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op1 || op2

PRE P1 THEN S1 END || PRE P2 THEN S2 END

= PRE P1 ∧ P2 THEN S1 || S2 END

S1 || S2

||
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S || skip = S

S1 || S2 = S2 || S1

(x1, . . . , xn := E1, . . . , En) || (y1, . . . , ym := F1, . . . , Fm)
= x1, . . . , xn, y1, . . . , ym := E1, . . . , En, F1, . . . , Fm

(IF P THEN S1 ELSE S2 END) || T
= IF P THEN S1 || T ELSE S2 || T END

(CHOICE S1 OR S2 END) || T
= CHOICE S1 || T OR S2 || T END)

(PRE P1 THEN S END) || T
= PRE P1 THEN S || T END

(ANY x WHERE E THEN S END) || T T
= ANY x WHERE E THEN S || T END
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CHOICE IF

||
IF x > 0 THEN y := y + 1 ELSE y := y − 1 END

|| ANY u WHERE u ∈ 1..10 THEN z := z + u END

= IF x > 0
THEN y := y + 1 || ANY u WHERE u ∈ 1..10 THEN z := z + u END

ELSE y := y − 1 || ANY u WHERE u ∈ 1..10 THEN z := z + u END

END

= IF x > 0
THEN ANY u WHERE u ∈ 1..10 THEN z := z + u || y := y + 1 END

ELSE ANY u WHERE u ∈ 1..10 THEN z := z + u || y := y − 1 END

END

= IF x > 0
THEN ANY u WHERE u ∈ 1..10 THEN z, y := z + u, y + 1 END

ELSE ANY u WHERE u ∈ 1..10 THEN z, y := z + u, y − 1 END

END
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M / M
M

M M1

M1 M M1 M1

M1 CONSTRAINTS M

M M

Formal Methods: Software Development in B Qiu Zongyan (April 20, 2010) 5



1. M M p CONSTRAINTS

C
∃p . C

C M
CONSTRAINTS

2. M PROPERTIES

M
M PROPERTIES

CONSTRAINTS

M M1 CONSTRAINTS

PROPERTIES st, c, C, P st1, c1, C1, P1

C ∧ C1 ⇒ ∃st, c, st1, c1 . (P ∧ P1)

M1 C1 ⇒ ∃st1, c1 . P1
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3. M M1 CONSTRAINTS PROPERTIES

M M1 I I1

C ∧ P ∧ C1 ∧ P1 ⇒ ∃v, v1 . (I ∧ I1)

M1 C1 ∧ P1 ⇒ ∃v1 . I1

4. M I

M INITIALISATION M1

M1 M

M M1 Si Si1 M

C ∧ P ∧ C1 ∧ P1 ⇒ [Si1 ; Si] I

M M1

M M1 I1
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5. M I

M M

M1 M M1

M

M PRE R THEN S END

C ∧ P ∧ I ∧ C1 ∧ P1 ∧ I1 ∧ R ⇒ [S] I

M M1 I1

M1

B

B
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0..100 0..500

MACHINE RWInput /∗ ∗/
OPERATIONS

res ←− senser1 = res :∈ 0..100;
res ←− senser2 = res :∈ 0..500

END

INCLUDES

•
•
•
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MACHINE RWInput
OPERATIONS

res ←− senser1 = res :∈ Z;
res ←− senser2 = res :∈ Z

END

“ ”

VAR x IN x ←− senser1 ;
IF 0 ≤ x ∧ x ≤ 100
THEN . . . /∗ ∗/
ELSE . . . /∗ ∗/
END

END
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/

MACHINE Actuator
OPERATIONS

speedUp(xx) = PRE xx . . . BEGIN skip END;
speedDown(xx) = PRE xx . . . BEGIN skip END;
brake(xx, yy) = PRE xx . . . ∧ yy . . . BEGIN skip END;
stopEngine = BEGIN skip END;

END
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MACHINE RWInput
VARIABLES past
INVARIANT past : N

INITIALISATION past := 0
OPERATIONS

res ←− time =
BEGIN res := past ||

past :∈ {y | y : N ∧ past < y ∧ y < past + 10}
END

END
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INCLUDES EXTENDS

INCLUDES

B

B SEES USES

“ ”

• SEES USES

• SEES SEES

SEES

• USES USES

INVARIANT USES
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SEES

M “ ” M1

“ ” M SEES

SEES M1

M1 SEES M1 M
M1 INCLUDES M1

SEES M M1

M PROPERTIES INITIALISATION M1

M M1

M1

M SEES M1 M M1 INCLUDES M
M1 M1 M1

M M1 M1

M2 M1 M M
M1 M M
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SEES

• M ′ SEES M M SEES M1 M ′

SEES M1 SEES

• M ′ M1 M ′ SEES M1

• M1 M2 M M2

M1

SEES

•
•

SEES
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SEES

• Price

• Shop

• Customer

GOODS

•
•

•

SEES
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Retail

SEES

MACHINE Goods
SETS GOODS
END

GOODS

GOODS SEES

SEES

Shop Customer
SEES Goods
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Retail

MACHINE Price
SEES Goods
VARIABLES price
INVARIANT price ∈ GOODS → N1

INITIALISATION price :∈ GOODS → N1

OPERATIONS

setprice(item, pr) =
PRE item ∈ GOODS ∧ pr ∈ N1

THEN price(item) := pr
END;
pr ←− queryprice(item) =
PRE item ∈ GOODS
THEN pr := price(item)
END

END

Price SEES

Goods

GOODS

GOODS

SEES
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Retail

Shop SEES Goods Price

MACHINE Shop
SEES Goods, Price
VARIABLES takings
INVARIANT takings ∈ N

INITIALISATION takings := 0
OPERATIONS

sale(item) =
PRE item ∈ GOODS
THEN takings := takings + price(item)
END;
tt ←− total = tt := takings

END

Shop SEES

Goods Price

GOODS
Price price
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Retail

Customer Goods Price

MACHINE

Customer
SEES Goods, Price
CONSTANTS limit
PROPERTIES limit ∈ GOODS → N1

VARIABLES purchases
INVARIANT purchases ∈ P(GOODS)
INITIALISATION purchases := {}
OPERATIONS

pr ←− buy(item) =
PRE item ∈ GOODS ∧ price(item) ≤ limit(item)
THEN purchases := purchases ∪ {item} ||

pr := price(item)
END

END

Customer SEES

Goods Price

Goods
GOODS

Price
price

limit
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Retail

Shop Customer

Price

Goods

SEES
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USES

M M1 M

USES M1

M M1 M SEES M1

M M1 M1

M M1

M M1 M1 M M
M1

USES

M M1
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USES

M M

• M M1

• M1 M1 M
M1

• M1 M1 M

M1

M M1

M M1

B

• M M1 M ′

M ′ M M1

• M ′ M ′ M1

M
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USES

USES

USES

•
• USES

• INCLUDES SEES INCLUDES

SEES

USES
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SEES, USES

M SEES USES M

M SEES USES M1

1. M p CONSTRAINTS C
CONSTRAINTS INCLUDES

∃p . C

2. M PROPERTIES

M

M PROPERTIES st, c, P M1

PROPERTIES P1 M PROPERTIES

C ∧ C1 ∧ P1 ⇒ ∃st, c . P
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SEES, USES

3. CONSTRAINTS PROPERTIES

M v I M1

v1 I1 M SEES M1 M M1

C ∧ P ∧ C1 ∧ P1 ⇒ ∃v . I

USES M1 I M1

C ∧ P ∧ C1 ∧ P1 ⇒ ∃v, v1 . (I1 ∧ I)

4. M INITIALISATION

M M1 SEES USES

M1

M M1 Si Si1

C ∧ P ∧ C1 ∧ P1 ⇒ [Si1 ; Si] I
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SEES, USES

5. M M

SEES USES

C1, P1

I

M PRE R THEN S END

C ∧ P ∧ I ∧ C1 ∧ P1 ∧ I1 ∧ R ⇒ [S] I

M SEES M1 I M1 I1 I
I1

M USES M1 I M1

M1

M
I M1 M I

M M1
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B Book 8.1

• normal
dubious friend allowance

• price status
avaliable soldout substitute

• percentage
allowed

• article quantity
unit cost price

/ / /
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1.

2.

3.

4.

5.

6. 20

• 1/2

• 2/3

• 2/5/6

•
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Client

CLIENT CLIENT NAME CATEGORY

MACHINE Client
SETS

CLIENT ;
CLIENT NAME ;
CATEGORY = {friend , dubious, normal}

CONSTANTS

discount, init allow
PROPERTIES

discount ∈ CATEGORY → (0..100) ∧
discount = {friend 
→ 80, dubious 
→ 100, normal 
→ 100} ∧
init allow ∈ N ∧ /∗ Z ∗/
init allow = 500
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Client

Client

VARIABLES

client, category, allowance, cname
INVARIANT

client ⊆ CLIENT ∧
category ∈ client → CATEGORY ∧
allowance ∈ client → N ∧
cname ∈ client → CLIENT NAME

INITIALISATION

client, category, allowance, cname := ∅, ∅, ∅, ∅
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Client

CLIENT
client

OPERATIONS

cc ←− create client(cnm) =
PRE

cnm ∈ CLIENT NAME ∧
cc ∈ CLIENT ∧
client �= CLIENT /∗ ∗/

THEN

ANY c1 WHERE c1 ∈ CLIENT − client THEN

client := client ∪ {c1} ||
category(c1 ) := normal ||
allowance(c1 ) := init allow ||
cname(c1 ) := cnm ||
cc := c1

END

END;
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Client

modify category(cc, cat) =
PRE cc ∈ CLIENT ∧ cc ∈ client ∧ cat ∈ CATEGORY
THEN category(cc) := cat
END;

modify allowance(cc, al) =
PRE cc ∈ CLIENT ∧ cc ∈ client ∧ al ∈ N

THEN allowance(cc) := al
END;

cnm ←− read client(cc) =
PRE cc ∈ CLIENT ∧ cc ∈ client
THEN cnm := cname(cc)
END

END
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Product

Product

MACHINE Product
SETS PRODUCT ; PRODUCT NAME ; STATUS = {available, sold out}
VARIABLES

product, pname, price, status, substitute
INVARIANT

product ⊆ PRODUCT ∧
pname ∈ product → PRODUCT NAME ∧
price ∈ product → N ∧
status ∈ product → STATUS ∧
substitute ∈ product 
→ product ∧
substitute ∈ product 
→ status−1[{available}]

INITIALISATION

product, pname, price, status, substitute := ∅, ∅, ∅, ∅, ∅

available
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Product

OPERATIONS

prd ←− create product(pn, pri) =
PRE pn ∈ PRODUCT NAME ∧ pri ∈ N ∧ product �= PRODUCT
THEN

ANY p1 WHERE p1 ∈ PRODUCT − product THEN

prd := p1 || product := product ∪ {p1} ||
pname(p1 ) := pn || price(p1 ) := pri ||
status(p1 ) := available

END

END;

modify price(prd , pri) =
PRE prd ∈ PRODUCT ∧ prd ∈ product ∧ pri ∈ N

THEN

price(prd) := pri
END;
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Product
make unavailable(prd) =
PRE prd ∈ PRODUCT ∧ prd ∈ product
THEN status(prd) := sold out || substitute := substitute �− {prd} END;

make available(prd) =
PRE prd ∈ PRODUCT ∧ prd ∈ product
THEN status(prd) := available END;

assign substitute(prd , prd1 ) =
PRE prd ∈ PRODUCT ∧ prd1 ∈ PRODUCT ∧ prd ∈ product ∧

prd1 ∈ product ∧ status(prd1 ) = available
THEN substitute(prd) := prd1 END;

pn ←− read product(prd) =
PRE prd ∈ PRODUCT ∧ prd ∈ product
THEN pn := pname(prd) END

END

make unavailable substitute
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Invoice

USES Client Product
INVOICE LINE

MACHINE

Invoice
USES

Client, Product
SETS

INVOICE ; LINE
VARIABLES

invoice, customer , percentage, allowed , total ,
line, origin, article, quantity, unit cost

INITIALISATION

invoice, customer , percentage, allowed , total := ∅, ∅, ∅, ∅, ∅ ||
line, origin, article, quantity, unit cost := ∅, ∅, ∅, ∅, ∅

INVOICE LINE
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Invoice

OPERATIONS

inv ←− create invoice header(clt) =
PRE clt ∈ CLIENT ∧ clt ∈ client ∧

category(clt) �= dubious ∧ invoice �= INVOICE
THEN

ANY invnew WHERE invnew ∈ INVOICE − invoice
THEN

invoice := invoice ∪ {invnew} ||
customer(invnew) := clt ||
percentage(invnew) := discount(category(clt)) ||
allowed(invnew) := allowance(clt) ||
total(invnew) := 0 ||
inv := invnew

END

END;
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Invoice

lns
remove invoice(inv) =
PRE inv ∈ INVOICE ∧ inv ∈ invoice
THEN

LET lns BE lns = origin−1[{inv}] IN

invoice := invoice − {inv} ||
line := line − lns ||
customer := {inv} �− customer ||
percentage := {inv} �− percentage ||
allowed := {inv} �− allowed ||
total := {inv} �− total ||
origin := lns �− origin ||
article := lns �− article ||
quantity := lns �− quantity ||
unit cost := lns �− unit cost

END

END;
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Invoice

ln ←− new line(inv , prd) =
PRE

inv ∈ INVOICE ∧ prd ∈ PRODUCT ∧
inv ∈ invoice ∧ prd ∈ product ∧
status(prd) = available ∧ (inv , prd) �= ran(origin ⊗ article)

THEN

ANY newln WHERE newln ∈ LINE − line
THEN

line := line ∪ {newln} ||
origin(newln) := inv /∗ ∗/ ||
article(newln) := prd /∗ ∗/ ||
quantity(newln) := 0 /∗ 0 ∗/ ||
unit cost(newln) := (price(prd) × percentage(inv)/100) ||
ln := newln

END

END;
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Invoice

modify line(ln, qt) = /∗ qt is the new quantity for the ln ∗/
PRE

ln ∈ LINE ∧ ln ∈ line ∧ qt ∈ N ∧
status(article(ln)) = available ∧
total(origin(ln)) − quantity(ln) × unit cost(ln) + qt × unit cost(ln)

≤ allowed(origin(ln)) ∧
total(origin(ln)) − quantity(ln) × unit cost(ln) ≥ 0

THEN

quantity(ln) := qt ||
total(origin(ln)) := total(origin(ln)) − quantity(ln) × unit cost(ln)+

qt × unit cost(ln)
END;
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Invoice

ln ←− the line(inv , prd) =
PRE inv ∈ INVOICE ∧ inv ∈ invoice ∧ prd ∈ PRODUCT ∧

prd ∈ product ∧ status(prd) = available ∧ ln ∈ LINE ∧
(inv , prd) ∈ ran(origin ⊗ article)

THEN ln := (origin ⊗ article)−1(inv , prd) END;

remove all lines(inv) =
PRE inv ∈ INVOICE ∧ inv ∈ invoice
THEN

LET lns BE lns = origin−1[{inv}] IN

line := line − lns || origin := lns �− origin ||
article := lns �− article || quantity := lns �− quantity ||
unit cost := lns �− unit cost

END

END

END
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Invoice System

EXTENDS

MACHINE

Invoice System
EXTENDS

Client, Product, Invoice
OPERATIONS

res ←− some clients exists = res := bool(client �= ∅);

res ←− clients not saturated = res := bool(client �= CLIENT);

res ←− client not dubious(clt) =
PRE clt : CLIENT THEN res := bool(category(clt) �= dubious) END;

res ←− some product exists = res := bool(product �= ∅);

res ←− products not saturated = res := bool(product �= PRODUCT);

res ←− product avaliable(prd) =
PRE prd : PRODUCT THEN res := bool(status(prd) = available) END

END
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1.

– INCLUDES, SEES, USES

– INCLUDES

PROMOTES EXTENDS

– SEES USES USES

2. CONSTRAINTS, PROPERTIES, INVARIANT
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