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Motivation: Current trends in HPC

Green500 : Energy Efficiency vs. Compute Capability
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[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). Al-coupled HPC workflow applications, middleware and performance. arXiv preprint arXiv:2406.14315.
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Benefits of Dynamic Resources in the HPC

Dynamically adjusting resource allocations during job runtime!

More flexibility for
resource management
software to optimize
various system metrics

system resources

E[ ] D

job queue
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Challenge: Dynamic Resources in the HPC Software Stack
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Holistic approach required!
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The Dynamic HPC Software Stack
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Dynamic Processes with Process Sets (DPP)

- m out
1. Separation of concerns: |

* Dynamic Process Management (DPM) o o
i i ° PSetO >
* Dynamic Resource Allocation (DRA) o p o)
2. DPM based on PSets and PsetOps
3. DRA based on Collaborative Optimization Language (COL)

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

\
. Dynamic Applications
R . t . Static
epositories Applications
& Dynamic Libraries
Testbed
Open-MPI
(((\\))
& OpenPMIx
x eQ, DPP
PRRTE
DynRM
\ J

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

rem

27 xk N2

3
>‘“
>

I Co-Design I

ener,;

|Design Principlesl




TUTI

Dynamic Applications and Libraries

LibPFASST [3]
Parallel numerical software library Data distribution for dynamicity and fault tolerance Parallel-in-time integration library
XBraid [4] MPDATA3D [12]
Adaptive Mesh Refinement library Multigrid parallel-in-time integration 3D semi-Lagrangian multiscale fluid solver

DPP
Dynamlc resources AP| for computational kernels Asynchronous Many-Task Runtime System Library for dynamlc, asynchronous in-situ techniques

1 |#include "DPPGLB.h"
2 |#include "LongSum.h" > @

5 |#include "Pi.h"

pset://add/0 pset://empty

@

5 |int main () { @
6 LongSum resultInitializer = LongSum(0); —» [ ADD | @@ GRO'EI-) @@ GRO @ [sus]

7 Pi queuelInitializer = Pi(accuracy);

R DPPGLB<LongSum, Pi> dppglb; pset://empty pset://main/0 pset://main/1 pset://main/2 pset://empty

9 dppglb.compute (¥resultInitializer, &queuelnitializer);
0 printf ("Pi=Yf", (4.0xdppglb->result()->sum)/accuracy); pl

pset://empty pset://sub/0

A 4

Listing 1: Pseudocode for DPP-GLB: Initiating a parallel 7 computation.
Toward Dynamic Resource Management: An Asynchronous Many-Task (AMT) Runtime System leveraging Dynamic Processes with PSets (DPP)
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Charm++
( Processor 1 )
. . SEELLED |Message Queue
Programming Model: . )
* Asynchronous, task-centric, system-driven f Processor 2 b
* Chares: migratable unit of parallelism ] Scheduler m
* Specifies the computation in terms of creation of . )

and interactions between these units

Charm++ RTS:
* Process management —

* Communication and load-balancing I | seneavter | fiecoage queve
e Supports checkpoint-restart

Processor n
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Dynamic Charm++ Features

Send shrink/expand signal

-

Charm+ Application

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

Load Balancer Step:
Ready for Reallocation?

lYes
Restart with charmrun
J
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High-Level Architecture

- Managing DynCharm++ instances

DynRM process manager module V [ PMIX

RM/Scheduler

PMIx Server

Tool

Login Node

PMIX
Tool

TUTI

]

PMIx Server
|

PMIx
Client

PMIx
Client

Compute Node

OpenMP

[ DRM across programming models using DPP }

Compute Node

Compute Node

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

v

PMix Server

DynCharm++

charmrun
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DynCharm++: Job Launch

DynRM

- Start DynCharm++ Proxy
- Establish connection via PMIx

DynRM Charm++ Process Manager Module:

DynCharm++
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DynCharm++: Job

PMIx Spawn:

Launch
DynRM
- Mapplng pset://empty pset://main/0
DynCharm++

[charmrun +p2 ++nodelist..

1

¥

Charm++ RTS
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DynCharm++: Job Resize

DynRM
pset://add/0 .
o0 pmix_alloc_cbhfunc
@ | ADD| @@ GROINK )G - PSets
pset://empty pset://main/0 pset://main/1 - Mapplng
PMIX_Allocation_request s @I
- GROINK
- pset://main/0@ peeti/lempty
- optimization info
DynCharm++
ccs: 2 - 4 (bit vector) \4

Charm++ RTS

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

16



DynCharm++: Job Resize

DynRM

pset://empty

18

pset://main/0

pset://add/0

@ @ GROINK @

@

pset://main/1

{0)

pset://empty

—]

pset://empty

(>3

pset://main/2

— @

pset://sub/0

DynCharm++

[Shrink did not work! ]

Charm++ RTS
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DynCharm++: Job Termination

DynRM

pset://empty

18

pset://main/0

pset://add/0

(2

pset://main/1

{0)

pset://empty

\pmix_alloc_cbfunc

S,

)

—
pset://empty
(2 (-3 @
GROINK suB |
(b3
pset://main/2 pset://empty
—@

pset://sub/0

[PMIx_Allocation_request

e

DynCharm++

[Charmrun terminated

Charm++ RTS
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Evaluation: Setu P Compute Nodes  Thin Nodes
Processor Intel Skylake Xeon
Platinum 8174

Cores per Node 48

Memory per Node 96

(GB)
Parameter Configuration A Configuration B Configuration C
N (Grid Size) 12000 6000 4800
B (Block Size) 800 400 800
I, (Load balancer frequency) 1
Cy» (Load balancer credits) 5
n (Cores to add) 4
b (Load Balancer) RefinelB

Jacobi 2D
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Evaluation: Reconfiguration Overhead
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Evaluation: Static Scheduling
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Evaluation: Dynamic Scheduling

8 -
Configuration B iterations
6 - == Configuration A iterations
e Configuration B cores
4 " Configuration A cores
7/ /. Reconfiguration overhead
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o] 8 Cotaran
. . A Configuration C ,/
Evaluation: Strong Scaling /
12 1
g 101
tp : .
T(n)=ts+ :
n n
6_
4_
Configuration ts tp Serial fraction (tpt—its)
A 0.017840 7.969377 0.2234% 2
B 0.006573 1.989441 0.3293%
C 0.034225 1008640 328180/0 41 é 1I2 1IG 2‘0 2I4 2I8 3‘2 3I6 4‘0 4r4 4I8 5I2 5I6 5‘0 Gr4
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Evaluation: Performance-unaware scheduling

Iteration Duration (s)
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Evaluation: Performance-aware scheduling

Iteration Duration (s)
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Summary & Future Work

Explored Dynamic Resource Management with Charm++ & DPP:

Papers & Portfolio m

Dominik Huber
DPP as generic DRM approach across PMs (MPI, Charm++, .,) ~ domihuber@tum.de

DynCharm++: PMix-based proxy between Charm RTS and RM

DRM mostly transparent to application developer
Enables performance-aware dynamic scheduling

Future Work:

4@ Shrinking support

40 Comparison with other AMTs

40 AMT-specific performance models
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