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8:00 am Registration

9:00 am MBSE

10:15 am SysML Overview

11:30 am MBSE Adoption

12:00 am Lunch

12:45 pm NoMagic Tool Workshop
4:00 pm End
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Model-Based Systems Engineering (MBSE)

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

INCOSE
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System Engineering Process
INCOSE SE Handbook - ISO/IEC/IEEE 15288:2015

4 AGREEMENT A

-

TECHNICAL MANAGEMENT PROCESSES

\

S
-

PROCESSES .
L . . PR Decision .
Acquisition Project Planning Assessment and Mana Risk Management
Eontrof gement
Supply Configuration Information Measurement Quality Assurance
\ Management Management /
ORGANIZATION / TECHNICAL PROCESSES | Systems Analysis \
PROJECT-
-ENABUNG Business or Transition Disposal
Life Cycle Model Mission Analysis P
Management Stakeholder _ _
Infrastructure Needs & Operation Maintenance
Management Requirements
Definition Validation
Human Resource System
Management Requirements Verificat
Quality Definition erfication
Management Architecture Integration
Knowledge Definition
Management

/

|NE\UDE

Design Definition

.

Implementation

/
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Key SE Representations and Their Purpose

Feasibility Study",
/Concept /
Exploration

Concept of \

Regional ( \
Architecture(s)

T
Lifecyle Processes

/Ensure requirements are
clear, complete, consistent

ConOps/OpsCon
(behavior diagrams)

3‘5& Functional architecture

Design Structure Matrix

K. (functional)

Understand the problem context _\
A Mission statement
Table of stakeholders and their needs

Context diagram

INCOSE

= System boundary diagram

/

. Retirement/
| Replacement

Evaluate potential designs
Structural architecture

Design Structure Matrix
. (structural)

E Multi-Dimensional Matrix
(functional vs. structural)

""’im_;.%__ =
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Traditional Systems Engineering

Stakeholder Detailed .
) Validation
Needs Design
Business Requirements Dysiems Implementation Verification
Analysis g Architecture P
INCOSE

June 2019 INCOSE-SD MBSE Tutorial




Model-Based Approach

Process Inputs:
* Source Rgmits.
* Change Requests

* Concurrent Engineering is
Assumed
+ |terate as Required
» System Behavior Models * Within the Process
* Inputs/Outputs + Between Layers of the
+ Control/Sequencing & QR System Design
: Performance Rgmis.

Functional/
Behavior Analysis

Source Architecture/

Requirements Synthesis
Analysis

+ System Architecture
* Components
* |nterfaces
¢ Allocated Requirement

* Originating Rgmts.
* |ssues and Decisions
* Risks

Autbmated Document
Generation

Process Outputs:
: . + System
Validation and Requirements
Verification Documents
+ System Design
* Analysis Model
» Verification Methods » Exports to
» Test Plans Other Tools

INCOSE | Ref: Vitech
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MBSE Domains

INCOSL

el

Source Requirements
Domain

Originating
Requirements
trace to behavior

Source i
Requirements T~

fh

Behavior

Analysis

- Architecture

Behavior Domain

Behavioris
allocated to physical
components

Architecturg Domain

Originating Requirements
trace to physical components

\ Analysis =
Analysis )
verified by 5 ; =
DR from I:’J % fhom b fhoim
Il R
V&V Domain ﬁ‘ ol
\\\_‘-‘_ E | S 5 S 538 pEe
}.- B Amrer
N "rocess IS S
T o Fdamiber. [Namne
aeitin = Domain =
[ e s— [=—] ==
iaulmehm A - : : . verified by
e I S ¥ verified by

Ref: Vitech
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. . Domain |13
contained in O of Interest : contained in
(2)
Category built from reference for
categorizes
(%) System
View
(7} (6)
Stakeholder Envi nt S— l
——<>| Environment 5 ———  Element exhibits
part of
C
(1)
hag
(8) Interacts with (4)
Stakeholder satisfied by System
Need (9) (11}
System allocated to Property Reference
Requirement Document
representedby statement of Leference for
Ref: Fragment of | (10) T
i derived from
"i\qe Object Jerifies [ (12) (14 (13)
Physical
anagement Behavior Structure Fr:pany
Group System
=
Concept Model Verification |

I N C S E allocated to budgeted to
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MBSE Activities

gﬁgtiﬁt;oundary fiion mudify
Find the to , - ;
P, 7. Derive As-Built | 7a. Modify Reqgts & top-down
System Reqts. Arch. Constraints
6. Derive As-Built 6a. Modify System
System Threads Threads
5. Aggregate to As-Built 5a. Modify & Decompose
System Behavior System Behavior
4. Derive As-Built Behavior 4a. Allocate Behavior
of Components to Components
SE._I‘Capture Component 3a. Refine Component
ierarchy Hierarchy
2. Capture Interfaces EI%E;;"'C“:S

1.Define System Boundary

9. Select Design

10. Perform Effectiveness & Feasibility Analyses

11. Capture Error Detection, Resource, & Recovery Behavior

12. Develop Test Plans

13. Generate Documentation and Specifications

INCOSE

Ref: Vitech
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Systems Modeling Language (SysML)

* A general-purpose graphical modeling language for
specifying, analyzing, designing, and verifying complex
systems

* Provides graphical representations with a semantic
foundation for modeling system requirements, behavior,
structure, and parametrics

e Developed by the Object Management Group (OMG)

INCOSE
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Four Pillars of SysML

http://www.omgsysml.org
1. Structure 2. Behavior

2l ABE Aotk shia Sy [SHquince Duiguamljl

bdd [package] VehicleSiudume [AES-Block Defndion I:I||.:||.;r|'\.!IIF deﬂ ni'l iﬂ“ iﬂt&l‘aﬂtiﬂn

=hingcks block =hingks I A1 Trectns I I ml:Erake I
Lilbwary " N Libwany:f lnc - TR
Elsctonic E"’"I'L':EEE troHiyed sl atate wh T eTraestn [S1a0e W chirs Duiguaml‘)
Precesgs i Walvn

K d'l/ \ml f machine !_ |"' Loge0iT raoian 'i.-

s act i'u"i'l'_'p'l acl Praverilochup [Actviy Disgram| ) I!
o function 1 J

el b ok ] Ant-LeckConiralis
[Tt errenl Bilack Disgram)

Kl
use Dt ca L o 4 Mo duadal
Traction Heakingfaace
= Brakn BEnaAcky
Bladulstor

’

e [pa coa ge] VehicleSpaciicatons
[Fequiremants Disgram-Braking Resquira mernts|
par|cosriie il Elock] SrsghilnoahizlaDiyn sme s [Peramer i D:agum[lj
Vil b b S Brakisg Sebyasem L s L
Speciiicatisn Specilication
‘HialkingFeace tAceele sion
- — e - Equation Equation
SasppingDistasta AsaiLoc kP sisdman ce F = [F =maj
w="102" d="207" L
{ext="Tha wahicls shall vicp = Hrsking subsysam thal -
Trevn B0 miph withen 150 1t i | bachig uredier all
on 8 chean dry sudsce” hrakirg mndisany”
!Dintancek guation 0 welocingE guation
[ = dwil} ja= d\:jﬁl
adermaFegs
L}

3. Requirements 4. Parametrics

Meote that the PFackage and Use Case diagrame are mot shown in this example, but are regpectively pant of the structure and behavior pillars

INCOSE
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Multiple System Views to Communicate
Requirements and Design

Requirements Hierarchy

Operations & Logical/Functional

ope c.1 .
(System Traceability) T (System Behavior)
W MS
Requirementg D... OAL111 0A.1.1.10.2
Document Develop and
e EDS ot —» Disseminate Site
H H 3 inal Campaign Plan
Tocuments Physical Block Diagram ) mpain e
CRD.7.3.2 ]
(System Interconnection) I
Command & Ex15 Receive and
Control P Disposition Waste AND @
- ; A
Requirement Truck Consist Requirements (..
)y refined by refined by Extemal Ttk Consist - G2 ® e o 0A.1.1.10.3
ruck Consist - C2,
TSRD.4.135 TSRDT.4.1 TSR Tracking Data Primary) o Y — Igles\;ilgfn:tn:
Truck Consist Rail Consist Sp Truck Consist - C2, Comm (Primary) o| CoMmmand & Control® Annual Shipment
Trasking Communications [Conf ) ) ) ) L2 Plan
Rail Consist - C2, Traking Data (Primary) e
Requirement Requirement R 4 Rail Consist - C2, Comm Primary) - Node ~
Commerdal Rail OpsCenter - Commerdal Truk CpsCenter -
L CRWMS/Transportation/C3 CRWMS/Transportation/C3
Ex13
ope . . .
Uuvu.o Rail Consist Ex12.a
- - Exl14.a
Transpojfrta tio . . (system structure)
Requirements Lslemal Commemal IR Commerdial Trudk
Operations Center OperationsCenter
Document
Exemal Exemal
nments documents document b Uil T
4. {TSRDCO |4.{TSRDF.4]10[T S et ——————— SRl
Sys.1.4 Sys.1.5
ca| CommunlicalSpace fojr C Transpoijrta R olling t
t IEquipmenlt R Assembly [Package |De|Decontajm Containgers Rail Equipt
1 e R equirelm e R equire/m e R equire/m e R equirem Componlent Componle
pd by Jvevriied by verliied by verifie om built from [built from built from built from lbuilt fr
Sys.1.4.1 Sys.1.4.2 Sys.1.4.3 Sys.1.5.1 Sys.1.5.2
cal CommunjicalSpace folr C onsist R o lling t Transporftati :
t IEquipmenlt R Assembly Decontam 3T Outer Shell|[Storage Clont S kid Containe|r C Crew Cal
n RVerificatipnRVerificatipnR equ ... Verificatipnit Componjent Componjent Componjent Componjent Componje

INCOSE

L

Views produced by CORE
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Integrated System Model

Doc.1
W MS
Requirementsg D...
Document OA.1.1.1.1 0A.1.1.10.2
Develop and
—> P Disseminate Site
documents documents tl"ace tO Produce FDS Final Campaign Plan
CRD.7.3.2 CRD.7.3.3 Schedule (using the Opera...
Command & Transportatjon oR1113 ohiimd
Receive and
Requirement Requirement AND, ReviewDs | ?] Disposition Waste AND, >
Acceptance
‘ ‘ Requirements (u...
)y ‘refined by refined by refined by ‘refined by
TSRD.4.135 TSRDT.4.1 TSRD.4.7 TSRDF.4.8 0A.1.1.1.2 0A.1.1.10.3
Truck Consist Rail Consist Special W aste Storage of Ly Reque?;Tfa\nitﬂg :: gi‘;eemjn:?:
Trasking Communications [Container Capabi.[Container Invien.. F(iz:zs:g/l:cess) Annuallsmpmem
Plan
Requirement Requiremen|t Requirement Requiremen/t
— verified by cllocated to

Transpojrta tion
Requirements Doc Sys

Transporjtation
Document System

| functional 1/0 o poaent

nents |[documents ‘docum nts |documents docum
.1

e
4 JTsRDCO]4.{TSRDF .4/ 10[TSRDF_.4L11[TSRDF.4]1 ilnplementedby Boie rrom ol Ty
cal Communlica|Space folr C| Transpofrta R o llin g t Sys.1.4 Sys.1.5
IEquipment R Assembly [Package De|Decontajm .
Containgers RailEquipt
1 e R equirelm e R equirem e R equirelm e R equireim
Componjent Componle
ed b verified b verified b verifie | |
Z L v ——————— om built from ‘buillfrum built from built from ‘buil(fr
R Sys.1.4.1 Sys.1.4.2 Sys.1.4.3 Sys.1.5.1 Sys.1.5.2
calCommunlicalSpace folr Consist R o llin t i
t IEquipment R pAssemaIy Decon%am Trudk Consist ar Outer Shell|[Storage Clont Trasnksldpor(atl Containelr C Crew Chl
- - — - — - emal
n RVerificatipnRVerificatipnR equ ... Verificatipn - T Truck Consist - C2, ~—————— 1t Componjent Componjent Componjent Componjent Componle
Tracking Data (Prima .~
Trick Consist - C2, Comm @rimary) o| C0™mand & Contro|@————————
P
Rail Consist - C2, Traking Data (Pimarg) o
Rail Consist - C2, Comm (Primary) Node [
Commerdal Rail OpsCenter - Commerdial Trudk OpsCenter -
RWNS/Ts
Ex13
Rail Consit = —
E. Il Co 1 Rail
cpertonsCerter B S

INCOSE
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SysML Diagrams

Block Definition Diagram e Internal Block Diagram
Use Case Diagram e Activity Diagram
Sequence Diagrams ¢ State Machine Diagram Parametric
Diagram ¢ Package Diagram
Requirement Diagram ¢ Allocations

INCOSE

""’im_;.%__ =

All diagrams are from SysML Distilled by Lenny Delligatti
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SysML Diagram Taxonomy

SysML
Diagram

A

INCOSE

Behavior Requirement Structure
Diagram Diagram Diagram
Activity Sequence MSta;g é‘l i DE:‘!G'.:F “gr"msl Package
Diagram || Diagram acaio i elipiton || Bioc Diagram
Diagram Diagram Diagram Dlaiam
Parametric
Diagram

June 2019 INCOSE-SD MBSE Tutorial
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Block Definition Diagram

Used to d|Sp|ay elements SUCh as bdd [package] Structure [DellSat-77 Satellite Structure and Properties] )
blocks and value types (elements ook
that define the types of things that
can exist in an operational s 1
system) and the relationships i B

eps | 1 aocs | 1 ecs I 1 cdhs | 1
between those elements cBock> ok
Electrical Power sitiuceana Erimhmentl Communication and Data
° Parts Sibeveis Orbit Control Control HaRelif Subisuet
LHhsyRlem Subsystem Subsystem ANeling wLbsyster
[} R efe re n Ce S values values values parts
PY Val ues mass : kg mass : kg mass : kg rc-lfl:'r:gc:eﬁe:;n[o.‘(ljulator [1]
° H eps cdhs | ant : Antenna [2]
Constraints 1 : -
L4 O pe rat| ons eps | 1 dataOut : ~Housekeeping Data mass - kg
[ ] dh 0.1
Receptlons . dataln : Housekeeping Data e ’
5 i
» Standard ports (in SysML v1.2 and O ok, | prmaryComputer
H Flight Computer 1
earlier) :

Power Cable 2.3 constraints backupGomputer

Flow ports (in SysML v1.2 and sm : Sufcent Memory [ 1.2
earlier) , valves wilh w1

1 constraint - : - - -
. Eu |l ports (in .SySs M IR/I\II_ 1. :?,L) ; s ooy nenoncapacty o | [ oo | [ bl
* Proxy ports (in SysML v1.3) ’
y p 1 y {memoryCapacity >= «flowSpecification»

® F | OW p rOpe rtl eS (I n SyS M L Vl . 3) dataPerOrbit * 3} Housekeeping Data “Vag?a?’pe”
) parameters flowProperties

Stru Ctu e memoryCapacity : Mb intemp :° C «valueType> «valueType»

I N CO S E dataPerOrbit : Mb in voltage : VDC °C VvDC
i 75
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Internal Block Diagram

Used to specify the internal
structure of a single block

* Shows the connections
between the internal parts
of a block and the
Interfaces between them

« A BDD defines the block
and its’s properties; the
IBD displays a valid
configuration of that block

INCOSE

bdd [package] Structure [Subset of blocks necessary for an IBD of the CDHS] )

«block» «block»
Electrical Power Communication and Data
Subsystem Handling Subsystem
values parts
mass : kg demod : Demodulator [1]
rx : Receiver [1]
eps cdhs | ant : Antenna [2]
Z— 1 1 values
eps | 1 dataOut : ~Housekeeping Data MABEKG
cdhs ’ 0.1

fe

dataln : Housekeeping Data

o Hodes
Flight Computer

primaryComputer

Power Cable 2.3

constraints

sm : Sufficient Memory

1

backupComputer

values

memoryCapacity : Mb
dataPerOrbit : Mb

1.2

mod | 1 tx |1

Modulator

«block»
Transmitter

«block»

""’im_;.%__ =
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uc [package] Behavior [Syslem Use Cases| J

= Use case name: a verb phrase

= Scope: the entity that owns (provides)
the use case (for example, the name of
an organization, system, subsystem, or
component)

* Primary actor: the actor that invokes
the use case (the actor whose goal the
use case represents)

= Supporting (secondary) actors: actors
that provide a service to the system
(participate in the use case by
performing actions)

= Stakeholder: someone or something
with a vested interest in the behavior of
the system

[N

Use Case Diagram X (=)
. Eng?:;er ( rfr 11111 :[ m\ cluger "/mimf,:m\
Used to convey the scenarios a system performs gl = 4
and the actors that invoke and participate in them JFan \p;T :;a ) /w@
7\ sensor a |g \,_command
« A black-box view of the services that a system 7(/1/ e et P
performs in collaboration with its actors oot Kl

= Preconditions: the conditions that must
be true for this use case to begin

= Guarantees (postconditions): the
conditions that must be true at the end
of the use case

= Trigger: the event that gets the use
case started

= Main success scenario: the scenario
(the sequence of steps) in which nothing
goes wrong

= Extensions (alternative branches):
alternative sequences of steps
branching off of the main success
scenario

= Related information: whatever your
project needs for additional information

——

- '__,.;-:f"

June 2019 INCOSE-SD MBSE Tutorial
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Activity Diagram

Used to specify a behavior,
with a focus on the flow of
control and the
transformation of inputs into
outputs through a sequence
of actions

« Commonly used as an
analysis tool to
understand and express
the desired behavior of a
system

INCOSE

act [activity] Execute Hohmann Transfer [Use Case Specification] ) 'Y

A

VG

[isCommandValid == False]

Boolean ‘}g SZ‘

: Transfer
Command | ]
currentCommand : . J |
Transter Command 5E[ Validate command (, fe&-------- i
!
!
f

isCommandValid :

Boolean

[isCommandValid == True]

Boolean

Generate response with

Generate response with
"Invalid Command" status "Valid Command" status

ma:
Measure
altitude

LI :Command  : Command
Response Response

enter transfer orbit :
Fire thrusters

v

[else] | >Orbil Radius Updatedl

[currentOrbitRadius !
== currentCommand. |
orderedOrbitRadius] !

enter final orbit :
Fire thrusters

response :

&

at (currentCommand.
executionTime)

currentAltitude :
km {stream}

currentAltitude :
km

{C} currentOrbitRadius =
currentAltitude + earth.radius

currentOrbitRadius :
km

currentOrbitRadius :
km

'— Command Response
{stream}

- June 2019 INCOSE-SD MBSE Tutorial

21



Sequence Diagram

U S e d to S p e C i fy a b e h aVi O r y With a sd [interaction] Execute Hohmann Transfer, Main Success Scenario [Behavior Specilicationu
focus on how the parts of a block - B
interact with one another via ieysen compuer Naviaion Sy ()

Operatlon Cal IS and asynch ronous commandF?eceived(currentCommand) l %
signals il | :

« Commonly used as a detailed
design tool to precisely specify
a behavior as an input to the

development stage of the life wmassssommes 1
cycle ’

measureAltitude( ) }

loop (0, *}) currentAltitudeUpdated

(currentAltitude)

[N

calculateCurrentOrbitRadius
(currentAltitude)

(currentOrbitRadius,

T
|

T
validateCommand(curremtCommand)
PE— |

* An excellent mechanism for
specifying test cases

» Allows the focus to be on how
the parts of a block interact with
one another via operation calls  reusens)
and asynchronous signals to Sl
produce an emergent behavior R ... F

(l n te I’ aC tl O ﬂ ) % fireThrusters( )

|
[
[isCommandValid == True] }
|

generateHespnnse( "Valid Command ")

{currentCommand.

! responseSent(response)

executionTime}
i
-

—3>

{2m.in “"
5min}
INCOSE 3 5
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State Machine Diagram

Used to specify a
on the set of states

a block and the
possible transitions

occurrences

INCOSE

INn response to event

stm [stateMachine] Attitude Control [Attitude Control Subsystem Classifier Behavior] )

behavior, with a focus | ™ ouimein

Of to / Execute spin stabil'rzatiorj
e

xit / Despin

transferComplete

commLinkRestored

between those states @memmemm

I Safe Mode |

do / Track sun

~

systemError
( Acquisition E
after (2 min)
do / Determine attitude J/J
attitudeUpdated( currentAttitude ) / On-Station \

do / Maintain ordered attitude

[else]

Slew

x [currentAttitude == orderedAttitude]

[currentAttitude ==
orderedAttitude]

[ No Comm Link ]—/

commLinkRestored

commLinkLost

\ .%[Have Comm LinkJ /

acquireTarget( orderedAttitude ) / Dump rnomentuny

deorbit

)

(R deorbit
@)

June 2019 INCOSE-SD MBSE Tutorial
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Parametric Diagram

Used to express how one
Or more constraints
(specifically, equations and
Inequalities) are bound to
the properties of a system

» To specify assertions about
valid system values within an
operational system (and
therefore detect exceptional
conditions when they occur)

e To use the blocks in your
system model to provide the
inputs for (and capture the
outputs of) engineering
analyses and simulations
during the design stage

bdd [modelLibrary] Satellite Constraints [Constraint Definitions] )

«constraints
Hohmann Transfer

constraints

ttof : Transfer Time of Flight
tos : Transfer Orbit Size

parameters

initialOrbitRadius : km
finalOrbitRadius : km
gravitationalParameter : km?/s®
timeOfFlight : s

tos

ttof

«constraint»
Transfer Time of Flight

constraints

timeOfFlight =7 semimajorAxis®
gravitationalParameter

parameters

timeOfFlight : s
semimajorAxis . km
gravitationalParameter : km?/s?

«constraint»
Transfer Orbit Size

semimajorAxis =

constraints

initialOrbitRadius + finaIOrbitFradius}
2

semimajorAxis : km
initialOrbitRadius : km
finalOrbitRadius : km

parameters

June 2019 INCOSE-SD MBSE Tutorial
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Package Diagram

Used to display the way a
model is organized in the

pkg [model] DellSat-77 System Model [Model Hierarchy] )

1 1 1 1
form of a package vy e p— -l Rl v
containment hierarchy _ A—k e —
« May also show the P S e I ——
model elements that il ‘
packages contain and — Strucure |
the dependencies ukt Caacs s | (oo 1 oo
between packages and —1 — — —
their contained model Use Gases ePs g || [
elements
— Models
— Model libraries
— Profiles
— Views
INCOSE

June 2019 INCOSE-SD MBSE Tutorial
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Requirements Diagram

Used to display text-based

req [package] Requirements [Hohmann Transfer Requirement Traceability] )

requirements, the relationships between

requirements, and the relationships - requremonts _ requiremerts
. «requirement» s ohmann iransier
between requirements and other model s s | ece | Sysem Prpe——
elements Specifcaton bttty ool
o ) ) Tranlsfer to maneuver from‘ |tl:s
» Trace - A modification to the supplier P
element (1) may result in the need to BT e . .l
. . . «requirement» «requirement»»
modify the client element (tail end) Propulsion Subsystem _Sensor Payload B
Requirements Specification:: Heqwrement_s Specification:: "I‘:t)eﬁts atls;;
. . . . Thruster Burn Altimetry elleat- ;
. Derllve — Client requwgment s FrT T System Hodel:
derlved frOm the Suppller reqUIrement ll?gts:r‘sTtgr?lZ?;;};ier?hrusters lﬁfé:omiz?;er:gz:l?ﬂits Hoh;ir:]?a;l'i;e;r?sfer
. . . continuously for a minimum altitude at intervals of 500 ms Main Success
» Refine — Client element is more disgion of 2 minuse kie | | otiese with en spouwecy ot Scenario
concrete (i.e., less abstract) than the mirwtos

.,

«refine» .~ . «satisfy»

supplier element

«block»

Satisfy — Client requirement is
fulfilled by the supplier element

Verify — Client requirement is verified
by the supplier test case

DellSat-77 System Model::
Behavior::Operations Use Cases::
Measure altitude

DellSat-77 System Model::
Domain::Structure::Sensor Library::
Microcosm Autonomous Navigation

System (MANS)

INCOSE
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Model Elements

Allocations: Cross-Cutting Relationships Between

Behavioral (functional) allocation —
Allocate a behavioral element to a
structural element

 Allocating an activity, an interaction, or
a state machine behavior to a block

» Allocating an action (in an activity) to a
part property (owned by a block)

Structural allocation - Allocate a
structural element to another
structural element

 Allocating a logical block to a physical
block

» Allocating a software property to a
hardware property
Requirements allocation

» Uses “satisfy” relationship in the
Requirements Diagram

INCOSE

bdd [modelLibrary] Sensor Library [MANS behavioral allocations] )

«activity»
DellSat-77 System Model::
Behavior::Operations Use Cases::
Measure altitude

«activity»
DellSat-77 System Model::
Behavior::Operations Use Cases::
Determine attitude

|- «allocate»

e

g

I

—"allocate»

«block»
Microcosm Autonomous
Navigation System (MANS)

ibd [block] Flight Computer [Software Deployment] )

«software»

«allocate»

«hardware»

db : Database

_______________________________

«software»

: Shared Memory

«allocate»

cpul : CPU

«hardware»

| sm : Sensor Manager

_______________________________

cpu2 : CPU

: ) L

June 2019 INCOSE-SD MBSE Tutorial
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MBSE Adoption
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Introduction

 MBSE offers a powerful new tool for improving the quality
and efficiency of product development

« Organizations must overcome significant barriers in
adopting MBSE across their projects

* The presentation will highlight some of the key challenges
and offer some solutions for overcoming them

INCOSE

o)L

-
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MBSE Challenges

 Justifying the Investment

Defining the Scope and Strategy

Developing the Proper Technical Skills

Developing the Proper Management Skills

Standardization and Reuse

INCOSE

B
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Justifying the Investment

Enterprise-wide MBSE adoption
requires substantial upfront investment
and risk-taking

* Investment is driven by the adoption strategy
and timeline

» Great uncertainty in the estimation of costs
and return-on-investment

» Unquantified pre-conditions and progress
measures

* Few studies exist showing clear return-on-
investment

» Returns take significant time to materialize

Strategies
 Start with small, targeted, high ROI wins

« Gather data that qualitatively demonstrates
value (e.g., reduction of rework)

INCOSE

Benefits
(INCOSE MBSE Adoption Guide)

 Increases early rigour, identifies
gaps and inconsistencies, and
helps to eliminate errors.

» Helps to facilitate checking
across domains and disciplines,
and increases the degree to
which requirements, design and
V&V information can be
checked by software,
complementing the capabilities
and skills of engineers

* Increases the potential for
design re-use
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Defining the Adoption Scope and Strategy

« MBSE s typically adopted off-cycle (a sandbox

environment) or
on-cycle (development projects)

— Off-cycle projects may lack the rigor and realism of development
projects
— On-cycle projects present significant risks

* Need for modeling rules, guidelines, tool customizations,
training materials, etc.

o Strategies
— Review case studies and adoption guide for situational awareness

— Accelerate adoption by using real or realistic case studies and
examples during training

INCOSE
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Developing the Proper Technical Skills

« MBSE requires a new set of technical skills across a wide
spectrum of roles
— SysML models and notations
— Tool usage (mechanical tasks inhibit systems thinking)
— Use of models to support engineering analyses

o Strategies

— Start with a strong base of systems thinking and systems
engineering skills

— Don’t worry about selecting a enterprise-wide tool/approach until
you gain some experience

— Select tools used in training to minimize mechanics

INCOSE
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Developing the Proper Management Skills

 The impacts of MBSE on project management are largely
unknown

— Unknown methods for planning, estimation, measurement, and
control

— Greater need for collaboration across the enterprise
— New mechanisms for interfacing with customers and their staff

o Strategies

— Adapt existing project management mechanisms and
Infrastructure

— Project managers should attend technical training

INCOSE
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Standardization and Reuse

« Although standardization and re-use offer significant
benefits, it is difficult to determine an appropriate strategy

— Dependent on commonality of applications across the enterprise,
tool selection, product development methodology, existing reuse

strategy, ...
— Typical “cut and paste” approach leads to poor engineering

o Strategies
— Delay decisions until you gain experience
— Focus initially on common system components

INCOSE
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