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ABSTRACT

This software project aims to develop a tool that allows the user
to design and implement a model based on the TREND Temporal
Conceptual Data Modelling Language. There are currently no tools
that are designed for Temporal Conceptual Data Modelling, and
there exists no software that generates temporal database schemas
based on a model. The project aims to address these problems by
building a modelling tool, as well as designing and implementing an
algorithm to generate a database schema based on the user’s model.
This is expected to lower the barrier of entry for temporal modelling,
as well as increase productivity for experienced modellers.

1 INTRODUCTION

Temporal Databases are gaining increased attention in recent years,
in both industry and academia [5]. Temporal data refers to any
data that includes one or more time period for which that data
is considered to be valid [14]. This contrasts atemporal data, in
which the data stored is assumed to be currently valid. There is a
common distinction between valid time and transaction time, the
former referring to the period in which the fact is considered true
in the real world and the latter refers to the time in which the fact
is reflected in the database.

The added expressiveness that comes with these features have
shown promise in fields like video surveillance [21] and clinical
data analysis [3].

The standard temporal conceptual modelling languages (TCDML)
for atemporal databases is the Entity Relationship (ER) Diagram
(along with The unified modelling language - UML), however this
does not allow for effective modelling for temporal data. The struc-
ture of a temporal database can me modelled using a TCDML, with
many of these being extensions of the ER Diagram [1, 2, 10, 22].
This gives a high level overview of the information logic underlying
the database in a graphical and accessible way.

TREND is a TCDML that emphasises usability and accessibility
[4, 12]. TREND implements its temporal extensions through the
core constraints of dynamic extension and dynamic evolution [13].
These constraints outline the primary ways in which temporal
entities in a model can change over time. For dynamic extension
(EXT/ext), the extended entity is still an instance of of the original
entity. For example, an Employee may get promoted to Manager, but
still stays an Employee. On the other hand, for dynamic evolution
(CHG/chg), the extended entity is no longer the same instance and
the entity it has extended from. For example, in a law firm, when an
Article Clerk becomes a lawyer, it stops being an Article Clerk [13].
Other important notation distinctions must be made for TREND:

Stephan Maree
University of Cape Town
Cape Town, Western Cape, South Africa
mrxste013@myuct.ac.za

o Icons: Temporal entities as described above are labeled
with a clock icon, while atemporal entities (legacy ER/EER
entities) are labelled with a clock.

e Mandatory or Optional: Mandatory temporal constraints
(that must have in the past or must occur in the future) are
denoted by a solid line and optional constraints (that may
happen in the future or could’ve happened in the past) are
denoted by a dashed line.

e Past or future: If a temporal constraint is on a past con-
dition, lowercase letters are used (i.e. chg, ext) and capital
letters are used (i.e CHG, EXT) on future constraints.

e Quantitative: If a constraint has a quantitative value at-
tached to it (for example, an employee must have been an
assistant-manager for 2 years before coming a manager),
then that value is displayed in time chronon, next to the
constraint type.

These elements on notation can be summarized in Figure 1.
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Figure 1: ER diagram extended by TREND. Taken from Figure 2 of
[13].

Objects that can change with time (such as an employee’s office)
are labelled as temporal elements with the clock icon. Employees
can potentially, with time, become managers, and to be a manager
you must have been an employee!. This is represented by the past
mandatory and future optional dynamic extensions, with the re-
lationships also extended. A manager can also in time optionally
become a Board Member, which is not an instance of a manager,
thus is represented by the future optional dynamic evolution. Note
that no graphical modelling tool exists for TREND specifically, and
this example was done manually - without the help of graph val-
idator.

2 PROBLEM STATEMENT AND AIMS

Temporal databases have a high barrier to entry as temporal support
needs to be implemented in the application logic [14]. There is no
automated system that allows for the easy generation of temporal

Note: A manager is still an instance of an employee



database schemas. This means that companies and organisations
need to allocate developers, time, and money in order to build and
maintain these features.

Additionally, there is no tool for graphical modelers to integrate
temporal elements into their models. Existing graphical modelling
tools are designed around general ER and not built with temporal
databases in mind and thus provide no support for modelers (such
as the ability to validate models and support for temporal SVGs in
TREND) above simple diagramming features.

The goal of the project is to build a web application that makes
it easier to design and implement temporal databases. It will accom-
plish this by allowing the user to draw a temporal conceptual data
model using the TREND modelling language [4]. The tool will pre-
vent the user from being able to make invalid diagrams, informing
the user of their mistakes.

The user will be able to download this model and share it. If
they intend to implement the model, they will be able to generate a
schema that they can easily implement in an actual database man-
agement system (DBMS). This will create all the necessary tables
and logical enforcement mechanisms for the database, removing
the need to dedicate development time to implement these features.

3 RELATED WORK

For the schema creation aspect, there already exists a well-known
algorithm for converting atemporal ER diagrams into relational
databases [8, 15]. This algorithm will be implemented and extended
for the project. Similar algorithms exist for different TCDMLs
[11, 22], but these will not be implemented as they do not have
overlapping features with TREND.

In 2011, an update to SQL was published that introduced tempo-
ral data support [14]. This included valid-time , transaction-time,
and bitemporal table support, as well as referential integrity fea-
tures. While this is a good first step, it does not include the transition
constraints of TREND. For the project, we will be implementing
our schemas in a database management system (DBMS) that imple-
ments these temporal features.

For the graphical modelling tool, we can consider three similar
graphical modelling tools for other conceptual data modelling lan-
guages: ERD Tool, Crowd and Draw.io. The Entity-Relationship
Diagram Tool (ERD Tool) is used to graphically model ER Diagrams
[20]. It focuses on a simplified and streamlined user-interface and
fulfilling all the necessary requirements of ER Diagrams, such as
cardinality, participation, and recursive relationships [20]. These
requirements do not align with what we are looking for in a poten-
tial tool, but in analysing the underlying framework this tool uses,
we can apply the same frameworks to our application domain.

Crowd is a research tool that allows for temporal ER modelling,
and is assisted by automated reasoning. It implements Client-server
architecture, where each client supports Model-view-controller ar-
chitecture and queries the server for reasoning support [9]. The
temporal ER graphical reasoning support exists in the form of
checking for class consistency, checking for relationship consis-
tency, discovering implied class and cardinally constraints [6]. This
is more extensive than the ERD tool, yet does not contain any of
the temporal constraint we would want to implement.
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Draw.io (formally diagrams.net) is a web-based tool (also with
a desktop version) for general modeling for diagrams, such as
flowcharts, ER and UML diagrams, and network diagrams. It too has
open source code that would allow it to be extended into the tool
we want. Out of the existing modeling tools, Draw.io has the most
extensive, polished, and feature rich user-interface. It includes de-
tailed style customization for graphs (text, colour and arrangement),
premade templates for modellers to use, and an extensive palette
of objects. Reasoning support can be added using the Ontopanel
plugin [7].

4 PROCEDURES AND METHODS

4.1 Modelling Tool

This part of the project deals with providing users a graphical
interface to create their temporal conceptual models. As part of the
requirements (the source and importance of these requirements
will be discussed later), the following is a list of planned features
for the modelling tool. Features are ordered from most essential to
least essential.

o Full TREND language support: Support of all TREND fea-
tures including full extended entity relationship support in
addition to temporal elements (attributes, entities, relation-
ships) and dynamic extension & evolution. Implemented
using a palette of SVGs rendered on-screen.

e Dragging and dropping: Ability to drag and drop objects
from the palette to a canvas where these objects can be
moved.

e Schema Generation: The user will have the ability to
generate a database schema based off their model, this forms
a large component of the project and will be explained in
its own section.

e Ability to save and load models: This will be in the
serialisation chosen for our project (such as XML or JSON),
models can be read from or written to disc.

e Undo and Redo: These are standard features expected in
almost all modern software; they will help speed up model
design.

¢ Linking of Objects: Users should be able to click and drag
from one object to another to link them. The user will also
be able to specify the type of link (relationship) between
the two said objects.

e Graph Validation: This feature will be useful in helping
new modellers with TREND. If the graph is edited, it will
validate if the current state of the graph in accordance to
TrEND, if not, a relevant error will be thrown to the user.

e Export to different formats: The graphs should be able
to be exported as more useful formats for the user, such as:
PNG, SVG, XML, and JPEG

e Shortcut support: Support of common and expected short-
cuts, such as: CRTL+A, CRTL+C, CTRL+V, CTRL+X, as well
as some new shortcuts that are specific to our program.

e Notation Conversion: Users should have the ability to
convert between the specific EER notation they want to
use.
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e Canvas Grid: The canvas that users interact to create their
models on top of should support snap-to-grid and be infin-
itely expandable in every direction.

o Other Ul features: User should be able to resize and rotate
objects on the canvas.

e Overview Window: The final product should include an
overview map that shows a zoomed-out high level view
of the entire model to assist the user in navigating their
model.

Additionally, we want the tool to have high performance and
be able to handle large models. Since this project is being built
with a strict deadline and flexible features, an AGILE development
process will be followed, where the project production time will
be split into five two-week sprints, which are outlined in Figure
2. Since the end project will be used by modellers, this project
will also focus on client-driven development. The final result will
be implemented using Model-View-Controller Architecture and
a diagramming JavaScript library (such as GoJS or Joint]S). This
method will be preferred over extending an existing application,
since existing applications are not designed to be extended off
for new project creation (or most existing applications are closed-
source). The final decision for the project is to choose XYFlow and
react for the front-end, as other tools has high costs to use and
XYFlow is free to use.

Understanding underlying tools and libraries (such as XYFlow,
Go]JS, and JointJS) enough to successfully create our own features
will be a major design challenge. Additionally, the graph validation
will be difficult as we will need to successfully check the graph
syntax over the chosen serialisation of the graphs and also write
these rules. Since our serialisation is likely to be JSON (due to the
underlying library we will be using - which is XYFlow), it will be
necessary to implement the ability to validate the graph using this
serialisation. This will likely necessitate some form of standard that
needs to be created and then enforced (such as Backus-Naur Form).

Since this tool is designed to be used by both beginner and
expert modellers, we need input from both demographics in order
to represent the full range of users. Thus, the graphical modelling
tool will be evaluated on the following factors:

Representing the expert modellers, our project feature specifica-
tion will be informed by our project supervisors (features included
are ones that they deem important in their extensive experience
in modelling), and the success of the tool will be our ability to
implement all of the required features. Additionally, to test the vali-
dation feature, users will attempt to create mistakes on the graph
which the validator cannot pick up (we already have an idea on
common mistakes made by modellers that we must detect due to
past questions answered in previous computer science exams).

On the other hand, beginner modellers also need to be repre-
sented in the user testing for our application. For them, it is impor-
tant that the user interface is easy to understand and use. This will
be evaluated by the users’ ability to create models using the tool.
To do this, we will conduct task-based tests in the form of questions
that will be provided to beginner user testers. These questions will
outline model specifications in controlled natural language, for ex-
ample, in Figure 1, the temporal optional future dynamic extension
could be described as follows: Manager is an employee. An employee

may also become a Manager. The users must use these specifications
to create conceptual data models in our tool, as well as another
popular tool that would usually be used to create temporal concep-
tual data models, such as Draw.io or pen and paper. During these
tests, any mistakes that users make will be recorded, as well as the
time it took to create the model. It will be noted how fast beginners
can model and how few mistakes they make when compared to an
already existing tool and will be considered a success if users are
quicker and more accurate when using out tool.

This will require us to recruit user testers, who will be recruited
from the UCT computer science department. Computer science
students fit the ideal for a "beginner modeller" as they have all done
conceptual modelling in their undergrad, however do not posses
extensive experience in the topic. Ideally we need to recruit as many
students as possible, but we want a minimum of at least 12 user
tester. To boost recruitment numbers, a form of remuneration or
reward will be provided to user testers as an incentive.

Some performance testing will also be used, such as testing the
loading, using, and saving of very large models.

4.2 Schema Creation

The principal task of this part of the project is generating a schema
based on the model designed by the user. This will involve algorithm
design, implementation, and testing.

A SQL file would be generated which, when run in a MariaDB
server, would generate all the tables and logical enforcement mech-
anisms specified by the user. This would substantially reduce the
barrier to entry of temporal databases by reducing the development
costs associated with them.

The following alterations have been made to the standard algo-
rithm for converting ER diagrams into schemas [8, 15]:

(1) Whenever an entity with a clock icon is added, its table
needs to be an application time table.

(2) For one-to-one and one-to-many temporal relationships,
create a new application-time table for each relationship.
Have the combination of each participating entity’s keys
act as the primary key.

(3) For many-to-many and N-ary relationships, if the relation-
ship is temporal then they need to have an application-time
table.

(4) Temporal attributes should get their own application-time
table that should include the primary key of the entity.

(5) Temporal multivalued attributes need to have an application-
time table.

(6) For every temporal transition constraint in the model, add
a trigger to the table that enforces it. The triggers need
to enforce dynamic evolution and extensions, including if
they are mandatory and optional. The quantitative temporal
constraints should be enforced by checking the periods.

We made deliberate decision to have separate tables for temporal
attributes and relationships. This avoids the confusion of having
multiple periods in one row, although it does result in more tables.

This part would require extensive testing of the software to
ensure correct output and performance. Unit testing for the seriali-
sation input would be needed to ensure that the program works for



all diagrams. The resulting databases would also need to be evalu-
ated using functional testing to ensure that the constraints function
as expected. The conversion algorithm would need performance
testing to ensure that it runs in a reasonable amount of time for
various models.

All of the tests will be designed in the first phase of the project
and be performed as the features are implemented. The individual
features will be tested using many small models that only include
specific temporal features. For example we could have a model
that only includes a mandatory dynamic extension in the future
between two entities.

After all the temporal features are developed, there is a dedicated
period of testing to ensure proper functionality. The models used
will be large and incorporate all the temporal constraints, allowing
us to test the interactions between various constraints.

Since this feature has an inflexible scope, an AGILE approach
would not be applicable. Designing a minimum viable product early
on and spending most of the project improving it is not feasible
for the amount of time given. As a result, an iterative development
approach would need to be adopted, where the most important
features are completely developed early in the project, and the less
important features developed later. Focusing on the most important
features early will allow us to still have a functioning product if we
are unable to complete the project on time.

The core feature that needs to be implemented is supporting
atemporal databases. Since the proposed algorithm builds upon the
atemporal algorithm, we need to first implement it before we can
extend it with temporal support. The next thing would be imple-
menting the basic transition constraints (i.e. dynamic evolution and
extensions). After this the quantitative transition constraints will
be developed.

A big challenge anticipated is being able to implement the more
advanced interactions between constraints. Some interactions might
not even be possible to accommodate. For example, if an employee
gets promoted to a manager, their relationships also need to be
updated. This has the potential to substantially increase the com-
plexity of the program.

MariaDB was chosen as the database management system (DBMS)
for the project as it incorporates the necessary temporal features,
while still being open source and free [17-19]. A detailed compari-
son of DBMSs was given in the literature review [16].

This feature will be coded in Javascript so that it is easier to
integrate with the entire system.

5 ETHICAL, PROFESSIONAL AND LEGAL
ISSUES

For the graphical modelling tool, an ethical issue arises as user
testing is needed in informing the best end product. Testers must
be able to give informed consent and we should also ensure there
data during participation is protected and kept private. We must
remain transparent about the testing to the users at all time. For
user testing, other computer sciences students will be chosen to
conduct the testing. The main reason for this is that computer
science students would not be considered as vulnerable persons
due to their education; they posses the necessary computer systems
understanding to be fully informed of the repercussions of joining
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user testing and thus can give informed consent for this project.
All information about the user testers will be kept anonymous.

We also could run into a legal issue with utilizing other libraries
(such as XYFlow, Joint]S, and GoJS) to build our own tool. Although
these libraries are open source, they are often protected under vari-
ous licenses that impose specific restrictions and obligations. Our
chosen tool, XYFlow, is protected under the MIT licence thus we can
use the library provided our tool is not commercial. Additionally,
since this tool is designed as a research tool and not for commercial
use, the code for this project will be open source. Due to the above
factors, we believe this project should receive ethics clearance, and
we have considered the risk of not receiving ethics clearance in
Table 2.

6 ANTICIPATED OUTCOMES

6.1 Impact

The goal of this project is to build a tool that makes designing and
implementing temporal databases easier. This has the potential to
lower the barrier to entry for temporal modelling and temporal
databases and increase interest in the field from both industry and
academia. The tool will additionally help increase productivity for
more experienced modellers. This project will also help cement
TREND as a standard language for temporal conceptual data mod-
elling.

6.2 Key Success Factors

The graphical tool will be considered a success if it can satisfy all
its requirements. This includes succeeding in the user testing by
being more efficient and easy to use compared to existing alterna-
tives and fulfilling all planned features and other non-functional
requirements (explored through performance testing) required by
more experienced modellers.

The schema creation tool will be considered a success if it can
implement all of the temporal features of TREND. These features
should be implemented with minimal bugs and should be able to
run on a DBMS. The algorithm also need to be able to work for
large models and take a reasonable amount of time to run.

Given alist of n nodes and e edges, the algorithm processing these
should have a time complexity smaller than O(n - e) i.e. for every
node, looping through all the edges would not be acceptable. The
ideal time complexity would be linear time, i.e. O(n + e), however
solutions that have a worse time complexity would be accepted, as
long as they are better than O(n - e).

7 PROJECT PLAN

7.1 Risks
Refer to Table 2 for a Risk Assessment Matrix.

7.2 Timeline

The project divided into four phases. The first phase is the Design
Phase. This phase includes designing the serialisation, user tests, the
SQL implementations for the schemas, and the testing associated
with them. This is followed by the Development Phase, in which
we build the tool and perform the testing. The Writing Phase is
dedicated to the final project papers. The last phase is the Poster
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and Website Phase, in which we design and develop the poster and
website. A detailed overview of the timeline can be seen in the
Gantt Chart in Figure 2. The deliverables are stated in Table 1.

Table 1: Deliverables And Milestones

l Deliverable/Milestone [ Date
Ethics Application Deadline 6 May 2024
Serialisation Complete 13 May 2024
Initial Combined Prototype 24 June 2024
Fully Functional Prototype 22 July 2024

Project Progress Demonstrations
Code Finalised

Project Paper Complete Draft
Project Paper Final Submission
Project Code Final Submission
Final Project Demonstrations

22-26 July 2024

12 August 2024

23 August 2024

30 August 2024

9 September 2024
16-20 September 2024
27 September 2024

4 October 2024

Poster Due
Website Due

7.3 Resources Required

Since the graphical tool is being designed as a web-app and will
be able run on almost any machine, no additional resources are
required for its development. However, people are needed for the
user testing (specifically beginner modellers). All software tools
built upon are open-source and free, thus no licensing or payments
are needed.

The database schemas generated will need a database client that
can run a MariaDB server to function. MariaDB is open-source and
free, meaning that acquiring it will not present any challenges.

7.4 Work Allocation

The project work is allocated on the two main components that
need to be produced. Richard Taylor will focus on building the
graphical modelling tool while Stephan Maree will focus on the
schema creation aspect. These tools will use a shared serialisation.
These two tools will be designed to function separately, but ide-
ally they will be integrated into one final product, where users’
conceptual models can be converted into temporal databases.
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Figure 2: The Gantt Chart for the project. In this the blue bars are assigned to Richard, the red bars belong to Stephan, the purple bars are
done by both team members, and the green bars correspond to the project’s proposals.
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