
������

�������������

• ������
– ����

– ����������������������

• �����
• �����
• ����� STRING ������

Formal Methods: Software Development in B Qiu Zongyan (June 9, 2010) 1



������������������

��������� WHILE �������������

• WHILE ������������

• �� WHILE ��������������������������

• �������������������	�������

�������������������������������

• ��������������������
• ���
��������������������

Formal Methods: Software Development in B Qiu Zongyan (June 9, 2010) 2

������������������

���������

��� Mult ���������

MACHINE Mult
VARIABLES prod
INVARIANT prod : NAT1
INITIALISATION prod := 1
OPERATIONS

mult(num) =
PRE num : NAT1
THEN prod := prod * num
END;

val <-- value = val := prod
END

�����������������������������
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IMPLEMENTATION Mult_Imp0
REFINES Mult
CONCRETE_VARIABLES concprod
INVARIANT concprod : NAT1 & concprod = prod
INITIALISATION concprod := 1
OPERATIONS

mult ( num ) =
VAR temp, cnt IN
temp := concprod; cnt := 1;
WHILE cnt < num
DO temp := temp + concprod; cnt := cnt + 1
INVARIANT temp = concprod * cnt & cnt : NAT & cnt <= num
VARIANT num - cnt END;
concprod := temp

END;
val <-- value = val := concprod

END
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MACHINE Body
VARIABLES accum
INVARIANT accum : NAT
INITIALISATION accum := 1
OPERATIONS

val <-- value = val := accum;
cnt <-- body (val, cnt0) =
PRE val : NAT & cnt0 : NAT
THEN accum := accum + val || cnt := cnt0 + 1
END

END

�����������	��		
		�������
��
���

Formal Methods: Software Development in B Qiu Zongyan (June 9, 2010) 6

������������������
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IMPLEMENTATION Mult_Imp
REFINES Mult
IMPORTS Body
PROMOTES value
INVARIANT accum = prod
OPERATIONS

mult ( num ) =
VAR cnt, oldv IN

cnt := 1; oldv <-- value;
WHILE cnt < num
DO cnt <-- body(oldv, cnt)
INVARIANT accum = cnt * prod & oldv = prod &

cnt : NAT & cnt <= num
VARIANT num - cnt END

END
END
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Component PO Proved Unproved
Mult 4 3 1
Mult Imp0 25 21 4
Body 4 3 1
Mult Imp 10 9 1
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�� mult ���������

I ∧ J ∧ P ⇒ [T ]¬[S]¬J

��
J = accum = prod
S = prod := prod * num
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¬[S]¬J = accum = prod * num

T � mult �����������Loop ��������

[T ]¬[S]¬J = ∀cnt, oidv . [cnt := 1; oldv <-- value]
([Loop])(accum = prod * num)

Loop � INVARIANT 	
�

accum = cnt * prod & oldv = prod & cnt : NAT & cnt <= num

����
� cnt < num �
��		��
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INVARIANT 	
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 Mult_Imp ��� Mult ��
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IMPLEMENTATION Body_I
REFINES Body
CONCRETE_VARIABLES accum
INVARIANT accum : NAT1
INITIALISATION accum := 1
OPERATIONS

val <-- value = val := accum;
cnt <-- body ( val , cnt0 ) =
BEGIN

accum := accum + val;
cnt := cnt0 + 1

END
END

������	����� Body ����� accum ����
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� 9 ��������	��������������� Cities����
������������ Cities_RRR������������

REFINEMENT
Cities_RRR(CITY)

REFINES
CitiesRefR

VARIABLES parent, num
INVARIANT parent : CITY --> CITY & num : NAT &

rep = iterate(parent, num) &
!ct.(ct : CITY => parent(rep(ct)) = rep(ct))

INITIALISATION num := 0 || parent := id(CITY)

��

• iterate(parent, num) �� parent ��� num ���

• rep(city) �� city ���
��

• parent 	
�� CITY ����	
��
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OPERATIONS
link (ct1, ct2) =
VAR rep1, rep2
IN

rep1 := iterate(parent, num)(ct1) ;
rep2 := iterate(parent, num)(ct2) ;
IF rep1 /= rep2
THEN parent(rep1) := rep2; num := num + 1 END

END;
ans <-- connectedQ (ct1, ct2) =
IF iterate(parent, num)(ct1) = iterate(parent, num)(ct2)
THEN ans := connected
ELSE ans := notconnected
END

END

����
�	������� iterate(parent, num)������
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MACHINE Counter
VARIABLES counter
INVARIANT counter : NAT
INITIALISATION counter := 0
OPERATIONS

num <-- number = num := counter;
setzero = counter := 0;
inc = counter := counter + 1;
dec = PRE counter > 0 THEN counter := counter - 1 END

END

�	�����������
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����get(x) �� x
	���
��set(x,y) � x 	�� y

��������

MACHINE Garray(ITEM)
VARIABLES garray
INVARIANT garray : ITEM --> ITEM
INITIALISATION garray := id(ITEM)
OPERATIONS

set(nd, nnd) =
PRE nd : ITEM & nnd : ITEM THEN garray(nd) := nnd END;

nnd <-- get(nd) =
PRE nd : ITEM THEN nnd := garray(nd) END

END
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Cities_RRR ��� Cities_RRR_Imp ����� Counter � Garray��

��������� Cities_RRR ��
����������

IMPLEMENTATION
Cities_RRR_Imp(CITY)

REFINES
Cities_RRR

IMPORTS Garray(CITY), Counter
INVARIANT

garray = parent & counter = num
OPERATIONS

link ( ct1 , ct2 ) =
VAR rep1, rep2, ii, cnt
IN
ii := 0;
cnt <-- read;
rep1 := ct1;
rep2 := ct2;
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WHILE ii < cnt
DO rep1 <-- get(rep1); rep2 <-- get(rep2); ii := ii + 1
INVARIANT
iterate(parent, num-ii)(rep1) = iterate(parent,num)(ct1) &
iterate(parent, num-ii)(rep2) = iterate(parent,num)(ct2) &
ii : NAT & ii <= num & rep1 : CITY & rep2 : CITY &
garray = parent & cnt = counter & counter = num

VARIANT num - cnt END;
IF rep1 /= rep2 THEN set(rep1, rep2); inc END

END;

ans <-- connectedQ (ct1, ct2) =
VAR ... ... /* ����� link �� */

... ...
IF rep1 = rep2 THEN ans := connected
ELSE ans := notconnected END

END
END
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Atelier B ����
���

��� Atelier B ������������
�
����������������C.8����� ASSERT ����

��	�������	����
������

� LOCAL OPERATIONS ���������

LOCAL_OPERATIONS
rep1, rep2 <-- rep_cities( ct1 , ct2 ) =
PRE ct1 : CITY & ct2 : CITY & rep1 : CITY & rep2 : CITY
THEN ANY r1, r2 WHERE r1 : CITY & r2 : CITY

THEN ASSERT r1 = iterate(parent, num)(ct1) &
r2 = iterate(parent, num)(ct2)

THEN rep1 := r1 || rep2 := r2 END
END

END
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OPERATIONS
rep1, rep2 <-- rep_cities(ct1, ct2) =
VAR rep01, rep02, ii, cnt
IN ii := 0;

cnt <-- read;
rep01 <-- get(ct1);
rep02 <-- get(ct2);
WHILE ii < cnt
DO rep01 <-- get(rep01);

rep02 <-- get(rep02);
ii := ii + 1

INVARIANT
iterate(parent, num - ii)(rep01) =

iterate(parent, num)(ct1) &
iterate(parent, num - ii)(rep02) =

iterate(parent, num)(ct2) &
ii : NAT & ii <= num & rep01 : CITY & rep02 : CITY &
garray = parent & cnt = counter & counter = num

VARIANT num - cnt END;

Formal Methods: Software Development in B Qiu Zongyan (June 9, 2010) 18

rep1 := rep01;
rep2 := rep02

END;

link ( ct1 , ct2 ) =
VAR rep1, rep2
IN rep1, rep2 <-- rep_cities(ct1, ct2);

IF rep1 /= rep2 THEN set(rep1, rep2); inc END
END;

ans <-- connectedQ (ct1, ct2) =
VAR rep1, rep2
IN rep1, rep2 <-- rep_cities(ct1, ct2);

IF rep1 = rep2
THEN ans := connected
ELSE ans := notconnected END

END
END

������������������
���
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SETS ���������
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MACHINE Name
SETS LENGTH; AREA
... ...
END

�������LENGTH � AREA ����
��������������
��������������
�����

������������ LENGTH���������
�� AREA ���
����������������������
������

�
����������� INT �������

IMPLEMENTATION Name_I
REFINES Name
VALUES LENGTH = 1..100; AREA = 1..10000
... ...
END
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CONSTANTS ���������

����������������
������� SIZE ���

• �
���� std��������

• ������ lux��������� 3/2 �

�������������

• default ��	���������������

• standard ��
����

• price �������

���	�����
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����� ABSTRACT CONSTANTS

�������������� PROPERTIES �������������
Rooms
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MACHINE Rooms
SETS ROOM; SIZE = {std, lux}
CONSTANTS default
ABSTRACT_CONSTANTS standard, price
PROPERTIES

default : NAT1 & standard <: ROOM & price : ROOM --> NAT1 &
price[ standard ] <: {default} &
price[ ROOM - standard ] <: {default * 3 / 2}

OPERATIONS
sz <-- sizequery (rm) =
PRE rm : ROOM
THEN IF rm : standard

THEN sz := std
ELSE sz := lux END

END;
pr <-- pricequery(rm) =
PRE rm : ROOM THEN pr := price(rm) END

END

	���� PROPERTIES ����������������
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IMPLEMENTATION Rooms_I
REFINES Rooms
VALUES default = 160; ROOM = 1..128
PROPERTIES standard = {nn | nn : ROOM & nn mod 2 = 1} &

!rm .(rm : ROOM & rm mod 2 = 1 => rm : standard) &
!rm .(rm : ROOM => (rm mod 2 = 1 => price(rm) = default)

& (rm mod 2 /= 1 => price(rm) = default*3/2))
OPERATIONS

sz <-- sizequery ( rm ) =
VAR st IN
st := rm mod 2;
IF st = 1 THEN sz := std ELSE sz := lux END

END ;
pr <-- pricequery ( rm ) =
VAR st IN
st := rm mod 2;
IF st = 1 THEN pr := default ELSE pr := default * 3 / 2 END

END
END
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26 � PO ��� 23 �������
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���
����

rm mod 2 <= 2147483647

�����������

"‘Check that the property
( !rm.(rm: ROOM => (rm mod 2 = 1 => price(rm) = default) &

(rm mod 2 /= 1 => price(rm) = default*3/2))
& price: ROOM --> NAT1 & price[standard] <: {default}
& price[ROOM - standard] <: {default*3/2})
is preserved by the valuations - ref 5.2’" =>

#price.
( !rm.(rm: 1..128 => (rm mod 2 = 1 => price(rm) = 160) &

(not(rm mod 2 = 1) => price(rm) = 240))
& price: 1..128 +-> NAT - {0} & dom(price) = 1..128
& (not(price[{nn | nn: 1..128 & nn mod 2 = 1}] = {}) =>

price[{nn | nn: 1..128 & nn mod 2 = 1}] = {160})
& (not(price[(1..128) - {nn | nn: 1..128 & nn mod 2 = 1}] = {})

=>
price[(1..128)-{nn | nn: 1..128 & nn mod 2 = 1}] = {240}))
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MACHINE
UseStr

OPERATIONS
inpara(s1) = PRE s1 : STRING THEN skip END;

END

MACHINE testStr USES UseStr OPERATIONS
test(s2) = PRE s2 : STRING THEN inpara(s2) END

END
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