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1. Introduction
Much research has been done on temporal databases and query languages.  Also, many  
papers have been written on this subject, as listed (slightly outdated) in [1]. There is even 
a „Symposium on Spatial and Temporal Databases (SSTD)“[2] which was held last in 
2009. However, most papers referenced in the last few iterations of this symposium are 
concerned with spatial data and treat the temporal aspect only when it is relevant for spa-
tiotemporal databases. Recent papers concerned purely with temporal databases are hard 
to find.

This report focuses on a unifying framework for temporal databases, as proposed in [3]. 
Chapter 2 gives a short introduction on temporal data, temporal databases and their query 
languages and tries to convey the need for temporal databases. In Chapter 3, the formal 
framework for classification of temporal databases and query languages is introduced 
which is used in Chapter 4 to characterize the TSQL2 Query Language as well as the His-
torical Relational Data Model (HRDM) and subsequently compares them. Chapter 5 con-
tains conclusions as well as criticism of the unifying framework.

2.Temporal Data, Databases And Query Languages
Temporal information is occurs in many applications, such as:

• Government agencies storing information about citizens e.g. date of birth, when the 
driving license was issued or in which town a citizen lived at a given time.

• Financial transactions may be stored together with the date and time they were 
made.

• Telecommunication Companies may store the time and duration of every issued 
phone call, for billing purposes.
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As a short, motivating example one could look at a database storing a small profile of 
every person in a country. One could model such a relation to contain following attributes: 
the social security number as key, the name, current hometown as well as the current oc-
cupation for every citizen. While the social security number may stay the same over time, 
all other attributes are likely to change. This raises many questions: what happens if, for 
example, the current hometown of a citizen changes? A simple solution would be to just 
update the corresponding tuple, but this inevitably leads to a loss of data, as it effectively 
deletes the information on the former hometown. Also, what happens when a citizen dies? 
Is the tuple just deleted from the database? What about queries like „list all people that 
lived in Zürich in 1999“ ?

Standard, non-temporal databases have serious shortcomings when handling such infor-
mation. When facts change, data may be overwritten leading to the loss of potentially im-
portant, historical data. Temporal databases and their associated query languages try to 
make it easy to handle such data by accompanying data with temporal information and 
providing means for working with collections of such data in an intuitive way. 

There are many different ways of tackling the problem of temporal databases and, conse-
quently, many different databases and query languages have been proposed. Some of 
them are quite different in the way that they store and retrieve temporal data (e.g. TSQL2 
and Backlogs), while others share many of their fundamental ideas (TSQL2 and TQuel). 
The following chapters try provide means for characterizing the abstract ideas of such da-
tabase systems and languages so that one can easily categorize and compare them.

3. A Unifying Formal Framework 

 Figure 1: The Unifying Formal Framework (TDB: Temporal Database, TQL: Temporal Query Language) 
 

In [3], Jan Chomicki introduces a formal framework in which he „attempted to extract the 
most important features of those [temporal] models and languages, and present them in a 
single unified framework.“ The well known ANSI-SPARC architecture, as described in [4], 
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defines three different level in a database system: the external level (the information from 
a users point of view), the conceptual level (what data is stored and how it is organized/
interrelated) and the physical level (how the data is stored physically). For temporal data-
bases and query languages, we further split the conceptual level into abstract temporal da-
tabases and concrete temporal databases. Having done this, we can now take concrete 
temporal databases and query languages, and try to distill different characterizing proper-
ties out of them to be able to categorize and compare. 

Figure 1 illustrates the basic idea: every concrete temporal database (which is a working 
implementation/description of a temporal database) implements at least one abstract tem-
poral database, which corresponds to an abstract characterization of the concrete tempo-
ral database. The same is done for concrete and abstract temporal query languages. This 
chapter tries to show the different properties of a concrete temporal database and query 
language that could be considered important enough to be represented in their abstract 
representation. Three important properties are explained: 

• The Temporal Domain

• The Abstract Temporal Database

• The Abstract Temporal Query Language

3.1 Defining The Temporal Domain

When talking about temporal databases and query languages, it is of greatest importance 
to define the temporal domain.  There are different ways of defining the term temporal do-
main, a very simple temporal domain for example may have following definition: 

„A time domain is a pair (T; _<) where T is a non-empty set of time instants and < is a total 
order on T.“[5]

More complicated domains are conceivable, following distinct properties will help in char-
acterizing them:

• instants vs. intervals: either one could work with time by defining an interval as a set 
of time instants (of some sort) or directly work with intervals. Most temporal data-
bases and query languages have an instant based time model.
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• dense vs. discreet: this is an important distinction, as semantically identical queries 
may produce different results depending on a dense or discreet temporal domain. For 
example, the a query for all persons with age under 24 will return all persons that are 
23, 22 etc. if the database has a discreet temporal domain with granularity of years. 
On a temporal database with a dense temporal domain, the query will also return 
persons with an age between 23 and 24 years.

• time granularity: it is possible to define granules of time (identified by a set of time in-
stants) so that the granules themselves are comparable. A good example would be to 
define a calendar (with weeks, months, years) over the set of days.

• temporal dimensions: it is possible to have multiple time axes on which facts may be 
defined. For example, some temporal databases define 2 time dimensions: valid time, 
defined as „the time when the fact is true in the modeled reality“[6] and transaction 
time which one can define as „the time when the fact is current in the database and 
may be retrieved.“[6]

3.2 The Abstract Temporal Database

In the abstract temporal database, one tries to capture the „representation independent 
meaning of a temporal database“[3]. Basically, Jan Chomicki identifies 3 different views on 
temporal databases, which eventually all should have the same expressive power. So the 
Tables 1, 2 and 3 all store the same information under different views. 

3.2.1 The Module Theoretic View

This is how somebody with experience with non-temporal databases may model time in a 
relational database. Table 1 is an example of a relation in the model theoretic view. Basi-
cally, the module theoretic view just adds a temporal field to every tuple in a relation, 
specifying that the fact in this tuple is only true at the provided time instant. It is easy to 
see that, depending on the defined time instants, this can lead to an extremely big data-
base. For example, in Table 1 time instants are years, so for every year a tuple is needed 
for every person in the database, regardless if anything has changed since the year be-
fore. 
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N R . N A M E H O M E-
T O W N

O C C U P A T I O N Y E A R

000-00-0000 Daniel Wollerau Student 1995

000-00-0000 Daniel Wollerau Student 1996

... ... ... ... ...

000-00-0000 Daniel Pfäffikon Student 2008

000-00-0000 Daniel Dietikon Student 2009

000-00-0000 Daniel Dietikon Student 2010

000-00-0001 Hans Wollerau Student 1995

000-00-0001 Hans Zürich Student 1996

... ... ... ... ...

Table 1: Model-Theoretic view on a simple temporal database containing information on the occupation and 
hometown of citizens.

3.2.1 The Snapshot View

In this view, for every time instant, all facts are stored that are hold for that instant. Table 2 
illustrates this. Again, this leads to rather bloated tables, and also raises the question what 
happens if there are many years in which the tuples that are current for those years do not 
change. Is it really necessary to store them for every year separately? 

Y E A R P E R S O N

1995 {(000-00-0000, Daniel,Wollerau, Student), 

(000-00-0001, Hans, Zürich, Student)}

1996 {(000-00-0000, Daniel, Wollerau, Student), 

(000-00-0001, Hans, Zürich, Student)}

... ...

2008 {(000-00-0000, Daniel, Pfäffikon, Student), 

(000-00-0001, Hans, Zürich, Student)}

... ...

Table 2: Snapshot view on a simple temporal database containing information on the occupation and home-
town of citizens.
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3.2.1 The Timestamp View

Here, for every (data-)tuple a timestamp is stored which defines the set of time instants for 
which this fact holds true. Table 3 shows how such a timestamp view could look like. This 
is the preferred view of most temporal databases. The timestamps are formulas with at 
least one variable in the language of the temporal domain, making it easy to associate a 
fact (like that Hans lived in Zürich and was a student) with a timespan (with the timestamp 
formula only being true if t is between 1995 and 2011). 

N R . N A M E H O M E-
T O W N

O C C U P A-
T I O N

Y E A R S

000-00-
0000

Daniel Wollerau Student 1995 < t < 2008

000-00-
0000

Daniel Pfäffikon Student 2008 ≤ t < 2009 

000-00-
0000

Daniel Dietikon Student 2009 ≤ t < 2011

000-00-
0001

Hans Zürich Student 1995 ≤ t < 2011

Table 3: Timestamp view on a simple temporal database containing information on the occupation and 
hometown of citizens.

3.3 Abstract Temporal Query Languages

Now it is time to try and specify which abstract properties define a query language. This 
report will concentrate on three important properties:

• declarative semantics, meaning that a  query has a meaning without the devel-
oper having to know how exactly the query gets evaluated

• closed form evaluation, which is given when the result of a query can be repre-
sented in the language of the database

• query expressiveness, is a relative property which defines a query language A to 
be more expressive than query language B if one can express all queries which are 
possible in B with A but there are queries one could make in A which aren‘t possible 
in B. 
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4. Applying The Framework To TSQL2 and HRDM

In this chapter the formal framework for temporal databases and query languages will be 
applied to the temporal query languages TSQL2 and HRDM, so that in the end we can 
specify the abstract properties of these languages. This chapter takes together the query 
languages with the corresponding databases, as every specific concrete query language 
needs a rather specific database to work on.

4.1 TSQL2

4.1.1 A Short Introduction To TSQL2

The TSQL2 specification [7] describes the language as „a temporal extension to the SQL-
92 language standard“. This means that new concepts (and keywords) were added to the 
existing SQL language resulting in TSQL2. So, a „smooth transition from SQL–92 to 
TSQL2 is possible.“[7]

4.1.2 The Temporal Domain Of TSQL2

The temporal domain of TSQL2 is instant based, although it takes a rather interesting ap-
proach by making instants themselves not directly comparable. So, „an instant can only be 
approximately represented“[7]. This means that it is only possible to compare two instants 
by specifying with which granularity they are to be compared. For example, if we have 2 
instant timestamps which both lie in the same day, but in different hours, then we could 
compare them with the granularity of a day (for which the two instant would be the same) 
or by the granularity of an hour (for which the instants would be different). Because of this, 
the temporal domain of TSQL2 does not have to specify wether time is dense or discreet, 
it isn‘t important because there are no queries that could give different answers for either 
of the properties. However, the language specification allows user defined granularities. 
TSQL2 defines two time axis, valid time and transaction time. 
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4.1.3 The Abstract Temporal Database Implemented By TSQL2

TSQL2 uses a timestamp view of the underlying database.  A timestamp is implicitly asso-
ciated with each tuple, so the timestamp isn‘t implemented as just another row in the table. 
Also, every timestamp records the set of maximal periods in which the corresponding tuple 
is true. So if in Table 3 the citizen Daniel moves back to Wollerau in 2012 and lives there 
until 2014, then the timestamp for the row (000-00-0000, Daniel, Wollerau, Student) will 
have a timestamp that has the initial period from 1995 to 2008 and also the period from 
2012 to 2014. The same table may have valid time support, transaction time support as 
well as both together or no temporal values at all, which consequently will be considered 
as a snapshot of the data at a given time.

4.1.4 The Abstract Temporal Query Language Of TSQL2

As TSQL2 is an extension of SQL-92, it also shares the declarative semantics of SQL. All 
queries that are possible in SQL-92 are also possible in TSQL2. One could even argue 
that TSQL2 is more expressive than SQL-92, although this is a little misleading as TSQL2 
relies on an extension of the data model of SQL-92. Without the extended data model it 
would not be necessary to have the additional semantics for queries. So the expressive 
power of TSQL2 is essentially the same as that of SQL-92 or any other language based on 
relational algebra which incorporates support for temporal queries, which also means that 
it lacks the power to „express recursive queries such as reachability“[8]. However, there 
have been efforts to get features of TSQL2 into newer SQL standards (which don‘t have 
this restriction) in [9]. The language clearly evaluates queries in closed form, as queries 
return tuples in of datatypes used in the database.

4.2 HRDM

4.2.1 A Short Introduction To HRDM

The Historical Relational Data Model (HRDM) predates TSQL2 by quite a few years. It was 
defined in the year 1987 in [10]. However, the paper only defines the system using rela-
tional algebra and further search did not reveal any concrete, working implementations of 
a HRDM based system. 
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4.2.2 The Temporal Domain Of HRDM

HRDM supports an instant based temporal domain with discrete time instants. It only sup-
ports one temporal dimension, the granularity of time isn‘t specified (this probably would 
be an implementation issue, for example one could set one time instant to correspond to 
one second.) Generally this is a very simple temporal domain. 

4.2.3 The Abstract Temporal Database Implemented By HRDM

HRDM implements a kind of timestamp view based abstract temporal database, where 
lifespans (which correspond to timestamp intervals) can be associated with objects (tuples 
and also attributes). As tuples and attributes can have associated lifespans, this means 
that „tuples are heterogeneous in their temporal dimension“.[10] However, it is important to 
distinguish this property from multiple temporal dimensions as implemented by other ab-
stract temporal databases. Whereas other databases may allow the same tuple to have 
several temporal values on different time axes, HRDM only allows one temporal dimen-
sion, but lets the user define lifespans for tuples and attributes separately (consequently 
having parts of the tuple having two associated temporal values, that from the tuple and 
that from the attribute.)

4.2.4 The Abstract Temporal Query Language Of HRDM

The query language used is mainly derived from relational algebra by redefining the op-
erators to work in a temporal, so it has declarative syntax (using the relational operators), 
closed form evaluation, and similar query expressiveness as other languages based on 
relational algebra. So it shares the restriction of not being able to express recursive que-
ries, but additionally the join and select operators only can compare „attribute values that 
occur at the same point in time“[11]. Queries that compare snapshots of tables at different 
times aren‘t possible, which seems like a quite big restriction.

4.3 Comparison Of the Abstract Properties Of TSQL2 And HRDM

Figures 2 and 3 show small summaries of the information gathered after applying the uni-
form formal framework to TSQL2 and HRDM. TSQL2 seems more advanced, as it sup-
ports a more interesting temporal model than the simple, discreet and one-dimensional 
model of HRDM. Additionally the expressive power is of TSQL2 seems to be clearly grater 
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then that of HRDM because of HRDM‘s inability to express queries which compare snap-
shots of tables at different time instants. The fact that both languages have quite different 
abstract properties is especially interesting when one wants to know if they are interoper-
able. Trying to somehow map a TSQL2 query to HRDM would lead to great problems, as 
we now can easily see after examining their abstract properties. For example, how should 
one translate a TSQL2 query that compares snapshots at different time instants (which is 
not possible in HRDM)? Or how should one be able to compare timestamps associated 
with attributes (which is possible with HRDM) in TSQL2? Having extracted the abstract 
properties of these languages one can clearly see where exactly the fundamental differ-
ences lie.

A B S T R A C T  P R O P E R T I E S T S Q L 2

T E M P O R A L  D O M A I N

A B S T R A C T  T E M P O R A L 
D A T A B A S E

A B S T R A C T  T E M P O R A L 
Q U E R Y  L A N G U A G E

instant based, comparing via granules of time (discreet 
or dense not important), 2 time dimensions

timestamp view, timestamps are set of maximal contin-
uos periods

declarative semantics, expressive power similar as for 
SQL-92 (no recursive queries expressible), closed form 
evaluation

   Figure 2: Summary of some abstract properties of TSQL2

A B S T R A C T  P R O P E R T I E S H R D M

T E M P O R A L  D O M A I N

A B S T R A C T  T E M P O R A L 
D A T A B A S E

A B S T R A C T  T E M P O R A L 
Q U E R Y  L A N G U A G E

discreet, instant based,  1 time dimension

timestamp view (lifespans on objects), lifespans can be 
associated with tuples as well as attributes

declarative semantics, expressive power similar as for 
relational algebra (no recursive queries expressible), no 
comparing of snapshots with different associated  
timestamps, closed form evaluation

  Figure 3: Summary of some abstract properties of HRDM
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5. Conclusions And Criticism

After describing the uniform framework for temporal database and applying it to two lan-
guages, it seems that the framework does specify the most important properties of a tem-
poral database and its associated query language. However, the paper describing the 
framework [3] does not do a great job at showing how to apply it on real languages, it is 
more concerned in describing properties of abstract query languages and their properties. 
Especially the interoperability between different temporal query languages is only touched 
very theoretically, mainly describing how it should be possible to map a concrete temporal 
database to its abstract temporal database and from there back to an other concrete tem-
poral database. How exactly this could be done isn‘t shown. To be fair, the information that 
was available at that time about the different concrete temporal query languages was little 
and has not grown much since that time. So it is rather hard to really compare languages 
for which one has only got the specification and no real implementation. It also seems that 
there isn‘t a so much recent research on temporal databases, or, as mentioned in the in-
troduction of this report, the research seems to be mainly concerned with spatiotemporal 
databases. Efforts made to incorporate more temporal aspects into SQL:1999[9] do not 
seem to have been very fruitful as the work was given up in 2001. Implemented system 
seem rare, although there are a few out in the wild, such like the prototype implementation 
by TimeDB [12] (which uses a similar language to TSQL2) or temporal support in newer 
versions of the Oracle Workspace Manager [13]. 
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