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What’s happening
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What happened to GE
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How Software Changes
Jet Engine
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Phase #1 - Business value

Enhanced value and
cost savings

OnPoint provides performance and
savings benefits that help you get more
out of your business jet - and your
bottom line.

e Higher aircraft residual value

e Coverage and risk transfer beyond
the warranty term

e Performance efficiencies, operational
savings and predictable budgeting

e Fully transferrable OnPoint service 2 M | |
enrolled in GE OnPoint!

contract when the aircraft is sold,
transferred or leased e el P s

Increase in Bombardier Challenger 604 and
605 aircraft value at mid-life for CF34 engines
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Phase #2 - Data Validation

Data Logs Variables
Airflow ) Altitude
Fuel consumption \\\\ (/// Air speed
Fan Blade RPM v &‘ / Throttle
Compression Ratio ‘7 3 /‘ Fuel - Oxygen mixture
Thrust r// Y\ y Size of Blades
Thermal Materials

https://msdn.microsoft.com/en-us/library/cc526981.aspx
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Phase #3 - Data Store & Analyze
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Phase #4 - Create Mathematical model

Glenn

Engine Thrust - Summary  Research

Center
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Engine Core: Tt, = th ETR pt,= pt, EPR

Inlet Performance: Tt =Tt pt,= pt, IPR

Free Stream Conditions: Tt =T (1+5[y -1]V)/ a))
vy -1
pt,=p O(TtUITO)( )

a,= sqt(y RT)
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Phase #5 - Prediction to Real time Data

Nozzle Performance: V, = sqit@c, Ttgn [1-{1/NPR} (Y ~D/¥ 1)
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Phase #6 - Software Modeled Simulator

Input variables
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Get data for
"Better Products”

Software Simulator
Application

Pivotal

© Copyright 2017 Pivotal. All rights reserved.



® O / €3 Aviation Software Solutions fo. X \ 0\

(") yjeong@pivotal...

<& C' @& g | https://www.ge.com/digital/industries/aviation

w O

@ GE Imagination at work DIGITAL

I
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Connecting and Visualizing Your
Airline Operations

By digitizing your assets and connecting data from
multiple sources, airlines can track the true cost of
operations and maintenance, optimize aircraft and
crew scheduling, develop real-time visibility into asset
performance, and reduce unnecessary parts
inventory, fuel costs, and foreseeable delays.

>

PREDIX PRODUCTS SERVICES INDUSTRIES

il

Gaining Operational Insight through
Predictive Operations

Leveraging Predix, the platform for the Industrial
Internet, enables airlines to get better visibility across
their fleet, service time, and maintenance challenges,

which can help drive more profitable business
decisions based on deeper data insights.

>

[HIOT INSIGHTS GE BUSINESSES i:

What does Digital Transformation
mean for the Airline Industry?

Embracing the Aviation Ecosystem

GE has a long history with the Aviation Industry— over
33,000 jet engines in service today. Together, both we
and our partner ecosystem are continuously
innovating on Predix to increase efficiency, improve
safety and lower overall costs.

>

Q
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Smart Factory




Example Approach - The Pivotal Way

Exploration | Discovery Framing Delivery

————>

ldentify the | Understand Define an Deliver & Iterate
opportunity | the problem | approach Solution
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Pick a problem
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Store & Process Data
to solve the problem
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Pick a problem
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Pick a problem
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Store & Process Data
to solve the problem

Build an application
for users & Deploy

APPLICATION
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Pick a problem
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Iterate & Reuse

APPLICATION § APPLICATION m APPLICATION
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Iterate & Reuse

APPLICATION @ APPLICATION m APPLICATION

Mathematical Models From
ML / DL ,111001101174
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Store & Process Data Software - Emulated
to solve the problem Factory
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Change Parameters in Software
“Simulate” & Iterate

APPLICATION @ APPLICATION m APPLICATION

e
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Store & Process Data Software - Emulated
to solve the problem Factory
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Add More Data & Software for
Better Quality of Simulators

APPLICATION APPLICATION APPLICATION
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Software Factory

Real Factory

i
Adjust Real Parameters
For Better Revenue
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How Predix Works

Predix helps you develop, deploy, and operate industrial apps at the edge and in the cloud. Securely connect machines, data, and
analytics to improve operational efficiency.

Get the Predix Whitepaper

.
> Ny

@
THpon ..““@ TS
“‘A

Everything You Need to Build lloT Apps

THE PREDIX SYSTEM SECURITY INDUSTRIAL ANALYTICS

The Predix System™ provides the software Predix built-in security limits risk, adds control, Predix provides data management and data
architecture and services required to make any and enhances visibility in your ecosystem. You science tools for predictive analysis of industrial
machine an intelligent asset - bringing can connect with confidence, knowing your data, assets and processes. This lets you improve
actionable insights to every part of industrial processes, and outcomes are delivered in a safe business performance and avoid asset

https://www.predix.io/
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https://www.predix.io/

Our Approach for Digital Business

AGILE PRODUCT DEVELOPMENT

Agile practices and collaboration for
(% product and culture transformation e
Modern, open, highly development services Modern, open, highly automated
parallelized platform e Proven transformational cloud platform
methodology
e Hadoop, in-memory, and database o Platform-as-a-Service (PaaS)
software software with multi-cloud support

e Industries most complete big data e Record-breaking sales growth and

analytics offering \/ adoption

Pivotal
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GE Software and Pivotal:
Advancing the Industrial Internet Together
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Business Evolution: GE Software Research Center to GE
Digital

Established 250 700 1200 Established Launched
HQ In Bay Area employees employees employees GE Digital Predix & Alliances

| ah

PREDIX

Minds + Machines $300 — $400M $8.00M Created $1.1B 28.000+ $5B+ Feb ‘16 M&A
event launched a year invested First in revenue employees in revenue Meridium
Predix Solutions ServiceMax
Bitstew
Wise.io
L2011 , 2012 ., 2013 ., 2014, 2015, 2016

Pivotal
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INDUSTRIAL STRENGTH PARTNERSHIPS

QO

Partnerships Ventu re

& Alliances capital

>
GE Software accenture
High performance. Delivered.

Develop
technology and
analytics
applications

3 o8

M&A /

Strategic moves

g
= SoftBank $'3’ atat

Build Predix
apps for
shipping,
manufacturing,

and other
industries

Crowdsourcing
Initiatives
NI
CISCO.
Creating highly Enable
secure wireless  intelligent
communications networking of
system analytics and
data between
machines

Embed
standardized
interfaces
within the
Predix
platform

PIvotal

Accelerate GE’s
ability to create
new analytic
services and

solutions

© General Electric Company, 2015. All Rights Reserved.

https://static.seekingalpha.com/uploads/2016/7/11/saupload_22173451 14344179550759 rld9.jpg
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Nonlinear

+ Mode Systems 8

t Accept Innovation
0 \@  Instability &
e (DevOps Syscg?ms CBD
g TraditiOnaI automatioh, Differentiation %
Mode \\reusable) ‘D

- Required +

Reliability
(ITIL, CMMi, COBIT)
Gartner

https://images.servicedirectors.org/wp-content/uploads/2016/05/Bimodal.png
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Frequent Release Events
“Agile Methodology”

9000000000 .'.'.

Time

Smoother Effort
Less Risk

© Copyright 2017 Pivotal. All rights reserved.

Rare Release Events
“Waterfall Methodology”

Time

Effort Peaks
High Risk

Pivotal



Success is not final,
failure is not fatal.

t is the courage to
continue that counts.”

Winston Churchill









Citi’s approach using Microservices

Business
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Citi’s approach to rationalizing thick Horizontal Layers

Logic

Application

| Mainframe
Databases

VIEW LAYER
(UI CONTAINER)

DECOUPLE CBOL

LEVERAGE SERVER SIDE
Ul DESIGN RENDERING FOR Ul LOGIC
(SERVER SIDE U1 LOGIC)

APPLICATON SERVICE

AP WRAP'PERS
|ATOMIC SERVICES)

JSON OBFUSCATION
LAYER

DECOUPLE SERVICES

BUILD API WRAPPERS ON
TOP OF ENTERPRISE

SERVICE BUS (ESB)

VIEW LAYER
(Ul CONTAINER)

UI DESIGN
(SERVER SIDE UI LOGIC)

APPLICATION SERVICE +
COMPOSITE BUSINESS
SERVICES

DECOUPLE ESB
ALL BUSINESS LOGIC FOR A
CUSTOMER FUNCTIONIFEATURE
COUPLED TOGETHER A
COMPLETE ATOMIC APPLICATION

SERVICE

VIEW LAYER
(U CONTAINER)

UIDESIGN
(SERVER SIDE U1 LOGIC)

BUSNESS LOGIC

DATA TO MODERN DATA FORMATS

PIVOTALGRID (|

PHASE 4

VIEW LAYER
(UI CONTAINER)

Ul DESIGN
(SERVER SIDE UI LOGIC)
BUSINESS LOGIC

SERVICE-RELATED DATA

DATA SERVICE COUPLING
BUILD AP WRAPPERS ON TOP OF

ENTERPRISE SERVICE BUS (ESB)

.I ABSTRACT & TRANSLATE DATE

ABSTRACT & TRANSLATE THE MAINFRAME
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> YouTube™ Micro Service guide from Netflix

] ——

>

Mastering Chaos
A Netflix Guide to Microservices

~—

> Sl

W

Filmed at

San Francisco 2016
Josh Evans — Engineering Leader

Brought to you by
November 8, 2016

SAN FRANCISCO

| o) 0:04/53:13 @B & O [

https://www.youtube.com/watch?v=CZ3wluvmHeM
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SpringOnePlatform.io

Discount Code: S1P200 Jeong

(SpringOne PIatform)

HEGISTER NOW.

December 4-7, 2017
Moscone West, San Francisco [P1votal




Transforming How The World Builds Software

vieong@pivotal.io

Younjin Jeong, Principal Technologist
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