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Demonstrate best practices for PI Server 2012 

2 

Performance 

Scalability 

Reliability 

Manageability 

AFSDK AF Server 

PI Data Archive 

OSIsoft.AF.PI 

OSIsoft.AF.Data 



© Copyr i gh t  2012 OSIso f t ,  LLC.  

2012 vs. 2010: The Final Sheet 
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2010 2012 Delta 

Max Point Count 2-3M 20M+ 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, Non-Linear Constant or Linear N/A 

Max Update Signups <200K 10M+ 50x 

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

Data Out (Archive) <1M ev/sec >10M ev/sec 10-20x 

Data In (Snapshot) <200K ev/sec >1M ev/sec 5-10x 

Data In (Archive) <100K ev/sec >500K ev/sec 5-10x 

Archive Shifts >1 min/GB <10 sec/GB 6-12x 

Online Archives <10K files >50K files 5-10x 

Backup Speed >5 min/GB <1 min/GB 5-10x 

Offline Reprocessing >15 min/GB 30 sec/GB 30x 
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PI AFSDK 2012 Rich Data Access 
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• Native Support for .Net applications 

• No COM layer 

• Free threading 

• Our Investment is going into AFSDK 

 What does this imply about the PISDK? 
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PI AFSDK 2012 Rich Data Access 
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Capability PIPoint PIPointList  AFAttribute  / AFData  AFAttributeList  / AFListData 

Snapshot Yes Yes 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 
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Aggregate the power usage by region 

of residential meters over the last month  

1. Get Meters, MeterType 

2. Get Regions 

3. Get PI Paths 

4. Get Power Values 
5. Cumulate 

5000 Residential, 5000 Industrial 
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Most Straightforward Approach 
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10,000 RPCs 

5,000 RPCs 

 Time = 60 s 
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Search on the Server, Not the Client 
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5,000 RPCs 

5,000 RPCs 

1 RPC 

 Time = 45 s 
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Searching in the AFSDK 
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Max 

Bandwidth 
Caveats 

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 
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Searching Guidelines 

• Best: 
– Indexed Attribute Values 

• Even if it means changing the AF Model 

– Inherently Indexed Properties 
• Name, UniqueID  

• 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 
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Header  
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AFElement State: Fully Loaded 
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Header 

Child References 

All Attributes 

+ 

+ 

Ports, Categories, 

Files, Extended 

Properties 

+ 
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AFElement State: Partially Loaded 
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Header 

Child References 

Selected Attributes 

And / Or 

+ 
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How Lazy Loading works 
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• Objects are loaded on access of any portion that is not already loaded 

• Collection of Headers are loaded on access 

Full Element 

Collection of 

Headers 

Collection of 

Headers 

Full Element 

? 
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Complex Query Example… 
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5,000 RPCs 

5,000 RPCs 

1 RPC 

 Time = 45 s 
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Load only the metadata you need 
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1 RPC 

5,000 RPCs 

1 RPC 

 Time = 28 s 

? 



© Copyr i gh t  2012 OSIso f t ,  LLC.  

Getting Attributes – How to Diagnose 
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C:\program files\pipc\af\afservice.exe.config 

In PI System Explorer:    
File 
AF Server Properties 
Counts 
Right Click 
RPC Metrics: 
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Various Approaches for 

Loading Metadata 

Find Method Load Method Time (s) 

Search on Client Lazy Load 31.4 

Attribute Search Lazy Load 16.1 

Attribute Search Load Elements 6.4 

Attribute Search Load Attributes 1.0 

Attribute Search Parallel Load Attributes 0.7 

 Time = 27.7 s 
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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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Server GUID PointID 
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Point Path Resolution- How do you Know? 
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Server GUID PointID 
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Point Path Resolution 
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 Time = 26.6 s 
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Getting Data – Bulk if Possible 
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Capability PIPoint PIPointList  AFAttribute  / AFData  AFAttributeList  / AFListData 

Snapshot Yes Yes 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 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 

 

 

 

25 



© Copyr i gh t  2012 OSIso f t ,  LLC.  

Getting Data – Parallel 
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1 RPC 

5,000 RPCs 

6 Threads 

1 RPC 

 Time = 9.2 s 
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Why Does Parallel Work?  
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Getting Data – PIPoint vs. AFAttribute 
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 Time = 6.0 s 

5,000 RPCs 

6 Threads 

5000 RPCs 

24 Threads 
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Getting Data – Summarize on the Server 
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5,000 RPCs 

24 Threads 

 Time = 1.8 s 
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Options for Calculating on the Server 
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Capability PIPoint PIPointList  AFAttribute  / AFData  AFAttributeList  / AFListData 

Snapshot Yes Yes 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 only) No 

Update Value Yes Yes 

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 2: Streaming Calculations 
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As data streams in, calculate Power Factor as Power (kw) /Apparent 

Power for Industrial Meters 

1. Get Industrial Meters 

2. Get Power PI Point 

3. Get other PI Points 

4. PIDataPipe on Power 

Part 1:  Setup 
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Streaming Calculations, Setup 
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 Time = 1.4 s 

Load Attributes 

Search 

Signup in Bulk 

Save Element 

Reference 
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Example 2: Streaming Calculations 
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As data streams in, calculate Power Factor as Power (kw) /Apparent 

Power for Industrial Meters 

Part 2:  Running 

2. Get Apparent Power 

1. Get Power Events 

3. Write Power Factor 
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Most Straightforward Approach 
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 2800 Calculations / s 

5000 RPCs 

5 RPCs 

5000 RPCs 
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Getting Data – Bulk if Possible 
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Capability PIPoint PIPointList  AFAttribute  / AFData  AFAttributeList  / AFListData 

Snapshot Yes Yes 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 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 
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Getting Data in Bulk Calls (continued) 
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Bulk Call Metrics 
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Write Data – Bulk if Possible 
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Capability PIPoint PIPointList  AFAttribute  / AFData  AFAttributeList  / AFListData 

Snapshot Yes Yes 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 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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Bulk Update Events 
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Update Values Metrics 
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Run Calculations in Parallel 
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PIDataPipe supports about 100,000 events/sec per thread 

 203,000 Calculations / s 
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PI Data Archive Hardware Guidelines 
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  0. Windows   Latest OS (64 bits) 

  1. Memory   most bang/$ 

  2. Storage   latency (IOPS) 

  3. Network   latency (RTT) 

  4. Computing   client workload 

RAM Disk IO/s Network CPU Cores 

Minimum 15KB 
per PI Point 

Rate of Archived 
Events/50 

100Mbps 
LAN 

4 + Active Client 
Connections/5 

Recommended Enough to fit 
common/critical 
queries in RAM 

 
(file system cache) 

Rate of Archived 
Events/10 + Read 

Workload 
 

(based on desired 
client response time) 

1-10Gbps 
LAN 

 
 

(end-to-end latency 
is most critical) 

4 + Active Client 
Connections/2 

 
 

(more with 
multi-threaded clients) 
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AF Server Hardware Guidelines 
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1. Run the AFServer on SQL Server machine 

(if possible) 

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

3. Drive Array Supports  > 3000 random IO/s  
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Guidelines Matter 
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PI 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 PI data calls 

– Do summaries on the PI Server where possible 

• Example 2 
– Read data in bulk 

– Write data in bulk 

– Use multiple threads for PIDataPipe and calculations 

47 
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Ray Hall 

Director, Development 

OSIsoft, LLC 

rhall@osisoft.com 
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mailto:rhall@osisoft.com


THANK YOU 
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