Advances in HPC automation -
An update on the use of Pars|
In Parallel Works



Outline:

1. Parallel Works clusters

2. Parsl workflows (goals and stumbling blocks)

3. Parsl Jupyter notebooks



Parallel Works Clusters

Provision HPC SLURM clusters in the cloud:

e Same “feel” & performance as on-premise SLURM clusters

Uniform API
e Elastic & highly customizable Parsl| workflows and
e Leverage cloud’s cost: performance & new hardware notebooks are

started the same
e Choice of several clouds way in all clusters

Connect an on-premise SLURM cluster
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To define a cluster simply click on the desired cluster type and fill in the configuration options
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Users can activate these clusters with a power button in a uniform way
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Uniform API for all clusters and SSH access from the user container to the controller (master) node of the cluster



How can we run Parsl in these
clusters?



Workflows

Launch workflows in two ways:
1. Web user interface on PW
2. Python PW Client

- CI/CD use case: GitHub action starts the job (with APl key in repo secrets)



Launch workflow using the Web Ul
1. Click on workflow thumbnail
2. Enter workflow parameters
3. Click execute — Generates the workflow command and arguments
4. Workflow command and arguments are executed in the user container

. Il Parate Works

& C & demo.parallelworks|
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Take the shipsnet dataset and run two tasks:

1. Data ion: Use the Keras ImageDataGenerator to generate more training data
2. Model training: Train a deep convolutional neural network to find ships in images using TensorFlow on GPUs.

I Number of extra samples I

Returns the augmented data and a model directory with validation and exploration data.

Resources:

Modify the executors. json file in the workflow's directory to select the resources for tasks (1) and (2) above.

< Requirements: >




Launch workflow using the PW Client
1. Launch workflow with a Python script
2. Automation (e.g.: Github actions)

import sys

PW Client use
case example

from client import Client
from client functions import *
pw_user host = sys.argvl[]
pw_api key = sys.argvP]

user = sys.argv[3]

resource name = sys.argvf]

wf name = sys.argvp]

wf xml args = json.loads (sys.argvf])
c = Client('https://' + pw user host, pw api key)

start resource (resource name, C)

jid, djid = launch_workflow(wf_name, wf xml args, user, c)

on:

jobs:

[push] Github action
example
test-pw-workflow:

runs-on: ubuntu-latest

name: test-pw-workflow-beluga

steps:

- name: run-workflow-beluga

id: run-beluga
uses: parallelworks/test-workflow-action@v5
with:

pw-user-host: 'beluga.parallel.works'

pw-api-key: ${{ secrets.ALVAROVIDALTO BELUGA API_ KEY

pw-user: 'alvarovidalto'
resource-pool-names: 'gcpslurmv2'
workflow-name: 'singlecluster parsl demo'
workflow-parameters: '{"name": "PW USER"}'

b}



https://github.com/parallelworks/test-workflow-action

Goals for Parsl workflows:

Moving from a custom modified Parsl to standard Parsl|

Parsl script runs in the user container in Parallel Works (not in the cluster)
Run different Parsl apps in different clusters (including on-premise and
cloud)

Share Parsl workflows with other users

Stumbling blocks:

1.

2.

Define Parsl configuration for the different resources. Point to PW pools by pool
name.
Manage python environment in the user container in PW and in the remote

resources. Parsl version needs to be compatible. Dependencies.
- Workflow may run in a different user container (shared) and/or in a different cluster

Establish port connections from the workers to the user container
- User container does not have direct access to worker ports



Dealing with the stumbling blocks

G

Parsl workflow wrapper



1. Define Parsl configuration definition for the different resources: P SCPSLURMYZ (o s i UserDemo@34173420 ]
- JSON configuration file Q-
- PW API to get pool information by pool name: @ I-q R

- IP addresses and user name of the controller nodes
- Available worker ports
- SSHChannel to connect to the controller nodes
- Run in controller nodes: LocalProvider
- Run in compute nodes: SlurmProvider or LocalProvider + bash_app + srun (easier to reach ports)
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1. Define Parsl configuration definition for the different resources:
- JSON configuration file
- PW API to get pool information by pool name:
- IP addresses and user name of the controller nodes
- Available worker ports
- SSHChannel to connect to the controller nodes
- Runin controller nodes: LocalProvider
- Runin compute nodes: SlurmProvider or LocalProvider + bash_app + srun (easier to reach ports)
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2. Manage python environment in the user container in PW and in the remote resources. Parsl version needs to be
compatible. Dependencies.
- Python environment is defined in YAML or singularity definition files (better for ML applications)
- Can choose one per executor and another for the user container
- Parsl workflow wrapper optionally updates/installs the Python environment from these files
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2. Manage python environment in the user container in PW and in the remote resources. Parsl version needs to be
compatible. Dependencies.
- Python environment is defined in YAML or singularity definition files (better for ML applications)
- Can choose one per executor and another for the user container
- Parsl workflow wrapper optionally updates/installs the Python environment from these files
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< Il Status Feedback >



3. Establish port connections for workers
- Parsl workflow wrapper creates SSH tunnels for the worker ports before execution and cleans them after

execution

- Available port numbers are provided by the PW API

User container:
- Parsl
-  SSHChannel
- LocalProvider

User container:
- Parsl
-  SSHChannel
- SlurmProvider

—

SSH ACCESS

Worker ports
(SSH Tunnel)

> Controller nodes
-  Parsl

SSH ACCESS

Worker ports
(SSH Tunnel)

> Controller nodes
-  Parsl

Worker ports

sbatch
srun
------- ) Compute
SSH ACCESS Partitions
__________;..
sbatch Compute
_________€)> e .
SSH ACCESS Partitions:

,__———’————”’,

(SSH Tunnel)



Jupyter Notebooks



Goals:
- Connect from the user container to the jupyter server
- Automate server launch

Approach:
- Jupyter server runs in the controller node of a slurm cluster
- Server port is forwarded to the user container — Only the server port is forwarded to the user container!
Limitations:
- Single cluster (multiple partitions) per Parsl job

Sbatch

SSH ACCESS .
Controller node: >  Compute
. Jupyter server port - HH .
User container (SSH tunnel) Jupyter server Worker Pores Fartitions:
< - Parsl — - Parsl

- SlurmProvider



Approach:

- For automation, the Jupyter server is started by a PW workflow
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Approach:
- When the server is ready it pops up in the PW interface
- Enter your password and connect to the server
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pw.conf

README.md
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Approach: P
- Send jobs to different
partitions using the
SlurmProvider

File Edit

In [3]:

In [4]:

In [2]:

View

B |+ < @ B 4+ ¥ | PR

@ https://beta.parallel.works/pwide-kube-nb/10.88.0.4/50104/notebooks/contrib/User.Demo/parsl-slurm-hello-world.ipynb

: Ju pyter parsl-slurm-hello-world  (unsaved changes)

Insert Cell Kemel Widgets Help

B C  » | Markdown v =

Parsl Slurm Notebook Hello World

M # Print environment information
import socket, sys, os, json
print('Hostname: ', socket.gethostname())

Hostname: mgmt-userdemo-gcpslurmv2-00108
M %%bash
sinfo
squeue
PARTITION AVAIL TIMELIMIT NODES STATE NODELIST
compute* up infinite 9 idle~ userdemo-gcpslurmv2-00108-1-[0002-0010]
compute* up infinite 1 alloc userdemo-gcpslurmv2-00108-1-0001
gpu up infinite 2 idle~ userdemo-gcpslurmv2-00108-2-[0001-0002]
fail up infinite 1 idle~ userdemo-gcpslurmv2-00108-3-0001
JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON)

3 compute session- User.Dem R 16:35

Define the Parsl configuration

M import parsl
print(parsl. version )
from parsl.config import Config

from parsl.executors import HighThroughputExecutor
from parsl.providers import SlurmProvider

parsl.clear()

# Configuration variable tells Parsl where to run the python functions

# -- Depends the resource and tasks to run

config = Config(

executors=[
HighThroughputExecutor(

label = 'compute’,
worker_debug = True, # Default False for shorter logs
cores_per _worker= int(2), # One worker per node
worker_logdir_root = os.getcwd() + '/parsllogs’',
provider = SlurmProvider(

GPU RUNS
#scheduler options = '#SBATCH --gres=gpu:1', # For GPU runs!
PU RUNS:
#scheduler options = '#SBATCH --ntasks-per-node=40',
partition = 'compute’,

Not Trusted

<% I 0
A

| Python 3 (ipykemel) O

Logout

1 userdemo-gcpslurmv2-00108-1-0001

# DO NOT USE! Conflicts with cores per
# Cluster specific! Needs to match GPU availability, and RAM




Approach:
- Kill jupyter server job
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&  MDUTE » m hello_cluster_ssh
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Potential next steps

e Implement failover in Parsl workflows
o Associate multiple resources with a given Parsl app
o Resources are ranked; if #1 fails, try #2...

e Streamline the definition of the Parsl configuration through
the web Ul instead of editing the JSON file

Thank You!



