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Formal Verification of UML Models Based on TLA
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Abstract UML can not carry out a formal check directly to models established. In order to solve the problem, based on the static structures and
dynamic behaviors of UML models, this paper proposes two kinds of methods combing Temporal Logic of Actions(TLA) for model formalization.
Formal description method for translating the UML model to TLA+ is given, and TLC toolkit is used to verify TLA+ specification. An example of
UML model translation and verification is given to show the effectiveness of the method.

Key words formal method; formal verification; UML; Temporal Logic of Actions(TLA)

DOI: 10.3969/j.issn.1000-3428.2011.02.025

1
[1
(UML)
UML
_— (Temporal Logic of Actions, TLA)
UML
TLA
TLA+
UML
TLA+ TLA+
TLA+ UML
TLA+ TLA TLCH
2 UML
UML
[3]
UML

2.1
« )
3
1
WEEM | . i
-name : string -balanc'e Sint
_ -type : int
1
2.2
il UML
(@) )
) (4)
(5) name(params)
uards]/actions_list name arams
[9 p
guards actions_list
(60972036)
(1985 )

2010-04-15 E-mail menglei.leung@gmail.com



TLA UML 73

37 2
3 TLA TLC
TLARA
TLA
TLA
1) TLA+ TLC TLA+
S s(x)
X s[[x]] s(x) 4.1
() 3
f S[If]] s 1)
f s[[fl]1==F(w v:s[[v]]/V) f(wvis[[v]]/v) TLA+
v s[[v]] v f 1
““name”” 2
3) ““type”” ““balance””
CustomerType==[name:STRING]
s[[P]]=true S o] AccountType==[type:{savings,checking},balance:Int]
(4) (2)
A TLA+ ( )
S n v S 1
v n s n ““has_account””
, has_account \in Rel(Customer,Account
sIAlIN==ACy vis{IvIIv: TIVIIV') R_eI(Customer,A(ccount) )
TLA 71 o
““Relationships””
) o u P(u)
[P() . [Al== R'eI(A,Bj=SU|T’wSI.ET(A\X B)
First(R)=={t[1]:t \in R}
A (=) [Alr A Second(R)=={t[2]:t \in R}
f TLA ®==Init, OneToOne(R)==/\A x \iin First(R),y1,y2 \in Second(R):<x,y1> \in
[[A]; Init,, RA<x,y2> \in R=>yl1=y2 MNA y \in Second(R),x1,x2 \in First(R):
TLC TLA+?24 TLA <x1, y> \in RA<x2,y> \in R=>x1=x2
J*
@ TLC TLA+ )
TLA g
TLA+
TLA+ TLC 1 3
TLC Typelnvariants==/\\A cstm \in Customer:cstm \in CustomerType/
\\A acnt \in Account:acnt \in AccountType
Datalnvariants==\A acnt \in Account:acnt.balance>=-credit_limit
4 UML TLA Associationlnvariants==/\has_account \in Rel(Customer,Account)/
TLA+ UML 2 \OneToMany(has_account)
S AR, 4.2
EXRF, mHRAfIE UML
* TLA UML
2 B 1) TLA
(2
(©))
TLA+EA 1Y TLA+HE
%R TRE el 4) UNCHANGED
4 TLA
/[ smTLA (5) (1)
L4 (5) TLA
| st | cNext* TLA
v 1 3 (Deposit)
/ HBEHITLAH8 / (Withdraw) (Transfer) 3

2 UML TLA



74

2011 1 20

5

Withdraw  Transfer

-

/Deposit(cstm,acnt,amt)

~
Deposit

N

do/ acnt'.balance=acnt.balance+amt

J

[<cstm,acnt>  has_account,

s

acnt.balance+credit_limit>=
amt] / Withdraw(cstm,acnt,amt)

~

Withdraw

.

do/acnt'.balance=acnt.balance-amt

v

[Acntl ? acnt2,<cstm,acntl> has_account,
<cstm,acnt2> has_account,
acntl.balance+credit_limit>=amT]
[Transfer(cstm,acnt1,acnt2,amt)

-

Transfer

]

Bank
““Transfer(cstm,acntl,acnt2,amt)””
Transfer(cstm,acntl,acnt2,amt)==/\acnt1#acnt2/\<cstm,acnt1>\in
has_account

N\<cstm,acnt2>\in has_account/\acntl.balance+credit_limit>=amt
Nacntl’.balance=acntl.balance-amt/\acnt2’.balance=
acnt2.balance+amt/\UNCHANGED Customer

TLC
TLC
Init [][Next]_vars Temporal
Init
vars

Next
Temporal
TLC BankSpec
InvProperty
vars==<<Customer,Account,has_account>>
BankSpec==Varlnit/\[][Next]_vars

InvProperty==[]Invariants
TLC

Deposit

amt \in Nat amt \in Data

Data=={100,200}

Transfer
acnt2

acnt2’.balance acntl
acntl’ acnt2’

TLC

acntl’.balance

acntl  acnt2

TLC

Transfer(cstm,acntl,acnt2,amt)==LET newacl==[acntl EXCEPT !.

balance=@-amt]

newac2==[acnt2 EXCEPT !.balance=@+amt]
IN Nacntl#acnt2/\<<cstm,acnt1>>\in has_account/\

<<cstm,acnt2>>\in has_account

Nacntl.balance+credit_limit>=amt/\Account'=(Account\  {acntl,

acnt2})\cup{newacl,newac2}

do/ acntl'.balance=acnt1.balance-amt,
\ acnt2'.balance=acnt2.balance+amt

N\has_account'=(has_account\{<<cstm,acntl>>,<<cstm,acnt2>>})\cup
{<<cstm,newacl>> <<cstm,newac2>>}\UNCHANGED Customer

6

UML TLA
TLA TLC
TLC
TLC
TLA+
= TLC
1) NFA DFA DFA
UML
@)
[1] SHOIN(D) UML [9].

, 2009, 35(19): 43-45.

[2] Merz S. The Specification Language TLA+[M]//Bjorner D,
Henson M C. Logics of Specification Languages: Part . Berlin,
Germany: Springer, 2008: 401-451.

[3] Booch G, Rumbaugh J, Jacobson 1. The Unified Modeling
Language User Guide[M]. 2nd ed. Beijing, China: Machine Press,
2006.

[4] Freinkel L. An Approach to Combining UML and TLA+ in
Software Speciation[D]. Reno: University of Nevada, 2003.

[5] Shrotri U, Bhaduri P, Venkatesh R. Model Checking Visual

of of
Conference on Software Engineering and Formal
Brisbane, Australia: [s. n.], 2003.

International
Methods.

Specification Requirements[C]//Proc.



