OCTOBER 26, 2023

Platform Developer Roadmap: Leveraging new
capabilities within AVEVA's Industrial Platform

Ecosystem Track

Joshua Kidd, Scott Dunham

AV=VA

2023 AVEVA Group plc and its subsidiaries. All rights reserved.



* What is new or in development on AVEVA Data Hub
for developers

* Why the capabilities were built

* How will you interact with these capabilities
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New data types and query patterns in AVEVA Data Hub

Event Data Store

Ability to store events with
surrounding context and provide a
rich contextual search API for
retrieving the information

Data Views supports Parquet

Ability to query data sets in a format
familiar and common to data
scientists

Change Broker

Ability to sign up for and query
changes to stream data
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Solid foundation to expanding the industrial data footprint

Process Data: Streams
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Asset Context: Assets
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GraphQL

* A query language that provides a simple declarative way
to retrieve data by accepting a nested object structure as
a query rather than a text string

* A GraphQL schema is composed of types and operations
{queries, mutations}

type BatchEvent {
id: ID!
name: String!
description: String
startTime: DateTime!
endTime: DateTime
duration: TimeSpan
state: EventState
asset: Asset
unitOperationEvents: [UnitOperationEvent]!

© 2023 AVEVA Group plc and its subsidiaries. All rights reserved.

query {
queryBatchEvents(

where: { startTime: { gt: “2023-09-01 11:00:00” } },
options: { size: 10, sort: { startTime: “DESC” }}

}

it

}

id

startTime

duration

state

asset {
id
typeld
streamReferences {

name

}
}
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Tools: Python Notebook and Data Hub’s GraphQL Console

~ EventGraph.ipynb

File Edit View Run Kemel Tabs Settings Help
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Step 1: Checkout Data Hub's GraphQL Console

~ Browse to Data Hub's new GraphQL Console

Step 2: Initialize the Notebook

Install PyVis: Interactive Network Visualizations

PyVis is a Python library that allows you to create interactive network graphs in a few lines of code.

pip install pyvis

Event End

74
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End
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AVEVA™ Data Hub » GraphQL Console (Preview)

«~ B

e GraphQL Explorer
2 end: String

[ count: Int
s [ data

name: String

start: String

<]

end: String

count: Int

@ FF & M R

<]

minimum: Float

[ <

maximum: Float

<]

range: Fl

<]

total: F

<]

mean: Float

standardDeviation: Float

<]

populationStandardDeviation: Flc

weightedMean: F

Ooooao

weightedStandardDeviation: Float

@  Request
- 1 query ($start: String, $end: String) {

2 assets {
3 queryAsset {
a id
5 assetTypeld
6 streamReferences {
7 name
8 summaries
9 where: {

10 streamOptions: {

11 startIndex: $start
12 endIndex: $end

13 }

14 }

15 ) {

16 name

17 start

18 end

19 data {

20 name

21 start

22 end

23 count

24 minimun

Variables
1A
2 ~2023-09-11T09:30:007",
3 023-10-11T09:30:002"
4}

weightedPopulationStandardDeviation: Float

D

»> Send Request

@ UKiddNs2 ¥

a0 o

0 * o x

Body Details

“id": "BioReactor-1",
“assetTypeld”: "BioReactor”,
“streamReferences”: [

“"name”: "Pressure_BioReactorl”,
“summaries”: [

: "time",
"2023-09-11T09:30:002",
2023-10-11T09:30:00Z",

name": "value",
start": "97.93553160766001",

303137.4564914618,
"mean”: 70.15446806097295,
“standardDeviation": 12.465851224084306

“name”: "Temperature BioReactorl”,
"summaries”: [
(
{
“name™

ime”,
“start”: "2023-09-11T@9:30:007",
“end” 2023-10-11T09:30:00Z",
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Demo Scenario: Batch Manufacturing Process

GraphQL Schema

* Reference Data Types (Context)

Material: represents a material type definition. An instance may be created to
define a raw material, process intermediate, or a finished product.

Recipe: defines the equipment, materials and process steps required to
manufacturer a product.

UnitOperation: an individual process within a recipe.

Component: defines the sequence and target quantity of a raw material
ingredient.

* Event Types

Batch: The complete execution record of a recipe instance that manufactured a
material lot. Includes specifics about the equipment used, raw materials
consumed, and process steps executed.

UnitOperationEvent: An individual process step executed as part of a batch.
Includes the equipment used and the raw materials consumed.

ConsumptionEvent: Event representing the consumption of a raw material
component within a unit operation event

Lot: An event the models a group of material containers that share a common
lot number.

Alarm: An event representing a process deviation or anomaly.

© 2023 AVEVA Group plc and its subsidiaries. All rights reserved.
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Demo:

Create a Graph Schema, Upsert
Data, and Perform Queries

AV=VA
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AVEVA Favourites

& int-datahub.capdev-connect.aveva.com/tenant/08ded212-fa74-43da-9659-3cfd35e21713/asset-explorer/assets

AVEVA™ Data Hub » Asset Explorer

4 - . =

Qv v » 0@ :

| | All Bookmarks

A 0 6

L UKiddNs2 v

1) Assets v
®
= Filter facets
I L Status [
2
D & Good
9 D Warning
?Q 0 & Bsad
0 O Unknown

Asset Type

[J chromskid
[J Filline
D Mixer

D BioReactor

>
ﬂ L Type here to search

Search for Assets Q

O

BioReactor-0

BioReactor-1
BioReactor-2
BioReactor-3

ChromSkid-0

ChromsSkid-1

ChromsSkid-2

ChromsSkid-3

BioReactor-1 s i X

4 Add Asset ~» :
M-

<No Description> Asset Type: BioReactol

~ Metadata Properties Status
Property Y Last Value UOM Y Timestamp
Asset: BioReactor-0 Pressure_BioReactor1 | value 56.160 10/11/23, 5:30 AM
Temperature_BioReactor1 | value 171.770 10/11/23, 5:30 AM

@ Temperature_BioReactor | value €

B Pressure_BioReactor1 | value €3

35 90
v T T T T T T T T 1
Now
11 PM Wed 11 01 AM 02 AM 03 AM 04 AM 05 AM 06 AM
1-160f 16
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__ EventGraphii... - Jupyterlab
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Events model meaningful observations at a specific point-in-time or over a span of time.

Events can serve as bookmarks for your process data, placing it in context and allowing you to explore a variety of scenarios:

* What was my process doing during the event?
* What happened leading up to the event? After?
* Which events occur most frequently?

Step 1: Checkout Data Hub's GraphQL Console
Browse to Data Hub's new GraphQL Console

v

Simple 0 1 {8 Python 3 (ipykernel) | Idle

Mode: Command & Ln1,Col 1 EventGraphipynb 0 [

L Type here to search




EventGraph.i... - Jupyterlab

&€ > C @ localhost:8888/lab/tree/
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Step 3: Creating Types and Visualizing the Graph Schema ¢

Reference Data (Context)

® Material: represents a material type definition. An instance may be created to define a raw material, process intermediate, or a finished product.
* Recipe: defines the equipment, materials and process steps required to manufacturer a product.

® UnitOperation: an individual process within a recipe.

* Component: defines the sequence and target quantity of a raw material ingredient.

Events

® Batch: The complete execution record of a recipe instance that manufactured a material lot. Includes specifics about the eguipment used, raw materials consumed, and process steps executed.
* UnitOperationEvent: An individual process step executed as part of a batch. Includes the equipment used and the raw materials consumed.

* ConsumptionEvent: Event representing the consumption of a raw material component within a unit operation event.

® [ot: An event the models a group of material containers that share a commen lot number.

* Alarm: An event representing a process deviation or anomaly. I/}

Create a Function that returns a TypeProperty from Json

# create type properties from json
def type_properties_from_json(data):
return |
TypeProperty(
PropertyTypeCode[prop[ "PropertyTypeCode"].upper()],
prop["Id"],
flags=PropertyTypeFlags(prop["Flags"]) if "Flags" in prop else None,
property_type_id=prop.get("PropertyTypeId”, None),
remote_reference_name=prop.get("RemoteReferenceName”, None)
) for prop in data

Load and Create Reference Data Types

# create reference data types
reference_data_types = load_json('./config/reference-data-types.json')
for item in reference_data_types:

# create type properties

reference_data_type_properties = type_properties_from_json(item["Properties"])
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EventGraph.i... - Jupyterlab
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Step 5: Simulate and Visualize Event Batch Data

Simulate Raw Material and Product Lots, Batches, UnitOperationEvents, and Material Consumption Events

lots =
raw_materials =
def get_raw_material_lot(material_id, current_date):
if material_id in raw_materials:
lot =
expiration = datetime.fromisoformat(lot["eventEndTime"][:-1])

raw_materials[material_id]

if expiration < current_date:

return lot
# otherwise create a new I
(f'LOT-{material_id}"
f'-{current_date.isoformat(timespec="seconds")}Z")
current_date + timedelta(days=random.uniform(1, 28))

Lot

lot_number =

expiration =
lot =
e s

“number™:

lot_number,
lot_number,
"eventStartTime": current_date.isoformat()+'Z",
expiration.isoformat()+'Z’
material_id

"eventEndTime": .

"material”: "id":

# capture current lot in catalog of raw materials -

Mode: Command & Ln1,Col 1 EventGraphipynb 0 [\

Python 3 (ipykernel) | Idle
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referenceData {
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Python 3 (ipykernel) | Idle

consumed_lots = client.GraphQL.executeQuery{namespace_id, query=query)

file_name = “consumed_lots.html"”

network = visualize_graphgl (consumed_lots['data"]["events’'], 'queryBatch', file_name)
network. show(file_name)

Step 6: Advanced Queries 1

Lot Genealogy: Retrieve Recipes from Raw Material Lot Consumed

Lot -» ConsumptionEvent -> UnitOperation ->» Batch -> Lot

query=
T
L
events {
querylot(where: {
number: {
eq: "LOT-Glucose-2023-85-67T06:00:587"
}
A
id
number

consumptionEvents {
id
name
unitOperationEvent {
id
name
batch {
id

number

T
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T
07/13

T
07/16

T
07/19
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Python 3 (ipykernel) | Idle

Lot -» ConsumptionEvent -> UnitOperation -> Batch -> Lot

query="""
[add query]

consumed_lots = client.GraphQL.executeQuery(namespace_id, query=query)
"genealogy.html"
network = visualize_graphql(consumed_lots['data']['events'],

network.show(file_name)

file_name =

‘querylot’, file_name)

v
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&« > C # int-datahub.capdev-connect.aveva.com/tenant/08ded212-fa74-43da-9659-3cfd35e21713/graphgi?nid=JKiddNS#!data:b64d-q1YgLEOtgISyUILSUSpLLMpMTMpJLQZyq2uVagE= Q ©»© w % 0O o :
AVEVA Favourites | All Bookmarks
AVEVA™ Data Hub » GraphQL Console (Preview) B kidns A @ O

P C Reset Response 9 X

= %

=  GraphQL Explorer Request @ 0O #

@ 1 o

= Query Mutation

Filter fields...

v O assets: _AssetQuery!

@ queryAsset: [Asset!]!

v O referenceData: _ReferenceDataQuery!
@ queryComponent: [Component!]! { }
[ N ]

@ queryMaterial: [Material!]!

@ FF & M [X

@ queryRecipe: [Recipe!]!

@ queryUnitOperation: [UnitOperation!]! NO GrathL Response

v (O events: _EventQuery! A GrajfhQL query or mutation has not yet been run. Use the editor or GraphQL Explorer to author

@ queryAlarm: [Alarmi] one and press Send Request to retrieve GraphQL data.

@ queryBatch: [Batch!]!
@ queryConsumptionEvent: [ConsumptionEvent!]! Variables [_D
@ queryLot: [Lot!]! 1 {}

@ queryUnitOperationEvent: [UnitOperationEvent!]!

»>> Send Request

>
ﬂ L Type here to search



New data types and query patterns in AVEVA Data Hub

Data Views supports Parquet Change Broker

Ability to query data sets in a format  Ability to sign up for and query

familiar and common to data changes to stream data
scientists
[ |
I T O o0
R
- - o0
I I 000
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Data Views supports a variety of formats

1, ASSETS + METADATA | I STREAMS Object-style JSON

.ﬁ

-

- V'\M
GEO1 X EH DATA VIEWS Table-style JSON

= C L

.‘ = O

4 ok
GEO2 : = |

. Ccsv

. ‘ﬁ:.’\‘

Apache Parquet (new!)

AV=VA



Demo:

DataViews Apache Parquet
Format

AV=VA
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’Q File Edit Selection View Go Run Terminal Help «— = L data-views-python-notebook [Administrator] L80og - O X

@ EXPLORER B DataViewsipynb X {1} appsettings.placeholderjson @€ M -
\ DATA-VIEWS-PYTHON-NO... @ DataViews.ipynb > M#Data Views > M#Verify Pandas Parquet Engine > @ pd.io.parquet.get_engine('auto’)
v config + Code -+ Markdown = [ RunAll ' Restart [@ Variables = Outline - & Python 3.10.7

! appsettings.json
{} appsettings.placehol...

B DataViews.ipynb D a ta Vi eWS

" Import ®ependencies

%pip install pandas |
%pip install pyarrow

Python
import pandas as pd
import requests
import json
from datetime import datetime, timedelta
import io
Python

Verify Pandas Parquet Engine

= D D B - @
[>v

pd.io.parquet.get_engine('auto')

Python

Load Application Settings

> OUTLINE
> TIMELINE

Ln1,Col33 Spaces:4 CRLF Cell6of14 [2 {3



New data types and query patterns in AVEVA Data Hub

Change Broker

Ability to sign up for and query
changes to stream data

AV=VA



Industrial operations data is always changing...

12,
(ZC:%% Live data @ Uploads of manual measurements

O Recalculations ® Edits of incorrect readings

... and there are consequences downstream
Less accurate predictions Inaccurate combined Service provider recommendations
and remote monitoring data sets for Bl reporting based on incomplete data

L}
—
2023 AVEVA Group plc and its subs idiaries. All rights reserved . [r—



Change data can impair and complicate
solutions

Customers and Partners surfaced common challenges

* Reconciling destination with source using large queries
* Taking on risk by assuming no changes in data

* Managing unique data sharing solutions for each trusted partner

© 2023 AVEVA Group plc and its subsidiaries. All rights reserved.




Changes in Streams’ data can be queried in AVEVA Data Hub

(/n PreVIEW) AVEVA™ Data Hub * Sequential Data Store
A Home & Back to Streams
€ DataManagement > Y Range Query

¥2 Data Collection > Timestamp Or Value
) Jul 12, 2023, 6:21:12 AM Update
|~ Visualization >
Jul 12, 2023, 6:02:26 AM 55.551
> Analytics >
Jul 11, 2023, 9:29:26 PM 58.115
@ Ssecuity > Jul 11,2023, 7:48:57 PM <z50— 577 891 Replace
R, Developer Tools s Jul11,2023, 6:08:26 PM 53.01
Jul 11, 2023, 4:27:57 PM 50.457
© support >
Jul 11, 2023, 1:42:12 PM 47.901
Jul 11, 2023, 12:18:12 PM
Jul 11, 2023, 10:54:12 AM Insert
Jul 11, 2023, 9:30:11 AM 55.558
Jul 11, 2023, 7:59:27 AM 58.11
Jul 10, 2023, 11:15:41 PM 60.661
Jul 10, 2023, 10:10:41 PM 58.109
O soce=
B o e se=as Remove
Jul 10, 2023, 10:05:27 AM 58.107

Jul 10,2023, 3:46:41 AM

L}
—
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Use an API route to create Signups for change data on Streams

(In Preview)

Stream A: Stream B: Stream C:
Update: RemoveWindow: Replace:
2023-06-15 08:00:00, 86.1 start: 2023-06-12 07:00:00 2023-06-14 08:12:00, 25.9
end: 2023-06-12 08:20:00 2023-06-14 08:13:00, 23.7
@ @ o o @ @
time
2023-06-15 08:00:15 2023-06-15 08:00:35
Create a Signup with Stream IDs Query to obtain change data
from a Namespace / Community since Signup creation

L}
—
2023 AVEVA Group plc and its subsidiaries. All rights reserved. [r—



Keep up with your data as it arrives

(In Preview)

1. Definition of Signup 2. Change data retained for Signup’s expiration time
lasts for up to 24h an hour before it expires renewed to another hour
i |
R e e e e - - >
|
@ @ o o @ @
time
2023-06-15 08:00:15 2023-06-15 08:00:35
Create a Signup with Stream IDs Query to obtain change data
from a Namespace since Signup creation

L}
—
© 2023 AVEVA Group plc and its subsidiaries. All rights reserved. [r—



Demo:
Create and query a Signup

AV=VA
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AVEVA™ Data Hub - Change Broker Demo

1 2 5 4 5

By X ¥ Ny b

Use some of Edit the Signup Confirm the
QUeryar nsset the Asset’s Query the to include all Signup’s

to get its Stream IS to e the Stream IDs definition is

Stream |Ds create a Signup change:tata for the Asset updated

\ y \ y \ J \ 4 \ y

AVEVA™ Data Hub *» API Console R AveEvabvens- A @ O

>

Home Body Detalls rﬂ s

vi-preview ~ n uswe. datahub.connect. aveva.com/api/v1-preview/ Tenants/cee3a3fd-aeb2-4950-80f5-4b72¢77322b1/Namespaces

£ Data Management > - i {
GET - /Namespaces/ed809cce-0e64-446f-a4c3-adaB0bcf3367/Signups D K 3 "1d": "19682453-93¢7-4466-8643-4ceddbBbigTO",
42 Data Collection > s “Name™: “Test2",
S “Owner®: (
lr Visualization > Headers N L T e 5
7 Objectd”: "8adasse0-6236-491b-8304-6564582602a5",
8 "Tenantld": "cee3a3fd-aebl-4950-80F5-4b72c77322b1"
3 Analytics > Accept Vert 9 Y.
verbose Y 12 “Type™: “Stream”,
Q@ security N > 1 "CreatecDate": "2023-89-27T21:20:57.079805+29:00",
12 "ModifiedDate”: "2023-85-28T21:53:44.1245437400:00",
13 "ExpiredDate”: "2023-89-287T21:53:43.52680480:00",
9, Developer Tools > 14 “SignupState”: “Expired”
15
16
© Ssupport > 17 "1d": ~18019fcb-978a-485¢-be19-782393F8b87a",
Copy Request URI 18 "Name™: "Test2",
19 “Oowner™: (
20 “Type™: "Client”,
21 "ObjectId": “8adadsee-6236-491b-8344-e564582602a5",
Favorites (0) ” 2 “Tenantld": “ceelaifd-aeb2-4950-805-4b72¢77322b1"
23 }.
24 “Type”™: “Stream”,
Sample Calls v 25 “CreatedDate": "2023-99-27T21:29:29.2506569+00:00",
“2923-89-28T21:53:44.1226281400:90",

26 “ModifiedDate
27 "ExpiredDate”
"SignupState”:

2023-89-28721:53:43.52605+00: 007,

AV=VA
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Demo:
Feed an External App, Algorithm, Notice

AV=VA
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AVEVA™ Data Hub - Change Broker Demo 2

:_ N ;Z N 33

Configure your
External App to
create a Signup

Configure

Query the Signup Algorithms or
for change data threshold Alerts or

Notifications

AV=VA Power Automate
& Edit 3 Share B Save As

8 Delete [ Run [ Sendacopy — Export

Flows > Change Broker Notification Demo
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| Own ea
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New data types and query patterns in AVEVA Data Hub

Event Data Store Data Views supports Parquet Change Broker
Ability to store event data and Ability to query data sets in a format  Ability to sign up for and query
provide a rich contextual search API familiar and common to data changes to stream data
for retrieving the information scientists
In Preview!
' | I
In Preview! Released! Dec Release
° e o ° I -
® ® ® I [ o0
.
- ®0o o0

o o o o o ] — 000
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Enabling developers on AVEVA Data Hub

* Update and enhance APl Console to °* Release sample code to simplify * Support common data formats that
support new capabilities getting started in various languages integrate into a broader technology
ecosystem

L}
—
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AVEVA Lighthouse Program

Join us in a Lighthouse Project to prove & shape the
value of new technology for your business scenarios!

* AVEVA provides:
* AVEVA pre-released software
* |nstallation & configuration support
* Technical R&D support
* Program management
 Participating customer provides:
* Viable scenario

* Resources to use AVEVA pre-released software for your
scenario

* Product feedback on use of software for scenario
* Willingness to document a success story and participate in a
future AVEVA public presentation
Email us at lighthouse@aveva.com to
engage with our team!

.
- ~ - . B -
B A — d‘,: —
o - —
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mailto:lighthouse@aveva.com

Where to find more information

Overview & Resources Documentation

AVEVA™ Data Hub [T « poca nn

AVEVA™ Dot Hub

AVEVA™ Data Hub >ees

https://www.aveva.com/en/products/data-hub/ https://docs.aveva.com/bundle/data-hub/page/adh-
content-portal-overview.html

L}
—
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https://www.aveva.com/en/products/data-hub/
https://docs.aveva.com/bundle/data-hub/page/adh-content-portal-overview.html
https://docs.aveva.com/bundle/data-hub/page/adh-content-portal-overview.html
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Joshua Kidd

Software Architect

* AVEVA Solutions Limited

* joshua.kidd@aveva.com

Scott Dunham

Staff Technical Product Manager

* AVEVA Solutions Limited

* scott.dunham@aveva.com
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Questions? Please remember to...

Navigate to this se

Please wait for the microphone.

State your name and company. app

Thank you!

—
A V = V A
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This presentation may include predictions, estimates, intentions, beliefs and other statements that
are or may be construed as being forward-looking. While these forward-looking statements
represent our current judgment on what the future holds, they are subject to risks and uncertainties
that could result in actual outcomes differing materially from those projected in these statements.
No statement contained herein constitutes a commitment by AVEVA to perform any particular action
or to deliver any particular product or product features. Readers are cautioned not to place undue
reliance on these forward-looking statements, which reflect our opinions only as of the date of this
presentation.

The Company shall not be obliged to disclose any revision to these forward-looking statements to
reflect events or circumstances occurring after the date on which they are made or to reflect the
occurrence of future events.

2023 AVEVA Group plc and its subsidiaries. All rights reserved.
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@ linkedin.com/company/aveva
O @avevagroup

ABOUT AVEVA

AVEVA is a world leader in industrial software, providing engineering and operational solutions across multiple industries,
including oil and gas, chemical, pharmaceutical, power and utilities, marine, renewables, and food and beverage. Our
agnostic and open architecture helps organizations design, build, operate, maintain and optimize the complete lifecycle
of complex industrial assets, from production plants and offshore platforms to manufactured consumer goods.

Over 20,000 enterprises in over 100 countries rely on AVEVA to help them deliver life’s essentials: safe and reliable
energy, food, medicines, infrastructure and more. By connecting people with trusted information and Al-enriched
insights, AVEVA enables teams to engineer efficiently and optimize operations, driving growth and sustainability.

Named as one of the world’s most innovative companies, AVEVA supports customers with open solutions and the
expertise of more than 6,400 employees, 5,000 partners and 5,700 certified developers. The company is headquartered
in Cambridge, UK.

Learn more at www.aveva.com

—
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