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Introduction to the Deucalion



Deucalion supercomputer

Located at University of Minho, co-founded by FCT and EuroHPC
257th in processing speed.in the TOP500 (Nov-2024), peak of 10 PetaFLOPS
Operational since 2024

Main specs:

e 2165 nodes (ARM and x86)
e 7132'GPU boards (NVIDIA A100)
e 11 PB storage (SSD and HDD)



Deucalion supercomputer

Partitions:

e ARM: 1632 nodes (Fujitsu AG4F X, 48 cores)
e x86: 500 nodes (AMD EPYC, 64 cores)
e GPU: 33 nodes (x86), each with 4x Nvidia Ampere A100 40 GB or 80 GB

Storage:

e 430 TB High-speed NVMe partition
e 10.6 PB high-speed based Parallel File System partition
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How to get access

EuroHPC open calls
URL: https://eurohpc-ju.europa.eu

FCT calls
URL: https://www.fct.pt

4 )
HPCvLAB @ ULISBOA

URL: https://forms.office.com/e/ucGDIRESqC

Point of contact: Thales Silva (IPFN)
- J



https://eurohpc-ju.europa.eu/index_en
https://www.fct.pt
https://forms.office.com/e/ucGDiRESgC

How to get access

Once you get the “Welcome” message, follow the steps for registration:
URL.: https://docs.macc.fcen.pt/start/ (included in the “Welcome” e-mail)

After registration you'll get:

D=UCALION

e |ogin credentials to the web portal at
URI: https://login.deucalion.macc.fccn.pt/

e possibility of setting up a SSH key pair
(needed for ssh access)

|
Main documentation site: E E
URL: https://docs.macc.fccn.pt/ ;l

Message of the Day

mmmmm



https://docs.macc.fccn.pt/start/
https://login.deucalion.macc.fccn.pt/
https://docs.macc.fccn.pt/

User interface

Most direct access is via ssh
$ ssh username@login.deucalion.macc.fccn.pt

As an alternative, there is a web-based ssh
access here —

IMPORTANT: this accesses a special login node
that should not be used for computing!

login nodes

mmmmm




Modules

Software is available as loadable modules.

Modules allow several combination of software versions.

module
module
module
module
module
module

help - provides documentation on this command

avail - list all available modules

spider <name> - search for modules related to <name>
load <name> oOr ml <name> - loads module <name>
unload <name> - unloads module <name>

purge — unloads all modules
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Introduction to SLURM



Introduction to SLURM

Controller daemons

SLURM is an
open source,
fault-tolerant,
highly scalable,

cluster management, and

job management system
slurmd  slurmd __, slurmd
E Compute node daemons

Op
i"- +*1 URL: https://slurm.schedmd.com/
[=]



https://slurm.schedmd.com/

Introduction to SLURM

Each user is associated to one (or more) accounts:

$ billing
| | |
| |
Account | Used (h) | Limit (h) | Used (%) |
| | |
, , (ARM)
| £202500002hpcviabistula | 362375 | 500000 |  72.47 | (X86/GPU)

| £202500002hpcvlabistulg | 543 | 1250 | 43.48 |




Introduction to SLURM

The cluster features several partition, each one with a job queue:

dev-arm normal-arm large-arm

16 nodes 1616 nodes 1616 nodes (same nodes but more time)
dev-x86 normal-x86 large-x86

8 nodes 492 nodes 492 nodes (idem)

dev-a100-40 normal-a100-40 dev-a100-80 normal-a100-80

17 nodes 17 nodes (idem) 16 nodes 16 nodes (idem)

4 GPU/node 4 GPU/node 4 GPU/node 4 GPU/node

NOTE: Development should be done in dev-* partitions



Introduction to SLURM

$ sinfo —--summarize

PARTITION AVAIL TIMELIMIT NODES (A/I/0/T) NODELIST

ooda up 8:00:00 10/1/0/11 cnal[0017-0027]

dev-arm up 4:00:00 1/15/0/16 cnal[0001-0016]

normal-arm up 2-00:00:00 399/640/577/1616 cnal[0017-1632]

large-arm up 3-00:00:00 399/640/577/1616 cna[0017-1632]

dev-x86 up 4:00:00 0/8/0/8 cnx[001-008]

normal-x86 up 2-00:00:00 115/197/180/492 cnx[009-500]

large-x86 up 3-00:00:00 115/197/180/492 cnx[009-500]

dev-al00-40 up 4:00:00 4/13/0/17 gnx[502-504,506,510-513,516,522,525-531]

normal-al00-40 up 2-00:00:00 4/13/0/17 gnx[502-504,506,510-513,516,522,525-531]

dev-al00-80 up 4:00:00 9/7/0/16 gnx[501,505,507-509,514-515,517-521,523-524,532-533]
[

normal-al00-80 up 2-00:00:00 9/7/0/16 gnx[501,505,507-509,514-515,517-521,523-524,532-533]



Introduction to SLURM

How to get an interactive session in a partition — USE for debugging ONLY

S hostname
1n03

$ salloc --account=f202500002hpcvlabistula --partition=dev-arm
salloc: Pending job allocation 449910

salloc: job 449910 gqueued and waiting for resources

salloc: job 449910 has been allocated resources

salloc: Granted job allocation 449910

salloc: Waiting for resource configuration

salloc: Nodes cna0002 are ready for Jjob

$ hostname
cnal0002.deucalion.macc.fccn.pt

$ uname --all
Linux cna0002.deucalion.macc.fccn.pt 4.18.0-348.23.1.el8 5.aarch64 #1 SMP
Wed Apr 27 19:07:21 UTC 2022 aarch64 aarch64 aarch64 GNU/Linux



Introduction to SLURM

How to run tasks online — use for debugging ONLY

$ srun —--account=f202500002hpcvlabistula --partition=dev-arm
-—-nodes=2 —--ntasks=4 hostname

srun: job 450380 queued and waiting for resources
srun: Jjob 450380 has been allocated resources

cnal0002.deucalion.macc.fccn.pt
cna0002.deucalion.macc.fccn.pt
cnal001l.deucalion.macc.fccn.pt
cna000l.deucalion.macc.fccn.pt



Introduction to SLURM

How to run batch job — use for actual computing
First, define a batch file as a shell script, e.g.,

hello_world.sh:

#!/bin/bash

#SBATCH --job-name=hello world

#SBATCH --account=£f202500002hpcvlabistula
#SBATCH --nodes=2

#SBATCH --ntasks=4

srun hostname £;7




Introduction to SLURM

How to run batch jobs — use for actual computing

$ sbatch --partition=dev-arm hello world.sh
Submitted batch job 454239

$ cat slurm-454239.out

cnal0004 .deucalion.macc.fccn.pt
cna0004.deucalion.macc.fccn.pt
cnal0003.deucalion.macc.fccn.pt
cna0003.deucalion.macc.fccn.pt



Introduction to SLURM

How to inspect the job queues:

$ squeue
JOBID PARTITION NAME USER ST TIME NODES NODELIST (REASON)
449866 dev-al00- test vlm leagabay R 2:01:09 1 gnx501
449826 large-arm 0O.6nm tg spustova PD 0:00 512 (AssocGrpCPUMinutesLimit)
447306 large-arm cpa 3600 takis.pu PD 0:00 8 (AssocGrpCPUMinutesLimit)
316281 large-arm h3 hyper muhammad PD 0:00 14 (AssocGrpCPUMinutesLimit)
449926 large-arm test bernardo R 15:14 32 cnal[0183-0214]
448826 large-arm KG Sigma Jpessoa R 16:00:23 1 cna0021
448391 large-arm O.6nm tg spustova R 1-22:45:05 96
cnal[0132-0182,0277-0312,0648-0656]
448388 large-arm 0O.6nm tg spustova R 1-22:50:32 96 cna[0552-0647]
448387 large-arm O.6nm tg spustova R 1-23:04:02 96 cna[0456-0551]
448386 large-arm O0.6nm tg spustova R 1-23:12:56 96 cna[0036-0131]

TIP: use “squeue --user=$USER” to examine your queue jobs; use “watch squeue --user=SUSER” for a periodic update.



Introduction to SLURM

Summary of commands:

e sinfo - show information about partitions
e salloc - allocate resources for interactive session
e srun - runacommand online

e sbatch - submita batch job

e squeue - show the job queue

Other useful commands:

e scancel - cancelajobinthe queue
e sview - graphical user interface to inspect SLURM state (requires X11)



Introduction to MPI



Introduction to MPI

High Performance Computing (HPC) scales up with the number of CPU cores

Performance plateaus with the number of cores due to memory bus bottleneck
The natural way to scale up is increasing the number of computers

MPI — Message Passing Interface

portable message-passing protocol
highly scalable and flexible
open source implementations (e.g., OpenMPI)

Speedup
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Introduction to MPI

Concepts and terminology:

e process — running program (might be multi-threaded)

e process group — group of processes communicating among them

e rank — identifies processes in a group, from 0 to N-1 (where N is the size)

e communicator — mechanism providing communication among a process group
e collective function — communication among a process group, for spreading,

collecting, and processing collected results



Introduction to MPI

Working example:

e approximate 1T using Monte Carlo
e parallelize generation of points
e at the end collect counts and return

approximation of 1r

Demo github repository here:

URL: https://github.com/rventura/demo-hpc
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https://github.com/rventura/demo-hpc

Introduction to MPI

e import Python packages (mpi4py is an interface for MPI)
e comm is the default communicator (world)
e get rank of process and group size

import numpy as np
from mpi4py import MPI

# Number of points per process
N = 10%%8

# Setup OpenMPI

comm = MPI.COMM_WORLD
size = comm.Get_size()
rank = comm.Get_rank()



Introduction to MPI

e rank=0 is usually the central process (designated root)
e Witime() is MPI’s portable way of getting the wall time
e bcast() broadcasts a value from root to all processes in the group (collective f.)

if rank==0:
# Master process
t0 = MPI.Wtime()
base = int(t0)
else:
# Slave process
base = None

# Ensure different seeds per process
seed = rank + comm.bcast(base, root=90)
np.random.seed(seed)

print(f"I'm instance {rank} in {size} and my seed is {seed}.")



Introduction to MPI

e Monte Carlo run, performed by all processes in the group
e divides run in chunks for performance, exploiting numpy arrays

# Main computation

chunk = 10%x6

n_inside = 0

for nc in (N//chunk) % [chunk] + [N%chunk]:
# Dividing the computation in chunks
points = np.random.uniform(@, 1, (nc,2))
inside = (np.sum(points*%2, axis=1) <= 1)
n_inside += np.sum(inside)



Introduction to MPI

e collects and sums count from all processes (collective f.)
e root process computes 1 estimation, error, and computing time

# Collect results by summing all n_inside
total_inside = comm.reduce(n_inside, op=MPI.SUM, root=0)

if rank==0:
# Master process
t = MPI.Wtime() - t©
result = 4 x total_inside / (Nxsize)
error = np.abs(result - np.pi)
print(f"My approximation of m is {result} (error is {error}).\nIt took
{t} seconds.")



Introduction to MPI

A selection of point-to-point communication methods:

send (obj, dest, tag=0) — send objto destrank with tag
isend () — non-blocking version of send(), returns a request
recv (buf=None, source=ANY SOURCE, tag=ANY TAG,
status=None) — blocks until a message is received

irecv () — non-blocking version of recv(), returns a request
request.wait () — wait for completion of request

Note: mpi4py methods handle arbitrary Python objects by “pickle”ing them;
capitalized versions (e.g., Send()) handle raw MPI data types



Introduction to MPI

A selection of collective communication methods:

bcast (obj, root=0) — broadcasts obj from root to all others

scatter (sendobj, root=0) — distributes a sendobyj list from root to all
others

gather (sendobj, root=0) — collects all sendobj’s into a list at root

reduce (sendobj, op=SUM, root=0) — collects all sendobj's at root and
applies op to them all

Note: operation op can be predefined (MIN, MAX, SUM, PROD, ...) or even a
Python function that reduces two elements into one



Introduction to MPI

More about MPI:

https://mpi4py.readthedocs.io/

# MPI for Python

403 ~

Search docs

CONTENTS
Introduction
Overview
Tutorial
mpidpy
mpi4py.MP|
mpidpy.typing
mpidpy.futures
mpi4py.util

mpi4py.run

# / MPI for Python

MPI for Python

Author:  Lisandro Dalcin
Contact:  dalcinl@gmail.com
Date: Feb 13, 2025

Abstract

View page source

MPI for Python provides Python bindings for the Message Passing
Interface (MPI) standard, allowing Python applications to exploit
multiple processors on workstations, clusters and supercomputers.

This package builds on the MPI specification and provides an object
oriented interface resembling the MPI-2 C++ bindings. It supports
point-to-point (sends, receives) and collective (broadcasts, scatters,
gathers) communication of any picklable Python object, as well as
efficient communication of Python objects exposing the Python buffer
interface (e.g. NumPy arrays and builtin bytes/array/memoryview

objects).
Contents

e Introduction

o What is MPI?
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