SML405

Deep Graph Library: Deep
Graph learning at scale

George Karypis

Senior Principal Scientist, Al/ML
AWS

adWws
S



Agenda

Learning on graphs
Graph neural networks
Deep Graph Library (DGL)

Scaling training to large graphs

AWS
2



AMAZON ORIGINAL o

Will Chinnu

like Goliath? GUL|ATH%

Chinnu

Occupation: Artist Storyline
Education: MS
Country: Canada
Age: 25

Sex: Female
Device: Android Plot Summary = Add Synopsis

Billy Mcbride is going through a rough patch. He has been fired from the law firm he helped
build, his wife has left him, and he's now a down on his luck ambulance chaser. A lady (Patty)
approaches him to represent her in a wrongful death case. After reluctantly accepting to take
on the case, a series of strange events befall Billy. Through death threats, harassment, and
trumped up arrests, Billy embarks on obtaining justice, and it is one hell of a ride. Additional
unique cases eventually come Billy and Patty's way, making the ride even more entertaining.
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Coronavirus: Dexamethasone proves first
life-saving drug

By Michelle Roberts
Health editor, BBC News online

amazon | science Latest  Research
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INFORMATION AND KNOWLEDGE MANAGEMENT

Amazon Web Services open-

sources biological knowledge
graph to fight COVID-19

Knowledge graph combines data from six public databases, includes machine
learning tools.

By GyusiVihid Drug name Score  Ranking in top-100

June 02, 2020

Ribavirin -0.21

@ @ @ Dexamethasone -1.00
Colchicine -1.08
Methylprednisolone  -1.16
Oseltamivir -1.39

Deferoxamine -1.51

) . Dexamethasone
How can | predict which

drugs are good candidates ‘
for a disease?
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https://www.bbc.com/news/health-53061281
https://github.com/gnn4dr/DRKG
https://arxiv.org/abs/2007.10261

The underlying data in all these problems are linked together via

graphs.

Recommending a movie

All these problems can be solved by using machine learning

Detecting a fraudulent user

Deciding which drug to use for a new disease

approaches based on graph learning.
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encode nodes

original network embedding space


http://snap.stanford.edu/proj/embeddings-www/

Graph embedding approaches

Generate embeddings using Generate embeddings

manual feature engineering. automatically using
self-supervised dimensionality

reduction approaches.

Can we do better?
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How do GNNs work?

An ego-network around each node is used to learn an embedding that captures task-
specific information.

The embeddings use both the structure of the graph and the features of the nodes
and edges.

The embeddings are learned in an end-to-end fashion; thus, the predictions are a
function of the target node’s ego-network.




A general graph neural network formalism

Graph neural networks are based on message-passing.

Reduce/aggregate
S -— Message
m® = 3 OG0 )
WEN (V)

hy =U® (hy ™, my)

Update
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https://tkipf.github.io/graph-convolutional-networks/

RGCN: Relational graph convolution networks

Handles graphs whose nodes are connected with different relations
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https://arxiv.org/abs/1703.06103
https://arxiv.org/abs/1703.06103

How to train GNN on large graphs

Many applications have extremely large graphs—miillions of nodes and
billions of edges:

Social networks
Recommendation
Knowledge graph

A typical training method: mini-batch training
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Fused message passing

Multi-GPU/-core CPU/GPU improvements

Usability enhancements

DEEP
GRAPH
LIBRARY
VO0.3.1 V0.5
nn.Modules TF support
V0.2 DGL-LifeSci Distributed training
Development started Sampling APIs i Memory/computation efficiency
2018 i :2319 : | 2020 2021 |
: : V0.3 i |
i i L : V0.6

First prototype V0.1

(NeurlPS'18) V0.4 Extensive tutorials
Heterogeneous graph Many new examples
DGL-KE
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Deep Graph Library

Platform Backend

DGL's architecture and meta-objective

DGL-LifeSci

DGL-KG

NN
Graph Modules

GNN Message-Passing Graph

Interfa

ce Algorithm

DGL Runtime

PyTorch

MXNet

TensorFlow

GPU(s)

CPU

Cluster

AWS
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Forward and backward compatible

Forward: easy to develop new models

Backward: seamless
existing frameworks

Fast and scalable

integration with

© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.



DGL programming interface

Graph as the core abstraction
DGLGraph
g.ndata[ ‘h’ ]
Simple but versatile message passing APIs

l - -
mP = > ¢°hS ™, hG T, o)

WEN (V) ‘ update_all(¢e; Z; ¢v)

l -1 l
by = ¢¥(hy ", m?)

¢, dY, X can be user-defined functions (UDFs) or built-in symbolic functions.
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DGL’s APl functionalities

# » Welcome to Deep Graph Library Tutorials and Documentation O Edit on GitHub

G r a p h q u e i e S R Welcome to Deep Graph Library Tutorials and

Documentation

Install and Setup

A Blitz Introduction to DGL Deep Graph Library (DGL) is a Python package built for easy implementation of graph neural

°
network model family, on top of existing DL frameworks (currently supporting PyTorch, MXNet and
ADVANCED MATERIALS

TensorFlow). It offers a versatile control of message passing, speed optimization via auto-batching
User Guide and highly tuned sparse matrix kernels, and multi-GPU/CPU training to scale to graphs of hundreds
B of millions of nodes and edges.

Mini-batch generation Getting Sarted

Paper Study with DGL

AP REFERENCE For absolute beginners, start with the Blitz Introduction to DGL. It covers the basic concepts of
common graph machine learning tasks and a step-by-step on building Graph Neural Networks

Distributed training (distributed graph, .

dgl.dataloading For acquainted users who wish to learn more advanced usage,

distributed tensors, etc.)

dgl.distributed i
Read the User Guide (%

. #), which explains the concepts and usage of DGL in much more
dgl.function details.
dgl.nn « Go through the tutorials for Stochastic Training of GNNs, which covers the basic steps for
n n M O d u les fo r p O p u la r G N N m O d e lS dgl.nn.functional training GNNs on large graphs in mini-batches.
o aalops o Study ) rs on graph machine learning alongside DGL.
« Search for the usage of a specific APl in the API reference manual, which organizes all DGL APIs

dgl.optim by their namespace.

Graph transformations e e Contitbution

DEVELOPER NOTES

DGL is free software; you can redistribute it and/or modify it under the terms of the Apache
Contribute to DGL License 2.0. We welcome contributions. Join us on GitHub and check out our contribution

Multi-graph operations (e.g., batching
MIsC Index

a n d re a d O u t) Frequently Asked Questions (FAQ) -

Graph datasets

AWS
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Scaling training to large
graphs
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Epoch time (seconds)

Test Accuracy

Time (seconds):

GraphSage on OGB-paper100M dataset

1 machine 2 machines 4 machines 8 machines 16 machines

== 1 machine, bacth size=2k, Ir=0.003

X 4 machine, bacth size=8k, Ir=0.0075

60




DEEP.
o{)G SRy About Get Started Tutorials Blogs Docs Forum GitHub
( > Pull requests Issues Marketplace Explore L o+~ -

DEEP GRAPH LIBRARY & dmic/dgl @Watch - 178 Y Star 7.2k

Deep Learning on Grapt

Get Started Latest Version

<> Code (1) Issues 194 1 Pull requests 52 (*) Actions [7] Projects & 1 Wiki ) Security |~ Insights

¥ master ~ ¥ 1 branches ©20tags Go to file Add file ~ About

Python package built to ease deep
4 authors [Distributed] Distributed node embedding and sparse optimizer... =+ 975eb8f yesterday ¥0)1,684 commits learning on graph, on top of existing

DL frameworks.

.github Update PULL_REQUEST_TEMPLATE.md (#2541) 4 months ago
& dglai

V0.6 Release Highlight
The recent DGL 0.6 release is a major update on many
aspects of the project including documentation, APIs, DEEP GRAPH LIBRARY

system speed, and scalability. This article highlights some . .
of the new features... 0.6 Release Highlights

apps [LifeSci] Move to Independent Repo (#1592) 11 months ago
deep-learning graph-neural-networks
benchmarks [CI] Remove duplicate instruction by bot (#2880) 6 days ago

_ _ [ Readme
cmake [Feature] Add edge coarsening for homogeneous undirected graph... 2 months ago

58 Apache-2.0 License
conda/dgl bump nightly to 0.7 (#2814) 28 days ago
docker [Docker] Add Dependency Packages for CI (#2713) 2 months ago

Releases 20

© v0.6.1 (Latest)

examples [Distributed] Distributed node embedding and sparse optimizer (#2... yesterday 26 days ago

docs [Distributed] Distributed node embedding and sparse optimizer (#2... yesterday

featgraph [Feature] Tvm integration (#2367) 4 months ago +19 releases
include [Feature] Add cuda support for Sparse Matrix multiplication, summ... 7 days ago
python [Distributed] Distributed node embedding and sparse optimizer (#2... yesterday Packages
src Fix cu11 compile (#2879) 6 days ago No packages published
tensoradapter fix building script for tensoradapter on mac (#2472) 4m S ago
tests [Distributed] Distributed node embedding and sparse optimizer (#2... yesterday Contributors 125
third_party [Feature] Add kd-tree implementation (CPU) for kNN (#2767) 25 days ago ‘ . ' l-' ) ‘ﬁ‘ . H
tools [Distributed] Kill training jobs in distributed training (#2881) 3 days ago i = o Q
b © wlilr

tutorials [Doc] fix tutorial - blitz 4 link prediction (#2726) 2 months ago
+ 114 contributors

~
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.gitignore [Dataset] Fix the docstring format for dgl.data section (#1941) 9 months ago



https://www.dgl.ai/

Learn ML with AWS Training and Certification

LEARN TO APPLY MACHINE LEARNING TO YOUR BUSINESS, UNLOCKING NEW INSIGHTS AND VALUE

_Q_ Courses appropriate for your role, including developers, data
a scientists, data platform engineers, and business decision-makers

¢—2 65+ free digital machine learning courses from AWS experts let you
L= |earn from real-world challenges solved by Amazon

j@‘;:; o Build credibility and confidence with AWS Certification, including
== AWS Certified Machine Learning — Specialty

—] Go deeper with labs, white papers, tech talks, and more by
d=o accessing the AWS Ramp-Up Guide

aws.training/Machinelearning

~ 2 © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.


https://aws.amazon.com/training/learn-about/machine-learning/
https://www.aws.training/LearningLibrary?query=&filters=Domain%3A30%20Language%3A1%20DeliveryFormat%3A1%2C4%2C6%2C7%2C8&from=0&size=15&sort=_score&sc_campaign=GLBL_FY21_Q2_tclever_GE_EL
https://aws.amazon.com/certification/certified-machine-learning-specialty/
https://d1.awsstatic.com/training-and-certification/ramp-up_guides/Ramp-Up_Guide_Machine_Learning.pdf

Thank you!
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