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Scaling up distributed deep learning
on the SLICES infrastructure

Pora Krisztian
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. Experiment motivation

* Deep Learning

« Neural networks with a large number of layers

« Significant increase in trainable parameters

» Better suited for solving complex tasks +
« Highly resource intensive

« Large volume of training data .

» Prolonged training time CPU GPU

- Alimiting factor for a long time Multiple Cores Thousands of Cores
« Toolset and methodology

« GPU cards

« Distributed training

* Frameworks — Slices . l.“'lec
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. Transnational access

« Trip to Ghent, Belgium

 Travel and accommodation
Work at the IDLab office

Presentations and tour

TECH LANEGHENT| || :2 . ™%
SCIBMEE PARK ;

Continuous support
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. Virtual Wall

e 550+ bare metal and GPU
servers

 Fully configurable (nodes and
network configuration)

 Fast context switching

 Remote access

- Networking, cloud, big data
and application testing and
research
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Heterogenous clusters
150+ GPUs

« 700.000 CUDA cores

« 3TB GPU RAM
Job-based GPU processing ﬂ ﬂ
Containerized execution CIE [ O
JupyterHub access o

Al and data processing [ Tovter ]

Cluster 1

mcPul [=crul =GPy
/ ory 'GPU
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Introduction to Horovod

« Open-source distributed deep learning framework by Uber
» Supports TensorFlow, Keras, PyTorch, Apache MXNet and Spark Training Process
» Provide an easy-to-use framework for distributed training v —

- Execute on hundreds of GPUs with just a few lines of Mode Gracients [71%] Gradients
additional code

« Data parallel execution

Data Store Training Process

. Averaged
% Gradients Gradients

Training with synthetic data on NVIDIA® Pascal™ GPUs

18,000.0
16,000.0
14,000.0
12,000.0 . Averaged
g . Gradients o4
< 10,000.0 L Gradients
1] +
2 8,000.0 R .
£ - ’ N ~
= 6,000.0 . . . . .
40000 1. Read Data 2. Compute Model 3. Average Gradients 4, Update Model
) 0000 i i Updates (Gradients)
00 == =
1 8 16 32 64 128 1 8 16 EP) 64 128

Sergeev, A., & Balso, M.D. (2018). Horovod: fast and easy distributed

Inception V3 ResNet-101 deep learning in TensorFlow. ArXiv, abs/1802.05799.

Number of GPUs and model name

M Distributed TensorFlow ™ Horovod Oldeal
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Horovod Reference Architecture

« Support for distributed deep learning applications

 JupyterLab development environment

« Network based file sharing between nodes

« Utilization of GPU resources

<X

NVIDIA.

p
¢ HUN-REN Cloud

JupyterLab
Horovod Horovod
Worker 1 ©coo0 Worker N
Horovod _ _
Master o o

docker docker

Virtual Machine Virtual Machine
Network File System

: docker
CUDA Virtual Machine
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HashiCorp

." Terraform

* Provisioninfrastructure
* Virtual machines
* Network settings
* Firewall rules
* Execute tasks
* |nvoke Ansible

ANSIBLE

« Configure nodes
 Install packages
+ Start services
* Run Docker containers

2024. 07. 08.

Deployment
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. Deployment - Virtual Wall

- ——

® jFed

settings ((Gane] o005 <o | g i ™\
Firewall riiQg I L o W e T o
« Execute tasks | Eai i
 Invoke Ansible | ____ |
|
A N S I B L E Virtual Machine Wireles; Node |
!
- Configure nodes N =@ D,
e |nstall packages Physical Node ~ XEN VM
« Startservices &)
* Run Docker containers G il_‘_':ld Deﬁ;ciedkm
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HashiCorp

¥ Terraform

Provision infrastructure
* Virtual machines

Network settings

Firewall rules

xecute tasks

+ Configure nydes
 Install packages
« Startservic
« Run Docker containers

S~
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Deployment - GPULab

@ate a job

Job Definition O
Core info vy
* Name v Definition™ : {
ame 'NVIDIA SMI'
AR escription’
~ites the
i e e idia-smi
Description VWIites the output of the
o th cke na
ulab bt.imec.be:5000/sa
[
" : {

* Cluster ID: 1

Resulting jobDefinition \
Download [8) Save in Browser

&OCKS" Image: gpulab.ilabt.imec.be 5000/sample

7
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Deployed cluster

Virtual Wall GPULab

horovod_worker_6

horovod_worker_9
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Running Jobs

horovod-workerd

1c:

1GPUS + 2CPUs + 24GB RAM
on

for 17 minutes since Sep 29, 2023 203 PM

© cancel

horovod-worker5

1GPUS + 2CPUs « 24GBRAM

for 19 minutes since Sep 29, 2023 2:02 PM

© Cancel

horovod-worker1
b31d22
1GPUS « 2CPUs + 24GE RAM

for 19 minutes since Sep 29, 2023 202 PM

S cancel

horovod-worker8

CPUs - 24GE RAM

for 18 minutes sinca Sep 29, 2023 2:03 PM

S Cancel

herovod-worker4
9443d0

1GPUs + 2CPUS + 24GB RAM

for 19 minutes since Sep 29, 2023 2:02 PM

© Cancel

horovod-master
51ab6

1GPUS + 2CPUS « 24GE RAM

on

for 22 minutes since Sep 29, 2023 1:59 PM

S cancel

horovod-worker7
2dee73

1GPUS + 2CPUS + 24GERAM
=)

for 18 minutes since Sep 29, 2023 203 PM

© cancel

horovod-worker3

1GPUS + 2CPUS + 24GE RAM

P Sac

for 19 minutes since Sep 29, 2023 2:02 PM

© Cancel

horovod-worker6
610¢

1GPUs - 2CPUs - 24GBRAM
on (GRS

for 18 minutes since Sep 29, 2023 202 PM

Q Ccancel

horovod-worker2
1adess

1GPUs - 2CPUs + 24GBRAM

on (EES

for 19 minutes since Sep 29, 2023 202 PM

© Cancel
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Benchmark parameters

 Training dataset
* ImageNet
« Batch size
. 32,64, 96 , .
« Number of nodes (1-10) e container shn " moterseoetr
coc c amphibian moped
 Measured parameters '“°3c o Troboat [ bumper ca spow e

 Processing performance
« Scaling efficiency

Environment
e Virtual Wall - 1 Gbit/s

Ja

Madagascar cat

e Virtual Wall - 10 Gbit/s 2 ver;i::a :ﬂric “wmpe u:p'“: :::::)yr
- GPULab - 1 job with 10 GPUs | pickup Fn-wms elderberry o

ach wagon gill fungus |ffordshire bullterrier indri
° G P U La b _ 1 o JO bS Wlth 'l G P U ea Ch fire engine || dead-man's-fingers currant howler monkey
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10

SPEEDUP
% T~ U - BT

w A

SCALABILITY ON VIRTUAL WALL

L | =1G-32BS
—+—1G-64BS
1G-96BS
——10G-32BS
—+-10G-64BS
—o—10G-96BS

NUMBER OF NODES

3 9 10

Benchmark results
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SPEEDUP

10

v O N 0 W

w A

COMPARISON WITH GPULAB

1G-96BS

—o—10G-96BS ,
——1JOB-96BS
-=-10JOB-96BS

1 1 1 1 1 1 1

2 3 4 5 6 7 8 9 10
NUMBER OF NODES
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Thank you for your attention!
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