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QOutline

* Model Based Systems Engineering vision
« State of the art of the current solutions
* Future directions and trends

e Questions, discussion



Systems Engineering

Systems engineering is an interdisciplinary field of
engineering that focuses on how to design 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.” REIRER

ENEP EEN

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




INCOSE MBSE Roadmap

MBSE Capability

Reduced cycle times
interoperability

System of systems

Design optimization across broad trade space
Cross domain effects based analysis

Institutionalized
MBSE across

Academia/Industry

Well

Defined g

MBSE o
>

Ad Hoc MBSE

Document Centric

Extending Maturity and Capability %

Distributed & secure model repositories
crossing multiple domains

v

Defined MBSE theory, ontology, and formalisms

e

Architecture model integrated
with Simulation, Analysis, and Visualization

Refer to activities in
the following areas:

v Planning & Support )
Matured MBSE methods and metrics, T
Integrated System/HW/SW models
// «Standards Development >_
_ *Processes, Practices, & Methods
Emerging MBSE standards *Tools & Technology Enhancements
' d *Outreach, Training & Education )

2010

2020

2025



INCOSE Systems Engineering Vision 2025

Describes the projected state for MBSE in 2025 as:

"Formal systems modeling is standard practice for specifying, analyzing,
designing, and verifying systems, and is fully integrated with

other engineering models. System models are adapted to the
application domain, and include a broad spectrum of models for
representing all aspects of systems. The use of internet-driven
knowledge representation and immersive technologies enable highly
efficient and shared human understanding of systems in a virtual
environment that span the full lifecycle from concept through
development, manufacturing, operations, and support.”

Inter n Systems Engineering

national

Council o
N7
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Current Practice to Future Practice

hi Science
Assemblies

Future: Shared system model
with multiple views, and
connected to discipline models

Today: Standalone
models related through
documents



System Modeling Assessment '@
and Roadmap Working Group NS

er \1 D MODELING
LANCUAGE

V———

o , OBJECT MANAGEMENT GROUP” M RTE

* A collaborative effort that draws upon a diverse range of
end users, tool vendors, academics, and others who can
help prov1de a language that is broadly accepted by the
engineering community, industry, and academia.

« Defines the preliminary driving requirements for the next-
generation system modeling language and tools

“Evolving SysML and the System Modeling Environment to Support MBSE“
= By S. Friedenthal/R. Burkhart

http: //www.omgwiki.org/OMGSysML/doku. php?id=sysml-roadmap:sysml_assessment_and_roadmap_working group




System Model as an Integration Framework l

traceability
rationale
External
Requirements
viewpoint

System

Documentation -
and Specifications
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_____________ g
Requirements Parametrics

System Model (SysML)

sysIframework fmtgn
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closed form

discrete event
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Analysis Models
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Mechanical
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Software
Design
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Methods and
Models
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Key SME requirements

models and tools are fully integrated across discipline-
specific engineering tools

ability to answer questions such as the impact of a
requirement or design change

automated requirements verification

provide a simplified web interface to dynamically view the
model from a diverse set of viewpoints

query the model and provide flexible reporting capability

include dynamic zoom, filtering, and traversal of model
relationships



No Magic MBSE Ecosystem

5% pure-systems

EBModelCenter

Collaboration

MATLAB Product Line Publlshlng &
SINULINK Engineering Reviewing

Wolfram
Mathematica
# Analysis & e
Simulation Requirements
Management

Modelmg 7
Enwronment

Software
Engineering

PLM & CAD Verification &

Integration Validation



Cameo Systems Modeler o - e

The best SysML implementation on the market

= Based on MagicDraw platform

=  Full implementation of the latest SysML 1.4 spec
= Implementation of all SysML diagrams

=  Most standard compliant SysML XMI file

= Model correctness and completeness checking

= Precise execution semantics
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No Magic
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Various model representations

Suiston AMBGO

# fd Name Text
1 |UN20 8 Fresh Milk I want fresh milk.
2 |Un21 8 Footprint The footprint must be less than 1.5 square meters.
3 |UN22 3 Hygiene Requirements  The device must meet the health requirements.
4 |UN23 [H Efficient Work The devices must work efficiently after 1 year.
5 UN24 CH Failure Rate The failure rate can not be higher than 1 time a month for max. 1 hours.
6 |UN25 3 Money The money must be kept safe.
7 |UN26 H Debit Card I would like to pay by debit card.
8 |un27 CH Credit Card I would like to pay by credit card.
9 |UN28 A Bills The device must take bills up to 10 Euros.
10 unN29 O3 Usability The operation must be for all travelers and employees quick and easy to use
11 UN30 C8 UHT Milk I want to UHT milk. e 38353 =2 £ 32SPOC 2528535050 & =
12 |un31 8 Freshly Ground The coffee must be fre: PO RN - RS-0 E- -
13 |UN32 8 Front Design The front design isin a VOV L "\\_’J"L‘_"/' (CLOICICICIOIOIOREOIO)
14 UN33 8 Coffee Temperature The coffee must be hot HIE 1+ 1:' 1’4 te lf 2 1’6 1(9 Y f f Z S lf = ? 2;:)Cas it flows into the cup.
15 UN34 CH Machine Maintenance ~ The machine shouldbe |5 e wwwiv + 3 + v i3 " > 5 s s ftes.
16 |UN35 8 Security The device should not ishle |9 4 v v v v 1 vl 217 - =
(3| i v v vl v+ + v
17 |UN36 Coffee Cup I want to bring my own :;: 115 : ' B § ; — 5.0 e
HEEEEE S SR /' Association £l | |
- B B I (SN el NN+ N + N gLE
Tabular representation T TTT N N .7 Dependency Blelglile
EEEEEE - B 5B 7 Generalization S§§§§§
S ESN I I B e + B+ e v - i
BEH S I I BN e - RN+ v _X/‘Mtza@mteﬂa III]I:[I]D]]D]]D]]D]]
- ER BN | El-[=] Data 45 1| B R4S 025 B2
THHH R B - X7
Matrix representation = — ...=] Diesel Engine 1 "
4 Bls s .= Electric Engine 1 2
: 2 N OB | E Shda ;X 7/
o T .= Road . .7 R
3 B E = Wheels 2 e

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



Importing text-based requirements

1. Choose the columns
/’@Hﬂ!vmiremenﬂ’abw\ 4 b B

& P i a @ § €FUnnestRequirement Pif NestRequirement |,$,, Show Columns ‘

Criteria
Scope (optional): lDrag elements from the Model Browser l E Filter: le ‘

# d Name Text |

\4

2. Copy the table from Excel

PTC Integrity

ID |[Name Text
The Hybrid SUV shall have the braking, acceleration, and off-road
2 Performance capability of a typical SUV. but have dramatically better fuel

economy.

2.2 ||[OffRoadCapability

The Hybrid SUV shall have the off-road capability of a typical
SUV.

2.3 |[FuelEconomy

The Hybrid HSUV shall have dramatically better fuel economy than|

a typical SUV.

3. P

Select T
and select element type — ’QT!%

\4

aste the table

8 matches found

[® Business Requirement

[B Extended Requirement
[F8 Physical Requirement

3 Interface Requirement
[@ Usability Requirement

[A Functional Requirement
[A Performance Requirement

\4

4.The table is copied
—
[ BSUV Requirement Table X 4pBE
4 P |~ | @ ¥ €FUnnestRequirement bif NestRequirement %, Show Columns
Criteria
Scope (pptional): lDrag elements from the Model Browser ‘ Filter: ‘ Q-

#

Id Name. Text

POLARION  3IEMENS
silinrss ¥ Se
@ - ®)
Data have been imported or updated.
New or updated specifications 2
New elements and relations 5
Updated elements and relations 2
Obsolete elements and relations 3 4= Notification window
Unchanged elements and relations 3
Show imported specification table(s)
Note: you can change import and mapping options here.
# Hera;hy Id Name Status
11 [A Introduction Updated
2 |11 [® Scope Unchanged
3 12 [H Asumptions(This Section Was Updated) Obsolete
4 (1.3 [ Exdusions Obsolete
5 131 [ System Instances Obsolete
6 2 [® Changes Made Unchanged
7 |21 [® Changes Updated
8 3 A Contents Unchanged




Requirements in CSM

Text

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 N O L B W N g

win unuminn un un

-
]

N

E-£3 00-Requirements
E-F3 01-Functional ¢

8 FO3 Money ~
8 FO4 Balance
A FOS5 Operate
B3 03-Interface OF
. L.08 101 Bank Int
E1-E3 04-Usability Ob
8 UO1 Easy to
8 JO2 Reduce
A UO18 One C

B3 03-Functional Architecture

B-E ATM,

req [Package] 00-Requirements [ Requirements 1]

«

Id =
Tes
ma;
ac
an,

——

«requirements

Ensure that removal or
unauthorized access to the
EPP triggers an alarm.

«requirements
Avert physical local attacks
that target PIlis.

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

the data.

Id="801.10"

Text = "Ensure that removal
or unauthorized access to
the EPP triggers an alarm.”

1d="801.2"
Text = "Avert physical local
attacks that target PINs.”

1d="801.13"

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

= Develop ATM Machinee\

AN

402 ATM Application ... ement
42 Balance Inquiry& —

42 Cash Deposite—

A= Cash Withdrawal @ —«

@ Device Manageme .. ation

V3 Easyto Leamn

V3 Integration of .. nents

Y2 Money Transfer@ —
V2 Reduce Senvice Time
V= Security of Bas ... tware

» T3 A customer will ... (PIN)E

» (8 ATM card and pe ... ction&—

~ = Ifthe bank det ... ceed.©
~ 3 The ATM will pr ... tion.€
3 The card will b ... urned@

« 2 Acustomerwill .. (PIN)E—

» T8 ATM card and pe ... ction@

»~ (B Ifatransactio ... ction€@

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

“ 02 The customer wi ... tions&

03 The customer wi ... rator@ —

<@ Acustomer must ... ensed@

« T Acustomerwill ... (PIN)E

~ C3 ATM card and pe ... ction®

= @ Ifatransactio ... ction@

~ 3@ Ifthe bank det ... ceed.@
~ 3 The ATM will co ... bank.@
A8 The ATM will pr ... tion.&
03 The card will b ... urned@

\ 08 The customer wi ... tions&

« 2 Acustomerwill .. (PIN)E -

»~ T3 ATM card and pe ... ction©—

» (8 Ifatransactio ... ction®

= 3 Ifthe bank det ... ceed.©
~ 8 The ATM will co ... bank.@
~ 8 The ATM will pr ... tion.&
A @ The cardwill b ... umed&

03 The customer wi ... tions &

+ = Card Reader
*~ = Encrypting PIN Pad

» (8 Communication Interface
~ 3 Encrypting PIN Pad

= = Cardholder Display
= 08 Receipt Printer
= = Card Reader

+ 8 Card Reader
~ 3 Encrypting PIN Pad

» 8 Communication Interface
~ 3 Encrypting PIN Pad

= 3 Cardholder Display

= 8 Cardholder Display

= 8 Communication Interface
= 8 Receipt Printer

= (8 Card Reader

» 8 ATM Controller
~ = Cardholder Display

~ 08 Cabinet and Fascia
~ = Communication Interface

» 8 Cabinet and Fascia
~ @ Communication Interface

» [ Card Reader
~ 2 Encrypting PIN Pad

» (8 Communication Interface
~ 02 Encrypting PIN Pad

= 2 Cardholder Display

= 8 Cardholder Display

= 8 Communication Interface
= 3 Receipt Printer

= [ Card Reader

» 2 ATM Controller
~ = Cardholder Display

» [ Card Reader
~ 2 Encrypting PIN Pad

» 3 Communication Interface
~ 3 Encrypting PIN Pad

= = Cardholder Display

= 8 Cardholder Display

= 8 Communication Interface
= 08 Receipt Printer

= [ Card Reader

- 5 ATM Controller
~ = Cardholder Display




Traceability and Impact analysis NQ

 |dentification of the scope and impact of a change

Legend
w= Derived Requirements )
Requirements
4 ] specfication
(8 Braking® [ RegenerativeBraking ||~ o'ned Requirements || |
8 Performance @<= .~ B PowerSourceMgmt = Satisfied by Blocks | | | S¥stem desian
\ and integration
. L8 FuelEconomy®—=——— [ Range -
\ l'.‘. T 7 RegenerativeBraking wm \/erified by Test Cases Yenfication
l\ -
\-, * 8 OffRoadCapability® (8 Power®———
" T~ & PowerSubsystem
'ﬁ - BPower®@————___
' = E PowerSubsystem

\IBJ Acceleration®

N &3 Max Acceleration

= = MaxAcceleration

No Magic



Tracking changes \

Minimum Turn Radius: 24 ft.
Dry Pavement Braking Distance
at 60 MPH : +46-ft. 90 ft

Review differences

Review differences between the two versions of the element. Modified property
values are marked in blue color, newly created property values are marked in
green color, and deleted property values are marked in red color.

8y =
Properties #4 #5
Bl Requirement

Dry Pavement Braking Distance  Dry Pavement Braking
g et at 60 MPH : 110 ft. Distance at 60 MPH : 90 ft.

Text Diff
Dry Pavement Braking Distance at 60 MPH : 348-90 ft.

W o G A— -

R T --5..-.....92:: =




Coverage analysis

@ Use Cases |@ Data Metric Table M 4 b B
¢ 9 - % :[E Calculate Metrics [ Add Existing W Delcte By Remove From Table 2 & 8 BEY Show Metric Suites #, Show Columns : [B] Export : & % -~ : &
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 | E F G | 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 33.33 1.5
5 2014.06.01 16.00 18 12 8 44.44 1.33
6
7 |7 =t
8 . .
9 Requirements Coverage Analysis
10
11 20 - 18 18 18 18
12
13 15 - 12 12
14 ; 10 = ¥ Requirements Count
15 107 . 6 ™ Blocks Count
16 5 J .
17 “ Requirements Covered By Blocks Count
18 0 T T
19 2014.03.01 2014.04.01 2014.05.01 2014.06.01
20 16.00 16.00 16.00 16.00
21 = s s)




Requirements Verification

«block»
Vehicle

wheel : Wheel
engine : Engine

parts

transmission : Transmission

values

grossWeight : Ibs [1] = 2700.0{unit = |bs}
speed : mph [1] = 65.0{unit = mph}
numberOfWheels : Integer [1] = 4
stopTime : sec [1] = 0.0{unit = second}
stoppingDistance : ft [1] = 172.522213699465unit = ft}

«satisfy»

«requirement»
Vehicle Weight

«constraint»
Weight Constraint

Id - "4"

Text = "The vehicle weight
shall be equal to or less
than 3200 pounds."

constraints

{weight <= 3200}

«refine»

parameters

weight : Ibs{unit = Ibs}

# Name Grossljlt\)lglght: Sph:;ﬁ : Numb:eI;tC;;\éVrheels U Stopping ance :Ft | W Keatllied Stz? DISEIEE - SDVZ?;IiEET(tif: : 3 : Weight Constraint 3 : SD Constraint
1 Evhl 2800.0 65.0 4 178.9119253179637 176.54869701553358 fail pass fail

2 | Evh2 3300.0 65.0 5 168.68838672836577 |176.54869701553358 pass fail pass

3 = 3200.0 65.0 4 204.4707717919585 176.54869701553358 fail pass fail

4 = 2700.0 65.0 4 172.522213699465 176.54869701553358 pass pass pass

5 =2 2700.0 65.0 4 172.522213699465 176.54869701553358 pass pass pass

6 | = vehicle UT 3500.0 65.0 4 223.6399066474546 176.54869701553358 fail fail fail

7 | = vehicle UT1 2700.0 65.0 4 172.522213699465 176.54869701553358 pass [pass

Gross Weight

Number Of Wheels :

SD Verification :

2 : Lbs Speed : Mph Integer Stopping Distance : Ft  Required Stop Distance : Ft Verdict Kind : Weight Constraint : SD Constraint
3 2800 65 4 178.9119253 176.548697 |fail pass fail
4 3300 65 5 168.6883867 176.548697 |pass fail pass
5 3200 65 4 204.4707718 176.548697 |fail pass fail
6 2700 65 4 172.5222137 176.548697 |pass pass pass
7 2700 65 4 172.5222137 176.548697 |pass pass pass
3500 65 4 223.6399066 176.548697 |fail fail fail
9 2700 65 4 172.5222137 176.548697 pass pass




Integrated simulation and
analysis



Cameo Simulation Toolkit NQ

- 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) g .. =" f@

= Composite structures (OMG PSCS) ===A°
= Statemachines (W3C SCXML standard) OBIECT HANAGENENT SROUP
= Actions/scripts (OMG ALF, JSR223 standard)
= Parametrics (OMG SysML standard)

Sequence diagrams (OMG UML Testing Profile)

No Magic



Model-based testing

Test environment

class Test1 [ [fgj Test Configuration ]

Test
software

System Under Test

Test Configuration

System Under Test

[[] TestComponents

Test
components
Databases
Hardware
Simulators
Adaptors
Comparators

sd [Interaction] intialize system| inftaize system ]]

«SEModel
«block»

Test Conductor
|

«block

carDomain.csm.cem : Cruise Controller Model

i carDomain :
|
|
|
| 1: Start

| | 2Engage

T

| 3: sptRefSpeed(speed=20)

| 4 SetSpeed

5: setThetaltheta=10)

«ValueTypen
verdict : VerdictKind
Test
configuration | | oo
| aweTyper |
‘ time2 : Integer |
' verdict : VerdictKind
«block»
«ImageSwitchers
monitor : Verdict Icon
| «S‘meb =] L0000
carDomain.em.rm : Road Model [ID CE = ». m & m Animation speed: e 1\:/: Trigger: —
m OO Breakpoints X[
E-E Test [design] (Paused) o AN
a3 Test [design::Test] (Paused) Name Value
a3 testcasel():VerdictKind[design::Test](Paused) B O Test Test@36f33701
B [T test : Test Test@1f0lbd2c
B A tcl : testcasel testcasel@1d793551

M verdict : VerdictKind

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

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



Timelines

- bouncingBall |
o000 bouncinggall )
B e . €3 system |
' Bouncing Ball (h) System X
d [
091 . -
"l Timeline
0.7 1 release release
Pressed
06 1 E
“ os g 6.8s 1.7s | 1.9s
[+=]
041 " Released 1
0.3 push push
021 stop stop
011 . ticking
[
0 ——eee— E 6.8s 1.7s | 18s
0 01 02 03 04 05 06 07 05 0% 1 11 12 13 14 15 16 07 08109 2 20 2 i:
tine(s) we off -
E] start start
:System Change Color - tick tick tick tick tick tick
. main O - —
E
Paint 7 m : 5m 4 g 1s T.4s 1s 2.6s
painter[1] - off
b ]
o k tick tick tick tick tick tick
Paint Qm i v v v v v v v v —
painter[2] 15 17.5 20 225 ) 25 275 30 325 35
Dry time(s)
Paint
dryer[1]
Dry } 20m i
Paint
dryer[2]
Dry k kil i
Paint
dryer[3]
Dry [ L 1
0 5 10 15 20 25 30
time(m)




Integration of analytical models

MATLAB @ WOLFRAM
» SIMULINK MATHEMATICA

MO n'mA * Mapte“



One click Integration

® O Integrations

Integrate with 3rd party application

Select a 3rd party application and click Integrate/Remove Integration to start or remove the
integration. C‘

et

You may integrate MagicDraw with these applications:

Integration Requirements Status
¥ Maple Maple installed. Not Integrated

MATLAB MATLARB installed.

' Integrate/Remove Integration

. Close | | Help |




Matlab in SysML diagrams

«constraints
linefit
l-_‘ consgra.lnrs
Constraint | [{mb]= inefi(xy);
Block Rt
y : Real
m : Real
b : Real
Wrap mathematical expressions into... ‘
% Tinefit.m -
Funciion im. b1 = Mnefizcx, vy 0| ¢ Constraint - |x:Real iy cchwietls
" . line
;f x( : ), Property y:Realj {[m,b] = linefit(x,y)}
A = %x ones(s1ze(x))], Real
c = (A" * A(A" ¥ m.ea:]
l[')' - C(%)’ b : Real
b = (2 Call Pl
Behavior \ 4
Action
X y
A1
(. : linefit )
|14
m b




Wrappers

Activity] C

Math engines
« Matlab/Simulink
 Mathematica
« Maple
 Open Modelica

Scipting

« Javascript
 Python

« Groovy

 Ruby




Simulink model integration

(“act [Activity] ABSBraking[ ABSBrakingJJ

initial speed.

convert miles/hour to

feet/second
—~

speed * 5280 / 3600

vO

Turn ABS on or off.

AN
N\

«valueSpecification»
enableABS

«matlab»
ABSBraking

Body
ABSBraking
Language
Matlab AN
Body
7 print("Stopped in " + sd + " feet");
7 stoppingDistance = sd;
4 Language
‘ﬂ Groovy
/
d VA
sd S print("Stopped in " + sd + " feet");
stoppingDistance = sd;
Modeling an Anti-Lock Braking System (ABS)
7 siderm_whelsped_abstrake\
P Input
W heelSpeed
Tre Torque
ire torque \ /
Wheel Speed
1-D
> T K- =1
mu-slip Weight
friction curve

]

Vehicle
speed

S

o -e)

{ 1.0- W(V(U( + (A2==0)"eps)

Stopping distance

le
I

Relative Slip

Copyright 1980-2013 The MathWorks, Inc.




SysML - Simulink transformation

ibd [Block System([ System Internals }J

in1-Flow Spect
[—, in1 : Flow Spec1
out2:

selector1 : BusSelector_2
out1 : Real

Integer

comp A :PartA
in1:Real outt:Real

compB:PartB

in1: Real

out2 : Real

out1 : Real [—’

creator1: BusCreator_2

in1: Real

—

out1 : Flow Spec2

out1’: Flow Spec2

=]

= in2 : Real: in2 - Real

’iSystem_sim

File Edit View Display Diagram Simulation Code Tools Help

b - @ e-E 4OP = @ n Moma  ~] @~

System_sim

@ "

PatA_sim
Q double / : / :
3 out1 in1 Patt_sm double . FanC Sm
out1 in1 out1
=H 5 .
in1 ; double
<signal2> compA ) : out2 in2 out2 out1
in
selector1 A N A
l:‘\double compB compC creator1
smin_1
- double
- X
in2
mult
»
Ready 125% oded5




Reduce Specialized Mappings

MATLAB MO nm A OpenModelica
SIMULINK

mola
e 'hg nng anu Smﬁ:l'«} jon

Extend SysML with a general simulation profile.
35



SysML 2 Simulation

SysML Extension for Physical Interaction and Signal Flow Simulation

(SysPISF)

= SysML mapping to Modelica, Matlab, Simulink, Stateflow,

Simscape

= Supports: ‘~'

’*Blocks

« BDD for definitions

e IBD for connections

e Ports, flows, units

e Parametric diagrams

« Statemachines

e Primitive block librarie

Free plugin for 18.0-18.5

Simulation frame

Data::FluidFlow
Data::Hole
Data::Pipe
Data::Tank

Data::ConnectedTanks

Data::PipeConstraint

Data::TankConstraint
NAata--Claid

rInformation
Files: /Applications/Cameo Systems Modeler 18.3/samples/SysMLSimulation/TwoTanks/TwoTanksV6.xml
Block: Data::ConnectedTanks

rTranslator

Target language: ) Modelica © simulink

Format: ) Text (mdl) © XML (.sdl)

S-Function or Simscape: © simscape ) S-Function level 2 ) S-Function level 1

Simscape port libraries: Reuse existing port types Create new port types

Preprocessing transformations (Experimental)

Translate




SysML 2 Modelica example

ibd [Block] ConnectedTanks [ ConnectedTanksIBD y

model ConnectedTanksModel
ConnectedTanks _ConnectedTanks;

fluidReservoir2 : Tank model ConnectedTanks
{f} Pipe flowMedium;
tankToPipe : Hole Tank fluidReservoirl(fluidLevel.start=40.0,fluidLevel. fixed=true);
Tank fluidReservoir2(fluidLevel.start=15.0,fluidLevel.fixed=true);
toTank2 : Hole equation . ) ) i
e connect(flowMedium. toTankl, fluidReservoirl.tankToPipe);
ﬂowMeJﬁ;L:Pme connect(fluidReservoir2.tankToPipe, flowMedium.toTank2);
Eﬂ end ConnectedTanks;
toTank1 : Hole connector Hole

flow VolumetricFlowRate fluidFlow;

Pressure fluidPressure;
tankToPipe : Hole

- end Hole;
ﬂuMResJiéh1:Tank type Pressure=Real(unit="kg/((s”2)*m)");
type VolumetricFlowRate=Real(unit="(m"3)/s");

model Tank
Hole tankToPipe;

| par [Block] Tank [ Tank |J VolumetricFlowRate fluidFlow;

Pressure tankFluidPressure;

parameter SurfaceArea surfaceAreaTank(start=4.0,fixed=true);

i il «constrainty parameter Acceleration gravity(start=9.8, fixed=true);
Ivar fluidFlow : VolumetricFlowRate | ft ] ‘“*c°““m"“=7”*°°““mngﬂ . parameter Density fluidDensity(start=10.0,fixed=true);
(EEEE———— _J =p1, o a .
e e | p1 - p=m*w£j} — flow Height fluidLevel;
kil der(h)=-f/surfA1y el

tankFluidPressure=tankToPipe.fluidPressure;
. . h fluidFlow=tankToPipe. fluidFlow;
el Holght ] tankFluidPressure=gravity*fluidLevelxfluidDensity;
SurfAd der(fluidLevel)=—fluidFlow/surfaceAreaTank;
" tankFluidPressure : Pressure T*pj |: end Tank;

————————— [1

row1 g1




SysML to Simulink/Modelica

ibd [Block] TotalSystem[ TotalSysem U

car: Car

e :Engine

PAM : AMomentumPort

PAM : AMomentumPort
eyl
Le |

w: Wheels

throttle : TorqueSignalPin

throttle : ~TorqueSignalPin

ccs : CruiseControlSystem

speed : VelocitySignalPin

pLM

L

pLM1:

env : Environment

pLM2: L

pT : LMomentumPort

PpH : HeatPort

pHRoad : HeatPort | Eé’“d Road

Modelic

4 model TotalSystem
Car car(g = g, slope = slope,
w.velocity.fixed = true, e.torque.start = 0.0,
true);
parameter Real g(start = 9.81,
parameter Real airdensity(start =
parameter Real slope(start = 0.0,
Environment env;
AirIMTransmitter airlmtrans(crossSectionalArea =
airdensity = airdensity):
parameter Surface frontArea(start =
equation
connect (car.pLMWheel, car.pLM);
connect (env.pHRoad, car.pAMWheel);
connect (car.pLM, airlmtrans.pLMl);
connect (airlmtrans.plM2, env.pTAir);
end TotalSystem;

fixed = true);
1.2,
fixed = true);

10.0,

w.velocity.start = 0.0,
e.torque.fixed =

fixed = true);

frontArea,

fixed = true);

fix)=0

@Simulinleimscape

1
L

airlmtrans

env

Solver Configurstion

Bide@

B

pres——
s ogged o oisng s

volecity ()

B

valocity

w©
Tim (s



FMI - Functional Mockup Interface

* Open standard for model exchange and co-simulation of
dynamic models

 The FMI development was initiated by Daimler AG

* Developed as part of the ITEA2 MODELISAR project (2008 -
2011; 29 partners, Budget: 30 Mill. €).

* The first version, FMI 1.0, was published in 2010, followed
by FMI 2.0 in July 2014.

« Since 2012 FMI is developed as Modelica Association
Project.

* FMI is currently supported by 84 tools



Functional Mock-up Interface

* The Functional Mock-up Interface (FMI) is a tool independent

standard for

* Model Exchange (ME)

» Co-Simulation (CS)

<-:'l‘ Tool

’?‘1 Tool

~O-

O

SyFMU

JyFMU

Solver

» The FMI defines an interface to be implemented by an executable
called Functional Mock-up Unit (FMU)




FMI : A Business Model Innovation

« Exported FMUs don’t require a license of an authoring tool
« Separate model authoring and execution

7
P72.20 udm

Engine Gearbox Thermal Automated Chassis components,
with ECU with ECU systems cargo door roadway, ECU (e.g. ESP)

functional mockup interface for model exchange and tool coupling

courtesy Daimler



FMI import

) EMI | ModelExchange | CoSimulation
Tools supporting FMI versi Notes
ersion | Export Import | Slave Master
. . Available Available FMUs can be imported,
Camegoillr'ztllatlon FMI_1.0 represented, connected and co-
simulated in SysML models.
bdd Model[ Bouncing Ball }J
'3 N
‘ «block» =
— «fmux»
bouncingBall
values
h: Real
der(h) : Real
—— v : Real - S
bouncingBall.fmu derév) II Real
3 g:Rea bouncingBall
- ) V e : Real -
.......................... pelel \—/
Bouncing Ball (h
Drag g Ball (h)
0.7
0.6
€ os
04
03
0.2
o1
0 01 02 03 04 05 06 07 05 0% 1 11 12 13 14 15 16 17 18 19 2 21 22 23 24 25 26 27 2829 3
time(s)

. =



FMI connections

= Wrapping FMU as Block
= |BD for co-simulation assembly
= Cameo Simulation Toolkit as orchestrator

B e A e e b e St e
=28 %.‘& I AX2 9N G RAAN[ZAR ¢4 \ OB O LHE 0R-4G-D-B-008 -[)-a-
o S e A S o
DRIVER TRANSMISSION {
:;:: Dc*w-*m—-zml EL &l ]
:-.uﬁarl‘og UR o Jninw 9
ELECTRICAL W 4 T e " - —— A B g ey o WO e b (YD
-
SN
] B S| .
| i b :
3 QO ’ 4
M + L 0
1 ' . - - 1“'
L '
‘ ' o
O Heterogeneous simulation of multiple
o

FMUs within LMS Imagine.Lab AMESim Rev13

it N

ibd [Block] Robot [ i) Robot IBD ]J

pp : PathPlanner
=] [ —| =
controlin in out | PathCmd [

=

powerlF

out!

PathCmd

loadF _ loadlF

S, s
techEnergyFlow

No Magic



FMI co-simulation in SysML environment

" ¢33 PID_ControllerFMU . : :
_/ S PD. r.mdzip [E)\SIM-4976_Test\Testing Project\FromNJ\] = =
PID_ControllerFMU X
! w3 dow Help X
1 PID 1D Controller v ‘ )3
System X | [E] Model 4> B
125 E.’h‘a' . : » »5@;@ QQ
1
ibd [Block] System([ System ]J A
E| 075
3
a
ui; 05 !
3 7 Kl phi: Real PID_ControllerFMU : PID_ControllerFMU
&
£ 025
)
0
025 y phi:ReaIIJ_‘ M i vOFMU : M icalServoFMU
L P
0 0.10.20.30.40.50.60.70.80.9 1 1.11.21.31.41.51.61.71.81.9 2 2.12.22.32.42.52.62.72.82.9 3 3.13.23.33.43.53.63.73.83.9 4 4.14.24.34.4454.64.7484.9 5 T
time(s)
" ¢%3 PID_ControllerFMU
PID_ControllerFMU X
[Tl
Torque
v
— v
75 < >
5
> 8 X
25
Trigger: terminate v
F]
20 . )
" g variables X | o° Breakpoints X ]
25 - 225 o -
5 6: "B | Name Value
4 ====p :
=S R
75 [ MechanicalServoFMU : MechanicalServoFMU MechanicalServoFMU@18b7aad2
> 8 PID_ControllerFMU : PID_ControllerFMU PID_ControllerFMU®@d5529a0
0 0.10.20.30.40.50.60.70.80.9 1 1.11.21.31.41.51.61.71.81.9 2 2.12.22.32.42.52.62.72.82.9 3 3.13.23.33.43.53.63.73.83.9 4 4.14.24.34.4454.64.74.84.0 5 v [« >

time(s)

! o]
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SIMULATION FOR ENGINEERING

Excel‘

OpenModelica
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............

SIMULAtion X

Powered by ITI

g Model Interface

A Siemens Business

/hadelan_

@ python &6

- MallleSun
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Model Center

System Model (SySML) Requirements
Structure Syst.ems .
i Engineering
R sl TR et Model
—_—— Parametrics

« Analysis Request
- System Requirements
« Analysis Specification

Bridge the Gap

« Performance Estimates
+ Requirements Conformance
« Trade Study Results

Mo e il Multidisciplinary
Analysis
mE
Desian S Engineering
Mechanical Electrical Simulation Cost Manufacturing esign Space Models

Exploration



Model Center (2)

Modeling and Simulation Tools

B 8 A it 8 2 %
Abaqus Adams ANSYS Catia LS-DYNA  MSCNastran NX NXNastran ProE
4 ] 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
4\ . Matlab* IV\ * ANSYS* FLAMES® « Flames* Arena + Arena
@ + Mathcad* 7 « Fluent /A« STK* 4\ . Simulink*
3¢ + Excel* ] « Price* OPNET - OpNet Al « Extend*
*In-house ~ ==>+ Seer* cromocel « ProModel 81 ¢ Vensim*
7+ CAD 1« ACEIT*
- N\l
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Model Center (3) oe

ModelCenter

Automate (DOE,
Optimization)

i gyt .
DAROTA Colery SoleWels |
e o—— i e
DAOTA et 0G4
DAROTA Sircjasbinchve Garstc Agurihr (S0GA)

WEQIE v, LUChBgLONGF actor

DAKOTA OFT== Full Newton
|| DAMOTA OPT =~ Fings dfierances Newton
Seit adptve Lieroreial

' Evokson
!‘ Mary Ugtins .

01 l
.
! e St s rars .
i ! I!” : @ Sutitie O Possibly Sutable @ Unsaitable B Uinknown | | Show raing detsils
I !||:..
l ', G v Nt mehiod fron the OF T s oy
HiE
;'|' i
i

DAKDTA OPT + + Guasi Newlon

Lo patiem search
he o Sciences ord Mahematics fle CoMR) & Sondos .
Doan slsorithen balpin ariseenl viowar

bk rgh.owd Pastoe
H o -
*-
- ———— .
PR

am  om  om  om oz | FihtBeioe: ContutNees
g Wouze Wheet Zoom

Nouse Conaros
Lek Bumoe: Sedect Zoom
Ceener Button Fae

Show Dox2 Enphoser... | | Retesh Copr Close

L el

BEE A -Hﬂ el

Visualize and Find
Better Designs

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

Shows the most
influential input
variables for each
output variable

Sensitivity Analysis

Output Variables

Sensitivity Summary

ife/

padCost brakeTorque stopTime stopDistance surfaceArea
Relabilty: 100.000% Relizsilizy: 100.000% Reliablity: ©09.545% Reiabiity: 98.909% Relabilty: 97.273% Relizsilizy: 100.000%
Lawer Bound: -Infinity Lower Bound: -Irfrity Lower Bound: Irfiniky \ Lowsr Bond | -Infinizy Lawer Bound: 15000 Lower Bound: -Irfrity
Upper Bound: | Tnfinky | Upper Bound:  tafinity | LpcerBound: 1o | upperBand: | <50 Upper Bound: | Tnfinty | Upper Bound:  tafinity |
Mean: Z.983 Mean: 511.202 Mean: 4.378 Mean: 196.231 Mean: F3293.549 Mean: 5.975
Std, Dev.: 0.510 Std. Cev.: 149,509 Fud, Devi: 1437 Std, Dev.; 75.238 Std, Dev.: 13772.285 Std. Cev.: 0.835
Mirimumn: 1,880 Miniurn; 145,545 Mininum: 2.216 Minirren: £8.867 Mirimumn: 9589485 Miniurn; 3.617
Magrmum: 4.728 Maxirim: 1241.453 Maximm: 12.821 Madmum: 650,753 Maxrmum: L1D3EHE Maxirim: B.785
Show Histogram Shaw Histcaram Show Hiszogram Show Histogram Shaw Histcaram
Irflercss: Influences: Influences; Influences; Irflercss: Influznces;
—
— —I g -_— = L
—| [ = /
[ = = = =
= = 0
[ = =
I o = = i
n = =
[ 0s 1 05 ] 0 1 3 es o  o0s 1 4 o5 08 os 1 T w0s 0 o5 1 s 0o os 1
wickh 0.573 FistorCiam 0.737 pistonDiam -.629 vehickSpeed 0,53 pistanDiam Si519 width 0.698
thickress 0.576 ErakeMa 0.398 vehideSpeed 0373 pistonDiam -.550 thickress 0,396 canterlencth 0.693
centrlength 0.536 od 0.383 brakemu -.343 braketu -.315 wickh 0.331 trafam 0.058
Eressure 0.371 od -3¢ od 292 breketu -.304 vehicleSpeed -5
width 059 pressurs 273 pressxe -24L pressure -.257
treDiEm 0.258 tireDiam 0.231 od -.257
LISt Of th e M o) St width 0.072 tireDiam 0.251
vehickSosad -219
centerLength 0.205

Influential Input
Variables

© 2015 No Magic, Inc. Exclusively for No Magic Use



Model Center (6

Goals

I3 Optinization TM

=
madrize endarence v onon
Objsctiva Defintion
T | Chective Value Weight Goal 1
;: LIAV Performance . Specs erdurenca 397045 1 maanize
o |
e . .
Constraints/Requirements
Constraint Vaue Lower Bouny Lpper Bourd
UAV Performance Specs. range 609.341 500
UAY CostModules . Acquisition totel ProgramCost $17,097.538 $17.500.000
UAV CogtModulss. Transpor total TranspertCost $129,956 $14,000
UAV CostModules Operational rotalMissonCost $27.077 $25.000
Design Yarables
*= | Design Variable Tyee Value Start Value Lower Bound lUbper Bound Edt
UAV Geomety.Fuscioge dameter continuous 2 2 2 5 .
UAV.Geometry. Wings.soan continuous 400 40 400 20.0 -
UAV Geometry.Wings rootChord continuous 500 5.00 2.00 500 .
UAV Geometry. Wings taperRatio continuous 0.10 0.10 0.10 1.00 .
Agorthm /
i / -
Design Variables
Add to Model.| Fun | [optors. | Heb. -
y

© 2013 Phoenix Integration, Inc. All rights reserved.

No Magi

C

© 2015 No Magic, Inc.
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Model Center (7) 9 (—)

Nelder-Mead . DAKOTA

Hooke-Jeeves Asynchronous Parallel Pattern Search
Coliny COBYLA

EVOLVE Coliny DIRECT

SwarmOps

Coliny Evolutionary Algorithm
Coliny Pattern Search
Coliny Solis-Wets

Differential Evolution method
Differential Evolution method with dithered

arameters
gelf adaptive Differential Evolution method CONMW m_ethods ' .
Local Unimodal Sampling method wgléo}\);ectlve Genetic Algorithm
Many Optimizing Liaisons method NCSU DIRECT
Pattern Search method OPT++ Polak-Ribiere conjugant
Particle Swarm Optimization method gradient
Random sampling method OPT++ Finite differences Newton
. DOT OPT++ Full Newton
quy(gtl)n-Flc?[tgher-%olgfarb-Shanno (BFGS) OPT++ Parallel direct search
variable metric metho OPT++ Quasi Newton ®
E}Iggﬁggr-ﬂeeves (F.R.) conjugate gradient ?Si,n CI;aA())bjective Genetic Algorithm SOEING
m&:}ggc)i Method of Feasible Directions - Boeing - ENI
Sequential Linear Programming (SLP) Dzl Explorer g ‘ INTEGRATIGN
Sequential Quadratic Programming (SQP) ,SQP Gradient Optimizer
BIGDOT - Darwin
Sequential Unconstrained Minimization ’ NSGAII

Technique (SUMT)
© 2013 Phoenix Integration, Inc. All rights reserved.

© 2015 No Magic, Inc. Exclusively for No Magic Use



Model Center (8)

Multidimensional Data Visualization

* Multi-dimensional glyph plots,
parallel coordinates plots, scatter
matrices, histograms, etc.

[ Cote Exploner 3L, 164751

B Cuts Exploser : 21102000, 164751

Identify variable relationships

il =

+ |dentify key variables

Define goals and quickly visualize =
the resulting multi- dimensional
Pareto fronts

 Interactive brush the data to
understand the impact of

fie fde Qunt Optom  Hep

21 ) My st Prots - 1% Dia suskies - | 1) g ee
‘@ @0
Totcl_Somple_Retun_Mass and Tolol_mission_coet

==y

Fle fe Qwnt Optom Hep |
Ol e D3 ) st s+ 1 Dma Wsskies - | ) Py a0

o | B @] s & =

"-.‘ L8 H . 230 . 1"®s 2 ©oe o 1 w8

=1i=
Nagoirg Cotioms
Hdom

) Cata Explorer : ILNN, 164751

Ee e Own Optoen Hep [

21 ) My St Phots - 5 Dia Vesusknes - | 1)) Phg-i #%

i =

- |® 000 & EO=T B @

Trama T

cowro |~
XM

Totd_rasica_ccet

Codt, Rutumn Mess, cndd Rk

Sample_Relum_Mass ¥-Adu

Totd_Sanphe_Petan Moss | »]
2-Am
Totd_restam_Fad:

constraints

+ Graphical optimization

© 2013 Phoenix Integration, Inc. All rights reserved.

Vicaulil
fF ¥ AN ._IKAAA

Ot

Colr
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Crentan
Ot

Trsepyency
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el Baten : et
Fig .00 | 2o
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Model Center: MBSE Analyzer

? Phoenix Integration MBSE Analyzer
Analyzer Edit View Tools Help

| Welcomelé Review Requirements§| Manage Constraint Blocks | Manage Parametric Diagrams | Evaluate Designs

Requirements Bookmark: | <none> ~) —
Select a Subject to Analyze Requirement Text Status Margin
£5 pata Pad Dimensions::Pad Center Thickness |The Pad Center Thickness shall be between .2 and .45 inches. /1, Unknown
&-F3 Analysis Pad Dimensions::Pad Width The Pad width shall be between 1.5 and 2.5 inches /1, Unknown
1 DesignBaselines Pad Dimensions::Pad Center Length The Pad Center Length shall be between 3 and 5.5 inches. /1, Unknown
3 Requirements Performance::Stopping Distance Four braking wheels shall be capable of stopping the vehicle from 60 miles ... |4/’ Pass 5.78 ft
&-F3 Structure Performance: :Brake Heating Braking at 60 miles per hour shall not generate more than 53 kW of heat at... [« Pass 0.296 kw
) ) ——— pof at least 36,000 miles under norma... /' Pass 15.8 mi
E MagicDraw Plugin IE' 289 br less than 3200 pounds. /1, Unknown
File Edit Help diameter /1, Unknown
diameter. /1, Unknown
Project File: lC:\MagicDrawExamples\CarBrakeDemo\CarBrakeDemo.mdzip ‘ Load...
e Property Units Original New Margin
Bipata 4 ||+= vehicle.grossWeight Ib 3200.0 3200.0
B3 Analysis | |#= Vehicle.numberOfWheels integer 4.0 4.0
tt-£3 DesignBaselines += Vehicle.speed mph 60.0 60.0
t-E3 Requirements += Vehicle.wheel.brake.caliper.diameter in 1.5 1.5
=-B3 Structure += Vehicle.wheel.brake.caliper.frictionForce  [Ib 30.0 30.0
Bra}(e += 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 += 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 4 25
Transmission += Vehicle.wheel.brake.rotor.od in 11.0 11.0
(=5 vehicle += Vehicle.wheel.tire.diameter in 22.0 22.0
+= Vehicle.wheel.tire.tireMU real 0.9 0.9
o8 PEMIEIEENENES | [=+ Vehicle.stopTime s 3.959628 4 4.192547
L transmission = Vehicle.stoppingDistance ft 174.223616 4 184.472064 | XK 447 ft
_ Cdwheel ~ | [=+ Vehicle.wheel.brake.torque ft-Ib 506.143751 4 478.024654
= - : =+ 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
b 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 |/’ 1.17e+04 mi
=+ Vehicle.wheel.brake.pad.surfaceArea in~2 6.0 TEs
=+ Vehicle.wheel.brake.rotor.cost usd 61.3 61.3
© 2013 Phoenix Integration, Inc. All rights reservec
Create Components Run Now ] [ Save ] | Save As...
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Open Services for Lifecycle Management
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Relationships among engineering data

Software

Requirements

arequirements wrequirements
Static Stability Factor (S5F) Vehicle in T:;'ton rollover

Id="1.1"

- : Id="1.2"
;?;;ﬁiﬂg';";gﬁ"” Text = "The vehicle shall not
based on a vehicle's track “fip-up” during fishhook
width and center of gravi maneuver. If the vehicle lifts
height” two wheels off the ground

during g quick lefi-right tu
at 50 ,it's considered a
“tip-upJand the test failed.”

]
\ I N
] U4
Test Ceses |\ ! % i
\ I V4
N R A :
atestCases stestCasen v e
SSF Test “ Vehiclgshhook Maneuver v:ulatﬂl’ Geometric MOdeI:
1 i I
- / ]

System
Architecture

No Magic



Open Services for Lifecycle Management (OSLC)

e OSLC = Reusing the Web for tool integration

 Based on Linked Data and Representational State Transfer
(REST)

Initiated by IBM

"OSLC

I Lifecyele integration inspired by the web

Adopted by many tool vendors 8 Jpon SRt

Managed by OASIS

No Magic



OSLC Service & Resource Registry

Server
Server (OSLC Adapter)

(OSLC Adapter) Server

. (OSLC Adapter)
Registry

Server
(OSLC Adapter)

Server
(OSLC Adapter)

Server
(OSLC Adapter)

Interoperability Through OSLC

OSLC Requirement
Requirement in Tool A Resource in RDF Requirement in Tool B

HTTP

OSLC Adapter OSLC Adapter
for Tool A for Tool B

Tool A



OSLC4MBSE Working Group

= Definition of new RDF vocabularies for engineering data
= Bridge between systems engineering and OSLC communities

Domain Status

Core 2.0
Architecture Management 2.0

Asset Management 2.0
Automation 2.0
Change Management 2.0
Performance Monitoring 2.0
Quality Management 2.0
Reconciliation 2.0
Requirements Management 2.0
Reporting Converge
Estimation and Measurement Converge
ALM/PLM Interoperability Draft
Configuration Management Scope




Missing OSLC specifications [\D

System Architecture

Dynamic Simulation

bad [Package] Macks [ Water Supoly ang Chert ||

3D Geometry (C/

30

l The Truth is in the Models™
No Magic



MagicDraw as OSLC data provider

Open-source MagicDraw OSLC adapter

= http://wiki.eclipse.org/Lyo/MagicDraw

= MagicDraw as content provider
= Access SysML elements as OSLC resources
= Add Blocks to SysML models

= C N [Jlocalhost slcdjmagicd atalog/singleton

foslc4jmagicdraw

MagicDraw OSLC Adapter: Service Provider

MagicDraw OSLC Adapter: Service Provider Catalog

7

This document: http://143.215.240.21:8080/0SLC4Registry/catalog/singleton
Adapter Publisher: Georgia Institute of Technology OSLC Tools Project

Adapter Identity: org.eclipse.lyo.adapter.magicdraw

Service Provider Catalog MagicDraw

Service Providers

ImportFromSimulink2 SUV_Example  SysMLIBDCreatedByOSCLWebClie
TestProject2 TestProject3 Water_Supply_Example

Wired_Camera_Example

This document: http://localhost:2080/oslc4jmagicdraws/service
Adapter Publisher: Georgia Institute of Technology OSLC Tool

~ Adapter Identity: org.eclipselyo.adapter.magicdraw

Service Provider Water_Supp

Query Capabilities of OSLC Services
SysML Association Block Query Capability
SysML Block Diagram Query Capability
SysML Block Query Capability

SysML Connector End Query Capability
SysML Connector Query Capability
SysML Flow Property Query Capability
SysML Full Port Query Capability

SysML Interface Block Query Capability

SysML Internal Block Diagram Query Capability

[') MagicDraw OSLC Adapter x

Browse projects and diagrams on a web browser

/serviceProviders/Water_Supply_Example

C N [ localhost

MagicDraw OSLC Adapter: MagicDraw Block

' This document: http://localhost:8080/oslc4jmagicdraw/services/Water_Supply_Example/blocks/Blocks:Faucet

c4jmagicdraw/sery

Adapter Publisher: Georgia Institute of Technology OSLC Tools Project

o Adapter Identity: org.eclipse.lyo.adapter.magicdraw

MagicDraw Block Faucet

Part Properties
Blocks::Faucet:hot
Blocks::Faucet::cold
Reference Properties

Blocks::Faucet:suppliedBy

you by Edlipse Lyo




Mentor Graphics Context®
System Desigh Management (SDM) platform NO

Lifecycle Tools Design Tools

%\

SDM Server

System
Relationships

_
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Plugins for Context SDM

Lifecycle Tools
Context SDM
Product Manager
Analytics

Requirements

SDM Server

System
Relationships

Vendor Name Tool Name 82’173?}'.?5&'2&') Type of tool
Mentor Graphics SystemVision Design Modeling/simulation
Mentor Graphics System Designer Design Schematic/block design
Mentor Graphics Xpedition Design PCB layout solution
Mentor Graphics Capital family Design Electric/wire hamess design & Synthesis
Mentor Graphics Volcano VSA family Design Dev. of in-vehicle networks and comm.
Mentor Graphics Sourcery CodeBench Design gmn?ozleot:: vionMmentfog
Mentor Graphics Additional tools Design To be integrated with Context & OSLC
OneFact BridgePoint Design UML creation, execution Compliers
1BM Rational Rhapsody Design System modeling tool
Spanx Enterprise Architect Design UML & SysML modeling tool family
MathWorks Matlab/Simulink Design Math design and simulation tools
Cadence Virtuoso Design Design and simulation for IC
Isograph Reliabillity Workbench Analysis Fault tree analysis and modeling
EPRI CAFTA Analysis Math fault modeling tool
1BM Rational DOORS Lifecycle Requirements management tool
1BM RELM Lifecycle System lifecycle coordination tool
1BM Rational ClearQuest Lifecycle Tracking tool
Cognition Cognition Cockpit Lifecycle Requirements management tool
Polarion Polarion Requirements Lifecycle Requirements & project management
Apache Subversion (SVN) Lirecycle Siclattoee
Allassian Jira Lifecycle Tracking tool
Allassian Confluence Lifecycle Collaboration ool
1BM ClearCase Lifecycle Revision management
IBM Rational Team Concert Lifecycle Change and revision management
1BM Rational Quality Manager Lifecycle Test management
Adobe PDF Other Document handling
Microsoft Visio Other Selected diagram import
Microsoft Word Other f:ga":egemﬁ;m“ &
Microsoft Excel Other Data access
Microsoft Project Other Bi-directional data access

Organize Links
Manage Roles
Build History




Implementation example (CRYSTAL)

De-lce System
Concepts
Definition

Conceptual

De-ice System

De-ice System
Functional Models

Physical Behavior
i Models
Physical behavio Traceability

simulation data-

base

De-ice System
Requirements

Architecture

Functional Models

Application
Lifecycle

Requirements
Database

Connectors based Connectors based

Connectors based
cors pased e on open standards on open standards
ne

Connected via Corporate Network

/ Current CRYSTAL Demonstrator (based on IBM RELM) \

» Focuson “Change Impact Analysis EM”
» Show Traceability Links between Artefacts of De-Icing System
» Assess change request impact on De-Icing System

unconal View
- o Non-functional Requirerments Refinermnent view

. [y R Puncmane Carcapt 2
(: 3 L e e TT— rr— " Oedleing. !
Environmental View
@— = &L i i e
Bl Top level Requirements e TR " Detalled Concapt View | r—
| e — ———— R
. —————— vy
Non Functionsl '_

- T —




PLM & MBSE Integration



PLM4MBSE Working group )

German INCOSE chapter and OMG

Major PLM and MBSE tool vendors:
Siemens TC, Dassault Enovia, PTC Windchill, Aras

The aim of the working group is the development of requirements
for MBSE authoring tools like SysML and Modelica and the
architecture and interfaces of PLM systems for improved cross-

disciplinary cooperation in the product development process.

|dentification of potential standardization work and collaboration
with organizations such as OMG (SysML, PLM Services, ReqlF),
OASIS (OSLC, PLCS) and ProSTEP iViP (STEP, Smart Systems
Engineering).



PLM Viewpoint

Project Management ERP

f TI
iidas

REOM MBSE Simulation MCAD
CAE

Authoring systems



RFLP

No Magic

Requirements Architecture

]
Functional Architecture

Logical Architecture

Testing Architecture

The Truth is in the Models™



PLM and MagicDraw integrations

* Aras Innovator
*  Made by XPLM on Aras side, available

« Dassault Enovia

* Made at Dassault side, using Reqtify mapping tool
«  DesignSync integration to TeamworkServer

« Siemens TeamCenter

« Based on DataHub
e TC window inside MD



SIEMENS Teamcenter integration

v
N - — — -— @ r al
= =1t u
Structure M:nager Teamcenter 11 = S —
File Edit View Tools Window Help
6| || &E@ TEAMCENTER ~ SIEMENS |
ROl 22eX%|s2e xR 4HFD[( YRR TAMC» H| YA
@ ~ 2 v Structure Manager (infodba (infodba) - dba / DBA - [IMC--1955702820 ] [ 1[][ 1 [ ]) | -
= [m
v Search .
_ ™ 001088/B;1-Car (View) - Latest Working - Date - "Now" | |
¥ Quick Links BOM Line Item Type Reference Designa...| Rule configured by | Item Rev Status Find N
FY001088/8 a
A. Home £+ 001089/A:1-Axle (View) Part Front Working( ) 10
& My Worklist 7 001090/A;1-Wheel Part Left Working( ) 10
e My Saved Searches “F 001090/A:1-Wheel Part Right Working( ) 20
* My Links -7 001089/A:1-Axle (View) Part Rear Working( ) 20
7 001090/A:1-Wheel Part Left Working( ) 10
O e ~F 001090/A;1-Wheel Part Right Working( ) 20
M Getting Started i< 001091/A;1-Wheel Repair Kit Part Working( ) 30
9
L 001090/A;1-Wheel -
@ My Teamcenter ? L o cDraw =
o~ . : File Edit View Layout Diagams Options Tools Analyze Collaborate Window Help x
ELl‘ecycleVlewer DERE-DBH- -5 % 5 8y~ 3 cesteDagan
n Structure Manager < |~ B Contanment | &9 Diagrams | Ba stuctre | (5 001088/B-View X | 4 b B | & Teamcenter Actve Workspace |
Containment @8 x i ST . = D B3 Hip Biot QL IE - Teamcenter Active Workspace e 8 x
[B E?EEQDMO:IB-V:W Q: m‘“_‘ bdd [Package] 001088/B-View [ 001088/8-View |J 2 f © SIEMENS
e u» :zzlam e vkl av (av)-Engineering/ Designer-Latest Working
o} pmostr ®©001088-Car?2
-: Association(. Owner: infodba (infodba) Last Modified Date: 08-Nov-2016 09:19
> Assodiation]( o
«® Association[001088/8-View: Overview Attachments
fgoo1068/8 Vien]
ohie I @@
Front wheel Repair K /O Properties ¢
blocks blocks = -
“xie Whes! Repair Kit l ISZ :glggfz &
Description: =
Type: Item -
&[] Databub_Data 510 L4 Release Status:
£ Code Engneering Sets - Date Released: A
< | il »
—— Owner: infodba (infodba)
Hzoom [ B 3 Propertes Ro) Lenl S Group ID: dba
Zoom 2 x Wheel Last Modifying User: infodba (infodba) L
Checked-Out: =
Checked-Out By:
i Revisions
OBJECT REVISION
% 001088/C1-Car_... ©
@ oowosemicar [ 8 -
v @ 001088/A1-Car A
< »
P TRy SO T
No Magic — i, e o ) ) (B
o Diagram Frame 001088/B-View (329, 369) (&) % [Ceen




Syndeia for MagicDraw O '@,

intercax

Connects and syncs MagicDraw models with:
= PLM (Teamcenter and Windchill)

= CAD (NX, Creo) Syndeia for Model-Based Systems Engineering
u SQL data ba SeS Wind;hiill Project:ﬂi;l;ar}d PPMLink,
NS : Project

S'lmUl]nk [ Man::ee;\ent%

= Requirements [/\ i J

MCAD (Creo, NX, CATIA, ...) &
ECAD (Mentor Expedition, ...)

z

[ Optimization

Requirements
Integrity, Cradle, DOORS,
RequisitePro,...

Simulation/CAEJ

Mathcad, Mechanica, MATLAB,
Simulink, ABAQUS, ANSYS,

Mathcad, ModelCenter,

Isight, OpenMDAO,...
Mathematica,...

Libraries /
Databases

CAD models, cost models, analysis
modules, parts and material

Manufacturing,
Supply Chain

Creo View, Windchill MPMLink,

Tecnomatix, SAR... 3 2 databases, sugplier database, ... .
Copyright©2013 InterCAXLLC. All rights reserved. PLM and SCM Systems (Teamcenter, Windchill, GIT, SVN, ...) ]

INO IVIagIC
: v © 2015 No Magic, Inc. Exclusively for No Magic Use



TOTAL SYSTEM MODEL (TSM)

Syndeia creates and manages the TSM federation

B 2012-07-12, 1000h US ET
-‘:_:‘f:::: Connections based on Reference,

Data Map, Function Wrap, Model
Transform, and Composite patterns

. I
G S Docw'm‘;nts &
v LTTER \

i SprQSdsh?ets

CAD model

(Creo, NX, CATIA,...) Requirement

models

MATLAB / Simulink &
Mathematica models

Theme \hsdes of 0 Ierne

e L e

- D L - ".
Tl [ =78 S e e
. ' = "v.j_-l.:t-:—:- _',,' : . 2 CAE (FEA/CFD)
=g [=""_.-[ . o models
Y Max f(xy) |
given; : Other
e Y
@s(xy) < zL' Artifacts and
g‘,('x,‘yys 2, Optimization Databases
models

Copyright© 2013 InterCAX LLC. All rights reserved.

Z
O

<
)
=



Total System Model History NQ

T1 T2 T3 T4
(Baseline B1) (Baseline B2)

Timeline

No Magic



Browse and drag’n’drop

M) Local Fie System Repositones
| P SysML Model %, Connection Type me > B8 Creo
£+ Unmanned Aerial Vehide * || ) Reference “ . Requrements TN
E-{g Arcraft Platform ARG - Satelite (Precise BOM) b Sednk
(T blackbox : BlackBox lans . Tracelinks M MySQL Repositonies
T body : Body || © DataMap I UAV (imprecize BOM) b |5 [mysur
[T elec assembly : Blectrical Assembly & Model Transform £ 4, 000464-Unmanned Aerial Vehide | i Teamcenter Repositories
~[_1] engine : Engine i £1- % 000464/A; 1-Unmanned Aerial VeH TC101
1) fide system : Fuel System g % 000464/8; 1-Unmanned Aeria vey © & TCO1
(1] powetrain : Powertrain ‘ - e e e wr ww| e - % B WW
[T rotor : Rotor Unmanned Aerial Vehide->Frd [ WC101
{72 tad assambly : Tad Assembly Drag-n-Drop cha View (Imprecse) | © B we102
[4] Analyss Manager aircraft platfoem : 000465 »
i %APU el L cp} 2, gps : 000466/A; 1695 Switch repos
g Autopiot % autopliot : 000467/A;1
5] Battery 7 databus : 000468/A; 1-Databus
#1-E] BladBox F fight controlier : 000469/A; 1+
5-] Body 7 payload controller : 000470/A; 1
31 Communicatons Controller 7 communications controler : 000
31 Communications Interface 7 wimax module : 000472/A; 1-Wi
1= Cowing v J gors module : 000473/A; 1-GPRS ..
Kl — " ’ C) e ’
BLOCK_TC_PART_MODEL_TRANSFORM_CONNECTION A

[10:52:48] INFO SysML dependances wil not be generated from Teamcenter trace links for item DOS Middieware, Option to genarate SysML dependencies and
trace Inks is not selected in Syndesa setbings.
[10:52:48] INFO Finished aeneratina block structure and creatina connections for part DOS Middleware 4l

X Copyright© 2014 InterCAXLLC. All rights reserved.
N O M a g I C 74 The Truth is in the Models™



BOM <-> SysML 0@

- @
Generating PLM part structure from
SysML block structure and vice versa
Auto-generation and sync
Bl R 4 £°}0000000117, System X, A4
a {9‘} 0000000115, Sub-System X1, A3
” {0k 0000000119, C1, Al
e x| | I s {# 0000000120, C2, A1
[ | {0 0000000121, Sub-System X2, Al
, {CZ} 0000000122, Sub-System X35, Al
«blocks «block»
c1 Cc2

Part structure (BOM) in PLM systems

(e.g. Windchill)

SysML model
block structure

Copyright © 2013 InterCAX LLC. All rights reserved.

© 2015 No Magic, Inc. Exclusively for No Magic Use



Reading geometrical data from CAD

O
O

ETE
LIS

B Y8 &

E-[E] Data
[} -7 Relations

=S

B

EI g=Rsurrogate : Test: Surraoate

New Element

[}»Eﬂ Slim Profile [slim_profi
g Code engineering sets

Step 2: A surrogate SysML block

element is generated with the Creo
parameters. This block represents the
Creo model for the system engineer.

B-E Surrogate
| LD -WEIGHT :
-1 -PITCH

SysML::EBlocks: :Real

SysML::Blocks: :Real

: L[ -PROI_REYISION @ SyshL::Blocks::String
E-= surrogate ; Test::Surrogate

B3 PITCH =0,
t (8 PROI_REVISION =

B} (8 WEIGHT =

E-[E Data
B Relations
B Test

Q Surrogate

1]

0.0

B Slim Profile [slim_profile, mdzip]
----- @ Code engineering sets

element (and corresponding instance)
is connected to the Creo model. System

Step 3: The surrogate SysML block

engineer can sync parameter values.

1 -PROL REVISION

‘Blocks::String ‘ I

l & PITCH=0.0
----- {8 PROI_REVIS
l {5 WEIGHT =0

Slim

New Relation

Open in Ne

Creo

Connect

Specification

Enter Sync Creo to Instance

-

I2% Creo Connection

Creo

[y wereHT
[y prren
[ [y poMREV
[ [y PoMDB

PROI_REVISION
[ [} PrROI_VERSION

[ [} PROI_BRANCH

[7] [y PROI_RELEASE

[ [} PROI_MODIFIED
[ [} PTC_MODIFIED

[7] [} PROI_CREATED_BY
[ [} PROI_CREATED_ON
[ [} PROI_LOCATION
[ [} PTC_COMMON_NAME
[ [y vF1INT_LIST

[ [y vF2_INT_LIST

[ [} vF3_INT_LIST

1 ™ vF1 BoOL

<

m ] »

[=5 [ ptc-edc_01-2_inner_sprocket.prt .
B} [#] ] Parameters

m

Parameter

sky32768818871...
sky32768818871...
sky32768818871...

Mapped Mame
WEIGHT

PITCH
PROI_REVISION

Result

Step 1: Select Creo assembly
parameters of interest

[ o

J{

Cancel

)

e L
[z
O | <cor = (] = -

& Data

-- - Relations
- £ Test

E] Q Surrogate

e 0 -WEIGHT ¢ Syl Blocks: :Real

- -PITCH
- O -PROI_REVISION :

- (&) PITCH ="8.0"

- {E) PROI_REYISION =

SyatL:iBlocks: :Real
SyahL:iBlocks: :Skring

E d=M=urrogate : Tesk::Surrogate

@ WEIGHT = "6.5442864 9546581 77E-5"

"I Values read from Creo




Universal Search

Search using multiple criteria. Select search results & drag-n-drop.

— - —— T L= -y " —  S—— —= —
SearchReposiary - ™ » Search Repository = | SesrchRepostory ” —\,—
Search Items 5 Search Parts f M v f
A D S PEwR N e 4 Unmanned Aerial Vehide .ll|2 1E:
k) rotuTents w||
© ItemName Arcaft* E Partname:  Arcaft* § video_camera ] i §
rumber: Use * f 4 — -4
S L = 5 Add Row Fiter ~ Remove Row Filter L
Select Baseine: - ™ | 200 [
B 2, 000465 Arcaft Patform - , |
£} 3, 000512-Arcraft Patform 2l L o ald
- % 000512/A; 1-Arcraft Platform . \
6% 000512)8; 1-Arcraft Patform 553 Arcraft_Platform (0000000025) Seardh -
- % 000512/C; 1-Arcraft Platform ©-{5} Arcraft_platform (A.1) o -
] (10.0) name (V1000) veamerald (VC 1) cost (¢
lTD- A5 000512/0; 1-Arcraft Platform E-45} Arcraft_Platform (A.2) | ; mass (12.0) name (V2000) veamerald (VC2) cost «'
Q < 000512/E; 1-Arcraft Platform E-45} Arcraft_Platform (A.3)
- % 000512/F; 1-Arcraft Platform B35} Arcraft_Platform (A.4)
B3 %, 000483-Arcrafe_Platform B-45 Arcraft_Platform (A.5)
B2, 000M0-Arcraft_Platform B35} Arcraft_Platform (A.6)
B} %, 000819-Arcraft_Platform E1-53 Arcraft_Platform (A.7)
B2, AT T — E)-453 Arcraft Plarfoem (4. 2)
po eamcenter | . ~ Windchill | MySQL ,

Copyright © 2014 InterCAX LLC. All rights reserved.
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Central Model Repository



MagicDraw Teamwork Server ®—@
- Global project repository g
Projects 0
Users »}{ B meee=re
Permissions 2 Teamwork Server

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

- Change management
= Versioning
Branching
= Comparing
Merging

© 2015 No Magic, Inc. Exclusively for No Magic Use



Teamwork Cloud (TWC)

 Next generation repository

« Distributed, clustered, scalable database
Element-level version control

« Partial, lazy loading to the client

* Role-based access control
*  Delta commits

*  Server-side API and plugins
Web clients (RESTful API)

» Linked data (OSLC)

Large model in repository

/
7
/
/ //
/ 7
/ 7/
7/
= 7/
7
7
7
7
7/
. 7/
Magic Draw /

Client -
No Magic 80 The Truth is in the Models™



Teamwork Cloud (TWC)

Joypa [spow yblamybi
sonAjeue ‘BuuaWIWIOD ‘SS800E [9POIN

[ —
Web Client
II
Manager,
Lead,
Stakeholder,
Engineer

Heavyweight, rich model editor

I | \

— = At

MagicDraw

MagicDraw  MagicDraw

~—

J,

uoljelnajul eje(

External System

Engineer,
Analyst,
Modeler,
=, Architect




Model Publishing



Cameo Collaborator architecture OF

MagicDraw

Views &
Viewpoints Publish model Cameo Collaborator

model for

(SysML std.) review @ A|freSCO
. +

D — Extensions created
Cameo Comments by No Magic

Collaborator:
Publisher

w ¢

NO MagIC The Truth is in the Models™




Views & Viewpoints

(activity ContentRequirements|[ = ContentRequirementsU

kage Requirements T for Cameo C 4l Requirement T 3J
«Document»
Requirements
-glossary q hi h e Traceability -test Cases -test Cases Traceability -diagrams
xviews xviews xviews aviews aviews xviews aviews
Glossary Requi Archits A Traceability Test Cases Test Cases Traceability Diagrams
«Conforms kConform» «Conform>» «Conforms «Conforms
Conform» kConform»
o v
«Viewpoints «Viewpoints «Viewpoints Viewpoints
Glossary ViewPoint Architecture ViewPoint Test Cases ViePoint Diagrams ViewPoint
hvd v hvd
«Viewpoints «Viewpoints «Viewpoints

Requirement ViewPoint

Architecture Traceability ViewPoint

Test Cases Traceability ViewPoint

No Magic

«CollectOwnedElementss

{deptn="1)

)

«FitterByStereotypes»

{include = false,
stereotypes = suxiliaryResource}

)

«FilterByStructuredExpression»

{include,
iterate,
structuredExpression = FilterRequirements Actors UC}

v

v

«SortByContainment»

)

«StructuredQuery»
: ExposeRequirementsPackages




Graphical comments

SjuBWIWOY (A)

= Entire model Engineering Portal S =

Navigation (O @ 2distiller block diagram (initial allocated)
2 distiller bloct “
Distiller Block |

5l i C
C“St”erbOch é DONE :3 [ All graphical comments ¥ l
gl allocation

Characteristics B O

Distiller Block | ibd [Block] Distiller [ 2.distiller block diagram (initial allocated

_ (Bloc [ gram € ) Add connector

E TeeFitting o here

&) distiller allocation ariowrors o1 - o «FlowPort»
E‘ dirty water : main1 : H20 main2 : H20 i ) sludge2 : Residue  sludge : Residue -
distiller breakdow :Residue » =]
distiller breakdow! «FlowPort «FlowPorts

middle : Fluid out : Fluid
[=3 fig 15.22 flow alloi

{1}
B3 Revised Distiller Struc evaporator : Boiler drain : Valve
£ Revised Elaborated D

allocatedFrom =
E Boiler
ITI

Oad
t 8|
& Heat Exchanger top : Fluid bottom : Heat

G ad

B valve 1 1] main3 : H20 |«FlowPort» «Flow/Ports

) = —

B Distiller Use Cases h out : Fluid hin - Flu mainé - H20 «FlowPort»
o - «FlowPorts «FlowPorts ) purified : H20

|

«FlowPort» «FlowPort»
cin : Fluid c out : Fluid
n
L
condenser

L]

B3 Engineering Analysis «FlowPort» 2Rt
a in : Heat q1:Hea
& >

L

03 item Types Please delete this
B3 value Types connector
model organization Index
Tips & Techniques
= Power Station
Start S

No Magic The Truth s the



Navigation

Textual comments (continued

Entire model

X ®
-giverter asser
-drain : Distiller
-evaporator : C
-feed : Distiller:
-m2.1 : Distiller
-m2.2 : Distiller
-main2 : Distills
-main3 : Distills
-main1 : Distills
-maind : Distills
-g1: Distiller:it
-sludgel : Dist

: Distiller:Dist

-splitter - Distll

-sludge2: Dist
+bypass : Disti
+dirty water : C

+purified : Dist

oo BEEEEEEREEREREEREEE

+qin: Distiller:
P +sludge : Distil
2 distiller bloc}
Distiller Block |

: v
& Aictillar Riamb -

1.distiller bloct

< |

»

No Magic

Engineering Portal

2 distiller block diagram (initial allocated)

Characteristics

2 distiller block diagram (initial allocated)

Q a

B o®

AN ®

ibd [Block] Distiller [ 2.distiller block diagram (initial allocated)JJ Change aggregation kind (1) F
«FlowPorts Aggregation kind of the condenser part property
i . main1 : H20 main2 : H20 sludge1 : Resiflt " -
E’ dirty water : ) I should be "shared".
«F.IowPo‘rt» «FIowPort.» «flowPort». «FIowPort». Show nested parts (1) 1
cin : Fluid c out : Fluid B middle : Fluid 'Jplottom: Fluid
] i :
condenserl_' evaporator : Bolﬁlr As tar as | can see, Boiler is a white box - please
- show its internal structure in this diagram.
]
U] -
top : Fluid bottom : Heat
| main3 : H20 |«FlowPort» «Flow Port»
h out : Fluid L
aFlowPorts aFlowPorts main4 : H20
«FlowPort» )
ain: Heat q1 : Heat
= >
Index
h L
v

Comments

All ~

Condenser and evaporator coupled too tightly

@

Please review the distiller design since condenser
and evaporator are coupled too tightly.

]

Per our discussion, | will update the model.




NASA/JPL OpenMBEE example

National Aeronautics and Space

California Institute of Technology

o opion Laboratoy Europa System Model Framework ..

S
SysML Models L

System, Programmatic, etc. ¥ mesacirauw

g

<ﬁ I 1l I ] Il

b

Block Diagram Mass Equipment Mass Margin Power Equipment| | Power Scenario Data Margin
Viewpoints List Viewpoints Viewpoints List Viewpoints Viewpoints |eeel Viewpoints
. Mass Margin Power Margin Data Margin
Block Rizsiam MELTable Analysis & Report EELJ2ble Analysis Analysis &Report
Wolfram

—




Automated Reporting

2.1.1. MEL: Bill of Materials Table

Table 2.1. Bill of Materials Table of Clipper Flight System for Clipper WBS

Workpackage Deployments 3:::. of ::38 per Unit ::A:::ing.ncy (km;s CBE + Contingency

1 4. Power Mode List
z Table 4.1. PEL Table for Clipper WBS
4 Workpackage Product Power Mode é‘égEP[VV]r Contingency a‘é%m
5 1 Clipper WBS
6 2 05 Clipper Payload
7 3 05.04 Neutral Mass Spectrometer
8 4 NMS Capture/Timing Card Ooff 0 0.5 0
9 |5 On 0 05 0
10 ||6 Standby 0 0.5 0
1 (|7 NMS Processing/LVDS Card Off 0 0.5 0
12 ||8 On 0 0.5 0
13 |9 Standby 0 05 lo
14 |10 NMS Sensor off [} 0.5 0

1 On 12 05 18
1 12 Standby 6 0.5 9

13 05.05 Ice Penetrating Radar

14 IPR Digital Processor Card Off 0 0.5 0

15 On 3.75 0.5 5.62

No Magic




V2Za
! |

Dynamic editable and searchable tables K

l‘l \

HSUV Requirements

HSUV Requirement Table A L3
= Id Name Text Satisfied By Verified By

1 R.. @ R1.2.1Emissions [ Sort Ascending t Ultra-low Emissions vehicle standards B testVehicle1:HSUV.. &3 EAPFuelEconomyTe..
2 d4 [ d.4Power | Sort Descending E PowerSubsystem

3 d2 [ d2Range I Columns

4 d1 8 d.1RegenerativeBra. [ | Filters > Q||

5 42 [ 4.2FuelCapacity

6 41 A 4.1 CargoCapacity

7 2 @ 2 Performance The Hybrid SUV shall have the braking, acceleration, and off-road capability of a typical SUV, but

have dramatically better fuel economy.
Fuel economy parameter are described

2.4 Acceleration The Hybrid SUV shall have the acceleration of a typical SUV. Figure B.32 Results ... = MaxAcceleration() : ...
a3 Max Acceleration() :...

o
N
IS
B

9 23 [ 2.3 0ffRoadCapabili..  The Hybrid SUV shall have the off-road capability of a typical SUV.

10 22 [ 22FuelEconomy The Hybrid HSUV shall have dramatically better fuel economy than a typical SUV
n 21 8 2.1 Braking The Hybrid SUV shall have the braking capability of a typical SUV.

12 51 [ 5.1 SafetyTest

13 5 8 5 Qualification

14 d3 [ d.3 PowerSourceM...



o0 < > M

Controls
© v Stereotype Coloring
* === Block
© [0 ConstraintBlock
© [ External
© [T/ FlowSpecification
* [ System
« I ValueType
© v Filters
© v Block Definition Diagram Filters
@ » Show Property Types
@ » Metaclass
. Group Disconnected Nodes
« Internal Block Diagram Filters
@ » Types
© v Stereotypes
. ConstraintParameter
. ConstraintProperty
* @ FlowPort
. FlowProperty
® | moe
. PartProperty
. ReferenceProperty
. SharedProperty
. ValueProperty
© [ {Unspecified Stereotype}

e

®
Details

Attribute  Value

uuiD 493f7343-ee4f-4e32-a198-a6a6e88¢

Name LugBoltThreadedHole

Metaclass  Class

Stereotypes [Block]

Details
Attribute
uuio
Name
Metaclass
Stereotypes

NO frwe

@ Tom Sawyer Software Corporation ¢ t o [
Internal Block Diagram  Iconic Internal Block Diagram  Block Definition Diagram
B A Bfeaassq|#afEBALs Ve Q searct
“Blocke z - -
— L ety ‘i’l L
I mountingHole : LugBoltMountingHole " [ond n
B Lot t:Tie Lo . 2 |
aes - Logsitenccic v wneel prporation ] O a +
oo inflatonPressure |
1t jition Diagram
W ln. .
“n 0
B ) BB Ak e
parts -
. “Blodks 4
mountingHoles : LugBoltMountingHole Tire
rim : TireMountingRim parts
v : InfiationVaive

weight : BalanceWeight
vaies

diameter :
width :

Properties Connectors Classifiers Associations

Name Metaclass Stereotypes

[PartProperty)

@ 4 FlowPort

° FlowProperty

° moe

el PartProperty

° ReferenceProperty

@ [ SharedProperty

° ValueProperty

o {Unspecified Stereotype}

°

Value
€a4653fb9dd310d75¢8b6:
HSUV

Property

[PartProperty]

HybridSUV

Type Type Name
Actor Driver

Actor Maintainer
Actor Passenger
HybridSUV
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How the Flows Traverse the Network
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Source: S. Spangelo, D., L. Anderson, et al, “CubeSat Challenge Team Using MBSE for Operational
Analysis”, 2013 INCOSE IW MBSE Workshop Proceedings
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Other integration efforts

Conceptual models, ontologies
« Cameo Conceptual Modeler

Safety/Risk/Hazard analysis

FMEA, fault trees (transportation, healthcare)
- SafeML, Safety and Reliability Profile

Mechanical and CAD data
e  MechML

Testing solutions
« UTP, Conformiq

Automotive and avionics applications
« AUTOSAR, ARINC 429

Ground, sea, air, and space assets, orbit analysis
Jo W2 AGI System Tool Kit



Product Line Engineering



PLE - Product Line Engineering

* Features model, product family
« Common vs Variation
« Alternative, optional, mandatory
« 150% vs 100% (superset vs subset) (family vs product)

* Variability Exchange Language

Phone
o— O: : —9 O——
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/\ requires £ N resolution
GSM1900 | | GSM1800 u 4  mp3 wav
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(a) Feature model in a tree notation—slightly adapted from FODA [42]
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5.4.1.6 Key Fob Button

When (RequestSource >= {KeyFobButton})
Select;

| Gears Main Projection
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The key fob shall have two buttons that,
respectively, lock and unlock the car doors.
Futurum in sollemnes fiant clari parum videntur
nobis nunc qui typi modo, notare est Mirum
lectorum consuetudium mutationem sequitur qui.
Et decima quarta seacula per humanitatis formas
litterarum! Parum videntur nobis nunc qui typi
modo Eodem decima quinta et decima. Lectorum
consuetudium mutationem sequitur qui dynamicus
processus etiam est Claritas? Sollemnes fiant clari
parum videntur nobis nunc qui typi. Futurum in
sollemnes fiant clari parum videntur nobis nunc qui
typi modo, humanitatis formas litter

5.4.1.7 Digital Key Pad

‘The vehicle is equpped with a digital keypad on the
‘exterior of the driver's door, convenient to the
‘exterior latch handle. The key pad shall have five

buttons labeled, respectively, "0-1", "2-3", "3-4",
"5-6", "6-7", and "8-9".

An operator shall be able to unlock the car doors
by entering a _CODE_LENGTH_-digit code using the
buttons.

Each button must be depressed by a length of time
(the duration of which is settable by a calibration
parameter) in order for the button signal to be
regarded as a legitimate button push. This is to
avoid unintentional button pushes being interpreted
as digits in the code.

5.4.2 Locking/Unlocking Available
Inside the Vehicle

The vehicle shall contain at least one mechanism
whereby front seat occupants can lock and unlock
the door locks from within the vehicle.

5.4.3 Lock Status Indication

'An unambiguous lock status indication shall provide

a visual indication from inside the vehicle for the
driver and occupants as to whether the doors are
locked or unlocked.

When (RequestSource >= {DigitalkeyPad})
Select;

When (true)
Select
{
Apply "_CODE_LENGTH_" ->
"@RequestSource.DigitalkeyPad@";
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5.4.2 Locking/Unlocking Available
Inside the Vehicle

The vehicle shall contain at least one mechanism
whereby front seat occupants can lock and unlock
the door locks from within the vehicle.

5.4.3 Lock Status Indication

An unambiguous lock status indication shall provide
a visual indication from inside the vehicle for the
driver and occupants as to whether the doors are
locked or unlocked.



Variability Exchange Language

Variant Management

select features

variant
management
tool

Variability
Exchange
Language

variation
points

configuration

development
tool A

variation
points

configuration

development
tool B

Systems Development

create artifact
variant

create artifact
variant

Figure 1: Use case for the Variability Exchange Language




The Truth is in the Models

Thank You!
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