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Why SQL for the Pl System

* Simplest place to cross-pollinate actionable line-of-
business (LOB) data with real-time data

* Enhancing Real Time Data with LOB data
e Enhancing LOB Data with RT

 Maximizes the resources you already have to
omplete data projects:

SQL Database Administrators

VVeb Developers

)B App Developers
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Why SQL for the Pl System

« Some data will never live in SQL (streams)

* Some data will never live in the Pl System
(financial costing)

*\\We've optimized how we merge relational
structures and their relationships to assets with
reaming data in the PI System
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Next Generation Development Goals

» Performance and scalability

* Review data model
* Reduce query complexity
* What are top use cases (use customer feedback)
« Address known issues (e.g. timestep data type, Pl time literals)

* Infrastructure to support multiple standards and thin clients
» Works across WAN and different time zones

* Review security and authentication
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Pl SQL Client Architecture
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RTQP Engine — A Learned Technology

Deployment

Working with different internal data sources

Issue of Data References

Memory Management / Intermediate Results

Optimization

Streaming

Security
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RTQP Engine: Data Model

 Entity-Relationship Model

« Connection = AF Database
* Master Catalog

e

!%%

* Elements and Event Frames
e Attributes and Data
» Categories and Templates

+ Template based Table-Valued Functions
New!)

* Denormalization
» Navigation Columns
* Multiple Value columns

! OSlsoft.
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Simplified Queries

Denormallza‘tlon SELECT eh.Path + eh.Name Element, et.Name Template

FROM NuGreen.Asset.Element e

4 JElement LEFT OUTER JOIN NuGreen.Asset.ElementTemplate et
4 [ZiColumns ON et.ID = e.ElementTemplatelD
# 1D (Guid. not null) INNER JOIN NuGreen.Asset.ElementHierarchy eh
[=] Name (String(2000). nat null) ON Eh.ElementID — e.ID

[=] Description (String(2000). null)

é Comment (String(2000), null)

E Revision (Int32, not null)

[Z] HasChildren (Boolean. not null)

[Z] PrimaryPath (String(2000). not nuII}I
& Template (String(2000). null) I

E Created (DateTime, not null)

WHERE et.Name IN ('Boiler', 'Heater")

[Z] CreatedBy (String(2000). nat null) SELECT e.PrimaryPath + e.Name, e.Template
[£] Modified (DateTime. not null) FROM Master.Element.Element e
] ModifiedBy (String(2000). not nul) WHERE e.Template IN ('Boiler', 'Heater')

[£] TemplatelD (Guid. null)
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Simplified Queries

Exte ntlon SELECT eh.Path + eh.Name Element, et.Name Template, ea.Name Attribute, s.Time, s.Value
FROM NuGreen.Asset.Element e

“ ‘J';z::m LEFT OUTER JOIN NuGreen.Asset.ElementTemplate et ON et.ID = e.ElementTemplateID
? 1D (Guid, nat ) INNER JOIN NuGreen.Asset.ElementHierarchy eh ON e.ID = eh.ElementID
2] Path (String(2000). not nul) INNER JOIN NuGreen.Asset.ElementAttribute ea ON eh.ElementID = ea.ElementID
SR INNER JOIN NuGreen.Data.Snapshot s ON ea.ID = s.ElementAttributeID
5] ValueType (String(2000). not null WHERE et.Name IN ('Boiler', 'Heater')
(5] TratType (String(2000). net nul AND eh.Path = N'\NuGreen\Houston\Cracking Process\Equipment\'
[Z] IsCanfigurationitem (Boolean. not null) ORDER BY 1

é IsHidden (Boolean. not null)

E IsManualDataEntry (Boolean. not null)
[Z] DataReference (String(2000). null)

[ =] UnitOfMeasure (String(2000), null)

=] ValueTimeStamp (DateTime. nat null)
E Value (Variant, null)
[Z] Value_Int (Int&4, null}

i"a‘“@““b‘””“““&"“”’ SELECT e.PrimaryPath + e.Name Element, e.Template, ea.Name Attribute,

=| Value_String (String(2000), null .

EVﬂ\ue:DalegTwine (DgéleTlnja_ nu)l\) €a. ValueTlmeStamp) €a. Value

2] ValueStatus (Int32. not nul) FROM Master.Element.Element e

E‘5"3'“"-""”“"5‘9"(3““‘%”-"°"'““> INNER JOIN Master.Element.Attribute ea ON e.ID = ea.ElementID

=| IsValueGood (Baolean, nat null) [ . [ ] ]

E\SVaIue()uEsllonable(Euu\eﬂn.nolnu\l) WHERE e.Template IN ( BOller‘ s Heater‘ )

(] IsValueSubstiuted (Boslean. not nul) AND e.PrimaryPath = N'\NuGreen\Houston\Cracking Process\Equipment\'
[Z] ValueError (String(2000). null) ORDER BY 1

[Z] TemplatelD (Guid, null)
E Element|D (Guid. not null)
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RTQP Engine: Custom Objects

eV
IeWS -- Create a custom catalog
CREATE CATALOG Test
-- Create a custom schema
. CREATE SCHEMA Test.Test
« Custom Table-Valued Funct
usto able-value UNCUONS _ ..cc . custon view
CREATE VIEW Test.Test.HoustonElement
AS
SELECT *
FROM Master.Element.Element
1 i ' ton\%'
° F t T bl WHERE PrimaryPath LIKE '\NuGreen\Hous
uncuon laples
for Table_valued Functlons -- Create a custom table-valued function as a parameterized query
-- (all parameters must be used in WHERE clause column equalities)
CREATE FUNCTION Test.Test.YesterdayEventFrame(@Unit String)
AS
SELECT ef.Name, ef.StartTime, ef.Duration, sv.value ProcessFeedrate
B FROM Master.EventFrame.EventFrame ef
) < t rr] F 't INNER JOIN Master.Element.Attribute a ON a.ElementID = ef.PrimaryReferencedElementID
us O unC Ions CROSS APPLY Master.Element.GetSampledvalue(a.ID, ef.EndTime) sv
WHERE ef.PrimaryReferencedElement = @Unit
AND a.Name = 'Process Feedrate'|
! OSlsoft.
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Pl SQL Client 2018 R2
* No AF SDK dependency

P15QL Client 2018 R2 - X

Welcome to the Pl SQL Client 2018 R2
Setup

« ODBC added

As part of this installation, the setup may need to install or upgrade
supporting software prior to and following the main installation. The
following software will be installed or upgraded as necessamy. If needed
prerequisites are missing, installation will not continue.

« JDBC added

tModule Mame | Module Yersion | Sta A
Microsoft Visual C++ 2017 Redistributabl .. 14.10.25017.0  Insl
Pl SOL Client OLEDB Provider [x86) 4.1.19074.2

Pl SOL Client OLEDE Provider [x64) 41.13074.2

Pl SQL Client ODBLC Driver (x86) 4.1.19074.1

Pl SOL Client ODBC Driver [x64) 4.1.130741

Pl SOL Client JDEC Driver [<86) 4.1.19075.1

Pl SOL Client JDEC Driver [#54] 4.1.130751

Pl SQL Commander Lite [x86) 4.2.19074.1

Pl SOL Commander Lite [x64) 42190741 v
< >

| oK I Cancel
0Slsoft.
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Connection and Connection Options

 AF Database names can be browsed

when Pl Web API Core
Services are configured

» Time Zone support

* Query Date

! 0Slsoft.

PIWorld san rrancisco 2019

[T | Data Link Properties *

Provider Connection Advanced Al

Data Source
AF Server: [ FRapev-TO-AF2 \
AF Database: [ |v|

Configuration
Authentication FI System Directory

[~ Trusted connection

User Name:

Password:

oK Cancel || Heb

[ | Data Link Properties

Connection Advanced All

These are the initialization properties for this type of data. To edita
value, select a property, then choose Edit Value below.

Name Value
Connect Timeout 0
Data Source MNuGreen
Extended Properties
Initial Catalog Master
Integrated Security SSPI
Location FRADEV-TO-AF2
Password
Persist Security Info
Protocol Order Hitps/Soap:5464. NetTcp:5465
Query Date Latest
Time Zone local
UserlD

EditValue...

| OK | | Cancel ‘ | Help

#PIWorld  ©2019 OSisoft, LLC
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Pl SQL Client: OLE DB Provider

* SQL Server integration (SSRS, SSIS, etc.)
*BizTalk

* SAP Crystal Reports

« ADO.NET, ASP.NET

! OSlsoft.
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Pl SQL Client: ODBC Driver

 Oracle integration

Bl Tools, e.g. Tibco, Spotfire, Power Bl
* Crystal Reports

« ADO.NET, ASP.NET

! OSlsoft.
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Pl SQL Client: JDB

 Pure Java
 Https only

g 7 oslsoft
Pl\World san FRANCISCO 2019

(@) Applications Places System

DbVisualizer Free 9.5.6 - P1 JDBC 2017 DIRECT/PISystem/PIViews/TABLE/Test2

Fri Mar 3, 11:54 AM | QT

[=] Welcome to Oracle Solaris

ORACLE"
SOLARIS

Release: Oracle Solaris
1GB

5.

LI AC X 30 BF

File Edit View Database SQL Commander Tools Window Help

[ W Databases [[fog ¢ b @
| BOIT -
© Connections
= [ PIIDBC 2017 DIRECT
= [ Pisystem  (Default]
# i Model
= i Piews

2017 DIRECT Test2 X

Lome|=

Columns | [ pata [5

Row Count | primary ey Indexes || £ Grants | ® Raw 1d | Referances |

© n pbvis
o®|x

ualizer Pro this feature

includes data editing functionality and management of binany/BLOE data.

Feedrate

Plant

Process

[Quality T

2015-01-01 00:00:00
2015-01-01 00:01:00
2015-01-01 00:02:00
2015-01-01 00:03:00
2015-01-01 00:04:00
2015-01-01 00:05:00
2015-01-01 00:06:00
2015-01-01 00:07:00
2015-01-01 00:08:00
2015-01-01 00:03:00
2015-01-01 00:10:00
2015-01-01 00:11:00
2015-01-01 00:12:00
2015-01-01 00:13:00
2015-01-01 00:14:00
2015-01-01 00:15:00
2015-01-01 00:16:00
2015-01-01 00:17:00

49.275543212890625
45.67314529418945
50.070743560751016
50.458345642089844.
50.86594772338867
51.2635498046875
51.66114807128506
52.05875015258789
52.45635223368672
52.85395431518555
53.2515525817871L
53.54915466308594
54.046756744384766
54.444356525653504
54.841957092285156
55.230550173563984.
55.6371612548828L
56.034750521484375

Target
100.

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

)

o 4

27554
49.67315
50.07074
50.46835
50.86505
5126385
5166115
52.05875
52.45635
52.85395
53.25155
53.64515
54.04676
54.44436
54.84196
55.23956
55.63716
56.03476

Tucsan
Tucsan
Tucsan
Tucsan
Tucsan
Tucson
Tucson
Tucson
Tucson
Tucson
Tucsen
Tucsan
Tucsan
Tucsan
Tucsan
Tucsan
Tucsan
Tutson

Distilling
Distilling
Distilling
Distilling
Distilling
Distilling
Distilling
Distilling
Distilling
Distilling
Distilling
Distilling
Distilling
Distilling
Distilling
Distilling
Distilling
Distilling

Plant
Plant
Plant
Plant
Plant
Plant
Plant
Plant
Plant
Plant
Plant
Plant
Plant
Plant
Plant
Plant
Plant
Plant

4927554321 28512
49.6731452941!
50.07074356075:
5046834564208
508650477233
51.2635495041
5166114807125
52.0567501525
5245635223381
52.858954315L1
5925155256175
53.6491546630¢
54.04675674438¢
54.44435852568
5484195709228
5523955917358,
556371612548
5603475952148

(DI

0.347/0.0

66 sec

§ 100073 119

[]

BoM of 3azm | [

]| 77 [DbVisualizer - File Bro...

DbVisualizer Free 9.5.

[= Welcome to Oracle Sol...
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Pl SQL Client: PI SQL Commander

* Browse Data Model and Functions
« Compendium

» Code/keyboard pre-completion (it might also be known
as IntelliSense MEOWO)

! 0Slsoft.
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Sample Queries and Performance

File Edit View Tools Help
2 NewQuery | B Bxecute @ | £3

] € Query Compendium

Object Explorer
Bl nn

Query2.sql - FRADEV-T2-AF210*

4 [JIOLEDB Data Sources
4 [IPIOLEDS Enterprise

[J BACHMANNBPC

[ Bobo2PC

[J soboT7810

[J FRADEV-D3-AF1

[J FRADEV-TO-AF1

| FRADEV-TO-AF2

(b FRADEV-T2-AF210

| ] FRADEV-T2-AF25

| FRADEV-T2-AF26

| FRADEV-T2-AF27

| FRADEV-T2-AF275

| FRADEV-T2-AF28

[ FRADEV-T2-AF285

[ FRADEV-T2-AF29

| FRADEV-T2-AF295

| FRADEV-T2-AH1/PIFD

| FRADEV-T3-INT1

| FRADEV-T4-HA1

| FRADEV-T6-TC2

b (@PI OLEDB Provider

4 [JIPIsystem (CTP)
[ bodat7910INuGreen
) FRADEV-TO-AF2NuGreen
|J FRADEV-TO-AF2\Type A
| FRADEV-T2-AF210INuGreen
[ FRADEV-T2-AF210\0NEMILLION
[ FRADEV-T2-AF210IPIEFGEN

-

[ [ FRADEV-T2-AF210PIFD24L

[J FRADEV-T2-AF210|PIOLEDBENT Tests
| fradev-12-2f295|\NuGreen
[ fradev-t3-intl dev.osisoft intiNuGreen
| kmitawpe-8f2100\DsteTime
»  EJ/ODBC Data Sources

0Slsoft.

FROM Element e

AND  eax.Name

esults | |13 Messages

"ServicePointID'

AND  eaY.Name = "Y'
AND sX.ValueDbl BETWEEN 2210000. AND 2220000.
AND sY.ValueDbl > 390000. AND
AND et.Name = 'SilverSpringheter’
ORDER BY ¥ DESC, Name

-- North to South

SELECT top 3000 e.Name, sSP.ValueStr "Service Point”, sY.ValueDbl "Y",

INNER JOIN ElementAttribute eaSP ON eaSP.ElementID = e.ID
INNER JOIN ElementAttribute eaX ON eaX.ElementID = e.ID

INNER JOIN ElementAttribute ea¥ ON eaY.ElementID = e.ID

TNNER JOTN Data.Snapshot sSP ON sSP.ElementAttributeID - eaSP.ID
INNER JOIN Data.Snapshot sX ON sX.ElementAttributeID = eaX.ID
INNER JOIN Data.Snapshot sY ON sY.ElementAttributeID = eaY.ID
INNER JOIN ElementTemplate et ON et.ID = e.ElementTemplateID
WHERE eaSP.Name -

sY.ValueDbl < 490000 .

sX.ValueDbl "X"

Name

Service Point

Y

X

1 | SilverSpring_NP_ab00dd10027¢

2 | SilverSpring_NP_ab00dd100040
3 | SilverSpring_NP_ab00dd1002b4

SPE_ab00dd10027¢
SPE_ab00dd 100040
SPE_ab00dd1002b4

399999.364297941

399998.395467846 | 2213695.62671303
399995.923031852 | 2215560.89486477

2213255.1212611

d full

Query3.sql - FRADEV-T2-AF210\PIFD24L*

o x
SELECT top 3000 e.Name, eaSP.Value String "Service Point", eaY.Value Double "Y", eaX.Value Double "X" ~
FROM Element.Element e
TNNER JOIN Element.Attribute eaSP ON eaSP.ElementID - e.ID
INNER JOIN Element.Attribute eaX ON eaX.ElementID - e.ID
INNER JOIN Element.Attribute eaV ON eaY.ElementID - e.ID
WHERE eaSP.Name - 'ServicePointID'
AND  eax.Name = "X
AND  eaY.Name = 'Y
AND eaX.Value_Double BETWEEN 2210000. AND 2220000.
AND eaY.Value Double > 398000. AND eaY.Value Double < 400000.
AND e.Template - SilverSpringteter’
ORDER BY Y DESC, Name -- North to South
Name Service Point Y X -~
1 | SilverSpring_NP_ab00dd10027f = SPE_ab00dd10027f 399999.364297941 2213255.1212611 =
2 | SilverSpring_NP_ab00dd100040 = SPE_ab00dd100040 399998.395467848  2213695.82871303
3 | SilverSpring_NP_ab00dd1002b4 = SPE_ab00dd1002b4 = 399995923031852 = 2215560.89486477
4 | SilverSpring_NP_ab00dd10013e = SPE_ab00dd10013e = 39999244567661  2215416.38399895
5 | SilverSpring_NP_ab00dd1002e9 = SPE_ab00dd1002e9 399992 336096764 2215277.20087835

@ Query executed successfully

‘ FRADEV-T2-AF210\PIFD24L (P System) ‘ 00:00:02.1 19‘ 2121 rows.

PIWorld san rrancisco 2019
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Future

 Locale property:
* e.g. '01-Dec-2019' vs N'01-Dez-2019’

« Data Archive tables (PI tags vs AF attributes)

 INSERT/UPDATE/DELETE event frames

* INSERT/UPDATE/DELETE tags/attribute values
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DEMO

Microsoft SQL Server — Pl SQL Client Remote Connection
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B Linked Server Properties - PISERVER_TEST | e
— Do - O
& Security
& Server Options Linked server: PISERVER_TEST
Server type:
SQL Server
(Other data source
Provider: PI 5QL Clignt ~
Product name:
Data source: NuGreen
Provider string: Integrated Security=55F|
Location CLSAF
Catalog Master
Connection
Server:
CLSAF
Connection:
05 \csawyer
v View connection properties
Progress
Ready
ok || Ccancel
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Questions?

Please walt for

the microphone i

State your
name & company
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