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OUTLINE

The Beast of Dynamic Resources in HPC

Dynamic HPC Software Stack
 - Dynamic Processes with PSets
 - Dynamic Applications and Libraries
 - Dynamic Scheduling Optimization

Performance Evaluation
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The Beauty: 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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The Beast: 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

Bridging the Gap Between Genericity and Programmability of Dynamic Resources in HPC
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The Dynamic HPC Software Stack
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DynRM: A modular, dynamic resource manager
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Graph-based, performance-aware dynamic scheduling
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Graph-based, performance-aware dynamic scheduling
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Graph-based, performance-aware dynamic scheduling
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Graph-based, performance-aware dynamic scheduling
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Graph-based, performance-aware dynamic scheduling

Dynamic Resource Management in HPC systems using Dynamic Processes with PSets
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Performance Evalution: Test System

Bare-metal deployment of the 
Dynamic Software Stack using 

NixOS-Compose
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Performance Evalution: Reconfiguration Overhead

a) Expansion b) Shrinking
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Performance Evalution: Reconfiguration Overhead

a) Expansion b) Shrinking
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Performance Evalution: Scheduling
● Feitelson Workload Model
● 100 jobs
● 100 nodes
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Performance Evalution: Scheduling
● Feitelson Workload Model
● 100 jobs
● 100 nodes

Smaller Makespan
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Performance Evalution: Scheduling
● Feitelson Workload Model
● 100 jobs
● 100 nodes

Longer Runtime
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Performance Evalution: Scheduling
● Feitelson Workload Model
● 100 jobs
● 100 nodes

Shorter Waiting Time
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Performance Evalution: Scheduling
● Feitelson Workload Model
● 100 jobs
● 100 nodes

Higher Utilization
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We developed a new, generic DRM design, which:

  is applicable to standard system software (MPI, PMIx, ..)
  covers a divers set of HPC applications and libraries
  enables fine-grained performance-aware dynamic scheduling, and
  achieves improvement of key system metrics, e.g. throughput and utilization

Summary

Dominik Huber
domi.huber@tum.de
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