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Outline

« Parallelization in Tensorflow
« Expanse Notebooks and Open On Demand

e Starting Jupyter notebook and simple MNIST
example

 An example running multinode on Expanse An
example running Keras NLP tool in conda
environment, w/Juptyer Lab
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Things to think about for running a project

« Choosing Hyperparameters — a bit of exploration and exploitation
 Need to figure out efficient Job workflow

« On HPC, CPU work fine for many cases, you will want to use GPUs for ‘large’
models and/or large datasets.

« Model saves and/or checkpoints are available in tensorflow; tensorboard
available but needs to be secure (ask for details)
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Python Notebook vs Scripts

« On HPC you may want to run batch jobs on a script not a notebook.

1 Papermill is one tool

2 Or, you can use “jupyter nbconvert --to script your-python.ipynb” in the batch
job.

Also, turnoff plot display, save plots in files, and use a configuration file to pass
In parameters
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Parallel DL models with multiple nodes/devices

 The main approach to parallelize training: Data Parallel:

 Main tools: Keras/Tensorflow ‘strategy’ or use Horovod MPI
wrappers
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Keras/Tensorflow strategy single GPU node

Set up a ‘mirror’ strategy

mirrored_strategy = tf.distribute.MirroredStrategy(['GPU:0", "GPU:1", "GPU:2", "GPU:3"))

You also need the strategy scope around the model definition so that it can

make copies if (n gpus>0):

with mirrored strategy.scope():
multi_dev_model=build model()

Then train as normal (use batch size multiple of 32)
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Keras/Tensorflow strategy multiple GPU node

Keras also has a ‘multiworker’ strategy but it requires setting up
config files with IP addresses

On HPC systems resources are shared so IP addresses are dynamic

Better to use Horovod with MPI and slurm batch job
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For each batch: Horovod will aggregate & share
weights updates

In slurm batch script:
mpirun —n number of tasks singularity - python

device =GPU:0 device =GPU:0 ‘ device =GPU:0

Your python script

Your python script

Your python script

mpi rank mpi rank mpi rank
Load data Load data Load data

Cocal dataset LCocal dataset Cocal dataset
Build model Buildmodel | | = «uua.. Build model

Dist. optmzer Dist. optmzer Dist. optmzer _

Bigger
I_Eain Train batch size
ank 0 handles l helps, but it
_____________________________ uses more
broadcast memory
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Code snippets — Horovod functions

Not many lines of code, but becareful with sharding, batch size,
See https://horovod.readthedocs.io/en/latest/keras.html

import horovod.tensorflow.keras as hvd

Initialize back end IR
Communication, » print('INFO, global rank:',hvd.rank(), ' locrank ',hvd.local rank())
get mpi rank
‘ ) : Note: be careful to get batch size in sharding and training
shard’ or split data > aligned
e _y , optimizer2use =
Set up a distributed optimizer hvd.DistributedOptimizer(Adam(learning_rate=0.001*hvd.size())

After each batch aggregate model.compile(optimizer =optimizer2use,
weight updates and > ..
broadcast new values experimental_run_tf_function=False)
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Exercise, multinode MNIST programming
and execution

» Goal: Get fam iliar with K_eras and mpirun —n number of tasks singularity -> python
Horovod coding for multinode sovis 2GPUG s —oPUG
EX eC U tl O n Your python script Your python script Your python script
mpi rank mpi rank mpi rank
¢ GO al Get fam | | | al' W | t h S I U rm Local dataset Local dataset Local dataset
batch script multinode lowomone 1 || Douomoss ] lowomoss ]
p ar am eterS Dist. optmzer Dist. optmzer Dist. optmzer

I Train I I Train I Train

Rank 0 handles
updates

 Let’s login and start a notebook
(see next pages for quick overview)
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Accessing Expanse

« Command line interface to run Slurm jobs

« Expanse user portal has web interface to start Jupyter
lab/notebooks

« Slurm jobs can also start a notebook
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B cpFellov x | 2R cPFellov x | ) YourRep: X WKSHOP: X run-hvd-r - X cML23 b x | [f] Horovod x | + N —
C @ pelvis-daisy-faceplate.expanse-user-content.sdsc.edu/edit/WKSHOPS/CIML23/MNODE_wHVD/run-hvd-main-c... & ¢ #& [ o

" Jupyter run-hvd-main-cpu2.sbe 15 minutes ago Logout

File Edit View Language Plain Text

#SBATCH --job-name=tfhvd-cpu

#SBATCH --account=use300

#SBATCH --partition=compute

#SBATCH --nodes=2

#SBATCH --ntasks-per-node=16 #<<<<<------ change this to 16 and observe changes in training time
#SBATCH --cpus-per-task=1

#SBATCH --mem=243G

#SBATCH --time=00:15:00

#SBATCH --output=slurm.cpu2.%x.0%j.out

Bommmmm oo set up modules --------------oome oo
module reset

module load slurm

module load gcc/10.2.0 #compiler, unix

module load openmpi/4.1.3 #open mpi

module load singularitypro/3.9 #container

module list

set up some environmental settings
export OMPI_MCA btl='self,vader’
export UCX_TLS="'shm,rc,ud,dc’
export UCX_NET_DEVICES='mlx5_©:1'

MNODE wHVD
ODE WHVD

[p4rodrig '3 1loginO: ODE WHVD
[p4drodrigC in0: O DE wHVD

SISO #R i rooriaeiosingl mobs wivp!: R

DL1

]
]
SE
)]
]
]




The expanse user portal (open on demand)
https://portal.expanse.sdsc.edu

gg Expanse X gE Dashboard - Expanse Portal X + N — X
< C @& portal.expanse.sdsc.edu/pun/sys/dashboard Q ©»w * N = o
Expanse Portal Apps~ Files~ Jobs~ Clusters~ Interactive Apps~ @ S &

B Jupyter

SDSC |

The Expanse portal provides & MATLAB | easy to use interface to access Expanse HPC resource. I—Ogm In Wlth ACC ESS Credentlals (NSF
With the portal, researchers ~ ® RSTUDIO rreate, edit, move, upload, and download), view job CI COOFdInatlon at httDS//aCCeSS-CI OI'Q/)

templates for various applications, submit and monitor jobs, run interactive applications, and connect via

SSH. The portal has no end-user installation requirements other than access to a modern up-to-date web
browser

Pinned Apps A featured subset of all available apps For local WOFkShOpS use the aSS|gned

@ A *4 > “train## * account and go to:
ﬁ + -

ctive Jobs ome Directo ob Composer expanse Shell Access - .
- e o e https://portal.expanse.sdsc.edu/training

System Installed App System Installed App System Installed App System Installed App

n @
https://portal.expanse.sdsc.edu/pun/sys/dashboard/apps/show/sdsc_jupyter | ' - v
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https://access-ci.org/
https://portal.expanse.sdsc.edu/training
https://portal.expanse.sdsc.edu/training

Galyleo Utility for Jupyter Notebooks

 Atool that launches a Jupyter Lab/Notebook server on a compute
node

« Establishes a secured HTTPS connection between that compute
node and your web browser (reverse proxy)

For details:
https:/github.com/mkandes/galyleo

https://education.sdsc.edu/training/interactive202112 running_jupyter_notebooks on_expanse/
iIndex.html
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Sample Galyleo scripts

A script that loads a conda environment to compute node (cpu)

/cm/shared/apps/sdsc/galyleo/galyleo.sh launch --account gue998
--partition compute --nodes 1 --memory 242 --cpus 128 --time-limit 01:00:00
--conda-env keras-nlp24 --conda-yml keras-nlp24-cpu.yaml --mamba

* A script that loads a singularity image to gpu node

/cm/shared/apps/sdsc/galyleo/galyleo.sh launch -A gue998
-p gpu -n 10 -M 93 -G 4 -t 00:30:00
-e singularitypro/3.9 --bind /expanse,/scratch -s
/cm/shared/apps/containers/singularity/pytorch/pytorch-latest.sif
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sds184

3R Expanse X 2R Dashboard - Expanse Portal x  + v = X
Partition (Please choose the gpu, gpu-shared, or gpu-preempt as the partition if using gpus):

<« C @ portal.expanse.sdsc.edu/pun/sys/dashboard QB X ® = °<:

compute
Expanse Portal ~Apps~ Files~ Jobs~ Clusters~ Interactive Apps~ @ ACCOUNT

P Jupyter Time limit (min):
SDSC sds184 (min)
Guls 120
The Expanse portal provides IeWnse HPC resource -
. o P 4 MATLAB - Partition (Please chi
With the portal, researchers @ RSTUDIO ‘reate, edit, move, upload, and download), view job Number of cores:
templates for various applications, submit'and monitor jobs, run interactive applications, and connect via " shared
SSH. The portal has no end-user installation requirements other than access to a modern up-to-date web 128
browser Time limit {min):
Pinned Apps A featured subset of all available apps 120 Memory required per node (GB):
PR + 24
* Number of cores: .
o GPUs (optional):
Active Jobs Home Directory Job Composer expanse Shell Access 16
0
System Installed App System Installed App System Installed App System Installed App

Memory required pe Singularity Image File Location: (Use your own or to include from existing container library at /cm/shared/apps/container e.g.,

an . lem/shared/apps/containersisingularity/pytorch/pytorch-latest.sif)
16
-_jupyter

https://portal.expanse.sdsc.edu/p pp: -

fcmishared/apps/containers/singularity/tensorflowitensorflow-latest sif
GPUs (optional):

0 Environment modules to be loaded (E.g., to use latest version of system Anaconda3 include cpu,gcc,anacondal):

singularitypro/3.9

Singularity Image Fi
lcm/shared/appsicol Conda Environment (Enter your own conda environment if any):

Expanse user portal:
launch a jupyter notebook session

singularitypro/3.9 ciml-day

i Qos:
Conda Environment

Or

Working directory:

Reservation:
home

Type:

Motebook

login to Expanse and run:
$ baSh jupyter' T 'CpureS.Sh Working directory:

home

Type:

SDSC %8
SUPERCOMPUTER CENTER




login to Expanse and
run from command line:
$ bash jupyter-tflow-

Simple MNIST exercise

v @ roundup-oppressed-imprintex X & New Tab X o — X h
< Cc 25 roundup-oppressed-imprint.expanse-user-content.sdsc.edu/?token=368a6de8bf1b42be80aa78c76d2c... ¥ ) M | o Finish update 3 Cpu reS . S

21 Course | Prompt En... 3 All Bookmarks

Find url and
paste into browser

Satellite Reverse Proxy Service
SDSC Expanse

§ p4rodrig@login02:~/WKSHOPS/NRP24/KerasTest

Job State: Runnin
g on willbegin once compute

O O tp nprint expans then wait for Jupyter to

In Queue Running Ioad
In Queue : C
Job has not yet started. in Ke ;T e —-u
Running JOBID PARTITIO NAME,

Job has started, but has not redeemed Sate

Mapped
Job has redeemed Satellite Token, but no p

11:30 PM B
3/17/2024 4
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I n Ju pyter nOte bOOk SeSSIOn v G python command to getversic X | @ training-authsdsc.edu/authoriz X JupyterLab x +
O pe N th e M N I ST_I ntro < G % oiltrifle-prenatal.expanse-user-content.sdsc.edu/lab
notebook o

: File Edit View Run Kernel Tabs Settings Help

+ b s & [Z Launcher X = NRP24_MNIST_wHVD_soluticX = run-hvd-

o S — o
B / MNODETest / 18 # 3
. o Name - 19 # In a terminal window, submit the script and review the job stat
Review notebook or CICOERIY o v
= W R IR R 21 # ]$ squeue -u your-userid
B [ run-hvd-main-cpu2.sb 22 #
Just SeIeCt 0 run-hvd-main-gpu2.sb iz ﬁ Optionally, ssh into the running nodes and run top command (top
% O slurm.cpu2.tfhvd-cpu.02933643... 25 #4
Ed -t > I II I [ stdout_cpu2_mnist_16.txt i: ﬁAfter' the job finishes look at the stdout....txt file
I C ear a- Ce S ™ 28 # Change the number of tasks in the batch script and see how perf
29 #
30
un-= Kun all cells 1 mport o
* 32 dimport json

33 import time

34 import numpy as np

35

36 os.environ['TF_CPP_MIN_LOG_LEVEL'] = '2' #turn off warning messag
37 import tensorflow as tf
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Simple MNIST multinode exercise

2

3 #SBATCH --job-name=tfhvd-cpu
4 #SBATCH --account=use300

5 #SBATCH --partition=compute

In MNODE_ Test directory, see
7 #SBATCH --ntasks-per-node=16 #<{<<<<----~~ change this to 16 and observe changes in training ftime y,

8 #SBATCH --cpus-per-task=1
9 #SBATCH --mem=243G

16 #SBATCH --time=00:15:00 the Slurm Script:

11 #SBATCH --output=slurm.cpu2.%x.0%]j.out

12 -
[ Launcher = NRP24_MNIST_wHVD_solutic X = = run-hvd-main-cpu2.sb X ru n - th - m al n - C p u 2 res . S b
13 #---mmmmm-- set up modules =------mmmmmmm e

14 module reset
15 module load slurm

16 dule load /10.2.0 # iler, i -

17 module load opermpi/é.1.3  dopen mpi Many lines for

18 module load singularitypro/3.9 #container >—

- slurm commands and
21 Hemememooo- set up some environmental settings -------- .

22 t OMPI_MCA_btl='self,vader' t t

B o e environment set up

24 export UCX_NET_DEVICES='mlx5_@:1°

25 export UCX_MAX_RNDV_RAILS=1

27 #cd into the working directory, slurm puts you there

- —— Note: mpirun launches

29 H#------ execute the mpirun command to launch container instances ----------
360 mpirun -n ${SLURM_NTASKS} singularity exec --bind /expanse,/scratch : t f € I 't )
/cm/shared/apps/containers/singularity/tensorflow/tensorflow-latest.sif python3 InS ances O Slngu arl y exeC =

./NRP24_MNIST wHVD_solution.py > stdout_cpu2 mnist_${SLURM_NTASKS}.txt
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In MNODE_Testdirectory  Simple MNIST multinode exercise

Python script: MNIST _wWHVD exercise | s cueins@logino2-/MNODETest - o >
b k o o [etrain94@login02 ~/MNODETest]$S 1s
noteboo NRP24 MNIST wHVD solution.py

run—hvd-main—-cpuZ.sb
run—hvd-main—-gpuZ.sb

Slurm ES(:rlF)t: rLjr]-f]\/(j-rT]Eilr]-(:F)LJZZ_ESt) slurm.cpu?2.tfhvd-cpu.029336438.out
stdout cpuZ2 mnist 16.txt
[HT111M5431011MUZ ~/MNODETest]$
[HT111M5431011MUZ ~/MNODETest]$

In a terminal window, submit the script
and review the job status
]$ sbatch run-hvd-main-cpu2.sb
]$ squeue -u your-userid

[141u111;31u{1nul MNUDE wHVD]“ grep 'done, rk: 15' st

Optionally, ssh into the running nodes anc TNFO train tim
- INFD, train time
run top command (top -u userld) [pArodrig@login0l MNODE wHVD]$

Look for ‘done’ in the stdout file 4rodrigh ogingl MIODE_wHVD]
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Note: on Expanse we have gpu-debug queue (30 min limit, 1 device), and gpu-
shared queue (1 device) and gpu queue (4 devices per GPU node)

You can run:
$ squeue —u userid to see nodes running your job
$ ssh exp-XX-YY  tologin to node

$ top —u userid to see processing ona CPU job . .
o Or run: $ nvidia-smi to see

usage on GPU devices

§p4rodng@\ogin02 /expanse/lustre/projects/sds164/pdrodrig/TFwHVDte:
n02 FwHVDtests]$ squeue -u drodrig
|
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KerasNLP

« KerasNLP is an extension to Keras

 KerasNLP has several pre-trained LLMs (large language models).
Each model comes with related modules, for example:

 GPT2Backbone the model without task specific output layers
« GPT2CausalLM the model with output predictions
« GPT2CausalLMPreprocessor the preprocessor that feeds model.fit

S DS SBPRGRpurer center UC San Diego



KerasNLP

« KerasNLP is an extension to Keras

 KerasNLP has several pre-trained LLMs (large language models).
Each model comes with related modules, for example:

 GPT2Backbone the model without task specific output layers
« GPT2CausalLM the model with output predictions

« GPT2CausalLMPreprocessor the preprocessor that feeds model.fit

Exercise, use pre-trained BERT and compare different BERT versions
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BERT
(Bidirectional Encoder Representations from Transformers)

1 Pretrain on:
- fill-in-the-blank

- binary classification if 2 sentences
go together

\K\ Question -« Paragraph /
Question Answer Pair

Pre-training Fine-Tuning

_ _ Devlin, etal, 2019
2 Fine tune on variety of tasks
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Keras NLP package has T
several BERT versions models/ G 2 % O

2-layer BERT model where all input is
bert_tiny_en_uncased BERT 4M lowercased. Trained on English Wikipedia +

So let's start with ‘bert-small’ BooksCorpus.

4-layer BERT model where all input is

(28 M param ete rS) N bert_small_en_uncased BERT 28M lowercased. Trained on English Wikipedia +

BooksCorpus.

8-layer BERT model where all input is
bert_medium_en_uncased BERT 41M lowercased. Trained on English Wikipedia +
BooksCorpus.

FO I refe Frence: 12-layer BERT model where all input is
bert_base_en_uncased BERT 109M lowercased. Trained on English Wikipedia +
BERTBASE (L=12, H=768, Attn=12, BooksCorpus.

Total Pa ramete rs:llOM) bert base._en BERT 108M 12-layer BERT model where case is maintained.

Trained on English Wikipedia + BooksCorpus.
BERTwaree (L=24, H=1024,

12-layer BERT model. Trained on Chinese

bert_base_zh BERT 102M Wikipedia
Attn - 16' TOta I Pa ram ete rs_340 M ) * 12-layer BERT model where case is maintained.
bert_base_multi BERT 177M Trained on trained on Wikipedias of 104

languages
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Notebook exercise using KerasNLP

* |In aterminal window start the notebook session for keras-nlp
...]$ cd KerasTest
...]$ bash jupyter-keras-nlp-cpu2res.sh
(need to set up conda environment)

 Open the URL and look for:
BERT_FineTune v3.ipynb notebook

« Select Edit->clear all cells; Run -> Run all cells
(or select Kernel ->restart Kernal and run all cells)
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v () python-add weic X | (@ GettingStartedw X | () python - keraslor X | (&} install tensorflow X . SI2023BERT_..- = X + — X

S’

< Cc °s napped-dedicator-diagnosis.expanse-user-content.sdsc.edu/lab/tree/WKSHOPS/NRP24/Intro-Transfor... ¥¢ ) N | 0 Finish update 3
IZ31 Course | Prompt En... (5 All Bookmarks

: File Edit View Run Kernel Tabs Settings Help

[R] SI2023_BERT_FineTune_v3.ipy® | +
. + o BERTFieTune 2 p %
B+ ¥ O M » m C » Code v B # Python 3 (ipykernel) O
Filter files by name
o / Q [12]: | myES = tf.keras.callbacks.EarlyStopping(monitor="val_sparse_categorical_accuracy', mode='m =+ - 3

|/ --- /NRP24 /Intro-

Transformer / fit_history=mymodel.fit(textin_trn_ds,

= validation_data=textin_val_ds,
Name -~ Last Modified epochs=4,shuffle=True, #just run a few epochs
¢ Y: keras-nlp... 2 days ago callbacks=[myES])
Y: keras-nlp... yesterday print(‘done training')
Y: keras-nlp... yesterday »
[ mystartj... 2 days ago Epoch 1/10
) 5/5 28s 2s/step - loss: ©@.6665 - sparse_categorical_accuracy: @.5587
0 mystart.. yesterday - val_loss: ©.8364 - val_sparse_categorical_accuracy: ©.6500
O mystartj... yesterday Epoch 2/18
5/5 11s 2s/step - loss: 0.6064 -
- ] s12023 B... 40 seconds ago - val_loss: ©.7352 - val_sparse_categorical_accuracy: Would you like to receive official Jupyter news? X
A $12023 D... yesterday Epoch 3/10 Please read the privacy policy.
5/5 11s 2s/step - loss: ©.5802 - Open orivacy polic Yes No
A S12023 t... 2 days ago - val_loss: ©.6733 - val_sparse_categorical_accuracy: =l e

“. SI2023 Tr 2 dave ann Ennch A/10

Simple 0 1 {8k  Python 3 (ipykernel) | Idle Mode: Edit & Ln5, Col 13 SI2023_BERT_FineTune_v3.ipynb 1 Q

& o 31./11:3;3?4 7! IlDiegO




END
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