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How to Use this Workbook

Each Main Heading describes a

/ high-level valuable learning topic.

1. Measuring the Process Against Database Values

Your objectives are skills you can

Objectives expect to learn in this segment.
e  (Create a PI ProcessBook Djspla
e Inserta Trend into a Display

e (Create an ODBC Dataset

1.1 Using ODBC DataSets

From Wikipedia
J 2. ODBC (Open Database Conneciiviiy New Concepts are presented as

tabase management systems (DBAMS). 1 Ievel 2 headlngS

1.2 Group Question

The folloWmg question(s)s a .
chapter or sectior Throughout the class you will be
presented with questions and

challenges to help you learn.

Questions

1 What scenanos can you think of where relagasaldatasonid besolaablon 2 DL DeococcBock
dapay? The majority of your time will be
spent learning new skills via
/ hand-son exercises, either in
small groups or on your own.

1.3 Exercise - Create and Display

The following questions are intended to reinforce key information presented in this
chapter or section. The answers can be found in the next step-by-step instruction
section

[
Piokhi Desriatii Icons help you identify themes,

The control system reports the current} I|ke eer’CiseS, tOOIS, tipS, or
This number can change from Q1o 10d

has its own tarser. hish reject it and  dOCUMENtation references.

User manuals, Learning workbooks, and other materials used in class can be
downloaded from http://techsupport.osisoft.com. Login to an OSlsoft technical
support account is required.

y
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Software Versions Used in this Document

The list below describes the software versions used in this version of the course.

Software Version

PI DataLink 2019 SP1 Patch 1
Microsoft Office 2016

P1 ODBC Driver 2016 R2

PI SQL Client 2018 R2

PI Integrator for Business Analytics Advanced Edition 2020 R2 Patch 1
PI OLEDB Enterprise 2019

Microsoft SQL Server 2016

PI Data Archive

2018 SP3 Patch 2

Pl Asset Framework

2018 SP3 Patch 3

Pl Vision

2021 Patch 1
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1 Welcome

Welcome to the Analyzing Pl System Data Course!

Since you are attending this class, you should have some experience with
OSilsoft Client Tools: Pl ProcessBook, Pl DataLink, Pl System Explorer, and Pl
Vision. Experience might include using displays, reports, Bl tools, web
applications, programming code to analyze your data, or it might include creating
these applications so that others in your organization have access to all the
powerful data that resides in the Data Archive and data external to the Pl System.

The basic tasks within these tools are assumed to be understood. What you will
experience here can be seen as a factory of ideas, a space for Aveva customers
to experience how powerful existing data can be when analyzed with the
advanced options of native and third party tools.

Hope you enjoy!

1.1 Course Environment

The environment for this course is being hosted with Azure. The environment
has 3 VMs with the following software installed:

e PIDC - Domain Controller
e PISRVO1 - The server environment
o Microsoft SQL Server Standard 2016
o Pl Server 2018 SP3 Patch 2 (Includes PI AF Client, Pl AF Server,
Pl Analysis Service, and Pl SQL DAS RTPQ Engine)
o Pl Vision 2021 Patch 1
o Pl Integrator for Business Analytics 2020 R2 Patch 1 Advanced
Edition
e PICLIENTO1 — This is the primary working environment.
o Pl System Explorer 2018 SP3 Patch 2
Microsoft Office Professional Plus 2016 (64-bit)
Microsoft PowerBl Desktop 2.79.5768.721
Google Chrome 80.0.3987.149

O O O

The userid for each student is pischool\student01, the password will be
provided by the instructor.

fg) OSlsoft. Page 5
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1.2 Review Pl System Architecture

Objectives:

¢ Define the components of a Pl System
e Draw a diagram of the architecture of a Pl System

1.2.1 The Pl System Described

The Pl System collects, stores, and manages data from your plant or process.
Products called PI Interfaces and Pl Connectors read data from your data
sources (control systems, instrumentation, etc), timestamp it, and write it to tags
on the PI Data Archive. The data is organized and given context using Pl Asset
Framework. Users get data from the Data Archive and Asset Framework and
work with it using a variety of client tools, such as PI Vision and Pl DataLink.

Pl Server Data
consumer
Data Q
Source 0 —o— (@) P! Visualization Tool {—o—o 45@
Asset Framework
(@ Pl Interface —— @
Data Archive
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1.2.2 Architecture of a Typical Pl System

Sometimes the architecture can be very simple. Some customers have as few as
one or two interfaces feeding data to a single Data Archive. Access to data is
through the single Data Archive. In a large enterprise however, the architecture
becomes more complex.

PI AF Server
Asset Analytics
Event Frames
Notifications

HQ PI Data
Archive
Site Pl Data Mobile Devices

Archive Pl Vision
Pl Web API o1 Vision

SQL Server

&

Network Devices |\
IT Monitor %%

Process
Controls
DCS /PLC
OPC

Relational
Database

450+ Pl Interfaces and
PI Connectors

HTML / (Failover)

Web Service
PI Cloud
Connect

Text/
Flat Files

<d |

ST b pA
Pl Manual Logger
Plto Pl
(-
e
Process Control
Data Sources Network (PCN) DMz Corporate LAN VPN

There are often several Data Archives in an organization, aggregating data from
lower levels. Some corporations have Data Archives dedicated to servicing their

clients with restricted company data.

oy
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1.3 Assets and Tags — The Basic Building Blocks in the Pl System

Objectives:

e Define an AF Asset with its components element and attributes.

e Define four attribute types: Static (None), P1 Point, Formula, and Table
Lookup.

e Define a Data Archive Tag with the attributes Tag Name, Descriptor, and
Point Source.

e Define the different data types that can be stored in Data Archive Tags.

Ny AutoCreate
°

s[4

Tags Assets

Figure 3: Assets and Tags

1.3.1 Whatis an Asset?

The AF Server is a part of the Pl System. It contains asset or “metadata” usually
organized according to the assets containing the attributes being monitored. AF
can be helpful to users of the Data Archive who know the assets, but are not
familiar with attribute nomenclature. With assets, data can be located without
understanding the technical details of each piece of equipment. Organized
assets help find all of the attributes associated with a specific piece of equipment.

1.3.2 Whatis an AF Attribute?

Attributes represent a unique property associated with an asset. The attribute
maybe a constant, a value from an internal AF table, a value from an external
database or a storage point for data in the Data Archive. An AF attribute is
simply a single point of measurement. The point has been the traditional storage
method of data in the Data Archive. The AF Server can automatically generate
points as assets are created.

1.3.3 Some Basic Properties and Why They Are Important to You

AF attributes and Data Archive points have a set of properties that define them.
Some common properties used in client tools are for display or informational
purposes.
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Attribute name

The attribute name is similar in concept to the point description. A detailed name
for the attribute may help the user identify the source of the information.

General | Attribute Templates | Ports | Analysis Templates|

| Fiter

‘ﬁ’ i|% Name <| Description

= Category: <None>
=a CarbonEmissions grams of CO2 ge...

=5 Rate Average generati...

Figure 6: Attribute Name

Tag name

Unique name is used to create points for storage in the Data Archive. Points for
data attributes storage can be built through AF templates using substitution
parameters for local naming convention or can be searched for on the Data
Archive. Creating points through templates, lends consistency in nomenclature
making searches easier for Pl Administrators. For example, which might be
easier to locate in a search?

Point: M03_E1P1 MOTDRV1202_RUNSTAT
Attribute: Machine3 Enclosure 1 Panel 1 Motor Drive 1202 Run Status

Substitution parameters are variables placed in attribute templates for PI point and PI point
array data references representing portions of the AF hierarchy.

For example, %Element% is a substitution parameter that represents the element name.
After you create an element based on that template, you tell AF to create the data reference.
When AF creates the reference, it substitutes the current element name wherever
%Element% is present.

é) OSlsoft. Page 9
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Descriptor

This is the human-friendly description of the Data Archive Point, similar to the
attribute. The descriptor is often a search criterion since the point name is not
always intuitive. Often the point name is some sort of abbreviated convention
and the descriptor captures the “full name.”

Point source

Points can be related to their interfaces that collect the data by a point attribute
called pointsource. Grouping by point source allows all of points associated
with a particular device to be identified by searching for all points of a certain
point source. This assumes that the user knows the point sources in use and
that will not be true in most situations.

Point type

The PI point attribute that specifies the data type for the values that a point
stores. The possible point types include intl6, int32, float16, float32, float64,
digital, string, BLOB, and timestamp.

PI Point Data Reference &J
PI Server: %aServerts A B
@ Tag name:  %Element%.%Attribute%
Tag Creation
pointtype=Floate4
() Attribute: r ; ” ~————
Tag Creation Settings ﬁ
Unit of Measure
.
TrmeR one Point Class:  [base <[ mpot. |
Value retrieval methods Point Type: ’F\oat64 - ]
By Time: Automatic
Point Attribute Value o
Relative Time: descriptor
By Time Ral End Time exdesc
ime Range:
Y g typicalvalue 50
Calculation basis: Time Weighted engunits L
Min percent good: 80 €10 0
span 100
pointsource Lab
Read only scan 1
o ][ | oom o
EXCmax 600
excdev 1
shutdown 1
archiving 1
compressing 1
step 0
compmin 0
COMMMAax 28800 -
oK l l Cancel

10
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2 Business Intelligence

Business intelligence (Bl) tools offer solutions to quickly analyze raw, un-
normalized, multidimensional data. Values from the Pl Data Archive, external
metadata, and calculations from Asset Framework can be transformed by
business intelligence tools into actionable analysis and interactive reports in order
to gain insight into business and operational processes.

Later on in the course, we will explore the process of preparing the Asset
Framework model to add additional dimensions of information to our AF
database. The next step is extracting desired information (process data,
metadata, and event frame data) from the Pl System through PI Data Access
tools. This data will be incorporated into a Bl cube and used to develop
interactive reports that allow us to “slice and dice” our data and bring meaning to
our multidimensional data cube.

The Distribution Network and Fleet
Generation databases have a n n
comprehensive amount of information — , [
including a hierarchy of substations and
metadata for each asset. The figure to the [caom2] H o - »

right depicts a data cube that captures ! Zram —
metadata and real-time data of generating -’
units. ] O] - »
[ | | | |
-‘ | | i i Ve
A A Opersr Tenony Yidd  GrossGen. Necen.
| | |
A 21T A

Inclusion of additional attributes
through table lookups and
analytics on existing attributes
allow for the expansion of
additional columns (or
dimensions) to the data cube

SN N W

B
WS

-’ - 5 H H . above.
I I [ a
| Further, historical data,
o] P B B /" & interpolated or compressed, add

Operator Technology Yield  Gross Gen. NetGen. g an additional dimension of

information that bring more
meaning in Business Intelligence reports.

@ OSlsoft. Page 11
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In the next several chapters in the course, we will be using a pair of AF
databases to expose meaningful data that will help management and engineers
make better, more informed decisions. Specifically, we will add value through the
following:

Expose the database in a simpler structure for data processing.
Develop analytics within PI AF and PI Integrator for Business Analytics
Develop advanced analytics using Python and create forecast data

0N

Import the data into Microsoft Power Bl and prepare it for predictive
analytics

5. Draw actionable conclusions from the resulting data sets in our reports

2.1 Intro to Power Bl

Power Bl is a business analytics service and client provided by Microsoft. It provides
interactive visualizations with self-service business intelligence capabilities where end users
can create reports and dashboards by themselves without having to depend on information
technology staff or database administrators.

Some of the benefits of Power Bl:

e Less work than Excel for more complex analysis and visuals

e Can solve problems that are simply too large for Excel and PI DataLink

e Cheap — Free download or $9.99 / month per user for Power Bl Pro

e Live reporting and centralized web-based dashboards in Office 365 and Power Bl
Server

e Slick visuals including 3™ Party Visuals in Microsoft AppSource

12
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3 Analyzing Pl System Data with Power Bl Reports
and Pl Integrator for BA (Asset View)

This course will be broken down into three main sets of exercises. In Part 1, we’ll
use PI Integrator for BA asset view to publish data from PI and spend a lot of time
configuring Power BI. In Part 2, we’ll get to know event frame and streaming view
in PI Integrator for BA, test some python code to predict the values. In Part 3,
we’ll make modifications to a Pl AF hierarchy and then use prebuilt SQL tables to
create a report in Power Bl.

In Part 1, we will be working with a data set for a fleet generation company, which
includes different KPI characteristics for 30 units like gas and steam turbines and
other. The source data will be published in a data-science ready format using PI
Integrator for BA. Once this is done, we'll configure an array of Power Bl visuals
and integrate the results with Pl Asset Framework and Pl Vision.

Fleet generation database is not complete. We are going to add more analytics in
it later in Part 3. For the current exercise this information is enough to get a good
understanding of the data.

3.1 Directed Activity — Pl AF Hierarchy and Data Set

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

e Better understand the data set used in the following chapters

We will take a few minutes to understand where the data set came from and relate the
sample Power BI report back to the Pl System. We are working with a data set for a fictitious
fleet generation company. They have built a Pl AF Hierarchy for their units serving a number
of geographical areas. In this course, we will focus on analyzing these units, which generate
energy using different technologies.

é) OSlsoft. Page 13
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Open PI System Explorer and head to the Fleet Generation AF database. Drill down to a
level with unit (names starting with GAO_, BCU_, etc.) and inspect the available attributes.
We will be using a sub-set of these attributes for all of our analysis, in addition to leveraging
the AF hierarchy.

Browse the hierarchy, which is organized into Region, Station, and Unit.
% Elements

= [ CENTRAL
= (7 Albertsvile
f by 9 Geonl
P e [ GROD2
= (J Eeryl Ridge
& BCuUDl
L e [ BOUODZ
= (§ Carbondale
b [ TCEOL
b () TCBOZ
i [ TCED3
- [ TCE4
- ( TCEOS
tee (1 TCBOB
- [ MORTH
+- (G SOUTHEAST

Most of the child elements are based on the generic Unit template.

Library LUMNIT
@ Fleet Generation Starter General | Attribute Templates |P0rts I Analysis Templates I Motification Rule Templates |

=1 [ Templates

[ Element Templates
£f '5as Turbine |i i€ R Name 2| Description Default value
(& Steam Turbine
£ REGION = Category: <honex
[ £ STATION i =g Carbon Emissions i 0 gfkih
- Event Frame Templates i i
- [5G Model Templates =g Generation Rate 0 §ikwh
] Transfer Templates
& = Category: Demand

+]-- @ Enumeration Sets
+ '#, Reference Types <& Demand oM
- B Tables
= Table Connections (=] Cakegory: Hourly Generation
<[] Categories
b (@] Analysis Categories
Attribute Categaries & Met Generation 0 M
- [&] Element Categories
(] Motification Rule Categories g Categary: Identity

Reference Type Categories

G Gross Generation 0 My

=g Hourly Capacit 0
-- Table Categories = v -aparty

=g Operator

& Shift 0

=g Shift Hours Mumber of Hours int... |[0h

=g Technology o

= Category: Status

& Uniit Status

Those in the CENTRAL region are based on the Gas Turbine template, which is
derived from the UNIT template and has additional attributes.

14
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Library Gas Turbing

@ Fleet Generation Starker

+- @ Enumeration Sets
+-- ‘%, Reference Types

= Templates

General | Attribute Templates |P0rts I Analysis Templates | MNotification Rule Templates

[y Element Templates | P
: ar

e (G UNIT

IE Gas Turbing |

|i i@ £ Name

) Description Default value

- [ Steam Turbine

S| Cateqgory: <MNonez

i & Exhaust Gas Temperature - #1 Probe

iExhaust Gas Temper... |02C

- Event Frame Templates
- Model Templates
- i Transfer Templates

-
-
-

Tables

EJ Table Connections

D Cakegories

(] Analysis Categories
Attribute Categories

CE Exhaust Gas Temperakure - #2 Probe
& 5as Fugl Flow
& 5as Fugl Pressure

CE Gas Turbine Speed

Exhaust Gas Temper.., |0°C
Gas Fuel Flow 015 gal/min
Gas Fuel Pressure 0 bar

Gas Turbine Speed 0 rpm

Gas Turbines have all the attributes from the Gas Turbine template, but also
inherit those from the UNIT Template:

El

erments GAOM

5 Elements

| General | Child Elements | Attributes |Pnrts | Analyses | Mokification Rules | Wersion |

- [ CEMTRAL

w]

|ﬂ‘2‘ﬂf
- O AL |#! B % £ Name & yalue
+- (1 Beryl Ridge
; + £ Carbondale =] Caktegory: <MNone =
: g I:SE‘::EF\ST m =] Carbon Emissions 405 gfkh
(23, Element Searches o} &F Exhaust Gas Temperature - #1 Probe 8.1360 °C
m ¥ Exhaust Gas Temperature - #2 Probe 3.7854 = C
____..r' = ¥ Gas Fuel Flow 41,255 LIS gal/min
= ¥ Gas Fuel Pressure 35,126 bar
= ¥ Gas Turbine Speed 36,031 rpm
= =] Generation Rate 0,078 $/kwh
= Category: Demand
B «F Demand 76,162 My
El Category: Hourly Generation
—_____—-" = <f Gross Generation 351,26 MW
m ¢F Met Generation 3466 M
El Category: Identity
= =] Hourly Capacity 550
= =] Operator B3
= <F shift 3
= =] shift Hours gh
= =] Technology Matural Gas
Bl Cateqgory: Status
H &F Unit: Status Active

Page 15
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Data from this PI AF hierarchy will be published for use in a Power Bl report in a
later exercise.

16
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4 Pl Integrator for Business Analytics

Getting the data out of the AF structure and into the client tools requires the use of
integration software such as the PI Integrator for Business Analytics or Pl System Access
software such as Pl SQL Client. Another option is custom application, which is using AFSDK
calls for example to get AF data to a 3" party client. This chapter will discuss the former
method of extracting the data.

The PI Integrators join your Business Intelligence (Bl) infrastructure with OSlIsoft’s PI
System, allowing you to combine high-value Operation Technology (OT) data from the PI
System with Information Technology (IT) data for reporting, analytics, and application
integrations. The integration of data from OT systems, such as automation and control
systems and internet-enabled devices, with data from IT systems, such as transactional and
business process systems, increases situational awareness, adds transparency into
industrial operations and business processes, and makes it possible to anticipate problems
and identify opportunities for process improvements.

4.1 Architecture Used in Class

In this course, all server roles including PI Data Archive, Pl AF Server, SQL
Server, and PI Integrator for BA are all installed on PISRVOL1. In a production
grade architecture, each role would typically have its own dedicated server.

There are many configuration options, which we will touch on later in the course,
but in this course we will only configure PI Integrator for BA to publish data to a
SQL Server and then use the native SQL Server provider to import the data into
Microsoft Power BI.

p===PISRVOL~ = = = = = = = = m e e o ~ ,~PICLIENTOL - - -~~~ <

SQL Server SQL Server
Provider

<

Client Machin
e Microsoft Power Bl
e Pl Software

Publish Target

. Pl Integrator for BA SQL Server:
Pl Data Archive 9 Q .
e WebUI ¢ Relational tables
e PIAF Databases (static data) e Worker Node
e Pl Points (time series data / tags)

e e e e e e ———— o — o — — o —— — — o — — —— — — — o — o — o —— 7

\
| X
I I
I

: [
I

| hy
I . X
: Pl AF Server & i
| Iy
| X
| :I
\ "

4.2 Pl Integrator Web Ul

The PI Integrator for Business Analytics site can be accessed via
https://pisrv01.pischool.int:444 or from the desktop. If prompted for credentials,
enter your student account, as this has been given access rights.

Views can be created within the Pl Integrator portal that is hosted on PISRV01.A
list of previously generated views is present within the portal on the My Views
page, allowing for previewing and maintenance. These existing views can also
be cloned and modified, allowing different views to be created and utilized within
BI client tools.

K OSlsoft. Page 17
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The following is a breakdown of the My Views page layout, and the different
operations available.

Note: The information regarding the My Views page layout is available within the PI
Integrator for Business Analytics User Guide.

= My Views 2. PISCHOOL\student01 4
i View ‘ @ Modify View ® Remove View
Run Status T\,-‘pe Run Mode Start Time End Time Last Run Time E
Distribution Network Sample @ Published Asset once 01-Jun-17 31-Aug-17 23:00:00 Apr 30, 2019 9:43:30 PM
—mE
Overview ~ Log@®  Security  View Configuration  Statistics
Run Status o Published Asset Shape
View Name # Distribution Netwark Sample “ Qreadgquarters
4 () substation
PI AF Database Distribution Network
4 @ single Transformer
Publish Target Pl View 4§ creui
View Type Asset 4 @ phase
Run Mode Once 4 (@ single Phase Transfermer
Last Run Time Apr 30, 2019 9:43:30 PM SLoading

Your Start Time is 01-Jun-17 S Maximum Kva

The My Views page shows details about your views.

All the views to which you have access are listed in the table

Click to create an Asset View that is based on Elements and Element Templates

Click to create an Event View that is based on Event Frames and Event Frame

Templates

4. Click to create a Streaming View for publish targets that support streaming such as
Apache Kafka, Azure Event Hub, and Azure 10T Hub.

5. To modify a view, select the view in the table and click Modify View.

6. To delete it, click Remove View. Deleting a view removes data from the buffer,
therefore freeing up space. However, this does not free up the available output streams
allowed with your license.

7. For the selected view, the Overview, Log and Security tabs provide additional details
about the view.

8. The red message counter icon at top right show that there are warning and error
messages recorded by Pl Integrator for Business Analytics. Click the icon to open the
message list.

9. Click the gear icon at top right to see the version of Pl Integrator for Business Analytics

and AF you are using.

wn e
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4.3 Directed Activity — Create the Fleet Generation View

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:
e Use the PI Integrator for Business Analytics to create an Asset View,
which will be used in later exercises.
Approach:

Open Google Chrome and Navigate to the Pl Integrator for BA Web Ul at
https://pisrv01.pischool.int:444

Click Create Asset View and name it Fleet Generation, click Create View:

@ Advanced Edition x +

< C A Notsecure | hitps//pisrv01.pischoolint:444

Create New Asset View x

Asset View Name

[ Fleet Generation|

Cancel

Click Create a New Shape

Create a Maw Shapa

Select Fleet Generation as the AF Database, then drill down to GAOO01;

@ Source Assets M
Server PISRVO1 ”
Database Fleet Generation =V

[7) Assets

» [ All Turbines

» [ Beryl Ridge

‘o
JQ OSlsoft. Page 19
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Drag and drop Central to the Shape Builder

— Fleet Generation

Select Data > Modify View > Publish

) Source Assets v [ Search Shape

Server PISRVO1T v T Asset Shape

Dl Fleet Generation o v @ CENTRAL e
&

) Assets Auto drop and place

CENTRAL
» ([ All Turbines / ®

H 4 () CENTRAL | —— |

4 (D Albertsville

) Gaoo

Edit the Filter on Central:

Select Data » Modify View > Publish

&) Source Assets v () Search Shape
7= Asset Shape

S PISRVO1 v -——h—h_\ﬁ_ﬁ__‘h
CENTRAL &
Database Fleet Generation o v ©

) Assets

» () All Turbines

| 4 [ CENTRAL ‘

Clear the Asset Name Checkbox, Change it to filter on the Region template, click Save:

Edit Filters x

‘_____,"‘"‘__. Uncheck

] Asset Name

CENTRAL

A Asset Template [ Search Derived Templates

REGION e

[ Asset Category

0SIBatch

(%) Add Filter

Drag and drop Albertsville to the Shape configuration, and change it to filter on
the Station Template:

20



Analyzing Pl System Data

Edit Filters

(] Asset Name

Albertsville

I Asset Template [ Search Derived Templates

STATION

[C] Asset Category

0SIBatch

(¥) Add Filter

Drag and drop GAOO1 and select Unit as the Template, this time check the box

to search derived templates.

Edit Filters

(] Asset Name

..

GAOO

I Asset Template Search Derived Templates

UNIT

[ Asset Category

0SIBatch

(¥) Add Filter

The shape configuration should look like this:

oot

@ OSlsoft.
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(@) Search Shape

T, Asset Shape
4 [ CENTRAL S %
4 Q) STATION £ x
) UNIT £ x

Click GAOO1 then hold control and multi-select Demand, Gross Generation,
Hourly Capacity, Net Generation, Technology and Unit Status. Drag and drop
these selections to the Shape configuration.

— Fleet Generation

Select Data > Modify View > Publish

8 Source Assets

v @ Search Shape

T Asset Shape

v

4 [QREGION

v

Server PISRVO1
Database Fleet Generation
) Assets

» e All Turbines

4 () CENTRAL

4 [ STATION
4 @uNT
- Demand

& Gross Generation

4 @ Albertsville Hourly Capacity

| ) GACO1 4 Net Generation
[ GAOD2 [=] Technology
» () Beryl Ridge 4 Unit Status

S x
£x
&£ x
&%
S x
£ x
&£ x
&%
S x

» () Carbondale
» () NORTH
» (D) SOUTHEAST

Attributes

Filter

O Select All

& Generating Efficiency

Generation Rate

& Gross Generation
Hourly Capacity
Location

Name

& Net Generation
Operator

& shift

Shift Hours

| [=] Technology

& Total Hourly Gross Generation

There should be 30 matches in the preview, click Next in the top right corner.

e(ele|e @|e (@

| 4 Unit Status
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* =+ L PISCHOOL\student1 £

MNext

+ Maiches
Found 30 Matches

» (D) CENTRAL

We now see a preview of the data using the default Time Range and interpolation
mode.

4 L PISCHOOL\student01 &

Select Data > Modify View > Publish

+ Add Column Y Edit Row Filters = Edit Value Mode Start Time End Time
oy | e = 9 |
Headquarters TimeStamp ‘Substation Single Transformer Circuit § Phase ‘Secondary Transformer Loading Maximum KVA Rated KVA § Transformer Type Voltage Average Voltage Maximum VOltang
Alajuela 5/13/2019 6:49: Avenida Centri Transformer 1 Colegio Cl X Phase | PT_XYZ0381 12.552 317 25 {POLE 247196 247.275 24715 -
Alajuela |5/13/2019 6:50! Avenida Centr: Transformer 1 | Colegio Ci X Phase | PT_XYZ20381 12552 (317 l25 |POLE 1247.196 1247275 247.15
Alajuela 5/13/2019 6:51! Avenida Centri Transformer 1 Colegio Ci X Phase PT_XYZ0381 12.552 31.7 25 : POLE 247196 247.275 24715

We want to publish Hourly data for the time period 01-Jun-19 00:00:00 to 31-Aug-
19 23:00:00. Modify the Start Time and End Time and click Apply:

Start Time End Time
6/1/19 12:00 AM ‘ ‘ 8/31/19 11:00 PM ‘ Apply
-ation ] Hourly Capacity ] Net Generation _ Technology _ Unit Status E
£550.000 1206.114 Natural Gas f
l RAEN NNiN l NE NG I Mlatural Cac o

Click Edit Value Mode and change the time step to 1 hour, then Save Changes:

Edit Value Mode ®

* Sampled Values

® Sample values every |1+ | hours+

* Interpolate (i)
Exact

Uze Key Column | Voltage Average Y

( OSlsoft. Page 23
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The TimeStamp column should now reflect changes to the Start, End, and Value

Mode:
=+ Add Column T Edit Row Filters £= Edit Value Mode
10 columns 0 Row Filtera Imterpalated Values
Every 1 hour
!
: s
REGION TimeStamp '1 STATION UNIT Demand
CENTRAL 5/31/2019 5:00:00 P Carbondale TCBO3 31.917
CENTRAL 5/31/2019 6:00:00 PM Carbondale TCBO03 31.843
CENTRAL 5/31/2019 7:00:00 P Carbondale TCBO3 31.768
CENTRAL 5/31/2019 &:00:00 PM Carbondale TCBO03 31.694
CENTRAL 5/31/2019 9:00:00 P Carbondale TCBO3 31.620
CEMTRAL 5/31/2019 10:00:00 PM  { Carbondale TCBO3 31.545
CEMTRAL 5/31/2019 11:00:00 PM Carbondale TCBO3 31.471
CEMTRAL 6/1/2019 12:00:00 AM Carbondale TCBO3 31.396
CEMTRAL 6/1/2019 1:00:00 AM Carbondale TCBO3 31.322
MTORTAL A MNA0 3-0n-nn Akl MarkhandAdals TN T4 AD

Now we’ll add some additional time columns that will come in handy later when
building the reports. Click Add Colum. Select the Time Column tab. Select
Month, Month Name, Week of the Year, and Hour, then click the arrow to bump

them over to the right:

Add Column

Data Column Time Column Static Value
Select Time Column Options for | Local ¥

Year(2020

TimeStamp(Loca

Month(4)

Month Mare(April)

Week of the Year(14)

Day

Day of the Week(Wednesday €
I Hour(15) I

Minute(19

Click Display 5 Time Columns:

Add Column

Data Column Time Column Static Value

Select Time Column Opticns for | Local ¥

Year (2018)

Day (24)

Day of the Week (Friday)

Minute (28}

Second (41)

Milliseconds (820) €
UTC Seconds (1535146721.82)
UTC Milliseconds (1535146721820)
Ticks (636707435216200000)

Time Zone Offset (0)

TimeStamp (Local)
Meonth (Local)

Month Name (Local)
Week of the Year (Local)
Hour (Local)

e columns

Now that the time ranges and columns have been specified, click Next.
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4+ Add Column

14 columns

0 Row Filera

T Edit Row Filters

I= Edit Value Mode

Imterpolated Values

Every 1 hour
REGION _ TimeStamp Month Month Name Week of the Year
CENTRAL $5/31/2019 5:00:00 5 May 22 7
CENTRAL 531/2019 6:00200; 5 May 22 18
CENTRAL 5/31/2019 T:DUZOD? 5 IMay 22 19
CENTRAL 531/2019 82001005 5 May 22 20

Now we can choose what target to publish to. This depends on the platform used
to support front-end application, but for our purposes we’ll publish to a SQL
Server. Select SQL Server for the Target Configuration, Leave Run Once

checked, and click Publish:

Select Data > Modify View > Publish

Target Configuration

| SQOL Server

~

Run Mode

@ Run Once

(> Run on a Schedule

Publish Time

‘ -

Overwrite Options

The selected target enly supports overwriting old data

It will take a few minutes to publish the data.

Fleet Generation

Summary
Shape and Matches
+ There are 30 Matching Instances

Timeframe and Interval

STATION

 Albertsville
Albertsville
Albertsville
Albertsville

= Your Start Time is 2019-06-01T00:00:00.000Z

» Your End Time is 8/31/19 23:00 pM

« Your Time Interval gets an interpolated measurement Every 1

hour

—

: OSlsoft.
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5 Building the Fleet Generation Reports

We will now spend some time configuring a Microsoft Power Bl report. The first
step is importing the data.

5.1 Preparing and Importing the Tables

Now that the Fleet Generation table has been published, we will import the SQL table into
Power BI.

5.1.1 Directed Activity — Import Data from Microsoft SQL Server.

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Import the Fleet Generation table.

Approach:

Open Microsoft Power Bl and start a new report.

Select SQL Server in the Data Group.

File Home Insert Modeling View Help
i (@
@ [a B[ B
Get  Excel PowerBl] SQL JEnter Recent
data v datasets] Server | data sources v
Clipboard Data
[l
=52

Enter PISRVO01 as the server name and click OK.

26



Analyzing Pl System Data

X
SQL Server database
Server (i
| pPisRVO1 |
Database (optional)
Data Connectivity mode (i
® Import
DirectQuery
I» Advanced options
OK Cancel
If Prompted, Leave “use my current credentials” selected and click Connect:
SOL Server database X

Windows pisrvO1

Use your Windows credentials to access this database.

Database

Micrasoft account Use alternate credentials

Back Connect Cancel

There may be a warning that the connection is not encrypted, this can be safely ignored,
click OK:

Encryption Support

We were unable to connect to the data source using an encrypted
connection. To access this data source using an unencrypted
connection, click OK.

Expand the Plint database and Select the Fleet Generation table, click Load

@ OSlsoft. Page 27
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O
Navigator
£ | Fleet Generation O
Display Options ~ [% Preview downloaded on Wednesday, February 16, 2022
u PISRVO1 [9] Id REGION TimeStamp Month Month Name Week of tl
b § FlectGeneration 1 CENTRAL 6/1/2019 12:00:00 AM & June ~
2| CENTRAL 6/1/2019 1:00:00 AM & June
bW PIFD 3| CENTRAL 6/1/2019 2:00:00 AM & June
4 [ Plint[2] 4| CENTRAL 6/1/2019 3:00:00 AM § lune
¥ [ Fleet Generation 5| CENTRAL 6,/1,/2019 4:00:00 AM & June
OB Transformer Loading & CENTRAL 6/1/2019 5:00:00 AM & June
b 5 PlintegratorDe 7 CENTRAL 6/1/2018 6:00:00 AM & June
8| CENTRAL 6/1/2019 7:00:00 AM 5 June
b W Plintegratorlogs 9| CENTRAL 6/1/2019 8:00:00 AM & June
b [ PlintegratorStats 10/ CENTRAL 6/1/2019 9:00:00 AM & June
b & PlVision 11 CENTRAL 6/1/2019 10:00:00 AM & June
b ReportServer 12 CENTRAL 6/1/2019 11:00:00 AM & June
b B ReportServerTempDB 13 CENTRAL 6/1/2019 12:00:00 PM & June
14 CENTRAL 6/1/2019 1:00:00 PM 5 June
15 CENTRAL 6/1/2019 2:00:00 PM & June
16 CENTRAL 6/1/2019 3:00:00 PM & June
17 CENTRAL 6/1/2019 4:00:00 PM & June
18 CENTRAL 6/1/2019 5:00:00 PM & June
19 CENTRAL 6/1/2019 6:00:00 PM 5 June
20 CENTRAL 6/1/2019 7:00:00 PM & June
21 CENTRAL 6/1/2019 8:00:00 PM & June
22 CENTRAL 6/1/2019 9:00:00 PM & June 7
< >

Load |TranstrTnData | | Cancel |

Note that 66 240 rows have been imported. It can load much more data, while Microsoft
Excel has a limitation of 1 million rows.
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5.2 Building the Report Visuals

Now that the Fleet Generation table has been imported, the rest of the chapter will be a
walkthrough of configuring various report visuals.

In case there were mistakes or problems with the previous steps, a starter .pbix
file has been created with the raw data set already imported with columns that
will match the exercises exactly.

Open C:\Class\Part 1 - PI Integrator for BA\Starter File - Part 1 Fleet
Generation.pbix and use this as a starting point for the remaining exercises.

5.2.1 Directed Activity — Fleet Generation Analysis

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objectives:

e Configure a Hierarchy

e Configure a Hierarchy Slicer

e Configure a Measure to calculate service hours

e Configure a Group to create bins for different load ranges which can then be used
for highlighting and filtering

e Configure a Stacked Bar Chart to display the service hours spent in each Load
Range by unit

e Configure a Table to show the top 20 units by average Loading

e Configure a Slicer to filter by Month

In this exercise, we will analyze characteristics of different assets, which generate energy.
The goal is to assess the number of service hours spent in various high load conditions to
better understand which assets need more attention and inspect the reasons of high energy
generation.
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Approach:

Configuring the Hierarchy

We will now create a hierarchy. In the Fields List, click the ellipses next to Region and
select New hierarchy:

Fields >
O search

-~ BB Fleet Generation

O = Demand
0% Gross Gene..
0= Hour

X Houry Cap...
Oz id

O % Month

O Manth Name
O MetGenera..
O = PlintShapelD
X PlintTSTicks

O Rregion [ ]

Check

MNew hierarchy |

Mew measure

Within the fields list, drag and drop the Station field on top of the new Region hierarchy:

Fields >
L search

~ HBH Fleet Generation

[J= Demand
X Gross Gene...
(0= Hour

O X Hourly Cap...
Oz 1d

O X Month

O Month Mame
(0= MetGenera..
O Z PlintshapelD
O E PlintTSTicks
O , REGION

~ 5 STATION
[J  REGION

0 STATION

O Technology
~ OHE TimeStamp
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Repeat for Unit.

#~ []% REGION Hi...

[ REGION
[0 STATION
0 UNIT

Downloading the Hierarchy Slicer

For this part, there is no need to visit the web site, sign up, or download the file. We
have downloaded the file for use in class so that students do not need to sign up!

The Hierarchy Slicer is a custom visual that can be used to filter reports and mimic the Pl AF
hierarchy. This is similar to the PI TreeView from Pl WebParts.

Most custom visuals can be found on Microsoft AppSource. We will briefly go through the
procedure of how one would normally obtain a custom visual.

Search for a custom visual on Google or within AppSource and you'll arrive at a page like
this:

https://appsource.microsoft.com/en-us/product/power-bi-
visuals/WA104380820?tab=0Overview

At which point you would click Get It Now, sign in using your work or school account, and
download the .pbiviz file.

=” Microsoft Cloud Mobility Productivity

Consulting services List on AppSource Blog

HierarchysSlicer

B ]
e ] -
o Overview

| GET IT NOW

* % %k ) (26)

/.- -
1( OSlsoft. Page 31
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Importing and Configuring the Hierarchy Slicer

Now it’s time to import the custom visual. Open Power BI, click the ellipses within the

Visualization Pane, and select Import from file:

Visualizations »  Fields »

= i O search

o |
[ s s Ff ~ ER Fleet Generation
e = A = [JE Demand
i s [0 Gross Gene.
= e B (BBl Gross Gene..

Import from AppSource

Import frem file Cap...

Remove a vizual
Field n

Restore default visuals
LA e ma P R T T

Navigate to C:\Class\Part 1 - Pl Integrator for BA\Power Bl Custom Visuals and select

the HierarchysSlicer file.

4 Downloads

T -

We should now see the Hierarchy Slicer in the list of available visuals:

Visualizations »

e |

O @

Mimic PI AF Hierarchy — Hierarchy Slicer

This exercise requires the Hierarchy Slicer custom visual be imported and assumes the

Hierarchy has been configured.

32
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We will use a Hierarchy Slicer to leverage the existing PI AF hierarchy for filtering. Add a
Hierarchy Slicer by clicking the icon:

Visualizations >

T

Pl

T

Drag and drop the Hierarchy to the visual fields:

L1 Z Hourly Cap...

=T @ Oz ud

Figlds 0= Month

REGION Hierarchy v X ) Month Name
REGIOMN * [JZ MNetGenera...
STATION = D'@' Met Genera...
UNIT s

MR Pl Vision
O X PlintShapelD
= PlintTsTicks

Values

Add data fields here

(0  REGION
Drill through |f\ # %=, REGION Hi...
Cross-report “ L
¥  STATION
Off O—
®  UNIT

Experiment with the Hierarchy Slicer for a bit by drilling down through the levels. Note that
checking a box for a parent will also include the children. This is a great way to visualize how
filtering works in Power BI.

/.-"'-.
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Change the Title of the Hierarchy Slicer to Location in the formatting options. Change the
color and increase the text size.

T @
O search

L L= ST T TR T

~

Title text

Location |

Word wrap
On —i

Font color

n -

Background color

-

Alignment

Service Hours

Now we’ll configure a Measure to calculate service hours. Each row in the data set
represents 1 hour, so we can simply count the number of rows that have been filtered
through user selection. This should make a bit more sense when it all comes together.

Right click ANY of the fields from the Fields list and select New measure:

] = Howr

Check
Mew hierarchy

Add to hierarchy L

Mew measure

Mew column

Mew guick measure
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Enter the below formula into the configuration box and hit Enter or click the Checkmark:

File Home Insert Modeling View Help Table tools Measure tools
& Name Service Hours 5% Whole number v E Data category | Uncategorized -
@ $.% 9% o

Structure Formatting Properties

il e 11 Service Hours = CALCULATE[JCOUNT{'Fleet Generation'[Met Generation])f)
The raw text is given below for convenience.

Service Hours = CALCULATE(COUNT('Fleet Generation'[Net Generation]))

From a configuration perspective, Measures and Calculated Columns are configured
similarly so the distinction may not be obvious.

Measures and calculated columns both use DAX expressions. The difference is the context
of evaluation. A measure is evaluated on the fly using a subset of data, whereas a calculated
column is pre-calculated at the row level within the table to which it belongs. A simple way to
put it is that Measures take into account the filtering that has been set by the end user of the
report (the stuff they’ve clicked on), while calculated columns are computed row by row and
are not influenced by the report filtering.

Net Generation Groups

Different ranges for Net Generation will be grouped into bins representing different Load
Ranges. In order to calculate service hours in the different Load Ranges, a group must be
configured in the data set for filtering and counting by the Service Hours Measure.

Right click on Net Generation and select New group.

K OSlsoft. Page 35
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I il Net Genera... |

Check

MNew hierarchy

Add to hierarchy »
Mew measure

MNew column

Mew quick measure
Fename

Delzte

Hide

View hidden
Unhide all

Collapse all

Expand all

New group

Edit groups

Change the name to Net Generation (50 MW) and set the bin size to 50, then click OK.

Groups

Mame | Met Generation {50 MW) Field Met Generation
Group type | Bin ¥ | Minvalue 0

Bin Type Size of bins ¥ | Maxwvalue 800

Binning splits numeric or date/time data into equally sized groups. The default bin size is calculated based on your data.

Bin size 50

Reset to default

Net Generation by Asset — Stacked Bar Chart

Now we can begin to configure the report. Click some empty space and then click the
Stacked Bar Chart icon:

Visualizations »
Eln = bEn
br ke b [l W
[l e G B
e = M HBE
iy @ & 32
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With the Stacked Bar Chart selected, drag and drop Fields from the data set into the field
configuration boxes. Use Unit for the Axis, Net Generation (50%) for the Legend, and
Service Hours for the Value:

m
L

I 1 s /O Search
|

~ B Fleet Generation

ST
| X Demand
[JE Gross Gene..
g X Hour
X Hourly Cap...
0= ud
Axis = Meonth

UNIT X (] Manth Mame
[J= NetGenera..

Legend ‘_,/ v 'E:]' Net Genera...
Met Generation {50) % IR Pl Vision

[J = PlintShapelD
Value

X PlIntTSTicks
[ REGION
\v []%5 REGION Hi...

Service Hours

Tooltips
Add data fields here Z B Service Hou.. |
O  STATION
Drill through O Technology
Cross-report ~ [ TimeStamp
Off O— o UNIT
[J  Unit Status
Keep all filters 0% Weekof th..
On —@

Next we will apply some formatting and filters to make the data set more manageable. We'll
change the color scheme and only show Net Generation greater than 450MW, since Net
Generation in the normal range is not of interest to us.

Expand the Filters Pane:

7
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Service Hours by UNIT and Net Generation (50)
Net Generation (30) @0 @50 @100 @150 @200 @250 ®300 @350 @400 @450 #5300 @550 @600

UNIT

ot | S 0
e T I
——y—————————————
.

o E00 1000 1500 2000
Service Hours
-—

Visualizations >

[~

SENFEEY
O~

Filter for Net Generation greater than 450MW. Be sure to click Apply Filter:
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" Filters @

‘ £ search

Filters on this visual

MNet Generation (50)
is greater than 450
Filter type (@
Advanced filtering ¥

Show items when the value:

is greater than ¥
450
@and  Oor
T
Apply filter

Next go to the Visualization Options and sort by Service Hours (done by default in this
version of Power BI):

MService Hours by UNIT and Net Generation (501~ ke Ejlj
D, Export data
lf"p Show as a table

euro | X Remave
Teeos | =0 Spotight

Net Generation (50) @500 @550 ® 600

mavio> | o s
e, . ]
ey 12 Sortsscending
razos | St ] uwr
zvno | R [ Servicerous |
ey I

Next change the color scheme. With the Visualization selected, click the Format Icon in the
Visualization Pane and adjust the colors to better convey the severity of the Net Generation
levels.
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@

O search
~ (eneral
“ Legend On —@
¥ auis On —@

~ X axis On —

. Data colors

500.00
O~

550,00
O~

600.00
B -

The stacked bar chart should now look something like this:

Service Hours by UNIT and Net Generation (50)

MNet Generation (50) @500 550 @600

PLTO2
TCBOS
MamMo2
BaJ02
TCBOG
POED4
ZMNOT
PQEQZ
ZMND2
GACOT
ALKOT
MANMO3
MANMODT
TCBO1
GACO2
TCBO2
PQED2

UNIT

[=]
—
[]
L]

200 300 400 500
Service Hours
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Service Hours and Average Net Generation by Unit — Table

The next visual we will add is a basic table showing the Unit Name, Service Hours, Average
of Net Generation, Average of Gross Generation and Average of Demand. We will then filter
the table to show only the top 10 transformers by average load. This will give us a quick
indicator of which Units are consistently overloaded.

Click some blank space on the canvas to deselect any visuals, otherwise you will
accidentally convert the Stacked Bar Chart to a Table.

Create a Table:

Visualizations .

-

"

Drag and drop the Unit, Service Hours, Net Generation, Gross Generation and Demand
Fields into the Values section:

T

Visualizations p

UNIT oK
Service Hours WX
Met Generation AT 4
Gross Generation R4
Demand R4

Change the Net Generation Value to summarize by Average:
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Average of Met Genera[ ' |><

Ix

| Remove field

Rename
M »
ave I
Conditional formatting »
Rer onditional formatting

Don't summarize

Sum

+ Average

Minimum

Repeat the same for Gross Generation and Demand.
Change the Visual Level Filters to Show the Top 20 Units by Net Generation.
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" Filters @ » Visualizations > Fields >
- [ | — [
£ search EbEDhEN 2 search
| 1
_ b b I_ e e
is (All M = ke d O H O~ P, Flest Generation
Average of Gross Gener E = El = B >~ Demand
is (All T E R Py |— « X (Gross Gene..
- . ...
Average of Net Generat ® . Gross Gene...
is (Al g Heour
an =
Pl Visi _ Hourly Cap...
ision
_ T @ o
is (All)
Values Maonth
Service Hours e o Month Name
is (All)
Service Hours X MNet Genera...
S Average of Met Generat » X elizza
top 20 by Average of... “ M Pl Vision
Average of Gross Gener»v X
Filt )]
Hter type Average of Demand v X L= Pl
Top N v Z  PlntTSTick:
| ° | Pl Vision v % - fHimes
Show items: O REGION
[ree T2 | | oril through 0] e T
By value S “ B Service Hou...
Average of Net Gene... ™ X O AN
Sum | O Technolagy
+/ Average | v & TimeStamp
) Minimum e UNIT
Add data fields hen
Maximum O Unit Status
Count (Distinct) iglds here 0= Weekof th...
Filters on this page Count
Standard deviation
Add data fields hen .
Wariance
Median
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Change to summarize Net Generation as Average, then be sure to click Apply filter.

Filtering by Month — Slicer

We’ll now add a basic Slicer to filter by Month. Click some blank space and then add a
Slicer:

Visualizations »

-

L =

T

Drag Month Name to the field list.

Go into the formatting options and change the orientation to horizontal to change the look of
the Slicer.

@R

. General
Cutline color

.'

Outline weight

s

1

£

Crientation

Horizantal

Reposition & Resize the slicer so all months are in a single row. Reposition & Resize the
table and stacked bar chart:

>
vf
]
{
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Location
REGION
CENTRAL Service Hours by UNIT and Net Generation (50)
NORTH Net Generation (50) 500 © 550 @600
SQUTHEAST
oro: = UNIT  Service Hours Average of Net Average of Gross  Average af
Generation Generation Demand
wceos ] -
i — B ALXOT 2185 285.04 42848 44037
BAIO2 2185 33180 46229 22395
ey 1 BCUO2 2185 - 334.24 219.78
tczos | GAODT 2185 28234 43736 64.04
rocos [ 1 MAMO1T 2185 25869 41082 217,78
zvnot | MAMO2 2185 33613 49448 22341
oty s e = — B2
= PLTO 2185 26886 42092 65.67
g zmnoz [ ] PLTO2 2185 34246 47250 219.18
ceoot N | POED2 2185 217.89 35409 39743
axor [ POEDS 2185 31393 45795 44452
vavo: 1 POED4 2185 32326 47733 65.20
vavo! 1 TCBO1 2183 27486 42000 045
Tce0" I TcBO2 218 168.59 44506
TCBO3 2185 24413 6461
ceooz [ 1 TCBO4 2185 176,84 221.85
Tceo2 [ | TCELS 2185 24037 22486
paeoz [ TCBO6 2185 305.53 21427
. ) ZMNOT 2185 32599 20445
’ b oo o 00 M ol 43700 278.40 41034 24722
Service Hours <
Month Name

August July June

To put the Months in chronological order, we will sort the Month Name column in the data
set by the Month column where the months are numbered. Go to the Data View and click
one of the fields to make the data show up:

File Home Help Table tools Column tools
-
D Name  Month Name % . T Summarzation Don'tsummarize - @ﬁ, E D’E =28
@, Datatype | Text . $.% 98 b [ Data category  Uncategarized v :iirrtn:{ grgjfs- ”: T cg::n
Structure Formatting Properties Sort Groups Relationships Calculations .
W X Fields >
Id [~| REGION [~| Timestamp [~| Month |~ | MonthName |~ | Week of the Year |~ | Hour [~ | STATION [~| UNIT [~| Demand [~| GrossGeneration |~ | HourlyCapacity |~ | Net Generatio
11700 | CENTRAL | 7/7/2018 12:00:00 AM 7| July 25 0| Carbondale | TCBOZ 402.85986328125  402.678100585538 500 22161887 | O search
11791 | CENTRAL 7/7/2018 1:00:00 AM 7| July 25 1| Carbondale | TCBOZ 40246142578125  402.125915527344 500 22080700
11757 | CENTRAL 7/7/2018 2:00:00 AM 7| July 25 2| Carbondale | TCBO2  402.062957763672  40157373046875 500 21900505 o~ [ Flest Generation
11793 | CENTRAL 7/7/2018 3:00:00 AM 7| July 25 3| Carbondale | TCBO2 | 401664485745094  401.021545410156 500 21918305 e —
11794 | CENTRAL 7/7/2018 4:00:00 AM 7| July 25 4| Carbondale | TCBO2 | 401.266052245094  400.459360351563 500 218.37113
11795 | CENTRAL 7/7/2018 5:00:00 AM 7| July 25 5| Carbondale | TCBO2 | 400.867584228516  399.917175292968 500 217.55917 Z Gross Generation
11796 | CENTRAL 7/7/2018 6:00:00 AM 7 luly 28 6| Carbondale TCBO2  400.465116210938  399.364930234375 §00 21674720 B8] Gross Generation ...
11797 | CENTRAL 7/7/2018 7:00:00 AM 7| July 25 7| Carbondale | TCBOZ | 400.070648193359  398.812835693359 500 21593525 I Hour
11798 | CENTRAL 7/7/2018 B:00:00 AM 7 July 25 8| Carbondale | TCBO2 | 399.672210693359  395.260650634766 500 21512329 X Hourly Capacity
11799 | CENTRAL 7/7/2018 8:00:00 AM 7| July 25 9| Carbondale | TCBO2 | 399.273742675781  397.70B465576172 500 21431132 = id
11800 | CENTRAL | 7/7/2018 10:00:00 AM 7| July 25 10 | Carbondale  TCBH Inma\fy S2Sasiesein sasisesel 3575 600 213.49937 = Month
11801 | CENTRAL | 7/7/2018 11:00:00 AM 7| July 25 11 Carbondale  TEB] ¢ b Tiolds and the data will show P24 50| 21268740
11802 | CENTRAL | 7/7/20189 12:00:00 PM 7| July 25 12| Carbondale  TCBH up o1 600 211.57524
11803 | CENTRAL 7/7/201% 1:00:00 FIM 7 July 25 13 Carbondale  TCBOZ  397.679901123047  395.499725341797 500 211.06345 Z et Generation
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Select the Month Name column, open the Column Tools Ribbon, and Sort by Column ->

Month:

Feet generation report - Power B

File Home Help Table tools Column tools
& Name Month Mame 5%‘
(35 Data type | Text " $.% 9%
Structure Formatting
il X~

7 Id [~] REGION [~]  TimeStamp  [~] Month WEEk of the Year [~ | Hour [~] STATION [~] UnIT

Z Summarization | Don't summarize

& pata category | Uncategorized

Properties

= | <8
Data

Sort by

column + groups~
Month Name
Dermand

11750 | CENTRAL F/F 2015 12:00:00 AM 7 July 28 0 Carbondale | TCBO: Gross Generation
11791 | CENTRAL 7742015 1:00:00 AM 7 July 28 1| Carbondale | TCBOZ .
ﬂg Gross Generation (50)
11782 | CENTRAL FIF/2015 2:00:00 AM 7 July 28 2 | Carbondale | TCBO:
11783 | CENTRAL F{F/2015 2.00:00 AM 7 July 28 3 | Carbondale | TCBO! Hour
11784 | CENTRAL FITS2015 4:00:00 AM 7 July 28 4 | Carbondale | TCBO:
Hourly Capacity
11785 | CENTRAL 7742015 5:00:00 AM 7 July 25 5| Carbondale | TCBOZ
11796 | CENTRAL 7742015 6:00:00 AM 7 July 28 & | Carbondale | TCBOD |Dv
11797 | CENTRAL F{F/2018 7:00:00 AM 7 July 28 7| Carbondale | TCBO!
Month
11758 | CENTRAL F/F/2015 B:00:00 AM 7 July 28 & | Carbondale | TCBO! i
11799 | CENTRAL 7/7/2019 9:00:00 AM 7 luly 23 9 Carbondale | TCBO: Net Generation
11500 | CENTRAL 7/7/2015 10:00:00 AM 7 July 28 10 | Carbondale | TCBOZ
11801 | CENTRAL | 7/7/2013 11:00:00 AM 7| uly 28 11| Carbondsle | Tcpg et Generation (50)
11502 CENTRAL | 7/7/2018 12:00:00 PM 7 uly 23 12 Carbondale | TCBO! P Vision
11503 | CENTRAL 7742019 1.00:00 PM 7 July 28 13 | Carbondale | TCBO:
The report should now look something like this:
Location
REGION
CENTRAL Service Hours by UNIT and Net Generation (50)
NCRTH Net Generation (50) ®500 550 @600
SOUTHEAST
el | - UNIT  Service Hours Average of Net Average of Gross  Average of Pl Vis o
- Generation  Generation Demand
Tezos n -
e ALXO1 2185 265,04 42648 037 @
e BAJO2 2185 331.80 462.29 22395 B
ey 0 BCUz 2185 2708 33024 2978 =
tczos 1 GACDT 2185 28234 23736 6204 B
roco: [ MAMOT 2185 259.69 41092 2778 @
ZMNO1 _ MAMD2 2183 33613 49445 22341 =
o —— e e ———
Z znno2 [ L FLTOZ 2185 34246 47250 2818 =
ey | | PQEDZ 2185 21789 35408 39743 =
acor [ POED3 2185 31393 46795 452 B
vavo: 1 POED4 2185 323.26 477.33 6520 B
" TCBO 2185 27486 42000 40458 @
¥ H’\:D1 _ . TCBO2 2183 168.59 292.60 445,06 =
Tceot (I 1 TCB03 2185 22413 38342 Gl
caoo2 [ 1 TCBO4 2133 17684 30578 218 =
Tceoz [ | TCBOS 2185 34037 493.25 22466
roco2 808 2185 30553 26045 21427 =
. ) . ZMNO1 2185 32599 41409 20446 >
0 100 200 300 400 00 otal 43700 278.49 419.34 24722 i
Service Hours <
Menth Name
June July August

7 ) oSlsoft.
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Sort the table by Average of Net Generation:

Y B[] b b

UNIT  Service Hours Average of Net Awverage of Gross  Average of " D; Export data E'-l'-

Eenerati:n Generation Demand B3 Show as a table -
PLTOZ 2183 342,46 47250 218,18 ¢ Remove ~
TCBOS 2185 340,37 493,25 22466 ¥ .
- . . - ofd Automatically find clusters

MARKDZ 2185 336,13 484,48 22341 b ]
BAJO2 2185 331.80 462.29 22395 ¢« —{ Spotlight
ZMNOA 2183 325.99 414,08 2446 ° |I Sort descending
POED4 2185 323.26 477.33 65.20 % l % Sort ascending
PQED3 2185 31393 LETOn AL "l — N
TCEDG 2185 305.53 UNIT o "mm:b
ALXD1 2185 285.04 Service Hours B
GADDT 2185 28234 Average of Net Generation 5 UNIT V2
ZMMOZ 2185 280.7 N = .

- D_ - Average of Gross Generation E Service Hours =
TCBO1 2185 274,56 2]
PLTO 3185 J65.56 Average of Demand 3 Average of Net Generat » >
MARD3 2185 26425 Pl Vision e Average of Gross Gener » »
MWARKDT 2185 259.69 410,92 21408 &

Average of Demand A
TCBO3 2185 244,13 395.49 B4.61 L] 9
BCLOZ 2185 22708 334,24 21878 @ Pl Visian o
POEO2 2185 217.89 354.09 39743 ]
TCRO4 2185 176.84 30575 221.55 = -
Drill through
Total 43700 278.49 419.34 247.22 i
< >

Cross-report

Click the bars on the Net Generation by Unit chart and the Month slicer buttons and
note how the service hours and units for that load range update on the table.

We will save formatting until the end in case we need to save time, but feel free to adjust the
formatting and add a title.

Linking to PI Vision

We have a Pl Vision display for Units that we can link to from this report. We will utilize Pl
Vision URL Parameters to set the same Unit in the PI Vision display that the user clicks on in
the Power Bl report. The URL parameters reference guide can be found in the
docs.osisoft.com.

From within the client virtual machine, Navigate to:
https://pisrv0l.pischool.int/PlVision/#/Displays/5/FleetGeneration

Take the above URL and append the following string to it in a text editor, then paste the URL
into Chrome:

?Asset=\\PISRVO01\Fleet Generation\All Turbines\GAO01

Unit GAOOL1 should be the selected Asset in the FleetGeneration display.

Note that the ? Asset parameter denotes the path to the Asset in the Pl AF hierarchy.
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Once that is working, configure a Calculated Column to concatenate the URL with the Unit

asset path.

Go to the Data Tab:

= Fleet
File Home Help Table tools Column tools

& Name Month Name "’%‘ 2. Summarization | Don't summarize

(3 Data t Text - B Data category | Uncategaorized

23 ype | Te v . ata category ncategorize

Structure Formatting Sroperties

] @ Auto recovery contains some recovered files that haven't been opened.

Hl X Vv
Id |~ || REGION |~ TimeStamp - | Month |~ | NonthNames ~ | Week of the Year |~ | Hour |~ | STATION |~

ﬁg 11790 | CENTRAL F/7/2019 12:00:00 AM 7| July 28 0 | Carbondale
11791 | CENTRAL 772019 1:00:00 AM 7| July 28 1| Carbondale
11752 | CENTRAL 7772019 2:00:00 AM 7| July 28 2 | Carbondale
11753 | CENTRAL 74772012 3:00:00 AM 7| July 28 3 | Carbondale
11754 | CENTRAL 74772012 4:00:00 AM 7| July 28 4 | Carbondale
11755 | CENTRAL 7/7/2019 5:00:00 AM 7| July 28 5 | Carbondale
11756 | CENTRAL 7/7/2019 6:00:00 AM 7| July 28 & | Carbondale
11757 | CENTRAL 7/7/201% 7:00:00 AM 7| July 28 7 | Carbondale
11758 | CENTRAL 7/7/2019 B:00:00 AM 7| July 28 & | Carbondale

Right click on the header of ANY column and select New column:

LT Sort ascending ]
July Sort descending

" July . .

" July o -

| July Clear filter

" July Clear all filte

" July Copy
L Copy table

" July

i Mew measure
July

" luly Mew column

D mfemeb laka

LA PP T

For the DAX formula, enter the following and hit enter or click the checkmark:

Pl Vision =

"https://pisrv0l.pischool.int/pivision/#/Displays/5/FleetGeneration"&"?Asset=\\PISRVO1\Fleet

Generation\All Turbines\" & 'Fleet Generation'[UNIT]

@ OSlsoft.
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FI Wision = "https://pisrv@l.pischool.int/pivision/#/Displays/5/FleetGeneration"&" }Asset=\\PISRVB1 \Fleet Generation‘All Turbines\"™ & 'Fleet Generation'|[UNIT[]

Next scroll all the way to the right and find the Pl Vision column, then select it.
Go to the Column Tools ribbon, and change the Data Category to Web URL.

Column tools

E Summarization | Don't summarize - E’]E

Sort
Data cat - |
El Data category | TSI -
Formatiing on  Uncategorized ot
35 that haven't been opened. Address

rv@l.pischool.int/pivision/#/Displays/5/1 Place hzset="\P]

stion |~ | Hourly Capacity | = || Net Generation "': City Status |~
0585938 600 | 2216189727783  (County 2 |
15527344 600 | 220.807006835538 ) = i

State or Province
73046875 600 | 2159.995058152344 2 i
15410156 500 | 219.183090209951 Postal code = |
50351563 600 | 218.371139526367  Country 2 |
75292569 600 | 217.5591735835584 I 2 i
Continent

30234375 600 | 216.747207641602 = |
15693359 500 215.935256958008  Latitude 2 |
30634766 600 | 215.123291015625 | ongitude 2 |
35576172 600 | 214.311325073242 2 i
0517575 500 | 213.499374389545 | Web URL = |
35455984 600 | 212.687408447266 |mage URL 2 |
10400391 600 | 211.8754425048583 = i
5341797 500 | 211053491821259 Barcode = i

Now go back to the Report Tab and select the Table, then drag and drop the PI Vision field
as one of the table values

[J X Hourly Cap...

Oz id
Valuss [JE Month
UNIT M O Month Mame

« X Met Genera...
D-EE' Met Genera...

Service Hours AV 4

Average of Net Generat v X

« [l Pl Vision
O X PlintShapelD
O Z PlintTSTicks
O  REGION

Awverage of Gross Gener v X

Average of Demand v X

Pl Vision V3

The links are now displayed, and they work, but they are not pretty to look at. Luckily, Power
Bl has a feature that addresses this.
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Go into the Formatting Options, scroll down to the Values section, and turn on the URL

icon:

[Fle

£ Search

lalua:

Font color

Background color

O -

Alternate font color

Alternate background col...

O -

Outline

None

URL icon

On —@

Now the links look much cleaner:

URIT Service fverage of Met  Average of Average of Pl Vision
Hours Generation Gross Demand
. Generation

ALXO1 2185 285.04 42848 440,37 =
BAJDZ 2185 331.80 462.29 223.95 =
BCUOZ2 2185 227.00 33424 219,78 =
GACOT 2185 282,34 437,36 54,04 =
MAMOT 2185 259.69 41092 217.78 &2
MANMOZ 2185 336.13 40448 22341 =
MaMO3 2185 264.28 41207 199.73 &
PLTO1 2185 268.86 420.92 65.67 =
PLTOZ2 2185 34246 47250 219,18 =
POED2 2185 217.89 35400 397.43 =
POED3 2185 313.83 467.95 444,52 &2
POEO4 2185 323.26 47733 65.20 =
TCEO 2185 274.86 420.00 404.58 &
TCBO2 2185 168,59 202,60 445,06 =
TCBO3 2185 24413 30549 64.61 &2
TCBO4 2185 176.84 305.78 221.85 =
TCBOS 2185 340.37 403,25 224,66 &2
TCBO® 2185 305.53 46045 214.27 =
FWNDT 2185 375.90 414,00 204.46 &
Total 43700 278.49 419.34 247.22

Test the links to confirm that the Pl Vision display is launched and the correct unit is set.

@ OSlsoft.
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50

(Optional) Formatting

Take some time to apply formatting to make the report more visually appealing and easier to
read.

1. Add a Title text box for the report (Insert Ribbon -> Insert Text Box)

2. Add titles for the Stacked Bar Chart and Table, change the font color to black and
bump up the font size

g @
2 search

. Title On —i@

Title text

I Unit Met GE"E'atiCII'I| |

Word wrap
On —@

Font color

Background color

O -

Alignment

3. Adjust the sizes of the header text on the Table
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T | @
2 search

Column headers

Font color

W -

Background color

-

Outline

Bottem only

Auto-size column width

On —@

Font family

Segoe Ul

Text size

4. Resize the columns
5. Move the Legend on the Stacked Bar Chart to the bottom

T (R

)3 Search

v General

Legend On —@

Positicn

I Bottom

6. Remove the totals from the Table

7
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T | @
O search

~ General

v Style

v Grid

v Column headers
~ Values

Tc tal

Totals

Off O—

7. Remove the header from the Slicer
=1 L
O search

“ (General

v Selection controls

~ Slicer hea... | Off O—
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The result should look something like this:

Location
REGION
CENTRAL
Albertsville
GAOO1
GAOO2
Beryl Ridge
Carbondale
MNORTH
SOUTHEAST

Unit Power Generation

Unit Power Generation
peroz
ey |

UNIT

]
wvanos | |
nanot I [ |
eu | 1

cecoz (NN |

TC |

e |

Service Hours

Net Generation (50) ®500 350 @600

June July

100 200 300

400

August

500

UNIT  Service Average of Average of Average of Pl Vision
Hours Net Gross Demand
Generation  Generation
a
TCBOZ 2185 16858 292,60 245,08 =
TCBO4 2185 17654 305.78 22185 @
POEOZ 2185 217.89 354,09 39743 =
BCU0Z 2185 227.09 33424 219,78 -
TCBO3 2185 244,13 39549 6461 @
MAMO1 2185 25859 41092 217.78 B
MAMD3 2185 264.28 41207 199.73 =
PLTO1 2185 26836 42092 6567 B
TCBOT 2185 27486 42000 40456 -
ZIMNOZ 2185 280.76 43247 383.79 ]
GADD1 2185 28234 437.36 64.04 @
ApW1 2185 28504 42848 44037 B
TCB3E 2185 30553 46045 21427 @
POEO3 2185 31393 46795 44452 B
POE04 2185 32326 477.33 6520 -
ZMNG1 2185 32589 41409 20446 @
BAJD2 2185 331.80 462.29 22395 =
MAMDZ 2185 33613 49448 22341 ]
TCBIS 2185 34037 483.25 22466 @
PLTOZ 2185 34246 472.50 219,18 >

Finally test the links and experiment with filtering the report. We will get back to Fleet
Generation database in one of the next chapters and add more analytics and event frames
in it, which allows us to find more valuable information like units’ utilization, generating
efficiency and even more.

Pl Integrator for BA (asset view) saved a lot of time and helped to display Pl Data in a 3™
party application like Microsoft Power Bl. Let’s explore other functionalities of Pl Integrator
for Power BA, such as Event View and Streaming View. Next chapter explains it very good
and is based on the real project that was done in San Leandro. Let’'s change a bit our
production area and imagine ourselves as the data scientists for a moment. All that
approaches might be applied in any industry and help to solve a lot of real cases.

' OSlsoft.
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6 Pl Analysis Service

Pl Asset Framework is a powerful tool to help model the infrastructure of a
company, region, or division. Through PI Asset Framework Formula Data
References, you can create simple, on-the-fly calculations. Pl Asset Framework
also comes packaged with the Pl Analysis Service, for more advanced analyses.
The analytic capabilities include three analyses types, Expressions, Rollups, and
Event Frame Generation, which allow for calculations to be applied at the
template level as well as the ability to persist the results back to the Pl Data
Archive.

6.1 Capabilities of the PI Analysis Service

The PI Analysis Service, runs as a service that monitors all analyses and attributes
associated with these analyses.

. PI Alarm Subsystem Started Automatic Local System
Q PI Analysis Ser Started Automatic Metwork 5...
.. PI Archive Subsystem Started Automatic Local System

vice

Expressions:

Expressions allow for multi-lined calculations that utilize mathematical operators and
functions, if-conditions, and PI time-based functions to perform advanced analyses.
Expressions, created for a given asset type (element template), are automatically applied to
all elements of that type.

Rollups:

Rollups allow for the calculation of summary statistics (averages, maximums, minimums) of
values from a set of AF attributes. Current statistical values can be written directly to the Pl
Data Archive.

Event Frame Generation:

P1 Analysis Service allows for the automatic detection of events that occur. These events are
bookmarked and information for any event type can be retrieved for further analysis.

Scheduling:

Expressions and Rollups can be scheduled to run whenever a new event arrives into the Pl
Data Archive or calculated on a periodic basis.

Backfilling:
Results from all three types of analyses can be backfilled into the Pl System.
6.2 Expressions

With Expressions, you can implement calculations through a set of built-in functions that take
values of attributes in Pl Asset Framework as inputs, and outputs results to other Pl AF
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attributes. Expressions can be scheduled to run periodically or scheduled to run whenever
the input parameters of the expressions receive a new value.

MName Expressicn Value  Qutput Attribute

Energy |TagTot('Power Generation', "*-1h', "*") Energy @

Revenue |Emergy * 'Price’ Revenus ®
Add a new expression

Multi-line calculation dependency allows for each expression to be written to different output
attributes as well as re-using calculated results in subsequent expressions.

Scheduling: * Event-Triggered ( Periodic

Trigger on | Any Input - |

Each set of expressions allows for periodic or event-triggered scheduling.

Functions Function Category Example
. - TagAvg, PctGood
- : Archive Value Statistics
Insert functions into the expression Bod. Hour
R | | O:tc i Tine '
. And, If
Ale i’ Logical
Aros Math Abs, Sqr
*
i‘;ji Operators 2he
ﬁ:b( — ;I P1 Data Archive Digital States DigState, DigText
s\ mum . . TagSpan, TagType
Return the absclute value of an integer or real number. Point Attributes TimeEq. NexiEvent
Example: Abs(1) Search and Retrieval imekq, Texttven
Statistical Rand, Total
NoOutput, TagBad
Attribute Templates Status Con Text
String en, fex

A set of built-in performance equation-like syntax allows for access to a range of
functions. The available options include mathematical and logical operators and
functions, date and time functions, Pl-specific performance equation functions,
and string manipulation functions.

/.-"'-.
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It is recommended to configure analyses at the template level.

The following procedure can be used to configure an Expression analysis using a template:
1) Inthe AF Database Library, create a new analysis template of type Expression.

2) Define expressions for the calculations in the analysis template.

3) Define the scheduling for the analysis template.

4) Define output attribute templates to store results.

5) Create the PI tags used to store the results.

6) Evaluate and preview the data to validate calculations.

7) Backfill the calculation if required.

8) Confirm the backfilled data

9) Backfill the data for other elements sharing the same template.
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6.2.1 Directed Activity — Calculate Utilization for Assets

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

The Utilization is a percentage that represents the amount of electrical power that
a unit produced against its theoretical capacity. Configure, test, run, and validate
analyses to calculate the percent utilization of all generating units.

Approach:
e In Pl System Explorer, navigate to the Library in the Fleet Generation
database.

e Under Element Templates, select the UNIT element template.

e Select the Analysis Templates tab to configure the multi-lined expression
for Utilization:
Utilization = Total Hourly Gross Generation / Hourly Capacity

e Specify and configure an attribute template to store the results.

e Schedule the calculation to run periodically every hour.

e Backfill unit GAOO1 for the past seven days.

./.-.
{
\
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Approach

From the Unit Template, found in the Library plug-in of the Fleet Generation
database, select the Analysis Templates tab.

LIMIT

| General | attribute Templates | Parts | Analysis Templates |
[

Configure a new analysis. Name the analysis Utilization and set the analysis type
to Expression.

MName: Utilization

Description:

Categories: . v

Analysis Type: @ Expression () Rollup () Event Frame Generation
Configure the expressions for the hourly total of Gross Generation and Utilization.

HourlyTotal = TagTot('Gross Generation',”*-1h',"*") * 24
Utilization = HourlyTotal / 'Hourly Capacity' * 100

Marme Expression Value

HourlyTotal |TagTot('Gross Generation','*-1h",'*"}*24

Utilization |HourlyTotal / 'Hourly Capacity® * 108

Note: The HourlyTotal must be multiplied by 24, as the Performance Equation function
TagTot assumes the units of the input attributes are per day. Conversion factors should not
be used elsewhere with Pl Asset Framework, as UOM conversions occur automatically.

Define two new output attribute templates by clicking Map -> New Attribute
Template.

Example Element: SOUTHEAST\Wolverine Station\ALXO1

Add a new variable
MName Expressicn Value at Evaluatio Value at Last Trige  Qutput Attribute

HourlyTotal TagTot( Gross Generation', "*-1h", **') * 24 g |®
. i .\ i Mew Attribute Template
Utilization HourlyTotal / ‘Hourly Capacity' * 100

i Carbon Emissions

eV ) "
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Name them Total Hourly Gross Generation and Utilization, respectively.

e | Attribute Template Properties - @y Attribute Template Properties -
Save Qutput History: (@ Yes No Save Qutput History: (® Yes No
Marne: Total Hourly Gross Generation MName: Utilization
Description: Description:
Data Server: | FeServerts |'| Data Server: | SeServerda |‘|
Value Type: | Double |'| Value Type: | Double |'|
A Pl Point data reference attribute template will be created. A Pl Point data reference attribute template will be created.

| 0K | | Cancel | | 0K | | Cancel |

The UOMs can be set to MWh and % in the Attribute Templates tab:

UNIT
General | Attribute Templates |Ports  Analysis Templates  Notification Rule Templates
| Fiter Pl ‘ MName: |Tnta\ Hourly Gross Generation
|i i|#|R name = Description Default Value ) | Description: |
= Category: <None > Properties: <Mone>
&g Carbon Emissions 0gkwh GRS b
Default UOM: e}
=@ Generation Rate 0 5kWh
H T Value Type: Double
I Ls H <& Total Hourly Gross Genera... H 0 MWhr
Default Value: 0 MWhr
& CE Utilization 0%
Display Digits: -5

= Category: Demand
Data Reference:  |P1Paint
&7 Demand oMW
Settings...
= Category: Hourly Generation

V\%eServer %\ %eElementte, YoAttribute s, %ID %o; pointtype =Floate4
7 Gross Generation amw

7 Net Generation omw

B (2] category: Identity
Create the PI Tags

After the new attribute template has been configured, switch over to the Element
Hierarchy. The attribute values for the new tags should be “Pt Created.” If not, right-
click on the root Elements object. Select Create or Update Data Reference to
automatically create the Pl tags to store the calculated results.

i Mew F
|

Convert 3

| ¢ Create or Update Data Reference m
Iﬁl, Categorize... B

Find 3
Make Root Mode
|#] Refresh

rl

rl

Switch back to the Unit Template Analysis Templates tab to schedule the Analysis
Template to run periodically at the top of each hour.
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Set a Periodic Schedule

% Hours, minutes, and seconds
' Sub-seconds
= Daily

Period

specify the amount of ime betweesn evaluations.

[01 h {00 m f00 s

[~ Specify Offset

Example evaluation times
5/20/2014 1:00:00 AM
5/20/2014 2:00:00 AM
5/20/2014 3:00:00 AM

Set GAOO1 as the Example Element and click on the Evaluate button to validate

the expressions.

| General I attribute Templates I Ports | Analysis Templates |N0tiFicati0n Rule Templates |

60
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& ® MName

Utilization

fi

Example Element: |CENTRAD\Albertsville\GACOT |

Add a new variable‘

‘ Mame:

Description:

Categories:
Analysis Type!

Enable analyses when created from tet

Utilization

(@ Expression

Mame Expression Value at Evaluatic Value at Last Trige  Output Attribute
HourlyTotal TagTet( "Gross Generation', "®-1h", **° 42544 425,84 Total Hourly Gross Generation
Utilization HourlyTotal / "Hourly Capacity' * 108 77.353 77425 Utilization




Analyzing Pl System Data

Prior to backfilling data into the PI Data Archive, it is usually a good idea to preview
the results. Right-click Utilization and select Preview Results. Look at the results

for the past 7 days:

Genetal i Attribute Templates i Ports | Analysis Templates | e

K
8 B MName
fey  Utilization
ﬂ MNew
7 | Delete
Preview Results I
Backfill/Recalculate t: CENTRAL\Albertsvills\GAOO1
Backfill/Recalculate Status
e T able

Start Time: |*-7d H End Time: |* ﬁ Generate Results
Evaluation
Trigger Time HourlyTotal (MWh)  Utilization (%) Gross Generation (MW)  Hourly Cap /,-—.
841372018 11:00:00 P 42971 78120 42887 550 |~ { 100%)
81472018 12:00:00 AM 42803 77823 42718 550 = H\\__.
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6.2.2 Directed Activity — Backfill Utilization

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

At this point, all the analyses for event frame generation have been set up for all
the units of Fleet Generation. In order to calculate past Utilization values and
generate history for analysis, the calculations must be backfilled.

Approach:
From PI System Explorer, select the Management plugin

(7 Elements

j== Event Frames
{2 Library

m Unit of Measure

44 Contacts
& Management

Right now, the only Analyses that exist are those we just created, so one can simply select
All or Enabled to view the Utilization Analyses that we want to backfill.

@ WPISRY01\Fleet Generation Sandt

File  View Go  Tools  Help
@Database [5 Query Date ~ (© W () Back H, checkIn %2« [2] Refresh

fanagerment Analyses
Choose a type 0 total analyses selected (0 on this page)
(@) Analyses

Status @ E  Element
(") Notification Rules U

ft9  MORTH\Greenlawn\PTCO2
ft9  MORTH\Greenlawn\PTCO1

O & f9 | SOUTHEAST\Carter\BAJD2
Analysis Searches O & féa  SOUTHEAST\Brick Camyon\PLT02
+ O ® fid  SOUTHEAST\Brick Canyon'\PLT01
IAII o I O ® fea  MORTH\Mew Bedford\POEDL
Enablad = |[E @ fé9  MORTH\Madison|CECD1

O & f6d  NORTH\Greenlawn\PTCO3
Disabled S O &

0 &
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Normally there would be several types of calculations, so we’d want to filter them by setting
up a search. Create a new search:

&

File  Wiew Go  Tools  Help
@Datahase I Query Date - (0 @ eBack ¥ | H,.r Check In

Managerment Analyses
Choosa a type 0 total analyses selected (0 on |
) Analyses
I‘: .y' ) [] status @& E Elemen
() MNotification Rules
- L] @ fo  CENTR:
Apnalysis Searches O @ fa | SOUTHE
O @& feoy  SOUTHE
Al o ||| fisd | SOUTHE
Enabled o [ a J&  NORTH
_ ] @ {9 NORTH'
Disabled . [] '&' o NORTH'
] @ f | NORTH'

Name the search Utilization, then do Add Criteria -> Name and enter the name of the
Analyses and click OK.

Search Name:

MName: Utilization| <

* Analyses that match all of these criteria will be displayed
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Click the checkbox to select all Utilization Analyses. Then Select the Queue operation and
set the start time to “*-7d” and the end time to “*”, select “Permanently delete existing data

and recalculate”, then click Queue:

@ \\PISRVOT\Fleet Generation - PI System Explorer (Administrator) - m} X
File View Go Tools Help i
aDatabase % Query Date » (O ﬁ Q Back H, CheckIn %2 « [#] Refresh
Management Analyses
Choose a type 30 total analyses selected (30 on this page) 1-300f30 (<[> o :
Analyses
I‘Iot': ~on Rul Status @ B  Element Name Template Backfilling Enable | Disable selected analyses
) Incaton Rules N . N L.
@ Jio | SOUTHEAST \Wolverine Station\ALX01 | Uilization Uilization Enable | Disable automatic recalculation for selected analyses
Analysis Searches o f69  SOUTHEAST\Vicksberg\MAMO4 Utilization  Utilization )
&+ X /] fé  SOUTHEAST\Vicksberg\MAMO3 Utilization Utilization Cancelbackilylagieczlodahoniotsd edzd
Al s V] fis  SOUTHEAST\Vicksberg|MAMO2 Utilization  Utilization
i) SOUTHEAST\Vicksberg\MAMO1 Utilization | Utilization
Enabled - ] f ST o start [7d B
o {0 SOUTHEAST!\Stampton|MNDO2 Utilization  Utilization =
Disabled > Q f69 | SOUTHEAST\Stampton|MNDOL Utilization Utilization End | ]
IUhIlzahon ra I V] fid | SOUTHEAST\Octavia\ZMNO2 Utilization  Utilization What should we do with existing data?
o f0  SOUTHEAST\Octavia|ZMNOL Utilization Utilization Leave existing data and fill in gaps
[v] fixd | SOUTHEAST!\Carter\BAJ02 Utilization  Utilization Permanently delete existing data and recalculate |
Q fé9 SOUTHEAST\Brick Canyon\PLTO2  Utilization  Utilization [ ] Recalculate dependent analyses
o {0 SOUTHEAST\Brick Canyen\PLTO1 Utilization  Utilization || Quene ||
/] 69  NORTH\New Bedford\POEO1 Utilization Utilization
o {9 NORTH\Madison\CECO1 Utilization Utilization Recalculation will permanently delete all the
NORTH\Greenlawn\PTC03 Utilization  Utilization data within the time range. For event
L] blad \ \ frames this will result in loss of annotations
o fisd | NORTH\Greenlawn\PTC02 Utilization  Utilization and acknowledgements.
o fizd | NORTH\Greenlawn\PTCO1 Utilization Utilization
o fisd | NORTH\Ebbitt\PQED4 Utilization  Utilization
Elements it lizati
=] [v] fia NORTH\EbIJ!tf\PQEU3 Utflfzah_an Ul!I!zat!on Pending Operations
|| Event Frames /] {9 NORTH\Ebbitt\PQED2 Utilization  Utilization T asrE
5] Library [v] fixd | CENTRAL'\Carbondale\TCBO6 Utilization | Utilization
[v] fid | CENTRAL\Carbondale\TCBOS Utilization Utilization
el =T ] féo | CENTRAL\Carbondale\TCBO4 Utilization Utilization
8 Contacts [v] féd  CENTRAL\Carbondale\TCBO3 Utilization Utilization
3¢ Management [v] fid | CENTRAL\Carbondale\TCB02 Utilization Utilization
= - r—rmn
Analyses
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6.2.3 Exercise — Calculate Generating Efficiency

you need assistance during the activity.

Objective:

Not all of the electricity produced by our generators will make it out to the grid.
Some will be consumed by the internal circuity in the generator itself. The net
generation is defined as the amount of gross generation, or the amount of
electricity that a generator produces, less the electricity required to operate the
unit. Calculate the generating efficiency, or the ratio between the net generation
to the gross generation, expressed as a percentage.

Which unit is performing with the greatest efficiency?

Approach:

In the Pl System Explorer, navigate to the Library in the Fleet Generation
database.

Under Element Templates, select the UNIT element template.

Select the Analysis Templates tab to configure the expression for
generating efficiency, named Generating Efficiency.

Specify and configure an attribute named Generating Efficiency to store
the results with units of %.

Schedule the calculation to run periodically every hour.

Evaluate the calculation using example element GAOO1 and preview the
results.

Backfill all Efficiency analyses for the past seven days.

This solo or group activity is designed to maximize learning in a specific
topic area. Your instructor will have instructions, and will coach you if

({ ) OSlsoft.
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6.3 Rollups

The second analysis capability of the PI Analysis Service Analytics is known as
rollups. Rollups allow for the calculation of summary statistics for a set of attribute

values.

The types of summary statistics that are allowed are:

Sum
Average
Minimum
Maximum
Count
Median

Examples of rollup calculations include:

Total mass of all contents in a tank farm

Total production from all generating units for a particular site
Maximum temperature of boilers within a building

Average engine temperature of mining trucks

Average temperatures for each asset with varying temperature
Sensors.

Selecting attributes to rollup

Attributes used in rollup calculations can come from 1) attributes from child
elements relative to the element of interest or 2) the element of interest. One can
set search criteria to specify the specific attributes to rollup. Depending on the
source of the attributes (child elements or current element), the search criteria
includes a masking pattern for the 1) Attribute Name, 2) Attribute Category, 3)
Element Category, and 4) Element Template.

Rollup attributes from
&+ Child elements of Templatel
" This element - Templatel
To select attributes set criteria below

Attribute Name:

Attribute Categony: I j
Element Categony: I j
Element Template: I j
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What is an element Example?

During the configuration of a rollup template analysis, when the source of the
attributes to roll up are from the child elements, Pl System Explorer is not aware
of which parent element to retrieve child elements from. As such, when
configuring a roll-up analysis template, you will need to specify an example
element. Note that when configuring a roll-up at the element level, one will not
need to select an example element as the child elements are from the specific,
selected element.

Example Element: Select an example element

Scheduling and backfilling

Similar to Expressions, the rollup analyses can be scheduled to run as new
events come into the PI Data Archive or scheduled to run periodically. The PI
Analysis Service also allow the results from Rollup calculations to be written back
to the PI Data Archive.

The general process to properly configure and backfill an analysis template is:

1) Create a new analysis of type Rollup.

2) Define the source of the attributes to rollup (child element or current element).
3) Select the type(s) of summary statistics to calculate.

4) Define output attributes to store results.

5) Define the scheduling for the analysis.

6) Create the Pl tags used to store the results.

7) Evaluate and preview the data to validate calculations.

8) Backfill the calculation.
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6.3.1 Directed Activity — Calculate Average Utilization for Substations

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective: Management would like to have visibility over the average percent
utilization of all generating units for each substation. Roll up the average
utilization to the substation level.

Approach:

e Open up the Station Element Template from the Fleet Generation
Database Library.

Add a new analysis called Average Utilization with analysis type of Rollup.
Select Central\Albertsville as the example element.

Specify the criteria to select the attributes used for the rollup calculation.
Select the summary statistic function for the average.

Specify the output attributes (be sure to create the tags).

Schedule the calculation to be event-triggered.

Verify data.

Backfill for the past 7 days.

Step-by-Step Approach

From Pl System Explorer, go to the Library. Then select the Station Element
Template. From the Analysis Templates tab, create a new Analysis called
Average Utilization with Analysis Type Rollup.

e | WWPISRY01\Fleet Generation Sandbox - Pl System Explorer (Administrator) = = -
File  ‘iew Go  Tools Help
@Database [ Query Date = (© @ Q) Back H, Checkln %) « [#]Refresh | @ New Ternplate Search Element Templates 2 v|
Library STATION
‘ General | Attribute Templates I Ports | Analysis Templates | jotification Rule Templates ‘

= @ Templates

m >

() Elemert Templates | @ Name: Average Utilization I
REGION h

Description:

@ @ MName
a5 Turbine @t Average Utilization Categories: w
& Steam Turbine > Analysis Type:  (7) Expression (") Event Frame Generation ) 5QC
3 Elements Enable analyses when created from template
= Event Frames
Example Element: CENTRAL\Albertsville

i~ Library

Specify the rollup attributes from child elements and set the example element to
be Central\Albertsville.

Example Element: CENTRAL\Albertsville

Rollup attributes from
() Child elements of Albertsville (7 This element - Albertsville

Set the attribute name field to Utilization. This mask will automatically select all

Utilization attributes from the child elements of the Albertsville station. However in
the preview only the Utilization from the Sample Child Element will be shown:
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Example Element: CENTRAL\Albertsville

Rollup attributes from | Sample Child Element: | GACD1 || Group By:
(@) Child elements of Albertsville () This element - Albertsville

T R S ——— \ Mame Parent Elernent ~
T v Utilization GACOT =
Attribute Name: Utilization I Carbon Emissions GAQOT
Attribute Level: Root Level [+]|  Demand GAQOT Demar
Attribute Category: | | - | Exhaust Gas Temperature - #.. GAQO1

Exhaust Gas Temperature - #..  GACO1
Element Category: | | h | PN S = T ~annd e
| | [ ] »

Element Template: | -

Set the scheduling to be event-triggered. Each time the Utilization analysis
finishes calculating each hour, the rollup analysis will run.

Scheduling: @) Event-Triggered (") Periodic

Trigger on | Any Input (¥

Select Average as the rollup function and create a new Output Attribute called
Average Utilization.

Function Cutput(s) Value At Bva Value At Lasi
[] 5um
Average Map

Mo atiribute templates are defined on the element template

II"-.Iex-..' Attribute Template I

[ | Lount
[ ] Median
[ Population standard deviation
e | Attribute Template Properties -
Save Qutput History: () Yes Mo
MName: Average Utilizatic:-n|
Description:
Data Server: | JeServeria | = |
Value Type: | Double | - |

A Pl Point data reference attribute template will be created.
| oK | | Cancel |

Set the default UOM of this new attribute to % in the Attribute Templates tab:
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STATIOMN
| Generall Attribute Templates 'I Ports | analysis Templates | Motification Rule Templates |

® | &F sverage Utilization ... Cakegories:

|F”?ﬂ'" e "| | rame: |Fwerage Likjlizakion
|4" 1% K Name 4 Description {:0}| Description: |
B Cateqory! <More: Properties: |::Nu:une:=-

DeFault UOM: o

& Attribute Template Properties o=l
. General | -
Mame: I.ﬁ.verage tilization i
Description: I
Configuration Item: r Indexed: [
Categories: I
. Defaultuom:  [% =1L
Value Type: IDDUb|E j 3
' Default Value: ID

Data Reference: IF‘I Point

Le

Settings...

V\BeServer 3p\2eElement s, YoAtiribute %6, 3610 %0; pointtype =Floata4

K I Cancel Apply

4

In the Analysis Templates tab, Click on the Evaluate button to verify the result of the rollup
function.

Select the function(s) to write to an attribute Evaluate
Function Output(s) Walue At Bva Walue At Lasi
[] Sum
Average Average Utilizati 41867 % 41.867 %
[] Minimum

Check-in your changes.
From the element hierarchy, verify that the Pl tag exists for the attribute.

From the Management pane, backfill your Average Utilization rollup analyses for the past 7
days and verify the data has been backfilled by trending the Average Ultilization attributes.
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Q \\PISRVOT\Fleet Generation - PI System Explorer (Administrator)

File View Go Tools Help

(@ Database =] Query Date ~ © & () Back

E, Checkln %) « [£] Refresh

Management
Choose a type
(® Analyses
) Motification Rules

Analysis Searches

Generating Efficiency

Utilization

IAvEragE Utilization

Shw s 999

Analyses
13 total analyses selected (13 on this page) 1-130f13 <[>
Status @ B  Element Name Template Backfilling Enable | Disable selected analyses

KRR EERER R EER

@ | SOUTHEAST\Wolverine Station
@ | SOUTHEAST\Vicksberg

@ NORTH\Madison

@ MNORTH\Greenlawn
@ | NORTH\Ebbitt

@ CENTRAL\Carbendale
@ CENTRAL\Beryl Ridge
@ CENTRAL\Albertsville

Average Utilization
Average Utilization

Average Utilization
Average Utilization
Average Utilization
Average Utilization
Average Utilization
Average Utilization

Average Utilization
Average Utilization

Average Utilization
Average Utilization
Average Utilization
Average Utilization
Average Utilization
Average Utilization

Enable | Disable automatic recalculation for selected analyses

+ X @ SOUTHEAST!\Stampton Average Utlization | Average Utilization s("m' btkiikg[oueeakonlat ol tad
Al @  SOUTHEAST\Octavia Average Utiization | Average Utilization
SOUTHEAST\Carter Average Utiization | Average Utilization —.......
Enabled o i o ¢ Start [+7d |
@ SOUTHEAST\Brick Canyon Average Utiization | Average Utilization =
Disabled @ NORTH\New Bedford Average Utiization  Average Utilization End

What should we do with existing data?
(C) Leave existing data and fill in gaps

| &) Permanently delete existing data and recalculate |

[ Recalculate dependent analyses

L owme ]

Recalculation will permanently delete all the
A2 within tha Fima ranna Ear sant

6.3.2 Exercise — Calculate Total Hourly Gross Generation for Each Station

Objective:

This solo or group exercise is designed to maximize learning in a
specific topic area. Your instructor will have instructions, and will coach
you if you need assistance during the exercise.

Management would like to gain more insight into the Total Hourly Gross
Generation at each station. Create a rollup analysis to totalize the Total Hourly

Gross Generation at the station level.

Which station produces the most power?

Approach:

¢ Open up the Station Element Template from the Fleet Generation
Database Library.

¢ Add a new analysis called Total Hourly Gross Generation with analysis

type of Rollup.

Select Central\Albertsville as the example element.

Specify the criteria to select the attributes used for the rollup calculation.
Use the Sum function and output Attribute Total Hourly Gross
Generation.

Specify the output attributes (ensure tags are created).

Set the UOM to MWhr.

Schedule the calculation to be event-triggered.

Verify data using Evaluate and Preview Results.

Backfill for the past 7 days and verify.
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7 Event Frame Generation

Events are important process or business time periods that represent something
happening that affects your operations. In the Pl System, events are known as
event frames. Thanks to Pl Event Frames, you can analyze your Pl data in the
context of these events rather than by continuous time periods. Instead of
searching by time, Pl Event Frames enables users to easily search the Pl System
for the events they are trying to analyze or report on.

With Pl Event Frames, the Pl System helps you capture, store, find, compare and
analyze the important events and their related data.

Pl Event frames represent occurrences in your process that you want to know
about, for example:

e Downtime tracking e Environmental monitoring
excursions
e Process excursions e Product tracking batches
e Equipment startups and e Operator shifts
shut downs

The following table presents some of the features and advantages of Pl Event
Frames:

v' Reference multiple elements within the
same event.

v' Support multiple overlapping events on

Flexibility a Pl AF element.

v/ Capture any event; a "batch" is just
one type of capturable event.

v/ Search by time range, type of event or
event frame attribute.

Powerful search v/ Most common search attributes can be
configures as indexed attributes to
speed up end-user searches

v' Pl Event Frames are extremely
scalable.

Scalability
A Pl Event Frame is defined by three characteristics:
1. Name.
2. Start time and end time: defines the event’s time range.

3. Context: event attributes and related assets.
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7.1 What are Event Frames?

7.1.1 Creating Event Frames

The Fleet Generation database contains a series of Elements representing the
regions and units associated with each generation plant. In order to keep up with
the power demands, it is important that the plant is up and running. We need to
keep track of the downtime associated with the generation plant and control the
level of temperature for gas turbines.

A ‘Unit Status’ attribute is associated with each generating plant in our hierarchy.
This attribute will be used to monitor the downtime associated with each plant.
'Exhaust Gas Temperature - #1 Probe’ and 'Exhaust Gas Temperature - #2
Probe' are associated only with gas turbines and they will be used to monitor the
temperature anomalies.

7.1.2 Time Range Retrieval Methods

There are three time range retrieval methods, the use of which depends on what data is to
be captured, and how it is to be displayed.

Time Range

This method allows a time range to be supplied by the end user. When any single value
guery is made, this period of time is used for calculations. If, however a period of time is
supplied from an application, such as a generated Event Frame or Vision display, then the
user specified time range is discarded and the application time period is used.

Time Range Override

The Time Range Override behaves in the same way as the Time Range method during all
single value queries, as uses the user specified time period. When a period of time is
supplied from an application, the application time range is discarded and the user specified
period is used.

Not Supported

Not Supported does not allow for a time range to be supplied by the end user. As such, an
error is returned by any request for a single value. If a period of time is supplied however,
then this range is adopted by the method for the calculation. The result is then the same as
the Time Range method.

There are different use cases for the methods, so care must be taken to ensure the correct
method is used.
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METHOD SINGLE VALUE APPLICATION SUPPLIED
TIME RANGE User Specified range result Application Specified range
result
TIME RANGE User Specified range result User Specified range result
OVERRIDE
NOT SUPPORTED Error: This attribute requires a Application Specified range
Time Range to calculate a value result
in...

Single timestamp query results (sample element with 1h specifications)

B o7 ot Supported This attribute reguires a Time Range to calculate a valuein '...
&¥ Time Range 110.93823012085859

{f Time Range Override | 110.93823012085859

Application supplied time range query results (sample 3h event frame)

<’}5 Mot Supported 259,00273501602905
<’}5 Time Range 110,93523012085859
<7 Time Range Override 259.00273501602903
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7.1.3 Directed Activity — Create a Temperature Anomaly Event Frame Template

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

The gas turbines in the Fleet Generation database each have two temperature
sensors. Create an Event Frame template with appropriate attributes to help
monitor and analyze potential issues with gas turbines. The event frame should
capture the real-time data specific to gas turbines and the current status and
duration of the gas turbine.

Approach:

e Create an Event Frame template.

Model Templates

= ——a - |

In the Library, create an Event Frame template called “Gas Turbine
Temperature Anomaly”. Set the Naming Pattern to %. \ELEMENT%
%ELEMENT% % TEMPLATEY %STARTTIME:yyyy-MM-dd HH:mm:ss%

Gas Turbine Temperature Anormaly

General |.|5.ttri|:|ute Templates |

Marne: |Gas Turbine Temperature Anomaly

Description: ||

Base Template: | <Mone =

Caktegaries: |

Maming Pattern: %, \ELEMEMT % %ELEMEMNT %% %TEMPLATEY: %S TARTTIME ywyyy-PM-dd HH:mm:ss%:

[] allow Extensions [ ] Can Be Acknowledged

Select the Attribute Templates tab. Right click in the white space to create an
attribute.
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Name the Attribute Unit Status. Select Enumeration Sets => Status as the
value type.

Name: |LIniI: Skatus — . |

De=scription: || |
Properties: | =Maone > W |
Categories: | " |
Default LOM:  |<Nonez v]
Yalue Type: |Statu5 W |
Default Yalue: <Mone= W |
Data Reference: | PI Paink v |
Display Digiks: |-5 |

Select the Pl Point Data Reference, then select Settings...

Click the radio button next to Attribute, and enter .\Elements[.]|%Attribute%.
The Event Frame references a Pl AF Element. The [.] syntax points to this PI
EF Template’s primary referenced Pl AF element within the Elements
collection. Set the By Time Range dropdown option to “Start Time.”

Pl Point Data Reference -

Data server: YaServerss

) Tag name: HeElement e, %eattributess E”
® attribute: |.'I.Elements[.]|°.-"oAttribute°.-"o Y]
Unit of Measure
Source Units:
Value retrieval methods
By Time: |Aut0matic W |
Relative time: | |
By Time Range: |Start Time W |
Calculation basis: Time Weighted
Min percent good: a0

Preview

Example instance: Select example instance

Configuration: | |

Yalue: | |

Read only

| Ok | | Cancel |

Note: Substitution parameters cannot be used to make a reference to an attribute from the
Element Template that is not a Pl Tag.

Upon completing the definition, click OK. The Settings will be completed as
seen below:
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Setkings. ..

JAElements], ]| % Attributest; TimeRangeMethod=5tart Time

Create a second attribute to store the Duration (UOM = second) of the event
frame. The Duration attribute will be populated by the new EventFrame()
function in a later exercise. It’s just a placeholder for now.

Mame: |Duration |
Description: | |
Properties: | <Mone W |
Categaries: " |
Default UOM: second v |
value Type: |Dc-ub|e W |
Default Value: 0s |
Data Reference: [ <Mone: W |
Display Digits: ~ |-5 |
| Sektings... |

Create a third attribute to store the Technology. For the Value Type, select
String and for the Data Reference, select String Builder.

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

Data Reference:

|Ten:hnolcng\,r |

[ |
<Nane >
| &
[Fione]

String

L

Fress F2 fo show the Text Visualzer dialog. |
-5 |

String Builder

Note: When the event frame attribute’s data reference is set to Pl Point, the syntax
.\\Elements|.]|Attribute only allows for the reference to Pl Point Data Reference attributes.
Element attributes configured as formulas and table lookups cannot be passed to event
frames using a PIPoint Data Reference. Instead, for attributes configured as formulas or
table lookups, select String Builder as the data reference.

Set the settings for the attribute as .\Elements[.]|%Attribute%:

({ ) OSlsoft.
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String Builder Data Reference

Specify the strings and attribute walues to concatenate ko produce the string output value:

CiElEments [ SEAT RIS

|~ =X x

Yalue:

| J\Elements[.]| Technalogy| |

Ok | | Cancel |

Continue to create the following additional attributes. Make sure units are
properly set. The fastest way to accomplish this is to copy and paste
these attributes templates from the Gas Turbine element template.

Exhaust Gas Temperature - #1 Probe
Exhaust Gas Temperature - #2 Probe
Gas Fuel Flow

Gas Fuel Pressure

Gas Turbine Speed

e | YWPISRYO1\Fleet Generation Sandbox - Pl Systerr
File  View Go  Tools  Help
@Database F= Query Date » (© Gl O Back H,, Checkln %) o |&#]Refresh |l New Template ~ =

Library Gas Turhine
*t Generation Sandbox ~ ||| General | Attribute Templates | Ports I Analysis Templates | Notification Rule
Templates
- (@ Element Templates "
- [ REGION | il
- [y STATION |p i| @R Name < Descripkion
= (G L

g Cateqory: <None:

g oteam Turoine
- "E Event Frame Templates

|1| Gas Turbine Temperature Anomaly Exhaust Gas Temperature - #2 .., [Exhaust Gas Temper..
- Model Templates

Exhaust Gas Temperature - #1 ... [Exhaust Gas Temper..

-~ Transfer Templates Gas Fuel Flow a5 Fuel Flow
Enumeration Sets & Gas Fuel Pressure 5as Fuel Pressure
Reference Types
Tables <& Gas Turbin = - urbine Speed

Cataoor

| Table Connections

Categories h
3 Co

- [@] Analysis Categories PY

- [ Attribube Cateqories hd Copy Cell ‘
- m ~

Once these 5 attribute have been pasted into the Gas Turbine Temperature
Anomaly Event Frame Template, select them all and enter
AElements[.]|%Attribute%; TimeRangeMethod=StartTime as the
configuration string (copy/paste from Unit Status) to set the data references
and retrieval method in bulk:
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Library

Gas Turbine Temperature Anomaly

Fleet Generation Sandbox

Templates

= [ Element Templates

e (5 REGION

- [ STATION

- (G UNIT
b () Gas Turbine

[ Steam Turbine

General | Attribute Templates

= =

== Gas Turbing Temperature Anomaly

- [} Fodel Templates

- g Transfer Templates
@) Erumeration Sets

‘#, Reference Types

Tables

B Tabls Connections

(] cCategories

@ Analysis Categories
Attribute Categories

b (01 Flement Catennries

Group by: [ Category [ Template

=g Technalogy

£ Unit Status

Check in your changes.

[Ater £ =[] mame: [Exhaust Gas Temperaturs - #1 Probe, Exhau
|f i Name | Description Default Value @ ‘ Description: |
=] Category: <Mones Froperties: |<Nuna> v
<& Duration 0s Categories: | "@
H H Default LOM:
i@ Exhaust Gas Temperature - #1 ... {Exhaust Gas Temper... 0°C srau
Walue Type: |Double ~
CE Exhaust Gas Temperature - #2 ... Exhaust Gas Temper... | 0°C
Default Yalue: |U
< Gas Fuel Flow izas Fuel Flow 0Us galimin
Data Reference: |PI Point B
GE Gas Fuel Pressure Gas Fuel Pressure 0 bar
Displey Digis: |5
<& Gas Turbine Speed Gas Turbine Speed {irpm
Settings...

JElerments] ]| sattributess; TimerangeMethod=3tart Time |

Note: %attribute% will substitute in the name of the event frame attribute template. This will
then point to the corresponding attribute in the referenced element. You can also select
multiple attributes when making modifications to the attribute configuration.

Create a manual Event Frame to test the Pl Point Data Reference configurations and
naming pattern. From the Event Frames section, right click on Event Frame Search 1 and
create a New Event Frame.

File  Search
@D Database [¥ Query Date ~ (©

View Go

Tools

Help

@ (3 Back

Q YWPISRVO1\Fleet Generation - Pl System Explorer (Administrator)

H, Checkln ¥} « |3

Event Frames

[ Event Frame Searches
e

Event Frame Search 1

=g Transter Searches J ew Se;

arch

[l =3 Transfer Seal

Mew Attribute Search

Mew Event Frame I

(7 Elements

Event Frames

i Library

mm Unit of Measure

84 Contacts

% Management

Event Frame Search

s

Create or Update Data Reference
Capture or Recapture Values...

Categorize...

Arrange By
Refresh

Paste
Import from File...

Copy

Use the Gas Turbine Temperature Anomaly EF Template:

nt frames four

arch

2‘( \ OSlsoft.
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Choose Event Frame Template >

Parent: |Fleet Generation
Add child event frame using the reference type:
=+ Parent-Child

Event Frame Template

<Mone =

E Gas Turbine Temperature Anomaly

Cancel

Add an Element Reference

Gas Turbine Temperature Anomaly 2019-05-14 1%:24:00
General Child Event Frames | Referenced Elements | attributes

| Fiter

B |5 Name = Description Category Type

There are na referenced elements configured for this event frame. Eleme
|Add Element Reference |

Set to GAOO1, OK, OK

Add Element(s X

Element Browser x

5 Elements

Parent: |Gas Turbine Temperature Anomaly 2019-0F
= (J CENTRAL

Element

2 6 Abertsyi
® single
| BI - GAOD2
—| ; (F Beryl Ridge
) ) [ {§ Carbondale
] Find Multiple Elements... y i @ NORTH

[ (5 SOUTHEAST

Check the Attributes tab, check in, refresh, and confirm that there are no errors in
the PI Point DRs (Attributes). Also confirm that the naming pattern resolved
correctly. You will get different values than the screenshot since values are
randomly generated and of course get a different timestamp (Event Frame start
time) than when the screenshot was taken.
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@Database [% Query Date ~ (O @ Q@ Back ) IH‘, CheckIn I‘} JI@ Refreshl | New Event Frame =1 Mew Attribute

Event Frames

[ Event Frame Searches
= I3 Event Frame Search 1
. = Albertsville GAOD1 Gas Turbine Temperature Anomaly 2019-05-14 19:24:00
[=3 Recent Event Fgmes
o i Albertsvile MO0
= Transfer Searche:
- =g Transfer Seardp 1

s Turbine Temperature Anomaly 2019-05-14 19:24:00

Station and Unit should be included
in the name

Albertsville GAOD1 Gas Turbine Temperature Anemaly 2013-03-14 1%:24:.00
General Child Event Frames Referenced Elements

Filter
| Values at the start time of the Event Frame
- for GAOD should be displayed
= T

@ : ‘=] Duration \ 50 s
B | g Exhaust Gas Tempera 76.297 °C
B | ¢ Exhaust Gas Temperature # 79.528 *C
B | & Gas Fuel Flow 93.005 US galfmin
B | Gas Fuel Pressure 36.397 bar
B | & Gas Turbine Speed 22.974rpm
B | [Z] Technology Matural Gas
B | & Unit Status Active

' OSlsoft.
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7.1.4 Exercise - Create Inactivity Event Frame Template

This solo or group activity is designed to maximize learning in a specific
topic area. Your instructor will have instructions, and will coach you if
you need assistance during the activity.

Objective:

Generating units sometimes trip or go down. Management would like to
understand these downtimes, and determine how much demand was not
serviced. Event frames can help capture and bookmark these events for future
analysis. Develop an Event Frame template, called Inactivity using the same
Naming Pattern as the previous exercise, with fields required to track the desired
plant information to create reports for management. Specifically, management
would like to know the following:

Unit Status — Real-time (copy/paste from previous exercise)
Duration — in seconds (copy/paste from previous exercise)
Technology — Metadata (copy/paste from previous exercise)

Hours Down — in hours (simple formula to convert seconds to hours)
Demand — Real-time (PI Point data reference)

Operator — Metadata (string builder)

Carbon Emissions in g/kWh — Metadata (string builder)

© N o gk wwDdRE

Total Demand in MWhr — Real-time, Aggregation of Demand

Hints:
e For metadata, use String Builder as the Data Reference.

e For Total Demand, configure the attribute’s source units as MJ / s By
Time as “Time Range”, Relative time as “-1s” and By Time Range as
“Total”

e Verify correct event frame template configuration through the creation of a
test event frame.
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7.2 Event Frame Generation

The Event Frames Generation analysis allows for the automated detection and
generation of event frames in the Pl AF database based on values from trigger
attributes. The type of events and the types of data captured inside each event
are defined with event frame templates in Pl AF.

Some notable features of Event Frame Generation in the Pl Analysis Service include
the following:

Generate events: Easily configure event generation and automatically generate your events
from the trigger tags that are already collecting data in the PI Data Archive.

Handle multiple event types: Generate all your different event types, such as downtime,
excursions, batches, and other events, on the same asset with no restrictions on overlapping
events.

Standardize using event frame templates and populate event attributes: Different event
types have different attributes and information that are important for analysis. Standardize
your events using event frame templates, and use the Pl Analysis Service to automatically
populate event’s attributes with data from the PI Data Archive and Pl Asset Framework.

Backfill events: Pl Analysis Service enables you to define your history backfill time window,
then it backfills the events from previous time periods automatically.

Using Pl AF element attributes as event triggers or event attribute values: Trigger
conditions for event frames can be linked to element attributes.

Configure using Pl AF element templates: Apply the configuration of event frame
detection and generation to Pl AF element templates. The same event detection
automatically applies to newly created assets of the same asset type. There is no need to
configure the event frame generation again.

Root Cause: Event frames are great for capturing events that have occurred.
However, often times, the time period prior to the event provides more
information on the cause of the event. Pl Analysis Service allows for root cause
analysis and will capture a fixed time period (default five minutes) before the
event start time for further analysis. This will be recorded as a Child Event Frame.

Time True: The trigger condition for event frames could potentially be noisy. Pl
Analysis Service allows for the specification of a minimum time true period before
an event frame will generate.
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7.2.1 Directed Activity — Gas Temperature Anomalies

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Each gas turbine has multiple temperature sensors. If any temperature reading
deviates more than 20% from the average, then servicing is required. Use the

Gas Turbine Temperature Anomaly Event Frame Temperature to help define
these types of events.

Approach:

From the Fleet Generation Library, select the Gas Turbine Element Template
and select the Analysis Templates tab. Create a new analysis template called
Gas Turbine Temperature Anomaly, Set the example element to GAOO1, and
set the Event Frame Template to Gas Turbine Temperature Anomaly.

o

M\PISRY01\Fleet Generation Sandbox - Pl System Explorer (Administrator) \;‘i-
File  View Go Tools Help

@ Dstabase FHQueryDate ~ © @G (D Back H, CheckIn ¥} « [Z]Refresh | o New Template ~ Search Element Templates 2
Library Gas Turbine

B Fleet Generation Sandbox
s Terplates
@

General | attribute Templates | Ports | Analysis Templates | niotfication Rule Templates

et Templates ‘ @ Name: IGas Turbine Temperature Ancmaly |
(& REGION & = Name Description:
£ G STATION 8 Generating Efficiency (Cratres S
fia  Utilization Analysis Type: () Expressien () Rellup | @ Event Frame Generation | () 5QC
(g Steam Turbine 4 GasTurbine Temge... Enable analyses when created from template
=T~ P Event Frame Templates Create a new notification rule template for Gas Turbine Temperature Anomal
i~ g Gas Turbine Temperature Ang
b g Inactivity Example Element; [ CENTRALAlbertsville\GAOD1
Madel Templates

T Fer T lat
b ;E‘m;:;f;'s;sm"a = Generation Mode: [Explicit Trigger = Event Frame Template: | Gas Turbine Temperature Anomaly ||| |> Functions
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Add two new variables called AvgTemp and DeltaTemp.

Example Element: CENTRAL\Albertsvill2\GACO1

Generation Mode: | Explicit Trigger | - |
Add...
Variable ession
Start Trigger
Cond Toimmme € G EXPressiomn

Set the expressions to:
Avg('Exhaust Gas Temperature - #1 Probe','Exhaust Gas Temperature - #2 Probe")

'‘Exhaust Gas Temperature - #1 Probe' - 'Exhaust Gas Temperature - #2 Probe'

MName Expression

E Wariables

AvgTemp Avg( 'Exhaust Gas Temperature - #1 Probe’, 'Exhaust Gas Temperature - #2 Probe')
[

DeltaTemp 'Exhaust Gas Temperature - #'.ll.FﬁProbe' - "Exhaust Gas Temperature - #2 Probe’

B Start triggers

StartTriggerl | Type an expression

Define the StartTrigger as:

IF (AvgTemp-Abs(DeltaTemp/2))/AvgTemp > 0.2 THEN TRUE ELSE FALSE

MName Expression
AvgTemp Avg('Exhaust Gas Temperature - #1 Probe','Exhaust Gas Temperature - #2 Probe’)
DeltaTemp 'Exhaust Gas Temperature - #1 Probe' - 'Exhaust Gas Temperature - #2 Probe’

StartTrigeer|IF (AvgTemp-Abs(DeltaTemp/2))/AvgTemp > 8.2 THEN TRUE ELSE FALSE

EndTrigger Type an expression (optional)

Add a new expressicn
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Add an Output Expression

- - E Model Templates
i Transfer Templates
@) Enumeration Sets

H- ‘%, Reference Types

- Tables

% Table Connections

= Cl Categories

@ Analysis Categories
: Attribute Categories
- @] Element Categories
(] Motification Rule Categories
Reference Type Categories
- [&] Table Categories

Enter the expression

EventFrame("Duration”)

Library Gas Turbine
[ Fliet Generation General | Attribute Templates | Ports | Analysis Templates | Notification Ruls Templates |
=1 @) Templates - i
=} [y Element Templates | i Name: (Gas Turbn
- Z\.Es.lr?g’\l © @ Name Description:
EI g T HH  Gas Turbine Tempe... Categories: I:
i~ ( Gas Turbine foo  Generating Efficency P () Expre
(F Stearn Turbine fig  Utilization eSS ) sac
E| - "‘ Event Frame Templates [ Enable analyses when
H '1 Gas Turbine Temperatyl
- g Inactivity Example Element: - CENTRAL\Albertsville\GAOO1

Generation Mode: | Explicit Trigger n

Event Frame Template: | Gas Turbine Tel ﬂ

2]
Variable esion True for Severity

Start Trigger

End Tri "Exhaust Gas Temperature - #1 Prob ®
nd Trigger

Qutput Expression [1aust Gas Temperature - #1 Probe' - ®

B Start triggers

StartTriggerl|IF (AvgTemp-Abs(DeltaTemp/2))/AvgTemp |Set (optional) H

Map the output to the Duration attribute

R
Mame Expression True for Severity Output Attribute
8 Wariables
AvgTemp Avg('Exhaust Gas Temperat ®
DeltaTemp 'Exhaust Gas Temperature ®
B Start triggers
StartTriggerl |IF (AvgTemp-Abs(DeltaTemp|Set (optionol)} | None -
B QOutputs at close
Outputl EventFrame("Duration™) | Map ®
New Attribute Template |
=g Duration
& Exhaust Gas Temperature - #1 Probe
@& Exhaust Gas Temperature - #2 Probe
Gas Fuel Flow gs_

d Gas Fuel Pressure

‘heduling: (e Event-Triggered

() Periodic

& Gas Turbine Speed

igger on |Any Input

g Technology

Chnerier PISCHOI0

Set the scheduling to Event-Triggered and triggering to Any Input.

1 stdentl

Scheduling: (@) Event-Triggered

G Unit Status

(") Periodic

Trigger on | Any Input

Evaluate and preview the results to confirm there are no syntax errors.
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From the Analyses plug-in, backfill event frames for the past seven days for all Gas Turbine

Temperature Anomaly analysis templates.

Management

Choose a type
&) Analyses

) Notification Rules

Analysis Searches

+x

All

Enabled

Disabled

Average Utilization

Gas Turbine Temperature Anomaly
Generating Efficiency

Total Hourly Gross Generation

NN NN 9 9 9

Utilization

Analyses

10 total analyses selected (10 on this page)

1-100f10 | < | >

" -

A0

Status @ B

ITTIITITIIIIT

Element

CENTRAL\Carbondale\TCBOG
CENTRAL\Carbondale\TCBOS
CENTRAL\Carbondale\TCBO4
CENTRAL\Carbondale\TCBO3
CENTRAL\Carbondale\TCB02
CENTRAL\Carbondale\TCBO1
CENTRAL\Baryl Ridge\BCU0Z
CENTRAL\Baryl Ridge\BCUO1
CENTRAL\Albertsville\ GA00Z
CENTRAL\Albertsville\ GAO01

Name

Gas Turbine Temperature Anomaly
Gas Turbine Temperature Anomaly
Gas Turbine Temperature Anomaly
Gas Turbine Temperature Anomaly
Gas Turbine Temperature Anomaly
Gas Turbine Temperature Anomaly
Gas Turbine Temperature Anomaly
Gas Turbine Temperature Anomaly
Gas Turbine Temperature Anomaly
Gas Turbine Temperature Anomaly

Template
Gas Turbine Temperature Anomg
Gas Turbine Temperature Anoma
Gas Turbine Temperature Anoma
Gas Turbine Temperature Anoma
Gas Turbine Temperature Anoma
Gas Turbine Temperature Anoma
Gas Turbine Temperature Anoma
Gas Turbine Temperature Anoma
Gas Turbine Temperature Anoma
Gas Turbine Temperature Anoma

Enable | Disable selected analyses

Enable | Disable automatic recalculation for selected analyses

Queue | Cancel backfilling or recalculation for selected analyses

Start | *-7d [
End [* e
What should we do with existing data?
) Leave existing data and fill in gaps
® Permanently delete existing data and recalculate
[ Recalculate dependent analyses

Recalculation will permanently delete all the
data within the time range. For event
frames this will result in loss of annotations
and acknowledgements.

Page 87



Analyzing Pl System Data

7.2.2 Exercise - Detect Inactive Units

This solo or group activity is designed to maximize learning in a specific
topic area. Your instructor will have instructions, and will coach you if
you need assistance during the activity.

Objective:

Engineering would like to perform a deeper analysis into events over the past
week in which the generating units are inactive. Configure the event frame
generation to automatically capture new events and detect historical events.

How many inactivity events have been occurring?

Approach:

e Open up the UNIT Element Template from the Fleet Generation Database
Library.

¢ Add a new analysis called Inactive Units with analysis type of Event

Frame Generation.

Specify the event frame template: Inactivity.

Define the trigger condition to automatically detect inactive events.

Add an Output Expression using the EventFrame(“Duration”) function.

Verify data.

Backfill for the past seven days.
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7.3 Discussion

This is a discussion designed to maximize learning in a specific topic
area. Your instructor will have questions, and will prompt for
communication within the class. This is an open-ended section and the
result depends on your needs.

Objective: Brainstorm some real world uses for event frames at your own
company. Event frames can be used to capture duration and summary
information for events such as process excursions or downtime, but how would
this be implemented in your workplace?

Approach

¢ What kinds of events are of interest in your own process?
e Can you think of reliable trigger conditions?
e Do you have all the required data to identify these events?

Estimated Completion time 10 minutes.

>
vf
]
{

“
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8 Analyzing Events

8.1 Objectives

Pl Event Frames are stored in Pl AF databases. These event frames can be
viewed, filtered, analyzed using PI tools such as Pl System Explorer, PI Vision,
and Pl DataLink.

8.2 Pl Event Frames in Pl System Explorer

The easiest way to view Pl Event Frames is through PI System Explorer. From
the Event Frames Pane, you can perform searches against all the event frames
within an AF database. You can filter based on specific referenced elements,
specific time ranges, and much more.

(7 Elements

|== Event Frames
i Library

rm Unit of Measure

44 Contacts
% Management

From the properties of an Event Frame Search, you can specify the following
search parameters for the time of the event frame, and the properties of the event
frame:

Search type: Specify how to perform an event frame search. Find all event
frames that are entirely between a start and end time? Starting or ending

between a start and end time?
Search start: Specify the start time for event frame search.
Search end: Specify the end time for event frame search.

Include descendants: Search for all child event frames in addition to parent

event frames.

Search: |.ﬁ.ctive Betweean v| |:| In Progress
Search start: |*-3|:||:| "EHZI &ll Descendants
Seatch end: |*+1.:| "EHII |Cu5t-:nm W

Event Frame Name: Filter based on the name of an event frame. Can use

wildcards.
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Element Name: Filter based on the name of the referenced element. Can use

wildcards.

Template: Filter based on the event frame type.

Additional Criteria: Ability to filter based on duration, attribute value, event

frame search root, and specify how many results to return.

Mame: [*Gas Turbine Temperature Anomaly* | % Analysis Name: | | x
Element Name: | | % Category: | <all v| x
Template: | <al» v] x
Duration; | >= |[oo:omion [=] =

o Add Criteria ¥

The resulting search query is combined into a string within the search field. This
allows for direct manipulation of the data fields without using the menu options.

Exvent Frame Search

[Duration: »=0 Name:**Gas Turbine Temperature Anomaly*" SETETETEIE %~ Search |
Criteria 3
— T nrroe
search start: |I| All Descendants
Search end: |*+1d ||E|| 4 | ‘Custom vl
Mame: |*Gas Turbine Temperature Anomaly™® | X Analysis Name: ‘ ‘ X
Element Name: | GA* | % cateqory: [ <l vl x
Template: |<A\I> v| ®
Duration: | == HDD:DD:DD |U X
Ji Add Crikeria 7
Results E3

Group by: [ Category [ ] Template

o 5 2 A Name 3[1.05:10:02] . | Duration Stark Time 2 End Time Eu
®# = Albertsvile GAOD1 Gas Turbine Temperature Anomaly ... H 4:40:00 3/20{2015 3:23:03 PM 3(20/2015 &:0...

= & = albertsvile GRODZ Gas Turbine Temperature Anomaly ... I—{ 9:30:00 /202018 3:23:03 PM 8(21/2018 12:...

o & = albertsvile GROD1 Gas Turbine Temperature Anomaly ... H 4:45:00 8/20{2015 8:08:03 PM 8(21/2015 12:...

o & = lbertsvile GRODZ Gas Turbine Temperature Anomaly ... H 4:45:00 /212018 12:53:03 AM 3(21/2018 5:4... _
= & = albertsvile GROD1 Gas Turbine Temperature Anomaly ... H 4:40:00 /212018 1:03:03 AN 8(21/2018 5:4...

o & = albertsvile GROD1 Gas Turbine Temperature Anomaly ... H 4:45:00 8/21/2018 5:48:03 AM 8(21/2015 10:...

o & = lbertsvile GRODZ Gas Turbine Temperature Anomaly ... H 4:45:00 3/21{2018 5:48:03 AM 3(21/2018 10:...

LI =i lbertsvils GAODZ Gas Turbins Tempsrature Anomaly ... H 4:45:00 /212018 10:38:03 AM (212018 2.,

o & = albertsvile GROD1 Gas Turbine Temperature Anomaly ... H 4:40:00 3/21/2015 10:43:03 AM 3(21/2018 3:2...

= & = albertsvile GROD1 Gas Turbine Temperature Anomaly ... H 4:45:00 /212016 3:28:03 PM Bl21/2018 &:1...

o & = albertsvile GRODZ Gas Turbine Temperature Anomaly ... H 4:50:00 8/21/2015 3:33:03 PM 8(21/2018 8:2... v
< m ' >

The search found 66 Event Frames matching the attribute criteria with 14 attributes matching the value criteria.

OK H Cancel H Reset
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The default search results bring back fields detailing the duration, start time, end
time, description, category, template, and a Gantt chart. Any of these fields can
be hidden by using the settings cog on the top right corner of the search results.
Additionally, values from the event frame attributes can be pulled back into the

Search Event Frames I

Group by: [ ] Category [ | Template

o -
Categary Severity Template Primary Element (o2

HMane Gas Tu . Is Template

Mene casTuB s Locked

Mone: as Ty 15 Annotated

hons GasTul s Mot Acknowledged

Mane GasTu. Mame

Hone ety Gantt

Hone Gas Ty Duration

Hane Gas Tu. Start Time

Mene syl End Time

Hone sasTul[l Deseription

Hone Gas Ty Category

Mone Gas Tul . Sewerity

HMone Gas Tu. Ternplate

Mone Gas Tu. Primary Elernent

92

Creation Date

Wadify Date

Select Attributes...

®) add Attributes From Template:

Select Attributes

search results through this same option list.

‘ =5 Gas Turbine Temperature Anomaly

v]

(O Add Attributes From Event Frame: ‘Alhertsville GAOO2 Gas Turbine Temperature Anomaly 2018-08-20 15:23:03

[21[-]

Others: ‘ Enter a femicolon separated 56 of names fo use aF attrbufe colmas! ‘ E‘ | Add
Attribute Templates: Attributes:
Gas Turbine Temperature Anomaly Group by: [ | Category =1 Duration

& Exhaust Gas Temperature - #1 Frobe
CE Exhaust Gas Temperature - #2 Probe
G Gas Fuel Flow

G Gas Fuel Pressure

CE Gas Turbine Speed

=4 Technology

Unit Status

Exhaust Gas T...
Exhaust Gas T...

Gas Fuel Flow

Filtar 2 -
Marme 2| Description C... |
Duration i

Gas Fuel Press...

Gas Turbine ...

Exhaust Gas Temperature - #1 Pr...
Exhaust Gas Temperature - #2 Pr...
Gas Fuel Flow

£1 Gas Fuel Pressure

=] Gas Turbine Speed

=] Technology

=1 Unit Status

[ %] [«] [+
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8.2.1 Directed Activity — Search for Inactive Events for GAOO1

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Find all Inactive events for the unit GAOO1 and GAOO02 over the past 24 hours.
Examine the technologies that are involved in these inactive events.

Approach:

Click on the event frame plug-in. Right-click on Event Frame Search 1 and select
Properties.

&

File  Search  “Wiew Go  Tools  Help
@Database [ Query Date ~ © @ OBack H,r Checkln %}

Event Frames Event Frarme Search 1
= I-_d Event Frame Searches
= b ey Search =
ertsyi o
o b= Blbeptsvilll S Mew Attribute Search
- = Albertsvill Lo Newr Event Frame Ao
e [ pilbEr bl
o | flbertsvill s Create or Update Data Reference fio
o b= Albertsvill Capture or Recapture Values... po
e o] bt Svill . (ita]
o ] AlbErESl SR Categorize.
ey .C\Ibertsvfll Arrange By 3
e ] B bl o
o = Albertsyil ﬁ Refresh e)
e e A lBErESll Past
e ] AlbEFE Sl e po
e ] Bt sl m Import from File... i
l-v_j Recent Event Fram .
|- = Transfer Searches Zh BxporttoFile.. po
+-- g Transfer Searg 23 Copy o
[ Sawe po
7 Delete... RO
Rename po
> Delete &ll..,
5 Security..
mf_ﬁ Properties

i
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From the Event Frame Search screen, specify the search start to “*-1d”, end to “*”, and
uncheck the “All Descendants” checkbox. For the Element Name textbox, specify GAOQ0?
and set the Template to Inactivity.

Event Frame Search -

Duration: =0 Elementame:GAC0? AlDescendants:False TR GERE] % | Search |

Criteria B
Search start: [] &l Descendants
Searchend: [* [0 ] [past ay v]
Name: [ | % analysis ame: | | =
Element Mame: | GAGD? | % category: [<an> v]
Template: [nactity V] %
Duration: [ 5= ][o0:00:00 [=] =
% ndd Criteria v

Restilts B

Group by: [ | Category [ | Templake

‘ 5/ | ame Gantt Duration Start Time [End Time DesclSiti
|

The search will return several inactive event frames. Select all of them and click on OK.

Click on the gear icon to the right of the fields, and remove the description and category
fields. Then click on “Select Attributes.”

Select the Technology attribute from the Select Attributes wizard.

Select Attributes -

®) A Attributes from Template: | gy Inactivity v

(O Add Attributes from Event Frame: |mbartswlle GAOD! Inactivity 2018-08-20 21:00:00 H £ ” ‘

Others: |En(&r 5 semicolon separated kst of names (o use a5 oterbute colmns. |m ‘ Add |

Attribute Templates: attributes:

Inactivity Group by: [ ] Category =1 Technalagy
Aiter o~

-G

Mame | Description Coon ‘

= Carbon Emissions
& Demand

7 Duration

= Hours Down

= Operatar

= Technology

< Total Demand
7 Unit Status

[ % [¢] &

Examine the Technology that is leading to the downtime for these Inactive Units.

Event Frarne Search 1
Group by: [ ] Cakegory [ | Template

Fiter oo
8..[23:50:00] ... |Duration Start Time End Time Severity Template Primary Element 4| | Technology @ | -~

0138-08-20 21:00:00 ! 0:10:00 §/20/2016 9:00:00 PM g/20/2018 9:1... Mone Inackivity GACOL Matural Gas

EE-E:EI-SEETZ-I--UEI-U-EI --------- I 0:10:00 8/20§2018 9:00:00 PM 8/20{2018 9:1... |Mone Inackivity GADOL Matural Gas

018-08-20 21:50:00 I 0:10:00 8/20/2018 9:50:00 PM B/20{2018 10:... |Mone Inackivity GACOL Matural Gas =

0138-08-20 21:50:00 I 0:10:00 §/20/2016 9:50:00 PM §/20/2018 10:.., |Mone Inackivity GACOL Matural Gas

018-08-21 00;10:00 I 0:10:00 8/21/2016 12:10:00 AM 8/21/2018 12:... |Mone Inackivity GEACOL Matural Gas

f10 AD 91 AR AN | Aoaan ST IAAME 12 AN AR B T F Y, Tk b Ao Mkl =
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8.2.2 Exercise — Search for Recent Temperature Anomalies

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Find all temperature anomaly events for the gas turbines over the past 48 hours
that last for more than one hour. Add columns for Fuel Gas Pressure and for each
of the two gas temperature sensors.

Which unit has the highest starting Gas Fuel Pressure during a temperature
anomaly, and when was it?

Approach:
Perform an event frame search and format results for the desired attributes.

>
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{
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8.3 Pl Event Frames in Pl DataLink

PI DataLink allows you to retrieve current, historical, and calculated data back
into Microsoft Excel. In addition to these capabilities, PI DataLink also allows for
the retrieval of event frames back into Excel for further analysis.

HOME IMSERT PAGE LAYOUT FORMULAS DaTa, REWIEWY WIENY ADD-IMNS Load Test PIDATALIME
i — o — Settings
A 2L OME %~ QR 5 @
r@l C ooe UO = . il\: Ahout
Current Archive  Compressed Sampled Timed  Calculated  Time Explore Compare  3earch  Asset  Properties  Update
Walue  Walue = Data ~ Data~  Data Data~  Filtered ~ - - - Filter @) Help
Single Walue Multiple YWalue Calculation Events Search Properties  Update Resources
There are two retrieval methods for Event Frames inside of Pl DataLink:
Explore: Find Event Frames that meet the specified criteria and display them in a
hierarchical format, which is useful to analyze events sharing the same EF
template.
Event name Start time End time Primary element ReasonCode ShutDownType
BoilerShutDown.5.20130403.1 03-Apr-13 18:00:00 03-Apr-13 19:00:00 Boiler3 P Planned
BoilerShutDown.5.20130404.1  04-Apr-13 18:00:00 04-Apr-13 19:00:00 Boiler3 P Planned
BoilerShutDown.5.20130404.2 04-Apr-13 22:04:00 04-Apr-13 23:31:00 Boilers E Emergency
BoilerShutDown.5.20130405.1  05-Apr-13 18:00:00 05-Apr-13 19:00:00 Boilers P Planned

Compare: Find Event Frames that meet the specified criteria and compare their
attributes in a flat format. This allows a flat list of events with attributes relating to
child events all within a single row.

Turbine Startup Child
Events

Parent Events ﬂ\

\\Phasel| .\Phase2| .\Phase3| .|Primary

.| Event-rame .|Event template .|Starttime .|End time .|Duration Duration Duration Duration element
urbineStartUp.3.3 ThrbineStartUp 03-Mar-14 18:16:00 03-Mar-1419:29:00 01:13:00 00:30:00 00:27:00 00:28:00 Turbine3
JurbineStartUp.5.3 TdrbineStartUp 05-Mar-14 06:01:00 05-Mar-1408:33:00 02:32:00 00:58:00 00:40:00 00:53:00 Turbine5

For either the Compare or Explore Events, you can specify parameters to search
for specific event frames. You can specify the following:

Database: AF Database to search against.
Event Name: Search pattern to search for specifically named event frames.
Search Start: Search for all event frames that occurred after this time.

Search End: Search for all event frames that occurred before this time.
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Event Template: Search for specific types of events.

Element Template: Search based off of the type of referenced element.
Element Name: Search pattern for the name of the event frame.

More search options: Search based on attribute values, duration, and category.

Number of child event levels: Only for “Explore Events” and allows for the

hierarchical display of events.

Explare Events v

Database Ewvent name
W ALMUTAFleet Generation

Search start Ewent template
: I8
Search end Elemert name

Element template

[ Limit to database level I D
B C=E
More search options
Preview
F=3f Eventts [1000 found - maximum reached] -

- p={ Gas Temperature Anomaly 20140813 06:46:51
- p={ Gas Temperature Anomaly 20140813 06:46:51
- ={ Gas Temperature Anomaly 20740873 06:46:51
- ={ Gas Temperature Anomaly 20740873 06:46:51
- ={ Gas Temperature Anomaly 20740873 06:46:51
- ={ Gas Temperature Anomaly 20740873 06:46:51
- p={ Gas Temperature Anomaly 20140813 06:56:51

b o Towhin T b 101 ANDH 3 0N

N O O O O e O

Columns to display

Select al

Ewvent name T

Start time:
End time

Diuration

E|1—-b

Event template
Frimary element
Frimary element path

]
]

Element template

1

Mumber of child event levels Output cell
[ - 'Sheet1 13431

oK J [ Aoy
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Searching for event frames can be based off multiple attributes.

Attribute value filters

Attrbute Operator  Walue
[Teu:hnu:ulu:ug_l,l - [= * | Matural Gas
[Gas Fuel Preszsure - [>= - | &0l

When searching with Explore Events, the results can be displayed hierarchically
based on the relationships between child and parent event frames.

Event name Child1 Start time End time Duration
Gas Temperature Anomaly 20140813 11:16:51 8/13/1411:16 &0 8713714 11:51 &AM 0,024306
Gas Temperature Anomaly 20140813 11:16:51  Root Cause 8/13/1410:46 &AM 8/13/1411:16 &0 0.020833

To return more than 1000 event frames in the search preview, go to Settings in
the ribbon. Change the setting to 10,000 Event Frames.

Data Rewiens Wiewy Pl Datalink Pl Builder er g U want to da..,

— [ - q E % Ahout
UG) _E ' Help
Time Explore Cormpare  Search Asset  Properties  Update  [Settings
ltered = - - - Filter () Feedback
a1y} Ewents Search Praperties | Update Resources
Settings -
?
| [ Copy PI Data &chive name [Legacy add-in only) Hurmber format
[ Display BN/ instead of blanks |General |
[] Locale independent Time format
[] Disable automatic tazk pane display on click |C|C|'|'ﬂ|'ﬂ|'ﬂ'_'r'}' hkcmm:gs |
[] Disable "Resize to show all values' message b A event count
Time stamps in |'|UUU|1 |
@ Clignt ime zone W awimum filker search count
) Pl Data &rchive time zone |-IDDDE| |
) UTC time zone Automatic update
®) Calculate F9)
Copy items to sheet ) Full calculate [Chil+walt«Shift+F3]
) In arow Interval [secondsz] - Enter O for automatic
® In a column |D |
Clear Cache Connection Manager... 0k | | Cancel |
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8.3.1 Directed Activity — How many temperature deviations occurred?

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Temperature deviations could potentially mean damaged machinery. Engineering
is interested in analyzing the Natural Gas units. Find out how many instances of
temperature deviations occurred for gas turbines that lasted for more than 30
minutes.

Approach:

From the Pl DatalLink tab in of Excel, select cell A1 and click Compare in the
ribbon.

Haorne Insert Page Layout Vat: Wiew Pl Datalink

B e g G B o |0 | QB B

Current Archive | Cormpressed Sampled Timed  Calculated  Time Explore Compare  Search  Asset  Propertie
Walue Walue - Data - Data~  Data Data = Filtered - = E E Filter

Single Walue rMultiple Walue Calculation Events Search Propertie

Specify the Database as \\PISRVO1\Fleet Generation, Event name as “**, Search
start as “*-1d”, and Event template as “Gas Turbine Temperature Anomaly.”

Compare Events M
3
D atabaze Eent name

|\WPISRVOT\Fleet Generation | * |

Search ztart Event template
*-1d | | Gas Turbine Temperature Anoma |
Search end Element name

Element template

: v|E]

" |

[ ] Lirnit ta database level

—
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From More Search Options, set the minimum duration to 30 minutes.

IZI Mare zearch optiohs

Ewent category Search mode

" V| |a|:tive in range V|
kinimum duration Sort order
|3Elm | |start time azcending Vl

Select the columns that you would like to display:

Columns to digplay

[m] Select all

ADwration I |I|

|E=hauzst Gas Temperature - #1 Probe

|Eshauzt Gas Temperature - #2 Probe

AGaz Fuel Flove |X|

IGas Fuel Pressure
AGaz Tubine Speed

AT echnology

| & K] &) & ] &] &][&]
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8.3.2 Exercise — Analyzing Inactivity

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Inactivity events can be costly as the generating units are not generating any
power. Analyze with PI DataLink the total number of Inactivity events as well as the
total amount of time the units were in an Inactive state for the 24 hours.

Which generating unit had the most downtime events? Which generating unit had
the largest total downtime?

Approach:

Use PI DataLink to search for Pl Event Frames and specify which attributes to return. Use
Excel to aggregate the events. It's probably easiest to use a Pivot Table.

>
vf
]
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8.4 Pl Event Frames in Pl Vision

PI Vision enables you to view and analyze your Pl data during the time range of a
particular event. For example, you may want to examine the performance of an
asset during an operator shift or compare the data for several assets during a
downtime period.

M E B I = 0 K B

'8

il Ml [ | Automatically refresh the list

Downtime-Storage Tank2_2018-01-31 21:49:5_ .
1/31/2018 9:48:50 PM - 1/31/2018 10:01:55 PM

I Downtime-Storage Tank2_2018-01-31 20:46:3. .
| Downtime-Storage Tank2_2018-01-31 19:44:1_ .

[ Create Events Table O Edit Search Criteria

To view events, open the Events tab on the left side. Here you will find events related to your
process, the color to the left of each event indicates its severity. By default, the time range of
the display and the context of the symbols in the display determine what events are shown in
the Events list in Pl Vision. To discover additional events, modify the time range or choose
Edit Search Criteria. When you edit the search criteria, there are a number of filtering options
to find the Event Frames you are looking for.

Edit Search Criteria

» Database OSlsoft Plant
» Time Range Timebar Duration
» Event Severity

» Event Name

» Event Type and Attribute Value

r Asset Name Assets on Display
» Asset Type

» Event State

» Event Category

» Event Acknowledgment

» Event Comments

» Event Duration

» Number of Results

» Search Mode Events Active in Time Range

[ |Retum All Descendants

Apply | | Reset | | Cancel
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You can select an event to find its Data Items (event attributes) and its start and end time.

By right clicking on an event, you can choose Apply Time Range apply the

Downtime-Storage Tank2_2018-01-31 19:44:10.000
1/31/2018 7:44:10 PM - 1/31/2018 8:02:03 PM

[ Create Events Table O Edit Search Criteria

Attributes
Downtime-Storage Tank2_2018-01-31 19:44:10.000
Event Duration (minutes): 17.883 min

I
4

Lost Production (gal): 2,474.9 US gal
Maximum External Temperature: 237.32 °F
Maximum Internal Temperature: 130.55 °F
Reason Code: Mechanical

Temperature Difference: 90.794 delta °F

@ Storage Tank2 b3

event’s time range to the display.

Downtime-Storage Tank2 2018-01-31 20:46:31.000
1/31/2018 8:46:31 Apply Time Range

| Downtime-Storag Event Details

ERf Create Events Tall Compare Similar Events by Name
m Compare Similar Events by Type
Attribute

OSlsoft.
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8.4.1 Directed Activity — Inactivity Events in Pl Vision

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:
Visualize Inactivity Events using Pl Vision.

Approach:

Create a new PI Vision display. Drill down to asset GAOO1 in the Fleet Generation database

Trend the Exhaust Gas Temperature Probes for the past 24 hours.

O PiVision
@  Assels
W EEEBE | = 0k

)

Attributes

Bl Exhaust Gas Temperature - #1 Probe
[ Bxhaust Gas Temperature - #2 Probe

Click on Events in the top left and check “Automatically refresh the list”. By default, this will
load Event Frames for Assets on the display (in this case Turbine GAOOQ1).

O P'I-Rlision
@ Events

%Emﬂmm
=

i

| | Automatically refresh the list I

Albertsville GACO1 Inactivity 2018-08-21... > I
8/21/2018 10:30:00 PM - 8/21/2018 10:40:00 PM
Albertsville GADD Inactivity 2018-08-21... >
Albertsville GACO1T Inactivity 2018-08-21... >
Albertsville GACOT Gas Turbine Termperatur...
Albertsville GACOT Gas Turhine Temperatur...
Albertsville GACO1 Inactivity 2018-08-21... 3

Albertsville GACOT Inactivity 2018-08-21... 3

Right-click on one of the Inactivity Events and select Apply Time Range. The time range
will be applied to the temperature trends.
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Right-click on one of the Events and select Compare Similar Events by Type. Trends of
the Event Frame trigger attributes for the selected Event Frame and 10 recent event frames

will be shown.

OSIsoft
O pivision
@ Events Display ave feon™

Automatically refresh the list .,TOEXhaUSt Gas Temperature - :#1 Probe (°C) X

@ Albertsville GAOD1 Inactivity 2018-08-... |
8/22i2018 1:40:00 PM - 8/2212018 1:50:00 PM

@ Albertsville GAQD1 Inactivity 2018-08-..

¥ Albertsville GAQO1 Inactivity 2018-08-.. 40

A Albertsville GAQD1 Inactivity 2018-08-...

¥ Albertsville GAOO1 Inactivity 2018-08- ...

O Albertsville GAQDT Inactivity 2018-08-...

@ Albertsville GAQD1 Inactivity 2018-08- ... [ ;
O Albertsville GAODT Inactivity 2018-08- ... —“
A plbertsville GAOO1 Inactivity 2018-08- .

F50

Exhaust Gas Temperature - #2 Probe (°C) X
V Albertsville GAQD1 Inactivity 2018-08-... [70 :

* Albertsville GAQD1 Inactivity 2018-08-..

O Edit Search Criteria

Attributes

Albertsville GAQD1 Inactivity 2018-08-22 13:40:00
Carbon Emissions: 405 g/kWh

=] Demand: 172.81 MW

Duration: 600 s
+ & Albertsville GAOO1 Inactivig 2018-08-22 13:40:00
Hours Down: 0.16667 h
+ © Albertsville GAO01 Inactivig 2018-08-22 12:10:00
=l Mmmvmbme DOV
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Edit Search Criteria to compare 100 Inactivity Events for All Turbines:

Edit C eria
» Database Fleet Generation
* Time Range Custom Time Range

» EBuvent Severity

» Event Name

» Event Type and Attribute Value Selected

¥ Asset Hame Any

| Specify Name

» Asset Type

» Event State

» Event Category

Event Acknowledgment
» Event Comments
» Event Duration

¥ Number of Results Humber of Most Recent Events 100

| All Events

o Mumber of Most Recent
_FEuents

100

Murnber of Earliest Events 10

Search Mode Events Starting in Time Range

| |Return All Descendants

Apply ‘ | Reset ‘ ‘ Cancel
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Other attributes from the Event Frames can be trended, but instead we will trend attributes
that are not included in the Event Frame but are included in the Asset. In the Attributes

Pane, drill into the turbine:

Carbon Emissions: 405 gikiivh
[=] Demand: 172.81 MW
Ciuration: 600 s

Hours Down: 016667 h
Operatar: BSX

=] Technology: Natural Gas

[=] Total Demand: 27.847 Mh
Unit Status: Inactive

) GAOD

Albertsville GADDT Inactivity 2018-08-22 13:40:00

Then drag/drop the Fuel Gas Flow onto the trend area to add new trends

,OEditSearch Criteria

Attributes

Carbon Emissions: 405 /...

Exhaust Gas Temperatur...
Exhaust Gas Temperatur...

Gas Fuel Flow: 91.078 L.

Gas Fuel Pressure: 30.76...

Gas Fuel Flowy

1

arm

+ & albertsville GAOO1 Inactiviﬁ

+ Stampton MMDO2 Inactivity

+ 0 Vickaberg MAMO1 InactiviEE

)
vf
]
\

OSlsoft.
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Use the scroll wheel on the right to scroll down and see the new trends

O Fé'lvVision

@ Events Display: Ci
i i
Automnatically refresh the list

@ Albertsville GAOO1 In...
8/22/2018 1:40:00 PM - 8/2...

# Starpton MNDO2 Ina...

¥ vicksberg MAMO1 Ina...

A Vicksberg MAMOZ Ina...
¥ Beryl Ridge BCUO1 In...
O Carbondale TCBO2 In...

O Edit Search Criteria

Attributes

Carbon Emissions: 405 gf...

Exhaust Gas Termperatur...

[
Exhaust Gas Temperatur... + & Albertsville GAOD1 Inactivity 2018-08-22 13:40:00
Gas Fuel Flow: 91.079 U... + © Stampton MNDO2 Inactivity 2018-08-22 13:40:00
Gas Fuel Pressure: 30.76... I + = vicksherg MAMO1 Inactivity 2018-08-22 13:40:00
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8.5 Discussion

This is a discussion designed to maximize learning in a specific topic
area. Your instructor will have questions, and will prompt for
communication within the class. This is an open ended section and the
result depends on your needs.

Objective: Event frames can be difficult to grasp at first. Let’s repeat the
discussion from the previous chapter now that you’ve seen some examples.
Brainstorm some real world uses for event frames at your own company. Event
frames can be used to capture duration and summary information for events such
as process excursions or downtime, but how would this be implemented in your
workplace?

Approach

e What kinds of events are of interest in your own process?
e Can you think of reliable trigger conditions?
e Do you have all the required data to identify these events?

Estimated Completion time 10 minutes.

>
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9 PI Integrator for BA (Event and Streaming View).
Accessing Pl Data programmatically.

Another important functionality that Pl Integrator for BA has is event view and
streaming view. Streaming view is available in advanced edition of the integrator.
Pl System Access license also includes PI SQL Client and the Real Time Query
Provider (RTQP) Engine. Pl SQL Client is generally more flexible than PI
Integrator for BA. The main drawback is the difficulty of writing SQL queries and
reduced throughput. For example, PI SQL Client would take longer to directly
import several million rows during a report refresh. These two options have their
GUI and are comfortable to work with. Pl System Access also includes
programmatic access to Pl System Data through developer technologies, such as
Pl AF SDK, Pl WEB API, that don’t have any user interface and requires good
programming knowledge. This allows better integration with different types of 3™
party applications and makes Pl System data available for building advanced
analytics and applying different data science methods.

In this part we will explore different tools for interacting with Pl data as a data scientist. We
will learn how to explore PI data within the system before exporting it to develop a model. At
the end of this part, you will have gone through a small data science problem from data
exploration to deployment using data stored in the Pl System.

More specifically, we are going to do the following:

e Part 1 - Understanding asset hierarchy and raw data
o Explore asset hierarchy
o Understand time behavior
o Aggregate time features using event frames

e Part 2 — Data exploration using Pl DataLink and Python
o Explore available data in Pl
o Understand the project scope through Pl Vision displays
o Explore generated Event Frames

e Part 3 - Develop a predictive model
o Export data using the PI Integrator for Business Analytics
o Train and evaluate model

e Part 4 — Operationalize the predictive model
o Stream data to Kafka using the PI Integrator for Business Analytics
o Ingest data stream using model

For this purpose, we are going to work with another AF database “Lab Building Data”, which
is not related to any specific production area. It is about cooling process with air conditioning,
which is known to all of us. Based on this simple data you will be able to understand much
easier all the approaches and data science methods, that are going to be applied further.
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Business Problem

We need to reduce the energy that is spent for cooling by optimizing daily startup of
individual cooling units in a commercial building.

Every day, the VAVCO cooling units adapt to changing temperature, relative humidity,
thermostat setpoints, building occupancy level, and other factors. The control system adjusts
several factors to provide the necessary cooling to the rooms to ensure tenant comfort.

A pre-established occupancy schedule requires that rooms should be at a comfortable
temperature between 7 AM and 7 PM when employees are in the building. During those
hours, the individual units keep the temperature at the desired setpoint. The units follow this
schedule to meet that requirement:

e Turn-on at some point in the morning, before 7 AM, and bring the room temperature
to setpoint by 7 AM

e Keep the room temperature at setpoint during occupied hours

e Shut-down at 7 PM when the building becomes unoccupied

The initial startup should finish as close to 7 AM as possible. Reaching the setpoint too early
results in wasted energy cooling an unoccupied room. Conversely, if the setpoint is not
reached by 7 AM, employees will not be comfortable in rooms that have not been cooled.
The business unit believes that the current startup schedule could be improved by examining
the historical data.

Our objective is to predict how long a unit will take to reach the setpoint depending on
current conditions to ensure the unit reaches the setpoint as close to 7 AM as possible.

9.1 Understanding asset hierarchy and raw data

9.1.1 Directed Activity — explore asset hierarchy

In this part of the exercise you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

e Better understand the data set used in the following chapters

Approach:
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We need to know where to find the data before thinking about developing a model. Unlike
the Pl administrators and subject matter experts (SMEs) who know their system intimately,
we don’t know what data is available, where to look to find that data, and how that data is

structured.

Questions:

e How many floors are in the building? How many units in each floor?

e What data streams may influence the cooling time?

e What other data might we need to include?

e Does every unit always have the same setpoint?

To answer these questions please follow the steps:

1. Open PI System Explorer on PISRVO01 and make sure that the Lab Building Data
database is selected.
2. Expand the Building and Floor_2 elements, then select the VAVCO 2-03 element
3. Under the General tab, note the template (VAVCO)
a. Templates make data shaping process much easier
b. Templatized assets typically have the same attribute structure

E: YWWRISRVOT,Lab Building Data - Pl System Explorer (Administrator)

File  Search View Go

Teols  Help

@D Database [ Query Date ~ (© & O Back H, CheckIn *

Elements
5 Elements
= (5 Building
EI (5 Floor_2
L g
- (§ VAVCO 2-09
- () VAVCO 2-11
L G VAVCO 2-13

- @& Floar 3

VAVCO 2-03
General  Child Elements  Attributes

Name: |vnvco 3.03

Description: |Device 101215

Template: |vnvco

Categories: |

4. Under the Attributes tab, observe these attributes

a.

b
c.
d.
e
f.
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Occupied Setpoint
Unoccupied Cooling Setpoint
Room Temperature

Space Humidity



Analyzing Pl System Data

VaVCo 2-03
General Child Elements Attributes  ports  Analyses Motification Rules  Version

|Ec-*fer
&t B € K Name & Yalue
= Category: Control

= ¥ o cooling EI:I %%
= < Actual Airflow 143 ft3/min
i «F Damper Command 27, 2284507751465 %
= Gf Damper Position 27,2222194571631 %
@ «¥ Desired Airflow 150 ft3/min
i «F Room Temperature 72degF
@ «F Space Humidity 42 o

= Category: Cooling

@ ¥ % cooling 0%

i «F Cooling Damper Time {seco... |90

@ «F Cooling 5P Offzet 1degF
= &% Occupied Setpoint 72degF

We now have a good sense for the data related to the asset in question. However, this may
not tell the whole story. Some information included in other assets could be useful in the final
model. Clear communication with subject matter experts is critical here — some data may be
important even though it's not directly associated with the asset in the AF structure. What
other data might be valuable when considering air conditioning?

5. Select the Weather element under Building

9.1.2 Directed Activity — understand time behavior

In this part of the exercise you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

e Plot dynamics during times of interest (Pl Vision)
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Approach:

Since we’re not experts in facilities management, it’s important to start building intuition
about how these data behave. This added context can help inform decisions down the line
as well as communication with SMEs. Visualizing evolution in time is necessary to
understand the time series data stored in the Pl System.

Questions:

e How often does the weather data update? Operational data?
e Does the cooling operate continuously or in cycles?

e Does the interior temperature always reach the setpoint after cooling begins?

To answer these questions please do the following:

e Open Google Chrome and navigate to the bookmark labeled Pl Vision
(https://pisrv01.pischool.int/pivision)
e Click New Display
e Type VAVCO 6-09 in the search bar and select the asset
e Drag % cooling from the attribute pane onto the display to create a trend
¢ Change the start/end times in the bottom-left and bottom-right of the display to the
same range as before (14-Sep-17 02:30:00 to 14-Sep-17 05:00:00)

Display: Click Save Icon* Asset:
% M@ i y Oy T [

vavco 6-09 m

< Home
"vavco 6-09"

& Floor 6 >
@ VAVCO 6-09

V- AY/\V/alaW-Wale] f"g\\ign Eailuira

. e

/14/2017 2:30:00 AM 9/14/2017 5:00:00 AM
VAVCO 6-09 i o

Control
% cooling
% heating

e Drag the Room Temperature and Occupied Setpoint attributes to a new trend just
below the % cooling
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e Right-click on the new trend and select Configure Trend
e Change Multiple Scales to Show single scale under Value Scales

Display: Click Save lcon™  Asset m m

) 3 m Configure Trend v

¥ Trend Options
[ Title
Foreground [] ~
Background ] v

Format Database v

[20 Traces

t10 .

I-_' 2 a I: 2 : . .
Lo . L L L L3
9/14/2017 2:30:00 AM 9/14/2017 5:00:00 AM

Grid

EBE=L
E—

Scale Type

[ |

Scale Range

e [V =R

Scale Labels

E_ | 1

We can now see that the unit continues to cool even after the room temperature reaches the
setpoint. We will come back to this later. Now, we’re looking at a trend for a specific VAVCO
unit. Did other units run that day? We can leverage AF templates to quickly change contexts
to other units.

L
CP14/2017 2:30:00 AM 2h 30m o 91412017 5:00:00 AM

¢ Inthe Asset dropdown, select VAVCO 6-06

Notice that the trends update to reflect the new asset. This unit reaches the setpoint more
quickly than VAVCO 6-09.
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Display: Click Save lcon® Asset | VAVCO6-06 ¥

)

0

L 1 L
91472017 2:30:00 AM 2h 30m 91472017 5:00:00 AM

73

728
726
r72.4

ri22
L72 : .

91472017 2:30:00 AM 2h 30m 91142017 5:00:00 AM

e Select VAVCO 3-16 in the Asset dropdown

This unit never reaches the setpoint. Maybe someone left the window open...
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Display: Click Save lcon* Asset |VAVCO 3-16 ¥

)

il L

.9.?14!'._'?"01? 2:30:00 AM 2h 30m 91472017 5:00:00 AM

LT3
L72.8
F726
F72.4

rf2.2
L72 . .

9/14/2017 2:30:00 AM 2h 30m 91472017 5:00:00 AM

e Select VAVCO 6-09 again

Now we have some sense about what happens to some data when the VAV CO units turn
on:

=

% cooling increases rapidly, peaks, then gradually decreases

2. % cooling can remain greater than zero even after the temperature reaches the
setpoint

3. Room Temperature may reach the setpoint, pass the setpoint, or remain above the
setpoint for many hours

4. Different VAVCO units reach the setpoint at different times

Now that we’re more comfortable with what happens during the initial cooling, we can move
toward preparing the data.

4
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Elernents Weather
I% Elements General Child Elements  Attributes  Ports  Analyses  Motification Rules  Version
= ( Building
[ (F Floor_2
- ( VAVCO 203 | Fiter
...... ﬂ VAVCO 2-09 ‘f ! = e & Mame £ "."EIUE
L () VAVCO 2-11
b () VAVCO 2-13 = Category: <Mone:
g g i:gg:—i B =| Device ID 101056
[+ & Floor_5 | «F Dewpoint Temperature 51.1000099182129 deg F
[+ (G Floor_&
...... & s @ &F Outside Air Temperature 64,6000137329102 deg F
(23, Element Searches - & Precipitation (ABS) 1.3140000104904175
G «F Relative Air Pressure 1012,4000244140625
g @ «F Relative Humidity Percentage | 61,8000106811523 %
G «F Wet Bulb Temperature 56.8000106811523 deg F
g @ < wind Chill Temperature 54,6000137329102 deg F
¢ | «F Wind Direction 195 =
g @ <% \Wind Heating Temperature 66,69990969482422 deg F
i@ ('f Wind Speed 5.900001049041748

Now we know where to find important data for this system. For the purposes of this exercise,
we will be working with attributes on the Weather element and elements based on the
VAVCO template.

9.1.3 Directed Activity — Aggregate time features using event frames

We will now shape the data into something that can be used in a machine learning
algorithm. Since we’re trying to predict the time it takes to cool a room to setpoint at the
beginning of the day, we’ll need to format the data into row-column format where each row is
a different cooling period and columns represent the outcome as well as possible predictors.
Event Frames enable this sort of time-based aggregation.

Objective: Create event frames and visualize in Pl Vision
Questions:

e What information should we include in the event frames?

¢ How should they be triggered?
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e Compare the temperature profiles for a few event frames. On a given day, how much
do they vary between floors? Units? For a given unit, how much does it vary over few
consecutive days?

Solution:

e Open Pl System Explorer, click the Library tab, expand Event Frame Templates
and select VAVCO startup

The Attribute Templates tab shows the data that the event frame will aggregate. Note that
it includes both start and end time values as well as the name of the reference element. See
below for a description of each of the attributes.

Library VAVCO startup
@ suilding-Clean General Attribute Templates
=) (@ Templates
I s Element Templates
- " | Fiter P
= 'E vent Frame Templates
"""" @ VAVCO startup 2| 18 Name 4/ Description Default Value {63
E G Model Templates -
| [ g Transfer Templates B [ Category: <None>
-~ 'El Enumeration Sets
i =5 B tN 0
- ', Reference Types - Element Name
- [ Tables B (=) category: End Time Values
i [EY Table Connections
= _l Categories & Room Temperatur... 0°F
- [@] Analysis Categories =4 Setpoint Offset a... 0
- (=] Attribute Categories
- (@] Element Categories =4 Setpoint reached
- (=] Notification Rule Catego )
- (2] Reference Type Categol < Setpoint when se... wlld
= (&) Table Categories B = Category: Start Time Values
< >
&& % Cooling at VAV... 0
R | Actual Airflow at .. | 0
1 | ESEmE e e -

e % Cooling at VAV start -> The “cooling rate” at the start of the event

e Actual Airflow at VAV Start -> The airflow at the start of the event

e Damper Position at VAV Start -> The position of the damper at the start of the
event

e Qutside Air Temperature at VAV Start -> The temperature outside the building at
the start of the event which is measured by a weather station placed at the top of the
building

e Qutside Relative Humidity at VAV Start -> The outside Relative Humidity at the
start of the event

¢ Room Temperature at VAV Start -> The room temperature at the start of the event

4
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e Setpoint at VAV Start -> The occupied setpoint at the start of the event. We have
captured this attribute because the setpoint can be changed manually and it's not
always constant.

e Setpoint Offset at start time -> Calculated attribute to calculate how many degrees
off the setpoint we are at the start of the event

e Space Humidity at VAV Start -> The humidity of the room at the start of the event

e Setpoint reached -> Indicates if the setpoint was reached within the period of the
event frame or not. During some very hot days, the setpoint is never reached that
day. Since we are only interested in the daily startup events, we close the events at 8
AM even if the setpoint hasn’t been reached.

The start and end triggers of the event frames must be defined for the system to know which
time periods are of interest. Explore the triggers for the event frames that have already been
created:

e Open PSE and select Library

e Expand Element Templates and select VAVCO

e Click the Analysis Templates tab and select Startup Event
e Look at the logic for the StartTrigger and EndTrigger

| Lreate a new notrhcation rule template for Start

Example Element: Select an example element

Event Frame Template: | VAVCO startup v

Name Expression True for Severity Walue at Evaluatio Value at Last Trigc

B Start triggers

StartTriggerl|('% cooling'>1) and 'Room Temperature'-'Occupi|Set (optional)

("% cooling'»1) and 'Room Temperature'-'Occupied Setpoint’ > @.5 and Hour( *')<=7]

B End trigger

EndTrigger (Abs{'Room Temperature'-"Occupied Setpoint'}) ‘ ‘

This guarantees that the event frames will only captures the first event of the day and will
end when either the room temperature is within 0.5 degrees of the setpoint or it does not

reach the setpoint by 8 am. For the purposes of this exercise, we will only consider cases
where the setpoint is reached before 8 am. Let's compare event frames directly.

¢ Click the Events tab on the PI Vision display that you just created

@ Events

by | M E

O
il

Automatica
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¢ Right click on the event frame and select Apply Time Range

D Events Display: Click Save Icon* Asset: | VAVCO 6-09 ¥
L B

ke BB
i

Automatically refresh the list

VAVCO startup - VAVCO 6-09 - 2...

9/14/2017 3:02:42 AM - 9 Apply Time Range

Event Details

| %Creale R | Compare Similar Events by Name

Y
. — o 9/14/2017 5:00:00 AM
| SO Edit Search Criteria | Compare Similar Events by Type _

Aftributes

The display now only shows data within the time range of the event frame.

¢ Right click on the event frame and select Compare Similar Events by Type
e Save the display if you have not done so already

A trend of the attribute value over the course of each event frame that matches the search
criteria appears. This gives some sense of how the values change with time and how those
changes vary from event frame to event frame.

Events

Display: Click Save Icon™

0.5h 1.0h

Automatically refresh the list

Room Temperature (deg F) X

@ VAVCO startup - VAVCO 6-09...
9/14/2017 3:02:42 AM - 9/14/2017 3:5...

# VAVCO startup - VAVCO 6-09...

® VAVCO startup - VAVCO 6-09...

A VAVCO startup - VAVCO 6-09...

O Edit Search Criteria

VAVCO startup - VAVCO 6-09 - 2...
End Time Values

@ VAVCO startup - VAVCO 6-09 - 2017-09-14 03:02:42.349

“ VAVCO stanug - VAVCO 6-09 - 2017-08-02 06:09:22.261
M VAVCO starIuB - VAVCO 6-09 - 2017-07-24 03:53:22.811

Room Temperature when set...
Setpoint Offset at end time: 0.5
Setpoint reached: True
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9.2 Data exploration using Pl DataLink, Python and R libraries

9.2.1 Directed Activity — explore data using Pl DataLink

PI DataLink is an Excel add-in that enables users to easily retrieve data from the PI system
into Excel spreadsheets via several different functions. Given Excel’s ubiquity and low
learning curve, PI DataLink and Excel can be a good tool for quick ad-hoc analysis if you're
less comfortable with Python.

Objective: Import event frame information in Excel.
Questions:

e How many event frames are there?
e When is the earliest event frame?

e Are there any NULL values?

Solution:

Now that relevant pieces of data have been structured by Event Frames, let’s put that data
together where we can do some analysis.

e Open Excel on PICLIENTO1 and click the PI DataLink tab
e Click Compare in the Events pane

Explore Compare

e e

Events

e Set Search Start = 01-Jan-17 and Search End =01-Jan-18
e Select Event template = VAVCO Startup
e Leave other values blank

e Click Ok
Compare Events o
?

Database Event name

[\\PISRVD1\Lab Buiding Data | - |

Search start Event template

|01-Jan-17 | NAVCO stariup v [=

Search end Element name

|01-Jan-18 | . |

Element template
Limit to database level . =

More search options
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The event frames will be loaded into Excel. You should notice that there are nearly 2000
event frames starting on March 3, 2017 and ending on December 12, 2017. It makes sense
that we wouldn’t have any more recent event frames as air conditioning isn’t needed during
the winter months. The Space Humidity has a value of “No Data” for all event frames before
April 29. In practice, this can mean that the humidity sensor wasn’t running before then, or at
least the data was not stored before that date.
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9.2.2 Directed Activity — Load Pl Data into data frames with Python and R

Python and R have become very popular for data science. The AVEVA (PI) Technology
Enablement Team developed some libraries for data scientists to interact with PI data using
these familiar tools. They leverage the Pl Web API, a REST endpoint for the Pl System, to
access and shape data.

For the purposes of this exercise, some helper functions have been added on top of these
libraries to simplify the syntax.

If you're not comfortable with Python, feel free to analyze the data in Excel. The worked
examples use Jupyter notebooks, but RStudio is also available if you’re more familiar with R.

We are going to use Jupyter notebook in further exercises. Let’s take a look on
how to work with Jupyter.

Jupyter notebook is an open-source, interactive web application that allows users
to create and share documents that contain interactive calculations, code,
images, etc. Users can combine data, code, and visualizations into a single
notebook, and create interactive “stories” that they can edit and share. Notebooks
are documents which contain both computer code (such as Python) and other
text elements such as paragraph, markdown, figures, links, etc.

@ localhost:8888/notebooks/2.%20Data%20exploration.ipynb
7 Jupyter 2. Data exploration Last Checkpoint: Last Wednesday at 5:20 AM (autosaved) A Logout
File Edit View Insert Cel Kemel Widgets Help Trusted ‘ Python 3 O
B l+[x]am 4~~I-|I|l Coce ||

| Cut cen | | Run code |
In [1]: from WebAPIHelper import *
import matplotlib.pyplot as plt
import matplotlib.dates as md
import numpy as np
import seaborn as sns

urllib3.disable_warnings(urllib3.exceptions.InsecureRequesthiarning)

Explore Event Frame data

Load data from Pl

First, we'll create a PIClient object to connect to the Pl System. After that, we'll use get_event_frame_attributes to return a list of event frames and attribute

We are not going to write any code by ourselves, required code is already
available for us. To run the code cell we are going to use hot keys Shift + Enter or
button, which is marked in red on the image above.

To clear the variable outputs and restart the code please select Kernel tab:

@ localhost:8888/notebooks/2.%20Data%20exploration.ipynb
_ Jupyter 2. Data exploration Last Checkpaint: Last Wednesday at 5:20 AM (autosaved) A Lot
File  Edit  View Inset  Cel Widgets  Help Trusted | Python 3 O
B+ = & B 4 ¥ M H Interupt B
Restart
Restart & Clear Output

In [1]: from WebAPIHelper imp Restart & Run All
import matplotlib.pyp
import matplotlib.dat
import numpy as np Shutdown
import seaborn as sns|

Reconnect

Change kemel »

urllib3.disable_warnil _ .InsecureRequestWarning)
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Objective: Import the Pl data into a Jupyter notebook
Questions:

¢ Do any of the columns need processing before analyzing the data?
e Which features should we include in our model?

Solution:
We’'ve installed the Anaconda Python distribution for the purposes of this exercise.

e Launch Jupyter Notebook from the desktop on PISRV01
e Open the notebook called 2. Data exploration

e Create a PIClient object to connect to the Pl Server

e Here we just import all the Python libraries to work with

In [*]:  from WebAPIHelper import *
import matplotlib.pyplot as plt
import matplotlib.dates as md
import numpy as np
import seaborn as sns

urllib3.disable warnings(urllib3.exceptions.InsecureRequestiarning)

e Update the password variable in the 2" code block
e Here we set Pl Data Archive name, AF database and specify Pl Web API path to be
able to read the data from the PI Server

In [2]: | webapiurl = "https://pisrvel.pischool.int/piwebapi
dataarchive = "PISRVE1'
afserver = 'PISRVEL'
afdatabase = 'Lab Building Data’
password = '5ecurepasswuvﬂ'

client = PIClient({webapiurl,dataarchive,afserver,afdatabase,password)

¢ Load event frame data, similarly, as what we did in Pl DataLink

Load Event Frame data

In [9]: |df = client.get_event_frame_attributes("Name:=*")

¢ Examine the first few rows with df.head()

./.-.
{
\
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In [6]: df.head
out[6]
Room Qutside
Hugﬁg;; Se‘:ﬁ:‘; Setnoint Seg’f?;gi Seg’f?;gi Setpoint Temperature Room  Relative
EventFrame EFStartTime EFEndTime - P at VA when Temperature Humidity
at VAV setpoint reached  at start atend st tpoi VAV Start VAV
Start reached time time art setpoint at a at
reached Start
w VAVCO .J;NSQZ:: Name"
Ve e 2011403, 201703 “Value' 720 Vol s 10 05 720 725 730 77.976303
e Sy 03T15:05:12.00227352 03T15:25:14.0071563Z 248, Yo : : 0T
0705 SSlen Falsel
1 VAVCO e Name'
vaveoans 2017-03- 201703 Value: 20 Ve o 15 10 720 730 735 98962120
o 22TI40407.69271852 22T1340:1183330022 243, T
0704 IsSystem’ False}
Z VAVCO .J;NSQZ? Name:
VAV 310 201035 201703 “Value' 720 Vol s 10 05 720 725 73.0 98.962120
O D 22T14:04.07.70845032 22T14:19:07 75521852 248, Y et : : 098
0704 SSvSieas False]
3 VAVCO e Name'
Voo et 2017-03- 2017-03- ‘Value: 720 vaert 10 05 72.0 725 730 93062120
s 22TI40407T04503Z 22T14290870834352 243, eyt
0704 IsSystem’ False}
& VAVCO .d;}“;:}::' Name:
VAVCD 306 201503, 01702 Value 720 Valers 15 05 720 725 735 98.962135
O 3 22T14:04:07.80200352 22T14:34:08 73950357 248, Y e : : -2 98
07-04-.. Svies False}

We’'ll need to convert the data to appropriate data types. Notice that the Setpoint reached
and Space Humidity at VAV Start have DICT types as values (curly braces {} show
dictionary data type). Those attributes correspond to formula data references in the event
frames. We’ll need to convert those to numerical values before we can proceed.

¢ Run these commands, which create a new column “Setpoint reached_values” in our
data frame
e This column includes extracted Setpoint value

df["Setpeint reached values'] = None

for row in df.loc[:, 'Setpoint reached’].items():

df.loc[row[@], 'Setpoint reached_wvalues'] =

df .head
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Room QOutside
Setpoint Temperature Room Relative  Outside Air s N . N
at VAV when Temperature Humidity Temperature Element  Position Airflow Cooling Setpoint

Start setpoint atVAV Start  atVAV at VAV Start  Name “‘S‘:gr‘: “‘;’t:x at;:‘:ﬁ reached_values
reached Start

Setpoint Betpoint Setpoint

when Setpoint Offset Offset
setpoint reached | at start atend
reached time time

Damper Actual %

{Name"
‘True’,
72.0| 'Value" 1, 10 05 720 725 73.0 77976303 46024254
'IsSystem”:
False}

VAVCO

611 50.000000 0.0 19916670 True

{Name"
'False’,
72.0| 'Value: D, 15 1.0 720 730 735 98.962120 52112152
'IsSystem™

False}

VAVCO

403 51333328 3410 27824970 False

{Name*
‘True',
72.0) 'Value” 1, 1.0 0.5 72.0 725 73.0 98962120 52112156
"|lsSystem™
False}

VAVCO

290 50.000000 0.0 19883341 True

{Name*.
"True’,
72.0| 'Value" 1, 1.0 0.5 720 725 730 98962120 52112156
'IsSystem”
False}

VAVCO

611 50.000000 0.0 19.2850000 True

{Name"
‘True',
72.0| 'Value 1. 15 0.5 720 725 73.5 98.962135 52112171
'lsSystem”
False}

VAVCO

3-00 50.000000 0.0 27608311 True

¢ Run these commands, which create a new column “Space Humidity at VAV
Start_values” in our data frame
e This column includes extracted “Space Humidity at VAV Start” values

df[ 'Space Humidity at vav Start_values'] = None

for row in df.loc[:, "Space Humidity at VAV Start'].items():
if type(row[l])==float:
df.loc[row[@], 'Space Humidity at WAV Start_wvalues']
else:
df .loc[row[®@], 'Space Humidity at VAV Start_values']

row[1]

row[1][ "Mame"]

df .head()
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. . . Room Qutside
Hu:ﬁ:ﬁ: Set&ﬁr; Setpoint Seg;g: Segr?;g: Setpoint Temperature Room Relative
EventFrame EF StartTime EFEndTime ; P at Vi when Temperature Humidity
at VAV setpoint reached  at start at end Start tpoint + VAV Start VAV
Start reached time time a setpoint — a a a
reached Start
3 VAVCO .N{;NS;::: £Name’
startup - i .E True',
2017-03- 201703 Value .
VAVCO 611 437150512 00227352 03T15:25:14 00715632 248, w0 EFE L 10 05 720 725 730 77.976303
- 2017-03-03 . h IsSysten”
- IsSystem”
07-05-.. .
Extracting
1 VAVCO ({Name: these values
startup - " . - -
2017-03- 01703 Value' el o
_"5"[‘]"1‘37?0‘3‘:23 22T14:04:07 66271857  22T18:49:11 83338027 248 720 'Is\;aylrtsjteemu'; 15 1.0 720 720 735 98.082120
0704 IsSystem’: Falsel
Z VAVCO e £Name*
e 2017507 IR SEvaluss e 1.0 05 720 725 730 98962120
N s 22T14:04:07.70845037 22T14:19:07 75521852 248, v el : : : : 98
0704 dsSySlemE False)
3 VAVCO 'I\.I{;NS:t::. Name"
startup - " . True'.
VAVEO 611 2017-03- 201703~ alue: 720 ‘Value' 1 1.0 05 720 725 730 93962120
N yay 22T1404077084503Z 22T1429.0870834352 248, RN : ' : : 098
07-04-.. IsSystem’ False)
4 VAVCO .&:ﬁ;g? FName™
startup - = " ‘True’,
2017-03- 201703 Value" .
A 22T14:04:07.80209352  22T14:34:08.73950352 248, 20 -mﬁﬁ?em‘-: 18 05 720 25 735 98.982135
0704 SEEELE False}

Note that the time stamps don’t align with what we expect. This is because they have been

translated to UTC time. Make sure to adjust them to Pacific time:

¥ conve
df['EFStartTime'] =
df['EFEndTime'] =
df['EFStartTime'] . head ()

rt exported start times to appropriate datetime o
pd.to_datetime (df['EF3tartTime'])
pd.to_datetime (Af['EFEndTinme'])

........

df['EFStartTime'] =df['EF3tartTime'] .dt.tz_localize('UTC')
df['EFEndTime']=df['EFEndTime'].dt.tz_localize('UTC')

df['EFStartTime'] . head ()

df['EFStartTime']=df['EFStartTime'].dt.tz_convert(' US/Pacific')

df['EFStartTime'] . head ()

df['EFEndTime']=df['EFEndTime'].dt.tz_convert (' Us/Pacific')

df['EFEndTime'] .head

mnutes

# duration in

df['Event Frame Duration'] =

(df .EFEndTime-df .EFStarcTime) .values / np.timedeltasd (1,

)

For the purposes of this exercise, we will focus on the event frames that eventually reach
their setpoint. Filter the event frames based on the “Setpoint reached” attribute.

# create filter for events where the setpoint was reached
reachSP = df['Setpoint reached_walues']=="True"

Then convert the end time to a float value. E.g. if setpoint was reached at
7:30am, then the endtime is 7.5h.

# convert the end time to ag float value

endtime = df.loc[reachsP,

'"EFEndTime"].dt.hour + df.loc[reachSP,

"EFEndTime’].dt.minute/6@

If the setpoint was reached earlier than 7am, then we call it waste and find the

value of it.
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# hours running before Fam = wasted energy
waste = 7-endtime[endtime<7]

If the setpoint was reached later than 7am, then we name it as employee
discomfort.

# hours running after 7am = employee discomfort
discomfort = endtime[endtime>7]-7

Total hours of wasted energy:

# hours of wasted energy
waste.sum()

L5e3. 1lecoacoaaoas

Total hours of employee discomfort:

# hours of employee discomfort
discomfort.sum()

281.8999999299957

Let’s exclude the features (columns) that don’t affect event frame duration
(reaching setpoint / cooling process):

exclude = [
"EFStartTime’,
"EFEndTime",
"Event Frame Duration',
"Setpoint reached’,
‘Setpoint Offset at end time',
'Room Temperature when setpoint reached’,
‘Setpoint reached walues',
"Element Mame',
'Setpoint when setpoint reached',
‘Space Humidity at VAV Start’,
"EventFrame’
]
candidates = df.drop(exclude, axis=1)
¥ = df.loc[reachSP, candidates.columns].copy()

Based on the correlation plots of each of the possible attributes, a few attributes appear

related to the event frame duration:

e Qutside Air Temperature at VAV Start
¢ Qutside Relative Humidity at VAV Start
e Setpoint at VAV Start

e Setpoint Offset at start time

e Space Humidity at VAV Start

ji) OSlsoft.
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Note that we do not include % cooling at VAV start because SMEs have informed us that
this is not a property of the room, but just reflects how the unit is operating. It's very
important to use your SMEs. We also don’t include room temperature because we already
have the setpoint and the setpoint offset (difference between room temperature and
setpoint). We could include the room temperature instead of the setpoint but not both since
they are not independent.

9.3 Develop a predictive model

9.3.1 Export data using Pl Integrator for BA

We'll use Python to build a model to describe the data. Rather than accessing the Pl data
each time we run the model, the PI Integrator for Business Analytics will automatically shape
and export the PI data to a flat file that can be read for analysis.

Objective: Export data to a flat file using the PI Integrator for Business Analytics
Questions:

e Follow the instructions below to export the Pl data to a text file. Does it have the
format that you expect?

e How is this different from loading data with Pl DataLink or the Pl Web API libraries?

Solution:

We’'ll use Python or R to train a model to describe the data. Rather than accessing the PI
data each time the model is run, we’ll use the Pl Integrator for Business Analytics to
automatically shape and export the Pl data to a SQL table. The SQL table will then be read
by our Python/R code for analysis.

e Open Google Chrome on PISRV01 and navigate to
https://pisrv0l.pischool.int:444
e Click Create Event View and name the view StudentTraining

+ Create Event Vie

Build a data view starting

¢ Make sure the Lab Building Data database is selected
¢ Click one of the event frames in the navigation pane, click Select All in the attribute
pane, and drag an attribute to the Search Shape pane
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Select Data > Modify View > Publish

*4 Source Events

Server

Database

i PH Search Shape

PISRV01

"4 Event Shape

Lab Building Data

4 M VAVCO startup - VAVCO 2-03 - 2017-04-05 07:01:28.926

l T ‘ Enter Event name or string match patfern

Event Frames

» M@ VAVCO startup -

Assets

WAVCO 2-03

-2017-04-03 07:00:41.394

-

M VAVCO startup -

VAVCO 2-03

-2017-04-05 07:01:28.926

v

v

v

v

v

v

3 VAVCO startup -
3 VAVCO startup -
" VAVCO startup -
" VAVCO startup -
" VAVCO startup -

" VAVCO startup -

WVAVCO 2-03

WVAVCO 2-03

VAVCO 2-03

VAVCO 2-03

WAVCO 2-03

WAVCO 2-03

-2017-04-20 07:02:35.649

-2017-05-01 07:04:42.489

-2017-06-19 05:09:42.260

-2017-06-22 06:05:34.299

-2017-06-24 03:01:05.689

-2017-06-27 02:01:53.611

Show More

Attributes ‘ Filter

* L]

O Select All

# % Cooling at VAV Start

& Actual Airflow at VAV Start

4 Damper Position at VAV Start

=] Element Name

4 Outside Air Temperature at VAV Start

# Outside Relative Humidity at VAV Start

# Room Temperature at VAV Start

4 Ranm Temnaratira whan catnaint rearhad

»

P e Q0 @ e @ ¢

4 % Cooling at VAV Start

& Actual Airflow at VAV Start

4 Damper Position at VAV Start

Element Name

P Outside Air Temperature at VAV Start
4 Outside Relative Humidity at VAV Start
4 Room Temperature at VAV Start

4 Room Temperature when setpoint reached
Setpoint Offset at end time

Setpoint Offset at start time

P Setpoint at VAV Start

Setpoint reached

4 Setpoint when setpoint reached

4 Space Humidity at VAV Start

e Click the edit button next to the event frame name

P VAVCO startup - VAVCO 2-03 - 2017-04-05 07:01:28.926

¢ Uncheck Event Frame Name and check Event Frame Template

Edit Filters

Event Frame Name

X

‘ VAVCO startup - VAVCO 2-03 - 2017-04-05 07:01:28.926

¥| Event Frame Template

Search Derived Templates

VAVCO startup

® Add

Filter

Save

e Click Save
e The Matches list should populate with all the event frames.
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e Click Next

Now is a good opportunity to review the data that the integrator has retrieved. You may
notice that the Duration column has integer values of 0-3, reflecting an integer number of
hours that the event frame was active. This does not give us much information. We’ll want to
use a floating data type with minutes as the unit of measure.

e Select the Event Frame Duration column
e Change Data Content to Minute and Data Type to Single

® Column Details

Name

Ewvent Frame Duration

Time Context

Event Frame Duration

Data Type
Single

Remove Column

Apply Changes

e Click Apply Changes

For the purposes of this exercise, we'll only consider startup periods where the setpoint was
reached in a reasonable time. Let’s filter out startups where Setpoint reached = False

e Click Edit Row Filters
e Select String
¢ Add the condition so Setpoint reached equal to True

Add String Row Filter x

*® Include rows where all of these conditions are true
Include rows where any of these conditions are true

Setpoint reached ¥ |lequalto ¥ ||True

+ Add Another Filter Criteria

| Cancel || Save Siring Row Filter |

e Click Save String Row Filter and Close
e Set the Start Time to 01-Mar-2017 and leave all other values as defaults and click
Apply
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e Click Next

Now we must point to the destination for the formatted data.

e Set Target Configuration to Text
e Select the Run Once radio button
e Click Publish

Select Data » Modify View > Publish

Target Configuration Summary

Text Qutput v Shape and Matches

» There are 1 Matching Instances
* Run Once

Timeframe and Interval
Run on a Schedule

» Your Start Time is 3/1/2017

« Your End Time is *

+ Your Time Interval gets an interpolated measurement Every
1 minute

Now the data is stored in a format that can easily be loaded into whatever software you like.
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9.3.2 Directed Activity — Train and evaluate model
Objective: Make a model to predict the cooling duration
Questions:

e What model can we use to predict startup time?
e How well does this model perform?

Solution:
We can load the data from the output file into our program of choice.

e Open the Jupyter notebook titled 3. Model Training and Evaluation and follow the
instructions

e There may be a compatibility warning — this can be safely ignored

e Load the modules

import matplotlib.pyplot as plt
import matplotlib.dates as md
import numpy as np

import pandas as pd

import statsmodels.api as sm
from statsmodels.formula.api import OLS
from sklearn.model selection import train_test split

from sklearn.externals import joblib
import seaborn as sns

¢ Load the data file, that PI Integrator for BA generated in the previous exercise

df = pd.read_csv("C:\\Lab\\Data‘\\" + wview name + ".txt")
df.head()

¢ Change endtime to Pacific timezone and convert to a float value:

endtime = pd.to_datetime(df[ 'Event Frame End Time']).dt.tz_localize( 'US/Pacific’)
df[ 'EndTimevValue'] = endtime.dt.hour + endtime.dt.minute/68

Assign “Event Frame duration” to y (what we try to predict - target), and assign features to X,
what helps us to a prediction.
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features = [
'Outside Air Temperature at VAV Start’,
'Outside Relative Humidity at VAV Start’,
'Setpoint at VAV Start’,
‘Setpoint Offset at start time’,
‘Space Humidity at VAV Start’

1
¥ = df.loc[:, features]
y = df.loc[:, 'Event Frame Duration']

The rest of the notebook goes through the process of assigning appropriate data types,
splitting the data into a training and a test set, then fitting the training data using an ordinary
least squares (OLS) model:

y= z Bix;

Where x; is the predictor value and g; is a fitted coefficient. This model has the advantage of
being easily interpreted, as variable importance can be easily compared using the
coefficients.

A naive solution to this problem — using the mean startup time in all cases — would result in
significant energy savings but also increase the amount of time that rooms fail to reach the
set point on time. The OLS model would save more energy than the naive approach without
the added discomfort (note that this only includes data from the test set — actual savings
would be much higher):
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BN before
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hefore mean ols

waste 2152.200000 195051352 123.911036
discomfort 112818667 211.504256 147.715519

Now that we’re satisfied with the model, we’ll move forward with operationalizing it. For sure,
there is a room for improvement, you can try other prediction methods on your own using
this data. OLS model is saved to C:\Lab\Python\ols.pkl, but feel free to export whatever
model you’ve created.

9.4 Operationalize the predictive model to time cooling correctly

9.4.1 Stream data to Kafka using PI Integrator for BA

Apache Kafka is a distributed streaming platform that:

e Publishes and subscribes to streams of records, similar to a message queue or
enterprise messaging system.

e Stores streams of records in a fault-tolerant durable way.

e Processes streams of records as they occur.

Kafka is used for these broad classes of applications:
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e Building real-time streaming data pipelines that reliably get data between systems or
applications.

e Building real-time streaming applications that transform or react to the streams of
data.

Kafka is run as a cluster on one or more servers that can span multiple datacenters. The
Kafka cluster stores streams of records in categories called topics. Each record consists of a
key, a value, and a timestamp.

Web Custom Apps Microservices Monitoring Analytics
SR~ R
o— 0
3 o 0 o o
Apache Kafka®
o) 0 0 0 0 o) 0 0 0

(o) \ o

o o) [j
App @ Caches 0

L O

Kafka has these core APIs:

Producer API

Applications can publish a stream of records to one or more Kafka topics.

Consumer API
Applications can subscribe to topics and process the stream of records produced to

them.

Streams API
Applications can act as a stream processor, consuming an input stream from one or
more topics and producing an output stream to one or more output topics, effectively
transforming the input streams to output streams.
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Connector API
Build and run reusable producers or consumers that connect Kafka topics to existing
applications or data systems. For example, a connector to a relational database
might capture every change to a table.

In Kafka the communication between the clients and the servers is done with a simple, high-
performance, language agnostic TCP protocol. This protocol is versioned and maintains
backwards compatibility with older version. The Java client is provided for Kafka, but clients
are available in many languages.

More information you can find here:
https://docs.confluent.io/5.5.1/kafka/introduction.html

ZooKeeper is used in distributed systems for service synchronization and as a
naming registry. When working with Apache Kafka, ZooKeeper is primarily used
to track the status of nodes in the Kafka cluster and maintain a list of Kafka topics
and messages.

For now, Kafka services cannot be used in production without first installing ZooKeeper. This
is true even if your use case requires just a single broker, single topic, and single partition.

Starting with v2.8, Kafka can be run without ZooKeeper. However, this update isn’t ready for
use in production.

For any distributed system, there needs to be a way to coordinate tasks. Kafka is a
distributed system that was built to use ZooKeeper.

Objective: Configure a local instance of Apache Kafka as a target for the integrator

Questions:

e Start Zookeeper and the Kafka server. Are you able to stream values via the
console?

¢ Configure the integrator to stream to the server. Do you see the expected objects?

¢ When would we want to poll vs. send live updates?

Solution:

Before we implement the model, let’s start Zookeeper and Kafka on PISRV01. Run the
following batch commands:

e C:\Lab\Kafka\start_zookeeper.bat (wait until you see an “INFO binding to port”
message)
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BN C:\Windows\system32\cmd.exe - C:\Lab\Kafka\bin\windows'\zookeeper-server-start.bat C:\Lab\Kafka\config\zookeeper.properties - O X
\Kafka\libs" i .3 \ \Kafka\1li

S
>

=]

1

e C:\Lab\Kafka\start_kafka.bat (wait until you see “INFO KafkaServer started)

B C\Windows\system32\cmd.exe - C:\Lab\Kafka\bin\windows'\kafka-server-start.bat C:\Lab\Kafka\config\server.properties = m} X

2022-03-31 14:42:31,961] [ExpirationReaper-0-topic]: Starting (kafka.server.DelayedOperationPurgatory$ExpiredOperafd

Creating /controller (is it secu
[ExpirationReaper-@-Heartbeat]:
erationReap
2022-03-31 14 [ExpirationReaper-@-Rebalance]:
esult of znode creation is:
roupCoordinator @]: Starting up. (
oupCoordinator @]: Startup complete.
MetadataManager brokerId=0] Removed ©

dEphemeral)
oordinator.group.GroupCoordinator)

k ordinator.group.GroupCoordinato
:32,020] expired offsets in 8 milli
.GroupMetadat

H roducerId Manager Acq

red new producerId block (brokerI ,blockStartProduc

tion.ProducerIdMan

ith path versio

1 (kafka.coordinator.tran

[TransactionCoordinator id=0] Starting up.
INFO oordinator

INFO [

/brokers/i
Result of znode
EXT) a. Utils)
No meta.properties file under dir C:

0] Startup complete.

ecure? fals

brokers/ids/@ with addresses:

kafka.coordinator.transaction.T actionCoon)

(kafka.coordinator.transaction.Transactio

ka.coordinator.transaction.Transacti

KCheckedEphemeral)

e) (kafka.utils.
s.ZKCheckedEphemeral
EndPoint (PISRVO1.PISCHOOL s

-logs\meta.properties (kafka.server.BrokerM

AppInfoParser)
gmmon .utils.AppInfoParse

Once both services have started up, we’ll publish a streaming view to the integrator.

e Open Google Chrome and navigate to the integrator website
e Click Create Streaming View and give the view a name StreamingView
¢ Build out the asset hierarchy to include all attributes to be included in the model
o NOTE: Since the attributes on Weather and the VAVCO elements are on
different levels, you will need to include the common parent in the shape (see
screenshot)
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IEI Search Shape
T Asset Shape

4 [ Building & %
4 [ Floor_2 &S x

4 [ vavco 2-03 & X

& Cooling SP Offset & X

& Occupied Setpoint & x

# Space Humidity & x

4 [ Weather & x
# Outside Air Temperature & X

# Relative Humidity Percentage & R

(@]
¢ Change the VAVCO and Floor elements in the shape to their templates so all values

will get streamed
e Select Search Derived Templates when editing the VAVCO shape element

Edit Filters x

Asset Name

VAVCO 2-03

¥ Asset Template #| Search Derived Templates

VAVCO v

(¥) Add Filter

Save

e Click Next

e Make sure the Message Trigger is set to every 1 minute

e Make sure that the message does not have multiple copies of the same attribute —
the pre-release build that we're using does not always handle this elegantly
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"Timestamp": “2815-83-3@ 83:28:53%",

"Outside Air Temperature": 58.70000076293945,
"Relative Humidity Percentage™: 72.60001373291816,
"Cooling SP Offset”: @,

"Room Temperature™: 74.5,
"Floor_2": "Floor_3",

"Space Humiditv": 44,

"Floor 2.WAVCO 2-@3": "wAVCOo 3-11°,
"Floor . VAVCO 2-83": "VAVCO 3-11",
"Building": “Bulldinmg",

"Floor™: "Floor 3",

UWAVCO" D "WAVCD 3-11",

"Weather™: "Weather"

P

¢ If you do find duplicates, remove all of them except “VAVCO” using the Message
Designer until there’s only one left

Message Designer | v Autogenerate Message ” Import Schema |
Message Trigger Backfill Data Message Filters
Trigger a new message every 1 Do not backfill data 0 filters
minutes
{
"Building”: "¢ Building (Name) v, Il & %
"Timestamp”: "|(® TimeStamp v, Il & x
"Floor_2": "|@ Floor (Name) v, Il & x
"Weather™: "|@ Weather (Name) v, Il & x
"Outside Air Temperature™: "|0 Outside Air Temperature (Value] v |", Il & x
"Relative Humidity Percentage": ”|0 Relative Humidity Percentage (Value) v |", Il & x
"Cooling SP Offset”: “[4 Cooling SP Offset (Value] v, Il & %
"Room Temperature": "|O Room Temperature (\Valug) v |“, Il & %
"Space Humidity™: |4 Space Humidity (Value) v, I & x
"Floor™: "[@ Floor (Name) v, Il & x
"Floor_2.VAVCO 2-83": "[§ VAVCO (Name) v, &=
"Floor.VAVCO 2-83": *[@ VAVCO (Name) v, fl#x
"VAVCO™: [ VAVCO (Name) v /Lﬁ.x
h

Please verify the format of streaming message:
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Message Designer

Schema Options

Message Trigger Backfill Data Message Filters

"Building™: "|2 Building (Name) v, &
"Timestamp": "|(¥) TimeStamp v, ¢
"Cooling SP Offset”: "|4 Cooling SP Offzet (Value) "y &
"Occupied Setpoint™: ") 4P Occupied Setpoint (Value) v, &
"Space Humidity": "4 Space Humidity (Value) ~ ", &
"Weather™: | Weather (Name) ", s
"Outside Air Temperature™: "|4 Ouiside Air Temperafure (Valug) v |", &
"Relative Humidity Percentage": "|4 Relative Humidity Percentage (Value) w|", &
"Floor™: "|63) Floor (Nams) ~|", s
“VAVCO™: (€ VAVCO (Name) v 4
1
e Click Next

e Set Target Configuration to Kafka and check the Topic Name (matches view name
by default). Click “Get Topics” button. If the topic name has changed to some
GUID, please select the right topic name from the drop-down list.

e Click Publish

Check the topic publication from the command prompt

e Run the command prompt from C:\Lab\Kafka\bin\windows

e Run the command

e kafka-console-consumer.bat --bootstrap-server localhost:9092 --topic
StreamingView —-from-beginning

e This should update with JSON objects every minute as the integrator publishes data

EX Administrator: C:A\Windows\System32\cmd.exe - kafka-console-consumer.bat --bootstrap-server localhost:9092 --topic StreaminView --from-beginning  — [m] X
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9.4.2 Ingest Kafka stream using model

Objective: Operationalize the model

Questions:

e Write a script that consumes the topic created by the integrator. Are you able to see
the predicted values written to the console?
e |s there another way that we could achieve this same goal?

Solution:

Review the Python script called 4-StreamingKafka.py in C:\Lab\Python.

e Open the Spyder editor on the desktop — it should open 4-StreamKafka.py in the
editor pane
¢ Review the different elements of the script
o Section 1 contains configuration information
o Section 2 translates the data stream to a prediction
o Section 3 connects to the Pl Server using the Pl Web API
o Section 4 maps the column names from the streaming view to the column
names of the event view (these will differ if the event frame attribute has a
different name than the element attribute)
o Section 5 connects to the Kafka topic where the integrator is publishing, then
makes the prediction and writes back to Pl
e Update the parameters in the Configuration section of the script
o view_name: the name of the streaming view created by the integrator
o password: Windows password
o vavco_name: name of the key that contains the VAVCO value from the
streaming view — should not need to be changed in most cases

19 view_name = 'testview'
28 password = '"password’
21
22

23 vavco_name = "VAVCOD'

e Click Run > Run in Spyder and watch the new values written to the console
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[ Console 1/A x|

VAVCD 2-11 13.7852341176
VAVCD 2-11 13.7852341176
VAVCD 2-13 14.53386626081
VAVCD 2-13 14.53386626081
VAVCD 3-89 14.1591581889
VAVCD 3-89 14.1591581889
VAVCD 4-83 -6.80838822727
VAVCD 4-83 -6.80838822727
VAVCD 5-89 14.1591581889
VAVCD 5-89 14,1591581889
VAVCD B-Be 15, 2588984826
VAVCD B-Be 15, 2588984826
VAVCD 3-18 14.9869523314
VAVCD 3-18 14.9869523314

9.4.3 Concluding remarks

We have now taken a data science project from initial understanding to the proof-of-concept
stage built around Pl System data. The model would result in measurable cost savings for
the customer. We used several off-the-shelf Pl System products to enable this process,
while also leveraging Python and Apache Kafka for model development and implementation.

This exercise is not meant to cover every way a data scientist might interact with Pl data. For
example, we used the PI Integrator for Business Analytics to shape and export the raw data.
You could also use the PI OLEDB Enterprise for this purpose, though that would require a bit
more scripting. The Optional section, below, walks through that process.
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10 Build the Final Report

With all this data we are now ready to build a report from scratch. We are going
to repeat some concepts that we learned before in the course and also take a
look at one of the other approaches, how Pl Data can be integrated with 3 party
application. This approach needs SQL scripting knowledge. No need to worry
about it for now. Just follow the instructions and analyze the results. Appendix A
of the book has all the required information about accessing Pl Data with SQL
gueries. So, you can check it later and do self-paced exercises with your own
pace (Chapter 11. Appendix A).

10.1 Preparing and Importing the Tables

For the report, we are going to separate the time-series data from the static data and
configure table relationships to join the data sets together. Technically, we could design the
gueries such that the result set is a single table. However, in real life not all of the data is
always in Pl and several data sources must be joined together. This can of course be done
at the query level, but also in Power BI.

It's not always clear at what level you should solve a given problem:

e Do | import static data into AF and then retrieve the data from AF, or do | bring the
data into the report and join it with PI data there?

e Do | implement the calculation in AF and retrieve the result from AF, or do |
implement the calculation in the report?

There are ways to avoid doing many of the following steps, but this will help prepare you for
real world reports where constant modifications, revisions, and fine-tuning must be
performed.
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10.1.1 Directed Activity — Prepare Static Data Table

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Modify the existing query to only include static data and exclude unnecessary
columns.

Approach:

e Open a Power Bl Report and inspect a pre-existing query
e Modify the SELECT statement to only include static data columns
e Replace the query in the query editor with a new query

Open C:\Class\Final Exercise\Starter File - Final Exercise.pbix

Go to the Data Tab or the Fields list and look at all the useless fields. We can
make this data set much easier to work with by either transforming the data, or
making changes to the query. This is the result of the Pl SQL query and retrieve
only static values for all our fleet generation units. Let’s see, how this query looks
like.

On the Home Tab, Select Transform Data to launch the Power Query Editor:

File Help Table tools
& m B [0 o | B3
Get Excel PowerBl SQL Enter Recent Transform Refresh
data v datasets Server data sourcesv datav
Clipboard Datz Crueries
[l X
~ | Comment |~ ElementiD ~ || Carbon Emissions_TimeStamp

6
=

52b8e641-6h54-1125-2965-00043a312286
52bB8ebBf-6b5d-11e9-a965-000d3a312e96

52b8e692-6h5d-11e5-a965-000d3a312286
52b8eb9B-0b5d-11e5-a965-000d3a312e56

1/1/1970 12:00:00
1/1/1870 12:00:00
1/1/1970 12:00:00
1/1/1870 12:00:00

Under Applied Steps, click the gear next to Source:

Wl | | = | Report Starter File - Part 2 Fleet Generation - Power Query Editor

- o X
Home  Tansiorm  Add Column  View  Tools  Help e
=X D D El [B. D [:F5 Properties i o/ Sl 1 = Data Type: Text = I Merge Queries ~
=t O & [T Advanced Editor x SERpSER! il i [ Use First Row as Headers ~  “E Append Queries ~
Close&  New Recent Enter Datasource  Manage  Refresh Choose  Remove  Keep Remoave Split  Group
Apply~  Source ~ Sources~ Data settings Parameters~  Preview ~ (=] Manage ~ Columns ~ Columns~ Rows~ Rows=™ Column~ By 2 Replace Values Combine Files
Close New Query Data Sources  Farameters Query Manage Calumns Reduce Rows  Sort Transform Combine
Q= ] < im. A5 D - | A% Name ~| A% Description ~| A% comment ~||a% Elementn [ QTUEEINES x
[0 Unit Speci 1 12e.. BAID2 Southesst - Carter > BAIO2 52b8e689-6050-11e6-2965-000d3231 4 PROPERTIES
2 52bBe68f-6b5d-1129-3965-000d3a312296 ZMNO1 Southeast > Octavian —> ZMNO1 52bBe68f-6b5d-1123-3965-000d3a31:, Name
3 52bBe692-6b5d-11e9-3965-000d3a312e.. ZMNO2 Southeast > Octavian —> ZMNO1 52bBe65 2 ll1e9-3965-000d3a31 Unit Specifications
4 |52582698-6b50-11e9-3965-00003a312¢... MNDO1 Southesst > Stampton —> MNDO1 52b8698-6050-1129-2565T All Properties
S | 52b8e69p-6b50-11e9-0965-00003a312¢.. MNDD2 Southesst > Stampton —> MND02 52b8e69b-6850-11e9-8965-00003a31,
6 | 52bBeal-6bSt-11e9-2965-000d3a312e.. MAMOL Southesst > Vicksoerg — MAMOL 52b8e6al-6h5a-11e9-a965-00003231
7 | 52bBead-bSd-11ed-3055-000d3a312e.. MAMOZ Southeast > Vicksberg —> MAMD2 52b8e6ad-6b5d-11e9-a065-000d3a31 Source
& | 52bBefa7-bSd-11ed-3055-000d3a312e.. MAMOS Southeast - Vicksberg —> MAMO3 52b8e6a7-6b5d-11e9-a065-000d3a31
9 52bBefaa-6bSd-11e5-3965-000d3a312e..  MAMOL Southeast > Vicksberg —> MAMO04 52b8e6aa-6bSd-11e0-a065-000d3231,
10 | 52bBesb0-6bSd-11e5-2065-000d3a312e. | ALXDL Southeast > Wolverine Station > ALX01 52b8e6b0-6b50-11e0-a965-000d3a31,

Copy the query to a new query in Pl SQL Commander and Execute it as a sanity check:
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@ PIsOL Commander Lite
File Edit View Query Tools

;l Mew CQuery a

Object Explarer
Ell®m% =S

4 [ JJOLEDB Data Sources

e e e -

Help

§3 84 85| 5 | @ Query Compendium _

~ X || [y Query3.sgl - PISRVO1\Fleet Generation™ X

=

= || SELECT * FROM [PowerBIReports].[DataModels]. [UNIT_Snapshot]|

Now the actual modifications. Edit the select statement to only include the Name field and
static attributes: Carbon Emissions, Generation Rate, Hourly Capacity, Operator, Shift
Hours, and Technology.

| General I hild Elements | Attributes |Pc-rts I Analyses | Matification Rules I Wersion |

| iter £ ~|
|i ¢ @& K Name ) Yalue 2 |
= Categary: <Mone=
I =] Carbon Emissions E4IZIS a/lkweh I
¥ Exhaust Gas Temperature - #1 Probe 59,838 °C
¥ Exhaust Gas Temparature - #2 Probe 62,96 *C
¥ as Fuel Flow 70,608 US galfmin
= ¥ as Fuel Pressure 52,568 bar
= ¥ Gas Turbine Speed 43,586 rpm
s B | ¢F Generating Efficiency 90,909 %,

m I =] Generation Rate

0.078 $fiwh |

s B¥ | F Total Hourly Gross Generation 430.5 rwh
7 € | ¢F Utilization T8.274 %

=] Zategory: Demand

&F Demand 23,549 MW
= Zategary: Hourly Gensration

&F Gross Generation 425,02 M

<% MNet Generation 306,35 MW
= Zategory: Identity

= =] Hourly Capacity 550

= =] Operator BSw

= &F shift 3

m =1 shift Hours 8h

] =] Technology Matural Gas

|

Categary: Status

&F Unit Status Active
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The resulting query is then:

SELECT [Name] as [Unit], [Carbon Emissions], [Generation Rate], [Hourly
Capacity], [Operator], [Shift Hours], [Technology]
FROM [PowerBIReports].[DataModels].[UNIT_Snapshot]

We're also going to want Station and Region information which we could get from
the ParentName() function, however PrimaryPath is not available in the
UNIT_Snapshot view. We'll have to:

e JOIN to the Element Table using the element ID

e Alias the UNIT_Snapshot view as us and the Element table as e

e Explicitly specify whether each column is from e or us

SELECT e.[Name] as [Unit], ParentName(e.PrimaryPath,0) as [Station],
ParentName(e.PrimaryPath,1) as [Region],

us.[Carbon Emissions], us.[Generation Rate], us.[Hourly Capacity],
us.[Operator], us.[Shift Hours], us.[Technology]

FROM [PowerBIReports].[DataModels].[UNIT_Snapshot] us JOIN
[Master].[Element].[Element] e ON us.ElementID = e.ID

Paste the above query back into the Power Bl query editor and click OK

From OLE DB

Connection string (non-credential properties) (1)
provider=PISQLClient.1;data source="Fleet Generation”;location="PISEV01
4 Advanced options

SQL statement (optional)

SELECT e.[Name] as [Unit], ParentMame{e.PrimaryPath,@) as [Station], ParentNameie.PrimaryPath,1)
us.[Carbon Emissions], us.[Generation Rate], us.[Hourly Capacity], us.[Operator], us.[5hift Hour
FROM [PowerBIReports].[DataModels].[UNIT_Snapshot] us JOIN
[Master].[Element].[Element] e ON us.ElementID = e.ID |

84 | Cancel |
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Close the query editor

Wl | EJ < | Report Starter File - Part 2 Fleet Generation - Power Query Editor

Home Transform Add Column View Tools Help
D E D [z Properties l:' L - s 3| ] Data Type: Text ~ = Merge Queries =
N s N
(& [& FIRE R i x EH g dh =

Lol i ™ Use First Row as Headers ~
Close&  New Recent Enter Datasource  Manage  Refresh Choose  Remove  Keep Remove Spit  Group |

Apply~  Source - Sources™ Data settings Parameters -  Preview = (1 Manage ~ Columns ~ Columns ™  Rows * Rows™ Column~ By s ReplaceValues Combine Files
Close HNew Query Data Sources  Parameters Query Manage Columns Reduce Rows  Sort Transform Combine
e eall < . R ame [ -] a8 substation [~] 48 Region []12 Carbon Emissions [~/ 1.2 GenerationRate [ ~]/1.2 Hourly Capacity [][aB, | Query Sestings X
[T Unit Specifications 1 BAI02 Carter SOUTHEAST 17 012 750 4 PROPERTIES
)
2 ZMNO1 Octavia SOUTHEAST 970 0.034 700 Name

Click Yes to apply changes

Power Query Editor ;

Do you want to apply your changes now? :

Mot now Cancel 3

It should reload the data (30 rows) successfully.
Carbon Emissions |Z| Generation Rate |Z| Hourly Capacity lz‘ Operator |Z| Shift Hours lz‘ Technology |Z| Region |Z| Station |Z| Unit lz‘

17 01z 750 | PRT 12 | Wind SOUTHEAST | Carter BAJOZ
570 0.034 700 | BSX 12| Coal SOUTHEAST | Octavia ZMNO1
870 0.034 550 | BSX 12 Coal SOUTHEAST | Octavia ZMNO2
405 0.078 650 | BSX 12 | Natural Gas SOUTHEAST | Stampton IMNDOL
405 0.078 550 | BSX 12 | Natural Gas SOUTHEAST | Stampton IMNDOZ
570 0.034 600 | BSX 12| Coal SOUTHEAST | Vicksberg MARMOL
570 0.034 700 | BSX 12| Coal SOUTHEAST | Vicksberg MANOZ
870 0.034 700 | BSX 12 | Coal SOUTHEAST | Vicksberg MAMOZ
570 0.034 700 | BSX 12| Coal SOUTHEAST | Vicksberg IANOL

17 01z 500 | COG 12 | Wind SOUTHEAST | Walverine Station | ALX0L
405 0.078 550 | BSX & | Natural Gas CENTRAL Albertsville GACOL
405 0.078 650 | BSX & | Natural Gas CENTRAL Albertsville GAOOZ
405 0.078 600 | BSX & | Natural Gas CENTRAL Beryl Ridgs BCUOL
405 0.078 550 | BSX & | Natural Gas CENTRAL Beryl Ridge BCUOZ
405 0.078 650 | BSX & | Natural Gas CENTRAL Carbondale TCEOL
405 0.078 600 | BSX & | Natural Gas CENTRAL Carbondale TCBOZ
405 0.078 550 | BSX & | Natural Gas CENTRAL Carbondale TCBOS
405 0.078 600 | BSX & | Natural Gas CENTRAL Carbondale TCEO4
405 0.078 650 | BSX & | Natural Gas CENTRAL Carbondale TCEOS
405 0.078 600 | BSX & | Natural Gas CENTRAL Carbondale TCBOS
405 0.078 650 | BSX & | Natural Gas NORTH Ebbitt PQED2
405 0.078 500 | BSX & | Natural Gas MNORTH Ebbitt PQED3
405 0.078 550 | BSX & | Natural Gas NORTH Ebbitt PQEDS
570 0.034 600 NOP & | Coal NORTH Greenlawn FTCO1
570 0.034 500 NOP & | Coal NORTH Greenlawn FTCO2
570 0.034 750 | PEE & | Coal NORTH Greenlawn FTCO3

17 012 600 | COG & Wind MORTH Madison CECOL

17 01z 600 COG & | Wind NORTH MNew Bedford POEOL

17 01z 500 | BSX 12 | Wind SOUTHEAST | Brick Canyon PLTOL

17 012 550 | BSX 12 | Wind SOUTHEAST | Brick Canyon PLTOZ
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10.1.2 Directed Activity — Import the GetSampledValues data

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Start with the predefined query for UNIT_GetSampledValues and restrict the result set to
include relevant time-series data only. UNIT_GetSampledValues contains 1 interpolated
value per interval per element based on start time, end time and interval for the Unit
template. You can find more information on how UNIT_GetSampledValues was created in
Appendix A.

Approach:

e Execute predefined query for UNIT_GetSampledValues

e Modify the SELECT statement to only include Name and time-series data
columns

e Import the data set to Power BI

Go to PI SQL Commander and execute the predefined query for
UNIT_GetSampledValues.

4 [ JJPI SQL Client
4 [} PISRVO1Flest Generation
4 [ Catalogs
I _J Master
4 _J PowerBIReports
4 | DataModels
A Tables
4 [ JViews
I ] Gas Turbine Temperaturs Anomaly
I+ [} Inactivity
I [} Sample View
I+ [} UNIT_Snapshet
4 [ 7 Table-Valued Functions
I [£IUNIT GetSamoledValues

I CAFu B Execute Predefined Query..
t 1S |
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Modify the select statement to remove the TOP 100 part, change the start time
to *-7d, and change the end time to *. Alias e.Name as Unit. The query is then:

SELECT e.Name as [Unit], s.*
FROM

SELECT ID, Name, Template

FROM [Master].[Element].[Element]
)e
CROSS APPLY
[PowerBIReports].[DataModels].[UNIT_GetSampledValues]
(

e.ID, --Element ID

=.7d', --Start Time

*  --End Time

'lh' --Time Step
)s
WHERE e.Template = N'UNIT'

Then change the s.* part to only include the following columns: Timestamp,
Demand, Generating Efficiency, Gross Generation, Net Generation, Shift,
Total Hourly Gross Generation, and Utilization. Include UNITs and Gas
Turbines. The query becomes:

SELECT e.Name as [Unit], s.[Timestamp], s.[Demand], s.[Generating
Efficiency], s.[Gross Generation],
s.[Net Generation], s.[Shift], s.[Total Hourly Gross Generation],
s.[Utilization]
FROM
(
SELECT ID, Name, Template
FROM [Master].[Element].[Element]
)e
CROSS APPLY
[PowerBIReports].[DataModels].[UNIT_GetSampledValues]
(
e.ID, --Element ID
*-7d', --Start Time
* --End Time
'lh' --Time Step
)s
WHERE e.Template = N'UNIT' or e.Template = 'Gas Turbine'

Execute the query to make sure it still works. Then head back to Power BI.
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In Power BI, do Get Data -> More -> Other -> OLE DB. Build the connection
string, enter the query where it says Advanced options, and click OK. Inspect
the preview and Load the data.

We've done this before so there isn’t a screenshot for every click this time.

From OLE DB

Connection string (non-credential properties) (0
provider=PIS0LClient. 1:data source="Fleet Generation™location=PISRVO

4 Advanced options

501 statement (optional)

SELECT e.Mame as [Unit], s.[Timestamp], =s.[Demand], s.[Generating Efficiency], s.[Gross Gener
z.[MNet Generation], s.[Shiftl, s.[Total Hourly Gross Generation], s.[Utilization]
FROM
(
SELECT ID, Name, Template
FROM [Master].[Element].[Element]
e
CROS5 APPLY [PowerBIReports].[DataModels].[UNIT GetSampledyalues]
(
e.ID, --Element ID
'#.7d', --Start Time v
'¥',  --End Time

OK | Cance |

It should import 5070 rows, 30 units x 24 hours x 7 days = 5040, plus 30 rows (1
per unit) for the start time.

Rename Queryl to Unit Performance

-~ B Unit Performance
Mew rneasure
Mew column
Mew guick measure
Refresh data
Edit query
Incremental refresh

Manage aggregations

Copy Table

Rename
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10.1.3 Directed Activity — Inspect Table Relationship

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Inspect the automatically created table relationship. Power Bl should have
detected two identically named columns exhibiting a one-to-many relationship.

Approach:

e Open the Power Bl relationships tab and inspect the existing relationship

In Power BI, Go to the Relationships tab, then move the Unit Performance table
to the right so that the relationship line is clearly visible and click on the line:

 Unit Performance

B Carbon Emissions F Demand

H Generation Rate F Generating Efficiency

E Hourly Capacity F Gross Generation

Hl Operator F Met Generation

E Region Bl Shift

E Shift Hours H Timestamp

El Station Bl Total Hourly Gross Gener...

Hl Technology 1 Unit
] Unit H Utilization

We can see that Power Bl has already detected the relationship between the two
tables. This can be thought of as a graphical representation of an INNER JOIN
statement. These tables are now joined on the Unit column. For this to work, one
of the tables must only contain unique values in the Unit column (ie. the column
can serve as a key), as is the case here. This is referred to as a one-to-many
relationship in some documentation. Each Unit only appears once in the Unit
Specifications table, whereas each Unit appears many times in the Unit
Performance table.
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Relationships can be manually defined using a drag and drop interface, or
through Manage Relationships.

File Home Help
B B 3| =e

@ la [ BE

Get Excel PowerBl SQL Enter Recent Transform Refresh Manage
data~ datasets Server data sources« dataw relationships
Clipboard Datz Crueries Relatiomships

However at this point there is no need.
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10.2 Augmenting the Data using DAX

Next we will add a few calculations to the Unit Performance table that will help
assess the total Emissions produced and the total cost of generation. We will also
add columns for the day of the week and sort the Weekday in Sunday ->
Saturday order.

10.2.1 Directed Activity — Calculate the amount of CO2 produced every hour

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:
Add a DAX formula Calculate the amount of CO2 produced every hour

Approach:

e Add an additional column to the Unit Performance table with the amount
of carbon emissions produced.

In Power BI, navigate to the Data Tab and select the Unit Performance table.
Right-click any column and add a new column. Enter the following formula:

CO2 = "Unit Performance'[Total Hourly Gross Generation]* RELATED('Unit
Specifications'[Carbon Emissions])

w7 |1 €02 = 'Unit Performance’[Total Hourly Gross Genmeration]*RELATED('Unit Specifications'[Carbon Emissions]

Note that Total Hourly Gross Generation has units of MWh, and Carbon Emissions has units
of g/kWh. Grams/kWh is the same as Kilograms/MWh, and therefore the result will be in KG.

>
vf
]
{
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10.2.2 Exercise — Calculate the Generation Cost

This solo or group exercise is designed to maximize learning in a
specific topic area. Your instructor will have instructions, and will coach
you if you need assistance during the exercise.

Objective: Add the cost calculation column to your Unit Performance table

Do you prefer having the calculations within AF as a formula data reference, or
within the BI client tools? What are some advantages and disadvantages of
each?

Approach:

e Add and additional column named Cost to the Unit Performance table
with the dollar cost per hour.

e Hint: Use this formula
Cost = 'Unit Performance'[Total Hourly Gross Generation]* RELATED(‘Unit
Specifications'[Generation Rate])*1000

e Take note of the input units. Cost should be in dollars.

10.2.3 Exercise — Add Column for Day of the Week and sort

This solo or group exercise is designed to maximize learning in a
specific topic area. Your instructor will have instructions, and will coach
you if you need assistance during the exercise.

Objective: Add the day of the week to your Unit Performance table, also add a
column with the numerical day of the week and sort by this value

Approach:

¢ Add and additional column named Weekday which shows the day of the
week as a string using the FORMAT() function
Weekday = FORMAT('Unit Performance’[Timestamp],"DDD")

e Add another column named Numday which gives the numerical day of
the week using the WEEKDAY () function
Numday = WEEKDAY (‘Unit Performance’[Timestamp],1)

e Sort Weekday by Numday

Column tools

" =]
z Summarization | Don't summarize - EEL E =l =]
; El Data category | Uncategorized - Sart by Dat h‘lélwags.
’ = column ~ groups ~ relaticnships
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10.3Configuring the Visualizations

Now we will add visuals to the report to convey useful information about the

generating units.

10.3.1 Exercise — Build the Report

This solo or group exercise is designed to maximize learning in a
specific topic area. Your instructor will have instructions, and will coach

you if you need assistance during the exercise.

Objective: Build an interactive Report comparing KPIs for different generation
technologies and operators.

Unit  Auverageof  Awerageof
Generating  Uhiliz=tion
Efficiancy

N1 69.12 4004

Prco 6431 2874

Rt 6309 64.15

BADIZ 200 4352

ECU02 1.0 3=

MAMD1 S0.02 5338

DANDZ B 64.04

MAMDZ 5503 5132

MAMDE 5570 4911

T 5205 5340

GAO01 504 £7.50

TCBO6 s7.80 5480

RS Er ] 5609

FQED2 57 713

AL 573 6284

Prcoz S50 5345

FOEM SEAG 5971

T2 EEEE] 3557

RO 522 66.44

T3 5170 60.42

TR EES] a1.21

FQEDZ 48,56 8.2

Prcoz 4817 EER

FOED 4812 3308

ECUO1 aTer 4315

MM 4552 47.60

[XLATLTS 4151 2749

MNDOZ Erf=r] 3251

CECO1 ELE" 26,38

GAOD2 1515 7112

Tkl 5298 FET:)

Approach:

Add a Table showing Average Generating Efficiency and Average

Operator
Wind
BEX CoG MNOR PEE PRT
Matural Ba
Technology urst s
Coal Matural Gas Wind
Operator @ESK @COG @NOP 0 PEE @PRT
L
Wind
Matural Gas %
Com|
oK SK 10K 15K 20K 25K 30K 3EK 40K

Technology @Ccs| @MatumlGas @Wind
150K

00K
) l l
aK
sun Mon Tue Wed

Utilization by Unit

OSlsoft.
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Unit Puerage of Pusrage of
Generating Utiliza tion
Eff iciency

it iy | 63,12 40,04
PTCoq G, 31 28.74
[= Ny el 6309 64,15
BAOZ G200 43,52
BC L0z 61.00 CEES
hA A kAT =Ry £3.35
AN02 =Re =] G, 0
MR RAO 2 E2.03 £1.32
hAROS Ea.70 49,11
TC B Eg.05 52,40
GACO E5.04 E7.0a
TC BOG Cr.an Ca.80
TC BOS Er.&: A9
FoEOZ 5y 71.32
AL Y13 G254
Prcoz CE.70 C3.46
PGB EE.46 =Ry
TCBOZ £3.23 ElN-v
AL £282 G644
TCBOZ 51.70 G045
TC BOd E0.== 41.21
FQEOZ 48,66 35,2
Prcoz 4217 2.4
FZEOT 45812 33.05
BC Lo 4787 4316
hAM DO 4552 47,60
hdARID4 41.51 27.49
MNDO2 3782 22.51
CECO 353 26,35
GADO2 15.16 7112
Total L2080 4919

¢ Add a Pie Chart showing how the C02 emissions from each generation
technology contribute to the whole. Add a Tooltip that shows the Cost

when the user hovers over the Pie Chart
r = ] ol

Wind

FRT

I Matural Bas

Technol
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Add a Clustered Column Chart showing the Sum of Total Hourly Gross
Generation with Technology as the Legend and Weekday as the Axis

Total Hourly Gross Generation by Weekday and Technology

Technology @Coal @HatumlGas @wind
150K

100K
) l l
0K
Sun hon Tue Wed Thu

Add a Clustered Bar Chart showing the Average Hourly Cost with
Operator as the Legend and Technology as the Axis.

Awerage of Costby Technology and Operator

Operatar @ESK @COG @HNOP O PEE @PRT

Wind

Matural Gas

Coa| e ——

oK EK 10K 15K 20K 25K 20K 5K 40K

Add Slicers for the Operator and Technology
Operator

BEx CoG MR PEE PRT
Technology

Coal Matural Gas i

Optionally improve the look and feel of the report through the use of
formatting. Bump up the font sizes, adjust column names and titles, etc.
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10.4 Adding Event Frame context to the report

Now you are going to create another list within Fleet Generation report, which
includes interactive view of the carbon footprint on a US map. This part is
considered to be more solo exercise with less hints and step by step approaches.

Objective:

Determine the carbon footprint of each unit and display on a US map.
Also create a report to analyze downtime (Inactivity) events.

Approach:

160

Create a new Sheet in the Fleet Generation Report (the imported tables
will be re-used)

Geospatial information for all units in Fleet Generation is located in
C:\Class\Final Exercise\Unit Coordinates.xlIsx. This data will need to
be imported into the data cube.

al | = |

Hame Modeling Help
Cut D 1
O rd

E|’E“| Copy
Faste ) Get | Recent Enter Edit
Format Painter | pata = |Sources = Data  Queries =
Cliphoard Most Common

. ‘ Excel e

To get the Inactivity Events, you can either use Pl SQL Client or PI
Integrator for BA (both examples and hints you can find in hints section
below in “Hints: Event Frames with Pl Integrator for BA and Pl SQL
Client”, It is explained based on a different event frame template
specifically).

o You need a column to form the relationship between the Unit
Specifications table and the Inactivity Event Frames, it’s probably
easiest to join on Unit Name (GAOOQ1, etc).

o Extract Event frames for the last 7 days

o If using Pl Integrator for BA to publish the event frames, it's
probably easiest to add the Unit Name to the Event Frame
template.

o If using Pl SQL Client, Unit Name is the primary referenced
element. Start with the
ft TransposeEventFrameSnapshot_Inactivity predefined query
and modify it as necessary.

Import the Inactivity events for the last 7 days using whichever method
you prefer.

Create the table relationships (should happen automatically if all columns
are named Units).
o Between the Unit Specifications table and the longitude/latitude
table
o Between the Unit Specifications table and the Inactivity query
results
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Hints:

Insert a map within the client to display the location of each of the units and the
associated total hourly carbon emissions.

Insert a table showing the number of downtime events (Inactivity Event Frames) and
average duration of event frames for each unit. Add the Average Utilization to the
same table.

Configure the report in such a way that the Table relationships are tested. Use data
from multiple tables in the same Visual.

Customize the display to make it more user friendly for later use and report
generation. Improve the formatting and add slicers.

If using PI Integrator for BA to publish the Inactivity Event frames, the Data Context
must be set to Second or else it will round to the nearest whole hour (which will
always be zero).

S @ Column Details
Name
:
:‘:ﬂ“:ﬁfmﬁes Start Time Reset Name 1o Default
t-7d
Data Content
Ewvent Frame Duratian Demand

BO0 14212

BO0 222234

BO0 175.188

BO0 276 886

BO0 231.862

3000 265 .04

300 183 634

300 193162

elai] 182 241

elai] 254 449

BO0 20843
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e Use the ordinary map, not the ESRI one. Drag and drop latitude and longitude from
the table that was imported from the Unit Coordinates.xIsx spreadsheet.

VISUALIZATIONS

Add data fields here

Legend

Unit
Latitude

Latitude

Longitude

Longitude
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A sample of what the report could look like:

Technology

Coal Natural Gas

Operator

BSX COG

CO2 Emissions by Unit
Unit
@201
LY
@BCUO1
BCUOZ
@CECO!
GA001
64002
O MAMOT
®MAMO2
MANMO3
®MAMOS
@MNDO1
@®MNDO2
PLTO!
orLTo:
POEQT
PQED2
®POED3
[ Lo
erTCot
@PTCO2

Vancouver
#slam

b Bing

Fleet Generation Report

Wind

PEE

\arcouver

Gross Generation by Region (Mwh)

1.0M

0.5M

0.0M

SOUTHEAST CENTRAL NORTH

Edmonton

Caigary

Victoria

il

@ IASHERE, © 2018 Micresoft Corporation Terms

Unit Average Downtime Average
Downtime Events Utilization
ALX01 0.20 136 98.46
BAJO2 021 158 69.34
BCUO1 021 175 69.97
BCU02 022 161 99.46
CECO1 0.20 163 30.98
GAOOD1 0.20 162 86.50
GAOO2 021 156 10.54
MAMO1 0.21 171 73.97
MAMO2 0.20 158 84.48
MAMO3 022 160 65.57
MAMO4 0.21 146 39.12
MNDO1 0.21 164 40.76
MND02 0.19 158 48.94
PLTO1 0.20 161 106.83
PLT02 022 160 11327
POEO1 0.21 160 40.03
PQE02 0.20 165 58.66
PQE03 020 157 116.75
PQE04 022 158 84.47
PTCO1 021 162 39.92
PTC02 0.20 152 80.34
PTCO3 020 163 46.11
TCBO1 021 152 7853
TCBO2 0.20 161 4151
TCBO3 021 166 10341
TCBO4 0.22 154 60.18
TCBOS 0.20 154 91.09
TCBO06 0.20 159 71.95
MNO1 0.22 148 75.00
ZMNO2 0.20 163 97.32

10.5 Hints: Event Frames with Pl Integrator for BA and PI SQL Client

Objective:

Create an Event View with PI Integrator for BA (first approach)

Approach:

We'll create an event view for Gas Turbine Temperature Anomaly events. Open

Chrome and navigate to https://pisrv01.pischool.int:444/.

Create an Event View:

+ Create Asset View
Build = data view starting with
your asset hierarchy

+ Create Event View

Build &

ta view starting with

My Views

Create Streaming View
Build a streaming view with a
custom output shape

& Modify View

Madify existing data view

X Remove View
Remove selected view

' OSlsoft.
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Name it Gas Turbine Temperature Anomalies and click Create View:

Create New Event View x

Event View Name

Gas Turbine Temperature Anomalies|

Create a new Shape:

Select Data > Modify View > Publish

+il Source Events *d Search Shape  Matches.
+4 Event Shape

Point at the Fleet Generation database, since that's where the Event Frames are:

Select Data > Modify View > Publish

HHd Source Events v
Server PISRVO1 ’
Database Distribution Network < v

Distribution Network
Y | EnterEv ] Fleet Generation

eet Genaration
Fuant Framac KNuGraan

Recent Event Frames should show up in the preview. Everyone’s data is
random, so everyone’s preview will look different:

SelectData > Modify View > Publish

P Source Events “ P4 Search Shape
F Event Shape

S PISRVO1 v P

Database Fleet Generation oo

| Y | Enter Event name or string match pattern

Event Frames Assets
» ¥4 Albertsville GAOO1 Gas Turbine Temperature Anomaly 2020-03-31 17:46:50
» " Albertsville GADO1 Gas Turbine Temperature Anomaly 2020-03-31 21:25:51
» ¥4 Albertsville GAOO1 Gas Turbine Temperature Anomaly 2020-03-31 22:59:25

» 4 Albertsville GADO1 Gas Turbine Temperature Anomaly 2020-04-01 12:08:57
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You just need to find an event frame of the proper type in order to start building
the shape, but let’s look at the filtering options which will allow you to narrow
down the search.

Click the filter icon:

FH Source Events v
Server PISRVOT v
Database Fleet Generation - T

I| Y | Enter Event name or string match pattern

Event Frames Assets

These settings allow filtering the preview and will help you find the event you'’re
looking for. On a production system there could be over a million Event Frames
spanning many different types.

‘ Y | Enter Event name or string match pattern ‘
@ Filter Events by Time >
%, Filter Events by Assets >
W4 Filter Events by Events >
Maore Options >

Filter Events by Time is pretty straightforward.

Filter Events by Asset allows you to filter by primary referenced Element (the
Element in AF whose Analysis generated the event). No need to set anything
here, this is just an example.

Asset Name

GAODT

Asset Template

Gas Turbine v

Gas Turbine
REGION
STATION
Steam Turbine
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Filter Events by Events allows you to filter by Event Frame name or Event Frame
Template. Select Gas Turbine Temperature Anomaly as the Event Template
and click Apply Filters to filter out the Inactivity Events:

Event Name

Enter Event name or string match pattern

Event Template

Gas Turbine Temperature Anomaly v

Clear All Filters [V ARIEE]

And while we won’t set anything, let’s take a look at More Options. Click the
guestion mark to see explanations for the Search Mode. Minimum Duration and
Maximum Duration are self-explanatory. All descendants applies to hierarchical
event frames, which we don’t have.

Database |, . ~
Event Frame Search Options

. Includes all objects whose start time is -
" within the specified range

End Inclusive ‘

Includes all objects whose end time is within

St Mod the specified range

Inclusive
Overlapped Includes all objects whose start and end v

time are within the specified range

Minimum Duratiy Overlapped
Includes all objects whose start and end
hone time overlap with the specified range
Maximum Duration

| none |

All descendants
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If you can’t find Gas Turbine Temperature Anomaly events, it's possible that they
weren’t generated in one of the previous chapters. You may have to go back to
the Event Frame Generation chapter and complete the exercises.

Once you see some events, you can start to configure the Shape. Click one of
the Events, then drag and drop all Attributes:

b Source Events v " Search Shape

Event Shape
S PISRVO1 N 3 2
Database Fleet Generation oo

Auto drop and place
‘ 8items

ki

Event Frames Assets

Enter Event name or string match pattern

v

P4 Albertsville GAOO1 Gas Turbine Temperature Anomaly 2020-03-31 17:46:50 ||

v

"4 Albertsville GAOO1 Gas Turbine Temperature Anomaly 2020-03-31 21:25:51

v

P4 Albertsville GAOOT Gas Turbine Temperature Anomaly 2020-03-31 22:59:25

v

P4 Albertsville GAOO1 Gas Turbine Temperature Anomaly 2020-04-01 12:08:57

v

"4 Albertsville GAOO1 Gas Turbine Temperature Anomaly 2020-04-01 17:03:57

v

P4 Albertsville GAOOT Gas Turbine Temperature Anomaly 2020-04-02 11:37:29

v

P4 Albertsville GAOO1 Gas Turbine Temperature Anomaly 2020-04-02 16:02:29

v

"4 Albertsville GAOO1 Gas Turbine Temperature Anomaly 2020-04-02 16:22:29

Show More

Attributes

Filter

[ Deselect All

Duration
- Exhaust Gas Temperature - #1 Probe

- Exhaust Gas Temperature - #2 Probe

& Gas Fuel Flow

# Gas Fuel Pressure

- Gas Turbine Speed
[=] Technology
4 Unit Status

e|e|e|@|e|(e|e|@

Edit the Shape:

M Search Shape
HH Event Shape

4 b4 albertsville GAOO1 Gas Turbine Temperature Anomaly 2020-03-31 17:46:50
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Uncheck the box next to Event Frame Name and match Event Frames by
Template then Save.

Edit Filters x

|| Event Frame Name

Albertsville GAODT Gas Turbine Temperature Anomaly 2020-03-31 17:46:50

l# Event Frame Template [ | Search Derived Templates

Gas Turbine Temperature Anomaly A\

|| Event Frame Category

(+) Add Filter

Expand the Event Frame and drag and drop the Gas Turbine to the shape
configuration:

H Source Events “ P Search Shape
Event Shape
HE PISRVO1 ] °
4 i Gas Turbine Temperature Anomaly
Database Fleet Generation oo

Y

Event Frameas Assets

Enter Event name or string match pattern |

E"& Albertsville GAOO1 Gas Turbine Temperature Anomaly 2020-03-31 17:46:50

| | @saom | —~ Q |
» Hd albertsville GAQO1 Gas Turbin: erature Anomaly 2020-03-31 21:25:51

v

"4 albertsville GACOT Gas Turbine Temperature An: 020-03-31 22:59:25

»
il © & € & & i

v

F4 albertsville GAOOT Gas Turbine Temperature Anomaly 2020-04-0

v

F4 Albertsville GAOO1 Gas Turbine Temperature Anomaly 2020-04-01 17:03:57

O

Auto drop and place
£ 6A001

b4

"4 Albertsville GAOO1 Gas Turbine Temperature Anomaly 2020-04-02 11:37:29

Edit the Gas Turbine object:

£ GAOOD1 %at
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Filter by Asset Template, click Save:

Edit Filters

Asset Mame

GAODT

Primary Reference Asset

# Asset Template Search Derived Templates
Gas Turbine v
| Aszet Category
v

(+) Add Filter

Cancel

You should see a bunch of matches. Go to the Next screen:
* @

@@ Advanced Edition x 4+
< C @ pisv01.pischoolint444/EventViewDesigner
= Gas Turbine Temperature Anomalies = L PISCHOOL\student01 €
SelectData > Modify View > Publish Next
Source Events v Search Shape Matches
P
S - ] FdEventShape Found 100+ Matches
Database 4 144 Gas Turbine Temperature Anomaly # % ¥ "8 Carbondale TCBO3 Gas Turbine Temperature Anomaly 2020-03-31 17:46:50
Fleet Generation T v
Duration # % ¥ "4 Carbondale TCBO6 Gas Turbine Temperature Anomaly 2020-03-31 17:46:50

‘ Y | enter event name or string match pattern & Exhaust Gas Temperature - #1 Probe xR » "4 Carbondale TCBO4 Gas Turbine Temperature Anomaly 2020-03-31 17:46:50

& Exhaust Gas Temperature - #2 Probe # % > "4 Carbondale TCBO2 Gas Turbine Temperature Anomaly 2020-03-3117:46:50

Event Frames Assets

7 OSlsoft. Page 169



Analyzing Pl System Data

Change the Event Frame Duration Data Content to Second otherwise it will be
displayed as a round number of hours.

Be sure to click Apply.

Gas Turbine Temperature Anomalies

® Column Details

Name
Start Time End Time
Reset Name fo Default
:| B | | =
Data Content
Iint Frame DurglimeStam Juration st Gas Temperature - #1 5t Gas Temperature - #2 as Fuel Flc Sas Fuel Pressure 3as Turbine Speec
4 3/31/202 13,1410 -2.682 0 0 0
4 3!31!202 12,806 0 -4.387 0 0 0
iz 3;’311‘202 8.620 :5.805 8613 22.079 43.05 37.099
2 3;’311‘202 8.385 :8.902 13.892 7.316 52.721 61.381
2 3!311‘202 5,719 :2.25 -2.544 24131 23.08 23.216
2 3!31!202 5,719 : 1.642 5.068 24 567 17.728 14.406
2 3;’311‘202 5719 :3.259 5.234 15.775 10.359 29.693
7 4!1#’202d 25,767 0.478 -3.369 32.191 9.443 14.006
2 3!311‘202 5719 :1.22 -2.51 16.445 9.686 20.698
H 3!31!202 9,900 : 1.726 0.62 14.143 20.213 19.272
n 3;’311‘202 5.014 10 -1.343 0 0 0

Change the Start Time to *-7d and end time to *, click Apply, then move to the
Next Screen:

Back Next

Start Time End Time

Al ]

Select SQL Server as the target and have it run on an hourly schedule to keep
the Event Frames current, then click Publish.

Select Data > Modify View > Publish

Target Configuration Summary
| SqL Server v Shape and Matches
» There are 100+ Matching Instances
Run Mode Timeframe and Interval
Run Once « Your Start Time is *-7d
: ¥::|I: E?r::::t::; gets an interpolated measurement Every 1
First Run e
2 ‘

Publish
Recur every I _
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Check the statistics to confirm that Rows were written:

My Views & PISCHOOL\studentD1 &

+ Create Event View + Create Streaming View @ Modify View R Remove View
Build 2 data view B eming view with a Wadify existing data view Remave seleoted view
your avert frama hierai
Name Run Status Type Run Mode Start Time End Time Last Run Time E
Distribution Network Sa. © Published Asset Once 01-Jun-17 31-Aug-17 23:00:00 Apr 30, 2019 9:43:30 PM
Transformer Loading O Published Asset Once 2017-06-01700:00:00.0... 2017-08-31723:00:00.0... Apr 1, 2020 3.22:48 PM
Fas Turbine Temperatur... Scheduled Event Continuous =7d . Apr 7, 2020 7:55:11 PM |
= —mE
Overview Log Security View Configuration
Run History Duration (seconds)
Run Instances. + Duration Rows ~ Rows _ Error Count Apr7,2020 7:55:15 PM
seconds Written Filtered -
Apr7,202075515PM 575 225 0 [ !
10
a5
Total 1 575 225 0 0 |
00

[ view Logs forun || Download Selected Report. || Enabe FullReporung | —— s

Fitaring & Caloutating

Use SQL Server Management Studio to confirm that Event Frames were written
to the SQL Server table:

-1

SQLQuery1.sql - Pl..0OL\student0]
/****x= Script for SelectTopNRows command from SSMS — ******/
FISELECT TOP (1080) [Id]

Object Explorer
Connect~ ¥ ¥ G+

£ 1@ PISRVOT (SOL Server 13.0.1601.5 - PISCHOOL\student01)
= 1 Databases
System Databases
o 1 Database Snapshots
@ FleetGeneration
W PIFD
= i@ Pt
[ 1 Tables
System Tables
FileTables

,[6as Turbine Temperature Anomaly]
J[Event Frame Start Time]

,[Event Frame End Time]

,[Event Frame Duration]

| [Timestamp]

, [Duration]

,[Exhaust Gas Temperature - %1 Probe]
,[Exhaust Gas Temperature - #2 Probe]
,[Gas Fuel Flow]

,[Gas Fuel Pressure]

,[Gas Turbine Speed]

Remember that to import to Power Bl from SQL Server, you use the SQL Server

provider:

File

Home

Insert

=le B

Power BI
datasets

Get  Eucel

data «

Modeling

2020-03-31 19:02:11.000
2020-03-31 19:02:11.000
2020-03-31 19:46:37.000
2020-03-31 19:46:37.000
202003-31 19:46:37.000
2020-03-31 19:46:37.000
2020-03-31 19:46:37.000
2020-03-31 19:46:37.000

External Tables [Technology]
[:::fdbo.Gas Turbine Temperature Anomg T [lais gtatus]
A dbe.Transformer Loading e fablen rbine]
Views Design STicks]
P
Bernal Resources Seiectiiopil M0 Rows) .[dbo].[6as Turbine Temperature Anomalies]
Synonyms Edit Top 200 Rows.
Programmability Script Table as y
Service Broker -
View Depend
Storage e Temperature Anomaly Evert Frame Start Time
Security e |A002 Gas Turbine Tempersture Anomaly _ 2020-03-31 1746:50.000
8 PilntegratordB R M » |AOD1 Gas Tubine Temperaturs Anomaly .. 2020-03:31 1746:50.000
W PlintegraterLags CBO2 Gas Tubine Temperature Anomaly.
= g::: tegratorStats stretch * BCUD2 Gas Tubine Temperaturs Anomaly.
g . Policies » [CBUS Gas Tutbine Temperature Anomly.
eportserver
8 ReportSemverTempDB Facets B0§ Gos Tubine Temperature Anomaly.
Security CB03 Gas Tutbine Temperature Anomy.
Server Objects SER R 804 Gos Tubine Temperature Anomaly.
Replication Reports , [CBO1 Gas Tubine Temperature Anomaly.
e (CUD Gas Tubine Tempersturs Anomaly.

View

Evert Frame End Time

20200331 21:2551.000
20200331 21:21:56.000
20200331 21:25:51.000
20200331 21:21:56.000
20200331 21:21:56.000
20200331 21:21:56.000
20200331 21:21:56.000
20200401 02:56:04.000
20200331 21:21:56.000
20200331 22:31:37.000

SQL
Server

£

Enter
data

O

Data

Event Frame Duration

4
4
2
H
2
2
2
7
H
3

TimeStamp
2020-03-31 21:2551.000
2020-03-31 21:21:56.000
2020-03:31 21:2551.000
2020-03-31 21:21:56.000

Help

©

Recent

SOUrCes «

2020-03-3121:21:56.000 !
202003-3121:2156.000 !
202003-3121:21:56.000 !
20200401 02:56:04.000
202003-3121:21:56.000 !
2020-03-3122:31:37.000 !

Clipboard
And then you have 2 options:
1. Just enter the Server and browse the available databases and tables

2. Enter the Server, Database, and a SQL Query

@ OSlsoft.
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Using option 2 for example, you could clean up the query in SQL Server
Management studio to the following in SQL Server Management Studio by
starting with the Select Top 1000 Rows query:

SELECT [Gas Turbine] as [Unit], [Gas Turbine Temperature Anomaly] as [Event Frame],
[Duration], [Exhaust Gas Temperature - #1 Probe], [Exhaust Gas Temperature - #2 Probe],
[Gas Fuel Flow], [Gas Fuel Pressure], [Gas Turbine Speed], [Technology], [Unit Status]

FROM [PIInt].[dbo].[Gas Turbine Temperature Anomalies]

The configuration would look like:

SQL Server database

Server (1)

Database (optional)

Data Connectivity mode (@
* Import
O DirectQuery

4 Advanced options

Command timeout in minutes (optional)

SQL statement (optional, requires database)

SELECT [Gas Turbine] as [Unit], [Gas Turbine Temperature Anomaly] as [Event Frame],
[Duration], [Exhaust Gas Temperature - #1 Probe], [Exhaust Gas Temperature - #2 Probe],
[Gas Fuel Flow], [Gas Fuel Pressure], [Gas Turbine Speed], [Technology], [Unit Status]
FROM [PIInt].[dboc].[Gas Turbine Temperature Anomalies:ﬂ

¥ Include relationship columns
[ Navigate using full hierarchy
[J Enable SQL Server Failover support

I oK I | Cancel |

And then Load.

10.5.1 Directed Activity (optional) — Create an Event Frame Query with Pl SQL Client
(second approach)

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Create an Event Frame Query with P SQL Client
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Approach:

We’'ll get the same Gas Turbine Temperature Anomaly events as in the previous
exercise, but using Pl SQL Client.

Open PI1 SQL Commander and Connect to the Fleet Generation database.

Recall that Template-Specific Data Models for both types of Event Frames were
created in a previous exercise. Execute the predefined query for the Gas Turbine
Temperature Anomaly View:

@ pISQL Commander Lite
File Edit View Tools Help

O NewQuery | ¥ Execute @ |23 5% 25| [N, | @ Query Compendium =
Chject Explorer r X
Heall "R L -

4 _J;J OLEDEB Data Sources
4 (1P| OLEDE Enterprise
[J PSRV
4 {@P| OLEDE Frovider
[l PisrvO1
Pl _ilPI SQL Client
4 [} PISRVOTiFlest Generation
4 [ Catalogs
[ ,J Master
¥ ,J PowerBIReports
4 [ DataModels
I 3 Tables
4 [JViews
| [ Gas Turbine Temperature Anomaly
¥ Execute Predefined Query...

X Drop
Scripts >
E Refresh
,f/-.__\
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We need to JOIN to the EventFrame table in order to get to the
PrimaryReferencedElement (Unit Name). In the final Power BI report, the Table
relationships are based on Unit. The query becomes:

SELECT ef.[PrimaryReferencedElement] as [Unit], v.*
FROM [PowerBIReports].[DataModels].[Gas Turbine Temperature Anomaly] v

JOIN

[Master].[EventFrame].[EventFrame] ef ON ef.ID = v.EventFramelD

Modify the SELECT statement to remove all unnecessary columns, which means
explicitly selecting all the necessary columns. The result is the below query:

SELECT ef.[PrimaryReferencedElement] as [Unit], v.[Name] as [Event Frame],
v.[Duration], v.[Exhaust Gas Temperature - #1 Probe],
v.[Exhaust Gas Temperature - #2 Probe], v.[Gas Fuel Flow],
v.[Gas Fuel Pressure], v.[Gas Turbine Speed],

v.[Technology], v.[Unit Status]

FROM [PowerBIReports].[DataModels].[Gas Turbine Temperature Anomaly] v

JOIN

[Master].[EventFrame].[EventFrame] ef ON ef.ID = v.EventFramelD

And then Importing to Power Bl is accomplished using Get data -> More:

File Home

Clipboard

Other -> OLE DB -> Connect:

Other

Build -> PI SQL Client -> Next:
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Insert Modeling View

@ la [ (BE

Get  Excel PowerBl SOL

data~ datasets Server

Common data sources
[be Excel

@ Power Bl datasets
[%5 Power Bl dataflows
[% SQL Server

[% Analysis Services
[E Text/CSV

[& web
[b OData feed
(&

Blank query

More...

Hive LLAP (Beta)
xR script

<= Python script

<> OLEDB

Ent
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From OLE DB

Connection string (hon-cr

4 Advanced options

SQL statement (optional)

| Data Link Properties

Provider Connection Advanced Al

Select the data you want to connect to:

OLE DB Providen(s)

Microsoft OLE DB Provider for Analysis Services 11.0
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
PIOLE DB Provider

F| OLEDB Enterprise

SGL Server Native Client 11.0

£

PISRVO1 -> Fleet Generation -> OK:

OK

QK Cancel Help
EF| Data Link Properties
Provider Connection  Advanced Al
Data Source
AF Server: | PIsRvD1 |
AF Database: | Fleet Generation| ke |
Authentication
Trusted connection
User Mame:
Password:
Test Connection
Cancel Help

Filters an all g

Cancel

X

' OSlsoft.
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Paste in the query under Advanced options, OK:

From OLE DB

Connection string (non-credential properties) (O

provider=PISQLClient. 1;data source="Fleet Generation™location="PISRV01

4 Advanced options

SQL statement (optional)

SELECT ef.[PrimaryReferencedElement] as [Unit], v.[Mame] as [Event Frame],
v.[Duration], w.[Exhaust Gas Temperature - #1 Probe],

v.[Exhaust Gas Temperature - #2 Probe], v.[Gas Fuel Flow],

v.[Gas Fuel Pressure], v.[Gas Turbine Speed],

v.[Technology], v.[Unit Status]

FROM [PowerBIReports].[DataModels].[Gas Turbine Temperature Anomaly] v JOIN
[Master].[EventFrame].[EventFrame] ef ON ef.ID = \).Euen‘tFrameID|

Cance'

And then Load.
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Appendix A Self — Paced topic. Pl SQL Client

Queries

SQL stands for Structured Query Language. SQL is an American National
Standards Institute (ANSI) definition for the language used to communicate with
relational database systems. It is used by virtually all relational databases in the
world today. (Even the PI Data Archive has a SQL Subsystem that can act as a
translator to make it “look” like a relational database). SQL Commands are often
called “SQL Statements.” They can be executed interactively or as stored
procedures.

The good part is that it is a standard and that every relational database you
encounter will understand it. There is no need to learn many languages.
However, there is a down side. Most databases have unique extensions and/or
syntaxes that are unique to those systems.

To give a simple example, when passing dates into Access you use pound signs
(#) for surrounding dates. On the other hand, in SQL Server you need to use
apostrophes (").

Access: [...] WHERE dtColumn >= #2001-11-05#
SQL Server: [...] WHERE dtColumn >='20011105'

A SQL result set is a set of rows from a database, as well as meta-information
about the query such as the column names, the data types and sizes of each
column. Depending on the database system, the number of rows in the result set
may or may not be known. Usually, this number is hot known up front because
the result set is built on-the-fly.

This flexibility allows for complex queries to be constructed and saved to return a
very specific subset of information from the AF Database that would be either too

cumbersome or impossible through the likes of Pl System Explorer or P1 Datalink.

10.6 Dissecting the Syntax

A common SQL syntax starting command is SELECT which is used to query the database.
The data retrieved from the statement is based on the criteria specified in the SELECT

statement.

Following the SELECT command identifies the columns to be selected from the tables(s).

SELECT * - retrieves all the columns from the table being referenced.

SELECT columnl, column2, column3 — retrieves 3 columns of the table being

referenced.

\f() OSlsoft.
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The FROM command identifies the first (or perhaps only) table being queried.
SELECT * FROM tablename - retrieves all the columns from tablename.

SELECT columnl, column2, column3 FROM tablename — retrieves all data for the 3
columns of tablename.

The WHERE command contains criteria to filter the data being retrieved.
The conditional operators include:

equal (=)

greater than (>)

less than (<)

greater than or equal (>=)

less than or equal (<=)

not equal to (<>)

LIKE (which is a pattern matching operator)

Note: If the conditional clause is set to compare to text, the text value is encased in single
quotes (‘text’).

SELECT * from tablename WHERE columnl =5
Retrieves only rows where columnl has a value equal to the number 5.

AND and OR statements

e AND indicates both statements must be TRUE for the row to be returned
when the query is executed.

o SELECT columnl, column2, column3 from tablename WHERE
columnl =5 and column2 = ‘junk’

o Retrieve only rows where columnl has a value equal to the
number 5 and column2 value equals junk.

e OR returns data rows if either condition is met

o SELECT columnl, column2, column3 from tablename WHERE
columnl =5 or column2 = ‘junk’

o Retrieve only rows where columnl has a value equal to the
number 5 or column2 value equals junk.

The LIKE operator is used to search for a specific pattern in a column. In conjunction with
the LIKE operator a wildcard of % is used for comparison. The % can represent a single
character or multiple characters. Another wildcard is the underscore (_) which can be used
to represent a single character.

SELECT * from tablename WHERE column2 LIKE ‘“%unk’
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Retrieves rows from tablename where column2 values end with the letters

unk’
SELECT * from tablename WHERE column2 LIKE ‘%un%’
Retrieves rows from tablename where column2 values contain the letters ‘un’

SELECT * from tablename where column2 like * un_

Retrieves rows from the tablename where column 2 values only contains 4
characters and the middle two characters are un.

SELECT * from tablename WHERE column2 LIKE ‘%’

Retrieves rows from tablename where column2 values start with the letter ‘j’

To work with column/table names which have special characters, such as a space, use
square brackets:

If you wish to SELECT a column called Product Orders, enclose it in square brackets:
[Product Orders]

If you're referring to a table whose full path is Fleet Generation, Region, Station, Unit, that
must be written as [Fleet Generation].[SouthEast].[Brick Canyon].[PLT02]

Any name may be wrapped in square brackets, so when in doubt as to what constitutes a
special character, wrap the name in square brackets.

Pl SQL Client

The RTQP Engine via Pl SQL Client became available in Pl Server 2018 SP2
and is the successor to PI OLEDB Enterprise. The functionality is very similar to
Pl OLEDB Enterprise in that Pl AF and the underlying tags can be queried using
SQL statements. The main benefits over Pl OLEDB Enterprise are better
performance, simpler queries, and simplified software architecture.

The following video, which is part of the new Pl SQL Online course, explains the
history and landscape of the various Pl SQL family of products. Your instructor
will play the video in class.

https://www.youtube.com/watch?v=W2nj29eNseQ

Pl SQL Commander

The Pl SQL Client installation includes a test environment, which handles the
OLE connection process and allows the user to execute queries and perform
other tasks. This test environment is Pl SQL Commander Lite.
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P1 SQL Commander is the user interface to assist with creating queries,
transpose functions, and views against Pl AF using PI SQL Client. This user
interface also provides access to the legacy PI OLEDB Provider and PI OLEDB
Enterprise providers.

P1 SQL Commander Lite is an application to navigate a relational view of the PI
System using SQL Queries that are exposed by PI ODBC. This can be used to
create, edit, test and save SQL queries of Pl System data.
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Directed Activity — Review Predefined Queries

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Review predefined queries associated with the tables defined in PI SQL Commander.

Approach:

e Open Pl SQL Commander
e Navigate to the Fleet Generation Database/Catalog
e Execute a Predefined Query associated with the Element Hierarchy table.

Launch PI SQL Commander -
Click Start > All Programs > PI System > Pl SQL Commander Lite (64-bit)

Through P1 SQL Commander, either a PI AF Server or a Pl Data Archive can be
accessed through SQL statements based on the item selected for connection.

From within the Object Explorer, right click on Pl SQL Client and click Connect:

@ PI5SOL Commander Lite
File Edit View Tools Help

P NewQuery | ¥ Execute @ B3 E5 8% | K | &

Object Explorer
4 ,_J',JDLEDB Data Sources
4 [Pl OLEDB Enterprise

[J PISRVO1
4 (@PI OLEDB Frovider
[ PisRvo1
4 | JIPISQL Client
- 2] Connect
“ 30—[: i] Refresh
=
f/-.__\
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Enter PISRVO01 as the AF Server and Fleet Generation as the AF Database, then click
OK:

[F] Data Link Properties X

Connection  Advanced Al

Data Source
AF Server: PISRVO1
AF Database: Fleet Generation w
Authentication
Trusted connection
User Name:
Pasgword:
Test Connection

s

After making the connection, drill down to and expand the Master Catalog, then drill
down further to the Element Tables.

Object Explorer * ¥
4 [ JJOLEDE Data Sources
4 [HIPI OLEDB Enterprise
[J PSRV
4 {@PI OLEDB Provider
[J PSRV
4 [JIPI 0L Client
[J PISRVOTNuGreen
4 [ PISRVOT\Flest Generation
4 [ Catalogs
4 ,J Master
[+ 3 Category
4 [ JElement
PR Tables
[=] Archive
[ Attrbute
[ AttributeCategory
[ Attrbute Template

41

[

[

[

I

I = Attibute TemplateCategany
I =] Element

I ] ElementCategory

I 5 ElementHierarchy

I =] ElementTemplate

I =] ElementTemplateCategory

Right-click on the Element Table and select Execute Predefined Query:
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4] _jJPI SQL Client
| 4 PISRVO1\NuGreen

4 | PISRVO1\Flest Generation

4 [ Catalogs
4 | | Master
I [ Category
4 |[_jElement
4 [ Tables
1 [Z] Archive
I [E]Attribute
I (= AttributeCategory [ Results
I [ AttributeTemplate
1 [ Attribute TemplateCategory Name
== 5 1| Ebbitt
b EJclem] ¥  Execute Predefined Query.. F02
l -E’Ebf"{ (2] Refresh Egi
I EEementrempe [ = T =
| =] ElementTemplateCategory B oo
6 | PTCO1
I A Views 7 | orrm

This runs a sample query, which returns the top 100 elements from the Fleet Generation AF

Database:

[}y Queryl.sql - PISRVOT\Fleet Generation X

-- Elemsnt table.
-- Returns elements.

SELECT TOP 1@@ Name, Description, Comment, Revision, HasChildren, Template

FROM [Master].[Element].[Element]

[ Results 3 Messages
MName Description Comment Rewision HasChildren Template

1 | Ebbtt Ebbitt Station 5 True STATION
2 | PQEDZ Morth —= Ebbitt —> PQED2 5 Falze UMIT

3 | PQED3 Morth —= Ebbitt —> PQED3 5 Falze UMIT

4 | PQED4 Morth —= Ebbitt —> PQED4 4 Falze UMIT

& | Greenlawn Greenlawn Station 5 True STATION
& | FTCO1 Morth —» Greenlawn = PFTCO1 4 Falze UMIT

7 | FTCOZ2 Morth - Greenlawn = FTCO2 4 Falze UMIT

& | PTCO3 Maorth —= Greenlawn —-= FTCO3 4 Falz= UMIT

Pl SQL Commander includes one sample SQL query for each Table.
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Expand the Element Table and examine the available columns. It looks like the Sample
Query doesn’t return all available columns. Modify the query to select everything and then

Execute the query:

SELECT *

FROM [Master].[Element].[Element]
@@ P SOL Commander Lite
File Edit View Query Tools Help

;l Mew Query d '::J C;ﬁ Iij 8, | & Query Compendium _

Object Explarer

=

4 | || Master

[+ |_yCategory
4 |_Element

- X

-

[y Queryl.sgl - PISRVO1\Fleet Generation™ X

-- Element table.

rn=z elements.

SELECT *

FROM [Master].[Element] .[Element]l

Now all columns are returned, the PrimaryPath would probably come in handy.

L'J Queryl.sgl - PISRVO1\Fleet Generation® X

-- Element table.
-- Returns elements.
SELECT *

FROM [Master].[Element] .[Element]l

[FResults | 5 Messages
D

Mame Description Comment Revision HasChildren  PrimaryPath Template Created CreatedBy
1 | 52bBe629-6b5d-11e9-3965-000d3a312e96 | CENTRAL 1 True \ REGION 20159-04-30 15:33:48 203 | PISCHOOL \studentD1
2 | 52bBeb2c-Eb5d-11e9-2965-000d3a312e96 | Albertsville | Albertsville Station 5 True WCENTRALL STATION 2019-04-30 15:33:48.203 | PISCHCOL \student01
3 | 52bBe62i-6b5d-11e5-a965-000d3a312e26 | GAOO1 Central —> Albertsville —> GAOD1 4 False \CENTRALWberisvillel Gas Turbine | 2019-04-30 15:33:48 203 | PISCHCOL \student(
4 | 52bBe632-6b5d-11e9-a965-000d3a312e56 | GAOO2 Central —= Albertsville —» GAOD2 4 False \CENTRALAIbertsvillet Gas Turbine = 2015-04-30 15:33:48 203 | PISCHOOL \studentd1
5 | 52bBe635-6b5d-113-3965-000d3a312e96 | Beryl Ridge | Beryl Ridge Station 5 True WCENTRALL STATION 2019-04-30 15:33:48.203 | PISCHCOL\student01
6 | 52bBe638-6b5d-11e9-3965-000d3a312e86 | BCUO1 Ceniral —» Benyl Ridge —» BCUD1 5 False \CENTRAL\Bend Ridae! Gas Turbine | 2015-04-30 15:33:48 203 | PISCHOOL \studentd1

Looks like we probably don’t need most of these columns after all, pare it down to
just the Name, HasChildren, PrimaryPath, and Template columns and Execute

the following:

SELECT Name, HasChildren, PrimaryPath, Template
FROM [Master].[Element].[Element]
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Now exclude the Regions and Stations. There are two easy ways to do this:

SELECT Name, HasChildren, PrimaryPath, Template
FROM [Master].[Element].[Element]
WHERE HasChildren = False

OR
SELECT Name, HasChildren, PrimaryPath, Template
FROM [Master].[Element].[Element]
WHERE Template = 'Gas Turbine' OR Template = 'UNIT'
[y Queryl.sgl - PISRVO1\Fleet Generation™ X
EELECT Mame, HasChildren, PrimaryPath, Template
FROM [Master].[Element].[Element]
WHERE Template = "Gas Turbine' OR Template = 'UNIT®
[ Resulis 3 Messages
MName HasChildren  PrimaryFath Template
1 | PQEDZ | Fals= \NORTH\Ebbitt: UNIT
2 | PQED3 | False \NORTH\Ebbitt UNIT
3 | PQED4 | False \NORTHEbbitt UNIT
4 | PTCOT | Falss \MORTH Greenlzwn' UNIT
5 | PTC0Z | False \NORTH\Greenlzwn! UNIT
& | FTCOZ | Fal== \NORTH\Greenlzwn! UNIT
7 | CECO1 | Fal=s \NORTH \Madisom, UNIT
8 | POEDT | False \NORTH\New Bedford\ UNIT
(o
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10.6.1 Directed Activity — The Query Compendium

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:
Explore the Query Compendium

Approach:

We will now explore the Query Compendium, which is simply a library of example
gueries.

Click Query Compendium along the top bar

@ PI50L Commander Lite
File Edit Wiew Query Tools Help

;.l Mew Query | ¥ Execute W |3 &3 &7 | @ Query Compendium| _

-

Object Explorer - ¥ |_':_| CQuery2.sql - PISRVOT\PI Big Tires Co.* X
o E YL = || SELECT Name, Template, PrimaryPath
a L_J-J OLEDE Data Saurces FROM [Master].[Element].[Element]

I [Pl OLEDE Enterprise
I {@F| OLEDE Provider
4 CHPIS0N Cliant

The Pl SQL Query Compendium will open on the right hand side

@ PISOL Commander Lite - X
File Edit View Query Tools Help

{50 NewQuery | B Execute @ | &3 §3 §13| @ Query Compendium _

Object Explorer = x| | [dy Query2.sql - PISRVOT\PI Big Tires Co.™ X \ﬁ PI 5QL Query Compendium -~ x
Hol L < | SELECT Name, Template, PrimaryPath 4 [glSclution 'PI SQL Query Compendium’ (3 Projects)
4 (3JOLEDE Data Sources FROM [Master].[Element].[Element] 4 ?ZO\Q&DB Enterprise
eeeeee
I+ [@IPI OLEDB Enterprise
y
I @PI OLEDB Provider - i:ag\cntr-\ttr:bute By Value Search.txt
- uGreenaml
4 (JIPISQL Client L
[ PISRVDTINuGreen :m\:amﬁ;( xml
4 [ PISRVO1IPI Big Tires Co 4 @p\OLEETjB :ma
rovider
a fchV\IA:gs\Ser b [ Queries
‘\ [ Category 4 (@P5QL Client
a ggwemim, - [ Migration
b CINuGreen
b 3 Queries

&= DataModeljpg
ReadMe.bet
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The main samples are under Queries\Element:

e 1-ElementSearch.sqgl contains sample queries for metadata (Paths,
Element Names, Descriptions, Categories, etc)

e 2-AttributeData.sqgl contains sample queries for attribute data where a
template is not specified

e 3-TemplateSpecificData.sql contains sample queries for attribute data by
Template — similar to the functionality of the PI OLEDB Enterprise
transpose functions

PI 5QL Query Compendium - X
4 [315clution 'PI SQL Query Compendium’ (3 Projects)
4 (@P| OLEDB Enterprise
I [ Queries
Element Attribute By Value Search.txt
# NuGreen.xml
#| Pi0leDbTestxml
ReadMe.txt
4 {@PI OLEDB Provider
I+ [ Queries
4 (@pisql Client
I [ Migration
I (A MNuGreen
4 | ZQueries
I [ Category
4 |/ Element
a1 ElementSearch.sqgl
=l 2-AttributeData.sql
J213-TemplateSpecificData.sql
I (A EventFrame
I [ UnitOfMeasure
48l CustomObjects.sgl
o2 Features.sgl
&= DataModeljpg
ReadMe.txt

Double-click 3-TemplateSpecificData.sql to examine the contents

Pl 5QL Query Compendium -

4 lsclution 'PI SQL Query Compendium’ (3 Projects)
4 {@®p| OLEDB Enterprise
I+ A Queries
Element Attribute By Value Search.txt
#|NuGreenxml
#| Pi0leDbTest.xml
ReadMe.txt
4 @PI OLEDE Provider
I+ A Queries
4 {@p| sqL Client
I [ Migration
I [ANuGreen
4 |5 Queries
I [ACategory
4 | ZElement
J21-ElementSearch.sgl
=| 2-AttributeData.sgl
3 3-TemplateSpecificData.sqgl
I [ EventFrame
I [AUnitOfMeasure
43 CustomObjectssgl
B Features sql
&= DataModeljpg
ReadMe.txt

({ ) OSlsoft.
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The first query sample has the structure to retrieve Fuel Gas Flow readings for
Boilers. This won'’t run against the Fleet Generation database since there is no
Boiler template. There are also samples for:

e Sampled Data (Interpolated data with a start time, end time, and interval)
e Data sampled at a specific timestamp
e Summaries (Averages, Maximums, Minimums, etc)

All of the samples in the Query Compendium run against the NuGreen database.

XML files to deploy the sample NuGreen database are bundled with every installation of Pl
SQL Client and can be found in C:\Program Files\PIPC\SQL\SQL Commander\Pl SQL
Query Compendium\P1 SQL Client\NuGreen.

For the Query Compendium queries to run as-is, we’ll have to connect to the
NuGreen database in Pl SQL Client:

Object Explorer * X
el 34 =
4 | JJOLEDE Data Sources
4 (1P| OLEDB Enterprise
[ PISRvVDT
4 (@PI OLEDB Provider
[J PIsRvD1
4 [ JIPI5GL Client
4 [} PISRVO1Flest Generation
4 [ Catalogs
I | ) Master
[ [ Table-\alued Functions
I* [ Scalar Functions
| | PISRVOTiNuGreen

=
> X Remove Server
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Highlight the first sample query and click execute:

@ pisQL Commander Lite
File Edit View Query Tools Help

1 New Query |! Exm.cg|1 8538 5| @ Query Compendium _

[y 3-TemplateSpecificData sql - PISRVOT\NuGresn X

Object Explorer v x
Hel L]
4 [ JJOLEDB Data Sources
4 BPI OLEDE Enterprise
(3 PisrvoT
4 (@PI OLEDE Provider
(3 PisrvoT
4 (JIPISGL Client
4 [ PISRVOT\Fleet Generation

-- RTQP Engine newly introduces table templates and table-valued function templates,

-- which can be specialized into tables and table-valued functions by passing parameter values.

-- The Master.Element schema contains templates which can be specialized into tables and table-valued functi
-- which retrieve time series data for elements created from a particular element template

-- (these templates are used behind the scenes by the "Template-Specific Data Model" PI SQL Commander Lite v

# [ Catabogs . Current Boiler sttribute values
v [ Master
1 CATable-Valued Functions
I (3 Scalar Funciions
4 | 3 PISRVOTINuGreen
4 [hCatalogs *Boiler’, --Template - element template name]
, 5%& \2 TU' ed Funciions *, -- AttributeTemplatePath - Required
TimeStampColumnName - Required, can be set to NULL to omit the column|
b 3 Scalar Functions eColumniame - Required
4 T5/0DBC Data Saurces -~ UnitOf#MeasureColumnName - Optiona.
[SIPISQL Client -- ErrorColumnName - Optiona;

- Optionall

} -- AttributeMetadata - defines which columns to expose for a particular attribute template

- - AttributeMetadatal

ON e.ID = v.ElementID
HERE e.Template = *Boiler’

Note that it returns the current value of Fuel Gas Flow for each Boiler:

Name  ElementiD FuelGasFlow_TimeStamp  FuelGasFlow_Value  FuelGasFlow_UnitCfMeasure  FuelGasFlow_Emor
1 | B-495 | a1884547-6b55-11e5-a964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | m3ls
2 | B-205 | a1B384544-6b55-1125-3964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | m3s
3 | B-765 | a1B884514-6b55-11e5-a964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | m3s
4 | B-210 | a18844ed-6b55-11259-a964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | m3s
5 | B-235 | =18844e1-6b55-11e59-a964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | mdis
6 | B481 | =1884454-6b55-11e59-a964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | mdis
7 | B-352 | 9b781f79-6b55-11e9-2964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | mdis
8 | B459 | 9b781f61-6b55-11e9-2964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | mdis
9 | B-334 | 9b781f31-6b55-11e9-2964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | mdis
10 | B-125 | 9b781f0d-6b55-11e3-2964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | mdis
11 | B-555 | =13844c5-6b55-11e9-a964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | mdis
12 | B-309 | =18844ba-6b55-11e59-a964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | mdis
13 | B-737 | =13844ab-6b55-11e59-a964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | mdis
14 | B-914 | =1384499-6b55-11e59-a964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | mdis
15 | B-117 | =138447b-6b55-11259-a964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | mdis
16 | B-045 | 9b731edd-6b55-11259-a964-000d3a312e96 | 2020-04-02 13:45:19.000 | 254135272587813 | mdis

Highlight the second query (Sampled Boiler attribute values) and execute it.

@ PI50L Commander Lite
File Edit View Query Tools
i 2] New Query I! Exe(utelJ 83 6= 1|18, | € Query Compendium _

|8 3-TemplateSpecificData.sql - PISRVOT\NuGreen X

Help

*|Object Explorer * X

HelE L =
4 [ JJOLEDE Dats Sources
4 (3P| OLEDE Enterprise
[ PisRvo1
4 (@ P OLEDB Provider
[ PisRvD1
4 [JIPISGL Client
4 [{§ PISRVOT Flest Generation
4 [JCatalogs
[ L] Master
I+ [ Table-Valued Functions
I [ Scalar Functions
4 | PISRVOT\NuGreen
4 [Catalogs
[ G Master
- FaTahla\ahed Finctinne

} -- AttributeMetadatal

>(e.ID, 'y', "t', "1h') sv
HERE e.Template = 'Boiler’
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This time hourly data between ‘y’ and ‘t’ is returned:

The text for these queries can be copied to a new query and modified.

190

3 Results __! Messages

Name  TimeStamp FuelGasFlow Value  FuelGasFlow UniOiMezsure  FuelGasFlow_Emor
1 | B-495 | 2020-04-01 00:00:00.000 | 493245887756348 | ftds
2 | B-459 | 2020-04-01 01:00:00.000 | 73.1187744140625 | ft¥s
3 | B-459 | 2020-04-01 02:00:00.000 | 90.2966613769531 | fids
4 | B-459 | 2020-04-01 03:00:00.000 | 99.025276154082 ftdis
5 | B-493 | 2020-04-01 04:00-:00.000 | 95.1106872558554 | ft3is
6 | B453% | 2020-04-01 05:00:00.000 | B9.7330823364258 | fidls
7 | B453% | 2020-04-01 06:00:00.000 | B4.36747741695922 | fids
8 | B493 | 2020-04-01 07-00-:00.000 @ 78.9958724975586 | fidls
9 | B493 | 2020-04-01 08:00-:00.000 | 73.624267578125 ftdis
10 | B439 | 2020-04-01 09-00-00.000 | 6B 2526626586914 | #3s
11 | B495 | 2020-04-01 10:00:00.000 | 62.8810577392578 | fids
4 D 400 NI AA N 11 aAN-An NN E7T RNOAAQMNE1YT BT
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10.6.2 Directed Activity - Modify a Sample Query for Fleet Generation

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:
Use the Query Compendium as a starting point to develop a query.

Approach:

We will now modify one of the queries from the Query Compendium to run
against the Fleet Generation database. Let’s get a list of Generating Units and
their current Demand and Net Generation values.

Ensure that you're connected to Fleet Generation:

Object Explorer * X
E Wy s
4 [ JJOLEDB Data Sources

4 ((3IPI OLEDE Enterprise
[J Pisrvo1

4 ({@P| OLEDE Frovider
[J Pisrvo1

4 l'_ PISGL Client
m PISRVOT\Flest Generation
i Catalogs

I [ Master
I+ [ Table-Valued Functions
I+ [ Scalar Functions

Copy the first query from 3-TemplateSpecificData.sql into a new query.

@ PI50L CommanderLite
File Edit View Query Tools Help

2l NewQuery | ¥ Execute @ | &3 8% 81| X | @ Query Compendium _

Object Explorer x| |32 ificDatasql - PISRVOT\Fleet ion X | [ Querylsgl - PISRVOT\Fleet Generation™
HelE ELA 0
4 [JJOLEDB Data Sources -- Element template specific attribute data retrieval
4 @PIOLEDBEnterpriss | T
3 Pisrvon -~ RTQP Engine newly introduces table templates and table-valued function templates,
4 {@FI OLEDE Frovider -- which can be specialized into tables and table-valued functions by passing parameter values.
[ Pisrvn -- The Master.Element schema contains templates which can be specialized into tables and table-valued functions,
4 [JIPISQL Client -- which retrieve time series data for elements created from a particular element template
[ FISRVDTINuGreen -- (these templates are used behind the scenes by the "Template-specific Data Model” PI SQL Commander Lite wizarc
4 [ PISRVD1Flest Generation - et ler Strribute yal
4 i Catdogs -~ Current Boiler attribute values
4 (3 Master FROM Master.Element.Element e
I [ Category INNER J0IN Master.Element.Value]
4 [ Element
i [ Tables *Boiler’, --Template - element template name
b [ Views . .
| (2 Table-Valued Functions *|Fuel Gas Flow', - AttributeTemplatePath - Requiredfi _
' £ Funcion Tabies FuelGasFlow_TimeStamp®, -- TimeStampColumnName - Required, can be set to NULL to omit the column)
*FuelGasFlow_Value', -- Vi lumnName - Required
v CaTempiates *FuelGasFlow_UnitOfMeasu UnitOffeasureColumnhame - Optiona:
I [ Sealar Funcions *FuelGasFlow Error’, R i
I [AEventFrame ‘m3/s' -- UnitOfteasuff Jillet]
I [ UnitDfMezsure } -- AttributeMetadata - xpose for a particular attribute templatel
I [ Table-Valued Functions

I [ Scalar Functions
4 Z)0DBC Data Sources
[SPI SQL Client

- - AttributeMetadatal

ON e.ID = v.ElementID Select All

HERE e.Template = ‘Boiler’|

Connection

-~ sampled Boiler attribute ! Execute
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Change Boiler to UNIT, change Fuel Gas Flow to Demand, and change the units
to MW then execute the query.

@ PI5QL Commander Lite
File Edit View Query Tools Help

_-;_ New Query 4 | 8385 €1 (N | € Query Compendium =

Object Explorer ~ X || [Ey Querybsql - PISRVO1\Fleet Generation™ X | [y 3-TemplateSpecificData.sql - PISRVO1\Fleet G
iEl e =y s || -- Current Boiler attribute values
4 [ JJOLEDE Data Sources SELECT e.Name, v.*
4 {3PI OLEDE Enterprise FRCh':'I Méster‘.Element.Element e
= INNER JOIN M r.Element.Value
[J PISRVO1 .
4 “PI_OLEDBPro\fider 'UNIT', --Template - = nt template name
| PISRVO1 {
4 [J]F'I SQL Client ' |Demand ,“*= AttributeTemplatePath - Required
lJ PISRVOT\NuGreen "Demand_TimeStamp®, -- TimeStampColumnMName - Required, can be
" LaPISF{VD'I‘.FIeetGeneration "Demand_WValue', -- ValueColumnhame - Required
4 [3Catalogs "Demand_UnitOfMeasure’, -- UnitOfMeasureColumnName - Optional
- g "Demand_Error', -- ErrorColumnName - Optional
4 [J Master "MW' -- UnitOfMeasure - Optional
I [ Category b -- AttrWpteMetadata - defines which columns to expose for a par
4 | ZElement -1
I CJTables -- } -- AttributeMetadata
I CaViews AT
I [ Table-Valued Functions on .10 = v.Element?D )
N WHERE e.Template = UNIT|
I [ Function Tables
T

Now we can add Net Generation to the mix and remove some of the optional
columns.

Be mindful of the commas, you’ll need to add a comma between each attribute
grouping and also remove the final comma within each attribute grouping.

-- Current Boiler attribute values
SELECT e.Mame, wv.*

FROM Master.Element.Element e
IMMER JOIM Master.Element.value

<
"UNIT', --Template - element template name
{
"|Demand’, -- AttributeTemplatsPath - Required
'Demand_TimeStamp', -- TimeStampColumnMame - Required, can be set to NULL to omit the column
'Demand_Value' 4o ValusColumnName - Required
3 T
¢ o0 comma here
'|Net Generation’, -- AttributeTemplatePath - Required
'"Met Generation_TimeStamp', -- TimeStampColumnMName - Required, can be set to NULL to omit the column
"Met Generation_value' -- WalueColumnMame - Required
}
here
oN e.I —TTomeTTIT

WHERE e.Template = "UNIT'

Execute the query to make sure it functions.
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Now modify the SELECT statement to remove unnecessary columns (explicitly select
Demand_Value and Net Generation_Value). Also alias the columns. We’'ll discuss aliases in
the following sections.

You can copy and paste the below query if you're having trouble getting
everything perfect:

SELECT e.Name, v.Demand_Value as Demand, v.[Net
Generation_Value] as [Net Generation]
FROM Master.Element.Element e
INNER JOIN Master.Element.Value
<
'UNIT,
{
'|IDemand’,
'Demand_TimeStamp',
'Demand_Value'

'INet Generation',
'Net Generation_TimeStamp',
'Net Generation_Value'
}
>V
ON e.ID = v.ElementID
WHERE e.Template = "UNIT'

Execute the query to make sure it functions. The output should be as follows
however keep in mind that everyone will have different data.

Name Demand MNet Generation
PTCOZ | 668131 3652076
FTCO3 | 340.1134 | 240.8696
CECO1 | 4755364 | 121.8466
POEDT | 4356421 | 2734194
PLTO1 | 9366851 | 3383531
PLTCZ | 595.0018 | 600
BAJOZ2 | 71.83372 | 4587563
g | MAMO3 | 3166634 | H16.4491
9 | MAMO4 | 4385371 | 148.0519
10 | ALXDT | 09355849 | 445116
11 | PQED2 | 467 4324 | 2696476
12 | PQED3 | 8321041 | 600

13 | PQED4 | 9605633 | 413.7107
14 | PTCO1 | 5992962 | 176.5635
15 | ZMNOT | 3271069 | 565.3942
16 | ZMNDZ | 4859812 | 600

17 | MNDO1 | 2584461 | 108.1458
12 | MNDOZ | 9224759 | 2553658
19 | MAMDT | 5992962 | 600

20 | MAMO2 | 732857 | 4782043

S I - I 5 B - R R N
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Field Aliases

There’s a lot going on in the previous query that may have been glossed over. Let’s take a
closer look at the individual parts starting with the first line.

SELECT e.Name, v.Demand Value as Demand, v.[Net Generation_WValue] as [Net Generation]

Aliases are being used to provide cleaner column names, essentially renaming the columns.
We made a decision not to include the timestamp columns and the _Value part is therefore
unnecessary.

The keyword AS is used anytime an ALIAS is defined, however the as keyword can be
omitted.

In addition, square brackets (eg. v.[Net Generation_Value] as [Net Generation]) are
necessary for any fields that contain spaces. This is sort of like using double quotes when
specifying the path to a file. When Pl SQL Commander sees a space, it expects that the field
or command has ended and wants to process the next thing.

Table Aliases

Tables are also being aliased in the previous query though the AS keyword is omitted:

Sometimes table name or columns are lengthy or lack clarity. Using an ALIAS can simplify
typing and clarify table field names that are otherwise unclear.

sELECT lelname | v lDemand value as Demand_.[Net Generation_Value] as [Met Gener"atic:-n]l

FROM Master.Element.Element|el

INNER JOIN Master.Element.Value | Tnis is using e as an alias_|

"UNIT',

" | Demand ©,
'Demand_TimeStamp',
'Demand_Value'

This entire thing is a table, and

"|Met Generation', R :
is using v as an alias

'Met Generation_TimeStamp',
'"Met Generation_WValue®

>I W I-
ONJe JID =|v]ElementID
WHERE[E]Template = 'UNIT'

In the above query, e is being used to identify the Element Table and v is being
used to identify the Value table.

Parameters
Parameters are being passed into Master.Element.Value between the < >. If you

expand Element\Templates you’ll see the core functions that are used in the 3-
TemplateSpecificData.sgl examples.
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4 [ Element
4 [ Tables

ttnbuteTemplate
ttnbute Template Category

lementHierarchy
lemertTemplate
lementTemplateCategory
I [ Views
I+ [ Table-Yalued Functions
|3 Function Tables
4 [ Templates
4 [FHValue
| Parameters
4 [ Parameters
@Templahe (String, not null)
4 @Aﬂributel‘v‘leiadala (Tuplefl)
@Aﬂﬁbut&TemplateF’alh (String. nat null)
@Value&:lumnl‘dame (String, not null}

@Uni‘erMeasureColumnName (String, null, Optional)

@EnorColumnName (String, null, Optional}
@UnithMeasure (String, null, Optional)
4 [ Funclion Parameters
{@d @Element|D {Guid, gt Tl
{@d @Time (DateTime, not null)
| GetSampIedVaIum
I GetSummaries
i GetSummary

Builtin Functions

"Boiler', --Template - element template name

{

"|Fuel Gas Flow®, -- AttributeTemplatePath - R
'FuelGasFlow_Value', -- ValueColumnName - Requ
'FuelGasFlow_UnitOfMeasure', -- UnitOfMeasureC
'FuelGasFlow_Error', -- ErrorColumnName - Opti

MULL -- UnitOfMeasure - Optional
} -- AttributeMetadata - defines which columns to
-1
-- } -- AttributeMetadata
*(e.ID, "y', "t', '"1lh") sv
WHERE e.Template = 'Boiler’

-- Sampled Boiler attribute value
SELECT e.Mame, sv.™*

FROM Master.Element.Element_g
CROSS APPLY Maste ent |GetSampladialue

--Template - element template name

'"|Fuel Gas Flow', -- AttribfteTemplatePath - R
'FuelGasFlow_Value', -- ValgeColumnName - Requ
'FuelGasFlow_UnitOfMeasure’] -- UnitOfMeasureC
'"FuelGasFlow_Error', -- ErrgrColumnName - Opti
NULL -- UnitOfMeasure - Optjonal

- Frertrreeereerr———oetieE which columns to

ibuteMetadata

WHER .template = 'Boiler’

-- Boiler attribute summaries

SELECT e.Mame, 5.7

FROM Master.Element.Element e

CROSS APPLY Master.Element.GetSummaries
<

"Boiler', --Template - element template name
T

P1 SQL Client has some built-in functions specific to the Pl System. If you are
familiar with SQL, you may already be familiar with functions. For example,
aggregation functions such as Max() or Avg() return the maximum or average of

a group of rows.

An entire list of built-in functions is available in the SQL for RTOP Engine
Reference Guide. The documentation is also available as a PDF download on the

OSlsoft Customer portal.
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They are also listed under Scalar Functions in Pl SQL Commander:

Chbject Explorer
4 [ JJOLEDB Data Sources
4 ([P OLEDB Enterprise
[J PisRvO1
4 @ P! OLEDE Provider
[J Pisrvo1
4 [JIPISQL Client
4 [ PISRVD\Flest Generation
I A Catalogs
| [ Table-Valued Functions
y
I [ Aggregate
I+ [d Conversion
I [ Mathemafical
4 [gText
1 B Charlndex
I U} Concat
1 g} Format
I *::xQFﬂm\athcaleAware
1 U} Formatl ocaleAware TimeZoneAware
I B instr
b UL et
I @L&ngﬂw
b U1 ower
v B Trim
I U} Parenthame
I %Hﬂp\ace
I *::xQF(everge
1 g Right
I B RTrm
I @Substring
I @Tﬂm
I @Upper
I CaTime
I C@User
I+ 4 Other

A commonly used function is the ParentName function, which gives the name of
an element’s parent. For example, we can change the query as follows to get the
Station name for each UNIT:

SELECT e.Name, ParentName(e.PrimaryPath,0) as Station,
v.Demand_Value as Demand, v.[Net Generation_Value] as [Net
Generation]
FROM Master.Element.Element as e
INNER JOIN Master.Element.Value
<
'UNIT',
{
'IDemand’,
'Demand_TimeStamp',
'Demand_Value'

'INet Generation',
'‘Net Generation_TimeStamp',
'Net Generation_Value'
}
>asv
ON e.ID = v.ElementID
WHERE e.Template = 'UNIT'

The first argument in ParentName is an AF element path, and the second
argument tells it how many levels up to look:

e ParentName(e.PrimaryPath,0) gives the direct parent (eg. Octavia
Station)

e ParentName(e.PrimaryPath,1) gives the parent of the parent (eg. NORTH
Region)
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UNION Statements

You may have noticed that the query we’ve been running only return Assets that
use the UNIT template and not those that use the Gas Turbine template, despite
the Gas Turbine template being derived from the UNIT template via template
inheritance. One way to address this is with UNIONSs.

In simple terms, UNIONs take the results of two queries and stack the result sets
on top of each other to form a single result set. One limitation of UNIONSs is that
the input result sets must have identical columns, which may require removing
and aliasing columns to match the data sets. This will be demonstrated in the
following exercise.

The syntax is quite simple, place the keyword UNION in between two queries to
union them together. The OPTION statement must be at the very end:

SELECT * FROM Table1 WHERE Condition="TRUE’

UNION

SELECT * FROM Table2 WHERE Condition="TRUE’

\f() OSlsoft.
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Directed Activity — Using UNION Statements

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Create a query to display Demand and Net Generation for all UNITSs, including
Gas Turbines.

Approach:

You may have noticed that the query we’ve been working with has been missing
the Gas Turbines. One way to address this with a UNION. It's not necessarily the
best approach, but you’ll use a UNION in a later exercise.

Start with the below query:

SELECT e.Name, ParentName(e.PrimaryPath,0) as Station,
v.Demand_Value as Demand, v.[Net Generation_Value] as [Net
Generation]
FROM Master.Element.Element as e
INNER JOIN Master.Element.Value
<
'UNIT,
{
'|Demand’,
'Demand_TimeStamp',
'Demand_Value'

'INet Generation',
'‘Net Generation_TimeStamp',
'Net Generation_Value'
}
>asv
ON e.ID = v.ElementID
WHERE e.Template = 'UNIT'
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Copy it, paste the copy directly below it, add a UNION in between, and change
the template in the bottom half to Gas Turbine, then execute.

|y Exercise 10.8.1.5gl - PISRVO1\Fleet Generation =y Query2.sql - PISRVO1\Fleet Generation™ X

SELECT e.MName, ParentMame(e.PrimaryPath,8) as Substation, w.Demand Walue as
FROM Master.Element.Element as e
INHNER JOIM Master.Element.Value

£
"UNIT",
{
' |Demand ",
'Demand_TimeStamp ',
'Demand _Value'
I
{
'"|Met Generation',
'"Met Generation_TimeStamp',
'Met Generation Value®
¥
-

ON e.ID = v.ElementID
WHERE =.Template = "UNIT'
UMIOMN

e.Mame, ParentMame(e.PrimaryPath,®) as Substation, v.Demand Value as
FROM Master.Element.Element asz 2
INHNER JOIM Master.Element.Value

£
|'Gas TurhinE'Jl
1
' | Demand ©,
'Demand_TimeStamp ',
'Demand_Value'
I
{
'|Met Generation',
'Met Generation_TimeStamp',
'Met Generation Value®
¥
> B W

ON e.ID = v.ElementID
WHERE e.Template =|'Gas Turbine|

There should now be 30 rows in the result set. The bottom 10 rows are the Gas
Turbines.

—
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JOIN Statements

Rarely does data exist in one place or in one table. Sometimes the results of a query have to
come from a correlation of two or more distinct tables. To JOIN tables, a relationship is
required between the tables and must be identified in the SQL statement.

Within the joining operations, we want a result set than contains assets with useful
information from both tables, like performing a logical AND operation. There should be no
gaps where a match could not be found. This is called an INNER JOIN, and is the default
joining operation used by PlI SQL Commander. Therefore, INNER JOIN and JOIN may be
used interchangeably

Two key words are used when creating joins between tables. The words JOIN and ON can
be used in the statement to identify the relationship between the tables being used.
The key word ON sets up the relationship of columns in the selected tables so the desired
rows are returned.

In our query, the time series data from the Master.Element.Value table (aliased
as v) is being JOINed to the Master.Element.Element table (aliased as e) where
the ID column from e matches the ElementID column from v.

This is necessary in order to display the element names rather than the element
ids. Master.Element.Value doesn’t contain actual element names or path
information.

=y Query2.sql - PISRVO1\Fleet Generation™ X | | % 3-TemplateSpecificData.sql - PISRVO1\NuGreen

SELECT e.Name, v.Demand_Value as Demand, v.[Net Generation_WValue] as [Net Generation]
: gr.Element.Element as e
IN Master.Element.Value

"UNIT',

' |Demand ',
'Demand_TimeStamp',
'Demand_Value'

"|Met Gensration',
'"Met Generation_TimeStamp',
'Met Generation Value’

> as v
E.ID = v.ElementID
WHERE e.Template = "UNIT'
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Directed Activity — Using JOIN Statements

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Get some experience with JOINs by combining data from multiple tables.

Approach:

In this example, we’ll create a query with the following columns:
¢ Net Generation Attribute Values
e Attribute Categories (the Category of Net Generation from Pl AF)
¢ Unit Name and Station information

Start by executing the predefined query for Attribute under PISRVO1\Fleet
Generation:

Chject Explorer
4 [ JJOLEDE Data Sources
4 [PI OLEDE Enterprise
[J PISRVOD1
4 (@ P| OLEDB Provider
[J PISRVO1
4 [ JJPI SQL Client
4 | {4 PISRVO1 Flest Generation
4 | Catalogs
4 L;] Master
[+ 3 Category
4 | Element
4 | _JTables
I =] Archive
= ¥ Execute Predefined Query... I

[
[
I [E2] At #] Refresh |
[
[
[

=y

B Affrivsreretin e e oy
[ Element
[=] ElementCategory
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Note that the Path is not the element path, it is the attribute path. They are all |
(root) because there are no child attributes.

[y Queryb.sql - PISRVO1\Fleet Generation X

-- Attribute table.
-- Returns element attributes.

|y Query2.sql - PISRVO1\Fleet Generation™

|y 3-TemplateSpecificData.sql - PISRVO1\NuGreen

SELECT TOP 12@ Elemznt, Path, MName, Description, ValueType, TraitType, IsConfigurationItem, IsHidden, IsManualDataEntry,

DatsReference, UnitOfMeasure, TimeStamp, Value, Value_Int, Value_Double, Value_String, Values_DateTime,

I=ValueAnnotated, IsValueGood, IsValueQuestionable, IsValueSubstituted, Error

FROM [Master].[Element].[Attribute]

[ Results | |y Messages
Element Path || MName Description WalueType TraitType  |sConfigurationitem  IsHidden  lsManualD:
1 ‘Wolverine Station Total Hourly Gross Generation Double False False False
2 ‘Wolverine Station Lverage Utilization Double False Falze Falze
3 Vicksberg Total Hourly Gross Generation Double False Falze Falze
4 “icksberg Average Utilization Double False False False

Alias [Master].[Element].[Attribute] as a, and then SELECT a.* and execute to
confirm that there is no Category column.

SELECT a.*

FROM [Master].[Element].[Attribute] a

This could also be proven by inspecting the Attribute Table column list:

4 -] Aftribute

4 [ Columns

¥ 10 (Guid. not null)
=] Element (String(260). not null)
=] Path (String, not null)
=] Name (String(260), not null)
=] Description (String(1000). null)
=] ValueType (String(20). not null)
=] TraitType (String(22). null)
=] IsConfigurationltem (Boclean, not null)
=] IsHidden (Boclean, not null)
=] IsMaznualDataEntry (Boclean, not null)
=] DataReference (String(260), null)
=] UnitOfMeasure (String(260), nully
=] TimeStamp (DateTime. not null)
=] Value (Variant, null)
=] Value_Int (Int64, null)
=] Value_Double (Double. null)
=] Value_String (String. null)
=] Value_DateTime (DateTime, null)
=] IsValueAnnotated (Boolean, not null)
=] IsValueGood (Boolean, not null)
=] IsValueQuestionable (Boolean, not null)
=] IsValueSubstituted (Boclean, not null)
=] Error (String, null)
=] UnitOfMeasurelD (Guid. null)
=] Template!D (Guid, null)
=] Element!D {Guid, not null)

So we can get Net Generation values from this table, but...

¢ We’'ll need to JOIN to the AttributeCategory table in order to get the

Category

e We’'ll need to JOIN to the Element table in order to get the PrimaryPath
(element path) which can be fed into the ParentName() function.

Upon inspection of the Attribute and AttributeCategory columns, it looks like we
can look up the Category by joining on the attribute ID.
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4 =] Attribute

4 Columns
¥ 1D (Guid. not null)
= | Element (Stnng{260), not null)

=] Path (String. not null)

=] Name (String{260), not null)

=] Description (String{1000), null)

=] WalueType (String(20). not null)

=] TraitType (String(22), null)

=] IsConfigurationltem (Boolean, not null)

=] Template!D (Guid, null)
=] Element!D {Guid, not null)

4 [ AttributeCategory
4 [ Columns

¥ AttibutelD (Guid. not null)

¢ CategorylD (Guid, not null)
=] Attibute (String(260), not null)
=] Category (String(260), not null)

Join the tables, set aliases, select only the relevant columns, and only include

attributes named Net Generation to arrive at the following query:
SELECT a.Name as [Attribute Name], a.Value, ac.Category

FROM [Master].[Element].[Attribute] as a JOIN
[Master].[Element].[AttributeCategory] as ac ON a.ID = ac.AttributelD
WHERE a.Name = 'Net Generation'

Upon inspection of the Attribute and Element columns, it looks like we can look
up the PrimaryPath by joining on the element ID.

4 [ Tables
I+ [ Archive

B e |

4 [ Columns

¥ 1D (Guid, nat null)

=] Element (String(260). not null)

[Z] Path (String. not null)

£] Name (String(260), not null)

=] Description (String(1000), null)
(=] ValueType (String(30). not null)

(] IsValueQuestionable (Boolean, not null)

(] IsValueSubstituted {Bookean, not null)
=] Error (String, null)
(=] UnitOfMeasurel D (Guid. null)
[£] Template!D (Guid, null)
| =] ElementD {Guid, not null) |

I+ [ AttributeCategory

I+ [ Attribute Template

I+ [ Attribute TemplateCategory
4 [T]Element

4 [ Columns
71D (Guid, not null)
MName (String(260). nat null)

[£] Description (String(1000), null)

[E] Comment {String(1000), null)

[Z] Revision (Int32, not null)

(=] HasChildren (Boolean. not null)

[Z] PrimaryPath (String(1000), not null)

Join the tables, set aliases, and apply the ParentName function to arrive at the

following query:

ji) OSlsoft.
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SELECT a.Name as [Attribute Name], a.Value, ac.Category,
ParentName(e.PrimaryPath,0) as Station

FROM [Master].[Element].[Attribute] as a JOIN
[Master].[Element].[AttributeCategory] as ac ON a.ID = ac.AttributelD JOIN
[Master].[Element].[Element] as e ON e.ID = a.ElementID

WHERE a.Name = 'Net Generation'

Template-Specific Data Models

For templates with many attributes, it can be quite cumbersome to use the Query
Compendium examples. Imagine if you had to add 20 attributes. Ensuring each field was
spelled perfectly, and troubleshooting missing commas would be a tedious process.

Template-Specific Data models are an easier way to develop queries against templatized AF
Elements and Attributes.

For those familiar with Pl OLEDB Enterprise, Template-Specific Data Models are the
successor to the Transpose Functions.
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Directed Activity — Create Template-Specific Data Models for Elements

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Create Template-Specific Data Models for the Fleet Generation database to be
used in analyzing unit generation data.

Approach:

First we’ll create a new Catalog and Schema to keep our custom database objects
separated from the Master Catalog. This step isn’t mandatory, it’s just to avoid cluttering the
Master Catalog. Catalogs can be used to organize custom database objects. For example,
each person could have their own sandbox, or objects could be separated by report or
application.

Create a new Catalog:

__6]_ Mew Query | ¥ Execute @ | &3 £% 7|8 | @ Query Compendium =
Object Explorer v X

4 [ JJOLEDE Data Sources
4 [(3PI OLEDB Enterprise
[ PIsRVD
4 {{@PI OLEDE Provider
[ PIsRVO1
4 [JIPISQL Client
4 [} PISRVD1\Flest Generation
4 | 7 Catalogs

4 ,:J Mﬁ I Create Catalog... I

! '—'_' Export Custom Database Objacts..
|

|
b Import Custom Database Objects...
I Scripts 4
[

E Refresh

[
I [ Templates

I [ %Scalar Functions
I 77 FusntErame

Name it PowerBIReports:

@ PISOL Client %

Catalog name: | PowerBlReports

QK Cancel

/.-"'-.
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Then create a new Schema. A schema is a collection of tables and generally
describes how a database is constructed. We could avoid creating a Schema by
working in the Master Catalog, but since we created a new Catalog we need to
add a Schema to it in order to create Template-Specific Data Models:

4 ;}]PI SQL Client
4 [ PISRVO1\Fleet Generation
4 [JCatalogs
4 | | Master
I [ Category
| 4 Element
I 3 EventFrame
I 3 UnitOfMeasure
_j PwﬁlRm;. ,
I [ Table-Vall
I [ Scalar Fuu; % Drop
| J PISRVOT\Nu@

| ;ODBC Data Sources ‘ Export Custom Database Objects...
< P! SQL Client Import Custom Database Objects...
Scripts 4
é Refresh

Name it DataModels:

@ pisaL Client X

Schema name: | DataModels |

| OK || Cancel |

Now you can right-click the new Schema and select Create Template-Specific Data
Model...:

4 [ JIPI SQL Client
4 | PISRVDT\Flest Generation

4 [JCatalogs
4 l:J Master
[+ 3 Category
[+ [ Element
[ 3 EventFrame
[ 3 UnitCiMezsure
4 L:J PowerBIReports
I | = DataModels
I [3 Table-Valued Functf % Drap
[ [ Scalar Functions -
l;l FISRVOT NuGreen I Create Template-Specific Data Model... I
Pl -_,; ODBC Dats Sources Export Custom Database Objects...
3 PI SOL Client Import Custom Database Objects...
Scripts L
E Refresh

— —— %]

The process is fairly straightforward. Select whether you want to create them for Event
Frames or Elements. In our case we want Elements of type UNIT. Click Next:
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Template-Specific Data Model n
]
(@ osi
Template Template Type

Data Model Objects

Summary ) Event Frame

Execution
Template
Gas Turbine
REGION
STATION
Steam Turbine
[fonir ]

=

On the next screen you have the following options:

Add Element View Snapshot Single value per element at the
or Static current time
Add GetSampledValue Interpolated Single value per element at the

supplied timestamp

Add GetSampledValues Interpolated 1 interpolated value per interval per
element based on start time, end
time, and interval

Add GetSummary Calculated Single value per element for the
specified summary calculation
(Average, Min, Max, etc)

Add GetSummaries Calculated 1 summary calculation per interval
per element based on start time,
end time, and interval

For the report in the next chapter, we’ll want an Element View model and a
GetSampledValues model.

Click Add Element View...

>
vf
]
{

) OSlsoft. Page 207
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Template-Specific Data Medel

(@ osi-oi.

Template

Data Model
Objects

Template-Specific Data Model Objects

Summary

Execution

Add Element View...

Add GetSampledValue...

Add GetSampledValues...

Add GetSummary...

Add GetSummaries...

Name it UNIT_Snapshot, then drag and drop all attributes except Location and Name and

click OK:

Element View Value Column Definition

Wiew name:

UNIT_Snapshot

Crag and drop attributes:

Carbon Emissicns

Value

Tirme Stamp

Attribute
ﬁ Demand =] |Carban Emissions
4m Generating Efficiency
, =] |Demand

=g Generation Rate

Gross Generation =] |Generating Efficiency

=g Hourly Capacity

Met Generation

=g Operator

Shift

=g Shift Hours

Technology

k& Total Hourly Gross Generation
Unit Status

of Utilization

[] Show hidden

=] |Generation Rate
=] |Gross Generation
=] |Hourly Capacity
=] |Net Generation

=l |Operator

=l |Shift

=] |Shift Hours

Zl [Technology

=] [Total Hourly Gross Generation
= |Unit Status

=] |Utilization

Click Add GetSampledValues:

208

Carbon Emissions
Demand
Generating Efficiency
Generation Rate
Gross Generation
Hourly Capacity
Net Generation
Operator

Shift

Shift Hours
Technology

Total Hourly Gross Generation

Unit Status

Utilization

Carbon Emissions_TimeStamp
Demand_TimeStamp

Generating Efficiency_TimeStamy
Generation Rate_TimeStamp
Gross Generation_TimeStamp
Hourly Capacity_TimeStamp

Met Generation_TimeStamp
Cperator_TimeStamp
Shift_TimeStamp

Shift Hours_TimeStamp
Technology_TimeStamp

Total Hourly Gross Generation_Ti
Unit Status_TimeStamp

Utilization_TimeStamp

I OK I| Cancel
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Template-Specific Data Model

(ﬂ OSl:o't.

Template

Template-Specific Data Model Objects

Data Model
Objects

UNIT_Snapshot

Add Element View...

Summary

Execution

Leave the default name, drag and drop all attributes, then click OK:

Add GetSampledValue...

Add GetSummary...

|
|
I Add GetSampledValues...
|
|

Add GetSummaries...

GetSampledValues Celumn Definition

Table-valued function name:

| UNIT_GetSampledvalues |

Drag and drop attributes:

=4 Carbon Emissions
& Demand

& Generating Efficiency
=g Generation Rate
& Gross Generation
=4 Hourly Capacity
& Met Generation
=4 Operator

<& Shift

(=g Shift Hours

=4 Technology

G Unit Status
& Utilization

& Total Hourly Gross Generation

[] Show hidden

Attribute Value Unit of Measure
= |Carbon Emissions Carbon Emissions Carbon Emissions_UOM
=] |Demand Demand Demand_UOM

=] |Generating Efficiency
=] |Generation Rate

=l |Gross Generation
=] |Hourly Capacity

=] |Met Generation

=] |Operatar

= [Shift

=l |Shift Hours

=l [Technology

=] |Total Hourly Gross Generation
E |Unit Status

Z |Utilization

Generating Efficiency
Generation Rate
Gross Generation
Heurly Capacity

MNet Generation
Operator

Shift

Shift Hours
Technology

Total Hourly Gross Generation
Unit Status

Utilization

Generating Efficiency_UOM
Generation Rate_UOM
Gross Generation_UOM
Hourly Capacity_UOM

Met Generation_UOM
Operator_UOM

Shift_UOM

Shift Hours_UOM
Technology UOM

Total Hourly Gross Generation_U
Unit Status_UOM
Utilization_UOM

("

I OK I| Cancel

' OSlsoft.
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Now that both data models have been specified, click Next:

Template-Specific Data Model n
Template Template-Specific Data Model Objects
Data Model =
Objects UNIT_Snapshot Add Element View...
Execution

Add GetSummary...

\

Summary JLLEEe | [ Add Getsampiedvalue..
\
‘ Add GetSummaries...

|
|
Add GetSampledValues.. |
|
|

\ Moify... |

‘ Remove |

‘ < Back | I Mext = I

And then Execute:

Template-Specific Data Model n
Template Summary
Data Model Objects
CREATE VIEW [PowerBIReports]. [DataModels] [UNIT_Snapshot] fud
Summary AS
Execution SELECT e.lD, e Name, e.Description, e Comment v.*

FROM [Master].[Element] [Element] e

INMER JOIN [Master].[Element]. [ElementTemplate] et ON etD = e TemplatelD
INMER JOIM [Master].[Element].[Value]

<

N'UNIT', --Template

N'|Carbon Emissions’, -- AttnbuteTemplatePath

N'Carbon Emis: imeStamp', -- TimeStampColumnName
N'Carbon Emis: -- ValueColumnName

W'Carbon Emis: UOM', -- UnitOfMeasureColumniName
N'Carbon Emissio rror’, - ErrorColumnName

MNULL -- UnitOfMeasure

N'|Demand’,
N'Demand_TimeStamp'
N'Demand
N'Demand_UCOM',
N'Demand_Error’

< Back | I Execute I
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UNIT_Snapshot will show up under Views whereas UNIT_GetSampledValues will show up
under Table-Valued Functions because it has Parameters (element ID, start time, end time,

and interval):

4 l:,J PowerBlReports

FIl - DataModels

[ Tables
4 [ JVews

I [} UNIT_Snapshot

4 [ Table-\alued Functions

4 [£|UNIT_GetSampled\alues

4 | Parameters
{@d @ElementlD (Guid, not r
f@l@StartTime (DateTime,
{@d @EndTime (DateTime, r
@@Timeﬁt&p (Stnng, not |
I 3 Columns

3 Function Tables
[ Scalar Functions

Once the data models have been created, we can execute the predefined queries
and modify the query to suit the application or report:

Chbject Explarer

4 [ JJOLEDE Data Sources
4 ([{BIPI OLEDB Enterprise
[ PisRvo
4 (@ PIOLEDE Provider
[ PisRvo
4 [JIPISQL Client
4 [y PISRVD1\Flest Generation
4 [JCatalogs
I 'l:J Master
4 'l:J PowerEIReports
4 [ DataModels
[ Tables
4 [ Views
I+ [/ UNIT_Snapshot
4 [ Table-\izlued Functions
4 [F]UNIT_GetSampledValues

AloD.

- %

IE Execute Predefined Query... I
K Drop

Create Function Table

Scripts 3
E Refresh

t rull)
&, not
. notr
t null]

I [d Table-Valued Functions
I 3 Scalar Functions

[ BISEUN TN rman

| Query3.sgl - PISRVOT\Fleet Generation X

SELECT e.MName, s5.%
FROM

SELECT TOP 188 ID, Mame, Template
FROM [Master].[Element].[Element]

e
CROSS APPLY [PowerBIReports].[DataModels].[UNIT_GetSampledvalues]

e.ID, --Element ID
‘y's --Start Time
‘t', --End Time
"1h"  --Time Step

)s
WHERE e.Template = N'UNIT®

[ Results _J Messages

Name  TimeStamp Carbon Emissions ~ Carbon Emissions_UOM  Carbon Emissions_Error  Demand  Demand_UOM

1 | POEDT | 2020-04-02 00-00:00.000 | 17 gkinh 350.9987 | Mw/
2 | POEOT | 2020-04-02 01:00:00.000 | 17 alkwh 5347121 | Mw/
3 | POEOT | 2020-04-02 02:00:00.000 | 17 glkwh 2450198 | Mw
4 | POEOT | 2020-04-02 03:00:00.000 | 17 gk 5373569 | Mw/
5 | POEOT | 2020-04-02 04:00:00.000 | 17 gkt 350.9035 | Mw/
6 | POEOT | 2020-04-02 05:00:00.000 | 17 glkiwh 594 6266 | Mw/
7 | POEOT | 2020-04-02 06:00:00.000 | 17 gkwh 249.0973 | Mw
& | POEOT | 2020-04-02 07-00:00.000 | 17 glknih 5373283 | Mw/
9

POEOT | 2020-04-02 08:00:00.000 | 17 akiwh

350.9019 | Mw/

( OSlsoft.
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Exercise — Template-Specific Data Models for Event Frames

This solo or group activity is designed to maximize learning in a specific
topic area. Your instructor will have instructions, and will coach you if
you need assistance during the activity.

Objective:

e Create Template-Specific Data Models for Inactivity and Gas Turbine
Temperature Anomaly Event Frames

Approach:

e Create Template-Specific Data Models for Inactivity and Gas Turbine
Temperature Anomaly Event Frames.

e Use the default names and include all attributes.

e Verify the results of the transpose function through the execution of the
pre-defined query.

Hints: The steps are almost identical to the previous exercise except this time for
Event Frames.

[ (b PISRVO1\Fleet Generation EFD, --Elem
4 [ Catalogs 'i' ::EE:’E
I J Master "1h'  --Time
4 | )| PowerBIReports Vs
4 |7 DataModels | WHERE & Tamnlgte
CaTabld % Drop
4 .__|\-"|ew5:|
by

Create Template-Specific Data Model... I

You'll have to go through the wizard for each type of Event Frame.

Only the Event Frame View is necessary for each Event Frame type.

Template-Specific Data Model n
(@ osi
|

Template Template-Specific Data Model Objects

Data Model =
Objects I Add Event Frame View...

Summary Add GetSampledValue...

| Bxecution | Add GetSampledValues... |

| Add GetSummary... |

| Add GetSummaries... |

Saved Views

Often Administrators would prefer to create Views for end-users who are not
familiar with SQL queries. Often Views are queried using a basic SELECT *
guery to return all data without any WHERE clause and without selecting
individual columns. This masks the complexity and size of the query (eg. table
JOINS and UNIONSs of several tables) but places the burden of maintaining the
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guery on the administrator. In future exercises we will be using the queries
directly, but it is still useful to know how to create and query views in Pl SQL
Commander.

Creating dataset views

PI SQL Commander supports the creation of views. Views allow you to name a
stored query and it is this name that appears in the table list when importing data
into BI clients. Views are the easiest way to allow users to select which datasets
they want from Pl AF when creating a report, as they do not need to understand
the complexity of the underlying SQL query.

Views are created using SQL syntax, but PI SQL Client can give you a template
to start with.

4 [JJPISOL Client (
4 [ PISRVOT\Flest Generation e.ID, --Element ID
4 [3Catalogs ¥, --start Time
b [ Mast t', --End Time
J aster "1h*  --Time Step
4 | | PowerBIReports Vs
4 [ DataModels WHERE e.Template = N'UNIT
A Tables
4 [ ZViews
I Export Custom Database Objects...
I E“: Import Custom Database Objects...
L=
I CREATE VIEW ’I l__.-"‘J New Query Editor Window
FAL E —
Clipboard -
EFund Iplooal 0:00.(

2 | POEOT | 2020-04-02 01:00:00.(

AAFAT | Anan A4 e AnLan.nn

[ Scalar Functions

Selecting Scripts -> Create View -> New Query Editor Window produces the
beginning of a query:

5 Query4.sgl - PISRVOT\Fleet Generation X | | % Query3.sql - PISRVOT\Fleet Generation

CREATE VIEW [PowerBIReports].[DataModels].[<view name>]
AS
<view definition:

At this point, it is a matter of naming the View by replacing <view name> and
copy pasting the query by into <view definition> placeholder.

Directed Activity — View Creation

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:
Create a View using a pre-existing query.
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Approach:
In the PowerBIReports catalog, run the Create View script:

4 [JIPI SQL Client

4 [} PISRVOT\Fleet Generation e.ID, --Element ID
4 [3Catalogs Iyl, ——Star“tlTlme
o [ Master t', --End Time
l:J "1h*  --Time Step
4 | J PowerBIReporis Vs
4 [ DataModels WHERE e.Template = N'UNIT
[ Tables
4 | \Views
bl Export Custom Database Objects...
: EUI: Import Custom Database Objects...
L=
| creatEViEW = New Query Editor Window
[ —
2 FIEI Clipboard -00.0
unc
£33 Sealar Functions % FOEDT | 2020-04-02 01:00:00.0

AAFAT | Anan Ad nn AnCan.nn

Replace <view name> with Sample View:

=y Query4.sql - PISRVOT\Fleet Generation™ X | | % Query3.sql - PISRVO1\Fleet Generation

CREATE VIEW [PowerBIReports].[DataModels]|[Sample Viewﬂ
AS
<view definition:

Paste the following query in place of <view definition>:

SELECT a.Name as [Attribute Name], a.Value, ac.Category,
ParentName(e.PrimaryPath,0) as Station

FROM [Master].[Element].[Attribute] as a JOIN
[Master].[Element].[AttributeCategory] as ac ON a.ID = ac.AttributelD JOIN
[Master].[Element].[Element] as e ON e.ID = a.ElementID

WHERE a.Name = 'Net Generation'
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The resulting query is then:

CREATE VIEW [PowerBIReports].[DataModels].[Sample View]

AS

SELECT a.Name as [Attribute Name], a.Value, ac.Category,
ParentName(e.PrimaryPath,0) as Station

FROM [Master].[Element].[Attribute] as a JOIN
[Master].[Element].[AttributeCategory] as ac ON a.ID = ac.AttributelD JOIN
[Master].[Element].[Element] as e ON e.ID = a.ElementID

WHERE a.Name = 'Net Generation'

Execute to create the View:

@ PISOL Commander Lite
File Edit View Query Tools Help

; New Query _J 83 &5 83| 5\ | € Query Compendium =

|y Exercise 10.7.1.5q] - PISRVO1\Fleet Generation [y Queryd.sql - PISRVOT\Fleet Generation® X

Object Explorer - X
Ew= = =R = || CREATE VIEW [PowerBIReports].[DataModels].[Sample View]
4 [JJOLEDB Data Sources a3 i
M @F’I OLEDB Enterpriss SELECT a.Name as [Attribute N?me], a.Valufi_?c.CategDry
3 PISRVDT FROM [Master].[Element].[Attribute] as a JOIN
u [Master].[Element].[AttributeCategory] as ac ON a.ID = ac.AttributeID
4 (@F) OLEDE Provider WHERE a.Name = 'Net Generation’
|

It should say the query executed successfully along the bottom:

[T Resuts | ) Messages

AffectedRowCount
U E

@ OQuery executed successfully PISRVO1\Fleet Generation | PISQL Client OLEDE | 00:00:00.8031 | 1 row

Refresh the View list:

| £ PISRVO1\Fleet Generation
4 [JCatalogs
I | J Master
4 [ PoverBIReports
4 [_jDataModels
[_dTables

]

b =49 Export Custom Database Objects... |
; Import Custom Database Objects...

| Scripts

4 [3Tabld (2] Refresh
I [£]UNIT_Getsampleavalues
[ Function Tables

You should see Sample View. Execute the predefined query to confirm that it’s
functional:

4 _J PowerBIReports
4 | DataModels
[ Tables
4 [ JViews
| Gas Turbine Temperature Anomaly
I [EH Inactivity
b [ Sample g
> glonit 4

s [P
#  Execute Predefined Query...l !5 -4

e M=

Change the query to the below and Execute:
SELECT * FROM [PowerBIReports].[DataModels].[Sample View]

This is much simpler for end-users to work with and also locks down the view so
that users are not tempted to modify it.
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Importing Pl SQL Client data to Power Bl

The first thing to do when using a client is to import the data you want to analyze.
Importing data requires connecting to the data source holding the data, specifying
the data you need from the data source (by selecting a database table, view, or
writing a query), and then importing the data into the client tool. The following
steps will describe how to import the complete datasets from the Pl SQL Client
data models defined in the previous sections.

Directed Activity — Importing Data Using PI SQL Client

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Import PI SQL Client query results into Power BI.
Approach:

Open Power Bl and start a new report.

Rather than using the SQL Server provider we’ll use the Pl SQL Client provider
which is found under Get data -> More:

Heme Insert Maodeling View Help

Bl (b [ [

Get | Excel PowerBl SOL  Enter Recent
data datasets Server data sources~

ipboand

Common data sources
[E Excel

&1 Power Bl datasets
[%.i Power Bl dataflows
I:% SQL Server

[% Analysis Services
[} tecsv

[& web

[b OData feed

I:BI Blank query

More...

Select Other -> OLE DB, Connect:
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- |
<>
E-4
<

Get Data

Search Other

All S Web .
File £ SharePoint list

Database [BE OData Feed

Power Platform &% Active Directory

Azure Microsoft Exchange

Online Services Hadoap File (HDFS)

Hive LLAP (Bats)
R script

<= Python script

<= ODBC

B 1260 - Budgeting & Financial Reporting (Beta)
Cognite Data Fusion (Beta)

A FHR

4% Information Grid (Beta)

Certified Connectors

Select Build to build a connection string:

From OLE DB

Connection string (non-credential properties) O

» Advanced options

o (o |

Select Pl SQL Client, Next:

| Data Link Properties

Provider ' Connection  Advanced Al

Select the data you want to connect to:

OLE DB Provider(s) 2

Microsaft OLE DB Provider for Analysis Services 11.0
Microsoft OLE DB Provider for Analysis Services 14.0
Microsoft OLE DE Provider for ODBC Drivers
Microsoft OLE DE Provider for Search

Microsoft OLE DE Provider for SGL Server

Microsoft OLE DE Simple Provider

MSDataShape

(OLE DB Provider for Microsoft Directory Services

Pl OLE DB Provider

PI QOLEDE Enterprise

Pl 5QL Client
S0L Server Native Cliert 11.0

v
£ >
QK Cancel Help

' OSlsoft.
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Enter PISRV01 and Fleet Generation, OK:

5| Data Link Properties X

Provider Connection  Advanced Al

Data Source

AF Server; PISRVO1

AF Database: leet Generation w
Authentication

Trusted connection

User MName:

Password:

Test Connection

Cancel Help

At this point you have a couple options, you can expand Advanced and paste in a
query or click through and use a Wizard to pick from the available Views. We'll
show the wizard first.

Click OK:

From OLE DB

Connection string (non-credential properties) (D

provider=PISQLClient.1;data source="Fleet Generation™ location=PISRV01

I» Advanced options

Cance

Select Windows Security and Use my current credentials, Connect:

OLEDB provider b

Default or Custom < data source="Fleet Generation”;location=PISRVOT;p...

Use your Windows credentials to access a data source with an OLE DB provider.
Windows
® Use my current credentials]

Database © Use alternate credentials

Credential connection string properties (optional) ()

Expand PowerBIReports -> DataModels and the Views will be available for
selection:
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Navigator

by

Display Options B
4 E OLE DB (provider=PISQLClient.1:data source="...
B Master
E PowerBIReports [1]
[c]© DataModels [4]
O lEl Gas Turbine Temperature Ancmaly
O [E| Inactivity
O [El Sample View
O [El UNIT_Snapshot

Check the box next to UNIT_Snapshot. From here you can click Load to import
all columns, which is fine but will import a lot of columns we won’t ever use.

If you choose Transform Data, you’ll have the opportunity to perform a variety of

operations, notably removing columns.

Navigator
P UNIT_Snapshot
Display Options ~ [‘:3 = Name ——
4 E‘ OLE DB (provider=PISQLClient.1;data source=".., 52b8e689-6b5d-11e5-a965-000d3a312e56 | BAJOZ Southeast --> Carter --> BAJ02
I Master 52bBe68f-6b5d-1129-a965-000d3a312e96 | ZMNO1 Southeast > Octavian —» ZMNO1

4 PowerBIReports [1]

52bBe692-6b5d-119-a965-000d3a31296 |ZMNO2 Southeast > Octavian —> ZMNOL
52bBe698-6b5d-1128-a965-000d3a312e56 | MNDO1 Southeast > Stampton —> MNDO1

4 [ DataModels [4] 52b8e690-605d-11e5-a965-00003a312696 MNDD2  Southeast —> Stampton —> MNDO2
O Gas Turbine Temperature Anomaly 52bBe6al-6b5d-1129-3965-000d33312e95  MAMOL Southeast > Vicksherg —> MAMO1
O Inactivity 52b8efad-6b5d-1129-2965-000d32312e36 MAMOZ  Southeast —> Vicksberg —> MAMO2
O sample View 52b8e6a7-6b5d-1129-2965-000d32312696  MAMO3  Southeast — Vicksberg —> MAMO3
v [E| UNIT_Snapshot | o The data in the preview has been truncated due to size limits.
< >

Transform Data opens the Power Query Editor.

@ oser
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il | < | Untitled - Power Query Editor
Home  Tansform  Add Column  View  Tools  Help
=X [h. D D [h. [b, 2y Properties l:l L | oA > Y % Data Type: Text = 2 Merge Queries ~
L © & < L Advanced Editor X e B i [7] Use First Row as Headers = “3- Append Queries ~
Close&  MNew Recent Enter Datasource  Manage  Refresh Choose  Remove  Keep Remove Split  Group X
Apply~  Source~ Sources* Data settings Parameters > Preview~ E5 Manage = Columns~ Columns >  Rows~ Rows™ Column~ By 32 ReplaceValues Combine Files
Close MNew Query Data Sources  Parameters Query Manage Columns Reduce Rows  Sort Transform Combine
< = ~ | a& Name ~| a8 Deseription ~ | A% Comment ~ | A% Elementid
E1 UNIT_Snapshot 1 52b8e689-6b5d-11e9-3965-000d3a312e.. BAJO2 Southeast —> Carter - BAIO2 52b82689-6b50-1129-3965-000d3a31
2 52b8e68f-6b5d-1129-a965-000d33312e96 ZMNOL Southeast > Octavian —> ZMNO1 52b8e68f-6b5d-11e9-3965-000d3a31:
3 52b8e692-6b5d-11e9-3965-000d3a312e... ZMNO2 Southeast > Octavian —> ZMNO1 52b8e692-6b54-1123-3965-000d3a31
4 52bBe698-6b5d-11e0-3065-000d3a312%e MNDO1 Southeast > Stampton —> MNDO1 52b82698-605d-1120-2065-000d3a31
5  52b8e69h-6b5d-11e9-a965-000d3a312e... MNDD2 Southeast > Stampton —> MND02 52b8269b-605d-110-a965-000d3a31,
6 52bBefal-6bSd-11e9-2965-000d3a312%e MAMO1 Southeast > Vicksberg —» MAMOL 52b8e6al-6bSd-1129-2965-000d3a31
7  52bBe6ad-6bSd-11e9-a965-000d3a312.. MAMO2 Southeast - Vicksberg —> MAMO2 52b8efad-6bSd-1129-2965-000d3a31
8  52hBe6a7-6bSd-11e9-a965-000d3a312¢.. MAMO3 Southeast - Vicksberg > MAMO3 52b8e6a7-6h50-1126-2965-000d3251
O 52hBe6aa-6b5c-11e9-a965-000d3a312. MAMO4 Southeast - Vicksberg > MAMO4 52b8e6aa-6b50-1128-2965-000d3231
10 52b8e6bl-605d-11e8-2965-00003a312e... ALXOL Southeast > Wolverine Station > ALX01 52082600-6050-116-2965-000d3a31,

But we’re not going to use this just now. Close the Power Query Editor, click

Not now.

l | e
Home  Tansform  Add Column  View  Tools  Help
=X D [b, D [z Properties l:' L Y ] Data Type: Text ~ = Merge Queries =
m D‘ -] & [ acvanced Editor X B HH rn % [T] Use First Row as Headers ~  —5 Append Queries ~

Close&  New Recent Enter Datasource  Manage  Refresh Choose  Remove  Keep Remave spit  Group

Apply~  Source - Sources™ Data settings Parameters -  Preview = (1 Manage ~ Columns ~ Columns~  Rows ~ Rows ™ Column~ By %2 Replace Values Combine Files

Close HNew Query Data Sources  Parameters Query Manage Columns Reduce Rows  Sort Transform Combine

< o En | 4% Name ]| A% Description ] % Comment ] % ElementiD

[ UNIT_Snapshat 1 52be£89-5bSd-11e0-2065-000d3a312e . BAID2 Southeast - Carter > BAID2 52bBe659-505d-11e9-2965-000d3a31
2 52bEe6Si-BbSd-11ed-a065-000d3a312e96 ZMNOL Southeast - Dctavian —» ZMNOL 52bBe6Er-EbSd-11e3-2955-000d3a31:
3 52bEe692-5bSd-11e0-a065-000d3a312e . ZMNO2 Southeast - Dctavian —» ZMNOL 52b8e652-505d-11e9-2965-000d3a31
4 57bBe6SS-6b5d-11e8-2965-000d3a312e . MNDOL Southeast - Stampton —> MNDO1 52bBe638-505d-11e9-2965-000d3a31
5  52bAef9b-5bSd-11e5-2965-000d3a312 . MNDOZ Southeast - Stampton —> MND02 52bBe63b-6b5d-11e9-a365-000d3a31
§ 52biefal-6bSd-11e0-a065-000d3a312%e . MAMDL Southeast - Vicksberg — MAMOL 52bBe6al-6b5d-11e5-a065-000d3a31
7 52bBefad-EbSd-11e0-a065-000d3a312e . MAMD2 R >aansana 52bBe624-6b5d-11e5-a965-000d3231
8 52bBesa7-EbSd-11e0-a065-000d3a312e . MAMO3 . x 52bBe6a7-6b5d-11e5-a965-000d3231
O 52bBefaa-6b5d-1126-a065-000d3a312e . MAMOD4 Power QUEF\/ Editor 52bBe6aa-5b5a-11e5-a065-000d3231
10 52b8e6b0-6b5d-11e8-a965-000d3a312e... ALXOL 52bB26b0-605d-11e9-2965-000d3a31
11 52b8e641-6b5d-11e8-2965-000d3a312e... TCBOL Do you want o apply your changes now? 52bBe641-505d-11e9-2965-00043a31
12 52b8e644-6b5d-11e8-2965-000d3a312e... TCBO2 52bB2644-505d-11e9-2965-0003a31
13 52b8e647-6b5d-11e8-2965-000d3a312e... TCBO3 52bB2647-505d-11e9-2965-00043a31

Query S

ngs

4 PROPERTIES
Name

UNIT_Snagshot

Properties

4 APPLIED STEPS
Source

X Navigation

Query Settings

4 PROPERTIES
Name
UNIT_Snagshot

Properties

4 APPLIED STEPS
Source

X Navigation

Ignore the banner. You can kill it but it will just come back. We’ll eventually
be discarding this Power Bl file and starting fresh in the next Chapter.

A\ There are pending changes in your queries that haven't been applied.

Now we go through the entire Get data process again to get to the point
where we paste in a query instead of selecting a View.
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Get data -> More:

Home Insert Modeling View Help

Fle B bE

Get | Excel PowerBl 5QL Enter Recent
data v datasets Server data sources~

ipboand
Common data sources

[Ibﬁ Excel

|:% Power Bl datasets
ﬁ Power Bl dataflows
[% SQL Server

[% Analysis Services
[E Text/CSV

[& web

I:% OData feed

I} Blank query

More...
Select Other -> OLE DB, Connect:
X
Get Data
Search Other
All S Web .
File £ SharePoint list
Database [BE OData Feed

Power Platform &% Active Directory

Azure Microsoft Exchange

Online Services Hadoop File (HDFS)

=
¢.
w
¢.

Hive LLAP (Beta)
R script

<= Python script

<3 ODBC

B ©1260 - Budgeting & Financial Reporting (Beta)
Cognite Data Fusion (Beta)
A FHIR

4% Information Grid (Beta)

Certified Connectors

Select Build to build a connection string:

From OLE DB

Connection string (non-credential properties) O

o (o |

» Advanced options
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Select PI SQL Client, Next:

£ | Data Link Properties

Provider Connection Advanced Al

Select the data you wart to connect to:

(QLE DB Provider(z)

Microsoft OLE DB Provider for Analysis Services 11.0
Microsaft OLE DB Provider for Analysis Services 14.0
Microsoft OLE DB Provider for ODBC Drivers
Microsoft OLE DE Provider for Search

Microsoft OLE DE Provider for SQL Server

Microsoft OLE DE Simple Provider

MSDataShape

QLE DB Provider for Microsoft Directory Services
PIOLE DE Provider
PI QLEDE Entemprise
Pl 50 Client

SOL Server Native Client 11.0

£ >
oK Cancel Help

Enter PISRVO01 and Fleet Generation, OK:

| Data Link Properties x

Provider Connection  Advanced Al

Data Source

AF Server: PISRVO1

AF Database: leet Generation w
Authentication

Trusted connection

User Mame:

Password:

Test Connection

Cancel Help
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Don’t click OK at the next screen or you’ll have to start the get data process
over again!

From OLE DB

Connection string (hon-credential properties) (0
provider=PISQLClient.1;data source="Fleet Generation®;location=PISRV01

eryr] e e |

Expand Advanced options, you can paste in any query from Pl SQL Commander
in the SQL Statement field:

[ Advanced options

From OLE DB

Connection string (non-credential properties) (3
provider=PISQLClient.1;data source="Fleet Generation”;location=PISRV01

IJAdvanced optio n§|
SQL statement [optional)

5 [ |

Paste in the below query:

SELECT a.Name as [Attribute Name], a.Value, ac.Category,
ParentName(e.PrimaryPath,0) as Station

FROM [Master].[Element].[Attribute] as a JOIN
[Master].[Element].[AttributeCategory] as ac ON a.ID = ac.AttributelD JOIN
[Master].[Element].[Element] as e ON e.ID = a.ElementID

WHERE a.Name = 'Net Generation'

4
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Now you can click OK:

From OLE DB

Connection string (non-credential properties) (0

provider=PISQLClient.1;data source="Fleet Generation";lacation=PISRYV(1

4 Advanced options

SQL statement (optional)

WHERE a.MName =

SELECT a.Name as [Attribute Name], a.Value, ac.Category, ParentName(e.PrimaryPath,@) as Substatil
FROM [Master].[Element].[Attribute] as a JOIN

[Master].[Element].[AttributeCategory] as ac OMN &.I0 = ac.AttributeID JOIN
[Master].[Element].[Element] as e OM e.ID = a.ElementID

'Met Generation’

Click Load.

[

O
OLE DB (provider=PISQL Client.1;data source="Fleet Generation";location=PISRV...

Attribute Name
Net Generation
Net Generation
Met Generation
Net Generation
Net Generation
Net Generation
Net Generation
Met Generation
Net Generation
Net Generation
Net Generation
Net Generation
Met Generation
Net Generation
Net Generation
Net Generation
Net Generation
Met Generation
Net Generation

Net Generation

Value
600
156.638855
498 8725553
600
433.2445534
600
365.6617432
302.6858521

=)

431.881354
284 2445934
330.1805335
144 60455859

600
156.0065308
118.4345542
463.1650696
547.0058594

528.177002

600

Category
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation
Hourly Generation

Hourly Generation

Substation
Wolverine Station
Vicksberg
Vicksberg
Vicksberg
Vicksberg
Carbondale
Carbondale
Albertsville
Albertsville
Beryl Ridge
Beryl Ridge
Carbondale
Carbondale
Carbondale
Stampton
Stampton
Octavia
Octavia
Carter

Brick Canyon

0 The data in the preview has been truncated due to size limits.
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Select the Data view and confirm the data has been imported:

File Home Help Table tools
& Name Queryl

Mew Cuick  New N
measure measure column fa

Structure Calendars Relationships Calculations

(el /N There are pending changes in your queries that haven't been applied.

X N

d pttribute Name [~ | Value [~ Category - | Substation |~

ﬂg Met Generation E00 Howrly Generation | Wolverine Station

Met Generation 156.6389 | Hourly Generation | Vicksberg
Met Generation 488 873 Howrly Generation | Vicksberg
Met Generation E00 Howrly Generation | Vicksberg
Met Generation 433.2446 | Hourly Generation | Vicksberg
MNet Generation 156.0065 | Hourly Generation | Stampton
Met Generation 118.4347 | Hourly Generation | Stampton
Met Generation 463.1651 | Hourlv Generation | Octavia

Close the report without saving. We’'ll start fresh in the next chapter.

Discussion

This is a discussion designed to maximize learning in a specific topic
area. Your instructor will have questions, and will prompt for
communication within the class. This is an open ended section and the
result depends on your needs.

Objective:
Discuss differences between Pl Integrator for BA and Pl SQL Client
Approach

¢ Which method do you prefer to create views? Pl Integrator for Business
Analytics or Pl SQL Client?

Pros and Cons of both systems?

What format would we like the data to be in for processing by BI clients?
What should be added to the SQL queries to improve the format?

Do these queries match what we want in our reports?

If not, what is lacking?

4
1() OSlsoft. Page 225



Analyzing Pl System Data

Estimated Completion time 10 minutes.
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Appendix B. SSRS Reports using Pl SQL
Client/RTQP

SQL Server Reporting Services is a builtin feature of Microsoft SQL Server that
provides a web-based portal for hosting reports that leverage relational data
sources. It’s not flashy, but it meets a lot of reporting requirements. As we will
see, SSRS reports are more difficult to configure than Power Bl reports. A big
benefit of SSRS is that it is likely already installed and available at your
organization. If you’re lucky enough to have admin rights on your own SQL
Server, then you could get started without going to IT for additional licenses.

We will be using Microsoft SQL Server Report Builder to build a simple report and
publish this report to the SSRS Reports portal.

Directed Activity — Pl AF Hierarchy and Data Set

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

e Better understand the data set used in the following chapters

Approach:

We will take a few minutes to review the PI Big Tires Co. Pl AF Database. We
are going to build upon the Tire Press example, which you may recognize from
the Building P1 System Assets and Analytics with Pl AF Class. Open Pl System
Explorer and navigate to the PI Big Tires Co. database.
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Select Database >
1l New Database X Delete Database [ Database Properties (5 Edit Security
Asset server: |'w PISRVO1 w | = f
Databaszes:
Fiter p - |
Mame Description Last Modified
@Conﬁguraﬁon A store for configuration data. 6/10/2019 8:22:39 FM
ﬁDistribution Metwork Part 1 Training 4/30/2019 3:23:05PM
@Fleet Generation Part 2 Training 4f30/2019 ::33:48 FM
@Fleet Generation Sim Do not use - Do not delete - Feeds Fleet Generation 5/2/2019 4:01:26 FM
ENuGreen PLEI Project Asset Model 4/30/2019 2:38:50 FM
"= P1 Big Tires Co. Part 3 Training 5/2{2019 4:00:39 PM
LLHPI Big Tires Co. Solution Part 3 Solution 6/7/2019 5:26:57 FM
@Tesﬁng 6/10/2019 T:11:42 FM

The database is loosely based on a workshop one of our Systems Engineers did
with a tire company. It's a basic hierarchy with 12 Tire Presses.

Here is how a Tire Curing Press works: raw tires are loaded individually into a
Tire Curing Press. Once the tire is loaded, the press closes up and temperature
and pressure is applied to cook and mold the tire. After the cooking time has
elapsed, the press opens up and the tire is unloaded into a cooling unit where
fans blow air until the tire reaches a specific temperature.
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Elements HOU.Press.01
5 Elements General Chid Elements  Attributes  ports  Analyses  Motification Rules  Version
= (§ Houston
------ (5 HOU.Press.01
------ (J HOU.Press.02 | Fiter
""" () HOU.Press.03 24 8 & B Name | value
------ 7 HOU.Press.04 d
= £ Montreal ;o= <7 Curing Phase iWaih’ng
g ﬁs::::g; | &7 Internal Temperature 0ot
------ 5 MTL.Press.03 ;o ¥ Lid Position Closed
------ F MIL.Press.04
Bl & Philly ;@ &7 Main Clock 15.097 %
""" (9 PHLPress.01 ;B ¥ Mold Temperature 22,7740
------ (7 PHI.Press.02
------ (£ PHI.Press.03 foE &F Met Tires Produced 143 Tires
------ {F PHI.Press.04 - ;
(7}, Element Searches &7 Press Status Planned Maintenance
;o &F Pressure 0 psi
; B |¢F Production Rate 2 Tires/hour
= =] Production Target 12 Tires/hour
B 7 Reference Type Al Season
G | &F Scrap Tires 24 Tires
;| &7 Steam Inlet Okah
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Preparing the Queries Needed for the Report

We’'ll prepare the queries necessary to build a simple SSRS report for tire
production data.

Exercise — Get a List of Sites

This solo or group exercise is designed to maximize learning in a
specific topic area. Your instructor will have instructions, and will coach
you if you need assistance during the exercise.

Objective:

Write a P1 SQL Client query that returns all elements that use the Site Template.
This will be used later during the report configuration. The desired data set is:

Site

Houston

2 | Montreal
3 | Philly

Approach:

e Connectto the PI Big Tires Co. database in Pl SQL Commander

¢ Inthe Query Compendium, find a sample query that returns all Elements
that are based on a certain template.

¢ Include only the Name column and change the template to ‘Site’.

e Optionally use the ORDER BY statement to sort the output alphabetically

P o

(S
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Exercise — Get a List of Presses by Site

This solo or group exercise is designed to maximize learning in a
specific topic area. Your instructor will have instructions, and will coach
you if you need assistance during the exercise.

Objective:

Write a Pl SQL Client query that returns all elements that use the PressTemplate
template and the site they belong to. This will be used later during the report
configuration. The desired data set is:

Fress Site
1 HOU Pres=.01 | Houston
2 | HOU Pres=.02 | Houston
3 | HOU Pres=.03 | Houston
4 | HOU Press.04 | Houston
F | MTL Pres=.01 | Montreal
& | MTLPres=02 @ Montreal
7 | MTL Pre=s.03 | Montreal
8 | MTL.Press.04 | Montreal
9 | PHI.Press.01 Philky
10 | PHI Pres=.02 | Philly
11 | PHIPres=03 | Philly
12 | PHI Press.04 | Philly

Approach:

e Start with the sample query from the previous exercise.

¢ Remove the Description column and change the template to
‘PressTemplate’.

e Use the ParentName() function to get the Site associated with each
Press.

e Optionally use the ORDER BY statement to sort the output alphabetically
by Press
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Directed Activity — Daily Production Data

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective:

Get the daily Net Tires Produced and Scrap Tires values, which will be used later
in an SSRS Report.

Approach:

The desired result set is one row per day for the past several days. The columns
will be Press, the Date, Net Tires Produced, and Scrap Tires.

We will start by modifying a query from the query compendium that returns
sampled data.

Double click on 3-TemplateSpecificData.sql and find the query for Sampled Boiler
attribute values

'FuelGasFlow_Value', -- ValueColumnMame - Required 4 [5rQueries
'FuelGasFlow_UnitOfMeasure’, -- UnitOfMeasureColumnName - Optional I A Category
"FuelGasFlow_Error’, -- ErrorColumnName - Optional 4 [ Element

'm3/s' -- UnitOfMeasure - Optional J%T A 5 h
} -- AttributeMetadata - defines which columns to expose for a particular attribute template = T-tlementagarch.sq
g B2 AttributeDatasql
-} -- AttributeMetadata JBI3-TemplateSpecificData.sql
> v I ClEventFrame
ON e.ID = v.ElementID I CAUnitOiMeasure
WHERE e.Template = "Boiler J%Cuslumobjecls‘sq\
- Sampled Boller attribute values HFesturessq
JBINew Features in 2018 SP2.sq]

SELECT e.Mame, sv.* .
FROM Master.Element.Element e %) DataModel.pdf
CROSS APPLY Master.Element.GetSampledvalues ReadMe.txt
<

‘Boiler’, --Template - element template name

- AttributeTemplatePath - Required
-~ ValueColumnName - Required

"|Fuel Gas Flow'
"FuelGasFlow Value',
"FuelGasFlow_Unitoft

sure’, -- UnitOfMeasureColumnName - Optional

'FuelGasFlow_Error’, -- ErrorColumnMName - Optional
NULL -- UnitOfMeasure - Optional
} -- AttributeMetadata - defines which columns to expose for a particular attribute template

-- s

-~} -- AttributeMetadata
»(e.ID, 'y', 't', '1h') sv
WHERE e.Template = 'Boiler’

Start a new query, and copy/paste the above sample.

7
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Modify the query to use PressTemplate and the Net Tires Produced and Scrap
Tires attributes. Remove unnecessary attribute properties. Your query should
then be:

SELECT e.Name, sv.*

FROM Master.Element.Element e

CROSS APPLY Master.Element.GetSampledValues
<

'PressTemplate’,

{

'INet Tires Produced’,
'‘Net Tires Produced_Value'

I3
{
'|Scrap Tires',
'Scrap Tires_Value'
}

>(e.ID, 'y','t", '1h") sv

WHERE e.Template = 'PressTemplate'
Change the start time to ‘T-6d-1s’, end time to ‘T-1s’, and sample interval to “1d’.
This will sample at the close of the day (11:59:59 PM) before the count resets to
zero, while still giving the date the production occurred in, rather than the day
after.

Execute the below query which includes the aforementioned modifications.

SELECT e.Name, sv.*
FROM Master.Element.Element e
CROSS APPLY Master.Element.GetSampledValues
<
'PressTemplate’,
{
'INet Tires Produced’,
'Net Tires Produced_Value'
2
{
'|Scrap Tires',
'Scrap Tires_Value'
}
>(e.ID, 'T-6d-1s', 'T-1s', '1d') sv
WHERE e.Template = 'PressTemplate'
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Format the TimeStamp column to remove the hours, minutes, and seconds using
the Format() function and add some aliases to improve the column names.

SELECT e.Name as Press,
sv.[Net Tires Produced],
sv.[Scrap Tires],
FORMAT(TimeStamp, 'dd-MMM-yy') as Date
FROM Master.Element.Element e
CROSS APPLY Master.Element.GetSampledValues
<
'PressTemplate’,
{
'INet Tires Produced’,
'‘Net Tires Produced'

'|Scrap Tires',
'Scrap Tires'
}
>(e.ID, 'T-6d-1s', 'T-1s', '1d') sv
WHERE e.Template = 'PressTemplate'

There is a requirement for the report that the current tire production be displayed
on the report for the bottom row using today’s date. GetSampledValues uses
interpolation, and hence can’t provide this value. We will have to UNION the
above query with another query that provides the current values.

A similar process to the above can be used to get the current values. You can
just copy and paste this from the workbook .docx in the class folder.

SELECT e.Name as Press,
v.[Net Tires Produced_Value] as [Net Tires Produced],
v.[Scrap Tires_Value] as [Scrap Tires],
FORMAT(DATETIME('T"),'dd-MMM-yy") as Date
FROM Master.Element.Element e
INNER JOIN Master.Element.Value
<
'PressTemplate’,
{
'INet Tires Produced’,
'Net Tires Produced_TimeStamp',
'‘Net Tires Produced_Value'

'|Scrap Tires',
'Scrap Tires_TimeStamp',
'Scrap Tires_Value'
}
>V
ON e.ID = v.ElementID
WHERE e.Template = 'PressTemplate'
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Finally, UNION the above two queries together and order the results by Press
and Date. The final query is then:

SELECT e.Name as Press,
sv.[Net Tires Produced],
sv.[Scrap Tires],
FORMAT(TimeStamp, 'dd-MMM-yy') as Date
FROM Master.Element.Element e
CROSS APPLY Master.Element.GetSampledValues
<
'PressTemplate’,
{
'INet Tires Produced’,
'‘Net Tires Produced'

'|Scrap Tires',
'Scrap Tires'
}
>(e.ID, 'T-6d-1s', 'T-1s', '1d') sv
WHERE e.Template = 'PressTemplate'
UNION
SELECT e.Name as Press,
v.[Net Tires Produced_Value] as [Net Tires Produced],
v.[Scrap Tires_Value] as [Scrap Tires],
FORMAT(DATETIME(T'),'dd-MMM-yy') as Date
FROM Master.Element.Element e
INNER JOIN Master.Element.Value
<
'PressTemplate’,
{
'INet Tires Produced’,
'‘Net Tires Produced_TimeStamp',
'Net Tires Produced_Value'

'|Scrap Tires',
'Scrap Tires_TimeStamp',
'Scrap Tires_Value'
}
>V
ON e.ID = v.ElementID
WHERE e.Template = 'PressTemplate'
ORDER BY Press, Date
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Building the Tire Production Report

We will use Report Builder as the report-authoring tool for the tire production
report. The client itself is a free download from Microsoft and there are numerous
tutorials available online. Let’s dive into the report configuration and learn by
example.

Report Builder and SSRS Basics

We'll create a blank report and review basic functionality.

Directed Activity — New Report

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective: Publish a blank report with a title to the reports portal

Approach:

Launch Report Builder from the Start Menu, Taskbar or the desktop shortcut

)

Report
Builder

o 4

55RS Reports
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It will take a little while to connect to the report server on first launch. Eventually
you'’ll be prompted to open or create a report. Select Blank Report.

Getting Started x
Create a report from a wizard or from a blank report.
— Mew Report
Display data from various
a , data sources in tables, sy Table or Matrix Wizard
vi charts, and other formats. "\ Guides you through choosing the data source connection, layout, and style for a

table or matrix report.

New Dataset " Chart Wizard
Share gueried data among I ™, Guides you through creating column, line, pie, bar, and area charts.
multiple reports.

iy Map Wizard

\ Displays report data against a geographical background.

D Blank Report

Open
Open a saved report.

Recent
Open a recently used report.

[] Don't show this dialog box at startup.

Click the Title box and enter the title “Daily Tire Production” and center the text.
Typical text editing capabilities are available on the Home tab.

Untitled - Microsoft SOL Server Repol

Insert

F SegoeUllight ~|[28 ] 1pt FERE
Ak  Split
Run Paste B 7 U é - Ay | = E = i=|i= | — B IR _
[2 align -
Views Clipboard Font Paragraph Barder Mumber Layout

Report Data

New

Built-in Fields
Parameters

Daily Tire Pro‘dudion

Images -

Data Sources

Datasets

[&ExecutionTime]
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The Insert Tab includes all the objects that can be included in the report. Most of
the visuals require data which we have not yet imported. For now add a text box
and enter whatever text you'd like:

Home View
i B E M@ E ¥ g [Ela\ O W E

Report Table Matrix List Chart Gauge Map Data Sparkline Indicator Text | Image Line Rectangle Subreport Head

Parts = < < < Bar Box <
Parts

Head:

Subreports

Data Visualizations Report Items

Data Regions
Report Data

Mew

Built-in Fields
Parameters

Daily Tire Production

Images
Data Sources
Datasets

My first report]

Reposition objects by clicking an edge, then grapping the positioning icon

Dailv Tire Production
g@ﬁrgﬁepum ..... g

=, = £1

[BExecutionTime]

There’s not much on the report, but we can do some sanity test. In the Home tab,
click Run to render the report on the client. This is used during report
development before the report is published to the report server.

Insert

= =__ [ Merge
al — =Sl=|= <=|z=| |1pt ~ -
D - 07 = | Split
Run Paste B 7| U " EIEE=E IZ|i=| — |4~ - EE- %% ¢ 0 ~
— [z Align ~
Views Clipboard Fant Paragraph Barder I Number Layout
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Note that the ExecutionTime placeholder shows the time the report was run

File Run
| Q & rere = [
be 1 s S [
Design Zoom First Previous = g MNext Last (a3 25E Print  Page Prit
< Back Setup  Layt
Views Zoom Mavigation Print

Daily Tire Production

My first report!

6/13/2019 3:48:45 PM

Click Design to go back to editing the report:

Run
b '(‘ Q £3 Refresh

Design Zoom First Previous - Mext  Last # Stop
T Back
Views Zoom MNavigation

Publish the report to the Report Server by doing a File -> Save As:

Home

Recent Documents
(e
Production Report Solution

Production Report Solution,rdl
Open

E Save
B‘ Save As

Publish Report Parts

Connection Tests 1
PI OLEDE Enterprise

(1)
~
7 Check For Updates

2] Options 3 Exit Report Builder
Name it Tire Production Report.rdl and save it to
https://pisrv0l.pischool.int/ReportServer
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Save As Report #
Look in: II_-_E https://pisrv01.pischool.int/ReportSenver I v| B
‘_ Solutions
L! El Connection Tests
Recent Sites
and Servers
Desktop
§
] II
My Documents
My Computer
MName: I'I'lre Froduction Report.rdl| I | I Save I
Items of type:  |Reports (*.rdl) W Cancel

Now that the report has been saved, launch Chrome and navigate to

https://pisrv01.pischool.int/Reports. There’s a shortcut on the Desktop and the

bookmark bar.

Mew Tab ® +

C | [ul] httpsy//pisrv01.pischoolint/Reports

i Apps

@ Pl integrator for BA Pl Vision .. Class Survey @ S3RS Reports

Once the Portal loads, open Tire Production Report

[ull Home - SOL Server Reporting 5= x4

<« C @ hitps//pisrv0t.pischoolint/R

SQL Server Reporting Services

Y Favorites [ Browse

[D Home

Home

FOLDERS

|:‘i Solutions

PAGINATED REPORTS

@ Connection Tests @ Tire Production Report

DATA SOURCES

8§ rleetseneration saL {8 nuGreen_pioLEDBEN: 8 nuGreen_pisaiciient

@) ostsot
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The report should then load. At this point you can download or print the report in
a variety of formats, but most of the time you would just view the report online in
the portal.

Tire Production Report - SOL Ser X -+

& & & https://pisrv01.pischoolint/Reports/report/Tire%20Production%20Report

SQL Server Reporting Services

% Favorites [1 Browse

Home > Tire Production Report \ \

1 of 1 > [ @) 100% v g - = Find | Next

Daily Tire Production

My first report!

6/13/2019 3:03:41 PM
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Directed Activity — Shared Data Source

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective: Create a shared data source hosted in the report portal

Approach:

In order to use the queries developed in the previous exercises, we will need to
define a data source. It's a judgement call, but much of the time it’s better to
expose the data source through the portal so that it can be shared amongst
several users and reports.

Go back to the SSRS Reports home page by clicking SQL Server Reporting
Services. Three data sources are defined already: One for SQL Server, one for
the NuGreen AF database via Pl OLEDB Enterprise and another for the NuGreen
AF database via PI SQL Client.

Home - S0L Server Reporting 5e X +

&« (&} 8@ pisrv01.pischool.int/Reports/browse/

SQL Server Reporting Services

* Favonites |:| Browse

ﬂ] Home

Home

FOLDERS

D Solutions

PAGINATED REPORTS

@ Connection Tests @ Tire Production Report
DATA SOURCES
@ FleetGeneration_SQL @ MNuGreen_PIOLEDBERt @ MuGreen_PISQLClient
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Before creating out own, let’s inspect NuGreen_PISQLClient. Click the ellipses
and select Manage.

NuGreen PISQLClient

MuGreen Database
PISQL Client (RTQP Engineg)

Changed by PISCHOOL\studentD1 on 5/2/2019 9:27 PM
Created by PISCHOOL\student01 on 5/2/2019 9:27 PM

3¢ ADD TO FAVORITES | MANAGE

@ MuGreen_PISQLClient

Note that the connection type is OLE DB and review the Connection string.
There’s no GUI for configuring the Connection string here, so it has to be
manually configured. You might decide to copy an existing connection string
and modify the relevant fields to make this easier.

Click Home to go back

SQL Server Reporting Services

Y Favorites 1 Browse

& Edit NuGreen_PISQLClient

Home | NuGreen_PISQLClient
Properties T Replace = [ Move @ Ti] Delete
Subscriptions .
P Properties
Dependent items Name

MuGreen_PISQLClient

Security

Description

MuGreen Databaze
PI SQL Client (RTQP Engineg)

Go New->Data Source to create a new data source.
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IE‘ Home - QL Server Reporting S X -+

& c @ https://pisrv01.pischoolint/Reports/browse/

SQL Server Reporting Services

% Favorites [ Browse 1 Manage folder
Folder
ﬂ] Home
Home Paginated Report
Dataset
FOLDERS
|_[| Calidimme
Enter PIBigTires_PISQLClient as the Name. Optionally enter a description.
Enter OLE DB as the Type.
E New data source
Home > New data source
Properties
MName
PIBigTires_PISQLClient
Description
4
Hide in tile view ¥ Enable this data source
Connection
Type
OLE DB ¥

Since there is no GUI in the report portal for generating the connection string,
we’ll have to enter it manually or use an existing example.

7
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We could modify the connection string from the NuGreen_PISQLClient data
source or Power BI, but let’s say we don’t have an existing connection string to
work with.

One trick is to use a .udl file to build the connection string.
Right click on the desktop and create a new text file.

View
Sort by
Refresh

Paste
Paste shortcut

New Folder

=1 Display settings #| Shortcut

K2l Personalize Bf Microsoft Access Database

= Bitmap image
Contact
M= Microsoft Word Document
[ Microsoft PowerPoint Presentation
@z Microsoft Publisher Document
B Microsoft Excel Worksheet

: Compressed (zipped) Folder

Name it ConnectionString.udl. The .udl file extension here is key. Windows
should recognize the file type and change the icon.

Connectionst
ring.udl

Open the file and the Data Link properties window should launch.
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In the Provider tab, select Pl SQL Client, Next

[F| Data Link Properties

Provider Connection Advanced Al

Select the data you want to connect to:

COLE DB Providen(z)

Microsoft OLE DB Provider for ODBC Drivers
Microsoft OLE DE Provider for Search

Microsoft OLE DB Provider for SQL Server
Microsoft OLE DB Simple Provider

M5 DataShape

OLE DB Provider for Microsoft Directory Services
Pl OLE DB Provider

<

Microsoft OLE DB Provider for Analysis Services 11.0
Microsoft OLE DB Provider for Analysis Services 14.0

Pl OLEDE Errteirise
erver MNative Llient 11.

L
>

oK Cancel

Help

Enter PISRVOL1 as the AF Server and PI Big Tires Co. as the AF Database, then

test the connection.

Ef| Data Link Properties
Provider Connection  Advanced Al

Data Source

AF Server: I PISRVO1

AF Datzbase: | 1 Big Tires co.

Authentication

Trusted connection

User Name:

Password:

Test Connection

oK Cancel

Help

Page 245



Analyzing Pl System Data

On the All tab, confirm that Integrated Security is set to SSPI. Click OK to finish
editing the file.

EF| Data Link Properties >

Provider Conmection  Advanced Al

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

Name Value 2
Command Timeout
Connect Timeout o
Data Source Pl Big Tires Co.
Location PISRVO1
Password
Persist Security Info
Protocal Order Hitps/Soap:5464, NetTep:5
Query Date Latest
Time Zone local v
< >
Edit Value...

o ||

Now open ConnectionString.udl with a text editor to view the text, which is a
connection string we can paste into the data source configuration.

Open

Ha Scan with Windows Defender...
Open with > j Motepad
Share with > EF| OLE DB Core Services
Restore previous versions Search the Store
Send to b3 Choose another app

Copy the 3" line of text.

71| ConnectionString.udl - Motepad - O X
File Edit Format View Help
[oledb]
; Everything after this line is an OLE DB initstring
Provider=PISQLClient.1;Data Source=PI Big Tires C Unco rd=""; Lo
Cut
Paste
Delete

Paste it into the Data Source configuration, Test the connection, and click Create
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@_ New data source

Home

New data source

Hide in tile view ¥ Enable this data source

Connection
Type

OLEDB

Connection string Learn more

Security=55PL:Password="";Location=PISRVO1
|

4
Credentials
Log into the data source
® As the user viewing the report
(@ Your organization must have specific security infrastructure in place for this
option to werk. Learn more

Using the following credentials

By prompting the user viewing the report for credentials

Without any credentials

Test connection

The new data source will now be available to those with access to the report

server and sufficient permissions.
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Displaying Data on the Report

Now it’s time to utilize the queries from the previous sections and build a basic
daily production report.

Directed Activity — Import Data and Display in a Table

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective: Import the daily production data and display the results in a simple table

Approach:

Using the same Tire Production Report from the previous exercises, add the Data
Source we just created. Right-click on Data Sources -> Add Data Source...

Run | Paste B|I|U NI E RS - O B~ $|%]

Number

Views Clipboard Border

Report Data
New

Built-in Fields

Parameters

Daily Tire Production

Images
Ny first report!
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Name it PIBigTires_PISQLClient and click Browse...

Data Source Properties x

General R R
Change name, type, and connection options.
Credentials

MName:

I|P|BigTires_P|5QLC|ienﬂ |

@ Use a shared connection or report model

O Use a connection embedded in my report

FleetGeneration_SQL
IZ‘ httpsifpis 1 pischoolint/Repoksener

MuGreen_PISQLClient
IZ‘ https:/fpisr pischoolint/ReportSener

MuGreen_PIQLEDEERt
IZ‘ httpsfpisnll . pischoolint/ReporSener

Test Connection

|:| Use single transaction when processing the queries

Help Cancel
Select PIBigTires_PISQLClient and click Open.

Select Data Source >
Look in: |§ https:f/pisrv01.pischool.int/ReportServer w| B
Solutions

FleetGeneration_S0L
MNuGreen_PIOLEDEERt

MName: PIBigTires_PISQLClient | Open

Ttems of type: | Data Sources (*.rsds, *.smdl) w Cancel
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Test the connection, click OK.

Data Source Properties et

General : ;
Change name, type, and connection options.

Credentials

Mame:

|PIBigTires_PISQLCIient |

@ Use a shared connection or report model

O Use a connection embedded in my report

MuGreen_PISQLClient
@ httpsiifpisndl pischoolint/RepartSener

MuGreen_PIOLEDBENt
|z| httpsiifpisndl pischoolint/RepartSener

PIBigTires_PISQLClient
@ httpsiffpisndl. pischaal.int/Reportsener

L

I Test Connection I

|:| Use single transaction when processing the queries

Now that a Data Source is defined, we can add a dataset which contains the
actual imported data.

Right-click the PIBigTires_PISQLClient Data Source and select Add Dataset...

F!_EFICII'tDEtE T T T I T T T [ N Y T Y TN T e A TR Y TN (NN TN TR SN S S T I |

Edit...

Built-in Fields
Parameters

Mew

Daily Tire Prodtu

Images
= Data Sources
I PiBigTires_PI
Datasets

My first report!

Add Dataset...

¥ Delete

Data Source Properties

| - &
Name it TireProduction. Leave “Use a dataset embedded in my report” checked.
PIBigTires_PISQLClient should already be selected.

Note that there is an option to use a shared dataset, which we could configure on
the report server. In our case, one could argue that the dataset is specific to the
report and doesn’t have a lot of value outside the report, so sharing it may do
more harm than good.

In the query box, past the Daily Production Data query, given below:

SELECT e.Name as Press,
sv.[Net Tires Produced_Value] as [Net Tires Produced],
sv.[Scrap Tires_Value] as [Scrap Tires],

250



Analyzing Pl System Data

FORMAT(TimeStamp, 'dd-MMM-yy') as Date
FROM Master.Element.Element e
CROSS APPLY Master.Element.GetSampledValues
<
'PressTemplate’,
{
'INet Tires Produced’,
'‘Net Tires Produced_Value'
2
{
'|Scrap Tires',
'Scrap Tires_Value'
}
>(e.ID, 'T-6d-1s', 'T-1s', '1d") sv
WHERE e.Template = 'PressTemplate'
UNION
SELECT e.Name as Press,
v.[Net Tires Produced_Value] as [Net Tires Produced],
v.[Scrap Tires_Value] as [Scrap Tires],
FORMAT(DATETIME('T"),'dd-MMM-yy") as Date
FROM Master.Element.Element e
INNER JOIN Master.Element.Value
<
'PressTemplate’,
{
'INet Tires Produced’,
'‘Net Tires Produced_TimeStamp',
'‘Net Tires Produced_Value'

'|Scrap Tires',
'Scrap Tires_TimeStamp',
'Scrap Tires_Value'
}
>V
ON e.ID = v.ElementID
WHERE e.Template = 'PressTemplate'
ORDER BY Press, Date
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The Dataset properties should now look like this:

Dataset Properties *
Cuery
Choose a data source and create a query.
Fields
Options Mame:
Filters |TireProduction
Parameters () Use a shared dataset.

@ Use a dataset embedded in my report.

Data source:

PIEigTires_PISQLClient bl Mew..,

Query type:
® Text () Table (O) Stored Procedure

Query:
{ ALK
‘|Met Tires Produced’,
‘Met Tires Produced_TimeStamp’,
‘Met Tires Produced_Value'

'|Scrap Tires',
‘Scrap Tires_TimeStamp',
‘Scrap Tires_Value'
}
v
ON &.1D = v.ElementID
WHERE e Template = 'PressTemplate’
ORDER BY Press, Date

L

Query Designer.., Impart... Refresh Fields

Time out {in seconds):

0 -

You can quickly check that the query is valid by examining the fields list. If the
guery returned results then the fields list will show the column headers from the
result set.
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Click Fields, then OK once you’ve confirmed that the fields show up.

Dataset Properties *
Cueny -
Change query and calculated fields.

Fields

Options Add | | Delete || & |3

Filters
Field Name Field Source

Parameters
|Press | |Press |
|Net_Tires_Produced | |NetTires Produced |
|Scrap_Tires | |Scrap Tires |
|Date | |Date |

Help I oK I Cancel

Next let’'s add a table. From the Insert tab, select Table -> Insert Table

Haome Insert View

i | [EEE BER
i3 il ‘A
Report Table Matrix List Chart Gauge

Parts & < v

Parts @ Table Wizard...
Report Dat: Insert Table

New Edit.. -

' OSlsoft.
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Click some white space where you want the table to show and the table object
will appear:

Daily Tire Production

Ny first report!

& 0 5

[&ExecutionTime]

Now simply drag and drop fields from the TireProduction dataset to add them to
the table. Add the Date, Press, Net_Tires_Produced, and Scrap_Tires fields
to the table.

Tire Production Report - Microsoft SQL

= 3{) = . Merge
) ; et v
L») By 1 split
Run Paste B|r|U | A = _ng - - %% 0 e
Align -
=

Number

Views Clipboard Border

Built-in Fields
Parameters

Daily Tire Production

Images
= Data Sources
@ PIBigTires_PISQLClient
= Datasets
= |:| TireProduction
[=] Press
[=] Met_Tires_Produced

[=] scrap_Tires .
B3 Date

My first report! |

[&ExecutionTime]
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When you’re done the table should look like this:

Date Press et Tires Scrap Tires
[Date] [Press] [Met_Tires Proc [Scrap_Tires]

Run the report as a sanity check.

View

Views Clipboard Font

The table should display query results.

b{‘ } " £ Refresh Eﬁ |:

Design Zoom First Previous e Mext  Last X Stop Print F
v Back S
Views Zoom Mavigation f
Daily Tire Production
My first report!
Date Press Met Tires Scrap Tires
Produced
06-Jun-19 HOU.Press.0 121 19
07-Jun-19 HOU.Press.0 125 21
08-Jun-19 HOU.Press.0 125 21
09-Jun-19 HOU.Press.0 125 21
10-Jun-19 HOU.Press.0 160 24
11-Jun-18 HOU.Press.0 93 16
12-Jun-18 HOU.Press.0 93 16
13-Jun-19 HOU.Press.0 132 24
06-Jun-19 HOU.Press.02 122 25
07-Jun-19 HOU.Press.02 127 27
08-Jun-19 HOU.Press.02 127 27
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Another sanity check, Save the report and go back to the report server
https://pisrv01.pischool.int/Reports.

Open your freshly saved report and confirm that the data displays correctly.
Tire Production Report - SQL 5er X =+

< & @ https://pisrv01.pischoolint/Reports/report/Tire%20Production®%20Report

SQL Server Reporting Services

% Favorites [1 Browse

Home > Tire Production Report

L of 27 > DI O © 100% v B~ &

Daily Tire Production

My first report!

Date Press Met Tires Scrap Tires
Produced

07-Jun-19 HOU.Press.01 125 21
08-Jun-19 HOU.Press.01 125 21
09-Jun-19 HOWU.Press.01 125 21
10-Jun-14 HOU.Press.01 160 24
11-Jun-18 HOWU.Press.01 93 16
12-Jun-14 HOWU.Press.01 E] 16
13-Jun-19 HOU.Press.01 133 25
14-Jun-18 HOU.Press.01 134 26
07-Jun-19 HOU.Press.02 127 27
08-Jun-19 HOU.Press.02 127 27

Depending on when the report is viewed, you may see a problem with the report.
The dates are actually casted as strings and listed in alphabetical order. If
the result set straddles a boundary between months, then they won’t display in
chronological order. Let’s fix this.

We’re going to add another column to the dataset to convert the Date strings to
the date data type. There are of course other ways to do this.

256


https://pisrv01.pischool.int/Reports

Analyzing Pl System Data

Right-click on the TireProduction dataset and select Dataset Properties.

Report Data

Mew Edit...

Euilt-in Fields
Parameters

Images
Data Sources

= Datasets
=] Pre Add Calculated Field...
|=__E| Met j DUEr_""...
=] sen % Delete
=] Dat

I Dataset Properties

In the fields tab, add a Calculated Field.

Dataset Properties X
Query _
Change query and calculated fields.

Fields

ptions Delete | @ || #

Filters Calculated Field | Field Source

Parameters Query Field
[ | |Press |
|Net_Tires_Produced | |Net Tires Produced |
|Scrap_Tires | |Scrap Tires |
|Date | |Date |

Name it DateSort and configure it as an expression.

Dataset Properties d
Cueny .
Change query and calculated fields.

Fields

Options Add | | Delete | | @ || 2

Filters
Field Name Field Source

Parameters
|Press | |Press |
|Net_Tires_Pmduced | |Net Tires Produced |
|Scrap_Tires | |5crap Tires |
|Date | |Date |
[oeser | =]
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Paste in the below expression and click OK. You'd find the expression by
Googling “SSRS Report Builder convert string to date” or something like that.

=Date.Parse(Fields!Date.Value)

Expression >

Set expression for: Value

=Date.Parse(Fields! Date Value)

Categony: Item:
- Constants <All> Mo constants are available for
¢ Built-in Fields this property.

- Parameters

.- Fields [TireProduction]
Datasets

i Variables

t]- Operataors

[ Commen Functions

Click OK again to close the window.

In the table, select the Date Column, right-click and select Tablix Properties.

Daily Tire Product

---------------------------------

I
Dat Insert Column 3 —Lc
ate i il
Delete Columns
[Date] 5_Proc [}

Column Visibility...

i Tablix Properties... I """""""""
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In the sorting tab, add a sorting rule.

Tablix Properties >
General B B
Change sorting options.
Wisibility
Filters Add || Delete & 3
Sorting

Calumn Order

Sort by DateSort in A to Z order, click OK.

Tablix Properties *

General B B
Change sorting options.

Wisibility
Filters Add Delete | | & 4
Sorting
Column Order
Sort by | [Datesort] v & | Atz ~

HEIp cancel

Optionally Run the report and confirm the sort order. You won'’t see any
difference if all the dates are in the same month.
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Directed Activity — Add Interactive Parameters for Filtering

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
You may play a game or hold a quiz. Your instructor will have directions.

Objective: Add user selections for Site and Press in order to filter the table

Approach:

We’'ll add some parameters to filter the report. We want to be able to filter by Site
and by Press.

The first step is to add datasets for the parameter selections.

Create a new dataset.

x

Parameters

Report Data

Mew
Built-in Fields
Parameters
Images
Data Sources

= -‘ Datasets

Add Dataset...

[==] Met_Tires_Produced I -
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Name it Sites, select “Use a dataset embedded in my report”. Use
PIBigTires_PISQLClient as the Data Source. Use the below query.

SELECT Name as Site

FROM Master.Element.Element
WHERE Template = 'Site’
ORDER BY Name ASC

Dataset Properties

ey
Fields
Options
Filters

Parameters

Choose a data source and create a query.

Mame:

|5ites|

D Use a shared dataset.
@ Use a dataset embedded in my report.

Data source:

PIBigTires_PISQOLClient =

Query type:
@ Text D Table D Stored Procedure

CQuery:

MNew...

SELECT Mame as Site

FROM Master.Element.Element
WHERE Template = 'Site’
ORDER BY Mame ASC

Query Designer... Import... Refresh Fields

Time out {in seconds):

o -

-

Help

' OSlsoft.
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Check the Fields tab to confirm the query is valid. There should be one field
called Site. Click OK.

Dataset Properties x
ey .
Change query and calculated fields.

Fields
Options Delete & 2
Filters

Field Mame Field Source
Parameters

|5ite | |5ite

/

e
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Create another dataset for the list of Presses.

Built-in Fields
Parameters

Images
Data Sources

Datasets

= [ TireProduction
[==] Press

[=] Net_Tires_Produced
[==] Scrap_Tires

[=] Date

=] Datesort

Sites

=] site

=] =]

Add Dataset...

Iy first report!

Lo

Da

Configure it as follows using the following query.

SELECT Name as Press, ParentName(e.PrimaryPath) as Site
FROM Master.Element.Element e
WHERE Template = 'PressTemplate'
ORDER BY Name ASC

Dataset Properties
Query
Choose a data source and create a query.
Fields
Options Mame:
Filters [presses |
Parameters (O) Use a shared dataset.
I @ Use a dataset embedded in my report. I
Data source:
I PIBigTires_PISQLClient ~ I MNew,
Query type:
@ Text O Table O Stored Procedure
Query:
SELECT Mame as Press, ParentMame(e.PrimaryPath] as Site b
FROM Master.Element.Element e
WHERE Template = 'PressTemplate’
ORDER BY Mame AS
Query Designer... Import... Refresh Fields
Time out [in seconds):
0 o
Help Cancel
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Check the Fields tab to confirm the query is valid. Click OK.

On the View tab, check the box for Parameters and the parameters section will
be added to the report.

Home Insert
ReportData [ | Properties
Grouping Ruler

Parameters

ShowfHide

Report Data X | Parameters
New  Edit...

Built-in Fields
Parameters

Images
Data Sources
Datasets
= D TireProduction

== e

Right-click on the parameters table and select Add Parameter.

Haome Insert View

Report Data |:| Properties
Grouping Ruler
Parameters

ShowifHide

Report Data X | Parameters
Mew Edit...

Delete

Built-in Fields
Parameters Parameter Properties

Images
Data Sources Insert Column to the Left

= Datasets | — Insert Column to the Right ——

= DL‘IIEP”“’“‘“”” Insert Row Above L
=| Press

[=] Met_Tires_Produced - Insert Row Below

=] Scrap_Tires ) Delete Column FO d u C

=] Date -
=] DateSort - My first rej Delete Row

- @ Add Parameter...

- [ [ T Rl_L TIi_.
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Enter Site for the Name and for the Prompt.

Report Parameter Properties

General

Available Walues

Default'alues

Advanced

Change name, data type, and other options.

MName:

|5ite

Prompt:

|5ite|

Data type:

On the Available Values tab, Get values from a query using Dataset Sites. Use
the Site column for both the Value field and the Label field. Click OK.

Report Parameter Properties
General B B
Choose the available values for this parameter.
Available Walues
Defaultalues Select from one of the following options:
Advanced (O MNaone
O Specify values
E} Get values from a query I
Dataset: (Warning: Possible performance impact)
Sites o
Value field:
Site -
Label field:
Site -
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There should now be a site parameter.

Home Insert
Report Data |:| Properties
Grouping Ruler
Parameters

Show/Hide
Report Data ® | Parameters
MNew Edit...

Built-in Fields
Parameters

Images

—_ [ R

Run the report from the Home tab. When the report is run the user will be able
to select a Site. The selection doesn’t filter the report yet. This is just a
sanity check.

b'(‘ Q Refresh i

# Stop

Design Zoom First Previous = Next Last

*

Back
Views Zoom Navigation

Site | <Select a Values “"_-——_—

<5Select a Value>

Montreal
Philly

Go back to Design Mode.

Next we’'ll filter the list of Presses based on the Site selection. Once that’s done
we’ll add Press as a parameter.

Right-click on the Presses Dataset and enter the properties.

= [ sites
[z=] site

Date
= il Presses
[==] Press Add Calculated Field... [Date]
=] site B
& Query.
¥ Delete

I Dataset Properties

e

Go to the Filters tab and Add a filter.

:@ OSlsoft. Page 267



Analyzing Pl System Data

Dataset Properties

ey .
Change filters.
Fields
Options Include rows where the following conditions are true,
Filters Add Delete & 4
Parameters

Select Site from the drop down, then enter an expression.

Dataset Properties

ey .
Change filters.
Fields
Cptions Include rows where the following conditions are true,
Filters Add Delete & 4
Parameters
Expression w b K| Text
Operator = e
Value |

268




Analyzing Pl System Data

Select the Parameters category, then double-click on Site to set the expression.

Click OK.

Expression

Set expression for: Value

=Parameters! Sfte.‘u’alue|

Double-click on Site and the
expression will be set. You could
also type the expression if you were
familiar with the syntax

Category:

- Constants

- Built-in Field
~|Parameters
- Fields [Presses)

- Dratasets

- Variables

[*]- Qperators

[#- Comman Functions

Item: xues:

Help

o

Cancel
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The filter configuration should look like the following screenshot. Click OK.

Dataset Properties
ey .
Change filters.
Fields
Cptions Include rows where the following conditions are true,
Filters Add Delete L} 4
Parameters
Expression |[5ite] w | B | Text
Operator = e
Value [@site] [&]
Help OK Cancel

Keep in mind that the Site selection does nothing at this point except filter
the Presses Dataset. This does not yet interact with the Tire Production table.
We still have to add a Press parameter and filter the TireProduction Dataset
based on the selection.
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Right-click on the parameters table and add another parameter.

Parameters

Site
Delete

Parameter Properties

Inzert Column to the Left

[ T T T T [ R TN T N TR S e Y TN Y TR N SO T B |n5ErtC|:||Umnt|:|thERight LI I I '

Inzert Row Above

Inzert Row Below

Daily Tire Pr¢

[ A T T T T

by first report! Delete Row
I_;E Add Parameter...
Mk Mere e Blmd Tirace E:r-r-:ln ﬁrnc

Use Press for the Name and Prompt.

Report Parameter Properties X

General B
Change name, data type, and other options.

Available Walues

Defaultwalues Mame:

Advanced |Press |

Prompt:
| F‘ress| |

Data type:
Text v

[ ] Allow blank value [
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In the Available Values tab, Get the press list from the filtered query. Click OK.

Report Parameter Properties

General

Choose the available values for this parameter.
Available Walues

Defaultiialues select from one of the following options:

Advanced O Mone
O Specify values

| ® Get values from a query |

Dataset: [Warning: Possible performance impact]

Presses o
Walue field:

Press e
Label field:

Press o

Now there are parameters for Site and Press.
Run the Report as a sanity check.

Now the Site selection actually does something. It filters the Press selection.

File Run
B Q =
Design Zoom First Previous = Mext Last A Sto
v Bat
Views Zoom Mavigation
5ite | Mantreal e Press | <Select a Valuex
<5elect a Value»
MTL.Press.01

MTL.Press.02
MTL.Press.03
PTL.Press. 0

The Press selection still has no impact on the Tire Production table. We still
need to filter the TireProduction dataset based on the Press parameter.

Go back to Design Mode.
Modify the TireProduction properties.
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Report Data
Edit...
Built-in Fialds

Parameters

Mew

Images

Data Sources

= Datasets

- | il TireProducti
[=] Press
[==] Met_Tir _
] serap_
[=] Date

X | Parameters

Site

Add Calculated Field... -

Query...
Delete

=] Datesc

2port!

Dataset Properties

= £ sites
=] site

IH.

Add a filter. Use Press as the first selection. Click the expression icon.

Dataset Properties

ey .
Change filters.

Fields
Dptions Include rows where the following conditions are true,
Filters Add | | Delete g 3
Parameters

Expression I sl B | Text

Operator = e

Value | | B
7
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We want to filter the Dataset to include all rows that match the Press parameter.
Double-click Press to complete the expression. Click OK.

Expression

Set expression for: Value

=PEFEmEtEF5!PrE55.UE|UE|

Category:

- Constants

- Built-in Fields
[Foremeer: ]

- Fields [TireProduction)
- Dratasets

- Variables

[*]- Qperators

[#- Comman Functions

Item: Values:

d_

Help
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The filter should be configured as follows. Click OK.

Dataset Properties
ey .
Change filters.

Fields
Cptions Include rows where the following conditions are true,
Filters Add Delete L} 4
Parameters

Expression |[Pres 5] w | B | Text

Operator = e

Value [@Press] [&]
Help OK Cancel

To Recap: The Site parameter selection filters the available Press

parameter dropdown list. The Press selection filters the TireProduction
Dataset.

Let’s test it out (Run the Report).
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Choose a site, choose a press, then click View Report.

Tire Production Report - Microsoft SQL Server Report Builder

b.(‘ q Refrash - [El D [_| Document Map
» = 5
Design Zoom First Previous ot MNext Last X stop Print  Page Print Export k@ Parameters
N Back Setup Layout -
Views Zoom MNavigation Print Export Options Find
Site IMontreaI VI Fress IMTL.Press.UZ VI -m

The results should be restricted to the parameter selections.
Finally, Save the Report and test it on the Report Server.

Discussion

This is a discussion designed to maximize learning in a specific topic
area. Your instructor will have questions, and will prompt for
communication within the class. This is an open ended section and the
result depends on your needs.

Objective: Let’s circle back and compare SSRS to Power Bl as alternative
reporting solutions.

Approach

¢ Which tool is easier to configure?
¢ How much of a game changer is the slicer capability?
¢ Why would you use one tool over the other?
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Appendix C. Substitution Parameters

Defining the Substitution Parameters
The substitution parameters are listed in the following table. The ones in bold are the
commonly used “Name” substitution parameters for Elements, Attributes, or Event Frames.

Parameter
%..\Element%

%..|Attribute%

% @Attribute%

%\Element%

%<Environment Variable>%

%Analysis%

%Attribute%

%Attributeld%
%Database%

%Description%
%Element%
%ElementDescription%

%Elementld%
%EndTime%

%Model%
%Server%
%StartTime%

%System%

Will be replaced by this object’s name:

The name of the owning element of the element in
which the attribute resides. To retrieve further
ancestors, use the '..\' notations, such as
%..\..\Element%.

The name of the owning attribute in which the attribute
resides. To retrieve further ancestors, use the "..|'
notations, such as %..|..|Attribute%.

The value of the attribute referenced. To retrieve further
ancestors, use the '..|' notations, such as
%@..|..|Attribute%.

The name of the root AF Element in which the attribute
resides.

The matching System Environment Variable’s value. For
example %COMPUTERNAME% is replaced with the
name of the computer on which the Data Reference is
executing.

The name of the analysis if it can be obtained from the
context.

The name of the attribute that holds this data reference.

The attribute ID that holds this data reference.

The name of the AF Database in which the attribute
resides.

The description of the attribute that holds this data
reference.

The name of the AF Element in which the attribute
resides.

The description of the element in which the attribute
resides.

The element ID that holds this data reference.

The local end time if it can be obtained from the time
context.

The name of the model if it can be obtained from the
context.

The name of the default Pl Data Archive of the AF
Database in which the attribute resides.

The local start time if it can be obtained from the time
context.

The name of the Pl System in which the attribute
resides.

fg ) OSlsoft.
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%Time%
%UtcEndTime%
%UtcStartTime%
%UtcTime%

A\
[]

[@filter=text]

[@Index=#]

278

The local time if it can be obtained from the time
context.

The coordinated universal (UTC) end time if it can be
obtained from the time context.

The coordinated universal (UTC) start time if it can be
obtained from the time context.

The coordinated universal (UTC) time if it can be
obtained from the time context.

The current reference

The default object of the parent collection. For example
A\Elements[.] |Temperature returns the temperature
attribute from the primary element of the current
reference’s Elements collection.

The search string in text (e.g. Tank*) matches the given
filter. Supported filters are: @Name, @Index,
@Template, @Category, @ReferenceType,
@Description, @Type, @UOM.

Returns the result at location # from the collection result.



