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Abstract . ‘ ‘ ‘

Effective requirements engineering is one of the crucial way to build susl'funable s-oﬁwale.
Design thinking provides some of the strategies and toolbox for effecgve requirements
engineering. This paper studies design thinking strategies applicable for various requirements
cn;ineering activities. This paper also identifics some of the techniques useful fox.' sgstalnablc
software development. To this aim, sustainability assessment framcwoujk Foolklt 1s L}scd to
identity quality attributes ot sottware. Thus, this study explores design thinking strategies and
Sustainability assessment framework for Requirements Enginecring of sustainable software.

Keywords: Requirements Engineering, Design Thinking, Sustainable Software, Sustainability
Assessment Framework.

Introduction:

Responsible software is a part of sustainable ICT used for responsible enterprises which
integrate social, environmental, ethical, human rights and consumer concerns into their
business operations. Responsible software can play vital role in enhancing the social and
environmental responsibility of enterprises through efficient resource management,
transparency and accountability, sustainable product design and renewable energy
management. [1]

Design thinking is human centred approach to innovation with the toolkits or methods. Design
Thinking is interpreted in three ways: 1. A process with a sequence of steps according to
process framework 2. A collection of toolkits or methods to design this framework 3. A mindset
with human-centered principals to implement process framework with the help of toolkit.
Design thinking deals with both problem space and solution space with phases as

Problem Space: 1. Problem Definition, 2. Need finding 3. Synthesis

Solution Space: 1. Ideation 2. Prototyping 3. Testing.

Design thinking is used as a collaborative a
(2]

Design thinking can enable sustainable so
environmental effects of software development a
practices are opting for energy-efficient prograr
digital experience with efficient accessibility ar
lead to green software engineering. This er
environmentally-friendly software through w
carbon footprint of their applications. Softw

pproach to develop innovative digital solutions.

ftware development by minimizing the
tall its lifecycle stages. Sustainable software
mming languages, developing a user-friendly
nd performance optimization. These practices
nerging discipline leads to development of
hich green software engineers can reduce the

: . . are engincering for sustainability supports all
dimensions of sustainability — human, social,

. of sus economic, environmental and technical. [3] The
social sustainability assures that the softwar

st ¢ intensive systems shall have support of social
communities and the processes of software intensive systems shall benefit the social

commumties. The environmental sustainability assures that the software intensive systems
shal.l have energy gfﬁcxent resources and they shall create ecological awareness to be
environmental sustainable, The technically sustainable software systems will have a long term

use adapti_ng the dynamic execution environment. The economically sustainable software
systems will have preserved capital value and financial value, [4]
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Literature Review:
Artetact-based Requirements Engineeri < :
An Artefact-based chquirun m"l-'.{!lltglmg (abRE): AMDIRE:
dCi= v sments “1NY O AT » % ; s

o e _engineering (ABRE) Reference Model is a structured
approach to requirements engineering that focuses on the creati Ti7ati
sfartefacts. Artefacts are deliverabl n the creation, management, and utilization
( “l 5 ‘“‘m ;l‘ll\‘ o I “ i crables produced (ll'll'lng the software development process, such
SRR 2, AgLalhs, Or any other deliverable that captures requirements.
Implementation Steps for an ABRE Reference Model:

1. Define Artefacts: Identify the types of artefacts needed for the project and define their
structure and content.

Dot I D r ARCE e % 5 e, ST s A . o
2. l,st.lblll.sh I rocesses: Set up the processes for eliciting, analyzing, specifying, validating,
and managing requirements.

3 Ass?gn Roles: Define the roles and responsibilities of stakeholders, requirements engineers,

and project managers.

4. Seclect Tools: Choose appropriate tools for modeling, collaboration, documentation, and

traccability.

5. Develop Templates: Create templates for different types of artefacts to ensure consistency
and completencess.

6. Train Team: Provide training to the project team on the ABRE model, tools, and processes.
7. Execute and Monitor: Implement the requirements engineering processes, produce the
artefacts, and continuously monitor and improve the process. :

AMDIRE model consists of around 70 artefacts which represent functional as well as non-

functional requirements. The artefacts are classified as follows:
1. Context Specification: This class represents project scope, stakeholder model, goals and

domain models.

2. Requirements Specification:
application, usage model to represent fu
services offered by application.

3, System Specification: This ¢
components and data model to represen

This class represents system vision — COVers basic idea of
nctional requirements and service model to represent

lass represents components to describe internal behaviour of

t entities. [5]
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Figure 1: Specification wise artefacts for requirements engineering

Design Thinking for Requirements Engineering: : :

Many projects suffer due to proper requirements engineering or dynamic requirements. Design
thinking can be one of the tool to make requirements engineering effective with
interdisciplinary teamwork and fast and non-technical prototyping cycles. Design thinking
process consists of following phases:

1. Redefine: The initial point of design thinking where stakeholder’s engagement and their
impact and challenges will be assessed.

2. Needfinding and Synthesis: Design thinking team implements research techniques to
identify hidden and unexplored needs. Problem framing and reframing helps to identify the
exact requirements.

3. Ideation: This activity focuses on creating ideas to simulate thinking and identify more
appropriate requirements.

4. Protqtyping: This is the most effective way of representing solution needs and to facilitate
communication with end users via feedback.

5. Testing: Based on User’s feedback, improvement opportunities are explored.

‘Redefine. ‘ Synthesis

Figure 2: Design thinking for Rthirements Engineering

Following are the strategies of desi

engifiesnit el gn thinking which can be integrated with requirements

Upfront i - :
F : Tgink;ln Design | Infused Design | Continuous Design

Thinkin Thinkin
. 1 g
Features g?;jl dlllmng the Le_veraged within an | Continuous
pPhase of 3 existing implementation of

| Project 10 clarify | Requirements design thinking and
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Design thmking is the collection of design methods which can be implemented with Design
thinking strategics. Following are some of the design methods which can be used in each phase
of design thinking along with specific strategy. The design thinking toolbox offers flexible way

of implementing design thinking with requirements engineering. [6](8]

{?No | Phase Name Goal of the Phase Tools/ Methods Design |
thinking {
A i s S [ strategy |
R Empathize Rescarch User needs | Interviews, observations | Upfront
and active listening Design i
&4 u Thinking |
i 2 I Difine T State user needs and | Desk Research, framing Infused §
f problems and reframing, | Design '
= o stakeholder mapping | Thinking |
]' 3 ldeate Challenge Questions, | lnfused '
| assumpuions and | bramnstorming, brain | Design |
? create 1deas JWRHRE Thinking |
?'T Prototype T ]'Stant 10 create best | Paper prototype, role | Continuous
' possible solutions playing, sketches Design
! ' o e
o T Testing of prototype | Feedback capture gnd | Continuous
I! Design
;e e hinking t0olbox can be used to wentity requireiients

of sustamable software.

Sustainable Software Development:
The Sustainable Software Deve
development at all hife cycle stage
using more efficient hardware, and
quicker updates. [9] Green cods
Sustainable Software Development
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Sustainable Wearable Healthcare Application: :

This research paper considers sustainable ubiquitous softvyare suitable for wearables to monitor
body parameters for well being of human. The research in wearable domain has attempted o
improve quality of life from sustainability viewpoints. Along with monitoring and measuring
physical activities, sustainable wearables can deal with domains as human data tracking, human

data analysing, ambient intelligence with supporting middieware. [12] The wearable
technology with sustainable values can be viewed as shown in figure:
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Figure 3: Sustainable Wearable Healtheare ;Applicat‘ign
Sustainab]e

This section apgli, Susta'nabil‘i?vt;a/:able Healthcare Application:

application. This framework providessz:sn}‘e.nt Framework toolkit to wearable healthcare
design to make the softyqre Sustainable, g o' nstuments o Support software architect and
consists of two main instry ey, Sustea.- lll)s-;?mablhty Assessment Framework toolkit mainly
(DM). Both the instrumens 5gq,, Sustaingbilt 2 ALY model (SQ model) and Decision MeP
To frame and de§1g11 sustainability relevant lzs@mensmn, i ision
Maps are used visually. Decigi, Maps form, l%nns and quality requirements, the iad
dependencies among Sustainaby); 4 Iramework ¢, capture, reason and unco

% s related 5 2
represented in visual diagram. {11y py, hotati;]::?ty ‘equirements, This framework can b

or Decision Map are shown in below figu®
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Figure 4: Notations for Decision Map of SAF

In above notations, oval shape represents requirements and rectangle shape represents
sustainability concern related to requirements.

Sustainability Assessment Framework toolkit helps to create Decision Maps for specific
software Intensive system. The instruments such as checklist and decision graph create
Decision Maps. The checklist helps to create Decision Maps in systematic way with
identification of Quality Attributes which are relevant and important for design of a software.
Sustainability-Quality model (SQ model) represents collection of quality attributes based on
four sustainability dimensions — social, environmental, technical and economic sustainability.
While all four dimensions are to be considered during design phase, it is not always necessary
for every dimension to be relevant for specific software. [13]

Based on notations of Sustainability Assessment Framework, following Decision Map is
created with design concerns of sustainable wearable application for health monitoring. As
shown in below decision map, green rectangle shows environmental concern, blue rectangle
shows technical concern, white rectangle shows main functionality of the project, yellow

rectangle shows societal concern. etc.
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Figure 5: Decision map of Sustainable Wearable Healthcare Application
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Figure 6: Checklist for SAF

The implications of above study is shown in below figure. Due to application of design thinking
Strategies make the requirements “desirable” which focuses on human and social concern of
Sustainability, the solution becomes “feasible” which focuses on technical and environmental

concern of sustainability and design thinking strategies also make the solution “viable” which
identifies economical concern of sustainahilj

> econ ty. The sustainability concerns are color coded as
per sustainability assessment framework.
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Conclusion:

In this pa[.)er'.- f“’e present design thinking strategics useful for requirements engineering. Also,
d"‘,S'g.n lhmku.g. tools are explored for various requirements engineering activitics. chsitm
(hmkmg‘stralegles anq sustainability assessment framework looll;il 1s integrated and appligd
for rmuu‘emcn(s enginecring of wearable software. This paper also identifies features of
5“_3ta{“3b'e \\’eqmblc software. The sustainability assessment framework along with design
lh”\“"“% strategies represent the quality attributes in terms of quality requirements to make
50““:1{"5 Sl‘Slql'Tilble. With the help of sustainability assessment framework, this study
identified Decnsnon.Map of sustainable wearable software with quality attributes as energy
conservation, ecofriendly material. well-being ete. In similar way, sustainability assessment

tmmcwprk and design thinking strategics can be applicd to make software sustairable or
responsible.
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