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Abstract
The quality of software architectures determines sustainability

of the software to a large extent. Measuring sustainability of a
software architecture both during early designs using scenarios
and during evolution using scenarios and metrics, which is
highly relevant in practice, have great impacts on software
sustainability. Sustainability indicators and composite index
are also used as powerful tools for policy making and public
communication that enhanced software sustainability. Several
initiatives exist on measuring sustainability of softwares in
diverse fields of study. This article provides a general
overview of measuring the impacts of software sustainability.
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Introduction

Software systems with life span of more than 15
years must be carefully designed and implemented, taking
notice of maintenance and evolution. Software architectures
are major drivers for the sustainability (i.e., cost- efficient
longevity) and evolvability of softwares because they
influence how quickly and correctly a developer is able to
understand, analyse, extend, test, and maintain a software
system. According to ISO/IEC 42010 — 2007 definition,
“Architecture is the fundamental organization of a system
embodied in its components, their relationships to each other,
and to the environment, and the principles guiding its design
and evolution.” Evaluation methods [ 6, 1, 9 ] focus mainly on
scenario-based methods to evaluate early software architecture
designs and do not analyse their suitability for sustainability
evaluation. Other surveys [ 2, 13, 4 ] provide more breath but
do not include architecture-level metrics. An integration of
scenario-based and metrics-based methods provide a
continuous, pro-active approach towards evolution problem
throughout the entire system life-cycle.

According to Ness et al.(2007) “ The purpose of
sustainability assessment is to provide decision-makers with
an evaluation of global to local integrated nature-society
systems in short and long term perspectives in order to assist

them to determine which actions should or should not be taken
in an attempt to make society sustainable”

In more general terms, sustainability is the endurance of
system and processes. The organizing principle for
sustainability is suitable development, which includes the four
interconnected domains: ecology, economics, politics, and
culture. Various concepts are competing for the “sustainable
software” name. One is about how well a piece of software
will be able to cope with changes. In other words, the goal is
to build “long lasting” software. This relates to qualities such
as reliability, (self-) adaptability, maintainability or context-
awareness of software,as well as development paradigms such
as Agile.

The second is about direct environmental impacts of software,
such as energy consumption and e-waste from computers
made obsolete due to software upgrades. We could call it
“Lean software”.

The third one is about indirect effects of software on the
environment. In this sense a sustainable software is one that
induces sustainable human behaviours. There are infinity of
examples, as software has invaded all our activities, in daily
life or business, and most have an impact on the way we
behave. Consequently any piece of software should be
designed in the awareness of its impact on human
sustainability. For example, google maps ability to show
public transportation routes towards your destination,
recreational centers around your locality and lots more.

The diagram below illustrates the famous model for
sustainability taking notice of the three concepts mentioned
above.
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Impacts sustainability’s system is user-friendly and affordable
system, allowing you to focus on the task at hand. i.e., creating
a sustainable business.

A scenario is a brief description of a single
interaction of a stakeholder with a system [5]. Scenario-based
methods provide techniques for eliciting, documenting, and
evaluating software architecture related scenarios against the
requirements. Scenarios assessing the sustainability of an
architecture are often called change, evolution or exploratory
scenarios [3]. A change scenario may impact multiple
components. Undesired and costly ripple effects [14] can
occur if the change to a component causes changes in
dependent components. Thus, loose coupling between system
components is a desirable property of a sustainable
architecture to avoid such effects.

A review of indicator sets and the categories of
indicators are used by specific companies or countries to
report sustainability performance. The lack of an open,
neutral, inclusive and harmonized set of indicators and indices
for sustainable manufacturing. For example, A sustainability
measurement infrastructure is being developed by NIST [1].

Sustainability Impacts of Software

Sustainability of software has great impacts on our
environment and behavior. A few impacts are enumerated
below:

1. Sustainability development trend offers new business
opportunity. For example, ICT industry can create
new businesses by their environmental impact.

2. Sustainability enables ICT industry to find ways to
solve environmental problems in other industries.
This means seeking new solutions to reduce the
environmental impact of software assets, reducing the
impact of hardware through software throughout the
full production life cycle.

3. The advances in computer hardware over the last few
decades have been absolutely staggering and
scientists have been aggressive about applying these
advances to the process discovery.

4. Cloud computing has made available essentially
limitless storage and computing power on demand.

5. The connection between individuals that have been
enabled by the internet have accelerated scientific
communication, enable new types of discourse, and
provided the opportunity to directly transfer data and

technology between researchers from diverse fields
and backgrounds.

6. Most importantly, for younger researchers and those
inexperienced in computation, high level languages
and packages have enabled more direct development
of tools, reducing the hurdles necessary to bring these
developments into bear on a scientific problem.

Conclusion

This paper covers an overview of measuring various impacts
of software sustainability. Although there are various
international efforts on measuring sustainability, only few of
them have an integral approach, taking into account
environmental, economic and social aspects. In most cases the
focus is on one of the three aspects. Indicators of sustainable
development should be selected, revisited and refined based
on the appropriate communities of interest. Thus, indices
should be constructed within a coherent framework.

Future Work

Practitioners can use this review to tailor their own
sustainability evaluation method based on the referenced
methods and tools. Researchers can loopholes in the body of
work and create systematic sustainability evaluation methods.
This review identifies a need for more empirical studies on
architecture evaluation.
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