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• 1976–1979: concept of Teradata grows from research at California Institute of Technology 
(Caltech) and from the discussions of Citibank's advanced technology group.

• 1984: Teradata releases the world's first parallel data warehouses and data marts.

• 1986: Fortune Magazine names Teradata "Product of the Year."

• 1992: Teradata creates the first system over 1 terabyte, which goes live at Wal-Mart.

• 1997: Teradata customer creates world's largest production database at 24 terabytes.

• 1999: Teradata customer has world's largest database with 130 terabytes.

• 2014: Teradata acquires Rainstor, a company specializing in online big data archiving on Hadoop.

https://en.wikipedia.org/wiki/Teradata#History

https://en.wikipedia.org/wiki/Teradata#History
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• The genesis of Hadoop came from the Google File System paper that 

was published in October 2003.

• This paper spawned another research paper from Google –

MapReduce: Simplified Data Processing on Large Clusters.

• Development started in the Apache Nutch project, but was moved to 

the new Hadoop subproject in January 2006. Doug Cutting, who was 

working at Yahoo! at the time, named it after his son's toy elephant.

https://en.wikipedia.org/wiki/Apache_Hadoop#History

https://en.wikipedia.org/wiki/Apache_Hadoop#History
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Company Product Description

IBM Informix Supports Dynamic In-memory (in-memory columnar processing) Parallel Vector 

Processing, Actionable Compression, and Data Skipping technologies, collectively 

called "Blink Technology“ by IBM. Released: March 2011.

IBM DB2 BLU IBM DB2 for Linux, UNIX and Windows supports dynamic in-memory (in-memory 

columnar processing) parallel vector processing, actionable compression, and data-

skipping technologies, collectively called IBM BLU Acceleration by IBM.

Microsoft SQL Server SQL Server 2012 included an in-memory technology called xVelocity column-

store indexes targeted for data-warehouse workloads.

SAP HANA Short for 'High Performance Analytic Appliance' is an in-memory, column-

oriented, relational database management system written in C, C++.

https://en.wikipedia.org/wiki/List_of_in-memory_databases

https://en.wikipedia.org/wiki/List_of_in-memory_databases
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Power Pivot is a feature of Microsoft Excel. It is available as an add-in 

in Excel 2010 and 2013, and is included natively in Excel 2016. 

PowerPivot extends a local instance of Microsoft Analysis Services 

Tabular that is embedded directly into an Excel Workbook.

PowerPivot uses the SSAS Vertipaq compression engine to hold the data 

model in memory on the client computer. Practically, this means that 

PowerPivot is acting as an Analysis Services Server instance on the 

local workstation.

https://en.wikipedia.org/wiki/Power_Pivot

https://en.wikipedia.org/wiki/Power_Pivot
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• Transactional data is 

recorded in a tabular 

format with values 

associated by columns in 

each row.

• Real-time data is recorded 

with only time context, i.e. 

value and timestamp.
56.902   03-SEP-2016 11:23 AM
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56.902   03-SEP-2016 11:23 AM

Asset Location

63.781   03-SEP-2016 11:19 AM 58.341   03-SEP-2016 11:41 AM

Time

Scientific Fact

Daniel Bernoulli

(1700 – 1782)
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Location

Process 

Context

• Plant

• Process

• Assets

• Process Context

• Location

• Specifications

Asset

Hierarchy

Specifications
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• Optimized for Operations, 

along the time-dimension 

for agile performance and 

access.

• Interpolations and time-

weighted aggregations are 

required to fit tabular 

formatting requirements.

Time

Time
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• Equipment failure ?

• Sensor failure ?

• Process upset ?

? ?

?

?

?

?

?
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Common Ground between Technological 

Contexts

Enabling Analytics for Operational Intelligence
Real-Time Decision Analysis Retrospective & Predictive Analysis

Descriptive
Condition & Performance

Visual
Dashboards & 

Multidimensional Assessment

Time and Event
Trending & Awareness  

Tabular 

Context

Time, Event and 

Asset Context

Predictive
Statistical Modelling

& Machine Learning

Specialized Models
Simulation & Optimization

PI Integrator for

Business Analytics

12
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• First Principle Relationships 

that always exists between 

process measurements.

• Enables real-time decision 

making only when visible, 

i.e. not performed in 

spreadsheets.

• Operations ownership 

requires transparency of 

methods, assumptions, and 

frequency.

Daniel Bernoulli

(1700 – 1782)

James Watt 

(1736–1819)

Benoît Clapeyron

(1799 – 1864)
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• Configure calculations at scale

• Math, statistical, logical and 

steam table functions

• Supports basic predictive 

analytics 

• Supports future data for 

forecasting

• Backfill ! Backfill ! Backfill !
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“The Heart of Shell’s Smart Solution Vision”
Shell Global Solutions John De Koneing – UC2015
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Enabling Analytics for Operational Intelligence
Real-Time Decision Analysis Retrospective & Predictive Analysis

Descriptive
Condition & Performance

Visual
Dashboards & 

Multidimensional Assessment

Time and Event
Trending & Awareness  

Time, Event 

and Asset

Context

Tabular 

Context

PI Integrator for

Business Analytics

Predictive
Statistical Modelling

& Machine Learning

Specialized Models
Simulation & Optimization

16
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Tabular 

Context

Time, Event and 

Asset Context

PI Integrator for

Business Analytics

PI Integrator for Business Analytics

• Select assets and their 

attributes from an

AF hierarchy.

• Modify View by setting 

time range, row interval, 

and column 

aggregations.  Add 

filtering rules to  

“cleanse” data.

• Publish once or on a 

scheduled bases.

1. Select Data

2. Modify View

Easy, scalable way for users to create contextualized views of operational data.

3. Publish

PI Views
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Tabular 

Context

Time, Event and 

Asset Context

PI Integrator for

Business Analytics

PI Integrator for Microsoft Azure – Coming Soon!

• Select assets and their 

attributes from an

AF hierarchy.

• Modify View by setting 

time range, row interval, 

and column 

aggregations.

Add filtering rules to  

“cleanse” data.

• Publish once or on a 

scheduled bases.

1. Select Data

2. Modify View

Easy, scalable way for users to create contextualized views of operational data.

3. Publish
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Enabling Analytics for Operational Intelligence
Real-Time Decision Analysis Retrospective & Predictive Analysis

Descriptive
Condition & 

Performance

Visual
Dashboards & 

Multidimensional 

Assessment

Time and Event
Trending & Awareness  

Time, Event 

and Asset

Context

Tabular 

Context

PI Integrator for

Business Analytics

Predictive
Statistical Modelling

& Machine Learning

Specialized Models
Simulation & Optimization
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All Engines

20

Statistical Modelling - Predict Asset Failure

Complex systems descriptive 

equations are too numerous and 

interrelated.

• Create an operationalized model to 

reduce unplanned downtime for

100 engines.

• PI Integrator for BA used to 

extract data for 2,300 sensors 

leading up to engine failures.

• Developed a statistical model using 

R for predicting failure.

• Tested and operationalized using PI 

Analytics for all engines.

+('s11'-(47.51488))/0.2701003*0.3090913+('s12'-(521.4901))/0.7517117*-0.3049236+('s13'-
(2388.09))/0.07484883*0.2845465+('s14'-(8143.502))/19.7965*0.04163657+('s15'-
(8.438634))/0.03782789*0.2868222+('s17'-(393.0714))/1.561964*0.2685557+('s2'-
(642.638))/0.5043607*0.2734667+('s20'-(38.83337))/0.1812555*-0.2819219+('s21'-
(23.29963))/0.1083872*-0.2834525+('s3'-(1590.048))/6.186916*0.2604444+('s4'-
(1408.104))/9.077463*0.3006121+('s6'-(21.60976))/0.001539259*0.06360376+('s7'-
(553.4522))/0.8983562*-0.2995252+('s8'-(2388.091))/0.07388822*0.2847322+('s9'-
(9064.651))/22.72082*0.08204075+('setting1'-(-3.554925e-
05))/0.002184843*0.003580013+('setting2'-(5.022518e-06))/0.0002931999*0.003136759

Predicted

Failure

Actual

Failure
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Machine learning improves statistical 

model by “learning” from additional 

operating data.

• OSIsoft Partners provide statistical 

applications and data science 

services.

• Gain business insights from datasets 

coming from many sources, e.g. data 

warehouse.

• Operationalization supported by 

scheduled publication from

PI Integrator for Business Analytics.
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Enabling Analytics for Operational Intelligence
Real-Time Decision Analysis Retrospective & Predictive Analysis

Descriptive
Condition & 

Performance

Visual
Dashboards & 

Multidimensional Assessment

Time and Event
Trending & Awareness  

Time, Event 

and Asset

Context

Tabular 

Context

PI Integrator for

Business Analytics

Predictive
Statistical Modelling

& Machine Learning

Specialized Models
Simulation & Optimization
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Visual Analytics - Dashboarding & Reporting

Dashboards and reports for 

performance assessment 

or accountability.

• Cross filtering charts for ad 

hoc investigation.

• “What is shown in the 

report, stays in the 

report.”

• Important aggregations can 

be permanently recorded in 

PI using AF Analytics.

Enterprise Scorecard

Energy Accounting
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Data collected to 

manage drilling 

operation is used to 

gain insights about 

formation geology.

• Ad hoc analysis on 

any dimension, well 

depth, drilling rate, rpm 

and torque.

• Wide variety of 

charting objects 

available.

Visual Analytics - Multidimensional Assessment
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Benchmark similar assets 

against know performance 

characteristics.

• Real-time view is essential 

for current operation. 

• Different tools required to 

analyze groups of assets. 

• Summarize months of 

actual operations exposing 

actual performance profile.

Visual Analytics – Asset Benchmarking
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Event Frames – Feed Dryer Regeneration Cycles

PI Event Frames identify 

and record interesting 

periods of process 

operation for further 

analysis.

• Dryers cycle between 

processing and 

regeneration modes.  

• PI Event Frames define 

regeneration cycles for 

each feed dryer.

“N_reg 11-5”“N_reg 11-4” 

“S_reg 11-4”

“N_reg 11-6”

“S_reg 11-5” “S_reg 11-6”
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Feed dryer regeneration 

profile comparing two 

identical assets.

• PI Event Views can contain 

sampled process values 

throughout event.

• Profiled view of operation 

based on elapsed time.

• Conditional filtering of 

profile against benchmark 

or norm. 

Visual Analytics - Conditional Profiling of Process Events
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Enabling Analytics for Operational Intelligence
Real-Time Decision Analysis Retrospective & Predictive Analysis

Descriptive
Condition & 

Performance

Visual
Dashboards & 

Multidimensional Assessment

Time and Event
Trending & Awareness  

Time, Event 

and Asset

Context

Tabular 

Context

PI Integrator for

Business Analytics

Predictive
Statistical Modelling

& Machine Learning

Specialized Models
Simulation & Optimization
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Integration with R Open Source Visuals
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Chart-Embedded Analytics 
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Quick Insights for Report Data
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• Real time data is different.  The PI System Infrastructure can supply 

required context, proper aggregation and configurable cleansing rules 

needed to prepare operational data for advanced analytics.

• Look holistically when selecting an analytical method or methods.  PI 

Analytics is very capable of performing equation-base analytics for 

performance and conditions assessment, as well as, certain types of 

predictive analytics.  

• The PI Integrator for BA establishes contextual “Common Ground” 

enabling organizations to leverage emerging technologies for 

Operational Intelligence.
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