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Abstract

We analyse the European interbank market in a general equilibrium
model. Several institutional aspects of the market are taken into considera-
tion, especially the Eurosystem’s two standing facilities, reserve requirements
of banks and the fact that borrowing from the Eurosystem has to be secured.
We show that some characteristics of the interbank market which have been
ignored in the theoretical literature on the interbank market until now can
have a signi…cant impact on the banks’ recourse to the standing facilities.

 



Zusammenfassung

Wir analysieren den europäischen Interbankenmarkt im Rahmen eines all-
gemeinen Gleichgewichtmodells. Es werden verschiedene institutionelle As-
pekte des Interbankenmarktes berücksichtigt, insbesondere die zwei ständi-
gen Fazilitäten des Eurosystems, die Reserveverp‡ichtungen der Banken und
die Tatsache, daß Kredite des Eurosystems besichert werden müssen. Wir
zeigen, daß einige bisher in der theoretischen Literatur unberücksichtigt geblie-
benen Eigenschaften des Interbankenmarktes einen Ein‡uß auf die Inanspruch-
nahme der Fazilitäten durch die Banken haben.
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K3'& ('+# B#M'2#/#'%( '& #/0'2#/#'%(C &./0'+ F.&1.85# ! @ ?# ?&1*# ! !"" :'& *"#
&#.51U.*1'/ ': ! 1/ (*.*# "A !"%(@ 1: ?# :'& #M.+;5# ?&1*# #!"# !"" $ %!"# !""@ *"#/ ?# P%(*
(.) *".* 1/ (*.*# " *"# &#(#&F#( "#50 8) 8./= & 1/ ' .&# /'* "12" #/'%2" *' :%5H5 8./=
&,( &#(#&F# &#7%1&#+#/*(A <: ?# 1/(*#.0 :'& #M.+;5# ?&1*# #!"# & %!"# @ *"#/ ?# (.) *".*
#!"# !"" & %!"# !"" :'& .55 " ! #A

a[#&#@ ?# 0' /'* #M.4*5) +'0#5 *"# $DE,( 4%&&#/* ()(*#+ ?"#&# .55 1/*#&#(* '/ "'501/2(
': &#7%1&#0 &#(#&F#( 1( ;.10 '/ *"# second 0.) .:*#& *"# #/0 ': *"# +.1/*#/./4# ;#&1'0A
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1!"# 8# *"# 517%101*) 8./= " 5#/0( :&'+ ' *' ' % " *' *"# 1/*#&8./= +.&=#*
./0 -# *"# 4'&&#(;'/01/2 1/*#&#(* &.*#Ac Z# .((%+# *".* *&./(.4*1'/( .* *"#
1/*#&8./= +.&=#* 0' /'* ".F# *' 8# (#4%&#0A
Z# 0#/'*# *"# 517%101*) 8./= " 4./ 01(;'(# ': .* 0.) ' 8) 2!"#A I((%+1/2

*".* /' 8./= "'50( 4.(" 'F#& /12"*@ ?# ".F#

2!"# ! )!"#!1 % &" % -'"#!1'.!"#!1 % &" % -("#!1'/!"#!1 BJC

%&" % -#!1'1!"#!1 % 3!"#

:'& ' ! (% &&&% ( % "A!"# *#&+ 3!"# 1( ./ #M'2#/'%( &./0'+ 517%101*) 1/O%M B'&
517%101*) 0&.1/@ 1: 3!"#&+' , $ :'& ('+# + ! #C *' 8./= " 1/ 'A <: :'& #M.+G
;5# 4%(*'+#&( ': 8./= " ;.) 1/ B?1*"0&.?C +'/#)@ 3!"# 1/4&#.(#( B0#4&#.(#(CA
9'&#'F#&@ 3!"# 4'+;&1(#( :'& #M.+;5# 517%101*) 0&.1/( 8#4.%(# ': 01F10#/0 ;.)G
'%*(@ ;.)'%*( ': :.4*'& 1/4'+# ./0 &#.5 1/F#(*+#/*(A 3&'+ *"# #M;#/01*%&#
(10#@ ?# 4./ ?&1*#

2!"# ! )!"# %.!"# % /!"# % 1!"# BLC

:'& ' ! "% &&&% ( A
</ ' ! "@ *"# $%&'()(*#+ 4'/0%4*( ./ ';#/ +.&=#* ';#&.*1'/A !"#

.+'%/* ': 517%101*) 1/P#4*#0 8) *"1( ';#&.*1'/ 1( 4 A N' '*"#& ';#/ +.&G
=#* ';#&.*1'/ 1( 4'/0%4*#0 1/ *"# +.1/*#/./4# ;#&1'0A Z# .((%+# *".* *"#
$%&'()(*#+ 4./ ;#&:#4*5) 4'/*&'5 4 A -1/4# ?# 0' /'* +'0#5 *"# 0#41(1'/
+.=1/2 ': *"# $%&'()(*#+@ 4 1( #M'2#/#'%(A !"# .+'%/* ': 517%101*) 8./=
" &#4#1F#( 1/ *"# ';#&.*1'/ 1( 4!@ 1A#A

")
!=1 4! ! 4 A E./= ",( 1/1*1.5 #/G

0'?+#/* ': 517%101*) .:*#& *"# ';#/ +.&=#* ';#&.*1'/ ".( 8##/ 4'/0%4*#0 1(
2!"1 ! 2!%4!@ ?"#&# 2! 1( #M'2#/'%(A Z# .((%+# *".* *"# 517%101*) 8'&&'?#0
1/ *"# ';#/ +.&=#* ';#&.*1'/ ./0 *"# 1/*#&#(* :'& *"1( 8'&&'?1/2 1( ;.).85#
1/ ( % "A b#;.)+#/*( &#5.*1/2 *' *"# ';#/ +.&=#* ';#&.*1'/( .&# .((%+#0
*' 8# 1/ 3!"%+1A
E'&&'?1/2 :&'+ *"# $%&'()(*#+ ".( *' 8# (#4%&#0A E./= " 1( .((%+#0 *'

".F# .((#*( /! 0 $ *".* 4./ 8# %(#0 *' (#4%&# 8'&&'?1/2 :&'+ *"# $%&'()(*#+A
E./= ",( 1/1*1.5 #/0'?+#/* ': #512185# .((#*( .:*#& *"# ';#/ +.&=#* ';#&.*1'/
1( /! ! /! % 4! 0 $A $.4" 8./= " ".( *' (.*1(:) /!"# & /!A
$.4" 8./= 1( .((%+#0 *' +.M1+1U#( 1*( 1/ ( % " 01(;'(.85# 517%101*)@ 1A#A

1*( H/.5 F.5%#A !"1( 1( 8#4.%(# ?# .((%+# *".* /' #/0'2#/'%( 517%101*) 0&.1/(

cN'*# *".* .55 1/*#&#(* &.*#( ($"%@ (%@ (&"% ./0 ('"% .&# F#&) (+.55 /%+8#&(@ (1/4# *"#(#
.&# 0.15) &.*#(A <: :'& #M.+;5# *"# .//%.5 1/*#&#(* &.*# :'& 8'&&'?1/2 :&'+ *"# +.&21/.5
5#/01/2 :.4151*) 1( $%&@ ('"% 1( .* .;;&'M1+.*#5) %) $*'(% $ %) %%%'A
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'44%& 8#*?##/ ' ! " ./0 ' ! ( @ 8%* *"# ?"'5# 517%101*) (%&;5%( 1( &#1/F#(*#0
.44'&01/2 *' #7%.*1'/ LA !"%(@ ?# .((%+# 1/ *"# &#+.1/0#& ': *"1( ;.;#&
*".* 8./= ",( '8P#4*1F# .* 0.) '@ ' ! "% &&&% ( @ 1( *' +.M1+1U#

5#)6!* ! 5#)2!"%+1 % -&

%!
#=1

)!"# % 7&*!"% % )!"% '*

!"# ;.&.+#*#& 7 1( . ;#/.5*) :'& 1/(%d41#/* "'501/2( ': &#7%1&#0 &#(#&F#(A
</ .44'&0./4# ?1*" *"# (./4*1'/( *"# $%&'()(*#+ 4./ 1+;'(# '/ . 8./= *".*
:.15( *' :%5H55 1*( &#(#&F# &#7%1&#+#/*( ?# .((%+# 7 0 -("% Ae

^%& ./.5)(1( 1( 8.(#0 '/ *"# *&.01*1'/.5 .((%+;*1'/( ': *"# 2#/#&.5 #7%1G
518&1%+ *"#'&)A I55 8./=( *.=# *"# 1/*#&8./= 1/*#&#(* &.*#( ./0 #M;#4*#0
1/*#&8./= &.*#( .( 21F#/A I* #.4" 0.) ' ! "% &&&% ( @ 8./= " 4"''(#( )!"#@ .!"#@
/!"# ./0 1!"# *' +.M1+1U# *"# 1/ ' #M;#4*#0 517%101*) 5#)6!*A I/ #7%1518&1%+
1/ ' 1( 0#H/#0 8)

)!
!=1

1!"# ! $ BKC

31/.55)@ *' #/(%&# *".* '%& .((%+;*1'/( .&# :&## ': 4'/*&.014*1'/(@ ?# .((%+#
*".* %/0#& .55 4'/01*1'/(@ ?# ".F#

)!
!=1

2!"# % /! 0 $ BaC

:'& .55 ' ! "% &&&% ( A <: #7%.*1'/ a 010 /'* "'50 .* ('+# 0.) '@ *"# 8./=( ?'%50
/##0 *' 8'&&'? +'&# 517%101*) :&'+ *"# $%&'()(*#+ *"./ *"#) 4'%50 (#4%&#
1/ '&0#& *' .F'10 . /#2.*1F# 8.5./4# '/ *"#1& .44'%/*( ?1*" *"# $%&'()(*#+A
!"%(@ *"#&# ?'%50 8# . (1*%.*1'/ 51=# .:*#& . #%&'G.&#. ?10# 8./=&%/A -1/4#
?# 0' /'* ?./* *' 01(4%(( . ;'((185# &'5# ': *"# $%&'()(*#+ .( . 5#/0#& ':
5.(* &#('&*@ ?# .((%+# *".* #7%.*1'/ a "'50( *"&'%2"'%*A
N'*# *".* 1/ '%& +'0#5@ *"#&# .&# #&( % "' % (( #M'2#/#'%( &./0'+

F.&1.85#(@ /.+#5) 3!"# :'& .55 " ! $ ./0 ' ! "% &&&% ( % " ./0 *"# *?' :.4151*)
&.*#( :'& ( 01Y#&#/* 0.)(A I (*.*# + ! # 1( *"%( . F#4*'& ': #&( % "' % ((
/%+8#&(A

e-## $%&';#./ D#/*&.5 E./= BJRRRC@ ;A acA
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2.2 The last day of the maintenance period

!' 8#21/ ?1*"@ ?# 4'/(10#& 0.) ( @ *"# 5.(* 0.) ': *"# +.1/*#/./4# ;#&1'0A
Z1*" *"# #7%.*1'/( > *' L@ 1* 1( #.() *' ("'? *".* 8./= ",( +.M1+1U.*1'/
;&'85#+ 1/ ( 1( *' 4"''(# .!"% @ /!"% ./0 )!"% *' +.M1+1U#

5% )6!* ! &-& % 7% -% ')!"% % &-'"% % -% '.!"% % &-("% % -% '/!"%
%&-& % 7'*!"% % &" % -% '2!"% % 5% )3!"%+1* % -&(! !

(%8P#4* *'
.!"% $ $@ /! $ /!"% $ $@ *!"% $ )!"% $ $

-1/4# *&./(.4*1'/( .* *"# 1/*#&8./= +.&=#* .&# %/(#4%&#0@ .&81*&.2# 1(
;'((185#@ 1: -% &+' , -'"% &+'A !"%(@ 1/ #7%1518&1%+ ?# ".F# -% $ -'"% A <* 1(
'8F1'%( *".* ('5F1/2 *"# .8'F# +.M1+1U.*1'/ ;&'85#+ )1#50(

.!"% &+'

# ! )$%'*@ 1: -% &+' ! -'"% &+'
$@ '*"#&?1(#

/!"% &+'

$%& ! /!@ 1: -% &+' 0 -("% &+'
! )$% /!*@ 1: -% &+' ! -("% &+'
! $@ '*"#&?1(#

)!"% &+'

$%& ! *!"% &+'@ 1: -% &+' , -& % 7
! )$%*!"% &+'*@ 1: -% &+' ! -& % 7
! $@ '*"#&?1(#

31/.55)@ 1!"% &+' 1( 21F#/ 8) #7%.*1'/ LA
\#* 8! 8# *"# (%&;5%( ': ('+# 8./= ",( 01(;'(.85# 517%101*) 'F#& 1*( &#G

+.1/1/2 &#(#&F# &#7%1&#+#/*( 1/ ( @ 1A#A 8! 1( 0#H/#0 8)

8! ! 2!"% %*!"%

I((%+1/2 *".*
")

!=1 8! (! $ ./0
")

!=1 8! (! %")
!=1 /!@ ?# #.(15) 2#* ?1*"

#7%.*1'/ K

-% &+' !

$%& -'"% &+'@ 1:
")

!=1 8!&+' 0 $
-("% &+'@ 1: $ 0

")
!=1 8!&+' 0 %

")
!=1 /!

-& % 7@ 1:
")

!=1 8!&+' , %
")

!=1 /!

BcC

.( *"# #7%1518&1%+ &.*# 1/ ( A
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!"# #4'/'+14 &#.('/ :'& *"1( &#(%5* 1( (1+;5#f <: *"#&# 1( . 517%101*) (%&;5%(
1/ *"# +.&=#* B

")
!=1 8!&+' 0 $C@ *"#/ *"#&# ".( *' 8# . &#4'%&(# *' *"#

0#;'(1* :.4151*)A E%* 1: *"# +.&=#* &.*# ?#&# "12"#& *"./ *"# 0#;'(1* &.*#@ /'
8./= ?'%50 5#/0 *' *"# 0#;'(1* :.4151*)@ (1/4# 5#/01/2 *' *"# +.&=#* 1( +'&#
;&'H*.85#A !"%(@ *"# +.&=#* &.*# ".( *' #7%.5 *"# :.4151*) &.*# 1/ #7%1518&1%+A
<: *"#&# 1( . 517%101*) 0#H41* *".* 1( *'' "12" *' 8# 8.5./4#0 8) 8'&&'?G

1/2 :&'+ *"# $%&'()(*#+ 8#4.%(# *"# 8./=( 0' /'* ".F# #/'%2" #512185#
4'55.*#&.5( B

")
!=1 8!&+' , %")

!=1 /!C@ /'* .55 &#(#&F# &#7%1&#+#/*( 4./ 8#
:%5H55#0A E%* 1: *"# +.&=#* &.*# ?#&# 5'?#& *"./ -& % 7@ .55 8./=( ?'%50
?./* *' 8'&&'? #/'%2" 517%101*) :&'+ *"# +.&=#* *' 4'+;5#*#5) :%5H55 .55
&#(#&F# &#7%1&#+#/*(A <: 1/(*#.0 *"# +.&=#* &.*# ?#&# "12"#& *"./ -& % 7@
1* 1( .5(' "12"#& *"./ *"# 5#/01/2 &.*# B(1/4# ?# ".F# .((%+#0 -("% , 7C@
1A#A *"# 8./=( 8'&&'? .( +%4" .( ;'((185# :&'+ *"# 5#/01/2 :.4151*)@ 8%* 0'
/'* "'50 ./) &#(#&F#(A !"# .+'%/* ': 517%101*) 'Y#&#0 *' *"# +.&=#* 1( *"#/")

!=1 2!"% &+' % /! 0 $A !"%(@ *"# +.&=#* &.*# ".( *' #7%.5 -& % 7A
31/.55)@ 1/ *"# 1/*#&+#01.*# 4.(#@ *"#&# 1( . 517%101*) 0#H41* 1/ *"# +.&=#*@

8%* .55 &#(#&F# &#7%1&#+#/*( 4./ 8# :%5H55#0 8) 8'&&'?1/2 :&'+ *"# +.&21/.5
5#/01/2 :.4151*)A <: *"# +.&=#* &.*# ?#&# "12"#& *"./ *"# +.&21/.5 5#/01/2
&.*#@ .55 8./=( ?'%50 8'&&'? .( +%4" :&'+ *"# 5#/01/2 :.4151*) .( *"#) 4./
(#4%&#A -1/4# *"1( 1( +'&# *"./ /##0#0 *' :%5H55 .55 &#(#&F# &#7%1&#+#/*(@
*"#&# ?'%50 (*155 8# . 517%101*) (%&;5%( .* *"# 1/*#&8./= +.&=#* 1/ *"1( 4.(#A
<: 1/(*#.0 *"# +.&=#* &.*# ?#&# 5'?#& *"./ *"# 5#/01/2 &.*#@ 1* ?'%50 .5(' 8#
5'?#& *"./ -& % 7@ (1/4# ?# ".F# .((%+#0 -("% , 7A </ *"1( 4.(#@ .55 8./=(
?'%50 *&) *' 4'+;5#*#5) :%5H55 *"#1& &#(#&F# &#7%1&#+#/*( 8) 8'&&'?1/2 :&'+
*"# +.&=#*@ 8%* /'* :&'+ *"# 5#/01/2 :.4151*)A !"%(@ *"#&# ?'%50 8# ./ #M4#((
0#+./0 ': 517%101*) .* *"# +.&=#*A !"# +.&=#* &.*# *"#&#:'&# ".( *' 8# #7%.5
*' *"# +.&21/.5 5#/01/2 &.*# 1/ *"1( 4.(#A

2.3 The other days of the maintenance period

N'? 4'/(10#& *"# '*"#& 0.)( ': *"# +.1/*#/./4# ;#&1'0 ' ! "% &&&% ( % "A
I2.1/@ .&81*&.2# 1( ;'((185# 1: -'"#&+' 0 -#&+'A !"%(@ ?# 12/'&# *"1( 4.(#A <*
1( '8F1'%( *".*

.!"#&+'

# ! )$%'*@ 1: -'"#&+' ! -#&+'
! $@ 1: -'"#&+' , -#&+'
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./0

/!"#&+'

$%& ! /!@ 1: -("#&+' , -#&+'
! )$% /!*@ 1: -("#&+' ! -#&+'
$@ '*"#&?1(#

\#(( '8F1'%( 1( *"# :'55'?1/2 5#++.A Q#H/#

9# !
5#)-% *

" % &( % ''5#)-% *
!"#/ ?# 2#*

Lemma 1

)!"#&+'

$%& ! *!"#&+', if -#&+' , 9#&+'
! )$%*!"#&+'*, if -#&+' ! 9#&+'
! $, otherwise

!"# ;&'': ': *"1( 5#++. 1( 1/ *"# .;;#/01MA Z1*" )!"#&+'@ .!"#&+' ./0
/!"#&+'@ 1!"#&+' :'55'?( :&'+ #7%.*1'/ LA`

2.4 Further analysis of the model

Z# /'? 0#*#&+1/# %/0#& ?"14" 4'/01*1'/( *"#&# 1( . &#4'%&(# *' *"# :.4151*1#(
1/ #7%1518&1%+A </ '&0#& *' ;&'4##0@ ?# 1/*&'0%4# *"# :'55'?1/2 0#H/1*1'/(f

'2# ! )!
!=1

)2!"1 %
#!

$=2

3!"$ *

./0 '*# !
)!
!=1

)*!"1 % &'% "'2!"1 %
#!1!
$=2

&'% : '3!"$ *

:'& .55 ' ! (% &&&% ( A <* 1( #.() *' (## *".* '2#&+' ! ")
!=1 2!"#&+' ./0 '*#&+' !")

!=1*!"#&+'@ 1: .!"$ &+' ! /!"$ &+' ! $ :'& .55 " ! $ ./0 : ! "% &&&% '% "A !"%(@
`Z1*" *"# 0#H/1*1'/ ': +%@ ?# ".F# 1+;5141*#5) 0#H/#0 +%!"" ./0 *"%( ,%)(# *!""A N'*#

*".* ,%)(# *!"" 1( *"# 1/ - ./0 " #M;#4*#0 +.&=#* &.*# .* 0.) ' A E%* 1* 1( /'* *"# #M;#4*#0
+.&=#* &.*# 1/ ' 21F#/ *"# 1/:'&+.*1'/ " ?"14" 4'%50 8# 0#/'*#0 8) ,%)(# )"*A !"%(
,%)(# *!"" + ,%)(# )"* 1( /'* *&%# 1/ 2#/#&.5A
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?# ".F# '2% &+'% '*% &+' !
")

!=1 8!&+'@ 1: .!"$ &+' ! /!"$ &+' ! $ :'& .55 " ! $
./0 : ! "% &&&% ( % "A 31/.55)@ ?# 0#H/# '-% 8)

'-% &+' !
$(%(&
-'"% &+'@ 1: '2% &+'% '*% &+' 0 $

-("% &+'@ 1: $ 0 '2% &+'% '*% &+' 0 %
")

!=1 /!
-& % 7@ 1: %

")
!=1 /! 0

'2% &+'% '*% &+'

./0 '9# 8) '9# ! 5#)'-% *
" % &( % ''5#)'-% *

<* 1( 45#.& :&'+ #7%.*1'/ c *".* '-% &+' ! -% &+'@ 1: .!"$ &+' ! /!"$ &+' ! $ :'&
.55 " ! $ ./0 : ! "% &&&% ' % "A N'*# *".* '2# ./0 '*# ./0 ?1*" *"1( '-% .&#
&./0'+ F.&1.85#( *".* 0#;#/0 '/ 4 A -1/4# 4 1( #M'2#/#'%(@ ?# 4./ *&#.*
*"#(# F.&1.85#( .( #M'2#/#'%(@ *''A
^%& H&(* ;&';'(1*1'/ ;&#(#/*( 4'/01*1'/( %/0#& ?"14" *"#&# 1( /' &#4'%&(#

*' *"# (*./01/2 :.4151*1#(f

Proposition 2 If '2# 0 $, '*# % '2# 0 $ and -'"# , '9# , -("# for all ' !
"% &&&% ( % ", then there is an equilibrium with -# ! 9#, .!"# ! /!"# ! $ for all
" ! $ and ")

!=1)!"# !
'2# for all ' ! "% &&&% ( % " and -% ! '-% .

I( +#/*1'/#0 .8'F#@ ?# ".F#
")

!=1 2!"# !
'2#@")

!=1*!"# ! '*# ./0 9# ! '9#
:'& .55 ' ! "% &&&% ( @ 1: *"#&# 1( /' &#4'%&(# *' *"# (*./01/2 :.4151*1#( 1/ ./)
(*.*# ./0 .* ./) 0.)A !"# ;&';'(1*1'/ *"%( (*.*#(@ *".* *"#&# 1( /' &#4'%&(#
*' *"# :.4151*1#( 1/ #7%1518&1%+@ 1: /' &#4'%&(# *' *"# :.4151*1#( 1+;51#( *".* B1C
*"# 517%101*) *"# 8./=( 01(;'(# ': .* . 21F#/ 0.) '@ 1A#A

")
!=1 2!"#@ 1( ;'(1*1F#@

B11C 1* 1( /'* "12"#& *"./ *"# &#+.1/1/2 &#(#&F# '8512.*1'/(
")

!=1*!"# .* *".*
0.) ./0 B111C *"# .* ('+# 0.) ' #M;#4*#0 ./0 01(4'%/*#0 +.&=#* &.*# .* 0.)
( @ 1A#A 9#@ 1( (*&14*5) 8#*?##/ *"# :.4151*) &.*#( 1/ 'A
N'*# *".* ;&';'(1*1'/ J 0#(4&18#( . (1*%.*1'/ ?"#&# *"# 1/*#&8./= &.*#

:'55'?( . +.&*1/2.5#G51=# ;&'4#(( -# ! 9#A E%* ?") 1( 1* /'* #M.4*5) . +.&*1/G
2.5#g !"# &#.('/ 1( *".* *"# 8./=( 01(4'%/* 1/*#&#(* ;.)+#/*(A </ *"# #7%.G
*1'/ -# ! 9#@ *"# 1/*#&8./= &.*# -# 1( #7%.5 *' *"# 01(4'%/*#0@ 1/ ' #M;#4*#0
1/*#&8./= &.*# ': 0.) ( @ ?"#&# *"# 01(4'%/* :.4*'& 1( "% &( % ''5#)-% *A <: ?#
.((%+#0 *".* *"# 8./=( 0' /'* 01(4'%/* :%*%&# 4.(" O'?( B.( :'& #M.+;5#
1/ I)%(' ./0 b#;%55' BJRRRC@ S%1&T( ./0 9#/01UV8.5 BJRR>C ./0 WX51+X=1
BJRR>CC@ ?# ?'%50 ".F# -# ! 5#)-% * 1/(*#.0A
N'? ?# 4'/(10#& 0#F1.*1'/( :&'+ *"# (1*%.*1'/ 0#(4&18#0 1/ ;&';'(1*1'/

JA !"# :'55'?1/2 ;&';'(1*1'/ 1( *&1F1.5f
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Proposition 3 If for some + ! # and some ' , ( we have '*#&+'% '2#&+' ,
$ or '2#&+' , $, then not ")

!=1.!"$ !
")

!=1 /!"$ ! $ for all : & '.
<* 1( 45#.& *".* ?1*"'%* &#4'%&(# *' *"# :.4151*1#( .* .55 0.)( : , '@ ?#

2#* '2# ! ")
!=1 2!"# ./0 '*# !

")
!=1*!"#A E%*

")
!=1*!"# % 2!"# , $ &#7%1&#(

. &#4'%&(# *' *"# 0#;'(1* :.4151*) 1/ ' ./0
")

!=1 2!"# , $ &#7%1&#( . &#4'%&(#
*' *"# +.&21/.5 5#/01/2 :.4151*) 1/ 'A !"1( ;&'F#( ;&';'(1*1'/ LA N'*# *".*
*"# (1*%.*1'/ 0#(4&18#0 1/ ;&';'(1*1'/ L ".( 8##/ 4'/(10#&#0 1/ S%1&T( ./0
9#/01UV8.5 BJRR>CA
Z# /'? (*.*# '%& +.1/ *?' ;&';'(1*1'/(A

Proposition 4 If '*#&+'% '2#&+' 0 $ and -("#&+' , '9#&+' for some ' & ( %"
and + ! #, then not ")

!=1 /!"$ ! $ for all : ! "% &&&% ( % ".
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*"# +.&=#* .* ( @ 1A#A '*% % '2% @ 1( "12"#& *"./ *"# F.5%# ': *"# #512185# .((#*(")

!=1 /!A
_ Z# 45#.&5) 2#* '9#&+' ! *M++

1+(%!#)(*M++)
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$%&'()(*#+ ?1*"1/ *"# +.1/*#/./4# ;#&1'0 %/0#& 4'/(10#&.*1'/ .&# &.*"#&
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4 Appendix
Proof of lemma 1:
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Proof of proposition 2:
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Proof of proposition 4:
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