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Predictive Analytics:
The Why and How
behind lloT and Big Data

Presented by John Baier
Director, Integration Technologies (‘ OSlsoft.

@OSIsoftg EMEA USERS CONFERENCE -+ BERLIN, GERMANY



The Why
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GETTING READY FOR BIG DATA SURVEY RESULTS

Based on 25 responses from registered attendees for the “Getting Ready for Big Data” forum at OSlsoft’s 2016 EMEA Users Conference.

Interest by Industry

m Power, Utilities &
Renewables

m Metals & Mining

B Pharma, Food &
Beverage

B Chem &
Petrochem

mOil & Gas

H Other

Other Industries include:
Dredging and land reclamation, GIS-IT,
streaming analytics, predictive analytics, tire
industry, life science, research/academic

oT

Management

Business Role

0 5 10 15

® Total Responses

Other Roles include:
Sales, combination of IT and OT
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Why are people talking about Big Data?

Predictive Maintenance | ——

Process Optimization

Batch Analytics

Energy/Production Forecasting

T
Machine Learning | —

]

e

]

Other

B Total Responses

Other Responses include:

“streaming analytics,” “reporting improvements,” and “open to suggestons”
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Interest in Big Data Analytics v. Experience with Big Data Technology

H [nterest in Big Data analytics m Experience with Big Data technology

14
12

[
o

o N M OO
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Interest in Big
Data analytics
IS high, but
experience with
Big Data

technology is
low.
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Oil and Gas Mining
Drilling and production Route optimization
... comparisons Information Energy Reduction

Distribution A 300 haul trucks

Life Sciences

oy

@v Reactor
‘ *~ Comparison
Predictive Analytics: Industry Scope ® process Scale Up
IT/OT Integration | Business Intelligence and Reporting 1L, 3L, 10L, 1kL,
Renewables Data Warehouse Integration | Broad Platform Support L 10kL
Energy Production o

7 wind farms [

Outlier Analysis \—/r\
e

Utility Usage
Process Analytics

”~

<
=
3,74/
==




Large Industrial Power Company

« Implemented Operations Diagnostic Center

— Using off the shelf pattern recognition software

— Local Subject Matter Experts

— Predictive Maintenance over several sites
« Saved $400-500k in single incident avoiding major outage
« Overall ROI close to $2 million
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Freeport McMoRan Copper and Gold

« CIO sponsored Big Data Project — Hadoop Ecosystem
» Route Optimization (1 year) - $4M out of $14M potential)
* Predictive Maintenance (1 year) - $1M out of $4M potential
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Need to Predict Transition from Fermentation to Free Rise

Challenges

L]
Fermentation Diacetyl Rest Maturation Emptying

Ready to

Filling Free Rise Cooling Transfer

Empty

Transition occurs between manual density
measurements

Each batch of beer requires data preparation

Predictions need to be accurate and
operationalized to enable action

Batch variety and brand diversity require
predictive model to learn
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Leveraging the Pl System and Cortana
Intelligence to Increase Process Efficiency

COMPANY and GOAL

Deschutes Brewery is the 7th largest craft brewery in
US, and wanted to maximize production with its
existing infrastructure to fund construction of a 2"
brewery in Roanoke, VA

v
CHALLENGE SOLUTION RESULTS

Batch’s phase transition Use data science to achieve Ability to eliminate
happens between manual accurate predictive analytics production time losses and
density measurements ) for determining a batch’s 4 increase production
occurring every 8-10 hours density measurements capacity

* Impact: Losing up to 72 hours in * Pl System » Accurate predictions of when a
production time - PI Integrator for Microsoft Azure batch’s phase transitions from

- SOL Data Warehouse fermentation to free rise

» Azure Machine Learning
* Azure Data Factory
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The How
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The Actors in Data Science

Information
Architect

Subject
Matter
Expert

Data
Scientist
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Data Science High Level

1. Define
Business

/ Problem

5. Monitor 2. Acquire
Model’s and Prepare
Performance Data

3. Develop
Model
(iterative)
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Machine Learning Process

Iterate until Iterate to find
data is ready the best model
e
ol
Raw
Data — Apply
TOR——— 2;’: leysf":; Prepared learning Candidate
Data algorithm Model
—— to data to data
Raw 4
Data ! !
S ':' ',’
! ]
1 | 1 1
Data Machine
Preprocessing Learning
Modules Algorithms

Chosen
Model

Applicati
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Get Pl System Ready with AF Model and Event Frames

DATA

SOURCES FRERARE INGEST ANALYZE PUBLISH
|
|
| f
I Pl Integrator for

Pl m

Pyste : Data Warehouse

4 4 4
| | |
| | |
' Azure : :
Azure SQL . Machine : Azure SQL : O
| Learning : :
1 1 1
I I I
| 1
1 1

1
1
1
1
Microsoft Azure : Data Warehouse
1
|
|
1
1

1 1 |

Azure Data Factory (Orchestration) > Web/LOB
T T Dashboards
I I

On Premises On Cloud : I
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Asset Based Pl Jumpstart
Around a business problem you identify, learn...

& v
B G Assets
...... & Uunit1 =
75 s f(X!y) Bt
i
B ﬂ Locations
...... (5 Area A
(G AreaB
e (51 Area C Event Frame Search
------ (3 PIData Archive —
(L}, Element Searches 'at"m. = Wilﬂmm]&‘::i
How to define & How to develop How to visualize
build an asset model automated calculations, what you’ve built
to fit your needs event tracking &

alerting
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What’s an Asset Based Pl Example Kit?

« Learning tool

— How to use AF for an
industry-specific use case

— Templates to visualization

« Starting point for solving
problems
— Simple

— Broadly applicable to an
industry

EI Templates

=1 (G Element Templates
S, 0 e (5 Equipment
i Hierarchy ~ = - @ Piserver
ﬁeampxs rrrrr 1 O (§ Production Area
S e e i G Wel
@ welz ‘f t 8@ MName 0 F e ﬂ Well Pad
e (1 Well30
e @ welsy ||[B G category:Caladston [=]-- '1 Event Frame Templates
b o 3 e B |ElleadRato P e F=5 Well Downtime
Wele 0 TTmmmmoa b -
| Genera | | Child Elements | Attributes I Ports | Analyses E srours- AL - Te m plates J
‘ il ] -102.3656 ° . <

o B & MName Backpumption

© ® | Downtimetracking 86.6115283205228 kW

sumption

©@ © fiy LifetimeTracking :

@ ® fu OSDEMO RandomWelMetrics 3. oduction Rate bbl/d

© = fia  OSIDEMO_RandomWellStates

Analyses -
po " Well15
0 uWell
12/1/14 mWell13

well13 Well14 Well1s Well1e
11.89813204 94.87028 14.98340913 76.04343
35.79815374 07.83235 49.7699508 41.17318
30.94527917 100.7944 27.15279329 80.84262

Visualizé{fion
with demo data
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Event Frames Use Case

BFP Design TOH & Effidency vs. Copacity
10
el iyt |+ : ]
<l A o
5 70
hpihoony” | N R
40
74l a,m‘m’:
! 7700108 |
| 5,6008PH | 10
1 3000 4000 5000 4
Capocit (6PM)

Calculations

Total Heod (ft)
~

o - S
§ 8 8§ 8 8§ B B

BFP Design TOH & Effcency vs. Capacty

Mmpmmry HHE _*(\

=
74 4,600 67M)

v
Total Heod (ft) .
§ 588888 s

O L0 2000 3000 400 000 4
Capacty (GPM)

Calculations
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Need to Prepare and Transmit Data to the Cloud

DATA

PUBLISH

SOURCES

PREPARE INGEST 4 ANALYZE
|
|
|

) )
| |
| |
| |
Pl Integrator for QZaLcI:rheine I Azure SQL I O
| Data Warehouse |
| |
| |
| |
|
|

Microsoft Azure

Azure SQL
Data Warehouse

_Fg

Pl System

1 1 |
< Azure Data Factory (Orchestration) > Web/LOB

Dashboards
| I

On Premises
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Data Wrangling

100%
207 Preparation
80%
70%
60%
50%
40%

Analysis

. Action

Data cleansing and preparation tasks can take
50-80% of the development time and cost

30%

20%

10%

0%

https://hbr.org/2014/04/the-sexiest-job-of-the-21st-century-is-tedious-and-that-needs-to-change/
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Pl Integrator for Business Analytics

data
quality :
% CLEANSE Business
| Data Normalization I_ntelllgence _&

;)/\ | Row/Column Visual Analytics
NS NS AUGMENT  SHAPE Data

0 0 |

X w data Warehouses

aggregation ‘
(‘ OSl-of: Data Lakes

TRANSMIT

data
compatibility

> Common Asset and Time Context = Common Ground
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Data Alignment Communication

Different Archive Time Failure
Start Times
Speed 00\ © @ © 0 000030009430
= Torque 000000\ 0 0000000000000 0,%0
£ BearingTemp e ©¢® 00 § o 00090 00000y0009%,0
S Oil Temp 0000000000000 ©00000.00000000 00000°°000®
= Manufactuer
Last Servic Spike / Out of Range Uneven Spacing
'Sl'greqeude Additional Measure © ©6 0 © 0@ 000/ % 00
(Q\
L  Bearing Temp BadSen(..'.‘ 0e® ¢ © o o000
2 Oil Temp 0000000000 o ® oo
E  Ware Factor © o 000 ¢ 04000000,
Manufacturer

Last Service Date
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Pl Integrator for Business Analytics
Visual Analytics
bod e ronleay ©Sp otflre

Pl System
! Pl ) @ COGNOS'
Quer ull oy \
FG ODBC mh powerl ~ QMikView

Data Warehouses
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How to Operationalize Predictions

DATA

SOURCES PREPARE INGEST } ANALYZE PUBLISH CONSUME
| |
|
|
Pl System Pl Integrator for
y Microsoft Azure Data Warehouge Learning Data Warehouse

|

|
|
|
| Cortana
|
|
1

1
|
|
|
|
|
|
|
|
: —— ==. S
: [ sat 1
| | 1 | . ' ||
_———— |RDBfMS __:_ ________________ :_ _______________ _r_______,' \ Power BI
i Ere : Predictions as Future Data (to Pl Server 2015) :
I I
1 [ [ [
| [ [ [
| 1 1 [
|
| 1
| [
| 1
| [

4
|
| |
Azure :
Azure SQL Machine : Azure SQL O
|
1
1
1
1
|
|
|

Web/LOB
Dashboards

On Premises : :

I
|
|
|
L
|
|
|
I
I
|
|
|
|
|
|
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Choose Features and Prediction Target

Features Target Value

" 2

Data Source 1

1) Read raw
data I ] | | | |

Chosen Data 2) Create
Preprocessing prepared ==p»
Module(s) data

M

Available Data Preprocessing Modules

Data Source 2

100011010011
110111110110

Data Source N

Prepared Data

@) osiot. EMEA USERS CONFERENCE -« BERLIN, GERMANY S OS5




Azure ML Studio

ML Studio

. X :'
N A :
Raw o~ ' -
Data = Apply Deplo
Apply pre- ’ Prepared _,/ learning Candidate ch:selj: Chosen
o Ny (O el /| Meded [\ adel /| Mo

Azure ML
API

Machine
Learning
Algorithms

Preprocessing
Modules

Applications
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Azure Machine Learning

VL Studio > Enter feedback here @
< Untitled <

Search 0

- A Machine Learning ~
4 Evaluate

Cross Validate Model 1 -

DEPRECATING Binary Class Metrics Evaluator = "% 7 ‘s==————-- M e e, e E
'

Evaluate Model i
i

Recommender Evaluater o ———— b= -~

DERSME

4 Initialize Model : [
4 Classificaion L mEmmmm e T ’
Averaged Perceptron Binary Classification Model 1

Boosted Decision Tree Binary Classification Model 1
__________________ ~

Logistic ' Binary Cl " Model ] '

Multiclass Logistic Regression Classification Moded ~~ ~ —=7777 AR T ‘
Neural Network Binary Classification Model - \
Neural Network Multiclass Classification Model ’ S
One-vs-All Multiclass Classification Model 1
Random Forest Binary ClassificatonModel = —77777777 e e e ey 4 s
Support Vector Machine Binary ClassificationModel =~ T me=—a - \
Clustering e ——— N
4 Regression 1 [
Bayesian Linear RegressionModel . msssssoee e e e =
Boosted Decision Tree Regression Model

1

1

1
Linear RegressionModel e ——— e e e e 5
: S m mt oG - i
Neural Network Regression Model @ @ @ W e 1 |

+ NEW R ) ) m b ?
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Azure Machine Learning

< > O |A

Microsoft Azure

< Binary Classification: Direct marketing

Properties >

P 4 Two-Class Boosted Decision Tree
a Create trainer mode
@ Saved Datasets
Single Parameter v
i:_— Data Format Conversions
Maximum number of leav...

e_) Data Input and Output

CUD O™

v

E‘E“ Data Transformation Minimum number of sam

Q Feature Selection I _
Learning rate

B project Columns g
o Wi W i ’
E‘ OpenCV Uibrary Modules Number of trees construct...
3, python Language Modules

R

(R RLlanguage Modules B it andom number seed

| Statistical Functions

5_§ Text Analytics [@ Two-Class Boos:

@ Web Service 7%

g Deprecated

¥ Allow unknown categ...

Quick Help e

Creates a binary classifier using a boosted
decision tree algorithm
(more help..)
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Deschutes Model

Proposal
Early Density Readings » Transition Time

Hypothesis

Transition time influenced by

* Brand of beer

* Fermentation dynamics
(temperatures, pressures,..)

* Vessel’'s dimensions & volume

ADF
™.

Time in Phase

@ osisoft. EMEA USERS CONFERENCE

> Import Data W

-

(R Execute R Script W A

‘Eﬂm Select Columnz in Dataset W

A

€ Executs R Script W A

€ Execute R Script o A

BERLIN, GERMANY
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Azure ML Predicts Accurate Transition Time

Benchmark: Measure Predict: Use 2 early densities Refine: base predictions on
accuracy against a standard to estimate transition time brand for greater accuracy
(based on historical data)

~ =~ ~ |
= S 3
L=} @« “@
= = 2
E N * © E .
< < .
= z .
2 2 2]
- preda = 0.714596
o~ preda = 0.237370955879939 g predh = 0.121760685307954
o . predb = 0.72290421513563 b
o o _ predc = 27.2514360785009
predc = 12 3338190545238 stk
a=0746296480077136 a=0748296480977138 a=0
= b= 0.0936677891007295
- b=0.0936677891007295 - b=0.0936677891007295 z ¢ =30.3205890015667
S ©=30.3205300015667 =7 £ =30.3205890015667 T T T T T T T
T T T T T T T T T T T T T T
10 20 30 40 50 50 70 10 20 30 40 50 60 70 o 2 = 40 =0 & i
Time in Phase Time in Phase Time in Phase
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Brining Predictions into the Pl System

DATA

R PREPARE INGEST 4 ANALYZE 4 PUBLISH 4

| | | |

I I I I

' ' Azure : :

I Pl Integrator for Azure SQL ! . I Azure SQL 1 O
Pl System . I Machine I I

, Microsoft Azure Data Warehouse , , , Data Warehouse |

| ,  Learning : I Cortana
| | 1 |

| I I I

| I |

I 1 1

|

<
-/
=/

1 1 |
Azure Data Factory (Orchestration) > Web/LOB

Dashboards

On Premises
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Pl Integrator Roadmap

1H-2016

Available Toda

Expanded Systems and Events

Business

F vi.l
Intelligence & .+ Oracle
Data Warehouses «  +Hadoop (HIVE & HDFS)

 Event Frames

Streaming

Systems

c@OSIsoft!- EMEA USERS CONFERENCE -

2H-2016

Cloud Platforms

* Microsoft Azure
e Azure SQL, SQL DW
e Azure Data Lake

* SAP HANA Cloud Platform

Research

Streaming Pattern

» Enabling computations in
real-time with an external
compute engine

Partner Platform

BERLIN, GERMANY

Future

Planned (1H 2017

Stream Systems

* Azure Event & 0T Hub
 Kafka

*  Azure ML Scoring
Predictions Back to PI

Research

Enable partners and customers
to build applications and interact
programmatically using Pl
Integrator Framework
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Call to Action

« Define your Business Case

Get your Pl System in order — AF Model

Pick your partners:

— Analytic Product(s)

— Data Science Partner

— Subject Matter Experts

Leverage Pl Integrators to accelerate data preparation
Start with one problem and lterate

Continually Re-evaluate and Improve Model
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Questions

Please wait for the
microphone before asking
your questions

State your
name & company

Please remember to...

Complete the Online Survey
for this session

o Download the Conference App for
@ == OSlsoft EMEA Users Conference 2016

2 Download on the
[ § App Store

* View the latest agenda and create your own L o
P> Google Play

* Meet and connect with other attendees "~ Jr—

search OSISOFT in the app store

http://ddut.ch/osisoft
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Contact Information

John Baier
|baier@osisoft.com

Director, Integration Technologies
OSlsoft
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