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The Good: Hercules

Ad-hoc in-memory filesystem

Application Application

« Captures POSIX I/O calls Node 1 Node 2

MPI MPI
« |/O and metadata servers

. . . 170 I/0 dynamic
o UCX aS Communlcatlon Ilbrary reconﬂguration
‘/’Hé;chiés\\
« Dynamic reconfiguration capabilities w._Fs .~
1/0

BeeGFS
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The Bad: EpiGraph

Multiple COVID-19 variants

Extended to model Influenza and RSV
Social model built from social networks and contact matrices
Collaboration with ECDC, Spanish Ministry of Health, and National

Epidemiology Center

@ RESPICOMPASS

Explore the Executive Summary
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Agent-based epidemiologic simulator

European Covid-19 Scenario Hub

European Covid-19 Scenario Hub

u(?:‘}

X
The European Scenario Hub brings together scenario modellers across Europe. We
work collaboratively to:
= Inform short- and mid-term policy strategies for managing COVID-19 across
Europe
« Better understand the drivers of possible COVID-19 futures

epigraph.uc3m.es 4



EpiGraph

« EpiGraph simulation scenario
* SARS-CoV-2 Omicron variant outbreak in Spain in November 2021
« Madrid city
* 3.5 million individuals
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Why EpiGraph is bad? omicron
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« EpiGraph alternates S8
;‘_’: o Delta
« CPU: 10 minutes (simulated time) 5 =
=
« Communication: every simulated hour -~
» 1/O: every simulated hour Simulated day
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Why EpiGraph is bad?
« EpiGraph alternates
* CPU: 10 minutes (simulated time)

« Communication: every simulated hour

» 1/O: every simulated hour
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CPU - CPU - CPU -
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Why EpiGraph is bad? omicron
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R —————S
EpiGraph
» EpiGraph executed with FlexMPI

* Dynamically increasing or reducing the
number of processes

* Automatic data redistribution

Application malleability

EpiGraph EpiGraph EpiGraph EpiGraph
PAPI | MPI PAPI | MPI PAPI I{ MPI PAPI I| MPI

Monthly Storage Talks at IODC 03/09/2025 10



EpiGraph
» EpiGraph executed with FlexMPI

* Dynamically increasing or reducing the
number of processes

* Automatic data redistribution

Application malleability

EpiGraph EpiGraph EpiGraph EpiGraph
PAPI | MPI PAPI | MPI PAPI I{ MPI PAPI I| MPI
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Number of COVID-19

Omicron
More processes

infections

Less processes Less processes
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Simulated day
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EpiGraph

« EpiGraph executed with FlexMPI

* Dynamically increasing or reducing the

number of processes

* Automatic data redistribution

EpiGraph EpiGraph
- FlexMPL  FlexMPl
PAPI | MPI PAPI | MPI
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Static execution

PAPI || MPI PAPI
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The Ugly: dynamic execution

Application malleability
EpiGraph

EpiGraph EpiGraph EpiGraph
PAPI | MPI PAPI | MPI PAPI (| MPI PAPI (| MPI
I/O |
I/0 malleability ®
[0)
----- 5
o
’ =3
———— “’C_) .:r\'u
— [} %
% T“\‘ v | b T L
I/O Z T ‘II h‘. .: & f, | x"!
1_-1‘_:—_]_:__—____ F
| - e ey _:
.- - - i 5 - & 5 L ..- 9
& — e <@
*GC‘(,/ e e = ‘0066
O ST
e e

Monthly Storage Talks at IODC 03/09/2025

14



o ——————
Challenges

Omicron
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+ Identify the application behaviour in run-time =
=
» Consider multiple performance metrics “
CPU, I/0 and communication time CPRARREBSIBBEBRREBSEEEIERE
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"
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Proposed workflow

‘ Historical data Offline Execution time

Scenario
prediction

L2s2 B Configuration path

algorithm
Scalability model 1
i
: i T i ™y
1 | Parallel greddy Lz
programming
! L. A L o
1
i
" 4 h 4
Dynamic
| | comotator s | programming
I g P2l configuration path
1
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Intelligent
Controller
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Workflow

1. Application performance
metrics.

2. 1/0O operations on
Hercules.

3. Persistent storage of
simulation results.

18
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Proposed workflow

‘ Historical data Offline Execution time
Scenario -7
prediction v
Decision-making : Intelligent
algorithm Configuration path Controller
Scalability model
r T o ™y
Dynamic
Parallel greddy programming
- - p -

v

h 4

Parallel greedy
configuration path

Dynamic
programming

configuration path
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Scenario prediction

CPU time Communication time
e Long Short-Term Memory NN ® |ow-pass filter
e RMSE: 5,5 e RMSE: 1,3
6] — Input — Input
—— Forecast 2000 1 —— Real
54 7 Real —— Forecast
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[ ~ 1400
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Time (simulation day) Time (simulation day)
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Scalability model

e Performance metrics related to different configurations
Number of processes (EpiGraph)
Number of /O nodes (Hercules)

® Numerical fitting (like Extra-P)

10

o Considering multiple configuration paths -
o Considering different EpiGraph execution phases @
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Monthly Storage Talks at IODC 03/09/2025 21



Proposed workflow

‘ Historical data Offline

Execution time

Scenario
prediction

Configuration path

Scalability model

Parallel greddy
L vy

Dynamic
programming

v

h 4

Parallel greedy
configuration path

Dynamic
programming
configuration path
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Intelligent
Controller
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S
Optimization cost

Ci:a'tcpu+6'tcom+7'tio+5'top
a+fB+v+o=1

m CPU

® Communication
ml/O

m Operative

Weights

0% 20% 40% 60% 80% 100%
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.
Configuration path

e Two algorithms

o Parallel greedy algorithm
o Dynamic programming search
@
9
2
=
[]
g
® | '
GZJ i \';"
(V) ¢ %
o L A0 L i |
o T“\‘ ’ N N
-—_.--I',“.-: -5"’ I“'._|
o 1L s W TSP
e e D N
S e _._,_.-‘-&Qx\
S, o
<, e e el > 09
00 e T, - 568
/71(/ e - Gev
07@ ac Q‘o

Monthly Storage Talks at IODC 03/09/2025

24



Proposed workflow

‘ Historical data Offline Execution time ‘

Scenario
prediction

Decision-making :
algorinm }—b Configuration path

Scalability model

Dynamic
programming

Parallel greddy

Y v
Dynamic
programming
configuration path

Parallel greedy
configuration path
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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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Evaluation: minimizing I/O time
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) (I, 0, 0, 0) 338 3.000 (1, 2)2%(8, 4)
|3 (1, 2) (0. 0, 1, 0) 338 3.000 (1, 2)2%(8, 4) |
1 (1, 2) (0.4, 0, 0.4, 0.2) 338 3.000 (1, 2)2% (8, 1)
5 (1, 2) (0.2, 0, 0.2, 0.6) 325 1.651 (1, 2)2% 5, 1) 245, 2)
6 (1, 2) (0.1, 0, 0.1, 0.8) 294 1.547 (1, 2025 (5, 2)
7 (2, 4) (= - - ) 483 2.835
8 (2, 4) (1, 0, 0, 0) 329 3.145 (2, 9258, 4)
9 (2, 1) 0, 0, 1, 0 329 3.145 (2, 228, 1)
10 (2, 1) (0.4, 0, 04, 0.2) 329 3.145 (2, )28, 1)
11 (2, 4) (0.2, 0, 0.2, 0.6) 321 1.747 (2, )22s(5, )24 (5, 2)
12 (2, 4) (0.1, 0, 0.1, 0.8) 305 1.633 (2, )23, ) 245, 2)
13 (8, 4) (- = - =) 379 4.210
14 (8, 4) (I, 0, 0, 0 379 4.210 (8, 1)
15 (8, 4) (0, 0, 1, 0) 379 4.210 (8, 4)
16 (8, 4) (04, 0, 04, 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, 1)2%(5, 2)
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Evaluation: minimizing I/O time

(1, 2)225(8, 4)

1 compute node 8 compute nodes
2 1/0 nodes I 4 1/0 nodes
: Omicron
- !
Static Dynamic 2 " I
execution | execution 3 8 |
L s © |
Execution time 507 s 338's o 2 I
£ |
. 3 I
/O time 21s 12s =
- HHNNMMﬂ‘ﬁ'mmOQI\I\wOOO’G)SSSggg
Simulated day
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Evaluation: balance CPU, I/O and OT

e HPCA4AIl 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, 2) 2% (8, 1)
3 (1, 2) 0, 0, 1, 0 338 3.000 (1, 2) 228, 1)
1 (1, 2) (0.4, 0, 0.4, 0.2) 338 3.000 (1, 2)29% s, 1)
5 (1, 2) (0.2, 0, 0.2, 0.6) 325 1.651 (1, 2)29 (5, 1) 245, 2)
6 (1, 2) (0.1, 0, 0.1, 0.8) 294 1.547 (1, 2) 25, 2)
7 (2, 4) (- - - ) 483 2.835
8 (2, 1) (1, 0, 0, 0 329 3.145 (2, 1228, 1)
9 (2, 1) 0, 0, 1, 0) 329 3.145 (2, 1)2%8, 1)
10 (2, 4) (0.4, 0, 0.4, 0.2) 329 3.145 (2, 1)2%(8, 4)
| 11 (2, 4) (0.2, 0, 0.2, 0.6) 321 1.747 (2, 1)255(5, 4)225(5, 2) |
12 (2, 1) (0.1, 0, 0.1, 0.8) 305 1.633 2, 223, 1255, 2)
13 (8, 4) (=s = = =) 379 4.210
14 (8, 1) (1, 0, 0, 0 379 1.210 (8, 4)
15 (8, 4) (0, o0, 1, 0) 379 4.210 (8, 4)
16 (8, 4) (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, 1) 245, 2)
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Evaluation: balance CPU, I/O and OT

(2, )55, 49)=5(5, 2)

Static Dynamic
execution execution

Execution 483 s 321s
time

Operative 2.835s 1.747 s
time
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Number of COVID-19

2 compute nodes 5 compute nodes 5 compute nodes
4 1/0 nodes | 41/0 nodes 2 1/0 nodes

Omicron

infections

Simulated day
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Evaluation 7

w
s

---- Static execution
—— Dynamic execution
e Compute nodes

e Data servers

CPU vs communication times

Number of nodes
N

w
s

0 20 40 60 80 100 120

( 2 4) Time (simulation day)
2

CPU + communication time

I
s

—— Dynamic execution
—— Static execution

Time (s)
w

—

0 20 40 60 80 100 120
Time (simulation day)
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R
Evaluation

~

o
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w
s

---- Static execution
—— Dynamic execution
e Compute nodes

e Data servers

CPU vs communication times

Number of nodes
w IN

N
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( 2 3 4) 4—2> (5 , 4) Time (simulation day)

CPU + communication time

I
s

—— Dynamic execution
—— Static execution
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Time (simulation day)
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Evaluation

CPU vs communication times

(2, 4)225(5, 4) 25 (5, 2)

Time (s)
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Evaluation 7

---- Static execution
—— Dynamic execution
e Compute nodes

e Data servers

CPU vs I/O time

Number of nodes
N

3<
2
1 .
0 20 40 60 80 100 120
2 4 Time (simulation day)
?
1/0 time
0.40 1
0.351
0.301
‘3 0.251 —— Dynamic execution
£ —— Static execution
F0.201
0 20 40 60 80 100 120

Time (simulation day)

34

Monthly Storage Talks at IODC 03/09/2025



R
Evaluation 7

6<
(%]
S 51
e ---- Static execution
. 5 4 —— Dynamic execution
CPU VS I/O t|me o e Compute nodes
Q
IS e Data servers
S 3
=z
2 _____________________
1 : : - :
4 2 0 20 40 60 80 100 120
2 4 > 5 4 Time (simulation day)
Y ’
1/0 time
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0.351
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= . )
0 0.251 —— Dynamic execution
£ —— Static execution
= 0.20

0 20 40 60 80 100 120
Time (simulation day)
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Evaluation 7
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. 5 4 —— Dynamic execution
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1/0 time
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Evaluation: balance CPU, I/O and OT

(2, )55, 49)=5(5, 2)

Static Dynamic
execution execution

Execution 483 s 321s
time

Operative 2.835s 1.747 s
time
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Number of COVID-19

2 compute nodes 4 compute nodes 4 compute nodes
2 1/0 nodes | 41/0 nodes 2 1/0 nodes

Omicron

infections

Simulated day
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Evaluation

600
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D

© 300
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42%

Execution time

B Static execution M Dynamic execution
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1000

500

36%
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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.

® There is significant room for improvement!

e The approach can be extended to other applications and file systems.
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Credits (in order of appearance)

® Hercules. https://gitlab.arcos.inf.uc3m.es/admire/hercules
® EpiGraph. epigraph.uc3m.es

® FlexMPI. nttps:/qithub.com/admire-eurohpclic

L Expa nd. https://www.uc3m.es/ss/Satellite/Gruposinvestigacion/en/TextoDosColumnas/1371352039366/

® Sanchez-Checa, P., Sanchez-Gallegos, G., Garcia-Blas, J., Carretero, J., Singh, D.E. Comparative
Analysis of Algorithms for Malleability Decision-Making in Applications and File Systems. Euro-Par 2025:
Parallel Processing Workshops. 2025

® Sanchez-Checa, P., Garcia-Blas, J., Carretero, J., and Singh, D.E., Combining Malleability and
Distributed Control Mechanisms to Reduce I/0O Contention. In High Performance Computing. ISC
High Performance 2025 International Workshops. 2025
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https://github.com/admire-eurohpc/ic
https://github.com/admire-eurohpc/ic
https://github.com/admire-eurohpc/ic
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