
This material is based upon work supported by the NSF National Center for Atmospheric Research, which is a major facility sponsored by the U.S. National Science Foundation under Cooperative Agreement No. 1852977.

Improving Data Center 
Visibility With Machine 

Learning
SIParCS 2024

July 30, 2024

Analiese Gonzalez
Mentors: Ben Matthews & 

Jenett Tillotson 

1



Overview

1. Main Objective
2. Background

3. Data 
4. Machine Learning

5. Future Work
6. Acknowledgements

Overview | Main Objective | Background | Data | Machine Learning | Future Work | Acknowledgements 2



Main Objective
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Is there a way to effectively predict node 
failures using machine learning? 

What insight can machine learning provide 
about our supercomputers?
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What is a supercomputer?
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● Very powerful
● Processes large amounts of data
● Casper - 121 nodes
● Derecho -  2570 nodes

○ Includes 3 CDUs  (Cooling Distribution Unit)
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What is a node?
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● Individual computers
○ Each have its own “brain” (CPU or GPU)
○ Own RAM
○ Own Storage Space

● Casper has 121
● Derecho has 2570
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Glimpse of the Data
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● Timescale Database
○ Time Series Data
○ 20 tables 
○ Cheyenne, Casper, Gust, and Derecho 
○ CDU data, node data

● Used SQL in DBeaver to query and export data
● Derecho CDU data & node data
● Casper per node data 
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Casper node data example
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Derecho CDU data example
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K-Means Clustering Model Algorithm
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Choose number of 
clusters (k)

Randomly select 
centroids

Calculate Distances

Assign Data PointsUpdate Centroids
Repeat steps 3 & 4 

until clusters 
converge

Start
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K-Means Graphs-Derecho
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Optimal “k”

● Used to find optimal “k” 
or clusters

● Elbow “bends” at around 
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K-Means Graphs-Derecho
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● x1100 reporting 0 for data
● Discovered broken sensor
● 291 points
● Outlet Primary Pressure - pressure 

of the fluid when it exits the cdu 
and enters the primary cooling 
loop

● Inlet and Outlet Temp - Temp of the 
liquid as it enters and exits system



K-Means Graphs-Derecho
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Optimal 
“k”

● Chose 3 clusters
● Elbow “bends” at around 3



K-Means Graphs-Derecho
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● Excluded x1100
● Actuator - allows water to flow 

in
● Filter Secondary Pressure - 

Pressure of cooling fluid
● One CDU rack was 

misconfigured



K-Means Graphs-Casper
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Optimal 
“k”

● Chose 4 as optimal “k”
● Could possibly have chosen 2



K-Means Graphs-Casper
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Specialized 
nodes

● Sept 6-15 2023
● Most ask for max amount of 

memory
● Most nodes are HPC nodes
● Purple (diamond) cluster is 

specialized nodes



Neural Networks

Overview | Main Objective | Background | Data | Machine Learning | Future Work | Acknowledgements 16

https://www.researchgate.net/figure/Simple-neural-network-diagram_fig1_332158639

● Inspired by the human brain
● Neurons receive inputs
● Learns by changing the weights 

between neurons
● Efficient with anomaly detection, 

complex data, can be trained on 
historical data



Neural Networks
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● First model
● Derecho CDU data
● Model never predicted 0



Neural Networks
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 Derecho Model:Casper Model:
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Heat Maps
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● last_state_change_time first for both machines
○ May be resolving nodes too quickly

● resources_assigned towards bottom for Casper but top for 
Derecho
○ Possibly because Casper is more heterogeneous
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Heat Maps
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Casper: Derecho:
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Neural Networks
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 Derecho Model:

Casper Model:
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Confusion Matrices
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 Derecho Model:Casper Model:
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Future Work
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● Use more heat maps
● Group nodes by specific type
● Create my own database for indexing 

○ Combining data from other tables was 
challenging because of not matching times
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Thank you!
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rest of the CISL team

• All of the SIParCS interns for a fun 
summer!
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