NN \ HE D(C

o[ ISC

o High Performance

JUNE 10 - 13, 2025 | HAMBURG, GERMANY

Bridging the Gap Between Genericity and
Programmability of Dynamic Resources in HPC

Dominik Huber, Sergio Iserte, Martin Schreiber, Antonio Pena, Martin Schulz
domi.huber@tum.de




Motivation: Current Challenges in HPC
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Dynamic Resource Management (DRM) -
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/ Dynamically changing the resource assignments during runtime \
More flexibility for Better support for
resource management applications with
software to optimize system resources dynamically varying
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various system metrics resource requirements
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Genericity vs. Programmability
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* Motivation
* Background: DMR-API & DPP
* Bridging the Gap

e Evaluation
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Dynamic Management of Resources (DMR):
API
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///7 void main() {

DMR_INIT (user_init_data (), recv_expand());
DMR_Set_parameter (MIN, MAX, SWEET_SPOT);
DMR_Inhibit_iter(n_iters);

/

send_shrink (),

for(it = 0; it < ITERATIONS; it++) { Data
Prepregessor DMR_RECONFIGURATION( send_expand(), redistribution
i recv_expand() , (User functions)

recv_shrink ());
compute () ;

ks
DMR_FINALIZE (user_free_data());

k }

_/
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Dynamic Management of Resources (DMR):

Backend
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Dynamic Processes with PSets (DPP): -
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void main() {
DMR_INIT (Cuser_init_data(), recv_expand());
DMR_Set_parameter (MIN, MAX, SWEET_SPOT);
DMR_Inhibit_iter(n_iters);
for(it = 0; it < ITERATIONS; it++) {
DMR_RECONFIGURATION( send_expand(),
recv_expand (),

send_shrink (),
recv_shrink ());

Bridging the Gap - DPP + DMR

compute () ;

| PSetOp

}
DMR_FINALIZE (user_free_data());
3

Dynamic Management of Resources (DMR) - API

Dynamic Processes with Psets (DPP)
O , @
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Application DMR DPP
void main() {

DMR_INIT (user_init_data(), recv_expand()); —— _—
DMR_Set_parameter (MIN, MAX, SWEET_SPOT); S oy (Po)(P1)
DMR_Inhibit_iter(n_iters); ain

Bridging the Gap - Implementation -
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////'> Application DMR [ oep ‘\\\\

for@it = 0: it < ITERATIONS: it++) { ' %
DMR_RECONFIGURATION ( send_expand (),
recv_expand (),

recv_shrink ()); t 2

compute () ; e:;:fed( EEEE / SHRINK ]
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/ Application DMR [ oep \
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Bridging the Gap - Implementation

DMR_FINALIZE (user_free_data()); —ﬁ S
} n e
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Bridging the Gap - Implementation -
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ﬁ Current Procs DPP Joining Procs \
DMR_RECONFIGURATION main/0 DMR_INIT
P1 P2 Session_init

) @ I add/0 =

pset://add/o |  pset Tlempty P3)( P4
0o B o R - = ]
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Bcast(DMR_it) . Bcast(DMR_it)
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Bridging the Gap - Implementation
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Experiment Setup -

~

System: SuperMUC-NG (LRZ) \

Nodes: 64 x Intel Skylake Xeon Platinum 8174

Workloads: Jacobi, Laplace, Conjugate Gradient

Job Mix: 30 jobs (arrival based on Poisson distribution)
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Scheduling: Easy-Backfilling (static) vs. Min-Max-Pref (dynamic) /
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Experimental Results: Workloads -
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Experimental Results: Workloads -
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Experimental Results: Workloads -

IS

High Performance

a h

m

[}

v

=

[

E

-

1e2 MPI Reconfiguration Overhead 1e2 MPI Reconfiguration Overhead

N jacobi 1.0{ EEE jacobi
Hl |aplace B |aplace

N cg 0.54 HEE cg

. 0.0 -
32 64 128 256 512 32 64 128 256 512
Number of processes Number of processes
(a) Expand (b) Shrink

ISC 2025 | JUNE 10 - 13 | HAMBURG, GERMANY | #ISC25




NN \ HE DO

High Performance

makespan \

Experimental Results: Scheduling L_
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Summary -
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ﬂ)ynamic Resource Management (DRM) to improve HPC system efficiency \
Design challenges of DRM interfaces:

* Generic (Resource Manager) vs. Programmable (app. developer)

This work:

* Blueprint for bridging the gap between genericity and programmability
* Embedding of specialized DMR-API into the generic DPP approach
» Evaluation: Improved throughput and utilization
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