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§5.1 ?{�g2l(RrC$�f��?X0?,RC���VB?X>��M�X>E	��f��X0?VB�!�bf CTL E	�Sb1'?~rET:f1'24?��?E	�Ob CTL g	H���g	�
FSbVB�.P2W℄Lb
?tw���YM�zbg	�
§5.1.1 �g�;d/df {¬,∨}i(U!L���/?+q��.P�0Jz>U!L���/�df {EX,EG,EU}i( CTL V���?+q��.P�0Jz>V����
F AP ~? Kripke�i 〈S,R, I, L〉 vSb CTL g	 ϕ �\�u�S?�Q�8�Æ�8* L �> L(s) 	rObr s M�? ϕ ?�g	���Ob���YM� ϕ ?�g	V%��q�YN,��Ob���YM� ϕ .PeW2j6�� 1 �z ϕ = p i p �U!�uMOb s � p �Yr L(s) V%e1'
F�/G���� 2 �z ϕ = ¬ϕ0 �uMOb s �z ϕ0 6∈ L(s) �u� ϕ �x L(s) �� 3 �z ϕ = ϕ0 ∨ ϕ1 �uMOb s �z ϕ0 ∈ L(s) � ϕ1 ∈ L(s) �u� ϕ0 �x L(s) �� 4�z ϕ = EXϕ0 �uMOb s �z3r t �> R(s, t) i ϕ0 ∈ L(t) �u� ϕ �x L(s) �� 5 �z ϕ = E(ϕ0Uϕ1) �u� 5a �MOb s �z ϕ1 ∈ L(s) �u� ϕ �x L(s) �� 5b �MOb s �z3r t �> R(s, t) i ϕ ∈ L(t) �i ϕ0 ∈ L(s) �u� ϕ �x L(s) �� 5c �
[ (5b) �� L �
�~�� 6 �z ϕ = EGϕ0 �u� 6a ��� S′ = {s | ϕ0 ∈ L(s)} �� 6b ��� 〈S,R〉 ?;,�( 〈S′, R′〉 ?W_ThA%X(?EC�x S′′ ��MOb
s ∈ S′′ �� ϕ �x L(s) �� 6c �MOb s ∈ S′ �z3r t �> R(s, t) i ϕ ∈ L(t) �u� ϕ �x L(s) �� 6d �
[ (6c) �� L �
�~�s{.P2W��d+V%��,? L m>1'?+����YM� ϕ �


M, s |= ϕ :i": ϕ ∈ L(s) �
M |= ϕ :i": ϕ ∈

⋂

s∈I L(s) �
§5.1.2 3;RrC$�MZuVB�!��?rM���x?��~��Q���Sbg	rX>��~(?��fzb�I�Sbg	2W/��M�zbg	?1'��?�x�Sb1'M�Wb��g	�)��1'?+���	rfzbg	�7�?���x�ZuVB�!?�Æ�8�b
CTL g	?�GC3}W	bU!L�g	�7l�i�
���x�#D7_?p��



§5 BE�=?> 23;Rr� Φ(V ) ,�dU!�C�x� V ?��?U!L�g	?�x�z V ,�C�x�u
V ′ ,�C�x�FZw2� v′ ∈ V ′ :i": v ∈ V �
Definition 5.1 ��3�"/�� AP �3� AP (���#2,3�.7;

〈V,R,Θ, N〉%9 V 1"/����� R 1 V ∪ V ′ (��+� Θ 1 V (��+� N : AP → Φ(V ) 1 AP� V (�+�� Φ(V ) �5)�1'��d�C x1, ..., xn -F�Sb1'��b n k� (a1, ..., an) �
� (a1, ..., an) |= q:i": qa1,...,an

x1,...,xn
= 1 �1'��?�x, {0, 1}n �eUl1d R(x1, ..., xn, x

′
1, ..., x

′
n) -F�1'?+����xd Θ(x1, ..., xn) -F�� AP = {p1, ..., pk} �M� pi ?��d N(pi) -F�OI.Pb s→s′ �
3r2 s < s′ ?eU�
 (s, s′) |= R �ZuVB 〈V,R,Θ, N〉 ~?S$I'���� {0, 1}n ~?Sb/lIE

s0s1s2...b
MtY i ≥ 0, si→si+1 ��tZuVB 〈V,R,Θ, N〉 ~?S1pD�\ZuVB~?BSb��M� Θ ?S$I'�3;Rr| Kripke F7
FZuVB (V,R,Θ, N) �\VBM_f AP = {p1, ..., pk} ~? Kripke �i M =

〈S,∆, I, L〉 b
 S,∆, I, L FZw2�
S = {(a1, ..., an) | ai ∈ {0, 1}}

∆ = {((a1, ..., an), (a′1, ..., a
′
n)) | (a1, ..., an, a

′
1, ..., a

′
n) |= R(V, V ′)}

I = {(a1, ..., an)) | (a1, ..., an) |= Θ}

L((a1, ..., an)) = {pi ∈ AP | (a1, ..., an) |= N(pi)}

Kripke F7|3;Rr
F Kripke �i M = 〈S,∆, I, L〉 �.P2W� S �u�z S e ≤ 2n bk��u2Wb
n bU! x1, ..., xn 9�
� S 
?B i bk��, s(i− 1) �b (a1, ..., an)�
 x1, ..., xn o�? nk��u\ nk��
 s(a1 ·2n + · · ·+an−1 ·2+an)�Sb x1, ..., xn ~?g	�
Sb�x�
M�\g	? x1, ..., xn o�? n k�?�x���?�~l1?�xSP2Wbg	�
�.PG℄# n b��C��� x′1, ..., x

′
n �b (a1, ..., an, a

′
1, ..., a

′
n) �
 x1, ..., xn, x

′
1, ..., x

′
n o�? 2n k��u\ 2n k��
 (s(a1 · 2n +

· · · + an−1 · 2 + an), s(a′1 · 2
n + · · · + a′n−1 · 2 + a′n)) ∈ ∆ �Sb x1, ..., xn, x

′
1, ..., x

′
n ~?g	�
SbeU�x�
M�\g	? a1, ..., an, a

′
1, ..., a

′
no�? 2n k�?�x�



§5 BE�=?> 3Mf�us� L : S → 2AP �.PFZ N : AP → 2S w2�s ∈ N(p):i": p ∈ L(s)�u L v N �,1'VB
S���M�X>�ÆU!?�b���?�df N(p) �Sb���x� N(p) 2WbSbg	�
�
FAP = {p1, ..., pk}~?Kripke�iM = 〈S,∆, I, L〉�\VBM_fZuVB (V,R,Θ, N)�b
 V,R,Θ, N FZw2�
V = {a1, ..., an}

(a1, ..., an, a
′
1, ..., a

′
n) |= R(V, V ′) :i": (s(a1, ..., an), s(a′1, ..., a

′
n)) ∈ ∆

(a1, ..., an) |= Θ :i": s(a1, ..., an) ∈ I

N(pi) = Θi i Θi FZw2� (a1, ..., an) |= Θi :i": pi ∈ L(s(a1, ..., an))3;RrC$Sb (V,R,Θ, N)�
?1'�YM�Sb�IL�g	�
1'�M_? Kripke�i M�YM�Sb�IL�g	�FZ ∃x.ϕ = (ϕ0
x ∨ ϕ1

x) �FZs� ex : Φ(V ) → Φ(V ) w2�
ex(ϕ) = ∃x′1...x

′
n.(R(x1, ..., xn, x

′
1, ..., x

′
n) ∧ ϕ

x′

1,...,x′

n

x1,...,xn
)b [[q]] �
M� q ?��?�x�.PX 6 �j6��Sbg	 q r M 
?X>��~(?�

(1) q = pi �l�U!� u [[q]] = N(pi)

(2) q � ¬q0 � u [[q]] = ¬[[q0]]

(3) q � q0 ∨ q1 � u [[q]] = [[q0]] ∨ [[q1]]

(4) q � EXq0 � u [[q]] = ex([[q0]])

(5) q � EGq0 � u [[q]] = νZ.([[q0]] ∧ ex(Z))

(6) q � E(q0Uq1) � u [[q]] = µZ.([[q1]] ∨ ([[q0]] ∧ ex(Z))).Pe
M |= ϕ :i": Θ → [[ϕ]]

§5.1.3 .~K#i
Definition 5.2 ��3����� V �3� V (��7�
0 (BDD) ,3�.7;

〈N,n0, E, L〉%9 N 1������ E : N → N ×N 1�4��
��$�-�' E(n) = 〈n′, n′′〉 �8�
〈n, n′〉 1 n � 0 �� 〈n, n′′〉 1 n � 1 �� n0 10��*�� L : N → V ∪ {0, 1} 1��	��-� : L(n) ∈ {0, 1} Æ&�Æ E(N) !6�4�zv.~K#i (OBDD)
FSb V ~�C?\I x1, ..., xm �
 x1 < x2 < · · · < xm �nF xi < 0 i xi < 1 �SbQk- ( 〈N,n0, E, L〉 �eI?�:i": E(a) = 〈b, c〉 u L(a) < L(b) i L(a) < L(c) �
F V ~?Sbg	 ϕ �\g	2WbSbeIQk- ( 〈N,n0, E, L〉 �
�bitw2�
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1. N = {n0}, L(n0) = x1, L
′(n0) = ϕ.

2. MtY n ∈ N i E(n) �/FZ�z L(n) = xi �ur N 
#�Bb�?C n′, n′′ iH E(n) = 〈n′, n′′〉 �z i < m � uH L(n′) = L(n′′) = xi+1, L
′(n′) = (L′(n))0xi

, L′(n′′) = (L′(n))1xi
�z i = m � uH L(n′) = L′(n′) = (L′(n))0xm

, L(n′′) = L′(n′′) = (L′(n))1xm
�zBbg	���?�u�P?zPit?eIQk- (�&i?��Ezv.~K#i (ROBDD)W~it? OBDD ?�iv6<7:fSb{���eyNvg�X�Qk- (~�?muw2�

u v v �R�C� L(u) = L(v) �ux�zBb�C�
u v v ��R�C� E(u) = E(v) i L(u) = L(v) �ux�zBb�C�
u v v ��R�C� E(v) = 〈a, a〉 �u}- v C���: v ?� (� n0) �< a ��vg�XbW~mu~��<�[q�~�><?- (',��eIQk- (�zBbg	���?�u�P?��eIQk- (�&i?�b��eIQk- (�
?g	?��EuX℄F�zSbg	,a{	�u\g	? ROBDD ,�eSbR�C?(i\R�C?�, 1 �zSbg	,a�	�u\g	? ROBDD ,�eSbR�C?(i\R�C?�, 0 ��NTv�C\IMROBDD?6<ey6?`9�MfS>-!��&?�C\I�$�?ROBDD?6<?n����?�� ϕ =

∨n
i=1(x2i−1 ∧x2i) �
F�C?\I x1, x3, ..., x2n−1, x2, x4, ..., x2n �u ϕ? ROBDD�C�, 2n+1 �
F�C?\I x1, x2, ..., x2n �u ϕ ? ROBDD �C�, 2(n+ 1) �dfKy�Æ\I� NP Z?-!�2bdR	?�S��Sb�t?�C\I�zv.~K#i< -:`Sbg	2W/(�Sb�Ps��\0SbeIQk- (M_fSb�Ps��b F |N �
 F �FZj5�r N ?�s��FZ πi(〈a0, a1〉) = ai �b Ei

x �
M�W2E	?%qF℄ E ><?s� E′ �z L(π0(E(n))) 6= x i L(π1(E(n))) 6= x u E′(n) = E(n)z L(π0(E(n))) = x u π0(E
′(n)) = πi(E(π0(E(n))))z L(π1(E(n))) = x u π1(E
′(n)) = πi(E(π1(E(n))))b fOBDD(x1, ..., xn)�
h�Ps� f(x1 , ..., xn)M_?eIQk- (�� fOBDD (x1, ..., xn) =

〈N,n0, E, L〉 i x1 < · · · < xn � u
fOBDD(0, x2, ..., xn) = 〈N ′, n′

0, E
′, L′〉 b


N ′ �d π0(E(n0)) 24?�e�C?�x� n′
0 = π0(E(n0)) � E′ = E|N ′ � L′ = L|N ′ �

fOBDD(x1, ..., xi−1, 0, xi+1, xn) = 〈N ′, n0, E
′, L′〉 b


N ′ �d n0 %q E0
xi
24?�e�C?�x� E′ = E0

xi
|N ′ � L′ = L|N ′ �

fOBDD(1, x2, ..., xn) = 〈N ′, n′
0, E

′, L′〉 b

N ′ �d π1(E(n0)) 24?�e�C?�x� n′

0 = π1(E(n0)) � E′ = E|N ′ � L′ = L|N ′ �
fOBDD(x1, ..., xi−1, 1, xi+1, xn) = 〈N ′, n0, E

′, L′〉 b

N ′ �d n0 %q E1

xi
24?�e�C?�x� E′ = E1

xi
|N ′ � L′ = L|N ′ �



§5 BE�=?> 5N'qZ� f, b, c � OBDD �� n � OBDD ?�C�b top(f) 7� f ?EC�b L(f) 7�
L(top(f)) �b f = (n, b, c) �
 top(f) = n i E(n) = 〈top(b), top(c)〉 � � f , OBDD ib~�C?I,d<�d�C�<6�R�C�� u f |x=0 v f |x=1 ?�Sw2�z f �R�C�u f |x=0 = fz L(f) = x i f = (n, s0, s1) �u f |x=0 = s0z L(f) 6= x i f = (n, s0, s1) �u f |x=0 = (n, s0|x=0, s1|x=0)z f �R�C�u f |x=1 = fz L(f) = x i f = (n, s0, s1) �u f |x=1 = s1z L(f) 6= x i f = (n, s0, s1) �u f |x=1 = (n, s0|x=1, s1|x=1).Pe ∃y1...yn.∃x.f = ∃y1...yn.(f |x=0 ∨ f |x=1) � OBDD ~?�p�W	b�p�FZw2�
OBDD ℄(�dz s = (n, s′, s′′)i L(s) = x ∈ V �u� s, s′, s′′ X��
, (¬x∧s′)∨(x∧s′′), s|x=0, s|x=1 �z L(s) = 0 � L(s) = 1 �ub 0 � 1 ���
\�C�U!L�A�Z2W/(� OBDD ~?p��� ◦ ,Qkp�Z� f v g , OBDD ib~�C?I,d<�d�C�<6�R�C��u f ◦ g ?�Sw2�z f v g H�R�C�u f ◦ g = L(f) ◦ L(g)z L(f) = L(g) = x u f ◦ g = ((¬x ∧ (f |x=0 ◦ g|x=0) ∨ (x ∧ (f |x=1 ◦ g|x=1))z x = L(f) < L(g) u f ◦ g = ((¬x ∧ (f |x=0 ◦ g) ∨ (x ∧ (f |x=1 ◦ g))z L(f) > L(g) = y u f ◦ g = ((¬y ∧ (f ◦ g|y=0) ∨ (y ∧ (f ◦ g|y=1))%b?Qkp�e ∧,∨,→,↔ �Skp� ¬ lu~2b → �4�
 ¬p ⇔ (p → false) �b���p)��R�C? 0 v 1 ?�|��g	 ϕ0 v ϕ1 �Y��2Wd+ ϕ0 ↔ ϕ1 ?
ROBDD �Y, 1 9℄L�N'qZ(y>#Pb x̄ �
 x1, ..., xn �u ex(ϕ) = ∃x′1...x

′
n.(R(x̄, x̄′) ∧ ϕx̄′

x̄ ) ��� ex(ϕ) ? ROBDD GQ#DC/;p��ZuVB�!
��Cy6?���.P_b�����$2[�3rC/�bf�<?�g	�eUl1 R(x̄, x̄′) 2[�S�g	?0o�xo�W2X�MzB�k6#DX0�lY8m� R(x̄, x̄′) = R1(x̄, x̄′) ∨ · · · ∨Rm(x̄, x̄′) �.P_b�	 ∃x.(p(x) ∨ q(x)) = ∃x.p(x) ∨ ∃x.q(x)) 9�~ ROBDD ?���.Pe
∃x′1...x

′
n.(R(x̄, x̄′) ∧ ϕ

x′

1,...,x′

n

x1,...,xn
) = ∃x′1...x

′
n.(R1(x̄, x̄′) ∧ ϕ

x̄′

x̄ ) ∨ · · · ∨ ∃x′1...x
′
n.(Rn(x̄, x̄′) ∧ ϕx̄′

x̄ )=Y8m� R(x̄, x̄′) = R1(x̄, x̄′) ∧ · · · ∧Rm(x̄, x̄′) �z x �r p(x) 
,4�.Pe ∃x.(p(x) ∧ q(x)) = p(x)∧∃x.q(x)) �.P_b\�	9�~
ROBDD ?���,V�
��� R0(x̄, x̄′) = ϕ

x′

1,...,x′

n

x1,...,xn
�u

∃x′1...x
′
n.(R(x̄, x̄′) ∧ ϕ

x′

1,...,x′

n

x1,...,xn
) = ∃x′1...x

′
n.(R0(x̄, x̄′) ∧ · · · ∧Rm(x̄, x̄′)



§5 BE�=?> 6.P� x′1, ..., x
′
n X( k b�7��� d1, ..., dk �� R0, ...., Rm X( k b�7�W5��

D1, ..., Dk �wpMf�e 1 ≤ i < j ≤ k � dj 
?�C�r Di 
,4�u
∃x′1...x

′
n.(R0(x̄, x̄′) ∧ · · · ∧Rm(x̄, x̄′) = ∃d1.(D1 ∧ ∃d2.(D2 ∧ · · · ∧ ∃dk.(Dk) · · ·))b
 di �
 di 
�C?E*� Di �
 Di 
g	?xo�Mf
F?g	�x {R0, ..., Rm}v�C�x {x′1, ..., x

′
n} �.P2WT+�&?��9�� d1, ..., dk v D1, ..., Dk �lu~.P_\e*"? di o<O Di o6ot�

§5.2 ?{OI2l(RrC$�fI'?X0?,RC�rFVB?O$I'�YM�V>E	��f��X0?VB�!�bf PLTL E	�Sb1'2W/��b2[pD?I'?�x�Sb1'M�WbI'g	�)��1'?�epDHM�zbg	� � M = 〈S,∆, I, L〉 � AP ~?�u Kripke�i� ϕ � AP ~? PLTL g	�
M |= ϕ :i": [[M ]] ⊆ [[ϕ]] �

§5.2.1 Kripke F7| B
..
uchi �+�� M = 〈S,∆, I, L〉 � AP ~?�u Kripke �i�FZ

Σ = 2AP

∆′ = {(s, a, s′) | (s, s′) ∈ ∆, a = L(s)}

F = SH AM = (Σ, S,∆′, I, F ) �u [[AM ]] = [[M ] �' AM , AP ~? Kripke �i M = 〈S,∆, I, L〉 �M_? B
..
uchi �G��

§5.2.2 RrC$�Mdf Kripke �iv PLTL g	H2W��(M_? B
..
uchi �G��VB�!-!2�~,Bb�G�?iN?	rl1�Sb�G�?iN�Y,5?-!�b Aϕ �
g	 ϕ M_? B

..
uchi �G�� Sb
F?1' M M�Sb AP ~?�IL�g	 ϕ �
�

M |= ϕ
 [[M ]] ⊆ [[ϕ]]
 [[M ]] ∩ ((2AP )ω \ [[ϕ]]) = ∅
 [[M ]] ∩ [[¬ϕ]] = ∅
 [[AM ]] ∩ [[A¬ϕ]] = ∅
 AM ∩A¬ϕ ?iN,5�VB�!-!�~,�G�W5-!�a^,yn
ed/,�9
��.P�bw�,�S?�Æ�+�i�w?|b�Æ��,Lw�)wvIow�~R?Sbk��� W ,Sbw� q ,Sbk��z|b��X��� push(q,W) �
pop(W) � top(W) ��5w, [ ] � 
F B

..
uchi �G� 〈Σ, S,∆, I, F 〉 �biN�Y,52WbW2�S���FZ ∆(q) = {s | ∃a ∈ Σ.(q, a, s) ∈ ∆} , q ?�e{
��?�x�\�SdBbg�?�J
3���S�4�
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start()

{

W = A = B = [ ];

for each s ∈ I, if (s 6∈ A) { push(s,A); push(s,W); dfs1(s); pop(W); }

report(“empty”);

}

dfs1(q)

{

for each s ∈ ∆(q), if (s 6∈ A) { push(s,A); push(s,W); dfs1(s); pop(W); }

if (q ∈ F ) { push(s,B); dfs2(s); }

}

dfs2(q)

{

for each s ∈ ∆(q), { if (s ∈ W ) report(“nonemp”); if (s 6∈ B) { push(s,B); dfs2(s); } }

}
FSb B
..
uchi �G���S�a “nonemp”:i":\�G�?iNW5�\℄F�S?����1�7Mf1'mV�6E?�+gRrC$�M
FSb^	eU1'S�vSb PLTL E	S��df��=K?-!�O�zP?Sb-!��3it1'? Kripke �i��� AM ∩A¬ϕ �Y,5?�S2Wr A¬ϕ V%3r?j62��it AM ��� AM ∩A¬ϕ �S$e>?\��rd+1'VB?_"S�it�?1'����2W℄Lz>�?���Yh A¬ϕ eh&�X�-F�YGQMz>��#S�8v�G*)�.P�Q℄F AM ∩A¬ϕ �Y,5�\0y<S$M� AM ∩A¬ϕ ?pD)2),���SF�<+( AM ?it�f!)B|Uv9�B$/lI' π v π′ �����?:f":3rB$}�~?/lIE 0 = i0 < i1 <

i2 < · · · v 0 = j0 < j1 < j2 < · · · �>MtY k ≥ 0 �
L(πik

) = L(πik+1) = · · · = L(πik+1−1) = L(π′
jk

) = L(π′
jk+1) = · · · = L(π′

jk+1−1)Sbg	 ϕ �����?:f":MtY����? π v π′ �
π |= ϕ⇔ π′ |= ϕ�,4 O ��? PLTL g	?�x�, PLTL−X �\�x?g	H�����?��QO�?E	, ϕ ∈ PLTL−X i ϕ 
?U!�C?�x, AP ′ ���1'?pD�x	r π = s0...sisi+1si+2... v π′ = s0...sis
′
i+1si+2... �wp L(si) ∩ AP ′ = L(si+1) ∩ AP ′ i L(s′i+1) ∩ AP

′ = L(si+2) ∩ AP ′, u π |= ϕ :i":
π′ |= ϕ �\0MfO�1'�YM� ϕ �.P2W�0J π′ �^Inn?�Q�8)�d+S>℄L$��rG�VB�!?�b
�Q;�f s′i+1 zP?��?�(W	M π′ ?�#�
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§5.3 pGRrC$5 VB�!?�Q�I�M�h�!?I'�5��wpr�h�!?I'&J�K�[�=Sbg	�YM��u\VSe�t?=K�zS��e?g	H�H� NNF U	�z,4?g	�� NNF U	�u�b/(�hb��?g	? NNF U	�
§5.3.1 CTL 6_(pGRrC$
F AP ~? Kripke�iM = 〈S,R, I, L〉�M ? k VB��' kVBMk = 〈S, Pk, I, L〉b
 Pk , M 
&J, k + 1 ?I'?�x�� π ∈ Pk �zP?I'', k I'�FZ

rs(π) =

|π|−2
∨

i=0

|π|−1
∨

j=i+1

πi = πj

CTL 6_(pG}x
NNF U	? CTL g	 ϕ ?5 iZ Mk, s |= ϕ FZw2�

Mk, s |= p z p = ⊤, � p ∈ AP i p ∈ L(s)

Mk, s |= ¬p z Mk, s 6|= p

Mk, s |= ϕ ∨ ψ z Mk, s |= ϕ � Mk, s |= ψ

Mk, s |= ϕ ∧ ψ z Mk, s |= ϕ i Mk, s |= ψ

Mk, s |= Aϕ zMf�e Pk 
W s ,
C?I' π � Mk, π |= ϕ

Mk, s |= Eϕ z3r Pk 
W s ,
C?I' π � Mk, π |= ϕ

Mk, π |= Xϕ z k ≥ 1 i Mk, π1 |= ϕ

Mk, π |= Gψ z rs(π) i ∀i ≤ k,Mk, πi |= ψ

Mk, π |= Fϕ z ∃i ≤ k,Mk, πi |= ϕ

Mk, π |= ϕUψ z ∃i ≤ k,Mk, πi |= ψ i ∀j < i,Mk, πj |= ϕ

Mk, π |= ϕRψ z ∀i ≤ k, z ∀j < i,Mk, πj 6|= ϕ u Mk, πi |= ψ, iz ∀i ≤ k,Mk, πi 6|= ϕ u rs(π)pG}x(�[u<j�u.Pe
M, s |= ϕ :i":3r k ≥ 0 �> Mk, s |= ϕ �FZ Mk |= ϕ :i": M�e s ∈ I � Mk, s |= ϕ �.Pe
M |= ϕ :i":3r k ≥ 0 �> Mk |= ϕ �pGRrC$d/
FVB M vg	 ϕ �5 VB�!�Sw2�

(1) k = 0

(2) z Mk |= ϕ (?�u M |= ϕ ��S��
(3) z3r s �> Mk, s |= ¬ϕ (?�u M 6|= ϕ ��S��
(4) k = k + 1 ��< (2)



§5 BE�=?> 9�Y�z=? ¬ϕ 7�hb��? CTL g	? NNF U	�fR?E	
�D�SSF[j��v�>~r5��
§5.3.2 PLTL 6_(pGRrC$Mf PLTL �.P?l��Y3rSbpDM�
F?g	�Mf k I'�.PGQ0Jz$I'?�C�Ye2[�<V%%q?CC(Sb��zP?�^rS$/lI'�2W:(/lI'M8�FZ

s(i, k, n) =
{ n z i = k �

i+ 1 z i < k �
PLTL 6_(pG}xFZ Mk, π |=i

n ϕ w2�
Mk, π |=i

n p z p = ⊤, � p ∈ AP i p ∈ L(πi)

Mk, π |=i
n ¬p z Mk, π 6|=i

n p

Mk, π |=i
n ϕ ∧ ψ z Mk, π |=i

n ϕ i Mk, π |=i
n ψ

Mk, π |=i
n ϕ ∨ ψ z Mk, π |=i

n ϕ � Mk, π |=i
n ψ

Mk, π |=i
n Xϕ z Mk, π |=

s(i,k,n)
n ϕ

Mk, π |=i
n Gϕ z ∀j ∈ {min(i, n), ..., k},Mk, π |=j

n ϕ

Mk, π |=i
n ϕUψ z ∃j ∈ {min(i, n), ..., k}, Mk, π |=j

n ψ i
i ≤ j → ∀m ∈ {i, ..., j − 1},Mk, π |=m

n ϕ i
i > j → ∀m ∈ {n, ..., j − 1, i, ..., k},Mk, π |=m

n ϕFZ Mk, π |=−1
n ϕ ,a��FZ R(πk, π−1) ,a{�

NNF U	? LTL g	 ϕ ?5 iZ Mk, π |= ϕ FZw2�
Mk, π |= ϕ :i":3r n ∈ {−1, 0, ..., k} ��> R(πk, πn) i Mk, π |=0

n ϕ �pG}x(�[u<j�u.Pe
∃π ∈M,π0 ∈ I.(M,π |= ϕ) :i":3r k ≥ 0 � ∃π ∈Mk, π0 ∈ I.(Mk, π |= ϕ) �FZ

Mk |= ϕ :i":�3r�f I ?I' π ∈ Pk M� Mk, π |= ¬ϕ �.Pe
M |= ϕ :i": ∀k ≥ 0, Mk |= ϕ �pGRrC$d/.Pe Mk 6|= ϕ uM�e i ≥ 0, Mk+i 6|= ϕ �FZ (M,ϕ) ?+
�� ct(M,ϕ) ,�<?M�W~$�? k �Mtw M v ϕ �+
�� ct(M,ϕ) 3r�#O.Pe

M |= ϕ :i":M k = ct(M,ϕ), Mk |= ϕ �
FVB M � ϕ v m ≥ ct(M,ϕ) �5 VB�!�Sw2�
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(1) k = 0

(2) z Mk 6|= ϕ �u M 6|= ϕ ��S��
(3) z k = m �u M |= ϕ ��S��
(4) k = k + 1 ��< (2)�� Mk 6|= ϕ 
d+5 iZ���Y3r+���,R? k I' π �> Mk, π |= ¬ϕ ��F.P%qk�[j~rA�> m ≥ ct(M,ϕ) �fR?E	
�D�SSF[j��v�>~r5��

§5.4 6VuÆxfR <?1'VBW Kripke�i,�.���["4g_En��S�ON�g_E2Wb���x�b���x?Qk��
�O���x2bg	�
�Me>�Æ?g_E2Wb�Æ?�T�
�8{4*6_A=(\6Vu
Fg	�x {ϕ1, ..., ϕn} �SbpDM�{g_E:i":MOb i �\pD/51M�
ϕi �8{4*6_.~�A=(\6Vu
Fg	Qk��x {(ϕ1, ψ1), ..., (ϕn, ψn)} �SbpDM�{g_E:i":MOb i �\pDwp2W��
��M� ϕi �ur\��{e��M� ψi �zb{g_E��flfg	�x {(¬ϕ1 ∨ ψ1), ..., (¬ϕn ∨ ψn)} ?{g_E�8{4*6_.~�A=(X6Vu
Fg	Qk��x {(ϕ1, ψ1), ..., (ϕn, ψn)} �SbpDM�hg_E:i":MOb i �\pDwp2W��
/51AM� ϕi �ur\��{e��M� ψi �8{H&<Ww(6Vu��1'dz^#)�(�#)dz^eU�(�.P2W�T#){g_E� zW#)��2�D?�u\#)�H�DS1�eU{g_E� zWeU��2�D?�u\eU�H�DS1�#)hg_E� zW#)�e2�D?�z�u\#)�H�DS1�eUhg_E� zWeU�e2�D?�z�u\eU�H�DS1�6Vmh(RrC$W~��g_Er1'VB
,eSF?a�E�yN1'VBS�VShVB�!e, fS�S��N�W~��g_E?VS���47lVB�!�S�
§5.5 RrC$5J�f OBDD ?��X0?VB�!?e,e SMV v NuSMV �� SMV �sd CMU 6J.R��Q_bFj	7D�DIO��VR��fI'X0?VB�!e,e SPIN ��
SPIN d�P�O
.R��Q_bFj	7%A?[O��VR� �f5 iZ?VB�!e,e VERDS �� VERDS d
o1Jmy�M(����1Jo�
C�O
.R��el���ReU1'?ZuVB�!h5 VB�!e,�
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