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THE PROBLEM



CPU BOTTLENECK OF DL TRAINING

CPU : GPU ratio

Multi-GPU, dense systems are more common (DGX-1V, DGX-2)

Using more cores / sockets is very expensive _
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CPU to GPU ratio becomes lower:
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DGX-1V: 40 cores / 8, 5 cores / GPU

o0 ¢
Single-threaded perf

DGX-2: 48 cores / 16, 3 cores / GPU 1080 1990 2000 5010 2020

Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte,
0. Shacham, K. Olukotun, L. Hammond, and C. Batten New plot and data collected
for 2010-2015 by K. Rupp
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CPU BOTTLENECK OF DL TRAINING

Complexity of 1/0 pipeline

256x256 i 224x224 crop -
X236 image and mirror Training

R

224x224 crop Traim'ng
and mirror

ResNet 50

480p image Random resize Color augment
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CPU BOTTLENECK OF DL TRAINING

In practice

When we put 2x GPU power we don’t get adequate perf improvement

Training speed, ResNet50, MXNet container 18.09, b=256

20000
Goal: 2x
15000
< 10000
E
5000
16GPU
0
DGX1V32G DGX2

Higher is
better
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CPU BOTTLENECK OF DL TRAINING

In practice
2x GPUs doesn’t result in 2x perf improvement

Training speed, ResNet50, MXNet container 18.09, b=256
20000

Goal: 2x

15000

Reality: < 2x Higher is

10000 better

[img/s]

5000

DGX1V32G DGX2 6 <AnvIDIA



DALI TO THE RESCUE



WHAT IS DALI?

High Performance Data Processing Library

DALI DL Framework

Flexible & Fast
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DALI RESULTS
RN50 MXNet

Training speed, ResNet50, MXNet container, b=256
B Native pipeline 19.02

20000
16000

12000

[img/s]

8000
4000 GPU GPU

0

DGX1V32G DGX2

Higher is
better
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DALI RESULTS

RN50 MXNet
Training speed, ResNet50, MXNet container, b=256

B Native pipeline 19.02 ® DALI 0.3 + 18.09
W DALI 0.7 +19.02

20000

2X

16000

12000 Higher is

better

[img/s]

8000

4000

0
DGX1V32G DGX2 10 <InviDia



DALI RESULTS

RN50 TensorFlow

Training speed, ResNet50, TensorFlow container, b=256

B Native pipeline 19.02 = DALI0.7 +19.02
14000

12000
10000
8000

[imag/s]

Higher is
better

6000
4000

2000 8 GPU

0

DGX1V32G DGX2
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INSIDE DALLI



DALI: AN OPTIMIZED GRAPH EXECUTOR

Framework Pre-processing — Without DALI

Training




DALI: AN OPTIMIZED GRAPH EXECUTOR

Framework Pre-processing — With DALI

Resize

Labels

Loader 4 Training

Building and Executing
the graph



LOTS OF FRAMEWORKS

Lots of effort

PyTorch TensorFlow

ImageRecordlter

Dataset LETIEL grgph
| construction

Frameworks have their own [/0 pipelines (often more than 1!)

Tradeoff between performance and flexibility
Lots of duplicated effort to optimize them all

Training process is not portable even if the model is (e.g. via ONNX)

15 <ANVIDIA.



SET YOUR DATA FREE

DALI

LMDB (Caffe, RecordlO TFRecord List of JPEGS

(PyTorch,

Caffe2) (MXNet) (TensorFlow) others)

Use any file format in any framework

16 <ANVIDIA.



SOLUTION: ONE LIBRARY

NVDIA DATA LOADING LIBRARY (DALI)

£ 0 D &
\ " /

Centralize the effort

Integrate into all frameworks

Provide both flexibility and performance
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USING DALLI



HOW TO USE DALI

Define Graph

Instantiate operators

[ def __init (self, batch size, num threads, device id):
super (SimplePipeline, self). 1init (batch size, num threads, device id)
self.input = ops.FileReader(file root = image dir)
self.decode = ops.nvJPEGDecoder (device = "mixed", output type = types.RGB)
\\ self.resize = ops.Resize(device = "gpu", resize x = 224, resize y = 224)

J
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HOW TO USE DALI

Define graph in imperative way

(" def define graph (self):

jpegs, labels = self.input()

images = self.decode (jpegs)
images = self.resize(images)
\‘ return (images, labels) 4/

~

Define Graph

" load BN ecode BN eige —
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HOW TO USE DALI

Instantiate operators

Define Graph

def  init (self, batch size, num threads, device 1id):

super (SimplePipeline, self). 1nit (batch size, num threads, device id)

self.input = ops.FileReader (file root

= image dir)

self.decode = ops.nvJPEGDecoder (device = "mixed", output type = types.RGB)

self.resize = ops.Resize(device = "gpu", resize x = 224, resize y = 224)

Define graph in imperative way

def define graph (self) :

Jjpegs, labels

self.input ()

images = self.decode (jpegs)

images

self.resize (images)

return (images, labels)

Use it

pipe.build()

images, labels = pipe.run()

21 <4 NVIDIA.



HOW TO USE DALI

Define Graph

Instantiate operators

/,aef __init (self, batch size, num threads, device id): ‘\
super (SimplePipeline, self). 1init (batch size, num threads, device id)
self.input = ops.FileReader(file root = image dir)
self.decode = ops.nvJPEGDecoder (device = "mixed", output type = types.RGB)

\\7 self.resize = ops.Resize(device = "gpu", resize x = 224, resize y = 224) Y.

Define graph in imperative way

(" def define graph (self): )
jpegs, labels = self.input()
images = self.decode (jpegs)
images = self.resize(images)

\‘ return (images, labels) 4/

Use it

pipe.build/()
images, labels = pipe.run()
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HOW TO USE DALI

Define the Pipeline

class SimplePipeline(nvidia.dali.Pipeline):

def init (self, batch size, num threads, device id):

super (SimplePipeline, self). init (batch size, num threads, device id)

self.input = ops.FileReader(file root = image dir)

self.decode = ops.nvJPEGDecoder (device = "mixed", output type = types.RGB)
self.resize = ops.Resize(device = "gpu", resize x = 224, resize y = 224)

def define graph (self):

Jjpegs, labels = self.input/()

images = self.decode (jpegs)

images = self.resize (images)

return (images, labels)
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HOW TO USE DALI

Define the Pipeline

class SimplePipeline(nvidia.dali.Pipeline):

def init

super (SimplePipeline,

(self, batch size, num threads, device id):

=P self.input = ops.FileReader (file root = image dir)

self.decode = ops.nvJPEGDecoder (device = "mixed",

self.resize = ops.Resize(device = "gpu", resize x

def define graph (self):

jpegs,
images
images

return

labels = self.input ()

self.decode (jpegs)

self.resize (images)

(images, labels)

output type = types.RGB)

224, resize y

self). 1init (batch size, num threads, device id)

224)
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HOW TO USE DALI

Define the Pipeline

class SimplePipeline(nvidia.dali.Pipeline):

def init

super (SimplePipeline, self). init (batch size, num threads, device id)

(self, batch size, num threads, device id):

=P self.input = ops.MxNetReader (index path = idx, path = path)

self.decode = ops.nvJPEGDecoder (device = "mixed", output type = types.RGB)

self.resize = ops.Resize(device = "gpu", resize x = 224, resize y

def define graph (self):

jpegs,
images
images

return

labels = self.input ()

self.decode (jpegs)

self.resize (images)

(images, labels)

224)
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HOW TO USE DALI

Define the Pipeline

class SimplePipeline(nvidia.dali.Pipeline):

def init

super (SimplePipeline,

(self, batch size, num threads, device id):

=P self.input = ops.TFRecordReader (index path = idx,

self.decode = ops.nvJPEGDecoder (device = "mixed",

self.resize = ops.Resize(device = "gpu", resize x

def define graph (self):

jpegs,
images
images

return

labels = self.input ()

self.decode (jpegs)

self.resize (images)

(images, labels)

path = path)

output type = types.RGB)

224, resize y

self). 1init (batch size, num threads, device id)

224)
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HOW TO USE DALI

Use in PyTorch: Few Lines of Code

PyTorch DatalLoader DALI iterator

train loader = torch.utils.data.DataLoader(...) dali_pipe = TrainPipe(...)

prefetcher = data prefetcher (train loader) train loader = DALIClassificationIterator(dali_ pipe)

input, target = prefetcher.next ()
i= -1

while input is not None for i, data in enumerate(train loader) :

i o+= 1 input = datal[0] ["data"]
(...)

input, target = prefetcher.next ()

target = data[0] ["label"].squeeze ()
(...)
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HOW TO USE DALI

Use in MXNet: Few Lines of Code

MXNet Datalter and DataBatch

train data = SyntheticDatalter(...)

for i, batches in enumerate(train data):
data = [b.data[0] for
label =

in batches]

[b.label[0].as in context (b.data[0].context) for b

in batches]

(«.4)

DALI iterator
dali pipes = [TrainPipe(...) for gpu id in gpus]
train data = DALIClassificationIterator (dali_pipe)

for i, batches in enumerate(train data):
data = [b.data[0] for b in batches]
label =

[b.label[0] .as in context (b.data[0].context) for b in
batches]

(...)

28 <ANVIDIA.




HOW TO USE DALI

Use in TensorFlow

TensorFlow Dataset
def get datal():

ds = tf.data.Dataset.from tensor slices(files)

ds.define operations(...)

return ds

classifier.train (input fn=get data, ..

.)

DALI TensorFlow operator
def get data():
dali pipe = TrainPipe(...)
daliop = dali_ tf.DALIIterator()
with tf.device ("/gpu:0"):
img, labels = daliop(pipeline=dali pipe,

return img, labels

classifier.train(input fn=get data,...)

29 <ANVIDIA.




PLUGIN MANAGER

Adds Extensibility

Create operator
(Eemplate<> ‘\

void Dummy<GPUBackend>::RunlImpl (DeviceWorkspace *ws, const int idx) {

(.o0)
}

DALTI REGISTER OPERATOR (CustomDummy, Dummy<GPUBackend>, GPU); Aj/

i

DALI D  Plugin2.so
Load Plugin from python

\ lugin3.so
import nvidia.dali.plugin manager as plugin manager

plugin manager.load library('./customdummy/build/libcustomdummy.so')

ops.CustomDummy (. ..)

30 <4 NVIDIA.



USE CASES



DALI 0.7 PERFORMANCE

Training ResNet50 on MXNet

m Native Pipeline (without DALI) (19.02 MXNet) m With DALI (19.02 MXNet)
24000

20000

16000 *

12000

Images per second

e

8000

iz

4000

DGX-2 DGX-1 AWSp3.16x large

MXNet 19.02 NGC Container, batch size: 256 for DGX-2 and DGX-1, batch size: 192 for AWSp3. 16x large



OBJECT DETECTION

Single Shot Multibox Detector Model (SSD)

Use operators in the DALI graph:

Gﬁ@ges = self.paste(images, paste x = px, paste y = py, ratio = ratio)

bboxes = self.bbpaste (bboxes, paste x = px, paste y = py, ratio = ratio)

crop begin, crop size, bboxes, labels = self.prospective crop (bboxes, labels)

images = self.slice(images, crop begin, crop size)

images self.flip(images, horizontal = rng, vertical = rng2)

bboxes self.bbflip(bboxes, horizontal = rng, vertical = rng2)

Geturn (images, bboxes, labels)

<2 NVIDIA.




OBJECT DETECTION

Class heads

R . Backbone H< Box heads / — >m

DALI B PyTorch+Apex / TensorRT W PyTorch extensions / TensorRT plugins

Creating Object Detection Pipeline for GPUs

ms/batch

Inference Latency (Lower is better)
80

60
40

20

Dataloader DALI Dataloade DALI
1-batch 1-batch 2-batch 2-batch

Overhead Model latency

34 NVIDIA.

s9243-fast-and-accurate-object-detection-with-pytorch-and-tensorrt


https://devblogs.nvidia.com/object-detection-pipeline-gpus/

VIDEO

Optical Flow Example

Instantiate operator:

self.input = ops.VideoReader (file root = video files, sequence length = len, step = step)
self.opticalFlow = ops.OpticalFlow ()

self.takeFirst = ops.ElementExtract (element map = [0])
Use it in the DALI graph:

/}rames = self.input () )

flow = self.opticalFlow (frames)

—
first = self.takeFirst (frames)
\return first, flow ) .|_ DAL ,

| & —> [sng]

L3

bl 2D/3D-CNN, RNN

27 ANVIDIA.
Optical Flow Maps




MAKING LIFE EASIER



NVIDIA DATA LOADING LIBRARY (DALI)

Fast Data Processing Library for Accelerating Deep Learning

Full input pipeline acceleration including
data loading and augmentation

Drop-in integration with DL frameworks

Portable workflows through multiple input
formats and configurable graphs

Flexible through configurable graphs and
custom operators

DALI in DL Training Workflow

DALI DL Framework

Currently supports:

ResNet50 (Image Classification), SSD (Object Detection)

Input Formats - JPEG, LMDB, RecordlO, TFRecord, COCO,
H.264, HVEC

Python/C++ APIs to define, build & run an input pipeline

Over 1100 GitHub stars | Top 50 ML Projects (out of 22,000 in 2018)

37 <A NVIDIA.


https://github.com/Mybridge/amazing-machine-learning-opensource-2019#Toolkit

# NVIDIA DAL

> t » MXNet » MXNet with DALI - ResNet 50 example

Current release

MXNet with DALI - ResNet 50 example

MORE EXAMPLES

Help you get started

Overview
ey This example shows, how to use DALI pipelines with Apache MXNet
# NVIDIA DALI

> py » ImageNet training in Pylarch

ImageNet training in PyTorch

This implements training of popular model architectures, such as ResNet, AlexNet, and VGG on the
ImageNet dataset.

This version has heen modified ta use DALL It assumes that the dataset is raw JPEGs from the
# NVIDIA DALI

> T » ResNet-N with TensorFlow and DALl DTS
. er where
ResNet50 for) PyTorch xnet [ensorFlow
einstal
ResNet-N with TensorFlow and DALI INet's recordiO file
using nvJPEG *
3 : This demo implements residual networks model and use DALI for the data augmentation pipeline ) pixels * Finally,
ow to rea ata 1n various frameworks oy mirre
Common utilities for defining the network and performing basic training are located In the nvutils = ™" Is example,

directory. Use of nvutils is demonstrated in the model scripts.

& Framework integration

For parallelization, we use the Horovod distribution framework, which works in concert with MPIL

How to create custom operators -

command [ --dali_cpu indicates to the script to use CPU backend for DALI:
& TensorFlow _path=[db,
/ice_1d, num_shards
& RasNat-N with TonsorFlow and fpes_RG8)
& $ mpiexec --allow-run-as-root --bind-to socket -np & python resnet.py \ "
--layers=sa \
. . . Requirements --data_gir=/data/imagenst \
dir inagenet-idx \
Using Tensorfiow DALI plugih: fpi6 \
simple example utput/resnetsa \

Using Tensorflow DALI plugin:
using various readers. ture and the

TensorFlow Plugin APl reference

Here we have assumed that imagenet Is stored In tfrecord format in the directory ‘/data/imagenet:
V . | ° l ° After tralning completes, evaluation Is performed using the valldation dataset
] eo p] pe ] I I e Some common training parameters can tweaked from the command line. Others must be

configured within the network scripts themselves

spochs. This
N N N N let and VGG.
Original scripts modified from nvidi sripts in
And more to come... ,
Requirements
TensorFlow

pip install tensorflow-gpuss1

OpenMPI

get -q -0 - MEEps://wew.open-mpi.org/sof tuare/onpi/v3, 8/downloads/opermpi-3.8.8, tar .gz | tar -xz
@

S PUPSUR R S TR PR

Documentation and tutorials available online:

https://docs.nvidia.com/deeplearning/sdk/dali-developer-guide/docs/index.htmbs Snvioia



https://docs.nvidia.com/deeplearning/sdk/dali-developer-guide/docs/index.html

DALI

Open source, GPU-accelerated data augmentation and image loading library
DALI focuses on performance, flexibility and training portability

DL customers training on 8x GPUs, are likely bottlenecked on CPUs
Download and evaluate DALI (NGC containers, pip whl, open source)
Full pre-processing data pipeline ready for training and inference
Easy framework integration

Portable training workflows

39
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FUTURE

Full Video Support (video classification, detection, slo-mo, upscale, denoise, super-res)
Extract augmentation operators in a separate library (inference,...)
3D volumetric data

More workloads (segmentation)

40 NVIDIA.
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DALI RESOURCES

Official Documentation (Quick Start, Developer Guides)

» https://docs.nvidia.com/deeplearning/sdk/index.html#data-loading

GitHub Documentation
» https://docs.nvidia.com/deeplearning/sdk/dali-developer-guide/docs/index.html
DALI Samples & Tutorial

» https://docs.nvidia.com/deeplearning/sdk/dali-developer-guide/docs/examples/index.html

DALI Blog
» https://devblogs.nvidia.com/fast-ai-data-preprocessing-with-nvidia-dali/
DALI talk at GTC 2019

» https://on-demand-gtc.gputechconf.com/gtcnew/sessionview.php?sessionName=5s9925-
fast+ai+data+pre-processing+with+nvidia+dali

41 <4 NVIDIA.


https://docs.nvidia.com/deeplearning/sdk/index.html#data-loading
https://docs.nvidia.com/deeplearning/sdk/dali-developer-guide/docs/index.html
https://docs.nvidia.com/deeplearning/sdk/dali-developer-guide/docs/examples/index.html
https://devblogs.nvidia.com/fast-ai-data-preprocessing-with-nvidia-dali/
https://on-demand-gtc.gputechconf.com/gtcnew/sessionview.php?sessionName=s9925-fast+ai+data+pre-processing+with+nvidia+dali
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