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 A  B ├ direct product
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P ::= true | false | P Q | P | <a> | [a]

true ┷

false
P Q P Q

P P
<a> a ┞

[a] a ↓ ┞
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a.(b.0+c.0) |-  <a>(<b>true c>true)
a.b.0+a.c.0  |-  <a><b>true <a><c>true
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LTL Linear Time Temporal Logic)
 ┞

CTL Computation Tree Logic
µゝ µ-c
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classical logic

… Prolog
non-classical logic

┞

fuzzy

etc.
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P, Q, R, …
α β  

α  … α
α β … α β
α β … α β
α β … α β
α β … α β
□α  … α ↓
α  … α

□α α
α □ α
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P …
Q …
□α … α
□P P

□ P Q
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P …
Q …
□α …  α
□ P Q □P □Q
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P …
Q …
□α …  α
□ P Q □P □Q

□ P Q □P □Q
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P …
□α … α ↓
α … α

□P P
↓

□P P
↓
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□P P

□P P
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P  … こ

□α … α

□P P
こ
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□α … α

□α □□α
 α

 α
□α □ □α
α
α
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□α α

α ┷

… possible world
よ
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□α … α

α … α
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□α … α

α … α

α α α αα α

1 3 n

 α  α  α α α  α

1 3 n
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Kripke Kripke structurestructure

M W R V
W φ

w W … possible world
R W2

W  accessibility relation
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Kripke Kripke 

M W R V
W φ

w W … world
R W2

W  accessibility relation
wRw’ … w’  w 

V  P × W T F
P  
┷ truth value assignment

w w’
R
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KripkeKripke よよ

M W R V  Kripke 
α  M  w W ┷

 |=M, w α

 P 
 |=M, w P iff V P w T

|=M, w α iff  |=M, w α
|=M, w α β iff  |=M, w α   |=M, w β
|=M, w α β iff  |=M, w α   |=M, w β
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KripkeKripke よよ

M W R V  Kripke 
α  M  w W ┷

 |=M, w α

|=M, w α β
iff  |=M, w α   |=M, w β

|=M, w α β
iff  |=M, w α   |=M, w β さ
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KripkeKripke よよ

M W R V  Kripke 
α  M  w W ┷

 |=M, w α

|=M, w □α
iff wRw’  w’ 

|=M, w’ α

w w’ |=M, w’ α
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KripkeKripke よよ

|=M, w □α
iff wRw’  w’ 

|=M, w’ α

w’1
α

α

α

α

w’2

w’3

w’

w
R

R

R

R

□α
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KripkeKripke よよ

M W R V  Kripke 
α  M  w W ┷

 |=M, w α

|=M, w α
iff wRw’ w’

|=M, w’ α

w  w’ |=M, w’ α
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KripkeKripke よよ

|=M, w α
iff wRw’ w’

|=M, w’ α

α w’
w R
α

α
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CTL ┷

state graph

s1 s2 s3 s4

s2

s3

s3

s3

s4

s4 s4

s4 s4 s4... ... ... ...
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!=s

s1 s2 s3 s4

p qp,qq
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CTL ┷ sEXs     != "

s

s’ s’’ s’’’
!='s

!EXs =
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sEFs     != "
!='s

s

!='ss’

...

...

!EFs =

   !! EFss == !"
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 !EGs =
!='s

s

sn
...

...
s2

s1

!EGs =
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 )( fUgEs =

s

sn

...

...

s2

s1

)( fUgEs =

fs =
1

fs =
2

gs
n
=

...

fs =

 )(  fUgEsgs == !"#
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             s’  !AXs = !='s

s !AXs =
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propositional variable
P, Q, R, …

logical connective
negation
conjunction
disjunction
implication
equivalence

┞ modal operator
□ ↓ necessity

possibility
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P, Q, R, …
α β  

α  … α
α β … α β
α β … α β
α β … α β
α β … α β
□α  … α ↓
α  … α
□α α
α □ α
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ぞ

PC ┷

K  □ α β □α □β

K … Kripke

Ichiro Satoh

┞┞

ぞ inference rule
MP  α

 α β
 β

N α
□α

MP … modus ponens ぞ

N … necessiation ↓ ぞ
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D □α α
T □α α
B α □ □α
4 □α □□α
5 □α □ □α

K KD KT KB K4 K5 KDB KD4 KD5 KTB KT4 KT5
KB4 K45 KD45


