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Abstract . · bl ftw Effective requirements engineering is one of the crucial way to build sust~111a e s_o · are. Design thinking provides some of the strategies and toolbox for effect_1ve requ~rements enai1;eering. This paper studies desi gn thinking strategies applicable for various require'."ents en~neering activities. This paper also identifies some of the techniques useful fo~· s~stamable software development. To this aim, sustainability assessment frat~ewo,_·k ~oolk1t IS l~sed to identify quality attributes of sothvare. Thus, this study expl~res ~cs1gn tbtnk!ng strategies and Sustainability assessment framework for Requirements Engtnecnng of sustainable so~twa~e: Keywords: Requirements Engineering, Design Thinking, Sustainable Software, Sustamab1hty 
Assessment Framework. 

Introduction: 
Responsible software is a part of sustainable lCT 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. [ l] 
Design thinking is human centred approach to innovation with the toolkits or methods. Design Thinking is interpreted in three ways: l. 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 approach to develop innovative digital solutions. [2] 
Design thinking can enable sustainable software development by minimizing the environmental effects of software development at all its lifecycle stages. Sustainable software practices are opting for energy-efficient programming languages, developing a user-friendly digital experience with efficient accessibility and performance optimization. These practices lead to green software engineering. This emerging discipline leads to development of environmentally-friendly software through which green software engineers can reduce the carbon footprint of their applications. Software engineering for sustainability supports all dimensions of sustainability - human, social, economic, environmental and technical. [ 3] The social su~t:1inability assures that the software intensive systems shall have support of social commumt1es and the processes of software intensive systems shall benefit the social communities. The environmental sustainability assures that the sot\wnrc intensive systems shal_l have energy ~fficient resources and they shall create ccologicul awareness to be env1ronm~ntal sustainable. The technically sustninnble software systems will have a long tenn use adapt1~g the dynamic execution environment. The economically sustainable software systems will have preserved capital value and financial value. [4] 
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I. lkhnc Artefacts: .Identify the types of artefacts needed for the ro·ect and define their 

~1ruc1urc nnd content. P 1 

2. Estubli.sh Proc_csscs: Set up the processes for eliciting, analyzing, specifying, validating, 

1111d mnnng111g requirements. 

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

nnd proJect managers. 

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

traceability. , 

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

nnd completeness. 
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: 

I. Context Specification: This class represents project scope, stakeholder model, goals and 

domain models. 
2. Requirements Specification: This class represe~ts system vision~ covers basic idea of 

application, usage model to represent functional requtrements and service model to represent 

services offered by application. . . . 

3, System Specification: This class repres~~ts components to descnbe internal behaviour of 

components and data model to represent 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 engmeenng or dynamic requirements. Design 
thinking can be one of the t0ol 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. Prototyping: 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. 

, eedfindfuo.anc1 
. ' i--:~,51~:.. . ' 

Figure 2: Design thinking for Requirements Engineering 

Following are the strategies of design thinking whi· h b . . h ·rements · · [?] c can e mtegrated wit reqm engmeermg : 

Features 

Upfront Design Infused D ·gn Design Continuous est Think.in Th1"nkin U Think.in 
sed during the Leveraged within an Continuous 

initial phase of a existing 
ro·ect to cl ·r R . . an e uirements 
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REQUIREMENTS ENGINEERING OF f e Development ensures practices like . S stainable So twar . . green and reducino code complexity, u . AIML models g1vmg target accuracy, max1· . 0 

. d. · I enence, . . rnurn architecture, user fnendly igita exp_ . . al emissions and electromc waste. Fo!h,,· · · f . ture with mm1m vv1ng usage of cloud, IT m rastruc d t software sustainable: . . · h' k' g can be use o · pnnc1ples of design t_ m m 
1 

.t data migration complexity, I. Reduce complexity- code ~omp exi y, ences: Social negative impacts can be idenffi II. Identify unintended 1v~gative consequ I Jed 
and mitigated inn advance. bTt hall be for all age group users with · HI. Be inclusive and clear: Software usa 1 1 Y s simple, 
clear and unambigous languag~. . . 

10 JV. Reduce waste: Reusing existing design patterns, [ ]_ . The sustainable ~oftware or green software has overall !~pact 011 business as reduction in energy cost, simplification and streamlining complex mfraSlructure. Thus, finally these practices contribute for financial success. 

Sustainable Wearable Healthcare Application: 
This research paper considers sustainable ubiquitous software suitable for wearables to monitor body parameters for well being of human. The research in wearable domain has attempted to 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 midd!eware. [12] The wearable technology with sustainable values can be viewed as shown in figure: 
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Figure 3: Sustainable Wearable Healthcare Application 
Ap_pJying_ SAF for Sustainable We bl 
This section applies Sustain b·1· ara e Healthcare Application: 1. · · · a 1 tty Assessment F app 1cat1on. This framework ·ct . ramework toolkit to wearable healthcare d . ak prov1 es set of m tru d es1gn to m e the software sust . bl . s . ments to support software architect an consists of two ~ai.n instruments ~;~s;~. Su~t~mabili~ Assessment Framework toolkit mainly (DM). Both the m~truments adopt sustata!_ll_ity-9uah~ model (SQ model) and Decision Map To frame and design sustainability 

1 
na ibty d1mens1on. 

d · 11 • . re evant desi . · · Maps are use visua y. Dec1s1on M ti gns and quality requirements the Decis.ton • t · aps onn a fr ' ver dependencies among sus amability rel t d . ..mework to capture reason and unco • · l d' [ a e quah ty · ' be represented m v1sua iagram. 11] The n t t· requirements. This framework can 0 a ions for D · · figure· ecis10n Map are shown in below 1 · 
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Figure 4: Notations for Decision Map of SAF 

In a~ove_ ~otations, oval shape represents requirements and rectangle shape represents 
sustamabtl1ty 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 relevaat 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 necessaiy 
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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y ASSESSMENT FRAMEWORK FOR SUSTAINABILTT -APPLYING DESIGN THINKING AN~ RESPONSIBLE SOFTWARE REQUIREMENTS ENGINEERING O . h klist which is a constant checklist for a . d on followmg c ec 
ny 

The decision map 1s created base 
sustainable software. 
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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" w~ich identifies economical concern of sustainahility. The sustainability concerns are color coded as per sustainability assessment framework. 

Human • Technical_ 
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Figure?: Design thinking with sustainable values 
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APPL YING DESIGN THINKING :-\l\D SUS . . , . REQUIRE:\IENTS E~GINE . . . TAll\.-\BILIT\ ..\SSESS:\IEYT FRAME.\\ ORK FOR • l E:Rli\G OF RESPO:\SIBLE SOFTWARE 
Conclusion: 
In this paper. we present desinn ti · k' . · · · · . . . .::. 1m mg stratcg1~s useful for requirements engmeenno. Also desl!m thmkn~g tools a~ exp! d t· . . . . - . . . 0 

. ' • : -
0 

,.~ · • •. 
0 ~ . or Va.nous requirements enpnccnng acl1v1t1es. Design t.hmkmo _sUJketes and :rnstamab1ltty assessment framework toolkit is in1egrated and applied for requirements en°ineeting f · bl ft · · ... · . ::: o "earn e so ware. TlllS paper also 1dent1fies features of sustainable wearable sofhrnre Tl · ·t · b·1· · · . . . • 1e sus ama 1 1ty assessment framework along with design thmkmg strnte~ies repres~nt the quality attributes in tenns of quality requirements lo m:.tke ~oth:~~-e sust~11:able. With the help of sustainability assessment framework. this study 1dentihed_ Decision _ Map of sustainable wearable soflware with quality attributes as energy 

~onservation. ecofn~ndly _material. well-being etc . tn si milar way. sustainability assessment tr:.1mc,,·?rk and design thinking stt,tcgics can be applied to make software SU5tairablc or n,;spons1ble. 
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