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Motivation: Sustainable Development ...

= Sustainable Development
= Meet the needs of the present

= without compromising the ability of future generations to
meet their own needs
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The most widely used definition of Sustainable Depetent is the definition of
the Brundtland report, which says Sustainable Dgwaknt is a development
that meets the needs of the present without comipiogrthe ability of future
generations to meet their own needs.

Based on that, the question why IT is important for a Snatde Development
arises.
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Motivation: Sustainable Development and IT

= Sustainable Development
= Meet the needs of the present

= without compromising the ability of future generations to
meet their own needs

= |CT Development

= Power consumption of data centres in the world
increased from 58 TW h in 2000 to 123 TW h in 2005

= Two key concepts of Green IT exist
Green in IT - Green by IT

» Sustainable Software (Engineering)?
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In Information and Computer Technology SD is basjicdiscussed in fields of
Green IT :

Where, for example, the energy consumption of caerhardware is considered
or in the context of a sustainable acquisition, tadki about “Greemn IT".

There exist also software products which for exanmphke processes more
efficient which leads to lesser resource consumptiothese cases you talk
about “Greerby IT".

What we try to do is to broaden the sustainableesmf ICT to other fields of
computer science, in particular to software engingeand software, because
efforts exist in the field of computer hardware there is a lack of efforts in the
field of computer software.

Therefore, one needs a holistic view which considlee whole lifecycle of a
software and involves all actors in this lifecycle.
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|.  Definitions (Green and Sustainable Software and SE)
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“Green and Sustainable Software”

“Green and Sustainable Software is soffware whose

= direct and indirect consumption of natural resources,
which arise out of deployment and utilization, are
monitored, continuously measured, evaluated and
optimized already in the development process,

= appropriation and utilization aftermath can be continuously
evaluated and optimized,

= developmentand production processes cyclically evaluate
and minimize their direct and indirect consumption of

\ natural resources and energy” 4
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“Green and Sustainable Software Engineering”

“Green and Sustainable Software Engineering is the

= enhancement of software engineering which targets the
direct and indirect consumption of natural resources and
energy

= as well as the aftermath, which are caused by software
systems during their entire life cycle,

= with the goal to monitor, continuously measure, evaluate
and optimize these facts.”

Umwelt-Campus Birkenfeld

FACHHOCHSCHULE TRIER

In these definitions, we understand direct impastenergy and resource demand
that is necessary to produce, use and disposeftivese product.

Indirect impacts are effects that result from ugimg software product on other
processes, and long term systemic effects resultimgy software usage.

Development, deployment, usage, and disposal aslthresvhole lifecycle of a
software product in analogy to ordinary “non-vittuaroduct lifecycles.
The goal to monitor, continuously measure, evalaaig optimize these facts.



Institute for Software Systems"

‘ I S in Business, Environment and Administration

Il. Prospects of Realization
of Green and Sustainable Software
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Therefore we need processes and methods and digpiesalve all actors.

Here you can see our reference model, containirgg tlervels, whereas different
stakeholders are considered in every level.

As you can see we consider all actors with théfetint roles on each level of
our model because they all have the ability to sxthey need to be aware of
impacts on sustainability in every stage.

The matrix shows the relation between the differesdr roles and the levels. As
you can see the three different levels regardfdthe@user roles.
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= Sustainability relevant criteria
= Starting points for activities
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Starting with the_ifecycle of Software Products, | will go into the different
levels.

If you take a look at the phases of our lifecycled®l, you will maybe know this
from standard product lifecycles in the sense t& Oycle Thinking (or “cradle-
to-grave approach”).

We tried to port this approach on software prodaot$as you see this model
considers more than an ordinary software lifecymisoftware development
process, which are usually focusing only on develept phases and
development activities.

This lifecycle model has two objectives:

* Its first objective is to assign criteria to thefelient lifecycle phases that lead
to or result in sustainability relevant effects.

* Its second objective is to provide starting pofotsactivities that hopefully
lead to more sustainable software products.

10
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= Accessibility

=Update size & frequency
=Screen size requirements
=Hardware requirements
=Memory & processor usage

. *Network load )
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Examples of criteria for the usage phase are:

» Accessibility issues

» Screen size requirements

* Hardware requirements

* Memory and processor usage during program execution
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The shown image should just give you an impressiothe possibilities for
criteria that can occur in the several phases.
Please, note that these criteria are just exanapldsre far from complete.

12
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In this model we are focusing on two starting paints

First, according to our given definitions, the safterdevelopment process itself
should be optimized in order to mitigate negativgacts or to enforce positive
impacts that result from it.

13
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Second, during development, the positive or negatpacts that are expected
to arise from distribution and future use of thésare product should be
continuously anticipated, assessed and reflectadvioyved actors.

The outcomes of these assessments and reflectimndgdshen be used to take
action towards a more sustainable software product.

14
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Procedure Models (L sombost )

Procadure Models

i L ] i1 L
[- Ranim s for Actions | J

= To develop software products in a methodical 1R
and well-organized way

= e.g. Waterfall Model
= Enhancements to cover impacts over the whole life cycle
= Sustainability Reviews & Previews,
* Process Assessment,
= Sustainability Journal,
= Sustainability Retrospective
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That leads us to the next levélhe Procedure M odels
Here we extended a software development process.

Typical process phases are: requirements anaflessggn, implementation,
testing, operation and maintenance. A well-knowrdelincluding these phases
is the Waterfall Model. Even if other models exiapst of them contain these
phases.

As an example for a procedure model we used a sietpliwaterfall-like”
software development process, which is generic ginéa be tailored to other
known process models like Scrum or Rational Unifirdcess

This general process is enhanced by several agsivitiat have the objective to
enable sustainable software engineering.

These activities are:

» Sustainability Reviews & Previews for every phase,

» Process Assessment, and

* the Sustainability Retrospective

Process Assessment covers the first starting gihiatoptimization of the process
itself) , whereas Sustainability Reviews & Previeveser the second starting
point (to estimate the products impacts). Finalg Sustainability Retrospective
combines them, in order to cover impacts over thelavlifecycle of the

software product.

15
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A Knowledgebase for Green IT (1 Hodrtn | ]]
= There exist many information about (e i)

energy efficiency

= |nformation occurs in different ways

* Rules of Thumb

= Best Practice

= Guidelines

= Checklists
= They all belong to a specific life cycle phase
= Actors have different roles and skill levels
= |nformation is distributed
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At the end lets have a look at the last part ofretarence model:
Recommendations for Actions and Tools.

To realize the mentioned sustainable requiremaméseeds tools which support
the actors.

Due to the fact that sustainable issues are ndtkwelvn yet we are developing a
knowledgebase to provide recommendations for agtion

There exist many different information about enegfficiency in form of rules

of thumb, hint, best practices etc. These infornmasice distributed for example
in the web and not every actor has the same skillahdle these information.
They are neither assigned to roles nor to lifecyatiases

17
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Knowledgebase

= Qur approach of a knowledgebase is to C «um-;:gl;::mm )
provide these information | I
= centralized

= jn a standardized format
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That is why we develop a knowledgebase which colldase information in a
proper well defined manner:
Centralized and in a standardized format

Here you can see a screenshot of the prototype.
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= Information should be committed by users ("= )

= Users have different demands an
expectations
= Articles must be attributed by means of
= User group
= User’s skill level
= Life cycle phase
= Articles should be proofed by a review process
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Another important requirement is that the knowldzige is open for everyone
who wants to contribute to it.

Due to the reason that users have different demamtiexpectations articles
must have meta information like

» for what user group and what skill level is it mean

* to what life cycle phase does it belong.

And article committed should be proofed to guagarthe quality and
consistency of the knowledgebase.

19
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Green Power Indicator

= A tool to visualize the power quality of a (
website

= Forusers in the life cycle phase
usage/maintanance

» Visualization to create awareness
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To create awareness it is important to visualizasters what is happening.

Our Firefox Add-on “Green Power Indicator” displaybether the called site is
hosted on a server, which is operated with enviremrfriendly produced
electricity. It is provided as a free download.

If a user is aware of the energy quality of theviter they will demand green
energy. It might let the provider and administratank about using
environmental-friendly produced electricity.

A good example for this kind of user awareneshéscampaign of Greenpeace
“Facebook: Unfriend coal” where thousands of pgrdints want to push
Facebook to use clean energy.

This shows how important it is to educate usersiabostainable relevant facts.

20
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VI. Summary & Outlook
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Summary

= To implement the idea of Sustainable Development in
the field of ICT it is necessary to support all actors

= |tis rational to integrate sustainability aspects not only in
hardware products, but also in software products

= We presented

= Definitions for Green and Sustainable Software and
Software Engineering

= A Life Cycle model for software products

= Exemplary Recommendations for Actions and Tools to
realize sustainable requirements
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Summarizing, it is currently not clear whether giyesavings through
Information and Communication Technology (ICT) aaléimce its energy
consumption or not.

In either case it is rational to integrate sustailitp aspects into software product
design and development as it is already commoryttmtanaterial products, like
cars, light bulbs or computer hardware.

It is very important to educate all actors in s@fitevlifecycles and supportthem
with recommendations and tools

Hence, we presented

* a lifecycle thinking inspired lifecycle model foofbware products,

* a generic process model for Sustainable SoftwaginEaring that can be
tailored to fit arbitrary software development pes models

» and two examples for tools to support differentriggeups with information
about sustainable software

22
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= Detail and broaden our lifecycle model

= Tailor and evaluate our proposed generic process
enhancementin real life software projects

= Collect and edit articles for the knowledgebase

= Develop educational material to enable ICT to play a
bigger part in Sustainable Development
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Our next steps are to detail and broaden our mwitiele.g. more criteria that
addresses the social and economic dimensions tiisalsility

Furthermore we plan to

» tailor and evaluate other procedure models withsostainability enhancement
in real software projects. Whereas procedure madstsexist for other phases
than only the development phase,

* collect and edit articles for the knowledgebasec(airse everyone is invited to
contribute with articles and ideas),

» develop educational material to enable ICT to pldygger part in Sustainable
Development because one of the most important fac fBustainable
Development is the awareness of the people.

In general the question is how can ICT help toaase the sustainable aspects.
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Thank you for your attention! &ZG ree nSoﬂ;

Feel free to contact us:

Timo Johann tjohann@umwelt-campus.de

SPONSORED BY THE

Environmental Campus Birkenfeld of Education
Institute for Software Systems and Research

Trier University of Applied Sciences %E | Federal Ministry
Germany

greensoft@umwelt-campus.de Ref.-No. 17N1209
http://www.green-software-engineering.de/

R 'Umwel t-Campus Birkenfeld

FACHHOCHSCHULE TRIER

The project “Green Software Engineering” (GREENSPITsponsored by the
German Federal Ministry of Education and Reseandeureference 17N1209.

The contents of this document are the sole respititysof the authors and can
under no circumstances be regarded as reflectegadbition of the German
Federal Ministry of Education and Research.

24



