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Talk Outline

 PIACE
* PI ACE and Asset Framework (AF)

* PIACE 2010

* .NET coding examples




Pl Advanced Computing Engine
PILACE

* Create calculations using Visual Studio
* Wizard to configure access to Pl data

» Write once and apply multiple times

Where PI geeks meet...
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Pl ACE and Pl Asset Framework (AF)
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Pl ACE 2010

» Scheduled to be released later this year

 Multiple Schedulers e i
ACE Scheduler1  ACE Scheduler N
« Performance Improvements _
— Components re-written in [%
NET
« Visual Studio 2010 support O Visual Studio

« Native 64-bit operating
system support

Where PI geeks meet... ©2010 OSlsoft, LLC. All Rights Reserved



Multiple PI ACE Schedulers 3

« Split or increase number of | mace g =
CalCUlathnS server  Becutable  Module Context Tag Help

 One scheduler per e s
. p w Hame StatuzValue | Since  #
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Multiple Pl ACE Schedulers

Distribute heavy-duty calculations across

multiple schedulers.
EI-@, aceserverdod EI@ aceserverZcd
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Pl ACE Performance Improvements

PI ACE 2.1.32

PI ACE 2010

ACE Calculation (.NET)

& PIACE.dII J

SDK Eventpipes to Cache

~~  pIsSDK

Pl Server

ACE Calculation (.NET)

PIACENet.dll

| PI SDK

Pl Server
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Pl ACE Performance Improvements

PI ACE 2.1.32

ACE Calculation (.NET)
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Pl ACE 2010 Performance

Improvements

Public Overrides Sub ACECalculations()
Dim LMTD As Double
Dim dT1, dT2 As Double
Try
dT1 = System.Math.Abs(THotIn.Value - TColdOut.Value)
dT2 = System.Math.Abs( THotOut.Value - TColdIn.Value)
If Not (dT1 = 0) And Not (dT2 = 0) Then
LMTD = (dT1 - dT2) / Log(dT1/ dT2)
HeatDuty.Value = UA * LMTD
Else
HeatDuty.Value = 0.0
End If

Catch ex As Exception
HeatDuty.SendDataToPI = False
LogPIACEMessage(mlErrors, ex.Message, MyBase.Name)
End Try

End Sub

Pl ACE Best Practices
Error handling is important !

EI . Heat Exchangers
El . Exchanger
= % Aliases
- '*g_a} Heat Duty
-z, TColdIn
-, TColdOut
&, THotln
- Lofgg, THotOut
El@ Froperties

2000 Contexts
4 Input tags/context
1 output tag/context

Where PI geeks meet...
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Pl ACE 2010 Performance

Improvements

Pl ACE Version Calculations/CPU Second %CPU Memory

Input Events Utilization (Private bytes)

1600/Sec
478

Input Events
800/Sec

514

Input Events
0/Sec

554

Current (32-bit) 92% 509MB

PI ACE 2010

beta(64-bit) 2150

3851 12500 23% 877MB

CPU Utilization (%Processor_Time)
120
100

; T

o
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20

—PI ACE 2.1.32 PI ACE 2010
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Performance Improvements (contd.)

* 5000 Contexts
* 4 Input tags/context
* 1 output tag/context

T

-1‘[. 4l

PI ACE 2010

N
)

Initialization time

PI ACE 2.1.32
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PI ACE 2010 —PIACE 2.1.32
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PI ACE 2.1.32 skips 75% calculations!




Example 1: Programmatic

Manipulation of ACE Contexts

* Create a new ACE context (clock or natural
scheduled)

* Modify schedule for an existing context

— period or offset for clock schedule
— trigger tags or latency for natural schedule
— Auto-recalculation tags

* Modify status for an ACE context
— Stop/Resume calculation
* Modify message log level

Where PI geeks meet... ©2010 OSlsoft, LLC. All Rights Reserved



Create or Schedule ACE Context

L Asset module J « Create a new VB project and add reference to

EI Heat Exchangers .
ﬁ Exchanger]  Add Imports PIACECommon

aies BEA « Instantiate an object of type PIACEModuleDBFunctions
Output alias &g, HeatDuty

T TCoidin

s -5, TColdOut _ : i
Input aliases  BRCMgS FARM Public mPIACEMDBFunctions As New PIACEModuleDBFunctions

. S THotOut
. =-Ff Properties

*Adds a new context to an existing Pl ACE calculation.

Where PI geeks meet... ©2010 OSlsoft, LLC. All Rights Reserved



Create Context (contd.)

AddPIACEContextSchedule(strACEContext, nvsSchedulelnfo)
« sStrACEContext: ACE context name [string]
* nvsSchedulelnfo: PISDKCommon.NamedValues collection

EditPIACEContextRecalcinfo(strACEContext, nvsRecalcinfo)
« strACEContext: ACE context name [string]
* nvsSchedulelnfo: PISDKCommon.NamedValues collection

strACEContext format: \\server\scheduler\executable\module\context

\\mypiserver\HeatExchangerCalcs\HeatDutyCalc\\\mypiserver\HeatExchangers\Exchangerl

For current release PI ACE 2.1.32

Where PI geeks meet. .. ©2010 OSlsoft, LLC. All Rights Reserved



Clock-Scheduled Context

{ Clock-scheduled context J

=M HeatE xchangerCales
- Froperties
HeatDutyCalc
Fropertiez

g_

EI Contest]

'

D|m nVRecaI (@ Edit/view PIProperty Attributes

nvRecalcinfo JEEruta=ai
nvRecalcinfo Kkl
nvRecalcInfo

String

Property ' alie

Recalculatlon
Info

TCaldin

nvRecalclnfo

Calculationbirmit
B CLviolationCount
B CLViolationCountLimit
~{# EnmorMessage
" |:Modified
B Messagelevel
B MName

B Priority
ﬁ RewvHiztom

|- h,. Schedulelnfo

Schedule Info SuigilES:
. ﬁ Period
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Dim nvSchedule

|Ipdate

LBaound:

Elems:

Rezize Amay

nvSchedulelnfo.

Ok

| |

Cancel

]

nvSchedulelnfo.

1]
1]

nvSchedulelnfo. Add("Perlod" 10)
nvSchedulelnfo.Add("Offset", 0)
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Natural-Scheduled Context

Natural-scheduled context

tE xchangerCalcs
Fi Properties

HeatDutyCale

¥ Properties

Cantext]

T Lot Dim nvSchedulelnfo As New PISDKCommon.NamedValues()

nvSchedulelnfo.Add("Priority", enupriorityCode.pcNormal)
nvSchedulelnfo.Add("Type", enuScheduleType.stNaturalScheduled)
nvSchedulelnfo.Add("Latency", 15)
nvSchedulelnfolnfo.Add(“Tagl", “TColdIn1”)
nvSchedulelnfolnfo.Add(“Tag2", “THotIn1")
nvSchedulelnfolnfo.Add(“Tag3”, “TColdOutl”)
nvSchedulelnfolnfo.Add(“Tag4", “THotOut1”)

Schedule
Info

Where PI geeks meet... ©2010 OSilsoft, LLC. All Rights Reserved 18



Create or Schedule Context

Loglewvellanagerb r.ﬂ-.CECDntE:{tManager ]/-CDntextManagEr.vb)/-SEhEdU|EMﬂ“ﬂgET-*h*]/Declaratinns.vh rEtatusManager.vh
“1Z ScheduleManager

+* “%S5cheduleContext

'Jet nwvdchedulelnfo and nvhecalclnfu a2 needed and perform the following:
If Mot nwicheduleInfo Is MNothing Then

If Mot wPIACEMDEFunctions.AddPTACEContextichedule (mstrACEContext,
WMriteMessage ("ScheduleContextl:
End If

nvicheduleInfo)l Then
" & WPIACETtilityFunctions.GetlastPIACECommonError ()]

If Mot (nwvEecalcInfo Is Nothing) Then

If Mot wPIACEMDEFunctions.EditPIACEContextRecaleclInfo (mstrACEContext,
MriteMessage ("ScheduleContextz:
End If

End If
End If
Catch ex Ls Exception
riteMessage ("ScheduleContexts:
End Trvy
- End Subk

nvBRecalcInfo)l Then
f & WPIACETtilityFunctions.GetlastPIACECommonError (1)

" & ex.Message)

Newly created contexts automatically started for running calculations.
Scheduler automatically picks-up schedule changes for running

Where PI geeks meet... ©2010 OSlsoft, LLC. All Rights Reserved



Resume/Stop ACE Context

ChangePIACEMCStatus(strACEContext, StatusCode)
« sStrACEContext: ACE context name [string]
« Status Code: PIACECommon.enuStatusCode enumeration

Loglevelbanager.wb ~ ACEContexttanager  Contexthdanagerwh | ScheduleManagerwh | Declarations.wh Statushanager.vb

“I{StatusManager * ““ResumeContext

Imports PIACECommon

FPublic Class 3tatusManager

= Fubhlic Shared Function ResuhECDntext(j A= EBoolean

Feturn wPIACEMDEFunctions.ChangePIACEENCIEtatus (mstrACEContext, | enulitatuscode. scOLL)
- End Function

= Fubhlic Shared Function StopContext () Az Eoolean

Feturn wPIACEMDEFunctions.ChangePIACEENCEtatus (mstrACEContext, | enuitatusCode. scoutOfiervice)
- End Function
—~End Class

Where PI geeks meet... ©2010 OSlsoft, LLC. All Rights Reserved



Modify Message Log Level

« Message log level defined as PIACECommon.enuMessagelLevel
— mlErrors, mIWarnings, miCalculationExecuted, mlCounterinfo, mlIChange

LDHLE‘I’Elm-i“ﬂEIET-‘I'hl/’.ﬂ«CECn:nntextManager | Cantextanagerwvb | ScheduleManagerwb | Declarations.wb | Statusianager.wb |

“i¥LoglevelManager * *ChangeMessageloglevel

é Priwvate Shared Function ChangeMessageloglewel (EvWal strfontext As 2tring, BvyVal msgloglevel As enulMessagelevel)
Dim intMeszageloglewvel LAz Inteder
Trv
intMessageloglewvel = wmPIACEMDEFunctions.GetlCEContextMessageloglevel (strfontext]
If intMessageloglLewvel = 0 Then
WMriteMessage ("Failed to get message log lewvel: ™ & wPIACEUcilityFunctions.GetLastPIACECommonError)
Beturn False
End If
If intMessageloglewel <> wsgloglewvel Then
Beturn mPIACEMDEFunctions. TpdatelCEContextMeszageloglevel (strContext, magloglevel)
Else
Beturn True
End If
Catch ex As Exception
WriteMessage ("ChangeMessagelLoglevel: ™ £ ex.Message)
Feturn Fal=se
End Try
- End Function

Where PI geeks meet... ©2010 OSlsoft, LLC. All Rights Reserved



Example 2: Monitoring Database

Changes from ACE Calculations

EI Heat Exchangers

M| Exchangerl ' _ o _
; El Lligses ' User—-written module dependent initialization code
- Heat '
..... g Téalj:w Private pimdbcontext As PIModule
----- % TColdOut Protected OCwverrides Sub HModulelDependentInitialization()
""" \Ea} THotln pimdbcontext = GetPIModuleFromPath (Context)
- Eﬁ} THotOut TA = pimdbcontext.PFIProperties.Item ("UA") .Value
= Properties End Sub
@l‘ LA
* Asset modules not updated automatically. Dim rfr as PISDKCommon.IRefresh
* Need to sign-up for database changes. rfr = Ctype(pimdbcontext, IRefresh)
* Not recommended for frequently changing mlRefresh.Refresh()
properties.

Pl ACE Best Practices
Module level variables — variables that do not change from one
calculation to other.
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Monitoring Database Changes

1. Setup PI SDK Eventpipe at PISDK.PIModuleDB level

Private Shared mPISDK As PISDK.PISDK

Private Shared mServer As PISDK.Server

Private Shared mstrServerName As String = "mypiserver" '
Private Shared mobjDBEventPipe As IEventPipe2

mPISDK = New PISDK.PISDK
mServer = mPISDK.Servers(mstrServerName)
mobjDBEventPipe = CType(mServer.PIModuleDB.EventPipe,|EventPipe2)

2. Create a collection for relevant PIModules during
ModuleDependentinitialization() routine

3. Periodically retrieve updates and refresh corresponding PIModules

Where PI geeks meet... ©2010 OSlsoft, LLC. All Rights Reserved 23



Monitoring Database Changes

' Asset
Pl PIModules
rver ; Collection
erve P1SDK —
EventPipe ———
L (PIModuleDB)
| 1
1
- Update | k
Manager |

Where Pl geeks meet... ©2010 OSlsoft, LLC. All Rights Reserved



Monitoring Database Changes

- Method for checking

| ACE Calculation Module e LD LSS LN | updates = running on'a

dedicated thread.
While mobjDEEventPipe.Count > 0
I tmpEvent = mobjDBEventPipe.Take I
tmpEventData = CType (tmpEvent.EventData, NamedValues)
tmpAction = tmpEvent.Action
tmpUID = CIype (tmpEventData.Item("UID").Value, S5tring)
'Tf events with action eaEdit received for any relevant module, refresh it.
l If (tmpAction = EventActionConatants.eafdit AndAlzc mcoldssetModules.TryGetValue (tmpUID, tmpPIModule)) Thed
'Befresh pimodule
| RefreshPIModule (tmpPIModule) |
'Upddate blnlsRefreshed flag so the calculations can pick up the change
If mcolUpdateFlags.ContainsKey (tmpUID) Then
mcolUpdateFlags. Item (tmpUID) = True
Elze
mcolUpdateFlags. Add (tmpUID, True)
End If
End If
End While

Where PI geeks meet... ©2010 OSlsoft, LLC. All Rights Reserved




Pl ACE Best Practices

« Error handling
 Module level variables

« Performance counters (create PlTags)

— ACE performance counters (_total calcs executed/skipped)

— %Processor_time, Private/Virtual Bytes for host process

Where PI geeks meet... ©2010 OSlsoft, LLC. All Rights Reserved



Sample Code on OSlsoft vCampus

« Sample code for both examples on OSlsoft vCampus

* Queries directed to Pl ACE Development forum

 Caution: Internal functions

Discussion Hall * Development with Other 0SIsoft Products »* PI ACE Development

PI ACE DEVELOPMENT

This forum is for all guestions related to development in PI ACE (Advanced Computing Engine).

- Discussion forum

- Webinars
- White papers — e.g. Developing ACE calculations in C#

©2010 OSlsoft, LLC. All Rights Reserved
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Pl ACE Dataflow

Calculation
Thread 1

Execution/
Recalculatie

| 2

P| " PISDK Snapshot |
Server / -ventpipe CachedPIPoint 1 }
\  EEEEEE | R
; W | 2 corisiied
PI SDK Archiv/ - CachedPIPoint 2 | AR

Update | EventPipe k CachedPIPoint N J
Manager | &

Calculation
Thread N
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Pl ACE Dataflow

Calculation
Thread 1

Execution/
% Recalculatie

EventP .. |
il CachedPIPoint 1 |
I
Cache Access
PI SDK Archiv t CachedPIPoint 2 ﬂ
Update | EventPipe k CachedPIPointN
Manager | -L&

Calculatlon
Thread N
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