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What is Dynamic Resource Management (DRM)?



Dynamic Resources (II) 5 / 43

Basics

Min requirements:
- RMS capable of 

adding/removing resources 
from running jobs.

- Jobs capable of adapting to 
new amount of resources 
during execution.

Capable to resize
Who decides resource allocation

User 👤 RMS ⚙
No Rigid (Static) Moldable (Static)

Yes Evolutive Dynamic

Types of jobs
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Benefits - Why using it?

Optimization objective:
- Increase system throughput
- Increase resource utilization
- Reduce workflow completion time
- Reduce job running time
- Reduce job turnaround time (wait 

+ running time)

Example for reducing job running time
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Challenges

- Scheduler requires collaboration from 
jobs to make informed decisions

- Applications require modifications to 
introduce reconfigurations

Example for reducing job running time



Outline

Outline:
1. Dynamic Resources
2. Proteo

2.1 Overview
2.2 Goals
2.3 Modules
2.4 Emulation (SAM)
2.5 Reconfiguration (MaM)

3. Interfaces
4. Closing remarks

8 / 43



Proteo (I)

Proteo Overview

● Framework to emulate real 
applications as dynamic.

● Composed of two modules:
○ SAM: Takes care of 

emulation.
○ MaM: Takes care of 

reconfiguring the 
application.

● Requires a configuration file 
which describes how to emulate 
the real application.
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Related article

https://link.springer.com/article/10.1007/s11227-024-06277-5


Proteo (II)

Goal 1: Check dynamic resources benefits
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Proteo (III)

Goal 2: Reduce reconfiguration costs
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Proteo (IV)

Goal 3: Create dynamic workflows
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Proteo (IV)

Goal 4: Help convert real applications into dynamic
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Help 
user



Proteo (V)

Modules

● Framework to emulate real 
applications as dynamic.

● Composed of two modules:
○ SAM: Takes care of 

emulation.
○ MaM: Takes care of 

reconfiguring the 
application.

● Requires a configuration file 
which describes how to emulate 
the real application.
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Repository Proteo

https://lorca.act.uji.es/gitlab/martini/malleability_benchmark/-/tree/dev


Proteo (VI) - SAM

Proteo - Synthetic Application Module (SAM)
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Application as a set of iterations

Emulate each iteration with the 
same sequence of stages

Stage types:
● Computation
● Communication The cost of the stage Sx is 

constant between iterations
Each stage can 
have a different 
cost

Related article

{
{

https://ieeexplore.ieee.org/document/10137315


Proteo (VII) - SAM

SAM - Computation methods
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Computation methods:
- Compute-bound: Montecarlo method to calculate PI
- Memory-bound: Matrix-vector multiplication

Computation 
method time 

(T_op)

Stage time 
(T_st)

Total operations per stage
(T_st)/(T_op)



Proteo (VIII) - SAM

SAM - Communication methods
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Communication methods:
- Point to point (MPI_Send/Recv)
- Collective one to all (MPI_Bcast)
- Collective all to all (MPI_Allgatherv)
- Reduction (MPI_Reduce)
- Reduction all to all (MPI_Allreduce)

Point to point
protocol

One to all
protocol

All to all
protocol

Total operations per stage Single operation of 
N bytes
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Proteo - MaM (I)

MaM Overview
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Proteo - MaM (II)

Spawn Phase
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Related article

https://journals.sagepub.com/doi/10.1177/10943420231176527


Proteo - MaM (III)

2 Methods to spawn processes:
- Baseline
- Merge

Baseline Method Expand

Shrink
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Proteo - MaM (IV)

Merge Method - Expand

2 Methods to spawn processes:
- Baseline
- Merge
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Proteo - MaM (V)

Merge Method - Shrink

2 Methods to spawn processes:
- Baseline
- Merge
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Proteo - MaM (VI)

Strategies

5 Strategies to spawn processes:
● Single
● Threading
● Multiple
● Iterative Diffusion

The user can:
● Use neither.
● Use one of them.
● Use many.
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Goal: Reduce involved processes during spawn operations



Proteo - MaM (VII)

5 Strategies to spawn processes:
● Single
● Threading
● Multiple
● Iterative Diffusion

Strategies
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Goal: Allow computation and reconfiguration to overlap



Proteo - MaM (VIII)

Process management results

● Which combination of 
methods/strategies perform better?

● Executed application is Conjugate 
Gradient (CG)

Expansion times Shrinking times

Preferred methods

Related article
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https://journals.sagepub.com/doi/10.1177/10943420231176527


Proteo - MaM (IX)

5 Strategies to spawn processes:
● Single
● Threading
● Multiple
● Iterative Diffusion

The user can:
● Use neither.
● Use one of them.
● Use many.

Strategies

Goal: Remove MPI Comm World limitation for removing ranks
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Proteo - MaM (X)

5 Strategies to spawn processes:
● Single
● Threading
● Multiple
● Iterative Diffusion

(WIP)

The user can:
● Use neither.
● Use one of them.
● Use many.

Strategies

Twist

Example: 1 cpu per node
Obj: Get to 64 nodes

Example: 2 cpu per node
Obj: Get to 64 nodes
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Proteo - MaM (XI)

Redistribution Phase

Related article

28 / 43

https://dl.acm.org/doi/10.1145/3624062.3624110


Proteo - MaM (XII)

100 element distribution from 4 
sources to 10 targets.

Element distribution 
from source 0 to 
targets 0, 1 and 2

Baseline - Steps
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Proteo - MaM (XIII)

Merge - Steps

100 element distribution from 4 
sources to 10 targets

Element distribution 
from source 0 to 
targets 0, 1 and 2
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Proteo - MaM (XIV)

MaM Data Storage

Data are divided into:
● Replicated
● Distributed

Data are also classified into:
● Variable
● Constant 

Sent in blocking calls

Sent either with 
blocking or 
non-blocking calls
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Proteo - MaM (XV)

User function - Semiautomatic Data Redistribution

Function created 
by the user 
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● Spawn ranks
● Asynchronous comm{
● Synchronous comm
● Remove ranks{



Proteo - MaM (XVI)

Strategies

3 Strategies to redistribute data:
● Non-Blocking

○ Sources Wait
○ Targets Wait

● Threading

The user can:
● Use neither
● Use one of them
● Use both
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Proteo - MaM (I)

Strategies

3 Strategies to redistribute data:
● Non-Blocking - Sources Wait
● Non-Blocking - Targets Wait
● Threading

The user can:
● Use neither
● Use one of them
● Use both
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Proteo - MaM (XVII)

Data redistribution results

● Which combination of 
methods/strategies perform better?

● Executed application is Conjugate 
Gradient (CG)

Shrinking times
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Proteo - MaM (XVII)

Data redistribution results

● Which combination of 
methods/strategies perform better?

● Executed application is Conjugate 
Gradient (CG)

RMA Testing
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Proteo - MaM (XVIII)

● What happens when a fully dynamic 
workflow is executed?

● Executed application is MPDATA3D

Workflow results

Workflow completion times

Resource utilization

Job metrics

Related article
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https://link.springer.com/chapter/10.1007/978-3-031-85697-6_19
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Interfaces (I)

Dynamic implementation flowchart
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Interfaces (II)

Dynamic implementation flowchart
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Interfaces (III)

Similar interfaces
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Interfaces (IV)

LibADR

● Awesome Dynamic Resources (ADR)
● Motivation: Reduce complexity for 

converting applications into dynamic
● Key: Able of capturing performance 

metrics and convert them into 
meaningful information for the RMS

ADR repository
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https://gitlab.inria.fr/dynres/libadr
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Closing remarks

Dynamic resources can improve HPC 
systems metrics, but has many challenges to 

overcome

Proteo can be used to study the impact of 
dynamic techniques in applications and 

create dynamic workflows

LibADR as a meaningful interface to reduce 
complexity and provide information to RMS 

42 / 43



Bridging Efficiency and Flexibility: 
Dynamic Resource Management in HPC

Authors

Iker Martín-Álvarez (martini@uji.es)

43 / 43

mailto:martini@uji.es

