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Abstract—This paper introduces a framework for software
sustainability profiling. The goal of the framework is to analyse
sustainability requirements for long-living software systems, fo-
cusing on usability and readability of the sustainability profiles.
To achieve this goal, we apply a quantitate approach such as
fuzzy rating scale-based questionnaires to rank the sustainabil-
ity requirements, and the Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS) to analyse the results of
questionnaires and to provide a basis for system profiling.

The core profiling elements provided by our framework are
(1) a sustainability five-star rating, (2) visualisation of the five
sustainability dimensions as a pentagon graph detailing combina-
tion for individual, social, technical, economic and environmental
dimensions, and (3) a bar graph of overall sustainability level for
each requirement. To ensure sustainability, the proposed profiling
framework covers the five dimensions of sustainability to quantify
the sustainability of any software system not only during the
requirement gathering phase but also during maintenance phase
of software system lifecycle.

I. INTRODUCTION

Addressing the impacts of software systems on sustainabil-
ity is a first-class quality concern beside usability, safety and
security [1]. A number of studies showed that if a software
system is developed without taking sustainability requirements
into account, the system could have negative impacts on
individual, social, technology, economic, and environment
sustainability, cf. [2]-[5]. Environmental awareness is crucial
for software engineering, especially in the case of large-scale
systems having many thousands of users.

The analysis of system sustainability has to be initiated on
the requirements engineering (RE) phase [6], [7]. Based on
this idea, Becker et al. [8] emphasised that the importance of
identifying stakeholders whose outside interests are affected,
and the use of long-life scenarios techniques during require-
ments elicitation could forecast potential impacts. Duffy [9]
highlighted that sustainability could be achieved especially
in the social dimension through usability, which is a non-
functional requirement, and its traditional methodologies.

This question is especially important for long-living sys-
tems, where the stakeholders requirements and preferences
might change over the time the system is in use. For example,
a system that can be seen as sustainable today, might be
rated as environmentally unsustainable in few years, while
new techniques to increase environmental sustainability are
developed. To solve this problem, we require an easy-to-use
profiling framework based on quantitate approaches that would
allow to analyse the up-to-date system sustainability profiles,
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based on system characteristics and the up-to-date ratings
(quotations) of the corresponding requirements. Usability and
readability of the approach is crucial to make it applicable
for real software development processes, as the quotation
process and the generated profiles have to be easy-to-use by
all stakeholders.

Contributions: To ensure the sustainability of long-living
software systems over their eitire live-cycle, we propose a
framework for sustainability profiling. The framework allows
to analyse sustainability requirements for long-living software
systems. The up-to-date profiles could be generated both
during the RE and the maintenance phase of the software
system lifecycle. The framework workflow is presented in
Figure 1. First of all, stakeholders are assigned to a group
to rate requirements from the different perspective of sus-
tainability dimensions (individual, social, technical, economic
and environmental). Then, a fuzzy rating scale is used to
avoid imprecision for answering quantitative questionnaires
[10]. As the next step, the Technique for Order of Preference
by Similarity to Ideal Solution (TOPSIS, cf. [11]) is utilised
to find alternatives that are the nearest distance from the
positive ideal solution and farthest distance from the negative
ideal solution. The software sustainability profiling includes
an overall picture of how sustainable a software system really
is. The profile is presented as three core elements: (1) a five-
star rating, (2) five dimensions of sustainability in a pentagon
graph, and (4) an overall measure of sustainability for each
requirement in a bar graph.

Outline: The rest of the paper is organised as follows. In
Section II we discuss the background and related work. Sec-
tion III introduces our framework for software sustainability
profiling. Section IV introduces an example scenario to show
how the framework can be used to profile software systems.
Section V summarises the core contributions of our work.

II. BACKGROUND AND RELATED WORK

In this section we discuss the research directions and
approaches that provide a background for our framework: RE
for sustainable systems, the idea of the sustainability profiling,
quantitative approaches, approaches using the fuzzy rating
scale, and the TOPSIS framework for requirements analysis.
We selected TOPSIS for our sustainability profiling frame-
work, as this technique has been successfully used for priori-
tising requirements and solving conflict among non-functional
requirements, cf. [11]-[13]. Previously, TOPSIS was used
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without taking into account the sustainability aspects, but the
extension to evaluate sustainability requirements is possible
and easy to implements. In the sustainability dimensions we
have the same kind of relations among requirements: (1) each
requirement has impacts on other requirements, and (2) each
requirement has positive or negative impacts on sustainability
dimensions that could be maximised or minimised during the
TOPSIS procedure.

A. Requirements engineering for sustainable systems

The RE phase of software development focuses on discover-
ing, developing, tracing, analysing, qualifying, communicating
and managing system requirements, cf. e.g., [14]. Lami et al.
[15] proposed to define a sustainable software process as one
which meets realistic sustainability objectives, taking into ac-
count not only direct but also indirect impacts of the software
on economy, society, human beings, and environment.

Penzenstadler [16] defined RE for sustainability as “the
concept of using requirements engineering and sustainable
development techniques to improve the environmental, social
and economic sustainability of software systems and their
direct and indirect effects on the surrounding business and
operational context”.

Sustainability in software has various dimensions. Goodland
[17] suggested to distinguish the following four dimensions:
human (individual), social, economic and environmental sus-
tainability. Penzenstadler and Femmer [5] as well as Razavian
et al. [18] added to the new dimension of fechnical sustain-
ability.

In our framework, we analyse the system sustainability
using the five dimensions:

o Individual sustainability: Individual needs should be
protected and supported with dignity and in a way that
developments should improve the quality of human life
and not threaten human beings;

Social sustainability: Relationships of people within
society should be equitable, diverse, connected and demo-
cratic;

Technical sustainability: Technology must cope with
changes and evolution in a fair manner, respecting natural
resources;

Environmental sustainability: Natural resources have to
be protected from human needs and wastes; and
Economic sustainability: A positive economic value and
capital should be ensured and preserved.

B. Sustainability Profiling

Sustainability profiling has been used mostly for software
energy and data centre consumption, as well as in cities
and urban settlements. James [19] highlighted that a holistic
and integrated understanding of urban life is essential. He
presented an urban profile framework for cities sustainability
including four main domains ecology, economics, politics
and culture as well as seven sub-domains for each main
domain. The framework was also applied to the sustainability
of eLearning by Stewart and Khare [20]. This framework was
providing a nine-point scale rating that is imprecise and has to
be extended to fit software development process and to cover
the corresponding sustainability dimensions.

Gmach et al. [21] proposed a profiling approach for the
sustainability of data centres, to quantify energy during design
and operation of data centres. Similarly, Jagroep et al. [22]
demonstrated a software energy profiling to analyse soft-
ware changes in energy consumption between releases of a
software product. Although both studies focused on energy
consumption that could impact environmental and economic
dimensions of sustainability, individual and social dimensions
were ignored in the measurement. Our approach covers the
five dimensions of sustainability to quantify the sustainability
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of any software system, starting from the requirements phase
and continuing over the phase of maintenance.

C. Quantitative Approach

Quantitative approaches are used to analyse data and to mea-
sure qualities in software engineering [23], [24]. For instance,
goal-oriented requirements and user experience are analysed
and measured via quantitative techniques having a rating scale
of probability between satisfaction and denial of satisfaction.
The rating scales and data analysis techniques vary from one
quantitative approach to another. Some approaches use a five-
level Likert scale while others employ a nine-point scale to
present people’s attitudes by scaling their responses. Notably,
the Likert rating scales and the nine scales that are giving
a number of options are closed format. For example, if a
questionnaire has a closed five Likert scale, participants can
only express their opinion through one of the five choices.
These closed format options are imprecise, difficult to choose
between and limited. A solution to overcome drawbacks of
closed formatted scales are the fuzzy rating scale [10], cf.
Section II-D for more details.

The quantitate approaches can be applied to several types of
data, and the type of data to analyse might influence the choice
of the approach. Tullis and Albert [23] suggest to distinguish
the following four types of data:

« Nominal data is categorised or classification data, which
it is not in any particular order, e.g., gender or hair colour;
Ordinal data is ordered classified data, but the differ-
ences between them are not meaningful, e.g., product and
movie ratings;

Interval data is classified data where the difference
between two data items is meaningful, but without natural
Zero points, e.g., temperature units;

Ratio data is interval data with absolute zero, e.g., weight
and height.

To analyse sustainability requirements, we will create from the
provided by stakeholders ranking the corresponding ratio data.
This transformation will be done using TOPSIS, cf. Section
II-E. The ratio data will be then further explored to build the
system profile.

D. The Fuzzy Rating Scale

A fuzzy rating scale (FRS) allows the capturing of the
diversity of individual responses in questionnaires, also avoid-
ing imprecision while rating a questionnaire [10]. For our
sustainability profiling, stakeholders will be required to rate the
corresponding sustainability dimensions. For example, as an
alternative of stakeholders choice from a five classified rating
scale, they can select their range and extend it between a range
of two extreme poles.

To implement an FRS, we adopt the fuzzy rating scale
method proposed by Lubiano et al. [25]:

Step 1 Considering a representative rating on the bounded
interval;

Step 2 Determining a core response to be considered as fully
compatible;
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Step 3 Determining a support response to be considered as
compatible to some extent; and

Step 4 Creating a trapezoidal fuzzy number from the two in-
tervals, which are linearly interpolated, as Tra(a, b, ¢, d),
where 0 <a<b<c<d<1.

Figure 2 presents an example on application the above method
to within our framework: The scale goes from 0 to 100%,
where O corresponds to the worst case (critical value), and 100
corresponds to the best case (green value). For simplicity, it is
also possible to use a scale from O to 1, where 1 corresponds
to 100%.

Green
sweeeeey {Vibrant)

100

Critical

20 40 50 60 70 80 90

Step 1

Green

e R PRI : s eensssanny {vibrant)

10 20 30 40 50 60 70 80 9 100

Critical

Step 2

Green

e o mm s L

50 60 70 80 90 100

Critical

e

20
Step 3

Green

— e Y

70 80 90 100

Critical

| 1
I 1

stepa  Of - - -
20

40

Fi

=

g. 2. Fuzzy Rating Scale for Sustainability Profiling

E. TOPSIS

Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS) is an effective technique to evaluate sus-
tainability requirements which change over time is utilising.
TOPSIS is one of the multiple criteria decision analysis
approaches to identify the best alternative that is nearest to
an ideal solution and farthest from negative ideal solution
[12]. The principles of TOPSIS are simple, and positive ideal
solutions and negative ideal solutions formed [26]. The benefit
criteria in the positive ideal solution are maximised, and the
cost criteria are minimised, while the cost criteria in the
negative ideal solution are maximised, and the benefit criteria
are minimised [11].

The following is the stepwise procedure of TOPSIS accord-
ing to Behzadian [11]:

Step 1 Construct normalised decision matrix 7;;

Tij . .
Tij = o 27 fO’I"Z:l,"',m7 .7:17"'777/
Zi:l‘rij
(1)



4th International Workshop on Quantitative Approaches to Software Quality (QuUASoQ 2016)

Step 2 Construct the weighted normalised decision matrix v;;

2

Vij = W;T;
where w; is the weight for j criterion.
Step 3 Determine the positive ideal (A*) and the negative

ideal solutions (A/):
Positive ideal solutions

A* = {mazx(vij)|j € Jymin(vi)|j € Ji} = {7, v}

3)
Negative ideal solutions

’

A" = {min(vij)|j € Jymaz(vij)lj € I} = {vg,-- v, }

“4)
Step 4 Calculate the separation measures:
The separation from positive ideal is

&)

(6)

Step 5 Calculate the relative closeness to the ideal solution
Cr

’

S
Cf="—o——=~, 0<Ci<l, i={l,---,m} (7
C; =1 if A; solution has the best condition,
Cr =0 if A; solution has the worst condition.

III. FRAMEWORK FOR SUSTAINABILITY PROFILING

The general idea of the framework workflow is presented
in Figure 1. To measure the sustainability aspects of the
requirements, we adopted the FRS approach. Requirements
are rated against sustainability dimensions, which gives an
input to the TOPSIS procedure. The provided by TOPSIS
results will create a basis for sustainability profiling: using
these results, our framework determines (1) the sustainable
of each system requirement, (2) sustainability of the software
system as whole. This will be presented in a five-star rating
within each level of sustainability dimensions and the overall
sustainability of each requirement. The analytical approach
consists of the following five steps, cf. also Figure 1.

A. Assigning Stakeholders

Requirements engineers should assign stakeholders to one
of the three stakeholder groups having end-users, adminis-
trators, and developers and providers groups. For instance,
in eLearning systems the learner and instructor are in the
end-users group while ITs support could be assigned to the
administrator group.
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B. Defining Questions

The framework will generate a questionnaire including
related questions (instructions) for each requirement with
regard to the sustainability dimensions and stakeholders
groups. Thus, for each requirement k£ questions will be
created, where 1 < k < 5. Each question should present a
single sustainability dimension perspective, which is covered
by the requirement, and have a form
Rate the influence of the requirement on the X sustainability,
where X is belongs to the set
{individual, social, technical, environmental, economic}.
The generated questionnaire can be further revised and
adapted by both requirements engineers and sustainability
experts, before continuing with the next step.

For example, requirement R1 has to have five questions,
covering each dimension of the sustainability.

C. Rating Requirements

Each stakeholder has to answer allotted question from vary
views of certain sustainability dimension by using the FRS.
For example, stakeholders, who are in the learners and instruc-
tors group, will answer two questions for each requirement:
from the individual and from the social sustainability point
of view. and another time for the social sustainability. Each
answer, also, will be in a form of trapezoidal fuzzy number
from the two intervals as Tra(a, b, c,d), where 0 < a < b <
c<d<l.

D. Analysing Sustainability Using TOPSIS

After all stakeholders answered the questionnaire, the results
of the FRS approach become inputs for TOPSIS. The data will
be normalised and weighted according to Equations 1 and 2,
and after that the steps 3, 4 and 5 of TOPSIS need to be
applied twice:

o First round: Applying requirements as criteria to de-
termine overall sustainability within the separation of
requirements’ impacts for each requirement; and

« Second round: Applying sustainability dimensions as cri-
teria to analysis each dimension within all requirements
and overall sustainability rating for the software.

E. Generating Software Sustainability Profiling

The result of TOPSIS analysis including two rounds helps
to generate software sustainability profiling which is visualised
representing the result. The profiling includes:

« Sustainability five-star rating Presenting the average of
>~ C* in the both rounds of sustainability dimensions and
requirements;

« Five sustainability dimensions Illustrating each dimen-
sion level combined in pentagon or bar graph (optional)
for the software having all rated requirements; and

« Bar graph Showing an overall sustainability for each
requirement.

An example of a sustainability profile for a software system,
which is created using the proposed framework, is presented
in the next section (cf. Figure 5).



4th International Workshop on Quantitative Approaches to Software Quality (QuUASoQ 2016)

Elicitation Analysis ><pecification > Validation Management
A A A A \ A
Assigning Rating Generating Software Ensuring
Stakeholders Requirements Sustainability Profile software longevity
Defining Analysing Sustainability
Questions Using TOPSIS
Fig. 3. Sustainability Profiling as a part of RE Activities
TABLE I The sustainability profile could be seen as one of the input
THE KEY CHART IN SOFTWARE SUSTAINABILITY PROFILING to the specification phase.
Percentage % | Colour Code | Description « Requirements validation is the practice of checking that
80-100 Green (Vibrant) the specification captures users’ needs and constraints.
60-79 | Light green | Satisfactory The proposed framework does not cover the validation
40-59 Yellow Basic tiviti hich might b f the fut K di
5039 T Unsatisfactory activities, which might be one of the future work direc-
0-19 ; Critical tions.

Considering a different information in the profiling, we
simplify and visualise the result by creating a key chart with
five categories as shown in Table I. This key chart includes
numeric variables in percentage, colour codes for visualisation,
and linguistic variables as a description.

Figure 3 demonstrates how the proposed framework can be
uses during the RE activities (we follow the definition of the
RE activities introduced by [27]-[30]):

« Requirements elicitation is the practice of understanding
and determining stakeholders’ needs and constraints.

To rate the sustainability requirements using the proposed
framework, at this phase two actions are necessary:

(A) the stakeholders have to be assigned, (B) the ques-
tionnaires have to be generated.

However, taking into account the long-living nature of the
system, re-iteration of these steps might be necessary on
the management phase, to ensure the sustainability over
the software system lifecycle: (A’) new stakeholders can
be assigned, (B’) the questionnaires can be updated.

« Requirements analysis is the practice of refining stake-
holders’ needs and constraints by defining the process,
data and object of the required system.

On this phase, we conduct the following steps of our
framework:

(C) the stakeholders rate the requirements, (D) the
sustainability of the system is analyses using TOPSIS,
(F) the sustainability profile is generated.

To ensure longevity of the system, these steps also can
be repeated during the management phase.

« Requirements specification is the practice of writing
down stakeholders’ needs and constraints, and this doc-
umentation should be unambiguous, complete, correct,
understandable, consistent, concise, and feasible.

« Requirements management is the practice of schedul-
ing, controlling changes and tracking requirements over
time. In the case of long-living systems, the management
activities are crucial to keep the software system sustain-
able. The steps (A) — (F) have to be repeated to provide
an up-to-date sustainability profile of the system.

IV. APPLICATION OF THE PROPOSED FRAMEWORK

Let us discuss an example scenario with five requirements
R1, ..., RS. The aim of this scenario is to illustrate application
of the proposed framework, without going into the technical
details like generating of questions within real questionnaires.
In this scenario, we will go through all framework steps and
present the created sustainability profile as the final result.

A. Assigning Stakeholders

Let us assume that the requirements will be rated by ten
assigned stakeholders: four in the end-users group, three in
administrators group, and three in developers and providers

group.
B. Defining Questions

This step is omitted in the example, as the rating activities
will be simulated.

C. Rating Requirements

To simulate the rating activities where each stakeholder rates
requirements against sustainability dimensions by answering
defined questions, we generate random numbers between [0:1]
(0 corresponds to a critical value, 1 corresponds to a green
value) for the fuzzy rating scales. Figure 4 shows the results
of application of the FRS approach to the requirement RI,
from the prospective of ten assigned stakeholders.

As follows from Figure 4, Stakeholder S2, who is assigned
to individual and social sustainability dimensions, rates R1 for
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Fig. 4. Example of Fuzzy Rating Scale for Requirement (R1)

TABLE II
OUTPUT EXAMPLES OF FUZZY RATING SCALE FOR REQUIREMENTS ANALYSIS
Dimension S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

Individual 0.573 0.754 | 0.625 0.914
Social 0.276 | 0.727 0.087 0917 0.377 0.942 0.066

R1 | Technical 0.579 | 0.808 | 0.324
Economic 0.158 | 0.446 | 0.340 | 0.345 | 0.362 | 0.529
Environment 0.382 | 0.351 | 0.799 | 0.291 | 0.986 | 0.130
Individual 0.281 | 0.472 | 0.232 | 0.289
Social 0.096 | 0.587 | 0.605 | 0.301 [ 0.660 | 0.455 | 0.407

R2 | Technical 0.925 0.677 0.309
Economic 0.093 | 0.506 | 0.738 | 0.567 | 0.459 | 0.395
Environment 0.224 | 0.794 | 0.781 | 0.362 | 0.642 | 0.018
Individual 0.966 | 0.379 | 0.974 | 0.509
Social 0.030 | 0.331 | 0.170 | 0.717 | 0.835 | 0.128 | 0.909

R3 | Technical 0.173 | 0.157 | 0.728
Economic 0.182 | 0.001 0.473 0.050 | 0.366 0.504
Environment 0.257 0.282 | 0.187 0.814 | 0.711 0.688
Individual 0.287 0.802 0.347 0.361
Social 0.012 | 0376 | 0.318 | 0.976 | 0.785 | 0.381 | 0.808

R4 | Technical 0.583 [ 0.667 | 0.320
Economic 0.163 | 0.417 | 0.547 | 0.599 | 0.360 | 0.821
Environment 0.244 | 0.871 | 0.953 | 0.013 | 0.222 | 0.249
Individual 0.619 | 0.546 | 0.957 | 0.614
Social 0.600 | 0.005 0.460 | 0.003 0.977 0.535 0.518

RS Technical 0.215 0.995 0.943
Economic 0.244 | 0.072 0.328 0.251 0.349 0.610
Environment 0.214 | 0.704 | 0.662 | 0.949 | 0.714 | 0.583

individual perspective as Tra(0.51,0.66,0.856,1.00) while
social perspective as Tra(0.60,0.66,0.75,0.9). We calculate
fuzzy values from each fuzzy rating by mean measurement,
so individual and social means of R1 for S2 are 0.754 and
0.727, respectively.

D. Analysing Sustainability

In the next step, all the FRS outputs become inputs for
TOPSIS, cf. Table II. These data are normalised according to
Equation 1 for the five system requirements R1, ..., RS within
the individual, social, technical, economic and environmental
dimensions of sustainability. The result of normalisation step
presented in Table III.
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The weighted normalisation that was constructed according
to Equation 2 is showed in Table IV. Following the TOPSIS
procedure, we calculate for both rounds the separation mea-
sures from positive ideal S* and negative ideal solutions S, as
well as the relative closeness C*. The results are summarised
in Tables V and VI. Noteworthy, we could calculate the
negative impact of economic and environmental sustainability
dimensions via the negative ideal solution that maximises the
cost criteria and minimises the benefit criteria.

E. Sustainability Profiling

The generating software sustainability profiling is presented
in Figure 5 within an overall of 49% sustainability which is the
mean of ) C* in the two rounds (in Table V and VI). Among
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Fig. 5. Sustainability Profile of a Software System using the default colour schema. To increase accessibility of our approach, we also provide another
colouring option for colour-challenged people. In this option the red colour is replaced by blue.

TABLE III

THE NORMALISATION DECISION (STEP 1) USING EQUATION 1

Dimensions R1 R2 R3 R4 R5
Individual 0.536 | 0.238 | 0.529 | 0.336 | 0.512
Social 0.462 | 0.423 | 0425 | 0498 | 0422
Technical 0.444 | 0.496 | 0.275 | 0.408 | 0.559
Economic 0.421 | 0.533 | 0.304 | 0.562 | 0.358
Environment | 0.431 | 0.414 | 0.431 0.374 | 0.561
TABLE IV
THE WEIGHTED NORMALISATION STEPS FROM EQUATION 2
Dimensions R1 R2 R3 R4 R5
Individual 0.146 | 0.033 | 0.166 | 0.063 | 0.126
Social 0.085 | 0.081 | 0.084 | 0.108 | 0.067
Technical 0.097 | 0.136 | 0.043 | 0.089 | 0.144
Economic 0.058 | 0.105 | 0.035 | 0.113 | 0.040
Environment | 0.081 | 0.084 | 0.094 | 0.066 | 0.128
TABLE V

RESULTS OF THE STEPS 4 AND 5 IN THE FIRST ROUND

Dimensions SE S’ C*
Individual 0.0917 | 0.130 | 0.586
Social 0.143 0.118 | 0.452
Technical 0.134 0.137 | 0.505
Economic 0.132 0.104 | 0.440
Environment | 0.093 0.151 | 0.617
TABLE VI

RESULTS OF THE STEPS 4 AND 5 IN THE SECOND ROUND

R1 R2 R3 R4 RS
S* | 0.116 | 0.139 | 0.135 | 0.191 | 0.121
S* | 0.179 | 0.091 | 0.154 | 0.088 | 0.119
C* | 0.607 | 0394 | 0.533 | 0.317 | 0.497

the five requirements, R1 meets the highest level as satisfactory
as well as environmental dimensions. Also, individual, social,
technical and economic dimensions become basic as the lowest
level of software sustainability including the five requirements
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in this example.

V. DISCUSSION AND CONCLUSIONS

In this paper, we introduced a framework for software sus-
tainability profiling. We also presented and example scenario
to provide a numerical illustration on how the framework can
be applied. The framework allows to create the following
profiling elements:

1) Sustainability five-star rating for overall sustainability
ranking of entire software requirements;

2) Visualisation of the five sustainability dimensions as a
pentagon graph (and, optionally, also a bar graph) for all
dimension levels of the entire software requirements; and

3) Bar graph for overall sustainability of each requirement.

In our framework we apply a quantitative approach to
measure sustainability of the software systems. The fuzzy
rating scale is utilised to overcome inexplicit choices in ques-
tionnaires and increase the usability of the framework. The
TOPSIS approach for requirements analysis is used to analyse
ranking within the best ideal solution and the worst ideal
solution among requirements that could assist to recognise the
positive and negative impacts on sustainability via maximising
or minimising the benefit or cost.

In the case of long-living systems, it is crucial to keep the
software system sustainable over the whole lifecycle of the
system. The stakeholders requirements and preferences might
change over the time the system is in use, and proposed frame-
work allows to analyse the up-to-date system sustainability
profiles, based on system characteristics and the up-to-date
ratings (quotations) of the corresponding requirements.

One of the core features of the framework is readability
of the sustainability profiles, which also implies the usability
of the proposed framework. For example, we apply the five-
star rating to present sustainability ratings, as this rating is
perceived as a common one in other areas: the five-star rating
has become a standard for electricity consumption labelling
in electronic appliances such as air conditioners and computer
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monitors, allowing an energy efficient choice by reducing
energy use and emissions (i.e., to increase environmental
sustainability).

We follow the traffic lights colouring schema, where crit-
ical values are marked red and green (vibrant) are marked
green to increase readability and graphic visualisation. These
colours and their descriptions have been used in Green IT and
Sustainability Developments. To increase accessibility of our
approach, we also provide another colouring option for colour-
challenged people, where the red colour is replaced by blue.
Finally, there are two options to present the five sustainability
dimensions as a pentagon or bar graph because it might be
argued that the pentagon graph could be harder to read and
need more effort to analyse represented data than the bar
graph, so we provide the bar graph option for representing
the five sustainability dimensions.

Future work: The main direction of our future work on
the proposed framework is to develop a tool for software
sustainability profiling, allowing to perform the framework
steps within a single platform. We also would like to apply
the proposed framework to our earlier work on the analysis
of the RE aspects of ELearning systems [31] as well as of
geographically distributed systems and within global product
development [32]-[34].
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