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DES SOLUTIONS MAIS ATTENTION A L’EFFET REBOND...

IBM BLUE GENE /P IBM BLUE GENE / Q HPE SGI 8600
Babel Turing Jean Zay
 |nstallé en mars 2008,  |nstallé en octobre 2012,  |nstallé en septembre 2019
« 139 Tflop/s, 20 To mémoire, « 1,2 Pflop/s, 106 To mémoire, « 28,65 Pflop/s : GPU = 83%,
 Refroidi par air, « Refroidi par eau froide, CPU = 17%,
- 300 kWh. « 600 kWh. * 440 To memoire,
 Refroidi par eau tiede,
« 2100 kWh.
2,15 kW / Tflop/s 0,5 kW / Tflop/s = 0,073 kW / Tflop/s
_ | k

Src: Idris, Rafael Medeiros — ORAP — 2021

'effet rebond caractérise un effet pervers et paradoxal

des progres en matiere d’efficacité énergétique. Christophe Biernacki,

Frugalis 2024
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* Principle cause: usage

 Model + Theoretical Analysis:

Scheduling + Game Theory Braess paradox
(transportation in Seoul, New York,

electronic networks, electron systems)
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* 11 jobs and m machines

* each job: work quantity, release date
and required deadline

* social objective: minimize the energy
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Model

* 11 Jobs and m machines

* each job: work quantity, release date
and required deadline

* social objective: minimize the energy

o0

Machines: energy = [ s(H)%dt, 2 <a<3) New technology:
0

decrease o
distribute energy to jobs

Jobs: rational, i.e., minimizes

Its own cost: energy + deadline



Observations/Theorems

 “New form” of rebound effect: work quantity is reduced but the demand is
more urgent leading to a larger energy consumption.
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(O new techno

“(a)

(O oldtechno -

work quantity energy



A closer look/take-home message

* User chooses strategically
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* Qur analysis can be applied to HPC, in particular
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Tianhe-2 (TH-2, China)
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1
8"

deadline [(a — 1)w0‘_1}
a—1 | o1
(200 — 1) (v — 1) = _

workload

* Qur analysis can be applied to HPC, in particular
the machines IBM Summit (OLCF-4, USA) and
Tianhe-2 (TH-2, China)

energy

Several forms of rebound effects exists

Mechanism/Algorithm design for a better use



TOP500

Ranking list of HPC machines every 6 months based on LINPACK
benchmark.

BN United States
B Europe
B China
Japan
W Other

400 +

number of new machines per year

Fanny.Dufosse@inria.fr Carbon impact of HPC November 19, 2024
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Energy efficiency

— —— Greens00 - maximum efficiency
£ ~~ Koomey's prediction from 2014
g 102 { —= Koomey's prediction from 2019
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Age of HPC

Mean time in TOP500 of 1.4 years ;F'_Hf

o
>

80% below 2 years £
E
But how many times do they last? "
How many times per CPU/GPU? " r
Time (years)

Fanny.Dufosse@inria.fr Carbon impact of HPC November 19, 2024



A trends

Computation used to train notable artificial intelligence systems

100 milliards 26 ‘Gemini Ult
de PetaFLOP } 10 - :a‘
PaLM (5408)_ ¢

AIphaGo M}stéﬁ

AlphaGofL’e% iy

8, S,
HER (PRI
Tr'ansEo. TreIIlsNet‘
Unsupervised High-level Feature Learner _ ¢ & o waet

2 Q) Exascall
KNS LM;,RNN%O’/TO’(WSJ < ascale

.

)
Pe1t5aFLOP } NPLM SPU DBNS ‘LQTI\ZI'shar Large
10 OPéraﬁons Decmon tree (classmcahoni

o D-Gammon, . : SPIDER?

.LeNet 5 : ®
.NetTa_Ik (dictionary)
Juzzy NN : Deep Learning Era
Neocognltron Back propagatlon .
1980 1992 2003 2014 2024

Data source: Epoch (2024) OurWorldInData.org/artificial-intelligence

fosse@inria.fr

Carbon impact of HPC November 19,
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