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 !"  !"#$% &!'$%()**#,$-%./ 01$-#2*.% 345*#*$6/ 0$75*#8 345*#*$6#$%&$&%( M ) (*+%(##,-. / #+(,0/$,1- 23 / 41.,/4 51%6&4/ ϕ) /-7 8(9,-./&$16/$,/443 :8($8(% $8( 51%6&4/ ϕ 8147# ,- $8( 617(4 M ; <-51%$&-/$(43)$8( +%/$,/4 /++4,/2,4,$3 15 617(4 8(9,-. ,# #$%1-.43 %(#$%,$(7 23 $8( #$/$(=#+/( (*+41#,1- +%124(6) :8,8 ,# 6/,-43 /&#(7 23 %(+%(#(-$,-. 1-&%%(-315 1+(%/$,1-# 23 $8(,% ,-$(%4(/>,-.; ?8(%(51%() $8(%( /%( 6/-3 7,@(%(-$ %(7&=$,1- $(8-,A&(# /,6(7 /$ 6,-,6,#,-. 617(4#; ?8( 6/B1% 6($817# ,-4&7( /+=+4,/$,1- 15 +/%$,/4 1%7(% %(7&$,1-# C D℄) #366($%3 %(7&$,1-# CF℄) /2#$%/$,1-$(8-,A&(# C"℄) GHII=2/#(7 #36214, #$1%/.( 6($817# C ℄) /-7 JK?=2/#(721&-7(7 CL) M℄ /-7 &-21&-7(7 CN℄ 617(4 8(9,-.;?8( O?P?Q 4/-.&/.( C!℄ ,# / +%1+1#,$,1-/4 2%/-8,-.=$,6( $(6+1%/4 41.,:,$8 21&-7(7 1+(%/$1%#) :8,8 :/# ,-$%17&(7 $1 /441: #+(,0/$,1- /-7 %(/=#1-,-. /21&$ $,6(=%,$,/4 1%%($-(## +%1+(%$,(#; R$ 6/9(# +1##,24( $1 7,%($43(*+%(## 21&-7(7 +%1+(%$,(# 4,9() 51% (*/6+4() S+%1+(%$3 ϕ :,44 1&% ,- 4(##$8/-  D &-,$ $,6(T) 1% S+%1+(%$3 ϕ℄Σ, S, s0, T, V ) $8/$ 1-#,#$# 15/ 0-,$( #($ 15 /$,1-# VΣX) / 0-,$( #($ 15 #$/$(# VSX) /- ,-,$,/4 #$/$( Vs0X) / $%/-=#,$,1- %(4/$,1- VT ⊆ S × SX 7(0-,-. %&4(# 51% .1,-. 5%16 1-( #$/$( $1 /-1$8(%7(+(-7,-. &+1- $8( ,-+&$ /$,1-) /-7 / >/4&/$,1- 5&-$,1- VV : S → 2PV X



i = (Σi, Si,

s0i , Ti, Vi) 3, &) &4*+5&*+): 0+. i = 1, . . . ,m7 >, *&<, Σ =
⋃m

i=1 Σi: &)60+. σ ∈ Σ ", 6,=), & ',* Σ(σ) = {1 ≤ i ≤ m | σ ∈ Σi} *#&* ($-,' *#,$)6$,' +0 *#, +51+),)*' *#&* '/)#.+)$', &* σ7  !"#"$$%$ '(!')*+*', '-
m ".+'("+" Ai $' *#, &4*+5&*+) A = (Σ, S, s0, T, V ): "#,., Σ =

⋃m
i=1 Σi:

S =
∏m

i=1 Si: s0 = (s01, . . . , s
0
m): V ((s1, . . . , sm)) =

⋃m
i=1 Vi(si): &)6 & *.&);'$*$+) ((s1, . . . , sm), σ, (s′1, . . . , s

′
m)) ∈ T $@ (∀j ∈ Σ(σ)) (sj, σ, s

′
j) ∈ Tj &)6

(∀i ∈ {1, . . . ,m} \Σ(σ)) s′i = si7 ! ! "#$ %"&"' ()*+,)+$?,* p ∈ PV : &)6 I 3, &) $)*,.-&2 $) IN = {0, 1, . . . } +0 *#, 0+.5A [a, b) &)6
[a,∞): 0+. a, b ∈ IN 7 B,.,&0*,. 3/ left(I) ", 6,)+*, *#, 2,0* ,)6 +0 *#,$)*,.-&2 I: $7,7 left(I) = a: &)6 3/ right(I) *#, .$(#* ,)6 +0 *#, $)*,.-&2 I: $7,7
right([a, b)) = b− 1 &)6 right([a,∞)) = ∞7 8#, 2&)(4&(, C8D8? $' 6,=),63/ *#, 0+22+"$)( (.&55&.A
ϕAE true | false | p | ¬p | ϕ ∧ ϕ | ϕ ∨ ϕ | EXϕ | AXϕ | E(ϕUIϕ) | A(ϕUIϕ) |

EGIϕ | AGIϕ

UI &)6 GI &., *#, +1,.&*+.' 0+. 3+4)6,6 F4)*$2G &)6 F(2+3&22/G: .,'1,*$-,2/7
E &)6 A &., *#, ,9$'*,)*$&2 &)6 4)$-,.'&2 1&*# H4&)*$=,.': .,'1,*$-,2/7 8#, .,;5&$)$)( 3+4)6,6 *,51+.&2 +1,.&*+.' &., 6,=),6 $) *#, '*&)6&.6 "&/A O(αRIβ)
def
= O(βUI(α ∧ β)) ∨OGIβ: OFIα

def
= O(trueUIα): "#,., O ∈ {E,A}7 !"#!$ $' *#, 0.&(5,)* +0 C8D8? '4# *#&* *#, 0+.542&, &., .,'*.$*,6 *+*#, 1+'$*$-, I++2,&) +53$)&*$+)' +0 AXϕ: AGϕ &)6 A(ϕUψ)7 J,(&*$+)&) 3, &112$,6 *+ 1.+1+'$*$+)' +)2/7 !%#!$ $' *#, 0.&(5,)* +0 C8D8? '4# *#&* *#, 0+.542&, &., .,'*.$*,6 *+*#, 1+'$*$-, I++2,&) +53$)&*$+)' +0 EXϕ: EGϕ &)6 E(ϕUψ)7 J,(&*$+)&) 3, &112$,6 *+ 1.+1+'$*$+)' +)2/7  !"# "$%" "$# &#'%()()* +!&', !+ ()"#&-%., %) 0# 1#2)#1 03 '#%), !+ [a, b) %)1 [a,∞)4



 !"  !"#$% &!'$%()**#,$-%./ 01$-#2*.% 345*#*$6/ 0$75*#8 345*#*$6#  !"#$ $%& '()(* +, -./ 01-%20-%3 A = (Σ, S, s0, T, V ) 0, 4/53/4 +3 -./6&/7+%1, ,/-+%39 :%-/ -.0- -.+, 53+-/ 01-%20-%3 03 ;/ 7+/</4 0, 0 ,-0340&4=&+6>/ ,-&1-1&/ %& ?0;/??/4 -&03,+-+%3 ,@,-/29*/- A = (Σ, S, s0, T, V ) ;/ 0 2%4/?9 # %&'( %$ A +, 03 +353+-/ ,/A1/3/
π = (s0, s1, . . . ) %$ ,-0-/, ,1. -.0- (sj, sj+1) ∈ T $%& /0. j ∈ IN9 B%& 0 60-.
π = (s0, s1, . . . )C </ -0>/ π(j) = sj9 D@ Π(s) </ 4/3%-/ -./ ,/- %$ 0?? -./60-., ,-0&-+3E 0- s ∈ SC O ∈ {E,A}C 034 # = ∃π ∈ Π(s) +$ O = EC %-./&<+,/
# = ∀π ∈ Π(s)9 F+7/3 -./ 0;%7/C -./ $%&20? ,/203-+, %$ '()(* +, 4/53/4&/1&,+7/?@ 0, $%??%<,G
• A, s |= trueC • A, s 6|= false C
• A, s |= p +H p ∈ V (s)C • A, s |= ¬p +H p 6∈ V (s)C
• A, s |= α ∧ β +H A, s |= α 034 A, s |= βC
• A, s |= α ∨ β +H A, s |= α %& A, s |= βC
• A, s |= OXα +H#(A, π(1) |= α)C
• A, s |= O(αUIβ) +H #(∃m ∈ I)[A, π(m) |= β 034 (∀j < m)A, π(j) |= α]C
• A, s |= OGIα +H #(∀m ∈ I)[A, π(m) |= α]9I/ /34 -./ ,/-+%3 ;@ 4/53+3E -./ 3%-+%3, %$ 70?+4+-@ 034 -./ 2%4/? ./>J+3E 6&%;?/29 :02/?@C 0 '()(* $%&21?0 ϕ +, )&$*" +3 A K4/3%-/4 A |= ϕL+H A, s0 |= ϕC +9/9C ϕ +, -&1/ 0- -./ +3+-+0? ,-0-/ %$ -./ 2%4/? A9 (./  !"#$(#,*-. %/!0$# 0,>, <./-./& A |= ϕ9 !"! #$%&'()*+ ,-. /01 2%3.%4M3 -.+, ,/-+%3 </ E+7/ 03 %7/&7+/< %$ 0 N#(J;0,/4 DO) 2/-.%4 $%& -.//P+,-/3-+0? $&0E2/3- %$ '()(* K'(Q)(*L R  ℄9 #, 1,10?C </ ,-0&- ;@ 4/53+3E
kJ60-.,C 034 (k, l)1$!!%2C 034 -./3 +3 -1&3 </ 4/53/ 0 0!3-"#" 2# &-'*2 $%&'(Q)(*C <.+. +, ?0-/& 1,/4 $%& -&03,?0-+%3 -% N#(9F+7/3 0&/ 0 2%4/? A = (Σ, S, s0, T, V ) 034 0 ;%134 k ≥ 09 # kJ60-. +,-./ 6&/5P %$ ?/3E-. k %$ 0 60-. +3 Π9 D@ Pk </ 4/3%-/ 0 ,/- %$ 0?? -./ kJ60-.,9D@ Pk(s) </ 4/3%-/ 0 ,/- %$ 0?? -./ kJ60-., πk <+-. πk(0) = s9 # (k, l)1$!!% +,0 kJ60-. πk = (πk(0), . . . , πk(l), . . . , πk(k)) ,1. -.0- πk(l) = πk(k)C $%& ,%2/
0 ≤ l < k9 # $13-+%3 loop : Πk → 2IN +4/3-+5/, -./,/ kJ60-., -.0- 0&/ ?%%6,034 +- +, 4/53/4 0,G loop(πk) = {l | 0 ≤ l < k 034 πk(l) = πk(k)}9 !"#$%$&# ' 4*)#- &/# & 0!3-" k ∈ IN5 &  !"#$ A5 &-" 67897: ;!/ 3$&#
α, β< A, s |=k α "#-!'#2 '(&' α *2 k−'/3# &' '(# 2'&'# s !; A< 7(# /#$&'*!- |=k*2 "#=-#" *-"3'*)#$> &2 ;!$$!?2@
• A, s |=k true5 • A, s 6|=k false5
• A, s |=k p +H p ∈ V (s)5 • A, s |=k ¬p +H p 6∈ V (s)5
• A, s |=k α ∨ β +H A, s |=k α !/ A, s |=k β5



 !"#$%#&' ()*+), -".-!"/#!0 .$ 1 /"1#& .&/".33!" 0%0/!4  !"
• A, s |=k α ∧ β #$ A, s |=k α  !" A, s |=k β#
• A, s |=k EXα #$ k > 0 %&' (∃π ∈ Πk(s))A, π(1) |=k α#
• A, s |=k E(αUIβ) #$ (∃π ∈ Πk(s))(∃0 ≤ m ≤ k)(m ∈ I %&' A, π(m) |=k β%&' (∀0 ≤ j < m)A, π(j) |=k α),

• A, s |=k EGIα #$ (∃π ∈ Πk(s))((k ≥ right(I) %&' (∀j ∈ I) A, π(j) |=k α) ()
(k < right(I) %&' (∃l ∈ loop(π))(∀min(left(I), l) ≤ j < k)A, π(j) |=k α))$* +,-.,/ 0()123% ϕ #4 % &'" '! ()"*& A +',- .)/!" k 5'6&(76' A |=k ϕ8#$A, s0 |=k ϕ9 #:6:9 ϕ #4 k−7)26 %7 7;6 #&#7#%3 47%76 (0 7;6 1('63 A: ,;6 .)/!"*"()"*& -*1'!2 34).&*( %4<4 =;67;6) A |=k ϕ:,;6 0(33(=#&> 7;6()619 =;#; %& @6 A)(B6& @C #&'27#(& (& 7;6 36&>7; (0% +,-.,/ 0()123%9 47%764 7;%7 7;6)6 6D#474 % @(2&' 42; 7;%7 @(2&'6' %&'2&@(2&'6' 461%&7#4 %)6 6E2#B%36&7: ,;#4 #1A3#64 7;%7 7;6 1('63 ;6<#&>A)(@361 5A |= ϕ8 %& @6 )6'26' 7( 7;6 @(2&'6' 1('63 ;6<#&> A)(@3615A |=k ϕ8: !"#$"% & 5*, A .*  ()"*&  !" ϕ  678975 :)4(/& $ 7-*!# ,-* :)&&)+'!2*;/'% &*!* -)&"<= A |= ϕ '> ,-*4* *?'<,< k ≥ 0 </- ,- , A |=k ϕ$F6 %& %34( 4;(= 6B6& 7;6 47)(&>6) A)(A6)7C9 &%163C9 =6 %& A)(B6 7;%7

ϕ #4 k−7)26 #& A #0 %&' (&3C #0 ϕ #4 k−7)26 #& A =#7; % &21@6) (0 k−A%7;4)6'26' 7( fk(ϕ)9 =;6)6 7;6 02&7#(& fk : RTECTL→ IN #4 '6G&6' %4 0(33(=4H
• fk(true) = fk(false) = fk(p) = fk(¬p) = 09 =;6)6 p ∈ PV 9
• fk(α ∧ β) = fk(α) + fk(β)9
• fk(α ∨ β) = max{fk(α), fk(β)}9
• fk(Xα) = fk(α) + 19
• fk(E(αUIβ)) = k · fk(α) + fk(β) + 19
• fk(EGIα) = (k + 1) · fk(α) + 1:I#B6& %)6 % 1('63 A = (Σ, S, s0, T, V )9 % @(2&' k ≥ 09 %&' % +,-.,/0()123% ϕ: ,;6 A)(@361 (0 ;6<#&> =;67;6) A |=k ϕ ;(3'4 %& @6 7)%&43%76'7( 7;6 4%7#4G%@#3#7C A)(@361 (0 7;6 0(33(=#&> A)(A(4#7#(&%3 0()123%H

[A, ϕ]k := [Aϕ,s0

]k ∧ [ϕ]A,k 5 8=;6)69 7;6 0()123% [Aϕ,s0

]k (&47)%#&4 7;6 fk(ϕ) 4C1@(3# kJA%7;4 7( @6 B%3#'
kJA%7;4 (0 A9 =;#36 7;6 0()123% [ϕ]A,k 6&('64 % &21@6) (0 (&47)%#&74 7;%71247 @6 4%7#4G6' (& 7;646 4674 (0 kJA%7;4 0() ϕ 7( @6 4%7#4G6': K&6 7;#47)%&43%7#(& #4 '6G&6'9 ;6<#&> 4%7#4G%@#3#7C (0 % +,-.,/ 0()123% %& @6'(&6 @C 16%&4 (0 % L*,J4(3B6):



 !"  !"#$% &!'$%()**#,$-%./ 01$-#2*.% 345*#*$6/ 0$75*#8 345*#*$6#$ %&'(& )% '(*$( )+( ,%&-./0 [A, ϕ]k 1( 2&%((' 04 ,%//%145 6( 044.-()+0) (0+ 4)0)( s %, A 74 ($%'(' 89 0 87):;()%& 1+%4( /($<)+= 409 r= '(2($'4%$ )+( $.-8(& %, /%0/ 4)0)(4 %, >%-2%$($)? 0.)%-0)05 @+.4= (0+ 4)0)( s%, A 1( 0$ &(2&(4($) 89 0 ;()%& w = (u1, . . . , ur) %, 2&%2%47)7%$0/ ;0&708/(4A.4.0//9 0//('  !"!# $"%&"'(# B= )% 1+7+ 1( &(,(& )% 04  )*'+(&  !"!# 5 C *$7)(4(D.($( (w0, . . . , wk) %, 49-8%/7 4)0)(4 74 0//(' 0  )*'+(& k-."!/5 E7$(= 7$<($(&0/= 1( -09 $((' )% %$47'(& -%&( )+0$ %$( 49-8%/7 k:20)+= 1( 7$)&%'.(0 $%)7%$ %, )+( j:)+ 49-8%/7 k:20)+= 1+7+ 74 '($%)(' 89 (w0,j , . . . , wk,j)=1+(&( wi,j 0&( 49-8%/7 4)0)(4 ,%& 0 ≤ j < fk(ϕ) 0$' 0 ≤ i ≤ k5 F%)( )+0) )+((G0) $.-8(& %, $((440&9 49-8%/7 k:20)+4 '(2($'4 %$ )+( +(H(' ,%&-./0
ϕ= 0$' 7) 0$ 8( 0/./0)(' 89 -(0$4 %, )+( ,.$)7%$ fk5@+( 2&%2%47)7%$0/ ,%&-./0 [Aϕ,s0

]k 74 '(*$(' %;(& 49-8%/7 4)0)(4 wi,j= ,%&
0 ≤ i ≤ k 0$' 0 ≤ j < fk(ϕ)= 7$ )+( ,%//%17$< 109I

[Aϕ,s0

]k := Is0(w0,0) ∧

fk(ϕ)−1
∧

j=0

k−1
∧

i=0

R(wi,j , wi+1,j) AJB1+(&( Is0(w) 74 0 ,%&-./0 )+0) ($%'(4 )+( 7$7)70/ 4)0)( s0 %, A= 0$' R(w,w′)74 0 ,%&-./0 )+0) ($%'(4 )+( )&0$47)7%$ &(/0)7%$ %, A5@+( $(G) 4)(2 74 )+( )&0$4/0)7%$ %, 0 K@LM@N ,%&-./0 ϕ 7$)% 0 2&%2%47:)7%$0/ ,%&-./0 [ϕ]A,k IO [ϕ]
[0,0]
k = 1+(&( k ≥ 0 74 0 8%.$'= [ϕ]

[m,n]
k '($%)(4 )+()&0$4/0)7%$ %, ϕ 0) )+( 49-8%/7 4)0)( wm,n= 0$' 7) 74 '(*$(' 7$'.)7;(/9 04,%//%14I

• [true]
[m,n]
k 01 true= • [false]

[m,n]
k 01 false=

• [p]
[m,n]
k 01 p(wm,n)= • [¬p]

[m,n]
k 01 ¬p(wm,n)=

• [α ∧ β]
[m,n]
k 01 [α]

[m,n]
k ∧ [β]

[m,n]
k = • [α ∨ β]

[m,n]
k 01 [α]

[m,n]
k ∨ [β]

[m,n]
k =

• [EXα]
[m,n]
k 01 (1)

fk(ϕ)−1
∨

ll=0

H(wm,n, w0,ll)) ∧ [α]
[1,ll]
k , if k > 0

(2) false, otherwise

• [E(αUIβ)]
[m,n]
k 01fk(ϕ)−1

∨

ll=0

(H(wm,n, w0,ll) ∧
k
∨

i=0

([β]
[i,ll]
k ∧ In(i, I) ∧

i−1
∧

j=0

[α]
[j,ll]
k ))=

• [EGIα]
[m,n]
k 01 fk(ϕ)−1

∨

ll=0

H(wm,n, w0,ll) ∧

(1)

right(I)
∧

j=left(I)

[α]
[j,ll]
k , if right(I) ≤ k

(2)
k−1
∨

l=0

(H(wk,ll, wl,ll) ∧
k−1
∧

j=min(left(I),l)

[α]
[j,ll]
k ), otherwise.



 !"#$%#&' ()*+), -".-!"/#!0 .$ 1 /"1#& .&/".33!" 0%0/!4  !"#$% &'((')*+, -$%'.%/0 )$*$ 2+ 3% 4.'5%+ 36 *+78-*'+ '+ -$% (%+,-$'& 2 9#:;#< &'./8(20 %=4.%>>%> -$% '..%-+%>> 2+7 -$% '/4(%-%+%>> '& -$%-.2+>(2-*'+ 4.%>%+-%7 23'5%? !"#$"% &  !" A #! $ %&'!() $*' ϕ $ +,-., /&0%1($2 ,3!* /&0 !4!05
k ∈ IN) A |=k ϕ 6/) $*' &*(5 6/) "3! 70&7&86"6&*$( /&0%1($ [A, ϕ]k 68 8$"689$#(!2 ! " #$%&'( ')$*+ -+')-&&.) /(/'.0#' %52(82-% -$% @A; -%$+*B8% &'. 9#:;#<0 )% 2+2(6>% 2 >2(23(% '+8..%+->6>-%/0 )$*$ *> 2 &28(-6 -.2*+ '+-.'((%. >6>-%/ CD#;E C2724-%7 &.'/ FG℄E?#$% >6>-%/ '+>*>-> '& 2 '+-.'((%.0 2+7 n -.2*+> C&'. n ≥

Controller

GreenAway 1

RedWait 1

Train1

Tunnel 1

approach1

in1

out1

in1

inn

out1

outnAway n

Wait n

Trainn

Tunnel n

approachn

inn

outn

Fault

in1

in1 inn

inn

out1

outn

D*,8.%  L J +%-)'.I '& 28-'/2-2 &'. -.2*+ '+-.'((%. >6>-%/J+ 28-'/2-2 /'7%( '& -$% D#; >6>-%/ *> >$')+ '+ D*,8.%  ? #$% >4%*MN2-*'+> &'. *- 2.% ,*5%+ *+ -$% 8+*5%.>2( &'./0 *?%?0 -$%6 2.% %=4.%>>%7 *+ -$%9#J;#< (2+,82,%L
ϕ1 O AG[0,∞]

(

InTunnel1 → AF[1,∞](InTunnel1)
)0

ϕ2 O AG[0,∞]

(
∧n−1

i=1

∧n
j=i+1¬(InTunneli ∧ InTunnelj)

)0
ϕ3 O AG[0,∞]

(

InTunnel1 → AF[1,n+1]

(
∨n

i=1 InTunneli
))?



 !"  !"#$% &!'$%()**#,$-%./ 01$-#2*.% 345*#*$6/ 0$75*#8 345*#*$6#$% &'()*+, ϕ1 -.,.%- .$,. /. /- ,+0,1- .$% ,-% .$,. 0$%3%4%( #(,/3  /- /3.$% .*33%+5 /. 0/++ 6% /3 .$% .*33%+ '3% ,7,/3 0/.$/3 , 6'*38%8 9%(/'8 '&./)%5 /:%:5 0/.$/3 n ./)% *3/.- &'( n ≥ 1: #$% &'()*+, ϕ2 (%9(%-%3.- .$% &,..$,. .(,/3- $,4% %;+*-/4% ,%-- .' .$% .*33%+: #$% &'()*+, ϕ3 %;9(%--%- .$,./. /- ,+0,1- .$% ,-% .$,. /& #(,/3 1 /- /3 .$% .*33%+5 .$%3 %/.$%( $% '( '.$%(.(,/3 0/++ 6% /3 .$% .*33%+ 8*(/37 .$% 3%;. n+ 1 ./)% *3/.-:<++ .$% ,6'4% &'()*+,% ,(% 3'. .(*% /3 .$% )'8%+ &'( =#>5 ,38 &'( %4%(1-9%/?,./'3 7/4%35 .$%(% %;/-.- , '*3.%(%;,)9+%: #$/- 0,- -$'03 61 )%,3-'& .$% @A> )%.$'8 &'( B#C>#D ,38 .%-./37 .$% &'()*+,% ψi = ¬ϕi E&'(
iϕ15 ϕ25 ,38 ϕ35 ,38.$% ),;/)*) 3*)6%( '& .(,/3- 0% 0%(% ,6+% .' )'8%+ $%S 61 )%,3- '& '*(@A> )%.$'8 &'( B#C>#D:#' 7%. .$% %;9%(/)%3.,+ (%-*+.- /3 #,6+%  5 0% -.,(.%8 0/.$ , 9('9'-/./'3,+%3'8/37 '& , 3%.0'(S '& ,*.'),., .$,. )'8%+- =#>: #' .$/- %38 0% $,4%%3'8%8 .$% -.,.%- '& .$% 3%.0'(S5 /3 9,(./*+,( .$% /3/./,+ -.,.%5 ,38 .$% .(,3L-/./'3 (%+,./'3: <3 %;,)9+% '& -*$ %3'8/37 &'( .0' .(,/3- ,38 , '3.('++%(50% 9(%-%3. 6%+'0:D%. SV = {p1, p2, . . . } 6% ,3 /3?3/.% -%. '& -.,.% 4,(/,6+%-: < @''+%,3%3'8/37 '& ,++ .$% +',+ -.,.%- '& .$% .0' ,*.'),., (%9(%-%3./37 .(,/3- /- .$%&'++'0/37Z

Train 1 Train 2

state bit2 bit1 formula state bit4 bit3 formula

away1 0 0 ¬p1 ∧ ¬p2 away2 0 0 ¬p3 ∧ ¬p4

wait1 1 0 ¬p1 ∧ p2 wait2 1 0 ¬p3 ∧ p4

tunnel1 0 1 p1 ∧ ¬p2 tunnel2 0 1 p3 ∧ ¬p4

Controller

location bit6 bit5 formula

green 0 0 ¬p5 ∧ ¬p6

red 0 1 p5 ∧ ¬p6

faulty 1 0 ¬p5 ∧ p6Q/4%3 .$% ,6'4%5 /. /- %,-1 .' -%% .$,. %,$ -.,.% '& .$% 3%.0'(S '& ,*.'),.,)'8%++/37 .$% =#> -1-.%) ,3 6% (%9(%-%3.%8 61 , 4,+*,./'3 '& , -1)6'+/



 !"#$%#&' ()*+), -".-!"/#!0 .$ 1 /"1#& .&/".33!" 0%0/!4  ! "#$#% w = (p1, . . . , p6)& '(%)* $ +,-+-".#.-)$/ 0-,12/$ Is0(w)* 3(.( %)-5%"#(% .).#.$/ 6/-7$/ "#$#% -0 #(% -)".5%,%5 "8"#%1* ." #(% -)92)#.-) -0 #(,%%0-,12/$% #($# %)-5% $// #(% /-$/ .).#.$/ "#$#%"* .&%&
Is0(w) = (¬p1 ∧ ¬p2) ∧ (¬p3 ∧ ¬p4) ∧ (¬p5 ∧ ¬p6):2,#(%,1-,%* /%# w = (p1, . . . , p6), w

′ = (p′1, . . . , p
′
6) 7% #3- 5.;%,%)# "817-/."#$#%"& < +,-+-".#.-)$/ 0-,12/$ R(w,w′)* 3(.( %)-5%" $// #(% #,$)".#.-)"-0 #(% -)".5%,%5 "8"#%1 ." 5%=)%5 $" #(% 5."92)#.-) -0 0-,12/$ #($# %)-5%".)6/% #,$)".#.-)">

R(w,w′) approach1 ∨ in1 ∨ out1 ∨ approach2 ∨ in2 ∨ out2

approach1 ¬p1 ∧ ¬p2 ∧ ¬p
′
1 ∧ p

′
2 ∧ (p3 ↔ p′3) ∧ (p4 ↔ p′4) ∧ (p5 ↔ p′5)

∧(p6 ↔ p′6)

in1 ¬p1 ∧ p2 ∧ p
′
1 ∧ ¬p

′
2 ∧ (p3 ↔ p′3) ∧ (p4 ↔ p′4) ∧ (¬p5 ∧ ¬p6∧

p′5 ∧ ¬p
′
6 ∨ ¬p5 ∧ ¬p6 ∧ ¬p

′
5 ∧ p

′
6 ∨ ¬p5 ∧ p6 ∧ ¬p

′
5 ∧ p

′
6)

out1 p1 ∧ ¬p2 ∧ ¬p
′
1 ∧ ¬p

′
2 ∧ (p3 ↔ p′3) ∧ (p4 ↔ p′4)∧

(p5 ∧ ¬p6 ∧ ¬p
′
5 ∧ ¬p

′
6 ∨ ¬p5 ∧ p6 ∧ ¬p

′
5 ∧ ¬p

′
6)

approach2 ¬p3 ∧ ¬p4 ∧ ¬p
′
3 ∧ p

′
4 ∧ (p1 ↔ p′1) ∧ (p2 ↔ p′2) ∧ (p5 ↔ p′5)

∧(p6 ↔ p′6)

in2 ¬p3 ∧ p4 ∧ p
′
3 ∧ ¬p

′
4 ∧ (p1 ↔ p′1) ∧ (p2 ↔ p′2) ∧ (¬p5 ∧ ¬p6∧

p′5 ∧ ¬p
′
6 ∨ ¬p5 ∧ ¬p6 ∧ ¬p

′
5 ∧ p

′
6 ∨ ¬p5 ∧ p6 ∧ ¬p

′
5 ∧ p

′
6)

out2 p3 ∧ ¬p4 ∧ ¬p
′
3 ∧ ¬p

′
4 ∧ (p1 ↔ p′1) ∧ (p2 ↔ p′2)∧

(p5 ∧ ¬p6 ∧ ¬p
′
5 ∧ ¬p

′
6 ∨ ¬p5 ∧ p6 ∧ ¬p

′
5 ∧ ¬p

′
6) !"#$% &' ()* )+ +,-. /

ϕ k fk(ϕ) .%-+ 0 1-%+-#2$0 2-!0$0 0$ )( 0$ )(
ϕ1 4 / 5666 4/75/48 5/9499:: /59;< 77:;7 /6=5;6 <6/;6
ϕ2 58 5 = 4:4< 5/45= 6;5 /;6 5==/;: :/;6
ϕ3 4 / /46 /</9<= =98<4< 9;9 :<;8 5=75;6 898;6>-#2$ 5? @AB$%+"$ .-2 %$0!2.0 ! "#$&'()#$(?) #(." +$+%, 3% 6$@% $ A<'B7$"%5 "817-/. $++,-$( #- 7-2)5%5 1-5%/(%C.)6 -0 -)2,,%)# "8"#%1" 1-5%//%5 78 )%#3-,C -0 =).#% $2#-1$#$& D%0-2"%5 -) #(% +,-+%,#.%" %E+,%""%5 .) F'GH'I& '(% 1%#(-5 ($" 7%%) .1B+/%1%)#%5* $)5 #%"#%5 -) #(% "#$)5$,5 7%)(1$,C J $ 0$2/#8 #,$.) -)#,-//%,"8"#%1& '(% 7%)(1$,C ($" 7%%) $,%02//8 "%/%#%5 .) "2( $ 3$8 $" #- ,%@%$/#(% $5@$)#$6%" $)5 5."$5@$)#$6%" -0 7-#( $++,-$(%"&
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