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Pre-Phase A: Concept Studies

Y

Phase A: Concept & Technology
Development

Phase B: Preliminary Design &
Technology Completion

Phase C: Final Design and
Fabrication

Phase D: System Assembly,
Integration and Test, Launch

Project Life-Cycle Phases
[NASA SE Handbook, 2007]

Phase E: Operations &
Sustainment

Phase F: Closeout

Motivation

Conceptual
Conceptual mission
mission design analysis
Gap 2a % Lack of continuity of
‘% mission parameters
o "_7 (performance, req,
£ Gap1 l ’}% WBS,...)
— R
(}
Gap 2b
~ Detailed
Detailed ‘ mission
mission design ‘ analysis

Mission Design Maturity

Gap 1 = Disconnect between design and analysis
activities across the phases, e.g. Pre-Phase Ato
Phase A, or Phase A to Phase B.

Gap 2 = Disconnect between design, analysis,
verification activities within a given phase.
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Challenges

€ Document-based or ad-hoc point-to-point
linkages between models in different tools

€ No unified definition of the system, analyses, V&V
tasks, and MoEs that are continuous through the
development process

€ How does one propagate trade spaces,
uncertainties, and risk from one phase to another?

€ How do we manage abstract, system-level
design/analysis with detailed sub-system/component-
level design/analyses (CAD/CAE)?
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Project Requirements

Management | | X /\
\ _ |
% CAD Simulation/CAE ‘
/N / | 4 |

Libraries /

ptimization ( Databases
Ay o n
| Manufacturing,

PLM System ‘ ' Supply Chain

Reviews, Meetings, Administration
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What Is SLIM?

€ Systems Lifecyle Management

— model-based systems engineering (MBSE) with the
foundations of product lifecycle management (PLM)

€ Software environment for
— Integrated model-based (systems) engineering — MBE/MBSE
— multi-disciplinary system development teams
— end-to-end system design, analysis, and V&V

€ Core philosophy
— Use SysML as the front-end conceptual map of a system
— Federate domain-specific tools/models from SysML
— SysML model and domain models can “co-evolve”

Copyright © 2011 InterCAX LLC. All Rights Reserved. 7



DE

Conceptual Architecture of SLIM

Primavera, MS Project, Excel,
Project

Management
DE . DE

DE

/\ /

CAD Requirements

NX, Pro/E, CATIA, . DOORS, RequisitePro, ...

DE

/ N\

Optimization J\

LA

( / N\
>L Simulation/CAE

ModelCenter, Isight,...

MATLAB, Simulink, NPSS,

pSPICE, Mathematica, ...

%DE DE
7\ Libraries /
PLM System Databases
¥ .
Teamcenter, Windchill. CAD models, cost models, anfaly5|s
Manufactu ring, modules, parts and material

DE: Domain expert Supply Chain databases, supplier database, ...

SE:System engineer

Tecnomatix, SAP, ...

ABAQUS, ANSYS, SINDA/FLUINT,
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Conceptual Architecture of SLIM

SLIM is deployed in the SysML System engineers work directly in
environment. It provides tools to their SysML environment -
federate (visualize, connect, MagicDraw, Rhapsody, Artisan Studio,
execute) domain-specific models | | Enterprise Architect). SysML model is
from the SysML environment. ot @ conceptual map of the system.

D
CAD
NX, Pro/E, CATIA, ...

DE

Optimization

ol

Simulation/CAE

B

MATLAB, Simulink, NPSS,
ABAQUS, ANSYS, SINDA/FLUINT,

pSPICE, Mathematica,...
DE

DE
Libraries /
PLM System Databases
Teamcenter, W) ill,.... DE - CAD models, cos] els, an.alysis
Manufacturing, modules, p terial
DE: Dom, Supply Chain databases € ...

ModelCenter, Isight,...

SE:S
Y omatix, SAP, ...

SLIM connects to models in SLIM allows users to wrap
enterprise PLM environments to external model libraries (CAD,
enable configuration control of CAE, MATLAB,..) as plug-and-
artifacts. play SysML objects.
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SLIM — Core Philosophy

€ SysML-based system model is continuous through
the development process

€ SysML objects can
— can be “connected” to domain-specific models
— “control” domain-specific models
— can “co-evolve” with domain-specific models

€ SysML-based system model
— 1S not a data repository
— 1S a dashboard for orchestration SE design, V&V flows

Copyright © 2011 InterCAX LLC. All Rights Reserved. 10



Use Cases of SLIM
Facilitate model-based...

€ design and analyses
— parametric and architectural trades
— orchestrate simulations
— risk analyses
— requirements verification

& reviews

€ change management

€ manufacturing and supply chain management
€ procurement and delivery

€ verification and validation

Copyright © 2011 InterCAX LLC. All Rights Reserved. 11
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SLIM — Tools and Capabilities (cont.)

€ SysML Analysis Tools

— Parametric execution tool
— Trade study tool

— Risk analysis tool

— Activity execution tool

€ SysML Integration Tools
— Excel interface
— MATLAB/Simulink interface
— Mathematica interface
— OpenModelica interface
— CAD (NX) interface
— STK interface
— Plus tailored interfaces...

€ SysML Visualization Tools

€ SysML Libraries
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SLIM — Tools and Capabillities
Parametric execution and Trade study tool

SysML Parametrics provide a foundation to...

€ Represent fine-grained math relationships between
SysML model elements

€ Wrap and connect any external model to SysML —
CAD, CAE, MALTAB/Simulink, Spreadsheets,
Databases,...

€ Orchestrate Simulations, Trade Studies,
Optimization, Requirements Verification, Risk
Assessment, and more from SysML Models

Copyright © 2011 InterCAX LLC. All Rights Reserved. 14



SysML parametric model
Annual cost & feature resolution for FireSat

par [System] Space_Element [ |35 Space_Element ]J

zconstraints
orbit_FS : Orbit e nLite

{life = min(life1, life2)}

orbitalLifetime : yr ~liter yr
life-yr | —— satLifetime : yr
period : hour

:l life2 : yr

altitude : km J

zconstraints

cpd1 : CoveragePerDay
{cov = wid * scnht *24 / per / 1000000}

pe a coveragePerDay: M sq km_da
per : hour cov: M_sg_km_day| [ g v
scnregion : GeographicArea

life : yr
L]
Width : km ;j wid : km econstraints
aScC1 : AnnualSatCost
et km [ | [totcst = (spocst + Inchest)/ife)
o totest: MByr | —— flightCost : M$/yr
econstrairts launchCost : M$ | |inchest : M3
: : sH1 : ScanHeight
craftLife : yr | at:km ppecst s
sen:km| | scanHeight : km
anglDisp : Deg dec :
gibisp 9. e peg_sec spacecraftCost : M$
sensRes : Real
Constraints zconstrairts
scnRes1 : ScanResolution rR1 : ResolutionReqt
{res = sh / pix *1000} {ver = if(act<= 30,1,0)}
h:k
] pix: Real -t ScanResVerify : Real
: ver : Real |:—
res:Meter | — scanResolution : Meter — | act: Meter

A
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Parametric execution and Trade study tool

€ Vary operational altitudes of two FireSats
€ Compute annual cost and ground coverage
€ Automatically Verify cost and coverage requirement
€ Results generated by SLIM’s parametric execution

and trade StUdy tOOI COST requirement fails for

theseﬁltitudes

COVERAGE requirement
fails for these altitudes

Satellite 1 Satelite 2 / Satelli)‘.él Satellite 2
Altitude [Ang. Aperture| Altitude |[Ang. Aperture| Cost/yr. Cost req. //Coverage/day Coverage req.|Tgt. Rgéolution Res.req. |Tgt. Resolution| Res.req.
km deg km deg MS/yr | 1-pass, O-%I M sqg km/day | 1-pass, O-fail eters 1-pass, O-fail meters 1-pass, O-fail
300 3 300 3 77.23 0 2.50 0 15.71 1 15.71 1
325 3 325 3 51.61 0 2.70 0 17.02 1 17.02 1
350 3 350 3 36.28 0 2.89 0 18.33 1 18.33 1
375 3 375 3 26.65 0 3.08 1 19.64 1 19.64 1
400 3 400 3 20.36 0 3.26 1 20.94 1 20.94 1
425 3 425 3 19.67 1 3.45 1 22.25 1 22.25 1
450 3 450 3 19.67 1 3.63 1 23.56 1 23.56 1
475 3 475 3 19.67 1 3.81 1 24.87 1 24.87 1
500 3 500 3 19.67 1 3.99 1 26.18 1 26.18 1
525 3 525 3 19.67 1 4.17 1 27.49 1 27.49 1
550 3 550 3 19.67 1 4.34 1 28.80 1 28.80 1
575 3 575 3 19.67 1 4.52 1 30.11 0 30.11 0
600 3 600 3 19.67 1 4.69 1 31.42 0 31.42 0
Copyright © 2011 InterCAX LLC. All Rights Reserved. 16



Risk Analysis Tool

Performing Monte Carlo simulations

’ I

Maan Threl Varianra (hrel
P ram rc m I Min Firing Time . 1 0.36
arametric model to R Trials based on probabilit o
compute mission response | - "eecent
etection ime - - - - -
P 10 P | [emprneraanee  distributions of input variables
‘ ’ Min Firing Time MaxFiring Time UAV Detection Time SF Travel Time MissileFired?  TSTDestroyed? Response Time
1 itsAnalysisCell 1 itsF18 1.667 2.881 4.145 2.072 0 1 2.34
1.448 2.465 4,780 1.643 0 1 2.45
| StdAnalysisTime:Real | EffectiveFightTime:Real 1.458 2.544 3.204 2.518 0 1 2.37
1.730 2.590 4.450 1.510 0 1 2.36
1.496 2.400 4.258 2.562 1 1 2.50
1.661 2.813 3.328 2.387 0 1 2.22
t1:Real t2:Real t3:Real t4: Real 1.359 2.387 4.095 2.812 1 1 2.53
(1 L] L] Mission.Rebd1: Response L] 1.337 2.961 3.797 2.155 0 1 2.28
pee—— 1.144 2.206 3.559 1.358 0 1 2.14
[T 1 275
t=t1 + 2 + t3 + max(t4, t5) Histogram 1 1.83
) 1 2.57
0 t:Real 25 120.00% . s
1 2.03
1 itsTST | i 1 2.23
ResponseTime 20 1 2.54
MinFiringTime:Real MaxF - 2.15
- 80.00%
1
rt:Real tfmin: Real tfmi §
1 L] «CongtraintPropetty» || [] F - 60.00%
Mission.PMF1:ProbMF £ =
Constraints 40.00%
pmf = if(rt > timax,1,0)
pmf:Real
Ll 5
| - 20.00%
TargetDestroyed MissileFired
| 0 - : - 0.00%
a ] ] TR 18 21 23 26 29 32 35 37 40 43 More
( 1t:Real ptd:Real Mission.PTD1:ProbTD timin:Real  tfmax:Real Bin
Constraints .
ptd = if(rt > (tfmin + tfmax),0,1) 5 | Response time (Output)
probability distribution
Copyright © 2011 InterCAX LLC. All Rights Reserved. 17



SLIM Analysis Tools

Available commercially as

€ ParaMagic® for MagicDraw
— Www.Intercax.com/paramagic

€ ParaSolver™ for Artisan Studio
— Www.intercax.com/parasolver

€ Melody™ for Rhapsody

— www.intercax.com/melody

€ Solvea™ (beta) for Enterprise Architect
— Www.intercax.com/solvea

Copyright © 2011 InterCAX LLC. All Rights Reserved.
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Excel Integration Tool
Data Sync and Model Generation

ParaSolver - Trade Study Configuration
=- LEAIrD2
DutyCycle_Aircraft
DutyCycle_CameraRefit

DutyCycle_Maintenance
DutyCycle_Tumaround
NumberAircraft
MumberAvailable Aircraft

MNumberfvailable Aircraft By Day
NumberAvailable Aircraft By Migl

MNumberDayCameras
NumberMightCameras
= LECrew(2
Crew TimeOn
MNumberfvailableCrews
NumberCrews
= LEFueld2
DailyFuelLoadPerfircraft
Fuel SupplyPerDay
MumberAvailable FuelLoads
MilesScannedPerHour
NumberAvailable Aircraft
NumberAvailableCrews

P -

*

# ||| Input Options | Output Options

W

Causality:

Input Source:

Given

b

w4 to |B

Seguence

Hane

Preview: {4:5:6}
Court: 3

M Excel Setup - scanResolution

Configure trade studies,
specify variable ranges,

generate scenarios

El- = Domaind1
B3 Earthi1
. B-E=Us
@ Width
- =1 Mission01
Bl 5at01
= Orbit01
(3 orbitalLifetime

Connect SysML block properties to
Excel spreadsheets and also generate
SysML instances from spreadsheets

- {2} coveragePerDay
-2 flightCost

-2 satLifetime
{2 scanHeight

Use Default Worksheet

Cell Selection
Cell Range G5:G40

Access Mode () Read

(%) Write (O None

Clear

QK

Cancel ] [ Apply ]

Copyright © 2011 InterCAX LLC. All Rights Reserved.
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MATLAB/Simulink/Mathematica Integration

Wrap analysis models as SysML constraint
var vome) DIOCKS and use in the context of the system

connected to a Simulink model

SHH : SimulinkHomeHeating

constraints I
{cost=xfwExternal(matlab,scriptascii, demoscriptasciisimulink,row,col,outtemp,daycyc)} R

rassy 100% odeds

outtemp : Real daycyc : Real row : Real col : Real cost : Real

Outdoors DailyCycle : Real I OutputRow : Real I OutputColumn : ReaII DailyCost : Real I
Temp : Real I . .
ParaSolver for Artisan Studio

M Artisan Studio ParaSolver 7.2 R1 - HHS01 Simulink model executed from SysML
Type Caus... | Values J PlotResults
.. HomeHeatin...

MName
¥ HomeHeatingSystem

. Home
@] DailyCost REAL target 22977
@ DailyCyde REAL given 10
@] QutputColumn REAL given 3
@ OutputRow REAL given 350
=[] OD_Home HomeH. .. Qutdoors
@ Month REAL given 1
@ Temp REAL undefined 22727
=-{@] QutdoorsHHS HomeH... Cutdoors
w] Month REAL given 1
@] Temp REAL undefined ??27?

(oowa [ cotmsen |

-

HomeHHS ( Home )

Mame local ©On... Relation Active
SHH [¥ | [ |pailyCost=xfwExternal(matiab,scriptascii demaseri... | [#] |
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SysML Activity Execution Tool

bdd [Package] RoverHardwarePlatforms [ Lm definition ]J

SysML activity models for

«hlocks
MyroRover " []
]
i = i controlling mobile robots
Fittp: iheviki roboteducation.orgyro_Hardware 200 hitp: fhwiki robateducstion orgMyro_Reference_Manual
performP3()
= — _|goForward() -
“|performMissionSquare() [~ = — —
B TOrmP2(
R n&m;:: act [Activity] PerformRoveriission27 [ @ PerformRovermizsion2y ]J |
opendoyStickContralier(y E K op
openGamepadController(3 — linvoke a behavior
as specified by t
performPa() attribute).
performP1()
turnLeft()
turnRight()
performMissionUturn()
. el -nﬂ:&howSensorsStﬂ#Is | el n1:Beep & ‘
start i
e
‘ ‘ | n2: GoBackwam:l ‘
| \ y
«hlocks «hlocks
IpreScribbler SRV-1
&3
showSnapShot() setSwarmhiode()
watchVideo()

R — Getting to Knc
shlocks sblocks IPRE Fluke

ParralaxScribbler IpreFlukeBoard ]

parts
powerLed
userLed
infraredReceiver

toothLed
lowPowerLed
efc

Manufactured uncer license §
Georgia institute of lechn¢

Source: Bajaj, M., Zwemer, D., Peak, R., Phung, A., Scott, A. and Wilson, M. (2011). Satellites
to Supply Chains, Energy to Finance — SLIM for Model-Based Systems Engineering, Part 1:
Motivation and Concept of SLIM. 21st Annual INCOSE International Symposium, Denver, CO,
June 20-23, 2011.
Copy

&4 [getlight("left") = 2000] 5 [getLight("left") = 2000]

n4: GnFnrwarrlFI ]

F

ell o7

nid :'Beep

)

el
| ni1 :Wait-lurh

o

e12

n2 : Beep
| h |
>

el3

8 [getLight("left") = getLight("right"]] &9 [getLight("left™) = getLight("right™)]

Tseprh" IWJ

e20 el

end
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SysML — CAD / STK Integration

System Model
Prope;

Systems Engineering Domain

System Model

Parametric relationships
created by SE/designer

CAD Model
Prope|

e e e e e e

Design Domain

CAD Design
— Parameter a

B

e e e e am = e e =

System Model

Property A

Property B

ComponentZ
System Model

Data flow automated by

Parametric solvers

ComponentZ

Copyright © 2011 InterCAX LLC. All Rights Reserved.

CAD Model
Property a
Property b

—— e o = = = = —

Step 1 Step 2
-ttt oo T T T T T o T ~ T TS oo T oo mmomm T ~o sT ST ~
Systems Engineering Domain \ /' Design Domain \ ’ Systems Engineering Domain . ! DesignDomain
]
Voo / Vo ;
(. : : 1o ;
System Model | S System Model - "
1 | I 1 1 1
1 | o 1 ] |
L ' Auto-generated o 1
1 | o 1 | 1
o : : ] :
ComponentZ : : ComponentZ | | i ComponentZ ComponentZ ' : ComponentZ |
System Model Lo CAD Design (I System Model CAD Model ! CAD Design :
Property A 1 PREEEr & : : Property A Property a T Parameter a 1
Property B II : Parameter b I Property B Property b [~ Parameter b I
) !

—— -

Design Domain

ComponentZ
CAD Design
[ Parameter a
| Parameter b
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e -_———————=

Systems Engineering Domain

SysML — CAD Integration Tool

1
Vo !

1 o 1

1

: System Model : : 1

1 o 1

: Data flow automated by : I :

1 Parametric solvers | : 1

1 o 1

1 o 1

1 ComponentZ ComponentZ ComponentZ |

SyStem mOdeI I System Model CAD Model CAD Design !
: Property A Property a | Parameter a :

! Property b | Parameter b 1

1

____________________________ , / Generated from a

par [Elock] Minisst\SE_Nx_Modlel_Mappin/ A_SysModel_Mapping ]) ; ; ; ; : : . . é CAD model
= —hu—deEEﬂ“ﬁSat—e“E S : S\ :nstré — - l; - — S A\ | modelNX : Ball_Grid_Array_Chip_Pac (Siemen S NX)
! - / : : weightCale " - - — | SBA_101
| e // [ WSoIderBallsf\\r’vvgiL?brgsﬁelz N
I pcaCnlr//// [ : . reraldenChiprwHeatsink) | : : | :IWEightSulderBalls SB1
N — — I;"";jwelgh'tTD‘fal w'j""i""i""neq . .
N | bgaCompsType = I . |7 . : . | IE‘ Flne'gra|ned
nl EE - werin [ ] relationships
| : | I wheatsink [ | ~gLD_101 between CAD
HRR : [ A S weight j\M model and system
I : wSlbstrates : : : ;I
' : | moldHeight : Real y bt 111 =Bl |—‘: b outer_heignt | model represented
(| moktielont :Real mm [T = :
1| | e S N | using SysML
bbhox : . .
R =Sl NNy I parametrics
-1 L | |e2 |- - ) z=constraint== zMold : R - )
| N tolerance —; T :l zTol: Real A : : ]a__'_;@’ (Instead Of ad_hoc
. | . falotal= |0 0| oh] me]
1| : : IE : eJ|I L ] =Tota ZSalderBals ZSubstrates 2 oﬁ / // | [HeAT_sm 101 dOCdS ahtnd
N - e /| T spreads eets)
N Ij I : e zoolderBials [Th— |- | - : SUBSTRATE 101
B Y ' :lwei
' :l——————*l": : _‘ S g
1 i _.____I I ] ol - eld
| —— = | Z3ubstrates |: 8152 | thickness
—— ] T
: ~ ; ; efs : : : : : : : 3 [ tength
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SysML — STK Integration Tool

bdd [Package] FireSat_Domain[ @Fu eSat_Domain_B0D ] _J ‘

atomaine
i FireSat SysML model defines the

FireSat_Domain
— context for feature coverage and

regions : Target_Region [1..%]
references interval analyses
geoSats | GeoSat [1..]
earth_Sat MO AL fireSat_Missi-jn
zblocks zzystems _| wonstam mantat. l
Earth Ground station .Inld|FJ\.|:F.‘I-|.\.I\_:('ID'.'N_|:‘l';l‘[ [ Chain_Resgones |
- : iR
- ais = A i "‘;,‘ quisitionins i 'i]

FmalRacawar 'GroundS‘latmnNamel .

Initial Transmitter = "MySat® . .

Relay = "RelayMName1® Chaln analySIS

T dequisitionintervalg0y - oo - Acquisitienintervalsi]
sun Sat USFS_Comm EndEpochSec = EndEpochSec EndEpochSec = EndEpochSec
— =systems 5“"5?0‘“595 StarlEpochSec StariEpochSec = StarlEpochSec
zhlocks 1 1 . T T
sun communlcatlons Networl StartEpochSes StartEpochSec
unil = "sec” unit = "sec”
Tvalue =00 | T T value = "3823.6598556166427"
EndEpochSec EndEpochSec
unit = "sec” unit = "sec"
value = "1203 0546389916126" . value = "7200.0"

e S,
B0 PachagH resae 01017141 37| [ Covmagesponse ||
CoverageResponss i
Coverage analysis
Assels = Assets[0]
Cmr!geNam = "Coveragehame1”
Figureo: = F‘S" el Flgurad p [1]. Figureo: 21,
Figureo: ). Figureo! i P [4]. FigureCr
*
fS_Craﬂ: 1 . EigureQOfieritResponses(0] Elours s iHRtipartsals)
SelectedFigureOfiert = MinimumRespanse Time® SelectedFigureOMerit = "SimpleCoveragePerTime™
zgystems StaticValua = StaticV: StanOfAnalysis = StanOfAnalysis
spac E_Element : T FigureQfMeritResponses4]
unit = "sec” - o O -
ay . SelectedFigureOfMMeril = "MaximumiRe: seTime" ‘SelectedFigureOfiverit = "SimpleCoverageByPercent
Veiue = 0.0 e g StalicValue = StaticVakued

StaticValue = StaticValuel
StaticValue1 ms;w:c:faluu 5

unit = "sec” ' J

value = "5129.403150475245" value =*100.0 “

ElgurseCfMaritResponsesizl | FlousOfMeritResponsesi3]

SelectedFigureCMerit = "AverageResponseTime® | SelectedFigureOMerit = “SimpleCoverageByArea”

STK invoked at the backend to compute Stoevetie = Sacvoez Stsicvie = Saevoves

Statleialunz StaticValued

period of access and coverage for a given O o —

feature of interest
Copyright © 2011 InterCAX LLC. All Rights Reserved. 24
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Space Systems
FireSat cost and coverage trades and reqt. verif.

bdd [Package] FireSat_Domain | @ FireSat_Domain_BDD ]J

adlomains
FireSat_Domain

[]
par [System] Space_Element[ Space_EIement ]J
zconstraints
. - mnLife1 : MinLife
orbit_FS : Orbit
= {life = min(life 1, life2)}
earth_Sat NOAA fireSa grbrtaiCiretime - yr
—— - satlLifetime : yr
ahlocks asystems eriod : hour
Earth Ground_Station B
altitude : km
zconstraints
cpd1 : CoveragePerDay
{cov = wid * scnht *24 / per / 1000000}
sun_Sat| USFS_Comm| o per hour B e x| coveragePerDay : M_sq_km_day
asystems PULEELAEe life : yr
hlock: ion: i -
gSun» Communications_Netw schregion : GeographicArea
Width : km ;:I wid : km «constraints
asc1: AnnualSatCost
scrnt: km [] ) {totcst = (spccst + Inchost)/life}
o totcst: M3 [ —— flightCost : M$/yr
«constraints launchCost : M$ | |inchest: M$
. : sH1 : ScanHeight
logical_FS : Spacecraft_Logical {sCN = 2 *alt * tan(ad*0.01745/2))
craftLife : yr ELLT —epecst 15
sen: km L scanHeight: km
Trade Study with 2 FireSats spacecraftCost: M$
Satellite 1 Satelite 2 Total Cost Total Coverage Satellite 1 Satellite 1
Altitude Ang. Aperture | Altitude |Ang. Aperture| Annual Cost Cost Req. Daily Coverage |Coverage Req. Resolution Res.Req. | Resolution | Res.Req. =
. . . . &Cconstramnts
L_| km deg km deg M$/yr (1 pass, Ofail)| M sqkm/day |(1pass, Ofail) meters |(1pass, 0fail) meters (1 pass, Ofail) 'R1 : ResolutionReqt
300 3 300 3 77.23 0 2.50 0 15.71 1 15.71 1 {ver = if(acte= 30,1,0)}
325 3 325 3 51.61 0 2.70 0 17.02 1 17.02 1 P
350 3 350 3] 36.28 0 2.89 0 18.33 1 18.33 1 ScanResVerify : Real
375 3 375 3 26.65 0 3.08 1 19.64 1 19.64 1 ol
400 3 400 3 2036 0 3.26 1 20.94 1 20,94 1|RERERRIEIE R  [lact: teter
425 3 425 3 19.67 1 3.45 1 22.25 1 22.25 1
450 3 450 3 19.67 1 3.63 1 23.56 1 23.56 1
475 3 475 3 19.67 1 3.81 1 24.87 1 24.87 1
500 3 500 3 19.67 1 3.99 1 26.18 1 26.18 1
525 3 525 3 19.67 1 4.17 1 27.49 1 27.49 1
550 3 550 3 19.67 1 4.34 1 28.80 1 28.80 1
575 3 575 3 19.67 1 4.52 1 30.11 0 30.11 0
600 3 600 3 19.67 1 4.69 1 31.42 0 31.42 0
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Military and Intelligence

Probability of mission success, mean response time

20 1

15 1

10 4

18 21 23

1

itsGlohalHawk 1

itsJCC 1 itsSpecialForces

EffectiveDetectionTime: Real

StdAssignmentTime; Real

EffectiveTravelTime:Real

1 itsAnalysisCell

1 itsF18

StdAnalysisTime:Real

‘ EffectiveFlight Time: Real

t1:Real

t4:Real

t3:Real

Copyright © 2011 InterCAX LLC. All Rights Reserved.
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Disaster Response
Search & rescue area coverage and response time

t: Hours |

wyiclth - Miles

-

mztl : MeanSearchTime
cuns"trahts '

it =areal 2 speed Mywidth}
_| zpeed ;: MilesPerHour

_{area - SrjareMiles

garea  Sguarediles

| seastate ; Real
mrtl : MeanRescueTime
constrants ,
it =04 *povelarea0.5] * yacht
piownd seastate 0S) Fspeed}

1
WV \lrlifehoat
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Manufacturing and Supply Chain

Computing value at risk, supply-demand balance

R L

[UTv—

Reliability : Real

|

| | Long : Dec_Degrees | ‘ Part_Price : USD(000) ‘ |
|

|

| Lat: Dec_Degrees

AssblyRel
1.*

=blocks
A_Site_Properties

{avail = sum(order) * rel}
" rel: Real

avail : Real .
" Jorder : Real 1.1

PartsAvail : Real

«constraints
LLC1 : LatLongConv
{d=acas(sin(lat1/57.3)*sin(lat2/57.
3)+ cos(lat1/57.3)*cos(1at2/57 .3)
“cos{(long2-lang1y57.3)*6371}

[} Lat: Dec_Degrees
lat2 : Dec_Degrees
long2 : Dec_Degrees || Long: Dec_Degrees

l_‘ Iat1

UnitPartCost : USD(000) b—r

‘ PartsOrdered : Real [1.] ’—

Mileage : Mile

| Agent : Channel |
|

|

‘ |AentFixedcost: USD(000) |—'—| FixedTransCost : USD(000)
|

| AgentRate : USD/mile '—.—' VariableTransCost : USD/mile

aconstraints
PC1: PartsCost
{unitcost = untcostt *n}

urfitcost : USD(000) un&ost usD(000)

PartCOGSCost: Fi
n:Real [} ;

«constraints
US1 : UnitSum
{high = sum(low)}
high': Real ||
low : Real [1.]

TotalParts : Real

<constraints

= C1: TransportCost

{ [{unitcost = (varcost*dist/1000 +
fixcast) * n}

n: Real |:
|:4| PartTransportcosts . =
unitcost : USD{

00}

] fixcost : USD(000)

|| varcost : USDimile
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Item [1.*

ablocks
SKU

eblock=z
SupplyChain
Custrs |1.* Company, Transpo|1.* “endar|1.*
=hlocks ahlocks zblocks zblocks
Customers Company Channel suppliers
Site [1..* Factory|1.*
=hlocks zblocks
InstallSite AssblySite
BaomM |1.* Rel [1.*
ahlocks ablocks
ProjParts | 1.* Model |1 * Asshlies |1.* BillOfMaterials Supplier_Properties
=hlocks =blocks zblocks
Inventory Product_X_ | Site Assbly X Type A Site

Parts_Fac [1.”

ablocks
Part_Supplier
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Banking and Financial Systems
Computing risk and checking compliance

bdd [Package] RiskManagement [ @ Bank ]J

«hlocks

Bank

equity . Real

debt: Real
operational_risk : Real
market_risk . Real
counterparty_risk . Real
leverage | Real
credit_rating : String

gearing : divide

values

consfraints

sol : sigma
markets |1 * portfalios [1.* counterparties,[0.* ops
e zhlocks zhlocks zhlock=
Market Portfolio Counterparty Bank_Operations
values values values
common_value | Real default_prob : Real geagraphic_risk : Real
common_VAR | Real total_debt : Real operational_risk | Real
. exposure | Real total_equity : Real poltical_risk : Real
assets,|1.. rates B 11 constrainis val_eq: Real T ]
ablocks ahlocks E R common_curr_val : Portfalia_Val cr?dit_ragingéstrl’ing ComplianceRules()
55 : sigma Vvol_assels | Kea
Asset Rate Currency 56 - Sigma dummy_itm : Real
references values vEliEs d1_mert: Real
curr s currency interest_rate : Real e e ciar - Real d2_mert: Real
str: Stress = i assets : Real
values T:Real=5
price : Real * 1. cost_of_capital | Real
recovery_percentage @ Real = 1 Stressebls 2 ) ) constraints
VAR Real - e mertan2 : bsdz2
newpricevar : Real Stress S ok in_the_maney : bscalidelta Internal
Forex: Real ) vl references references r1 - reverse_prob
constraints e e equities - Real asset ; Asset curr ; Currency al : asset_vol - Bank pOliCieS
s1:sub e e Fat?eS' Reél counterparty : Counterparty values mertont : bsd1 X
= = values cash_balance : Real a2 add - Locations
units . Real com_val . Real
market_wvalue : Real constraints
VAR : Real

External Market Data
- Stocks,. Bonds, Options

Int
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exposure . Real

com_var : Real

com_val : Real
constraints

ST

m3 : multiply

ernal Bank Holdings

e

External Trading Partner Data
- Assets, Debts, Exposure
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Smart Grid

bdd [Package] NIST_Smart_Grid_Conceptual_Model [ Smart_Grid_Domain J_J
zhlocks
Smart_Grid
markets
sblocks distribution operations customers
Markets Domain zhlockz zhlockz zhlocks
Distribution_Domain Operations_Domain Customer_Domain
bulkGeneration serviceProvider transmission
ehlocks ehlocks zhlocks
Bulk_Generation_Domain Service_Provider_Domain Transmission_Domain
==
Eh Operati D i
perations_Domain =
Markets_Domain -@ -
L Service Prowaer Supply-Demand Balance
_‘_‘_\\-\\H‘\. 100
90
~ i - 3 . /\
W = 2
1 —
' i i -t% 60 I~ N\
Markets Senice Provider £ s / .
| \ | 8 40 ,/ \\\
(. E 30 / / \ —
. '_ —— ‘y by " / \
. I .1| m ., h ‘_"""'--..._‘_‘__\_ ::_-t': = ¢ ] 3 / N\
K - :I.‘HFI__ = 10
Bulk Generation | Sy // | = == Customer 0
o Transmissions Distribution 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
= | : k Time Period (24 hour day)
BU'k_GBI'IBrﬂtIDI'I_DDITIﬂII'I Custi ===Total Supply (MW) == Effective Demand Base Demand
Transmissions_Domain Distribution_Domain Daily Expense: SmartGrid $60,228 DumbGrid $66,477

For more info, visit hito:fsmartarid.ieee. orainist smartarid-framewaork
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Case Study - MBSE of Electronic Systems

Data Flow & Control Signals

@ {=ign extend)
Ld Ry F
g =
Datain g S : ALU OUT LO
? w s F * ALU OUT Hi
{10:0) 18 @ LdReg
o INC DEC VALUE l A DATA OUT . a Address —
= 16 [ 16 16 16
(concatenate) Cck Rst
Ld
cC: 5
O 8 P 1
. — © == R
—_— o @t P 2 StateMem ®
" — 1 Input @
o Rﬂ—. : 3 Mp Ain Aput Ain
C = 16 I3 16 18 16 —
- — e 4 —
16 sel —| Awe > ALU
P 5

18 | Aaddr ® — |®

= ] Bout Bin
———{ Baddr 16 16 —i
— P
maddr| o .
B _DATA OUT

@ LdReg

.
=
=
@
i

o

{0: )

Document-based

system def

.|Data out

a

Rd

Aopnaddr |5

P
=
M s |
Ck  Rst Lm "l"'l‘lr
= @
© ray @
o
7|5 3 ]
Bus_error 2.
=]
. :
- |5 ® > g . S 8 Iz =
[l ]
a o I3 EE & = = |z — I algl =T 12| =2 o
o 2 5] =T = > w o o 5 2 o 2ZE 2|52 @ g2 -
o = T |=5|= i n > > a 2 | o) > =4 clSlz (@lalz 2|55 2
& g o 2|3 oo ) a =3 %) o |B @ g 7] 2B |g|50 HEl o
L = 5 B B¥ &= a g |z o o | |8 o Iolm |35 Pla)s £

Microcode Instruction Execution Controller ®
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O ———

Model-Based System Definition

ibd [Block] Hypothstical Machine [ Hypothetical hachine 1]

regDatalnHi

[ Data_in: Real . D
L

ripper

outt

LoDataHi Imm | Instr ILDNFigld

LDMFigld LDPField
1 i

ALUGUTLO

INC DEC VALUE

ALUQUT HI
ADATA OUT

Address : Real

’L regAddress ’l‘
a
y, ¥ -

o]

inputMux

Alder
o

Clk Rst

regDataOut

Y
\—2
BDATA OUT - 1
muxdtol
out
frtrt
sel
sel
muxBAddr
f
-
BAfidrSel AAdd/Sel Inclec Inpu DataOutSel
e Awe el

LoDatalo FhataRegs

]
microcode_instr_exe_controller : Microcode Instruction Execution Controller

UAHI UB  AlUStart ALK

Rd

DAddress Rel W

AlUFlags AliDone

LDAluALD AluFunction
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sanne
AL OUT HI W 15k Secsencer_Comeol Logk [ Sequsncer _Cortral_Loge |
e . ol
INC DEC "VALUE 1 . e . =1L
B amor (Lt
—
e L] aon -
e Fudy n2 s ™ =3 e o . Ll etk
Ahsione e
inputMux =
A s °
o T
o
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Generating Simulation Models

SysML, XML, and Java

SysML-based Analytical Model +
design-analysis relationships

System Design Xy
Representation (SysML) et

LL,_W_:f F XML-based analytical model structure

\Java—based simulation model
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DSL Plugin Environment for
Designers and Analysts

'Be Conta.. B Struct.. | Inheri..

9 Diag.. <> Model..
Containment 1 & x
(o] = [l ,,
gl & i S
=E @ Data

E My Orchestra Model
LB -d"" Mew Module A

; Mew Module &
: l @, Crchestra Library [Orchestralibrary mdzip]
------ @ Code engineering sets

[ - Relations
[}-#® Parth

[ = [MartE

[-#® PartC

--#"' Simple_Systeml

T37 LOOM | [£] DOCUMENTa.] [z Froperues

Messages Window

Clear

2 & x

Ready

i L
ﬁ Qrchestra

= Module Component
]] Input

10 Output

0 Input/output
4 Connection

E] New Module A <

| A I

i LA TiE | S| 190%

e N N

d [Module] New Module A [ [ New Module A y

¥ MESSA0es ..

bl [Packige] Hypothticnl_Macking | Fypothesicnl_Machine |]

¥ Orchestra Library

W

1 Mote ! i r‘tT'.'T;'

» Text Box ‘ |

| | —J

1 Problem - " o L e +—;_‘

1 Rationale Ny ek alald Incoec

1 Anchar g - = - |Concat 2- 1|

! ) > = c SlgnEx‘l.

Containment 0 = >C T regbaa) ConcatZtol
s (%] —wml SignExtender

! Dependency /,» L/ iR Pl

! Allocate vgtor AL a0 ‘ LD Reg

- Separator stabememn e microcos _ivedr_swe_codroter Ld Req
= Image Shape State Variable | | Microcode Instruction
B Memaory |_Execution Controller

StateMem Hicrocnde Instruction Execution Controller
-
[ bdd [Packags] Hypotnetcsl_Machnel Hypathebosl_tachne_Systsm ||
HMS
Hypo! l'rl1ﬂ Machine ._5 tem
Addr | 7 -
I/o @ Decode] Memory -Rlpper
OR_Gate System_I0 Hypothetical_Machine Address_Decoder Ripper

Memory
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Contents

€ Motivation

€ What is SLIM?

—Conceptual Architecture
—Use Cases

¢ SLIM

— Capabilities & Tools
— Applications

@ Experiences 4=

€ Questions / Comments
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Experiences

€ Computing with SysML & Variable Topology

€ Deployment for all 4 major SysML authoring tools
€ SysML/MBSE for different applications

€ SysML — X tool interoperability patterns

€ Domain-specific MBSE
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Contact

Manas Bajaj
manas.bajaj@intercax.com

To learn more:

- Products — www.intercax.com/products
- SysML/MBSE — www.intercax.com/mbse
- Training — www.intercax.com/training
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