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Abstract. Relationship reification is a well-known schema transformation in
conceptual modeling of information systems. Traditionally, reification has been
studied only for single state conceptual models. We show that these conceptual
models and reification are too limited to cope effectively with some modeling
situations. On the other hand, very little work has been done on reification in
temporal models. In this paper we generalize previous work on reification, and
propose three temporal reification kinds. We define the characteristics of the
entity types, and of their intrinsic relationship types, produced by each
reification kind. The result of our work may be applicable to any temporal
conceptual model. We also show, by means of an example, the practical interest
of our proposal.

1. Introduction

Relationship reification is a well-known schema transformation in conceptual
modeling of information systems. Reification applies to an n-ary (n ‡ 2) relationship
type R and produces a new entity type E, and a set of n relationship types Ri, (i =
1,...,n), which connect instances of E with the n participating entities in the
corresponding instances of R.

Many conceptual models deal explicitly with reification, and usually their
conceptual modeling languages provide specific constructs for showing reification.
Among them, we may mention [5,8,10,13,18,20,22]. The name given to reification
varies among conceptual models and languages. Some focus on the transformation
and call it relationship-to-entity or nominalisation. Others focus on the reified
relationship and call it objectified relationship. Finally, others prefer to focus on the
result and call it associative entity, association type, association class or relational
object type.

The graphical representation of reification also differs among the conceptual
languages. For the purposes of this paper we will adopt the representation shown in
Figure 1, where a ternary relationship type Supplies is reified into entity type Supply.
Using this representation, the three binary relationship types connecting Supply with
Supplier, Project and Part are implicit, and not shown in the conceptual schema.

Reification is an information-preserving transformation, in the sense that it does
not change the information content of the schema [1,14]. However, reification is
necessary  when  relationships  may  participate  in  other  relationships, because most
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conceptual models require relationship participants to be entities. On the other hand,
reification normalizes any relationship type into a particular form of binary
relationship type, which may be very useful for schema analysis and information
systems design.

Fig. 1. Graphical representation of reification

Traditionally, reification has been studied only for single state conceptual models,
that is, models whose schemes describe the structure and properties of a domain (or
information base or database) at a single point of time [3,11]. In this context,
application of reification, that we call static reification, means that whenever a new
relationship is born in the information base, it is reified into an entity at that moment,
and it remains in the information base until its corresponding relationship ceases to
exist. In the example of Figure 1, there would be an instance of Supply for each
instance of Supplies. [14,15] provide a detailed description of the static reification.

Single state conceptual models and static reification are, of course, very useful in
many modeling situations. However, they have their limits, and they are unable to
cope effectively with some common modeling situations, where temporal (or multiple
states) models and other kinds of reification are needed. To motivate these models
and reification kinds, consider a simple domain example, which will be used
throughout the paper:

(1) Persons work in projects. A person may work in a project during several non-
consecutive temporal intervals. We will assume as base time unit a day. A person may
work in any number of projects on the same day. The information system must have
available the complete history of projects (which persons have worked in which
projects, when, etc.).

(2) A person performs always the same role (project leader, programmer, etc.), and
has always the same manager, when he works in a particular project. Both role and
manager are independent of when the person works in the project. The role and the
manager may be different in other projects the person works in.

(3) During a temporal interval in which a person works in a project, he is working
in a task and has a deadline. The task and the deadline are the same during the whole
interval. If a person works in a project during two or more temporal intervals, the task
and the deadline may be different in each one.

(4)  For each day in which a person works in a project, the number of hours worked
and the deliverables produced (if any) must be recorded.

 Supplier

 Project

Supplies

    Supply

      Part
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Modeling this domain with a single state conceptual model, and applying the static
reification, results in a conceptual schema that has several relationship types, and
several complex integrity constraints to ensure the integrity of the information base.
This affects negatively the quality of the schema.

The problem lies in the fact that in the above domain there is an underlying
relationship type (Person WorksIn Project), as described in (1) above, whose time-
varying instances must be reified in three different ways:

(a) Per life span: a relationship r (instance of WorksIn) is reified into a single entity
e, which is the same during the whole life span of r. Entity e is then related to role and
manager, as described in (2) above.

(b) Per interval: a relationship r is reified into a different entity e for each temporal
interval during which r holds. Entity e is then related to task and date (deadline), as
described in (3) above.

(c) Per instant: a relationship r is reified into a different entity e for each time point
in which r holds. Entity e is then related to integer (number of hours worked) and
deliverable, as described in (4) above.

The use of a temporal conceptual model, and the application of the above three
temporal reifications would produce a simpler and clearer conceptual schema, as we
will show in the rest of this paper.

We note that the problems encountered with the use of single state conceptual
models, and the application of static reification, in the above domain, are not due only
to the fact that the information system must keep historical information. Exactly the
same problems would appear if the conceptual schema had to define the integrity
constraints described in (2), (3) and (4) above.

 To our knowledge, ERT is the only temporal conceptual model that deals
explicitly with reification and provides a language construct for it [18,19]. In ERT,
relationships may be time stamped to record their validity period, and their reification
produces entities that have the same time stamps. Only one kind of reification is
defined, which, as will be seen, corresponds to reification per life span.

The main objective of the work reported here is to study the above kinds of
reification, and to characterize them formally, including their temporal aspects. The
result of our work is applicable to any temporal conceptual model, such as Telos [9],
ERT [18], MADS [16] and others. On the other hand, our work may be of interest to
the temporal databases field [17].

The rest of the paper is structured as follows. Sections 2 and 3 describe some
temporal features of entity types and relationship types, respectively. The features are
used to characterize part of the temporal behavior of entities and relationships.
Sections 4, 5 and 6 draw on those features to characterize the result of each reification
kind. Section 7 gives the conclusions of the paper, and points out possible extensions.

2. Temporal Features of Entity Types

When we take a temporal view, we observe that entities and relationships are
instances of their types at particular time points [4]. We will assume that time points
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are expressed in a common base time unit, such as second or day. A time point
represents an interval in the time axis.

We represent by E(e,t) the fact that entity e is instance of entity type E at time t.
For example, Project(P1,D1) means that P1 is instance of Project at time D1 (day in
this case). Note that E(e,t) may hold either because e is instance of E at all possible
subintervals of t, or because e is instance of E only at one or more subintervals of t.
The population of E at t is defined as the set of entities that are instance of E at t. The
life span of entity e in entity type E is the set of time points at which e is instance of
E.

The temporal features of entity types in which we are interested characterize the
life span of their instances. We draw on the work reported in [2,6,12] to define two
orthogonal features of the above set: durability and frequency.

Durability. The durability feature of an entity type has two possible values:
instantaneous and durable. We say that entity type E is instantaneous  if, for all e and
t, E(e,t) implies that:

- E(e,t+1) cannot hold, or
- E(e,t) holds only for some subintervals of t.

Otherwise, E is durable.
Most entity types are durable. For example, Project is durable, because an entity P

may be instance of Project during two or more consecutive days T and T+1, and
Project(P,T) may hold for all subintervals of day T. An example of instantaneous
entity type may be Arrival (of a letter). A fact Arrival(L,T1), meaning that letter L
arrives at T1, only holds for a subinterval of T1, even if the base time unit is second.

If E is a durable entity type, a classification interval of e in E is a maximal set of
consecutive time points of the life span of e in E. If E is instantaneous, then there is a
classification interval of e in E for each time point at which e is instance of E. Figure
2 shows several examples: [t4,t6] is a classification interval of Joan in Employee; [t4,t5]
would not be a classification interval because it is not maximal.

 The way by which an information system knows a classification interval of e in E
depends on the durability of E. If E is durable, the system needs to be told only of the
starting and ending times of the interval. If E is instantaneous, the system must be told
explicitly of all times at which e is instance of E.

An entity e has one or more  classification intervals in E. We denote by Ci(e,E) the
set of classification intervals of e in E. For example, in Figure 2 we have
Ci(L,Arrival) = {[t3,t3]} and Ci(E,Employee) = {[t1,t2], [t4,t6]}. We will also need to
use the predicate IncludedIn(t,ti) to indicate that time point t is included in the
temporal interval ti. For instance, IncludedIn (t4,[t4,t6]) is true.

Frequency. The frequency feature of an entity type has also two possible values:
single and intermittent. We say that entity type E is single if all its entities can only be
instance of E during one classification interval. Otherwise, E is intermittent.
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Fig. 2. Examples of classification intervals

Most entity types are single. For example, Project is single, if we assume that once
a project ceases to exist, it cannot be reincarnated later. An example of instantaneous
and single entity type is Arrival, since a letter can be instance of it only at a single
time point. An example of durable and intermittent entity type could be Employee, if
we assume that a person can be employed during several intervals. Finally, an
example of instantaneous and intermittent entity type could be ButtonPressed. A fact
ButtonPressed(B,T1) means that button B is pressed at time T1. The same button may
be pressed several times. Figure 2 shows some classification intervals of one example
entity of each of the above types.

3. Temporal Features of Relationship Types

We define in this section some temporal features of relationship types, needed to fully
characterize temporal reifications. Other features may be found in [2, 6, 16].

Let R be a relationship type. We denote by R(P1:E1,...,Pn:En) the schema of R,
where E1,...,En are the participant entity types in R, playing roles P1,...,Pn respectively.
If a role Pi is omitted, it is assumed to be equal to Ei. We represent by R(e1,...,en,t) the
fact that entities e1,...,en participate in an instance of relationship type R at time t. We
will also say that (e1,...,en) is an instance of R at time t. For example, in
WorksIn(Employee:Person,Project), WorksIn(A1,P1,D1) represents the fact that
(A1,P1) is instance of WorksIn at time D1. Temporal integrity rules require ei be
instance of Ei at time t or before, for i = 1,..,n. In the previous example, A1 must be
instance of Person at D1 or before.

We will need to use the classical cardinality constraints [7], defined as follows.
The mapping constraint between (P1,...,Pi-1,Pi+1,...,Pn) and Pi in R(P1:E1,...,Pn:En) is a
pair (min,max), with min, max > 0, which indicates the minimum and maximum
number of instances of Ei that may be related in R with any combination of entities
(e1,...,ei-1,ei+1,...,en) at any time t. The mapping is functional if min = max = 1.

The participation constraint of Pi in R(P1:E1,...,Pn:En) is a pair (min,max), with min,
max ‡ 0, if for each ei instance of Ei at any time t, the minimum (maximum) number
of instances of R in which ei can participate is min (max). The participation is total if
min > 0.

time

Project (P)

Arrival (L)

Employee (Joan)

ButtonPressed (B)

t1 t2 t3 t4 t5 t6
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The life span of (e1,...,en) in relationship type R, the classification interval of
(e1,...,en) in R, and Ci((e1,...,en),R) are defined similarly to as we did for entity types.
We also define in a similar way the durability and frequency features for relationship
types. We do not reproduce the formal definitions here, but give one example of each
of the four combinations, assuming as base time unit a day: WorksIn
(Employee:Person, Project) could be durable and intermittent; Has (Person,
Name:String) is durable and single; Drinks (Person, Bottle) is instantaneous and
single; and Buys (Person, Product) is instantaneous and intermittent.

Synchronism. A relationship type R(P1:E1,...,Pn:En) is synchronous if, for i = 1,...,n:
" e1,...,en,t (R(e1,...,ei,...,en,t) fi  Ei(ei,t))

Otherwise, R is asynchronous.
In practice, most relationship types are synchronous, and this will be the only case

we will assume in this paper. For example, WorksIn (Employee:Person, Project) is
synchronous. This means that if (A1,P1) is an instance of WorksIn at time D1, then A1
and P1 must be instances of Person and Project, respectively, at D1.

Constant relationship type with respect to a participant. A synchronous
relationship type R(P1:E1,...,Pn:En) is constant with respect to participant Pi if:

(1) The participation of Pi in R is total.
(2) R is immutable with respect to Pi; that is, if (e1,...,ei,...,en) is instance of R at t, it

will continue to be an instance of R for all times at which ei is instance of Ei.
(3) R is not insertable with respect to Pi; that is, if (e1,...,ei,...,en) is instance of R at t,

then it must also be an instance of R at the beginning of the life span of ei in Ei.
For example, IsWrittenBy (Book, Author:Person) is constant with respect to Book,

if we assume that all books have at least one author (1); that the authors of a book
cannot be changed (2); and that we cannot add authors to a book (3). Note that
IsWrittenBy is not constant with respect to Author.

Existence dependency. Entity type E1 is existence dependent of E2 via a binary
relationship type R(P1:E1,P2:E2) if R is constant with respect to P1 and the mapping
constraint between P1 and P2 is functional. This definition generalizes, in a temporal
context, the one given in [15].

Existence dependencies are very important because, as we will see in the next
sections, any relationship type R(P1:E1,...,Pn:En) can be reified into a new entity type E
and n binary relationship types  Ri(P:E, Pi: Ei), such that E is existence dependent of
Ei via Ri.

References. Let R(P:E,P1:E1)  be a binary relationship type. We say that R is a simple
reference for E if the participation of P in R is total, and the mapping constraint
between P1 and P is functional. For example, Has(Person, Name:String) is a simple
reference for Person if all persons have always at least one name, and any String can
be the name of at most one Person.
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A set of n (n ‡ 2) binary relationship types R1(P'1:E,P1:E1),..., Rn(P'n:E,Pn:En) is a
compound reference for E if, for i = 1,...,n, the mapping constraint between Pi and P'i
is non functional, the participation of P'i in Ri is total, and

" e,e',e1,...,en,t (R1(e,e1,t) Ù  R1(e',e1,t) Ù ...Ù  Rn(e,en,t) Ù  Rn(e',en,t) fi  e = e')
For example, the set {Has(Book,Title:String), IsPublishedBy(Book,Publisher} is a

compound reference for Book.

Fig. 3. Example reification of WorksIn

4. Reification per Instant

We introduce the concept of reification per instant by means of an example, before
giving its formal definition. Consider relationship type WorksIn. The top of Figure 3
gives a sample population at two different instants (days).

Reification per instant of WorksIn produces a new entity type, which we call
Workday. This entity type will have at time t a different instance for each relationship
r instance of WorksIn at t. This fact is shown in the bottom of Figure 3. Observe that
WorksIn (A,P1) holds at both t = 37 and t = 96, and that it originates two different
instances of Workday (W1 and W3). Instance W1, for example, corresponds to the fact
that person A works in project P1 at time 37.

These instances must be related to the participant entities of the reified
relationship, since otherwise we could not establish the correspondence between the
entity and the relationship. This is done by means of binary relationships between the
new entity and each of the participating entities. We call these relationships intrinsic,
since they may be seen as being an intrinsic part of the new entity. In Figure 3 we
show the population of the two intrinsic relationship types (IsDoneBy and
IsWorkedIn), which relate Workday with Person and Project, respectively. It is easy
to see that we can reproduce any instance of WorksIn from a Workday entity and the
two intrinsic relationships.

         WorksIn (Pers, Proj)
                           A     P1
                           B     P2

                Workday
                    W3
                    W4
       IsDoneBy (Wd, Pers)
                           W3   A
                           W4   B
     IsWorkedIn (Wd, Proj)
                          W3  P1
                          W4  P2

         WorksIn (Pers, Proj)
                           A     P1
                           A     P2

                Workday
                    W1
                    W2
        IsDoneBy (Wd, Pers)
                           W1   A
                           W2   A
    IsWorkedIn (Wd, Proj)
                          W1  P1
                          W2  P2

t = 37 t = 96.....
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Formally, the reification per instant of a synchronous relationship type
R(P1:E1,...,Pn:En) is a schema transformation that produces a new entity type E and n
intrinsic relationship types Ri(P:E,Pi:Ei), (i = 1,...,n), such that:

(a) E and Ri are instantaneous and single. Ri are synchronous.
(b) Intrinsic relationship types Ri are constant with respect to P.
(c) The mapping constraint between P and Pi in Ri is functional.
(d) There is a one-to-one correspondence between the populations of R and E at

any time t:
" e1,...,en,t (R(e1,...,en,t) fi  $!e(E(e,t) Ù  R1(e,e1,t) Ù  ... Ù  Rn(e,en,t)))

" e,e1,...,en,t (E(e,t) Ù  R1(e,e1,t) Ù  ... Ù  Rn(e,en,t) fi  R(e1,...,en,t))

The following remarks give the rationale for the definition of the above
transformation:

(a) We want the new entities and their intrinsic relationships to hold at one, and
only one, time point (see Figure 4).

(b) In this reification kind, condition (b) ensures that entities of the new entity type
E must participate in their set of intrinsic relationships.

(c) Each instance of the new entity type participates in only one relationship, in
each intrinsic relationship type Ri.

(d) For each instance r of R that holds at a particular time, we want to produce one,
and only one, entity, and its set of intrinsic relationships, and all entities must
correspond to one, and only one, relationship r.

Fig. 4. Example of classification intervals in the reification per instant

The above definition guarantees that we can reproduce (or derive) the instances of
R from the instances of E and the instances of its intrinsic relationship types.
Additionally, the following properties hold:

(1) E is existence dependent of Ei. This follows from (b) and (c) above.
(2) The participation constraint of P in Ri is (1,1).
(3) The participation constraint of Pi in Ri is the same as its participation constraint

in R.

time

WorksIn (A,P1)

Workday (W1)

Workday (W2)

Workday (W3)

t1 t2 t3 t4 t5
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(4) If the participation constraint of Pi in R is (min,max), then the mapping
constraint between Pi and P in Ri is (min,max) or, if min = 0, (1,max).

(5) If for some Ri the mapping constraint between Pi and P is functional then Ri is a
simple reference for E. Otherwise the set {R1,..., Rn} is a compound reference for E.

Fig. 5. Reification per instant of WorksIn

Application to the example. Applying this definition to our example, we have that
reification of WorksIn gives entity type Workday, and two intrinsic binary relationship
types: IsDoneBy (Workday, Person) and IsWorkedIn (Workday, Project)

Both relationships types are constant with respect to Workday. On the other hand,
the mapping constraint between Workday and the other participant is functional.
Therefore, Workday is existence dependent of Person and Project.

If we assume that the participation constraints of Person and Project in WorksIn
are (0,*) then the mapping constraints between Person and Workday, and between
Project and Workday, are (1,*). Therefore, the set {IsDoneBy, IsWorkedIn} is a
compound reference for Workday; that is, we can identify an instance of Workday by
the Person and the Project to which it is related through its intrinsic relationships.

If, instead, the participation constraint of Person in WorksIn were (0,1), meaning
that a person can work at most in one project at a given time, then the mapping
constraint between Person and Workday in IsDoneBy would be (1,1), i.e. functional.
Therefore, in this case IsDoneBy would be a simple reference for Workday: we could
identify an instance of Workday by the person to which it is related.

Figure 5 shows the graphical representation of this example. We have added the
label ‘instant’ to the dashed line that represents the reification transformation, to
indicate the kind of reification performed.

Figure 5 also shows an attribute of Workday (HoursWorked, which models the
number of hours worked by a person in a project on a particular day), and a
relationship type in which it participates (Produces, that models the deliverables
produced by a person in a project on a particular day).

It is interesting to note that although the result of the reification per instant is
always an instantaneous and single entity type, the reified relationship type may have
any value in the durability and frequency features: in our example, WorksIn is durable
and intermittent.

Produces

1 *

   Person

Deliverable
     Workday

HoursWorked:
   Integer

WorksIn

instant

   Project
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5. Reification per Classification Interval

Reification per classification interval (or, in short, per interval) is the most frequently
used. Again, we introduce the concept by means of an example, before giving its
formal definition. Consider relationship type WorksIn. Reification per interval of
WorksIn produces a new entity type, which we call now Assignment. There will be an
instance of Assignment for each instance r of WorksIn and classification interval of r
in WorksIn, Ci(r,WorksIn). That is, if r has three classification intervals in WorksIn,
there will be three instances of Assignment. Figure 6 shows an example of
classification intervals of a relationship and of the two entities produced. Note the
difference with respect to the previous case (Figure 4), where there was one instance
for each instant.

Fig. 6. Example of classification intervals in the reification per interval

Formally, the reification per interval of a synchronous relationship type
R(P1:E1,...,Pn:En) is a schema transformation that produces a new entity type E and n
intrinsic relationship types Ri(P:E,Pi:Ei), (i = 1,...,n), such that:

(a) E and Ri are single. The value of durability for E and Ri is the same as that of R.
Ri are synchronous.

(b) Intrinsic relationship types Ri are constant with respect to P.
(c) The mapping constraint between P and Pi in Ri is functional.
(d) There is a one-to-one correspondence between the populations of R and E at

any time t, and there is only one entity for each classification interval of a reified
relationship:

" e1,...,en,t,ti (R(e1,...,en,t) Ù  ti˛ Ci((e1,...,en),R) Ù  IncludedIn(t,ti)
fi  $!e(E(e,t) Ù  R1(e,e1,t) Ù  ... Ù  Rn(e,en,t) Ù  ti˛ Ci(e,E))

" e,e1,...,en,t,ti (E(e,t) Ù  R1(e,e1,t) Ù  ... Ù  Rn(e,en,t) Ù  ti˛ Ci(e,E)
fi  R(e1,...,en,t) Ù  ti˛ Ci((e1,...,en),R))

The above definition guarantees that we can reproduce (or derive) the instances of
R from the instances of E and the instances of its intrinsic relationship types. It can be
seen that properties (1)-(5) of E and Ri, defined in the reification per instant, also hold
in this case. Therefore, all properties of the intrinsic relationship types are the same as
in the reification per instant, except durability and frequency. Note also that if R is

WorksIn (A,P1)

Assignment (A1)

Assignment (A2)

t1 t2 t3 t4 t5 t6 time



406           Antoni Olivé

instantaneous, the result of the reification per interval is exactly the same as the one
obtained by the reification per instant.

Reification per interval of a relationship type, with frequency single, corresponds
to the static reification in single-state conceptual models, mentioned in the
Introduction, and characterized in [15]. Therefore, static reification may be seen as a
particular case of our temporal reifications.

Fig. 7. Reification per interval of WorksIn

Application to the example. Applying this definition to the above example, we have
that reification of WorksIn gives entity type Assignment, and two intrinsic binary
relationship types: IsAssignedTo (Assignment, Person) and Corresponds (Assignment,
Project).

Both relationships are constant with respect to Assignment. On the other hand, the
mapping constraint between Assignment and the other participant is functional.
Therefore, Assignment is existence dependent of Person and Project.

If we assume that the participation constraints of Person and Project in WorksIn
are (0,*) then the mapping constraints between Person and Assignment, and between
Project and Assignment, are (1,*). Therefore, the set {IsAssignedTo, Corresponds} is
a compound reference for Assignment.

 Figure 7 shows the graphical representation of this example. We have added the
label ‘interval’ to the dashed line that represents the reification transformation, to
indicate the kind of reification performed.

Figure 7 also shows an attribute of Assignment (Deadline, which models the
planned termination date of the assignment), and a relationship type in which
participates (Performs, that models the task performed by a person in a project during
the assignment). We can now model the property “The task and the deadline are the
same during the whole interval”, described in the Introduction, by defining Performs
and Deadline constant with respect to Assignment.

6. Reification per Life Span

Reification per life span is the last kind of reification we present here. Again, we
introduce the concept by means of the example, before giving its formal definition.
Consider relationship type WorksIn. Reification per life span of WorksIn produces a

Performs

1

   Project

    Task
    Assignment

Deadline: Date

WorksIn

interval
   Person
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new entity type, which we call now Participation. There will be an instance of
Participation for the whole life span of each instance r of WorksIn. Figure 8 shows an
example of classification intervals of a relationship and of the unique entity produced.
Note the difference with respect to the previous cases (Figures 4 and 6).

Fig. 8. Example of classification intervals in the reification per life span

Formally, the reification per life span of a synchronous relationship type
R(P1:E1,...,Pn:En) is a schema transformation that produces a new entity type E and n
intrinsic relationship types Ri(P:E,Pi:Ei), (i = 1,...,n), such that:
(a) The values of durability and frequency for E and Ri are the same as those for R. Ri

are synchronous.
(b) Intrinsic relationship types Ri are constant with respect to P.
(c) The mapping constraint between P and Pi in Ri is functional.
(d) There is a one-to-one correspondence between the populations of R and E at any
time t, and there is only one entity for all classification intervals of a reified
relationship:

" e1,...,en,t (R(e1,...,en,t) fi
$!e(E(e,t) Ù  R1(e,e1,t) Ù ... Ù  Rn(e,en,t) ÙCi((e1,...,en),R) = Ci(e,E)))

" e, e1,...,en,t (E(e,t) Ù  R1(e,e1,t) Ù  ... Ù  Rn(e,en,t) fi
R(e1,...,en,t) ÙCi(e,E) = Ci((e1,...,en),R)))

The above definition guarantees that we can reproduce (or derive) the instances of
R from the instances of E and the instances of its intrinsic relationship types. It can be
seen that properties (1)-(5) of E and Ri, defined in the reification per instant, also hold
in this case. Therefore, all properties of the intrinsic relationship types are the same as
in the reification per instant, except the durability and frequency. Note also that if the
frequency of R is single, the result of the reification per life span is exactly the same
as the one obtained by the reification per interval.

Reification per life span corresponds to the reification defined in ERT [19]. We
believe that the other two temporal reifications we have defined here could be also of
interest in that temporal conceptual model.

Application to the example. Applying this definition to the above example, we have
that reification of WorksIn produces entity type Participation, and two intrinsic binary
relationship types: IsDoneBy (Participation, Person) and ParticipatesIn
(Participation, Project). Both relationships are constant with respect to Participation.
On the other hand, the mapping constraint between Participation and the other

WorksIn (A,P1)

Participation (Par1)

t1 t2 t3 t4 t5 t6 time



408           Antoni Olivé

participant is functional. Therefore, Participation is existence dependent of Person
and Project. If we assume that the participation constraints of Person and Project in
WorksIn are (0,*) then the mapping constraints between Person and Participation,
and between Project and Participation, are (1,*). Therefore, the set {IsDoneBy,
ParticipatesIn} is a compound reference for Participation.

Fig. 9. Reification per life span of WorksIn

Figure 9 shows the graphical representation of this example. We have added the
label ‘life span' to the dashed line that represents the reification transformation, to
indicate the kind of reification performed.

The Figure also shows two relationship types in which Participation participates.
The first (Has) is with the Role performed in the project, and the second (IsManager)
is with the Person that acts as manager of the participation. We can now model the
property “A person performs always the same role and has always the same manager,
when he works in a particular project”, described in the Introduction, by defining Has
and IsManager constant with respect to Participation.

7. Conclusions

We have identified three temporal reifications of relationships in temporal conceptual
models. Our work extends current reification theory in conceptual modeling of
information systems, which only considers static reification. We have shown that our
temporal reifications generalize the static one.

We have defined two new temporal features of entity and relationship types, called
durability and frequency, which play a key role in understanding the semantics of the
reification.

We have defined formally the characteristics of the new entity type E, and of its
intrinsic relationship types Ri(P:E,Pi:Ei), produced by each temporal reification. We
have shown that the characteristics of the intrinsic relationship types are the same in
all three cases, except for the values of durability and frequency. Table 1 summarizes
the values of durability and frequency for the entity and intrinsic relationship types
produced by the reification. The main common property of Ri‘s is that they establish
an existence dependency of E with respect to Ei.

Has

1
    Role    Participation

WorksIn

life span
IsManager

1

   Person    Project
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Table 1. Durability and Frequency of the reified relationship type, and of the result of the
reification

Reified
Relationship Type

 Reification
     per instant

Reification
    per interval

Reification
   per life span

Instantaneous
Single

Instantaneous
Single

Instantaneous
Single

Instantaneous
Single

Instantaneous
Intermittent

Instantaneous
Single

Instantaneous
Single

Instantaneous
Intermittent

Durable
Single

Instantaneous
Single

Durable
Single

Durable
Single

Durable
Intermittent

Instantaneous
Single

Durable
Single

Durable
Intermittent

Relationship reification transforms any relationship type into an equivalent entity
type, and a set of intrinsic relationship types, that have particular properties. This fact,
we believe, is very important in information systems engineering, because it eases
conceptual schema analysis and system design.

We have shown, by means of an example, the application of our temporal
reifications, and we have seen that in some modeling situations our reifications
produce simpler and more expressive conceptual schemes.

The reification per instant produces a new entity for each instant, which is
expressed in the base time unit. In this sense, our work could be extended with a
similar reification kind based on time periods coarser than the base time unit. The
work [21], done in the temporal databases field, may be relevant for this extension.
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