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2012 vs. 2010: The Final Sheet

O 2010 2012 | Delta
[CEE S 230 2001 5-10x

Startup Time >10 min/Mpts <30 sec/Mpts 20x
Point Creation <100 pt/sec 500-2K pt/sec 5-200x

Tag Searching Variable, Nor+.inear Constant or Linear N/A
Max Update Signups & <200K 10M+ 50x

Update Signup Rate <2K/sec >100K/sec 50x

_ <1M ev/sec >10M ev/sec 10-20x
<200K ev/sec >1M ev/sec 5-10x
_ <100K ev/sec >500K ev/sec 5-10x
>1 min/GB <10 sec/GB 6-12x
<10K files >50K files 5-10x
>5 min/GB <1 min/GB 5-10x

Offline Reprocessing >15 min/GB 30 sec/GB 30x
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Pl AFSDK 2012 Rich Data Access

* Native Support for .Net applications
« No COM layer

* Free threading

* Our Investment is going into AFSDK

(OSIsoft. AF.FI ‘OSIsoft.AF.Asset ] (OSlsoft AF.Data
( Pisenes ) ( AFAtribute ) ( AFData )
w ( AFAttributeList ]j ( AFListData )
FiCallective GetAnnotation() -
h [ rrotationg h |: Annota
[_(PicotciveMembers)—»( FiColecivehiember) (Afake ) el Ahmotaton )
{ PIPainiClasses ]j—[ PIPoiniClass ) ) [ AFCalculation J
PIPaointFind... .{ FIPaint List PIPoint ] L J
( PlPoiniList ];]-.[
i What does this imply about the PISDK?
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The DSIsoft.AF.PI namespace provides a set of classes that can be used to manage connections and access information about a PI Data Archive.

= Classes

Class Description

PlCollective _ The PlCollective object is used to provide the information and status about the PlServer
collective.

PlCollectiveMember The PlCollectiveMember object is used to provide the information about the member server
defined within the PICollective.

PlCollectiveMembers A collection of PICollectiveMember objects maintained by the PICollective.

PICommonPointattributes This class contains information about commen PIEoint attributes.

PlConfigurationException Represents a configuration error reading the list of configured PlServers.

PIConnectFailedEventirgs Privides data for the ConnectFailed event.

PIConnectionException Represents a connection error attempting to communicate with the specified P1Server.

PIConnectionInfo The PIConnectionInfo object is used to provide the connection configuration infarmation and

status to the PlServer.

FlDataPipe The PIDataPipe is used to subscribe for events on a list of PIFoint instances. The PIPoint
instances do not have to be associated with the same PIServer. PIDataPipe instances can sign
up for archive or snapshot events. This is specified when the object is constructed.

PIException Represents an error returned from the PIServer.
PIPoint The PIPaint object represents a point an a PlServer.
PIPointClass The PIPointClass object represents a point class on a PIServer.

The PIPgintClasses collection represents the available PIPointClass objects on a particular
ElServer.

PIPointClasses

PIPointInvalidException The PIPoint is no longer valid on the PIServer. Most likely, the point is deleted on the server.

PIPointList The PIPointList object represents a list of PIPoint objects. The PIPoints can be on different

ElServer. PIPointList supports duplicate PIPoint in the list.

PlSerializationException Represents a serialization error in data returned from the PlServer.

I 11
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PlServer The PIServer object represents a single PI Data Archive.
PlServers The global collection of FlServer objects maintained by the PI Server directory service
represents the known PI Servers available from a workstation for client applications.
¢_g PITimeoutException Represents a timeout error returned from the PlServer.
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PI AFSDK 2012 Rich Data Access

Snapshot Yes (AFAttribute.GetValue) Yes (AFAttributeList)
Recorded Value Yes Yes Yes Yes
Interpolated Value Yes Yes Yes Yes
Summary Yes No Yes No
Recorded Values Yes No Yes No
Interpolated Values  Yes No Yes No
Plot Values Yes No Yes No
Summaries Yes No Yes No
Filtered Summaries  Yes No Yes No
Annotations Yes No Yes (PIPoint DR only) No
Update Value Yes n/a Yes n/a
Update Values Yes Yes (PIServer.UpdateValues) Yes Yes
Calculated Values Yes (AFCalculation)  No Yes (AFCalculation) No
Data Pipe Yes (PIDataPipe) Yes (PIDataPipe) No No
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Example 1: A difficult query

Aggregate the power usage by region

. . INarne | | MeterType | | Region | | Power

of residential meters over the last month B 1] 2 3 4 5 6 7 8 510 11 e
) Meter_00000001 Industrial Mid Atlantic 87.35586 kW
& Meter_00000002 Industrial Mountain 3400842 kW
& Meter_00000003 Residential Northwest 3543343 kW
1. Get Meters, Mete rTyp e & Meter 00000004 | indlustial Guff Coast 2059793 kW
» & Meter 00000005 | Residertial Guif Coast 1.986161 kW
2 . G et Regions & Meter_00000006 | Residential Northwest B2E4314 W
& Meter 00000007 | Residertial Northwest 99.97608 kW
& Meter_00000008 Industrial Mid Atlantic 12.64045 kKW

3 ) G et P I Path S £ Meter_0DD0D0O0I Industrial Mourtain BE.AT795 kW
& Meter 00000010 | Residertial Mid Atlartic 71.04738 kKW
& Meter 00000011 | Industrial Mid Atlartic 13.85982 lW
5 . C umu |ate (§ Meter 00000012 | Residential Northeast £.343781 kW
4. Get Power Values & Meter 00000012 Industrial Great Plains 2416108 kW
& Meter 00000014 | Residertial Midwest 39.29282 kW

& Meter 00000015 | Residertial Mid Atlartic 38.3597 koW
& Meter 00000016 | Industrial Midwest 1.372978 kW
& Meter 00000017 | Residertial Northeast 31.87811 kW

5000 Residential, 5000 Industrial
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Most Straightforward Approach

Dicticnary<string, double> aggregates = new Dicticnary<string, double:(};

foreach (&FElement element in testDB.Elements)

1
if {{element.Template != null) && (element.Template.Name == "Meter™))
1
string meterType = (string)element.Attributes["MeterType"].GetValue().Value; 10’000 RPCS
if (meterType == "Residential™)
1

string region = (string)element.Attributes["Region”].GetValue().Value;
AFvalues vals = element.Attributes["Power"].Data.RecordedValues(dataRange, AFBocundaryType.Inside, null, null, false);

double sum = AddUpValues{wvals);
AddTodggregate(aggregates, region, sum);

¥
5,000 RPCs

return aggregates;

Time=60s
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Search on the Server, Not the Client

Dictionary<string, double» aggregates = new Dictionary<string, double>();

AFElementTemplate meterTemplate = testDB.ElementTemplates["Meter™];

AFAttributeValueQuery[] query = new AFAttributeValueQuery[1];

query[@®] = new AFAttributeValueQuery(meterTemplate.AttributeTemplates["MeterType"], AFSearchOperator.Equal, ™

AFNamedCollectionList<AFElement> elements = AFElement.FindElementsByAttribute(null, null, query, true,
AFSortField.MName, AFSortOrder.Ascending, maxSearch);

foreach (AFElement element in elements)

5,000 RPCs

{
string region = element.Attributes["Region”].GetValue().Value.ToString();
AFValues vals = element.Attributes["Power"].Data.Recordedvalues{dataRange, AFBoundaryType.Inside, null, null, false);
double sum = AddUpValues(vals);
AddTohggregate(aggregates, region, sum);
b

return aggregates; 5,000 RPCS

Time =45s
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Searching in the AFSDK

Q () =
— o (] S (8]
S| Slelx|/| 5 3| &
=| '] o o — > @)
Method Slsl2lle]E = o - Caveats
clo|lel&] 5| o S| > |Bandwidth
glglr-|Clg|e 5| 2
¢ | U |
FindElementsByPath Element X X 1000/sec Portions execute on the client
FindElements Element X X X X X 20k /sec
FindElements Element X X X X X 20k /sec
FindElementsByAttribute Element X X X 20k /sec Index attributes for best performance
FindElementsByTemplate Element X X 20k /sec
FindElementsByCategory Element X X 20k /sec
FindElemenstByReferenceType Element X X 20k /sec
FindElementAttributes Attribute X X X X X 20k /sec
FindAttributesByPath Attribute X X 1000 /sec Portions execute on the client
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Searching Metrics

Search Time, Small Result Sets

100000
10000 —
/ /7 ? == Path
(2]
'g 1000 — —@— Category
3 s =h= Attribute
(2]
= 100 — —><Name *a
= a— E—— Py ,
-l — == Attribute Value
-
% =0— Attribute Value (indexed)
10 =! —==Name a*
1
1000 10000 100000

Database size, Elements
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Searching Guidelines

e Best:

— Indexed Attribute Values
« Even if it means changing the AF Model

— Inherently Indexed Properties
* Name, UniquelD

« Good:

— Other Properties
» Description, Category, Template

— Attribute Values (not indexed)

« Caution:
— Attribute Searches
— Path Searches
— Searches with large results sets (Limited by Bandwidth)
— Complex Criteria (more joins = slower performance)
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AFElement State: Header Only

- — —
G \RHALLEG400B\test - PI System Explorer (Administrator) [E= R
Header File Edit View Go Tools Help
"8 Database [ Query Date - ﬁ' (P Back ) |H, CheckIn 2 « Refresh |3 Mew Element = 7 Search -
o
5Elem - GBﬂEiE||[}ﬂdEena1ts|Pﬂ.tht&s|Fats IVa's\m|
E- (§ Meter | 1 [
e Electic MName: Meter 00000001 ||
t (@ Gas [} Description:
------ & Meter_00000002
,,,,,, G Meter_D0O000003 Template: Meter Type: Mone
------ & Meter_00000004 Categories:
------ 5 Meter 00000005
...... & Meter_0000000G Default Attribute: <Mone> |
""" & Meter_00000007 Extended Properties i
------ & Meter 00000008 -

Find: Parents Models Lavers Connections Analyses

e Unit of Measure

Meter_00000001 Meodified:11/17/2012 9:45:53 AM. Version: 1/1,/1970 12:00:00 AM, Revision 2
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AFElement State: Fully Loaded

+ File Edit View Go Teols Help

Iﬁnatauase % Query Date - @& | (D Back () |H, CheckIn ¥} « |[#]Refresh |3 NewElement ~ =] New Attribute |
Ports, Categories,
Files, Extended I 9 Meter 000 Group by’ Template
Properties [ ter o -
i = #| t|m| Name 2| Value | Timestal®) =
+ T
| &F Measurement0D06  |69.7039489746004 V 11/16/2012
: | ¢F MeasurementD007  |25.6717720031738 V 11/16/2012
Child References | &F MeasurementD008 |57 5844078063965 V nAe2 |
i ¢F MeasurementD003  |1.78215610980988 V 11/16/2012
+ | | ¢F MeasurementD010  |3.84248375892639 V 11/16/2012
|24 Event Frames ] &F Fower 3 0976181030273 kW 11;’16.-"21]‘1EE|
All Attributes £ Library § & Voltage |?5_55335235595w 11/16/2012
I -
m Unit of Measure 4 1 | 3 L]
25 Attributes
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AFElement State: Partially Loaded
e e =" =

File Edit View Go Teols Help
I"‘fiDatabase [ Query Date - ﬁ' |°Back (5] |H¢ CheckIn %} « |#]Refresh ||3 Mew Element ~ =] New Attribute |

+
: | General | Child Elements | Attnbutes | Poris | Version

Header

. Group by: Category Template
Child References = 5 -]
L #| t|m| Name 2| Value | Timestal®) =
AFElement. LoadElementReferences(list);
] B ¢F MessuremertD006 |63 7039485746054 V 111672012
| B ¢F Measuremert0007 | 25.671772001738 111672012
B ¢F MessuremertD008 |57 5844078063965 V 11/16/2012
And / Or | B ¢F Measurement0009 | 1.78215610980988 V 11/16/2012
i
‘Iﬁ H t B| ¢F MeasuremertD010 | 3.84248375892630 V 111672012
: lllﬂlE t Frames ] &F Power 83.0976181030273 kKW 11672012 | =
Selected Attributes £ Lib § & Voltage |?5_55335235595w 11/16/2012
L g e
e Unit of Measure 4| 1 | r L]
AFElement.LoadAttributes(list, attrTemplates);
25 Attributes

osiso vCampus Live! 2012 [ & NGl EETATer 1 oI R ol P © Copyright 2012 OSIsoft, LLC. 15




How Lazy Loading works

» Objects are loaded on access of any portion that is not already loaded

 Collection of Headers are loaded on access Collection of
Headers

private static wvoid LazyloadExample(AFDatabase testDB)

{

foreach (AFElement e in testDB.Elements)

1
if (e.Template.Name == strMeterTemplate) <: 7
1

string meterType = (string)e.Attributes[strMeterType].GetValue().Value;

foreach (AFElement child in e.Elements) _ Collection of
{ Headers

string childMeterType = (string)child.Attributes[strieterType].GetValue().Value;
¥

b
¥
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Complex Query Example...

Dictionary<string, double» aggregates = new Dictionary<string, double>();

AFElementTemplate meterTemplate = testDB.ElementTemplates["Meter™];

AFAttributeValueQuery[] query = new AFAttributeValueQuery[1];

query[@®] = new AFAttributeValueQuery(meterTemplate.AttributeTemplates["MeterType"], AFSearchOperator.Equal,

AFNamedCollectionList<AFElement> elements = AFElement.FindElementsByAttribute(null, null, query, true,
AFSortField.MName, AFSortOrder.Ascending, maxSearch);

foreach (AFElement element in elements)

5,000 RPCs

{
string region = element.Attributes["Region”].GetValue().Value.ToString();
AFValues vals = element.Attributes["Power"].Data.Recordedvalues{dataRange, AFBoundaryType.Inside, null, null, false);
double sum = AddUpValues(vals);
AddTohggregate(aggregates, region, sum);
b

return aggregates; 5,000 RPCS

Time =45s
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Load only the metadata you need

AFElementTemplate meterTemplate = testDBE.ElementTemplates[“Meter™];

AFAttributeValueQuery[] query = new AFAttributeValueQuery[1];

query[8] = new AFAttributeValueQuery({meterTemplate.AttributeTemplates["MaterType™], AFSearchOperator.Equal, “"Residenid

AFNamedCollectionlList<AFElement> elements = AFElement.FindElementsByAttribute{null, null, query, true,
AFSortField.Name, AFSortOrder.Ascending, maxSearch);

List<AFAttributeTemplate> attrTemplates = new List<AFAttributeTemplate>»();
attrTemplates.Add(meterTemplate.AttributeTemplates["Power™]);
attrTemplates.Add(meterTemplate.AttributeTemplates["Region”]);
AFElement.LoadAttributes(elements, attrTemplates);

5,000 RPCs

foreach (AFElement element in elements)

i
string region = element.Attributes["Region”].GetValue().Value.ToString(}; <: P
AFValues values = element.Attributes["Power"].Data.RecordedValues(dataRange, AFBoundarﬁType.Inside, null, null, false);
double sum = AddUpValues(values);
AddTolggregate(aggregates, region, sum);
h

Time =28s
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Getting Attributes — How to Diagnose

C:\program files\pipclaflafservice.exe.config
<!-- Indicates that all RPC entries into the AF Application Server should be logged. (for Troubleshooting) --2
<add key="logRPCDurations™ wvalue="True" />

F ——— =
| @5 AF Server RPC Metrics h - [
In PI System Explorer: AF Server: RHALLEG4008
File RPC Metrics: | Befresh
. RPC Mame Calls Total Duration Per Call Calls (Detta) Duration (Detta) Per Call (Delta)

AF Server Properties GetSDCalecton s 206 ms 6.52ms
Get SystemVersions 8 3884 ms 4 85ms

CO U n tS Report ServerStatus ] 0.04 ms 0.01ms

. . GetSystem 8 178.23 ms 2228 ms
nght Click GetDatabaseList 8 60.06ms 751ms
. GetElement List 27 233244 ms 86.39 ms 10 667.77 ms 66.78 ms

RPC Metrics: GetDatabase 2 27.33ms 1370ms
GetCheckOutIinfo 4 87497 ms 21874 ms
GetElement TemplateList 5 3541 ms 7.88ms 1 214ms 214 ms
GetElement 20707 6839723 ms 330ms 10000 32276 46 ms 323ms _
GetElement Template 5 98.89 ms 19.78 ms 1 1.93ms 1.93ms
GetCategory 13 3824 ms 21Zms 4 557 ms 1.39ms
GetUOMDatabasze 5 54 40 ms 10.88 ms 1 243ms 243ms
Download Assemblies 4 3091 ms 773ms 1 420ms 420ms
GetObjectCourts 4 153598 ms 48345 ms
GetCategonyList 2 37.83ms 18.91 ms
GetEnumeration Set List 1 19.00 ms 19.00 ms
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private static wvoid ParallelloadAttributes({IList<AFElement> elements, IList<AFAttributeTemplater attributeTemplates, int nThreads)
1

Thread[] th = new Thread[nThreads];

List¢AFElement>[] lists = new List<AFElement>[nThreads];

LoadAttributesParms[] o = new LoadAttributesParms[nThreads]; _
L _ Various Approaches for
for (int j = @; j < nThreads; j++)

{

Loading Metadata

lists[j] = new List<AFElement>();
o[j] = new LoadAttributesParms();

for (int j = 8; j < elements.Count; j++)
lists[j % nThreads].Add{elements[j]);

for (int j = @; j < nThreads; j++) Flnd MethOd Load MethOd

! o[j].attributeTemplates = attributeTemplates; Search on Client Lazy Load 31.4
iPE:E:]iiEier:::t'ls'hfe:j?lt_zggiitributesPmc} ; Attribute Search  Lazy Load 16.1
) thly]-start{(ebjectiel 1)) Attribute Search  Load Elements 6.4
Attribute Search  Load Attributes 1.0

for (int j = 8; j < nThreads; j++)

: th[3].3ein(); Attribute Search  Parallel Load Attributes 0.7

static private void LoadAttributesProc(cbject o)

1
AFElement.LloadAttributes({{LoadAttributesParms)o).elements, ((LocadAttributesParms)o).attributeTemplates);

} Time =27.7s
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Point Path Resolution

« Calculated from the template:

— \%Server%\%Element%.%Attribute%

 Unresolved:

— \\rhalle6400b\Meter_00000001.Measurement0001

 Resolved:

— \\rhalle6400b?fa2958bc-b5ab-4686-a5f2-16155eb0ab71\Meter 00000001.Measurement0001?17
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Point Path Resolution- How do you Know?

EA Administrator: C:\Windows\system32\cmd.exe | ﬂli‘]

C:“Program Filesz“~PIPC~AF>afexport '“RHALLEG648@B-tezt>Meter_B0000AA1 (MeazurementBAA3""
Np<?xml version=""1.0" eMCOATNG™Otf-8"'"7>
CAF xmlns:ixsi="http: Avuw.uwl.org /2001 -dMLSchema—instance" xsiinoMamespaceSchemalocation="05Izsoft.AF.xsd" Schemalersion="2.0"
32" ExportMode="MolnigquelID, DefaultUalues" PISysztem="RHALLEG4BHBB" Database="test' Description="" Created="2012-11-28THA3:32:08
f23-A959-A956—AA3bh6a7c4BR" ParentKey="Ad364d26—-7760—4dB6—7002-20hf 72dA4184" ExportedOhject="MeasurementBBfA3" ExportedType="RA
ribute” PIPersist="21% {2895150E-B85D-4fch-A16D-SEF5D2527196> 2 {5%10bkle2—aa?h—43PBa-b7d6—a24f6B686676> ~Elements [{Bd364d26—226
11{cdd?d3ebt—2£23-0259-0256-A83bbbarc488> =RHALLEG48@B  test~Meter_HABBHAAAL1 iHeasurementBAA " >
<AFAttribute’
<Mame *Measurenent BBA3 <. Nane >
{Dezcription -
{IsConfigurationltem>false{ [=Conf igurationltem>
{DefaultUOM>U{ DefaultUOM>
£Type >Doubhle< Type >
<TypeQualifier -
<Ualue default="true' type="Doubhle'>@<{ Ualue’
{DataReference>P]l Point{-DataReferencel>
<Conf igString>~srhalle648@b?fa2958hc—bSab—4686—abf2-16155ebBabh?1“Meter_BABAABAHR1 .MeasurementBBA3 719</Conf igString >
<FIFFIttl‘ihlltecﬁtegﬂl‘ynef *Meatarcucnewr non bbl’;:!L‘bE;“bEaul’y;E; 7
<sAFAttribute >
<~ AF>
C:~Program Files~PIPC~AF>

C:~Program Files“~PIPC~AF>
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Point Path Resolution

G \RHALLE6400B\test - PI System Explorer (Administrator) -_— -
File Edit View Go Tools Help
"i Database [%| Query Date - @ 0 Back ) H‘, CheckIn %} Refresh | |F Mew Element ~

[ T o
M — @ Create Config . g
&EET e — ——

..... =] i@ Mew Element -
----- & | %] MNewModel Operations Completed: 245
..... |- | | MeterType | | Region | | Power |
_____ ¥  AddElement Reference... 5 - . .

g | 112 3 456 7 8 9 10.. Net Succeeded: creation or update of Attibute "Log” s
""" Create or Update Data Reference | | Succeeded: creation or update of Attibute "Sum’.
""" g Categorize... 1 jindustial Northwest 87 15 || Succeeded: creation or update of Attribute "Measurement0010°.
g 02| Industrial Northwest 34.008415222168 V Succeeded: creation or update of Attibute “Measuremert0009°.
_____ Arrange By Y I3 ndustial Mountai 19 4324754543848 || Succeeded: creation or update of Attibute ‘Measurement0008".
_____ g Refresh neusha euman ’ Succeeded: creation or update of Attribute "Measurement 0007
_____ = b4 |Industrial Northwest 20.5575270935058 V : '|  Succeeded: creation or update of Attribute "Measuremert 0006
..... g | & Paste D5 | Industial Southeast 198616123199463 V ] gUCC:gzg: Cfeztt!m or Upg:tte gff ﬁﬂ:gﬂe :measur&mﬁm} 3
_____ & |BL  Paste Reference : - uceo : creation or update ribute "Measurement 004",
_____ p = b6 |Industrial Great Plains 82.6481333536133V Succeeded: creation or update of Attibute "Measuremert 0003 s
..... = Import from File... 7 | Consumer Midwest 99.9760818481445V y C
""" g Export to File... Ps |industial Northwest 12.6404333529443 V

G | X Delete AlL. B3 |industial Mid Atlantic 56.1795043945313V |
""" g 5 Security... 0 Industrial Northwest 71.047981262207 V
----- —— —
..... (F Meter_00000021 & Meter_00000011 Consumer Southwest 13.85598232269287 V
""" g :::er_DDDDDDZZ  Meter_00000012 | Industrial Mourtain 6.34378099441528 Y
..... er 00000023
..... & Meter 00000024 & Meter_D0D0D013 | Industrial Midwest 24.1610355377197V

Time = 26.6 s
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Getting Data — Bulk if Possible

PIPoint PIPointList AFAttribute / AFData AFAttributeList / AFListData
Snapshot Yes Yes (AFAttribute.GetValfe
Recorded Value Yes Yes
Interpolated Value Yes Yes
Summary Yes No Yes No
Recorded Values Yes No Yes No
Interpolated Values  Yes No Yes No
Plot Values Yes No Yes No
Summaries Yes No Yes No
Filtered Summaries  Yes No Yes No
Annotations Yes No Yes (PIPoint DR only) No
Update Value Yes n/a Yes n/a
Update Values Yes Yes (PIServer.UpdateValues) Yes Yes
Calculated Values Yes (AFCalculation)  No Yes (AFCalculation) No
Data Pipe Yes (PIDataPipe) Yes (PIDataPipe) No No
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Getting Data — Parallel

private static Dicticnary<string, double> ParallelAttributeValues(List<AFElement> elementlist, AFTimeRange tr, int nThreads)
i

Thread[] th = new Thread[nThreads];

List<AFElement>[] lists = new List<AFElement>[nThreads];

ParallelAttributeParms[] o = new ParallelAttributeParms[nThreads];

Dictiocnary<string, double> results = new Dicticnary<string, double>();

for (int j = @; j < nThreads; j++)
i
lists[j] = new List<AFElement>();
o[j] = new ParallelAttributeParms();
o[j].tr = tr;
o[j].results = new Dicticnary<string, double>();

for (int j = 8; j < elementList.Count; j++)
int k = j % nThreads;
lists[k].Add{elementList[j]};
for (int j = @; j < nThreads; j++)
o[j].elements = lists[j];
th[j] = new Thread(ParallelAttributeValuesProc);
th[3].start((object)o[31);
for (int j = @; j < nThreads; j++)
th[§].0in();
foreach (string key in o[j].results.Keys)

AddToAggregate(results, key, o[j].results[key]);
}

return results;
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Getting Data — Parallel

private static Dictiocnary<string, double> ComplexQueryS(AFDatabase testDB, AFTimeRange dataRange, int nThreads)

{

Dicticnary<string, double> aggregates;

AFElementTemplate meterTemplate = testDB.ElementTemplates["Meter™];

AFAttributeValueQuery[] query = new AFAttributeValueQuery[1];

query[@] = new AFAttributeValueQuery(meterTemplate.AttributeTemplates["MeterType™], AFSearchOperator.Equal, "Residentiazl™);

AFNamedCollectionlist<AFElement> elements = AFElement.FindElementsByAttribute(null, null, gquery, true, AFSocriField.Name,
AFSortOrder.Ascending, maxSearch);

IList<AFAttributeTemplate> attributeTemplates = new List<AFAttributeTemplatex();
attributeTemplates.Add(meterTemplate.AttributeTemplates["Power”]);

attributeTemplates.Add(meterTemplate.AttributeTemplates["Region™]);
ParallelloadAttributes(elements, attributeTemplates, optimalSqlThreads); _.—
aggregates = ParallelAttributeValues(elements.TolList<AFElement>(), dataRange, nThreads);

return aggregates; 5,000 RPCS
6 Threads

b
static private woid ParallelAttributeValuesProc(cbject o)

foreach (AFElement e in ((ParallelAttributeParms)o).elements)

1
string region = e.Attributes["Region”].@etValue().Value.ToString();
AFValues vals = e.Attributes["Power™].Data.RecordedValues(((ParallelattributeParms)o).tr, AFBoundaryType.Inside, null, null, false);
double sum = AddUpValues(vals);
AddToAggregate(((ParallelAttributeParms)o).results, region, sum);

} Time=9.2s
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Why Does Parallel Work?

Query Time (seconds)

w
o

N
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N
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static private wvoid ParallelAttributeValuesProc(object o)

Getting Data — PIPoint vs. AFAttribute

5,000 RPCs

1
foreach (AFElement e in ((ParallelAttributeParms)o).elements) 6 Threads
1
string region = e.Attributes["Region”].@etValue().Value.ToString();
AFValues wals = e.Attributes["Power"].Data.RecordedValues(((ParallelittributeParms)o).tr, AR fpe.Inside, null, null, false);
double sum = AddUpValues(vals);
AddToAggregate(((ParallelattributeParms)o).results, region, sum);
¥
¥
static private woid ParallelPointValuesProc(ocbject o) 5000 RPCS
1
foreach (AFElement e in ((ParallelAttributeParms)o).elements) 24 Threads
1
string region = e.Attributes["Region"].GetValue().Value.ToS5tring();
AFValues wals = e Attributes["Power™].PIPoint.RecordedValues(((ParallelAttributeParms)o).tr, A pe.Inside, null, false);
double sum = AddUpValues(vals);
AddTofggregate( ((FarallelAittributeParms)o).results, region, sum);
¥
¥

Time =6.0s
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Getting Data — Summarize on the Server

List<AFAttribute» attrList = new List<AFAttribute»();
foreach (AFElement element in elements)
attrList.Add(element.Attributes["Power™]);

List<AFValue> wvals = ParallelSummary(attrlist, dataRange, AFSummaryTypes.Total,
AFCalculaticnBasis.EventWeighted, AFTimestampCalculaticn.Auto, optimalPIPointThreads);

foreach (AFvValue val in wvals)

{

string region = (string)val.Attribute.Element.Attributes["Region"].GetValue().Value;
AddAFvalueTohggregate(aggregates, wval, region);

}

return aggregates;

5,000 RPCs

i
static private void SummaryProc(cbject o) 24 ThreadS
1
foreach (AFAttribute at in ((SummaryParms)o).attributes)
1
IDicticnary<AFSummaryTypes, AFValuer vals = at.PIPoint.Summary(((SummaryParms)o)}.tr, ({(SummaryParms)o).summaryType,
((SummaryParms)o).calculationBasis, ((SummaryParms)o).timestampCalculation);
AFValue wal = vals[({(SummaryParms)o).summaryType];
val.Attribute = at;
{(SummaryParms)o).results.Add(wval);
b

! Time=1.8s
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Options for Calculating on the Server

Snapshot

Recorded Value Yes
Interpolated Value Yes
Summary Yes
Recorded Values Yes
Interpolated Values  Yes
Plot Values Yes
Summaries

Filtered Summarie

Annotations Yes
Update Value Yes
Update Values Yes

Yes
Yes
No
No
No
No

Yes (PIServer.UpdateValues)

Calculated Values Yes (AFCalculation) No

Data Pipe Yes (PIDataPipe) Yes (PIDataPipe)

osisoft. vCampus Live! 2012
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Yes (AFAttribute.GetValue)
Yes
Yes
Yes
Yes
Yes

Yes

Yes (PIPoint DR only)
Yes

Yes

Yes (AFCalculation)
No

Yes

Yes

Yes

No
No
No
No
No
No
No

Yes

No
No
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Example 2: Streaming Calculations

As data streams in, calculate Power Factor as Power (kw) /Apparent
Power for Industrial Meters

1. Get Industrial MetersJ

2. Get Power PI Point J
Part 1. Setup ‘

3. Get other PI Points J

4. PIDataPipe on Power
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Streaming Calculations, Setup

private static void FindMetersAndSignUp()
1
AFElementTemplate meterTemplate = db.ElementTemplates["Meter”];
AFAttributeValueQuery[] query = new AFAttributeValueQuery[1];
query[@] = new AFAttributeValueQuery({meterTemplate.AttributeTemplates["MeterType"], AFSearchOperator.Equal, "Industrial"};
AFNamedCollecticnlList<AFElement> elements = AFElement.FindElementsByAttribute(null, null, query, true,
AFSortField.Name, AFSortOrder.Ascending, maxSearch);

List<AFAttributeTemplate> attrTemplates = new List<AFAttributeTemplates();
attrTemplates.Add(meterTemplate. AttributeTemplates[ "Power™]);
attrTemplates.Add(meterTemplate. AttributeTemplates["ApparentPower™]);

attrTemplates.Add(meterTemplate. AttributeTemplates["PowerFactor™]); / Load Attrl b utes
AFElement. LoadAttributes(elements, attrTemplates); _

pointlist = new PIPocintlist();
mapToAttribute = new Dicticnary<PIPcint, AFAttributex();
foreach (AFElement element in elements)

1
AFAttribute powerAttribute = element.Attributes["Power™]; Save Element
PIPoint point = powerAttribute.PIPoint;
pointList.Add(point); Refe rence
mapToAttribute.Add(point, powerAttribute);

t

= Signup in Bulk

powerEvents = new PIDataPipe(AFDataPipeType.Snapshot);
powerEvents.AddSignups (pointlist); _7
’ Time=14s

LRV o= T RSP () @OSIsoftvCampus | #VCL12 © Copyright 2012 OSlsoft, LLC. 32




Example 2: Streaming Calculations

As data streams in, calculate Power Factor as Power (kw) /Apparent
Power for Industrial Meters

1. Get Power Events
2. Get Apparent Power

Part 2: Running

3. Write Power Factor
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Most Straightforward Approach

private static int CalculatePowerFactorl()

1
AFListResults<PIPoint, AFDataPipeEvent> events = powerEvents.GetUpdateEvents(leea);
foreach (AFDataPipeEvent snapshotEvent in events.Results)
1
if (snapshotEvent.Action == AFDataPipefction.Add || snapshotEvent.Action == AFDataPipefction.Update)
1
PIPoint point = snapshotEvent.Value.PIPoint;
AFAttribute powerAttribute = mapToAttribute[point];
AFAttribute apparentPowerAttribute = powerAttribute.Element.Attributes["&pparentPower™];
AFAttribute powerFactorAttribute = powerAttribute.Element.Attributes["PowerFactor™];
float apparentPower = (flecat)apparentPowerdttribute.GetValue().Value; 5000 RPCs
float power = (fleoat)snapshotEvent.Value.Value;
float powerFactorValue = power / apparentPower;
AFValue powerFactor = new AFValue(powerFactorValue, snapshotEvent.Value.Timestamp);
powerFactorAttribute.Data.UpdateValue(new AFValue(powerFactor), AFUpdateOpticn.Insert);
¥
1 5000 RPCs
return events.Count;
¥

2800 Calculations / s
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Getting Data — Bulk if Possible

PIPoint PIPointList AFAttribute / AFData AFAttributeList / AFListData
Snapshot Yes Yes (AFAttribute.GetValfe
Recorded Value Yes Yes
Interpolated Value Yes Yes
Summary Yes No Yes No
Recorded Values Yes No Yes No
Interpolated Values  Yes No Yes No
Plot Values Yes No Yes No
Summaries Yes No Yes No
Filtered Summaries  Yes No Yes No
Annotations Yes No Yes (PIPoint DR only) No
Update Value Yes n/a Yes n/a
Update Values Yes Yes (PIServer.UpdateValues) Yes Yes
Calculated Values Yes (AFCalculation)  No Yes (AFCalculation) No
Data Pipe Yes (PIDataPipe) Yes (PIDataPipe) No No
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Getting Data in Bulk Calls

private static int CalculatePowerFactor2()

1
AFListResults<PIPoint, AFDataPipeEvent> events = powerEvents.GetUpdateEvents(100@);
AFattributelist apparentPowerList = new AFAttributelist(};

foreach (AFDataPipeEvent snapshotEwent in ewvents.Results)

1
if (snapshotEvent.Action == AFDataPipeAction.Add || snapshotEvent.Action == AFDataPipefction.Update)
1
PIPaint point = snapshotEvent.Value.PIPoint;
AFattribute powerAttribute = mapToAttribute[point];
apparentPowerlList.Add(powerattribute.Element. Attributes["ApparentPower"]);
¥
1

LFValues apparentPowerValues = apparentPowerList.GetValue(); F 5 RPCs
Dicticnary<AFAttribute, AFValue> mapToValues = new Dicticnary<AFAttribute, AFValue>();

foreach (AFValue wal in apparentPowerValues)
if (!mapTovalues.ContainsKey(val.Attribute))
mapToValues.Add(wval.aAttribute, wval);
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Getting Data in Bulk Calls (continued)

List¢AFValue> powerFactorValues = new List<AFValuex();
foreach (AFDataPipeEvent snapshotEvent in ewvents.Results)

1
if (snapshotEvent.Action == AFDataPipefction.Add || snapshotEvent.Action == AFDataPipefction.Update)
1
PIPoint point = snapshotEvent.VWalue.PIPoint;
AFAttribute powerAttribute = mapToAttribute[point];
AFAttribute apparentPowerAttribute = powerAttribute.Element.Attributes["ApparentPower™];
AFAttribute powerFactorAttribute = powerAttribute.Element.Attributes["PowerFactor™];
float apparentPower = (flocat)mapToValues[apparentPowerAttribute].Value; l_()()L(LJF) tr]EE \/Eilljea
float power = (fleoat)snapshotEvent.Value.Value;
float powerFactorValue = power / apparentPower;
AFValue powerFactor = new AFValue(powerFactorValue, snapshotEvent.Value.Timestamp);
powerFactorValues.Add(powerFactor);
¥
} 5000 RPCs
AFListData.UpdateValues (powerFactorValues, AFUpdateOption.NoReplace); —7
return events.Count; .
4900 Calculations /' s
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Bulk Call Metrics

Data Rate
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O
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erte Data— Bulk |f POSSIb|e

Snapshot Yes (AFAttribute.GetValue)  Yes
Recorded Value Yes Yes Yes Yes
Interpolated Value Yes Yes Yes Yes
Summary Yes No Yes No
Recorded Values Yes No Yes No
Interpolated Values  Yes No Yes No
Plot Values Yes No Yes No
Summaries Yes No Yes No
Filtered Summaries  Yes No Yes No
Annotations Yes No Yes (PIPoint DR onl No

Update Value
Update Values Yes (PIServer.UpdateValues)
Calculated Values AFCalculation)

Data Pipe Yes (PIDataPipe) Yes (PIDataPipe) No No
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Bulk Update Events

List<AFValue» powerFactorValues = new List<AFValue:();
foreach (AFDataPipeEvent snapshotEvent in ewents.Results)

1

if (snapshotEvent.Action == AFDataPipefction.fdd || snapshotEvent.Action == AFDataPipeAction.Update)
1

PIPcint point = snapshotEvent.Value.PIPoint;

AFAttribute powerAttribute = mapTeAttribute[point];

AFAttribute apparentPowerAttribute = powerfttribute.Element.Attributes["ApparentPower"];
AFAttribute powerFactorfAttribute = powerAttribute.Element.Attributes["PowerFactor™];
flecat apparentPower = (flecat)mapToValues[apparentPowerAttribute].Value;

float power = (float)snapshotEvent.VWalue.Value;

float powerFactorValue = power / apparentPower;

AFValue powerFactor = new AFValue(powerFactorValue, snapshotEvent.Value.Timestamp);
powerFactorValues. Add({powerFactor);

¥
h

AFListData.UpdateValues(powerFactorValues, AFUpdateCption.NoReplace);
return events.Count; 105,000 Calculations /'s
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Update Values Metrics

Event Insert Rate
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Run Calculations in Parallel

PlDataPipe supports about 100,000 events/sec per thread

Calculations /s

250
200 g
7)) /
2 150
© /
(7]
=)
2 100
|_
50
0
1 2 3 4

Threads

203,000 Calculations / s
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Pl Data Archive Hardware Guidelines

0. Windows = Latest OS (64 bits)
1. Memory = most bang/$
2. Storage = latency (IOPS)
3. Network = latency (RTT)
4. Computing = client workload
RAM Disk 10/s Network CPU Cores
Minimum 15KB Rate of Archived 100Mbps 4 + Active Client
per Pl Point Events/50 LAN Connections/5
Recommended Enough to fit Rate of Archived 1-10Gbps 4 + Active Client
common/critical Events/10 + Read LAN Connections/2
queries in RAM Workload
(file system cache) (based on desired (end-to-end latency (more with
client response time) is most critical) multi-threaded clients)
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AF Server Hardware Guidelines

1. Run the AFServer on SQL Server machine
(if possible)

ste L
SQL Server

2. RAM for sqglserver.exe >= 60% size of PIFD

3. Drive Array Supports > 3000 random 10/s
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Guidelines Matter
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Pl AFSDK vNext

» Buffering

* Bulk Archive Calls

* Client Cache

« AFDataPipe for AFAttribute
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Summary

* Be sure your AF and PI Servers are set up correctly

« Example 1
— Search on the server, not the client
— Load only the metadata you need
— Be sure that PI Point paths are resolved
— Use PIPoint instead of AFAttribute where possible
— Use multiple threads for Pl data calls
— Do summaries on the Pl Server where possible
« Example 2
— Read data in bulk
— Write data in bulk
— Use multiple threads for PIDataPipe and calculations
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