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0 0

]

=

[

ω̂ v

0 0

] AQE=1%$# *1# 0<-*%-$ 9#$!
%*? %0 '%9#& 4? V̂ s = Rg−1
∗
·
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.-$."! !0>&-%&$%.8 /)0 !0&-%&$%
6 #-4. 50 3% .)0 40."; 9"3%.4 3% 7)3
) .)0 40*;>#".3"% "

-!48
•

∑nj

i=1
fi $%& card{Mj} 3%
!0$40 56 "%08

− V" $
.3"% %00&0&8 W".) 0%& 0=0
."! $%&
)$3%4 $!0 0D-3*35!$.0&8
•

∑nj

i=1
fi+ card{Mj} $%& card{ME} 3%
!0$40 56"%08

− L3** %0(0! "

-!8 !"!9 34*5*-. /*,0-1' +6 37(' 888 "! j ∈M +
•

∑nj

i=1
fi 3%
!0$404 56 "%0 7)3*0 card{Mj} &"04%".8

− /)0 0%& 0=0
."! 34 0D-3*35!$.0&8 U)$3% j 73**"%*6 !0#$3% 0D-3*35!$.0& 3; 3. 34 $
.-$."! !0>&-%&$%.8 /)0 !0&-%&$%
6 #-4. 50 3% .)0 40."; 9"3%.4 3% 7)3
) .)0 40*;>#".3"% "

-!48
•

∑nj

i=1
fi $%& card{Mj} 3%
!0$40 56 "%0 7)3*0

card{ME} &"04 %".8
− V" $
.3"% %00&0&8 W".) 0%& 0=0
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[
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[
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[
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"%5.!$3%0& 5@$
0 35 63(0% 78
M

C

1
=
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0

wx

]

,

[
0

wz

]} 9CE<
M

C
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]}T

=

{[
0

R2,b5wx
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.B-0 ." .)0 F3%0#$.3
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0
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]
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]}

.-&"
MP = MP1 ∩MP2 = T (y). AMIC0# 2## *1-* :1#& *1# -
*5-*!/ /#"5&"-&
B %2 
1!2#&%&M1 *1# 3#
1-&%23 %2 ;-5$* *!$#/-&* :%*1 /#26#
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fi -&" card{M2} %&
/#-2# 9B !&#:1%$# card{MP } "!#2 &!*< M /#3-%&2 #75%8$%9/-*#"<

D5 = 0
FSJF

====⇒ D4 = 0.D'-%& :# :/%*# !5* *1# *:%2*2 !;MP :1#&M24 %2 
1!82#& -2 *1# /#"5&"-&* -
*5-*%!& -&" 4!%&* ;-%$5/# !

5/2%&M23K
MP1 =

{[

vy

0

]

,

[

p14 × wy

wy

]}

,

MP2 =

{[

vz

0

]

,

[

p22 × wz

wz

]

,

[

p23 × wz

wz

]}

. ARHC-&"
MP = MP1 ∩MP2 = ∅. ARSC0# 2## *1-* :1#& *1# -
*5-*!/ /#"5&"-&
B %2 
1!2#&%&M2 *1# 3#
1-&%23 %2 ;-5$* *!$#/-&* :%*1 /#26#
* *!4!%&* ;-%$5/#2 %& -$$ 4!%&*2< !" #$%&%'( )%*+',- ./ #01- 2 #
1-&%232 ;!/ :1%
1 -$$ 
1-%&2 '#&#/-*# *1# 2-3#3!*%!& 1-@# 2!3# 26#
%-$ 
1-/-
*#/%2*%
2< ?%/2* !; -$$(&!&# !; *1# 4!%&*2 -/# $!
=#" "5# *! *1# =%&#3-*%
 
!&82*/-%&*2< D$2!( - 4!%&* ;-5$* %& !&# 
1-%& :1%
1 /#"5
#2*1# 3!9%$%*B !; *1# #&" #>#
*!/ 
-& 9# 
!36#&2-*#" ;!/9B -
*5-*!/ /#"5&"-&
B %& -&B !*1#/ 
1-%&< L1# 
1-%&23-B 9# =%&#3-*%
-$$B /#"5&"-&* :1%
1 %2 *1# 
-2# ;!/

M3 %& ?%'5/# P< D2 *1# /#-2!&%&' %2 2%3%$-/ *! *1# 6/#8@%!52 #T-36$#( :# '%@# !&$B - 
5/2!/B "#2
/%6*%!& !;1!: *! 
1!!2# *1# -
*%@# 4!%&*2< !"!# $%&'(')*+,-. /-
1+2'34D2 -$$ 
1-%&2 '#&#/-*# *1# 2-3# 3!*%!& :# 1-@# 3!/#;/##"!3 %& 
1!!2%&' *1# -
*%@# 4!%&*2< D$$ *1# 
1-%&2 %&?%'5/# P '#&#/-*#X (z) :1%
1 '%@#2 *1# #&" #>#
*!/ ;!5/"#'/##2 !; ;/##"!3< M3 -$2! 1-2 !&# "#'/## !; %&*#/&-$;/##"!3< U#&
#( :# &##" *! 
1!!2# -* $#-2* !&# !; *1#SRE



 !"# $%& '!$(&$)*+ , $-*. /"*0!$%
02
x

y

z

M1

M12

M13

M2

M3

 34-!0 56 /!3(3$* 73%8$40 "9 /:;0 <= >$& 
)"3
0 "9 $
?.3(0 @"3%.A= <9 @"3%. 9$3*-!0 "

-!A 3% @"3%.
M12+ .)0 #0
)$%3A# 3A %" *"%40! 0B-3*3?C!$.0& D3.) !0A;0
. ." 9"!
0A 3% .)0 &3!0
.3"%"9 .)0 z?$E3A+ A-
) $A 4!$(3.: 9"!
0A= F"3%.A
M12 $%& M12 $!0 ;$!$**0*"4!$# @"3%.A .)$.40%0!$.0 #".3"% 3% S1=@"3%.A 3% .)0 A0. .)$. 40%0!$.0 .)0 A0*9?#".3"% $A $
.3(0$%& .)0 ".)0! .)!00 
$% C0 
)"A0% $!C3.!$!3*: $A *"%4$A .)0 ".)0! &04!00A "9 9!00&"# GX (z)\R(z, p3i)H 
$%C0 40%0!$.0&=  !"!" #$%&' ()&*+$,
*IAA-#0 .)$. D0 9"**"D .)0 !0$A"%3%4 9!"# .)0 ;!0(3"-A0E$#;*0 $%& 
)""A0 .)0 $
.3(0 @"3%.A $A 3%  34-!0 5 D3.)

M12+ M22+ M23+ M33 $%& M34 $
.3(0= /)0 #".3($?.3"% 9"! .)3A 
)"3
0 3A .)$. 3%.0!%$* #".3"% 3A ;!0A0%. 3%
M3+ A" D0 %00& "%0 !0&-%&$%. $
.-$."! $#"%4 .)0A0@"3%.A GM33 $%& M34H= /)3A !0&-%&$%. $
.-$."! D3**$*A" $AA-!0 9$-*. ."*0!$%
0 D)0% @"3%. 9$3*-!0 "

-!A 3%@"3%.A 3% .)0 ".)0! 
)$3%A .)$. 40%0!$.0 .)0 A$#0 #"?.3"%+ 3=0= .)0 3%.0!A0
.3"% "9 .)0 #".3"%A 40%0!$.0& C:.)0 !0&-%&$%. $
.-$."! $%& .)0 #".3"% "9 .)0 9$-*.."*0!$%. @"3%. 3A %"%?0#;.:=<9+ )"D0(0!+ @"3%. 9$3*-!0 "

-!A 3% M12+ 
)$3% M1
$% 40%0!$.0 $ #".3"% 3% .)0 &3!0
.3"% "9 .)0 z?$E3A=J0 )$(0

T (z) ∩M3i = ∅, 9"! i = 2, 3, 4, 5. GKLHIA .)0 3%.0!A0
.3"% 3A 0#;.:+ .)0 !0&-%&$%
: 3% M3&"0A %". #$80 .)0 #0
)$%3A# 9$-*. ."*0!$%. D3.) !0?A;0
. ." @"3%. M12= /" 4-$!$%.00 9$-*. ."*0!$%
0 D3.)!0A;0
. ." $** @"3%.A+ D0 %00& $
.-$."! !0&-%&$%
: 3%.)0 @"3%.A .)$. 40%0!$.0 #".3"% 3% .)3A &3!0
.3"% $A D0**=/)3A 
$% C0 "C.$3%0& C: @"3%.AM12+ M21 "!M31= J0.)-A 
"%
*-&0 .)$.+ 9"! .)0 #0
)$%3A# ." C0 9$-*. ."*?0!$%. D0 %00& .D" !0&-%&$%. $
.-$.0& @"3%.A=  !!"#$% "&#'()*+, X (z)\R(z, p3i) 
'* .# )*/#0&0#/#1 '" /2#3!/)!* X (z) 3)*4" /2# 3!/)!* !5 R(z, p3i), 5!0 ' 5!03'$ 1#56)*)/)!*, "## 7#*+ #/ '$8 9:;;<=8 R(z, p) 0!/'/#" /2# &!)*/ p'0!4*1 /2# '>)" z8

 !" #$%&%'( )%*+',- ./ #01- 22M"%A3&0! .)0 #$%3;-*$."! 3%  34-!0 N= /)0 
)$3%A $!0&0A
!3C0& C: .)0 .D3A.A
M1 =

{[

vy

0

]}

, GKOH
M2 =

{[

p21 × wz

wz

]

,

[

p22 × wz

wz

]

,

[

p23 × wz

wz

]}

,

M3 =

{[

p31 × wx

wx

]

,

[

p32 × wx

wx

]

,

[

p32 × wx

wx

]

,

(Adg3,b3
)

[

p34 × wz

wz

]

, (Adg3,b4
)

[

p35 × wz

wz

]}

.P-0 ." .)0 83%0#$.3
 
"%A.!$3%.A+ R3,b3 $%& R3,b4 $!0
"%A.$%. $%&
M1 ∈ T (y), M2 ∈ PL(z),

M3 ∈ PL(x) ×R(w4) ×R(w5). GK5HD)0!0
w4 = R3,03wz , w5 = R3,04wz, GKNHA" .)$. w4 = w5= J0 .)0% )$(0

M
C

1
=

{[

vx

0

]

,

[

vz

0

]

,

[

0
wx

]

,

[

0
wy

]

,

[

0
wz

]}

,

M
C

2
=

{[

vz

0

]

,

[

0
wy

]

,

[

0
wz

]}

,

M
C

3 =

{[

0
R3,03wy

]}

. GKKHM"%A3&0!3%4 .)0 83%0#$.3
 
"%A.!$3%.+ .)0 
"%A.!$3%.A;$
0 "9 M3 C0
"#0A A3#;*: M
C

3 =
{

[

0 wy

]T
}= J0A00 .)$.

M
C

3 ⊂ M
C

2 ⊂ M
C

1 GKQH"! $*.0!%$.3(0*:
M1 ⊂ M2 ⊂ M3 GKRHD)3
) 3A .)0 &0S%3.3"% "9 .!3(3$* *3%8$40 "9 .:;0 <<= /)3A0E;!0AA3"% 
$% C0 A00% 9!"# GK5H D)0% $;;*:3%4 .)083%0#$.3
 
"%A.!$3%.A= !.!/ 01%2&23+$'*4 5*
6$,278/)0 #".3"% "9 .)0 0%& 0T0
."! 3A 43(0% C:

ME = M1 ∩M2 ∩M3 = M1 = T (y) GKUH$%& )$A .)-A "%*: "%0 &04!00 "9 9!00&"#= M2 )$A %"3%.0!%$* #".3"%+ $A 
$% C0 A00% 9!"# $%$*:A3%4M1 $%&
M2 3% .)0 ;*$%0= M1∪M2 )$A "%*: "%0 &04!00 "9 9!00?&"#+ D)3
) 3A .)0 A$#0 $A .)0 0%& 0T0
."!+ $%& )$A %"VKO



 !"#$%&'( )"#&*%+
-*%!& -&" .!&*/!$
x

y

z

M1

M2

M3

0%'1/# 23 4/%5%-$ $%&6-'# !7 *89# )):#$7;<!*%!&= ># 
-& -$:! 1:# ?@AB ?&!&;!5#/
!&:*/-%&#"<#
C-&%:<:B D%*C d = 6( N = 4( n = 5 -&" fi = 1 *!:## *C-*M3 -$$!D: &! %&*#/&-$ <!*%!&=E: *C# <#
C-&%:< C-: <!F%$%*8 !&#( D# &##" !&#-
*%5# G!%&* *! <-6# *C# <-&%91$-*!/ #H1%$%F/-*#"= 4C%:G!%&* <1:* '#&#/-*# *C# <!*%!& T (y)= 0/!< ?IJB %* %:
$#-/ *C-* -$$ *C# G!%&*: %& M1 -&" M2 '#&#/-*# *C##&";#K#
*!/ <!*%!&= )7 D# *-6# - 
$!:# $!!6 -*M3( D#:## *C-* *C# *C/## +/:* G!%&*: '#&#/-*# PL(x)= 4C# $-:**D! G!%&*: %& *C%: 
C-%& '#&#/-*# R(w4)×R(w5)= 4C%:<!*%!& "#9#&": !& *C# 
!&+'1/-*%!& !7 *C# +/:* *C/##G!%&*:= L1# *! *C# G!%&* 
!&:*/-%&*: D# C-5# θ31 + θ32 +
θ33 = 0 -&" *C1: w4 = w5 = wz = E:

T (y) ∩ (R(p34, wz) ×R(p35, wz)) = ∅ ?MNBD# 
!&
$1"# *C-* *C#:# G!%&*: -/# $!
6#"=4! '1-/-&*## *C-* *C# <#
C-&%:< %: #H1%$%F/-*#" D#
-& 
C!!:# -&8 G!%&* *C-* '#&#/-*# *C# #&";#K#
*!/ <!;*%!&= 4C# !&$8 G!%&*: *C-* "! &!* '#&#/-*# *C%: <!*%!&%: M34 -&" M35= 4C#:# G!%&*: D%$$ -$D-8: F# $!
6#"=4C# <#
C-&%:< %: #H1%$%F/-*#" DC#&#5#/ -&8 !7 *C#!*C#/ G!%&*: -/# -
*1-*#"= !"!# $%&'( ()'*+%,
*4C# :-<# -99$%#: *! 7-1$* *!$#/-&
#= 4! '1-/-&*## *C-**C# <-&%91$-*!/ /#<-%&: #H1%$%F/-*#" DC#& G!%&* 7-%$1/#!

1/: D# 
-& 
C!!:# -&8 G!%&* *C-* '#&#/-*# *C# #&";#K#
*!/ <!*%!& -: *C# /#"1&"-&* -
*1-*%!&= !"#
%&'("#E :#* !7 /1$#: !& C!D *! 9$-
# /#"1&"-&* -
*1-*!/:%& 9-/-$$#$ <#
C-&%:<: %& !/"#/ *! '1-/-&*## *C-* *C#<-&%91$-*!/ /#<-%&: #H1%$%F/-*#" DC#& -
*1-*!/ 7-%$;1/# !

1/: %: 9/#:#&*#"= 4C# <-&%91$-*!/ %: :-%" *!F# #H1%$%F/-*#" DC#& *C# <-&%91$-*!/( 
!&:%"#/%&' *C#9-::%5# G!%&*: !&$8( C-: &! <!F%$%*8= E
*1-*!/ 7-%$1/#
-& F# "%5%"#" %&*! *C/## <-%& 
$-::#:= 4C# +/:* %:

DC#& &! /#"1&"-&* -
*1-*%!& %: &##"#" -: *C# G!%&* 7!/DC%
C *C# -
*1-*!/ 7-%$1/# !

1/: D%$$ F# $!
6#"= 4C#:#
!&" 
-:# %: DC#& *C# -
*1-*!/ 7-%$1/# !

1/: %& -:#* !7 G!%&* DC%
C '#&#/-*#: -& %&*#/&-$ <!*%!& !7 -:1F;
C-%&= )& *C%: 
-:# -
*1-*!/ /#"1&"-&
8 <1:* F#9$-
#" %& *C%: :#* !7 G!%&*:= >C#& *C# G!%&* "!#: &!*'#&#/-*# -& %&*#/&-$ <!*%!& -&" %: &!* $!
6#"( -
*1-*!/7-%$1/# 
-& F# 
!<9#&:-*#" F8 /#"1&"-&
8 %& -&8 9-/*!7 *C# <#
C-&%:< DC%
C %: &!* $!
6#"( %&
$1"%&' - G!%&**C-* '#&#/-*#: %&*#/&-$ <!*%!&= )& *C%: 
-:# *C# /#"1&;"-&* G!%&* '1-/-&*##: 7-1$* *!$#/-&
# -$:! D%*C /#:9#
**! *C# G!%&*: *C-* '#&#/-*# *C# :#$7 <!*%!&= )& '#&#/-$(*C# 
C!:#& /#"1&"-&* -
*1-*!/: <1:*( -: - '/!19( '#&;#/-*# -&8 :#$7;<!*%!& -&" -$$ *C# 
!<9!&#&*: !7 *C##&";#K#
*!/ <!*%!&=)
*#"+%,-.,/,#04C# -1*C!/: D%:C *! -
6&!D$#"'# *C# :199!/* !7 *C#O!/D#'%-& P#:#-/
C .!1&
%$ -&" *C# 4E)Q )R 9/!G#
*7!/ *C#%/ 
!&*%&1#" 71&"%&' -&" :199!/* 7!/ *C%: /#;:#-/
C= 4C# 4E)Q )R 9/!G#
* %: -& %&*#/&-*%!&-$ 
!;!9#/-*%5# /#:#-/
C 9/!G#
* $#" F8 S*-*!%$T8"/! -&" -&PUL 
!&:!/*%1< 
!&:%:*%&' !7 EVV( )V ( E6#/ S!$1;*%!&: -&" SW0=1,2,3,#
,'L-%( X= S=( T=( Y=( -&" Q%96%&( T=  !F%$%*8 !7 !5#/;
!&:*/-%&#" 9-/-$$#$ <#
C-&%:<:=  !"#$"
&'(#$ ()*+,-( @NNI= A@Z=0/!<( [= X= -&" \/-5"-C$( X= 4= 0-1$* *!$#/-&
# !79-/-$$#$ <-&%91$-*!/: D%*C 9-::%5# G!%&*:= +./0'&&12&( +")13!(
1$$4 5"!
16(#"4 +7"'#( @NN]=T#/5^( X=  = E&-$8:# :*/1
*1/#$$# "#: <^
-&%:<#: 9-/'/!19# "#: "^9$-
#<#&*:= ,1
8"#'$0 ,"
8'#1  819(!:( A]MZ= A_?JB=Q%96%&( T= -&" L1K8( X= S%/  !F#/* !*-D#$$ "-$$ -&"<#*C!"!$!'%#: !7 <!"#/& :
/#D *C#!/8= 3!(
; ()<(.!#"6 () ,1
8"#'
"6 -#='#11!'#= +
'1#
1( @NN@=@AI O! A= -*!&#( P= -&" P!*C( V= )&;9-/-$$#$ <-&%91$-*!/:3 E7/-<#D!/6 !& C!D *! <!"#$ -
*1-*%!& :
C#<#: -&"- :*1"8 !7 *C#%/ #K#
*: !& :%&'1$-/ 9!:*1/#:=  !"#$() *+,-( A]]]= A@A= #&'( X=( Q%1( \=( -&" Q%( Y= E '#!<#*/%
 *C#!/8 7!/-&-$8:%: -&" :8&*C#:%: !7 :1F;I "!7 9-/-$$#$ <-&%91;$-*!/:= >---  !"#$"
&'(#$ (# !(/(&'
$( @NNM= @_( &!=J=AIJ



 !"# $%& '!$(&$)*+ , $-*. /"*0!$%
023-!!$4+ 56 36+ 78+ 96+ $%& :$;.!4+ :6  !"#$%!"#&
"(&)#*+,-
#&+) #+ *+.+#&
 !")&/-("#&+)6 <5< =!0;;+>??@658
"+ A6+ '$**$!&"+ A6+ $%& 5$($%8+ B6 780 $*C0D!$ $%&.)0 #"D8*8.4 "E F8%0#$.8
 
)$8%;6 0+-*)"( +1 2+.+#&
345#%!5+ GHHI6 GH+ %"6 J658
"+ A6 36+ KC-8*0!$+ 76 L6+ '$**$!&"+ A6+ 5"&!8C-0M+56+ N!"M
"+ O6+ $%& B$!!0!$+ A6 36 K #"!0 C0%0!$*#"D8*8.4 
!8.0!8"% E"! P$!$**0* #0
)$%8;#;6 0+-*)"(+1 6%
$")&
"( 7%5&8)+ GHHQ6 >GJ6/8%R;+ 56+ /0!!$+ 36 O6+ $%& B0!C0!#$%+ 36 K E$-*.."*0!$%
0 E!$#0S"!F E"! 
""P0!$.8(0 !"D".8
 #$%8PT-*$."!6 9+)#*+( :)8&)%%*&)8 ;*"
#&
%+ GHHQ6 >UVQ>UWQGU6

>QU


