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I Insight to Action - from Both Sides of the Brain
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Both Sides of the Brain
* Fast & Slow
Insight to Action
1. Visual Analytics
2. Numerical Algorithms
3. Insight Execution
Insight to Action Case Studies
* Connected Equipment; IIoT
* Hi Tech Manufacturing
Come See the Demos
* Exhibition Hallway
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I Themes: Thinking Fast and Slow
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I Making Sense of the World
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I Making Sense of the World - Some Key Steps
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Smart Visual Analytics

Be first to insight, first to action INSIGHT

\
|

Visual analytics is like a bicycle for your
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| #1. Smart Visual Analytics

Smart Visual Analytics

Be first to insight, first to action

Visual analytics is like a bicycle for your
business mind.
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I Visual Analytics — Interactive Spotfire visualization
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I Visual Analytics — Extending the Palette
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I Visual Analytics — Graph Configurations in Spotfire

Chip Contour Data Function
Contour coloring
Contour layers

Auto Wafer Data Function

Auto-generate based on chip location
data

Wafer border

Wafer reticle shot

Background Image

Register
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I Map Layers
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I Map Elements

Marker Layer Feature Layer
« Color « Color
* Shape
» Size
. Marker or Feature Layer
« Relative amounts | SR
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I Spotfire : Recommendations
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048G KP Page
Data ¥

Oil_gas_Recent_Prod. . ~

Type 10 search cohamns
* 12, NUMBERS
gas
water
* (1) Tme
proaDate
= () LOCATION
Lattude
Longtude
~ ' CATEGORIES
AP1 - 14 DgUWI
Filtered out at 10 52:37 AM
Operator
Operator (grouped)

X

TIBC2 Spotfire

LeL vEEO I el o TNESAL RO CONENME N s Y k|8 8|2 TP

® Recommended visualizations
M_gas_Recent P.. v | = Map Chart
Type 1o search columns . Operator (grouped) - gas
« 11, NUMBERS 2
I : )
onA
L.
water
'
v um
™™ ®
prodDate .
« () LocATION 4
. o -
Longiude e
*  CATEGORIES Copyright® og org,
AP - 14 DighUW
Filered out ot 105237 AM Examples of Spotfire Recommendations in Action
Sum(Longtude) vs Sum(gas) Parale. X
Operator Easy dashboard setup for business users,
Lattude Operator (grouped) . .
dramatically faster creation of full-featured data
®. . . .
analysis applications for analysts
* TIME IS OF THE ESSENCE  The agile business intelligence market is growing rapidly, and as Gartner points
§ "With a deshboard. every out, the transition Is toward platforms that can be rapidly implemented and used
> ; "‘r‘:““"'m“‘ by analysts and business users to find insights quickly—as well as by IT staff to
4 . . —— e e quickly build analytics content to meet business requirements and deliver more
< .. 's impartant, which is timely business benefits. This drive for speed is about business value: accuracy
€ . opriverhy- ol and spoed of intarpratation for decision-making, authoring, and dmloomm
@ ° of data di i and task ion to enable
implement their ideas quickly and obtain accurate insights.
° This paper describes a recommendation engine for the TIBCO Spotfire’
interactive graphical analysis system. Spotfire Recommendations makes data
. . discovery fast and easy for both analysts and business users. The system uses
Sum(ges) metadata typing and built-in graphics taxonomy to produce a collection of
Sum(gas) Inherently sensible graphics choices applied to the data at hand. The user chooses
from the suggestions, and the software builds a dashboard of linked, brushable,
configurable graphics with supporting data filters and graphics controls that can
gas. Longitude, Lattude per Operator (9rouped) 088, Lo be rapidly appiied to the cenvas.
10ar selection
1 Rita L. Sallam, B Hostmann, Kurt Schlegel, Joao Taadinhas, Josh Parentesy, Thomas W. Oestraich. Mag-
ic Guadrant for Business Inteligence and Analytics Piatiorms, Gartrar, February 23, 2015,
() Do not show Add default instead 2 Stephen Few Information Dashbosrd Design, Analytics Press, CA. 2015,
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I Dashboards in Spotfire TIBC9 Spotfire
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Do we have enough shelters for the homeless?
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I Dashboards in Spotfire TIBC2 Spotfire
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Intro Dashboard ~

Do we have enough shelters for the homeless?

Homeless Count Bed Count Bed Utilization CoC Count  Bed Deficit CoC Count Bed Deficit CoC %
19,029 29,800 S 25 7 28%
e

2013

Trends in Homeless & Bed Totals Trends in Beds per Shelter Type
o - Permanent = ® 2011
f : > @ Beds SUpPOrtive HOUSING ey © 2012
" —

62% . Transtionsl BB

) - =

233 19,029 Housing gy

16,646 Rapid Re-Housing
o 15,127 17,501 -
- e 16,664 ‘
14,506 2 Safe Haven |
2007 2008 2000 2010 2011 2012 2013 . T~
54% =
68 % Bed Utilization by CoC
Q. RO State  CoC Mum e Beds Search by County in Cross Tab:
MA  MAS18 707 )
penSireeth oy MA-520 1,29 749 Y

MA-510 1,286 978
R N o Ut s - s
400 % @ Greater than 1.0 MA-503 514 621
© Between 0.9 and 1.0 MA-513 382 2
0 % Al other vaues MA-511 04 545
MA-519 251 3%
20 % MA-506 1,657 2,486
MA-507 678 1,086
100 % MA-502 468 768
0% MA-517 169 22
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I Dashboards in Spotfire TIBC2 Spotfire
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Do we have enough shelters for the homeless?
Homeless Count Bed Count Bed Utilization CoC Count  Bed Deficit CoC Count Bed Deficit CoC %
19,029 29,800 Wassachusetl- 25 7 28 %

2013

Trends in Beds per Shelter Type
. @ Homeless Permanent — ® 2011
<o © Beds Supportive Housing _ ® 2012
o @ 2013
Emergency Shelter —
+ F—
F Transitonal
3% 19,029 Housing g
16,646 Rapid Re-Housing
15,127 17,501 =
=3 — 16,664
14,506 2 Safe Haven J
2007 2008 2000 2010 2011 2012 2013 - e
X : il State  CoC Number Homeless Beds Search by County in Cross Tab
. Ay MA  MAS18 707 379 ‘ -
to fiker by
I%g_' \ . © OpanStreetMap contributor MA-520 1,29 Laid
MA-510 1,286 578
Top 15 States and Territories by Bed Utilization Lol e Vi
MA-508 559 624
400 % @ Greater than 1.0 MA-503 514 621
© Between 0.9 and 1.0 MA-513 352 0
200 % Al other values MA-511 304 545
MA-519 251 359
% MA-506 1,657 2,486
MA-507 678 1,086
100 % MA-502 468 768
0% MA-517 169 292
MA-515 25 410
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I Mobile — Responsive Design

Responsive Design
« Responsive to real estate

« Laptop, Tablet, Phone

KRORHmwmrie RN

Deployment Kit
+ White label apps

TIBC2



I #2. Numerical Models - What's Needed
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I Algorithms: Rules, Machine Learning & Optimization

» Declarative & Heuristic Rules
« SPC and Anomaly Detection

« Machine Learning
« Supervised
* Unsupervised
« Gradient Boosting Machines
+ Random Forests
+ Deep Learning

» Optimization
« Linear & Quadratic Programming
* Genetic Algorithms
* Process optimization

» Capacity constraints

TIBC2

ROC Curves
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™ 0a2 020
Fit Models in Parallel 36 042 091
=== 0e2 1
Clear Results 38 0.46 6
S w© os7
Total time: 5.93 seconds. 050 031 046
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I Algorithms: Machine Learning with MATLAB

Machine Learning finds predictive models in data without being told where to look

Type of Learning Categories of Algorithms
» Supervised - Solve known problems: y=f(X) Classification | Vedor | VR yavepayes | Newest
Supervised aehines
« Build a model that predicts a condition (failure, success, ..) Learning <
L i Regression m;’nm.::on W Dectsion W
« What factors are driving failures? u
* Unsupervised - Identify patterns, Detect anomalies X only
. i ing? )
Are there new patterns or failure modes emerging: Unsupeniss g | (S Saussi
l Neural Hidden Markov
Model

« Easy to get started with MATLAB

Classification Learner App
» Interactive, app-driven workflows =

« Work with business and engineering data

(signal, images, financial, geospatial)
« Deploy to IT systems or run on embedded systems
« High quality libraries

»
oo vt & Chumatons 130 Prscioes 4 Pasponce Vwwbie Spuces Pasponce Csves 1 Soncl Do AN8 | Vubsason
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I Algorithms: Optimization with MATLAB

7
gasNatural »
fenosa

Prescriptive Analytics — Support Decision-making
» Find best solution when there are constraints on the process

« What is the optimum allocation of resources for equipment
maintenance? ...for energy production?

Decision-making
« Linear, Quadratic, Mixed-integer, Nonlinear

Design Predict and Optimize Energy production

« Nonlinear

« Global: multistart, genetic algorithm, particle swarm, é : ;
pattern search, simulated annealing Building|

Financial Applications
« Portfolio Optimization, Risk Analytics, Econometrics

Performance options
» Multi-threaded, symbolic
« On-demand Amazon EC2 with MATLAB Parallel Cloud
« Compute cluster with MATLAB Distributed Computing Server

Online Optimization of Building Energy Use

TIBC2 0@



I Algorithms: Deep Learning with MATLAB

CARvV
¥ ——— b revckx Machine Learning learns tasks using
features extracted manually from data

BICYCLE X

CARvV

TRUCK X Deep Learning learns both features
: and tasks directly from data

BICYCLE X

Deep learning - for image classification and computer vision

» Access to pre-trained models and datasets (eg ImageNet)
« Apps for data augmentation and labeling

« GPU for training acceleration

« High quality libraries: Autoencoders, CNNs
TIBC2 0@



I Modeling Yield and Quality

Goal: Predict Quality (e.g. Yield) as function of equipment and process attributes
» Response: Yield (continuous)

* Predictors: equipment and process attributes
* Machines, assemblers, operators, date ranges,

Sensor data: pressure, temperature, ...

Maintenance logs, control charts

Supplier data: electrical, chemical, physical characteristics

Defect inspection data

« Big Data: many columns
» Wafer production: 1000 sensors * 1000 readings / sensor
+ Assembly: 1000-5000+ components in some assemblies

* Models: Gradient Boosting Machine works well

* Root Cause / Fingerprints

TIBC2 0@



I Model: Gradient Boosting Machine

GBM Results

Predictor Importance - Effect on Yield Predictor Interactions Summary Table Heat Map Setup
[j varl.name var2.name index ) . ) ) .
g weas o2 [ | — Bin Continous variables into N groups for display:
Meas 349 Meas 67 0.05 5
wess 349 — e o o O® Gl
weas 106 | Meas 26 Meas 348 003
» —— Meas 24 Meas 67 0.03 Eliminate small cells with unstable target average.
+ Meas 106 Meas 67 0.02 Only show cells with n rows greater or equal to:
, weas 436 | Meas 62 Meas 67 002
13
® wmeas 430 [ Meas 349 Meas 106 0.02
3 " MO ]
2 eas 205 [ Meas 62 Meas 349 0.01 0 999
= weas 22 [N Meas 62 Meas 106 0.00
veas 55
wieos 51
I
0 1 2 3 4 s 6 7
Relative Importance v + ~
Predictor Effect on Yield Detail Predictor Interactions Detail
(@) Meas 62 Yield Loss (%) ~
9% 05 (-5.32e+003,0] @ Max (27.87)
8% Average (6.78)
04 (-5.46e+003,- .
7% Sepe) @ Min (0.00)
»
+ (55 »
+ 03(56let003,
> 5% 5.46e+003]
= »
k3 4% ~
2 5 02(-6.27e+003;
g 3% > 5.616+003]
2% 01[-7.15e4+003 -
1% 6.27e+003]
0%
o =000 oaTeo eoi0 01[-29,2.5] 02(-2.5-0.116] 03 (-0.116,2.01] 04(2.01,5.52] 05 {5.52,168]

Variable Value - Coominuou: (65 bins) ~

Varlt v + v




Demo
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Demo

Elvenvyi

Fit Parameters for Line Fitting from MATLAB

R2: 7.736€-001

RMSE: 1.756£+000

Intercept: 19.41

Slope: 0.95

T8

28.00

.00
20.00
18.00
16.00

g
B

26.00
2.

Sl
3
r

Palo Alto Trips

oo
e

~

RPM Fuel Flow Analysis

Mmo]4 1on4 Bay

[

PaloAio_MATLAB

Demo Link
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I Reference Diagram

Mobile App

Spotfire Web

Spotfire Desktop

TIBCO Spotfire

Web Player

MathWorks. MPSExtension

3

oeus coa

MathWorks. MPSExtension

MATLAB Production Server
F

HTTP(s)

| o> 4 )
MATLAR B .
8l Analytics 5

TIBCO Spotfire Server

TIBC2



I Increasing Capacity and Redundancy

TIBC2

Spotfire Web

Mobile App

Load Balancer

v v

TIBCO Spotfire
Web Player

MathWorks. MPSExtension

Jeouejeg peoT

TIBCO Spotfire Server

Spotfire Desktop

(LT

MATLAB Production Server

MATLAB
Analytics

o 4
o




I Overall Spotfire Architecture

TIBC2

© Schedulers and
CLIENT Automation Services
TIER ;. Web Service Clients
Spotfire
i‘::;: Consumer and
Business Author
Load Balancer
I
SECURITY AND Spotfire
ROUTING TIER Server
@ Spotfire
= Data Engine
WORKER :
SERVICE Spotfire Web Ali‘:;:g:ﬁ) - Spotfire Statistics
TIER Player Q Crmvitaes Q Services
DATA é
e Y.
Spotfire Library
Ci \{ .
ter‘;I: ¢ and Audit Data Sources

Database
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| #3. Streaming Analytics

Streaming Analytics
Continuous algorithmic awareness

and automation

TIBC2 0@



| The TIBCO Insight Platform

TIBCO Spotfire

MATLAB

TIBCO Streambase

TIBC2

TIBCO EMS, BW, ...

© Copyright 2000-2016 TIBCO Software Inc.



I Streaming Analytics with Streambase

Business .
Continuous

0 ‘KIT? ()= t t . . .
Spotfire ‘ Strategy Visualization
Connection

ThresholdUpdatelnput  ThresholdUpdate

Effeption_Checking_and_Classification

Load_Data
Build_Time_Wil=

I@_I;"ui Z 3 o #mmy

Spotfire_ Automation_Services
Sootfive Automation Services

' Y S Sy,
Analytics designed Fteiels _PraparsDT preparforTSASy  AutomaionSarvics

by data scientists

Data
Infrastructure Automated
Action
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I Streaming Analytics — with MATLAB injection

Once input  StartMatiab CSVFile Reader

Mset

B—«Hﬁx)ﬂﬂ—-znﬁ Y ~Sfo—8—-Y

1 ——nﬂx)
il 2 MEval
'_ﬂﬁx) .—oa oy '—.Ea \
VarCov MSetMatrix FilterResponse  Cholesky MEvaiCholesky FilterCholesky AddTrials MSetTrials FilterTrial Split2 RandemNumber “’_"! &—pa Y 'ﬂ
set J"
X, Union2 MEvalRandomFilterContinue  InitOutput
o N VarCovRandom
PriceList MSetPrice StartWealth
14Ser
Once Input  StartMatiab MSet .._- .-"_:;1:,-;-_.\. “Yarg,
2 SRR D
— e et e < [OENE 4 .
S St e M i .0 b e o F# = 'f
B e fio-~a Hﬁ«w-—-a-—-ﬁx)% — D :
- m_ﬁz-z::;: - K]
Oncelnput StartMatlabWriteDirectory  MSet FilterStrindChangeDirectory MEval InitOutput e :

3
s o M 1
‘ MATLAB o sEEe ( i

)
——— }
o —————— i
o= k) i » [
.’ .
u : 19 o~
= '

MATLAB Production Server
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| Example: Hard Disk Manufacturing TIBCO StreamBase’

Example: Hard Drive Manufacturing

* Problem in week 17
- Yield drops from 96% to 55%

I Weekly Trend in Failure

g o e Production reduced from 70K to 3K drives
é | . Here, we use GBM, a Machine Learning Algorithms | Variable Importance
E to identify which important variables within the
control and test groups. »
Step 1: Select the control and test groups . “
9 10 M 2 13 W 15 16 17 8 19 20 21 2 23 24 25 2% 2 28 29 5“P2:Cha"8€lf"eu"iVEMO'Variableﬂhalvou :
B ———— Step 3: Select the "Calculate” button. g 8
.
Variable Metadata &
« Machine Learning Model T — '
. . . . I Partial Influence (univariat( .
« Parameter linked to head is primary culprit oo ‘ MATLAB
e Publish Model to Event Server to monitor g -
.........
! 00385
g 005

inuows - Test

inuows - Test
inuows - Test

TIBC® B0®



| Example: Hard Disk Manufacturing TIBCO StreamBase’

ThresholdUpdates = ModelLoader

GBM Model published from
MATLAB to Streambase

Data Refresh GBM Model

Scores Data

Notifications
Interventions

Thresholds

$10+ MM ROI
generated

TIBC2 0@



I TIBCO Insight Platform

@ Integration Spotﬁre Analytlcs Case Management
-\- EREEEEERENEER o
é é ‘ 1 — 1 will deal with this incident “
._g ; 27/11/2015, 12:51:15
Engineering - Digital Operations i s o the e “
Documents E station
< e - 27/11/2015, 12:53:19
& B TN £ .
M_.)) s TIBCO Spozfre R/TERR, MATLAB - .
§ e o TIBCO BPM
WITSML g SRR iy -
%) . . - 8 A A
- = Streaming Analytics n —'“_ ' , ALERTS
g Y a oy .
Weather % I | s — ® e
/ § TIBCO Live Datamart XX
il )
w
Financial ii
StreamBase, BusinessEvents
40? R/TERR, MATLAB ® 0o
() —_—
Mobile v XX
Cloud Foundry
. -~
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I Community Wiki & Exchange

Embed Spotfire
in web
applications

Extend Spotfire TIBCY

client

Procucts  Asawers

Automation
Services

. Custom Data Access and Data Wrangling with
IronPython JavaScript tasks (C# °  TIBCO Spotfire®
scripts API API) 627  Lastupdated: 8:07pm May 05, 206
2| gt St +seseem s
C# -
Extensions WK e
TIBCY [ —

Dashboard Design Best Practices

TIBCO Spotfire®* Community Wiki Examples
2 Last updated: 8:41pm Jun 10, 2016 LARGE TITLES o aach page - aluoa 1 bt oo 15 sy IO
5§:k #Getting Started x  #Analyticsx  + see allfedit tags s . o r_. e
. 3 1 4
15 Create New Page i f

This wiki provides a location for the TIBCO Spotfire’ community 1o share how-to information with Urik o the pubic snstyeis on Cloud: CFO Anstve
another.
. . DARK THEMES for
Main Topics
3 0. ‘
—
Lk the ok sy on Gouc
1S O Mnger
Access and Visualizations Maps Acvi
Wrangling Anal
mmm customer.
_—
O M E S
Uik t0 g Time Saris Forecasti
Buiding Extending Administration Partners Loarn
Applications Spotfire
—
Other Resources 3 =

Spotfire Product Ideas Portal - submit or vote on ideas and suggestions for the Spotfire produ
List of upcoming Spotfire Webinars and live avants with the Spotfire team - maeet the experts
TIBCO and Spotfire specific Meetups and User Groups - share with your fellow Spotfire users
What's new in TIBCO Spotfire

TIBCO Now 20%: Breakout Sessions | Keynote talks

TIBCO Spotfire® Ranied #1 of 28 in Dresner 2016 BI Wisdom of the Crowds Study

https://community.tibco. com/exchange

wid

Extending TIBCO Spotfire®

Last updated: 3:37pm Jun 06, 2016

Last updated: 207pm Aug 20, 2006

https://community.tibco.com =~

[
Downiosd Sokitiens of Busd your own
Tios & Tcks

http://www.tibco.com/blog/2016/07/29/dr-spotfires-live-online-office-hours/

wie

£t T Page Create New Page
Table of Contents
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HTML in Text Areas

Using HTML in Sootfiee Sext Areas s & preat way 10 enhance the look ard feel of your Gashboards.
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TIBCO® Exchange

Extund the capatiiies of your TICO' products with exteneion, add-crm, Shg-ra.
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Thank you!

Michael O’Connell, PhD
Chief Analytics Officer
TIBCO Fellow

moconnell@tibco.com

@MichOConnell

+1-919-7401560

Andreas Krause
Michael O'Connell Editors

A Picture
is Worth a

Thousand Tables

Graphics in Life Sciences

@ Springer

© Copyright 2000-2016 TIBCO Software Inc.

TIBCO Spotfire —

A Comprehensive Primer

Michael Phillips




TIBC2



