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Ag enda | Knowledge Assessment
Tables and Matrices Post-class assessment to take

Layout vs View
Tables
Matrices

What is SysML?

SysML Timeline
UML and SysML
Summary of views

Parametric Views

Constraints
Constraint Properties
Parametric Diagrams

Modeling for Beginners

Drawing vs Modeling

Uses of modeling views
Type vs Instance
Verification & Validation
Nine Degrees of Goodness
Modeling Guidelines

Behavioral Views

Messages and Flows
Sequence Diagrams
Activity Diagrams
State Diagrams

Structural Views Functional View

Blocks vs Instances Requirements

Block Features Requirements Diagrams
Block Definition Diagram Use Cases

Internal Block Diagram Use Case Diagrams
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Course Learning Objectives

After completing this training, participants will be able to:

(0)" Review a model viewpoint

@' Critique basic diagrams and elements in SysML.:
A Requirements diagrams
A Use case diagrams
A Block definition diagrams
A Internal block diagrams
A Sequence diagrams

A Activity diagrams

A State di Slides with this icon are
ate diagrams o

A Parametric diagrams Slides with this icon are Checklist Slides. EE:

i
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Scenario: Acquisition Officer Receives a Design Model

/
@

What does this mean? Model Work Product

Functionality

Do | have all the
information | need? -
Structure
—>
Is it well-structured?
i \ A Behavior

Model Repository

Is it consistent?

Parametrics

Is it correct?

i
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SysML Views

SysML Pillars SysML Views

Requirements Diagram

E i Use Case Diagram
(7

Functionality

Requirements Table

] Requirements Trace Matrix

i
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SysML Model Elements

Requirement
Use Case
Association
Generalization
«include»
«extend»
«deriveReqt»
«trace»
«satisfy»
«verify»
«allocate»



SysML Views

SysML Pillars SysML Views SysML Model Elements

Package Diagram Package
Block

Value property

el
o _ Flow property
Block Definition Diagram Operation
Port

Structure Part

Association (reference prop)
Aggregation

Composition (part property)
Generalization

:] Allocation Matrix Dependency

Internal Block Diagram

:

i
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SysML Views

SysML Pillars

Behavior

MITRE DE Platform

SysML Views

Seguence Diagram

Activity Diagram

State Diagram

03 0603

:

= '] Allocation Matrix
N
R
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SysML Model Elements

Message

Signal

Call

Activity

Action

Call Behavior Action
Call Operation Action
State

Event

Transition

Control Flow
Object Flow



SysML Views

SysML Pillars SysML Views SysML Model Elements

Block Diagram Constra?nt Block
Constraint Property
Constraint
8‘8 Constraint Parameter

Parametric Diagram Binding Connector

Parametrics

i
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What Is SysML?

SysML is derived from UML
SysML Timeline

UML vs SysML

DE: MITRE ' DE Platform
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What is SysML?

A A graphical modeling language in response to the UML for Systems Engineering RFP developed by the
Object Management Group (OMG), International Council on Systems Engineering (INCOSE), and
AP233

a UML Profile that is both a subset and extension to UML 2

A Designed specifically for the Systems Engineering domain with extensions for requirements and
analysis

A Supports the specification, analysis, design, verification, and validation of systems that include
hardware, software, data, personnel, procedures, and facilities

A SysML is the most common way to represent systems engineering information in a rigorous, structured
way by storing the information in models. We discuss models in more detail shortly.

A The pervasive application of models for systems engineering is known as Model-Based Systems
Engineering (MBSE)

Important! At a basic level of use, UML and SysML are the same language, with only minor naming
differences between them.

More advanced features of SysML will highlight the differences between them. ﬁ .
Like UML, SysML is a language Q
and is process-agnostic, ——_T

i
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SysML History

UML 1.1 Adopted
by the Object
Management Group
™(OMG)
Initial release of SysML
for adoption

o8 ® ®
1995 2001 2003

Work begun
on SysML

Bruce Douglass and Peter
Hoffmann release
Harmony Systems
Engineering (Harmony
SE) process

i
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Bruce Douglass releases Harmony Agile R
Model-Based Systems Engineering Agile Model-Based

-’ =
APract!old“

Guide 1 SysML

(Harmony aMBSE) process Systems Engineering

Work begun on

SysML 2.0
Bruce Douglass publishes
Friedenthal et. al. Agile Mode-Based
release A Practical Systems Engineering
Guide to SysML Cookbook
O 82— O @ @ @
2006 2017 2019 2021
SysML 1.0 Adopted
AGILE SYSTEMS released

ENGINEERING

Bruce Douglass publishes
Agile Systems
Engineering book

Click here to learn about the latest release of SysML

https://www.omgq.orqg/spec/SysML/About-SysML/
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UML and SysML T The Preeminent Modeling Languages

U M L (software)

SyS ML  (systems)

UML4SysML
(" Structural package  Signal Sock -
Class Diagram Class Profile Operation Se Block Definition _Dlagram
Structure Diagram Obj_ect (Instance) IStter(?otype Port Value Property :;lrtg)r(nal 0B;ock Diagram
Deployment Diagram Attrlbut_e neriace Units yp
Operation Package Diagram Full port

S| Units Model Library ErEse Eloss

N

N

S
al Functional Use case Requirement Requirement Diagram
1 Use Case Diagram Requirement Table
2 N Allocation Matrix y
: Di _ )
% | [ Benaviora SaeDRgan  conimous
> Communication Diagram Sequence Diagram «discrete»
(f) Timing Diagram { stream } «control>_>_
Interaction Overview «rate» «probability»
> <
Parametric SN Constraint Block Parametric Diagram
Constraint Parameter Parametric Constraint

At the UML 101/SysML 101 level, they are the same, except some elements are renamed

i
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Nine SysML Views

The nine SysML diagrams are categorized as follows:

I Behavioral Diagrams - dynamic change of system behavior over time

I Structural Diagrams - static system structure diagrams
I Requirements Diagram

SysML Diagranps

|
_ Requirements
Behavioral Structural
(req)
1 3
l | | l | I |
Use Case State Machine Sequence Activity Diagram | Block Definitio Internal Block| |Package Diagrz
Diagram (uc) Diagram (stm) Diagram (sd) (act) Diagram (bdd) Diagram (ibd) (pkg)
Same as UML 2 Requirements Allocation Parametric
Modified from UML 2 Table Matrix Diagram (par)

D New diagram type

DE:  MITRE | DE Platform

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.




Characteristics of Predefined SysML Views

UML2 Analog

Lifecycle usage

Essential

Dynamic
simulation

Computational

Supports
code gen

Formal

Requirements Diagram
(req)

Static
Functionality

n/a

Requirements
Specification;
Functional Analysis

Use Case Diagram (uc)

Static
Functionality

Use case diagram

Requirements
Specification;
Functional Analysis

Activity Diagram (act) Dynamic Activity diagram 1 All
Behavior minor changes
Sequence Diagram (sd) Interaction Sequence Diagram All
Behavior
State Diagram (stm) Dynamic State Diagram All
Behavior
Block Definition Diagram Static Class Diagram Architecture;
(bdd) Structure (moderate change) Design
Internal Block Diagram (ibd) | Static Structure Diagram Architecture;
Structure (moderate change) Design
Parametric Diagram (par) Static n/a All
Functionality
Package Diagram (pkg) Static Package diagram All
Structure
Requirements Table Static Table n/a Requirements
Specification;
Functional Analysis
Allocation Matrix Static Matrix n/a All

B’EE MITRE DE Platform

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Modeling For

Beginners

Drawing vs Modeling

What 6s a
Models & Views

model| ?

Nine degrees of Goodness
Checklist

DE: MITRE | DE Platform
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Foundational Concept of Modeling

Uses a precise
( )
~N A model focuses language

[A drawing is a picture on system aspects -
with only imagined of interest and Stores
semantics and no \ ignores others underlying
underlying repository semantics in
of information y Kdellrepository )

Drawing % Modelin

verification
Once youoOfe done - through review,
drawing, then go Generates any needed execution and/or
do the Arpal wor k| documentationfrom \formal methods y
the model repository

ﬁ@ Note: it IS possible to use a modeling tool solely for drawing and not modeling,
mmd'> but itoO6s not a good idea!

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.



So

What IS a Model exactly?

\_

. )
Modeling is the development of
a set of system data of relevant Views

systems and their properties

J

Models have views (e.g. diagrams)

Diagrams show subsets of eng. data

Diagrams have singular purpose

Diagrams answer questions

Diagrams support specific reasoning

llllll

7

Models have scope

Models have purpose

Models have precision

Models have accuracy

Models have fidelity

Models are falsifiable

Models are verifiable

Models are
interconnected data!

J
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Uses of Diagrams and Tabular Views

AData Entry

Drawing diagrams or entering data into tables/matrices is a way of entering
Information into the model

When you create an element on the diagram, the model either
O Refers to an existing element, and updates it based on your actions, or
O Creates a new element in the model repository

AModel visualization

Creating a diagram or tables allows you to create a view of a subset of the model
Information

A Simulation / Execution Debugging & Execution Control

Some modeling tools provide special diagrams and tools to control execution,
Insert events, change values, set breakpoints, etc.

i
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Drawing or Model?

Alt 6s a Dr awi ng (amynfdhe folowingaretue:d el ) i f

A There is no data whose current value is dynamically reflected in the view

A It cannot be reused, specialized or extended in other contexts

A Changes made here are not reflected anywhere else

A Disconnected from any analytical tools

ACannot, in principle, be verified by a
A It cannot be used in a guery to answer a question about the data it represents

A Elements on it cannot be linked backward to source elements nor forward to
subsequent elements

i
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Model Elements

A May be
Structures
Functionalities
Behaviors
Relations
Properties / features
A Best practice
All model elements should have useful, meaningful names
All model elements should be specified with enough rigor and precision to meet their purpose

All important model elements should have meaningful descriptions that address the why of the
model element more than the how. In general,

A Purpose

A Explanation

A Preconditions

A Post-conditions

A Assumptions (invariants)

i
Eﬁﬁ; M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Theory Time

AThroughout SysML you will find the type-instance dichotomy:

Types exist at analysis/design time and specify the properties of all their instances
O Blocks are a kind of type

Instances exist at run-time and their structure and behavior is defined by their
types. However, the instances all have their own copy of their data and state.

O Instances (also known as parts) are instances of a block
AExample

Block T Instance (part)

Association T connector

Table layout T table view Igstance
ASimilarly there is a specification-view dichotomy.

Model element specifies its properties

A diagrammatic view visualizes some set of those properties
F‘D’Ei MITRE DE Platfﬂrm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Diagram type
abbreviation

Before we get
started in SysML

A All diagrams have an optional diagram
frame in addition to model elements

A You can add comments to any diagram

We recommend virtually every
diagram have a comment identifying
its scope and purpose

A Every model element has a Description
property that can hold information about
the element

A Packages are the organizational unit for
models 7 (almost) all diagrams and model
elements reside in some package

A You can substitute a graphical image for a
model element if desired

MITRE DE Platform

Owning
scope type

Owning
scope

Diagram name

/

bdd [Package] GeneralStuffPkg [My Block Definition Diagram]

«Block»
() ATC_Tower
Mission: the purpose of the
. i Vales
diagram is to show the
primary architectural
elements of the system of .
systems, Operations
itsATC _Tower |1
itsAircraft | 1
«Block»
Comment Aircraft
Vaes
E number OfEngines: unsigned int
E Owwner:RhpString
Operdions
itsAircraft 1
itsCONOPS | 1
«Block»
CONOPS
Block shown itsGPS
image «Block» |1 Vabies
N
Opeatins

g

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

7

Model elements



Wh at do we mean
products?

Syntactic
Verification

~

Syntactic: Is it well-formed? I

Il ACompliance in formod
Performed by quality assurance personnel

Audits T work tasks are performed as per plan

and guidelines

Syntactic review i work products conform to

standard for organization, structure and format )

(>o>o

A Compliance in meaning
Performed by engineering personnel
Three basic techniques
A Semantic review (subject matter expert & peer)
most common, weakest means

A
impossible to fully verify
A Formal methods i strongest but hard to do and
\ subject to invariant violation

Testing T requires executability of work products,

)

A VvValidation = fimeets the st
Performed by customer + engineering

Some common techniques

Review i (subject matter expert & customer) i most
common, weakest

Simulation T show simulated input A outputs

Sandbox i exploratory usage in constrained
environment

Flight test i demonstration of system capabilities
Deployment i early usage of system of partial
capability /

/J»J» To o To

i
2{&; MITRE ‘ DE Platform © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Evaluating Models i Nine Degrees of Goodness

A Model views cannot generally be A Example:
considered in isolation but must be critiqued To adequately review a use case analysis,
In combination with other related information several views would be required:
In SysML a model subset of focus is 0 Functionality
called a viewpoint A Requirements diagram and tables
A To evaluate a model, include: A Use case diagrams
A Consider 3 areas of focus O Structure
Functionality A System context diagram
Structure O Behavior

Behavior A Multiple scenarios (sequence diagrams)

A Consider three aspects of quality for each
Syntactic correctness (well-formedness)
Semantic correctness (accuracy)
Validity (relevancy to the problem)

A State Diagram
A Activity diagram

Evaluate each in terms of
0 Well-formedness
O Accuracy

O Validity (relevance)
E’;’.ﬁ; M ITRE D E Pl‘ath rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.



Nine Degrees of Goodness for Evaluating Models

' Semantic Syntactic Sem_ant|c
il quality quality

quality quality Model under
consideration

v
Rel M Relevance
elevance _ ;
quality Syntactic Semantic quality
quality quality

Structural Aspect
Functional Aspect

Relevance
quality

DE:  MITRE | DE Platform Behavioral Aspect

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Modeling Guidelines

A Every modeling project should have a modeling guidelines standard that is used to specify project-
specific rules for model development. This should include

Naming conventions

O Common: Camel Case: ThislsABlock

O Common: Underscores: This_Is_A Block

O Types are generally named beginning with uppercase: RadarTrack
o)

Type properties and instances generally named beginning with lowercase
enemyTrack:RadarTrack, or RadarTrack::range (range is a value property of RadarTrack)

Model Organization

Model Federation

Model Scope and Purpose

Modeling language and subsets permitted
Action language

Diagrammatic rules and conventions For example, see modeling guidelines at

i@ https://www.bruce-douglass.com/papers
ol o

i
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General Model Checklist

C Does the model have a Model Overview Diagram that describes the model purpose, organization, and
content?

C Is the purpose, scope, level of precision of the model clearly identified?
C Is the model organization reasonable for its purpose?
C Is there a clearly identified modeling guidelines standard applied?
C Does the model adhere to the modeling guidelines?
C Does it follow the naming convention?
¢ Does it follow the organizational schema?
C Does it contain the recommended model elements?
C Does it contain the recommend modeling views?
C Is the model compliant with the relevant external standards?
C Do all important model elements have a useful and meaningful description?
C Do all important views have a stated mission / purpose / objective?

i
DF:
‘:ﬁﬁrﬁ. M ITRE D E Pl‘atfu rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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Basic Functional

Requirements

Modeling in SysML

Requirements Diagrams

Requirements Tables

Use Cases / Actors

Use Case Diagrams
Checklists

DE: MITRE | DE Platform
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Requirements

ARequirement is an element defined in SysML

A requirement specifies a capability or condition that must (or should) be satisfied. A requirement

may specify a function that a system must perform or a performance condition a system must
achieve.

A requirement is defined as a stereotype of UML Class subject to a set of constraint
O Not allowed to have operations, attributes, generalization
Has properties

«Requirements»
o b Name DerConfigReq 1
O Text (Specification)
0 Description p | ID = ID_DER_CONFIG_REQ 0001

A Requirements may appear on ANY SysML diagram

. . . . Each control surface unit shall be
A Requirements may be linked to requirements tools in

configurable to set min and max

Text .. i
one of two ways positions, hydraulic and power
Copy & Sync input error limits, and zero position.
Reference Aremote resourcesa r

i
DF:
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Requirements Relations

A«trace»
A navigable relation from one S— et
element to anOtheI’ InterfaceReq_6 ID = ID_DER_CONFIG_001
I Each control surface unit shall —
Acsatisfy» The ik depay il e appot gt [\
A relathn frOm an element gﬁit:ghﬁgtlgdcsza:ian ?nqtpnvwedr inpputs arjtl;i fEI’I}':r:II’ \“:«TE”W”
transition performed by ks, @nd zero postion. P
that meets a need tp the the ACES. — J e
corresponding requirement /g\ 5
. «satisfy»
A <<Vel’lfy>> «trace»
A relation from a test case to Sodsgosey )
. L. . RetractableControlSurfaceUnit
the element it verifies Display Data

@ Note: Directed relations have anownere nd t hat Ak
A@ Use cases fknrequiremdmntetuda owh iheh t
=k’ > are mapped to use cases. This is as it should be!

ow abouto the targetend.i
ey

n
h e trace, but t he r €

[?Iﬁr M ITRE D E Pl‘atfu rm © 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 31



Requirements Relations

A «allocate»
A mapping of one element
to another, such as the
mapping the realization of
a requirement to a design
element

AContains

«Requirement»

ConfigReq_3

Accuracy of sensed position
and speed reported to the
Maintainer shall be at least as
accurate as that stored in
system data.

A\

' «allocate»

«Raquirement=

InterfaceReq_3

Any detected error or failure
condition shal be reported to
both the Attitude Management
System and the Pilot Display
within 0.5 second of detection.

¢ «deriveReqt»

“Reguirement=

DerIntReq_10

Each control surface subsystem
shall detect faults and report
them to the ACES Management
subsystem.

A design-time (not run-
time) ownership relation

A«deriveReqt»
Indicates that one
requirement is derived from
another

« Blot;k,Subsystem»
AngledControlSurfaceControlUnitWithTrim

DE:  MITRE | DE Platform
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«Requiremsnts

DerIntReq_12

«Requirement=
DerRegInt_13

Each control surface subsystem
shall detect hydraulic faults
and report them to the ACES
Management subsystem.

Each control surface subsystem
shall detect movement faults
and report them to the ACES
Management subsystem.




Requirements E
Diagram E

ES
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Requirements Views

D

1

[

i =
attarm

Requirements Diagram

MITRE DE Platform

| MName

Specification

[ )| requiremert_16
[ 3| requiremert_17
[ J]requirement_18
[ )| requiremert_19
[ )| requiremert_20

[ )| requirement_21
[ )| requiremert_22
L I requirement_23
[ 3] requirement_24
[ )| requiremert_26
£ i requirement_27

[£ 3] requirement_50...
[ )| requirement_50...
[£ i requirsmert_50...

[ J]requiremert_&2
[ )| requirement_&1
[ )| requiremert_60
€ J]requiremert_59
[ )| requiremert_58
[ )| requiremert_57

The prosdmity detection shall classify three levels of promity alerts at the idertified object level: informational Jow), waming {moderate), and dangerous (high).

The promity detect capability will identify objects within the proxdmity field and provide mnge, posttion, and size.

The prosdmity detection capahility will be automatically enabled when the system has passed power on self test and enters operational mode or under explicit user
The prosdmity detection capabillity shall be disabled onby when then system is powered down or by explicit user command.

The proxomity detection capability shall support range. object size threshold, and sensitivity {noise rejection) all combinations of CLUTTERED, SPARSE, and CLE
speeds of SLOW_MOVING and FAST_MOVING.

The system shall notify the Pilot of cument proximity detectionn corfiguration values.

Prosimity detect range shall be configurable in the ange of 1 meterto 20 meters in 0.5 meter increments.

Ohbject size detection threshold shall be settable in apparent diameters from 20 cm to 100 cm, settable in 5 cm increments.

Prowimity detection sensitivity shall determine the level of noise rejection and shall be settable in the rmnge of LOW, MEDIUM, and HIGH.

When the proxdmity detection capability is operational, faults that prevent proximity detection shall be identified and the user shall be alerted within 1.0 seconds of
When active, alert tones shall sound and alent messages shall flash every every 3 seconds.

The system shall employ a "deadman switch” approach to ensure that movement only occurs with active Pilot control.

The system shall provide a surface level Emergency Shutdown function that is alway=s available to the Pilot.

Default proximity field size shall vary accarding with system velocity but may be ovemidden with explicit Pilot command.

To prevent spoofing, the GPS system shall identify a spoofing attempt f the GP5-computed position changes more than 100m within 1 secand

To prevent spoofing, the GPS shall use military encryption for the militany version of the system.

K more than 4 satellites are available, the redundancy shall be used to refine GPS time and position. Required GPS position accuracy shallbe +/- 1m.
The system GPS receiver shall operate in 30 GPS mode, and require at least 4 satellites of minimal signal strength to determine 30 position.

The accuracy of the GPS receiver clock shall be accurate within 1.0ns.

The syste, GPS radio frequency shall center around 157542 MHz (but be able to receive signals between 1560 and 1610 MHz) (L1 signal) and 1227.60 MHz bu
signals between 1150and 1400 Mhz (L2 signal) using miltary band of 10.23 million COMA chips/second.

Requirements Table

Trace between stakeholder and system requirements

© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED.
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