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Why software is damagin% the environment - and
what can be done about it.
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Hybrid Event - in person and
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for both

Welcome
The lecture and webinar will start at 7:00PM BST

Introduction: George Williamson FIET Anglian Coastal
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Presenter: Chris Watts Software Engineer and
Technologist

Contact

° . . . . George V\{il!iamson
Questions: via Q&A Me,ssaglnsg in the Teams session, and o eameen
in person at the University of Suffolk. In Teams please type

Book your place at
https://localevents.theiet.org/bfd81c

in ¥our qguestions and these will be taken in a Q&A session
at the end of the presentation.

theiet.org/communities
#ForThoseWhoDoMore

Close: Approximately 8:15pm

Anglian Coastal Network

Why software is damaging
the environment - and
what can be done about it

Chris Watts, Software Engineer and Technologist

How changing software and its development can significantly reduce carbon emissions
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Why: software is fuelling
climate change —

and wh@ﬁ can Jue done about it

IET Webinar by Chris Watts C. Eng MSc

PR i
e ~r lle )
2 e & TR T
o= - "“\;-“ o

3 P
UL I _.‘-‘.-“
S, ,;.:_.?‘; . ¥
unl %

% ‘,:,_v.;::;:w.‘> :> ',.:,; i 2l v 3
. P EUREE | W Photo by Matt Palmer

2






Terminology

Processor Electronic object, device or part of it
that runs software

Carbon COZ2eq = emissions from various
emissions greenhouse gases based on global-
warming potential

Code Software



What Is Software? Libraries
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Source Code File(s) Transformed Executable File(s) Run Executable






Excessive Carbon Emissions

Problem 1 —
Inefficient Software Performance



Why does this matter?
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Embodied Carbon Example 1
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Embodied Carbon Example 2
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Example: Matrix Multiply

4K x 4K

62

17

139

92

. 33
. 84

. (6

. 84

Based on [2]



Example: Matrix Multiply (2)

Version |Implementation

o B~ W N B

Python 2
Java

C

Parallel loops

Parallel divide &
conquer

Add vectorisation
Use vector instructions

Based on [2]
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Example: Matrix Multiply (3)

Implementation Absolute Speedup

1

o b~ WDN

~N O

Python 2 1
Java 11

C 47
Parallel loops 366
Parallel divide & 6,727
conquer

Add vectorisation 23,224

Use vector instructions 62 806
)

Based on [2]
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Example: Matrix Multiply (4)

1712 — Newcomen’s steam

engine = 0.5% efficient

Python 2

,,,,,,

7 Use vector instructions 62,806 ~300X more efﬁCient than
Version 1 of software

Based on [2]
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If direct route Is 1 mile.

Detour comparable to
circumnavigating the
world 2.5 times.

my=

\ 2.522 X
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Python 2 took 7 hours to run the program.
With Python 3 it took 9 hours.

original- Python 2 Python 3
Speed up 62,806 80,750

Based on [2]



Example: Matrix Multiply (5)

Language changes -

o B~ W N

Better use of hardware features

Algorithm changes ¢

Better use of hardware features 7

Python 2
Java

C

Parallel loops

Parallel divide &
conquer

Add vectorisation
Add AVX intrinsics

11

47
366
6,727

23,224

62,806

10.8
4.4
7.8
18.4

3.5
2.7

Based on [2]
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Other examples from Youtube

going fast is about doing less

Make Python 1000x Faster With One Line
(Numba Tutorlal)

5 years ago Memory, Cache Locality, and why Arrays are Fast
W ‘\et % =0 %< Aw (Data Structures and Optimization)

r(lety =9 Y=< 310K views - 3 years ago
5\,,.\. arrix * "W‘

Making R 300x times faster!
4.5K views - 1 year ago

VIEWER MADE MY cuDE Someone improved my code by 40,832,277,770%
2.5M views - 1 year ago

faster @ ST e

using Rust R

and 2000x faster using
baseR

28:47
Cython makes Python INSANELY FAST
/| W years ago

3 Faster than Rust and C++: the PERFECT hash
. table




What about the Hardware?

HUGI = Hurry Up and Get Idle

From [5]
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. Table 4
P ro g ram m I n g Normalized global results for Energy, Time, and Memory.
Toral
Lan u a eS . Energy () Time (ms) Mb
g g H G 1.00) (c) Pascal 1.00
(c) 03 (c) 04 (c) Go 05
(c) C++ 1.34 (c) C++ 1.56 {
(c) Ada 1.70 (c) Ada 1.85 (c) Fortrar .24
(v) Java 1.98 (v) Java 1.89 (c) C++ 1.34
C — fastest (c) Pascal 214 (©) Chapel 214 (c) Ada 147
(c) Chapel 2.18 (c) G 2.83 (c) Rust 1.54
(v) Lisp 2.27 (c) Pascal 3.02 (v) Lisp 1.92
Python - slow (c) Ocaml 240 () Ocami 3.09 (c) Haskell 245
(c) Fortran 252 (v) C 3.14 (i) PHP 2.57
= . (c) Swift 2.79 (v) Llsp 3.40 (c) Swi 211
C - most energy efficient (c) Haskell 310 (c) Haskell 3.55 (
(v) C# 3.14 (c) Swift 4.20 (c) Oca 82
. . (c) Go 3.23 (c) Fortran 4.20 (v) G# 2.85
Python - energy inefficient | o 253 0 F# 630 (i Hack a1
(v) B# 413 (i) JavaScript 6.52 (v) Racket 3.52
(i) JavaScript 4.45 (i) Dart 6.67 (i) Ruby 3.97
(v) Racket 791 (v) Racket 11.27 (c) Chapel 4.00
(i) TypeScript 21.50 (i) Hack 26.99 (v) F3# 425
(i) Hack 24.02 (i) PHP 27.64 (i) JavaScript 459
(i) PHP 29.30 (v) Erlang 36.71 (i) TypeScript 4.69
(v) Erlang 4223 (i) Jruby 43.44 (v) Java 6.01
(i) Lua 45.98 (i) TypeScript 46.20 (i) Perl 6.62
(i) Ruby 59.34 (i) Lua 6.72
(i) Per 579 (v) Erlang 720
{i} (i) Dart 8.64
(i) Lua 3270 (i) Jruby 19.54
From [4]
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Software Methodologies - Performance

* Procedural vs Object Oriented Programming

« Some as procedural
« Some as OOP

« Summary: OOP is slower

* Energy consumption:
* 14.8% more for OOP

From [9]

Benchmark Cycles
OOPACKA_c 77118
OOPACKA1_oop 91605
OOP Penalty @
OOPACK2_c 8303851
OOPACK2_oop 9051974
OOP Penalty @
OOPACK3_c 635096
OOPACK3_oop 677103
OOP Penalty @
OOPACK4_c 1606642
OOPACK4_oop 1710665
OOP Penalty @

Object Oriented vs Functional Programming — less clear cut
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Using Available Hardware - Multithreading

Energy Aware Computing

Powerful Approaches for Green System Design

Bob Steigerwald, Chris D Lucero, Chakravarthy Akella and
Abhishek R Agrawal 1 20 =

1.00 -

0.80

‘ B Singlethreaded (

0.60
| ] Multithreaded

0.40 -

% Energy Consumed

0.20

0.00
Cryptography Benchmark App Media App

Applications

Power Impact of Multithreading

* .. show 12-60% energy savings based on how well they are threaded on a quad-core processor’.

From [5]
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Algorithm Choice

designed by '@ freepik.com
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. It’s estimated that Open Al’s”

ChatG PT consumes 2 9 Wh per. request” ‘
o :

“A Generative Al sysfem might use Al
around 33 times more -energy-than -
machines running task-specific software

.J

S Dr LUCCIOI’]I and colleagues / 1"
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Performance

Hardware - CPU Integer Performance

100,000

10,000

1,000

100

10

“‘Software is getting slower

End of the Line = 2X/20 years (3%/yr) ¢

Amdahl's Law = 2X/6 years (12%/year) ¢ more rap|d|y than
(22%/year) (52%/year) (23%/year) ¢ - -
. : hardware is becoming
faster”

1980

Wirth’'s/Reiser’s Law:

Software can no longer rely
on ever faster hardware

1985 1990 1995 2000 2005 2010 2015

From [5]
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Exceptions - Performance Soun

Scientific

The highly efficient software that exists Is a tiny minority of the total

26



Inefficient Software

Algorithms

Programming Languages

Methodologies

Result: lower performance, worse user experience, higher energy
consumption, higher cost, higher CO2eqg emissions

27



Excessive Carbon Emissions

Problem 2 — Excessive Code Size



Code Bloat

« Executable code larger in size than necessary.

« Could apply to size of source code
* Niklaus Wirth 1995 article "A Plea for Lean Software”
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From [15]
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Code Bloat — Example 1

Code size comparison of common applications from 2 PCs

Application March 1999 (KB) August 2024 (KB)

Database Management 4,569 20,245 4.4 X
Email Client 56 43,093 769.5 X
Spreadsheet 6,985 68,123 9.8 X

30



“Code bloat has become astronomical” by CIiff Harris

« Software tool to upload a file
» Upload tool was:
2,700 files totalling 230MB

From [8]
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Code Bloat - Software Methodologies

* Previous Procedural vs Object
Oriented example

« Summary: OO has larger code
sSize

From [9]

Benchmark code size (bytes)
OOPACK1_c 180
OOPACK1_oop 212
OOP Penalty @
OOPACK2_c 308
OOPACK2_oop 424
OOP Penalty @
OOPACK3_c 260
OOPACK3_oop 356
OOP Penalty (36.92%
OOPACK4 c 620
OOPACK4 _oop 804
OOP Penalty (29.68%

32



Excessive Carbon Emissions

Problem 3 — Excessive Data



Excessive Data

Larger data format
than required




l
Effects of Cod@MXceSSive Data

» Code bloat - Reduced security '

* More code or data corruption and greater system downtime
 More RAM memory needed

* More SSD/Disk memory needed

* Moving code or data - More transmission bandwidth consumed

» Greater proportion of embodied carbon attributed to the code
and data

Result: lower performance, slower load time, higher energy consumption,
higher cost, higher CO2eq emissions

35



M Benefits. of modern software
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Why are we In this situation?



Why are we In this situation?

1) Software development priorities:

< Development time__—>
* Functionality

ity . “NUMBER 11

* Code reuse
« Maintainability -
* Reliability Software performance X
.S : — _ ,
ecurity Size of code X
» Standards Size of data X

« Safety (sometimes) -

2) No adjustment for hardware improvement slowdown

38



Why does this matter now?

Relative Contributions of ICT Categories - 2020

. ;"V Srr\;rt Phones
e Internet, Computing and
Telecommunications (ICT) sector

« According to UNEP, by 2030, ICT
predicted to account for:

between 6 and 23% of global GHG
emissions

Data Centres
45%

From [13] & [19]
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What can be done?

» Change development philosophy
* Optimise software for performance, code and data size

« Aim for 10X software performance (on average)
 Vast majority of software can be sped up
* The speed up in most cases will be >50X

40
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Example - Datacentres

* Double software performance (on average)

« Halves the number of datacentres required
* If 20X improvement, eliminate 9 out of 10 datacentres

MWW I I I I I WKWK

Need to optimise software everywhere

42



Reducing Carbon Emissions

A Solution and an Approach



Potential Emissions Savings

Relative Contributions of ICT Categories - 2020

0%
Smart Phones
11%

« By 2030, global ICT emissions: 6 to 23%

» Software sped up 10X, eliminates:
* 90% of all Datacentre emissions
* Up to 75% of other ICT emissions

* Global CO2eq emissions due to ICT: "
3to 11%

From [13] & [19]
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Additional Emissions Savings

* |CT total CO2eqg emissions now: 3to 11%
* Plus savings from:

« Embedded/IOT

* E&M

« Embodied carbon

* Plus further savings If:
e Size of code and/or data is reduced

45



An Approach

ENERGY STAR



Rating System

Software Stars Example

A word processing *
application v3.44
A mobile game v2.0 *
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Anglian Coastal Local Network

Anglian Coastal Local Network
The Future is Arriving

Thursday 14th F
ank you for your attendance E=S = coo
et - Even in Suffolk
Dr Sophie Carpentier, Plasma and Engineering Peter Frost
Specialist, ITER Environment Strategy Officer - Suffolk County
L it F t, Divertor Engi ing Coordinator, ITER Council

Venue

The Atrium Lecture Theatre,
Atrium Building, University
of Suffolk

Future Anglian Coastal Webinars: bt et

* 14 November 2024 - ITER —
Conquering the challenges of fusion energy

* 4th December 2024 — The future is arriving —

cccccc

Mr lan Buxton,

Mr lan Buxton 2

1 ian.buxton@ietvolunteer.o ian.buxton@ietvol
g
even In ouITo 9

Book your place

Bool ur place v

https:/focalevents theiet orgice1at 9 https:/ocalevents. theiet. org/733

theiet.org/communities
#ForThoseWhoDoMore

theiet.org/communities
#ForThoseWhoDoMore

For more details and how to register please visit: d
https://engx.theiet.org/local-networks/eal

CPD Certificates and Videos for todays and previous Anglian Coastal Network talks will be posted on
this site.


https://engx.theiet.org/local-networks/ea1
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