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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.

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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What is MBSE (Model Based Systems
Engineering) ?

- Model Based Systems Engineering (MBSE) is defined by the International
Council on Systems Engineering (INCOSE) as follows:

“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. MBSE enhances the ability
to capture, analyze, share, and manage the information associated
with the specification of a product.” Taken from the INCOSE System
Engineering Handbook.

- Your CEO, CFO, COOQO, VP of anything but Engineering DOESN’T CARE
about MBSE!
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Executives Will Want to use MBSE

- To a Systems Engineer the value of MBSE is as follows:
- Enhanced knowledge capture and reuse of the information
- Improved communications among project members and stakeholders
- Enhanced ability to compare architecture specifications

- Dwight Eisenhower said, “Leadership is the art of getting someone
else to do something you want done because he wants to do it.”

- How do you get an non-engineering executive to want MBSE and provide
the budget for the time, training and tools needed to do it successfully?
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WIFM - What’s in it for Me ?

- CEO, GM, Program Manager
- Brief visual communication verses long documents
- Reduced cost

- Remember — How to will provide needed support information —but
should Not be your lead argument

- CFO, other financial lead
- Reduced cost
- More accurate budgeting of time and money
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Understand the CEQO’s Point of View

1.  Know where they came from
Engineer that came through the ranks to the top exec

Business guy that closed contracts or program manager to keep
things running

Founder, placed after a merger/buyout, ???
2. What are Big picture company goals
What do the shareholders/stakeholders expect?
How is the executive or manager evaluated/compensated
How does MBSE support these
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Understand the CFQO’s Point of View

- Cost savings — but in context with your business model
- Does your business bill by the hour on a contract?
- Fixed firm price contracts
- Sell finished products verses services

- Accuracy of schedule and costs
- Increasing predictability
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So, What's the story MBSE tells?

- how does more visualization of information helps the product specification
process?

- Do not tell Executives how we create the visual models
- Discuss the “value-Add” to the organization

For example, a graphical diagram shows in one picture what
may take pages and pages of text to convey — things get missed
by the 15" page, the graphical picture makes it obvious. The
graphical picture with a textual description for each symbol.
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What is the Problem we Want to Solve?

Problem:

When project information is spread across multiple documents, and captured as
free form text, the lack of consistent traceability can result in labor intense

activities when examining project data.
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Systems Engineers Work with Pieces of Information
So Maybe we should Manage the Pieces

Engineers utilize a large amount of different “pieces of information” to design,
analyze, verify and validate a new system or modifications to an existing system

Pieces of information
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Connect the Dots Together 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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Connect the Dots using a defined Set of Rules

and the result is a Structured Information-
Model?

The information-Model consists of elements, relationships that establish traceability

between elements, and diagrams (conceptural models). This information is stored in a
Repository (i.e., database) that is accessible by computer-based tools.
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This type of structured approach is know as a Model-Based Systems Engineering (MBSE)
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Process. The process defines the rules to use to connect the dots.
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Define Your Project’'s Model-Based Systems
Engineering Process (MBSE)

Define the Project’s Systems Engineering Process & Methods and then identify the Information-Model
Element-Types and Diagrams-Types to be used on the project.

Operation
Concept of .
Operations Verlalggtum Main?gr?ance
. Validation
Project Requirements System
Cefinttion and Verfication
Architecture and Validation
Integration,
Detailed Test. and Project
Design Verification Test and
Integration
, Irmoplementation _
Technical Processes Technical Management Processes
* Requirements Development 5 * Decision Analysis
« Logical Architecture Time - « Technical Plar}\/ning
. Phy§lcal Archltecture * Technical Assessment
* Design Solut_lon « Requirements Management
. Implemgntatlon « Architecture Management
. Intggratlpn * Risk Management
. Ver.|f|ca.|t|on - Configuration Management
. Vallda_t!on « Technical Data Management
* Transition * Interface Management
* Traceability I\/Ianagement
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Summary - Benefits of MBSE

Project Activities

MBSE Methods

Document-Centric Methods

Best Method

Reviews (SDR, PDR, Interrogate models following Read and interpret text and find MBSE built-in

CDR) established traceability links related information manually. Labor | traceability

intensive and time consuming.

Communication Stories described using established | Read and interpret text to MBSE built-in
traceability links and known understand a specific story but traceability
modeling rules mean less reader because the information is free form
interpretation. text the understood story is based on

reader perspective and is very
subjective.

Verification Follow the built in traceability links [ Human must read the different MBSE built-in
to access all relevant information | documents to perform verification traceability
associated with a verification audio. Because there is no built in
audio road map the next reviewer may

miss something.

Validation Follow the traceability links Walk through document reviews MBSE built-in
through different views (e.g., based on reading the entire traceability
customer’s context, developers document and mentally linking
context, requirements view, etc) relevant information together on the

fly. Each reviewer must repeat the
process

Summary Traceability of requirements to Assuring accuracy of traceability of MBSE built-in
design to verification is built into requirements to design to traceability

the Information Model

verification is labor intensive and

very time consuming * , * 2,
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If the Executive gets excited and says, “show me examples
of the kinds of models the team will build.” Use Simple
Example Diagrams like on the following slides.
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Define the Uses/Missions for the Proposed System

A Use Case Diagram displays a set of use cases (the mission/goals for the subject system)
as well as the actors/stakeholders that invoke and participate in those use cases.

To understand a use case we tell stories. These stories cover how to successfully achieve
the goal/mission, and how to handle any faults/problems that may occur.

Functional Generator Concept CaCLTEET
-\.-.lr.:li
Operate Function Generator = . : "' _ .
SCenarios JETITETTELTIER, L
act:act-0 : Operate Function Generator : ri
Acquire & Assemble i : ol =

» eincludes Oscilloscope

Benchtop Instrument zx'cat-iﬂE|LlleE-

% —] Generate Waveform and
Electronics Manually Adjust Test Pulse Test Signals
Hobbyist Signal Amplification and

Frequencies

ﬁ FPerform Ambient Cooling

Mo Coling Fans j

FProvide Cutput Signal to
Circuit Under Test &
Oscilloscope

Circuit Under Test

Designer  Tester
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Describe Operational Scenarios for each Use case

This Activity Diagram (act) is used to specify the operational activities needed to

accomplish the linked use case.
@
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Create System Context Diagram to Identify external
Systems

This bdd System Context Diagram is defining all relevant external systems the

System under development must interact with.

X

Driver
Passenger

qi

Vehicle Occupant

«block»
Baggage

Subject System
of Interest

Cradle SysML Diagram
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¢

«block»
Road
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Other Vehicle
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& Natural
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Create System Context Diagram to Identify External

Interfaces

This Internal Block Definition diagram (ibd) shows the internal structure of a high-
level block and how the internal entities are interconnected, and what flows
across the connections (i.e.. external interfaces).

_____________________

with Top-Level External

System Level Context Diagram
Interfacing Information

______________________ Fuel
Vehicle Automobile i Atmosphere
Occupant - System - & Matural
Ignition i Environment
Off Weather
e~ |,
Tumn . | Road
Vehicle !
torgue:  tfRoad
- Ft-lb Friction !
Ignition +
On Proximity
Warning
__________ deoeees .
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Define the System Hierarchical Structure (Level by
Level)

This ‘bdd’ shows the structure of the proposed System (i.e., component parts). A
block represents a type of 'thing' (e.g., system, subsystem, light, report, organization,
human, etc).

- lvel down the strucuurs hiorarchy)
mobile System --------------- are shown with the Black Diamond
’ Symbol
L] W v W ] ] v
ablocks ablocks ablocks ablocks ablocks «hlocks ahlocks l@tblnckn
Exhaust & Fuel Chassis Remote Keyless Power Train Brakes Steering Assembly Body & Electrical Assembly
System Entry (RKE) Supension parts
Battery [1]
Computer [4]
rear |2 front, |2 / f.d 1
ablocks ablocks ablocks ablocks ablocks ablocks ablocks ahardwares ablocks
Fuel Tank Engine Transmission Differential Wheel Wheel Audio System Computer Battery

I Z% A
aflow prlnpe rtys ‘ | m

Slock ablocky ablockn (Sonvares
4-Cylinder Engine 6-Cylinder Engine Controller
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View a Block's Properties

This ‘bdd’ shows the optional compartments of a block that can be displayed.

_—

Cradle SysML Diagram
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ablocks aflow
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Function Generator
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Generator Chip
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eactionsAdjust Signal Waveform Amplitude ()
aactivitysControl and Maintain Amplitude ()

aactivitysEnhance Frequency ()
aactivitysGenerate Waveform ()

i in A/C Power Source

i out Sine Wave
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i out Triangle Wave
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Transformer
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i property=
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View a Block's Component Parts and their Interactions

ablocks
Generator Chip
structure
ablocks Transformer -
aflow :I—
AJC Power Source [—
property» Triangle Wave
DOC Pwr
- . Diode Wave Shaper
Voltage Comparator Circuit | Integrator Circuit - Circuit
Regulator | | (Schmitt Trigger) _
Square Triangle
T Wave
Triangle
Square Wave Sine Wave
Wave
Cutput Signal
- ® ablocks
e Signal Output Signal Wire Signal
’. i Wavefarm Waveform
Oscilloscope Circuit Under Test
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Describe the Functional Behavior of a Block or
Process

The behavior (represented by an Activity Diagram) specifies the transformation
of inputs to outputs through a controlled sequence of time ordered
actions/functions.

-----------------------------------------------------------------------------------------------------------------------------------------------------
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start :
l. 5 Y ke \ Ignition Off
; ; // Applied / an
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Describe the Functional Behavior of a Block or

Process :2

«activityParameters Dispense
I =1 Fuel Fuel

aactivityParameters -air
Air

‘Accelerator

Control
Fuel Air
Mixture

Amplify &
Distribute

Generate

‘torgue
Torque

sactivityParameters Cmd Torque
Accelerator Cmd
«activityParameters | Contral S 3|GE?" ;
Gear Selected elecle

Cradle SysML Diagram
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S

left rear

torgue

cright rear

orque
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Describe the Events/Messages Exchanged by
Different Blocks

The Sequence Diagram (sd) is used to represent the interaction between structural
elements (parts) of a block, as a sequence of message exchanges.

Signal Event - Arrow
with Open Arrowhead

T

Cradle SysML Diagram

Diriver Automobile System
Ignition On : _ Call Event (i.e.,
}_E_t_a_rf Engine Request for Senice)
- Arrow with Closed
Arrowhead
«FPars
Provide
_______ ! Power
Turn Vehicle '
- Turn Vehicle
Steering Angle Wheels
=i
igniton OF [T T
; Stop Engine
=i
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Describe a Block's States and Transitions

A State Machine Diagram is used in SysML to describe the state-dependent
behavior of a block throughout its life cycle in terms of its states and the
transitions between them. This diagram type is an alternative method to the

activity diagram to describe behavior.

r.d-

~,

out of service

Vehicle Of
.M behaviors

entry/ Check Vehicle Status
L

lgnition On
{Start Engine

Ignition Of

{5top Engine

/ Vehicle On

~

behaviors
dof Operate Vehicle
exit! Stop Vehicle
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construction

Meutral [SpEEd e U]

neutral selected

® ;
forward selectedj

I Forward |

reverse selected

Cradle SysML Diagramk
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ldentify a Performance Constraint for a System
Block

A Parametric Diagram shows performance constraint equations, defined in constraint
blocks mapped to the system’s component parts, with a graphical mapping of each
constraint equation parameter to a specific value property of the component part.

InjectorDemand: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
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Present Requirements Flow-Down Traceabillity

Requirements Diagrams are used to graphically depict hierarchies of Stakeholder
Needs, Requirements and Test Cases, and show end-to-end traceability to any
model element.

RAMT::Auto 1

WVehicle with Better Performance &

RAMT:-Auto.5
Comfort Brakes That Do Mot Lock up
category - RegType «derived regts category - ReqType
Stk Need [ 1 stk_REQ
) frame - TEXT ) frame - TEXT
«derived reqts There is a need for a new vehicle | h u:IerwecIreqtn The Brakes shall shall nat lock up.

fmomTmmTmmmmmmmmmmmeos that provides better performance

and good comfort. : «derived reqts

RQMT:-Auto.Z derived requirements RQMT::Auto.4 RQMT:-Auto.5.1
Riding Comfort — Auto 2 - Riding Comfort Door Lock keycode Anti-Lock Brakes
category - ReqType — Auto.3 - Vehicle Performance
Stk_REQ — Auto.4 : Door Lock keycode category - ReqType category - ReqType
frame - TEXT — Auto 5 - Brakes That Do Mot Lock Stk_REQ SyS REQ
The riding comfort shall be better . frame - TEXT PR——
than the other cars. . : . )
aderived regts ) The vehicle shall have door The Anti-Lock Brakes shall be be
~ ) lock/unlock keycodes. used on all passenger vehicles.
RAMT:-Auto 3
Wehicle Performance A .
. v averifys
category - ReqType asatisfyn -
Stk REQ - TEST CASE:TCA
o - Brake Modulator Analysis
frame - TEXT e
t - V&V Method
The vehicle pefformance shall be Brakes Analyi?SEQUW =He
better than other vehicles.
frame - TEXT

Perform end-to-end analyses to
verify the braking system.
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Show Requirements Flow-Down Traceability :2

Requirements Traceability Tables are Commonly used on most projects.

& Need-Stk REQs *

Cradle Requirements Traceability Table
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Stk MEEDs |Identity |Mame Text Stakeholder REQs
|T}fpe |ID | Mame Text
Previous...
1 |B |stk MNeed |Auto.l.1 |vehicle with There is a need fora |2 [Stk REQ [Auto.2 Riding Comfort The riding comfort shall be better than the other cars.
Better new vehicle that
Performance & |provides better & |5tk REQ |Auto.3 |Vehicle Operating The vehicle operating performance shall be better than other
Comfort performance and Performance vehicles,
ood comfort. - - —
g - Stk REQ |Auto.d [Vehicle Lock & Unlock | The vehicle shall have remote door lock/unlock capability.
Remote Capability
= |stk REQ |Auto.5 |Brakes That Do Mot The Brakes shall not lock up.
Lock up
2 |B |stk Meed |Auto.l2 |Remate Keyless |There is a need for a = |5tk REQ |Autod |Vehicle Lock & Unlock | The vehicle shall have remate door lock/unlock capability.
Entry (RKE) Need|Remote Keyless Entry Remote Capability
(RKE) capability to
minimize car theft.
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