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An Object Model Verification System based
on the Constraint Language

Jin Soo Kim" - Kwon  Kang'" - Kyung Hwan Lee '

ABSTRACT

A software development process is regarded as the process of building a series of various models. But
developers had no method to verify these models which created subjectively. This paper has adopted mitiatives
of verification tools to an early phase of analysis, whereas the existing verification tools have mostly been used
for implementations. This paper has defined a constraint language that expresses disciplines suggested in the
existing methodology as well as guidelines applied by object model editor in the object model. The verification

system has been built upon the constraint language, which is proven to enhance the quality and consistency of

models constructed by object model editor.
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<VAR_DECLARATION>

assert:

message’

}

Constraint <NAME> @ <LEVEL> {

<CONSTRAINT_EXPRESSION>

<MESSAGE_FORMAT>[, <VAR_LIST>]

(O" 1) Hef FEx e =
(Fig- 1) Structure of the constrint construct
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(Fig. 2) Metamodel of the object model
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{Table 1> Predefined types and operations in the MCL

Elql ol & g 7t 94
CString name( )
Bool isExists ()

ModelObject
Bool inheritFrom (ModelObject &)

Attribute ModelObject& definedBy ()
ModelObject& definedBy ()

Method Bool isRedefined (M odelObject&)
Class int maxDerivedDepth ( )
Instance Bool isInstanceOf (ModelObject&)

int numObjects ()

int cardinality (Class&)

CString firstRoleName ()

CString secondR oleName( )

CString nextRoleName ( )

Association |ModelObjecté firstObject ()
ModelObject& secondObject )
ModelObject8e nextObject ()

Class& parent ()
Class& firstChild ( )
Class& nextChild ()
Link Bool isInstanceOf (Associationd:)
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Constraint TwaAssocWithNoNurme @ ERROR {
FORALL Association ui;
FORSOME Association u
assert: ! ((al 1= a2 ) &&
(( al firstObject() == «2.firstObject() &&
al.secandObject() == a2.secondObject()) Il
( al firstObject() == aZ.secondObject() &&
al.secondObject() == a2.firstObject() ) (I
{ alname() !'= " " && aZname(} '= " “);
message! “There are two associations with no name between %s
and 4s\n”, al firstObject().name(), al.secondObject().namel);

!

(3 4) A of|ofl S MCL EH
(Fig. 4) MCL. expression of the first example
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FORALL Association al;
assert: al.numQObjects() = 3;

Constraint TemmaryAssociation : WARNING {

message: "There are ternary association among %s and %s and %63\n",
al.firstObject().name(), al.secondObject().name(),
al nextObject().name();

(g 5) Seia ool st McL 8
(Fig. 5) MCL expression of the second example

FORSOME Class cl;
FORSOME Instance il;

}

Consiraint NoExistClassAndInstance : WARNING {

assert: ! ( cLisExists() && il.isExistsO J);
message: “There are both class %s and instance %s \n”,
cl.name(), il.name();

(2231 6) Mipim ofjoil CHEt MCL B8
(Fig- 6) MCL expression of the third example
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Constraint TooMuchDrivedClass : ERROR {

FORALL Cluss cl;

assert: cl.maxDerivedDepth() <= 4;
message: “There are too much derived class %s 0", ¢l.name();

}

(22 7) dieimy ofofl cyst meL E&
(Fig- 7) MCL expression of the fourth example
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Cliss noange
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\
i

Instapce nume
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i
Assochtion name
{

artribute: nume,

H
Link name
{

associatitm: name;

link: name, names
}
GenAssoc nume
{

parent: name;

!
ApRgrAssoe name
{

parent: numes

HUFIbUle name, .
opraiion’ name, ..

association: namel name ), ,\,-5*1_1’ Z}_)é;]o{;‘g Z‘Hiﬂ E@',—;_’T ﬂ%"a}'é f‘ﬂ% E‘?lt*]"

-

child: name( role: name, constraint’ name, ¢ardinal® name,
aqualification: name ) __;

child: name( role: name, constraint: name, cardipgl: name,
qualification: name )
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User owctr Directory
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:
i
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HE P - A gir-oame container

home-dir parent-dir
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PR Sy
(T3 10) SR ofjof chSt &) ool
(Fig. 10) Object Mode! of the first example
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Class User
{
attribute! user—-name, home-dir;
operation:
association: (Directory) ;
instance: ;
}
Class Directory
{
attribute dir-nume, parent-dir;
operation: ;
association: (User) ;
nstance’ ;
}
Association
{
attribute: ;
class:  User{ role! owner,),
Directory( cardinal: CARDINAL _AIANY, J;
}
Association
{
attribute: ;
class® User( role: authorized_user, cardinal: CARDINAL_MANY, ),
Directory( cardinal: CARDINAL_MANY, );
}
Association
{ _
attribute: ;
class: Directory( role! contents, cardinal: CARDINAL_MANY, ),
Directory( role: container, cardinal: CARDINAL_OPT, )
Al
i

(2= 1) Mmool LS 24 Reyo] =alx HE
(Fig. 11) Logical expression of the Object Mode! in the first example

—— How Parsing ‘TEST1.ONT"

== Parsing 'TESTA.DHT' Complele

== Haw checking (SAMPLET.HCL)

44 EAROR : TwoiizsocWlthHoHame

There are twn assaclations with no hame between Dser ang Directoty

- END I TwsRssocHithHoHame

R
?m

(T 12) A offoff CHEE x| melle] 2= Hal
(Fig- 12) Verified Result of the Object Model in the first example
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(29 15)8} 7}

University

Professor

(2™ 13) SFoing offol CH= Z4x)| Gl
(Fig- 13) Object Model of the second example

?lass Student,

attribute: ;
operation: ;

mstance: ;
{Class Professor

attribute: ;
operation: ;

instance’ ;
\ ?Iass University

attribute: ;
operation: ;

) instance: ;

Association

attribute: ;

class: Student( ),
Professor{ )
University( ) ;

ussociation: (Professor), (University) ;

association: (Student), (University) ;

association: (Student), (Professor) :

(38 14) SN oflof Ch2t 4% DHe] =2|= TS
(Fig. 14) Logical expression of the Object Model in the

second example
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<mcl_spec> = <constraint_spec>I<mc1_spec><constraint__spec>
<constraint_spec> = <constraint part><brace><var decl list>
<assert_part><message_part><brace>

<constraint_part> = Constraint <user_def_name><colon><err_level >

<user_def_name> = <identifier>

<identifier> = <letter>{<letter>|<digit>}

<colon> =

<err_level> == CRITICAL-ERROR | ERROR | WARNING

<brace> = { | }

<var_decl_list> = <var_deci>|<var_decl_list><var_decl>

<var_decl> = <qualifier><type_name><var_name_list>>

<qualifier> = FORALL | FORSOME

<type_name> ::= ModelObject | Attribute | Method | Class | Instance | Association | Link

<var_name_list> = <var_name>{<comma><var_name>)

<var_name> = <identifier>

<comma> = |

<assert_part> 7= assert<colon><constraint_expression><semi>

<constraint_expression> = <composite_expression>

<composite_expression> = <Simp1e_expression>|<not_ope1'abor><Simple_expressi0n>l
<composite_expression><logical_operator><composite_expression>

<simple_expression> = <term?> <relational_operator><term:|
<term><logical _operator><term>

<term> = <method>|<string>|<digit> )

<method> = <var_name><point><method_name>{<point><rnethod_name>}

<method_name> = <identifier><paren><paren>

<string> = <character>{<character>}

<point> =,

<paren> = (| )

<not_operator> = !

<logical_operator> = && | ||

<relational_operator> = == [ 1= | > | >= | < | <=

<semi> = ;

<message_part> = message<colon><message_content><cornma><methocLlist><semi>

<message_content> = "<string>"

<method_list> = <method>{<comma><method>)
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<omt_spec> = <abject_spec>|<omt_spec><object spec>

<object_spec> = <class_spec>|<instance_spec>|<assoc_spec>|<link_spec> |
<genassoc_spec> |<aggrassoc_spec>

<class_spec> = Class <user_def name><brace><class_body><brace>

<class_body> = <attribute_name_list>><operation_name_list>
<association_name_list>><instance_name_list>

<instance_spec> = Instance <user def_name>><brace><instance body><brace>

<instance_body> 1= <class_name_ list><attnibute_name_list>

<assoc_spec> = Association <user_def name>><brace>><assoc_body><brace>

<assoc_body> 1= <attribute_name_list><class_name_list>

<link_spec> = Link <user_def_name><brace><link_body><brace>

<link_body> = <association_name_list><attribute_name_list><link_name_list>

<genassoc_spec> = GenAssoc <user_def_name><brace><genassoc_body><brace>

<genassoc_body> = <parent name_list><child_name_lList>

<aggrassoc_spec> = AggrAssoc <user_def_name><brace><aggrassoc_hody><brace>

<aggrassoc_body> = <parent_name_list><child_name_list>

Zattribute_name_list> = attribute<colon><name_list><semi>
<operation_name_list> = operation<colon><name_list><semi>
<association_name_list> = association<colon><name list><semi>
<instance_name list> = instance<colon><name_list><semi>
<class_name_list> = class<colon><name_list><semi>
<link_name_list> == link<colon><name_list><semi>
<parent_name_list> = parent<colon><name list><semi>
<child_name_list> = child<colon><name_list><semi>

<name_list> = <empty>|<name>{<comma><name>}

<name> = <identifier>|<identifier><paren><class_decl><paren>
<class_decl> = <empty>|<content_list>{<comma><content, list>}
<content_list> = <keyword><colon><name>

<keyword> == role | constraint | cardinal | qualification
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