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Building a Smarter Systems Engineering Environment:
IBM Research and Israel Aerospace Industries (l1Al)

= Today’s smart products require engineering processes to be
carried over a complex development environment

= Multi-discipline, Multi-application, Multi-role

= Key challenge: facilitate connectivity and traceability of
engineering data across the lifecycle

Our solution approach:

= A Collaborative Lifecycle Management Relationship Hub
(RH) among all engineering data and tools, enabling
= Linking & Traceability
= Impact analysis
= Search & Query & Reporting
= Common Baselining

= We will demonstrate how RH helps IAl's to meet those
challenges enhancing their existing engineering
environment

a smarter planet.
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Challenges in Complex Products Development

Collaboration between domains is still manual.

V" Related and dependent data
v" Progress on related tasks (process visibility)
v" Progress related to the overall program plan

v~ Visibility to changes in related system elemen : : |
change rate c ange rate change mtb
ACEETRE

Many Different Roles

Syste Hardware Mechanical Software Test
Engineer Engineer Engineer Engineer Engineer

Best of Breed Applications, = . < — =
Domain Specific Processes =

Domain Specific Program
Assets

Program Master Plan

a smarter planet.
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Business results of increased product complexity driving critical
|mperat|ves for product development and delivery

Business View

Product missed customer needs 46%

Late to market/missed demand 33%

Poor commercialization / promotion  26%
Product quality 24%

Pricing 23%

No clear product differentiation  19%

The CIO’s Guide to the PERFECT Launch: Translating
Innovation to Business Benefit, AMR Research, 2005

Engineering Opportunity

Improve communication and collaboration across disc iplines 71%
Increase visibility into status of requirements 49%

Increase ability to predict system behavior prior to testing 46%
Implement or alter new product development processes 43%

for a multi-disciplinary approach

Increase real time visibility of product Bill of Materials (BOM) 39%
throughout the development process

Aberdeen Group_System &S .

a smarter planet.
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Acceptance

- o

::.':::::::"".::':. ginering

Electrical Design

Embedded SW Desi@
Mechanice

Let’s a smarter planet.
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IBM Product Development Integration Framework (PDIF): An
umbrella for multi-disciplinary CLM integration

Tivoli Directory
server ........

g Product Field
Makeler Engineer Engineer
Lotus.
. WebSphere Portal Server
Sametime
Instant Msg —
WebConf

P
SIEMENS Dy | [Svc| | 27
Teamcenter

Enovia

] . Enterprise
Windchill Resource Planning

Rational. Information Management
Team Quality Service and Asset
DOORS ~ Rhapsody  ¢opcert Manager Management
IBM Methods and Best Practices Software Development and Operations Master Data Mgmt
for Systems Engineering Enterprise Asset Management

Information Integration

a smarter planet.
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Jazz: Leveraging Web technology for CLM

http://acme.com/MechanicalPart

hitp://acme.com/Requrement
O , O
HTTP/REST \
Embedded
Test

The Web has proven to be the most scalable , open, and flexible integration technology!

. : Mechanical
Require- System Electronics )
ments Architecture Design DESEY Softv\_/are
PDM Design

Jazz provides the infrastructure to meet RH challenges!

a smarter planet.
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Jazz: IBM Rational Architecture for Application Integration

= Jazz tools implement the Open
Services for Life-cycle

Collaboration (OSLC) ;gfvzer
specifications L _____ s
. . I |Tool A |
= Jazz Integration Architecture Server Exension || == == — =~ :
(JIA) extends OSLC to = ] L R '
i @ iscove o) | Tool D
integrate tools further 5| Ronmaain : —— ! vy ||
» JIA defines Jazz Foundation Services : o A : | [Server Bxtension 1 o }
. Storage, administration, composite N\ TTTXRTTT S i
user interface, query, ... ) H H H
. . . ifi
. EX|st|ng appllcatlons can plug < REST APIs(OSLC JFS, product specifi¢ >
into the JIA incrementally H H H H
. B oy BT
= Jazz Foundation Server — an Q% Q@E) Q@B ¢ |° Q@B)
implementation of Jazz Deskion Cient WebClent Wb et peskiop Gient

Foundation Services

Jazz provides the infrastructure to meet RH challe  nges!
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Systems Engineering in Israel Aerospace Industries
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Welcome to Israel Aerospace Industries (1Al) M]

ISRAEL AERDSPACE INDUSTRIES

a smarter planet.
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IAl at a Glance

&mr

ISRAEL AERDSPACE INDUSTRIES
Global Company:

= Over 30 subsidiaries worldwide, including holding and marketing

companies
w® ‘?—ﬂﬁ;’w\\
/,—\_W,A
- |

= Active on land, at sea, )
A4

&0
x¥
In the air and in space‘*i: & %%:‘)
Current workforce:16,700 n\w ©
6 groups & 21 divisions ™
In Israel -
Sales: $3.6B i
= Over 80% export ﬁ;
= Backlog :$8B+ 3\
5/
@  Marketing Offices / Holding Companies
& Active Companies “

a smarter planet.
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Comprehensive Technology Base [ﬂ[

ISRAEL AERDSPACE INDUSTRIES
= |Al Excels in Complex “Systems of Systems” (SoS)

= |Al Comprehensive Technology Base is key to SoS deve  lopment

= Aircraft Design and Development " Missiles: _ N
Satellite Launch Vehicles, Air & Missiles

= Intelligence Systems: Defense System, Precision-Strike Systems

Satellites. ELINT. COMINT. SAR Guided by Radar, Laser, Optics and Inertial
’ ’ ’ Sensors

" Sensors and Seekers: = Composite Aero-structures
Radar, SAR, Electro-optical Payloads, Inertial, Sigint
units for Aircraft, Ships, UAVs = Unmanned Systems:

= ATBM/C3l, NCO/NCW: Air, Ground and Maritime Vehicles,
Anti-Ballistic Missiles; Command, Control, Computing Robotics
and Interoperability; Net-Centric Operations Warfare = Space Systems:

LEO Lightweight Imaging and SAR
Satellites, GEO Communication Satellites

o

a smarter planet.
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Al System Development Challenges : The Business View

= Time to market and innovative products:

»  Agile multi-disciplinary development processes to integrate new
products from existing components and provide previously
unavailable capabilities

»  Systematic reuse of systems, components, and work products
»  Product line oriented development

= Effective methodologies to develop System of Systems

= Integrated development environments allowing large scale
development by distributed teams

a smarter planet.
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Hierarchical Application of New Product Introduction (NPI)

System Level

Evaatona | DRR Preliminary IPDR | predetaiea |DDRR| L, Design ICDR DR TRR Integration & FRR Preparation For PRR
valuati imi " i i q q i i
q Design EM Construction FM Construction . 0
Setup Design (subsystems) (system) Testing Mass Production
System Spec Freeze Subsystem Specs System Design Freeze
e Procurement plan ¢ Contract Review « Line Manufacturing * Updated Production Files
e Suppliers e System Requirements e System testing, ATP at all levels
e Production e Project plans o Test Equipment
e ILS ¢ Risks « Route Cards
e Quality Management e Manufacturing &
Assembly Drawings
e Process Specs
Subsystem/Component Level
Evaluation& |PRR|  prefiminary |7 PR Pre detalled PDORR petaited Design |'CPR EM Construction DR FM Construction TRRI | tegrationa | R preparation For | F (R Production
Setup > Design > 9 > (subsystem) > Testing Mass Production
(modules)
Subsystem Spec Freeze Module Specs Subsystem Design Freeze )
e Line Manufacturing
e Subsystem testing
Module Level
(HW — LRU/SW - CSCl)
A R i i Module
Requirements | DRR Preliminary | IPDR | Detailed Design | ICDR PRR >
Review & Setup Design (module) s Marzf::::;;g &

Module Spec Module Design Freeze

a smarter planet.
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- EXisting

- Required

] 1BM [ Third parties

. In-house

20093S

MVOH
ay} Ul 10N

E.E tools

Simulation

tools

ERP

Maintenance

applications
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Doors
Problem Terms — e
Merged : ;.:-: S0 e
= 2 | o
Réds;,\_':.‘-:‘:' e = |
| Challenges:
N ~ \ / . . .
: N N - = Associate requirements in
System Architect ! e \"\ DOORS with model
= o elements in SA without
P " ) S having to copy model
Q! elements from SA into

— -
1
1
1

DOORS

\ = Generate an SSS, using

] RPE, based on information
" from DOORS & SA, and
inter Relations ,without
having to copy model
elements and diagrams
from SA into DOORS

1
-

a smarter planet.
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Case Study: SARAH (Search and Rescue Automated Helicopter )

Navigation
Satelites

V€

.--/.." " ’ e
/ VICHE N ArTraffic
| AL 7 \ Control
o0 | A
i A Pi“;"" ble L Mission

7 N e I\ Contrel r

O, Temminal [/ N Sutin
v 4 il -

= ‘. o ¥ LAZs
i

Mission
Flaring
Station

Mission:

= Provide search & rescue forces with real-
time visual imagery from a given disaster
area, via an unmanned platform

Main characteristics:

= Unmanned helicopter intended to operate:

» Over populated areas
» In civilian airspace
» Over open areas

= Day & night visual means:

» Visible light video (day)
» “Starlight”

= Emergency landing:
»  With no risk to life or property on ground
» Minimizing damage to air vehicle

= System configuration:
» Hand-held small mobile video terminals
» Air platform
» Mission planning and control stations

a smarter planet.
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IBM Research and IAl project collaboration: PLM Rel

Hub (RH)
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The PLM Challenges Addressed by the FOAK Project

. o
 Product data exists in T Traceability?
different tools Al

= '-:.'.v:: = “._: i

-=— = :.-.'_.E_-S.____ i
MOd_éj LT |
o - Impact analysis?

- N2 possible §
peer to peer —

/\

veanSal es &

integrations Marketing - /.
s Info /(4
= & . -
= Sing | — q
J =5 -

after Sales- | « Data
- - I Dt - 1 1
s | %2 duplication?

* Manage
context?

a smarter planet.
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The PLM Challenges — The Solution Approach

v'Product data exists in
different systems

v Traceability

| v’ Impact analysis
v'"No peer to 27|
_peer . Sal es & :
Integl’atlon Marketin'g J

& Info _l' __'I

T i
» " Serviee
Finite

| ‘after Sales-
Element

v'Data
: Data
Model / ;

Duplication

a smarter planet.
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PLM Relationship Hub Project Objectives

Create a “virtual” PLM system from a cross discipline tools

» As opposed to migrating all data to a single “all-in-one” PLM
application

» The core capability is to manage a large network of relationships
among distributed design artifacts

Extend IBM’s PDIF to include multi-domain linking

Integrate with the customer’s existing PLM toolset in a non-intrusive
manner

Leverage Jazz and infrastructure being developed for Rational tooling

Explore the best methods for capturing and representing cross-discipline
relationships and how these can be accessed and used by various
engineering roles.

a smarter planet.
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= Cross tool models/artifacts integrated view

=  Cross tool models/artifacts bidirectional /IRTC
relations

= Cross tool search and query

= Impact analysis

>l = Connectivity rules checking via constraint

satisfaction technology
e _ Rhapsody
S : = Cross tool reports and documents generation
DOORS _ o
\ = Cross domain baselining J

PDM

Wiring/
messaging

Reports/ RPE

a smarter planet.
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Cross Tool Models/Artifacts Integrated View
Relationship Hub

\

» Integrated view of data
models from heterogeneous
engineering tools

» Cross tool relations among
model elements from different
tools/disciplines

» Stores only indexing data
including intra-relationships

/ » Common Web Ul for creating
Inter Relations

» Scopes the target element
according to requested
context
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Impact Analysis
Relationship Hub

» Possibility of tracing and tracking
potential impact on model
elements as a result of a change
in one model element

»Upstream impact analysis

»Downstream impact analysis

SystemReq2 SystemReqL

<intra=  / <in tra=

»Distance

» Uses advance visualization

» Reduces irrelevant elements in
the impact graph

» Focuses on cross displease
Impacted Elements
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Connectivity Rules Checking

= Enforces IAl's connectivity methodology by checking set of connectivity rules

1

1

1

1

1

1

1

1

1

: xtendable toa model
! that satisfies rules'>
1
1
1
1
1
1
1
1
1
1
1
1
1

* RH use cases

v
Satisfies rules?

yes _~ no

= Rules arising from process methodology

» System requirement must be linked to a single model element in SA or is defined non-functional
» Siblings elements in SA model should not be mapped into Doors parent and child elements

» If atestis linked to a function in SA and to a requirement, the function and the requirement should also
be linked

= Uses IBM constraint solver (CSP)
» Solves NP-complete problems (partial links)

yes

» Constraints language (declarative, not procedural) 28

a smarter planet.
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Connectivity Rules Checking — Example

Relationship Hub

\

1. Add a relation between
System Req2 and function
6.2

2. Execute Connectivity Rules
Checking

3. This relation is recognized

as non-valid (since
SystemReg2 can only be
associated to model
elements of sub-system Air-
Vehicle
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Cross Tool Documents Generation Using RPE
Generates an SSS [System Specification] with the new integration architecture

System Architect

# System Architect — Local Server TRUISBS195QLEXPRESS (SARAH)

et
Tr{N WE Ex- A U B F-T Y- FeAhyvsy 1-#- Rablish Bhepsody 751 RG AT
HdeE (s (¥ (00 (xa= = FEEFEH 2l

- [Sundd vew <o : g id EEEEE PATSBTRAN QL E
DX BlR 442 v@
= S e D [syston Reavromerts HE

+ 2 Fcton Fomurenents || 5751 | 1 States and Modes
3 Fio Fautanans
MNore SYs-2. ‘ 2F

75 [T sl o e spror o skt e e i camea s g msen %
Sescuton

S157 The sysem shall sl th aperstortoseec i reaktme the camera n use durm ight %
preparation

Module Chart (Parts)
= L3 Definitions

g Activity
Adapt LT Plan
Debrief_Mission
Execute_Mission
Maintain_AV_and_PYLD
Manage_FLT_Plans

svs-8 ‘m em shallallow the operator to point the camers aboard the ai vehicle In any direction, % |
rlatve to the lgh direction during mission execution, by means o a Joystick.
SY59. (The system shall allos the operator to pant the camera aboard the air vehick in any direction, %
rlatve tothe AV positon during mission preparation, by means of  joysick.
5Y5-31 | The system shall provide real-time Imagery acquired by the airborne payload. %
S¥532 | The system chalallow the operator to combing images from any fwo cameras or t display tuo %
uncombined images sds-by-sde during mission exacuton
5¥5:33 | [The system shalallow the operator to combine images from any two cameras or to dispay two %
uncombined mages side-by-side durig flght preparation
5¥5-34 | Camera elavation shal b controlld by the aperatar during mission exacution.
5Y5-35 | |Camera elevation shallbe contralied by the operator during fight preparations.
5¥5:37 | 1The cameras shall b stabized o produc steady images in al flght conditons.
Y538 | 1Th cameras shall be stablized to produce steady images during flght preparations.
553 | 3 Flow Requirements
Svs4 || 4 None Functional Requirements
5¥5-5 | 15ARAH shall carry a standard, dayliaht-operational TV camera; a low-liaht TV camera; and, % [y

Manage_Mission

avavivay

Navigate

Operate_Air_Vehicle

=] Operate Cameras

m——
] R

i3
5 AXTUSR

DOORS DXL REST API REST API Generated SSS

= = SA Diagra

EE

b B0 oot Dreen Dol s
Sl ¢ X iEE EBT

Modified SSS Template Err—r — s i | =

[ e
Cortoes

Container SA-SARAH $12_ Encychopedia Defintions Activity (7]
h il

o i T SR I Fae T
Encyclopeda Detintions 0 et bt v,

Text Toxt Text Text
Encyclopedia Definitions fctivity| | (PUID Encyclopedia Definitions Activity. )
Paragraph

[T
Y wmr

=

Text A 52 Eoscabelotuediny ) E
Encyclopedia Defintions.Activity prp_Description '

i =
wn y

Conterer Relationship Hub $1_likslink
Container  Relationship Hub 82 lnks ln tareet
Container 035ysReq $3_ Module Obiect

Paragraph ot W-SATAN 1 Tkl iy
Text Toxt Text Text Text ey 3 e

Module Object ReqTitle | (PUID Module Object Obiect I | ) ey ey 8 Bt
Paragroph

DOORS Requirement

Fizwe 1 - SARAH Funcrionality

Text
Hodule Objsct Object Text

Air_Traffic_Contral
‘A mraffic Conrrol i charg of the airspace used

Ares_OF Interest
R P ‘The srea coverad by the SARAR peyload field-of vie
E ‘Eavirooment

‘The physical envirommenr in which SARAH operstes

B SA Definition

Global Positioning System (GPS) satellites constel

Maintaizer
‘System maintainer (may be the same person a5 "Operator”)

Generates s -

Oparttor
The systam oparatar

Other Aix Vehicles
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IAlI'sS “TO BE” Environment

Al tools/systems relationships

| S
|Al tools/systems relationships with PLM
Relationship Hub

PDM
TCE/Mantra
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PLM Relationship Hub Conceptual Architecture

ngih ering SW _
engineering |

too

Process Control apps

|
| <

=L
REST APIs

Build on

Reporting , Documents

generation , and
Validation Apps

/
REST APIs

a smarter planet.
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The PLM Relationship Hub Component Environment

The Rational 5

Tool (SA, TCE, DOORS etc..)

«COmponents «components «Components «components
Z1TCE Server Z1Doors Z]Mantra Z1SA Server
interaction Inte%action [ntew‘action interaction
«components «components «component» «components «components
Z1TCEAdapter Z1DoorsAdapter =]MantraAdapter Z]Evans - SA Z]Carter - RHP
: e i} i
Extends Extends Extands Extends
- w7 fats i A
«components «components «components
=] LegacyAdapter Z1SAAdapter Z]RHP Adapter
‘Extends ________________________
. Extends
iy v
«component:
ZIRH GenericAdapter = Extends
«REST»
RH Clients RH PLM Hub
«components V RH App Extension
CAMWeb . «components
2 Extends | prt vrak (lag | ooooooe «REST»_ . «components
Z]RH Web Clent Z1RH Server
; T
: «components
Extends =] Analysis
i
«components
=1CAM «component»
: <IPDIF
«Uses
My
«components
Z1IFS -
«component»
Z]RPE

a smarter planet.
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Documents Generation Using RPE - As Is

VBA| —__|px DXL, _

st s dagas it tom 08 o
"
| (Lrea }+ —H req |
[rea — req |
- (diagram }- —{diagram }— Y diagram| |
def o def

____________________________________

1. Transfer SA diagrams and definitions to DOORS
2. Create links in DOORS
3. Extract data from DOORS for RPE document generation

a smarter planet.



Innﬂ\fate The Rational Software Conferancs

Documents Generation Using RPE - with Relationship Hub

(2) Create links m

—

(1) Publish Index
"""""""" data

DXL

1. Publish Index data from SA and DOORS to

e )
Rest Pluginf| (1) Publish Index
data Ir
Relationship Hub
Create links in Relationship Hub

3. Send data from SA/DOORS/Relationship Hub to RPE Y

a smarter planet.
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Summary

= PLM RH benefits to systems engineering
» Harmonizing mechatronic discipline silos into an integrated SE solution
= Data consistency and navigation across views
= Qverall requirements management & traceability
= Change management (impact analysis)
= Project-wide query and reporting
= Project-wide baselining
= Value to Al

» Better communication between disciplines
» Shorter total development time

» Rework savings by agile reuse of information across disciplines
= What's next?
» Assetize RH as part of the PDIF solution
» Leverage the project to drive requirements to the evolution of the Jazz/RELM solution
= Common baselining, global relationship store, impact analysis
= Increase reuse of Jazz capabilities in RH asset

» Expand the hub to facilitate cross domain PLE, optimization, and simulatiag R

a smarter planet.
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Dalily iIPod touch giveaway

= Complete your session surveys online each day
at a conference kiosk or on your Innovate 2010 Portal!

= Each day that you complete all of that day’s session
surveys, your name will be entered to win the daily
IPOD touch!

SPONSORED BY

Alliancelech

Intelligent EVENTS

= On Wednesday be sure to complete your full conference evaluation

to receive your free conference t-shirt!

a smarter planet.
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Open Services for Lifecycle Collaboration
A foundation of the Jazz Integration Architecture

Open Services for
r Lifecycle Collaboration

Barriers to sharing resources
and assets across the software

lifecycle . :
_ » Inspired by Internet architecture
» Multiple vendors, open source L | led i . ith h” dardizati
projects, and in-house tools _ oosely coupled integration wit jus_t enough” standardization
_ ] = Common resource formats and services
» Private vocabularies, formats and

stores . i . . .
: » A different approach to industry-wide proliferation
» Inextricable entanglement of tools

with their data

» Specifications for sharing lifecycle resources

\ J
; Discovery ( \
useé?r'}lg'lgct:gflorocess REST API
Task Specific
Data Warehousing Logic
D_ Storage
r Collaboration ‘L
D_ Additional Services
Data
_ Core Services ' l
Open Lifecycle Services R

a smarter planet.




