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Abstract: <p>How well can we predict our future climate? If the flap of a butterflyd€™s wings can change the course of weather a week or so from
now, what hope trying to predict anything about our climate a hundred years hence? In this talk | will discuss the science of climate change from a
perspective which emphasises the chaotic (and hence uncertain) nature of our climate system. In so doing | will outline the fundamentals of climate
modelling, and discuss the emerging concept of inexact supercomputing, needed - paradoxically perhaps - if we are to increase the accuracy of
predictions from these models. Indeed, revising the notion of a supercomputer from its traditional role as afast but precise deterministic calculating
machine, may be important not only for climate prediction, but also for other areas of science such as astrophysics, cosmology and
neuroscience.</p>

Pirsa: 16050018 Page 1/37



Cll'mate Change, Chaos and Inexact
Computing

Tim Pajmer

2

niversityof Oxford

. — - ' OXFORD
@xtord : : MARTIN
hysics ’ SCH(?QL




Pi

IIIII

: 16050018

forecast 13 October 1987, 12UTC +0 h

aoew 0w 20°W o*

forecast 1 3 October 1987 12UTC +0 h

‘;  Radde
\i,l

Page 3/37



Pirsa: 16050018

forecast 13 October 1987, 12UTC +29 h

e W 40°W 20°W Q=

forecast 13 October 1987, 12UTC +29 h

Page 4/37



forecast 13 October 1987 12UTC +66 h

Pirsa: 16050018 Page 5/37



dX
& _6X+oY
dt
d_Y:—XZ+}‘X—Y
di

17

Y bz

di

Pirsa: 16050018 Page 6/37



dX
—=—-0X+0Y
dt
d—Y:—XZ+rX—Y
dt
VA
d— = XY -bZ
dt




Che Telearaph

Mome Nows World Hport Vinance Comment SUl6™ e Life Women Fashion Luxu

PFilm  Oscars  Music  Art RIEGVE TV and Radio  Theatre  Comaxly Dancs  Oparn  Photogr
Boak Reviows Vietlen | Nan-Ietlan (&

dren’s loaks | Shart Story Club Book Shop | Ways Wit
THOMIL =« CULTURD « DOOKS « NON-VICTION REVITWS

The game is up for climate change believers

Charles Moore reviews The Age of Global Warming by Rupert Darwall (Quartet)
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Maost of us pay some attention to the weather foracast. If it says it will
rain In your area tomorrow, It probably will. But if it says the same for a
manth, let alone a year, later, it is much less likely to be right. There are
too many imponderables.

The thaeory of global warming s a gigantic weathear foracast for a cantury
or more. However interesting the scientific inquiries involved, therefore, it
can have aimost no value as a prediction. Yet it Is as a prediction that
global warming (or, as we are now ordered to call it in the face of a
stubbornly parky 21st century, “global weirding”) has capturad the
political and bureaucratic elites. All the aclion plans, laxes, green levies,
protocols and carbon-emitting flights to massive summit meetings, after
all, are nol because of what its supporlers call "The Science”. Proper
sclence studies what is — which is, in principle, knowable - and is
consequently very caulious about the future — which isn‘t. No, they are
the result of a belief that somathing big and bad is going to hit us one of
these days.

“The theory of global warming is a gigantic weather

forecast for a century or more....therefore it can have
almost no value as a prediction “
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Global Land and Ocean Temperature Anomalies, January-December
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The Key Question that we can’t
easily answer:
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Potential Amplifiers of the effect of
anthropogenic carbon emissions

Water Vapour Clouds

Carbon cycle Ice albedo
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Potential Amplifiers of the effect of
anthropogenic carbon emissions

Clouds

Water Vapour

Carbon cycle Ice albedo
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Comprehensive climate models are based on the
primitive laws of physics eg
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Unpacks into billions of individual equations,
describing scales of motion from planetary scales
to microscopic scales.
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Even the world’s biggest computers aren’t big
enough to represent all scales of motion

Simplified approximate formulae to describe the
effect of atmospheric processes (eg clouds) that
the simulator can’t resolve
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Oct 87 Storm Ensemble Reforecast
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Like modern weather
forecasting, climate
predictions are based on
ensembles of forecasts
using slightly different
computer model
equations ie different
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The fate of humanity depends on
how clouds will respond to our
emissions of CO,

This is therefore an issue we have to
understand better!

How?
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Executive Order -- Creating a
National Strategic Computing
Initiative

EXECUTIVE ORDER

CREATING A NATIONAL STRATEGIC COMPUTING INITIATIVE

By the authority vested in me as Prasident by the Constitution and

tha lawa of tha Unitad States of Amarica, and lo maximizae banalita
of high-performance computing (MPC) research, development, and
daploymant, It is haraby orderad as lollows:

Section 1. Policy. In order ta maximize the benelits of HPC far
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Exaflop = 108 floating point

operations per second
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HOME COMPUTING SUFERCOMIPUTING DINECTOR BETS 32,000 THAT WE WON'T HAVE EXASCALE CC

Supercomputing director bets $2,000
that we won’t have exascale computing
by 2020

By Joel Hruska on May 17. 2013 st 1011 am | 35 Camman

Owver the past year, wa've coverad
o numbaer of the challenges facing
the supefcomputing industry in its
efforns o hit exascale compute
levels by the end of the decade.
The praoblem has been widely
discussed at supercomputing
conforences, 50 we're not
surpriged thot Herst Simon. the
Deputy Director at the Lawrence
Berkeley National

Laborstory's NERSC (National
Energy Rescarch Scientific Computing 2 Center), has spent a significant amount of time
talking about the problems with reaching exascale speeds.

Share This article

But putting up $20090 of his own Money in 8 Bet that we sow ¢ hit exescale by 20207 That
caught us off Guard.

The exascale rethink

Simon lays out, In a 60+ page slidoshow, why ha doesn’t think we'll hit the exascale
threshold within seven years. The bottom line is this: Hitting exascale campute levels
requires a fundamental rethink of virtually the entire computation process, One of the
biggest problems standing In our way i power — not just the power requifed 1o run a task
on a CPU, but the power required to share 7 that data across the chip, node, and cluster.
Data has to be written back to RAM, then shared across multiple systems. Caches must be
kept coherent, calculation results written to storage, and now Information loaded into
RAM_

The Cost of Data Movement

“Hitting exascale compute levels
requires a fundamental rethink of
virtually the entire computation
process. One of the biggest
problems standing in our way is
power — not just the power
required to run a task on a CPU,
but the power required to share
that data across the chip, node
and cluster.

It's theoretically possible to hit
exascale computing with current
levels of technology if you can
afford to dedicate 100MW of

power to the task, but the
challenge is to bring exascale

into the 10-20MW range”

1MW=$10° per year
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If we represent the smaller dolls (which dominate the computational load)
imperfectly, this will allow us to represent more dolls!

More accuracy with less precision!
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A future route for supercomputing?

« Energy efficient
heterogeneous architecture

— Small numbers of energy-
intensive high-precision
deterministic processors

Build imprecise — Large numbers of low-
i R OIDYLELS s energy low- precision

advance madelling in lelds from climate change w neurosclence, says Tim Palmer.

potentially non-
deterministic processors
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Superefficient inexact chips

http://news.rice.edu/2012/05/17/computing-experts-unveil-superefficient-inexact-chip/
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Krishna Palem.
Rice University
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The chip that produced the frame with the most errors (right) is about 15 times more efficient in terms of speed,
space and energy than the chip that produced the pristine image (left).
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Are there precedents for energy-
efficient imprecise supercomputing?




* 100 billion neurons

Are there precedents for energy-
efficient imprecise supercomputing?

« Signal processing

capability of 1-10 exaflops

+ Al from 20W! YeS, US!
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Other areas that could benefit from
imprecise computing
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So — what side are you on?
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