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What is Time Series Data?

/
g
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As a global leader and pioneer of Industrial loT,

has emphasized the importance of Time Series
Date early in 2012:

The Rise of Industrial Big Data

Leveraging large time-series data sets to drive innovation,
competitiveness and growth—capitalizing on the big data opportunity
Source: GE (2012). The Rise of Industrial Big Data.
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New Demands for Data Management in the loT

The Seattle Report on Database Resear
“The Seattle Report on Database Research” 33 top-level scholars

Daniel Abadi, Anastasia Ailamaki, David Andersen, Peter Bailis, Magdalena Balazinska,
Philip Bernstein, Peter Boncz, Surajit Chaudhuri, Alvin Cheung, AnHai Doan,
Luna Dong, Michael J. Franklin, Juliana Freire, Alon Halevy, Joseph M. Hellerstein,
Stratos Idreos, Donald Kossmann, Tim Kraska, Sailesh Krishnamurthy, Volker Markl,
Sergey Melnik, Tova Milo, C. Mohan, Thomas Neumann, Beng Chin Ooi, Fatma Ozcan,

I n te rn et _ Of_ T h | n g S ( I OT) Jignesh Patel, Andrew Pa.vlo, Raluca Popa, Raghu Ramak.rishnan, Christopher Ré,

ing on
ail, and health-
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Benefiting Industrial Enterprises with Time-series data

DCS System

Substation

New Energy Power
Generation
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Demand side
management
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Discrete (SMT)
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Pain Points of Data Management in the loT

e.g. 300,000 sensors/tags in a single
generation unit Null value, lost timestamp, etc.

M

e.g. 25,000Hz in large power plants Y Data management through embedded-

devices, edge gateways and central
server (cloud)

Over 50% data are out-of-

ordered data due to bad Functionalities of data analytics for OT
network
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Our solutions
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The Booming Open Source Community of TLP
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The
with contributors distributed in China, the US,
Germany, the UK, Australia, etc.

Git clones
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Efficient Time Series Data Management

is an loT-native data management system designed for time-series data, which provides users specific
services for data collection, storage and analysis. It was designed for resolving the pain points of the typical 0T/ lloT use
cases, including massive data generation, high frequency sampling, out-of-order data, high costs of storage and O&M,
low computational power of 10T devices, etc.
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Homepage: https://iotdb.apache.org/
GitHub: https://github.com/apache/iotdb
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Apache loTDB Architecture and Features Overview

Support & Service
Applications Timecho Workbench System Monitoring Cluster Management

&

Performance Optimization

Storage Engine Query Engine Computing Engine ]
Technical Support
Dynamic Multi-level Aggregate Alert : : i

Memory Resource Query . Expression
File Compression/ . . Continuous .
Management Encoding Syntax Parsing Query Generation Trigger

System Security Cloud-Edge Monitoring System Authority Log
Management Control Collaboration Management Scheduling Management Management
PR terguse 50< ] oata Cotecion Protocol )| Port Forvaring | orge S
Multi-language SDK Data Collection Protocol Port Forwardin Index Data
Access Gusg L Storage g
Enterprise Edition Features Enterprise Edition
Enhanced Features
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Efficient Time Series Data Management

Data P = Data Processing &
Collection & Transmission '-./?(.‘: IO 3 Analysis

Dashboard

Digital Twin

Reports

- Ethernet
Model Training

Trend Analysis

Status
Monitoring

Anomaly Alert
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BenchAnt Ranking
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AWS

xSmall scaling 16C326G

Benchant Client

AWS

Small scaling 16C326G

Benchant Client

AWS - small
2C8G

1oTDB Server - 1C1D

AWS - medium
4C16G

1oTDB Server - 1C1D
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BenchAnt Ranking

DATABASE WRITE STORAGE READ READ MONTHLY ~ OPERATIONS
THROUGHPUT ~ CONSUMPTION  THROUGHPUT ~LATENCY  COSTS PER COST
[ops] [GiB] [ops] ¥ [ms] 8] [ops/$]

Apache [oTDB AWS 3,636,312 11,497 178 64.59
v1.2.1 medium
OpenSource

@unedd small

VictoriaMetrics 1,987,341
v1.7.90
OpenSource

Cvanilla® small

Apache [oTDB AWS 3,148,220
v1.2.1 medium
OpenSource

Cvanilla’ small

InfluxDB AWS 529,220
v1.8.10 medium
OpenSource

Cvanilla  small

QuestDB AWS 2,553,554
v6.5.0 medium
OpenSource

Cvanilla’  “small
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Competitive Advantages
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Features: loT Data Model

root (Enterprise)

4/\»

PlantA

i sy

Production Line A Production Line B

/ |

. ' y et m
Reflow Soldering Machine Crest Welder /\ /\

Temp Track Speed Angle Flow Rate Status  Suction pressure Pressure

Time Value Time Value Time Value Time Value Value Time Value Value

Data collected independently from Data collected simultaneously from all
each measurement point measurement points
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Features: Analytical Views

* Factory scenario * Factory scenario
Perspective of data collection Perspective of data collection

/—/\

Temperature analysis Pressure analysis

Device 1 Device 4 /—M

Device 1 Device 3 Device 4 Device 1 Device 3 Device 4

: v . ' v .

Avg. Temperature Temperature Temperature Pressure Pressure Pressure
p p

Temperature Pressure Temperature Pressure Temperature Pressure Temperature A
I

!
“o F

;i" Computation + Mapping

TR Logical mapping
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Features: Cross Embedded-Edge-Cloud Deployment & Data Sync
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Features: Advantages in Data-Sync with “TsFile”

Data synchronization based on TsFile help reduce the computing resource of the cloud-side

Database

2 x Processes 1 x Process
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Features: Columnar File Format “TsFile”

Comparison

Data Model
(Time Series
Semantics)

Encoding of Time
Series
Device-level
Index

data storage

This TsFile contains two devices: d1,d2
Each device
Four timeseries in total.

Each timeseries contains 2 chunks,

High Compression Ratio Encoding

Columnar storage +

File-level Index Ensures
High Efficiency Query of
Massive Time Series

Magi Sting
e

| e o
T

EmESEat
! !

MARKER 7 | unCompreseisise

MARKER

SNAPPY

E

Multiple Segment Information
Ensures Filter/ Aggregation
Performance

commitid — 75851231524100£38b48¢00dn 1322917c 434069

Normal Encoding

)
ORC

Normal Encoding

No

File Size (MB)

No

Sequence ID
Redundancy

Sequence D

arquet

Redundancy

Slow

Medium
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IsFile
22 Parquet
Y 0rc

REDD

Geolife
Data Set

TDrive

NOAA

SIE

Long MAX_VALUE

Area

MENS




Features: Out-of-Order Data Processing

4500000
4000000 [ Last Flush Time ]
3500000
3000000
2500000
2000000
1500000
1000000
500000
0

unsequence sequence

number

memory

Out-of-order Data Points

Qinghai Big Data Platform: Disordered Data in Jan 2018 (50%)
write sequence level
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Features: Various Time-Series Querying Capability

I 4*{J{J(\»"(llq\‘l';.lw,L)’,ja Origi na|,\.b“me" '1‘ ‘)\‘WJ‘

Sampling the mean value
gevery 5 mins to generate a ‘, =
: data point e ‘g /{r.‘wfﬂ ”’“N_'
| | \‘ ‘. )
1 g

1

A ‘"‘I.‘A Downsampled W timelinterval

Built-in data processing functions: quickly

’ - : e y . calculate the median, mean, repair missing
View the down-sampled original high-frequency  : Perform multi-dimensional segmented queries

¢ P : ; data, aligning disturbed timestamps, etc.
data, remove unnecessary data details, and i i based on the threshold of time series changes,

restore the basic trend of the data interruption intervals, etc. UDFs: data repair (Valuefill,
: : : . P TimestampRepair...), pattern matching(Cov,
(e.g. querying the average value of a wind : i (e.g.querying the total operating time of a

: - . g : . . : Dtw, Pearson...), etc.
turbine every 5 minutes in the past day) : : device over a certain period of time)
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Use cases
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Worldwide Use Cases

China GOLDWINDY

+ Digital Cockpit integrated IoTDB to + Deployed in hundreds of industrial * Integrated with loTDB, the
serve the manufacturing factory enterprises, such as in smart factories, Engineering Equipment loT Platform

Applying 10TDB to develop WinCC 5
and Process Historian

Using |oTDB to store and analyze

wind turbines data
« Integration in ctrlX World platform advanced manufacturing, etc. serves the global business
| ] /

Managing data of 50 servers
through loTDB
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Scenarios Cover Space & Air & Ground & Sea

Air

Applied in aircraft

manufacturing and

Applied in satellites to testing flights

Support efficient
support scientific

storage and query of

experiments transmit data in the ship industry

data to the ground 7 with highly complex
— production scenarios

Ground

Benefits automotive,

chemical industries, loT,

manufacturing, metallurgy

transportation, etc.

“o~
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Deployment in Various Industries

BoscHfY rexroth M

{@®) StaTE GRID
CHANGAN

F u’jjwn”uun

WEICHAI Goldwind
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Use Case in Automotive Industry

A query system for mass connected-cars status data @ CHANGAN

Highlights:

Stores over 150 million time series

1 10TDB server replaced 25 nodes of Hbase

12 millions data points write-in per second

Data management of 500 signals from 200,000
connected vehicles

Millisecond-level response-times for single vehicle

Kafka Cluster Time Series Storage Engine
—
-

A

s PACHE TSP Platform
- HERSEMR, <
APl «—>

TU-GW-1 <«———> broker

time range queries and latest point queries

TU-GW-2 <«———> broker @Flink Business System

TU-GW-3 broker ,;';‘,.:-. IO"DB — —>
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Use Case in Metallurgy

An O&M platform for the full-scale data management in the entire group é BAOWU

[E4] Baowu Steel Group

. .
Q Plan: storing data at an hourly-level H I g h I Ig hts :

Fact: data stored at daily-level
Q Plan: storing various types of data
Fact: only relational data stored (no time series)
[E3] Site

Plan: storing data at a second-level

Fact: data stored at a minute-level 10‘,20 Plants T ‘ ‘ : ‘ ' tO‘CIOudI data management

[
[E2] Edge \ . _ . - - . - - \ R . . e .
! o [ I TV O o T I I S T » Data insertion rate over 30 million points per second

Multi-level deployment, achieving an integrated 'edge-

| Baoshan Site |

Plan: storing data at the original frequency ollin
Fact: data stored at a second-level

[E1] Embedded Compression ratio is approximately 10:1

Data collection and storage facilities

are determined by OEMs 1 » Queries can cover up to 10 years of equipment data
o jao ‘ — for downsampling analysis

446890

For a single time series with 200 billion data points,

querying takes just a few seconds
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Use Case in Power Plants (Renewable Energy)

A new energy data management system was developed

Highlights:

The system serves over 60 power plants
Over 1.7 billion points generated daily in each
power plant

Over 3 trillion points stored

Reducing 95% O&M costs

Connectors X-DB Core: 1oTDB

Features

UDF and rich query functions enhanced the

Industrial

Protocols Tag Service

« Configuration
Management

Real-ime Data ez monitoring and analysis

« Screen Gonfiguration

IoT Protocols

Heterogeneous ) ) « Trend Analysis
Library Protocols Historical Data Scheduling Services
« Alarm Display

- Report Analysis

JDBC Connector + Data Synchronization

i <l = « Parsing Engine

SQL Universal Connector . Distributed < = g Eng " \mport Migration
Management . + Computing Engine

Customized Connector - Safety . g - Compression Engine

Management [ “43% — ) - EventEngine
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Use Case in Public Sector

A new meteorological real-time data management system was developed

o > Highlights:

X NE B E Bz DPE DaHE AR FUBeW ZNERE RSB CCEATE BEXAR  EeeRemE e ©
) A H-B S 0B ‘ . . .
N A% || | ¥ \ S ; > The new generation of professional meteorological

forecast system MICAPS4 was developed for daily
weather forecasting affairs in China
The data of more than 150,000 national ground

observation stations was stored in Apache loTDB

The live data display and analysis capabilities were
enabled
The average accuracy of radar extrapolation

forecasts was improved by 40%
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Thank You for Listening!
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Contact

Published by Tsinghua University

Yuan Tian
Apache loTDB PMC Member
Phone +86 195 1473 5670

E-mail jackietien97@gmail.com
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The Applications of loTDB
In Siemens Projects

Li Dong (T RDA FOA ART-CN1)
11/17/2023
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Outline

1 2 3
Historian for Enterprise Future Historian
Experience Center Historian
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Historian for Siemens Shanghai Yangpu Process Industry Digitalization
Experience Center (RC-CN DI PA OEC DE-E DAO)

Page 3 | © Siemens 2023 | T FOA SI E M E N S



Project Background

This project originated from the Control & Automation Campaign.

Current solution

A time series database system is erected based OpenTSDB with HBase and Hadoop in Shanghai PA DEC (Digitalization Experience
Center). The data from PCS 7 are transferred to this time series database by OPC UA client which is developed by an opensource
Java program. Grafana is used to query and visualize the data in the database of OpenTSDB. So in this case, the basic functions of
PIMS (data collection, store and visualization) are realized.

But the performance and reliability of OpenTSDB is not test, and it is not an easy job to gnaintain the big data system of Hadoop and
HBase. The application of PIMS is just limited by Grafana. S

replaced by ?}?/‘{:‘: IO‘,DB

HEHSE A

Problems:
Too heavy

| © Siemens 2023 | T FOA Difficult in installation SIEMENS
Not stable, crashes sometimes




loTDB Solution

PCS 7 System with OPC UA Server

On-the-self
configuration Newly developed \

Q-Prometheus

OPC UA data points (~300)
Page 5 | © Siemens 2023 | T FOA SI E M E N S



Grafana dashboard

Business Monitor

83 General / DEC21 Separation Overview Down... ¢ <

J201 Water Pump
last_value(root.opcua.opcua.DEC21J201_MOT_SP)
0.00 Hz

last_value(root.opcua.opcua.DEC21J201_PW_PV)
0.00 Hz

last_value(root.opcua.opcua.DEC21J201.TQ_PV)
0.00 Hz

last_value(root.opcua.opcua.DEC21J400_CU_PV)
2,52 mHz

J200 Water Pump
last_value(root.opcua.opcua.DEC21J200_MOT_SP)
0.00 Hz

last_value(root.opcua.opcua.DEC21J200_PW_PV)
0.00 Hz

last_value(root.opcua.opcua.DEC21J200_TQ_PV)
0.00 Hz

last_value(root.opcua.opcua.DEC21J200_CU_PV)
183 mHz

J400 Oil Pump
last_value(root.opcua.opcua.DEC21J400_MOT_SP)
0.00 Hz

last_value(root.opcua.opcua.DEC21J400_MOT_SP)
0.00 Hz

last_value(root.opcua.opcua.DEC21J400_TQ_PV)
0.00 Hz

last_value(root.opcua.opcua.DEC21J400_CU_PV)
2.52 mHz

Level (K100 Separation Column)

05/06  05/08 0510  05/12
== last_value(root.opcua.opcua.DEC21LT107_PV)
= last value(root.opcua.opcua.DEC21LT108_PV)

Page 6

Pressure (Water Loop)

800 mbar
600 mbar
400 mbar
200 mbar
0bar
~200 mbar
-400 mbar
05/06 05/08 05/10 05/12
= last.value(root.opcua.opcua.DEC21PT205_PV)
= last_value(root.opcua.opcua.DEC21PT212_PV)
= last.value(root.opcua.opcua.DEC21PT200_PV)
Pressure (Oil Loop)
10 bar
0bar =
05/06 05/08 05110 05/12

= last value(root.opcua.opcua.DEC21PT400_PV)
== last_value(root.opcua.opcua.DEC21PT405_PV)

Temperature (K100 Separation Column)

DEC21TT105_PV) response

DEC21TT104_PV) response

-DEC21TT110_PV) response

05/06

05/08

0510 0512

Level (T400 Oil Buffer)

1000
€
o
05/06 05/08 0510 05/12
= last_value(root.opcua.opcua.DEC21FIC208_PID_PV)
= last_value(root.opcua.opcua.DEC21FIC208_PID_MV)
Flow (Water Loop)
1000
0
05/06 05/08 05/10 0512

= last_value(root.opcua.opcua.DEC21FIC208_PID_PV)
== last value(root.opcua.opcua.DEC21FIC208_PID_MV)

Flow (Oil Loop)

1000

Lh

Pressure (K100 Separation Column)

200 pbar
100 pbar
0 mbar

~100 pbar

~200 pbar
-300 pbar

05/06 05/08 05/10
== last_value(root.opcua.opcua.DEC21PT101_PV)
= last.value(root.opcua.opcua.DEC21PT106_PV)

05/12
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hit & O last7days v Q & v B @
Flow (T400 Oil Buffer) Q
w
£ 20

B oo
oo
[ 05/08 05/10 05/12 @

== last_value(root.opcua.opcua.DEC21FIC410_PID_PV)
== last_value(root.opcua.opcua.DEC21FIC410_PID_MV) Q

Temperature (Water Loop)

225°C m 22.3°C

last. opc... last opc... lasty .opc.

Temperature (Oil Loop)

ast_value(root opcus.opcua. DEC21TT300_PV)

24.3 c

last_value(root opcus.opcua. DEC21TT404_PV)

22.3°c

0
05/06 05/08 0510 05/12
last value(root.opcua.opcua.DEC21FIC407_PID_PV)
last_value(root.opcua.opcua.DEC21FIC407_PID_MV)

Level (T200 Water Buffer)

586 mm
584 mm
582 mm

580 mm

@

578 mm

05/06
== last value(root.opcua.opcua.DEC21LT221_PV) V]

05/08 05/10 0512

88 General / Apache IoTDB ConfigNode Dashb...

job  confignode v

instance

System Monitor

<

localhost:9091

v Overview
¥ ConfigNode Current Status - Database Count - DataRegion Count
Valuo
- Running 1
- ReadOnly 0
= Removing 0
- Unknown o

SchemaRegion Count

i i i i
DataNode Current Status cpu load DataRegion Current Status SchemaRegion Current Status
Value I 0% Value Value
= Running 1 = Running 2 = Running 1
= ReadOnly o  process memory = ReadOnly o = ReadOnly 0
== Removing [ lll 64.1% == Removing o == Removing o
= Unknown o = Unknown o = Unknown o
system memory
|| 47.0%
> Nodelnfo (7 panels)
> Database (3 panels)
> Region (2 panels)
> ConfigRegion Ratis Consensus (5 panels)
- System
CPU Load CPU Time Per Minute
a% 1258
o3 15
750 ms
2%
" 500 ms
%
250 ms
l AL M A A
o% ons
14:30 14:40 14:50 15:00 15:10 15:20 14:30 14:40 14:50 15:00 15:10 15:20
= System CPULoad m= Process CPU Load == Process CPU Time
System Memory System Swap Size

16.GIB

168

Wt B @& O Lastihour v Q@

CPU Core Total Disk Space

No data

4 Core(s)

System Memory Swap Memory

15.6cie 975 wmiB

Log Number Per Minute

3
2
|
1
14:30 14:40 14:50 REE 15:10 15:20
= debug = ermor = info = trace == wam
Process Memory
4GB
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Challenge: One query for 7-day data

A b|g data {5 88 General /iotdb-opcua & <«

15 panels Q 2 Downsampling 381mS
43 measurements

10,481,938 datapoints for 7-day W | 4

estimated time consumption: 5-10mins
Optimization: Down sampling Aggregate Query

Same trend in 7-day scale

18x faster query speed

Parameter 1
The display window on the time

Parameter 3
Time sliding step

(optional)
)

\

— -/
Parameter 2
Time interval for dividing the time

There are three typical examples of frequency reduction aggregation:

Page 7 | © Siemens 2023 | T FOA

| A |
: \Jﬁ \/A\f \_J \/AW/

05/06 00:00 05/07 00:00 05/08 00:00 05/09 00:00 05/10 00:00 05/11 00:00 05/12 00:00
== last_value(root.opcua.opcua.DEC21TT104_PV)

Normal 6 . 985

26
24
22
20
18

05/06 00:00 05/07 00:00 05/08 00:00 05/09 00:00 05/10 00:00 05/11 00:00 05/12 00:00
== root.opcua.opcua.DEC21TT104_PV
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1]
Apache loTDB is simple.

Installation On-the-self binary
Connection Pre-built Plugins
Query Aggregate functions

Page 8 Restricted | © Siemens 20XX | Author | Department | YYYY-MM-DD SI E M E N S



Enterprise Historian (DI PA AE TI)

Overall Goal: Validate if loTDB as a Enterprise wide
Operational Historian for Process and loT data

Kubernetes / Docker Environment

. Upload Data into loTDB
(Tags, Events/messages)
- Kafka based connection
« Service to collect new Data every few seconds
« from multiple PH Instances
« from generic Data Provider

- Data Management
+ Build loTDB Data Model
«  Show how to modify existing data tables with new
column
* Remove and reinsert time slices of data from/in [oTDB

- Data Access
* Run Complex queries on loTDB data / Compare with PH
+ Access data via Grafana

« Scalability / Deployment
*  With Kubernetes/Score cluster
Docker Based

Page 9 Confidential | © Siemens 2021 | Melissa Imhof | DI PA AE SW 5 4 | 2021-11 SI E M E N S



Open for Grafana and Python Jupiter

= Jupyter showdoubleValueTrendinGenericValue L
{3 23 General /Genericvalue ¢ o

GenericValue.01.02

: I { 14
. Hpi HER
R 1111 it
i o - Easy to connect to loTDB database
Heatmap GenericValue.03

privcen) . SQL-like query

182 Lutc - pd.co_datetin Easy-convert result to Pandas’ DataFrame

Gauge GenericValue.05

o ‘88.4‘
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ws X 2 columns]

Time

5-12 : .227000 +0200
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Challenge: support multiple types for same data

Situation:

A data can be of different types in database and can be changed at runtime.

In relational databases, One column is an enumeration implying data type, another column is a string which need

to convert to detail type.

In loTDB:

We did not use a string format to save data, which is not easy to data encoding and compression. For example, the
string representation of floating-point data.
Each type(text, int, double...) has a standalone timeseries.

o eoiiiiiiiioioaooo- Rt s RS E RREEEEES E EREEEEEEEES e SEE TR RS B R E T T TS +
timeseries|alias|storage group|dataType|encoding|compression|tags|attributes|deadband|deadband parameters|
B T e e S Rt R E TR L S Rt E EEREEEEES  ERREEEEEEEE R EEEEEEE T S Rt S EEEEEEEE LR L PR +
root.sg2.d2. runtime. 0. Thr 0.Type| null root.sg2 INT32 RLE SNAPPY |null null null null

root.sg2.d2. runtime. @’ hr .0.textValue| null root.sg2 TEXT|  PLAIN SNAPPY |null null null null
root.sg2.d2. runtime. 0’ ThreadIDOAA9.0.Quality| null root.sg2 INT32 RLE SNAPPY | null null null null
root.sg2.d2. runtime.® eadIDOAA9.0.intValue| null root.sg2|  INT32 RLE SNAPPY |null null null null
root.sg2.d2. runtime.0: ThreadIDOAA9.O.floatValue| null root.sg2 FLOAT| GORILLA SNAPPY |null null null null
root.sg2.d2. runtime.@: hr A9.0.booleanValue| null root.sg2| BOOLEAN RLE SNAPPY |null null null null
root.sg2.d2.runtime.0: eadIDOAA9.0.Flags| null root.sg2 INT64 RLE SNAPPY |null null null null

root.sg2.d2. runtime.® eadIDOAAY. 0. doubleValue| null root.sg2| DOUBLE| GORILLA SNAPPY |null null null null
root.sg2.d2. runtime.@: hr .0.longValue| null root.sg2 INT64 RLE SNAPPY |null null null null
root.sg2.d2. runtime. 0’ Thre .1.Type| null root.sg2|  INT32 RLE SNAPPY |null null null null

root.sg2.d2. runtime.@: hr .1.textValue| null root.sg2 TEXT PLAIN SNAPPY |null null null null
root.sg2.d2. runtime.0: ThreadIDOAA9.1.Quality| null root.sg2 INT32 RLE SNAPPY |null null null null
root.sg2.d2.runtime.0: eadIDOAA9.1.intValue| null root.sg2 INT32 RLE SNAPPY |null null null null
root.sg2.d2. runtime. 0’ ThreadIDOAA9. 1. floatValue| null root.sg2 FLOAT| GORILLA SNAPPY | null null null null
root.sg2.d2. runtime.©: hre .1.booleanvalue| null root.sg2| BOOLEAN RLE SNAPPY |null null null null
root.sg2.d2. runtime.® eadIDOAAY. 1.Flags| null root.sg2|  INT64 RLE SNAPPY |null null null null

root.sg2.d2. runtime.@: eadIDOAA9. 1.doubleValue| null root.sg2| DOUBLE| GORILLA SNAPPY |null null null null
root.sg2.d2. runtime.@: hr .1.longValue| null root.sg2 INT64 RLE SNAPPY |null null null null
root.sg2.d2. runtime.0: ThreadIDOAA9.default.Type| null root.sg2 INT32 RLE SNAPPY |null null null null
root.sg2.d2. runtime. 0’ A9.default.textValue| null root.sg2 TEXT|  PLAIN SNAPPY |null null null null
root.sg2.d2. runtime. 0’ ThreadIDOAA9.default.Quality| null root.sg2 INT32 RLE SNAPPY | null null null null
root.sg2.d2. runtime.® .default.intvalue| null root.sg2|  INT32 RLE SNAPPY |null null null null
root.sg2.d2. runtime.o: hreadIDOAA9.default. floatValue| null root.sg2 FLOAT| GORILLA SNAPPY |null null null null
root.sg2.d2. runtime. 0. A9.default.booleanValue| null root.sg2| BOOLEAN RLE SNAPPY |null null null null
root.sg2.d2.runtime.0: eadIDOAA9.default.Flags| null root.sg2 INT64 RLE SNAPPY |null null null null
root.sg2.d2. runtime. ©: .default.doublevalue| null root.sg2| DOUBLE| GORILLA SNAPPY |null null null null
root.sg2.d2. runtime. 0’ hreadIDOAA9.default.longValue| null root.sg2 INT64 RLE SNAPPY |null null null null
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Challenge : Detect duplication and Save all the versions

Situation:
There are disorderly (late than current time) duplicate (same timestamp and field ID ) data in the system that needs

to be updated, and old data also needs to be retained.
In relational databases, this will trigger primary key exceptions (PH) and re-store data in foreign key association

tables.

In loTDB:
Ensure the most common case is the most efficient (storage and throughput)
Sequence data (Latest timestamp) 99%
Disorder data
Disorder data with duplicated timestamp
Each data version(default, 0, 1...) has a standalone timeseries, only adding multiple modification
records for specific timestamps (No need for sparse matrices)

Always get latest data in default query

ThreadIDOAA9.** where time = 2023-62-10T18:22: 33 214 ALIGN BY DEVICE

IoTDB> select * from root.sg2. d2 runtime.@1

B B e e e s +----- B e +
| Time| Device|Type| textValuelOualltyl1ntValue|floatVa1ue|booleanValue|F1ags| doubleValuellongValuel
B B B Fommmme Feommmmmo- E T R +o---- B e e B +
|2623-02-10T18:22:33.214+08:00 | root.sg2.d2.runtime.01 ThreadIDOAA9.0| 2| null) 106 | 53| null| null| 2] null| null)
|2023-02-16T18:22:33.214+08:00 | root.sg2.d2.runtime.01 ThreadIDOAAS.1| 2| null| 106 59| null| null| 0| null| null|
|2623-02-10T18:22:33.214+08:00 | root.sg2.d2.runtime.0100000000000000000 00000000000000000000000000000000000000ThreadIDOAAS. 2 | ©|hello,world| 9| null| null| null| 2| null null)
|2623-02-10T18:22:33.214+08:00 | root.sg2.d2.runtime.01 ThreadIDOAA9.3| 11| null] 71| null] null] null] 6|76.348910430079602 | null|
|2623-02-10T18:22:33.214+08:00 | root.sg2.d2.runtime.01 ThreadIDOAA9.4| ©|hello,world| 90| null| null| null| 6| null| null|
|2623-02-10T18:22:33.214+08: eelroot sg2.d2.runtime. 01l ThreadIDOAA9.default| ©|hello,world| 90| 59| null| null| 6]70. 34891043007902| nulll
B e e R TR LT R Ho---- R e
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Apache |loTDB is open. Easy to adapt
to our business logic:

Multiple types each type as a timeseries

Duplicated Data each version as a timeseries
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Future Historian (DI FA HMI)

Customer, Cooperator, Timeline
DI FA HMI, ART-US and ASY-CN.
Part of a long term project from FY20/21 to now.

Project Scope for FY23
Develop POC of loTDB Plugin for IOWA Logging Service.

Evaluate IoTDB as high-performance database and possible MSSQL
replacement candidate.

VSQLite

Microsoft* :
SQL Server

WinCC Advanced / Comfort WinCC UA
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Challenge : Back up and Save storage media

Situation:
The business needs to regularly backup data and delete old data.
Different data groups have different storage periods in local.
In current solution, different data is saved in different folders based on data groups and time periods. The folders
can be manually backup and deleted.

In loTDB:

We could use Pipe and Time To Live (TTL) to control the total disk space usage and prevent the machine from
running out of disk space.

Pipe for backup, TTL for deletion

Target 10TDB (ip:66) Source l1oTDB
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Tiered storage

Enterprise loTDB also support Tiered storage which allows users to define multiple layers of storage,
spanning across multiple types of storage media (Memory mapped directory, SSD, rotational hard discs
or cloud storage). Users can classify data based on its hot or cold nature and store data of different

categories in specified "tier".

tier data path

tierl path 1: /datal/data

path 1: /data2/data path
2. /data3/data

tier2

tier3 Remote AWS S3 Storage

data range

data for last 1 day

data from past 1 day to
past 10 days

data from 1 day ago
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threshold for minimum remaining
disk space
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Dual active deployment

Two independent loTDBs with completely independent configurations that can simultaneously receive
external writes. Each independent cluster can synchronize the data written to itself to another cluster. It
can be used for disaster recovery.

Two instances can form a high availability group: when one instance stops serving, the other instance is

not affected. When the stopped instance starts again, another instance will synchronize the newly
written data.

1 create pipe atob 1 create pipe btoa

with extractor ( with extractor (

‘extractor’="iotdb-extractor’, E ‘extractor’="iotdb-extractor”,
4 ‘extractor.forwarding-pipe-requests’="false’ 4 ‘extractor.forwarding-pipe-requests’="false’
) 581%)
with connector ( 5 with connector (
‘connector’="iotdb-thrift-connector’, 7 * connector'="iotdb-thrift-connector’,
 connector.node-urls =" <BEEEHE>* 8 * connector.node-urls =" <AEEEHE> "
)s DR
11 start pipe atob; 11 start pipe btoa;
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1]
Apache |oTDB is high reliable.

Backup Pipe/TTL/ Tiered Storage

Redundancy Dual active deployment
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Benefits for IT and OT integration:
Simple,

Open
and Reliable.
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