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[*] tX]mv _�œmPR] [*_�–ˆtXS,k*k�]at¤}jSGXVPRt‡]™]mP v�_xqŠ_�M*] t‡]av�_*œmPX] [*_0–ˆtRS,k�k?]mt }|SYXVPXtX]™M*] WXY,OZP•]54?]a`•PROQ•4]
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K 0
w

]•P

K 0
b

Œ

	�
�
87���� 9�9����;:���
������2
�
�	

� ���Ž"�"%$�&�'($�)�&4+�-�.�/76*3ž� "�" '($*)�&,+�-�.0/2143�
8��!#"%$�&=< >=&4@�A�B�/2143�3�3 5

	�
�
C� D4������D4E�������F4��G4��HI
�
�	

� ���Ž"�"%$�&=<?>=&4@�A�B�/86*3 � "�"%$�&=< >=&4@�A�B�/2143�
8��!#"%$�&=< >=&4J4K LI/2143�3�3 5

9
#%:;�
<

Œ>=@?BAŽtX]m}|OZ]atutRSDC|M�]a}\]aM�P~[*]^UTS—’�Y4_*`aUZ]cb�dfe^g�h

i6Spk*t‡Y4k*tXOZlmPXlw£4UZY4’�S,UZ]ˆ]aW‡P PRY4_�š‡Y4_*tXW ‚ƒS,_*W‡WX]=ŒEA•S,t“U‰q S,M*S,UZy WX]~[*_|`aY4M�PRt‡]•‹%]+)�]a}\k*UV]=€�M�Y4_*W“t‡]a}|S,t�‹
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WXOZ£4M�S,_�)˜[*_j`mY4M�PRtF24UV]m_*t [*]w’�_*W ]•Pf[*_|–ˆtXS,k*k�]atf}jSHGZPRt‡];.c[�]m•4]mM*OVt S,`•PROZ‚xS,k*t‡†aWf_*M|`m]at�P S,OZM|l••4laM�]•‹
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•wY4_�WuS(•4Y4M*Wuk�tXY `ala[�l [*] UVSp}\œa}\]w‚ƒS-nmY4M›k�Y4_*t“` „*S,`a_*M�]¡[*]aW�k�tXY4k*t‡OVl•PRlaW“£4UVY4’*S,UV]mWaŒ i6Sp•4lmtXOZn�‹
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Property

475 289 34 578 8,56E+06 50,61s
1 6,75s
2 6,70s
3 6,88s

All abstract
7 261  522 2,73E+16 2,1s 1 0,1s
8 292  796 1.42E+21 5,3s 2 0,2s
10 302 1 002 1,69E+22 8s 3 0,25s
12 360 2 296 8,77E+15 4,26s 1 0,31s
12 320 1 982 5,63E+15 6,22s 2 0,36s

10 302 1 002 1,69E+22 8s 3 (all) 0,25s

604 436 161 846 3,10E+10 43min
1 46min
2 19min
3 48min

All abstract
10 395 1 005 2,83E+20 3,5s 1 0,8s
11 442 1 079 4,93E+24 3,8s 2 0,52s
14 501 1564 2,50E+26 12,1s 3 8,25s
12 532 14 025 6,49E+24 35,21s 1 0,46s
12 544 14 492 7.49E+24 33,77s 2 0,47s
14 501 1 564 2,50E+26 12,1s 3 8,25s

Platform
name

FSM
depth

Number of
BDD variables

BDD size
(\# of nodes)

Number of
Reachable 
states

Reachable states
space analysis
time

Checking 
time

Concrete 
1 master
1 slave

Concerned
component
abstracted

Concrete 
2 masters
1 slave

Concerned
component
abstracted
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Œ o ?¢hˆlaW‡_*UZPRS=PRWu`mY4}\k�S,tRS�PROZ‚ W“[*]aW~}|Y [*†mUV]aW“`aY4M*`mtX]•PRW~]mP~[*]aWˆ}\Y�[�†aUV]mWˆS,’*W�PRtRS=OZPRW

`a]•PXPX]�k*tXY,k*tXOZlmPRl S�}\OVW ]aM—l•• OV[*]mM*`a]u_*M�]“]at‡tX]m_*t [�S,M�W UrqsOV}\k*UVlm}|]mM�P S=PXOVY4M [�_Ÿk*tXY,PXY�`mY4UV] ”wb“•6]aM�PRt‡]

UV] –ˆtXS,k*k�]atˆ}|SHGVPXtX] ]•PwUVS—`aOZ’*UV]�”wb“• Œ

iz]“P S,’�UV](S=_—tXlmWX_*}\]uUV]mW k*t‡Y,n*PRW ]aMŸPR]mtX}\]“[xqs]aW‡k�S,`a]ˆ}\la}\Y4OVt‡] tX]av�_*OQPŽ]mP Urqs]aWXk*S,`a]�[ qŠl•P S=PXWŽk?Y4_�t

UV]mW PXtXY4OZW“k*t‡Y4k*tXOZlmPXlaW�£4UZY4’�S,UZ]aWmŒ�iz]mW�]+)�k�latXOZ]aM*`m]aWuY4M�Pul•PRl t‡l(S,UZOVW‡la]aW WX_*t A•]aM�PXOV_*} •%”�[*]�J�Œ>=-q4e�� 1

S(•4]m` =,e^Y›[�]Ÿh~g�� Œziz]—}\Y�[�]aU ` „�]a` ‘�OVM*£¤S›l•PRlŸtXlaS,UVOZWXl…S •,]a`˜_*M*]Ÿ}\lmPX„*Y [*]…[*]Ÿt‡laY4t‡[*Y4M*M*S,M*`a] ‹

}\]aM�Pc[�y M�S,}\OVv�_*]˜_�PROZUVOZWRS,M�P U‰q S=UV£4Y4t‡OZPX„*}|]cWXOQ‚ P(Œ6•~Y4_*WcS(•4Y4M*Wc[xqŠS,’�Y4tX[�k�S,W‡WXl\UV]mWck�tXY4k*t‡OVl•PRlaW^W‡_*t

[*]m_0)¢k*UVS=PR]mW�‹r‚ Y4tX}\]aWf`aY4M�`atX†•PR]mWaŒ�i6S—k*t‡]a}\OV†at‡]�`mY4M�PROV]mM�Pu_*M¢OVM�OZPROVS=PR]m_*tŽ”wb“• €�_*M›–ˆtXS,k*k�]at�}|SHGZPRtX]

]mP�_*M¢–ˆtRS,k*k�]at“`aOV’�UV],€�_*M/AŽ• ’�_*Wu]mPu_�M*]¡`aOZ’*UV]~”wb“• Œ�i6S—WX]a`mY4M*[*]^k*UVS=PR] ‹%‚ Y4t‡}|]~`aY,M�PXOV]mM�P�]aM•k*UV_�W

_*M¢W‡]a`aY,M*[¢OVM*OQPROVS=PR]m_*tŽ”wb“•f]•Pu_*M›W‡]a`mY4M*[¢–ˆtRS,k�k?]mt�}jSDGVPRt‡]^€�[*]wk*UV_*W“UV]~`aY4M�PRtF24UV]m_*t“[�_/A • ’*_�WuS

lmPXl…}\Y�[�OZn�lck?Y,_*tw£,latX]mt�UZ]aW�[�]a_0)oOVM*OQPROVS=PR]m_*tXWmŒ�d M�WX_*OQPR]…UZ]…}\Y�[�]aU6` „*]a` ‘�OZM*£•S|l•PRlŸS,k�k*UVOZv _�lpW‡_*t

[*]m_0)¤PNy�k�]aW�[xq S=’*W‡PXtRS,`•PROVY,MxŒ�i6S|k*t‡]a}\OV†at‡]^`aY4t‡tX]aW‡k?Y,M*[™S,_ `(S,WwY�,¤PXY4_*WwUV]aW~`aY,}|k�Y4WRS=M�PXWwY,M�PwlmPXl

S,’*W�PRtXS,OZPXWaŒ�•wY,_*WˆWXY4}\}|]mWuk�S,t�PROV]mWˆ[xqŠ_�M*]…S=’*W‡PXtRS,`•PROVY,M•• OZ[*],€�`=qŠ]mW‡Pp.\[*OZtX]¡PRY,_*WˆUV]aWˆW‡OV£4M�S=_0)¢[xqsOVM ‹

PR]mt‡‚ƒS,`m]aW^[*]mW¡`aY4}\k?Y,WRS,M�PRW¡W‡Y4M�P@.›_*M*]Ÿ•=S,UV]m_*t OZM*[*lmPX]at‡}|OZM*la]—k�_*OVW UZ]aW¡W‡OV£4M�S=_0){W‡Y4M�P^`aY4M�PXtRS,OZM�PXW

k�S,t•UV]mW S,’*W�PRtXS,`mPXOVY4M*W [*]mW `aY4}\k�Y4WRS,M�PXWaŒ=i6]mW `aY,}|k�Y4WRS=M�PXW [*Y,M�P UV]mW k*t‡Y4k?Y,WXOZPXOVY4M�W•S�PRY4}\OVv�_*]mW•MxqsOVM ‹

PR]mt‡• OV]mM*M*]mM�P“k�S,Wf[�S,M*W UTS •=S,UVOZ[*OZPXlu[*]~UTS^k*tXY4k�tXOVl•PRlˆMxqŠS,k*k�S=tRS,OZWXWX]mM�P“k�S=W“[�S,M�W `m]mPXPX] S,’�W‡PRtXS,`mPXOVY4M�W

UV]m_*tXWpWXOZ£4M�S,_0) W‡Y4M�P—UVOZ’*tX]mWaŒ�A•Y,_*t—UTS•WX]m`aY4M�[*]•S,’*W�PRtRS=`mPROZY4Mx€6M*Y4_�W—WXY4}\}\]aWck�S,t‡PXOV]mW…[*_ž`mY4}\k?Y=‹

WRS=M�P `aY4M*`mtX]•P¡]mP�M*Y4_*W¡S(•,Y4M*W¡S,’�W‡PRtXS,OZPwWX]m_*UV]m}|]mM�P¡UV]mW�`aY,}|k�Y4WRS=M�PXW�v�_*O�š‡Y4_*]aM�P�_*M™t324UZ]p[*S,M*W UVS

tXlaS,UVOZWRS=PXOVY4Mj[*]^UTS—k*t‡Y4k*tXOZlmPXlaWaŒ

•NU ]aW�P¡`aUVS,OVtwv�_*]ŸM*Y4_*W S •,Y4M*W^_*M™£�S=OVM{]mM{PR]a}\k*W¡UZY4tXWw[*]—UV]…`(S,UZ`a_*U•[*]aW¡l•P S=PXW¡S,`a`m]aW‡WXOV’�UV]aW¡]•P

UV]Ÿ}\Y [*]aUŽ` „*]m` ‘�OVM*£ [*]aW^PRt‡Y4OVW¡k*t‡Y4k*t‡OVlmPXlaW^£4UZY4’�S,UZ]aW W‡_*t^UV]aW^W�y�W�PR†m}|]mW—S,’*W�PRtXS,OZPXWaŒ6b“]mUTS•]aW‡Pp[���.

UTS¤tXlm[*_*`mPXOVY4M [�]›UTS¤k*tXY,‚ Y,M*[*]a_�t…[*]›U‰q S=tX’*t‡]j[xqs]+)�la`m_�PROZY4M*WŸ]*)�k�UVY4t‡l��ƒ`mY4UVY,M*M*]��'M�� [*]ak�PR„�� Œ iz]
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(*),+-+/.10

) 2 s j= A[pWq]
2#"801+m),=?= �J)K2#"8-  �47!�

s
)!�40S-49./6"U2:".0��$&,0��4> 4J01A

pUq
7��

Gp ; A

+P2:".0

4@�I-I2^/Q),-I0!� Ce0<9.-40H2#".0H-5)!�H0 �40Q)K-47:+.>?+�7U)K-

A[pUq] ;FA

+�2#".0<-40C/17:+.A /Q),-I0!�

=

��Je7��I7:=@=@)!�M�

o^>?250�� o^2:".01-I0 �J)O2#".-%0��'>@-#2�>?+

K (Wi +1 ) ;

dE".0RA.> &:0��:7:0C+D2

=

0�"J) &B>@7:9��I-*)!�I0^=@)

=

01=@>?+�7 CE>?2:"

eG act
� Je7!�47:=?=F)!� � o6>?240�� J �

;

9 08"J) &:062#"D9.-

K (Wi +1 ); s0 j=
A[pW((eG act ^ p) _ q)]

0

( 2

M8)!�H0P�401),-47:+8>@+�7H),-

A[pU((eG act ^ p) _ q)] ;

K (Wi ); s j= : p , K (Wi +1 ); s0 j= : p ;

(*),+-+/.HdE".0*���47B7! F���47B/10C01A.-]),-W2:".067:+.06/17:+8/10��I+.>@+>7 ��7:-4>f25> &:0Y)K247��H>@/ ���I7���7:-4>f25>@7,+.-

;
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K (Wi ); s j= : 	 , K (Wi +1 ); s0 j= : 	 0
;

(*),+-+/.HdE".0%���47B7! u>@- �!0��M ;7��M�<0CA

=

�$4@�I-I2]2#�5)K+.-M ;7��M�<>?+�7_2#"80* ;7��M�_9.=@),0Y>@+[257 ��7:-4>f25> &:0P ;7��:� ),+.A

2#"801+ )!���.= �'>?+�7 2:".0U2#�4),+.-M ;7!�:�<)K25>?7:+����I7 &,01+ )

=

7 &,0

;

9�0Z/17�� �J)!�I0P2#".0 �I01-498=?2 CE>f2#" 2#".0m7,+.0

7

=

25),>@+

=

�_2:�5),+8-M ;7��M�<>?+�7YA.>O�I01/325=5�S2#"80]+80�7[)K24>5&,09 ;7��:�

;

dE".0ECg0Q)��_98+D24>@=.7!�!0��5)K247�� ��9 � >?- �401=@)K250CA

257G2:".06-I2#�I7:+�7H9.+[25>?=
7���0��5)O257���� #��

=

��2#".0P ;7:=?=@7'CE>@+>7R0 �D9.> &K),=@0C+./10C-IN

A[pWq] = : E[: qU(: p ^ : q)]

E[pUq] = : A[: qW(: p ^ : q)]

9�0*�I01/1),=@=I"80��40Y2:"J)K2

: eG act = eG qt

(: EX p)0= (AX : p)0

= eG qt ) AX : p

: (EX p)0= : (eG qt ^ EX : p)

= : eG qt _ AX : p

= eG qt ) AX : p

H ence (: EX p)0 = : (EX p)0 � o �

(: EF p)0= (AG: p)0

= A[: pW(eG act ^ : p)]

: (EF p)0= : E[eG qtUp]

= A[: pW(eG act ^ : p)]

H ence (: EF p)0 = : (EF p)0 � = �

(: EGp)0=( AF : p)0

= AF (eG act _ : p)

: (EGp)0= : EG(eG qt ^ p)

= AF (eG act _ : p)

H ence (: EGp)0 = : (EGp)0 � J �
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(: E [pUq])0= A[: qW(6= p ^ : p)]0

= A[: qW((eG act ^ : q) _ (: p ^ : q)]

: (E[pUq])0= : E[(eG qt ^ p)Uq]

= A[: qW: (: (eG qt ^ p) ^ : q)]

= A[: qW: ((eG act _ : p) ^ : q)]

= A[: qW((eG act ^ : q) _ (: p ^ : q)]

H ence (: E[pUq])0 = : (E[pUq])0 � � �

(: E [pWq])0= A[: qU(6= p ^ : p)]0

= A[: qU((eG act ^ : q) _ (: p ^ : q)]

: (E[pWq])0= : E[(eG qt ^ p)Wq]

= A[: qU: (: (eG qt ^ p) ^ : q)]

= A[: qU: ((eG act _ : p) ^ : q)]

= A[: qU((eG act ^ : q) _ (: p ^ : q)]

H ence (: E[pWq])0 = : (E[pWq])0 � O �

(: AX p)0=( EX : p)0

= eG qt ^ EX : p

: (AX p)0= : (eG qt ) AX : p)

= eG qt ^ EX : p

H ence (: AX p)0 = : (AX p)0 � � �

(: AF p)0=( EG: p)0

= EG(eG qt ^ : p)

: (AF p)0= : AF (eG act _ p)

= EG(eG qt ^ : p)

H ence (: AF p)0 = : (AF p)0 � � �
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(: AGp)0=( EF : p)0

= E[eG qtU: p]

: (AGp)0= : A[pW(eG act ^ p)]

= E[: (eG act ^ p)U(: p ^ : (eG act ^ p))]

= E[(eG qt _ : p)U: p]

= E[eG qtU: p]

H ence (: AGp)0 = : (AGp)0 � < �

(: A[pUq])0=( E[: qW(: p ^ : q)])0

= E[(eG qt ^ : q)W(: p ^ : q)]

: (A[pUq])0= : A[pU((eG act ^ p) _ q)]

= E[: ((eG act ^ p) _ q)W(: p ^ : ((eG act ^ p) _ q))]

= E[(( G act ^ : q) _ (: p ^ : q))W(: p ^ : q)]

= E[(eG qt ^ : q)W(: p ^ : q)]

H ence (: A[pUq])0 = : (A[pUq])0 � � �

(: A[pWq])0=( E[: qU(: p ^ : q)])0

= E[(eG qt ^ : q)U(: p ^ : q)]

: (A[pWq])0= : A[pW((eG act ^ p) _ q)]

= E[: ((eG act ^ p) _ q)U(: p ^ : ((eG act ^ p) _ q))]

= E[(( G act ^ : q) _ (: p ^ : q))U(: p ^ : q)]

= E[(eG qt ^ : q)U(: p ^ : q)]

H ence (: A[pWq])0 = : (A[pWq])0 � o�q �
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pi � gnt

cmd� eop

cmd� eop

cmd� eop

cmd� eop

cmd� val ^ pi � gnt

cmd� val ^ pi � gnt
pi � gnt

cmd� val

cmd� eop

�
��� �

�

;

o� 
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pi � gnt

cmd� eop

cmd� eop

cmd� eop

cmd� eop

cmd� val ^ pi � gnt

cmd� val ^ pi � gnt
pi � gnt

cmd� val

RDY

RDY ^ eop

�

	���	��������
�

RDY

RDY ^ eop

cmd� eop^ RDYRDY RDY

RDY

	��

�
��� �

�

;! 

 

<

98257!�N)K240*A.9$C �5)!�>�!0�� �



o�o � � ���

�

� � �

���

����
������	�

���������
	�� �

������
�����������	��


�����������	�� ���������
	�� �


�����������	��

���������
	�� �


���������	��

������
������������  

���������
	�� �������  
������������  


������������  

cmd! val

cmd! val ^ pi ! gnt
pi ! gnt

cmd! val ^ pi ! gnt

pi ! gnt

cmd! eop

cmd! eop

cmd! val ^ RDY

cmd! val

cmd! val ^ r sp! ack

cmd! val ^ r sp! ack

rsp! ack


�����������	��

�"	�#���$

RDY ^ cmd! val ^ r sp! ack

	��%��������&�� �

� ����$

	%�

	��%�����


�$�'

	�����������
����

������
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����

cmd! eop

cmd! eop

RDY

cmd! val

cmd! eop
cmd! eop

RDY

RDY

RDY ^ cmd! val

RDY ^ eop! save

RDY ^ cmd! val ^ r sp! ack^ cmd! eop

RDY

RDY

RDY

RDY

RDY
rsp! ack rsp! ack

RDY
rsp! ackRDY ^ rsp! ack

RDY

RDY
���

r sp! ack

rsp! ack
RDY ^ rsp! ack

rsp! ack^ RDY

RDY

rsp! ack

rsp! ack

RDY

RDY

cmd! val ^ RDY ^ rsp! ack^ cmd! eop

RDY ^ rsp! ack

�
��� �

�

;

(
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98257��<)K240YA.9 C �4)!����0�� � �

r sp ) ack

*�+-,�.�/ 0�1�2

cmd ) v alcmd ) v al ^ r sp ) ack

cmd ) v al ^ r sp ) ack

pi ) gnt
cmd ) v al ^ pi ) gnt

cmd ) v al 3 4

065

cmd ) v al ^ pi ) gnt

pi ) gnt

cmd ) v al
,71�89+-5

RD Y

RD Y
4

2�.�/ :�1

3

2

cmd ) eop

cmd ) eop

cmd ) eop

cmd ) eop
cmd ) eop

RD Y ^ eop ) sav e

RD Y

1

4

/

4

2�/ ;

3

+

*�5�<

1

4

cmd ) v al ^ RD Y
1

4

/

4

2

1

4

/

4

2�/ *�+-,

4

2�/ *�+=,

*�+-,

4

2

RD Y ^ cmd ) v al ^ r sp ) ack ^ cmd ) eop

RD Y ^ cmd ) v al

RD Y
cmd ) eop

cmd ) v al ^ RD Y ^ r sp ) ack ^ cmd ) eop

RD Y

RD Y

4

2�/ *�+-,�> / ?

3 @

r sp ) ack
RD Y

RD Y
4

2�A / :�1

3

2�/ ?

3 @

*�+=,�> / ?

3 @

*�+=,�B / ?

3 @

*�+=,�/ 0�1�2

4

2�B / :�1

3

2

4

2�/ *�+=,�> / 061�2 RD Y ^ cmd ) v al ^ r sp ) ack r sp ) ack ^ RD Y

RD Y ^ r sp ) ack
r sp ) ack

r sp ) ack
r sp ) ack RD Y ^ r sp ) ack

RD Y

*�+-,�> / 0�1�2

r sp ) ack

*�+-,�B / 0�1�2

4

2�A / :�1

3

2

RD Y

r sp ) ack
RD Y

RD Y
RD Y RD Y ^ r sp ) ackr sp ) ack

RD Y

CED6F�G�G�H�DEIKJ

L=M
N�OQP�RSP

PEOUTVP�RSP

W

MXP%RYP

MKR
Z[P�RSP

P
\�]_^`P%RYP

pi a gnt

cmda eop

pi a gnt

WAI T

RDY ^ f in a r tr

RETRACT

cmda eop

RDY ^ f in a r tr

RETRACT

PK\�]bP%RYP

MKRcP%RYP

PK\�]YZ[P�RSP

�
��� �

�

;
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dE".0E���I7'7! �7! �� �47!�!0��I2 � �

;

(

-#2\)K24>@+�7�2:"J)K2

K '
>@-i) �H7'A801=87L 

'
+.010CA.- ���40C=@>O�H>@+.)!�M�8���I7���0��I24>@0C-

)

=

7:982W2:".06-I2#�I9./C249��408Cg0S7

=

2\),>?+  �47�� ��0�4J+8>?25>?7:+ �

;
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;
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� �

� sf � sg
"

�

�/�

sf � sg �

�&� ���

ST [ S0g [ S0f �

(*),+-+/. ��� �,0C24/6"���� �I7��!0��I2 � J

;

o

dE".0 �>�47B7! 
���I7'/C0101A

=

�<>@+8A.9./C24>@7:+<7'&:0��g2#".0  ;7��:�_98=F)

;�<

=@=k7���0��5)O257��g0��'/10��82j2#"80

G
�

U
7���0��4)K257��I-

),+.AH2#".0%/17:+��I9.+./C24>@7:+ ���40C-40��M&:0C-j2#".0 ���I0�&B>@7:98-4=5�H0��8>?-I24>@+�7S>@+.>f25>@),=8-#2\)K240*),+.A �N) �H),A8A�-47��H0]+.0�C

>@+8>?25>@),= -#2\)K2401-

;

dE".0

G
7���0��5)O257��8���I01-40��M&,01-n),=?=i>@+.>f25>F)K= -I25)K250C-_),+8A A.0C=@0C240�),=?=i-I25)K250C-

=

01=?7:+�7:>?+�7

257

ST ;�A

+r/Q)K-4067! u/17�� �!7,-4>?24>@7:+<7! 

K f
)K+.A

K g
7:+.08"J),-j247 �>�47'&:062#"J)O2]),=@=!-I2\)O2501-E7

=

2\),>?+.01AM)!�I0

/17!� ��7:-40CA CE>f2#"r-I25)K250S7! 

Sf
),+.A

Sg
2#".)K2 &:0��I>54J0C-%2:".08���47���0��#2 �

; A

+P/1),-40S7! h),+�98+D24>@=	7���0��4)K257!�

A[f Ug]
�u7,+.0�/17!�

=

>@+801-

K f
�

K g
),+.A

K f ^ g H

".01+./C0

K g
),+.A

K f ^ g
�I01-:��01/32G2#".0

(

/17:+8A.>?24>@7:+.-

)

=

7'&:0 �

K f ^ g =

�N2:".0*A.0�4J+.>f25>@7,+N7! 	2:".0 �J)!�4),=@=?01=k/17!� ��7:-4>f25>?7:+��

H K f
>?- �H7'A8>54J0CA�>@+�)^-5)!�H0 Ce) �

),-R2:".0 7:=?7

=

),=?=5�m7!�!0��5)K247���� ".01+8/10

K 0
f

�I01-:��01/325-G2#"80

(

/17:+8A.>?24>@7:+.-^),-

AGf
A.7

;

dE"80�)

=

-#2#�5)K/C2

 P�4>5� �,06-I2:�49./3259��I0R7

=

2\),>?+.01A  �47!� ),+

U
7��!0��5)K247����@�I01-M�!0C/C25-E2#"80%�I9.=@0C-]7L 2#"80S/C7:+��I9.+8/C25>?7:+�),+.A

2#"80

G
7���0��5)O257��

;

(*),+��"! )�	$#&%��('�dE".0

<

 )�

K ' =

9.>?=?2

=

�MA.0�4J+.>?24>@7:+8- �

;

� � �

;

�<)K+.A �

;

o�qG>@-E-I9./6"P2#".)K2

8s0 2 S0'

�

K ' ; s0 j= ' ;

(*),+-+/.�� �47���0��#2 � �

;

(+*

8s0 2 S0'

�

K ' ; s0 j= ' ;

dE".0 �>�47B7! ���I7'/C010CA.-

=

�P>?+.A.9./325>?7:+P7'&:0��%2:".0% ;7��M�_9.=@)H=?01+�7,2:"

;

�j),-I>@/R/1),-40C-Y)!�I0BJed �  ;7��:�R9.=F),0

CE>?2:"M+.7<+801-I2401A�7��!0��5)K247��

;

' = p
�i2:".01�I01-498=?25>?+�7

<

 )�s/C7:+[2\),>?+.-N7:+80�>?+.>?24>F),=j-#2\)K240

s0
-I9./6"t2#"J)O2

p 2 L (s0)
� ".01+8/10

K ' j= p ;

' = p ^ q
�K2#".0 �40C-49.=f25>?+�7

<

 )�G>@-

=

9.>?=?2  �I7��

K p
),+8A

K q ;

dE".0]>@+8>?25>@),=D-I25)K250

s0
>?-i-49./6"H2#"J)O2

s0 = (s0p ; s0q ) ;

9 0E"J) &,0

p 2 L (s0p )
),+.A

q 2 L (s0q )
�,2:"D9.-

p
),+.A

q 2 (s0)
��".01+8/10!�

K ' j= p^ q;
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' = p _ q
�'2#".08�40C-49.=f25>?+�7

<

 )��/17:+[2\)K>@+.-W2 Cg7<>?+.>?24>F),=�-I25)K250C-

s0p

)K+.A

s0q

-498/6"�2#".)K2

 

p 2 L (s0p

�'2#"D9.-

s0 j= p _ q;

 

q 2 L (s0q )
�82#"D9.-

s0
0 j= p _ q;

dE".0P ;7��M�_9.=F)

'
".7,=@A.-E ;7��E),=?=a>?+.>?24>F),=�-I25)K25067! l2#".08�I01-498=?25>?+�7
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;

' = AFp
�J2:".0%�I01-I9.=?24>@+�7
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 )�

K AF p
/C7:+[2\),>?+.-]0��8),/C24=5�M2 Cg7N>@+8>?25>@),=a-#2\)K2401-

s0
),+.A

s0
0

-49./6"

2#".)K2

 

p 2 L (s0)
�82:"B98-

s0 j= AF p ;

 

p 62L (s0
0)

�'2:".0��I0*0��'>?-I25-j2 Cg7n7:982:7:7:>@+>7^2#�4),+.-I>?25>?7:+.-? �47��

s0
0

�87:+80*257_>f25-40C=5 l),+8A�7:+.0�247

s0 ;

<

-

s0
0

>@-W+.7K2E>@+�2#".0P b),>5�4+.0C-4-

FAF p s0
CE>@=?=
),= Cj) �B-

=

08�I0Q),/6"I�J2:"B98-

s0
0 j= AF p

dE".0P ;7��M�_9.=F)

'
".7,=@A.-E ;7��E),=?=a>?+.>?24>F),=�-I25)K25067! 

K AF p ;

' = A Gp
�!2#"80 �40C-49.=f25>?+�7
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 �P>?-

=

9.>@=f2  �I7��

K p
-49./6"U2:"J)K2�>@+.>f25>F)K=	-I2\)O250

s0
>?-%2#"80R>@+8>?25>@),=
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