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Energy is RIDICULOUSLY cheap 5/40
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Percentage of household money spent on energy
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Goal: divide CO, by 3 before 2050 (to contain temperature growth to 2° C)

CO, GEC GDP

CO2 = GEC*GDP *POP

x POP

CO,: emission of CO,

GEC : global energy consumption
GDP : global gross domestic product
POP : world population

GDP GEC CO2
pop ~ %22 Gpp ~ 07 GEC

POP - x1.3 - X0.9 (last 30 years)
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Negative growth will be inevitable

Three main ways to act:
« Improve energy efficiency — technological problem
« Organize “energy sobriety” — chosen reduction of consumption

« Make energy too expensive — suffered reduction of consumption
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Energy footprint of the ICT sector 9/40

=0~ [Andrz er-2015] EXPECTED
—0—[Andrz 015] WORST CASE
—O—[TSP-2018] EXPECTED UPDATED

The "Worst Case" scenario, imagined by Andrae & Edler is avoided, but reality is still
far above their "Expected"” scenario.

Andrae & Edler had actual data up to 2013. The Shift Project updated
this data up to 2017 and used the same data assumptions to achieve
the "Expected updated" scenario.

The Shift Projecthas also performed, in the light of recent developments,
its own assumptions for the other scenarios.

Evolution of global energy consumption of digital between 2010 and 2025, as a
proportion of total world energy consumption

[Source: The Shift Project 2018, as of Andrae & Edler 2015]




Energy footprint ICT — total mix 10/40

2017 PAONRS

Computers

Terminals (production)

(use)

TVs
(production)

Devices

38%

Smartphones
(production)

Others
Networks (production) Computers

(use)
10%

Distribution of the energy consumption of digital technologies

for production (45 %) and (55 %) in 2017
[Source : Lean ICT, The Shift Project 2018]




Energy footprint ICT — manufacturing 11/40

« The reality is that the energy requirements of semiconductor and nano-
material manufacturing processes can be 5-6 orders of magnitude greater
than the traditional manufacturing processes used to build, say, an auto-
mobile. To manufacture a kilogram of state-of-art integrated circuits
requires tens of thousands of megajoules [49], in contrast with no more
than 10 megajoules for conventional manufacturing [46]. The scope of
manufacturing is here Raw Material Acquisition, Production of Parts,
Assembly of the Devices and Distribution to Use. These life cycle phases
are defined by the ETSI LCA standard for ICT [50]. »

Corcoran—-Andrae



Energy footprint of various devices in kg CO, 2o

Smartphone Tablet Laptop

Manufacturing 50-85 kg 70-120 kg | 135-300 kg

Typical use / year | 5""M"-50% kg | 5-50kg | 10-30 kg

Airplane 0.115 kg / person km
Cheeseburger  4.35 kg



Energy footprint ICT — online video

All
non video
uses
20%

eVideo is a dense medlum of
information: (@ i
definition

on Wikipedia in text format!
e In 2018, online video viewing
generated more than 300

e Pornographic videos make up
27% of all online video traffici m
the world. T%F\rr *!orm_, ir

close to 0.2

e The greenhouse gas emissions
of VoD (video on demand) ser-
vices (e.g. Netflix and Amazon
Prime) are equivalent to those
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Cost breakdown 16740

Manufacturing Usage

Phone App + graphical interface
Network G4 transmission
Data center Virtual machine overhead

Python interpreter
Multiplication algorithm
Hardware operations

Note: none of the documents | consulted mention the conception costs,
e.g. of phones, network devices, CPUs, fast algorithms, education, etc.
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C<N) = CPhone(N> t CNetwork<N> + CDataCenter(I\I)

Secs
Cphone ( N) = Pphone X O_p X OPSphone ( N)

PPhone,VirtuaI

/N

' N\
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Pphone = I:)Phone,Usage"' T _ T - Nr
Phone,ServeTime Phone,ServeTime Phones



C(N)

CPhone ( N)

I:)Phone

OpS‘Phone ( N)

Modeling the cost

CPhone ( N ) t CNetwork ( \ ) + CDataCenter ( N)

Secs

= Pphone X O_p X OPSphone ( N)

PPhone,VirtuaI

/N

p
EPhone,Manufacture

~
EPhone,Conception

I:)Phone,Usage + T .
Phone,ServeTime

Opsgui,idie t OpScurio XN

TPhone,ServeTime NrPhones

16740
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C<N> = CPhone(l\l) + CNetwork(N> T CDataCenter<N>

SeCSTransmit
Cnetwork = Pnetwork X Byte XN

Secs
CDataCenter - I:)DataCenter X QVM X QPython X QCPU X Op X Ops ( N)




Modeling the cost

C<N> - CPhone(l\l) + CNetwork(N> t CDataCenter<N>

SeCSTransmit
Cnetwork = Pnetwork X Byte XN

Secs
CDataCenter - I:)DataCenter X QVM X QPython X QCPU X Op X Ops ( N)

¢;NlogN s Ops(N) s c,N?

17740












Overhead of various layers 18/40

1< Qu <5
1 < Qpyihon € 30

1< Qepy <16

Secs

O—ps . time for “typical” CPU instruction, full SIMD width

Qcpy . overhead with respect to using the “right” CPU instruction
and/or with respect to correct hardware implementation



Example: energy efficiency of SIMD 19740
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on HSW-SE on HSW-SE

SC SSE
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Example: rounding modes for multiply 20740

52

Correct Faithful Statistical



Performance over time

General computing
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Compute power VERY RIDICULOUSLY cheap 2

Qui X Qpython X Qepy € 2400 < 10°

Market incentive: favor cheap development cost over energy efficiency
May introduce new layers at seemingly negligible cost

Lack of incentive to lower overheads

Not enough students learn how computers work (SIMD, GPU, cache, ...)

Science fiction has become real: why not qguantum computing...?
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x - y (FLINT)
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Integer multiplication 23/40

C- 64 / 1983

I : Acorn Archimedes
IMHz / 8bits 8MHz /7 32bits / IMb
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Faster algorithms 24740

faster = more energy efficient

Asymptotically fast algorithms more and more interesting with time
Important to value their design and implementation and teaching
Privilege free implementations - transparent, reproducible, ...
Computer mathematics nice playground

- Non-trivial theoretical & practical problems
- Require special programming techniques (HPC, languages, ...)



Cost optimal solution
Cost actual solution

Efficiency =
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Cost optimal solution
Cost actual solution

Efficiency =

3x3 example. Optimal solution: =1n]
Actual solution: =101
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Energy efficiency

Cost optimal solution

Efficiency = Cost actual solution

3x3 example. Optimal solution: =1n]
Actual solution: =101

Efficiency: 107°

10° digit numbers.  Fast solution: *1000x 10®x 1 nJ
Naive solution: =2400x 10 x 1 n]
Efficiency; =4.17x107°

25/40



Jevons paradox — rebound phenomenon e

Computers have become 10 times more efficient during last 80 years
Why does the ICT industry continue to require more power ?



Jevons paradox — rebound phenomenon e

Computers have become 10 times more efficient during last 80 years
Why does the ICT industry continue to require more power ?

« 2x more efficient technology may attract 4 x more users



Jevons paradox — rebound phenomenon e

Computers have become 10 times more efficient during last 80 years
Why does the ICT industry continue to require more power ?

« 2x more efficient technology may attract 4 x more users

« 2x more efficient algorithm may be run on 4 x larger example (time)



Jevons paradox — rebound phenomenon e

Computers have become 10 times more efficient during last 80 years
Why does the ICT industry continue to require more power ?

« 2x more efficient technology may attract 4 x more users
« 2x more efficient algorithm may be run on 4 x larger example (time)

« Easier web-based ticket purchasing — more people fly
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Quiz for deniers 30/40

We killed 70% of wildlife. Your opinion?

o Cool, we are on a good track
O You are lying
o Maybe start doing something about it?
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What do we WANT ? 31740

A green fully recyclable bomb, is that a desirable thing ?
If something is technologically possible, do we automatically want it ?
We can eradicate wild animals or eat them all. Do we want that?

Should sciencists be auxiliaries for politicians and businessmen
... or truly disruptive and out of the box if needed, politically included ?

Reinject poetry into science?



Addicted or autistic ? 32/40
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Social media and Us All
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Logical truth 35/40
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How to take care of the elderly 36/40

Peeing at Utrecht Central Station requires a smartphone
No physical banks in the Netherlands except in big cities
But they don't allow you to do any money transfers anyhow
Mobile Apps bugged, especially when you need them

Less and less cash payments in many countries

Robots for non-existent after sale

AirBnB escalated me up to heaven after judging my passport too blurry



A as a new business model 37/40

Let the computer think and humans do the physical work




Do we WANT this ??? 38/40




» Be scientific —
free software / publications, favor research over projects, ...
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What should we do? 30/40

» Be scientific —
free software / publications, favor research over projects, ...

e Question the “normal”
Not blindly follow money, billionaires, fashion, ICT drugs

 Inversion of priorities
Quantum computing or “no homeless”



Thank you !

http://www.TeXyacs-0rg



