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SELECT B Book 5.1.1

CHOICE

enable
B SELECT

SELECT P1 THEN S1

WHEN P2 THEN S2

WHEN P3 THEN S3

. . . . . .
ELSE V
END

P1, P2, P3, . . . “ ” “ ”

SELECT IF

IF P1 THEN S1 ELSE IF P2 THEN S2ELSE IF P3 THEN S3 ELSE . . .
. . . END END END
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SELECT

SELECT

• SELECT

•
• SELECT

• SELECT ELSE

ELSE ELSE

8 × 8
(x, y)

SELECT x > 1 THEN x := x − 1
WHEN x < 8 THEN x := x + 1
WHEN y > 1 THEN y := y − 1
WHEN y < 8 THEN y := y + 1
END
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SELECT

SELECT

⎡
⎢⎢⎢⎢⎢⎢⎣

SELECT P1 THEN S1

WHEN P2 THEN S2

WHEN P3 THEN S3

. . . . . .
ELSE V
END

⎤
⎥⎥⎥⎥⎥⎥⎦

Q =

(P1 ⇒ [S1]Q)
∧ (P2 ⇒ [S2]Q)
∧ (P3 ⇒ [S3]Q)
... ...
∧ (¬(P1 ∨ P2 ∨ P3 ∨ ...) ⇒ [V ]Q)

SELECT ELSE

SELECT

SELECT

ELSE
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SELECT

x < 4⎡
⎢⎢⎢⎢⎣

SELECT x > 1 THEN x := x − 1
WHEN x < 8 THEN x := x + 1
WHEN y > 1 THEN y := y − 1
WHEN y < 8 THEN y := y + 1
END

⎤
⎥⎥⎥⎥⎦ (x < 4)

=

(x > 1 ⇒ [x := x − 1](x < 4))
∧ (x < 8 ⇒ [x := x + 1](x < 4))
∧ (y > 1 ⇒ [y := y − 1](x < 4))
∧ (y < 8 ⇒ [y := y + 1](x < 4))

=

(x > 1 ⇒ x < 5)
∧ (x < 8 ⇒ x < 3)
∧ (y > 1 ⇒ x < 4)
∧ (y < 8 ⇒ x < 4)

= I ∧ x < 5

I
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IF, CHOICE SELECT

SELECT TRUE

CHOICE

CHOICE SELECT

IF SELECT

IF P THEN S1 ELSE S2 END

SELECT P THEN S1

WHEN ¬P THEN S2 END

SELECT P THEN S1

ELSE S2 END

SELECT
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IF

IF ELSIF

IF P1 THEN S1

ELSIF P2 THEN S2

. . .
ELSE Sn END

IF P1 THEN S1

ELSE IF P2 THEN S2

ELSE IF . . .
. . .

ELSE Sn

END

. . .
END

END

ELSE skip
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CASE

CASE

CASE B SELECT

CASE E OF

EITHER l1 THEN S1

OR l2 THEN S2

OR l3 THEN S3

. . .
ELSE Sn END

SELECT E ∈ {l1} THEN S1

WHEN E ∈ {l2} THEN S2

WHEN E ∈ {l3} THEN S3

. . .
ELSE Sn END

E l1, . . . ,

CASE E
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•
•
•
•

•
MACHINE StBox
SETS Story
CONSTANTS max scores
PROPERTIES max scores ∈ N1

VARIABLES scores, slist
INVARIANT

scores ∈ N ∧ scores ≤ max scores ∧ slist : P(Story)
INITIALISATION scores := 0 || slist := {}
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gives(sc) =
PRE sc ∈ N1

THEN

scores := min(scores + sc, max scores)
END;

penalty =
SELECT

scores > 0 THEN scores := scores − 1
WHEN slist �= {} THEN

ANY st
WHERE st ∈ slist
THEN slist := slist − {st}
END

ELSE

skip
END;
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select(st) =
PRE scores > 0 ∧ st ∈ Story
THEN

CHOICE scores := scores − 1 || slist := slist ∪ {st}
OR slist := slist ∪ {st}
END

END;

st ←− tell =
IF slist �= {}
THEN

ANY st1 WHERE st1 ∈ slist
THEN

st := st1 || slist := slist − {st1}
END

END

END
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: ()

x P

x :∈ {y|P (y)}
B

x : (P )

P x x

x : (x ∈ N ∧ x mod 2 = 0)

y : (y ∈ Z ∧ −3 ≤ y ∧ y < 8)

: () “become such that” :

x, y : (x ∈ N ∧ y ∈ N ∧ x + y < 5)
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ASSERT

ASSERT

ASSERT P THEN S END

P S

ASSERT Q

[ASSERT P THEN S END]Q =̂ P ∧ (P ⇒ [S]Q)

R
ASSERT Q

R ⇒ P ∧ (P ⇒ [S]Q)

R ⇒ P R ⇒ (P ⇒ [S]Q)

R ∧ P ⇒ [S]Q
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B
S1 ; S2

Q

[S1 ; S2]Q =̂ [S1][S2]Q

[S1]([S2]Q)

“;”

(S1 ; S2) ; S3 = S1 ; (S2 ; S3)

“ ”
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VAR x1, . . . , xn IN S END

xi (i = 1, . . . , n) S

VAR x IN x := y + 1 ; z := x ∗ x END

B
B

B Book C.12
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array

1. a[i] Pascal C

2. a(i) Fortran Ada

n n
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n a n
a

a a(i)
a i a i

a1 = {1 
→ 3, 2 
→ 5, 3, 
→ 7, 4 
→ 9}
1..4 → N

B 1
1..n 
→ T n T

1..n 
→ T
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B
a1 3 11

a1 �− {3 
→ 11}
“ ”

a1 := a1 �− {3 
→ 11}
a i

a := a �− {i 
→ E}
B

a(i) := E

a a(i) a(i) := E
a a i
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“ ”

[a(i) := E]Q = [a �− {i 
→ E}/a]Q

Q a Q a(j)
(a �− {i 
→ E})(j)

(a �− {i 
→ E})(j) =
{

E i = j
a(j)

[a(2) := y + 3](a(2) = 5) = (a �− {2 
→ y + 3})(2) = 5
= y + 3 = 5 = y = 2

[a(i) := 3](a(2) = 5) = (a �− {i 
→ 3})(2) = 5

=
{

3 = 5 i = 2
a(2) = 5

= i �= 2 ∧ a(2) = 5
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[a(i) := E](a ∈ 1..n → T ) = (a �− {i 
→ E}) ∈ 1..n → T

= i ∈ 1..n ∧ E ∈ T ∧
({i} �− a) ∈ (1..n − {i}) → T

a (1..n − {i}) T

i ∈ 1..n a(i) := E

1..n T

[a(i) := E](a ∈ 1..n 
→ T ) = (a �− {i 
→ E}) ∈ 1..n 
→ T

= i ∈ 1..n ∧ E ∈ T ∧
({i} �− a) ∈ (1..n − {i}) 
→ T

= i ∈ 1..n ∧ E ∈ T ∧ a ∈ 1..n 
→ T
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“ ”

a ∈ 1..n 
� T

a(i) := E

• i 1..n E ∈ T

• a i

• a i E

[a(i) := E](a ∈ 1..n 
� T ) = (a �− {i 
→ E}) ∈ 1..n 
� T

= i ∈ 1..n ∧ E ∈ T ∧
({i} �− a) ∈ (1..n − {i}) 
� T ∧
E /∈ a[1..n − {i}]
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Σ i.(i ∈ 1..n | a(i)) ≤ imax

a(j) := 4

[a(j) := 4](Σ i.(i ∈ 1..n | a(i)) ≤ imax)

= j ∈ 1..n ∧ Σ i.(i ∈ 1..n | (a �− {j 
→ 4})(i)) ≤ imax

= j ∈ 1..n ∧ Σ i.(i ∈ 1..n − {j} | a(i)) + Σ i.(i ∈ {j} | 4) ≤ imax

= j ∈ 1..n ∧ Σ i.(i ∈ 1..n − {j} | a(i)) + 4 ≤ imax

a ∈ 1..n 
→ N a

a := {}
a 0

a := 1..n × {0}

Formal Methods: Software Development in B Qiu Zongyan (April 6, 2010) 21



a ∈ 1..n 
→ T B a(i), a(j) := E, F a(i) := E
a B

a := a �− {i 
→ E, j 
→ F}

• i ∈ 1..n j ∈ 1..n

• i �= j E = F

a �− a

a := {i 
→ a(j), j 
→ a(i)}
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• 1-2

• 1-4

MACHINE Hotel
SETS Room
CONSTANTS small
PROPERTIES

small ⊆ Room
VARIABLES

numbers
INVARIANT

numbers ∈ Room → 0..4 ∧ numbers[small ] ⊆ 0..2
INITIALISATION

numbers := Room × 0
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DEFINITIONS

haveRoom(rms) == max(numbers[rms]) > 0

checkin

OPERATIONS

rm ←− checkin(nn) =
PRE nn ∈ 1..4 ∧ (nn ≤ 2 ⇒ haveRoom(Room))∧

(nn > 2 ⇒ haveRoom(Room − small))
THEN IF nn ≤ 2

THEN ANY rm0 WHERE rm0 ∈ Room ∧ numbers(rm0) = 0
THEN rm := rm0 || numbers(rm0) := nn END

ELSE ANY rm0 WHERE rm0 ∈ Room − small ∧ numbers(rm) = 0
THEN rm := rm0 || numbers(rm0) := nn END

END

END;
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checkout(rm) =
PRE

rm ∈ Room ∧ numbers(rm) �= 0
THEN

numbers(rm) := 0
END;

nn ←− roomquery(rm) =
PRE

rm ∈ Room
THEN

nn := numbers(rm)
END;

nn ←− vacancies = nn := card(numbers � 0);

nn ←− totalguests = nn := Σ xx .(xx ∈ Room | numbers(xx));
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• 2

•

swap(rm1, rm2) =
PRE rm1 ∈ Room ∧ rm2 : Room
THEN IF

( rm1 ∈ small ∧ rm2 /∈ small ∧ numbers(rm1) = 0 ∧
numbers(rm2) ∈ 1..2

∨
rm1 /∈ small ∧ rm2 ∈ small ∧ numbers(rm2) = 0 ∧
numbers(rm1) ∈ 1..2 )

THEN

numbers := numbers �− {rm1 
→ numbers(rm2), rm2 
→ numbers(rm1)}
END

END
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• SELECT

• CHOICE

• ANY

• :∈ : ()

• LET

• VAR

• ASSERT

•

Formal Methods: Software Development in B Qiu Zongyan (April 6, 2010) 27


