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TigerGraph Documentation

To switch to a different version, select the version you want at the top of the menu
on the left. For documentation of TigerGraph versions prior to 2.2, please contact

TigerGraph Support.

Introducing: TigerGraph Distributed Cloud

* Learn more and sign up: www.tigergraph.com/cloud 7
* Documentation: TigerGraph Cloud

* Watch Quick Start Video 7 and Start Your TigerGraph Cloud Solutions in 5
Minutes!

Getting Started with TigerGraph Distributed Cloud (2020)

TigerGraph Cloud Quickstart

TigerGraph Server 3.2

Major Sections Quick Links

Developers Community TigerGraph Community Forum »


http://www.tigergraph.com/cloud
http://www.tigergraph.com/cloud
https://youtu.be/JARd9ULRP_I
https://youtu.be/JARd9ULRP_I
https://www.youtube.com/watch?v=JARd9ULRP_I
https://community.tigergraph.com/
https://community.tigergraph.com/
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FAQs and Troubleshooting

Get Started

Platform Overview

GSQL

GraphStudio and Ul

Connectors and APIs

Sys Mgmt and Admin
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Release Notes - TigerGraph Server 3.2
Change Log

Knowledge Base and FAQs
Troubleshooting Guide
Error Codes

HW & SW Requirements

Platform Installation
GET STARTED Tutorial

GSQL 101, GSQL 102

Comparing TigerGraph Editions

GSQL Graph Algorithm Library

MultiGraph Overview

TigerGraph Internal Architecture
Transaction Processing and ACID Support

GSQL 101

GSQL 102 Pattern Matching
Accumulators Tutorial

GSQL Spec - Data Definition & Loading
GSQL Spec - Querying
Interpreted GSQL

GraphStudio Ul Guide
Admin Portal Ul Guide

RESTPP API User Guide

Kafka Loader User Guide

S3 Loader User Guide

Spark Connection Via JDBC Driver
GSQL JSON Output Spec

Connector Ecosystem 7

HA Cluster Configuration

User Privileges and Authentication
MultiGraph

LDAP and Single Sign-On

Data Encryption


https://github.com/tigergraph/ecosys/tree/master/tools/etl
https://github.com/tigergraph/ecosys/tree/master/tools/etl
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Backup and Restore
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TigerGraph Cloud

TigerGraph Cloud is a fully-managed cloud database built on the same TigerGraph
Enterprise Server engine that is delivering the fastest and most scalable graph
database. TigerGraph Cloud handles all the complexity of deploying and managing
your deployments on the cloud service provider of your choice (AWS, Azure, and
GCP).

Most of the documentation for TigerGraph Enterprise Server also applies to
TigerGraph Cloud. However, since TigerGraph Cloud does not have a command-
line interface on the OS level, command-line features are not supported in the same
way. In many cases, we introduced a GUI-based method for the same feature. For
advanced OS-level commands, submit a support ticket for more information.

Watch Quick Start Video » and Start Your TigerGraph Cloud Solutions in 5
Minutes!

Get started with TigerGraph Cloud

® Create a free TigerGraph Cloud account
* Create a free-tier TigerGraph Cloud solution

e Access your TigerGraph Cloud solution

Manage TigerGraph Cloud solutions

® Monitor a solution
® Security and user management

® Backup and restore

Billing


https://www.youtube.com/watch?v=mOsfjst6Ahs&ab_channel=TigerGraph
https://www.youtube.com/watch?v=mOsfjst6Ahs&ab_channel=TigerGraph

5/13/25,2:41 PM

32

* Manage payment methods

® Cloud Marketplace subscriptions

FAQs

See the TigerGraph Cloud FAQs for answers to common questions.

Comparison with TigerGraph Enterprise

Server

Topic

GSQL Graph Algorithm
Library

Release Notes

GSQL 101

GSQL 102 Pattern Matching

MultiGraph Overview

Hardware and Software
Requirements

TigerGraph Enterprise
Server

Yes

Yes

Yes

Yes

Yes

Yes

TigerGraph Cloud

Installation not yet
supported. Generated
algorithms can be copied-
and-pasted into the Write
Queries code panel in
GraphStudio

TigerGraph Cloud Provides
Two Database Versions:
V2.6.4 and V3.0.6

Basic concepts still apply,
most CREATE, INSTALL,
LOAD, and RUN commands
are replaced with the
GraphStudio GUI-based
approach.

The same patterns can be
used in queries.

Yes. Choose V3.0.6 in
TigerGraph Cloud

N/A
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Installation and
Configuration

User Access Management

Data Encryption

System Management

GraphStudio Ul Guide

GSQL Demo Examples

GSQL Language Reference,
Part 1 Data Definition and
Loading

GSQL Language Reference,
Part 2 Querying

RESTPP API User Guide

Transaction Processing and
ACID Support

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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N/A. There are a few simple
steps to install a Starter Kit.
See the TigerGraph Cloud
FAQs.

Yes. Choose V3.0.6 in
TigerGraph Cloud for
multiple users in one
TigerGraph solution.

N/A. TigerGraph Cloud is
setup already for encrypted
data at rest and at motion.

The Cloud Admin Portal is
enhanced over the
TigerGraph Server Admin
Portal. Backup and Restore
is done through the Cloud
Admin Portal.

Yes
Yes

Yes. GSQL Web Shell (Paid
Tiers) supports Data
Definition and Loading. Data
files can be imported into
the filesystem through
GraphStudio, or submit
support request to import
into the filesystem. In
addition, the operations can
be performed through the
GraphStudio user interface.

Yes

Yes. Note the URL assigned
to your solution.

Yes
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Data Loader User Guides

Yes

32

S3 Loader can be used
through the GraphStudio
interface. In addition, S3
Loader and Kafka Loader
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Getting Started

Overview

TigerGraph Cloud offers an easy way to analyze and query your graph data in the
cloud. This tutorial guides you through creating your TigerGraph Cloud account,
provisioning a free-tier TigerGraph Cloud Solution, and logging into GraphStudio.

Watch Quick Start Video 7 and Start Your TigerGraph Cloud Solutions in 5
Minutes!

Create a TigerGraph Cloud account

Go to the TigerGraph Cloud landing page 7.

You can create a TigerGraph Cloud account with a Google account, a LinkedIn
account, or an email address.

Email

1. Click Login/Register.
Click Sign Up.

Enter your email and password.

» WD

A verification email with the subject "Verify your email" will be sent to the
email address you provided.

5. Go to your email inbox. Find the verification email and click Confirm my
account.
Google

1. Click Login/Register.
2. Click Sign up.


https://www.youtube.com/watch?v=JARd9ULRP_I&feature=youtu.be
https://www.youtube.com/watch?v=JARd9ULRP_I&feature=youtu.be
https://tgcloud.io/
https://tgcloud.io/
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Click Sign up with Google.
Enter the password for your Google account.
Click Next.

Review and click the checkbox to accept the Terms of Service and the
Privacy Policy.

Click Submit.

After being redirected back to TigerGraph Cloud, enter the information on
the signup form and click the checkbox to accept TigerGraph's Terms &
Conditions and Privacy Policy.

Click Submit.

LinkedIn

© o oA W N

Click Login/Register.

Click Sign up.

Click Sign up with LinkedIn.

Enter your LinkedIn credentials and click Sign in.
Review the Terms and Conditions and click Allow.

After being redirected back to TigerGraph Cloud, enter the information on
the signup form and click the checkbox to accept TigerGraph's Terms &
Conditions and Privacy Policy.

Click Submit.

Log in to your TigerGraph Cloud account

If you already created a TigerGraph Cloud account, sign in to your account:

1. Go to the TigerGraph Cloud landing page 7.

2. Click Login / Register.

3. Enter your email and password, or if you registered with an identity provider,
select the correct provider and enter your credentials.

10
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4. Click Log In.

Create a free-tier solution

TigerGraph Cloud free-tier solutions (subject to limits) offer a small-scale analytics
platform to store and query your graph data.

(*) Free-tier solutions are for training, learning, and light scale proof of concept (POC)
use cases and do not support backup and restore. For in-depth POCs, consider
adding a valid payment method and use paid-tier solutions to access the backup and
restore feature.

1. Click My Solutions.

After logging in, you will be directed to the dashboard page, on the right side of the
page, click My Solutions.

Teger "~ =
OOHEET B ®6ae
BE  [eshocs
iN Fadwean | Westcamme 89 ThjerGrah Gl Al CreditCad -
‘ Iy Salutions

Dashboard &
D My Activibes
Solution Us2oe L/ TOTAL SOLUTHOHS = CURRENT BALEHCE UMUEED CRETTS
Pl e
6 My Ascount PERSTATUS 8 5[] 0o 525.00
(Frrm Fabi st Feh | g
-
d-.lu-'
Monthly Cast VIEW MORE
1.0
5
[ T
Tamm: 1
PER A hia X, Al - (£ il

’ Latest Actrities WIEW ALL

TigerGraph Cloud Dashboard view

2. Click Create Solution.

On the My Solutions page, click Create Solution.

1



5/13/25,2:41 PM 32

FaYovr il = PG e

-
En: Dashboard | Welioame s TigerGraph Cladl A Cradst Cad -
& Ky Balistions
s © -
D My Activities
Mane g Paha laniatiry Craafon e Lot Lynln el Actisrm a
B My Account

TigerGraph Cloud My Solutions view

3. Select TigerGraph version.

Not all TigerGraph versions that are offered on-prem are offered on TigerGraph
Cloud. In the dropdown list, choose the version of TigerGraph you want to run.

Select TigerGraph Version * s5e

264

4. Select a starter kit.

TigerGraph Cloud Starter Kits are built with sample graph data schema, dataset,
and queries focused on a specific use case to help you get started quickly. Most of
our starter kits have a demo video ~ that walks you through the schema and the
queries built for its use case. If you wish to proceed with your own schema and
data, select Blank.

12
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After you have selected a starter kit, scroll down to the bottom of the page and click

Next.

5. Select Cloud Provider and instance type.

Currently, TigerGraph Cloud supports free-tier solutions on AWS and GCP. Select
AWS or Google Cloud as your cloud provider and select TG.Free as your instance

type.

| Weloome to TlgerGraph Cloud!

Aadd Credit Card w

Create Solution )

e Basic Satings

Select a Platform *

Chestiee & clowd platfarm

Select an Instance Typs *

Choose a virtual machine based on your
dakn =ire and compute performance

fe=s U

TG Free

@ soustion Satiings

I\ Azure

| 30.00 / haar / nstance

I Dl

TG.CEBM32

S2.50/ hoar { mstance

‘ TE.CAM1E

59,20 / hinr / instance

TE.CIGMEA

5410/ how § instance

6 Confermation

£y Google Cioud

TG.CAEMIS

49 80 hoar § nstance

TECI6MI22

§7.00 4 hour ¢ instance

13



5/13/25,2:41 PM 32

Cloud platform and instance type options

6. Select Region.

Select Region N. Cal Tokyo Frankfurt

Chotse region of the instance according
18 wour netw '_'H'itl-'!n'._.' reguiremeants
Ireland London M. Virginia

Regions for AWS

7. Select disk size.

Select 50 GB for your disk size. Scroll down to the bottom of the page and click
Next.

Disk Size * | 50 GB ‘ 78 ) 3R ( 50.00 / hour / instance

Enter your disk size

8. Enter a name and a tag for your solution.
You can enter any name for your solution. A solution name may contain
alphanumerics, dashes, underscores, and spaces, and cannot be longer than 20

characters. A solution tag can be no longer than 40 characters and can contain any
character.

9. Set initial password.

This is the initial password for the default TigerGraph user tigergraph . You can
change the password later in Admin Portal.

14
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Set the Initial Password *

o
Initial password to access your solutions The length of Initial password must be between 6 and 12
as database user tigergraph
@ This initial password allows you to log into the database when your solution is in the
ready state. If you forget this password, you will need to terminate and recreate the
solution.
10. Enter a subdomain and description.
Customize the subdomain for your solution. If this field is left blank, a random
subdomain will be automatically generated for the solution.
Subdomain: . _
hello-world dtgcloud.io
Customize your subdomain Unique, gnly letters, numbers-and inner hyphen(-) are aliowed

Enter an optional description of what your solution will be used for, and click Next.

Description:

Describe what your salution s used for

Describe what your solution Is used for

11. Confirm your settings.

Confirm your settings and click Submit. You will be redirected back to the My
Solutions view, and your solution will be ready in minutes.

Log in to GraphStudio

After you have created your solution, it may take a few minutes for it to be ready.
Once you see the status of your solution turn to "Ready", you can proceed to log

15
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into GraphStudio.

1. Open GraphStudio for your solution.

Go to My Solutions. Find the solution that is ready, click the blue Applications icon,
and Click GraphStudio.

My Salutions . ) ] Pending Tasks
7 i 1t I L d i #
TG.Free —ry -
. Hart o 1 A ' T
E Getting Started bhank ® Reacy e 219,02 t2ArEa2 NI @ B
TG.Frae PR 3 3 :
ﬁ Gty Started Biank Tarthinmt gl By VIl hriiFal [iFIa b ik .__T| h
Fi o .
ﬁ GettingStartod blank Terminaled Terked weaan AN 4% b
uE-wagt-1 ALl
115, Frae -
GettmpSterted bdamktutarialsocial Terminated [srdg bt A | AN T
ﬁ ' RS yewest ) =

2. Enter your credentials.
Enter the initial password set during Create Solution for the default database user

tigergraph and click Login. This is not your TigerGraph Cloud account email and
password.

16
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Lisarrane

tigergraph

Password

GraphStudio login page

3. You are now ready to use your free-tier TigerGraph Solution.

You can learn how to use GraphStudio in our GraphStudio Ul guide.

17
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Solutions

Solutions are fully-managed TigerGraph deployments. Here are some resources
you can use to create, configure and manage your solutions:

* Create a new solution
o A step-by-step guide to creating a new solution
e Cloud Providers and Regions

o Information on the different cloud providers and regions available on
TigerGraph Cloud

¢ Sizing and Scaling
o Learn how to choose the appropriate instance type and disk size
e Stop, Resume and Terminate a Solution

o A step-by-step guide on how to stop, restart, and terminate a solution

18
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Create a New Solution

In this tutorial, you will learn how to provision a new TigerGraph Cloud solution.

Procedure

1. Navigate to My Solutions page

After logging into your TigerGraph Cloud account, click My Solutions on the left

side menu to go to the My Solutions page.

yerer

BE  [szhbcs

‘. Ity Salutions

Dashboard &
D My Activibes
Solution Usaga ‘ TOTAL SOLUTIONS
My Accaunt
a w PERSTATUS g
.
v
Monkhly Cast
PER TYRE "

’ Latest dctrities

2. Click Create Solution

On the My Solutions page, click Create Solution.

e ae
Add Credit Card
CLARENT BaLANCE l"".": UNUEED CREINTE
S0.00 525.00
am Fati e bbb | EES
VIEW MORE
A S [ES
VIEW ALL
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3. Select version and starter kit

Not all TigerGraph versions that are offered on-prem are offered on TigerGraph
Cloud. In the dropdown list, choose the version of TigerGraph you want to run.

Select TigerGraph Version * o

264

TigerGraph Cloud Starter Kits are built with sample graph data schema, dataset,
and queries focused on a specific use case to help you get started quickly. Most of
our starter kits have a demo video 7 that walks you through the schema and the
queries built for its use case. If you wish to proceed with your own schema and
data, select Blank.

20
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After choosing the starter kit, scroll down to the bottom and click Next.

4. Configure your instance

4. Choose a cloud provider

The choice of cloud provider affects the configuration options for the available
instance types and disk sizes, network latency for accessing your solution, the
geographic location of your solution, and the cost of running your solutions. For
more information, see Cloud Providers and Regions.

Select a Platform ™
aﬂs /_s Azure Yy Google Cloud

Choose 2 cloud platform

4.2. Choose an instance type

Each instance type indicates its vCPU and RAM specifications as well as the hourly

rate for running the instance. For suggestions on choosing the right instance type
and disk storage, see Sizing and Scaling.

21
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Select an Instance Type *

Choose a virtuzl machine based on your
dala size and compute parlonmance
nesds

4.3. Choose a region

TG Free

5000 / hour / instance

{ G Exmtpiln }

TG.CB.M32

52.20 / hour / instance

TG.C3Z.M244

512.00 / hour / Instance

32

TE.CAMIE

57120/ hour / instance

TG.C16.MB4

534.10 ¢ hour { instance

TG.Ca4.MABE

527.00 / hour / instance

TG.CB.M15

51.80 ¢ hour / instance

TG.CI6M122

57.00 ¢ hour / instance

TG.C96.M768

530.00 / hour / instance

Region reflects the physical location of the server running your solutions. It also

affects the network latency for accessing your solution.

Select Region *

Choose reglon of the Instancs according

1o yaur natworking requirements

4.4. Choose a disk size

M. Cal

Ireland

Tokyo

London

Frankfurt

N, Virginia

Disk storage refers to the root disk that is attached to your instance. If you need

help choosing the right disk storage, see Sizing and Scaling.

To ensure your solution has enough disk storage, TigerGraph mandates that any
solution's disk size must be at least 3 times the size of the solution instance's RAM.
For example, if you choose an instance type that has a RAM of 64 GB, then the

solution's disk size must be more than 192 GB.

5. Enter cluster settings

5.1. Choose a partitioning factor

22
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In a High Availability (HA) cluster, the partitioning factor refers to the number of
parts or components your graph data is split into, which also equals the number of
instances that collectively store one copy of the full graph.

If you only need a single instance to store your entire graph, enter 1 as your
partition factor.

5.2. Choose a replication factor

The replication factor is the number of copies of data, each on a separate machine.
TigerGraph Cloud currently supports a replication factor of up to three.

If you don't need additional copies of your data, enter 1 as your replication factor.
If you provision a cluster with a replication factor higher than 1:

* |f your solution is on AWS or GCP, the replicas will automatically be provisioned
on different availability zones.

* A load balancer would be automatically attached to your cluster to balance
traffic between the replicas.

@ If your cluster is on GCP and it has a replication factor higher than 1, you won't be able
to use ports 9000 and 14240 to access APl endpoints. Instead, you can access the
endpoints using HTTPS requests on port 443:

e To access the endpoints that normally listen on port 9000, append /restpp after
the domain and before the endpoint. Since an HTTPS request already implies port
443, specifying the port is optional. However, you need to ensure that you are
making HTTPS requests instead of HTTP requests.

o Example: To access the /echo endpoint: curl
"https://examplesolution.i.tgcloud.io/restpp/echo”

e To access the endpoints that normally listen on port 14240, use the original
endpoint address, but on port 443. Similar to port 9000 requests, specifying the
port is optional.

o Example: To access the health check endpoint on 14240: curl
"https://examplesolution.i.tgcloud.io/api/ping"

e Access to GraphStudio is not affected: opening the domain of the solution in a
browser will directly take you to GraphStudio

23
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6. Enter solution settings

6.1. Name and tag your solution

Give your solution a name. A solution name can only contain alphanumeric
characters, space, dash, and underscore and may be no longer than 20 characters.

Give your solution a tag, which helps you sort and identify your solutions. A solution
tag may be no longer than 40 characters and can contain any character.

6.2. Set initial password

When a solution is provisioned, a default TigerGraph user tigergraph is created in
the installation process. This is the initial password for the default user.

Set the Initial Password *

Initial passweord to access yvour solutions
as database user tigergraph

ne length of initial password must be between 6 and 12

Set initial password

@) This initial password allows you to log into the database when your solution is in the
ready state. If you forget this password, you will need to terminate and recreate the
solution.

6.3. Set a subdomain
Enter a unique subdomain for your solution. Only letters, numbers, and inner
hyphen(-) are allowed in the subdomain. You can send HTTP requests to the REST

endpoints on the domain once the solution is up and running. If you do not enter a
subdomain, an automatically generated subdomain will be assigned to the solution.

6.4. Enter a description

24
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Enter a description of what the solution is used for or anything else you would like
to note about this solution.

7. Review and confirm.

After making sure all your settings are correct, click Submit to start your solution.
Your solution should be ready after a brief warm-up period.

25
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Cloud Providers and Regions

TigerGraph Cloud offers three cloud platform options: Amazon Web Services
(AWS), Microsoft Azure, and Google Cloud Platform (GCP). The choice of cloud
providers and regions affects the pricing and network latency of your solutions. The
region indicates the physical location of your solution.

Each cloud provider has different offerings for instance type, disk storage, and
backup storage. At the moment, TigerGraph Cloud only supports free-tier clusters
on AWS. You may choose to deploy free-tier clusters on any region in AWS. For
more information on the options of each cloud provider, see:

e Amazon Web Services (AWS)
e Microsoft Azure

e Google Cloud Platform (GCP)

26
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Sizing and Scaling

TigerGraph Cloud offers different choices when it comes to instance types and disk
sizes. This document helps you find the right instance type and disk size for your
workload.

Choose the right instance type

Larger graphs require more RAM. Higher performance calls for both more CPUs
and more RAM.

Our pricing table 7 gives initial recommendations for which instance type to start
with if you know how much data you will be loading into the graph. We call the input
data your raw data. TigerGraph reorganizes your data into a graph, encoding and
compressing it. We assume that your stored graph will be about 70% of the size of
your raw data. This is a conservative estimate; it's often smaller.

You also need RAM for your graph querying and computation. Workloads vary
considerably. In the pricing table, we recommend that your total RAM be about 1.5
times the maximum amount of raw data you think you will load.

Choose the right disk size

Disk storage refers to the root disk attached to your instance that holds the
following files:

* OS installation files

* TigerGraph database installation files

* TigerGraph Graph storage

e Other data files uploaded to the instance

* Any output files generated by querying the database

* Logs generated while running TigerGraph

27
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When you choosing the size of the disk, consider the size of the data for all the
above installations and files.

To ensure adequate disk storage, TigerGraph Cloud mandates that any disk size of
a solution must be at least 3 times the size of its instance's RAM. For example, if
your solution instance has 64 GB of RAM, then the disk size must be higher than
192 GB.

28



5/13/25,2:41 PM 32

Stop, Restart, and
Terminate a Solution

Stop a solution

When you stop a solution, you shut down the virtual machine instance. The
TigerGraph database is frozen in its current state. Billing for that machine instance
also stops. Scheduled backups also stop, but the backup copies are kept in EFS on
AWS, Azure Files on Azure, and GCP Filestore on GCP. You will still incur charges
for disk storage and backups when a solution is stopped. You can start the solution
again. After a warm-up period, the solution will return to its previous state.

Below are the steps to stop a solution

1. Navigate to My Solutions.

o o -
&HETH = ®oae
BE  Dashbear
o5 Fadean I Westcamme 89 ThjerGrah Gl Al Credit Gard

Deshboard &
D My Activibes
Solution Lisagm L TOTAL SOLUTIONS § CURRENT BALANCE ot UMUSED CREITS
L PERSTATUS 8 S0.00 525.00
nul SR LIESE TERE
Monkhly Cast VIEW MORE
PER TYFE b
’ Latest Activitles VIEW ALL
L]
2. Stop the solution.
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Find the solution you want to stop and click on the Solution Operations icon and
click Stop.

il -
-3% Feb 242021 covid-19 - ::'iftﬁ D224E0H OMIA20 s 0 B

Restart a solution

You can restart a stopped solution at any time. After a warm-up period, the solution
will return to the state it was in when it was stopped.

Below are the steps to restart a solution:

1. Navigate to My Solutions

Teger — =
Fa Yool = D eae
BE  nechbes
i Padweand I ieicome 2 TigerGraih Clout) Add CreditCad
‘ Iy Salutions

Dashboard &
(D My Activives
Selution Usagm L/ TOTAL SOLUITHOHS = CURRENT BALEHCE S UMUEED CRETTS
Fal,
8 My Account T B 5[] a0 525.00
[From Fabtl 15t Feh 108
. %
| 4
-
Monthly Cast VIEW MORE
1.0
5
B Teamy
Tanmaimie 1
BER A hia X, Al - (£ il

’ Lateat Actrvitles VIEW ALL

2. Restart the solution.

Find the stopped solution, and click the Solution Operations icon , and in the
dropdown list, click Start.
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Terminate a solution

By terminating a solution, you deprovision the virtual machine and the attached disk
storage. The solution is deleted according to the cloud platform's policies and
cannot be recovered, so is everything in the attached disk storage.

Below are the steps to terminating a solution.

1. Navigate to My Solutions.

Teger — =
cLouD = Oe®ae
BE  [eshocs
iN Fadwean | Westcamme 89 ThjerGrah Gl Al CreditCad -
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2. Terminate the solution.

Find the solution you want to stop and click on the Solution Operations icon and
click Terminate.

il
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Archive a solution

After a solution has been terminated, it can be archived so that it no longer shows

up on the default view in the list of solutions.

Archive a solution

To archive a solution, click on the solution row in My Solutions to expand it and click

the Archived toggle.
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To view archived solutions, click the settings icon to the right of the Actions column

and toggle on Show Archived in the Display Settings.

Instance Creation Date Last Updated
TELCAMI® 2032021 03/0472021
us-west-1

Actions ¢

Display Settings

Show Archived:
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Access a Solution

Once a solution has been provisioned, there are three ways to access the solution
and interact with the database:

e GraphStudio
e REST endpoints
e GSQL web shell
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Access a Solution
through GraphStudio

The TigerGraph GraphStudio™ Ul (User Interface) provides an intuitive, browser-
based interface that helps users get started quickly with graph-based application
development tasks: designing a graph schema, creating a schema mapping,
loading data, exploring the graph, and writing GSQL queries. GraphStudio is
supported in the same way on TigerGraph Cloud as the on-premise version of
TigerGraph.

Open GraphStudio

1. Navigate to My Solutions
After logging into TigerGraph Cloud 7, go to My Solutions.
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2. Open GraphStudio
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Find the solution you want to access, and click the Applications icon in the same

row, and click GraphStudios in the dropdown list.
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Send REST Requests to a Solution

Besides GraphStudio, another way to interact with your TigerGraph database is
through our REST API. Use RESTful endpoints to send requests to TigerGraph
solutions and develop applications.

On TigerGraph Cloud, RESTPP Authentication is enabled by default, and only the
requests made with a valid authorization token in the request header will be
accepted.

() If your cluster is on GCP and it has a replication factor higher than 1, you won't be able
to use ports 9000 and 14240 to access APl endpoints. Instead, you can access the
endpoints using HTTPS requests on port 443:

e To access the endpoints that normally listen on port 9000, append /restpp after
the domain and before the endpoint. Since an HTTPS request already implies port
443, specifying the port is optional. However, you need to ensure that you are
making HTTPS requests instead of HTTP requests.

o Example: To access the /echo endpoint: curl
"https://examplesolution.i.tgcloud.io/restpp/echo”

e To access the endpoints that normally listen on port 14240, use the original
endpoint address, but on port 443. Similar to port 9000 requests, specifying the
port is optional.

o Example: To access the health check endpoint on 14240: curl
"https://examplesolution.i.tgcloud.io/api/ping"

e Access to GraphStudio is not affected: opening the domain of the solution in a
browser will directly take you to GraphStudio

Generate an authorization token

Here is a step-by-step guide to generating and using an authorization token for
RESTPP:

1. Navigate to User Management
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From GraphStudio, go to Admin Portal, and click User Management.

ﬁ; AdminPaorta

Nodes in Cluster

= User Management

March 1, 2021 1:45 PM

-

i Cluster Monitoring

Click User Management

2. Generate a secret

In the My Profile tab, find the graph you want to generate the secret for, enter an
alias for your secret and click the "+" symbol at the right side of the row.

Remember to copy and save the secret to a safe location. This is the only time the
secret will be exposed in full in Admin Portal, and you will not be able to see it
again.

halla h|g**=gke

MyGraph Super Usar
sechel] Click + %o odd o r
JICK T (0 W 5

3. Generate a token

Use the /requesttoken endpointto generate an authorization token for your
solution. You can use either a GET or POST request. In this tutorial, we will be using
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a GET request.

1. Find the domain name of your solution

If you did not enter a subdomain when setting up your solution, a random
subdomain will be automatically generated for you. Go to My Solutions, and click
the solution you are trying to access, you will find the solution's domain name in the
expanded view. Use this domain name as the server address when making REST

requests.
: TG.Fr

-Zg; Feb-252021 covit-19 ® Roady u;w::_! Q2252021 03401 /2021 0 & B
Instance Infosmation Metwork information
Instance Type TG Free W wpo-0AT AT hTRIB009E T 3
Disk Paj Nota i Subne sibret-072 cafdlbl 78] 39d)
Pa 4 1 l Darmalr anT6EdAIIbbfATfeafdbE0aTI72a%47 T L psioud o
Replication Facior 1
Machine Information Other Information
Platlarm aws Sahdion 10 Tdd5cBa7-635-436d-ac1 §-28579a056Ta
Aegion ug-wesl-1 iperiiranm ¥a.06

Lra gt oAy NFA

2. Send the request to /requesttoken
The endpoint takes two parameters, secret and lifetime , and the latter is
optional. Put the parameters in the query string and send the request using your

favorite REST client. The below example uses curl to request the authentication
token:

curl -X GET 'https://aa768d833bbf47fea6dh80a7972a9477.1i.tgcloud.i0:9000/x

The response will look like this, where the string in the response with the key token
is your authorization token:
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]
"code": "REST-0000",
"expiration": 1617232169,
"error": false,
"message": "Generate new token successfully.",
"token": "eq87e740arn73pp8chbf67930pa7gorm"
%

4. Send a request using your token

Now that you have an authorization token, you can proceed to make requests to
your solution. To use the authorization token, include it in the request header as a

bearer token.

Refer to our RESTful APl User Guide to learn about all the endpoints available. In
this tutorial, we will make a request to the List vertices endpoint on a solution with
the COVID-19 starter kit 7 and list 5 patients and the patients' age.

curl -H "Authorization: Bearer fc6p0i2ijjt031n0sjabm9ci70p232h7" \
"https://aa768d833bbf47feab6db80a7972a9477.i.tgcloud.i0:9000/graph/MyGraph

Response:
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"version": %
"edition": "enterprise",
Ilapill : “V2"'
"schema": 0

}I

"error": false,

"message": "",

"results": [

]
"v_id": "6100000100",
"v_type": "Patient",
"attributes": §
"birth_year": 1959

§

"v_id": "6023000024",

"v_type": "Patient",

"attributes": {
"birth_year": 0

§

"v_id": "6022000024",
"v_type": "Patient",
"attributes": §

"birth_year": 1978
§

"v_id": "6020000020",

"v_type": "Patient",

"attributes": {
"birth_year": 0

§

"v_id": "6015000008",

"v_type": "Patient",

"attributes": §
"birth_year": 0

§
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Access a Solution
through GSQL Web Shell

With a paid tier solution and a valid payment method, you can also access the
solution through the GSQL Web Shell. The web shell allows you to run GSQL
commands on your TigerGraph Cloud solution.

Open GSQL Web Shell

1. Navigate to My Solutions
After logging into TigerGraph Cloud 7, go to My Solutions.
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2. Click GSQL Access

Find the solution you want to access, and click on the Admin Operations icon @ .

Click GSQL Access from the dropdown menu.
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3. Provide session information

In the pop-up window, provide the username of the TigerGraph user you'd like to
proceed with, and specify a validity period for the session. The GSQL Web Shell
session will terminate after the validity period is over.

GSQL Access
Username * tigergraph
Validity Period * 3600 Seconds

Validity period and username

4. Enter your password
When the GSQL Web Shell opens, the shell will ask you for your password. Enter

the password for the TigerGraph user whose username you just entered and press
the enter key.
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o e

—— Global vertices, edges, and all graphs
Vertex Types:
- VERTEX City(PRIMARY_ID city_id STRING, city STRING, elementary_school_count UINT
erly_population_ratio DOUBLE, elderly_alone_ratic DOUBLE, nursing_home_count UINT) W
— VERTEX Province(PRIMARY_ID province_id STRING, province STRING, population UINT,
se’
— VERTEX Country(PRIMARY_ID id STRING, country STRING) WITH STATS="OUTDEGREE_BY_ED
- VERTEX SearchStat(PRIMARY_ ID id STRING, cold FLOAT, flu FLOAT, pneumonia FLOAT,
UTE="false"
- VERTEX WeatherStat(PRIMARY _ID id STRING, code UINT, avg_temp DOUBLE, min_temp DO
nd_direction DOUBLE, avg_relative_humidity DOUBLE) WITH STATS="OUTDEGREE_BY_ EDGETYPE
— VERTEX InfectionCase(PRIMARY_ID id STRING, infection_case STRING, confirmed UINT
E="true"
— VERTEX Year_(PRIMARY_ID id STRING, year_ INT) WITH STATS="OUTDEGREE_BY EDGETYPE"
— VERTEX Month_(PRIMARY_ID id STRIMG, month_ INT) WITH STATS="OUTDEGREE_BY_EDGETYFP
- VERTEX Day_(PRIMARY_ID id STRING, day_ INT) WITH STATS="OUTDEGREE_BY_ EDGETYPE",
- VERTEX TravelEvent(PRIMARY ID id STRING, latitude FLOAT, longitude FLOAT, visite
IMARY_ID AS ATTRIBUTE="false"

GSQL Web Shell
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Monitor a Solution

TigerGraph Cloud offers users various ways to monitor the activities and the state
of their solutions. This page lists a few resources that can help monitor a solution's

usage:

e Monitor Solution State

e View Activity Log
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Monitor Solution State

TigerGraph Cloud allows you to view detailed operational data on a running
solution, such as CPU usage, RAM usage and, and disk and network 10 data.

1. Navigate to My Solutions

After logging into TigerGraph Cloud 7, go to My Solutions.
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2. Click Solution Details

Find the solution you want to monitor, and click on the Solution Details icon on the
right side of the same row.

TG Free T
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3. Click Monitor

Click the Monitor tab.

45


https://tgcloud.io/
https://tgcloud.io/

5/13/25,2:41 PM 32

< Feb-25-2021

COST ACTIVITY MONITOR
Price @} Start Time ()
$0.00 03/04/2021 22:41

Click monitor

This will bring you a brief summary of your solution:

COsT ACTIVITY MONITOR

Node #1

CPU Usage 5.34%

RAM Usage 35.9%
Disk IO 0.0 KiB/s

Disk Space Usage | 25.3%

Network 10 | 000 kilobits/s

Open Monitor

4. Click Open Monitor

Click Open Monitor to view more detailed statistics of your solution by Netdata
monitor 7.
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https://learn.netdata.cloud/docs
https://learn.netdata.cloud/docs

5/13/25,2:41 PM 32

View Activity Log

TigerGraph Cloud solutions log their activities in an activity log, which you can view
on TigerGraph Cloud.

1. Navigate to My Solutions

After logging into TigerGraph Cloud 7, go to My Solutions.
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2. Click Solution Details

Find the solution you want to monitor, and click on the Solution Details icon on the
right side of the same row.

.@- Fob 220121 covid 18 o Reany e Fmil DRESADTT CAIDAsRI B O o
HE-west-

3. Click Activity

Click the Activity tab, which shows you the activity log of that solution.
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COST ACTIVITY MONITOR

' Feb-25-2021 ' - the solution is ready

' Feb-25-2021 ' - starting the solution

' Feb-25-2021 ' - user requests to start the solution

' Feb-25-2021 ' - solution is stopped
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Resize a Solution

As your workload changes, you can resize your TigerGraph Cloud solution to
maximize the efficiency of your resources. You can resize the instance type or
upgrade the storage volume:

® Resize instance type

e Upgrade storage volume
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Resize Instance Type

As your workload changes after you have created a solution, you can choose to
resize your solution's instance type.

Before you begin

¢ |f you choose to upgrade the instance type of a free-tier solution, you must also
upgrade the disk volume of the solution.

* Resizing instance types would result in a short period of downtime.

Procedure

Below is the procedure to resize the instance type of a TigerGraph Cloud solution:

Step 1: Navigate to My Solutions page

After logging into your TigerGraph Cloud account, click My Solutions on the left
side menu to go to the My Solutions page.
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Step 2: Choose a new instance type

On the My Solutions page, click the Solutions Operations icon in the Actions column
and hover over Resize. In the dropdown menu that appears, select Instance Type.

Actions *

-~ X Q B

p Start

B Stop

() Terminate

i— Resize »

Hover over Resize

In the window that appears, choose the new instance type that you'd like to change
your instance type to.
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Resize Instance Type

Current instance type: Target instance type:

TG.C4M16 ($1.20/hour/instance ) —-  T6Cl6MI122 ($7.00 / hour / instance )
T6.C32.M244 ( $12.00 / hour / instance )
TG.C64.M488 ($21.00 / hour / instance )

( $30.00 / hour / instance )

($1.80 / hour / instance )

($2.20 / hour / instance )

Resize instance type window

Click Resize to confirm and start the resizing operation.
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Upgrade Storage Volume

If you decide that your solution needs more disk storage space, TigerGraph Cloud
allows you to upgrade your disk volume.

Before you begin

* You need a paid-tier solution in order to upgrade disk volume

Procedure

Below is the procedure to upgrade the disk volume of a solution.

Step 1: Navigate to My Solutions page

After logging into your TigerGraph Cloud account, click My Solutions on the left
side menu to go to the My Solutions page.
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Step 2: Upgrade disk volume

On My Solutions, click the Solutions Operations icon in the Actions column and
hover over Resize. In the dropdown menu that appears, select Disk Volume.

Actions *

-1 - X Q B

p Start

B Stop a

() Terminate

i— Resize »

Hover over Resize

In the window that appears, choose your target disk volume:
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Upgrade Disk Volume

Current disk volume;

128 GB -

Storage price: $0.03 / hour

Backup price:  $0.22 / hour

Reminder:
For disk volume, only upgrade is allowed.

Click Upgrade to confirm and start the upgrade.

32

Target disk volume:

128 GB

256
512
1024

2048

——
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Security and User Management

TigerGraph Cloud account

Your TigerGraph Cloud account serves as your credential on the platform level. It
allows you to manage solutions as well as payments. It also gives you superuser
access to all of the graphs hosted by the solutions on the account.

TigerGraph users

On the solution level, the same role-based access control used by the on-prem
version of TigerGraph also applies to TigerGraph Cloud. Each solution or solution
cluster can have many TigerGraph users and each user can have different roles for
each graph with different privileges.

For more information on how to manage users and roles in Admin Portal, see User
Management.

Preconfigured security features

Encryption-at-rest

All data loaded into TigerGraph Cloud, including data in disk storage and backups,
are automatically encrypted-at-rest using the cloud provider's native encryption
protocol with platform-managed keys.

Transport Layer Security (TLS)

TigerGraph Cloud uses TLS to encrypt connections to your graph databases.

56



5/13/25,2:41 PM 32

RESTPP Authentication

By default, all TigerGraph Cloud solutions have RESTPP authentication turned on.
To make requests to the RESTPP server, you must generate a secret in the Admin
Portal and use that secret to generate an authentication token.
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Manage Your TigerGraph
Cloud Account

Reset your TigerGraph Cloud account
password

1.

> WD

Go to TigerGraph Cloud login portal 2.
Click Login / Register
Click Don't remember your password?

Enter your email address. If you signed up using an identity provider, use the
email address associated with your account with the identity provider. Click
SEND EMAIL.

Go to your email inbox, and find an email titled Reset your password. Click on
the link in the email

Enter your new password.
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Manage Database Users

On the solution level, the same role-based access control used by the on-prem
version of TigerGraph also applies to TigerGraph Cloud. Each solution or solution
cluster can have many TigerGraph users and each user can have different roles for
each graph with different privileges.

To learn how to manage users and roles in Admin Portal, refer to the User
Management section in Admin Portal Ul Guide.
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Backup and Restore

Backups are shapshots of the state of your solutions at a given point in time.
Currently, any paid solutions provisioned by an account with a valid payment
method can have a maximum of 7 backups concurrently.

(G) The backup feature is not supported on free-tier instances or instances provisioned
by an account without a valid payment method.

Data Storage and Encryption

Backups are saved to Amazon EFS on AWS, Azure Files on Microsoft Azure, and
GCP Filestore on GCP. Backup storage is provisioned when you start a paid-tier
solution and is based on the maximum number of backups allowed (currently fixed
at 7). It only stops incurring charges when the solution is terminated. Stopping the
solution does not stop charges for backup storage.

Backups are encrypted by default using the native encryption feature of the cloud
provider with platform-managed keys.

Scheduled backup

By default, scheduled backup is turned on when instances are running and will be
done daily. If the maximum retention number is reached when a new backup is
made, the oldest scheduled backup will be deleted. To change the backup
schedule, change your backup settings in Admin Portal.

Change backup schedule

1. Go to Admin Portal.
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From My Solutions page, go to GraphStudio. Then click Admin on the upper-right
corner to go to Admin Portal.

qb GraphSiud
f ‘:" tilabal Viaw

1,.'., Design Scherma

NgerCraph

2. Click Backup & Restore.
On the left side of the screen, click Backup & Restore.
3. Specify backup schedule.

Choose the backup frequency you want, and supply the password of your
TigerGraph user.

Schidule Backup
Configurations

IRl CeTe bl 1R R
daily

Buichup fregomncsy
monthly

Pl ! NJA

Feb 22, 2021, 4:00:00 PM
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4. Click UPDATE.

Manual backup

Aside from scheduled backups, you can also make backups manually in Admin
Portal.

@ e |f you want to perform a manual backup when there are already seven copies of
backups, you need to delete an older backup.

e The maximum number of manual backups is six, as the platform always reserves
one spot for scheduled backups.

Below are the procedures to create a backup manually:
1. Go to Admin Portal.
2. Click Backup & Restore.

3. Provide tag and password.

In Backup/Restore, supply a tag for your backup and enter the password of your
TigerGraph user.

Back up/Restone

Canfigurations

4. Click BACK UP.
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Restore a backup

You can use a backup to restore your solution.

Below are the procedures to restore a backup:
1. Go to Admin Portal.
2. Click Back up & Restore.

3. Copy backup tag.

In Manage Backups, find the backup you want to use for the restore and click the
clipboard icon to copy the tag of the backup.

Manage Backups

Backup List

This instance/aiustar

Tag

HMbbEEdSs{Sac08h0e first-2021 0222230349 211KB Fab 22, 2027, 3:03:53 PM

o par pope: &

Delete a backup

Below are the procedures to delete a backup
1. Go to Admin Portal.

2. Click to Backup & Restore
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3. Go to Manage Backups

4. Delete the backup.

In Backup List, find the backup you want to delete and click the delete button in the
Action column.

Manage Backups

Backup List
This instance/alustar
Tag

HibbEBdSa{Sacdahie_first-5001 (1340 211KE
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VPC Peering

TigerGraph Cloud supports VPC Peering connections for AWS and GCP clusters.

e Set up VPC peering connection on AWS
e Set up VPC peering connection on GCP
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Set Up VPC Peering on AWS

This is a guide for setting up a VPC peering connection between your TigerGraph
Cloud VPC and another AWS VPC.

Prerequisites

¢ Unterminated TigerGraph Cloud solutions on AWS

Procedure

1. Initiate VPC peering

Log into the cloud portal, and navigate to the Network tab. Click Initiate VPC
peering.

]
v
V
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In the TigerGraph VPC section, Choose the TigerGraph VPC that you want to initiate

the peering connection from.
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In the Peered VPC section, fill in the information of the VPC that you hope to peer
with:

¢ OwnerID

o The ID of the VPC owner’'s AWS account, ex: 123456789012
® Region

o The region of the VPC you want to peer with, ex: us-west-1
® VPC ID

o The ID of the VPC: vpc-123456789abcdef0l

¢ CIDR

o CIDR-block of the peered VPC, ex: 10.0.0.0/16 . You can also use a IPv6
CIDR here if your peered VPC has one.

2. Accept VPC peering request

After you have completed the first step, a VPC peering connection will be sent to
your VPC. Follow the steps below to accept the peering connection on your AWS
VPC. See more in AWS's documentation on Accept VPC Peering Request 7.

1. Go to “VPC service" — "Peering Connections” in the AWS web console

2. Accept the connection from the TigerGraph VPC

3. Update route table for VPC peering connection

After accepting the peering request, you still need to update your route table for the
peering connection.

To add a route for a VPC peering connection

1. Open the Amazon VPC console at https://console.aws.amazon.com/vpc/ ~.
2. In the navigation pane, choose Route Tables.

3. Select the check box next to the route table that's associated with the subnet in
which your instance resides.
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4. Choose Actions, Edit routes.
5. Choose Add route.

6. For Destination, enter the CIDR block of the TigerGraph VPC you are peering
with. You can find the CIDR block of the TigerGraph VPC at Peering
Connections in the VPC service where you accepted the peering connection.
There is a column "Requester CIDRs".

7. For Target, select the VPC peering connection, and then choose Save changes.
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Set Up VPC Peering on GCP

This is a guide for setting up a VPC peering connection between your TigerGraph
Cloud VPC and another GCP VPC.

Prerequisite

* At least one unterminated TigerGraph Cloud solution on GCP

Procedure

1. Initiate VPC Peering

Log in to the Cloud portal and navigate to the Network tab, click "Initiate VPC

Peering"

— ¥
]
0 2 v
B -
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Network tab

In the TigerGraph VPC section, choose the TigerGraph VPC that you want to initiate

the peering connection from.
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In the Peered VPC section, fill in the information of the VPC that you hope to peer
with:

e VPCID: projects/[projectID]/global/networks/[VPCName] , where
projectID is the ID of your GCP project, and VPCName is the name of the VPC.

2. Create VPC peering connection from peered VPC to
host VPC

After completing Step 1, your TigerGraph VPC will create a peering configuration to
the VPC you hope to peer with. At this time, the peering connection will appear as
Inactive. To complete the peering connection, your still need to create a matching
peering configuration on your peered VPC to the TigerGraph VPC:

1. In the Google Cloud Console, go to the VPC Network Peering page.
Go to VPC Network Peering »

Click Create connection.
Click Continue.
Enter a Name for your peering connection.

Under Your VPC network, select a network you want to peer.

o oA W N

Select the TigerGraph network as the network to peer with.

e Select In another project. You will need to specify the project ID that
includes the network you want to peer with and the name of the VPC
network:

o Project ID: tgcloud-prod

o VPC network name: Name of your TigerGraph Cloud VPC. You can find
it in the TigerGraph Cloud portal - Network tab - VPC Peering page.
Choose GcP as the platform, and in the VPC column is the VPC name.

7. You can leave the other fields as they are (with only Export subnet routes with
public IP selected) unless you need special configurations.

8. Click Create.
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Network

VIPC Peering

Platfarm AWS  Azure  GCP Displayby VPG Solution _ - -VPC name
-

Reglan WP * Soludbon Name

peering-48590c0-e547-4d _  europe-west?

Location of VPC name

Peted VPD

hitps:/fwww googleap

After creating the matching peering configuration, the status of your VPC
connection should change to Active, meaning the two VPCs are peered

successfully.
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Billing

Machine instances and storage are billed hourly, which means that you are charged
for each continuous period of operation, measured in seconds. /nstances incur
charges from when they are started until they are stopped (or terminated). Disk
storage attached to instances and backup storage incur charges from when an
instance is first activated until the instance is terminated. Our billing system will
total the charges at the end of each calendar month, generate an itemized invoice,
and charge your card.

Data transfer costs from the cloud platforms are calculated according to the cloud
platform charge and will be added to your invoice in the following month.

(3 This section only applies to the standard hourly service of TigerGraph Cloud. If you
have a committed long-term contract with TigerGraph, please contact
sales@tigergraph.com ~ for questions.

Pricing Information

View our pricing table 7 for detailed rates for each type of charge.
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Manage Payment Methods

For standard hourly use of TigerGraph Cloud solutions, we currently support
payment through cards. This document offers is a tutorial on how to add or delete a
card and how to set a card as the default payment option.

If you need to use ACH payment, or purchase bulk cloud credits, please contact
sales@tigergraph.com

Add a card

1. Navigate to My Account

On the left-side menu, click My Account.

&Tlgercra
CLO

-_-

N DaEnas Dashboard

‘ My S3lutions Solution Usage ‘
@ My Activities PER STATUS

© My Account D

Monthly Cos

4.5
4.0
35
3.0
2.5

73



5/13/25,2:41 PM 32

2. Click Payment Method

On the My Account page, click Payment Method.

—

COST PAYMENT METHOD

Cost Details @

Tips:click on the row of the list to see more cosl details.

Mame Current State

3. Click Add a new card

In the Payment Method tab, click Add a new card.

PAYMEMNT METHOD

ar Payment € Card Management Ahdd a new card

4. Enter your card information

Enter your card information in the window that pops up, and click Save.

Delete a card
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You can delete a card if there is more than one card associated with the account.

1. Navigate to My Account

On the left-side menu, click My Account.

&Tlgercra
cLO

BY Dashboard Dashboard )

5 My Solutions Solution Usage ‘

(© My Activities PER STATUS

© My Account .

Monthly Cos

4.5
4.0
3.5
3.0
2.5

2. Click Payment Method

On the My Account page, click Payment Method.
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COosT PAYMENT METHQD

Cost Details ©

Tips:click on the row of the list to see more cosl details.

Name Current State

3. Delete the card

Find the card you want to delete in Card Management, and click Delete.

Set card as default

1. Navigate to My Account

On the left-side menu, click My Account.
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&T:gercra
cLO

'-

=8 Dashboard Dashboard

‘ My Sclutions Solution Usage ’
(© My Activities PER STATUS

© My Account .

Monthly Cos
4.5
4.0
3.5
3.0
2.5
2. Click Payment Method
On the My Account page, click Payment Method.
COST PAYMENT METHQD
Cost Details #
Tips:click on the row of the list to see mare cost details.
Name Current State
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3. Click Set as Default

Find the card you want to set as the default card in Card Management, and click
Set as Default.
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Subscriptions

TigerGraph Cloud users can pay for TigerGraph Cloud via marketplace
subscriptions through a cloud provider:

* AWS Marketplace ~: Pay for TigerGraph Cloud via AWS
* Azure Marketplace ~: Pay for TigerGraph Cloud via Azure

* GCP Marketplace #: Pay for TigerGraph Cloud via GCP
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Release Notes

Ti

gerGraph Cloud V3.10 - Sep 2021 Updates

Release Date: Sep 22, 2021

New features

Ti

TigerGraph V3.1.5 is now supported when creating new solutions. Users can
create solutions that include both single server and cluster deployment when
they choose TigerGraph V3.1.5.

VPC Peering. Users can now create a VPC peering connection between their
TigerGraph Cloud VPC and another VPC on all supported cloud providers.

Automatic load balancing for HA clusters. When users provision a cluster with
replicas in TigerGraph Cloud, a load balancer will be automatically attached to
the cluster.

Multi-AZ deployment. When a user provisions an HA cluster, the replicas of the
cluster will automatically be provisioned on different availability zones. This
feature is supported on AWS and GCP.

Free-tier solutions on GCP. We now offer the option to create a free-tier
solution on GCP in addition to AWS.

gerGraph Cloud V3.6 - May 2021 Updates

Release Date: May 17, 2021

New Features

Support TigerGraph V3.1.1 for New Solutions (Single Server)

80



5/13/25,2:41 PM 32

TigerGraph Cloud V3.5 - March 2021
Updates

Release Date: March 17, 2021

New Features

° Support GCP (Google Cloud Platform) as one of the Cloud Platforms

TigerGraph Cloud V3.4 - March 2021
Updates

Release Date: March 9, 2021

New Features

° Add Azure Central India and South India Regions to Cloud Platforms

TigerGraph Cloud V3.3 - Feb 2021 Updates

Release Date: February 17, 2021

New Features

» [ Add Cloud Portal Self Guided Tour

° Support Minimum Disk Size Check During New Solution Provisioning Process
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TigerGraph Cloud V3.2 - Dec 2020 Updates

Release Date: December 16, 2020

New Features

* @ Pricing Change
o Instance Pricing Change
o Backup Pricing Change
o Replica Pricing Change
o New Data Transfer Cost (First 50GB free for 2 hour+ uptime per month )
° Support TigerGraph V3.0.6 for New Solutions
° Support TigerGraph v2.6.4 for New Solutions
° Support replication factor of 3 for TigerGraph V3.0.6 clusters
° New TigerGraph Cloud Instance Type TG.C4.M16 available from AWS
* SOC2 Type 2 report available to request
o 5 New TigerGraph Starter Kits
o Graph Convolutional Networks (V3.0.6)

(¢]

Healthcare Graph (Drug Interaction/FAERS) (V3.0.6)

(¢]

Social Network Analysis (V2.6.4 and V3.0.6)

(¢]

Enterprise Knowledge Graph (Corporate Data) (V2.6.4 and V3.0.6)

(¢]

Enterprise Knowledge Graph (Crunchbase) (V2.6.4 and V3.0.6)

TigerGraph Cloud V3.1 - September 2020
Updates

82



5/13/25,2:41 PM 32

Release Date: September 29, 2020

Patch

° Patch TigerGraph V3.0.5 with GSQL Bug Fixes for New Solutions

TigerGraph Cloud V3.0 - September 2020
Updates

Release Date: September 17, 2020

New Features

° Support TigerGraph V3.0.5 for New Solutions
° Support TigerGraph v2.6.3 for New Solutions

° Allow Users to choose v2.6.3 or V3.0.5 at New Solution Provisioning

TigerGraph Cloud V2.2 - July 2020 Updates

Release Date: July 10, 2020

New Features

° Support Microsoft Azure as one of the Cloud Platforms

TigerGraph Cloud V2.1 - April 2020 Updates

Release Date: April 27, 2020
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New Features

° Advanced Developer Tool: GSQL Web Shell for Non-Free Tiers

° TigerGraph Database Version Upgrades to TigerGraph 2.6 For New Instances

° Starter Kit Categorization at Solution Provisioning
° 6 New TigerGraph Starter Kits
o COVID-19 Starter Kit
o In-Database Machine Learning Recommendation
o Low-Rank Approximation Machine Learning
o Graph Algorithms
= Shortest Path
= Centrality

= Community Detection

TigerGraph Cloud V2.0

Release Date: January 08, 2020

New Features

° New product name: "TigerGraph Distributed Cloud"

e @ New URL: tgcloud.io

° Option to provision a TigerGraph Distributed Cluster

° Option to provision a Highly Available TigerGraph Cluster
° Added Steps in Cloud Portal Provision Workflow

° New TigerGraph Starter Kits

TigerGraph Cloud V1.0
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Release Date: September 25, 2019

Deprecation Date: March 31, 2020 (See https://docs.tigergraph.com/tigergraph-
cloud/tigergraph-cloud-v1-to-tigergraph-distributed-cloud-fags »)

New Features

° Single Server Enterprise Edition

° Self-service Signup and Registration at tgcloud.us

° Free Credits for 1st Time Sign Up

» @ Available in 8 Tiers of Instances (Free Tier Included) and 6 Global Regions
° Flexible Billing and Pay As You Go Pricing

° Secure and Isolated Network (VPC) for Each TigerGraph Cloud Account

° Fast Data Loading through S3 and Local Files

° 13 TigerGraph Starter Kits with Sample Datasets and Queries

° Start/Stop/Terminate TigerGraph Solutions On Demand through Cloud Portal

° Built-in Backup and Restore through TigerGraph Admin Portal
° Rich Metrics from System Monitoring Panel on Cloud Portal

° Convenient Application Development Through RESTful Endpoints
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FAQs

Feedback for TigerGraph Cloud is welcome at tgcloud-feedback@tigergraph.com

Top FAQs

Q: How does TigerGraph Cloud compare with other DBaaS
offerings?

A: TigerGraph Cloud gets you up and running with the fastest and best price-
performance graph platform in just minutes. TigerGraph's native parallel graph and
deep link analytics give you both speed and scale, even on the most complex tasks.
The GraphStudio visual design interface enables everyone on your team to be a
guru in graph. And our starter kits for popular use cases mean you can have an
example graph application working in minutes. Since it requires far fewer machines
to achieve high performance, TigerGraph's price performance sets a new bar for
the graph database industry.

Q: How do I migrate to the new December 2020 pricing to lower
my bill?

A: New December 2020 pricing applies to new paid tier solutions provisioned after
December 16th 2020. You can keep the old pricing if you keep your paid tier
instances provisioned before December 16th, 2020 and keep its state (running or
stopped). If you want to take advantage of the new pricing to lower your cost, you
can migrate your workload to a newly provisioned instance, or simply start and stop
the old instance. Note that TigerGraph Cloud accounts with valid credit cards are
eligible for the paid tier migration. Please submit a support ticket for migration
assistance.

Q: Are there Free Tier Instances or Free Credits for the System?

A: Yes, in both instances.
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Free Credits: A $25 credit will be automatically granted to each new registered
account. The free credits is valid for 30 days after initial use.

Free Tier Instance: When you select an instance type, you will see that one
instance type is designated as the Free Tier. For each registered account, you may
provision one solution from the Free Tier. Free Tier instances do not include backup
and do not include support.

If no user activity is detected for more than one hour, TigerGraph may automatically
stop a Free Tier instance. Users can manually restart the free tier instances from
their cloud portal. After 7 days of inactivity, TigerGraph may terminate the inactive
free tier instances. For additional information, see TigerGraph Cloud Terms ~.

Tip: If you need to save your work from a Free Tier instance, export the solution
(which saves your graph and queries) and write queries which print all your data to
files.

Q: | cannot start my free tier instances. Why is there a capacity
error in "My Activities"?

A: Known Capacity Issues: Free Tier instances are provisioned on a common
instance type in a data center region of the cloud provider (AWS). During the surge
cloud usage period, such as the current global lockdown due to COVID-19, cloud
providers across the globe are experiencing capacity issues.

It is possible that when you provision a free tier instance, it will not provision
successfully on the first try because of the peak usage in a certain region in the
backend cloud platform (AWS). Please be patient and try to provision in another
region, or at a later time when there is enough capacity in the region. For any
stopped free tier instances, when you restart the solution, it is possible that your
solution cannot restart with a machine because of the capacity issue from the cloud
provider. In this case, try to restart the solution at a later time when there are more
machines available in the region of the cloud provider (AWS). In both scenarios, you
can look at the log in "My Activities" and the capacity issue is logged. Submit a
support ticket if the capacity issue persists.
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To reserve an instance for guaranteed capacity, please submit a support ticket and
contact sales@tigergraph.com = to arrange a long term contract for reserved
TigerGraph instances.

Q: In what cloud platforms and regions does TigerGraph operate?

A: TigerGraph Cloud offers three cloud platform options: AWS, Azure and GCP. In
AWS, supported regions are: US-West-1 (N.Cal), US-East-1 (N. Virginia), EU-West-
1(Ireland), EU-West-2(UK), EU-Central-1(Germany) and AP-Northeast-1(Japan). In
Azure, supported regions are: West US (California, US West), West Europe
(Amsterdam, Netherlands), Central India (Pune, India), South India (Chennai, India).
In GCP, supported regions are: Europe-West-2 (London, UK), US-West-1 (oregon,
us).

More regions and platforms will be added soon.
Q: Can | choose different versions of TigerGraph on TigerGraph Cloud?

A: Yes. When you create a solution, you can choose the database version you
would like to use.

Q: Does TigerGraph Cloud support distributed databases?

A: Yes. In the latest version of TigerGraph Cloud, you can provision a highly
available TigerGraph cluster by entering 2 or 3 for the replication factor during the
provisioning process. Replication factor of 2 and 3 are supported for TigerGraph
V3.0+. For TigerGraph V2.6, only replication factor of 2 is supported. The
configuration is active-active, meaning that all copies of the data are available to
answer queries.

NOTE: HA systems must have a minimum of 3 instances. This means that the
smallest supported cluster configuration for a replicated system for TigerGraph
V3.0+ is one-way partitioning X three-way replication = three instances. In
comparison, the smallest supported cluster configuration for a replicated system
for TigerGraph V2.6 is two-way partitioning X two-way replication = four instances.
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Q: What type of server should | use for my data size and
workload?

A: Please see the section on pricing on our website at www.tigergraph.com/cloud/
7. For further assistance, contact TigerGraph at sales@tigergraph.com

Q: What kind of services do | get?

A: TigerGraph Cloud includes automatic scheduled backup, built-in encryption and
other security features, patching, replication and distributed database option. In
addition, you can now provision a distributed database as well as a replica cluster
for high availability. As a cloud service, many of the administrative and operational
tasks - for monitoring, restoring, upgrading, for example - are just a click away. In
addition to operations and management for your TigerGraph databases, TigerGraph
Cloud also offers Starter Kits to provide instant experience to various graph
analytics use cases. The list of Starter Kits can be found here:
https://www.tigergraph.com/starterkits/ 7

Q: Is there a quota for the nhumber of solutions | can provisionin a
single account?

A: Yes. For basic accounts with credit card billing, there is a limit of 160 vCPUs and
20 instances. A solution is one logical database, which may include several
instances due to a distribution database configuration and replication. For accounts
running exclusively on Free Credit and that have not yet entered a valid credit card,
there is a limit of 16 vCPUs and two solutions. For each registered account (with or
without a valid credit card), you may only provision one solution from the Free Tier.
To allow more vCPUs and solutions, please contact TigerGraph at
sales@tigergraph.com 7.

Total number of instances in a cluster = replication factor x partitioning factor

Account With a Valid Account Without a Valid
Credit Card Credit Card
Free Tier Solution Quota 1 1

89


https://www.tigergraph.com/cloud/
https://www.tigergraph.com/cloud/
https://www.tigergraph.com/cloud/
mailto:sales@tigergraph.com
mailto:sales@tigergraph.com
https://www.tigergraph.com/starterkits/
https://www.tigergraph.com/starterkits/
mailto:sales@tigergraph.com
mailto:sales@tigergraph.com

5/13/25,2:41 PM 32

Total Instance Quota 20 2
Total vCPU Quota 160 16

1 (that is, distributed data is

Cluster Size Limit 10 instances
not enabled)

Replication Factor Limit 2 1 (that is, HA is not enabled)
N/A

Request Quota/Limit Yes, Please contact Please upgrade your

Increase sales@tigergraph.com 7. account by entering a valid
credit card.

Q: Can | run queries directly after sample starter kits are
provisioned?

A: Data must be loaded and queries must be installed first. Please perform the
following steps after the solution is provisioned:

1. Connect to GraphStudio through “Open Solution Via Domain” from the cloud
portal.

2. On the Load Data tab, click the Load button to load the sample dataset.

3. On the Write Query tab, click the Install button to install the sample queries.

Now you can run queries on the starter kit's sample data. Please visit
tigergraph.com/starterkits 7 to watch the overview video for each starter kit.

Q: How can | monitor my TigerGraph Cloud service?

A: TigerGraph Cloud is instance-based and offers an administrator portal to monitor
the performance and health of each machine instance.

Q: Is TigerGraph Cloud cloud-agnostic?
A: TigerGraph Cloud will provide teams with the flexibility to use the cloud vendor

of their choice, so there will be no vendor lock-in. For the current version,
TigerGraph Cloud offers instances on AWS, Azure and GCP platforms. If you
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require immediate assistance to manage TigerGraph on another cloud provider,
please contact sales@tigergraph.com 7.

Q: Is the support for TigerGraph Cloud the same as the support for
TigerGraph Enterprise?

A: Yes, TigerGraph supports TigerGraph cloud users using paid tiers. See the
Support Policy terms at https://www.tigergraph.com/support-policy/ ». For free tier
instances, support is not included; therefore, support tickets for free tier solutions
are answered when support staff bandwidths allows. See Section 1.4 in
https://www.tigergraph.com/tigergraph-cloud-subscription-terms/ »#. Additional
developer resources for free tier users: join TigerGraph developer community at
https://community.tigergraph.com 2.

Q: What is the user interface for the TigerGraph Cloud instance?

A: The TigerGraph GraphStudio™ Ul (User Interface) 7 provides an intuitive,
browser-based interface that helps users get started quickly with graph-based
application development tasks: designing a graph schema, creating a schema
mapping, loading data, exploring the graph, and writing GSQL queries.

In addition, for TigerGraph paid tier solutions, users can use GSQL Web Shell to
write GSQL Commands in an interactive command line shell. Users can access
GSQL Web Shell through the solution panel from their Cloud Portal. This GSQL Web
Shell opens up more data loading options such as S3 Loader (parquet format) and
Kafka Loader.

Q: What graph query language does TigerGraph support?

A: TigerGraph uses GSQL, the query language designed for fast and scalable graph
operations and analytics. GSQL's similarity to SQL, high-level syntax, Turing
completeness, and built-in parallelism brings faster performance, faster
development and the ability to describe any algorithm.

You can start learning GSQL from our tutorial GSQL 101. We also support a RESTful
APl and JSON output for easy integration with application languages like Python,
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Java, and C++.

Start learning GSQL and become a TigerGraph Certified Associate today:
www.tigergraph.com/certification/ ~

Q: Can | have multiple graphs in one TigerGraph Cloud instance?

A: Yes. If you use V3.0.5+ in TigerGraph Cloud, MultiGraph is supported through
GraphStudio. Please refer to https://docs.tigergraph.com/ui/graphstudio/design-
schema 7 for the new MultiGraph Support through GraphStudio starting TigerGraph
V3.0.

Q: What methods do you support for importing data?

A: We support AWS S3 import and local file upload through GraphStudio. Spark
loading is available through our open source JDBC Driver. See
https://github.com/tigergraph/ecosys/tree/master/etl ~

In addition, for TigerGraph paid tier solutions, users can use GSQL Web Shell to
write GSQL Commands in an interactive command line shell. This GSQL Web Shell
opens up more data loading options such as S3 Loader (parquet format), Kafka
Loader and other complex loading jobs. Users can access GSQL Web Shell through
the solution panel from their Cloud Portal.

For complex loading jobs through GSQL Web Shell for paid tier solutions, please
submit a support ticket from your cloud portal for more information.

Q: If  don't enter a valid credit card in the account and use the
initial $25 free credit, will the data in the provisioned solutions be
deleted if | stop the solutions?

A: As long as there is remaining free credits in your account, the data of your
solutions will be preserved by the provisioned disk after you stop the solutions even
if you don't have a credit card in your account. The data will be available and
accessible after you restart the solutions. The free credits is valid for 30 days after
initial use. Your solutions will be deleted automatically if the following scenario is
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detected: there is no remaining valid free credits and there is no valid credit card in
your account.

To use "backup and restore” functionality, you need to enter a valid credit card in
your account and choose non free tier instances. The non free tier solutions
provisioned after the credit card is entered have backup and restore functionality
through TigerGraph's Admin Portal. Note that any solutions provisioned before
entering the credit card will not be upgraded with the backup and restore
functionality.

If you choose to terminate the instance, your solutions and the data will not be
preserved. Please see "Provisioning, Backup and Restore" section for detailed
explanation on the difference between stopping and terminating a solution.

Q: I can't find my registration activation email after registering for
the first time. Where can | find it?

A: Please check your SPAM folder. The activation email could be sent to your SPAM
folder. If you can't find it in SPAM folder, and does not receive verification email in
your mailbox after resending the verification email, please contact
support@tigergraph.com » so that we can assist you with manual email verification
process.

Q: How do | develop a customized application on top of TigerGraph Cloud?

A: Please see Graph Gurus episode 24 », where we presented "How to Build
Innovative Applications with a Native Graph Database".

Q: Can | upgrade from V2.6.x, V3.0.5, V3.0.6 to V3.1.1?

A: For free tier solutions, the upgrade is not supported unless you are migrating to
paid tier solutions. If you want to change the database version in your free tier, you
can terminate the existing free tier solution, and create a new free tier with the new
version. In each TigerGraph Cloud account, you can have one free tier. If you want
to migrate to paid tier solutions, please send a support ticket through your cloud
portal.
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For paid tier solutions, please submit a support ticket for upgrade assistance.
Downtime is expected during this upgrade. It is recommended to create a new
blank V3.1.1 solution, import your data and copy the GSQL queries to test and
experiment before upgrading your production instance from V2.6.x, V3.0.5, V3.0.6
to V3.1.1.

Pricing
See www.tigergragraph.com/cloud 7 for pricing information.

Q: How do | migrate to the new December 2020 pricing to lower
my bill?

A: New December 2020 pricing applies to new paid tier solutions provisioned after
December 16th 2020. You can keep the old pricing if you keep your paid tier
instances provisioned before December 16th, 2020 and keep its state (running or
stopped). If you want to take advantage of the new pricing to lower your cost, you
can migrate your workload to a newly provisioned instance, or simply start and stop
the old instance. Note that TigerGraph Cloud accounts with valid credit cards are
eligible for the paid tier migration. Please submit a support ticket for migration
assistance.

Q: Do you offer a discount for annual contracts/commitments?

A: Yes, there is a discount for contracting with TigerGraph for a one-year term.
Please contact sales@tigergraph.com = to request your discount.

Q: Can | purchase TigerGraph Cloud Credits?

A: Yes. You can purchase cloud credits applied to TigerGraph Cloud usage. Please
refer to https://www.tigergraph.com/cloud-credits/

Q: If | delete my instance before the end of the month, what will |
have to pay?
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A: If you are subscribed to our standard hourly service, you will be charged only for
your hours of use, as described above.

Q: If | add an instance mid-month, when do | start paying for it?

A: We bill you and charge your credit card at the end of each calendar month.

Q: If | have a billing problem that | can’t solve online, how do |
contact you?

A: You can either open a support ticket from the cloud portal by clicking “Support”

on the menu at the left of the page, or you can send an email to
billing@tigergraph.com 7.

Q: What happens if my monthly costs exceed the credit limit on
my credit card?

A: If this happens you can contact sales@tigergraph.com » and we will provide you
with other payment options.

Q: Where canl find TigerGraph's terms and conditions for its
products and services?

A: You can find our terms and conditions here: www.tigergraph.com/terms 7.

Q: How is TigerGraph Cloud priced for development, test, or QA
environments?

A: With TigerGraph Cloud, you only pay for what you use. For long term contracts,
please contact sales@tigergraph.com 7.

Sizing and Scaling
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Q: How do | determine the instance needed for my workload?

TigerGraph Distributed Cloud offers eight different instances in AWS platform,
ranging from 4 vCPUs with 7.5 GiB RAM, to 96 vCPUs with 768 GiB RAM. In Azure,
TigerGraph Distributed Cloud offers seven different instances, ranging from 4
vCPUs with 16 GiB RAM, to 96 vCPUs with 672 GiB RAM. In GCP, TigerGraph
Distributed Cloud offers seven different instances, ranging from 4 vCPUs with 16
GiB RAM, to 80 vCPUs with 640 GiB RAM. Larger graphs require more RAM. Higher
performance calls for both more CPUs and more RAM.

Our pricing table 7 gives initial recommendations for which instance to start with, if
you know how much data you will be loading into the graph. We call the input data
your "raw data". TigerGraph reorganizes your data into a graph, encoding and
compressing it. We have assumed that your stored graph will be about 70% of the
size of your raw data. This is a conservative estimate; it's often smaller.

You also need RAM for your graph querying and computation. Workloads vary
considerably. In the pricing table, we recommend that your total RAM be about 1.5
times the maximum amount of raw data you think you will load.

If you see you need more space or more compute power, then just scale up.

Please submit a support ticket from TigerGraph Cloud Portal or contact
support@tigergraph.com =z for more help.

Q: How do | expand the disk size?

Please submit a support ticket from TigerGraph Cloud Portal or contact
support@tigergraph.com = for more help.

Q: Can | migrate my database to a larger (or smaller) instance?
A: Contact TigerGraph Cloud Support for migrating between different instance

types. Instance migration is not yet supported through one-click operation,
however, migration can be achieved by using backup and restore for some cases.
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Q: Can | deploy a distributed TigerGraph database across a cluster
of instances?

A: Yes, you can provision a distributed database in TigerGraph Cloud. Simply
provide the partition number and replication number you would like to have. Please
see High Availability and Replication » Section below.

Hardware

Q: What type of disks are attached to the provisioned TigerGraph
Instances?

A: A Root Disk (EBS based) is attached to TigerGraph Instances.

Q: What does the provisioned disk include, and how should |
approach disk sizing?

A: If you choose AWS as the backend, TigerGraph Cloud provisions persistent EBS
volume as the disk attached to the EC2 machines to hold installation files and data
files. The disk holds the following: OS installation, TigerGraph database installation,
TigerGraph Graph storage, other data files uploaded to the instance, and any
output files generated by querying the database, in addition to system logs
generated during the process. Hence, when you consider the size of the disk,
please consider the size of the data for all the above installations and files.

Q: What browsers are supported?

A: TigerGraph Cloud has been designed and tested for Chrome. Other browsers
may not yet be fully supported.

Provisioning, Backup and Restore
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Q: What is a Solution?

A: A TigerGraph Solution is a graph database image which can be deployed on a
virtual machine instance. Most solutions also come with a starter kit, a sample
graph schema, sample data, and sample queries for a common use case, such as
Recommendation Engine, Anti-Fraud, and Healthcare Analytics. In a newly
provisioned solution, the data files are ready to be loaded, and the queries are
ready to be installed.

Q: Is there a warm-up period for TigerGraph instances and
solutions?

A: When you provision or restart a solution, there will be a warm-up period for the
machine instances and the disk attached to the instances. The larger the data size
and the greater the number of instances, the longer the warm-up period will be.

Q: What is the difference between stopping and terminating a
solution?

A: When you stop a solution, you shut down the virtual machine instance. The
TigerGraph database is frozen in its current state. Billing for that machine instance
also stops. Scheduled backups also stop, but the backup copies are kept in EFS in
AWS, Azure Files in Azure, and GCP Filestores in GCP. You will still incur charges
for disk storage and backups when a solution is stopped. You can start the solution
again. After a warm up period, the solution will return to its previous state.

When you terminate a solution, you will deprovision the virtual machine and the
attached disk space. The solution is deleted according to the cloud platforms
policies and cannot be recovered. A backup file, however, can be used to restore to
a new solution within 15 days.

Q: Do you offer backup in TigerGraph Cloud?

A: Yes. In GraphStudio, go to Admin Portal > Backup and Restore.

98



5/13/25,2:41 PM 32

Q: What backup options are available?

A: TigerGraph Cloud offers full backups on a scheduled or on-demand basis. By
default, backup is turned on when instances are running and will be done daily.
There are four options you can choose from: backup daily, weekly, monthly, and ad
hoc. In current version, the retention policy is to retain up to seven backups.
Therefore, if you choose to backup daily; the retention of backup is for a week; if
you choose to backup weekly, the retention of backup is for seven weeks; if you
choose to backup monthly, the retention of backup is for seven months. if you want
to perform an ad hoc manual backup when there are already seven copies of
backups, you need to delete an older version of backup in order to save the most
recent ad hoc copy. The maximum number of manual backups is six, as the
platform always reserves one spot for scheduled backup. When a solution is
stopped, backup in EFS, Azure Files and GCP Filestores will be charged for the time
you have the solutions. Please see pricing for backup cost while your instance is
stopped.

For a longer retention policy, more options will be coming soon.
Q: Can I restore from a backup from another solution in my account?

A: Only single server solutions can be restored from the backup of another solution
in the same account within the same cloud platform. Distributed and replicated
cluster cannot be restored from the backup of another cluster in the same account.

Q: What password do | use for backup and restore?

A: To perform an ad hoc backup, use the password of the tigergraph user of your
solution. To restore from a previous backup, use the same password that was used
to create the backup. This rule applies to restoring from a different solution in your
account. All the backups of different solutions in your account can be found
through the Admin Portal.

Q: What happens to my automated backups if | terminate my
solution?
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A: We will keep the latest backup for 15 days and then delete. Within that 15 days,
you may use your backup to restore into another similar solution if it is a single
server solution. To restore a cluster within 15 days, please submit a support ticket
through the cloud portal.

Q: How soon can | restore from a backup that | just made?

A: After you perform a backup, you should wait at least 15 minutes.

Q: How can | delete my TigerGraph Cloud account?

A: Please submit a support ticket through the cloud portal.

High Availability and Replication

Q: What kind of replicas does TigerGraph Cloud support?

A: TigerGraph Distributed Cloud offers active-active replication, for increased
availability and automatic failover.

A TigerGraph system with HA is a cluster of server machines which uses replication
to provide continuous service when one or more servers are not available or when
some service components fail. TigerGraph HA service provides loading balancing
when all components are operational, as well as automatic failover in the event of a
service disruption.

Q: What is the replication factor?

A: Replication factor means how many copies of data are stored, each on a
separate machine. The default HA configuration has a replication factor of two,
meaning that a fully-functioning system maintains two copies of the data, stored on
separate machines. TigerGraph Distributed Cloud currently supports your choice of
replication factor of one (only one copy of the data, not recommended for critical
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systems), two. or three if you choose TigerGraph v3.0.6+. If you choose TigerGraph
v2.6.x, only replication factor of one or two are supported.

Limitation for TigerGraph v2.6.x: In TigerGraph Distributed Cloud, if replication is
used, the total number of instances must be at least 3. For TigerGraph v2.6.x, If
replication factor is 2, then the partition factor must be at least 2, for a total of 2x2
= 4 instances. For TigerGraph v3.0.6+, the configuration for a cluster with 1
partition and 3 replicas is supported.

Q: What is the partition factor?

A: Partition factor means the number of parts or components your graph data is
split into, which also equals the number of instances that collectively store one
copy of the full graph. For example, if you select a partition factor of 3, each
instance will hold approximately 1/3 of your data. Please read
https://docs.tigergraph.com/admin/admin-guide/installation-and-configuration/ha-
cluster#examples ~ for additional details about partitions and replications.

Q: How long do I need to wait for the cluster to be ready after
provisioning process starts?

A: It currently takes about 4 minutes to provision a single instance. If you configure
a 2x2 replicated and distributed graph database, it will take about 15 minutes.

Network, Security and User Management

Q: Canl use TigerGraph in Amazon Virtual Private Cloud (Amazon
VPC)?

A: By default, you will be given your own VPC(s) for your TigerGraph Cloud account
resources in AWS and GCP, and your own Azure Virtual Networks for your
TigerGraph Cloud account resources in Azure. Your instances are separated from
other accounts by different VPCs or Virtual Networks. Within your own account,
you have different VPCs or Virtual Networks for different regions.

101


https://docs.tigergraph.com/admin/admin-guide/installation-and-configuration/ha-cluster#examples
https://docs.tigergraph.com/admin/admin-guide/installation-and-configuration/ha-cluster#examples
https://docs.tigergraph.com/admin/admin-guide/installation-and-configuration/ha-cluster#examples

5/13/25,2:41 PM 32

Q: Does TigerGraph Cloud support encrypting my data in transit
and at rest?

A: Yes, TigerGraph Cloud encrypts all data in transit and at rest.

Q: Am | sharing data storage with other customers? Is TigerGraph
a multi-tenant solution?

A: You are not sharing storage with other customers. Each TigerGraph solution is
provisioned as one or more virtual machine instances of the TigerGraph engine,
used only for your account, and provisioned with its own disk space. No two
accounts are sharing the same TigerGraph database.

Q: How do | log in to the GraphStudio Ul of my solution for the first
time?

A: You provide the initial password through provisioning steps in your cloud portal.
Hence, remember the initial password you provided to your tigergraph user. To log
in to GraphStudio for the first time, use tigergraph/<initial password>.

Q: How do | change the password to my solutions?

A: You provide the initial password through provisioning steps in your cloud portal.
Hence, remember the initial password you provided to your tigergraph user. To
change the password, you need to log in to GraphStudio using tigergraph/<initial
password>, then go to Admin Portal. The ability to change passwords is provided
through administrator portal. You can access this page by GraphStudio > Admin
Portal > User Management.

Q: Can | create multiple users with different roles to access TigerGraph
solutions?

A: If you choose V3.0.5+, the default tigergraph user with superuser role can create

other users with different roles through GraphStudio > Admin Portal > User
Management for each solution. Please read the following documentation for more

102



5/13/25,2:41 PM 32

steps and information: https://docs.tigergraph.com/ui/admin-portal/user-
management ~

Additional information on Role Based Access Control can be found here:
https://docs.tigergraph.com/ui/graphstudio/user-access-management

Q: How do | access my TigerGraph Cloud account (e.g., username
and password)?

A: When you register your account, you will select a username and password. You
can then log in anytime at www.tgcloud.io #. You will also be given a URL, using a
subdomain name that you select.

Q: How do | access my TigerGraph database and POST to
TigerGraph?

A: You can access the database through TigerGraph's GraphStudio visual interface
and through RESTful endpoints. Use RESTful endpoints to POST to TigerGraph
solutions and develop applications. Please refer to the RESTful API User Guide 2. To
find the RESTful endpoints for queries created in GraphStudio, please read “Show
Query Endpoint »2". There is also a recorded webinar which demos the process in
details: https://info.tigergraph.com/graph-gurus-24 »

Here is the step-by-step instructions:

TigerGraph cloud enables REST++ Authentication » to securely connect TigerGraph
Cloud solutions with your application through port 9000.

Step 1: [One time] Navigate to the TigerGraph solution's Admin Portal, and
generate a secret from User Management.

For example, the URL for the solution is:
https://SOLUTIONID.i.tgcloud.io:14240/admin/#/user-management

and the generated secret is abcd1234 from Admin Portal.
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Step 2: [Need to renew every lifetime] Use the secret generated in step 1to get a
RESTPP token (for example, xyz789) using curl command. Note that the port is
9000.

Here is an example where you obtain a token with a lifetime of 1,000,000 seconds
(11 days):

curl -X GET 'https://SOLUTIONID.i.tgcloud.io:9000/requesttoken secret=abc

"code":"REST-0000",

"expiration":1570727825,

"error":false,

"message":"Generate new token successfully.",
"token":"xyz789"

Step 3: Now in your application, use the token in the REST call, for example:

curl -X GET -H "Authorization: Bearer xyz789" 'https://SOLUTIONID.i.tgclo

Q: Do free tier instances expose RESTful endpoints?

A: Yes. Free tier instances expose RESTful endpoints through port 9000 to allow
access to TigerGraph database, similar to non free tier instances.

Q: Does TigerGraph Cloud offer Role Based Access Control?

A: TigerGraph's role-based access control with MultiGraph and User Management
is available if you use TigerGraph V3.0.5+.

Q: What happens to my data if | terminate an instance or if my
account is closed?

A: When you terminate an instance in TigerGraph Distributed Cloud, the virtual
machine instance and its associated storage volume are deleted according to the
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policies of the underlying cloud infrastructure vendor.

Q: How does TigerGraph Cloud secure my data?

A: TigerGraph Cloud encrypts data at rest and in transit, and SSL is enabled for
secure access.

Q: Can | integrate TigerGraph Cloud into my single signh on
system?

A: The ability to use cloud portal to integrate TigerGraph Cloud into an SSO system
will be provided at a future date. If you are using a paid tier instance, please submit
a support ticket to request advanced service to integrate into an SSO system
TigerGraph supports. Please see https://docs.tigergraph.com/admin/admin-

guide/user-access-management/single-sign-on »

https://docs.tigergraph.com/ui/admin-portal/management/security/sso 7

Logs

Q: Does TigerGraph Cloud provide logs?

A: Access to TigerGraph system and component logs is coming soon via the
TigerGraph Cloud portal and administrator portal for provisioned TigerGraph
instances.

Upgrade

Q: Can | upgrade from V2.6.x, V3.0.5, V3.0.6 to V3.1.1?

A: For free tier solutions, the upgrade is not supported unless you are migrating to
paid tier solutions. If you want to change the database version in your free tier, you
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can terminate the existing free tier solution, and create a new free tier with the new
version. In each TigerGraph Cloud account, you can have one free tier. If you want
to migrate to paid tier solutions, please send a support ticket through your cloud
portal.

For paid tier solutions, please submit a support ticket for upgrade assistance.
Downtime is expected during this upgrade. It is recommended to create a new
blank V3.1.1 solution, import your data and copy the GSQL queries to test and
experiment before upgrading your production instance from V2.6.x, V3.0.5, V3.0.6
to V3.1.1.

TigerGraph Cloud Support

Q: How do | submit a support ticket?

A: In your cloud portal, on the top bar, you can submit the support ticket by clicking
on m This will generate a support ticket in TigerGraph's freshdesk support

system. You can track the ticket status in freshdesk.

Q: How do | submit a support ticket if | cannot access the Cloud
Portal?

At If in rare cases, you cannot submit TigerGraph Cloud support tickets through the
cloud portal for your account, you can also submit the support request by email to
support@tigergraph.com 7 directly. This action will automatically generates a new
freshdesk support ticket and you can track the support ticket in freshdesk portal.
Please remember to use the email account associated with your TigerGraph Cloud
account to submit the support email to support@tigergraph.com 7 so that
TigerGraph Cloud Support can verify your account.

Performance
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Q: Is TigerGraph built on a NoSQL database or a relational
database?

A: TigerGraph is a native parallel graph database built on C++. It is not built on a
NoSQL database or relational database.

Q: How can | monitor the speed or throughput of queries and data
loading?

A: The GraphStudio visual design tool provides several monitors. The Load Data ~
page includes a real time monitor and statistics. Query performance and many
other measures are available on the administrator portal .

Q: How can | improve the speed of my system?

A: Due to TigerGraph's massively parallel and hybrid in-memory database design,
an instance with more vCPUs and more memory will usually run faster. For a given
hardware configuration, performance can be improved by optimizing graph
schema, loading jobs, and queries. In TigerGraph Distributed Cloud, you can also
choose to provision a cluster with replication factor 2 to increase throughput.
Contact sales@tigergraph.com 7 to discuss for query optimization services.

Q: What third-party software is used in TigerGraph Cloud?
A: A list of third-party software used in the TigerGraph engine and TigerGraph

Cloud is available at https://docs.tigergraph.com/legal/patents-and-third-party-
software.
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Support

TigerGraph provides support for TigerGraph Cloud for customers with non-free-tier
solutions. For more information on TigerGraph's support policy, visit our support

policy page ~.

Submit a support ticket

You can submit a support ticket in the TigerGraph Cloud portal or by email.

1. Submit a support ticket

Click on the support icon , and fill out the form that pops up with information
relevant to your issue. If you cannot access the TigerGraph Cloud portal, you can
also email support@tigergraph.com to submit your support ticket. Either approach
will automatically generate a support ticket in TigerGraph's FreshDesk support
system 7, and you will receive an email with the link to your ticket.

(@) Please remember to use the email account associated with your TigerGraph Cloud
account to submit the support email to support@tigergraph.com 7 so that TigerGraph
Cloud Support can verify your account.

® ® 4 6

CURRENT BALANCE (O UNUSED CREDITS
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2. Setup your FreshDesk account (first ticket
submission only)

® If you already have a FreshDesk account with TigerGraph, you can skip this step.

When you submit a support ticket through TigerGraph Cloud or through email, and
you don't already have a FreshDesk account with TigerGraph, an account will be
created for you automatically. An account setup email titled Welcome to
TigerGraph Support will be sent to you at the email address associated with your
TigerGraph Cloud account, and you can follow the instructions in the email to set
up your account.

This setup email might arrive a few minutes later than the email containing the link
to your ticket.

3. Follow up on your ticket

If you have a paid subscription with TigerGraph, a support representative will be
reviewing your request and will send you a personal response (usually within 24
hours). You can follow up on your ticket either by replying to the email thread or in
FreshDesk.
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Amazon Web Services (AWS)

Regions

e US-West-1(N.Cal)

e US-East-1(N. Virginia)
* EU-West-1 (Ireland)

e EU-West-2 (UK)

e EU-Central-1 (Germany)
* AP-Northeast-1 (Japan)

Instance types

The table below shows the instance types available on AWS.

Instance name vCPU RAM (GiB) Price per hour
TG.Free 4 7.5 0

TG.C4.M16 4 16 $1.20
TG.C8.M15 8 15 $1.80
TG.C8.M32 8 32 $2.20
TG.C16.M64 16 64 $4.10
TG.C16.M122 16 122 $7.00
TG.C32.M244 32 244 $12.00
TG.C64.M488 64 488 $21.00
TG.C96.M768 96 768 $30.00
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Disk storage

On AWS, disk storage refers to the EBS volume 7 attached to your TigerGraph
Cloud instance. By default, data in disk storage is encrypted-at-rest with platform-
managed keys.

Disk Storage is $0.15 /GB/month, equivalent to $0.0002083 /GB/hour

Backup storage

Solution backups on AWS are stored on Amazon Elastic File System » (EFS) and
automatically encrypted at rest with platform-managed keys. When a solution is
provisioned, backup storage is part of the running cost of the solution and only
stops incurring charges when the solution is terminated.

Backup Storage is $1.25 /GB/month = $0.001736 /GB/hour.
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Microsoft Azure

Regions

West US

West Europe

* Central India
* South India

Instance types
Instance name vCPU RAM (GiB) Price per hour
TG.C8.M16 8 16 $1.80
TG.C8.M32 8 32 $2.20
TG.C16.M64 16 64 $4.10
TG.C16.M128 16 128 $7.00
TG.C32.M256 32 256 $12.20
TG.C64.M432 64 432 $18.50
TG.C96.M672 96 672 $26.00

Disk storage

On Azure, disk storage refers to Premium SSD Managed Disks 7. Encryption is
turned on by default and uses platform-managed keys.

Disk Storage is $0.15 /GB/month, equivalent to $0.0002083 /GB/hour

13


https://azure.microsoft.com/en-us/pricing/details/managed-disks/
https://azure.microsoft.com/en-us/pricing/details/managed-disks/

5/13/25,2:41 PM 32

Backup storage

Solutions deployed on Azure use Azure Files 7 for storage. By default, backups are
encrypted and decrypted transparently using 256-bit AES encryption 7, one of the
strongest block ciphers available, and is FIPS 140-2 compliant.

Backup Storage is $1.25 /GB/month = $0.001736 /GB/hour.
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Google Cloud Platform (GCP)

Regions
* QOregon
* London

Instance types
Instance name vCPU RAM (GiB) Price per hour
TG.Free 2 8 0
TG.C4.M16 4 16 $1.20
TG.C8.M32 8 32 $2.20
TG.C16.M64 16 64 $4.10
TG.C16.M128 16 128 $7.00
TG.C32.M256 32 256 $12.20
TG.C64.M512 64 512 $22.00
TG.C80.M640 80 640 $25.00

Disk storage

Disk storage on GCP uses GCP's SSD persistent disks 7. Encryption-at-rest is
turned on with GCP's native encryption protocol with keys managed by GCP.

Disk Storage is $0.25 /GB/month, equivalent to $0.000347222 /GB/hour.
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Backup storage

Backup storage on GCP uses GCP Filestore 7. Encryption-at-rest is turned on with
GCP's native encryption protocol with keys managed by GCP.

Backup storage is $2.1/GB/Month = $ 0.0029166 /GB/hour.
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Service Limits

By default, TigerGraph Cloud limits how many instances and how many vCPUs a
single account can provision. These limits can be waived by request if you have a
valid credit card on your account. To waive a service limit, please contact
sales@tigergraph.com =.

The table below outlines the service limits for accounts with and without a valid

credit card.
. Accounts with a valid Accounts without a valid
Service . .
credit card credit card
Free Tier Solution 1 1
Total Instance 20 2
Total vCPU 160 16
Cluster Size
(replication factor * 10 instances 1
partition factor)
Replication Factor 2 1
Backup and Restore Yes No
GSQL Web Shell Access Yes No

Free tier solution limits

Each registered account is allowed one solution from the Free Tier. Free Tier
instances do not include backup and do not include support.

If no user activity is detected for more than one hour, TigerGraph may automatically
stop a Free Tier instance. Users can manually restart the free tier instances from
their cloud portal. After 7 days of inactivity, TigerGraph may terminate the inactive
free tier instances.
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Glossary

backup

A snapshot of the state of your solutions at a given point in time.

instance

A virtual server in the cloud.

partitioning factor

An internal TigerGraph characteristic of a TigerGraph cluster that determines how
the data in the database will be distributed

replication factor

A characteristic of the cluster design that will determine the number of copies of
data that will be stored in the cluster.

role-based access control

A policy-neutral access-control mechanism defined around roles and privileges.

solution

Fully-managed TigerGraph deployment.

TigerGraph user
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A database user with its own roles and privileges for different graphs stored on a
solution.
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Platform Overview

Comparing TigerGraph Editions >
TigerGraph Graph Data Science Library >
MultiGraph Overview >
TigerGraph Internal Architecture >
Transaction Processing and ACID Support >
Continuous Availability Overview >
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Continuous Availability Overview

Introduction:

HA (High Availability) is a generic term used to describe a computer system which
has been architected to deliver higher levels of operational performance through
enhanced uptime and throughput than would be expected from a traditional single
server node.

With Continuous Availability, TigerGraph goes beyond the standard scope and
definition of High Availability by providing the following functionality:

Fault tolerance against loss of database server(s)
o Automated recovery of services for Intra-cluster failure

* Full native HA support for user-facing applications - Seamless automatic client
reconnection to standby GSQL server and GraphStudio servers

* Failover to remote cluster during Disaster Recovery
* |Improve Rol with additional Replicas
o Enhanced Query Throughput performance

o Increased concurrency for operational workloads

In short, TigerGraph Continuous Availability provides not only the ability to keep the
business application running without any noticeable downtime, but also delivers
higher return on investment.

Architecture Design:

TigerGraph's architecture design relies on active-active replication to keep multiple
data copies in sync. This is transparent to the user. The underlying principles of
uniform distribution of data are automatically applied no matter how many replicas
are stored. Additionally, the placement of replicas is infrastructure-aware to tolerate
hardware failures. Continuous availability is a production configuration that
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customers can pick at cluster installation time. Customers have flexibility to place
replicas in specific availability zones or data centers based on their infrastructure
requirements.

TigerGraph Continuous Availability design provides the following

* Throughput: Each replica is always up to date and handles its share of read
requests. This provides higher query concurrency and throughput.

e |f a server goes offline for planned or unplanned reasons, TigerGraph's HA
design with Automatic Failover will reroute work to the replica nodes of that
server, maintaining continuous operation.

* Higher levels of replication provide more throughput and resilience.

Continuous Availability - Definitions:

TigerGraph is based on an MPP architecture. All services are distributed uniformly
across the cluster. This requires data to be distributed across the cluster. There are
two key concepts in the cluster design:

Replication Factor: Replication factor is a characteristic of the cluster design that
will determine the number of copies of data that will be stored in the cluster. This is
configurable and customers can choose at the time of installation.

Partitioning Factor: Partitioning factor is an internal TigerGraph characteristic of a
TigerGraph cluster that determines how the data in the database will be distributed.
Based on the nodes of the cluster size, TigerGraph will automatically pick a
partitioning factor taking into account the replication factor.
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P = Partitioning Factor

A
- R=

Graph DB, ‘?’ % @’ q} %
copy 1
Replication
Graph DB,
ra?sopﬂ % % ﬁ)/ ’)f “)’/ Factor

Cluster dimention = P X R

In short, a TigerGraph cluster can be seen as a combination of data spread across
P partitions with multiple copies equal to the number of R Replicas.

(G) Some Key Cluster Design Considerations:
e Any cluster size is allowed, except 1x2

e Minimum number of servers needed for Continuous availability is 3 servers - This
is due to Zookeeper quorum dependency.

Continuous Availability - Data Operations

TigerGraph services are based on distributed masterless architecture - all replicas
are equal and can service both read and write requests. This is a key differentiation
that ensures that no single node can be the Single Point of Failure.

Write Operations: In order to keep all replicas in sync for full consistency of all data
sets, all write operations are sent to all replicas synchronously by default. A write
operation is considered complete only if all the replicas acknowledge that the
writes are successful.

Read Operations: As all replicas are guaranteed to be in sync for all write
operations, Read requests can be sent to any replica with no need to verify the data
consistency with other replica copies. This optimizes the read performance for
read-heavy analytical queries.
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Example:

In the following example, the data sets in the cluster are spread across 5 partitions

with 2 replicas of data sets i.e. Partitioning Factor of 5 and Replication Factor of 2.

P = Partitioning Factor

A
i R

SR )

| q/'ih %'2}& qjﬂ{ wd}i w .
%18 928

> R=

3B 4B 5B
% w @ Factor
|

e All writes go to all replicas (e.g. both 1A and 1B).
* Reads can be from any one replica (e.g. either 1A or 1B).

e Distributed queries can read from a mix replicas (e.g. {1A, 2B, 3B, 4A, 5B}.

Continuous Availability - Cluster failover operations:

TigerGraph design ensures Automatic Failover for Continuous Availability. If a
server goes down (hardware or software, planned or unplanned), incoming DB
operations can continue. The requests are automatically routed around the
unavailable server. The TigerGraph Database scheduler tracks in real time the
availability of servers and routes the request to the right servers.

Replication
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P = Partitioning Factor

A
‘ R
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38 Replication
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= r— — — A

Example:
In the event of server failure:

* [If any single server is unavailable (expected or unexpected):

o When it fails to respond after a certain number of tries, requests will
automatically divert to another replica (e.g. 3B is unavailable, so use 3A)

o If it fails in the middle of a transaction, that transaction might be aborted.

e System continues to operate, with reduced throughput, until the server is
restored.
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Comparing TigerGraph Editions

This document compares what is included in the Enterprise Edition vs. TigerGraph

Cloud of the TigerGraph platform.

To see what has been added or changed in different releases (versions) of

TigerGraph, see Change Log.

Overview

Licensing

Includes

Support

How to Get It

TigerGraph Cloud

Pay as you go by the
minute; Annual contracts
available

The power of TigerGraph,
as a Service

+ Instant Deployment

+ Automatic backups

+ Scaling out & Replication
+ Security

+ Pay for what you use

www.tigergraph.com/cloud
2

Database Features

Enterprise Edition

A free license is available
with up to 50 GB storage
after compression - contact
us 7 for a paid version
without storage limitations

All TigerGraph Database
and Enterprise features,
including

+ Distributed Graph

+ MultiGraph

+ Security

+ User Management

Free version includes
support from the
Community Forum =.
Contact us to get
professional support.

www.tigergraph.com/free-
trial ~
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Feature TigerGraph Cloud Enterprise Edition

Native MPP Graph

Real-Time Deep Link

Analytics

Ultra-Fast Loading and

Updates

GSQL Query and Loading

Language

SQL-like syntax and built-in

parallelism

Graph Size Unlimited Unlimited

Compressed Data Store

In-Memory Processing;

ACID Transactions

Dlstrlputed, Auto-

Partitioned Graph

MultiGraph

Dynamic Schema Change

GraphStudio Visual SDK

and.UI

Design, Load, Explore,

Query, Visualize

Admin Portal
Enterprise Features

Feature TigerGraph Cloud Enterprise Edition

Automated Deployment No

Automated Backups No
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Backup and Restore built-in cloud feature
Multiple Users
Continuous Availability
HA Replication
Cross-region replication No
Cluster resizing No
Security Features
Feature TigerGraph Cloud Enterprise Edition
Data Encryption

At Rest and In Motion

Enterprise User

Management through GSQL web shell
LDAP and SSO

Role-Based Access Control
User-defined roles
Audit compliance SOC 2 type 1and type 2 Coming soon
Cloud Security:

N/A

VPC for each account
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Graph Data Science Library

Please bookmark the new location:

docs.tigergraph.com/graph-algorithm-library »
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MultiGraph Overview

() Beginning with Version 3.1,

e Vertex-Level Access Control greatly improves the granularity of data access
control from partitioning data at the type-level (MultiGraph) to the individual
vertex-level (VLAC).

One TigerGraph instance can manage multiple graphs, each with its own set of user
privileges. This first-of-its-kind capability, dubbed MultiGraph, is available as an
optional service in the TigerGraph platform.

TigerGraph MultiGraph

One Master Graph; Shared and Private Data

Product Dept. *  SHARED Customer Dept.

T T
.
fo, [ ————

MultiGraph allows one graph schema to be shared accross all departments, with different levels
of access control at the type level.

MultiGraph enables several powerful use cases:

* Multiple Tenancy: Use one TigerGraph instance to support several completely
separate data sets, each with its own set of users. Each user community cannot
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see the other user communities or other data sets.

* Fine-grained privileges on the same set of data: Role-based access control,
available on single graphs, grants permission for the privilege to run queries
(include data modification queries). In a single graph scheme, there is no way to
say "Query X can be run by some users but not by others." Using multiple
graphs defined over the same set of data, each graph can have its own set of
queries and own set of users, in effect customizing who can run which queries.

* Overlapping graphs: Graphs can partially overlap, to enable a combination of
shared and private data.

* Hierarchical subgraphs: A Graph X can be defined to cover the domains of
Graphs Y and Z, that is, Graph X = (Graph Y) U (Graph Z). This provides an
interesting way to describe a data partitioning or parent-child structure. (This is
not the same as defining sub-classes of data types; data types are still
independent.)

If you implement only one graph now, you can upgrade to MultiGraph and add
additional graphs at any time, without having to redo your existing design.

Concepts

Graphs and Graph Domains

A graph is defined as a set of vertex types and edge types. More precisely, it is all

the vertices and edges of that collection of types. The domain of a graph is its set

of vertex types and edge types. Each graph contains its own data loading jobs and
queries, which do not affect and are not visible to other graphs.

CREATE GRAPH <gname> (<list of vertex types & edge types>)

(& MultiGraph Principles

e A TigerGraph instance with a basic license key can have one graph. A TigerGraph
instance with a MultiGraph license key can create multiple graphs.

superuser and globaldesigner can define one or more graphs. The domains of
the two graphs may be completely separate, may overlap, or may coincide
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exactly.

e A vertex type or edge type created by a superuser is a global type.

e A superuser Or globaldesigner can include a global vertex or edge type in one
or more graphs. Global types can be shared among multiple graphs.

e Users with the admin or designexr role for a particular graph can add local
vertex types and edge types to their own graph. Local types cannot be shared
among multiple graphs.

Graph-Specific Roles and Privileges

The TigerGraph system includes several predefined roles. Each role is a fixed and
logical set of privileges to perform operations. In order to access a graph, a user
must be granted a role on that graph. Without a role, a user has no meaningful
access.

Role-Based MultiGraph Access Control

e User roles are granted or revoked on a per-graph basis. Each GRANT or REVOKE
statement specifies not only a role but also a graph.

e The GRANT / REVOKE privilege is reserved for superuser and admin users.
e The superuser can granta role to any user on any graph.

e A superuser can pick a usertobean admin on a particular graph. The admin
can then manage user privileges on their graph.

e A user may be granted different roles on different graphs.

For details about managing users, privileges, and roles, see User Privileges and

Authentication. There you will find a chart describing each of the roles in detail.

Setting a Working Graph

(G) e Auser must set their working graph in order to access that graph, either using the
-g flag with the GSQL command, or by using the USE GRAPH command.

e Users who have privileges on more than one graph (including superusers) may
only work with one graph at a time. The GLOBAL SCHEMA_CHANGE JOB stretches
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this rule.

Note that the CREATE commands for queries, loading jobs, and schema_change
jobs require that the graph name be specified, even for systems with only one

graph.

Effect on Other Specifications

1. RESTPP Endpoints: Endpoints that pertain to the graph data must include the
name of the graph in the request URL.
See RESTPP API User Guide .

2. User Authentication secrets and tokens: Our commands and procedures follow
OAuth standards.
See Managing User Privileges and Authentication.

There are many other details about using the MultiGraph feature, especially if your
application has multiple users with different roles. In the documentation, the

Multiple Graph logo is placed next to relevant topics: m
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TigerGraph Internal Architecture

As the world'’s first and only Native Parallel Graph (NPG) system, TigerGraph is a
complete, distributed, graph analytics platform supporting web-scale data analytics
in real time. The TigerGraph NPG is built around both local storage and
computation, supports real-time graph updates, and works like a parallel
computation engine. These capabilities provide the following unique advantages:

* Fast data loading speed to build graphs - able to load 50 to 150 GB of data per
hour, per machine

* Fast execution of parallel graph algorithms - able to traverse hundreds of million
of vertices/edges per second per machine

* Real-time updates and inserts using REST - able to stream 2B+ daily events in
real-time to a graph with 100B+ vertices and 600B+ edges on a cluster of only
20 commodity machines

* Ability to unify real-time analytics with large scale offline data processing - the
first and only such system

See the Resources 2 section of our main website www.tigergraph.com ~ to find
white papers and other technical reports about the TigerGraph system.

System Overview

The TigerGraph Platform runs on standard, commodity-grade Linux servers. The
core components (GSE and GPE) are implemented in C++ for optimal performance.
TigerGraph system is designed to fit into your existing environment with a minimum
of fuss.

e Data Sources : The platform includes a flexible, high-performance data loader
which can stream in tabular or semi-structured data, while the system is online.

e Infrastructure : The platform is available for on-premises, cloud, or hybrid use.

* |Integration : REST APlIs are provided to integrate your TigerGraph with your
existing enterprise data infrastructure and workflow.
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: . Enterprise Data
Data Sources TigerGraph Analytics Platform Efeastriicbin
Graph Query Graph REST AP| | Java | Business
S Tind Language Visualization C++ Intelligence
ETL AP Analytics
Social L"la‘fl Standard UDFs Custom UDFs Stream
Visualization
Graph Storage Engine Graph Processing Engine
RDBEMS (GSE) (GPE) Dashboards
Graph Data Graph Data Parallel Graph
Storage Compression Processing Partitioning
Hadoop
~ Data
Epik Warehouses
Infrastructure
Master Data
kog Files On Premise Cloud Hybrid Stores

The figure below takes a closer look at the TigerGraph platform itself:
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GraphStudio
Ul front end

Nginx web server

GraphStudio
Ul back end

Message Queuing
(Apache Kafka and Zookeeper)

Within the TigerGraph system, a message-passing design is used to coordinate the
activities of the components. RESTPP, an enhanced RESTful server, is central to the
task management. Users can choose how they wish to interact with the system:

* GSQL client. One TigerGraph instance can support multiple GSQL clients, on
remote nodes.

* GraphStudio - our graphical user interface, which provides most of the basic
GSQL functionality, with a graphical and intuitive interface.

* REST API. Enterprise applications which need to run the same queries many
times can maximize their efficiency by communicating directly with RESTPP.

® gAdmin is used for system adminstration.
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Glossary

Name Refers to

Data Definition Language - a generic term
for a set of commands used to define a

DDL database schema. The GSQL Language
includes DDL commands. In GraphStudio,
the Design Schema function.

The shared storage space for storing
metadata about the graph store's

Dictionary (DICT) configuration and state, including the
catalog (graph schema, loading jobs, and
queries).

Data Manipulation Language - a generic
term for a set of commands used to add,
modify, and delete data from a database.
Query commands are often considered a

DML part of DML, even a pure query statement
does not manipulate (change) the data. The
GSQL Language includes full DML
capability for query, add (insert), delete,
and modify (update) commands.

The system utility for configuring and
gadmin managing the TigerGraph System.
Analogous to mysqgladmin.

Graph Backup and Restore. TigerGraph's
gbar utility program for backing up and restoring
system data.

Graph Processing Engine. The server
component which accepts requests from

GPE the REST++ server for querying and
updating the graph store and which returns
data.

The component which logically and
physically stores the graph data and
provides access to the data in a fast and

Graph Store o
memory-efficient way. We use the term
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graph store to distinguish it from
conventional graph databases.

The browser-based User Interface that
enables the user to interact with the
TigerGraph system in a visual and intuitive
way, as an alternative to the GSQL Shell.
The GraphStudio Ul includes the following
components: Schema Designer, Data
Mapper, Data Loader, Graph Explorer, and
Query Editor.

GraphStudio Ul

Graph Storage Engine. The processing
GSE component which manages the Graph
Store.

The user program which interprets and
executes graph processing operations,

GSQL including (a) schema definition, (b) data
loading, and (c) data updates, and (d) data
queries.

The language used to instruct and

GSAQL Language . .
communicate with the GSQL program.

The interactive command shell which may

GSQL Shell )
be used when running the GSQL program.

High Availability - a generic term describing
a computer system which has been
architected to a higher level of operational
performance (e.g., throughput and uptime)
than would be expected from a traditional
single server node.

HA

ID Service. A subcomponent of the GSE
which translates between user (external)
IDs for data objects and graph store
(internal) IDs.

IDS

A free open-source "high-throughput
distributed messaging system" from the
Apache Software Foundation. Our
distributed system architecture is based on
Kafka message passing/queuing. Kafka is
automatically included during TigerGraph
system installation as one implementation
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of messaging passing.
https://kafka.apache.org/

A graph architecture and feature set which
enables one global graph to be viewed as
multiple logical subgraphs, each with its
own set of user privileges. The subgraphs
can overlap, meaning each subgraph can
support both shared and private data.

MultiGraph

An architecture and technology which
provides for inherently highly-parallel and
highly-scalable graph data storage and
analytics. The use of vertex-level
data+compute functionality is a key
component of Native Parallel Graph design.

Native Parallel Graph

A free, open-source, high-performance
HTTP server and reverse proxy. Nginx is
automatically included during TigerGraph
system installation. https://nginx.org/en/ ~

Nginx

A server component which accepts RESTful
requests from clients, validates the
requests, invokes the GPE, and sends
responses back to the client. Additionally,
REST++ provides a zero-coding interface
for users to define RESTful
endpoints.REST++ offers easy-to-use APIls
for customizing the logic of handling
requests and processing responses.

REST++ or
RESTPP

A user authentication service that permits a
Single Sign-On (SSO) user to use one set of login credentials to
access multiple applications.

The TigerGraph real-time graph data
analytics software system. The TigerGraph
Platform offers complete functionality for
creating and managing a graph database

TigerGraph and for performing data queries and

Platform analyses. The platform includes the Graph
Store and GSE , GPE, REST++, GSQL,
GraphStudio, plus some third-party
components, such as Apache Kafka and
Zookeeper.
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The TigerGraph platform and its languages.
TigerGraph Based on context, the term may also
System include additional optional TigerGraph

components which have been installed.

TigerGraph System Service State (TS3) is a
TigerGraph sub-system which helps
monitor the TigerGraph system. It serves as
backend of TigerGraph Admin Portal.

TS3

A free open-source program from the
Apache Software Foundation, providing "a
centralized service for maintaining
configuration information, naming,
providing distributed synchronization, and

Zookeeper providing group services." Used for running
the TigerGraph system on a cluster or other
distributed system. Zookeeper is
automatically included during TigerGraph
system installation.
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Transaction Processing
and ACID Support

This document describes the transactional support provided by the TigerGraph
platform. A TigerGraph transactionis a sequence of operations which acts as a
single logical unit of work. A read-only operationin TigerGraph does not change
any vertex/edge attribute value and doesn't insert any new or delete any existing
vertex/edge. An update operationin TigerGraph is an operation which either
changes some vertex/edge attribute value or insert some new or delete some
existing vertex/edge.

The TigerGraph system provides full ACID transactions with sequential consistency.
Transactions are defined as follows:

* Each GSQL query is a transaction. Each query may have multiple read or write
operations.

* Each REST++ GET, POST, or DELETE operation (which may have multiple
update operations within it) is a transaction.

Atomicity

A transaction with update operations may insert/delete multiple vertices/edges or
update the attribute values of multiple edges/vertices. Such update requests are
"all or nothing™": either all changes are successful, or none is successful.

Consistency

The TigerGraph system provides traditional ACID consistency: A transaction can
include data validation rules. The data validation rules can ensure any transaction
will bring the system from one valid state to another.

The TigerGraph system also provides distributed system Sequential Consistency:
every replica of the data performs the same operations in the same order. This is
one of the strongest forms of consistency available, stronger than causal
consistency, for example.
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Isolation Level

TigerGraph supports the Serializable isolation level, the strongest form of isolation.
Internally, TigerGraph uses MVCC to implement the isolation. MVCC, or Multi-
Version Concurrency Control, makes use of multiple snapshots of portions of the
database state in order to support isolated concurrent operations. In principle,
there can be one shapshot per read or write operation.

No Dirty Reads
A read-only transaction R1 will not see any changes made by an uncommitted

update transaction, whether that update transaction was submitted before or after
R1 was submitted to the system.

Repeatable reads
Multiple same reads in a single transaction T1 will get the same results, even if there

are update transactions which change vertex or edge attribute values read by T1
during T1's duration.

No phantom reads
Multiple reads in a single read-only transaction T1 will get the same results, even if

there are update transactions which deleted/inserted vertices or edges read by T1
during T1's duration.

Durability

Committed transactions are written to disk (SSD or HDD). The TigerGraph platform
implements write-ahead logging (WAL) to provide durability.

TigerGraph internal Shapshot Implementation

The TigerGraph platform uses Snapshot/MVCC (Multi-version Concurrency
Control) to implement isolation of concurrent operations. At the high level, the
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platform can temporarily maintain multiple versions or snapshots of the graph data.
When a transaction T1is submitted to the system, it will work on the last consistent
snapshot of the graph which has all the changes made by transactions committed
before T1 was submitted but has no changes made by any transaction not yet
committed when T1 was submitted. The version of the graph T1 is working on will
not be changed by any transactions other than T1, even if they commit before T1is
finished.

Example Scenarios

Let us examine a few transaction processing scenarios.

Scenario 1 Read - Write

A read-only transaction R1is running. Before R1 finishes, an update transaction W2
comes in. W2 might finish before R1is finished. But R1 will not see the changes
made by W2 before W2 is committed (no dirty reads). Even if W2 is committed
before R1is finished, if R1 reads the same part of the graph multiple times, it will not
see the changes made by W2 (repeatable reads). There are no phantom reads
either. This is because the graph version R1is working on cannot be changed by
any of the W2 transaction aforementioned. Bottom line: If W2 starts when R1is not
yet committed, R1 will see results as though W2 did not exist.

- B
<> R1 2 W2 may finish before or
after R1 finishes.

Scenario 2 Write - Read

An update transaction W1 is running. Before W1is committed, a read-only

transaction R2 comes in. R2 will not wait for W1 to finish and will be executed as if
there is no W1. Later. even if W1 finishes and commits before R2 is finished, R2 will
not see any changes made by W1. This is because the graph version R2 works on
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is 'fixed' at the time when R2 is submitted and will not include the changes to be
made by W1. Bottom line: If R2 starts when W1 is not yet committed, R2 will see
results as though W1 did not exist.

2 may finish before or
after W1 finishes.

Scenario 3 Write - Write

An update transaction W1 is running. Before W1 finishes, a new update request W2
comes in. W2 will wait for W1 to finish before it is executed. When multiple update
transactions come in, they will be executed sequentially by the system according to
the time they are received by the system.

4
< W1 > W2 does not start until W1
finishes (commits)

O-—=W2 ——> W2 >
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Tutorials and Start Guides

This section provides tutorials and getting-started guides for users who want to get
working right away.

GSQL

GET STARTED Tutorial
GSQL 101

e Accumulators Tutorial

GSQL102 Pattern Matching

GraphStudio

¢ GraphStudio Ul Guide
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Getting Started

Welcome to the TigerGraph™ Platform - the first real-time, Native Parallel Graph
data analytics platform. This document covers the various options to get started
with TigerGraph.

* |f you are a laptop user (macOS or Windows), we recommend you use Docker
to start up TigerGraph on your computer:

Get Started with Docker >

* |If you have a Linux machine that meets our Software and Hardware
Requirements, you can install TigerGraph on your machine directly:

Installation Guide >

* |If you would like to run TigerGraph on a Virtual Machine with Virtual Box, follow
this guide:

Get Started with Virtual Box >

* You can also start up TigerGraph instances from Cloud Images on AWS,
Microsoft Azure, or Google Cloud Platform:

Get Started from Cloud Images >
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Get Started with Docker

This document provides step-by-step instructions on how to pull the latest
TigerGraph Enterprise Edition docker image to your host machine. You can follow
the sections in sequence to set up the TigerGraph docker environment.

The latest TigerGraph docker image includes the following content:

* The latest version of TigerGraph
* Linux packages:
o openssh-server
o git
o wget
o curl
o emac
° vim
° g
o tar
* Tutorial material
o GSQL 101
o GSQL 102
* The latest GSQL open-source graph algorithm library

This follow-along video shows the whole setup process:
https://www.youtube.com/watch?v=V5VvgJyjLXA »

1. Install Docker Desktop

Follow the steps below to install Docker Desktop on your machine and configure it
with sufficient resources for TigerGraph:

1. Install Docker on your OS:
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¢ To install Docker for Mac OS, follow this video:
https://www.youtube.com/watch?v=MU8HUVIJTEY ~

¢ To install Docker for Linux, follow these instructions:
o Centos: https://docs.docker.com/install/linux/docker-ce/centos/
o Ubuntu: https://docs.docker.com/install/linux/docker-ce/ubuntu/ »

¢ To install Docker for Windows OS, follow this video:
https://www.youtube.com/watch?v=ymIWtIMqURY ~

2. Configure Docker Desktop with sufficient resources:
* Recommended: 4 cores and 16GB memory
¢ Minimum: 2 cores and 10GB memory

* Click the Docker Desktop icon, click Preferences >> Resources, drag the
CPU and Memory sliders to the desired configuration, save and restart
Docker Desktop

2. Prepare a Shared Folder on Host OS to be
shared with Docker Container

Open a shell on your host machine and create or select a directory for sharing data
between your host machine and docker container. Grant read+write+execute
permission to the folder. For example, to create a folder called data in Linux:

mkdir data
chmod 777 data

You can mount (map) the data folder to a folder under the docker container, which
allows you to share files between your host OS and Docker OS.

For example, if you mount the host OS folder ~/data to the docker folder
/home/tigergraph/mydata , then anything you put on ~/data will be visible in the
docker container under /home/tigergraph/mydata , and vice versa.
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3. Run TigerGraph Docker image as a
daemon

Run the following command to pull the TigerGraph docker image, bind ports, map a

shared data folder, and start a container from the image. This command is very
long; click the copy button at the end of the code block to copy the whole

command:

docker run -d -p 14022:22 -p 9000:9000 -p 14240:14240 --name tigergraph -

* Here is a breakdown of the options and arguments in the command:

(¢]

(¢]

®

-d : make the container run in the background.

-p : map docker 22 port to host OS 14022 port, 9000 port to host OS 9000
port, 14240 port to host OS 14240 port.

--name : name the container tigergraph.

--ulimit : setthe ulimit (the number of open file descriptors per
process) to 1 million.

-v : mount the host OS ~/data folder to the docker
/home/tigergraph/mydata folder using the -v option. If you are using
Windows, change the above ~/data to something using windows file system
convention, e.g. c:\data

-t : allocate a pseudo-TTY

docker.tigergraph.com/tigergraph:latest : download the latest docker
image from the TigerGraph docker registry URL
docker.tigergraph.com/tigergraph.

Replace "latest" with a specific version number if a dedicated version of TigerGraph is
to be used. E.qg., if you want to get the 3.0.5 version, the URL should be:

docker.tigergraph.com/tigergraph:3.0.5
To use the legacy developer editions, use:

docker.tigergraph.com/tigergraph-dev
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If you use Windows and have disk drive permission issues with the above
command, try the following command instead (this command does not map the
shared folder on your host machine to your container) :

docker run -d -p 14022:22 -p 9000:9000 -p 14240:14240 --name tigergraph -

4. Use SSH to connect to your container

After launching the container, you can use SSH to connect to your container:

1. Verify that the container is running. You should see a row that describes the
running container after running the command below:

docker ps | grep tigergraph

2. Use ssh to open a shell to the container. At the prompt, enter tigergraph as
the password. Note that we have mapped the host 14022 port to the container's
22 port (the ssh default port), so on the host we use ssh to connect to port
14022.

ssh -p 14022 tigergraph@localhost

5. Start TigerGraph

1. After connecting to the container via ssh, inside the container, start all
TigerGraph services with the following command (which may take up to one
minute):

gadmin start all

2. Runthe gsql command as shown below to start the GSQL shell. If you are new
to TigerGraph, you can run the GSQL 101 tutorial now.

$ gsql
GSQL >

3. Start GraphStudio, TigerGraph's visual IDE, by visiting
http://localhost:14240
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in a browser on your laptop (host OS).

Operation Commands Cheat Sheet

e After you start Docker Desktop, use the commands below to stop and restart
the container:

docker container stop tigergraph
docker container start tigergraph

e Start the TigerGraph service within the container:

gadmin start all
gadmin stop all

* ssh to the container. Note: if localhost is hot recognized, remove the localhost
entry from ~/.ssh/known_hosts

sed -i.bak '/localhost/d' ~/.ssh/known_hosts
ssh -p 14022 tigergraph@localhost

Linux users can access the container through its ip address directly:

docker inspect -f '{irange .NetworkSettings.Networks}ii{.IPAddressti
vssh tigergraph@<container_ip_address>

e Default user: tigergraph
e Default password: tigergraph

e After running gadmin start , you can go to GraphStudio. Open a browser on
your laptop (host OS) and access GraphStudio at the following URL:

http://localhost:14240

e Check the version of GSQL:

gsql version
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Get Started with Virtual Box

TigerGraph offers Virtual Machine images # of Linux servers with the TigerGraph
Enterprise Free Edition installed for users who want to run TigerGraph with Virtual
Box.

Watch this tutorial video ~to get started with TigerGraph on Virtual Box.
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Install TigerGraph on Linux

You can install TigerGraph on a Linux machine that meets the Hardware and
Software Requirements. For a step-by-step guide on installing TigerGraph on your
Linux machine, please visit the following page:

Installation Guide >

Quickstart guide for new users

Installation Checklist

1. CHECK Hardware and Software Requirements

2. DOWNLOAD the TigerGraph platform: https://info.tigergraph.com/enterprise-
free 7

3. INSTALL the Platform

a. For simple single-server installation:
Assuming your downloaded file is called <your_tigergraph_package>:

tar xzf <your_tigergraph_package>.tar.gz
cd tigergraphx/

# to install license in interactive mode
sudo ./install.sh

# to install license in non-interactive mode
sudo ./install.sh -n

b. For additional options, see TigerGraph Platform Installation Guide
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Get Started from Cloud Images

This chapter covers different options for getting started with TigerGraph in the
cloud. To continue, choose the cloud platform you wish to get started on:

Get Started on AWS >
Get Started on Microsoft Azure >
Get Started on Google Cloud >

For all editions on cloud marketplaces, please contact TigerGraph support » and
we'll assist you in upgrading from older images to the latest image.
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This tutorial will show you how to start TigerGraph Enterprise Edition from an image

on AWS.

Deploying Your Instance

1. Go to AWS Marketplace 7 and search for TigerGraph.

2. Click "Continue to Subscribe".
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3. Click on "Continue to Configuration".
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4. Select the Software Version and Region. We recommend selecting the latest
version for the most up-to-date features. After making your selections, click on
"Continue to Launch".
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5. Select the instance type, security group settings, and other settings. The default
settings are fine for most users, but feel free to modify them. Click "Launch" when
finished.

Notes:
The instance type needs to have at least 4 CPUs and 16GB RAM for TigerGraph to
work properly.

The security group must allow inbound TCP traffic to port 14240 if you want to
access GraphStudio (TigerGraph's visualization platform). For more about
GraphStudio, see the GraphStudio Ul Guide.

The security group must allow inbound TCP traffic to port 9000 if you want to send
RESTful requests to TigerGraph from outside the instance (this includes configuring
the GSQL client on a remote machine). For more about the REST API, see the
TigerGraph RESTful APl User Guide.

For more about the TigerGraph Platform, see the TigerGraph Platform Overview.

B T TigerGragh Version 3 {Enterprise Ecitlon]

T Twimtin T

NI St
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s

Configuration Page 2

6. That's it! The TigerGraph instance has been successfully deployed on AWS.
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Starting TigerGraph on Your Instance

1. Log on to the instance and switch to user tigergraph using the following
command:

sudo su - tigergraph

[ec2-user@ip-172-31-18-9 ~]$ sudo su - tigergraph
Last login: Thu Oct 15 18:22:23 UTC 2020 on pts/0

[tigergraph@ip-172-31-18-9 ~]% I

TigerGraph Login

2. Run the following command to check the current status of TigerGraph. The
services "ADMIN", "CTRL", "ETCD", "IFM", "KAFKA", and "ZK" are started
automatically and should be up at this point. If any of them are not or you get the
following error message, please wait for 30 to 60 seconds and check the status
again before reporting it to TigerGraph support.
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gadmin status

[tigergraph@ip-172-31-18-9 ~]% gadmin status

_________________________ +

Service Status

Online
Online
Down
Online

Down

|

|

|

|

|

[

|

I D :
I Online
| Online
| KAFKACONN '
| KAFKASTRM-LL

| NGINX

| RESTPP

| TS3

I TS3SERV

|

Process State

Running
Running
s d

5 18|
Running
Running

e e e e e e e e 5 e o S et o o o il e o e e i i +

[tigergraph@ip-172-31-18-9 ~]$ |

Output of gadmin status

Fip-172-31-18-9 ~]3 gadmin stotus

[tigergraph@ip-172-31-18-9 ~]3 l

Gadmin status error message

3. Run the following command to start TigerGraph:

gadmin start

[tigergraphip-172-31-18-9 ~]15% padnin start

ZK ETCD DICT KAFKA ADMIN GSE NGINX GPE RESTPP KAFKASTRM-LL KAFKACOMN TSISERV GSQL TS3 GUT

[tigergraphéip-17£-31-18-9 ~]3 I

Output of gadmin start

4. Check the status again. All services should be up at this point:
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gadmin status

[tigergraph@ip-172-31-18-9 ~]% gadmin status

I Online Running
I Online Running
I Online Running
| Online Running
I Warmug Running
| Warmuy Running
| Online Running
I Online Running
I Online Running
[ Online Running
| KAFKACONN Online Running
| KAFKASTRM-LL Online Running
| NGINX Online Running
I RESTPP Online Running
I TS3 Online Running
| TS3SERV Online Running
I ZK Online Running
e e S

[tigergraph@ip-172-31-18-9 ~]$ |

Gadmin status after running gadmin start

5. TigerGraph has been successfully started on your cloud instance.

TigerGraph License on AWS Images

The TigerGraph Enterprise edition image comes with a perpetual license that will
only work on the AWS instance it's installed on. Please run the following
command to see it:

gadmin license status
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[tigergraph@ip-172-31-18-9 ~]% gadmin license status
[Warning] License will expire in 106751 days

Issuer: TigerGraph Cloud Marketplace Keygen
Audience: Marketplace User
IssueTime: 2020-10-15 18:13:35 +0000 UTC
EndTime: 3344-05-20 13:14:05 +0000 UTC
Edition: Cloud Marketplace

Host:
MaxCPUCore: 9.007199254740991e+15
MaxPhysicalMemorySize: 8589934592 .00MB
MaxClusterNodeNumber: 3.34452e+06

Topology:
MaxVertexNumber: 9.007199254740991e+15
MaxEdgeNumber: 9.007199254740991e+15
MaxGraphNumber: 5.201314e+06
MaxTopologySize: 8589934592 .00MB

RuntimeMemory .
MaxUserResidentSetSize: N/A
[tigergraph@ip-172-31-18-9 ~]% I

Gadmin license status output
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Get Started on Microsoft Azure

This tutorial will show you how to start TigerGraph Enterprise Edition from an image
on Microsoft Azure.

Deploying Your Instance

1. Go to Microsoft Azure Marketplace 7 and search for "TigerGraph".

2. Select your software plan and Click "Create". Select the latest plan (with the
highest version number) to access the latest features.
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Create Page

3. Fill out the "Resource group", "Virtual machine name", "Username" and "SSH
Public key" fields. The default values should work for the rest of the fields. Then
click "Next: Disks >".
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Basic Settings Page

4. Keep the default values for all other settings and click "Next" until you see the
"Review + Create" page below. Check all your settings and click "Create" when you
are satisfied.

Notes:
The instance type needs to have at least 4 CPUs and 16GB RAM for TigerGraph to
work properly.

The "NIC network security group" must allow inbound TCP traffic to port 14240 if
you want to access GraphStudio (TigerGraph's visualization platform). For more
about GraphStudio, see the GraphStudio Ul Guide.

The "NIC network security group" must allow inbound TCP traffic to port 9000 if
you want to send RESTful requests to TigerGraph from outside the instance (this
includes configuring the GSQL client on a remote machine). For more about the

REST API, see the TigerGraph RESTful APl User Guide.

For more about the TigerGraph Platform, see the TigerGraph Platform Overview.
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5. That's it! The TigerGraph instance has been successfully deployed on Microsoft

Azure.
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Starting TigerGraph on Your Instance

1. Log on to the instance and switch to user tigergraph using the following
command:

sudo su - tigergraph

kevin-test@Sample-tg-3:~$ sudo su - tigergraph

tigergraph@Sample-tg-3:~$ |j

TigerGraph Login

2. Run the following command to check the current status of TigerGraph. The
services "ADMIN", "CTRL", "ETCD", "IFM", "KAFKA", and "ZK" are started
automatically and should be up at this point. If any of them are not or you get the
following error message, please wait for 30 to 60 seconds and check the status
again before reporting it to TigerGraph support.

gadmin status
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Online Running
Online Running
Down Stopped

Online

Online Running
KAFKA Online Running

KAFKACONN Down S ard
KAFKASTRM-LL Down
NGINX
RESTPP
TS3 Down
TS3SERV Down
. Online

Gadmin status error message

3. Run the following command to start TigerGraph:

gadmin start

tigergroph®tample-tg-3: -3 gadmin start

TCD DICT KAFKA ADMIN GSE NGIMX GPE RESTPP EAFKASTEM-LL KAFKACOMN TSISERV GSOL T53 GUI

Output of gadmin status

4. Check the status again. All services should be up at this point:

gadmin status
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Online Running

Online Running

Online Running

Online Running

Warmup Running

Warmup Running

Online Running

Online Running

Online Running

Online unning

KAFKACONN Online Running
KAFKASTRM-LL Online Running
NGINX Online Running
RESTPP Online Running
1S3 Online Running
TS3SERV Online Running
ZK Online Running

tigergraph@sample-tg-3:~$ I

Gadmin status after running gadmin start

5. TigerGraph has been successfully started on your cloud instance.

TigerGraph License on Microsoft Azure
Images

The TigerGraph Enterprise edition image comes with a perpetual license that will
only work on the Microsoft Azure instance it's installed on. Please run the
following command to see it:

gadmin license status
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tigergraph@Sample-tg-3:~$%$ gadmin license status
[Warning] License will expire in 106751 days

Issuer: TigerGraph Cloud Marketplace Keygen
Audience: Marketplace User
IssueTime: 2020-10-13 23:11:04 +0000 UTC
EndTime: 3344-05-20 13:14:05 +0000 UTC
Edition: Cloud Marketplace

Host:
MaxCPUCore: 9.007199254740991e+15

MaxPhysicalMemorySize: 8589934592 .00MB
MaxClusterNodeNumber: 3.34452e+06

Topology:
MaxVertexNumber: 9.007199254740991e+15
MaxEdgeNumber: 9.007199254740991e+15
MaxGraphNumber: 5.201314e+06
MaxTopologySize: 8589934592 .00MB

RuntimeMemory:
MaxUserResidentSetSize: N/A
tigergraph@Sample-tg-3:~$ |

Gadmin license status output
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Get Started on Google Cloud

This tutorial will show you how to start TigerGraph from an image on Google Cloud.
Please select your edition from below:

Deploying Your Instance

1. Go to Google Cloud Marketplace https://console.cloud.google.com/marketplace
7 and search for "TigerGraph Enterprise Edition". Choose the latest edition to
access the most up-to-date features.

2. Click on "Launch".

= ' Google Cloud Platform B npngu e =

w TigerGraph Enterprise 3.1.2 (Single Server Ed.)

T g i gy [

TigaiGimph Exesprine Edilkon- the soalzble magh dstsbase

BOCLENTATION

Dveries
{ agrarermpts i (e sl fasient bs prabtiv oo s Additional details

e #r oogh CONMELE g
Lt wdatngl 5/ 3nes

3. The default settings are fine for most users, but feel free to modify them. When
ready, click on "Deploy".

Notes:

The instance type needs to have at least 4 CPUs and 16GB RAM for TigerGraph to
work properly.
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The "Allow TCP port 14240 traffic from the Internet" checkbox must be checked if
you want to access GraphStudio (TigerGraph's visualization platform). For more
about GraphStudio, see the GraphStudio Ul Guide.

For information on how to set up authentication please see User access
management.

The "Allow TCP port 9000 traffic from the Internet" checkbox must be checked if
you want to send RESTful requests to TigerGraph from outside the instance (this
includes configuring the GSQL client on a remote machine). For more about the
REST API, see the TigerGraph RESTful API User Guide.

For more about the TigerGraph Platform, see the TigerGraph Platform Overview.
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4. That's it! The TigerGraph instance has been successfully deployed on Google
Cloud.
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Starting TigerGraph on Your Instance

1. Log on to the instance and switch to user tigergraph using the following

command:

sudo su - tigergraph

udo su - tlgergraph

2. Run the following command to check the current status of TigerGraph. The
services "ADMIN", "CTRL", "ETCD", "IFM", "KAFKA", and "ZK" are started
automatically and should be up at this point. If any of them are not or you get the

following error message, please wait for 30 to 60 seconds and check the status

again before reporting it to TigerGraph support.

gadmin status
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:~5 gadmin status

3. Run the following command to start TigerGraph:

gadmin start

4. Check the status again. All services should be up at this point:

gadmin status
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5. TigerGraph has been successfully started on your cloud instance.

TigerGraph License on Google Cloud Images

The TigerGraph Enterprise edition image comes with a perpetual license that will
only work on the Google Cloud instance it's installed on. Please run the following
command to see it:

gadmin license status
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:~5 gadmin licens

Issuer: TigerGraph Cloud Marketplace Keygen
Audience: Marketplace User
IssueTime:; 2021-04-30 01:25:07 40000 OTC
EndTime: 3344-05-20 13:14:05 +0000 UOTC
Edition: Cloud Marketplace

Host:

MaxCPUCore: 92.00718%
MaxPhysicalMemorySiz
er

2
-
MaxClusterNodeNumber:
Topology:
MaxVertexNumber: 9,007159254740089%1e+15
MaxEdgeNumber: 9.007199254740991e+15
MaxGraphNumber: 5.201314e+06
MaxTopologySize: 8589934592.00MB

RuntimeMemory:
MaxUserResidentSetSize: N/A
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GSQL 101

In this exercise, we will go through the 3-step process of writing GSQL-- define a
schema, load data, and write a query.

This tutorial is written so that you can follow along and perform the steps on your
TigerGraph system as your read.

Get Set >
Define a Schema >
Load Data >
Run Built-in Queries >
Develop Parameterized Queries >
Review >
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Get Set

Introduction

In this tutorial, we will show you how to create a graph schema, load data in your
graph, write simple parameterized queries, and run your queries. Before you start,
you need to have installed the TigerGraph system, verified that it is working, and
cleared out any previous data. It'll also help to become familiar with our graph
terminology.

What is a Graph?

A graph is a collection of data entities and the connections between them. That s,
it's a network of data entities.

Many people call a data entity a node ; at TigerGraph we called it a vertex. The
plural is vertices. We call a connection an edge. Both vertices and edges can have
properties or attributes. The figure below is a visual representation of a graph
containing 7 vertices (shown as circles) and 7 edges (the lines).
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2017-03-02

w2
%
2
2

£0-80-9L0E

Friendship Social Graph

A graph schema is the model which describes the types of vertices (nodes) and
edge (connections) which can appear in your graph. The graph above has one
type of vertex (person) and one type of edge (friendship).

A schema diagram looks like a small graph, except each node represents one type
of vertex, and each link represents one type of edge.

friendship
connect day

Friendship Social Graph Schema

The friendship loop shows that a friendship is between a person and another
person.
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Data Set

For this tutorial, we will create and query the simple friendship social graph shown
in Figure Friendship Social Graph. The data for this graph consists of two files in
csv (comma-separated values) format. To follow along with this tutorial, please
save these two files, person.csv and friendship.csv, to your TigerGraph local disk.
In our running example, we use the /home/tigergraph/ folder to store the two csv
files.

person.csv

name, gender,age,state
Tom,male, 40, ca
Dan,male,34,ny

Jenny, female, 25, tx
Kevin,male, 28,az
Amily, female, 22, ca
Nancy, female, 20, ky
Jack,male, 26, fl

friendship.csv

personl, person2,date
Tom,Dan,2017-06-03
Tom,Jenny,2015-01-01
Dan,Jenny,2016-08-03
Jenny,Amily,2015-06-08
Dan,Nancy,2016-01-03
Nancy, Jack,2017-03-02
Dan,Kevin,2015-12-30

Prepare Your TigerGraph Environment

First, let's check that you can access GSQL.

1. Open a Linux shell.
2. Type gsql as below. A GSQL shell prompt should appear as below.

Linux Shell
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$ gsql
GSQL >

3. If the GSQL shell does not launch, try resetting the system with "gadmin start
all". If you need further help, please see manage TigerGraph with gadmin » and
TigerGraph Knowledge Base and FAQs .

If this is your first time using GSQL, the TigerGraph data store is probably empty.
However, if you or someone else has already been working on the system, there
may already be a database. You can check by listing out the database catalog with
the "Is" command. This is what should look like if it is empty:

GSQL shell - an empty database catalog

GSQL > 1s

---- Global vertices, edges, and all graphs
Vertex Types:

Edge Types:

Graphs:
Jobs:

Json API version: v2

If the data catalog is nhot empty, you will need to empty it to start this tutorial. We'll
assume you have your coworkers' permission. Use the command DROP ALL to
delete all the database data, its schema, and all related definitions. This command
takes about a minute to run.

GSQL shell - DROP ALL

GSQL > drop all

Dropping all, about 1 minute ...

Abort all active loading jobs

[ABORT_SUCCESS] No active Loading Job to abort.
Shutdown restpp gse gpe ...

Graph store /usr/local/tigergraph/gstore/0/ has been cleared!
Everything is dropped.

Restarting TigerGraph
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If you need to restart TigerGraph for any reason, use the following command
sequence:

Linux Shell - Restarting TigerGraph services

# Switch to the user account set up during installation
# The default is user=tigergraph, password=tigergraph

$ su tigergraph

Password:tigergraph

## Start all services
$ gadmin restart -y

() Running GSQL commands from Linux

You can also run GSQL commands from a Linux shell. To run a single command, just
use "gsql" followed by the command line enclosed in single quotes. (The quotes aren't
necessary if there is no parsing ambiguity; it's safer to just use them.) For example,

Linux shell - GSQL commands from a Linux shell

# "-g graphname" is need for a given graph
gsql -g social 'ls'

gsql 'drop all'

gsql 'ls'

You can also execute a series of commands which you have stored in a file, by simply
invoking "gsql" following by the name of the file.

When you are done, you can exit the GSQL shell with the command "quit" (without
the quotes).
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Define a Schema

Introduction

For this tutorial, we will work mostly in the GSQL shell, in interactive mode. A few
commands will be from a Linux shell. The first step in creating a GSQL graph is to
define its schema. GSQL provides a set of DDL (Data Definition Language)
commands, similar to SQL DDL commands, to model vertex types, edge types and

a graph.

Create a Vertex Type

Use CREATE VERTEX command to define a vertex type named person. Here,
PRIMARY_ID is required: each person must have a unique identifier. The rest is the
optional list of attributes which characterize each person vertex, in the format

attribute_name data_type, attribute_name data_type,

GSQL command

CREATE VERTEX pezrson (
PRIMARY_ID name STRING,
name STRING, age INT,
gender STRING, state STRING

(@) We show GSQL keywords in ALL CAPS to highlight them, but they are case-
insensitive.

GSQL will confirm the creation of the vertex type.

GSQL shell

GSQL > CREATE VERTEX person (PRIMARY_ID name STRING, name STRING, age INT
The vertex type person is created.
GSQL >
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You can create as many vertex types as you need.

Create an Edge Type

Next, use the CREATE ... EDGE command to create an edge type named friendship.
The keyword UNDIRECTED indicates this edge is a bidirectional edge, meaning that
information can flow starting from either vertex. If you'd rather have a unidirectional
connection where information flows only from the FROM vertex, use the DIRECTED
keyword in place of UNDIRECTED. Here, FROM and TO are required to specify
which two vertex types the edge type connects. An individual edge is specifying by
giving the primary_ids of its source (FROM) vertex and target (TO) vertex. These are
followed by an optional list of attributes, just as in the vertex definition.

GSQL command

CREATE UNDIRECTED EDGE friendship (FROM person, TO person, connect_day DA

GSQL will confirm the creation of the edge type.

GSQL shell

GSQL > CREATE UNDIRECTED EDGE friendship (FROM person, TO person, connect
The edge type friendship is created.
GSQL >

You can create as many edge types as you need.

Create a Graph

Next, use the CREATE GRAPH command to create a graph named social. Here, we
just list the vertex types and edge types that we want to include in this graph.

GSQL command

CREATE GRAPH social (person, friendship)
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GSQL will confirm the creation of the first graph after several seconds, during
which it pushes the catalog information to all services, such as the GSE, GPE and
RESTPP.

GSQL shell

GSQL > CREATE GRAPH social (person, friendship)
Restarting gse gpe restpp ...

Finish restarting services in 16.554 seconds!
The graph social is created.

At this point, we have created a person vertex type, a friendship edge type, and a
social graph that includes them. You've now built your first graph schema! Let's
take a look what's in the catalog by typing the 1s command in the GSQL shell.

GSQL shell

GSQL > 1s
---- Global vertices, edges, and all graphs
Vertex Types:
- VERTEX person(PRIMARY_ID name STRING, name STRING, age INT, gender ST
Edge Types:
- UNDIRECTED EDGE friendship(FROM person, TO person, connect_day DATETI

Graphs:
- Graph social(person:v, friendship:e)
Jobs:

Json API version: v2
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Load Data

After creating a graph schema, the next step is to load data into it. The task here is
to instruct the GSQL loader how to associate ("map") the fields in a set of data files
to the attributes in your vertex types and edge types of the graph schema we just

defined.

You should have the two data files person.csv and friendship.csv on your local disk.
It's not necessary that they are in the same folder with you.

If you need to exit the GSQL shell for any reason, you can do so by typing "quit"
without the quotes. Type gsqgl to enter again.

Define a Loading Job

The loading job below assumes that your data files are in the folder

/home/tigergraph . If they are elsewhere, then in the loading job script below
replace /home/tigergraph/person.csv and /home/tigergraph/friendship.csv
with their corresponding file path respectively. Assuming you're (back) in the GSQL
shell, enter the following set of commands.

GSQL commands to define a loading job

USE GRAPH social

BEGIN

CREATE LOADING JOB load_social FOR GRAPH social %
DEFINE FILENAME filel="/home/tigergraph/person.csv";
DEFINE FILENAME file2="/home/tigergraph/friendship.csv";

LOAD filel TO VERTEX person VALUES ($"name", $"name", $"age", $"gender

LOAD file2 TO EDGE friendship VALUES ($0, $1, $2) USING header="true",

h
END

Let's walk through the commands:

® USE GRAPH social :
Tells GSQL which graph you want to work with.
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BEGIN ... END:

Indicates multiple-line mode. The GSQL shell will treat everything between
these markers as a single statement. These is only needed for interactive
mode. If you run GSQL statements that are stored in a command file, the
command interpreter will study your whole file, so it doesn't need the BEGIN
and END hints.

CREATE LOADING JOB :

One loading job can describe the mappings from multiple files to multiple graph
objects. Each file must be assigned to a filename variable. The field labels can
be either by name or by position. By-name labelling requires a header line in the
source file. By-position labelling uses integers to indicate source column
position O, 1,... In the example above, the first LOAD statement refers to the
source file columns by name, whereas the second LOAD statement refers to the
source file columns by position. Note the following details:

°o The column "name" in file1 gets mapped to two fields, both the PRIMARY_ID
and the "name" attribute of the person vertex.

o In file1l, gender comes before age. In the person vertex, gender comes after
age. When loading, state your attributes in the order needed by the target
object (in this case, the person vertex).

o Each LOAD statement has a USING clause. Here it tells GSQL that both files
contain a header (whether we choose to use the names or not, GSQL still
needs to know whether to consider the first line as data or not). It also says
the column separator is comma. GSQL can handle any single-character
separator, not just commas.

When you run the CREATE LOADING JOB statement, GSQL checks for syntax errors

and

checks that you have data files in the locations specified. If it detects no errors,

it compiles and saves your job.

GSQL shell
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GSQL > USE GRAPH social

Using graph 'social'

GSQL > BEGIN

GSQL > CREATE LOADING JOB load_social FOR GRAPH social

GSQL > DEFINE FILENAME filel="/home/tigergraph/person.csv";

GSQL > DEFINE FILENAME file2="/home/tigergraph/friendship.csv";

GSQL >

GSQL > LOAD filel TO VERTEX person VALUES ($"name", $"name", $"age", $
GSQL > LOAD file2 TO EDGE friendship VALUES ($0, $1, $2) USING header=
GSQL > %

GSQL > END

The job load_social is created.

Run a Loading Job

You can now run your loading job to load data into your graph:

GSQL command

RUN LOADING JOB load_social

The result is shown below.

GSQL shell

GSQL > run loading job load_social
[Tip: Use "CTRL + C" to stop displaying the loading status update, then u
[Tip: Manage loading jobs with "ABORT/RESUME LOADING JOB jobid"]
Starting the following job, i.e.
JobName: load_social, jobid: social_ml1.1528095850854
Loading log: '/home/tigergraph/tigergraph/logs/restpp/restpp_loader_log

Job "social_m1.1528095850854" loading status
[FINISHED] ml1 ( Finished: 2 / Total: 2 )

[LOADED]

@ m e e e e e e e e e e e e e e e e e e e e mmmmmmm -
| FILENAME |  LOADED LINES | AVG SPEED |  DUR
| /home/tigergraph/friendship.csv | 8 | 8 1/s | 1
| /home/tigergraph/person.csv | 8 | 7 1/s | 1
@ m e e e e e e e e e e e e e e e e e e e e mmmmmmm -
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Notice the location of the loading log file. The example assumes that you installed

TigerGraph in the default location, /home/tigergraph/ . In your installation folder is

the main product folder, tigergraph. Within the tigergraph folder are several
subfolders, such as logs, document, config, bin, and gstore. If you installed in a
different location, say /usr/local/ , then you would find the product folder at
/usr/local/tigergraph .
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Run Built-in Queries

You now have a graph with data! You can run some queries using the built-in REST
endpoint calls.

Get Vertex/Edge Statistics

Below we call two functions, stat_vertex_number and stat_edge_number to return
the cardinality of each vertex and edge type.

() REST endpoints return results in JSON format. JSON data are used for various
purposes. But JSON data can't be read easily from JSON file by using bash script like
other normal files. jg tool is used to solve this problem

We recommend you install jq and redirect the REST call result to jq before it is output.

Linux Shell

#fget vertex cardinality
curl -X POST 'http://localhost:9000/builtins/social' -d ‘'$"function":"st

jtresults
]
"version": %
"edition": "enterprise",
"api": "v2",
"schema": 0

£,

"error": false,
Ilmessagell: n II,
"results": [

]

"v_type": "person",
"count": 7

Linux Shell
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{#get edge cardinality
curl -X POST 'http://localhost:9000/builtins/social' -d '$"function":"st

ffresults

]
"version": %
"edition": "enterprise",
"api": "v2",
"schema": 0

}I

"error": false,

"message": ,
"results": [

]
"e_type": "friendship",
"count": 7

Select Vertices

If you want to lookup the details about a vertex with its primary_id, you can use the
following REST call.

Linux Shell

curl -X GET "http://localhost:9000/graph/igraph_name}/vertices/{vertex_ty

Example. Find a person vertex whose primary_id is "Tom".

Linux Shell

curl -X GET "http://localhost:9000/graph/social/vertices/person/Tom" | j
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ffresult
)
"version": %
"edition": "enterprise",
"api": "v2",
"schema": 0

£,

"error": false,
Ilmessagell: n II,
"results": [

]

"v_id": "Tom",

"v_type": "person",

"attributes": {
"name": "Tom",
"age": 40,
"gender": "male",
"state": "ca"

Select Edges

In similar fashion, we can see details about edges. To describe an edge, you hame
the types of vertices and edges in the two parts or three parts of a URL.

Linux Shell

#two parts
curl -X GET "http://localhost:9000/graph/edges/isource_vertex_type}/{isour

jfthree parts
curl -X GET "http://localhost:9000/graph/edges/{source_vertex_type}/{isour

Example. Find all friendship edges whose source vertex's primary_id is "Tom".

Linux Shell

curl -X GET "http://localhost:9000/graph/social/edges/pexrson/Tom/friendsh
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jtresult
]
"version": %
"edition": "enterprise",
"api": "v2",
"schema": 0
s
"error": false,
"message": "",
"results": [
]
"e_type": "friendship",
"directed": false,
"from_id": "Tom",
"from_type": "person",
"to_id": "Dan",
"to_type": "person",
"attributes": {
"connect_day": "2017-06-03 00:00:00"
$
b
]
"e_type": "friendship",
"directed": false,
"from_id": "Tom",
"from_type": "person",
"to_id": "Jenny",
"to_type": "person",
"attributes": §
"connect_day": "2015-01-01 00:00:00"
$
%
]

For more built-in REST endpoints, you can refer to the Built-in Endpoints page.
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Develop Parameterized Queries

Develop, install, and run parameterized GSQL queries

We just saw how easy and quick it is to run simple built-in queries. However you'll
undoubtedly want to create more customized or complex queries. GSQL puts
maximum power in your hands through parameterized vertex set queries.
Parameterized queries let you traverse the graph from one vertex set to an adjacent
set of vertices, again and again, performing computations along the way, with built-
in parallel execution and handy aggregation operations. You can even have one
query call another query. But we'll start simple.

A GSQL parameterized query has three steps.

1. Define your query in GSQL. This query will be added to the GSQL catalog.

2. Install one or more queries in the catalog, generating a REST endpoint for each
query.

3. Run an installed query, supplying appropriate parameters, either as a GSQL
command or by sending an HTTP request to the REST endpoint.

A Simple 1-Hop Query

Now, let's write our first GSQL query. We'll display all the direct (1-hop) neighbors
of a person, given as an input parameter.

GSQL command

USE GRAPH social
CREATE QUERY hello(VERTEX<person> p) %
Start = {p};
Result = SELECT tgt
FROM Start:s-(friendship:e) ->person:tgt;
PRINT Result;
%

This query features one SELECT statement. The SELECT statements here are much
more powerful than the ones in built-in queries. Here you can do the following:The
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query starts by seeding a vertex set "Start" with the person vertex identified by
parameter p passed in from the query call. The curly braces tell GSQL to construct
a set containing the enclosed items.

Next, the SELECT statement describes a 1-hop traversal according to the pattern
described in the FROM clause:

Start:s -(friendship:e)-> person:tgt

This is basically the same syntax we used for the built-in select edges query.
Namely, we select all edges beginning from the given source set (Start), which
have the given edge type (friendship) and which end at the given vertex type
(person). A feature we haven't seen before is the use of vertex and edge set aliases
defined by ":alias": "s" is the alias for the source vertex set, "e" is the edge set
alias, and "tgt" is the target vertex set alias.

Refer back to the initial clause and the assignment (" Result = SELECT tgt "). Here
we see the target set's alias tgt. This means that the SELECT statement should
return the target vertex set (as filtered and processed by the full set of clauses in
the SELECT query block) and assign that output set to the variable called Result.

Last, we print out the Result vertex set, in JSON format.

Create A Query

Rather than defining our query in interactive mode, we can store the query in a file
and invoke the file from within the GSQL shell, using the @filename syntax. Copy
and paste the above query into a file /home/tigergraph/hello.gsql . Then, enter
the GSQL shell and invoke the file using @hello.qsql ( Note that if you are not in the
/home/tigergraph folder when you start gsql, then you can use the absolute path to
invoke a gsq|l file. e.g., @/home/tigergraph/hello.gsql ) Then run the "Is"
command to see that the query is now in the catalog.

GSQL shell

193



5/13/25,2:41 PM 32

GSQL > @hello.gsql
Using graph 'social'
The query hello has been added!
GSQL > 1s
---- Graph social
Vertex Types:
- VERTEX person(PRIMARY_ID name STRING, name STRING, age INT, gender ST
Edge Types:
- UNDIRECTED EDGE friendship(from person, to person, connect_day DATETI

Graphs:
- Graph social(person:v, friendship:e)
Jobs:
- CREATE LOADING JOB load_social FOR GRAPH social {
DEFINE FILENAME file2 = "/home/tigergraph/friendship.csv";
DEFINE FILENAME filel = "/home/tigergraph/person.csv";

LOAD filel TO VERTEX person VALUES($"name", $"name", $"age", $"gend
LOAD file2 TO EDGE friendship VALUES($0, $1, $2) USING SEPARATOR=",
§

Queries:
- hello(vertex<person> p)

Install a Query

However, the query is not installed yet; it is not ready to run. In the GSQL shell, type
the following command to installed the just added query "hello".

GSQL command

INSTALL QUERY hello

GSQL shell

GSQL > INSTALL QUERY hello
Start installing queries, about 1 minute ...
hello query: curl -X GET 'http://127.0.0.1:9000/query/social/hello?p=VALU
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It takes about 1 minute for the database to install this new query. Be patient! For
queries on large datasets, this small investment pays off many times over in faster
query execution, particularly if you will run the query many times, with different
parameters. The installation will generate machine instructions and a REST
endpoint. After the progress bar reaches 100%, we are ready to run this query.

Run a Query in GSQL

To run a query in GSQL, use "RUN QUERY" followed by the query name and a set of
parameter values.

GSQL command - run query examples

RUN QUERY hello("Tom")

The result is presented in JSON format. Tom has two 1-hop neighbors, hamely Dan
and Jenny.

GSQL shell
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GSQL > RUN QUERY hello("Tom")

]
"error": false,
"message": "",
"version": %
"edition": "developer",
"schema": 0,
"api": "v2"
b
"results": [{"Result": [
]
"v_id": "Dan",
"attributes": {
"gender": "male",
"name": "Dan",
"state": "ny",
"age": 34
b
"v_type": "person"
b
]
"v_id": "Jenny",
"attributes": {
"gender": "female",
"name": "Jenny",
"state": "tx",
"age": 25
b
"v_type": "person"
%
1%]
%

Run a Query as a REST Endpoint

Under the hood, installing a query will also generate a REST endpoint, so that the
parameterized query can be invoked by an http call. In Linux, the curl command is
the most popular way to submit an http request. In the example below, the portion
that is standard for all queries is shown in bold ; the portion in normal weight
pertains to this particular query and parameter value. The JSON result will be
returned to the Linux shell's standard output. So, our parameterized query
becomes a http service!
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Linux shell

curl -X GET 'http://localhost:9000/query/social/hello?p=Tom'

Finally, to see the GSQL text of a query in the catalog, you can use

GSQL command - show query example

#SHOW QUERY query_name. E.g.
SHOW QUERY hello

Congratulations! At this point, you have gone through the whole process of
defining, installing, and running a query.

Running Anonymous Queries Without
Installing

Installing query will give the fastest query speed, but user needs to wait for the
installation overhead.

The Interpreted Mode for GSQL, introduced in TigerGraph 2.4, let us skip the
INSTALL step, and even run a query as soon as we create it, to offer a more
interactive experience. These one-step interpreted queries are unnamed
(anonymous) and parameterless, just like SQL. Please refer to GSQL 102 for this
mode.

A More Advanced Query

Now, let's do a more advanced query. This time, we are going to learn to use the
powerful built-in accumulators, which serves as the runtime attributes (properties)
attachable to each vertex visited during our traversal on the graph. Runtime means
they exist only while the query is running; they are called accumulators because
they are specially designed to gather (accumulate) data during an implicitly parallel
processing of the query.
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GSQL command file - hello2.gsql

USE GRAPH social

CREATE QUERY hello2 (VERTEX<person> p) 1
OrAccum (@visited = false;
AvgAccum @@avgAge;
Start = {p};

FirstNeighbors = SELECT tgt
FROM Start:s -(friendship:e)-> person:tgt
ACCUM tgt.@visited += true, s.@visited += true;

SecondNeighbors = SELECT tgt
FROM FirstNeighbors -(:e)-> :tgt
WHERE tgt.@visited == false
POST_ACCUM @@avgAge += tgt.age;

PRINT SecondNeighbozrs;
PRINT @@avgAge;

h
INSTALL QUERY hello2

RUN QUERY hello2("Tom")

In this query we will find all the persons which are exactly 2 hops away from the
parameterized input person. Just for fun, let's also compute the average age of
those 2-hop neighbors.

In the standard approach for this kind of graph traversal algorithm, you use a
boolean variable to mark the first time that the algorithm "visits" a vertex, so that it
knows not to count it again. To fit this need, we'll define a local accumulator of the
type OrAccum. To declare a local accumulator, we prefix an identifier name with a
single "@" symbol. Each accumulator type has a default initial value; the default
value for boolean accumulators is false. Optionally, you can specify an initial value.

We also want to compute one average, so we will define a global AvgAccum. The
identifier for a global accumulator begins with two "@"s.

After defining the Start set, we then have our first one 1-hop traversal. The SELECT
and FROM clauses are the same as in our first example, but there is an additional
ACCUM clause. The += operator within an ACCUM clause means that for each
edge matching the FROM clause pattern, we accumulate the right-hand-side
expression (true) to the left-hand-accumulator (tgt.@visited as well as s.@visited).
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Note that a source vertex or target vertex may be visited multiple times. Referring to
Figure 1, if we start at vertex Tom, there are two edges incidents to Tom, so the
ACCUM clause in the first SELECT statement will visit Tom two times. Since the
accumulator type is OrAccum, the cumulative effect of the two traversals is the
following:

Tom.@visited &= (initial value: false) OR (true) OR (true)

Note that it does not matter which of the two edges was processed first, so this
operation is suitable for multithreaded parallel processing. The net effect is that as
long as a vertex is visited at least once, it will end up with @visited = true. The
result of this first SELECT statement is assigned to the variable FirstNeighbors.

The second SELECT block will do one hop further, starting from the FirstNeighbors
vertex set variable, and reaching the 2-hop neighbors. Note that this time, we have
omitted the edge type friendship and the target vertex type person from the FROM
clause, but we retained the aliases. If no type is mentioned for an alias, then it is
interpreted as ALL types. Since our graph has only one vertex type and one edge
type, itis logically the same as if we had specified the types. The WHERE clause
filters out the vertices which have been marked as visited before (the 1-hop
neighbors and the starting vertex p ). This SELECT statement uses POST_ACCUM
instead of ACCUM. The reason is that POST_ACCUM traverses the vertex sets
instead of the edge sets, guaranteeing that we do not double-count any vertices.
Here, we accumulate the ages of the 2-hop neighbors to get their average.

Finally, the SecondNeighbors of p are printed out.

This time, we put all of the following GSQL commands into one file hello2.gsql:

USE GRAPH social

The query definition

Installing the query

Running the query

We can execute this full set of commands without entering the GSQL shell. Please
copy and paste the above GSQL commands into a Linux file named
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/home/tigergraph/hello2.gsql.
In a Linux shell, under /home/tigergraph, type the following:

Linux shell

gsql hello2.gsql

GSQL Query Summary:

* Queries are installed in the catalog and can have one or more input parameters,
enabling reuse of queries.

* A GSQL query consists of a series of SELECT query blocks, each generating a
named vertex set.

* Each SELECT query block can start traversing the graph from any of the
previously defined vertex sets (that is, the sequence does not have to form a
linear chain).

e Accumulators are runtime variables with built-in accumulation operations, for
efficient multithreaded computation.

* Query can call another query.

* Qutputisin JSON format.
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Review

You have learned a lot in GSQL 101!

With just the knowledge from GSQL 101 and a little practice, you should be able to

do the following:

Create a graph schema containing multiple vertex types and edge types.

Define a loading job that takes one or more CSV files and maps the data directly
to the vertices and edges of your graph.

Write and run simple parameterized queries which start at one vertex and then
traverse one or more hops to generate a final vertex set. Make a simple additive
computation and return the results.

Want to learn more?

To learn to do the same types of operations using the GraphStudio Visual SDK
and Ul, see the TigerGraph GraphStudio Ul Guide.

Continue learning Accumulators and Pattern Matching.

To see more GSQL examples, see IS 7, IC 2, and Bl 2 workloads based on
LDBC 2 benchmark schema », and GSQL Demo Examples .

To get answers to common questions, see the TigerGraph Knowledge Base and
FAQs .

To see the full GSQL specification (whose table of contents with give you and
idea of what is available) see

o GSQL Language Reference Part 1 - Defining Graphs and Loading Data
o GSQL Language Reference Part 2 - Querying

To discuss and get help with fellow GSQL users and GSQL developers, join
GSQL community forum .
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Accumulators Tutorial

Introduction

GSQL is a Turing complete Graph Database query language. Comparing to other
graph query languages, the biggest advantages is its support of accumulators --
global or vertex local.

In addition to provide the classic pattern match syntax, which is easy to master,
GSQL supports powerful run-time vertex attributes (a.k.a local accumulators) and
global state variables (a.k.a global accumulators).

This short tutorial aims to shorten the learning curve of accumulator. Supposedly,
after reading this article, everyone can master the essence of accumulator by heart,
and start solving real-life graph problems with this handy language feature.

What is an Accumulator?

Figure 1. The left box is a GSQL query with different accumulators being accumulated to. The
right box shows the accumulator variables' final results.

An accumulator is a state variable in GSQL. Its state is mutable throughout the life
cycle of a query. It has an initial value, and users can keep accumulating (using its
"+=" built-in operator) new values into it. Each accumulator variable has a type.
The type decides what semantics the declared accumulator will use to interpret the
"+=" operation.

In Figure 1's left box, from line 3 to line 8, six different accumulator variables (those
with prefix @@) are declared, each with a unique type. Below we explain the
semantic and usage of them.

* SumAccum<INT> allows user to keep adding INT values into its internal state

variable. As the line 10 and 11 have shown, we added 1 and 2 to the accumulator,
and end up with the value 3 (shown on line 3 in the right box).
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MinAccum<INT> keeps the smallest INT number it has seen. As the line 14 and
15 have shown, we accumulated 1and 2 to the MinAccum accumulator, and
end up with the value 1 (shown on line 6 in the right box).

MaxAccum<INT> is symmetric to MinAccum. It returns the MAX INT value it
has seen. Lines 18 and 19 show that we send 1and 2 into it, and end up with the
value 2 (shown on line 9 in the right box).

OrAccum keeps OR-ing the internal boolean state variable with new boolean
variables that accumulate to it. The initial default value is FALSE. Lines 22 and
23 show that we send TRUE and FALSE into it, and end up with the TRUE value
(shown on line 12 in the right box).

AndAccum is symmetric to OrAccum. Instead of using OR, it uses the AND
accumulation semantics. Line 26 and 27 show that we accumulate TRUE and
FALSE into it, and end up with the FALSE value (shown on line 15 in the right
box).

ListAccum<INT> keeps appending new integer(s) into its internal list variable.
Line 30 - 32 show that we append 1, 2, and [3,4] to the accumulator, and end up
with [1,2,3,4] (shown on lines 19-22 in the right box).

Global vs. Vertex-attached Accumulator

At this point, we have seen that accumulators are special typed variable in GSQL

language. We are ready to explain their global and local scopes.

Global accumulator belongs to the entire query. Anywhere in a query, a statement

can
upd

update its value. Local accumulator belongs to each vertex. It can only be
ated when its owning vertex is accessible. To differentiate them, we use special

prefixes in the identifier when we declare them.

@@ prefix is used for declaring global accumulator variable. It is always used
stand-alone. E.g
@@cnt +=1

@ prefix is used for declaring local accumulator variable. It must be used with a
vertex alias in a query block. E.g. v.@cnt += 1, where v is a vertex alias
specified in a FROM clause of a SELECT-FROM-WHERE query block.
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Figure 2. A social graph with 7 person vertices and 7 friendship edges connecting them.

Consider a toy social graph modeled by a person vertex type and a person-to-
person friendship edge type shown in Figure 2. Below we write a query, which
accepts a person, and does a 1-hop traversal from the input person to its neighbors.
We use the @@global_edge_cnt accumulator to accumulate the total number of
edges we traverse. And we use @vertex_cnt to write to the input person's each
friend vertex an integer 1.

Figure 3. The top box shows a query that given a person, accumulate the edge count into
@@global_edge_cnt. The bottom box shows that for each friend of the input person, we
accumulate 1into its @vertex_cnt.

As Figure 2 shows, Dan has 4 direct friends -- Tom, Kevin, Jenny, and Nancy, each
of which holds a local accumulator @vertex_cnt. And the @@global_edge_cnt has
value 4, reflecting the fact that for each edge, we have accumulated 1 into it.

ACCUM vs. POST-ACCUM

ACCUM and POST-ACCUM clauses are computed in stages, where-in a SELECT-
FROM-WHERE query block, ACCUM is executed first, followed by the POST-
ACCUM clause.

* ACCUM executes its statement(s) once for each matched edge (or path) of the
FROM clause pattern. Further, ACCUM parallelly executes its statements for all
the matches.

e POST-ACCUM executes its statement(s) once for each involved vertex. Note
that each statement within the POST-ACCUM clause can refer to either source
vertices or target vertices but not both. Its statements can access the
aggregated accumulator result computed in the ACCUM clause.

Conclusion
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We have explained the mechanism of accumulators, their types, and the two
different scopes--global and local. We also elaborate the ACCUM and POST-
ACCUM clause semantics. Once you master the basics, the rest is to practice more.
We have made available 46 queries based on the LDBC # schema. These 46
queries are divided into three groups.

° IS:
https://github.com/tigergraph/ecosys/tree/master/tools/ldbc_benchmark/tig
ergraph/queries_pattern_match/interactive_short »

* IC:
https://github.com/tigergraph/ecosys/tree/master/tools/ldbc_benchmark/tig
ergraph/queries_pattern_match/interactive_complex »

* Bl
https://github.com/tigergraph/ecosys/tree/master/tools/ldbc_benchmark/tig
ergraph/queries_pattern_match/business_intelligence ~

You can follow GSQL 102 to setup the environment. You can also post your
feedback and questions on the GSQL community forum . Our community
members and developers love to hear any feedback from your graph journey of
using GSQL and are ready to help clarifying any doubts.
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GSQL102 Pattern Matching

A guide to GSQL's multi-hop SELECT statements which make it convenient to
express pattern-matching queries.

Get Set >
Load Data >
One-hop patterns >
Repeating a 1-Hop Pattern >
Multiple Hop Patterns and Accumulation >
Example - A Recommender >
Advanced Features >
Summary >
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Get Set

Introduction

In this tutorial, we will show you how to write and run Pattern Matching queries.
Pattern Matching is available in TigerGraph v2.4+.

We assume you have finished GSQL 101. If not, please complete GSQL 101 first.

() This tutorial was updated for TigerGraph 3.0. If you are using an older version, please
change to the documentation for that version.

What is a Graph Pattern?

A graph pattern is a traversal trace on the graph schema. A pattern can contain
repeated steps. A pattern can be a linear trace, or a non-linear trace (tree, circle
etc.). For example, imagine a simple schema consisting of a Person vertex type and
a Friendship edge type. A pattern could be a trace on this simple schema,

Person - (Friendship) - Person - (Friendship) - Pezrson
or, use *2 to denote the two consecutive Friendship edges,

Person - (Friendshipx2) - Person

What is Pattern Matching?

Pattern matching is the process of finding subgraphs in a data graph that conform
to a given query pattern.
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Prepare Your TigerGraph Environment

We assume you are running your own TigerGraph instance as the sole user with full
privileges. If you are on a multiuser Enterprise Edition, consult with your DB
administrator. You need to have Designer or Admin privilege on an empty graph. At
various points in this tutorial, there are links to download files. Most are small, but
the graph data file is 1GB when uncompressed.

First, let's check that you can access GSQL, and that your version is 3.0 or higher.

1. Open a Linux shell.
2. Type gsql as below. A GSQL shell prompt should appear as below.

3. Type version in GSQL shell. It should show 2.4 or higher as below. If not, please
download and install the latest version from
https://www.tigergraph.com/download/ #

Linux Shell

$ gsql
GSQL > version
GSQL version: 3.0

4. If the GSQL shell does not launch, try resetting the system with "gadmin start
all". This will launch each service if they have not been started yet. If you need
further help, please see the manage TigerGraph with gadmin, and TigerGraph
Knowledge Base and FAQs.

5. You need to start from an empty data catalog. If necessary, run drop all to
clear the catalog first.

Cheatsheet

The following general use commands were introduced in GSQL 1071.

* The % prefix indicates Linux shell commands. You need TigerGraph admin
privilege to run most gadmin commands.

* The GsQL> prefix indicates GSQL shell commands.
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Command
% gsql

% gsql '<GSQL command string>'

% gadmin status

% gadmin restart

GSQL> Is

GSQL> show user

GSQL> drop all

GSQL> exit

32

Description
Enter the GSQL shell in interactive mode
Run one GSQL command

Check the status of TigerGraph services
(If your graph store is empty, it is normal for
some statuses to be flagged in red.)

Restart TigerGraph services

List the graph schema, loading jobs, and
queries

Show your user name and roles

Delete the entire schema, all data, all

jobs, and all queries

Exit GSQL interactive shell
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Define the Schema

Data Set

We will use the LDBC Social Network Benchmark » (LDBC SNB) data set. This data
set models a typical social forum, where communities of persons can post

messages on a forum to discuss a topic. It comes with a data generator, which

allows you to generate data at different scale factors. Scale factor 1 generates

roughly 1GB of raw data, scale factor 10 generates roughly 10GB of raw data, etc.
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Figure 1. LDBC SNB Schema

Figure 1 shows the schema (from the LDBC SNB specification 7). It models the

activities and relationships of social forum participants. For example, a forum

Member can publish Posts on a Forum, and other Members of the Forum can make

a Comment on the Post or on someone else's Comment. A Person's home location
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is a hierarchy (Continent>Country>City), and a person can be affiliated with a
University or a Company. A Tag can be used to classify a Forum, a Message, or a
Person's interests. Tags can further be classified by TagClass. The relationships
between entities are modeled as directed edges, except person KNOWS person is
modeled as an undirected edge. For example, Person connects to Tag by the
hasinterest edge. Forum connects to Person by two different edges, hasMember
and hasModerator.

(i) LDBC SNB schema uses inheritance to model certain relationships:
e Message is the superclass of Post and Comment.
e Place is the superclass of City, Country, and Continent.

e Organization is the superclass of University and Company.

We do not use the superclasses in our graph model. When there is an edge type
connecting an entity to a superclass, we instead create an edge type from the entity to
each of the subclasses of the superclass. For example, Message has an isLocatedin
relationship to Country. Since Message has two subclasses, Post and Comment, both
connected with Country by the isLocatedin relationship, we create an edge type
IS_LOCATEDL_IN, connecting both vertex type pairs using the compound edge type
available in TigerGraph 3.0.

e CREATE DIRECTED EDGE IS_LOCATED_IN ( FROM Comment, TO Country
| FROM Post, TO Country )

@ This new DDL syntax allows a general edge type to be defined over multiple vertex
pairs. For example, there are many relationships in the LDBC schema all called
isLocatedIn which connect something to a geographical entity. We can model them all
as a single edge type IS_LOCATEDL_IN. The result is a more succinct graph model and
less GSQL code when expressing pattern matching queries.

e CREATE DIRECTED EDGE IS_LOCATED_IN (FROM Comment, TO Country | FROM
Post, TO Country | FROM Company, TO Country | FROM Person, TO City | FROM
University, TO City) WITH REVERSE_EDGE="IS_LOCATED_IN_REVERSE"

Schema Naming Conventions

The folowing nameing conventions are followed in the DDL language:
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* \ertex types

o For each entity in Figure 1 (the rectangular boxes), we create a vertex type
with the entity's name in UpperCamelCase.

o Examples
= Person is a person who participates in a forum.
= Forum is a place where persons discuss topics.
= City, Country, and Continent are geographic locations of other entities.

= Company and University are organizations with which a person can be
affiliated.

= Comment and Post are the interaction messages created by persons in
a forum.

= Tag is a topic or a concept.

= TagClass is a class or a category. TagClass can form a hierarchy of
tags.

* Edge types

o For each relationship type, we create an edge type with the relationship
name (all capitalized and words are separated by an underscore).

o When multiple relationships share the same semantics in Figure 1, we merge
them into a single compound edge type. For example:

o Examples
= CONTAINER_OF: Forum is the container of posts.
= HAS_INTERESTS: Person has interest in tag(s).
= IS_SUBCLASS_OF: Tag is a subclass of another Tag.

= |S_LOCATED_IN: Comment or Post is located in Country, Company is
located in Country, Person is located in City, and University is located in
City.

GSQL Schema DDL

Two GSQL scripts for defining the LDBC-SNB schema are shown below. Choose
the one that serve your needs. They are not equivalent if you have different
organizations using the same graph database instance.
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Method 1. Bottom-up DDL
In this method, global vertex/edge type containers are created first. Next, graphs
are created to group them. In other words, the global vertex/edge type containers

can be shared across graphs.

#LDBC-SNB schema
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//clear the current catalog.
// It may take a while since it restarts the subsystem services.
DROP ALL

//create vertex types

jHF Post and Comment
CREATE VERTEX Comment (PRIMARY_ID id UINT, creationDate DATETIME, locatio
browserUsed STRING, content STRING, length UINT) WITH primary_id_as_a
CREATE VERTEX Post (PRIMARY_ID id UINT, imageFile STRING, creationDate DA
locationIP STRING, browserUsed STRING, lang STRING, content STRING,
length UINT) WITH primary_id_as_attribute="TRUE"
iHt organisation
VERTEX Company (PRIMARY_ID id UINT, name STRING, url STRING) WITH
VERTEX University (PRIMARY_ID id UINT, name STRING, url STRING) WI
iHt place
VERTEX City (PRIMARY_ID id UINT, name STRING, url STRING) WITH pri
VERTEX Country (PRIMARY_ID id UINT, name STRING, url STRING) WITH
VERTEX Continent (PRIMARY_ID id UINT, name STRING, url STRING) WIT

CREATE
CREATE

CREATE
CREATE
CREATE
iHF etc
CREATE
CREATE

32

VERTEX Forum (PRIMARY_ID id UINT, title STRING, creationDate DATET
VERTEX Person (PRIMARY_ID id UINT, firstName STRING, lastName STRI
creationDate DATETIME, locationIP STRING, browserUsed STRING, speaks s
WITH primary_id_as_attribute="TRUE"
CREATE VERTEX Tag (PRIMARY_ID id UINT, name STRING, url STRING) WITH pxrim
CREATE VERTEX TagClass (PRIMARY_ID id UINT, name STRING, url STRING) WITH

// create edge types

CREATE
CREATE
CREATE
CREATE
CREATE
CREATE
CREATE
CREATE

CREATE

CREATE
CREATE
CREATE
CREATE
CREATE
CREATE

DIRECTED
DIRECTED
DIRECTED
DIRECTED
DIRECTED
DIRECTED
DIRECTED
DIRECTED

DIRECTED

EDGE
EDGE
EDGE
EDGE
EDGE
EDGE
EDGE
EDGE

EDGE

CONTAINER_OF (FROM Forum, TO Post) WITH REVERSE_EDGE
HAS_CREATOR (FROM Comment|Post, TO Person) WITH REVE
HAS_INTEREST (FROM Person, TO Tag) WITH REVERSE_EDGE
HAS_MEMBER (FROM Forum, TO Person, joinDate DATETIME

HAS_MODERATOR (FROM

Forum, TO Person) WITH REVERSE_E

HAS_TAG (FROM Comment|Post]|Forum, TO Tag) WITH REVER

HAS_TYPE (FROM Tag,
IS_LOCATED_IN (FROM

| FROM

TO TagClass) WITH REVERSE_EDGE="
Comment, TO Countzry

Post, TO Country

Company, TO Countzry

Person, TO City

University, TO City) WITH REVERS

IS_PART_OF (FROM City, TO Country

| FROM Country, TO Continent) WITH REVERSE
DIRECTED EDGE IS_SUBCLASS_OF (FROM TagClass, TO TagClass) WITH REV
UNDIRECTED EDGE KNOWS (FROM Person, TO Person, creationDate DATETI
DIRECTED EDGE LIKES (FROM Person, TO Comment|Post, creationDate DA
DIRECTED EDGE REPLY_OF (FROM Comment, TO Comment]|Post) WITH REVERS
DIRECTED EDGE STUDY_AT (FROM Person, TO University, classYear INT)
DIRECTED EDGE WORK AT (FROM Person. TO Companv. workFrom INT) WITH
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//create graph type
CREATE GRAPH ldbc_snb (%)

Method 2. Top-down DDL
In this method, an empty graph is created first. Next, local vertex/edge type
containers are added to the empty graph via a schema change job. The

vertex/egde type containers added this way will be private to the graph, no other

graph can see them.

#LDBC-SNB schema
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//clear the current catalog.
// It may take a while since it restarts the subsystem services.
DROP ALL

# 1. Create graph
CREATE GRAPH 1ldbc_snb ()

# 2. Create schema_change job to include all vertex/edge types
CREATE SCHEMA_CHANGE JOB change_schema_of_ldbc FOR GRAPH ldbc_snb {

jHF Post and Comment
ADD VERTEX Comment (PRIMARY_ID id UINT, creationDate DATETIME, location
browserUsed STRING, content STRING, length UINT) WITH primary_id_as_a

ADD VERTEX Post (PRIMARY_ID id UINT, imageFile STRING, creationDate DAT
locationIP STRING, browserUsed STRING, lang STRING, content STRING,
length UINT) WITH primary_id_as_attribute="TRUE";

iHE organisation

ADD VERTEX Company (PRIMARY_ID id UINT, name STRING, url STRING) WITH p

ADD VERTEX University (PRIMARY_ID id UINT, name STRING, url STRING) WIT

iHE place

ADD VERTEX City (PRIMARY_ID id UINT, name STRING, url STRING) WITH pzrim

ADD VERTEX Country (PRIMARY_ID id UINT, name STRING, url STRING) WITH p

ADD VERTEX Continent (PRIMARY_ID id UINT, name STRING, url STRING) WITH

iHF etc

ADD VERTEX Forum (PRIMARY_ID id UINT, title STRING, creationDate DATET

ADD VERTEX Person (PRIMARY_ID id UINT, firstName STRING, lastName STRI

creationDate DATETIME, locationIP STRING, browserUsed STRING, speaks s
WITH primary_id_as_attribute="TRUE";
ADD VERTEX Tag (PRIMARY_ID id UINT, name STRING, url STRING) WITH prima
ADD VERTEX TagClass (PRIMARY_ID id UINT, name STRING, url STRING) WITH

// create edge types
ADD DIRECTED EDGE CONTAINER_OF (FROM Forum, TO Post) WITH REVERSE_EDGE=
ADD DIRECTED EDGE HAS_CREATOR (FROM Comment|Post, TO Person) WITH REVE
ADD DIRECTED EDGE HAS_INTEREST (FROM Person, TO Tag) WITH REVERSE_EDGE
ADD DIRECTED EDGE HAS_MEMBER (FROM Forum, TO Person, joinDate DATETIME)
ADD DIRECTED EDGE HAS_MODERATOR (FROM Forum, TO Person) WITH REVERSE_ED
ADD DIRECTED EDGE HAS_TAG (FROM Comment|Post|Forum, TO Tag) WITH REVERS
ADD DIRECTED EDGE HAS_TYPE (FROM Tag, TO TagClass) WITH REVERSE_EDGE="H
ADD DIRECTED EDGE IS_LOCATED_IN (FROM Comment, TO Country

| FROM Post, TO Country

| FROM Company, TO Country

| FROM Person, TO City

| FROM University, TO City) WITH REVERS
ADD DIRECTED EDGE IS_PART_OF (FROM City, TO Country

| FROM Country, TO Continent) WITH REVERSE

ADD DIRECTED EDGE IS SUBCLASS OF (FROM TagClass. TO TagClass) WITH REVE
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ADD UNDIRECTED EDGE KNOWS (FROM Person, TO Person, creationDate DATETIM
ADD DIRECTED EDGE LIKES (FROM Person, TO Comment|Post, creationDate DAT
ADD DIRECTED EDGE REPLY_OF (FROM Comment, TO Comment|Post) WITH REVERSE
ADD DIRECTED EDGE STUDY_AT (FROM Person, TO University, classYear INT)
ADD DIRECTED EDGE WORK_AT (FROM Person, TO Company, workFrom INT) WITH

# 3. Run schema_change job
RUN SCHEMA_CHANGE JOB change_schema_of_1ldbc

# 4. Drop schema_change job
DROP JOB change_schema_of_ldbc
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Load Data

Define the Loading Job
Below, we use the GSQL loading language to define a loading job script, which

encodes all the mappings from the source CSV file (generated by the LDBC SNB
benchmark data generator) to our schema 7.

The script to load the LDBC-SNB data is below.

# GSQL script for loading LDBC-SNB data
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USE GRAPH 1ldbc_snb

32

CREATE LOADING JOB load_1ldbc_snb FOR GRAPH ldbc_snb %

// define vertex

DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE

FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME

// define edge

DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE

FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME

// load vertex
LOAD v_comment_file
TO VERTEX Comment VALUES ($0, $1, $2, $3, $4, $5) USING header="true"

LOAD v_post_file

v_comment_£file;
v_post_file;
v_organisation_file;
v_place_file;
v_forum_£file;
v_person_£file;
v_tag_file;
v_tagclass_file;

forum_containerOf_post_file;
comment_hasCreator_person_file;
post_hasCreator_person_£file;
person_hasInterest_tag file;
forum_hasMember_person_file;
forum_hasModerator_person_file;
comment_hasTag_tag_file;
post_hasTag_tag_file;
forum_hasTag_tag_file;
tag_hasType_tagclass_£file;
organisation_islLocatedIn_place_file;
comment_islLocatedIn_place_£file;
post_islLocatedIn_place_£file;
person_islLocatedIn_place_file;
place_isPartOf_place_£file;
tagclass_isSubclassOf_tagclass_file;
person_knows_person_file;
person_likes_comment_file;
person_likes_post_£file;
comment_replyOf_comment_file;
comment_replyOf_post_file;
person_studyAt_organisation_file;
person_workAt_organisation_file;

TO VERTEX Post VALUES ($0, $1, $2, $3, $4, $5, $6, $7) USING header="
LOAD v_organisation_£file

TO VERTEX Company VALUES ($0, $2, $3) WHERE $1=="company",

TO VERTEX University VALUES ($0, $2, $3) WHERE $1=="university" USING
LOAD v_place_file

TO VERTEX City VALUES ($0, $1, $2) WHERE $3=="city",
TO VERTEX Countrv VALUES ($0. $1. $2) WHERE $3=="countrv".
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TO VERTEX Continent VALUES ($0, $1, $2) WHERE $3=="continent" USING h
LOAD v_forum_file

TO VERTEX Forum VALUES ($0, $1, $2) USING header="true", separator="|
LOAD v_person_file

TO VERTEX Person VALUES ($0, $1, $2, $3, $4, $5, $6, $7, SPLIT($S8,";"
LOAD v_tag_file

TO VERTEX Tag VALUES ($0, $1, $2) USING header="true", separator="|";
LOAD v_tagclass_file

TO VERTEX TagClass VALUES ($0, $1, $2) USING header="true", separator

// load edge
LOAD forum_containerOf_post_file
TO EDGE CONTAINER_OF VALUES ($0, $1) USING header="true", separator="
LOAD comment_hasCreator_person_file
Pr%(g(aﬁaé 'FIAh@EB%WL%faComment, $1) USING header="true", sepa
D post_hasCreator_person_Tile
TO EDGE HAS_CREATOR VALUES ($0 Post, $1) USING header="true", separat
LOAD person_hasInterest_tag_file
TO EDGE HAS_INTEREST VALUES ($0, $1) USING header="true", separator="
LOAD forum_hasMember_person_file
TO EDGE HAS_MEMBER VALUES ($0, $1,”$2) USING header="true", separator
LOAD forum_hasModerator_person_file
# Linux Bash E HAS_MODERATOR VALUES ($0, $1) USING header="true", separator=

mAandt hAa~rTa~x +Aa~x F£a21A

wget https://s3-us-west-1.amazonaws.com/tigergraph-benchmark-dataset/LDBC
LUAU pOoST_naslag_tag_Iile
TO EDGE HAS_TAG VALUES ($0 Post, $1) USING header="true", separator="
LOAD forum_hasTag_tag_file
TO EDGE HAS_TAG VALUES ($0 Forum, $1) USING header="true", separator=
LOAD tag_hasType_tagclass_file
T~ rRGE HAS_TYPE VALUES ($0, $1) USING header="true", separator="|";
il (LR IZasl sanisation_islocatedIn_place_file

tar -xzf 1ldbc_snb_data-sfl.tar.gz

LOAD comment_islLocatedIn_place_file

TO EDGE IS_LOCATED_IN VALUES ($0 Comment, $1 Country) USING header="t
LOAD post_islLocatedIn_place_£file

TO EDGE IS_LOCATED_IN VALUES ($0 Post, $1 Country) USING header="true
LOAD person_islocatedIn_place_£file

TO EDGE IS_LOCATED_IN VALUES ($0 Person, $1 City) USING header="true"
LOAD place_isPartOf_place_£file

TO EDGE IS_PART_OF VALUES ($0 Country, $1 Continent) WHERE to_int($0)

TO EDGE IS_PART_OF VALUES ($0 City, $1 Country) WHERE to_int($0) > 11
LOAD tagclass_isSubclassOf_tagclass_file

TO EDGE IS_SUBCLASS_OF VALUES ($0, $1) USING header="true", separator
LOAD person_knows_person_file

TO EDGE KNOWS VALUES ($0, $1, $2) USING header="true", separator="|";
LOAD person_likes_comment_file
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EDGE LIKES VALUES ($0, $1 Comment, $2) USING header="true", separa

LOA erson_likes_ppst_fil
RunTa Eﬂﬁluﬁa@flftg QbPost, $2) USING header="true", separator

LOAD
T0
LOAD
T0
LOAD
T0
LOAD
T0
5

comment_replyOf_comment_file

EDGE REPLY_OF VALUES ($0, $1 Comment) USING header="true", separat
comment_replyOf_pogt_file

EDGE REPLY_OF VALUES ($0, $1 Post) USING header="true", separator=
person_studyAt_organisation_file

EDGE STUDY_AT VALUES ($0, $1, $2) USING header="true", separator="
person_workAt_organisation_file

EDGE WORK_AT VALUES ($0, $1, $2) USING header="true", separator="|

command to specify its location. Then, start your TigerGraph services if needed.

Finally, run the setup_schema.gsql script to create your LDBC Social Network

graph.

# Linux Bash

{#fchange the directory to your raw file directory

export

LDBC_SNB_DATA_DIR=/home/tigergraph/ldbc_snb_data/social_network/

{#start all TigerGraph services

gadmin

#setup

start all

schema and loading job

gsql setup_schema.gsql

Download the loading job script 2 and invoke it on the command line. #

# Linux Bash

./load_data.sh

# Sample Loading Progress Output
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tigergraph/gsql_102$ ./load_data.sh
[Tip: Use "CTRL + C" to stop displaying the loading status update, then u
[Tip: Manage loading jobs with "ABORT/RESUME LOADING JOB jobid"]
Starting the following job, i.e.
JobName: load_ldbc_snb, jobid: ldbc_snb.load_ldbc_snb.file.ml1.155805315
Loading log: '/mnt/data/tigergraph/logs/restpp/restpp_loader_logs/ldbc_

Job "ldbc_snb.load_ldbc_snb.file.m1.1558053156447" loading status
[FINISHED] ml1 ( Finished: 31 / Total: 31 )
[LOADED]

/mnt/data/download/ldbc_snb_data/social_ network
/mnt/data/download/ldbc_snb_data/social_network/comment_hasCreato
/mnt/data/download/ldbc_snb_data/social network/comment_ha
/mnt/data/download/ldbc_snb_data/social_network/comment_islLocated
/mnt/data/download/ldbc_snb_data/social_network/comment_replyOf
/mnt/data/download/ldbc_snb_data/social_network/comment_repl
/mnt/data/download/ldbc_snb_data/social netwo
/mnt/data/download/ldbc_snb_data/social_network/forum_containe
/mnt/data/download/ldbc_snb_data/social network/forum_hasMembe
/mnt/data/download/ldbc_snb_data/social_network/forum_hasModerato
/mnt/data/download/ldbc_snb_data/social network/forum_ha
/mnt/data/download/ldbc_snb_data/social_network/orga

/mnt/data/download/ldbc_snb_data/social_network/organisation_islLocated

/mnt/data/download/ldbc_snb_data/social_networ
/mnt/data/download/ldbc_snb_data/social_network/person_hasInte
/mnt/data/download/ldbc_snb_data/social_network/person_islLocated
/mnt/data/download/ldbc_snb_data/social_network/pexrson_know
/mnt/data/download/ldbc_snb_data/social_network/person_likes
/mnt/data/download/ldbc_snb_data/social_network/person_1li

/mnt/data/download/ldbc_snb_data/social_network/person_studyAt_orga
/mnt/data/download/ldbc_snb_data/social_network/person_workAt_orga

/mnt/data/download/ldbc_snb_data/social_netwo
/mnt/data/download/ldbc_snb_data/social_network/place_isPart
/mnt/data/download/ldbc_snb_data/social_netw
/mnt/data/download/ldbc_snb_data/social_network/post_hasCreato
/mnt/data/download/ldbc_snb_data/social_network/post_ha
/mnt/data/download/ldbc_snb_data/social_network/post_islLocated
/mnt/data/download/ldbc_snb_data/social_net
/mnt/data/download/ldbc_snb_data/social_network/tag_hasType_
/mnt/data/download/ldbc_snb_data/social_network/

/mnt/data/download/ldbc_snb_data/social_network/tagclass_isSubclassOf_

After loading, you can check the graph's size using built-in REST endpoint calls.
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Below we call two functions, stat_vertex_number and stat_edge_number to return
the cardinality of each vertex and edge type.

Linux shell

curl -X POST 'http://localhost:9000/builtins/1ldbc_snb' -d '{"function":"
curl -X POST 'http://localhost:9000/builtins/ldbc_snb' -d '{"function":"
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One-hop patterns

Introduction

Pattern matching by nature is declarative. It enables users to focus on specifying
what they want from a query without worrying about the underlying query
processing.

A pattern usually appears in the FROM clause, the most fundamental part of the
query structure. The pattern specifies sets of vertex types and how they are
connected by edge types. A pattern can be refined further with conditions in the
WHERE clause. In this tutorial, we'll start with simple one-hop path patterns, and
then extend it multi-hop patterns and finally multiple-path patterns.

® Currently, pattern matching may only be used in read-only queries. DML support will
be added in the near future release.

) Pattern matching queries support nested queries

1-Hop Pattern

The easiest way to understand patterns is to start with a simple 1-Hop pattern. Even
a single hop has several options. After we've tackled single hops, then we'll see
how to add repetition to make variable length patterns and how to connect single
hops to form bigger patterns.

In classic GSQL queries, described in GSQL 101, we used the punctuation -( )->
in the FROM clause to indicate a 1-hop query, where the arrow specifies the vertex
flow from left to right, and ( ) encloses the edge types.

Person:p -(LIKES:e)-> Message:m /* Classic GSQL example =/
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In pattern matching, we use the punctuation -( )- to denote a 1-hop pattern,
where the edge type(s) is enclosed in the parentheses () and the hyphens -
symbolize connection without specifying direction. Instead, directionality is
explicitly stated for each edge type.

* For an undirected edge E, no added decoration: E
* For a directed edge E from left to right, use a suffix: E>

* For a directed edge E from right to left, use a prefix: <E

For example, in the LDBC SNB schema, there are two directed relationships
between Person and Message: person L/IKES message, and message
HAS_CREATOR person. Despite the fact that these relationships are in opposite
directions, we can include both of them in the same pattern very concisely using an
alternation separator |

Person:p -((LIKES>|<HAS_CREATOR):e)- Message:m /* Pattern example

Edge Type Wildcards

The underscore _ is a wildcard meaning any edge type. Arrowheads are still used
to indicate direction, e.g., _> or <_ or _
The empty parentheses () means any edge, directed or undirected.

Vertex Type Wildcards and Path Symmetry

Prior to TigerGraph 3.0, the source (leftmost) vertex set needed to be defined as an
explicit set, prior to the SELECT statement. A typical approach is shown here.

Seed set definition required in classic GSQL

CREATE QUERY seedSet() FOR GRAPH ldbc_snb SYNTAX v1 3%
Source = $Person?t; // Seed set
SELECT t FROM Source:s -(IS_LOCATED IN:e)- :t;
PRINT t;
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Beginning in TigerGraph 3.0, SYNTAX V2 treats the source vertex set the same as
the target vertex set. That is, the source or the target vertex set may be:

° avertex type
SELECT t FROM Person:s -(IS_LOCATED_IN>:e) - City:t

* an alternation of vertex types
SELECT t FROM (Post|Comment):s -(IS_LOCATED_IN>:e) - Country:t

* omitted, with only an alias, meaning any vertex type
SELECT s FROM :s -(IS_LOCATED_IN>:e) - Country:t

* omitted, without an alias, meaning any vertex type
SELECT t FROM - (IS_LOCATED_IN>:e) - Country:t

(G) Performance may be better when types are explicitly provided.

Examples of 1-Hop Patterns

1. FROM X:x - (El:el) - Y:y

* Elis an undirected edge, x and y bind to the end points of E1, and e1is the
alias of E1.

2. FROM X:x - (E2>:e2) - Y:y

* Right directed edge x binds to the source of E2; y binds to the target of E2.
3. FROM X:x - (<E3:e3) - Y:y

e |eft directed edge; y binds to the source of E3; x binds to the target of E3.
4. FROM X:x - (_:e) - Y:y

* Any undirected edge between a member of X and a member of Y.
5. FROM X:x - (_>:e) - Y:y

* Any right directed edge with source in X and targetin Y.
6. FROM X:x - (<_:e) - Y:y

* Any left directed edge with source in Y and target in X.
7. FROM X:x - ((<_|_):e) - Y:y

* Any left directed or any undirected; "|" means OR, and parentheses enclose
the group of edge descriptors; e is the alias for the edge pattern (<_|_).
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8. FROM X:x - ((E1|E2>|<E3):e) - Y:y
* Any one of the three edge patterns.
9. FROM X:x - () - Y:y
* any edge (directed or undirected)

e Sameas (<_|_>|.)

Entering Pattern Match Syntax Mode

To use pattern matching, you need to either set a session parameter or specify it in
the query. There are currently two syntax versions for queries:

* "v1"is the classic syntax, traversing one hop per SELECT statement. This is the
default mode.

e "v2" enhances the v1 syntax with pattern matching.

syntax_version Session Parameter

You can use the SET command to assign a value to the syntax_version session
parameter: v1 for classic syntax; v2 for pattern matching. If the parameter is never
set, the classic v1 syntax is enabled. Once set, the selection remains valid for the
duration of the GSQL client session, or until it is changed with another SET
command.

GSQL: Set Syntax Version By A Session Parameter

SET syntax_version="v2"

Query-Level SYNTAX option

You can also select the syntax by using the SYNTAX clause in the CREATE QUERY
statement: v1 for classic syntax (default); v2 for pattern matching. The query-level
SYNTAX option overrides the syntax_version session parameter.
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GSQL: Set Syntax Version By Specifying The Version After Graph Name In The Query

CREATE QUERY testl1l0 (string str ) FOR GRAPH ldbc_snb SYNTAX v2
1

Running Anonymous Queries Without
Installing

In this tutorial, we will use Interpreted Mode for GSQL, introduced in TigerGraph
2.4. Interpreted mode lets us skip the INSTALL step, and even run a query as soon
as we create it, to offer a more interactive experience. These one-step interpreted
qgueries are unnamed (anonymous) and parameterless, just like SQL.

To run an anonymous query, replace the keyword CREATE with INTERPRET.
Remember, no parameters:

INTERPRET QUERY () FOR GRAPH graph_name SYNTAX v2 { <query body> %

Recommendation: Increase the query timeout threshold.

Interpreted queries may run slower than installed queries, so we recommend
increasing the query timeout threshold:

GSQL: Set Longer Timeout

# set query time out to 1 minutes
# 1 unit is 1 millisecond
SET query_timeout = 60000

Examples of 1-Hop Fixed Length Query

Example 1. Find persons who know the person named "Viktor Akhiezer" and return

the top 3 oldest such persons.
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Example 1. Left Directed Edge Pattern

USE GRAPH 1ldbc_snb

INTERPRET QUERY () SYNTAX v2 {
#1-hop pattern.
friends = SELECT p
FROM Person:s -(KNOWS:e)- Person:p

WHERE s.firstName == "Viktor" AND s.lastName == "Akhiezer"
ORDER BY p.birthday ASC
LIMIT 3;

PRINT friends[friends.firstName, friends.lastName, friends.birthday]

(3) Syntax Enhancement in TigerGraph 3.0+

e In Example 1, "FOR GRAPH Idbc_snb" is not used after () in the query signature.
It's an optional component in 3.0+ when "USE GRAPH graphName" is used; Or
from the command line, "gsql -g graphName " precedes any query invocation.

e Inthe FROM clause, we directly use vertex type Person as the starting vertex set.
This syntax enhancement is available in syntax V2 only.

You can copy the above GSQL script to a file named examplel.gsql and invoke this
script file in Linux.

Linux Bash

gsql examplel.gsql

Output of Example 1
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"error": false,
Ilmessagell: n II'
"version": %

"schema": O,

"edition": "developer",
"api": "v2"
s
"results": [{"friends": [
]
"v_id": "10995116279461",
"attributes": §
"friends.birthday": "1980-05-13 00:00:00",
"friends.lastName": "Cajes",
“"friends.firstName": "Gregorio"
b
"v_type": "Person"
b
]
"v_id": "4398046517846",
"attributes": {
"friends.birthday": "1980-04-24 00:00:00",
"friends.lastName": "Glosca",
"friends.firstName": "Abdul-Malik"
b
"v_type": "Person"
ko
]
"v_id": "6597069776731",
"attributes": §
"friends.birthday": "1981-02-25 00:00:00",
"friends.lastName": "Carlsson",
"friends.firstName": "Sven"
b
"v_type": "Person"
%
1%]

Example 2. Find the total number of comments and total number of posts liked by
Viktor. A Person can reach Comments or Posts via a directed edge LIKES.

Example 2. Right-directed Edge Pattern
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USE GRAPH 1ldbc_snb

INTERPRET QUERY () SYNTAX v2 $
SumAccum<int> @commentCnt= 0;
SumAccum<int> @postCnt= 0;

#1-hop pattern.
Result = SELECT s
FROM Person:s -(LIKES>)- :tgt
WHERE s.firstName == "Viktor" AND s.lastName == "Akhiezer"
ACCUM CASE WHEN tgt.type == "Comment" THEN
s.@commentCnt += 1
WHEN tgt.type == "Post" THEN
s.@postCnt += 1
END;

PRINT Result[Result.@commentCnt, Result.@postCnt];

You can copy the above GSQL script to a file named example2.gsql, and invoke this
script file in Linux.

Linux Bash

gsql example2.gsql

Output of Example 2.
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Using graph 'ldbc_snb'

]
"error": false,
"message": "",
"version": %
"schema": 0,
"edition": "enterprise",
"api": "v2"
Iy
"results": [{"Result": [
"v_id": "28587302323577",
"attributes": %
"Result.@commentCnt": 108,
"Result.@postCnt": 51
by
"v_type": "Person"
£1%]
%

Example 3. Solve the same problem as in Example 2, but use a left-directed edge
pattern.

Note below (line 8) that the source vertex set are now Comment and Post, and the
target is Person.

Example 3. Left-directed Edge Pattern

USE GRAPH 1ldbc_snb

INTERPRET QUERY () SYNTAX v2%
SumAccum<int> @commentCnt= 0;
SumAccum<int> @postCnt= 0;

Result = SELECT tgt
FROM Person:tgt - (<LIKES_REVERSE)- (Comment|Post):sxc
WHERE tgt.firstName == "Viktor" AND tgt.lastName == "Akhiezer
ACCUM CASE WHEN src.type == "Comment" THEN
tgt.@QcommentCnt += 1
WHEN src.type == "Post" THEN
tgt.@postCnt += 1
END;

PRINT Result[Result.@commentCnt, Result.@postCnt];
%
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You can copy the above GSQL script to a file named example3.gsql, and invoke this
script file in linux command line. The output should be the same as in Example 2.

Example 4. Find Viktor Akhiezer's total number of related comments and total
number of related posts. That is, a comment or post is either created by Viktor or is
liked by Viktor. Note that the HAS_CREATOR edge type starts from Comment|Post,
and the LIKES edge type starts from Person.

Example 4. Disjunctive 1-hop edge pattern.

USE GRAPH 1ldbc_snb
set query_timeout=60000

INTERPRET QUERY () SYNTAX v2%
SumAccum<int> @commentCnt= 0;
SumAccum<int> @postCnt= 0;

Result = SELECT tgt
FROM Person:tgt - (<HAS_CREATOR|LIKES>)- (Comment|Post):sxc
WHERE tgt.firstName == "Viktor" AND tgt.lastName == "Akhiezer"
ACCUM CASE WHEN szrc.type == "Comment" THEN
tgt.@commentCnt += 1
WHEN src.type == "Post" THEN
tgt.@postCnt += 1
END;

PRINT Result[Result.@commentCnt, Result.@postCnt];
ky

You can copy the above GSQL script to a file named example4.gsql, and invoke this
script file in Linux:

Linux Bash

gsql exampled.gsql

Output of Example 4.
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Using graph 'ldbc_snb'

]

"error": false,

"message": "",

"version": %

"schema": O,
"edition": "enterprise",
"api": "v2"

Iy ;

"results": [{"Result": [%
"v_id": "28587302323577",
"attributes": 3§

"Result.@commentCnt": 152,
"Result.@postCnt": 96
5,
"v_type": "Person"
$1%]
%

Example 5. Find the total number of comments or posts related to "Viktor
Akhiezer". This time, we count them together and, we use wildcard "_" to represent
the two types of edges: HAS_CREATOR and LIKES_REVERSE. Both are following the

same direction.

Example 5. Disjunctive 1-hop edge pattern.

USE GRAPH 1ldbc_snb

INTERPRET QUERY () SYNTAX v23%
SumAccum<int> @@cnt= 0;

Result = SELECT tgt
FROM Person:tgt -(<_)- (Comment|Post):src
WHERE tgt.firstName == "Viktor" AND tgt.lastName == "Akhiezer"
ACCUM @@cnt += 1;

PRINT @@cnt;
§

You can copy the above GSQL script to a file named example5.gsql, and invoke this

script file in Linux:

Linux Bash
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gsql exampleb.gsql

Output of Example 5.

Using graph 'ldbc_snb'
]

"error": false,
Ilmessagell: n II,
"version": %

"schema": O,

"edition": "enterprise",
Ilapill : IIV2II

[

"results": [{"@@cnt": 248%]
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Repeating a 1-Hop Pattern

A common pattern is the two-step "Friend of a Friend". Or, how many entities might
receive a message if it is passed up to three times? Do you have any known change
of connections to a celebrity?

GSQL pattern matching makes it easy to express such variable-length patterns
which repeat a single-hop. Everything else stays the same as introduced in the
previous section, except we append an asterisk (or Kleene star for you regular
expressionists) and an optional min..max range to an edge pattern.

* (E*) means edge type E repeats any number of times (including zero!)

e (E*1..3) means edge type E occurs one to three times.
Below are more illustrative examples:

* 1-hop star pattern — repetition of an edge pattern O or more times

1. FROM X:x - (Ex) - Y:y
2. FROM X:x - (F>%) - Y:y
3. FROM X:x - (<Gx) - Y:y
4. FROM X:x - (_*) - Y:y

* Any undirected edge can be chosen at each repetition.
5. FROM X:x - (_>*x) - Y:y

* Any right-directed edge can be chosen at each repetition.
6. FROM X:x - (<_*) - Y:y

* Any left-directed edge can be chosen at each repetition.
7. FROM X:x - ((EIF>|<G)*) - Y:y

* Either E, F> or <G can be chosen at each repetition.

* 1-hop star pattern with bounds

1. FROM X:x - (Ex2..) - Y:y

* Lower bounds only. There is a chain of at least 2 E edges.
2. FROM X:x - (F>*..3) - Y:y

* Upper bounds only. There is a chain of between 0 and 3 F edges.
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3. FROM X:x - (<Gx3..5) - Y:y
* Both Lower and Upper bounds. There is a chain of 3to 5 G edges.
4. FROM X:x - ((E|F>|<G)*3) - Y:y

e Exact bound. There is a chain of exactly 3 edges, where each edge is
either E, F>, or <G.

Remarks

* No alias allowed for edge with Kleene star
An edge alias may not be used when a Kleene star is used. The reason is that
when there are a variable number of edges, we cannot associate or bind the
alias to a specific edge in the pattern.

¢ Shortest path semantics
When an edge is repeated with a Kleene star, only the shortest matching
occurrences are selected. See the example below:

F

Figure 2 Shortest Path lllustration.

In Figure 2, or Pattern 1 - (E>x) - 4, any of the following paths reach 4 from 1.

° 15234
° 1525335365234

* any path that goes through the cycle 2->3->5->6->2 two or more times and
jumps out at 3.

The first path is shorter than the rest; it is considered the only match.
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Examples of Variable Hop Queries

In this tutorial, we will use the Interpreted Mode for GSQL, introduced in TigerGraph
2.4. Interpreted mode lets us skip the INSTALL step, and even run a query as soon
as we create it, to offer a more interactive experience. These one-step interpreted
gueries are unnamed (anonymous) and parameterless, just like SQL.

Example 1. Find the direct or indirect superclass (including the self class) of the
TagClass whose name is "TennisPlayer".

Example 1. Directed Edge Pattern Unconstrained Repetition

USE GRAPH 1ldbc_snb
INTERPRET QUERY () SYNTAX v2 %
TagClassl = SELECT t
FROM TagClass:s - (IS_SUBCLASS_OF>x) - TagClass:t

WHERE s.name == "TennisPlayer";

PRINT TagClassi;

You can copy the above GSQL script to a file named examplel.gsql, and invoke this
script file in a Linux shell.

Linux Bash

gsql examplel.gsql

Note below that the starting vertex s, whose name is TennisPlayer, is also a match,
using a path with zero hops.

Output of Example 1
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Using graph 'ldbc_snb'

"error": false,

"message": ,
"version": %

"schema": O,
"edition": "enterprise",
Ilapill : IIV2II

"results": [{"TagClass2": [

]
"v_id": "211",
"attributes": {
"name": "Person",
"id": 211,
"url": "http://dbpedia.org/ontology/Person”
o
"v_type": "TagClass"
5o
]
"v_id": "o",
"attributes": {
"name": "Thing",
"id": 0,
"url": "http://www.w3.0rg/2002/07/0owl#Thing"
Iy
"v_type": "TagClass"
b
]
"v_id": "149",
"attributes": §
"name": "Athlete",
"id": 149,
"url": "http://dbpedia.org/ontology/Athlete"
o
"v_type": "TagClass"
5o
]
"v_id": "59",
"attributes": {
"name": "TennisPlayer",
"id": 59,
"url": "http://dbpedia.org/ontology/TennisPlayer"
Iy
"v_type": "TagClass"
b
]

v id": "239",
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"attributes": §

“name": "Agent",
"id": 239,
"url": "http://dbpedia.org/ontology/Agent"
£,
"v_type": "TagClass"
§
1%]

Example 2. Find the immediate superclass of the TagClass whose name is
"TennisPlayer". (This is equivalent to a 1-hop non-repeating pattern.)

Exmaple 2. Exactly 1 Repetition of A Directed Edge

USE GRAPH ldbc_snb
INTERPRET QUERY () SYNTAX v2 {
TagClassl = SELECT t
FROM TagClass:s - (IS_SUBCLASS_OF>x1) - TagClass:t

WHERE s.name == "TennisPlayer";

PRINT TagClassi;
§

You can copy the above GSQL script to a file named example2.gsql, and invoke this
script file in a Linux shell.

Linux Bash

gsql example2.gsql

Output of Example 2
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Using graph 'ldbc_snb'
]

"error": false,
Ilmessagell: n II'
"version": %

"schema": O,

"edition": "enterprise",
"api": "v2"
b
"results": [{"TagClass2": [1i
"v_id": "149",
"attributes": %
"name": "Athlete",
"id": 149,
"url": "http://dbpedia.org/ontology/Athlete"
o
"v_type": "TagClass"
$1%]

Example 3. Find the 1to 2 hops direct and indirect superclasses of the TagClass
whose name is "TennisPlayer".

Example 3. 1to 2 Repetition Of A Directed Edge.

USE GRAPH 1ldbc_snb
INTERPRET QUERY () SYNTAX v2 $
TagClassl = SELECT t
FROM TagClass:s - (IS_SUBCLASS_OF>%1..2) - TagClass:t

WHERE s.name == "TennisPlayer";

PRINT TagClassi;

You can copy the above GSQL script to a file named example3.gsql, and invoke this
script file in a Linux shell.

Linux Bash

gsql example3.gsql
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Output of Example 3

Using graph 'ldbc_snb'
]

"error": false,
Ilmessagell: n II'
"version": %

"schema": O,

"edition": "enterprise",
"api": "v2"
s
"results": [{"TagClass2": [
]
"v_id": "149",
"attributes": §
"name": "Athlete",
"id": 149,
"url": "http://dbpedia.org/ontology/Athlete"
iy
"v_type": "TagClass"
[
]
"v_id": "211",
"attributes": {
"name": "Person",
"id": 211,
"url": "http://dbpedia.org/ontology/Person"
o
"v_type": "TagClass"
%
1%1]

Example 4. Find the superclasses within 2 hops of the TagClass whose name is

"TennisPlayer".

Example 4. Up-to 2 Repetition Of A Directed Edge.
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USE GRAPH 1dbc_snb
INTERPRET QUERY () SYNTAX v2 $
TagClassl = SELECT t
FROM TagClass:s - (IS_SUBCLASS_OF>x..2) - TagClass:t

WHERE s.name == "TennisPlayer";

PRINT TagClassi;

You can copy the above GSQL script to a file named example4.gsql, and invoke this
script file in a Linux shell.

Linux Bash

gsql exampled.gsql

Output of Example 4
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Using graph 'ldbc_snb'
]

"error": false,
Ilmessagell: n II'
"version": %

"schema": 0,

"edition": "enterprise",
"api": "v2"
£,
"results": [{"TagClass2": [
]
"v_id": "211",
"attributes": §
"name": "Person",
"id": 211,
"url": "http://dbpedia.org/ontology/Person"
£,
"v_type": "TagClass"
£,
]
"v_id": "149",
"attributes": {
"name": "Athlete",
"id": 149,
"url": "http://dbpedia.org/ontology/Athlete"
o
"v_type": "TagClass"
5o
]
"v_id": "59",
"attributes": {
"name": "TennisPlayer",
"id": 59,
"url": "http://dbpedia.org/ontology/TennisPlayer"
£,
"v_type": "TagClass"
%
1%]

Example 5. Find the superclasses at least one hop from the TagClass whose name
is "TennisPlayer".

Example 5. At Least 1 Repetition Of A Directed Edge.
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USE GRAPH ldbc_snb
INTERPRET QUERY () SYNTAX v2 {
TagClassl = SELECT t
FROM TagClass:s - (IS_SUBCLASS_OF>x1..) - TagClass:t

WHERE s.name == "TennisPlayer";

PRINT TagClassi;

You can copy the above GSQL script to a file named example5.gsql, and invoke this
script file in a Linux shell.

Linux Bash

gsql exampleb.gsql

Output of Example 5
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Using graph 'ldbc_snb'

]
"error": false,
"message": "",
"version": %
"schema": O,
"edition": "enterprise",
"api": "v2"
Iy ;
"results": [{"TagClass2": [
]
"v_id": "211",
"attributes": {
"name": "Person",
"id": 211,
"url": "http://dbpedia.org/ontology/Person"
Iy ;
"v_type": "TagClass"
5,
]
"v_id": "0",
"attributes": §
"name": "Thing",
"id": 0,
"url": "http://www.w3.0rg/2002/07/owl#Thing"
by
"v_type": "TagClass"
o
]
"v_id": "149",
"attributes": {
"name": "Athlete",
"id": 149,
"url": "http://dbpedia.org/ontology/Athlete"
[
"v_type": "TagClass"
[
]
"v_id": "239",
"attributes": %
"name": "Agent",
"id": 239,
"url": "http://dbpedia.org/ontology/Agent"
Iy
"v_type": "TagClass"
%
1%]
t
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Example 6. Find the 3 most recent comments that are liked or created by Viktor
Akhiezer, and the total number of comments related to (created or liked by) Viktor
Akhiezer.

Example 6. Disjunctive 1-Repetition Directed Edge.

USE GRAPH 1dbc_snb

INTERPRET QUERY () SYNTAX v2%
SumAccum<INT> @@commentCnt = 0O;

# find top 3 latest comments that is liked or created by Viktor Akhieze
# and the total number of comments related to Viktor Akhiezer
Top3Comments = SELECT p
FROM Person:s - ((<HAS_CREATOR|LIKES>)%1) - Comment:p
WHERE s.firstName == "Viktor" AND s.lastName == "Akhieze
ACCUM @@commentCnt += 1
ORDER BY p.creationDate DESC
LIMIT 3;

PRINT Top3Comments;
## total number of comments related to Viktor Akhiezer
PRINT @@commentCnt;

You can copy the above GSQL script to a file named example6.gsql, and invoke this
script file in a Linux shell.

Linux Bash

gsql example6.gsql

Output of Example 6
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Using graph 'ldbc_snb'

]

"error": false,

"message": "",

"version": 1
"schema": O,
"edition": "enterprise",
"api": "v2"

o

"results": [
1"Top3Comments": [

)
"v_id": "2061584720640",
"attributes": %
"browserUsed": "Chrome",
"length": 4,
"locationIP": "194.62.64.117",
"id": 2061584720640,
"creationDate": "2012-09-06 06:46:31",
"content": "fine"
5o
"v_type": "Comment"
o
)
"v_id": "2061586872389",
"attributes": %
"browserUsed": "Chrome",
"length": 90,
"locationIP": "31.216.177.175",
"id": 2061586872389,
"creationDate": "2012-08-28 14:54:46",
"content": "About Hector Berlioz, his compositions Symphonie fa
ko
"v_type": "Comment"
fyy
)
"v_id": "2061590804929",
"attributes": %
"browserUsed": "Chrome",
"length": 83,
"locationIP": "194.62.64.117",
"id": 2061590804929,
"creationDate": "2012-09-04 16:16:56",
"content": "About Muttiah Muralitharan, mit by nine degrees, fi
EF
"v_type": "Comment"
%
1%,
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$"@@commentCnt": 152%
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Multiple Hop Patterns
and Accumulation

Multiple Hop Pattern Shortest Path
Semantics

Repeating the same hop is useful sometimes, but the real power of pattern
matching comes from expressing multi-hop patterns, with specific characteristics
for each hop. For example, the well-known product recommendation phrase
"People who bought this product also bought this other product”, is expressed by
the following 2-hop pattern:

FROM This_Product:p -(<Bought:bl1)- Customer:c -(Bought>:b2)- Product:p2
WHERE p2 != p

As you see, a 2-hop pattern is a simple concatenation and merging of two 1-hop
patterns where the two patterns share a common endpoint. Below, Y:y is the
connecting end point.

2-hop pattern
FROM X:x - (El:el) - Y:y - (E2>:e2) - Z:z

Similarly, a 3-hop pattern concatenates three 1-hop patterns in sequence, each pair
of adjacent hops sharing one end point. Below, Y:y and Z:z are the connecting end
points.

3-hop pattern

FROM X:x - (E2>:e2) - Y:y - (<E3:e3) - Z:z - (E4:e4d) - U:u
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In general, we can connect N 1-hop patterns into a N-hop pattern. The database
will search the graph topology to find subgraphs that match this N-hop pattern.

Unnamed Intermediate Vertex Set

A multi-hop pattern has two endpoint vertex sets and one or more intermediate
vertex sets. If the query does not need to express any conditions for an
intermediate vertex set, then the vertex set can be omitted and the two surrounding
edge sets can be joined with a simple ".". For example, in the 2-hop pattern
example above, if we do not need to specify the type of the intermediate vertex Y,
nor need to refer to it in any of the query's other clauses (such as WHERE or
ACCUM), then the pattern can be reduced as follows:

FROM X:x - (E1.E2>) - Z:z

Note that when we abbreviate that path in this way, we do not support aliases for the
edges or intermediate vertices in the abbreviated section.

Shortest Paths Only for Variable Length Patterns

If a pattern has a Kleene star to repeat an edge, GSQL pattern matching selects
only the shortest paths which match the pattern. If we did not apply this restriction,
computer science theory tells us that the computation time could be unbounded or
extreme (NP = non-polynomial, to be technical). If we instead matched ALL paths
regardless of length when a Kleene star is used without an upper bound, there
could be an infinite number of matches, if there are loops in the graph. Even without
loops or with an upper bound, the number of paths to check grows exponentially
with the number of hops.
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Figure 3. Shortest Path lllustration

For the pattern 1 - (_x) - 5 in Figure 3 above, you can see the following:

* There are TWO shortest paths: 1-2-3-4-5 and 1-2-6-4-5

o These have 4 hops, so we can stop searching after 4 hops. This makes the
task tractable.

If we search for ALL paths which do not repeat any vertices:
o There are THREE non-repeated-vertex paths: 1-2-3-4-5, 1-2-6-4-5, and 1-2-
9-10-11-12-4-5

o The actual number of matches is small, but the number of paths is
theoretically very large.

If we search for ALL paths which do not repeat any edges:
o There are FOUR non-repeated-edge paths: 1-2-3-4-5, 1-2-6-4-5, 1-2-9-10-
11-12-4-5, and 1-2-3-7-8-3-4-5

o The actual number of matches is small, but number of paths to consider is
NP.

If we search for ALL paths with no restrictions:

o There are an infinite number of matches, because we can go around the 3-
7-8-3 cycle any number of times.
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Additional Details about Pattern Matching

) Inthe early version of Pattern Matching (TigerGraph v2.4 to v2.6), there were a
number of restrictions on the WHERE, ACCUM and POST-ACCUM clauses In
TigerGraph 3.0, most of these restrictions are lifted.

Each vertex set or edge set in a pattern (except edges with Kleene stars) can have
an alias variable associated with it. When the query runs and finds matches, it
associates, or binds, each alias to the matching vertices or edges in the graph.

SELECT Clause

The SELECT clause specifies the output vertex set of a SELECT statement. For a
multiple-hop pattern, we can select any vertex alias in the pattern. The example
below shows the 4 possible choices for the given pattern:

SELECT Clause Can Select Any Vertex Alias

f#fselect starting end point x
SELECT x
FROM X:x-(E2>:e2)-Y:y-(<E3:e3)-Z:z-(E4:e4)-U:u;

itselect y
SELECT vy
FROM X:x-(E2>:e2)-Y:y-(<E3:e3)-Z:z-(E4:e4)-U:u;

{fselect z

SELECT z

FROM X:x-(E2>:e2)-Y:y-(<E3:e3)-Z:z-(E4:e4)-U:u;
f#fselect ending end point u

SELECT u
FROM X:x-(E2>:e2)-Y:y-(<E3:e3)-Z:z-(E4:e4)-U:u;

FROM Clause
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For a multiple-hop pattern, if you don't need to refer to the intermediate vertex
points, you can just use "." to connect the edge patterns, giving a more succinct
representation. For example, below we remove y and z, and connect E2>, <E3 and
E4 using the period symbol. Note that you cannot have an alias for a multi-hop
sequence like E2>.<E3.EA4.

Omitting intermediate vertex y and z.

{#fselect starting end point x
SELECT x
FROM X:x-(E2>:e2)-Y:y-(<E3:e3)-Z:z-(E4:e4)-U:u;

#if we don't need to access y, z, we can write
SELECT wu
FROM X:x-(E2>.<E3.E4)-U:u;

WHERE Clause

Beginning with TigerGraph v3.0, each predicate (simple true/false condition) can
refer to any of the aliases in the path. As with any database query, more complex
conditions may not be as performant as simpler queries with simpler, more local
predicate conditions. Consider the pattern and query below:

FROM X1:x1-(El:el)-X2:x2-(E2:e2)-X3:x3-(E3:e3)-X4:x4

WHERE Clause Support both Local Predicate and Cross-hop predicates.

# (x1, el, x2) belongs to the 1st-hop

# (x2, e2, x3) belongs to the 2nd-hop

# (x3, e3, x4) belongs to the last-hop

# below x1.age > x2.age is a local predicate

# x2.@cnt != x4.@cnt is a cross-hop predicate
# (xl.salary + x3.salary) < x4.salary is a cross-hop predicate
SELECT x

FROM X1:x1-(El:el)-X2:x2-(E2:e2)-X3:x3-(E3:e3)-X4:x4
WHERE x1.age>x2.age AND x2.@cnt!=x4.@cnt AND (x1.salary+x3.salary)<x4.sal
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Path Patterns as a Regular Expression
Language

GSQL's pattern matching syntax provides the essentials for a regular expression
language for paths in graphs. Consider the three basic requirements for a regular
expression language:

1. The empty set — A path of length zero (ho match)

2. Concatenation — Form a path by adding one on two another. You can write an
N-hop pattern, and M-hop pattern, and then combine them to have a (N+M)-
hop pattern.

3. Alternation (either-or) — You can use alternation for both vertex sets and
edge sets, e.g.
FROM (Sourcel | Source2) -(Edgel> | <Edge 2)- (Targetl | Target2)
Note: This is not the same as
FROM (Sourcel -(Edgel>)- Target 1) | (Source2 -(<Edge2)- Target 2)
The latter can be achieved by writing two SELECT query blocks and getting the
UNION of their results.

Working with Your Pattern Matches

The point of pattern matching is to identity sets of graph entities that match your
input pattern. Once you've done that, GSQL enables you to do advanced and
efficient computation on that data, from simply counting the matches to advanced
algorithms and analytics. This section compares accumulation in the current
Pattern Matching syntax to earlier versions, but it does not attempt to explain
accumulators in full. You may want to consult the Accumulators Tutorial and and
the GSQL Language Reference's section on the ACCUM and POST-ACCUM
clauses.

ACCUM Clause
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() TigerGraph 3.0 removes the Pattern Matching (SYNTAX v2)-related restrictions on the
ACCUM and POST-ACCUM clause.

Just as in classic GSQL syntax, the ACCUM clause it executed once (in parallel) for
each set of vertices and edges in the graph which match the pattern and
constraints given in the FROM and WHERE clauses. You can think of FROM-WHERE
as producing a virtual table. The columns of this matching table are the alias
variables from the FROM clause pattern, and the rows are each possible set of
vertex and edge aliases (e.g. a path) which fit the pattern.

A simple pattern 1-hop pattern, which could be syntax v1or v2, like this:

FROM Person:A -(IS_LOCATED_IN:B)- City:C

produces a match table with 3 columns: A, B, and C. Each row is a tuple (A,B,C)
where thereis a has_lived_in edge B from a Person vertex Atoa City vertex
C. We say that the match table provides a binding between the pattern aliases and
graph's vertices and edges. A multi-hop pattern simply has more columns than a 1-
hop pattern.

(@) The ACCUM clause iterates through ALL matches. If you do not have an alias on
every vertex in the pattern, then the number of distinct matches may be less than that
number of matches.

For, example, consider

FROM Person:A - (KNOWS.KNOWS)- Person.C
WHERE C.email = "Andy@www.com"
ACCUM C.@patternCount += 1

This asks who are the friends of friends of Andy@www.com. Suppose Andy knows
3 persons (Larry, Moe, and Curly) who know Wendy. The accumulator
C.@patternCount will be incremented 3 times for C = Wendy. This is similar to a
SQL SELECT C, COUNT(x) ... GROUP BY C query. There is no alias for the vertex in
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the middle of KNOWS.KNOWS so the identities of Larry, Moe, and Curly cannot be
reported.

POST-ACCUM Clause

(G) As of TigerGraph 3.0, Pattern Matching (V2) syntax supports multiple POST-ACCUM
clauses.

At the end of the ACCUM clause, all the requested accumulation (+=) operators are
processed in bulk, and the updated values are now visible. You can now use POST-
ACCUM clauses to perform a second, different round of computation on the results
of your pattern matching.

The ACCUM clause executes for each full path that matches the pattern in the
FROM clause. In contrast, the POST-ACCUM clause executes for each vertex in
one vertex set (e.g. one vertex column in the matching table); its statements can
access the aggregated accumulator result computed in the ACCUM clause. New for
v3.0, if you want to perform per-vertex updates for more than one vertex alias, you
should use a separate POST-ACCUM clause for each vertex alias. The multiple
POST-ACCUM clauses are processed in parallel; it doesn't matter in what order you
write them. (For each binding, the statements within a clause are executed in

order.)

For example, below we have two POST-ACCUM clauses. The first one iterates

through s, and for each s, we do s.@cnt2 += s.@cntl . The second POST-ACCUM
iterations through t.
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USE GRAPH

INTERPRET

32

ldbc_snb

QUERY () SYNTAX v2 {

SumAccum<int> @cntl;

SumAccu

R =

PRINT R

m<int> @cnt2;

SELECT s

FROM Person:s- (LIKES>) -:msg - (HAS_CREATOR>)-Person:t
WHERE s.firstName == "Viktor" AND s.lastName == "Akhiezer"

AND t.lastName LIKE "S%" AND year(msg.creationDate) == 201
ACCUM s.@cntl +=1 //execute this per match of the FROM pattezn.
POST-ACCUM s.@cnt2 += s.@cntl //execute once per s.
POST-ACCUM t.@cnt2 +=1;//execute once per t

[R.firstName, R.lastName, R.@cntl, R.@cnt2];

which produces the result

Using graph 'ldbc_snb'

]
"error": false,
"message": "",
"version": %
"schema": 0,
"edition": "enterprise",
"api": "v2"
Iy ;
"results": [
$"R": [1
"v_id": "28587302323577",
"attributes": {
"R.firstName": "Viktor",
"R.@cntl": 3,
"R.lastName": "Akhiezer",
"R.@cnt2": 3
by
"v_type": "Person"
1%,
]
%
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However, the following is not allowed, since it involves two aliases (t and s) in one
POST-ACCUM clause.

POST-ACCUM t.@cntl += 1,
s.@cntl += 1

Also, you may not use more than one alias in a single assignment. The following is
not allowed:

POST-ACCUM t.@cntl += s.@cnt + 1

Examples of Multiple Hop Pattern Match
Example 1. Find the 3rd superclass of the Tag class whose name is "TennisPlayer".

Examplel. Succinct Representation Of Multiple-hop Pattern

USE GRAPH 1ldbc_snb

INTERPRET QUERY () SYNTAX v2 3§

TagClassl =
SELECT t
FROM TagClass:s-(IS_SUBCLASS_OF>.IS_SUBCLASS_OF>.IS_SUBCLASS_OF>) -
WHERE s.name == "TennisPlayer";

PRINT TagClassi;
§

You can copy the above GSQL script to a file named examplel.gsql, and invoke this
script file in a Linux shell.

Linux Bash

gsql examplel.gsql

Output of Example 1
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Using graph 'ldbc_snb'

]
"error": false,
"message": "",
"version": 1
"schema": O,
"edition": "enterprise",
"api": "v2"
I
"results": [{"TagClass2": [4{
"v_id": "239",
"attributes": %
"name": "Agent",
"id": 239,
"url": "http://dbpedia.org/ontology/Agent"
b
"v_type": "TagClass"
$1%]
%

Example 2. Find in which continents were the 3 most recent messages in Jan 2011
created.

Examplel. Disjunction In A Succinct Representation Of Multiple-hop Pattern

USE GRAPH 1ldbc_snb
INTERPRET QUERY () SYNTAX v2%
SumAccum<String> @continentName;

accMsgContinent =
SELECT s
FROM (Comment|Post):s-(IS_LOCATED_IN>.IS_PART_OF>)-Conti
WHERE year(s.creationDate) == 2011 AND month(s.creationD
ACCUM s.@continentName = t.name
ORDER BY s.creationDate DESC
LIMIT 3;

PRINT accMsgContinent;
§

You can copy the above GSQL script to a file named example2.gsql, and invoke this
script file in a Linux shell.
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Linux Bash

gsql example2.gsql

Output of Example 2
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Using graph 'ldbc_snb'

]

"error": false,

"message": "",

"version": 1
"schema": O,
"edition": "enterprise",
"api": "v2"

o

"results": [{"accMsgContinent": [
]

"v_id": "824640012997",
"attributes": §

"browserUsed": "Firefox",
"length": 7,

"locationIP": "27.112.21.246",
"@continentName": "Asia",

"id": 824640012997,
"creationDate": "2011-01-31 23:54:28",
"content": "no way!"
o
"v_type": "Comment"
5o
]
"v_id": "824636727408",
"attributes": {
"browserUsed": "Firefox",
"length": 3,
"locationIP": "31.2.225.17",
"@continentName": "Europe",
"id": 824636727408,
"creationDate": "2011-01-31 23:57:46",
"content": "thx"
Iy
"v_type": "Comment"
5,
]
"v_id": "824634837528",
"attributes": §

"imageFile": "",

"browserUsed": "Internet Explorer",
"length": 115,

"locationIP": "87.251.6.121",
"@continentName": "Asia",

"id": 824634837528,

"creationDate": "2011-01-31 23:58:03",
Illangll: II.tkII,

"content": "About Adolf Hitler. iews. His

writings and

methods we
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[
"v_type": "Post"

1§]

Example 3. Find Viktor Akhiezer's favorite author of 2012 whose last name begins
with character 'S'. Also find how many LIKES Viktor has given to the author's post
or comment.

Example 3. Multiple-hop Pattern With Accumulator Applied To All Matched Paths

USE GRAPH 1ldbc_snb

INTERPRET QUERY () SYNTAX v2%
SumAccum<int> @likesCnt;

FavoriteAuthors =
SELECT t
FROM Person:s-(LIKES>) -:msg - (HAS_CREATOR>)-Person:t
WHERE s.firstName == "Viktor" AND s.lastName == "Akhiezer"

AND t.lastName LIKE "S%" AND year(msg.creationDate)
ACCUM t.@likesCnt +=1;

PRINT FavoriteAuthors[FavoriteAuthors.firstName, FavoriteAuthors.lastNa

You can copy the above GSQL script to a file named example3.gsql, and invoke this
script file in a Linux shell.

Linux Bash

gsql example3.gsql

Output of Example 3
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Using graph 'ldbc_snb'

]

"error": false,

"message": "",

"version": %
"schema": 0,
"edition": "enterprise",
"api": "v2"

Iy

"results": [{"FavoriteAuthors": [
]

"v_id": "8796093025410",

"attributes": {
"FavoriteAuthors.firstName": "Priyanka",
"FavoriteAuthors.lastName": "Singh",
"FavoriteAuthors.@likesCnt": 1

Iy

"v_type": "Person"

5,
]

"v_id": "2199023260091",

"attributes": {
"FavoriteAuthors.firstName": "Janne",
"FavoriteAuthors.lastName": "Seppala",
"FavoriteAuthors.@likesCnt": 1

o

"v_type": "Person"

5o
]

"v_id": "15393162796846",

"attributes": {
"FavoriteAuthors.firstName": "Mario",
"FavoriteAuthors.lastName": "Santos",
"FavoriteAuthors.@likesCnt": 1

Iy

"v_type": "Person"

%
1%]
§

Multi-Block Queries
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We have shown how complex multi-hop patterns, containing even a conjunctive of
patterns, can be expressed in a single FROM clause of a single SELECT query.
There are times, however, when it is better or necessary to write query as more
than one SELECT block. This could be because of the need to do computation and
decision matching in stages, to make the query easier to read, or to optimize
performance.

Regardless of the reason, GSQL has always supported writing procedural queries
containing multiple SELECT query blocks. Moreover, each SELECT statement
outputs a vertex set. This vertex set can be used in the FROM clause of an
subsequence SELECT block.

For example, if Set1, Set2, and Set3 were the outputs of three previous SELECT
blocks in this query, then each of these FROM clauses can take place later in the

query:

® FROM Setl:x1 -(mhl)- :x2 -(mh2)- Set3:x3
® FROM :x1 -(mh1)- :x2 -(mh2)- Set3:x3

® FROM Set2:x1 -(mhl)- :x2 -(mh2)- Set2:x3

Example 1. Find Viktor Akhiezer's liked messages' authors, whose last name starts
with letter S. Find these authors alumni count.
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USE GRAPH 1dbc_snb

# a computed vertex set F is used to constrain the second pattezrn.
INTERPRET QUERY () SYNTAX v2 3§

SumAccum<int> @@cnt;

F = SELECT t
FROM :s -(LIKES>:el)- :msg -(HAS_CREATOR>)- :t
WHERE s.firstName == "Viktor" AND s.lastName == "Akhiezer" AND t.

Alumni = SELECT p
FROM Person:p -(STUDY_AT>) -:u - (<STUDY_AT)- F:s
WHERE s !=p
Per (p)
POST-ACCUM @@cnt+=1;

PRINT @@cnt;

%
#result
]
"error": false,
"message": "",
"version": %
"schema": O,
"edition": "enterprise",
"api": "v2"
o
"results": [{"@@cnt": 216%]
%

Example 2. Find Viktor Akhiezer's liked posts' authors A, and his liked comments'
authors B. Count the common universities that both A and B have members studied
at.
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USE GRAPH 1dbc_snb

#A and B are used to constraint the third pattezxn.
INTERPRET QUERY () SYNTAX v2 {

SumAccum<int> @@cnt;

A = SELECT t

FROM :s -(LIKES>:el)- Post:msg -(HAS_CREATOR>)- :t

WHERE s.firstName == "Viktor" AND s.lastName == "Akhiezer" ;
B = SELECT t

FROM :s -(LIKES>:el)- Comment:msg - (HAS_CREATOR>)- :t

WHERE s.firstName == "Viktor" AND s.lastName == "Akhiezer" ;

Univ = SELECT u
FROM A:p -(STUDY_AT>) -:u - (<STUDY_AT)- B:s
WHERE s !=p
Per (u)
POST-ACCUM @@cnt+=1;

PRINT @@cnt;

%
jfresult
]
"error": false,
"message": "",
"version": %
"schema": 0,
"edition": "enterprise",
"api": "v2"
Iy
"results": [{"@@cnt": 4%]
%

Example 3. Find Viktor Akhiezer's liked posts' authors A. See how many pair of
persons in A that one person likes a message authored by another person.
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USE GRAPH 1ldbc_snb

# a computed vertex set A is used twice in the second pattern.
INTERPRET QUERY () SYNTAX v2 $

SumAccum<int> @@cnt;

A = SELECT t
FROM :s -(LIKES>:el)- Post:msg -(HAS_CREATOR>)- :t
WHERE s.firstName == "Viktor" AND s.lastName == "Akhiezer" ;

A = SELECT p

FROM A:p -(LIKES>) -:msg - (HAS_CREATOR>) - A:p2
WHERE p2 != p

Per (p, p2)
ACCUM @@cnt +=1;

PRINT @@cnt;

%
jfresult
]
"error": false,
"message": "",
"version": %
"schema": 0,
"edition": "enterprise",
"api": "v2"
s
"results": [{"@@cnt": 14833%]
%

Example 4. Find how many messages are created and liked by the same person
whose first name begins with letter T.

275



5/13/25,2:41 PM 32

276



5/13/25,2:41 PM 32

USE GRAPH 1ldbc_snb

# the same alias is used twice in a pattern
INTERPRET QUERY () SYNTAX v2 {

SumAccum<int> @@cnt;

A = SELECT msg
FROM :s -(LIKES>:el)- :msg -(HAS_CREATOR>)- :s
WHERE s.firstName LIKE "T%"
PER (msg)
ACCUM @@cnt +=1;

PRINT @@cnt;

%
jtresult
]
"error": false,
"message": "",
"version": %
"schema": 0,
"edition": "enterprise",
"api": "v2"
b
"results": [{"@@cnt": 207%]
%

#to further verify, we picked one message from the above query result.
#see if there exists a person who like her own message.
INTERPRET QUERY () SYNTAX v2 {

R = SELECT s
FROM :msg - (HAS_CREATOR>)- :s
WHERE msg.id == 1374390714042;
T = SELECT s
FROM R:s -(LIKES>)- :msg
WHERE msg.id == 1374390714042;
PRINT R;
PRINT T;
%
ffresult
s
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"error": false,
"message": "",
"version": %
"schema": O,
"edition": "enterprise",
"api": "v2"
o
"results": [
$"R": [
"v_id": "13194139533433",
"attributes": {
"birthday": "1985-11-26 00:00:00",
"firstName": "Taras",
"lastName": "Kofler",
"gender": "female",
"speaks": [
"uk",
"ro",
"an"
1,
"browserUsed": "Internet Explorer",

o
v
£1%,
T
Y

"locationIP": "31.131.28.133",

"id": 13194139533433,

"creationDate": "2011-01-29 01:14:27",

"email": [

"Taras13194139533433@gmail.com",

"Taras13194139533433@yahoo.com"

]

_type": "Person"

[

_id": "13194139533433",

"attributes": §
"birthday": "1985-11-26 00:00:00",

"firstName": "Taras",
"lastName": "Kofler",
"gender": "female",
"speaks": [
"uk",
"ro",
"an"
1,
"browserUsed": "Internet Explorer",

"locationIP": "31.131.28.133",

“id": 13194139533433,

"creationDate": "2011-01-29 01:14:27",

"email": [
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"Taras13194139533433@gmail.com",
"Taras13194139533433@yahoo.com"
]
Iy

"v_type": "Person"
1%
]
%

A Recommendation Application

In this example, we want to recommend some messages (comments or posts) to
the person Viktor Akhiezer.

How do we do this?

One way is to find Others who likes the same messages Viktor likes. And then
recommend the messages that Others like but Viktor have not seen. The pattern is
roughly like below

e Viktor - (Likes>) - Message - (<Likes) - Others
e Others - (Likes>) - NewMessage

* Recommend NewMessage to Viktor

However, this is too fine granularity, and we are overfitting the message level data
with a collaborative filtering algorithm. The intuition is that two persons are similar
to each other when their "liked" messages fall into the same category (tag). This
makes more sense and common than finding two persons that "likes" the same set
of messages. As a result, one way to avoid this overfitting is to go one level above.
That is, instead of finding common messages as a similarity base, we find common
messages' tags as a similarity base. Person A and Person B are similar if they like
messages that belong to the same tag. This scheme fixes the overfitting problem. In
pattern match vocabulary, we have

e Viktor - (Likes>) - Message - (Has>) - Tag - (<Has) - Message - (<Likes) -
Others

e Others - (Likes>) - NewMessage

279



5/13/25,2:41 PM 32

* Recommend NewMessage to Viktor

GSQL. RecommendMessage Application.
This time, we create the query first, and interpret the query by calling the query

name with parameters.

If we are satisfied with this query, we can use "install query queryName" to get the
compiled query installed which has the best performance.

GSQL Recommendation Algorithm
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use graph ldbc_snb
set query_timeout=60000
DROP QUERY RecommendMessage

CREATE QUERY RecommendMessage (String fn, String 1n) SYNTAX v2i

PRINT

SumAccum<int> @TagInCommon;
SumAccum<float> @SimilarityScore;
SumAccum<float> @Rank;

OrAccum @Liked = false;

#1. mark messages liked by Viktor
#2. calculate log similarity score for each persons share the same

interests at Tag level.

Others =

SELECT p

FROM Person:s- (LIKES>)-:msg - (HAS_TAG>.<HAS_TAG.<LIKES)- :p
WHERE s.firstName == fn AND s.lastName == 1n

ACCUM msg.@Liked = true, p.@TagInCommon +=1

POST-ACCUM p.@SimilarityScore = log (1 + p.@TagInCommon);

# recommend new messages to Viktor that have not liked by him.
RecommendedMessage =

SELECT msg

FROM Others:o- (LIKES>) - :msg

WHERE msg.@Liked == false

ACCUM msg.@Rank +=0.@SimilarityScore
ORDER BY msg.@Rank DESC

LIMIT 2;

RecommendedMessage[RecommendedMessage.content, RecommendedMessa

INTERPRET QUERY RecommendMessage ("Viktor", "Akhiezer")
#try the second person with just parameter change.
INTERPRET QUERY RecommendMessage ("Adriaan", "Jong")

You can copy the above GSQL script to a file named app1.gsql, and invoke this

script file in linux command line.

Linux Bash

gsql appl.gsql
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Output of App1

Using graph 'ldbc_snb'
The query RecommendMessage is dropped.
The query RecommendMessage has been added!

1

"error": false,
Ilmessagell: n II'
"version": %

"schema": O,

"edition": "enterprise",
"api": "v2"

s

"results": [{"RecommendedMessage": [
]

"v_id": "549760294602",

"attributes": §
"RecommendedMessage.@Rank": 4855.49219,
"RecommendedMessage.content": "About Indira Gandhi, Gandhi establ

o

"v_type": "Post"

i
]

"v_id": "549760292109",

"attributes": {
"RecommendedMessage.@Rank": 4828.7251,
"RecommendedMessage.content"”: "About Ho Chi Minh, nam, as an anti

o

"v_type": "Post"

%
1%1]

Install the query

When you are satisfied with your query in the GSQL interpret mode, you can now
install it as a generic service which has a much faster speed. Since we have been
using "CREATE QUERY .." syntax, the query is added into the catalog, we can set

the syntax version and install it.

GSQL Prepare Install Query
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i#before install the query, need to set the syntax version
SET syntax_version="v2"
USE GRAPH ldbc_snb

{#finstall query
INSTALL QUERY RecommendMessage

GSQL Run the Installed Query

GSQL > install query RecommendMessage
Start installing queries, about 1 minute ...
RecommendMessage query: curl -X GET 'http://127.0.0.1:9000/query/ldbc_snb

GSQL > run query RecommendMessage ("Viktor", "Akhiezer")
]

"error": false,
"message": "",
"version": %
"schema": O,
"edition": "enterprise",
"api": "v2"
[
"results": [{"RecommendedMessage": [
]

"v_id": "549760294602",

"attributes": {
"RecommendedMessage.@Rank": 4855.49219,
"RecommendedMessage.content": "About Indira Gandhi, Gandhi establ

Iy ;

"v_type": "Post"

I s
]

"v_id": "549760292109",

"attributes": {
"RecommendedMessage.@Rank": 4828.7251,
"RecommendedMessage.content": "About Ho Chi Minh, nam, as an anti

Iy ;

"v_type": "Post"

1§]

Linux Bash: Shutdown The System
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#fwhen you are not using the TigerGraph System on your laptop,
# to save resource, you can stop it by
gadmin stop

#fwhen you need to start it again, use
gadmin start

The above use log-cosine as a similarity measurement. We can also use cosine
similarity by using two persons liked messages.

GSQL Recommendation Algorithm 2
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use graph ldbc_snb
set query_timeout=60000
DROP QUERY RecommendMessage

CREATE QUERY RecommendMessage (String fn, String 1n) SYNTAX v2{

SumAccum<int> @MsgInCommon = O;
SumAccum<int> @MsgCnt = 0 ;
SumAccum<int> @@InputPersonMsgCnt = O;
SumAccum<float> @SimilarityScore;
SumAccum<float> @Rank;

SumAccum<float> @TagCnt = O;

OrAccum @Liked = false;

float sqrtOfInputPersonMsgCnt;

#1. mark messages liked by input user
#2. find common msg between input user and other persons
Others =
SELECT p
FROM Person:s-(LIKES>)-:msg -(<LIKES)-:p
WHERE s.firstName == fn AND s.lastName == 1n
ACCUM msg.@Liked = true, @@InputPersonMsgCnt += 1,
p.@MsgInCommon += 1;

sqrtOfInputPersonMsgCnt = sqrt(@@InputPersonMsgCnt);

j#fcalculate cosine similarity score.
#|AXB|/ (sqrt(Sum(A_iN2)) * sqrt(Sum(B_in2)))
Others =
SELECT o
FROM Others:o- (LIKES>)-:msg
ACCUM o.@MsgCnt += 1
POST-ACCUM o.@SimilarityScore = o.@MsgInCommon/(sqrtOfInputPerson

{#frecommend new messages to input user that have not liked by him.
RecommendedMessage =
SELECT msg
FROM Others:o- (LIKES>) - :msg
WHERE msg.@Liked == false
ACCUM msg.@Rank +=o0.@SimilarityScore
ORDER BY msg.@Rank DESC
LIMIT 3;

PRINT  RecommendedMessage[RecommendedMessage.content, RecommendedMessa

INTERPRET QUERY RecommendMessage ("Viktor", "Akhiezer")
jitrv the second person with -dust parameter change.
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INTERPRET QUERY RecommendMessage ("Adriaan", "Jong")
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Advanced Features

This section includes some advanced features related to pattern match. It includes
using the PER clause to fine control the ACCUM execution, DML support in pattern
match, and the conjunctive pattern match syntax which allows multiple patterns in

one FROM clause. We dedicate a subsection for each topic.
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Per Clause (Beta)

Introduction

Pattern matching produces a virtual match table, and the ACCUM clause acts like a
FOREACH loop, executing the clause's statement once for each row of the match
table.

Patterns are paths in the graphs, and each row in the match table is a distinct path.
However, paths may share some vertices or edges. Some applications do not want
to do aggregations per path. Instead, they want to execute the ACCUM clause per

distinct group of vertex aliases.

For example, consider the following query which counts the number of pathsin a
simple 2-hop pattern:

SumAccum<int> @@cnt;

S = SELECT t
FROM S:s - (El:edgel) - M:m -(E2:edge2) - T:t
ACCUM @@cnt += 1;

Suppose the query produces the following match table.

(s, edgel, m , edge2, t)//match table schema
vl, el, v3, e2, v2 //match 1
vl, e3, v4, e4, v2 //match 2
v5, eb, v6, e6, v7 //match 3
v8, e7, v9, e8, v7 //match 4

By default, the ACCUM clause will execute the @@cnt += 1 statement 4 times, for
each row in the match table. The result will be @@cnt = 4 .

For the same query, what if the user wants to
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e count the number of distinct path endings in the match table? For this case, we
would want to iterate on the alias t .

* count the number of distinct (start, end) pairs in the match table? For that case,
we would want to iterate on distinct pairs of the aliases (s, t) .

To provide users with this added flexibility and finer control over ACCUM iteration,
TigerGraph 3.0 adds the PER clause to pattern matching (V2) syntax.

Syntax

The PER Clause is an optional clause that comes at the start of the ACCUM clause
in a SELECT statement. As illustrated below, it starts with the keyword PER, and

followed by a pair of parenthesis, in which user can put one or more distinct vertex
aliases found in the FROM pattern.

selectBlock := SELECT alias
FROM pattezn
[sampleClause]
[whereClause]
[[pexrClause] accumClause]
[postAccumClause]*
[havingClause]
[orderClause]
[1imitClause]

perClause := PER (vertex_alias_1, vertex_alias_2, ...)

Examples. Below are multiple examples of the PER Clause using the same FROM
clause.
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S1 = SELECT s

FROM S:s - (E1:

PER (s)

ACCUM @@cnt +=
S2 = SELECT t

FROM S:s - (E1:

PER (t)

ACCUM @@cnt +=
S3 = SELECT m

FROM S:s - (E1:

PER (m)

ACCUM @@cnt +=
S4 = SELECT t

FROM S:s - (E1:

PER (s, t)

ACCUM @@cnt +=
S5 = SELECT t

FROM S:s - (E1:

PER (s, m, t)

ACCUM @@cnt +=

Semantics

edgel)

(E2:

(E2:

(E2:

(E2:

(E2:

32

edge2)

edge2)

edge2)

edge2)

edge2)

T:t

T:t

T:t

The PER Clause specifies a list of vertex aliases, which are used to group the rows

in the match table, one group per distinct value of the alias or of the alias list. If

there are N distinct groups, we will execute the ACCUM clause N times, once per

distinct vertex aliases' binding. Note that the PER clause has no effect on POST-
ACCUM clauses semantic, except confining the POST-ACCUM vertex alias.

Suppose s, m, and t are vertex aliases in a pattern. Below are some interpretations

of the PER Clause based on the graph element bindings found in the match table.

® PER (s) ACCUM

clause once.

® PER (s,t) ACCUM
clause once.

means that per each distinct s vertex, execute the ACCUM

means that per each distinct (s, t) pair, execute the ACCUM
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°* PER (s,m,t) ACCUM means that per each distinct (s, m, t) tuple, execute the
ACCUM clause once.

Examples to show PER clause semantics.
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//match table

(s, edgel, m , edge2, t)//schema
vl, el, v3, e2, v2 //match 1

vl, e3, v4, e4, v2 //match 2

v5, eb, v6, e6, v7 //match 3

v8, e7, v9, e8, v7 //match 4

//since we have v1, v5, and v8 three distinct vertices bind to s,
//we execute ACCUM clause 3 times.
S1 = SELECT s

FROM S:s - (El:edgel) - M:m -(E2:edge2) - T:t

PER (s)

ACCUM @@cnt += 1;

//since we have v2, v7 two distinct vertices bind to t,
//we execute ACCUM clause twice.
S2 = SELECT t

FROM S:s - (El:edgel) - M:m -(E2:edge2) - T:t

PER (t)

ACCUM @@cnt += 1;

//since we have v3, v4, v6, v9 four distinct vertices bind to m,
//we execute ACCUM clause 4 times.
S3 = SELECT m

FROM S:s - (El:edgel) - M:m -(E2:edge2) - T:t

PER (m)

ACCUM @@cnt += 1;

//since we have (v1, v2), (v5, v7) and (v8, v7) three distinct vertex pai
//bind to (s,t), we execute ACCUM clause 3 times.
S4 = SELECT t

FROM S:s - (El:edgel) - M:m -(E2:edge2) - T:t

PER (s, t)

ACCUM @@cnt += 1;

//since we have (v1, v3, v2), (vi1, v4, v2), (v5, v6, v7) and (v8, v9, v7)
//distinct vertex groups bind to (s,m,t), we execute ACCUM clause 4 times
S5 = SELECT t

FROM S:s - (El:edgel) - M:m -(E2:edge2) - T:t

PER (s, m, t)

ACCUM @@cnt += 1;

(i) If the PER Clause is used in a SELECT query block, then the vertex aliases used in the
SELECT, ACCUM , and POST-ACCUM clauses must be confined to the aliases that
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Below are some illegal cases.

//semantic error. SELECT t, but t doesn't appear in PER clause.
S1 = SELECT t

FROM S:s - (El:edgel) - M:m -(E2:edge2) - T:t

PER (s, m)

ACCUM @@cnt += 1;

//semantic error. ACCUM t.@cnt, but t doesn't appear in PER clause.
S2 = SELECT t

FROM S:s - (El:edgel) - M:m -(E2:edge2) - T:t

PER (s, m)

ACCUM t.@cnt += 1;

//semantic error. POST-ACCUM t.@cnt, but t doesn't appear in PER clause.
S3 = SELECT s

FROM S:s - (El:edgel) - M:m -(E2:edge2) - T:t

PER (s)

ACCUM s.@cnt += 1

POST-ACCUM t.@cnt =1;

PER Clause Examples

Example 1. Count the number of Countries that has a City which has a resident that
likes a post.
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//Example 1.
USE GRAPH 1ldbc_snb

INTERPRET QUERY () SYNTAX v2 %
SumAccum<int> @@cnt;

R = SELECT c
FROM Country:c -(<IS_PART_OF.<IS_LOCATED_IN.LIKES>)- Post:p
PER (c)

ACCUM @@cnt +=1;

PRINT @@cnt;
§

//results

Using graph 'ldbc_snb'
The query AA is dropped.
]

"error": false,
Ilmessagell: n II'
"version": %

"schema": O,

"edition": "enterprise",
Ilapill : IIV2II

[

"results": [{"@@cnt": 111%]

Example 2. Count the number of posts liked by a person who is located in a city
that belongs to a country. (All cities are in a country, but humor us. We are reusing
the same FROM pattern in several examples.)
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//Example 2.
USE GRAPH 1ldbc_snb

INTERPRET QUERY () SYNTAX v2 {
SumAccum<int> @@cnt;

R = SELECT p
FROM  Country:c -(<IS_PART_OF.<IS_LOCATED_IN.LIKES>)- Post:p
PER (p)

ACCUM @@cnt +=1;

PRINT @@cnt;

//result
Using graph 'ldbc_snb'
]
"error": false,
"message": "",

"version": %
"schema": 0,
"edition": "enterprise",
"api": "v2"

}I

"results": [{"@@cnt": 70668%]

Example 3. Find for each country in ("Dominican_Republic","Angola", "Cambodia")
the number of posts that is liked by a person living in that country.
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//Exmaple 3
USE GRAPH 1ldbc_snb

INTERPRET QUERY () SYNTAX v2i

MapAccum<string, SumAccum<int>> @@postPerCountry;

R = SELECT p
FROM  Country:c -(<IS_PART_OF.<IS_LOCATED_IN.LIKES>)- Post:p
WHERE c.name in ("Dominican_Republic","Angola", "Cambodia")

PER (c, p)
ACCUM @@postPerCountry += (c.name -> 1);

PRINT @@postPerCountry;

%
//results
Using graph 'ldbc_snb'
]
"error": false,
"message": "",

"version": %
"schema": 0,
"edition": "enterprise",
"api": "v2"

Iy ;

"results": [{"@@postPerCountry": {
"Dominican_Republic": 395,
"Angola": 12,

"Cambodia": 4002
£%1]

Example 4. Find for each country in ("Dominican_Republic","Angola", "Cambodia")
the number of posts that is liked by a person living in that country. Use local
accumulators this time.
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USE GRAPH 1ldbc_snb
INTERPRET QUERY () SYNTAX v2%
SumAccum<int> @postCnt;

R = SELECT c
FROM Country:c -(<IS_PART_OF.<IS_LOCATED_IN.LIKES>)- Post:p
WHERE c.name in ("Dominican_Republic","Angola", "Cambodia")
PER (c, p) //per (country, post), add 1 to c.@postCnt
ACCUM c.@postCnt += 1;

PRINT R;
%
//results
Using graph 'ldbc_snb'
]
"error": false,
"message": "",

"version": %
"schema": O,

"edition": "enterprise",
"api": "v2"
s
"results": [{"R": [
]
"v_id": "2",
"attributes": §
"@postCnt": 12,
"name": "Angola",
"id": 2,
"url": "http://dbpedia.org/resource/Angola"
b
"v_type": "Country"
i
]
"v_did": "67",
"attributes": {
"@postCnt": 4002,
"name": "Cambodia",
"id": 67,
"url": "http://dbpedia.org/resource/Cambodia"
b
"v_type": "Country"
ko
]

IIV idll; II:L:LII.
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"attributes": §
"@postCnt": 395,

"name": "Dominican_Republic",
"id": 11,
"url": "http://dbpedia.org/resource/Dominican_Republic"
b
"v_type": "Country"
%
1%1]

Performance and Best Practices

The PER Clause not only helps users to control the semantics of the ACCUM
clause, it also boosts the performance of the pattern match query, as it uses the
PER clause to optimize the query execution.

To get the best performance, we recommend three guidelines for writing efficient
queries.

Use PER (target) If Possible

Per target is in general faster than Per source. In the example below, query g2 is
faster than g1. The only difference between these two queries is q2's FROM pattern
is the flip of q1's FROM pattern.
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USE GRAPH 1dbc_snb

# not recommended, since it does per (src).
CREATE QUERY g1 () SYNTAX v2 {

SumAccum<int> @@cnt ;

T = SELECT c

FROM Comment:c - (<LIKES) - Person:ps - (IS_LOCATED_IN>) - City:cit
WHERE year(c.creationDate) >= 2006

PER (c)

ACCUM @@cnt += 1;

PRINT @@cnt;
h

{# recommended, since it does per (tgt)
CREATE QUERY g2 () SYNTAX v2 {

SumAccum<int> @@cnt ;

T = SELECT ¢
FROM City:city - (<IS_LOCATED_IN) - Person:ps - (LIKES>) - Comment:
WHERE year(c.creationDate) >= 2006
PER (c)
ACCUM @@cnt += 1;

PRINT @@cnt;
h

Write Patterns with Smallest Expected Vertex Set on the
Left

The match table is built by traversing the pattern from left to right. Follow the basic
principle of pruning early rather than late by orienting the query the smaller
cardinality set on the left. This practice will result in producing the least number of
candidate matches during the query computation. For example, if there are fewer
distinct tags than persons, then query g4 is faster than 3.
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USE GRAPH 1dbc_snb

# not recommended, since the pattern starts from a large cardinality vert
# (Person), and ends at a small cardinality vertex type (Tag).
CREATE QUERY g3 () SYNTAX v2 {

SumAccum<int> @cnt;

V = SELECT s
FROM Person:s- (LIKES>)-Post:p - (<CONTAINER_OF)-:f - (HAS_TAG>) -
PER (s)
ACCUM s.@cnt += 1;

PRINT V.size();

{# recommended, start from small cardinality end (Tag), and use per tgt
CREATE QUERY g4 () SYNTAX v2 {

SumAccum<int> @cnt;

V = SELECT s
FROM Tag:t- (<HAS_TAG)-Forum:f - (CONTAINER_OF>)-Post:p - (<LIKES)-
PER (s)
ACCUM s.@cnt += 1;

PRINT V.size();

Specify Complete Type Information

Specifying complete type information improves performance. For example, query
g6 is faster than g5 even though they are known to be logically identical. Forum is
the CONTAINER_OF Post , so it does not need to be specified in g5, but explicitly
saying Forum in 6 speeds up performance.
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USE GRAPH 1dbc_snb

#fwe do not put Forum befoe :f, even if we know it.
CREATE QUERY g5 () SYNTAX v2 {

SumAccum<int> @@person_cnt;

V = SELECT s
FROM Person:s- (LIKES>)-Post:p - (<CONTAINER_OF)-:f - (HAS_TAG>) -
PER (s)
ACCUM @@person_cnt += 1;

PRINT @@person_cnt;
§

{#frecommended: we put Forum as the type info.
CREATE QUERY g6 () SYNTAX v2 {

SumAccum<int> @@person_cnt;

V = SELECT s
FROM Person:s- (LIKES>)-Post:p - (<CONTAINER_OF)-Forum:f - (HAS_TAG
PER (s)
ACCUM @@person_cnt += 1;

PRINT @@person_cnt;
$

LDBC Benchmark Queries

Using the PER clause and linear regular path pattern, we have translated all of the
LDBC-SNB queries. You can find them on github at
https://github.com/tigergraph/ecosys/tree/ldbc/ldbc_benchmark/tigergraph/querie
s_linear/queries 7. Most of the queries are installed as functions. You can find
sample parameter(s) of the functions from
https://github.com/tigergraph/ecosys/tree/ldbc/Idbc_benchmark/tigergraph/querie
s/seeds 7.
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Data Modification

Pattern Matching GSQL supports Insert, Update, and Delete operations. The syntax
is identical to that in classic GSQL (v1), though the full range of data modification
operations are not yet support.

In general, data modification can be at two levels in GSQL:

1. Top level. The statement does not need to within any other statement.

2. Within a SELECT query statement. The FROM-WHERE clauses define a match
table, and the data modification is performed based on the vertex and edge
information in the match table. The GSQL specifications calls these within-
SELECT statements DML-sub statements.

e Insert, Update, and Delete currently work in compiled mode only (e.g., you must
run INSTALL QUERY before RUN QUERY.) Data Modification in interpreted mode
is not yet available.

e SELECT queries with data modification may only have one POST-ACCUM clause.

Insert vertices and edges

Pattern matching Insert is supported at both the top-level and within-SELECT
levels, using the same syntax as in classic GSQL. You can insert vertices and
edges.

* For a top-level statement, use INSERT INTO,
* |nside an ACCUM or POST-ACCUM clause, use the DML-sub INSERT statement.

Example 1. Create a Person vertex, whose name is Tiger Woods. Next, find

Viktor's favorite 2012 posts' authors, whose last name is prefixed with S. Finally,
insert KNOWS edges connecting Tiger Woods with Viktor's favorite authors.
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USE GRAPH 1ldbc_snb

#find Viktor's 2012 favorite posts' authors, whose lastName prefix with S
INTERPRET QUERY() SYNTAX V2 %

R = SELECT t
FROM Person:s -(LIKES>)- :msg -(HAS_CREATOR>)- Person:t
WHERE s.firstName == "Viktor" AND s.lastName == "Akhiezer"

AND t.lastName LIKE "S%" AND year(msg.creationDate) == 2012;

PRINT R[R.id, R.firstName, R.lastName];

%
#result
]
"error": false,
"message": "",
"version": %
"schema": O,
"edition": "enterprise",
"api": "v2"
Iy
"results": [§"R": [
]

"v_id": "8796093025410",
"attributes": {
"R.id": 8796093025410,
"R.firstName": "Priyanka",
"R.lastName": "Singh"

Iy
"v_type": "Person"
5,
]
"v_id": "2199023260091",
"attributes": 3§
"R.id": 2199023260091,
"R.firstName": "Janne",
"R.lastName": "Seppala"
fyp
"v_type": "Person"
EF
]

"v_id": "15393162796846",
"attributes": {
"R.id": 15393162796846,
"R.firstName": "Mario",
"R.lastName": "Santos"
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;Q_type": "Person"
%
1%]

{# create a Person node, whose name is tiger,
# and connect this Person with above Victor's favorite authors
CREATE QUERY InsertEdgeAndVertex () SYNTAX v2{

f#fadd a celebrity person node using INSERT INTO statement.
INSERT INTO Person VALUES (100000000,"Tiger", "Woods", "m", _, _,_,_,_,

R = SELECT t
FROM Person:s -(LIKES>)- :msg -(HAS_CREATOR>)- Person:t
WHERE s.firstName == "Viktor" AND s.lastName == "Akhiezer"
AND t.lastName LIKE "S%" AND year(msg.creationDate) == 2012
PER (s, t)
ACCUM

J#fadd edges connecting "tiger" and t with a 6/1/2020 time stamp
INSERT INTO KNOWS VALUES (100000000, t, to_datetime("2020-06-01"

PRINT R [R.id, R.firstName, R.lastName];

INSTALL QUERY InsertEdgeAndVertex
RUN QUERY InsertEdgeAndVertex()

You can verify the result by running a simple built-in REST endpoint.

Check the inserted vertex.

Linux Shell
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jfcheck the inserted vertex
curl -X GET "http://localhost:9000/graph/ldbc_snb/vertices/Person/1000000

jtresult
]
"version": %
"edition": "enterprise",
"api": "v2",
"schema": 1
£,
"error": false,
"message": "",
"results": [
]
"v_id": "100000000",
"v_type": "Person",
"attributes": {
"id": 100000000,
"firstName": "Tiger",
"lastName": "Woods",
"gender": "m",
"birthday": "1970-01-01 00:00:00",
"creationDate": "1970-01-01 00:00:00",
"locationIP": "",
"browserUsed": "",
"speaks": [],
"email": []

Check the inserted edges.

Linux file
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{#fcheck the inserted edges using tiger's id (100,000,000)
curl -X GET "http://localhost:9000/graph/ldbc_snb/edges/Person/100000000/

jfresult
]
"version": 1
"edition": "enterprise",
"api": "v2",
"schema": 0
o
"error": false,
"message": "",
"results": [
]
"e_type": "KNOWS",
"directed": false,
"from_id": "100000000",
"from_type": "Person",
"to_id": "8796093025410",
"to_type": "Person",
"attributes": {
"creationDate": "2020-06-01 00:00:00"
5
5o
]
"e_type": "KNOWS",
"directed": false,
"from_id": "100000000",
"from_type": "Person",
"to_id": "2199023260091",
"to_type": "Person",
"attributes": §
"creationDate": "2020-06-01 00:00:00"
§
5,
]
"e_type": "KNOWS",
"directed": false,
"from_id": "100000000",
"from_type": "Person",
"to_id": "15393162796846",
"to_type": "Person",
"attributes": {
"creationDate": "2020-06-01 00:00:00"
%
%
]

#fnote vou can use the vertex lookun API to verifv the three connected aut
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curl -X GET "http://localhost:9000/graph/ldbc_snb/vertices/Person/8796093

Update data

To update vertex attributes, use assignment statements in a POST-ACCUM clause. To
update edge attributes, use assignment statements in an ACCUM clause. In addition,
data updates can only be performed if the FROM statement only contains a single-
hop and fix-length pattern.

Query-body level UPDATE statements are not yet supported in syntax v2.

Example 2. For all KNOWS edges that connect Viktor Akhiezer and his friends
whose lastName begins with "S", update the edge creationDate to "2020-10-01".
Also, for the Person vertex (Tiger Woods) update the vertex's creationDate and
language he speaks.
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USE GRAPH ldbc_snb
DROP QUERY UpdateKnowsTS
CREATE QUERY UpdateKnowsTS () SYNTAX v2 $

# update the vertex tiger's attributes
# creationDate and languages spoken in POST-ACCUM
R = SELECT p
FROM Person:p
WHERE p.firstName == "Tiger" AND p.lastName == "Woods"
POST-ACCUM
{# update simple base type attribute
p.creationDate = to_datetime("2020-6-1"),
## update collection-type attribute
p.speaks = ("english", "golf");

#DML-sub level, update KNOWS edge attribute "creationDate" in ACCUM

R = SELECT t
FROM Person:s-(KNOWS:e) -:t
WHERE s.firstName == "Tiger" and s.lastName == "Woods"

ffupdate the KNOWS edge time stamp
ACCUM e.creationDate = to_datetime("2020-10-01");

INSTALL QUERY UpdateKnowsTS
RUN QUERY UpdateKnowsTS ()

To verify the update, we can use REST calls.

Check Tiger Woods' creationDate and language he speaks.

Linux Shell
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curl -X GET "http://localhost:9000/graph/ldbc_snb/vertices/Person/1000000
jtresult
]
"version": %
"edition": "enterprise",
"api": "v2",
"schema": 0

£,
"error": false,
"message": "",
"results": [
]
"v_id": "100000000",
"v_type": "Person",
"attributes": {
"id": 100000000,
"firstName": "Tiger",
"lastName": "Woods",
"gender": "m",
"birthday": "1970-01-01 00:00:00",
"creationDate": "2020-06-01 00:00:00",

"locationIP": ,

"browserUsed": "",

"speaks": [
"english",
"golf"

i

"email": []

Check KNOWS edges whose source is tiger woods.

Linux Shell
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curl -X GET "http://localhost:9000/graph/ldbc_snb/edges/Person/100000000/

#result
]
"version": %
"edition": "enterprise",
"api": "v2",
"schema": 0
b
"error": false,
"message": "",
"results": [
]
"e_type": "KNOWS",
"directed": false,
"from_id": "100000000",
"from_type": "Person",
"to_id": "8796093025410",
"to_type": "Person",
"attributes": §
"creationDate": "2020-10-01 00:00:00"
$
5o
]
"e_type": "KNOWS",
"directed": false,
"from_id": "100000000",
"from_type": "Person",
"to_id": "2199023260091",
"to_type": "Person",
"attributes": {
"creationDate": "2020-10-01 00:00:00"
§
,
]
"e_type": "KNOWS",
"directed": false,
"from_id": "100000000",
"from_type": "Person",
"to_id": "15393162796846",
"to_type": "Person",
"attributes": §
"creationDate": "2020-10-01 00:00:00"
$
%
]
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Delete vertices and edges

You can use delete () function to delete edges and vertices in ACCUM and POST-
ACCUM clauses.

@ o Top-levels DELETE statements are not yet supported in SYNTAX v2.
e Edges can only be deleted in the ACCUM clause.
e For best performance, vertices should be deleted in the POST-ACCUM clause.

e To perform within-SELECT deletes, the FROM pattern can only be a single hop,
fixed length pattern.

Example 3. Delete vertex Tiger Woods and its KNOWS edges.

USE GRAPH ldbc_snb
DROP QUERY DeleteEdgeAndVertex

CREATE QUERY DeleteEdgeAndVertex () SYNTAX v2{

R = SELECT t
FROM Person:s -(KNOWS:e)- Person:t
WHERE s.firstName == "Tiger" AND s.lastName == "Woods"
ACCUM
//delete edges
DELETE (e)

POST-ACCUM DELETE(s); //delete src vertex

PRINT R [R.id, R.firstName, R.lastName];

INSTALL QUERY DeleteEdgeAndVertex
RUN QUERY DeleteEdgeAndVertex()

To verify the result, you can use built-in REST calls.
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curl -X GET "http://localhost:9000/graph/ldbc_snb/vertices/Person/1000000

jfvertexresults
]
"version": %
"edition": "enterprise",
"api": "v2",

"schema": 0

£,

"error": true,

"message": "The input vertex id '100000000'

"code": "601"

is not a valid vertex id fo

curl -X GET "http://localhost:9000/graph/ldbc_snb/edges/Person/100000000/

{ffedge results

]
"version": %
"edition": "enterprise",
"api": "v2",
"schema": 0
o
"error": true,
"message": "The input source_vertex_id '100000000' is not a valid verte
"code": "601"
%
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Conjunctive Pattern Matching (Beta)

What is Conjunctive Pattern Matching?

So far, we have described pattern matching as one path pattern in a FROM clause.
In this section, we introduce GSQL's capability to match multiple patterns in one
FROM clause. This extension is called Conjunctive Pattern Matching (CPM),
because the query asks for the conjunction (logical AND) of the patterns. To get a
match, all of the patterns must be satisfied, and the patterns can interrelate.
Visually, you can think of patterns formed by a set of intersecting line segments.
This feature, introduced as a Beta feature in TigerGraph 3.0, enables you to express
complex patterns concisely in a single query block.

In general, a CPM query block consists of multiple patterns in the FROM clause. It
has a structure illustrated below.

# Conjunctive Pattern Matching Syntax

SelectBlock := SELECT alias
FROM pattern
[sampleClause]
[whereClause]
[ [perClause] accumClause]
[postAccumClause]*

pattern := vertexPattern | edgePattern | (pathPattern ["," pathPattezn])
{# vertexPattern and edgePattern are from classic GSQL

We elaborate on each of the clause.

SELECT Clause

The SELECT clause selects only one vertex alias from all the patterns in the FROM
clause.
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FROM Clause - Conjunctive Matching

This is where the conjunctive matching is expressed. The FROM clause consists of
a list of path patterns, which are separated by commas. Evaluating each pattern
against the underlying graph data produces a match table. If two patterns share a
vertex alias, then we form the natural join of the two match tables.

For example, consider this CPM:

FROM X:x - (El:el) - Y:y - (E2>:e2) - Z:z,
Z:z - (E3:e3) - U:u - (E4>:e4) - V:v

The first pattern's variables are X, €1, y, €2, and z; the second pattern's variables
are z, €3, u, e4, and v. Considering the two patterns independently would yield the
follwing match table schemas:

#first match table
(x, el, y, e2, z)
#second match table
(z, e3, u, e4, v)

Natural Join of Match Tables

Natural joining two match tables compares all the shared vertex aliases between
the two tables, and the resulting joined table contains all non-shared variables plus
one copy of each of the shared vertex variables. Here is the match table for the
CPM above:

{#fnatural join result; the shared vertex variable z appears once.
(x, el, y, e2, z, e3, u, e4, v)

Valid Conjunctive Patterns

The match table of the conjunctive pattern match is the natural join of all the
patterns' match tables. By design, a row in the CPM match table must

318



5/13/25,2:41 PM 32

simultaneously satisfy all the match tables.

If the match tables of the patterns in a FROM clause can be naturally joined into one
match table, then the FROM clause has a valid CPM input. Otherwise, the FROM
clause has an invalid pattern input list.

For example, below we show two valid CPM inputs and one invalid CPM input.

# a valid CPM, since the two patterns natrually join on :tgt
SELECT
FROM Person:p - (KNOWS) - :tgt,

Post:s -(<LIKES) - :tgt

# a valid CPM, since the two patterns naturally join on :f
SELECT
FROM Person:p - (KNOWS) - :f - (LIKES>) - Post:tgt,

:f - (LIKES>) - Comment:c

# an invalid CPM, since the two patterns do not share any vertex variable
i# they cannot be naturally joined.
i# One pattern has (p, tgt); the other has (s, t).
SELECT
FROM Person:p - (KNOWS) - :tgt,
Post:s - (<LIKES) - Person:t

WHERE Clause

The predicates in the WHERE clause can use any of the vertex or edge aliases in
any of the patterns, including predicates which combine variables from different
constituent paths. CPM queries do not have any special restrictions on the WHERE
predicate. Distance matters, however, for performance. Conditions that are local,
measured both cross-path and within-path, can be resolved earlier and therefore
are faster.

In the example below, x2.age > x4.age is a cross-pattern predicate,

el.timestamp < e3.timestamp is a cross-pattern predicate, and x1.gender ==
x4.gender is alocal predicate of the second pattern.
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FROM X1:x1-(El:el)-X2:x2-(E2:e2)-X3:x3,
X1:x1-(E3:e3)-X4:x4
WHERE x2.age > x4.age AND el.timestamp < e3.timestamp AND x1.gender == x4

ACCUM Clause

You can ACCUM to any vertex variable in a CPM block.

The ACCUM clause by default will execute as many times as the row (match) count
of the CPM match table; each execution uses one row from the match table.

ACCUM To The Three Vertex Variables of A CPM Pattern

jfaccum to x1, x2 and x4.
FROM X1:x1-(El:el)-X2:x2-(E2:e2)-X3:x3,
X1:x1-(E3:e3)-X4:x4
ACCUM x1.@cnt +=1, x2.@cnt += x3.quantity, x4.@cnt += x3.quantity

POST-ACCUM Clause

POST-ACCUM for CPM behaves the same as POST-ACCUM for single path
patterns. That is, each POST-ACCUM clause can refer to one vertex alias, and the
clause executes iteratively over that vertex set (e.g. one vertex column in the
matching table). Its statements can access the aggregated accumulator result
computed in the ACCUM clause. The query can have multiple POST-ACCUM
clauses, one for each vertex alias you wish to work on. The multiple POST-ACCUM
clauses are processed in parallel; it doesn't matter in what order you write them.
(For each binding, the statements within a clause are executed in order.)

For example, below we have three POST-ACCUM clauses. The first one iterates
through x1 , and for each x1, we do @@cnt += x1.@cnt . The second and third

POST-ACCUMs iterate through x2 and x3 respectively, and accumulates their
@cnt accumulator value into @@cnt .

POST-ACCUM to a global accumulator @@cnt, using three CPM Vertex Variables
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FROM X1:x1-(El:el1l)-X2:x2-(E2:e2)-X3:x3,
X1:x1-(E3:e3)-X4:x4
ACCUM x1.@cnt +=1, x2.@cnt += x3.quantity, x4.@cnt += x3.quantity
POST-ACCUM @@cnt += x1.@cnt
POST-ACCUM @@cnt += x2.@cnt
POST-ACCUm @@cnt += x3.@cnt;

Examples

Example 1. Find Viktor Akhiezer's liked messages (100+ days after their creation)
whose author's last name begin with letter S. Output the message's forum.
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USE GRAPH 1dbc_snb
INTERPRET QUERY () SYNTAX v2 %
SumAccum<int> @@cnt;

F = SELECT £
FROM Person:s - (LIKES>:el) - :msg - (HAS_CREATOR>) - Person:t,
Forum:f - (CONTAINER_OF>:e2) - :msg
WHERE s.firstName == "Viktor" AND s.lastName == "Akhiezer"
AND t.lastName LIKE "S%"
AND el.creationDate >DATETIME_ADD(msg.creationDate, INTERVA

PRINT F;
%
#result
]
"error": false,
"message": "",
"version": %
"schema": O,
"edition": "enterprise",
"api": "v2"
o
"results": [{"F": [
"v_id": "962072688797",
"attributes": 3§
"id": 962072688797,
"title": "Album 12 of Mario Santos",
"creationDate": "2011-04-12 09:36:50"
,
"v_type": "Forum"
£1%]
%

Example 2. Find any authors who wrote posts that Viktor Akhiezer's liked and
whose last name begins with S. Find the country for each of these authors and
report on the countries.
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USE GRAPH 1dbc_snb
INTERPRET QUERY () SYNTAX v2 %
SumAccum<int> @@cnt;

C = SELECT ctzry
FROM Person:s - (LIKES>:el) - Post:msg - (HAS_CREATOR>) - Person:
:t - (WORK_AT>:e2) - Company:c,
:c - (IS_LOCATED_IN>) - Country:ctry
WHERE s.firstName == "Viktor" AND s.lastName == "Akhiezer"
AND t.lastName LIKE "S%" ;

PRINT C;
%
#result
]
"error": false,
"message": "",
"version": %
"schema": O,
"edition": "enterprise",
"api": "v2"
o
"results": [{"C": [3
"v_id": "93",
"attributes": %
"name": "Portugal",
"id": 93,
"url": "http://dbpedia.org/resource/Portugal”
5,
"v_type": "Countzxy"
£1%]
%

Example 3. Given a TagClass and a Country, find all the Forums created in the given
Country, containing at least one Post with Tags belonging directly to the given
TagClass. The location of a Forum is identified by the location of the Forum'’s
moderator.
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USE GRAPH 1dbc_snb
DROP QUERY bi_4

CREATE QUERY bi_4(string tcName, string cName) for graph ldbc_snb syntax
SetAccum<vertex<Post>> @postSet;
SumAccum<int> @personId, @postCount;

ForumSet =
SELECT £
FROM Forum:f - (HAS_MODERATOR>)- Person:a -(IS_LOCATED_IN>.IS_PART_OF>
:f - (CONTAINER_OF>)- Post:p -(HAS_TAG>.HAS_TYPE>)- TagClass:tc
WHERE c.name == cName and tc.name == tcName
ACCUM f.@personlId = a.id, f.@postSet += p
POST-ACCUM f.@postCount = f.@postSet.size(), f.@postSet.clear()
ORDER BY f.@postCount DESC, f.id ASC
LIMIT 3;

PRINT ForumSet[ForumSet.id, ForumSet.title, ForumSet.creationDate,
ForumSet.@personId, ForumSet.@postCount];
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INSTALL QUERY bi_4
RUN QUERY bi_4("MusicalArtist", "Burma")

ffresult
1

"error": false,
"message": "",
"version": %
"schema": 0,
"edition": "enterprise",
"api": "v2"
b
"results": [{"ForumSet": [
]
"v_id": "81903",
"attributes": §
"ForumSet.title": "Wall of Donald Steele-Perkins",
"ForumSet.@personId": 5226,
"ForumSet.id": 81903,
"ForumSet.@postCount": 65,
"ForumSet.creationDate": "2010-02-15 06:48:04"
b

"v_type": "Forum"

"v_id": "137438953686",

"attributes": {
"ForumSet.title": "Wall of Exric Law-Yone",
"ForumSet.@personId": 2199023262994,
"ForumSet.id": 137438953686,
"ForumSet.@postCount": 65,
"ForumSet.creationDate": "2010-04-25 22:10:32"

o

"v_type": "Forum"

"v_id": "687194810508",

"attributes": §
"ForumSet.title": "Wall of Hector Hugh Michie",
"ForumSet.@personId": 10995116283784,
"ForumSet.id": 687194810508,
"ForumSet.@postCount": 39,
"ForumSet.creationDate": "2010-12-19 15:33:30"

s

"v_type": "Forum"

T#1

326



5/13/25,2:41 PM 32

Example 4. For a given country, count all the distinct triples of Persons such that:

* ais a friend of b.
* bisafriendof c

e cis afriend of a.

Distinct means that if a certain 3 vertices appear once in the results, it will not be
repeated: it will appear only once. KNOWS is an undirected relationship, so it
doesn't matter in what order we list the 3 vertices.
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USE GRAPH 1ldbc_snb

CREATE QUERY bi_17(string cName) FOR GRAPH ldbc_snb SYNTAX v2 {
TYPEDEF TUPLE <uint a, uint b, uint c> triplet;
SetAccum<triplet> @@tripletSet;

SumAccum<int> @@tripletCount;

C =

SELECT c

FROM Country:c -(<IS_PART_OF.<IS_LOCATED_IN)- Person:pl,
:C -(<IS_PART_OF.<IS_LOCATED_IN)- Person:p2,
:Cc -(<IS_PART_OF.<IS_LOCATED_IN)- Person:p3,
:pl - (KNOWS)- :p2 -(KNOWS)- :p3 -(KNOWS)- :pl

WHERE c.name == cName AND pl.id < p2.id AND p2.id < p3.id

ACCUM @@tripletSet += triplet(pl.id, p2.id, p3.id);

@@tripletCount = @@tripletSet.size();
@@tripletSet.clear();
PRINT @@tripletCount;

§

INSTALL QUERY bi_17
RUN QUERY bi_17("Spain")

#fresult
3

"error": false,
Ilmessagell: n II,
" . ",
version": 3§

"schema": O,

"edition": "enterprise",
Ilapill : IIV2II
o
"results": [{"@@tripletCount": 242%]

More Examples. We translated LDBC-SNB ~ Bl and IC queries using CPM, and

shared the translation in github. Please refer to the query translation here 2. Most of

the queries are installed as functions, you can find sample parameter(s) of the
functions from here 7.
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Source Vertex Set Flexibility

As mentioned when we first described pattern matching, in One-hop patterns, the
source (leftmost) vertex set can be a vertex type, an alternation of types, or even
omitted.

Example 1. Find Viktor Akhiezer's favorite messages' creators whose last name
begins with letter S. Count them.

USE GRAPH 1ldbc_snb

{#start from a vertex type "Person"
INTERPRET QUERY () SYNTAX v2 {

SumAccum<int> @@cnt;

F = SELECT t
FROM Person:s -(LIKES>:el)- :msg - (HAS_CREATOR>)- Person:t
WHERE s.firstName == "Viktor" AND s.lastName == "Akhiezer"

AND t.lastName LIKE "S%"
POST-ACCUM @@cnt+=1;

PRINT @@cnt;

%
jfresult
]
"error": false,
"message": "",
"version": 1
"schema": O,
"edition": "enterprise",
"api": "v2"
I
"results": [{"@@cnt": 8%]
%

Example 2. Same query as example 1, but without beginning with vertex types.
GSQL compiler can infer the types of :s.
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USE GRAPH 1dbc_snb

32

{#both end points of the pattern do not have vertex types.
INTERPRET QUERY () SYNTAX v2 3§

SumAccum<int> @@cnt;

F = SELECT t
FROM :s -(LIKES>:el)-
WHERE s.firstName ==
POST-ACCUM @@cnt+=1;

PRINT @@cnt;

%
jtresult
]
"error": false,
"message": "",
"version": %
"schema": 0,
"edition": "enterprise",
"api": "v2"
£,
"results": [{"@@cnt": 8%]
%

Example 3. Count the LIKES edge.

:msg - (HAS_CREATOR>)- :t

"Viktor"

AND s.lastName ==

"Akhiezer"

AND t.
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USE GRAPH 1dbc_snb

{# a pattern starts without any information.
INTERPRET QUERY () SYNTAX v2 {

SumAccum<int> @@cnt;
F = SELECT msg
FROM - (LIKES>:el)- :msg

ACCUM @@cnt+=1;

PRINT @@cnt;

%
#result
]
"error": false,
"message": "",
"version": %
"schema": O,
"edition": "enterprise",
"api": "v2"
Iy ;
"results": [{"@@cnt": 2190095%]
%
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Summary

We have covered a lot of territory in GSQL 102:

* Showed how to invoke GSQL Pattern Matching syntax

* Explained how Pattern Matching extends the classic FROM clause grammar:
o Each hop can be a choice of multiple, individually directed edge types
o The Kleene star and a min...max range enable each hop to be repeated.

o GSQL automatically finds the shortest paths that satisfy a variable length
path.

o A virtual match table has a column for each vertex or edge alias in a multi-
hop path, and a row for each graph path that satisfies the pattern.

o The ACCUM clause iterates on each row in the match table.

o A POST-ACCUM clause iterates on one vertex alias; a query can have
multiple POST-ACCUM clauses.

* Described the improvements to Pattern Matching in TigerGraph 3.0:

o The source (leftmost) vertex set can be specified with the same flexibility as
the other vertex sets: a vertex type, an alteration of types, or omitted.
Explicit seed sets are no longer needed

o Restrictions on which vertex aliases may be used in the ACCUM clause have
been lifted.

o Described three major advanced options:

= The PER <vertex alias> clause enables users to fine tune the ACCUM
iteration.

= Data modification (insert, update, delete) are now supported.

= Conjunctive Pattern Matching let users express a complex pattern as a
set of path patterns which must all be satisfied.

* Provided best practices for writing queries, especially pattern matching queries:
o Put the smaller vertex set on the left end.
o Specify all vertex and edge types explicitly.
o Use the PER clause to reduce the match table size

* Provided numerous examples and the full set of LDBC Social Network
benchmark queries.
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With a little practice, you will be writing GSQL pattern matching queries to
efficiently solve real-world problems. You can post your feedback and questions
on the GSQL community forum 2. Our community members and developers love to

hear any feedback from your graph journey of using GSQL and are ready to help
clarifying any doubts.
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GSQL Demo Examples

(i) This is our our original Get-Started tutorial for 2017. Today, we'd suggest you start with
GET STARTED Tutorial or one of our video tutorials.

Using the TigerGraph™ platform is as easy as 1-2-3. In this tutorial we will show you
how to use the TigerGraph platform and the GSQL language by developing
solutions for several use cases, using the following three-step method:

1. Create a Graph Model for the use case using the GSQL™ language, TigerGraph's
high-level graph definition and manipulation language.

2. Load Initial Data : load and transform data to TigerGraph's graph engine.

3. Write a Graph-based Solution by writing queries in the GSQL language.

In addition, this guide will also show you how to update your data: load more data,
revise your data, or delete selected data.

Each example involves a data set and simple example of a real-life query or task.
We develop a graph model, a loading job to load the data, and one or more queries
to answer the question at hand. The applications for graph-based queries are
limitless. The goal of these examples is to demonstrate the expressive power of
GSQL queries, as well as how business intelligence is a natural fit for the graph
analytics world.

We assume the user has a working installation of the TigerGraph system. If you have
not installed the system, please refer to the TigerGraph Platform Installation Guide.

This tutorial uses the console-based GSQL Shell. If you prefer to use the browser-
based GraphStudio Ul, see the TigerGraph GraphStudio Ul Guide first. You can then
return to this document in learn more about the language itself.

To start the GSQL Shell:
type the command gsql to exit, type exit or quit toruna command file from
within the shell, precede the file name with "@":

GSQL> @load_demo.gsql

You can also run GSQL commands directly from Linux:
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For single-line commands, type "gsql" followed by the command enclosed in
single-quotation marks:

$ gsql 'RUN QUERY topCopLiked("id1", 5)'

For command files, just type "gsql" followed by the filename:

$ gsql cf_model.gsql

The loading jobs have been updated to v2.0 syntax. The output examples have been
updated to JSON output API version "v2", which is the default output format for
TigerGraph platform version 1.1 or higher.

() Common Graph Schema of Demo Examples

The examples in Part 1 of this tutorial have been designed so that all them can be
loaded together in one global graph, gsgl_demo. This has several benefits:

1. You can quickly load several demo examples by running just one script.

2. After they are loaded, you can switch from one example to another with no delay.

3. The format is modular, so additional examples can be added easily.

If you want to learn how to design your own graph data analyses, we recommend
reading and doing Example 1, then Example 2, etc., rather than running the entire
batch of examples at once.

Common Applications
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Classic Graph Algorithms

Example 8. Single Pair Shortest Path
(unweighted)

The shortest path problem is to find the path(s) between two given vertices Sand T
in a graph such that the path's total edge weight is minimized. If the edge weights
are all the same (e.g., weight=1), then the shortest paths are the ones with the
fewest edges or steps from S to T. The classic solution to this graph problem is to
start the search from one vertex S and walk one step at a time on the graph until it
meets the other input vertex T (unidirectional Breadth-First Search). In addition, we
present a more sophisticated way to solve this problem on the TigerGraph
advanced graph computing platform. Instead of starting the search from one input
vertex, our solution will launch the search agents from both input vertices, walking
the graph concurrently until they meet. This greatly improves the algorithm
performance. To simplify this problem, this article will assume the graph is
undirected and unweighted.

1. Graph Schema and Data

The following examples will use the graph that is presented below. Before we show
the algorithms, their implementation and examples, we present the graph schema
and data used to create the graph. All files in this document are available here:

DemoExamples_2.0.tar.gz
16KB

DemoExamples_2.0.tar.gz
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Figure 1: Example Graph used to demonstrate the Shortest Path algorithms.

Graph Schema

First, we give the graph schema. This will create the graph with vertices of type

company , persons and skill. It also creates undirected edges that go from person

to company, from person to person, from any type to skill, and from any type to

company.

Graph Schema

DROP ALL

CREATE
CREATE
CREATE
CREATE
CREATE
CREATE
CREATE
CREATE

Data Set

VERTEX company (PRIMARY_ID companyId string, id string, company_na
VERTEX persons (PRIMARY_ID pId string, id string, profileld string
VERTEX skill (PRIMARY_ID skillId uint, id string)

UNDIRECTED EDGE person_work_company (FROM persons, TO company, pos
UNDIRECTED EDGE person_person (FROM persons, TO persons, connect_t
UNDIRECTED EDGE all_to_skill (FROM %, TO skill)

UNDIRECTED EDGE all_to_company (FROM *, TO company)

GRAPH work_graph (*)

Data source for company vertices.

small_companies
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cl,1,coml,us
c2,0,com2,jp
c3,1,com3,de
c4,0,com4d,cn

Data source for person vertices and skill vertices. The first line,

ml,il,0,"s2|s3"

means that person m1 has skills s2 and s3.

small_persons

ml,i1,0,"s2|s3"
m2,i1,1,""
m3,i1,2,"s1|s3"
m4,il1,3,"s2"
m5,1i2,4,""
mé6,i2,5,""
m7,i2,6,""
m8,i3,7,"sl1"

Data source for person_work_company edges. The first line means that person m1
works for company cl.

small_person_company

ml,cl,1,1,1
m2,cl1,2,1,3
m2,c2,2,1,4
m3,c1,2,1,5
md,c4,2,2,6
m5,c2,3,2,7
mé6,c3,3,2,8
mé6,c4,3,2,9
m7,c3,3,2,10
m7,c4,3,2,11
m8,c3,3,3,12

Data source for person_person edges.

small_person_person
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ml,m4,1
mé6,m7,3
m7,m5,4

Data source for all_to_skill edges such as all_to_skill (m1, s2) or all_to_skill (c2, s3).
While the schema supports all_to_company edges, this particular data set does not
use any..

small_all_to_all

s,m,ml,s2,0
s,m,m4,s2,0
s,m,ml,s3,0
s,m,m3,s3,0
s,c,c2,s3,0
s,m,m3,s1,1
s,m,m8,s1,1

Loading the Data

To load all of this data into the graph, we can use the following GSQL command file
(which also includes the graph schema creation commands).

graph_create.gsql
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DROP ALL

CREATE VERTEX company (PRIMARY_ID companyId string, id string, company_na
CREATE VERTEX persons (PRIMARY_ID pId string, id string, profileld string
CREATE VERTEX skill (PRIMARY_ID skillId uint, id string)

CREATE UNDIRECTED EDGE person_work_company (FROM persons, TO company, pos
CREATE UNDIRECTED EDGE person_person (FROM persons, TO persons, connect_t
CREATE UNDIRECTED EDGE all_to_skill (FROM %, TO skill)

CREATE UNDIRECTED EDGE all_to_company (FROM %, TO company)

CREATE GRAPH work_graph (*)

USE GRAPH work_graph
SET sys.data_root="./"
CREATE LOADING JOB load_data FOR GRAPH work_graph {
LOAD "$sys.data_root/small_companies"
TO VERTEX company VALUES ($0, $0, $2)
USING HEADER="false", SEPARATOR=",", QUOTE="double";
LOAD "$sys.data_root/small_persons"
TO VERTEX persons VALUES ($0, $0, $1, $2)
WHERE to_int($2) >= 0
USING HEADER="false", SEPARATOR=",", QUOTE="double";
{# Example of flattening a multi-valued field
LOAD "$sys.data_root/small_persons"
TO temp_table member_skill_table (memberID, skillID)
VALUES ($0, flatten($3, "|", 1))
USING HEADER="false", SEPARATOR=",", QUOTE="double";
LOAD temp_table member_skill_table
TO VERTEX skill VALUES ($"skillID", $"skillID");

LOAD "$sys.data_root/small_person_company"
TO EDGE person_work_company VALUES($0, $1, $2, $3, $4)
WHERE to_int($4) >= 0
USING HEADER="false", SEPARATOR=",", QUOTE="double";
LOAD "$sys.data_root/small_person_person"
TO EDGE person_person VALUES($0, $1, $2)
WHERE to_int($2) >= 0
USING HEADER="false", SEPARATOR=",", QUOTE="double";

# Note how $0 and $1 indicate what type of data is in $3 and $2, respecti
# so that the VALUES $2 and $3 can explicitly state the data type.
LOAD "$sys.data_root/small_all_to_all"
TO EDGE all_to_skill VALUES ($2 company, $3 skill)

WHERE $0 == "s" AND $1 == "c",

TO EDGE all_to_skill VALUES ($2 persons, $3 skill)
WHERE $0 == "s" AND $1 == "m",

TO EDGE all_to_skill VALUES ($2 skill, $3 skill)
WHERE $0 == "s" AND $1 == "s",

TO EDGE all_to_company VALUES ($2 company, $3 company)
WHERE $0 == "c¢" AND $1 == "c".
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TO EDGE all_to_company VALUES ($2 persons, $3 company)

WHERE $0 == "c" AND $1 == "m",

TO EDGE all_to_company VALUES ($2 skill, $3 company)
WHERE $0 == "c" AND $1 == "s"

USING HEADER="false", SEPARATOR=",", QUOTE="double";

%
RUN LOADING JOB load_data

To run a command file, simply enter gsql name_of_file

Create Graph and Load Data

> gsql graph_create.gsql

2. Unidirectional (BFS) Algorithm

If the edges are unweighted, then the shortest path can be found using the classic
Breadth-First Search (BFS) algorithm. Below is an implementation in the GSQL
Query Language:

shortest_path_1D.gsql (v2.0)
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[ **

* This query assumes every edge in the graph is undirected.

* It uses breadth-first-search to find the shortest path between s and t
*/

// 1 May 2018: v2.0 - ListAccum "+" behavior changed. Need to use FOREAC

CREATE QUERY shortest_path_1D (VERTEX<company> S, VERTEX<company> T, INT

OrAccum @@found false;
OrAccum @notSeen true;
ListAccum<STRING> @pathResult;
Start (ANY) = {S}%;
Start = SELECT v
FROM Start:v
//assume each vertex has an id attribute
ACCUM v.@notSeen = false, v.@pathResult = v.id;

WHILE NOT @@found LIMIT maxDepth DO
Start = SELECT v
FROM Start - (:e) -> :v
WHERE v.@notSeen
ACCUM v.@notSeen = false,
//add partial result paths to target v. v2.0 ListAccum requir
FOREACH path IN Start.@pathResult DO

v.@pathResult += (path + "-" + v.id)
END,
CASE WHEN v ==
THEN @@found += true
END;

END;

IF @@found THEN

Result = $T%;
#PRINT Result.@pathResult; #JSON output API version vl
PRINT Result [Result.@pathResult]; #JSON output API version v2
ELSE
PRINT "Can't find shortest path within max steps";
END;

%
INSTALL QUERY shortest_path_1D

The algorithm works by expanding the search path through all vertices that were
seen in the previous step. Each step is taken by one iteration of the WHILE loop. In
the first iteration of the WHILE loop, we start at vertex S and travel to all its
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neighbors. In each of the following iterations, we travel from previously reached
vertices to their neighbors that have not already been seen by the path.

To install the query, run the following command:

Install Query

> gsql -g work_graph shortest_path_1D.gsql

Example of Unidirectional BFS Search

Let us show a running example of this algorithm. We will be trying to find the
shortest path from c1to c3. First, we have our initial graph, where we have not
traveled along any edges yet.

r—] 16
s l &5 @—//
{Step 0)

Figure 2: The starting state for our graph. From here, we go on to the first step of
the algorithm. We start at c1, and go along each of its edges.
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Figure 3: This is the graph after one step. We have traveled from c1to all of its

neighbors, labeling them as visited. For each one that we visit, we update its

@pathResult accumulator value in order to keep track of our path as we traverse

the graph.
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Figure 4: This graph shows where we have traveled after two steps. We traveled to
our new vertices s1, s2, s3, c2 and m4 by traveling one edge away from the nodes
that we had visited in step 1. Note that the blue edges also tell us how we can get
from c1to a vertex. For example, we notice that e21is not labeled blue. This means
that we did not travel along this edge. That is, we must have gotten to c2 using a
different edge. Indeed, we can see that the path c1-m2-c2 is shorter than c1-m3-
s3-c2. This explains why €9 is blue, but e21is not.
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Each time that the query travels from a starting vertex (m1, m2, or m3) to a target
vertex (s1, s2, s3, ¢3, or m4), the target vertex's @pathResult ListAccum<string> is
updated (Line 22 of the query). A new string is added to the list (the += operator),
which means that there is a path string for each time that the target vertex is
reached. The path string consists of the path string from the source vertex,
followed by this target vertex. That is equivalent to the path from the query's
starting vertex (e.g., c1) to the current target vertex.

el

el

eid

e16
ald m e15

(Step 3)
Figure 5: At the third step of our algorithm, we have reached the nodes m8, m5 and

c4. We got here by moving one edge away from the vertices that we reached in
step 2.

ad

12

a7

18

(Step 4)

Figure 6: Finally, we have reached the end of our algorithm. Note that when we
travel one edge away from m8, we arrive at our target node of ¢3. Working
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backwards, we can reconstruct the shortest path. We reached ¢3 from m8, m8
from s1, s1from m3 and m3 from c1. Thus, we get that the shortest path is indeed
c1-m3-s1-m8-c3.

To run the query with starting vertex c1, ending vertex ¢3, and a maximum distance
of 10:

Query

> gsql -g work_graph 'RUN QUERY shortest_path_1D("c1","c3",10)'

This will give the following result.

Results

i

"error": false,
Ilmessagell: n II,
"version": %

"schema": O,

"api": "v2"

£y

"results": [{"Result": [3
"v_id": "c3",
"attributes": {"Result.@pathResult": ["c1-m3-s1-m8-c3"]},
"v_type": "company"

£1%1]

ky

As we can see, the algorithm tells us that the shortest path from c1to c3 is going
through m3, followed by s1, then m8, then finally arriving at c3. However, this result
also tells us that this is the unique shortest path. Indeed, if we instead run:

Multiple Shortest Paths Query

> gsql -g work_graph 'RUN QUERY shortest_path_1D("c3", "c4", 10)'

Our results are:

Multiple Shortest Paths Results
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"error": false,
Ilmessagell: n II,
" . ",
version": 3§

"schema": O,

"api": "v2"
Iy
"results": [$"Result": [3
"v_id": "c4",
"attributes": {"Result.@pathResult": [
"c3-mb6-c4",
"c3-m7-c4"
1%,
"v_type": "company"
$1%]

Note that here we have two paths. The first is from ¢3 to m6, and then to c4. The
other path is from c3, to m7, to c4. We are presented with both paths because each

of these consists of the least possible weight: exactly two edges. As explained

earlier, this is because we arrive at a vertex at the same time through two different
paths. When we started at c¢3, we traveled to m6, m7 and m8. At the second step,

both m6 and m7 arrive at c4 at the exact same time. That means that two path
strings will be written to c4.@queryResult, recording two shortest paths.

3. Bi-Directional Shortest Path Search Algorithm

Bi-Directional search will launch two search agents, each from a given vertex. The

two agents concurrently walk one step at a time, until they meet at an intermediate

vertex. The shortest path length may be odd or even. For example, in Figure 7

below, Case Il is an even-length case, and Case lll is an odd-length case. Case | is a

special case of an odd-length path.

The core of this solution is that in each step, a set of previously unvisited vertices
will be discovered by the search frontiers of S and T. The newly visited vertices will
become the new frontier of S or T. The algorithm will repeat this process until the

frontiers of the two agents meet.
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case |

- "
- W,

case |l

case Il

Bi-Directional Search Termination Cases

Figure 7 : Three cases for terminating a bi-directional path search.

Because this algorithm is more complicated than one directional search, we first
give pseudocode to help explain the algorithm.

bi-directional shortest path search algorithm
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void find_shortest_path_bi_directional_search(Vertex S, Vertex T) {
bool stop = false;
vertex.pathFromS = ;

vertex.pathFromT = ;
vertex.visitedByS = false;
vertex.visitedByT = false;

final_path = ;

Activate vertex

S and T as the starting vertices;

S.visitedByS = true;
T.visitedByT = true;

// VERTEX GROUP,

if a vertex V is visited by a vertex originating fro

// then V is part of vertex group T. The vertices who have the longe
// from its origin vertex are called the FRONTIER of the vertex group

// Initially, S
// and T is the
while (!stop) 1

is the frontier and only member of vertex group S,
frontier and only member of vertex group T.

VS = (frontier of Vertex Group S) union (frontier of Vertex Group
for each vertex v in VS §
for each neighbor vertex b of v {
if ((v.visitedByS && b.visitedByT) || (v.visitedByT && b.

// If the frontiers of S and T are neighbors (Case II
if (v.visitedByS) 3%

final_path = v.pathFromS + v.ID + b.ID + b.pathFzx
§
if (v.visitedByT) 3%

final_path = v.pathFromT + v.ID + b.ID + b.pathFr
§
stop = true;
break;

t else if ((v.visitedByS && not b.visitedByS) || (v.visit

// If b (the neighbor of v) is not yet part of v's ve
// then add b to the vertex group, and update b's pat
if (v.visitedByS) 3%

b.visitedByS = tzrue;

b.pathFromS = v.pathFromS + v.ID;

if (v.visitedByT) 3%
b.visitedByT = true;
b.pathFromT = v.pathFromT + v.ID;

// if a vertex is visited by S & T in the same iteration (Cas
if (v.visitedBvT && v.visitedBvS) 5
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final_path = v.pathFromS + v.ID + v.pathFromT;
stop = true;
break;

%
print out final_path;

This algorithm essentially works by running two versions of the algorithm from the
first example at the same time, just with different starting vertices. The algorithm
continues with these two paths until there is an intersection. Once the two paths
cross, we know that the shortest path goes through this intersection, as explained
in the previous section.

Below is an implementation in the GSQL Query Language.

shortest_path_2D.gsql (v2.0)
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// 1 May 2018: v2.0 - ListAccum "+" behavior changed. Need to use FOREAC
CREATE QUERY shortest_path_2D (VERTEX<company> S, VERTEX<company> T , INT

1

OrAccum @@stop = false; // global variable controlling whether to
OrAccum @seenS = false; // a vertex has been seen by S
OrAccum @seenT = false; // a vertex has been seen by T
OrAccum @meet = false; // vertex flag indicating whether it is '

SumAccum<int> @sLength 0; // vertex runtime attribute: # steps fro
SumAccum<int> @tLength 0; // vertex runtime attribute: # steps fro
SumAccum<int>  @resultlLength = 0; // the final length of shortest path
ListAccum<string> @pathS; //list of paths so far from S
ListAccum<string> @pathT; //list of paths so far from T
ListAccum<string> @pathResults; //final set of shortest paths

Start = 3S,T%;

//initialize S, T vertices
StartSet (ANY) = SELECT v // _ means StartSet can contain any v
FROM Start:v
ACCUM CASE WHEN v==S THEN v.@seenS=true, v.@pathS += ""
WHEN v==T THEN v.@seenT=true, v.@pathT += ""
END;
WHILE @@stop == false LIMIT maxDepth DO
StartSet = SELECT v
// Consider each edge from S or T's frontier (u) to outside (v),
// i.e., each edge that moves "out" from the frontier.
// Note how StartSet is updated to be v (pushing the frontier for
FROM StartSet:u-(:e)->:v
WHERE ((u.@seenS==true AND v.@seenS!=true) OR // from S frontier
(u.@seenT==true AND v.@seenT!=true)) // from T frontier
ACCUM
// If u->v joins the S and T frontiers, an odd-length path is
CASE WHEN ((u.@seenS == true AND v.@seenT == true) OR
(u.@seenT == true AND v.@seenS == true))
THEN @@stop += true,
// we don't want to print the results twice
// v.@pathResults stores all shortest paths
// between S and T where v is in the middle of
// every such path.
// only need to print out the result once, see above
CASE WHEN (u.@seenS == true AND v.@seenT == true)
THEN
STRING joiner = u.id + "-" + v.id + "-",
FOREACH pathS IN u.@pathS DO
FOREACH pathT in v.@pathT DO
v.@pathResults += pathS + joiner + pa
END
END.
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v.@meet = true,
v.@resultlength = u.@sLength + v.@tLength +
END
// Else, since u->v does not complete a path, move the fronti
// If u is in S's frontier, then extend S's frontier to v. As
WHEN u.@seenS == true
THEN v.@seenS = true,
FOREACH uPath IN u.@pathS DO
v.@pathS += uPath + ( u.id + "-")
END,
v.@sLength = u.@sLength + 1
// If u is in T's frontier, then extend T's frontier to v. As
WHEN u.@seenT == true
THEN v.@seenT =true,
FOREACH uPath IN u.@pathT DO
v.@pathT += (u.id + "-") + uPath
END,
v.@tLength = u.@tLength + 1
END
POST-ACCUM
// If the two frontiers meet at v, an even-length path is fou
CASE WHEN (v.@seenS == true AND v.@seenT == true AND @@stop =
THEN @@stop += tzrue,
// Insert v.id between the source paths and the targe
FOREACH pathS in v.@pathS DO
FOREACH pathT in v.@pathT DO
v.@pathResults += pathS + v.id + "-" + pathT
END
END,
v.@resultlength = v.@sLength + v.@tLength,
v.@meet = true
END;
END;

// print out the final result stored at the vertex who marked
// as meet vertex
StartSet = SELECT v

FROM StartSet:v

WHERE v.@meet == true;

#PRINT StartSet.@resultlLength, StartSet.@pathResults; {#¢ JSON
PRINT StartSet [StartSet.@resultlLength, StartSet.@pathResults]; # JSON

%
INSTALL QUERY shortest_path_2D

Example of Bidirectional BFS Search
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The following is a running example to demonstrate the algorithm of finding the
shortest path in a bi-directional way. The graph below (Figure 8) shows vertices c1
and c3, with several other vertices between them. The algorithm will demonstrate
the two search directions by using two different colors and border thicknesses:

e Blue and thin border for c1's search frontier

* Orange and thick border for c3's search frontier

Et:gff N Ne oo

m

1113 eld B eis @—//“E

(Step 0)

Figure 8: Initialization - prepare to start the search process. The two given vertices
(c1and c3) are activated and colored as Blue and Orange respectively. The rest of
the graph remains untouched.
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(Step 1)
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Figure 9: The graph after the first step. The search process starts simultaneously
from c1and c3. If a vertex is seen by the agent starting from c1 (c3), we will say it is
seen by c1 (c3).

* From the vertex c1, the algorithm goes to the neighbors of c1that have not yet
been seen. As a result, the unseen vertices m1, m2 and m3 are discovered and
become the frontier of c1's vertex group.

* From the vertex c3, in a similar fashion, the vertices m5, m7 and m8 are
discovered and become the frontier of c3's vertex group.

mi ) - 82— /® &3 c4

b7 — \ Ny b

o19
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ald g1 olb

(Step 2)

Figure 10: As the two groups have not been met yet, the search process continues.

* From c1's search agent, the vertices m4, s2, c2, s3 and s1 are all discovered.

* From c3's search agent, the vertices c4, m5 and s1 are all discovered.

Notice that both search agents have found the vertex s1. Thus, the algorithm should
stop, and return the path going through s1. In this case, this path is c1-m3-s1-m8-
c3.

In order to get this result in the TigerGraph Query Language (GSQL), first install the
query, for which the code was given earlier.

Install Query

> gsql -g work_graph shortest_path_2D.gsql
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Now, run the query using c1 as a starting node, c3 as the ending node, and a

maximum distance of 10:

Query

> gsql -g work_graph 'RUN QUERY shortest_path_2D("c1","c3",10)"

This will return the following result:

Results

]
"error": false,
"message": "",
"version": %
"schema": 0,
"api": "v2"
o
"results": [{"StartSet": [3

"v_id": "s1",

"attributes": 3§
"StartSet.@pathResults": ["cl-m3-s1-m8-c3-"],
"StartSet.@resultlLength": 4

o

"v_type": "skill"

$1%]

However, in order to demonstrate the odd-length case, assume that s1 does not

exist.
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‘ol3

{Alternative Step 2)

Figure 11: 2nd Iteration in a modified graph in which s1 does not exist. We got here
by traveling one edge away form the vertices that were visited in the previous step.
However, as we do not yet have a crossing, we must complete one more iteration.

{Alternative Step 3)

Figure 12: Here, the paths from c1 have finally found a vertex that was previously
found by the paths from c3 (and vice versa). That is, the blue paths traveled from
c2 to m5 and from m4 to c4. In Figure 11, mS and c4 were both orange. In Figure 12,
we change a vertex's color to purple when one frontier meets the other. This tells
us that the shortest path from c1to c3 either goes through e8 or e3. If we go
through €8, we go along the path c1-m2-c2-m5-m7-c3. Note that if we go through
e3, we are given two paths. This is almost identical to the multiple path example
from the first algorithm. From c4, we can either take e4 or €12 to get to c3. Thus,
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when going from c¢1to c3 through e3, we are actually given two paths. These paths
are c1-m1-m4-c4-m6-c3 and c1-m1-m4-c4-m7/-c3.

The * operator in Lines 41 and 63 handle the case of multiple paths from one
direction merging with multiple paths from the other direction. For example, we
know there are two shortest paths from c4 to c3. Pretend for a moment that there
are 3 shortest paths from c1to m4. Then, when m4 and c4 meet, there would then

be (3 * 2) = 6 shortest paths from c1to c3.

Once again, we can implement this alternate graph in GSQL by using the DELETE
keyword. First, we delete the vertex s1from the graph by doing the following:

Remove "s1"

> gsql -g work_graph 'DELETE FROM skill WHERE primary_id=="s1"'

Now, we can run our query once again:

Query

> gsql -g work_graph 'RUN QUERY shortest_path_2D("c1","c3",10)"

Notice that this time, we are given the three paths that we previously described.

Results
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["c1-m2-c2-m5-m7-¢c3-"],

]
"error": false,
"message": "",
"version": %
"schema": 0,
"api": "v2"
[
"results": [{"StartSet": [
]
"v_id": "m5",
"attributes": {
"StartSet.@pathResults":
"StartSet.@resultlLength": 5
Iy ;
"v_type": "persons"
5,
]
"v_id": "c4",
"attributes": {
"StartSet.@pathResults":
“cl-ml-m4-c4-m6-c3-",
"cl-ml-m4-c4-m7-c3-"
1,
"StartSet.@resultlLength": 5
[
"v_type": "company"
%
1%]
%
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Common Applications

DemoExamples_2.0.tar.gz
16KB

DemoExamples_2.0.tar.gz

Example 1. Collaborative Filtering

Here is an observation about social networks: If a set of persons likes me, and
many of them also like another person Z, it is probably true that person Z and | have
some things in common. The same observation works for products and services: if
a set of customers likes product X, and many of them also like product Z, then
product X and Z probably have something in common. We say X and Z are "co-
liked". This observation can be turned around into a search for recommendations:
Given a user X, find a set of of users Z which are highly co-liked. For social
networks, this can be used as friend recommendation: find a highly co-liked person
Z to introduce to X. For e-commerce, this can be used for purchase
recommendation: someone who bought X may also be interested in buying Z. This
technique of finding the top co-liked individuals is called collaborative filtering.

A graph analytics approach is a natural fit for collaborative filtering because the
original problem is in a graph (social network), and the search criteria can easily be
expressed as a path in the graph. We first find all people Y who like user X, then
find other users Z who are liked by someone in group Y, and rank members of Z
according to how many times they're liked by Y.

Figure 1 below shows a simple graph according to our model. The circles represent
three User vertices with id values id1, id2, and id3. There are two directed edges
labeled "Liked" which show that User id2 likes id1, and id2 also likes id3. (In this
model, friendship is directional because in online social networks, one of the two
persons initiates the friendship.) There are two more directed edges in the opposite
directions labeled "Liked_By". Since id2 likes both id1and id3, id1 and id3 are co-
liked.
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Liked_By

Figure 1 - Example graph for the collaborative filtering model

Quick Demo
To just see the basic operation of the TigerGraph system, follow the easy

instructions below . You can then continue to read for the explanation of the
command files so you can learn to design your own examples.

Quick Demo Instructions

This example uses the graph below and asks the following query: "Who are the top
co-liked persons of id1"?

Step 1: Obtain the data and command files. Create a graph model.

This example uses 4 small files: 3 command files ( cf_model.gsql, cf_load.gsql,
cf_query.gsql) and one data file ( cf_data.csv) . Their contents are shown below, so
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you can either copy from this document or download the files (look in the "cf"
subfolder of Examples.zip)

> gsql 'DROP ALL'
> gsql cf_model.gsql
> gsql 'CREATE GRAPH gsql_demo(x)'

Step 2: Load data:

The command below loads our new data.

> gsql -g gsql_demo cf_load.gsql

Step 3: Install and execute the query:

The file cf_query.gsql creates a query called topCoLiked. Then we install the query.
The creation step runs fast, but the installation (compiling) step may take about 1
minute. We then run the query, asking for the top 20 Users who are co-liked with
User id1.

> gsql -g gsql_demo cf_query.gsql
> gsql -g gsql_demo 'INSTALL QUERY topColiked'
> gsql -g gsql_demo 'RUN QUERY topColLiked("idl1l", 20)'

The query results should be the following. Interpretation: id4 has as score (@cnt) =
2, which means there are two persons who like both id1 and id4. Next, id2 and id3
each have 1 co-friend in common with id1.
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We now begin a tutorial-style explanation of this TigerGraph example and the
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"error": false,
"message": "",
"version": %
"edition": "developer",
"schema": 0,
"api": "v2"
b
"results": [{"L2": [
]
"v_id": "id4",
"attributes": {"@cnt": 2%,
"v_type": "User"
ko
]
"v_did": "id3",
"attributes": {"@cnt": 1%,
"v_type": "User"
5,
]
"v_id": "id2",
"attributes": {"@cnt": 1%,
"v_type": "User"
%
1%1]

workflow in general.

T