The Model Driven Enterprise: |
Realizing the Business Benefits of OMG Standards [.3,',,‘ ( a

- = -
Austin,Texas @ & Checruanacementonous

Model Based Systems Engineering
Ecosystem

Nerijus Jankevicius
Product Manager
No Magic, Inc



Presentation outline

* Model Based Systems Engineering
 MBSE benefits
« (Cameo MBSE ecosystem overview



Systems Engineering O

Systems engineering is an interdisciplinary field of
engineering that focuses on how to desigh and
manage complex engineering systems over their
life cycles.

Wikipedia



MBSE Definition

“Model-Based Engineering (MBE): An approach to engineering

that uses models as an integral part of the technical baseline that
Includes the requirements, analysis, design, implementation, and
verification of a capability, system, and/or product throughout the

acquisition life cycle.” V] .Y N

) [ TA 1)

Final Report, Model-Based Engineering Subcommittee, NDIA, Feb. 2011

“Model-based systems engineering (MBSE) is the formalized
application of modeling to support system requirements, design,
analysis, verification and validation activities beginning in the
conceptual design phase and continuing throughout development

and later life cycle phases.”
INCOSE

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

INCOSE SE Vision 2020 (INCOSE-TP-2004-004-02, Sep 2007)
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MBSE motivation

SE problems
« Complexity is growing faster than ability to manage it
* Knowledge is lost between projects and phases

 Difficult to assess completeness and consistency of information spread
across documents

« System design emerges from pieces, not system architecture

MBSE should help to
» Enhance system design integrity
* |Improve communication
* Increase productivity and quality while reducing risks
* More rigorous requirements traceability
» Make system design computer-readable
* Integrate analytical models
» Generate consistent documentation

No Maaqgic 3



Is modeling new? NO

* Models have been used as part of document-based systems engineering
approach for many years

» The use of models has been limited to support specific types of analysis or
selected aspects of system design

» The individual models have not been integrated into a model of the overall
system

What is new ?
= the availability of formal modeling languages which can describe systems

= engineering standards and tools which enable integration of a system
model with existing discipline models.
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SysML - Systems Modeling Language h@

 OMG Systems Modeling Language (SysML) is a graphical modeling language for
specification, analysis and design, verification and validation of systems.

» Developed by OMG and INCOSE
» Adopted by OMG in May 2006

* Implemented as a UML profile

* Supports XMI

UML reused by

SysML

(UML4SysML)
Not require SysML’s
by SysML extensions

to UML
No Magic 7 i



SysML - a key MBSE enabler

 SysML enables MBSE

 MBSE typically uses SysML as a standard visual modeling language and lingua
franca, but is not limited to it

« SysML is not intended and not capable to replace current investment in modeling
in the other engineering disciplines.

« ltis intended that SysML-based models be the framework for interoperating with
these discipline models, thus enabling integrated model-centric engineering

« SysML is methodology and tool independent



Cameo Systems Modeler

No Magic

The Truth is in the Models™
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SysML in Cameo Systems Modeler e

ot
S e

= The most standard compliant SysML implementation

on the market:

= Implementation of the latest SysML 1.4 spec

= Implementation of all 9 SysML diagrams

= Background validation of all SysML constraints

= Most standard compliant UML/SysML XMI file

= Requirements interchange, engineering analysis and more

stm [State Machine] HSUY Operational States [ ]J




System Model

1. Structure 2. Behavior
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3. Requirements 4. Parametrics

11

A system model is an
interconnected set of
model elements that
represent key system
aspects including
structure, behavior,
requirements, and
parametrics.



System Model as an Integration Framework .|

traceability Structure Behavior analysis
rationale | ) act ) needs

External A AT closed form
RequirementsJ h /61_——@ -
- B | o
@ ™ \_t—[:g?[u
Lo performance

viewpoint [ COEEC I | estimates discrete event
System | |
Documentation - _
and Specifications
e network
Requirements Parametrics
System Model (SysML) Analysis Models
sysIframework fontgn \
n Electrical Software Testing
Mechanical 8 p
: Design Design Methods and
e Models Models Models
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Cameo MBSE Ecosystem
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INTER-OP
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TheTruth is in the Models™
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Data Import
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Documents to models

= Cameo Inter-op & Cameo Workbench:
Excel, Visio, Powerpoint

» Excel import/export options
= CSV import plugin
= NEW Excel import plugin
= DataHub, Paramagic, Matlab, Model Center
= Excel report templates

15



UML-based model migration

= XMI (XML Metadata Interchange)
= Best results at OMG MIWG
= Eclipse XMI is supported too
= Diagrams not included
= OMG DI (Diagrams Interchange) standard is coming

= Full model & diagrams import:
IBM System Architect & IBM Rational Rose
IBM Rhapsody
Sparx Enterprise Architect
Vitech CORE® (4.0 to 6.0 Versions Supported)

16



MBSE Ecosystem

Publishing
MATLAB
SIMULINK

Co-simulation

m
INTER-OP

Transformation

GAMEO
WORKBENCH
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SYSTEMS MODELER
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Scalability & performance

» Geographically distributed Teamwork Server

Team in
London

e Linear
accelerator

Team in
Paris Team in

Bangalore

e Table
* Spatial * Software
positioner

N O M d g | C 1 8 The Truth is in the Models™



Teamwork Server Overview

Open project and
lock components for editing

Open project

Only locked components
are editable

— MagicDraw Enterprise Edition
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Teamwork Server Overview (2) S (—)

Unlock and Commit

information
Receive the updated
information

No components are
editable

Receive the updated
information

MagicDraw Enterprise Edition
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Teamwork Server Benefits

- Global project repository
Projects
= Users
Permissions

- Collaboration inside a project
= Locking/unlocking model elements
Seeing who has locked which elements
=  Submitting changes

- Change management
Versioning
Branching
Comparing
Merging



Coming soon

 New generation Teamwork Server (CEDW)
« Distributed and infinitely scalable database
* Element level versioning, partial loading
EMF based - multiple tools support
*  Web access for review and querying

« Collaborative model review environment



MBSE Ecosystem
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Requirements management

« Cameo Requirements Modeler plugin
= Included into SysML plugin and Cameo Systems Modeler
= Manages SysML Requirements
= Diagrams, Tables, Matrices, Relation maps, reports
= Traceability and Impact analysis
= ReqlF import

= Cameo DataHub
= Seamless two-way DOORS integration

= CSV & Excel import

= OSLC is coming soon
lo Magi 24



ReqlF import and update I

 Requirements Interchange Format (ReqlF)
 ReqlF is a normative (OMG) XML-based data format
 DOORS, Integrity, Polarion, TeamCenter...

(i
L pata have been imported or updated. ) 0 PTC I“tegr'ty
New or updated specifications 2
New elements and relations 5
Updated elements and relations 2
Obsolete elements and refations 3 4= Notification window
Unchanged elements and relations 3
Show imported specification table(s)
Note: you can change import and mapping options here.
= poun ION %mg,
# Hiera:hy Id Name Status
111 A Introduction Updated
2 11 [A Scope Unchanged
3 1.2 [ Asumptions(This Section Was Updated) Obsolete
4 1.3 [® Exdusions Obsolete
5 |1.3.1 [® System Instances Obsolete
6 2 [ Changes Made Unchanged
7 21 A Changes Updated
8 |3 A Contents Unchanged




Cameo DataHub
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Requirements in CSM

#

Id

Text

g

Avert magnetic-stripe skimming and PIN stealing

Prevent abuse of OS and reduce the attack surface of the AT
Prevent exploitation of public domain vulnerabilities in the Op

Reduce attack surface from public and private networks.

02.4

Prevent abuse by software suppliers.

W oo Ny AW

-
- O

| . . . um

AN

E-C3 00-Requirements

E-F3 01-Functional ¢
8 FO1 Cash W
8 FO2 Cash D¢
8 FO3 Money -
8 FO4 Balance
i -[8 FOS Operate
E-E3 03-Interface O
{08 101 Bank Int
B-E3 04-Usability Ob
8 UO1 Easy to
¥ JO2 Reduce
8 JO18 One C

B3 03-Functional Architecture

ATM:

req [Package] 00-Requirements [ Requirements 1]

<

«requirements»

C data should be
secured to 16 points from
the point of digitization of

Ensure that removal or «requirements
unauthorized access to the Avert physical local attacks
EPP triggers an alarm. that target PIlis.
Id="S01.10" Id="801.2"
Text = "Ensure that removal Text = "Avert physical local
or unauthorized access to attacks that target PINs."

the EPP triggers an alarm.”

1d="801.13"

Text = "Contactless data
should be secured to 16
points from the point of
digitization of the data.”

3 Develop ATM Machinee\

403 ATM Application ... ement
403 Balance Inquiry@—

e Cash Deposite —=

\ 3 Cash Withdrawal & —

[ Device Manageme ... ation

V= Easy to Learn

V= Integration of ... nents

Y2 Money Transfer@ —
V2 Reduce Senice Time
Vo= Security of Bas .. tware

» T8 A customer will ... (PIN)E

+ 8 ATM card and pe ... ction@

~ @ Ifthe bank det ... ceed.@
~ 8 The ATM will pr ... tion.&
03 The card will b ... urned@

« 2 Acustomer will ... (PIN)E

» T2 ATM card and pe ... ction@

» [ Ifatransactio ... ction@

» (8 Ifthe bank det ... ceed.@
= 8 The ATM will co ... hank.©
~ 3 The ATM will pr ... tion.@
~ 8 The card will b ... urned@

[ The customer wi ... tions&—

0B The customer wi ... rator@

<@ Acustomer must ... ensed@

« 3 Acustomerwill ... (PIN)E—

» T3 ATM card and pe ... ction€ —

~ [ Ifatransactio ... ction@®

~ = Ifthe bank det ... ceed.@
~ 8 The ATM will co ... bank.€
A @ The ATM will pr ... tion.&
03 The card will b ... urned&

\ 08 The customer wi ... tions&

« T3 Acustomerwill ... (PIN)E—

» T3 ATM card and pe ... ction€ —

~ 3 If atransactio ... ction®

= [ Ifthe bank det ... ceed.@
~ 3 The ATM will co ... hank.@
A3 The ATMwill pr ... tion.&
@ The card willb ... urned&

{3 The customer wi ... tions&

+ 8 Card Reader
=~ 8 Encrypting PIN Pad

+ 3 Communication Interface
=~ 3 Encrypting PIN Pad

= = Cardholder Display
= 2 Receipt Printer
= 3 Card Reader

+ 8 Card Reader
~ = Encrypting PIN Pad

» 8 Communication Interface
~ 3 Encrypting PIN Pad

= 8 Cardholder Display

= (8 Cardholder Display

= 8 Communication Interface
= 8 Receipt Printer

= 8 Card Reader

» 3 ATM Controller
=~ @ Cardholder Display

» (3 Cabinetand Fascia
~ 89 Communication Interface

» (8 Cabinetand Fascia
~ 8 Communication Interface

» [ Card Reader
=~ 2 Encrypting PIN Pad

» 8 Communication Interface
~ 3 Encrypting PIN Pad

= 8 Cardholder Display

= @ Cardholder Display

= 8 Communication Interface
= 2 Receipt Printer

= [ Card Reader

» 8 ATM Controller
~ = Cardholder Display

» [ Card Reader
=~ 2 Encrypting PIN Pad

» 8 Communication Interface
~ 3 Encrypting PIN Pad

= 08 Cardholder Display

= (@ Cardholder Display

= 8 Communication Interface
= 8 Receipt Printer

= 8 Card Reader

» 8 ATM Controller
~ 0= Cardholder Display



Impact analysis hp

 |dentification of the scope and impact of a change

Legend
=== Derived Requirements )
Requirements
4 ] spedfication
CH Braking © [ RegenerativeBraking ||~ orned Requirements || |
8 Performance B« - A PowerSourceMgmt = Satisfied by Blocks | | | S¥stem desian
\ and integration
x CH FuelEconomy®—=———= [H Range -
\ ‘-." e RegenerativeBraking mmm Verified by Test Cases Venfication
5\ =
X. ‘' OffRoadCapabhility® B Power@—————___
" T I PowerSubsystem ®
'x - @Power®@————____
\ = E PowerSubsystem
' 8 Acceleration® =
= MaxAcceleration

No Magic



Coverage analysis

FFH Use Cases | B Data Metric Table M 4 b B
¢ P : % :[E Calculate Metrics [} Add Existing W Delete By Remove From Table © & @ B Show Metric Suites % Show Columns : B Export : @ %% - : a
Criteria
{ Metric Suite: Regs Satisfied by Blocks Scope (optional): Drag elements from the Model B Filter: , Q- ]
# Date Requirements Count Blocks Count Requirements Covered By Requiremets Covered By Blocks Requirements Covered By
Blocks Count Percentage Blocks Average
1 (2014.03.01 16.00 18 4 2 11.11 1.00
2 |2014.04.01 16.00 18 10 4 22.22 1.00
3 |2014.05.01 16.00 18 12 6 33.33 1.50
4 |2014.05.01 16.00 18 12 8 44.44 1.33
_ D s e F G l H |
Requirements Blocks Requirements Covered By |Requirements Covered By Requirements Covered
1 Count Count Blocks Count Blocks Percentage By Blocks Average
2 2014.03.0116.00 18 4 2 11.11 1
3 2014.04.0116.00 18 10 4 22.22 1
4 |2014.05.01 16.00 18 12 6 3333 15
5 |2014.06.01 16.00 18 12 8 44.44 1.33
6
7 | e =
8 - -
9 Requirements Coverage Analysis
10
11 20 - 18 18 18 18
12
13 15 - 12 12
10 ¥ Requirements Count
14 10 8
15 . 6 ™ Blocks Count
16 5 . “ Requi
17 Requirements Covered By Blocks Count
18 0 , .
19 2014.03.01 2014.04.01 2014.05.01 2014.06.01
20 16.00 16.00 16.00 16.00
2 1 e Py 4]




Compliance analysis

bdd [Package] Analysis [ bdd_RequirementsCheck ]J -

«blocks
Vehicle

constraints
padAnalysis : PadAnalysis

stopDistanceAnalysis : StopDistanceAnalysis

stoppingDistance : ft I -

wheel : Wheel

brake : Brake

pad: Pad

asatisfys |

«satisfys |

erequirements
«RequirementVerifications
Stopping Distance

1d="1"
Text="Four braking wheels

> shall he capahle of stopping

the vehicle from 60 miles per
hourin less than 180 feet”
upperBound =180.0

erequirements
«RequirementVerifications

Brake Heating

ld="2"

Text="Braking at 60 miles per
hour shall not generate more
than 53 kW of heat at each

. |wheel"

upperBound =53.0

Manage Parametric Diagrams | Evaluate Designs|

Bookmark [<none>

Tire

| B Wheel
B-£3 Value Types

Transmission

erequirements Property
«RequirementVerification»
Brake Pad Life bject Requirements
ld="3" '|e Heating wheel.brake.pad.heat
lowerBound = 36000.0 ; ;
Text = ‘Brake pads shall have a _ e'Pad 'Llfe whee!.bra‘ke.pad.hfe
projected life of at least 36,000 ping Distance stoppingDistance
miles under normal driving . irements
conditions, as perindustry .
o= a Rl mipfions” Center Length (not specified)
‘ICenter Thickness (not specified)
: Width (not specified)
7 L= rotor Diameter (not specified)
- [8 Tires (not specified)
‘- A Vehicle Weight (not specified)

No Magic

Bounds Actual

< 53.000 kw <« 52.704 kw
>72,000mi X 36,016 mi
<180.00ft < 174.22 ft

3.0000 - 5.5...
0.20000 - 0....
1.5000 - 2.5...
=11.0

=22.0

< 3,200.0

Specification

Braking at 60 miles per hour shall ...
Brake pads shall have a projected...
Four braking wheels shall be capa...

The Pad Center Length shall be b...
The Pad Center Thickness shall b...
The Pad width shall be between 1...
The brake rotors shall have a 11-i...
The tires shall have a 22-inch rolli...
The vehicle weight shall be equal ...




MBSE Ecosystem

m
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Transformation
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Publishing Collaboration
MATLAB G AMEO
SIMULINK TX/

G AMEO
SYSTEMS MODELER CAMEO
\ DATAHUB

SysiVIL
Co-simulation Platform Requirements

RquF
Y
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\ / Simulation |
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System Lifecycle Management (SLIM)

ProjectLink, Primavera,
MS Project, Excel,...
[ Project }
% Management
/' \
CAD

Creo, NX, CATIA,

/
Requirements

Integrity, Cradle,

DOORS,
RequisitePro,... %
/ N\ / \
[ Optimization Simulation/CAE]

Mathcad, Mathcad, Mechanica,
ModelCenter, Isight, MATLAB, Simulink,
OpenMDAO, ... ABAQUS, ANSYS,

Mathematica,...

{ Libraries /

Manufacturing,] Datab
atabases

Supply Chain

Creo View/ CAD models, cost models,

ProductView. analysis modules, parts and
J - material databases, supplier

Tecnomatix, SAP.... database, ...

PLM Systems (Windchill, TeamCenter, ...)

32
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SLIM (2

© SLIM DASHBOARD - Project: Project UAV Demo 140502

-»
& Repository Manager | = Connection Manager | 24 Connection Browser | | Connection Summary | 3f Comparisor 4 » &
= Repositories Repository v | Type ¥ TURI S | User Credential S
=% Local File System Repositories MissionSoftware LFS C:\Users\Dirk\Docu...
. MissionSoftware My Hard Disk LFS C:\Users\Public\Doc...
T My Hard Disk MySQL-User MYSQL office.intercax.com:... dirk
= MySQL Repositories TC-Demo LIS http://office.intercax... dirk
|2 | MysqL-user TC-User TC http://office.intercax... manas
= Teamcenter Repositories WC-Vendor wcC http://intercax-wc.in... manas
g TC-Demo WC_User wC http://intercax-wc.in... dirk
TC-User
= Windchill Repositories
& wc-vendor
% wc_user
rF.4 — — .
[09:37:18] INFO Successful in generating BOM for item revision 004195/A;1-AltBlade -
[09:37:19] INFO Successful in generating BOM for item revision 004196/A;1-Engine 48
[09:37:20] INFO Successful in generating BOM for item revision 004197/A;1-Fuselage o5
(|[09:37:21] INFO Successful in generating BOM for item revision 004198/A;1-test demo componenF Wide Angle DIR detector . "

‘ Auto-generation and sync

SysML model

block structure

«block»
System X
«blocks «blocks «blocks
Sub-System X1 Sub-System X2 Sub-System X3
«block» «blocks
c1 c2

© SLIM DASHBOARD - Project: Project UAV Demo 140502

———

l:l!x@.

~ = Repository ger” 2 C

EL

Browser | | Connection Summary | 3£ Comparisor ¢ b

P” SysML Model

‘2 Connection Type

& wc-vendor

4 £$0000000117, System X, A4

4 {5} 0000000115,

Sub-System X1, A3

{0} 0000000119, C1, Al
{0% 0000000120, C2, Al

{5% 0000000121,
{5% 0000000122,

Sub-System X2, Al
Sub-System X3, Al

Part structure (BOM) in PLM systems
(e.g. Windchill)

33

>

B+ UAV System

-0 Payload

B-£3 Platform
58

@ Value Properties

{7 body : Body

{7 elec : ElectricalSystem
{7 eng : Engine

{7 fs : FuelSystem

{7 pt : PowerTrain

111

-

. 1

(©) Reference

(©) Function Wrap
@

) Data Map

) Model Transform

& wc-vendor 5

&3 IntercaxWorldcar
B33 MyFirstSystem
-3 Project Uno -
&3 Satellite
&35 Satellite Rose
B3 Satellite Test
-3 Satellite_User
E-35 UAV SysML

{5 Part Structure (latest)
(] Folders
E){@ Aircraft_Platform
i @-{5} Aircraft_Platform (A.1)
{5} Aircraft_Platform (A.2)
{5} Aircraft_Platform (A.3)
{C} Aircraft_Platform (A.4)
{G} Aircraft_Platform (A.5)
{5} Aircraft_Platform (A.6)
{5} Aircraft_Platform (A.7)

et Aircraft_Platform (A.8) b

i e S2R P N

< | i J »

H

——

© SLIM DASHBOARD - Project: Project UAV Demo 140502

= Repository Manager | 2 C ger | &4 C
| @~ Type here to filter connections ‘
ComD v |Source v | Target v | Latest Target v | comment
Ega C2 Aircraft_Platform Aircraft_Platform (A.8) Aircraft_Platform (A.12)  The block Aircraft
pt : PowerTrain pt: PowerTrain (A.4) pt: PowerTrain (A.4) Part property pt ar
bb: BlackBox (A.3) Part occurrence in
elec : ElectricalSystem elec: ElectricalSystem (A.5) elec: ElectricalSystem (A.5) Part property elec
rtr : Rotor rtr: Rotor (A.7) rtr: Rotor (A.7) Part property rtr a
eng2: Engine (A.1) Part occurrence in
| eng : Engine eng: Engine (A.1) eng: Engine (A.1) Part property eng
eng3: Engine (A.1) Part occurrence in
b: Black (A.1) Part occurrence in
body : Body body: Body (A.5) body: Body (A.5) Part property body
fs : FuelSystem fs: FuelSystem (A.4) fs: FuelSystem (A.4) Part property fs ar
tail : TailAssembly tail: TailAssembly (A.3) tail: TailAssembly (A.3) Part property tail z
av
[10:45:58] INFO Comparing SysML part property and Windchill part occurrence tail.
[10:45:58] INFO Part occurrences to be removed from Windchill part Aircraft_Platform (A.12) or part properties to be adde
b, bb]
Ready




Model Center

=S

System Model (SySML)

-

« Analysis Request
- System Requirements
« Analysis Specification

Bridge the Gap

=

Requirements

Structure SySt.ems .
Engineering
Behavior Model

Parametrics

ModelCenter

T

Mechanical

Electrical

Simulation Cost

34

Manufacturing

« Performance Estimates
« Requirements Conformance
« Trade Study Results

Multidisciplinary

Analysis

Optimization Don.‘am .
Engineering

Design Space Models

Exploration



Model Center (2)

-t-o-_l-

R
L8 >

RN NN

i s[!;;s i.i;i;ii!
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ModelCenter

Automate (DOE,
Optimization)

iw .
DAKOTA Colry Soie Wets

DAKOTA CONMMN mathode
DAKOTA Mutobrective Genete Agost-m MOGA)
DAKDTA Sirgle-obincive Geretic Agorthn (S0GA)

DAKOTA OFT+= Full Newton
DAMOTA OPT++ Finde dfierances Newton

Dfarantal Fvokson nerod

CICICICICICT ~ 0N
M

w

DAKDTA OPT + + Guisi Nowlos
Grivi Newston meshiod fron the OF Tes ihewy

Visualize and Find
Better Designs

© 2013 Phoenix Integration, Inc. All rights reserved.
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Model Center (3)

Modeling and Simulation Tools

St

E 8 A e =8 2 &
Abaqus Adams ANSYS Catia LS-DYNA  MSCNastran NX NXNastran ProE
4 : N (= ) N
Product Design Simulation
 Given design parameters, * Given performance _
predicts performance characteristics, predicts how a
characteristics: system will react to various
How much will it weigh? stimulus over time
How high can it fly? Hit rate
What will it cost? Access times
- Useful for designing hardware Throughput
« Useful for designing systems
‘\ M Matlab* 0 M ANSYS* &4£€§ . Flames* Arena o Arena
@ + Mathcad* 7 « Fluent A« STK* 4\ . Simulink*
3¢ + Excel* 5] « Price* OPNET - OpNet Al « Extend*
*In-house ~ ==>+ Seer* cromocel « ProModel 81+ Vensim*
7+ CAD 7« ACEIT*
NS N\ J
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Model Center: MBSE Analyzer

-

4 Phoenix Integration MBSE Analyzer
Analyzer Edit View Tools Help

e |

§We|come§| Review Requirementsl Manage Constraint Blocks | Manage Parametric Diagrams | Evaluate Designs\

Welcome to the PHX MBSE Analyzer

Review Requirements

Check requirements conformance status

Manage Constraints

Browse and import external analyses as constraint blocks

Manage Parametrics

Browse and import parametric diagrams

Evaluate Designs

Evaluate designs and perform trade studies by executing analyses

37
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Model Center: MBSE Analyzer ®

Phoenix Intearation MBSE Analvzer Gl
Analyzer Edit View Tools Help
| Welcome [; Review Requirements:| Manage Constraint Blocks | Manage Parametric Diagrams | Evaluate Designsl
Requirements Bookmark: {<none> V] [E] B
e aaicDrawPloain g E: 5 2| Status Margin
File Edit Help :hr;iAS inches. i ld:ﬂgzvv:
R ; . 5.5 inches. /1, Unknown
Project File: |C:\Mag|cDrawExampIes\CarBrakeDemo\CarBrakeDemo.mdzm | [ Load... ] hg the vehicle from 60 miles .. |/ Pass 578 ft
. b more than 53 kW of heat at... |« Pass 0.296 kw
'ﬁeled B ELIEE G Property Units original New Margin st 36,000 miles under norma... |/’ Pass 15.8 mi
Bpata 4 || += Vehicle.grossWeight Ib 3200.0 3200.0 An 3200 pounds. /4, Unknown
-6 Analysis += Vehicle.numberOfWheels integer 4.0 4.0 /1, Unknown
E2glm DesignBaselines += Vehicle.speed mph 60.0 60.0 I /1, Unknown
(-E3 Requirements += Vehicle.wheel.brake.caliper.diameter in 1.5 1.5
=83 Structure += Vehicle.wheel.brake.caliper.frictionForce  |Ib 30.0 30.0
& quke =+ Vehicle.wheel.brake.caliper.pressure psi 1000.0 1000.0
Caliper += Vehicle.wheel.brake.caliper.springForce | Ib 50.0 50.0
Engine = |[*= Vehicle.wheel.brake.pad.brakeMU real 0.8 0.8
Pad +u Vehicle.wheel.brake.pad.centerLength in 3.0 3.0
Rotor += Vehicle.wheel.brake.pad.thickness in 0.275 0.275
Tire += Vehicle.wheel.brake.pad.width in 2.0 425
Transmission += Vehicle.wheel.brake.rotor.od in 11.0 11.0
Vehicle += Vehicle.wheel.tire.diameter in 22.0 22.0
to += Vehicle.wheel.tire.tireMU real 0.9 0.9
of [LIMENEENENEE | (= Vehidle.stopTime s 3.959628 4.192547
L3 transmission ==+ Vehicle.stoppingDistance ft 174.223616 184.472064 | XK 4.47 ft
[ < || =+ Vehicle.wheel.brake.torque ft-lb 506.143751 478.024654
— 5 = =+ Vehicle.wheel.brake.caliper.cost usd 73.0 77.5
Parametric Diagrams | Selection Filter| [ Vehicle.wheel.brake.caliper.normalForce | Ib 1687.145838 | 1687.145838
E Vehicle ==+ Vehicle.wheel.brake.pad.cost usd 3.3 4.125
par_VehicleAnalysis =+ Vehicle.wheel.brake.pad.effectiveRadius _|in 4.5 4.25
==+ Vehicle.wheel.brake.pad.heat kw 52.704007 49.776006 ' 3.22 kw
=+ Vehicle.wheel.brake.pad.life mi 36015.789222 47667.956324 |4/’ 1.17e+04 mi
= Vehicle.wheel.brake.pad.surfaceArea in~2 6.0 s
==+ Vehicle.wheel.brake.rotor.cost usd 61.3 61.3
[ Reset Values ] [ Create Components ] Run Now ] ’ Save ] | saveas.. |

© 2013 Phoenix Integration, Inc. All rights reserved.
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Engineer ' . Assurance
9 / \, Engineer
D) Prototype
Run to gain User Interface Model and run test
understanding ¥

cases to verify
requirements

Understand the
: end-user use cases
Simulate and find interaction

System Behavior bm“”““z/ l Automate Tests




Cameo Simulation Toolkit -/

- Model execution framework and infrastructure:
Model debugging and animation environment
= Pluggable engines, languages and evaluators
User Interface prototyping support
=  Model driven configs and test cases

- The standard based model execution of:
= Activities (OMG fUML standard) - =t fo
- Composite structures % % l’
= Statemachines (W3C SCXML standard) —  cwecrmanasemenrcrour
Actions/scripts (JSR223 standard)
Parametrics (OMG SysML standard) WSC

Sequence diagrams (OMG UML Testing Profile)

NO IVIAA I«
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Integration of analytical models

MATLAB Wolfram Mathematica 9
v SIMULINK %

MODELICA

42



Cameo Slmulatlon Toolkit

. 4\
==

llllllllllll

a: Real

ooooooooooo

M : Real

Math engines
« Matlab/Simulink
 Mathematica
« Maple
 Open Modelica

Scipting
-+ Javascript
¢ Python
~+  Groovy
~+  Ruby

© 2013 No Magic, Inc. Exclusively for No Magic Use



Engineering analysis

« Evaluate design alternatives

« Select the best set of parameters

* Verify system constraints

« Perform requirement compliance analysis
* Perform what-if analysis

« Execute SysML and UTP Testcases

© 2014 No Magic, Inc. Exclusively for No Magic Use



Constraints verification

car

«blocks «blocks engine |«blocks
Engine Validator Car Engine
constaits
: BMEP Eq N :
. BSFC Ea. A Variables QE]
: Thermal Eff Eq - -
: Required VE Eq L B Variables x
: Possible TE ~ - Hey
: Possible VE g &%
: Possible BMEP Name Value
- HP Eq. :
= ™ Frgine Validator i1 Engine Validator@1b825d1
Efemaces

«boundReferences engine : Engine{bindingPath = car, engine}

vales
hp: HP
thermalEfficiency : Real

volumetricEfficiency : Real Ijl rpm : RPM 4200.0000
E'g",fg Ese'ﬂ m stroke : Integer 4
result : Yerdictkind = inconclusive IE] displacement : ci 91,3530
e, D]lhil f:e;Flow : GallonPerHour ... ;2?222
. - D .
|thermalEfﬁciency: . lﬂjpos{?:sbieof} -1 thermalEfficiency : Real 0.0940
) - [ volumetricEfficiency : Real 2.904%

<-l31 car : Car
E)-[E8 engine : Engine
El torque : Ib-ft

testCar : Car@596e0d
4-stroke : Engine@1edbb4c
104.,0000

[ «d Constraint(s
Requirement 5

{VE < 0.9} failed.
- “The possible volumetric efficiency is less than 90%" is not satisfied.

|volumetricEfﬁciency:Real ERed | {vE<08}
BMEP : psi |
BMEP : psi

«constraints
: Possible BMEP
{BMEP*0.0689475729 < 15}

: BMEP Eq {BMEP = 37.7%st...
: BSFC Eq. {BSFC = 5.92*...
: Thermal EFf Eq {TE = 0.02...
: Required VE Eq {VE = 941...
: Possible TE {TE < 0.4}

: Possible VE {VE < 0.9}

-[d : Possible BMEP {BMEP*0.0...
~[d :HP Eq. {hp = torque*rpm ...
i [0 result : VerdictKind

HEEHBH

BMEP Eq@4cf24f

BSFC Eq.@10f24da
Thermal EFf EQ@15cd2fS
Required VE Eq@14c0d2b
Possible TE@47f69d
Possible YVE@72da4a
Possible BMEP@eS6611
HP Eq.@10097ae

fail
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Model-based testing

Test environment

class Test1[ Test Configuration ]

Test Configuration
Test Test System Under Test
components software 1] Test Components
Databases .
«ValueType»
verdict : VerdictKind
Hardware
g Test
System Under Test . .
v configuration e |
Simulators e o
e
Ada ptors verdict : VerdictKind
Comparators e Stnars
monitor : Verdict Icon
sd [Interaction] initialize system [ initialize system J)
= = | = o
I carDomain : — carDomain.em.rm : Road Model — ) . - . =
| ; I SE (= ». m & B Animation speed: = {_J > Trigger: -
: 1: s i
| m m oo Breakpoints x|
: : i E~E Test [design] (Paused) I i
| | 2 Engage i
B-43 Test [design::Test] (Paused)
: ’H Nl v h j j Name Value
3 3 testcasel():VerdictKind[design: Test](Paused) B & Test Test@36f33701
‘ S spiRoSpeodispoed=20) ! B (@ test : Test Test@1f0lbd2c
H | U B [ tcl : testcasel testcasel@1d793551

|4 SetSpeed

255} H

5: setThetaftheta=10)

0 verdict : VerdictKind

[ tc2 : testcase2
1 testcasel verdict:VerdictKind fail
[0 testcase2 verdict:VerdictKind inconclusive
B P verdictl : Verdict Verdict@256d8ca3
8 v : VerdictKind fail
T verdict2 : Verdict Verdict@192698cf

© 2014 No Magic, Inc. Exclusively for No Magic Use



Testing reports

:| % Run Test A2
e Wnstancesablewse] abE
¢ P % D Add New [3 Add Existing W Delete > BlExport 12 ifF - iv ig @ 1
# Name Testcasel verdict Testcase2 verdict
1 | = Testat2014.05.02 19.36 pass pass
2 | = Testat2014.05.02 19.49 pass pass B C Il
3 | = Testat2014.05.03 09.28 fail fail
4 | = Testat2014.05.03 09.33 pass fail
Test testcasel |[testcase2
2 verdict verdict
Test at 2014.05.02 19.49 pass pass
3
Test at 2014.05.02 19.36 pass pass
4
Test at 2014.05.03 09.28 fail fail
5
Test at 2014.05.03 09.33 pass fail
6
¢ P % D AddNew [3 Add Existing W Delete By Remove From Table 2 ¢ 8 & Show Columns :[E Export : @ :%F ~ : a
~Criteria
Classifier: Engine trade study | .. | Scope (optional): results | .. | Filter Q-
# Name Alternatives Winner Most Powerful Engine
= gas : GasEngine = hybrid : HybridEngine
1 | = etsat2014.04.30 15.19 = diesel : DieselEngine 200.0
= hybrid : HybridEngine
2 | = ets at 2014.04.30 16.24 &1 gas : GasEngine &=l gas : GasEngine 190.0
= diesel : DieselEngine

)

No Magic
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MBSE Ecosystem

m
INTER-OP

Transformation

GAMEO
= WORKBENCH
Publishing
MATLAB
SIMULINK

a0 \ @AMEO
/ SYSTEMS MODELER

SysVIL
Co-simulation Platform
ModelCenter Q/

(d\ A\IA\'I'I,;\H\\
¢ / Simulation
- @AMEO
SIMULATION TOOLKIT COd
(gin;&n.nJ

No Magic 48

Collaboration

G AMEO
TEAM SERVER

CAM EO -
DATAHUB
Requirements /
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: Ohd
MagicDraw Reports -6

* You can generate an HTML, Microsoft Office, Open

Office, XML or any other simple text report from the
model data Cla

e

<Ixal versioe="L8" &
uie>
e faety-
of the U.SAT
>
<angeers
Williom defferson Clinton
|
<9

Bl Data

--@ Design
E}-[Z] Domain Analysis
-2 Relations

MagicDraw

Bion ) | | Repor
é |I:.::-;at;icaticun / Genefator

- Request
-] Reservation
E-E Title
B[ Implementation
=& Requirements

-2 Relations
EE] Communications
E}-<> Cancel Title Reservation
-- <> Notify about Availability
.. <> Notify about Due Return
L € Notify about New Titles
-7 Inventory Management
(Rl scr Management
----- % Librarian
----- % Reader

e
- J
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Web Publisher

BX| The MagicDraw We... %
EThe MagicDraw Web Publisher 2.0

NT

Containment
5 &= APE_Project Diagram  Specification ‘ Mode :| Standard v
APE_Project_Content
<> . .
a g APE_Project Views SysML Package Diagram APE_Project_Content
# £ MD Customization for SysML
# 5 Playground
# £ QUDV Library
# £ RequirementsBoilerPlates <«Project Viewss
# [ SE2 Customization for SysML APE_Project Views
# £ Sl ValueType Library
# £ SlDefinitions
@ 3 Ul Modeling Customization
@ £ UML Standard Profile
# 5 APE_PartsCatalogue
# @5 DocBookProfile
# @5 Free Form Elements Profile v
# 5 Matrix Templates Profile «System Models
# 5 ParametricExecutionProfile APE
# Eg SE2Definitions
@ 5 SE2MARTE
@ 3 SE2Profile ' s I '
® 3 SE2QFTP |<apply» aport |eimport> |imports
# @5 SimulationProfile | l | |
# F5 SysML "
# 5 Ul Prototyping Profile «profiles
# [ APE SE2Profile

4 CONTAINME

Modification date | 1/13/11 5:30 AM
Last modified by | rkarban

«ContentDiagrams
pkg [Model] APE_Project [ APE_Projeci_Contern ]

|
|
|
|

T

v
«partscatalogues v v
APE_PartsCatalogue o «modelLibrarys

£ PhysicalMedia SE2Definitions RequirementsBoilerPlates

i £ Factors [ TelescopeDomain
% sll:glr:::llg 1 ValueTypes £ UniversalDomain
£ InterfaceTypes £ Enumerations
[ FlowSpecs £ Quantities
[ Optics 3 Units
[ Software

No Magic 50 TheTruth s inthe Mod



Web Portal

No Magic

Easily access information
by Quick Search!

([ .
e" = | B \Cameo_Systems_Modeler © ~ C ‘ E SysML Web Rejgrt x ’ ‘

@AMEO
T e - - - »

[] B)structue o ATM

mm 03-Functional Architecture / = ATM

<~ [7 01-Conceptual Architecture
—- [ 03-Functional Architecture

ATM
Structure
. w=Information and Data

~- [ 01-Value Types { Type [ cvbue
+ [ 05-Physical Architecture 1 T withdrawal out

2 = g2positin
~ [ 06-Trade Studies

B [puaaed ATV | ATV ||

sclezior >

7

Browse in clearly grouped content! Discover the content which you
or your colleagues have prepared!

5 1 The Truth is in the Models™
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Model reviews @S

Model readers/
users
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Model-based document generator

 Based on SysML 1.4 Views & Viewpoints
« Available as technology preview

* Predefined viewpoint methods

« Smart packages for queries

* DocBook XML

* Preview window

« HTML and PDF output

* API for custom methods

Also available from JPL and ESO



Model-based document generator

My = ey mmeee ———— e

---- Horizontal Separator v
View&Viewpoint Diagram
Ed View

|Ed Simple Paragraph
[ Text

/% Conform

2 Expose

/ Association
Profile Diagram |

Class Diagram ul

= |

«Meta Info»
Meta information
/3 «conformy «view» 7 wexposen Author = " No Magic, Inc.”
I 1 Coffee MachineRepot | — — — — — — ~>|Copyrigth Date =" 214-01-20"
Document Title = " Coffee Machine”
Issue ID ="20140120_01"
E] v E S|mp|e Paragraph i Publishing Date = " 2014-01-20"
2 Coffee Machine at the Airport Terminal
ormal Faragrap
: Summary
Q o_rdmary Parag raph : Coffee Machine Framework
=2 Figure
= Table e
E2 Title Page /3 «conformy 3 Summary _ Z; «expose» _|«Documentation» ||
E Grou pin g Viewpoint : Coffee Machine at the Airport Terminal Summary Text
E2 Custom Viewpoint _
wviews
/s wconforms 4 Coffee Machine Framework _ _ _ _Fetexpose»
: Coffee Machine at the Airport Terminal Coffee Machine Framework
«views
/E «confotm» 5 User Needs
71 wconformy : Table with User Requirements
- = aviewn
«viewpoint» 7 «exposen User Needs
Table Paragraph |y /'g «conform» : 6 Table with User Requirements . e T _3’«RequirementTable»
«CreatesView() AT Requirements Table
«aviewn
7 Conceptual Model 72 «exposen «Documentations 0
: System Actors c ptual Model S Yy
wviewpoint» /2 «conformy aviews
> Grouping Paragraph ESystsm/Actors
: List of system actors
o) : Actors used in conceptual model
: Conceptual Model
- = «aviewn
«viewpoints - A wexposen m
Ordinary Paragraph |4 /' «conformy» 9 List of system actors | _ _ _AetEEEEEE >«SmartPackage»
«CreatesView() ot Actors
«viewpoint» /3 «conformn wviews A gexposen M
Firgure Paragraph Kl 10 Actors used in conceptual model e —_— —- e - K:“ — - t am Fluah
v 9
«CreatesView() : System Actors




Model-based document generator

Index [Read-Only) | e Kaffeeautomat am Flughaf... [Read-Only) ‘

» .

: s » . » » .
Pd B ke BY) e (T Q8 R Q[100% |
«viewpoint» /3 «conforms «vie
TitlePage ] 1 Coffee Mac
«CreatenView()
«vie
2 Coffee Machine at t
: Summary
: Coffee Machine Framework
«viewpoint»
Simple Paragraph
/2 wconformn
v [ : Coffee Machin
/2 «conformy —
iewpoint:
- o /Y «conformn
Firgure K— < 4 Coffi
«CreatesView() : Coffee Machin
avie
5Userl
VA ser
|2 «conformy : Table with User Requirements
«vi inty
Sl /2 «conforms 6 Table'
Table P
«CreatenView() : User Needs
avie
7 Concepti
: System Actors
/2 wconformn
> 8 Sys

Grouping Paragraph

: List of system actors

#CraatexView() : Actors used in conceptu
: Conceptual Model
«viewpointy

¢
Ordinary F L /2 wconformn <
«CreatenView() Sy

«viewpoints /3 «conformn
Firgure 10 Acto
«CreatesView() : System.

000
BOEE®E

Coffee Machine
D Coffee Machine at the Airport Terminal
QD User Needs
D Conceptual Model

Model Based Report Preview

[HmMI| DocBook XML |

=

12 UN12 UHT Milk
13 UN13 Freshly Ground

14 UN14 Front Design

Coffee

15UN15 Temperature

Machine

16 UN16 Maintenance

17 UN17 Security

and employees quick and easy to use.
| want to UHT milk.
The coffee must be freshly ground.

The front design is in a coffee brown tone
with the images.

The coffee must be hotter than 80 ° C
when it flows into the cup. The coffee
should not be hotter than 86 ° C as it
flows into the cup.

The machine should be filled and serviced
only once a day. Maintenance should not
take longer than 30 minutes.

The device should not injure people.

Chapter 3. Conceptual Model

Table of Contents

1. System Actors
System actors are defined in the section below.

1. System Actors

« Mitarbeiter von Geldtransporten

« Passagiere

« Verwaltung vom Flughafen als Betreiber

« Coffee Drinker

« Wartungsbetriebe
 Gesundheitsamt
 Flughafen Mitarbeiter
« Security Offizier

o i oo 5 oo oo o Zormnd [ oo o vom g e J]

Double click to
sea mora detailad
interactions

< WWatungebetiede

=
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Cameo Systems Modeler 18.0
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