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• Z  n o t a t i o n
• V D M
• B  m e t h o d
• O B J
• C S P
• C C S
• L O T O S

s e q u e n t i a l  s y s t e m  ��

c o n c u r r e n t  s y s t e m  ��
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Z � � � � � � �
• T h e  b i r t h d a y  b o o k
[NAME ,  D AT E ]
< B i r t h d a y B o o k = = = = = = = = = = = =
>
> k no w n :  ¡NAME
>
> b i r t h d a y :  NAME Ü D AT E
?= = = = = =
> k no w n > d o m b i r t h d a y
@ = = = = = = = = = = = = = = = = = = =

A B C �

D E F

G H F

I J K L �M N
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� �

k no w n > | O P , Q R ~

b i r t h d a y > | O P ï STSU,
Q R ï VTVU~
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< Ad d B i r t h d a y = = = = = = = = = = = = =
>
> ∆B i r t h d a y B o o k
>
> na m e ? :  NAME
>
> d a t e  ? :  D AT E
?= = = = = =
> na m e ? — k no w n
>
> b i r t h d a y  § > b i r t h d a y   |na m e ? ï d a t e  ?~
@ = = = = = = = = = = = = = = = = = = = =

W X �M N

Y Z [ \

] ^ G H ] _ G H
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� � � �

k no w n > | O P , Q R ~

b i r t h d a y > | O P ï STSU,
Q R ï VTVU~

k no w n > | O P , Q R , ` P ~

b i r t h d a y > | O P ï STSU,
Q R ï VTVU,
` P ï aTaU~

Ad d B i r t h d a y

10 / 32

� �  ! "

• Ad d B i r t h d a y において、
k no w n § > k no w n   |na m e ?~

∵ known § > dom b i r t h d a y §

> dom( b i r t h d a y   |na m e ? ï d a t e  ?~)
> dom b i r t h d a y   dom |na m e ? ï d a t e  ?~)
> dom b i r t h d a y   |na m e ?~

> known   |na m e ?~
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< F i nd B i r t h d a y = = = = = = = = = = = = =
>
> ΞB i r t h d a y B o o k
>
> na m e ? :  NAME
>
> d a t e  !  :  D AT E
?= = = = = =
> na m e ? – k no w n
>
> d a t e !  > b i r t h d a y (na m e ?)
@ = = = = = = = = = = = = = = = = = = = =
< R e m i nd = = = = = = = = = = = = = = =
>
> ΞB i r t h d a y B o o k
>
> t o d a y ? :  D AT E
>
> c a r d s !  :  ¡NAME
?= = = = = =
> c a r d s !  > |n :  k no w n } b i r t h d a y (n) > t o d a y ?~
@ = = = = = = = = = = = = = = = = = = = =
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C S P � � � � �
C R O S S I N G > C O N T R O L L E R C ò G G A T E
C O N T R O L L E R >

i nd . ne a r Ñ c m nd . d own Ñ c onf i r m Ñ C O N T R O L L E R
� i nd . ou t Ñ c m nd . u p Ñ c onf i r m Ñ C O N T R O L L E R

G A T E >
c m nd . d own Ñ d own Ñ c onf i r m Ñ G A T E
� c m nd . u p Ñ u p Ñ c onf i r m Ñ G A T E

T R A I N > ne a r Ñ i nd . ne a r Ñ e nt e r Ñ l e a v e Ñ i nd . ou t Ñ
T R A I N

S Y S T E M > C R O S S I N G C G ò T T R A I N
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C O N T R O L L E R

T R A I N G A T E

i nd . ne a r

i nd . ou t

c onf i r mc m nd . d own
c m nd . u p
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� �  ! "

• l a s t ( t r ) > u p ‡ l a s t ( t r ≠| e nt e r , l e a v e ~) > l e a v e
– + , - ./0 ��� &1 2 34 5 .6 7 89 :

• l a s t ( t r ) > e nt e r ‡ l a s t ( t r ≠| d o w n, u p ~) > d o w n
– 1 2 34 5 '; <= ��� &+ , - 3>? 9 :
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• b A c � d �e  ��� � ". f ! g h i
• b A c � d 
� j

– @ A B C D E F�/#&B C .G H I 'J K 8 !
3L8) M �.N O 8* " P �= �
Q R � S T U

– V W 
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– ) Y Z �[ \ " P =  t h e o r e m  p r o v i n g  �] ^ � � �

16/ 32

$% &

1 432

0
ind.near

c m nd.do w n
ind.o u t

c m nd.u p

c o nf irm c o nf irm
CONTROLLER

1 432

0
c m nd.do w n
do w n

c m nd.u p
u p

c o nf irm c o nf irm
G A TE

TRA I N

1 4

32

0
near

ind.near l eav e
ent er

ind.o u t
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S Y S TEM

102
212

002
222

c m nd.do w n

do w n

c o nf irm

103
213

003
223

c m nd.do w n

do w n

c o nf irm

ent er

ent er

ent er

ent er

104
214

004
224

c m nd.do w n

do w n

c o nf irm

l eav e

l eav e

l eav e

l eav e
300

440
430
c m nd.u p

u p
301

441
431
c m nd.u p

u p

near

near

near

000
001 ind.near

near

ind.o u t

C G T
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S P I N 
 '
mtype =  { nea r , o u t, d o w n, u p};
c h a n i nd =  [ 0 ]  o f  { mtype};
c h a n c mnd =  [ 0 ]  o f  { mtype};
c h a n c o nf i r m =  [ 0 ]  o f  { mtype};

a c ti v e pr o c type C O N T R O L L E R ( ) {
a g a i n:  d o

: : i nd ? nea r ;
c mnd ! d o w n;
c o nf i r m? d o w n;
g o to a g a i n
: : i nd ? o u t;
c mnd ! u p;
c o nf i r m? u p;
g o to a g a i n
o d

}

a c ti v e pr o c type G A T E ( ) {

a g a i n:  d o
: : c mnd ? d o w n;
pr i ntf ( " d o w n¥n" ) ;

C l o s ed :   c o nf i r m! d o w n;
g o to a g a i n
: : c mnd ? u p;
pr i ntf ( " u p¥n" ) ;

O pened :   c o nf i r m! u p;
g o to a g a i n
o d

}

a c ti v e pr o c type T R A I N ( ) {
a g a i n:    pr i ntf ( " nea r ¥n" ) ;

i nd ! nea r ;
pr i ntf ( " enter ¥n" ) ;

E nter ed :  pr i ntf ( " l ea v e¥n" ) ;
L ef t: i nd ! o u t;

g o to a g a i n
}
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active p r o cty p e
C O N T R O L L E R ( ) {

ag ain:  d o
: : ind ? near ;
cm nd ! d o w n;
co nf ir m ? d o w n;
g o to ag ain
: : ind ? o u t;
cm nd ! u p ;
co nf ir m ? u p ;
g o to ag ain
o d

}

1 432

0
ind.near

c m nd.do w n
ind.o u t

c m nd.u p

c o nf irm c o nf irm
CONTROLLER

ag ain

20 / 32

active p r o cty p e G A T E ( ) {
ag ain:  d o

: : cm nd ? d o w n;
p r intf ( " d o w n¥n" ) ;

C l o s ed :   co nf ir m ! d o w n;
g o to ag ain
: : cm nd ? u p ;
p r intf ( " u p ¥n" ) ;

O p ened :   co nf ir m ! u p ;
g o to ag ain
o d

}

1 432

0
c m nd.do w n
do w n

c m nd.u p
u p

c o nf irm c o nf irm
G A TE ag ain

C l o s ed O p ened
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active p r o cty p e T R A I N ( ) {
ag ain:    p r intf ( " near ¥n" ) ;

ind ! near ;
p r intf ( " enter ¥n" ) ;

E nter ed :  p r intf ( " l eave¥n" ) ;
L ef t: ind ! o u t;

g o to ag ain
} TRA I N

1 4

32

0
near

ind.near l eav e
ent er

ind.o u t
ag ain

E nter ed

L ef t

22/ 32

N u S M V 
 '
M O D U L E  ma i n
V A R
C O N T R O L L E R :  0 . . 4 ;
G A T E :  0 . . 4 ;
T R A I N :  0 . . 4 ;
a u x :  b o o l ea n;

D E F I N E  
i nd _ nea r : =  T R A I N = 1  &  
C O N T R O L L E R = 0  &  a u x ;

i nd _ o u t : =   T R A I N = 4  &  
C O N T R O L L E R = 0  &  a u x ;

c mnd _ d o w n : =  C O N T R O L L E R = 1  &  
G A T E = 0  &  ! a u x ;

c mnd _ u p : =  C O N T R O L L E R = 3  &  
G A T E = 0  &  ! a u x ;

c o nf i r m : = ( C O N T R O L L E R = 2 | C O N T R O
L L E R = 4 ) & ( G A T E = 2 | G A T E = 4 )  
&  ! a u x ;

d o w n : =  G A T E = 1  &  ! a u x ;
u p : =  G A T E = 3  &  ! a u x ;
nea r  : =  T R A I N = 0  &  a u x ;
enter  : =  T R A I N = 2  &  a u x ;
l ea v e : =  T R A I N = 3  &  a u x ;

A S S I G N
i ni t( C O N T R O L L E R )  : =  0 ;
nex t( C O N T R O L L E R )  : =  c a s e
i nd _ nea r :  1 ;
i nd _ o u t :  3 ;
c mnd _ d o w n:  2 ;
c mnd _ u p:  4 ;
c o nf i r m:  0 ;
1  :  C O N T R O L L E R ;

es a c ;
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i ni t( G A T E )  : =  0 ;
nex t( G A T E )  : =  c a s e
c mnd _ d o w n:  1 ;
c mnd _ u p:  3 ;
d o w n :  2 ;
u p :  4 ;
c o nf i r m :  0 ;
1  :  G A T E ;

es a c ;

i ni t( T R A I N )  : =  0 ;
nex t( T R A I N )  : =  c a s e
nea r  :  1 ;
i nd _ nea r :  2 ;
enter  :  3 ;
l ea v e :  4 ;
i nd _ o u t :  0 ;
1  :  T R A I N ;

es a c ;

i ni t( a u x )  : =  1 ;
nex t( a u x )  : =  { 0 , 1 };

D E F I N E
L ef t : =  T R A I N = 4 ;
E nter ed  : =  T R A I N = 3 ;
O pened  : =  G A T E = 4 ;
C l o s ed  : =  G A T E = 2 ;

L T L S P E C  ! G ( ! L ef t U  O pened )
L T L S P E C  ! G ( ! C l o s ed U  E nter ed )

� �
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( ) * +

• k l � � �m n o p R 0qr 5 s t 4 u � �
– C T L ,  L T L ,  m o d a l  _ c a l c u l u s , . . .

• L T L  =  L i n e a r  T e m p o r a l  L o g i c
–` ( a ( ),  b ( c 9 � ),  d (#$ ) ),  Q ($ e f )
– G  (( g '),  F  ( ) ( a ),  X  (h'),  U  (…c # . . .  )

• L T L ��vw
–d G  ((d Left) U  O p en ed )
i+ , - ./0 ��� &1 2 34 5 .6 7 89 :j

–d G  ((d C l o s ed ) U  E n ter ed )
i1 2 34 5 '; <= ��� &+ , - 3>? 9 :j



13

25/ 32

, - . /
* * *  T h i s  i s  N u S M V 2 . 3 . 0
-- s pec i f i c a ti o n  !  G  ( ( ! L ef t)  
U  O pened )   i s  tr u e

-- s pec i f i c a ti o n  !  G  
( ( ! C l o s ed )  U  E nter ed )   i s  
f a l s e

-- a s  d emo ns tr a ted  b y th e 
f o l l o w i ng  ex ec u ti o n s eq u enc e

T r a c e D es c r i pti o n:  L T L  
C o u nter ex a mpl e 

T r a c e T ype:  C o u nter ex a mpl e 
->  S ta te:  1 . 1  < -
C O N T R O L L E R  =  0
G A T E  =  0
T R A I N  =  0
a u x  =  1
g a teO pen =  0
tr a i nI n =  0
l ea v e =  0
enter  =  0
nea r  =  1

u p =  0
d o w n =  0
c o nf i r m =  0
c mnd _ u p =  0
c mnd _ d o w n =  0
i nd _ o u t =  0
i nd _ nea r =  0
C l o s ed  =  0
O pened  =  0
E nter ed  =  0
L ef t =  0
->  S ta te:  1 . 2  < -
T R A I N  =  1
nea r  =  0
i nd _ nea r =  1
->  S ta te:  1 . 3  < -
C O N T R O L L E R  =  1
T R A I N  =  2
enter  =  1
i nd _ nea r =  0 . . . ����������������
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S Y S TEM

102
212

002
222

c m nd.do w n

do w n

c o nf irm

103
213

003
223

c m nd.do w n

do w n

c o nf irm

ent er

ent er

ent er

ent er

104
214

004
224

c m nd.do w n

do w n

c o nf irm

l eav e

l eav e

l eav e

l eav e
300

440
430
c m nd.u p

u p
301

441
431
c m nd.u p

u p

near

near

near

000
001 ind.near

near

ind.o u t

C G T

x v
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Formal 
Specification

Formal
Refutation

Formal
Verification
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� � � � 	
 � 3 4

• ~ � !
– L O T O S ,  V D M ,  Z, . . .

• ~ � � � �� �
– I E C  6 15 08  S I L 4
– I S O /I E C  15 408  (C o m m o n  C r i t e r i a ) E A L 7
– � 
 � X� � � r w � �� �  �/'�= �� � � t
� � ���

• � � 	 �� f �q�



16

31/ 32

5 6 � 7 � 8 � 	

• L O T O S
– I S O  880 7: 1989I n f o r m a t i o n  p r o c e s s i n g  s y s t e m s  -- O p e n  S y s t e m s  I n t e r c o n n e c t i o n  -- L O T O S  -- A  f o r m a l  d e s c r i p t i o n  t e c h n i q u e  b a s e d  o n  t h e  t e m p o r a l  o r d e r i n g  o f  o b s e r v a t i o n a l  b e h a v i o u r

• V D M
– I S O / I E C  13817-1: 1996I n f o r m a t i o n  t e c h n o l o g y  -- P r o g r a m m i n g  l a n g u a g e s ,  t h e i r  e n v i r o n m e n t s  a n d  s y s t e m  s o f t w a r e  i n t e r f a c e s  -- V i e n n a  D e v e l o p m e n t  M e t h o d  -- S p e c i f i c a t i o n  L a n g u a g e  -- P a r t  1:  B a s e  l a n g u a g e

• Z
– I S O / I E C  13568: 20 0 2I n f o r m a t i o n  t e c h n o l o g y  -- Z  f o r m a l  s p e c i f i c a t i o n  n o t a t i o n  --S y n t a x ,  t y p e  s y s t e m  a n d  s e m a n t i c s
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9 :

• F o r m a l  M e t h o d s  V i r t u a l  L i b r a r y ,  h t t p : //v l . f m n e t . i n f o /
• F o r m a l  M e t h o d s  E u r o p e ,  h t t p : //w w w . f m e u r o p e . o r g /
• Z�k l o X T h e  Z N o t a t i o n ,  J .  M .  S p i v e y ,  
h t t p : //s p i v e y . o r i e l . o x . a c . u k /m i k e /z r m /i n d e x . h t m l

• C S P �k l o X C o n c u r r e n t  a n d  R e a l -t i m e  S y s t e m s ;  
T h e  C S P  A p p r o a c h ,  S .  S c h n e i d e r ,  W i l e y

• W i k i p e d i a ,  
h t t p : //e n . w i k i p e d i a . o r g /w i k i /M o d e l _ c h e c k i n g
h t t p : //e n . w i k i p e d i a . o r g /w i k i /T h e o r e m _ p r o v i n g
h t t p : //e n . w i k i p e d i a . o r g /w i k i /F o r m a l _ m e t h o d


