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{

"command": "export-pg",

"params": { "endpoint": "{hostname}",
"profile": "neptune_ml",
"useIamAuth": "{iam_role}",
}Cloneauswr 3 ESE Neptune Export Service Amazon S3

?
"outputS3Path": "s3://{s3_bucket_uri}/neptune-export”,
"additionalParams": {
"neptune_ml": {
"targets": [
{

"node": "movie",

"property": "genre"
} =
]} :

) b . Amazon Neptune
"jobSize": "medium”

}
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V().has(‘name’, ‘Bob’).
out(’'liked’).

hasLabel( ‘movie’).values(‘title’)
= A Bugs Life

= Monsters Inc.

liked

R L BRR ZN: S BRI
g.with("Neptune#ml.endpoint", "ENDPOINT"). liked ~

V().has(‘name’, ‘Bob’). A !
out(’liked’).with("Neptune#ml.prediction”).

hasLabel( ‘movie’).values(‘title’) 1 —

= Toy Story N AR—=U
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Neptune ML 7w k77w

RE3 A> D Getting Started & Neptune ML D2DDt0< 3> Tty NPV I TEET

JE— Neptune ML O{EFAWS CloudFormationT > 7L — k%
etting started with graph databs ﬁﬁﬁ ‘g— % (\f_ N 3— <‘\ ’rzﬁ L\&ﬁfyb % Z—- C\: tﬁ—c\% i ‘a—

Amazon Neptune
User Guide

PDF | RSS

Whet g Neptune ML DER%ZMART 2R 6 BHELAEL. AWS CloudFormationZ 4w 7 A5 — kT

Amazon Neptune is a fully managed graph database service that scales to handle

billions of relationships and lets you query them with milliseconds latency, at a low J— — . —_— - -~ - ~

cost o hatknd feapatt e YTIL—KhTT, DT>V FL— ki, NeptuneDB 7 R4 —%#ELINTOHERZ IR
Query languages =
Try out using graphs If you know about graphs already, jump ahead to Try out using graphs. — * '\/ I\ % 4 \/1 I\ _)IJ b . LZ\ETJ IAM D _}b% ;&E b i 'a'o

Notebooks setup

Latest Updates

¥ Getting started

Graph visualization

Wonena s What exactly s a graph database? Neptune ML 74 Y I AT — A5 v T ZERT BICIE

» Neptune Overview Graph databases are optimized to store and query the relationships between data

» Security items.

> Neptune setup They store data items themselves as vertices of the graph, and the relationships 1. ZH#ENT B ICIXAWS CloudFormation X 7 v 7 &= AWS CloudFormation1 >V —/L T, [R
» Migrating to Neptune between them as edges. Each edge has a type, and is directed from one vertex (the

b Loading data start) to another (the end). Relationships can be called predicates as well as edges, 9 \\j o mﬂa ‘TI_{‘@ y E ;’K a)i ‘: H_—\ L/ i _d-o

and vertices are also sometimes referred to as nodes. In so-called property graphs,

»
Querying both vertices and edges can have additional properties associated with them too.

» Managing Neptune

» Neptune Streams Here is a small graph representing friends and hobbies in a social network: 7 :/“ 7} \'\’ .‘;j 7 4 W 7 (i:ﬁ) i%/_j_\ 7_—“-531’ j— J— ‘C\ﬁ l Launch Stack g'

» Neptune Full-Text Search

» AWS Lambda functions
» Neptune machine learning

» Monitoring Neptune

» Backing Up and Restoring

» Best Practices

al
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Neptune Limits
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» Neptune Management API
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Neptune Notebooks (CEE#lIRTF 1 — KU I7ILH

Qu
/1]

: Jupyter Open JupyterLab Quit Logout "~ Jupyter Neptune-ML-00-Getting-Started-with-Neptune-ML-Gremlin Lastc int: 06/16/2021 d A Logout
: File Edit View Insert Cell Kernel Widgets Help Neptune Trusted | Python3 O

Files Running Clusters SageMaker Examples Conda 8 |+ x|@ B4 ¥ HRin B C P Makdown v |E | O nbdif

Select items to perform actions on them. Upload New~ &
(Jo ~ B/ Neptune/ 04-Machine-Learning Name ¥ Last Modified File size

(] seconds ago

[0 & Neptune-ML-00-Getting-Started-with-Neptune-ML-Gremlin.ipynb Running a month ago 218 kB
(0 & Neptune-ML-01-Introduction-to-Node-Classification-Gremlin.ipynb Running a month ago 219 kB
[0 & Neptune-ML-02-Introduction-to-Node-Regression-Gremlin.ipynb Running a month ago 216 kB
[ & Neptune-ML-03-Introduction-to-Link-Prediction-Gremlin.ipynb Running a month ago 214 kB
(J & Neptune-ML-04-Introduction-to-Edge-Classification-Gremlin.ipynb Running a month ago 216 kB N e pt u n e M L
0O & Neptune-ML-05-Introduction-to-Edge-Regression-Gremlin.ipynb Running a month ago 214 kB

Getting started with Neptune ML

This notebook provides an overview of the Amazon Neptune ML feature and how you can use it in a property graph to infer missing data. All that you will need
to have available to run this tutorial is an Amazon Neptune Cluster with Neptune ML enabled and an S3 bucket in the same region.

Note: This tutorial will cost ~$2-3/hour in addition to the cost of your Neptune cluster and will take appi 30 minutes to

Graphs and graph data is all about using the values and connections within that data to provide novel insight. However one common issue with graph data is
that it is frequently incomplete, meaning that it contains missing property values or connections. While incomplete data is not unique to graphs the connected
nature how we want to use graph data makes these gaps even more impactful, usually lead to inefficent traversals and/or incorrect results. Neptune ML was
released to help mitigate these issues by integrating Machine Learning (ML) models into real time graph traversals to predect/infer missing graph elements
such as properties and connections.

Neptune ML is a feature of Amazon Neptune that enables users to the creation, and usage of Graph Neural Network (GNN) machine
learning models within Amazon Neptune. Neptune ML is built using Amazon SageMaker and Deep Graph Library and provides a simple and easy to use

h to build/trai intain these models and then use the predictive capabilities of these models within a Gremlin query to predict elements or
property values in the graph. These models cover many common use cases such as:

« Identifying fradulent transactions

« Predicting group membership in a social or identity network
« Predicti ies for product {

« Predicting user churn

Neptune ML accomplishes this by providing the ability to perform several common machine learning tasks within Neptune using the Gremlin query language.

Thasa tasle inakidas

AR
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https://ap-northeast-1.console.aws.amazon.com/neptune/home?region=ap-northeast-1#notebooks:
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Neptune Notebooks: Introduction to Link Prediction a4l

Predicting the top 10 users most likely to rate a movie

To accomplish this we would want to start at the movie vertex and predict the rated edge back to the user. Since we want to return the top 10
recommended users we need to use the .with("Neptune#ml.limit",10) configuration option. Combining these together we get the query below which

finds the top 10 users most likely to rate Apollo 13 .

M %%gremlin
g.with("Neptune#ml.endpoint","${endpoint}").
with("Neptune#ml.limit",10).
V().has('title', 'Apollo 13 (1995)").
in('rated").with("Neptune#ml.prediction").hasLabel('user').id()

With that we have sucessfully been able to show how you can use link prediction to predict edges starting at either end.

From the examples we have shown here you can begin to see how the ability to infer unknown connections within a graph starts to enable many interesting
and unique use cases within Amazon Neptune.

~ P © 2021, Amazon Web Services, Inc. or its affiliates. 21
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GET STARTED ¢& User Guide TRNEEMEFE RN ENTES

8 A Blitz Introduction to DGL

71
\Q

Node Classification with DGL # » A Blitz Introduction to DGL

How Does DGL Represent A Graph?

. UL N Gl A Blitz Introduction to DGL

Link Prediction using Graph Neural

DEEP GRAPH LIBRARY : Link Pred|

DEEP
.-L ,Gl Ay About  GetStarted  Tutorials Blogs Docs Forum  GitHub
-

Easy Deep Learning on Graphs Y/ Training a GNN for Graph R
7 Classification ? s e °
- : . ® e
Insta \ Make Your Own Dataset e o, o ‘o . | *
. ? {
® , ® o ¢
e o e a ®
Framework Agnostic Efficient And Scalable Diverse Ecosystem User Guide
Build your models with PyTorch, TensorFlow or Fast and memory-efficient message passing DGL empowers a variety of domain-specific Fﬁ F' ?E’ﬁ Node CIGSSiﬁcaﬁon How Does DGL Write yourown GNN
Apache MXNet. primitives for training Graph Neural Networks. projects including DGL-KE for learning large- . L. with DGL Represent A Graph? module
Scale to giant graphs via multi-GPU acceleration scale knowledge graph embeddings, DGL-LifeSci Stochastic Tralnlng of GNNs
O 1F @ and distributed training infrastructure. for bioinformatics and cheminformatics, and Training G Multiple GPUs
many others.
Distributed training Y
Paper Study with DGL S EEE e - °{ 2-0-0
L ] * * i \
_ e e o0 o o :-n-“ @ e
Find An Example To Get Started i i N ® oo-o
L L] L} L] L] L
dgl e
dgl.data
Link Prediction using Training a GNN for Make Your Own
dgl.dataloading . .
Graph Neural Networks Graph Classification Dataset
dgl.DGLGraph
22
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OpenCypher
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= Gremlin (3FHEZAEX
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ASCIIZ— bRICHN 1R D/I\Y—2&KRIRT D

MATCH (a:airport {code:’'SEA’'}0-[:route]->(dest:airport)
RETURN dest
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OpenCypher 4l
RAFICLIR— U TWDAZRIZ?

MATCH ({name: ‘Z=4F')-[:WORKS_FOR*2]->(e)
RETURN count(e)

WORKS_FOR

WORKS_FOR

aws
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In [7): N my_node_labels » '{"air

port™: city”)
my_edge_labels = '{"route”:"dist"}’

Neptune Notebook (C&H 1+ OpenCypher Hk—

In [9]: MW %%oc ~-d $my_node_ laben -q country ~de $my edge_ labels -1 lS
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RETURN p
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EXIRR(ICKDitem_/ — ROBEUS: Gremlin 4|

Ex1)
g.withSideEffect("Neptune#fts.endpoint", "your-es-endpoint-URL")

.withSideEffect(“Neptune#ifts.queryType”, “query_string”)
.withSideEffect(“Neptune#ffts.minScore”, 1.5)
V().has("company", "Neptune#fts *Amazon*");

Ex2)
g.withSideEffect("Neptune#fts.endpoint", "your-es-endpoint-URL")

.withSideEffect(“Neptune#fts.queryType”, “fuzzy”)
V().has("company", "Neptune#fts Amazon");

https://docs.aws.amazon.com/ja_jp/neptune/latest/userguide/full-text-search.html
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ENIRRICKDiLR/ — FOHS: SPARQL DAl

() %> 7L SPARQL & T 1)

Rtﬁj ﬁfé\*%{/E}ﬁ 6 D #7 SPARQL 7 = ) & LLFIZAT,
) %‘i/ SE R O EAEHELTRRTS

g BIZI nfo API 7: j_ 7) I/CJ: D }E*Zi_b PREFIX hj: <http://hojin-info.go. jp/ns/domain/biz/1#>

https://info.gbiz.go.jp/api/document/API.pdf PREFIX e rktini g0 Jo/ncore/ i

PREFIX neptune-fts: <http://aws.amazon. com/neptune/vocab/v01/services/fts#>

SELECT distinct ?corporatelD ?corporateName ?location

L g BIZI nfO E_g{yu O)E-:\ﬁ;%m (j: : 5 15 | GRAPH <http: //hojin-info. go. jp/graph/hojin>

https://aws.amazon.com/ip/solutions/case-studies/meti/ SERVICE neptnerfts-cearch {

neptune-fts:config neptune-fts:endpoint "https://vpc—pgi-es—domain-1-
gx jkidgb7s75wTnazc7r Ineigd. ap-northeast-1. es. amazonaws. com’ .

neptune-fts:config neptune-fts:queryType "simple_query_string .

neptune-fts:config neptune-fts:field ic:F®E .

neptune-fts:config neptune-fts:query ' BILSU4ERT .

neptune-fts:config neptune-fts:maxResults 100 .

neptune-fts:config neptune-fts:return ?key .

}

%key ic:&¥: ?keyCorporateName.
?keyCorporateName ic:3iC ?corporateName.
7key ic:ID/ic: & BI{E ?corporatelD.

Pkey ic:fEFf/ic:&a2 ?location.

AR
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RIZIRRIGD A ML —= I/0 (CDULT

AZ1 AZ?2 AZ3

Instance

 OTVIMBETNTA VRIS ADAEUA B

CTEI=ND

c MEBIR ) — R, Tw>., RE|FEHRH AT :
Lawngajvh747471hp—/ﬁ ............... I I Lé ...............
50— FENsd E

Count
1.00
0.50
0
02:00 02:30 03:00 03:30 04:00 04:30
@ VolumeReadlOPs
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T2 A5 — ) — Rlald

P(N) = Tw>#8ND_ ) —R
EH(CWBR ET Y 2EMNEE SN TLIL
NIKEWN= ERY— ) —KR/RX—)\—J—R

P(10) > P(10) > P(10) = 1000
P(10) > P(10000) - P(1000) = 100000000
P(10000) > P(10000) > P(10000) = 1000000000000

> WRE U TURROHIRERZE I D LENDHEN DD

AR
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BB IEIRR LR BILIRER

Neptune DIEZRTILT IV XLDT T A )L SMIMEESE(BFS)RDT
ZIE(CED J — RASRVEFR(C ULHVRWV S EDM D TULRIBERIEAE(
Bll: SE[EE]: A(2) > B(100) > #%(500) > E(100) > Eff--

g.withSideEffect('NeptunettrepeatMode’,’'DFS’)
.V().hasLabel(‘root’)
.emit().repeat(out()).until(hasLabel(‘leaf’)).path()

Best Practice: |
repeatMode ZZE J B E THEIEBFLIFEZR(DFS)ICEEIT D CENTEDS

RUVISFR AT ULEIRVWEE DFS TIFETEERFE I SagEENEL
- CHUNKED_DFS: &ZEE T1000kTUMNMERLUIRW 1T Uy REEREER)

Z88: Gremlin repeatMode query hint

40


https://docs.aws.amazon.com/neptune/latest/userguide/gremlin-query-hints-repeatMode.html
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ARERRICKBDATVEERZEMN: LYoy IFxvwvS 1

- EONITHRERTEY MRS K RKREOT O/ T EEDE CRAI U
NEIRESIBRWNGEEAETIMERESN TN T A YO X(ICEEN DD OTUHEER

- U=—RLTURNTERRRAFET([EHDIN NNy o7y TFvrwv 1]
ZRAWD EXDIERIR MR TEDAEEEN DD

X 10000

(R5d1 >R > X% fERT D EBEBBIICEINICIED)

company: AWS

. TR /SR DUME T (HEDNR D TR ipaddr e
R5d - > AT > X counter: Xxxx

country: yyy

%%ﬂﬂﬁ@jmﬁfﬁ%¢vw>1btﬂ%
SSD (BN 1.8TB)

AR

~ ] © 2021, Amazon Web Services, Inc. or its affiliates. 41



AMAZON NEPTUNE |$i 77w 57— &

OSS: Graph Notebook

75 JujfR{bEHR— N9 B Python N—X®D Jupyter ./ — T w7

. edge_display_var = '{"route”:"dist"}
'y . vertex_display var = '{"airport":"city"}"

%toc -d $vertex display var -de $edge_display var -g country -1 20
MATCH p = (a:airport {code:'CZM'})-[:route])->()
RETURN p

Console Graph | Json | Query Metadata

openCypherz
¥riz(CHR— b

BPJIL-E>TD
HAIIAX

~~~~~~~

aaaaaaa

https://github.com/aws/graph-notebook
aws
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SPARQL 1.1 Graph Store7’O0 h)LZEHYR—

- SPARQL TEFH=NJC

GSP ZHm— bk '''''''''''''''''''''''''''''''''''''''''''''''''''''' '''''''''''''''''''''''''''''''''''''''''''''''''''''

 ZHI =S I DEHC [ 7
1L\D .

. Apache Jena 73& GSP (T §
;(\:I-}’_E‘ L/ 7:: \\J _) I/t“ 53 iA] ﬁg C S8 e sy 1008 wior a8 ar sty
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DFE T > =2

 TiaTIBIRZNN— X ([CEITETBRIZ AL CDFHILTO>>

« CPU / XED / I0Z KD (THEWN N TA -V ADEWITLT
EIT7ZIHD
= DFE Statistics: #2727 —49M10% LU E(C/RD =5 or 10HC & ICER

« IINE— ROIESHARE(ER (FHELZ /R0

. Left-depth ¥ bushy I8 &, BAFDI> > TIEFZERLU TLRLY
TS5 AAATREZMET S
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https://docs.aws.amazon.com/neptune/latest/userguide/neptune-dfe-engine.html
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J—RLTURN + DRILI RRA > b
KR/ — ROUSITEBTE(CYU— RLTYUDESZFEWDITSD

HRZE LTS RRA > M T~

NRGLTIRIBAS b2 o

| 1 | | |
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D

=

>TCCHEITLIZC L

« Amazon Neptune ML

. OpenCypher H7k— ~
. TOMEFT77YV I FT— b
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~

>4 J7EZvI 3>
Neptune Deep Dive Workshop Z BUILD YOUR FIRST GRAPH

L LR SRITLU CTWLEET APPLICATION WITH AMAZON

Gremlin & SPARQL DERE% NEPTUNE
ATV IZBATFUFRLULD
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J—2 3y BB THEEITUTCHFTFLLD !

. J—20=> 3w J® Appendix (CHBFIET Neptune > A5 >
Ao ) — RO IORMERR SN, BT —50— REFRITSNET

e &EE ) — KTV IS Workshop-Notebooks % B lF(F0OK

Launch the CloudFormation template

1. Download the following CloudFormation template:

(Jo | v | @@/ Neptune

2. In CloudFormation, select Create stack > With new resources (standard)

O .

T (J [ 00-Workshop-Notebooks-START-HERE

lllllllllllllllllllllllllllllllllll

1 M 01-Gettina-Started

AR
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https://neptune-deep-dive.workshop.aws/en/
https://neptune-deep-dive.workshop.aws/en/appendix.html
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Gremlin Workshop (O X_—_1 —

(Jo ~ @B/ Neptune / 00-Workshop-Notebooks-START-HERE / Gremlin
0O ..

& 00-Setup.ipynb

& 01-Gremlin-Queries-Select-Filter.ipynb

& 02-Gremlin-Queries-Find-Traversal- Steps.ipynb

& 03-Gremlin-Queries-Inserting-Updating-Data.ipynb

& 04-Gremlin-Queries-Text-Search.ipynb

& 05-Gremlin-Queries-Advanced.ipynb

& 06-Gremlin-Queries-Profile-Explain.ipynb

& 07-Gremlin-Participant-Exercises.ipynb

0O 0000 000a0o

& 08-Gremlin-Participant-Exercises-Answers.ipynb

aws
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SPARQL Workshop dOX_—1 —

(Jo ~ @B/ Neptune / 00-Workshop-Notebooks-START-HERE / SPARQL
O ..

& 00-Setup.ipynb

& 01-SPARQL-Queries-Select-Filter.ipynb

& 02-SPARQL-Queries-Find-Traversal.ipynb

& 03-SPARQL-Queries-Inserting-Updating-Data.ipynb

& 04-SPARQL-Queries-Text-Search.ipynb

& 05-SPARQL-Queries-Advanced.ipynb

& 06-SPARQL-Queries-Profile-Explain.ipynb

& 07-SPARQL-Participant-Exercises.ipynb

0O 00000000

& 08-SPARQL-Participant-Exercises-Answers.ipynb

aws
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