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PREFACE — USING THIS GUIDE

About this Guide

The P1 Server Applications User Guide explains how to use Pl Server Applications.

P1 Server Applications are supplemental subsystems that you can run in conjunction with the
PI Server to provide additional functionality. Pl Server Applications are not necessary to

run the PI Server, and are typically licensed separately.

The PI Server Applications included in this guide are:
Qa PI Performance Equations Scheduler

P1 Performance Equations Recalculator

P1 Steam Functions Module

Pl Batch Database

Pl Totalizer Subsystem

0O 000 DO

Pl Alarm Subsystem
O Pl Real-Time Statistical Quality Control (SQC)

This guide provides full administration and end-user instructions for the PI Server
Applications listed above. An additional Pl Server Application, the Pl Batch Generator
Interface (PIBaGen), is not discussed in this guide. For information regarding PIBaGen, see
the P1 Batch Generator User Guide.

Installation Note

The PI Server and Server Applications are distributed together as one installation. Your
ability to use any one of the PI Server Applications depends upon your EULA (End-user
License Agreement.) Contact Rockwell Automation Technical Support for licensing
information.
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The Pl Server Documentation Set

The PI Server Documentation Set includes seven user guides, described below. These
documents are included on the FactoryTalk Historian SE installation CD under Redist > Docs

Title

Subject Matter

Introduction to PI
System Management

A guide to the Pl Server for new users and administrators. It explains Pl
system components, architecture, data flow, utilities and tools. It provides
instruction for managing points, archives, backups, interfaces, security and
trusts, and performance. It includes a glossary and resource guide.

Pl Server Installation
and Upgrade Guide

A guide for installing, upgrading and removing PI Servers on Windows and
UNIX platforms, including cluster and silent installations.

Pl Server System
Management Guide

An in-depth administration guide for the PI Server, including starting and
stopping systems, managing the Snapshot, Event Queue and Data Archive,
monitoring system health, managing backups, interfaces, security, and
moving and merging servers. Includes comprehensive instructions for using
command-line tools: PIConfig, PIDiag, and PlArtool, and in-depth
troubleshooting and repair information.

Pl Server Reference
Guide

A comprehensive reference guide for the system administrator and
advanced management tasks, including: databases; data flow; Pl Point
classes and attributes, class edit and type edit; exception reporting;
compression testing; security; SQL subsystem; PI time format; and
overviews of the PI API, and PI-SDK System Management Tool (SMT).

Auditing the PI

An administration guide that explains the Audit Database, which provides a

Server secure audit trail of changes to Pl System configuration, security settings,
and Archive Data. It includes administration procedures to enable auditing, to
set subsystem auditing mode, to create and archive database files, and to
export audit records.

Pl Server A guide to key add-on PI Server Applications: Performance Equations (PE),

Applications User
Guide

Totalizer, Recalculator, Batch, Alarm, and Real-Time SQC (Statistical Quality
Control). Includes a reference guide for Performance Equations, and Steam
calculation functions.

PINet and PlonPINet
User Guide

A systems administration guide, including installation, upgrade and
operations, for PINet for OpenVMS and PlonPINet, which support migration
and interoperability between P12 and PI3 Systems.
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Conventions Used in this Guide

This guide uses the following formatting and typographic conventions.

Format Use Examples
Title Case = P| Client Tools = Use the client tool, FactoryTalk Historian
= PI System Elements ProcessBook, to verify that all data has been
recovered.
= P| Server Subsystems ) ] ) )
= All incoming data is queued in the Event Queue by
the Snapshot Subsystem.
Italic text = Files, Directories, Paths = The backup script is located in the \PI\adm directory.

= Emphasis

= New Terms

= Fields

= References to a chapter or section

= Archive files can be either fixed or dynamic. The
archive receiving current data is called the Primary
Archive.

= See Section 4.2, Create a New Primary Archive.

Bold ltalic text

= References to a publication

= See the Pl Server Reference Guide.

Bold text = System and Application = The Archive Subsystem, piarchss, manages data
components: archives. Piarchss must be restarted for changes to
= Subsystems take effect.
= Tools / Utilities = On UNIX, invoke site-specific startup script,

. p / Scriots / Variabl pisitestart.sh, and on Windows, invoke
rocesses crl_p s / Varia _es pisrvsitestart.bat.
* Arguments / SW|ches / Options = Three Point Database attributes affect compression:
= Parameters / Attributes / Values CompDev, CompMin, and CompMax. These are
* Properties / Methods / Events / known as the compression specifications.
Functions
» Procedures and Key Commands = On the Tools menu, click Advanced Options.
= Press CTRL+ALT+DELETE to reboot
» Interface components = Click Tools > Tag Search to open the Tag Search
= Menus / Menu Items tool.
= |cons / Buttons / Tabs = Click the Advanced Search tab.
= Dialog box titles and options = Use the search parameters PImean Value = 1.

Monospace Conso | as monospace is used for: To list current Snapshot information every 5 seconds,

type: - Code examples use the piartool —ss command. For example:

“Consolas”
font

= Commands to be typed on the
command line (optionally with
arguments or switches)

= System input or output such as
excerpts from log files and other
data displayed in ASCII text

= Bold consolas is used in the
context of a paragraph

¢ piartool -ss
Counters for 7-Aug-@5 14:35:56

Point Count: 18033 ©

Snapshot Events: 1228011 ©

Out of Order Snapshot Events: 136 e
Snapshot Event Reads: 392 e

Events Sent to Queue: 771952 @

Primary Capacity Remaining: 2540349 @

Light Blue -
Underlined

Links to URL / Web sites, and email
addresses

http://support.rockwellautomation.com

P1 Server Applications User Guide
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Related Documentation

Rockwell Automation provides a full range of documentation to help you understand and use
the PI Server, Pl Server Interfaces, and PI Client Tools. Each Interface has its own manual,
and each Client application has its own online help and/or user guide.

The Unilnt End User Manual describes the OSlsoft Universal Interface (Unilnt), which is
recommended reading for Pl Server system managers. Many PI Interfaces are based upon
Unilnt, and this guide provides a deeper understanding of principals of Interface design.

Using PI Server Tools

The PI Server provides two sets of powerful tools that allow system administrators and users
to perform system administration tasks and data queries.

Q The PI Server includes many command-line tools, such as pidiag and piartool. The
Pl Server Documentation Set provides extensive instruction for performing Pl Server
administrative tasks using command-line tools.

Q The PI System Management Tools (SMT) is an easy-to-use application that hosts a
variety of different plug-ins, which provide all the basic tools you need to manage a
Pl System. You access this set of tools through a single host application. This host
application is sometimes referred to as the SMT Host, but it is more commonly called
System Management Tools or SMT.

In addition to extensive online help that explains how to use all of the features in the SMT,
the SMT includes the Introduction to Pl System Management user guide.
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chapter 1. Pl SERVER APPLICATIONS

1.1 Pl Server Applications Overview

111

1.1.2

The power of the PI System is enhanced by the P1 Server Applications, which work on top of
the PI Server. PI Server Applications are a set of processing tools that help you get more out
of your data by automating specific processes.

The PI Server Applications and reference sections included in this guide are:
Chapter 2 — PI Performance Equations Scheduler
Chapter 3 — Pl Performance Equations Recalculator
Chapter 4 — PI PE Syntax and Functions Reference
Chapter 5 — Pl Steam Functions Reference
Chapter 6 — P1 Batch Database
Chapter 7 — PI Totalizer Subsystem
Chapter 8 — PI Alarm Subsystem
Chapter 9 — PI Real-Time Statistical Quality Control (SQC)

Pl Performance Equations Scheduler

The Performance Equations (PE) Scheduler provides an equation syntax and library of
built-in functions that allow you to perform a wide variety of calculations on PI data.

Performance Equations can work with frequently-updating Snapshot and Archive values,
whereas tools such as spreadsheets only have access to Archive data and limited access to
Snapshot update values.

Each Performance Equation is associated with a P1 point, and the calculation results are
stored in the Pl Archive. The performance equation point may be configured to be evaluated
periodically by the PE Scheduler (time-based). Alternatively, it may be configured to be
evaluated when an event is received on a specified trigger point (event-based).

Pl Performance Equations Recalculator

The Performance Equations is designed to adjust values of Performance Equation points
automatically. The adjustment occurs when Archive values of points that are used in
Performance Equation expressions are added, changed, or deleted. You can also use
Recalculator as an offline utility to reprocess explicit periods of time for specific points.
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1.14

1.15

1.16

Page 2

Pl PE Syntax and Functions Reference

P1 Performance Equations allows you to easily implement sophisticated, real-time
calculations, using data in the Pl System. Calculations can include unit performance, real-
time cost accounting, real-time yield accounting, batch summary, conversions and
totalizations not performed by PI Totalizer, logical operations, and calculating aggregates.

This chapter provides comprehensive instructions for using Performance Equations syntax
and functions.

Pl Steam Functions Reference

The P1 Steam Functions module is an extension to the Pl Performance Equations Scheduler.
Steam Functions provide a complete set of functions for deriving the thermodynamic
properties of steam and water. Pl Steam Functions support both English and Sl units, and are
based on the ASME (American Society of Mechanical Engineers) Steam Tables, 6th Ed.

This chapter provides a comprehensive reference for setting up Steam calculations.

Pl Batch Database

Most processes have repeatable time segments or stages. Pl Batch Database technology
maps process or manufacturing events to slices of time and data, and stores these in the Pl
Data Archive. Identifying these process stages and measuring their repeatability is the
purpose of Pl Batch. Building this fundamental association enables powerful data and process
analysis for both traditional and non-traditional batch processes.

While industries such as chemical and pharmaceutical use Pl Batch to track and analyze
batches, it is also widely used in non-batch applications to identify and track process events.
P1 Batch tracks and stores batch and process based events hierarchically as Batches, Unit
Batches, or Sub Batches.

PI Batch is used in conjunction with its companion client application Pl BatchView, which
allows you to view and compare events that have been collected by PI Batch and stored in the
Pl System.

Pl Totalizer Subsystem

The Totalizer Subsystem performs common calculations such as totals, averages, minimum
and maximum values, and standard deviations. The output of a calculation is stored in a PI
point.

The main difference between a Performance Equations point and a Totalizer point is that
Performance Equations are based on Archive events, while Totalizer results are based on
Snapshot events.

Pl Totals are the most accurate way to represent production summary data. Totalizers can be
started and reset based on time and event, and ensure the highest accuracy in the calculation
of flow volumes and other critical variables used to monitor product transfers or production
performance. Totalizer is especially practical for totaling measurements or other process
variables at the end of specific time periods, such as the end-of-day yields.
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1.1.7 Pl Alarm Subsystem

The Alarm Subsystem provides the capability to establish alarms for PI points. Pl Alarm
allows you to track, manage and acknowledge alarm conditions caused by processes that
exceed user-specified parameters.

Pl Alarm keeps a constant eye on process conditions. Pl Alarm can monitor many variables
such as temperatures, volumes, flow rates, product quality or raw material consumption.
Alarms can be triggered by the duration of an event or deviation from norm.

P1 Alarm will assess the condition as well as the priority of an event, as you define it.
Depending on the longevity and/or severity of the event, it can notify specific personnel. Pl
Alarm includes client functionality through the PI-API to alert operators to selected alarms.

Data from PI Alarm are displayed in its companion client application, PI AlarmView. Alarm
conditions are historized together with an acknowledgement status.

1.1.8 Pl Real-Time SQC

Pl Real-Time Statistical Quality Control (SQC) uses numerical methods to monitor the
characteristics of a process, making sure they remain within pre-determined boundaries.
When Real-Time SQC perceives an unacceptable deviation in a process, Pl Real-Time SQC
Alarms alert the appropriate personnel.

The PI Real-Time SQC component makes it easy to apply the Western Electric Pattern Tests
to all of your process or laboratory data collected by the Pl System. Pl Real-Time SQC
continually reviews any SQC tests in the Pl System. It stores test results and a record of SQC
control limits back into your Pl System. The results are available for viewing and analysis via
FactoryTalk Historian ProcessBook and the PI SQC Add-In.

The SQC Subsystem is a part of the Pl Alarm Subsystem, which provides continual
evaluation of SQC pattern tests and the management of alarms generated from them.
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chapter 2. Pl PERFORMANCE EQUATIONS SCHEDULER

This chapter explains how to create calculated points using the Pl Performance Equations
(PE) Scheduler. The PE Scheduler allows you to implement sophisticated online calculations
without having to program in high-level languages.

The PE Scheduler provides an equation syntax and library of built-in functions that allow you
to perform a wide variety of calculations on Pl data. (See Chapter 4: Pl Performance
Equations Syntax and Functions Reference.) Performance Equations can work with
frequently-updating Snapshot and Archive values, whereas tools such as spreadsheets only
have access to Archive data and limited access to Snapshot update values.

PE Scheduler allows you to easily implement sophisticated, real-time calculations, such as:

e Unit performance

e Real-time cost accounting

e Real-time yield accounting

e Grade-based costing

e Batch summary

e Conversions and totalizations not performed by Pl Totalizer
e Logical operations

e Calculating aggregates

Each Performance Equation is associated with a Pl point, and the calculation results are
stored in the PI Archive as a calculated point, or PE point. You can configure a PE point to
be evaluated periodically by the Performance Equation Scheduler on a time-based basis, or
when an event is received on a specified trigger point, called event-based scheduling. The
Scheduling Method is discussed in Section 2.5.

This chapter includes the following topics:
Section 2.1, About Calculated Points, on page 6
Section 2.2, About the PE Subsystem, on page 6
Section 2.3, Procedure to Create Calculated Points, on page 7
Section 2.4, Determine Scan Classes and Point Source, on page 8
Section 2.5, Choose a Scheduling Method, on page 11
Section 2.6, Set Attributes for Calculated Points, on page 12
Section 2.7, Tips and Troubleshooting, on page 17
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Chapter 2 - Pl Performance Equations Scheduler

Typically, you use Performance Equations in one of two ways:

O To create Calculated Points - points that have the PE subsystem as their source. The
PE Scheduler determines the value of these points by performing PE calculations
specified during the creation of the calculated point.

O Programmatically - via the PI-SDK, FactoryTalk Historian DataLink or FactoryTalk
Historian ProcessBook. Refer to product documentation for applicable Performance
Equations instructions.

2.1 About Calculated Points

Calculated points perform calculations on one or more Pl points. Calculated points are similar
to other PI points, but they use the Performance Equation Subsystem as the point source. (The
point source is specified in pipeschd.bat in the \pi\bin directory.) The PE Scheduler performs

the calculations specified for the point at the scheduled time (based on "time" or "event") and

sends the result to the Snapshot.

Note: In this guide, Calculation Points are also referred to as PE Points and these
two terms are used interchangeably.

To create a calculated point, you put a calculation expression in the Extended Descriptor
(ExDesc) attribute field and you set the point source to the point source for the PE subsystem.
The value for the calculated point at any given time is the result of this calculation
expression. The PE Scheduler calculates a new value for the point according to the schedule
you define for it, either at regular intervals or using an event trigger.

You can use calculated points in other calculations, graph them in trend displays, or include
them in reports, just like any other point.

2.2  About the PE Subsystem
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The PE Scheduler works a lot like an interface, except that it runs locally, on the PI Server. It
has an associated point source location and scan classes. The PE Scheduler evaluates the
calculation expression for each calculated point according to the schedule you configure for
that point, and sends the resulting value and timestamp to the Snapshot. Calculated points are
subject to exception and compression tests, just as other points are.

Like an interface, the PE Subsystem needs to be running in order to calculate data and send it
to the Snapshot. The PE Scheduler executable is located in the Pl/bin directory and is called
pipeschd.exe.

Start and Stop the PE Subsystem

The PI startup script starts the PE subsystem, along with the other Pl Server subsystems. Like
other PI subsystems, if your PI Server is Windows-based it’s a good idea to run the PE
subsystem as a Windows service, so that it can run in the background, independent of any
particular login session.



2.3 - Procedure to Create Calculated Points

On Windows computers, the PE subsystem typically runs as a Windows service and you
manage it as you would any other Windows Service. The PE Scheduler service is called the
PI Performance Equation Scheduler. Open the Services control panel (Control Panel >
Administrative Tools > Services), right-click on the Pl Performance Equation Scheduler
service, then start, stop or restart the service.

*% Services (Local)

PI Performance Equation Sc

Stop the service
Pause the service
Restart the service

hedul Marne | Description | Status | Startup Type Log
%PI Message Subsystem Started Autamatic Lac
%PI Metwork Manager Started Automatic Loc

Starked

P Performance Equation Scheduler
%PI Ramp Soak, Simulatar Inkerface Started
%PI Random Simulator Interface Started
%PI Recaloulator Subsystem

%PI Shubdown Subsystem
%PI Snapshot Subsystem Started M
r All Tasks

Stop
Pause

On UNIX, use the ps command to determine the process ID, and then use the kil command

to stop the process:

$ ps —aef | grep pipeschd

piadmin 25688 1 1 Sep 14 ? 35:22 . /pipeschd /Q /ps=C /ec=24 /f=00:

$ kill -2 25688

2.3 Procedure to Create Calculated Points

To perform a calculation on Pl data, you must create a Pl point; put your calculation

expression in the ExDesc attribute field; set the PointSource attribute to the point source
specified in the pipschd.bat file; and set location4 to the Scan class.

Follow these steps to perform a calculation on Pl data:

1. Determine the scan classes and point source. (See Determine Scan Classes and Point

Source on page 8.)

2. Choose a scheduling method. You can use either clock-based scheduling or event-
based scheduling. (See Choose a Scheduling Method on page 11.)

3. Create the point, and set the required attributes. (See Set Attributes for Calculated
Points on page 12.) Create a new PI point using the PI tool of your choice, such as Pl
Tag Configurator or piconfig. Set the required attributes as follows:

e PointSource: Set PointSource to the point source location specified in

pipeschd.bat on Windows, or pipeschd.sh on UNIX. The default point source

location for calculated points is the ASCII character, C, but you can edit
pipeschd.bat to use another single alphanumeric ASCII character.

o Location4: If you're using clock-based scheduling for this calculation, put the

appropriate scan class in location4. The available scan classes are listed in

pipeschd.bat. If you're using event-based scheduling, leave location4 blank.

P1 Server Applications User Guide

Page 7



Chapter 2 - Pl Performance Equations Scheduler

e ExDesc: Put your calculation expression in the Extended Descriptor (ExDesc)
attribute field. The exact ExDesc expression depends on what type of scheduling
(clock- or event-based) the point uses.

e PointClass: classic

4. Test the PI PE calculation expression. You can use the pipetest utility to check
whether an equation is syntactically correct. (See Run the pipetest Utility, on page
65.)

2.4 Determine Scan Classes and Point Source

PE Points use the scan classes and point source configuration for the PE Subsystem defined
in pipeschd.bat on Windows, and pipeschd.sh on UNIX. By default, pipeschd.bat is located
in the directory PI\bin where PI\ is the path to the main directory in your PI installation.

2.4.1 Find the PE Subsystem Point Source

To find the correct PE point source location for your PE points, open pipeschd.bat with a text
editor and look for the entry /ps= (see below, circled). The point source is usually C, but it
can be any single alphanumeric character.

rem
rem farchive: jPI/B.2fsubsystemsjpiﬁeschdjpi eschd. bat §
rem $Log: APIS3. 2/ subsystems /pipeschds/pipeschd. bat §
rem

rem 4 8/07,/01 12:18p Roger

rem added phase specs and third scan group for testing.
FEm rem

rem 3 8/15,/97 12:16p Jonrem

rem Cchanges to reflect starting from bin dirrem
rem

rem Interactive PI PE Scheduler startup

rem

COBinypd pesch Jhost=TocaThost:5450 AF=00:01:00,00:00:00 /F=00:02:00

Note: Make a note of the character. This is the value you must use for the
PointSource attribute on all calculated points.

Change the Point Source

From a Pl Administrator account, you can change the point source for PEs. Do not do this
unless absolutely necessary. If you change the point source location, any existing calculated
points will not work unless you change the PointSource attribute to match the new location.

To change the point source location for your calculated points, follow these steps:
1. Stop the PE Subsystem.

2. Change the point source to any single alphanumeric character. This is the value you
must use for the PointSource attribute on all calculated points.

3. Make a note of the character and be sure to publish the new number to everyone who
creates PE points for this server.
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4. Edit all existing calculated points to reflect the new point source.
5. Start the PE Subsystem.

2.4.2 Specify the Optional Instance ID

Within pipeschd.bat, you can optionally specify an instance ID (/id=n). When the instance ID
is specified, Pl PE Scheduler only loads and calculates PE points with Locationl attribute
matching the /id value.

2.4.3 Find the PE Subsystem Scan Classes

All the scan classes available for a calculated point are listed in pipeschd.bat. If you don't see
the scan class you need for a particular calculated point, you can add a new scan class
(requires Pl Administrator privileges.)

What is a Scan Class?

A scan class is a code that the PE Subsystem and other P1 interfaces use to specify
scheduling. Scan classes consist of a period, which specifies the interval between calculations
and, optionally, an offset that specifies a start time for the calculations to begin — along with a
code that specifies the UTC time to use for scheduling:

= hh:mm:ss, hhommss, U

period offset UTC time

Scan Class Period

The period specifies the interval between calculations. The first two digits are the hours, the
second two the minutes, and the third two the seconds. For example, the scan class can
specify that the calculation take place every hour (01:00:00), every three minutes (00:03:00),
every 52 seconds (00:00:52), etc.

Scan Class Offset

The offset specifies a start time for the calculation. The offset is optional. If no offset is
included in the scan class, the first calculation takes place immediately. The offset is counted
from midnight of the current day and, as with the period, the first two digits are the hours, the
second two the minutes, and the third two the seconds. So, for example, the offset can specify
that the first calculation occur at midnight (00:00:00), at 1AM (01:00:00), at 1PM (13:00:00),
at 2:05PM (14:05:00), at 25 seconds past noon (12:00:25), etc.

Scan Class UTC Time Flag

The UTC time flag specifies that the scheduling should sync with Universal Time
Coordinate (UTC). The UTC time is optional. If a scan class has a frequency of more than an
hour, make it a UTC scan class by adding a comma followed by a capital U:
(/f=08:00:00,07:00:00,U). If you don't do this, then your scheduling might be inaccurate the
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next time there is a change to (or from) daylight savings time. UTC scan classes don't have
this problem because they force the scan class scheduling to sync with UTC, rather than local
time.

Find the PE Scan Classes
To see all currently available scan classes for your calculated points, follow these steps.

Open pipeschd.bat with a text editor and look for all the entries that begin with the characters
"backslash™ f (/f). These are the scan classes. Choose the scan class that you want to use for
the calculated point and set the location4 attribute to the appropriate value.

em

rem $archive: /PI]B.2/subsystems/piﬂeschd/pi eschd.bat §
rem $Log: /PI/3.2/subsystems pipeschd/pipeschd. bat §

rem

rem &4 5/07,/00 12:18p Roger

rem added phase specs and third scan group for testing.
rem rem
rem 3 8/1%/97 12:16p Janrem

rem Changes to reflect starting from bin dirrem
I em
rem Interactive PI PE scheduler startup —

rem ::Ejj""‘-
obinvpipeschd ASps=C /0 shost=Tocalhost:545 T=00:01:00,00:00:00%/T=00:02:00,00:00:0

The position within the startup command line defines the scan classes; that is, the first /f=
refers to scan class 1, the second /f= refers to scan class 2, etc. Simply add more /f=
parameters to define more scan classes. The calculated point is assigned to a scan class using
the location4 attribute. For example, if location4 is set to 2, the PE point will be evaluated
every 2 minutes.

Add New Scan Classes

You can add new scan classes, if you have Pl Administrator privileges. Stop the PE
Subsystem before editing pipeschd.bat.

Add your new scan class at the end of the line containing scan classes, as the last scan class in
the list. If you add a new scan class earlier in the list, you change the location4 values for the
existing scan classes. You can add as many new scan classes as you like to the end of the
scan class list in pipeschd.bat.

SF=00:00:30,00:00:00 F=01:00:00,00:20:00

add new scan classes
at the end of the list

Restart the PE Subsystem when you finish editing pipeschd.bat.
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2.5 Choose a Scheduling Method

The attributes you set for a calculated point depend in part on the type of scheduling you use
for the point. Each calculated point must use either clock (time-based) scheduling or event

scheduling:

a Clock Scheduling: With clock scheduling, you use scan classes to schedule the

calculation. The PE Scheduler calculates a new value for the point at the specified
intervals, such as every hour, every five seconds, every 20 minutes, etc. You can
optionally specify an initial start time for the calculation interval.

For clock-scheduled points, define the PE calculation expression in the ExDesc
attribute field and specify a scan class in the location4 attribute field. (See Set the
ExDesc Attribute for Clock-Scheduled Points and Set the Location4 Attribute: Scan
Class, on page 13.)

Event Scheduling: With event scheduling, you configure the calculation to occur
when a specified point gets a new Snapshot value. For example, you might want a
calculation performed whenever the point ba:level.1 receives an update event.

For event-scheduled points, put both the PE expression and the trigger tag name in
the ExDesc attribute field (see Set the ExDesc Attribute for Event-Scheduled Points
on page 15) and set the location3 attribute field to specify the timestamp of the point.

(See Set the Location3 Attribute: Timestamp, on page 13).

2.6 Set Attributes for Calculated Points

Table 2-1 lists the attributes that require a special setting for calculated points.

Table 2—-1. Attributes that Require a Special Setting for Calculated Points

Attribute

Requirement

ptClassName

Classic.

PointSource

Set to value specified in pipeschd.bat file (or
pipeschd.sh on UNIX). The default value is C.

location3 Output timestamp setting for event-based
scheduling.

location4 Put the scan class here for clock-scheduled
points. Leave blank for event-based points.

ExDesc This is where you put your performance
equation.

scan Set the scan attribute to 1 (the default value)

shutdown Marker inserted in Archive at shutdown.

All point attributes that are not listed in Table 2—1 work just the same as they do for other

points. However, the following attributes do not apply to calculated points:

e Location2

P1 Server Applications User Guide
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26.1

2.6.2

2.6.3
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e Location5

e Userintl

e UseriInt2

e UserReall

e UserReal?2

e EventTag

e InstrumentTag
e SquareRoot

Set the Point Source

The PointSource attribute for calculated points is defined in pipeschd.bat, discussed in Find
the PE Subsystem Point Source on page 8. The default value is C; however you can change
the defined value to any other single alphanumeric character by editing pipeschd.bat.

Set the Location3 Attribute: Timestamp

If the calculated point uses clock scheduling, do not set the location3 attribute. Use the
location3 attribute for event-scheduled points, to specify how Pl determines the timestamp
for the calculated point. When location3 is set to O (the default value), set the timestamps for
the calculated point to the time when the expression is evaluated.

When location3 is set to a non-zero value, the expression is evaluated at the timestamp of the
triggering event and the timestamp of the resulting value is set to the timestamp of the
triggering event.

Set the Location4 Attribute: Scan Class

If the calculated point uses event scheduling, do not set the location4 attribute. If the point
uses clock scheduling, set a value for location4 to a positive non-zero integer that specifies a
valid scan class.

You select a particular scan class for a calculated point by setting the value of the location4
attribute for that point. All the scan classes available for a calculated point are listed in
pipeschd.bat (called pipeschd.sh on UNIX computers). To select the first scan class in the
list, set the location4 attribute to 1; to select the second scan class, set the location4 attribute
to 2; etc.

#f=00:01:00,00:00:00 #=00:02:00,00:00:00 #4=00:00:30,00:00:00
\ J \ J \ J
Y Y Y

Locationd-1 Locationd=2 Locationd=3

For an explanation of scan classes and how to configure them, see Find the PE Subsystem
Scan Classes, on page 9.
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2.6.4 Setthe ExDesc Attribute: Calculation Expressions

For each calculated point, specify the PE calculation for the PE Scheduler to perform. PE
calculation expressions use PE syntax and functions to define calculations, using data from
other points. PE calculation expressions are similar to arithmetical expressions. You can use
any of the standard arithmetic operators in a PE expression (such as +, -, or *) to add the
values of two points together, add a number to the value of a point, etc. You can also use
Performance Equation functions and Steam Table functions in your PE calculation
expressions (see Chapter 4, Pl Performance Equations Syntax and Functions Reference, and
Chapter 5, PI Steam Functions Reference.)

You define the PE calculation expression in the Extended Descriptor (ExDesc) attribute field,
but the exact syntax you use depends on the type of scheduling you’re using. For clock-
scheduled points, you type only the PE calculation expression into the ExDesc attribute field,
but for event scheduling you must also specify the point that acts as the event trigger.

Note: If the equation begins with a single quote (') and you are working with Pl Tag
Configurator, enclose the calculation expression in parentheses. Otherwise Excel will
remove the single quote.

Set the ExDesc Attribute for Clock-Scheduled Points

For clock-scheduled points, the ExDesc field contains only the calculation expression itself.
Several examples of simple calculation expressions are provided below.

The following example simply adds the current value of the sinusoid point to the current
value of the ba:level.1 point.

"sinusoid’ + 'ba:level. 1

The following example takes the total time during the last hour that the sinusoid point had a
value between 30 and 70.

timegt ('sinusoid’, "*-1h', "%', 30) - timegt('sinusoid, "*-1h', "%’ 70)
For more examples of calculation expressions, see Examples of Calculation Expressions on
page 16. For a complete reference on the PE syntax and functions, see Chapter 4, Pl
Performance Equations Syntax and Functions Reference.
Set the ExDesc Attribute for Event-Scheduled Points
For event-scheduled points, the syntax for the ExDesc attribute field is:

event = tagname, CalculationExpression

where tagname is the name of the point that triggers the calculation and
CalculationExpression is the calculation expression that PE Scheduler uses to calculate the
value for the point.

For example, to set up a one-hour average of the sinusoid point that triggers whenever
sinusoid gets a new Snapshot value, use the following expression in the ExDesc attribute
field:

event=sinusoid, TagAvg (' sinusoid’, "*-1h", "%')
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2.6.5

2.6.6

2.6.7
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The PE Scheduler uses the Snapshot value as the event trigger. This means that events that do
not enter the Snapshot do not trigger the calculation. For example, an event that does not pass
the exception reporting does not trigger a new calculation.

Character Limits on the Extended Descriptor Attribute

For both clock and event scheduling methods, there is a set limit on the number of characters
that you can use for the extended descriptor. These limits depend on the tool you use to create
your calculated point, rather than on the PE subsystem itself. In the Pl TagConfigurator, the
limit is 4096 characters.

Regardless of the limits on the extended descriptor, we recommend that you keep expressions
less than 300 characters, if possible. Expressions that are much longer than that tax the
system. If you need a longer expression, consider breaking down your equation into parts and
creating calculated points to handle each of the parts. Be careful to schedule the calculations
so that PE Scheduler can perform them in the correct order. See Prevent Scheduling Errors
on page 19, for more information.

Set the Scan Attribute

Always set the scan attribute to 1 for calculated points. When the scan attribute is set to 0, PlI
will not perform the calculations or generate any values for the point. Note that 1 is the
default value for the scan attribute, so you can usually just leave this attribute as-is.

Set the Shutdown Attribute

Performance Equations are not calculated if the PI Server is not running, so you should
always set the Shutdown attribute to 1. When Shutdown is set to 1, the system inserts a
shutdown event with the timestamp of the Pl Server shutdown. Note that the shutdown event
is inserted only when the PI Server itself stops — it is not inserted if the PE Subsystem stops
independently of the PI Server.

Examples of Calculation Expressions

This section provides some helpful hints and examples for writing Performance Equations.

Totalization of Digital Point Example

In this example, the goal is to obtain the total of the number of times a point goes into a
digital state for the month. Accumulator is the PE point. OnOffSwitch is the digital point that
uses a Digital State Set with two digital states: ON and OFF.

|f day( ¢ )=1 and day (PrevEvent ( ‘Accumulator’ , ‘¥ ))<>1 then 0 else if
PrevVal ( ‘OnOffSwitch’ , ¥ ) <> “ON” and ‘OnOffSwitch® = “ON” then
"Accumulator’ +1 else NoOutput ()

This performance equation checks whether it is the first of the month and whether the last
event did not occur on the first of the month. If it is the first of the month, Accumulator
resets. Otherwise if the previous value of OnOffSwitch is not the digital state ON and the
current value is ON, then Accumulator increments.
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TagTot Example

In this example, the goal is to use the TagTot function to obtain a total on a point that has
engineering units other than the default per day. RateTag has engineering units of gallons per
hour and the objective is to get the number of gallons for the previous day.

|f PctGood( ‘RateTag’ , ‘y’ , ‘t’ )>85 then TagTot( ‘RateTag’ , ‘y’
‘t” )*24 else “Bad Total”

First, the performance equation checks the percent of good values starting from the midnight
yesterday to the midnight of the current day. If the percentage is greater than 85, then a total
of RateTag is calculated for that given period. The total is multiplied by 24 hours per day to
obtain the units of gallons. If the percentage is less than or equal to 85, the digital state of
Bad Total is given. In this example, although the RateTag would have an integer or real
point type, digital states only in the SYSTEM Digital State Set are allowed.

TagMax vs. Max Example

In this example, the objective is to obtain the maximum of a point for the month. One method
for doing this is the TagMax function, shown in the next paragraph. An alternative method,
also shown below, uses the Max function. Here’s the calculation expression with TagMax:

If Day( ‘¢’ )=1 and Day (PrevEvent( ‘RateTag’ , ‘¥ ))<>1 then
TagMax ( ‘RateTag’ , Bom(PrevEvent( ‘RateTag’ , ‘*’ )), Bom( “*¥ )— ‘“+1s’ )
else NoOutput ()

The performance equation first checks that it is the beginning of the month and then finds the
maximum of RateTag from the prior month up to one second before the beginning of the
current month. Notice that the beginning of the month function Bom was not used to check
for the first of the month. The following expression:

’

Bom( 1*! ): ‘*

is not as accurate as the previous expression because the current time of the scan might not
exactly equal the beginning of the month. Also the TagMax function may use too many
resources accessing the Archive for data of the previous month and slow down the system.

Here’s the calculation expression with Max:

If Day( “«’ )=1 and Day (PrevEvent( ‘RateTag’ , ‘¥’ ))<>1 then
Max (TagZero( ‘RateTag’ ), ‘RateTag’ ) else Max( ‘RateTag’ , ‘MaxTag )

This expression has the tagname of MaxTag and compares the point to be maximized
RateTag to the current maximum in MaxTag. If the current time is the first of the month,
MaxTag is reset by comparing the maximum between the current value of RateTag to the
tagzero of RateTag. This version of obtaining a maximum makes only one Archive call as
opposed to Archive calls to obtain one month of data.

2.7 Tips and Troubleshooting

This section contains the following topics:
Q Tips for Creating Calculated Points, on page 18
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Common Performance Equation Problems and Errors, on page 18
Prevent Scheduling Errors, on page 19
Prevent Skipped Calculations, on page 19

0O 0 0O O

When Data Types Don't Match, on page 20

2.7.1 Tips for Creating Calculated Points
To avoid problems with your Performance Equations, follow these guidelines:

O Use the BadVal function to check to see if the value to be evaluated is bad, before
carrying out a calculation.

O Use the PctGood function to check if the amount of data that is good, is within an
acceptable level.

O Remember to escape anything that requires double quotes, with “double quotes”.

O Cascade calculations that occur in the same scan class by using offsets.

a Don’t use ambiguous timestamps.

Q Set the Step attribute to 1 if you wish to have your data tracked as a stair-step instead

of straight-line interpolation.

2.7.2 Common Performance Equation Problems and Errors
If you do not see results for a PE point, check the following:
Q Make sure the PE Subsystem is running.
O Use the pipetest utility to check your equation syntax. Check your equation for any
of the following common errors:
e Are all PI times and tag names enclosed in single quotes?
e Did you spell your tag names and function names correctly?

o If the equation text begins with the single quote character ('), did you enclose
the entire string in parentheses? Excel removes the leading single quote.

e Are you (not) using tag names that are also valid Pl time expressions?

Q Check the log file pipc.log in the pipc\dat directory for Windows (pipeschd.log in
pi\log for UNIX) to see if there are errors in the equations during compilation. In the
log file, error at offset x indicates that a syntax error x characters from the beginning
of the equation has been detected.

When the Performance Equation evaluator cannot perform a calculation during runtime, it
returns the error value Calc Failed. This means that the PE point has the correct equation
syntax and is running. Some possible causes are:

Q Source tags have unexpected values. For example, the expression " sinusoid’ + 12
will result in Calc Failed if the value for the source tag sinusoid equals the digital
state Shutdown.
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Q The source data do not meet the minimum pctgood value in a summary calculation.
For example, TagAvg (' sinusoid’, '*-1h’, '*', 80) will result in Calc Failed if
less than 80% of the values for sinusoid are good for the last hour.

O Runtime data type conversion fails. For example, suppose the PE point is a digital
point and has the expression ' StringTag’ . If the string source tag StringTag has a
string that cannot be converted to a digital state either in the PE point’s digital state
set or the System Digital State Set, then the result will be Calc Failed.

2.7.3 Prevent Scheduling Errors

If two clock-scheduled calculations are evaluated at the same period and offset, there is no
way to determine which calculation should be performed first. If your calculated point
references other calculated points, you need to use an appropriate scan class offset to force Pl
to evaluate the calculations in a specific sequence.

For example, suppose points A, B, and C all represent calculated points. Point C is calculated
as A/B (A divided by B), so point C should be calculated after points A and B are calculated. If
all three points have the same scan class, there is nothing that ensures that points A and B will
be calculated before point C is calculated. To trigger the point C calculation to take place
after the point A and point B calculations, you can use a scan class with a slight offset for
point C. For example, if you use the following scan classes for points A, B and C, then P1 will
calculate point A and B every hour on the hour, and then calculate point C a second later.

Point Scan class
A /f=01:00:00, 01:00:00
B /f=01:00:00, 01:00:00
c /f=01:00:00, 01:00:01

2.7.4 Prevent Skipped Calculations

Although the only limit on the number of performance equations on a PI Server is the number
points available to the Pl Server, there are practical limits on the performance of PE
Scheduler. It is possible for the PE subsystem to get overloaded.

If a scan class is more than one scan period behind, it will skip the calculation in order to
catch up.

To see whether the PE Subsystem is skipping calculations, look at the pipc.log file located in
the pipc\dat directory (or pi\log\pipeschd.log on UNIX).

If you find that the PE Subsystem is skipping calculations, we recommend you use the Offset
attribute to stagger the calculation times so that large groups of calculations are not scheduled
for the same time. For example, by using offset times of 10 seconds, 20 seconds, 30 seconds,
and so forth, you can divide a set of five-minute calculations into thirty sub-groups to even
out the system loading.

P1 Server Applications User Guide Page 17



Chapter 2 - Pl Performance Equations Scheduler

2.7.5 When Data Types Don't Match

Page 18

When a calculated point's type does not match the type of the calculation, PE Scheduler
converts the data type of the result to the data type of the calculated point (unless the result is
a digital state).

In other words, for string points, the PE subsystem converts the calculation result into a
string. For digital points, PE subsystem first converts the result into a digital state within the
digital state set for the calculated point. If this initial conversion is not successful, the PE
Subsystem converts the result into a digital state within the System Digital State Set. For
numeric points, the PE subsystem converts the calculation result to an appropriate numeric
value, such as integer or float.

If the data type conversion fails (for example, it is not possible to convert the string “ABC”
into a numeric value), then the calculation expression returns the digital state Calc Failed.



chapter 3. Pl PERFORMANCE EQUATIONS
RECALCULATOR

The P1 Performance Equations (PE) Recalculator is designed to adjust values of PE points

automatically. The adjustment occurs when Archive values of points that are used in P

E

expressions are added, changed, or deleted. You can also use PE Recalculator as an offline

utility to reprocess explicit periods of time for specific points.
This chapter includes the following topics:
Section 3.1, Recalculator Overview, on page 21
Section 3.2, Recalculator Functionality, on page 23
Section 3.3, Types of PE Point / Time Relationships, on page 26
Section 3.4, Special PE Time Functions, on page 34
Section 3.5, Examples of Archive Retrieval / Search Functions, on page 35
Section 3.6, Recalculation Limitations, on page 36
Section 3.7, Recalculator Point Configuration, on page 37
Section 3.8, Start Recalculator as a Service, on page 39
Section 3.9, Start Recalculator Manually, on page 45
Section 3.10, Stop Recalculator, on page 46
Section 3.11, Optimize Recalculator Performance, on page 47

Section 3.12, Error and Information Messages, on page 47

3.1 Recalculator Overview

The PE Recalculator automatically adjusts values of PE points when values of points used in
PE expressions are added, changed, or deleted. Delayed or out-of-order Snapshot events can

also trigger recalculations.

Note: PE evaluations based on new Snapshot values are performed by the PE
Scheduler as described in Choose a Scheduling Method on page 11. Recalculator
covers all times before the Snapshot value of a PE point.

PI1 Server Applications User Guide
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The Recalculator supports multi-level (but not recursive) dependencies and takes into account
the resulting time dependency. Explicit time dependency expressions and time-related
functions are supported as well. Some point attributes of the dependent PE point and the
source points are considered.

Like other standard PI subsystems, Recalculator runs on a Pl Server Home Node, either as a
service, or manually as a console application. When Recalculator is started as a service,
messages are sent to the Pl Message Subsystem and additional debug output may be sent to a
log file. When Recalculator is started as an application, messages are written to the console.

There are several limitations and side effects to keep in mind, due to compression and other
factors, which are described in this chapter.

It is important to realize that recalculation “is expensive” as it bypasses exception reporting,
may retrieve a lot of Archive data for many tags, and may generate many out-of-order events.
All of these factors place a significant overhead on a PI Server. In addition to these
considerations, check that any affected Archive file contains the point definitions and has
sufficient space.

3.1.1 Glossary of Recalculation Terms

The following recalculation terms are used in this chapter.

Table 3-1. Glossary of Recalculation Terms

Name Description
Dependent A PI point that normally receives its values from the PE Scheduler when it
Point evaluates an expression. These are also the points that are modified by the PE

Recalculator when necessary.

Source Point | A Pl point whose tag appears in a PE expression. In general, additions, changes,
and deletions of source point values trigger recalculations.

Absolute A date/time expression that evaluates to the same time regardless of the time of
Timestamp the calculation. Examples include '10-0ct-99’ and '01-jan-70.’

Relative A date/time expression defining an offset from the actual time of the calculation.
Timestamp Examples include ' +7h" and ' -30d’ .

Note: One exception to this rule occurs when a Relative Timestamp appears as one of the
two time arguments of a Pl PE Archive retrieval function. If the other time is an absolute time,
it becomes the basis time.

Basis Time The time to which the offset defined by the Relative Timestamp is applied. When
evaluating PE point values, the PE Recalculator will determine the basis time of
the dependent values to be corrected and will apply the offsets from that basis.

Combination A date/time expression consisting of an absolute timestamp and a relative

Time timestamp as an offset. Examples include ' T+7h.’
Performance | Same as Dependent Point.

Equation

Point
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Name Description

Inversion Changing the sign of a Relative Timestamp offset in order to define the period of
time requiring recalculation. For example, if an expression reads,

“TagVal (" input’, "*-1h")", then PE point values up to one hour after an
"input’ event, or ' *+1h’ , must be recalculated.

3.2 PE Recalculator Functionality

3.2.1

When the PE Scheduler starts, it finds the PE points by scanning the PI Point Database for
points with a specific point source, usually C.

Since the Recalculator sends events to the same PE points, it also scans the Pl Point Database
on startup, scanning for the same point source. By default, all PE points are considered for
recalculation. If you wish, you may assign values to the Locationl attribute of any PE point.
The Recalculator can be configured to consider only points with a specific Locationl
parameter value.

The PE Scheduler will sign up for exceptions for any event trigger points. The Recalculator
signs up for Archive events of all source points. The reason for the difference is that the
Recalculator must be aware of any changes to any source point, not just event trigger points.

Only events that were not handled in time by the PE Scheduler are considered by the
Recalculator. The timestamp of the source point event has to be older than the Snapshot time
of the corresponding dependent PE point. The delay caused by the normal scan cycle does not
trigger a recalculation.

Recalculation is done in two steps: For a source point event, first the affected PE point
periods are found. Then, all these periods are processed for existing events to replace, and
new events to insert. When inserting new events, their timestamps are derived from the
timestamps of the source events.

Generally, there are three main questions:
a Which dependent PE points are affected?
Q What time range has to be recalculated?
O How do other point attributes influence the recalculation?
These questions are discussed here and lead to a definition of different recalculation types.
The recalculation types are described in a subsequent section.
Point Dependency Considerations

Generally, all tags used in the ExDesc field of a PE point in the Pl Point Database are
classified as source tags. These tags may be used in arithmetic expressions or as function
parameters.

With the PI Server, it is possible to dynamically construct tags by concatenating string
constants and values of one or more string points. The Recalculator is unable to process
expressions that use this construct.
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3.2.2 Time Range Considerations

Page 22

Time ranges are defined by two timestamp expressions, usually passed as two arguments to
the same Pl PE function. Examples include TagAvg and FindEq. It occurs frequently that
the timestamp expression ' is used. This is basis time for the calculation. For PE points
evaluated normally by the PE Scheduler, the basis time is the current time except for an
event-based PE point with Location3 set to one. In that case, the basis time is the trigger
event time. For the Recalculator, the basis time is in general the time of the new or changed
source point event.

Any new event for the source point not handled by the PE Scheduler will cause a series of
Archive events within the time range to be recalculated. The Recalculator must determine the
start and end time of the affected time range.

Time calculations resulting in a timestamp or in an interval can be inverted if no absolute
timestamps are involved. For example, consider a PE expression such as:

TagVal (" input_pt', "*-1h")

If 'input_pt' receives a new event earlier than the Snapshot time of the PE point, its
timestamp is the basis time for recalculation. PE point events one hour after the ‘input_pt'
event are affected. The minus sign is effectively inverted to a plus sign, as in ' *+1h’ .

Inversion also applies to time periods:
TagAvg (" input_pt’, "%, *-1h")

If a new event for ‘input_pt" is received, its timestamp is the basis time, or "*" in the
expression. The new event affects the period ' *' until " *+1h’".

If there are absolute times in an expression, it would mean that all PE point values would
have to be recalculated. In other words, if an absolute time appears in an expression, all
values after the timestamp of a new or changed event would need to be recalculated.

Time Range Examples

Tag Expression
TimeCalc | BadVal (" xsource', *-8H ) then NoOutput() else
Tagval (" xsource', *-8H')
Calcint TagAvg (" xsource', *-1h", " %")
AllCalc If BadVal (" xsource') then Tagval (" xsource’, ' 12-Jan-98 08:00" )

else ' xsource’

TimeCalc: In the first example, if the value of xsource at 12-Jan-98 12:12:00 is changed,
TimeCalc at 12-Jan-98 20:12:00 (8 hours later) has to be recalculated.

CalclInt: In the second example, the expression has to be recalculated for a 1-hour period past
the time of a modification of xsource.
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AllCalc: If the value of xsource at 12-Jan-98 08:00:00 were to be modified, then all values of
the PE point after 12-Jan-98 08:00 would have to be recalculated whenever xsource is in a
bad state.

3.2.3 Clock-Scheduling vs. Event-based Scheduling

If a PE point is clock-scheduled, a new source point event causes a search for existing PE
point events up to one scan cycle after the source point event to take place. The time between
calculations depends on the Location4 attribute indicating the scan cycle defined in
pipeschd.bat.. If there is no Archive event found in the searched period, a new one is created.

In event-based calculations, no scan classes are defined and Location4 is ignored. If an event
within a default period (10 sec) does not exist, a new one is created for simple dependencies.

3.2.4 Step Point Attribute

The Step attribute defines how a trend of data values appears between events stored by Pl
Server.

If Step = 0, data values are linearly interpolated between archived events for numeric points.
Changing a source point value implies changing all archived PE point values between the
previous and the next event of the source point.

If Step = 1, data values value between archived events are considered to be the same as the
previous event. Changing a source point event influences a dependent PE point between the
modified source point event and its next event. Data values prior to the modified event are not
affected.

3.2.5 Compression / Exception

Because of exception reporting and compression, not every original PE point event is found
in the PI Data Archive. The Recalculator cannot simulate the original exception or
compression algorithm because it no longer has the original Snapshot values. It recalculates
for all events of all source points, plus all existing PE point events, plus start/end of the
affected period.

There might be more Archive events after a recalculation. This might fail or take rather long
when performed on Archive periods that are no longer covered by the primary Archive file.

3.2.6 Scan and Archiving Attributes

Set the Scan attribute to 0 to turn off the PE Scheduler. The Archiving flag causes no events
to be sent to the PI Data Archive for storage.

If the Scan attribute is set to 0, then there are no values generated by the PE Scheduler at
some time in the past. If Archiving is 0, values generated by the PE Scheduler are not stored.
The times at which the Scan and Archiving attributes were edited are not recorded.

Note: The ability to recalculate events may be affected if either of these attributes
are set to 0. It is impossible to accurately correct history if there were no original
events to adjust.
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3.2.

3.3

7 Locationl

The Locationl attribute may be used to exclude points or to schedule multiple instances of
the Recalculator for performance reasons. This corresponds to the number in the /in startup
parameter or in the Instance Registry setting. By default, all PE points are examined for

recalculation.

Types of PE Point / Time Relationships

The types of the relationship between a PE point and time are summarized below, and
explained in subsequent sections.

Table 3-2. Types of PE Point / Time Relationships

Relationship

Short Description

Simple

The expression consists of arithmetic operations and functions.
There are no time parameters except '*'.

Multilevel Point Dependency

A PE point is source for another point. Archive modifications
should trigger another recalculation.

Recursive

One of the source points in the expression is the PE point.

Relative Time Shift

The period to be recalculated is shifted according to the PE. No
additional event for PE point is created at source event time.

Special Event

If the source event range covers the indicated event (e.g., 'T"),
the period to be recalculated is determined according to the PE.
Otherwise, the dependency relation can be ignored.

Time Period Reference

The PE contains Archive functions with start and end time. Start
and End time have to be relative to a basis time ('*', 'T', etc.)

Multilevel Time Dependency

The time parameter of an Archive function is the result of
another function.

Absolute Time Reference

Automatic recalculation is not supported. This type of expression
can only be recalculated manually.

3.3.1 Type 1: Simple Point Relationship

Page 24

This type of recalculation covers all arithmetic functions and operations and all functions
working on actual values only. Bad digital states are evaluated as with normal Performance
Equations. Other errors will not change existing Archive events.

The question of the affected time range of the PE point has to be resolved even in this case.

Tag Expression
TestCalc 100 - "sinusoid’
T2Calc TagVal (" TestCalc’ , "*') * (( sinusoid -50.0)/50.0)
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Finding Corresponding Timestamps

The main task is to find the timestamps for the modified source points that define the period
of time that needs to be recalculated. In general, the timestamp of a PE point event is different
from the timestamp of a source point. For the Simple recalculation type, the following
situations depending on point attributes are considered:

Q The PE always uses the values prior to the beginning of the scan cycle. In the
example above, T2Calc is always one cycle behind TestCalc. The cycle is defined
by the scan class of the PE points and by the scan parameters in pipeschd.bat.

Q Toinsert a value, PE uses the system time, not the timestamp of an event trigger
point by default.

As the calculated point may depend on more than one source point, the Archive is examined
for events until the next event of the modified source point. All these events have to be
recalculated. See Figure 3-1.

Inserting New Archive Events

When a new data event has been inserted for the source point, a new event of the dependent
PE point may need to be inserted as well. The Recalculator searches the Archive for the next
dependent PE point event after the trigger event. A point event found within one scan cycle
will be modified; otherwise a new event for the dependent PE point will be inserted. An
inserted event is set at the source event’s timestamp +1 sec.

Additional input

_| Source 2
Dependent
A new event is We recalculate
inserted. this event too!

Figure 3-1. Recalculation Period on Type = Simple, Step=1, No Compression

Source Data with Step=0

If the Step attribute is 0, a modification even affects the time prior to the changed value. The
Recalculator examines the Archive in the range from the previous event to the next event of
the modified source point. All events of the PE point in this period have to be recalculated.
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Notice that a PE point event prior to the initiating source point may be modified. See the
exclamation point (1) in Figure 3-2.

Note: With Step = 0, entering a single event into the Data Archive always affects the
period between the previous and the next unmodified event. If you intend to enter a
single peak or to mark the last “originally good value”, you have to enter additional
events.

Modified inout

Source

]

=" Dependent

We recalculate all events
in this range!

Figure 3-2. Recalculation Period on Type = Simple, Step=0, No Compression

Exception Reporting Algorithm

The PE Scheduler sends data to the Snapshot by exception to create events for dependent PE
points. Depending on the exception parameters, this may result in suppressing new events if
there are no relevant changes to the previous value. The compression algorithm minimizes
the amount of available Archive events. In the following considerations, this is generally
called Compression. The effect of the exception algorithm is not considered separately.

Compression on Calculated Values

There are no events in the Archive as long as the interpolated line between two events fits to
the "real” values. The exception/compression algorithm cannot be simulated when the actual
values are no longer available.

This implies extra considerations:

a The modified range of the PE point may be even larger than the affected source point
range.

Q Depending on the unmodified source point’s event, a recalculation may yield
different results compared to the straight-line result of recalculating only the given
events of the PE point.
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These considerations are shown in Figure 3-3.

Modified

e,

- 0

RS N
RS .

\/\ Source
T?z T?z\ Source

Dependent

Additional Original result based
on same source

Figure 3-3. Recalculation Period on Type = Simple, Step=0, PE Point with Compression

Recalculator inserts extra events at the beginning and the end of the modified period (?5) if
necessary, so there are no new results without changed input. Due to the compression
algorithms, the new values may still be slightly different from the original interpolated
values.

Recalculator inserts extra events according to the modified source point event. Recalculator
does not insert additional events due to unmodified source events (?,).

Recalculator recalculates all existing dependent events in the time range affected by the
modified source event (?,). It does not simulate the exception reporting and compression
algorithm.

Conditional Dependency
“If-then-else” constructions are evaluated only during recalculation. The point and time
dependency is stated by parsing the expression in the ExDesc parameter for all cases on
startup.
3.3.2 Type 2: Multi-level Dependency Point Relationship
A>B->C> -
(“x = y” means x influences y, y is dependent, and X is source)

Normally, no other special considerations are required if PE points are used as source points
again. As new values of PE points are sent to the archive, there is an event on which the
Recalculator has signed up, so the standard mechanism does all the work.

Recursive Point Relationship is checked for this dependency, too.
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3.3.3

3.34

Page 28

Type 3: Recursive Point Relationship
A > B > AordirectlyA > A

Such a recursive dependency is legal; you may use it for counting, etc. The result depends
normally on “if-then-else” and on scan cycle parameters.

If a recursive dependency is detected, no automatic recalculation occurs. You may start a
complete recalculation manually by using the /execute option and stating the desired time
range. The result, however, depends on previous values and recalculations.

Examples

Tag Expression

TestCalc | |f BadVal (' TestCalc') then 0 else (if 'TestCalc’ > 9999 then 0 else
"TestCalc’ + 1)

EvCount | Event=CountMe, if BadVal (' EvCount’) then 0 else (' EvCount’ + 1)

TestCalc increments by one on every scan cycle and resets if the value is bad or is larger than
9999.

EvCount shows the number of events for the point CountMe.

The BadVal() constructions are required to quit any non-numeric initial state (Shutdown,
PtCreated).

These recursive calculations are very sensitive to the previous state of the variable and may
give different results when they have already been recalculated before. In example 2
(EvCount), there is no possibility to detect all events from the Archive. Additionally, they
would generally result in a recalculation of the whole period up to now.

For these reasons, PE points depending recursively on themselves are generally excluded
from recalculations.

There is no explicit limit on the number of levels to detect a recursive dependency.
A > B > C > ... (any number of PE points) ... > Z > A

Type 4: Relative Point Relationship
*x-nX; Xe (S M H D}

This relationship type is also known as a time shift relationship. For example:
Tagval ("s_pt', '*-3h")

Inverting results in # + nX, so the Recalculator schedules recalculations at #+3h’ , when
"s_pt’ receives an Archive modification event.
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Modified input

I~ Source

Dependent

{1t

We recalculate all events in
this range!

Figure 3—4. Type = Relative Time Shift
The algorithm described for type = Simple (without explicit time dependency) is applied to a
period shifted by the indicated offset. Extra events are not created.

For the example here, this results in a recalculation period for the dependent PE point from
t1=(prevevent (source) + 3h) to t2=(nextevent (source) + 3h). See Figure 3—4.

Note: Future references '*+nX' are syntactically correct. Based on actual values,
they result in ‘No Data’ or ‘Bad’. On recalculation, they may result in numeric
values. These are processed normally without error messages.

3.3.5 Type 5: Special Event Point Relationship
B+nX;:Be (T, Y 1.. 31 Mon, Tue, -}
This relationship type is also known as a Relative Time Reference.

The recalculation period may be one complete day relative to the given timestamp. The sign
of the offset fraction is inverted. Note that only changes effective at the specified special time
result in a recalculation.

Examples
Tag Expression
BASEVAL | TagVal ( ‘xsource’ ,” T )
DIFFVAL "xsource’ - TagVal (" xsource','T')

BASEVAL holds the midnight value of xsource of each day. If this value changes, all
Archive values of BASEVAL for that day have to be modified. Every recalculation on this
day yields the same new result. If there are changes of xsource at other timestamps, nothing
is recalculated.
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3.3.6

3.3.7

Page 30

DIFFVAL has to be recalculated for the whole day, when xsource at midnight is modified.
Other changes of xsource affect values of DIFFVAL only at the event timestamp of xsource,
and the period of time between the previous and next events of xsource. The period of time
between the new xsource event and the next xsource event would have to be recalculated if
the Step point attribute is 1. See Figure 3-5.

This change Modified input
influences one day
i " xsource
“"“‘ —

o

DIFFVAL

R

We recalculate all events in this range!

Figure 3-5. Type = Relative Time Reference

Type 6: Time Range Point Relationship

In the example below, any change of xsource affects the value of YSUM for the whole next
day's period.

Tag Expression

YSUM TagTot (' xsource’,’'Y , 'T)

This dependency type requires that both time parameters be relative to the calculation time.
Expressions like '-1h" are valid as one of the time parameters. They are interpreted relative to
the other.

Type 7: Multi-level Time Dependency

The time parameter of an archive function is the output of another function. For example, this
expression finds the average value of sinusoid from the time yesterday at which the value of
‘starttrigger’ was 50 to the current time:

TagAvg ( sinusoid’, FindEq( starttrigger',’y', ' t',50), '*')

For recalculation purposes, the relation to the point sinusoid is considered a Type 1 (Simple)
point relation. As the detection of the affected period does not consider the time dependency,
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3.3.8

not all possibly affected PE events are automatically recalculated. For example an edited
value of sinusoid does not force the recalculation of the dependent PE point for the whole
next day.

The calculation itself uses the time parameters correctly, so requesting a recalculation
manually could be used as a workaround, if necessary.
Type 8: Absolute Time Reference Point Relationship

In the first example below, if the value of xsource at 01-Jan-98 is changed, the Recalculator
would have to calculate everything from the timestamp stated in the PE expression up to now.

In the second example below, other changes of xsource affect the value of DIFFVAL only at
the timestamp of xsource and the interval of time between the previous and next events of
Xsource.

Tag Expression
BASEVAL TagVal (' xsource', ' 01-Jan-98")
DIFFVAL "xsource’ - TagVal (" xsource’, 01-Jan-00")

A change in an absolute timestamp in an expression does not cause recalculation of the whole
Archive automatically. If this function is desired, you have to run the Recalculator as a
console application, stating which point and time period has to be recalculated.

3.4  Special PE Time Functions

3.4.1

3.4.2

Some of the time functions in the PE library change the data type of their arguments, or
extract information from timestamps. This category of time functions requires special
consideration.

Modify a Timestamp

There are several time functions that modify a given timestamp including Bod (), Bom (),
Bonm (), Noon (). If the timestamp parameter is relative to calculation time (normally * or
something based on it), the result refers to a special timestamp relative to the parameter. If
this timestamp is modified, the Recalculator must recalculate a whole day or a whole month.
This is similar to the "B £ n X ** problem above (Type 4: Relative Time Reference). If the
timestamp parameter is absolute, the result is an absolute timestamp; an automatic
recalculation is suppressed (Type 8: Absolute Time Reference).

Parsetime Function

Parsetime () converts any string to a timestamp. If the input string is a constant and complete
time expression, this has the same effect as a direct time parameter in single quotes. Here
Parsetime() is not necessary (P12 compatibility).

If the input string is an incomplete constant time expression, we have something relative to
“*” that evaluates similar to the previous functions.
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3.4.3

If the input string is a variable, evaluation at compile time is impossible: Any automatic
recalculation is suppressed.

Extract a Number from a Timestamp

Other functions extract a number out of a timestamp, including Day (), DaySec (), Hour (),
YearDay () .

These functions don’t affect the recalculation period. If the results are used in other time
expressions, they have the same effect as any other variables. The effects can only be
evaluated during the recalculation process.

3.5 Examples of Archive Retrieval / Search Functions

A simple form of filter, assuming no compression, with scan-based values; this avoids
recursive use of the PE point:

(' xsource’ + (PrevVal (" xsource', "% )*9) / 10
Yesterday’s average value:
TagAvg (' xsource', 'Y, 'T)

Performs an integration (sum) on xsource since tsource’s value first exceeded 10.0
yesterday; assuming xsource has a per day EngUnit:

TagTot (xsource, FindGt(tsource,’ Y, T ,10.0), T )*24

These functions have several time parameters, defining a time range of Archive values to use.
See the limits of the Time Range Reference type, earlier in this chapter.

PrevEvent(), or NextEvent () return an absolute timestamp outside a given time range. This
means theoretically that we cannot determine the reverse time. Practically they return the
neighbor timestamp to the input timestamp. This is the same algorithm the recalculation
performs anyway (if source point’s Step=0). Therefore, no extra time dependency is
evaluated. This applies also to the functions PrevVal() and NextVal().

Note: Multilevel functions, such as PrevVal(‘tagname'), or PrevEvent(‘tagname'’)-
1s) are calculated properly, but determining the affected recalculation period is not
supported properly.

3.6 Recalculation Limitations
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There are some restrictions and limitations on the Recalculator’s ability to reprocess
Performance Equation expressions. This section outlines these limitations.
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3.6.1 Source Variables without Archive Values

If any of the source variables do not have Archive values, the recalculation results in No
Data. This is not inserted into the Archive. If the original PE Scheduler calculation created
Archive events, they are preserved. Recalculation of these equations is not performed.

3.6.2 Exact Simulation of the Original Scan Cycles

A point event found within one scan cycle will be modified; otherwise a new event for the
dependent PE point will be inserted. An inserted event is set at the source event’s timestamp
+1 sec.

3.6.3 Modifications of the Performance Equation

When you modify a PE, recalculation is not initiated. Whenever recalculation does occur, the
current expression is used. Previous expressions are not retained.

If you want to apply a new formula to past values, you must run the Recalculator explicitly
on the desired point and period.

3.6.4 Archive and Time Functions

These generally result in recalculating some period between the input event and now. If these
functions are used, they can cause a heavy amount of system load. As noted earlier, the
recalculation of the whole Archive up to now because of absolute timestamps is suppressed
on automatic recalculation.

Timestamps as a result of other embedded functions are not supported completely. If the
timestamp expression cannot be evaluated at compile time (subsystem start), a dependency
Type 1 (i.e. Simple) is assumed. This applies to expressions like:

TagVal (" input_tag’, PrevEvent (' input_tag ,’ *')-3600)

Not all affected PE point events might be found correctly. See the description of Type 7:
Multilevel Time Dependency for another example.

It is syntactically correct to have relative time expressions referencing future values. PE
Scheduler works on No Data and gets a Calc Failed result. If the Recalculator has to perform
this calculation, this is not considered specially. A numerical value might be returned and
stored in the archive. So there are different results without any change in the source data.

3.6.5 Unsupported Dynamic Functions
Recalculator does not support the following functions: Arma (), Delay (), Impulse (), and
MedianFilt ().

3.6.6 Incomplete Timestamps

An incomplete absolute timestamp (e.g., ‘25’ = midnight on the 25th of the actual month)
refers to the actual time of compilation, which gives different results depending on the time
of recalculation. For more details, see Set the Location3 Attribute: Timestamp, on page 13.
Avoid these expressions.

The calculation is independent of the Archive time for which it will be used.
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3.6.7

As incomplete timestamps are not absolute dates, they don’t lead to a total recalculation of
any dependent PE point. As they are not valid relative time expressions, inverting of time
dependency is not performed.

Blob Support

Like the PE Scheduler, the Recalculator does not handle Blob type points.

3.7 Recalculator Point Configuration

3.7.1

3.7.2

3.7.3

3.74

3.7.5
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Points used by the Recalculator are completely defined by the requirements of the PE
subsystem. For more information regarding point configuration, see Chapter 2, PI
Performance Equation.

In addition, the Locationl parameter is used. The Locationl value does not influence the
operation of the PE Scheduler.

The Recalculator uses the Point Name and Step parameters from the source points. The
Recalculator signs up for events of the source points, which may belong to any point source.

The Recalculator is scheduled with the point source class of PE points, and uses the following
parameters of the dependent PE points: Extended Descriptor (ExDesc), Point Source, Scan
flag, Archiving flag, Location 4, and Point Type, as described below.

Point Name

The point names for the PE point and the source points follow the normal Pl point-naming
conventions.

Extended Descriptor

The Extended Descriptor (Exdesc) contains the Performance Equation. It is analyzed to find
source points and time expressions. It is calculated to get the new Archive values.

Point Source

All points defined in the P1 Point Database for use with this module must share the point
source of the PE subsystem. The Point Source is a single character. The standard for the PE
Subsystem is C.

Scan

The Scan flag must be set to 1 for the PE Scheduler to work on this point. The Recalculator
does not use or change the Scan flag.

Archiving

Archiving has to be set to 1 for the PE Scheduler to create Archive events of this point. The
Recalculator does not use or change the Archiving flag, but the Archiving flag must be set to
1.
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3.8

3.7.6

3.7.7

3.7.8

3.7.9

3.7.10

Locationl

By default, the Recalculator considers all PE points as candidates for recalculation and does
not use this attribute value. However, if there is a parameter “/IN=n" where n > 0) in the
startup file or an Instance value in the Registry, only points with the corresponding value in
Locationl are recalculated. This feature can be used to assign PE points into recalculation
groups.

Note: It is possible to start multiple instances of the Recalculator. Every instance
should be controlled by a different /in parameter.

Location4
This parameter specifies the scan class used by PE Scheduler.

PointType

As with the PE Scheduler, the point types Int16, Int32, Floatl6, Float32, Float64, Digital
and String may be used.

Step

This value for the source point is used to determine if any event any time prior to the
scheduled event must be examined. See Point Dependency Considerations, on page 24.

Other Attributes

The Recalculator does not use any other point attributes. They may be used by the PE
Scheduler and retain their normal meanings for other operations.

The following attributes are not used:

e Location2

e Location3

e Location5

e Userintl

e UseriInt2

e UserReall

e UserReal2

e EventTag

e InstrumentTag

e Square root code

Start Recalculator as a Service

The Recalculator can run as a Windows service, to automatically recalculate PE points that
have source points that receive edits, deletions, or new delayed or out-of-order events.
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3.8.1
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The Recalculator module is normally installed automatically when the Pl Server is installed.
This section explains how to configure the PE Recalculator startup.
Configure Startup and Shutdown

The Recalculator is not set to start automatically upon system startup, even if you chose to
have the PI Server start automatically. To start Recalculator automatically, edit the startup
and shutdown scripts, and change the startup settings for the Recalculator service. You should
do both since you may start the Pl Server by starting the computer, or by running the startup
script when the computer is already running.
Startup and Shutdown Scripts
Edit \pi\adm\ pisrvsitestart.bat and add the line:

net start pirecalc
Edit \pi\adm\ pisrvsitestop.bat and add the line:

net stop pirecalc

Edit \pi\adm\ pisitestart.bat and add the line:

start “Pl Recalculator Subsystem” /min cmd /k ..¥bin¥pirecalc. exe

Configure Automatic Startup

The Recalculator may be configured for automatic startup by either of two methods:

Using the Control Panel Services Applet

Open the Control Panel and start the services applet. Locate the Pl Recalculator
Subsystem in the list of services. Click the Startup button:
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Service: Fl Recalculator Subsystem
— atartup Type
oK I
Cancel |
" Disahled Help |
—Lag On As:

' System Account

[T Allow Service to Interact with Deskiop

€ This Account: I _l

Pz I

(Earifittr I
Fassyrarel:

Click the Automatic radio button. The Recalculator will start automatically on your next
reboot.
Using Recalculator Command-Line Arguments

The Recalculator executable supports command-line arguments that can be used to configure
it to run as a Windows service.

Issue the following commands:

¥pi¥bin¥pirecalc -remove
¥pi¥bin¥pirecalc -install -auto —-depend piarchss
-display “Pl Recalculator Subsystem”

3.8.2 Specify Options with a Startup Script File

When the Recalculator starts, it searches for \pi\bin\pirecalc.bat. This file may contain startup
and debugging options, and can also be used as the startup file when starting the Recalculator
manually. This file is not created automatically when the PI Server is installed or upgraded.

Note: When specifying file names in the script, be sure to use full path names.

You can also set some of these options by editing the Windows NT/2000 Registry. See
Section 3.8.3, Specify Options, for details.

Recalculator Startup Options

Table 3-3 shows the command line switches for the PE Recalculator. These options are
detailed after the table.
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Some of these options are best used only when the Recalculator is started manually. See
section 3.9, Start Recalculator Manually, for details.

Table 3-3. Recalculator Startup Options

Parameter Description

/in=0 Interface number (corresponds to Location1 point
attribute). Omitting this parameter or a value of 0 means
ignore Locationl values.

/output=c:\....\pirecalc.log Module-specific debug log file pathname. The default
output is to the screen, if run as console application.

/ex[ecute]=tag,start[,stop][,TEST] Recalculate a specific PE point and exit. This option can
accept one timestamp to specify a point in time, or two
timestamps to specify a range. Adding the word 'TEST'
causes the display of recalculated results with no
storage in PI.

Wildcard characters can be used in the tag. If present,
an /in= startup parameter is checked, too.

This option may only be used only in manual mode.

/deb=0 Debug level. See Table 3—4 for debug level options.

These parameters of pipeschd.bat are also read and interpreted:

ff=... Scan Class frequency, optional use of multiple /f=...
-no default values provided -

/ps=C Point Source

Note: Command-line parameters are case-insensitive. You can use a leading -
(hyphen) instead of / (forward slash) as well.

Command-Line Parameter Reference

/Ips=C

Specifies the point source of the points on which the module will operate. This parameter is
taken from the PE Scheduler startup script file, pipeschd.bat.

fin=1

This parameter corresponds to the Locationl attribute of a point. If you omit this parameter
or set it to zero, all PE points, determined by the /ps parameter in pipeschd.bat, are checked
for recalculations.

/f = 00:00:30[,00:00:00]

This parameter is set in pipeschd.bat. It defines the scan frequency for different scan classes.
There is no limit on the number of scan classes. An offset may be added.
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These parameters in combination with the Location4 point attribute determine where an
existing PE event is searched, or if a new event is created. The offset portion is not used.

loutput = C:\Program Files\Rockwell Software\FactoryTalk
Historian\Server\PN\log\pirecalc.log

The /output option causes Recalculator to generate debug output and error messages and
send them to C:\Program Files\Rockwell Software\FactoryTalk
Historian\Server\PI\log\pirecalc.log. If you omit this parameter and start Recalculator
(manually) as a console application, output is sent to the console window.

If you start Recalculator as a service and the output parameter is missing, output goes to the
Pl System Message Log. Use the P1GetMsg utility or PIHealthCheck to retrieve this
information. Debug messages are not sent to the Pl System Message Log.

/lexecute = tagmask,starttime[,endtime][,TEST]

The “/execute” mode allows you to test or modify single Dependent PE points. Use this
option only when you manually start the Recalculator.

For example: “/execute=tagl, 12-dec-98 15:00:00” means, recalculate the PE point tagl at
the given timestamp, then exit.

Q For starttime and endtime the PI time syntax is allowed.
Note: Do not use quotes around tagname and time. If this option contains space

characters (timestamps require a space between date and time), enclose the whole
option in double quotes.

Q Tagmask is searched among the tags with the same point source as stated in
parameter /ps in pipeschd.bat.

Q If a parameter /in is present, Locationl is checked, too.

Q Tagmask can contain wildcard characters * and ?. All matching points are
recalculated.

Q If there are two time parameters, they define a time range to be recalculated.

Q If there is a single time parameter and no event exists at that time - within limits
given by the corresponding scan cycle, a new Archive event is created.

Q If the additional sub-parameter TEST is applied, the results are not stored in the Data
Archive but are printed only, according to the /output parameter.

Q This mode doesn’t work when run as a service.

Q The option keyword may be abbreviated up to **/ex="".

/deb=0

The module is able to print additional debug information into the module-specific log file,
depending on the debug level used. The amount of log information increases with the value.
All information of lower levels is included.
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Table 3-4 lists allowed debug values, and output.

Table 3—4. Recalculator Debug Levels and Output

Debug

Level Output

0 Start / Version / Number of points / Stop (As sent to Message Subsystem). Test mode
results. Internal errors.

1 Additional information about module operation. Examples: startup parameter / defaults,
results of dependency check on start/update.

2 Information about problems that will be handled by the module and will not cause data
loss. Start of a recalculation period.

3 Display result dependency. More calculation period info.

4 Print out each calculation the program performs. Only for onsite test purposes. Use this

mode if directed by OSI Tech Support. Log file might increase rather quickly.

5 More information than Level 4.

6..8 Additional internal debugging information

9 Maximum internal dump output.

3.8.3 Specify Options with the Windows Registry

Page 40

To control Recalculator when started as a service, you can specify startup options in the
Windows NT/2000 Registry rather than creating a startup script file. Registry values are not
created automatically when the PI Server is installed or upgraded. Use the RegEdit
application to update the Registry.

You can include the following startup parameters in the Registry key
KLM\SYSTEM\CurrentControlSet\Services\pirecalc:

Startup Parameter | Registry Value Name Data Type
Joutput DebuglLogFile REG_SZ

/deb Debuglevel REG_DWORD
fin Instance REG_DWORD

Note: Startup file settings located in pi\bin\pirecalc.bat have priority over Registry
settings.

If there is no path information for DebugLogFile, the standard PI Server log directory
C:\Program Files\Rockwell Software\FactoryTalk Historian\Server\PI\log is assumed.
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&' Registry Editor
Begistry Edit View Help
3 pilogsns ;I | MName | Diata
2 pimsgss [aB] (Detault) (walue not set)
2 pinetrmgr DependOnGroup uli]
[ pipermon DependOnSeNlce F0EBY96e 65 746dE7 72 00 F0E9 7570
[ pipetmon_hasic DisplayName "PI Recalculator Subsystem”
[ pipeschd ErrorControI 0000000071 (1)
[ piping_basic 5] Group "
i [ab] Irnage Path "D Flykin pirecalc.exe”
/23 pirecalc g p
.3 Enum ObJEdName "LocalSystem"
.23 Security 78] Start 0x00000003 (3)
10 pisession_stats J Type WAl
& pichutov - ___DebugLeveI 0x00000001 (1)
"CI Elsnapss [abGehu. "dypitlogiRecalcDebuglog”

¥ pisnmp_basic
0 pisglss

- pitotal -
4| - | » 4| _bl

|My ComputeryHKEY_LOCAL_MACHINEYSYSTEM,CurrentCantralSetyServices'pirecalc y

The example above shows the Recalculator service configured for a debug level of 1, with a
debug log file specified.

A normal installation has neither Registry keys nor the pirecalc.bat file.

3.8.4 Run Multiple Instances

To recalculate several subsets of Performance Equation points you may wish to run multiple
instances of pirecalc. Create a startup script for each instance, such as:

¥pi¥bin¥pirecalc. bat
¥pi¥bin¥pirecalc?. bat
¥pi¥bin¥pirecalcd. bat

They should differ by the /in=# startup parameter. If they are intended to start console
applications, they may refer to the same executable, \pi\bin\pirecalc.exe. See Section 3.9,
Start Recalculator Manually, for more information.

To run multiple instances of Recalculator, create copies of pirecalc.exe and rename them, for
example:

¥pi¥bin¥pirecalc?. exe
¥pi¥bin¥pirecalc3. exe

Then install them as services by running

¥pi¥bin¥pirecalc?2. exe -install -auto —depend piarchss
-display “P| Recalculator Subsystem (Subset 2)”

It is necessary that corresponding .exe and .bat files have the same base names and reside in
the same directory \pi\bin\. You may change the display (icon) names. Rockwell Automation
recommends you start them with "PL." They must be unique.

Edit the start and shutdown scripts: see the instructions in Section 2.2.1, Start and Stop the
PE Subsystem, for more information. The notes there about automatic vs. manual service start
apply to the additional instances as well.

To rename the originally installed instance, you have to remove the service first. Use the
command:
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¥pi¥bin¥pirecalc. exe -remove
And proceed as described above.

Alternatively to different .bat files, you may add the Instance=# Registry value as described
in Section 3.8.3, Specify Options. The Registry key pirecalc2 might look like this:

& Registry Editor

Begistry Edit Yiew Favaorites Help
& pimsgss 2l [ Name Type | Data
-3 pinetmgr [ab] (Default) REG_SZ fvalue not sef)
&3 piperfmon [a]DependOnGroup REG_MULTI_SZ
@ piperfmon_basic  [@b]DependOnSerice  REG_MULTI_SZ piarchss
-3 pipeschd DisplayName REG_SZ Pl Recalculator for Subset 2
--{:I piping_basic [28]E rrorControl REG_DWORD 0000000071 (1)
..{:| pirecalc ImagePath REG_EXPAND_SZ  Ch\Phbin\pirecalc?.exe
B-E3 pirecalc? [ab] ObjectMame REG_SZ LocalSystern
- Security REG_DW/ORD 000000003 (3)
-0 pisession_stats REG_DWORD 000000010 (16)
&3 pishutey REG_DWORD Ox00000002 (2)
#=-0 pisnapss
&1 pisnmp_basic
=0 pisglss
&1 pitopi
&1 pitotal _
FE T e T | PR ' SR
Fer— Y | »l
|My ComputeHKEY_LOCAL_MACHINENSYSTEM\CurrentControlSetyServicesipirecalc2 4

3.9  Start Recalculator Manually

3.9.1
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You can start Recalculator as a console application instead of, or as well as, a Windows
service. This is useful if you want to watch debug message output on the screen, or to
reprocess Performance Equation expressions on demand.

Recalculator Startup Options

When started manually, the Recalculator interprets the same startup options as when run as a
service. See Recalculator Startup Options, on page 41.

An example of a startup script is as follows:

pirecalc. exe /deb=1 /output=c:¥Program Files¥Rockwel| Software¥FactoryTalk
Historian¥Server¥pi¥log¥pirecalc. out

You can start the Recalculator by running a batch file (such as \pi\bin\pirecalc.bat)
containing these startup options.

You can recalculate a subset of PE points if they have the same Locationl parameter. This is
specified with the /in startup parameter. Different subsets can be processed in parallel by
other instances of pirecalc, that are run as console or as a service. Running several console
application instances in parallel simply requires different startup scripts, containing different
/in parameters.
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3.9.2 Manual Recalculations
This section describes recalculation operations that you can perform when you start
Recalculator manually.
Recalculate a Single PE Point over a Period of Time
Use the /execute option with two timestamps. For example:
/execute=MyAvgTag, “"01-dec-98", “01-jan-99”

Recalculate a Single PE Point at a Specific Time
Use the /execute option with a single timestamp:
PIRECALC “/exec=petag, timestamp”

A new value is added if there is no event in the Archive at or directly (within one scan period)
after the timestamp. For example:

/execute=MyOtherTag, “30-nov-98 23:59:59”

Test Recalculation over a Period of Time

Recalculator shows the expected value of a PE point by recalculating it, but does not store the
result in the PI Data Archive:

pirecalc /exec=T2Calc, Y+7h, Y+15h, TEST

Recalculator shows T2Calc’s values from yesterday at nine o’clock in the morning, to three
o'clock in the afternoon. The Archive remains unmodified and might contain different values.
T2Calc is assumed to be a dependent PE point.

Test Recalculation at a Specific Time

Recalculator shows the expected value of a PE point by recalculating it, but does not store the
result in the PI Data Archive:

pirecalc /exec=T2Calc, Y+9h, TEST

The Recalculator shows T2Calc’s value from yesterday morning at nine o’clock. The
Archive remains unmodified and might contain a different value. T2Calc is assumed to be a
dependent PE point.

3.10 Stop Recalculator

If you start Recalculator in single execution mode (that is, manually with the parameter
/execute), the module stops itself when finished. If you start Recalculator as a console
application, use the <CtrI>-C or <Ctrl>-<Break> key command.

If you start Recalculator as service, you can stop it via the Control Panel, or with the
command: (where PI\ is the full path of the PI directory)

Pl¥bin¥pirecalc -stop
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or

net stop pirecalc

3.11 Optimize Recalculator Performance
Recalculator is intended to operate as a background task on already existing Archive events.
To limit the system load, recalculation is divided into several steps with decreasing priority:
O Find the PE point and period to be calculated, whenever triggered by a source event.
Q Perform calculations of periods found in the previous step.
Q Check for point attribute updates.

These steps are triggered in different cycles and are limited to a number of operations per
cycle. You cannot change the parameters controlling this behavior.

To speed up the performance of the single execution mode, select an appropriate subset of
dependent PE points using the point attribute Locationl and the /in= startup parameter.

3.12 Error and Information Messages

You can view Recalculator system (log) messages in two locations.

Q The standard Pl System Message Log contains general information and error
messages, such as: subsystem start / stop, used point source character, and number of
points handled. Use pigetmsg or PIHealthCheck to read the Message Log.

Q You can instruct Recalculator to generate a user-configurable message log file.
Output messages to any filename with the /output startup parameter. (If you start
Recalculator as an application, the output defaults to the console window.) Configure
the error and debug information recorded with the /deb=level startup parameter. The
log also records results if you use the /execute=tagname,period, TEST startup
argument.
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The Performance Equations (PE) Scheduler allows you to easily implement sophisticated,
real-time calculations, using data in the Pl System. (See Chapter 2, Pl Performance
Equations Scheduler.)

The PE Scheduler includes an equation syntax and a library of built-in functions, which allow
you to easily perform a wide variety of calculations on Pl data. Typical calculations include
unit performance, real-time cost accounting, real-time yield accounting, heat and material
balances, batch summary, conversions and totalizations not performed by Pl Totalizer, logical
operations, and calculating aggregates.

This chapter provides comprehensive instructions for using Performance Equations syntax
and functions, and includes the following topics:

Section 4.1, Performance Equations Syntax, on page 49
Section 4.2, Performance Equations Functions, on page 66
Section 4.3, List of Built-in Functions, on page 67

Section 4.4, Performance Equations Functions Reference, on page 76

4.1 Performance Equations Syntax

Performance Equations syntax includes the following topics:
O Performance Equation Syntax, on page 49
Performance Equation Operands, on page 50
List of all Performance Equation Operators, on page 57

Data Types, on page 64

00 0 0O

Test the Performance Equation Syntax, on page 65

4.1.1 Performance Equation Syntax

Writing a Performance Equation calculation expression is very similar to writing an
expression in arithmetic. In fact, you can use any of the standard arithmetic operators in a PE
expression (such as +, -, or *) to add the values of two points together, add a number to the
value of a point, etc.
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4.1.2
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As with arithmetic expressions, the building blocks of a PE calculation expression are
operands and operators. Performance equations are simply expressions in which operators act
on operands. A basic PE expression takes the form: operand operator operand — as shown
here:

Syntax: operand operator  operand

Examples: TagA + TagB
3 - TagC
7 * Sqr(‘TagD")

The PE Scheduler evaluates the first example as the value of TagA plus the value of TagB.
The second example is 3 minus the value of TagC. The third example is 7 times the square
root of TagD.

You can construct more complex PE expressions, just as you can in arithmetic. The PE
Scheduler performs most operations in the same order as they'd be performed in a
mathematical expression. For a complete listing of PE operator priority, see Operator
Priority, on page 63.

Use parentheses to group together expressions you want to evaluate first:
(TagA+TagB )/ (3-TagC)
TagA /(TagA +TagB)
3+ (7 * 5qr(Tagd?))
The first example above evaluates as the sum of the values of TagA and TagB, divided by the

difference of 3 minus TagC. The second example is TagA divided by the sum of TagA and
TagB. The third example is 3 plus the product of 7 and the square root of TagD.

Performance Equation Operands

The operands that the PE Scheduler recognizes are listed in Table 4-1. (As indicated under
Syntax Requirements, certain operands must always be enclosed in single or double quotes.)
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Table 4-1. Operands in Performance Equations

Operand Type Syntax Examples
Requirements

Numbers (none) 1342
98.6
. 0015
1.2e2

Tagnhames In single quotes "sinusoid’

"ba:level. 1’
"ba. phase. 1’

PI Time Expressions In single quotes "01-dec-03’
"16-jul-94’
-

Strings In double quotes “string string string”
“Now is the Winter of Our
discontent---”
“sinusoid”

Functions Must be a PE TagVal (" sinusoid’)

function

TagAvg (" sinusoid’)
Cos (' sinusoid’)

Number Operands

You can use numbers in Performance Equations. The PE Scheduler processes all numbers as
floating point numbers. Examples of numbers include:

3. 14159
299792458
299792458.
0.671

.61

6. 71e-1

Note: The second and third examples are equal, as are the fourth, fifth, and sixth.

4.1.3

Tagname Operands

You can use tagnames in Performance Equations to represent values from the Snapshot. You
must put the tagname in single quotes, unless you are using the tagname as a string, in which
case you must enclose it in double quotes. The PE Scheduler evaluates the tagname according
to its use it in an expression, as a function argument, or as a time expression.
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Tagnames in Expressions

If you use the tagname in an expression, PE evaluates the tagname as that point's value at the
current time. For example:

3 + "sinusoid’
is equal to the value of sinusoid at the current time (see note), plus three. The same value
results from the expression:

3 + TagVal (' sinusoid’, '*')

Note: The exception is when this expression is used in a PE point, the PE point is
event-based, and the Location3 attribute is set to one.

Tagnames as Function Arguments

If you use the tagname as an argument in one of the PE built-in functions, then the PE
subsystem evaluates the tagname according to the type of value expected by that particular
function.

For example, if the function expects a tagname, then PE passes a tagname to the function. If
the function expects any other data type such as a string or a number, PE Scheduler gets the
current value of the point and passes that to the function—as whatever data type is expected.

For example, the Concat function expects two or more strings as arguments. It concatenates
all the arguments into a single string:

Concat (" sinusoid’, 'ba:level.1")

To evaluate this expression, the PE Subsystem takes the current value of the sinusoid point
and the ba:level.1 point and passes these to the Concat function as strings. Concat then
returns a string that is composed of the value of the sinusoid point followed by the value of
the ba:level.1 point. If the current values of these points are, respectively, 85.329 and 30.478,
Concat returns the following string:

85.32930. 478

Tagnames that Are Valid Time Expressions

Wherever possible, choose tagnames that cannot possibly be interpreted as time expressions.
The tagname t-151d, for example, is also a valid time expression meaning today minus 151
days. If you must work with tagnames that are also valid time expressions, use the built-in
function TagNum to ensure that the PE subsystem does not treat the tagname as a time. For
example, Abs (TagNum (“t-151d”)) would return the absolute Snapshot value of point t-151d.
Note that TagNum interprets a double-quoted string as the argument.

To the PE subsystem, an expression within single quotes can correspond either to a time or a
tagname. The PE Scheduler treats expressions in single-quotes as tagnames for all the built-in
functions that take a point as the first argument. (Examples include TagVal, TagAvg, and
AlmCondition). In all other cases, the PE subsystem first attempts to resolve the expression
as a time. If the expression is not a valid time, then the PE subsystem tries to resolve it to a
tagname. If the point does not exist, the subsystem returns the error Calc Failed.
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For example, TagVal (' t-151d’) returns the Snapshot value for the point t-151d, if it exists.
However, the expression t-151d returns the date corresponding to 151 days before today—
because it is a valid time expression.

4.1.4 String Operands

Strings are sequences of any printable characters. Strings are always enclosed in double-
quotes. Some examples are:

“This is a string”
“sinusoid”
“14-Dec-97"

Note: Character strings might look like tagnames or time expressions, as in the
second and third examples above. In some cases, the string in the third example
might be interpreted as a time. The difference is that a character string is enclosed in
double quotes (for example, "string") while a tagname must be enclosed in single
guotes (for example, 'tagname’) and a time expression may be enclosed in either
single or double quotes.

4.1.5 Time Expression Operands

In a PE, you can use any standard PI time expression if you enclose it in single quotes. The
following topics briefly explain PI time expressions and how to work with them in PEs. For
more information about PI time, see the P1 Server System Management Guide.

Q PI Time Expressions

Q Tips for Working with P1 Time Expressions

Q Times as Strings

O Quick Reference Table of Time Syntax Examples

Pl Time Expressions

P1 allows three basic types of time expressions: relative time, combined time, and absolute
time.

Relative Time

Relative time expressions are some number of a number of days, hours, minutes, or
seconds, specified with either a leading plus sign or a leading minus sign.

The reference time, or starting time, for the relative time expression is usually the current
time. In PEs, we recommend you use a combined time expression, rather than a relative
time expression.

+1d
-24h
=3m
+24s
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Combined Time

A combined time expression is a specific reference time, followed by a relative time
expression. In Performance Equations, you enclose the combined time expression in
single quotes (or double quotes, if you are passing the time expression to a PE function as
a string).

"x+8h’
"18-dec—02 -3m’
"T+32s’

Combined time expressions should contain only a single operator. If you add additional
operators, you get unpredictable results. For example, the following are not valid time
expressions:

"x+1d+4h’
"T-1d+12n’

Absolute Time

Absolute time expressions are everything else—in other words, any time expression that
is neither a relative nor a combined time expression is an absolute time expression. When
using absolute time expressions in PEs, put the time expression in single quotes.

»

"14-Dec-97

TagVal (" Sinusoid’, “1-Jun-2000")

"11-Nov-96 2:00:00. 0001’

»

Tips for Working with Pl Time Expressions
When working with time expressions in PEs, please follow these important guidelines:

Q Use absolute or combined time expressions, rather than relative time expressions. If
you don't, depending on the context of the expression, you might get an error
message or Pl might choose a starting time that is not what you expect.

Q Relative and combined time expressions do not provide any special processing for
clock or calendar events such as daylight savings time boundaries. If you need
intervals based on local clock time, use Noon( ') and Bod( ) functions.

Q Relative and combined time expressions contain only a single operator: either a
single plus sign (+) or a single minus sign (-). If you add additional operators, you get
unpredictable results. For example, the following are not valid time expressions:

"x+1d+4h’
"T-1d+12h’
Times as Strings

You can also pass a time expression as a string to a function that expects a string. In this case,
enclose the time expression in double quotes, rather than single quotes.
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4.1.6

Performance Equations Time Syntax Reference

The following table provides PI time syntax examples.

Table 4-2. Examples of Time Syntax

Description Code Example Example Description
Now * * Now—current time
Midnight at specified dd 25 Midnight the 25th of the
date and current current month

month

Midnight at specified dd-mmm-yy 25-aug-02 Midnight on August 25th 2002
date

Specified time at dd-mmm-yy hh:mm:ss | 25-aug—02 Noon on August 25th 2002
specified date 12:00:00

Specified hour at h: 8: 8:00 at current date
current date

Specified hour and dd h: 25 8: 8:00 on the 25th day of the
day of current month, current month

year and minute

Today at 00:00:00 t t+7h Today at 7 a.m.

Yesterday at 00:00:00 |y y+15h Yesterday at 3 p.m.

Day of the week at sa, su, mo, tu, w, th, T | mo+6. 5h Monday at 6:30 a.m.
00:00:00

Time interval (days) #. #d 1.3d 1.3 days

Time interval (hours) #. #h 1.5h One hour and a half

Time interval (minutes | #. #im 32m 32 minutes

Time interval #. #s 49s 49 seconds

(seconds)

Function Operands

The PE Scheduler provides built-in functions that perform a variety of operations. You can
use any of these functions as an operand in a Performance Equation.

Numbers and Strings as Digital States

Digital state values consist of a state set specifier and a state number within that set. Each set
has a list of text names for the states. You can set a digital point with an expression that
results in either a number (specifying the offset) or a string (specifying the state name).
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Comparing the Value of Digital and Numeric Points to Strings

In PEs, you can use expressions that compare the value of a digital or numeric point to a
string. For example, if the string "Run™ is in the state set for digital point PumpStatTag, then
the following expression is valid:

|f " PumpStatTag’ <> “Run” then 1 else 0

The state set for a numeric point is the System State Set. The System State Set is the default
state set for all points and it contains a collection of all the states that any point can use.
Examples are Shutdown, Over Range, I/O Timeout, etc. For example, the expression

"sinusoid” = “Shutdown”
is true if the numeric point sinusoid contains the digital state Shutdown from the System
Digital State Set.
Comparing a Digital State to a String Point

If you want to compare a digital state to a string point, use the DigState function to convert a
string to a digital state explicitly. For example, the following are different:

If "StringTag’ = “Shutdown” then 0 else 1
If "StringTag" = DigState ("Shutdown™) then 0 else 1

The former is true if the string point contains the string "Shutdown” while the latter is true if
the point contains the digital state Shutdown.

Setting the Digital State for a Numeric or Digital Point

You can use a string to set the digital state for a numeric or digital point. When you do this,
PE Scheduler looks first in that point's state set for a state that corresponds to the string. If the
state does not exist in the point's state set, PE Scheduler searches the System Digital State Set
for the state string. If PE Scheduler cannot find the state string in either the Digital State Set
for that point or in the System Digital State Set, it returns Calc Failed. The state set for a
numeric point is the System Digital State Set.

List of all Performance Equation Operators

You use PE operators in PE expressions to act on operands such as tagnames, numbers, and
time expressions. Operator priority works basically as it does in math—multiplication and
division are performed before addition and subtraction, etc. You can also use parentheses to
group operations, just as you do in math. For a complete explanation of operator priority, see
Operator Priority on page 63.

Table 4-3 lists all the PE operators, according to type, with examples.

Table 4-3. PE Operators, Listed by Type, with Examples

Meaning
Operator Operator Syntax Example (A, B, C and D are all operands)
Type
Arithmetic + A+B Addition: A+ B
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Meaning
Operator Operator Syntax Example (A, B, C and D are all operands)
Type
- A-B Subtraction: A minus B
* A % B Multiplication: A times B
/ A/ B Division: A divided by B
- A~ B Raising to a power: A to the power of B
(AB)
Mod A mod B Modulus: the remainder of A divided by
B
Relational < A<B Less than: returns true if A is less than
B
= A= Equal to: returns true if A equal to B
> A>B Greater than: returns true if A is greater
than B
(= A<=B Less than or equal to: returns true if A is
less than or equal to B
O A< B Not equal to: returns true if A is not
equalto B
>= A >=B Greater than or equal to: returns true if
A is greater than or equal to B
Prefix Not NOT A Complementation: returns true if Ais 0
and False otherwise
- - A Negation (as prefix operator): returns
the negative of A
Conjunction, And A and B Conjunction: returns true if operands A
Disjunction & B both evaluate to true. If both A and
and Inclusion B are integers, returns the result of a
bitwise AND operation.
Or Aor B Inclusive disjunction: returns true if
either operand A or operand B
evaluates to true. If both A and B are
integers, returns the result of a bitwise
OR operation.
in .. A inB..D Membership in a range: returns true if
the value of A is between B and D
in () A in (B1, B2, Membership in a discrete set: returns
-BN) true if the value of A matches any of the
values enclosed in the parentheses.
If-Then-Else if then if A then B else If-then-else expression: returns B if A is
Expressions else D true—otherwise it returns D
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Arithmetic Operators
PE operators include the simple arithmetic operators in Table 4-4.

Table 4-4. PE Arithmetic Operators

Operator Meaning Notes

+ Addition

- Subtraction

* Multiplication

/ Division

n Raising to a power

mod Modulus The mod operator returns the remainder after its left
operand is divided by its right operand. For example, 17
mod 3 equals 2.

For a complete list of all PE operators, see List of all Performance Equation Operators on
page 57.
Arithmetic Operations on Time Values

You can perform certain arithmetic operations on times, such as adding two time expressions,
or subtracting one absolute time expression from another. The result of the operation is one of
the following:

Q A Timestamp. A timestamp is just a date and time in the PI timestamp format. For
example: 25-aug-02 12:00:00

Q A Period. A period is a number of seconds.
Q A Number.

Table 4-5 shows valid operations and results, where N represents a number, T represents an
absolute or combined time expression, and P represents a period.

Table 4-5. Valid Operations on Time Values

Operator Expression Result Example
* T+ P T K+ 43N

T+ N T "%+ 10

P+N P (t'-"y) +10

P+ P P Ct-"y) + (YY)
- (infix) T-P T "x' - "+3h'
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Operator Expression Result Example
T-N T "+ - 10
-T P -y
P-N P (t'-"y) -10
P-P P (t'-"+) - (t'-y)
- P* N P Ct -y) %5
N *x P P 5% (+1d -"+1h")
/ P/P N (t-"+)/ (Ct-y)
P/ N p Ct-'¥) /2
N/P N 2/ (Ct'-'%)
mod T mod P T (seenote) | '* mod (¥ -"t’)
T mod N T (see note) "x' mod 2
P mod P P C*="y) mod (*-'t)
P mod N P (*-"y") mod 3
- (prefix) P P —C* =y

Note: The timestamp returned is the result of T mod P or T mod N added to January
1, 1970 Universal Coordinate Time (UTC). So depending on the time zone, different
results are expected; in some case, even an error value is returned. In PI for
OpenVMS systems, the use of T mod P or T mod N returns P.

Relational Operators

A relational operator (one of <, =, >, <=, <>, and >=) returns a value of 0 for false or 1 for
true. You can use these operators to compare numbers, times, digital states, or character
strings. With relational operators, you can compare bad values, or values of different types
without generating an error.

Table 4-6. Relational Operators in Performance Equations

Operator | Meaning

< Less than

= Equal to

> Greater than

<= Less than or equal to
<> Not equal to

>= Greater than or equal to
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Comparing Bad Values

If you're comparing two operands of the same type, and one or both operands has a bad value,
the expression returns 0, rather than an error value.

Comparing Operands of Different Types

When you use the <> operator to compare any two operands of different types, the expression
always returns a 1 (i.e., 'true’). When you use any other relational operator (anything except
<>) to compare two operands of different types, the expression returns a 0 (i.e., 'false’) except
in the following cases:

Q If one of the two operands is the digital type, then the PE subsystem compares the
digital operand to the digital state of the other operand, if it exists. For example:

"sinusoid’” = DigState ("Shutdown™)

Q If the sinusoid point has a digital state Shutdown, then this expression returns a value
of 1 (i.e., true). Otherwise, it returns a value of O (i.e., false)

Q If one of the two operands is the string type and the other is neither digital nor string
type, then the PE subsystem compares the string operand to the digital state of the
other operand, if it exists. This allows the string substitution of its corresponding
digital state; i.e., Shutdown and DigState("Shutdown™) would be the same.

Time Comparisons
You can perform all comparisons, including in, on times.

"x+20m" >= " *+300s’
PrevEvent (" tagl’, "*’) > PrevEvent (' tag2’, '«')

If a comparison is true, the result is 1; otherwise, it is 0.

Prefix Operators

A prefix operator is simply an operator that appears to the left of its operand, for example, "~
x”.

Table 4-7. Prefix Operators

Operator Meaning

- Negation

Not Complementation: Returns 1 if operand is 0 (or rounding to 0) and O otherwise

The expression following a prefix operator should be numeric. If you use a tagname as the
operand, make sure that the point returns a number. Note too, that even points that typically
return a number, sometimes return a digital state, such as Shutdown. Valid examples include:

-3

Not 7

-TagVal (' sinusoid’)
Not Cos('ba:level.1")
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-StateNo('DigitalTag’)
Not TagBad (' StringTag’))

The last two examples use digital and string points (DigitalTag and StringTag) but these are
used as arguments to functions that return numbers (StateNo and TagBad).

Conjunction, Disjunction and Inclusion Operators

You can use and, or, in .., and in() operators in PEs.

Table 4-8. Conjunction, Disjunction and Inclusion Operators

Operator Meaning Returns

and Conjunction Returns true if operands A & B both evaluate to true. If
both A and B are integers, returns the result of a bitwise
AND operation.

or Inclusive disjunction Returns true if either operand A or operand B evaluates
to true. If both A and B are integers, returns the result
of a bitwise OR operation.

in .. Membership in a range The in .. operator returns 1 if true and O if false.
in () Membership in a discrete The in () operator returns 1 if true and O if false.
set

Inclusion Operator Examples

The following are two examples that use inclusion operators.
IT1in0.. 2Then 1 Else 0

The resultis 1, since 1 is between 0 and 2.
If 1 in (0, 2) Then 1 Else 0

The result is 0, since 1 does not equal either 0 or 2.

Using the Inclusion Operator with Digital State Functions

You can use the in .. operator with functions that return digital states, in which case the
operator uses the offset within the Digital State Set for comparison. The digital states must all
be in the same Digital State Set. Lexical comparisons are made with character strings.

Time Comparisons

You can use the Inclusion operators (in.., in()) on time expressions. If the comparison is
true, the result is 1; otherwise, it is 0.

If-Then-Else Expressions

The if-then—else operator is a compound operator whose operands are used as follows:

if exprO0 then exprl1 else expr2
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where expr0, exprl, and expr2 are expressions. If expr0 is true (nonzero), this operator
returns the value of exprl; it returns the value of expr2 if exprO is false (zero).

Here are some examples:

if "tagl” > 50 then “overlimit” else “good”

if "tagl’= 1 then Sin( tag2' ) else if 'tagl'= 2 then Cos( tag2') else

Tan(’ tag?')

if "tagd < “shutdown” then (if "tagl > 'tag2 then 'tagl else 'tag2' ) else
“error”

"' + (if "tag2’ = 0 then 3600 else 0)

Note: You must include the 'if,' the 'then," and the 'else.' Nested operations are
supported.

Operator Priority

The PE Scheduler executes operators in order of priority, from highest to lowest. When
multiple operators have the same priority, the order of execution is either from left-to-right or
right-to-left, depending on the operator, as listed in the following table.

Table 4-9. Operator Priority

Operator Priority Order
- (prefix) 9 (done first) L-R
- 8 R-L
Not 7 L-R
*/, mod 6 L-R
+, - 5 L-R
= 00,45 0, 0= |4 L-R
in.., in(C) 3 L-R
And 2 L-R
Or 1 (done last) L-R

Note: The Not operator has a priority between ” and *. This differs from
conventional priority schemes.

You can use parentheses anywhere to affect the order of calculation. Regardless of operator
priority, operations within parentheses are evaluated before operations outside those
parentheses. For example, (2+3) * 5 equals 25 while 2 + 3 * 5 equals 17.

Data Types

The PE Scheduler recognizes the following data types:
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Number
Character string

Tagname

0O 0 0O O

Time
O Period

Every variable has one of these data types; every function returns one of these data types. The
PE Scheduler cannot typically use one data type where another is expected. For example, you
cannot add two character strings, or multiply two times together. Additionally, the built-in
functions might require particular data types for particular arguments.

Type Checking

At compile time, the PE subsystem checks type compatibility as far as possible. This process
catches some errors, such as trying to add a number to a character string.

However, not all type compatibility errors can be detected at compile time. The expression
"sinusoid” / 2.0

works well if sinusoid has a numeric value, but if sinusoid is equal to the digital state
Shutdown the expression returns an error (Calc Failed).

Note: Comparisons (expressions using relational operators) are an exception to this
rule. Every comparison is valid, regardless of its operand types.

4.1.10 Error Values

When the PE subsystem cannot perform a calculation during runtime, it returns the error
value Calc Failed. Error values propagate through most calculations. For example, an error
value plus one is an error value. Exceptions to this rule are:

Q The BadVal and Concat functions
Q The relational operators when a value of 0 is returned

To check for compile time errors on Windows-based computers, check the pipc.log file
located in the \pipc\dat\ directory. For UNIX check the pipeschd.log file located in
C:\Program Files\Rockwell Software\FactoryTalk Historian\Server\PI\log.

4.1.11 Test the Performance Equation Syntax

The pipetest utility is a command line function that checks the syntax of a Performance
Equation. There is also an System Management Tool (SMT) plug-in to test a performance
equation. (See the SMT documentation for information.) It can operate interactively, take its
input from a file or check the extended descriptor of a point.
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Run the pipetest Utility

The pipetest utility is located in the pi\adm directory. To start pipetest, open a command
window, change to the pi\adm directory, and type a pipetest command. For a complete list of
pipetest commands, type:

pipetest —?
The pipetest utility is limited to equations that are 4095 characters or less and you can not
use it to test dynamic response functions.
Using pipetest in Interactive Mode

To run the pipetest utility interactively from a command prompt window, open a command
window, change to the pi\adm directory, and type:

pipetest

At the pipetest equation prompt, type in the equation you want to test. If the equation syntax
is not valid, pipetest displays a syntax error. If the syntax is valid, pipetest displays the result
of the equation.

Using pipetest in File Input Mode

You can also put one or more performance equations in a simple text file, and pass the entire
file to pipetest using the —f switch. In the text file, you put each equation on a single line.
You can include comment lines by beginning the line with an exclamation mark (!).

Here's the text from an example pipetest file, called peTestEquations.txt:

| test calculation for point A

if BadVal ("sinusoid’) then 0 else ('sinusoid )/25

| test calculation for point B

TimeLT( sinusoid’, 'y , 't', TagVal ('sinusoid, "%'))
To test the equations in the file, type:

pipetest -f peTestEquations. txt

Each input line in turn is echoed and the evaluated result is displayed.

Check a Point's ExDesc Parameter

To check the Performance Equation of a specific point or group of points, use the —t switch
followed by a tag mask. For example:

pipetest -t sinusoix*

will process all points whose tagnames begin with the letters "sinusoi*. The pipetest utility
echoes the tagname, the value of the extended descriptor field, and the evaluated result. The
pipetest utility ignores the event=tagname expression so, for example, the expression
event="sinusoid , 1+2isthe same as 1+2.

Optionally, you can also specify a PointSource character. For example, to process all points
with a point source character of C, type:
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pipetest -f * C

4.2 Performance Equations Functions

In addition to all the basic arithmetic operators, the PE subsystem provides a large number of
built-in functions that you can use to perform more complex operations, such as taking the
sine or cosine of a point value, taking the average of a tag's value over time, etc.

4.2.1 Function Arguments

Functions have one or more arguments, or inputs, which are enclosed in parenthesis
following the function name. Some of the arguments may be optional. If there are several
arguments, they are separated by commas:

functionName (argumentl, argument2, argument3)
The following are examples of function expressions:

Max (3, 5, 12.6, 'sinusoid’)
PrevEvent (" sy:arc001’, "*-2h")
Sar (Abs (TagMax (' tag’, 'y', "t')))
Log(if 'tag' =2 then .5 else .2)

Functions can also be nested and joined in expressions:

Avg (TagVal ( Tagh', 'y'), TagVal ('TagB', 'vy'), TagVal (TagC, 'y’ ) )
if TagVal (Tagh’, "*) < TagVal (' TagB', "*') then sin('TagB') else sin( TagA’)

You can use a tagname in any argument where a number or character string is called for. A
tagname in single quotes is evaluated as if it had been written TagVal(tagname), which is the
same as TagVal(‘tagname’, *'). This gets the point's value at the "current” time for the
calculation.

If the argument calls for a number, but the point's value is a digital state when the function is
evaluated, a run-time error (Calc Failed) is generated.
4.3  List of Built-in Functions

The PE Scheduler provides a wide range of built-in