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Technical Debt (TD)
Technical Debt includes those internal tasks you choose not
to do now, but it runs a risk of causing future problems if
not done.

[Cunningham, 1992]
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Technical Debt
• The acceptance and use of the Technical Debt metaphor is
in large part because it is easily understood;
• Technical debt is a new research area, having published
papers only from 2010, its different types and indicators are
not organized yet;
• Besides, it is difficult to define a common vocabulary for
the area and to indicate which directions to follow in order
to find out the existing debt on software projects.
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Motivation
There are some initiatives on literature in order to organize the
different types of Technical Debt.

Intentional
vs.
Unintentional Debt
Technical Debt Quadrant By Martin Fowler (2009)
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Motivation
• However, those initiatives do not consider the
nature of the debt as a factor to be considered in
its classification.
• By nature we mean the activity of the development
process execution where the debt was inserted or
it is associated with. For example, a debt incurred
by a tester who does not execute a set of planned
test scenarios can be considered a test debt.
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Research Goal
• To propose an ontology to organize the
different types of technical debt considering
their nature as a classification criterion.
• Based on this organization, it was possible to
identify different indicators that have been
proposed to find out each type of debt on
software projects.
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Research Strategy
*We performed
a systematic
literature
mapping

We found 13
types of
Technical Debt

We created the
ontology of
terms on
Technical Debt

We defined the
relation Technical
Debt Types X
indicators

*The results of the systematic literature mapping will be available soon.

Contributed to
the evolution of
the Technical
Debt Landscape

Research Strategy
Performed
Systematic
literature
mapping

We Created the
ontology of
terms on
Technical Debt

Initial Evaluation
Regarding
Quality
Created TD Ontology in OWL Format

Contributed to
the evolution of
the Technical
Debt Landscape

Initial Evaluation
by a specialist
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Purpose Identification and
Requirements Specification
• The first activity when building an ontology. In this activity the
competence of the ontology is identified. Thus, the following competency
question was defined [Falbo, 1998]:

What are the types of technical debt and their
indicators that can be considered in software
projects?
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Identified Technical Debt Types
Definitions
Type
Architecture Debt
Build Debt
Code Debt

Definition
Refers to the problems encountered in project architecture, for example, violation of modularity, which can affect architectural
requirements (performance, robustness, among others). Normally this type of debt cannot be paid with simple interventions in the
code, implying in more extensive development activities.
Refers to build related issues that make this task harder, and more time/processing consuming unnecessarily. The build process of a
project can contain very unnecessary code to the customer. Moreover, if the build process needs to run ill-defined dependencies, the
process becomes unnecessarily slow. When this occurs, one can identify a build debt.
Refers to the problems found in the source code which can affect negatively the legibility of the code making it more difficult to be
maintained. Usually, this debt can be identified by examining the source code of the project considering issues related to bad coding
practices.
Software projects may have known and unknown defects in the source code. Defect debt consists of known defects, usually identified by
testing activities or by the user and reported on bug track systems, that the CCB agrees should be fixed, but due to competing priorities,
and limited resources have to be deferred to a later time. Decisions made by the CCB to defer addressing defects can accumulate a
significant amount of technical debt for a product making harder to fix them later.
Refers to debt that can be discovered by analyzing the source code by identifying the use of practices which violated the principles of
good object-oriented design (e.g. very large or tightly coupled classes).
Refers to the problems found in software project documentation and can be identified by looking for missing, inadequate, or incomplete
documentation of any type. Inadequate documentation is those that currently work correctly in the system, but fail to meet certain
quality criteria of software projects.
Refers to infrastructure issues that, if present in the software organization, can delay or hinder some development activities. Some
examples of this kind of debt are delaying an upgrade or infrastructure fix.
Refers to people issues that, if present in the software organization, can delay or hinder some development activities. An example of this
kind of debt is expertise concentrated in too few people, as an effect of delayed training and/or hiring.
Refers to inefficient processes, e.g. what the process was designed to handle may be no longer appropriate.
Requirements debt refers to tradeoffs made with respect to what requirements the development team need to implement or how to
implement them. Some examples of this type of debt are: requirements that are only partially implemented, requirements that are
implemented but not for all cases, requirements that are implemented but in a way that doesn’t fully satisfy all the non-functional
requirements (e.g. security, performance, etc.).
The need for web service substitution could be driven by business or technical objectives. The substitution can introduce a TD, which
needs to be managed, cleared and transformed from liability to value-added. Technical debt can cover several dimensions, which are
related to selection, composition, and operation of the service.
Test Automation debt is defined as the work involved in automating tests of previously developed functionality to support continuous
integration and faster development cycles.
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Refers to issues found in testing activities
which can affect the quality of testing activities. Examples of this type of debt are planned
tests that were not run, or known deficiencies in the test suite (e.g. low code coverage).

Refers to the problems found in the source code
which can affect negatively the legibility of the
Design Debt
code making it more difficult to be maintained.
Code
Debt
Documentation Debt
RefersCode
to the problems
in thethis
source
code which
can identified
affect negatively
legibility of
Usually,
debt
can be
by the
examining
Debt found
the
code making
it more difficult to be maintained. Usually, this debt can be identified by
Infrastructure
Debt
theof source
code
of theissues
project
issues
examining
the source code
the project
considering
relatedconsidering
to bad coding practices.
People Debt
related to bad coding practices.
Process Debt
Defect Debt

Requirement Debt

Service Debt
Test Automation Debt
Test Debt

Technical Debt Types X Indicators
TD Type
Architecture Debt

Build Debt

Code Debt

Defect Debt

Design Debt

Indicator
ACN/PWDR, Betweeness Centrality,
Issues in software architecture
Structural Analysis
Structural Dependencies
Violation of Modularity
“Dead Flags”
“Zombie Targets”
Dependency
Visibility
ASA Issues
Code Metrics
Code outside of standards
Duplicated code
Multithread correctness (ASA)
Slow Algorithm
Uncorrected known defects
ASA Issues
Brain Method
Code Metrics
Code Smells
Data Class
Data clumps
Dispersed Coupling
Duplicated Code
God class (or large class)
Grime
Intensive Coupling
Issues in the software design
Refused Parent Bequest
Schizophrenic Class
Structural Analysis

Documentation does not exist
Incomplete Design Specification
Incomplete Documentation
Documentation Debt Insufficient comments in code
Outdated Documentation
Test Documentation
Infrastructure Debt
People Debt
Process Debt
Requirement Backlog List
Requirement Debt
Selection/Replacement of web service
Service Debt
Test Automation Debt Incomplete Tests
Test Debt
Low coverage

ASA Issues
Brain Method
Code Metrics
Code Smells
Data Class
Data clumps
Dispersed Coupling
Design Debt Duplicated Code
God class (or large class)
Grime
Intensive Coupling
Issues in the software design
Refused Parent Bequest
Schizophrenic Class
Structural Analysis
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Ontology visual representation in
Protegé

Implemented with OWL (Web Ontology Language)
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Initial Evaluation
• The proposed ontology was assessed in two
steps:
1. The quality criteria defined in Gruber (1995);
2. An expert that did not participate of the ontology
development performed an initial evaluation on it.
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Initial Evaluation Regarding Quality
• The ontology was sent for two of the researchers involved in the
writing of this paper.
• For each Technical Debt type, the researcher was asked to evaluate
it considering the following possible results:
– Fully Compliance (FC): the ontology complies with all variables
considered in the criterion being evaluated;
– Partially Compliance (PC): the ontology is partially consistent with the
variables considered in the criterion being evaluated;
– Not Compliance (NC): the ontology does not comply with all variables
considered in the criterion.

www.tdresearchteam.com
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Results
Criteria

Evaluation

1

2

Remarks

Clarity: An ontology should effectively communicate the
intended meaning of defined terms. Definitions should be
objective and, when a definition can be stated in logical
axioms, it should be. All definitions should be
documented with natural language [13].

PC PC

Coherence: an ontology should sanction inferences that
are consistent with the definitions. At the least, the
defining axioms should be logically consistent. Coherence
should also apply to the concepts that are defined
informally [13].
Extendibility: An ontology should be designed to
anticipate the uses of the shared vocabulary. In other
words, one should be able to define new terms form
special uses based on the existing vocabulary, in a way
that does not require the revision of the existing
definitions [13].

PC PC

FC

PC

Minimal encoding bias: The conceptualization should be
specified at the knowledge level without depending on a
particular symbol-level encoding [13].

FC

FC

The defined and documented concepts in the ontology were
not influenced by the restrictions of the chosen language (OWL)
for their representation.

Minimal ontological commitment: An ontology should
require the minimal ontological commitment sufficient to
support the intended knowledge sharing activities [13].

FC

FC

The defined ontology organizes a common vocabulary for the
DT area, is extensible and does not make use of a very extensive
formalism making it use easier to the research community.

Logical axioms were not used in the formalization of the
ontology because it is a lightweight ontology and the formalized
knowledge does not require. On the other side, the TD types
were defined and documented. Some minor adjustments were
required in order to clarify the difference between some TD
types.
The defined ontology did not use axioms. Thus, this criterion
was used to evaluate the documented definitions. These criteria
received PC result from both evaluators just because it was not
possible to evaluate axioms (that does not exist in lightweight
ontologies).
The defined ontology is the first step towards a more
comprehensive knowledge organization in TD considering its
types, causes and indicators. Thus, it is expected that it will be
evolved from the definitions here formalized. In this context,
one of evaluators requested that some definitions were
improved to facilitate its extension.

The results showed the need to make some adjustments to improve the
18
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Initial Evaluation by a Specialist
• The defined ontology on Technical Debt was evaluated
by a specialist in the area who was not involved on its
definition.
• As result, some improvements were suggested in order
to clarify some definitions that, in some cases, were
described from different points of view.
• The specialist considered it important to keep the
concepts in the proposed ontology because this can be
a good material for discussion by the research
community.
www.tdresearchteam.com
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Contributions of work
•

This work contributes to the Technical Debt Landscape.

•

The identified technical debt types were organized using an
ontology, which will allow the sharing of a common
vocabulary for the research community on Technical debt.

•

Furthermore, we organized the indicators of debt for each
type of technical debt.
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Future works
• We are working on a web based infrastructure
(wrapping the defined ontology) to allow the sharing
and the collaborative maintenance and evolvement
of this knowledge on Technical debt.
• Besides that, our research group is also working on a
set of tools to support the visualization of Technical
debts on software projects.
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