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1. Problems of HPC Workflows Execution Models 2. Dynamic Task Graphs with MPI Sessions & DPP

Job Chaining Dynamic resource management (DRM):

A | N Tasks = N Jobs = N static allocations - Allows changing resources allocated to a job at runtime.
allocation - Requires interactions across the HPC software stack.

task

E.g., Snakemake + Slurm

Dynamic Processes with PSets (DPP) [2, 1]:

@ Resources match tasks - Abstraction to express the dynamic process structure of applications.

H * Allows dynamic resource reallocation by the resource manager.
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@ E.g., RADICAL-Pilot + Slurm MPI Session extensions for DPP are under discussion in the MPI Sessions WG
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Figure 3 Dynamic pilot jobs

Figure 6 Task Couplings. Intra- & inter-task communicators adapt to resource changes.

3. The Dynamic Task Graphs (DTG) Library 4. Benefits of the Dynamic Execution Model
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Figure 7 DTG Library user perspective. Users provide a JSON task graph description (left) =

. : : : : : : Task N Task N S
and task implementations as shared libraries (middle). The DTG runtime (right) spawns workers ‘ s | ! ‘ o ! ‘ - _,% ]
that invoke user-defined callbacks, which use the DTG and MPI APlIs. ! ! b v L s ) 3 -
|—H T?slkA |—> TaskkI | I—bg
Sampling estimates prune Analysis scores Sampling :g 2
I \A 4 | | v | |
Master Task ] 0 1000 2000 3000 4000 5000 6000
Launch—g, Graph master _ _ _ Tm.ne (s) _ |
5 . Figure 9 Adaptive Sampling Task graph (left) and resource allocation over time (right).
send task graph POST: graph/[gid]_)
, Y i 2. Coupled simulations: Per-simulation resource adaptivity!
recv READY tasks POST: api . : : . :
’ - [€ P « 2 simulation tasks exchange data every k£ steps; TaskB halves its step size (iter. 18)
S 5 ——PSeiOp (ADD)  launchtask | « Sync overhead in iter. 21 — Double the number of processes in TaskB to resync
c;; é : V : = igg B work_duration
§ 0 &——Dict Publish publish backend info _ai: 180 _ = :gjgﬁﬁzu_;ajlr:.on
g % . : _________ ; _______________ S Sim Sim [0 sync_duration
8 8 Launch 2 U @ 60
2 0y —> Task workers =1 S g : ‘
g | g r \ ¥ Exchange Exchange 2 it g L |
g = Dict Lookup ¥ lookup backend info © 5 40
3 ‘ i S i
r lookup task data \ GET: task/[it]}e——gyp ig
- ,
O,
1 11 21 31 41
Run Task Iteration
€PSe10p (GROINK v Figure 10 Coupled Simulations Task graph (left) and per-iteration times (right).
Resize Task
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* Dynamic resource allocation to improve resource efficiency
Figure 8 DTG Runtime architecture. It uses MPI Session + DPP to interact with the RM. « Future work: Contribute to standardization in MPI| and PMIx
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