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Abstract 

Techniques supporting early phases of the software life cycle aim to produce both easily 
comprehensible and truthful models of some problem domain, and such techniques thus 
depend on a proper choice of highly expressive concepts. One deficiency encountered in 
current analysis techniques is the lack of proper means to express inter-object relationships 
that result from dependencies of individual objects' life cycles. 

This paper introduces a relationship called lifetime dependency that captures frequently 
occurring behavioral constraints. It is argued on theoretical as well as on empirical grounds 
that incorporating lifetime dependency into object-oriented analysis models both improves 
their expressiveness and helps to keep the number of special purpose constructs such as role
and relationship objects small. We introduce notation to specify lifetime dependency and 
define a constraint that has to hold between the lifecycle of a lifetime depedent object and its 
required support objects. Furthermore, guidelines for detecting lifetime dependency 
relationships during the analysis phase are provided. 
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1 INTRODUCTION 

"The objects are there just for picking" (Meyer, 1988). This quote indicates that finding the 
objects in object-oriented analysis is straightforward because the objects one would like to 
define in the model correspond to an obvious partitioning of the problem domain that is to be 
modelled. Unlike other areas, such as knowledge representation, where more sophisticated 
ontologies are commonplace, many textbooks (eg, Martin and Odell, 1992; Coad and 
Yourdon, 1991) and papers (eg, Sciore, 1989; Richardson and Schwarz, 1991) explicitly or 
implicitly assume a one-to-one correspondence between an object and a separable piece of 
physical matter. This assumption leads to problems of modelling, such as: 

Roles: Given a person plays several roles (eg, an author role, several referee roles, and a 
participant role in a conference), all these roles have to be encapsulated within one object. 

Relation with attributes: A relation between entities (eg, a marriage) cannot be modelled as 
an object, because two separable pieces of physical matter are required at each side of the 
relation, and the relation itself has no distinct physical properties. 

These problems have been remedied in three major ways: 
Specific kinds of "items" are defined: 

link objects (Martin and Odell, 1992) to capture relations with attributes 
aspects (Richardson and Schwarz, 1991) and roles (Gottlob et al, 1996) to model 
entities with several roles. 

Specific kinds of relations are suggested: 
role relations (van de Weg and Engmann, 1992) to model roles 

Existing definitions of objects and relations are used in specific patterns: 
patterns of aggregation and generalisation (Coad, 1992) and 
multiple generalisations (Goldstein and Storey, 1992) 

in order to model roles. 

Each of these will be discussed in more detail later. 
However, these proposals bring forth new difficulties. The specific kinds of items 

introduce a concept similar to, but in addition to objects, and each of the solutions only solves 
a particular modelling problem. The specific relations each handle a specialized modelling 
problem, but none covers all the problems. As will be argued shortly, object-oriented 
patterns do not capture all the semantic constraints, and multiple generalisation creates 
problems of migrating classes. 

The approach taken in this paper differs from the above proposals in that it introduces a 
more general relationship, namely the lifetime dependency relationship (LTD), that provides 
the common kernel of the semantics of roles, relationship objects, and some special purpose 
associations. Our approach is based on the observation that current analysis methods are 
rather weak making cross connections between static and dynamic object models. On the 
other hand, recent research in object oriented technology, such as considering constraints on 
object life cycles for defining a subtype relationship (Kappel and Schrefl, 1994), indicate that 
interconnection of static and dynamic aspects leads to more transparent object models. 

Lifetime dependency captures the dynamic constraint that an object, throughout its 
lifetime, depends on the existence of other supporting objects. For example, the existence of 
an author depends on the existence of a person throughout the whole lifetime of the author. 
As will be argued below, capturing this dynamic constraint within the object model makes the 
latter a more faithful model of the problem domain. 
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The major objectives of the research are to 
* show how dynamic aspects like LTD can be captured within the object model; 
* discuss how LTD is related to the notion of roles, relationship objects and existence 

dependency; 
* formally define LTD relationships and explore their applications; 
* argue, in which way LTD relationships contribute to producing conceptual models that 

more closely match the real world. 

2 TERMINOLOGY, DEFINITION, AND RELATED NOTIONS 

When determining whether something should be modelled as a an object, we apply the 
criterion saying that an object either has a life cycle of its own and/or properties of its own. 
Determining the life cycles and properties depends on the purpose of modelling. For 
example, 
• a person is an object, because a person has properties such as name, date of birth, etc., and 

a life cycle: changes his or her address, acquires skills, dies; 
• an author of a paper is an object, because an author has the life cycle: start writing, submit 

first version, receive referee reports, revise, ... ; 
a referee is an object because of the life cycle: receive paper, judge, send comments 

When modelling relations, 
a marriage is an object because it has properties such as date and location, and it has the 
life cycle: wedding, then either widow(er) or separating (alternatively joining), divorce; 
a reservation is an object because it has the properties: date, customer, room, ... 

2.1 Lifetime dependency between objects of some problem domain 

During analysis of problem domains, we study the part of the world that the data in the 
computer is going to represent. The objects resulting from this analysis are therefore called 
domain objects or "real world objects." When identifying an object according to the criteria 
above, it may seem that the physical matter of the world to be modelled is of no importance. 
That would contradict our common experience, which tells us that when a person dies, then 
the author vanishes too, and the marriage where that person is a partner is dissolved. 
Accepting the need for expressing that some objects depend on the existence of others, we 
define that whenever 

the existence of a real world object (the dependent) throughout its lifetime depends on the 
existence of other objects (the support), we say that the dependent stays in a lifetime 
dependency to the support. 

The dependent thus comes into existence after (or concurrently with) the objects upon which 
it depends, and it disappears before (or concurrently with) the first of the required support 
objects that disappears. Consequently, the dependent can be supported through one and only 
one lifetime dependency relation during its existence. This relation may include several 
support objects, which may not be substituted at any point in time. For example, an author 
object depends on the existence of a person through the whole life cycle of the author. The 
marriage is dependent on the existence of two persons through the whole lifetime of the 
marriage. The execution of an application program is dependent on the process of execution 
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of the operating system; if the operating system stops, the execution of the application 
program will stop. 

Note that lifetime dependency between objects spans the whole lifetime of these objects. 
Contrarily, if a wheel is produced by a manufacturer, the manufacturer has to exist at the time 
of production. However, the manufacturer may go bust, and the wheel may still exist, 
implying that there is no lifetime dependency between wheel and manufacturer. 

Figure l - 4 are intended to demonstrate some typical appearances of L TDs and to 
introduce an appropriate notation. 

The LTD relationship is shown at the type level in the figures, even though it relates 
objects. The cardinalities min:max on the side of one object type mean that one object of this 
type can relate to at least min and at most max objects of the type at the other side of the 
relationship (Embley et al, 1992). 

Figure 1 demonstrates a typical applicationof the role concept. Different roles, called 
dependent objects and exemplified by Author, Referee, and Participant, are supported by one 
support object of type Person. The cardinalities indicate that a Person can play the roles of 
several Authors and Referees, but only one Participant. Figure 2 illustrates a modelling 
situation with multiple support objects that are related to the dependent through one 
relationship employing the semantics of an and-connection of the support objects. 

An or-connection of support objects of different types is shown in Figure 3, where the 
dependent Trade partner may be supported either by a Company or by a Person. Figure 4 
illustrates a hierarchy of lifetime dependency relationships modelling the dependence 
between execution of software components. The Application program execution depends on 
the existence of all the three support components. If one of these disappears, the Application 
program execution also vanishes. 

Because in the majority of cases involving lifetime dependency, the minimum cardinality 
on the dependent side is 1, one may be tempted to think that precisely this cardinality 
constraint expresses the LTD relationship. However, Figure 3 illustrates a case where the 
cardinality is 0. It is shown in Section 2.3 that minimum cardinalities of 1 have a different 
interpretation. 

When a model shows that a dependent class can be supported through more than one 
lifetime dependency relation as shown in Figure 3, this means that each object of the 
dependent class is supported by either of these relations. In this way the LTD relationship 
captures the fact that several classes are interconnected with another class in an exclusive 
fashion. 

2.2 Lifetime dependency between information base objects 
Through the analysis of a problem domain, we may encounter lifetime dependency 

relations, eg, that a marriage is lifetime dependent on both wife and husband. However, when 
designing the objects that are going to exist in an information base (eg, a database, a hypertext 
base, a knowledge base) and that should represent real world objects, the information base 
object (also "database object") in the computer may have a lifetime that differs from objects 
found through analysis of the real world. 
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Figure 1: Person with roles. The cardinality 
constraints require that an author depends 
on exacly one Person, while Person can 
support any number of Authors. 

Figure 3: A dependent supported by 
either one object or the other 

Figure 2: A relation with attributes. Botl 
support objects are related to the 
dependent through one relationship. 

execution 

Figure 4: Dependencies between 
processes in a computer 

When a marriage is dissolved, one may still want to keep the data about the marriage in 
the computer, eg, for future statistical use. This implies that there is an object in the database 
(i-marriage) that represents a currently non-existing real world object (w-marriage), which 
during its lifetime depended on the existence of other real world objects (w-wife and w
husband). Then two alternatives for the definition of lifetime dependency between 
information base objects exist: Either to allow for the existence of i-marriage without the 
existence of i-wife and i-husband, or to demand the continuing existence of i-woman and i-
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husband for the i-marriage to continue its existence. To keep the lifetime dependency relation 
as simple as possible, we choose to require that 

when there is lifetime dependency between real world objects,lifetime dependency is also 
required between the information base objects that represent the problem domain. 

However, the objects in the information system are allowed to exist also when the real world 
objects have disappeared. In order to keep the consistency between database objects and real 
world, the database objects are not allowed to be changed after their real world complements 
have disappeared. Corresponding to the after-the-existence period, there may also be a period 
of planning prior to the existence of the real world objects. Eg, one would like to make 
reservations for a flight before the actual travel, or one may plan the marriage during a period 
of engagement. Since there will be lifetime dependency between real world objects when the 
plans are carried out, we will require dependency between the database objects also before the 
existence of real world objects. The database dependent thus comes into existence after (or 
concurrently with) the database objects that are needed for its existence, and it disappears 
before (or concurrently with) the first of the required database objects that disappears. 

2.3 LTD vs. Existence dependency in data modelling 

None of the traditional modelling constructs provides means to adequately express LTD. In 
particular, cardinality constraints are not sufficient to express the semantics of LTD which, as 
will be argued shortly, essentially differs from existence dependency in data modelling. Note 
that existence dependency between a weak object type and an independent object type can be 
expressed by requiring that the minimum cardinality on the side of the weak object type be 
one (or more). For example, Employee(l:l) worksFor Company(O:n) expresses that, at any 
point in time, an employee works for one company. Therefore, when an employee object is 
created it has to be associated to a company object and as soon as the company that an 
employee works for is deleted, this employee either has to be deleted as well or related to 
another company. However, nothing about the number of companies an employee works for 
during his/her lifetime is expressed with existential dependency or, in other words, a 
minimum cardinality of one (or more) on the side of the weak object type. Since, typically, an 
employee works for more than one company during his/her lifetime, this example does not 
model a LTD relationship. 

2.4 Formalization via constraints on event sequences 
In LTD relationship, the cardinality constraints depend on the particular constellation of 
objects of dependent type (DEPType) and support type (SPRType). In the following, instances 
of DEPTypes will be denoted by dep1, dep2, ... etc., whereas instances of SPRTypes are called 
spr1 , spr2, ... etc. . In order to define LTD relationships more precisely, first the notion of 
"required" support objects will be formalised. The following cases, depending on the 
constellation of the dependent and the support objects, can be identified: 

I) For each dependent object there exists exactly one support object. In this simple case the 
minimum- as well as maximum cardinality on the side of the dependent object is one 
(which implies that there is existential dependency between the objects). Furthermore, 
LTD introduces the constraint that the support object may not be replaced (substituted) by 
another (support) object. The supportset (SS) with respect to a DE P object dep1: 



Lifetime dependency relationships 217 

(SS(dep1)) is defined as the set holding one instance of the associated SPRType. Thus, for 
example if dep1 is related to spr1 then 

SS(dep1) = {spr1}. 

ii) For each dependent object there has to be one (or more) support object(s) that may be 
chosen from one of several support types, eg, Figure 3. In this case, the minimum 
cardinality on the side of the dependent object must be 0. Again, LTD introduces the 
constraint that the support object(s) may not be replaced by other objects. The supportset 
of a DEP object consists of one or more instances of one of the support types. 

iii) For each dependent object there exists a set of support objects such that this set includes at 
least one object per support type, such as the example given in Figure 3. In this situation, 
the minimum cardinality on the side of the dependent type must be 1. In analogy to the 
previous cases, none of the support objects in the support set may be replaced by some 
other object. Note that this case typically models relationship objects that depend on two 
(or, in the case of n-ary relationships more than two) interrelated objects. The support set 
consists of a set of one or more instances of each of the SPRTypes., eg, 

SS(marriage1) = {husband1, wife1 }. 

In brief, all cases share the constraints that all the required support objects have to exist and 
that none of the support objects participating in a LTD relationship may be substituted. 

Now that we have described LTD, we will contrast this with the concept of existential 
dependency in data modelling. Unlike LTD, existential dependency (Navathe, 1992; Halpin, 
1995) is an information model notion, as far as it concerns the entities in the database (the 
information base objects), not the real world objects (the problem domain objects) that the 
database is supposed to represent. As shown in figure 5, an existentially dependent (EXD) 
relationship interconnects an existentially dependent (weak) type (EXDType) with an 
independent type (INDType). In this relationship, the minimum cardinality on the side of the 
EXDType is 1 (or, in special cases larger than one). Instances of EXDTypes will be denoted by 
exd1, exd2, ... etc., while instances of INDTypes will be denoted by ind1, ind2, ... etc. 

Employee I WorksFor I Company 
.__ ____ _J·1 :1 O:n L-. -------' 

Figure 5: Existence dependency between a weak (left) and an independent (right) entity type. 

Having described the constituents of existential dependency relationships, Jet us recall some 
concepts from object oriented modelling. The life cycle of an object (compare eg, Kappel and 
Schrefl, 1994) specifies the legal sequences of events during the lifetime on an object. For 
example, the life cycle of a marriage object could be wedding, then either widow(er) or 
separating (alternatively joining), divorce. 

We will use the notation event1 ~ event2 to express the fact hat event1 occurs before or 
concurrently with event2. Furthermore, the event space Events, i.e. the set of all events, is 
partitioned into three disjoint subsets, namely creationEvents, destructionEvents and 
intermediateEvents: 

Events = creation Events U destruction Events U intermediate Events 

creationEvents n destruction Events n intermediateEvents = {} 
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In particular, let 

create(o1) E creationEvents, delete(o1) E destructionEvents 

and 

modify(o1) E intermediateEvents 

for every object o1 from the object space Objects. Assumes that it holds that, for each object 
o1: 

create(o1) < delete(o1) 

In the following we formalise the notion of LTD by giving a constraint on the life cycle of a 
DEPType object. In the sequel it is shown that this constraint does not hold for EXDType 
objects. We start with the simple case, namely a LTD relationship between one DEPType 
object (dep) and exactly one SPRType object (spr). The notation spr1(Tx) expresses that spr1 
has type Tx. In this case, the following constraint holds on the LTD relationship between spr 
anddep: 

V spr(SPRType), Vdep(DEPType): dep is in LTD relationship to spr => 

create(spr) s create(dep) A delete(dep) s delete(spr) 

Thereby it is assumed that create(dep) involves establishing the relationship to spr. Note that 
this constraint does not hold for EXD relationships where the following is a legal event 
sequence: 

create(ind1) s create(exd) s create(ind2) s modify(ind2) s delete(ind1) < delete(exd) 

whereby modify(ind2) establishes an interconnection to exd and create(exd) involves 
establishing a relationship to ind1. In this sequence, a second INDType object ind2 is created 
and substituted for ind1 such that indl may be deleted before exd, to which ind1 was initially 
interconnected. 

In the more general case, a supportset SS(dep) is used instead of the single support object 
spr in the above definition. Then, 

V dep(DEPType), V spq, iscard(SS) A spq E SS(dep): dep is in LTD relationship to spr => 
create(spq) s create(dep) A delete(dep) s delete(spfi) 

In analogy to the simple case, the constraint says that for every dependent object, all the 
support objects required in a LTD relationship have to be created before or concurrently with 
a dependent object and may be deleted only after or concurrently with the dependent object. 

3 RELATED APPROACHES 

3.1 Roles 

Multiple generalization 

Early attempts to capture roles were carried out by means of generalization I specialization 
(Sci ore, 1989; Goldstein and Storey, 1992). The models that were created consisted of 
multiple generalization hierarchies between object types, leaving the options for as many 
combinations of object types as needed. The major problems with this approach are: 
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• The combination of generalization hierarchies leads to frequent occurrences of multiple 
inheritance, requiring additional rules for handling priorities in name conflicts. 
When a combination of object types that has not been anticipated, has to be included in 
the model, the complex web of hierarchies must be changed, with a great risk of failure. 

• The model cannot handle cardinalities, because generalization/specialization concerns 
object types, rather than instances. 

• When an object changes its roles, the object has to be transformed into another class, 
creating migrating class problems. 

Patterns 

Coad (1992) proposes seven patterns of combinations of generalization-, aggregation-, and 
association relations for modelling phenomena that often occur in analysis. One of these is 
the person-role case, which he proposes to model as in Figure 6. 

means that there is no 
objects of this class 

Figure 6: Pattern for modelling roles (Coad, 1992) 

Compared to the multiple generalization approach, the combination of generalization with 
whole-part avoids the need for multiple inheritance and migrating classes, and it allows for 
specifying cardinalities. However, compared to lifetime dependency, the cardinality on the 
side of the support object is expressed in an aggregated way for all roles, such that it is not 
clear how many roles of each type the support object can attach. 

Multiple classification 

Multiple classification, or else called multiple instantiation allows an object to be an instance 
of more than one class, such that, eg, 'Turing' may be instance of both Employee and Author 
at the same time. This alleviates the problem of proliferation of classes in the case of 
supporting multiple generalization without multiple classification. However, multiple 
classification does not allow to express all the semantics of LTD relationships, in particular in 
cases ii) and iii) mentioned above. 

Role relationships 

Relationships for modelling roles have been proposed in previous research. For example, 
van de Weg and Engmann (1992), referring to Pernici (1990), include a "role" relation in 
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their conceptual framework. They use an example of a student being a role of a person, 
similar to the conference case in Figure 1. They state that a role "can be created after the 
creation of the base type" (p.l36). This is not the same as lifetime dependency, which 
requires that the role must be created after the person ("base type"). Regarding the 
termination of roles, they require the termination of the role if the base terminates, similar to 
lifetime dependency. 

They argue that roles and bases are different entities (objects) with their own attributes. 
However, they indicate that a role object can have only one base object (p.l30), which 
excludes the modelling of the cases in Figures 2-4. The same holds for Renouf and 
Henderson-Sellers's (1994) approach. 

Velho and Carapuca (1994) also propose a role relation which seems to allow for any 
cardinalities. However, they do not capture the dynamic aspects derived from object life 
cycles, thereby also modelling events as objects and missing the lifetime dependency issue. 

Kaasbj(jll (1995) defines a role-realisation relation between objects, with the roles 
depending on the existence of the realisation. However, he neither discusses the problem of 
several realisations (Figure 2) nor the difference between lifetime dependence in the real 
world and in information bases. 

Role objects 

Techniques for modelling an object with many "roles" (Odberg, 1994, Gottlob et al, 1996) or 
"aspects" (Richardson and Schwarz, 1991) have also been suggested. In particular, role 
objects allow to model the fact that one object may have several roles of the same type 
attached. Thus, eg, a person may play several employee roles. However, each role object or 
aspect is interconnected with exactly one base object. Consequently, role objects and aspects 
do not allow to model the relation with attributes and the exclusive selection cases in Figures 
2 and 3. 

3.2 Link 

"Link-objects" have been introduced in object oriented analysis (Martin and Odell, 1992; 
Rumbaugh, 1991) to model attributes of associations, see Figure 7. 

Marriage 

Woman I Q Man 
~------~~-0-:1--~~---0-:-1;_ ______ ~ 

Figure 7: A "link-object" (Martin and Odell, 1992) 

A link-object is tied to a link between two objects, and therefore it exists as long as the link 
exists, whose existence depends on the existence of both interconnected objects. This is the 
same as saying that the link-object is lifetime dependent on these objects. 

Since a link connects two objects, while the lifetime dependency relation can connect a 
dependent to any number of support objects, lifetime dependency is a more general relation 
than link-objects. Eg, link-objects cannot be used in the role case. 
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Binary relations with attributes in entity-relationship modelling (Navathe, 1992) have the 
same semantics as link-objects. Lifetime dependency can therefore also model binary 
relations with attributes. ER-relations with more than two entities is a more complex case for 
modelling (Flynn et al, 1995) and will not be discussed in this paper. 

4 PROPAGATION OF MESSAGES 

An advantage of multiple generalization and multiple classification is that the methods in the 
general classes are directly available in an object that instantiates a specialization of these 
general classes. In order to provide a similar mechanism, Gottlob et al (1996) suggest that 
each role transfers unknown messages in the direction of the unique object it is a role of. In 
the lifetime dependency relationship, this strategy could be implemented if the relation only 
involved one support object. Since LTD requires the existence of the support, an automatic 
transfer of message is guarded against meeting non-existent objects. 

However, a LTD relationship may involve several support objects, and selecting one of 
these is not necessarily the right choice. Eg, is the tax paid by an operator in Figure 8 to be 
found in the company or the gas field, or is it a combination of the two? 

Interestingly , in the approach by Neuhold et al (1989), the direction of message 
forwarding is reversed, such that objects propagate messages to their roles. This will create 
the same problem of which role to choose. In addition, it is unknown in advance whether a 
particular role exists, thus this direction of message propagation is more risky . 

To reduce the risk of unforeseen responses, we do not recommend that LTD implies 
automatic propagation of messages . However, we suggest an option to describe automatic 
propagation from a dependent to a specified support object, eg, through adding a statement 
"Transfer to Company" in Operator or adding an arrowhead along the line from Operator to 
Company. The arrowheads in the figure shows that also Sales deal, Customer and Vendor 
transfer messages to their support objects . 

Figure 8: Parts of a gas sale system modelled with the Coad and Yourdon (1991) method 
(left) and remodelled with lifetime dependency relations (right). 
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5 GUIDELINES FOR ANALYSIS OF PROBLEM DOMAINS 

When deciding when to use the lifetime dependency relation in modelling, one can both look 
for the dependency and for concepts that are commonly used for expressing relations that can 
be subsumed by lifetime dependency. 

When searching for dependency, the following questions can be asked: 
• Which physical entities are involved? 
• Is there an aspect that depends on the existence of the physical entities? 
• When does the aspect appear and disappear? 

These questions may unveil some of the role relations. However, the relations with attributes 
may not easily be found, because the relations are seldom regarded as aspects. In order to 
find these occurrences, one should check whether the relations have their own attributes or 
life cycles. 

When the generalisation relation is used, one should ask: 
Does any object of a specialised class have a life cycle that terminates before the 
corresponding object of the general class? 
May an object shift from one class to another during its lifetime? 

In both cases, the generalisation structures should be remodelled as lifetime dependency 
relationships. 

Some of the natural language phrases that indicate lifetime dependency are: 
• dependent, support 
• aspect 

play, played by, act as 
• role, actor, ensemble 

6 EXPLORATIVE EMPIRICAL STUDY 

In order to get an indication of the frequency of the occurrence of lifetime dependency 
relationship in object-oriented models, a small empirical study was carried out. Three existing 
object-oriented models in the Coad and Yourdon (1991) notation were remodelled by 
introducing lifetime dependency relationships, where appropriate, into the models. The 
systems modelled had previously been selected for another study of object-oriented methods 
(Kvisli, 1993). The systems concern internal interest calculation, gas sales, and transport and 
administration of personnel in an oil company. They differ in size, batch/interactive, 
dynamics of data, and requirements for update. 

The total number of relationships in the three models before and after remodelling is 
h bel Ea h b h f h I d en-spec is counted as one relation. sown ow. c ranc o a w o e-part an a g 

Before After 
Associations 44 22 

Whole-part 55 39 
General/specific 29 23 

(one role construct) 
Lifetime dependency 31 

Total 128 115 
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Even if only three systems have been analysed, the figures indicate that lifetime dependency 
relationships occurs as often as the three former relationship used. It is also worth noting that 
only one role construct was found (the Company in Figure 8), indicating that roles constitute 
a minor fraction of the total number of L TDs. 

Th LTD h d th f; ll d" "b ti n of the number of support objects involved: e s s owe e o owmg 1stn u o 
# support objects # LTD relationships 

1 14 
2 11 
3 1 

XOR 5 

The relations with one support object would typically be modelled with existential 
dependency, eg, a currency account depended on the existence of a licence. The XOR cases, 
similar to Figure 3, were expressed with duplicated classes and annotations, and lifetime 
dependency improved the models in these cases in particular. 

Since LTD applies to relations between computer processes, as illustrated in Figure 4, this 
indicates that LTD also appears frequently in this domain, which is the target domain for 
many software development projects. 

7 DISCUSSION AND CONCLUSION 
In this paper we have identified, formalised, and investigated a new category of relationships 
called lifetime dependency (LTD). This relationship category carries along a dynamic inter
object constraint saying that when an object throughout its lifetime depends on the existence 
of other objects (or, another object), the former stays in a lifetime dependency to the latter. 
Further, it has been argued that lifetime dependency is inherent in, amongst others, 
relationship objects and role objects. Although these have extensively be dealt with in the 
literature, none of the current 00 modelling techniques provides means to capture the general 
case of relationships carrying lifetime dependency semantics in a satisfactory way. 

The notion of LTD introduced in this paper generalizes on current approaches to the 
modelling of roles. The generalization applies in so far, as one role object (acting as the 
dependent object) may depend on several support objects (Figure 2) or a disjunct of base 
objects (acting as support objects), as demonstrated in figure 3. To the best of our knowledge, 
the role concept so far has been used only with one fixed (mandatory) interconnection 
between the role- and the base object. In this context note that automated message forwarding 
algorithms developed for roles (Gottlob et al, 1996) could easily be extended to deal with the 
generalized case since, at compile time, the interconnection between role and base object 
must be established. 

This paper has further argued that including lifetime dependency in modelling can imply 
more concise and simpler object models. Since LTD co-occurs with notions such as roles, 
relationship objects, and other special purpose associations, it helps to keep the number of 
special purpose mechanisms needed in an analysis model small. This is indicated both by the 
way LTD relationships were proposed to be used and by an empirical study that resulted in 
more concise object models after the introduction of LTD relationships. 

In more general terms, the approach taken in this paper is based on the basic observation 
that, in spite of allowing one to model both structural and behavioural aspects, current 00 
models offer little support for modelling behavioural inter-object constraints, except for 
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synchronization by message passing or common events. In this context, the feature of non
substitutability of certain objects that is inherent in LTD, may be regarded as just one easy to 
analyze and frequently occurring feature characterizing a behavioural inter-object constraint. 
A more general question we aim to address in future research is to find a possibly minimal set 
of features such as substitutability, reusability, mutability, etc. and to analyze ways how such 
features could best be captured in object models in order to make the latter more truthful 
representations of the problem domain. In addition to conducting additional empirical studies, 
further research should also result in guidelines on how to incorporate behavioural inter
object constraints into object models. Furthermore, tools that help to cross-check object- and 
behaviour models for consistency are of extreme importance. 
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