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Introduction

1.Introduction

1.1 Lab Overview

This lab is designed for users familiar with SQL language who want to learn more
about the new generation of Pl SQL products — Pl SQL Client and RTQP Engine.

The lab shows how to create optimized Pl SQL Client queries as well as how to
transform existing Pl OLEDB Enterprise queries into Pl SQL Client queries. You will
compare performance and features of the aforementioned data providers on two
sample AF databases, NuGreen and WindFarm.

1.2 PI SQL Product Family Evolution

The Pl SQL product family has quite a long history. Let’'s have a look at the product
evolution in time.

1.2.1 Products Released prior to PI SQL Client and RTQP Engine

1998 — PI ODBC Driver

e Exposes Pl Data Archive data as an ODBC data source.
¢ Implements ODBC 2.x standard.

e PI API based.

2001 — PI OLEDB Provider
e Exposes Pl Data Archive as an OLE DB data source.
e Pl SDK based.

2010 — PI JDBC Driver
e Exposes Pl Data Archive as a JDBC data source.

e Forwards query execution to Pl OLEDB Provider instance hosted
in a middleware component called Pl SQL Data Access Server.

e Supported on Windows and selected Linux platforms.

2010 — PI OLEDB Enterprise
e Exposes Pl AF as an OLE DB data source.
e AF SDK based.

e With introduction of this driver, Pl JDBC was enhanced to support
PI Data Archive as well as Pl AF queries.
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2014 — PI ODBC Driver
e Implements ODBC 3.x standard.

e Supports the same queries as PlI JDBC because both drivers share

Pl SQL Data Access Server.

Pl API| >
=
1998 - PI ODBC Driver 1.0 /
_
PI Data Archive
P1 SDK:
[FEE\ PI SDK
2001 - PI OLEDB Provider
AF SDK: >
> v,
* Y
AF SDK —%//
2010 - PI OLEDB Enterprise g
Pl OLEDB Pl AF Server
Provider
———————HTTPS / Net. TCP———> Pl OLEDE
Enterprise

2010 - P1 JDBC Driver

2014 - PI ODBC Driver 3.0

Pl SQL Data Access Server

Figure 1 PI SQL Architecture prior to release of Pl SQL Client and RTQP Engine

(OLEDB)

—

Microsoft SQL Server

Online Course).

The PI SQL product family and its evolution prior to release of
Pl SQL Client is described in detail on our OSlsoft Learning YouTube
channel in the PI SQL Online Course (on YouTube, search for Pl SQL
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Introduction

1.2.2 PI SQL Client and RTQP Engine

Finally, to improve performance and scalability issues, Pl SQL Client and
RTQP Engine (Real-Time Query Processing Engine) were introduced.

2018 — PI SQL Client 2018

e Bundle which is planned to contain all new generation Pl SQL drivers
(OLE DB, ODBC, JDBC).

e The new drivers forward SQL queries to the completely re-worked
SQL query engine running on the AF Server — RTQP Engine
(Real-Time Query Processing Engine).

e The new data model provides similar read-only access to Pl AF data as
P1 OLEDB Enterprise, but it was de-normalized in order to simplify the SQL
gueries.

e The first release contained just Pl SQL Client OLEDB.

2019 - PI SQL Client 2018 R2

e New PI SQL Client version which extends the bundle by adding
Pl SQL Client ODBC and multi-platform pure-Java Pl SQL Client JDBC.

Microsoft SQL Server

) n% RTQP
Engine
Lm +ii

HTTPS / Net.TCP

2018 - PI SQL Client OLEDB Pl AE Server
2019 - PI SQL Client ODBC
2019 - PI SQL Client JDBC

Pl Data Archive

Figure 2 PI SQL Client and RTQP Engine architecture
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1.3 Your Pl System

This lab uses a simplified Pl System demonstration environment. The server is
deployed to the Microsoft Azure environment.

1. PISRVO1: PI Server running the Pl Data Archive, Pl AF Server and the Pl SQL products
a. Pl Server 2018 SP3 patch 1
b. PI OLEDB Enterprise 2018
c. PISQL Client 2018 R2
d. Microsoft Visual Studio Community Edition 2019
» Microsoft Reporting Services Projects Extension
e. Microsoft SQL Server 2017
2. PIDC: The PISCHOOL domain controller, not accessed for the lab

1.4 Lab content

The lab consists of the following parts:

1. Get Familiar with PI SQL Client —in this part, you will configure drivers
included in the PI SQL Client bundle and will establish a connection
to RTQP Engine using Pl SQL Commander Lite and DBVisualizer.

2. Understand the New Data Model — in this part, you will learn the key
concepts of the new data model. You will look at the model structure, the
objects it contains, and how it differs from the Pl OLEDB Enterprise data
model.

3. Build RTQP Engine Queries —in this part, you will learn principles of how to
form queries against the new data model.

4. Migrate Custom Application — in this part, you will migrate a C# console
application from Pl OLEDB Enterprise to Pl SQL Client.

5. Integrate PI SQL Client with Microsoft SQL Server Reporting Services —
in this part, you will use Pl SQL Client as a data source for a simple
Reporting Services report.
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Get Familiar with Pl SQL Client

2. Get Familiar with PI SQL Client

2.1 Overview

In this chapter, you will look into what drivers are included in the latest Pl SQL Client
bundle. You will try to configure them and establish a connection to the lab
RTQP Engine.

2.2 Goals

¢ Configure a PI SQL Client ODBC data source.

e Use Pl SQL Commander Lite to establish a Pl SQL Client ODBC and
P1 SQL Client OLEDB based connections to the RTQP Engine and to browse
the data model.

e Use DBVisualizer to establish a Pl SQL Client JDBC based connection and to
browse the data model.

2.3 PISQL Client ODBC
To establish a Pl SQL Client ODBC connection using Pl SQL Commander Lite, you
can either:

e Establish an ad-hoc Pl SQL Client ODBC connection directly
in Pl SQL Commander Lite.

e Establish a connection using a pre-configured ODBC data source.
The data source can then be re-used in all ODBC-aware client applications.

This section will guide you through the process of establishing a connection
using a pre-configured ODBC data source.

2.3.1 Create a new Pl SQL Client ODBC Data Source

1. Launch ODBC Data Source Administrator.

QDBC Data Scurces (B4-bit)
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2. Click the Add button to create a new user data source.

5 ODBC Data Source Administrator (64-bit)

User DSN  System DSN File DSN  Drivers Tracing Connection Pooling  About

User Data Sources:

Name Platform Driver Add...

Remove

Configure...

An ODBC User data source stores information about how to connect to the indicated data provider. A
‘ User data source is only visible to you, and can only be used on the cument machine.

[k ]| Coodl || &y | bep

3. Select Pl SQL Client and click the Finish button.

Create New Data Source X

Select a driver for which you want to set up a data source.

Name

\ \
' ODBC Driver 11for SQL Server p:
L ODBC Driver 13for SQL Server ps

QDBC Driver 17 for SQL Serve

SQL Server Native Client 11.0
SQL Server Native Client RDA 11.0

[
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Get Familiar with Pl SQL Client

4. Configure the data source according to the screenshot below. Click the OK
button to confirm the data source creation.

Notice that for the configuration to be valid, you have to specify the AF
database name. In other words, one data source allows you to retrieve data
from just one AF database. The details will be discussed in the next chapter.

P1SQL Client DSN Setup X

ODBC Data Source

Name: I WindFarm I

Description: l ’

Connection Advanced Workarounds

Data Source

AF Server: I pisrv01 I
AF Database: I WindFarm v I
Authentication

Trusted connection

User Name:

Password:

Test Connection

[ o

5. Close the ODBC Data Source Administrator.
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2.3.2 Establish a PI SQL Client ODBC connection using Pl SQL Commander Lite

1. Launch Pl SQL Commander Lite.

2. Double-click the ODBC Data Sources-Pl SQL Client-WindFarm node.

@ P 5QL Commander Lite
File Edit View Tools He
_.,l New Query | ¥ Execute
Object Explorer
HEIE 8-
4 JJOLEDB Data Sources
4 [3PI OLEDB Enterprise
| pisrvO1
| 1] Pl SQL Client
4 T_.}TODBC Data Sources
4 = PIsQ ien

3. The PI SQL Commander Lite establishes a connection to the RTQP Engine
and displays its data model.

The data model itself will be described in the next chapter.

@@ Pl 5QL Commander Lite
File Edit View Tools Help
;l New Query | ¥ Execute W
Object Explorer
eIl -
4 _JJOLEDB Data Sources
4 ([3)PI OLEDB Enterprise
| ] pisrv01
| 1] Pl 5QL Client
4 T’}TODBC Data Sources
4 o BLS0LDlent
.
4 | Catalogs
4 | | Master
[» [l Category
[ [ Element
| [_J EventFrame
[+ [ UnitOfMeasure
|- |_J Table-Valued Functions

I+ |_l Scalar Functions
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Get Familiar with Pl SQL Client

2.4 PISQL Client OLEDB

In this section, you will use PI SQL Commander Lite to configure and establish a new
P1 SQL Client OLEDB connection.

1. In PI SQL Commander Lite, double-click
the OLE DB Data Sources-PI SQL Client node.

{® P15QL Commander Lite
File Edit View Tools He

q]_ New Query | ¥ Execute
Object Explorer

HEINE "3 4ol

4 __'j_]OLEDB Data Sources

4 ([IPI OLEDB Enterprise
| j=r(]

[ JJPI SQL Client

2. Configure the connection and confirm the settings by clicking the OK button.

£7 | Data Link Properties x

Connection Advanced Al

Data Source

AF Server: I pisrv0 1 I
AF Database: I WindFarm vI
Authentication

[+ Trusted connection

User Name:

Password:

Test Connection
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3. The PI SQL Commander Lite establishes a connection to the RTQP Engine and displays its
data model.

@ P15QL Commander Lite
File Edit View Tools Help

i 2 NewQuery | ¥ Execute @ | 834
Object Explorer
HElE R LR
4 | JJOLEDB Data Sources
4 ([3PI OLEDB Enterprise
| | pisrv01
4 | {JFP1SQL Client
4 |_JCatalogs
4 | | Master
b 3 Category
> [l Element
I> _J EventFrame
[ A UnitOfMeasure

I» |_J Table-Valued Functions

I» |__iScalar Functions
PR he oz vy g —
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Get Familiar with Pl SQL Client

2.5 PI SQL Client JDBC

PI SQL Client JDBC needs a Java programming environment and thus cannot be
tested from Pl SQL Commander Lite. To see the driver in action, you will configure
and establish a connection using a free JDBC testing tool — DBVisualizer.

1. Launch DBVisualizer.

2. Set the connection alias to pisrv01 and click the Next button.

New Connection Wizard X
New Connection Wizard

This Connection Wizard will guide you through the steps to setup a database
connection. Make sure you have access to the required JDBC driver file(s) for the
database you are going to access.

Information about supported databases and links to download sites for JDBC drivers are
available at http:/fwww.dbvis.com.,

lpisrv[]l |

Enter the connection alias for the new database connection, This is the name you will
use to refer this database connection throughout the application.
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3. Select Pl SQL Client database driver and click the Next button.

By default, the list of drivers contains only drivers known to DBVisualizer.

For PI SQL Client to appear in the list, we had to register it on the lab machine
according to these instructions:
http://confluence.dbvis.com/display/UG100/Installing+a+JDBC+Driver

New Connection Wizard x

Select Database Driver

|Q PI SQL Client J

Select the appropriate database driver from the list above.

7 <Back || mext> || cancel
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4. Setthe Database URL and click the Finish button.

Get Familiar with Pl SQL Client

-

= New Connection Wizard

x

Database URL

| Prgserver |

pisrv01
PI SQL Client
= Connecion
Notes
Settings Format a1 Database URL
jdbe:pisqlclient: /fpisrvi0 1/ WindFarm|

Database Userid

Database Password

Auto Commit M

Save Database Password ~ Save Between Sessions
Permission Mode Development

5. The DBVisualizer establishes a Pl SQL Client JDBC connection

to the RTQP Engine and displays its data model. The tool is able to display only

data model objects which are defined by the JDBC standard.

= DbVisualizer Free 10.0.26 -
File Edit View Database
BHE & B[R
ﬁ Databases S 4

| B X3 -

& [l Master (Defauit)
-fif Category
i Element
@ EventFrame
&P Giobal
i UnitOfMeasure
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3.Understand the New Data Model

3.1 Overview

In this chapter, you will learn the key facts about the new data model.

If you are a PI OLEDB Enterprise user, you will also understand the rationale behind
the move from Pl OLEDB Enterprise data model to Pl SQL Client / RTQP Engine
data model.

3.2 Goals

e Use Pl SQL Commander Lite to explain the key concepts of the new data
model.

¢ Provide hints for migration of PI| OLEDB Enterprise SQL queries.

3.3 Key Concepts of the New Data Model

The design of the new data model was driven by lessons learned with the existing
P1 SQL products, especially PI| OLEDB Enterprise. The rationale behind the changes
was to:

o Simplify the data model while keeping all common use cases supported.

e Simplify queries.

3.3.1 One Data Model Instance Represents Just One AF Database

In PI OLEDB Enterprise, one data model instance (i.e., one connection) allows you
retrieve data from all AF databases from the connected AF server. Over time, we
learned that the product is not used to execute queries across multiple databases
and that having them all in one data model prevents us from better model structuring.

1. Switch back to PI SQL Commander Lite and double-click
the OLE DB Data Sources-Pl OLEDB Enterprise-pisrv01 node.
Confirm the login dialog default settings by clicking the OK button.

(@ PI5QL Commander Lite

File Edit View Tools Hel

= NewQuery | ¥ Execut PI OLEDE Enterprise Login - m| e |
Object Explorer
1y 3% e ' =] |
4 | JJOLEDB Data Sources IV Use Windows NT integrated secisity Cancel I
4 User ID

Password [ Optiona >>
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Understand the New Data Model

2. Browse the Pl OLEDB Enterprise data model. Notice that the first hierarchy
level of the object names is reserved for the AF database name which makes
it confusing to use this level differently, e.g., for user-defined catalogs.

@ PI15QL Commander Lite
File Edit View Tools Help

: ' NewQuery | ! Execute @ )

=

Object Explorer
A0 g
4 “Q EDB Dala Sources
e 39! OLEDB Enterprise
4 | f§pisvO1
.
J Configuration
J NuGreen
J System
4 | J WindFarm
I [ Asset
I [ Data
i DataT
I [ EventFrame

In PI1 SQL Client/ RTQP Engine, one data model instance (i.e., one connection)
allows you to retrieve data from just one AF database specified during connection
configuration.

1. Use the PI SQL Client connection to the WindFarm database (see the
previous section) to browse the PI SQL Client data model.

@ PISQL Commander Lite
File Edit View Tools Help

i NewQuery | ¥ Execute @ |53

* .

Object Explorer

aall i R
4 | JJOLEDB Data Sources
4 QPI OLEDB Enterprise

(#JP1 SQL Client
4 Z20DBC Data Sources
4 3 PISQL Client
4 | WindFarm
4 [_JCatalogs
4 | | Master
I [ Category
_J Element

I [ EventFrame

I [ UnitOfMeasure
i Table-Valued Functions
) Scalar Functions
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Notice that:

+ There is just one top-level item of the name hierarchy — Master
catalog.

4+ There are more types of data model objects — table-valued functions,
scalar functions, and templates. Pl SQL Client publishes much more
metadata information than Pl OLEDB Enterprise.

3.3.2 De-Normalization

P1 OLEDB Enterprise data model was designed to be normalized. This approach,
which is recommended for real Relational Database Management Systems
(RDBMS), was inappropriate for Pl OLEDB Enterprise —

PI OLEDB Enterprise queries tend to be complex due to number of tables which
need to be joined.

Thus, the new RTQP Engine data model was designed to be slightly de-normalized.
Some tables contain additional columns which in turn decreases number of tables in
the FROM clause.

Let’s have a look at two equivalent queries — one Pl OLEDB Enterprise query and
one Pl SQL Client query.

P1 OLEDB Enterprise Query
1. Switch back to PI SQL Commander Lite.

2. Select OLEDB Data Sources-Pl OLEDB Enterprise-pisrv01l. If not still
connected from the previous section, connect using the default settings.

3. Click the New Query button and type the query from the screenshot below.
The query searches for all boilers and heaters and returns their hierarchy
path.

4. Click the Execute button.

@@ PI sQL Commander Lite
File Edit View Query Tools Help

I -4 New Query II} Execute IJ 23 &4 £ | (N | @ Query Compendium -

Object Explorer * X ,_-“_, Queryl.sgl - pisrv01* X
el "} " - | SELECT eh.Path + eh.Name Element, et.Name Template
4 [JIOLEDB Data Sources FROM NuGreen.Asset.Element e
) ) LEFT OUTER JOIN NuGreen.Asset.ElementTemplate et
4 Pl OLEDE Ent
4o g prise ON et.ID - e.ElementTemplateID
4 m INMER JOIN NuGreen.Asset.ElementHierarchy eh
4 [ Catalogs ON eh.ElementID = e.ID
| Configuration WHERE et.Mame IN ('Boiler', 'Heater')
| NuGreen
| System
WindFarm esults y Messages
Results ||y
“ '—“Pl SQL Client Element Template

I | (§ pisrvOT\WindFarm
4 T}TODBC Data Sources
4 [5PI SQL Client
| ] WindFarm

\NuGreen|Little Rock\Extruding Process\Equipment\B-045 = Boiler
\NuGreen\Tucson|\Distilling Process\Equipment\B-117 Bailer
\MNuGreen|Little Rock\Distilling Process\EquipmentiB-125 Boiler
\NuGreen\Houston\Milling Process\Equipment|B-209 Bailer

K rananiHAanctanlMraclkina Drncsnca] IEAninmmAn#iR_210 Pailar

N oW =
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Understand the New Data Model

Pl SQL Client Query

1. Double-click OLEDB Data Sources-PI SQL Client node and establish a
connection to pisrv0l AF server and NuGreen database.

Click the New Query button and type the query from the screenshot below.

3. Click the Execute button. The query returns the same result as the
P1 OLEDB Enterprise query above.

(@ PISQL Commander Lite
File Edit View Query Tools Help

a

1 New Query || # Execute | | &3 &% £7 | [N | € Query Compendium _
at.J * at:l - =

Object Explarer » X | [£y Query2sgl - pisrvOT\NuGreen* X =y Query1.sql - PISRVO1
eI T s | SELECT e.PrimaryPath + e.Name, e.Template
4 [ JJOLEDB Dats Sources FROM Master.Element.Element e

4 [@PI OLEDB Enterprise WHERE e.Template IN ('Boiler', 'Heater')

b | HPISRVO
4 [ JJPISQL Client

[ % pisrv01\WindFarm
4| (§ pisrvO1\NuGreen

4 [ _JCatalogs ZJResults | |y Messages | 3 Execution Plan
| Custom
_J Master Template
b [ Table-Valued Functions 1 \NuGreen\Tucson\Cracking Process\Equipment|H-923 Heater
) 2 \MuGreen\Tucson\Cracking Process\EquipmentiH-736 Heater
i Scalar Functions \MuG \Little Rock|\Extruding P Equi tiH-554 | Heat:
4 ?ODBC Data Sources 3 \Nu reen.f e Rock) : r}{mg rocess)| c|%1||::-mer1l eater
P !_F‘I SQL Client 4 \NuGreeniLittle Rock|Distilling Process\Equipment|H-575 Heater
= ien
i WindE 5 \MuGreeniLittle Rock\Distilling Process\EquipmentiH-431 Heater
| -J indrarm & \MuGreen\Houston\Milling Process\Equipment\H-485 Heater
7 \NuGreeniHouston\Milling Process\Equipment\H-309 Heater

As you can see, the PI SQL Client query is much simpler. We could omit two tables
from the FROM clause, because the Element table contains PrimaryPath and
Template columns.

3.3.3 No Element Versioning

Based on the PI OLEDB Enterprise feedback, the element versioning support in the
new data model was dropped. The asset representation without versioning is more
concise and makes it simpler to pick the correct tables when forming queries.

Although the new data model does not contain versioning-aware element tables, the
“non-versioned” element tables still respect the query date, which is set as the
connection property.

As an optional exercise, you can try to use Pl System Explorer to add a new version
to any element in the NuGreen AF database and test Pl SQL Client OLEDB
connections with different “Query Date” property setting.

As the screenshot below shows, the default value for the “Query Date” property is
“Latest”; other allowed values are “Now” or any valid timestamp literal.
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1| Data Link Properties X

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
Caonnect Timeout 0
Data Source MNuGreen
Extended Properties
Initial Catalog Master
Integrated Security SSPI
Location pisrv01
Password
Persist Security Info
Protocol Order Hitps/Soap:5464, NetTcp:5465
Query Date Latest |
Time Zone Local
UserlD
EditValue...

3.3.4 Attribute Tables Contain Snapshot Values

To represent element attributes and their snapshot values, PI OLEDB Enterprise
data model contains two tables: Asset.ElementAttribute and Data.Snapshot.
Thus, to retrieve attributes with snapshot values, you need to form a SQL query
which joins them together.

RTQP Engine data model, on the other hand, includes snapshot value columns
directly in the Element.Attribute table. Thus, to retrieve attributes with snapshot
values, the join with the Snapshot table is not needed (actually, there is no Snapshot
table in RTQP Engine).

Event frame attributes and their snapshot values are represented similarly to their
element counterparts.

To demonstrate the change, let’s write two equivalent queries, one for
Pl OLEDB Enterprise and one for Pl SQL Client. While testing them, you may also
notice that the RTQP Engine execution is significantly faster!

' The retrieval of snapshot values is expensive and thus you should include
i the columns in the query SELECT list only if needed!
Tip
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P1 OLEDB Enterprise Query
[ Queryl.sgl - PISRVOT* X

|SELECT e_Mame, ea.Name, s.Value
FROM WindFarm.Asset.Element e

Understand the New Data Model

TNMNER JOIN WindFarm.Asset.ElementAttribute ea ON ea.ElementID = e.ID
INMER JOIN WindFarm.Data.Snapshot s ON s.ElementAttributeID = ea.ID

WHERE e.Name LIKE 'Turbinel®’

[ Results _Jj Messages

Name Name Value
1 Turbine10000 = Point Count 14
2 | Turbine10000 @ Yield 5.399798E-05
3 | Turbine10000 = Wind Speed 8.97145175933538
4 | Turbine10000 @ Wind Farm San Gorgonio Pass Wind Farm
5 | Turbine10000 = Wind Direction 7.20536107635498
6 Turbine 10000 = Unit Status Active
7 Turbine10000 = Turbine State Inactive
8 | Turbine10000 | Technology Wind
9 Turbine 10000 = State 3 Schedule Maint
10 | Turbine10000 @ State 2 Maint This Week
11 | Turbine10000 @ State 1 Maint This Week
12 | Turbine10000 = Shift Hours 12
13 | Turbine10000 | Shift 15
14 | Turbine10000 = RPM 31.4937591552734
15 | Turbine10000 | Region California

@ Query executed successfully | PISRVO1 | Pl OLEDB Enterprise | 00:01:06.719 | 133380 rows |

PI SQL Client Query

[£ Query2.sql - pisrvOT\WindFarm* X |= Query1.sql - PISRVOT*

BELECT Element, Mame, Value
FROM Master.Element.Attribute
WHERE Element LIKE 'Turbinel%'
[ Results :J Messages g—:’ Execution Plan

Element Name

Value

Turbine11477 | MW Lost

Turbine11477 | Longitude
Turbine11477 | Latitude

Turbine11477 | Gross Generation
Turbine11477 | Generating Efficiency
Turbine11477 | Expected Power Output
Turbine11477 | Distance from Control Room
Turbine11477 = Demand

9 | Turbine11477 | Capacity

10 | Turbine11477 | Point Count

11 | Turbine11558 | Yield

12 | Turbine11558 | Wind Speed

13 | Turbine11558 @ Wind Farm

14 | Turbine11558 | Wind Direction

15 | Turbine11558 = Unit Status

L= = T & B

31.625111294682

Double | 43
45

B88.11544
62.8067164042996
56.4903290739704
263.819811201539
54.82255

320000

14

0.001275923
74.3295745849609
Lundgren Wind Farm
98.1897506713867
Inactive

@ Query executed succ | pisrv01\WindFarm | Pl SQL Client OLEDB | 00:00:35.062 | 133380 rows
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3.3.5 Helper Functions

The new RTQP Engine supports many functions, which you can use in your queries

— scalar, aggregate, and even table-valued functions.

For PI SQL Client connections, you can now browse the supported function
declarations in Pl SQL Commander Lite.

4 [ JJPI5QL Client

| J pisrdd TiNuGreen
.

4 [ Catalogs
I ,J Master
[ .J Template

4 [ Table-Valued Functions
b [£]spiit
b [£]Split;

4 [ Scalar Functions
4 [ Aggregate

{le-;ilﬁ.vg
*:;J-} Count
s | st
*:31.3 Max
el ptiy
*::J-: Sum

I 3 Conversion
I+ 3 Mathematical
4 [ JText

’-':5]-} Charlndex

":EJ-: Concat

":31-} Format

’%-3 FormatLocaledware
":3]-3 FormatLocalefware TimeZonefware
’-':5]-3 InStr

W | eft

’-';5]-} Length

":EJ-: Lower

B | Trim

’%-3 Parenthame

":3]-3 Replace

’-':5]-3 Reverse

I Right

0 B Trim

":EJ-: Substring

B Trim

3 Upper

4 [ JTime

b B Day
I {J.? Daylocalefware

b B DayName

b B Floor

I {J.? Fraction

I *::.E Hour

b B sDst

I {‘J-} Minute

I *::.E Menth

I W MonthLocaledware

I {‘J-} MeonthName

i U Quarter

b U Quarterl ocalefware
I {;l} Round

I B Second

b U Year

b B0 Year ocaledware

4 [_JjlUser

b B hotmi

I 3 Other

.

Tip

Other category).

Pl Server 2018 SP3 release contains a bug in RTQP Engine which makes
internal functions visible (e.g., FormatLocaleAware or all functions of

To avoid using internal functions in your queries, please consult
SQL for RTQP Engine Reference Guide which lists all public functions
(available at https://livelibrary.osisoft.com).

24 |Page
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Understand the New Data Model

Let’s have a look at some typical function use cases. Switch back to
Pl SQL Commander Lite and open a query window for either Pl SQL Client OLEDB
or Pl SQL Client ODBC connection to the WindFarm database.

List
The List function is an aggregate function which allows you to transform multiple
column values in the result into a single string value.

An example of how this function can be used is a query, which returns a list of
categories an element is member of.

{® PI50L Commander Lite
File Edit Wiew Query Tools Help

o NewQuery | P Execute @ 83 &1 &Y A | € Query Compendium _

Object Explorer v X _"_, Queryl.sgl - pisrvDT\WindFarm* X
HrlE '} " £ - SELECT Element, List(Category) Categories
4 | JlOLEDB Data Sources FROM ElementCategory

WHERE Element 'Bison Wind'

P
4 QP! OLEDB Enterprise GROUP BY ElementID, Element

J PISRVD1
4 [ JJPISQL Client
Jl pisrvD1\NuGreen ] Results | |3 Messages | 3 Exscution Plan

| {4 pisrv1\WindFarm

Fl .';DDEC Data Sources
4 3PISQL Client 1 | Bison Wind | ESRI. Wind

Element Categories

J| WindFarm

Split

The Split table-valued function is kind of an inverse function to the List aggregate
function. It allows you to split a string value into a column with multiple values. The

typical use case for this function is a query returning sampled values at several
defined timestamps.

However, before we move on to the sample value query, try to play around with the
Split function using the following simple example!

@ PI50L Commander Lite
File Edit View Query Tools Help

' NewaQuery | P Execute @ E3 &7 &Y | (8 | € Query Compendium _

Object Explorer - X |4y Querylsgl- pisnvD1\WindFarm* X
HEI Ik °R k - | SELECT DateTime(Result) TimeStamp -- DateTime is a function converting string to date/time
4 (JOLEDB Data Sources FROM Split('02-Feb-2018, @2-Feb-2018 6:00, 02-Feb-2018 14:00°, ', ' /*separator®/
a EPI OLEDE Enterprise
J PISRVDT -
4 [P SQL Client ] Results _3Messages | ; Execution Plan
J pisrvOT\NuGreen TimeStamp
4 | 4 pisrv01\WindFarm 1 | 2018-02-02 00:00:00.000
_JiCatalogs 2 | 2018-02-02 06:00:00.000
i Table-Valued Functions 3 | 2018-02-02 14:00:00.000

_Jl Scalar Functions
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Next, use the Split function from the previous example to form the sampled value
guery. Note that the query shown below assumes that the AF database contains just
one element named Bison Wind.

(@ PI5QL Commander Lite

File Edit View Query Tools Help

i NewQuery | ¥ Execute @ Z3§U &Y N & Query Compendium _

Object Explorer v X | 4y Querylsql - pisrvO1\WindFarm* X
HOIE R LN s a.Element, a.Name ribute, DateTime(s.Result) TimeStamp, sv.Value_Double Value
E ®e = SELECT a.El t N Attribute, D T Result) TimeSt Value_Double Val
4 [JJOLEDB Data Sources FROM Element. Attribute a
2 3PIOLEDBEnlel i CROSS APPLY Split('©2-Feb-2018, ©2-Feb-2018 6:00, 02-Feb-2018 14:00', ', ') s
P CROSS APPLY Element.GetSampledValue(a.ID, s.Result) sv
1J PISRVO1 WHERE Element = 'Bison Wind' AND Name 'Wind Speed’
4 ;ﬂPI SQL Chent
| J pisv01\NuGreen
4 | 3 pisrv01\WindFarm IResults | [*yMessages | 3 Execution Plan
i Catalogs
Element Attribute TimeStamp Value
[l Teble-Valued Functions
1 | Bison Wind Wind Speed 2018-02-02 06:00:00.000 50.0440902709961
i Scalar Functions
- 2 | Bison Wind = Wind Speed = 2018-02-02 14:00:00.000 4.29868173599243
4 3'0DBC Dota Sources
—_— 3 | Bison Wind Wind Speed = 2018-02-02 00:00:00.000 83.3626937866211
4 3 P1SQL Client
| J WindFarm
ParentName

The ParentName scalar function was added to simplify queries accessing

hierarchies. It allows you to get the specified part of the path. The following
screenshot captures the typical use case.

@@ PISOL Commander Lite
File Edit View Query Tools Help

4 New Query ¥ Execute @ %%ﬁ:’j _\ @; Query Compendium _

Object Explorer » % || |1y Querylsgl - pisv0T\WindFarm™® X

HEdE R . = || SELECT Region, COUNT(*) TurbineCount

4 [JJOLEDE Data Sources FROM
: @PIDLEDB_EME'D"SE SELECT ParentMame(PrimaryPath, 2 /*zero-based parent index®/) Region
4 | JJPISQL Client

FROM Element

l] pisn01iNuGreen WHERE Template = 'Turbine’®

PR pi=rnv01\WindFam )t

I [ Catalogs GROUP BY Region

| [ Table-Valued Functions

I Scalar Functions = =

4 @ODBC D?a Sources [T Results |3 Messages " Execution Plan
4 EPI SGL Client Region TurbineCount
[ windFam 1 | West 2990

2 | North East | 685
3 | SouthEast | 195
4 | Middle \West | 5534
5 | Southwest | 5541
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Understand the New Data Model

Format

The Format scalar function is very handy for report queries. It allows you to format
numbers, timestamps, and time spans using various format masks.

To see this function in action, click the Query Compendium button in
Pl SQL Commander Lite, open the New Features in 2018 SP2.sql file, and find the
part with Format function examples.

Note that the Format function example queries do not reference any tables so they
can be executed using any Pl SQL Client connection. The rest of the compendium is
bound to the NuGreen AF database. So if you want to also look at other queries in
the compendium, use the NuGreen database

P1 SQL Client connection (i.e., select the NuGreen connection node in the

Object Explorer before you double-click the compendium file).

@ PI5QL Commander Lite 2 O X
File Edit View Query Tools Help

—

i NewQuery | ¥ Execute @ 43 &3 &) N\ | € Query Compendium

Object Explorer w X | 3y New Features in 2018 SP2.sql - pisrv01\NuGreen X < |P1SQL Query Compendium v X
HEME R R = Format function 4 [3]Solution 'PI SQL Query Compendium' (2
4 (JJOLEDB Data Sources - (formats numbers, timestamps, and time spans according to a mask 4 @pi OLEDB Enterprise
) i [ Queries
4 PI OLEDB Enterprise
® [J PisrvO1 - Format(@number Double, @mask StringCs) Element Attribute By Value Searct
et A - (uses decimal group arators from the invariant culture)) 1 NuGreenxm!
. £| PiOleDbTest.xml
|8 pisvorNuGreen Format(l, '#.4'), RLO:S‘D v
[ P1Stv0 1Windr-arm Format(1, '000.0'), @ BV
4 JODBC Data Sources Format(123456789.123456789, 8 #.4'), 4 (@p SQII. Cllgnt
4+ [ PISOL Client Format (123456789.123456789, '0.000e00 ¢ [@Migration

| WindFarm = _ = o F : : I [ NuGreen
- Format(@number Double, @mask StringCs, @decimalSeparator String,

4 Queries
- (uses the specified decimal and group separators) I [ Category
SELECT :
Format(1, '000.0", ',", ' - WElement
Format (123456789.123456789, ::,s.w', L » [(JEventFrame
Format (123456789.123456789, '0.000e00', ',', ' ') # [ UnitOfMeasure
@Cus(omObJects,sql

- Format(@timeStamp DateTime, @mask StringCs)

SELECT i ¢ (@ New Features in 2018 SP2.sql
Format(TimeStamp, ' MMM-yy HH:mm:ss.FFF'), -- custom format ma BT
Format(TimeStamp, 'F') -- standard format mask - full date/time .IRedM m.p

‘ROM (SELECT CAST('*' AS DateTime) TimeStamp) t ke

- Format(@timeSpan TimeSpan, @mask StringCs)

SELECT
Format (TimeStamp, ‘hh:mm:ss.fff'), -- custom format mask
Format (TimeStamp, 'g') -- standard format mask - general short f

“ROM (SELECT CAST('12:12:12.12' AS TimeSpan) TimeStamp) t

1 Results [y Messages ;—' Execution Plan

1170010 123456.789.1 | 1235608

\9 Query executed succ, pisivO1\NuGreen = Pi SQL Client OLEDB | 00:00:00.24%2 = 1 row
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The Query Compendium contains many query examples you may find
useful when putting together your own queries.

It is split into two parts:
' - Migration part for customers with PI OLEDB Enterprise experience,

. - Queries part which does not assume any previous experience with Pl
Tip SQL products.

Before you form your own queries, we recommend you browse through the
compendium to get familiar with the typical query patterns.

3.3.6 Table-Valued Function and Table Templates

Table-valued function (TVF) templates and table templates may seem complex at
first. Although they were used internally in Pl OLEDB Enterprise, they were not
documented and displayed by PI SQL Commander Lite.

With Pl SQL Client, we decided to make the templates visible and explain how they
work, because the value they bring is significant.

Let's have a look at them in Pl SQL Commander Lite.

® pI5QL Commander Lite
File Edit View Query Tools Help

= NewQuery ¥ Execute @ &80 N

Object Explorer
JrajE °R
4 | JJOLEDB Data Sources
4 (P OLEDB Enterprise
j PISRVO1
4 | $P1 SQL Chent
’
4 | _JjCatalogs
J Custom
4 | | Master
i Category
4 [ _JElement
i Tables
i Views
J Table-Valued Functions

lFunchon Tables

4 | _JTemplates
1Value
j: GetSampledValue
fl GetSompledValues

ﬂ GetSummarnes
f{:GetSummory

s i e
_J EventFrame

J UnitOiMeasure
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Understand the New Data Model

There are two similar groups of templates: one template group can be found under
the Element schema, the other one under the EventFrame schema.

The first group allows you to retrieve time-series data for elements created from the
same AF element template (e.g., sampled values of the Fuel Gas Flow attribute of
all boilers). The second group does the same job for event frames.

' Do not confuse TVF and table templates
i with AF element templates and AF event frame templates!
Tip

The new data model contains templates to retrieve snapshot values, sampled values
(i.e., interpolations), and summaries.

Let’s go back to PI SQL Commander Lite and open the Query Compendium 3-
TemplateSpecificData.sql file according to the following screenshots.

PI SQL Query Compendium - X

4 [31Solution 'PI SQL Query Compendium’ (2 Proj
@ P OLEDB Enterprise
4 @p sqL Client
i Migration
i NuGreen
4 | JQueries
 Category
4 | JElement
(‘1-ElementSearch,sql

= ala s
i tventrrame
 UnitOfMeasure
(‘CustomObJects‘sql
@Features.sql
@ New Features in 2018 SP2.sq|
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Inspect the query, which retrieves Sampled Boiler attribute values, and execute it.

@ PISQL Commander Lite
File Edit View Query Tools Help

i) NewQuery | ¥ Execute @ 3 EHUEY N | € Query Compendium

Object Explorer - X u) 3-TemplateSpeciﬁcData.sql~piSrvO1\NuGreen x ]
HEE R "I 8 ;s  FROM Master.Element.Element e A
4 (JOLEDB Data Sources ~ | INNER JOIN Master.Element.Value
" <
o OP'_OLEDBEWD"“ ‘Boiler', --Template - element template name
| § PISRVO1 {
4 [JIPISQL Client ' |Fuel Gas Flow', -- AttributeTemplatePath
4 | pisvO1\NuGreen 'FuelGasFlow_TimeStamp', -- TimeStampColumn
4 [JCotalogs 'FuelGasFlow_Value', -- ValueColumnName - R
¢ |J Custom TVF template with arguments = ‘FuelGasFlow_UnitOfMeasure', -- UnitOfMeasu
'FuelGasFlow_Error', -- ErrorColumnName - O
“ Master T ’
Ll] mac unnamed TVF ‘m3/s' -- UnitOfMeasure - Optional
[ Category } -- AttributeMetadata - defines which columns
4 [JElement —
I [ATables -- } -- AttributeMetadata
I [ Views > v
| [l Table-Valued Functions ON e.ID = v.ElementID
| [ Function Tables WHERE e.Template = 'Boiler’
AT [ . 2
«3 émcalm -- Sampled Boiler attribute values
v ElVolve SELECT e.Name, sv.*
v [A]Getsampledvaiue FROM Master.Element.Element e
4 [£]GetSampledValues CROSS APPLY Master.Element.GetSampledValues
4 [JParameters <
@Templele(smg.notnull) —>» 'Boiler', --Template - element template name
4 {@lAtributeMetadata (Tuple {
@@Mmbu:e‘r :“pi::z.g)(sm g '|Fuel Gas Flow', -- AttributeTemplatePath
5 : 9, ROt o) 'FuelGasFlow_Value', -- ValueColumnName - R
@lValueColumnName (String. not null) I 'FuelGasFlow_UnitOfMeasure', -- UnitOfMeasu
{@lUnitoMessureColumnName (String. null, - 'FuelGasFlow_Error', -- ErrorColumnName - O
{@JErmrorColumnName (String. null, Optional) NULL -- UnitOfMeasure - Optional
{@JunitOfMeasure (String. null. Optional) } -- AttributeMetadata - defines which columns
4 SFsion Pacymetrs " § AttributeMetadat
-- -- ributeMetadata
tl 5 ull 5
@@Ew D(Gund»noln )] (e ID3'y', J't", *1h') sv
@@SmnTum(DateTme. not null) =2 ‘Boiler’
{@l@EndTime (DateTime. not null
@@Timeswp (String. not null) -- Sampled Boiler attribute value
v [A]Getsummanes SELECT e.Name, sv.*
v [Alcetsummary FROM Master.Element.Element e
b [ Scaler Functions CROSS APPLY Master.Element.GetSampledvValue
0 <
4’ W CxeEroms ‘Boiler', --Template - element template name
I [ Tables p
I [ Views v ¢ ?
< > L ¥ Co| pisrvO1\NuGreen | PiSQL Client OLEDB | 00:00:00 | 0rows |
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Understand the New Data Model

First, let’'s understand what data the example query retrieves. This is the execution
result.

JResults |’y Messages | 1™ Execution Plan

W o N & WN -

N N N N N NN b oot oot ook owd ook md owd ok b
SN E WN - QO WO N0 e WN -0

28
29
30
21

Name  TimeStamp FuelGasFlow_Value FuelGasFlow_UnitOfMeasure  FuelGasFlow_Error
B-914 | 2020-02-27 00:00.00.000 @ 49.1125144958496 fi3/s
B-914 | 2020-02-27 01:00:00.000 @ 73.1765975952148 fi3/s
B-914 | 2020-02-27 02:00:00.000 = 91.822151184082 ft3/s
B-914 | 2020-02-27 03:00:00.000 98.3009185791016 fi3/s
B-914 | 2020-02-27 04:00:00.000 @91.4322509765625 ft3/s
B-914 | 2020-02-27 05:00:00.000 74.2927856445313 ft3/s
B-914 | 2020-02-27 06:00:00.000 @ 50.5639038085938 ft3is
B-914 | 2020-02-27 07:00:00.000 @ 26.8350238800049 ft3/s
B-914 | 2020-02-27 08:00:00.000 @ 8.42470264434814 fi3/s
B-914 | 2020-02-27 09:00:00.000 @ 1.74080300331116 ft3/s
B-914 | 2020-02-27 10:00:00.000 = 8.08253955841064 ft3ls
B-914 | 2020-02-27 11:00.00.000 25.0629348754883 ft3fs
B-914 | 2020-02-27 12:00:00.000 = 49.1402587890625 ft3/s
B-914 | 2020-02-27 13:00:00.000 73.2175827026367 ft3/s
B-914 | 2020-02-27 14:00:00.000 = 91.3696365356445 ftdls
B-914 | 2020-02-27 15.00:00.000 @ 98.3054351806641 fti3/s
B-914 | 2020-02-27 16:00:00.000 @ 91.9972534179688 ft3/s
B-914 | 2020-02-27 17:00:00.000 @ 74.9231719970703 ft3fs
B-914 | 2020-02-27 18:00.00.000 45.9889945983887 ft3/s
B-914 | 2020-02-27 19:00:00.000 Shutdown
B-914 | 2020-02-27 20:00:00.000 8.63867855072021 ft3/s
B-914 | 2020-02-27 21:00:00.000 @ 1.72884476184845 ft3ls
B-914 | 2020-02-27 22:00:00.000 @ 8 05380725860596 fi3fs
B-914 | 2020-02-27 23:00:.00.000 @ 25.0696048736572 ft3/s
B-914 | 2020-02-28 00:00:00.000 @ 49.1531944274902 fi3/s
B-352 | 2020-02-27 00:00:00.000 @ 49.1125144958496 ft3fs
B-352 | 2020-02-27 01:00:00.000 @ 73.1765975952148 fi3/s
B-352 | 2020-02-27 02:00:00.000 91.822151184082 ft3/s
B-352 | 2020-02-27 03:00:00.000 @ 98.3009185791016 ft3/s
B-352 | 2020-02-27 04:00:00.000 @ 91.4322509765625 fi3fs

R_2E2

2NINNIDT AR .NN-AN ANN

T4 207 TARLAARIT

s

As you can see, the result contains sampled values (i.e., interpolations)

of the Fuel Gas Flow attribute of elements created from the Boiler element

template.

What syntax did we use to get this result?

1. We created an unnamed TVF by instantiating the GetSampledValues TVF
template. In other words, we provided template arguments to the
GetSampledValues TVF template — we specified that we want to use the TVF
template for the Boiler element template and that we want to retrieve data for
the Fuel Gas Flow attribute and also return its unit of measure and errors

(parameters inside angle brackets).

Then, we called this unnamed TVF with a set of arguments. We specified that
we want to retrieve sampled values for yesterday, with one-hour step.
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There are more example queries for TVF and table templates in the compendium.
Try to play around with them and understand the syntax. Please ask questions!

3.3.7 User-Defined Objects

RTQP Engine supports various types of user-defined objects. You can create your
own catalogs, schemas, views, and even table-valued functions.

The Query Compendium contains example queries demonstrating this functionality,
so switch to Pl SQL Commander Lite and test them! Since the queries are based on
the NuGreen AF database, do not forget to open the CustomObjects.sql file under
the appropriate Pl SQL Client connection.

{@® P SQL Commander Lite

Object Explorer > X

4 | JIOLEDB Data Sources
4 3P OLEDB Enterprise
| J PISRVO1
4 [ JIPI5QL Client
4 | {§pisrv01\NuGreen
I» [ Catalogs
I |_J Table-Valued Functions
I» |_J Scalar Functions
\J pisrv01\WindFarm
4 iODBC Data Sources
4 [3PI SQL Client
| || WindFarm

File Edit View Query Tools Help

iE] 9 &= g =

;,l New Query | # Execute O |53 £H &7 [N | @ Query Compendium =

,_f'J CustomObjects.sgl - pisrv01\NuGreen X v

-- RTQP Engine supports creation of custom catalogs, =
-- The custom object definitions are stored in the AF

-- Create a custom catalog
CREATE CATALOG Test

-- Create a custom schema
CREATE SCHEMA Test.Test

-- Create a custom view

CREATE VIEW Test.Test.HoustonElement

AS

SELECT *

FROM Master.Element.Element

WHERE PrimaryPath LIKE "\NuGreen\Houston\%"

SELECT * FROM Test.Test.HoustonElement

-- Alter the view to return the leaf elements only
ALTER VIEW Test.Test.HoustonElement

AS

SELECT =

FROM Master.Element.Element

WHERE PrimaryPath LIKE "\NuGreen\Houston\%"

AND NOT HasChildren

SELECT * FROM Test.Test.HoustonElement

-- Create a custom table-valued function as a speciali
CREATE FUNCTIOM Test.Test.Boiler GetSampledValues

(
@ElementID Guid,

PI SQL Query Compendium > X
4 [glsolution 'PI SQL Query Compendium’

4 (@p) OLEDB Enterprise
I [ AQueries
|= Element Attribute By Value Sea
£ NuGreen.xml
£ Pi0leDbTestxml
= ReadMe.txt
4 @01 5QL Client
I [ A Migration
I A NuGreen
4 | FQueries
|_JdCategory
[_JdElement
|_JEventFrame
A UnitOfMeasure
@Features.sql
@ New Features in 2018 SP2.c
&) DataModel.pdf
= ReadMe.txt
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Understand the New Data Model

The RTQP Engine data model contains only one built-in catalog named
Master which prevents name collisions with user-defined catalogs.

Besides user-defined catalogs described in this section, our future plan is

to support user-defined catalogs which would directly expose
' Pl Data Archive data (without the need to define AF attributes).
L4 To prioritize this feature, we need to collect enough customer voices.

Tip So if you want to see this functionality in one of the next releases,

vote for it at
https://feedback.osisoft.com/forums/555145-pi-developer-

technologies/suggestions/38984431-allow-direct-pi-data-archive-server-

exposure

3.3.8 User-Defined Template-Specific Data Models

Have you had a hard time understanding how to use TVF templates and table

templates? We have good news for you — Pl SQL Commander Lite provides a wizard

Ul to create user-defined objects wrapping them. Let's have a look in detail.

1.

In PI SQL Commander Lite, under the Pl SQL Client OLEDB
pisrvO1\WindFarm connection, right-click the Catalogs node in the Object
Explorer and select the Create Catalog... menu item. Name our new
catalog Custom.

(@ PI5S0L Commander Lite
File Edit View Tools Help

= New Query | ! Execut | &3 : % | & Query Compendil

Object Explorer - X
Z]| @
4 | POLEDB Data Sources
4 ﬁ.F‘I OLEDB Enterprise
| PISRVID1
4 | giPISQL Client
{5 pisrv01\NuGreen
405 pisrv01\WindFarm

_'Catalogs

A Table-Ve Create Catalog...
_ i Scalar F{ Export Custom Database Objects... ﬂ PISOL Client X

4 : ODBC Data Sources
—_— P Import Custom Database Objects...
4 3 Pl SQL Clhent
| WindFarm Seripts , Catalog name: | Custom
£] Refresh
0K | | Cancel
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2. Right-click the Custom catalog and select the Create Schema... menu item.
Name the new schema Turbine to indicate it will contain turbine-specific
objects.

@ P|50L Commander Lite
File Edit WView Tools Help

AT

P D NewQuery | ¥ Execute @ |£3 £ 8| [N, | @ Query Compend
Object Explorer - X
He i L -
4 | JJOLEDE Data Sources
- (31 PI OLEDE Enterprise
4 [ JIPI5QL Client
[ ] pisn0TiNuGreen
4 [ pisr0T0windFarm

4 [ Catalogs
I [__J Cu |
b [J Maste Create Schema... (® PI50L Client
b [ Table-Vali % Drop
I [4 Scalar Fu Schema name: | Turbine
4 75 ODBC Data Sources Brport Custom Data
d EPI S0L Client Import Custom Dats oK | Cancel
14l WindFarm Scripts
[#] Refresh

3. Right-click the Turbine schema and
select the Create Template-Specific Data Model... menu item.

@ Pl 5OL Commander Lite
File Edit View Tools Help

P NewQuery | ¥ Execute @ |53 &% &7 [N, | @ Query Compendium -
Object Explorer * X
Ho L R LN
4 (JJOLEDB Data Sources
i @ PI OLEDE Enterprise
4 [JIPISGL Client
[J pisr0TiNuGreen
4 [ pisnv01iwindFarm

-

4 [ Catalogs
4 [ Custom
I | = Turbine
b [ Master X Drop
I» [ Table-Valued F| Create Template-Specific Data Model...
o b [ Scalar Function Export Custom Database Objects...
4 3'0DBC Data Sources ]
4 ;F’I SQL Client Import Custom Database Objects...
[ WindFarm Scripts L
.E Refresh
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Understand the New Data Model

4. Inthe Template-Specific Data Model dialog, select the Turbine template
and click the Next button.

Template-5Specific Data Model n
Template Template Type
Data Model Objects ®) Element
Summary Event Frame
Execution
Template
Region
State
i Turbine
Wind Farm
Next > Cancel

5. Now, you can define objects you want to create to be able to retrieve turbine-
specific information from the AF database. Let’s start with the Element View.

Template-Specific Data Model n

(@ osi

Template Template-Specific Data Model Objects
Data Model
Objects Add Element View...

Summary Add GetSampledValue...

Execution | Add GetSampledValues... |

[ AddGetsummary.. |

| Add GetSummaries... |

< Back Next Cancel
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6. The element view for our turbines will represent all turbines (i.e., elements
created from the Turbine AF element template) with snapshot values of the

selected AF attributes.

a. Drag Latitude, Longitude, and Wind Speed from the left list to the

right-side.

b. To get just the values, uncheck Time Stamp, Unit of Measure, and
Error columns.

c. Confirm by clicking the OK button.

Element View Value Column Definition

View name:
Turbine
Drag and drop attributes:

=& Longitude
= MW Lost
@& Net Generation
= Operator
=& Point Count
=@ Region
@& RPM
& Shift
=@ Shift Hours
@& State 1
@& State 2
@& State 3
4 Technology
@& Turbine State
@& Unit Status
@& Wind Direction
@ Wind Farm
@& Wind Speed
4 Yield

["] Show hidden
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Understand the New Data Model

7. Click the Add GetSummaries... button to add a TVF to calculate turbine
data summaries.

a. Change the name to just GetSummaries.

Drag the Wind Speed attribute from the left and select Average.
Drag the Wind Speed attribute once again and select Maximum.
Uncheck Unit of Measure and Error columns.

If you like, adjust the generated column names.

-~ 0o a0 T

Confirm by clicking the OK button.

GetSummaries Column Definition

Table-valued function name:
GetSummaries
Drag and drop attributes:

=@ Capacity Attribute Calculation Basis Summary Type Value | Timestamp (] Unit of Mea
& Demand =] |Wind Speed | TimeWeighted ~ ~ || Average ~ || AverageWindSpeed

=a Distance from Control Roon
@@ Expected Power Output
@& Generating Efficiency
@& Gross Generation

4 Latitude

= Longitude

2 MW Lost
@& Net Generation

=8 Operator

@ Point Count

% Region
& RPM
@& Shift

‘@ Shift Hours
o State 1
o State 2
o State 3

2] |Wind Speed | TimeWeighted ¥ || Maximum ¥ MaximumWindSpeed MaximumWindSpeedTimeStamp

[] Show hidden
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8. Click the Next button to continue. Before the objects get created, you can see
a short summary with SQL statements Pl SQL Commander Lite is about to
execute.

In other words, you can use the wizard not only to create objects, but also to
generate SQL which parameterizes TVF and table templates. Then, just copy
the TVF and table template instances and paste them into your queries!

Now, click the Execute button and let PI SQL Commander Lite do its job to
create the objects for you.

Template-Specific Data Model n
Template Progress

Data Model Objects

[ ‘GetSummaries” has been succesfully created
Summary

Details:

Execution
Data Model Object Type Mame Status
Element View Turbine -

GetSummaries Function GetSummaries v

Done
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Understand the New Data Model

9. Click the Done button and browse the Turbine schema. Here is what it now
contains.

(@ PI15QL Commander Lite

File Edit View Tools Help
i NewQuery | ¥ Execute @ &Y
Object Explorer v X
HO R 'R I N
4 [JJOLEDB Data Sources
4 [PIOLEDB Enterprise
[ PISRvVO1
4 (JPISQL Client
! [chstvm\NuGreen
4 | pisv01\WindFarm
4 [ _JCatalogs
i [ Master
4 || Template
p
[ Tables
4 [ JViews
b ()] Turbine
4 [ _JTable-Valued Functions
[ [E]GetSummanes
[ Function Tables
| ) Scalar Functions
I i Table-Valued Functions
I [l Scalar Functions

-

10. Open a new query window and test the new objects.
|8 Query1.sql - pisrvOT\WindFarm* X

SELECT t.Name, t.WindSpeed
FROM Template.Turbine.Turbine t
|

ZJResults | |7y Messages | 3 Execution Plan
Name WindSpeed
Turbine13662 37.3368263244629
Turbine13663 20.012825012207
Turbine13664 54 3212432861328
Turbine13665 50.6743698120117
Turbine13666 19.6507434844971
Turbine13667 11.6897258758545
Turbine13668 13 4692649841309
Turbine13669  79.9099884033203
Turbine13670 20.3907985687256
10 | Turbine13671 46 9097328186035
Turbine13672 56.03173828125
12 | Turbine13673 33.1559867858887
13 | Turbine13674 61.3500022888184
14 | Turbine13675 7.7510142326355
15 | Turbine13676 60.3661193847656
16 | Turbine13677 52.0355224609375
17 | Turbine13678 42.9367485046387

10 | Tiaiil190n | e 11nenar0cons

W00 N, R WN -

-
oy
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(5 Query1.sql - pisnOT\WindFarm* X |

SELECT t.MName, s.AverageWindSpeed, s.MaximumWindSpeed
FROM Template.Turbine.Turbine t
CROSS APPLY Template.Turbine.GetSummaries(t.ID, '2018-82-82', '2018-82-02 86:00°, 'lh', ‘MostRecentTime') s{

[ Results @MW'mmn

MName AverageWindSpeed  MaxmumWindSpeed
Turbine03040 24 2057666778564  34.5717544555664
Turbine03040 46.1681785583496  57.7646026611328
Turbined3040 52 8170204162598 57.7646026611328
Turbined3040 | 35.6763715744019 | 47 8694381713867
Turbine03040 43.8758535385132  64.2684020996094
Turbine03040 406118507385254 64 2684020996094
Turbine04021 65.0739631652832 76.6653137207031
Turbine(4021  42.3520612716675 53.4826126098633
Turbine04021  58.5741147994995  859267196655273
Turbine(4021 = 88 7024192810059  91.4781188964844
Turbine(4021 79.8522491455078 91.47811889645844
Turbine04021  46.5914945602417  68.2263793945313
Turbine05002  40.5617523736572 44 8845443725586
Turbine05002 = 41.7668552398682  47.2946701049805
Turbine05002 = 71.4053230285645 95.5159759521484
Turbine05002 = 65.2245025634766 = 95.5159759521484
Turbine05002 34 4477462768555  34.9330291748047
Turbine05002 = 61.7863960266113 89.6103286743164
Turbine05083 = 75.1101531982422 91.5092926025391
Turbine05083 = 42.8902568817139  58.7110137939453

To.l--ACABY

A4 AATTIATABE DA

EE A4TAAY 4 ATICA



Understand the New Data Model

3.4 Data Model Diagram

To help you with the new data model understanding, the Query Compendium also
contains an entity-relationship diagram. You will find it in the root compendium folder.

P1 SQL Query Compendium v X
4 [§1Solution 'PI SQL Query Compendium'’ (2 Projects)
4 @P) OLEDB Enterprise
L Queries
Element Attribute By Value Search.txt
*| NuGreen.xml
£ PiOleDbTest.xmi
ReadMe.txt
4 @pi sqL Client
- Migration
A NuGreen
4 | JQueries
i Category
4 | JElement
@LElemeanearch.sql
(‘2-Amrbu‘eDala.sql
(‘3-TemplateSpecufncData.sq(
i EventFrame
d UnitOfMeasure
“Cus!omObJec!s sql
@reaturessql
es in 2018 SP2.sql

=| DataModel.pdf

Due to the number of objects in the model, the diagram does not fit one screen and
you have to zoom-in the part you are interested in.
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4.Build RTQP Engine Queries

4.1 Overview

In this chapter, you will learn how to form queries against the new data model.

4.2 Goals

o Discuss the key query-building techniques.

4.3 Request Just the Columns You Need

Requesting just the columns which you need to retrieve is a general rule of thumb in
any Relational Database Management System (RDBMS; e.g., SQL Server or
Oracle). However, with RTQP Engine, it is not just a rule, it is a must!

RTQP Engine is not a real RDBMS. Its tables are virtual and their data is not stored
in a single place. One column in the SELECT list may change the execution plan
completely.

Let’s have a look at the typical scenario — element attribute table query with and
without the snapshot value in the SELECT list.

This is the query we executed in the previous workbook part:
|= Query2.sql - pisrvO1\WindFarm* X |= Query1.5ql - PISRVO1*

SELECT Element, Mame, Value
FROM Master.Element.Attribute
WHERE Element LIKE 'Turbinelf’

2] Results _'_5 Messages :ﬂ Execution Plan

Element Name Value
1 Turbine11477 | MW Lost 31.625111294682
2 | Turbine11477 | Longitude I:ISIHS

- - Double

3 | Turbine11477 = Latitude 45
4 Turbine11477 | Gross Generation 38.11544
5 | Turbine11477 @ Generating Efficiency 62.6067164042996
6 | Turbine11477 Expected Power Output 56.4503290739704
7 | Turbine11477 @ Distance from Control Room | 263.819311201539
8 Turbine11477 | Demand 5482255
9 | Turbine11477 | Capacity 320000
10 | Turbine11477 = Point Count 14
11 | Turbine11558 | Yield 0.001275923
12 | Turbine11558 | Wind Speed 74.3295745849609
13 | Turbine11558 | Wind Farm Lundgren Wind Farm
14 | Turbine11558 | Wind Direction 98.1897506713867
15 | Turbine11558 = Unit Status Inactive

@ Query executed succ| pisrv0O1\WindFarm | Pl SQL Client OLEDB | 00:00:35.062 | 133380 rows

The execution took 35 seconds.
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Now, let's execute the query once again without the Value column:

,_-1] Query1.sql - pisrv0T\WindFarm* X

SELECT Element, Mame--, Value
FROM Master.Element.Attribute

WHERE Element LIKE

'Turbinel®’

] Results _'_j Messages ;:ﬂ Execution Plan

L= = R . L

w

10
11
12
13
14
15

@ Query executed successfully

Element

Name

Turbine 19028
Turbine 19028
Turbine 13028
Turbine 19028
Turbine 19028
Turbine 13028
Turbine 19028
Turbine 19028
Turbine 18028
Turbine19028
Turbine 13028
Turbine 19028
Turbine19028
Turbine 13028
Turbine 19028

Yield

Wind Speed
Wind Farm
Wind Direction
Unit Status
Turbine State
Technology
State 3

State 2

State 1

Shift Hours
Shift

RPM

Region
Operator
pisrv01\WindFarm

P1 5QL Client OLEDB | 00:00:02.139

Build RTQP Engine Queries

133380 rows

The execution took just 2 seconds, because RTQP Engine did not have to retrieve
the snapshot values.

4.4 Supported SQL Syntax

4.4.1 Supported SELECT Statement Keywords

INNER | LEFT OUTER | RIGHT OUTER | FULL OUTER JOIN
CROSS | OUTER APPLY <table-valued function>(...)

TOP

DISTINCT
WHERE
GROUP BY
HAVING
ORDER BY
UNION [ALL]

Compared to Pl OLEDB Enterprise, Pl SQL Client supports sub-queries only in the
FROM clause.

There are many example queries in the Query Compendium, Queries, and Migration
sections. If you happen to finish the lab early, go ahead and test them!
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4.4.2 Supported DDL Statements

CREATE | DROP CATALOG
CREATE | DROP SCHEMA

CREATE | ALTER | DROP VIEW
CREATE | ALTER | DROP FUNCTION
CREATE | DROP FUNCTION TABLE

4.5 Forget OPTION (FORCE ORDER)

The Pl OLEDB Enterprise query engine in many cases fails to determine the best
order of data retrieval. Thus, the driver supports OPTION (FORCE ORDER) clause
which allows the query author to order the tables in the FROM clause explicitly.

Pl OLEDB Enterprise then retrieves the data in this order.

The behavior is described in detail in the PI OLEDB Enterprise
Query Compendium, PerformanceHints.sql.

|2 PerformanceHints.sql - PISRVOT X |2 Query1.sql - pisrv01\WindFarm* = P15QL Query Compendium

4 [dSclution 'PI SQL Query Compendium' (2

-- OPTION (FORCE ORDER)
-- Execution optimization hint instructing the query engine to use join order specified in the FROM clause.
-- Rule of thumb is to order tables in the FROM clause by their expected result cardinalities, from lowest to highest.
-- The query engine internally estimates the cardinalities based on the WHERE condition restrictivity.
-- This option is specifically useful for queries with multiple WHERE conditions
-- or with table-valued functions involved where the query engine can fail to estimate the cardinalities correctly.
-- Query engine attempts to leverage already retrieved table data for optimization of remaining table queries.
-- Table order and join conditions determine which intermediate results can be leveraged this way.
-- Understanding of how this optimization works can greatly help you to fine-tune the table order.
SELECT eh.Name Equipment, ParentMame(eh.Path, 3) Company, ParentMame(eh.Path, 2) Plant,
Replace(ParentName(eh.Path, 1),' Process', '') Process, i.Time, i.ValueDbl Amps
FROM NuGreen.Asset.ElementTemplate et
-- "et" intermediate result contains just the "Pump” element template
INNER JOIN NuGreen.Asset_Element e ON e.ElementTemplateID = et.ID
-- "et" intermediate result is passed to NuGreen.Asset.Element table query execution
-- so "e" intermediate result contains "Pump” elements only
INNER JOIN NuGreen.Asset.ElementHierarchy eh ON eh.ElementID = e.ID
-- "e" intermediate result is passed to NuGreen.Asset.ElementHierarchy table query execution
-- so "eh" intermediate result contains paths for "Pump" elements only
INNER JOIN NuGreen. Asset ElementAttribute ea ON ea.ElementID = eh.ElementID
-- "eh" intermediate result is passed to NuGreen.Asset.ElementAttribute table query execution
-- so "ea" intermediate result contains "Motor Amps” attributes of "Pump” elements only
CROSS APPLY NuGreen.Data.InterpolateRange
(
ea. ID,
N'*-1d" /*StartTime*/,
N"*" /*EndTime*/,
N'1lh* /*TimeStep*/
)i
-- "ea" intermediate result is used for invocation of NuGreen.Data.InterpolateRange TVF
-- so just interpolations of "Motor Amps" attributes of "Pump" elements are retrieved
WHERE et.Name = N'Pump
AND eh.Path LIKE N'\NuGreen\%'
AND ea.Name = N'Motor Amps’
OPTION (FORCE ORDER)

7] Resuits |3 Messages

Equipment  Company  Plant Process  Time Amps
1 P-855 NuGreen Tucson | Distilling | 2020-02-29 08:06:47.000 = 6.75036807196045
2 | P-855 NuGreen Tucson | Distilling | 2020-02-29 09:06:47.000  1.73961961269379
3 | P-855 NuGreen Tucson | Distilling | 2020-02-29 10:06:47.000  10.1353921890258
4 P-85R5 NuGreen Tucson | Distiling | 2020-N2-29 11-06-47 000 28 4159548492437
@ Query executed successfully PISRVO1 | PI OLEDB Enterprise | 00:00:03.354 | 775 rows

4 (@P) OLEDB Enterprise
4 | Queries

[_J Asset Database

b [ Data

[_J Event Frames
[ Units of Measure

7 Performance Hints
(® PerformanceHints.sql
[ Connection Info

[ATransposed Data

|= Element Attribute By Value Searc
2| NuGreen.xml|

2| PiOleDbTest.xml

|= ReadMetxt

[N

4 (@) sQL Client

L Migration
_ANuGreen

L4 Queries

£) DataModel pdf
|= ReadMe.txt

The RTQP Engine does not support OPTION (FORCE ORDER). The new query
engine makes use of a new cost-based optimizer, which minimizes the number of

cases where the data retrieval order is suboptimal.
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Migrate a Custom Application

5. Migrate a Custom Application

5.1 Overview

In this chapter, you will learn how to migrate a custom application based on

P1 OLEDB Enterprise to PI SQL Client. For the purpose of this exercise, there is a
simple console C# application that lists the wind farms according to percentage of
active turbines. The same principles can be used in any more complex application or
an application written in a different programming language.

5.2 Goals

e Understand the differences between Pl OLEDB Enterprise and
P1 SQL Client OLEDB from a programming point of view.
e Learn how to create an OLE DB provider connection string.

¢ Migrate a simple console C# application from Pl OLEDB Enterprise to
PI SQL Client OLEDB.

5.3 Step-by-step Instructions

1. Launch the Microsoft Visual Studio 2019.

2. Open the ActiveTurbines solution from
C:\Users\student@l.PISCHOOL\source\repos\
ActiveTurbines\ActiveTurbines.sln

3. Open Program.cs by double-clicking it in the Solution Explorer
on the right-hand side. Get familiar with the code.

There are several points you need to understand:

a. Query is executed by the driver specified in the connection string
(Provider=PIOLEDBENT.1 means that PI OLEDB Enterprise handles
the execution).

b. SQL query is created in the CreateCommandText method.
{timestamp.ToString("yyyy-MM-dd HH:mm:ss.fffffff")} isa
placeholder that gets replaced by the actual timestamp value
formatted according to the specified format.

c. reader.Read() advances the reading cursor to the next row in the
result.

d. reader.GetXYZ(index) reads the value of the column specified by
the zero-based index in the current row. XYZ must correspond to the
type of the value stored in the column. There must be an exact type

45 |Page



match, e.g., you cannot use GetInt64 for 32-bit integer value even
though 64-bit integer can store any 32-bit integer.

4. Execute the program by pressing Ctrl+F5 and look at the results.

Alternatively, you may specify a breakpoint anywhere in the code by pressing
F9 and start the program in debug mode by pressing F5.

When the program hits the breakpoint, you may continue with the debugging
by pressing:
e F10 — execute the statement at cursor and move to the next
one.
e F11 - step inside the statement.

e F5 —continue with the execution until the next breakpoint is hit
or programs ends.

5. Try to change the program in a way that it creates the same result, but uses
PI SQL Client OLEDB underneath. You need to change the following things:

a. Modify the connection string so that it connects to
P1 SQL Client OLEDB (see the Create connection string section
below).

b. Modify the SQL query — use the information learned in the previous
parts of the lab to re-write the SQL query.

' You can use Pl SQL Commander Lite to tune the
T?p query before using it in the code.

' Curly brackets and quotes must be escaped in the
Ti.p code by doubling them.

c. Make sure, you are reading the value using the correct type.

' You can use GetValue(index), which can read the
H value of any type into an object, you can then inspect
Tip the local value for the actual type.
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Migrate a Custom Application

EQJ ActiveTurbines (Debugging) - Microsoft Visual Studie (Administrator) X | & | Quick Launch (Ctrl+Q) Pl - o x
Fle Edit View Project Build Debug Team Tools Test Apalyze Window  Help Sign in B
i©-0| @ -2 M| - -|[obug <|[Ancr b Continue - | 5 £t == W _
Process: [7112] ActiveTurbines.exe - Lifecycle Events = Thread: | [8332] Main Thread :

(i ] Code cleanup is not configured |Configure it nuw| |Donot;howthis me;sageagam| X

Program.cs & X

[ ActiveTurhines - '%ActiveTurbine;.Program - $, Main(string[] args)
26 {
27 var reader = command.ExecuteReader();
28 // Read and print all rows
29 = while (reader.Read())
38 {
31 var region = reader.GetString(@);
32 var state = reader.GetString(l);
33 var farm = reader.GetString(2); C
34 i i = reader.GetFloat(3);
35
36
Qe 37 Console.Writeline($"{region,-12}| {state,-14}| {farm,-41}| {activeTurbinesPercentage,8:08.00}%"); <
38 1 v

b

Call Stack
Mame
@ ActiveTurbines.exelActiveTurbines.Program.Main(string[] args) Line 37

Locals

Value

Name Type
b @ args {string[1]} string(]

b @ timestamp {3/1/2018 12:00:00 PM} System.Dat...
b @ connection {System.Data.OleDb.OleDbConnection} Systern.Dat...
@ commandText "\MnSELECTWrn  ParentMame(eh.P... (4 = string
b @ command {System.Data,0leDb.OleDbCommand} System.Dat...
b @ reader {System.Data.OleDb.OleDbDataReader} Systern.Dat...
@ region "West" O, = string
@ state "Oregon” O, = string
@ farm "Stateline Wind Project” O, = string
& activeTurbinesPerce.. 344444427 float

@ value 344444437 nbject{ﬂnat}l
onnectionstring Pronider=p bLI:UHI:NI.'\;LJaEa SOUF. L™ mg

Command Win... Immediate Win...

Locals UGS

(&Rl Ercakpoints  Exception Settin... Output

1 Add to Source Control «

' All constant real numbers in Pl SQL Client OLEDB are
of type double by default.
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5.4 Create Connection String

When creating connection strings, it is usually necessary to consult the provider
documentation to understand the connection string keys. However, you can generate
the OLEDB provider connection string using Ul.

1. Create a new text file with an .udl extension.

View
Sort by
Refresh

Paste

Paste shortcut

Redo New Ctrl+Y
Open in Visual Studio

(= > Folder
[=1 Display settings @/ Shortcut
&2l Personalize =] Bitmap image
[29 Contact

% Rich Text Document

|=| Text Document
i Compressed (zipped) Folder

Test.udl|

Rename

| If you change a file name extension, the file might become unusable,

Are you sure you want to change it?

Ve No
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Migrate a Custom Application

2. Open the Data Link Properties window by double-clicking the created file.
Navigate to the Provider tab and select Pl SQL Client provider.

EF| Data Link Properties x

nnec:tion Advanced Al

Select the data you want to connect to:

OLE DB Provideris) 2

Microsoft OLE DB Provider for Analysis Services 14.0

Microsoft OLE DB Provider for ODBC Drivers

Microsoft OLE DB Provider for Search

Microsoft OLE DB Provider for SQL Server

Microsoft OLE DB Simple Provider

MSDataShape

QLE DB Provider for Microsoft Directory Services

OLE DB Provider for SQL Server Integration Services
se

enver Native Cliert 11.0
SQL Server Native Client RDA 11.0

£ >

oK Cancel Help

3. Specify the data source as well as authentication information on the
Connection tab.

EF| Data Link Properties X
Provider Mvanced Al
Data Source
AF Server: | PISRVO1 |
AF Database: WindFarm -

Authentication
Trusted connection

User Name:

Password:

: Test Connection

oK Cancel Help
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4. You may configure additional options on the Advanced or All tabs. When
done, click OK.

Right-click the Test.udl file and select the Open with-Notepad menu item.

You can now see the connection string, which you can use in your
application.

Mj Testudl - Motepad
File Edit Format View Help

[oledb]

- i aftar thig 'Iiw (Ol F O "|n"|1':1'r'"|rw
IPr‘ovider=PISQLClient.l;Data Source=WindFarm;Integrated Security=55PI;Password="";Location=PISRVE1l

5.5 Conclusion

You have learned how to migrate a simple application based on

P1 OLEDB Enterprise. The same principles can be applied to more complex projects.
You have also learned how to create a Pl SQL Client OLEDB connection string
without using the documentation. Similarly, you can create a PlI SQL Client ODBC
connection string using File DSN in ODBC Data Source Administrator.
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Integrate P1 SQL Client with Microsoft SQL Server Reporting Services

6. Integrate Pl SQL Client with Microsoft SQL Server
Reporting Services

6.1 Overview

In this chapter, you will learn how to integrate Pl SQL Client with MS SQL Server Reporting
Services (SSRS) and how to create a drill-down report.

6.1.1 Goals

e Create a query for the report

o Create a query which retrieves summary data for the West US region
in the period between 2018-02-02 and 2018-02-14. The summaries
should be organized by region, state and wind farm names.

The summary data should contain time-weighted averages of wind
speed and power generation for each wind farm in the region. The
averages should only be calculated for very windy time periods.

e Create a query with a parameter for the drill-down report

o Modify the query to accept a parameter used for filtering the wind farm
by name

o Configure SQL Server Reporting Services to utilize the Pl SQL Client query
e Create a report using a wizard

e Publish the report

o View the report
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6.2 Step-by-Step Instructions

1. Open Pl System Explorer to learn the structure of the WindFarm
AF database.

2. Make sure you are connected to W\PISRV01\WindFarm AF database and
explore the structure of AF elements.
587 \\PISR‘u’D1\WindFarm|- P| Systemn Explorer (Administrator) — O X
File Search View Go Tools Help
(£ Database [ QueryDate ~ (O @5 | (3 Back H, Checkin ¥ « [#]Refresh | (F Mew Element -
Elements Elements
& Group by: [] Category [] Template
Bl (3 Middle West Search o -
(5 Morth East
(F South East & [3) Name {Ba| A
(- ) South West | (51 Middle West
E-- & West : —
B~ (@ California |® | @ Tinois
: B (9 Alta Wind Energy Center I-X1 48 | G Indiana
[ e (@ Turbine09266 la N
i (1 Turbine09267 O Iowa
<8 | G Michigan
LRI - @8 | G Minnesota
j== Event Frames (F Morth Dakota
i-] Library {m | G ohio
|z Unit of Measure <8 | @ South Daketa
82 Contacts +E | G Wisconsin
v
3¢ Management = 3
5 Elements
! Notice how the element hierarchy is organized by region, state,
; and wind farm.
Tip
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3. Switch to the library to learn what templates the elements are based on.

3 "\PISRVD1\WindFarm - PI System Explorer (Administrator) - O >
File View Go Tools Help
Database Query Date ~ (© Back [ |H, CheckIn « |#] Refresh | i) Mew Template -
@ L8 ’ v P
Library WindFarm
@ WindFarm a || General Counts
= [} Templates .
= L Element Templates Name: |W|r1dFarm |
& Region Description: |Wir1d Farm Database |
(g, State -
(, Turbine Server: |PISRV01 | )
(& Wind Farm Default Data Server: | <Inherit from PI AF Server > ~
(=] FE Event Frame Templates
A g Wind Speed Extended Properties (0)  Security
[#-- [N Model Templates hd
(7 Elements
j== Event Frames
_| Library
|z Unit of Measure
44 Contacts
% Management
WindFarm Modified:1/28/2020 9:42:36 AM Ownersystem
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4. Select the Wind Farm template to explore the attribute templates. You may
recognize that it contains two attributes, which are useful for your query: the
Average Power Generation attribute which gathers the average power
generation across all turbines in the farm and the Wind Speed attribute.

File View Go
@Database F% Query Date - (© @ D Back

Tools  Help

@ WPISRVOT\WindFarm - Pl System Explorer (Administrator)

H, Checkin <3 « [£] Refresh

[ﬂ Mew Template - ;_ééNewAt'tnbuteTemp\ate

- [m] X

|Searchfl’emeanempﬂafes F+ '|

Library

a WindFarm
=- Templates

Event Frame Templates
Wind Speed
@ Model Templates
- @ Transfer Templates
) Enumeration Sets
i #, Reference Types
[ Tables
: - B Active Units
Table Connections
- D Categories
i (€] Analysis Categories
Attribute Categories
- (@] Element Categories
- (3] Notification Rule Categories
Reference Type Categories
Table Categories

Analysis Templates  Notification Rule Templates

Wind Farrm

General | Attribute Templates | ports

[ Aier 2 -]
i | &R Name B

& Ambient Temperature

| * ‘ Average Power Generation

& Humidity

g Latitude

=g longitude
€ | =3 Point Count Rollup
=g Point Count total
Region
& Total Capacity Factor
<}§ Total Daily Energy
& Total Effidency

& Total Generation Power

|| |

=g Turbine Count

wind Direction

7 Elements

= Event Frames

I & wind Speed

] Library

e Unit of Measure

82 Contacts

% Management

<

>

Name:
Description:
Properties:
Categories:
Default UOM:
Value Type:
Default Value:
Display Digits:

Data Reference:

Group by: [] Category [] Template

Press F2 to show the Text Visuaizer dalog. ‘

5 |

Settings...

Limits Forecasts

Wind Farm Modified:2/6/2020 2:52:27 PM Owner:PISCHOOL\student1
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5. Next, switch to Analysis Templates to explore the analyses. In that screen,
you may recognize some analyses, which trigger Event Frame generation.
Your query should return averages only during very windy periods, which are

captured in the Very High

Wind Speed event frames.

e Active Units

5" Table Connections
Categories

[&] Analysis Categories

Q \WPISRVOT\WindFarm - Pl System Explerer (Administrator) - m} X
File View Go Tools Help
@Database %) Query Date ~ (O @ ) Back H, Checkln ¥} « [#] Refresh | Mew Template - Search Element Templates O
Library Wind Farm
@ \#dFarm General Attribute Templates Ports I Analysis Templates | Notification Rule Templates
= [ Templates . -
El % Element Templates u{g Name: Very High Wind Speed
@ =  Name Description:
H  High Wind Speed Categaries:
H Low Wind Speed () Expression () Rollup
— B Analysis Type: g B
".E' = plates H  Very High Wind Speed () Event Frame Generatio [0
IE‘ E;ﬁiﬁaﬁ: fio Point Count Total Enable analyses when created from template
4 Transfer Templates fta Wind Farm Calculations Create a new notification rule template for Very High Wind Speed
- (@ Enumeration Sets @' Average Generation Power
e '#, Reference Types
- [ Tables @  Point Count Rollup
: at Toaoinmoo .

Example Eement: | West)

Attribute Categaries Generation Mode: | Explicit Trigger v Event Frame Templa > Functions
(8] Blement Categories ] Insert functions into the expres
(] Notification Rule Categories Add... V| o
Reference Type Categories MName Expression True for Severity
Table Categaries B Abs
B Start triggers
Acos
StartTrigger| 'Wind Speed® > 17./| Set (optiona None 3
_ Abs{number x|
& End trigger
Return the absolute value of an
(3 Elements EndTrigger |'Wind Speed’ < 14. ‘ | ‘@ Example: Abs(-2.2) [Returns 2.2]
= Event Frames
i~ Library |Advancad Event Frame Settings... w Attributes
e Unit of Measure
83 Contacts Scheduling: (@) Event-Triggered  (7) Periadic
% Management Trigger on | Any Input 9]

Very High Wind Speed Modified:3/25/2018 4:11:50 PM Owner:

PISCHOOLstudent01

6. Now, since you are familiar with the basic structure of the AF database, open
Pl SQL Commander Lite.

7. Use Pl SQL Client OLEDB to connect to PISRVO1\WindFarm and open a new query
editor by clicking the New Query button.

SELECT e.PrimaryPath Location, e.Name WindFarm
FROM Master.Element.Element e
WHERE e.PrimaryPath LIKE "\West%' AND e.Template = 'Wind Farm'

First, you need to retrieve all wind farms located in the West region.
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Note:

Unlike PI OLEDB Enterprise, you do not need to add a join with the ElementHierarchy
table to get the path of the element and you do not need to add a join with the
ElementTemplate table to create the template restriction.

An equivalent query in Pl OLEDB Enterprise would look as follows:

SELECT eh.Path Location, eh.Name WindFarm

FROM WindFarm.Asset.Element e

INNER JOIN WindFarm.Asset.ElementHierarchy eh ON eh.ElementID = e.ID

INNER JOIN WindFarm.Asset.ElementTemplate et ON et.ID = e.ElementTemplatelD
WHERE et.Name = 'Wind Farm' AND eh.Path LIKE "\West%'

9. Split the Location column into Region and State columns to make the data a bit more
readable. You can use the ParentName function.

SELECT ParentName(e.PrimaryPath, 1) Region, ParentName(e.PrimaryPath, 0) State,
e.Name WindFarm

FROM Master.Element.Element e

WHERE e.PrimaryPath LIKE "\West%' AND e.Template = 'Wind Farm'

10. Next, you are only interested in wind farms with Very High Wind Speed event
occurrences in the period between 2" of February 2018 and 14" of February 2018.

SELECT ParentName(e.PrimaryPath, 1) Region, ParentName(e.PrimaryPath, 0) State,
e.Name WindFarm, ef.Duration, ef EndTime Time

FROM Master.Element.Element e

INNER JOIN Master.EventFrame.EventFrame ef ON e.ID = ef.PrimaryReferencedElementID

WHERE e.PrimaryPath LIKE "\West%'

AND e.Template = 'Wind Farm'

AND ef.Name LIKE 'Very High Wind Speed%'

AND ef.StartTime >'2018-02-02'

AND ef.EndTime < '2018-02-14'

11. Using the template-based GetSummary table-valued function template,
add the time-weighted averages for the Wind Speed and Average Power Generation
attributes.

SELECT ParentName(e.PrimaryPath, 1) Region, ParentName(e.PrimaryPath, 0) State, e.Name
WindFarm, ef.Duration, ef. EndTime Time, ef.Name, s.*
FROM Master.Element.Element e
INNER JOIN Master.EventFrame.EventFrame ef ON e.ID = ef.PrimaryReferencedElementID
CROSS APPLY [Master].[Element].[GetSummary]
<
'Wind Farm',
{
'| Wind Speed’,
'Average’,
‘TimeWeighted',
'Wind Speed_Average',
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‘Wind Speed_Average_ UOM'

'| Average Power Generation',
'Average’,

'TimeWeighted',

'Power Generation_Average',
'Power Generation_Average UOM'

>

(e.ID, ef.StartTime, ef.EndTime) s
WHERE

e.PrimaryPath LIKE "\West%'

AND e.Template = 'Wind Farm'
AND ef.Name LIKE 'Very High Wind Speed%'
AND ef.StartTime > '2018-02-02"
AND ef.EndTime < '2018-02-14'

12. Execute the query and check the results.

[ Results ||’y Messages | 3™ Execution Plan

Region  State WindFarm Duration Time Name \Wind Speed_Average  Wind  Power Generation_#  Pow
1 | West Oregon Klondike \Wind Farm 11:00:00 | 2078-02-02 14:00:00.000 | Very High Wind Speed 2018-02-02 03:00:00.000 | 50.62920813127 mih | 4479665920886173  Mw/
2 | West Qregon Klondike Wind Farm 05:00:00 | 2018-02-03 22:00:00.000 | Veery High Wind Speed 2018-02-03 17:00:00.000 | 45 5723285012909 mih | 468007767163686 | Mw/
3 | West QOregon Klondike Wind Farm 12:00:00 | 2018-02-03 16:00:00.000 | Very High Wind Speed 2018-02-03 04:00:00.000 | 71.2140558858712 mih | 43.8810413224779  Mw/
4 | West QOregon Klondike Wind Farm 09:00:00 | 2018-02-03 03:00:00.000 | Very High Wind Speed 2078-02-02 18:00:00.000 | 40.9308265802595 mih | 2924984797556 | Mw/
5 | West Cregon Klondike \ind Farm 01:00:00 | 2018-02-02 16:00:00.000 | Very High Wind Speed 2018-02-02 15:00:00.000 | 15.3307051085426 mih | BB4991065545468 | M/
6 | West QOregon Klondike Wind Farm 09:00:00 | 2018-02-05 05:00:00.000 | Veery High Wind Speed 2018-02-04 20:00:00.000 | 46.7566084795528 mih | 621325257264302  Mw/
T | West ‘washington | Wild Horse Wind Farm 09:00:00 | 2018-02-02 15:00:00.000 | Very High Wind Speed 2018-02-02 06:00:00.000 | 49.4674869643317 mih | 58.102200892905 M/
8 | West ‘washington | Wild Horse Wind Farm 01:00:00 | 2018-02-02 05:00:00.000 | Very High Wind Speed 2018-02-02 04:00:00.000 | 21.4417653083801 mih | 744658442328069  Mw/
9 | West ‘Washington | Wild Horse Wind Farm 01:00:00 | 2018-02-02 03:00:00.000 | Veery High Wind Speed 2018-02-02 02:00:00.000 | 12.0625504218042 mih | 54 5799882767068 | Mw
10 | West ‘Washington | Wild Horse Wind Farm 2018-02-04 05:00:00.000 | Very High Wind Speed 2018-02-02 20:00:00.000 | 50.3530042966207 mih | 434644577944076 MW
11 | West ‘washington | Wild Horse Wind Farm 03:00:00 | 2018-02-02 19:00:00.000 | Very High Wind Speed 2018-02-02 16:00:00.000 | 49.8954265912374 mih | 51.6263397806136 | Mw/
12 | West ‘wiashington | \ild Horse Wind Farm 2018-02-05 15:00:00.000 | Very High Wind Speed 2018-02-04 10:00:00.000 | 48 2785037632646 mih | 40.3138840546351 | Mw/
13 | West ‘Washington | Wild Horse Wind Farm 03:00:00 | 2018-02-04 09:.00:00.000 | Very High Wind Speed 2018-02-04 06:00:00.000 | 41.5760163466136 mih | 53.3405787331253  Mw/
14 | West ‘washington | Wild Horse Wind Farm 05:00:00 | 2018-02-06 15:00:00.000 | Very High Wind Speed 2078-02-06 10:00:00.000 | 60.4393146514893 mih | 428421934486478 MW
15 | West ‘washington | Wild Horse Wind Farm 02:00:00 | 2018-02-06 09:00:00.000 | Veery High Wind Speed 2018-02-06 07:00:00.000 | 34.3104911555583 mih | 31.8237222413643  Mw/
16 | West ‘Washington | Wild Horse Wind Farm 04:00:00 | 2018-02-06 06:00:00.000 | Very High Wind Speed 2018-02-06 02:00:00.000 | 43 4661405086517 mih | 70.2919700743128 | Mw/
17 | West ‘washington | Wild Horse Wind Farm 02:00:00 | 20718-02-06 01:00:00.000 | Very High Wind Speed 2018-02-05 23:00:00.000 | 34.3600410223007 mih | 74.86958910325598 | Mw/

Tip

In case you only want to display the values, you may convert
TimeSpan columns to String.

Alternatively, RTQP Engine supports functions to extract the
individual time parts (Day, Hour, Second) and an explicit
conversion to Double (floating-point number).

The Duration column is of type TimeSpan, which represents the
time interval. Many tools run into issues if the time span is
greater than or equal to 1.00:00:00 (one day). Some tools that do
not support these values will run into an error (e.g., SQL Server
Linked Server) or will display incorrect data (e.g., Power Bl).
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13. To allow SQL Server Reporting Services to aggregate the Duration column values,
modify the SELECT list to retrieve Duration in seconds as Double type.

SELECT ParentName(e.PrimaryPath, 1) Region, ParentName(e.PrimaryPath, 0) State,
e.Name WindFarm, Double(ef.Duration, second) DurationInSeconds, ef.Duration,
ef.EndTime Time, ef.Name, s.*

FROM Master.Element.Element e...

[7H Results |3 Messages

Region  State
1 | West whyoming
2 | Wwest ‘Wyoming
3 lest Wyoming
4 | West Wyoming
5 | Wwest Wyoming

qﬂ Execution Flan

WindFarm

Whyoming Wind Energy Center
Whioming \Wind Energy Center
‘Whoming Wind Energy Center
Wyorming Wind Energy Center
‘Whroming Wind Energy Center

DurstionlnSeconds
18000

3600

3600

39600

75600

Duration
05:00:00
01:00:00
01:00:00
11:00:00
21:00:00

Time

2018-02-07 11:00-00.000
2018-02-07 05:00-00.000
2018-02-07 03:00-00.000
2018-02-07 01:00-00.000
2018-02-09 18:00-00.000

Name

Wery High i
Wery High Wi
Wery High Wi
Wery High Wi
Wery High Wi

14. Next, add a parameter to filter the results by the wind farm name. To accomplish that,

copy the previous query to a new query tab (CTRL+N) and add the parameter restriction
to the WHERE clause.

SELECT ParentName(e.PrimaryPath, 1) Region, ParentName(e.PrimaryPath, 0) State,
e.Name WindFarm, Double(ef.Duration, second) DurationlnSeconds, ef.Duration,
ef.EndTime Time, ef.Name, s.*

FROM Master.Element.Element e

INNER JOIN Master.EventFrame.EventFrame ef ON e.ID = ef.PrimaryReferencedElementID
CROSS APPLY [Master].[Element].[GetSummary]

<
'Wind Farm’,

{
'| Wind Speed’,
'‘Average’,

‘TimeWeighted',

‘Wind Speed_Average',
‘Wind Speed_Average_ UOM'

'| Average Power Generation',

'Average’,
'TimeWeighted',

'Power Generation_Average',
'Power Generation_Average_UOM'

>

(e.ID, ef.StartTime, ef.EndTime) s

WHERE

e.PrimaryPath LIKE "\West%'

AND e.Template = 'Wind Farm'

AND ef.Name LIKE 'Very High Wind Speed%'
AND ef.StartTime >'2018-02-02'
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AND ef.EndTime < '2018-02-14'
AND e.Name = ?

The RTQP Engine does not support binding parameters using
name (named parameters), for example e.Name = @WindFarm.

' If you want to prioritize development of this feature,
you can add a request to

https://feedback.osisoft.com/forums/555145-pi-developer-
technologies/

15. To test the query, press F5 and provide a sample value for your parameter in

the opened Parameter Values Editor.
=y Query2.sql - pisnvOT\windfarm® X | [ Queryl.sgl - pisrv0T\windfarm*

SELECT ParentName(e.PrimaryPath, 1) Region, ParentMame(e.PrimaryPath, @) State, e.Name WindFarm,
Double(ef.Duration, second) DurationInSeconds, ef.Duration, ef.EndTime Time, ef.Name, s.*

FROM Master.Element.Element e

INMER JOIM Master.EventFrame.EventFrame ef ON e.ID = ef.PrimaryReferencedElementID

CROS5 APPLY [Master].[Element].[GetSummary]

N'Wind Farm',

N'|Wind Speed’,

N'Average’,
N'TimeWeighted', Parameter Values Editor n

N'Wind Speed_Average',

N'Wind Speed_Average UOM® Value

..J

I Param~W Limon
N'|Average Power Generation',
M'Average’,
N'TimeWeighted"',
N'Power Generation_Average',

'Power Generation_Average_UOM'

"l — [ =

>

(e.ID, ef.StartTime, ef.EndTime) s
e.PrimaryPath LIKE '‘\Westk'
AND e.Template = 'Wind Farm’
AND ef.Name LIKE 'Very High Wind speed®’
AND ef.StartTime »>"20185-22-82°
AND ef.EndTime < '2018-82-14°
AND e.Name = ?

16. Start Visual Studio from the Windows taskbar.
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17. Open the sample Reporting Services solution from
C:\Users\student@l.PISCHOOL\source\repos\
PiSqlClientSSRS\PISQLClientSSRS.sln

18. In the Solution Explorer (Ctrl + Alt + L), you may notice that the solution contains just
one item — WindFarmSummary.rdl. The WindFarmSummary.rdl is a sample report,
which you will populate with data. In order to do that, we need to create a Data Source.
Right-click the Shared Data Sources item and select the Add New Data Source option.

Solution Explorer > 0 x
QE-o-sam| K-
Search Selution Explorer (Ctri+;) P~

f3] Solution 'PiSqlClient5SRS' (1 of 1 project)
4 31 PiSqiClientSSRS
Shared Data Sources I

I_E Add Mew Data Source Shared Datasets
Add - Reports
I WindFarmSummary.rdl

19. In the Shared Data Source Properties wizard, enter the connection name
WindFarm. Change the Type to OLE DB and set the Connection string to
Provider=PISQLClient.1;Data Source=PISRV01\WindFarm;Integrated
Security=SSPI. Press the OK button.

Shared Data Source Properties X

Change name, type, and connection options.

Credentials
MNarne:
IWindFarm I
Type:
|oLeDs v |
Connection string:
Provider=PISQLClient.1:Data Source=PISRVO1\WindFarm;Integrated Security=55P]| Build...
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' Alternatively, you could change the Type to ODBC and set the
H Connection string to DRIVER=PI SQL Client;Integrated
Tip Security=SSPI;AF Server=PISRV01;AF Database=WindFarm

20. To create a dataset, move back to the Solution Explorer, right-click the
Shared Datasets item and select the Add New Dataset option.

Solution Explorer * 1 x
@iE-lo-c @ p-
Search Solution Explorer (Ctrl+;) P -

3] Solution 'PiSqlClientSSRS' (1 of 1 project)
4 g1 PiSqlClientSSRS
F Shared Data Sources
WindFarm.rds
Shared Datasets

Add New Dataset Reports
Add ' WindFarm5Sumrmary.rd|

21. Move to the Shared Dataset Properties wizard.

a. Enter the name WindFarmSummary (the report is set up to use a
dataset with the WindFarmSummary dataset name) and select the
previously created WindFarm data source.

b. Make sure the Query type is set to Text.

c. Copy and paste the query created in Pl SQL Commander Lite (without
the parameter restriction) to the Query field.

d. To validate the query, press the Refresh Fields button.
e. Press the OK button to proceed.
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Fields

Options
Filters

Pararneters

Shared Dataset Properties

Choose a data source and create a query.

MName:

IWindFarmSummary

Data source:

| WindFarm New...

Query type:

(O Table () Stored Procedure

Query:

SELECT ParentMName(e.PrimaryPath, 1) Region, ParentMamele. PrimaryPath, 0) State, e Mame  ~
WindFarm, ef.Duration, ef.EndTime Time, ef.Name, s.*

FROM Master.Element.Element e

INMER JOIN Master.EventFrarme.EventFrame ef ON elD = ef PrimaryReferencedElernent!D
CROSS APPLY [Master].[Element].[GetSummary]

<

"Wind Farm’,
{
'|Wind Speed’,
‘Average’,
‘TimeWeighted',
‘Wind Speed_Average,
"Wind Speed_Average_UOM'
2

{ L

Refresh Fields

CQuery Designer... | | Import.

Time out (in seconds):

0 -

-

Help

Cancel

22. Next, open the report by double-clicking the WindFarmSummary.rdl item in
the Solution Explorer.

Solution Explorer * 0 X
WE- o-sa@m| -
Search Solution Explorer (Ctrl+;) P~

fa] Solution 'PiSqlClient5SRS' (1 of 1 project)
4 31 PiSqiClientSSRS

4 Shared Data Sources
g WindFarm.rds
4 Shared Dataszets
WindFarmSummary.rsd
F Reports

WindFarmSummary.rdl
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23. In the report tab, navigate to the Preview tab and make sure that the data
was correctly retrieved.

[ _________________________________________________|
[ —
41 of22 b M |« G0 @ & Eae- | 100% - Find | Next
-
Region State Wind Farm Total Event Wind Speed Unit Power Unit Power Generation Average Wind Speed Average
Duration count Weighted Generation
Average Weighted
Average

West California Alta Wind Energy 9.15:00:00 4 5367  mith 4860 MW Aa o Ay
Center I-XI V’\JN f\/\
Jllli:‘mll Pass Wind 9.16:00-00 40 5594 mith 5011 MW '\4\/\ ;\/-\/’\.v\“v\/\ﬂ.\_./\
Far v
San Gorgenio Pass 9.21:00:00 4 51.08  mith 4585 Mw pu A A an
Wind Farm \(\v‘\fx Ty W
S| Wi m .22:00: X i . - A . )
Shiloh Wind Far 9.22:00:00 3 5447 mith 5308 Mw WY vy
Tehachapi Pass Wind 10.07-00:00 29 5631 mifh 5055 MW s T b«
Farm O/ W

Colorada Cedar Creek Wind Farm  9.23:00:00 38 5396 mih 5207 mw § A4 abdh o, o .

(& ey M
Cedar Point Wind Farm 9.18:00:00 40 5278  mith 4871 Mw “"\/‘L—"\j\l\f\j\"\f\J\J‘

24. In the next few steps, you will create a drill-down report. To start, right-click
the Reports folder and select Add New Report.

Selution Explorer * 0 x
Q- - A -
Search Solution Explorer (Ctrl+;) P~

fa] Solution 'PiSqlClientSSRS' (1 of 1 project)
4 1 PiSqlClientSSRS

F Shared Data Sources
@ WindFarm.rds
F Shared Datasets

WindFarmSummary.rsd

| Add New Report | S| WindFarmSurmmary.rd|

Add 3

> Properties Alt+Enter
|
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25. On the welcome page of the Report Wizard, press the Next button.

Report Wizard

Welcome to the Report Wizard

The Report Wizard helps you create a report. With this wizard, you
can:

- Select a data source from which to retrieve data

- Design a query to execute against the data source
- Choose the type of report you want to create

- Specify the basic layout of the report

- Specify the formatting for the report

Click Next to continue,

[] Den't show this page again

Mext > nish > » Cancel

Help

64| Page



Integrate Pl SQL Client with Microsoft SQL Server Reporting Services

26. Set the Shared data source to the previously created WindFarm data
source and press the Next button.

Report Wizard O >

Select the Data Source
Select a data source from which to obtain data for this report or create a new data
SOUrce.

(® Shared data source

WindFarm w

() Mew data source

DataSourcel

Microsoft SOL Senver

Help < Back Mext = Cancel
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27. Copy and paste the query from PI SQL Commander Lite with the parameter
restriction.

Report Wizard O >

Design the Query
Specify a query to execute to get the data for the report.

Use a query builder to design your query.

Cluery Builder...

Cluery string:

‘TimeWeighted', A
'‘Power Generation_Average',
'Power Generation_Average_UOM'
1
=
(elD, ef. 5tartTime, ef.EndTime) s
WHERE
e.PrirnaryPath LIKE "West®'
AMD e Template = "Wind Farm'
AMD ef.Mame LIKE "Very High Wind Speed%'
AMND ef StartTime = '2018-02-02'
AMND ef EndTime < '2018-02-14'
AMND eMame = 7 W

Help < Back Mext = Finish == Cancel
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28. Change the Report Type to Matrix.

Report Wizard O .

Select the Report Type
Select the type of report that you want to create.

() Tabular

HHKE
HHKER
HRKER
MR
HRKKREE
HRKKEE

Help < Back Mext Finish >>| Cancel
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29. In the Design the Matrix section of the Report Wizard, move the Available

fields to the appropriate Display fields sections.

Report Wizard O >
Design the Matrix
Choose the fields that you want to display in the matrix,
Available fields: Displayed fields:
State HRHA
+* KKK
HHM MM HHM
Columns > | [ WindFarm |||
e [ e
e [ e
Rows > Mame
Details = Duration A
Time
Wind Speed Average ¥
< Remove 4 >
Help < Back Mext = Finish == | Cancel
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30. On the final page, set the Report name to WindFarmSummaryDetails and
press the Finish button.

Report Wizard O >

Completing the Wizard

Provide a narme and click Finish to create the new report. l

Report name:

WindFarmSurmmaryDetails] I

Report summary:

Data source: WindFarm
Connection string:
Report type: Matrix
Style: Modern

Page: Region, State

Column: WindFarmMame g

] Preview report

Help < Back Mext = Finish Cancel

31. Next, right-click the Parameter Properties.

Report Data <8 [ Windharmsummanetsssal Desgn) = < I

New » Edit.. X ¢ &
I Built-in Fields

4 Parameters Pararneterl
Images X Delete

> DataSourcey J  Parameter Properties

3 Datasets

WindFarmSummarvDetails
[Region]

[State]

[WindFarmMName]
Duration Time Wind Speed \Wind Speed |Power Gene Power Gene
[Name] [First(Duration)] : [First(Time)] [Sum{Wind Spe [First(Wind Spei[SumiPower GeilFirstiPower Ge
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32. Change the name of the parameter to WindFarmName and the prompt to

Wind Farm Name. Click OK.

Report Parameter Properties
Change name, data type, and other options.
Bsailable Walues
Default Walues
MName:
Advanced WindFarmMName
Prompt:
Wind Farm Namel
Data type:
Text ~
[] allow blank value ("")
] Allow null value
[ Allow multiple values
Select parameter visibility:
(® Visible
() Hidden
) Internal

33. Right-click the DataSets->DataSet1 object.

Report Data > QX

Mew - Edit.. X ¢ &
[ Built-in Fields
4 Parameters

=] WindFarmMame

Irmages

Data Sources

4 Datasets

|2 DataSet] Add Calculated Field...

Convert to Shared Dataset

Cuery...
Delete

X ‘m

& Dataset Properties
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34. Rename the created data set to WindFarmSummaryDetails and navigate to
the Parameters section.

Dataset Properties *

Choose a data source and create a query.

Fields
Options Mame:
Filters IWindFarmSummaryDetailsl I
P 1
arameters () Use a shared dataset.
(®) Use a dataset embedded in my report.

35. Set the Parameter Value to the [@WindFarmName] and press the OK
button.

Dataset Properties X
Cuery
Choose query parameter values.

Fields
Cptions

Add Delete & 3
Filters

Parameter Name Parameter Value
Pararneters

? |I[@WindFarmName] vI B
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36. Navigate to the Preview tab, enter a wind farm name (e.g., Limon) and press
the View Report button.

WindFarmSummaryDetails.rd| [Design] & X
Ly Design i
Wind Farm Mame ILimon I
- ——
4 4 1 of 1 b M |« 0@ & E A3 M- | 100% i Find | Mext
F Y
WindFarmSummaryDetails
West
Colorado
Limon
Duration Time Wind Speed Wind Speed Power Power
Average Average Generation Generation
uom Average Average
uom
Very High Wind 14:00:00 2/3/2018 651129310982 mi'h 502626822614 MW
Speed 2018-02-02 3:00:00 AM 565 004
13:00:00.000
Very High Wind 21:00:00 2/4/2018 49.9042584896 mi'h 53.8109561601 MW
Speed 2018-02-03 1:00:00 AM 088 394
04:00:00.000

72| Page



Integrate Pl SQL Client with Microsoft SQL Server Reporting Services

37. Navigate to the WindFarmSummary.rdl report to open a sub-report on click.
Right-click the [WindFarm] cell and select the Text Box Properties... item.

WindFarmSummary.rdl [Design] + 3 ¥ Solution Explorer
% Preview 2 O m‘ 5:] '| Y@ R ‘:) a lEj | ﬁ _-'
Search Solution Explorer (Ctrl+:) P -

31 Selution 'PiSqIClientSSRS' (1 of 1 project)
4 g1 PiSqlClient55RS

Shared Data Sources

@ WindFarm.rds

Shared Datasets

1 WindFarmSummary.rsd
Reports
WindFarmSummary.rdII
| WindFarmSummaryDetails.rdl
Region State Wind Farm
m [region] [State] [WindFarm] Text Box
. _— 5{, Cut
Egy Copy
Paste
< Delete
Select 3
K Expression..
4 Text Box Properties...
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38. Navigate to the Action section, select the Go to report option, and change
the Specify a report drop down item to the created
WindFarmSummaryDetails. Next, specify which field should be passed as
the report parameter by selecting the [windFarmName] value. Press the OK
button.

Text Box Properties

General ) )
Change action options.

Mumber

Alignment Enable as an action:

Font ) None

Border

Fill () Go to bookmark

Visibility O Goto URL

Interactive Sorting

Specify a report:

Action ‘WindFarmSummar}fDetails v| A

Use these parameters to run the report:

Add Delete
Mame Value Cmit
WindFarmMameé] w | [WindFarm] N ) 5
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39. Next, publish the Wind Farm report by right clicking the PiSqlClientSSRS
solution and selecting the Deploy context menu item.

Solution Explorer vRX
WE~- o-5 @ -
Search Solution Explorer (Ctrl+;) P -

f3] Solution 'PisglClientSSRS' (1 of 1 project)
4 |51 PiSqiCiientSSRs|

|-:-| Build F Shared Data Sources
Febuild W WindFarm.rds
Deploy F] Shared Datasets
WindFarmSummary.rsd
Clean 4 Reports

WindFarmSummary.rd|

Scope to This
WindFarmSurmmaryDetails.rd|

Mew Sclution Explorer View

40. At the bottom of the Output window, make sure that the solution was built
and published without any issues.

Output
| =

Show output from:  Build - | | 7a

Building the shared data source 'WindFarm.rds'.
Building 'WindFarmSummary.rsd' Shared Data Set.
Building the report, WindFarmSummary.rdl, for SQL Server 2816 Reporting Services.
Building the report, WindFarmSummaryDetails.rdl, for SQL Server 2816 Reporting Services.
Build complete -- @ errors, @ warnings

------ Deploy started: Project: PiSglClientSSRS, Configuration: Debug ------

Deploying to http:/flocalhost/reportserver

Deploying data source '/Data Sources/WindFarm'.

Deploying data set '/Datasets/WindFarmSummary'.

Deploying report '/PisqlClientSSRS/WindFarmSummary ' .

Deploying report '/PiSqlClientSSRS/WindFarmSummaryDetails'.

Deploy complete -- @ errors, @ warnings

========== Build: 1 succeeded or up-to-date, 8 failed, @ skipped ==========

========== Deploy: 1 succeeded, @ failed, 8 skipped ==========

Output
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41. Navigate to the URL displayed in the output window and select
PiSqlClientSSRS.

e @ ht—tp:.-'.-'lg[a|h|:|5t-"|'Er3I3I'tEEI".-'EI'

localhost/ReportServer - /

Thur=day, Januwary 30, 2020 11:5&6 AM <dir> Data Sources

Thurasday, January 30, 2020 11:56 AM <dir>» Datasets
Tuezaday, April 16, 2019 11:46 AM <dir> illdown

Thur=day, January 30, 2020 11:56 &M <dir

Microsoft SQL Server Reporting Services Version 14.0.600 689

42. Select the WindFarmSummary report.

e B http:/Mocalhost/reportserver? 3%2fPiSqIClient5SR5&rs:Command=ListChildren

localhost/ReportServer - /PiSqlClientSSRS

[To Parent Directory]

Thursday, Januwary 30, 2020 12:11 PM 47468 WindFarm
Thur=sday, February €, 2020 10:28 AM 121041 gWindFarmSummary

Thur=aday, February &, 2020 10:28 AM 71177 indFarms>ummaryletails

Microsoft SQL Server FReporting Services Version 14.0.600.689
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43. Navigate to a WindFarm (e.g., Limon) by clicking the wind farm name.

e ° @ http calhost/ReportServer/Pages/ReportViewer.aspx? %2fPiSc O ~ & @WindFarmSummary- Repo.. *
I« < h of22 > Bl 7w v &= Find | Next
Region State Wind Farm Name Total Event Wind Speed  Unit Fower Unit Power Generation Average Wind Speed Average
Duration count Waighted Genarstio ~
Average n
Weightad
Average
West California £.15:00:00 41 53.87 mith 4980 paw
Altamont Pass Wind 9.18:00:00 40 55.04 mith 5011 mMw
Farm
San Gorgenio Pass 9.21-00:00 41 5108  mih 4585  pw
Wind Farm
Shiloh Wand Fam £.22:00:00 38 54.17 mith 5308 mMw
Tehachapi Pass WWind 10.07:00:00 28 56.31 mith 5055 paww
Colorado £.23:00:00 38 53.86 mith 5207 mMw
Cedar Point Wind Farm  9.18:00:00 <0 5278 mih 2071 mw
Golden West Wind 9.23:00:00 31 5527  mih 241 MW
Farm
£.18:00:00 25 54.82 mith 4202 paww
Logan Wind Farm 10.01:00:00 34 54.82 mith 5236 Mw
Mortheastern Colorade 10.04:00:00 31 §3.85  mih 4219 pw
Wind Energy Center
Peetz Teble Wind Farm  10.04:00:00 28 5604  mih SE5T MW
\daho Gashen Wind Farm Il 9.13:00:00 31 5347  mih 5203 paw .
Montans Glacier Wind Farm 2.03:00:00 28 5381  mih 4380 MW A oman . oa s v
’ e ywvre
< >

44. Finally, you should be able to see the details for your selected wind farm.

e & htip://localhost/ReportServer/Pages/ReportViewer.aspxl %2fPisc 2 = & @ WindFarmSummary - Repo... % . /
——
< < h oft > s s = Find | Next
WindFarmSummaryDetails ~
West
Colorado

Duration Time Wind Speed Wind Speed Power Power
Average A g il i
uoi

Average Average
uom

Very High Wind 14:00:00 /32018 65.112931088 mih 50.262682261 MW
Spead 2018-02-02 3:00:00 AM 2568 4004
12:00:00.000
Very High Wind 21:00:00 242018 49.804258488 milh 53.810856160 MW
Speed 2018-02-03 1:00:00 AM 6083 1284
04:00:00.000
Very High Wind 06:00:00 2/4/2018  70.507825242 milh 49.108323334 MW
Speed 2018-02-04 £:00:00 AM 0743 4272
02:00:00.000
Weary High Wind 04:00:00 2/4/2018  47.538028380 mih 46.428745756 MW
Speed 2018-02-04 1:00:00 PM 5403 3683
08:00:00.000
Very High Wind 21:00:00 2/5/2018  56.816225375 mih 50.867638567 MW
Speed 2015-02-04 12:00:00 PM 443 488
15:00:00.000
Wery High Wind 15:00:00 262018 50.033680852 mih 53.210885726 MW
Speed 2018-02-05 4:00:00 AM 2542 7169
12:00:00.000
Very High Wind 01:00:00 282018 47.208400455 mih 7.4020477046 MW
Speed 2018-02-08 6:00:00 AM 9354 2883
05:00:00.000
Very High Wind 03:00:00 282018 23814603302 mih 26840272628 MW
Speed 2018-02-08 10:00:00 AM 2831 1622
07:00:00.000 v
Very High Wind 02:00:00 2/6/2018 31700680710 mih 54.370113021 MW

77| Page



6.3 Conclusion
You created two queries from scratch by leveraging the knowledge gathered in the

previous exercises. Finally, you learned how to create a report using SQL Server
Reporting Services by utilizing Pl SQL Client.
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Have an idea how to
improve our products?

OSlsoft wants to hear
from you!

https://feedback.osisoft.com/

A
4
a
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Save the Date!

OSlsoft Pl World Users Conference in Amsterdam; October 26-29, 2020.
Register your interest now to receive updates and notification early bird registration opening.

https://pages.osisoft.com/UC-EMEA-2020-0Q4-10-26-Pl-World-AMS-Register-Your-
Interest Regqister-Your-Interest.html

OSlsoft.
A B A
Pl SYSTEM LEARNING “Ww ¥ W

CONTINUE YOUR PI SYSTEM LEARNING

After the conference, the PI SYSTEM LEARNING
does not have to stop. All registered attendees for PI
World SFO 2020 will have access to all Pl World
Hands-on Lab cloud environments for 21 days using
the discount cod below. You will receive detailed
instructions via email after the conference.

Discount Code: 2020PIWSF-LAB-100

Offer expires July 3, 2020
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