
HAL Id: inria-00070287
https://hal.inria.fr/inria-00070287

Submitted on 19 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Integrating File Popularity and Peer Generosity in
Proximity Measure for Semantic-based Overlays

Yann Busnel, Anne-Marie Kermarrec

To cite this version:
Yann Busnel, Anne-Marie Kermarrec. Integrating File Popularity and Peer Generosity in Proxim-
ity Measure for Semantic-based Overlays. [Research Report] RR-5731, INRIA. 2005, pp.24. �inria-
00070287�

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by INRIA a CCSD electronic archive server

https://core.ac.uk/display/50454328?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://hal.inria.fr/inria-00070287
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
57

31
--

F
R

+
E

N
G

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Integrating File Popularity and Peer Generosity
in Proximity Measure for Semantic-based

Overlays

Yann Busnel and Anne-Marie Kermarrec

N˚5731

Octobre 2005

Systèmes numériques





���������
	���������������������
�������
	�������� ��!"�#���$	&%'���(�$	�� )*�+���,���
�-	.�0/1�324������56��� )��7	��98:�
	&;1�024� ������<>=@?�� )���!BADC �$	.�E�0�1)

F�GIH�H#JLK�M3H�NPO ∗ GIH�Q#R�H�H.NTSEUVGIWYXZN\[\N]WY^_GIWYW3NP` †

a�b�c+d�egf\h:c i�jkf\lgm+npoqjrh:c
s m�tPu+hgd s$v m+npc

w�vPxkx tym+d{zkh|m�h:}�~rhgm�}E~rh�i(���@�y�������L}gd�ty�km�h(�������(���P� x*vP� h:c

Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)

Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71



� ���������
	��
����������������
�
������� �"!

#%$�&('*),+.-/'�0 s h:hgm21 d�t31 x h:hgm5476ph c+~ v m+n i � c�bIc+d�hgf\c v m�h0irt*8 v d>d+~rh0tym+n � n i�t39�f\t�c�d t39;: iqd�hgm+irhgd
d+m v,< }�=>: f x m�t*?In i � d+~rh x hgm29 tym+f v ir}:h�t39
c+jr}�~ c+bIc�d�hgf\c1~ v c � hgirhgm v d�h:z v 6ptyd7t39
n iqd�hgm�h:c�d
��tyd+~-n i n irz�jrc+d+m+b v irz v } v zkhgf n v =A@�tym�h c x h:}gnB4*} v 6C6 b/D f v iqb vPxkx m�t v }�~rh:cE9 tI}gjrc tyi-d+~rh
n f x m�tF?@hgf\hgiqd t39�d+~rh o�jrhgm+bVf\h:}E~ v iknpc+f�n i c+jr}E~ c+bIc�d�hgf\c*=G: i v�x h:hgm21 d�t31 x h:hgm\c+b�c+d�hgfHD
x h:hgm�c v m�h }:tyikirh:}gd�h:zVd�t v c�jk�rc�hgd(t39{tyd+~rhgm x h:hgm�cI8
n d+~G8
~knp}E~ d+~rhgb�} v i }:tyf f7jkiknp} v d�h�=
J v }�~ x h:hgm f v n iqd v n irc v } v }E~rh v irz1f v3K h:c v ? v nC6 v �.6ph n d�c>}:tyiqd�hgi�d�c d�t d+~rh�m�h:c+d>t39�d+~rh0c+b�c+d�hgfH=
L tyikirh:}gd+n i �_x h:hgm�c7c+~ v m+n i � c+n f nC6 v m(n iqd�hgm�h:c+d n i#d+~rh\}:tyiqd�h
M�d7t39 v � nC?@hgi vPxkx 6 np} v d+nptyi ~ v c
m�h:}:hgi�d"6 b �.h:hgi npzkhgi�d+nB4*h:z v c v cEtyjkirz � v c+npc
d�t n f x m�tF?@h d+~rh1c�h v m�}E~ h < }gnphgir}gb/=

N tF8 hO?@hgm*D1} vPx d+jkm+n i � c+jr}E~Dn iqd�hgm�h:c+d21 � v c�h:zQP tym c�hgf v iqd+np}FR x m�t*MIn f n d b x*v d+d�hgm+irc npc v
z�n < }gj.6 d|d v c K =S@�t�c+dLt39 }gjkm+m�hgiqd vPxkx m�t v }�~rh:c f\h v c+jkm�h7d+~knpc x m�t*MIn f n d b ��hgdT8 h:hgi x h:hgm�c v c
d+~rh|tF?@hgm"6 vPx �.hgdU8 h:hgi d+~rhgn m
} v }�~rh1}:tyi�d�hgiqd�c*=WVLnC?@hgi d+~rhS8 hO6C6B1 K irtF8
i x t x j.6 v m+n d b x*v d+d�hgm+irc
t39 x h:hgm21 d�t31 x h:hgmX476phLc�~ v m+n i � c�bIc+d�hgf\cFDqd+~rhLt*?@hgm"6 vPx ��hgdT8 h:hgi } v }�~rh1}:tyiqd�hgi�d�c t39 dU8 t x h:hgm�c
f v b irtyd{m�h
Y*h:}gd v }:}gjkm v d�hO6 b d+~rhgn m�c�hgf v iqd+np} x m�t(M�n f n d b/=W@�tym�h c x h:}gnB4*} v 6C6 b/Drd+~knpc f\h v c�jkm�h
zkh x hgirzkc
j x tyi x h:hgm � hgirhgm�t�c+n d b v irz>476ph x t x j.6 v m+n d b/=

: i_d+~knpc x*vPx hgmS8 h x m�t x t�c�h v m�h
4rirh:z x m�t(M�n f n d b f\h v c�jkm�h7d v3K n i � n i�d�t v }:}:tyjki�d�d+~rh:cEh
9 v }gd�tym�c*=[Z�h hO? v 6 j v d�h:z d+~rh x m�t x t�c�h:z c�t\6 jkd+nptyi-�qb#c�n f7j.6 v d+nptyi vP�qv n irc+d v m�h v 6 x h:hgm21 d�t31
x h:hgm�c�bIc+d�hgf]P h(^Ltyi K hgb7R�8 tym K 6pt v z v irz m�h:c+j.6 d�c�c�~rt*8 d+~rh7h
_ h:}gd+nC?@hgirh:c�c|t39$d+~rh x m�t x t�cEh:z
vPxkx m�t v }E~`=aZ ~knC6ph x h:hgm�c � hgirhgm�t�c+n d b } v i h v c+nC6 b ��h }:tyf x jkd�h:zb6pt�} v 6C6 b/DX476ph x t x j.6 v m+n d b
f v b#m�h:o�jkn m�h v � 6pty� v 6 K irt*8c6ph:z � h t39�d+~rh c�bIc+d�hgfH=�Z�h v 6pc�t x m�t x t�c�h n i d+~knpc x*vPx hgm v i
h x npzkhgf np} v 6 � tym+n d+~kf d�t�}:tyf x jkd�h1n i v 9 j.6C6 b�zkh:}:hgiqd+m v 6 npc�h:zd9 v c+~knptyi v i h:c+d+n f v d+nptyi t395476ph:c
x t x j.6 v m+n d b/=
eHf/g�h iIj ),k�&�0 ^Lnpc+d+m+n �kjkd�h:z c+b�c+d�hgfHD s h:hgm21 d�t31 x h:hgm_irhgdU8 tym K D � t�c�c�n x 1 � v c�h:z x m�tyd�tI}:t\6�D
n i�d�hgm�h:c+d21 � v c�h:z x m�t(M�n f n d b f\h v c+jkm�h�DrcEhgf v iqd+np} x m�t3476ph

lBmonUp�q*r�ntsouCp�vxw(y

∗ z�{}|3|�~ ���3�x|3��������������{F~ ���
† � |,|3������{}�����
~ ��������{ �x���2� ����������{F~ ���
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��� &���� � 0 L h m vPxkx tym+d x m�l:cEhgiqd�h_jkirh f\h:c+jkm�h zkh x m�t*MIn f n d��Elgf v iqd+npo�jrh x hgm+f\hgd+d v iqd
zkh x m�hgirz�m�h hgiD}:tyf x d�h[6ph:c h
_ hgd�c zkh ��tym�zkc n irz�jkn d�c x*v m%6 vV� lgirlgm�t�c+n d�l zkh:c i��|jrzkc hgd
6 vVx t x j.6 v m+n d�l zkh:c 4*}�~knphgm�c z�� jki c+bIc�d�egf\h�zkh x*v m+d vP� h zkh 4*}E~knphgm�c*= L hgd+d�h f\h:c�jkm�h h:c+d
n i�d+m�t�z�jkn d�h z v irc jki x m�tyd�t�}��\6ph l x npzklgf npoqjrh x hgm+f\hgd+d v iqd 6 v }:tyf x*v m v npc�tyi zkh:c�m�l:c+j.6 d v d�c
ty�kd�hgi�jrc*=

^Lh x 6 jrcFDr}:h1m vPxkx tym+d n iqd+m�tIz�jkn d{jkirh vPxkx m�tI}�~rh(l x npzklgf npoqjrh(z�� lO? v 6 j v d+nptyi[6pt�} v 6ph7zkh 6 v
x t x j.6 v m+n d�l z�� jkid4*}E~knphgm*=
� j '*& h -� � 0 a�b�c+d�egf\h:c z�npc+d+m+n �kjrl:c*D�m�l:c�h v j;M x*v n m21"!,1 x*v n m*D x m�tyd�t�}:t\6ph:c l x npzklgf npo�jrh:c*D x m�t3476
cElgf v iqd+npo�jrh�D x m�t(M�n f n d�l7z�� n i�d�lgm�#gd
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� f�f ) h ' j7h�� f�f )��  f &	�5+.)�
��� & g &(' f �G& s h:hgm21 d�t31 x h:hgm P s � s R�t*?@hgm"6 v b irhgdT8 tym K c ~ v ?@h
m�h:}:hgi�d"6 b x m�t*?@h:z d�t���h1h < }gnphgiqd�d�t c+j xkx tym+d v 6 v m � h1c x h:}gd+m+jkf t39�6 v m � h
1 c�} v 6ph z�npc+d+m+n �kjkd�h:z
vPxkx 6 np} v d+nptyircF= s � s t*?@hgm"6 v b�irhgdT8 tym K c v irz�d+~rhgn m vPxkx 6 np} v d+nptyirc�~ v ?@h � hgirhgm v d�h:z v 6ptyd(t39
n i�d�hgm�h:c+d
n i d+~rhLm�h:c�h v m�}�~ }:tyf f(jkikn d b n i d+~rh x*v c+dX47?@h�b@h v m�c
c x*v ikikn i � 9 m�tyf�d+~rh|t*?@hgm"6 v bIc
irhgdU8 tym K cd+~rhgf\c�hO6C?@h:c����;D.���;D������.d�t�c+d+m�h v f n i � D v m�}�~knC? v 6�D ?@tynp}:h|tyi>: s vPxkx 6 np} v d+nptyircFDkhgd�}�=
� �;D>� D$�����T= N t*8 hO?@hgm*D d+~rh�f v n i s � s vPxkx 6 np} v d+nptyirc7zkh x 6ptTb@h:z tyi�: iqd�hgm+irhgd1d�tIz v b v m�h�d+~rh
s � s 476ph c�~ v m+n i � c+b�c+d�hgf\c*=��~rhgb m�h x m�h:cEhgiqd�irtF8 d+~rh ~kn � ~rh:c+d�}:tyirc+jkf\hgm�c t39�: iqd�hgm+irhgd
� v irz;8
npz�d+~�� �����T=

� nC6ph1c�~ v m+n i � c+bIc�d�hgf\cf v b �.hLn f x 6phgf\hgi�d�h:z_tF?@hgm
jkirc+d+m+jr}gd+jkm�h:z�D*c+d+m+jr}gd+jkm�h:z tym
~knphgm21
v m�}E~knp} v 6 tF?@hgm"6 v bVirhgdT8 tym K c*=��~rh oqjrhgm+b f\h:}E~ v iknpc+f npc7zkh x hgirzkhgiqd�j x tyi#d+~rh�c�d+m+jr}gd+jkm�h
t39 d+~rh7jkirzkhgm"6 bIn i � irhgdT8 tym K = : i�jkirc+d+m+jr}gd+jkm�h:z t*?@hgm"6 v bIc*D c+jr}�~ v c 9 tym|h
M v f x 6ph(d+~rh�h v m"6 b
?@hgm�c�nptyi�t39WV|iqjkd�hO6C6 v � ���TD�d+~rh�o�jrhgm+b vPxkx m�t v }�~ npcLn f x 6phgf\hgi�d�h:z �qbHY*tItIz�n i � d+~rh�c+b�c+d�hgfH=
��i d+~rh tyd+~rhgm�~ v irz�D ~knphgm v m�}E~knp} v 6LtF?@hgm"6 v b�c v m�h }:tyf x t�c�h:z t39 v c�hgd t39|c+j x hgm x h:hgm�c d�t
8
~knp}E~_}O6 nphgi�d�c v m�h(}:tyikirh:}gd�h:z�={a�j x hgm x h:hgm�c v m�h7n i }�~ v m � h�t39�n irzkh
MIn i � d+~rh }O6 nphgiqd�cL} v }�~rh
}:tyi�d�hgiqd�c v irz m�h:z�n m�h:}gd d+~rh m�h:o�jrh:c+d�c d�t*8 v m�zkc m�hO6phO? v i�d x h:hgm�c*=�� v! �v�" � ��� v irz h(^|tyi;1
K hgb#� ���irhgdT8 tym K c�m�hO6 b�tyi-c+jr}E~V~knphgm v m�}E~knp} v 6
f\t�zkhO6pc*= a�d+m+jr}gd+jkm�h:z-t*?@hgm"6 v b�c x m�t*?Inpzkh v i
h < }gnphgi�d h
M v }gd21 c�h v m�}E~-f\h:}�~ v iknpc+f,��b x m�t*?Inpz�n i � z�npc+d+m+n �kjkd�h:z ~ v c+~Vd v �.6ph P ^ N �SR 9 jkir}
1
d+nptyi v 6 n d b�� ���T= @ v i�b vPxkx m�t v }�~rh:c ~ v ?@h ��h:hgi x m�t x t�c�h:z\d�t n f x m�t*?@h{cEh v m�}�~�f\h:}E~ v iknpc+f\c n i
c�jr}�~ 476ph c+~ v m+n i � c+bIc�d�hgf\c�qb t x d+n f npc+n i � d+~rh|m�h x 6 np} v d+nptyi�c+d+m v d�h � nph:c$� �T���TD�jrc+n i � m v irzktyf
8 v 6 K n irc+d�h v z\t39�Y*t�tIz�n i � d�t1n f x m�t*?@h{d+~rhc6pt v z 1 � v 6 v ir}gn i � �����*tym }:tyf7�kn ikn i � VLiqjkd�hO6C6 v 1�6 n K h
c�bIc+d�hgf\cW8
n d+~_c�tyf\h c+d+m+jr}gd+jkm�h:z tF?@hgm"6 v b�c%��&;D ��&��T=

' f �G+(��'	
�- � ) j*) 
 �+
 ' g Z ~knC6ph � hgirhgm+np} s � s n i;9 m v c�d+m+jr}gd+jkm�h:c ~ v ?@h\�.h:hgi�t x d+n f npc�h:z#d�t
d v3K hLn i�d�t v }:}:tyjkiqd x ~qb�c+np} v 6�6ptI} v 6 n d b,������h v m"6 b tyi`DIcEtyf\h�m�h:}:hgi�dc8 tym K m�hO6 nph:c
tyi } vPx d+jkm+n i �
v irz h
M x 6ptyn d+n i � tyd+~rhgmt9 tym+f\ct39 x m�t(M�n f n d b c+jr}E~ v c n i�d�hgm�h:c+d21 � v c�h:z�Drtymc�hgf v iqd+np}�D x m�t(M�n f�1
n d b.-F= s h:hgm�c7n i v 476ph�c+~ v m+n i � c+b�c+d�hgf�f v b�h
M�~kn �kn d7c+n f nC6 v m�zkt*8
i.6pt v z x*v d+d�hgm+irc v irz./Ptym
~ v ?@h c+n f nC6 v m } v }�~rh }:tyi�d�hgiqd�c*=0�~rh:cEh c+n f nC6 v m+n d+nph:c0f v b �.h
h
M x 6ptyn d�h:z d�t zkh
4rirh v c�hgf v iqd+np}
x m�t*MIn f n d b_f\h v c�jkm�h v irz_d�t n f x m�t*?@h�d+~rh�}:t�c+d v irz h < }gnphgir}gb_t39 d+~rh�o�jrhgm+b f\h:}�~ v iknpc+fH=
�~rh:cEh vPxkx m�t v }�~rh:c v m�h f\tyd+nC? v d�h:z\��b�d+~rhc9 v }gd0d+~ v d c�hgf v i�d+np} v 6C6 b m�hO6 v d�h:z x h:hgm�c v m�h{f\tym�h
6 n K hO6 b d�t ��h|jrc�h
9 j.6 d�t\h v }�~ tyd+~rhgm{d+~ v i x h:hgm�c x np} K h:z v d
m v irzktyf1� �����T=

" 6 f\t�c+d v 6C6 o�jrhgm+b f\h:}�~ v iknpc+f\c*DX8
~rhgd+~rhgm\d+~rhgb m�hO6 b-tyi Y*t�tIz�n i � DX^ N � D�tym\c+j x hgm21
x h:hgm�c � v c�h:z c+bIc�d�hgf\c*D@f v b���h n f x m�t*?@h:z ��b\npzkhgiqd+nB9 bIn i � cEhgf v iqd+np} v 6C6 b m�hO6 v d�h:z x h:hgm�c v irz
o�jrhgm+bIn i � d+~rt�c�h x h:hgm�c[P } v 6C6ph:z c�hgf v iqd+np}_irhgn � ~q��tyjkm�c n i d+~rh m�hgf v n ikn i � t391d+~knpc x*vPx hgm�R
243 ���65�� �8795;:<5;=3�>5��U���A�x�2��{�|?5����A@,�;:CBF���c�D5E���|F5;=,�����2��{���|,� |�GH:��*5;=3���I@\{J@��U�"~
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4rm�c�d*= :T9 d+~rh�m�h:o�jrh:c+d1npc|irtyd c v d+npc"4*h:z�D v c�h:}:tyirz x ~ v c�h�npc�6 v jkir}E~rh:z�jrc+n i � d+~rh c�d v irz v m�z
o�jrhgm+b f\h:}�~ v iknpc+fH=

�df ' f -�'	
6��� & f � +(��'	
�- ) f  �+;'	
 j �o&���
 � & � v m+nptyjrc vPxkx m�t v }E~rh:c(} v i���h�jrc�h:z d�t } vPx d+jkm�h
cEhgf v iqd+np} x m�t(M�n f n d b ��hgdT8 h:hgi x h:hgm�c*={��irh�8 v b npc d�t�}:tyikirh:}gd�� c+n f nC6 v m�� x h:hgm�c v }:}:tym�z�n i �
d�t v�x m�h:zkh
4rirh:z f\hgd+m+np}1n i_c�h x*v m v d�h:z tF?@hgm"6 v b�c*= J v }E~_tF?@hgm"6 v b npc{h
M x 6 np}gn d"6 b npzkhgiqd+nB4*h:z �qb
d+~rh{d b x hLt39>zkt�}gjkf\hgi�d�c
tym v x m�h:zkh
4rirh:z tyi�d�t\6pt � b P c�hgf v i�d+np}�}O6 v cEc+nB4*} v d+nptyi�RF� � ���T= �{i;9 tym21
d+jki v d�hO6 b/D�zkh
4rikn i �\v1x m�h:}gnpcEh�c�hgdt39 }O6 v c�c+nB4*} v d+nptyi n d�hgf\c npc irtyd v i h v c�b\d v c K�v irz�c�jr}�~ v i
tyi�d�t\6pt � b f v b�irh:h:z d�t }E~ v i � h�tF?@hgm0d+n f\h d�t m�h
Y*h:}gd0d+~rh{}E~ v i � h{t39 c�hgf v iqd+np} x m�t3476ph:c tF?@hgm
d+n f\h�= " d d+~rh tyd+~rhgm(hgirz�t39
d+~rh\c x h:}gd+m+jkfHD v irtyd+~rhgm vPxkx m�t v }E~#npc d�t v zkz#c�tyf\h\cEhgf v i;1
d+np}�c+~rtym+d�}gjkd�c�P!�x���*� v zkz�n d+nptyi v 6 6 n i K c�R��hgdT8 h:hgi x h:hgm�c�d+~ v dLc+~ v m�h�c�tyf\h(n iqd�hgm�h:c+d � � �.D.�����T=
�~rh:cEh 6 n i K c v m�h7}gm�h v d�h:z_z�b�i v f np} v 6C6 b ��hgdT8 h:hgi x h:hgm�c*Dk� v c�h:z_tyi d+~rh7cEhgd{t39�f\t�c+d m�h:}:hgiqd
zktF8
i.6pt v zkc 9 tym n irc�d v ir}:h�=�a�jr}E~ v f\h:}�~ v iknpc+f&npc�?@hgm+b(m�h v }gd+nC?@hd�t1hO?@t\6C?�n i � zkt*8
i.6pt v z x*v d21
d�hgm+ircF= N tF8 hO?@hgm*D.d+~rh7irtyi;1 n i�d+m+jrc+nC?@h�i v d+jkm�h(t39�d+~knpc vPxkx m�t v }�~ zktIh:c{irtyd v 6C6pt*8 d�t�h
M x 6ptyn d
9 jkm+d+~rhgm v ? v nC6 v �.6ph1n i;9 tym+f v d+nptyi_c�jr}�~ v c
d+~rh7t*?@hgm"6 vPx ��hgdT8 h:hgi_} v }�~rh:cS9 tym h
M v f x 6ph�=

^Lhgd�h:}gd+n i �|v irz|f\h v c+jkm+n i � cEhgf v iqd+np} x m�t*MIn f n d b1npc v z�n < }gj.6 d d v c K =`: i � � ���TD v i v i v 6 bIc�npc
t39|}O6 jrc+d�hgm+n i � n i x h:hgm21 d�t31 x h:hgm�476ph c+~ v m+n i � c+b�c+d�hgf d+m v }:h:c ~ v c c+~rtF8
i d+~rh h
M�npc+d�hgir}:h t39
cEhgf v iqd+np} }O6 jrc�d�hgm+n i � D� v c�h:z tyi d+~rh v i v 6 b�c+npc t39 x h:hgm�c�}:tyi�d�hgiqd�c t*?@hgm"6 vPx = : i v zkz�n d+nptyi
d�t m�h:}:hgi�d�zkt*8
i.6pt v z x*v d+d�hgm+irc*D d+~rh t*?@hgm"6 vPx ��hgdT8 h:hgi } v }�~rh }:tyiqd�hgiqd�c f v b ��h jrc�h:z-d�t
f\h v c�jkm�h d+~rh{cEhgf v iqd+np} x m�t(M�n f n d b\��hgdT8 h:hgi x h:hgm�c � �����T= : i � �����TD v i hO? v 6 j v d+nptyi t39 cEhO?@hgm v 6
c�d+m v d�h � nph:c d�t } vPx d+jkm�h�c�hgf v i�d+np} x m�t(M�n f n d b ~ v c ��h:hgi }:tyirz�jr}gd�h:z�= @�tym�h c x h:}gnB4*} v 6C6 b/D
c�n f x 6ph c+d+m v d�h � nph:c0� v cEh:z tyi x*v c+d0m�h:o�jrh:c+d�c���hg~ v ?Inptyjkm v m�h
}:tyf x*v m�h:z�= ��irh{ty�rc�hgm"? v d+nptyi�npc
d+~ v d v c�c�h:c�c�n i � c�hgf v iqd+np} x m�t(M�n f n d b d+~knpc 8 v b f v bd6ph v z d�t\�kn v c�h:z f\h v c+jkm�hgf\hgiqd�c*= �~knpc
npc f\t�c+d"6 b z�jrhLd�t�d+~rh x m�h:c�hgir}:h1t39 � hgirhgm�tyjrc x h:hgm�c v irz x t x j.6 v mW476ph:cW8
~knp}E~ d�hgirz d�t�~knpzkh
� hgi�jkn irh 6ptI} v 6 n d b/=0� v } K n i � n i�d�t v }:}:tyjkiqd�d+~rh:c�h 9 v }gd�tym�c
npc
d+~rh1f v n i � t v 6 t39 d+~knpc x*vPx hgm*=

" j &*&�
 �oh $�+.& f k � ) j ' j - j  �&$# j )�'*)3+.-&%I
��� & f � +(��'	
�- � ) j*) 
 �+
 ' g �~rh vPxkx m�t v }E~ x m�h
1
cEhgiqd�h:z n i � ������m�hO6 nph:c tyi v|� t�c�c�n x 1 � v c�h:z x m�tyd�tI}:t\6rd�t h
M x 6 np}gn d"6 b�zkhgd�h:}gd x m�t(M�n f n d b ��hgdT8 h:hgi
x h:hgm�c*= " c f\hgiqd+nptyirh:z_�.h
9 tym�h�Drd+~rh x m�t*MIn f n d b npc ~rhgm�h7f\h v c+jkm�h:z v c{d+~rh t*?@hgm"6 vPx ��hgdT8 h:hgi
x h:hgm�c } v }�~rh }:tyiqd�hgi�d�c*= �~rh_jkirzkhgm"6 b�n i � tF?@hgm"6 v b npc d+~rhgi j x z v d�h:z v }:}:tym�z�n i � 6 b/= �~rh
� t�cEc+n x 1 � v c�h:z x m�tyd�tI}:t\6 npc(}:tyf x t�cEh:z#t39 dT8 t 6 v b@hgm�c*= �~rh\��tyd+d�tyf tyirh hgirc+jkm�h:c�}:tyikirh:}
1
d+nC?In d b#� � ���X8
~knC6ph�d+~rh�d�t x tyirh�npc7jrc�h:z�d�t n f x m�t*?@h c�hgf v i�d+np} cEh v m�}�~`=dZ�h 8
nC6C6 jrc�h�d+~knpc
� t�cEc+n x 1 � v c�h:z vPxkx m�t v }E~ v c v � v c+npc n i d+~knpc x*vPx hgm d�t hO? v 6 j v d�h d+~rh x m�t x t�cEh:z c�t\6 jkd+nptyi`=

' j ��'*)�
�$ �`'	
 j � : i d+~knpc x*vPx hgm*D�8 h x m�t x t�c�h v m�h
4rirh:z c�hgf v i�d+np} x m�t(M�n f n d b f\h v c�jkm�h
} vPx d+jkm+n i �_x h:hgm � hgirhgm�t�c+n d b v irz 476ph x t x j.6 v m+n d b�n i v zkz�n d+nptyiVd�t tF?@hgm"6 vPx ��hgdT8 h:hgiV} v }�~rh
}:tyi�d�hgiqd�c*=)(�jkn d�h v 9 hO8 vPxkx m�t v }�~rh:c~ v ?@hL��h:hgi x m�t x t�c�h:z d�t jrc�h�c�hgf v iqd+np} x m�t(M�n f n d b��kjkd
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q ← ������� ��!"��#%$'&)(+*-,/.c�hgirz

κp

d�t
q

κq ←
m�h:}:hgnC?@h/P

q
R

κp ← (%021435�6��78!��:9;, κp, κq .

��<=�?>@��A�A/
�������������B�
k j # j ) f@C�f )
κq ←

m�h:}:hgnC?@h/P�D3R
c�hgirz

κp

d�t\c�hgirzkhgmFP
κq

R
κp ← (+02143:���57E!"�59;, κp, κq .

� n � jkm�h\�GFtV1t�c�c+n x 1 � v c�h:z x m�tyd�tI}:t\6 h
Mkh:}gjkd�h:z �qb x h:hgm
p

d�t7d+~rh{��h:c+d t39 tyjkm K irt*8c6ph:z � hLirtyd d�t(m�h
4rirh{d+~rh�c�hgf v iqd+np}Lf\h v c+jkm�h�d�t d v3K h�n iqd�t v }:}:tyjkiqd
d+~rt�cEh npc�c+jrh:c*= Z�h jrc�h v � t�c�c+n x 1 � v c�h:z t*?@hgm"6 v b c+n f nC6 v m�d�t�d+~rh tyirh x m�h:c�hgi�d�h:z n i � �����T=
Z�h v 6pc�t x m�t x t�c�h v zkh:}:hgi�d+m v 6 npc�h:z � t�c�c+n x 1 � v cEh:z v 6 � tym+n d+~kf d�t v c�cEh:c�ct476ph x t x j.6 v m+n d b/= Z�h
hO? v 6 j v d�h�d+~rh n f x m�tF?@hgf\hgiqd t39�tyjkm f\hgd+m+np}�jrc+n i � v h(^Ltyi K hgb ������� � ���LirhgdU8 tym K d+m v }:h
ty�kd v n irh:z n iIH�tF?@hgf7��hgmL������� � � ���T=

�~knpc x*vPx hgm{npc�tym �qv iknpc�h:z v c�9 t\6C6ptF8 cJF n i aIh:}gd+nptyi �;D 8 h x m�h:c�hgi�d�d+~rh(zkh:c+n � i m v d+nptyi v 6ph
t39 d+~rh x m�t x t�c�h:z vPxkx m�t v }�~%K n i#aIh:}gd+nptyi#�;D�8 h zkh
4rirh�d+~rh c�hgf v iqd+np} x m�t*MIn f n d b_f\h v c�jkm�hGK
n i aIh:}gd+nptyiV�7D�8 h x m�h:c�hgi�d(d+~rh hO? v 6 j v d+nptyi t39
d+~rh x m�t x t�c�h:z#f\h v c+jkm�hGK0n i aIh:}gd+nptyi-�;D�8 h
n i�d+m�t�z�jr}:h v zkh:}:hgi�d+m v 6 npc�h:z x m�tyd�t�}:t\6.d�t7h:c�d+n f v d�h�476ph x t x j.6 v m+n d b/D v irz 4ri v 6C6 b\}:tyir}O6 jrzkhLn i
aIh:}gd+nptyi &;=

L ;L�1)r���02 24�1!(���

" 6 d+~rtyj � ~`D>d+~rh x m�t x t�c�h:z vPxkx m�t v }E~#f v b���h�jrc�h:z n i v 8
npzkh�m v i � h�t39 x h:hgm21 d�t31 x h:hgm 476ph
c�~ v m+n i � c+b�c+d�hgf\c*D`8 h x m�h:c�hgi�d7n d n i�d+~rh }:tyiqd�h
M�d(t39 v i�jkirc+d+m+jr}gd+jkm�h:zVirhgdT8 tym K =>Z�h ��h
1
6 nphO?@h d+~ v d{d+~rh7}:tyi�d�h
MIdLt39�jkirc+d+m+jr}gd+jkm�h:z s � s t*?@hgm"6 v b irhgdT8 tym K c�npc x*v m+d+np}gj.6 v m"6 b m�hO6phO? v iqd
� nC?@hgi_d+~rhgn mSY*h
M�n �knC6 n d b/=S: i_d+~rh m�h:c+dLt39$d+~rh x*vPx hgm*D�8 h�9 t�}gjrc�tyi d+~rh7} vPx d+jkm�h�t390c�hgf v iqd+np}
m�hO6 v d+nptyirc�~kn x �.hgdU8 h:hgi x h:hgm�cF=

��c+n i � n i�d�hgm�h:c+d21 � v c�h:z x m�t*MIn f n d b d�t�n f x m�t*?@h 476ph
1 c+~ v m+n i � vPxkx 6 np} v d+nptyirc m�h:o�jkn m�h1d�t���h
v �.6ph d�t�F�} vPx d+jkm�h�D*hO? v 6 j v d�h v irz h
M x 6ptyn d{c�hgf v iqd+np} x m�t(M�n f n d b ��hgdT8 h:hgi x h:hgm�cF=
'�+ � ' �5) f w h:tym �qv iknpc+n i � d+~rh t*?@hgm"6 v b\f v b ��h
zktyirh{hgn d+~rhgm �qb v zkz�n i � tym c"8
n d�}�~kn i � 6 n i K c*=

: i-d+~knpc x*vPx hgm*D�8 h m�hO8
n m�h 6 n i K c v c�n i � �����TD ��� �*� 8 h c 8
n d�}�~ v c�c�tItyi v c v ��hgd+d�hgm
} v irz�npz v d�h�npc7hgir}:tyjkiqd�hgm�h:z�= J v }E~ x h:hgm f v n iqd v n irc v 6 npc+d(t39c�hgf v i�d+np}\irhgn � ~��.tyjkm�c
} v 6C6ph:z n d�c c�hgf v i�d+np}d?�nphO8 v irz zkhgirtyd�h:z

κi

=MHLhgn � ~q��tyjkm�c v m�h c�hO6ph:}gd�h:z v }:}:tym�z�n i �
d�t v c�hgf v i�d+np} x m�t*MIn f n d b f\hgd+m+np}�= �~rh 8 v b v x h:hgm7}:tyf\h:c v }gm�t�c�c x tyd�hgiqd+n v 6 irhO8

�����o� �
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irhgn � ~q��tyjkm�c�npc z�jrh d�t d+~rh n f x 6phgf\hgi�d v d+nptyiDt39|d+~rh � t�c�c+n x 1 � v c�h:z x m�tyd�tI}:t\6�= �~rh
v 6 � tym+n d+~kf npc � nC?@hgi n i � n � jkm�h���= " c n i � �����TD v ��tyd+d�tyf 6 v b@hgm hgirc+jkm�h:c
}:tyikirh:}gd+nC?In d b/=

��C +� �o+;'	
 j � J v }E~ x h:hgm irh:h:zkc>d�t hO? v 6 j v d�h�n d�c>cEhgf v iqd+np} � z�npc�d v ir}:h-�$d�t{tyd+~rhgm hgir}:tyjkiqd�hgm�h:z
x h:hgm�c v irz�tym�zkhgm|d+~rhgf jrc+n i � d+~rh:c�h(f\h v c+jkm�h v c v m v i K n i � 9 jkir}gd+nptyi`= �~rh !O �\�(��� �
K irtF8
i x h:hgm�c v }:}:tym�z�n i � d�t�d+~knpcf\h v c+jkm�h v m�h|c�hO6ph:}gd�h:z v cirhgn � ~q��tyjkm�c*=�Z�h x m�h:c�hgi�d
d+~knpc
f\h v c+jkm�h1n i aIh:}gd+nptyi_�;=

�F)I�  j 
 '*+;'	
 j � aIhgf v i�d+np}{irhgn � ~��.tyjkm�c v m�hW4rm�c+d c�t\6 np}gn d�h:z\n i v c�h v m�}�~\m�h:o�jrh:c+d*= J ?@hgi%8
n d+~
v c+n i � 6ph
~rt x c�h v m�}�~`D�c+d+jrz�nph:c0~ v c c+~rt*8
i d+~ v d�9 tym0d b x np} v 6 s � s 476ph c+~ v m+n i � c+b�c+d�hgf\c
8 tym K 6pt v z�D78 h7ty�kd v n i v�� tItIz ~kn d m v d+npt�� � �.D������T= :T9 d+~rh cEh v m�}�~ � v c�h:z tyi c�hgf v iqd+np}
irhgn � ~q��tyjkm�c�9 v nC6pc*D�d+~rh1c+d v irz v m�z tyirh1npc
jrc�h:z�=

� ;|�024�{�{�.��<&��	.�0/ �E24����� 24��� )*�(	.�

Z�h|n i�d+m�t�z�jr}:h v iqjkf(�.hgm�t39 x m�t*MIn f n d b f\h v c+jkm�h1irtyd v d+nptyircJF
• A

npc
d+~rh 6pt�} v 6 x h:hgmJK
• B

npc v z�npc+d v iqd x h:hgm{z�npc+d+n ir}gd�9 tym+f
A
K

• ξA(B)
npc
d+~rh c�hgf v i�d+np} x m�t(M�n f n d b f\h v c+jkm�h

B
v }:}:tym�z�n i � d�t

A
K

• κA

P m�h:c x =
κB

R npc
d+~rh�?InphO8 t39 d+~rh x h:hgm
A

P m�h:c x =
B

R K
• σA,B

npc
d+~rh tF?@hgm"6 vPx t39
κA

v irz
κB

F
�x���*�

σA,B = κA ∩ κB

K
� tym1d+~rh c v3K h t39 }O6 v m+n d b/D c+d v m+d+n i � 9 m�tyf v � v c+np} c�hgf v i�d+np} f\h v c+jkm�h�D�8 h�8
nC6C6 x m�h:c�hgi�d

c�jr}:}:h:c�c+nC?@h|m�h
4rirhgf\hgiqd�c v c
d+~rh cEh:}gd+nptyi � t�h:cF=

����� �	��
�����������������

" � v c+np}�npzkh v D jrc�h:z n i#c�hO?@hgm v 6 vPxkx m�t v }E~rh:c � � �;D��g� D>�����TD }:tyirc+npc�d�c1n i�f\h v c+jkm+n i � d+~rh�c�h
1
f v i�d+np} x m�t(M�n f n d b���hgdT8 h:hgi x h:hgm�c v c d+~rh�c+n�� hLt39 d+~rhLt*?@hgm"6 vPx ��hgdT8 h:hgi d+~rhgn m
} v }�~rh:cF=A�~rh
� m�h v d�hgm{d+~knpcc? v 6 jrh�Drd+~rh c�hgf v iqd+np} v 6C6 b }O6pt�cEhgm
d+~rh x h:hgm�cF=

Z�h�4rm�c+d irtym+f v 6 npc�h�d+~knpc ? v 6 jrh v }:}:tym�z�n i � d�t
A
� c } v }E~rh\n i#tym�zkhgm(d�t K h:h x d+~rh�c v f\h

zkh
4rikn d+nptyi_m�h � nptyi`=

ξ1

A(B) =
|σA,B|

|κA|

P��FR

�~rh�f\tym�h 476ph:c
A
v irz

B
~ v ?@hLn i }:tyf f\tyi`D�d+~rhL}O6pt�cEhgm d�t �Ld+~rhLf\h v c+jkm�h�=-HLtyd�h�d+~ v d

v d
d+~knpc�c+d vP� h�D�irhgn d+~rhgm{d+~rh 476ph x t x j.6 v m+n d b irtym
B
� c � hgirhgm�t�c�n d b v m�h1d v3K hgi n i�d�t v }:}:tyjkiqd*=
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L tyiqd�hgi�d�} v }�~rh(t39 x h:hgm
A

JHJHJHJHJ
JHJHJHJHJ
JHJHJHJHJ
JHJHJHJHJ
JHJHJHJHJ

KHKHKHKHK
KHKHKHKHK
KHKHKHKHK
KHKHKHKHK
KHKHKHKHK

L tyiqd�hgi�d�} v }�~rh(t39 x h:hgm
B

LHLHLHLHLLHLHLHLHLLHLHLHLHLLHLHLHLHLLHLHLHLHLLHLHLHLHLLHLHLHLHLLHLHLHLHLLHLHLHLHLLHLHLHLHL

MHMHMHMHMMHMHMHMHMMHMHMHMHMMHMHMHMHMMHMHMHMHMMHMHMHMHMMHMHMHMHMMHMHMHMHMMHMHMHMHMMHMHMHMHM

� ?@hgm"6 vPx t39$d+~rh:c�h tyirh:c*=

� n � jkm�h7�5F��m�zkhgm+n i � v }:}:tym�z�n i � d�t � hgirhgm�t�c+n d bd8
n d+~ c v f\h tF?@hgm"6 vPx c+n�� hEP }:tyirc�npzkhgm�h:zH9 m�tyf
" � c x tyn iqd�t39�?�nphO8 R

���ON PRQTS����VUWSXQYQ �ZS���� �\[X] � � ���V]

" c\n i�d+m�t�z�jr}:h:z n i � �g� �TD � hgirhgm�tyjrc x h:hgm�c ~ v ?@h v�� m�h v d�hgm x m�ty� v �knC6 n d b d�t c+~ v m�h cEhO?@hgm v 6
476ph:c 8
n d+~ tyd+~rhgm x h:hgm�c v irz f v c K � hgi�jkn irh c�hgf v i�d+np} x m�t*MIn f n d b/= �~rhgm�h
9 tym�h�D d+~rhgb v m�h
f\tym�h 6 n K hO6 b\d�t(�.h�}�~rt�c�hgi v c v c�hgf v i�d+np}Lirhgn � ~q��tyjkm*= " 6 d+~rtyj � ~`D�d+~knpc f v b�~ v c v x t�c�n d+nC?@h
h
_ h:}gd�tyi x hgm29 tym+f v ir}:h P ty��?Inptyjrc"6 b vL� hgirhgm�tyjrc x h:hgm npc v �.6phd�t1cEhgm"?@h f v i�b(m�h:o�jrh:c+d�c�R
D@d+~knpc
f v b%6ph v z d�t v i jki�� v 6 v ir}:h n i d+~rh1c+b�c+d�hgfH=A�~rhgm�h
9 tym�h|d+~rh1cEhgf v iqd+np} x m�t*MIn f n d b f\h v c�jkm�h
c�~rtyj.6pz_d v3K h x h:hgm � hgirhgm�t�c+n d b�n iqd�t v }:}:tyjki�d*= � n � jkm�h\� x m�h:c�hgiqd�c x t�c�c+n �.6ph�}:tyi;4 � jkm v d+nptyirc
��hgdT8 h:hgi dT8 t x h:hgm�c 8
n d+~�? v m+bIn i � } v }E~rh c+n�� h�=�: i h v }�~ }:tyi;4 � jkm v d+nptyi`D d+~rh�} v }�~rh c�n�� h(t39
x h:hgm�c

A
v irz

B
v m�h�m�h x m�h:c�hgi�d�h:z�=0�~rh�tF?@hgm"6 vPx

|σA,B |
npc}:tyirc+d v i�d 9 tym v 6C6�}:tyi;4 � jkm v d+nptyirc*=

�~rh:cEh }:tyi;4 � jkm v d+nptyirc f(jrc+d0��h
tym�zkhgm�h:zE8
~rhgm�h }:tyi;4 � jkm v d+nptyi �npc0d+~rh��h:c+d }:tyi;4 � jkm v d+nptyi
v irzV� �\d+~rh�8 tym�c�h�tyirh�= HLtyd�h d+~ v d�d+~rh(tym�zkhgm+n i � f v b irtyd���h c+bIf f\hgd+m+np}(zkh x hgirz�n i � tyi
8
~knp}E~ x h:hgm f\h v c+jkm�h:c
d+~rh cEhgf v iqd+np} x m�t*MIn f n d b/=

�~rh cEhgf v iqd+np} x m�t(M�n f n d b�f\h v c+jkm�h � nC?@hgi�n i J oqj v d+nptyi �} v i��.h v z vPx d�h:z v c�9 t\6C6ptF8 c$d�t
n f x 6phgf\hgi�d x*v m+d+n v 6C6 b d+~rh1m�h:o�jrh:c+d�h:z_tym�zkhgm*= �~knpc{zkh
4rikn d+nptyi�hgi v �.6ph:c{d�t\n i;9 hgm d+~rh x*v m+d+n v 6

�����o� �
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����"�3�
� � ����\�����
�E�\	��	�x!O���"�3�(�������3�
�
B��
3� �

� � �"���T�����x��� �W�7�
�-�x��� �*�
	��)� ���7� �
���
w�v irzktyf L ~rt�cEhgi v d
m v irzktyf
� ?@hgm"6 vPx aIhO6ph:}gd�h:z v }:}:tym�z�n i � d�t J o�j v d+nptyi#�

� ?@hgm"6 vPx�� V|hgirhgm�t�c�n d b aIhO6ph:}gd�h:z v }:}:tym�z�n i � d�t J o�j v d+nptyi_�
� ?@hgm"6 vPx�� s t x j.6 v m+n d b aIhO6ph:}gd�h:z v }:}:tym�z�n i � d�t J o�j v d+nptyi �
� tyd v 6tP�V1hgi`= � s t x = R cEhO6ph:}gd�h:z v }:}:tym�z�n i � d�t J o�j v d+nptyi��

� v �.6ph��GF a�jkf f v m+b

tym�zkhgm(�.hgdU8 h:hgi }:tyi;4 � jkm v d+nptyirc ��D�� v irz � v irz ��D � v irz-� v c 8 hO6C6 v c��;D & v irz � v irz
9 jkm+d+~rhgm*D v c
m�h x m�h:cEhgiqd�h:z n i � n � jkm�h7�;=

{

ξ2

A(B) = α ·
|σA,B |
|κA| + β ·

|σA,B |
|κB |

α + β = 1

P �/R

� tLhgirc+jkm�h d+~rh d�tyd v 6�tym�zkhgm�P d+~rh tym�zkhgm$��hgdT8 h:hgi\� v irz7�2K��;Dy� v irz �:K!& v irz �/R>zkh x np}gd�h:z
tyi d+~knpc 4 � jkm�h�D

α
c�~rtyj.6pz-�.h 6ptF8 hgm\d+~ v i

β
=��~rh d+~rh:tym�hgd+np} v 6 v i v 6 b�c+npc�npc x m�tF?�npzkh:z n i

"�xkx hgirz�nBM " =�Z�h1zkh:}gnpzkh:z d�t 9 v ?@tyjkmL}:tyi;4 � jkm v d+nptyi�� tF?@hgm{}:tyi;4 � jkm v d+nptyi��2F 8 h v cEc+jkf\h
d+~ v d�d+~knpc\tym�zkhgm\npc�f\tym�h m�hO6phO? v iqd d+~ v i d+~rh tyd+~rhgm�9 tym d+~rh>9 t\6C6ptF8
n i � m�h v c�tyi 9 m�tyf

A
� c

x tyn iqdt39o?InphO8	�GF : i �;D
B
~ v c v 6 v m � hgm } v }E~rhLd+~ v i d+~rhLt*?@hgm"6 vPx D�d+~rhgm�h
9 tym�h

B
~ v c v ~kn � ~rhgm

x m�ty� v �knC6 n d b-d�t �.h jrc�h
9 j.6
d�t
A
n i d+~rh>9 jkd+jkm�h�= L tyi�?@hgm�c�hO6 b/D � m�h x m�h:c�hgi�d�c v c�hgd+d+n i � n i

8
~knp}E~
A
f n � ~qd ��h|f\tym�h1jrc�h
9 j.6>d�t

B
=A�~knpc
m�hO6 v d+nptyi npc irtyd c+b�f f\hgd+m+np}�=

� t(f v d�}�~ d+~rh x m�hO?Inptyjrc }E~rt�c�hgi tym�zkhgm+n i � D v m�h
4rirh:z zkh
4rikn d+nptyi t39 d+~rh�cEhgf v iqd+np} x m�t(M 1
n f n d b f\h v c+jkm�h1npcJF











ξ2

A(B) = α ·
|σA,B |
|κA| + β ·

|σA,B |
|κB |

α + β = 1
α < β

P �/R

��� � 
 � S�� �WUWSXQ� � � � � �H[ � ���VU����

�~rh�c+d+jrz�b n i�� �g� � c+~rtF8 c{d+~ v dLd+~rh x t x j.6 v m+n d b t39�476ph:cLf v b n f x*v }gd|d+~rh7c�hgf v i�d+np} x m�t(M 1
n f n d b/= � tym h
M v f x 6ph�D }:tyirc+npzkhgm1dU8 t x h:hgm�c*D

B
v irz

C
D.~ v ?�n i � v c v f\h�c+n�� h�t*?@hgm"6 vPx 8
n d+~

A
}:tyiqd�hgi�d(} v }�~rh[P!�x���*�

|σA,B| = |σA,C |
R v irz d+~rh\c v f\h � hgirhgm�t�c+n d b P!�����*�

|κB | = |κC |
R
=

� hgd*D
B
v irz

C
f n � ~�d1irtyd1~ v ?@h�d�t ��h v d|d+~rh�c v f\h�z�npc+d v ir}:h 9 m�tyf

A
= � tym h
M v f x 6ph�D

B
� � :�5�� 5;=\{ 5 5;=3���I:����,�U�`� �o� :�|3�x���,������� ���;:��

A � �I@ :
��|?5I:����*������~

�5� |�*+-,/.�0
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f v b ~ v ?@h(f\tym�h x t x j.6 v m�476ph:c�n i_}:tyf f\tyi 8
n d+~
A

Dr�kjkd
C
f v b ~ v ?@h(f\tym�h m v m�h�476ph:c�n i

σA,C

= ��i x t x j.6 v m�476ph:c�P v irz�m v m�hI476ph:cE��� ���-�	� �\�-�2R v m�h(f\tym�h�m�h x m�h:c�hgi�d v d+nC?@h\t39 v x h:hgm � c
cEhgf v iqd+np} x m�t3476ph�= �~rhgm�h
9 tym�h�D>d+~rh z�npc+d v ir}:h��.hgdU8 h:hgi

A
v irz

C
c+~rtyj.6pz ��h � m�h v d�hgm1d+~ v i

d+~rh1z�npc�d v ir}:h ��hgdT8 h:hgi
A
v irz

B
F
ξA(B) < ξA(C)

=
J oqj v d+nptyi ��~ v c d�t ��h m�h
4rirh:z d�t d v3K h d+~knpc n iqd�t v }:}:tyjkiqd*= Z�h zkh:}gnpzkh:z d�t vPxkx 6 b

v f(j.6 d+n x 6 np} v d+nC?@h 9 v }gd�tym d�t-d+~rh x m�hO?Inptyjrc f\h v c+jkm�h�DLn iDtym�zkhgm d�tV��h }:tyirc�hgm"? v d+nC?@h v irz
~ v ?@h�d+~rh c v f\h�zkh
4rikn d+nptyi m�h � nptyi`=dZ�h�n iqd+m�tIz�jr}:h v irtyd+~rhgm�irtyd v d+nptyi%F

τ
m�h x m�h:c�hgi�d�c(d+~rh

i�jkf7��hgm t39 x t x j.6 v m 476ph:c�n i\d+~rh
c�hgd t39 t*?@hgm"6 vPxkx n i � 476ph:c0��hgdT8 h:hgi�dT8 t x h:hgm�cJF
τ = |{f |f ∈

σA,B ∧ f
npc x t x j.6 v m

}|
= � nC6ph x t x j.6 v m+n d b npc v�x*v m v f\hgd�hgmLt39 d+~rh c�bIc+d�hgfH=

λ =

(

|κB | − τ

|κB |

)γ P � R

8
~rhgm�h
γ
npc v h
M x tyirhgi�d�hgi v �.6 n i � d�t � nC?@h f\tym�h tymc6ph:c�c
n f x tym+d v ir}:h1d�t d+~knpcW9 v }gd�tym*=

H�tyd�h1d+~ v d{d+~rh�476ph x t x j.6 v m+n d b npc{zkh
4rirh:z v c
d+~rh1i�jkf7��hgmLt39$m�h x 6 np} v c{t39 v 476ph�=WL tyf�1
x jkd+n i � 476ph x t x j.6 v m+n d b m�h:o�jkn m�h:c v�� 6pty� v 6 K irt*8c6ph:z � h�t39�d+~rh7c+b�c+d�hgf 8
~rhgm�h v c x h:hgm�c�tyi.6 b
K irt*8 v c+jk�rc�hgd t397d+~rh_tF?@hgm"6 v b irhgdT8 tym K = Z�h x m�h:c�hgiqd v f\h:}�~ v iknpc+fBd�t }:tyf x jkd�h v i
h:c�d+n f v d+nptyi t39 d+~rh x t x j.6 v m+n d b t39 v 476ph|n i v z�npc�d+m+n �kjkd�h:zH8 v b n i�aIh:}gd+nptyi_�;=

����� � [���� ��� �

� b1f\hgm � n i � J o�j v d+nptyi\� v irz J o�j v d+nptyi��7D,8 hty�kd v n i v 9 j.6C6�c�hgf v i�d+np} x m�t*MIn f n d b(f\h v c�jkm�h�D
8
~knp}E~ } v i ��h|n ir}O6 jrzkh:z n i d+~rh � t�cEc+n x 1 � v c�h:z x m�tyd�tI}:t\6 x m�h:c�hgi�d�h:z n i_aIh:}gd+nptyi��;=

ξA(B) = |σA,B | ·

(

α

|κA|
+

β

|κB |

)

·

(

1−
τ

|κB |

)γ P �/R

8
~rhgm�h










α + β = 1
α < β
γ ≥ 0

: i�d+~rh m�hgf v n ikn i � t39�d+~rh x*vPx hgm*D�8 h
}:tyf x*v m�hd+~rh:cEhW? v m+n v i�d�c*D@c+jkf f v m+npc�h:z�n i � v �.6ph ��=

� ���$	�8:�
	�24�{�(< ���$C � ��������E� �

� ��� �
	�� ���VU�� � S � � � ] ��� � U S Q

Z�h�8
m�tyd�h v z�npc�}gm�hgd�h
1 hO?@hgi�d c+n f(j.6 v d�tym n iE8
~knp}E~�d+~rh
��hg~ v ?Inptyjkm t39
n
x h:hgm�c v m�h{c+n f7j.6 v d�h:z�=

� t�hO? v 6 j v d�h�d+~rh v }:}gjkm v }gb t39>d+~rh x m�t x t�c�h:z�f\h v c�jkm�h�D 8 hLjrc�h:z v m�h v 6�d+m v }:h�}:t\6C6ph:}gd�h:z
9 m�tyf�d+~rh h(^|tyi K hgbA476ph c�~ v m+n i � c+b�c+d�hgf � ���{n i HLt*?@hgf(�.hgm �������;=��~knpc�d+m v }:h ~ v c v 6pc�t

�����o� �
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��h:hgi jrc�h:z d�t\hO? v 6 j v d�h(c�hgf v iqd+np}
1 � v cEh:z_c+b�c+d�hgf\c{n i+� � �;D*�����T=)��c�n i � d+~rh c v f\h 8 tym K 6pt v z
hgi v �.6ph:c d�t7}:tyf x*v m�h|z�n m�h:}gd"6 b d+~rh�m�h:c+j.6 d�c*= " c�hgd t39 � �;D ������8 tym"6pz 1�8
npzkh|z�npc+d+m+n �kjkd�h:z x h:hgm�c
8
n d+~ d+~rh 476ph:c1h v }E~�tyirh c+~ v m�h:c*D npc�6pt ��� h:z n i d+~knpc1d+m v }:h�= " d�tyd v 6�i�jkf7��hgm7t39L��D � ���;D �����
jkiknpo�jrh 476ph:c v m�h ��hgn i � }:t\6C6ph:}gd+nC?@hO6 b c+~ v m�h:z �qb�d+~rh:c�h x h:hgm�c*=HZ�h jrc�h:zVd+~ v d�d+m v }:h v c v
8 tym K 6pt v zd9 tym{tyjkm c�n f7j.6 v d+nptyi d+~rh7c v f\h�8 v b v c
n i � �����T=

Z�h v c�c+n � irh:z x h:hgm�c{m v irzktyf�6 b d�t�d+~rh(h(^|tyi K hgb }O6 nphgi�d�c1t39$d+~rh(d+m v }:h�= �~rh(c+n f7j.6 v d�tym
f v n i�d v n irc d+~rh � 6pty� v 676 npc+d t39�476ph:c c+~ v m�h:z\n i\d+~rh c+b�c+d�hgf v irz d+~rh x t x j.6 v m+n d b\t39 h v }�~ 476ph���=
J v }�~�}O6 nphgi�d0npc v c�c�tI}gn v d�h:z�8
n d+~ n d�c 6 npc+d0t39 476ph:c v }:}:tym�z�n i � d�t|d+~rhm�h v 6kd+m v }:h v irz�f v n iqd v n irc
v cEhgd t39$c�hgf v i�d+np} irhgn � ~��.tyjkm�c{n i n d�c c�hgf v i�d+np} ?InphO8 =

�~rh 6 npc�dt39 c�hgf v iqd+np}|irhgn � ~��.tyjkm�c t39$h v }�~ x h:hgmnpc n ikn d+n v 6 npcEh:z 8
n d+~ v c�hgd
t39
x
m v irzktyf

x h:hgm�c*=��~rh m�h:c+j.6 d�c x m�h:c�hgiqd�h:z n i d+~knpc x*vPx hgm v m�h ty�kd v n irh:z 8
n d+~ v c�hgd\t39|��� m v irzktyf
x h:hgm�c*= � tym7h v }�~ x h:hgm*D>d+~rh�c+n f7j.6 v d+nptyi }:tyirc+npc+d�c1n i#h
Mkh:}gjkd+n i � d+~rh v }gd+nC?@h�d+~km�h v z�t39d+~rh
x m�tyd�tI}:t\6�= " d{h v }E~ m�tyjkirz�Drh v }E~ x h:hgm
n i d+~rh c+b�c+d�hgf h
M�h:}gjkd�h:c{d+~rh 9 t\6C6ptF8
n i � c+d�h x cBF
��= }�~rtIt�c�h:c tyirh t39$n d�c c�hgf v i�d+np} irhgn � ~��.tyjkm�c*D x np} K h:z m v irzktyf�6 b n i n d�c�?�nphO8 K
�;= c�hgirzkc d�t�d+~knpc�cEhO6ph:}gd�h:z irhgn � ~��.tyjkm d+~rh_}:tyi�d�hgiqd t391n d�c tF8
i ?InphO8 = �~rh cEhO6ph:}gd�h:z
irhgn � ~q��tyjkm�c�hgirzkc � v } K n d�c t*8
i ?�nphO8 K

�;=
j x tyi(m�h:}:hgn x d t39kn d�c irhgn � ~q��tyjkm � c�?�nphO8 D]d+~rh x h:hgm f\hgm � h:c d+~rh irhO8Virhgn � ~q��tyjkm�c K irtF8
i
n i d+~knpc h
Mk}�~ v i � h�8
n d+~ n d�c{t*8
i ?�nphO8 K

�7=
m v i K c d+~rh x h:hgm�c n i d+~rh ty�kd v n irh:z c�hgd v }:}:tym�z�n i � d�t�d+~rh x m�t(M�n f n d b f\h v c�jkm�hGK
�;= K h:h x c d+~rh

x
cEhgf v iqd+np} v 6C6 b }O6pt�c�h:c+d{irhgn � ~q��tyjkm�c*=

�~knpc m�h:c+j.6 d�c hO?@hgiqd+j v 6C6 b n i v c�hgf v iqd+np}(t*?@hgm"6 v b irhgdU8 tym K =
�~rh vPxkx m�t v }E~rh:c v m�h�}:tyf x*v m�h:z v 6ptyi � dU8 t f\hgd+m+np}:cJFd+~rh ~kn dLm v d+npt�9 tym{m v m�h�476ph:c v irz

d+~rh 6pt v z tyi h v }�~ x h:hgm*= " d h v }E~ }gb�}O6ph�DIh v }�~ x h:hgm v c K c tyirhLt39>d+~rh�476ph x np} K h:z v d m v irzktyf
v f\tyi � m v m�hS476ph:c��{d+~rhgb t*8
irh:z d�t v 6C6.n d�cc�hgf v iqd+np}Lirhgn � ~��.tyjkm�c*= " 476ph{npc }:tyirc+npzkhgm�h:z v c v
m v m�h 476ph1nB9�d+~rh1iqjkf(�.hgm|t39�d+~knpcc476ph � c�m�h x 6 np} v c{n i d+~rh7c+b�c+d�hgf npc�6ptF8 hgmLd+~ v i v�x m�h:zkh
4rirh:z
d+~km�h:c�~rt\6pz P ~rhgm�h�D(� ��m�h x 6 np} v c�R
= " 9 d�hgm v }:tyf x 6phgd�h�m�tyjkirz��/DW8 h }:tyf x jkd�h_d+~rh v ?@hgm vP� h
~kn d m v d+nptaP 9 tym v 6C6 x h:hgm�c
R
= wLv m�h 476ph v m�h }�~rt�c�hgiDn i x m+nptym+n d b ��h:} v jrc�h�d+~rhgb v m�h f\tym�h
m�h x m�h:cEhgiqd v d+nC?@h v irz n d npc f\tym�h|z�n < }gj.6 d d�t�6pt�} v d�hLd+~rhgf9d+~ v i x t x j.6 v m
tyirh:c*= � t�hO? v 6 j v d�h
d+~rh{n f x*v }gd t39 � hgirhgm�t�c+n d b/D 8 h v 6pc�t }:tyf x jkd�h�d+~rh�6pt v z t39 h v }E~ x h:hgm*= �~knpc npc f\h v c+jkm�h:z v c

� 3 ��� :
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d+~rh(iqjkf(�.hgm1t39 tI}:}gjkm+m�hgir}:h:c1t39 v�x h:hgmLn i_d+~rhI6 npc+d�cLt39 c�hgf v i�d+np}(irhgn � ~��.tyjkm�cEP ~rtF8 f v iqb
x h:hgm�c
~ v ?@h }�~rt�c�hgi_d+~knpc x*v m+d+np}gj.6 v m x h:hgm v c v c�hgf v i�d+np} irhgn � ~��.tyjkm�R
=

" c v � v c+npc 9 tym }:tyf x*v m+npc�tyi`D�8 h v 6pcEt-jrc�h v m v irzktyf c�h v m�}�~%F h v }E~ x h:hgm cEhgirzkc v
m�h:o�jrh:c+d 9 tym v m v m�h�476ph{d�t

x
m v irzktyf x h:hgm�c*D�8
~rhgm�h

x
npc h:o�j v 6*d�t(d+~rh�iqjkf7��hgmt39 c�hgf v iqd+np}

irhgn � ~��.tyjkm�cF= � jkm+d+~rhgm+f\tym�h�D�8 h�}:tyf x*v m�h v 6C60m�h:c+j.6 d�c 8
n d+~#d+~rh\c+n f7j.6 v d+nptyiVn i 8
~knp}�~#d+~rh
tF?@hgm"6 v b irhgdU8 tym K npc
m v irzktyf�6 b d�tyd v 6C6 b m�hO8
n m�h:z v d{h v }E~ }gbI}O6ph�=

� hO6ptF8 D.8 h(c+jkf f v m+npc�h|d+~rh c�n f7j.6 v d+nptyi x*v m v f\hgd�hgm�cBF

•
H{jkf(�.hgm{t39 x h:hgm�c
n i d+~rh1c+b�c+d�hgf F
����D � ��� x h:hgm�c�P�8
n d+~rtyjkd �
� � �
�T�-� ���
���FR

•
H{jkf(�.hgm{t39�476ph:c
n i d+~rh7c+bIc�d�hgf F{��D � & �;D ��� & 476ph:c

•
H{jkf(�.hgm{t39�}gb�}O6ph:c F0���

•
a�n�� h t39$cEhgf v iqd+np} ?InphO8 F0��� x h:hgm�c

•
s t x j.6 v m+n d b d+~km�h:c+~rt\6pz F
� ��m�h x 6 np} v c
� nC6ph 8
n d+~H6ph:c�cd+~ v i#� � m�h x 6 np} v c n i d+~rh c+b�c+d�hgf npc }:tyirc�npzkhgm�h:z v c v m v m�h tyirh�=

•
@ n ikn f(jkf } v }�~rh7}:tyiqd�hgiqd8F0��� 476ph:c
s h:hgm 8
n d+~H6ph:c�c{d+~ v i���� 476ph:c�n i d+~rhgn mL} v }�~rh v m�h7irtyd{n i�d�h � m v d�h:z n i d+~rh(c+n f7j.6 v d+nptyi
n i tym�zkhgm d�t � hgd m+npz t39 �
�"� �O�T�-�	���O�}�O=

� �ON 
 U�� ��� � U�� � � ] [ ��� ]

� n � jkm�h�� x m�h:c�hgiqd�c(d+~rh v ?@hgm vP� h\~kn d7m v d+npt zkh x hgirz�n i � tyi#d+~rh\}gb�}O6ph\t39
d+~rh � t�c�c+n x 1 � v cEh:z
x m�tyd�tI}:t\6�9 tym
d+~rh�9 tyjkm }:tyirc+npzkhgm�h:z c+d+m v d�h � nph:c*=

Z�h(ty�rc�hgm"?@h(d+~ v dLd+~rh7~kn dLm v d+npt t390d+~rh(m v irzktyf vPxkx m�t v }�~�zktIh:c{irtyd|h
Mk}:h:h:zV���>=SZ�h
ty�rcEhgm"?@h d+~ v d tyi.6 b v 9 d�hgm ��}gbI}O6ph:c�t39�d+~rh � t�c�c�n x 1 � v c�h:z x m�tyd�t�}:t\6�D v 6C6
tyd+~rhgm�?@hgm�c+nptyirc t39
d+~rh x m�tyd�t�}:t\6�6 v m � hO6 b tyjkd x hgm29 tym+f d+~rh m v irzktyf4tyirh�=9�~rh�4rm�c+d�z v c+~ x 6ptyd{m�h x m�h:c�hgi�d�cLd+~rh
} v }E~rh t*?@hgm"6 vPx ~kn d0m v d+nptEP }:tym+m�h:c x tyirz�n i � d�t J o�j v d+nptyi_�FR
= �~rh
c�h:}:tyirz�z v c+~ x 6ptyd t*?@hgm d+~rh
tF?@hgm"6 vPx tyirh�D�m�h x m�h:c�hgiqd�c d+~rh(~kn d|m v d+npt }:tym+m�h:c x tyirz�n i � d�t J oqj v d+nptyi � 8
~rhgm�h x t x j.6 v m+n d b
t39Lm�h:oqjrh:c�d�h:z 476ph:c�npc }:tyirc+npzkhgm�h:z 8
~knC6ph }�~rtIt�c+n i � c�hgf v i�d+np} irhgn � ~q��tyjkm�c*=A: i d+~ v d\} v c�h�D
d+~rh\~kn d m v d+npt m�h v }E~rh:c������ P n irc�d�h v z#t391�T��� n i�d+~rh�c�n f x 6ph\t*?@hgm"6 vPx } v c�hFR
= Z ~rhgi x h:hgm
� hgirhgm�t�c�n d b�npc d v3K hgi n i�d�t v }:}:tyjki�d�P J o�j v d+nptyi �/R
D�d+~rh v ?@hgm vP� h|~kn d m v d�h|zkh:}gm�h v c�h:c
c 6 n � ~qd"6 b
v c�h
M x h:}gd�h:z�=,�~rh � t v 6t39 d+~rh c+d+m v d�h � b npc(f\tym�h d�t � v 6 v ir}:h d+~rh 6pt v zVn i#d+~rh irhgdT8 tym K
d+~ v i�d�t n f x m�t*?@h�d+~rh�~kn d�m v d+npt x hgm29 tym+f v ir}:h�= �~rhI6 v c+d|}gjkm"?@h�D } v 6C6�� � tyd v 6��\D m�h x m�h:c�hgiqd�c
d+~rh v ?@hgm vP� h ? v 6 jrhS8
~rhgi v 6C679 v }gd�tym�c v m�h�n iqd�h � m v d�h:z n i d+~rh{c�hgf v i�d+np} x m�t(M�n f n d b�f\h v c�jkm�h�=
w h:c+j.6 d�c v m�h }O6pt�c�h d�t d+~rh tyirh:c�ty�kd v n irh:z 8
n d+~ � hgirhgm�t�c+n d b/= Z�h ty�rc�hgm"?@h d+~ v d d+~rh dT8 t
h
_ h:}gd�c�P � hgirhgm�t�c+n d b v irz x t x j.6 v m+n d b.R
~ v ?@h v }gd+j v 6C6 b t xkx t�c+n d�h1n f x*v }gd�c*=

�����o� �
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��irh x hgm�c x h:}gd+nC?@h7npc�d�t�n i�d�h � m v d�h:z�d+~knpcLcEhgf v iqd+np} x m�t(M�n f n d b_f\h v c+jkm�h7n i tyd+~rhgm 8 tym K
8
~knp}E~ jrc�h:z v c+n f x 6ph�t*?@hgm"6 vPx f\hgd+m+np} v c{n i�� �����T= @_tym�h:tF?@hgm*D�8 h�hO? v 6 j v d�h�d+~knpcLc�hgf v iqd+np}
f\h v c�jkm�h n i�d+~rh�}:tyiqd�h
M�d t39 v � t�c�c+n x 1 � v c�h:z x m�tyd�t�}:t\6��kjkd n d } v i �.h vPxkx 6 nph:z\d�t(tyd+~rhgm s � s
irhgdU8 tym K c v cc8 hO6C6�=

� ��8:�$	����(< ��)

� ��� �~rh h(^|tyi K hgb ������� x m�tPu+h:}gd*=�~�d+d x F / /,8c8c8 = h:zktyi K hgb��������;= }:tyf / =
� ��� �~rhIVLiqjkd�hO6C6 v x m�tPu�h:}gd*=�~�d+d x F / /,8c8c8 = � iqjkd�hO6C6 v = }:tyf / =
� ��� �~rh$� v! �v�" x m�tPu+h:}gd*=�~�d+d x F / /,8c8c8 = Kyv � v�v = }:tyf / =
� ��� �~rh(� ?@hgm+irhgd x m�tPu+h:}gd*=�~qd+d x F / /,8c8c8 = tF?@hgm+irhgd*= }:tyf / =
� ��� �~rh(a K b x h x m�tPu+h:}gd*=�~�d+d x F / /,8c8c8 = c K b x h�= }:tyf / =
��&�� @ =�L v c+d+m�t.D�@ =�L t�c+d v D v irz " = w tF8 c+d+m�tyi`= a�~rtyj.6pz 8 h��kjknC6pz VLiqjkd�hO6C6 v tyi v c�d+m+jr}
1

d+jkm�h:z t*?@hgm"6 v b�� : i ���;���/	 �����\�
	*��� � � ��	� ��� � � � �x!
� ��	�I� ��� �\�
	*����� ������������������\D
@[: � D L v f7�km+npz � h�D�@ " D �|a " D�HLt*?�=*�������;=

� �	� @ =\L v c+d+m�t.D s =3^Lm+jrc�}�~rhO6�D " = 1T@ =��1hgm+f v m+m�h:}�D " =�H v irz�n�D " = w t*8 c+d+m�tyi`D v irz " =ya�n i � ~`=
a x 6 n d�c+d+m�h v f F N n � ~;1 � v irz;8
npz�d+~ f7j.6 d+np} v c�d�n i }:tIt x hgm v d+nC?@h hgi ?�n m�tyikf\hgi�d�c*= : i���� ���
���5� � 
3� � �\�/��� � �\	 � �.�
�"���	��	 � ��
3�-�T�O�I� � �/��	�! ���������� � �)� � � !�" �3D �~rh�a vP�qv f\tym�h�D
� t\6 d�tyi � v irz�n i � D�H � D �1a " D*�L}gd*=r�������;=

����� @ =�L v c+d+m�t.D s =�^�m+jrc�~rhO6�D � =�L = N j`D v irz " = w t*8 c+d+m�tyi`= J M x 6ptyn d+n i � irhgdU8 tym K�x m�t(M 1
n f n d b-n i x h:hgm21 d�t31 x h:hgm t*?@hgm"6 v b irhgdU8 tym K =�� h:}�~kiknp} v 6Lm�h x tym+d*DX@_np}gm�t�c�t39 d w h:c�h v m�}E~`D
L v f7�km+npz � h�D�� ��D*�������;=

����� � =�L ~ v 8 v d+~rh�D a�= wLv d+i v c v f7b/D � = � m�h:c"6 v j`D6H = � v ik~ v fHD v irz a�= a�~rhgi K hgm*= @ v3K n i �
� iqjkd�hO6C6 v 1�6 n K h x � x c�bIc+d�hgf\c�c�} v 6 v �.6ph�=c: i � �.� ! � ��#��	��T�O�"��� �%$W���\��� �\	'&I�����(� �\����� �
	 � !}���	�	��	.� �����5� ���)$*�)�t� � � !+" �3Dra v iH^Lnph � t.D�L " D �|a " D " j � =r�������;=

� � ��� " =�L m�h:c x t v irz N =�V v m�}gn v 1T@�t\6 n i v =LaIhgf v i�d+np}�tF?@hgm"6 v b irhgdU8 tym K c 9 tym s � s c+bIc�d�hgf\c*=
� h:}�~kiknp} v 6|m�h x tym+d*Dc^ v d v � v c�h VLm�tyj x DLa�d v i;9 tym�z �{iknC?@hgm�c+n d b/D�a�d v i;9 tym�z�DSL " D��|a " D
aIh x d*=*�������;=

� ����� s =7^Lm+jrc�}E~rhO6 v irz " = w t*8 c�d+m�tyi`= s v c+dJF " 6 v m � h
1 c�} v 6ph�D x hgm�c+npc�d�hgiqd x h:hgm21 d�t31 x h:hgm�c+d�tym21
vP� h jkd+nC6 n d b/= : i ���.�,��- ��� ���5� ��
\� � �3�/��� � ��	 � �.�
�"���	� 	 � ��
3� �T�
� � � �-� 	�! � ��C���
� � �)� � � ! �
�\D � v3K h �>tyjknpcEh�D " � D L v i v z v D.�L}gd*=*��������=
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��� ���������
	��
����������������
�
������� �"!

� � ��� a�= N|v irz�jkm+j K�v irzkh�D " = 1T@ =��1hgm+f v m+m�h:}�D � = � = � h:c�c v iqd*D v irz � =3@ v c�c�tyj.6 npl�= Lt6 jrc�d�hgm+n i �
n i x h:hgm21 d�t31 x h:hgm�476ph�c+~ v m+n i � 8 tym K 6pt v zkc*=d: i ���;� " ��� ��	 �T�
��	����	�	��	��\*���\��	F��� � � ��	
� � �
�
� � �\� � � �
� ��
3� �T�
� � ��� � � � � � ! � �\Dra v i ^Lnph � t.D�L " D �1a " D � hg�`=*�����P�7=

� � ��� a�= N|v irz�jkm+j Kyv irzkh�D " = 1T@ =��1hgm+f v m+m�h:}�D � = � = � h:cEc v iqd*D v irz � =3@ v cEc�tyj.6 npl�= J M x 6ptyn d+n i �
c�hgf v iqd+np} }O6 jrc+d�hgm+n i � n i�d+~rh�h:zktyi K hgb s � s irhgdU8 tym K =>: i ���;� � ����� ���5� � �)$�� � �
� � ��� �.� �\	 � ����	*�
� � � � � �)$�� � � � ! � �3D �>hgj.?@hgi`D � hO6 � n jkfHD�aIh x d*=*�����P�7=

� �g��� a�= N|v irz�jkm+j Kyv irzkh�D " = 1T@ =	�1hgm+f v m+m�h:}�D � = � = � h:c�c v i�d*D � =3@ v c�cEtyj.6 npl�D v irz\a�= s v d v m+n i`=
s h:hgm c+~ v m+n i � ��hg~ v ?Inptyjkm n i d+~rh h(^|tyi K hgbLirhgdU8 tym K D v irz1n f x 6 np} v d+nptyiI9 tym>d+~rh zkh:c+n � i7t39
c�hgm"?@hgm21�6ph:c�c�476ph
c+~ v m+n i � c+b�c+d�hgf\c*= � h:}�~kiknp} v 6 w h x tym+d s :�1E��& �@� D : irc+d+n d+jkd�zkh w h:}�~rhgm�}�~rh
hgiH: i;9 tym+f v d+npoqjrh7hgdLa�bIc�d�egf\h:c " 6pl v d�tyn m�h:cFD w hgikirh:c*D � m v ir}:h�D � hg�`=*�������;=

� � ��� @ =��@hO6 v c�n d b/D w =SVLjrhgm+m v tyjkn�D " = 1T@ = �1hgm+f v m+m�h:}�D v irza@ =W? v i a�d�h:hgi`= �~rh x h:hgm
c v f x 6 n i � c�hgm"?Inp}:hGF J M x hgm+n f\hgiqd v 6$hO? v 6 j v d+nptyi_t39�jkirc+d+m+jr}gd+jkm�h:z � t�c�c+n x 1 � v c�h:z n f x 6ph
1
f\hgiqd v d+nptyirc*= : i ���5������� � � �
	 � � � �������� ��	��T�
�
	����	� �\	����� � � �;�� � �\� �� �\	��*�
� �
	�!}�
�x� � � �;�� � �\� � � ! � �3D.� tym�tyiqd�t.D���iqd v m+npt.D�L v i v z v D.�L}gd*=*�����P�7=

� ��&�� � = � = � t�t.D w = N jrhg�rc�}E~`D�:
=.a�d�tynp} v D v irz��7=�@ = N hO6C6phgm�c+d�hgn i`=F�~rh(} v cEh 9 tym v ~qbI�km+npz
x � x c�h v m�}E~_n i;9 m v c+d+m+jr}gd+jkm�h�= : i ���;� " ��� ��	��T�
�
	����	� �\	��� � ����	*�
� � � ��	 � � �
�
� � �\� � � �
�
��
3�-�T�
� � ��� � � � � � ! � �3Dra v i ^Lnph � t.D�L " D �|a " D � hg�`=*�����P�7=

� �T�	� ( =���?�D s =cL v t.D J =XL ty~rhgi`D ��=�� n�D v irz a�= a�~rhgi K hgm*= aIh v m�}�~ v irz m�h x 6 np} v d+nptyi n i
jkirc+d+m+jr}gd+jkm�h:z x h:hgm21 d�t31 x h:hgm irhgdU8 tym K c*= : i ���;�'������� ��	��T�
�
	����	� �\	��\c!��\	 �(�
� �
	�!�� ��	
� � �7�
�2! �\� ��� �	��	 �(����� � � ! � �3D���jkirh(�������;=

� ����� " = w t*8 c�d+m�tyi v irz s =X^Lm+jrc�}�~rhO6�= s$v c+d+m+b'F aI} v 6 v �.6ph�D z�npc+d+m+n �kjkd�h:z ty��u�h:}gd>6ptI} v d+nptyi
v irz#m�tyjkd+n i � 9 tymI6 v m � h
1 c�} v 6ph x h:hgm21 d�t31 x h:hgm�c+bIc�d�hgf\c*=H: i ���;����� � � �.���5� ��	��T�
�
	��\�
�	�	�\	��\%� ��	��(�O�"�
	�!}� �\	 &$� � � �/� �
� �T��� ��
3�-�T�
� � � B��� ��\�
� ���[@ npzkz;6phO8 v m�h ����� � � � ! � �3D
N hgnpzkhO6 ��hgm � D�V|hgm+f v i�b/D�HLt*?�=r��������=

� ����� a�= a v m�tyn j`D ��=tVLjkf f v z�n�D w = ^Ljkiki`D
a�=XVLm+n �k�.6ph�D v irz N = �>hO?Ib/= " i v i v 6 b�c+npc�t39
n iqd�hgm+irhgd�}:tyiqd�hgi�d0zkhO6 nC?@hgm+b7c+b�c+d�hgf\c*= : i ���;� ������ ��
\� � �3�/��� � ��	 � �.�
�"���	� 	 ����
3�-�T�O�I�
&I���-� ��	��\	 ����� ����
� �
	���� �	�	�\	 ���)� & � � ! � �3D � t�c+d�tyi`D7@ " D �|a " D.^|h:}�=r�������;=

� ����� ��=a�m+n x*v iknpz K j.6p}�~ v n�D � = @ vP��� c*D v irz N =  ~ v i � = J < }gnphgi�d }:tyiqd�hgiqdd6ptI} v d+nptyi jrc21
n i � n iqd�hgm�h:c+d21 � v c�h:zG6pt�} v 6 n d b n i x h:hgm21 d�t31 x h:hgm7c+b�c+d�hgf\c*=�: i ���.� � ��	 �>� 	 	7�;���� ����	��
� �\	��*�
�"�O	�!}� ��� ���;� � ����� � �\� ��� �T�
�d�\	 � � ��� ��� 	 �x! ���	� �\	.� � �F! �x��	�x���(��� ����� �����
���*�)�X� � !+" �3Dra v i � m v ir}gnpcE}:t.D�L " D��|a " D "{x m*=r�������;=
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� ����� :�=]a�d�tynp} v D w =F@�tym+m+npc*D3^ =�� v m � hgm*D\@ = � =	� v�v c+~rtIh K D v irz N = �v 6 v3K m+npc+~ki v i`=.L ~rtym�z�F "
c�} v 6 v �.6ph x h:hgm21 d�t31 x h:hgmt6pt�t K j x c�hgm"?Inp}:hW9 tym0n iqd�hgm+irhgd vPxkx 6 np} v d+nptyirc*=�: i � �.�"!� �\ ��	��T�
� ��� �
$W���\��� �\	'&�� ��� � ��� ��� 	 �x! ���	� �\	.� �����5� � �)$*�)�X�H� � ! �
�\Dka v i[^�nph � t.D�L " D��|a " D
" j � =r��������=

� ����� a�= � tyj.6 �qv m+npc*D " = 1T@ =0�1hgm+f v m+m�h:}�D�� =t@ v cEc�tyj.6 npl�D v irz @ =�? v i a�d�h:hgi`= J M x 6ptyn d+n i �
c�hgf v iqd+np} x m�t(M�n f n d b n i x h:hgm21 d�t31 x h:hgm }:tyiqd�hgi�d c�h v m�}E~kn i � =�: i ���.� � ! ��� ��	��T�
�
	����	� �\	��\
� �\�
	*�
� � � �\	 ��� � � � � �7�"�O	 �3� ��	 &$� � � �/� �
� �T����� �\� ��� �	� 	 � � 
,� �T�
� �,� � �#& � � � ! � �3D
a�j �:~rtyj`D�L ~kn i v D @ v b �����P�7=

� ����� a�= � tyj.6 �qv m+npc v irz�@ =F? v i a�d�h:hgi`= J�x npzkhgf np}
1 c�d b 6ph
f v i vP� hgf\hgiqd0t39�cEhgf v iqd+np}t*?@hgm"6 v bIc
9 tym }:tyi�d�hgiqd21 � v c�h:z�c�h v m�}�~kn i � =t: i ���.� � � ��� � �\� � ! �D � npc��.t v D s tym+d+j �qv 6�D�aIh x d*=��������;=

� � ��� ����!���/

L tyirc�npzkhgm d+~rh�9 t\6C6pt*8
n i � v c�c�jkf x d+nptyi%F
• α + β = 1

• α < β

� jkm+d+~rhgm+f\tym�h�D v }:}:tym�z�n i � d�t � n � jkm�h\� �

• |κB1| < |κB2|

• |κA1|+ |κB1| = |κA2|+ |κB2| = T

• |σA1,B1| = |σA2,B2| = |σA,B|

Z�h�8 v iqd�d�t\hO? v 6 j v d�h nB9�F
?

ξA2(B2)− ξA1(B1) > 0

�5� |�*+-,/.�0
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1 2

A2

A1

B1 B2

� n � jkm�h�� �5F ��m�zkhgm v }:}:tym�z�n i � d�t(d+~rhLc v f\hS? v 6 jrh|t39>d+~rh|t*?@hgm"6 vPx v irz z�nB_ hgm�hgiqd � hgirhgm�t�c�n d b
}:tyirc�npzkhgm�h:z 9 m�tyf "

Z�h|~ v ?@h d+~rh�9 t\6C6pt*8
n i � zkh:z�jr}gd+nC?@h m�h v c�tyikn i � F

ξA2(B2)− ξA1(B1)

=
(

α ·
|σA2,B2|
|κA2|

+ (1− α) ·
|σA2,B2|
|κB2|

)

−
(

α ·
|σA1,B1|
|κA1|

+ (1− α) ·
|σA1,B1|
|κB1|

)

= |σA,B | · α ·
(

1

|κA2|
− 1

|κA1|

)

+|σA,B| · (1− α) ·
(

1

|κB2|
− 1

|κB1|

)

= |σA,B | · α ·
(

1

|κA2|
− 1

|κA1|

)

+|σA,B| · (1− α) ·
(

1

T−|κA2|
− 1

T−|κA1|

)

� n � jkm�h ����c+~rt*8 c|d+~rh ? v 6 jrh:c|t39 d+~rh 6 v c+d|h:oqj v d+nptyi v }:}:tym�z�n i � d�t d+~rh�z�nB_�hgm�hgi�d ? v 6 jrh:c|t39
|κA1|

v irz
|κA2|

= Z�h v m�h v �.6ph1d�t v,< m+f d+~ v dc9 tym
d+~rh1f\t�c+d
f v u+tym+n d b t39�} v c�h:c*D.8 h1~ v ?@hGF

ξA1(B1) < ξA2(B2)

Z�h1h
MId+m v }gd
d+~rh1c�hgd t39�} v c�h:cW8
~rhgm�h
ξA2(B2)− ξA1(B1) < 0

= �~rhgb v m�h|m�h x m�h:c�hgi�d�h:z
n i � n � jkm�h � �;= Z�h�ty�rc�hgm"?@h v c+npzkh�h
_ h:}gd 9 tym 6 v m � hgm ? v 6 jrh:c1t39

κA1

v irz
κA2

= Z ~rhgi d+~rh
dU8 t x h:hgm�c v m�h�~kn � ~.6 b � hgirhgm�tyjrc*D�d+~rh|tym�zkhgmnpc m�hO?@hgm�cEh:z�= N tF8 hO?@hgm*Dkd+~knpc npc irtyd v i npc�c+jrhLn i
tyjkm vPxkx m�t v }�~ c+n ir}:h�d+~rh{tym�zkhgmnpc n f x tym+d v i�dW8
~rhgi } v }E~rhLc�n�� h:c v m�hS?@hgm+b�z�nB_�hgm�hgi�d v irz./Ptym
c�f v 6C6�=

�����o� �
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