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Brief history of deep learning

Source: https://pub.towardsai.net/a-brief-history-of-neural-nets-472107bc2c9c
Bálint GYIRES-TÓTH 4

https://pub.towardsai.net/a-brief-history-of-neural-nets-472107bc2c9c


Bálint GYIRES-TÓTH

A
cc

u
ra

cy

Dataset size

5



Brief history of deep learning framework

2003    
Torch (LUA)

2007   
Theano

2013       
Caffe

2015        
Keras

Chainer
TensorFlow

2016    
PyTorch

2018  
Google JAX

2007-2013 
CUDA 1.0 - 5.0

2013-2015
CUDA 6.0 - 7.0

2016-2018
CUDA 8.0 - 10.0

2018-…
CUDA 11.0 - 12.0
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CRISP-DM for deep learning

Cross Industry Standard Process 
for Data Mining

• Business Understanding

• Data Understanding

• Data Preparation

• Modeling

• Evaluation

• Deployment
Source: https://en.wikipedia.org/wiki/Cross_Industry_Standard_Process_for_Data_Mining
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Machine learning project main steps

Define goals & 
project plan

Define evaluation
method

Build the workflow 
–doesn’t matter, if
it is not converging

Overfit a model 
with little data
(single batch)

Try to overfit a 
model with larger

dataset

Introduce 
generalization and 
use the complete

dataset

Increase speed 
(data preparation, 

model training 
times)

Hyperparameter 
optimization

Evaluate in a 
simulation 

environment 
Deployment 
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No free lunch theorem
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Wolpert, D. H., & Macready, W. G. (1997). No free lunch theorems for optimization. IEEE Transactions on Evolutionary Computation, 1(1), 67-82.
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AI/Deep learning roles

Data 
engineer

Data 
scientist

Business 
analyst

DL/ML 
Engineer
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AI/Deep learning skills

Database Data engineering Data vizualization Storytelling/reporting

Business Insights Modeling Deployment MLOps
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General ML related tasks

Source: https://cloud.google.com/architecture/mlops-continuous-delivery-and-automation-pipelines-in-machine-learning17



Deep Learning software stack
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Google Colab

https://colab.research.google.com/
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Basic software components: CUDA driver

Required: NVIDIA Driver

Main elements: cuBLAS, cuSPARSE, cuDNN, NCCL, NVVP, debugger,  
memcheck.
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CUDA version

nvidia-smi nvcc --version
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Basic software components: Containerization

Runs a virtual machine on the host and shares resources.

Encapsulations of system environments.

Advantages:

• Reproducibility

• Portability

• Isolation

• Integration
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Source: https://kubernetes.io/docs/concepts/overview/what-is-kubernetes/
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Basic software components: Containerization

• PaaS (Platform-as-a-Service) - Primarily for microservices

• OS and GPU lightweight virtualization

• Isolates Dev and Ops

• Docker images are stored in a local cache and can be interacted with by
commands

• Large ecosystem, Linux, MacOS and Windows support

Difference compared to VM: e.g. the system is 1 GB
• 1000 VM ~ 1000 * 1 GB

• 1000 application container ~ 1GB 

• Container is refreshed –> Everything is refreshed
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Basic software components: DL frameworks

• TensorFlow and TensorFlow Keras (Google)

• PyTorch (Meta AI)

• JAX (Google)

• MXNet (Apache)

• Gluon (Amazon)

• Chainer

• PaddlePaddle

Depricated

• Sonnet (DeepMind)

• CNTK (Microsoft)
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Advanced components: monitoring

Metrics logging tools is required:

• nvidia-smi dmon

• Prometheus + NVML (NVIDIA Management Library)

Open source tools: 

• Grafana

• Zabbix
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Source: https://grafana.com/grafana/dashboards/14574-nvidia-gpu-metrics/Bálint GYIRES-TÓTH 27



Advanced components: multi GPU, multi node
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Source: https://neptune.ai/blog/distributed-training-frameworks-and-tools
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Source: Narayanan, Deepak, et al. "Efficient large-scale language model training on gpu clusters using megatron-lm." Proceedings of the International Conference for

High Performance Computing, Networking, Storage and Analysis. 2021.

Multi-GPU training (microbatching)
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Source: Narayanan, Deepak, et al. "Efficient large-scale language model training on gpu clusters using megatron-lm." Proceedings of the International 

Conference for High Performance Computing, Networking, Storage and Analysis. 2021.

Multi-GPU training pipeline



Advanced components: scheduler

• HPC/AI solution: SLURM Workload Manager

Bálint GYIRES-TÓTH
Source: https://slurm.schedmd.com/overview.html
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SLURM batch script

#!/bin/bash

#SBATCH -J sample

#SBATCH -t 15:00

#SBATCH -N 2

#SBATCH -n 8

#SBATCH --gres=gpu:4

module load singularity OpenMPI/3.1.6-GCC-8.3.0

mpirun singularity run --nv horovod.sif python test.py

$ sbatch batchfile.sh

Bálint GYIRES-TÓTH

Job name

Requested time

Number of nodes

Number of CPUs

Number of GPUs
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Advanced component: performance analytics

NVIDIA Nsight
Systems:

• Monitor CPU and 
GPU usage

• Identify
bottlenecks

• Get most out of 
the HW 
component

Bálint GYIRES-TÓTH 33CPU-GPU interactions



MLOps

Bálint GYIRES-TÓTH Source: https://blogs.nvidia.com/blog/2020/09/03/what-is-mlops/34



MLOps pipeline: level 0 – manual process
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Source: https://cloud.google.com/architecture/mlops-continuous-delivery-and-automation-pipelines-in-machine-learning
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MLOps pipeline: with manual intervention
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MLOps pipeline: level 1 – ML pipeline automation

Bálint GYIRES-TÓTH
Source: https://cloud.google.com/architecture/mlops-continuous-delivery-and-automation-pipelines-in-machine-learning
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MLOps pipeline: level 2 – CI/CD

Bálint GYIRES-TÓTH

Source: https://cloud.google.com/architecture/mlops-continuous-delivery-and-automation-pipelines-in-machine-learning
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MLOps pipeline: level 2 – CI/CD
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Source: https://cloud.google.com/architecture/mlops-continuous-delivery-and-automation-pipelines-in-machine-learning



References

• Google Colab: https://colab.research.google.com/

• MLOps pipeline: https://cloud.google.com/architecture/mlops-
continuous-delivery-and-automation-pipelines-in-machine-learning
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