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Background

» EpiGraph simulation scenario
* SARS-CoV-2 Omicron variant outbreak in Spain in November 2021
* Madrid city
* 3.5 million individuals
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Background

» EpiGraph alternates
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Combining Malleability and Distributed Control Mechanisms to Reduce 1/O Contention
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Background

* Hercules
/ Application malleability « Ad-hoc in-memory filesystem
EpiGraph EpiGraph :“é;;ib_ré[;a": .“Ig;;i_G_rs?n;H":
[UFePITl  [UFexMPITT  FlexMPl | FlexMPl « Dynamic capabilities
[Papi [ M1 | |[PaPUICMPL]| ([PARI{MPL| [{PAPI{ MPL]

170 EpiGraph EpiGrapht - A —)EEpiGraphE— -A —)EEpiGraphE

/ \I/O malleability | = |
iradies s R

\\ -~ FS _ - I,

I/0

BeeGFS

HPC-IODC Workshop: HPC 1/0 in the Data Center. ISC 2025 7




Architecture

Model generation 1. Application monitoring and trace
generation
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Architecture
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Architecture

Model generation Dynamic optimization
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Dynamic optimization

1. 1/O access on Hercules EpiGraph execution
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Dynamic optimization

1. 1/O access on Hercules EpiGraph execution
2. Performance prediction
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Dynamic optimization
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Dynamic optimization

1. 1/O access on Hercules EpiGraph execution
2. Performance prediction
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Dynamic optimization

1. 1/O access on Hercules EpiGraph execution
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Dynamic optimization
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Dynamic optimization
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Dynamic optimization
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Evaluation
e HPCA4AI Laboratory, Universidad di Torino

Id Initial configuration («, B, =, 6) Execution time (s) Operational time (s) Reconfigurations

1 (1, 2) (- = = ) 507 2.447

2 (1, 2) (1, 0, 0, 0) 338 3.000 (1, z)—>(3 1)

3 (1, 2) 0, 0, 1, 0) 338 3.000 (1, z)—>(s 1)

1 (1, 2) (0.4, 0, 0.4, 0.2) 338 3.000 (1 z)—>(3 4)

5 (1, 2) (0.2, 0, 0.2, 0.6) 325 1.651 (1, 2)—>(5 4} 4(5,2)
6 (1, 2) (0.1, 0, 0.1, 0.8) 294 1.547 (1, 2)5(5, 2)

7 (2, 4) (=, = - =) 483 2.835

8 (2, 1) (1, 0, 0, 0) 329 3.145 (2, 4)—>(s 1)

9 (2, 1) (0, 0, 1, 0) 329 3.145 (2, 4)—>(3 1)

10 (2, 4) (0.4, 0, 0.4, 0.2) 329 3.145 (z 4)—>(3 4)

11 (2, 4) (0.2, 0, 0.2, 0.6) 321 1.747 (2, 4)—>('3 4} (5, 2)
12 (2, 1) (0.1, 0, 0.1, 0.8) 305 1.633 (2, )225(3, 1) 245, 2)
13 (8, 4) (=s = = =) 379 4.210

14 (8, 1) (1, 0, 0, 0 379 1.210 (8, 1)

15 (8, 4) (0, 0, 1, 0) 379 4.210 (8, 4)

16 (8, 1) (0.4, 0, 0.4, 0.2) 379 4.210 (8, 4)

17 (8, 4) 0.2, 0, 0.2, 0.6) 383 2.472 (8, )22 (5, 1) 245, 2)
18 (8, 1) (0.1, 0, 0.1, 0.8) 382 2.495 (8, 1)2%(3, )25, 2)
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CPU vs communication times
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Evaluation

CPU vs I/O time
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R
Conclusion

e Optimizing applications with varying performance is a challenge.

e Dynamic resource management (CPU and I/O) adds additional dimensions to
the optimization problem.

e There is significant room for improvement!!

e The approach can be extended to other applications and file systems.
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