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About the Course Author

Bruce Douglass, Ph.D.
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Å Can be reached at bruce.douglass@outlook.com
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Å Former Cochair RTAD Task Force for the OMG

For class materials visit
https://de.mitre.org/training-assets/
For more information on modeling visit
www.bruce-douglass.com

https://de.mitre.org/training-assets/
http://www.bruce-douglass.com/
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Review a model viewpoint

Critique basic diagrams and elements in SysML:

Å Requirements diagrams

Å Use case diagrams

Å Block definition diagrams

Å Internal block diagrams

Å Sequence diagrams

Å Activity diagrams

Å State diagrams

Å Parametric diagrams

4

Course Learning Objectives

After completing this training, participants will be able to:

Slides with this icon are ñKey Takeawayò Slides. 

Slides with this icon are Checklist Slides. 
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Scenario: Acquisition Officer Receives a Design Model

What does this mean?

Do I have all the 

information I need?

Is it well-structured?

Is it consistent?

Is it correct?

Functionality

Structure

Behavior

Parametrics

Model Work Product

Model Repository
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SysML Views

Functionality

Structure

Behavior

Parametrics

Requirements Diagram

Use Case Diagram

Requirements Table

Requirements Trace Matrix

SysML Pillars SysML Views SysML Model Elements

Requirement

Use Case

Association

Generalization

«include»

«extend»

«deriveReqt»

«trace»

«satisfy»

«verify»

«allocate»
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SysML Views

Functionality

Structure

Behavior

Parametrics

Block Definition Diagram

Internal Block Diagram

Package

Block

Value property

Flow property

Operation

Port

Part

Association (reference prop)

Aggregation

Composition (part property)

Generalization

Dependency
Allocation Matrix

SysML Pillars SysML Views SysML Model Elements

Package Diagram
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SysML Views

Functionality

Structure

Behavior

Parametrics

Sequence Diagram

Activity Diagram

State Diagram

Message

Signal

Call

Activity

Action

Call Behavior Action

Call Operation Action

State

Event

Transition

Control Flow

Object FlowAllocation Matrix

SysML Pillars SysML Views SysML Model Elements
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SysML Views

Functionality

Structure

Behavior

Parametrics

Block Diagram

Parametric Diagram

Constraint Block

Constraint Property

Constraint

Constraint Parameter

Binding Connector

SysML Pillars SysML Views SysML Model Elements



© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 10

What is SysML?

SysML is derived from UML

SysML Timeline 

UML vs SysML
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What is SysML?

ÅA 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

ÅDesigned specifically for the Systems Engineering domain with extensions for requirements and 

analysis

ÅSupports the specification, analysis, design, verification, and validation of systems that include 

hardware, software, data, personnel, procedures, and facilities

ÅSysML 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. 

ÅThe 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. 

Like UML, SysML is a language

and is process-agnostic. 
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SysML 1.6 

released

SysML 1.0 Adopted 

by the OMG

1995 201720062001

Work begun 

on SysML

2003

Initial release of SysML 

for adoption 

Work begun on 

SysML 2.0

2019

SysML History

2021

https://www.omg.org/spec/SysML/About-SysML/

UML 1.1 Adopted 

by the Object 

Management Group 

(OMG)

Bruce Douglass releases Harmony Agile 
Model-Based Systems Engineering 
(Harmony aMBSE) process

Bruce Douglass publishes 
Agile Systems 
Engineering bookBruce Douglass and Peter 

Hoffmann release 
Harmony Systems 
Engineering (Harmony 
SE) process

Friedenthal et. al. 
release A Practical 

Guide to SysML

Click here to learn about the latest release of SysML

Bruce Douglass publishes 
Agile Mode-Based 
Systems Engineering 
Cookbook

https://www.omg.org/spec/SysML/About-SysML/
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UML and SysML ïThe Preeminent Modeling Languages

UML (software) SysML (systems)UML4SysML

Structural

Functional

Behavioral
State Diagram

Activity Diagram

Sequence Diagram

{ stream }

«rate»

Use case

Use Case Diagram
Requirement Requirement Diagram

Requirement Table

Allocation Matrix

Class

Object (Instance)

Attribute

Operation

Block

Part 

Value Property

Units

SI Units Model Library

Package

Profile

Stereotype

Interface

Package Diagram

Class Diagram

Structure Diagram

Deployment Diagram

Block Definition Diagram

Internal Block Diagram

Proxy port

Full port

Interface Block

Communication Diagram

Timing Diagram

Interaction Overview

«continuous»

«discrete»

«control»

«probability»

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

Parametric Parametric Diagram

Parametric Constraint

S
y
s
M

L
 P

ill
a

r

Signal

Operation

Port

Constraint
Constraint Block

Constraint Parameter
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Nine SysML Views

The nine SysML diagrams are categorized as follows:

ïBehavioral Diagrams - dynamic change of system behavior over time

ïStructural Diagrams - static system structure diagrams

ïRequirements Diagram

SysML Diagrams

Behavioral

Activity Diagram 
(act)

Sequence 
Diagram (sd)

State Machine 
Diagram (stm)

Use Case 
Diagram (uc)

Requirements

(req)
Structural

Block Definition 
Diagram (bdd)

Internal Block 
Diagram (ibd)

Parametric 
Diagram (par)

Package Diagram 
(pkg)

Same as  UML 2

Modified from UML 2

New diagram type

Source: OMG Systems Modeling Language v1.6, page 211

Requirements 
Table

Allocation 
Matrix
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Characteristics of Predefined SysML Views
View Type 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 

Behavior

Activity diagram ï

minor changes

All

Sequence Diagram (sd) Interaction 

Behavior

Sequence Diagram All

State Diagram (stm) Dynamic 

Behavior

State Diagram All

Block Definition Diagram 

(bdd)

Static 

Structure

Class Diagram 

(moderate change)

Architecture;

Design

Internal Block Diagram (ibd) Static 

Structure

Structure Diagram 

(moderate change)

Architecture;

Design

Parametric Diagram (par) Static 

Functionality

n/a All

Package Diagram (pkg) Static 

Structure

Package diagram All

Requirements Table Static Table n/a Requirements 

Specification;

Functional Analysis

Allocation Matrix Static Matrix n/a All



© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 16

Modeling For 

Beginners

Drawing vs Modeling

Whatôs a model?

Models & Views

Nine degrees of Goodness

Checklist
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ModelingDrawing

A model focuses 

on system aspects 

of interest and 

ignores others

Uses a precise 

language

A drawing is a picture 

with only imagined 

semantics and no 

underlying repository 

of information

Once youôre done 

drawing, then go 

do the ñreal workò

Generates any needed 

documentation from 

the model repository

Stores 

underlying 

semantics in 

model repository

Supports 

verification 

through review, 

execution and/or 

formal methods

Foundational Concept of Modeling

Note: it IS possible to use a modeling tool solely for drawing and not modeling,

but itôs not a good idea!
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So What IS a Model exactly?

Modeling is the development of 

a set of system data of relevant 

systems and their properties

Models have scope

Models have purpose

Models have accuracy

Models have fidelity

Models are

interconnected data! 

Models have views (e.g. diagrams)

Diagrams have singular purpose

Diagrams answer questions

Diagrams support specific reasoning

Models are falsifiable

Diagrams show subsets of eng. data

Models are verifiable

Model

Views

Models have precision
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Uses of Diagrams and Tabular Views

ÅData 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

ÅModel visualization

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

information

ÅSimulation / Execution Debugging & Execution Control

Some modeling tools provide special diagrams and tools to control execution, 

insert events, change values, set breakpoints, etc. 
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Drawing or Model?

ÅItôs a Drawing (and not a model) if any of the following are true:

ÅThere is no data whose current value is dynamically reflected in the view

ÅIt cannot be reused, specialized or extended in other contexts

ÅChanges made here are not reflected anywhere else

ÅDisconnected from any analytical tools

ÅCannot, in principle, be verified by any means other than ñinspectionò

ÅIt cannot be used in a query to answer a question about the data it represents

ÅElements on it cannot be linked backward to source elements nor forward to 

subsequent elements

20
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Model Elements 
ÅMay be

Structures

Functionalities 

Behaviors

Relations

Properties / features

ÅBest 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, 

Å Purpose

Å Explanation

Å Preconditions

Å Post-conditions

Å Assumptions (invariants)
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Theory Time

ÅThroughout 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

ÅExample

Block ïInstance (part)

Association ïconnector 

Table layout ïtable view 

ÅSimilarly there is a specification-view dichotomy.

Model element specifies its properties

A diagrammatic view visualizes some set of those properties

Type

Instance

22
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Before we get 

started in SysML

ÅAll diagrams have an optional diagram 

frame in addition to model elements

ÅYou can add comments to any diagram

We recommend virtually every 

diagram have a comment identifying 

its scope and purpose

ÅEvery model element has a Description

property that can hold information about 

the element

ÅPackages are the organizational unit for 

models ï(almost) all diagrams and model 

elements reside in some package

ÅYou can substitute a graphical image for a 

model element if desired

Diagram type 

abbreviation

Owning 

scope

Owning 

scope type
Diagram name

Comment

Model elements

Block shown

image
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Syntactic: Is it well-formed?

ïñCompliance in formò
Performed by quality assurance personnel

Å Audits ïwork tasks are performed as per plan 

and guidelines

Å Syntactic review ïwork products conform to 

standard for organization, structure and format

24

What do we mean by ñverification & validationò of work 

products?

Valid: Does it solve the right problem?
Å Validation = ñmeets the stakeholder needò

Performed by customer + engineering

Some common techniques

Å Review ï(subject matter expert & customer) ïmost 

common, weakest

Å Simulationïshow simulated input Ą outputs

Å Sandbox ïexploratory usage in constrained 

environment

Å Flight test ïdemonstration of system capabilities

Å Deployment ïearly usage of system of partial 

capability

Semantic: Is the content correct?

Å Compliance in meaning

Performed by engineering personnel

Three basic techniques

Å Semantic review (subject matter expert & peer) ï

most common, weakest means

Å Testingïrequires executability  of work products, 

impossible to fully verify

Å Formal methods ïstrongest but hard to do and 

subject to invariant violation

Syntactic 

Verification
Semantic 

Verification
Validation
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Evaluating Models ïNine Degrees of Goodness

ÅModel views cannot generally be 

considered in isolation but must be critiqued 

in combination with other related information

In SysML a model subset of focus is 

called a viewpoint

ÅTo evaluate a model, include:

ÅConsider 3 areas of focus

Functionality

Structure

Behavior

ÅConsider three aspects of quality for each

Syntactic correctness (well-formedness)

Semantic correctness (accuracy)

Validity (relevancy to the problem)

ÅExample:

To adequately review a use case analysis, 

several views would be required:

o Functionality

Å Requirements diagram and tables

Å Use case diagrams

o Structure

Å System context diagram

o Behavior

ÅMultiple scenarios (sequence diagrams)

Å State Diagram

Å Activity diagram

Evaluate each in terms of

o Well-formedness

o Accuracy

o Validity (relevance)
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Nine Degrees of Goodness for Evaluating Models 

Semantic

quality
Syntactic

quality

Relevance

quality

Semantic

quality
Syntactic

quality

Relevance

qualitySemantic

quality
Syntactic

quality

Relevance

quality

Functional Aspect
Structural Aspect

Behavioral Aspect

Model under 

consideration
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Modeling Guidelines

ÅEvery 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: ThisIsABlock

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 

https://www.bruce-douglass.com/papers

https://www.bruce-douglass.com/papers


© 2020, 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 28

General Model Checklist

ÇDoes the model have a Model Overview Diagram that describes the model purpose, organization, and 

content?

Ç Is the purpose, scope, level of precision of the model clearly identified?

Ç Is the model organization reasonable for its purpose?

Ç Is there a clearly identified modeling guidelines standard applied?

ÇDoes the model adhere to the modeling guidelines?

Ç Does it follow the naming convention?

Ç Does it follow the organizational schema?

Ç Does it contain the recommended model elements?

Ç Does it contain the recommend modeling views?

Ç Is the model compliant with the relevant external standards?

ÇDo all important model elements have a useful and meaningful description?

ÇDo all important views have a stated mission / purpose / objective?
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Basic Functional 

Modeling in SysML
Requirements

Requirements Diagrams

Requirements Tables

Use Cases / Actors

Use Case Diagrams

Checklists
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Requirements 

ÅRequirement 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

o ID

o Text (Specification)

o Description

ÅRequirements may appear on ANY SysML diagram

ÅRequirements may be linked to requirements tools in 

one of two ways

Copy & Sync

Reference ñremote resourcesò (on Jazz Platform)

Name

Text

ID
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Requirements Relations

Å«trace»

A navigable relation from one 

element to another

Å«satisfy»

A relation from an element 

that meets a need to the 

corresponding requirement

Å«verify»

A relation from a test case to 

the element it verifies

Note: Directed relations have an owner end that ñknow aboutò the relation and can navigate to the target end.

Use cases ñknow aboutò the requirementsto which they trace, but the requirements donôt know how they

are mapped to use cases. This is as it should be!
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Requirements Relations

Å«allocate»

A mapping of one element 

to another, such as the 

mapping the realization of 

a requirement to a design 

element

ÅContains

A design-time (not run-

time) ownership relation

Å«deriveReqt»

Indicates that one 

requirement is derived from 

another

Contains
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Requirements 

Diagram
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Requirements Views

Trace between stakeholder and system requirements

Requirements Table

Requirements Diagram






























































































































































































































































































