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Motivation: Current trends in HPC

Efficient HPC

Energy Efficiency Heterogeneous Systems

[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.

[1] [2]

Complex Applications
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Benefits of Dynamic Resources in the HPC

More flexibility for 
resource management 
software to optimize 

various system metrics

Better support for  
applications with 

dynamically varying 
resource requirements

Dynamically adjusting resource allocations during job runtime!
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Challenge: Dynamic Resources in the HPC Software Stack

Holistic approach required!
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The Dynamic HPC Software Stack
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1. Separation of concerns: 
● Dynamic Process Management (DPM)
● Dynamic Resource Allocation (DRA)

2. DPM based on PSets and PsetOps 

3. DRA based on Collaborative Optimization Language (COL)

Dynamic Processes with Process Sets (DPP)

Design Principles of Dynamic Resource Management for High-Performance Parallel Programming Models
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The Dynamic HPC Software Stack
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The Dynamic HPC Software Stack
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Dynamic Applications and Libraries

Toward Dynamic Resource Management: An Asynchronous Many-Task (AMT) Runtime System leveraging Dynamic Processes with PSets (DPP)
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Charm++

Programming Model:
● Asynchronous, task-centric, system-driven
● Chares: migratable unit of parallelism
● Specifies the computation in terms of creation of

 and interactions between these units

Charm++ RTS:
● Process management
● Communication and load-balancing
● Supports checkpoint-restart
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Dynamic Charm++ Features

● Converse Client Server (1996)
● Adaptive MPI (AMPI) (2003) 
● Maui/Torque Integration (2015)
● Kubernetes integration (2025)

This work: Integrate with generic DRM approach
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High-Level Architecture

DynRM process manager module
→ Managing DynCharm++ instances

DynCharm++ as proxy
- DynRM: PMIx/DPP  
- Charm++ RTS: CCS

DRM across programming models using DPP
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DynCharm++: Job Launch
DynRM

DynRM Charm++ Process Manager Module:
- Start DynCharm++ Proxy
- Establish connection via PMIx

DynCharm++
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DynCharm++: Job Launch
DynRM

PMIx Spawn:
- PSet
- Mapping

charmrun +p2 ++nodelist.. Charm++ RTS

DynCharm++
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DynCharm++: Job Resize
DynRM

CCS: 2 → 4 (bit vector)

PMIx_Allocation_request
- GROINK
- pset://main/0
- optimization info

pmix_alloc_cbfunc
- PSets
- Mapping

Charm++ RTS

DynCharm++
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DynCharm++: Job Resize
DynRM

Charm++ RTS

DynCharm++

Shrink did not work!
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DynCharm++: Job Termination
DynRM

DynCharm++

Charm++ RTS

PMIx_Allocation_request

Charmrun terminated

pmix_alloc_cbfunc
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Evaluation: Setup

Jacobi 2D
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Evaluation: Reconfiguration Overhead
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Evaluation: Static Scheduling
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Evaluation: Dynamic Scheduling
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Evaluation: Strong Scaling
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Evaluation: Performance-unaware scheduling 
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Evaluation: Performance-aware scheduling 



26WAMTA '26 | Dynamic Resource Management with Charm++ using DPP | Dominik Huber

Explored Dynamic Resource Management with Charm++ & DPP:

  DPP as generic DRM approach across PMs (MPI, Charm++, ..)
  DynCharm++: PMIx-based proxy between Charm RTS and RM
  DRM mostly transparent to application developer 
  Enables performance-aware dynamic scheduling

Future Work:
      

Shrinking support   

Comparison with other AMTs

AMT-specific performance models

Summary & Future Work

Dominik Huber
domi.huber@tum.de
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