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Purpose and Focus

Global Product Data Interoperability Summit | 2017

Boeing has to move forward with the use of emerging
technologies with purpose and focus—it is an imperative.

“One hundred years ago, Boeing did things that others could only dream
of. We were the pioneers. To stay competitive, we must continually stay
ahead of the curve by introducing new technologies to change the way we
work. If we don’t continually push the boundaries and drive to
Implementation, where will our leading edge have gone? We focus on
current and future business challenges, conduct early research to identify
high-value opportunities, and chart a path to the desired future state. We
evaluate and drive the implementation of emergent technologies use by
Boeing and in the industry for success.”
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Purpose and Focus
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To retain our position we have to: )
* Innovate faster
= Fail faster
We were the pioneers. = = Throw away concepts that don’t work
= Retain concepts that maximize value
\_ /
continually stay ahead of the curve /- Staying ahead of the curve requires the ability to continually widen the span
by introducing new technologies ) of deStflr.?S Enlgineering, simulation and prediction to cover all of the
— product lifecycle
to Change the way we work. = This capability enabled by the digital thread and twin requires introduction of
new technologies in a way not supported by current architectures
| \_ Y,
and drive to e ~
implementation, where will our A = Qur ability to introduce technologies, to enable newer business models,
leadi ng edge have gone? —— safer and easily maintained products in a cost-effective way depends on
) industry collaboration.
= GPDIS is one forum where industry leaders come together to identify the
challenges to the future state, and discuss possible solutions.
\ J
identify high- e ~
value opportunities, and chart a . %aluhe creation is dis_triguﬁe(:jq, mullti-fdisciplirrllary anglI collaborative et d
. —— = We have to partner in building platforms that enable innovation where data,
path to the desired future state. process & infrastructure are distributed at the same time
» Challenges: Scalability, Data Consistency, & Transaction Integrity
» Vendors and standards bodies have to collaborate more
» Phase lag in which standards are developed, and the pace at which
k Industry demands interoperability. )
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Emerging Technologies and Systems of Use for Purpose
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What’s out there? Boeing’s enablement

v" Voice recognition and natural language v' 2nd Century Enterprise Systems
processing v' Boeing enterprise digitalization
v' Social media platforms and content platforms v' Enterprise function defined through business
v Artificial Intelligence — applying the data to architecture
solve problems through analytics Al/ML v' 10T system everywhere
v' Computers are making a generation design v' Digital Transformation Environments for
transition Dev/OPs
v' Massive service provider function emerging v' Mobility
v" Reduced development time through next v' AnalytX and analytic fabric everywhere
generation Dev/Ops v" Cloud and SaaS
v" Next generation of computing v Microservices and API interconnected fabrics
v" Next generation of systems for automated OSS controls
v" New and better data systems v" Emerging technologies like BlockChain and
others moved to central service delivery
All these in cumulative effect create
culture shift inside of Boeing
AP GLOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
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2CES — Business Transformation to Industry 4.0
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Interoperability via
Internet of things (IoT)
- People

- Machines

- Devices

- Sensors

Information

transparency

- Digital Twin —
Functional/Logical/Ph
ysical

- Digital plant models
enriched with sensor
data Analytics

Technical assistance

- People - Decision

Mechanization,  Mass production, . Insight
P . Computer and Cyber Physical _ Automation (D,D,D) &
water power, steam  assembly line,

power electricity automation Systems Additive

Decentralized Decisions

- Automation
Autonomy

- Interferences /
Conflicting
Management

“Photo credit Christoph Roser at AllAboutLean.com."
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Analytics Journey
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Business Root Cause Trends & Best Course of
Intelligence Analysis Forecasting Action mformablon i s . making

“hamen-analyYsis . .
analyblcs beChnlq'ues yhgpobheses o gm
5m§ ;,users Se6 e
5 §

g values
sqence

machne.

How should we

react to what will
o Iliem§e SUpporb uncblons |nberacb|ve§

folowing _ cognibive %2
=Visua |
m Edemsmn ]

happen?
m;analgblcal -

Prescriptive
happen? ot
Why did it Analvti . .
happen? navies o Visual Analytics:
Diagnostic Using cognitive sciences
What Analytics . . . . .
happened? discipline, analytical reasoning

: and scientific visualizations to
Analytics identify patterns in data.

Detect the expected and

Value

v

discover the unexpected
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Why Digital Transformation Environment (DTE)?
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Support Boeing 2025 goals

Revenue, Margin, Services Sales

De-risk 2CES

30% assumed productivity improvement

Accelerate innovation & vertical

Integration
Airplane programs, supply chain, AnalytX
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Digital Transformation Environment (DTE)
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DTE Business Case (Oct. 2016)

Business case developed by

IT Finance Competitive Assessment Group (Nov. 2016)
= Strategic priority alignment to 2nd Century Foundational Architecture
= 15t investment request to go through new process
= 5+ year view (2016-2021) analysis included:

U Potential licensing/sourced labor/compute resource benefits
U Funding structure spans across IT&DA by benefitting orgs/ADMs consuming services
QIT Labor Productivity Savings Analysis

(2017 Update) Acceleration:

» This plan has been accelerated since the business case was approved, pushing both expected
investment and returns to the left.

= 2018 funding requirements align to increased acceleration.
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KPIs: How We Measure Success
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30-40 percent = 80+ percent “We are delivering at the speed of business.”
- One team, one backlog, one focus * Began XY:in June instead of waiting months; now have
MVP scheduled for September
* Reframed AP to a user-centric approach — the IT team is
now in tune with the business requirements
*  Productized and prioritized analytics platform
» Delivered Boeing avionics tool
ATP-to-MVP Cycle Time + E2E automated DTE Toolchain and Cloud Foundry platform
1-3 years & 3-5 months * Responsive, user-centric teams are enabling business agility
»  Deeper relationship with the business
»  Stronger technical capabilities delivering code to users daily
»  Significant reduction in non-value-added features

‘. Product vs. Non-Product Time s Value Delivered

@§ Team Morale Index
Customer Satisfaction « “Extend the engagement to the fall? How about October

Every DTE-enabled team wants an extended 20207"

engagement for broader transformation . DT_E brings the modern product _d_evelopment
«  (NPS) Receiving multiple referrals from customers environment that | have been waiting for.

* 60+ projects in the pipeline globally
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DTE: An Environment for Transformation
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Balanced Product Development Team

v

Solve for business value Make People
Great

Tackle real problems for real users

Should we do this? . i . L @
Viability » Deliver consistently in the face of : TRANSFORMATION :
. . Build, Measure, ENVIRONMENT Deliver Value
Changlng reqUIrementS Learn Continuously

Built-in quality at high speeds

Can we do this?

Feasibility

Software
Developer
S0

*A holistic way to transforming how Boeing builds software products that deliver business value

. . DTE Foundation
it Finance Toolchain
@ DTE PMO ® Facilities & @ Additional foundation services

« T “Ask’
. ) = New Portfolio Transformation Service
Process DTE Services People Infrastructure » Architecture enablement
= ... more as needed
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DTE: An Environment for Transformation
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A monolithic application puts all its A microservices architecture
functionality into a single process... puts each element of functionality
into a separate service

...and scales by distributing

..and scales by replicating these services across servers,
the monolith on multiple servers replicating as needed.

-";l’ l(;,\l‘.(_?EA’«aI.OPPRé)RDX%'I; ‘PIAI_T@ 2 BOEING is a trademark of Boeing Management Company
’ w SUMMIT 1 7 Copyright © 2017 Boeing. All rights reserved.
Copyright © 2017 Northrop Grumman Corporation. All rights reserved.

GPDIS_2017.ppt | 17-00663-CORP

2+ ELYSIUM m NORTHROP GRUMMAN QL eoEne

i ELYSIUM YT erspaca avorrnnce: eruses Peosve



Service-Oriented Architecture to Microservices
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Service-Oriented Architecture
(SOA) is not a technology —itis
a design methodology.
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Microservices are a specialized
iImplementation of SOA for building
flexible, independently deployable
(DevOps) systems.

A microservices architecture puts & '
each element of functionality into a
separate service...

... and scales by distributing these services
across servers, replicating as needed.
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Why Cloud?
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CLOUD
IMPROVEMENT
PLATFORM

100x

Improved Delivery
Speed
- Automated Self Service -

6X

Increased Asset

Utilization
- Shared Infrastructure -

Global Reach

- Enabling Global Nimbleness -

£ ELYSIUM

CLOUD BUSINESS LEVERS
Status Quo

On-Premise Single User Ownership Model for Compute, Network, & Storage
Continued Capital Investment in Equipment & Data Centers
Limited Agility & Adoption Speed for Market Driven Capabilities

Versus Cloud
Shared Infrastructure Ownership Model Both On and Off Premises
Reduction in Costs for Compute, Network, & Storage as Utilization Increases
Nimble, Market-Driven Global Services Through Operating Expense vs. Capital

SAVINGS CATEGORIES

RECURRING
OPERATIONS
Server Hosting LICENSING
Storage VMWARE
Depreciation/Interest OpenSource
Operations
Network

ONE-TIME COSTS

Application Transition
Costs

Automated Orchestration
Implementation

BOEING is a trademark of Boeing Management Company
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The Drivers for IT Architecture and Interoperability:

The Grand Equation
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rVALUE ) (TEST&CERTw Partners Across The Globe Are
Opportunity for Life Cycle Cost Savings ? Bringing The 787 Together

100%

Reduce lifecycle
duration and cost

Committed ® =

Cumulative educe

Life Cycle Cost / Rework
50% \

/

STRUCTURE

of initially projected LCC

4 Actual
= / Cumulative
g Expenditures
K ) Reduce cost
0% — of testing
Conception/ De: Operational
Definttion Production phase
phase phase

: Distributed Data, Processes
susiness ] \iuiti Discipline [
Goals P and Infrastructure-
— « Who, What When, Where
Distributed Sys Multi Partner
Collaboration L4 Scalable

« Consistent
— Standards Based Distributed System Architecture -

Secure
« On Demand
» Global Visibility
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Perspectives on the IoT design space
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Interoperability

Data

between: rate
Protocols e “t- £k — — ™ WP Wircless USB/
Range Star Mesh Point-to-point Point-to-point \_Ultrawideband
Network topology 100Mb
Discovery techniques  fans= < *

H m m m <01m 10Mb
Power options i bl i i
Data rates | ) ) ) o) o
Battery lif e ! ! !

a . ery e . Broadcast Broadcast Broadcast Response to field
Active/passive 100K
i —_
Pomer D Classic: Mid Tag: Zero 0.0'm 0.1m im 10m 100m 1km 10km Range
High Low ([ —
LE/Smart: Low Reader: Very low
Long
Cellular Low-Power Wide-Area Network
(LPWAN: Sigfox, LoRa, Ingenu)
Range
Local Area Network Personal Area Network
(Wi-Fi, Zigbee) (PAN: Bluetooth)
Short Long
(e TR | I BattryLie

@ (N N N N O
@ Buuetootr [N NN NN NN I N N N N I m
ol [ f F b F T ] ] ]
tow power uwe - N N I I I I I I .

The design, manufacture, operation and support contexts/environment/data analysis requirements, determine the interoperability options used in an loT architecture

https://medium.com/@dconrad/how-new-long-range-radios-will-change-the-internet-of-things-ed8e6b5e36 7f#.cjl3ngpcc
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Product Data Interoperability in the Context of 0T
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Traditional
Product Data Interop challenges:

Diversity of CAD/CAM/CAE
tools,formats

Specialized analysis, processing tools
(FEA solvers, NC code,CMM)
Interaction between systems
Engineering models of various types:
electrical, hydraulic, etc.

Decision making typically within tools.
Interop issues dealt with data
standards

Industry has yet to recognize IIOT interop as a serious issue.

If you thought reconciling product structures was challenging enough,
think about an assembly of sensors and predictive models, their
representations from various vendors, and the interoperability challenge

Additional
Interop Challenges Introduced by IoT in Product Lifecycle

Diversity of protocols, sensors, sensor integration

Diversity of gateway architectures, security , device management
Diversity of analytics models, and where analytics gets done - at the
gateway or cloud

Diversity in assembly of analytics models, data and operational models
- aka digital twin

Understand failure modes

Diversity in cloud platform architecture

Security models

Power, data, range, environmental

Cost and profit models.

Visualization and service management

Image: http://www.brakeandfrontend.com
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High-Level Capabilities
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Concept i Simulation ! Definition : Manufacture | :
Process & | | )
use cases : 1 ! ! !
< H Standards for Engineering processes and methods not described — i
1 [ ¥ v ]
; Structural Analysis 1 - i
H Suite of i
Multi-disciplinary | [comput. Fluid Dynamid: i AIA -ASD I
Anaysis &de5|gn' P209 H i i
AP 242 i |ILS Specs (SX000) |
ed2 ‘ anaged Model | :
Systems [Additive Manufact. (ed2)] Rased 3D I Based !
]
Engineering [composite desigr] [Process planning ngineering i on PLCS :
- ' L'\h
AP23S o Requiement| Lo meie .
management S e —— - Bupporttaskg [Supporthistory
| alidation & Verif.
Information Project [Classification | ecurity [Maintenancd [Messagind [aPS]
ssues management management Document Mngd I AP 239cd2
An:lysis Machining AP 238 ed1 Product Life Cycle Suppdlrt
Sh8Pe N —Eiectrical | Form Featureg Cutting tools |
Idealized Harness (ed2) urning !!!I"Ing :
Anﬁ'YSiS orkpiecd ftools paths| i
shape H
5 tatd ;
' ; = d i
i - |
— oot ] AP 235ed1) |
L] ModularSTEP standard Engineering Properties i
[Interconnectsubstrate AP 21 0 ed L o k 1
[:] NON Modular STEP standard for product design & verification |
Electronic assembly * | |
5 H ]
Only contained in AP 242 ed2 Electronic assembly, |nterconn'ect ' '
= icati & packaging design. Analysis TB done.
AP = Application Protocol P gingdesig * ¥ NOTIONAL DIAGRAM
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New STEP Architecture
Based on Model Based SysML Approach for Data Interoperability
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Cld STEP

AANM B
Conceptual model

interpretation

Mapping

g
]
:
¢

integrytion

STEP phase 1 : Monalithic Aps
-> divergences between teams
Ex: 203 vs 214 => PO Schema

Meodular STEF

Conceptuzal model

interpretation

Express
Modular ARM
B
%p Mapping
Express
Modutar AIMGY

STEF modules: ohjectives ©
favaur integration by reuse,

speed up development &
publication

But Logic layer and
implementation loyer got more
dependant

DEXlib

Conceptual picture

Layered ARM

Mappings

DEXlib

transformation

Express
Modular ARM.

Mapping

Express
Maodular Alhd

PLCS wersian 17 new business
meeds on lifecvole, reguest for
XKML implementotion method,
introduction of a higher level
development framework with
inputs from semantic weh, based
on the modular architecture but
Inneficient XML implementation
ARM implementation
Underiving concepts of the PLCS
framework are gligned with the
STEP philosoohy

Integration layer hodel basad formal .ImplEmErftatiun layer 9
PLCElib AP242 edl Goal
Conceptual picture Capability picture Conceptuzl model
Layered ARM Layered ARM
IMappings Mappings
R Express BO
PSM SysML ) harmonization e ? CORE SyshL

Derivation

Mapping

PLCS version 2: for PLCE
stokeholders, difficulfties to
maintain stromg integrotion
with STEP modules.

The SysML PSM is the
integration laoyer

Partiai
mapping

Exprass
MModular ARNM

Express
Modular Al

APZ42 edl BO Model:
requirements close from PLCS:
XML impolementations with
ossocigred documentation.
Filus strong reguireemat of fuil
integration to the madular
orchitecture:

Fail to provide complete
mapoing from BO Model to
Modules

Harmanization started between
BO Model and PSM

ration ?
o
8

] Modular ARM

MMapping

? Integ

Express
Modular AIM.

Ensure consistency and
integration on the whole stock
and gcross AP

Maodel based

Allow extensions from other
domains and technologies
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Data Integration

Global Product Data Interoperability Summit | 2017

What is absolutely needed for data integration?

Machine-readable format to describe

G data (properties and relationships)

9 Unique data identifiers
6 Protocol/API to access data
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Data Integration
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What is data integration?

View data from different sources as one integrated dataset

Integrated dataset consisting of (subsets) of individual data sources and links
crossing data sources

Islands of data integration Integrated dataset
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Moving Forward into the Future
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Woeb-scale IT

Additive Manufacturing
Web Scale IT (3-D Printing) Internet of Everything

~ code deploy
. . g
> ok
build réle? operate
‘»‘»_t,_est-' ‘ monitor

wh‘h
mp"‘

Personal Assistants

Big Data °". _.* 3
A/R, V/R and Wearables Enterprise Social KM
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Thank you!
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