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Motivation: Current Challenges in HPC

Efficient HPC

Energy Efficiency Heterogeneous Systems Complex Applications
[1] DEEP projects, Horizon 2020 grant agreements 287530, 610476, 754303 and 955606., [Online]. Available: https://www.deep-projects.eu
[2] Brewer, W., Gainaru, A., Suter, F., Wang, F., Emani, M., & Jha, S. (2024). AI-coupled HPC workflow applications, middleware and performance. arXiv preprint arXiv:2406.14315.
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Dynamically changing the resource assignments during runtime

More flexibility for 
resource management 
software to optimize 

various system metrics

Better support for  
applications with 

dynamically varying 
resource requirements

Dynamic Resource Management (DRM)
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DRM in HPC Software Stacks
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Tradeoff

Resource Management User & System Software Stacks Application Developers

Genericity vs. Programmability

Genericity
(Unified abstractions) 

Programmability
(Specialized interfaces)
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Overview

● Motivation

● Background: DMR-API & DPP

● Bridging the Gap

● Evaluation
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Dynamic Management of Resources (DMR):
API

Preprocessor
macros

Data 
redistribution

(User functions)
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Dynamic Management of Resources (DMR):
Backend

This work
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Dynamic Processes with PSets (DPP):
Design Principles

PSets in MPI Sessions, MPI Standard 4.0, p. 504  

Principle 1: Separation of concerns
● Dynamic Process Management
● Dynamic Resource Allocation

Principle 2: Process Sets (PSets)

● Foundation for (dynamic) process management
● Group of logically related processes
● Unique reference with flexible granularity

Principle 3: PSet Dictionaries
● Generic way of exchanging PSet information
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Dynamic Processes with PSets (DPP):
Design Principles

Principle 4
Process changes are expressed as PSet operations (PSetOps) 

Possible 
Reconfiguration

(Application)

Reconfiguration 
Result

(Resource Manager)
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Dynamic Processes with Psets (DPP):
Implementation

Generic Interface
Complex to use
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Overview

● Motivation

● Background: DMR-API & DPP

● Bridging the Gap

● Evaluation
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Dynamic Processes with Psets (DPP) Dynamic Management of Resources (DMR) - API

Bridging the Gap – DPP + DMR
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Bridging the Gap – Implementation
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Bridging the Gap – Implementation
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Bridging the Gap – Implementation
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Bridging the Gap – Implementation
Grow
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Bridging the Gap – Implementation
Shrink
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Bridging the Gap – Implementation

245 LoC

Min-Max-Pref
Policy

Jacobi
Laplace

CG
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Overview

● Motivation

● Background: DMR-API & DPP

● Bridging the Gap

● Evaluation
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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)

● Scheduling: Easy-Backfilling (static) vs. Min-Max-Pref (dynamic)
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Experimental Results: Workloads 
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Experimental Results: Workloads 



25 

Experimental Results: Workloads 
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Experimental Results: Scheduling
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Dynamic 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

Summary
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