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Abstract. The discipline of design by contract encourages to dldect
classeswrt a specification right from the beginning. Pre- and post-
conditions, andinvariants are used togive semantics to methods, tlocu-
ment a class - insofar as they define tomtracts that client classes must
engage in when they use iand tocheck classes at runtime order totest
and debug them. Class correctness, as defined in [13], does not cope with the
Indirect Invariant Effect (IIE), that is, theiolation of an object'snvariant
by an instance of another class. Moreowire to the IIE, mostassertion
languages check invariant violation inway that is unsatisfactoryvrt sev-
eral criteria. In this paper we present the notiorRegponsible Correctness
with which we define class correctness wrt tepecification, and show that

it deals correctly with the indirect invariant effedie notion of responsi-
ble correctness gives us amsight onhow to monitor invariantviolations

in a way that is most satisfactory in what concerns the above criteria.

1 Introduction

The discipline of design by contradéfinesrules and mechanisms that helps us to
build correct classes with respect to a specification right from the begining.

This discipline relies on assertions that specify the rules ofdhtactthat is es-
tablished between suppliandclient classesEachtime a client class calls method
of a supplier class, eontract isimplicit: if the client class gives the supplietass
what she asks for - the method's pre-condition - the supplier glesanteesvhat the
client is expecting for - the method's post-condition. In this way, one may blame the
right entity for a method's failure: there is a pre-conditiomiolation, we blame the
client; if there is a post-condition violation we blame the supplier.

There is also a third kind of assertion - the class invariant - that tells what must be
true of all the class instances throughout their efities. It is the responsibility of
the supplier class to establish the invariant whenever a new instance is created, and not
to let its clients falsify it. This is usually done by not letting attributes taliteetly
modified by clientsbut, instead, through specific set methods (attribaregipically
private entities accessible only through public methods).



Both pre- and post-conditions as well as invariamés aprecioustool for building
reliable software. Theprovide a powerfumeans for specifying classes allowing the
definition of the semantics of methods. If written irriandly language ofssertions,
they provide very useful and unambiguous documentation for client classes implemen-
tors. Assertionganalso beusedfor softwaretest, debuggingand quality assurance.
Whenever theyare monitored during methodxecution,(contract)illegal callscan be
detected, anevrong implementations of post-conditioand invariant violations can
be discovered.

There areseveralassertion languages that allow the specification of assertions in
different, but yet similar, ways. Some, likgiffel [13], are included inthe program-
ming language itself; others, like iContract [Bhve Java boolean expressions as its
baseandallow to write assertions for Java prograthat are preprocesseitito Java
commands. There aremany others that promote assertion mechanismseireral
programming languages, like, e.g., Jass [2], ContractJava [8], JML [l ofitrac-
tor [11], Handshakd7] for Javaonly, and[6,18] for C++, [3] for Smalltalk, [1] for
.NET, among them. Some of these — Jass, iContract, Eiffel — as well as others, allow
the monitoring of contracts at runtime.

1.1 The problem

In [13] these assertions constitute a basis for defining correctness of a class: a class is

correct if andonly if its implementation, as given by timeethods bodies, is consis-

tent with the invariants, preand post-conditions. That is, if atonstructor methods,

whenexecuted in a&tate that satisfy their pre-conditions, establish the invariant and

their post-conditionsand if all other visible methods, whesxecuted in astate that

satisfy their pre-conditions, establish their post-conditions and preserve the invariant.
This notion of correctness does not cope with the problem of Represefiapion

sure, where objects inside the representation of an abjeay be referencedndthus

modified, by objects outside of's representation. The reasorthat the above cor-

rectness definition only imposes the preservation of a class's invariant on methods of

that class. Butbecause aobject internal representatiadan be modified by means

other than its clasmterface(in spite all its attributes being private), thelirect In-

variant Effect, aglescribed in13], may arise. This means that an objegtigriant

may be violated through indirect access to its representation.

1.2 Existing Approaches to the Problem

Classcorrectness isun-time checked in[13] by way of checking pre-conditions on
method entry, post-conditions on method exit and invariants on methodaediexit.
Method entry invariant checking, although seemingly redundant, is the way chosen by
Eiffel andthe above languagelass, JML[4] andiContract, to nhame a few, tdeal

with the problem of Indirect Invariant Effect.



In this way, any violation of an objectisinvariant is caught sooner or latenen
if violation is due to other object indirect effect, it will be caught on entry of the next
method ofo's class that is called for

There are severg@roposals to prevent representation expodabacks at design
level [5,14,15], by way of narrowing the universe of use of a given olgpatsenta-
tion. The notion that representation shouldpbatectedfrom externalaccess iscalled
Representation Containment. This allows stronger guarantees about an ohjagt's
ant, insofar as the onlgxternal means for changirtg representation is through the
object itself.

In this way, the notion of clagorrectness adefined in [13] would be enough:
since all Indirect Invariant Violation is forbidden, it suffices to verify whether the
methods of a class preserve its own invariant. At runtime, invaneoiil only need
to be checked at method exit. There is not yet (to our knowledge), any asclestikn
ing mechanism that implements this view.

1.3  Our Proposal

In this paper we claim that the approdohowed in [13]and inthe abovementioned
assertion checking tools is unsatisfactory in what concerns ciitexidlameidentifi-
cation and performanceand weshow that the mirror invariartlause approach sug-
gested in [13] as another possible approach to the problem, does not solve it.

We also claim that the notion oépresentation containment irradequate irsome
cases, where we cannggtablish that an objectis part of the representation of an-
other objecp in the sense thatdepends entirely on whptallows it to do.

We propose a new definition of classrrectnesshat depends on aew concept
heredefined -responsible correctnesbhis newapproach dealsvith the Indirect In-
variant Effect without the drawbacks of the othpproaches. Thaotion of responsi-
ble correctnesgives us an insight on how to monitor invariant violations in a way
that is most satisfactory in what concerns the above criteria

1.4  Outline of the paper

This paper has 5 sections. In section 2 we describe the Indirect InvEfifisttand the

way most assertion languages deal with it, and we argue why this issatisfactory
approach. We also describe the mirror invariant approach suggested in [13&l&es-an
native to method entry invariant checking, and show that it does not work properly. In
section 3 we propose tlemncept ofResponsible Correctnesand away of writing
responsibly correct classes. In section 4 we define ctassctnessising theconcepts
introduced inthe previous section. Wiirther exemplifythe needfor this kind of
correctness. Finally, in section 5 we present the conclusions.



2 Invariant Monitoring

In [13] the correctness of @lass withrespect toits assertions —pre- and post-
conditions, and invariants - is defined using Hoare triples:

Let C be a class, INV its invariant and paid postthe pre-and post-conditions of
some method r of C. Let Defaullte the assertion expressing that the attributes of the
class have the default values of their types. A class is correctresilect toits asser-
tions if and only if:

C1- For any set of valid argumentsta a creation procedure p:
{Default; and prg (x,)} Body, {post,(x,) and INV}
C2- For every exported routine r and any set of valid arguments x
{pre, (%) and INV} Body{post(x,) and INV}
From hereonwards wewill refer tothe two clausefust defined by C1 an€2. The
above definition of classorrectness guarantettwat acorrectclassneverviolates its
invariant. Rule C1 says that all newborn instances of a correct class satigfyatie
ant. Rule C2 says that attethods of aorrectclasspreservethe invariant. Aclass
that follows rules ClandC2, andfor which the state ofts instancescan only be
modified through theexportedclass methods (thas, attributesare private) can be
proven, by induction, never to violate its invariant through its methods.

When we use assertions fenftwaretest, debuggingand quality assurance, we ex-
pect to bewarned, duringprogram executionwhenever anassertion isviolated
(through exception raising for example). The code that is generated for assertion moni-
toring of iContract, Jass, JMhand Eiffel assertions, to name a fewyaluatepre-
conditions on entry of methodsyaluate post-conditions agxit of methodsjnvari-
ants are monitored on entry and exit of methods.

But, if we recall what wasaid above the invariant ispreserved ifall constructor
methods establish the invariant (on exit)d all exportedmethodspreserve it - we
would expect that invariants be monitored only on method exit.

2.1 The Indirect Invariant Effect

The reason for the need ¢heckthat invariantshold on method entry isxplained in
[13] as being due to thiadirect Invariant Effect. The problem ithat, evendeclaring
the attributes private, it can be the case that the invariant of an objewidifeed by
an operation on another object. Let3seethe exampleresented in13] written in
Java and iContract [9].

The iContract assertion languagebased onJava boolean expressiomsth some
extensions: pre-, post-conditioaadinvariants follow thewords @pre, @post, and
@invariant respectively. In post-conditions we may refer to the old valuesdrance
f by f@pre we can access the result of a function throughidéatifier return. It also
allows to quantify over some collection wiibrall andexistconstructsandallows the
writing of implications through thanpliesoperator.

/**



* @invariant residence()!= null implies

* residence().landLord().equals(this)
*

public class Person {

private House residence;

public House residence() { //the person'’s residence
return residence;

}

public void setResidence (House newHouse) {
residence = newHouse;
if (newHouse != null)
residence.setLandLord(this);
} // end of method setResidence

} //end of class Person

/**

* @ invariant

*/

public class House {

private Person landLord;

public Person landLord() { //the house's landLord
return landLord;

}

public void setLandLord (Person newLandLord) {
landLord = newLandLord;
} // end of method setLandLord

} //end of class House

Both classesppear to be corredflassPerson preservests invariant - inmethod

changeResidence (...) acall to the methodhangeLandLord (.. .) for its

residence attribute ismade in order tae-establish the invarianClass House is
also (vacuosly)orrect in what respectsts invariant. Butconsiderthe following

statements:

Person pl = new Person (...);
House h1l = new House (...);



pl.setResidence(hl);
hl.setLandLord(null);

After the execution op1.setResidence (h1l), pl satisfies its invarianbecause
the landlord of its own residencegs itself.

But, afterthe execution ot1.setLandLord (null), pl's invariant isviolated:

landLord

residence

pl

hl

hl

pl

the landlord of its residence is no longsr.

landLord

residence

pl

hl

hl

null

Let us suppose that the invariant is only monitored on method exit. The next call to a
method of clas®erson overpl - saypl.residence () - would manipulate an
object that violates its invarianand aninvariant violationwould occur onresi-

dence () exit. Apart from thedangerghat manipulating an inconsistent object can
bring, this invariant violation warning would blame thesidence () method; but

the guilt is another class's method (namely theuse class setLandLord
method).

The idea that classerson is correct, due to theact that all its methodspreserve
the invariant, is not enough since the invariant of a person may involve instances of
other classes, and this way of proving a clamsectness doasot dealwith the effect
that these other classes’ features rhaye onthe invariant ofPerson - the Indirect
Invariant Effect.This problem applies to all classes C thatve an attributevhich
type is a class D thateclares arattribute of type C.andwhich invariant involves a
reference to an object of class D (doubly linked list are one example).

The way Eiffel deals with this problem, as well as Jass, iCordratiML [4], is
by monitoring the invariant on method entry also. In this way, any invariant violation
would betrapped asoon as possible, minimizing inconsistencies. Furthermore, be-
cause the violation would be caught at method entry, that methdd not beerrone-
ously blamed for that violation. We can nevertheless point outieanveniences to
this approach: i) who's to blame; ii) performance.

The blame for turning an object inconsistent cannotdmiledwith this approach,
becausehe invariant violation warning is onligsued aftethe real violation. Only
when one of the methods of the class which invariant was violated is callediais-a
ing issued. Unless we know the extrece ofexecution, we cannot assign thiame
to anyone, that is, we cannot know where the bug is.



Generalizing invariant monitoring on method entry toastl every method, brings
a performance penalty that could be avoided through another approach.

2.2 Mirror Invariant Clause

Meyer suggests thatA" more satisfactonsolution would be to obtain statically
enforceable validity rule, which would guarantee that whenever the invariantlass
A involvesreferences tanstances of a class Bhe invariant of B includes amirror
clausé. We think this approach is intrusive, insofar as it imposes an invariant into a
class which specification did not asked for it. Furthermore we will show thatldbss
not solve the problem completely.

In the example above, the application of #@morceablevalidity rule means that
classHouse would have the invariant:

/**

* @ invariant landLord()!= null implies

* landLord().residence().equals(this)
*/

public class House {

The methodsetLandLord() would have to benodified in order to preserve the
invariant:

public void setLandLord (Person newLandLord) {
landLord = newLandLord;
if (newLandLord!= null
&& newlLandLord.residence()!=this)
landLord.setResidence(this);
} // end of method setLandLord

The conditionnewLandLord.residence()!=this has to beverified also, to
avoid circularcalls. ThemethodsetResidence() in class Person isnodified
accordingly:

public void setResidence (House newHouse) {
residence = newHouse;
if (newHouse = null
&& newHouse.landLord()!=this)
residence.setLandLord(this);
} // end of method setResidence

But this doesnot solve the problem. Let iseewhy. Consider thefollowing state-
ments:



Person pl = new Person (...);
Person p2 = new Person (...);
House hl = new House (...);
House h2 = new House (...);
pl.setResidence(hl);
p2.setResidence(h2);

hl.setLandLord(p2);

After the statementgl.setResidence(hl);p2.setResidence(h2) we
would have:
landLord residence
pl hl
p2 h2
hl pl
h2 p2

After the statemerttl.setLandLord(p2) we would have:

landLord residence
pl hl
p2 h1l
hl p2
h2 p2

Both objects hl and p2 would be consistent with their invariantsestidence ohl's
landlord is h1l itself and the landlord of p2's residence is p2 itself.

But p1 and h2 are in a state that violates their invariantretsidence oh2's land-
lord (p2) is not h2 itself and the landlord of p1's residence (h1) is not pl et
clauses in invariants dwot solve the problem completely: although tlseigceed in
keeping both theurrent instancandtheir new components consistent, they do not
care for keepingld components consistent. These old componataot necessarily
garbagge, so they must be kept consistent with their invariant. Any calinethad
of classPerson overpl would manipulate an inconsistent object. The same apllies
to h2.

3 Responsible Correctness

The concern should be the following: whenever a method modifies an object, it should
be responsible for preserving the invarianabfthe objects thaare directly affected



by that modificationThese aretipically, the newandold versions ofthe modified
referenceFollowing this idea weproppose theconcept ofResponsibleCorrectness
wrt a Specification (invariants of the class, pre- and post-conditions of methods).

Definition (Invariant Responsible)Ve say that a class A isvariant responsible
for its supplier class B ifwhenever arinstance of A modifies one dfs B compo-
nents, the invariant of B is preserved for both old and new versions of that component.

We take as supplier classes of a class A the classes to which belong all objects that
are manipulated by instances of A.

Definition (Responsible Correctness wrt a specificatidbitjass that is botltorrect
in the sense of [13], that is, it satisfiesrrectnesstatements Chnd C2above, and
is invariant responsible for all its suppliers is a Responsibly Correct class.

We alsodefinethe notion of Responsibl€orrectness in whatoncerns a given
class.

Definition (Responsible Correctness in witahcerns)A class that is botltorrect
in the sense of [13], that is, it satisfiesrrectnesstatements Chnd C2above, and
is invariant responsible for its supplier class B is a Responsibly Correct clagmtn
concerns B.

Obviously, these definitions take as granted that class attribtggsivate, that is,
they can only be modified through the class’s exported methods.

We havealreadyseenthat mirror invariant clausegroposed in [13Jare intrusive
andinsufficient. Our way toenforceresponsiblecorrectness doesot include those
invariant mirror clauses. We work at the level of post-conditions instead.

A way to enforce a class A to be responsityrect inwhat concerndts supplier
class B, is to have, in all A methods that modiify B component, @ost-condition
that verifies the invariant of that B component for both itsasidnew versionsThis
can only be verified if we have a way to know which objects modified by ajiven
method.

Let us extend the assertion language in use with a ctanndlar to thechangeonly
clause of Jass [2] or tmodifies/assignablelause of JML [12], in order to be able to
declare which ar¢he entities thatan be modified by aethod. Therame condition
given by theassignableclause ofJML, for example, in a method, only allows that
method to assign values to a locatioaif:

 loc is mentioned in an assignable clause;

» loc was not assigned any value at that method entry;

* loc is local to that method;

There isone morecasethat has to do with JMIdependsclause which isirrelevant
here because we only need to adopt a clause lilkestignableclause for ourmmedi-
ate purposes.

We will considerthat, inorder toallow client classes tanderstandhe modifies
clauses, the modifiable entities that appear maalifiesclauseare either publicfunc-
tions that access object attributes or parameters of the method.

Let us now recall the original Person/House problem — the one withoutirfue
invariant in clasdHouse - andchangethe classes irorder to obtain responsibly
correct classes.



[* @invariant residence()!= null implies

* residence().landLord().equals(this)
*/

public class Person {

private House residence;

public House residence() { //the person'’s residence
return residence;

}

/*

*  @modifies residence();
*  @post residence().equals(newHouse)
*/
public void setResidence (House newHouse) {
residence = newHouse;
if (newHouse != null
&& newHouse.landLord()!=this)
residence.setLandLord(this);
} // end of method setResidence

} //end of class Person
[* @invariant
*/

public class House {

private Person landLord;

public Person landLord() { //the house's landLord
return landLord;

}

/*

* @modifies landLord();
* @post landLord().equals(newLandLord)
* && landLord()@pre.residence()!'=null implies

* landLord()@pre.residence().landLord().

* equals(landLord()@pre)
* && landLord().residence()!=null implies

* landLord().residence().landLord().

* equals(landLord())

*/

public void setLandLord (Person newLandLord) {
if (newLandLord!= null)



landLord.setResidence(null);
landLord = newLandLord;
if (newLandLord!= null
&& newlLandLord.residence()!=this)
landLord.setResidence(this);

} // end of method setLandLord
} //end of class House

Notice that the invariant of class House is empty as in the original version of the
problem, that is, it is the assertiobme .

In classPerson , the post-condition of methosketResidence() asserts that
the new value for the residence is the parameter value. We do not have to assert in the
post-condition that the Person’s invariantesgtablished at methoelxit, because we
know that class invariantre checked anethodexit. Becausethis method has the
clause @nodifies  residence() , its post-condition shouldyccordingly, verify
the invariant for its old and nevesidences: it does so invacuous waybecausehis
invariant is the assertiomue . It doesnot matterwhetherthe old residencehas the
current person ais landlord ornot, because there iaothing in class House that
forbids it. So, clasPerson is responsibly correct in what concerns class House.

The methodsetLandLord() of classHouse announces to thaorld that it
only modifies the landLord() object: it doesthis through the @odifies
landLord() clause. Accordingly, we have iits post-condition twoclauses that
verify thePerson 's invariant both for the new and old valuesamidLord()

*  landLord()@pre.residence()==null ||

* landLord()@pre.residence().landLord().

* equals(landLord()@pre)

*  && landLord().residence()==null ||

* landLord().residence().landLord().

* equals(landLord())

In this way, clas$House is maderesponsible foevery modification ofits landLord
objects - theold andthe new. It musimodify theold landlord insuch a way that it
verifies its invariant, that is, it no longer owns th@renthouse (it owns no house,
in fact). It must modify its new landlord insuch a way that it verifieds invariant,
that is, it iseithernull, or thelandlord ofits own residence ishimself. So, class
House is responsibly correct in what concerns classson .

These post-conditionare useful in at leasthreeways: i) they allow to verify re-
sponsible correctness of the class they belong to and, therefore, to verify correctness of
supplier classes; ii) they help implementors of ¢beresponding methods the task
of code writing; iii) they allow run timehecking of their classes’ responsibiehav-
iour.



The assertion in the post-condition of the methsadlLandLord() of class
House is somewhatomplicated because litas to assert that the invariantadiss
Person is true for both theold andnew versions of the modifiabfeatureland-
Lord() . If our aim is to assert in post-conditions the truth of ott&sses’ invari-
ants for specific instances, we should have an aadgecureway of doingthis. The
task of writing another class invariant applied to a certain featurantraguce errors.
Moreover, when it applies to polymorphieferences, itmay be thecasethat the
invariant that is beinghecked is weakefthe one in the parent class of ttaget
object class) than it should be. We use meta-assertions [16,1#igotask, more
specifically, meta-invariants. A meta-invariant is a (meta-)assetfiandenotes an-
other class invariant. A meta-invariant applied to a fedtdemotes the invariant ¢f
class applied tbitself.

In the example above we would write the post-condition ofs#teandLord()
method in the following way:

* @post landLord().equals(newLandLord)

* && (landLord()@pre)>>inv
* && landLord()>>inv
the meta-assertiolandLord()>>inv , for example,denotesthe invariant of the

dynamic type of théandLord()  reference. This is exactly the same as the assertion
seen above when the dynamic typdaoidLord()  reference i®erson :

* landLord().residence()!=null implies
* landLord().residence().landLord().
* equals(landLord())

In [16,17] a semantics is given to meta-assertamgprocesses of generatisgmple
checkable assertions from meta-assertions are showprewetsound wrt theseman-
tics.

Proposition 1 A class that verifies the correctness clauses C1,a6@,C3 is a re-
sponsibly correct class, where @hd C2 are aabove,and C3 isthe following cor-
rectness clause:

C3. For any feature (function or attribufe)hat appears in anodifiesclause on a

methodm, the assertions

(f@pre)>>inv  andf>>inv

are part oin's post-condition.

By definition, a responsiblgorrectclass A must bénvariant Responsible faall its
suppliers. This means that, whenever an instance of A modifies dtse Bfcompo-

nents, the invariant of B is preserved for both old and new versions of that component.
Clause C3 abovenforcesinvariant responsibility of a class #swardsits suppliers,
insofar as it asserts that all methods of A that modify sfaateiref must verify f's

class invariant for both old and new version$. of



4 Class Correctness — a Responsible Approach

We have already seen that C1 and C2 only guarantee that the methods of a class A do
not violate the invariant of A's own instances. But we have seen that it candase¢he

that instances of A’s supplier classes B, .C,can indirectlyviolate A's invariant.

Thus, we can onlguaranteghat A's invariant is noviolated if we can be surthat

none of B, C, ... classes can modify A's instances while violating A's invariant.

The above definitions of responsible correctness allow us to define correctness wrt a
specification.

Definition (Correctnesswrt a specification)f a class A is responsiblgorrect wrt
to a specification and aits supplierclassesareresponsiblycorrect inwhat concerns
A, then A is correct.

With this notion of clasgorrectness we doot needinvariants to bechecked at
method entry anymore in order to cope with the Indirect Invariant Effect. Weneetly
pre-conditions to be verified on method entmpdboth invariantsand post-conditions
to be verified on method exit.

The performancepenalty for runtime checking assertiondll be less:instead of
verifying a class C invariant in each and every C method anghexit (even for non-
problematic classes or methods), we only have to check C invariant at C methods exit
and, for C methodshat modify non-primitiveentities, verify, at exit only,these
entities invariant for their old and new versions.

Thewho's to blameproblem issolved bythis approach: everynvariant violation
will be detected exactly in the method where it ocdinsits post-condition) allowing
to put the blame on the guiltyjethod/class — the bug femedand,thus, easier to
discover.

We go back now to the notion of representation containment in 1.2 and its use as a
way to manage representation exposureoider to avoid indirectinvariant effect
[5,14,15]. Following is an example where this concept is shown muchestrictive
due to the inadequacy in considering one object as dominator and the other as dominee.

[* @invariant mate()!= null implies

* mate().livesWith(this)
*/

public class Person {

private Person mate; //the person who this  lives

// with
public Person mate() { //the person's mate
return mate;
}
/*
*  @pre p'=null

*/



public boolean livesWith(Person p) {
return mate.equals(p);

}

/*

* Changes the mate of the current person
*/

public void setMate (Person newMate) {

} // end of method setMate
} //end of class Person

A person does not have to be part of another person. Two peiksandp2 should be
able, independently and by themselves, to choose who to live witltaliviot see as
adequate, in these kind of cases, ithposition of adominatorand adominee.So, it
should be possible to execute the following piece of code:

Person p1,p2,p3;
pl.setMate(p2);

p2.setMate(p3);

Due to the fact that the invariant of cld&&srson refers to properties of itmate() ,
the methodsetMate()  applied to a persopl must modify pl's mate inorder to
preservepl's invariant. However, as we saw in sectiortt8s is not enough if we
want to makel responsible by the modification d@perates orits mate.Objectpl
should preserve the invariant of both its old and new mates:

/*
*  @modifies mate();
*  @post mate().equals(newmate)
* && (mate()@pre)>>inv
* && mate()>>inv
*/
public void setMate (Person newMate) {
if (mate.livesWith(this))
mate.setMate(null);
mate = newMate;
if (newMate != null
&& 'newMate.livesWith(this)
newMate.setMate(this);
} // end of method setMate



After the execution opl.setMate(p2)

person with whom its mate livespd itself.

, pl satisfies its invarianbecause the

mate lives with
pl p2 p2
p2 pl pl

After the execution ofp2.setMate(p3)

Class Person

Person itself.

, all is well againbecausethis method
preserves the invariants pt (p2's old mate) and &3 (p2's new mate).

mate lives with
pl null -
p2 p3 p3
p3 p2 p2

is responsiblycorrect in what concernsits unique supplier: class

5 Conclusions and Further Work

The Indirect Invariant Effect arises whenever an object's invariant is violated due to the
manipulation of its representation by some way, other than its interfaceeffégt is

one of the problematiconsequences dhe representation exposucharacteristic of
object-oriented languages. In this paper we claimed that the way most asgetion
ersdealwith this problem at the level of class testing, is satisfactory insofar as

the identification of infractors is not possitd@d,thus, bugsarenot framed. Moreo-

ver, the strategy thegdopt toimpose clas€orrectnessrings aheavy performance
penalty.

We alsoclaimedthat theapproacheshat adopt representatiocontainment,where
the representation of an object can only be accessed through thatabjewrare too
restrictive for some cases, where it is unatural to establish that an object is part of the
representation of another object in the sense thafotheer dependsentirely onwhat
the latter allows it to do.

In this paper we proposed the concept of Responsible Correctness as a means to de-
fine class correctness wrt a specification that correfhiswith the Indirect Invariant
Effect. By making classes responsible for the modifications thsrate on their
suppliers, wecan assertlass correctnesswithout the restrictionsand drawbacks of
other approaches. Ahe level of class specification, thi®ncept is applicable in a
natural way as presented in section 3. At the level of class design, it all@vsido
representatiorrontainment, enabling true object animationeaemplified in section
4. At the level of testing, it allows to surpass theonvenienceshat the other ap-
proaches have, as seen in section 4.
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