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Dynamic Resources in the HPC Software Stack



44th EuroHPC Workshop on Dynamic Resources in HPC | Dominik Huber | 25.08.2025

The Need for Common Interfaces

State-of-the-art
● Specialized solutions
● Not portable/generalizable
● No standardization

Future?
● Common interfaces
● Specialization on top
● Standardization
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Common design principles for DRM mechanisms in the middelware stack

Principle-Driven Design
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Principle-Driven Design

Application Perspective System Perspective
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Principle 1: Processes are used for resource allocation 
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Principle-Driven Design

Application Perspective System Perspective
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Definition “Process Set” (PSet): A PSet is a set of processes where both, the set and its members are 
uniquely identifiable. A “0-Pset” is an empty Pset which always exists.
Definition “Process Changes”: A process change is a change of association between processes/PSets 
and HPC resources.

Principle 2: The granularity of process changes are PSets

Example of PSets in MPI (MPI: A Message-Passing Interface Standard Version 4.0. p. 504)
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1. PSets provide flexible granularity 
2. Unique PSet labels allow reference without listing members
3. Unique Proc labels are required for orderability and set operations

Principle 2: The granularity of process changes are PSets

Example of PSets in MPI (MPI: A Message-Passing Interface Standard Version 4.0. p. 504)
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Principle-Driven Design

Application Perspective System Perspective
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● Definition “PSet Operation” (PSetOp): A PSetOp is an operation on a list of input PSets that 
produces a list of output PSets based on a well-defined rule. 

Principle 3: Process changes are described as set operations
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● Rationale: 

– Relates process changes to existing PSets

– Generic abstraction for different senarios

Principle 3: Process changes are described as set operations
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● Example: Resizing MPI_COMM_WORLD

Principle 3: Process changes are described as set operations

Launch Main Loop Termination

D. Huber, S. Iserte, M. Schreiber, A. J. Peña and M. Schulz, "Bridging the Gap Between Genericity and Programmability of Dynamic Resources in 
HPC," ISC High Performance 2025 Research Paper Proceedings (40th International Conference), Hamburg, Germany, 2025, pp. 1-11.
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Principle-Driven Design

Application Perspective System Perspective



184th EuroHPC Workshop on Dynamic Resources in HPC | Dominik Huber | 25.08.2025

Dynamic Process Environment:
● Possibly no direct communication channels between PSets/processes
● Necessary information not always known a-priori
● Generic way of exchanging „control“ data needed

Principle 4: Process Sets need an associated data storage

Example: Master-Worker

Master Workers 
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Principle-Driven Design
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Definition “Cooperative Optimization Language (COL)”: A Cooperative Optimization Language 
expresses optimization information for DRM in a cooperative, local, and language-based way.

Principle 5: Optimization Information is expressed in a COL
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Definition “Cooperative Optimization Language (COL)”: A Cooperative Optimization Language 
expresses optimization information for DRM in a cooperative, local, and language-based way.

Principle 5: Optimization Information is expressed in a COL

Cooperative
● Actors contribute local information toward a global goal
● Global optimization supports local resource needs
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Definition “Cooperative Optimization Language (COL)”: A Cooperative Optimization Language 
expresses optimization information for DRM in a cooperative, local, and language-based way.
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Cooperative
● Actors contribute local information toward a global goal
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Local
● Provide optimization information solely for themselves
● No reliance on global system knowledge
● Resource request are „implicit“ through provided optimization information
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Definition “Cooperative Optimization Language (COL)”: A Cooperative Optimization Language 
expresses optimization information for DRM in a cooperative, local, and language-based way.

Principle 5: Optimization Information is expressed in a COL

Language-based 
● A domain-specific language
● Intermediate Representation

Cooperative
● Actors contribute local information toward a global goal
● Global optimization supports local resource needs

Local
● Provide optimization information solely for themselves
● No reliance on global system knowledge
● Resource request are „implicit“ through provided optimization information
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Example: Simple optimization information for iterative workload

Principle 5: Optimization Information is expressed in a COL
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Principle-Driven Design

Application Perspective System Perspective
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Principle 6: Association between Pset Operations and COL 



27274th EuroHPC Workshop on Dynamic Resources in HPC | Dominik Huber | 25.08.2025

OUTLINE

The Need for Common Interfaces

Design Principles

Minimal Interfaces

Prototype & Early Experiences



284th EuroHPC Workshop on Dynamic Resources in HPC | Dominik Huber | 25.08.2025

Minimal Interfaces: PSet Operations
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Minimal Interfaces: PSet Dictionary
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Prototype and Early Experiences
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● Goal: Common, standardized Dynamic Resource Management Interfaces 

● Approach:

– Generic Design Principles for parallel programmin models and middleware

– Prototype and collaborative development environment

● Future Work:

– Standardization: COL, MPI, PMIx, …

– Integration with production reosurce managers

Summary and Future Work

Contact
domi.huber@tum.de

mailto:domi.huber@tum.de
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