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1. INTRODUCTION
Conceptual data models represent some aspect of the real

world known as mini world. This is the first step before
creating a database and it defines concepts, their proper-
ties and relations between them. Traditional databases are
static, they show only one view of the data at a time (valid
time), without showing the history of the database. How-
ever, the world changes with time thus the need for temporal
databases, to keep track of the changes within an organisa-
tion.

Temporal research seeks to answer the question, how does
the world change, and how do we capture this change? In
two ways, either lifecycle, which is the succession of member-
ship (status) and transition, the change of object properties
over time with the rules that govern the change. Tempo-
ral databases maintain history, manage and keep track of
changes so as to plan for the future.

The first step towards having temporal databases is to
have a temporal conceptual data model that details succes-
sion of membership and change of object properties. This is
done by extending traditional conceptual data models (e.g
ER, UML and ORM) with temporal constructs. These con-
tracts may vary and depending on how many constructs
they are, they may make the diagram hard to interpret and
would require the modellers to understand them [7]. Al-
though there are a lot of temporal models, we do not have
a compete model with reasoning capabilities that can show
inconsistencies on the diagram,as a result, save time.

Representing temporal data in conceptual data models
and ontologies is required by various application domains
to record attributes that change over time. Consider these
application areas:

- Administration: Companies require the history of em-
ployee to determine future rewards, for example, em-
ployee cannot get a bonus if they have been suspended.

- Medical Information Systems need the patient’s his-
tory to determine how they can treat patients, e.g. for

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
SAICSIT Masters and Doctoral Symposium ’14, Sept. 29, Centurion, South
Africa
Copyright 2014 ACM X-XXXXX-XX-X/XX/XX ...$15.00.

example a HIV positive patient evolves to an AIDS
patient after the attribute value of CD4 count drops
below 180.

- Security systems need to monitor and authorise users
as they log into systems e.g. time bound passwords

- Financial institutions need to record the history for fu-
ture use, e.g. before giving a credit facility. Temporal
attributes are used to determine the amount a client
can receive and the time in which it can be repaid.

All these situations require the use of temporal attributes,
but to represent this effectively, we require a language that
is expressive enough to capture the operational semantics
of time-varying information. This research looks at logic-
based representation of temporal data at the conceptual
level which provides a link between temporal conceptual
data models and a temporal description logic. Description
logics provide formal semantics that characterise temporal
conceptual modelling constructs by specifying the structure
of conceptual data models which in turn permits reason-
ing on implicit knowledge [5]. Previous research focussed on
representing and reasoning on temporal classes and relation-
ships, but had scant support for representing and reasoning
over temporal attributes, if at all. Artale et al [4] formalised
the temporal ER model ERV T for classes and relations, but
only formalised timestamping on temporal attributes. Little
formalisation of temporal attributes prevents the full utili-
sation of temporal conceptual data models and tracking the
interaction of temporal attributes with temporal classes. If
temporal attributes are not properly represented in our con-
ceptual models, one will face inconsistent databases with
respect to the constraints they ought to hold.

We extended the very expressive temporal description logic
language DLRUS [1, 2, 4, 8] with a precise syntax and se-
mantics for temporal attributes [11]. This extension allowed
us to formalise temporal attributes by defining their life-
cycle and their transitions. The results from this research
are two fold, the first result introduces the notion of sta-
tus attributes [9] as done for status classes [4] and status
relations, [8], which captures the evolution of a temporal
attribute as it moves along a temporal object. The second
result is attribute transition, which concerns the change of
attribute properties over time as the attribute migrates from
one temporal class to the next. We gave the formalisation of
status and transition for temporal attributes as well as their
logical implications which permit the correct behaviour in
subsumption and transition in temporal classes.



With the formalisation of attributes, we now have a tem-
poral ER model that is fully formalised and we can check
for satisfiability (inconsistencies) in the diagram and can get
some implications that are hidden. DLRUS is very expres-
sive and allows full temporalization of attributes but at the
same time it is undecidable. With these results, we are a step
closer towards having a fully formalised temporal model.

2. TEMPORALISING ATTRIBUTES
The Description Logic DLRUS [1] is an expressive frag-

ment of FOL that combines the propositional temporal logic
with Since and Until operators with the (non-temporal) de-
scription logic DLR [5] so that relationships and classes can
be temporalised. DLRUS is extended to include a precise
syntax and semantics for attributes, mainly because we are
dealing with conceptual data models that require attributes.
A temporary attribute was defined earlier in [4], as a binary
relation for each attribute, A ∈ A, for 〈A,C〉 ∈ T , with
its DLRUS axiom as C v ¬∃[From](2∗A). This entailed that
temporal constructors can be used in front of attributes,
which, however, was not included in the DLRUS syntax and
semantics. This formalisation introduces the use of tempo-
ral constructors explicitly for attributes. We have classes C
(starting from atomic ones CN), n-ary relations R (DL roles,
with n ≥ 2, RN), binary attributes A between a class and a
datatype, DL role components (U , of which F denotes a role
component in an attribute, F ⊆ U, and {From, To} ⊆ F ).
The selection expression Ui/n : C denotes an n-ary relation
whose i-th argument (i ≤ n) is of type C, and F : C denotes
is the role component {From} in the attribute.
Until and Since together with ⊥ and > suffice to define

the temporal operators: 3+ (some time in the future) as
3+C ≡ > U C, ⊕ (at the next moment) as ⊕C ≡ ⊥ U C,
and likewise for their past counterparts; 2+ (always in the
future) and 2− (always in the past) are the duals of 3+ and
3−.

C → > | ⊥ | CN | ¬C | C1 u C2 | ∃≶k[Uj ]R | ∃[F]A |
3+C | 3−C | 2+C | 2−C | ⊕C | 	C | C1 U C2 | C1 S C2

R→ >n | RN | ¬R | R1 u R2 | Ui/n : C |
3+R | 3−R | 2+R | 2−R | ⊕R | 	R | R1 U R2 | R1 S R2

A→ >A | AN | ¬A | F : C |
3+A | 3−A | 2+A | 2−A| ⊕A | 	A | A1 U A2 | A1 S A2

Figure 1: Syntax the extended DLRUS , modified to
include attributes (in bold face).

We will use the following equivalent abbreviations: C1 t
C2 ≡ ¬(¬C1u¬C2);C1 → C2 ≡ ¬C1tC2; ∃[U ]R ≡ ∃≥1[U ]R;
∀[U ]R ≡ ¬∃[U ]¬R;R1 t R2 ≡ (¬R1 u ¬R2) Furthermore,
the operators 3∗(at some moment) and its dual 2∗(at all
moments) can be defined for both classes and relations as
3∗C ≡ Ct3+Ct3−C and 2∗C ≡ Cu2+Cu2−C respec-
tively. The syntax of the extended DLRUS are included in
Fig. 1 and its semantics can be found in [11].

2.1 Timestamping
To effectively manage and present temporalised attributes,

it is important to state a time-scale and give the constraints
to manage the evolution of data. Timestamping [4] ensures
that data can be easily distinguishable if it is time changing
or not. Below, we show the difference between a temporal
and a non temporal attribute.

Snapshot attribute

o ∈ CI(t) ∧ 〈o, d〉 ∈ A
I(t)
i → ∀t′ ∈ T . 〈o, d〉 ∈ A

I(t′)
i

C v ¬∃ [From] : (A u3∗¬A)
Temporal attribute

o ∈ CI(t) ∧ 〈o, d〉 ∈ A
I(t)
i → ∃t′ 6= t. 〈o, d〉 6∈ A

I(t′)
i

C v ¬∃ [From] : (2∗A)

2.2 Evolution Constraints
These are rules that govern transitions in temporal con-

ceptual data models, they put restrictions on the movement
of data. These rules control the mechanism that rules dy-
namic aspects, permissible transitions from one state to the
next [4], as well as the lifespan. To represent temporal at-
tributes to the level of detail required and to have them
interact with temporalised classes, we extended the notion
of status classes and status relations to status attributes to
specify the operational semantics of temporal attributes.

2.2.1 Status attributes
Status classes were introduced in [4] and status relations

in [2], but fell short of status attributes to constrain the per-
missible states of affairs. Status attributes [9] also can have
four different statuses: they either exist and are scheduled,
active, or suspended, or they are disabled. Model theoretic
semantics as well as the DLRUS axiom, subsumption hierar-
chy and disjointness for temporal attributes in ERV T model
are given in [9] along with logical implications which help in
deriving new constraints.

2.2.2 Attribute Migration
Attribute migration occurs when an attribute in the same

object object migrates to another attribute, for example the
attributes has degree and has postgrad, is a transition from
one attribute to another. Attribute migration is more com-
plex than object migration because it is bidirectional, i.e.,
it can cause migration of objects, triggering reclassification
of objects as well as participate in an object migration. For
example, a bank account (class) being frozen, due to expiry
of a work permit.

Representation of attribute hierarchies is uncommon, mainly
because it is not properly defined and formalised, but is rel-
evant for modelling temporal data. New results on attribute
hierarchies with subsumption in [9] allow us to capture the
interaction between the permissible statuses of classes and
status attributes in temporal transitions. A proper repre-
sentation of transition in the conceptual model will enable
a modeller to know how to design a temporal database.

3. DISCUSSION
Our results formalised temporal attributes for temporal

conceptual data models using the extended description logic
language DLRUS . This formalisation involved temporisa-
tion of attributes for status attributes and their transition
of constraints. This work was the remaining gap towards
obtaining a logic-based fully temporised modelling language
that is essential for designing and maintaing temporal databases
and knowledge bases. DLRUS allows the temporal attributes
to integrate well with the temporal entities and relations al-
ready defined with DLRUS axioms over other logics. The
major benefit, however, will be reaped for the modelling of
temporal information, as DLRUS provides a complete logic-
based reconstruction of the temporally extended ERV T con-



ceptual data modelling language.
These results are twofold, formalising temporal attributes

either thorough lifecycle or transition. We extended the
notion of status, for attributes to map its lifecycle by giv-
ing logic based semantics to rule the permissible evolution.
This allowed us to look at effect of subsumption of tempo-
ral classes (isa) on temporal attributes. Subsumption adds
temporal constraints that further enrich the data and yield
more logical implications.

3.1 What solution offers
With the new insights presented in this paper, one can

successfully build a complete temporal ER model that would
be translated from the temporally extended EER to DLRUS
and therewith enable the option to check the consistency of
a conceptual schema, hence, improve or guarantee its qual-
ity. More generally, disjointness and equivalence classes are
easily overlooked when done manually, which can be checked
upon for atemporal models already (e.g., [6]), but the results
presented here could also validate any issues with temporal
constraints.

The results presented here is the final theoretical step to-
ward creation of a tool that would check automatically the
consistency of temporal data models and thus would be able
to spot such issues.

3.2 Challenges
DLRUS does not have a value comparison operator that

can be used to compare values to permit a migration. DLRUS
is undecidable, however, with the known consequences for a
potential automated reasoner for it. While time-consuming
computation is an acceptable trade-off for a modeller fo-
cussing on expressiveness, a slightly less expressive tempo-
ral language and better performance with the reasoner may
be preferred by others. At the other end of this spectrum
are results obtained with TDL-Lite and temporal OBDA [3].
It would be useful to conduct a detailed investigation as to
what would be the best trade-off between a subset of tem-
poral constructs that is most desired from a viewpoint of
conceptual data modelling and the complexity ‘costs’ and
what can be implemented in temporal OBDA. Once a tem-
poral conceptual data modelling or ontology development
tool is available, one can obtain quantitative results as to
how often a construct is actually used, which further can
inform the notion of ‘preferred constructs’ and the further
development of decidable temporal logics.

4. CONCLUSION
We formalised temporal attributes using the description

logic language DLRUS on the temporal ER model ERV T .
These results are a step towards having a temporal ER
model that can check its consistency.

Although we have chosen here a notation in EER, the
results are just as well transferrable to UML Class Dia-
grams, thanks to having a textual syntax so that each el-
ement can be mapped onto a graphical element of UML,
and, likewise together with some transformation rules re-
garding attributes and value types, it is extensible also to
ORM2. In regards to DL-Knowledge bases, we need a com-
plete translation from EER to a description logic language,
to check quality properties of conceptual schema. Without
the proper full temporisation of attributes, we cannot have
a sound algorithm developed.
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