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Data Centers are Vital to Digital Society
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Source: https://datacenters.lbl.gov/sites/default/files/Masanet_et_al_Science_2020.full_.pdf
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Analyzing Energy Consumption is Hard

● Lack of tools / guidelines

● Experimentation is costly and time-consuming

● Existing predictions based on the peak power usage 
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Koomey's Law

● Simplified Assumptions on models

● Static Conditions based on peak power
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Energy efficiency of computers doubles around every 18 months

Num. of computations at maximum load

Energy Consumed per hour

J. Koomey, S. Berard, M. Sanchez and H. Wong, "Implications of Historical Trends in the Electrical Efficiency of Computing," in IEEE 
Annals of the History of Computing, vol. 33, no. 3, pp. 46-54, March 2011, doi: 10.1109/MAHC.2010.28.



Dynamic Models - A New Approach
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Koomey's static models are 
insufficient to understand 
real-world energy usage

Simulating Infrastructures 
from 1990s to 2020s 
through Simulation Static Workloads

Koomey's Law
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Koomey's static models are 
insufficient to understand 
real-world energy usage

Simulating Infrastructures 
from 1990s to 2020s 
through Simulation

Dynamic-Real World 
Workloads

Koomey's Law

J. Koomey, S. Berard, M. Sanchez and H. Wong, "Implications of Historical Trends in the Electrical Efficiency of Computing," in IEEE 
Annals of the History of Computing, vol. 33, no. 3, pp. 46-54, March 2011, doi: 10.1109/MAHC.2010.28.

Different scheduling 
techniques and failures
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Research Questions
RQ1 How to select relevant computer systems and workloads to build a taxonomy 

of exemplary infrastructures per decade from 1950s to 2023?

RQ2 How to model the operation of data centers from different time periods to 

analyze the evolution of energy consumption by such infrastructure?

RQ3 How did energy consumption evolve from the 1950s to 2023 for the execution 

of realistic workloads in [contemporary] data centers?
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How to Select Systems?

How to Model Chosen Systems?

How to Analyse the Findings? 



Selection Process
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RQ1



Taxonomy of Large-Scale Computer Systems from 
the 1990s to the 2020s
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Taxonomy of Large-Scale Computer Systems from 
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More information available on power specifications

RQ1



Modelling System Topologies and Workloads
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Workload Characteristics

User Defines Topology and 
Workload

Simulate with OpenDC

Analyse Results

System Topologies

RQ2

L. Eeckhout, "A First-Order Model to Assess Computer Architecture Sustainability," in IEEE Computer 
Architecture Letters, vol. 21, no. 2, pp. 137-140, 1 July-Dec. 2022, doi: 10.1109/LCA.2022.3217366.
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Scaling Workloads for Diverse Configurations
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Fixed-Work
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Scaling Workloads for Diverse Configurations
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Fixed-Work

Limitations 
on 

Duration
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Scaling Workloads for Diverse Configurations

31

Fixed-Work

Task 
Duplication

RQ2
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Evolution of Energy Efficiency

● Final results for SURF Lisa 
Workload

● Validating Koomey’s Law
○ no failures, or interferences in 

this model
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Recent Efficiency Trends Appear be Slowing Down
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Future Work / Conclusion

- We are the first to conduct a historical analysis on energy consumption 
under realistic conditions

- This project lays the groundwork for for more accurate analyses in the 
future
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Future Work:
- More demanding workloads
- Different scaling techniques
- Including more non-linearities



3737

Thank you for Listening



CPU Capacity Per Host        Total CPU Capacity   
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RQ3

Workload demand is key to revealing performance and 
efficiency differences in large-scale systems.



Scaling Workloads for Diverse Configurations
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Fixed-Time



Scaling Workloads for Diverse Configurations
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Fixed-Time
CPU 

Resources 
not Enough



Scaling Workloads for Diverse Configurations
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Fixed-Time

Task 
Duplication
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Energy Consumption 

- No information of power model type 
and idle power specifications

- Constraints on the accuracy of 
energy consumption representation

RQ3


