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A Layered Approach for Dynamic Resource
Management in HPC

Hans-Joachim Bungartz', Pierre-Francois Dutot?, Jan Fecht', Keerthi Gaddameedi', Dominik Huber?,
Sergio Iserte*, Michael Minion>, Tobias Neckel', Martin Schulz', Martin Schreiber®, Valentina Schller®,

Antonio J. Pefia*, and Olivier Richard?

Introduction

Dynamic Resource Management (DRM) allows for dynamic changes of the resources assigned to a job during its execution. DRM has gained considerable interest over the last
years as it could provide many benefits to providers of HPC systems and their users, such as improving energy efficiency and throughput.

However, DRM requires changes and interactions throughout the whole HPC software stack. In this research poster, we highlight solutions for dynamic resources on different
layers of the HPC software stack, including the OAR resource manager, the Dynamic Processes with PSets (DPP) approach, the Dynamic Management of Resources framework
(DMR), and an example application given by an adaptive parallel-in-time integration method within the SWEET software using LIoPFASST.

We illustrate how these approaches fit together to provide a holistic approach for dynamic resources throughout the HPC software stack as part of our joint effort.
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Figure 1 Overview of targeted layers in the HPC software stack.

1. OAR Resource and Job Manager

OAR RJMS [5] introduces the job en- %
velope to support DRM.
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guence diagram in Fig. 2.

Figure 2 Sequence diagram of dynamic job execu-
tion in OAR with two resource allocation requests.

2. Dynamic Processes with PSets (DPP)

Dynamic Processes with PSets (DPP) is a set of design paradigms (Fig. 3) for generic
dynamic resource support in parallel programming models deduced from prior work
[2, 3]. The DPP design paradigms are based on a system-application co-design
and aim for a flexible and programming model agnostic abstraction. DPP has been
realized as a prototype based on Open-MPI, OpenPMIx, and PRRTE (Fig. 4).
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Figure 3 DPP paradigms Figure 4 DPP prototype

Summary

3. Dynamic Management of Resources (DMR)

The Dynamic Management of Resources (DMR) framework [4] is a high-level API that
facilitates the adoption of dynamicity in HPC codes. |t can abstract different MPI
dynamic solutions (such as DPP) into the same syntax (Fig.5).

For instance, in an iterative code, DMR provides a series of operations around the
main loop, which makes all the dynamicity logic transparent to the user (Fig. 6).

void main() {
DMR_INIT (user_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 ());
compute () ;
}
DMR_FINALIZE (user_free_data());

}

Resource Manager System
(Slurm, Flux, OAR...)

Figure 5 DMR interaction with applications, Figure 6 Code example for adopting dynamic-
runtimes, tools, and resource managers. ity with DMR in an iterative application.

4. Application example: LibPFASST and SWEET

SWEET+LIbPFASST: PDE solver framework for mathematical and HPC research on
time integration methods for prototypes of weather simulations [6]. It is integrated with
the LIbPFASST library [1] enabling parallel-in-time integration for the aforementioned
prototypes.

Current state: Used the DPP approach to enable adaptivity in the LibPFASST library
(Fig. 7a) to leverage dynamic resource management in SWEET.

Future work: Adaptively controlling resource allocation is crucial to improve conver-
gence (Fig. 7b and 7c).
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As part of our joint effort, we work towards a fully integrated, holistic dynamic resource approach across all layers of the HPC software stack. By this, we aim to improve the

efficiency and flexibility of resource usage on current and future HPC systems.
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