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Complex problems for complex computing infrastructures
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Workflow lifecyle challenges
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. ;l ng:ll?nng analytics
* Workflow development PROBLEMS
* Different programming models and environments italigence
» Workflow deployment L -y

e Can we make it easier to new HPC users?

* Workflow operation
* Go beyond static workflows
* Not only computational aspects,

data management as well
Y eFlowsaHPC Caelestls \}
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eFlows4HPC in a nutshell W crlowsape

» Software tools stack that makes easier the development
and management of complex workflows:

* Combine different aspects - — \
i HPC, Al, data analytiCS /Pillarlz Digital twins Federated HPC Infrastructure \
* Reactive and dynamic workflows }i‘g .
* Autonomous workflow steering .. 1=1 3
. " a1 EXCELLERAT (
* Full lifecycle management g =
° H H Pillar II: Climate : 5‘ 9
Not just .ex-ecutlon - 8 eFlowsdHPC  © &
 Data logistics and Deployment oy (= 5 SoftwareStack B
 HPC Workflows as a Service: Sapce I S <3
* Mechanisms to make easier the g
use and reuse of HPC by wider 3
Communltles - i’ i ; Cloud Infrastructure )
. _ . . ChEESE -LA\\_{/E
e Architectural Optimizations: ! )

* Selected HPC — Al Kernels Optimized for GPUs, FPGA, EPI

e Validation Pillar’s
e End-user workflows linked to CoEs
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Venowszmpc

eFlows4HPC Software Stack

Dynamic
Workflow
Definition

PyCOMPSs Programming Model Extended TOSCA Data Logistic Pipelines

Workflow
Accessibility/
Re-usability

|
registry Description & Simulators Frameworks
Workflow Container Image

Ystia
Holistic Distributed Execution Orchestrator

COMPSs runtime

Data
Management

Data
Logistics Service

Efficient
Distributed
Execution
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HPCWaa$S: Workflow lifecycle overview W eFlowsanpC

eFlows4HPC Gateway Services

Data
Catalog

Workflow
Registry

Software
Catalog

Data Logistics PyCOMPSs
Pipelines - Code

TOSCA Description 1. Create
Workflow

Dynamic Workfl%w Description

/ N\

3.

=/

Alien4Cloud

Endpoint to invoke
the Workflow

\
4. Share ."’
Oy’

Deploy

Description of data movements as Python functions. Computational Workflow as a simple Python script.
Input/output datasets described at Data Catalog Invocation of software described in the Software Catalog

Topology of the components involved in the workflow

Barcelona lifecycle and their relationship.
Supercomputing
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3 levels of workflow:
Computational, Data, Top-level
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Computational Workflows in PyCOMPSs

Sequential programming, parallel execution
* General purpose programming language + annotations/hints

Task-based parallelization

* Automatic generation of task graph @task (c=INOUT)

def multiply(a, b, c):
c += a*b

e Coarse grain tasks: methods and web services
* Sequential and parallel tasks

Offers a shared memory vision in a distributed system
e Can address larger dataset than storage space

—‘———_:ﬁ——-_--
ARED D

Agnostic of computing platform

* Clusters, clouds and
containers cluster

LS 8
TR Y

d Ba Se d I n Pyt h O n ‘C,\ @ Phasing («) Association test ¢
-] pre-imputation (@ Imputation @ Quality filtering -
filteri n .
. 9 ° Post-imputation ‘:’_") Data merging
. ° Filtering 7y Summary statistics
“~" and tophits results
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PyCOMPSs features and runtime %

e Support for tasks’ constraints — support for heterogeneous infrastructure

e Support for tasks’ faults and tasks’ exceptions
* Enlarges the dynamicity of the type of workflows that we support

e Streamed data
* ...and many others*

Computing infrastructure

* PyCOMPSs applications deployed as a Task Dependency Graph
distributed master-worker Annotated gasaaad Bunn Cloud  gocker
python code RN N
e Executed in an allocation i
of an HPC system !
. . Python
 All data scheduling decisions binding

and data transfers by the runtime COMPSs

Runtime

Monitorin Resource Mgmt
* Support for horizontal elasticity -

Files,
Analyshs Scheduling
Data Mgmt.
Barcelona

Supercomputing *https://compss-doc.readthedocs.io/
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Interfaces to integrate HPC/DA/ML

HPC Software

Data
Transformation

Workflow

eFlows4HPC

\
)

DA Software

Data
Analytics -

ML Software

‘ ML Training

Data
Transformation

Goal:

» Reduce the required glue code to invoke
multiple complex software steps

» Developer can focus in the functionality, not

in the integration
» Enables reusability

Two paradigms:
» Software invocation
« Data transformations
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workflow body

workflow steps
defined as tasks

@data_transformation (input_data, transformation description)
@software (invocation description)
def data_analytics (input_data, result):

pass

simulation (input_cfg, sim_out)

data_analytics (sim_out, analysis_result)
ml_training (analysis_result, ml_model)

10



Data workflows

Support to data movements from/to
HPC system

Use of data pipelines to specify and formalize them
* Transparency and reusability

Data catalogue
» Lists datasets and provides metadata
* Suppot to FAIR

Data Logisitcs Service
« Stage-in/out
» Container image transfer
* Al trained models
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7 eFlows4HPC

/v load | upload |[—>] register \
setup
i i cleanu
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Top-level workflows W criowsanre

e Overall orchestration: Deployment and execution top-level workflows

f Workflow end-point \

eFlows4HPC Gateway Services c eFlows4HPC Gateway Services
xecute

Y o Execution -
orar ot Yo &

- Deploy
B=/

ol® °LjE | E %Ly o8 LE E E B LB “Le

start start submit run submit run submit run

Create container image or copy from _ Store persistent output
registry and deploy it in HPC system Fetch input data data to long-term storage
Launch computation
lavosions PyCOMPSs workflow
(( g:::;"mwﬁw in an HPC system
Centro Nacional de Supercomputacién 12




HPC Ready Containers W ehowssipe

Workflow step + target system

Container Image Creation Service

1
2 "machine": {
3 "platform": "linux/ppc6dle™,
4 "architecture": "power9le",
5 "container_engine":
— "singularity", .
"mp:i. m. on openmpi @an , MUItl'pIatform

i}

7 "gpu": "cuda@l0.2" Build Tool
s b | Containe

9 "workflow": "pillar TITI", |

10 "step_id": "ftrt" r image

Service request

BU”d HPC
recipe  Builders

Container
Registry

Up to 2X performace
with respect standard

7 spack:
8 i packages: spack.yml (Lzsilalilcagzir:d[)eerslg:cplf;cg); container images!
9 all:
10 compiler: [ gcc@8 ]
11 specs: package_py
- t-hysea
- t-hysea-1b

13
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1to 100
members

—_—
First period
model simulation

Barcelona
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DA-driven ensemble member pruning W o

Compute instantaneous diagnostic

1to 50
members

Seond period

model simulation

Earth-System Model (ESM) workflow

1to 25
members

Finite IlmE
Sea ice 0 n Model

FESOM_Z Traditional storage system

Hecuba based storage system

tsl

ts2 ts3

l Fesom2 CPU
l Fesom?2 Blocked
. Hecuba

Compue instantaneous diagnostic

—_—

Final period
Model simulation

Centro Nacional de Supercomputacion

Data

I

|

I Y 25
. |
analytics I

Hecuba support for a lambda
architecture, allowing both batch
processing and stream processing

Fesom?2 execution time - MN4

88 176 704

number of. MPI processes

352

e hecuba-based e file-based

14



Event-driven cancellation/creation T criowsaec

UCIS4EQ: HPC-based urgent seismic simulation workflow

e Evaluation of scenarios after the occurrence of -

. . 1 Stream
a seismic event ==} -

Stream

 Combines multiple web services and HPC
simulation (Salvus)

* Workflow Dynamicity:

* Usage of data streaming for communication of
events

* On event occurrence APl supports:
* Dynamic cancellation of task groups
* Dynamic creation of new set of tasks

Barcelona

Generate
scenarios

Process
updates

i _E . Update

scenarios

CMT_1

Pre
process

Post
process

Pre
process

Post
process
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CAELESTIS Simulation Ecosystem Architecture caelesti?]

Workflow
Developer

Software Executor

Externally deployed Software

ADD
!
Engineering
teams ESI
L DET
:‘.‘“_’ Workflow

Hybrid Twin PIatfor%_J

K

J

<

Edge device

9-%

AIMEN

AIMEN

N V4
GitHub
Software Data Workflow < >
Invocation Operators templates

N

\ 4

HPC
Workflow

HPC Simulation Service

Tx Storage Service )

<\

> P Login Nodes

<
<

CAELESTIS Repositories
Centro Nacional de Supercomputacion
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BSC

Queue System

HPC Workflow
Management System

HPC Site
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Use case: Outlet Guide Vane (OGV) caelestis

» Selected use case for real-world scenario (GKN)

* Manufacturing processes in composites:
* Automated Fiber Placement (AFP)
* Resin Transfer Moulding (RTM)

* Focus on manufacturing and mechanical test procedures

* Manufacturing tests will assess process-induced defects: can impact the final mechanical properties of the
components

* Fibre misalignment
* Tape overlaps and gaps
* Void formation during RTM,
* Mechanical tests will evaluate critical performance metrics
* Tensile strength, stiffness, and fatigue resistance

* To ensure that the simulated outcomes accurately reflect real-world performance

* Each of them implemented with workflows « GKN AEROSPACE

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion 17
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From workflow templates to instances caelestis

Prepare

Simulation

Input

Ll K-Fold- CV
Creation . . - o
o Generate training/ - K-Fold CV
+ + . S t .
L - - validation raining evaluation

Workflow template - variables, Inputs set

accuracy

dataset split

Feature
Extraction s

Simulation

Gmesh Alya Alya
Config GmeEsh Config AT Parser
Configuration
Gmesh Alya Alya
h
w Config SMEs Config Alya Parser P

Decision
Tree (fit)

@ puf

/Grid—search model selection

K-Fold- CV
(Evaluation)

Workflow instance

Decision
Tree
(predict)

—

Selection Decision

Tree(fit)

Surrogate
Model

Barcelona

Supercomputing Decision l
Center (EK'FTId;.CV) Tree

Centro Nacional de Supercomputacion K FEREen (predict)




Workflow executions

e HPC simulation campaign for
product and process optimization

* Multiple workflows execution
* RTM simulation
e Permeability simulation
* Mechanical simulation

e Spanish RES allocation
BSC MareNostrum 4 and
MareNostrum 5

* Orchestrated with PyCOMPSs and
involving BSC Alya simulations

* More than 50000 simulacions, 4.6 million CPU hours

——
Barcelona Universitat

Supercomputing

Center de Girona

Centro Nacional de Supercomputacion
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—~ caelestisi i

Caelestis

Simulations for process manufacturing & mechanical performance on
composite parts using different simulation softwares

@=__
LAMADE fre A
a4 ——

microsca le’ mesosca le

it right* 3‘
e —— 3= b ‘ j” . p-)il-]i —
| ‘ I S -
= s —_— | . Ly S HEE
s I ool IV +f i
e 1= | . ¥ a
= e \ 6° Mechanical simulation including

Iii the presence of defects: ALYA

3° RTM simulation: PAM-RTM & DISTORTION® T

ITAINNOVA & \ % v
_l = - " SRR > 5° Tolerancing analysis of an

) assembly of 2 parts POC1:
2°Permeability simulation: ALYA® e 2 MECAmaster®

o AT H e
4° Tolerances estimation: Python & libraries @ EXmaster
Funded by Funded by the European Union. Views and o,
he E: Uni necessarily reflect those of the European Uni
t e uropean nion EXECUTIVE AGENCY (CINEA)]. Neither the Eu

ssed are ho those of the author(s) only and do not
EAN CLIMATE, INFRASTRUCTURE AND ENVIRONMENT

esponsible for them.

@ py|
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Final thoughts and future work

Q & modeling analytics
* Workflows that compose HPC, Al and Data analytics steps are "
very useful to solve science and technology challenges artfcia
intelligence
* Methodologies proposed in projects such as eFlows4HPC and - a—

CAELESTIS help on the goal of implementing, deploying and executing
such workflows

* Evolution towards Digital twins!
* Are appearing everywhere!
* New category of applications that evolve from HPC+AI+DA workflows
* Beyond the model, interaction between the digital twin and the physical object

* There is a need for methodologies to avoid adhoc solutions and reinventing the wheel in
each application

Barcelona
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Center
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Further Information

* Project page: http://www.bsc.es/compss
* Documentation
e Virtual Appliance for testing & sample applications
e Tutorials

O * Source Code

https://github.com/bsc-wdc/compss

https://hub.docker.com/r/compss/compss

* Applications
O https://github.com/bsc-wdc/apps
https://github.com/bsc-wdc/dislib
C) - oislib

* https://dislib.readthedocs.io/en/latest/
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MareNostrum 5
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