�d
9;:=<8?aUL�kR=<
U=^_<8C�R=U=^%Si?aDNU=ý�?A@[K=<
okUL<_K BF@xSi:=<8<%¢µ<
^
S6DFC,BFUÆ?aULokU=?XSi<_@�?AMfBFEJb=>�DFbcDN>lSi?aDNU DFC���PkB�K=�DNP=@�<_>lnFB�Si?ADFU=@�DNU\Si:=<�nFB�EAR=<�DFC�S�:=<t<
@�Si?aM[B�SiDN>
d.ë!<
STRL@�K=<%okU=<tS�:=<�C�DNEaEADsHJ?AUL`��h|	�N��
W{���F|A�%�/{�|~��
W�/|�}� �� ñ © «�����¯ î�� ��� © ®N¯
HJ:=<
>�<���� � � « B�U=K � ?a@[@�DFMf<�bc<
>�SiRL>�PkB�S�?ADNU K=?A@lSi>�?AP=RLS�?ADNUµ´JH*<�^
DNU=@�?aK=<_>fSi:kB�S � ?a@fSi:L<^_RLM�R=EmB�Si?anF<jK=?A@lSi>�?AP=RLS�?ADNUxC�RLU=^
S�?ADNU�HJ:=?a^�:�b=RrSi@�BhbcDN?aU�SJM[BF@�@ « B�S�BFU�B�>�P=?XS�BF>lY[?aU=^_DNM\<jEA<%nN<
E�ºLÇ� ©�ì ¯ ñ�� ©~ì��¥º ¯ ©~É ¯
HJ:=<
>�< � ©! ¯ ?a@hB8ª�DWDNEA<_BFU�?AULK=?A^_B�SiDN>j��?aS�S�BFG�<_@hSi:=<fnFB�EAR=< « ?XC;Si:=<6B�>�`NR=M\<_U�Sh?a@,Si>�R=<6BFU=K���?XC?aSg?a@gC~BFEa@�<�d�9;:=<[?aUL�kR=<
U=^_<xD�C;BFU�?aULokU=?XSi<
@�?AMfBFE¨M\DWK=<_E.K=<%nW?mB�S�?ADNU±DNUÅS�:=<f<
@�S�?AMfB�Si<\?A@g`N?anF<_U�P�YEA?aM �#"%$'& ©~øc© �� ¯(� øµ©~î ¯�¯�)*�!+ ¡rDN>%,køc© �� ¯�) , �*- �/.0$ HJ:=<
U£S�:=<jK=<_>�?an�B�S�?anN<t<%�r?A@lSi@_d.9;:L<_U�¡=S�:=<j?AUL�=R=<_U=^
<C�R=U=^%Si?aDNU�C�DN>JBFU£?AU=<
VWR=BFEA?XSZY[M\<]BF@�R=>�<�K=<%okU=<
K�BF@�©�Ä ¯ ¡=?a@;`N?anF<_U£P�Y

¶�· ©/º;´iø+ú�î ¯ ñ , ÿ,cõ0102 ,cõ0103, � 444 �#.0$ �
, ÿ, ï 1 2 , ï 103, � 444 �/.0$5 ä�å~ë�	}ç¨ë�î�ï"í¨å}ë�6	7 íaî�ê
çaç�ëGç¨ç í¨å}ë\ì¨î
Ó1	}ç�í¨÷~ëGç¨çIé}ì¨îéÆëÂì�íaæÑëGçIî�ï�ê�÷]�ëGçyíaæÑô³ê¶íaî
ì³îì¨æþó
æþ÷}ê¶íaë��læÑ÷Þíaå~ë�ùZîì¨ú�î�ï8kê
ôIéÆë���Ø:9�"<;
$1�=9�"�>�(_Ú"ê�÷���ï0	~ì�íaå~ë@ì���ë@ýël�þî
é�ë���æþ÷�8kê
ôCé�ël�ZëmíIê��A�,Ø�9�"%$?;
Úv�j�Zî¶ù�ël�2�ðê�÷��A@kæèñ«í¨îì¨æèê�Û �~ëGç�ëÂìJØ:9�"%"<;_Ú	}ç¨ë�� æÑí{í¨î³çyí�	��suì¨î
Ó1	}ç�í¨÷~ëGç¨ç�é~ìaî
é�ë@ì¨í¨æþëÂç�î
ï½æþ÷~ë��_	}ê%�ÑæÑí�EôIëÂêç~	}ì¨ëGçl�

Ä



°k>�DNM © «1¯ B�U=K�© ®�¯ ¡rH�<g:kB]nN<
õ0103 ñ © «%����¯ ò ö ©~ì ¯ ôWîf©~ì ¯ � � ö ©/º ¯ B�U=K ï 103 ñ © «B���i¯ ò ì�ô�î[©�ì ¯ � � º ©�Ë ¯

9;:=<
U�¡+R=@�?aU=`�©�Ë ¯ ?aUÅ©/Ä ¯ EA<_BFK=@;SiD
¶�· ©/º;´iø+ú�î ¯ ñ , ÿ,Qõ ð�C(D ö ©/º ¯E� õ ð=F � , ÿ, ï ð CGD º � ï�ð F © ½N¯

��C�¶�· ?a@�R=U�PcDNRLU=K=<_K�C�DN>�@�DNM\<\n�BFEaR=<IDFC;º£?aSgM\<]BFU=@jS�:kB�SgSi:=<\<_@lSi?AMfB�S�<hDFC�S�:=<f?aU=K=<��±M[B]Y#PQ<^]B�S�BF@lSi>�DFb=:=?A^_BFEAEXY�B�¢µ<
^
Si<
K�P�Y8K=B�S�B�§�^_DNU�SiBFMf?aUkB�S�?ADNU�B�S�?AU=^
DNM\<�nFB�EAR=<
@j^_EADF@�<�SiD£ºLdI�ZU±@�SiBFU=KkBF>�KBF@lYrM\bLS�DFSi?a^pSi:=<
DN>�Y±©�@�<
<g<
^_DNULDNMf<%Si>�?A^jMfBFU�RkBFEA@ ¯ ¡LS�:=<�K=DNM\?AUkB�U�STbcDsH*<_>JDFC�Si:=<�@iB�Mfb=Ea<j@�?IH_<J8DFCBFU[BF@�YWM\bLSiDFS�?A^�<%�rbkBFUL@�?ADFU[?A@z^_DFMfM\DNU=EXY�R=@�<_K6BF@*BFU[?aU=K=?a^]B�S�DN>.DFC�S�:=<t>�B�Si<�DFC!^
DNU�nN<_>�`N<_UL^_<pDFC!BFU<_@lSi?aM[B�S�DN>_d e ?AM\?AEABF>�EXYN¡QBF@gBFU#?AU=KL?A^]B�SiDN>pD�C*S�:=<I>iB�S�<hDFC�?aU=^_>�<]BF@�<IDFC;¶ · SiD6?AULo=U=?aSZYF¡�H�<I^]B�U�R=@�<Si:L<gKLDNMf?aUkBFU�S;bQDsH�<
>�DFC�ºI?AU�© ½�¯ d�ZU#Si:=<hEa?A`N:�SjDFCqS�:=?A@j^
DNU=@�?aK=<_>jS�:=<h?AM\bkBF^%SjDFC�BFU#<%�WSi>�<_M\<In�BFEaR=<hDNU#?AUL<_V�RkBFEa?aSZYNd�9�D£BF@�@�<
@�@�Si:=?a@H*<[>�<
V�R=?A>�<fSi:L<[?AUr�kR=<_UL^_<fC�RLU=^
S�?ADNU±C�DN>,B�UÅDNP=@�<_>lnFB�Si?ADFU�B�S,BF>�PL?aSi>�BF>�Y�bcDN?aU�S�º�B�U=K�S�:=<[>�B�Si<\DFC?AUL^_>�<_BF@�<jS�D\?aULokU=?XSZYxDFC¨¶�· C�DN>;@�bc<
^_?Xok^�?AU=<
VWR=BFEA?XSZYxM\<]BF@�R=>�<
@_dKMLONQP(NSR'TVU�WYX?N[Z]\^P`_aR'bdc=e]fgU�T0XhXji�k�lñ �Lú «nm
øQop ñ ò «k © k �Æ«s¯Eq?r ìïts o � «�u ô�îf©~ì ¯ ñ «k © k � «s¯(r õï o � « s © ²F¯

HJ:=<
>�<,õ ñ�v ì o ô�îf©~ì ¯ d.°k>�DNM © ½�¯ H�<�^_BFU�KL<_>�?XnN<g?aS�@;?AUL�kRL<_U=^
<�C�RLU=^
S�?ADNU�¡
¶ · ©�ø op ¯ ñ q º o � õ u � õ© k �È«1¯ ï o'w ³ q º � ï u © N¯

��S�?A@j^
EA<_BF>pSi:kB�SjC�DN>�BFU�Y�oL�r<_K#n�BFEARL<hDFC k S�:=<h?AUr�kR=<_UL^_<IC�R=U=^
S�?ADNU8?a@jR=U�PcDFR=U=K=<
K�BFU=K8H*<f:=BsnF<Si:L<�C�DNEaEADsHJ?AU=`I@�?aSiR=B�Si?aDNU=@_d;��C k]x « ÇJ¶�· Si<
U=K=@tS�D[?aULokU=?XSZY�HJ:=<_U8º\þ y B�StSi:L<�>�B�Si<�DFCqº o dJ��C�z� k � « Çh¶�· S�<_U=K=@gSiD�?AULokUL?aSZY8HJ:=<
U�º�þ y B�S�Si:=<f>iB�S�<fD�C;ºLd6��C k �{�LÇ�¶�· Si<
U=K=@�S�D?AUrokU=?aSZYfHJ:=<_U�º,þ y B�S;Si:=<�>iB�Si<jDFC�ºL¡QBFU=K�HJ:=<
U�º�þ �IB�S;Si:L<g>�B�Si<�DFC�º o dK}|�~GN[W�U�W�P(Z(Ng� Ç.Si:L?A@;?A@TS�:=<�@�bQ<_^
?mBFE!^_BF@�<�DFC�Si:=< � <_U=<
>iBFEa?A@�<_Kj�.U�S�>�DNb�Y6^
EmBF@�@JHJ:L<_>�< k#ñ « ¡
ø ³p ñ ò ìï EADN` r ìï s ôWîf©~ì ¯ ñ õï � EaDN` ï © ¬N¯

HJ:=<
>�<,õ ñ�v ì*EaDN`.ì*ôWîf©~ì ¯ d¨°+>�DNM © ½�¯ H*<�^_BFU�KL<_>�?XnN<�?aS�@;?AUL�=R=<_U=^
<gC�RLU=^
S�?ADNU�¡
¶�·O©�ø ³p ¯ ñ «ï q º.EADN`¨º � õ u � õ� ïï ý q º � ï u © « � ¯

9;:=?a@�?aUL�kR=<
U=^_<jC�R=UL^
Si?aDNU�Si<
U=K=@JSiDI?AULo=U=?aSZYxB�S;Si:=<�>�B�Si<�DFC�ºIHJ:L<_U�º�þ yódK���NSTVP���bd��T�R�W#_'~(��W�f��ONS��W�T�_aW�b�P Ç�Si:=?a@�?a@�S�:=<[@�bc<
^_?mB�Ez^_BF@�<[DFCTSi:L< � <_U=<
>iBFEa?A@�<
K��.U�Si>�DFb�Y
®



^_EABF@�@;HJ:=<
>�< k#ñ �L¡
ø $p ñ � ò EADN` r ìï%s ôWîf©~ì ¯ ñ EaDN` ï � õ © «N«1¯

HJ:=<
>�<,õ ñ�v EADN`�ìTô�î[©�ì ¯ d¨°k>�DFM © ½N¯ H*<�^]BFU£K=<
>�?anF<�?aSi@;?aUL�kR=<
U=^_<�C�R=U=^%Si?aDNU�¡
¶�· ©�ø $p ¯ ñ � q EADN`Fº � õ u � «ï q º � ï u © « Ä ¯

9;:=?a@T?AUL�=R=<_U=^
<pC�R=U=^%Si?ADFUxSi<_ULK=@TSiDh?aULokU=?XSZYN¡=B�S�Si:L<g¶�· >�B�Si<pD�C�º,HJ:L<_U�º,þ yó¡=BFULK�B�S�Si:L<j>iB�S�<DFC�EADN`¨º\HJ:=<
U�º,þ �LdK}�}_a��WYP(X�b�P�fgU:TVXhX�bd����NSTVX��(R'NQX ©#� x � ¯
øg�� ñ «�� q ò r ìï%s ³�� � ô�îf©~ì ¯ u¡  #¢ 2 ñ «B� õ   #¢ 2ï � lñ « © «s®�¯

HJ:=<
>�<,õ ñ�v ì ³�� � ô�î[©�ì ¯ d.°k>�DNM © ½�¯ H*<g^]BFU£K=<_>�?anF<g?XSi@;?aUL�kR=<
U=^_<jC�R=U=^%Si?aDNU�¡
¶�· ©�ø �� ¯ ñ õ 2 #¢ 2©:� � «1¯ ï q º ³�� � � õ u � õ   #¢ 2ï ý q º � ï u © « É ¯

9;:=?a@p?AUL�=R=<_U=^
<�C�R=U=^%Si?ADFU8?A@pR=U�PQDNR=U=KL<_K±BFU=K8H*<h:kB]nN<�Si:L<�C�DNEAEaD1HJ?aU=`\@�?aS�RkB�S�?ADNU=@
d���C��£���O� « Ç¶�· S�<_U=KL@gS�D£?aULokU=?XSZY�HJ:=<
U�º£þ y B�SjSi:=<\>iB�S�<hDFC�ºLdf��C¤� x « Çg¶ · Si<_ULK=@jSiD£?AULokUL?aSZY�HJ:L<_Uº�þ y B�S;Si:=<�>�B�Si<�DFC�ºL¡+BFU=K6HJ:=<
U�º,þ �\B�S;Si:L<g>�B�Si<jD�C¨º ³�� � d¦¥°kDN>t� ñ « ¡LSi:L<g�TS�G�?AU=@�DNU�?aU=K=<��6?A@;<
VWR=BFE�SiD
ø ³� ñ «B��§ �Q¨ª©« ñ «�� §h¬ï HJ:=<
>�< õ ñ¾ò EADN`�ìTô�î[©�ì ¯ © « Ë ¯

BFU=K6Si:L<_U�¡k?XSi@;?AUr�kR=<_UL^_<jC�R=U=^%Si?ADFU�?a@
¶�· ©~ø ³� ¯ ñ � §h¬ï q EADF`Nº � õ u � §h¬ï ý q º � ï u © «s½�¯

HJ:=?a^�:6S�<_U=KL@TSiDh?AUrokU=?aSZYF¡rHJ:=<
U�º�þ y B�S�Si:=<p>�B�Si<jD�C�ºr¡kBFU=K�HJ:=<
U�º�þ �hB�STSi:=<j>�B�Si<tDFC�EADN`.ºrdK}�¤bd�dT0RnW:_a~��W�f�®�T0RnW�TVP(f¯N
ø?°¯± ñ¾ò q EaDN` r ìï%s u ý ô�î[©�ì ¯ ñ õ ³ � Äqõ ý EADN` ï � ©~EADF` ï ¯ ý © «1²N¯

² ��î
í¨ë£í¨å}ê�íMí¨å}ë´³�í¨ú�æþ÷}ç¨î
÷)æþ÷���ël��Ò?µ¶ æþçuî
ì���æþ÷}ê��2�3Þë��_	~æþý¶ê��þë@÷ÄíMíaî�íaå~ë�·"ëÂ÷~ë@ìòê��þæþç¨ë����ð÷Äí¨ìaî
é]læþ÷���ël�6Ò�¸¹ ï¬îìºE» 9�¼�½\Ù[&��~ê�÷��uæèç�êC÷~î
÷sÛm�þæÑ÷~ëGê�ì�í¨ìòê�÷Æçyï¬îì¨ô³ê¶íaæÑî÷Mî
ï]íaå~ë.�þê�í�íaë@ì�ÑÒ µ¶ » 9�¼x�2Ø¾½ 5 ¼A½LÚ~Ò ¸¹ ÖO9l)À¿Á
É



HJ:=<
>�<*õ ³ ñÂv ©�EADN`�ì ¯ ý ôWîf©~ì ¯ BFULK,õ ý ñÂv EADN`.ì*ô�î[©�ì ¯ d�ª*Yp<��rS�<_U=@�?ADNU�DFCµ© ½�¯ S�D;Si:=>�<_<qbkBF>�BFMf<%Si<
>�@_¡H*<�K=<
>�?XnN<�?aS�@;?AUL�kRL<_U=^
<�C�RLU=^
S�?ADNU£BF@
¶�·O©~ø�°*± ¯ ñ D ©�EADN`¨º ¯ ý � õ ³ F � Ä¨EaDN` ï D EADF`.º � õ ý F � Äï ©/õ ý � EADN` ï ¯ D º � ï F © «s�¯

HJ:=?a^�:IS�<_U=KL@¨SiDp?aULokU=?XSZY�B�S�Si:=<;>�B�Si<�DFCQºpHJ:=<_U\º�þ yó¡�BFULK�HJ:=<_U\º�þ �jB�S�Si:=<T>�B�Si<�DFC�©~EADF`.º ¯ ý dKML£W�PWÃWYP(Z(Ng� Ç.S�:=<_>�<�B�>�<�@�<%nN<_>�BFE�<_V�R=?XnFB�EA<_U�S;C�DN>�Mf@;D�C�S�:=?A@;?aU=K=<%�c¡=S�:=<�MfDN@lSJR=@�<%C�R=E�:=<_>�<�?A@
øh1�ÄÆÅ?Ä ñ «B� ÄFûI©/î ¯ HJ?XSi: ûI©~î ¯ ñ «ï ò ³$ÈÇ ©/îI´ÊÉ ¯ ôgÉ © «s¬�¯

HJ:=<
>�<F¡NC�DF>¨BFEaE[��Ë�É�Ë « ¡�Si:=<tÌjR=BFU�Si?AEa<zC�RLU=^
S�?ADNU�Íf©/îI´ÊÉ ¯ BFULK,Si:=<;»�R=M�R=EAB�Si?XnN<z?AU=^
DNMf<qC�R=U=^%Si?aDNUÇ ©/îI´ÊÉ ¯ B�>�<j>�<
@�bQ<_^%Si?anF<_EXY6K=<
okUL<_K�P�YÍ[©~î\´�É ¯ ñ ?aULCVÎ�ì - îf©~ì ¯ ��ÉVÏ BFULK Ç ©~î\´�É ¯ ñ¾ò]Ð�Ñ ð=Ò Ó�Ô$ ìTô�îf©~ì ¯ ©�Ä*� ¯
9;:=<,¶�· DFC�øh1�ÄÕÅ�Ä�?A@;`N?XnN<
U£P�Y�©�@�<_<�<�d3`=d*Ê�DFU�S�? «s¬N¬L«s¯

¶�· ©~ø�1�ÄÆÅ�Ä ¯ ñ Ä£Ö~ûI©~î ¯×� ÇÙØ î\´iî[©~º ¯ÛÚ � ºï r ûI©~î ¯(� Ø «�� îf©/º ¯ÛÚ s`Ü ©�Ä «1¯
HJ:=?a^�:£S�<_U=K=@JSiDI?aULokU=?XSZY�B�S;S�:=<�>iB�S�<gD�C¨ºhHJ:=<_U�º,þ yód
Ý Þ �£	"� 7E����	"�!* �����	��Ä���

¤�<�^_BFU[P=>�?A<%�=YI@�R=M\MfBF>�?a@�<;Si:=<�K=?X¢µ<
>�<_U�S*>iB�S�<_@zDFC�?aU=^_>�<]BF@�<�S�D�?aULokU=?XSZYhDFC�S�:=<�?aUL�kR=<
U=^_<JC�R=U=^%Si?aDNUC�DN>TS�:=<�K=?a¢c<_>�<_U�S�^_EmB�@�@JDFC�Mf<_BF@�R=>�<_@J?AU�S�:=<jC�DNEAEaD1HJ?aU=`,SiBFP=EA<<ß]Ç
Ê�<_BF@�RL>�< à ���¤�¶´@��°¬�¬¢«��±9À=�} «´@©�¹Æ§ ¡kø op �TSiG�?AU=@�DNU�¡+ø �� ë!DN`F¼zBF> � ?aU=?o*á ³ $�â o*ã ³ o .0$ o âQ$ $�â � â ³ � . ³ � á ³º�þ y º o º º º º º º º ºº�þ � § § EADN`¨º º o § EADN`¨º º ³�� � ©~EADF`.º ¯ ý §

9�BFP=EA< « Ç�ä�B�S�<_@JDFC�?AU=^
>�<_BF@�<jSiDI?aULokU=?XSZYxDFC�Si:=<�?aUL�kR=<
U=^_<�C�R=U=^%Si?ADFU°�?a>�@�SgDFCTBFEAE/¡�H�<f^]BFU�@�<
<\S�:kB�S,BFEAE�S�:=<[?aU=<_V�RkB�EA?aSZY�Mf<_BF@�RL>�<_@�K=?A@�^_R=@�@�<
K�:=<_>�<f:=BsnF<xBFU�?AUL�=R=<_U=^
<C�R=U=^%Si?aDNUÅHJ:=?a^�:�Si<_ULK=@�SiD8?aULokU=?XSZY±HJ:L<_U�º�Si<
U=K=@�SiD�?AULokUL?aSZYNd±»�Ea<]BF>�EaYF¡�Si:=<[Mf<_BF@�R=>�<_@hB�>�<xU=D�S>�DFP=R=@�S6S�D KkB�S�B�^_DNU�SiBFMf?aUkB�S�?ADNUÆ?aU :L?A`N:¥?AUL^_DNM\<_@[�È@�<
<�»�DsH*<_EAEgBFULK ¼t?A^
S�DN>�?AB�§v°k<
@�<_>8© «s¬N¬F½�¯ dÀ�DsH*<
nF<_>_¡rH�<p^_BFU[`FD�C�R=>lSi:=<
>TBFU=Kf@�<
<tSi:kB�S*S�:=<t>�B�Si<�DFC!?aU=^_>�<]BF@�<tDFC�¶ · S�D,?aULokU=?XSZYN¡�HJ:=<_U6ºgSi<_ULK=@SiDI?aULokU=?XSZYN¡=?a@TC~BF@�S�<_>;C�DN>TSi:L< � <_UL<_>iB�EA?A@�<_Kj�.U�Si>�DFb�Y6M\<]B�@�R=>�<_@;HJ?aS�: k�x « dq�ZU�DFS�:=<_>TH*DN>�K=@_Çå ³`û�Û �CæÑ÷ í¨å}ë�íaê�Ó��Ñë�ñmîì¨ìaëÂç¨é�î
÷��~çZíaî íaå~ë$ñ@êç�ë�ù{å~ëÂì¨ë�6	7 ñmî÷Äýë@ìaó
ëGç¿íaîIêIñ@î
÷}ç�íaê
÷í�ñ@îÄë!æEñmæþë@÷Äí��
Ë



ç NQ��T0R'��èVé�ê �% µ�%{�wF�â|A�s���%ë� k�~{i}�y�ì��[��w��<
W{i����í.| ��� k�x « wF{��z�F�%{Àì;�s�% L�%| �/| �F�.�v}J�W|X����|  =î�}n�[���|  ����k����wF��wgï
°kR=>�S�:=<_>�MfDF>�<F¡NH*<J^]BFU\@�<
<;Si:kB�S_¡NC�DN>.@�DFMf<;M\<]BF@�R=>�<
@_¡r¶�·¥S�<_U=K=@.S�Dg?aULokU=?XSZY,HJ:=<
U[ºjSi<
U=K=@qSiD^H
<_>�DLÇSi:L<�>�B�Si<�DFC�?AU=^
>�<]B�@�<�?A@;C~BF@lSi<_>JC�DN>TS�:=< � <_UL<_>iB�EA?A@�<_KÙ�.U�S�>�DNb�Y6M\<]BF@�R=>�<
@�HJ?XSi: k ���fBFULK�C�DN>;Si:L<�TSiG�?aU=@�DNU£M\<]BF@�R=>�<
@JHJ?XSi:£� x « d.9;:=?A@J>�<
@�R=EXSi@;@�R=`N`N<
@�Si@JSi:=B�S]¡
ç NQ��T0R'�ñð�é�ê �% µ�%{�wF�â|A�s���jë� k�~{i}�y�ìò�[��w��<
W{����óí.| � � k �ô�QõgwF ��£öt�#÷�|  L�s}� ��[��w��<
r{i���óí.| ���� x « wF{��g�F�%{Àìh�s�% L�%| �/| �F�j�v}h�<�\wF� ��|  =î�}n�[���j|  ����k����wF��wgï

ªTBF@�<_K8DNU�Si:=<�>�B�Si<
@tDFCq^
DNU�nN<
>�`N<
U=^_<hC�>�DFM SiBFP=Ea< « ¡QH�<,^]BFU=ULDFSj^_DFMfbkB�>�<�S�:=<,@�bc<
<_K#DFC.?aU=^_>�<]BF@�<DFCt¶�· C�DN>,K=?X¢µ<
>�<
U�Shn�BFEaR=<_@,DFCø��� k � « BFULK����ô��� « d±��CJH*<�K=D8U=DFS�GWULD1HíSi:L<�?AU=^
DNMf<K=?a@�Si>�?AP=RrSi?ADFU�¡WH*<�^]BFULU=DFSJ^_DFMfbkB�>�<p?aUL�kR=<
U=^_<jC�R=U=^%Si?aDNU=@TDFC�K=?X¢µ<
>�<_U�SJ^
EmBF@�@;DFC�Mf<_BF@�R=>�<_@
¡kPc<
^]BFR=@�<Si:L<�¶�·p@qB�>�<�C�R=UL^
Si?aDNU=@¨D�CcM\DNM\<_U�Si@
d¨À�D1H*<
nF<_>
¡WH*<J^]BFUh^�:=DWDN@�<�B�Uh?AU=^
DNMf<*K=?A@lSi>�?AP=RLS�?ADNU�BFU=K�Si:L<_Ub=EaDFSqBFU=Kh^
DNM\bkBF>�<*Si:=<
?A>¨?aUL�kR=<
U=^_<;C�R=U=^%Si?aDNU=@�C�DN>�Si:=?a@.@�bQ<_^_?ABFEL^_BF@�<�dqë!<
S.R=@.SiBFGF<TS�:=<;K=?A@lSi>�?AP=RLS�?ADNUb=>�DNbcDF@�<_K�P�Y e ?aU=`N:�B�U=K#Ê�BFKLKkBFEmB�© «s¬N²F½�¯ ¡kHJ:=?a^�:�?A@tBfM\<_M�PQ<_>�DFC.S�:=<�ª�RL>�>�C~B�Mf?aEaY#© SZYWbc< « Ä ¯ ¡BFU=K ^]BFUÈVWRL?aSi<£@�RL^_^_<
@�@lC�R=EAEXYÈM\?AM\?A^xDFP=@�<
>�nN<
KÆ?AU=^
DNM\<£KL?A@�S�>�?aP=RLSi?aDNU=@I?AUÃn�BF>�?aDNR=@\^_DNRLU�S�>�?a<_@_¡JB�@@�:LD1HJUÃP�Y�ª*>iBF^�:=MfBFU�¡ e Si?a^�:�¡qBFU=K�9�>�<
K=<±© «s¬F¬N½�¯ d�9;:=<x^_RLM�R=EmB�Si?anF<[K=?a@�S�>�?APLRLSi?aDNU�C�R=UL^
Si?aDNU�¡¨DF>»t�j°�¡=D�C�S�:=< e ?AU=`F:r§lÊ�B�K=KkBFEAB�K=?A@lSi>�?aP=RLS�?ADNU�?a@
îf©~ì ¯ ñ «�� «© « �úù�ì[û ¯ªü ©�ÄNÄ ¯

¤�<£RL@�<6Si:=<£bkBF>�BFMf<%Si<
>�nFB�EAR=<
@óù ñ « �¯�L¡Ãý ñ ÄQ  ¡�þ ñ «  ² ¡zHJ:=?A^�:�^_EaDN@�<
EaY�M\?A>�>�DN>�@,Si:=<£U=<%S?AUL^_DNM\<JK=?A@lSi>�?aP=RLS�?ADNU\DFC � <_>�M[B�U[:=DNRL@�<_:LDNEAK=@
¡LB�bkBF>�SzC�>�DFM B�@�^_BFEA<JC~BF^%SiDN>
d¨��ST^_BFU[PQ<t@�:=DsHJU[Si:kB�SSi:L<gM\DNM\<_U�Si@;D�C�S�:=<�K=?A@lSi>�?aP=RLS�?ADNUxHJ?XSi:�»t�j° ©�ÄNÄ ¯ B�>�<
ÿx©�ì o ¯ ñ ò��$ ì o ôWîf©~ì ¯ ñ ù � o�� û�� © « � k ý �k³ ¯ � ©�þ � k ý �k³ ¯� ©Yþ ¯ ©�Ä ®�¯

HJ:=<
>�< � ©/º ¯ ?A@\Si:=<�`NBFMfMfB8C�R=U=^
S�?ADNU ©~@�<
<8<Fdü`=d Ê�^��pDNUkBFEaK «s¬F É ¯ d���@�?AU=`¥©/Ä ®�¯ ?AU © ²N¯ `N?XnN<
@R=@tS�>�R=<�nFB�EAR=<
@pDFC � <_U=<
>iBFEa?A@�<
K��.U�Si>�DFb�Y�Mf<_BF@�R=>�<_@tC�DF>�Si:L< e ?AU=`F:r§lÊ�B�K=KkBFEAB\K=?a@�S�>�?APLRLSi?aDNU�¡+C�>�DNMHJ:=?a^�:,H�<�^]BFU�K=<_>�?anN<*Si>�RL<*n�BFEARL<_@�DFCk9;:=<
?AEµ© ¬�¯ BFU=KIÊ£<]BFUhë!DN`NBF>�?XSi:=M\?A^��p<%nr?AB�Si?aDNUf© «N«s¯ M\<]BF@�R=>�<
@P�Y�E	�3À�DFb=?aSiBFE	�ü@T>�RLEA<F¡rH�<gDNPLSiBF?AU
ÿx©�ìrEaDN`�ì ¯ ñ ï ð ý �k³ © ÿ ©�ý �k³ � «1¯×� ÿ ©�þ � ý �k³ ¯×� EADF`Eù ¯ÿ[©~EADF`¨ì ¯ ñ ý �k³ © ÿ © «1¯×� ÿ ©Yþ ¯×� EADF`�ù ¯

HJ:=<
>�< ÿ ©/º ¯�
 �� ©/º ¯Û) � ©/º ¯ ?A@;S�:=<�KL?A`�BFM\MfB,C�R=U=^
S�?ADNUµd*¤¥?aS�:£S�:=<_@�<,M\DNM\<_U�Si@
¡=H�<�^]BFU�^_DNM\b=RLS�<Si>�R=<#nFB�EAR=<
@£D�C � <_U=<
>iBFEa? H
<_K �qU�S�>�DNb�Y¥M\<]BF@�R=>�<
@_dO°kDN>6DNRL>£^�:LDN?A^
<±D�C�bkBF>�BFM\<
Si<
>�nFB�EAR=<
@_¡tH*<:kB]nN<�ø�ýp ñ �� «]½ Ä*� ®�² ¡*ø ³p ñ �� « Ég� «F« Ër¡zø $�� �p ñ �� «s®N¬�² Ä  ¡*ø $p ñ �� « É ½ � «N« ¡zø �k³p ñ �� «sN¬FL« Är¡ø � ýp ñ �[ ®NF½N½ É ² d��ZU BFK=K=?XSi?ADFU�¡zH*<�BFb=b=>�Ds�r?aM[B�S�<�Si>�RL<6n�BFEaR=<_@\DFCpë�DF`�BF>�?XSi:=M\?A^\¼zBF>�?ABFU=^
<�B�U=K� ?AU=?¨M\<]B�@�R=>�<_@�C�>�DNM�B6@iBFM\b=Ea<hDFC « �6M\?AEAEa?ADNUL@�DNPL@�<_>ln�B�Si?aDNU=@gK=>iB]HJU�C�>�DNM S�:=< e ?AU=`N:W§lÊ�BFKLKkBFEmBK=?a@�Si>�?AP=RrSi?ADFU�Ç¨ø�°*± ñ �[ ®N® Ä « Ä  BFULK£ø�1�ÄÆÅ�Ä ñ �[ ÍÄ F�²r« É=d
½



0

5

10

15

20

25

30

35

40

0 0.2 0.4 0.6 0.8 1

Gini
GE2
GE1

GE05
GE0

GE-1
GE-2

°�?a`NR=>�< « Ç���� ¢$©�ª à �����¶´@��°��¬¢«��±9Àk�Æ «´m©�¹�§�� op 0

5

10

15

20

25

30

35

40

0 0.2 0.4 0.6 0.8 1

Gini
LogVar

A2
A1

A1/2
A1/20

°�?A`NRL>�<gÄrÇ���� ¢�©�ª��� ��W�¬�¤¢m©~��� ��
�ZUÆDN>�K=<_>[S�D�^_DFMfbkB�>�<�KL?a¢c<_>�<
U�S£¶�·t@[H�<�U=<_<
K¥S�D�U=DN>�M[B�EA? H
<�Si:=<
M�Ç#H�<�K=?anW?AKL<�Si:L<�?AUL�=R=<_U=^
<C�R=U=^%Si?aDNU�P�Y�?aS�@;?AU=K=<��cÇz¶�·È©~øc©��î ¯�¯Û) øc©��î ¯ ¡rSi:kB�S;H*<�^]BFEaE�{i�%�XwF�~| �F��|  ! �
k�% =î��#"À
W =î%�/|�}� kd.�ZU�ok`FR=>�< « ¡H*<xb=EAD�SgS�:=<x>�<_EmB�Si?anF<I?AUL�kRL<_U=^
<[C�R=U=^%Si?ADFU=@�C�DN>gK=?X¢µ<
>�<_U�S � <
U=<_>�BFEA?a@�<_K��.U�S�>�DNb�Y�Mf<_BF@�RL>�<_@
¡�HJ?aS�:k#ñ Ärú « ú �� 2Ërú �Lú ��« ú � Är¡rBFU=K�C�DN> � ?aU=?c?aU=K=<��µ¡+B�@�C�R=U=^%Si?ADFU=@;DFC�º\?aUxSi:=<%$=§ZB��r?A@
dq°+DF> � <
U=<_>�BFEA?a@�<
K�.U�Si>�DFb�Y[Mf<_BF@�RL>�<_@
¡=H�<j^_BFU�@�<
<pSi:kB�S]¡LHJ:=<
U£ºI?aU=^_>�<]BF@�<_@
¡+¶�· ?aU=^_>�<]BF@�<_@TC~BF@lSi<
>�HJ?aS�:�:=?A`N:fnFB�EAR=<
@DFC k ´¨HJ:=<_UÃº£Si<_ULK=@,SiD��L¡.¶ · ?aU=^_>�<]BF@�<_@,C~BF@lSi<
>gHJ?XSi:�@�M[BFEaE¨n�BFEAR=<
@,DFC k d�¶�· DFC � ?AU=?q?AULK=<%�?AUL^_>�<_BF@�<
@h@�EaD1H*<_>�Si:kBFU�D�Si:=<
>�@hP=RLS�?A@,EABF>�`F<_>�C�DF>,M\DrK=<
>iB�S�<fn�BFEaR=<_@�D�C�ºLd#�ZU�ok`NR=>�<6Är¡¨H*<�b=EADFS>�<
EmB�S�?anF<�?AUr�kR=<_UL^_<�C�R=U=^%Si?aDNU=@fC�DF>xK=?a¢c<_>�<_U�Sx�TS�G�?AU=@�DNU¥Mf<_BF@�R=>�<_@
¡�HJ?XSi:¡� ñ Ärú « úÊ�� ÍËWú �� ¦��Ër¡*C�DF>Si:L<fë!DN`NBF>�?XSi:=M\?A^�¼zBF>�?ABFU=^
<IBFU=K#C�DN>pSi:=< � ?AU=?�?AU=KL<%�cdI°kDN>j�TSiG�?AUL@�DNU±Mf<_BF@�RL>�<_@
¡!H�<\^]BFU#@�<_<fBFUDNb=bQDN@�?aSi<\>�<
EmB�S�?ADNUµÇ,HJ:=<_UÃº�?AU=^
>�<]B�@�<_@
¡z¶�· ?AU=^
>�<]B�@�<_@�BF@,V�R=?a^�GWEXY�BF@´�£?A@gbQDN@�?XSi?anF<[B�U=K�@�MfBFEaE�´HJ:=<
U ºÅS�<_U=KL@[SiD���¶�· ?aU=^_>�<]BF@�<_@�BF@[VWRL?A^�G�EaY BF@M�±?a@[EmB�>�`N<�d ¶�· DFCgë!DN`�BF>�?aS�:=Mf?a^�¼zBF>�?ABFU=^_<?AUL^_>�<_BF@�<
@�@�EADsHJEaY�BF@tºISi<
U=K=@�S�Df?aULokU=?XSZYN¡kP=RrS�V�R=?a^�G�EaY£BF@�º\S�<_U=K=@JSiDóH_<
>�D=d'&jUL^_<�BF`�BF?aU�¡LSi:L<�¶�·DFC � ?aU=?�?aU=K=<%�x?AU=^
>�<_BF@�<
@�@�EADsH�<
>�BFU=K£?A@;EmB�>�`N<
>�C�DN>;M\DrK=<
>iB�S�<pn�BFEAR=<
@JDFC¨ºrd
»�DNM\bkBF>�?A@�DFUjDFC�Si:=< � ?AU=?�?AU=KL<%�pHJ?XSi:jSi:L<që�DF`�BF>�?XSi:=M\?A^�¼zBF>�?mBFU=^
<F¡ � <_U=<
>iBFEa?A@�<_K��.U�S�>�DNb�YjDF>��TSiG�?AUW§@�DFU�?AUL�=R=<_U=^
<,C�R=U=^%Si?aDNU=@tKLDr<
@tU=DFStEA<_BFK�S�Dx^_Ea<]BF>�^_DNUL^_EARL@�?ADFU=@_dJ¤Å<,R=@�<
K#Bf@�?aM�R=EAB�Si?aDNU6@�SiRLKLY�S�D<
n�BFEaRkB�S�<�Si:L<�?AM\bkBF^%StDFCzBf^_DNU�S�B�Mf?aUkB�Si?aDNU£?AU�EABF>�`F<�BFU=K�@�MfBFEAE�DNP=@�<_>lnFB�Si?ADFU=@tC�DN>�K=?a¢c<_>�<_U�SjM\<]B�§@�RL>�<_@�DFC�?aU=<_V�RkBFEa?aSZYFd�¤�<t@�?aM�R=EAB�Si<
K « �*�g@�BFMfbLEA<_@zDFC�Ä��¯�gDFP=@�<
>�n�B�Si?aDNU=@qC�>�DNM¿S�:=< e ?AU=`N:W§lÊ�BFKLKkBFEmBK=?a@�Si>�?AP=RrSi?ADFU�dI9;:=<_U�¡�H*<[^_DFU�SiBFM\?AUkB�S�<_K#DNU=<IDNPL@�<_>ln�B�Si?aDNU�^�:LDN@�<
U�>iBFULK=DNM\EaY�P�Y#M�RLEaSi?ab=EaYW?aU=`x?aSP�Y « �[?AU�S�:=<,^_BF@�<hD�C.^_DNU�SiBFMf?aUkB�S�?ADNU£?AU�:L?A`N:£nFB�EAR=<
@_¡�B�U=K8P�Y�K=?XnW?AK=?aU=`[?XStP�Y « �[?AU£Si:=<,^]BF@�<�DFC^_DFU�SiBFM\?AUkB�S�?ADNU�?AUh@�M[BFEaErn�BFEaR=<_@
d¨ë!<
S�(VÄ�¡*) ñ « úh h h 
ú,+�¡�PQ<JBFUh���ª�Æ@�BFMfbLEA<�C�>�DNM¸S�:=<;K=?A@lSi>�?AP=RLS�?ADNUîI¡-�î ?A@.Si:=<J<
Mfb=?a>�?a^]BFErK=?A@lSi>�?aP=RLS�?ADNU�C�R=UL^
Si?aDNU\DFCcS�:=?A@q@�BFMfbLEA<JBFU=K.�î0/TS�:=<�<
MfbL?A>�?a^]BFErK=?A@lSi>�?AP=RLS�?ADNUC�R=U=^%Si?aDNU6DFC�S�:=<�^_DNU�SiBFMf?aUkB�S�<_K6@iBFM\b=Ea<Fd.9;:=<
U�¡=C�DN>;<]B�^�:�@iB�Mfb=Ea<F¡LH*<�^_DNM\b=RLS�<jSi:=<�V�RkBFU�Si?XSZY

û Ç ©�ø ¯ ñ øc©��î ¯ � øc©��î0/ ¯øc©��î ¯ ©�Ä�É ¯
²



0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 10 20 30 40 50 60 70 80 90 100

Gini
GE2
GE1

GE1/2
GE0

GE-1
GE-2

LogVar

°�?a`NR=>�< ® Ç ×"©~�Æ m���\�¬�¤�� m�¬©~���¬�9¡¤�21~¡!¦���°¬¯���¢ 0

0.05

0.1

0.15

0.2

0.25

0 10 20 30 40 50 60 70 80 90 100

Gini
GE2
GE1

GE1/2
GE0

GE-1
GE-2

LogVar

°�?a`NR=>�<jÉ=Ç ×"©~�Æ m���\�¬�c�� m�¥©~���¬�9¢m���°¬°º¦Ä��°�¯���¢
HJ:=?a^�:Å<
n�BFEaRkB�S�<_@jSi:=<I>�<_EmB�Si?anF<I?AM\bkBF^
SpDFC;B6^_DNU�SiBFMf?aUkB�S�?ADNU8DNU#Si:L<\?aU=K=<��±øµ©��î ¯ dI¤Å<\^]BFU#Si:L<_Ub=EaDFS*BFU=K[^
DNM\bkBF>�<�>�<_BFEA?IH]B�S�?ADNUL@.DFC�û Ç ©~ø ¯ C�DN>*KL?a¢c<_>�<
U�S�M\<]BF@�R=>�<
@_d.�ZUxDF>�K=<
>zS�D,:kB]nN<tB�b=EaDFSqSi:kB�S?A@�<]B�@�Y£SiD[?aU�Si<_>�b=>�<%S]¡QH�<�@�DN>lSi<_K�S�:=<,@�BFM\b=EA<
@�@�R=^�:�Si:kB�St>�<]BFEa? H]B�Si?ADFU=@JDFCqû Ç ©~ø ¯ C�DF>�DNUL<,^�:=DN@�<_UM\<]BF@�R=>�<gBF>�<j?AU=^
>�<]B�@�?AUL`=d
°�?a`NR=>�< ® b=EaDFSi@�>�<_BFEA?IH]B�S�?ADNU=@�DFC�û Ç ©~ø ¯ C�DN>gS�:=< � ?AU=?q?aU=K=<%�c¡¨S�:=<�ë!DN`�BF>�?aS�:=Mf?a^�¼zBF>�?ABFU=^
<[?AULK=<%�BFU=K8S�:=< � <
U=<_>�BFEA?a@�<_Kz�.U�Si>�DNb�Y8M\<]BF@�R=>�<
@�HJ?XSi: k ñ Ärú « ú �� 2Ërú �Lú ��« ú�Är¡cHJ:=<
U�^
DNU�S�BFM\?AU=B�Si?aDNU�?a@?AU\:=?a`N:\n�BFEaR=<_@
d¨9;:=<�ì�§ZB��r?A@.?A@*û Ç ©~ø ¯ BFU=KfS�:=<3$=§vB��r?A@z?A@.S�:=< « �*�gK=?X¢µ<
>�<
U�S*@iB�Mfb=Ea<_@
¡W@�DN>�S�<_Kf@�R=^�:Si:=B�S � ?aU=?�>�<]BFEa? H_B�Si?aDNU=@�B�>�<�?AUL^_>�<_BF@�?aU=`=d�°�?A`NR=>�<xÉ#b=EAD�Si@h>�<_BFEA?IH]B�S�?ADNUL@,DFCtû Ç ©�ø ¯ C�DN>,Si:L<£@�BFM\<M\<]BF@�R=>�<
@zHJ:=<
Ux^_DFU�SiBFM\?AUkB�S�?ADNUh?a@q?AUI@�MfBFEAE=n�BFEaR=<_@
d�¤�<�^_BFU[@�<_<�C�>�DNM¹o=`NR=>�<
@ ® BFU=KfÉgS�:kB�S � ?AU=??AULK=<%�£?a@�Ea<_@�@pB�¢c<_^%Si<_K�P�Y�^
DNU�S�BFM\?AU=B�Si?aDNU�Si:kBFU � <_U=<
>iBFEa?A@�<
Kò�.U�Si>�DNb�Y�M\<]B�@�R=>�<_@_dJÀ�DsH�<%nN<_>
¡µSi:L<?AM\bkBF^%StD�C.Si:=<�^
DNU�S�BFM\?AU=B�Si?aDNU�DFU8ë!DN`�BF>�?aSi:LMf?a^p¼zBF>�?ABFU=^_<,BFU=K � <_U=<
>iBFEa?A@�<_Kò�.U�Si>�DNb�Y�M\<]BF@�R=>�<
@HJ?aS�:O��Ë k Ë « ?A@*>�<
EmB�S�?anN<
EaYI@�M[BFEaEk^_DNM\bkBF>�<_K[S�D�M\<]BF@�R=>�<
@*HJ?aS�: k ���,DF> k�x « d¨�ZU6BFK=K=?XSi?aDNU�¡Si:L< � <
U=<_>�BFEA?a@�<_K��qU�S�>�DNb�Y�M\<]BF@�R=>�<
@�HJ?aS�:��úË k Ë « ?a@�EA<
@�@h@�<
U=@�?XSi?XnN<xSiD8^
DNU�S�BFM\?AU=B�Si?aDNUÅ?aU:=?a`N:hnFB�EAR=<
@.?aC k ?A@.@�M[BFEaE�d�°�?AU=BFEAEXYN¡�S�:=<Jë!DN`�BF>�?aS�:=Mf?a^*¼zBF>�?mBFUL^_<;?AULK=<%�I?a@.@�Ea?A`N:�SiEXYgEA<_@�@q@�<_UL@�?aS�?anF<JS�D:=?a`N:�?AU=^
DNM\<_@TSi:=BFU�Si:=< � ?AU=?/¡rP=RrS�UL<]BF>�EaY�B�@;@�<_UL@�?aS�?anF<�S�DI@�MfBFEAEc?AU=^
DNMf<
@TSi:kB�U6S�:=< � <
U=<_>�BFEA?a@�<
K�.U�Si>�DFb�Y�HJ?XSi: k±ñ �g« dq9;:=<_@�<�>�<_@�R=EaS�@�@�R=`N`N<
@�S�Si:kB�S]¡
ç NQ��T0R'�54�é76 �k� ê |  k|�|  ��W�Û�h|A���A�����J�s�% L�%| �/| �F���Z}}î�}� k��w*�h|  QwF�~|�}� �|  x�W|X���[|  =î�}n�[����� �LwF 6���k�ê �% µ�%{�wF�â|A�s����ë� k�~{i}�y�ì£î%�Xw����,}8"�[��w��<
r{i��� õ�í��W| î��6|A�j�A�����j�s�% L�%| �/| �F��w�� k |A�p�<�\wF� �¾ï

e ?aMf?aEmBF>�EaY£SiD�S�:=< � <_UL<_>iB�EA?A@�<_K��qU�S�>�DNb�Y�^
EmBF@�@,DFCTMf<_BF@�R=>�<_@
¡�H�<fokU=KÅS�:=<x@iB�Mf<\>�<
@�R=EXSi@�C�DF>�Si:L<�TSiG�?aU=@�DNU£^_EABF@�@JDFC�M\<]BF@�R=>�<
@JHJ?XSi:£BFU£DNb=bQDN@�?XSi<j>�<_EmB�Si?ADFUxSiDI?aS�@;bkBF>iB�Mf<%Si<_>g©#� ñ «�� k ¯ d





9 : �<;7= �Ä� ����#��>;�� �-?��"� #���	��Ä�����
�tUÅ<%�WSi>�<_M\<[n�BFEAR=<\?A@gU=DFS,U=<_^
<_@�@iBF>�?AEaYÅBFU�<_>�>�DN>,DF>,@�DFMf<\@�DN>lS�DFCJ^
DNU�S�BFM\?AU=B�Si?aDNU�Çg?aS�^_DNR=EaK�PQ<BFUxDFP=@�<
>�n�B�Si?aDNUxPQ<_EaDNU=`N?aU=`�S�D,Si:=<�Si>�RL<pK=?A@lSi>�?AP=RLS�?ADNUfBFU=KxS�:kB�S�^_DNU�nN<%YW@�?aMfbQDN>lS�BFU�S*?AULC�DN>�M[B�Si?ADFU�d9;:=?a@!DNP=@�<
>�n�B�S�?ADNUj?a@!<%�WSi>�<_M\<.?AUpSi:L<z@�<_U=@�<.Si:kB�S�?XSi@�?aUL�kR=<
U=^_<qDNUjS�:=<.?AU=<
V�RkBFEA?XSZYtM\<]B�@�R=>�<.<_@�S�?AMfB�Si<?A@pnF<_>lY#?AM\bcDN>lS�BFU�S_d e R=^�:±DNP=@�<
>�n�B�S�?ADNU=@�^_BFU�:=BsnF<f?aMfbQDN>lS�BFU�Sj^
DNU=@�<
V�R=<_U=^
<_@�DFU±S�:=<I@�S�B�Si?A@lSi?a^]BFEbQ<_>�C�DF>�MfBFU=^_<6DFC�Si:L<£M\<]B�@�R=>�<Fd]�jBsnW?aK=@�DNU BFU=K °�EABF^�:kBF?a>�<±©�Ä��¯� «1¯ @�:=DsH�<
KÈSi:=B�S]¡*<
nN<
UÈ?aUÃnF<_>lYEmB�>�`N<J@iB�Mfb=Ea<_@
¡�S�:=<t<
>�>�DN>q?AUfS�:=<�>�<vu�<
^
S�?ADNUfb=>�DNP=BFP=?AEa?aSZYF¡NDN>Ã�¤äA@�¡�DFC!BFUxBF@lYWMfbLS�DFSi?a^JDN>*PQDWDFSi@lSi>iB�bSi<
@�SjP=BF@�<
K8DNU�Si:=<,9;:=<_?aE�?aU=K=<%�c¡�^_BFU�PQ<�@�?a`NU=?Xok^]BFU�SpBFU=K�S�:kB�SpS�<_@�S�@jBF>�<,Si:=<
>�<%C�DN>�<�ULDFSp>�<_EA?ABFP=Ea<Fd9;:=<%Y#?AU�nN<
@�Si?a`�B�S�<_K8Si:=>�<_<IMfBF?AU8^_BFR=@�<
@�D�C*S�:=<_@�<\P=BFK�bQ<_>lC�DN>�MfBFU=^
<_@
dI°�?A>�@�S]¡�BFEAM\DN@�SjBFEAE�?AU=K=?a^_<
@BF>�<hU=DNU=Ea?AU=<_BF>�C�R=UL^
Si?aDNU=@jDFCz@�BFMfbLEA<�M\DNM\<_U�Si@
¡µSi:=<
>�<
P�Y�?AU=K=RL^_?AUL`�P=?mBF@�<_@�BFULK±ULDNU=U=DN>�M[B�EA?aSZY£?aU<_@lSi?aM[B�S�<_@�D�C�S�:=<_@�<6?AU=K=?a^_<
@_d e <_^
DNU=K�¡z<_@lSi?AMfB�S�<_@hDFCJSi:L<�^_Dsn�BF>�?ABFU=^_<
@hDFCJSi:=<�@�BFM\b=EA<fMfDNM\<_U�S�@R=@�<_K S�DÃ^_DNU=@lSi>�R=^
S£?AULK=?A^
<_@6BF>�<8DFC Si<
U nF<_>�Y¥ULDN?A@lYNd¿9;:=?a>�K�¡�Si:=<#?aU=K=?A^
<_@6BF>�<8DFC Si<
U <��WSi>�<
Mf<
EaY@�<
U=@�?XSi?XnN<TSiDpS�:=<T<��=B�^
SqUkB�S�R=>�<;D�CQS�:=<�SiBF?AEa@�DFC+Si:L<TK=?A@lSi>�?AP=RLS�?ADNUµ¡�HJ?aS�:�Si:=<�>�<_@�R=EaS.S�:kB�SqBpPQDWDFSi@lSi>iB�b@iB�Mfb=Ea<t?aU[HJ:=?A^�:�ULDFSi:=?aU=`�?a@�>�<
@iBFM\b=Ea<_K[C�>�DNMíS�:=<tSiBF?AE+^]B�U�:kB]nN<jb=>�DNbc<
>�S�?A<_@*nN<_>lYxK=?X¢µ<
>�<
U�S�C�>�DNMSi:LDN@�<hDFCqS�:=<�bQDNb=R=EAB�Si?aDNU�dp9;:=<
?A>p@�?AM�RLEmB�S�?ADNU�<%�rbc<
>�?aMf<
U�S�@j@�:=DsH Si:kB�SpSi:=<�Si:=?a>�K8^]B�R=@�<h?a@pDFC Si<
UV�RkBFU�Si?XS�B�S�?anF<_EaYÅSi:=<£MfDF@�SI?AM\bQDN>�SiBFU�S]dB&pR=>f>�<_MfBF>�G ® @�R=`N`N<
@�Si@\Si:kB�Sf@lS�B�S�?A@lSi?A^_BFETbQ<_>lC�DN>�MfBFU=^
<@�:LDNR=EAK Pc<�Pc<%S�S�<_>fHJ?XSi:�Si:=<�Ê�<]B�U¥ë�DF`�BF>�?XSi:=M\?A^��p<
nW?mB�S�?ADNU�?AULK=<%� BFULK � <
U=<_>�BFEA?a@�<
K��.U�Si>�DFb�YM\<]BF@�R=>�<
@\HJ?XSi:ú��� k � « ¡qSi:kBFUÃHJ?aS�: 9;:L<_?AE;?aU=K=<��µd��ZUÃSi:=?a@\@�<_^%Si?ADFU�¡*H*<�@lSiR=KrYÃ@�S�B�Si?A@lSi?a^]BFEbQ<_>�C�DF>�MfBFU=^_<�D�CtK=?X¢µ<
>�<
U�S\M\<]BF@�R=>�<
@fP=BF@�<
K DNUÈÊ�DNU�S�<�»TB�>�EAD#@�?AM�R=EAB�Si?aDNU�¡�H*<£@�SiRLKLYú��äC@.@IDFCBF@lYrM\bLS�DFSi?a^�BFU=K£PcDWDFSi@lSi>�BFbxSi<
@�Si@JC�DN>;K=?X¢µ<
>�<
U�S�M\<]BF@�R=>�<
@JDFC�?aU=<_V�RkB�EA?aSZYFd
��CD(VÄ�¡E) ñ « úh h h 
ú,+�¡N?a@�B�U����ª� @�BFMfbLEA<qC�>�DNM Si:L<TK=?A@lSi>�?AP=RLS�?ADNU�îI¡�Si:L<_U�Si:L<T<_M\b=?A>�?A^_BFE�K=?A@lSi>�?AP=RLS�?ADNUC�R=U=^%Si?aDNU6DFC�S�:=?A@;@�BFM\b=EA<j?a@ �îf©~ì ¯ ñ «+ FG Ä . ³ � ©H(dÄ(ËÆì ¯ ú ©�ÄNË ¯
� K=<_^
DNM\bcDN@�BFP=Ea<j?AU=<
VWR=BFEA?XSZY[M\<]BF@�R=>�<�^_BFU�PQ<�<_@lSi?AMfB�S�<_K6P�Y�R=@�?aU=`hSi:=<�@�BFMfbLEA<jM\DNMf<
U�Si@

ïJIð ñ «+ FG Ä . ³ (VÄ�ú BFULK õ Ið ñ «+ FG Ä . ³ ö ©H(dÄ ¯ ©�Ä ½�¯
HJ:=?a^�:�BF>�<�^_DNU=@�?A@lSi<_U�S�BFU=K�BF@lYrM\bLS�DFSi?a^]BFEaEaY\U=DN>�M[BFE/¡=BFULK

øµ© �î ¯�
 ÿ ©�õ Ið ´ ï Ið ¯ ©�Ä ²N¯
9;:=?a@;<_@�S�?AMfB�Si<t?A@;BFEa@�Dh^
DNU=@�?a@�S�<_U�S�BFU=K£BF@lYrM\bLS�DFSi?a^]BFEaEaY\U=DN>�M[BFE/¡WHJ?XSi:6BF@lYWMfbLS�DFSi?a^tn�BF>�?ABFU=^
<tSi:kB�S^]B�U�Pc<g^]B�EA^_RLEmB�S�<_K�P�Y6Si:L<,K=<
EaS�B\Mf<%Si:=DWK�d e bQ<_^
?aok^_BFEAEXYN¡+?aC7�Kó?A@JSi:=<�<_@lSi?AMfB�S�<gD�C¨Si:=<�^_Dsn�BF>�?ABFU=^
<

¬



MfB�Si>�?X�[DFC.õ Ið BFULK ï�Ið � ¡=Si:L<�n�BF>�?mBFUL^_<j<_@lSi?aM[B�S�<pC�DN>;øc©��î ¯ ?A@�L Ø øc©��î ¯ÛÚ ñ D , ÿ ) ,Qõ Ið ´d, ÿ ) , ï�Ið F �K M , ÿ ) ,Qõ Ið, ÿ ) , ï�IðDN ©�Ä �¯
��@�?AU=`JSi:L<*<
@�Si?aM[B�Si<�©�Ä ²N¯ BFU=K�Si:=<z<_@lSi?AMfB�S�<t©/Ä �¯ DFCL?aS�@�n�BF>�?mBFUL^_<F¡�?aS�?a@�bcDN@�@�?aP=EA<.SiDJSi<
@�S�:�YrbQDFS�:=<_@�<_@BFPQDNRLS�øc©/î ¯ B�U=K�S�D[^_DFU=@�S�>�R=^%Sp^_DFULokK=<
U=^_<�?aU�Si<_>ln�BFEA@;C�DN>�?aS_dT9;:=<,DFP�nW?aDNR=@JHTB]Y6SiDfb=>�DW^_<
<_K�?a@JS�DPkBF@�<�?AULC�<
>�<_UL^_<�DNU�BF@�YWM\bLSiDFS�?A^0O�@�SiB�Si?a@�Si?a^_@;^
DNMfbLRLSi<
K�R=@�?AU=`�©/Ä ²N¯ BFU=K�©/Ä �¯ dz»�DFU=@�?aK=<_>�B�Si<
@�S�DFCSi:L<g:�YWbQDFSi:=<
@�?a@�S�:kB�S�øc©/î ¯ ñ ø $ ¡=C�DF>;@�DNM\<�`N?anF<_U6nFB�EAR=<jø $ dz9;:L<�B�@�YWMfbrSiDFS�?A^%OT@lS�B�S�?A@lSi?A^pC�DF>TSi:=?a@:�YWbcDFS�:=<_@�?A@
¡QP=BF@�<
K�DNUP�ø 
 øc©��î ¯ ¡k?A@ Q

ñ ©R�ø � ø $ ¯Û) ©S�Lf©R�ø ¯�¯ ³ � ý ú ©�Ä ¬�¯
HJ:=<
>�<,P�YT�Lf©R�ø ¯ H*<gK=<_U=D�Si<�Si:=<�n�BF>�?ABFU=^_<�<
@�Si?aM[B�Si<\©�Ä �¯ dz¤Å<�^_DFMfb=RrSi<�BFU�B�@�YWMfbrSiDFS�?A^VU¹n�BFEAR=<PkBF@�<_K±DNU8Si:=<I@lS�BFU=K=BF>�K±U=DN>�M[BFE�K=?A@lSi>�?AP=RLS�?ADNU8DF>jDNU8Si:=< e S�R=K=<
U�S�K=?a@�Si>�?AP=RrSi?ADFU�HJ?aS�:5+ K=<
`N>�<
<DFC�C�>�<
<_K=DNM£dq°kDN>TSi:L<gb=BF>�S�?A^_RLEmBF>T^_BF@�<�DFC�Si:L< � ?AUL?�?AU=KL<%�c¡k?aS�@;<_@�S�?AMfB�Si<j?a@;^_DNM\b=RLS�<_K6P�Y�ø�1�ÄÆÅ�Ä ñ «ïJIð FG Ä . ³ FG W . ³ - (VÄ � ( W - © ® � ¯
BFU=K£?aS�@;@�SiBFU=KkBF>�K�KL<
nW?mB�S�?ADNU�?a@;^_DNM\b=RLS�<_K�BF@JK=<
o=U=<_K�P�Y6»�D1H*<_EaE*© «s¬NF¬�¯ d¨9;:L<_U�¡QBFU�BF@�YWM\bLSiD�Si?A^U¸n�BFEaR=<j?A@;^_BFEA^
R=EmB�S�<_K�C�>�DFM ©�Ä ¬�¯ d�ZU�DN>�K=<_>JSiDf^_DNUL@�Si>�R=^
SjBfPQDrDFS�@�S�>iBFb6Si<
@�S]¡QH�<�>�<
@iBFM\b=EA<�C�>�DFMOSi:=<�DN>�?a`N?AUkB�E�KkB�SiBLd e ?AUL^_<�S�:=<�Si<_@lS@�SiB�Si?a@�S�?A^�H�<h:kB]nF<hEADWDNGF<
K8B�Sp@�D[C~BF>�?A@pB�@�YWMfbrSiDFS�?A^]B�EAEaYxb=?anFDFS�BFE/¡cPQDWDFSi@lSi>iB�b�?AULC�<
>�<
U=^_<�@�:=DNRLEAK8PQ<@�RLbc<
>�?ADF>�SiD#BF@lYrM\bLS�DFSi?a^�?AULC�<
>�<_UL^_<�PQ<_^]B�R=@�<£DFCtª�<_>�BFUX�ü@£© «s¬NF�¯ >�<
@�R=EXS\DNUÃb=>�<
b=?anFDFSi?aU=`=dÅ��C Si<
>^_DFMfb=RrSi?AUL`

Q
C�>�DNM¿Si:L<�DNPL@�<_>lnN<
K�@iBFM\b=EA<�¡�DNU=<�K=>iB]HJ@'Y PcDWDFS�@�Si>�BFb\@iBFM\b=EA<
@_¡W<]BF^�:fDFC�S�:=<�@�BFM\<@�?IH_<0+ BF@zSi:=<�DNP=@�<
>�nF<_K�@iB�Mfb=Ea<F¡WP�YfMfBFG�?AUL`J+ KL>iB]HJ@*HJ?XSi:x>�<_b=EABF^_<
Mf<
U�SzC�>�DFM S�:=<%+÷DNP=@�<_>�nF<_K?AUL^_DNM\<_@#(VÄ�¡Z) ñ « úh h h %ú,+±¡NHJ:=<_>�<;<]BF^�:7(dÄ=:kBF@¨b=>�DNPkBFPL?AEA?XSZY «') + D�CcPQ<_?aU=`j@�<
EA<
^
Si<
KIDNUh<]BF^�:IK=>�B]H�d9;:=<
U�¡NC�DN>�PQDWDFSi@lSi>iB�b�@iBFM\b=Ea<\[k¡][ ñ « úh h � _ú,Y[¡NBtPcDWDFS�@�Si>�BFb,@lS�B�S�?A@lSi?A^ Q /W ?A@�^_DNM\b=RLS�<_Kh?AU,<%�LBF^
S�EaYSi:L<�@�BFMf<;H�B]Y\BF@
Q
C�>�DNM¸Si:=<�DN>�?a`N?AU=BFELKkB�S�BL¡�<%�r^
<_bLS*Si:kB�Szø $ ?aU\S�:=<�U�R=M\<_>�B�SiDF>�©�Ä ¬�¯ ?a@z>�<_b=EABF^_<
KP�Y#Si:=<\?AU=KL<%�.�ø8<_@lSi?aM[B�S�<_K#C�>�DNM S�:=<\DN>�?a`N?AUkB�E¨KkB�SiBLdx9;:=?a@�>�<_b=EABF^_<
Mf<
U�S�?A@�U=<
^_<
@�@iB�>�Y�?aU�DF>�K=<
>Si:=B�S�S�:=<\:�YWbQDFSi:L<_@�?a@�S�:kB�S�?A@�Si<_@lSi<
K�P�Y±S�:=<\PcDWDFSi@lSi>�BFbÅ@lS�B�S�?A@�S�?A^
@g@�:=DNR=EaK�BF^%SiRkB�EAEaY�Pc<ISi>�R=<\C�DF>Si:L<,bQDNb=R=EAB�Si?aDNU£C�>�DNM HJ:=?A^�:�S�:=<,PQDWDFSi@lSi>iB�b�@iB�Mfb=Ea<_@tBF>�<�K=>iB]HJU�¡µS�:kB�S�?A@
¡cSi:L<,DN>�?A`N?aUkBFE!@iB�Mfb=Ea<Fd�p<
SiBF?AEa@[DFC�S�:=<�Si:=<
DN>�<%Si?a^]BFEp>�<]BF@�DNU=@xC�DN>fSi:=?a@�>�<_bLEmBF^
<_M\<_U�S�^]B�U PQ<�C�DNR=ULK ?aUÆM[B�U�YÈ@�SiBFU=KkBF>�K>�<%C�<_>�<_U=^
<_@_¡*@�R=^�: BF@hÀ�BFEAEp© «s¬F¬ Ä ¯ d#9;:=?a@�M\<
Si:LDrK�?a@�G�U=DsHJUÈBF@�S�:=<fyk�%{Êî��% k�~| �A�_^Z�,DN>6�%}s}�� �%�~{�w%yD^Z�M\<
Si:LDrK�dz9;:=<�PcDWDFSi@lSi>�BFb`U¹nFB�EAR=<�?A@�u�R=@lS�S�:=<�b=>�DFbcDN>lSi?aDNU6DFC�S�:=<�PQDWDFSi@lSi>iB�b�@�BFMfbLEA<_@;C�DN>THJ:L?A^�:Si:L<tPQDrDFS�@�S�>iBFbf@�S�B�Si?A@lSi?a^�?a@*M\DN>�<�<%�WS�>�<_M\<�S�:kBFU[S�:=<t@lS�B�S�?A@lSi?A^�^_DFMfb=RrSi<_K\C�>�DNMÁS�:=<tDN>�?A`N?aUkBFE=K=B�S�BLda ä�å~ë@÷W��bcgæèç"ê ç/ÄôIôIëmíaì¨æèñ*(Cdj( ô³ê¶í¨ìaæ3�\ù{æ íaå�ê
ì¨ó
	~ôIë@÷Äíaç"ñ@ê%�þñl	1�þê�í¨ë��\ê
ç�Ñebc Ì�Ì »5fJg ÌRhjikml Ì Øon=Ø�p k Ú�¼7q#rs Ú 5 �bc 5 5 »jfJg Ìthuikml Ì Ø�p k ¼>vwrs Ú 5 ê
÷��xbc Ì:5 » bc 5�Ì »jfJg ÌRhjikml Ì Ø�p k ¼ev3rs ÚlØ�n=Ø�p k Ú�¼�q#rs ÚZ�

« �



-0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0 2000 4000 6000 8000 10000

GE2
GE1

GE1/2
GE0

GE-1
Gini

LogVar

°�?A`NRL>�<gËrÇ À�y�zÖ©�ª{��¢«§W��¹¤ «©� m�¬²I «��¢« m¢ -0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0 2000 4000 6000 8000 10000

GE2
GE1

GE1/2
GE0

GE-1

°�?A`NRL>�< ½ Ç À�y�zÖ©�ª�¸º©Æ©� m¢« «´Â��¹9 «��¢« m¢
9;:�R=@_¡kC�DN>TS�:=<�R=@�R=BFE!SZH�D�§�S�BF?aEA<
KxSi<_@lS]¡=S�:=<�PcDWDFSi@lSi>�BFb`U¸n�BFEAR=<�¡SU / ¡k?A@U / ñ «Y {G W . ³ � © -

Q /W - x - Q - ¯ ú © ®L«1¯
HJ:=<
>�< � ©! ¯ ?A@xS�:=<8?AULK=?A^_B�SiDN>\C�R=U=^%Si?ADFU�d¿°kDN>[S�:=<8?AU�nF<_@�S�?A`�B�Si?ADFU ^]BF>�>�?a<_K¥DNRLS�:L<_>�<�¡p?aS[?A@�M\DN>�<>�<%nN<_BFEA?aU=`�SiD6^_DNUL@�?AKL<_>�DNU=<�§�S�B�?AEA<
K�Si<
@�Si@
¡�C�DF>pHJ:=?A^�:±>�<Zu�<_^
S�?ADNU±DW^_^_RL>�@jHJ:=<_U±Si:=<I@lS�B�S�?A@�S�?A^h?a@pSiDWDU=<
`�B�Si?XnN<�d
°�?a`NR=>�<�Ëf@�:=DsHJ@^��äC@.@�DFCqBF@lYrM\bLS�DFSi?a^gS�<_@�S�@pB�S�Si:L<,U=DNM\?AU=BFE!EA<%nN<_E�Ld¦��Ër¡+Si:kB�St?a@_¡kSi:=<�K=?a¢c<_>�<_U=^
<PQ<
SZH*<_<_U\Si:=<JB�^
SiR=BFEkBFU=KIU=DFMf?aUkBFEWb=>�DNP=BFP=?AEa?aS�?A<_@�DFCQ>�<Zu�<_^%Si?ADFU�¡NC�DN>¨K=?X¢µ<
>�<
U�S � <_UL<_>iB�EA?A@�<_K��.U�Si>�DFb�YM\<]BF@�R=>�<
@_¡.C�DN>hë!DN`�B�>�?aS�:=M\?A^I¼zBF>�?ABFU=^_<f?AU=KL<%�ÃB�U=K�C�DN>,S�:=< � ?aU=?z?AU=K=<��c¡qHJ:L<_U�Si:=<�@�BFM\b=EA<x@�? H
<?AUL^_>�<_BF@�<
@�|sdj9;:=<hbLEADFS�C�DN>pB[@lS�B�S�?A@lSi?A^gSi:kB�SpYW?A<_EaK=@�S�<_@lSi@pHJ?aS�:�U=D�@�? H_<,K=?A@lSiDN>lSi?ADFU�^_DF?AU=^
?AK=<
@�HJ?aS�:Si:L<x:=DN>�? H_DFU�SiBFE*B��r?A@_d�ë�<%ShR=@,SiBFGF<xBFU�<%�LBFM\b=Ea<fC�>�DFM�ok`FR=>�<xËrÇ\C�DF>>+ ñ Ärú¦�¯�¯��DNPL@�<_>ln�B�Si?aDNU=@_¡Si:L<���äC@ DFC�Si:=< � <
U=<_>�BFEA?a@�<_K��.U�S�>�DNb�Y�Mf<_BF@�RL>�<fHJ?XSi: k¾ñ Ä�© � �zÄ ¯ ?A@�BFb=b=>�D]�L?aM[B�Si<_EXY8<_V�RkB�ESiD��� «N« Ç�?aS;M\<]BFUL@TSi:kB�S�B�@�YWMfbrSiDFS�?A^tS�<_@�S�DsnN<
>l§�>�<vu�<
^
S�@JS�:=<�U�R=EAE�:�YWbQDFSi:=<
@�?a@�B�U=K�Si:kB�S�Si:=<gBF^%SiRkBFEEA<%nN<
E�?a@ «s½*} ¡=HJ:=<
U�Si:L<gULDNMf?aUkBFEcEA<
nF<_E�?A@�Ë } dz�ZU£DNR=>J@�?aM�R=EmB�Si?ADFU=@_¡WSi:=<�U�R=M�PQ<_>JDFC�>�<_bLEA?A^_B�Si?aDNU=@?A@ « �Lú¦�¯�¯�Ldg°k>�DNM °�?a`NR=>�<hËr¡�?aSp?A@p^
EA<]B�>tSi:kB�SpSi:=<h<
>�>�DN>p?AU�S�:=<h>�<Zu�<_^%Si?ADFU±bL>�DNPkB�P=?AEa?aSi?a<_@
¡QDF>^��äC@�¡DFC�B�@�YWMfbrSiDFS�?A^�Si<
@�Si@[?A@hnN<
>�Y EmBF>�`N<6?AUÈM\DWK=<_>�B�Si<6@iB�Mfb=Ea<_@fBFU=K K=<_^
>�<]B�@�<_@xnF<_>lY @�EADsHJEaY�B�@fSi:L<@iB�Mfb=Ea<h@�?IH_<I?AU=^
>�<_BF@�<
@_´�S�:=<IK=?A@lSiDN>lSi?ADFU±?a@j@�S�?AEAE�@�?A`FU=?aok^_BFU�S�?AU8nN<
>�Y±EmB�>�`N<h@�BFMfbLEA<_@
dh¤Å<\^]BFU±@�<
<Si:=B�S�S�:=< � ?AUL?.?AU=K=<��c¡.ë!DN`�BF>�?aSi:LMf?a^,¼zBF>�?ABFU=^
<f?aU=K=<%�ÅBFULK � <_U=<
>iBFEa?A@�<
K��.U�Si>�DNb�YÅM\<]BF@�R=>�<IHJ?aS�:kÃñ �[bQ<_>lC�DN>�M÷@�?aMf?aEmBF>�EaYFdT¤Å<�?aU�nN<_@lSi?a`�B�Si<�BFK=K=?XSi?ADFUkBFE�<%�rbQ<_>�?aMf<
U�Si@tHJ?XSi:�SZH*D�<%�WSi>�<_M\<_EXY�EABF>�`N<@iB�Mfb=Ea<_@
¡kË*�Lú¦�¯�¯�,BFU=K « �¯�rúÕ�¯�*�,DNP=@�<_>�n�B�S�?ADNUL@_d.9;:=<j>�<_@�RLEaSi@JB�>�<p@�:=DsHJU£?aU[S�B�P=EA<�Ä�C�>�DNM HJ:=?A^�:�H*<^]B�U£@�<_<jSi:=B�S;Si:=<�B�^
SiR=BFE�EA<%nN<
E�?A@T@lSi?aEAEµUL<]BF>�EaY\SZHJ?A^_<pS�:=<�U=DNM\?AUkB�EcEa<
nN<
EµC�DN> � <_UL<_>iB�EA?A@�<_Kj�.U�Si>�DFb�Y~ fÈ» 9�&%&1Õ���&
&1Õ!9<� &%&%&�Õ�'�� &%&
&1Õ���� &%&
&1Õ/(�� &
&%&1Õ��]� &
&%&�ÕY;�� &%&%&�Õ >]� &%&
&1Õ/$�� &%&
&1Õ�"�� &
&%&1ÕÛ9�&�� &%&
&

«N«



Ê�<]B�@�R=>�< ø�ýp ø ³p ø $�� �p ø $p ø �k³p� ñ Ë*�L¡¦�¯�¯� �Ld¦�FÉ ¬ Ä �Ld¦�¯� ¬N½ �LdÕ�*��Ë�É �rdÕ�¯�NÄ�É �rdÕ� «F«s®� ñ « �¯�r¡Õ�¯�*� �Ld¦�FÉ « Ë �Ld¦�¯� ¬N½ �LdÕ�*��ËNÄ �rdÕ�¯��É ® �rdÕ� « ÄNË
9�B�P=EA<gÄrÇ���äA@ÈDFC�BF@�YWM\bLSiD�Si?A^pS�<_@lSi@�B�SJU=DNM\?AUkB�EµEA<%nN<
E�Ë } ?AU6:�R=`N<�@�BFMfbLEA<Fd

M\<]BF@�R=>�<
@JHJ?XSi: k#ñ Ärdq9;:=<�K=?a@�S�DN>�S�?ADNU�?a@TnN<_>lY6@�MfBFEAEµ?AUxSi:L?A@J^]BF@�<�DNU=EaYfC�DN> k±ñ �LúÊ�� ÍËWd
°�?a`NR=>�< ½ @�:LD1HJ@¨S�:=<%��äA@q@.D�C+PcDWDFSi@lSi>�BFb,Si<
@�S�@_d.°�?a>�@lSiEaYF¡�H*<T^]B�Uh@�<_<TS�:kB�S�K=?A@lSiDN>lSi?ADFU=@¨BF>�<�>�<_K=R=^
<_KC�DN>�BFEAEqM\<]BF@�R=>�<
@,HJ:=<
U�H�<xRL@�<fS�:=<xPQDrD�Si@�S�>iBFbµd�À�DsH�<%nN<_>
¡¤�¤äA@ DFCTSi:L< � <_U=<
>iBFEa?A@�<
K��.U�Si>�DFb�YM\<]BF@�R=>�<jHJ?aS�: k#ñ Ä�?A@;@�S�?AEaEcnN<
>�Y�EABF>�`F<j<
nN<
U�?aU�EmBF>�`N<j@iBFM\b=Ea<_@_¡0�¤äA@.@JDFC � <_UL<_>iB�EA?A@�<_Kj�.U�Si>�DFb�YM\<]BF@�R=>�<£HJ?aSi: k ñ « ú �[ ÍËrú ��« ?A@I@�MfBFEAEJDNULEaY�C�DN>IEmB�>�`N<£@iBFM\b=Ea<_@_dÆ9;:L< � <
U=<_>�BFEA?a@�<
K��.U�Si>�DFb�YM\<]BF@�R=>�<hHJ?aS�: k ñ �L¡�DN>�Ê�<_BFU�ë�DF`�BF>�?XSi:=M\?A^��p<
nW?mB�Si?ADFU8?AU=K=<��c¡�bQ<_>lC�DN>�M\@jPc<%S�S�<_>jSi:kB�U�DFS�:=<_>�@BFU=K£?aS�@���äC@È?a@;V�R=?aS�<j@�MfBFEAEµC�DF>�Ë*�¯�hDN>;M\DN>�<jDNPL@�<_>ln�B�Si?aDNU=@_d.9;:L<_@�<�>�<
@�R=EXSi@J@�R=`F`N<_@lS�S�:kB�S_¡
ç NQ��T0R'���(é�6 �k�[{�wF�Z��}8"jî�}� k�F�%{/�W�% =î��[�Z}����%{i}±}8"x� �k���%{�{i}�{x|   � �k��{i���]� î%�~|�}� ±yQ{i}F��w��_| �â| ��ì}8"8w��<ìn�tyQ�v}��~| î8wF �� �%}s}�� �%�/{�w%y¾�v���%� �8|A���F�%{ÀìÅ�%�A}ní¤ï 6 ���%������w��s���È}�  ê �% µ�%{�wF�â|A�s����ë� k�~{i}�y�ì�[��w��<
r{i���Aî�wF #�%��
W k{i�%�â|~w��_�A���%�F�% �|  8�XwF{/�W�p�_w*�tyQ�A����ï

»�DNM\b=RLSiB�Si?aDNU=@jC�DN>jSi:=< � ?AU=?¨?aU=K=<���BF>�<hnN<
>�Y#Si?aMf<�§Z?aU�S�<_U=@�?anF<fB�U=K±H*<[^
DNM\b=RLSi<
K���äA@q@gDFC*Si:=?a@?AULK=<%��DNU=EXY6C�DN>0+ ñ « �¯�L´�Ë*�¯�L´ « ú �¯�¯�[DNPL@�<_>ln�B�Si?aDNU=@_ÇTH*<,C�DNRLU=K�@�?aMf?aEmBF>���äA@.@tHJ?aS�: � <
U=<_>�BFEA?a@�<
K�.U�Si>�DFb�Y ?AU=K=<�� HJ?XSi: k ñ �Ld ���rbQ<_>�?aMf<
U�Si@�DNU¥ë!DN`�B�>�?aS�:=M\?A^6¼zBF>�?ABFU=^_<�?AU=K=<��Æ@�:=DsH Si:=B�S�?aSbQ<_>�C�DF>�M\@�@�?aMf?aEmBF>�EaY�S�D�Si:=< � ?aU=?*?aU=K=<��ÃBFU=K�S�:=< � <_U=<
>iBFEa?A@�<
K��.U�Si>�DFb�Y�Mf<_BF@�R=>�<[HJ?aS�: k ñ �LdÊ�DN>�<_DsnN<
>_¡�BFK=K=?XSi?aDNUkBFE�<%�rbc<
>�?aMf<
U�S�@�:kB]nN<\Pc<
<_U±K=DNU=<hC�DN>pS�:=<I�TSiG�?AU=@�DNU±^_EmB�@�@�DFC*Mf<_BF@�R=>�<_@
¡�H*<okU=K£@�?aMf?aEmBF>z>�<
@�R=EXSi@;HJ?aS�:�B�U£DFb=bcDF@�?aS�<j>�<
EmB�S�?ADNUxS�D}�Wd.9;:=<
@�<g>�<
@�R=EXSi@JEA<_BFK6R=@�S�DI^_DNU=^
EAR=KL<�S�:kB�S_¡
ç NQ��T0R'����éjê �% µ�%{�wF�â|A�s���Më* k�~{i}�y�ì�í.| ��� kÃñ �Qõ¤öt�#÷�|  L�s}� zí.| ���ó� ñ « õ���}���wF{�| � �Q�h| î��kwF{�|�^wF =î���wF �� ê |  k|.|  ��W�Û�r���Tyk�%{�"]}�{À�Â�%|#�h| �XwF{�� ìI|  J�q k| �v�p�_w*�tyQ�A����ï

�ZUgb=>iBF^%Si?a^_<F¡1H*<*^_BFU,K=<%Si<
^
S�<%�WSi>�<_M\<qn�BFEaR=<_@�P�Y�^_DFU=@�?aK=<_>�?AU=`;Si:L<*@�<_U=@�?aSi?XnW?aSZYjDFCWSi:L<*?aU=K=<%�j<_@�S�?AMfB�Si<SiDÃ?aUL�kR=<
U�S�?mBFEtDNP=@�<
>�n�B�S�?ADNU=@
¡p?AUÆS�:=<#@�<_UL@�<#Si:kB�S£K=<
EA<%Si?AUL`�Si:=<
M H�DNRLEAK¥^�:kBFU=`F<±S�:=<#<_@�S�?AMfB�Si<@�RLP=@�SiBFU�Si?mB�EAEaYFd�9;:=<6<
¢c<_^%S\DFCpB8@�?AU=`NEa<�DNP=@�<_>�n�B�S�?ADNUÃDNU��ø�^]BFU�Pc<�@�<_<
UÈP�Y�^_DFMfbkB�>�?AUL`��ø�HJ?aS�:�ø Ñ Ä Ô ¡µS�:=<h<_@lSi?aM[B�S�<�DFCzøc©/î ¯ Si:=B�SpH*DNR=EAK8PQ<hDNPLSiBF?AUL<_K8?aC.H*<IR=@�<
K±Bx@iBFM\b=EA<�C�>�DNM HJ:=?A^�:8S�:=<�)H���DNP=@�<_>lnFB�Si?ADFU£H�BF@�DNMf?XS�S�<_K�dzë!<
S�R=@�K=<
o=U=<��¶ · Ä�BF@�BIMf<_BF@�RL>�<gDFC�S�:=<g?AUL�kRL<_U=^
<�DFC�DNP=@�<_>�n�B�S�?ADNU`)�¡BF@;C�DNEaEADsHJ@_Ç �¶�·zÄ ñ ©R�ø � �ø Ñ Ä Ô ¯�) �ø © ® Ä ¯
°�?a`NR=>�< ² b=EaDFSi@jSi:L<\n�BFEaR=<_@�DFC �¶�· ÄqC�DN>�K=?a¢c<_>�<_U�Sg?AU=<
VWR=BFEA?XSZY�M\<]BF@�R=>�<
@,BFULK�C�DN>pS�:=< « �£:=?a`N:=<
@�S]¡Si:L< « ��?aUÅSi:L<[M\?AK=K=Ea<[B�U=KÅSi:L< « ��@�M[B�EAEA<
@�S�DNP=@�<_>�n�B�S�?ADNUL@,DFC�B�@�DN>�S�<_K�@�BFMfbLEA<\DFCA+ ñ Ërú �¯�*�DNP=@�<_>lnFB�Si?ADFU=@�K=>�BsHJUÃC�>�DFM�S�:=< e ?aU=`N:r§vÊ�BFK=KkB�EmB�K=?a@�S�>�?APLRLSi?aDNU�d�¤�<�^]BFU�@�<_<�Si:kB�ShDNP=@�<_>�n�B�S�?ADNUL@?AU£Si:=<�Mf?aK=K=Ea<gD�C.Si:=<�@�DN>lSi<_K�@iBFM\b=EA<gK=DNU��üSpB�¢µ<
^
Sj<
@�S�?AMfB�Si<
@�^
DNMfb=BF>�<
K�SiDf@�MfBFEAEa<_@�S�DN>�:=?A`F:=<_@lS

« Ä



0

0.005

0.01

0.015

0.02

0 5 10 15 20 25 30

Gini
GE2
GE1

GE.5
GE0

GE-1

°�?a`NR=>�< ² Ç�� �*�c¯¤���} m�¬��°½©�¸c¢m�¶´m¦Ä�� m�¬©~�¤¢
DNP=@�<_>lnFB�Si?ADFU=@_dpÊ�DN>�<
DsnN<_>
¡�H�<,^]BFU�@�<_<�S�:kB�Sp:L?A`N:=<
@�S�nFB�EAR=<
@pBF>�<,M\DN>�<�?AUL�kRL<_U�Si?ABFE!Si:kBFU�@�MfBFEAEa<_@�Sn�BFEARL<_@_d�°kR=>�S�:=<_>�MfDN>�<F¡1H�<*^]BFU,@�<_<zSi:kB�S�S�:=<�:=?a`N:=<
@�S�nFB�EAR=<q?A@�nN<
>�Y�?AUL�=R=<_U�Si?ABFENC�DN>�Si:=< � <
U=<_>�BFEA?a@�<
K�.U�Si>�DFb�Y[Mf<_BF@�RL>�<tHJ?XSi: k#ñ ÄW¡r?XSi@�<
@�S�?AMfB�Si<�@�:=DNRLEAKxPQ<pM\DrK=?Xok<_KfP�YxU=<_BF>�EXYM�rdÕ� «] ?aC!H*<p>�<_M\D1nF<?aS_¡t>�<_@�bQ<_^%Si?XnN<_EXY¥MfDF>�<8?AUr�kR=<_U�S�?mBFEpS�:kBFU¥C�DN> k ñ « ¡ k ñ �� ÍËW¡ k ñ �L¡ k ñ ��« BFU=K � ?AU=??AULK=<%�cdw&pU6Si:=<gDFS�:=<_>�:kBFU=Kµ¡=H�<�^]BFU£@�<
<�Si:=B�SJSi:=< � <
U=<_>�BFEA?a@�<
KÙ�.U�Si>�DNb�Y£?AU=K=<��6HJ?aS�: k�ñ �g« ?a@:=?a`N:=EaY\?aUL�kR=<
U=^_<
K�P�Y[S�:=<j@�MfBFEaEA<_@lSTDNPL@�<_>ln�B�Si?aDNU�d.°�?aUkBFEaEaYN¡�S�:=?A@TbLEADFS�^]BFU6PQ<j<%�WSi>�<_M\<_EaYfR=@�<
C�R=E!?aUb=>�BF^
S�?A^_<�SiD\?AKL<_U�Si?XC Y6<%�WSi>�<_M\<gn�BFEaR=<_@JHJ:=?A^�:�M[B]Y£B�¢c<_^%St<
@�S�?AMfB�Si<
@�@�R=P=@�SiBFU�Si?ABFEAEXYN¡+BFU=K£SiD\@�<
EA<_^%SBFU�?aU=<_V�RkB�EA?aSZY#M\<]B�@�R=>�<[M\DN>�<fDN>�Ea<_@�@�@�<
U=@�?XSi?anF<fS�D�Si:=<
@�<xDFRLSiEa?A<_>�@�>�<_EAB�Si?XnN<_EXY8SiD�DFR=>,b=>�<_^
<_K=?aU=`@�S�R=KLY£BFULK£>�<_MfBF>�G�@
d
� ���87M��* � 5����=	�#K��?��g	��Ä���
äJ<_@�RLEaSi@[DFCjb=>�<_^_<
K=?AUL`�@�<_^%Si?aDNU=@�BF>�<�PkB�@�<_K¥DNU BÅ@�bQ<_^
?aok^�^�:LDN?A^
<�DFCjSi:L<�?AUL^_DNM\<�K=?a@�S�>�?APLRLSi?aDNU�Çe ?aU=`N:r§vÊ�BFK=KkB�EmB[K=?a@�S�>�?APLRLSi?aDNU�HJ?aS�:#@�bQ<_^_?ABFE�^�:LDN?A^
<\D�C*b=BF>iBFM\<
S�<_>�@_d��ZU8Si:L?A@p@�<_^
S�?ADNUµ¡�H*<h<%�WS�<_U=KDNR=>�b=>�<_^
<_K=?aU=`�>�<_@�R=EaS�@�S�D�D�Si:=<
>g^�:LDN?A^
<\D�C�bkB�>iBFM\<
S�<_>�@gBFULK�K=?a@�S�>�?APLRLSi?aDNU=@_dh�ZU�BFK=KL?aSi?aDNU�SiD6Si:L<e ?aU=`N:r§vÊ�BFK=KkB�EmBL¡kH*<,R=@�<,Si:=<J@�BF>�<
SiDxBFU=K�S�:=<�ë!DN`NULDN>�MfBFE!K=?a@�Si>�?AP=RrSi?ADFU=@�HJ?XSi:�K=?a¢c<_>�<_U�Sp^�:=DF?A^_<
@DFC�bkBF>�BFMf<%Si<
>�@_d
9;:=<6»t�j° DFC;Si:=<`� W�P(��~X� ��TVZ(ZGTVU�T K=?a@�S�>�?APLRLSi?aDNU�?a@,K=<%okU=<
K�?aUÆ©/ÄNÄ ¯ d��ZU�DNR=>�@�?AM,R=EmB�S�?ADNUµ¡�H*<R=@�<�ù ñ « �*�L¡=ý ñ Ä[  BFU=Kzþ ñ �� ² ú «  2Ärú «  ² d e ?AU=`F:r§lÊ�B�K=KkBFEABfK=?a@�Si>�?AP=RrSi?ADFU=@�C�DF>�Si:L<_@�<hKL?a¢c<_>�<
U�Sn�BFEARL<_@;DFC×þpBF>�<gbLEADFS�Si<_K6?aUxok`NR=>�<  ¡LH�<�^_BFU�@�<_<�Si:kB�S;Si:=<jR=bLbc<
>JSiBF?AEµ?A@�S�:=?A^�G�<_>�BFU=K6EADNUL`N<_>;B�@øþK=<
^_>�<_BF@�<
@_d

«s®



9;:=<,»t�j°�DFC�S�:=<¡  T0R'Ng_ab KL?A@�S�>�?aP=RLSi?aDNU#© SZYrbQ<g� ¯ ?A@JK=<
o=U=<_K�P�Y¢,©~ì�´iìZ£ ú k ¯ ñ «%� r ìZ£ì s o © ®N®�¯
HJ:=<
>�<;ìZ£ x �p?A@¨Bp@�^]B�EA<TbkB�>iBFM\<
S�<_>.BFULK k�x �Ld�9;:L<JC�DF>�M�R=EABF@�C�DN>¨9;:=<
?AEkBFULK\Ê�<]BFU\ë!DN`�B�>�?aS�:=M\?A^K=<%nr?AB�Si?aDNU�M\<]BF@�R=>�<
@_¡+`N?anF<_U6Si:kB�S;Si:=<�R=U=KL<_>�EXYW?AU=`IK=?a@�Si>�?AP=RrSi?ADFU�?A@3@�B�>�<
S�D=¡+BF>�<j>�<_@�bc<
^
S�?anN<
EaY

ø ³p ©H¢ ¯ ñ «k �Æ« ��EaDN` k � «k BFU=K ø $p ©�¢ ¯ ñ � «k � EaDN` k �Æ«k © ® É ¯
@�<
<h»�DsH*<_EAE�© «]¬�²N²N¯ d;�ZU�DNR=>�@�?aM�R=EmB�Si?ADFU�¡LH*<,R=@�<,ìZ£ ñ �� « BFU=K k�ñ «  2Ërú�Ärú�ÄQ ÍËrd'@�BF>�<
SiDfK=?A@lSi>�?AP=Rr§Si?aDNU=@TC�DN>TS�:=<_@�<�KL?a¢c<_>�<
U�S�n�BFEaR=<_@;D�C k BF>�<jb=EADFS�Si<
K£?aU�ok`NR=>�< « �L¡LH*<�^_BFU�@�<_<�Si:kB�S;Si:=<�R=b=bQ<_>;SiBF?AE?A@TS�:=?A^�G�<_>�BFU=K6EADFU=`N<_>JB�@ k KL<_^_>�<]BF@�<_@
d9;:=<,»t�j°�DFC�S�:=< �¤bd��PGb�Rn��T0U K=?A@lSi>�?AP=RLS�?ADNU[?A@JK=<
o=U=<_K�P�Y¤ ©�ìt´ ï ú¦¥ ý ¯ ñ òB§$ «¨ Ä�©X¥�$ § $*ª r � «Ä«¥ ý & EaDN`\$ � ï + ý s ôE$ © ® Ë ¯
9;:=<.C�DN>�M�R=EmB�@µC�DN>�9;:=<
?AE�B�U=K�Ê�<]BFU�ë!DN`�BF>�?aS�:=Mf?a^�KL<
nW?mB�S�?ADNUjM\<]B�@�R=>�<_@_¡�`N?XnN<_UjS�:kB�S!Si:L<.R=U=K=<
>�EaYW?aU=`K=?a@�Si>�?AP=RrSi?ADFU�?A@Jë!DN`NU=DF>�MfBFE�¡rBF>�<�PQDFSi:6<
VWR=BFE�SiD

ø ³p © ¤ ¯ ñ ø $p © ¤ ¯ ñ ¥ ý ) Ä © ®N½�¯
@�<
<#»�DsH�<
EAE�© «s¬�²F²N¯ d �ZU DNR=>f@�?aM�R=EmB�Si?ADFU�¡*H*<�R=@�< ïÁñ � ÄÅBFU=K�¥ ñ « ú �[ ² úÊ�� ÍËWd ë!DN`FU=DN>�MfBFEK=?a@�Si>�?AP=RrSi?ADFU=@gC�DF>�Si:L<_@�<[K=?a¢c<_>�<_U�S�n�BFEARL<_@,D�C3¥ÆBF>�<fb=EAD�S�Si<
K�?AU�ok`NR=>�< « Är¡�H�<x^_BFU�@�<
<[Si:=B�S�Si:L<R=b=bQ<_>;SiBF?AE�?a@TSi:=?a^�GF<
>�B�U=K�EaDNU=`N<
>;BF@3¥±?AU=^
>�<]B�@�<_@
d�t@hKL<_@�^
>�?aPc<
K ?aU�@�<_^%Si?aDNU ® B�S�ok`NR=>�< ® ¡.H�<�R=@�<£B#@�?AM\?AEABF>�@�?AM,R=EmB�S�?ADNUÅ@�SiRLKLY�SiD8<%n�BFEARkB�Si<xSi:L<?AM\bkBF^%S,D�CtB f¯b�P`_aT0��WYPGT�_'W:b�P ?AU�EABF>�`N<\DNP=@�<_>lnFB�Si?ADFU=@,C�DN>gSi:=<£Ê�<_BFUÃë!DN`�BF>�?aS�:=Mf?a^��p<
nW?mB�S�?ADNU?AULK=<%��BFULK,C�DN>!Si:=<*K=?a¢c<_>�<_U�S�R=U=K=<
>�EaYW?aU=`tK=?a@�S�>�?APLRLSi?aDNU=@�K=<_@�^_>�?APQ<_KhBFPQDsnN<�d äJ<_@�bQ<_^%Si?XnN<_EXYN¡Fo=`NR=>�<
@ ¬ ¡«N« BFU=K «]® b=EaDFS�>�<_@�R=EaS�@�DFC=DNR=>�Si:=>�<_<�KL?a¢c<_>�<
U�S�^�:=DF?A^_<
@¨DFCLbkBF>iB�Mf<%Si<_>�@�C�DN> e ?aU=`N:r§vÊ�BFK=K=BFEmBL¡«@�B�>�<
S�DBFU=K\ë!DN`NULDN>�MfBFELKL?A@�S�>�?aP=RLSi?aDNU=@
d��ZUfBFEAEr^]BF@�<_@
¡�H*<�^]BFUI@�<
<;Si:kB�S.S�:=<�Ê�<]B�U[ë!DN`�B�>�?aS�:=M\?A^Ã�p<
nW?mB�S�?ADNU?AULK=<%��?A@gM\DN>�<\@�<
U=@�?XSi?anF<[SiD�^_DNU�SiBFMf?aUkB�S�?ADNU8HJ:=<
U�Si:=<fR=b=bQ<_>,SiBF?AE.?a@,:=<_Bsn�YF¡.?aSg?A@gSiD�@�B]Y�S�:=?A^�GBFU=K�EaDNU=`6©�þ ñ �� ² ¡ k#ñ «  ÍËW¡¬¥ ñ «1¯ ¡kBFU=K�Ea<_@�@;@�<_U=@�?aS�?anN<pHJ:L<_U�Si:=<jRLb=bc<
>TS�BF?aEc?a@�Si:L?AU�BFULK£@�:=DN>lS©Yþ ñ «  ² ¡ k±ñ Ä[ 2Ër¡S¥ ñ �� 2Ë ¯
ç NQ��T0R'���éJ® ��wF ¯��}���wF{%| � �Q�h| îV°��%�s|~wF�/|�}� #|  ��W�Û��|A���[}�{��g�s�% L�%| �~| �F���Z}Ùî�}� k��w*�h|  QwF�~|�}� �|  �W|X���6|  =î�}n�[���í��k�% �� �k��
r ��W�%{�� ì�|  W���F|A�%�~{%|~��
W�~|�}� �
1y�yk�%{���wF| ��|A�j�k��wF�aì¯ï

�t@*K=<_@�^_>�?APQ<_Kx?aU[@�<
^
S�?ADNUxÉL¡WH*<t@lSiR=KLYf@�SiB�Si?a@�S�?A^]B�Ekbc<
>�C�DN>�M[BFUL^_<�DFC!9;:=<
?AEcBFU=K6Ê�<_BFU�ë!DN`�B�>�?aS�:=M\?A^�p<
nW?AB�Si?aDNU�M\<]B�@�R=>�<_@�C�DF>�S�:=<�K=?X¢µ<
>�<
U�S�R=U=K=<
>�EXYr?aU=`tKL?A@�S�>�?aP=RLSi?aDNU=@�K=<
@�^_>�?APQ<_KhB�PcDsnN<�d¨9�BFP=EA< ® `N?XnN<
@>�<
@�R=EXS�DFC \ ç±  X DFC.B�@�YWMfbrSiDFS�?A^pSi<
@�S�C�DN>�Ê�<_BFU�ë!DN`�B�>�?aS�:=M\?A^ �p<%nW?mB�S�?ADNU�?aU=K=<%�cdz9;:=<g^_DNEaR=MfU6É=¡e ?aU=`N:r§vÊ�BFK=KkB�EmBhHJ?aSi:òþ ñ «  ² ?a@�@�?AM\?AEABF>TSiD � ÿ $ ^_R=>lnN<h?aU�ok`NRL>�<hËWdp°�?a>�@�S_¡QH*<�^_BFU�@�<
<,Si:=B�Sp?aUMfBFU�Y�^_BF@�<
@E��äC@8?a@�V�R=?XSi<�EABF>�`F<�BFULK,K=<
^_>�<_BF@�<
@.@�EaD1HJEXY�BF@�S�:=<�U�R=M�PQ<_>�DFCkDNPL@�<_>ln�B�Si?aDNU=@�?aU=^_>�<]BF@�<_@
d�ZU6BFK=KL?aSi?aDNU�¡�?aCµH�<j^
DNMfb=BF>�<�^_DNEaR=MfUL@_¡�H�<j^_BFU�@�<
<tSi:kB�S���äC@.@;BF>�<pM\DN>�<�@�?a`NU=?ao=^]BFU�S�HJ?XSi:x:L<]B]n�YR=b=bQ<_>�SiBF?AEa@�©�þ ñ �� ² ¡ k ñ «  2Ër¡²¥ ñ «1¯ Si:kB�U�HJ?aSi:�S�:=?AUÃBFULK�@�:=DN>lSi<
>hR=b=bQ<_>�S�B�?AEA@x©Yþ ñ «  ² ¡
« É



k¥ñ ÄQ ÍËr¡�¥ ñ �� 2Ë ¯ d[°�?aUkBFEaEaYN¡��¤äA@.@,B�>�<\@�MfBFEAEa<_>tHJ?XSi:�ë�DF`NU=DN>�M[BFE�Si:kBFU#HJ?aS�: e ?AU=`N:W§lÊ�BFKLKkBFEmBK=?a@�Si>�?AP=RrSi?ADFU=@_¡�HJ:=?A^�:���äC@.@hBF>�<f@�M[B�EAEA<
>pSi:kB�UÅHJ?aS�:³@�B�>�<
S�D�K=?a@�S�>�?APLRLSi?aDNU=@_d6ë!DN`FU=DN>�MfBFE¨RLb=bc<
>S�B�?AEQBF>�<�G�U=DsHJUxSiD�K=<
^_>�<]BF@�<pC~BF@�S�<_>_¡LBF@�<��rbcDNUL<_U�Si?ABFEQC�RLU=^
S�?ADNU�¡�Si:=BFU e ?aU=`N:r§vÊ�BFK=KkB�EmBgBFU=Kj@�B�>�<
S�DK=?a@�Si>�?AP=RrSi?ADFU=@_¡WHJ:=?A^�:£K=<_^
>�<_BF@�<�BF@JbcDsH*<_>JC�R=U=^%Si?ADFU�d¨9�BFP=EA<�ÉIb=>�<_@�<
U�Si@ ��äA@.@�D�C�PQDrD�Si@�S�>iBFb�S�<_@�S�@C�DN>�Ê�<_BFU�ë�DF`�BF>�?XSi:=M\?A^��p<
nW?mB�Si?ADFU�?AU=K=<��cd9�BFP=EA<
@.ËtB�U=K ½ b=>�<_@�<
U�Sq>�<_@�bc<
^
S�?anN<
EaY���äC@.@¨DFCQB�@�YWMfbrSiDFS�?A^*BFU=KhPQDrDFS�@�S�>iBFbgSi<_@lSi@¨C�DN>�9;:=<
?AEL?aU=K=<��µd¤�<g^_BFU£@�<_<�Si:L<g@�BFM\<j>�<_@�R=EaS�@;C�>�DNM BFEAEµS�:=DN@�<�SiBFP=Ea<_@_¡
ç NQ��T0R'�B´`é ë*{%{i}�{p|  ����k�j{����]� î%�~|�}� hyQ{�}F��w��_| �â| ��ìaõ�}�{øë²µ3¶�õT}8"�wF �w��<ì��tyQ�Z}��/| î�wF ��f�%}s}�� �%�~{�w%y�v���%����w��s���6}� �� �k� ® ��wF x��}���wF{�| � �Q�h| î%°��%�s|~wF�~|�}� ±}�{ 6 �k�%| ��|  ��W�Û��õq|A��[}�{i�p�%|X�F k| �tî�wF k��í��k�% ���k��
W ��W�%{�� ì�|  W���F|A�%�~{�|~��
r�~|�}� �
sy�yk�%{g��wF| �!|A�p�k��wF�aì*ï

�ZU�BFK=K=?XSi?ADFU�¡rH*<�^]BFU£@�<
<gS�:kB�SJPQDrDFS�@�S�>iBFb�Si<
@�S�@�EABF>�`N<
EaYf?AM\b=>�DsnF<jUWRLMf<
>�?A^_BFE�bQ<_>lC�DN>�MfBFU=^
<Fd
· ¸ ���87M�������Ä���
���WSi>�<
Mf<xn�BFEaR=<_@IB�>�<x?aMfbQDN>�SiBFU�S,C�DN>�Si:=<�<
Mfb=?a>�?a^]BFE*BFUkBFEXYW@�?A@,DFC�?AU=^
DNMf<fK=?A@lSi>�?AP=RLS�?ADNUµd±9;:L?A@�?a@BFEa>�<]B�KLY�G�U=DsHJU�?AU�Si:L<£^_BF@�<6DFC�KkB�S�B�§�^_DNU�S�B�Mf?aUkB�Si?aDNU�¡�P=RLS\?aSh?a@hBFEa@�D�Si>�R=<6?AU�^_BF@�<
@IHJ:L<_>�<6Si:L<<%�WS�>�<_M\<InFB�EAR=<
@��l>�<]B�EAEaY�PQ<_EADFU=`N��SiD6Si:=<\KkB�SiBLdh¼q<_>lY#EmBF>�`N<h?AU=^
DNM\<_@�M[B�S�Si<
>jPcD�Si:±?AU#b=>�?aU=^_?ab=EA<BFU=K£b=>�BF^
S�?A^_<pHJ:L<_U�?XS;^_DFMf<
@JS�DI?AU=<
VWR=BFEA?XSZYgu�R=K=`FMf<
U�S�@_d�Ã^]BF>�<
C�R=E�B�UkBFEaYW@�?A@!DFCWSi:=<zPQ<_:kB]nW?ADNRL>!DFC=?aU=<_V�RkBFEa?aSZY�?AU=KL?A^_<
@�R=@�?aU=`J@�S�B�U=KkBF>�K�@lS�B�S�?A@�S�?A^_BFEFSi<
^�:=U=?aVWRL<_@YW?A<
EAK=@;B�U�R=M,Pc<
>;DFC�?AU=@�?A`N:�Si@�?AU�SiD,S�:=<_?a>TbQ<_>�C�DF>�MfBFU=^_<�HJ?aSi:�>�<_@�bc<
^
SJSiDh<��rS�>�<
Mf<pn�BFEaR=<_@
d¨¤Å<j^_BFU@�RLMfMfBF>�?a@�<x@�DNM\<xDFCJSi:=<�MfBF?aU�bcDF?AU�Si@�S�:kB�Sh<
Mf<
>�`N<xC�>�DNM DFR=>IBFb=b=>�D�BF^�:ÃP�Y�C�DW^_R=@�?AU=`8DNU�SZH*D?A@�@�R=<
@�S�:kB�SJDFC S�<_U�BF>�?a@�<j?aU6S�:=<�^_DNU�S�<%�WS�DFC¨B�b=b=EA?a<_K�H*DN>�GxDFU�?aU=^_DNM\<pK=?a@�S�>�?APLRLSi?aDNU
« d;¤¥:�Y�R=@�<\Si:=< � ?AUL?.^_DW<<¹\^_?a<_U�S�¦Á�tbkB�>�SgC�>�DNM�?aS�@�?aU�Si>�?aU=@�?a^\B�S�S�>iBF^%Si?ADFU=@x© C�DN>g<%�LBFM\b=EA<\?aS�@R=ULK=<_U=?ABFP=Ea<±?aU�SiR=?XSi?anF<±BFb=bQ<]BFE ¯ Si:=<
>�<±?A@£@�DNM\<
S�?AM\<_@6BÃ@�R=b=bQDN@�?aSi?aDNU¥Si:kB�S£?XS�?a@6`NDN?AUL`ÃS�DPQ<�Ea<_@�@�b=>�DNU=<#SiDÃSi:=<±?AUr�kR=<_UL^_<ÅD�C�DNRLS�EA?a<_>�@�S�:kBFU @�DNM\<�D�C,Si:L<ÅBFEXSi<
>�UkB�S�?anF<±^_BFU=K=?aKkB�S�<?aU=<_V�RkBFEa?aSZY6?aU=K=?A^
<_@
dt�t@tMf?a`N:�StPQ<,<��LbQ<_^%Si<
K#S�:=< � ?AU=?�^
Dr<_¹f^
?A<
U�St?A@�?AU=K=<
<_K8Ea<_@�@�@�<
U=@�?XSi?anF<S�:kBFU � <
U=<_>�BFEA?a@�<
Kg<
U�Si>�DFb�Yp?AU=K=?a^_<
@�SiDJ^_DNU�SiBFMf?aUkB�S�?ADNUp?aUj:=?A`F:j?AU=^
DNMf<
@_d�À�DsH*<
nN<
>_¡N?aUpSi<
>�M\@DFC�bQ<_>�C�DF>�MfBFU=^_<�?aU6o=U=?aS�<g@�BFM\b=EA<
@JS�:=<_>�<�?A@JEA?XS�SiEa<�S�Df^�:=DWDN@�<�PQ<
SZH*<_<
U�Si:=< � ?AU=?µ^_DW<<¹\^_?a<_U�SBFULK�ø $p Si:L< � �ó?aU=K=<%�#HJ?XSi: k¥ñ ��©~DF>g<
V�R=?an�BFEa<_U�SiEXY�Si:L<f�TS�GW?aU=@�DFU�?aU=K=<%�#HJ?XSi:�� ñ «1¯ d9;:=<
>�<g?A@JBFEa@�DhEa?aS�S�EA<�SiD\^�:=DrDF@�<�Pc<%SZH�<
<_U�S�:=< � ?aU=?�B�U=K£S�:=<�EADN`NBF>�?XSi:=M\?A^Jn�BF>�?ABFU=^_<�d
ÄrdJ9;:=<
>�<g?A@;b=?a<_^
<gD�C�C�DNEaGfHJ?a@�K=DNMÂHJ:=?A^�:�@�R=`N`F<_@�S�@�S�:kB�Sf�lS�:=<�PcDWDFS�@�Si>�BFb�HJ?AEaE�`N<
S;YFDNR�DFRLSJDFCS�>�DNR=PLEA<Fdü�º&pR=>z>�<_@�R=EaS�@qM[BFG�<�^
EA<_BF>.Si:kB�SqS�:=<�PQDWDFSi@lSi>iB�bfbQ<_>lC�DN>�M\@.Pc<%S�S�<_>qSi:kBFU[BF@�YWM\bLSiD�Si?A^M\<
S�:=DrKL@_¡!P=RLSpK=Dr<
@�?aSpbQ<_>lC�DN>�M÷H�<
EAE¨<
U=DNR=`F:+¦ °k>�DNM °�?A`NR=>�< ½ H*<\@�<_<�S�:kB�S]¡!?aU�Si<
>�M\@pDFCS�:=<��äC@�¡rSi:L<jPcDWDFSi@lSi>�BFbxK=DW<_@TH*<_EaE�DNU=EXY\C�DF>�Si:=< � ?AUL?�¡�ø $p BFU=KxS�:=<jEADF`�BF>�?XSi:=M\?A^Tn�BF>�?mBFUL^_<Fd°kR=>lSi:=<
>�M\DN>�<j?XC�H*<�R=@�<�BhK=?A@lSi>�?AP=RLS�?ADNUfHJ?aSi:£BI:=<]B]n�Y6R=b=bQ<_>TSiBF?AE.© e ?aU=`N:r§vÊ�BFK=KkB�EmB�HJ?XSi:£BEaD1H n�BFEAR=<JDFC�þJBFU=K7@�BF>�<
SiDgHJ?aS�:fEaD1H n�BFEAR=<JDFCcSi:=<C@�B�>�<
S�D,^
Dr<_¹f^
?A<
U�S ¯ 9�BFP=Ea<�Ég@�:LD1HJ@zSi:kB�SS�:=<�PcDWDFSi@lSi>�BFb6bc<
>�C�DN>�Mf@;bQDrDF>�EaYf?AU�S�:=<�^]BF@�<gD�C�ø $p ¡k<
nN<
U�?aU£EABF>�`F<p@iBFM\b=Ea<_@_d

« Ë



» � �W� #$� �87M���
ª�<
>iBFU�¡¯ägd=© «s¬NF�¯ dc��@.>�<
b=?anFDFSi?aU=`tS�<_@�S¨@�S�B�Si?A@lSi?a^_@_Ç�BtPQDrD�Si@�S�>iBFb�nr?a<
H�DFCQBF@lYWMfbLS�DFSi?a^�>�<
okU=<
Mf<
U�Si@��Ld¼k}n
r{� QwF��}8"j� �k��ö��[�%{�| î�wF x½+��wF�/|A�%�~| î�wF��öp���s}aî%|~wF�~|�}� ¿¾*À.©�Ég� ®�¯ ¡ ½NN² � ½N¬�² dª�>�BF^�:=MfBFU�¡ÂÁIdX¡W�,d e Si?a^�:�¡=BFULK6Ê�dW9�>�<_K=<�© «s¬N¬F½�¯ d����¨n�BFEAR=B�Si?aU=`�b=BF>iBFM\<
S�>�?a^�?aU=^_DFMf<�K=?A@lSi>�?AP=RLS�?ADNUM\DrK=<
EA@��=dVöt� �ü�W�<�[�%|  µ���Ã½+��wF�~|A�%�/|A�aî��k���øöt{Êî��W| �x¾ÂÄ�¡+Ä  Ës�rÄ ¬N dª�>�BFR=EAG�<F¡NÊ�d=© «s¬NN®N¯ ds�tU�BFb=b=>�Ds�r?aM[B�S�?ADNUjS�D�Si:L< � ?AU=?�^
Dr<_¹f^
?A<
U�S�C�DN>�bcDFb=R=EmB�Si?ADFUgP=BF@�<
KhDNU,@�bkBF>�@�<?AUrC�DN>�MfB�Si?aDNUfC�DF>�@�R=Pr§�`N>�DNRLb=@_dX¼k}n
W{% QwF��}8"C°��%�F�%�A}�y��[�% k�×ë�î�}� µ}n�h| î��-Åq© « Ä ¯ ¡ ² Ës� L« d»�DsH�<
EAE/¡k°�dk�,d!© «s¬�²F²N¯ d ® ��w��<
W{%|  W�h¶� µ��Æ�
=wF�â| ��ì�dS@.:=?AEa?Ab��tEaEmBFU±@qRLP=EA?a@�:=<
>�@�ë!?AM\?aSi<
K�¡S&��WC�DN>�K�d»�DsH�<
EAE/¡L°�d���d�© «s¬NN¬�¯ d�� e BFM\b=EA?aU=`jn�BF>�?ABFU=^_<�BFU=K[K=<_^
DNMfbQDN@�BFP=EA<�?AUL<_V�RkBFEa?aSZYIM\<]BF@�R=>�<
@��=dÇ¼k}n
r{� QwF�}8" ë�î�}� µ}n�[�%�/{�| î��¡ÈSÅ�¡QÄ ² �WÉ�Ärd»�DsH�<
EAE/¡!°�dQ�,d!BFULK±Ê�d §�@�dQ¼p?A^%SiDN>�?mB�§Z°k<_@�<
>�© «s¬N¬N½N¯ d���ä�DFP=R=@�S�U=<_@�@�b=>�DNbQ<_>lSi?a<_@pDFCq?aU=<_V�RkB�EA?aSZY£M\<]B�§@�RL>�<_@��=d�ë�î�}� µ}n�[�%�/{�| î�w�É_Èk¡ ²F² � « � « d�jB]nW?AK=@�DNU�¡Vä�dkBFU=Kj�;d+°�EABF^�:kBF?a>�<I©/Ä*�¯� «1¯ d.����@�YWM\bLSiDFS�?A^�BFULK£PQDWDFSi@lSi>iB�b£?aULC�<_>�<_U=^
<pC�DN>;?AUL<_V�RkBFEa?aSZYBFU=K£bQD1nF<_>lSZY6Mf<_BF@�R=>�<_@��=dkR=U=b=RLP=EA?a@�:=<
K�dÀtB�EAE�¡Z@�dQ© «s¬N¬ Ä ¯ d 6 �k�'Êt}s}����%�~{�w%y�wF ��ët�s�W�<í�}�{%� �Aë×�
yLwF L�%|�}� kd e b=>�?aU=`N<_> e <_>�?a<_@.?aU e S�B�S�?A@�S�?A^
@_dE��<
HËzDN>�GQÇ e bL>�?AUL`N<_>T¼q<
>�EmB�`=dÀtB�MfbQ<_E/¡�°�d�ä�d�© «]¬N½N�¯ dÃÌ*}� k�/{�|~��
W�/|�}� È�v}±� �k� 6 �k��}�{Àì�}8"±µJ}F��
��%�ëq�%�~|#�\wF�/|�}� kd²@.:�d¤��d�S�:=<_@�?A@
¡��UL?anN<
>�@�?aSZY�DFC¨»TBFEa?aC�DN>�U=?mBL¡rª�<
>�GF<
EA<%YNdÀtB�MfbQ<_E/¡+°�d�ägd�© «]¬�² É ¯ d��l9;:=<�?aUL�kR=<
U=^_<,^_R=>lnN<�B�U=K�?aS�@J>�DNEa<�?aU�>�DNP=R=@lSp<_@lSi?aM[B�S�?ADNUL�=d�¼k}n
r{� QwF�¨}8"� �k��ö��[�%{%| î�wF �½+��wF�~|A�%�/| î�wF��öt���s}aî%|~wF�~|�}� BÉZÍF¡ ®NN® � ®N¬N® dÀtB�MfbQ<_E/¡r°*d�ä�da¡[�;dkÊ�d�ä�DFU=^�:=<
S�Si?/¡¬@�dÏÎLd�ä�DNRL@�@�<
<_R�H�¡+BFU=Kf¤ dr��d e SiBF:=<
E.© «]¬NN½�¯ dSµJ}F��
��%��½+��wF�~|A�_^�~| î���Ð 6 �k�øöTy�yQ{i}_wQî��±Ê�w��s���6}� £¶% ! Ã
+�% =î��t·�
W =î%�/|�}� L�%d¬��<%H�ËzDN>�G+Ç�ÎFDN:LU£¤¥?aEA<
YFdÊ�^��pDNUkBFEaK�¡wÎLd*ªtd�© «s¬F É ¯ dg� e DNM\<�`N<
U=<_>�BFEA?IH_<
K�C�R=UL^
Si?aDNU=@IC�DN>ISi:=<£@�?IH_<�KL?A@�S�>�?aP=RLSi?aDNUÃ?AU=^
DNM\<_�=dë�î�}� µ}n�[�%�/{�| î�wÒÑZÅ�¡ ½ É ² � ½F½N® dÊ�DNU�S�?�¡+�,dQ»td�© «]¬N¬L«1¯ dz��9;:=<g@�SiRLKLY£DFC�S�:=<�`F?AU=?!^
DNU=^_<
U�Si>iB�Si?ADFU�>iB�Si?ADIP�Y6M\<]BFU=@�DFC�Si:=<g?AUL�=R=<_U=^
<C�R=U=^%Si?aDNU=�=d�½+��wF�~|A�%�/| î�w¯Ñ*ÓF¡+Ë ½L« �LË ²F² de :=DF>�>�DW^�G�@_¡=��d=°�drBFU=KuÎLd0�;dL°kDN@lSi<
>�© «s¬F�²N¯ d�9�>iBFUL@�C�<_>v§Z@�<_U=@�?aSi?XnN<j?aU=<_V�RkBFEa?aSZYIM\<]BF@�R=>�<
@_dÇµ��%�s|��<íÆ}8"ë�î�}� µ}n�h| îÃ½+��
0�F|����ÔÑ�Èk¡kÉ  Ës�WÉ ¬N de ?aU=`N:�¡ e d�ÁId�BFU=K � d e d;Ê�BFK=KkB�EmBÆ© «s¬�²F½�¯ d��l� C�R=U=^%Si?ADFU C�DN>[@�? H_<8KL?A@�S�>�?aP=RLSi?aDNUÈD�C�?aU=^_DFMf<
@��=dë�î�}� µ}n�[�%�/{�| î�w7È*Èk¡ ¬N½N® � ¬N² �Ld

«s½



0

1

2

3

4

5

6

0 0.1 0.2 0.3 0.4 0.5

c=0.7
c=1.2
c=1.7

°�?a`NR=>�<  Ç�Õ �¬�*1~¡W¾�Öl��±¤±¤��°¬� ±¤�¬¢m «´@�¥¸c¯� m�¬©~�¤¢ -0.5

0

0.5

1

1.5

0 10 20 30 40 50 60 70 80 90 100

c=0.7
c=1.2
c=1.7

°�?a`NR=>�< ¬ Ç ×"©~�Æ m���\�¬�c�� m�¥©~�2µ Õ �¬�t1~¡W¾�Ö���±c±¤��°¬�

0

2

4

6

8

10

0 0.1 0.2 0.3 0.4 0.5

a=1.5
a=2.0
a=2.5

°�?a`NR=>�< « �LÇ z���´m�¶ «©£±¤��¢« «´@�¥¸c¯¤ m�¥©~�¤¢ -0.5

0

0.5

1

1.5

0 10 20 30 40 50 60 70 80 90 100

a=1.5
a=2.0
a=2.5

°�?a`NR=>�< «N« Ç ×"©~�Æ m���\�¬�¤�� m�¥©~�¿µtz���´@�¶ «©

0

1

2

3

4

5

6

7

0 0.1 0.2 0.3 0.4 0.5

s=1.0
s=0.7
s=0.5

°�?A`FR=>�< « ÄrÇ#× ©]1�ØK©�´@���°ð±¤�¬¢m «´@�¥¸c¯� m�¬©~� -0.5

0

0.5

1

1.5

0 10 20 30 40 50 60 70 80 90 100

a=1.0
a=0.7
a=0.5

°�?A`NRL>�< «s® Ç ×�©~�} m���\���¤�� m�¥©~�2µ × ©]1~��©�´@�\��°
«1²



Õ �¬�*1~¡�¾�Ö���±¤±c��°¬� z���´m�¶ «© × ©]1~��©�´@�\��°Ø ©�¸c¢ Ù²Ú³ÛEÜÞÝ Ù²Ú`Ø!Üàß Ù�Ú`Ø!ÜÞÝ áÔÚ`Ø!Üàâ áuÚ³ß áuÚ¿ßZÜàâ ã7Ú Ø ã-Ú³ÛEÜÞÝ ã7Ú³ÛEÜàâ
Ø,Û]Û ÛW¼àß]â!Û!ä ÛW¼¬Ø,Û~Û!Û ÛW¼åÛ�Ý�Ø�Ø ÛW¼æä�Û�Ý!ç ÛW¼àß]ç�Ý�Ú ÛW¼àß�Û]è]ß ÛW¼åÛ�è�ä«Ý ÛW¼åÛ�Ý�Øéß ÛW¼åÛ�â]çWØâ!Û]Û ÛW¼¬Ø_Ý<ä�è ÛW¼åÛ�â�Ý!ç ÛW¼åÛ~Û!Û�ç ÛW¼ Û]ß]ß�Ú ÛW¼¬Øéç]è�ä ÛW¼¬Ø¦ä�ß�Ý ÛW¼åÛ!ä¤Øéç ÛW¼åÛ�ß�Û]ç ÛW¼åÛ�Øéç�Ú
Ø,Û]Û]Û ÛW¼¬Øéâ]â�Û ÛW¼åÛ�â!Û~Û ÛW¼åÛ�ß�ä]ä ÛW¼àß]è�Û�Û ÛW¼¬Ø�Ú�ä«Ý ÛW¼¬Ø�Øéç]ç ÛW¼åÛ~Û]è!Û ÛW¼åÛ�ß�ä�ç ÛW¼åÛ�ß!Û�Ýß!Û]Û]Û ÛW¼¬Ø�Û�ä�â ÛW¼åÛ~Û]â!Û ÛW¼åÛ�Ø_Ý�Û ÛW¼àß�Ý!â�Û ÛW¼¬Ø�Û]è]ß ÛW¼åÛ�è]â]ç ÛW¼åÛ�ß]ß]â ÛW¼åÛ�Ø�Û�ä ÛW¼åÛ]Û�ç]ç
Û!Û]Û]Û ÛW¼¬Ø�Ø�Ú�Û ÛW¼åÛ�ß]ç]â ÛW¼åÛ�Øéß]è ÛW¼àß�Ú]ß]â ÛW¼¬Øéß�ä}Û ÛW¼åÛ�Ý!ç]â ÛW¼åÛ�ß!Û�ç ÛW¼åÛ�Øéß]â ÛW¼åÛ]Û�è�ää�Û]Û]Û ÛW¼¬Ø�Ø�Û]â ÛW¼åÛ�ß�Û�Ú ÛW¼åÛ]Û�ç�Û ÛW¼àß�Ú!Û�Ý ÛW¼¬Ø�Ø�Ú]ç ÛW¼åÛ�Ý<ä¤Ø ÛW¼åÛ�Ø¦ä�Û ÛW¼åÛ]Û�Ý�Ø ÛW¼åÛ]Û!ä�çâ!Û]Û]Û ÛW¼¬Ø,Û~Û�Û ÛW¼åÛ�ß]ß]ß ÛW¼åÛ�Ø�Ø,Û ÛW¼àß]â!Û�è ÛW¼¬Ø,Û�ç!Û ÛW¼åÛ~Ú]â]â ÛW¼åÛ�Ø�Û�ä ÛW¼åÛ]Û!ä�ß ÛW¼åÛ]Û�ß]ç

9�BFP=Ea< ® Ç���äC@ D�C¨BF@lYWMfbLS�DFSi?a^tSi<
@�S�@tB�SJULDNMf?aUkBFEcEA<
nF<_E�Ë } ¡+Ê�ëG� Mf<_BF@�R=>�<\©~ø $p ¯ dÕ �¬�*1~¡�¾�Ö���±¤±c��°¬� z���´m�¶ «© × ©]1~��©�´Â�\��°ØK©�¸]¢ Ù�Ú³ÛEÜÞÝ Ù²Ú`Ø!Üàß Ù�Ú`Ø!ÜÞÝ áuÚ`Ø!Üàâ á±Ú¿ß á±ÚêßZÜàâ ã7Ú`Ø ã7Ú¿ÛEÜÞÝ ã7Ú³ÛEÜàâ
Ø,Û]Û ÛW¼¬Ø�Û�Ý!ç ÛW¼åÛ~Û�Ý�Û ÛW¼åÛ�Ø�Ú!Û ÛW¼àßWØéâ]â ÛW¼¬Ø�Û]è]è ÛW¼¬Ø,Û�è�Ý ÛW¼åÛ~Û]è]ç ÛW¼åÛ�Øéè�Ý ÛW¼åÛ�Ø�Øéçâ!Û]Û ÛW¼åÛ�è]â�Ý ÛW¼åÛ�ß]âWØ ÛW¼åÛ]Û~Ú�Ý ÛW¼¬Øéç]â]è ÛW¼åÛ�è�ä�Û ÛW¼åÛ~Ú]â�ä ÛW¼åÛ�Ø�Û�Ú ÛW¼åÛ]Û!ä¤Ø ¾HÛW¼åÛ]Û�ß!Û
Ø,Û]Û]Û ÛW¼åÛ�ç]ç�Ú ÛW¼åÛ�ß�Û�Ú ÛW¼åÛ]Û�â]è ÛW¼¬Ø_Ý<ä�ß ÛW¼åÛ�ç�Ú]ß ÛW¼åÛ�â�Ú�Ú ÛW¼åÛ�Ø�Ú�ä ÛW¼åÛ]Û�Ý�Û ÛW¼åÛ]Û�âWØß!Û]Û]Û ÛW¼åÛ�Ý�Ú�Ý ÛW¼åÛ�Øéß�Ý ÛW¼åÛ]Û~ÛWØ ÛW¼¬Ø�Ú]â]â ÛW¼åÛ�Ý!â]â ÛW¼åÛ!ä�â]â ÛW¼åÛ]Û�Ý�Û ÛW¼åÛ]Û]Û�Ý ¾HÛW¼åÛ]Û�ß�ä
Û!Û]Û]Û ÛW¼åÛ~Ú�Ú]ç ÛW¼åÛ�Ø�Ø�Ú ÛW¼åÛ]Û�Ø�Ú ÛW¼¬Ø�Ú�ä]ä ÛW¼åÛ~Ú�Û�Ý ÛW¼åÛ~Û]ç!Û ÛW¼åÛ]Û~Û!Û ¾HÛW¼åÛ]Û]Û�Ø ¾HÛW¼åÛ]Û]Û�èä�Û]Û]Û ÛW¼åÛ~Ú�Ý]Ý ÛW¼åÛ]Û�Ý�Û ¾HÛW¼åÛ]Û�Ø�Ú ÛW¼¬Ø�Ú�Û]è ÛW¼åÛ~Ú]â]ß ÛW¼åÛ~Û�Ý<ä ¾HÛW¼åÛ]Û]Û�Ø ¾HÛW¼åÛ]Û�ß�ä ¾HÛW¼åÛ]Û�ß�Ýâ!Û]Û]Û ÛW¼åÛ~Ú]ß]è ÛW¼åÛ]Û�è!Û ÛW¼åÛ]Û�ß]è ÛW¼¬Øéâ�Ú�Ú ÛW¼åÛ~Ú]ß�Û ÛW¼åÛ~Û�Û�ä ¾HÛW¼åÛ]Û�Ø�Û ¾HÛW¼åÛ]Û~Û�ä ¾HÛW¼åÛ]Û!ä�â

9�B�P=EA<�É=Ç���äA@ÈDFC�PcDWDFSi@lSi>�BFb�Si<_@lSi@�B�SJU=DNM\?AU=BFEµEa<
nN<
E�Ë } ¡QÊ�ëG� M\<]B�@�R=>�<[©�ø $p ¯ dÕ �¬�*1~¡�¾�Ö���±¤±c��°¬� z���´m�¶ «© × ©]1~��©�´@�\��°Ø ©�¸c¢ Ù²Ú³ÛEÜÞÝ Ù²Ú`Ø!Üàß Ù�Ú`Ø!ÜÞÝ áÔÚ`Ø!Üàâ áuÚ³ß áuÚ¿ßZÜàâ ã7Ú Ø ã-Ú³ÛEÜÞÝ ã7Ú³ÛEÜàâ
Ø,Û]Û ÛW¼æä�â]ß�Ý ÛW¼àß!Û]Û�ç ÛW¼¬Ø�Ø,Û�ç ÛW¼ Ú]â�Ú�Ý ÛW¼æä]ä«Ý!ç ÛW¼ Û]â�ä�è ÛW¼¬Øéè]è!Û ÛW¼¬Øéß�Û�ä ÛW¼åÛ�ç]ç!Ûâ!Û]Û ÛW¼ Û�ä«Ý�Ú ÛW¼¬Ø�ÛWØéâ ÛW¼åÛ~Ú�ä«Ý ÛW¼àâ�ä�è�Ý ÛW¼ Û�ä¤Ø�Û ÛW¼àß�ä]ä�ß ÛW¼¬Ø�Ø,Û�è ÛW¼åÛ�â]ç]ç ÛW¼åÛ~Û]â�Ý
Ø,Û]Û]Û ÛW¼ Û!Û�è]è ÛW¼¬Ø�ØéßWØ ÛW¼åÛ�â]â�Û ÛW¼àâ]ß�Ú]â ÛW¼ Û!Û�Ø�Ø ÛW¼àß!Û�ç�Ú ÛW¼åÛ�è!Û�Ý ÛW¼åÛ�âWØéç ÛW¼åÛ~Û]ß]âß!Û]Û]Û ÛW¼àß]ç]ß�Û ÛW¼åÛ�è�Û]ç ÛW¼åÛ!ä�Û~Ú ÛW¼æä�è]ç]ß ÛW¼àß�Ý!ß]ß ÛW¼¬Ø_Ý!è]ß ÛW¼åÛ~Ú]ß!Û ÛW¼åÛ~Û]ß�Ú ÛW¼åÛ�Øéç�ä
Û!Û]Û]Û ÛW¼àß�Ú�ÚWØ ÛW¼åÛ�Ý]Ý�Û ÛW¼åÛ~Û�Û]ç ÛW¼æä�ç�Û!Û ÛW¼àß]â�ä]ä ÛW¼¬Ø�Ú]ß!Û ÛW¼åÛ�â]ç�ä ÛW¼åÛ�ß�Ý]Ý ÛW¼åÛ�Ø_Ý!âä�Û]Û]Û ÛW¼àß]â]ç]â ÛW¼åÛ�Ý�Û]ç ÛW¼åÛ�ß�Ý!ç ÛW¼æä«Ý<ä¤Ø ÛW¼àß�ä�è!Û ÛW¼¬Øéâ�ä�ç ÛW¼åÛ!ä�â]â ÛW¼åÛ�ßWØ,Û ÛW¼åÛ�Ø,Û~Úâ!Û]Û]Û ÛW¼àß�ä�â!Û ÛW¼åÛ~Ú�ä}Ú ÛW¼åÛ�ß�Ú]â ÛW¼æä}Ú�Ú]ß ÛW¼àß�Û�Ú]ß ÛW¼¬Ø¦ä�ß�ä ÛW¼åÛ!ä¤Øéè ÛW¼åÛ�Ø_Ý<ä ÛW¼åÛ]Û�ç�Ý

9�BFP=Ea<,ËWÇ��¤äA@ÈDFC�BF@lYrM\bLS�DFSi?a^pSi<_@lSi@�B�S�U=DNM\?AU=BFEµEa<
nN<
E�Ë } ¡k9;:=<_?aE�M\<]BF@�R=>�<f©~ø ³p ¯ dÕ �¬�*1~¡�¾�Ö���±¤±c��°¬� z���´m�¶ «© × ©]1~��©�´@�\��°Ø ©�¸c¢ Ù²Ú³ÛEÜÞÝ Ù²Ú`Ø!Üàß Ù�Ú`Ø!ÜÞÝ áÔÚ`Ø!Üàâ áuÚ³ß áuÚ¿ßZÜàâ ã7Ú Ø ã-Ú³ÛEÜÞÝ ã7Ú³ÛEÜàâ
Ø,Û]Û ÛW¼àß�Ý�Ø_Ý ÛW¼¬Ø�Øéâ�Ú ÛW¼åÛ!ä�ç�ä ÛW¼ Û]è�Û�Û ÛW¼àß�ä�ßWØ ÛW¼¬Ø_Ý!ç]è ÛW¼¬Ø,Û!ä�Û ÛW¼åÛ�â�Ý!ç ÛW¼åÛ~Û�ä}Ûâ!Û]Û ÛW¼àß!Û!ä�è ÛW¼åÛ�Ý�Øéç ÛW¼åÛ~Û]ß�Ú ÛW¼ Û�ä]ä�Û ÛW¼¬ØéèWØ_Ý ÛW¼¬Øéß�Ú]ç ÛW¼åÛ�âWØ�Ú ÛW¼åÛ�ß�Û]è ÛW¼åÛ]Û�è]â
Ø,Û]Û]Û ÛW¼¬Øéç�Û]ß ÛW¼åÛ~ÚWØ,Û ÛW¼åÛ~Û!Û�Ø ÛW¼ Û]ß�Ý!è ÛW¼¬Ø_Ý�Û!Û ÛW¼¬Ø�Øéß]ç ÛW¼åÛ!ä}Ú]ß ÛW¼åÛ�ß�Û�Û ÛW¼åÛ�Øéß]èß!Û]Û]Û ÛW¼¬Ø�Ú�Ú]è ÛW¼åÛ!ä�ç]ç ÛW¼åÛ�Øéç�Û ÛW¼ ÛWØ�Û]è ÛW¼¬Øéâ]â�Ú ÛW¼åÛ�è]è�Û ÛW¼åÛ�ß]è�Ú ÛW¼åÛ�Ø�Û!Û ÛW¼åÛ]Û!ä�ß
Û!Û]Û]Û ÛW¼¬Øéâ]è�ä ÛW¼åÛ!ä�Û�ß ÛW¼åÛ�Ø¦ä]ä ÛW¼ ÛWØ,Û�ç ÛW¼¬Øéâ!Û�â ÛW¼åÛ�ç]ç�Ú ÛW¼åÛ�ß�Ú�Ú ÛW¼åÛ]Û�ç�Ý ÛW¼åÛ]Û�Ø�Ûä�Û]Û]Û ÛW¼¬Øéâ�Û�Ý ÛW¼åÛ~Û]ç�Û ÛW¼åÛ�Ø,Û�Ý ÛW¼ Û!Û�Ý�Û ÛW¼¬Ø¦ä]ä«Ý ÛW¼åÛ�ç�ä«Ý ÛW¼åÛ�ßWØéâ ÛW¼åÛ]Û�ß�Û ¾HÛW¼åÛ]Û�Øéßâ!Û]Û]Û ÛW¼¬Ø¦ä«Ý!ç ÛW¼åÛ~Û]â�Ý ÛW¼åÛ�Ø�Øéç ÛW¼ Û!Û�ß]ß ÛW¼¬Ø�Û�Ý!ç ÛW¼åÛ�Ý!ç]ç ÛW¼åÛ�Ø�Ú�Ú ÛW¼åÛ]Û�ß]ß ¾HÛW¼åÛ]Û~Û�Ý

9�BFP=Ea< ½ Ç���äC@ DFC�PQDWDFSi@lSi>iB�b6S�<_@lSi@�B�SJU=DNM\?AUkB�EµEA<%nN<
E�Ë } ¡k9;:=<_?aE!Mf<_BF@�R=>�<f©~ø ³p ¯ d
«s


	ABSTRACT.pdf
	JEL classification: C1, D63

	2ndcover.pdf
	Sensitivity of Inequality Measures
	Frank A. Cowell
	STICERD, London School of Economics and Political Science
	
	
	Emmanuel Flachaire



	EUREQUA, University of Paris I Panthéon-Sorbonne

	2ndcover.pdf
	Sensitivity of Inequality Measures
	Frank A. Cowell
	STICERD, London School of Economics and Political Science
	
	
	Emmanuel Flachaire



	EUREQUA, University of Paris I Panthéon-Sorbonne




