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DLO-JZ & SpeLLM B

Learn about LLM specializing to meet specific needs.
Learn to make a prototype in 4 days — The training is hands-on centered

1stday
Transformers
Classic Fine-Tuning
Dev environment

3 day

Retrieval Augmentation Generation
Parameter Efficient Fine-Tuning
Alignment

2" day

Metrics and Evaluations
Data Cleaning

Prompt Engineering

4t day
Inference
Multi-modality
Agents






Agenda — Covered topics

e Presentation of Jean Zay Day4
e The challenges of scaling up e (Good practices
e GPU computing + Mixed Day 3 e Large Model Scaling + FSDP
Precision e Model parallelisms
. Data storage and formats
o Tensor optlmlsa.tlon : Traaianisng ar?d large batches e Visualization tools
e The PyTorch profiler e JIT e HyperParameter Optimization

Day 2
e Dataloader optimizations
e Distribution + Data Parallelism
e Data Augmentation
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Practical Workshop

e Day1,23,4:
» System Optimization : GPU, Mixed Precision
» Profiler
« Dataloader
» Distributed Data Parallelism
« Data Augmentation
» Optimizers & LR scheduler
» torch.compile & torchscript
« FSDP
» Hyper-Parameters Optimization (HPQ)

Reservation partition A100 JZ
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Presentation of participants
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Jean Zay

Supercomputer «

Jean Zay «

Job submission with Slurm <
JupyterHub on Jean Zay «

Slurm tools for python notebooks «




What’s a supercomputer?
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First national converged supercomputer dedicated to
Jean Zay Artificial Intelligence (Al) and High Performance Computing (HPC)

i

54800
cores GPUs

4000 6
i MWh/year (=
ol Heat
Recovery

€
ooooo
08660

24h/24

nn

3 0o §%

442 To 5700

18



Jean Zay

Omni-Path 100 series
Em 12.5GBps / CPUNode
25GBps / GPUNode

InfiniBand NDR400

|
50GBps/GPU

Hl |nternet

'WWWI

SSH
JUPYTERHUB

2« 2« 2« 2« 2x 2x

Intel Cascade Lake 6248
20 cores

Intel Cascade Lake 6248
20 cores

000

192GB

Intel Cascade Lake 6248
20 cores

([Ooo

192GB

Intel Cascade Lake 6226
12 cores

[a[a]u]

384 GB | 768 GB

AMD Milan EPYC 7543
32 cores

[0oo

512GB

Intel Xeon Platinum 8468
48 cores

[Ooo

512GB

(23 mas

3

NVIDIA GPU V100 SXM2
16GB HBM2

4= $

HPE XA780i (126 nodes)

NVIDIA GPU V100 SXM2
32GB HBM2

« D

HPE XA780i (270 nodes)

NVIDIA GPU H100 SXM5
80 GB HBM3

K\
Sla ola
4x (IO

BullSequana XH3145 (364 nodes)

GPU_P6

NVIDIA GPU V100 SXM2
32GB HBM2

o D

HPE XL270D (31 nodes)

GPU_P2

NVIDIA GPU A100 SXM4
80 GB HBM2e

Max per User
1 logical core
5GB Ram

FRONTNODE (5 nodes) HPE XA730i (720 nodes) HPE XL675D (52 nodes)

GPU_P5

CPU GPU_P13

SLURM

| | 1 | 1 |1 |
[ [
Accounting : @a100 Accounting : @h100

Accounting : @cpu Accounting : @v100

Total CPU : 28800 cores
Total Flop/s : 2.3 PFlop/s

Total GPU : 1832 V100

Total Flop/s : 15.5 PFlop/s

Total GPU : 416 A100
Total Flop/s : 8.2 PFlop/s

Total GPU : 1456 H100
Total Flop/s : 99.9 PFlop/s
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Jean Zay
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) Intel Cascade Lake 6132 Intel Cascade Lake 6248 Intel Xeon Silver 4114 Intel Xeon Platinum 8468
12 cores + 3TB 20 cores + 192GB 10 cores + 96GB 48 cores + 256GB
- ] —
Cwww) = $H 1x1=®|
SSH NVIDIA GPU V100 NVIDIA Quadro P6000
JUPYTERHUB Max per User 16GB HBM2 2GB VRAM
1 logical core PREPOST (4nodes) VISUALISATION (5nodes) COMPILATION (4nodes) COMPILATION (1node)
5GB Ram
PREPOST VISU COMPIL COMPIL_H100

FRONTNODE (5 nodes)




Jean Zay: Storage spaces B

Temporary datasets

Public Datasets

autocleaned limited by deposit on request 100 kinodes
a 30-day file lifespan per project
"& /N3 $STORE
(] ﬂ - _—M
— ]
N2 $WORK ;
(m $SCRATCH N2+ $DSDIR
storage : 5.2PB storage : 44PB storage : 3.3PB storage : 56PB
read : 1.5TB/s read : 350GB/s read : 250GB/s 2 robotic arms
ite: 1.1TB/s ita: ite 18t d
il write: 300GB/s write: 250GB/s [P 1epeEsaceis |
LUSTRE

r

(1]

$HOME

Same storage
as $WORK
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Jean Zay: Work environment

&9 MODULES

P e e e e e T T e e T e T T

Catalogue of shared modules

(conda environments) oooo
EI[] [JEI
» Installed by IDRIS Og|oOo

i+ Completed on request

— - ————————

:~$ module load pytorch-gpu/py3/1.11.0

(pytorch-gpu-1.11.0+py3.9.12) login@jean-zay3:

Conflicts between versions
Storage spaces saturation

B e e e e e e e e e e e T T

:~% module load anaconda-py3/2023.03
an-zay3:~$ conda create -n myenv

e -

. Import SIF images on Jean Zay J E
i+ From your PC q |
E * From public deposits (1) iy, |
. ¢ Possible conversion from docker docker ,:



Job submission with Slurm
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Job submission with Slurm FH
slurm

workload manager

Slurm gives your job a priority score depending on your consumption.

nb hours
4 underconsumption
score ++

underconsumption
Z score ++
overconsumption
score - - I’'m under-
, consuming
I’'m under
. MORE!
consuming!

Slurm compares all users’ scores to define job position in the queue.

— theoretical consumption

— real consumption

» time
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Job submission with Slurm

Adjust the QoS (Quality of Service) to improve the priority score of your job!

o+

priority

QoS Max elapsed Resource limits (V100 partition)
Ll Per job Per user Per project Per QoS
qos_gpu-dev 2h 32 GPUs 32 GPUs 32 GPUs 512 GPUs
(10 jobs max at
the same time)
qos_gpu-t3 20h 512 GPUs 512 GPUs 512 GPUs
(default)
qos_gpu-t4 100h 16 GPUs 96 GPUs 96 GPUs 256 GPUs

slurm

workload manager

dev

prod

And keep your job in the queue, its priority score will increase with time.
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Job submission with Slurm

How to configure my job?

— How many GPUs?
— How much time?

— How many CPUs per GPU?

— 1 CPU core = 3.9GB RAM (on V100 nodes)

— interesting to have several CPU cores to feed a GPU
(cf “DataLoader optimizations” part of this course)

GPU

/ n O O O x
3 3 3 3 3
c (= (= (= (=
(e} (e} (e} (e} (e}
8 8 8 8 8
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P P
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c c c c c
C Q 9 9 o )
] ] ] ] ]
c c c c c
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] ] ] ] ]
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C o o o o o
] ] ] ] ]
c c c c c

V100 node
(156GB RAM)

40 CPU cores

4 GPUs

_ 10 CPU cores per GPU
(39GB CPU RAM)

workload manager
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Job submission with Slurm
slurm

workload manager
How to configure my job?

— How many GPUs?

— How many time?
— How many CPUs per GPU? = 1 CPU core = 7.3GB RAM (on A100 nodes)
— interesting to have several CPU cores to feed a GPU

(cf “DataLoader optimizations” part of this course)

~

64 CPU cores
8 CPU cores

~  per GPU
(58GB CPU RAM)

8 GPUs

A100 node
(468GB RAM) -




Job submission with Slurm
slurm

workload manager

How to configure my job?

— How many GPUs?

— How many time?
— How many CPUs per GPU? = 1 CPU core = 4.87GB RAM (on H100 nodes)
— interesting to have several CPU cores to feed a GPU

(cf “DataLoader optimizations” part of this course)

C c C [ C C c c c [ (o} c c C c (o} ® © c (of C [ c c
P P P P P P P P P P B P P P P Bl P P P P P P P P
u u u u u u u u u u u u u u u u u u u u u u u u N
[ © © c] © ® Cc [ c ® @ ® c Cc C © ® © [ c [ © © c]
P P P P P P P P P P P P P P P P P P B P P P P P
u u u u u U u u u u u u u u U u u u u u u u u u
T 1. . Tl . Qr . rereerrerrr— 96 CPU cores
P P P P P P P P P P P P P [ P P P 7 P P P P P 24 P
u u u u U u u u u u u u u u u u u u U u u u U u cores
el el sl el cMelelselcl cMelelclelel celelclelele - er GPU
P [ P P P P P P P P P P P P [ P [ P P P P P P P
u u u u u u u u U u u u u u u u u u Y U u u u u

(117GB CPU RAM)
H100 node .
k (468GB RAM) / -




Job submission with Slurm

script.slurm

Example: reservation of 2 x 4 V100 GPUs

#!/bin/bash

#SBATCH --job-name="dlojz"
#SBATCH --output="log%,;.out"
#SBATCH --error="log%j.err"
#SBATCH --nodes=2
#SBATCH --gres=gpu:4
#SBATCH --ntasks-per-node=4
#SBATCH --cpus-per-task=10
#SBATCH --hint=nomultithread
#SBATCH --time=01:00:00
#SBATCH --qos=qos_gpu-dev

module load pytorch-gpu/py3/2.11.0

srun python script.py

# name of the job

# output file

# error file

# nb of nodes

# nb of GPUs/node

# nb of tasks/node

# nb of CPU cores/task
# no hyperthreading

# max execution time
# adjust QoS

# environment

# run script

workload manager
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Job submission with Slurm i

script.slurm

workload manager

#!/bin/bash

#SBATCH --job-name="dlojz"
#SBATCH --output="log%,;.out"
#SBATCH --error="log%;j.err"
#SBATCH --nodes=2
#SBATCH --gres=gpu:4
#SBATCH --ntasks-per-node=4
#SBATCH --cpus-per-task=10
#SBATCH --hint=nomultithread
#SBATCH --time=01:00:00
#SBATCH --qos=qgos_gpu-dev

module load pytorch-gpu/py3/2.11.0

srun python script.py

:~$ sbatch script.slurm Job submission

* Waiting in queue

1-zay3:~$ squeue --me

JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON)
223225 gpu_pil3 dlojz PD 0:00 2 (Priority)

* Lauching job

srun python script.py

A

GPUO GPU1 GPUO GPU1

GPU2 GPU3 GPU2 GPU3
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JupyterHub on Jean Zay it

@ IDRIS b

JEAN ZAY

1. Authentication on https://jupyterhub.idris.fr

Connectez-vous a votre compte

- ‘

_ _ Server Options
2. Choose and configure an instance [ sumseneronogn rontannose J

Spawn server on login (frontal) node Y

Spawn server on SLURM node \
|E| Notebook \
Runon a

e O & (3%) Runona login node

Python 3 alphafold2.1.2 atom imula bloom-pytorch- Compute node

(ipykernel) 1.13.0

3. Choose a kernel @ - 2 "

torch-gpu-2.11.0
(py ap ) 0 O O O

pytorch- pyt h pytorch-gpu-1.1
1.8.1_py3.8.8-Its apu: l 10 0 py3. 32



https://jupyterhub.idris.fr

Slurm tools for python notebooks

from idr_pytools import gpu_jobs_submitter

command = ‘dlojz.py --batch-size 128 --image_size 176’
n_gpu=38

MODULE = ‘pytorch-gpu/py3/2.11.0°

name = ‘dlojz’

jobid = gpu_jobs_submitter(command, n_gpu, MODULE, name=name, account="xyz@a100', time_max='05:00:00")

script.slurm

#l/bin/bash
com mand A #SBATCH --job-name="dlojz"
#SBATCH --output="log%j.out"
n g p u #SBATCH --error="log%j.err"
- #SBATCH --nodes=2

#SBATCH --gres=gpu:8
MODULE #SBATCH -C 100 , L.
> ::2::2: --ztissk:-epretra-::d;=8 $ shatch script.slurm J0b|d
name opus-pertasi

#SBATCH --hint=nomultithread
#SBATCH --time=05:00:00
account #SBATCH --account=xyz@a100

: module load pytorch-gpu/py3/2.11.0
tlme_maX J py gpu/py;

srun python dlojz.py --batch-size 128 --image_size 176
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Slurm tools for python notebooks

from idr_pytools import display_slurm_queue

name = ‘dlojz’
display_slurm_queue(name) $ squeue --me -n <name>

from idr_pytools import search_log

jobid = [123457]

search_log(contains=jobid)[0] > output filename

search_log(contains=jobid, with_err=True)[0] > error filename
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