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• Principle cause: usage

Improve the performance of a technology 
but it turns out to be worse

• Model + Theoretical Analysis:  
Scheduling + Game Theory Braess paradox

(transportation in Seoul, New York, 
electronic networks, electron systems)



Model

Machines: energy =  ∫
∞

0
s(t)αdt, (2 ≤ α ≤ 3)

•  jobs and  machines

• each job: work quantity, release date 

and required deadline

• social objective: minimize the energy

n m
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Model

Machines: energy =  ∫
∞

0
s(t)αdt, (2 ≤ α ≤ 3) New technology: 


decrease α

•  jobs and  machines

• each job: work quantity, release date 

and required deadline

• social objective: minimize the energy

n m

Jobs: rational, i.e., minimizes 

its own cost: energy + deadline  

distribute energy to jobs 



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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A closer look/take-home message
• User chooses strategically

energy
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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.
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Emission per machine
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Age of HPC

Mean time in TOP500 of 1.4 years

80% below 2 years

But how many times do they last?
How many times per CPU/GPU?
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IA trends
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IA vs HPC

Training time on Top1 HPC machine
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