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The presenter,

Loyd Baker, is VP for Technology with 3SL Inc., with extensive experience
teaching automated MBSE methods to major US corporations and
government agencies such as NASA, FAA, and DoE.

Provides training for Cradle (https://www.threesl.com) the systems
engineering tool selected by NASA as their primary requirements
management tool and used on several MBSE projects.

Past president of the Huntsville Chapter of International Council on
Systems Engineering (INCOSE)

NASA Silver Snoopy Award winner for support of the Apollo missions,
including Apollo 13.
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Model-Based Systems Engineering (MBSE)
Defined
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MBSE is all about Connecting the Dots to Tell a Story

A Piece of Information by itself has limited value, but when associated with one or more
other pieces of information via relationships (i.e., cross reference links), the information
has more value to the project
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MBSE Support Capabilities Needed

1. Documented Systems Engineering Processes - A documented Systems Engineering Process is
needed to identify what information should be captured in order to develop a system/product
architecture specification with traceability to the requirements.

2. Information Modeling Language — An Information Modeling Language is needed to capture
information in a structured way so people and the automated tools can navigate through the
Information Model and answer questions or return information for analysis or document
generation.

3. Information-Model Repository — An Information Repository able to store and management multiple
Information-Models and variants of a model is required. A model may consist of unique project
information and information shareable by any project.

4. Automated Tools - A set of tools that can interact with the Information Repository and automate
the capture and manipulation of information in the Information Repository, perform analyses,
generate metrics, produce reports, generate documents using common templates, and produce
XML/XMI exchange files for sharing information with detailed design tools.

5. Training - Classroom training on the MBSE Process and Methods and libraries of Example Models
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MBSE — System Engineering Process

The MBSE Process activities provide the systems engineering work flow for the project and identify
what modeling language information element-types and diagram-types will be needed and the
automated tools that are needed to access the Information-Model in the Repository.

The following example process model diagram decomposes into many other diagrams providing
more detail and every box has a detailed textual description but only the top level activities are
shown in this presentation.

This process was used successfully on a NASA project using the Cradle Systems Engineering tool

Repeat Design Cycle for Each Level of System Structure Hierarchy

Define Concept of T EEeE Define System Develop System Generate Support
Operations & Stakeholder VSter Element Requirements with Documentation for System V&V
. Element Operational = . .
REQs Using Use Cases & Characteristics & Verification Current System and
. : Context AND AND S -
Operational Scenarios Component Parts Objectives Element Changes
*i * Jk
*Stage.1* s *Stage.3* *Stage.6* *Stage.7* *Stage.8*

Define System
Element Behavior

*Stage.4*

Define System
Element Interfaces

*Stage.5*
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MBSE - Information Modeling Language

A modeling language consists of elements (project information), the properties of the
elements (e.g., description, rationale, etc), the relationships that connect the different
elements together, and diagrams used to model concepts, logical behaviors, and system
structures.

A graphical modeling language for systems engineers was developed by the OMG,
INCOSE, and AP233 organizations. The language is know as SysML (System Modeling
Language). It is being adopted by many companies and organizations.

In SysML the different element-types used to specify a system or process are called
stereotypes. The stereotype names are enclosed in « » symbols. In the following
example shows five different element-types.

ablocks gactivitys avalueTypes ablocks asignals ablocks
Helicopter Start Helicopter Max Speed Helicopter Radio Signal Exhaust Gas
Engine Engine

By themselves these elements have limited value, but once they are linked together
using relationships the connected elements tell a story. See next slide.
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MBSE - Information Modeling Language :2

In the following example there are four different kinds of relationships used to connect
the different types of elements to tell a story. The example below tells the story that a
helicopter has an Engine, it performs a Start Engine activity, it has a Max Speed variable,
it inputs Radio Signals and outputs Exhaust Gas.

ablocks
Helicopter
avalue propertys goperation propertys $ gCcomposites aflow propertys aflow propertys
avalueTypes aactivitys ablocks ablocks asignals
Max Speed Start Helicopter Helicopter Engine Exhaust Gas Radio Signal
Engine

An alternative way to view an element’s related information is in a browser tree view as
shown below. Elements can be created and linked to other elements using relationships in
the browser without having to create a box and line diagram.

) Elements
+=§| «activity= Start Helicopter Engine (&)
+-E& «blocks Exhaust Gas (4]
=& «blocks Helicopter (&)
~& woperation property» «activity» Start Helicopter Engine
<& «flow property= «blocks= Exhaust Gas (4]
<& =composites «blocks Helicopter Engine (4]
~ & «flow property= «signal= Radio Signal (4]

“& wvalue property: svalueType= Max Speed (A)
+-&| «block= Helicopter Engine (4 2016
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MBSE - Information Modeling Language :3

Some Concepts / Stories are best communicated with Diagrams (i.e., conceptual model)

System engineers create diagrams to better understand problems and develop candidate
solutions, and validate design decisions.

Diagrams improve communication between team members, and with the customer.

aactivityParameters
«blocks dirty:H20

al:Heat Water chot dirty-H20

‘Heat

aactivityParameters | ——m8M ==
ablocks Heat

‘Heat

a2:Boil Wat
Off THSter ssteam: H20

:sludge:Residue :
‘ qI .
1~ - - N - - - - - - 3
- s aactivityParameters
' «blocks waste:Heat
a3:Condense steam
. W «activityParameters
- l a4:Drain Residue -discharge:Residue ! «blocks pure:H20
aactivityParameters
H ablocks discharge:Residu

o
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MBSE - Information Modeling Language :4

SysML specifies Nine diagram-types:

uc - Use Case Diagram
bdd - Block Definition Diagram
ibd - Internal Block Diagram

Use case &
Operational Scenario

Modeling
(SysML uc, act)

act - Activity Diagram

sd - Sequence Diagram

stm - State Machine Diagram
req - Requirements Diagram
par - Parametric Diagram
pkg - Package Diagram

Structure

Modeling
(SysML bdd, ibd)

L

Behavioral
Cradle Modeling
Integrated (SysMl act, sd, stm)

RM & SysML

a W o

Requirements &
Constraints
SysMLreq, par)

Many organizations are adopting these nine diagram-types so there will be common
graphical notations for specifying candidate design solutions in order to improve project
personnel’s ability to communicate.
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MBSE - Information-Model Repository

An Information-Model Repository accessible by all project personnel is required to share the model
information (i.e., stereotypes elements, relationships, and diagrams).

The MBSE Information Repository stores and manages multiple Information models and variants of
the models. A model may consist of unique project information as well as common information
shareable by any project. The Repository holds all the meta-data that makes up the Information

Model.

Information-Model Repository
(the Shareable Database)

A
Y

Engineering Data Database Schema Definitions User Interface Display Defs
ElemiEns Configuration Management QEEE
*Relationships Wersi *Views
*Diagrams ersions *Foms
*Baselines

User AccountProfiles

/
\
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MBSE — Automated Tools

Automated Tools are needed to load information into the repository and extract
information for publishing have proven there worth to projects that utilized the MBSE

process.

Tools to Capture
and edit
Information in
the Repository

3SL
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Requirement
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1
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Performance
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Tools to Publish Model
Information:

*Requirements and
Architecture Documents

*Interface Specifications
*Metrics & Traceability
*Baselines

*Analysis Reports
*Review Packages

* XML/XMI data
exchanges with detailed
design tools

*Automatic Document
Generation
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SysML Stereotype Elements
Defined (based on SysML Spec 1.3)

The language can be extended with new elements and new
relationships
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SysML Stereotype Elements

The definition of the SysML Modeling Elements are as follows:

SysML Stereotype Description Diagram
Type

«acceptChangeAction» An accept change action responds to a conditional event | act
such as change in a «valueType» or resource «block»
element.

«acceptSignalAction» An accept signal action responds to the receipt of a act
«signal» element..

«action» Actions execute and transform their inputs into outputs. act
Also known as functions.

«activityParameterSet» The input/ouputt activity parameters of an activity can be | act
grouped together into parameter sets.

«activityParameter» An input/output activity parameter models the flow of act
matter, energy, or data into and/or out of an activity
diagram. An activity parameter can be represented by the
following: «block» or «valueType».

«activity» An activity specifies the transformation of inputs to bdd
outputs. Associate an activity with an activity diagram to
specify a controlled sequence of action executions..

«actor» An actor represents the role of a human, an organization, | uc, bdd, sd
or any external system that interacts with the system being
developed.

«block» A block is a unit of structure used to define a type of thing | uc, bdd,
(e.g., system or item that flows through the system). ibd, sd

skDc
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SysML Stereotype Elements :2

«callBehaviourAction»

A call behaviour action can invoke, i.e., call) another
behaviour diagram (act, stm, sd) for execution. In other
words one behaviour diagram can call another
behaviour diagram.

act

«callOperationAction»

A call operation action can invoke/call an operation
(i.e., activity) linked to a specific block with the
operation property relationship.

act

«centralBuffer»

A central buffer provides storage for multiple data
objects of the same type before the objects are
consumed by downstream actions.

act

«constraint»

A constraint is used to define performance constraints
on the value properties of blocks and activities.

bdd, par

«controlFlowEdge»

Control flow edge (dashed line with open arrowhead)
establish the order in which the actions within an
activity diagram will execute.

act

«controlOperatorAction»

This action invokes/calls a activity diagram, associated
with «controlOperatort», to define control parameters
for enabling and disabling actions on the calling
diagram.

act

«controlOperator»

A controlOperator is associated with an activity
diagram to define control parameters for enabling and
disabling other actions.

act

«dataStore»

A dataStore provides storage for a data object before
the object is consumed by a downstream action.

act

sk
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SysML Stereotype Elements :3

«entryPoint»

An entryPoint can be used to define different entry points
into a composite state or another state machine.

stm

«enumeration»

An enumeration defines a set of named values called
literals that can be referenced by a «valueType».

bdd

«exitPoint»

An exitPoint can be used to define different exit points
out of a composite state or another state machine.

stm

«fragment»

An interaction/sequence diagram can model a group of
event occurrences using a special construct called a
combined fragment.

sd

«fullPort»

A fullPort assigned to a block has a port definition block
that defines valid incoming and/or outgoing flow items.

bdd, ibd

«historyPseudoState»

A history pseudo-state identifies the last active state
when a composite state was last exited.

stm

«interaction»

An interaction is a unit of behaviour that focuses on the
observable exchange of messages between blocks
and/or actors using sequence diagram. The «interaction»
Is linked to a specific sequence diagram.

sd

«interfaceBlock»

An interfaceBlock is a kind of entity that defines a set of
public features (i.e., operations and flow properties) a
proxy port must support. Therefore, a proxy port is linked
to an interface block.

bdd. ibd

3SL
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SysML Stereotype Elements :4

«interruptingEdge» An interrupting edge interrupts the execution of the actions | act
in an interruptible region of activity diagram.

«libraryModel» A libraryModel package that contains model elements that pkg
are intended to be reused by other packages.

«lifeLine» A lifeline represents an individual participant (block or actor) | sd
in an Interaction / Sequence diagram.

«message» A Message defines a particular communication between sd
Lifelines of an Interaction/Sequence Diagram.

«model» A model package is a special type of package that groups pkg
regular packages into a hierarchy of packages.

«objectFlowEdge» An object flow is an activity diagram edge (solid line with act
open arrowhead) that can have objects or data passing
along it.

«objectNode» An object node is an entity that flows through an act
activity/activity diagram. An objectNode symbol can
represent the following types of elements: «block»,
«signal», or «valueType».

«package» A package is a container/namespace for model elements, pkg
diagrams, and nested packages.

3SL sk

DC
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SysML Stereotype Elements :5

«pinx» A pin is an object node identifying the inputs and outputs to/from act
actions on activity diagrams. An pin symbol can represent the
following types of elements: «block», «signal», or «valueType».
«proxyPort» A proxyPort assigned to a block has a port definition interfaceBlock | bdd, ibd
that defines valid incoming and/or outgoing items. A proxy port is
linked to an interface block.
«sendSignalAction» The sendSignal action passes a signal to a receiver entity. act, stm
«signal» A signal defines an asynchronous event that can be sent and bdd, ibd,
received by a block. A signal is defined on a bdd or ibd, and used on | act, sd,
the following: act, sd, stm. stm
«stateMachine» A stateMachine specifies the sequences of states that a block goes | stm
through during its life in response to events, together with its
responses and actions. The «stateMachine» is linked to a specific
State Machine diagram.
«State» A state represents some significant condition in the life of a block. stm
«submachineState» A state machine may be reused using a kind of state called stm
submachine state that invokes the reused state machine.
«transition» A transition specifies when a change of state occurs within a state | stm
machine. A transition may have a ‘trigger event’, a ‘guard’, and a
‘behaviour effect’ associated with the transition. A trigger event can
be either a call event, signal event, or a change event.
«useCase» A use case describes how users/stakeholders use the proposed uc
system to achieve their goals.
3SL skbc
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SysML Stereotype Elements :6

«valueType» AvalueType is a form of data value (e.g. integer, real, boolean, | bdd, ibd,
string) with a specified unit of measurement, a defined kind of act, sd,
guantity, and a value. It is used to define block value properties, | stm, pkg,
as arguments for signals, as I/O parameters for behaviour par
elements. This type of element is defined on the bdd and ibd
and used on all the other diagram types except for req and uc.

«viewPoint» A viewpoint is used to specify conventions and rules for pkg
constructing and using a view for the purpose of addressing a
set of stakeholder concerns.

«view» Aview is a special type of package that lists the model pkg
elements that support a particular stakeholder perspective.

«waitTimeAction» | A waitTime action corresponds to an expiration of an implicit act
timer in an activity diagram. A relative time is shown as
‘after(xxx)’, while an absolue time is shown as ‘at(xxx)’

3SL skbc
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Overview of a MBSE Process Using
SysML

This process was used successfully on a NASA project using
the Cradle Systems Engineering tool
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Stage 1- Define Concept of Operations Using Use Cases &
Operational Scenarios & Define Stakeholder REQs

Repeat Design Cycle for Each Level of System Structure Hierarchy
— T TN
7 N
Define Concept of A\ Define System Develop System Generate Support
Operations & Stakeholder Ele?ﬁj:f [? y:rt;?;nal Element Requirements with Documentation for System V&V
REQs Using Use Cases & | Contlx:xt AND Characteristics & AND Ver_iﬁca_tion . Current System and
\ Operational Scenarios /] {\ Component Parts L Objectives Element Changes
x - F'y
*Stage.1* " / Stage 2 *Stage.3* *Stage.6* *Stage.7* *Stage.8*
\ v
~ ”

— o

Define System
) Element Behavior

*Stage.4*

Define System
) Element Interfaces

*Stage.5*
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Stage 1- Define Concept of Operations Using Use Cases &
Operational Scenarios & Define Stakeholder REQs

The tasks in this stage are performed at project start-up to define the project scope,
collect Stakeholder Needs and Goals, prepare a concept of operations (ConOps), and
then develop the set of Stakeholder / User Requirements and publish Stakeholder

Requirements Document.

Meeds - Goals - Objectivities
and other Source Material

-

Automobile System

Stakeholder Requirements

Door Locking & UnLocking

i ] SCenarios
Vehicle Occupant N act:act-1 : Scenario: Unlock Vehicle
Z% Contral Climate
/% Provide Riding <
Comfort 1 Contral Moise &
Passenger Vibration

Driver Operate vehicle “«_i[T_C"E'f‘?‘”_‘ Proximity Warning .
scenarios "8Final Node
«extends —
T Perform Anti-Lock |
Braking |

act:act-2 : Avoid Road Hazard
Use Cases Operational Scenarios

actzact-3 : Loss of Traction
': jt
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SysML Use Case Diagram (uc)

A Use Case Diagram displays a set of use cases (the missions/goals/features/capabilities for the
subject system) as well as the actors/stakeholders that invoke and participate in those use cases.
Should be from users point of view not system developer. A Use Case is described by a set of

operational scenarios (see next slide).

Automobile System

Door Locking & UnlLocking

SCenarios
act:act-1 : Scenario: Unlock Vehicle

% _

Vehicle Occupant
=

T
2

Fassenger

Provide Riding
Comfort

Driver ﬂ;te vehicle ‘Ii”'ﬂ'-'diﬁ“ Proximity Warning
scenarios

aextends

act:act-2 : Avoid Road Hazard
act:act-3 : Loss of Traction

-

Control Climate

Control Moise &
Vibration

Perform Anti-Lock
Braking

* Stick Figure: Actor / Stakeholder * Oval: Use case that specifies a e Dashed Include Arrow: Includes

* Hollow Triangle: specialized mission or goal. functionality of another use case
configuration/variant on other end of * Solid Line with out adornments: * Oval Scenario Compartment:
path Association between actor and Use Operational scenarios that describe

Rectangle: Subject System under Case
3 SL development * Dashed Extend Arrow: Extends

functionality of a use case
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SysML Stereotypes Used on Sample uc Diagram

ﬁ Cradle Enterpﬁsl*: WorkBench -

Home Item Review Publish Plan Tools Project

o

ﬁ:? Modeling

- [®] Choose Model...

=122 «package= 2-UseCases (A)

EI% uc: uc-1 Automobile Usecase Diagram (A)
«actor» =) Actor

#-& =actor= Driver (A)

"=E =actar= Passenger (A)

% =actor= Vehicle Occupant (A)

«block» =) Subject System
#-E =block= Automabile System (&)
«useCase» =) Use Case

& & «useCase» Control Climate (A)

II"

=S| «useCase= Control Moise & Vibration (4)

II"

| =useCase= Door Locking & UnLocking (A
= =uselCase= Operate vehicle (4)

II"

II"

= =useilase= Perform Anti-Lock Braking (A)
£ «uselase= Provide Riding Comfort (4)

II"

F- = xyseCasen Prﬂximit}' Warning (4]
#-[ ] Elements '
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Operational Scenario Using SysML Activity
Diagram (act)

To understand a use case we tell stories. These stories cover how to successfully achieve
the goal/mission/feature/capability, and how to handle any faults/problems that may occur.
The details of the stories are captured in SysML Activity Diagrams. These diagrams used in

this context are referred to as operational scenarios as primary component of the concept
of operations document.

. Initial Mode
’ \illr v
gactivityParameters Select Enter key ‘key code -
UnLock Cmd = Unlock >L Code D Verify key Code
[valid] [not valid]
Success Beep Signal >
N after(45)
{Open Lock & Turmn On LightJ il
: Intrusion Alarm Signal Y
% Final Node
* fRounded corner rectangle: Action / * Solid black bar: Fork indicates * Bulls-eye circle: Active Final Node
unction ;
. parallel processing * Swim lanes: Performer (System
* Rectangle: Activity Parameter 1/O « Dashed arrow: Control Flow Element)
* Small Square on outside feldge 0; * Solid arrow: Object Flow * Solid black circle: Initial Node of
Action: Pin representing flow object ‘e
P & : * Rectangle with triangle on left side: the activity R

@ Accept Signal/Change Action: S |= D C

* Diamond: Decision Node & merge
Node 25



SysML Stereotypes Used on Sample act Diagram

Home Item Review Publish Plan Toals Project
EEE Modeling e x
— [®&] Choose Model... :d .:.% =

EHE «package= 4-Behaviour (A)

EIE «package= 4.1-Activity Diagrams (A)
L‘-}% act: act-1 Scenario: Unlock Vehicle (A)
«action» =+ Action

-é =action= Enter key Code (A)
=§| agction= Open Lock & Turn On Light [A)
=E =action= Select Unlock (4)
=§| =action= Verify key Code (A)
-] Activity Parameter

-] Contral Flow Edge

-] Object Flow Edge

-] Pin

-] Send Signal Action

-] Wait Time Action

-|& «scenarios =useCase» Door Locking & UnLacking

«activityParameter»
«controlFlowEdge»
«objectFlowEdge»
((pln))
«sendSignalAction»
«waitTimeAction»

o [ oy (R oy RO -y RN o (RN [ |
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Stakeholder Needs and Stakeholder Requirements

The following example shows two requirement traceability tables. The first contains traceability
between the Stakeholder Needs and the derived Stakeholder Requirements. The second table
shows derived Stakeholder REQs (black box requirements) with traceability to the Use Cases.

Meed-Stk_REQs *

Stk REQ to Usecases ™

Stk Identity | MName Text Stakeholder REQs
MNEEDs Type |ID |Name Text
Previous...
2 [stk_Meed [Auto.l.1 |vehicle with Better |There is a need fora |2 Stk REQ |Auto.2 Riding Comfort The riding comfort shall be better than the other cars.
Performance & new vehicle that
Comfort provides better = Stk REQ |Auto3 |Vehicle Operating The vehicle operating performance shall be better than
performance and Performance other vehicles.
good comfort = [Stk REQ |Auto.5 Brakes That Do Mot The Brakes shall not lock up.
Lock up
= [stk_Meed [Auto.1.2 |Remote Keyless There is a need fora |2 Stk REQ |Auto.d  |Vehicle Lock & Unlock |The vehicle shall have remote door lock/unlack capability.
Entry (RKE) Meed Remote Keyless Entry Remote Capability
(RKE) capability to
minimize car theft.

ReqType |Identity [Mame Text Linked Use Cases (Refing)
| Type | Identity
Previous...
. Stk REQ |Auto.2 |Riding Comfort The riding comfort E| [=useCase» |Provide Riding Comfort - Control Climate
shall be better than = |=useCase= |Provide Riding Comfort - Control Moise & Vibration
- Stk REQ  |Auto.3  [Wehicle Operating The vehicle aoperating [& |«useCase= |Operate vehicle
Performance performance shall be
. Stk REQ  |Auto.d Wehicle Lock & Unlock |The vehicle shall have |& |=useCase= [Door Locking & UnlLocking
Remote Capability remote door
. Stk REQ  |Auto.S Brakes That Do Mot The Brakes shall not E| [=useCase» |Perform Anti-Lock Braking
Lock up lock up.

3SL

* StkK_Need: Stakeholder need

statement

* Stk_REQ: Stakeholder requirement
statement
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Stage 2 - Define System

Context

Define Concept of

Operations & Stakeholder
REQs Using Use Cases &
Operational Scenarios

*Stage.1*

3SL

Repeat Design Cycle for Each Level of System Structure Hierarchy

—

Element Operational

-
7 ~ N
4 \
Define System Develop System Generate Support
/ EIe[:lferte g’::;?;nal \ Element Requirements with Documentation for System V&V
Context D Characteristics & AND Verification Current System and
| i Component Parts L Objectives Element Changes
x « A
\ S aEE /I *Stage.3* *Stage.6* *Stage.7* *Stage.8*
\
7’
\ ~ — - -
Define System
) Element Behavior
*Stage.4*
Define System
) Element Interfaces
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Stage 2 - Define System Element Operational
Context

An Operational Context Diagram is created for the Current System Element in the System
Structure Hierarchy. The purpose is to identify all external systems (natural environment and
manmade) that can interact with the system element and identify the top-level external
interfaces. A Block Definition Diagram (bdd) is used to show external systems. An Internal

Block Diagram (ibd) is used to show the external interfacing information. The following is a
bdd.

~ «block»
~> Automobile Enterprise
e

70\ % «block» «block»
Driver Baggage Physical Environment
Passenger
S = «block» «block» «block»
i Subject System «block» Road Other Vehicle At&ml\cj)sfhe{e
of Interest Automobile System Natura
3 Environment
Vehicle Occupant
* Rectangle: A «block» elementis a * Solid Diamond: Composed of Part
type of thing (system, subsystem, Blocks on other end of path

organization, report, etc) * Hollow Triangle: specialized )

* White Diamond: Reference / Shared configuration/variant on other end of " 2 2018 oo
3 SL Blocks on other end of path path S - D C
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SysML Stereotypes Used on Sample bdd Diagram

=

ﬁ Cradle Enterprise: WorkBench -

P
Home Item Review Publish Plan Tools Project
E-E} Modeling o X
- [®] Choose Model... 2] .:.% =

E}@ =package= 3-Structure (A)

L:-Il%' bdd: bdd-1 Automobile Context Diagram (A)

«actor» = Actor
o

- «actor= Passenger

B «actor» Vehicle Occupant

«block» =+ Block

& «block» Atmosphere & Matural Environment

=gctor= Driver

g =block= Automobile Enterprise

I’

Il

=2 =block= Automobile System
‘& =block= Baggage

g =block= Other Vehicle

= =block= Physical Environment
£ «block= Road

[ R 1

Il

II"
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Stage 2 - Define System Element Operational
Context :2

This ibd shows external systems as dashed rectangle symbols and the interfacing
information with the annotated arrowheads on the connector lines. Why is this diagram

important? If we miss an external system or an interface we may fail to identify a needed
requirement making our design specification incomplete.

Suppl
{ PRy : System Level Context Diagram
with Top-Level External
? Interfacing Information

______________________ Fuel .
WVehicle Automobile i Atmosphere :
Occupant : sl System _ v & Matural
' Ignition - v Environment
Off Weather
.~
Turn . . Road
Vehicle i
torque:  tFRoad
o Ft-lb Friction :
Ignition +
On Proximity
Warning
.......... N I
' Other
Vehicle

| * System Element: rectangle with
b : solid boundary

* External System: rectangle with

3 SL dashed boundary 'i_ 20080
* interfacing info (Iltem Flow): solid S : D C

arrowhead straddling connectors



SysML Stereotypes Used on Sample ibd Diagram

ﬁ] Cradle Enterprise: WorkBench - mple _MA .
— —
Home Item Review Publish Plan Tools Project
-, Modelin |
{3 ° o
- [®] Choose Model... BE 52 E

:JE apackage= 3-Structure (4)

% bdd: bdd-1 Automobile Context Diagram (&)

% bdd: bdd-2 Automaobile Structure (A)

EI,%, ibd: ibd-1 Automobile System External Interfaces (4]
Item Flow is a symbol & 5 ttem Flow

‘& =actor= \ehicle Occupant | |

‘B =blocks= Atmosphere & Natural Environment

‘B =blocks Fuel Supply (&)
‘B =block= Other vehicle (&) 2016

‘B =block= Road (&) Sl: Dé

. - «block= Fuel (4)

Represented by: & «blocks Weather
«block», «signal», or =8 =signal- Ignition Off

#-& =signal= Ignition On
«Val UeType» =§| =signal= Proximity Warning

=§| =signal= Turn Vehicle

=§| =valueType= thRoad Friction

=§| ayalueType= torque: F-lb
«block» = part

F- & =blocks Automobile System
«block», «actor» =59 Reference

-

B

.

.

5

3SL



Stage 3 - Define System Element Characteristics
& Component Parts

Repeat Design Cycle for Each Level of System Structure Hierarchy

Define Concept of
Operations & Stakeholder
REQs Using Use Cases &

Operational Scenarios

*Stage.1*

3SL

Define System
Element Operational
Context

*Stage.2*

/—_5\

S

Define System
Element
Characteristics &
Component Parts

*Stage.3*

4

Develop System
Requirements with
Verification
Objectives

*Stage.6*

Generate
Documentation for
Current System
Element

*Stage.7*

>y
] v

e

Define System
Element Behavior

*Stage.4*

Define System
Element Interfaces

*Stage.5*

Support
System V&V
and
Changes

*Stage.8*

* 2016
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Stage 3 - Define System Element Characteristics
& Component Parts

Based on information captured in the previous stages of the systems engineering process, and on-going
trade studies, define the current system element’s physical characteristics and its component parts one
level down the system structure hierarchy.

Why is it important to capture the system structure in the Information-Model? Because the systems
engineers must identify behavior, external I/O, component parts, performance constraints, and identify
requirements for each block in the hierarchy. Once the behavior for a specific block is defined, the
engineers can then identify the best component parts to use to accomplish that candidate behavior.
Knowing the allocated behavior, the behavioral requirements can be defined.

SyStem System/ System Element Specification Information
to be captured:
1 Physical Characteristics ) Stage 3
System Component Parts Stage 3
Element Element Element’s Behavior Stage 4
>_

Element’s Interfaces Stage 5

System System System Element’s Constraints Stage 3,4, 5

Element Element Element
Element’'s Requirements | | Stage 3, 4,5

2016
NASHINGT
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System Structure Hierarchy Using SysML bdd

In the following SysML bdd the systems engineer is showing multiple levels in the structure

hierarchv.
ablocks
Automobile System
V] W ] ] W ] v
ablocks ablocks ablocks ablocks ablocks «blocks ahlocks «blocks
Exhaust & Fuel Chassis Remote Keyless Power Train Brakes Steering Assembly Body & Electrical Assembly
System Entry (RKE) Supension parts
Battery [1]
Computer [4]
2 |
rear, (.2 front, |2 / fA 1
ablocks ablocks ablocks ablocks ablocks ablocks ablocks «hardwaren ablocks
Fuel Tank Engine Transmission Differential Wheel Wheel Audio System Computer Battery
I
«flow propertys X
o «blocks ablockn (Sotuiaren
4-Cylinder Engine 6-Cylinder Engine Controller

* Rectangle: A «block» elementis a
type of thing (system, subsystem,
organization, report, etc)

* White Diamond: Reference / Shared

Blocks on other end of path

* Black Diamond: Composed of Part
Blocks on other end of path

* Hollow Triangle: specialized

path

configuration/variant on other end of

* Open Arrow head annotated with
‘flow property’: Specifies a flow

element

*

* 2016

skD
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SysML Block Element Compartments

ablocks
Function Generator

ablocks
Generator Chip

i operations
i prov zactionsAdjust Signal Waveform Amplitude ()
block f i prov aactivity»Control and Maintain Amplitude () f
Signe W;ve prl;xpz;uw_i prov eactivitysEnhance Frequency () f aflow | «blocky
{ prov aactivitysGenerate Waveform () property» | A/C Power Source
flow properties
~ablocks aflow gin A/C Power Source i
Triangle Wave propertys i out Sine Wave i
i out Square Wave
«blocks oflow out Triangle Wave
Square Wave propertys l parts
i Comparator Circuit (Schmitt Trigger)
i Diode Wave Shaper Circuit
{ Integrator Circuit
i Transformer =:‘
i Voltage Regulator |
N ——— T — 0
ablocks ablocks
Cumparatur_ﬂircuit (Schmitt Diode Wave Shaper
Trigger) ablocky ablocky ablocky Circut
Transformer Integrator Circuit Voltage Requlator

*.

* 2016
WASHIN:
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Parametric Diagram (par) Used to Define
Constraints

Parametric Diagram (par) — A Parametric Diagram show performance constraint
equations, defined in constraint blocks, with a graphical mapping of each constraint
equation parameter to a specific value property.

Parametric models thus focus on identifying the properties of the system that are
critical to satisfying the identified performance requirements. An example is shown
in the following Parametric diagram.

InjectarDemand:Real

- SR

InjectorDemand:Real

Fuel Flow
Constraint

{FuelFlowRate:Real = FuelPressure:Real / {4 * InjectorDemand:Real)}

FuelPressure:Real FuelPressure:Real

N J —

tag
value = 32 psi

FuelFlowRate:Real

2016
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SysML Stereotypes Used on Sample par Diagram

Cradle EHtEIFﬁSE: WaorkBe - MAMAGEE - (47 unread a

S ———
Home Item Review Publish Plan Tools Project
EE; Modeling e x
- [®] Choose Model... d .:.% =

E—}ﬁ =package= 6-Constraints (A)

,%, par: par-1 Vehicle Dynamics (A)

=&, par: par-2 Fuel Flow (4)
«Va|ueType» Erf:_‘,' Constraint Parameter

& =valueType= FuelFlowRate:Real (4)
‘& =valueType= FuelPressure:Real (A)

‘& «valueType= InjectorDemand:Real (&)

«constraint» =H{] Constraint Property
% =constraint= Fuel Flow Constraint (A)
Value Property

‘& =valueType= FuelFlowRate:Real (A)

«valueType» =3

& =valueType= FuelPressure:Real (4]

‘& =valueType= InjectorDemand:Real (4)

2016
NASHINGT
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Stage 4 - Define System

Repeat Design Cycle for Each Level of System Structure Hierarchy

Element Behavior

Define Concept of
Operations & Stakeholder
REQs Using Use Cases &

Operational Scenarios

*Stage.1*

3SL

Define System
Element Operational
Context

*Stage.2*

Define System
Element
Characteristics &
Component Parts

Develop System
Requirements with
Verification
Objectives

*Stage.6*

Generate
Documentation for
Current System
Element

*Stage.7*

*Stage.5*

A
*Stage.3*
e
d ~
/7
l Define System \
) Element Behavior
\ /
< *Stage.4* &
~ [ J——— -
Define System
) Element Interfaces

Support
System V&V
and
Changes

*Stage.8*

* 2016
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Stage 4 - Define System Element Behavior

Define the behavior models that will ‘satisfy’ the behavioral requirements allocated to the
System Element.

There are three kinds of SysML behavior diagrams: Activity, Sequence-Interaction, and State

Machine diagrams. Which diagram-type to be used is based on the Systems Engineering
Process

* Activity Diagrams (act) model functional flow-based behavior for a System Element

* Sequence-Interaction Diagrams (sd) illustrate the key events that occur between different System
Elements

» State Machine diagrams (stm) specify the operating states for a System Element and the conditional
transitions between States, and defines what behavior is performed when entering, dwelling in, and

exiting a State.
ystem
Elemen

System Element
System System :
Element Element Behavior Models
| |
System System Component Component Part
Element Element Part Preliminary & some

40



Function Flow Behavior using SysML act

The Activity Diagram (act) is used to model the behavior of a System Element to show that
the allocated behavioral requirements are satisfied. The activity diagram describes the
transformation of inputs to outputs through a controlled time ordered sequence of actions
(i.e., functions) to be performed by the System Elements.

-----------------------------------------------------------------------------------------------------------------------------------------------------

Etnm:Driver E:Autnmubile

Sralke \ Ignition Off
| |

L ar

IKJ_
Control
Accelerator

acallBehaviourActions ‘torque «activityParameters
Puosition

-act-4 Provide Power torque : Ft-lb
‘Gear Selected \K‘

\ :Steering " _
;/men(sa:ee.ing Angle > 0) Angm%[[mm Vehicle Wheels

-Accelerator Cmd

{continuous}

i

Control
Gear
Select

* Action: rounded corner rectangle * Fork: solid black bar * Active Final Node: bulls-eye circle

* Activity Parameter: rectangle * Control Flow : dashed arrow * Performer (System Element): swim

* Object Flow: solid arrow lanes

of Action | D
3 SL | * Accept Signal/Change Action: S I= D C

* Initial Node: solid black circle rectangle with triangle on left side

* Pin: small square on outside edge



SysML Stereotypes Used on Sample act Diagram

m Cra

dle Enterprise: WorkBench - M E;:;mple ﬁ - W@E = E! ﬁ E
—

Home Item Review Publish Plan Tools Project
E.E; Maodeling 0 =
- [®] Choose Model... d .:.% =

«acceptChangeAction»
«acceptSignalAction»

«action»
«activityParameter»
«callBehaviorAction»

«controlFlowEdge»
«objectFlowEdge»
«pin»

3SL

=HEg| =zpackage= 4-Behaviour (4)

EIE =package= 4.1-Activity Diagrams (A)
% act: act-1 Scenario: Unlock Vehicle (4)
% act: act-2 Avoid Road Hazard (A)
% act: act-3 Loss of Traction (A)

% act: act-4 Provide Power Provide Power (A)
E}% act: act-5 Operate Vehicle (A)

"I_:_I Accept Change Action

I_:_l Accept Signal Action

--I_:_I Action

I_:_l Activity Parameter

--I_:_I Call Behavior Action

I_:_l Control Flow Edge

--I_:_I Object Flow Edge

--I_j Pin

2016
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Sequence-Interaction Behavior using SysML sd

A SysML Sequence-Interaction Diagram (sd) illustrates Message Events that get exchanged
between System Elements and/or External Systems. The sequence diagram is particularly
useful in modeling service-oriented operation request events and signal events.

Driver

Automobile System

lgnition On . Start Enai Call Event (e,
}__t_a_rf__pg_lrj_e ______ Request for Service)
: - Arrow with Closed
) Arrowhead
aPars
Provide
Fower
Turn Vehicle _
. Turn Vehicle
Steering Angle Wheels
gnition OF | _ R
: ' Stop Engine
-l
Signal Event - Arrow
with Open Arrowhead
* Performer Lifeline: rectangle with * Signal Event Message: arrow with * Fragment: see through rectangle
dashed lifeline attached to bottom open arrowhead

frame with title area in upper left
* Execution Specification: rectangle * Call Event message: arrow with corner
3 SL overlaid on lifeline

2ql§
closed arrowhead

skDc



SysML StereotyEes Used on Sample sd Diagram

Cradle Enterprise: Wurkﬂench B

Home Item Review Publish Plan Tools Project
EEE Modeling 0 %
[®] Choose Model... kg == [=

L—'_IE =package= 4.2-5equence-Interaction Diagrams (A)
E}% sd: sd-2 Main Sequence Behavior Diagram (sd) (A)
L——_IE Asynchronous Message
B «messages msg-1 (4)
B «signal= Ignition On (4)

«message» references «signal»

=& «message» msg-6 (A)
-- =E qgignaln Igniticm Off (A)

=& «message» msg-7 (A)
=& =signal= Turn Vehicle (A)

«lifeLine» references «block», or =5 Lifeline
«lifeLine» references «actor» & -ifeline- Life-1 (4)

=B «actors Driver (&)
2B «lifelines Life-2 (4)
- = «block» Automobile System (A
EF Synchronous Message
=& «message» msg-2 (4)
B «activity Start Engine (4)
=& «message» msg-3 (A)
% =activity» Provide Power (4)

«message» references «activity»

=B «message» msg-4 (4)
: | 20]6
& =actions Turn Vehicle Wheels (&) Sl D C

3 SL =8 «message» msg-5 (A)

=§| =activity= Stop Engine (&)




State Machine Behavior using SysML stm

The State Machine diagram (stm) identifies the operating states for a System Element and
the conditional transitions between States, and what behavior is to be performed when
entering, dwelling in, and exiting a State. There are four kinds of events that can cause a
System Element to transition to another state: Signal Event, Call Event, Change Event, Time
Event. The activity behaviors that can be performed by the State Machine is indicated by the
“/” symbol in front of the Activity name.

-~

Vehicle Off

out of semvice

Pinitial B

behaviors

entry/ Check Vehicle Status

Ignition On
/Start Engine

Ignition Off
{Stop Engine

e

Vehicle On

~

do/ Operate Vehicle
exit! Stop Vehicle

behaviors

* State: rounded corner rectangle

* Composite State: rounded corner
rectangle with ‘construction’

construction

neutral selected

compartment

¢ |nitial State: solid black circle

® ;
forward selec

L Meutral —[SpEEd = U]

reverse selected

| Forward * Final State: bulls-eye circle
j * Transition: arrow with optional
ted

annotations

* Behavior to be performed:

_ Forward slash followed by behavior
Speed <=0
— [Sp name
K neutral selected | F{euersej 2016
3SL k
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SysML Stereotypes Used on Sample stm Diagram

Cradle Enterprise: WorkBe roject - MANAGER - (47 unread z

S ——
Home Itermn Review Publish Plan Tools Project
E-E; Maodeling e x
= [&] Choose Model... E .j% j

=8 «package= 4-Behaviour (A)
w58 =package= 4.1-Activity Diagrams (&)

=l

58| =package= 4.2-Sequence-Interaction Diagrams (A)

=-58| =package= 4.3-StateMachine Diagrams (A)
EF ,%, st stm-1 Drive Vehicle States (A)
«state» - ®[] Composite State
«State» l ] State
«transition» @[ Transition

2016
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State Machine Behavior using SysML stm :2

A transition from one state to another is represented by an arrow symbol. The transition can be
controlled by a ‘trigger event’ and/or a ‘guard expression’. The ‘trigger event’ can be a ‘signal event’, a
‘call event’, a ‘change event’, or a ‘time event’.

Signal Events (‘neutral selected’, ‘forward selected’, reverse selected’) that trigger transitions are
illustrated in the following example.

neutral selected é - ;
orwar
o« j
Y forward 5E|EEM1
Neutral [ [Speed == 0]

reverse selected
[Speed == 0]

neutral selected |r J

IL Reverse

3SL skDc
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Stage 5 - Define System Element Interfaces

Repeat Design Cycle for Each Level of System Structure Hierarchy

Define Concept of
Operations & Stakeholder
REQs Using Use Cases &

Operational Scenarios

*Stage.1*

3SL

Define System
Element Operational
Context

*Stage.2*

Define System
Element
Characteristics &
Component Parts

*Stage.3*

Develop System
Requirements with
Verification
Objectives

*Stage.6*

Generate
Documentation for
Current System
Element

*Stage.7*

Define System
Element Behavior

——~
*Stage.4*
- T N oy,
[~ N
l/ Define System \
\I Element Interfaces 7
4 *Stage.5* »
~ -

— o =

Support
System V&V
and
Changes

*Stage.8*

* 2016
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System Element Interfaces Using SysML bdd / ibd

The SysML Internal block diagram (ibd) is used to model the internal interconnections of the
System Element’s Component Parts and the interactions (i.e., interfacing information)

between the Component Parts and the outside world. The interfacing information should be
documented in the System Element’s ICD.

The dashed rectangles represent external systems and the Item Flows (solid arrowhead

Power Train

structure

right
‘Differential D—p—ﬁ rear: "57—-—' right rear tire :

:Engine T Wheel oee L ___ ]
‘:I _‘5 g lﬁTransmlssmn | torque ] torque

air |_ Power 1 F'Dwer .
D—‘ left rear: - left rear tire !
'--l- Wheel T L '
Fuel torgue torgue
Fuel Tank
structure
Fuel
« Component Part: rectangle with * Proxy Port: small overlaid squares * Item Flow: solid arrowhead
solid boundary on the boundary of rectangle or straddling connector line
3 SL * Referenced/Shared Element: diagram | ES
rectangle with dashed boundary * Full Port: small square on the S D C

boundary of rectangle or diagram



Stage 6 - Develop System Requirements with
Verification Objectives

Repeat Design Cycle for Each Level of System Structure Hierarchy

Define Concept of
Operations & Stakeholder
REQs Using Use Cases &

Operational Scenarios

*Stage.1*

3SL

Define System
Element Operational
Context

*Stage.2*

-5

Define System
Element
Characteristics &
Component Parts

*Stage.3*

- = =

~

®

N

< Develop System

Requirements with
Verification
Objectives

~ *Stage.6*

N

"

Generate
Documentation for
Current System
Element

*Stage.7*

Define System
Element Behavior

*Stage.4*

Define System
Element Interfaces

*Stage.5*

T

Support
System V&V
and
Changes

*Stage.8*

* 2016
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Requirements & Traceability

The system requirements derived in stages 3-5 are analyzed for clarity,
completeness, consistency, traceability to the stakeholder or system requirements
baselined at the end of the previous design cycle.

System

!

System Element

Derived
Interface System
Requirements

3SL

-

iallocate

I

SystemElement| ... -1

satisfy

Function1 |, Function2

—>

A

allocate

Function3

—

Function4

satisfy
<_ __________________

satisfy
<_ __________________

Nonfunctional System

Derived

Requirements

Derived
Functional System
Requirements -

\/_

2016
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SysML Requirements Diagram (req)

Requirements Diagram (req) - Requirements Diagrams are used to graphically depict hierarchies of
Stakeholder Needs, Requirements and Test Cases and show traceability to other model elements.

Requirements are usually displayed in table format rather than the Requirements Diagram because
of the large number of requirements. In the following example, traceability from Stakeholder Needs
to Stakeholder REQs to System REQs is shown. Traceability between the System Requirements and
Verification / Test Cases is also shown.

aderived reqgts

RQMT:-Auto. 2

Riding Comfort

category - ReqType
Stk_REQ
frame - TEXT
The riding comfort shall be better
than the other cars.

3SL

RAMT::Auto.1

Vehicle with Better Perfformance &
Comfort

category - ReqType
Stk_MNeed

RQMT:-Auto 5

Brakes That Do Not Lock up

aderived regts

_______________________________________ =

category - ReqType
Stk_REQ

frame - TEXT
There is a need for a new vehicle
that provides better performance
and good comfort.

wderived regts

______________________

frame - TEXT
The Brakes shall shall not lock up.

derived requirements
— Auto_2 : Riding Comfort
— Auto_3 : Vehicle Performance
— Auto.4 : Door Lock keycode
— Awto.5 : Brakes That Do Mot Lock

up

RQMT:-Auto 4

Door Lock keycode

category - ReqType
Stk_REQ

w aderived regts

RQMT:-Auto 5.1

Anti-Lock Brakes

category - ReqType
SyS_REQ

frame - TEXT

«derived regts

ormance

category - ReqType
Stk_REQ

frame - TEXT
The vehicle perfformance shall be
better than other vehicles.

The vehicle shall have door
lock/unlock keycodes.

frame - TEXT
The Anti-Lock Brakes shall be be
used on all passenger vehicles.

f/,?

wsatisfys -

«blocks
Brakes

' ave rify»

Analysis

frame - TEXT
Perform end-to-end analyses to
verify the braking system.




Requirements to Modeling Elements Traceability

The ‘System Requirements Downward Traceability’ Query is run to show the results of cross reference
linking the derived stakeholder requirements to the system requirements using the «derived reqt»
relationship.

*The «satisfy» relationship is used to link the requirement items to the behavior elements («action»
and «activity»)

*The «satisfy» relationship is used to link the requirement items to the structure elements («block»)
*The «verify» relationship is used to link the requirements to the verification / test cases elements

. ROMT- ROMT- RQMT-5atisfy »

ReqType |Identity | Name Linked Use Cases System REQs
Type Identity Type 1D MName Kind of REQ Satisfied By Verified By
Type Identity Type Mame
Previous..,
1 . Stk_REQ) |Auto.2 (Riding Comfort |&||«useCases [Provide Riding . Sy5_REQ |Auto.21l |Moise in Cabin MNonFunctional |&]| =blocks Audio System = TEST CASE Measure & Verify
=| [ «xuseCase» |Provide Riding = | «blocks Body & Moise in Cabin
Comfort - - Sy5_REQ |Auto.2.2 |Space - People NonFunctional |Z | «blocks Body &
Control Naoise & Supension
Vibration - -
- SyS_REQ |Auto.23 |Space - Baggage |MNonFunctional |&| | «blocks Eody &
Supension
- SyS_REQ |Auto.24 |Vibration MonFunctional |& | «blocks Body &
Supension
2 . Stk_REQ |Auto.3 [Vehicle = «uselases |Operate vehicle . Sy5_REQ |Auto.31 |Maximum Functional = | «block= Power Train = TEST CASE Maximum
Performance Acceleration Acceleration
Demonstration
- Sy5_REQ |Awuto.3.2 |Fuel Usage Functional
Calculation
3 . Stk_REQ [Autod |Door Lock =] =zuuselases |Door Locking & - SyS_REQ |Autodl |Accept Door Functional = | | «actions |Werify key Code = TEST CASE Keycode verification
keycode UnLocking UnLock keycode
4 . Stk_REQ |Auto.S5 |Brakes That Do [&]||«useCases= |[Perform . Sy5_REQ |Auto.51 |Anti-Lock Brakes |Functional = | =action» | Control Brake =| | TEST CASE Erake Modulator
Mot Lock up Anti-Lock = |«blocks= |Brakes =||[TEST CASE  |[Traction Detector

*

* 2016
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Stage 7 - Generate Documentation for Current System

Element

Repeat Design Cycle for Each Level of System Structure Hierarchy

Define Concept of
Operations & Stakeholder
REQs Using Use Cases &

Operational Scenarios

*Stage.1*

3SL

Define System
Element Operational
Context

*Stage.2*

-5

Define System
Element
Characteristics &
Component Parts

*Stage.3*

- = =

~
Develop System / Generate S
Requirements with Documentation for N
Verification _l.-_ Current System
Objectives \ Element /
# ® N\ # ® V4
Stage.6 ~ Stage 7 _

Define System
Element Behavior

*Stage.4*

Define System
Element Interfaces

*Stage.5*

T

Support
System V&V
and
Changes

*Stage.8*

* 2016
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Automatic Document Generation

Automatic generation of documents from the Information-Model using pre-defined
templates reduce the cost of creating the documents.

ol .
SBS N - s -~ .
SN . CEEER L EE o= System Requirements
""" m =\ 5 = Specification
Reference v : / ;.’[_.i—«,_,_

Document , - W—E‘ = For
H\ )_{2 ....... v My System

Constralnmg
Performance ’ Reqmrement
Re uirement
Performance
ISSUE Re U|rement T Verlfrcatlon Trade Study PREPARED BY:
Objective Systems Engineering
346 Farmstead Rd.
Huntsville, Alabama 358046

otics of Availiikey Limftstion: Dirtribution Auforied to Gove=rmem Agrncioy ;md
Oerommont Agency Contractos Ol

THCLASEFED
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Stage 8 - Support System V&V and Changes

Repeat Design Cycle for Each Level of System Structure Hierarchy

Define Concept of

Operations & Stakeholder
REQs Using Use Cases &

Operational Scenarios

*Stage.1*

3SL

Define System
Element Operational
Context

*Stage.2*

-5

Define System
Element
Characteristics &
Component Parts

*Stage.3*

Develop System
Requirements with
Verification
Objectives

*Stage.6*

Generate
Documentation for
Current System
Element

*Stage.7*

Define System
Element Behavior

*Stage.4*

Define System
Element Interfaces

*Stage.5*

Pl

>

Support N
System V&V

and
Changes {
/

N *Stage.§* A 7’
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-DC
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Requirements Verification Traceability

Verification and test planning activities should be performed for the newly created system
requirements and appropriate traceability established.

Product
prennneenn s (PBS) [ ;
" built from . has test
1 ' plan
System
Element Test Plan
2 5
_ satisfies : .
v consist of
System T
Requirement verified by Vggfle((::atf\lloen has test Test Case
,,,,,,,,,,,,,,,,,,,,, » | I
3 10 g
*derived req . has result
| \
Stakeholder Test
Requirement Result
4 7
A
§idenﬂﬁes
Use Case

(Specification) $1% 2016
3SL ; skbc
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Package Diagrams (pkg)

Package Diagram (pkg) — A Package diagram is used to partition the modeling elements into
logical groupings that describe a domain of interest. A hierarchy of packages can be defined
in the Modeling Sidebar and in a Package Diagram. A «package» is like a folder. The following
example shows elements contained in a package and nested packages.

Cameras
—1
Structure
Ef Behaviour
aactivity»
ablocks Take
Lens Pickure

The modeling browser is the primary place where nested packages are created and used.
The following example shows nested packages.

E xpackages Pkg A [A]
#-[5] «packagen Pkg_Al (A
#- B8] «packages Pkg_A.2 (A
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Summary

Is Model Based Systems Engineering (MBSE) something new? No, MBSE methods and
techniques have been individually practiced by many good engineers and analyst over the
years.

The problem has been that project management has been obsessed with ‘deliverable
documents’ rather than delivering an engineering Information-model that can be used to
support analyses, end-to-end traceability, and automatically produce the deliverable
documents from the Information-Model.

* The engineering data-model usually consists of entities, attributes, relationships, and
diagrams that specify the system architecture.

 Remember a diagram (graphical model) is worth a thousand words. These diagrams aid in
communicating ideas/concepts among project personnel and the customer.

* What is new is the SysML modeling language. It should help with communication issues
by having a common way to describe system architectures and traceability.

Please contact me at loyd.baker@threesl.com to discuss MBSE processes and Learn SysML
using Cradle or learn SysML independent of a tool.
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